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ʋɼʂ 62 

ʉ 56 

 

ʀʥʞʝʥʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ï ʦʩʥʦʚʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ: 
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ɺ ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʞʝʥʝʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
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ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 
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ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ. 
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ʜʦʮʝʥʪ 
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ʩʝʢʮʠʠ çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤè 

ɻʨʠʮʝʥʢʦ ɺ.ɺ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ 
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ʇʣʦʱʘʜʥʦʚ ɸ.ʅ. - ʢ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè 

ɼʝʥʠʩʝʥʢʦ ɸ.ɸ. - ʢ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʦʡ çʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʤʝʭʘʥʠʢʘè,  ʧʨʝʜʩʝʜʘʪʝʣʴ 

ʩʝʢʮʠʠ çʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʰʠʥʳ, ʤʝʭʘʥʠʟʤʳè 

ʏʝʨʢʘʩʦʚʘ ʅ.ʀ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʘè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʵʥʝʛʨʦʵʬʬʝʢʪʠʚʥʦʩʪʠè 

ʏʝʨʥʝʮʢʘʷ ʅ.ɸ. - ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʅʘʟʝʤʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳè, 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʇʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè 

ʆʙʫʭʦʚʘ ɻ.ɸ. -  ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çɺʳʩʰʘʷ ʤʘʪʝʤʘʪʠʢʘ, ʬʠʟʠʢʘ ʠ 

ʭʠʤʠʷè,  ʧʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ çʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠè 
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ɺʠʥʦʛʨʘʜʦʚ ɸ.ʀ., ʐʠʙʘʢʦʚ ɺ.ɻ. ʇʨʝʚʝʥʪʠʚʥʘʷ ʟʘʱʠʪʘ ʠʥʩʪʨʫʤʝʥʪʘ  

ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  
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ɻʘʚʨʠʣʝʥʢʦ ʊ.ɺ., ɼʦʢʘʣʠʥʘ ʅ.ɺ., ʊʫʨʙʠʥ ɸ.ɸ., ʂʨʳʥʮʦʚʘ  ɼ.ɽ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʛ. ʂʨʘʩʥʦʷʨʩʢʘ 
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ɼʫʜʥʠʢ ɽ.ɸ., ɻʚʦʟʜʝʚ ʂ.B., ʂʨʘʩʥʦʧʝʨʦʚʘ ɺ.O.  ʇʨʦʙʣʝʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʩʪʘʣʣʝ  ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ 
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ɼʫʜʥʠʢ ɽ.ɸ., ʉʝʣʠʚʘʥʦʚʘ ɸ.ɺ., ʂʠʪʘʝʚ ɸ.ʅ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʤʵʨʠʠ ʛʦʨʦʜʘ 

 

38 

ʂʘʨʧʝʯʝʥʢʦ ɸ.ʆ., ɼʨʘʯʸʚ ɼ.ʖ. ʄʦʜʝʣʴ ʢʦʛʦʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 
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ʂʦʨʦʙʢʦ ɸ.ɺ., ʇʨʦʢʫʨʦʚ ʄ.ʖ., ʏʝʨʥʷʝʚ ɸ.ɸ. ʇʨʦʛʨʘʤʤʥʳʝ  

ʢʦʤʧʣʝʢʩʳ ʧʦ ʨʘʩʯʝʪʫ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʫʩʣʦʚʠʷ ʞʝʩʪʢʦʩʪʠ ʧʫʪʝʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʭ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʦʨʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʬʦʨʤʥʳʭ ʨʘʜʠʫʩʦʚ 
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ʃʸʟʠʥ ʀ.ɸ., ʄʘʨʢʝʣʦʚ ɼ.ɽ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ 61 

ʄʠʨʦʰʥʠʯʝʥʢʦ ʀ.ʇ. ʅʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ  

ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ- ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʩʣʦʠʩʪʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʨʠ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ, ʩʦʟʜʘʚʘʝʤʳʭ ʣʘʟʝʨʥʳʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ 
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ʆʙʫʭʦʚʠʯ ʊ.ʄ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʳʰʥʦʛʨʘʡ ɻ.ɺ., ʄʝʨʟʣʠʢʠʥʘ ɼ.ɸ., ʊʦʣʩʪʳʭ ʄ.ʖ., ʎʳʛʘʥʢʦʚ ɸ.ʅ., ɸʚʝʪʠʩʷʥ 

ʅ.ʄ., ʂʦʰʝʣʝʚ ʂ.ɹ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʣʘʚʦʚ ʧʦʣʠʤʝʨʦʚ   

ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʤʥʦʛʦʤʦʜʦʚʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 
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ɹʫʢʘʥʦʚʘ ʀ.ʉ., ɻʨʠʛʦʨʷʥ ɸ.ʉ., ʗʪʣʦ ʀ.ʀ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʝʨʩʪʠʡ ʢʦʨʧʫʩʦʚ ʥʝʧʦʜʚʠʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  

ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ 
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ɻʝʨʤʘʥ ʉ.ɺ., ɹʘʩʦʚʘ ɽ.ʄ., ʇʦʢʩʝʚʘʪʢʠʥ ʄ.ʀ. ɸʣʛʦʨʠʪʤʠʟʘʮʠʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʙʦʨʢʠ ʩʦʩʪʘʚʥʳʭ ʧʦʢʦʚʦʢ 
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ɻʨʝʙʝʥʴʢʦʚ ʈ.ɺ., ʀʢʦʥʥʠʢʦʚ ɸ.ʄ. ʄʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʝ  

ʧʦʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ  
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ʃʝ ʉʫʘʥ ʍʦʥʛ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʤʝʪʨʦʧʦʣʠʪʝʥʘ  

ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʷʛʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 
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ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ 
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ʉʝʢʮʠʷ 7. ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 
ɹʘʭʤʘʪ ɺ.ʀ. ʇʨʠʤʝʥʝʥʠʝ ʢʨʘʪʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʜʣʷ ʨʘʩʯʝʪʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ  

ʤʦʤʝʥʪʘ ʩʠʣ 

 

430 

ɹʦʨʠʩʦʚʩʢʠʡ ɺ.ɺ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʩʠʤʤʝʪʨʠʯʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ 433 

ɺʠʥʦʛʨʘʜʦʚʘ ɸ.ɺ., ʂʫʣʝʰʦʚʘ ʀ.ʀ. ʅʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʧʦʟʠʪʥʦʡ ʧʦʣʠʪʠʢʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʙʘʥʢʘ 

 

436 

ɻʣʫʰʢʦʚʘ ɽ.ʉ. ʆ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʝʰʝʥʠʷ ʦʜʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 440 

ɽʬʨʝʤʝʥʢʦʚʘ ʆ.ɺ. ʂ ʚʦʧʨʦʩʫ ʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʥʘʭʦʞʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʛʣʦʱʝʥʠʷ 

 

441 

ʂʫʣʝʰʦʚʘ ʀ.ʀ. ʆ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʦʜʥʦʛʦ ʢʣʘʩʩʘ 

ʚʳʨʦʞʜʘʶʱʠʭʩʷ ʫʨʘʚʥʝʥʠʡ ʩʦʙʦʣʝʚʩʢʦʛʦ ʪʠʧʘ 

 

443 

ʆʙʫʭʦʚʘ ɻ.ɸ. ʆʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʘʥʘʣʦʛʦʚ ʠʪʝʨʠʨʦʚʘʥʥʦʛʦ  

ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʉʳʷʧʦʚʘ ʃ.ʂ. ʈʘʟʣʠʯʥʳʝ  ʩʧʦʩʦʙʳ ʥʘʭʦʞʜʝʥʠʷ ʧʣʦʱʘʜʠ ʪʨʘʧʝʮʠʠ  

 

 

445 

447 
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ʉɽʂʎʀʗ 1. ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ, 

ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ʀ ʂʆʄʇʃɽʂʉʓ ʇʈʆɻʈɸʄʄ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚ. 

ʢʘʬʝʜʨʦʡ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè ɼʫʜʥʠʢ ɽʚʛʝʥʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ  

ɺ ʄʅʆɻʆʉʃʆʁʅʆʁ ʉʊʈʋʂʊʋʈɽ  

ʄɽʊʆɼʆʄ ɸɺʊʆʅʆʄʅʓʍ ɹʃʆʂʆɺ 

ɼ.ɺ. ɸʨʪʘʤʦʥʦʚ, ɸ.ʅ. ʃʠʪʚʠʥʦʚ 

ʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʤʝʪʦʜʦʤ ʘʚʪʦʥʦʤʥʳʭ ʙʣʦʢʦʚ. ɼʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤ. 

ʀʩʩʣʝʜʦʚʘʥ ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʜʦʨʦʞʥʦʤ ʧʦʣʦʪʥʝ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʘʚʪʦʤʦʙʠʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʤʥʦʛʦʩʣʦʡʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, ʘʚʪʦʥʦʤʥʳʡ ʙʣʦʢ, ʜʦʨʦʞʥʦʝ ʧʦʣʦʪʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, 

ʜʘʚʣʝʥʠʝ. 

 

SIMULATION OF DYNAMIC  PROCESSES IN MULTILAYER 

STRUCTURES BY SELF-CONTAINED UNITS  

D.V. Artamonov, A.N. Litvinov 

Penza State University 
 

Abstract:  The article deals with the simulation of dynamic processes in a multilayer structure 

by applying self-contained units. It presents a structure of a simulation software pakage as well as. 

Research findings regarding a dynamic process in a multilayered roadbed during the motion of a 

vehicle are duly represented too. 

Key words: simulation, dynamic process, a multilayer structure, self-contained 

units, a roadbed, reflection factor, pressure. 

 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʠʩʪʝʤʳ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʣʦʝʚ ʨʘʟʣʠʯʥʦʡ ʞʝʩʪʢʦʩʪʠ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʩʪʨʫʢʮʠʷʤ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʦʙʠʣʝʡ, ʙʣʦʢʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʜʘʪʯʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʤʥʦʛʦʩʣʦʡʥʳʤ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʷʤ, ʘ ʪʘʢʞʝ ʢ 

ʠʟʜʝʣʠʷʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʙʣʝʤʥʦ  ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʠʩʳʚʘʪʴ ʠʭ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʅɼʉ) ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ.  

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʦʠʩʪʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 
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ʜʠʩʢʨʝʪʥʳʭ ʠ ʧʨʦʩʪʝʡʰʠʭ ʩʣʦʠʩʪʳʭ ʤʦʜʝʣʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʩʣʦʝʚ [1]. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʘʜʝʢʚʘʪʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʝʘʣʴʥʳʭ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʣʦʠʩʪʳʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʤʝʪʦʜʘ 

ʘʚʪʦʥʦʤʥʳʭ ʙʣʦʢʦʚ [2] ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ  ʩʦʟʜʘʥ ʧʘʢʝʪ ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʘʢʝʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

  

 

aread, garead, mains 

ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʟʘʜʘʥʠʝ 
 (ʌɿ) ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɹʠʙʣʠʦʪʝʢʘ 
ʙʘʟʦʚʳʭ  
ʣɻʝʤʝʥʪʦʚ 

 (ɹɹʕ) 

yrmatr 

abloc 

ʂʦʤʧʠʣʷʪʦʨ 
ʤʦʜʝʣʠ (ʂʄ) 

rekom 
compil 
crout 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 
ʧʨʦʛʨʘʤʤʳ (ɺʇ) 

zeros 
basis 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʧʘʢʝʪʘ ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤ 

 

ʇʘʢʝʪ ʩʦʩʪʦʠʪ ʠʟ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʌɿ), 

ʢʦʤʧʠʣʷʪʦʨʘ ʤʦʜʝʣʠ (ʂʄ), ʙʠʙʣʠʦʪʝʢʠ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ (ɹɹʕ) ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ (ɺʇ). ʇʨʦʛʨʘʤʤʳ aread, garead, mains ʬʦʨʤʠʨʫʶʪ 

ʠʟ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʙʦʪʦʡ ʢʦʤʧʠʣʷʪʦʨʘ ʤʦʜʝʣʠ ʠ ʙʠʙʣʠʦʪʝʢʠ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʘ 

rekom ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʢ ʜʨʫʛʦʡ, 

ʧʨʦʛʨʘʤʤʘ ʩompil ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʢʦʤʧʦʟʠʮʠʶ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʘʚʪʦʥʦʤʥʳʭ ʙʣʦʢʦʚ), ʧʨʦʛʨʘʤʤʘ ʩrout ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ɹʠʙʣʠʦʪʝʢʘ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʨʘʟʜʝʣʦʚ: yrmatr ï ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ abloc ï ʜʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʭʨʘʥʝʥʠ ̫ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʦʛʨʘʤʤʘ zeros ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚʦʣʥʦʚʳʭ ʢʘʥʘʣʦʚ, ʧʨʦʛʨʘʤʤʘ basis 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʘʚʪʦʥʦʤʥʳʭ 

ʙʣʦʢʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʙʘʟʠʩʝ ʦʜʥʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʚʦʣʥ ʚʦʣʥʦʚʳʭ ʢʘʥʘʣʦʚ ʚ 

ʜʨʫʛʠʝ. ʄʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʘ ʘʚʪʦʥʦʤʥʦʛʦ ʙʣʦʢʘ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩ ʦʜʥʦʨʦʜʥʳʤ ʫʧʨʫʛʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʚʢʣʶʯʝʥʘ ʚ ʙʠʙʣʠʦʪʝʢʫ 

ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʙʘʟʦʚʳʡ ʵʣʝʤʝʥʪ. ɺʳʚʦʜ ʥʘ ʧʝʯʘʪʴ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ ʚ ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 
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ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʝʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʘʚʪʦʥʦʤʥʳʭ ʙʣʦʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. 

ʆʙʣʘʩʪʴ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʢʘʢ ʤʥʦʛʦʩʣʦʡʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 

2), ʨʘʩʯʣʝʥʷʝʪʩʷ ʫʩʣʦʚʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʥʘ ʘʚʪʦʥʦʤʥʳʝ ʙʣʦʢʠ ʚ ʚʠʜʝ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʚ ʩ ʫʧʨʫʛʠʤ ʟʘʧʦʣʥʝʥʠʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʢʦʤʧʦʟʠʮʠʠ ʜʝʩʢʨʠʧʪʦʨʦʚ ʘʚʪʦʥʦʤʥʳʭ ʙʣʦʢʦʚ ʧʦʣʫʯʘʝʪʩʷ ʤʘʪʨʠʮʘ 

ʠʤʧʝʜʘʥʩʘ ï ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʷ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʚ ʙʘʟʠʩʘʭ ʚʠʨʪʫʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʌʣʦʢʝ [2]. 

 

 
 

ʈʠʩ. 2. ɼʝʢʦʤʧʦʟʠʮʠʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʘʚʪʦʥʦʤʥʳʝ ʙʣʦʢʠ: 
1h , 2h  ï ʘʩʬʘʣʴʪʦʙʝʪʦʥ; 3h ï ʛʨʘʚʠʡ; 4h  ï ʧʝʩʦʢ; 5h  ï ʫʧʣʦʪʥʝʥʥʳʡ ʛʨʫʥʪ;  

1, 2, 3, é, N ï ʥʫʤʝʨʘʮʠʷ ʢʘʥʘʣʦʚ ʌʣʦʢʝ ʘʚʪʦʥʦʤʥʳʭ ʙʣʦʢʦʚ ʥʘ ʛʨʘʥʷʭ 

 

ʄʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʘ Z ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʚ ʢʣʝʪʦʯʥʦʡ ʬʦʨʤʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʢʘʥʘʣʘ ʌʣʦʢʝ 1 (ʨʠʩ. 

2), ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʢʦʣʝʩʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʠʤʝʝʪ ʚʠʜ: 

11 1

1

Z Z
Z =

Z Z

a

a aa

å õ
æ ö
ç ÷

, (1) 

ʛʜʝ  
{ }2, 3, ...,Na=

 ï  ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʜʝʢʩʦʚ ʢʘʥʘʣʦʚ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ 

2, 3, é,  N ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʘ ʩʚʷʟʳʚʘʝʪ ʚʝʢʪʦʨ a c ʚʝʢʪʦʨʦʤ b [2]. ɼʣʷ ʤʘʪʨʠʮʳ (1) 

ʪʘʢʘʷ ʩʚʷʟʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

11 11 1

1

Z Zb a
=

b aZ Z

a

a aa aa

å õå õ å õ
Öæ öæ ö æ ö

ç ÷ ç ÷ç ÷
. (2) 

ɺʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʢʨʳʪʠʷ  ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʜʦʨʦʛʠ ʫʜʦʙʥʦ ʦʧʠʩʳʚʘʪʴ ʤʘʪʨʠʮʝʡ ʨʘʩʩʝʷʥʠʷ S, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ  

ʩ ʤʘʪʨʠʮʝʡ ʠʤʧʝʜʘʥʩʘ Z  ʩʦʦʪʥʦʰʝʥʠʝʤ  
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( ) ( )
1

S Z I Z I ,
-

= + Ö -
                                   (3) 

ʛʜʝ I ï ʝʜʠʥʠʯʥʘʷ ʤʘʪʨʠʮʘ.  

ʄʘʪʨʠʮʘ ʨʘʩʩʝʷʥʠʷ ʪʘʢʞʝ ʠʤʝʝʪ ʢʣʝʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʠʯʥʫʶ 

ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʘ: 

11 1 11

11

S S cc
=

S S cc

+-
a

+-
a aa a

å õå õå õ
Öæ öæ öæ öæ ö æ öç ÷ç ÷ ç ÷

. (4) 

ʉʚʷʟʴ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮ ʨʘʩʩʝʷʥʠʷ ʠ ʠʤʧʝʜʘʥʩʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (3). 

ɼʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʢʦʣʝʩʦʤ ʘʚʪʦʤʦʙʠʣʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʢʘʥʘʣʘ ʌʣʦʢʝ 1 ʘʤʧʣʠʪʫʜʦʡ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ 1ñ+; 

ʘʤʧʣʠʪʫʜʳ ʦʩʪʘʣʴʥʳʭ ʧʘʜʘʶʱʠʭ ʚʦʣʥ ʚ ʢʘʥʘʣʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʚʥʳ ʥʫʣʶ (
0c+a= ). ɺ ʵʪʠʭ ʢʘʥʘʣʘʭ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʫʭʦʜʷʱʠʝ ʚʦʣʥʳ, ʚʦʟʙʫʞʜʝʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʦʡ (ʢʦʣʝʩʦʤ ʘʚʪʦʤʦʙʠʣʷ) ʩʦ ʩʪʦʨʦʥʳ ʢʘʥʘʣʘ ʌʣʦʢʝ 1. (ʩʤ. ʨʠʩ. 1). 

ɸʤʧʣʠʪʫʜʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ 1c
+

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʘʤʠ ʘ1, b1. ʂʦʤʧʦʥʝʥʪʘʤʠ 

ʚʝʢʪʦʨʘ 1a  ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʦʚ ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʢʘʩʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʘ 1 b  

ʷʚʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʷʜʦʚ ʌʫʨʴʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʢʘʩʘʪʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʠʭʨʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʣʝʢʩʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ, ʜʘʚʣʝʥʠʝ, 

ʚʠʭʨʴ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ). ʇʨʠ ʥʘʛʨʫʞʝʥʠʠ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʣʝʩʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ 
zv  ʠ ʜʘʚʣʝʥʠʝ p. ʆʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ1 a  ʠ 1 b , 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶɦ ʠʝ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʠ ʚʠʭʨʷ ʩʢʦʨʦʩʪʠ 

ʯʘʩʪʠʮ, ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʳʤʠ ʥʫʣʶ. 

ɿʥʘʷ ʘʤʧʣʠʪʫʜʫ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ( 1 0c+¸ , 0c+a¸ ), ʦʧʨʝʜʝʣʷʝʤ ʘʤʧʣʠʪʫʜʳ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ (1c
-

,c-a) ʚ ʢʘʥʘʣʘʭ ʌʣʦʢʝ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ [2]. ʉʨʝʜʘ ʟʘʧʦʣʥʝʥʠʷ ʢʘʥʘʣʦʚ ʌʣʦʢʝ ʠʤʝʝʪ ʧʘʨʘʤʝʪʨʳ r 

(ʧʣʦʪʥʦʩʪʴ), ,lc ct (ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ 

ʫʧʨʫʛʠʭ ʚʦʣʥ). ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚʳʙʠʨʘʶʪ, ʫʯʠʪʳʚʘʷ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ʏʝʨʝʟ ʢʘʥʘʣ 

ʌʣʦʢʝ 1 ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʛʨʫʞʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʣʝʩʦʤ ʘʚʪʦʤʦʙʠʣʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʨʘʤʝʪʨʳ , ,lc ctr  ʙʝʨʝʤ  ʜʣʷ ʨʝʟʠʥʳ. ɼʣʷ 

ʦʩʪʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʩʚʝʨʭʫ ʩʪʨʫʢʪʫʨʳ, ʧʘʨʘʤʝʪʨʳ , lcr  ʙʝʨʝʤ ʜʣʷ 

ʚʦʟʜʫʭʘ. ɼʣʷ ʢʘʥʘʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʩʥʠʟʫ ʩʪʨʫʢʪʫʨʳ, ʧʘʨʘʤʝʪʨʳ , ,lc ctr  

ʚʳʙʠʨʘʶʪ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ ʩʣʦʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. ɼʣʷ ʙʦʢʦʚʳʭ ʢʘʥʘʣʦʚ ʩʪʨʫʢʪʫʨʳ ʧʘʨʘʤʝʪʨʳ ʚʳʙʠʨʘʶʪ 
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ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʝʨʚʳʡ ʩʣʦʡ ï , ,lc ctr  ʜʣʷ ʘʩʬʘʣʴʪʘ; ʚʪʦʨʦʡ ʩʣʦʡ ï 

, ,lc ctr  ʜʣʷ ʘʩʬʘʣʴʪʘ; ʪʨʝʪʠʡ ʩʣʦʡ ï , ,lc ctr
 
ʜʣʷ ʛʨʘʚʠʷ; ʯʝʪʚʝʨʪʳʡ ʩʣʦʡ ï

, ,lc ctr  ʜʣʷ ʧʝʩʢʘ; ʧʷʪʳʡ ʩʣʦʡ ï , ,lc ctr
 
ʜʣʷ ʫʧʣʦʪʥʝʥʥʦʛʦ ʛʨʫʥʪʘ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ 

ʦʪʨk
 ʦʪ ʯʘʩʪʦʪʳ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ ʢʘʢ 

1
ʦʪʨ

1

ʩ
k

ʩ

-

+
=

, ʛʜʝ 1ʩ
+

 ï ʘʤʧʣʠʪʫʜʘ 

ʧʨʷʤʦʡ ʚʦʣʥʳ; 1ʩ
-

 ï ʘʤʧʣʠʪʫʜʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ. ʎʠʬʨʳ ʫ ʢʨʠʚʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʘʨʠʘʥʪʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. ʀʟ 

ʛʨʘʬʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʞʝʩʪʢʘʷ çʚʦʣʥʦʚʘʷ ʧʦʜʫʰʢʘè ï ʫ ʢʦʥʩʪʨʫʢʮʠʠ 

1. ɼʣʷ ʩʢʦʨʦʩʪʝʡ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝ ʙʦʣʝʝ 60 ʢʤ/ʯ (ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʝʢʪʨ ʯʘʩʪʦʪ ʥʝ ʧʨʝʚʳʰʘʝʪ 400 ɻʮ) ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʫ ʚʩʝʭ ʯʝʪʳʨʝʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʪʨ0,25k =
. 

 

 

 
 

ʘ) 

 
ʙ) 

 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ:  

ʘ) ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ; 

ʙ) ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʦʪ ʯʘʩʪʦʪʳ  

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʥʘʷ 
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ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʜʣʷ ʧʨʷʤʦʡ ʚʦʣʥʳ ʧʦ ʛʣʫʙʠʥʝ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ 

ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ 1 (ʨʠʩ. 3). ɼʣʷ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʨʝʜ çʘʩʬʘʣʴʪʦʙʝʪʦʥ ï 

ʛʨʘʚʠʡ, ʛʨʘʚʠʡ ï ʧʝʩʦʢ, ʧʝʩʦʢ ï ʫʧʣʦʪʥʝʥʥʳʡ ʛʨʫʥʪè. ɹʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʩʨʝʜʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, 

ʯʪʦ ʚʝʜʝʪ ʢ ʨʘʟʨʫʰʝʥʠʷʤ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. 

 

 
 

ʈʠʩ. 4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠ ̫ʜʣʷ ʧʨʷʤʦʡ ʚʦʣʥʳ ʧʦ ʛʣʫʙʠʥʝ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʠ 1:  

ʢʨʠʚʘʷ 1 ï 100ɻʮf = ; 2 ï 400ɻʮf = ; 3 ï 800ɻʮf = ; 4 ï 1200ɻʮf =  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʅɼʉ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʦʨʦʞʥʦʤ ʧʦʣʦʪʥʝ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʣʝʥʪʦʯʥʘʷ ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ [3]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʬʠʟʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʦʜʝʣʷʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ ʚ 

ʨʘʤʢʘʭ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ ʄʠʥʦʙʨ. ʈʌ ʧʦ ʧʨʦʝʢʪʘʤ: 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʣʝʥʪʦʯʥʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʣʝʞʘʱʝʡ ʥʘ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʦʤ ʦʩʥʦʚʘʥʠʠè (ʇʨʦʝʢʪ ˉ2.1.2./2989. 2011 ʛ.) ʠ 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʧʣʦʰʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʜʠʩʢʨʝʪʥʦ-

ʥʝʧʨʝʨʳʚʥʦʡ ʩʪʨʫʢʪʫʨʦʡè  (ʇʨʦʝʢʪ ˉ1.5.10, 2014 ʛ.). ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʧʘʪʝʥʪʦʚ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʠ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʧʦ ʩʧʦʩʦʙʘʤ 

ʫʢʨʝʧʣʝʥʠʷ ʩʣʦʠʩʪʦʛʦ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ [4-6]. 
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ʆʇʊʀʄʀɿɸʎʀʗ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʉʈɽɼʉʊɺ  

ʅɸ ʇʈɽɼʇʈʀʗʊʀʀ 

ʆ.ʅ. ɹʦʛʘʯʝʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʇʆ 

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʠʥʚʝʩʪʠʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʨʪʬʝʣʷ 

ʨʝʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

 

HOW TO EFFICIENTLY U SE THE FUNDS OF A BUSINESS 

O.N. Bogachyova 

The Rubtsovsk industrial institute (branch) of "The Altai state technical 

university after I.I. Polzunov" 
 

Abstract:  The article undertakes the study of a proper use of economic and mathematical 

methods in investing activities. The description of a mathematical model of an efficient investment 

portfolio may be found in the work. 

Keywords:  investment portfolio, efficient portfolio of real investment. 

 

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠ ʦʧʨʘʚʜʘʥʦ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ 

ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʚʳʯʠʩʣʝʥʠʡ. 
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ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ 

ʧʣʘʥʦʚʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ï ʵʪʠʤ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʠʶ ʮʠʢʣʘ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʛʨʫʧʧʳ, ʦʧʝʨʘʪʠʚʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʪɹʘʪʦʚ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʪʬʝʣʷ ʨʝʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʡ ʢʦʤʙʠʥʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʠʟ 

ʠʭ ʟʘʜʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʟʘʜʘʯʠ, ʷʚʣʷʶʱʝʡʩʷ ʦʙʦʙʱʝʥʠʝʤ ʧʨʦʮʝʜʫʨ ʘʚʪʦʥʦʤʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʕʪʘ ʟʘʜʘʯʘ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʘʷ, ʠ ʨʝh ʠʪʴ ʝʝ ʤʦʞʥʦ ʣʠʰʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ (ʠʩʧʦʣʴʟʦʚʘʥʠʷ) 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʤʝʩʪʥʳʭ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʧʦʨʪʬʝʣʷ ʠʥʚʝʩʪʠʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ. 

ɺʦʧʨʦʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʨʪʬʝʣʝʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ. 

ɿʘ ʦʩʥʦʚʫ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʠʥʚʝʩʪʠʮʠʡ ʙʳʣʘ ʚʟʷʪʘ ʤʦʜʝʣʴ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʢʥʠʛʝ ɸ.ɸ. ʄʘʪʚʝʝʚʘ, ɼ.ɸ. 

ʅʦʚʠʢʦʚʘ, ɸ.ɺ. ʎʚʝʪʢʦʚʘ çʄʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʨʪʬʝʣʷʤʠ 

ʧʨʦʝʢʪʦʚè.  ɺ ʤʦʜʝʣʠ ʟʘʜʘʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʪʦ ʝʩʪʴ ʤʳ ʤʦʞʝʤ ʚʳʙʠʨʘʪʴ ʧʨʦʝʢʪ ʠ 

ʚʨʝʤʷ ʝʛʦ ʟʘʧʫʩʢʘ ʠʟ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ 

ʜʦʧʦʣʥʝʥʘ ʨʘʩʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ ʢʨʝʜʠʪʦʚʘʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʦ 

ʧʝʨʠʦʜʘʤ ʩʫʤʤʘʨʥʳʭ ʣʠʤʠʪʘʭ ʢʨʝʜʠʪʥʳʭ ʩʨʝʜʩʪʚ.  

ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʣʠʪʠʢʫ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʟʘ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ T  (ʤʝʩʷʮʝʚ, ʢʚʘʨʪʘʣʦʚ, ʣʝʪ). ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʙʠʨʘʝʤ ʤʘʢʩʠʤʫʤ ʯʠʩʪʦʛʦ ʧʨʠʚʝʜʝʥʥʦʛʦ ʜʦʭʦʜʘ 

ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʬʦʥʜʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʨʦʝʢʪ 
i

p  ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʨʦʝʢʪʦʚ P. ʂʘʞʜʳʡ ʧʨʦʝʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 

ʜʝʥʝʞʥʦʛʦ ʧʦʪʦʢʘ ),(
iij

tpf , ʛʜʝj  ï ʥʦʤʝʨ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, Tj ..0= , 
i

t  ï ʚʨʝʤʷ 

ʟʘʧʫʩʢʘ, [ ]1..0 -Í Tt
i

. ɹʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʜʦʭʦʜʳ ʦʪ ʧʨʦʝʢʪʦʚ ʚ ʢʦʥʮʘʭ ʧʝʨʠʦʜʦʚ 

ʠ ʩʦʛʣʘʩʫʝʤ ʩ ʥʠʤʠ ʠʥʚʝʩʪʠʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʥʘʯʘʣʝ ʦʪʨʝʟʢʦʚ 

ʚʨʝʤʝʥʠ. ʊʦʛʜʘ ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ 
j

f  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʭʦʜʫ ʚ ʧʝʨʠʦʜ j  ʤʠʥʫʩ 

ʨʘʩʭʦʜ ʥʘ ʧʦʩʣʝʜʫʶʱʠʡ, 1+j : 

 ),1()(),( +-= jIjCFtpf
iiiij

             (1) 

ʛʜʝ )()( tCFktCF
i

t

i i Ö=  ʠ )()( tIktI
i

t

i i Ö= ; 

0)0( =
i

CF . 

ɺʩʝ ʜʦʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʠʥʚʝʩʪʠʨʦʚʘʥʳ. 

ɼʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʬʠʥʘʥʩʦʚʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʚʝʣʠʯʠʥʳ ʝʛʦ ʪʝʢʫʱʝʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚ 

ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʫʢʘʟʘʥʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʟʘʜʘʯʘ 
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ʦʧʪʠʤʠʟʘʮʠʠ ʏɼɼ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

ʊʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʤʥʦʞʝʩʪʚʦ P  ʬʘʢʪʠʯʝʩʢʠ ʟʘʧʫʩʢʘʝʤʳʭ ʧʨʦʝʢʪʦʚ ʠ 

ʚʨʝʤʷ 
Pi

t
Í

 ʩʪʘʨʪʘ ʢʘʞʜʦʛʦ ʧʨʦʝʢʪʘ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʯʠʩʪʦʛʦ ʧʨʠʚʝʜʝʥʥʦʛʦ 

ʜʦʭʦʜʘ ʚ ʟʘʜʘʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʥʘʡʪʠ ʤʘʢʩʠʤʫʤ ʩʫʤʤʳ 

max),( ­ää
Í =Pp

T

tj
iij

i i

tpf         (2) 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʧʨʝʜʝʣʴʥʳʝ ʦʙʲʝʤʳ ʠʥʚʝʩʪʠʮʠʡ 

0),(
00

²+äää
== Í

k

j
j

k

j Pp

iij
ltpf

ji

, Tk ..0= ,      (3) 

ʛʜʝ jP  ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ, ʟʘʧʫʩʢʘʝʤʳʭ ʜʦ j -ʛʦ ʧʝʨʠʦʜʘ 

ʚʢʣʶʯʠʪʝʣʴʥʦ; 

j
l  ï ʤʘʢʩʠʤʫʤ ʩʦʙʩʪʚʝʥʥʳʭ ʚʣʦʞʝʥʠʡ ʬʦʥʜʘ ʚ ʧʝʨʠʦʜ 1+j  (ʚʢʣʘʜʳʚʘʝʤʳʝ 

ʚ ʧʦʨʪʬʝʣʴ ʧʨʦʝʢʪʦʚ ʠʥʚʝʩʪʠʮʠʠ, ʜʦʭʦʜʳ ʦʪ ʧʨʦʜʘʞʠ ʘʢʮʠʡ, ʠʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚ ʬʦʥʜ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʜʦʛʦʚʦʨʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ). 

ɿʘʜʘʯʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʘʨʝʪʦ-ʦʧʪʠʤʘʣʴʥʳʭ ʤʥʦʞʝʩʪʚ. 

ɺ ʟʘʜʘʯʘʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ), ʧʦʵʪʦʤʫ ʥʘʭʦʜʠʪʩʷ ʨʷʜ 

ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ɿʘʜʘʯʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ  

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘʟʳʚʘʶʪʩʷ ʤʥʦʛʦʵʪʘʧʥʳʤʠ ʠʣʠ ʤʥʦʛʦʰʘʛʦʚʳʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʏʝʪʳʨʢʠʥ, ɽ.ʄ. ʌʠʥʘʥʩʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʡ / 

ɽ.ʄ. ʏʝʪʳʨʢʠʥ. ʄ.: ɼʝʣʦ, 1998. ï 256 ʩ. 

2. ɺʠʣʝʥʩʢʠʡ, ʇ.ʃ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ: 
ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ / ʇ.ʃ. ɺʠʣʝʥʩʢʠʡ, ɺ.ʅ. ʃʠʚʰʠʮ, ʉ.ɸ. ʉʤʦʣʷʢ.  ʄ.: ɼʝʣʦ, 

2002. ï 888 ʩ. 

3. ʐʘʨʧ, ʋ.ʌ. ʀʥʚʝʩʪʠʮʠʠ. / ʋ.ʌ. ʐʘʨʧ, ɻ.ɼ. ɸʣʝʢʩʘʥʜʝʨ, ɼ.ɺ. ɹʵʡʣʠ. ʄ.: 

ʀʥʬʨʘ-ʄ, 2001. ï 1035 ʩ. 

 

ʇʈɽɺɽʅʊʀɺʅɸʗ ɿɸʑʀʊɸ ʀʅʉʊʈʋʄɽʅʊɸ  

ʀ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʇʆɺʓʐɽʅʀʗ 

ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʇʈɽʉʉʆɺʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

ɸ.ʀ. ɺʠʥʦʛʨʘʜʦʚ, ɺ.ɻ. ʐʠʙʘʢʦʚ  

ʆɸʆ çʂɸʄɸɿè, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂ(ʇ)ʌʋ 
 

ʇʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʘʚʥʠʪʝʣʷ ʧʦʣʟʫʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʠʚʥʳʭ ʧʫʘʥʩʦʥʦʚ ʧʦ ʫʨʦʚʥʷʤ 

ʧʨʦʙʠʚʢʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʣʠʥʥʦʤʝʨʥʳʭ, ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʪʠʧʘ ʣʦʥʞʝʨʦʥ 

ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʣʠʥʠʷ, ʘʣʛʦʨʠʪʤ, ʧʝʨʝʢʦʩ ʧʦʣʟʫʥʘ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʨʫʙʢʘ-ʧʨʦʙʠʚʢʘ. 
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PREVENTIVE TOOL PR OTECTION AND AUTOMATED SYSTEM OF 

HIGHER PERFORMANCE OF PRESS EQUIPMENT  

A.I. Vinogradov, V.G. Shibakov 

OJSC çKAMAZè, Branch of K(P)FU in NaberezhnyeChelny 
 

Abstract:  One may find in the present work a flow diagram of an additional ram balancer of 

the hydraulic press and a devised technique to effectively locate punches by piercing depth in the 

manufacture of long, heavy duty parts such as truck frame girders. 

Key words: automated production line, algorithm, imbalance of ram, hydraulic 

unit, blanking-punching. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʦʥʞʝʨʦʥʦʚ ʥʘ ʆɸʆ çʂʘʤɸɿè ʜʣʷ 

ʙʦʣʴʰʝʛʨʫʟʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʘʚʪʦʙʫʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʨʫʙʢʠ 

ʢʦʥʪʫʨʥʳʭ ʟʘʛʦʪʦʚʦʢ ʜʣʠʥʦʡ ~ 6000 õ 10000 ʤʤ, ʪʦʣʱʠʥʦʡ ~ 8 õ 10 ʤʤ ʠʟ 

ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʧʨʦʢʘʪʘ ʠʟ ʢʘʯʝʩʪʚʝʥʥʦʡ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʤʘʨʢʠ 20ɻʖʊ ʠ ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʬʦʨʤʦʚʢʠ. ɼʘʥʥʳʝ ʦʧʝʨʘʮʠʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ, ʚʢʣʶʯʘʶʱʝʡ 2 ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʧʨʝʩʩʘ KOMATSU UAS 6000 MB ʩʠʣʦʡ 60 ʄʅ. ʂʨʝʧʣʝʥʠʝ ʢ ʣʦʥʞʝʨʦʥʫ 

ʜʝʪʘʣʝʡ ʢʘʢ ʩʘʤʦʡ ʨʘʤʳ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʫʟʣʦʚ ʘʚʪʦʤʦʙʠʣʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ 

ʚ ʥʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ ß = 11 õ 45 ʤʤ ʠ 

ʥʘʟʥʘʯʝʥʠʷ (ʨʠʩ. 1), ʧʦʵʪʦʤʫ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʨʫʙʢʘ ʧʦ ʢʦʥʪʫʨʫ ʩʦʚʤʝʱʝʥʘ 

ʪʘʢʞʝ ʩ ʧʨʦʙʠʚʢʦʡ ʙʦʣʝʝ 300 ʦʪʚʝʨʩʪʠʡ (ʜʣʷ ʤʦʜʝʣʠ ʘʚʪʦʤʦʙʠʣʷ ʂʘʤɸɿ 43118). 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʠʣʳ ʰʪʘʤʧʦʚʢʠ ʧʨʦʮʝʩʩ ʚʳʨʫʙʢʠ ʠ ʧʨʦʙʠʚʢʠ 

ʦʪʚʝʨʩʪʠʡ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪ.ʝ. ʚʳʨʫʙʥʦʡ ʢʦʥʪʫʨ ʠ ʧʨʦʙʠʚʥʳʝ 

ʧʫʘʥʩʦʥʳ ʨʘʟʤʝʱʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʳʩʦʪʘʭ ʚ ʰʪʘʤʧʝ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʦʙʠʚʥʳʝ 

ʧʫʘʥʩʦʥʳ ʪʘʢʞʝ ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʥʘ 3 ʫʨʦʚʥʷ ʧʦ ʚʳʩʦʪʝ. 

ʇʨʠ ʧʨʦʙʠʚʢʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʟʘʛʦʪʦʚʢʝ ʣʦʥʞʝʨʦʥʘ 

ʚʦʟʥʠʢʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ ʰʪʘʤʧʦʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ ʧʨʝʩʩʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʰʪʘʤʧʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʩʘʤʦʛʦ ʧʨʝʩʩʘ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ: ʚʦ-ʧʝʨʚʳʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʙʠʚʥʳʭ ʧʫʘʥʩʦʥʦʚ ʥʘ ʫʨʦʚʥʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ï ʦʜʠʥʘʢʦʚʳʝ ʜʠʘʤʝʪʨʳ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ; ʚʦ-

ʚʪʦʨʳʭ, ʧʨʠ ʰʪʘʤʧʦʚʢʝ ʚ ʨʷʜʝ ʤʦʜʠʬʠʢʘʮʠʠ ʣʦʥʞʝʨʦʥʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

çʫʥʠʚʝʨʩʘʣʴʥʳʝè ʦʪʚʝʨʩʪʠʷ, ʧʨʦʙʠʚʘʝʤʳʝ ʥʘ ʧʨʝʩʩʝ, ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʜʥʦʡ ʧʦʣʦʚʠʥʝ ʟʘʛʦʪʦʚʢʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʠʭ ʧʨʠʯʠʥ ʩʠʣʘ 

ʰʪʘʤʧʦʚʢʠ ʥʘʯʠʥʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʪʴ ʥʘ ʦʜʥʦʤ ʠʟ ʢʦʥʮʦʚ ʟʘʛʦʪʦʚʢʠ ʠ 

ʚʦʟʥʠʢʘʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʩʪʨʝʤʷʱʠʡʩʷ ʧʦʚʝʨʥʫʪʴ ʧʦʣʟʫʥ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʘ. 

 

 
 

ʈʠʩ. 1. ɿʘʛʦʪʦʚʢʘ ʣʦʥʞʝʨʦʥʘ ʘʚʪʦʤʦʙʠʣʷ ʂɸʄɸɿ, ʚʳʨʫʙʘʝʤʘʷ  

ʥʘ ʧʨʝʩʩʝ KOMATSU UAS 6000 MB 
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ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʠ 

ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʰʪʘʤʧʦʚʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʵʪʦ: ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ 

ʯʘʩʪʝʡ ʰʪʘʤʧʘ, ʪʘʢʠʭ ʢʘʢ ʚʪʫʣʢʠ, ʥʘʧʨʘʚʣʷʶʱʠʝ, ʧʫʘʥʩʦʥʳ ʠ ʪ.ʜ.; ʧʦʣʦʤʢʘ 

ʧʫʘʥʩʦʥʦʚ; ʧʦʷʚʣʝʥʠʝ ʟʘʫʩʝʥʮʝʚ ʧʦʩʣʝ ʧʨʦʙʠʚʢʠ ʦʪʚʝʨʩʪʠʡ ʥʘ ʜʝʪʘʣʠ; 

ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʩʘʤʦʛʦ ʧʨʝʩʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʢʣʠʥʠʚʘʥʠʷ ʧʦʣʟʫʥʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʢʦʩʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʩʪʦʠ ʫʥʠʢʘʣʴʥʦʛʦ, ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʨʦʙʣʝʤ 

ʧʫʪʝʤ ʧʨʠʚʝʜʝʥʠʷ ʮʝʥʪʨʦʚ ʜʘʚʣʝʥʠʷ ʰʪʘʤʧʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʨʘʱʝʥʠʠ, ʥʘ 

ʦʩʴ ʧʨʝʩʩʘ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʧʝʨʝʢʦʩʫ ʧʦʣʟʫʥʘ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʫʘʥʩʦʥʦʚ ʧʦ ʚʳʩʦʪʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ: 

1. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚ ʠʟʛʦʪʦʚʣʷʝʤʦʤ ʣʦʥʞʝʨʦʥʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʙʠʚʘʝʤʳʭ ʦʪʚʝʨʩʪʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʨʝʩʩʘ ï 

ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʧʦ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʫʨʦʚʥʷʤ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʧʦʣʟʫʥʝ ʧʨʝʩʩʘ ʜʦ ʧʨʠʝʤʣʝʤʳʭ 

ʟʥʘʯʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʚʥʝʜʨʝʥʘ 

ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʟʘʜʘʥʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʜʠʘʤʝʪʨʘʤ 

ʦʪʚʝʨʩʪʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʨʘʩʧʨʝʜʝʣʠʪʴ ʦʪʚʝʨʩʪʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. 

2. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʪʚʝʨʩʪʠʡ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʧʨʝʩʩʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʦʩʪʘʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʢʦʩʘ ʧʦʣʟʫʥʘ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʘʥʩʦʥʦʚ ʧʦ ʫʨʦʚʥʷʤ 

ʧʨʦʙʠʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʚʦʜʝ ʥʝʢʦʪʦʨʳʭ ʧʫʘʥʩʦʥʦʚ 1-ʛʦ ʫʨʦʚʥʷ ʥʘ 2-ʡ ʠ 

ʜʘʣʝʝ ʥʘ 3-ʡ ʫʨʦʚʝʥʴ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʵʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʢʣʘʜʥʳʭ ʧʣʠʪʦʢ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʣʱʠʥʳ ʧʦʜ ʢʘʞʜʳʡ ʧʨʦʙʠʚʥʦʡ 

ʧʫʘʥʩʦʥ. ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʧʫʘʥʩʦʥʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʦʩʫ ʧʦʣʟʫʥʘ ʧʨʝʩʩʘ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ ʥʘ ʧʨʠʤʝʨʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʘʥʩʦʥʦʚ ʧʦ 

ʫʨʦʚʥʷʤ ʧʨʦʙʠʚʢʠ ʜʣʷ ʰʪʘʤʧʘ ʚʳʨʫʙʢʠ-ʧʨʦʙʠʚʢʠ ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ 

ʘʚʪʦʤʦʙʠʣʷ ʂʘʤɸɿ 43118. 

ʅʘ ʨʠʩ. 2 ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

di(j)nm ï ʜʠʘʤʝʪʨʳ ʧʨʦʙʠʚʘʝʤʳʭ ʦʪʚʝʨʩʪʠʡ, ʤʤ; ʛʜʝ n = 1, 2, 3 ï ʫʨʦʚʥʠ 

ʧʨʦʙʠʚʢʠ; i(j) ï ʧʨʘʚʘʷ (ʣʝʚʘʷ) ʧʦʣʦʚʠʥʘ ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʮʝʥʪʨʘ ʦʩʝʡ ʧʨʝʩʩʘ;  m = 1, 2, 3, ...  ï ʥʦʤʝʨʘ ʦʪʚʝʨʩʪʠʡ; 

Li(j)nm ï ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʦʩʝʡ ʧʨʝʩʩʘ ʜʦ ʮʝʥʪʨʘ ʢʘʞʜʦʛʦ ʦʪʚʝʨʩʪʠʷ 

(ʧʣʝʯʠ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ), ʤʤ (ʨʠʩ. 3); 

Ὓ ï ʪʦʣʱʠʥʘ ʤʝʪʘʣʣʘ, ʤʤ; 

„ʩʨ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʟʫ, ʅ/ʤʤ
2
. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʟʫ ï ʵʪʦ ʫʩʣʦʚʥʘʷ 

ʚʝʣʠʯʠʥʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʚʚʠʜʫ 

ʩʣʦʞʥʦʩʪʠ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʧʨʠ ʚʳʨʫʙʢʝ-ʧʨʦʙʠʚʢʝ. ʆʥʦ 

ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʚʠʜʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʨʝʟʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʫʯʠʪʳʚʘʝʪ ʫʧʨʦʯʥʝʥʠʝ ʤʝʪʘʣʣʘ ʢ ʤʦʤʝʥʪʫ ʩʢʦʣʘ [1]. 
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ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʚʘʨʠʘʥʪʦʚ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʙʠʚʥʳʭ ʧʫʘʥʩʦʥʦʚ ʧʦ ʫʨʦʚʥʷʤ ʧʨʦʙʠʚʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʩʠʣʳ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ 
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ʈʠʩ. 3. ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʟʘʛʦʪʦʚʢʝ ʣʦʥʞʝʨʦʥʘ 

 

Pi(j)n ï ʩʫʤʤʘ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ n-ʤ ʫʨʦʚʥʝ ʥʘ ʧʨʘʚʦʡ (ʣʝʚʦʡ) ʧʦʣʦʚʠʥʘʭ 

ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ, ʅ; 

×Pi ï ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʝ ʟʘʛʦʪʦʚʢʠ 

ʣʦʥʞʝʨʦʥʘ, ʅ; 

×Pj ï ʩʫʤʤʘ ʚʩʝʭ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ ʣʝʚʦʡ ʧʦʣʦʚʠʥʝ ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ, ʅ; 

Mi(j)n ï ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʦʪ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ n-ʤ ʫʨʦʚʥʝ ʥʘ ʧʨʘʚʦʡ (ʣʝʚʦʡ) 

ʧʦʣʦʚʠʥʘʭ ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ, ʅĀʤʤ; 

×Mi  ï ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʦʪ ʚʩʝʭ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ ʧʨʘʚʦʡ ʧʦʣʦʚʠʥʝ 

ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ, ʅĀʤʤ; 

×Mj  ï ʩʫʤʤʘ ʤʦʤʝʥʪʦʚ ʦʪ ʚʩʝʭ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ ʣʝʚʦʡ ʧʦʣʦʚʠʥʝ ʟʘʛʦʪʦʚʢʠ 

ʣʦʥʞʝʨʦʥʘ, ʅĀʤʤ; 

ȹ ï ʜʦʧʫʩʪʠʤʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʦʤʝʥʪʦʚ ʦʪ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ ʧʨʘʚʦʡ 

ʠ ʣʝʚʦʡ ʧʦʣʦʚʠʥʘʭ ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ, %; 

ȹMn ï ʨʘʟʥʦʩʪʴ ʤʦʤʝʥʪʦʚ ʦʪ ʩʠʣ ʧʨʦʙʠʚʢʠ ʥʘ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʧʦʣʦʚʠʥʘʭ 

ʟʘʛʦʪʦʚʢʠ ʣʦʥʞʝʨʦʥʘ ʥʘ n-ʤ ʫʨʦʚʥʝ, ʅĀʤʤ; 

ʈʅʆʄ.n  ï ʥʦʤʠʥʘʣʴʥʘʷ ʩʠʣʘ ʧʨʦʙʠʚʢʠ ʥʘ n-ʤ ʫʨʦʚʥʝ, ʅ; 

Lʚʥ. ï ʟʥʘʯʝʥʠʝ ʧʣʝʯʘ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʡ ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʦʩʫ 

ʧʦʣʟʫʥʘ, ʤʤ; 

ʈʚʥ.ï ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʘʷ ʩʠʣʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʦʩʫ ʧʦʣʟʫʥʘ, ʅ; 

„ɻ ʢ ï ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʟʫ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ, 

ʅ/ʤʤ
2
; 

L ï ʧʝʨʠʤʝʪʨ ʢʦʥʪʫʨʘ ʧʨʦʙʠʚʢʠ, ʤʤ. 

ʊʦʣʴʢʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʧʫʘʥʩʦʥʦʚ ʧʨʦʙʣʝʤʫ ʧʝʨʝʢʦʩʘ 

ʧʦʣʟʫʥʘ ʫʩʪʨʘʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʝʥʠʝ ʢ ʧʦʣʟʫʥʫ 

ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʝʛʦ ʧʦʚʦʨʦʪʫ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʪʦʡ ʩʠʣʳ ʥʘ ʧʨʝʩʩʝ KOMATSU UAS 6000 MB ʥʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦ ʧʨʠʤʝʥʠʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ [2] (ʨʠʩ. 4). 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʠʣʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʦʩʫ ʧʦʣʟʫʥʘ 

ʥʝʦʙʭʦʜʠʤʘ ʪʦʣʴʢʦ ʧʨʠ ʧʨʦʙʠʚʢʝ ʦʪʚʝʨʩʪʠʡ 2-ʛʦ ʫʨʦʚʥʷ, ʪʘʢ ʢʘʢ ʦʩʪʘʣʴʥʳʝ 

ʫʨʦʚʥʠ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʫʘʥʩʦʥʦʚ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [3]. 

ʅʘ ʨʠʩ. 4 ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

1 ï ʛʠʜʨʦʮʠʣʠʥʜʨ; 2 ï ʨʝʛʫʣʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ; 3 ï ʧʝʨʝʧʫʩʢʥʦʡ ʢʣʘʧʘʥ; 4 ï 

ʜʚʫʭ ʧʦʟʠʮʠʦʥʥʳʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 5 ï ʥʝʨʝʛʫʣʠʨʫʝʤʳʡ ʥʘʩʦʩ; 6 ï ʧʨʦʙʠʚʥʦʡ 

ʧʫʘʥʩʦʥ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʥʳ; 7 ï ʜʘʪʯʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
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ʰʪʘʤʧʫʝʤʦʩʪʠ (ʩʠʣʦʠʟʤʝʨʠʪʝʣʴ (ʤʝʩʜʦʟʘ), ʭʦʜʦʛʨʘʬ); 8 ï ʫʩʠʣʠʪʝʣʴ; 9 ï ʙʣʦʢ 

ʩʨʘʚʥʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʵʪʘʣʦʥʥʳʤʠ; 10 ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʩʩʦʤ; 11 ï ʧʦʣʟʫʥ; 12 ï ʩʪʦʣ ʧʨʝʩʩʘ; 13 ʠ 14 ï ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʰʪʘʤʧʳ; 15 

ï ʧʣʠʪʘ ʧʦʜʢʣʘʜʥʘʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʣʝʜʫʶʱʠʡ. ʐʪʦʢ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 1 

ʜʦ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚʳʩʪʘʚʣʷʝʪʩʷ ʥʘ ʚʳʩʦʪʫ ʧʨʦʙʠʚʢʠ ʦʪʚʝʨʩʪʠʡ 2-ʛʦ ʫʨʦʚʥʷ ʩ 

ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 5, ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʷ 4 ʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 

2. ʇʝʨʝʧʫʩʢʥʦʡ ʢʣʘʧʘʥ 3 ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʩʠʣʫ, ʧʦʣʫʯʝʥʥʫʶ ʠʟ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ. ɺ ʤʦʤʝʥʪ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʰʪʦʢ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʜʦʣʞʝʥ 

ʩʦʧʨʠʢʦʩʥʫʪʴʩʷ ʩ ʧʦʣʟʫʥʦʤ 10, ʠ ʧʨʠ ʧʨʦʙʠʚʢʝ ʦʪʚʝʨʩʪʠʡ 2-ʛʦ ʫʨʦʚʥʷ ʩʠʣʘ ʥʘ 

ʰʪʦʢʝ ʜʦʩʪʠʛʘʝʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʦʩʫ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʩʨʘʙʘʪʳʚʘʝʪ ʧʝʨʝʧʫʩʢʥʦʡ ʢʣʘʧʘʥ, ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʧʝʨʝʪʝʢʘʝʪ ʚ 

ʚʝʨʭʥʶʶ ʧʦʣʦʩʪʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʠ ʧʦʣʟʫʥ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʩʦʚʝʨʰʘʝʪ 

ʜʘʣʴʥʝʡʰʠʡ ʭʦʜ. 

 

 
  

ʈʠʩ. 4. ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʧʦʣʟʫʥʘ 

 

ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʧʦʣʟʫʥʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ KOMATSU UAS 6000 MB. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʠʥʮʠ-

ʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʫʨʘʚʥʠʪʝʣʷ ʧʦʣʟʫʥʘ ʧʨʝʩʩʘ 

ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʪʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʧʝʨʝʢʦʩʫ 

ʧʦʣʟʫʥʘ ʚ ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ 

ʧʦʣʟʫʥʘ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʠʟʥʦʩ ʠ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʰʪʘʤʧʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʣʦʤʢʠ ʧʨʦʙʠʚʥʳʭ ʧʫʘʥʩʦʥʦʚ; ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʫʩʝʥʮʝʚ ʥʘ ʟʘʛʦʪʦʚʢʘʭ ʜʣʷ 

ʣʦʥʞʝʨʦʥʦʚ ʧʨʠ ʥʝʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʢʦʩʘ ʧʦʣʟʫʥʘ; ʪʷʞʝʣʳʝ ʫʩʣʦʚʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʝʩʩʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʝʛʦ ʫʟʣʦʚ; 

ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʝ ʧʨʦʩʪʦʠ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ ʩ ʧʨʝʩʩʦʤ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ 

ʟʘʢʣʠʥʠʚʘʥʠʷ ʧʦʣʟʫʥʘ ʚ ʧʨʦʮʝʩʩʝ ʰʪʘʤʧʦʚʢʠ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ, ʪʘʢ ʠ ʩʪʫʜʝʥʪʘʤʠ ʚ 

ʩʚʦʠʭ ʢʫʨʩʦʚʳʭ ʠ ʜʠʧʣʦʤʥʳʭ ʨʘʙʦʪʘʭ. ʊʘʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʧʦʟʚʦʣʷʶʪ ʜʘʞʝ ʥʘʯʠʥʘʶʱʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʨʘʙʦʪʳ ʥʘ 

ʚʳʩʦʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʪʫʜʝʥʯʝʩʢʠʝ ʧʨʦʝʢʪʳ 

ʚʳʟʳʚʘʶʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʜʝʠ ʠ ʧʨʦʝʢʪʥʳʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʙʣʝʤʥʳʭ ʦʙʲʝʢʪʦʚ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ ʂʨʘʩʥʦʷʨʩʢʘ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʠʜʝʡ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ 

[1]. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʠ ʟʘʧʘʜʥʳʡ ʩʝʢʪʦʨʳ 

ʂʨʘʩʥʦʷʨʩʢʘ ʦʪʜʝʣʝʥʳ ʦʪ ʦʩʪʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʊʨʘʥʩʩʠʙʠʨʩʢʦʡ 

ʤʘʛʠʩʪʨʘʣʴʶ, ʧʨʦʝʟʜ ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʚʦʟʤʦʞʝʥ ʚ ʪʨʝʭ ʧʫʥʢʪʘʭ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ 

ʚ ʚʠʜʝ ʧʫʪʝʧʨʦʚʦʜʦʚ (ʂʦʧʳʣʦʚʩʢʠʡ ʤʦʩʪ, ʧʫʪʝʧʨʦʚʦʜʳ ʫ ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʛʦ 

ʮʝʥʪʨʘ çʂʦʩʤʦʩè ʠ ʥʘ ʩʪʘʥʮʠʠ ɹʫʛʘʯ). ɺʩʝ ʪʨʠ ʧʨʦʝʟʜʘ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʯʠʩʣʦ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʙʦʢ.  
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ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʦʚʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʣʠʯʥʦ-

ʜʦʨʦʞʥʫʶ ʩʝʪʴ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʣʠʮʳ ʊʦʪʤʠʥʘ, ʂʘʣʠʥʠʥʘ, 

ʊʝʣʝʚʠʟʦʨʥʫʶ, ʧʨʦʩʧʝʢʪ ʉʚʦʙʦʜʥʳʡ ʠ ʥʦʚʫʶ ʫʣʠʮʫ, ʥʘʟʳʚʘʝʤʫʶ ʜʘʣʝʝ 

ʇʨʦʝʢʪʠʨʫʝʤʦʡ. ʅʦʚʘʷ ʫʣʠʯʥʘʷ ʩʝʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1, ʥʘ ʢʦʪʦʨʦʤ 

ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʫʣʠʮʘ ʨʘʩʧʦʣʦʞʝʥʘ ʤʝʞʜʫ ʤʝʪʢʘʤʠ 1 ʠ 2. ɼʘʥʥʘʷ ʩʝʪʴ ʫʣʠʮ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʨʦʡʩʪʚʦ ʢʦʣʴʮʝʚʦʡ ʨʘʟʚʷʟʢʠ ʥʘ ʩʣʠʷʥʠʠ ʫʣʠʮ ʊʦʪʤʠʥʘ, 

ɻʫʩʘʨʦʚʘ, ɺʳʩʦʪʥʦʡ ʠ ʇʨʦʝʢʪʠʨʫʝʤʦʡ (ʤʝʪʢʘ 1). ʈʘʟʚʷʟʢʘ ʧʨʠʟʚʘʥʘ ʧʦʚʳʩʠʪʴ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʢʨʝʩʪʢʘ, ʪʘʢ ʢʘʢ ʥʘ ʢʦʣʴʮʝ ʣʠʢʚʠʜʠʨʫʝʪʩʷ 

ʩʚʝʪʦʬʦʨʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʫʪʴ ʩʦʦʙʱʝʥʠʷ ʧʦ 

ʥʦʚʦʡ ʫʣʠʮʝ. 

 

ʈʠʩ. 1. ʅʦʚʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ 

 

ɺ ʧʨʦʝʢʪʝ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʦ ʜʚʘ ʥʦʚʳʭ ʧʨʠʤʳʢʘʥʠʷ. ʇʝʨʚʦʝ ʩʦʧʨʷʛʘʝʪ 

ʫʣʠʮʳ ʊʝʣʝʚʠʟʦʨʥʫʶ (ʥʘ ʩʭʝʤʝ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʤʝʪʢʘʤʠ 2 ʠ 4) ʠ 

ʇʨʦʝʢʪʠʨʫʝʤʫʶ (ʤʝʪʢʘ 2), ʪʝʤ ʩʘʤʳʤ ʣʠʢʚʠʜʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʡ ʪʫʧʠʢ ʚ 

ʢʦʥʮʝ ʧʝʨʚʦʡ ʫʣʠʮʳ, ʥʘʧʨʘʚʣʷʷ ʯʘʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʨʦʩʧʝʢʪʘ 

ʉʚʦʙʦʜʥʦʛʦ ʚ ʥʦʚʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʠʜʦʨ. ʅʘ ʩʭʝʤʝ ʧʨʠʤʳʢʘʥʠʝ ʫʣ. 

ʊʝʣʝʚʠʟʦʨʥʦʡ ʢ ʧʨʦʩʧʝʢʪʫ ʉʚʦʙʦʜʥʦʤʫ ʫʢʘʟʘʥʦ ʤʝʪʢʦʡ 4. ɺʪʦʨʦʝ ʧʨʠʤʳʢʘʥʠʝ 

ʩʚʷʞʝʪ ʇʨʦʝʢʪʠʨʫʝʤʫʶ ʫʣʠʮʫ ʩ ʫʣʠʮʝʡ ʂʘʣʠʥʠʥʘ (ʤʝʪʢʘ 3). ʅʦʚʦʝ ʧʝʨʝʩʝʯʝʥʠʝ 

ʩ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ ʫʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʇʨʦʝʢʪʠʨʫʝʤʦʡ ʫʣʠʮʝ (ʤʝʪʢʘ 5). 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʩʝʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʪʦʥʥʝʣʴ ʧʦʜ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʦʡ. 
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ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʪʨʝʙʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʠʬʨʦʚʦʤ 

ʚʠʜʝ. ʆʙʳʯʥʦ ʝʝ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʩʧʫʪʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʣʠ ʧʫʪʝʤ ʦʮʠʬʨʦʚʢʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʢʘʨʪ. ɺʩʝ ʵʪʠ ʩʧʦʩʦʙʳ ʠʟʳʩʢʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʦʩʪʫʧ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʩʣʫʞʝʙʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɺ ʨʘʤʢʘʭ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ. ɽʸ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʙʝʩʧʣʘʪʥʦʡ ʧʨʦʛʨʘʤʤʳ 

Google Earth. ʇʨʦʛʨʘʤʤʘ ʜʘʝʪ ʚʠʟʫʘʣʴʥʫʶ ʢʘʨʪʠʥʫ ʨʘʡʦʥʘ ʠʟʳʩʢʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʪʤʝʯʝʥʥʳʤʠ ʤʝʪʢʘʤʠ ʧʫʥʢʪʘʤʠ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʪʤʝʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʤʘʨʰʨʫʪʫ. ʅʘ ʨʠʩ. 2 

ʧʦʢʘʟʘʥ ʩʥʠʤʦʢ ʵʢʨʘʥʘ ʩ ʧʨʦʜʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦ ʦʩʠ 

ʇʨʦʝʢʪʠʨʫʝʤʦʡ ʫʣʠʮʳ. 

 

ʈʠʩ. 2. ʇʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʜʣʷ ʚʳʙʨʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ 

 

ʇʨʦʝʢʪ ʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʨʠʜʦʨʘ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʚ ʧʨʦʛʨʘʤʤʝ 

ɸʚʪʦʢʘʜ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʯʝʨʪʝʞʠ ʚʳʩʦʢʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʅʘ  ʨʠʩ. 3, ʢʘʢ ʠʣʣʶʩʪʨʘʮʠʷ, ʧʨʠʚʝʜʝʥ ʯʝʨʪʝʞ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʢʦʣʴʮʝʚʦʡ 

ʨʘʟʚʷʟʢʠ. 
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ʈʠʩ. 3. ʏʝʨʪʝʞ ʢʦʣʴʮʝʚʦʡ ʨʘʟʚʷʟʢʠ 

 

ʂʨʦʤʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ, ʨʘʟʨʝʟʘʶʱʝʡ ʂʨʘʩʥʦʷʨʩʢ, ʪʨʘʥʩʧʦʨʪʥʫʶ 

ʩʠʪʫʘʮʠʶ ʦʩʣʦʞʥʷʝʪ ʨʘʟʜʝʣʝʥʠʝ ʛʦʨʦʜʘ ʨʝʢʦʡ ɽʥʠʩʝʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʨʘʚʥʳʝ 

ʧʦʣʦʚʠʥʳ. ʋʣʫʯʰʝʥʠʶ ʩʭʝʤʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʦʣʞʝʥ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʦʚʳʡ  ʩʪʨʦʷʱʠʡʩʷ 4-ʡ ʤʦʩʪʦʚʦʡ ʧʝʨʝʭʦʜ ʯʝʨʝʟ ɽʥʠʩʝʡ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʤ ʨʘʟʚʷʟʢʘʤ ʥʘ ʧʦʜʭʦʜʘʭ ʢ ʤʦʩʪʫ. ʅʘʨʷʜʫ ʩ 

ʧʨʦʝʢʪʘʤʠ, ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠ ʧʨʦʝʢʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ [2], ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʨʘʟʚʷʟʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʧʨʷʞʝʥʠʷ 

ʧʨʠʤʳʢʘʥʠʷ 4-ʛʦ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʫʣʠʮʝ ʉʚʝʨʜʣʦʚʩʢʦʡ (ʤʝʪʢʘ 21 ʥʘ ʨʠʩ. 

4).  ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʨʘʟʚʷʟʢʠ ʠʟʣʦʞʝʥʦ ʚ [3,4]. 

 

ʈʠʩ. 4. ʄʝʩʪʦ ʙʫʜʫʱʝʡ ʨʘʟʚʷʟʢʠ ʥʘ ʧʣʘʥʝ ʂʨʘʩʥʦʷʨʩʢʘ 
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ʇʨʦʝʢʪ ʨʘʟʚʷʟʢʠ ʚʳʧʦʣʥʷʣʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ IndorCAD. ʅʘ ʦʩʥʦʚʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʣʘʥʘ ʤʝʩʪʥʦʩʪʠ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ). ʈʝʣʴʝʬ ʚ ʜʘʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʪʨʠʘʥʛʫʣʷʮʠʝʡ, ʪ.ʝ. ʥʘ ʚʚʝʜʝʥʥʳʭ ʪʦʯʢʘʭ ʩʪʨʦʷʪʩʷ 

ʪʨʝʫʛʦʣʴʥʳʝ ʛʨʘʥʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʦʪʤʝʪʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʨʘʚʠʣʘʤ 

ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʈʝʙʨʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʚʠʜʥʳ ʥʘ 

ʨʠʩ. 5. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʦʩʴ ʪʨʘʩʩʠʨʦʚʘʥʠʝ 

ʩʦʧʨʷʛʘʝʤʳʭ ʜʦʨʦʛ ʠ ʩʲʝʟʜʦʚ. ɼʣʷ ʵʪʦʛʦ ʩʥʘʯʘʣʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʦʢʣʘʜʳʚʘʣʠʩʴ ʦʩʠ ʫʣʠʮʳ ʉʚʝʨʜʣʦʚʩʢʦʡ ʠ ʧʨʠʤʳʢʘʥʠʷ ʢ ʤʦʩʪʫ, ʘ 

ʧʦʪʦʤ ʢ ʥʠʤ ʩʪʨʦʠʣʠʩʴ ʦʩʠ ʧʨʘʚʦʧʦʚʦʨʦʪʥʳʭ ʠ ʣʝʚʦʧʦʚʦʨʦʪʥʳʭ ʩʲʝʟʜʦʚ. ʇʨʠ 

ʵʪʦʤ ʩʧʦʩʦʙʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʥʘ ʎʄʄ ʟʘʜʘʝʪ ʥʘʯʘʣʦ, ʢʦʥʝʮ ʪʨʘʩʩʳ ʠ ʚʝʨʰʠʥʳ 

ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʪʨʘʩʩʳ ʠ ʚʚʦʜʠʪ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʜʠʫʩʦʚ ʢʨʠʚʳʭ, ʜʣʠʥʳ 

ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʚʳʭ. ʈʘʟʙʠʚʢʘ ʪʨʘʩʩʳ ʥʘ ʧʠʢʝʪʳ ʠ ʚʳʯʠʩʣʝʥʠʝ ʥʘ ʥʠʭ ʦʪʤʝʪʦʢ 

ʟʝʤʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

 

 

 

ʈʠʩ. 5. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʠ ʵʣʝʤʝʥʪʳ ʩʦʧʨʷʞʝʥʠʷ  

ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʨʘʟʚʷʟʢʝ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʲʝʟʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ [3]. ʇʨʦʝʢʪʥʳʝ ʣʠʥʠʠ ʧʨʦʜʦʣʴʥʳʭ ʧʨʦʬʠʣʝʡ 

ʪʨʘʩʩ ʩʪʨʦʠʣʠʩʴ ʤʝʪʦʜʦʤ ʪʘʥʛʝʥʩʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ  ʫʜʝʣʷʣʦʩʴ 

ʩʦʧʨʷʞʝʥʠʶ ʚʩʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʣʠʥʠʡ (ʦʩʝʡ ʪʨʘʩʩ, ʢʨʦʤʦʢ ʧʨʦʝʟʞʠʭ 

ʯʘʩʪʝʡ ʠ ʙʨʦʚʦʢ ʥʘʩʳʧʝʡ) ʤʝʞʜʫ ʩʦʙʦʡ, ʢʦʪʦʨʳʝ ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʨʘʟʚʷʟʢʝ 

ʠʤʝʶʪ ʨʘʟʥʳʝ ʦʪʤʝʪʢʠ ʥʘ ʩʚʦʠʭ ʢʦʥʮʘʭ. 

ʊʘʢʞʝ ʚ ʧʨʦʝʢʪʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʪʨʘʩʩ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʟʚʷʟʢʠ. 
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ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʝʢʪʳ ʦʙʲʝʢʪʦʚ 

ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʜʝʣʘʶʪ ʜʦʩʪʫʧʥʦʡ  

ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʣʶʙʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ 

ʥʘʯʠʥʘʶʱʠʤ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʣʶʙʳʝ ʩʘʤʳʝ ʩʤʝʣʳʝ ʧʨʦʝʢʪʳ. 

ʇʨʦʛʨʘʤʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʷʪ ʚʨʝʤʷ, ʙʣʘʛʦʜʘʨʷ 

ʫʤʝʥʴʰʝʥʠʶ ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʘʨʠʘʥʪʦʚ, ʙʳʩʪʨʦ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɻʨʘʬʠʯʝʩʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ɸʚʪʦʢʘʜ ʠ IndorDraw ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʯʝʨʪʝʞʝʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 
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ʨʘʟʚʷʟʢʠ 4-ʛʦ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʛ. ʂʨʘʩʥʦʷʨʩʢe // ʇʨʦʙʣʝʤʳ ʩʦʮʠʘʣʴʥʦʛʦ ʠ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ: ʄʘʪʝʨʠʘʣʳ XVI  
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ʇʈʆɹʃɽʄʓ ʂʆʄʇʔʖʊɽʈʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 ʉʊʈʋʂʊʋʈʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʂʈʀʉʊɸʃʃɽ 

 ʅɸ ɸʊʆʄʅʆʄ ʋʈʆɺʅɽ  

ɽ.ɸ. ɼʫʜʥʠʢ, ʂ.B. ɻʚʦʟʜʝʚ, ɺ.O. ʂʨʘʩʥʦʧʝʨʦʚʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʋ ɺʇʆ çɸʣʪʘʡʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ʆʙʩʫʞʜʘʶʪʩʷ ʬʠʟʠʯʝʩʢʘʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ  ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʧʠʩʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʜʝʣʠ  ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʠ ʄʦʥʪʝ ʂʘʨʣʦ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ, ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ. 
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Abstract:  The paper is devoted to the discussion of physical, mathematical and computation 

models in computer experiments pertaining to structural transformations in crystals atomwise. One 

may also find descriptions of computation models of molecular dynamics techniques and Monte 

Carlo. An attempt has been made to carry out a comparative analysis for verification of the used 

methods. 

Key words: computer simulation, molecular dynamics methodology, the Monte 

Carlo methods. 

 

ɺʚʝʜʝʥʠʝ 

ɺʥʠʤʘʥʠʝ ʢ ʨʘʟʚʠʪʠʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʦʙʲʝʤʘ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ, ʤʝʪʦʜʳ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʣʠʣʠʩʴ ʥʘ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ. ʇʦʷʚʣʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʤ ʠ ʩʦʝʜʠʥʷʶʱʠʤ ʜʚʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʘ ʚ ʦʜʠʥ [1]. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʫʞʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ, ʯʪʦʙʳ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʠ  

ʧʨʝʜʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʝʟʫʣʴʪʘʪʳ 

ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʷʤʠ ʠʩʪʠʥʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʤʦʜʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʣʫʞʠʪʴ 

ʧʨʦʚʝʨʢʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʠʧʦʪʝʟʳ. ɺ ʭʦʜʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  ʂʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: ʩ ʦʜʥʦʡ 
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ʩʪʦʨʦʥʳ, ʦʥ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʝʟ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʘ ʜʨʫʛʦʡ ï  

ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥ ʥʘʪʫʨʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʍʦʨʦʰʦ ʩʧʣʘʥʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝʪ ʩʵʢʦʥʦʤʠʪʴ ʦʛʨʦʤʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʪʫʨʥʦʛʦ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ  ʤʝʪʦʜʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ 

ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʘ ʘʪʦʤʥʦʤ 

ʫʨʦʚʥʝ.  

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ  

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʮʝʥʥʳʤ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʪʦʤʦʚ,  ʧʦʨʷʜʢʘ 2000 ʘʪʦʤʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʘʪʦʤʦʚ ʩʠʣʴʥʦ ʫʜʣʠʥʷʝʪ ʚʨʝʤʷ 

ʩʯʝʪʘ, ʵʪʘ ʧʨʦʙʣʝʤʘ ʯʘʩʪʠʯʥʦ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ. ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ  ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ  ʤʝʪʦʜʦʚ.  ʇʦʵʪʦʤʫ ʧʨʝʞʜʝ ʯʝʤ ʧʨʦʩʪʫʧʠʪʴ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ  

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʘʪʦʤʥʦʤ ʫʨʦʚʥʝ, ʧʦʩʣʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʨʦʮʝʜʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ.     

ʇʨʦʚʝʜʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ 

[2]: ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠ ʨʘʩʯʝʪʘ ʠʥʪʝʨʝʩʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʯʘʣʴʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʚ ʫʟʣʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ 

ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʄʘʢʩʚʝʣʣʩʢʦʛʦ ï ɹʦʣʴʮʤʘʥʦʚʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʊʦʯʥʳʡ ʚʳʙʦʨ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʚʩʝ 

ʨʘʚʥʦ çʟʘʙʫʜʝʪè ʩʚʦʝ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʩʪʝʤʘ 

ʨʝʣʘʢʩʠʨʫʝʪ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʳʤ, ʝʩʣʠ 

ʩʠʩʪʝʤʘ ʨʝʣʘʢʩʠʨʦʚʘʣʘ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʵʥʝʨʛʠʠ.  

ʉʦʩʪʦʷʥʠʝ ʩʧʣʘʚʘ ʩʯʠʪʘʣʦʩʴ ʨʘʚʥʦʚʝʩʥʳʤ ʠ ʫʩʪʦʡʯʠʚʳʤ, ʝʩʣʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʩʪʝʤʫ ʧʘʨʘʤʝʪʨʳ (ʵʥʝʨʛʠʷ, ʧʘʨʘʤʝʪʨʳ ʧʦʨʷʜʢʘ, ʵʥʪʨʦʧʠʷ) 

ʦʩʪʘʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ, ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʥʝ ʤʦʛʣʘ ʚʳʡʪʠ 

ʠʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʝʟ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ʅʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʐʘʛ 1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʴʥʦʛʦ ʩʧʣʘʚʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʝʣʴʥʳʝ ʙʠʥʘʨʥʳʝ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Cu-Au, Ni-Al. ʉʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ɻʎʂ ʨʝʰʝʪʢʦʡ, ʧʨʠʯʝʤ ʩʧʣʘʚ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʧʦʣʥʦʩʪʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʝʪ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʫ L12  ʣʠʙʦ L10, ʘ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤ ï ʩʪʨʫʢʪʫʨʫ ɸ1 (ʨʠʩ. 1). 
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ʈʘʜʠʫʩ i-ʪʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ  ʨʘʚʝʥ 
20

i
a

i
r = , ʛʜʝ  ï ʧʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʨʦʣʠ ʬʘʢʪʦʨʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʩʪʠ 

ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ ɸɺ, ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʱʝʛʦ ɻʎʊ ʨʝʰʝʪʢʫ ʩ ʫʧʘʢʦʚʢʦʡ ʢʦʤʧʦʥʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʝ L10. 

 

   
                                   ʘ)                 ʙ) 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ  

L12   (ʘ)  ʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L10  (ʙ)  

 

ɺ ʚʝʨʰʠʥʘʭ ʪʝʪʨʘʵʜʨʘ ʥʘʭʦʜʷʪʩʷ ʘʪʦʤʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʷʯʝʡʢʫ. 

ʊʘʙʣʠʮʘ 1 

ʋʧʘʢʦʚʢʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ ʧʦ ʯʠʩʣʫ ʘʪʦʤʦʚ  

ʚ ʩʧʣʘʚʘ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘʤʠ 
 

ɺʩʝʛʦ 

L12 L12 L10 

ʮʝʥʪʨʠʨʫʶʱʝʛʦ 

ʘʪʦʤʘ  ɸ 

ʮʝʥʪʨʠʨʫʶʱʝʛʦ 

ʘʪʦʤʘ  B 

ʮʝʥʪʨʠʨʫʶʱʝʛʦ 

ʘʪʦʤʘ  ɸ 

ʘʪʦʤʳ ɸ ʘʪʦʤʳ ɺ ʘʪʦʤʳ ɸ ʘʪʦʤʳ ɺ ʘʪʦʤʳ ɸ ʘʪʦʤʳ ɺ 

1 12 8 4 0 12 8 4 

2 6 6 0 0 6 0 6 

3 24 16 8 0 24 16 8 

4 12 12 0 0 12 0 12 

5 24 16 8 0 24 16 8 

 

ʊʨʝʭʤʝʨʥʘʷ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʨʝʰʝʪʢʘ ʩʦʩʪʦʠʪ ʠʟ N ʘʪʦʤʦʚ (4n x 4m ʭ 

4d), ʟʘʜʘʝʪʩʷ ʧʫʪʝʤ ʪʨʘʥʩʣʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦ ʦʩʷʤ ʘʙʩʮʠʩʩ, 

ʦʨʜʠʥʘʪ ʠ ʘʧʧʣʠʢʘʪ. ɿʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ ʠʩʭʦʜʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ 4 ʘʪʦʤʦʚ (l=1,é,4), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ 

ɹʨʘʚʵ: 

  

).1,0,1(),,(

),1,1,0(),,(

),0,1,1(),,(

),0,0,0(),,(

4

0

4

0

4

0

3

0

3

0

3

0

2

0

2

0

2

0

1

0

1

0

1

0

-

-

-

-

zyx

zyx

zyx

zyx

      (1) 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ 3D ʢʨʠʩʪʘʣʣʘ ʦʨʛʘʥʠʟʫʶʪʩʷ ʮʠʢʣʳ ʧʦ i,  j,  s:  
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.4,3,2,1
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l
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S     (2) 

ɿʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʘʪʦʤʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 
2

0
0

a
r = . 

ʉʦʨʪʘ ʘʪʦʤʦʚ ʟʘʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʢʦʤʧʦʥʝʥʪ ʉɸ=N(A)/N, ʛʜʝ N(A) ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʩʦʨʪʘ ɸ, N ï ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ 

ʢʨʠʩʪʘʣʣʝ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʧʣʘʚʘ ʚʳʙʨʘʥ Ni3Al, ʪʦʛʜʘ ʚ ʚʝʨʰʠʥʘʭ 

ʢʫʙʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʘʪʦʤʳ Al, ʚ ʮʝʥʪʨʝ ʛʨʘʥʝʡ  ʘʪʦʤʳ Ni,  ʧʝʨʠʦʜ ʯʝʨʝʜʦʚʘʥʠʷ 

ʩʦʨʪʦʚ ʘʪʦʤʦʚ ʚ  ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ ʨʘʚʝʥ 4 ʤʠʥʠʤʘʣʴʥʳʤ ʤʝʞʘʪʦʤʥʳʤ 

ʨʘʩʪʦʷʥʠʷʤ.  

ɿʘʜʘʥʠʝ ʪʦʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʘʪʦʤʦʚ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʚʩʝ ʨʘʚʥʦ çʟʘʙʫʜʝʪ ʩʚʦʝ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝè [3]. ɺ 

ʩʨʝʜʥʝʤ ʥʘ ʣʶʙʫʶ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʧʨʠʭʦʜʠʪʩʷ ʪʘʢʘʷ ʞʝ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʢʘʢ ʥʘ ʦʜʥʫ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣʳ ʦʜʥʦʘʪʦʤʥʦʛʦ 

ʛʘʟʘ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʝʜʥʷʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʤʦʣʝʢʫʣʳ, ʠʤʝʶʱʝʡ i ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʨʘʚʥʘ: 

 Tk
i

W Bʩʨ
3
=  ,                                    (3) 

ʛʜʝ kB ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ. 

ɸʪʦʤʳ ʚ ʢʨʠʩʪʘʣʣʝ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɽʱʝ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ï ʢʦʣʝʙʘʪʝʣʴʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʦʞʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʤʝʱʝʥʠʷ.  

ɿʘʜʘʥʠʝ ʪʦʯʥʳʭ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʘʪʦʤʦʚ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʚʩʝ ʨʘʚʥʦ çʟʘʙʫʜʝʪ ʩʚʦʝ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝè [41-43]. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʘʪʦʤʦʚ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤʠ ʥʘʠʙʦʣʝʝ 

ʚʝʨʦʷʪʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʄʘʢʩʚʝʣʣʘ-ɹʦʣʴʮʤʘʥʘ. ʅʘʯʘʣʴʥʳʝ 

ʩʢʦʨʦʩʪʠ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

i

b
i

m

Tk2
=u ,      

N

VzVyVx
vʩʠʩʪʝʤʳ

ä ++
=

222

 .  (4) 

 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʪʦʤʘ ʟʘʜʘʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʇʦʩʣʝ ʟʘʧʫʩʢʘ 

ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʄʘʢʩʚʝʣʣʘ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʦ, ʫʛʣʳ Ŭ, ɓ ʚʳʙʠʨʘʶʪʩʷ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ: 
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),sin()sin(

),sin()cos(
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=

=
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y
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       (5) 

ʛʜʝ  zyx uuu ,,   ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʘʪʦʤʘ. 

ʆʜʥʘʢʦ ʥʘʜʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʝʥʩʪʚʦ ʩʫʤʤʘʨʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩʠʩʪʝʤʳ ʥʫʣʶ, 

ʯʪʦʙʳ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ʥʝ ʧʝʨʝʤʝʱʘʣʩʷ. ʅʘʯʘʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʘʪʦʤʦʚ ʟʘʜʘʶʪ 

ʚʢʣʘʜ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʣʥʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ, ʘ ʩʢʦʨʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪ ʚʢʣʘʜ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʚʚʦʜʷʪʩʷ ʠʩʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʜʝʬʝʢʪʳ ʚ ʠʩʭʦʜʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ [4-6]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʞʘʪʦʤʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʫʣʠʨʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ,   ʧʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʦʨʟʝ ʠʣʠ ʤʥʦʛʦʯʘʩʪʠʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩ ʫʯʝʪʦʤ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʂʣʝʨʠ-ʈʦʟʘʪʦ [7]. 

ʇʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʄʦʨʟʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʝʡ: 
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ʛʜʝ  ijr  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʨʦʡ ʘʪʦʤʦʚ, d,a  ï ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 
2

a
0 =r , a ï ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ. 

ʕʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʩʯʠʪʘʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʵʥʝʨʛʠʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ: 
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ʄʥʦʛʦʯʘʩʪʠʯʥʳʡ ʧʦʪʝʥʮʠʘʣ ʂʣʝʨʠ-ʈʦʟʘʪʦ ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ A, p, q, ɝ ï ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ [10]. 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  

                    ä +=j )U(U)(r i
B

i
Ri .                                                       (10) 

ʇʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ ʂʣʝʨʠ-ʈʦʟʘʪʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 

 

 A, ɻ ɺ ɝ, ɻ ɺ P q 

Ni 0.0376 1.07 16.999 1.189 

Al 0.1221 1.316 8.612 2.516 

AlNi3  0.0563 1.2349 14.997 1.2823 
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ɼʘʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʙʣʠʟʢʦʜʝʡʩʪʚʫʶʱʠʤʠ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʫʙʳʚʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

ɺʚʝʜʝʥʠʝ ʨʘʜʠʫʩʘ ʦʪʩʝʯʝʥʠʷ maxR ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʨʝʤʷ ʩʯʝʪʘ. ʈʘʩʯʝʪ 

ʩʠʣʳ ʠ ʵʥʝʨʛʠʠ ʜʚʫʭ ʘʪʦʤʦʚ ʫʯʠʪʳʚʘʝʪʩʷ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

maxRrij < , ʠʥʘʯʝ ʧʦʣʘʛʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ.  

ʐʘʛ 2. ʇʦʣʫʯʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ ʚʳʙʠʨʘʝʪʩʷ ʤʝʪʦʜ 

ʜʣʷ ʨʘʩʯʝʪʘ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʝʡ ʣʠʙʦ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʩʣʫʯʘʝ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʠʩʭʦʜʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʚ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 0ʂ.  

ʇʨʦʮʝʜʫʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ   

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʚʳʯʠʩʣʝʥʠʷ ʠ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʘʩʴ 

ʧʨʦʮʝʜʫʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ʜʝʬʝʢʪʦʚ ʧʝʨʝʜ ʦʩʥʦʚʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚʙʣʠʟʠ 

ʜʝʬʝʢʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ ʚ 

ʦʩʥʦʚʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʘ ʙʳ ʚʳʰʝ ʟʘʜʘʚʘʝʤʦʡ ʚ ʩʚʷʟʠ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

(ʧʝʨʚʠʯʥʘʷ) ʨʝʣʘʢʩʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʩ 

ʜʠʩʩʠʧʘʮʠʝʡ ʵʥʝʨʛʠʠ. ʅʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʘʪʦʤʦʚ ʟʘʜʘʚʘʣʠʩʴ ʨʘʚʥʳʤʠ ʥʫʣʶ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 0 ʂ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʣʘʢʩʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʷʯʝʡʢʠ ʧʦʚʳʰʘʣʘʩʴ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʢʨʘʱʘʣʩʷ. ʇʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʯʝʡʢʘ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʩʚʝʨʭʙʳʩʪʨʦʤʫ ʦʭʣʘʞʜʝʥʠʶ. ɺʩʝ ʩʢʦʨʦʩʪʠ ʘʪʦʤʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʢʦʛʜʘ 

ʢʦʣʝʙʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʦʩʪʠʛʘʣʠ ʤʘʢʩʠʤʫʤʦʚ, ʧʨʠʨʘʚʥʠʚʘʣʠʩʴ ʥʫʣʶ 

ʣʠʙʦ ʥʦʨʤʠʨʦʚʘʣʠʩʴ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ) ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʘʪʦʤʳ ʥʝ ʟʘʥʠʤʘʣʠ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʟʠʮʠʡ ʠ ʙʦʣʴʰʝ ʥʝ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʇʨʠ ʟʘʧʫʩʢʝ 

ʦʩʥʦʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʩʦʟʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ 

ʩʪʘʙʠʣʴʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʙʣʠʟʢʠʭ ʢ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʶ. 

ʈʝʣʘʢʩʘʮʠʷ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ: 

1. ɺʳʧʦʣʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ.  

2. ʅʘ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  
ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʵʥʝʨʛʠʷ ʦʪʚʦʜʠʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʤʦʱʠ ʥʦʨʤʠʨʦʚʢʠ 

ʩʢʦʨʦʩʪʝʡ. 

3. ɽʩʣʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʰʘʛʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʦʢ ʵʥʝʨʛʠʠ  
ʩʠʩʪʝʤʳ ʠ ʝʩʣʠ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʝʩʪʘʙʠʣʴʥʳ, 

ʧʝʨʝʭʦʜʠʤ ʥʘ ʰʘʛ 1 ʠ ʧʨʦʚʦʜʠʤ ʧʝʨʝʥʦʨʤʠʨʦʚʢʫ ʩʢʦʨʦʩʪʝʡ ʘʪʦʤʦʚ. 

ʇʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ  

ʦʧʪʠʤʘʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴ 
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ʨʘʚʥʦʚʝʩʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʰʘʛ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʩʯʝʪʘ, ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʰʘʛ ʜʘʝʪ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ.  

 ʐʘʛ 3. ɺʳʙʦʨ ʤʝʪʦʜʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʫ ʚ ʢʦʥʝʯʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ.  

ʐʘʛ 4. ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ  

ɽʩʣʠ ʦʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʵʢʩʪʨʝʤʫʤʘ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʚ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʪʦʯʥʦʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ 

ʟʘʤʝʥʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʛʜʝ ʦʜʠʥ ʰʘʛ ʠʪʝʨʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʜʥʦʤʫ ʘʢʪʫ ʩʘʤʦʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʧʦ ʚʘʢʘʥʩʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʇʨʠ ʵʪʦʤ ʥʘ 

ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʠʟ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ ʚʘʢʘʥʪʥʦʛʦ ʫʟʣʘ ʘʪʦʤʦʚ ʟʘʡʤʝʪ ʝʛʦ ʤʝʩʪʦ, ʧʨʠʯʝʤ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʩʢʦʢʘ ʘʪʦʤʘ i ʚ ʚʘʢʘʥʪʥʳʡ ʫʟʝʣ j ʨʝʰʝʪʢʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: 

  ( )maxexp ( ) /ij

ij vP A E E kT= Ö - D -D  ,     (11) 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, A ï ʥʦʨʤʠʨʦʚʦʯʥʳʡ 

ʤʥʦʞʠʪʝʣʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (ʩʫʤʤʘ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʝʨʝʩʢʦʢʦʚ ʘʪʦʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʦʪ ʚʘʢʘʥʪʥʦʛʦ ʫʟʣʘ, ʨʘʚʥʘ ʝʜʠʥʠʮʝ, 1=ä
n

ij

ijʈ , ʛʜʝ n ï 

ʯʠʩʣʦ ʘʪʦʤʦʚ ʥʘ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨʘʭ ʦʪ ʚʘʢʘʥʩʠʠ). ɺʝʣʠʯʠʥʘ 

ʚʳʩʚʦʙʦʞʜʘʝʤʦʡ (ʟʘʪʨʘʯʠʚʘʝʤʦʡ) ʵʥʝʨʛʠʠ  ij

vɽD   ʦʮʝʥʠʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʘʪʦʤʘ 

i, ʦʢʨʫʞʘʶʱʝʛʦ ʚʘʢʘʥʩʠʶ j ʥʘ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨʘʭ, ʦʥʘ ʨʘʚʥʘ 

ʨʘʟʥʦʩʪʠ  ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʘʪʦʤʘ i ʚ ʧʦʣʦʞʝʥʠʠ ʚʘʢʘʥʪʥʦʛʦ ʫʟʣʘ   ʠ  ʵʥʝʨʛʠʠ ʩʚʷʟʠ 

ʘʪʦʤʘ i ʚ ʧʦʣʦʞʝʥʠʠ ʜʦ ʧʝʨʝʩʢʦʢʘ: ij

n

ij

k

ij

v Eɽɽ -=D . ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ ʚʩʝʭ    

ʚʳʙʠʨʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ, ʦʙʦʟʥʘʯʘʝʤʦʝ ʢʘʢ ʟʥʘʯʝʥʠʝ 
maxED . 

ʉʦʛʣʘʩʥʦ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʧʣʦʚʳʤ ʨʘʩʰʠʨʝʥʠʝʤ [8]. 

ɽʩʣʠ ʚʳʙʨʘʥ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ, ʪʦʛʜʘ ʚ ʢʨʠʩʪʘʣʣ ʚʚʦʜʠʪʩʷ ʚʘʢʘʥʩʠʷ ʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʚʝʨʰʘʝʪʩʷ ʘʢʪ ʩʘʤʦʜʠʬʬʫʟʠʠ 

ʘʪʦʤʦʚ ʧʦ ʚʘʢʘʥʩʠʦʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ.   

ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳ 

ʚʠʟʫʘʣʠʟʘʪʦʨʳ. ʆʩʥʦʚʥʳʤʠ ʚʠʟʫʘʣʠʟʘʪʦʨʘʤʠ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʜʠʥʘʤʠʢʠ 

ʷʚʣʷʣʠʩʴ ʚʠʟʫʘʣʠʟʘʪʦʨʳ ʦʙʣʘʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʢʨʠʩʪʘʣʣʘ 

ʨʘʟʣʠʯʥʳʤ ʦʪʪʝʥʢʦʤ ʮʚʝʪʘ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʧʣʘʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʝʣʠʯʠʥʳ: ʧʘʨʘʤʝʪʨ 

ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ, ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ, ʵʥʪʨʦʧʠʷ ʠ 

ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ [9]. 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚ ʬʠʟʠʢʝ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʚʳʯʠʩʣʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ, 

ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ 
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ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ ʠʣʠ ʘʪʦʤʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʯʠʥʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ ʜʚʠʞʝʥʠʷ.  

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʅʴʶʪʦʥʘ ʜʣʷ i-ʛʦ ʘʪʦʤʘ: 

.
)()(1

1 ij

ij
N

j ij

ij

i

i

r

rr

dr

rd

mdt

vd
CCC
-

Ö= ä
=

j
    (12) 

ʊʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮ ʥʘʭʦʜʷʪʩʷ ʜʚʦʡʥʳʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ 

ʧʦʣʫʯʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɺʚʝʜʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʵʥʝʨʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʤʝʭʘʥʠʟʤʫ 

ʥʦʨʤʠʨʦʚʢʠ ʩʢʦʨʦʩʪʝʡ, ʛʜʝ æï ʪʨʝʙʫʝʤʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ: 

ö
ö

÷

õ

æ
æ

ç

å
=D ä

i

ii vm

2

2C

.       (13) 

ʄʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʷ ʘʪʦʤʦʚ 

ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʉʠʣʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ: 

dr

)r(d
)r(F

j
m -= ,                                           (14) 

ʛʜʝ j(r) ï ʧʦʩʪʫʣʠʨʫʝʤʳʡ ʤʝʞʘʪʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ, r ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʘʪʦʤʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʘʪʦʤʦʚ ʚ ʪʝʯʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʫʞʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʂʦʰʠ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʋʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʅʴʶʪʦʥʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʩʠʩʪʝʤʫ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʅʴʶʪʦʥʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.   

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʪʦʤʳ ʟʘʥʠʤʘʶʪ ʫʟʣʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʟʠʮʠʠ ʢʦʦʨʜʠʥʘʪ N ʘʪʦʤʦʚ: 

ʭij(0),yij(0)), ʛʜʝ  i,j=1,2,é,N (i,j ï ʥʦʤʝʨ ʫʟʣʘ ʨʝʰʝʪʢʠ). 

ɿʘʜʘʪʴ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ  ʯʝʨʝʟ ʪʝʤʧʝʨʘʪʫʨʫ: 

2

13

1
)( i

N

i

i

ɺ

Vm
Nk

tT
C

ä
=

= ,    ʛʜʝ ɺk  ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ. 

 ʉʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ 

ʚʠʜ:  

                   
()

.,
m

tF

dt

d

dt

dx ijij

ij

ij
==

u
u                    (15) 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ ʥʘ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: 

),)(),(())(),((

)),(,)(())(),((

HtytxFtytxF

tyLtxFtytxF

jyjy

jxjx

+=

+=
               (16) 

ʛʜʝ L, H ï ʜʣʠʥʥʘ ʠ ʚʳʩʦʪʘ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʤʝʪʦʜʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʘʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʅʴʶʪʦʥʘ ʧʨʠʤʝʥʷʶʪʩʷ ʯʠʩʣʝʥʥʳʝ  

ʤʝʪʦʜʳ, ʥʘʧʨʠʤʝʨ ʥʝʷʚʥʳʡ ʤʝʪʦʜ ɺʝʨʣʝ. ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʩʠʣʳ ʜʣʷ ʘʪʦʤʘ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ n
i

r   ʚʳʯʠʩʣʷʝʤ ʥʦʚʳʡ ʢʦʦʨʜʠʥʘʪʳ   
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ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʤ ʩʠʣʫ ʜʣʷ ʘʪʦʤʘ 1+n
i
r  ʠ ʧʦʣʫʯʘʝʤ ʥʦʚʳʝ ʩʢʦʨʦʩʪʠ 
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D
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n
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i rFrF
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vv       (18) 

 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʚʩʝʭ ʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʩʢʦʨʦʩʪʝʡ ʨʘʩʩʯʠʪʳʚʘʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠ ʧʝʨʝʭʦʜʠʤ ʥʘ ʩʣʝʜʫʶʱʫʶ ʠʪʝʨʘʮʠʶ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʨʝʤʝʥʥʳʭ ʠʪʝʨʘʮʠʡ, 

ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʰʠʙʦʢ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ: ʢʘʢ 

ʦʰʠʙʦʢ ʤʝʪʦʜʘ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʢʦʥʝʯʥʦʤʝʨʥʦʝ, ʪʘʢ ʠ ʦʰʠʙʦʢ ʦʢʨʫʛʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʩʝʯʝʥʠʝʤ ʜʘʥʥʳʭ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʠʭ ʚ ʧʘʤʷʪʠ ʕɺʄ [1-3]. 

ʊʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤ  

ʆʙʝ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ ʠʤʝʶʪ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʆ(æt
2
). ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʦʢʨʫʛʣʝʥʠʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʭʝʤʳ ʩʚʷʟʘʥʘ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʝʡ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʥʝʬʠʟʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 

ʫʩʪʦʡʯʠʚ, ʝʩʣʠ ʤʘʣʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʥʝʩʝʥʥʘʷ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʥʝ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ [1-3]. ʉʭʝʤʘ ɺʝʨʣʝ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ: 

max

2 1
,

1

dr

dF

m
S

S
t =<D .     (19) 

 

ʉʭʝʤʫ ɺʝʨʣʝ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʥʩʘʤʙʣʷ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʝʡ, ʛʜʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʭʝʤʳ. 

ʈʝʟʫʣʴʪʘʪʳ  
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠ ʁ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʣʦʢʘʣʴʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʘʪʦʤʦʚ, ʩ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʡ ʠʭ ʠʟ ʫʟʣʦʚ ʨʝʰʝʪʢʠ, 

ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʞʠʟʥʠ ʵʪʠʭ ʣʦʢʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʄʝʪʦʜ ʄʦʥʪʝ-

ʂʘʨʣʦ ʣʫʯʰʝ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʤʝʟʦʫʨʦʚʥʝ, ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ  ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʶ [11-15].  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʝʙʫʝʪ ʦʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʛʣʫʙʦʢʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ  

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.      
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ɽ.ɸ. ɼʫʜʥʠʢ, ɸ.ɺ. ʉʝʣʠʚʘʥʦʚʘ, ɸ.ʅ. ʂʠʪʘʝʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʬʠʣʠʘʣ ʌɻɹʋ ɺʇʆ çɸʣʪʘʡʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʛʦʨʦʜʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʩʰʪʘʙʘʭ ʛʦʨʦʜʘ. ʆʥʘ 

ʩʣʫʞʠʪ ʮʝʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʨʝʞʜʝʥʠʡ. 

ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʶʱʝʡ ʨʝʰʝʥʠʝ ʩʧʝʢʪʨʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʜʦʢʫʤʝʥʪʘʤʠ ʠ 

ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʦʙʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ. 
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ɺʚʝʜʝʥʠʝ 

ɻʦʨʦʜʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʫʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʛʦʨʦʞʘʥʘʤʠ. 

ɺ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʵʨʠʠ ʛʦʨʦʜʘ ʚʭʦʜʠʪ ʙʦʣʴʰʦʡ ʢʦʤʧʣʝʢʩ ʚʦʧʨʦʩʦʚ 

ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ: ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʫʧʨʘʚʣʝʥʠʷ 

ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, 

ʫʯʨʝʞʜʝʥʠʷʤʠ, ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʚ ʦʙʣʘʩʪʷʭ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʪʨʘʥʩʧʦʨʪʘ ʩʚʷʟʠ, ʙʳʪʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʪʦʨʛʦʚʣʠ. ʇʨʦʙʣʝʤʘ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʦʨʦʜʩʢʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʨʝʰʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʭʦʜʘ ʩ 

ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʷʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʧʝʨʘʪʠʚʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʞʝʩʪʢʦʤ ʚʨʝʤʝʥʥʦʤ ʨʠʪʤʝ ʩʠʪʫʘʮʠʠ, ʘ ʧʦʪʦʤʫ 

ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 

(ɸʈʄ) ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʛʦʨʦʜʩʢʦʡ ʤʵʨʠʠ. ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʥʘʩʝʣʝʥʠʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʦʪʜʝʣʘʤʠ ʤʵʨʠʠ ʛʦʨʦʜʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤ 

ʦʨʛʘʥʠʟʘʮʠʷʤ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʙʘʟʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʯʝʪʘ ʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʩʪʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʙʦʪʳ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ 

ʛʦʨʦʜʘ ʫʯʨʝʞʜʝʥʠʡ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʠ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ɸʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʠʥʬʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɺ ʩʚʷʟʠ ʩʦ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʧʦʚʩʝʤʝʩʪʥʳʤ 

ʚʥʝʜʨʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʠ ʘʨʭʠʚʥʳʝ ʨʘʙʦʪʳ ʟʘʥʠʤʘʶʪ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʦʟʠʮʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦʠʤ ʙʫʤʘʞʥʳʤ ʘʥʘʣʦʛʦʤ. 

ʄʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʪʢʘʟʘʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʦʪ ʙʫʤʘʞʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʥʝ ʫʜʘʩʪʩʷ ʥʠʢʦʛʜʘ, ʦʜʥʘʢʦ, ʧʦ ʤʥʝʥʠʶ ʦʧʳʪʥʳʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʵʢʩʧʝʨʪʦʚ, ʜʦʤʠʥʠʨʦʚʘʪʴ ʚʩʸ ʞʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘʟʥʘʯʝʥʠʷ ʧʦʨʫʯʝʥʠʡ ʤʝʞʜʫ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ ʦʪʜʝʣʘʤʠ. ʆʙʳʯʥʦ ʩʦʪʨʫʜʥʠʢʠ ʤʵʨʠʠ ʧʦʣʫʯʘʶʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʟʘʷʚʦʢ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʞʠʟʥʠ ʛʦʨʦʜʘ. ʇʦʠʩʢ ʧʦʜʭʦʜʷʱʝʛʦ ʩʦʪʨʫʜʥʠʢʘ, ʦʬʦʨʤʣʝʥʠʝ ʧʨʠʢʘʟʘ ʠ ʜʦʩʪʘʚʢʘ 

ʝʛʦ ʩʦʪʨʫʜʥʠʢʫ ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʋʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ, ʪʨʘʪʘ ʩʪʦʣʴ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʦʙʥʳʝ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʦʡ. 

ʂʦʤʧʴʶʪʝʨ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʠ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ. 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʦʙʲʸʤʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʦʢʫʤʝʥʪʦʚ 

ʨʘʩʪʫʪ. ʇʨʠʯʸʤ ʩʦʦʪʥʦʰʝʥʠʝ ʙʫʤʘʞʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩʦ 

ʚʨʝʤʝʥʝʤ ʤʝʥʷʝʪʩʷ ʚ ʧʦʣʴʟʫ ʧʦʩʣʝʜʥʠʭ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʩʦʛʣʘʩʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʦʙʲʸʤ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʢʩʪʦʚʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʢʘʞʜʳʝ ʪʨʠ ʛʦʜʘ ʫʜʚʘʠʚʘʝʪʩʷ. 

ʅʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʠ ʦ ʭʨʘʥʝʥʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʢʫʤʝʥʪʦʚ ʚ 

ʘʨʭʠʚʘʭ. ɸʨʭʠʚʥʳʝ ʜʘʥʥʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʯʨʝʞʜʝʥʠʷʭ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʨʘʙʦʯʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʪʨʫʜʥʠʢʘʤʠ. ʏʪʦʙʳ ʥʝ ʙʳʣʦ ʧʫʪʘʥʠʮʳ, ʚʩʝ ʜʘʥʥʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʩʦʙʨʘʥʳ ʚ ʘʨʭʠʚʳ, ʠʩʭʦʜʷ ʠʟ ʠʭ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʜʘʙʳ 

ʫʣʫʯʰʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʠʩʢʫ ʥʫʞʥʦʛʦ ʙʣʘʥʢʘ, ʜʦʢʫʤʝʥʪʘ ʠʣʠ ʝʛʦ 

ʠʟʤʝʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʘʨʭʠʚʦʚ ʚʤʝʩʪʦ ʙʫʤʘʞʥʳʭ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʥʘ ʧʦʠʩʢ ʥʫʞʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪʘ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʩʝʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʧʦʨʫʯʝʥʠʡ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ, ʩʢʦʣʴʢʦ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ ʠʤʝʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʫ ʠʩʧʦʣʥʠʪʝʣʷ ʠ ʭʚʘʪʠʪ ʣʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʜʘʥʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʜʘʥʠʷ. ʅʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʧʦʨʫʯʝʥʠʝ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʥʝʩʢʦʣʴʢʠʤ ʠʩʧʦʣʥʠʪʝʣʷʤ ʥʘ ʚʳʙʦʨ, ʠ ʪʦʛʜʘ 

ʧʦʣʝʟʥʦʡ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʠʭ ʟʘʥʷʪʦʩʪʴ ʠ ʚʳʙʨʘʪʴ ʙʦʣʝʝ ʩʚʦʙʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʢʘ. 

ʀʟ ʧʨʦʙʣʝʤʳ ʨʘʟʫʤʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʫʯʝʥʠʡ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʚʳʪʝʢʘʝʪ ʥʝ ʤʝʥʝʝ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʦʪʜʝʣʦʚ, ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʯʘʩʪʥʦʩʪʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʫʨʦʚʥʷ ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʨʫʯʝʥʠʷʤʠ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʩʦ 
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ʩʪʘʪʠʩʪʠʢʦʡ ʨʘʙʦʪʳ ʟʘ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ. ʉʫʤʤʠʨʫʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, 

ʨʘʟʨʘʙʦʪʘʣʠ ʩʣʝʜʫʶʱʫ  ʁʬʫʥʢʮʠʦʥʘʣʴʥʫ  ʁʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʣʫʞʙ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʮʠʦʦʥʦʛʦ ʧʦʪʦʢʘ ʦʙʨʘʱʝʥʠʡ 

ʛʨʘʞʜʘʥ ʚ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ 

 

ʆʨʛʘʥʠʟʘʮʠʷ ʙʘʟ rʜʘʥʥʳʭ 

ɿʘʜʘʯʘ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʤʵʨʠʠ 

ʛʦʨʦʜʘè ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ: çʈʝʛʠʩʪʨʘʮʠ ̫ ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚè ʠ çʉʝʪʝʚʦʡ ʧʣʘʥʠʨʦʚʱʠʢ ʧʦʨʫʯʝʥʠʡè.  

ʂʨʫʧʥʳʝ ʬʠʨʤʳ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʪʜʝʣʦʚ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʠʟ 

ʥʠʭ ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʘʙʠʥʝʪʘʭ, ʧʦʨʦʡ ʜʘʞʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʞʘʭ. 

ʂʘʞʜʳʡ ʦʪʜʝʣ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʨʘʟʥʳʝ ʯʘʩʳ ʠ ʜʥʠ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʆʪʜʝʣ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʄʀʌʅʉ ˉ12 ʧʦ ɸʣʪʘʡʩʢʦʤʫ ʢʨʘʶ. ɺ ʪʘʢʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ʧʝʨʝʜʘʯʘ ʧʦʨʫʯʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ. ʅʫʞʥʦ ʪʨʘʪʠʪʴ ʤʥʦʛʦ 
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ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʜʦʟʚʦʥʠʪʴʩʷ ʜʦ ʩʦʪʨʫʜʥʠʢʘ, ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʨʫʯʝʥʠʝ 

ʧʦʣʫʯʝʥʦ, ʠ ʚʳʙʨʘʪʴ ʜʝʥʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʨʫʯʝʥʠʷ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʜʦʢʫʤʝʥʪʦʚ ï ʦʪʚʝʪʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘ, ʪʨʝʙʫʶʱʘʷ ʚʥʠʤʘʥʠʷ, 

ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʵʪʘʧʦʤ ʚ ʙʦʣʴʰʦʡ ʮʝʧʠ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʜʦʢʫʤʝʥʪʘʭ.  

ʀʤʝʥʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚ ʫʯʨʝʞʜʝʥʠʷʭ, 

ʦʨʛʘʥʠʟʘʮʠʷʭ. ʕʪʠʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ, ʧʨʠʤʝʥʝʥʠ ̫ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠ ̫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʜʦʢʫʤʝʥʪʦʚ ʚ 

ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʝè. 

ɸʥʘʣʠʟ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʳʰʝ ʦʙʲʝʢʪʦʚ ʠ ʘʪʨʠʙʫʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ 

ʩʫʱʥʦʩʪ ɹ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʠ, ʧʨʠʥʷʚ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ 

ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʠʪʴ ʝʝ ʠʥʬʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘ ʷʟʳʢʝ 

"ʊʘʙʣʠʮʳ-ʩʚʷʟʠ". ʂ ʩʪʝʨʞʥʝʚʳʤ ʩʫʱʥʦʩʪʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʟʘʷʚʠʪʝʣʴ ʠ 

ʠʥʩʧʝʢʪʦʨ-ʜʝʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴ. 

ɼʣʷ ʟʘʜʘʯʠ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ 

ʜʦʢʫʤʝʥʪʦʚ ʧʨʝʜʧʨʠʷʪʠʷè ʦʨʛʘʥʠʟʦʚʘʥʦ ʜʚʝ ʙʘʟʳ ʜʘʥʥʳʭ: ʧʝʨʚʘʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʦʚ (documents); 

ʚʪʦʨʘʷ ï ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʨʭʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (archive). 

ʇʦʪʦʢ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʙʘʟʫ ʜʘʥʥʳʭ (documents): 

- Corresp.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʨʨʝʩʧʦʥʜʝʥʪʘʭ; 

- Otpr.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ id ʦʪʧʨʘʚʠʪʝʣʝʡ; 

- Pol.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ id ʧʦʣʫʯʘʪʝʣʝʡ; 

- Doci.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʢʫʤʝʥʪʘʭ; 

- Ish_doc ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʭʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʘʭ; 

- Wh_doc ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʭʦʜʷʱʠʭ ʜʦʢʫʤʝʥʪʘʭ; 

- Namedoc ï ʩʦʜʝʨʞʠʪ ʰʘʙʣʦʥʳ ʥʘʠʤʝʥʦʚʘʥʠʡ ʜʦʢʫʤʝʥʪʦʚ; 

- Firma ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʨʤʘʭ; 

- Otdel ï ʩʦʜʝʨʞʠʪ ʰʘʙʣʦʥʳ ʦʪʜʝʣʦʚ ʬʠʨʤ; 

- Dolznosti ï ʩʦʜʝʨʞʠʪ ʰʘʙʣʦʥʳ ʜʦʣʞʥʦʩʪʝʡ. 

ɼʣʷ ʟʘʜʘʯʠ  çʉʝʪʝʚʦʡ ʧʣʘʥʠʨʦʚʱʠʢ ʧʦʨʫʯʝʥʠʡè ʦʨʛʘʥʠʟʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ 

porucheniya.myd.  

ɺ ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʣʷʪʴ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠ ʫʜʘʣʷʪʴ 

ʜʘʥʥʳʝ. ʇʦʪʦʢ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʙʘʟʫ ʜʘʥʥʳʭ porucjeniya.myd: 

- worker.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʪʨʫʜʥʠʢʘʭ ʦʪʜʝʣʘ; 

- time.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʘʙʦʯʠʭ ʜʥʝʡ 

ʩʦʪʨʫʜʥʠʢʦʚ; 

- login.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʣʦʛʠʥʘʭ ʠ ʧʘʨʦʣʷʭ ʩʦʪʨʫʜʥʠʢʦʚ; 

- task.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʨʫʯʝʥʠʷʭ; 

- worker_task.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʟʥʘʯʝʥʠʠ ʧʦʨʫʯʝʥʠʡ 

ʩʦʪʨʫʜʥʠʢʘʤ; 

- routine.frm ï ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʫʪʠʥʥʳʭ ʧʦʨʫʯʝʥʠʷʭ. 
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ɼʣʷ ʩʚʷʟʳʚʘʥʠʷ ʪʘʙʣʠʮ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʷ ʩʚʷʟʠ. ʇʦʣʷ ʩʚʷʟʠ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʳ ʙʳʪʴ ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʤʠ. ɺ ʧʦʜʯʠʥʸʥʥʦʡ ʪʘʙʣʠʮʝ ʜʣʷ ʩʚʷʟʠ ʩ ʛʣʘʚʥʦʡ 

ʪʘʙʣʠʮʝʡ ʙʝʨʸʪʩʷ ʠʥʜʝʢʩ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʠʤ ʠʥʜʝʢʩʦʤ. 

ʉʦʩʪʘʚ ʧʦʣʝʡ ʵʪʦʛʦ ʠʥʜʝʢʩʘ ʜʦʣʞʝʥ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʪʴ ʩ 

ʩʦʩʪʘʚʦʤ ʧʦʣʝʡ ʠʥʜʝʢʩʘ ʛʣʘʚʥʦʡ ʪʘʙʣʠʮʳ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚʠʜ ʩʚʷʟʠ çʦʜʠʥ ʢʦ 

ʤʥʦʛʠʤè.  

ɼʦʩʪʫʧ ʢ ɹɼ ʦʨʛʘʥʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ADO. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 

Delphi: TADOConnection, TADOQuery, TDBGrid. 

ɺʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ɸʈʄʦʚ ʜʣʷ ʚʝʜʝʥʠʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʫʜʦʙʝʥ ʧʦ-ʩʚʦʝʤʫ, ʠ ʢʘʞʜʳʡ 

ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʝʚ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʤʳ ʚʳʜʝʣʠʣʠ ʥʘʠʙʦʣʝʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʚʘʞʥʳʝ ʠʭ ʬʫʥʢʮʠʠ ʠ 

ʧʨʠʩʪʫʧʠʣʠ ʢ ʚʳʙʦʨʫ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ. 

ʈʘʩʩʤʦʪʨʝʚ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ (ʪʘʢʠʭ ʢʘʢ ʉ++ Builder ʠ ʧʨ.), ʤʳ ʧʨʠʰʣʠ 

ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ Embarcadero RAD Studio. ɼʘʥʥʘʷ ʩʨʝʜʘ ʚʳʙʨʘʥʘ ʠʟ-ʟʘ ʫʜʦʙʩʪʚʘ 

ʨʝʘʣʠʟʘʮʠʠ ʜʠʘʣʦʛʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ; ʢʨʦʤʝ ʪʦʛʦ ʛʠʙʢʠʡ ʷʟʳʢ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʝʣʷʮʠʦʥʥʘʷ ʉʋɹɼ MySQL. 

ʆʥʘ ʠʤʝʝʪ ʪʘʢʠʝ ʧʣʶʩʳ, ʢʘʢ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʙʳʩʪʨʦʪʫ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʧʨʦʩʪʦʪʫ ʚ ʦʩʚʦʝʥʠʠ ʠ ʦʧʪʠʤʘʣʴʥʫʶ ʥʘʜʝʞʥʦʩʪʴ. ɺʘʞʥʦ ʝʱʝ ʠ ʪʦ, ʯʪʦ 

ʜʘʥʥʘʷ ʉʋɹɼ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ, ʠʤʝʶʱʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʫʥʢʮʠʡ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʤʳ ʚʟʷʣʠ ʚʦ ʚʥʠʤʘʥʠʝ ʪʝʦʨʠʶ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʙʘʟ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ: 

1) ʇʝʨʚʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (1ʅʌ) 

¶  ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʛʨʫʧʧʳ ʜʘʥʥʳʭ; 

¶  ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦʩʪ ɹ ʜʘʥʥʳʭ (ʚʩʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ 

ʘʚʪʦʥʦʤʥʳʤʠ ʠ ʥʝʟʘʚʠʩʠʤʳʤʠ). 

ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʵʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ ʢʣʶʯʘ, ʟʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʥʦʩ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʛʨʫʧʧ ʜʘʥʥʳʭ ʚ ʥʦʚʳʝ ʪʘʙʣʠʮʳ, 

ʩʦʟʜʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʢʣʶʯʝʡ ʜʣʷ ʵʪʠʭ ʪʘʙʣʠʮ ʠ ʪʘʢ ʜʘʣʝʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʙʠʪʴ ʚʩʝ ʟʘʧʠʩʠ, ʩʪʦʣʙʮʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʩʦʩʪʘʚʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʦʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʜʘʥʥʳʭ ʩʪʦʣʙʮʘ. 

2) ɺʪʦʨʘʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (2ʅʌ) 

¶  ʪʘʙʣʠʮʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 1ʅʌ; 

¶  ʢʘʞʜʳʡ ʩʪʦʣʙʝʮ ʟʘʚʠʩʠʪ ʦʪ ʚʩʝʛʦ ʢʣʶʯʘ, ʘ ʥʝ ʦʪ ʝʛʦ ʯʘʩʪʠ. 

3) ʊʨʝʪʴʷ ʥʦʨʤʘʣʴʥʘʷ ʬʦʨʤʘ (3ʅʌ) 

¶  ʪʘʙʣʠʮʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 2ʅʌ; 

¶  ʥʠ ʦʜʠʥ ʩʪʦʣʙʝʮ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʣʙʮʘ, ʢʦʪʦʨʳʡ ʥʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 
ʧʝʨʚʠʯʥʦʛʦ ʢʣʶʯʘ; 

¶  ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʦʠʟʚʦʜʥʳʭ ʜʘʥʥʳʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʟʘ ʜʘʥʥʳʭ ʙʳʣʘ ʥʦʨʤʘʣʠʟʦʚʘʥʘ. 

ʇʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʦʪʯʝʪʦʚ ʤʳ 

ʚʩʪʘʣʠ ʧʝʨʝʜ ʚʳʙʦʨʦʤ, ʢʘʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʵʪʠ ʩʘʤʳʝ ʦʪʯʝʪʳ ʩʦʟʜʘʚʘʪʴ. ʅʘʰ 

ʚʳʙʦʨ ʧʘʣ ʥʘ FastReportÈ VCL ï ʵʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʧʨʠʣʦʞʝʥʠʝ ʩʤʦʞʝʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʩʦʟʜʘʚʘʪʴ ʦʪʯʝʪʳ. 

FastReportÈ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʦʪʯʝʪʦʚ, ʚʢʣʶʯʘʷ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʦʪʯʝʪʦʚ, ʷʜʨʦ ʧʦʜʩʠʩʪʝʤʳ ʦʪʯʝʪʦʚ ʠ 

ʦʢʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ. ʕʪʦ ʨʝʰʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʩʨʝʜʘʭ 

Delphi, C++Builder ʠ RAD Studio. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʢʦʥʮʝʧʮʠʠ ï ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʠ ʘʚʪʦʨʠʟʘʮʠʶ. ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ï ʵʪʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʪʚʝʨʜʠʪʴ ʣʠʯʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɸʚʪʦʨʠʟʘʮʠʷ ʟʘʥʠʤʘʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʦʩʪʫʧʘ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʜʘʥʥʳʤ ʠʣʠ ʦʧʝʨʘʮʠʷʤ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʪʦʪ, ʟʘ ʢʦʛʦ ʦʥ ʩʝʙʷ ʚʳʜʘʝʪ. 

ɺ ʨʘʙʦʪʫ ʦʨʛʘʥʠʟʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʣʶʜʝʡ, ʟʘ ʢʘʞʜʳʤ 

ʠʟ ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥ ʨʷʜ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ ʠ ʛʨʫʧʧʘ ʜʦʢʫʤʝʥʪʦʚ, ʩ 

ʢʦʪʦʨʦʡ ʦʥ ʨʘʙʦʪʘʝʪ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʦʪʨʫʜʥʠʢʠ ʚʳʩʪʫʧʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʨʦʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʞʝʣʘʥʠʝʤ ʙʫʜʝʪ 

ʦʞʠʜʘʥʠʝ ʧʦʜʜʝʨʞʢʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʪʘʢʠʭ ʨʦʣʝʡ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʠʩʪʝʤʳ ï 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʚʪʦʨʠʟʘʮʠʷ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʜʝʨʞʢʝ ʨʘʙʦʪʳ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʨʠʤʝʥʷʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʠʪ 

ʠʤ ʙʦʣʴʰʝ ʫʜʦʙʩʪʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʂ ʚʦʧʨʦʩʘʤ ʘʚʪʦʨʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʦʪʥʦʩʷʪʩʷ 

ʤʝʭʘʥʠʟʤʳ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠ ʬʫʥʢʮʠʷʤ ʩʠʩʪʝʤʳ. ʕʪʦ, 

ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫ ʨʫʢʦʚʦʜʠʪʝʣʷ ʦʪʜʝʣʘ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʩʝ 

ʜʦʢʫʤʝʥʪʳ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʨʘʙʦʪʘʶʪ ʩʦʪʨʫʜʥʠʢʠ ʦʪʜʝʣʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʞʜʳʡ 

ʩʦʪʨʫʜʥʠʢ ʚʠʜʠʪ ʣʠʰʴ ʩʚʦʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʠ ʥʝ ʚʠʜʠʪ ʜʦʢʫʤʝʥʪʳ, ʥʘʜ ʢʦʪʦʨʳʤʠ 

ʨʘʙʦʪʘʶʪ ʜʨʫʛʠʝ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʙʣʶʜʘʪʴ ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ 

ʢ ʜʦʢʫʤʝʥʪʘʤ, ʢʘʞʜʳʡ ʨʘʙʦʪʥʠʢ ʚʠʜʠʪ ʣʠʰʴ ʥʫʞʥʳʝ ʝʤʫ ʧʦ ʩʣʫʞʝʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʨʫʧʧʳ ʜʦʢʫʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʠʟ ʜʦʢʫʤʝʥʪʦʚ ʤʦʞʝʪ ʠʤʝʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʥʝʛʦ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʥʘ ʯʪʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ, ʫʜʘʣʝʥʠʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʝʨʝʜʢʦ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʥʝʦʙʭʦʜʠʤʳʡ ʜʦʢʫʤʝʥʪ 

(ʧʦʨʫʯʝʥʠʝ, ʩʦʪʨʫʜʥʠʢʘ, ʦʪʜʝʣ ʠ ʪ.ʜ.). ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʳ 

ʜʦʙʘʚʠʣʠ ʚ ʧʨʦʛʨʘʤʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ. ʇʦʠʩʢ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʚʩʝʤ 

ʚʦʟʤʦʞʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ  

ʈʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 1) ɺʝʜʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʨʘʚʦʯʥʠʢʘ 

ʟʘʷʚʠʪʝʣʝʡ, ʩʦʪʨʫʜʥʠʢʦʚ, ʩʘʤʠʭ ʟʘʷʚʣʝʥʠʡ ʠ ʧʦʨʫʯʝʥʠʡ; ʈʝʛʠʩʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʨʩʠʡ ʜʦʢʫʤʝʥʪʦʚ (ʨʠʩ. 2); ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʘʥʥʳʭ (ʨʠʩ. 3); ʍʨʘʥʝʥʠʝ ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʭ ʚʝʨʩʠʡ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ;    
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ʈʠʩ. 2   

 

 
 

ʈʠʩ. 3 

  

2) ɺʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʩʪʝʧʝʥʠ ʟʘʥʷʪʦʩʪʠ ʩʦʪʨʫʜʥʠʢʦʚ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ 

ʧʦʨʫʯʝʥʠʡ; ʇʝʨʝʜʘʯʘ ʧʦʨʫʯʝʥʠʡ ʧʦ ʩʝʪʠ (ʨʠʩ. 4); ɺʦʟʤʦʞʥʦʩʪʴ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ 

ʦ ʚʳʧʦʣʥʝʥʠʠ ʧʦʨʫʯʝʥʠʡ;  
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ʈʠʩ. 4. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʧʦʨʫʯʝʥʠʷ 

 

3) ɺʝʜʝʥʠʝ ʦʪʯʝʪʥʦʩʪʠ: ʆʪʯʝʪ ʦ ʜʦʢʫʤʝʥʪʘʭ; ʆʪʯʝʪ ʦ ʧʦʨʫʯʝʥʠʷʭ; ʆʪʯʝʪ 
ʦʙ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ (ʨʠʩ. 5). 

 
ʈʠʩ. 5  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʩʦʟʜʘʚʘʣʩʷ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʘʟʘʥʠʷ ʛʦʩʫʩʣʫʛ ʥʘʩʝʣʝʥʠʶ ʛʦʨʦʜʘ, ʧʨʝʜʧʨʠʷʪʠʷʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥ ʩʝʪʦʚʦʡ 

ʧʣʘʥʠʨʦʚʱʠʢ ʟʘʜʘʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪ 

ʧʨʦʮʝʩʩ ʧʨʠʝʤʘ ʟʘʷʚʣʝʥʠʡ ʦʪ ʞʠʪʝʣʝʡ ʛʦʨʦʜʘ, ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʚʝʜʝʥʠʷ 

ʦʪʯʝʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʩʨʝʜʠ 

ʩʦʪʨʫʜʥʠʢʦʚ. ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʫʜʦʙʝʥ, ʠʤʝʝʪ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʬʝʡʩ. 

ʇʨʦʚʝʜʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ ʠ 

ʫʩʪʨʘʥʝʥʠʷ ʠʭ ʠʟʙʳʪʦʯʥʦʩʪʠ  ʙʘʟʘ ʜʘʥʥʳʭ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘ. ʉʦʟʜʘʥʦ 

ʧʨʠʣʦʞʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 
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Abstract:  The problem set in the article deals with solvency assessment of mobile 

applications users by means of cohort analysis and simulation. Research findings for mobile 

applications stores and simulation indicate the true values of the mobile applications.  

Keywords: ʩohort analysis, simulation modeling, mobile applications, mobile 

applications stores, solvency, price testing. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʝʷʪʝʣʴʥʦʩʪ ɹ ʤʘʛʘʟʠʥʦʚ AppStore ʠ Google Play 

ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʤʠʣʣʠʦʥʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʀʥʜʫʩʪʨʠʷ ʤʦʙʠʣʴʥʦʛʦ ʇʆ 

ʟʘʥʠʤʘʝʪ ʦʛʨʦʤʥʫʶ ʯʘʩʪʴ ʨʳʥʢʘ. ʇʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʤʘʛʘʟʠʥʳ 
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ʟʘʧʣʘʪʠʣʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʚ 2013 ʛʦʜʫ ʟʘ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʙʦʣʴʰʝ 15 

ʤʣʨʜ. ʜʦʣʣʘʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦʤ ʤʦʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʫʩʪʘʥʦʚʣʝʥʦ 

ʧʦʨʷʜʢʘ 60 ʧʨʠʣʦʞʝʥʠʡ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʘʞʥʦʩʪʴʶ ʘʥʘʣʠʟʘ ʩʪʦʠʤʦʩʪʠ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʂʣʶʯʝʚʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ 

ʧʦʚʳʰʝʥʠʷ ʤʦʥʝʪʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʤʘʛʘʟʠʥʳ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʪʦʠʤʦʩʪʴ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʷ.  

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʪʦʧ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʚ ʤʘʛʘʟʠʥʘʭ AppStore ʠ Google Play. ɼʘʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ 18 ʥʦʷʙʨʷ 2014 ʛʦʜʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʘʥʘʣʠʟʘ ʟʘʢʣʶʯʝʥʘ ʥʘ ʤʘʛʘʟʠʥʝ Google Play, ʪʘʢ ʢʘʢ ʦʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʘʥʘʣʠʟʘ: ʩʪʦʠʤʦʩʪʴ ʩʘʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʤʝʩʪʦ ʚ ʨʝʡʪʠʥʛʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʠʚʘʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʜʣʷ 50 ʧʝʨʚʳʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʟ ʤʠʨʦʚʦʛʦ ʨʝʡʪʠʥʛʘ. ɼʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʪʦʠʤʦʩʪʠ: ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ï 3,12 ʜʦʣʣʘʨʘ, ʧʨʠ 

ʵʪʦʤ ʩʘʤʦʝ ʜʦʨʦʛʦʝ ʧʨʠʣʦʞʝʥʠʝ ï 7,73 ʘ ʩʘʤʦʝ ʜʝʰʝʚʦʝ ï 0,83 ʜʦʣʣʘʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʩʢʘʯʠʚʘʥʠʡ: ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʠʚʘʥʠʡ 

388640, ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʘ ʪʳʩʷʯʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʦʝ 5 

ʤʠʣʣʠʦʥʦʚ.  

ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʤʘʛʘʟʠʥʘ Google Play ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʘ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʪʦʧʝ Google Play 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪ, ʛʜʝ ʧʦ ʦʩʠ X 

ï ʩʪʦʠʤʦʩʪʴ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʧʦ ʦʩʠ Y ï ʢʦʣʠʯʝʩʪʚʦ ʤʦʙʠʣʴʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. 
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ʇʨʠ ʘʥʘʣʠʟʝ ʩʪʦʠʤʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʢʘʯʠʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʨʝʜʥʷʷ 

ʩʪʦʠʤʦʩʪʴ, ʢʦʪʦʨʫʶ ʟʘʨʘʙʦʪʘʣʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠ ̫ʟʘ ʦʜʥʦ 

ʩʢʘʯʠʚʘʥʠʝ ï 3,58 ʜʦʣʣʘʨʘ. ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʛʨʫʟʦʢ ʙʦʣʝʝ 0,5 ʤʠʣʣʠʦʥʘ, ʧʦʜ ʵʪʠ 

ʢʨʠʪʝʨʠʠ ʧʦʧʘʣʦ 15 ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʨʘʚʥʷʝʪʩʷ 3,72 ʜʦʣʣʘʨʘ, ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʫʟʦʢ ï 966667, ʧʨʠ 

ʵʪʦʤ ʩʨʝʜʥʠʡ ʟʘʨʘʙʦʪʦʢ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩ ʦʜʥʦʛʦ ʩʢʘʯʠʚʘʥʠʷ ï 4,14 ʜʦʣʣʘʨʘ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ 

ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʳʰʝ ʩʨʝʜʥʝʡ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʚ ʤʘʛʘʟʠʥʝ. ʊʦʯʝʯʥʳʡ ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2. ʊʦʯʝʯʥʳʡ ʛʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢ ʯʠʩʣʫ ʟʘʛʨʫʟʦʢ 

 

ʇʨʠ ʪʦʯʝʯʥʦʤ ʛʨʘʬʠʢʝ ʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʢʘʯʠʚʘʥʠʡ ʢ ʩʪʦʠʤʦʩʪʠ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʩʢʘʯʠʚʘʶʪ ʧʨʠʣʦʞʝʥʠʷ ʟʘ 1 ʜʦʣʣʘʨ ʠ ʟʘ 5 ʜʦʣʣʘʨʦʚ. ʉʘʤʦʝ ʜʦʨʦʛʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʟʘʛʨʫʟʦʢ ʙʦʣʝʝ 5 ʤʠʣʣʠʦʥʦʚ ʠ ʩʪʦʠʤʦʩʪʴ 5,28 ʜʦʣʣʘʨʘ, ʦʜʥʘʢʦ 

ʵʪʦ ʥʝ ʩʘʤʦʝ ʜʦʨʦʛʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʪʦʧ 15 ʨʝʡʪʠʥʛʘ. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʫʶ 

ʧʨʠʙʳʣʴ ʩ ʧʨʠʣʦʞʝʥʠʡ ʠʟ ʪʦʧ 15 ʨʝʡʪʠʥʛʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʠʚʘʥʠʡ ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʠʟʦʙʨʘʞʝʥ ʪʦʯʝʯʥʳʡ ʛʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʢ ʥʦʤʠʥʘʣʴʥʦʡ 

ʧʨʠʙʳʣʠ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʝ ʩʪʦʠʤʦʩʪʴʶ 2,07 ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ ʦʜʠʥ ʤʠʣʣʠʦʥ 

ʨʘʟ, ʘ ʧʨʠʣʦʞʝʥʠʝ ʩʪʦʠʤʦʩʪ ʁ4,68 ï 0,5 ʤʠʣʣʠʦʥʘ ʨʘʟ, ʧʨʠ ʵʪʦʤ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʚʪʦʨʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʟʘʨʘʙʦʪʘʣʠ ʥʘ 270 ʪʳʩ. ʜʦʣʣʘʨʦʚ ʙʦʣʴʰʝ. 

ʊʘʢ ʢʘʢ ʤʘʛʘʟʠʥ AppStore ʥʝ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʩʢʘʯʠʚʘʥʠʡ, 

ʧʦ ʥʝʤʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠʪʦʛʦʚ. 

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʚ ʪʦʧ 50 ʩʦʩʪʘʚʣʷʝʪ 3,18 ʜʦʣʣʘʨʘ, ʛʠʩʪʦʛʨʘʤʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩ. 3. ʊʦʯʝʯʥʳʡ ʛʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʠʙʳʣʠ 

 

 

 

 
 

 

ʈʠʩ. 4. ɻʠʩʪʦʛʨʘʤʤʘ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʪʦʧ AppStore 

 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ 

ʧʨʠʣʦʞʝʥʠʡ ʚ AppStore ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʩʨʝʜʥʝʡ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʚ Google Play. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʠʢ ʩʪʦʠʤʦʩʪʠ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʤʘʛʘʟʠʥʘʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 3-4 ʜʦʣʣʘʨʘ ʉʐɸ. 

ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʢʦʛʦʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʦʜʝʣʠ ʫʯʠʪʳʚʘʣʠʩʴ ʙʝʩʧʣʘʪʥʳʝ ʠ ʧʣʘʪʥʳʝ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʦʪ 0,99 ʜʦ 
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9,99 ʜʦʣʣʘʨʦʚ ʉʐɸ ʩ ʰʘʛʦʤ ʦʜʠʥ ʜʦʣʣʘʨ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʳʡ ʤʦʜʝʣʠ 

ʟʘʢʣʶʯʝʥ ʚ ʘʥʘʣʠʟʝ ʢʦʛʦʨʪ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʛʨʫʟʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʥʠʭ. ɺʩʝʛʦ ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʦʮʝʥʠʚʘʝʪ 11 ʢʦʛʦʨʪ, ʢ ʧʝʨʚʦʡ ʢʦʛʦʨʪʝ ʦʪʥʦʩʠʪʩʷ 70% 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʟʘʛʨʫʞʘʶʱʠʭ ʪʦʣʴʢʦ ʙʝʩʧʣʘʪʥʳʝ ʧʨʠʣʦʞʝʥʠ,̫ ʢ ʦʩʪʘʣʴʥʳʤ 10 

ʢʦʛʦʨʪʘʤ ʦʪʥʦʩʷʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʛʦʪʦʚʳʝ ʧʣʘʪʠʪʴ ʟʘ ʧʨʠʣʦʞʝʥʠʷ. ʈʘʟʜʝʣʝʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʢʦʛʦʨʪʘʤ ʧʨʦʭʦʜʠʣʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʦʠʟʚʝʜʝʥʠʝ 20%, 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʪʷʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠ ʯʘʩʪʥʦʝ ʦʪʥʦʰʝʥʠʝ 1 ʢ ʩʫʤʤʝ 

ʧʨʠʣʦʞʝʥʠʝ; ʢ ʪʦʤʫ ʞʝ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʧʨʦʠʟʚʝʜʝʥʠʶ ʜʦʙʘʚʣʷʝʤ 50 ʠ 25% ʠʟ 

ʜʚʫʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʢʦʛʦʨʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʪʘʢ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 10 ʢʦʛʦʨʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʩʢʘʯʠʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ʢʘʞʜʦʡ ʠʟ ʢʦʛʦʨʪ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʢʘʯʠʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʦʪʦʙʨʘʞʝʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʢʘʯʠʚʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʛʦʨʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʢʘʯʠʚʘʝʪ 

ʪʦʣʴʢʦ ʙʝʩʧʣʘʪʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʪʦ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʦʡ ʢʦʛʦʨʪʝ, ʩ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 70%. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʛʦʪʦʚ ʟʘʧʣʘʪʠʪʴ ʟʘ 

ʧʨʠʣʦʞʝʥʠʷ 1 ʜʦʣʣʘʨ, ʪʦ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʚʪʦʨʦʡ ʢʦʛʦʨʪʝ, ʩ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʩʢʘʯʠʚʘʥʠʷ 20,2%, ʠ ʪʘʢ ʜʘʣʝʝ ʜʣʷ ʢʘʞʜʦʡ ʢʦʛʦʨʪʳ.  

ʇʦʩʪʨʦʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʢʘʯʠʚʘʥʠʷ ʧʦ ʢʦʛʦʨʪʘʤ 

ʩʪʨʦʠʣʦʩʴ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,9 ʜʣʷ 

ʢʘʞʜʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʉʂʆ, ʨʘʚʥʦʡ  3. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʪʳʩʷʯʠ ʠʪʝʨʘʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʢʦʛʦʨʪʘʤ. ɼʘʥʥʳʝ ʧʦ ʯʠʩʣʫ 

ʩʢʘʯʠʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʪʳʩʷʯʠ ʠʪʝʨʘʮʠʡ ʜʣʷ ʚʩʝʭ 11 ʢʦʛʦʨʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 6. ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʘʯʠʚʘʥʠʷ ʧʨʠ ʪʳʩʷʯʝ ʠʪʝʨʘʮʠʡ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʠʩʫʥʢʝ 6 ʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʪʳʩʷʯʝ 

ʠʪʝʨʘʮʠʡ, ʥʝ ʦʯʝʥʴ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʩʢʘʯʠʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʥʝ ʨʘʚʥʷʝʪʩʷ ʝʝ ʨʝʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ, 

ʪʘʢ ʢʘʢ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʘʞʜʦʡ ʠʟ 

ʢʦʛʦʨʪ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: ʢʦʣʠʯʝʩʪʚʦ 

ʩʢʘʯʠʚʘʥʠʡ ʥʝ ʚʩʝʛʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʦʠʤʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʩʪʦʠʤʦʩʪʠ ʜʦ 5 

ʜʦʣʣʘʨʦʚ ʉʐɸ, ʪʘʢ ʢʘʢ ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʛʦʪʦʚ ʧʣʘʪʠʪʴ ʟʘ ʧʨʠʣʦʞʝʥʠʷ, ʪʦ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʩʪʦʠʪ ʪʝʩʪʠʨʦʚʘʪʴ ʮʝʥʫ, ʠ ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʪʦ ʝʩʪʴ ʩʤʳʩʣ 

ʧʦʚʳʰʘʪʴ ʝʝ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʦʥʝʪʠʟʘʮʠʠ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʘʤʠ 

ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʢʦʛʦʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʝʪ ʨʝʘʣʠʠ ʩʪʦʠʤʦʩʪʠ 

ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʦʧʠʩʘʪʴ ʬʫʥʢʮʠʶ 

ʧʦʣʝʟʥʦʩʪʠ ʩʪʦʠʤʦʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʥʝʪʠʟʘʮʠʠ ʥʝ  ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 5 ʜʦʣʣʘʨʦʚ ʉʐɸ, ʪʘʢ ʢʘʢ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪʥʦʩʠʪʩʷ ʠʤʝʥʥʦ ʢ ʵʪʠʤ ʢʦʛʦʨʪʘʤ.  
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ʇʈʆɻʈɸʄʄʅʓɽ ʂʆʄʇʃɽʂʉʓ ʇʆ ʈɸʉʏɽʊʋ ʇʃʆʉʂʀʍ 

ʕʃɽʄɽʅʊʆɺ ʂʆʅʉʊʈʋʂʎʀʁ ʀɿ ʋʉʃʆɺʀʗ ɾɽʉʊʂʆʉʊʀ 

ʇʋʊɽʄ ɻɽʆʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀʍ ʌʆʈʄʓ 

ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼɸ ʀʅʊɽʈʇʆʃʗʎʀʀ ʇʆ ʂʆʕʌʌʀʎʀɽʅʊʋ 

ʌʆʈʄʓ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʂʆʅʌʆʈʄʅʓʍ ʈɸɼʀʋʉʆɺ 

ɸ.ɺ. ʂʦʨʦʙʢʦ, ʄ.ʖ. ʇʨʦʢʫʨʦʚ, ɸ.ɸ. ʏʝʨʥʷʝʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ï ʫʯʝʙʥʦ-ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ, 

ɹʨʷʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 
 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʘʚʪʦʨʩʢʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʧʦ ʨʘʩʯʝʪʫ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʚʠʜʝ ʫʧʨʫʛʠʭ 

ʧʣʘʩʪʠʥʦʢ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʠʟ ʫʩʣʦʚʠʷ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʠʭ ʧʦʧʝʨʝʯʥʦʤ ʠʟʛʠʙʝ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʨʦʛʨʘʤʤʳ ʨʝʘʣʠʟʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʦʨʤʳ ʄʀʂʌ, ʧʨʝʜʣʦʞʝʥʥʳʡ ɸ.ɺ. ʂʦʨʦʙʢʦ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʘʤʝʥ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ 

ʢʦʥʬʦʨʤʥʳʭ ʨʘʜʠʫʩʦʚ ʦʙʣʘʩʪʝʡ ʧʣʘʩʪʠʥʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʣʘʩʪʠʥʢʠ, ʧʦʧʝʨʝʯʥʳʡ ʠʟʛʠʙ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ, ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʦʨʤʳ, 

ʢʦʥʬʦʨʤʥʳʝ ʨʘʜʠʫʩʳ. 

 

SOFTWARE COMPLEXES FOR DESIGNING RIGIDITY OF FLAT 

ELEMENTS IN STRUCTURES BY MEANS OF GEOMETRICAL 

MODELLING THEIR SHAPE BASED ON THE INTERPOLATION 

METHOD BY THE DIAMETER QUATINENT WITH USE OF 

CONFORMAL RADII  

A.V. Korobko, M. Yu. Prokurov, A.A. Chernyaev 

State university ï educational-science-production complex, 

Bryansk state engineering and technological academy 
 

Abstract:  The article undertakes the description of software complexes developed by a group 

of authors to design the rigidity of flat constructional elements being actually elastic plates of 

various forms when subjected to longitudinal bending under even loading. Programs realize the 

analytical method of interpolation on MIKF form coefficient offered by A.V. Korobko for solving 

of two-dimensional problems of construction mechanics and the theory of elasticity with use of 

plate area conformal radii instead of the diameter quotient. 

Keywords: software complexes, plates, longitudinal bending, maximum 

deflection, an interpolation method through the diameter quotient, conformal radii. 

 

ʇʣʦʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ (ʧʣʠʪʳ, ʧʣʘʩʪʠʥʢʠ) ʨʘʟʣʠʯʥʦʛʦ ʦʯʝʨʪʘʥʠʷ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʦʪʢʘ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʯʘʩʪʦ 

ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʦʡ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʦʮʝʥʢʦʡ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ ʚʝʣʠʯʠʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ, ʚʳʟʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʨʷʜ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ ʨʝʰʝʥʠʝ 

ʫʢʘʟʘʥʥʦʡ ʟʘʜʘʯʠ, ʦʜʥʘʢʦ ʚʚʠʜʫ ʠʭ ʦʪʜʝʣʴʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʨʦʙʣʝʤʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʩʯʸʪʫ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ʊʘʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʩʦʧʨʷʞʝʥʦ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʀʭ 

ʨʝʘʣʠʟʘʮʠʷ ʦʛʨʘʥʠʯʝʥʘ ʨʷʜʦʤ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʣʘʩʪʠʥʦʢ ʧʨʦʩʪʝʡʰʠʭ 

ʬʦʨʤ ʦʯʝʨʪʘʥʠʷ ʠ ʫʩʣʦʚʠʡ ʟʘʢʨʝʧʣʝʥʠʡ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʥʘʜʸʞʥʳʤ 

ʦʩʥʦʚʘʥʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʸʪʘ 

ʧʣʘʩʪʠʥ ʧʦʣʫʯʠʣʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ï ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ (ʄʂʈ) ʠ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ), ʧʦʣʦʞʝʥʥʳʡ ʚ ʦʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ SCAD, ANSYS, APM WinMachine ʠ 

ʜʨ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʛʨʦʤʦʟʜʢʠʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʟʘʜʘʯʘʭ 

ʚʘʨʠʘʥʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʨʦʚʥʷ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʕɺʄ. ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʄʂʕ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, 

ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʋʢʘʟʘʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʸʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʝ ʜʚʫʩʪʦʨʦʥʥʝʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʠ, ʦʯʝʨʯʝʥʥʦʡ ʠʭ ʚʥʝʰʥʠʤ 

ʢʦʥʪʫʨʦʤ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʥʝ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʧʨʠʚʦʜʷ ʢ ʧʦʣʫʯʝʥʠʶ ʨʝʟʫʣʴʪʘʪʘ ʩ ʪʦʯʥʦʩʪʴʶ, ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʸʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʱʥʳʭ 

ʕɺʄ ʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʫʯʥʦʛʦ ʩʯʸʪʘ. 

ʂ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʪ̫ʩʷ ʠʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʀɿʇʄ) 

ʠ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʬʦʨʤʳ (ʄʀʂʌ), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɸ.ɺ. 

ʂʦʨʦʙʢʦ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʘʨʛʫʤʝʥʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʮʝʥʠʚʘʶʪʩʷ 

ʧʦʣʫʯʘʝʤʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʥʷʪʘ ʙʝʟʨʘʟʤʝʨʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʣʦʩʢʦʡ ʚʳʧʫʢʣʦʡ ʦʙʣʘʩʪʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ, ʧʦʜʨʦʙʥʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [1]. 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [2-14], ʧʦʜʦʙʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʦʪʥʦh ʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ r# ʠ ʚʥʝʰʥʝʛʦ r  ʢʦʥʬʦʨʤʥʳʭ ʨʘʜʠʫʩʦʚ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʦʜʥʦʩʚʷʟʥʦʡ ʚʳʧʫʢʣʦʡ ʦʙʣʘʩʪʠ ʧʣʘʩʪʠʥʢʠ ʥʘ 

ʚʥʫʪʨʝʥʥʦʩʪʴ ʠ ʚʥʝʰʥʦʩʪʴ ʢʨʫʛʘ. ʊʘʢʦʝ ʢʦʥʬʦʨʤʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʟʘʜʘʸʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʢʦʪʦʨʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ. 

ʆʪʥʦʰʝʥʠʝ rr# , ʚʳʩʪʫʧʘʶʱʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ "ʧʨʘʚʠʣʴʥʦʩʪʠ" ʠʣʠ 

"ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ" ʦʪʦʙʨʘʞʘʝʤʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʢʘʢ 

ʥʦʚʳʡ ʘʨʛʫʤʝʥʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʧʣʘʩʪʠʥʦʢ ʠ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ (ʢʨʫʛ, ʧʨʘʚʠʣʴʥʳʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ, ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ʠ ʨʦʤʙʳ) ʚʳʧʦʣʥʷʝʪʩʷ 
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ʟʘʤʝʯʘʪʝʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʦʟʚʦʣʷʶɦ ʘʷ ʧʦʜʚʝʩʪʠ ʧʦʜ ʥʠʭ ʦʙʱʫʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʦʩʥʦʚʫ: 

.rrA #p=                                                         (1) 

ʇʨʠʚʝʜʸʤ ʠʟʚʝʩʪʥʳʝ ʠʟ ʥʘʫʯʥʦʡ ʠ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʬʦʨʤʫʣʳ 

ʥʘʭʦʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ ʢʦʥʬʦʨʤʥʳʭ ʨʘʜʠʫʩʦʚ ʨʷʜʘ ʦʜʥʦʩʚʷʟʥʳʭ 

ʦʙʣʘʩʪʝʡ ʩ ʚʳʧʫʢʣʳʤ ʢʦʥʪʫʨʦʤ [17]: 

ï ʢʨʫʛ ʨʘʜʠʫʩʘ a: 

 

ar =# , ar = ;         (2)                                                        

 

ï ʧʨʘʚʠʣʴʥʳʡ ʤʥʦʛʦʫʛʦʣʴʥʠʢ: 

( )
L

n
ɻɻ

nɻ
r

n ö
÷

õ
æ
ç

å
-ö

÷

õ
æ
ç

å

-
=

- 1

2

1

2

1
2

11
2

1

# ,          
( )

L

n
ɻɻ

nɻ
r

n ö
÷

õ
æ
ç

å
+ö

÷

õ
æ
ç

å

+
=

+ 1

2

1

2

1
2

11
2

1

,   (3)                        

 

ʛʜʝ n ï ʯʠʩʣʦ ʩʪʦʨʦʥ; L  ï ʧʝʨʠʤʝʪʨ; )(xɻ ï ɻ-ʬʫʥʢʮʠʷ (ɻʘʤʤʘ-ʬʫʥʢʮʠʷ); 

ï ʧʨʦʠʟʚʦʣʴʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʫʛʣʘʤʠ pa, pb, pg: 

()()()rÖgbaÖp= fffr 4# ,                                                       
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ʚʥʝʰʥʝʛʦ ʢʦʥʬʦʨʤʥʦʛʦ ʨʘʜʠʫʩʘ r  ʜʣʷ ʪʨʝʫʛʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (1); 

ï ʨʦʤʙ ʩ ʫʛʣʦʤ pa: 

L

ɻɻ

r

ö
÷

õ
æ
ç

å a-
ö
÷

õ
æ
ç

åa

p
=

2

1

2

21

# ,        L

ɻɻ

r

ö
÷

õ
æ
ç

å a+
ö
÷

õ
æ
ç

å a
-

p
=

2

1

2
18

21

;                      (4)                           

ï ʵʣʣʠʧʩ ʩ ʧʦʣʫʦʩʷʤʠ a Ó b: 
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ʛʜʝ ( )( )
22

babaz +-= . 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʬʦʨʤʥʦʛʦ ʨʘʜʠʫʩʘ r# ʜʣʷ 
ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʧʦʣʫʦʩʷʤʠ a Ó b ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ baez p-= .                                

ʆʧʨʝʜʝʣʝʥʠʝ ʚʥʝʰʥʝʛʦ ʢʦʥʬʦʨʤʥʦʛʦ ʨʘʜʠʫʩʘ r  ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ r  ʠ Ŭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʂʨʠʩʪʦʬʬʝʣʷ-ʐʚʘʨʮʘ ʚ [18]: 
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ʛʜʝ a ʠ b ï ʩʪʦʨʦʥʳ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʩʷʤ ʭ 

ʠ y; Ŭ ï ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʜʣʷ ʪʦʯʝʢ ʦʢʨʫʞʥʦʩʪʠ, ʦʙʨʘʟʘʤʠ ʢʦʪʦʨʳʭ 

ʧʨʠ ʢʦʥʬʦʨʤʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ ʩʣʫʞʘʪ ʚʝʨʰʠʥʳ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʮʝʥʪʨ 

ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ;  (-1)!! = 1. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʫʧʨʫʛʠʭ ʧʣʘʩʪʠʥʦʢ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʛʫʤʝʥʪʘ rr#  ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ 

çRRMaximalDeflectionPlateè [19] ʠ çRRMaximalDeflectionPlateGraphicè [20] ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ ʦʯʝʨʪʘʥʠʡ ʢʦʥʪʫʨʘ: ʪʨʝʫʛʦʣʴʥʠʢʠ (ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ, 

ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʧʨʦʠʟʚʦʣʴʥʳʝ); ʨʦʤʙʳ; ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ; ʪʨʘʧʝʮʠʠ 

(ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ, ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʧʨʦʠʟʚʦʣʴʥʳʝ); ʧʨʘʚʠʣʴʥʳʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ; ʵʣʣʠʧʩʳ. ʂ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʨʠʥʷʪʳ ʫʧʨʫʛʠʝ ʠʟʦʪʨʦʧʥʳʝ 

ʪʦʥʢʠʝ ʧʣʘʩʪʠʥʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʥʝʨʘʚʝʥʩʪʚʫ: 

( ) ( )10810080 minmin 22 DtD << ,    (8) 

ʛʜʝ t ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʢʠ, Dmin ï ʤʠʥʠʤʘʣʴʥʳʡ ʛʘʙʘʨʠʪʥʳʡ ʨʘʟʤʝʨ ʚ 

ʧʣʘʥʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʧʣʘʩʪʠʥʢʠ ʨʘʙʦʪʘʶʪ ʢʘʢ ʞʸʩʪʢʠʝ ʠ ʜʦʧʫʩʢʘʶʪ 

ʤʘʣʳʝ ʧʨʦʛʠʙʳ: w0 < t/2é5, ʛʜʝ w0 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʛʠʙʘ 

ʧʣʘʩʪʠʥʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢ ʨʘʩʯʸʪʫ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ: q ï ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦ 

ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʢʠ; ɡ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. 

ʆʙʱʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʧʣʘʩʪʠʥʦʢ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʠʭ ʪʦʣʱʠʥʳ t = const. ɼʨʫʛʠʝ ʠʩʭʦʜʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥʦʢ: 

ï ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ: Ŭ ï ʫʛʦʣ ʧʨʠ ʦʩʥʦʚʘʥʠʠ; ʘ ï ʜʣʠʥʘ 

ʦʩʥʦʚʘʥʠʷ; 

ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ: Ŭ ï ʦʜʠʥ ʠʟ ʦʩʪʨʳʭ ʫʛʣʦʚ; ʘ ï ʜʣʠʥʘ 

ʧʨʠʣʝʞʘʱʝʛʦ ʢʘʪʝʪʘ; 

ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ: Ŭ, ɓ ï ʫʛʣʳ ʪʨʝʫʛʦʣʴʥʠʢʘ; ʘ ï ʜʣʠʥʘ ʝʛʦ 

ʩʪʦʨʦʥʳ, ʥʘʭʦʜʷʱʘʷʩʷ ʤʝʞʜʫ ʥʠʤʠ; 

ï ʨʦʤʙʳ: Ŭ ï ʦʩʪʨʳʡ ʫʛʦʣ; ʘ ï ʜʣʠʥʘ ʩʪʦʨʦʥʳ; 

ï ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ: ʘ, b ï ʜʣʠʥʳ ʩʪʦʨʦʥ; 

ï ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʳ: Ŭ ï ʦʩʪʨʳʡ ʫʛʦʣ; ʘ ï ʙʦʣʴʰʘʷ ʩʪʦʨʦʥʘ; h ï ʤʝʥʴʰʘʷ 

ʚrʩʦʪʘ; 

ï ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʘʧʝʮʠʠ: Ŭ ï ʦʩʪʨʳʡ ʫʛʦʣ ʧʨʠ ʙʦʣʴʰʝʤ ʦʩʥʦʚʘʥʠʠ; ʘ ï 

ʜʣʠʥʘ ʙʦʣʴʰʝʛʦ ʦʩʥʦʚʘʥʠʷ; h ï ʚrʩʦʪʘ; 
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ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʪʨʘʧʝʮʠʠ: Ŭ ï ʦʩʪʨʳʡ ʫʛʦʣ; ʘ ï ʧʨʠʤʳʢʘʶʱʝʝ ʦʩʥʦʚʘʥʠʝ; 

h ï ʚʳʩʦʪʘ; 

ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʨʘʧʝʮʠʠ: Ŭ, ɓ ï ʦʩʪʨʳʝ ʫʛʣʳ ʧʨʠ ʦʩʥʦʚʘʥʠʠ; ʘ ï 

ʦʩʥʦʚʘʥʠʝ, ʥʘʭʦʜʷɦ ʘʷʩʷ ʤʝʞʜʫ ʥʠʤʠ; h ï ʚʳʩʦʪʘ; 

ï ʧʨʘʚʠʣʴʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ: n ï ʯʠʩʣʦ ʩʪʦʨʦʥ; ʘ ï ʜʣʠʥʘ ʩʪʦʨʦʥʳ; 

ï ʵʣʣʠʧʩʳ: ʘ, b ï ʜʣʠʥʳ ʧʦʣʫʦʩʝʡ. 

ʋʛʣʦʚʳʝ ʤʝʨʳ ʬʠʛʫʨ ʧʨʠʥʷʪʳ ʚ ʛʨʘʜʫʩʘʭ, ʣʠʥʝʡʥʳʝ ʜʣʠʥʳ ï ʚ ʤʝʪʨʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ: ʞʸʩʪʢʦʝ ʟʘʱʝʤʣʝʥʠʝ ʠ 

ʰʘʨʥʠʨʥʦʝ ʦʧʠʨʘʥʠʝ ʧʦ ʚʩʝʤʫ ʢʦʥʪʫʨʫ, ʘ ʪʘʢʞʝ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠʭ 

ʩʦʯʝʪʘʥʠʡ ʧʦ ʦʪʜʝʣʥɹʳʤ ʩʪʦʨʦʥʘʤ ʧʣʘʩʪʠʥʦʢ. ɺʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ ʦʯʝʨʪʘʥʠʡ ʢʦʥʪʫʨʘ ʧʣʘʩʪʠʥʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʠʩʯʝʨʧʳʚʘʶʱʝʛʦ ʥʘʙʦʨʘ ʩʭʝʤ: 

ï ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï 6 ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ; 

ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï 8 ʩʭʝʤ (ʨʠʩʫʥʦʢ 1); 

ï ʨʦʤʙʳ ï 7 ʩʭʝʤ (ʨʠʩʫʥʦʢ 2); 

ï ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ï 9 ʩʭʝʤ; 

ï ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʳ ï 10 ʩʭʝʤ; (ʨʠʩʫʥʦʢ 3); 

ï ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʘʧʝʮʠʠ ï 12 ʩʭʝʤ; 

ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʪʨʘʧʝʮʠʠ ï 16 ʩʭʝʤ (ʨʠʩʫʥʦʢ 6). 

ɼʣʷ ʧʨʘʚʠʣʴʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʚ ʩʠʣʫ ʠʟʥʘʯʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ 

ʯʠʩʣʘ ʠʭ ʩʪʦʨʦʥ ʨʘʩʩʤʦʪʨʝʥʦ ʪʦʣʴʢʦ ʞʸʩʪʢʦʝ ʠʣʠ ʰʘʨʥʠʨʥʦʝ ʦʧʠʨʘʥʠʝ ʧʦ 

ʚʩʝʤʫ ʢʦʥʪʫʨʫ. 

ɼʣʷ ʧʣʘʩʪʠʥʦʢ ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʞʩyʪʢʠʤ ʟʘʱʝʤʣʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʛʠʙʦʚ 

ʰʘʨʥʠʨʥʦ ʦʧʸʨʪʳʭ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʧʣʘʩʪʠʥʦʢ ʟʘʚʠʩʷʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ. 

 

 
 

ʈʠʩ. 1. ʂʦʤʙʠʥʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʣʘʩʪʠʥʦʢ  

ʚ ʚʠʜʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

 

  
 

ʈʠʩ. 2. ʂʦʤʙʠʥʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʦʤʙʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥʦʢ 
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ɺ ʦʩʥʦʚʝ ʨʘʩʯʸʪʘ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʣʝʞʠʪ ʩʣʝʜʫʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ: 

,
2

0
D

Aq
kw w=          (9)                                                         

ʛʜʝ A ï ʧʣʦɦʘʜʴ ʧʣʘʩʪʠʥʢʠ, D ï ʝʸ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ, kw ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʜʣʷ ʨʷʜʘ ʭʘʨʘʢʪʝʨʥʳʭ 

ʚʠʜʦʚ ʦʯʝʨʪʘʥʠʡ ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʚʟʷʪʘʷ ʦʪ ʦʪʥʦʰʝʥʠʷ ʢʦʥʬʦʨʤʥʳʭ 

ʨʘʜʠʫʩʦʚ. 

 

 
 

ʈʠʩ. 3. ʂʦʤʙʠʥʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʭ ʧʣʘʩʪʠʥʦʢ 

 

ʈʝʰʝʥʠʷ ʜʣʷ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ ʠ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ, 

ʨʦʤʙʠʯʝʩʢʠʭ, ʧʨʷʤʦʫʛʦʣʴʥʳʭ, ʧʨʘʚʠʣʴʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʳʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʧʣʘʩʪʠʥʦʢ ʦʧʨʝʜʝʣ̫ʶʪʩʷ ʩʦʛʣʘʩʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʚʠʜʘ 

( )rrfkw #= , ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʩʣʫʞʘʪ ʜʚʫʩʪʦʨʦʥʥʠʤʠ 

ʛʨʘʥʠʮʘʤʠ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʦ ʚʝʣʠʯʠʥʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʣʘʩʪʠʥʦʢ. 

ʈʝʰʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ, ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʥʳʭ ʠ 

ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ ʧʣʘʩʪʠʥʦʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʄʀʂʌ, ʧʦʜʨʦʙʥʦ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʚ [1]. ʇʨʠ ʵʪʦʤ ʚʤʝʩʪʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ 

ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ ʧʦ ʘʨʛʫʤʝʥʪʫ rr# . ʈʘʩʯʸʪʥʳʝ ʬʦʨʤʫʣʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ w01, w02 ï ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʨʦʛʠʙʦʚ ʧʣʘʩʪʠʥʦʢ, 

ʧʨʠʥʠʤʘʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʳʭ ʨʝʰʝʥʠʡ; A1, ɸ2 ï ʧʣʦʱʘʜʠ ʵʪʠʭ ʧʣʘʩʪʠʥʦʢ;  

( )( )21, rrrr ## ï ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʝ ʠʤ ʦʪʥʦʰʝʥʠʷ ʢʦʥʬʦʨʤʥʳʭ ʨʘʜʠʫʩʦʚ; A ʠ ( )rr#  

ï ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʧʣʘʩʪʠʥʢʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʣʘʩʪʠʥʢʘ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ 

ʘʬʬʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʡ ʦʧʦʨʥʦʡ ʧʣʘʩʪʠʥʢʠ ʚ ʜʨʫʛʫʶ. ʈʘʟʜʝʣʴʥʦʝ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʨʘʧʝʮʠʝʚʠʜʥʳʭ ʧʣʘʩʪʠʥʦʢ (ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ, ʧʨʷʤʦʫʛʦʣʥɹʳʝ, 

ʧʨʦʠʟʚʦʣʴʥʳʝ) ʚʚʝʜʝʥʦ ʚ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʧʦʨʥʳʭ ʬʠʛʫʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ ʧʨʦʛʨʘʤʤʘ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʧʨʦʛʠʙʦʚ ʧʣʘʩʪʠʥʦʢ ʜʣʷ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʜʚʫʭ 
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ʚʘʨʠʘʥʪʘʭ: 1) ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ kw ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ qA
2
/D, ʟʘʚʠʩʷʱʝʝ 

ʣʠʰʴ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʣʘʩʪʠʥʢʠ ʠ ʧʨʠʥʷʪʦʡ ʢʦʤʙʠʥʘʮʠʠ ʝʸ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ; 2) ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ w0 ʩ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʚ ʤʠʣʣʠʤʝʪʨʘʭ, ʟʘʚʠʩʷʱʘʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪ ʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʢʠ ʠ ʟʥʘʯʝʥʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. 

ɼʣʷ ʩʧʨʘʚʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥ ʚʳʚʦʜ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʢʦʥʬʦʨʤʥʳʭ 

ʨʘʜʠʫʩʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʢʦʥʪʫʨʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʘʩʪʠʥʢʠ. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ, ʨʝʘʣʠʟʫʝʤʳʡ ʧʨʦʛʨʘʤʤʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4, ʵʢʨʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʭ ʨʘʙʦʪʳ ʥʘ ʨʠʩʫʥʢʘʭ 5,6. 

 

 
 

ʈʠʩ. 4. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤ 

çRRMaximalDeflectionPlateè ʠ çRRMaximalDeflectionPlateGraphicè 



 59 
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ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʟʥʘʥʠʡ ʠʟ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʟʥʘʥʠʡ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʩʦʩʪʦʠʪ ʚ ʠʭ 

ʩʪʨʫʢʪʫʨʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʩʪʠ. ʇʦʷʚʣʝʥʠʝ ʚ ʙʘʟʝ ʟʥʘʥʠʡ ʥʦʚʳʭ ʬʘʢʪʦʚ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʥʦʚʳʭ ʩʚʷʟʝʡ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ.  ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʫʜʦʙʥʳʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. ʄʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʝʨʝʭʦʜʘ ʦʪ ʜʘʥʥʳʭ ʢ 

ʟʥʘʥʠʷʤ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ, ʙʦʣʴʰʠʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ, ʥʝʯʝʪʢʘʷ 

ʣʦʛʠʢʘ. 
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Abstract:  The paper points out that a rapid growth of information makes it is appropriate to 

develop methods and instruments for knowledge extraction from large data sets. The main 

difference between knowledge and static data stored in databases lies in their structure and activity. 

The coming of new facts or interpolation of new connections may become a source of changes in 

decision making. The suggested method presents a procedure which makes possible the transition 

from data to knowledge.  
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ɺʚʝʜʝʥʠʝ 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ. ʎʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ 

ʠʥʬʦʨʤʘʮʠʷ, ʩʢʦʣʴʢʦ ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʥʝʡ ʟʥʘʥʠʷ. ʇʨʦʙʣʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ ï ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʟʘʥʠʤʘʶʱʝʡʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʥʠʡ (ʢʦʪʦʨʳʝ 

ʨʘʥʝʝ ʤʦʛ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʣʠʰʴ ʯʝʣʦʚʝʢ) ʚ ʦʙʲʝʢʪ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʕɺʄ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʙʘʟ 

ʜʘʥʥʳʭ ʧʨʷʤʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʀʉʇʇʈ) ʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʕʉ). 

ʀʟʚʣʝʯʸʥʥʳʝ ʟʥʘʥʠʷ ʤʦʛʫʪ ʧʦʧʦʣʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʥʝʢʦʪʦʨʦʡ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʩʨʘʟʫ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʦʮʝʩʩʦʚ ʦʙʣʘʜʘʶʪ 

ʦʙʲʝʢʪʠʚʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ. ʊʝʦʨʠʷ 

ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ, ʥʝʪʦʯʥʳʝ ʧʦʥʷʪʠʷ, 

ʟʥʘʥʠʷ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠʨʝ, ʘ ʪʘʢʞʝ ʦʧʝʨʠʨʦʚʘʪʴ ʟʥʘʥʠʷʤʠ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʝ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ ʟʘʜʘʥʥʳʭ ʜʘʥʥʳʭ 

ʠ ʧʨʘʚʠʣ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ, 

ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʘʚʠʣʦ ʚʣʠʷʥʠʷ 

ʬʘʢʪʦʨʦʚ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʜʘʥʥʳʭ. ʏʘʩʪʥʳʤ ʩʣʫʯʘʝʤ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʨʫʧʧʳ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ.  

ʇʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ 

ʂʘʞʜʳʡ ʤʦʤʝʥʪ ʨʘʙʦʪʳ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ɻʕʉ) ʬʠʢʩʠʨʫʝʪʩʷ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʢʦʣʦ 10 ʪʳʩʷʯ), 
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ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʞʠʤ ʨʘʙʦʪʳ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ ʠ ʪ.ʜ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʤʥʦʛʠʭ ʠʟ ʥʠʭ 

ʩʦʩʪʘʚʣʷʝʪ 1 ʩʝʢʫʥʜʫ. ʊʘʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʘʩʩʠʚʦʚ 

ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʭʨʘʥʝʥʠʝ, 

ʘʥʘʣʠʟ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʘʷ ʚʳʙʦʨʢʘ ʦʪʦʙʨʘʞʘʝʪ 

ʢʘʢʠʝ-ʣʠʙʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʫʩʪʴ ʜʘʞʝ 

ʥʝʠʟʚʝʩʪʥʳʝ, ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʘʙʦʨʘ ʣʦʛʠʯʝʩʢʠʭ 

ʧʨʘʚʠʣ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦ ʝʩʪʴ ʢ ʙʘʟʝ ʟʥʘʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʘʚʠʣʘ ʧʦʟʚʦʣʷʪ ʚʥʝʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ 

ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʥʘʛʨʫʟʢʠ ʠ ʨʝʟʝʨʚʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʙʦʪʳ ɻʕʉ. 

ɺʘʞʥʦ, ʯʪʦ ʩʦʟʜʘʚʘʝʤʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ (ɸʉ) ʷʚʣʷʝʪʩʷ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʡ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʛʨʝʛʘʪʦʚ, ʦʥʘ ʥʝ ʧʨʠʥʠʤʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʫʯʘʩʪʠʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʠ ʧʦʪʦʤʫ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʦʡ ɻʕʉ ʫʧʨʘʚʣʷʝʪ ʩʠʩʪʝʤʥʘʷ ʘʚʪʦʤʘʪʠʢʘ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩʠʩʪʝʤʳ ʷʚʣʷʪʁʩʷ ʤʘʩʩʠʚʳ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʢʦʧʣʝʥʥʳʝ 

ʚ ʮʝʥʪʨʝ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʎʉʆɼ), ʠʤʝʶʱʝʤʩʷ ʥʘ ɻʕʉ ʠ 

ʨʘʩʧʦʣʘʛʘʶʱʝʤ ʘʨʭʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʅʦʚʳʝ ʧʦʩʪʫʧʘʶʱʠʝ 

ʜʘʥʥʳʝ ʪʘʢʞʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩʠʩʪʝʤʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʘʟʘ ʟʥʘʥʠʡ ʙʫʜʝʪ 

ʨʘʩʰʠʨʝʥʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʝʞʠʤʝ ʧʨʦʘʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʘ ʧʝʨʝʩʤʦʪʨʠʪ 

ʠ ʦʧʪʠʤʠʟʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʙʘʟʫ ʟʥʘʥʠʡ. ʆʙʥʦʚʣʝʥʥʘʷ ʙʘʟʘ ʟʥʘʥʠʡ ʙʫʜʝʪ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʩʝʘʥʩʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ.  

ʅʘʧʨʠʤʝʨ, ʧʣʘʥ ʧʦ ʟʘʜʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥ ʚʩʝʛʦ ʥʘ 2 ʯʘʩʘ ʚʧʝʨʝʜ, ʠ 

ʢʘʞʜʦʝ ʥʦʚʦʝ ʟʘʜʘʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʤʫ ʘʥʘʣʠʟʫ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ 

ʟʥʘʥʠʡ. 

ʊʘʢʞʝ ʢ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ (ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʦʪ 
ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ʠ ʥʘʧʦʨʘ ʚʦʜʳ); 

- ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʭʦʜʘ ʚʦʜʳ ʯʝʨʝʟ 

ʛʠʜʨʦʘʛʨʝʛʘʪ ʦʪ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʘʛʨʝʛʘʪʘ ʠ ʥʘʧʦʨʘ ʚʦʜʳ); 

- ʨʘʟʣʠʯʥʳʝ ʟʦʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʠ ʥʝʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʨʘʙʦʪʳ 

ʛʠʜʨʦʘʛʨʝʪʦʚ; 

- ʦʩʪʘʪʦʯʥʳʡ ʤʦʪʦʨʝʩʫʨʩ (ʚʨʝʤʷ ʜʦ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ 
ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʩʢʦʚ ʠ ʦʩʪʘʥʦʚʦʚ); 

- ʧʨʝʜʝʣʳ ʧʦ ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ ʫʨʦʚʥʷʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʂʇɼ ʠ ʨʘʩʭʦʜʘ ʚʦʜʳ ʦʪ ʤʦʱʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʥʘʧʦʨʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ɸʉ ʩʧʣʘʡʥʘʤʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ɼʣʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʧʦʨʦʚ ʚʝʣʠʯʠʥʳ ʂʇɼ ʚʳʯʠʩʣʷʶʪʩʷ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʨʠ ʙʣʠʞʘʡʰʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʦʨʦʚ. ʊʘʢʠʝ ʦʧʝʨʘʮʠʠ 
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ʥʝʦʙʭʦʜʠʤʳ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʠ ʥʝʧʨʝʨʳʚʥʳʝ ʟʥʘʯʝʥʠʷ ʂʇɼ ʥʘ 

ʚʩʝʭ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʠʡ ʤʦʱʥʦʩʪʝʡ ʠ ʥʘʧʦʨʦʚ.  

ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʝʯʝʪʢʠʝ ʙʘʟʳ ʟʥʘʥʠʡ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ [1]:  

- ʛʝʥʝʨʘʮʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʧʨʘʚʠʣ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʟʥʘʥʠʡ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʪʨʠ ʟʘʜʘʯʠ: 

- ʟʘʜʘʪʴ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ; 

- ʨʘʟʙʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ; 

- ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ. 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʙʘʟʳ ʟʥʘʥʠʡ; 

- ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʧʨʘʚʠʣ; 

- ʧʨʦʚʝʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʙʘʟʳ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʵʪʦʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʠʟʚʣʝʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ 

ʙʣʠʟʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʤʝʭʘʥʠʟʤ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʦʚ: 

- ʬʘʟʠʬʠʢʘʮʠʷ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ; 

- ʘʛʨʝʛʠʨʦʚʘʥʠʝ ʧʨʝʜʫʩʣʦʚʠʡ ʚ ʥʝʯʝʪʢʠʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣʘʭ; 

- ʢʦʤʧʦʟʠʮʠʷ ʟʘʢʣʶʯʝʥʠʡ; 

- ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʟʘʢʣʶʯʝʥʠʡ; 

- ʜʝʬʘʟʠʬʠʢʘʮʠʷ ʟʥʘʯʝʥʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ ʦʙʲʝʢʪʘ ʦʜʥʦʛʦ 

ʧʨʘʚʠʣʘ ʙʘʟʳ ʟʥʘʥʠʡ ʩ n ʚʭʦʜʘʤʠ ʠ ʦʜʥʠʤ ʚʳʭʦʜʦʤ (1): 

 

),...,,( 21 nxxxfy= , (1) 

 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʳ ʠʥʪʝʨʚʘʣʳ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʘ (2): 

],[,,1],,[ yyynixxx iii Í=Í . (2) 

 

ʇʦ ʠʤʝʶʱʝʡʩʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ ʠʟ ʄ ʧʘʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʚʭʦʜʳ-ʚʳʭʦʜ (3): 

},{ pp yX , (3) 

ʛʜʝ },,...,,{ 21

p

n

pp

p xxxX = - ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ ʚ p-ʡ ʧʘʨʝ, Mp ,1= , ʥʝʦʙʭʦʜʠʤʦ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʦʙ ʦʙʲʝʢʪʝ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʠʭ ʚʳʩʢʘʟʳʚʘʥʠʡ ʚʠʜʘ: 

],[)]...()()[( 12211 jjjnn yydyʊʆxʠxʠxɽʉʃʀ -=Ía=a=a= , (4) 
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ʛʜʝ ka  ï ʥʝʢʦʪʦʨʳʡ ʠʥʪʝʨʚʘʣ ʦʙʣʘʩʪʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ 
ix , 

jd  ï ʠʥʪʝʨʚʘʣ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ y. 

ʇʦʩʪʨʦʝʥʠʝ ʙʘʟʳ ʟʥʘʥʠʡ 

ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

ʟʘʛʨʫʟʢʘ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʫʜʘʣʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʠ ʜʫʙʣʠʨʫʶʱʠʭ ʧʨʘʚʠʣ.  

ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʤʘʩʩʠʚʦʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴ 

ʵʪʘʧ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʥʘʭʦʞʜʝʥʠʠ ʦʮʝʥʢʠ 

ʚʟʘʠʤʦʩʚʷʟʠ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʉʣʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʘ ʚʳʙʦʨʢʠ. 

ʉʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʚʳʙʦʨʢʠ ʤʦʞʥʦ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʝ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʟʥʘʯʝʥʠʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʫ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ 

ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʘʢ ʥʘʭʦʞʜʝʥʠʝ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʠ ʧʝʨʝʤʝʥʥʳʭ, 

ʨʝʰʠʪʴ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ï ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʜʚʫʭ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ (ʣʠʙʦ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩ ʥʝʢʦʪʦʨʦʡ 

ʜʦʧʫʩʪʠʤʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʩʯʠʪʘʪʴ ʪʘʢʦʚʳʤʠ). ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ ʩʦʧʫʪʩʪʚʫʶʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʟʥʘʯʝʥʠʡ ʜʨʫʛʦʡ ʠʣʠ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ. ɼʣʷ 

ʦʮʝʥʢʠ ʩʚʷʟʠ ʧʝʨʝʤʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ [2].  

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʥʛʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʂ. ʉʧʠʨʤʝʥʦʤ, ʦʪʥʦʩʠʪʩʷ 

ʢ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ, ʠʟʤʝʨʝʥʥʳʤʠ ʚ 

ʨʘʥʛʦʚʦʡ ʰʢʘʣʝ. ʇʨʠ ʨʘʩʯʝʪʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠʢʘʢʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʧʨʠʟʥʘʢʦʚ ʚ ʛʝʥʝʨʘʣʴʥʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʪʝʩʥʦʪʳ ʩʚʷʟʠ 

ʧʦʨʷʜʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʥʛʠ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʝʣʠʯʠʥ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʫʩʣʦʚʥʦ 

ʦʮʝʥʠʚʘʶʪ ʪʝʩʥʦʪʫ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ, ʩʯʠʪʘʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ, 

ʨʘʚʥʳʝ 0,3 ʠ ʤʝʥʝʝ, ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʣʘʙʦʡ ʪʝʩʥʦʪʳ ʩʚʷʟʠ; ʟʥʘʯʝʥʠʷ ʙʦʣʝʝ 0,4, ʥʦ 

ʤʝʥʝʝ 0,7 ï ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʤʝʨʝʥʥʦʡ ʪʝʩʥʦʪʳ ʩʚʷʟʠ, ʘ ʟʥʘʯʝʥʠʷ 0,7 ʠ ʙʦʣʝʝ ï 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʳʩʦʢʦʡ ʪʝʩʥʦʪʳ ʩʚʷʟʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʥʥʳʝ ʩ ʥʠʟʢʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ.  

ʂʣʘʩʪʝʨʠʟʘʮʠʷ 

ʇʦʩʣʝ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ 

ʥʝʟʥʘʯʘʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘ ʧʝʨʝʭʦʜʠʪ ʢ ʵʪʘʧʫ ʢʣʘʩʪʝʨʠʟʘʮʠʠ. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʪʦ, ʯʪʦ ʙʣʠʟʢʠʝ ʧʦ ʩʚʦʝʤʫ ʚʣʠʷʥʠʶ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʧʨʠʥʘʜʣʝʞʘʪʴ 

ʦʜʥʦʡ ʛʨʫʧʧʝ [3].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʵʪʘʧʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʙʘʟ ʟʥʘʥʠʡ ʙʳʣʦ 

ʨʝʰʝʥʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʝʘʣʠʟʦʚʘʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 
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ɸʙʝ-ʃʵʥʘ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʙʣʠʟʦʩʪʴ ʟʥʘʯʝʥʠʡ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ, ʥʦ ʠ ʩʚʷʟʠ ʤʝʞʜʫ 

ʚʭʦʜʥʦʡ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʧʝʨʝʤʝʥʥʳʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʚ ʧʦʩʪʨʦʝʥʠʠ ʙʘʟʳ ʧʨʘʚʠʣ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʢʣʘʩʪʝʨʫ. 

ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʦʤʫ ʧʨʠʤʝʨʫ ʠʟ ʩʦʢʨʘʱʝʥʥʦʡ ʚʳʙʦʨʢʠ ʩʪʘʚʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪʜʝʣʴʥʦʝ ʧʨʘʚʠʣʦ. ɼʣʷ ʵʪʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʘʚʠʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʢʣʘʩʪʝʨʘʤ. ʇʦʩʣʝ ʯʝʛʦ ʢʘʞʜʦʤʫ ʦʙʫʯʘʶʱʝʤʫ ʧʨʠʤʝʨʫ ʩʪʘʚʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʝ ʢʣʘʩʪʝʨʳ, ʩʪʝʧʝʥʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʢʦʪʦʨʳʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ 

ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʵʪʦʛʦ ʧʨʠʤʝʨʘ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤʠ [4].  

ʅʘ ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʛʨʘʥʠʮʳ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʝʞʘʪ ʥʘ 

ʩʝʨʝʜʠʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʦʩʝʜʥʠʭ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʢʣʘʩʪʝʨʦʤ. ʊʦʯʥʘʷ 

ʧʦʜʩʪʨʦʡʢʘ ʚʠʜʘ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʢʨʠʚʦʡ ʬʫʥʢʮʠʠ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʟʥʘʥʠʡ 

ʕʪʘʧ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʘʚʠʣʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʧʨʦʠʩʭʦʜʠʪ ʦʧʪʠʤʠʟʘʮʠʷ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʮʝʣʦʤ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʠʝ ʢʘʯʝʩʪʚʘ ʙʘʟʳ ʟʥʘʥʠʡ, ʢʘʢ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʠ 

ʧʦʣʥʦʪʘ.  

ʇʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ 

ɺʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ. ʀʩʢʣʶʯʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʜʩʯʝʪʘ ʨʝʡʪʠʥʛʘ 

ʧʨʘʚʠʣ [5]. ɼʦʩʪʦʠʥʩʪʚʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʠʩʢ ʛʨʫʧʧ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʧʨʘʚʠʣ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʥʠʤʠ ʠ ʧʨʠʚʷʟʢʠ ʢ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

ʇʦʣʥʦʪʘ 

ɸʥʘʣʠʟ ʧʦʣʥʦʪʳ ʬʦʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʣʫʯʘʝ ʥʝʯʝʪʢʠʭ ʣʦʛʠʢ ʠʥʪʝʨʝʩʝʥ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʧʦʣʥʦʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʥʦʡ 

ʤʦʜʝʣʠ. ʉʪʝʧʝʥʴ ʧʦʣʥʦʪʳ ʤʦʞʥʦ ʠʩʪʦʣʢʦʚʘʪʴ ʢʘʢ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʩʦʟʜʘʥʥʦʡ 

ʙʘʟʳ ʟʥʘʥʠʡ ʠ ʚ ʩʣʫʯʘʝ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʫʢʘʟʘʥʠʝ ʢ ʝʝ 

ʧʝʨʝʧʨʦʝʢʪʠʨʦʚʘʥʠʶ [6]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʥʦʪʳ ʙʘʟʳ ʟʥʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʢʦʛʦ 

çʧʨʝʜʝʣʘè ʩʦʚʧʘʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʪʠʥʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʧʨʝʤʫʤ ʚʩʝʭ ʚʳʚʦʜʦʚ ʚʦʟʤʦʞʥʳʭ ʧʦʩʳʣʦʢ ʠ ʠʥʬʠʤʫʤ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʧʦ ʢʘʞʜʦʤʫ ʧʨʘʚʠʣʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ɸʉ 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʟ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʧʨʘʚʠʣ, ʦʪʨʘʞʘʶʱʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʙʦʪʳ ʛʠʜʨʦʘʛʨʝʛʘʪʦʚ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʝʩʧʝʯʝʥʠʶ ʩʫʤʤʘʨʥʦʛʦ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʫʤʤʘʨʥʦʡ ʚʳʨʘʙʦʪʢʝ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦ ʝʩʪʴ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʦʙʱʝʝ ʂʇɼ ɻʕʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʇʆ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ ʠ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦ 2020 ʛʦʜʘ. 
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ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʝ ʩʦʟʜʘʥʠʝ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ, ʧʦʣʠʤʝʨʥʳʭ, 

ʩʣʦʠʩʪʳʭ ʠ ʪ.ʧ.) ʠ ʠʟʜʝʣʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʘʱʠʚʘʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʭ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ʠʟʛʦʪʦʚʣʝʥʠʝ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʪ.ʜ.). 

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʦʞʝʥ ʦʙʦʙʱʝʥʥʳʡ ʤʝʪʦʜ ʩʢʘʣʷʨʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʫʧʨʫʛʠʭ ʧʦʣʝʡ ʚ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜʘʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʠʩʘʪʴ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʧʨʫʛʠʝ ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʧʦʤʦʱʠ ʪʨʝʭ ʩʢʘʣʷʨʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʢʚʘʟʠʧʨʦʜʦʣʴʥʳʤ, ʢʚʘʟʠʧʦʧʝʨʝʯʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʚʦʣʥʘʤ. 

ʅʘ ʦʩʥʦʚʝ ʪʝʥʟʦʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʪʦʜʘ [1] ʨʘʟʨʘʙʦʪʘʥ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʩʣʦʠʩʪʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʚrʧʦʣʥʝʥʥʳʭ ʠʟ ʠʟʦʪʨʦʧʥʳʭ ʠ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʚʩʝʭ ʪʠʧʦʚ ʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ 

ʚ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʦʠʩʪʳʭ ʩʪʨʫʢʪʫʨʘʭ ʠ ʚʣʠʷʥʠʝ 

ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʣʦʢʘʣʴʥʦʛʦ ʠʣʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʚʥʝʰʥʝʡ ʠ (ʠʣʠ) ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚ ʵʣʣʠʧʪʠʯʝʩʢʦʤ ʩʪʝʨʞʥʝ, ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʧʦʣʦʩʪʴʶ ʠ 

ʪʦʣʩʪʦʡ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʫʙʝ ʜʣʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ. 

ʈʘʩʩʤʦʪʨʝʥ ʦʙʱʠʡ ʩʣʫʯʘʡ ʚʦʟʙʫʞʜʝʥʠʷ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʩʣʦʠʩʪʳʭ 

ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʪʤʝʯʝʥʥʳʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ 

ʨʘʙʦʪʘʭ [2,3]. 

ʈʘʟʨʘʙʦʪʘʥʦ ʦʨʠʛʠʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [4-10], ʨʝʘʣʠʟʫʶʱʝʝ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ [2,3], ʧʨʠ ʵʪʦʤ ʧʨʝʜʣʦʞʝʥʳ 
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ʦʨʠʛʠʥʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ [11-14] ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʳʩʰʠʭ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʬʫʥʢʮʠʡ ï ʬʫʥʢʮʠʡ ʄʘʪʴʝ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ 

ʄʘʪʴʝ, ʚʭʦʜʷʱʠʭ ʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʜʣʷ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʝʜʣʦʞʝʥʦ ʦʨʠʛʠʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [15-16] ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʩʣʦʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʢʫʩʪʠʯʝʩʢʠʤʠ 

ʘʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʠʣʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʟʦʥʜʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʬʦʨʤʝ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ, 

ʣʦʢʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʤ ʧʦ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʷʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʧʝʰʥʦ ʧʨʦʰʣʦ ʘʧʨʦʙʘʮʠʶ ʧʨʠ 

ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʟʘʜʘʯ. ɽʛʦ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʠʥʪʝʨʝʩʘʭ 

ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʥʦʚʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʩʫʜʦʩʪʨʦʝʥʠʠ, ʘʚʠʘʩʪʨʦʝʥʠʠ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʜʣʷ 
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ʦʩʥʦʚʝ ʜʚʫʭʭʦʜʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩ ʩʦʚʤʝʱʝʥʥʳʤʠ ʚʝʪʚʷʤʠ, ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʠ ʚʠʜʘ ʩʚʝʪʦʜʝʣʠʪʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʟʝʨʥʳʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨ, ʠʟʤʝʨʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʦʙʲʝʢʪ ʢʦʥʪʨʦʣʷ, ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʷ. 
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ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ, 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ 

ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɸʢʪʫʘʣʴʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ 

ʦʧʪʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʢʦʥʪʨʦʣʝ 

ʢʘʯʝʩʪʚʘ ʠ ʜʠʘʛʥʦʩʪʠʢʝ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʣʦʚʳʭ 
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ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʡ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʦʟʜʘʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʘʤʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʤʝʱʝʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʪʤʝʯʝʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʢʘʨʪʠʥ, ʨʘʩʰʠʨʝʥʠʝ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʝʪʘ ʚʥʝʰʥʠʭ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʨʨʝʢʮʠʠ ʠ ʚʥʝʩʝʥʠʝʤ ʧʦʧʨʘʚʦʢ ʚ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʦʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ, ʧʦʩʪʨʦʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʭʦʜʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩ ʩʦʚʤʝʱʝʥʥʳʤʠ ʚʝʪʚʷʤʠ. 

 ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʢʘʨʪʠʥʘʭ, ʩʦʟʜʘʚʘʝʤʳʭ ʦʧʪʠʯʝʩʢʠʤ ʠʟʤʝʨʠʪʝʣʝʤ 

ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʪʤʝʯʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ, ʩ ʫʯʝʪʦʤ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʠ ʚʠʜʘ ʩʚʝʪʦʜʝʣʠʪʝʣʷ, ʢʦʪʦʨʳʝ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ [1-6]. 

ʈʘʟʨʘʙʦʪʘʥʦ ʦʨʠʛʠʥʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [7-9], ʨʝʘʣʠʟʫʶʱʝʝ 

ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ [1-6], ʢʦʪʦʨʦʝ ʧʨʦʰʣʦ ʘʧʨʦʙʘʮʠʶ 

ʧʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ [10-14]. 

 ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʯʠʩʣʝʥʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʮʝʣʷʤʠ ʢʦʥʢʨʝʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ, 

ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʠʟʤʝʨʠʪʝʣʝʡ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭʭʦʜʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩ ʩʦʚʤʝʱʝʥʥʳʤʠ ʚʝʪʚʷʤʠ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʤʘʣʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ ʜʦ 30% ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʦʜʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʧʫʪʝʤ ʫʯʝʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥ .r 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʰʣʦ ʘʧʨʦʙʘʮʠʶ ʧʨʠ ʨʝʰʝʥʠʠ 

ʘʢʪʫʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ 

ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ 

ʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ 
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ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ [15-18]. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ (ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʩʨʘʚʥʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʘʣʳʭ ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʮʝʥʢʝ ʠʭ 

ʩʦʩʪʦʷʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʝ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʢʫʩʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ, ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʘʭ, ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʣʦʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʘʚʠʘʩʪʨʦʝʥʠʠ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʠ ʪ.ʧ. 

ʅʘʩʪʦʷʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʯʘʩʪʠʯʥʦ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ˉ13-08-00754. 
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ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʟʘʜʘʯʠ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʧʠʩʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʣʘʥʘ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ: ʚʳʧʫʩʢ 

ʦʜʥʦʨʦʜʥʦʛʦ ʠʟʜʝʣʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʜʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʢʦʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʟʘʛʨʫʟʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ. 
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ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʩʪʘʙʠʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʛʨʘʤʦʪʥʳʤ ʠ 

ʦʧʪʠʤʘʣʴʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘʧʨʘʚʣʝʥʳ 

ʢʘʢ ʥʘ ʚʳʧʫʩʢ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʠ ʥʘ ʚʳʧʫʩʢ ʤʝʣʢʦʩʝʨʠʡʥʳʭ 

ʟʘʢʘʟʦʚ. ʅʘʣʠʯʠʝ ʬʘʢʪʦʨʘ ʤʝʣʢʦʩʝʨʠʡʥʳʭ ʟʘʢʘʟʦʚ ʜʠʢʪʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʪʦ ʝʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʪʬʝʣʷ ʟʘʢʘʟʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʦ ʧʣʘʥʦʚʳʤ ʧʝʨʠʦʜʘʤ 

ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ.  

ʉʦʩʪʘʚʣʝʥʠʝ ʦʜʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʦʡ ʠ ʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʮʝʣʝʡ: 

1. ʧʦʣʫʯʝʥʠʷ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʝʥʠ ̫ ʩʘʤʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʠ ʫʩʣʦʚʠʠ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ ʧʦ ʦʙʲʝʤʫ ʠ ʩʨʦʢʘʤ ʧʣʘʥʘ ʨʝʘʣʠʟʘʮʠʠ; 

2. ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʥʝʢʦʪʦʨʳʤ ʢʨʠʪʝʨʠʝʤ; 

3. ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʩʯʝʪʘ (ʠʟʤʝʥʝʥʠʷ) ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʚ 
ʪʝʯʝʥʠʝ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ); 
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4. ʜʘʣʴʥʝʡʰʝʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʣʘʥʘ ʧʦ ʦʙʲʝʤʫ ʨʝʘʣʠʟʘʮʠʠ, ʦʙʲʝʤʫ 

ʨʘʙʦʪ, ʩʨʦʢʘʤ ʠ ʜʨ. [2]. 

ʆʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʫʶʱʠʤ 

ʟʚʝʥʦʤ, ʧʨʠʥʷʪʳʤʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʤʝʥʢʣʘʪʫʨʳ, ʜʝʪʘʣʝʡ ʠ 

ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʪʝʩʥʘʷ ʩʚʷʟʴ ʢʘʣʝʥʜʘʨʥʦ-ʧʣʘʥʦʚʳʭ ʨʘʩʯʸʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʟʘʢʘʟʘ. 

ʇʨʦʜʫʢʮʠʷ ʚ ʤʝʣʢʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʟʘʢʘʟʘʤ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʶʪʩʷ ʥʘ ʢʘʞʜʦʝ ʠʟʜʝʣʠʝ ʠʣʠ ʥʝʙʦʣʴʰʫʶ ʩʝʨʠʶ 

ʠʟʜʝʣʠʡ. ɺ ʦʙʲʝʤ ʨʘʙʦʪ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʟʘʢʘʟʘ ʚʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʷ, ʥʦ ʠ ʚʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʚ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ. 

ʊʝʤ ʩʘʤʳʤ, ʦʪ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ 

ʠʟʜʝʣʠʡ, ʪʘʢ ʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʦʧʝʨʘʪʠʚʥʳʭ ʧʣʘʥʦʚ ʚ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ, ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʪ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦʜʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʟʘʚʠʩʷʪ ʪʦʯʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʳʭ ʧʣʘʥʦʚʳʭ ʟʘʜʘʥʠʡ ʠ, ʚ ʧʦʩʣʝʜʫʶʱʝʤ, 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʢʘʟʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʠ 

ʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʝ ʚʩʝʭ ʟʚʝʥʴʝʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘʠʤʝʥʝʝ ʢʦʨʦʪʢʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʠʢʣʘʭ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʜʣʷ ʠʟʜʝʣʠʡ 

ʨʘʟʣʠʯʥʳʭ ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʯʘʩʪʫʶ ʩʤʝʥʫ 

ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤʝ ʢʘʞʜʦʛʦ ʮʝʭʘ, ʫʯʘʩʪʢʘ [3]. 

ʆʧʪʠʤʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʧʨʦʙʣʝʤʘ. ɼʦ ʧʦʩʪʘʥʦʚʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ 

ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʚʳʙʦʨ 

ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʣʘʥʘ, ʤʘʩʰʪʘʙʳ  ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ, ʦʯʝʨʝʜʥʦʩʪʴ 

ʨʝʰʝʥʠʡ ʠ ʜʨ. ʆʧʨʝʜʝʣʠʚ ʠʩʭʦʜʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʤʦʞʥʦ ʧʨʠʩʪʫʧʠʪʴ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʤʦʜʝʣʠ. ʅʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʤʦʜʝʣʴʶ ʜʣʷ ʥʘʰʝʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 

m ï ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʠʟʜʝʣʠʠ; 

i ï ʠʥʜʝʢʩ (ʥʦʤʝʨ) ʚʠʜʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ (i = 1, é,n); 

j ï ʠʥʜʝʢʩ (ʥʦʤʝʨ) ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ (j =1, é,m); 
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ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʫʩʪʴ ʧʨʝʜʧʨʠʷʪʠʝ ʚʳʧʫʩʢʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʠʟʜʝʣʠʝ B, ʢʦʪʦʨʦʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʩʪʦʠʪ ʠʟ n ʢʦʤʧʦʥʝʥʪ:  

 

 B = {b1,b2,é,bn}, (1) 

 

ʛʜʝ bi ï ʢʦʣʠʯʝʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ i-ʷ ʢʦʤʧʦʥʝʥʪʘ ʚʭʦʜʠʪ ʚ ʠʟʜʝʣʠʝ B. 

ɿʘʛʨʫʟʢʘ j-ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
ä
=

=¢
n

i
jijij

mjAxa
1

,1,
,
 (2) 

 

ʛʜʝ aij ï ʥʦʨʤʳ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ i-ʡ ʜʝʪʘʣʠ (ʫʟʣʘ) ʥʘ j-ʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

xij ï ʢʦʣ-ʚʦ ʫʟʣʦʚ ʜʝʪʘʣʝʡ i-ʛʦ ʚʠʜʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʥʘ j-ʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

A j ï ʬʦʥʜ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ j-ʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺʳʙʦʨ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʠʪʫʘʮʠʡ ʠ ʟʘʜʘʯʘʤʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʧʣʘʥʦʚʦʤ 

ʧʝʨʠʦʜʝ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʨʛʘʥʠʟʘʮʠʷ ʤʦʞʝʪ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤʘ ʧʨʦʜʘʞ), 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʩʧʨʦʩʘ ʠ ʜʨʫʛʠʤ ʢʨʠʪʝʨʠʷʤ [1]. 

ɺʦ ʚʥʫʪʨʠʟʘʚʦʜʩʢʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʟʘʜʘʯʘ 

ʥʘ ʦʧʪʠʤʫʤ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

 ä
=

­=
m

j
j

yY
1

max,  (3) 

 

ʛʜʝ yj ï ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ j-ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ: 

 
nixi ,1,0 =² .

 (4) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʚ ʤʘʢʩʠʤʠʟʘʮʠʠ 

ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ (ʧʦʚʳʰʝʥʠʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ), ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʩʚʝʥʥʦ, ʯʝʨʝʟ 

ʤʘʢʩʠʤʠʟʘʮʠʶ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ, 

ʚʥʫʪʨʠʮʝʭʦʚʦʤʫ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʦʠʟʚʦʜʠʪ ʰʠʨʦʢʠʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ. 

ɽʩʣʠ ʟʘ ʦʮʝʥʢʫ ʙʝʨʝʪʩʷ ʤʘʢʩʠʤʫʤ ʚʦʟʤʦʞʥʦʛʦ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ ʚ 

ʩʪʦʠʤʦʩʪʥʦʤ ʚʳʨʘʞʝʥʠʠ, ʧʦʣʫʯʘʝʤ: 

 
max,

1

­ä
=

xc i

n

i
i

 (5) 

ʧʨʠ ʫʩʣʦʚʠʷʭ:  

 
ä
=

=¢
n

i
jiij

mjAxa
1

,1,
,
 (6) 
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,,1,0 nixi

=²
 (7) 

 

ʛʜʝ ci ï ʦʪʧʫʩʢʥʘʷ ʮʝʥʘ ʝʜʠʥʠʮʳ i-ʛʦ ʠʟʜʝʣʠʷ; 

xi ï ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ i-ʛʦ ʚʠʜʘ ʧʨʦʜʫʢʮʠʠ. 

ʊʘʢʞʝ ʢʨʠʪʝʨʠʷʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʮʝʭʦʚ, 

ʫʯʘʩʪʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʢʘʟʘʪʝʣʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ: ʧʨʦʩʪʦʝʚ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʨʘʢʘ, ʦʪʭʦʜʦʚ ʠ ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ ʮʝʣʠ ï ʤʘʢʩʠʤʫʤ ʩʫʤʤʘʨʥʦʡ ʧʨʠʙʳʣʠ ʦʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝʡ ʧʨʦʜʫʢʮʠʠ:  

 

 
,maxää ­=

n

i

m

j
ijij rpP

 (8) 

 

ʛʜʝ pij ï ʧʨʠʙʳʣʴ ʦʪ ʧʨʦʜʘʞʠ i-ʡ ʧʨʦʜʫʢʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ j-ʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ; 

r ij ï ʧʣʘʥʠʨʫʝʤʳʡ ʦʙʲʝʤ ʚʳʧʫʩʢʘ i-ʡ ʧʨʦʜʫʢʮʠʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ  

ʥʘ j-ʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʪʝʢʫʱʝʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ ʦʪʳʩʢʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ 

ʚʘʨʠʘʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʛʨʫʧʧʘʤ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʅʘ ʧʨʠʤʝʨʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʙʣʘʛʦʜʘʨʷ 

ʤʦʜʝʣʠ ʦʧʪʠʤʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʧʨʝʜʧʨʠʷʪʠʝ 

ʙʫʜʝʪ ʥʝʩʪʠ ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʮʠʠ ʠʣʠ ʧʦʣʫʯʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʠʙʳʣʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ. 

ʊʦʯʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʦʧʝʨʘʪʠʚʥʦ-ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʠ ʦʙʦʨʦʪʥʳʭ ʬʦʥʜʦʚ, ʨʘʙʦʯʝʡ ʩʠʣʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʬʠʥʘʥʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʠʣʦ ʩ ʝʜʠʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʦʧʠʩʳʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʷʟʢʦʪʝʢʫʯʝʤ ʩʦʩʪʦʷʥʠʠ ʠ ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʠʤʝʨʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʩʪʨʦʠʪʴ ʨʷʜ ʥʦʚʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʪʝʢʫʯʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜ ʩ ʫʯʝʪʦʤ 

ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ, ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯʠ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʦʚ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʸʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʝʢʦʪʦʨʳʝ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʫʯʝʪʝ ʠʩʧʘʨʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʩʨʘʚʥʝʥʠʶ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʚʝʜʫʱʠʭ 

ʥʘʫʯʥʳʭ ʰʢʦʣʘʭ ʤʠʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʦʣʦʛʠʷ, ʤʝʟʦʩʢʦʧʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚʷʟʢʦʫʧʨʫʛʦʩʪʴ, 

ʨʘʩʪʚʦʨʳ ʠ ʨʘʩʧʣʘʚʳ ʧʦʣʠʤʝʨʦʚ. 
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Abstract: The purpose of the article is to prove a major rheological relationship of solutions 

and molten polymers both on the basis of molecular-kinetic concepts of polymer chainsô dynamics 

and the use of numerical experiment results as well. The application of a molecular-kinetic 

approach to define a rheological constitutive relationship of solutions and molten linear polymers 

made it possible to present a unified theoretical description of the mechanical characteristics of 

continuous environments having low viscosity and polymers of various structure, molecular 

weights and concentration. It enabled the authors to create several new mathematical models of 

viscoelastic fluids with different effects (for example, polydispersity, heat and mass transfer, edge 

slip conditions). It was found necessary to develop some numerical algorithms to solve these 

problems for one-, two- and three-dimensional flows.  By exploring the obtained models some non-
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isothermal flows of polymer fluids have been tested, as well as polymeric solution flows with 

evaporation. Special attention has been paid to compare the theoretical results with the experimental 

data obtained in the worldôs leading scientific schools. 

Keywords: rheology, mesoscopic approach, viscoelasticity, polymer solutions 

and melts. 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʚʷʟʢʦʫʧʨʫʛʦʩʪʴ. ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʪʘʢʦʛʦ ʨʦʜʘ ʵʬʬʝʢʪʦʚ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʦʜʝʣʠ, ʧʨʠʤʝʨʘʤʠ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʇʨʦʢʫʥʠʥʘ-ʃʝʦʥʦʚʘ, pom-pom 

ʤʦʜʝʣʴ ʠ ʝʝ ʨʘʩʰʠʨʝʥʥʠʷ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ  ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʦ ʨʝʣʘʢʩʠʨʫʶʱʠʭ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʠ ʦʧʠʩʳʚʘʶʪ ʝʜʠʥʩʪʚʝʥʥʳʤ (ʜʣʷ ʧʨʦʩʪʦʪʳ) 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʤʦʜʦʚʳʤʠ. 

ʄʥʦʛʦʤʦʜʦʚʳʡ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʠʢʠ ʪʝʢʫʯʠʭ ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜ ʠʣʠ 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʚ ʩʣʫʯʘʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʙʘʚʣʝʥʥʳʭ  ʨʘʩʪʚʦʨʦʚ ʛʠʙʢʦʮʝʧʥʳʭ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ 

ʧʦʣʠʤʝʨʦʚ.  ʕʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʚʷʟʘʥʦ ʩ ʮʝʧʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʩʪʨʦʝʥʠʷ 

ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ. ʇʦʣʫʯʘʝʤʳʝ ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʥʦʤʝʨʘ ʤʦʜʳ ʥʦʩʷʪ ʟʘʪʫʭʘʶʱʠʡ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ 

ʢʚʘʜʨʘʪʫ ʥʦʤʝʨʘ ʤʦʜʳ, ʠʣʠ çʨʘʫʟʟʦʚʩʢʠʡè ʭʘʨʘʢʪʝʨ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʣʠʤʝʨʘ ʚ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʘʮʝʧʣʝʥʠʡ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʠʭ 

ʜʠʥʘʤʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʚʦʟʥʠʢʘʶʪ çʜʣʠʥʥʦʤʘʩʰʪʘʙʥʳʝè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʣʘʛʘʝʤʳʤ ʚ ʪʝʥʟʦʨʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʢ 

ʫʯʝʪʫ ʥʦʚʳʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦ çʩʚʝʨʭʤʝʜʣʝʥʥʳʤʠè ʚʨʝʤʝʥʘʤʠ 

ʨʝʣʘʢʩʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʶʪ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʚʷʟʢʦʫʧʨʫʛʦʩʪʠ, 

ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʠ ʤʦʜʫʣʷ ʧʦʪʝʨʴ. ɼʨʫʛʦʡ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʚ ʜʠʥʘʤʠʢʝ ʧʦʣʠʤʝʨʥʳʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʥʝʣʠʥʝʡʥʳʭ, ʛʨʘʜʠʝʥʪʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʣʠʜʠʩʧʝʨʩʥʦʛʦ ʦʙʨʘʟʮʘ ʠʣʠ 

ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʠʤʝʝʪ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʛʨʘʝʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ. 

ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʝʛʦ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʠ ʝʛʦ ʚʢʣʘʜ ʚ ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ ʫʞʝ ʥʝ ʙʫʜʫʪ ʠʤʝʪʴ 

çʨʘʫʟʟʦʧʦʜʦʙʥʦʛʦè ʚʠʜʘ ʠ ʪʨʝʙʫʶʪ ʦʙʦʙʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʦʩʥʦʚʫ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʘʷ 

ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʟʦʩʢʦʧʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʳʭ ʪʝʧʣʦʚʳʭ 

ʜʚʠʞʝʥʠʡ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʴʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ 

ʤʦʜʝʣʴ çʙʫʩʠʥʦʢ-ʧʨʫʞʠʥʦʢè. ʇʦʤʠʤʦ ʈʘʫʟʟʦʚʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ ʙʫʩʠʥʦʢ, ʨʘʚʥʦʚʝʩʥʳʡ ʨʘʟʤʝʨ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʫʙʢʘ ʠ ʜʨ.), ʚ 
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ʤʦʜʝʣʴ ʜʣʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʫʞʥʦ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ 

ʫʯʠʪʳʚʘʶʪ ʥʘʣʠʯʠʝ ʟʘʮʝʧʣʝʥʠʡ ʚ ʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʙʦʙʱʝʥʥʘʷ ʥʘ ʩʣʫʯʘʡ ʫʯʝʪʘ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʜ. ʂʘʞʜʘʷ ʠʟ ʪʘʢʠʭ ʤʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʝʪʫ ʚ ʪʝʥʟʦʨʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚʢʣʘʜʦʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʬʨʘʢʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʚʦʠʤ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ʠ ʚʷʟʢʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʩʣʫʯʘʝ ʦʜʥʦʡ ʤʦʜʳ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʩʣʝʜʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʤʘʢʨʦ- ʠ ʤʠʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʠʤʝʨʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʧʝʨʠʦʜ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ 

ʧʷʪʠ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʩʦʟʜʘʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʩʪʚʦʨʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ; ʩʦʟʜʘʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʤʦʜʝʣʠ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ʠʟ ʨʘʩʧʣʘʚʘ; 

ʨʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ 

ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜ ʩ ʫʯʝʪʦʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ; ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ 

ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ ʠ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ; ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜ ʚ ʦʙʣʘʩʪʷʭ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

ʇʦ ʧʝʨʚʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʠʥʦʛʨʘʜʦʚʘ-ʇʦʢʨʦʚʩʢʦʛʦ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʡ ʨʘʩʪʚʦʨʦʚ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ 

ʟʘʧʠʩʘʥʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʠ ʫʯʝʪʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʢʦʛʜʘ 

ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʫʜʣʠʥʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʘ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɼʘʣʝʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠ ʨʝʰʝʥʘ ʩʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʰʠʨʠʥʳ ʠ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʦʪ 

ʝʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʣʫʯʘʝ ʦʜʥʦʦʩʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ, ʪʘʢʠʭ ʢʘʢ: 

ʥʘʯʘʣʴʥʘʷ ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ, ʥʘʯʘʣʴʥʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʬʬʫʟʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʙʤʝʥʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʚʝʜʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

ï ʥʘ ʚʠʜ ʧʦʣʫʯʘʝʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʝʥʫʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʳʭʦʜʘ ʠʟ 

ʬʠʣʴʝʨʳ. 

ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʠʥʦʛʨʘʜʦʚʘ-ʇʦʢʨʦʚʩʢʦʛʦ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʡ ʨʘʩʧʣʘʚʦʚ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʟʘʧʠʩʘʥʘ ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʠ ʫʯʝʪʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ, ʢʦʛʜʘ ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʩʢʦʨʦʩʪʴ 

ʫʜʣʠʥʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, ʥʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʷʤʠ ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ  ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʘ ʠ ʨʝʰʝʥʘ 

ʩʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʰʠʨʠʥʳ ʠ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʦʪ ʝʝ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʩʣʫʯʘʝ ʜʚʫʦʩʥʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ. ʅʘ ʝʝ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (ʥʘʯʘʣʴʥʦʡ 

ʩʜʚʠʛʦʚʦʡ ʚʷʟʢʦʩʪʠ, ʥʘʯʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʙʤʝʥʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʚʝʜʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʪʦʢʘ) ʥʘ ʚʠʜ 

ʧʦʣʫʯʘʝʤʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝʥʫʣʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʚʳʭʦʜʘ ʠʟ ʵʢʩʪʨʫʜʝʨʘ:  

1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ  ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Re (Re = 0,001;  

Re = 5Ŀ10
-4
; Re = 5Ŀ10

-5
) ʦʙʨʘʟʝʮ ʥʝ ʫʩʧʝʚʘʝʪ ʦʩʪʳʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʙʘʨʘʙʘʥʘ. ʇʨʠ Re = 5Ŀ10
-6
 ʦʙʨʘʟʝʮ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʦʩʪʳʚʘʝʪ, ʧʨʦʭʦʜʷ ʪʦʣʴʢʦ 30% ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ ʵʢʩʪʨʫʜʝʨʘ ʠ 

ʦʭʣʘʞʜʘʶʱʠʤ ʙʘʨʘʙʘʥʦʤ. ʇʨʠ Re = 5Ŀ10
-3
 ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ 

ʨʘʩʪʷʞʝʥʠʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ Re ʚ 200 ʨʘʟ ʠʟʤʝʥʝʥʠʝ ʧʦʣʫʰʠʨʠʥʳ 

ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 30%. 

2. ʇʨʠ Pr > 10
5
 ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʝʥʠʝʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʚʣʠʷʥʠʝ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʙʘʨʘʙʘʥʘ ʩʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʤʫ 

ʦʩʪʳʚʘʥʠʶ ʧʣʝʥʢʠ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ Pr ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʝʥʠʝʤ 

ʟʘʪʨʫʜʥʝʥ,  ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʵʢʩʪʨʫʜʝʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʟʘ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʣʝʥʢʠ ʦʪ ʛʦʣʦʚʢʠ ʵʢʩʪʨʫʜʝʨʘ ʜʦ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʙʘʨʘʙʘʥʘ. ɽʩʣʠ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʥʝ ʟʘʪʨʫʜʥʝʥʘ (ʧʨʠ Pr = 10
6
), ʪʦ ʧʦʷʚʣʷʝʪʩʷ  

ʫʯʘʩʪʦʢ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʪʳʚʘʥʠʝʤ. ɺ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʠ ʯʠʩʣʘ Pr ʚ 100 ʨʘʟ 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʫʰʠʨʠʥʳ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 

25%.  

3. ɺ ʩʣʫʯʘʝ ʫʤʝʥʴʰʝʥʠʷ ʧʘʨʘʤʝʪʨʘ Nu ʦʪ 20 ʜʦ 0,1 ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʦʩʪʳʚʘʥʠʷ ʧʣʝʥʢʠ. ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ Nu ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʙʳʩʪʨʳʡ ʚʳʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ 

Nu ʚ 200 ʨʘʟ ʠʟʤʝʥʝʥʠʝ ʧʦʣʫʰʠʨʠʥʳ ʧʣʝʥʢʠ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʨʘʩʪʷʞʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20%.  

4. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ We ʚ ʠʥʪʝʨʚʘʣʝ 0.001 ς 0.1 ʥʝ ʦʢʘʟʳʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʧʦʣʫʰʠʨʠʥʫ ʧʣʝʥʢʠ. 

ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʪʦʢʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʧʣʝʥʦʢ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ɺʳʯʠʩʣʝʥʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʪʦʢʘ ʜʣʷ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ: ʜʣʷ 

Exxon Exact 3132 Ŭ = 0,07;  ʜʣʷ Mobil NTX101 Ŭ = 0,15;  ʜʣʷ Dow Affinity 

PL1880  Ŭ = 0,2;  ʜʣʷ Dow Affinity PL1840 Ŭ = 0,3. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠ 

ʠʤʝʶʱʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʟʘʤʝʨʘʤ ʧʦʣʫʰʠʨʠʥʳ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʠʢʫ 

ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʧʣʝʥʢʠ ʠʟ ʨʘʩʧʣʘʚʘ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. 

ɺ ʨʘʤʢʘʭ ʪʨʝʪʴʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠ ʥʘʣʠʯʠʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʝʣʠʥʝʡʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʪʨʝʭʤʝʨʥʳʡ 
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ʧʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ 

ʚʷʟʢʦʫʧʨʫʛʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʥʘʣʝ ʩ ʢʚʘʜʨʘʪʥʳʤ ʩʝʯʝʥʠʝʤ ʢʘʢ ʬʫʥʢʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ɺʠʥʦʛʨʘʜʦʚʘ-ʇʦʢʨʦʚʩʢʦʛʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʨʘʩʪʚʦʨʦʚ 

ʠ ʨʘʩʧʣʘʚʦʚ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʫʯʝʪʦʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʩʪʝʥʢʝ.  

ɺ ʨʘʤʢʘʭ ʯʝʪʚʝʨʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʝʢʪʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʧʦʣʠʜʠʩʧʝʨʩʥʳʭ 

ʣʠʥʝʡʥʳʭ ʠ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ 

ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɺʠʥʦʛʨʘʜʦʚʘ-ʇʦʢʨʦʚʩʢʦʛʦ, ʦʙʦʙʱʝʥʥʘʷ ʥʘ ʩʣʫʯʘʡ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʜ. ʂʘʞʜʘʷ ʠʟ ʪʘʢʠʭ ʤʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʯʝʪʫ ʚ ʪʝʥʟʦʨʝ ʥʘʧʨʷʞʝʥʠʡ ʚʢʣʘʜʦʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʬʨʘʢʮʠʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ ʠ ʚʷʟʢʦʩʪʴʶ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ 

ʤʦʜʝʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʣʠʥʝʡʥʳʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ ʧʨʦʩʪʦʤ ʩʜʚʠʛʝ 

ʠ ʦʜʥʦʦʩʥʦʤ ʨʘʩʪʷʞʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʚʦʜʠʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʜʨʫʛʠʤ ʨʝʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ: 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʇʨʦʢʫʥʠʥʘ-ʃʝʦʥʦʚʘ, pom-pom ʤʦʜʝʣʠ ʠ 

ʨʘʩʰʠʨʝʥʥʦʡ pom-pom ʤʦʜʝʣʠ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʜʨʫʛʠʤ ʤʦʜʝʣʷʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʦʚʘʷ ʤʦʜʝʣʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʡ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʨʘʩʰʠʨʝʥʥʘʷ pom-pom 

ʤʦʜʝʣʴ, ʠ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʤʦʜʝʣʠ ʇʨʦʢʫʥʠʥʘ-ʃʝʦʥʦʚʘ ʠ pom-pom 

ʤʦʜʝʣʴ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʤʦʜʦʚʳʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʤʥʦʛʦʤʦʜʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʣʘʚʦʚ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʟʜʝʩʴ ʤʦʜʝʣʴ ʦʢʘʞʝʪʩʷ ʧʨʠʛʦʜʥʦʡ ʠ ʜʣʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʨʘʩʧʣʘʚʦʚ ʣʠʥʝʡʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʊʘʢʞʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʤʦʜʝʣʴ ʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʯʝʥʠʡ ʪʝʢʫʯʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʩʨʝʜ. 

ʊʘʢʞʝ ʚ ʧʨʦʝʢʪʝ, ʚ ʨʘʤʢʘʭ ʧʷʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ 

ʚʷʟʢʦʫʧʨʫʛʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʤ ʢʘʥʘʣʝ ʩ ʚʥʝʟʘʧʥʳʤ ʩʫʞʝʥʠʝʤ. 

ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺʠʥʦʛʨʘʜʦʚʘ-ʇʦʢʨʦʚʩʢʦʛʦ ʚ ʦʜʥʦʤʦʜʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʇʦʣʫʯʝʥʠʝ 

ʜʠʩʢʨʝʪʥʳʭ ʘʥʘʣʦʛʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʘ ʯʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ CUDA.  

ʈʘʩʩʯʠʪʘʥʳ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʨʘʩʧʣʘʚʦʚ 

ʧʦʣʠʵʪʠʣʝʥʘ, ʠ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʚ 

ʱʝʣʝʚʦʡ ʢʘʥʘʣ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʚʠʭʨʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʣʘʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟ ʨʘʙʦʪʳ [1], ʛʜʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʯʝʥʠʷ 

ʨʘʩʧʣʘʚʦʚ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʧʦʣʠʵʪʠʣʝʥʘ, ʣʠʥʝʡʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 
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(LLDPE) ʠ ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE). ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ 

ʦʙʨʘʟʮʘʤʠ ʩʦʩʪʦʪ̫ ʚ ʪʦʤ, ʯʪʦ ʫ LLDPE ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʤʝʥʴʰʝ, 

ʯʝʤ ʫ LDPE, ʠ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʫ LLDPE ʤʝʥʴʰʝ, ʯʝʤ ʫ LDPE. ʇʨʠ ʵʪʦʤ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ ʪʝʯʝʥʠʡ LDPE ʩʫʱʝʩʪʚʫʝʪ ʚʳʨʘʞʝʥʥʳʡ ʚʪʦʨʠʯʥʳʡ ʧʦʪʦʢ 

ʚ ʫʛʣʘʭ ʧʨʦʪʦʯʥʦʛʦ ʢʘʥʘʣʘ, ʢʦʪʦʨʳʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ LLDPE. ʕʪʠ ʚʠʭʨʠ 

ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʬʦʨʤʫ ʚ ʩʝʯʝʥʠʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ ʢʘʥʘʣʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʪʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦʣʷ ʪʝʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʚʠʭʨʝʚʦʤ ʪʝʯʝʥʠʠ ʩʫʱʝʩʪʚʫʝʪ ʚʠʥʪʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ 

ʥʘʧʨʘʚʣʝʥ ʢ ʩʪʝʥʢʘʤ ʨʝʟʝʨʚʫʘʨʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʢʘʥʘʣʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ 

LDPE ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ 

ʚʭʦʜʦʤ ʚ ʱʝʣʝʚʫʶ ʯʘʩʪʴ ʢʘʥʘʣʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʜʣʷ ʪʝʯʝʥʠʡ 

LLDPE ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ɺʩʝ ʵʪʠ ʵʬʬʝʢʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʟ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʩʚʷʟʘʥʦ ʩ 

ʪʨʝʭʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʣʷ ʪʝʯʝʥʠʡ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʧʦʪʦʢʝ LDPE, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʦʤ LLDPE. ʊʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ 

ʪʝʯʝʥʠʷ LDPE ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʚ 

ʥʝʡʪʨʘʣʴʥʦʤ ʧʦʪʦʢʫ ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʥʝ ʪʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ 

LLDPE. ʕʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʚʜʦʣʴ ʦʩʝʚʦʡ ʣʠʥʠʠ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʚ ʱʝʣʝʚʦʡ ʢʘʥʘʣ. ʊʘʢʞʝ 

ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʧʝʨʝʩʪʨʦʝʥʠʷ 

ʧʦʣʷ ʪʝʯʝʥʠʷ ʚ ʱʝʣʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘʮʠʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ, ʜʘʚʣʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʪʝʯʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʮʠʨʢʫʣʷʮʠʦʥʥʳʝ ʟʦʥʳ ʚ ʦʙʣʘʩʪʠ ʚʭʦʜʘ ʚ ʱʝʣʝʚʦʡ ʢʘʥʘʣ. ʂʘʢ ʚʠʜʥʦ 

ʠʟ ʨʘʩʯʝʪʦʚ, ʜʣʷ ʦʙʨʘʟʮʘ LLDPE ʟʦʥʘ ʚʦʟʚʨʘʪʥʦʛʦ ʪʝʯʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʋ 

ʦʙʨʘʟʮʘ LDPE ʵʪʘ ʟʦʥʘ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʯʝʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʫ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʜʠʥʘʢʦʚʦ ʠ ʨʘʟʣʠʯʠʝ ʚ ʠʭ ʧʦʚʝʜʝʥʠʠ ʩʣʝʜʫʝʪ ʩʚʷʟʘʪʴ ʩ ʚʨʝʤʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ. 

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʱʝʣʝʚʦʤ ʢʘʥʘʣʝ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ  0,001. ʊʘʢʠʝ 

ʪʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʤʦʜʝʣʠ, ʠ ʚʠʭʨʝʚʳʭ ʟʦʥ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʨʘʙʦʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʚ ʦʙʣʘʩʪʷʭ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʥʘ ʙʘʟʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʨʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʠʥʦʛʨʘʜʦʚʘ-ʇʦʢʨʦʚʩʢʦʛʦ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʣʘʚʦʚ ʧʦʣʠʤʝʨʦʚ ʥʘ 

ʚʠʜ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ12-01-

00033). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʨʠʪʝʪʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʙʦʛʘʱʝʥʠʷ, ʢʦʪʦʨʝr ʧʦʟʚʦʣʷʪʁ ʩʦʟʜʘʚʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʚʦʧʨʦʩʘʤ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ. 

ʇʦʜ ʤʦʜʝʣʴʶ ʦʙʳʯʥʦ ʧʦʥʠʤʘʝʪʩʷ ʦʙʲʝʢʪ ʣʶʙʦʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʟʘʤʝʱʘʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʪʘʢ, ʯʪʦ ʝʛʦ ʠʟʫʯʝʥʠʝ ʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʦʤ ʟʘʤʝʱʘʝʤʦʤ ʦʙʲʝʢʪʝ. ʄʦʜʝʣʴ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʥʝʯʪʦ 

ʧʦʜʦʙʥʦʝ ʩʘʤʦʤʫ ʠʩʩʣʝʜʫʝʤʦʤʫ ʦʙʲʝʢʪʫ, ʢʘʢ ʥʝʯʪʦ ʢʦʧʠʨʫʶʱʝʝ ʝʛʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʩʪʨʦʝʥʠʝ (ʠʣʠ ʚʳʙʦʨ) ʠ 

ʠʟʫʯʝʥʠʝ ʤʦʜʝʣʝʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʰʘʝʪ ʜʚʘ ʪʠʧʘ ʟʘʜʘʯ ï ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʦʙʫʯʝʥʠʷ. ʂ ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʝʡʩʪʚʠʷ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʚʠʜʘ: 

-  ʧʨʷʤʳʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ 
ʟʘʜʘʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʚʦʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʩʭʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʩʪʨʫʢʪʫʨʦʡ ʠʣʠ 

ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ; 

-  ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ, ʢʦʛʜʘ ʧʦ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪ ʚʦʟʤʫʱʝʥʠʷ, 
ʟʘʩʪʘʚʠʚʰʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʧʨʠʡʪʠ ʢ ʜʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʜʘʥʥʦʡ 

ʨʝʘʢʮʠʠ; 

-  ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ, ʪʨʝʙʫʶʱʠʝ ʥʘʭʦʞʜʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 
ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ ʠʤʝʶʪ ʞʝʣʘʪʝʣʴʥʳʡ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʩʦʦʙʨʘʞʝʥʠʷʤ 

ʭʘʨʘʢʪʝʨ; 
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-  ʠʥʜʫʢʪʠʚʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʮʝʣʴʶ ʧʨʦʚʝʨʢʫ ʛʠʧʦʪʝʟ, 
ʫʪʦʯʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʠʩʪʝʤʝ, 

ʚʳʷʩʥʝʥʠʝ ʩʚʦʡʩʪʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʣʴʥʠʮ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ ʩʳʨʴʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʣʴʥʠʮ ʜʠʘʤʝʪʨʦʤ 1,2-1,5 ʤ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʤʝʣʴʥʠʮʳ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ.  

ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʣʴʥʠʮ ʧʦ 

ʣʘʙʦʨʘʪʦʨʥʳʤ ʜʘʥʥʳʤ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʦʨʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʢʫʧʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʩʪʨʫʢʮʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʨʝʙʫʶʱʠʭ, ʥʘʧʨʠʤʝʨ, 

ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʦʨʦʰʢʦʚ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ 

ʩ ʨʝʮʠʢʣʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʭʦʜʝ ʚ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʝʥ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʥʝʨʘʪʦʨʘ ʯʘʩʪʠʮ (ʥʘʧʨʠʤʝʨ, ʤʝʣʴʥʠʮʳ) ʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚʦʟʤʦʞʥʦ 

ʜʚʫʤʷ ʧʫʪʷʤʠ:  

1) ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʛʦ ʘʧʧʘʨʘʪʘ ʚ ʣʦʢʘʣʴʥʦʤ ʦʙʲʝʤʝ;  

2) ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʩʝʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʫʯʝʪʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ ʠʟʤʝʣʴʯʝʥʠʷ.  

ʇʝʨʚʳʡ ʧʫʪʴ ʩʦʩʪʦʠʪ ʚ ʦʙʦʙʱʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʩʤʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʤʝʭʘʥʠʢʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜ, 

ʧʦʣʫʯʝʥʠʠ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʜʚʠʞʫʱʠʭ ʩʠʣ ʠʟʤʝʣʴʯʝʥʠʷ ʯʘʩʪʠʮ 

ʜʠʩʧʝʨʩʥʳʭ ʬʘʟ ʚ ʤʥʦʛʦʬʘʟʥʦʤ ʧʦʪʦʢʝ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʚʩʢʨʳʪʠʠ ʤʝʭʘʥʠʟʤʘ 

ʨʘʟʨʫʰʝʥʠʷ ʯʘʩʪʠʮ [2, ʩ. 12]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʷʚʥʦʤ ʚʠʜʝ ʧʦʣʫʯʠʪʴ 

ʥʘʫʯʥʦʦʙʦʩʥʦʚʘʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʯʘʩʪʠʮ. ʅʘ ʦʩʥʦʚʝ 

ʦʙʦʙʱʝʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʪʨʦʷʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʘʧʧʘʨʘʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ. ʉʣʦʞʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʧʨʠʙʝʛʘʪʴ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ɺʪʦʨʦʡ ʧʫʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʝʪʦʜʠʢ ʠ ʨʷʜʦʤ ʪʠʧʦʚʳʭ 

ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʪʠʧʦʚʳʭ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʤʘʪʝʨʠʘʣʘ 

(ʚʝʱʝʩʪʚʘ) ʚ ʘʧʧʘʨʘʪʘʭ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ: ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ, 

ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ, ʷʯʝʝʯʥʘʷ ʠ ʜʠʬʬʫʟʠʦʥʥʘʷ ʤʦʜʝʣʠ. ʊʘʢ, ʚ 
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ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʨʦʮʝʩʩ ʦʙʨʘʟʫʝʪ ʚʳʨʘʞʝʥʥʫʶ ʧʦʣʠʥʦʤʦʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ ʧʨʦʚʦʜʷʪʩʷ ʩʝʨʠʠ ʦʧʳʪʦʚ. ɼʨʫʛʘʷ ʤʝʪʦʜʠʢʘ ʚ ʨʘʤʢʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩʣʫʯʘʡʥʳʭ ʤʘʨʢʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ çʨʦʞʜʝʥʠʷè ʠ çʘʛʣʦʤʝʨʘʮʠʠè 

ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ [1, ʩ. 146], ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʦʥʢʨʝʪʥʳʡ ʘʧʧʘʨʘʪ ʠʟʤʝʣʴʯʝʥʠʷ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ 

ʤʘʪʨʠʯʥʳʝ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ.   

ɺʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʤʘʪʨʠʯʥʳʝ ʤʦʜʝʣʠ [3, ʩ. 130], ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʠʮʳ 

ʚʩʝʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʨʘʟʨʫʰʘʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʧʨʦʜʫʢʪʳ 

ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʵʪʦʤ ʧʦʧʘʜʘʶʪ ʣʠʙʦ ʚ ʠʩʭʦʜʥʳʡ, ʣʠʙʦ ʚ ʣʶʙʦʡ ʤʝʥʴʰʠʡ ʢʣʘʩʩ 

ʢʨʫʧʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʡ ʠʩʭʦʜʥʦʛʦ ʛʨʘʥʩʦʩʪʘʚʘ, ʨʘʟʨʫʰʝʥʠʷ, ʦʪʙʦʨʘ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʄʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʠʷ ʚ ʣʦʢʘʣʴʥʦʤ ʦʙʲʝʤʝ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʣʥʦʪʦʡ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʪʠʧʝ 

ʘʧʧʘʨʘʪʘ. ʉʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ 

ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠʙʝʛʘʪʴ ʢ ʩʧʝʮʠʘʣʴʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʦʧʠʩʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʟʤʘ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʨʫʯʘ-ʈʠʜ, ɸ.ʊ. ʕʣʝʤʝʥʪʳ ʪʝʦʨʠʠ ʤʘʨʢʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ 

ʧʨʠʣʦʞʝʥʠʝ / ɸ.ʊ. ɹʘʨʫʯʘ-ʈʠʜ. ʄ.: ʅʘʫʢʘ, 1969. 512 ʩ. 

2. ʂʘʣʠʥʢʠʥ, ɸ.ɺ. ʄʘʨʢʦʚʩʢʠʝ ʚʝʪʚʷʱʠʝʩʷ ʧʨʦʮʝʩʩʳ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ / 
ɸ.ɺ. ʂʘʣʠʥʢʠʥ. ï ʋʩʧ. ʤʘʪʝʤ. ʥʘʫʢ, 2002. ʊ. 57, ʚʳʧ. 2. ʉ. 23-84. 

3. ʃʝʦʥʦʚ, ʉ.ɹ. ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ / ʉ.ɹ. ʃʝʦʥʦʚ, ɸ.ɺ. ʇʝʪʨʦʚ. 

ʀʨʢʫʪʩʢ: ʀʟʜ-ʚʦ ʀʨɻʊʋ, 1996. 242 ʩ. 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʅɼʉ ʄʀʂʈʆʉɹʆʈʆʂ  

ʇʈʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʆʇʈɽʉʉʆɺʂɽ ɺ ʇʈʆɻʈɸʄʄʅʆʄ 

ʂʆʄʇʃɽʂʉɽ ANSYS 

ʆ.ʐ. ʍʘʜʠ, ʘʩʧʠʨʘʥʪ, *ɸ.ʅ. ʃʠʪʚʠʥʦʚ, ʜ.ʪ.ʥ., ʧʨʦʬ. 

ɹʘʛʜʘʜ, ʀʨʘʢ, ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ  ʋʥʠʚʝʨʩʠʪʝʪ;*ʇʝʥʟʘ, ʇʝʥʟʝʥʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɸʥʥʦʪʘʮʠʷ: ɼʣʷ ʤʠʢʨʦʩʙʦʨʦʢ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʠʧʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʛʝʪʝʨʦʛʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʧʨʠ 



 88 

ʦʧʨʝʩʩʦʚʢʝ ʚʥʝʰʥʠʤ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ   

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʘʢʝʪʝ ANSYS. ɺʳʧʦʣʥʝʥʦ 

ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʅɼʉ ʤʠʢʨʦʩʙʦʨʦʢ ʠ ʜʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʜʦʧʫʩʢʘʝʤʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʩʩʦʚʢʠ ʩ  ʫʯʝʪʝʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʤʠʢʨʦʩʙʦʨʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʩʙʦʨʢʘ, ʧʣʘʪʘ, ʦʧʨʝʩʩʦʚʢʘ, ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʦʛʨʘʤʤʥʳʡ 

ʢʦʤʧʣʝʢʩ. 

 

THE STUDY OF A STRESSED-STRAINED STATE OF 

MICROASSEMBLIES DURING CRIMPING BY USING  ANSYS 

 SOFTWARE PACKAGE Hadi Auday Shaker, *A.N. Litvinov  

Baghdad, Iraq, University of Technology; *Penza, Penza State University 
 

Abstract: The work presents mathematical modeling of the stressed-strained state and its 

elements during crimping under overpressure for microassemblies of rectangular type with a 

heterogeneous structure. For building a mathematical model is used a package of finite elements  

implemented in ANSYS. A numerical study for the stressed-strained state in microassemblies has 

been done and practical recommendations for the determination of admissible pressure during 

crimping may be found, taking into account technological features of microassemblies being 

designed. 
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ɺ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʶʪ ʤʠʢʨʦʩʙʦʨʢʠ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʢʦʨʧʫʩʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʷʭ ʨʘʟʤʝʱʘʶʪʩʷ ʧʣʘʪʳ ʠ ʨʝʟʠʩʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʝ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʩʙʦʨʢʠ. ʂ ʪʘʢʠʤ 

ʤʠʢʨʦʩʙʦʨʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʠʢʨʦʩʭʝʤʳ, ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ 

ʜʨ. ʕʪʠ ʤʠʢʨʦʩʙʦʨʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʛʦʩʣʦʡʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʪʝʧʣʦʚʳʤ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [1,2]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʨʝʩʩʦʚʢʝ ʚʥʝʰʥʠʤ 

ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʜʝʬʦʨʤʘʮʠʷ 

ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ ʠ ʧʣʘʪ ʩ ʨʝʟʠʩʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʚʳʭʦʜʥʳʭ ʵʣʝʢʪʨʦʧʘʨʘʤʝʪʨʦʚ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʂɼ 

ʣʠʙʦ ʥʘʟʥʘʯʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ, ʧʨʠʯʝʤ ʦʯʝʥʴ ʯʘʩʪʦ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ  ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) 

ʤʠʢʨʦʩʙʦʨʢʠ ʠ ʝʸ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ, ʝʛʦ ʢʦʨʦʙʣʝʥʠʶ, ʘ ʪʘʢʞʝ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʣʘʪ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʢʨʦʩʙʦʨʢʠ. ʅʘʣʠʯʠʝ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʘʤ ʠʣʠ ʥʘʨʫʰʝʥʠʶ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʠʢʨʦʩʙʦʨʦʢ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʚʥʝʰʥʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʢʦʨʧʫʩʦʚ ʠ ʧʣʘʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 

ʢʦʨʧʫʩʘʭ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʠʢʨʦʩʙʦʨʦʢ ʩ 

ʟʘʜʘʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʧʨʝʜʝʣʝʥʠʠ ʚʦʟʤʦʞʥʳʭ 
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ʚʠʜʦʚ ʦʪʢʘʟʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʘʟʥʘʯʝʥʠʠ ʨʝʞʠʤʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʙʨʘʢʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʵʣʝʤʝʥʪʦʚ 

ʤʠʢʨʦʩʙʦʨʢ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʩʪʝʡʰʠʭ 

ʧʣʦʩʢʠʭ ʤʦʜʝʣʷʭ ʚ ʚʠʜʝ ʪʨʝʭʩʣʦʡʥʳʭ ʙʘʣʦʢ ʠʣʠ ʧʣʘʩʪʠʥ [2], ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʝʪʝʨʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʅɼʉ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [3] ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʅɼʉ ʨʘʟʚʝʨʪʢʠ 

ʢʦʨʧʫʩʘ. ʅʘʣʠʯʠʝ ʧʣʘʪʳ ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʷʭ ʢʦʨʧʫʩʘ ʫʯʠʪʳʚʘʝʪʩʷ 

ʚʚʝʜʝʥʠʝʤ ʧʨʠʚʝʜʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʛʨʘʥʠ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ ʥʘ 

ʅɼʉ ʧʣʘʪʳ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʜʣʷ ʦʨʛʘʥʠʯʝʥʥʳʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ʢʦʨʧʫʩʦʚ, ʠʤʝʶʱʠʭ ʤʘʣʫʶ ʚʳʩʦʪʫ ʠ ʞʝʩʪʢʠʝ ʙʦʢʦʚʳʝ ʛʨʘʥʠ [4]. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʪʠʧʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʣʦʡ ʤʠʢʨʦʩʙʦʨʢʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʪʠʧʘ ʩ ʧʣʘʪʦʡ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʦʩʥʦʚʘʥʠʝʤ ʢʣʝʝʚʳʤ ʧʣʠ 

ʧʘʷʥʳʤ  ʰʚʦʤ. 

2

1

     H

 
 ʘ) 

 
 

ʈʠʩ. 1. ʄʠʢʨʦʩʙʦʨʢʘ: 

ʘ) ʦʙʱʠʡ ʚʠʜ: 1 ï ʢʦʨʧʫʩ; 2 ï ʦʩʥʦʚʘʥʠʝ ʩ ʧʣʘʪʦʡ;  

ʙ) ʦʩʥʦʚʘʥʠʝ ʩʧʣʘʪʦʡ: 3 ï ʦʩʥʦʚʘʥʠʝ; 4 ï ʰʦʚ; 5 ï ʧʣʘʪʘ 

 

ɿʘʤʢʥʫʪʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʨʧʫʩ ʩ ʨʘʟʤʝʨʘʤʠ 2aĬ2bĬH ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʥʝʰʥʝʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʛʨʘʥʠ ʢʦʨʧʫʩʘ ʤʠʢʨʦʩʙʦʨʢʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʜʫʣʷʤʠ ʫʧʨʫʛʦʩʪʠ ɽj ʠ 

ʠʤʝʶʪ ʪʦʣʱʠʥʳ  hj,  ʛʜʝ j = 1,2 ,..., 6 ï ʥʦʤʝʨ ʛʨʘʥʠ. ɼʣʷ ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʙʫʜʝʤ 
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ʩʯʠʪʘʪʴ, ʯʪʦ j = 6 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʳʰʢʝ ʢʦʨʧʫʩʘ,  j = 1 ï ʦʩʥʦʚʘʥʠʶ ʩ ʧʣʘʪʦʡ, j 

= 2...5 ï ʙʦʢʦʚʳʤ ʩʪʝʥʢʘʤ ʢʦʨʧʫʩʘ; 2anĬ2bn  ï ʨʘʟʤʝʨʳ ʧʣʘʪʳ ʚ ʧʣʘʥʝ, hn ï ʝʸ 

ʪʦʣʱʠʥʘ. ʐʦʚ ʠʤʝʝʪ ʪʦʣʱʠʥʫ h .ɦ ʅʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ 

ʦʩʥʦʚʘʥʠʷ ʢʦʨʧʫʩʘ ʤʠʢʨʦʩʙʦʨʢʠ. ʄʘʪʝʨʠʘʣ ʧʣʘʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ  Eʧ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʇʫʘʩʩʦʥʘ ɜʧ , ʘ ʤʘʪʝʨʠʘʣ ʰʚʘ ʤʦʜʫʣʝʤ ʩʜʚʠʛʘ G  h

ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ  ʇʫʘʩʩʦʥʘ ɜh . 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʅɼʉ ʵʣʝʤʝʥʪʦʚ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʩʙʦʨʢʠ, 

ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʘʢʝʪʝ ANSYS. ʊʘʢʘʷ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ, ʨʝʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ ʧʣʘʪʳ ʠ ʝʸ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ, ʘ  ʪʘʢʞʝ ʚʣʠʷʥʠʝ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʣʘʪʳ, ʰʚʘ, 

ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʚʥʫʪʨʠ 

ʢʦʨʧʫʩʘ ʥʝʩʢʦʣʴʢʠʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ 

ʛʨʘʥʷʭ ʢʦʨʧʫʩʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʥʳʭ ʤʝʪʦʜʦʚ [3,4] ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʙʦʨʢʠ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʟʙʳʪʦʯʥʦʛʦ 

ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ p. ʂʦʨʧʫʩ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʩʧʣʘʚʘ 29ʅʂ (ɽj=1,4.10
5 
ʄʇʘ, 

ɜj=0,3 ʧʨʠ  j=1,2,. ..,6), ʧʣʘʪʘ ï ʠʟ ʩʠʪʘʣʣʘ (ɽʧ=9,693.10
5 
ʄʇʘ, ɜʧ=0,25), ʘ 

ʩʚʦʡʩʪʚʘ ʰʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʜʫʣʝʤ ʩʜʚʠʛʘ G=h(10-10
3
) ʄʇʘ. ʅʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ G h ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʤʝʥʝʥʠʠ ʤ˽ʷʛʢʠʭ ʢʣʝʝʚ ʪʠʧʘ 

ʛʝʨʤʝʪʠʢʦʚ ɺʠʢʩʠʥʪ ʋ 2-28", ʘ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʞʝʩʪʢʠʤ 

"ʢʣʝʷʤ ʪʠʧʘ  ɺʂ-9 ʠʣʠ ʧʘʷʥʳʤ ʰʚʘʤ. 

ʇʣʘʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʝ ʦʩʥʦʚʘʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʠ ʘ=b; 

. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʤʠ: 2ʘ=2b=20 

ʤʤ;  hj=0,8 ʤʤ;  hʧ =0,6 ʤʤ. ɺʳʩʦʪʘ ʢʦʨʧʫʩʘ  H, ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ ʰʚʘ G 

ʠ ʪʦʣʱʠʥʘ ʰʚʘ h  h ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʘʣʴʥʳʤ 

ʤʠʢʨʦʩʙʦʨʢʘʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʅɼʉ 

ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʷʪʳ ʧʨʦʛʠʙʳ  w  ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʙʦʨʢʠ 

(ʧʣʘʪʳ, ʦʩʥʦʚʘʥʠʷ, ʰʚʘ, ʢʨʳʰʢʠ, ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ), ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʢʨʠʪʝʨʠʶ ʄʠʟʝʩʘ, ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʜʝʬʦʨʤʘʮʠʠʡ  . ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʚʳʚʦʜʠʪʴ ʥʘ ʧʝʯʘʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʦ ʦʩʷʤ x, y, z  (ʨʠʩ. 1) 

ʜʣʷ ʣʦʙʦʛʦ ʵʣʝʤʝʥʪʘ ʤʠʢʨʦʩʙʦʨʢʠ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʅɼʉ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ:  

 ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; 

 ï ʧʨʦʛʠʙ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʚʝʣʠʯʠʥʝ ʜʝʡʩʪʚʫʶʱʝʛʦ  ʜʘʚʣʝʥʠʷ 

(ʤʤ/ʄʇʘ). 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʅɼʉ ʚ ʵʣʝʤʝʥʪʘʭ ʤʠʢʨʦʩʙʦʨʢʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʚʠʟʫʘʣʴʥʦ ʦʮʝʥʠʪʴ ʅɼʉ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 
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ʘ) 

 

 
ʙ) 

 

ʈʠʩ. 2. ʅɼʉ ʤʠʢʨʦʩʙʦʨʢʠ: 

ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʛʠʙʦʚ ;  

 ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʡ    

 

ɺ ʪʘʙʣ. 1 ʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ  ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʧʣʘʪʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷ ʩʜʚʠʛʘ G ʤʘʪʝʨʠʘʣʘ ʰʚʘ ʠ ʝʛʦ ʪʦʣʱʠʥʠ h  h ʜʣʷ ʢʦʨʧʫʩʦʚ 

ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʳ H. 

ʊʘʙʣʠʮʘ 1 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʛʠʙʳ    ʚ ʮʝʥʪʨʝ ʧʣʘʪʳ 

G, ʄʇʘ h ,hʤʤ ɺr ʩʦʪʘ ʤʠʢʨʦʩʙʦʨʢʠ H, ʤʤ 

20 15 10 5 3 

10 0,1 2,07 2,38 3,02 3,16 2,82 

0,3 1,97 2,27 2,89 3,03 2,69 

10
3
  0,1 1,29 1,53 2,01 2,14 1,88 

0,3 1,30 1,53 2,02 2,15 1,89 
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ʊʘʙʣʠʮʘ 2 

ʅʘʧʨʷʞʝʥʠʷ    ʚ ʮʝʥʪʨʝ ʧʣʘʪʳ 

G, ʄʇʘ h ,hʤʤ ɺr ʩʦʪʘ ʤʠʢʨʦʩʙʦʨʢʠ H, ʤʤ 

20 15 10 5 3 

10 0,1 30,19 32,98 37,73 39,28 36,45 

0,3 23,34 25,38 29,48 30,34 27,81 

10
3
  0,1 28,18 30,39 34,88 36,40 34,04 

0,3 24,7 26,60 30,32 31,47 29,40 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ  ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʧʣʘʪʳ ʦʪ 

ʪʦʣʱʠʥʳ ʰʚʘ ʠ ʝʛʦ ʞʝʩʪʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3,4 ʜʣʷ ʢʦʨʧʫʩʘ ʩ ʅ=20 ʤʤ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʤʘʪʝʨʠʘʣʘ ʰʚʘ G(ʄʇʘ). 

 

 
 

ʈʠʩ. 3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʛʠʙʳ  ʚ ʮʝʥʪʨʝ ʧʣʘʪʳ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʨʘʟʤʝʨʦʚ ʤʠʢʨʦʩʙʦʨʦʢ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʤʠʢʨʦʩʙʦʨʦʢ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʢʣʝʝʚʦʛʦ ʰʚʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʚʠʚʘʣʝʥʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʭ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʳ 

(ʪʘʙʣ. 2, ʨʠʩ. 4).  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʰʚʘ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʤʘʪʝʨʠʘʣʘ ʰʚʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢʘʢ  ʢ ʫʚʝʣʠʯʝʥʠʶ, ʪʘʢ ʠ ʢ ʩʥʠʞʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʡ (ʩʤ. ʨʠʩ. 4). ʉʫʱʝʩʪʚʝʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʪʳ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ  ʤʠʢʨʦʩʙʦʨʢʠ 

(ʩʤ. ʪʘʙʣ. 2), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʟʘʠʤʥʳʤ ʚʣʠʷʥʠʝʤ ʛʨʘʥʝʡ ʢʦʨʧʫʩʘ ʥʘ ʅɼʉ 

ʧʣʘʪʳ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  

ʤʠʢʨʦʩʙʦʨʢʠ. 
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ʈʠʩ. 4. ʅʘʧʨʷʞʝʥʠʷ  ʚ ʮʝʥʪʨʝ ʧʣʘʪʳ 

        

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʣʴʥʳʭ ʤʠʢʨʦʩʙʦʨʦʢ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  H/a<1, ʪ.ʝ. 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʣʘʪʘ ʠ ʢʨʳʱʢʘ ʤʠʢʨʦʩʙʦʨʢʠ. ʊʘʢ ʢʘʢ 

ʧʨʠ ʦʧʨʝʩʩʦʚʢʝ ʚ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʠ, ʪʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʦʧʨʝʩʩʦʚʢʠ   ʜʣʷ ʤʠʢʨʦʩʙʦʨʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʩʣʝʜʫʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʢʘʢ ʥʘʠʤʝʥʴʰʝʝ  ʟʥʘʯʝʥʠʝ ʠʟ : 

 

                                                                                           (1) 

 

ʛʜʝ  ï ʜʦʧʫʩʢʘʝʤʳʝ ʜʘʚʣʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʠʟ ʘʥʘʣʠʟʘ ʅɼʉ 

ʢʨʳʰʢʠ ʠ ʧʣʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

                              .                                      (2) 

 

ɿʜʝʩʴ  ʠ  ï ʧʨʝʜʝʣʳ ʫʧʨʫʛʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʢʨʳʰʢʠ ʠ ʧʣʘʪʳ; 

 ʠ  ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʢʨʳʰʢʠ ʠ ʧʣʘʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʠʭ ʅɼʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʜʘʥʥʦʛʦ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ 

ʘʜʝʢʚʘʪʥʫʶ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʫʶ ʅɼʉ ʚʩʝʭ  ʵʣʝʤʝʥʪʦʚ ʤʠʢʨʦʩʙʦʨʢʠ ʩ ʫʯʝʪʦʤ 

ʝʸ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʘ ʪʘʢʞʝ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦ ʥʘʟʥʘʯʘʪʴ ʨʝʞʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʧʝʨʘʮʠʠ ʦʧʨʝʩʩʦʚʢʠ  

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʢʨʦʩʙʦʨʢʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʨʠʘʥʪʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʛʠʙʨʠʜʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ GPGPU ï  General-purposegraphicsprocessingunits ï 

çGPU ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷè) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚʩʝ ʯʘʱʝ ʚ ʢʘʯʝʩʪʚʝ 

ʙʳʩʪʨʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʘʩʯʝʪʘʤ ʥʘ ʦʜʥʦ- ʠ 

ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʥʘʫʯʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʩʪʘʣʘ ʠʪʦʛʦʤ ʧʦʧʳʪʢʠ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʝʘʣʠʟʘʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʚʝʩʪʥʦʛʦ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘ ʧʨʘʢʪʠʢʝ 

ʘʣʛʦʨʠʪʤʘ, ʠʩʧʦʣʴʟʫʷ ʪʝʭʥʦʣʦʛʠʠ ʛʠʙʨʠʜʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʜʦʧʳʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ ʨʘʩʩʪʦʷʥʠʡ 

ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ (ASSP/NSSP) ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʛʨʘʬʝ ʙʝʟ ʧʝʪʝʣʴ ʠ ʨʝʙʝʨ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʝʩʘ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ ɼʝʡʢʩʪʨʳ (Dijkstra). ʈʝʰʘʷ ʜʘʥʥʫʶ 

ʟʘʜʘʯʫ, ʤʳ ʪʘʢʞʝ ʨʘʟʙʠʨʘʣʠ ʥʝʢʦʪʦʨʳʝ ʧʨʠʥʮʠʧʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʤʝʶʱʠʭʩʷ 

ʦʜʥʦʧʦʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ  ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʠʪʦʛʝ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʣʫʯʠʪʴ 

ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʛʠʙʨʠʜʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʳʯʠʩʣʝʥʠʷʤʠ ʥʘ CPU ʢʦʤʧʴʶʪʝʨʘ. 

