
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʉʋʄʉʔʂʀʁ ɼɽʈɾɸɺʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

 

 

 

 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ ʋʂʈɸɰʅʀ ʆʏʀʄɸ ʄʆʃʆɼʀʍ:  

ʧʨʦʛʨʝʩʠʚʥʽ ʽʜʝʾ ï ʥʘʫʢʘ ï ʚʠʨʦʙʥʠʮʪʚʦ 
 

ʊɽɿʀ ɼʆʇʆɺɯɼɽʁ 

XIV ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʤʦʣʦʜʽʞʥʦʾ  

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

 

 

(ʉʫʤʠ, 27ï31 ʞʦʚʪʥʷ 2014 ʨʦʢʫ) 
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ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ 

ɾʠʪʦʤʠʨʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ 
ʽʤ. ɺ. ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ 

ʂʨʝʤʝʥʯʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  
ʽʤ. ʄ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ (ʂʨʅʋ) 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 
çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʜʽʣʣʷ 

 

 

ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ 

XIV ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʤʦʣʦʜʽʞʥʦʾ  

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʄɸʐʀʅʆɹʋɼʋɺɸʅʅʗ ʋʂʈɸɰʅʀ  

ʆʏʀʄɸ ʄʆʃʆɼʀʍ:  
ʧʨʦʛʨʝʩʠʚʥʽ ʽʜʝʾ ï ʥʘʫʢʘ ï ʚʠʨʦʙʥʠʮʪʚʦ 

 

(ʉʫʤʠ, 27ï31 ʞʦʚʪʥʷ 2014 ʨʦʢʫ 
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ʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʋʢʨʘʾʥʠ ʦʯʠʤʘ ʤʦʣʦʜʠʭ: ʧʨʦʛʨʝʩʠʚʥʽ ʽʜʝʾ ï ʥʘʫʢʘ ï 

ʚʠʨʦʙʥʠʮʪʚʦ: ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ XIV  ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʤʦʣʦʜʽʞʥʦʾ ʥʘʫʢʦʚʦ-
ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ. 27ï31 ʞʦʚʪʥʷ 2014 ʨ., ʤ. ʉʫʤʠ. ï ʉʫʤʠ : ɺʠʜ-ʚʦ 

ʉʫʤɼʋ, 2014. ï 124 ʩ. 

 

 

ɿʙʽʨʥʠʢ ʤʽʩʪʠʪʴ ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ-ʤʘʰʠʥʦʙʫʜʽʚʥʠʢʽʚ 

ʋʢʨʘʾʥʠ, ʧʨʠʩʚʷʯʝʥʽ ʧʨʦʙʣʝʤʘʤ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʪʝʦʨʝʪʠʯʥʠʤ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, 

ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʥʦʚʽʪʥʽʤ ʜʦʩʷʛʥʝʥʥʷʤ ʫ 

ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʽ. 

ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʩʪʫʜʝʥʪʘʤ, ʘʩʧʽʨʘʥʪʘʤ, 

ʥʘʫʢʦʚʠʤ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʤ ʨʦʙʽʪʥʠʢʘʤ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʨʦʬʽʣʶ. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

É ɺʠʜʘʚʥʠʮʪʚʦ ʉʫʤɼʋ, 2014
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ʆʉʆɹɽʅʅʆʉʊʀ ʀɿɻʆʊʆɺʃɽʅʀʗ ʂʆʃʃɽʂʊʆʈʅʓʍ ʇʃɸʉʊʀʅ 

ɼʃʗ ɼɺʀɻɸʊɽʃɽʁ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ, ʇʈʀʄɽʅʗɽʄʓʍ ɺ 

ɸɺʀɸʉʊʈʆɽʅʀʀ 
 

ɸʙʨʘʤʦʚ ʉ.ɸ., ʘʩʧʠʨʘʥʪ, ɻʨʠʰʠʥ ɺ.ʉ., ʢ.ʪ.ʥ., ʟʘʚ. ʢʘʬʝʜʨʳ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʅʄʝʪɸʋ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ  
 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ 
ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʚ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʦʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʜʝʞʥʦʩʪʴʶ ʱʝʪʦʯʥʦ-ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʫʟʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʘʤʳʤ ʩʣʦʞʥʳʤ ʠ 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʫʟʣʦʤ ʢʦʣʣʝʢʪʦʨʥʳʭ ʤʘʰʠʥ. 

ʂʘʯʝʩʪʚʦ ʪʦʢʦʩʲʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʫʟʣʘ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʫʟʣʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʜʣʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 
ʄʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʦʙʱʝʛʦ ʠʟʥʦʩʘ ʢʦʣʣʝʢʪʦʨʘ. 

ʉʪʝʧʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʦʣʣʝʢʪʦʨ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʂʘʯʝʩʪʚʦ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʠ ʪʦʯʥʦʩʪʴ ʝʛʦ ʬʦʨʤʳ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʮʝʩʩ ʢʦʤʤʫʪʘʮʠʠ.  

ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ 

ʟʘʜʝʨʞʠʚʘʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʜʣʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ɺ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʤʝʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʣʷ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ, 
ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʧʦʣʥʦʩʪʴʶ ʘʜʝʢʚʘʪʥʳʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʢʦʣʣʝʢʪʦʨʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʫʯʠʪʳʚʘʶʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʤʝʜʠ ʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʝʢʪʦʨʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʜʥʦʛʦ ʧʨʦʬʠʣʷ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʝʜʥʦʡ 

ʟʘʛʦʪʦʚʢʠ: ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʭʦʨʦʰʘʷ ʪʝʧʣʦ- 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʝʜʠ ʜʣʷ ʯʝʣʦʚʝʢʘ ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ. ʇʨʦʬʠʣʠ ʢʦʣʣʝʢʪʦʨʥʦʡ ʧʣʘʩʪʠʥʳ ʠʟ ʤʝʜʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʨʝʩʩʦʚʘʥʠʝʤ ʠ ʚʦʣʦʯʝʥʠʝʤ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʣʣʝʢʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʤʝʜʴ 

ʤʘʨʢʠ Ml (ɻʆʉʊ 859-78).  ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʣʳʭ ʧʘʨʪʠʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 
ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʭʦʜʷʪ ʢʦʣʣʝʢʪʦʨʥʳʝ ʧʣʘʩʪʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ 
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ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʛʦʨʷʯʝʡ 

ʵʢʩʪʨʫʟʠʠ. ʕʢʩʪʨʫʟʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʜʘʚʣʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʟʘʢʨʳʪʫʶ ʧʦʣʦʩʪʴ ʯʝʨʝʟ ʤʘʪʨʠʮʫ ʰʪʘʤʧʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʣʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʝʩʩʘ. ʕʢʩʪʨʫʟʠʷ ʩʦʟʜʘʝʪ ʩʜʚʠʛʘʶʱʝʝ ʫʩʠʣʠʝ ʠ 

ʩʞʠʤʘʶʱʫʶ ʥʘʛʨʫʟʢʫ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝ ʩʦʟʜʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʨʳʚʫ ï 

ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʩʠʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʙʝʟ ʨʘʟʨʳʚʘ 

ʤʝʪʘʣʣʘ. ɺʥʘʯʘʣʝ ʨʘʟʦʛʨʝʪʘʷ ʟʘʛʦʪʦʚʢʘ ʧʦʤʝʱʘʝʪʩʷ ʚ ʵʢʩʪʨʫʟʠʦʥʥʳʡ ʧʨʝʩʩ, ʚ 

ʢʦʪʦʨʦʤ ʧʣʫʥʞʝʨ ʩ ʧʨʝʩʩ-ʰʘʡʙʦʡ ʧʨʦʪʘʣʢʠʚʘʝʪ ʨʘʟʤʷʛʯʝʥʥʳʡ ʤʝʪʘʣʣ ʩʢʚʦʟʴ 

ʪʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ ʤʘʪʨʠʮʳ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʟʘʛʦʪʦʚʢʘ ʠ ʧʨʠʥʠʤʘʝʪ 

ʥʫʞʥʫʶ ʬʦʨʤʫ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʏʝʨʪʝʞ ʦʪʚʝʨʩʪʠʡ ʤʘʪʨʠʮʳ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʵʢʩʪʨʫʟʠʠ ʚʳʙʨʘʥʘ ʟʘʛʦʪʦʚʢʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ Ï40 ʤʤ. 

ʇʨʦʮʝʩʩ ʛʦʨʷʯʝʡ ʵʢʩʪʨʫʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʪ 850 ʜʦ 870Áʉ, ʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ, 
ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʥʘʠʣʫʯʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʜʠ [1]). ʇʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 35 ʜʦ 700 ʄʇʘ. ɺʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

(ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʝ) ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʦʡʢʦʩʪʴ 

ʤʘʪʨʠʮʳ ʠ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʷʯʝʡ ʵʢʩʪʨʫʟʠʠ ʪʨʝʙʫʶʪ 

ʦʩʦʙʦʡ ʩʤʘʟʢʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʝʜʠ ʠ ʧʦʚʳʰʝʥʠʷ ʦʙʱʝʛʦ 

ʢʘʯʝʩʪʚʘ ʧʨʦʬʠʣʷ ʤʘʪʨʠʮʫ ʠ ʧʨʦʯʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʛʨʝʚʘʣʠ. ʈʘʟʤʝʨ 

ʵʢʩʪʨʫʟʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 

ʠʥʦʛʜʘ ʜʠʘʤʝʪʨʦʤ ʦʧʠʩʳʚʘʶʱʝʡ ʝʝ ʦʢʨʫʞʥʦʩʪʠ (CCD). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʣʣʝʢʪʦʨʥʳʭ ʧʣʘʩʪʠʥ ʠʟ ʤʝʜʠ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʦʡ ʢʘʢ ʛʦʨʷʯʘʷ ʵʢʩʪʨʫʟʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʜʦ 95% ʠ ʩʥʠʞʘʝʪ ʤʝʜʥʳʝ ʦʪʭʦʜʳ ʜʦ 60%. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʂʦʣʘʯʝʚ, ɹ.ɸ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ ʊʝʢʩʪ / ɹ.ɸ. ʂʦʣʘʯʝʚ, ɺ.ɸ. ɽʣʘʛʠʥ. - 

ʄ.: -ʄʀʉʀʉ, 2001. - 416 ʩ. 
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ʇʆɺʓʐɽʅʀɽ ʊʆʏʅʆʉʊʀ ʆɹʈɸɹʆʊʂʀ ʂʈʋʇʅʆɻɸɹɸʈʀʊʅʓʍ 

ʅɽɾɽʉʊʂʀʍ ɼɽʊɸʃɽʁ ɿɸ ʉʏɽʊ ʋʇʈɸɺʃɽʅʀʗ ʊʆʏʅʆʉʊʔʖ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉʀʉʊɽʄʓ ʊʗɾɽʃʓʍ ʉʊɸʅʂʆɺ 
 

ɸʥʪʦʥʝʥʢʦ ʗ.ʉ., ʘʩʩʠʩʪʝʥʪ, ʂʦʚʘʣʝʚ ɺ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬ., 

ɼɻʄɸ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 
 

ʆʩʦʙʝʥʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʪʷʞʝʣʳʭ ʩʪʘʥʢʦʚ ʩʚʷʟʘʥʘ ʩ 
ʙʦʣʴʰʠʤʠ ʤʘʩʩʘʤʠ ʠʟʜʝʣʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʛʠʙʘʤʠ ʦʪ ʚʝʩʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʪʨʫʜʥʦʩʪʷʤʠ ʪʦʯʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʤʝʜʣʝʥʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʝʠʟʙʝʞʥʳʤʠ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ, ʙʦʣʴʰʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʜʝʬʦʨʤʘʮʠʷʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʘʤ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ 

ʨʘʙʦʪʝ ʤʝʪʦʜ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʪʷʞʝʣʳʭ 

ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʘʭ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʜʦʩʪʠʞʝʥʠʷ 

ʪʦʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʠʤʝʶʱʝʛʦʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʜʫʢʮʠʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ 
ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʩʦʟʜʘʶʪ ʵʬʬʝʢʪ ʢʦʧʠʨʦʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʬʦʨʤʳ 

ʟʘʛʦʪʦʚʢʠ ʠ ʦʧʦʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʠ ʥʘ ʛʦʪʦʚʦʝ ʠʟʜʝʣʠʝ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ ʢʦʧʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ 

ʞʝʩʪʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [2]. 