ʎʝʣʴ:  

1) ʩʦʟʜʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 
ʚʳʯʠʩʣʝʥʠʡ, ʘʜʘʧʪʠʨʦʚʘʪʴ ʟʘʜʘʯʫ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ; 

2) ʨʝʘʣʠʟʦʚʘʪʴ ʢʘʥʦʥʠʯʝʩʢʠʡ ʚʠʜ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ; 

3) ʩʦʟʜʘʪʴ ʥʘʙʦʨ ʪʝʩʪʦʚʳʭ ʛʨʘʬʦʚ ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 
ʜʚʫʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʜʝʨʞʢʠ ʛʠʙʨʠʜʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. ʉʨʝʜʠ ʥʠʭ ʨʝʘʣʠʟʘʮʠʠ ʩʪʘʥʜʘʨʪʘ OpenCL ʥʘ ʨʘʟʣʠʯʥʳʭ ʷʟʳʢʘʭ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, MicrosoftDirectCompute, MicrosoftC++AMPlibrary, 

NVidiaCUDA. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ 

ʟʘʧʫʩʢ  ʧʨʦʛʨʘʤʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʛʠʙʨʠʜʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʷʚʣʷʝʪʩʷ 

OpenCL. ʅʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ OpenCL, CUDAToolkit ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʷʩʥʦ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʡ, ʧʦʜʜʝʨʞʠʚʘʝʤʦʡ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʙʠʙʣʠʦʪʝʢʦʡ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʕʪʦ ʩʪʘʣʦ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʪʝʭʥʦʣʦʛʠʠ. 

CUDAToolkit ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʝʘʣʠʟʘʮʠʷʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ ʢʘʢ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʪʘʢ ʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ɽʩʪʴ 

ʧʦʜʜʝʨʞʢʘ Windows, Linux, MacOSX ʠ ʧʨʦʮʝʩʩʦʨʥʳʭ ʘʨʭʠʪʝʢʪʫʨ x86 (ia32), 

x86-64 (AMD64), ARM. ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ 

ʚʳʯʠʩʣʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʯʠʧʘʭ NVidia ʢʘʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʛʨʘʤʤ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʚʳʯʠʩʣʝʥʠʷʤʠ ʥʘ CPU ʠ GPGPU, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʢʦʨʨʝʢʪʥʳʡ ʥʘʙʦʨ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʚʠʜʘ 

 ʛʜʝ G ï ʚʟʚʝʰʝʥʥʳʡ ʦʨʛʨʘʬ, ï ʩʧʠʩʦʢ ʚʝʨʰʠʥ ʠ ï ʩʧʠʩʦʢ ʨʸʙʝʨ. 
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ɼʣʷ ʵʪʦʛʦ ʥʘʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʪʨʝʙʦʚʘʣʩʷ ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʛʨʘʬʦʚ ʩ 

ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʨʰʠʥ ʠ ʨʝʙʝʨ, ʘ ʪʘʢʞʝ ʦʙʷʟʘʪʝʣʴʥʳʤ ʥʘʣʠʯʠʝʤ 

ʢʦʨʥʝʚʦʡ ʚʝʨʰʠʥʳ, ʠʟ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʚʩʝ ʧʨʦʯʠʝ ʚʝʨʰʠʥʳ 

ʛʨʘʬʘ. ʂʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ ʛʨʘʬʦʚ ʚʳʙʠʨʘʣʦʩʴ ʢʘʢ |V| = k2
n
, ʯʠʩʣʦ ʨʝʙʝʨ ʚ 

ʛʨʘʬʝ |E| = 2.5 k 2
n
, ʛʜʝ k ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ, ʢʦʥʩʪʘʥʪʘ. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʛʨʘʬʦʚ ʚ ʧʘʤʷʪʠ ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʩʧʠʩʢʦʚ ʩʤʝʞʥʦʩʪʠ, 

ʪʘʢ ʢʘʢ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʝʞʝʥʥʳʭ ʛʨʘʬʦʚ, ʢʘʢ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʤʘʪʨʠʮʘ 

ʩʤʝʞʥʦʩʪʠ ʟʘʥʠʤʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ (O(n
2
)). 

ʈʘʙʦʪʘ ʩʦ ʩʧʠʩʢʘʤʠ ʩʤʝʞʥʦʩʪʠ ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʤʦʪʨʝʪʴ ʨʷʜ ʛʨʘʬʦʚ ʜʦ ʟʥʘʯʝʥʠʡ 

(|V| = ~10
6
), ʥʝ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʩʤʝʞʥʦʩʪʠ, ʠ, 

ʧʦʪʝʥʮʠʘʣʴʥʦ, ʜʦʧʫʩʢʘʝʪ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʯʠʩʣʘ ʚʝʨʰʠʥ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʣʦʚʘʭ ʫʩʪʨʦʡʩʪʚʦ GPGPU, ʯʪʦʙʳ ʧʦʷʩʥʠʪʴ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ɹʣʦʢ-ʩʭʝʤʘ ʦʜʥʦʛʦ ʠʟ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʥʝʡʢʠ CUDA-ʚʠʜʝʦʢʘʨʪ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 
 

ʌʠʟʠʯʝʩʢʠ GPU ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʦʚʳʭ ʧʨʦʮʝʩʩʦʨʦʚ 

(streamingmultiprocessor), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʥʘʙʦʨ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ (cudacores). ʇʨʦʮʝʩʩʦʨʳ ʠ ʷʜʨʘ ʚʣʘʜʝʶʪ ʩʦʙʩʪʚʝʥʥʳʤ 

ʥʘʙʦʨʦʤ ʨʝʛʠʩʪʨʦʚ, ʢʝʰʝʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʣʦʢʘʣʴʥʦʩʪʠ ʠ ʦʙʱʠʤʠ L2-ʢʵʰʝʤ ʠ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ ʧʘʤʷʪʠ. 

ʃʦʛʠʯʝʩʢʠ ʚʝʨʭʥʠʡ ʫʨʦʚʝʥʴ  GPU ʦʩʪʦʠʪ ʠʟ ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʛʨʫʧʧʠʨʫʶʪʩʷ 

ʚ ʦʜʥʦʤʝʨʥʳʡ ʤʘʩʩʠʚ, ʜʚʫʤʝʨʥʫʶ ʩʝʪʢʫ ʠʣʠ ʪʨʝʭʤʝʨʥʳʡ ʛʨʠʜ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ  64 * 1024* 1024. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʣʦʢʠ ʩʦʩʪʦʷʪ ʠʟ ʚʘʨʧʦʚ (warp), 

ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʥʠʪʝʡ (thread), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ 

ʈʠʩ. 1. ʉʭʝʤʘ GPGPUGM107 ʠ ʫʩʪʨʦʡʩʪʚʦ ʦʜʥʦʛʦ ʠʟ StreamingMultiprocessor 
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ʠʩʧʦʣʥʠʪʝʣʷʤʠ ʚʳʯʠʩʣʝʥʠʡ. ʅʠʪʠ ʚ ʙʣʦʢʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʚʠʜʝ ʦʜʥʦ-ʜʚʫʭ-

ʪʨʝʭʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʚʠʜʝʦʢʘʨʪʳ, ʬʠʟʠʯʝʩʢʠ ʚʩʝ 

ʵʪʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʥʘ 

ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʜʨʫʛʦʛʦ, ʥʦ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʡ ʧʣʘʥʠʨʦʚʱʠʢ ʧʦʟʚʦʣʷʝʪ ʥʘʧʠʩʘʥʥʦʡ ʩ ʦʜʥʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʨʦʛʨʘʤʤʝ ʢʦʨʨʝʢʪʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʥʦʡ 

ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʣʦʢʦʚ. 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʙʣʦʢ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ) ʠ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʣʠʯʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʥʠʪʠ. 

ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ 

ʇʫʩʪʴ ʥʘʤ ʜʘʥ ʦʨʛʨʘʬ , ʛʜʝ V ï ʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ, ʘ E ï

ʢʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ. ʈʝʙʨʦ ʝ ʩʦʝʜʠʥʷʝʪʩʷ ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ ʚʝʨʰʠʥʘʤʠ (u,v), ʛʜʝ 

.  ɺ ʦʨʛʨʘʬʝ ʨʝʙʨʦ ʚʩʝʛʜʘ ʥʘʧʨʘʚʣʝʥʥʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ u ʢ v ʠ ʠʤʝʝʪ 

ʚʝʩ w(u,v). ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ ï ʵʪʦ ʛʨʘʬ, ʨʸʙʨʘʤ ʢʦʪʦʨʦʛʦ ʟʘʜʘʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ (ʨʠʩʫʥʦʢ 2).  

ʇʫʪɹ  ï ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʚʝʨʰʠʥʳ, ʩʦʝʜʠʥʝʥʥʳʝ 

ʨʝʙʨʘʤʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʝʩʘ ʠʟ ʚʝʨʰʠʥʳ s ʜʦ ʢʦʥʝʯʥʦʡ t. ɺʝʩ ʧʫʪʠ  ʝʩʪʴ 

ʩʫʤʤʘ ʚʩʝʭ ʚʝʩʦʚ, ʨʝʙʨʘ ʢʦʪʦʨʳʭ ʭʨʘʥʠʪ ʧʫʪʴ. ʅʘʠʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʤʝʞʜʫ 

ʚʝʨʰʠʥʘʤʠ s ʠ t ʙʫʜʝʪ ʧʫʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʝʩʦʤ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ 

ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʨʰʠʥʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʚʝʨʰʠʥʘʤʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ  , ʠʣʠ ʧʨʦʩʪʦ  . 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʦʨʛʨʘʬʘ 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ (ʨʠʩʫʥʦʢ 3): 

1. ʀʥʠʮʠʘʣʠʟʘʮʠʷ. 

ɸʣʛʦʨʠʪʤ ʥʘʯʠʥʘʝʪʩʷ ʚ ʚʝʨʰʠʥʝ s ï ʢʦʨʥʝʚʦʡ ʚʝʨʰʠʥʝ ʛʨʘʬʘ, ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʚʩʝʭ ʚʝʨʰʠʥ i, ʢʨʦʤʝ s, ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ , d(s) = 0. ɺʝʨʰʠʥʫ s 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʧʦʛʨʘʥʠʯʥʫʶ, ʠ ʦʪʤʝʯʘʝʤ ʝʝ ʢʘʢ ʧʦʩʝʱʝʥʥʫʶ  f = s. 

2. ʆʙʭʦʜ ʩ ʧʝʨʝʩʯʝʪʦʤ ʨʘʩʩʪʦʷʥʠʡ 

ɼʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ v, ʩʤʝʞʥʦʡ ʩ f, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʦʪʤʝʯʝʥʥʦʡ, ʢʘʢ 

ʧʦʩʝʱʝʥʥʦʡ, ʥʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘʜʦ f ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ . 

ɽʩʣʠ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ d[v] , ʪʦʛʜʘ 

.
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3. ʇʝʨʝʤʘʨʢʠʨʦʚʢʘ ʚʝʨʰʠʥ 

ɺʝʨʰʠʥʘ u ʩ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʚ d ʧʦʤʝʯʘʝʪʩʷ ʢʘʢ ʥʦʚʘʷ ʧʦʩʝʱʝʥʥʘʷ 

f = u. 

4. ʇʨʦʚʝʨʢʘ 

ɽʩʣʠ ʚʩʝ ʚʝʨʰʠʥʳ ʙʳʣʠ ʧʦʩʝʱʝʥʳ, ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ, ʠʥʘʯʝ 

ʧʦʚʪʦʨʷʶʪʩʷ ʧʫʥʢʪʳ ʩ 2-ʛʦ ʰʘʛʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ d(i) ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠʟ ʢʦʨʥʝʚʦʡ 

ʚʝʨʰʠʥʳ s ʜʦ i-ʡ ʚʝʨʰʠʥʳ. 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ ʥʘ CUDA 

ɸʣʛʦʨʠʪʤ ɼʝʡʢʩʪʨʳ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 3 ʰʘʛʘ: ʚʳʯʠʩʣʝʥʠʝ ʥʦʚʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʤʥʦʞʝʩʪʚʘ ʛʨʘʥʠʯʥʳʭ ʚʝʨʰʠʥ ʜʦ ʩʤʝʞʥʳʭ ʥʝʧʦʤʝʯʝʥʥʳʭ 

ʚʝʨʰʠʥ (ʨʝʣʘʢʩʘʮʠʷ), ʥʘʭʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʤʥʦʞʝʩʪʚʘ ʥʝʧʦʤʝʯʝʥʥʳʭ ʚʝʨʰʠʥ (ʧʦʠʩʢ ʤʠʥʠʤʫʤʘ) ʠ ʧʝʨʝʤʘʨʢʠʨʦʚʢʘ ʚʝʨʰʠʥ 

(ʦʙʥʦʚʣʝʥʠʝ ʤʥʦʞʝʩʪʚ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʰʠʥʳ ʜʝʣʷʪʩʷ ʥʘ 3 ʤʥʦʞʝʩʪʚʘ: 

ʧʦʤʝʯʝʥʥʳʝ (ʦʙʨʘʙʦʪʘʥʥʳʝ), ʛʨʘʥʠʯʥʳʝ (ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ) ʠ 

ʥʝʧʦʤʝʯʝʥʥʳʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ: 

¶  ɺʝʢʪʦʨ ,  ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʚ   ʤʥʦʞʝʩʪʚʦ ʥʝʧʦʤʝʯʝʥʥʳʭ ʚʝʨʰʠʥ ; 

¶  ɺʝʢʪʦʨ ,  ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʚ    ʚʝʨʰʠʥʳ  ʢʘʢ ʛʨʘʥʠʯʥʳʝ; 

¶  ɺʝʢʪʦʨ , ʢʦʪʦʨʳʡ ʭʨʘʥʠʪ ʚ  ʚʳʯʠʩʣʝʥʥʦʝ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʰʠʥʳ  ʜʦ ʚʝʨʰʠʥʳ . 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʰʘʛ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ: 

1. ʈʝʣʘʢʩʘʮʠʷ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ.  

ʂʘʞʜʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʦʪʜʝʣʴʥʦʤ ʧʦʪʦʢʝ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʚʦʝʛʦ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʀʥʜʝʢʩ ʷʜʨʘ, ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ i-ʶ ʚʝʨʰʠʥʫ, 

ʟʘʜʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ: 

 
ʛʜʝ  blockIdx.x ï ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʙʣʦʢʘ; 

blockDim.x ï ʢʦʣʠʯʝʩʪʚʦ ʥʠʪʝʡ ʚ ʦʜʥʦʤ ʙʣʦʢʝ; 

threadIdx.x ï ʥʦʤʝʨ ʪʝʢʫʱʝʡ ʥʠʪʠ. 

ɺ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʷʜʨʝ ʚʳʧʦʣʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʪʦʣʴʢʦ ʜʣʷ 

ʥʝʦʪʤʝʯʝʥʥʳʭ ʚʝʨʰʠʥ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʝʨʰʠʥʘʤʠ ʠʟ 

 

ʈʠʩ. 3. ʅʘʯʘʣʴʥʘʷ ʨʘʩʩʪʘʥʦʚʢʘ ʚ ʛʨʘʬʝ 
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ʛʨʘʥʠʯʥʦʛʦ ʥʘʙʦʨʘ ʚʝʨʰʠʥ  ʆʜʥʘ ʥʠʪʴ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʢʘʢ ʚʝʨʰʠʥʘ ʛʨʘʬʘ. 

ʎʠʢʣ ʧʦ ʩʧʠʩʢʫ ʩʤʝʞʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʡ ʧʦʛʨʘʥʠʯʥʦʡ ʚʝʨʰʠʥʳ  

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝʩʘ ʥʝʦʪʤʝʯʝʥʥʳʭ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ, ʝʩʣʠ ʪʝʢʫʱʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʠʭ ʙʦʣʴʰʝ, ʯʝʤ ʩʫʤʤʘ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʩʘʤʦʡ ʛʨʘʥʠʯʥʦʡ ʚʝʨʰʠʥʳ 

ʠ ʚʝʩʘ ʨʝʙʨʘ ʦʪ ʥʝʝ ʜʦ ʩʤʝʞʥʦʡ ʚʝʨʰʠʥʳ. 

2. ʇʦʠʩʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚ ʥʘʙʦʨʝ ʥʝʦʪʤʝʯʝʥʥʳʭ ʚʝʨʰʠʥ. 

ɺʳʯʠʩʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʫʟʣʦʚ, ʠʟ . 

ɼʦʙʘʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ  ʢ , ʠ 

ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ , ʛʜʝ 

, ʠ ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ. 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʪʝʭʥʠʢʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʝʜʫʢʮʠʠ, ʢʦʛʜʘ N/2 ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ, ʛʜʝ N = |V|, 

ʦʧʨʝʜʝʣʷʶʪ  ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʠʥʠʤʫʤ ʠʟ ʜʚʫʭ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʚʝʨʰʠʥ vi, vj, ʛʜʝ 

i=0..N/2-1 ʠ j = N/2..N-1. ɿʘʧʠʩʳʚʘʷ ʤʠʥʠʤʫʤ ʠʟ ʵʪʠʭ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ʚ i-ʶ 

ʧʦʟʠʮʠʶ ʚʨʝʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʧʦʚʪʦʨʷʝʤ ʦʧʝʨʘʮʠʶ ʨʝʜʫʢʮʠʠ, ʥʦ ʫʞʝ ʥʘ 

ʤʘʩʩʠʚʝ ʧʦʣʦʚʠʥʥʦʡ ʜʣʠʥʳ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʰʘʛʘ. ɽʩʣʠ ʥʘ ʢʘʢʦʤ-ʪʦ ʵʪʘʧʝ 

ʩʦʢʨʘʱʝʥʠʷ ʤʘʩʩʠʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʯʝʪʥʦʡ ʜʣʠʥʳ, ʚʳʨʘʚʥʠʚʘʝʤ ʝʛʦ, ʫʚʝʣʠʯʠʚʘʷ 

ʜʣʠʥʫ ʥʘ 1. ɺ ʠʪʦʛʝ ʚ ʧʝʨʚʦʡ ʷʯʝʡʢʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʠʪʝʨʘʮʠʡ ʦʩʪʘʝʪʩʷ ʵʣʝʤʝʥʪ 

ς ʤʠʥʠʤʫʤ ʠʩʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. 

3. ʆʙʥʦʚʣʝʥʠʝ ʤʥʦʞʝʩʪʚ ʚʝʨʰʠʥ 

ʇʦʤʝʯʘʶʪʩʷ, ʢʘʢ ʧʨʦʡʜʝʥʥʳʝ, ʚʝʨʰʠʥʳ ʠʟ , ʚʳʯʠʩʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 

ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʦ . ʂʘʞʜʘʷ ʥʠʪʴ ʚʳʧʦʣʥʷʝʪ ʧʨʦʚʝʨʢʫ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʨʰʠʥ r , ʝʩʣʠ ʠ , ʪʦ ʜʦʙʘʚʣʷʝʪʩʷ ʚ 

ʩʧʠʩʦʢ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ  ʠ ʫʜʘʣʷʝʪʩʷ ʠʟ ʧʦʤʝʯʝʥʥʳʭ  

ʈʝʟʫʣʴʪʘʪʳ 

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʨʠʢʦʥʩʦʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʜʚʝ ʠʟ 

ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʶʪ ʚʳʯʠʩʣʝʥʠʷ ʤʝʪʦʜʘ ɼʝʡʢʩʪʨʳ ʥʘ CPU ʠ GPGPU, ʘ ʪʘʢʞʝ 

ʛʝʥʝʨʘʪʦʨ ʛʨʘʬʦʚ ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʤʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ MicrosoftVisualStudio 2013 ʠ ʷʟʳʢ C++, ʘ ʪʘʢʞʝ CUDAToolkit 

6.5. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʘʮʠʡ ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

 
CPU ʨʝʘʣʠʟʘʮʠʷ GPGPU ʨʝʘʣʠʟʘʮʠʷ 

CPU Intel(R) Core(TM) i3-2350M CPU @ 

2.30GHz 

CPU AMD Phenom X3 720 CPU @ 3100 

GHz 

RAM 8192MB DDR3 GeForce GTX 750Ti, 2048MB GDDR4, 

1020MHz (Maxwell GM107, 5 Streaming 

Multiprocessors, Compute Capability 5.0, 

640 CUDA cores) 

OS Windows 8.1 Prof 64-bit  OS Windows 7 Prof x64 SP1 
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ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4, ʛʜʝ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʚʝʨʰʠʥ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʨʦʮʝʩʩʦʨʫ ʪʨʝʙʫʝʪʩʷ ʩ ʢʘʞʜʳʤ 

ʰʘʛʦʤ  ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʛʨʘʬʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʦʨʫ. ʇʦʩʣʝ 10*2
8 
ʚʝʨʰʠʥ ʤʳ 

ʥʘʙʣʶʜʘʝʤ ʨʝʟʢʠʡ ʨʦʩʪ ʚʨʝʤʝʥʠ ʥʘ ʦʙʨʘʙʦʪʢʫ ʫ ʘʣʛʦʨʠʪʤʘ ʥʘ CPU, ʨʝʘʣʠʟʘʮʠʷ 

ʥʘ  GPGPU ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʥʘʢʣʦʥʦʤ ʢʨʠʚʦʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʢʨʘʪʥʳʭ ʨʘʟʣʠʯʠʡ ʚ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. 

ʅʘ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ |V| ʠʤʝʝʪ ʤʝʩʪʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʡ ʥʘʜ ʩʘʤʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ, ʪʘʢ ʢʘʢ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ ʢʦʧʠʨʦʚʘʥʠʷ ʛʨʘʬʘ ʠʟ ʦʩʥʦʚʥʦʡ ʧʘʤʷʪʠ 

ʢʦʤʧʴʶʪʝʨʘ ʚ ʧʘʤʷʪʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʠ ʦʙʨʘʪʥʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʯʠʩʣʝʥʠʡ ʟʘʥʠʤʘʶʪ ʚ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʦʪ 5 ʤʠʣʣʠʩʝʢʫʥʜ ʚʨʝʤʝʥʠ. 

 

 
 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

 

ɺʳʚʦʜʳ 

ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʠ ʝʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʝʪʘ ʥʘ GPGPU ʜʘʞʝ ʜʣʷ 

ʠʟʥʘʯʘʣʴʥʦ ʦʜʥʦʧʦʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʦʢʨʘʱʝʥʠʷʤ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʦʚ. ʊʘʢʞʝ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʘʜʘʧʪʘʮʠʠ ʦʜʥʦʧʦʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʟʘʜʘʯ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʥʝ ʧʨʦʩʪʦ ʟʘʤʝʪʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ, 

ʥʦ ʟʘʯʘʩʪʫʶ ʠ ʧʨʦʩʪʦ ʧʦʚʪʦʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʯʝʪʦʚ ʥʘ CPU. 

ʈʝʘʣʠʟʦʚʘʥʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤ ʥʝ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʳʤ ʠ ʥʘʚʝʨʥʷʢʘ 

ʪʨʝʙʫʝʪ ʜʦʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʥʘ GPGPU. ʆʩʦʙʝʥʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʦʨʛʨʘʬʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʚ 

ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ, ʧʦʵʪʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 4 ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʬʣʶʢʪʫʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʨʝʟʫʣʴʪʘʪʳ ʛʣʘʜʢʦʡ ʢʨʠʚʦʡ, ʠʩʭʦʜʷ ʠʟ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʘʢ O(n
2
). 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʟʘʚʠʩʠʪ ʦʪ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 

ʢʦʤʧʴʶʪʝʨʘ, ʢʘʢ CPU, ʪʘʢ ʠ GPGPU. ʋʩʢʦʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ 

ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʢʦʨʠʪʝʣʷ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ CUDA-ʷʜʝʨ, ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʩʘʤʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠʣʠ ʠʭ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʘ ʦʜʠʥ ʧʦʪʦʢ. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʪʨʝʭʤʝʨʥʳʡ ʢʨʠʩʪʘʣʣ 

ʤʦʜʝʣʴʥʦʛʦ ʩʧʣʘʚʘ ʩʠʩʪʝʤʳ Cu-Pt. ʈʘʟʤʝʨ ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ ʩʦʩʪʘʚʣʷʣ 

24Ĭ24Ĭ24 ʘʪʦʤʥʳʭ ʩʣʦʝʚ (55296 ʘʪʦʤʦʚ). ɿʘ ʧʨʝʜʝʣʘʤʠ ʨʘʩʯʝʪʥʳʡ ʙʣʦʢ 

ʧʦʚʪʦʨʷʣʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʇʦʣʦʞʝʥʠʝ 

ʘʪʦʤʦʚ ʚ ʩʪʘʨʪʦʚʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦ ʚʩʝʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʟʘʜʘʚʘʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

https://developer.nvidia.com/cuda-zone
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ʢʨʠʩʪʘʣʣʘ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 200 ʂ ʜʦ 1400 ʂ. ɺ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ ʚʚʦʜʠʣʘʩʴ 

ʦʜʥʘ ʚʘʢʘʥʩʠʷ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʴʢʦ ʚʘʢʘʥʩʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʜʠʬʬʫʟʠʠ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʘʪʦʤʘʤʠ ʢʦʤʧʦʥʝʥʪ ʩʧʣʘʚʘ ʙʳʣʠ 

ʟʘʜʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ  ʄʦʨʟʝ ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʠ: 

)2()( -=
-- ijKLijKL r

KL

r

KLKLij eeDr
aa

bbj , (1) 

ʛʜʝ KLKLKL D,,ba  ï ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʦʚ ʄʦʨʟʝ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʚʷʟʠ ʧʘʨ 

ʘʪʦʤʦʚ ʩʦʨʪʦʚ K-L;  r ij ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʪʦʤʘʤʠ. 

ʉʨʝʜʥʷʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʥʘ ʦʜʠʥ ʘʪʦʤ ʢʨʠʩʪʘʣʣʘ 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

()ää
= =

=
N

i

M

j

ijr
N

E
1 12

1
j , (2) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʝ; M ï ʯʠʩʣʦ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʥʠʭ 

ʘʪʦʤʦʚ ʥʘ ʧʝʨʚʳʭ ʪʨʝʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨʘʭ. 

ʕʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʪʠʬʘʟʥʦʡ ʛʨʘʥʠʮʳ (ɸʌɻ) ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ 

ʬʦʨʤʫʣʝ [1,2]: 

S

EE
E ɸʌɻi -=* , (3) 

ʛʜʝ Ei ï ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʠʜʝʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, Eɸʌɻ ï 

ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʘ ʩ ɸʌɻ, S ï ʧʣʦʱʘʜʴ ɸʌɻ. 

ʉʪʘʨʪʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʧʣʘʚʘ Cu3Pt  ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʳʡ 

ʢʨʠʩʪʘʣʣ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L12. ɺ ʵʪʦʤ ʩʧʣʘʚʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100> 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ: ʪʝʨʤʠʯʝʩʢʦʡ (ʊɸʌɻ) ʠ 

ʩʜʚʠʛʦʚʦʡ (ʉɸʌɻ). 

ʇʦ ʬʦʨʤʫʣʝ (3) ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʊɸʌɻ ʩʦʩʪʘʚʣʷʝʪ 13,1 ʤɼʞ/ʤ
2
, ʘ 

ʵʥʝʨʛʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʉɸʌɻ ʨʘʚʥʘ 11,7 ʤɼʞ/ʤ
2
. ʆʙʨʘʟʦʚʘʥʠʝ ʉɸʌɻ ʷʚʣʷʝʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ, ʯʝʤ ʦʙʨʘʟʦʚʘʥʠʝ ʊɸʌɻ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100> ʚ 

ʩʧʣʘʚʝ Cu3Pt. 

ɺʢʣʘʜ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ ʚ ʩʧʣʘʚʝ Cu3Pt ʨʘʩʩʯʠʪʳʚʘʣʩʷ 

ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʩʧʣʘʚʘ ʩ ɸʌɻ ʠ ʩʧʣʘʚʘ ʙʝʟ ʛʨʘʥʠʮ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʀʟʤʝʥʝʥʠʝ ʚʢʣʘʜʘ ɸʌɻ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

ɺʢʣʘʜ ɸʌɻ ʚ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ  (ʨʠʩ. 1). ɺʢʣʘʜ ʪʝʨʤʠʯʝʩʢʠʭ ɸʌɻ ʚ ʦʙʱʫʶ 

ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʚʢʣʘʜ ʩʜʚʠʛʦʚʳʭ ʛʨʘʥʠʮ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

400 ʂ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʊɸʌɻ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ 

ʧʝʨʝʩʪʨʦʡʢʠ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʢ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 600 ʜʦ 800 ʂ ʪʠʧ ɸʌɻ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʢʣʘʜ ʚ 

ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʠʥʘʶʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ 

ʨʘʩʯʝʪʥʦʛʦ ʙʣʦʢʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʛʨʘʥʠʮ. ʇʨʠ 900 ʂ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʟʥʘʯʝʥʠʷʭ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʪʘʢ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʨʷʜʦʢ-

ʙʝʩʧʦʨʷʜʦʢ ʚʣʠʷʥʠʝ ʩʜʚʠʛʦʚʳʭ ʘʥʪʠʬʘʟʥʳʭ ʛʨʘʥʠʮ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩʧʣʘʚʘ Cu3Pt 
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ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʢʣʘʜ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1100 ʂ ʠ ʚʳʰʝ ʦʥ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʩʧʣʘʚʳ ʧʝʨʝʭʦʜʷʪ ʚ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʯʘʣʴʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ 

ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʢʨʠʩʪʘʣʣʘ. 
 

 
 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʚʢʣʘʜʘ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ 

ʢʨʠʩʪʘʣʣʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʧʣʘʚʝ Cu3Pt 

 

ʉʪʘʨʪʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʧʣʘʚʘ CuPt3 ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʳʡ 

ʢʨʠʩʪʘʣʣ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L13. ɺ ʵʪʦʤ ʩʧʣʘʚʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100> 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩʜʚʠʛʦʚʳʭ ɸʌɻ. ʇʦ ʬʦʨʤʫʣʝ (3) ʵʥʝʨʛʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʉɸʌɻ ʩʦʩʪʘʚʣʷʝʪ 7 ʤɼʞ/ʤ
2
. 

ɺʢʣʘʜ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ (ʨʠʩ. 2) 

ʩʪʘʙʠʣʝʥ ʜʣʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 500 ʂ). ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 500 ʜʦ 

1100 ʂ ʟʥʘʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʣʠʷʥʠʠ ɸʌɻ 

ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʤʳʪʠʝʤ ʛʨʘʥʠʮ ʠ ʧʦʷʚʣʝʥʠʝʤ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʚʦ ʚʩʝʤ ʢʨʠʩʪʘʣʣʝ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ ʵʥʝʨʛʠʡ ʢʨʠʩʪʘʣʣʦʚ ʩ 

ɸʌɻ ʠ ʙʝʟ ʛʨʘʥʠʮ, ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 1300 ʂ ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʩʪʨʝʤʠʪʩʷ 

ʢ ʥʫʣʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʭʦʜʝ ʩʧʣʘʚʘ ʚ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʉʪʘʨʪʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʧʣʘʚʘ CuPt  ʧʨʝʜʩʪʘʚʣʷʣʘ  ʩʦʙʦʡ ʫʧʦʨʷʜʦʯʝʥʥʳʡ 

ʢʨʠʩʪʘʣʣ ʩʦ ʩʚʝʨʭʩʪʨʫʢʪʫʨʦʡ L11. ɺ ʵʪʦʤ ʩʧʣʘʚʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100> 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩʜʚʠʛʦʚʳʭ ɸʌɻ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (3) 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʉɸʌɻ ʩʦʩʪʘʚʣʷʝʪ 21 ʤɼʞ/ʤ
2
. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ [3].  

ʀʟʤʝʥʝʥʠʝ ʚʢʣʘʜʘ ʉɸʌɻ ʚ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ ʚ ʩʧʣʘʚʝ CuPt ʚ 

ʧʨʦʮʝʩʩʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʨʷʜʦʢ-ʙʝʩʧʦʨʷʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. ɺʢʣʘʜ 

ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ 

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʘ.  

 

 



 104 

 
 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʚʢʣʘʜʘ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ 

ʢʨʠʩʪʘʣʣʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʧʣʘʚʝ CuPt3 

 

 
 

ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʚʢʣʘʜʘ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ 

ʢʨʠʩʪʘʣʣʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʧʣʘʚʝ CuPt 

 

ɼʣʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʜʦ 400 ʂ) ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʩʧʣʘʚʘ ʙʝʟ ʘʥʪʠʬʘʟʥʳʭ 

ʛʨʘʥʠʮ ʠ ʩʧʣʘʚʘ ʩ ʉɸʌɻ ʩʪʘʙʠʣʴʥʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 1000 ʂ 

ʚʢʣʘʜ ʉɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʩʧʣʘʚʝ ʩ ʘʥʪʠʬʘʟʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ. ʊʝʤʧʝʨʘʪʫʨʘ 1085 ʂ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʷ 

ʩʧʣʘʚʘ CuPt. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 1000 ʜʦ 1300 ʂ ʨʘʟʥʦʩʪʴ 

ʵʥʝʨʛʠʡ ʢʨʠʩʪʘʣʣʘ ʩ ɸʌɻ ʠ ʙʝʟ ʛʨʘʥʠʮ ʫʤʝʥʴʰʘʝʪʩʷ, ʟʘʪʝʤ ʦʥʘ ʧʨʠʥʠʤʘʝʪ 

ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 0, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʝʭʦʜʝ ʩʧʣʘʚʦʚ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸʌɻ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <100> ʚ ʩʧʣʘʚʘʭ Cu3Pt, CuPt3 

ʠ CuPt; ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ɸʌɻ ʥʘ ʧʨʦʮʝʩʩʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʧʦʨʷʜʦʢ-

ʙʝʩʧʦʨʷʜʦʢ.  
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ʉʘʤʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ɸʌɻ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ 

ʩʧʣʘʚʘ CuPt3 (7 ʤɼʞ/ʤ
2
), ʘ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ï ʜʣʷ ʩʧʣʘʚʘ CuPt (21 

ʤɼʞ/ʤ
2
). 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʨʘʩʪʘʥʠʝ ʚʢʣʘʜʘ ɸʌɻ ʚ ʩʨʝʜʥʶʶ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʫʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʚ ʩʧʣʘʚʝ, ʩʦʜʝʨʞʘʱʝʤ ɸʌɻ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ <100>, ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʝʟ ʛʨʘʥʠʮ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʢʣʘʜ ɸʌɻ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤ, ʪʘʢ ʢʘʢ ʩʧʣʘʚ 

ʧʝʨʝʭʦʜʠʪ ʚ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ.  
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ɸʇʇʈʆʂʉʀʄɸʎʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ɻʆʈʗʏɽʂɸʊɸʅʆʁ 

ʇʆʃʆʉʓ ʇʆʃʀʅʆʄɸʄʀ 4-ʁ ʉʊɽʇɽʅʀ  

ɺ ɿɸɼɸʏɽ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ʇʈʆʂɸʊʂʀ 

ɸ.ʅ. ʐʢʘʨʠʥ 

ʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʉʝʛʦʜʥʷ ʛʣʘʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʫʨʛʠʠ ï ʢʦʨʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʚʳʧʫʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʦʩʳ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʝʬʝʢʪʦʚ ʛʦʨʷʯʝʢʘʪʘʥʦʛʦ ʣʠʩʪʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʢʘʪʢʘ, ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʄʅʂ, ʢʘʯʝʩʪʚʦ ʧʦʣʦʩʳ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ. 

 

APPROXIMATION OF A HOT -ROLLED STRIP SURFACE BY 

POLYNOMIALS OF FOURTH DEGREE FOR QUALITY ASSESSMENT OF 

ROLLED PRODUCTS 

A.N. Shkarin 

Lipetsk State Technical University 

 

Abstract:  Nowadays a principal trend in the metallurgy development is a 

dramatic quality improvement and a rise in metal production. So the most important 

problem is that of quality assessment of the strip at different stages of the rolling 
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process. This article deals with approximation using the method of least squares to 

assess defects of a hot-rolled sheet. 

Keywords:  rolling, approximation, Ordinary Least Squares (OLS), quality of a 

strip, R-squared. 

 

ʇʨʦʢʘʪʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʣʘ ʤʝʞʜʫ 

ʧʨʠʚʦʜʥʳʤʠ ʚʘʣʢʘʤʠ [1]. ʉʭʝʤʘʪʠʯʥʦ ʧʨʦʮʝʩʩ ʧʨʦʢʘʪʢʠ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʨʠʩʫʥʦʢ 1. 

ʆʙʨʘʙʘʪʳʚʘʝʤʦʝ ʪʝʣʦ (ʧʦʣʦʩʘ) ʧʨʦʧʫʩʢʘʝʪʩʷ ʤʝʞʜʫ ʚʘʣʢʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʝʝ ʪʦʣʱʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ, ʥʘʦʙʦʨʦʪ, ʚʦʟʨʘʩʪʘʶʪ. ʇʨʠ 

ʵʪʦʤ ʚʘʣʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʠʟ-ʟʘ ʢʦʥʪʘʢʪʘ ʩ ʤʝʪʘʣʣʦʤ, ʘ ʪʘʢʞʝ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʩʠʣʴʥʦ ʠʟʥʘʰʠʚʘʶʪʩʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʟʫʶʱʘʷ ʚʘʣʢʦʚ 

ʧʨʠʦʙʨʝʪʘʝʪ ʬʦʨʤʫ, ʧʦʭʦʞʫʶ ʥʘ ʪʨʘʧʝʮʠʶ [2], ʨʠʩʫʥʦʢ 2. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʦʢʘʪʢʠ 

 

 
 

ʈʠʩ. 2. ʊʠʧʠʯʥʳʡ ʧʨʠʤʝʨ ʠʟʥʦʩʘ ʚʘʣʢʦʚ 
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ʀʟ-ʟʘ ʪʘʢʦʛʦ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʧʨʦʢʘʪʘʥʥʘʷ ʧʦʣʦʩʘ ʦʙʳʯʥʦ ʠʤʝʝʪ 

ʨʘʟʥʳʝ ʪʦʣʱʠʥʳ ʚ ʮʝʥʪʨʝ ʠ ʧʦ ʢʨʘʷʤ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʚʳʭʦʜʝ ʩʪʘʥʘ ʯʘʱʝ 

ʚʩʝʛʦ ʠʤʝʝʤ ʛʨʘʬʠʢ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ, ʨʠʩʫʥʦʢ 3. 

 

 
 

ʈʠʩ. 3. ɻʨʘʬʠʢ ʧʦʣʦʩʳ 

 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦʤʠʤʦ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʧʦʣʦʩʘ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʝ ʜʝʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʣʠʩʪʘ, ʪʘʢ 

ʢʘʢ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʢʦʨʦʙʣʝʥʠʝ [3]. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʵʪʠʭ ʜʝʬʝʢʪʦʚ ʙʳʣʦ 

ʨʝʰʝʥʦ ʧʨʠʤʝʥʠʪʴ ʪʘʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʘʢ ʘʧʧʨʦʢʩʠʤʘʮʠʷ. ʇʨʦʚʝʜʷ 

ʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʨʠʥʷʣʠ ʨʝʰʝʥʠʝ ʧʨʠʙʣʠʟʠʪʴ ʧʦʣʦʩʫ ʧʦ ʤʝʪʦʜʫ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ), ʧʨʠʤʝʥʠʚ ʤʦʜʝʣʴ ʚʠʜʘ: 

)(  xa  xa  xa xa  a t44 3322110 xfe  = +++++ , 

ʛʜʝ ia  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ, te  ï ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ. 

ʇʨʠ ʧʦʧʳʪʢʝ ʥʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʜʝʣʠ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʘʷ 

ʤʘʪʨʠʮʘ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʫʣʴʪʠʢʦʣ-

ʣʠʥʝʘʨʥʦʩʪʴ (ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʷʩʥʷʶʱʠʤʠ 

ʧʝʨʝʤʝʥʥʳʤʠ). ʇʦʵʪʦʤʫ ʧʦʩʣʝ  ʧʦʰʘʛʦʚʦʛʦ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʰʝʥʦ 

ʙʳʣʦ ʧʨʠʨʘʚʥʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ a3 ʢ ʥʫʣʶ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʣʫʯʠʣʠ ʤʦʜʝʣʴ 

ʚʠʜʘ: 

)(  xa  xa xa  a t4422110 xfe  = ++++ . 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʦʩʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

(R
2
), ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʘʷ ʯʘʩʪʴ (ʜʦʣʷ) ʚʘʨʠʘʮʠʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ 

ʦʙʫʩʣʦʚʣʝʥʘ ʚʘʨʠʘʮʠʝʡ ʦʙʲʷʩʥʷʶʱʝʡ ʧʝʨʝʤʝʥʥʦʡ [4].  

yD

D

yV

xyV
R -=-= 1

)(

)|(
12

. 

ʏʝʤ ʙʣʠʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ ʢ ʝʜʠʥʠʮʝ, ʪʝʤ ʣʫʯʰʝ ʚʳʙʨʘʥʥʘʷ 

ʤʦʜʝʣʴ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʜʘʥʥʳʝ. ʀʟʦʙʨʘʟʠʤ ʥʘʰʝ ʫʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ ʥʘ ʛʨʘʬʠʢʝ, 

ʨʠʩʫʥʦʢ 4. 
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ʈʠʩ. 4. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʦʩʳ 

 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ ʜʘʥʥʦʛʦ ʣʠʩʪʘ 0,98. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʩ 

ʤʘʩʩʠʚʦʤ ʠʟ 200 ʧʦʣʦʩ ʙʳʣ ʥʘʡʜʝʥ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

ʜʣʷ  ʛʦʨʷʯʝʢʘʪʘʥʳʭ  ʣʠʩʪʦʚ  ʨʘʟʣʠʯʥʦʡ  ʪʦʣʱʠʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʦʩʳ 

 

ʅʦʤʠʥʘʣʴʥʘʷ ʰʠʨʠʥʘ ʛʦʨʷʯʝʢʘʪʘʥʦʡ 

ʧʦʣʦʩʳ, ʤʤ 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ 

900 ï 1250 >0,80 

1251 ï 1500 >0,85 

1501 ï 1850 >0,90 
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ʇʈʀʄɽʅɽʅʀɽ ʂʆʄʇʔʖʊɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ  

ʇʈʀ ɼʀʉʊɸʅʎʀʆʅʅʆʄ ʆɹʋʏɽʅʀʀ ʄɸʊɽʄɸʊʀʏɽʉʂʀʄ 

ɼʀʉʎʀʇʃʀʅɸʄ ʉʊʋɼɽʅʊʆɺ ʊɽʍʅʀʏɽʉʂʆɻʆ ɺʋɿɸ 

ɻ.ʂ. ʖʨʦʚʘ, ʂ.ɸ. ʐʠʧʠʣʦʚʘ, ɸ.ʅ. ʉʘʨʘʝʚʘ,  

ʃ.ɸ. ʇʨʦʰʢʠʥʘ,  ɻ.ɺ. ʇʳʰʥʦʛʨʘʡ  

ɸʣʪʘʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ ʧʦ 

ʢʫʨʩʘʤ: ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ, ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʠ ʊʝʦʨʠʷ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʠʟʘʮʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

Moodle. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʄʆɼʋʉ, ʤʘʪʝʤʘʪʠʢʘ ʜʣʷ 

ʚʫʟʦʚ. 
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ʅʘ ʨʫʙʝʞʝ XX-XXI ʚʝʢʦʚ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʣ ʚʦʧʨʦʩ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʬʝʨʳ ʠ ʩʦʟʜʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʦʙʫʯʝʥʠʷ. ʆʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʨʥʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ 

ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʶ 

ʫʯʘʱʠʭʩʷ, ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʫʨʩʦʚ. 

ʊʘʢ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʥʝʜʘʚʥʦ, ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢ 

ʥʠʤ ʧʦʢʘ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ 

ʚʦʧʨʦʩʳ: ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʢʫʨʩʘʤ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʧʝʮʠʬʠʢʠ 

ʩʦʟʜʘʥʠʷ ʢʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʪʦʜʠʢʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʫʨʩʦʚ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʢʘʢ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʳʭ ʜʠʩʮʠʧʣʠʥ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦʧʨʦʩ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷʚ 

ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ, ʪʘʢ ʢʘʢ ʦʯʝʥʴ ʯʘʩʪʦ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʡ ʫʯʘʱʠʝʩʷ ʥʝ ʧʦʩʝʱʘʶʪ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ. 



 110 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʥʦʚʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ. ʕʪʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʙʦʟʥʘʯʠʣʘʩʴ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ: 

¶ ʟʘʤʝʪʥʦ ʨʘʩʪʝʪ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ, ʞʝʣʘʶʱʠʭ ʧʦʣʫʯʠʪʴ ʚʳʩʰʝʝ 

ʦʙʨʘʟʦʚʘʥʠʝ, ʥʝ ʦʪʨʳʚʘʷʩʴ ʦʪ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʤʦʱʴ ʤʦʛʣʠ ʙʳ ʦʢʘʟʘʪʴ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʢʫʨʩʳ ʧʦ ʧʨʝʜʤʝʪʘʤ ʩ ʵʧʠʟʦʜʠʯʝʩʢʠʤʠ ʢʦʥʩʫʣʴʪʘʮʠʷʤʠ ʠ 

ʢʦʥʪʨʦʣʝʤ ʧʝʜʘʛʦʛʦʚ;  

¶ ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʢʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʜʣʷ ʠʥʚʘʣʠʜʦʚ ʠ 

ʜʨʫʛʠʭ ʢʘʪʝʛʦʨʠʡ ʫʯʘʱʠʭʩʷ, ʥʝ ʠʤʝʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʘʪʴʩʷ ʚ ʦʯʥʦʡ 

ʬʦʨʤʝ;  

¶ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ ʤʦʛʣʘ ʙʳ ʚʳʩʪʫʧʠʪʴ ʩʝʨʴʝʟʥʳʤ 

ʢʦʥʢʫʨʝʥʪʦʤ ʜʣʷ ʚʩʷʢʦʛʦ ʨʦʜʘ ʨʝʧʝʪʠʪʦʨʩʪʚʘ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʚʳʩʰʠʝ 

ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ;  

¶ ʥʘʢʦʥʝʮ, ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ ʤʦʛʣʘ ʙʳ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʯʘʱʠʤʩʷ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʨʦʙʝʣʳ ʚ ʟʥʘʥʠʷʭ ʠʣʠ ʥʘʦʙʦʨʦʪ ʫʛʣʫʙʠʪʴ ʩʚʦʠ 

ʟʥʘʥʠʷ ʚ ʠʥʪʝʨʝʩʫʶʱʠʭ ʠʭ ʦʙʣʘʩʪʷʭ.  

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʥʝʥʠʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ  ʦʙʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ Moodle ʥʘ ʧʨʠʤʝʨʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʦʚ: 

ʃʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ, ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʊʝʦʨʠʷ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʘʫʯʥʦʡ, ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʘʩʘʶʱʠʭʩʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʢʩʪʦʚ ʞʫʨʥʘʣʴʥʳʭ 

ʩʪʘʪʝʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʦʝ ʪʦʣʢʦʚʘʥʠʝ ʩʫʱʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʧʦʥʷʪʠʷ çʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝè. ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʘʢʪʦʚʢʠ 

ʵʪʦʛʦ ʧʦʥʷʪʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʜʭʦʜʦʚ ʢ ʝʛʦ ʧʦʥʠʤʘʥʠʶ. 

ʇʨʠʚʝʜʝʤ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʝ ʪʨʘʢʪʦʚʢʠ ʵʪʦʛʦ ʪʝʨʤʠʥʘ. 

ɺ ʂʦʥʮʝʧʮʠʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʌ 

ʧʨʠʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ï ʢʦʤʧʣʝʢʩ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʰʠʨʦʢʠʤ ʩʣʦʷʤ ʥʘʩʝʣʝʥʠʷ ʚ ʩʪʨʘʥʝ ʠ 

ʟʘ ʨʫʙʝʞʦʤ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʩʨʝʜʩʪʚʘʭ ʦʙʤʝʥʘ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ (ʩʧʫʪʥʠʢʦʚʦʝ ʪʝʣʝʚʠʜʝʥʠʝ, ʨʘʜʠʦ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʚʷʟʴ ʠ ʪ.ʧ.). 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʠʟʚʘʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʘʚʘ ʯʝʣʦʚʝʢʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʨʝʰʝʥʠʠ ʢʦʣʣʝʛʠʠ ɻʦʩʢʦʤʚʫʟʘ 1993 ʛʦʜʘ çʆ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʈʌè  ʛʦʚʦʨʠʪʩʷ: çɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ï 

ʵʪʦ ʬʦʨʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʦʩʪʘʚʢʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʪʨʝʙʠʪʝʣʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷè. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʦʩʪʘʚʢʫ ʦʙʫʯʘʝʤʳʤ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʠʟʫʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʫʯʘʝʤʳʭ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʫʯʘʱʠʤʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 
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ʨʘʙʦʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʠʟʫʯʘʝʤʦʛʦ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʥʦʚʘʷ ʩʪʫʧʝʥʴ ʦʙʫʯʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʚʠʜʝʦ- ʠ ʘʫʜʠʦ-,  ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ 

ʪʝʭʥʠʢʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʦʙʫʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʨʘʟʜʝʣʝʥʳ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʪʠʧ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʝʜʘʛʦʛʦʚ ʠ ʫʯʘʱʠʭʩʷ, 

ʨʝʘʣʠʟʫʶʱʝʤʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʩʫʨʩʦʚ 

ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ɼʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʚʩʝ ʧʨʠʩʫʱʠʝ 

ʫʯʝʙʥʦʤʫ ʧʨʦʮʝʩʩʫ ʢʦʤʧʦʥʝʥʪʳ ʩʠʩʪʝʤʳ ʦʙʫʯʝʥʠʷ: ʩʤʳʩʣ, ʮʝʣʠ, ʩʦʜʝʨʞʘʥʠʝ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʦʨʤʳ, ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʥʷʪʠʷ çʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝè 

ʷʚʣʷʝʪʩʷ ʪʦ, ʢʦʪʦʨʦʝ ʜʘʣʘ ɽʚʛʝʥʠʷ ʉʝʤʝʥʦʚʥʘ ʇʦʣʘʪ: çʕʪʦ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʯʠʪʝʣʷ ʠ ʫʯʘʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʠ ʦʪʨʘʞʘʝʪ ʚʩʝ ʧʨʠʩʫʱʠʝ ʫʯʝʙʥʦʤʫ ʧʨʦʮʝʩʩʫ ʢʦʤʧʦʥʝʥʪʳ (ʮʝʣʠ, 

ʩʦʜʝʨʞʘʥʠʝ, ʤʝʪʦʜʳ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʦʨʤʳ, ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ), 

ʨʝʘʣʠʟʫʝʤʳʝ ʩʧʝʮʠʬʠʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʀʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʠʣʠ ʜʨʫʛʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʤʠ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴè. 

ʇʦʯʝʤʫ ʠʤʝʥʥʦ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ? 

ʆʙʫʯʝʥʠʝ ï ʵʪʦ ʜʚʫʭʩʪʦʨʦʥʥʠʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʦʙʫʯʘʝʤʳʡ ʠ ʦʙʫʯʘʶʱʠʡʩʷ ʠ ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʣʘʥʦʤʝʨʥʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ, ʚʦʩʧʠʪʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʟʥʘʯʠʪ, ʝʩʣʠ 

ʤʳ ʛʦʚʦʨʠʤ ʦʙ ʦʙʫʯʝʥʠʠ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʥʘʣʠʯʠʝ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ɺ ʵʪʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʨʘʟʥʠʮʘ, ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʦʪ 

ʩʠʩʪʝʤ ʠ ʧʨʦʛʨʘʤʤ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʘʤʦʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʢʫʨʩʘʤʠ ʥʘ ʚʠʜʝʦʢʘʩʩʝʪʘʭ, ʚ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʠ ʨʘʜʠʦʢʫʨʩʘʭ, ʧʨʠ ʨʘʙʦʪʝ 

ʩ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʜʘʞʝ ʧʨʦʛʨʘʤʤʘʤʠ ʥʘ CD-ROM. ɺ ʵʪʠʭ 

ʧʨʦʛʨʘʤʤʘʭ, ʢʫʨʩʘʭ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʣʠʰʴ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʩʠʣʳ, ʥʘ ʩʦʙʩʪʚʝʥʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʠ ʦʩʤʳʩʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʇʨʦʮʝʩʩ ʞʝ 

ʦʙʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʦʥ ʠʥʪʝʨʘʢʪʠʚʝʥ ʚ ʩʚʦʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʪ.ʝ. ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʯʠʪʝʣʷ ʠ ʫʯʝʥʠʢʘ. 

ɽ.ʉ. ʇʦʣʘʪ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚ ʩʚʦʝʤ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, 

ʯʪʦ ʵʪʦ ʥʦʚʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʦʯʥʦʡ, ʟʘʦʯʥʦʡ, ʵʢʩʪʝʨʥʘʪʦʤ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʩʧʝʮʠʬʠʯʥʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʩʥʦʚʥʫʶ ʦʧʦʨʫ ʥʘ ʩʨʝʜʩʪʚʘ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʨʝʜʩʪʚ, ʩʨʝʜʩʪʚ ʚʠʜʝʦʩʚʷʟʠ, 

ʠʥʫʶ ʬʦʨʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʠʪʝʣʷ ʠ ʫʯʘʱʠʭʩʷ, ʫʯʘʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʢʘʢ ʣʶʙʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, ʣʶʙʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ ʦʥʘ ʠʤʝʝʪ 
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ʪʦʪ ʞʝ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ: ʮʝʣʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʦʮʠʘʣʴʥʳʤ ʟʘʢʘʟʦʤ ʜʣʷ 

ʚʩʝʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ; ʩʦʜʝʨʞʘʥʠʝ, ʪʘʢʞʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʩʪʘʥʜʘʨʪʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ, ʤʝʪʦʜʳ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʬʦʨʤʳ, ʩʨʝʜʩʪʚʘ ʦʙʫʯʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʧʨʘʚʦʤʝʨʥʦʩʪʴ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ 

ʥʝʢʦʪʦʨʳʤʠ ʘʚʪʦʨʘʤʠ ʧʦʥʷʪʠʡ çʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝè ʠ çʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝè. ʆʙʨʘʟʦʚʘʥʠʝ ï ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʦʥʷʪʠʝ. 

ʇʦʵʪʦʤʫ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ï ʵʪʦ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʦʮʝʩʩ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʫʤʦʤ 

ʜʦʩʪʠʞʝʥʠʝ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʦʙʱʝʡ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʠʯʝʤ ʥʝʧʨʝʤʝʥʥʦ ʚ ʩʠʩʪʝʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʥʝ ʧʨʦʩʪʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʦ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʝʝ 

ʟʚʝʥʴʝʚ. 

ɺ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚʳʨʘʙʦʪʘʣʠʩʴ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʬʦʨʤʳ (ʚʠʜʳ) 

ʦʙʫʯʝʥʠʷ ʢʘʢ ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʟ ʥʠʭ ʣʝʢʮʠʠ, ʩʝʤʠʥʘʨʳ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʟʘʥʷʪʠʷ, ʢʦʥʪʨʦʣʴʥʳʝ 

ʨʘʙʦʪʳ, ʵʢʟʘʤʝʥʳ ʠ ʜʨ. ʉʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʉɼʆ) ʤʦʞʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ: 

¶ ʃʝʢʮʠʠ ɼʆ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʫʜʠʪʦʨʥʳʭ ʣʝʢʮʠʡ, ʠʩʢʣʶʯʘʶʪ 

ʞʠʚʦʝ ʦʙʱʝʥʠʝ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʥʦ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɼʣʷ ʟʘʧʠʩʠ 

ʣʝʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʫʜʠʦ- ʠ ʚʠʜʝʦʢʘʩʩʝʪʳ, CD-ROM-ʜʠʩʢʠ ʠ ʪ.ʜ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʛʠʧʝʨʪʝʢʩʪʘ, 

ʤʫʣʴʪʠʤʝʜʠʘ ʠ ʪ.ʜ.) ʜʝʣʘʝʪ ʣʝʢʮʠʠ ʚʳʨʘʟʠʪʝʣʴʥʳʤʠ ʠ ʥʘʛʣʷʜʥʳʤʠ. ʊʘʢʠʝ 

ʣʝʢʮʠʠ ʤʦʞʥʦ ʩʣʫʰʘʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʥʘ ʣʶʙʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʢʦʥʩʧʝʢʪʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ. 

¶ ʉʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʫʜʝʥʪʦʚ ɼʆ ʤʦʞʝʪ ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ, 

ʧʘʨʥʦʡ ʠʣʠ ʛʨʫʧʧʦʚʦʡ. ʉ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʦʨʦʥʳ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʦʨʛʘʥʠʟʘʮʠʷ 

ʛʨʫʧʧ ʚʟʘʠʤʦʧʦʤʦʱʠ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʫʯʝʙʳ ʦʙʫʯʘʝʤʳʡ ʜʦʣʞʝʥ ʚʣʘʜʝʪʴ 

ʤʝʪʦʜʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ ʫʯʝʙʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʥʘʚʳʢʘʤʠ ʩʘʤʦʦʙʨʘʟʦʚʘʥʠʷ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʪʝʭʥʦʣʦʛʠʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʨʘʩʩʤʦʪʨʝʥʘ ʜʘʣʝʝ). 

¶ ʂʦʥʩʫʣʴʪʘʮʠʠ ɼʆ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʨʫʢʦʚʦʜʩʪʚʘ ʨʘʙʦʪʦʡ 

ʦʙʫʯʘʝʤʳʭ ʠ ʦʢʘʟʘʥʠʷ ʠʤ ʧʦʤʦʱʠ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥʳ. 

ʇʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʤ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦ ʩʪʦʨʦʥʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɺʘʞʥʦʝ 

ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ ʧʦʜʜʝʨʞʢʠ ʟʘʥʠʤʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʩʫʣʴʪʘʮʠʡ, ʢʦʪʦʨʳʝ ʪʝʧʝʨʴ 

ʫʩʣʦʞʥʷʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʜʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ: ʦʥʠ ʩʦʭʨʘʥʷʶʪʩʷ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʬʦʨʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʜʨʫʛʠʝ ʬʦʨʤʳ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʣʝʢʮʠʠ, 

ʧʨʘʢʪʠʢʠ, ʩʝʤʠʥʘʨʳ ʠ ʪ.ʜ.). 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʣʠʯʥʳʡ ʢʦʥʪʘʢʪ ʫʯʘʱʠʭʩʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʧʨʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʦʛʨʘʥʠʯʝʥ, ʥʦ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
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ʢʦʥʩʫʣʴʪʘʮʠʡ. ʆʧʝʨʘʪʠʚʥʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʣʦʞʝʥʘ ʢʘʢ ʚ ʪʝʢʩʪ 

ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʨʘʱʝʥʠʷ ʢ 

ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʠʣʠ ʢʦʥʩʫʣʴʪʘʥʪʫ ʚ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʢʫʨʩʘ. 

ʇʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ: 

¶ çʦʯʥʳʝè ʢʦʥʩʫʣʴʪʘʮʠʠ, ʧʨʦʚʦʜʠʤʳʝ ʪʴʶʪʦʨʦʤ ʚ ʫʯʝʙʥʦʤ ʮʝʥʪʨʝ 

(ʬʠʣʠʘʣʝ); ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 10-15% ʚʨʝʤʝʥʠ, ʦʪʚʦʜʠʤʦʛʦ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʥʘ 

ʢʦʥʩʫʣʴʪʘʮʠʠ; 

¶ off-line-ʢʦʥʩʫʣʴʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʢʫʨʩʘ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠʣʠ ʚ ʨʝʞʠʤʝ ʪʝʣʝʢʦʥʬʝʨʝʥʮʠʠ ʠ ʩʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʚʨʝʤʝʥʠ, ʦʪʚʦʜʠʤʦʛʦ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ ʥʘ ʢʦʥʩʫʣʴʪʘʮʠʠ; 

¶ on-line-ʢʦʥʩʫʣʴʪʘʮʠʠ, ʧʨʦʚʦʜʠʤʳʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʢʫʨʩʘ; ʦʥʠ 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʦʜʥʦʡ ʪʨʝʪʠ ʚʩʝʛʦ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʫʯʝʙʥʦʤʫ 

ʧʣʘʥʫ. 

¶ ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ɼʆ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʩʚʦʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ɺʦʟʤʦʞʥʦʩʪʠ ɼʆ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʟʘʜʘʯʫ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʘʢʪʠʢʫʤʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʤʝʜʠʘ-ʪʝʭʥʦʣʦʛʠʡ, ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʧʦ ʨʝʰʝʥʠʶ ʟʘʜʘʯ. 

ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ ʵʪʘʧʘ ʦʚʣʘʜʝʥʠʷ ʧʨʠʝʤʘʤʠ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʟʥʘʢʦʤʣʝʥʠʝ ʦʙʫʯʘʶʱʠʭʩʷ ʩ 

ʤʝʪʦʜʠʢʦʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʧʝʯʘʪʥʳʭ ʠʟʜʘʥʠʡ ʧʦ ʤʝʪʦʜʠʢʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ, ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʚʠʜʝʦʣʝʢʮʠʡ, ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʨʝʥʘʞʝʨʦʚ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʫʯʘʱʝʤʫʩʷ ʧʨʝʜʣʘʛʘʶʪʩʷ ʪʠʧʦʚʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʦʪʨʘʙʦʪʘʪʴ ʩʪʝʨʝʦʪʠʧʥʳʝ ʧʨʠʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ, ʦʩʦʟʥʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʠ 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʥʘ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʪʚʦʨʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʪʴʶʪʦʨʘ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ʆʙʱʝʥʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩ 

ʦʙʫʯʘʶʱʠʤʠʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʝʜʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ on-line-ʪʝʭʥʦʣʦʛʠʡ. ʇʦ 

ʫʩʤʦʪʨʝʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʦʩʪʘʣʴʥʳʝ ʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʘʥʳ ʪʴʶʪʦʨʫ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ ʮʝʥʪʨʘʭ. ʊʘʢʠʝ ʟʘʥʷʪʠʷ ʥʝ ʪʦʣʴʢʦ 

ʬʦʨʤʠʨʫʶʪ ʪʚʦʨʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ, ʥʦ ʠ ʚʳʨʘʙʘʪʳʚʘʶʪ ʥʘʚʳʢʠ ʜʝʣʦʚʦʛʦ 

ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʚʘʠʚʘʪʴ ʷʟʳʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʱʝʥʠʷ. 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʶʪʩʷ ʢʦʥʪʨʦʣʴʥʳʝ ʨʘʙʦʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʨʦʚʝʨʠʪʴ ʥʘʚʳʢʠ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ɺʳʧʦʣʥʝʥʠʝ ʪʘʢʠʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʟʘʜʘʥʠʡ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʘʢ ʚ off-line, ʪʘʢ ʠ on-line-ʨʝʞʠʤʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ, ʦʙʲʝʤʘ ʠ ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʘʜʘʥʠʷ. ʇʦʩʣʝ 

ʢʘʞʜʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʩʪʠ ʢʦʥʩʫʣʴʪʘʮʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʝʚʳʭ ʩʨʝʜʩʪʚ ʠʣʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʪʴʶʪʦʨʘ ʧʦ ʘʥʘʣʠʟʫ 

ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʭ ʦʰʠʙʦʢ ʠ ʚʳʨʘʙʦʪʢʝ ʩʦʚʤʝʩʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʤʝʪʦʜʠʢʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

¶ ʃʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ. 
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ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ 

ʦʙʫʯʝʥʠʠ ʥʝ ʠʩʢʣʶʯʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʦʙʱʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʩʦ 

ʩʪʫʜʝʥʪʘʤʠ, ʥʦ ʦʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ. 

ʇʨʠ ʵʪʦʤ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʬʦʨʤʘ ʫʯʝʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʠʣʝʥʠʝ ʨʦʣʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʧʦ ʢʦʥʩʫʣʴʪʘʮʠʦʥʥʦʤʫ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʝʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʩ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʪʨʝʥʘʞʝʨʘʤʠ. 

¶ ʂʦʥʪʨʦʣʴ ɼʆ ï ʵʪʦ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʫʩʚʦʝʥʠʷ ʦʙʫʯʘʝʤʳʤʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʊʝʩʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʩʦʜʝʨʞʠʪ ʦʙʰʠʨʥʳʡ ʧʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ, ʥʘ ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʪʚʝʪʦʚ. ʉʪʫʜʝʥʪ ʜʦʣʞʝʥ ʚʳʙʨʘʪʴ ʩʨʝʜʠ ʵʪʠʭ 

ʚʘʨʠʘʥʪʦʚ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ. ʊʝʩʪʳ ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ 

ʠ ʦʯʝʥʴ ʧʦʣʝʟʥʳ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʥʷʪʠʡ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʘʞʜʘʷ ʠʟ ʬʦʨʤ ʦʙʫʯʝʥʠʷ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ɼʆ:  

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʪʴʩʷ ʚ ʣʶʙʦʝ ʚʨʝʤʷ. 

ʉʪʫʜʝʥʪ, ʦʙʫʯʘʶʱʠʡʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʤʦʞʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ, 

ʢʦʛʜʘ ʠ ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ ʩʝʤʝʩʪʨʘ ʝʤʫ ʫʜʝʣʷʪʴ ʥʘ ʠʟʫʯʝʥʠʝ 

ʤʘʪʝʨʠʘʣʘ. ʆʥ ʩʪʨʦʠʪ ʜʣʷ ʩʝʙʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʛʨʘʬʠʢ ʦʙʫʯʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʚʦʠʤ ʩʪʫʜʝʥʪʘʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʢʣʘʜʳʚʘʪʴ ʦʙʫʯʝʥʠʝ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʠ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ ʥʝʤʫ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʥʦʚʘ ʦʧʣʘʯʠʚʘʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʩʣʫʛʠ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʪʴʩʷ ʚ ʩʚʦʝʤ ʪʝʤʧʝ. 

ʋʯʘʱʠʤʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʝ ʥʫʞʥʦ ʙʝʩʧʦʢʦʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʪʩʪʘʥʫʪ 

ʦʪ ʩʚʦʠʭ ʦʜʥʦʢʫʨʩʥʠʢʦʚ. ɺʩʝʛʜʘ ʤʦʞʥʦ ʚʝʨʥʫʪʴʩʷ ʢ ʠʟʫʯʝʥʠʶ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʚʦʧʨʦʩʦʚ, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʦʩʤʦʪʨʝʪʴ ʣʝʢʮʠʠ, ʧʝʨʝʯʠʪʘʪʴ ʧʝʨʝʧʠʩʢʫ ʩ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʘ ʫʞʝ ʠʟʚʝʩʪʥʳʝ ʪʝʤʳ ʤʦʞʥʦ ʧʨʦʧʫʩʪʠʪʴ. ɻʣʘʚʥʦʝ, ʫʩʧʝʰʥʦ 

ʧʨʦʭʦʜʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʠ ʠʪʦʛʦʚʳʝ ʘʪʪʝʩʪʘʮʠʠ. 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʘʪʴʩʷ ʚ ʣʶʙʦʤ ʤʝʩʪʝ. 

ʉʪʫʜʝʥʪʳ ʤʦʛʫʪ ʫʯʠʪʴʩʷ ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ ʠʣʠ ʦʬʠʩʘ, ʥʘʭʦʜʷʩʴ ʚ ʣʶʙʦʡ 

ʪʦʯʢʝ ʤʠʨʘ. ʏʪʦʙʳ ʧʨʠʩʪʫʧʠʪʴ ʢ ʦʙʫʯʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʢʦʤʧʴʶʪʝʨ ʩ 

ʜʦʩʪʫʧʦʤ ʚ ʀʥʪʝʨʥʝʪ. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʞʝʜʥʝʚʥʦ ʧʦʩʝʱʘʪʴ ʫʯʝʙʥʦʝ 

ʟʘʚʝʜʝʥʠʝ ï ʥʝʩʦʤʥʝʥʥʳʡ ʧʣʶʩ ʜʣʷ ʣʶʜʝʡ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʟʜʦʨʦʚʴʷ, ʜʣʷ ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʥʦʩʪʷʭ, ʦʪʙʳʚʘʶʱʠʭ 

ʥʘʢʘʟʘʥʠʝ ʚ ʤʝʩʪʘʭ ʣʠʰʝʥʠʷ ʩʚʦʙʦʜʳ, ʨʦʜʠʪʝʣʝʡ ʩ ʤʘʣʝʥʴʢʠʤʠ ʜʝʪʴʤʠ. 

¶ ʋʯʝʙʘ ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʦʩʥʦʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɼʠʩʪʘʥʮʠʦʥʥʦ ʤʦʞʥʦ ʦʙʫʯʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʫʨʩʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ, 

ʧʦʣʫʯʘʪʴ ʦʯʝʨʝʜʥʦʝ ʚʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʩʦʚʩʝʤ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʙʨʘʪʴ 

ʦʪʧʫʩʢ ʥʘ ʦʩʥʦʚʥʦʤ ʤʝʩʪʝ ʨʘʙʦʪʳ, ʫʝʟʞʘʪʴ ʚ ʢʦʤʘʥʜʠʨʦʚʢʠ. ʉʫʱʝʩʪʚʫʶʪ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʨʛʘʥʠʟʫʶʪ ʢʦʨʧʦʨʘʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ 

(ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ) ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʬʠʨʤ ʠ ʛʦʩʩʣʫʞʘʱʠʭ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʫʯʝʙʘ ʥʝ ʧʨʝʨʳʚʘʝʪ ʪʨʫʜʦʚʦʡ ʩʪʘʞ, ʘ ʠʟʫʯʝʥʥʳʝ ʚʦʧʨʦʩʳ ʤʦʞʥʦ ʩʨʘʟʫ 

ʧʨʠʤʝʥʠʪʴ ʚ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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¶ ɺʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ, ʨʝʟʫʣʴʪʘʪʳ ɼʆ ʥʝ 

ʫʩʪʫʧʘʶʪ ʠʣʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤ ʦʙʫʯʝʥʠʷ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʪʫʜʝʥʪ, ʦʙʫʯʘʶʱʠʡʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ, 

ʠʟʫʯʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʕʪʦ ʫʣʫʯʰʘʝʪ ʟʘʧʦʤʠʥʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʧʨʦʡʜʝʥʥʳʭ 

ʪʝʤ. ɸ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʟʫ ʧʨʠʤʝʥʠʪʴ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʥʘ ʨʘʙʦʪʝ ʧʦʤʦʛʘʝʪ 

ʟʘʢʨʝʧʠʪʴ ʠʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʦʚʝʡʰʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʝʣʘʝʪ ʝʛʦ ʠʥʪʝʨʝʩʥʝʝ ʠ ʞʠʚʝʝ. 

¶ ʄʦʙʠʣʴʥʦʩʪʴ. 

ʉʚʷʟʴ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʨʝʧʝʪʠʪʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʢʘʢ on-line, ʪʘʢ ʠ off-line. ʇʨʦʢʦʥʩʫʣʴʪʠʨʦʚʘʪʴʩʷ ʩ ʪʴʶʪʦʨʦʤ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠʥʦʛʜʘ ʵʬʬʝʢʪʠʚʥʝʝ ʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʥʘʟʥʘʯʠʪʴ 

ʣʠʯʥʫʶ ʚʩʪʨʝʯʫ ʧʨʠ ʦʯʥʦʤ ʠʣʠ ʟʘʦʯʥʦʤ ʦʙʫʯʝʥʠʠ. 

¶ ɼʦʩʪʫʧʥʦʩʪʴ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʙʫʯʘʶʱʠʤʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʝʟʥʘʢʦʤʘ ʪʘʢʘʷ ʧʨʦʙʣʝʤʘ, ʢʘʢ ʥʝʭʚʘʪʢʘ 

ʫʯʝʙʥʠʢʦʚ, ʟʘʜʘʯʥʠʢʦʚ, ʤʝʪʦʜʠʯʝʢ. ɼʦʩʪʫʧ ʢʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʢʨʳʚʘʝʪʩʷ ʩʪʫʜʝʥʪʫ ʧʦʩʣʝ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʩʘʡʪʝ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʣʠʙʦ ʦʥ 

ʧʦʣʫʯʘʝʪ ʫʯʝʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʦʯʪʝ. 

¶ ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʜʝʰʝʚʣʝ. 

ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʦʙʫʯʝʥʠʝ ʧʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʥʘ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʩʥʦʚʝ ʦʯʥʦ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʪʦ ʚʪʦʨʦʝ ʦʢʘʞʝʪʩʷ ʜʝʰʝʚʣʝ. 

ʉʪʫʜʝʥʪʫ ʥʝ ʧʨʠʭʦʜʠʪʩʷ ʦʧʣʘʯʠʚʘʪʴ ʜʦʨʦʛʫ, ʧʨʦʞʠʚʘʥʠʝ, ʘ ʚ ʩʣʫʯʘʝ ʩ 

ʟʘʨʫʙʝʞʥʳʤʠ ʚʫʟʘʤʠ ʥʝ ʥʫʞʥʦ ʪʨʘʪʠʪʴʩʷ ʥʘ ʚʠʟʫ ʠ ʟʘʛʨʘʥʧʘʩʧʦʨʪ. 

¶ ʆʙʫʯʝʥʠʝ ʚ ʩʧʦʢʦʡʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʘʪʪʝʩʪʘʮʠʷ ʩʪʫʜʝʥʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʫʨʩʦʚ ʧʨʦʭʦʜʠʪ ʚ 

ʬʦʨʤʝ on-line ʪʝʩʪʦʚ. ʇʦʵʪʦʤʫ ʫ ʫʯʘʱʠʭʩʷ ʤʝʥʴʰʝ ʧʦʚʦʜʦʚ ʜʣʷ ʚʦʣʥʝʥʠʷ ʧʝʨʝʜ 

ʚʩʪʨʝʯʝʡ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʥʘ ʟʘʯʝʪʘʭ ʠ ʵʢʟʘʤʝʥʘʭ. ʀʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ: ʥʘ ʩʠʩʪʝʤʫ, ʧʨʦʚʝʨʷʶʱʫʶ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʚʝʪʦʚ ʥʘ 

ʚʦʧʨʦʩʳ ʪʝʩʪʘ, ʥʝ ʧʦʚʣʠʷʝʪ ʫʩʧʝʚʘʝʤʦʩʪʴ ʩʪʫʜʝʥʪʘ ʧʦ ʜʨʫʛʠʤ ʧʨʝʜʤʝʪʘʤ, ʝʛʦ 

ʦʙʱʝʩʪʚʝʥʥʳʡ ʩʪʘʪʫʩ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

¶ ʋʜʦʙʩʪʚʦ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ʋʯʠʪʝʣʷ, ʨʝʧʝʪʠʪʦʨʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʜʠʩʪʘʥʮʠʦʥʥʦ, ʤʦʛʫʪ ʫʜʝʣʷʪʴ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ 

ʫʯʝʥʠʢʦʚ ʠ ʨʘʙʦʪʘʪʴ, ʥʘʭʦʜʷʩʴ, ʥʘʧʨʠʤʝʨ, ʚ ʜʝʢʨʝʪʥʦʤ ʦʪʧʫʩʢʝ. 

¶  ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ. 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʫʜʝʣʠʪʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʥʠʤʘʥʠʷ ʚʩʝʤ ʫʯʘʱʠʤʩʷ ʛʨʫʧʧʳ, ʧʦʜʩʪʨʦʠʪʴʩʷ ʧʦʜ 

ʪʝʤʧ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʫʯʘʱʠʡʩʷ ʩʘʤ 

ʚʳʙʠʨʘʝʪ ʩʝʙʝ ʪʝʤʧ ʦʙʫʯʝʥʠʷ, ʦʥ ʤʦʞʝʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʫ ʪʴʶʪʦʨʘ ʦʪʚʝʪʳ 

ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʚʦʧʨʦʩʳ. 

ʊʝʧʝʨʴ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʜʦʩʪʘʪʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ.  

¶ ʅʝʦʙʭʦʜʠʤʘ ʩʠʣʴʥʘʷ ʤʦʪʠʚʘʮʠʷ. 
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ʇʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʫʜʝʥʪ, ʦʙʫʯʘʶʱʠʡʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ, 

ʦʩʚʘʠʚʘʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʦʡ ʩʠʣʳ ʚʦʣʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ 

ʩʘʤʦʢʦʥʪʨʦʣʷ. ʇʦʜʜʝʨʞʠʚʘʪʴ ʥʫʞʥʳʡ ʪʝʤʧ ʦʙʫʯʝʥʠʷ ʙʝʟ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ 

ʫʜʘʝʪʩʷ ʥʝ ʚʩʝʤ. 

¶ ɼʆ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʠ. 

ʇʨʠ ɼʆ ʣʠʯʥʳʡ ʢʦʥʪʘʢʪ ʫʯʘʱʠʭʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ 

ʤʠʥʠʤʘʣʝʥ, ʘ ʪʦ ʠ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʵʪʦʤʫ ʪʘʢʘʷ ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʦʩʪʠ, ʫʚʝʨʝʥʥʦʩʪʠ, ʥʘʚʳʢʦʚ ʨʘʙʦʪʳ ʚ 

ʢʦʤʘʥʜʝ. 

¶ ʅʝʜʦʩʪʘʪʦʢ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. 

ʆʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ, ʜʠʩʪʘʥʮʠʦʥʥʦ ʟʘʪʨʫʜʥʝʥʦ. ɼʘʞʝ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʨʝʥʘʞʝʨʳ ʥʝ ʟʘʤʝʥʷʪ ʙʫʜʫʱʠʤ ʤʝʜʠʢʘʤ ʠʣʠ ʫʯʠʪʝʣʷʤ çʞʠʚʦʡè ʧʨʘʢʪʠʢʠ. 

¶ ʇʨʦʙʣʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʇʦʢʘ ʩʘʤʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʯʝʩʪʥʦ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʣʠ ʩʪʫʜʝʥʪ ʩʜʘʚʘʣ ʵʢʟʘʤʝʥʳ ʠʣʠ ʟʘʯʝʪʳ, ï ʵʪʦ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʥʘ ʠʪʦʛʦʚʫʶ ʘʪʪʝʩʪʘʮʠʶ 

ʩʪʫʜʝʥʪʘʤ ʧʨʠʭʦʜʠʪʩʷ ʣʠʯʥʦ ʧʨʠʝʟʞʘʪʴ ʚ ʚʫʟ ʠʣʠ ʝʛʦ ʬʠʣʠʘʣʳ. 

¶ ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʤʦʪʥʦʩʪʴ. 

ʆʩʦʙʝʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʟʥʠʢʘʝʪ ʚ 

ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ. ʆʜʥʘʢʦ ʚ ʛʣʫʙʠʥʢʝ ʥʝ ʫ ʚʩʝʭ ʞʝʣʘʶʱʠʭ ʫʯʠʪʴʩʷ ʝʩʪʴ 

ʢʦʤʧʴʶʪʝʨ ʩ ʜʦʩʪʫʧʦʤ ʚ ʀʥʪʝʨʥʝʪ. 

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʨʷʣʘʩʴ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʦʙʝʩʧʝʯʠʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʚʦʝʥʠʝ ʩʣʫʰʘʪʝʣʷʤʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʠ ʛʠʧʦʪʝʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʦʧʨʝʜʝʣʠʪʴ ʧʦʥʷʪʠʝ çʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝè; 

- ʚʳʷʚʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʜʠʜʘʢʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʫʨʩʦʚ: ʃʠʥʝʡʥʘʷ 

ʘʣʛʝʙʨʘ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʛʝʦʤʝʪʨʠʷ, ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʩʪʘʪʠʩʪʠʢʘ, ʊʝʦʨʠʷ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ; 

- ʧʨʦʚʝʩʪʠ ʠʭ ʘʧʨʦʙʘʮʠʶ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʘʷ ʘʧʨʦʙʘʮʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʩʪʫʜʝʥʪʘʭ 

ʬʘʢʫʣʴʪʝʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɸʣʪɻʊʋ, ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʙʘʟʝ 

ɸʣʪʘʡʩʢʦʛʦ, ɺʦʣʯʠʭʠʥʩʢʦʛʦ ʠ ʇʦʩʧʝʣʠʭʠʥʩʢʦʛʦ ʨʝʩʫʨʩʥʳʭ ʮʝʥʪʨʘʭ, ʠ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʫʨʩʦʚ. 
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ʉɽʂʎʀʗ 2. ʇʈʆɻʈɽʉʉʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ  

ʇʈʆʎɽʉʉʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʩʝʢʮʠʠ: ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

çʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè 

ɻʨʠʮʝʥʢʦ ɺʷʯʝʩʣʘʚ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 

ɺʃʀʗʅʀɽ ʉʆɾ ʇʈʀ ʐʃʀʌʆɺɸʅʀʀ  

ʄʀʂʈʆʇʆʈʀʉʊʓʍ ʇʆʂʈʓʊʀʁ 

ʅ.ʉ. ɸʣʝʢʩʝʝʚ, ɺ.ɸ. ʂʘʧʦʨʠʥ, ʉ.ɺ. ʀʚʘʥʦʚ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ (ʉʆɾ) ʥʘ ʦʧʝʨʘʮʠʷʭ ʢʨʫʛʣʦʛʦ ʥʘʨʫʞʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ ʙʝʣʦʛʦ ʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 

ʟʝʣʝʥʦʛʦ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦ ʨʝʡʪʠʥʛʦʚʦʤʫ ʤʝʪʦʜʫ ʧʦʢʘʟʘʣʘ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʤʫʣʴʩʠʦʥʥʦʡ ʉʆɾ ʤʘʨʢʠ çʕʇʄ-1ʰè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ, ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʤʘʟʦʯʥʦ-

ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ, ʰʣʠʬʦʚʘʣʴʥʳʝ ʢʨʫʛʠ, ʩʠʣʳ ʨʝʟʘʥʠʷ, ʠʟʥʦʩ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʐʣʠʬʦʚʘʥʠʝ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʤʠʢʨʦʧʦʨʠʩʪʳʭ 

ʧʦʢʨʳʪʠʡ ʜʝʪʘʣʝʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ï ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʪʝʨʝʡ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ (ʐʂ). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʨʘʩʪʘʶʪ ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ ʘʤʧʣʠʪʫʜʳ ʠʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʥʪʘʢʪʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ɸʀ) ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʠ 

ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʧʦʢʨʳʪʠʡ [1]. ɼʦʩʪʫʧʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʨʝʟʝʨʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ ɸʀ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ 
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ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʩʦʩʪʘʚʘ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ (ʉʆɾ). ʆʜʥʘʢʦ 

ʩʧʝʮʠʘʣʴʥʦʡ ʉʆɾ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʰʣʠʬʦʚʘʥʠʝʤ ʧʦʢʘ 

ʥʝʪ. 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʨʝʟʝʨʚʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʧʝʨʘʮʠʷʭ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʚʘʨʥʦ-

ʚʳʧʫʩʢʘʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʉʆɾ. 