ɺ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ ʪʷʞʝʣʦʛʦ 

ʩʪʘʥʢʘ (ʨʠʩ.1) ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʦʚʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ. 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʷʞʝʣʳʡ ʪʦʢʘʨʥʳʡ ʩʪʘʥʦʢ ʤʦʜ.1ʂ675ʌ3 ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʜʠʘʤʝʪʨʦʤ ʦʙʨʘʙʦʪʢʠ 2550ʤʤ ʠ ʜʣʠʥʦʡ 12500 ʤʤ. 

ʉʪʘʥʠʥʘ ʩʪʘʥʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʶʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʜʝʬʦʨʤʘʮʠʡ - 

ʩʪʘʥʠʥʘ ʠʟʜʝʣʠʡ ʠ ʩʪʘʥʠʥʘ ʩʫʧʧʦʨʪʦʚ. ʇʨʦʚʝʜʝʥʦ ʪʚʝʨʜʦʪʝʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʥʠʥʳ ʚ ʧʘʢʝʪʝ COSMOSWorks ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʞʝʩʪʢʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʘʠʙʦʣʝʝ ʚʣʠʷʶʱʠʭ 

ʥʘ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʞʝʩʪʢʦʩʪʴ ʩʪʘʥʠʥ 

ʨʝʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʇɸʆ ʂɿʊʉ (ʨʠʩ. 2). ɼʦʩʪʠʛʥʫʪʦ 
ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʨʝʟʫʣʴʪʘʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʘʥʢʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʥʠʥʳ ʩʫʧʧʦʨʪʦʚ 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ 

ʧʦʟʚʦʣʠʣʦ ʙʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ.  

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [1] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʨʷʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʦʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʞʝʩʪʢʠʭ ʟʘʛʦʪʦʚʦʢ ʥʘ ʪʷʞʝʣʳʭ ʩʪʘʥʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʥʘ ʇɸʆ ʂɿʊʉ ʧʨʠ ʚʳʧʫʩʢʝ ʛʘʤʤʳ 

ʪʷʞʝʣʳʭ ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1 Kovalev V., Vasilchenko Y., Gakov S., Kurilenko Y.  Trends of 

adaptive control of accuracy of the technological system on the basis of heavy 

machine-tools, 2. International Conference ñICQME 2007ò, Budva, Montenegro, 
2007, pp. 263-275.  

2 ɸʥʪʦʥʝʥʢʦ ʗ.ʉ., ʂʦʚʘʣʝʚ ɺ.ɼ., ʃʠʥʢʝʚʠʯ ʉ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʦʡ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʢʘ ʥʘ ʞʝʩʪʢʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼɻʄɸ, ʛ. ʂʨʘʤʘʪʦʨʩʢ, ʋʢʨʘʠʥʘ/ʅʘʜʽʡʥʽʩʪʴ 

ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï 

ʂʨʘʤʘʪʦʨʩʴʢ, ʚʠʧ. ˉ 32, 2013. ï ʉ. 145ï149. 
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ɯʅʌʆʈʄɸʎɯʁʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʈʆɽʂʊʋɺɸʅʅʗ ɺɽʈʉʊɸʊʅʀʍ 

ʇʈʀʉʊʈʆɰɺ 
 

ɹʘʛʨʽʡ ʗ.ɺ., ʘʩʧʽʨʘʥʪ; ɯʚʘʥʦʚ ɺ.ʆ., ʜʦʮ.; ɺʘʱʝʥʢʦ ʉ.ʄ., ʩʪ. ʚʠʢʣ.; 

ʐʠʰʢʘ ʆ.ʆ., ʩʪʫʜʝʥʪ, ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʉʫʤʠ 
 

ɺ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʪʘ ʩʪʨʽʤʢʦʛʦ ʨʦʟʚʠʪʢʫ ʥʦʚʽʪʥʽʭ 
ʪʝʭʥʦʣʦʛʽʡ, ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʫʩʴʦʛʦ ʩʚʽʪʫ 

ʚʝʜʝ ʧʦʩʪʽʡʥʠʡ ʧʦʰʫʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ʉʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ 

ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʽʩʪʶ ʚʠʨʦʙʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʽʚ ʚʠʤʘʛʘʻ 

ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʽʟ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ, ʘ ʩʘʤʝ ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ (ɺʇ). ʋ ʪʘʢʽʡ 

ʩʠʪʫʘʮʽʾ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʩʪʘʜʽʾ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ɺʇ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ 

ʩʪʨʫʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʪʨʠʤʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʉɸʇʈ ɺʇ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʡʥʫ ʧʽʜʪʨʠʤʢʫ, 
ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ɺʇ. 

ʆʜʥʠʤ ʽʟ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʧʨʠʢʣʘʜʥ ̔ ʙʽʙʣʽʦʪʝʢʠ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, ʥʦʨʤʘʪʠʚʥʦ-

ʜʦʚʽʜʢʦʚʦʛʦ ʪʘ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ. ʈʦʟʨʦʙʣʝʥʘ ʙʘʟʘ ʜʘʥʠʭ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʙʽʙʣʽʦʪʝʢ: ʙʽʙʣʽʦʪʝʢʘ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʨʽʟʘʣʴʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʠʨʦʙʥʠʯʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ, ʥʦʨʤʘʪʠʚʥʦ-ʜʦʚʽʜʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʭʝʤ ʙʘʟʫʚʘʥʥʷ, ʩʭʝʤ ʟʘʢʨʽʧʣʝʥʥʷ, ʪʨʠʚʠʤʽʨʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʫʚʘʥʴ ɺʇ, ʦʧʦʨʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʫʩʪʘʥʦʚʣʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʟʘʪʠʩʢʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʆʜʥʠʤ ʽʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʠʟʥʘʯʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʻ ʥʘʣʘʛʦʜʞʝʥʘ ʨʦʙʦʪʘ ʙʽʙʣʽʦʪʝʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʥʠʤʠ. 

ʋ ʨʘʤʢʘʭ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 
ʩʪʚʦʨʝʥʦ ʤʦʜʫʣʴ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʦʜʫʣʴ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʙʘʟʦʶ ʜʘʥʠʭ MySQL. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʦʚʘʥʦ ʟ ʧʘʢʝʪʦʤ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ Autodesk Inventor, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʘʮʶʚʘʪʠ ʟ 3D-ʤʦʜʝʣʷʤʠ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ɺʇ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ 

ʙʽʙʣʽʦʪʝʢʘʭ. ʅʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʧʦʩʪʽʡʥʝ ʥʘʧʦʚʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʬʦʥʜʫ ʙʘʟʠ 

ʜʘʥʠʭ, ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʧʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʉɸʇʈ ɺʇ. ʊʘʢʦʞ ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʢʦʤʧʦʥʫʚʘʥʴ ɺʇ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ, 
ʘ ʪʘʢʦʞ ʽʥʞʝʥʝʨʥʦ-ʚʠʨʦʙʥʠʯʦʛʦ ʘʥʘʣʽʟʫ ʢʦʤʧʦʥʫʚʘʥʴ ɺʇ. ʆʪʨʠʤʘʥʽ 

ʘʣʛʦʨʠʪʤʠ ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ ʨʦʙʦʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʦʜʫʣʽʚ ʉɸʇʈ ɺʇ. 
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ʈʆɿʈʆɹʂɸ ʄɸʊɽʄɸʊʀʏʅʀʍ ɿɸʃɽɾʅʆʉʊɽʁ ʄɯɾ ɻʈɸʅʀʎɽʖ 

ɺʀʊʈʀɺɸʃʆʉʊɯ ʄɸʊɽʈɯɸʃʋ ɼɽʊɸʃɽʁ ʊɸ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ 

ʋʄʆɺɸʄʀ ʆɹʈʆɹʂʀ 
 

ɹʘʨʘʥʜʠʯ ʂ.ʉ., ʘʩʧʽʨʘʥʪ, ɺʠʩʣʦʫʭ ʉ.ʇ., ʢ.ʪ.ʥ., ʜʦʮ., 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 
 

ɿʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚ ʧʨʠʣʘʜʦ- ʪʘ 

ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʷʭ ʛʦʩʪʨʦ ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʧʦʰʫʢʫ ʰʣʷʭʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʾʾ ʥʘʜʽʡʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʪʘʢʠʭ ʚʯʝʥʠʭ ʷʢ ʉʫʩʣʦʚ ɸ.ɻ., ʄʘʪʘʣʠʥ ɸ.ɸ., 

ʇʠʩʘʨʝʥʢʦ ɺ.ɻ., ɹʝʨʥʠʢ ʇ.ʉ., ʉʠʚʘʢ ʈ.ɯ., ɸʬʪʘʥʘʟʽʥ ɯ.ʉ. ʪʘ ʽʥʰʠʤʠ ʜʦʚʝʜʝʥʦ, 

ʱʦ ʥʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʜʝʪʘʣʝʡ, ʟ ʷʢʠʭ ʚʦʥʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʽ ʥʝʙʝʟʧʝʯʥʦʶ ʧʨʠʯʠʥʦʶ 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʜʝʪʘʣʝʡ ʧʨʠʣʘʜʽʚ ʪʘ ʤʘʰʠʥ ʻ ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʥʝʨʽʜʢʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʷʞʢʠʭ ʥʘʩʣʽʜʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʘʻ ʨʘʧʪʦʚʦ.  

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʻ ʦʙʨʦʙʢʘ ʨʽʟʘʥʥʷʤ 

ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʾʭ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 
ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚʠʨʦʙʽʚ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʤʽʞ ʛʨʘʥʠʮʝʶ ʚʠʪʨʠʚʘʣʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ ʪʘ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ɿ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʧʨʦʚʝʜʝʥʦ ʚʪʦʤʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʤʽʥʫ ʛʨʘʥʠʮʽ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʮʠʣʽʥʜʨʠʯʥʽ ʟʨʘʟʢʠ ʟʽ ʩʪʘʣʽ 40ʍ. 

ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʨʘʟʢʽʚ ʦʙʨʘʥʽ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 25.502-79.  

ʇʽʩʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʛʦʪʽʚʦʢ ʜʣʷ ʟʨʘʟʢʽʚ (ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʦʪʽʚʦʢ ʟ ʧʨʠʧʫʩʢʦʤ ʥʘ ʦʙʨʦʙʢʫ) ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ ʨʠʩʦʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʪʘ ʦʢʨʫʛʣʝʥʥʷ ʛʦʩʪʨʠʭ ʢʨʘʡʦʢ ʟʜʽʡʩʥʝʥʦ ʾʭ ʰʣʽʬʫʚʘʥʥʷ ʪʘ 

ʤʝʭʘʥʽʯʥʝ ʧʦʣʽʨʫʚʘʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ, ʟ ʤʝʪʦʶ ʟʥʘʥʥʷ ʥʘʢʣʝʧʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ 
ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʟʨʘʟʢʠ ʙʫʣʠ ʧʽʜʜʘʥʽ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ʊʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʚʠʢʦʥʫʚʘʣʘʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʜʣʷ ʥʝʜʦʧʫʱʝʥʥʷ ʦʢʠʩʥʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʟʘ ʪʘʢʠʭ ʨʝʞʠʤʽʚ: ʥʘʛʨʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ 450Üʉ, ʚʠʪʨʠʤʢʘ 2 

ʛʦʜʠʥʠ, ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʧʽʯʯʶ. ʊʦʢʘʨʥʘ ʦʙʨʦʙʢʘ ʚʠʢʦʥʫʚʘʣʘʩʴ ʙʝʟ 

ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʪʦʢʘʨʥʦʤʫ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʮʝʥʪʨʽ HAAS ST20 (ʢʨʘʾʥʘ 

ʚʠʨʦʙʥʠʢ ʉʐɸ). ɺ ʷʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʦʙʨʘʥʦ ʨʽʟʝʮʴ 

PVVNN 2525M-16Q ʟ ʨʽʟʘʣʴʥʦʶ ʧʣʘʩʪʠʥʢʦʶ ʽʟ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ 

VBGW 160404T00815SE.  