ʊʘʢ ʢʘʢ ʠʟʥʦʩ ʟʝʨʝʥ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʘ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʧʦʢʨʳʪʠʷ ʟʘʚʠʩʠʪ ʦʪ ʉʆɾ, ʪʦ ʚʥʘʯʘʣʝ ʧʨʦʚʦʜʠʣʘʩʴ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʰʣʠʬʦʚʘʥʠʶ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʩʫʭʫʶ (ʙʝʟ ʉʆɾ), ʟʘʪʝʤ ʚ ʩʨʝʜʝ, 

ʦʙʣʘʜʘʶʱʝʡ ʚ ʦʩʥʦʚʥʦʤ ʦʭʣʘʞʜʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ), ʘ 

ʪʘʢʞʝ ʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʚʦʜʫ ʬʦʩʬʘʪʘ ʢʘʣʠʷ 

(ʂ3ʈʆ4), ʢʦʪʦʨʳʡ ʠʟʚʝʩʪʝʥ ʢʘʢ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʧʝʮʠʘʣʴʥʦʡ çʪʠʪʘʥʦʚʦʡè 

ʉʆɾ [2]. 

ʀʩʧʳʪʳʚʘʣʠʩʴ ʩʝʨʠʡʥʳʝ ʉʆɾ ʩ ʨʘʟʣʠʯʥʳʤ ʦʭʣʘʞʜʘʶʱʠʤ ʠ 

ʩʤʘʟʳʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ: ʫʛʣʝʚʦʜʦʨʦʜʥʘʷ ï ʤʘʩʣʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʀ-20ɸ, 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ï ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʘʪʘ ʇʆɸ-2ʤ, ʵʤʫʣʴʩʠʦʥʥʘʷ ï ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʵʤʫʣʴʩʦʣʘ ʕʇʄ-1ʰ. 

ɺ ʠʪʦʛʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʩʨʝʜʳ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʳ: 

ʉʦʩʪʘʚ ˉ1 ï ʰʣʠʬʦʚʘʥʠʝ ʚʩʫʭʫʶ (ʙʝʟ ʉʆɾ); 

ʉʦʩʪʘʚ ˉ2 ï ʚʦʜʦʧʨʦʚʦʜʥʘʷ ʚʦʜʘ; 

ʉʦʩʪʘʚ ˉ3 ï 4% -ʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʬʦʩʬʘʪʘ ʢʘʣʠʷ; 

ʉʦʩʪʘʚ ˉ4 ï ʤʘʩʣʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʀ-20; 

ʉʦʩʪʘʚ ˉ5 ï 3% -ʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʘʪʘ çʇʆɸ-2ʤè; 

ʉʦʩʪʘʚ ˉ6 ï 3% -ʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʵʤʫʣʴʩʦʣʘ çʕʇʄ-1ʰè. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʝʨʠʡʥʳʭ ʉʆɾ ʚʳʙʠʨʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦ ʩʭʝʤʝ 

ʢʨʫʛʣʦʛʦ ʥʘʨʫʞʥʦʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʩ ʚʳʭʘʞʠʚʘʥʠʝʤ ʥʘ 

ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʤ ʧʦʣʫʘʚʪʦʤʘʪʝ ʤʦʜ. 3ʄ152ʄɺʌ2 ʧʦ ʤʝʪʦʜʠʢʝ [3]. 

ʐʣʠʬʦʚʘʣʠ ʦʙʨʘʟʮʳ ï ʚʪʫʣʢʠ ʠʟ ʩʪʘʣʠ 45 ʜʠʘʤʝʪʨʦʤ 60Ñ0,1 ʤʤ ʠ ʚʳʩʦʪʦʡ 70 

ʤʤ ʩ ʧʣʘʟʤʝʥʥʦ-ʥʘʧʳʣʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ.  

ʆʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʇɺ-ʅ85ʖ15 ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ (ʜʘʣʝʝ ʧʨʦʩʪʦ ʇɺ), ʘ ʪʘʢʞʝ ʠʟ 

ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 10% ʧʦ ʤʘʩʩʝ 

ʧʦʨʦʰʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʤʘʨʢʠ ʇɺ-ʅ85ʖ15, 10% ʩʘʤʦʬʣʶʩʫʶʱʝʛʦ 

ʧʦʨʦʰʢʦʚʦʛʦ  ʩʧʣʘʚʘ ʇʈ-ʅʍ17ʉʈ4, ʦʩʪʘʣʴʥʦʝ ï ʞʝʣʝʟʥʳʡ ʧʦʨʦʰʦʢ ʇɾʈɺ 

2.200.26  (ʜʘʣʝʝ  ʧʨʦʩʪʦ  ʇɾ). ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʇɺ ʠ ʇɾ ʩʦʩʪʘʚʣʷʣʘ 25é30 

HRC ʠ 40é42 HRC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʪʝʨʠʘʣʳ ʦʙʦʠʭ ʧʦʢʨʳʪʠʡ ʦʪʥʦʩʷʪʩʷ ʢ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʩʪʝʤ Ni-Al  ʠ Fe-Ni. 

ʆʙʨʘʙʘʪʳʚʘʣʠ ʵʪʠ ʧʦʢʨʳʪʠʷ ʩʝʨʠʡʥʳʤʠ ʢʨʫʛʘʤʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

24ɸF46N6V ʠ 64ʉF46N6V ʬʦʨʤʳ 1 600x25x305 ɻʆʉʊ ʈ52781-2007. ʈʝʞʠʤʳ 

ʰʣʠʬʦʚʘʥʠʷ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ Vʨ = 35 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ  Sʧʨʦʜ = 
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425 ʤʤ/ʤʠʥ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ Vʜ =19 ʤ/ʤʠʥ ʠ ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ t = 0,01 

ʤʤ/ʜʚ. ʭʦʜ.  

ɼʣʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʆɾ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʛʘ ʠ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ; 

ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʊ, ʤʠʥ, ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʦʷʚʣʝʥʠʶ 

ʩʣʝʜʦʚ ʜʨʦʙʣʝʥʠʷ ʠʣʠ ʧʨʠʞʦʛʦʚ ʥʘ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ; 

ʢʦʵʬʬʠʮʠʝʥʪ ʰʣʠʬʦʚʘʥʠʷ ʧʦ ʦʙʲʝʤʫ ʂh, ʤʤ
3
/ʤʤ

3
; ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʞʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʂʨ, ʤʤ
3
/ʤʠʥĿʅ; ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 

ʰʣʠʬʦʚʘʥʠʷ ʂN, ɺʪĿʤʠʥ/ʤʤ
3
; ʢʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ ʂʤ, ʤʤ

3
/ʤʠʥĿɺʪĿʤʢʤ; 

ʧʘʨʘʤʝʪʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʰʣʠʬʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ Rʘ, ʤʢʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʩʘʣʠʚʘʥʠʷ ʉʟ, ʤʛ/ʩʤ
2
Ŀʤʠʥ, ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ (ɸʀ) ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɾ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʉʆɾ ʧʨʠ ʢʨʫʛʣʦʤ ʥʘʨʫʞʥʦʤ 

ʧʨʦʜʦʣʴʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣ. 1. 

ʀʟ ʜʘʥʥʳʭ ʵʪʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚʩʫʭʫʶ (ʩʦʩʪʘʚ ˉ1) 

ʧʦʢʨʳʪʠʡ ʇɺ ʠ ʇɾ ʢʨʫʛʘʤʠ ʠʟ 24ɸ ʠ 64ʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ ɸʀ. ʅʠʟʢʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʦʩʪʘʚʘ ˉ1 ʦʙʲʷʩʥʷʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʢʘʨʪʠʥʦʡ ʧʨʦʪʝʢʘʥʠʷ ʠʟʥʦʩʘ ʵʪʠʭ 

ʢʨʫʛʦʚ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʦʪʜʝʣʴʥʳʤʠ ʟʝʨʥʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʥʘʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʘ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʡ.  

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚʩʫʭʫʶ ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʦʤ ʠʟ 24ɸ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

ʰʣʠʬʦʚʘʥʠʷ ʥʘ ɸʀ ʦʙʨʘʟʫʝʪʩʷ ʧʣʦʱʘʜʢʘ ʠʟʥʦʩʘ, ʧʦʢʨʳʪʘʷ ʥʘʣʠʧʰʠʤ 

ʤʝʪʘʣʣʦʤ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʢʝ ʧʦʷʚʣʷʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ, 

ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʚʦʜʠʪ ʢ ʩʢʦʣʘʤ ʠ ʚʳʨʳʚʘʤ ʦʪʜʝʣʴʥʳʭ ʤʠʢʨʦʦʙʲʝʤʦʚ 

ʟʝʨʥʘ. ʐʣʠʬʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʥʘʠʙʦʣʴʰʠʤʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʣʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʋʩʨʝʜʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʦʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʉʆɾ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚʩʫʭʫʶ ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʦʤ ʠʟ 64ʉ ʧʨʦʠʩʭʦʜʷʪ 

ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʣʠʧʘʥʠʝ ʤʝʪʘʣʣʘ ʥʘ ʚʝʨʰʠʥʳ ʟʝʨʝʥ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʦʙʲʝʤʥʳʡ ʠʟʥʦʩ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʊ = 0,67 ʤʠʥ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʣʠʬʦʚʘʥʠʷ ʂh  = 0,53 

ʤʤ
3
/ʤʤ

3
. ʆʙʨʘʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʥʘʣʠʧʦʚ ʥʘ ʟʝʨʥʘʭ ʢʘʨʙʠʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʤʠʢʨʦʚʳʢʨʘʰʠʚʘʥʠʶ 

ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ (ɸɿ), ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʠ 

ʜʘʞʝ ʮʝʣʳʭ ʠʭ ʙʣʦʢʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʦʪʭʦʜʘʭ ʰʣʠʬʦʚʘʥʠʷ. 

ʄʠʢʨʦʚʳʢʨʘʰʠʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ɸɿ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʦʤʫ 

ʦʙʥʦʚʣʝʥʠʶ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʐʂ. ʇʦʵʪʦʤʫ ʰʣʠʬʦʚʘʥʠʝ ʚʩʫʭʫʶ 

ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʦʤ ʠʟ 64ʉ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʣʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ. 

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚʩʫʭʫʶ ʧʦʢʨʳʪʠʷ ʇɾ ʢʨʫʛʘʤʠ ʠʟ 24ɸ ʠ 64ʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʟʘʩʘʣʠʚʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʉʟ ʜʣ̫ ʢʨʫʛʘ ʠʟ 64ʉ ʧʦʯʪʠ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʫʛʦʤ ʠʟ 

24ɸ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʨʳʪʠʶ ʇɾ. ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʟʘʩʘʣʠʚʘʥʠʷ ʢʨʫʛʦʚ ʠʟ 24ɸ ʠ 64ʉ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚʩʫʭʫʶ ʧʦʢʨʳʪʠʷ ʇɾ 

ʚʳʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʂʤ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂ hʠ ʂʨ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ˉ1 ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ  

Ra ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʢ ʧʦʢʨʳʪʠʷ 

ʇɺ, ʪʘʢ ʠ ʧʦʢʨʳʪʠʷ ʇɾ ʢʨʫʛʘʤʠ ʠʟ 24ɸ ʠ 64ʉ. ʅʠʟʢʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʠʭ ʰʣʠʬʦʚʘʥʠʠ ʚʩʫʭʫʶ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʠʥʪʝʥʩʠʚʥʳʤʠ ʘʜʛʝʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʟʘʩʘʣʠʚʘʥʠʷ 

ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ ɸɿ ʚ ʢʦʥʪʘʢʪʝ ʢʨʫʛ-ʧʦʢʨʳʪʠʝ ʥʘʯʠʥʘʶʪ ʫʩʠʣʠʚʘʪʴʩʷ ʧʨʦʮʝʩʩʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʘ. ɸʙʨʘʟʠʚʥʳʝ ʟʝʨʥʘ ʩ ʥʘʣʠʧʰʠʤ ʤʝʪʘʣʣʦʤ ʥʘ ʨʝʞʫʱʠʭ 

ʢʨʦʤʢʘʭ ʥʘʯʠʥʘʶʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ çʤʠʢʨʦʨʦʣʠʢʦʚè, ʜʝʬʦʨʤʠʨʫʷ ʠ 

ʚʳʛʣʘʞʠʚʘʷ ʦʙʨʘʙʦʪʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ 

ʚʦʟʨʘʩʪʘʥʠʝ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ. 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦʜʦʡ (ʩʦʩʪʘʚ ˉ2) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʣʠʧʘʥʠʷ ʤʝʪʘʣʣʘ ʥʘ 

ʚʝʨʰʠʥʳ ʟʝʨʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʰʣʠʬʦʚʘʥʠʝʤ ʚʩʫʭʫʶ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʠʣʘʩʴ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɾ ʢʨʫʛʘʤʠ ʠʟ 24ɸ ʠ 64ʉ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʩʪʘʚʘ ˉ2 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʩʘʣʠʚʘʥʠʷ ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʥʠʟʠʣʘʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 18 ʠ 15%. ʆʯʝʚʠʜʥʦ, ʜʝʡʩʪʚʠʝ ʚʦʜʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʝʭʘʥʠʯʝʩʢʦʤ ʫʜʘʣʝʥʠʠ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘʣʠʧʘ. 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦʜʦʡ ʥʘ ʵʣʝʢʪʨʦʢʦʨʫʥʜʦʚʳʭ ʟʝʨʥʘʭ ʥʘʣʠʧ ʩʪʘʣ 

ʥʘʩʪʦʣʴʢʦ ʪʦʥʢʠʤ, ʯʪʦ ʩʢʚʦʟʴ ʧʣʝʥʢʫ ʤʝʪʘʣʣʘ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʣʴʝʬ 

ʧʣʦʱʘʜʢʠ ʠʟʥʦʩʘ, ʧʦʢʨʳʪʦʡ ʤʠʢʨʦʩʢʦʣʘʤʠ ʠ ʯʘʩʪʠʮʘʤʠ ʧʦʢʨʳʪʠʷ. 

ʐʣʠʬʦʚʘʥʠʝ ʢʨʫʛʦʤ ʠʟ 24ɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʉʆɾ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 

ʚʦʜʳ ʧʦʚʳʰʘʝʪ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ɸʀ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʰʣʠʬʦʚʘʥʠʷ ʚ 1,6 ʠ 1,2 

ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʷ ʇɺ ʠ ʚ 1,2 ʠ 1,1 ʨʘʟʘ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʷ ʇɾ.  

ɼʦʙʘʚʣʝʥʠʝ ʚ ʚʦʜʦʧʨʦʚʦʜʥʫʶ ʚʦʜʫ ʧʨʠʩʘʜʢʠ ʂ3ʈʆ4 (ʩʦʩʪʘʚ ˉ3) 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʷʝʪ ʦʭʣʘʞʜʘʶʱʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʧʨʦʪʠʚʦʘʜʛʝʟʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʇʨʠʩʘʜʢʘ, ʚʩʪʫʧʘʷ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʶʚʝʥʠʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʢʨʳʪʠʡ, ʦʙʨʘʟʫʝʪ ʚ ʟʦʥʝ 

ʨʝʟʘʥʠʷ ʠʟʦʣʠʨʫʶʱʫʶ ʧʣʝʥʢʫ, ʫʤʝʥʴʰʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʧʦʢʨʳʪʠʝʤ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʧʦʚʳʰʘʝʪʩʷ ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ ʠʟʥʦʩ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʣʠʬʦʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʦʱʫʪʠʤʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠʩʘʜʢʘ ʦʢʘʟʳʚʘʝʪ ʥʘ ʟʝʨʥʘ ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ 

ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ, ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʘʣʠʧʘʥʠʝ ʥʘ 

ʥʠʭ ʤʝʪʘʣʣʘ, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʟʝʨʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʵʪʦʛʦ ʞʝ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʥʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʫʢʘʟʘʥʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʦʢʨʳʪʠʶ ʇɺ. 

ʕʣʝʢʪʨʦʢʦʨʫʥʜ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʠʥʝʨʪʥʳʤ ʘʙʨʘʟʠʚʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʢʨʳʪʠʶ 

ʇɺ, ʧʦʵʪʦʤʫ ʜʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʩʘʜʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʩ ʵʪʠʤ ʘʙʨʘʟʠʚʦʤ. ʂʘʨʙʠʜ 

ʢʨʝʤʥʠʷ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʵʣʝʢʪʨʦʢʦʨʫʥʜʫ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʣʷʥʦʡ ʉʆɾ (ʩʦʩʪʘʚ ˉ4) ʰʣʠʬʦʚʘʥʠʝ  ʢʨʫʛʘʤʠ ʠʟ 

24ɸ ʠ 64ʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʠ ʩʠʣʦʚʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʢ ʧʦʢʨʳʪʠʷ ʇɺ, ʪʘʢ ʠ ʧʦʢʨʳʪʠʷ ʇɾ. ʆʜʥʘʢʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ  ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʭ 

ʟʥʘʯʝʥʠʷʭ ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ, ʯʪʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʚʳʤʳʚʘʥʠʝʤ ʩʪʨʫʞʢʠ ʠ ʚʳʢʨʦʰʠʚʰʠʭʩʷ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ   

ʟʘʩʘʣʠʚʘʥʠʝ ʟʝʨʝʥ ʠʥʩʪʨʫʤʝʥʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʝʨʝ ʠʭ ʨʝʞʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʠ ʧʦʜʘʯʝ ʚ ʟʦʥʫ ʰʣʠʬʦʚʘʥʠʷ ʤʘʩʣʷʥʦʡ ʉʆɾ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʠʟʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ˉ4 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ Ra ʠ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʂʨ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʝʶʪ ʩʦʩʪʘʚʳ 

ˉ5 ʠ ˉ6, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʦʚ. 

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɾ ʩ ʧʦʜʘʯʝʡ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʇʆɸ-2ʤ ʠ 

ʕʇʄ-1ʰ ʧʝʨʠʦʜʳ ʩʪʦʡʢʦʩʪʠ ɸʀ ʚʦʟʨʘʩʪʘʣʠ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʧʨʠ 

ʰʣʠʬʦʚʘʥʠʠ ʢʨʫʛʦʤ ʠʟ 24ɸ ʠ ʙʦʣʝʝ ʯʝʤ ʚ 13 ʨʘʟ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʛʦʤ ʠʟ 64ʉ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʦʩʪʘʚ ˉ5 ʧʦ ʜʦʩʪʠʛʘʝʤʦʡ ʚʝʣʠʯʠʥʝ 

ʧʝʨʠʦʜʘ ʩʪʦʡʢʦʩʪʠ ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʪʘʚʦʤ 

ˉ6. ʕʬʬʝʢʪ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʜʫʢʪʘ ʇʆɸ-2ʤ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʦʢʘʣʴʥʳʤ ʚʳʧʘʜʝʥʠʝʤ ʧʦʣʠʤʝʨʘ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʟʦʥʝ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʨʫʛʘ ʠ ʜʝʪʘʣʠ.  

ʆʜʥʘʢʦ ʧʦʜʘʯʘ ʚ ʟʦʥʫ ʰʣʠʬʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ˉ6 ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʥʴʰʫʶ  

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʣʠʬʦʚʘʥʠʷ. ʇʨʠ ʦʮʝʥʢʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʂʨ ʠ ʂʤ ʪʘʢʞʝ ʚʳʷʚʣʷʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʩʪʘʚʘ ˉ6. ʇʦ ʧʘʨʘʤʝʪʨʫ Ra ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘʩʘʣʠʚʘʥʠʷ 

ʢʨʫʛʦʚ ʉʟ ʩʦʩʪʘʚʳ ˉ5 ʠ ˉ6 ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ.  
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ʆʯʝʚʠʜʥʦ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʦʮʝʥʢʘ ʉʆɾ ʧʦ ʦʜʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʥʝʧʨʠʝʤʣʝʤʘ, ʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʪʨʫʜʥʝʥ ʚʳʙʦʨ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʜʢʦʩʪʠ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʡʪʠʥʛʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ [4]. ɺ ʪʘʙʣ. 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʨʘʥʞʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ ʉʆɾ 

ʧʦ ʚʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʷʤ: ʧʝʨʠʦʜʫ ʊ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ, ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʰʣʠʬʦʚʘʥʠʷ ʧʦ ʦʙʲʝʤʫ ʂh  ʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʢʨʠʪʝʨʠʶ ʂʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ 

ʩʠʣʦʚʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʏʠʩʣʦ ʙʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʢʘʞʜʳʡ 

ʢʨʠʪʝʨʠʡ, ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʜʣʷ ʩʦʩʪʘʚʘ, ʠʤʝʶʱʝʛʦ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʥʘʠʤʝʥʴʰʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʉʆɾ, ʧʦʢʘʟʘʚʰʝʡ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʦʤ ʠʟ 24ɸ ʢ 

ʣʫʯʰʝʡ ʉʆɾ ʦʪʥʦʩʠʪʩʷ ʵʤʫʣʴʩʦʣ ʕʇʄ-1ʰ (17 ʙʘʣʣʦʚ), ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʪʠʤ 

ʞʝ ʢʨʫʛʦʤ ʧʦʢʨʳʪʠʷ ʇɾ ʥʘʠʙʦʣʴʰʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʢʘʟʘʣʠ  ʩʦʩʪʘʚʳ ˉ5 ʠ ˉ6 (16 ʙʘʣʣʦʚ). 

ʊʘʙʣʠʮʘ 2 

ʈʝʡʪʠʥʛʦʚʘʷ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʉʆɾ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

 
 

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ ʢʨʫʛʦʤ ʠʟ 64ʉ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʙʘʣʣʦʚ 

ʠʤʝʝʪ ʩʦʩʪʘʚ ˉ6 (16 ʙʘʣʣʦʚ), ʘ ʰʣʠʬʦʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʇɾ ʵʪʠʤ ʞʝ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ˉ4 (15 

ʙʘʣʣʦʚ).     

ʈʘʥʛʦʚʳʡ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʠ ʜʣʷ ʚʳʙʦʨʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʉʆɾ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʨʫʛʘʤʠ ʠʟ ʵʣʝʢʪʨʦʢʦʨʫʥʜʦʚ ʠ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ (ʪʘʙʣ. 3).  
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ʊʘʙʣʠʮʘ 3 

ʈʘʥʛʦʚʳʡ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʜʣʷ ʚʳʙʦʨʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ  

ʉʆɾ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

 
 

ʀʟ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʠʟ 

ʵʣʝʢʪʨʦʢʦʨʫʥʜʦʚ ʠ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ ʷʚʣʷʝʪʩʷ ʉʆɾ ʥʘ ʦʩʥʦʚʝ ʵʤʫʣʴʩʦʣʘ 

ʕʇʄ-1ʰ (63 ʙʘʣʣʘ). ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʉʆɾ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʥʪʨʘʪʘ ʇʆɸ-2ʤ (54 ʙʘʣʣʘ). 
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 Altai State Technical University after I.I. Polzunov, Barnaul 
 

 Abstract:  The paper deals with the development peculiarities of input swivel jacks for 

installation of nonrigid body components based on research designing. The work contains swivel 

jack designs with automatic locking of an input support system obtained as a result of combinatory 

synthesis. 

Key-words: nonrigid body components, the input jacks, research designing, 

cutting. 
 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʘʯʝʩʪʚʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʞʝʩʪʢʠʭ ʜʝʪʘʣʝʡ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʦʙʨʘʙʦʪʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʧʨʫʛʠʝ ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ, ʦʛʨʘʥʠʯʝʥʠʶ ʨʝʞʠʤʦʚ 

ʨʝʟʘʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʞʝʩʪʢʠʭ ʢʦʨʧʫʩʥʳʭ 

ʜʝʪʘʣʝʡ ʚ ʩʪʘʥʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʫ ʧʦʜʚʦʜʠʤʳʭ 

ʜʦʤʢʨʘʪʦʚ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʚʳʭ ʩʪʘʥʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʩʪʨʦʡʢʠ ʧʦʜʚʦʜʠʤʳʭ ʜʦʤʢʨʘʪʦʚ ʥʘ ʢʘʞʜʫʶ ʟʘʛʦʪʦʚʢʫ ʠ ʠʭ 

ʨʫʯʥʫʶ ʬʠʢʩʘʮʠʶ. 

ʉʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ  ʛʠʙʢʦʡ ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʠʤʳʭ ʜʦʤʢʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʩʘʤʦʫʩʪʘʥʦʚʢʫ ʠ ʠʭ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʬʠʢʩʘʮʠʶ ʜʦʤʢʨʘʪʦʚ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜʦʣʦʛʠʶ ʧʦʠʩʢʦʚʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʫʶ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ  [1, 2, 3]. ʇʦʠʩʢ ʨʝʰʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ  

ʩ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ: 

1. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ; 

2. ʋʪʦʯʥʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ; 

3. ʇʦʠʩʢ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʠʩʢʦʚʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ (ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʩʠʥʪʝʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʤʦʟʛʦʚʦʡ ʘʪʘʢʠ ʠ ʪ.ʜ.). 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʘʣʠʟʘʮʠʶ ʜʘʥʥʳʭ ʵʪʘʧʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʦʠʩʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʚʦʧʨʦʩʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʛʠʙʢʦʡ 

ʩʠʩʪʝʤʳ ʧʦʜʚʦʜʠʤʳʭ ʜʦʤʢʨʘʪʦʚ ʩʪʘʥʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʥʝʞʝʩʪʢʠʭ ʜʝʪʘʣʝʡ.   

ʕʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʷʜ ʦʧʝʨʘʮʠʡ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ: ʦʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʫʢʘʟʘʥʠʝʤ ʧʫʪʝʡ ʝʝ 

ʫʩʪʨʘʥʝʥʠʷ; ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʠ (ʥʘʟʥʘʯʝʥʠʷ) ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ; ʚʳʙʦʨ 

ʧʨʦʪʦʪʠʧʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʪʨʝʙʦʚʘʥʠʡ; ʩʦʩʪʘʚʣʝʥʠʝ ʩʧʠʩʢʘ ʥʝʜʦʩʪʘʪʢʦʚ 

http://www.altstu.ru/
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ʧʨʦʪʦʪʠʧʦʚ; ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ, ʢʨʘʪʢʦ ʦʙʦʙʱʘʶʱʘʷ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʧrʦʣʥʝʥʠʠ ʧʨʝʜʳʜʫʱʠʭ ʦʧʝʨʘʮʠʡ. 

ʆʧʠʩʘʥʠʝ ʬʫʥʢʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʩʦʜʝʨʞʠʪ ʯʝʪʢʫʶ ʠ ʢʨʘʪʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚʦʟʥʠʢʰʫʶ ʧʦʪʨʝʙʥʦʩʪʴ. 

ʆʧʠʩʘʥʠʝ ʬʫʥʢʮʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ: 

P = (D, G, H),                                                                 (1) 

ʛʜʝ D ï ʫʢʘʟʘʥʠʝ ʜʝʡʩʪʚʠʷ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʦʙʲʝʢʪʦʤ ʠ 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ; G ï ʫʢʘʟʘʥʠʝ ʦʙʲʝʢʪʘ, ʠʣʠ ʧʨʝʜʤʝʪʘ 

ʦʙʨʘʙʦʪʢʠ, ʥʘ ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥʦ ʜʝʡʩʪʚʠʝ  D; H ï ʫʢʘʟʘʥʠʝ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝ.  

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ, ʦʧʠʩʘʥʠʝ ʠ ʧʫʪʠ ʨʝʰʝʥʠʷ 

ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ, ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: çʇʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʜʦʤʢʨʘʪʦʚ (ʈ), 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʞʝʩʪʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ,  

ʫʩʪʘʥʘʚʣʠʚʘʝʪ (ʙʘʟʠʨʫʝʪ ʠ ʟʘʢʨʝʧʣʷʝʪ) (D) ʥʝʞʝʩʪʢʫʶ ʟʘʛʦʪʦʚʢʫ ʢʦʨʧʫʩʥʦʡ 

ʜʝʪʘʣʠ (G) ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʦʡ ʬʠʢʩʘʮʠʝʡ ʧʦʜʚʦʜʠʤʳʭ ʦʧʦʨ (H). 

ɺ ʦʧʠʩʘʥʠʠ ʧʨʦʙʣʝʤʥʦʡ ʩʠʪʫʘʮʠʠ ʯʘʩʪʦ ʫʢʘʟʳʚʘʶʪ ʧʨʦʪʦʪʠʧʳ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ. ʇʨʠ ʚʳʙʦʨʝ ʧʨʦʪʦʪʠʧʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʟɹʦʚʘʪʴ ʩʣʦʚʘʨʠ ʪʝʭʥʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʠʟʦʙʨʝʪʝʥʠʡ, ʧʘʪʝʥʪʥʳʝ ʦʧʠʩʘʥʠʷ, ʩʧʨʘʚʦʯʥʠʢʠ, ʪʝʭʥʠʯʝʩʢʫʶ ʣʠʪʝʨʘʪʫʨʫ ʠ ʪ.ʧ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ 

ʧʨʫʞʠʥʥʳʡ ʜʦʤʢʨʘʪ ʠ ʙʣʦʢ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʧʨʫʞʠʥʥʳʭ ʜʦʤʢʨʘʪʦʚ 

(ʨʠʩ. 1). 

 

ʘ) ʉʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ  

ʧʨʫʞʠʥʥʳʡ ʜʦʤʢʨʘʪ 

ʙ) ɹʣʦʢ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ  

ʧʨʫʞʠʥʥʳʭ ʜʦʤʢʨʘʪʦʚ 

 
ʇʨʠʤʝʥʷʶʪ  ʜʣʷ  ʢʨʝʧʣʝʥʠʷ  ʥʝʪʷʞʝʣʳʭ  

ʠ  ʥʝʞʝʩʪʢʠʭ  ʟʘʛʦʪʦʚʦʢ 

 
ʇʨʠʤʝʥʷʶʪ  ʜʣʷ  ʧʦʜʚʦʜʘ  ʥʝʩʢʦʣʴʢʠʭ  

ʦʧʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ.  

ɺ  ʫʩʪʘʥʦʚʣʝʥʥʦʤ  ʧʦʣʦʞʝʥʠʠ  ʦʧʦʨʳ 

ʟʘʢʨʝʧʣʷʶʪʩʷ ʙʦʣʪʦʤ 

 

ʈʠʩ. 1. ʕʩʢʠʟʳ ʧʨʦʪʦʪʠʧʦʚ 

 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʧʨʦʪʦʪʠʧʦʚ  ʷʚʣʷʶʪʩʷ: ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʦʙʨʘʙʦʪʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ ʥʘ ʬʠʢʩʘʮʠʶ 
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ʦʧʦʨ ʚʨʫʯʥʫʶ ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ;  ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʜʚʦʜʠʤʳʭ ʦʧʦʨ ʥʘ ʦʜʥʦʡ 

ʣʠʥʠʠ (ʧʨʦʪʦʪʠʧ ˉ2), ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʩʪʘʥʦʚʢʝ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ ʜʝʪʘʣʝʡ 

ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʩʦʜʝʨʞʠʪ ʜʚʝ ʯʘʩʪʠ: çʜʘʥʦè ʠ 

çʪʨʝʙʫʝʪʩʷè. ʊʘʢʦʝ ʦʙʦʙʱʝʥʠʝ ʜʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʠ ʣʝʛʢʦ ʦʙʦʟʨʠʤʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʟʘʜʘʯʝ. 

ɼʘʥʦ: ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʜʦʤʢʨʘʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʞʝʩʪʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ,  ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

(ʙʘʟʠʨʫʝʪ ʠ ʟʘʢʨʝʧʣʷʝʪ) ʥʝʞʝʩʪʢʫʶ ʟʘʛʦʪʦʚʢʫ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ ʩ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʦʡ ʬʠʢʩʘʮʠʝʡ ʧʦʜʚʦʜʠʤʳʭ ʦʧʦʨ. ʇʨʠ ʵʪʦʤ 

ʧʨʠʤʝʥʝʥʠʝ ʠʟʚʝʩʪʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ  ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ 

ʚʨʝʤʝʥʠ ʥʘ ʬʠʢʩʘʮʠʶ ʦʧʦʨ ʚʨʫʯʥʫʶ ʜʦ ʥʘʯʘʣʘ ʦʙʨʘʙʦʪʢʠ.  

ʊʨʝʙʫʝʪʩʷ ʪʘʢ ʠʟʤʝʥʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʯʪʦʙʳ: 

1) ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʥʝʤ ʧʦʜʚʦʜʠʤʳʤʠ ʜʦʤʢʨʘʪʘʤʠ 

ʧʦʟʚʦʣʷʣʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʬʠʢʩʠʨʦʚʘʪʴ ʦʧʦʨʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ; 

2) ʇʦʜʚʦʜʠʤʘʷ ʦʧʦʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʧʘʢʪʥʦʡ, ʘ ʝʝ ʢʦʥʩʪʨʫʢʮʠʷ ʠ 

ʬʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʚ ʢʦʨʧʫʩʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝʞʝʩʪʢʦʡ ʜʝʪʘʣʠ. 

ʋʪʦʯʥʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʘʥʘʣʠʟ ʬʫʥʢʮʠʡ 

ʧʨʦʪʦʪʠʧʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝ ʫʣʫʯʰʝʥʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ɸʥʘʣʠʟ ʬʫʥʢʮʠʡ ʧʨʦʪʦʪʠʧʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʜʣʷ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʧʨʫʞʠʥʥʦʛʦ ʜʦʤʢʨʘʪʘ (ʧʨʦʪʦʪʠʧ ˉ1). 

ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1) ʈʘʟʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʵʣʝʤʝʥʪʳ; 

2) ʆʧʠʩʘʥʠʝ ʬʫʥʢʮʠʡ ʵʣʝʤʝʥʪʦʚ; 

3) ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʨʝʙʨʘʤʠ ʬʫʥʢʮʠʠ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʫʞʠʥʥʦʛʦ ʜʦʤʢʨʘʪʘ ʠ 

ʚʳʧʦʣʥʷʝʤʳʝ ʠʤʠ ʬʫʥʢʮʠʠ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2 ï ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʦʤʢʨʘʪʘ. 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ (ʫʣʫʯʰʝʥʠʝ) ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʙʣʘʛʦʜʘʨʷ: ʧʦʠʩʢʫ ʥʦʚʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʫʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʪʦʪʠʧʘ ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ; ʠʩʢʣʶʯʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʪʦʪʠʧʘ; ʧʦʠʩʢʫ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ  ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʢʣʶʯʠʪʴ ʠ ʧʝʨʝʜʘʪʴ ʠʭ ʬʫʥʢʮʠʠ ʜʨʫʛʠʤ ʵʣʝʤʝʥʪʘʤ; ʧʦʠʩʢʫ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ,  ʬʫʥʢʮʠʡ ʢʦʪʦʨʳʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʜʝʣʠʪʴ 
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ʠ ʚʚʝʩʪʠ ʚʤʝʩʪʦ ʦʜʥʦʛʦ ʜʚʘ ʠ ʙʦʣʝʝ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʩʪʨʫʢʪʫʨʳ 

ʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴʩʷ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʩʪʨʘʥʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʪʦʪʠʧʦʚ ʠʣʠ ʧʦʚʳʰʝʥʠʝ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 1 

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʫʞʠʥʥʦʛʦ ʜʦʤʢʨʘʪʘ  

ʠ ʚʳʧʦʣʥʷʝʤʳʝ ʠʤʠ ʬʫʥʢʮʠʠ 

 
ʕʣʝʤʝʥʪ ʌʫʥʢʮʠʷ 

ʆʙʦʟʥʘʯ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʙʦʟʥʘʯ. ʆʧʠʩʘʥʠʝ 

ɽ0 
ɼʦʤʢʨʘʪ  

ʧʨʫʞʠʥʥʳʡ 
F0 

ʇʦʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʟʘʛʦʪʦʚʢʠ (V1), ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

E1 ʂʦʨʧʫʩ 

F1
1
 

F1
2
 

F1
3
 

ɹʘʟʠʨʫʝʪ ʚʪʫʣʢʫ (E5) 

ɹʘʟʠʨʫʝʪ ʠ ʧʝʨʝʤʝʱʘʝʪ ʙʦʣʪ (ɽ32) 

ɹʘʟʠʨʫʝʪ ʧʨʫʞʠʥʫ (ɽ4) 

ɽ2 
ʇʦʜʚʦʜʠʤʘʷ 

ʦʧʦʨʘ 

F2
1
 

 

F2
2 

ʇʦʚʳʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʟʘʛʦʪʦʚʢʠ (V1), ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

ʈʘʟʤʝʱʘʝʪ ʢʨʳʰʢʫ (ɽ6) 

ɽ3 

ɽ31 

ɽ32 

ʌʠʢʩʘʪʦʨ 

ʉʫʭʘʨʴ 

ɹʦʣʪ 

F3
1
 

F31
1
 

F32
1
 

ʌʠʢʩʠʨʫʝʪ ʧʦʜʚʦʜʠʤʫʶ ʦʧʦʨʫ (ɽ2) 

ʌʠʢʩʠʨʫʝʪ ʧʦʜʚʦʜʠʤʫʶ ʦʧʦʨʫ (ɽ2) 

ʇʝʨʝʜʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ (V2) ʥʘ 

ʩʫʭʘʨʴ (ɽ31) 

ɽ4 ʇʨʫʞʠʥʘ F4
1 ʇʦʜʞʠʤʘʝʪ ʧʦʜʚʦʜʠʤʫʶ ʦʧʦʨʫ (ɽ2) ʢ ʟʘʛʦʪʦʚʢʝ (V1) 

ɽ5 ɺʪʫʣʢʘ 

F5
1
 

F5
2
 

F5
3 

ɿʘʱʠʱʘʝʪ ʢʦʨʧʫʩ (ɽ1) ʦʪ ʠʟʥʦʩʘ 

ʅʘʧʨʘʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʧʦʜʚʦʜʠʤʦʡ ʦʧʦʨʳ (ɽ2) 

ʈʘʟʤʝʱʘʝʪ ʢʨʳʰʢʫ (ɽ6) 

ɽ6 ʂʨʳʰʢʘ F6
1 ʇʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʧʳʣʠ ʠ ʩʪʨʫʞʢʠ ʚ 

ʟʘʟʦʨ ʤʝʞʜʫ ʚʪʫʣʢʦʡ (ɽ5) ʠ ʦʧʦʨʦʡ ʧʦʜʚʦʜʠʤʦʡ (ɽ2) 

 

 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʤʢʨʘʪʘ 
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ʅʘ ʵʪʘʧʝ ʫʪʦʯʥʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʤʦʛʫʪ ʧʨʝʜʣʘʛʘʪʴʩʷ ʤʥʦʞʝʩʪʚʦ 

ʫʣʫʯʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʘʨʠʘʥʪʦʚ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ. ʌʘʢʪʠʯʝʩʢʠ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʯʝʥʴ ʥʝʦʙʭʦʜʠʤʳʭ ʠ 

ʜʦʩʪʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʠʩʦʢ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʬʫʥʢʮʠʠ, ʫʪʦʯʥʷʝʪʩʷ ʩʧʠʩʦʢ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʦʜʣʝʞʘʱʠʭ 

ʫʩʪʨʘʥʝʥʠʶ. ʇʦ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʪʦʯʥʝʥʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʥʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥɹʦʡ ʧʦʩʪʘʥʦʚʢʠ, ʦʪʣʠʯʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʨʘʩʰʠʨʝʥʥʦʤ ʝʝ ʩʦʜʝʨʞʘʥʠʠ. 

ʄʘʪʝʨʠʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʩ ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ 

ʵʪʘʧʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ï ʵʪʘʧʝ ʧʦʠʩʢʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʠʩʢʦʚʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʧʦʠʩʢʦʚʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʥʪʝʟʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʊʈ) ʥʘ ʀ-ʀʃʀ ʛʨʘʬʝ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʪʦʪʠʧʘʭ ʠ ʠʟʚʝʩʪʥʳʭ ʊʈ 

ʧʨʝʜʩʪʘʚʣʷʁ ʪ ʠ ʟʘʧʠʩʳʚʘʶʪ ʚ ʚʠʜʝ ʩʚʷʟʥʦʛʦ ʛʨʘʬʘ.  ʅʘ ʦʩʥʦʚʝ ʀ-ʀʃʀ ï ʛʨʘʬʘ 

ʊʈ ʠ ʦʙʱʝʛʦ ʩʧʠʩʢʘ ʪʨʝʙʦʚʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʊʈ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʊʈ, 

ʚʳʙʠʨʘʪʴ ʊʈ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʟʘʜʘʥʥʦʤʫ ʩʧʠʩʢʫ ʪʨʝʙʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʦʣʫʯʘʪʴ ʥʘʠʣʫʯʰʠʝ ʊʈ.  

ɻʨʘʬ G (X,U) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʪʠʧʘ ʤʥʦʞʝʩʪʚ: ʤʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ X ʠ 

ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ U. ɺʝʨʰʠʥʳ ʛʨʘʬʘ ʦʧʠʩʳʚʘʶʪ ʵʣʝʤʝʥʪʳ ʠ ʧʨʠʟʥʘʢʠ ʊʈ, 

ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʙʨʘ ʧʦʢʘʟʳʚʘʶʪ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʦʧʦʜʯʠʥʝʥʥʦʩʪʴ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʠ ʧʨʠʟʥʘʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʨʠʟʥʘʢʦʚ ʵʣʝʤʝʥʪʘʤ.  

ʄʥʦʞʝʩʪʚʦ ʚʝʨʰʠʥ X ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʳ ʧʦʜʤʥʦʞʝʩʪʚ X1 ʠ X2. ɺʝʨʰʠʥʳ 

ʧʦʜʤʥʦʞʝʩʪʚʘ ʍ1 ʥʘʟʳʚʘʶʪʩʷ ʀ-ʚʝʨʰʠʥʘʤʠ; ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʊʈ. ʇʦʜʤʥʦʞʝʩʪʚʦ ʍ2 ʩʦʩʪʘʚʣʷʶʪ ʀʃʀ-

ʚʝʨʰʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʨʠʟʥʘʢʠ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʊʈ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʀ-ʀʃʀ ï 

ʛʨʘʬʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [1]. 

ʀ-ʀʃʀ-ʛʨʘʬ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ ʊʈ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ ʠ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʆʜʥʘʢʦ ʀ-ʀʃʀ ï ʛʨʘʬʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʳʭ ʊʈ, 

ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʤʘʣʦ ʥʦʚʳʭ ʧʘʪʝʥʪʦʩʧʦʩʦʙʥʳʭ   ʨʝʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʊʘʢʦʝ 

ʨʘʩʰʠʨʝʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠ ʬʦʥʜʘ ʵʚʨʠʩʪʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ [1].  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʀ-ʀʃʀ ʛʨʘʬ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʫʞʠʥʥʳʭ 

ʜʦʤʢʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʨʘʩʰʠʨʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʊʈ. ʉʪʨʫʢʪʫʨʘ ʀ-ʀʃʀ ï 

ʛʨʘʬʘ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʢʨʳʪʦʡ. ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʚʦʝ ʜʘʣʥɹʝʡʰʝʝ ʜʦʧʦʣʥʝʥʠʝ ʧʦ 

ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʥʪʝʨʝʩʫʶʱʝʡ ʪʝʤʘʪʠʢʝ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʀ-ʀʃʀ-ʛʨʘʬʝ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʠʟʥʘʢʦʚ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʣʴʢʦ ʚʠʩʷʯʠʤ ʚʝʨh ʠʥʘʤ. ʌʨʘʛʤʝʥʪ ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʠʡ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ   ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʫʞʠʥʥʳʭ 

ʜʦʤʢʨʘʪʦʚ, ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2, ʛʜʝ  ʚʠʩʷʯʠʝ ʚʝʨʰʠʥʳ ʀ-ʀʃʀ-ʛʨʘʬʘ 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʮʝʥʦʢ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʪʘʙʣʠʮʝ 3. 

 

 
 

ʈʠʩ. 3. ʈʘʩʰʠʨʝʥʥʳʡ ʀ-ʀʃʀ ʛʨʘʬ ʧʨʫʞʠʥʥʳʭ ʜʦʤʢʨʘʪʦʚ 

 

ʊʘʙʣʠʮʘ 2 

ʄʘʪʨʠʮʘ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʬʨʘʛʤʝʥʪ) 

 

 

ʕʣʝʤʝʥʪ 

ʊʨʝʙʦʚʘʥʠʝ 

ʇʨʦʠʟ-

ʚʦʜʠ-

ʪʝʣɹ-

ʥʦʩʪʴ 

 

ʉʪʦʠ-

ʤʦʩʪʴ 

ʜʦʤʢʨʘ-

ʪʘ 

ʊʝʭʥʦʣʦʛʠʯ-

ʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ 

ɺʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ ʚ 

ʩʙʦʨʥʦ-ʨʘʟʙʦʨʥʦʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

 

 

ʇʨʠʚʦʜ 

ʊʝʧʣʦʚʦʡ 3 2 5 5 

ʄʘʛʥʠʪʥʳʡ 4 4 4 5 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 5 3 3 3 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 5 4 3 2 

ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ 5 3 2 2 

ʆʪʩʫʪʩʪʚʫʝʪ 2 5 5 5 

ʌʠʢʩʘ-

ʪʦʨ 

ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʡ 

ʎʘʥʛʦʚʳʡ 5 5 5 5 

ʄʘʛʥʠʪʥʳʡ 5 4 4 5 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 5 3 3 3 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ 5 4 3 2 
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ʊʘʙʣʠʮʘ 3 

ʉʠʩʪʝʤʘ ʦʮʝʥʦʢ ʚʝʨʰʠʥ ʀ-ʀʃʀ ʜʝʨʝʚʘ 

 

ʆʮʝʥʢʘ ʉʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ 

5 

4 

3 

2 

1 

0 

ɺʝʨʰʠʥʘ ʦʪʣʠʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ 

ɺʝʨʰʠʥʘ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ 

ɺʝʨʰʠʥʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ 

ɺʝʨʰʠʥʘ ʧʣʦʭʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ 

ɺʝʨʰʠʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʶ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥʘ ʚ ʨʝh ʝʥʠʝ 

ɺʝʨʰʠʥʘ ʥʝ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʘʥʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ, ʥʦ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʨʝʰʝʥʠʡ 

 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʤʦʪʨ ʀ-ʀʃʀ 

ʛʨʘʬʘ ʠ ʧʨʦʚʝʨʢʘ ʢʘʞʜʦʡ ʠʟ ʚʠʩʷʯʠʭ ʚʝʨʰʠʥ ʧʦ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʧʨʦʧʠʩʘʥʥʳʤ ʚ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ. ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʳʙʠʨʘʶʪ ʠʟ ʤʘʪʨʠʮʳ 

ʩʦʦʪʚʝʪʩʪʚʠʡ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣʠ ʦʪʙʨʦʰʝʥʳ ʚʩʝ 

ʚʠʩʷʯʠʝ ʚʝʨʰʠʥʳ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʫʩʝʯʝʥʥʦʛʦ ʀ-ʀʃʀ ʜʝʨʝʚʘ (ʜʝʨʝʚʘ ʜʦʧʫʩʪʠʤʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ) ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʩʠʥʪʝʟ ʊʈ.  ɸʣʛʦʨʠʪʤ 

ʩʠʥʪʝʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʀ-ʀʃʀ ʛʨʘʬʝ ʬʦʨʤʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʳ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʚ ʩʨʝʜʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʫʯʘʶʱʝʡ ʩʠʩʪʝʤʝ ñɸʆʉ ʊʚʦʨʯʝʩʪʚʦò, ʩʦʟʜʘʥʥʦʡ ʥʘ 

ʢʘʬʝʜʨʝ ñʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷò ɸʣʪʘʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʥʘ ʀ-ʃʀ 

ʛʨʘʬʝ ʛʝʥʝʨʠʨʫʁ ʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʫʞʠʥʥʳʭ ʜʦʤʢʨʘʪʦʚ (ʨʠʩ. 4).  

 

 
ʈʠʩ. 4. ʕʢʨʘʥʥʘʷ ʬʦʨʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʪʝʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
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ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʷ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 1. 
ɼʦʤʢʨʘʪ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ (ʨʠʩ. 5) ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 1, ʚ ʦʪʚʝʨʩʪʠʠ 

ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥʳ ʧʦʜʚʦʜʠʤʘʷ ʦʧʦʨʘ  2, ʟʘʞʠʤʥʘʷ ʮʘʥʛʘ 3, ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4 ʠ 

ʧʨʫʞʠʥʳ 5, 6. 

ɼʦʤʢʨʘʪ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ 4 ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʝʨʜʝʯʥʠʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 4 ʚʳʜʚʠʛʘʝʪʩʷ ʠ ʩʞʠʤʘʝʪ ʧʨʫʞʠʥʫ 4, ʚr ʟʳʚʘʷ ʨʘʩʢʨʝʧʣʝʥʠʝ 

ʧʦʜʚʦʜʠʤʦʡ ʦʧʦʨʳ 2 ʠʟ ʮʘʥʛʠ 3. ʈʘʩʢʨʝʧʣʝʥʥʘʷ ʧʦʜʚʦʜʠʤʘʷ ʦʧʦʨʘ 2 

ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʫʞʠʥʳ 6. ʇʦʩʣʝ 

ʩʘʤʦʫʩʪʘʥʦʚʢʠ ʦʧʦʨʳ ʩʥʠʤʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 4, ʝʛʦ ʩʝʨʜʝʯʥʠʢ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʘ ʦʧʦʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 2 ʟʘʢʨʝʧʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʫʞʠʥʳ 5 ʠ ʮʘʥʛʠ 3. 
 

 
 

ʈʠʩ. 5. ɼʦʤʢʨʘʪ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ  

ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʝʡ ʦʧʦʨʳ ʮʘʥʛʦʡ 

 

ʊʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 2. 
ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥ ʧʨʫʞʠʥʥʳʡ ʜʦʤʢʨʘʪ ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ 

ʧʨʠʚʦʜʦʤ ʧʦʜʚʦʜʠʤʦʡ ʦʧʦʨʳ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʟʘʛʦʪʦʚʢʘ ʥʝʞʝʩʪʢʦʡ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ  

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʦʧʦʨʳ 3 ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʚ ʠʩʭʦʜʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʩʣʦʚʠʷʤ ʦʙʨʘʙʦʪʢʠ. ɺ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʩʪʦʣ 

ʩʪʘʥʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʚ ʢʦʨʧʫʩʝ 1 

ʬʦʪʦʜʠʦʜʦʤ (ʌɼ) 7, ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʠʥʳ ʩʪʘʥʢʘ. ʅʘ ʩʪʘʥʠʥʝ 

ʬʠʢʩʠʨʫʝʪʩʷ ʩʠʩʪʝʤʘ ʩʚʝʪʦʜʠʦʜʦʚ (ʉɼ) 10, ʧʦʜʢʣʶʯʝʥʥʳʭ ʯʝʨʝʟ 

ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʙʘʣʠʩʪʥʳʝ ʨʝʟʠʩʪʦʨʳ (Rʙ) 12 ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ (ɽ) 11. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʪʦʣʘ ʧʦʪʦʢ ʠʟʣʫʯʝʥʠʷ ʦʪ ʩʚʝʪʦʜʠʦʜʘ 10 ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʪʦʜʠʦʜ, 

ʚʦʟʙʫʞʜʘʝʪ ʚ ʥʝʤ ʬʦʪʦʪʦʢ, ʢʦʪʦʨʳʡ ʫʩʠʣʠʚʘʝʪʩʷ ʫʩʠʣʠʪʝʣʴʥʦ ï  

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʋʇʋ) 9 ʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʥʘʧʨʷʞʝʥʠʝ, 

ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʷʢʦʨʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ 4. ʇʦʜʲʝʤ ʷʢʦʨʷ 

ʚʳʟʳʚʘʝʪ ʩʞʘʪʠʝ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 2, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʞʠʤ ʦʧʦʨʳ 3 ʢ 
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ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. ɺʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʦʧʪʦʨʥʦʡ ʧʘʨʳ ʬʦʪʦʜʠʦʜ 7 ï 

ʩʚʝʪʦʜʠʦʜ 10 ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʩʚʝʪʦʜʠʦʜʦʚ 10 ʥʘ ʩʪʘʥʠʥʝ ʩʪʘʥʢʘ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

 

 
 

ʈʠʩ. 6. ʇʨʫʞʠʥʥʳʡ ʜʦʤʢʨʘʪ  

ʩ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʧʦʜʚʦʜʠʤʦʡ ʦʧʦʨʳ 

 

ʋʧʨʘʚʣʝʥʠʝ ʞʝʩʪʢʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʣʳ ʧʨʠʞʠʤʘ ʦʧʦʨ 3 ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʙʦʨʦʤ ʞʝʩʪʢʦʩʪʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 2 ʠ ʚʝʣʠʯʠʥʦʡ 

ʚʳʣʝʪʘ ʷʢʦʨʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 4. 

ʅʘ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ˉ2240216. 
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Abstract:  The analytical relashionship between distributions of one-time reductions of metal 

in the yield elongation zone of monolithic die has been determined. 

Key words: analytical relashionship, distribution of reductions, elongation zone, 

monolithic die. 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʦʣʦʯʝʥʠʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʪʘʣʣʘ 

ʯʝʨʝʟ ʦʯʘʛ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʘ ʚ ʢʘʞʜʦʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʨʘʜʠʘʣʴʥʳʤ ʦʙʞʘʪʠʷʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʞʠʤ ʚʦʣʦʯʝʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʬʠʣʝʤ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʠʤʝʥʷʝʤʳʝ ʦʙʳʯʥʦ ʤʦʥʦʣʠʪʥʳʝ ʚʦʣʦʢʠ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ (ʨʠʩ. 1) ʩʦʟʜʘʶʪ ʢʨʘʡʥʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʨʝʞʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʚʦʣʦʯʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʥʦʣʠʪʥʳʭ ʚʦʣʦʢ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʙʦʣʴʰʠʭ ʩʠʣ ʪʨʝʥʠʷ ʚ ʢʘʣʠʙʨʝ ʚʦʣʦʢʠ, ʚʳʟʳʚʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʝ ʠʟʥʦʩ 

ʢʘʣʠʙʨʘ ʠ ʫʩʠʣʠʷ ʚʦʣʦʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ ʧʦ ʜʣʠʥʝ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʧʠʢʦʚʳʭ 

ʦʙʞʘʪʠʡ ʚ ʪʦʯʢʝ ʥʘ ʛʨʘʥʠʮʝ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʠ ʢʘʣʠʙʨʫʶʱʝʛʦ ʫʯʘʩʪʢʦʚ 

ʢʘʣʠʙʨʘ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʨʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʝʜʠʥʠʯʥʳʭ (ʯʘʩʪʥʳʭ) ʦʙʞʘʪʠʡ ʤʝʪʘʣʣʘ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʦʙʨʘʟʫʶʱʝʡ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ. 

ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʥʳʭ ʝʜʠʥʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚ ʨʘʙʦʪʝ [1] ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʧʠʣʠʛʨʠʤʦʚʦʡ 

ʧʨʦʢʘʪʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʞʘʪʠʡ ʚ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʝ ʩ 

ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʚ ʢʘʢʦʤ-

ʣʠʙʦ ʩʝʯʝʥʠʠ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʜʨʫʛʦʝ ʩʝʯʝʥʠʝ, ʫʜʘʣʝʥʥʦʝ 
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ʦʪ ʧʝʨʚʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʲʝʤ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʢʠ, ʟʘʢʣʶʯʝʥʥʳʡ 

ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ, ʨʘʚʝʥ ʦʙʲʝʤʫ ʤʝʪʘʣʣʘ, ʩʤʝʱʘʝʤʦʛʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʚʘʣʢʦʚ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʚʦʣʦʯʝʥʠʷ ʰʘʛ ʩʤʝʱʘʝʤʦʛʦ ʚ ʦʯʘʛʝ 

ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ x ʠ x-ŭ (ʨʠʩ. 1), 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚʟʷʪʴ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

 

 
ʈʠʩ. 1. ʇʨʦʜʦʣʴʥʳʡ ʧʨʦʬʠʣʴ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ  

ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʙʨʘʟʫʶʱʝʡ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ 

 

ʊʦʛʜʘ ʦʙʲʝʤ ʩʤʝʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘʭʦʜʷʪ ʧʦ ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ: 

 

           ,                                              (1)  
 

ʛʜʝ  ς  ʦʙʲʝʤ ʩʤʝʱʘʝʤʦʛʦ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʤʝʪʘʣʣʘ, ʤʤ3
/ʩʝʢ; 

r0 ï ʠʩʭʦʜʥʳʡ ʨʘʜʠʫʩ ʟʘʛʦʪʦʚʢʠ, ʤʤ; 

Vʚ ï ʩʢʦʨʦʩʪʴ ʚʦʣʦʯʝʥʠʷ, ʤʤ/ʩʝʢ. 

ɸʙʩʦʣʶʪʥʦʝ ʦʙʞʘʪʠʝ (z) ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ (ʨʠʩ. 1) ʨʘʚʥʦ: 

 

                                                      ,                 (2) 

                                                       

ʛʜʝ ŭ ï ʰʘʛ ʩʤʝʱʘʝʤʦʛʦ ʦʙʲʝʤʘ ʤʝʪʘʣʣʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʤʤ; 

Ŭ ï ʫʛʦʣ ʢʦʥʫʩʥʦʩʪʠ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ lg, ʤʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʝʜʠʥʠʯʥʳʝ ʦʙʞʘʪʠʷ (Ů) ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ: 

 

            ,                                                          (3)   
 

ʛʜʝ r ï ʚʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʟʘʛʦʪʦʚʢʠ ʚ ʩʝʯʝʥʠʠ ʭ, ʤʤ. 

ɺ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ lg (ʨʠʩ. 1) ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʨʘʜʠʫʩʘ (r) ʟʘʛʦʪʦʚʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʝʜʠʥʠʯʥʦʛʦ ʦʙʞʘʪʠʷ (Ů) ʨʘʚʥʳ: 

                          ;                                              (4)   
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                                            .                          (5)   
ʆʙʲʝʤ ʤʝʪʘʣʣʘ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ x ʠ ʭ-ŭ (Vʭ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʲʝʤ 

ʧʨʷʤʦʛʦ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ: 

                                   .                    (6)   
 

ʉ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (2) ʠ (4) ʚʳʨʘʞʝʥʠʝ (6) ʧʨʠʤʝʪ ʚʠʜ: 

 

                                                                                                                          (7)  
ʌʦʨʤʫʣʘ (7) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (1) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʚ ʣʶʙʦʤ ʩʝʯʝʥʠʠ ʭ ʫʯʘʩʪʢʘ lg 

(ʨʠʩ. 1): 

 

 
 

 
ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (8), ʧʦʣʫʯʠʣʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʝʜʠʥʠʯʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ 

ʜʝʬʦʨʤʘʮʠʠ; ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ (lg) 

ʠ ʢʘʣʠʙʨʫʝʤʦʛʦ (lk) ʫʯʘʩʪʢʦʚ ʟʘʛʦʪʦʚʢʠ (ʨʠʩ. 1). 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʯʥʳʭ ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʦʩʪʨʦʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʜʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ 

ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ ʢʦʥʫʩʘ ʤʦʥʦʣʠʪʥʦʡ ʚʦʣʦʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʚʝʥʩʪʚʘ ʝʜʠʥʠʯʥʳʭ 

ʨʘʜʠʘʣʴʥʳʭ ʦʙʞʘʪʠʡ ʧʦ ʜʣʠʥʝ ʦʯʘʛʘ ʜʝʬʦʨʤʘʮʠʠ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʧʨʦʯʥʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ. 

 

ɺʳʚʦʜ 
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ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ: 

ʢʦʨʧʫʩʘ ï ʩʪʘʣʴ 45,  D0 = 25 ʤʤ,   D2/ D0 = 2,8,  L = 20 ʤʤ. 

ʚʪʫʣʢʠ ï ʙʨʦʥʟʘ ɹʨʆ5ʎ5ʉ5,  d2 = 25 ʤʤ,  d2/d0 = 1,25,  l = 20 ʤʤ. 

ʉʦʧʨʷʛʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʦʚ ʠ ʚʪʫʣʦʢ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʪʘʯʠʚʘʥʠʝʤ ʠ ʪʦʯʝʥʠʝʤ ʩ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ 

ʤʢʤ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʦʨʥ ʩ ʫʛʣʦʤ ʟʘʙʦʨʥʦʛʦ 

ʢʦʥʫʩʘ Ŭ = 4
ʦ
30' ʠ ʰʠʨʠʥʦʡ ʣʝʥʪʦʯʢʠ b = 2 ʤʤ. ʇʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ 

ɻʆʉʊ 2789-73 ʩʪʳʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʩʥʠʤʘʣʠʩʴ ʩ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʫʯʘʩʪʢʦʚ ʜʦ ʟʘʧʨʝʩʩʦʚʢʠ ʚʪʫʣʦʢ ʠ ʧʦʩʣʝ ʟʘʧʨʝʩʩʦʚʢʠ ʠ ʨʘʟʨʝʟʢʠ ʢʦʨʧʫʩʦʚ. 

ʇʨʦʮʝʩʩ ʜʦʨʥʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʨʦʚʥʦʩʪʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʥʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʬʠʣʷ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʪʘʢʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʝʩʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʠ 

ʜʦʨʥʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʧʨʝʩʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ 

çʢʦʨʧʫʩ-ʚʪʫʣʢʘè, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ ʢʦʨʧʫʩʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʟʘʧʨʝʩʩʦʚʢʦʡ ʚʪʫʣʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʛʨʫʞʝʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʝʨʩʪʠʷ 

ʥʦʨʤʘʣʴʥʦʡ ʩʠʣʦʡ, ʚʳʟʚʘʥʥʦʡ ʢʦʥʪʘʢʪʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʟʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʣʝʥʪʦʯʢʠ ʜʦʨʥʘ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʤ ʚ 

ʚʠʜʝ ʥʘʙʦʨʘ ʩʬʝʨ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʨʘʜʠʫʩʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʟʥʦʡ 
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ʚʳʩʦʪʝ (ʨʠʩ. 1). ʇʦʚʝʨʭʥʦʩʪʴ ʟʫʙʴʝʚ ʜʦʨʥʘ ʧʨʠʥʠʤʘʝʤ ʟʘ ʛʣʘʜʢʫʶ, ʪʘʢ ʢʘʢ ʝʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 11-12 ʢʣʘʩʩʫ (  ʤʢʤ). 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʟʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʝʥʪʦʯʢʠ 

ʜʦʨʥʘ ʧʨʦʠʩʭʦʜʠʪ ʩʙʣʠʞʝʥʠʝ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʥʘ ʩ ʰʝʨʦʭʦʚʘʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʥʘ ʚʝʣʠʯʠʥʫ  (ʨʠʩ. 1). ʇʨʠ ʵʪʦʤ 

ʚʝʨʠhʥʳ ʥʝʨʦʚʥʦʩʪʝʡ, ʠʤʝʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ , 

ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʧʣʘʩʪʠʯʝʩʢʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʫʛʦʝ ʚʜʘʚʣʠʚʘʥʠʝ 

ʠʭ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ. ʋʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ  ʚʳʩʪʫʧʦʚ, ʠʩʧʳʪʘʚʰʠʭ  ʙʦʣʴʰʫʶ  ʜʝʬʦʨʤʘʮʠʶ  ʠ  ʥʝʩʫʱʠʭ  

ʙʦʣʴʰʫʶ  

ʥʘʛʨʫʟʢʫ, ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʫ ʚʳʩʪʫʧʦʚ ʤʝʥʴʰʝʡ ʚʳʩʦʪʳ. ʕʪʠ ʚʳʩʪʫʧʳ 

ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ ʥʘ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʯʝʤ 

ʜʨʫʛʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʙʣʠʞʝʥʠʝ ʙʫʜʝʪ ʩʣʘʛʘʪʴʩʷ ʠʟ ʫʧʨʫʛʦʡ ʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺʳʩʦʪʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʳʩʪʫʧʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʩʥʷʪʠʠ ʥʘʛʨʫʟʢʠ, ʪ.ʝ. ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʣʝʥʪʦʯʢʠ ʜʦʨʥʘ, ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʫʛʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ  ʠ 

ʚʦʟʥʠʢʘʝʪ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʣʠʯʠʝʤ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʚʳʩʪʫʧʦʚ. 

 

 
 

ʈʠʩ. 1.  ɼʝʬʦʨʤʠʨʦʚʘʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʜʦʨʥʦʚʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ    ʫʤʝʥʴʰʝʥʠʝ    ʚʳʩʦʪʳ   ʠʩʭʦʜʥʳʭ   ʥʝʨʦʚʥʦʩʪʝʡ    ʧʨʦʬʠʣʷ.   ʕʪʦ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ.   

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ  ʫʤʝʥʴʰʘʶʪʩʷ ʚʳʩʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 

ʧʦʚʳʰʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʧʦʨʥʘʷ ʜʣʠʥʘ ʧʨʦʬʠʣʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʥʳʭ ʠ ʰʘʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ ʦʪʚʝʨʩʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ  ʚ ʟʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʝʥʪʦʯʢʠ ʜʦʨʥʘ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʛʨʘʬʠʢʦʚ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʩʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ , ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ (ʢʨʠʚʘʷ 2), 

ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʟʥʘʯʝʥʠʷʤ , ʧʦʣʫʯʝʥʥʳʤ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ (ʢʨʠʚʘʷ 1). ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ  ʧʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʝʢʦʪʦʨʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʢʨʠʚʳʭ  ʧʨʠ  ʢʦʥʪʘʢʪʥʳʭ  ʜʘʚʣʝʥʠʷʭ  ʩʚʳʰʝ 300 ʄʇʘ  
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(ʥʘ  ʚʝʣʠʯʠʥʫ  ʧʦʨʷʜʢʘ 0,8 1 ʤʢʤ) ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʜʚʠʛʦʤ ʤʝʪʘʣʣʘ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜ ʜʝʩʪʚʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʩʠʣ. 

 

 
 

ʈʠʩ. 2. ʊʠʧʦʚʳʝ ʧʨʦʬʠʣʦʛʨʘʤʤʳ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʜʦʨʥʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʣʝʥʪʦʯʢʠ ʜʦʨʥʘ: 

ʘ ï  ʄʇʘ;  ʙ ï  ʄʇʘ;  ʚ ï  ʄʇʘ 

 

 
 

ʈʠʩ. 3. ʀʟʤʝʥʝʥʠʝ ʚʳʩʦʪʥʳʭ ʠ ʰʘʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʝʨʦʭʦʚʘʪʦʩʪʠ  

ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ: 

1 ï ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ; 2 ʠ 3 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

 ʠ ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 4 ï ʰʘʛ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ï  ;  

5 ï ʰʘʛ ʧʦ ʚʝʨʰʠʥʘʤ ï S 

 

ɺʝʣʠʯʠʥʘ ʰʘʛʘ ʧʦ ʩʨʝʜʥʝʡ ʣʠʥʠʠ  ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʜʦ 400 ʄʇʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʇʨʠ ʢʦʥʪʘʢʪʥʦʤ ʜʘʚʣʝʥʠʠ ʩʚʳʰʝ 400 

ʄʇʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ . ɺʝʣʠʯʠʥʘ ʰʘʛʘ ʧʦ 

ʚʝʨʰʠʥʘʤ S ʠʥʪʝʥʩʠʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʤ ʢʦʥʪʘʢʪʥʦʤ 

ʜʘʚʣʝʥʠʠ, ʧʦʨʷʜʢʘ 150 ʄʇʘ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 
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ʚʝʣʠʯʠʥʘ S ʩʥʠʞʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʪʝʤ, ʯʪʦ ʚ ʤʝʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʜʦʨʥʘ ʩ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʷʤʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʥʠʢʘʝʪ ʢʦʥʪʘʢʪʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʢʦʨʧʫʩʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʚʝʨʰʠʥʳ 

ʥʝʨʦʚʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʚʝʨʰʠʥʘ ʩʤʠʥʘʝʪʩʷ ʠ ʤʘʪʝʨʠʘʣ ʟʘʪʝʢʘʝʪ ʚ ʦʙʝ ʩʪʦʨʦʥʳ 

ʦʪ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1], ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʤʦʞʝʪ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʦʪ ʥʘʛʨʫʟʢʠ 10
-5
ʅ ʧʨʠ ʨʘʜʠʫʩʝ 

ʚʳʩʪʫʧʘ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ 0,001 ʤʤ, ʘ ʧʦʣʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ 

ʧʨʠ 10
-3
ʅ. 

ɽʩʣʠ ʥʝʨʦʚʥʦʩʪʴ ʠʤʝʣʘ ʦʜʥʫ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʚʝʨʰʠʥʫ, ʪʦ ʧʦʩʣʝ 

ʜʝʬʦʨʤʘʮʠʠ ʦʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʚʝʨʰʠʥ, ʚʳʨʘʞʝʥʥʳʭ ʥʝ ʩʪʦʣʴ ʷʚʥʦ. 

ʕʪʦ ʚʠʜʥʦ ʥʘ ʧʨʦʬʠʣʦʛʨʘʤʤʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2. ʊʘʢ ʢʘʢ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ 

ʚʝʨʰʠʥʳ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʝʙʦʣʴʰʦʝ ʫʩʠʣʠʝ, ʪʦ ʚʝʣʠʯʠʥʘ S 

ʠʥʪʝʥʩʠʚʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʥʪʘʢʪʥʦʤ ʜʘʚʣʝʥʠʠ. ʉ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʚʩʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʴ. ɼʘʚʣʝʥʠʝ ʦʪ 

ʜʦʨʥʘ ʧʝʨʝʜʘʝʪʩʷ ʤʘʪʝʨʠʘʣʫ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [1] ʧʦʜ ʢʦʥʪʘʢʪʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʙʨʘʟʫʶʪʩʷ ʢʣʠʥʴʷ 

ʫʧʨʦʯʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ (ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʝʨʰʠʥʳ). ʆʥʠ ʠʤʝʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʧʦʵʪʦʤʫ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʩʚʦʝʦʙʨʘʟʥʳʭ çʧʫʘʥʩʦʥʦʚè, 

ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʧʨʠʣʝʛʘʶʱʠʡ ʢ ʥʠʤ ʤʝʪʘʣʣ. ʄʝʪʘʣʣ, ʩʤʝʞʥʳʡ ʩʦ ʩʪʦʨʦʥʳ 

ʢʣʠʥʴʝʚ ʫʧʨʦʯʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʝʯʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʠʤʝʥʴʰʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʦ ʝʩʪʴ ʢ ʩʚʦʙʦʜʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʠ ʠʭ 

ʦʩʥʦʚʘʥʠʷʤ. ʅʘʨʷʜʫ ʩ ʦʩʘʜʢʦʡ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʪʝʯʝʥʠʝ ʤʝʪʘʣʣʘ 

ʠʟ ʛʣʫʙʠʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʫʪʦʣʱʘʶʪʩʷ, ʟʘʧʦʣʥʷʷ 

ʤʝʪʘʣʣʦʤ ʚʧʘʜʠʥʳ. 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʦʧʦʨʥʦʡ ʜʣʠʥʳ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ ʦʪʚʝʨʩʪʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʪʷʛʘʤʠ. ʂʨʠʚʘʷ 1 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʧʦʨʥʫʶ ʜʣʠʥʫ ʧʨʦʬʠʣʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʝʨʩʪʠʡ ʧʦʩʣʝ ʨʘʩʪʘʯʠʚʘʥʠʷ. ʂʨʠʚʳʝ 2 ʠ 3 ʭʘʨʘʢʪʝʨʝʟʫʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʦʧʦʨʥʫʶ ʜʣʠʥʫ ʧʨʦʬʠʣʷ ʵʪʦʡ ʞʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ 

ʜʦʨʥʦʚʘʥʠʷ ʩ ʥʘʪʷʛʦʤ 0,074 ʤʤ ʠ 0,184 ʤʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʛʨʘʬʠʢʦʚ, ʜʦʨʥʦʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʜʘʞʝ ʩ ʥʝʙʦʣʴʰʠʤ ʥʘʪʷʛʦʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʧʦʨʥʫʶ ʜʣʠʥʫ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʝʨʩʪʠʡ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ b ʠ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚ    ʟʦʥʝ   ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ    ʣʝʥʪʦʯʢʠ   ʜʦʨʥʘ   ʧʦʢʘʟʘʥ   ʥʘ   ʨʠʩ. 5.  ɺ   ʦʙʣʘʩʪʠ  

ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ ʜʦ 200 ʄʇʘ ʧʘʨʘʤʝʪʨʳ b ʠ ɜ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʧʨʠʯʝʤ 

ʧʘʨʘʤʝʪʨ b ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʩʚʳʰʝ 

250 ʄʇʘ ʧʘʨʘʤʝʪʨ b ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʜʘʚʣʝʥʠʡ, ʨʘʚʥʳʭ 320é340 ʄʇʘ. ʇʘʨʘʤʝʪʨ ɜ 

ʜʦʩʪʠʛʘʝʪ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʟʥʘʯʝʥʠʷ  ʪʘʢʞʝ  ʚ  ʵʪʦʡ  ʦʙʣʘʩʪʠ.  ʇʨʠ  ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ b ʠ  ʫʤʝʥʴʰʘʶʪʩʷ, ʧʨʠʯʝʤ ʧʘʨʘʤʝʪʨ b 

ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

ʅʘ ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ b ʠ  ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʫʨʦʚʝʥʴ, ʜʦ ʢʦʪʦʨʦʛʦ ʦʧʦʨʥʘʷ ʢʨʠʚʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʥʦ ʭʘʨʘʢʪʝʨ ʠʭ ʠʟʤʝʥʝʥʠʷ ʦʪ ʩʠʣʳ 
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ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʦʙʝʥ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʫʨʦʚʥʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

[2]. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʠ ʢ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦ 

ʩʨʝʜʥʝʡ ʣʠʥʠʠ. 
 

 
 

ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʧʨʦʮʝʩʩʘ ʜʦʨʥʦʚʘʥʠʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʣʠʥʫ ʧʨʦʬʠʣʷ: 

1 ï ʠʩʭʦʜʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ( ʤʢʤ); 2 ï ʧʦʩʣʝ ʜʦʨʥʦʚʘʥʠʷ   

ʩ ʥʘʪʷʛʦʤ 0,074 ʤʤ ( ʤʢʤ); 3 ï ʧʦʩʣʝ ʜʦʨʥʦʚʘʥʠʷ  

ʩ ʥʘʪʷʛʦʤ 0,184 ʤʤ ( ʤʢʤ) 

 

 
 

ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ b ʠ  ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʜʦʨʥʦʚʘʥʠʠ ʦʪʚʝʨʩʪʠʡ: 

1 ï b;  2 ï  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʜʦʨʥʦʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ ʢʦʨʧʫʩʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʣʝʥʪʦʯʢʠ ʜʦʨʥʘ. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʢʦʥʪʘʢʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʩʦʪʥʳʝ ʠ ʰʘʛʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 



 141 

ʫʤʝʥʴʰʘʶʪʩʷ, ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʧʦʨʥʦʡ ʜʣʠʥʳ ʧʨʦʬʠʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʀʟʤʝʥʷʶʪʩʷ ʠ ʧʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʨʠʚʦʡ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʠ . 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ɺ ʠʟʚʝʩʪʥʦʤ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʜʝʪʘʣʝʡ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʥʘʯʘʣʝ ʧʨʦʰʠʚʘʶʪ ʛʣʫʭʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʦʜʥʦʡ ʠʟ ʟʘʛʦʪʦʚʦʢ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʙʦʨʢʦʡ ʝʝ ʩʦ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʦʡ, ʟʘʪʝʤ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʭ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʘʶʪ ʥʝʨʘʟʲʝʤʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʟʘʛʦʪʦʚʦʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʢʦʚʦʢ ʢʣʘʧʘʥʘ ɼɺʉ [1]. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʠʟʜʝʣʠʡ ʚ ʜʚʘ ʧʝʨʝʭʦʜʘ (ʨʠʩʫʥʢʠ 

1 ʠ 2) ʩ ʦʜʥʠʤ ʥʘʛʨʝʚʦʤ ʟʘʛʦʪʦʚʦʢ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʜʦʣʴʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʥʝʜʨʷʝʤʦʛʦ ʚ ʛʦʣʦʚʥʫʶ ʟʘʛʦʪʦʚʢʫ 1 ʫʯʘʩʪʢʘ 2 ʩʪʝʨʞʥʝʚʦʡ 

ʟʘʛʦʪʦʚʢʠ 3 (ʨʠʩʫʥʦʢ 1) ʠ ʫʩʪʘʥʦʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʷʶʪ ʛʨʘʜʠʝʥʪʥʳʡ ʥʘʛʨʝʚ 

ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʟʘʛʦʪʦʚʦʢ [2]. 
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ʇʨʦʮʝʩʩ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʠʷ 

ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʟʘʛʦʪʦʚʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʤʦʜʫʣʝʡ: 

- ʧʝʨʚʳʡ ʤʦʜʫʣʴ (ʄ1) ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʢʦʚʢʠ ʠ ʨʘʩʯʝʪ 

ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ; 

- ʚʪʦʨʦʡ ʤʦʜʫʣʴ (ʄ2) ï ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʤʠʥʠʤʠʟʘʮʠʶ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʰʪʘʤʧʦʚʢʠ. 

ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʜʚʫʭʤʦʜʫʣʴʥʳʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, 

ʩʦʜʝʨʞʘʱʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ (ʄ1) ʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʡ (ʄ2) ʤʦʜʫʣʠ (ʨʠʩʫʥʦʢ 

3). 

 

 
 

ʈʠʩ. 1. ʀʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʰʪʘʤʧʘ ʠ ʟʘʛʦʪʦʚʦʢ ʧʝʨʝʜ ʩʙʦʨʢʦʡ:  

1 ï ʛʦʣʦʚʥʘʷ ʟʘʛʦʪʦʚʢʘ; 2 ï ʚʥʝʜʨʷʝʤʳʡ ʫʯʘʩʪʦʢ (lʚ) ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ; 

3 ï ʩʪʝʨʞʥʝʚʘʷ ʟʘʛʦʪʦʚʢʘ; 4 ï ʧʫʘʥʩʦʥ; 5 ï ʤʘʪʨʠʮʘ; 6 ï ʚʳʪʘʣʢʠʚʘʪʝʣʴ 

 

 
 

ʈʠʩ. 2. ʉʦʩʪʘʚʥʘʷ ʧʦʢʦʚʢʘ ʢʣʘʧʘʥʘ: 1 ʠ 2 ï ʵʣʝʤʝʥʪʳ ʪʘʨʝʣʢʠ ʢʣʘʧʘʥʘ, 

ʧʦʣʫʯʝʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʛʦʣʦʚʥʦʡ (1) ʠ ʩʪʝʨʞʥʝʚʦʡ (2) ʟʘʛʦʪʦʚʦʢ  
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ɺ ʤʦʜʫʣʝ ʄ1 (ʙʣʦʢ 1.1) ʚʚʦʜʷʪ ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ: Hn, Dn, Vn ï 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʩʦʪʘ, ʜʠʘʤʝʪʨ ʠ ʦʙʲʝʤ ʧʦʢʦʚʢʠ; D0 ʠ ʅ0 ï ʜʠʘʤʝʪʨ ʠ ʚʳʩʦʪʘ 

ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ; d ʠ l ï ʜʠʘʤʝʪʨ ʠ ʜʣʠʥʘ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ; Ŭ, ʩ ʠ ɟ ï 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʘ 

ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ; ʊʅ, ʊʂ ʠ ʊʈ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ʫʯʘʩʪʢʘ lʥ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʮʘ ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ lʢ ʟʘʛʦʪʦʚʢʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʘ; zm ʠ qʨ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʤʧ 

ʰʪʘʤʧʦʚʢʠ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʙʣʦʢʝ 1.2 

ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʥʫ ʚʥʝʜʨʷʝʤʦʛʦ ʫʯʘʩʪʢʘ ʟʘʛʦʪʦʚʢʠ lb = (Vm-V2) / Sc. ɿʜʝʩʴ Vm ï 

ʦʙʲʝʤ ʪʘʨʝʣʢʠ ʢʣʘʧʘʥʘ; V2 ï ʦʙʲʝʤ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ; Sc ï ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ. ɺ ʙʣʦʢʝ 1.3 ʨʘʩʩʯʠʪʳʚʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʣʠʥʫ ʚʳʩʘʜʢʠ (Ɋ = lb / d), ʘ ʚ ʙʣʦʢʝ 1.4 ʜʦʧʫʩʪʠʤʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʣʠʥʫ ʚʳʩʘʜʢʠ (Ɋʜ). ʇʨʠ ʫʛʣʝ  (ɔ) ʩʢʦʩʘ ʪʦʨʮʘ ʟʘʛʦʪʦʚʢʠ ʦʪ 2 ʜʦ 

6Ü ʩʦʛʣʘʩʥʦ ɸ.ɺ. ʈʝʙʝʣʴʩʢʦʤʫ: 

ɊÖ=2+0,01DÒ3 .                                                (1) 

 

ɼʘʣʝʝ ʚ ʙʣʦʢʝ 1.5 ʚʳʙʠʨʘʶʪ ʚʨʝʤʷ (Űʥ) ʥʘʛʨʝʚʘ ʟʘʛʦʪʦʚʢʠ, ʘ ʚ ʙʣʦʢʝ 1.6 ï 

ʚʨʝʤʷ (Űm) ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʟʘʛʦʪʦʚʢʠ ʧʦʩʣʝ ʥʘʛʨʝʚʘ, ʚʢʣʶʯʘʷ ʚʨʝʤʷ 

ʚʳʣʝʞʠʚʘʥʠʷ ʝʝ ʚ ʰʪʘʤʧʝ ʜʦ ʤʦʤʝʥʪʘ ʚʥʝʜʨʝʥʠʷ ʝʝ ʚ ʛʦʣʦʚʥʫʶ ʟʘʛʦʪʦʚʢʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ (lb) ʚʳʩʘʜʢʠ ʠ ʪʝʤʧʘ (zm) ʰʪʘʤʧʦʚʢʠ. 

ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʶʪ ʚʨʝʤʷ (Űʮ) ʮʠʢʣʘ ʰʪʘʤʧʦʚʢʠ (ʙʣʦʢ 1.7) ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚʝʣʠʯʠʥʫ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ æʊÜʉ ʢ ʤʦʤʝʥʪʫ ʰʪʘʤʧʦʚʢʠ, ʠʩʧʦʣʴʟʫʷ 

ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʗ.ʄ. ʆʭʨʠʤʝʥʢʦ (ʙʣʦʢ 1.8): 

 

ʐʮ=0,006ĀDĀæT, c .                                              (2) 

 

ɺʦ ʚʪʦʨʦʤ ʤʦʜʫʣʝ (ʄ2) ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʮʝʜʫʨʫ ʤʠʥʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʰʪʘʤʧʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ 

ʥʘʛʨʝʚʘ ʩʪʝʨʞʥʝʚʳʭ ʟʘʛʦʪʦʚʦʢ [2,3]. ɼʣʷ ʵʪʦʛʦ ʚ ʙʣʦʢʝ 2.1 ʥʘʭʦʜʷʪ ʬʘʢʪʠʯʝʩʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʬʦʨʤʘʮʠʠ (ʊʜ) ʤʝʪʘʣʣʘ ʠ ʩʨʘʚʥʠʚʘʶʪ ʝʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊʈ) (ʙʣʦʢ 2.2). ɽʩʣʠ ʫʩʣʦʚʠʝ ʙʣʦʢʘ 2.2 ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ (ʊʅ) ʟʘʛʦʪʦʚʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʰʘʛ (50Üʉ) 

(ʙʣʦʢ 2.3) ʠ ʧʝʨʝʩʯʠʪʳʚʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʊʜ (ʙʣʦʢ 2.1). 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʙʣʦʢʘ 2.2 ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ 

ɗ (ʙʣʦʢ 2.4): 

ɗ=(ʊʅ-ʊʂ) / ʊʅ .                                              (3) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 10% ʚ 

ʜʠʘʧʘʟʦʥʝ 0,56 < ɗ < 0,83 ʚʝʣʠʯʠʥʫ (lʢ) ʢʦʥʮʝʚʦʛʦ ʫʯʘʩʪʢʘ ʟʘʛʦʪʦʚʢʠ, 

ʥʘʛʨʝʚʘʝʤʦʛʦ ʟʘ ʩʯʝʪ ʪʝʧʣʦʦʪʜʘʯʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʊʂ = (350 õ 450) Üʉ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʧʨʦʩʪʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [2]: 

 

lʢ=1,5ɗ2ŬŰʮ (ʙʣʦʢ 2.5).                                       (4) 
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ɺ ʙʣʦʢʝ 2.6 ʥʘʭʦʜʷʪ ʚʝʣʠʯʠʥʫ lʥ ʠ ʧʨʦʚʝʨʷʶʪ ʫʩʣʦʚʠʝ lʥ > lʢ (ʙʣʦʢ 2.7), ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ (4) [2]. ɽʩʣʠ ʫʩʣʦʚʠʝ 2.7 ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ 

ʩʣʝʜʫʝʪ ʩʦʢʨʘʪʠʪʴ ʫʯʘʩʪʦʢ lʢ ʥʘ ʰʘʛʦʚʳʡ ʧʘʨʘʤʝʪʨ 5 ʤʤ (ʙʣʦʢ 2.8) ʠ 

ʧʝʨʝʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ lʥ (ʙʣʦʢ 2.6). ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʦʙʲʝʤ (Vʥ) ʥʘʛʨʝʚʘʝʤʦʛʦ 

ʫʯʘʩʪʢʘ lʥ (ʙʣʦʢ 2.9), ʤʦʱʥʦʩʪʴ ʠʥʜʫʢʪʦʨʘ (W) (ʙʣʦʢ 2.10) ʠ ʫʜʝʣʴʥʫʶ 

ʤʦʥɦʦʩʪʴ ʠʥʜʫʢʪʦʨʘ q (ʙʣʦʢ 2.11). ɽʩʣʠ q ʧʨʝʚʳʰʘʝʪ ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʫʶ 

ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ qʨ (ʙʣʦʢ 2.12) [4], ʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʚʘʨʴʠʨʫʷ ʚʨʝʤʝʥʥʳʤ 

ʰʘʛʦʤ Űʥ (5 ʩ) (ʙʣʦʢ 2.13), ʜʦʙʠʪʴʩʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʙʣʦʢʘ 2.12. 

ɺ ʙʣʦʢʝ 2.14 ʧʨʦʚʝʨʷʶʪ ʫʩʣʦʚʠʝ ůʥ > ů2, ʛʜʝ ůʥ ʠ ů2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʫʯʘʩʪʢʘ lʥ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ 3 ʠ 

ʤʝʪʘʣʣʘ ʛʦʣʦʚʥʦʡ ʟʘʛʦʪʦʚʢʠ 1. 

 
 

ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʰʪʘʤʧʦʚʢʠ ʩʦʩʪʘʚʥʳʭ ʩʪʝʨʞʥʝʚʳʭ ʧʦʢʦʚʦʢ (i=1,é, n ï ʥʦʤʝʨʘ ʚʨʝʤʝʥʥʳʭ 

ʦʪʨʝʟʢʦʚ ʥʘʛʨʝʚʘ; j=1,é, t ï ʥʦʤʝʨʘ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ ʤʝʪʘʣʣʘ; 

Ŭ=1,é, k ï ʥʦʤʝʨʘ ʢʦʥʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʩʪʝʨʞʥʝʚʦʡ ʟʘʛʦʪʦʚʢʠ) 
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ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʰʪʘʤʧʦʚʢʠ ʩʦʩʪʘʚʥʳʭ ʠʟʜʝʣʠʡ. 

2. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʭʤʦʜʫʣʴʥʳʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʤ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʰʪʘʤʧʦʚʢʠ; ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʢʦʪʦʨʘʷ ʫʩʧʝʰʥʦ ʦʧʨʦʙʦʚʘʥʘ. 
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ʉʇɽʂʊʈɸ ʇʆɺɽʈʍʅʆʉʊɽʁ ɼɽʊɸʃɽʁ, ʀɿɻʆʊʆɺʃɽʅʅʓʍ  

ʀɿ ʄɸʃʆʄɸɻʅʀʊʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʈ.ɺ. ɻʨʝʙʝʥʴʢʦʚ, ɸ.ʄ. ʀʢʦʥʥʠʢʦʚ 

ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 
 

ɸʚʪʦʨʳ ʜʘʶʪ ʦʙʦʙʱʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʧʦʩʦʙʦʚ ʧʦʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʣʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʩʧʦʩʦʙʘ 

ʧʦʣʠʨʦʚʘʥʠʷ: ʤʝʭʘʥʠʯʝʩʢʠʡ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ, ʭʠʤʠʯʝʩʢʠʡ ʠ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʳʡ. 

ʊʘʢ ʢʘʢ ʧʦʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʣʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʦ ʜʣʷ ʫʜʝʰʝʚʣʝʥʠʷ ʠ 

ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʤʘʣʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʨʘʟʣʠʯʥʦʤ ʤʝʪʘʣʣʦʨʝʞʫʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʝʨʝʥʘʣʘʜʢʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʩʲʝʤ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʲʝʤ ʤʝʪʘʣʣʘ, ʤʘʣʦʤʘʛʥʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʠʨʦʚʘʥʠʝ, 

ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 
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MAGNET OABRASIVE POLISHING OF A WIDE RANGE OF 

SURFACES OF PARTS MADE OF LOW-MAGNETIC MATE RIALS  

R.V. Grebenkov, A.M. Ikonnikov 

Polzunov Altai State Technical University  
 

Abstract:  The authors give a generalized characteristic of methods of polishing surfaces 

made of low-magnetic materials. There are four methods of polishing: mechanical, electrochemical, 

chemical and electrolytic-plasma. As polishing surfaces made of low-magnetic materials is time-

consuming and expensive manufacturing process, it is advisable to apply the magnetoabrasive 

machining technology by using the constructed device in order to reduce labour input and cost of 

the polishing process. The proposed device allows you to process a wide range of surfaces made of 

low-magnetic materials by means of various metal-cutting equipment with minimal readjustment, 

and that significantly reduces the set-up time and cost of magnetoabrasive machining and provides a 

uniform removal of material from the surface of the workpiece. 

Key words: magnetoabrasive machining, surface roughness, removal of metal, 

low-magnetic material, polishing, geometrically-complex surface. 
 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʨʦʤʝ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʠ ʜʨʫʛʠʤʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʩʪʦʡʢʦʩʪʴʶ ʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʟʘʜʘʥʥʳʤʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠʣʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʪ.ʜ. ʆʜʥʦ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʤʝʩʪ ʩʨʝʜʠ ʩʧʣʘʚʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩʚʦʡʩʪʚ ʟʘʥʠʤʘʶʪ 

ʤʘʣʦʤʘʛʥʠʪʥʳʝ ʩʪʘʣʠ. ʕʪʠ ʩʪʘʣʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʚʠʪʠʝ ʮʝʣʦʛʦ ʨʷʜʘ 

ʥʘʧʨʘʚʣʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʫʜʦʩʪʨʦʝʥʠʷ, ʜʚʠʛʘʪʝʣʝ-

ʩʪʨʦʝʥʠʷ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʪʝʭʥʠʢʠ.  

ʇʦʣʠʨʦʚʘʥʥʘʷ ʤʘʣʦʤʘʛʥʠʪʥʘʷ ʩʪʘʣʴ ʠʤʝʝʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ 

ʧʨʝʢʨʘʩʥʦʡ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʱʘʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʧʦʤʦʱʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʦʣʠʨʦʚʘʥʠʝʤ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʟʝʨʢʘʣʴʥʦʛʦ ʙʣʝʩʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʦʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʣʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

1. ʄʝʭʘʥʠʯʝʩʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ ʤʘʣʦʤʘʛʥʠʪʥʦʡ ʩʪʘʣʠ. ʆʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʜʚʝ ʩʪʘʜʠʠ ï ʯʝʨʥʦʚʫʶ ʠ ʯʠʩʪʦʚʫʶ. ʇʨʠ ʯʝʨʥʦʚʦʤ ʧʦʣʠʨʦʚʘʥʠʠ ʥʝʨʦʚʥʦʩʪʠ 

ʫʜʘʣʷʶʪʩʷ ʘʙʨʘʟʠʚʥʳʤʠ ʟʸʨʥʘʤʠ ï ʩʚʦʙʦʜʥʳʤʠ ʠʣʠ ʟʘʢʨʝʧʣʸʥʥʳʤʠ ʢʣʝʝʤ ʥʘ 

ʵʣʘʩʪʠʯʥʳʭ ʢʨʫʛʘʭ ʠ ʣʝʥʪʘʭ. ʏʠʩʪʦʚʦʝ ʧʦʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʚʦʙʦʜʥʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʦʨʦʰʢʦʚ ʠʣʠ ʤʷʛʢʠʭ ʵʣʘʩʪʠʯʥʳʭ ʢʨʫʛʦʚ ʠ ʣʝʥʪ. 

ʅʘ ʢʨʫʛʠ ʠ ʣʝʥʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʬʠʥʠʰʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ, ʥʘʥʦʩʷʪʩʷ 

ʪʦʥʢʠʝ ʧʦʣʠʨʦʚʘʣʴʥʳʝ ʧʘʩʪʳ, ʢʦʪʦʨʳʝ, ʧʦʤʠʤʦ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ, 

ʩʦʜʝʨʞʘʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. 

2. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʧʦʣʠʨʦʚʘʥʥʦʡ ʤʘʣʦʤʘʛʥʠʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʛʨʫʞʝʥʠʠ ʠʟʜʝʣʠʷ ʚ ʨʘʩʪʚʦʨ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʢʠʩʣʦʪʳ. ʆʙʨʘʙʘʪʳʚʘʝʤʘʷ ʜʝʪʘʣʴ ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ. ʂ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʘʶʪ ʪʦʢ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ. ʅʘ ʪʝʯʝʥʠʝ ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. 
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3. ʍʠʤʠʯʝʩʢʘʷ ʧʦʣʠʨʦʚʢʘ ʠʟʜʝʣʠʡ ʠʟ ʤʘʣʦʤʘʛʥʠʪʥʦʡ ʩʪʘʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʚʘʥʥʝ ʩ ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʷʥʦʡ, ʘʟʦʪʥʦʡ, ʦʢʩʠʙʝʥʟʦʡʥʦʡ, ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʚʘʥʥʳ. ʆʧʨʝʜʝʣʸʥʥʳʝ 

ʩʦʩʪʘʚʳ ʚʘʥʥ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 70ęʉ. ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ 

ʜʣʷ ʢʨʫʧʥʳʭ ʠʟʜʝʣʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʨʘʥʷʝʪʩʷ, ʠ ʠʟʜʝʣʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʙʣʝʩʢ. 

4. ɺ ʵʣʝʢʪʨʦʣʠʪʥʦ-ʧʣʘʟʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʝ ʠʟʜʝʣʠʝ 

ʷʚʣʷʝʪʩʷ ʘʥʦʜʦʤ, ʢ ʥʝʤʫ ʧʦʜʚʦʜʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ, ʘ ʢʘʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʘʷ ʚʘʥʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʣʦʞʝʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ 

ʵʣʝʢʪʨʦʣʠʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚʙʣʠʟʠ 

ʘʥʦʜʘ. ʇʝʨʚʳʡ ʨʝʞʠʤ ï ʵʪʦ ʦʙʳʯʥʦʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʚʳʰʝ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʚʦʢʨʫʛ ʘʥʦʜʘ ʦʙʨʘʟʫʝʪʩʷ 

ʫʩʪʦʡʯʠʚʘʷ ʧʘʨʦʧʣʘʟʤʝʥʥʘʷ ʦʙʦʣʦʯʢʘ. ʇʦ ʚʩʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʷʪ ʠʤʧʫʣʴʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ. ʉʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʬʬʝʢʪʘ ʧʦʣʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʡ. 

ʇʦʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʣʦʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʜʦʨʦʛʠʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʫʜʝʰʝʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʘʥʠʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʀʤʝʝʪʩʷ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʧʦʨʦʰʢʦʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, ʠʤʝʶʱʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, ʧʣʦʩʢʠʝ, 

ʩʬʝʨʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʩʣʦʞʥʦʧʨʦʬʠʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʦʝ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʇʨʦʪʦʪʠʧʦʤ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʇʘʪʝʥʪ RU ˉ2314185). 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʛʦʪʦʚʣʝʥʦ ʠʟ 

ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʠ ʩʦʜʝʨʞʠʪ 

ʦʩʥʦʚʘʥʠʝ 1 ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ 2, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʤʝʱʝʥʠʷ ʩʘʣʘʟʢʠ 3. ʅʘ ʩʘʣʘʟʢʘʭ 3 ʨʘʟʤʝʱʝʥʳ ʢʨʦʥʰʪʝʡʥʳ 4, ʥʘ ʢʦʪʦʨʳʭ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʧʨʦʪʠʚ ʜʨʫʛʘ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ. 

ʂʨʦʥʰʪʝʡʥʳ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʤʝʶʪ ʞʝʩʪʢʠʡ ʘʤʦʨʪʠʟʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ 21. 

ʂʘʞʜʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 5 ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ, ʥʘ ʨʝʟʴʙʦʚʦʤ ʚʘʣʫ 6 ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʝʥ ʠʥʜʫʢʪʦʨ. ʕʪʦʪ 

ʠʥʜʫʢʪʦʨ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 7, ʥʘ ʢʦʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʛʘʡʢʠ 8 ʫʩʪʘʥʦʚʣʝʥʳ 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʯʘʰʢʠ 9 ʠ 22, ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʶʱʠʝʩʷ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ 

ʢʘʯʝʥʠʷ 23 ʠ 24, ʘ ʪʘʢʞʝ  ʩʦʙʨʘʥʳ ʯʝʨʝʜʫʶʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 10 ʠʥʜʫʢʪʦʨʘ ʤʘʛʥʠʪʳ 11 ʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ 12. ʇʨʠ ʵʪʦʤ ʨʘʙʦʯʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 10 ʠʥʜʫʢʪʦʨʘ ʚʳʧʦʣʥʝʥʘ ʪʦʨʦʠʜʘʣʴʥʦʡ. ʄʘʛʥʠʪʳ 11 ʠ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʳ 12 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʛʤʝʥʪʳ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ ʩ 

ʬʘʩʦʥʥʳʤ ʧʨʦʬʠʣʝʤ. 
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ʂʘʞʜʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʜʦʣʴ ʪʨʝʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʠ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ 360Á 

ʚʦʢʨʫʛ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʦʩʝʡ. ʇʦʚʦʨʦʪ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʨʘʙʦʯʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ 10 ʠʥʜʫʢʪʦʨʦʚ. ʇʦʣʦʞʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʬʠʢʩʠʨʫʝʪʩʷ 

ʟʘʞʠʤʥʳʤʠ ʚʠʥʪʘʤʠ 13, 14, 15. ɿʘʞʠʤʥʳʝ ʚʠʥʪʳ 13 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʧʦʧʝʨʝʯʥʦʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 16, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 2, ʠ ʧʦʚʦʨʦʪʘ ʥʘ 

ʫʛʦʣ 360Á ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ. ɿʘʞʠʤʥʦʡ ʚʠʥʪ 14 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʝʝ ʦʩʠ 17, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 5, ʚ ʧʨʝʜʝʣʘʭ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʢʦʨʧʫʩʦʤ 7 ʠ ʢʨʦʥʰʪʝʡʥʦʤ 4, ʠ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ 360Á ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ. 

ɿʘʞʠʤʥʦʡ ʚʠʥʪ 15 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʦʩʠ 18 ʦʪʚʝʨʩʪʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʢʨʦʥʰʪʝʡʥʘ 4, ʠ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ 360Á ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ. ʈʝʛʫʣʠʨʦʚʦʯʥʳʝ ʚʠʥʪʳ 

19, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʭʦʜʦʚʳʝ ʚʠʥʪʳ ʩ ʧʨʘʚʦʡ ʨʝʟʴʙʦʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʩʘʣʘʟʢʘʭ 3, ʚʜʦʣʴ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 2. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʚʠʞʝʥʠʷ ʠʣʠ ʩʙʣʠʞʝʥʠʷ ʩʘʣʘʟʦʢ 

3 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʦʯʥʳʤʠ ʚʠʥʪʘʤʠ 19 ʩ ʧʦʤʦʱʴʶ ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ 

ʩʘʣʘʟʢʘʭ 3 ʛʘʝʢ 20. ʊʘʢʞʝ ʘʤʦʨʪʠʟʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ 21 ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʚʥʦʤʝʨʥʳʝ ʩʲʝʤ ʤʘʪʝʨʠʘʣʘ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʝʪʘʣʠ. 

ʉʘʣʘʟʢʠ 3 ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 1 ʧʦ ʪʠʧʫ ʩʦʝʜʠʥʝʥʠʷ çʣʘʩʪʦʯʢʠʥ 

ʭʚʦʩʪè. 

ʉ ʧʦʤʦʱʴʶ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʠʧʘ çʣʘʩʪʦʯʢʠʥ ʭʚʦʩʪè 

ʦʩʥʦʚʘʥʠʷ 1 ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʦ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʚʝʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʪʠʧʘ 

çʣʘʩʪʦʯʢʠʥ ʭʚʦʩʪè ʩʫʧʧʦʨʪʘ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ ʠʣʠ ʭʦʙʦʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʩʪʨʦʡʩʪʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʚʝʨʭ 

ʦʩʥʦʚʘʥʠʝʤ 1. 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʧʦʧʝʨʝʯʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ 16 ʠ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ ʥʝʦʙʭʦʜʠʤʦ ʦʩʣʘʙʠʪʴ ʟʘʞʠʤʥʳʝ ʚʠʥʪʳ 13 ʠ 

ʧʦʩʣʝ ʧʨʠʜʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʥʦʚʘ ʠʭ ʟʘʢʨʝʧʠʪʴ. 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʦʩʠ 17 ʠ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʣʘʙʠʪʴ ʟʘʞʠʤʥʦʡ ʚʠʥʪ 14 ʠ ʧʦʩʣʝ ʧʨʠʜʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ 

ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʥʦʚʘ ʟʘʢʨʝʧʠʪʴ ʵʪʦʪ ʚʠʥʪ. ɼʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʦʩʠ 18 ʠ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʵʪʦʡ ʦʩʠ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʣʘʙʠʪʴ ʟʘʞʠʤʥʦʡ ʚʠʥʪ 15 ʠ ʧʦʩʣʝ ʧʨʠʜʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ 

ʪʨʝʙʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʥʦʚʘ ʟʘʢʨʝʧʠʪʴ ʵʪʦʪ ʚʠʥʪ. ɼʣʷ 

ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 2 ʥʝʦʙʭʦʜʠʤʦ ʚʨʘʱʘʪʴ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʡ ʚʠʥʪ 19 ʜʦ ʧʨʠʜʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ ʪʨʝʙʫʝʤʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 
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ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ 26 ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ (ʨʠʩ. 2) ʵʪʘ ʜʝʪʘʣʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʪʦʣʝ ʩʪʘʥʢʘ, 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ 1 

ʚʚʝʨʭ ʥʘ ʭʦʙʦʪʝ ʩʪʘʥʢʘ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʥʘʩʪʨʦʡʢʘ ʨʘʙʦʯʝʛʦ ʧʦʣʦʞʝʥʠʷ 

ʠʥʜʫʢʪʦʨʦʚ. ʆʩʣʘʙʣʷʶʪʩʷ ʟʘʞʠʤʥʳʝ ʚʠʥʪʳ 13 ʠ 15, ʠ ʜʝʪʘʣʴ 26 ʧʝʨʝʤʝʱʘʝʪʩʷ 

ʜʦ ʧʣʦʪʥʦʛʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʙʦʯʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ 10 ʠʥʜʫʢʪʦʨʦʚ. ɺʠʥʪʳ 13 ʠ 15 ʟʘʢʨʝʧʣʷʶʪʩʷ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʪʨʝʙʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ 25 ʩ ʧʦʤʦʱʴʶ ʧʣʘʩʪʠʥʳ-

ʱʫʧʘ, ʜʣʷ ʯʝʛʦ ʧʦʩʪʝʧʝʥʥʦ ʦʧʫʩʢʘʝʪʩʷ ʩʪʦʣ ʩʪʘʥʢʘ, ʢʦʥʪʨʦʣʠʨʫʷ ʦʙʨʘʟʫʶʱʠʡʩʷ 

ʨʘʙʦʯʠʡ ʟʘʟʦʨ 25. ɿʘʪʝʤ ʚ ʨʘʙʦʯʠʡ ʟʘʟʦʨ 25 ʥʘʩʳʧʘʝʪʩʷ ʧʦʨʮʠʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ, ʚʢʣʶʯʘʶʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ 5 ʠ ʧʨʠʚʦʜ ʧʨʦʜʦʣʴʥʳʭ 

ʧʦʜʘʯ ʩʪʘʥʢʘ ʚ ʨʝʞʠʤʝ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. 

 
 

ʈʠʩ. 2. ʆʙʨʘʙʦʪʢʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʄɸʆ 
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ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʛʥʫʪʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ 27 (ʨʠʩ. 3), 

ʚʳʧʫʢʣʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ 28 (ʨʠʩ. 4), ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʞʥʦʛʦ 

ʧʨʦʬʠʣʷ, ʷʚʣʷʶʱʝʡʩʷ ʬʘʩʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʫʘʥʩʦʥʘ, ʩʠʤʤʝʪʨʠʯʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʜʝʪʘʣʠ 29 (ʨʠʩ. 5), ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʬʨʝʟʝʨʥʳʡ 

ʩʪʘʥʦʢ, ʦʩʥʘʱʝʥʥʳʡ ʚʨʘʱʘʶʱʠʤʩʷ ʩʪʦʣʦʤ. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ 1 ʥʘ ʭʦʙʦʪʝ ʵʪʦʛʦ ʩʪʘʥʢʘ, ʘ 

ʜʝʪʘʣʴ 27, ʠʣʠ 28, ʠʣʠ 29 ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʚʨʘʱʘʶʱʠʡʩʷ 

ʩʪʦʣ ʩʪʘʥʢʘ ʪʘʢ, ʯʪʦʙʳ ʦʩʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʩʦʚʧʘʣʘ ʩ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʪʦʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʩ ʧʦʤʦʱʴʶ ʟʘʞʠʤʥʳʭ 

ʚʠʥʪʦʚ 13, 14, 15 ʠ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʚʠʥʪʦʚ 19, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʥ-ʱʫʧʦʚ ʠʟ 

ʵʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 10 ʠʥʜʫʢʪʦʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʥʘʜ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʪʨʝʙʫʝʤʳʤ ʨʘʙʦʯʠʤ ʟʘʟʦʨʦʤ 25. ɿʘʪʝʤ 

ʚʢʣʶʯʘʶʪʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ 5 ʠ ʧʨʠʚʦʜ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʪʦʣʘ. 

ʉʲʝʤ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʩ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ 10 ʠʥʜʫʢʪʦʨʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʢʨʝʙʢʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʣʦʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʨʘʟʣʠʯʥʦʤ ʤʝʪʘʣʣʦʨʝʞʫʱʝʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʝʨʝʥʘʣʘʜʢʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-

ʟʘʢʣʶʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʳʡ ʩʲʝʤ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʋʉʊɸʅʆɺʂɸ ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʇʈʆʎɽʉʉɸ ʊɽʇʃʆʆʊɼɸʏʀ ɺ ʂɸʅɸʃɽ  

ʂʆʃʔʎɽɺʆɻʆ ʉɽʏɽʅʀʗ  

ɺ ʋʉʃʆɺʀʗʍ ʊʋʈɹʋʃʀɿɸʎʀʀ ɻʆʈʗʏɽɻʆ  

ʊɽʇʃʆʅʆʉʀʊɽʃʗ ʇʋɿʓʈʔʂɸʄʀ ɺʆɿɼʋʍɸ 

ɺ.ɺ. ɻʨʠʮʝʥʢʦ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʇʆ  

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʢʘʥʘʣʝ ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ 

ʪʫʨʙʫʣʠʟʘʮʠʠ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʪʝʧʣʦʦʙʤʝʥ, ʚʦʜʥʦ-ʚʦʟʜʫʰʥʘʷ 

ʩʤʝʩʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ. 
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Abstract:  This paper presents the concept of the laboratory experimental device for studing 

heat transfer in a circular section channel during turbulization of hot heat carrier by air bubbles. 

Key words: hot heat carrier, heat transfer, water-air mixture, coefficient of heat 

transfer. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʘʢʪʠʚʥʦ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʪʝʧʣʦʚʳʝ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʪʝʢʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʘʰʠʥʥʦ-ʘʧʧʘʨʘʪʫʨʥʦʤ ʦʬʦʨʤʣʝʥʠʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʦʚʦʨʷ ʦ ʧʫʪʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ 

ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʪʴ ʚʦʧʨʦʩʘʤ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʚʳʭ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [1, 2, 3] ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ 

ʨʦʪʦʨʥʦʛʦ ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ (ʈʈʀ), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʥʘʣ ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʢʘʯʠʚʘʝʪʩʷ 

ʛʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ. ʊʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ 

ʢʦʥʮʝʥʪʨʠʨʫʝʤʳʤ ʧʨʦʜʫʢʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʦʥʢʫʶ ʩʪʝʥʢʫ ʚʥʫʪʨʝʥʥʝʛʦ 

ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʨʘʙʦʪʘʭ [1, 2, 3] ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʙʦʛʨʝʚʘ ʈʈʀ ʩ ʧʦʤʦʱʴʶ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɼʦʩʪʠʯʴ 

ʵʬʬʝʢʪʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʚʦ-ʧʝʨʚʳʭ, ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʫʟʳʨʴʢʘʤʠ 

ʚʦʟʜʫʭʘ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʘʢʪʠʚʠʟʠʨʫʝʪ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʢʦʥʚʝʢʮʠʝʡ, ʘ ʚʦ-ʚʪʦʨʳʭ ï 

ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʧʫʟʳʨʴʢʘʤʠ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʥʘ ʪʝʧʣʦʦʙʤʝʥʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [1, 2, 3], ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʋʜʘʣʦʩʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʈʈʀ ʜʦ 

12,2%. ʇʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ 

ʩʨʝʜʝ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ çSTATISTICA-6,0è, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 2a  ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ 

ʈʈʀ ʦʪ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ɺʅɺʆɿɼ tV Ö+Ö--= 18,3033,1669,12962a ,                       (1) 

ʧʨʠ R=95,98%, 

 

ʛʜʝ Vɺʆɿɼ ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ʩʤʝʩʠ, ʤ3/ʩ; tɺʅ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ 

ʚʭʦʜʝ ʚ ʛʨʝʶʱʫʶ ʨʫʙʘʰʢʫ ʉ̄; R ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ, 

ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʦʜʝʣʴ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦ ʦʙʲʷʩʥʷʝʪ 95,98% 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ. 

ʅʦ ʫʨʘʚʥʝʥʠʝ (1) ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ʨʘʩʭʦʜʝ ʛʦʨʷʯʝʡ ʚʦʜʳ Vɺ = 8,33Ö10-4 

ʤ3/ʩ  ʚ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʘʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: tɺʅ = 84é100ʉ̄, Vɺʆɿɼ  

= (0é6,17)Ö10-6 ʤ3/ʩ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. 

ʇʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʠʛʦʜʥʫʶ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʠʤʝʶʱʠʭ ʛʨʝʶʱʫʶ 

ʨʫʙʘʰʢʫ ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ ʠ ʦʙʦʛʨʝʚʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ ʚ ʨʘʙʦʪʝ [4] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʠ, ʦʙʦʛʨʝʚʘʝʤʦʡ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʦʙʦʙʱʝʥʥʦʝ 

ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩ ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʢʦʣʴʮʝʚʦʤ 

ʢʘʥʘʣʝ, ʦʙʦʛʨʝʚʘʝʤʦʤ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ, ʠʤʝʶʱʝʝ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

).,,,,,,,,,,,( ʇʃʉʄɼɻEuWeFrRʝPePefNu ɺʆɿɼB=                      (2) 

ʋʨʘʚʥʝʥʠʝ 2 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ: 

- ʢʨʠʪʝʨʠʡ ʅʫʩʩʝʣʴʪʘ ï 
t

dq
Nu ʕW

DÖ

Ö
=
l

; 

- ʢʨʠʪʝʨʠʡ ʇʝʢʣʝ ʜʣʷ ʚʦʜʳ ï ;
B

BBʕ
ɺ

ʩUd
ʈʝ

l

rÖÖÖ
=  

- ʢʨʠʪʝʨʠʡ ʇʝʢʣʝ ʜʣʷ ʚʦʟʜʫʭʘ ï ;
ɺʆɿɼ

ɺʆɿɼɺʆɿɼʕ

ɺʆɿɼ

ʩUd
ʈʝ

l

r ÖÖÖ
=  

- ʢʨʠʪʝʨʠʡ ʈʝʡʥʦʣʴʜʩʘ ï 
ɺ

ɺʕdU
Rʝ

m

rÖÖ
= ; 
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- ʢʨʠʪʝʨʠʡ ʌʨʫʜʘ ï 
ʕ

dg

U
Fr

Ö
=

2

; 

- ʢʨʠʪʝʨʠʡ ɺʝʙʝʨʘ ï 
ɺ

ɺ ʕ
dU

We
s

r ÖÖ
=

2

; 

- ʢʨʠʪʝʨʠʡ ʕʡʣʝʨʘ ï 2U

ʨ
Eu

ɺr

D
= ; 

- ʩʠʤʧʣʝʢʩʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ï öö
÷

õ
ææ
ç

å
=

ʕd

h
ɻ , ;1

öö
÷

õ
ææ
ç

å
=

ʕd

d
ɼ  

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʩʦʩʪʘʚ ʚʦʜʥʦï

ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ï öö
÷

õ
ææ
ç

å
=

B

ɺʆɿɼ
ʄ

m

m
, öö

÷

õ
ææ
ç

å
=

B

ɺʆɿɼ

ʩ

ʩ
ʉ , öö

÷

õ
ææ
ç

å
=

B

ɺʆɿɼ
ʃ

l

l
, öö

÷

õ
ææ
ç

å
=

B

ɺʆɿɼ

V

V
ʇ . 

ɺ ʩʦʩʪʘʚ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ ʚʳʨʘʞʝʥʠʷ (2) ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ. 

ʀʩʢʦʤʦʡ ʨʘʟʤʝʨʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ï qW, ɺʪ/ʤ
2
. ɺʝʣʠʯʠʥʘ qW ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝʟʘʚʠʩʠʤʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ: 

1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʴ ʪʝʧʣʦʧʝʨʝʜʘʯʠ: 
h ï ʚʳʩʦʪʘ, ʤ; d1 ï ʜʠʘʤʝʪʨ ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʳ ʢʦʨʧʫʩʘ, ʤ. 

2. ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʣʦʚʠʷ ʙʘʨʙʦʪʘʞʘ ʠ ʪʝʯʝʥʠʷ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʨʫʙʘʰʢʝ: dʕ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʴʮʝʚʦʛʦ 

ʢʘʥʘʣʘ ʨʫʙʘʰʢʠ ʈʈʀ, ʤ; Dʨ ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʛʨʝʶʱʝʡ ʩʠʩʪʝʤʝ, ʇʘ; U ï 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʤ/ʩ; Vɺ ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ (ʚʦʜʳ), ʤ
3
/ʩ; Vɺʆɿɼ ï 

ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʤ
3
/ʩ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ

2
. 

3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʧʣʦʦʪʜʘʯʠ: rɺ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ (ʚʦʜʳ), 

ʢʛ/ʤ
3
; mɺ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʜʳ, ʇʘÖʩ; sɺ ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 

ʚʦʜʳ, ʥ/ʤ; ʩɺ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ, ɼʞ/(ʢʛÖʂ), lɺ ï ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʳ, 

ɺʪ/(ʤÖʂ);  rɺʆɿɼ ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ (ʚʦʟʜʫʭʘ), ʢʛ/ʤ
3
;  mɺʆɿɼ ï ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʇʘÖʩ; ʩɺʆɿɼ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ɼʞ/(ʢʛÖʂ), lɺʆɿɼ ï 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʟʜʫʭʘ, ɺʪ/(ʤÖʂ). 

4. ʇʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʝʣʠʯʠʥʫ ʜʚʠʞʫʱʝʡ ʩʠʣʳ ʧʨʦʮʝʩʩʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʚ ʛʨʝʶʱʝʡ ʨʫʙʘʰʢʝ: Dt ï ʩʨʝʜʥʷʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚ ʮʝʥʪʨʝ 

ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʥʘ ʥʘʛʨʝʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʉ̄. 

ɺ ʷʚʥʦʤ ʚʠʜʝ ʬʫʥʢʮʠʷ (2) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʢʦʣʴʮʝʚʦʤ ʢʘʥʘʣʝ ʠ 

ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 

1. 
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ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 

ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ 1, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʨʫʙ ï ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ, 

ʧʦʢʨʳʪʦʡ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʊʦʨʮʳ ʪʨʫʙ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʢʨʳʰʢʘʤʠ. ɺ ʥʠʞʥʝʡ ʢʨʳʰʢʝ ʚʳʧʦʣʥʝʥ ʧʘʪʨʫʙʦʢ ʜʣʷ ʧʦʜʘʯʠ 

ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɺ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʘ ʧʘʪʨʫʙʢʘ ï ʜʣʷ 

ʩʣʠʚʘ ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʩʪʨʘʚʣʠʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʈʘʩʭʦʜ ʭʦʣʦʜʥʦʛʦ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʥʪʠʣʝʤ 17, ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʭʦʣʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʥʦʤʝʪʨʘʤʠ 18 ʠ 24, ʪʝʤʧʝʨʘʪʫʨʘ ï 

ʪʝʨʤʦʤʝʪʨʘʤʠ 18 ʠ 23. 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʜʫ ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʪʨʫʙʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ 

ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʥʘʣ ʢʦʣʴʮʝʚʦʛʦ ʩʝʯʝʥʠʷ, ʩʥʠʟʫ (ʨʘʜʠʘʣʴʥʦ ʠʣʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦ) ʧʦʜʘʝʪʩʷ ʛʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ï ʚʦʜʥʦ-ʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ. 

ɻʦʨʷʯʘʷ ʚʦʜʘ ʧʦʜʚʦʜʠʪʩʷ ʠʟ ʪʝʨʤʦʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʷ 2, 

ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʪʨʫʙʯʘʪʳʤ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ ʪʝʨʤʦʩʪʘ-

ʪʠʨʦʚʘʥʠʷ 5, ʩ ʧʦʤʦʱʴʶ ʚʦʜʷʥʦʛʦ ʥʘʩʦʩʘ 3. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʛʦʨʷʯʝʡ 

ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʝʡ 9 ʠ 10, ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʩʭʦʜʦʤ ï ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʭʦʜʦʤʝʨʘ 11. ʇʦʜʘʯʘ ʚʦʟʜʫʭʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʨʰʥʝʚʳʤ 

ʢʦʤʧʨʝʩʩʦʨʦʤ 4, ʚʝʣʠʯʠʥʘ ʧʦʜʘʯʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʥʪʠʣʝʤ 13 ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʨʦʪʘʤʝʪʨʘ 12. ʉʤʝʰʠʚʘʥʠʝ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʚʭʦʜʝ ʚ ʥʠʞʥʠʡ ʧʘʪʨʫʙʦʢ. ɻʦʨʷʯʘʷ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ, ʧʨʦʡʜʷ ʯʝʨʝʟ 

ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʠ, ʦʪʚʦʜʠʪʩʷ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʧʘʪʨʫʙʦʢ ʦʙʨʘʪʥʦ ʚ 

ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴ, ʛʜʝ ʚʦʟʜʫʭ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʩʤʝʩʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʝʛʦ ʨʘʙʦʯʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʥʝ ʟʘʧʦʣʥʝʥʥʦʡ ʚʦʜʦʡ) ʠ ʚʳʚʦʜʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 

ʚ ʢʨʳʰʢʝ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʷ. ɼʘʚʣʝʥʠʝ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʚʭʦʜʝ ʚ ʢʘʥʘʣ 

ʠ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʘʥʦʤʝʪʨʘʤʠ 14 ʠ 21, ʪʝʤʧʝʨʘʪʫʨʘ ï ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʤʝʪʨʦʚ 15 ʠ 20. 

ɺ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʢʘʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʝʛʦ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʭʨʦʤʝʣʴ-ʢʦʧʝʣʝʚʳʭ ʪʝʨʤʦʧʘʨ 28 ʠ 27. 

çɻʦʨʷʯʠʝè ʩʧʘʠ ʪʝʨʤʦʧʘʨ ʟʘʯʝʢʘʥʝʥʳ ʚ ʩʪʝʥʢʫ, ʘ çʭʦʣʦʜʥʳʝè ʧʦʤʝʱʝʥʳ ʚ 

ʩʦʩʫʜ ɼʴʶʘʨʘ 8. ʊʝʨʤʦʕɼʉ ʢʘʞʜʦʡ ʪʝʨʤʦʧʘʨʳ ʠʟʤʝʨʷʝʪʩʷ ʮʠʬʨʦʚʳʤ 

ʚʦʣʴʪʤʝʪʨʦʤ 7, ʥʘʧʨʠʤʝʨ ʤʦʜʝʣʠ ʑ68003. ʇʦʜʢʣʶʯʝʥʠʝ ï ʦʪʢʣʶʯʝʥʠʝ 

ʪʝʨʤʦʧʘʨ ʢ ʚʦʣʴʪʤʝʪʨʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʯʝʨʝʜʠ, ʩ ʧʦʤʦʱʴʶ ʰʝʩʪʠʢʦʥʪʘʢʪʥʦʛʦ 

ʧʝʨʝʢʣʶʯʘʪʝʣʷ 26. 

ʆʙʱʠʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʥʘ ʨʘʙʦʪʫ ʫʩʪʘʥʦʚʢʠ (ʥʘʛʨʝʚ 

ʠ ʧʦʜʘʯʫ ʛʦʨʷʯʝʡ ʚʦʜʳ, ʧʦʜʘʯʫ ʚʦʟʜʫʭʘ, ʧʠʪʘʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʘʧʧʘʨʘʪʫʨʳ), ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʘ 25. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʣʘʥʠʨʫʪʁʩʷ ʤʥʦʞʠʪʝʣʴʥʳʝ 

ʠ ʩʪʝʧʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʝ 

(2) ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʦʪ 230 ʜʦ 10000, ʪ.ʝ. ʧʨʠ 

ʣʘʤʠʥʘʨʥʦʤ ʠ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʢʘʥʘʣʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʬʘʟ ʚ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʘʧʘʟʦʥʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ 

ʨʘʙʦʪʘʭ  [1, 2, 3]), ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʛʨʘʥʠʮ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ. 
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ʊʝʤʧʝʨʘʪʫʨʫ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʛʦʨʷʯʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʠʩʭʦʜʷ ʠʟ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [1, 2, 3], ʧʣʘʥʠʨʫʝʪʩʷ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʧʨʠʜʝʣʘʭ ʦʪ 50 ʜʦ 100ʉ̄. 
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ʇʆʃʋʏɽʅʀɽ ʕʂʉʊʈɸʂʊʆɺ ʀɿ ʇʃʆɼʆɺʆɻʆ ʉʓʈʔʗ 

ɺ ɺʀɹʈɸʎʀʆʅʅʆʄ ɸʇʇɸʈɸʊɽ 

ʅ.ɺ. ɼʫʙʠʥʠʥʘ 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʇʆ 

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 

 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʘʢʪʦʚ ʠʟ 

ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʣʦʜʦʚ ʙʦʷʨʳʰʥʠʢʘ ʢʨʦʚʘʚʦ-ʢʨʘʩʥʦʛʦ ʚ ʘʧʧʘʨʘʪʝ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ ʪʘʨʝʣʢʦʡ. 

ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʠʙʨʘʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ, ʧʣʦʜʳ ʙʦʷʨʳʰʥʠʢʘ ʢʨʦʚʘʚʦ-

ʢʨʘʩʥʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʦʮʝʩʩʘ, ʩʦʜʝʨʞʘʥʠʝ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ. 
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Abstract:  The paper presents the results of studing the process of producing extracts from 

frozen blood-red hawthorn fruit in the device with a vibratory plate. The results include the 
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equations of multiple regressions to calculate the content of dry substances, the efficiency of the 

process and the specific energy consumption. 

Key words: Vibratory device, blood-red hawthorn, efficiency and specific 

energy consumption of the process, content of dry substances. 

 

ɺ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʠʪʘʥʠʠ ʣʝʞʠʪ ʢʦʥʮʝʧʮʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʥʫʪʨʠʝʥʪʘʤʠ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚʠʪʘʤʠʥʘʤʠ ʠ 

ʤʠʥʝʨʘʣʥɹʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʷʚʣʷʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʠʤʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ [1, 2]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʥʘʧʨʘʚʣʝʥʥʦ ʟʘʜʘʥʥʳʤʠ ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʦʛʦ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ ʚ 

ʧʠʚʦʙʝʟʘʣʢʦʛʦʣʴʥʦʡ, ʣʠʢʝʨʦʚʦʜʦʯʥʦʡ, ʢʦʥʩʝʨʚʥʦʡ, ʢʦʥʜʠʪʝʨʩʢʦʡ ʦʪʨʘʩʣʷʭ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [3]. 

ʆʙʲʝʤʳ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʩʪʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʝʜʦʩʪʘʪʦʯʥʳ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. ʕʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ 

ʠʟ ʩʳʨʴʷ ʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʨʘʙʦʪʢʠ. 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʛʦ ʩʳʨʴʷ 

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʚʦʜʥʳʤʠ ʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ. 

ʉʧʦʩʦʙʦʚ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʳʨʴʷ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ 

ʚrʙʦʨʘ ʩʧʦʩʦʙʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʳʨʴʶ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ. 

ʂ ʬʘʢʪʦʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, 

ʦʪʥʦʩʷʪʩʷ: ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ; ʧʦʣʷʨʥʦʩʪʴ ʵʢʩʪʨʘʛʝʥʪʘ; 

ʚʷʟʢʦʩʪʴ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ; ʩʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ; ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʮʠʡ; 

ʬʠʟʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ (ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʫʣʴʪʨʘʟʚʫʢ, 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʜʨ.); ʧʦʨʦʟʥʦʩʪʴ; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ. ʅʘ 

ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨ ʤʦʣʝʢʫʣ 

ʠʟʚʣʝʢʘʝʤʳʭ ʚʝʱʝʩʪʚ; ʟʘʨʷʜ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʧʨʦʪʦʧʣʘʟʤʳ ʢʣʝʪʢʠ; ʥʘʣʠʯʠʝ 

ʞʠʚʦʡ ʧʨʦʪʦʧʣʘʟʤʳ; ʥʘʣʠʯʠʝ ʚʦʟʜʫʭʘ ʚ ʩʳʨʴʝ; ʫʜʝʣʥɹʘʷ ʟʘʛʨʫʟʢʘ ʵʢʩʪʨʘʢʪʦʨʘ 

(ʟʘʛʨʫʟʦʯʥʘʷ ʧʣʦʪʥʦʩʪʴ); ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʵʢʩʪʨʘʛʝʥʪʘ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ [4]. 

ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʤʝʪʦʜ ʥʘʣʦʞʝʥʠʷ ʥʘ ʩʠʩʪʝʤʫ ʧʦʣʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ [5, 6, 7]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, 

ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚ ʦʩʥʦʚʫ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʪʦʨʦʡ 

ʧʦʣʦʞʝʥ ʝʤʢʦʩʪʥʳʡ ʵʢʩʪʨʘʢʪʦʨ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ ʪʘʨʝʣʢʦʡ [6]. 
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ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʢʪʦʨ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʚʠʙʨʘʮʠʦʥʥʦʡ ʪʘʨʝʣʢʦʡ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

1 ï ʢʘʤʝʨʘ ʘʧʧʘʨʘʪʘ; 2 ï ʪʘʨʝʣʢʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ; 3 ï ʜʦʤʢʨʘʪ; 4 ï ʰʪʦʢ; 

5 ï ʢʨʳʰʢʘ ʵʢʩʪʨʘʢʪʦʨʘ; 6 ï ʤʝʭʘʥʠʟʤ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ; 

7 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

 

ʂʘʤʝʨʘ ʘʧʧʘʨʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ 1, 

ʚʳʧʦʣʥʝʥʥʫʶ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 0,139 ʤ. ɺ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʨʘʤʝ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʘ ʢʨʳʰʢʘ ʵʢʩʪʨʘʢʪʦʨʘ 5 ʩ 

ʧʘʪʨʫʙʢʦʤ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ. ɺ ʢʘʤʝʨʝ ʫʩʪʘʥʦʚʣʝʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʰʪʦʢ 4 ʩ ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʥʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʪʘʨʝʣʢʦʡ 2, 

ʩʥʘʙʞʝʥʥʦʡ ʧʦ ʧʝʨʠʬʝʨʠʠ ʢʦʣʴʮʦʤ. ʐʪʦʢʫ ʩʦʦʙʱʘʶʪʩʷ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 6 ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ɸʀʈʄ71ɺ6ʋ3. 

ʊʘʨʝʣʢʘ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ 

ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʩʢ ʜʠʘʤʝʪʨʦʤ 0,135 ʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, 

ʪʦʣʱʠʥʦʡ 0,003 ʤ. ʂ ʥʠʞʥʝʡ ʩʪʦʨʦʥʝ ʜʠʩʢʘ ʢʦʘʢʩʠʘʣʴʥʦ ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥʦ 

ʢʦʣʴʮʦ ʰʠʨʠʥʦʡ 0,01 ʤ. ʇʣʦʩʢʦʩʪʴ ʜʠʩʢʘ ʪʘʨʝʣʢʠ ʧʘʨʘʣʣʝʣʴʥʘ ʜʥʠʱʫ ʘʧʧʘʨʘʪʘ. 

ʂʘʤʝʨʘ ʵʢʩʪʨʘʢʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʨʘʩʪʦʯʝʥʥʦʤ ʧʘʟʫ 

ʢʨʳʰʢʠ ʧʨʠ ʧʦʤʦʱʠ ʜʦʤʢʨʘʪʘ 3. 

ɼʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ʠ ʬʠʢʩʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʡ 

ʤʦʱʥʦʩʪʠ ʚ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʨʠʚʦʜ ɸʉʅ 550-01. 

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥ ʩʧʦʩʦʙ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ 

ʢʘʬʝʜʨʝ çʄʘʰʠʥʳ ʠ ʘʧʧʘʨʘʪʳ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚè ʂʝʤʝʨʦʚʩʢʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [8]. ʆʩʦʙʝʥʥʦʩʪʴ 
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ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʶ ʚ ʚʠʙʨʘʮʠʦʥʥʦʤ 

ʵʢʩʪʨʘʢʪʦʨʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʘʤʦʨʦʞʝʥʥʦʝ ʧʣʦʜʦʚʦ-ʷʛʦʜʥʦʝ ʩʳʨʴʝ. 

ɼʣʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʣʦʜʳ ʙʦʷʨʳʰʥʠʢʘ ʢʨʦʚʘʚʦ-ʢʨʘʩʥʦʛʦ. 

ʕʪʘ ʧʣʦʜʦʚʘʷ ʢʫʣʴʪʫʨʘ ʠʟʚʝʩʪʥʘ ʩʚʦʠʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʙʦʛʘʪʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʣʦʜʳ ʙʦʷʨʳʰʥʠʢʘ ʜʘʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʨʦʜʥʦʡ ʠ 

ʥʘʫʯʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʮʘ ʠ ʩʦʩʫʜʦʚ 

[9]. 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘʤʦʨʦʞʝʥʥʳʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ -18
0
ʉ ʧʣʦʜʳ ʧʦʤʝʱʘʣʠ ʚ ʨʘʙʦʯʠʡ ʦʙʲʝʤ ʵʢʩʪʨʘʢʪʦʨʘ ʧʦʜ 

ʚʠʙʨʘʮʠʦʥʥʫʶ ʪʘʨʝʣʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʠʩʧʦʣʟɹʦʚʘʣʘʩʴ ʚʦʜʘ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 20Ñ2
0
ʉ. ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʦʙʲʝʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʫʩʧʝʥʟʠʠ 

ʩʦʩʪʘʚʣʷʣ 1,0 ʣ. ʊʘʨʝʣʢʘ ʧʨʠʚʦʜʠʣʘʩʴ ʚ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ 

ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ (1é5 ʤʠʥ) ʠʟ 

ʘʧʧʘʨʘʪʘ ʦʪʙʠʨʘʣʘʩʴ ʧʨʦʙʘ ʵʢʩʪʨʘʢʪʘ. ʆʪʜʝʣʝʥʠʝ ʦʪ ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʧʨʦʚʦʜʠʣʦʩʴ ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʙʫʤʘʞʥʳʡ ʬʠʣʴʪʨ; ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʣʝʢʘʝʤʳʭ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʝʬʨʘʢʪʦʤʝʪʨʦʤ ʪʠʧʘ çʈʃ-2è; ʦʪʞʘʪʳʡ 

ʥʘ ʬʠʣʴʪʨʝ ʰʨʦʪ ʚʟʚʝʰʠʚʘʣʠ. ɺʟʚʝʰʠʚʘʥʠʝ ʧʣʦʜʦʚ, ʵʢʩʪʨʘʛʝʥʪʘ, ʰʨʦʪʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʚʝʩʦʚ ʤʘʨʢʠ ʄW-120 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ Ñ 

0,01 ʛ.  

ʅʘ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʦʪ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʘ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʚʳʜʝʣʠʣʠ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʚ ʩʦʚʤʝʩʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʘʟʳʚʘʶʪ ʦʩʥʦʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʢʩʪʨʘʢʪʦʨʝ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ: 

ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ (ʩʳʨʴʝ/ʵʢʩʪʨʘʛʝʥʪ) ï j, ʢʛ/ʢʛ; ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ï 

ɸ, ʤ; ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ï n,  ɻʮ; ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʚ ʪʘʨʝʣʢʝ ï d0, ʤ; 

ʜʦʣʷ ʩʚʦʙʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʘʨʝʣʢʠ ï ɏ,  %. 

ʉʦʦʪʥʦʰʝʥʠʝ ʬʘʟ (ʩʳʨʴʝ/ʵʢʩʪʨʘʛʝʥʪ) ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʫʩʣʦʚʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʩʫʩʧʝʥʟʠʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʭʫʜʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʥʦʩʘ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʛʝʥʪ. ʋʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʘʚʣʝʥʠʶ ʵʢʩʪʨʘʢʪʘ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ʵʢʩʪʨʘʛʝʥʪʘ ʚʝʜʝʪ ʢ ʫʩʢʦʨʝʥʠʶ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʢ ʙʦʣʝʝ 

ʪʦʥʢʦʤʫ ʝʛʦ ʠʟʤʝʣʴʯʝʥʠʶ. ʉʝʨʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ ʬʘʟ j=1/2 ʠ j=1/3 

ʢʛ/ʢʛ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʬʘʟ ʷʚʣʷʝʪʩʷ j=1/2 ʢʛ/ʢʛ. 

ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ʷʚʣʷʶʪʩʷ ʬʘʢʪʦʨʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ [6]. ʕʪʠ ʬʘʢʪʦʨʳ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʨʷʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ: ʩʪʝʧʝʥʴ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʣʦʜʦʚ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʟʠʯʝʩʢʦʛʦ 
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ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʮʝʣʦʤ ʚʝʜʝʪ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ 

ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʘ ʠʤʝʥʥʦ ʢ 

ʠʟʣʠʰʥʝʤʫ ʠʟʤʝʣʯɹʝʥʠʶ ʩʳʨʴʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʟʘʪʨʫʜʥʝʥʠʶ ʧʦʩʣʝʜʫʶʱʝʡ 

ʬʠʣʴʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʇʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʘ 

ʠ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ ʪʘʨʝʣʢʠ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʷʛʦʜ. ʋʯʠʪʳʚʘʷ 

ʨʝʢʦʤʝʥʜʘʮʠʠ  [6], ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʥʠʤʘʣʠʩʴ:  ɸ=0,016;  0,018;  0,02  

ʠ 0,022 ʤ;  n=10,83Ñ2,5 ɻʮ. 

ʀʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʚ ʪʘʨʝʣʢʝ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʩʳʨʴʷ. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʦʪʚʝʨʩʪʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʝʡ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʧʨʦʮʝʩʩʳ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʠʟʤʝʣʴʯʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ, ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ. 

ʆʜʥʘʢʦ ʫʤʝʥʴʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʧʦʚʳʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ çʟʘʩʦʨʝʥʠʷè 

ʯʘʩʪʠʮʘʤʠ ʧʣʦʜʦʚ ʠ ʠʭ ʩʝʤʝʥʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. ʇʨʠ ʧʨʠʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ d0 ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 

0,0025; 0,003; 0,004 ʠ 0,005 ʤ ʧʨʠ ʜʦʣʝ ʩʚʦʙʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʪʘʨʝʣʢʠ ɏ=16,5% [6]. 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ 

ʚʨʝʤʷ ʥʘʩʳʱʝʥʠʷ (ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ) ʵʢʩʪʨʘʛʝʥʪʘ Űʨ, ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʠʛʘʝʤʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʩʚ.ʨ ʠ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʟʘ 

ʚʨʝʤʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ N [7]. ɺʘʞʥʳʤ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʟʨʫʰʝʥʥʳʭ ʷʛʦʜ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʚ 

ʩʠʩʪʝʤʝ ï m, % ʤʘʩʩ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ ʙʦʷʨʳʰʥʠʢʘ ʩʦʩʪʘʚʠʣʦ 5,6% ʤʘʩʩ. ɼʣʷ ʚʳʙʦʨʘ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ 

ʠʩʢʣʶʯʝʥʳ ʨʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʭʠʭ 

ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 4,6% ʤʘʩʩ. 

ʇʨʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʘʭ ʦʩʪʘʝʪʩʷ ʜʦ 63% 

ʥʝʨʘʟʨʫʰʝʥʥʳʭ ʧʣʦʜʦʚ. ʈʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʩʪʘʝʪʩʷ ʙʦʣʝʝ 3% 

ʥʝʨʘʟʨʫʰʝʥʥʳʭ ʧʣʦʜʦʚ, ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʠʩʢʣʶʯʝʥʳ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʢʦʤʧʣʝʢʩʥʦ ʫʯʠʪʳʚʘʪʴ ʨʝʞʠʤʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 1) ʈʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʉʩʚ.ʨ, % ʤʘʩʩ.; 2) 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʕ, ʢʛ/(ɼʞĿʩ), ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ɽ

ʇ
ʕ= ,       (1) 

ʛʜʝ ʇ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʘʢʪʦʨʘ, ʢʛ/ʩ; ɽ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, 

ɼʞ. 
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,      (2) 

ʛʜʝ ʄʩ ï ʤʘʩʩʘ ʩʤʝʩʠ ʧʣʦʜʦʚ ʠ ʵʢʩʪʨʘʛʝʥʪʘ, ʢʛ; ʄ hï ʤʘʩʩʘ ʰʨʦʪʘ ʧʦʩʣʝ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʢʛ; Űʨ ï ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ, ʩ; 

ʉʩʚ.ʨ ï ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʢʪʝ, 

% ʤʘʩʩ. 

ʨ
ɽ tÖ=N ,      (3) 

ʛʜʝ N  ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʨʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ, ɺʪ. 

n

N

N

ni

i

iä
=

== 1 ,      (4) 

ʛʜʝ 
iN  ï ʟʥʘʯʝʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ i-ʤ ʠʟʤʝʨʝʥʠʠ, ɺʪ; n ï 

ʢʦʣʠʯʝʩʪʚʦ i-ʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʦʙʱʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʥʘ ʭʦʣʦʩʪʦʡ ʭʦʜ. 

3) ʋʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ɽʫʜ, ɼʞ / % ʤʘʩʩ., 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ 

.
ʩʚ.ʨ

ʫʜ
ʉ

ɽ
ɽ =       (5) 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʘʢʪʘ ʙʦʷʨʳʰʥʠʢʘ ʧʦʟʚʦʣʠʣʠ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʵʢʩʪʨʘʢʪʘ ʠʟ ʧʣʦʜʦʚ 

ʙʦʷʨʳʰʥʠʢʘ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ, ʜʦʣʞʥʳ ʚʳʙʠʨʘʪʴʩʷ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʦʚ: ɸÍ[0,018; 0,022] ʤ; ʧ Í [10,83; 13,33] ɻʮ; d0Í[0,0025; 

0,004] ʤ ʠ ŰʨÍ[450; 1200] ʩ. 

ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʘ ʕɺʄ ʚ ʩʨʝʜʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ çSTATISTICA-8,0è ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʵʢʩʪʨʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ. 

ɼʣʷ ʵʢʩʪʨʘʢʪʘ ʠʟ ʧʣʦʜʦʚ ʙʦʷʨʳʰʥʠʢʘ ʚ ʜʠʘʧʘʟʦʥʘʭ ʉʩʚ.ʨÍ[4,6; 5,6] % 

ʤʘʩʩ., ʕÍ[0,57Ö10-9; 2,59Ö10-9] ʢʛ/ (ɼʞĿʩ)  ʠ ɽʫʜÍ[3782; 8234] ɼʞ / % ʤʘʩʩ.: 

 

ʨ0 000201,05,4780916,04,913074,0 tÖ+Ö+Ö+Ö+= dʧɸʩʚ.ʨʉ ,  R=94%;      (6) 

 

ʨ0 002716,095,198094,04,49587,2 tÖ-Ö+Ö-Ö+=Ö dʧɸ910ʕ , R=90%;      (7) 

 

ʨ0 27,68832208,49420165034,4924 tÖ+Ö-Ö+Ö+-= dʧɸʫʜɽ ,  R=93%;      (8) 

 

ɼʠʘʧʘʟʦʥʳ ʉʩʚ.ʨ, ʕ ʠ ɽʫʜ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: ʧʨʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʠ ʧʣʦʜʦʚ ʙʦʷʨʳʰʥʠʢʘ ʫʚʝʣʠʯʝʥʠʝ ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ɸ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʩʫʭʠʭ ʨʘʩʪʚʦʨʠʤʳʭ 
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ʚʝʱʝʩʪʚ ʉʩʚ.ʨ (ʫʨʘʚʥʝʥʠʝ (6)), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʬʘʟ. ʇʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʧ ʚʝʜʝʪ 

ʢ ʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʉʩʚ.ʨ. ʈʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʩʚ.ʨ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ 

ʦʪʚʝʨʩʪʠʡ d0 ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʧʣʦʜʦʚ ʙʦʷʨʳʰʥʠʢʘ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʧʦ 2-5 ʢʦʩʪʦʯʝʢ. ʈʘʟʤʝʨ ʢʦʩʪʦʯʢʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ 

ʨʘʟʤʝʨʦʚ ʩʘʤʦʛʦ ʧʣʦʜʘ. ʇʦʵʪʦʤʫ ʦʪʚʝʨʩʪʠʷ ʩ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʤʦʛʫʪ 

ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʪʴʩʷ ʥʝ ʨʘʟʨʫʰʘʶʱʠʤʠʩʷ ʧʨʠ ʨʘʙʦʪʝ ʵʢʩʪʨʘʢʪʦʨʘ 

ʢʦʩʪʦʯʢʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʭʫʜʰʘʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠ 

ʩʥʠʞʘʝʪʩʷ ʚʳʭʦʜ ʩʫʭʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʉʩʚ.ʨ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, ʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʉʩʚ.ʨ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʬʘʟ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (8) ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ɸ ʠ ʧ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ɽʫʜ ï ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʨʘʩʪʘʥʠʷ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ. ʋʚʝʣʠʯʝʥʠʝ Űʨ ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʨʦʩʪʫ 

ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʚʝʣʠʯʝʥʠʝ d0 

ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʝʨʝʤʝʱʝʥʠʶ ʪʘʨʝʣʢʠ ʩʦ ʩʪʦʨʦʥʳ ʩʨʝʜʳ. 

ʈʦʩʪ ʟʥʘʯʝʥʠʡ ɸ ʠ d0 ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʕ 

(ʫʨʘʚʥʝʥʠʝ (7)) ï ʟʘ ʩʯʝʪ ʨʦʩʪʘ ʚʝʣʠʯʠʥʳ ʉʩʚ.ʨ. ʋʚʝʣʠʯʝʥʠʝ ʧ ʠ Űʨ ʚʝʜʝʪ ʢ 

ʩʥʠʞʝʥʠʶ ʕ ï ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ɽʫʜ. 

ʇʨʠ ʦʮʝʥʢʝ ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʉʩʚ.ʨ ʠ ʕ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʢ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʘ ɽʫʜ ï ʢ ʤʠʥʠʤʫʤʫ. ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ 

ʨʝʛʨʝʩʩʠʠ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʡʪʠ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʦʟʤʦʞʥʦʤ ʚʳʭʦʜʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʠ ʥʘʠʤʝʥʴʰʠʭ ʫʜʝʣʴʥʳʭ 

ʵʛʥʝʨʛʦʟʘʪʨʘʪʘʭ. 
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ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨʦʚʦʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʡ ʨʳʥʦʢ ʥʘʩʳʱʝʥ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʠ ʚ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʘʢʞʝ ʚʳʧʫʩʢʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ 

ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʞʝʩʪʢʦʝ ʩʦʙʣʶʜʝʥʠʝ 

ʚʩʝʭ ʪʨʝʙʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʦʜʙʦʨ ʠ ʛʨʘʤʦʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʠʣʫ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʠʯʠʥ, ʦʩʥʦʚʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʤʷʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʙʣʦʯʥʦʝ ʤʦʨʦʞʝʥʦʝ ʤʷʩʦ ʢʘʢ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ (ʯʘʱʝ ʚʩʝʛʦ) ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʝʬʨʦʩʪʠʨʫʝʤʦʛʦ ʤʷʩʥʦʛʦ ʩʳʨʴʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʠʥʠʤʠʟʘʮʠʠ ʝʛʦ 

ʥʝʠʟʙʝʞʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ. ʇʨʠʤʝʥʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʜʝʬʨʦʩʪʘʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ (ʙʦʣʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʦʜʷʱʘʷ, ʚʦ-ʧʝʨʚʳʭ, ʢ 

ʚʳʩʦʢʠʤ ʧʦʪʝʨʷʤ ʤʷʩʥʦʛʦ ʩʦʢʘ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʩʦʣʝʡ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʢ ʨʘʟʚʠʪʠʶ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ), ʜʝʣʘʶʱʠʭ 

ʪʘʢʠʝ ʤʝʪʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʙʩʦʣʶʪʥʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ 

ʧʨʠʤʝʥʷʪʴ ʪʘʢʦʡ ʤʝʪʦʜ ʜʝʬʨʦʩʪʘʮʠʠ, ʚ ʢʦʪʦʨʦʤ ʪʝʧʣʦ ʩʦʦʙʱʘʝʪʩʷ ʧʫʪʝʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʧʦʜʦʛʨʝʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʉɺʏ-ʜʝʬʨʦʩʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʟʤʦʨʘʞʠʚʘʪʴ ʧʨʦʜʫʢʪʳ, ʥʝ ʧʨʠʚʦʜʷ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [1].  

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʧʦʩʦʙʘ ʉɺʏ-ʜʝʬʨʦʩʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʛʨʝʚʘ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʤʷʩʥʦʛʦ ʩʳʨʴʷ ʙʝʟ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʣʦʢʠ ʧʦʤʝʱʘʶʪʩʷ ʚ 

ʢʘʤʝʨʫ ʜʝʬʨʦʩʪʝʨʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʧʦʜʜʦʥ ʠʣʠ ʥʘ ʢʦʥʚʝʡʝʨ. ɺʨʘʱʝʥʠʝ 

ʧʦʜʜʦʥʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʶʪʩʷ ʙʣʦʢʠ ʚʥʫʪʨʠ ʜʝʬʨʦʩʪʝʨʘ, ʫʚʝʣʠʯʠʚʘʝʪ  

ʦʜʥʦʨʦʜʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʙʣʦʢʘ 

ʤʠʢʨʦʚʦʣʥʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʥʝʛʦ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ. ʈʘʟʤʦʨʘʞʠʚʘʥʠʝ ʤʷʩʥʳʭ 

ʙʣʦʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʥʘʛʨʝʚʝ (ʧʨʠ ʯʘʩʪʦʪʝ 27 ʄɻʮ) ʠʣʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʥʘʛʨʝʚʝ (ʧʨʠ ʯʘʩʪʦʪʝ 915 ʄɻʮ). ʇʨʠ ʨʘʟʤʦʨʘʞʠʚʘʥʠʠ ʦʪ -18Üʉ 

ʜʦ -2Üʉ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʙʣʦʢʘ ʙʫʜʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚʩʝʛʦ ʥʘ 1-2Üʉ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʨʘʟʤʦʨʘʞʠʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 5-8 ʤʠʥ [1], ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 24 ʯʘʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʉɺʏ-ʘʧʧʘʨʘʪʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪ 1,5 ʜʦ 6 ʪ ʙʣʦʯʥʦʛʦ ʤʷʩʘ ʚ ʯʘʩ, ʯʪʦ 

ʘʙʩʦʣʶʪʥʦ ʥʝʜʦʩʪʠʞʠʤʦ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʜʝʬʨʦʩʪʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ 
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ʙʳʩʪʨʦʤʫ ʨʘʟʤʦʨʘʞʠʚʘʥʠʶ, ʧʨʦʜʫʢʪʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʉ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʘʟʤʦʨʘʞʠʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʥʝ 

ʧʦʜʥʠʤʘʣʘʩʴ ʚʳʰʝ -2
ʦ
ʉ. ʇʦʵʪʦʤʫ ʤʝʪʦʜ ʉɺʏ-ʜʝʬʨʦʩʪʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʠʣʠ ʠʩʢʣʶʯʘʝʪ ʨʠʩʢ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʘʞʝʥʠʷ ʩʳʨʴʷ.  

ʉʣʝʜʫʶʱʠʤ ʚʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʦʣʙʘʩʥʳʭ 

ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʛʨʘʤʦʪʥʦʛʦ ʧʦʜʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʝʛʦ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ [2, 3]. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʤʘʰʠʥʦʡ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʣʙʘʩʥʦʛʦ ʬʘʨʰʘ ʥʘ ʣʶʙʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʢʫʪʪʝʨ. ɺʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʢʫʪʪʝʨʘ ʩʘʤ ʧʨʦʮʝʩʩ 

ʢʫʪʪʝʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʳʩʪʨʦʚʨʘʱʘʶʱʠʤʩʷ ʥʦʞʝʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʥʘʙʦʨʘ ʩʝʨʧʦʚʠʜʥʳʭ ʥʦʞʝʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʠʜ ʥʦʞʘ, ʝʛʦ ʬʦʨʤʘ, ʧʨʘʚʠʣʴʥʘʷ ʟʘʪʦʯʢʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 

ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʫʪʪʝʨʦʚʘʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʞʝʚʦʡ ʛʦʣʦʚʢʠ, ʥʦ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʝʛʦ ʜʘʣʴʥʝʡʰʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʙʦʣʴʰʦʛʦ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʢʫʪʪʝʨʥʳʭ ʥʦʞʝʡ, ʜʘʞʝ ʜʣʷ ʦʜʥʦʡ, ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʢʫʪʪʝʨʘ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʬʦʨʤʝ ʧʨʦʬʠʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʞʠ ʦʜʥʦʛʦ 

ʪʠʧʘ, ʥʦ ʜʣʷ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʢʫʪʪʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʬʦʨʤʘʤʠ ʧʨʦʬʠʣʝʡ. ʆʜʥʘʢʦ ʥʠʛʜʝ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʯʸʪʢʠʭ, ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʨʰʝʚʦʡ 

ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʝʡ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʦʙʨʝʪʘʝʤʳʤʠ ʧʨʠ ʢʫʪʪʝʨʦʚʘʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʬʠʣʷ [4]. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʬʠʣʷ 

ʢʫʪʪʝʨʥʦʛʦ ʥʦʞʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ 

ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ, ʦʧʠʩʘʥʥʫʶ ʚ ʩʪʘʪʴʝ [5], ʦʧʠʨʘʶʱʫʶʩʷ ʥʘ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʢʫʪʪʝʨʥʦʛʦ ʥʦʞʘ [6]. 

ʉʣʝʜʫʶʱʝʡ, ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʤʦʡ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʧʝʨʘʮʠʝʡ ʧʦ ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʢʦʣʙʘʩʥʦʛʦ ʬʘʨʰʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʮʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʨʝʮʝʧʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʡ ʚʘʞʥʦ ʥʝ ʩʪʦʣʴʢʦ 

ʩʦʙʣʶʜʘʪʴ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʢʦʣʴʢʦ ʫʯʠʪʳʚʘʪʴ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʲʝʢʪʘ, ʧʨʠʯʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʳ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʦʣʞʥʦ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ, 

ʥʦ ʠ ʧʨʠ ʵʪʦʤ ʥʘ ʬʘʨʰʝʚʫʶ ʩʠʩʪʝʤʫ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʤʠʥʠʤʘʣʴʥʦʝ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʥʝʛʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʌʘʨʰ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʧʦʣʠʜʠʩʧʝʨʩʥʫʶ 

ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʙʝʣʢʘ, ʞʠʨʘ ʠ ʚʦʜʳ. ʂʘʯʝʩʪʚʦ ʛʦʪʦʚʳʭ 

ʠʟʜʝʣʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
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ʩʪʦʡʢʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʵʤʫʣʴʩʠʡ. ʏʘʩʪʴ ʚʣʘʛʠ ʠ ʞʠʨʘ, ʥʝ 

ʩʦʟʜʘʶʱʠʝ ʩʪʦʡʢʠʝ ʵʤʫʣʴʩʠʠ ʧʨʠ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ, ʦʙʨʘʟʫʶʪ ʙʫʣʴʦʥʥʳʝ 

ʠʣʠ ʞʠʨʦʚʳʝ ʦʪʝʢʠ ʧʦʜ ʦʙʦʣʦʯʢʦʡ, ʠ ʦʩʦʙʝʥʥʦ ʫ ʢʦʥʮʦʚ ʢʦʣʙʘʩʥʳʭ ʙʘʪʦʥʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʨʘʢʫ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʵʪʠ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʜʝʬʝʢʪʳ, ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦʝ, ʨʘʚʥʦʤʝʨʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʬʘʨʰʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʬʦʨʤʳ ʪʘʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʘʨʰʝʚʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ 

ʢʫʩʦʯʢʠ ʰʧʠʢʘ, ʛʨʫʜʠʥʢʠ ʠʣʠ ʷʟʳʢʘ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʟʘʜʘʯʝʡ 

ʢʘʢ ʜʣʷ ʪʝʭʥʦʣʦʛʦʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʬʘʨʰʝʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [7]. 

ɺʦʦʙʱʝ, ʢʘʯʝʩʪʚʦ ʬʘʨʰʝʚʦʡ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤʠ 

ʩʦʚʦʢʫʧʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʨʝʦʣʦʛʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʘʨʰʝʚʦʡ ʩʠʩʪʝʤʳ ς ʧʦʢʘʟʘʪʝʣʷ çʫʩʣʦʚʥʦʡ ʢʦʛʝʟʠʠè. ʂʦʛʝʟʠʷ 
ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ (ʤʝʞʘʪʦʤʥʦʛʦ) ʧʨʠʪʷʞʝʥʠʷ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. ʀʭ ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʠ ʨʘʟʲʝʜʠʥʝʥʠʠ ʛʦʤʦʛʝʥʥʦʛʦ ʪʝʣʘ ʥʘ ʯʘʩʪʠ ʪʨʝʙʫʝʪ 

ʩʦʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ, ʥʘʟʳʚʘʝʤʦʡ ʨʘʙʦʪʦʡ ʢʦʛʝʟʠʠ. ʂʦʛʝʟʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʳʨʴʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɼʣʷ 

ʠʟʤʝʨʝʥʠʷ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʩʳʨʴʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʧʨʠʙʦʨʳ, ʢʘʢ ʧʝʥʝʪʨʦʤʝʪʨʳ ʠ ʚʠʩʢʦʟʠʤʝʪʨʳ. ʆʜʥʘʢʦ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʪʦʙʳ ʥʝ ʧʨʝʨʳʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, 

ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʦʧʨʦʙʦʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʣʦʚʥʦʡ ʢʦʛʝʟʠʠ 

[8].  

ʉʦʙʣʶʜʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʮʝʩʩʫ ʬʦʨʤʦʚʘʥʠʷ ʠ 

ʛʨʘʤʦʪʥʳʡ ʧʦʜʙʦʨ ʬʦʨʤʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [9], ʩ ʫʯʝʪʦʤ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʪʠʤʘʣʴʥʳʭ ʜʣʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʢʦʣʙʘʩʥʳʭ 

ʠʟʜʝʣʠʡ, ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʬʘʨʰʝʚʳʭ ʩʠʩʪʝʤ. 

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ 

ʦʢʘʟʳʚʘʶʪ ʠ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʬʬʫʟʠʦʥʥʦʡ ʠ 

ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ [10]. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʠʠ ʉɺʏ [11] ʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ [12-15]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʜʦʩʪʠʞʝʥʠʶ ʩʦʚʦʢʫʧʥʳʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʳʨʴʷ, ʧʨʠʛʦʪʦʚʣʝʥʠʶ ʬʘʨʰʝʚʳʭ ʩʠʩʪʝʤ ʠ ʠʭ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʝ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʪʘʙʠʣʴʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʘʠʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʜʣʷ 

ʚʳʞʠʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʳ.  
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ʆʙʦʩʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʠʧʫʩʢʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʨʫʛʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ 

ʪʦʢʘʨʥʦ-ʢʘʨʫʩʝʣʴʥʳʭ ʩʪʘʥʢʘʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʘʭ. ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʤ ʮʝʥʪʨʠʨʦʚʘʥʠʠ ʟʘʛʦʪʦʚʢʠ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ. ɼʣʷ ʵʪʦʛʦ 

ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʢʦʥʪʨʦʣʷ ʢʨʫʛʣʦʩʪʠ. ʇʦ 
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Abstract:  The paper substantiates a technique of minimizing amachining allowance in 

processing circular surfaces by vertical lathes and machining centers. The method is based on the 

optimal centering of workpieces around Minimum Zone tolerance circle. A simple and effective 

algorithm of circularity accuracy control has been proposed and implemented. The minimum value 

of circularity is guaranteed as a result of comparison with those obtained for the Least Squares 

Circle or Maximum Inscribed Circle. Financial support was provided by the President of the 

Russian Federation (grant MD-1377.2014.8), the Federal Program-Agreement (grant 2014-14-576-

0050-065) and the Government job of the Ministry of education of Russia (grant 9.896.2014/K). 

Key words: minimization of allowance, optimal centering, circularity, Minimum 

Zone tolerance circle. 

 

ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʜʝʪʘʣʝʡ ʠʤʝʶʪ ʢʨʫʛʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ, 

ʢʦʥʠʯʝʩʢʠʝ, ʩʬʝʨʠʯʝʩʢʠʝ, ʪʦʨʦʠʜʘʣʴʥʳʝ) ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʚrʟʳʚʘʝʪ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ, ʦʪ ʢʦʪʦʨʦʡ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ 

ʩʦʧʨʷʞʝʥʠʷ. ʅʦʤʠʥʘʣʴʥʘʷ ʬʦʨʤʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʨʫʛʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʨʫʞʥʦʩʪʴ, ʘ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʨʝʛʣʘʤʝʥʪʠ-

ʨʫʁɦ ʠʡ ʦʪʢʣʦʥʝʥʠʝ ʬʦʨʤʳ ï ʢʨʫʛʣʦʩʪʴ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʨʫʛʣʦʩʪʠ), ʧʦʢʘʟʳʚʘʝʪ, 

ʥʘʩʢʦʣʴʢʦ ʨʝʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʘʟʦʚʦʡ ʦʢʨʫʞʥʦʩʪʠ. 

ɸʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ 

ʙʘʟʦʚʦʡ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠ ʢʦʥʪʨʦʣʝ, ʨʘʟʨʘʙʦʪʢʫ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʥʘʭʦʞʜʝʥʠʷ ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʘ ʙʘʟʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʠ ʤʝʪʦʜʠʢ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʟʥʘʯʘʪʴ ʤʝʥʴʰʠʝ 

ʧʨʠʧʫʩʢʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʠʩʧʨʘʚʣʝʥʠʝʤ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʬʦʨʤʳ ʟʘʛʦʪʦʚʦʢ. ʆʙʣʘʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʪʦʢʘʨʥʦ-ʢʘʨʫʩʝʣʴʥʳʭ 

ʩʪʘʥʢʘʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶɦ ʠʭ ʮʝʥʪʨʘʭ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʧʦʣʫʯʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʪʨʠ ʚʠʜʘ ʙʘʟʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ: 

ʩʨʝʜʥʷʷ, ʥʘʨʫʞʥʘʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʧʨʠʣʝʛʘʶʱʠʝ, ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʩʪʘʥʜʘʨʪʝ ɻʆʉʊ 24642-81 

(ʟʘʤʝʥʝʥ ɻʆʉʊ ʈ 53442-2009) ʧʨʠʣʝʛʘʶʱʠʝ ʦʢʨʫʞʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʠʜʝʘʣʴʥʳʡ ʩʦʧʨʷʛʘʝʤʳʡ ʧʨʦʬʠʣʴ, ʯʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʟʘʟʦʨʦʤ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʨʝʜʥʝʡ ʦʢʨʫʞʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʦʩʪʦʤ ʠ ʦʜʥʦʟʥʘʯʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʘ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʙʳʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦɦ ʘʜʝʡ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʧʨʷʞʝʥʠʷʭ ʩ ʧʨʝʩʩʦʚʳʤʠ 

ʧʦʩʘʜʢʘʤʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪ 

ʯʠʩʣʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʪʦʯʝʢ ʥʘ ʧʨʦʬʠʣʝ. ʆʢʨʫʞʥʦʩʪʴ 

ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʘʨʠʘʥʪʘ ʚ ʩʪʘʥʜʘʨʪʝ 

ISO 12181-1:2011, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʟʦʥʫ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚ 
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ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠ ʠʟʤʝʨʝʥʠʷ ʜʝʪʘʣʠ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʢʨʫʞʥʦʩʪʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚ ʥʘʩʪʦʷɦ ʝʝ ʚʨʝʤʷ ʥʝ ʥʘʰʣʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘʭʦʞʜʝʥʠʷ ʮʝʥʪʨʘ ʠ ʨʘʜʠʫʩʦʚ ʩʨʝʜʥʝʡ ʠ ʧʨʠʣʝʛʘʶʱʠʭ 

ʦʢʨʫʞʥʦʩʪʝʡ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʠʟʣʦʞʝʥʦ ʚ ʣʠʪʝʨʘʪʫʨʝ [1-5]. ʈʘʩʯʝʪ 

ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ ʙʦʣʝʝ ʩʣʦʞʝʥ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʙʱʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʘʝʪ ʩʪʘʥʜʘʨʪ ISO 12181-

2:2011, ʦʜʥʘʢʦ ʚʦʧʨʦʩ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʦʜʠʢ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʦ 

ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ [6, 7]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ ʠ 

ʜʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʠʭ ʙʘʟ. 

ʉʦʛʣʘʩʥʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʟʦʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʳ ʥʘʟʳʚʘʶʪ ʟʦʥʫ, 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʜʚʫʤʷ ʢʦʥʮʝʥʪʨʠʯʥʳʤʠ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʦʭʚʘʪʳʚʘʶʱʠʤʠ 

ʧʨʦʬʠʣʴ ʜʝʪʘʣʠ ʠʟʚʥʝ ʠ ʠʟʥʫʪʨʠ, ʧʨʠʯʝʤ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ 

ʦʢʨʫʞʥʦʩʪʷʤʠ ʤʠʥʠʤʘʣʴʥʦ.  

ʇʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʟʦʥʳ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʢʨʫʛʣʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʨʫʛʣʦʩʪʠ. ʕʪʦ 

ʟʥʘʯʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʘʢ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʙʘʟʦʚʳʝ ʦʢʨʫʞʥʦʩʪʠ, ʪʘʢ ʠ ʢʦʥʢʨʝʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʨʝʘʣʠʟʫʶɦ ʠʭ ʜʘʥʥʳʝ ʤʝʪʦʜʳ. 

ʉʫʱʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦ ʰʠʨʠʥʳ ʢʦʣʴʮʝʚʦʡ ʟʦʥʳ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʷ ʢʨʫʛʣʦʩʪʠ 

 

ɼʣʷ ʵʪʦʛʦ ʚʥʘʯʘʣʝ ʧʨʦʬʠʣʴ ʜʝʪʘʣʠ ʟʘʜʘʝʪʩʷ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (X 0 Y) ʩ ʝʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (xj, yj) ʮʝʥʪʨʘ 0j ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʥʘʯʘʣʘ 0 ʠʩʭʦʜʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ɿʘʪʝʤ ʥʘʭʦʜʠʪʩʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ F 

(ʰʠʨʠʥʘ ʢʦʣʴʮʝʚʦʡ ʟʦʥʳ), ʢʦʪʦʨʘʷ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ: 

{ } minrrF ijminijmax ­-= , 

ʛʜʝ r ij  max, r ij  min ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʦʚ r ij 

ʧʨʦʬʠʣʷ ʜʝʪʘʣʠ ʥʘ j-ʤ ʰʘʛʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ (xj, yj). 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 2. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʚʳʩʪʫʧʘʶʪ ʢʦʦʨʜʠʥʘʪʳ (xi, yi) ʧʨʦʬʠʣʷ ʜʝʪʘʣʠ. 

ɺʥʘʯʘʣʝ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʚʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʳ: ʥʘʯʘʣʥɹʳʝ ʢʦʦʨʜʠʥʘʪʳ 

(x0, y0) ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ; ʚʝʣʠʯʠʥʳ ʰʘʛʦʚ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ Dx, Dy; 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʰʘʛʘ n, ʤʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʰʘʛʘ D. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʦʪ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ F(xj, yj) ʠʤʝʝʪ 

ʪʦʣʴʢʦ ʦʜʠʥ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ, ʦʚʨʘʞʥʳʡ ʵʬʬʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ, ʧʦʵʪʦʤʫ 

ʚʳʙʦʨ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝ ʩʪʦʣʴ ʚʘʞʝʥ. 

ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʮʝʥʪʨʘ 0j ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ F ʜʣʷ ʚʚʝʜʝʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚʳʧʦʣʥʷʶʪʩʷ ʰʘʛʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ xj, yj ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ rij, Fj, Fjô ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʡ F, Fj, Fjô ʚʳʙʠʨʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ. 

ɽʩʣʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʩʣʝ ʧʝʨʝʙʦʨʘ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ, 

ʪʦ ʤʠʥʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ, ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʘʶʪ ʰʘʛʠ Dx, 

Dy ʥʘ ʚʝʣʠʯʠʥʫ n, ʪʝʤ ʩʘʤʳʤ ʩʫʞʘʷ ʦʙʣʘʩʪʴ ʧʦʠʩʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʦʢʦʥʯʘʥʠʷ ʧʦʠʩʢʘ ʚʳʩʪʫʧʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʰʘʛʘ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 

(ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ ʜʣʷ x, y) ʜʦ ʟʥʘʯʝʥʠʷ D. 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ 

Matlab. ʇʨʠʤʝʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3, ʛʜʝ ʧʨʦʬʠʣʴ ʜʝʪʘʣʠ 

ʟʘʜʘʥ 500 ʪʦʯʢʘʤʠ, ʫʚʝʣʠʯʝʥʠʝ 5000 ʨʘʟ, ʬʠʣʴʪʨ 50 ʠ ʰʠʨʠʥʘ ʟʦʥʳ 10 ʤʤ. 

ʈʘʩʯʝʪ ʢʨʫʛʣʦʩʪʠ ʜʣʷ ʩʨʝʜʥʝʡ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʦʢʨʫʞʥʦʩʪʝʡ ʨʝʘʣʠʟʦʚʘʥ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ. 

ʇʨʦʚʝʨʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʪʝʩʪʦʚʳʭ ʧʨʠʤʝʨʘʭ (ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ISO 12181-2:2011, ʜʣʷ ʵʣʣʠʧʩʘ ʂʦʩʠʥʠ, ʥʝʟʘʤʢʥʫʪʳʭ ʧʨʦʬʠʣʝʡ), ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʧʦʢʘʟʘʣʘ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʳʩʦʢʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʭʦʨʦʰʘʷ ʩʭʦʜʠʤʦʩʪʴ ʚ ʩʣʫʯʘʷʭ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʧʨʦʬʠʣʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʥʝʪʦʯʥʦʤ ʮʝʥʪʨʠʨʦʚʘʥʠʠ ʥʘ ʢʨʫʛʣʦʤʝʨʝ) ʠʣʠ ʜʣʷ ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ ʩ ʫʛʣʘʤʠ 90-

180Ü. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʨʦʣʷ ʢʨʫʛʣʦʩʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʙʘʟ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʝ ʧʘʨʪʠʠ ʧʦ 50 ʨʦʣʠʢʦʚ 

ʧʦʜʰʠʧʥʠʢʦʚ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ʧʦʩʣʝ ʙʝʩʮʝʥʪʨʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ. ɼʦʧʫʩʢ ʥʘ 

ʢʨʫʛʣʦʩʪʴ ʩʦʩʪʘʚʣʷʣ 2 ʤʢʤ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʠʙʦʨʝ Talyrond 73 

(Taylor Hobson, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʦʩʥʘʱʝʥʥʦʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʆɸʆ 

çʉʘʨʘʪʦʚʩʢʠʡ ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʟʘʚʦʜè. ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʧʦʩʣʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʳ ʚ ʪʘʙʣ. 1. 
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ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ  

 

 
 

ʈʠʩ. 3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʪʨʦʣʷ ʢʨʫʛʣʦʩʪʠ 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʢʨʫʛʣʦʩʪʠ ʨʦʣʠʢʦʚ ʧʦʜʰʠʧʥʠʢʦʚ 

 

ʇʘʨʘʤʝʪʨʳ 

ɹʘʟʦʚʘʷ ʦʢʨʫʞʥʦʩʪʴ 

ʩʨʝʜʥʷʷ ʧʨʠʣʝʛʘʶɦ ʘʷ 
ʤʠʥʠʤʘʣʥɹʦʡ 

ʟʦʥʳ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʨʫʛʣʦʩʪʠ, ʤʢʤ
 

1,49 1,50 1,34 

ʉʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʢʨʫʛʣʦʩʪʠ, 

ʤʢʤ
2 0,33 0,33 0,26 

ʇʨʦʮʝʥʪ ʟʘʙʨʘʢʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ, % 12 16 4 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʟʘ ʚ ʚʠʜʝ ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʨʝʜʥʝʡ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʥʘʨʫʞʥʦʡ ʦʢʨʫʞʥʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ 

ʧʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʩʥʠʞʘʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘ 10,6 

% ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘ 21,2%. ɺ ʠʪʦʛʝ ʧʨʦʮʝʥʪ ʟʘʙʨʘʢʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ 

ʚ ʧʘʨʪʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʡ ʦʢʨʫʞʥʦʩʪʴʶ ʠ ʚ 4 ʨʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʣʝʛʘʶʱʝʡ ʦʢʨʫʞʥʦʩʪʴʶ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʯʠʩʣʦ 

ʛʦʜʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʡ ʩʙʦʨʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʩʥʦʚʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʨʠʧʫʩʢʘ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʦʢʨʫʞʥʦʩʪʠ ʤʠʥʠʤʘʣʴʥʦʡ ʟʦʥʳ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʪʚʝʯʘʝʪ 

ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʫʛʣʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʮʝʥʪʨʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘ ʢʨʫʛʣʦʤʝʨʘʭ ʠ ʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʪʦʢʘʨʥʦ-ʢʘʨʫʩʝʣʴʥʳʭ ʩʪʘʥʢʘʭ ʠ ʦʙʨʘʙʘʪʳʚʘʶɦ ʠʭ 

ʮʝʥʪʨʘʭ. 
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THE RHEOLOGICAL PROPERTIES OF GELATIN SOLUTIONS 

PREPARED ON WATER IRRA DIATED BY ELECTROMAGNETIC FIELD  

M.I. Minin, I.E. Stas 
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Abstract:  In this paper we study the effect of electromagnetic field on the rheological 

properties of gelatin solutions which consists in an increase in their viscosity and becomes more 

significant in increasing the concentration of gelatin. 

Key words: electromagnetic field, gelatin solution, viscosity. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʛʥʠʪʥʳʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʘʰʣʠ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʳʭ ʩʠʩʪʝʤ ï 

ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʧʨʠʨʦʜʥʦʡ ʚʦʜ, ʨʘʩʪʚʦʨʦʚ ʠ ʩʫʩʧʝʥʟʠʡ.  

ʇʨʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚʦʜʥʳʭ ʩʠʩʪʝʤ ʧʨʦʠʩʭʦʜʠʪ: 

Å ʫʩʢʦʨʝʥʠʝ ʢʦʘʛʫʣʷʮʠʠ ï ʩʣʠʧʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚ ʚʦʜʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ; 

Å ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʩʠʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ; 

Å ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʧʨʠ ʚʳʧʘʨʠʚʘʥʠʠ ʥʝ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ, ʘ ʚ 

ʦʙʲʝʤʝ; 

Å ʫʩʢʦʨʝʥʠʝ ʨʘʩʪʚʦʨʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ; 

Å ʠʟʤʝʥʝʥʠʝ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ; 

Å ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚ. 

ʊʘʢ ʢʘʢ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʚʩʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʟʤʝʥʝʥʠʝ ʝʝ ʩʚʦʡʩʪʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʶʪ ʚ ʧʠʱʝʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʚ ʤʝʜʠʮʠʥʝ, ʭʠʤʠʠ, ʙʠʦʭʠʤʠʠ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [1-9].  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʚʷʟʢʦʩʪʴ. 

ɺʷʟʢʦʩʪʴʶ, ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʪʨʝʥʠʝʤ, ʥʘʟʳʚʘʶʪ ʩʚʦʡʩʪʚʦ ʞʠʜʢʦʩʪʠ 
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ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʚʟʘʠʤʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʝʝ ʯʘʩʪʠʮ, ʚʳʟʳʚʘʝʤʦʤʫ ʜʝʡʩʪʚʠʝʤ 

ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʞʠʜʢʦʩʪʠ ʩʠʣʳ. ʊʘʢ ʢʘʢ ʚʷʟʢʦʩʪʴ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ, ʠʟʤʝʨʷʪʴ ʝʝ ʩʪʦʠʪ ʧʨʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɺʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ɺʄʉ) ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʘʢ ʠ ʦʪ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ: ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʦʚ ʚʷʟʢʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ. 

ɺʷʟʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ [10]. 

ɾʝʣʘʪʠʥ ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʨʦʜʫʢʪ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʦʣʣʘʛʝʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʛʦ ʚ ʧʨʠʨʦʜʝ ʙʝʣʢʦʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʛʦ 

ʛʣʘʚʥʫʶ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʧʦʟʚʦʥʦʯʥʳʭ, ʦʩʦʙʝʥʥʦ ʚ 

ʢʦʞʝ, ʦʩʩʝʠʥʝ ʢʦʩʪʝʡ ʠ ʚ ʩʫʭʦʞʠʣʠʷʭ. ʇʦ ʘʤʠʥʦʢʠʩʣʦʪʥʦʤʫ ʠ ʵʣʝʤʝʥʪʘʨʥʦʤʫ 

ʩʦʩʪʘʚʫ ʞʝʣʘʪʠʥ ʙʣʠʟʦʢ ʢ ʢʦʣʣʘʛʝʥʫ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʢʘʯʝʩʪʚʘ 

ʞʝʣʘʪʠʥʘ ʷʚʣʷʶʪʩʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ, ʧʨʦʯʥʦʩʪʴ ʩʪʫʜʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʝʛʦ 

ʧʣʘʚʣʝʥʠʷ ʠ ʟʘʩʪʫʜʥʝʚʘʥʠʷ, ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ ʞʝʣʘʪʠʥ ʨʘʩʪʚʦʨʷʝʪʩʷ ʥʘ 

ʭʦʣʦʜʝ. ʕʪʠ ʞʝ ʚʝʱʝʩʪʚʘ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʫʜʥʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʠ ʢʘʯʝʩʪʚʘ ʨʘʟʣʠʯʘʶʪ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ, ʧʠʱʝʚʦʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʡ ʞʝʣʘʪʠʥ. ʇʝʨʚʳʡ ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʦʪʦ- ʠ ʢʠʥʦʧʣʸʥʦʢ, 

ʬʦʪʦʧʣʘʩʪʠʥʦʢ ʠ ʬʦʪʦʙʫʤʘʛʠ. ʇʠʱʝʚʦʡ ʞʝʣʘʪʠʥ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʫʣʠʥʘʨʠʠ, ʚ 

ʢʦʥʜʠʪʝʨʩʢʦʤ ʜʝʣʝ, ʚ ʚʠʥʦʜʝʣʠʠ ʠ ʧʠʚʦʚʘʨʝʥʠʠ; ʪʝʭʥʠʯʝʩʢʠʡ ï ʚ 

ʙʫʤʘʛʦʜʝʣʘʪʝʣʴʥʦʡ, ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʠ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɾʝʣʘʪʠʥ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʚ ʤʝʜʠʮʠʥʝ  ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ 

ʞʝʣʘʪʠʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʣʫʯʝʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚʦʜʳ [11].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʠʭ ʥʘ ʦʙʣʫʯʝʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ ʚʦʜʝ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʆʙʣʫʯʝʥʠʝ ʚʦʜʳ ʧʨʦʚʦʜʠʣʠ ʚ ʷʯʝʡʢʝ ʝʤʢʦʩʪʥʦʛʦ ʪʠʧʘ (ʦʙʲʝʤ 50 ʩʤ
3
) ʩ 

ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ (ɺʏ) ʩʠʛʥʘʣʦʚ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ɺʏ 

ʵʣʝʢʪʨʦʜʘʭ ʩʦʩʪʘʚʣʷʣʦ 11 ɺ.  ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʘ ʯʘʩʪʦʪʘ 180 ʄɻʮ, ʪ.ʢ. 

ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʣʷ ʠʤʝʥʥʦ ʵʪʦʡ ʯʘʩʪʦʪʳ ʚ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʨʅ [12] ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʳ ʚʦʟʨʘʩʪʘʣʘ ʚ 4-5 ʨʘʟ 

ï ʩ 2,3-2,5 ʜʦ 10-12 ʤʢ ʉʤ. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ï 3 ʯʘʩʘ. ʇʨʠ ʭʨʘʥʝʥʠʠ ʦʙʣʫʯʝʥʥʦʡ 

ʚʦʜʳ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʣʘʢʩʘʮʠʠ ʝʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ ʟʘ 

ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʉʝʨʠʶ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (0,5é5,0%) ʛʦʪʦʚʠʣʠ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘʚʝʩʢʠ ʞʝʣʘʪʠʥʘ ʧʦʤʝʱʘʣʠ ʚ ʢʦʥʠʯʝʩʢʠʝ ʢʦʣʙʳ, 

ʜʦʙʘʚʣʷʣʠ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ (~10 ʤʣ) ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ (ʢʦʥʪʨʦʣʴ) ʠʣʠ 

ʦʙʣʫʯʝʥʥʦʡ ʚʦʜʳ, ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʜʣʷ ʥʘʙʫʭʘʥʠʷ. ɿʘʪʝʤ 

ʨʘʩʪʚʦʨʳ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ (~60Áʉ) ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ 



 177 

ʨʘʩʪʚʦʨʝʥʠʷ ʞʝʣʘʪʠʥʘ ʠʭ ʦʩʪʫʞʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʤʝʨʥʳʝ ʢʦʣʙʳ ʠ ʜʦʚʦʜʠʣʠ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʜʦ 50,0 ʩʤ
3
, ʠʩʧʦʣʴʟʫʷ ʥʝʦʙʣʫʯʝʥʥʫʶ 

ʠ ʦʙʣʫʯʝʥʥʫʶ ʚʦʜʫ.  

ɺʷʟʢʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʠ 

(25Áʉ) ʩ ʧʦʤʦʱʴʶ ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʠʩʢʦʟʠʤʝʪʨʘ ʪʠʧʘ ɺʇɾ-2 ʩ ʜʠʘʤʝʪʨʦʤ 

ʢʘʧʠʣʣʷʨʘ 1,31 ʤʤ ʧʦ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʘ.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʜʪʚʝʨʜʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ 

ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʘʪʠʥʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [13]. ɺ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0,5-3,0% ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʘʪʠʥʘ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʝʝ 

ʫʚʝʣʠʯʝʥʠʠ ʥʘ ʢʨʠʚʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ, ʪ.ʢ. ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʭ ʟʘʩʪʫʜʥʝʚʘʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʣʦ ʦʧʨʝʜʝʣʷʪʴ 

ʚʷʟʢʦʩʪʴ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʣʫʯʝʥʥʦʡ ʚʦʜʳ, ʚʳʰʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʥʝʦʙʣʫʯʝʥʥʦʡ 

ʚʦʜʝ (ʨʠʩʫʥʦʢ 1).  ʇʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʠʟ 10 ʠʟʤʝʨʝʥʠʡ. ɿʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ 3 ʠ 5% ʨʘʩʪʚʦʨʘʭ ʞʝʣʘʪʠʥʘ, ʜʦʩʪʠʛʘʷ 16,2 ʠ 41,8% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ  

ʞʝʣʘʪʠʥʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʠʩʫʥʢʝ 1, ʚʩʣʝʜʩʪʚʠʝ ʚʳʙʦʨʘ ʤʘʩʰʪʘʙʘ, ʨʘʟʣʠʯʠʷ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʦʙʣʫʯʝʥʥʳʭ ʠ ʦʙʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʞʝʣʘʪʠʥʘ ʥʝʦʯʝʚʠʜʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʪʘʢʞʝ ʚ ʪʘʙʣʠʮʝ 1. ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʷʟʢʦʩʪʴ 

ʦʙʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʪʘʢʞʝ ʚʳʰʝ ʥʘ 1,14-3,57%. ʆʜʥʘʢʦ ʯʝʪʢʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  ʦʪʩʫʪʩʪʚʫʝʪ. 

ʊʘʙʣʠʮʘ 1 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ  

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

           ʉ, % 

ɖʢʠʥʝʤʘʪʠʯ 
0,5 1,0 1,5 2,0 3,0 5,0 

ʅʝʦʙʣʫʯʝʥ-

ʥʳʡ ʨʘʩʪʚʦʨ 
1,46Ñ0,02 1,68Ñ0,02 2,10Ñ0,02 2,62Ñ0,01 3,28Ñ0,02 7,9Ñ0,3 

ʆʙʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ 
1,48Ñ0,01 1,74Ñ0,01 2,14Ñ0,02 2,65Ñ0,02 3,81Ñ0,02 11,2Ñ0,3 

ȹ 0,020 0,060 0,040 0,030 0,53 3,3 

ȹ % 1,37 3,57 1,90 1,14 16,2 41,8 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʘʭ ʧʦʣʠʤʝʨʦʚ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʘʥʦʤʘʣʴʥʘʷ ʚʷʟʢʦʩʪʴ: ʦʥʘ 

ʦʯʝʥʴ ʚʳʩʦʢʘ. ɹʦʣʴʰʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ɺʄʉ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʩʨʦʜʩʪʚʘ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ: ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʛʠʜʨʦʬʠʣʴʥʳʭ ʤʦʣʝʢʫʣ ʙʝʣʢʦʚ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʦʯʝʥʴ ʚʳʩʦʢʠ, ʠ ʚʷʟʢʦʩʪʴ ʠʭ ʜʘʞʝ ʚ ʦʯʝʥʴ 

ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʪʘʢʞʝ ʚʳʩʦʢʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʨʘʩʪʚʦʨʝʥʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʦʙʨʘʟʫʶʪ ʩʪʨʫʢʪʫʨʳ [13]. ʆʙʲʝʤ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʩʪʨʦ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʯʘʩʪʴ ʝʛʦ ʦʢʘʟʳʚʘʝʪʩʷ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʚ ʧʝʪʣʷʭ 

ʩʪʨʫʢʪʫʨ. ɺʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʘʩʪʚʦʨʠʪʝʣʴ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʫ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʨʘʩʪʚʦʨʝ. 

ɺ ʭʦʨʦʰʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʤʦʣʝʢʫʣʘ ɺʄʉ ʩʦʣʴʚʘʪʠʨʦʚʘʥʘ, ʯʪʦ ʧʨʠʜʘʝʪ ʝʡ 

ʞʝʩʪʢʦʩʪʴ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ ʠʤʝʝʪ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ. ɺ ʧʣʦʭʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʩʦʣʴʚʘʪʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʤʘʣʘ ʠ ʝʝ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʨʦʤʦʣʝʢʫʣʘ ʩʚʦʨʘʯʠʚʘʝʪʩʷ ʚ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʣʦʪʥʳʡ ʢʣʫʙʦʢ. ʏʝʤ ʣʫʯʰʝ ʧʦʣʠʤʝʨ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʜʘʥʥʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ, ʪʝʤ ʙʦʣʝʝ ʚʳʪʷʥʫʪʳ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʘ  [14]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʦʙʣʫʯʝʥʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝʤ ʚʦʜʝ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʞʝʣʘʪʠʥʘ ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʛʠʜʨʘʪʘʮʠʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ, ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʨʠʥʠʤʘʶʪ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʠ ʚʷʟʢʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʘ ʚʦʟʨʘʩʪʘʝʪ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʞʝʣʘʪʠʥʘ ʠʟ ʙʦʣʝʝ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʘʥʥʳʝ ʧʣʝʥʢʠ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [15].  
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ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʪʘʥʜʘʨʪʥʳʡ ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ (ɸʀ) ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ 

ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ 

ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʢʨʫʛʦʚ (ʐʂ) ʚʩʣʝʜʩʪʚʠʝ ʠʭ çʟʘʩʘʣʠʚʘʥʠʷè, 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʪʫʧʣʝʥʠʷ ʠ ʠʟʥʦʩʘ. 

ʆʙʳʯʥʳʝ ʧʫʪʠ ʙʦʨʴʙʳ ʩ ʵʪʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ: ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʉʆɾ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ï 

ʟʘʯʘʩʪʫʶ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ɸʀ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʥʝʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʩʚʷʟʢʠ 

ʠ ʧʦʨ [1]. ʆʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʢʠ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʪʦʜʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨ ʢʨʫʛʘ ʧʫʪʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʨʦʧʠʪʢʠ (ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ) 
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ʝʛʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʫʣʫʯʰʘʶʱʠʤʠ ʨʝʞʫʱʠʝ ʩʚʦʡʩʪʚʘ ɸʀ. ɺ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʠʟ ʤʦʥʦʣʠʪʥʳʭ (ʦʜʥʦʨʦʜʥʳʭ) 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʦʧʠʪʢʠ ʢʨʫʛʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʨʘ, ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʘʷ 

ʩʤʦʣʘ çʙʘʢʝʣʠʟʘʮʠʷè. ʀʟʚʝʩʪʥʳ ʧʨʦʧʠʪʢʘ ʧʘʨʘʬʠʥʦʤ, ʩʪʝʘʨʠʥʦʤ, ʛʨʘʬʠʪʦʤ [2]. 

ʆʜʥʘʢʦ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʦʙʨʘʙʦʪʢʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ 

ʵʪʠʤ ʚʦʧʨʦʩʘʤ. 

ʈʫʙʮʦʚʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʩʦʚʤʝʩʪʥʦ ʩ ʆʆʆ çʅʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʧʨʦʚʦʜʠʪ ʰʠʨʦʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʰʣʠʬʦʚʘʥʠʷ 

ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ. 

ʇʨʦʧʠʪʦʯʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʜʣʷ ʢʨʫʛʦʚ ʩʣʫʞʠʣʠ ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ (ʇɸɺ) ʠ ʭʠʤʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʝ (ʍɸɺ) ʚʝʱʝʩʪʚʘ. 

ʀʤʧʨʝʛʥʘʪʦʨʳ ʚʚʦʜʠʣʠʩʴ ʚ ʧʦʨʳ ʢʨʫʛʘ ʚ ʞʠʜʢʦʤ ʚʠʜʝ ʧʫʪʝʤ ʩʚʦʙʦʜʥʦʛʦ 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʥʷʪʠʷ. ɾʠʜʢʠʝ ʠʤʧʨʝʛʥʘʪʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ 

ʦʧʝʨʘʮʠʶ ʧʨʦʧʠʪʢʠ ʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʧʨʦʮʝʩʩ ʰʣʠʬʦʚʘʥʠʷ ʧʫʪʝʤ ʫʯʘʩʪʠʷ ʚ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʮʝʩʩʘʭ ʟʦʥʳ ʨʝʟʘʥʠʷ. ɺ 

ʦʩʥʦʚʝ ʢʦʥʪʘʢʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʷʟʝʡ, ʠʭ 

ʨʘʙʦʪʘ ʠ ʨʘʟʨʫʰʝʥʠʝ. ʇʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʩʭʚʘʪʳʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʦʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ çʟʘʩʘʣʠʚʘʥʠʶè ʢʨʫʛʦʚ. ʆʥʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʪʝʣ. ʀʤʧʨʝʛʥʘʪʦʨ, 

ʩʦʟʜʘʚʘʷ ʧʨʦʩʣʦʡʢʫ ʤʝʞʜʫ ʘʙʨʘʟʠʚʥʳʤ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʭʚʘʪʳʚʘʥʠʶ ʠ ʣʠʢʚʠʜʠʨʫʝʪ çʟʘʩʘʣʠʚʘʥʠʝè ʢʨʫʛʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ ʥʘ ʨʝʞʫʱʠʝ ʩʚʦʡʩʪʚʘ ɸʀ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʦʩʪʘʚʳ ʪʨʝʭ ʛʨʫʧʧ: 

- ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ; 

- ʘʤʠʥʳ ʠ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ; 

- ʢʘʨʙʘʤʠʜʳ. 

ɺ ʠʪʦʛʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʥʘ ʨʝʞʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʫʛʦʚ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʠ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʦʧʠʪʦʯʥʳʝ ʩʦʩʪʘʚʳ (ʫʢʘʟʘʥʳ ʚ ʧʨʦʮʝʥʪʘʭ): 

Cʦʩʪʘʚ ˉ0: ʙʝʟ ʧʨʦʧʠʪʢʠ (ʙʘʟʦʚʳʡ). 

Cʦʩʪʘʚ ˉ1: 0,01% -ʡ ʨʘʩʪʚʦʨ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ. 

Cʦʩʪʘʚ ˉ2: ʤʘʩʣʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ  ï 8,9; 

                    ʇɸɺ                              ï 2,4; 

                     ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ          ï 2,7; 

                     ʚʦʜʘ                              ï 86.  

Cʦʩʪʘʚ ˉ3: ʢʘʨʙʦʤʝʪʠʣʮʝʣʣʶʣʦʟʘ ï 0,45; 

                    ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (ʞʠʜʢʦʝ ʩʪʝʢʣʦ) ï 9,0;           

                    ʚʦʜʘ ï 90,55. 

Cʦʩʪʘʚ ˉ4: ʢʘʨʙʦʤʝʪʠʣʮʝʣʣʶʣʦʟʘ ï 1,0; 

                    ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (ʞʠʜʢʦʝ ʩʪʝʢʣʦ) ï 50,0;            

                    ʚʦʜʘ ï 49,0. 
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Cʦʩʪʘʚ ˉ5: ʧʦʣʠʘʢʨʠʣʘʤʠʜ ï 0,02; 

                    ʥʝʦʥʦʣ               ï 0,45; 

                    ʚʦʜʘ                   ï 99,53. 

Cʦʩʪʘʚ ˉ6: ʧʦʣʠʘʢʨʠʣʘʤʠʜ ï 0,08; 

                    ʪʠʦʢʘʨʙʘʤʠʜ     ï 0,05; 

                    ʚʦʜʘ                   ï  99,87. 

Cʦʩʪʘʚ ˉ7: ʧʦʣʠʘʢʨʠʣʘʤʠʜ ï 0,1; 

                    ʪʠʦʢʘʨʙʘʤʠʜ      ï 1,0; 

                    ʚʦʜʘ                   ï  98,9. 

Cʦʩʪʘʚ ˉ8: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 27,8; 

                     ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 5,2;        

                     0,01% -ʡ ʨʘʩʪʚʦʨ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ï 67. 

Cʦʩʪʘʚ ˉ9: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 7,0; 

                     ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 1,3;         

                     0,01% -ʡ ʨʘʩʪʚʦʨ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ ï 91,7. 

Cʦʩʪʘʚ ˉ10: ʪʨʠʵʪʘʥʦʣʘʤʠʥ ï 40; 

                      ʚʦʜʘ                  ï 60. 

Cʦʩʪʘʚ ˉ11: ʪʨʠʵʪʘʥʦʣʘʤʠʥ ï 60; 

                      ʚʦʜʘ                  ï 40. 

Cʦʩʪʘʚ ˉ12: ʪʠʦʢʘʨʙʘʤʠʜ ï 1,0; 

                       ʚʦʜʘ              ï 99,0. 

Cʦʩʪʘʚ ˉ13: ʪʠʦʢʘʨʙʘʤʠʜ ï 5,0; 

                       ʚʦʜʘ              ï 95,0. 

Cʦʩʪʘʚ ˉ14: ʢʘʨʙʘʤʠʜ         ï 5; 

                      ʪʠʦʢʘʨʙʘʤʠʜ    ï 5; 

                      ʚʦʜʘ                 ï 90. 

Cʦʩʪʘʚ ˉ15: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 6,0; 

                      ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  ï 4,0;         

                      ʚʦʜʘ                         ï 90. 

Cʦʩʪʘʚ ˉ16: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 7,0; 

                      ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  ï 1,3;         

                      ʚʦʜʘ                         ï 91,7. 

Cʦʩʪʘʚ ˉ17: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 27,8; 

                      ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  ï 5,2;         

                      ʚʦʜʘ                         ï 67. 

Cʦʩʪʘʚ ˉ18: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 69,6; 

                      ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  ï 13,1;         

                      ʚʦʜʘ                         ï 17,3. 

Cʦʩʪʘʚ ˉ19: ʪʨʠʵʪʘʥʦʣʘʤʠʥ       ï 41,7; 

                      ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ  ï 7,9;         

                      ʚʦʜʘ                         ï 50,4. 
 

ʆʙʱʠʤ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʠʭ ʩʦʩʪʘʚʘʭ 

ʇɸɺ ʀ ʍɸɺ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʫʰʢʠ  ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚ 
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ʧʦʨʘʭ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʝ ʫʜʝʨʞʘʥʠʝ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʚ 

ʠʥʩʪʨʫʤʝʥʪʝ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩ ʨʘʙʦʯʝʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʧʣʦʩʢʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ ʤʦʜʝʣʠ 3601 ʧʝʨʠʬʝʨʠʝʡ ʢʨʫʛʘ ʤʝʪʦʜʦʤ ʚʨʝʟʥʦʛʦ 

ʰʣʠʬʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ ʬʦʨʤʳ 1 150 x 20 x 32 ɻʆʉʊ    

ʈ52781-2007 ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 25ɸF60ʆ6V35 (25ɸ25ʅʉʊ16ʂ7). 

ʆʙʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʘʣʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʣʘʟʤʝʥʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ 

ʧʦʨʦʰʢʘ ʤʘʨʢʠ ʇɺ-ʅ85ʖ15 ʥʘ ʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ (ʜʘʣʝʝ ʧʨʦʩʪʦ ʇɺ), ʘ ʪʘʢʞʝ ʠʟ 

ʧʦʨʦʰʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʩʦʩʪʦʷʱʝʡ ʠʟ 10% ʧʦ ʤʘʩʩʝ 

ʧʦʨʦʰʢʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ ʤʘʨʢʠ ʇɺ-ʅ85ʖ15, 10% ʩʘʤʦʬʣʶʩʫʶʱʝʛʦ 

ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ ʇʈ-ʅʍ17ʉʈ4, ʦʩʪʘʣʴʥʦʝ ï ʞʝʣʝʟʥʳʡ ʧʦʨʦʰʦʢ ʇɾʈɺ 

2.200.26  (ʜʘʣʝʝ ʧʨʦʩʪʦ ʇɾ). ʊʚʝʨʜʦʩʪʴ ʧʦʢʨʳʪʠʡ ʇɺ ʠ ʇɾ ʩʦʩʪʘʚʣʷʣʘ 25é30 

HRC ʠ 40é42 HRC ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʪʝʨʠʘʣʳ ʦʙʦʠʭ ʧʦʢʨʳʪʠʡ ʦʪʥʦʩʷʪʩʷ ʢ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʩʪʝʤ Ni-Al  ʠ Fe-Ni. 

ʆʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʣʘʟʤʝʥʥʦ-ʥʘʧʳʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ 

ʨʘʟʤʝʨʘʤʠ 100 x 70 x 22 ʤʤ. ʈʝʞʠʤʳ ʰʣʠʬʦʚʘʥʠʷ: ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ï 22 ʤ/ʩ; 

ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʛʦ ʭʦʜʘ ʩʪʦʣʘ ï 7 ʤ/ʤʠʥ; ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʜʘʯʘ ï 0,01 ʤʤ/ʜʚ. 

ʭʦʜ. ʐʣʠʬʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ.  

ɼʣʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʠʤʧʨʝʛʥʘʪʦʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʢʨʠʪʝʨʠʠ: 

- ʧʝʨʠʦʜ ʩʪʦʡʢʦʩʪʠ ʊ, ʤʠʥ, ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʧʦʷʚʣʝʥʠʶ 

ʩʣʝʜʦʚ ʜʨʦʙʣʝʥʠʷ ʠʣʠ ʧʨʠʞʦʛʦʚ ʥʘ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʡ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʰʣʠʬʦʚʘʥʠʷ ʧʦ ʦʙʲʝʤʫ ʂh, ʤʤ
3
/ʤʤ

3
; 

- ʫʜʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʰʣʠʬʦʚʘʥʠʷ ʂN, ɺʪĿʤʠʥ/ʤʤ
3
; 

- ʢʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ ʂʤ, ʤʤ
3
/ʤʠʥĿɺʪĿʤʢʤ; 

- ʧʘʨʘʤʝʪʨ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʰʣʠʬʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ Rʘ, ʤʢʤ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʦʧʳʪʘ ʨʘʚʥʷʣʘʩʴ ʧʝʨʠʦʜʫ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ. 

ʈʘʟʤʝʨʥʳʡ ʠʟʥʦʩ ʘʙʨʘʟʠʚʥʳʭ ʢʨʫʛʦʚ ʠʟʤʝʨʷʣʠ ʠʥʜʠʢʘʪʦʨʦʤ ʯʘʩʦʚʦʛʦ ʪʠʧʘ ʩ 

ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,001 ʤʤ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʥʘ ʧʨʦʬʠʣʦʛʨʘʬʝ ï ʧʨʦʬʠʣʦʤʝʪʨʝ ɸɹʈʀʉ-ʇʄ7. ɼʣʷ ʟʘʤʝʨʘ 

ʤʦʱʥʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʦʜʥʦʬʘʟʥʳʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʚʘʪʪʤʝʪʨ ɼ539. 

ʂʘʞʜʫʶ ʩʝʨʠʶ ʠʩʧʳʪʘʥʠʡ ʧʦʚʪʦʨʷʣʠ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʨʘʟ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʈ = 0,95. ʇʦ ʢʘʞʜʦʡ 

ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʋʩʨʝʜʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʚʳʙʨʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʣʷ ʚʩʝʭ ʠʩʧʳʪʘʥʥʳʭ 

ʧʨʦʧʠʪʦʯʥʳʭ ʩʦʩʪʘʚʦʚ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 1. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ (ʪʘʙʣ. 1) ʚʠʜʥʦ, ʯʪʦ, ʚʘʨʴʠʨʫʷ ʩʦʩʪʘʚʘʤʠ 

ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʡ ʇɺ ʠ ʇɾ, ʤʦʞʥʦ ʙʦʣʝʝ ʯʝʤ ʚ 4 ʨʘʟʘ 

ʠʟʤʝʥʠʪʴ ʟʥʘʯʝʥʠʝ T, ʙʦʣʝʝ ʯʝʤ ʚ 1,3 ʨʘʟʘ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʙʦʣʝʝ ʯʝʤ 

ʚ 3,3 ʨʘʟʘ ï ʨʘʟʤʝʨʥʳʡ ʠʟʥʦʩ ʢʨʫʛʘ. 

ʆʯʝʚʠʜʥʦ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʦʮʝʥʢʘ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʧʦ ʦʜʥʦʤʫ 

ʢʨʠʪʝʨʠʶ ʥʝʧʨʠʝʤʣʝʤʘ, ʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʪʨʫʜʥʝʥ 

ʚʳʙʦʨ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʟʘʪʨʫʜʥʝʥʠʷ, ʝʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʡʪʠʥʛʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ [3]. ɺ ʪʘʙʣ. 2 



 184 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʠʩʧʳʪʘʥʠʡ ʧʨʠ ʨʘʥʞʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʦʚ 

ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʧʦ ʚʘʞʥʝʡʰʠʤ ʢʨʠʪʝʨʠʷʤ: ʧʝʨʠʦʜʫ ʊ ʩʪʦʡʢʦʩʪʠ ʢʨʫʛʘ, 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʰʣʠʬʦʚʘʥʠʷ ʧʦ ʦʙʲʝʤʫ ʂh  ʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʢʨʠʪʝʨʠʶ ʂʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʟʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʏʠʩʣʦ ʙʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʢʘʞʜʳʡ ʢʨʠʪʝʨʠʡ, ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʜʣʷ ʩʦʩʪʘʚʘ, ʠʤʝʶʱʝʛʦ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ 

ʥʘʠʤʝʥʴʰʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʠʤʧʨʝʛʥʘʪʦʨʘ, ʧʦʢʘʟʘʚʰʝʛʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʊʘʙʣʠʮʘ 1 

 

ʋʩʨʝʜʥʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʩʢʦʛʦ ʚʨʝʟʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ (ʯʠʩʣʠʪʝʣʴ) ʠ ʞʝʣʝʟʥʦʡ (ʟʥʘʤʝʥʘʪʝʣʴ) ʦʩʥʦʚʝ ʢʨʫʛʦʤ 

25ɸF60ʆ6V, ʧʨʦʧʠʪʘʥʥʳʤ ʨʘʟʣʠʯʥʳʤʠ ʠʤʧʨʝʛʥʘʪʦʨʘʤʠ 
 

 

ʉʦʩʪʘʚ 

ʠʤʧʨʝʛʥʘʪʦʨʦʚ 

 

ʊ, ʤʠʥ 

 

Ra, ʤʢʤ 

 

ʂh , 

ʤʤ
3
/ʤʤ

3 

 

ʂN, 
3

ɺʪ ʤʠʥ

ʤʤ

Ö
 

ʂʤ, 
3ʤʤ

ʤʠʥ ɺʪ ʤʢʤÖ Ö
 

ˉ0 0,35/0,68 0,62/0,42 7,7/13,3 0,79/0,85 2,05/2,81 

ˉ1 0,28/0,57 0,63/0,53 6,1/11,8 0,86/0,88 1,85/2,14 

ˉ2 0,32/0,68 0,61/0,49 7,4/16,0  0,86/0,86 1,90/2,36 

ˉ3 0,30/0,62 0,73/0,50 7,1/12,1 0,96/0,92 1,43/2,16 

ˉ4 0,22/0,53 0,68/0,47 5,8/10,0 1,34/0,87 1,10/2,45 

ˉ5 0,28/0,66 0,65/0,50 6,8/12,6 0,93/0,96 1,66/2,08 

ˉ6 0,35/0,52 0,67/0,51 8,6/12,1 0,96/0,92 1,56/2,13 

ˉ7 0,50/0,73 0,61/0,49 11,7/15,3 0,90/0,89 1,81/2,30 

ˉ8 0,46/0,73 0,69/0,46 10,7/17,4 0,78/0,90 1,86/2,41 

ˉ9 0,41/0,69 0,66/0,49 10,0/15,9 0,87/0,90 1,73/2,26 

ˉ10 0,68/0,90 0,60/0,48 15,6/20,8 0,82/0,91 2,04/2,29 

ˉ11 0,70/0,92 0,62/0,48 16,1/21,5 0,85/0,89 1,90/2,34 

ˉ12 0,52/0,74 0,59/0,46 12,7/16,4 0,83/0,93 2,04/2,34 

ˉ13 0,63/0,86 0,56/0,46 14,1/18,6 0,83/0,90 2,16/2,42 

ˉ14 0,81/0,95 0,56/0,51 17,9/22,7 0,86/0,89 2,09/2,19 

ˉ15 0,50/0,72 0,66/0,52 10,9/16,9 0,84/0,90 1,79/2,14 

ˉ16 0,46/0,79 0,66/0,47 10,6/17,4 1,04/0,89 1,46/2,39 

ˉ17 0,56/0,82 0,61/0,50 14,2/19,5 0,86/0,87 1,90/2,29 

ˉ18 0,93/1,03 0,58/0,51 19,5/24,1 0,86/0,93 2,00/2,11 

ˉ19 0,86/0,97 0,61/0,45 18,5/22,6 0,86/0,91 1,91/2,43 

 

ʀʟ ʪʘʙʣ. 2 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʇɺ ʢ ʣʫʯʰʝʤʫ 

ʠʤʧʨʝʛʥʘʪʦʨʫ ʦʪʥʦʩʠʪʩʷ ʩʦʩʪʘʚ ˉ18 (55 ʙʘʣʣʦʚ), ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʢʨʳʪʠʷ ʇɾ 

ʥʘʠʙʦʣʴʰʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʘʣ ʩʦʩʪʘʚ ˉ19  (55 ʙʘʣʣʦʚ). 

ʈʘʥʛʦʚʳʡ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʠ ʜʣʷ ʚʳʙʦʨʘ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠʤʧʨʝʛʥʘʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʨʫʛʘʤʠ ʥʘ ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ (ʪʘʙʣ. 2). 

ɺʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʤʧʨʝʛʥʘʪʦʨʦʤ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʢʨʫʛʘʤʠ ʥʘ 

ʢʝʨʘʤʠʯʝʩʢʦʡ ʩʚʷʟʢʝ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚ ˉ19 (107 ʙʘʣʣʦʚ) ʥʘ ʦʩʥʦʚʝ 
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ʪʨʠʵʪʘʥʦʣʘʤʠʥʘ ʠ ʦʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ˉ11 (92,5 ʙʘʣʣʘ) ʠ ˉ14 (99 ʙʘʣʣʦʚ). 
 

ʊʘʙʣʠʮʘ 2 

 

ʈʝʡʪʠʥʛʦʚʘʷ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʠʤʧʨʝʛʥʘʪʦʨʦʚ ʧʨʠ ʧʣʦʩʢʦʤ ʰʣʠʬʦʚʘʥʠʠ 

ʧʣʘʟʤʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ (ʯʠʩʣʠʪʝʣʴ) ʠ ʞʝʣʝʟʥʦʡ (ʟʥʘʤʝʥʘʪʝʣʴ) 

ʦʩʥʦʚʝ ʢʨʫʛʦʤ 25ɸF60ʆ6V 
 

ʉʦʩʪʘʚ 

ʠʤʧʨʝʛ- 

ʥʘʪʦʨʦʚ 

ʏʠʩʣʦ ʙʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʢʨʠʪʝʨʠʠ 

ʉʫʤʤʘʨʥʦʝ 

ʯʠʩʣʦ ʙʘʣʣʦʚ 

ʉʫʤʤʘʨʥʦʝ 

ʯʠʩʣʦ ʙʘʣʣʦʚ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʜʚʫʭ ʚʠʜʦʚ 

ʠʩʧʳʪʘʥʥʳʭ 

ʧʦʢʨʳʪʠʡ 

ʧʝʨʠʦʜʘ 

ʩʪʦʡʢʦʩʪʠ 

ʂʪ 

ʠʟʥʦʩʘ ʢʨʫʛʘ 

ʢhʂ  

ʵʥʝʨʛʝʪʠʯʝʩ- 

ʢʠʭ ʟʘʪʨʘʪ ʠ 

ʢʘʯʝʩʪʚʘ 
ʤʢ

ʂ  

ˉ0 6,5/6,5 6/6 18/20 30,5/32,5 63 

ˉ1 2,5/3 2/2 9/4,5 13,5/9,5 23 

ˉ2 5/6,5 5/9 12/14 22/29,5 51,5 

ˉ3 4/4 4/3,5 2/6 10/13,5 23,5 

ˉ4 1/2 1/1 1/19 3/22 25 

ˉ5 2,5/5 3/5 5/1 10,5/11 21,5 

ˉ6 6,5/1 7/3,5 4/3 17,5/7,5 25 

ˉ7 11,5/10,5 12/7 8/11 31,5/28,5 60 

ˉ8 9,5/10,5 10/13 10/16 29,5/39,5 69 

ˉ9 8/8 8/8 6/8 22/24 46 

ˉ10 16/16 16/16 16,5/9,5 48,5/41,5 90 

ˉ11 17/17 17/17 12/12,5 46/46,5 92,5 

ˉ12 13/12 13/10 16,5/12,5 42,5/34,5 77 

ˉ13 15/15 14/4 20/17 49/36 85 

ˉ14 18/18 18/19 19/7 55/44 99 

ˉ15 11,5/9 11/11 7/4,5 29,5/24,5 54 

ˉ16 9,5/13 9/12 3/15 21,5/40 61,5 

ˉ17 14/14 15/15 12/9,5 41/38,5 79,5 

ˉ18 20/20 20/20 15/2 55/42 97 

ˉ19 19/19 19/18 14/18 52/55 107 

 

 

ɺʳʚʦʜʳ 

1. ɺ ʦʩʥʦʚʥʦʤ ʧʨʝʜʣʦʞʝʥʥʳʝ ʠʤʧʨʝʛʥʘʪʦʨʳ (ˉ1 ï ˉ19) ʦʢʘʟʘʣʠʩʴ 

ʵʬʬʝʢʪʠʚʥʝʝ ʥʝʧʨʦʧʠʪʘʥʥʦʛʦ ʢʨʫʛʘ. ʕʬʬʝʢʪ ʦʪ ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʦʛʦ ʢʨʫʛʘ 

ʙʦʣʴʰʝ ʧʨʠ ʩʫʭʦʤ ʰʣʠʬʦʚʘʥʠʠ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʦʭʣʘʞʜʝʥʠʝʤ. 

2. ʀʤʧʨʝʛʥʠʨʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʧʝʨʘʮʠʠ ʰʣʠʬʦʚʘʥʠʷ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ, ʥʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʢʨʫʛʘ ʤʝʞʜʫ ʧʨʘʚʢʘʤʠ ʠ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʠʟʥʦʩʘ ʢʨʫʛʘ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ 

ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʞʝʣʝʟʥʦʡ ʦʩʥʦʚʝ ʷʚʣʷʝʪʩʷ 

ʠʤʧʨʝʛʥʘʪʦʨ ˉ19: ʩʪʦʡʢʦʩʪʴ ʢʨʫʛʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,5-2,5 ʨʘʟʘ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʰʣʠʬʦʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ 1,7- 2,4 ʨʘʟʘ ʧʨʠ ʥʠʟʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʰʣʠʬʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 
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THE STUDY OF MICROGEOMETRY FORMATION PROCESS 

DURING LATHE MACHINING  
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Abstract:  The paper considers the idea of modeling microroughnesses formation on the 

surface processed by lathe machining. 
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ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʢʦʨʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʠʦʙʨʝʪʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʠʟʜʝʣʠʷ ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʚ ʫʢʘʟʘʥʥʳʝ ʩʨʦʢʠ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʝʤ, ʯʪʦ ʧʦʚʳʰʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ï ʪʦʯʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʤʝʨʦʚ, ʦʪʢʣʦʥʝʥʠʡ ʬʦʨʤʳ, ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʭ ʚʦʣʥʠʩʪʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʝʪʘʣʝʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʨʝʞʫʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ ʚʩʝʛʜʘ ʦʩʪʘʶʪʩʷ ʥʝʨʦʚʥʦʩʪʠ [1]. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʥʘʟʳʚʘʶʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ  ʧʨʠ ʪʦʯʝʥʠʠ ʩʣʝʜʫʝʪ ʚʳʷʚʠʪʴ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ  

ʦʧʨʝʜʝʣʷʶʱʝʝ  ʚʣʠʷʥʠʝ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ɺʳʩʦʪʘ ʠ ʭʘʨʘʢʪʝʨ 
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ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ ʟʘʚʠʩʷʪ ʦʪ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, 

ʛʝʦʤʝʪʨʠʠ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʀʟʤʝʥʷʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʤʦʞʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʤʠʢʨʦʧʨʦʬʠʣʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʠ ʧʨʘʚʠʣʴʥʳʝ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʪʦʯʝʥʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʦʣʫʯʠʤ ʧʨʦʬʠʣʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʧʠʨʦʚʘʥʠʝʤ ʧʨʦʬʠʣʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʬʠʣʴ ʟʘʛʦʪʦʚʢʠ. 

ʅʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʤʠʤʦ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʦʪ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ, 

ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʤʝʪʘʣʣʘ, ʩʢʦʣʦʚ, ʚʳʨʳʚʦʚ, 

ʤʝʩʪʥʳʭ ʜʝʬʝʢʪʦʚ [2]. ʀʭ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ, ʩʪʝʧʝʥʠ 

ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʇʨʠʙʣʠʞʝʥʥʦ ʠʭ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʩ ʨʘʟʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. ɼʣʷ 

ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʚ ʤʦʜʝʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʚʥʦʙʝʜʨʝʥʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ, ʯʪʦʙʳ ʠʭ 

ʦʧʠʩʘʪʴ, ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʜʣʠʥʫ ʦʩʥʦʚʘʥʠʷ ʠ ʚʳʩʦʪʫ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʢʘʟʘʪʴ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʞʝʩʪʢʦ 

ʧʨʠʚʷʟʘʥʘ ʢ ʨʝʛʫʣʷʨʥʦʤʫ ʧʨʦʬʠʣʶ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʩʪʦʷʱʝʡ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʧʦʣʫʯʠʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʢʘʨʪʠʥʘ (ʨʠʩ. 1). ʋʯʠʪʳʚʘʷ 

ʪʦʣʴʢʦ ʩʘʤʳʡ ʚʝʨʭʥʠʡ ʢʦʥʪʫʨ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ, ʧʦʣʫʯʠʤ 

ʦʞʠʜʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 
 

ʈʠʩ. 1. ʇʨʦʬʠʣʴ ʦʙʨʘʟʦʚʘʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʘʥʢʠʥ, ɸ.ɺ. ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ / ɸ.ɺ. ʇʘʥʢʠʥ // ʄ.: ɻʦʩ. 

ʥʘʫʯ-ʪʝʭʥ. ʠʟʜ-ʚʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1961. 524 ʩ. 



 188 

2. ʗʢʦʙʩʦʥ, ʄ.ʆ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ, ʥʘʢʣʝʧ ʠ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ / ʄ.ʆ.  ʗʢʦʙʩʦʥ // ʄ., 1969. 272 ʩ. 

 

ʈʆʊʆʈʅʓʁ ʈɸʉʇʓʃʀʊɽʃʔʅʓʁ ʇʓʃɽʋʃʆɺʀʊɽʃʔ 

ɽ.ʉ. ʅʝʯʘʝʚʘ 

ʌɻɹʆʋ ɺʇʆ çʂʝʤʝʨʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʙʨʳʟʛʦʫʥʦʩʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʨʦʪʦʨʥʦʤ ʨʘʩʧʳʣʠʪʝʣʴʥʦʤ ʧʳʣʝʫʣʦʚʠʪʝʣʝ ʜʠʘʤʝʪʨʦʤ 

0,25 ʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʩʧʳʣʠʪʝʣʷ, ʧʨʠʚʝʜʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ 

ʜʠʘʤʝʪʨʘ ʨʘʩʧʳʣʠʚʘʶʱʠʭ ʦʪʚʝʨʩʪʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʦʜʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʩʧʦʣʟɹʦʚʘʣʠʩʴ ʧʳʣʠ ʩʫʭʦʛʦ ʤʦʣʦʢʘ, ʣʘʢʪʦʟʳ, ʩʘʭʘʨʘ ʠ ʫʛʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʨʦʪʦʨʥʳʡ 

ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʙʨʳʟʛʦʫʥʦʩ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

ROTARY SPRAY-TYPE DUST COLLECTOR  

E.S. Nechaeva 

 Kemerovo Institute of Food Science and Technology 

 
Abstract:  The paper quotes the results of studying the hydraulic resistance, sprays deflector 

and dust collecting efficiency in the rotary spray-type dust collector of 0,25ʤ in diameter depending 

on the rotational speed of the sprayer, the specified gas flow velocity and the diameter of sprayer 

outlets. Water is used as a model liquid. Results of mathematical processing are presented. Sprays 

of powdered milk, lactose, sugar and coal are used as model products. 

Key words: dust collecting efficiency, rotary spray-type dust collector, sprays 

deflector, hydraulic resistance. 

 

ɺ ʧʦʤʝʱʝʥʠʠ, ʛʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʰʢʘ ʠ ʫʧʘʢʦʚʢʘ ʩʘʭʘʨʘ, ʣʘʢʪʦʟʳ, ʩʫʭʦʛʦ 

ʤʦʣʦʢʘ ʠ ʪ.ʜ., ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʟʜʫʭʝ ʧʳʣʠ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʷʚʣʷʶʱʝʡʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʨʳʚʦʦʧʘʩʥʦʡ. ɺʩʝ ʤʝʩʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʳʣʠ ʚ ʧʦʤʝʱʝʥʠʠ ʩʫʰʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʨʫʜʦʚʘʥʳ ʘʩʧʠʨʘʮʠʝʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʩʧʠʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʦʙʝʩʧʳʣʠʚʘʥʠʝ ʚʦʟʜʫʭʘ ʠ ʫʪʠʣʠʟʘʮʠʶ ʦʪʭʦʜʦʚ. 

ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘʯʘʩʪʫʶ ʜʣʷ ʧʳʣʝʦʯʠʩʪʢʠ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 

ʚʦʟʜʫʰʥʦ-ʧʳʣʝʚʳʭ ʩʤʝʩʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦʟʜʫʰʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʠ 

ʘʩʧʠʨʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚʦ ʚʟʨʳʚʦʟʘʱʠʱʝʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʈʘʟʣʠʯʥʳʝ 

ʬʠʣʴʪʨʫʶʱʠʝ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʝ ʘʛʨʝʛʘʪʳ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʥʷʪʴʩʷ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

ʇʳʣʝʫʣʦʚʠʪʝʣʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʢʘʪʝʛʦʨʠʠ: ʘʧʧʘʨʘʪʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʠ ʩ ʝʝ ʧʨʠʤʝʥʝʥʠʝʤ. ʊʘʢʦʝ ʜʝʣʝʥʠʝ ʧʨʠʥʷʪʦ ʚ ɻʆʉʊ 12.2.043-80 

çʆʙʦʨʫʜʦʚʘʥʠʝ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷè. 

ɸʧʧʘʨʘʪʳ ʤʦʢʨʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʠʤʝʶʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ [1, 2, 3]:    
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1. ʄʦʢʨʳʝ ʬʠʣʴʪʨʳ ʦʪʣʠʯʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʫʣʘʚʣʠʚʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʫʭʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ.  

2. ʅʝʢʦʪʦʨʳʝ ʪʠʧʳ ʤʦʢʨʳʭ ʬʠʣʴʪʨʦʚ (ʪʫʨʙʫʣʝʥʪʥʳʝ ʛʘʟʦʧʨʦʤʳʚʘʪʝʣʠ) 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʜʦ 0,1 ʤʢʤ. 

3. ʄʦʢʨʳʝ ʧʳʣʝʫʣʦʚʠʪʝʣʠ ʥʝ ʪʦʣʴʢʦ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ 

ʪʘʢʠʤʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʧʳʣʝʫʣʦʚʠʪʝʣʷʤʠ, ʢʘʢ ʨʫʢʘʚʥʳʝ ʬʠʣʴʪʨʳ, ʥʦ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʫʢʘʚʥʳʝ ʬʠʣʴʪʨʳ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʛʘʟʦʚ, ʧʨʠ 

ʦʧʘʩʥʦʩʪʠ ʚʦʟʛʦʨʘʥʠʡ ʠ ʚʟʨʳʚʦʚ ʦʯʠʱʘʝʤʳʭ ʛʘʟʦʚ ʠʣʠ ʫʣʘʚʣʠʚʘʝʤʦʡ ʧʳʣʠ. 

4. ɸʧʧʘʨʘʪʳ ʤʦʢʨʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʟʚʝʰʝʥʥʳʤʠ 

ʯʘʩʪʠʮʘʤʠ ʤʦʛʫʪ ʫʣʘʚʣʠʚʘʪʴ ʧʘʨʦʦʙʨʘʟʥʳʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʆʜʥʘʢʦ ʤʝʪʦʜ ʤʦʢʨʦʡ ʦʯʠʩʪʢʠ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ [4]:  

1. ʋʣʘʚʣʠʚʘʝʤʳʡ ʤʦʢʨʳʤʠ ʧʳʣʝʫʣʦʚʠʪʝʣʷʤʠ ʧʨʦʜʫʢʪ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʰʣʘʤʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ,  

ʩʣʝʜʦʚʘʪʝʣʥɹʦ, ʩ ʫʜʦʨʦʞʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ. 

2. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʦʯʠʱʘʝʤʳʭ ʛʘʟʦʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʙʣʠʟʢʦʡ ʢ ʪʦʯʢʝ 

ʨʦʩʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʫʥʦʩʝ ʠʟ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʛʘʟʦʚʳʤ 

ʧʦʪʦʢʦʤ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʧʳʣʴ ʤʦʞʝʪ ʦʩʘʞʜʘʪʴʩʷ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ. 

3. ɺ ʩʣʫʯʘʝ ʦʯʠʩʪʢʠ ʘʛʨʝʩʩʠʚʥʳʭ ʛʘʟʦʚ ʘʧʧʘʨʘʪʫʨʫ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʱʘʪʴ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ, ʤʦʢʨʳʝ ʧʳʣʝʦʯʠʩʪʥʳʝ ʘʧʧʘʨʘʪʳ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʢʨʦʛʦ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʧʦ 

ʧʨʘʚʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʦʪʦʨʥʳʝ ʘʧʧʘʨʘʪʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʨʘʙʦʯʝʡ 

ʞʠʜʢʦʩʪʠ. ʆʥʠ  ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʯʘʩʪʠʮ ʧʳʣʠ ʨʘʟʤʝʨʦʤ 

1-5 ʤʢʤ ʥʘ 95-99% ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ ʠ ʥʝʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ  [2],  ʦʩʥʘʱʝʥʠʝ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʦʪ ʧʳʣʠ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʘʧʧʘʨʘʪʘʤʠ çʤʦʢʨʦʡè ʧʳʣʝʦʯʠʩʪʢʠ ʨʦʪʦʨʥʦʛʦ ʪʠʧʘ  ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʮʠʨʢʫʣʷʮʠʝʡ ʠ ʩʘʤʦʦʨʦʰʝʥʠʝʤ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʧʨʦʜʫʢʪʘ ʙʝʟ 

ʩʫɦʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʝʛʦ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʘʧʧʘʨʘʪʦʚ ʤʦʢʨʦʡ 

ʧʳʣʝʦʯʠʩʪʢʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʠʭ ʨʘʙʦʪʫ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʪʦʨʥʦʛʦ 

ʨʘʩʧʳʣʠʪʝʣʴʥʦʛʦ ʧʳʣʝʫʣʦʚʠʪʝʣʷ (ʈʈʇ) ʩ ʚʥʫʪʨʝʥʥʝʡ ʮʠʨʢʫʣʷʮʠʝʡ ʠ 

ʩʘʤʦʦʨʦh ʝʥʠʝʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ [5]: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʦʯʠʩʪʢʠ, 

ʙʨʳʟʛʦʫʥʦʩ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 ʇʳʣʝʫʣʦʚʠʪʝʣʴ (ʨʠʩʫʥʦʢ 1) ʩʦʜʝʨʞʠʪ ʚʘʣ 1, ʧʦʜʰʠʧʥʠʢʦʚʫʶ ʦʧʦʨʫ 2, 

ʩʝʧʘʨʘʪʦʨ 3, ʢʨʳʣʴʯʘʪʢʫ-ʩʝʧʘʨʘʪʦʨ 4, ʢʦʨʧʫʩ 5, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʮʠʣʠʥʜʨ 6 ʩ 

ʥʘʩʦʩʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 14, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʩʦʦʩʥʦ ʫʩʪʘʥʦʚʣʝʥ ʥʘʧʨʘʚʣʷʶʱʠʡ 

ʮʠʣʠʥʜʨ ʩ ʩʝʪʢʦʡ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʚʰʠʭʩʷ ʯʘʩʪʠʮ ʫʣʦʚʣʝʥʥʦʡ ʧʳʣʠ 12. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʳʣʝʦʪʜʝʣʠʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥ ʙʫʥʢʝʨ 11 ʩ ʛʠʜʨʦʟʘʪʚʦʨʦʤ 9 ʠ 
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ʧʘʪʨʫʙʢʦʤ ʫʜʘʣʝʥʠʷ ʰʣʘʤʘ 10. ʅʘ ʢʦʨʧʫʩʝ ʫʩʪʘʥʦʚʣʝʥ ʧʘʪʨʫʙʦʢ ʚʚʦʜʘ 

ʦʨʦʰʘʶɦ ʝʡ ʞʠʜʢʦʩʪʠ 13. 

ʇʳʣʝʫʣʦʚʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʯʠʱʘʝʤʳʡ ʛʘʟ ʧʦ 

ʧʘʪʨʫʙʢʫ ʚʚʦʜʠʪʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʚ ʘʧʧʘʨʘʪ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʱʝʡ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʟʘʣʠʪʦʡ ʚ ʙʫʥʢʝʨ 

11. ʏʘʩʪʠʮʳ ʧʳʣʠ, ʩʦʧʨʠʢʘʩʘʷʩʴ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ, ʩʤʘʯʠʚʘʶʪʩʷ ʠ 

ʦʩʝʜʘʶʪ ʥʘ ʜʥʦ ʙʫʥʢʝʨʘ 11. 

 
 

ʈʠʩ. 1. ʈʦʪʦʨʥʳʡ ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ, ʟʘʣʠʪʦʡ ʚ ʙʫʥʢʝʨ 11, 

ʦʙʨʘʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʳʣʠ ʩ 

ʞʠʜʢʦʩʪʴʶ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʦʯʠʩʪʢʠ. 

ɿʘʢʨʫʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʛʘʟ ʩʦʭʨʘʥʷʝʪ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʘʧʧʘʨʘʪʘ, ʪ.ʢ. 

ʜʚʠʞʝʪʩʷ ʚʩʣʝʜ ʟʘ ʨʘʩʧʳʣʷʝʤʦʡ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤ ʮʠʣʠʥʜʨʦʤ ʞʠʜʢʦʩʪʴʶ, 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʨʳʣʴʯʘʪʢʦʡ-ʩʝʧʘʨʘʪʦʨʦʤ 4, ʘ ʚ ʩʝʧʘʨʘʪʦʨʝ 3 ʧʨʦʭʦʜʠʪ ʧʦ 

ʣʘʙʠʨʠʥʪʥʳʤ ʢʘʥʘʣʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʦʪʙʦʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɻʘʟ ʚʳʭʦʜʠʪ ʠʟ 

ʩʝʧʘʨʘʪʦʨʘ ï 3 ʠ ʧʨʠʞʠʤʘʝʪʩʷ ʢ ʩʪʝʥʢʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 5, ʘ ʜʘʣʝʝ 

ʚʳʚʦʜʠʪʩʷ ʧʦ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʢ ʢʦʨʧʫʩʫ 5 ʧʘʪʨʫʙʢʫ. 

ɿʘʢʨʫʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʛʦ ʧʨʦʭʦʞʜʝʥʠʶ ʯʝʨʝʟ ʘʧʧʘʨʘʪ. 

ʈʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 14 ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʜʘʝʪʩʷ ʚ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʡ ʮʠʣʠʥʜʨ 6, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʩʧʳʣʠʚʘʶʱʠʝ ʦʪʚʝʨʩʪʠʷ. ʇʨʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʠ ʞʠʜʢʦʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤ ʮʠʣʠʥʜʨʦʤ 6 ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ 

ʩʪʨʫʡ ʠ ʢʘʧʝʣʴ, ʜʦʩʪʠʛʥʫʚ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ 5 ʠ ʧʣʘʩʪʠʥʦʢ ʧʨʠʩʪʝʥʥʦʛʦ 

ʢʘʧʣʝʦʪʙʦʡʥʠʢʘ, ʢʘʧʣʠ ʫʜʘʨʷʶʪʩʷ ʦ ʥʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʝ 
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ʢʘʧʣʠ, ʘ ʥʘ ʧʣʘʩʪʠʥʢʘʭ ʢʘʧʣʝʦʪʙʦʡʥʠʢʘ ʠ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ 5 ʦʙʨʘʟʫʝʪʩʷ ʧʣʝʥʢʘ 

ʪʫʨʙʫʣʠʟʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʩʪʝʢʘʶʱʘʷ ʧʦ ʢʦʨʧʫʩʫ 5 ʚ ʙʫʥʢʝʨ 11. 

ʇʨʠʩʪʝʥʥʳʡ ʢʘʧʣʝʦʪʙʦʡʥʠʢ (ʥʘ ʨʠʩʫʥʢʝ 1  ʥʝ ʧʦʢʘʟʘʥ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʧʣʘʩʪʠʥ, ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʚʳʩʦʪʫ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ. 

ʇʣʘʩʪʠʥʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜ ʫʛʣʦʤ 15-20Á  

ʢ ʢʘʩʘʪʝʣʴʥʦʡ, ʧʨʦʚʝʜʝʥʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʷ, ʩ ʰʘʛʦʤ, ʚ 2 ʨʘʟʘ 

ʙʦʣʴʰʠʤ ʠʭ ʰʠʨʠʥʳ. 

ʆʯʠʱʘʝʤʳʡ ʛʘʟ, ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʟʘʣʠʪʦʡ ʚ ʙʫʥʢʝʨ 

11, ʢʦʥʪʘʢʪʠʨʫʝʪ ʩʦ ʩʪʝʢʘʶʱʝʡ ʧʦ ʢʦʨʧʫʩʫ 5 ʧʣʝʥʢʦʡ, ʩʦ ʩʪʨʫʷʤʠ ʠ ʢʘʧʣʷʤʠ 

ʞʠʜʢʦʩʪʠ, ʨʘʩʧʳʣʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʤ ʮʠʣʠʥʜʨʦʤ 6, ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʟʦʥʫ ʫʜʘʨʘ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʦ ʩʪʝʥʢʫ ʢʦʨʧʫʩʘ ʠ ʧʣʘʩʪʠʥʢʠ ʢʘʧʣʝʦʪʙʦʡʥʠʢʘ. ʅʘ 

ʚʩʝʤ ʧʫʪʠ ʛʘʟ ʚʩʪʨʝʯʘʝʪ ʚʳʩʦʢʦʨʘʟʚʠʪʫʶ ʠ ʠʥʪʝʥʩʠʚʥʦ ʦʙʥʦʚʣʷʶʱʫʶʩʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʛʘʟʘ ʦʪ 

ʧʳʣʠ. ʇʨʦʡʜʷ ʬʘʢʝʣ ʨʘʩʧʳʣʘ, ʛʘʟ ʦʯʠʱʘʝʪʩʷ ʦʪ ʢʘʧʝʣʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ 

ʧʦʜʢʨʫʯʠʚʘʝʪʩʷ ʢʨʳʣʴʯʘʪʢʦʡ-ʩʝʧʘʨʘʪʦʨʦʤ 4, ʯʪʦ ʩʦʟʜʘʝʪ ʟʦʥʫ ʨʘʟʨʝʞʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ. 

ʈʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʚʤʝʩʪʝ ʩ ʯʘʩʪʠʮʘʤʠ ʫʣʦʚʣʝʥʥʦʡ ʧʳʣʠ ʩʦʙʠʨʘʝʪʩʷ ʚ 

ʙʫʥʢʝʨʝ 11 ʧʳʣʝʫʣʦʚʠʪʝʣʷ, ʛʜʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʨʘʩʪʚʦʨʷʶʪʩʷ, ʠ ʰʣʘʤ 

ʥʝʧʨʝʨʳʚʥʦ ʚʳʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʠʣʠ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ ʧʘʪʨʫʙʢʠ 7, 8 

ʛʠʜʨʦʟʘʪʚʦʨʘ 9. ʇʦʜʧʠʪʢʘ ʘʧʧʘʨʘʪʘ ʩʚʝʞʝʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʩ ʫʯʝʪʦʤ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʦʪʝʨʴ ʝʝ ʥʘ ʠʩʧʘʨʝʥʠʝ ʠ ʩ ʚʳʛʨʫʞʘʝʤʳʤ ʰʣʘʤʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʘʢ ʥʝʧʨʝʨʳʚʥʦ, ʪʘʢ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 13. ʋʣʦʚʣʝʥʥʘʷ ʚ 

ʩʝʧʘʨʘʪʦʨʝ 3 ʞʠʜʢʦʩʪʴ ʩʣʠʚʘʝʪʩʷ ʚʜʦʣʴ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ ʚʥʠʟ. ɼʣʷ ʧʨʦʤʳʚʢʠ 

ʣʘʙʠʨʠʥʪʥʳʭ ʢʘʥʘʣʦʚ ʚ ʩʝʧʘʨʘʪʦʨʝ 3 ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʦʨʦʰʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ 15. 

ʅʘʧʨʘʚʣʷʶʱʠʡ ʮʠʣʠʥʜʨ 12 ʩʣʫʞʠʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʢʨʫʯʠʚʘʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʙʫʥʢʝʨʝ 11 ʠ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 14. 

ʈʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ (ʚʦʜʳ)  ʧʨʠʥʠʤʘʣʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʩʪʘʪʦʯʥʳʤ 

ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʳʣʝʫʣʦʚʠʪʝʣʷ, ʪʘʢ ʢʘʢ  ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ 

ʚ ʙʫʥʢʝʨʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʦʯʠʩʪʢʠ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ 

  ʤ
3
/ʤ

2
ʩ,  ʤ

3
/ʩ, ʛʜʝ Fʘ ï ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʧʨʠ ʵʪʦʤ ʠʟ ʩʣʠʚʥʦʛʦ ʧʘʪʨʫʙʢʘ ʥʝʧʨʝʨʳʚʥʦ ʦʪʚʦʜʠʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʝʝ ʯʘʩʪʴ. 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ 

ʧʦʩʪʦ̫ ʥʥʦʛʦ ʧʦʜʧʦʨʘ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʦʩʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʪʚʦʜʘ 

ʩʫʩʧʝʥʟʠʠ (ʰʣʘʤʘ) ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʦʟʘʪʚʦʨʘ 9. ʉʥʠʞʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ 

ʟʘʙʠʚʘʥʠʷ ʨʘʩʧʳʣʠʚʘʶʱʠʭ ʦʪʚʝʨʩʪʠʡ ʯʘʩʪʠʮʘʤʠ ʧʳʣʠ ʝʱʝ ʥʝ ʨʘʩʪʚʦʨʠʚʰʝʛʦʩʷ 

ʧʨʦʜʫʢʪʘ ï ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʨʝʰʝʪʢʠ ʥʘ ʥʘʧʨʘʚʣʷʶʱʝʤ ʮʠʣʠʥʜʨʝ 12. 

ʋʣʫʯʰʝʥʠʝ ʩʝʧʘʨʘʮʠʠ ʛʘʟʘ ʦʪ ʢʘʧʝʣʴ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ ï ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ  ʢʨʳʣʴʯʘʪʢʠ-

ʩʝʧʘʨʘʪʦʨʘ 4. ʇʦʚʳʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʛʘʟʫ ï ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʙʨʳʟʛʦʫʥʦʩʘ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ. ʋʣʫʯʰʝʥʠʝ ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪ ʫʣʫʯʰʝʥʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʳʣʝʫʣʦʚʠʪʝʣʷ.  
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ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʴʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʳʣʠ: ʩʫʭʦʛʦ ʤʦʣʦʢʘ, 

ʣʘʢʪʦʟʳ, ʩʘʭʘʨʘ. B ʮʝʣʷʭ ʵʢʦʥʦʤʠʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʳʣʝʚʠʜʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʣʠ ʫʛʦʣʴʥʫʶ ʧʳʣʴ ʤʘʨʢʠ ʂ ï ʢʦʢʩʫʶʱʠʡʩʷ, ʚʟʷʪʫʶ ʩ 

ʫʛʦʣʥɹʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʆɸʆ ʎʆʌ  çɹʝʨʝʟʦʚʩʢʘʷè  ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, ʂʝʤʝʨʦʚʩʢʘʷ 

ʦʙʣʘʩʪʴ. ʀʩʭʦʜʥʳʝ ʧʳʣʠ ʠʟʤʝʣʴʯʘʣʠʩʴ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ ʄɺ ï 60 ʩ 

ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʭʦʜʘ ʠʟʤʝʨʷʣʠ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʥʘ ʮʠʬʨʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʤʘʨʢʠ Levenhuk D870T ʩʥʘʙʞʝʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʳʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʝʡ ʟʘʜʘʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤ ʇɼʂ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 2,5-10 ʤʛ/ʤ
3
. 

ʊʘʙʣʠʮʘ 1 

ɼʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ ʧʳʣʝʡ 
 

 

ɺʠʜ ʧʳʣʠ 

ʉʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʧʳʣʠ  

(ʚ % ʦʪ ʠʭ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ) 

ʄʝʜʠʘʥ-

ʥʳʡ 

ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ, 

d50,  ʤʢʤ 

<1 ʤʢʤ 2 ʤʢʤ 3 ʤʢʤ 4 ʤʢʤ 5 ʤʢʤ 6 ʤʢʤ  7 ʤʢʤ 

ʫʛʦʣʴʥʘʷ 65 13 14 3,5 2 ~1 ~1,5 1,4 

ʩʘʭʘʨʥʘʷ 70 15 11 3 1 - - 1,9 

ʣʘʢʪʦʟʘ 96,3 3,5 0,2 - - - - 1,3 

ʩʫʭʦʝ ʤʦʣʦʢʦ 81 7 6 2,7 2 1 1,3 1,9 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʝʣʘʭ: ʜʠʘʤʝʪʨ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʦʪʚʝʨʩʪʠʡ  d0 = 1,4é.2,5 ʤʤ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʦʢʨʫʞʥʳʤ  (tʦʢʨ) ʠ ʦʩʝʚʳʤ  (tʦʩ) ʰʘʛʦʤ  tʦʩ = tʦʢʨ = 2,5d0, ʦʪʚʝʨʩʪʠʷ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ 6 ʨʷʜʦʚ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ; ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ ï Uʘʧ = 1é4 ʤ/ʩ; 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʘʩʧʳʣʠʪʝʣʷ ʟʘʜʘʚʘʣʘʩʴ ʠʟ ʫʩʣʦʚʠʡ ʝʛʦ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ï 

n = 800é1000  ʦʙ/ʤʠʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʧʨʝʜʝʣʘʭ Uʞ = 3,14é4 ʤ/ʩ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʠʩʪʝʤʝ ʚʦʟʜʫʭ ï ʚʦʜʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18Ñ20
0
ʉ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʳʣʝʦʯʠʩʪʢʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʩʝʭ ʤʦʜʝʣʴʥʳʭ ʧʳʣʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 

ʥʝ ʤʝʥʝʝ 99%. ʆʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

 

R
2 
= 0,94,                                                                                                    (1) 

 

ʛʜʝ  R
2 
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ.  

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ [ʪʘʙʣʠʮʘ 2] 

(ʧʣʦʪʥʦʩʪʴ, ɟʞ,  ʢʛ/ʤ
3
; ʚʷʟʢʦʩʪʴ, Õʞ*10

3
, ʇʘ*ʩ; ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ůʞ*10

3
, 

ʅ/ʤ) ʟʘʤʝʨʝʥʳ ʧʨʠ ʨʘʙʦʪʝ ʈʈʇ ʠ ʩʦʩʪʘʚʠʣʠ:          
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʙʨʳʟʛʦʫʥʦʩʘ  ʧʨʝʜʩʪʘʚʣʝʥʳ  ʥʘ  ʛʨʘʬʠʢʘʭ, ʨʠʩ. 

2-3.    

ʆʙʦʙʱʝʥʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʙʨʳʟʛʦʫʥʦʩʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʝʪ ʚʠʜ  

 

 , R
2 
=   0,942, ʩ/ʦ;        (2) 

 

ʊʘʙʣʠʮʘ 2 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 

 
ɺʠʜ 

ʧʳʣʠ 

ɟʞ ɛʞ* l0
3
 ůʞ* l0

3
 

ʢʛ/ʤ
3
 ʇʘ*ʩ ʅ/ʤ 

ʋʛʦʣʴ 1008 1,34 68,53 

ʉʫʭʦʝ ʤʦʣʦʢʦ 886 57,1 44,75 

ʃʘʢʪʦʟʘ 887 50,4 40,61 

ʉʘʭʘʨ 1039 16,2 28,1 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʙʨʳʟʛʦʫʥʦʩʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ  

ʧʨʠ d0= 2,0 ʤʤ, ʚʦʜʘ 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩ. 2, 3 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʢʘʧʝʣʴ ʬʘʢʝʣʘ ʨʘʩʧʳʣʝʥʥʦʡ 

ʞʠʜʢʦʩʪʠ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʢʘʧʝʣʴ ʩ ʧʣʝʥʢʦʡ 

ʞʠʜʢʦʩʪʠ ʥʘ ʧʨʠʩʪʝʥʥʦʤ ʢʘʧʣʝʦʪʙʦʡʥʠʢʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʢʘʧʝʣʴ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʵʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʠ ʢʘʧʣʠ ʙʦʣʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʙʨʳʟʛʦʫʥʦʩʫ. ʋʚʝʣʠʯʝʥʠʝ 
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ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʘʧʧʘʨʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪ ʙʨʳʟʛʦʫʥʦʩ; d0 ʦʢʘʟʳʚʘʝʪ 

ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʙʨʳʟʛʦʫʥʦʩ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʷ.  

ɺʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʙʨʳʟʛʦʫʥʦʩ (ʢʛ 

ʞʠʜʢʦʩʪʠ ʥʘ 1 ʢʛ ʛʘʟʘ) ʥʝ ʧʨʝʚʳʰʘʝʪ 0,05, ʯʪʦ ʜʦʧʫʩʪʠʤʦ [6]. 

 
ʈʠʩ. 3. 3ʘʚʠʩʠʤʦʩʪʴ ʙʨʳʟʛʦʫʥʦʩʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ 

 

 
 

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʭʦʛʦ ʘʧʧʘʨʘʪʘ  

ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ: ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: 1 ï n = 800 ʦʙ/ʤʠʥ;  

2 ï n = 900 ʦʙ/ʤʠʥ; 3 ï n = 1000 ʦʙ/ʤʠʥ; 4 ï n =0 ʦʙ/ʤʠʥ. ʈʝʟʫʣʴʪʘʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ: 5 ï Uʞ=3,14 ʤ/ʩ;  6 ï Uʞ=3,53 ʤ/ʩ;  

7 ï Uʞ=3,9ʤ/ʩ;  8 ï n = 0 ʦʙ/ʤʠʥ 
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ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʝ 

Microsoft Office Excel 2007. ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4, ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʨʘʱʘʶʱʠʡʩʷ ʨʘʩʧʳʣʠʪʝʣʴ ʚ ʥʝʦʨʦʰʘʝʤʦʤ (ʩʫʭʦʤ) ʘʧʧʘʨʘʪʝ ʩʦʟʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʭʦʜʫ ʚʦʟʜʫʭʘ. ʇʨʠʯʝʤ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʚʨʘʱʘʶʱʠʤʩʷ 

ʨʘʩʧʳʣʠʪʝʣʝʤ ʠ ʢʨʳʣʴʯʘʪʢʦʡ. ʇʨʠ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʈʈʇ 3,5 ʤ/ʩ ʧʦʪʝʨʠ 

ʥʘʧʦʨʘ ʚʦʟʨʘʩʪʘʶʪ ʥʘ 10-15% ʟʘ ʩʯʝʪ ʚʨʘʱʝʥʠʷ ʨʘʩʧʳʣʠʪʝʣʷ ʩ ʯʘʩʪʦʪʦʡ n = 900  

ï 1000 ʦʙ/ʤʠʥ.  

ɺ ʮʝʣʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʦʨʦʰʘʝʤʦʛʦ ʈʈʇ ʧʨʠ n = 900 ʠ 

1000 ʦʙ/ʤʠʥ ʦʩʪʘʝʪʩʷ ʥʝʚʳʩʦʢʠʤ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʥʘ ʨʠʩ. 4 ʠ 5, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ  ʚ ʈʈʇ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʠ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ  , ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʘʩʧʳʣʠʪʝʣʷ  ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʵʪʦ ʪʘʢʞʝ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ, ʩʦʟʜʘʚʘʝʤʳʤ ʚʨʘʱʘʶʱʠʤʩʷ 

ʨʘʩʧʳʣʠʪʝʣʝʤ ʠ ʬʘʢʝʣʦʤ ʞʠʜʢʦʩʪʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4, ʧʦʟʚʦʣʠʣʘ 

ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ.  

 
, ʇʘ,          (3) 

 
 

ʀʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ (3) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʣʠʷʥʠʝʤ d0 ʥʘ  ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ.  ʋʯʠʪʳʚʘʷ, ʯʪʦ , ʫʨʘʚʥʝʥʠʝ (3) ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ 

ʜʣʷ ʨʘʩʯʝʪʥʦʡ ʧʨʘʢʪʠʢʠ 
ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʥʘ ʨʠʩ. 5, ʚ ʜʠʘʧʘʟʦʥʝ  ʤ/ʩ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʈʈʇ ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

460é790 ʇʘ. 

ɹʣʠʟʢʠʤ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʷʚʣʷʝʪʩʷ ʨʦʪʦʨʥʳʡ 

ʨʘʩʧʳʣʠʪʝʣʥɹʳʡ ʛʘʟʦʧʨʦʤʳʚʘʪʝʣʴ (ʈʈɻ), ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʝʡ ʛʘʟʘ  ʤ/ʩ ʩʦʩʪʘʚʣʷʝʪ  ʇʘ. ʈʈʇ ʧʨʠ 

 ʤ/ʩ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʩ ʈʈʇ  

ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʨʘʙʦʪʫ ʘʧʧʘʨʘʪʘ ʩʢʣʘʜʳʚʘʪʁʩʷ ʠʟ ʟʘʪʨʘʪ ʥʘ 

ʵʣʝʢʪʨʦɻ ʥʝʨʛʠʶ, ʥʘ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ çʤʦʢʨʦʡè ʦʯʠʩʪʢʠ, ʩʪʦʠʤʦʩʪʠ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ, ʟʘʪʨʘʪ ʥʘ ʘʤʦʨʪʠʟʘʮʠʶ, ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʠ ʠʟ ʟʘʪʨʘʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ 

ʰʣʘʤʘ. ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚʝʩʦʤʳʝ 

ʟʘʪʨʘʪʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʨʘʙʦʪʝ ʧʳʣʝʫʣʦʚʠʪʝʣʷ [2]. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʘʧʧʘʨʘʪʦʚ 

çʤʦʢʨʦʡè ʦʯʠʩʪʢʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʠʭ ʨʘʙʦʪʫ ʧʨʠ 

ʧʦʚrhʝʥʠʠ ʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  
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ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ 

ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ  (d0 = 2*10
-3
  ʤ, ʚʦʜʘ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ: 1 ï n = 

1000 ʦʙ/ʤʠʥ, 2 ï n = 900 ʦʙ/ʤʠʥ, 3 ï n =800 ʦʙ/ʤʠʥ. ʈʝʟʫʣʴʪʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ: 4 ï Uʞ=3,9 ʤ/ʩ; 5 ï Uʞ=3,53 ʤ/ʩ; 6 ï Uʞ=3,14 ʤ/ʩ 
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ɿʘʜʘʯʠ ʨʘʩʰʠʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʦʚ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ 

ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʴʶ, ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʘʢ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʩʪʘʥʢʠ, ʩʪʘʥʢʠ ʤʦʜʫʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʚʩʸ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʳ 

ʩʠʥʪʝʟʘ ʠ ʦʮʝʥʢʠ ʢʦʤʧʦʥʦʚʦʢ ʵʪʠʭ ʩʪʘʥʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ. ʆʩʦʙʳʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʦʥʦʚʦʢ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ, ʪʘʢ ʢʘʢ ʤʘʣʘʷ ʤʘʩʩʘ ʤʦʜʫʣʝʡ 

(ʙʣʦʢʦʚ), ʠʟ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʫʝʪʩʷ ʩʪʘʥʦʢ, ʠ ʜʝʪʘʣʝʡ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʥʠʭ, 

ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʜʦʧʫʩʪʠʤʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʘʥʢʦʚ ʥʦʨʤʘʣʥɹʳʭ ʠ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ. 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʝ ʩʪʘʥʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʱʫʶ ʤʝʪʦʜʠʢʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʦʚʦʢ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʧʦʣʦʞʝʥʘ ʚ ʦʩʥʦʚʫ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʦʚʦʢ ʪʘʢʠʭ ʩʪʘʥʢʦʚ [1]. 

1. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʪʘʥʢʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʩʪʘʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʜʝʩʴ, ʠʩʭʦʜʷ ʠʟ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʩʪʘʥʢʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʦʙʱʝʝ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠ ʩʦʩʪʘʚ ʤʦʜʫʣʝʡ (ʙʣʦʢʦʚ). ʌʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʥʦʢ, 

ʦʧʨʝʜʝʣʷʁ ʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ɽʩʣʠ ʦʛʨʘʥʠʯʠʪʴʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʢʦʤʧʦʥʦʚʦʢ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʩʪʘʥʢʦʚ ʪʦʢʘʨʥʦʡ, ʬʨʝʟʝʨʥʦʡ ʠ 

ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʦʡ ʛʨʫʧʧ, ʪʦ ʜʝʪʘʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʣʳ ʠ ʧʣʠʪʳ 
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ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʠʩʧʦʣʥʝʥʠʡ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʠʧʦʚʦʡ ʥʘʙʦʨ 

ʤʦʜʫʣʝʡ (ʙʣʦʢʦʚ), ʠʟ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʫʝʪʩʷ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ ʩʪʘʥʦʢ, ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʩʪʘʥʠʥʳ, ʩʪʦʣʳ, ʬʨʝʟʝʨʥʳʝ ʠ ʩʚʝʨʣʠʣʴʥʳʝ ʛʦʣʦʚʢʠ, ʨʝʟʮʝʜʝʨʞʘʪʝʣʠ, 

ʘ ʪʘʢʞʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʩʪʦʡʢʠ ʨʘʟʣʠʯʥʳʭ ʠʩʧʦʣʥʝʥʠʡ. 

2. ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʦʚʢʠ. ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʪʠʧʘ ʜʝʪʘʣʠ, ʝʸ 

ʠʩʧʦʣʥʝʥʠʷ ʠ ʨʘʟʤʝʨʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʤʧʦʥʦʚʢʠ. 

ʕʪʘ ʤʦʜʝʣʴ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʜʝʪʘʣʠ, ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʚʠʞʝʥʠʷʭ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ 

ʤʠʥʠʤʘʣʴʥʳʡ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʵʪʦʛʦ ʥʘʙʦʨ ʤʦʜʫʣʝʡ (ʙʣʦʢʦʚ). 

3. ɻʝʥʝʨʘʮʠʷ ʤʘʩʩʠʚʘ ʢʦʤʧʦʥʦʚʦʢ. ʅʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʡ ʚʳʰʝ ʩʦʩʪʘʚ ʤʦʜʫʣʝʡ, ʛʝʥʝʨʠʨʫʶʪ ʤʘʩʩʠʚ ʚʦʟʤʦʞʥʳʭ 

ʢʦʤʧʦʥʦʚʦʢ ʩʪʘʥʢʘ, ʦʪʚʝʯʘʶʱʠʭ ʟʘʜʘʥʥʳʤ ʬʫʥʢʮʠʷʤ. ɻʝʥʝʨʘʮʠʷ ʤʘʩʩʠʚʘ 

ʢʦʤʧʦʥʦʚʦʢ ʚʝʜʸʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʙʠʥʘʪʦʨʠʢʠ, ʘ 

ʠʤʝʥʥʦ ï ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʧʝʨʝʙʦʨʘ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʦʤ ʧʦʨʷʜʢʝ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʤʦʜʫʣʝʡ 

ʩʦʜʝʨʞʠʪ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ, ʪʝʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʦʚʦʢ ʙʫʜʝʪ 

ʩʛʝʥʝʨʠʨʦʚʘʥʦ. ʊʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʦʥʦʚʦʢ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʬʘʢʪʦʨʠʘʣ ʦʪ 

ʯʠʩʣʘ ʤʦʜʫʣʝʡ. 

4. ʇʦʠʩʢ ʠ ʦʪʙʦʨ ʢʦʤʧʦʥʦʚʦʢ ʧʦ ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʅʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ 

ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʦʪʙʦʨʘ ʢʦʤʧʦʥʦʚʦʢ ʚʝʜʸʪʩʷ ʧʦʠʩʢ ʪʘʢʠʭ ʢʦʤʧʦʥʦʚʦʢ, 

ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʚʩʝʤ ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʰʝʜʰʠʭ ʦʪʙʦʨ ʢʦʤʧʦʥʦʚʦʢ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʸʩʪʢʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʦʪʙʦʨʘ ï ʦʪ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʢʦʤʧʦʥʦʚʦʢ 

ʜʦ ʥʫʣʷ. 

ʂʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʢʦʤʧʦʥʦʚʦʢ ʧʦʜʦʙʨʘʥʳ ʥʘ ʦʩʥʦʚʝ ʪʘʙʣʠʮʳ ʩʪʨʫʢʪʫʨʥʳʭ 

ʫʩʣʦʚʠʡ ʦʪʙʦʨʘ, ʧʨʠʚʝʜʸʥʥʦʡ ʚ ʨʘʙʦʪʝ ʖ.ɼ. ɺʨʘʛʦʚʘ [2]. ɼʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ 

ʢʨʠʪʝʨʠʠ ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ, ʪʦ ʝʩʪʴ ʢ ʩʪʘʥʢʘʤ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʤʘʩʩʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʭ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʇʝʨʝʯʝʥʴ ʢʨʠʪʝʨʠʝʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʢʦʤʧʦʥʦʚʢʠ ʩʪʘʥʢʦʚ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʫʢʘʟʘʪʴ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʜʘʥʥʳʭ ʤʦʜʫʣʝʡ 

(ʙʣʦʢʦʚ), ʨʘʩʧʦʣʘʛʘʷ ʠʭ ʧʦ ʚʝʣʠʯʠʥʝ ʭʦʜʘ ʠʣʠ ʫʢʘʟʳʚʘʷ ʞʸʩʪʢʦʝ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʤʦʜʫʣʷ (ʙʣʦʢʘ) ʚ ʢʦʤʧʦʥʦʚʢʝ. 

ʇʨʦʮʝʩʩ ʦʪʙʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʜʚʫʤʝʨʥʦʤ ʚʘʨʠʘʥʪʝ ʘʣʛʦʨʠʪʤʘ ɹʦʡʝʨʘ-ʄʫʨʘ, 

ʢʦʪʦʨʳʡ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʤ ʠ ʜʦʩʪʦʚʝʨʥʳʤ ʩʨʝʜʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʠʩʢʘ ʧʦʜʩʪʨʦʢʠ ʚ ʩʪʨʦʢʝ. ʆʪʙʦʨ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʙʨʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʰʠʨʦʪ rʠʭ ʦʭʚʘʪʘ. ɺʦ ʚʨʝʤʷ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʦʪʙʦʨʘ 

ʘʣʛʦʨʠʪʤ ʦʪʩʝʠʚʘʝʪ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʟʘʜʘʥʥʳʤ ʫʩʣʦʚʠʷʤ ʢʦʤʧʦʥʦʚʢʠ ʠ 

ʧʦʤʝʱʘʝʪ ʦʩʪʘʣʴʥʳʝ ʚ ʙʫʬʝʨʥʳʡ ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ ʜʣʷ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ. 

5. ʈʘʩʯʸʪ ʩʪʘʥʢʘ ʚʳʙʨʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʦʮʝʩʩ ʨʘʩʯʸʪʘ ʩʪʘʥʢʘ ʚʳʙʨʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ 

ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ. ɸʣʛʦʨʠʪʤ ʦʙʦʩʥʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʢʘ: 
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ʛʘʙʘʨʠʪʥʳʝ ʧʨʝʜʝʣʥɹʳʝ ʨʘʟʤʝʨʳ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ; ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ; ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʠ ʧʦʜʘʯ; 

ʩʠʣʳ ʨʝʟʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʠʚʦʜʘ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʤʘʣʦʛʘʙʘ-

ʨʠʪʥʳʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ ʙʳʣʘ ʧʨʠʥʷʪʘ ʢʦʥʮʝʧʮʠʷ ʧʝʨʚʠʯʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʧʦʪʦʤʫ ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʣʦʛʠʯʥʳʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʘ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ, ʠʤʝʷ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʠʥʞʝʥʝʨ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʨʷʜ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʠ ʧʨʠ 

ʵʪʦʤ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʣʝʜʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʢʘʢ ʧʨʠ ʩʠʥʪʝʟʝ, ʪʘʢ ʠ ʧʨʠ ʦʮʝʥʢʝ 

ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ ʩʪʘʥʢʦʚ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʦʤʧʦʥʦʚʢʝ. 

ɸʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʤʧʦʥʦʚʦʢ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʸʭ ʦʩʥʦʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ:  

- ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʢʦʤʧʦʥʦʚʦʢ ʥʘ ʦʩʥʦʚʝ ʠʩʭʦʜʥʦʡ ʜʝʪʘʣʠ; 

- ʘʣʛʦʨʠʪʤ ʦʪʙʦʨʘ ʢʦʤʧʦʥʦʚʦʢ ʧʦ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ; 

- ʘʣʛʦʨʠʪʤ ʛʝʥʝʨʘʮʠʠ ʵʩʢʠʟʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʤʧʦʥʦʚʢʠ; 

- ʘʣʛʦʨʠʪʤ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʥʢʘ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʤʧʦʥʦʚʢʠ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʥʘ ʷʟʳʢʝ Delphi ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ Code Gear RAD Studio 2009. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʪʨʦʛʘʷ ʠʝʨʘʨʭʠʷ ʚ ʧʝʨʝʜʘʯʝ ʠ 

ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʯʝʪʳʨʸʭ ʨʘʩʯʸʪʥʳʭ ʤʦʜʫʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʡ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ 

ʘʣʛʦʨʠʪʤ ʠ ʧʦʣʫʯʘʝʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʸʪʘ ʦʪ ʧʨʝʜʳʜʫʱʠʭ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʫʞʝ ʠʟʚʝʩʪʝʥ, ʢ ʧʨʠʤʝʨʫ, ʢʦʜ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʤʧʦʥʦʚʢʠ, ʪʦ ʵʪʦʪ ʚʘʨʠʘʥʪ ʤʦʞʥʦ 

ʚʚʝʩʪʠ ʦʪʜʝʣʴʥʦ, ʥʝ ʧʦʣʫʯʘʷ ʝʛʦ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʝʨʥʫʪʴʩʷ ʢ ʥʘʯʘʣʫ ʠ ʚʳʙʨʘʪʴ ʜʨʫʛʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʥʦʚʢʠ ʩʪʘʥʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʪʘʥʢʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʠ ʦʮʝʥʢʠ 

ʢʦʤʧʦʥʦʚʦʢ. ɼʣʷ ʛʠʙʢʦʩʪʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʦʤʧʦʥʦʚʢʝ ʠ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʝʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʨʦʨʘʙʦʪʢʠ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʩʠʥʪʝʟʝ, ʥʦ ʠ 

ʧʨʠ ʦʮʝʥʢʝ ʩʪʨʫʢʪʫʨ ʩʪʘʥʢʦʚ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ. 
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ʊ.ʉ. ʊʫʟʦʚʘ, ɺ.ɺ. ʂʦʚʘʣʝʚ  

ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʧʝʨʚʦʛʦ  

ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘ 
 

ʈʘʟʨʘʙʦʪʘʥ ʧʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʘʜʠʦʧʨʠʝʤʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʥʠʟʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʪʙʨʘʢʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʫʣʴʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʇɼʋ), 

ʨʘʜʠʦʧʨʠʝʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʈʇʋ), ʦʪʙʨʘʢʦʚʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 

 

THE DEVELOPMENT OF THE REMOTE CONTROL  

OF RADIO RECEIVERS  

T.S. Tuzova, V.V. Kovalev 

Ural Federal University  
 

Abstract:  The remote control panel of the professional radio receivers has been developed. It 

allows reducing the complexity of screening tests and increasing the accuracy and reliability of the 

test results. 

Key words: remote control (panel), radio receiver, screening test, 

microcontroller. 

 

ɺ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʫʣʴʪʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʫʣʴʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʯʝʪʳʨʴʤʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʘʜʠʦʧʨʠʝʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [1]. ʇɼʋ 

ʩʥʠʞʘʝʪ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʦʪʙʨʘʢʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʦʧʨʠʝʤʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ, ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʦ ʠʟʜʝʣʠʡ ʈʇʋ, ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥ ʧʦʠʩʢ ʘʥʘʣʦʛʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʫʩʪʨʦʡʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʜʠʦʧʨʠʝʤʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ: ʈ-160, çɹʨʠʛʘʥʪʠʥʘ-ʄè, ʇʊ-100ʇʈʄ, 

çʎʠʢʣʦʠʜʘè, çʉʘʧʬʠʨ-04è, ʈ-774ʂ1, çʉʦʩʥʘè, ʈ-397ʇ.  

ʆʮʝʥʢʘ ʘʥʘʣʦʛʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʦ ʰʝʩʪʠ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ:  

Å ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦʧʨʷʞʝʥʠʷ,  
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Å ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʫʩʪʨʦʡʩʪʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ,  

Å ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʈʇʋ ʦʪ ʦʜʥʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ,  

Å ʥʘʠʙʦʣʴʰʝʝ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʫʩʪʨʦʡʩʪʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦ ʈʇʋ,  

Å ʫʨʦʚʝʥʴ ʮʝʥʳ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʙʳʣ ʚʳʙʨʘʥ ʣʫʯʰʠʡ ʠʟ ʘʥʘʣʦʛʦʚ ï ʫʩʪʨʦʡʩʪʚʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʈʇʋ çɹʨʠʛʘʥʪʠʥʘ-ʄè. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʠ ʧʨʦʪʦʪʠʧʘ ʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʝʰʝʥʠʷ 

(ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ, ʩʪʨʫʢʪʫʨʥʳʝ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ), ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʢʦʪʦʨʳʭ ʠ ʢʨʠʪʠʢʠ ʧʨʦʪʦʪʠʧʘ ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʇɼʋ ʢʘʢ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʥʞʝʥʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʪʨʫʢʪʫʨʥʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʳ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, 

ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʢʦʤʤʫʪʘʪʦʨ 

ʧʦʨʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʈʇʋ, ʯʝʪʳʨʝ 

ʪʨʘʢʪʘ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʘ ʜʘʥʥʳʭ ʥʘ ʯʝʪʳʨʝ ʈʇʋ, ʤʦʥʠʪʦʨ, ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ 

ʇɼʋ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2, ʩʦʩʪʦʠʪ ʠʟ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʤʤʫʪʘʪʦʨʘ ʧʦʨʪʦʚ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ 8 ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʢʣʶʯʘʭ, ʯʝʪʳʨʝʭ ʢʘʩʢʘʜʦʚ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʦʧʪʦʧʘʨʘʭ, ʯʝʪʳʨʝʭ ʫʩʠʣʠʪʝʣʴʥʳʭ 

ʢʘʩʢʘʜʦʚ, ʚʦʩʴʤʠ ʩʦʛʣʘʩʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʅɽ ʧʦ ʯʠʩʣʫ  ʪʨʘʢʪʦʚ ʧʨʠʝʤʘ ʠ 

ʧʝʨʝʜʘʯʠ, ɾʂ ʩʠʤʚʦʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʨʦʣʴ ʤʦʥʠʪʦʨʘ, 

ʢʣʘʚʠʘʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʇɼʋ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʢʥʦʧʦʢ.  

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʇɼʋ 
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ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʇɼʋ 

 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

Atmega 128-16AI [2]. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ (ʨʠʩʫʥʦʢ 3) ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʫʩʪʨʦʡʩʪʚʘ, ʦʪʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ AVRStudio 4 ʦʪ 

ʢʦʤʧʘʥʠʠ Atmel. 
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ʈʠʩ. 3. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

 

ʇʦʩʣʝ ʧʦʜʘʯʠ ʥʘ ʇɼʋ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʚʝʨʩʠʠ ʧʨʦʰʠʪʦʡ ʚ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʨʦʛʨʘʤʤʳ (ʨʠʩʫʥʦʢ  4)  ʠ ʧʨʠʛʣʘʰʝʥʠʝʤ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʝ ī çɼʘʣʝʝ ʥʘʞʤʠʪʝ ʢʥʦʧʢʫ ɺɺʆɼè.  
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ʈʠʩ. 4. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʦʙʱʝʥʠʝ 

 

ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ɺɺʆɼ ʥʘ ʜʠʩʧʣʝʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ 

(ʨʠʩʫʥʦʢ 5) ʦ ʪʦʤ, ʢʘʢʠʝ ʈʇʋ ʧʦʜʢʣʶʯʝʥʳ ʢ ʇɼʋ ʠ ʛʦʪʦʚʳ ʢ ʨʘʙʦʪʝ, ʘ ʢʘʢʠʝ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

     

 
ʈʠʩ. 5. ʇʨʠʤʝʨ ʩʦʦʙʱʝʥʠʷ ʦʙ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʈʇʋ 

 

ʇʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ɺɺʆɼ ʥʘ ʜʠʩʧʣʝʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʧʠʩʦʢ 

ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʚʝʨʦʢ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʯʝʪʳʨʝ ʧʫʥʢʪʘ. ɽʛʦ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ 

ɾʂʀ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. ʉʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʚʩʝ ʢʦʥʪʨʦʣʴʥʳʝ ʧʨʦʚʝʨʢʠ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʠʥʩʪʨʫʢʮʠʝʡ ʧʦ ʦʪʙʨʘʢʦʚʦʯʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʈʇʋ. 

 
ʈʠʩ. 6. ʉʧʠʩʦʢ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʚʝʨʦʢ 

 

ʋʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʣʘʚʠʘʪʫʨʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʯʝʪʳʨʝʭ ʢʥʦʧʦʢ. 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʤʘʥʜ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ɾʂʀ (ʨʠʩʫʥʦʢ 7).  

ʇʨʠ ʚʳʙʦʨʝ ʧʫʥʢʪʘ 2 ʠʣʠ 3 ʩʧʠʩʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʚʝʨʦʢ ʥʘ ʈʇʋ ʧʦʜʘʝʪʩʷ 

ʢʦʤʘʥʜʘ ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʷ ʊɽʉʊ1 ʠʣʠ ʊɽʉʊ2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪʳ 

ʢʦʥʪʨʦʣʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ɾʂʀ ʚ ʚʠʜʝ, ʧʦʜʦʙʥʦʤ ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 

7. ʇʨʠ ʵʪʦʤ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʵʢʨʘʥʘ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʦʤʝʨ 

ʧʫʥʢʪʘ ʩʧʠʩʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʚʝʨʦʢ. 
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ʈʠʩ. 7. ʇʨʠʤʝʨ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʚʝʨʢʠ ʧʦ ʧʫʥʢʪʫ 1 

 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʈʇʋ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʪʝʯʝʥʠʝ 64 ʯʘʩʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʝʞʠʤ ʧʦ ʧʫʥʢʪʫ 4 ʩʧʠʩʢʘ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʨʦʚʝʨʦʢ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʪʨʦʣʴ ʧʦ ʢʦʤʘʥʜʝ ʊɽʉʊ2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʢʘʞʜʳʡ ʯʘʩ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʘ ʢʦʥʪʨʦʣʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʨʘʙʦʪʘʥʥʳʭ 

ʈʇʋ ʯʘʩʦʚ ʥʘʨʘʙʦʪʢʠ (ʨʠʩʫʥʦʢ 8).  

 
ʈʠʩ. 8. ʇʨʠʤʝʨ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʨʦʚʝʨʢʠ  

ʧʦ ʧʫʥʢʪʫ 4 ʩʧʠʩʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʚʝʨʦʢ 

 

ɼʣʷ ʦʪʣʘʜʢʠ ʇʆ ʠ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ ʇɼʋ. ʀʩʧʳʪʘʥʠʷ ʤʘʢʝʪʘ ʜʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. 
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Abstract:  The object of research are mobile sales as a sector of electronic commerce, and the 

subject of research are advantages and shortcomings of mobile commerce, the prospects of its 

development and most popular systems of mobile sales. 

Key words: Mobile commerce, sales, electronic commerce. 

 

ʃʶʙʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʨʦʟʥʠʯʥʦʡ ʠʣʠ ʦʧʪʦʚʦʡ ʪʦʨʛʦʚʣʠ ʩʪʨʝʤʠʪʩʷ ʢ 

ʘʜʝʢʚʘʪʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʚʦʠʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ. ɼʚʘ ʦʩʥʦʚʥʳʭ 

ʤʦʪʠʚʠʨʫʶʱʠʭ ʬʘʢʪʦʨʘ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ, ʚ ʦʙʱʝʤ, ʜʘʚʥʦ ʠʟʚʝʩʪʥʳ ï ʵʪʦ 

ʛʣʦʙʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ʠ ʨʦʩʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ɹʝʟʫʩʣʦʚʥʦ, ʢ 

ʩʘʤʦʤʫ ʧʨʦʮʝʩʩʫ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ʄʦʞʥʦ ʜʝʡʩʪʚʦʚʘʪʴ 

ʩ ʨʘʟʤʘʭʦʤ: ʚʝʟʜʝ, ʛʜʝ ʥʫʞʥʦ, ʧʦʩʪʘʚʠʪʴ ʢʦʤʧʴʶʪʝʨʳ, ʦʙʲʝʜʠʥʠʪʴ ʠʭ ʚ 

ʧʨʦʚʦʜʥʫʶ ʩʝʪʴ, ʟʘʢʫʧʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʤʠʥʘʣʦʚ 

ʜʣʷ ʩʢʣʘʜʘ, ʫʩʪʘʥʦʚʠʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ. ʕʪʦ ʜʦʨʦʛʦʚʘʪʦ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʵʬʬʝʢʪʠʚʥʦ ï ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʪʦʯʥʦ ʟʥʘʶʪ, ʨʘʙʦʪʫ ʢʘʢʦʛʦ 

ʫʯʘʩʪʢʘ ʥʫʞʥʦ ʫʣʫʯʰʠʪʴ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ï ʧʦʣʥʘʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ: 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴʩʷ ʧʦ ʤʠʥʠʤʫʤʫ, ʧʦʩʪʘʚʠʚ ʣʠʰʴ ʥʫʞʥʫʶ ʪʝʭʥʠʢʫ ʚ 

ʙʫʭʛʘʣʪʝʨʠʠ ʠ ʚ ʩʣʫʞʙʝ ʩʙʦʨʘ ʟʘʢʘʟʦʚ, ʩʜʝʣʘʪʴ ʀʥʪʝʨʥʝʪ-ʩʘʡʪ ʩ ʬʦʨʤʦʡ ʟʘʢʘʟʘ, 

ʘ ʜʦʩʪʘʚʢʦʡ ʨʫʢʦʚʦʜʠʪʴ ʧʦ ʪʝʣʝʬʦʥʫ. ʅʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʠʱʫʪ ʩʚʦʶ ʟʦʣʦʪʫʶ 

ʩʝʨʝʜʠʥʫ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʩʠʩʪʝʤʘ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʧʨʝʜʥʘʩʪʨʦʝʥʥʳʤ ʇʆ, ʦʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʥʝʣʴʟʷ ʢʩʪʘʪʠ: ʦʥʘ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʛʠʙʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʝʭʥʠʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʦʬʠʩʝ ʢʦʤʧʘʥʠʠ, ʘ ʚʩʝ ʤʦʙʠʣʴʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʦʩʥʘʱʘʶʪʩʷ 

ʧʦʨʪʘʪʠʚʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ), ʝʝ ʥʝʩʣʦʞʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ (ʧʝʨʚʠʯʥʦʝ 

ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʯʘʱʝ ʚʩʝʛʦ ʤʠʥʠʤʘʣʴʥʦ ï ʠʥʪʝʨʬʝʡʩ ʫ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪ), ʘ ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʠ ʦʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ (500-

1000 ʜʦʣʣ. ʟʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ) ʠʥʩʪʘʣʣʷʮʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʝ ʪʨʝʙʫʝʪ ʢʨʫʧʥʳʭ 

ʜʝʥʝʞʥʳʭ ʚʣʦʞʝʥʠʡ. ɺʜʦʙʘʚʦʢ ʢʘʨʤʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʧʦʟʚʦʣʷʶʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʫʯʝʪ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʨʘʥʴʰʝ ʵʪʦ ʙʳʣʦ ʧʨʦʩʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ï ʢ ʧʨʠʤʝʨʫ, ʚ ʢʫʨʴʝʨʩʢʠʭ ʩʣʫʞʙʘʭ, ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʤʝʣʢʠʭ 

ʪʦʨʛʦʚʳʭ ʪʦʯʝʢ, ʥʝ ʠʤʝʶʱʠʭ ʚʳʭʦʜʘ ʚ ʀʥʪʝʨʥʝʪ. 

ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʪʦʚ, ʵʪʦʪ ʨʳʥʦʢ ʚ ʈʦʩʩʠʠ ʧʦʢʘ ʪʦʣʴʢʦ ʬʦʨʤʠʨʫʝʪʩʷ ï ʝʛʦ 

ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 200 ʤʣʥ. ʜʦʣʣ. ʚ ʛʦʜ, ʘ ʚ ʩʪʨʘʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʢʦʣʦ 22 

ʪʳʩ. ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʧʦʜʦʙʥʳʝ ʧʨʦʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʥʪʝʨʝʩʥʳ. ʇʦ ʨʘʟʣʠʯʥʳʤ ʦʮʝʥʢʘʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʠʤʝʶʱʠʝ ʤʦʙʠʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʫ 10-12% ʠʟ ʥʠʭ. 

ʇʨʦʰʣʳʡ ʛʦʜ, ʢʘʢ ʩʯʠʪʘʶʪ ʤʥʦʛʠʝ ʦʧʨʦʰʝʥʥʳʝ ʥʘʤʠ ʠʛʨʦʢʠ ʨʳʥʢʘ, ʤʦʞʥʦ 

ʙʳʣʦ ʩʯʠʪʘʪʴ ʧʨʦʨʳʚʦʤ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʦʤ ʩʝʢʪʦʨʝ. ʅʘ ʥʘʯʘʣʦ ʛʦʜʘ ʥʳʥʝʰʥʝʛʦ ʧʦʨʷʜʢʘ 70% ʚʩʝʭ ʢʨʫʧʥʳʭ 

ʠ ʩʨʝʜʥʠʭ ʢʦʤʧʘʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ 

ʤʘʩʩʦʚʦʛʦ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʩʧʨʦʩʘ (ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʠʪʢʠ, ʢʦʩʤʝʪʠʢʘ ʠ 

ʧʘʨʬʶʤʝʨʠʷ, ʪʘʙʘʯʥʳʝ ʠʟʜʝʣʠʷ), ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ ʠʣʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʚʳʙʦʨʦʤ. ʉʨʝʜʠ ʪʝʭ, ʢʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʫʞʝ ʚʥʝʜʨʠʣ, ʤʦʞʥʦ 
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ʦʪʤʝʪʠʪʴ, ʢ ʧʨʠʤʝʨʫ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ ʠʥʦʩʪʨʘʥʥʳʭ ʬʠʨʤ Nestle, Pepsi, 

Procter & Gamble, Schwarzkopf & Henkel, ʘ ʪʘʢʞʝ ʨʦʩʩʠʡʩʢʠʡ ʟʘʚʦʜ ʩʦʢʦʚ 

"ʃʝʙʝʜʷʥʩʢʠʡ", ʢʦʤʧʘʥʠʶ "ʂʨʠʩʪʘʣʣ", ʢʨʫʧʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʪʘʙʘʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʬʠʨʤʫ "ʄʝʛʘʧʦʣʠʩ", ʧʨʝʜʧʨʠʷʪʠʝ "ʈʫʩʩʢʠʡ ʘʣʢʦʛʦʣʴ". 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʦʨʛʦʚʳʝ ʢʦʤʧʘʥʠʠ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʪʦʨʛʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʤʝʨʯʝʥʜʘʡʟʝʨʦʚ, ʩʫʧʝʨʚʘʡʟʝʨʦʚ, ʪ.ʝ. ʧʦʣʝʚʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʨʦʜʫ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʴʩʷ ʚʥʝ ʦʬʠʩʘ (ʚ ʪʦʨʛʦʚʳʭ ʪʦʯʢʘʭ, ʥʘ ʤʘʨʰʨʫʪʝ), ʥʦ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʩʚʷʟʠ ʩ ʦʬʠʩʦʤ ï ʩʢʠʜʳʚʘʪʴ ʟʘʢʘʟʳ, ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ 

ʟʘʜʘʥʠʷ ʠ ʪ.ʜ. ʄʦʪʠʚʘʮʠʷ ʢʘʢ ʜʣʷ ʩʘʤʠʭ ʨʘʙʦʪʥʠʢʦʚ "ʚ ʧʦʣʝ", ʪʘʢ ʠ ʜʣʷ 

ʩʫʧʝʨʚʘʡʟʝʨʦʚ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ ʚ ʮʝʣʦʤ ʦʯʝʚʠʜʥʘ ï ʵʪʦ ʦʧʪʠʤʠʟʘʮʠʷ 

ʨʘʙʦʪʳ ʚʩʝʛʦ ʦʪʜʝʣʘ ʩʙʳʪʘ. ɺʜʦʙʘʚʦʢ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ, ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 

ʜʠʩʪʨʠʙʴʶʪʦʨʩʢʦʡ ʩʝʪʴʶ ʥʘ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʦʣʫʯʘʶʪ ʦʪ ʚʥʝʜʨʝʥʠʷ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʝʱʝ ʠ ʤʦʱʥʝʡʰʠʡ ʠʥʩʪʨʫʤʝʥʪ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʬʠʩʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʋʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

"ʤʦʙʠʣʠʟʦʚʘʥʥʳʭ" ʢʦʤʧʘʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ. ʉʘʤʳʡ ʚʘʞʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʧʨʦʜʘʞ ʟʘ ʩʯʝʪ ʙʦʣʝʝ 

ʙʳʩʪʨʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ. ɺʦʦʨʫʞʝʥʥʳʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʥ ʥʘ ʤʝʩʪʝ ʩʦʚʝʨʰʘʝʪ ʩʜʝʣʢʠ, ʤʦʞʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʪʴ ʩʢʠʜʢʠ, ʥʘʮʝʥʢʠ ʠ ʪ.ʜ. ʂʘʥʘʣ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩ 

ʦʬʠʩʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʧʝʨʝʜʘʯʫ ʟʘʢʘʟʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, ʯʪʦ ʩʥʠʤʘʝʪ ʥʘʛʨʫʟʢʫ ʩ ʦʧʝʨʘʪʦʨʦʚ ʠʣʠ ʚʦʦʙʱʝ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʠʭ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʪʦʨʛʦʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʧʦʣʫʯʘʝʪ 

ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʝʤʫ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʬʠʩʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʪʦʨʛʦʚʦʡ ʪʦʯʢʝ (ʠʩʪʦʨʠʷ ʧʨʦʜʘʞ, ʧʨʘʡʩ-ʣʠʩʪʳ, 

ʙʘʣʘʥʩʳ ʩ  ʢʣʠʝʥʪʘʤʠ, ʧʨʦʭʦʜʷʱʠʝ ʨʝʢʣʘʤʥʳʝ ʘʢʮʠʠ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʝʛʦ ʨʘʙʦʪʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʢʦʛʜʘ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʙʫʤʘʞʥʳʝ 

ʥʦʩʠʪʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʨʘʥʴʰʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʘʟʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʧʦ 

ʨʘʟʤʝʨʫ ʤʘʛʘʟʠʥʘ ʫʭʦʜʠʣʦ ʜʦ 1 ʯ, ʪʦ ʪʝʧʝʨʴ ʵʪʦ ʟʘʥʠʤʘʝʪ 5-10 ʤʠʥ. ɺʜʦʙʘʚʦʢ 

ʪʦʨʛʦʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩ ʂʇʂ ʠʣʠ ʢʦʤʤʫʥʠʢʘʪʦʨʘʤʠ ʚ ʨʫʢʘʭ ʠ ʚʳʛʣʷʜʷʪ 

ʩʦʣʠʜʥʝʝ (ʘ ʟʥʘʯʠʪ, ʧʦʚʳʰʘʝʪʩʷ ʣʦʷʣʴʥʦʩʪʴ ʢʣʠʝʥʪʦʚ), ʦʥʠ ʠ ʨʘʙʦʪʘʶʪ ʙʳʩʪʨʝʝ, 

ʠ ʟʘʢʘʟʳ ʚʳʧʦʣʥʷʶʪ ʪʦʯʥʝʝ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʵʢʦʥʦʤʠʪ ʠʭ ʚʨʝʤʷ ï 

ʠʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʞʝʜʥʝʚʥʦ ʧʦʩʝʱʘʪʴ ʦʬʠʩ, ʦʪʩʪʘʠʚʘʪʴ ʦʯʝʨʝʜʴ ʢ 

ʦʧʝʨʘʪʦʨʫ, ʚʙʠʚʘʶʱʝʤʫ ʟʘʢʘʟʳ, ʥʝ ʥʫʞʥʦ ʚʦʟʠʪʴ ʩ ʩʦʙʦʡ ʢʠʧʳ ʜʦʢʫʤʝʥʪʦʚ ʩ 

ʤʘʨʰʨʫʪʥʳʤʠ ʠ ʧʨʘʡʩ-ʣʠʩʪʘʤʠ. 

ʆʩʦʙʝʥʥʦ ʟʘʤʝʪʝʥ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ 

ʪʦʨʛʦʚʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʚʦʝʡ ʨʘʙʦʪʳ. ʕʪʦ ʚʝʯʥʘʷ ʧʨʦʙʣʝʤʘ ʚʩʝʭ ʪʦʨʛʦʚʳʭ 

ʢʦʤʧʘʥʠʡ ï ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʝʜʫʧʨʝʜʠʪʴ ʦʰʠʙʢʠ ʪʦʨʛʦʚʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʧʨʠ 

ʨʘʙʦʪʝ ʚʥʝ ʦʬʠʩʘ. ʊʝʧʝʨʴ ʚʩʶ ʩʣʦʞʥʫʶ ʯʝʨʥʦʚʫʶ ʨʘʙʦʪʫ ʟʘ ʪʦʨʛʦʚʦʛʦ ʘʛʝʥʪʘ 

ʚʳʧʦʣʥʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ (ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʨʷʜʦʢ ʟʘʧʦʣʥʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʰʠʙʦʢ ʚʳʜʘʝʪ ʬʦʨʤʳ ʩ 

ʢʦʥʝʯʥʳʤ ʯʠʩʣʦʤ ʦʪʚʝʪʦʚ), ʘ ʟʘʦʜʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪ, ʯʪʦʙʳ ʦʥ ʥʝ ʧʨʦʜʘʣ ʪʦʚʘʨ 

ʥʠʞʝ ʤʠʥʠʤʘʣʴʥʦʡ ʮʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʩʢʠʜʦʢ, ʥʝ ʧʨʝʚʳʩʠʣ 
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ʣʠʤʠʪ ʦʪʛʨʫʟʢʠ ʠ ʟʘʢʘʟʘ, ʥʝ ʦʪʜʘʣ ʪʦʚʘʨ ʚ ʢʨʝʜʠʪ ʧʦʢʫʧʘʪʝʣʶ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʙʘʣʘʥʩʦʤ ʠ ʝʱʝ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ʆʙʲʝʤ ʧʨʦʜʘʞ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʱʝ ʠ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ ʢʦʥʪʨʦʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʦʚ. ʆʥʠ ʧʝʨʝʩʪʘʶʪ ʚʦʨʦʚʘʪʴ 

(ʪʝʧʝʨʴ ʵʪʦ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ) ʠʣʠ ʥʘʤʝʨʝʥʥʦ ʧʨʦʧʫʩʢʘʪʴ ʤʝʥʝʝ ʧʨʠʙʳʣʴʥʳʝ 

ʪʦʯʢʠ. ʀʭ ʤʘʨʰʨʫʪ ʠʟʥʘʯʘʣʴʥʦ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʦʯʝʥʴ ʞʝʩʪʢʦ, ʦʪʢʣʦʥʠʪʴʩʷ ʦʪ 

ʥʝʛʦ ʥʝʨʝʘʣʴʥʦ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʫʯʝʪ ʚʨʝʤʝʥʠ ʧʦʩʝʱʝʥʠʷ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʪʦʯʢʝ, ʬʠʢʩʘʮʠʷ ʬʘʢʪʦʚ ʨʝʘʣʴʥʦʛʦ ʧʦʩʝʱʝʥʠʷ ʪʦʯʢʠ 

ʧʨʦʜʘʞ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ GPS, GSM ʠʣʠ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʧʘʨʘʪʘ), ʠ ʵʪʦ 

ʪʦʞʝ ʜʘʝʪ ʥʝʤʘʣʳʡ ʧʨʠʨʦʩʪ ʧʨʦʜʘʞ. ʇʦ ʤʥʝʥʠʶ ʧʦʩʪʘʚʱʠʢʦʚ ʧʦʜʦʙʥʳʭ 

ʨʝʰʝʥʠʡ, ʚʩʝ ʵʪʠ ʤʝʨʳ ʧʦʚʳʰʘʶʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʥʘ 30-90%, 

ʥʘʯʠʥʘʷ ʩ ʧʨʝʜʟʘʢʘʟʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʨʷʤʳʤʠ ʧʨʦʜʘʞʘʤʠ (ʪʦʨʛʦʚʣʝʡ "ʩ ʢʦʣʝʩ").  

ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʦʟʚʦʣʷʶʪ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ 

ʠʟʜʝʨʞʝʢ ʢʘʢ ʚ ʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʷʭ, ʪʘʢ ʠ ʚ ʤʘʣʳʭ (ʧʦ ʜʘʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 

ʥʘ 20-40%).  

ʉʵʢʦʥʦʤʠʪʴ ʤʦʞʥʦ ʠ ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʦʧʝʨʘʪʦʨʦʚ ʧʦ ʚʚʦʜʫ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʪʦʨʛʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ: ʝʩʣʠ ʜʦ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠʭʦʜʠʣʦʩʴ ʜʝʨʞʘʪʴ 

ʮʝʣʳʡ ʰʪʘʪ ʪʘʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʪʦ ʧʦʩʣʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʫʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ 

ʦʧʝʨʘʪʦʨ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʚʦʜʘ ʜʘʥʥʳʭ. 

ɺ ʮʝʣʦʤ, ʧʦ ʤʥʝʥʠʶ ʵʢʩʧʝʨʪʦʚ, ʚʣʦʞʝʥʠʷ ʚ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʷʤʳʭ ʧʨʦʜʘʞ ʦʢʫʧʘʶʪʩʷ ʟʘ ʰʝʩʪʴ-ʚʦʩʝʤʴ ʤʝʩʷʮʝʚ.  

ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʤʦʙʠʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ 

ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʷʤʳʭ ʧʨʦʜʘʞ ʪʦʚʘʨʘ (Van Selling, ʠʣʠ "ʪʦʨʛʦʚʣʷ c 

ʢʦʣʝʩ" ï ʧʨʷʤʦ ʩ ʘʚʪʦʤʦʙʠʣʷ). ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʧʨʦʜʘʞ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʪʘʢ: "ʊʦʚʘʨ ʥʝʤʝʜʣʝʥʥʦ ʜʦʩʪʘʚʣʷʝʪʩʷ ʪʫʜʘ, ʛʜʝ ʦʥ ʥʝʦʙʭʦʜʠʤ". 

ʏʪʦ-ʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʝʩʪʴ ʚ ʨʦʟʥʠʯʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʘʚʢʠ "just-in-time" 

(ʜʦʩʪʘʚʢʘ ʪʦʯʥʦ ʚʦʚʨʝʤʷ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʦʟʥʠʯʥʳʤ ʢʦʤʧʘʥʠʷʤ ʚ ʗʧʦʥʠʠ ʠ 

ʉʐɸ ʨʘʙʦʪʘʪʴ ʙʝʟ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʢʣʘʜʘ ʥʘ ʪʦʨʛʦʚʳʭ ʪʦʯʢʘʭ, ʥʦ ʚ ʈʦʩʩʠʠ ʜʦ 

ʵʪʦʛʦ ʝʱʝ ʜʘʣʝʢʦ. ʋ ʥʘʩ ʚ ʩʪʨʘʥʝ ʚʩʝ ʠʥʘʯʝ: ʠʤʝʷ ʩʝʨʚʠʩ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ, 

ʧʦʩʪʘʚʱʠʢ ʧʨʠʝʟʞʘʝʪ ʚ ʤʘʛʘʟʠʥʳ ʨʝʛʫʣʷʨʥʦ ʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʜʦʛʦʚʦʨʝʥʥʦʩʪʠ, ʛʜʝ ʧʨʝʜʣʘʛʘʝʪ ʚʳʙʨʘʪʴ ʪʦʚʘʨ ʠʟ ʪʦʛʦ, ʯʪʦ ʫ ʥʝʛʦ ʝʩʪʴ ʚ 

ʥʘʣʠʯʠʠ, ʦʬʦʨʤʣʷʷ ʬʠʥʘʥʩʦʚʳʝ ʜʦʢʫʤʝʥʪʳ ʧʨʷʤʦ ʥʘ ʤʝʩʪʝ. ɺʩʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ 

ʧʨʦʜʘʞʘʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʛʨʫʞʘʝʪʩʷ ʠʟ 

ʪʝʨʤʠʥʘʣʘ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʙʘʟʫ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩ ʦʙʱʝʡ ʩʠʩʪʝʤʦʡ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʣʠ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ.          

ʉʣʝʜʫʶʱʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʦʜʜʘʝʪʩʷ ʤʦʙʠʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ï Pre 

Selling, ʪ.ʝ. ʧʨʦʜʘʞʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʙʦʨʘ ʟʘʢʘʟʦʚ. ʊʦʨʛʦʚʳʡ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʠʥʬʦʨʤʠʨʫʝʪ ʢʣʠʝʥʪʘ ʦʙ ʠʤʝʶʱʠʭʩʷ ʪʦʚʘʨʘʭ, ʦʙ ʠʭ ʮʝʥʘʭ, ʦ 

ʜʦʩʪʫʧʥʦʤ ʪʝʢʫʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘ ʩʢʣʘʜʝ ʠ ʪ.ʜ. ʆʥ ʦʬʦʨʤʣʷʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʟʘʢʘʟ, ʢʦʪʦʨʳʡ ʚ ʪʦʨʛʦʚʫʶ ʪʦʯʢʫ ʟʘʪʝʤ ʜʦʩʪʘʚʠʪ ʵʢʩʧʝʜʠʪʦʨ. 

ʊʦ ʝʩʪʴ ʬʘʢʪʠʯʝʩʢʠ ʟʘʢʣʶʯʘʝʪ ʜʦʛʦʚʦʨ ʧʦʩʪʘʚʢʠ. ʏʪʦʙʳ ʟʘʢʣʶʯʠʪʴ ʩʜʝʣʢʫ, ʦʥ 

ʜʦʣʞʝʥ ʧʨʠʚʝʩʪʠ ʥʫʞʥʳʝ ʘʨʛʫʤʝʥʪʳ, ʧʨʘʚʠʣʴʥʦ ʧʦʜʩʯʠʪʘʪʴ ʩʪʦʠʤʦʩʪʴ ʟʘʢʘʟʘ, 

ʜʘʪʴ ʪʦʨʛʦʚʦʡ ʪʦʯʢʝ ʩʧʨʘʚʝʜʣʠʚʫʶ ʩʢʠʜʢʫ ï ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʚʦʧʨʦʩʘʭ ʝʤʫ 

ʧʦʤʦʞʝʪ ʢʣʠʝʥʪʩʢʠʡ ʤʦʜʫʣʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʨʝʩʝʣʣʠʥʛʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘ ʩʚʷʟʴ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʫʯʝʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʠʟ 
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ʢʦʪʦʨʦʡ ʘʛʝʥʪ ʤʦʞʝʪ ʟʘʛʨʫʟʠʪʴ ʥʘ ʩʚʦʡ ʢʘʨʤʘʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʚʩʝ ʜʘʥʥʳʝ ʧʦ 

ʤʝʨʝ ʠʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʇʨʠʯʝʤ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʩʘʤʦʡ ʘʢʪʫʘʣʴʥʦʡ ï ʢ 

ʧʨʠʤʝʨʫ, ʝʩʣʠ ʥʫʞʥʦʛʦ ʪʦʚʘʨʘ ʥʝʪ, ʪʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʙʠʣʴʥʦʡ 

ʪʦʨʛʦʚʣʠ ʝʛʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʘʥʘʣʦʛ ʠʣʠ ʟʘʢʘʟʘʪʴ ʥʘ ʙʫʜʫʱʝʝ ʩ 

ʯʝʪʢʠʤ ʩʨʦʢʦʤ ʧʦʩʪʘʚʢʠ. ʇʨʠ ʵʪʦʤ ʚʩʝ ʜʝʡʩʪʚʠʝ ʤʦʞʝʪ ʟʘʥʷʪʴ ʩʯʠʪʘʥʥʳʝ 

ʤʠʥʫʪʳ. 

ʊʨʝʪʠʡ ʧʨʦʮʝʩʩ, ʜʣʷ ʫʩʠʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ï ʵʪʦ Merchandising, ʪ.ʝ. ʩʙʦʨ ʤʘʨʢʝʪʠʥʛʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʝ 

ʩʝʢʨʝʪ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʜʠʩʪʨʠʙʴʶʪʦʨʳ ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʦ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʡ, ʥʦ ʠ ʢʦʥʢʫʨʝʥʪʦʚ) ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

ʟʘʧʦʣʥʷʷ ʜʣʷ ʵʪʦʛʦ ʩʧʝʮʠʘʣʴʥʳʝ ʘʥʢʝʪʳ. ɼʘʥʥʳʝ ʵʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ 

ʨʘʟʥʳʤʠ: ʚʳʢʣʘʜʢʘ, ʨʝʢʣʘʤʥʘʷ ʧʨʦʜʫʢʮʠʷ ʢʦʥʢʫʨʝʥʪʦʚ, ʠʭ ʮʝʥʳ ʠ ʪ.ʜ., ʘ 

ʧʦʟʠʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʨʝʜʢʦ ʠʩʯʠʩʣʷʶʪʩʷ ʩʦʪʥʷʤʠ. ʅʠʯʪʦ ʥʝ 

ʤʝʰʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʦʛʦ ʩʠʩʪʝʤʳ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ, ʚʝʜʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʘʥʢʝʪʳ ʩ ʟʘʢʨʳʪʳʤʠ ʚʦʧʨʦʩʘʤʠ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʥʷʪʴ ʩʦʩʪʦʷʥʠʝ ʜʝʣ ʚ ʪʦʨʛʦʚʳʭ ʪʦʯʢʘʭ, ʠ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʦʪʧʨʘʚʣʷʪʴ ʠʭ (ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʩ ʬʦʪʦʛʨʘʬʠʷʤʠ 

ʚʳʢʣʘʜʢʠ ʪʦʚʘʨʘ) ʝʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʥʠʭ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʝ 

ʯʝʨʝʟ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʝʪʴ ʜʦʩʪʘʚʣʷʶʪʩʷ ʚ ʦʬʠʩʥʫʶ ʫʯʝʪʥʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʦʥʠ 

ʩʨʘʟʫ ʛʦʪʦʚʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

ɺʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʦʨʛʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʪʦʠʪ 

ʚ ʜʠʩʪʨʠʙʴʶʪʦʨʩʢʠʭ ʢʦʤʧʘʥʠʷʭ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ. 

ʉʝʢʪʦʨ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠ ʩ ʧʦʤʦʱʴʶ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʥʘʭʦʜʠʪʩʷ 

ʚ ʪʘʢʦʤ ʞʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʩʝʛʤʝʥʪʳ ʨʳʥʢʘ 

ʀʥʪʝʨʥʝʪ ï ʢʦʤʤʝʨʮʠʠ: ʤʥʦʞʝʩʪʚʦ ʙʣʝʩʪʷʱʠʭ ʧʨʦʝʢʪʦʚ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʢʘʟʯʠʢʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʦʭʦʜʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʚʷʟʴ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʘʩʴ, ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʣʫʛ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ, ʠʜʝʪ ʦʯʝʥʴ ʚʷʣʦ. ʅʝʢʦʛʜʘ ʤʦʙʠʣʴʥʫʶ ʪʦʨʛʦʚʣʶ 

ʧʨʝʧʦʜʥʦʩʠʣʠ ʢʘʢ "ʫʙʦʡʥʦʝ ʧʨʠʣʦʞʝʥʠʝ" ʦʪʨʘʩʣʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʝʡ ʠ ʝʜʚʘ ʣʠ ʧʨʦʥʠʢʣʘ ʛʣʫʙʞʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʩʝʨʚʠʩʦʚ.  

ɹʫʢʚʘʣʴʥʦ ʧʘʨʫ ʣʝʪ ʥʘʟʘʜ ʧʦʩʪʘʚʱʠʢʠ ʨʝʢʣʘʤʠʨʦʚʘʣʠ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ, ʢʦʪʦʨʳʝ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʤʦʛʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʕʪʠ ʧʨʠʣʦʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʟʚʦʣʠʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ 

ʧʦʤʦʱʠ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ ʧʦʢʫʧʢʫ ʪʦʚʘʨʦʚ, ʟʘʢʘʟ ʘʚʠʘʙʠʣʝʪʦʚ, ʧʨʦʚʝʨʢʫ 

ʙʘʥʢʦʚʩʢʠʭ ʩʯʝʪʦʚ. ʇʣʘʪʘ ʟʘ ʪʨʘʥʟʘʢʮʠʠ ʜʦʣʞʥʘ ʙʳʣʘ ʩʪʘʪʴ ʦʩʥʦʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʜʦʭʦʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʦʪ ʫʩʣʫʛ ʤʦʙʠʣʴʥʦʡ ʢʦʤʤʝʨʮʠʠ, ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʟʘʣʦʛ ʫʩʧʝʭʘ ʥʘ ʨʳʥʢʝ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʩʧʨʦʩ ʥʘ 

ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʦʙʠʣʴʥʦʡ ʢʦʤʤʝʨʮʠʠ ʥʝ ʤʘʪʝʨʠʘʣʠʟʦʚʘʣʩʷ.  

ɼʝʣʦ ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʪʥʦʛʦ ʩʧʨʦʩʘ. ʄʦʙʠʣʴʥʘʷ ʪʦʨʛʦʚʣʷ ʙʳʣʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʰʘʪʢʦʡ ʙʠʟʥʝʩ ï ʤʦʜʝʣʠ  ï ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʦʪʨʝʙʠʪʝʣʠ ʙʫʜʫʪ 

ʩʦʚʝʨʰʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʟʘʢʮʠʡ, ʘ ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʥʝ ʛʦʪʦʚʳ ʢ ʵʪʦʤʫ. 

ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʦʮʝʥʠʪʴ ʪʝ ʥʝʤʘʣʳʝ ʟʘʪʨʘʪʳ, ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʝ 
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ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ ʧʦʪʝʨʧʝʣʠ ʥʝʫʜʘʯʫ. ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ, 

ʩʪʨʦʠʚʰʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʦʣʴʰʠʝ ʧʣʘʥʳ, ʨʘʟʦʨʠʣʠʩʴ. ʇʦʜʦʙʥʘʷ ʩʫʜʴʙʘ 

ʧʦʩʪʠʛʣʘ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʶ SNAZ, ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ.  ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʦʙʣʝʤʳ, ʘʥʘʣʠʪʠʢʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ ʥʘʩʪʨʦʝʥʳ ʦʧʪʠʤʠʩʪʠʯʥʦ. ʇʦ ʠʭ ʤʥʝʥʠʶ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʝʨʴʝʟʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘ ʨʳʥʢʝ ʵʪʘ ʦʪʨʘʩʣʴ ʩʤʦʞʝʪ ʨʘʩʢʨʳʪʴ 

ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ. ʅʦ ʥʘʯʠʥʘʪʴ ʥʘʜʦ ʥʝ ʩ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ, ʘ ʩ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 

ʩʝʢʪʦʨʘ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʧʦʜʪʦʣʢʥʝʪ ʤʦʙʠʣʴʥʫʶ ʪʦʨʛʦʚʣʶ ʠ ʦʙʝʩʧʝʯʠʪ 

ʦʩʥʦʚʥʫʶ ʜʦʣʶ ʧʨʠʙʳʣʠ. ʉʦʛʣʘʩʥʦ ʦʧʨʦʩʘʤ, ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʛʦʪʦʚʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʙʠʣʴʥʫʶ ʪʦʨʛʦʚʣʶ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ 

ʨʘʩʭʦʜʳ, ʧʦʣʫʯʘʪʴ ʧʨʠʙʳʣʴ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ. ʉʧʝʮʠʘʣʴʥʳʝ 

ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʪ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʨʘʥʟʘʢʮʠʠ ʚ 

"ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ". ɸ ʪʘʢʠʝ ʥʦʚʠʥʢʠ, ʢʘʢ ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ 

ʩʯʠʪʳʚʘʪʝʣʷʤʠ ʰʪʨʠʭ-ʢʦʜʘ, ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʪʴ ʪʦʚʘʨʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʦʜʦʙʥʳʝ ʨʝʰʝʥʠʷ (ʠ ʪʝ, 

ʢʦʪʦʨʳʝ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ) ʧʦʜʩʪʝʛʥʫʪ ʨʦʩʪ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 

ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʦʙʠʣʴʥʘʷ ʢʦʤʤʝʨʮʠʷ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʟʘʯʘʩʪʫʶ ʧʦʥʠʤʘʝʪʩʷ ʩʣʠʰʢʦʤ ʫʟʢʦ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʦʩʪʘʚʱʠʢʦʚ ʫʩʣʫʛ 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘ ʧʨʦʚʝʜʝʥʠʠ ʪʨʘʥʟʘʢʮʠʡ. ɸ ʧʦʠʩʢ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠʤʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʠʛʥʦʨʠʨʫʝʪʩʷ. 

ʅʝʦʙʭʦʜʠʤʳ ʪʘʢʠʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʫʩʣʫʛʠ, ʢʘʢ ʜʦʩʪʘʚʢʘ ʥʘ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʛʦʜʝ, ʟʘʜʝʨʞʢʘʭ ʨʝʡʩʦʚ ʠ 

ʢʫʨʩʘʭ ʮʝʥʥʳʭ ʙʫʤʘʛ. ʀ ʠʤʝʥʥʦ ʠʭ ʥʘʜʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʨʝʜʩʪʚʦ ʥʘ ʧʫʪʠ ʢ 

ʟʘʚʦʝʚʘʥʠʶ ʧʦʪʨʝʙʠʪʝʣʝʡ.  

ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʥʝʜʦʦʮʝʥʠʚʘʝʪʩʷ ʨʝʘʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʣʫʛ. ɹʫʜʫʱʝʝ ʟʘ ʪʝʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ 

ʠʟʤʝʥʠʪʴ ʦʙʨʘʟ ʞʠʟʥʠ. ʊʦʣʴʢʦ ʠʤ ʫʜʘʩʪʩʷ ʩʦʟʜʘʪʴ ʨʳʥʦʢ ʙʦʣʴʰʠʡ, ʯʝʤ ʤʦʞʥʦ 

ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʠʪʴ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʧʘʩʧʦʨʪʘ ʠ 

ʙʫʤʘʞʥʠʢʠ ʜʦʧʦʣʥʷʪ ʠʣʠ ʟʘʤʝʥʷʪ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʦʙʠʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʆʥʠ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʫʜʦʩʪʦʚʝʨʝʥʠʷʤʠ ʣʠʯʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʚʝʨʢʫ 

ʙʘʥʢʦʚʩʢʠʭ ʩʯʝʪʦʚ ʠ ʟʘʢʘʟʦʚ ʥʘ ʙʨʦʥʠʨʦʚʘʥʠʝ ʙʠʣʝʪʦʚ. ʇʨʠ ʵʪʦʤ ʚʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʧʨʝʜʦʩʪʘʚʣʷʪʴʩʷ ʯʝʨʝʟ ʥʝʜʦʨʦʛʫʶ ʙʝʩʧʨʦʚʦʜʥʫʶ ʩʚʷʟʴ.  

ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʫʩʣʫʛʠ ʩʪʘʪʴ ʫʩʪʦʡʯʠʚʳʤ ʙʠʟʥʝʩʦʤ. ʅʦ ʦʜʥʠʭ ʪʦʣʴʢʦ ʪʨʘʥʟʘʢʮʠʡ ʜʣʷ ʵʪʦʛʦ 

ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺʘʞʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʩʪʘʥʫʪ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘʧʨʠʤʝʨ ʧʨʠʣʦʞʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʥʘʥʠʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʢʣʠʝʥʪʘ: ʢʦʥʢʨʝʪʥʳʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʙʫʜʫʪ ʧʨʝʜʣʘʛʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʘʤ ʠ 

ʪʦʛʜʘ, ʛʜʝ ʠ ʢʦʛʜʘ ʦʥ ʙʦʣʴʰʝ ʚʩʝʛʦ ʚ ʥʠʭ ʥʫʞʜʘʝʪʩʷ. ʊʨʘʥʟʘʢʮʠʠ ʙʫʜʫʪ 

ʚʢʣʶʯʝʥʳ ʚ ʜʨʫʛʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʚʨʘʪʷʪʩʷ ʠʟ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ ʚ ʥʝʦʪʲʝʤʣʝʤʫʶ ʯʘʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʚʦʟʴʤʫʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʫʩʣʫʛʠ ʤʦʙʠʣʴʥʦʡ ʪʦʨʛʦʚʣʠ, ʯʪʦ ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ 

ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʀ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʤʦʙʠʣʴʥʘʷ 
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ʢʦʤʤʝʨʮʠʷ ʜʦʩʪʠʛʥʝʪ ʩʚʦʠʭ ʟʘʚʝʪʥʳʭ ʮʝʣʝʡ. ʅʦ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ ʣʠʰʴ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʠʜʪʠ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʠ ʵʪʦʤ 

ʪʘʢʠʝ ʚʳʛʦʜʳ ʠ ʫʜʦʙʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʫʪ ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʪʘʢ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ. 
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ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʦʨʤʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ, ʩ ʨʘʟʣʠʯʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʇʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʢʘʢ ʩʠʩʪʝʤʳ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʯʘʩʪʥʳʭ ʚʝʨʦʷʪʥʦʩʪʷʭ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʢʘʯʝʩʪʚʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ, 

ʩʠʩʪʝʤʘ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

A METHOD OF CALCULATING RELIABILITY  

OF METAL WORKING TECHNOLOGICAL PROCESSES  

BY THE PRODUCTS 

QUALITY PARAMETERS  

A.V. Shashok 

Rubtsovsk Industrial Institute (branch) of Polzunov Altai State Technical 
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Abstract: The paper focuses on the mathematical model for estimating the probability of 

failure-free operation of technological processes by the products quality parameters. The 

technological process is considered as a multiserver queueing system of normalized product quality 

parameters, with alternating intensity of service. The obtained solution of the system of differential 
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equations describing the operation of technological process as a queueing system allows calculating 

the probability of simultaneous ensuring of all quality parameters for the known particular 

probabilities which ensure each quality parameter separately. 

Key words: technological process, quality parameters, queueing system. 

 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 27.202-83 çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ 

ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʷʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠè ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ ʢʘʢ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ (ʊʇʄ) ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ (ʇʂ) ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʜʝʪʘʣʝʡ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʊʇʄ ʧʦ ʇʂ 

ʜʝʪʘʣʝʡ, ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ m ʇʂ ʥP , 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ 

( )min max min max
ʥ 1 1 1 m m mP P x X x , ,x X x= ¢ ¢ » ¢ ¢

,
  (1) 

ʛʜʝjX  ï j-ʡ ʇʂ ʜʝʪʘʣʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʘʢ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ (ʉɺ); 

min
jx , 

max
jx  ï ʥʘʠʙʦʣʴʰʝʝ ʠ ʥʘʠʤʝʥʴʰʝʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ j -ʛʦ ʇʂ ʜʝʪʘʣʠ 

ʠʣʠ ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʳ ʝʛʦ ʧʦʣʷ ʜʦʧʫʩʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʥP  ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )

max maxx xm1

ʥ 1 m

min minx xm1

P ... X dx ...dxj=ñ ñ ,     (2) 

 

ʛʜʝ ( )1 mX X ,...,X=  ï ʚʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʇʂ ʜʝʪʘʣʠ; ( )Xj  ï ʬʫʥʢʮʠʷ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ ʇʂ( )1 mX X ,...,X= . ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʝʣʠʯʠʥʫ 

ʥP  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʊʇʄ ʧʦ ʇʂ ʧʨʦʜʫʢʮʠʠ 

(ʜʝʪʘʣʠ).  

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ (2) 

ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʘʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ( )1 mX X ,...,X=  ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥP . ʇʨʠ ʵʪʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠʣʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʯʘʩʪʦ ʫʜʘʝʪʩʷ  

ʧʦʣʫʯʠʪʴ ʯʘʩʪʥʳʝ (ʤʘʨʛʠʥʘʣʴʥʳʝ) ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʇʂ. 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʩʪʝʤʳ ʉɺ ʧʦ 

ʯʘʩʪʥʳʤ ʧʣʦʪʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʉɺ, ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʣʠʙʦ ʠʟʚʝʩʪʥʘ  

ʢʦʚʘʨʠʘʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʉɺ.  ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ 

ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʉɺ, ʚʭʦʜʷʱʠʝ ʚ ( )1 mX X ,...,X= , ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ, ʪʦ 

ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʥP  ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʧʦ ʠʟʚʝʩʪʥʳʤ ʯʘʩʪʥʳʤ 



 213 

ʚʝʨʦʷʪʥʦʩʪʷʤ ʥʘʭʦʞʜʝʥʠʷ ʢʘʞʜʦʛʦ j-ʛʦ ʇʂ ʚ ʛʨʘʥʠʮʘʭ ʧʦʣʷ ʜʦʧʫʩʢʘ jP  ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣ:  

m

j

j 1

ʥ PP
=

=Ô ;    ( ) ( )
maxxj

min max
j j j j j j j

minxj

P P x X x x dxj= ¢ ¢ =ñ ,  (3) 

ʛʜʝ ( )j jxj  ï ʯʘʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ j-ʛʦ ʇʂ.  

ɽʩʣʠ ʞʝ ʇʂ ʷʚʣʷʶʪʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʤʠ (ʘ ʝʩʪʝʩʪʚʝʥʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʝʞʜʫ ʇʂ, ʬʦʨʤʠʨʫʝʤʳʤʠ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʙʫʜʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʩʚʷʟʠ), ʪʦ 

ʨʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʥP  ʧʦ ʬʦʨʤʫʣʝ (3) ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʥʠʞʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʚʦʟʤʦʞʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʬʦʨʤʠʨʫʝʤʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ ʇʂ, ʙʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʊʇʄ ʢʘʢ ʩʠʩʪʝʤʫ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʉʄʆ), 

ʚʳʧʦʣʥʷʶʱʫʶ ʜʣʷ ʢʘʞʜʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʠ ʦʜʠʥʘʢʦʚʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʧʝʨʝʭʦʜʦʚ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʛʦʪʦʚʦʡ ʜʝʪʘʣʠ ʚʝʢʪʦʨʘ ʇʂ, ʟʘʜʘʥʥʳʭ ʝʝ 

ʯʝʨʪʝʞʦʤ. ɿʘʛʦʪʦʚʢʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʭʦʜ ʊʇ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʪʨʝʙʦʚʘʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʝ ʜʣʷ  ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʉʄʆ, ʘ 

ʧʨʦʮʝʩʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʩʯʠʪʘʝʪʩʷ ʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝʤ. 

ʊʨʝʙʦʚʘʥʠʷ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʉʄʆ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ l, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʪʘʢʪʫ ʚʳʧʫʩʢʘ ʜʝʪʘʣʝʡ ʚt.  

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʉʄʆ ʠʤʝʝʪʩʷ ʪʦʣʴʢʦ ʜʚʘ 

ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʷ ç0è ʠ ç1è, ʢʦʪʦʨʳʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ç0è ï ʩʦʩʪʦʷʥʠʝ çʛʦʪʦʚʥʦʩʪʠ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶè ʪʨʝʙʦʚʘʥʠʷ ʠʣʠ 

ʩʦʩʪʦʷʥʠʝ ʦʪʢʘʟʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʷ; ʩʦʩʪʦʷʥʠʝ ç1è ï ʩʦʩʪʦʷʥʠʝ 

çʟʘʚʝʨʰʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷè ʪʨʝʙʦʚʘʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ç1è 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʢʠ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ ʊʇ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʇʂ  

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʥʠʭ ʛʨʘʥʠʮʘʭ ʧʦʣʝʡ ʜʦʧʫʩʢʦʚ. 

ʉʦʩʪʦʷʥʠʝ ç0è ʉʄʆ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʩʦʙʳʪʠʶ ʠ ʦʟʥʘʯʘʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʢʘʟʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʟʘʛʦʪʦʚʢʠ, ʪ.ʝ. ʦʟʥʘʯʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʙʨʘʢʘ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʇʂ ʜʝʪʘʣʠ. 

ʀʟ ʩʦʩʪʦʷʥʠʷ ç1è ʚ ʩʦʩʪʦʷʥʠʝ ç0è ʉʄʆ ʤʦʞʝʪ ʧʝʨʝʭʦʜʠʪʴ ʨʘʟʥʳʤʠ 

ʧʫʪʷʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʧʫʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ ʇʂ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʊʇ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʉʄʆ ʠʟ ʩʦʩʪʦʷʥʠʷ ç1è ʚ ʩʦʩʪʦʷʥʠʝ ç0è ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʧʫʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 10. jm . ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʉʄʆ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʠʩʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʇʘʨʘʤʝʪʨʳ ʉʄʆ l ʠ 10. jm
 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʚʳʨʘʞʝʥʠʷʤʠ: 
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ʚ

1
l
t
= ;      j

10. j
j

1 P

P
m l

-
= ;     j 1,...,m= ,   (4) 

ʛʜʝ ʚt ï ʪʘʢʪ ʚʳʧʫʩʢʘ ʜʝʪʘʣʝʡ;jP
 
ï ʯʘʩʪʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ j -ʛʦ 

ʇʂ ʜʝʪʘʣʠ ʚ ʛʨʘʥʠʮʘʭ ʧʦʣʷ ʜʦʧʫʩʢʘ; ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʝʩʧʝʯʠʚʘʝʤʳʭ ʇʂ 

ʜʝʪʘʣʠ. ʊʘʢ ʢʘʢ ʩʦʩʪʦʷʥʠʝ ç1è ʉʄʆ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʛʦʜʥʦʡ ʜʝʪʘʣʠ, 

ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ɺɹʈ ʊʇʄ ʧʦ ʇʂ 

ʜʝʪʘʣʠ, ʪ.ʝ. ʚʝʣʠʯʠʥʝ ï ʥP . ʇʨʠʤʝʤ, ʯʪʦ ʧʦʪʦʢʠ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ, 

ʧʝʨʝʚʦʜʷʱʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʉʄʆ ʠʟ ʩʦʩʪʦʷʥʠʷ ʚ ʩʦʩʪʦʷʥʠʝ, ʷʚʣʷʶʪʩʷ 

ʧʫʘʩʩʦʥʦʚʩʢʠʤʠ, ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʦʨʜʠʥʘʨʥʦʩʪʠ, 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʩʣʝʜʝʡʩʪʚʠʷ. ʊʘʢʦʡ ʩʣʫʯʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʣʦʚʠʷʤ ʥʘʣʘʞʝʥʥʦʛʦ ʊʇ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʨʘʙʦʪʦʯʥʳʝ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʦʪʢʘʟʳ ʧʦʜʩʠʩʪʝʤ ʠ ʵʣʝʤʝʥʪʦʚ 

ʊʇ. 

 
 

ʈʠʩ. 1. ɻʨʘʬ ʩʦʩʪʦʷʥʠʡ ʉʄʆ, ʤʦʜʝʣʠʨʫʶʱʝʡ ʧʨʦʮʝʩʩ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʇʂ ʜʝʪʘʣʠ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʊʇ:  

lï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʟʘʛʦʪʦʚʦʢ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʊʇ;  

10.mm  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʧʦ m-ʤʫ ʇʂ ʜʝʪʘʣʠ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʉʄʆ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʂʦʣʤʦʛʦʨʦʚʘ, ʠʤʝʶʱʝʡ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 
m

0
0 1 10. j

j 1

m
1

0 1 10. j

j 1

dP
P P

d

dP
P P

d

l m
t

l m
t

=

=

ë
=- Ö + Öî

î
ì
î = Ö - Ö
î
í

ä

ä
.     (5) 

 

ʉʠʩʪʝʤʘ (5) ʨʝʰʘʝʪʩʷ ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ()0P 0 0= , ()1P 0 1=  ʩ 

ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ ʥʦʨʤʠʨʦʚʢʠ: 
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0 1P P 1+ =.     (6) 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (5) ʩ ʫʯʝʪʦʤ (6) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ç1è ʠʣʠ ɺɹʈ ʊʇ ʧʦ ʇʂ ʜʝʪʘʣʠ: 

 

()

m
m

10. j 10. j
j 1 j 1

ʥ 1 m

10. j

j 1

P P 1 e

l m tm
l

t
l

l m

å õ
æ ö- +
æ ö

= =ç ÷

=

ë û
î îä
î î

= = Ö + Öì ü
î î+
î î
í ý

ä

ä

.      (7) 

ʇʨʠʥʠʤʘʷ ʚ (7) ʚt t=  ʠ ʚʳʧʦʣʥʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʠʤʝʝʤ: 

 

( )( ) ( )m

m
A

ʥ m m
m jj 1

1 1
P 1 A 1 e ; A m 1

A P

-

=

è ø= + - = - -
ê ú ä .                          (8) 

ɿʘʚʠʩʠʤʦʩʪʴ (8) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʉʄʆ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ʈʝʰʝʥʠʝ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ʚ (5) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʨʘʚʥʳ ʥʫʣʶ. 

ʇʦʩʣʝʜʥʝʝ ʨʘʚʥʦʩʠʣʴʥʦ ʪʦʤʫ, ʯʪʦ ʚ (7) ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʦʞʠʪʴ t=¤. ʊʦʛʜʘ 
ʠʤʝʝʤ: 

()ʥ 1 m

10. j

j 1

P P
l

t

l m
=

= =

+ä

.    (9) 

ɺʳʨʘʞʝʥʠʝ (9) ʧʨʠ 1l=  (ʧʦʩʣʝʜʥʝʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʪ ʚʳʧʫʩʢʘ ʜʝʪʘʣʝʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮʳ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ) ʧʫʪʝʤ ʥʝʩʣʦʞʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʦʜʠʪʩʷ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʥP  ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

( )
m

ʥ jj 1

1 1
m 1

P P=

= - -ä .    (10) 

 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʫʣʘ (10) ʫʞʝ ʧʨʠʚʦʜʠʣʘʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʦ 

ʥʘʜʝʞʥʦʩʪʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ [2, 3] ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʦʙʲʝʢʪʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʠʭ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʤʠʨʥʦʚ, ʅ.ɺ. ʂʫʨʩ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ / ʅ.ɺ. ʉʤʠʨʥʦʚ, ʀ.ɺ. ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʠʡ. ʄ.: 

ʅʘʫʢʘ, 1969. 512 ʩ. 

2. ʂʫʟʥʝʮʦʚ, ɸ.ɸ. ʅʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ / ɸ.ɸ. 

ʂʫʟʥʝʮʦʚ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1978. 256 ʩ. 

3. ʈʝʰʝʪʦʚ, ɼ.ʅ. ʅʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥ / ɼ.ʅ. ʈʝʰʝʪʦʚ, ɸ.ʉ. ʀʚʘʥʦʚ, ɺ.ɿ. 

ʌʘʜʝʝʚ. ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1988. 236 ʩ. 
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ʄɸʊɽʄɸʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ 

ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ ʇʈʀ ʄɸɻʅʀʊʅʆ-ɸɹʈɸɿʀɺʅʆʁ ʆɹʈɸɹʆʊʂɽ 

ʊ.ɸ. ʐʨʘʡʥʝʨ, ɽ.ʖ. ʊʘʪʘʨʢʠʥ 

çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʠ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ, ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʩ ʧʣʦʩʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ.  ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʠ ʩʪʦʣʘ ʩʪʘʥʢʘ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʨʘʜʠʫʩʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʨʮʠʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʨʝʙʫʝʤʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʜʣʦʞʝʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʛʜʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʦʷʥʥʦ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʤʥʦʛʦʥʦʤʝʥʢʣʘʪʫʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʛʨʫʧʧʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʩʪʘʥʢʠ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʦʩʥʘʩʪʢʘ. 
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Abstract:  The paper presents a mathematically modeled trajectory of the circular magnetic-

abrasive powder portion which is concerned in the process of magnetic-abrasive machining of parts 

having a flat surface. This model allows determining an optimal size of the abrasive powder portion 

providing the desired performance of the process in dependence of the minute supply flow rate of 

the machine, speed and radius of the cylindrical magnetic inductor. The proposed model can be 

used to predict the parameters of processing flat surfaces of irregular shaped parts when processing 

modes are constantly adjusted, which is typical for magnetic-abrasive machining because of lack of 

standard cutting parameters values. 

Key words: mathematical modeling, magnetic-abrasive machining,multiproduct 

manufacture, batch technological process, machine tools with numerical 

control,processing tooling. 

 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ  ʨʘʩʰʠʨʝʥʠʝ ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ  ʛʨʫʧʧʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ, ʨʝʞʫʱʝʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʳʙʦʨ 

ʩʪʘʥʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 
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ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʆʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʘʩʪʢʠ ʷʚʣʷʝʪʩʷ ʛʠʙʢʦʩʪʴ ʠ ʙʳʩʪʨʘʷ ʧʝʨʝʥʘʣʘʞʠʚʘʝʤʦʩʪʴ ʥʘ ʥʦʚʳʡ ʚʠʜ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʉʫʱʝʩʪʚʫʶʱʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʩʥʘʩʪʢʫ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ 

ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʵʪʦʤʫ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʞʝ ʠʟʚʝʩʪʥʦʡ ʣʠʙʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʬʠʥʠʰʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ 

ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʄɸʆ). ʊʝʭʥʦʣʦʛʠʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʨʝʟʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʦʙʨʘʙʦʪʢʠ. ʄʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʫʜʝʨʞʠʚʘʝʪ ʧʦʨʦʰʦʢ ʥʘ ʠʥʜʫʢʪʦʨʝ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ 

ʟʝʨʥʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣ ʟʘʛʦʪʦʚʢʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʘʙʨʘʟʠʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʥʦ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʶ ʧʝʨʝʤʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄɸʆ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʫʩʧʝʭʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʥʘ ʩʪʘʥʢʘʭ ʩ 

ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʦʩʥʘʩʪʢʘ ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ, 

ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʜʣʷ 

ʄɸʆ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ, ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʪʘʢʞʝ  

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. 

ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ: ʠʩʭʦʜʥʦʝ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ, ʦʙʲʝʤ ʠ ʟʝʨʥʠʩʪʦʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ ʠ ʟʘʛʦʪʦʚʢʠ; 

ʚʳʭʦʜʥʳʤʠ ï ʪʨʝʙʫʝʤʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʚʝʣʠʯʠʥʘ ʩʲʝʤʘ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʛʣʫʙʦʢʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʩʥʘʩʪʢʠ ʠ ʩʧʦʩʦʙʦʚ ʄɸʆ; 

2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʄɸʆ ʚ ʫʩʣʦʚʠʷʭ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʩ 
ʚʘʨʴʠʨʫʝʤʳʤ ʨʘʟʤʝʨʦʤ ʧʦʨʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʦʰʢʘ;  
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3. ʆʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 
ʫʩʣʦʚʠʷʭ ʛʨʫʧʧʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ    

f (x) ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʨʘʜʠʫʩʘ ʠʥʜʫʢʪʦʨʘ Rʠ, ʨʘʜʠʫʩʦʤ ʧʦʨʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ 

ʧʦʨʦʰʢʘ rʧ, ʧʦʜʘʯʝʡ S ʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ n ʠʥʜʫʢʪʦʨʘ: 

() ( )nSrRfxf ʧʠ ,,,=  

ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʧʦʨʮʠʠ ʧʦʨʦʰʢʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 

ʊʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: ʧʦʨʮʠʷ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʞʝʩʪʢʦʡ ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʥʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʆʪʩʫʪʩʪʚʫʝʪ 

ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ ʚ ʤʘʩʩʠʚʝ ʧʦʨʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʦʰʢʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʤʘʛʥʠʪʥʳʡ ʠʥʜʫʢʪʦʨ 1 ʨʘʜʠʫʩʘ Rʠ, ʧʦʨʮʠʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ 2 ʚ 

ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ  rʧ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ, ʚ ʥʘʯʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦʜ ʫʛʣʦʤ ű ʢ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʟʘʛʦʪʦʚʢʠ 3 ʩ 

ʧʣʦʩʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚ ʬʦʨʤʝ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ʩʦ ʩʪʦʨʦʥʦʡ ʘ. ʄʘʛʥʠʪʥʳʡ ʠʥʜʫʢʪʦʨ ʚʨʘʱʘʝʪʩʷ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ n, ʩʪʦʣ 

ʩʪʘʥʢʘ ʜʚʠʞʝʪʩʷ ʧʣʦʩʢʦ-ʧʘʨʨʘʣʝʣʴʥʦ ʚʜʦʣʴ ʦʩʥʦʚʘʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ 

ʤʠʥʫʪʥʦʡ ʧʦʜʘʯʝʡ S. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ: 

1 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʤʘʛʥʠʪʥʳʡ ʠʥʜʫʢʪʦʨ; 

2 ï ʧʦʨʮʠʷ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ; 

3 ï ʟʘʛʦʪʦʚʢʘ ʩ ʧʣʦʩʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
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ɺʳʨʘʟʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʝʜʠʥʠʯʥʦʡ 

ʧʦʨʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ. ʎʝʥʪʨ ʧʦʨʮʠʠ ʧʦʨʦʰʢʘ ʜʚʠʞʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ 

ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʧʨʠ ʥʫʣʝʚʦʡ ʧʦʜʘʯʝ (S=0) ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʦʧʠʩʳʚʘʝʤʦʡ 

ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ:

  

í
ì
ë

=

=

.sin

cos

wt

wt

ly

lx

c

c

             (1)

 

 

ʇʨʠ ʧʦʜʘʯʝ S>0 ʮʝʥʪʨ ʧʦʨʮʠʠ ʧʦʨʦʰʢʘ ʩʦʚʝʨʰʘʝʪ ʩʣʦʞʥʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʨʘʚʥʦʤʝʨʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʦʧʠʩʳʚʘʝʪ ʯʘʩʪʥʳʡ 

ʩʣʫʯʘʡ ʪʨʦʭʦʠʜʳ ï ʮʠʢʣʦʠʜʫ. 

ʉʦʚʤʝʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʣʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʠ ʧʦʨʦʰʢʘ ʚ ʬʦʨʤʝ 

ʦʢʨʫʞʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

 

í
ì
ë

=

+=

.sin

cos

wt

wtt

ly

lSx

c

c

     (2)

 

 

ʛʜʝ l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ ʠ ʮʝʥʪʨʦʤ ʧʦʨʮʠʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʬʦʨʤʝ ʦʢʨʫʞʥʦʩʪʠ;  

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʠʥʜʫʢʪʦʨʘ;  

S ï ʤʠʥʫʪʥʘʷ ʧʦʜʘʯʘ ʩʪʦʣʘ ʩʪʘʥʢʘ. 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʪʨʘʝʢʪʦʨʠʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʨʠ ʧʦʤʦʱʠ 

ʩʨʝʜʩʪʚ Microsoft Office Excel. 

 

 
 

ʈʠʩ. 2. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ  

ʮʝʥʪʨʘ ʧʦʨʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʦʩʳ, ʷʚʣʷʶʱʝʡʩʷ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʠ 

ʧʦʨʦʰʢʘ, ʦʧʠʰʝʤ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢʨʘʡʥʝʡ ʚʥʝʰʥʝʡ ʪʦʯʢʠ, ʜʦʧʦʣʥʠʚ 

ʬʦʨʤʫʣʫ (2) ʟʥʘʯʝʥʠʝʤ ʨʘʜʠʫʩʘ ʧʦʨʮʠʠ ʧʦʨʦʰʢʘ: 
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( )

( )í
ì
ë

+=

++=

.sin

cos

wt

wtt

ʧʚʥʫʪʨ

ʧʚʥʝʰ

rly

rlSx

    (3)

 

 

ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʢʨʘʡʥʝʡ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʠ: 

 

( )

( )í
ì
ë

-=

-+=

.sin

cos

wt

wtt

ʧʚʥʫʪʨ

ʧʚʥʝʰ

rly

rlSx

    (4)

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʠ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʨʦʰʢʘ. 

 
 

ʈʠʩ. 3. ʊʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ 

 

ʅʘ ʛʨʘʬʠʢʝ ʷʚʥʦ ʚʠʜʥʦ ʥʘʣʠʯʠʝ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠ ʤʘʛʥʠʪʥʦ-

ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʨʮʠʝʡ ʧʦʨʦʰʢʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ 

ʧʦʣʦʞʠʪʴ ʫʩʣʦʚʠʝ ʧʝʨʝʢʨʳʪʠʷ ʩʣʝʜʦʚ ʦʙʨʘʙʦʪʢʠ ï ʩʦʚʧʘʜʝʥʠʝ ʢʨʘʡʥʝʡ 

ʚʥʝʰʥʝʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ ʠ ʢʨʘʡʥʝʡ ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʝʢ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʜʚʫʭ 

ʙʣʠʞʘʡʰʠʭ ʚʠʪʢʘʭ: 

 

bxx ʚʥʝʰʚʥʫʪʨ += 21 ,
     (5)

 

( ) wt++t= cos1 ʧʚʥʫʪʨ rlSx ,
    (6)

 

( )( ) ( )TrlTSx ʧʚʥʝʰ +tw-++t= cos2 .   (7) 

ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʩʪʘʪʠʢʠ ʧʨʠʤʝʪ ʚʠʜ (ʧʨʠ 0=t ): 

ʧʚʥʫʪʨ rlx +=1 ,
     (8)

 

ʧʚʥʝʰ rlSTx -+=2 ,    (9) 

n
T

1
=

.
              (10)

 

ʉ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʨʳʪʠʷ b ʧʦʣʫʯʠʤ: 
brlSTrl ʧʧ +-+=+ .

            (11) 
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ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʨʘʜʠʫʩʦʤ ʧʦʨʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ 

ʧʦʨʦʰʢʘ ʠ ʚʝʣʠʯʠʥʘʤʠ ʧʦʜʘʯʠ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠʥʜʫʢʪʦʨʘ: 

b
n

S
rʧ +²2

.
              (12)

 

ʆʧʨʝʜʝʣʠʤ ʰʠʨʠʥʫ ʧʦʣʦʩʳ ʦʙʨʘʙʦʪʢʠ. ʇʦʣʘʛʘʷ, ʯʪʦ ʧʦʨʮʠʷ ʧʦʨʦʰʢʘ 

ʜʚʠʞʝʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʙʣʠʟʢʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʠʤ ʪʦʯʢʫ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʢʨʫʞʥʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʜʚʘ ʚʠʪʢʘ, ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʳ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʦʜʘʯʠ ʥʘ ʦʙʦʨʦʪ (ʨʠʩ. 4). 

ʋʨʘʚʥʝʥʠʝ 1-ʡ ʦʢʨʫʞʥʦʩʪʠ ʠʤʝʝʪ ʚʠʜ: 

( )222

ʧrlyx +=+ .
            (13) 

ʋʨʘʚʥʝʥʠʝ 2-ʡ ʦʢʨʫʞʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʤʝʱʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʜʘʯʠ S:  

( ) ( )22

2

2

ʧrlySx +=+- .
                   (14) 

ɺʝʨʭʥʠʝ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʝʡ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ: 

( ) 22

1 xrly ʧ -+=
 ,                  (15)

 

                                    
( ) ( )22

2 Sxrly ʧ --+=
.                        (16) 

 

 
 

ʈʠʩ. 4. ɼʚʘ ʚʠʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʧʦʨʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ: 

rʧ ï ʨʘʜʠʫʩ ʧʦʨʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ; l ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ ʚʨʘʱʝʥʠʷ 

ʠʥʜʫʢʪʦʨʘ ʜʦ ʧʦʨʮʠʠ ʧʦʨʦʰʢʘ; S ï ʧʨʦʜʦʣʴʥʘʷ ʧʦʜʘʯʘ ʥʘ ʦʙʦʨʦʪ ʠʥʜʫʢʪʦʨʘ; 

H ï ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʦʙʨʘʙʦʪʢʠ;  

y*  ï ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʦʢʨʫʞʥʦʩʪʝʡ 

 

ʆʪʩʶʜʘ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʦʢʨʫʞʥʦʩʪʝʡ ʫ1 = ʫ2 ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ 

. ʇʨʠ ʵʪʦʤ ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ y* :  

.
            (17)

 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʦʙʨʘʙʦʪʢʠ:  

.
           (18)

 