ʇʝʨʝʜ ʤʝʭʘʥʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʚʩʽ ʟʨʘʟʢʠ ʙʫʣʠ ʨʦʟʙʠʪʽ ʥʘ 3 ʛʨʫʧʠ ʧʦ 

ʰʽʩʪʴ ʟʨʘʟʢʽʚ ʚ ʢʦʞʥʽʡ ʛʨʫʧʽ. ʂʦʞʥʘ ʛʨʫʧʘ ʟʨʘʟʢʽʚ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ ʥʘ 

ʦʜʥʘʢʦʚʠʭ ʨʝʞʠʤʘʭ, ʷʢʽ ʚʠʙʠʨʘʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʠʡ 
ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨʫ ʚʪʦʤʠ (ʪʘʙʣʠʮʷ 1).  
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ʊʘʙʣʠʮʷ 1 ï ʊʝʭʥʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ  

ʆʙʨʦʙʣʶʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ 

ɯʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ 

ʤʘʪʝʨʽʘʣ 

ʈʝʞʠʤʠ ʨʽʟʘʥʥʷ 

V, ʤ/ʭʚ S, ʤʤ/ʦʙ t, ʤʤ 

40ʍ 
VBGW 

160404T00815SE 

120 0,12 0,3 

80 0,08 0,3 

180 0,08 0,3 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɻʆʉʊ 25.502-79 ʦʙʨʘʥʦ ʥʘʩʪʫʧʥʫ ʩʭʝʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ: ʯʠʩʪʠʡ ʟʛʠʥ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʟʨʘʟʢʘ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʚʪʦʤʫ ʚʠʢʦʥʫʚʘʣʦʩʷ ʟʘ ʯʘʩʪʦʪʠ 2000 ɻʮ. ɺ 

ʷʢʦʩʪʽ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʚʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ 

ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʄʋʀ-6000. ɿʨʘʟʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤ 
ʤʝʪʦʜʦʤ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʪʦʤʫ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʽ N=2Ā107 ʮʠʢʣʽʚ, ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ Ū=20ʦʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʯʠʥʘʣʦʩʷ ʧʨʠ ʟʥʘʯʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʙʣʠʟʥʦ 0,7 ʚʽʜ ʦʯʽʢʫʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʽ ʚʠʪʨʠʚʘʣʦʩʪʽ. ʗʢʱʦ ʥʘ 

ʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʟʨʘʟʦʢ ʚʠʪʨʠʤʫʚʘʚ ʙʘʟʫ ʜʦʩʣʽʜʞʝʥʴ, ʪʦ ʥʘʧʨʫʞʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʽʣʴʰʫʚʘʣʦʩʷ ʥʘ 20..40 ʄʇʘ. ɿʘ ʛʨʘʥʠʮʶ ʚʠʪʨʠʚʘʣʦʩʪʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊ 23207-78, ʧʨʠʡʤʘʣʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʘ ʘʙʩʦʣʶʪʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʱʝ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ 

ʜʦ ʙʘʟʠ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ ʦʪʨʠʤʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʛʨʘʥʠʮʽ 

ʚʠʪʨʠʚʘʣʦʩʪʽ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʨʠ ʪʦʯʽʥʥʽ ʚ ʢʦʜʦʚʘʥʽʡ ʰʢʘʣʽ: 

( ) 2
221

2
13211 1377,0309,0615,00166,0327,051,071,5ln xxxxxxx ++-+-+=-s , 

(1) 

ʘʙʦ 

( )2
221

2
1321 1377,0309,0615,00166,0327,051,071,5

1
xxxxxxx

e
++-+-+

- =s , 

(2) 

ʇʽʩʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʽʟ ʢʦʜʦʚʘʥʦʾ ʰʢʘʣʠ ʚ 

ʥʘʪʫʨʘʣʴʥʫ ʦʪʨʠʤʘʣʠ: 
( )

,147935.813627.11

11457.100664.033766.1243234.1414569,3ln

22

1

SV

VStSV

+-

-++-+-=-s   (3) 

ʘʙʦ 

( )
.

22 147935.813627.1111457.100664.033766.1243234.1414569,3
1

SVVStSVe +-++-+-
-=s (4

) 

ɺʠʱʝ ʧʨʝʜʩʪʘʚʣʝʥ̔ ʤʘʪʝʤʘʪʠʯʥ ̔ ʟʘʣʝʞʥʦʩʪ ̔ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ ʥʘ 

ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 
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ʆʇʀʉɸʅʀɽ ʐɽʈʆʍʆɺɸʊʆʉʊʀ ʇʆɺɽʈʍʅʆʉʊʀ ʆɹʈɸɹʆʊɸʅʅʆʁ 

ʄɽʊʆɼʆʄ ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆɻʆ ʌʈɽɿɽʈʆɺɸʅʀʗ  

 

ɹʘʩʦʚʘ ɽ.ɺ., ʩʪ. ʧʨʝʧ.; ɼʦʙʨʦʪʚʦʨʩʢʠʡ ʉ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ., 

ʅʊʋ çʍʇʀè, ʛ. ʍʘʨʴʢʦʚ 

 

ʇʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʢʦʥʮʝʚʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ ʬʨʝʟʘʤʠ ʚʝʣʠʯʠʥʳ 

ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. 

ɺʝʣʠʯʠʥʘ ʧʦʧʝʨʝʯʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ 

ʧʨʦʜʦʣʴʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʩʪʘʪʦʯʥʳʭ 
ʛʨʝʙʝʰʢʦʚ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʨʦʭʦʜʘʤʠ ʬʨʝʟʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʘ Ra ʜʣʷ ʦʮʝʥʢʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʩʧʦʩʦʙʝʥ ʦʪʨʘʟʠʪʴ ʠʩʪʠʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʪʨʘʟʠʪʴ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʣʫʯʘʡʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʊʘʢʦʤʫ ʫʩʣʦʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ Rg. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ ʧʦʟʚʦʣʷʝʪ 

ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʩʣʫʯʘʡʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʤʧʣʠʪʫʜ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʝ 
ʢʘʢ ʩʠʛʥʘʣ ʙʝʣʦʛʦ ʰʫʤʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠʭ, ʩʣʫʯʘʡʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʩʫʧʝʨʧʦʟʠʮʠʠ). ʊʘʢʦʡ ʧʦʜʭʦʜ ʨʝʰʘʝʪ 

ʟʘʜʘʯʫ, ʠʩʧʦʣʴʟʫʷ ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ, ʘ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ï ʢʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʨʘʚʝʥʩʪʚʦ Ra ʚ ʧʨʦʜʦʣʴʥʦʤ ʠ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʚʦʝʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʪʨʝʤʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ, 

ʦʜʥʘʢʦ ʜʣʷ ʝʝ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʚʘʜʨʘʪʠʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʫʯʝʪʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʫʶ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʝʩʪʴ ʚ ʚʠʜʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʦʨʤʘʣʠ ʬʨʝʟʳ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʩʪʨʫʞʢʦʦʪʚʦʜʥʦʡ ʢʘʥʘʚʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ. ɺʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʟʘʚʠʩʠʪ ʦʪ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɼʣʷ ʫʩʠʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʮʝʩʩʘ 

ʤʝʭʘʥʦʦʙʨʘʙʦʪʢʠ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʩ ʧʦʣʦʚʠʥʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʊʗɾɽʃʓʍ ʊʆʂɸʈʅʓʍ 

ʉʊɸʅʂʆɺ ɿɸ ʉʏɽʊ ʆʇʊʀʄɸʃʔʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ 

ʇʆʉʈɽɼʉʊɺʆʄ PLC ʄʆɼʋʃɽʁ 

 

ɹʝʨʝʟʦʚʩʢʘʷ ʀ.ʂ, ʘʩʧʠʨʘʥʪ; ʂʦʚʘʣʝʚ ɺ.ɼ., ʜ.ʪ.ʥ., ʧʨʦʬ., 

ɼɻʄɸ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʧʦʟʠʮʠʠ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʘʢʪʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʟʘʛʦʪʦʚʢʠ, ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʕʪʠʤ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʜʝʣʠʡ ʪʷʞʝʣʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩ ʫʯʝʪʦʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʦʮʝʩʩʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʏʇʋ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ, 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʩ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʫʪʸʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʬʫʥʢʮʠʠ 
ʏʇʋ ʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʥʘ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʠʷ 

ʢʘʢ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʝ, ʪʘʢ ʠ ʢʦʨʨʝʢʮʠʠ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʩ 

ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʊʉ. ʇʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʧʠʩʳʚʘʪʴ (ʦʪʜʝʣʴʥʳʤʠ ʩʪʨʦʢʘʤʠ) ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʪʝʢʩʪʝ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʞʠʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʪʷʞʝʣʦʤ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ, ʘ ʠʤʝʥʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʜʘʯʝʡ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʣʳ ʨʝʟʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ PLC ʤʦʜʫʣʝʡ. 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʷʞʝʣʳʤ ʪʦʢʘʨʥʳʤ ʩʪʘʥʢʦʤ ʩ ʧʦʤʦʱʴʶ PLC ʤʦʜʫʣʝʡ 
ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʤʝʶʱʘʷʩʷ ʥʘ ʢʘʬʝʜʨʝ çʂʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʝ ʤʝʭʘʪʨʦʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʠʥʩʪʨʫʤʝʥʪ ʠ ʪʝʭʥʦʣʦʛʠʠè ɼʦʥʙʘʩʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʩʠʩʪʝʤʘ ʢʦʥʪʫʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʪʦʢʘʨʥʳʭ ʩʪʘʥʢʦʚ Heidenhain MANUALplus 620 ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ PLC. 

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ PLC ï ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

ʤʝʞʜʫ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʝʝ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦ ʪʠʧʦʚʳʤ 

ʘʣʛʦʨʠʪʤʘʤ (ʟʘʢʦʥʘʤ) ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ɺʥʝʜʨʝʥʠʝ PLC ʚ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
(ʣʠʙʦ ʠʭ ʦʮʝʥʢʠ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 
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ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʨʘʙʦʪʢʠ ʥʘ ʪʷʞʝʣʦʤ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʧʨʠʤʝʥʠʤ 

ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʳ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʠ ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʝʡ ʨʝʟʮʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʨʝʟʘʥʠʷ (1, 2): 

Q
Q QÖÖÖ

Q
=

Q

z
yx

stC
V

    (1) 

 

P
P

y
Pnx

P KVtC

P
S

ÖÖÖ
=

10

    (2) 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʩ ʮʝʣʴʶ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʘʣʛʦʨʠʪʤ. ɼʘʥʥʳʡ ʮʠʢʣ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴʩʷ ʯʝʨʝʟ ʩʪʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʳʡ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʥʘʧʨʠʤʝʨ ʧʦ ʧʨʝʨʳʚʘʥʠʶ, ʦʪ ʪʘʡʤʝʨʘ ʠʣʠ ʚ ʦʙʱʝʤ ʮʠʢʣʝ 

ʧʨʦʛʨʘʤʤʳ PLC.  

ʂʦʤʘʥʜʘ ʩʦʩʪʦʠʪ ʠʟ ʦʧʝʨʘʪʦʨʘ ʠ ʦʧʝʨʘʥʜʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ 

ʦʧʝʨʘʥʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʝʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ. ʆʥ 

ʦʙʲʷʩʥʷʝʪ ʪʦ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʜʝʣʘʥʦ ʩ ʦʧʝʨʘʥʜʦʤ. ʆʧʝʨʘʥʜ ʫʢʘʟʳʚʘʝʪ, 

ʢʘʢʦʝ ʩʦʜʝʨʞʠʤʦʝ ʧʘʤʷʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʵʪʦʡ ʦʧʝʨʘʮʠʠ. ʆʥ 

ʦʙʳʯʥʦ ʩʦʩʪʦʠʪ ʠʟ ʪʠʧʘ ʦʧʝʨʘʥʜʘ ʠ ʘʜʨʝʩʘ ʦʧʝʨʘʥʜʘ. ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʧʘʤʷʪʴ 
(çʥʘʢʦʧʠʪʝʣʴè) ʠʩʧʦʣʴʟʫʝʪʩʷ, ʝʩʣʠ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʘ ʦʧʝʨʘʥʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʥʜʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʪʘʢ ʠ ʬʠʟʠʯʝʩʢʠʝ ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʢʦʥʪʨʦʣʣʝʨʘ 

PLC ʩ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʥʠʤ ʜʘʪʯʠʢʘʤʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʘ 

ʪʘʢʞʝ ʧʝʨʝʤʝʥʥʳʝ NC, ʪʘʢʠʝ ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪ.ʧ.. 

ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʷʞʝʣʦʤ ʪʦʢʘʨʥʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ 

ʨʝʘʣʠʟʦʚʘʥʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʝʨʘ PLC ʩ ʟʘʜʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʧʦ ʩʠʣʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʟʘʥʠʷ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ 
ʧʨʦʛʨʘʤʤʫ ʏʇʋ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʯʝʥʠʷ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʦʠʟʚʦʜʠʪ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʛʦ ʢʦʨʨʝʢʪʠʨʫʝʪ ʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ (ʩʢʦʨʦʩʪʴ) ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ, ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ 

ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉɸ ʈɽʄʆʅʊʅʆʁ ɼʆʂʋʄɽʅʊɸʎʀʀ  

ʉ ʇʆʄʆʑʔʖ ʇʈʆɻʈɸʄʄʅʓʍ ʇʈʆɼʋʂʊʆɺ DELCAM  

ɼʃʗ ʆʉʋʑɽʉʊɺʃɽʅʀʗ ʀʄʇʆʈʊʆɿɸʄɽʑɽʅʀʗ ʅɸ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʁ ɸɻʈɽɻɸʊ ʅɸʉʆʉɸ GIW 6300/95 
 

ɹʦʥʜʘʨʴ ɽ.ɺ., ʩʪ. ʧʨʝʧ.; ʉʘʙʘʜʘʰ ʇ.ʉ., ʩʪʫʜʝʥʪ, 

çʂʅʋè, ʛ. ʂʨʠʚʦʡ ʈʦʛ 
 

ʅʘ ʢʘʬʝʜʨʫ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ çʂʨʠʚʦʨʦʞʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘè ʦʙʨʘʪʠʣʦʩʴ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʷ ʇɸʆ 

çʀʥɻʆʂè ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʨʝʤʦʥʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʥʘ ʥʘʩʦʩ 

GIW 6300/95. ɿʘʜʘʯʝʡ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʢʘʬʝʜʨʦʡ, ʙʳʣʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʪʘʢʠʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ: 

- ʩʦʟʜʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ çʋʣʠʪʳè ʠ çʂʦʣʝʩʘè ʥʘʩʦʩʘ; 

- ʨʘʩʯʝʪ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʦʚʝʨʢʘ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʜʝʨʞʠʚʘʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʧʫʪʸʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʫʛʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 
ʩʦʩʪʦʥ̫ʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ 

ʜʝʪʘʣʝʡ çʋʣʠʪʘè ʠ çʂʦʣʝʩʦè ʥʘʩʦʩʘ GIW 6300/95. 

ʅʘ ʦʩʥʦʚʝ ʟʘʤʝʨʦʚ ʩ ʨʝʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʚ ʇʆ PowerSHAPE Delcam (ʨʠʩ. 1), ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ 

ʩʙʦʨʦʯʥʦʛʦ ʫʟʣʘ. ʇʨʦʩʯʠʪʘʥʳ, ʧʦ ʩʨʝʜʩʪʚʘʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ 

SolidWorks, ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʝʨʝʭʦʜʥʳʭ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʟʣʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʸʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʞʝ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʫʧʨʘʚʣʷʶʱʘ ̫ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʩʪʘʥʢʘ ʩ ʏʇʋ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʠ çʂʦʣʝʩʦè ʚ ʩʠʩʪʝʤʝ PowerMILL Delcam. ʂʦʤʧʣʝʢʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʚ ʇʆ ɺʝʨʪʠʢʘʣʴ (ɸʉʂʆʅ). 

       
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚ PowerSHAPE Delcam ʠ ʘʥʘʣʠʟ ʚ SolidWorks. 

ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʥy ʩʝʤʠʥʘʨ ʩ ʫʯʘʩʪʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʩ ʥʘʛʣʷʜʥʳʤ ʧʨʠʤʝʨʦʤ ʚʦʟʤʦʞʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʜʣʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ʂʨʠʚʦʛʦ ʈʦʛʘ, ʇʆ 

PowerSHAPE, PowerMILL, SolidWorks, ɺʝʨʪʠʢʘʣʴ (ɸʉʂʆʅ). ʀʪʦʛʦʤ 

ʩʝʤʠʥʘʨʘ ʩʪʘʣʦ ʧʦʜʧʠʩʘʥʠʝ çɸʢʪʘ ʧʨʠʸʤʘ-ʧʝʨʝʜʘʯʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡè. 
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ʉʆɿɼɸʅʀɽ ʄʆɼɽʃʀ ɺɽʊʈʆʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ʋʉʊɸʅʆɺʂʀ ʅɸ  

ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʅɽʆɼʀʄʆɺʓʍ ʄɸɻʅʀʊɸʍ ʇʈʀ ʇʆʄʆʑʀ 

ʇʈʆɻʈɸʄʄʅʓʍ ʇʈʆɼʋʂʊʆɺ DELCAM ɼʃʗ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 
 

ɹʦʥʜʘʨʴ ɽ.ɺ., ʩʪ. ʧʨʝʧ.; ʂʦʚʘʣʝʥʢʦ ɼ.ʖ., ʩʪʫʜʝʥʪ, 

çʂʅʋè, ʛ. ʂʨʠʚʦʡ ʈʦʛ 
 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʪʨʘʩʣʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʥʝ ʚʦʟʤʦʞʥʦ ʙʝʟ 
ʟʘʜʝʡʩʪʚʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʚʷʟʠ ʩʦ ʩʣʦʞʠʚʰʝʡʩʷ ʩʣʦʞʥʦʡ 

ʩʠʪʫʘʮʠʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʋʢʨʘʠʥʝ, ʩʪʦʠʪ ʟʘʜʘʯʘ 

ʚʥʝʜʨʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ. ʈʘʟʨʘʙʦʪʢʘ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ. ʂʣʶʯʝʚʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʫʩʪʘʥʦʚʢʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʝʡʰʠʭ ʩʠʩʪʝʤ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʜʦʙʳʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ. ʅʘ ʢʘʬʝʜʨʝ ʊʄ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʛʥʠʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʘʚʥʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʫʤʝʥʴʰʝʥʠʷ ʚʠʙʨʘʮʠʡ ʠ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʦʢ ʥʘ 

ʜʚʠʞʫʱʠʝʩʷ ʵʣʝʤʝʥʪʳ. ɹʳʣʘ ʚʳʙʨʘʥʘ ʢʦʤʧʦʥʦʚʢʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʢʣʶʯʠʪʴ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʫʧʦʨʥʳʝ ʧʦʜʰʠʧʥʠʢʠ 

(ʫʜʝʨʞʠʚʘʶʱʠʝ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʦʪʦʨ). ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʜʚʝʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ. ɺ ʩʠʩʪʝʤʝ ʪʨʸʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Delcam PowerSHAPE ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 
ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 

1). ʆʙʨʘʙʦʪʢʫ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʰʧʠʣʴʢʠ ʠ ʧʦʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʧʦʜ ʤʘʛʥʠʪʳ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʛʨʘʚʠʨʦʚʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ Roland MDX-20 

(ʗʧʦʥʠʷ) ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʝ ʚ ʩʠʩʪʝʤʝ PowerMILL 

Delcam (ʨʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 1 ï 3D-ʤʦʜʝʣʴ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚ 

Delcam Power SHAPE 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʙʨʘʙʦʪʢʘ ʬʣʘʥʮʘ 
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ʃʦʧʘʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʨʘʟʨʝʟʘʥʥʦʡ ʥʘʜʚʦʝ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʇɺʍ ʪʨʫʙʳ ʩ ʜʠʘʤʝʪʨʦʤ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ 50 ʤʤ. ɺʩʝʛʦ 6 

ʣʦʧʘʩʪʝʡ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ʉʦʙʨʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ 

ʧʦʜʚʝʩ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 3. ɺʨʘʱʘʷ ʨʝʟʴʙʦʚʫʶ ʚʪʫʣʢʫ ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ, 

ʚʦʟʤʦʞʥʘ ʨʝʛʫʣʠʨʦʚʢʘ ʟʘʟʦʨʘ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ ʨʦʪʦʨʘ ʠ ʢʘʪʫʰʢʘʤʠ ʩʪʘʪʦʨʘ. 

    
ʈʠʩʫʥʦʢ 3 ï ʉʦʙʨʘʥʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʠʤʝʥʣ̫ʠ 

ʚʳʧʨʷʤʠʪʝʣʴ ʩ ʫʜʚʦʝʥʠʝʤ ʪʦʢʘ (ʨʠʩ. 4). ɺʳʧʨʷʤʠʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʜʚʫʭ ʜʠʦʜʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʜʘʥʥʘʷ ʤʦʜʝʣʴ 
ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚʳʨʘʙʦʪʘʣʘ ʪʦʢ ʩʠʣʦʡ 500 ʤɸ ʠ ʥʘʧʨʷʞʝʥʠʝʤ 

5,6 ɺ ʧʨʠ 120 ʦʙ/ʤʠʥ. ʉ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʟʥʘʯʝʥʠʷ ʤʝʥʷʶʪʩʷ. 

ʕʥʝʨʛʠʠ ʫʩʪʘʥʦʚʢʠ ʙʳʣʦ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʟʘʞʠʛʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ 

ʣʘʤʧʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʘ ʨʝʘʣʴʥʘʷ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 5).  

 

  
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʚʳʧʨʷʤʠʪʝʣ ̫

 
ʈʠʩʫʥʦʢ 5 ï ɺʝʪʨʦʛʝʥʝʨʘʪʦʨ ʩ 

ʚʝʨʪʠʢʘʣʥɹʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 

ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʜʚʝʩʦʤ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʙʳʪʴ 
ʤʘʩʰʪʘʙʠʨʦʚʘʥʘ ʠ ʜʦʨʘʙʦʪʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ. ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʦʩʪʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ 

ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ. ʄʘʛʥʠʪʥʳʡ ʧʦʜʚʝʩ ʧʦʟʚʦʣʷʝʪ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʫ 

ʚʨʘɦ ʘʪʴʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʙʝʩʰʫʤʥʦ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʠʙʨʘʮʠʠ. 

ʊʘʢʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʨʘʙʦʪʢʘ ʫʩʪʘʥʦʚʢʠ: ʟʘʤʝʥʘ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

ʢʘʯʝʥʠʷ ʥʘ ʤʘʛʥʠʪʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ 

ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʢʠ. 
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ʈʆɿʇʆɼɯʃ ʊɽʄʇɽʈɸʊʋʈ ʇʈʀ ʉɺɽʈɼʃɯʅʅɯ ʇʂʄ ʊʀʇʋ 

ɺʋɻʃɽʇʃɸʉʊʀʂ 

 

ɹʫʣʘʭ ɯ.ʆ., ʘʩʧʽʨʘʥʪ; ɻʨʝʯʫʢ ɸ.ɯ., ʩʪʫʜʝʥʪ; ɻʣʦʙʘ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ., 

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ʈʽʟʘʥʥʷ ï ʮʝ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʟʘʟʥʘʻ ʟʤʽʥ ʚʽʜ ʚʘʨʽʶʚʘʥʥʷ ʙʫʜʴ-

ʷʢʦʾ ʡʦʛʦ ʩʢʣʘʜʦʚʦʾ. ʊʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʨʽʟʘʥʥʽ ʇʂʄ, ʚʧʣʠʚʘʻ ʥʝ 
ʪʽʣʴʢʠ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʘʣʝ ʽ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʅʝʧʦʚʥʦʪʘ ʚʠʚʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʷʚʠʱ ʟʫʤʦʚʣʝʥʘ ʩʧʝʮʠʬʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʟʨʽʟʘʥʦʛʦ ʰʘʨʫ; ʩʢʣʘʜʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʇʂʄ ʯʝʨʝʟ ʟʘʢʨʠʪʽʩʪʴ ʟʦʥʠ ʨʽʟʘʥʥʷ; ʙʝʟʧʝʨʝʨʚʥʽʩʪʶ ʟʤʽʥʠ 

ʧʦʣʦʞʝʥʥʷ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ; ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʇʂʄ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʶ ʚ ʥʠʭ 

ʥʝʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʜʥʦʶ ʽʟ ʩʢʣʘʜʦʚʠʭ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʧʦʜʽʣ 

ʪʝʤʧʝʨʘʪʫʨ ʻ ʛʝʦʤʝʪʨʽʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʤʘʪʝʨʽʘʣ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʪʘ ʚʩʴʦʛʦ 
ʽʥʩʪʨʫʤʝʥʪʫ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ, ʪʦʱʦ. ʇʨʠ ʚʜʘʣʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʘʤʦʛʦ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ 

ʡʦʛʦ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɼʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʧʽʜʭʦʜʽʚ ʟ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʥʦʩʠʪʴʩʷ ʤʝʪʦʜ ʪʝʨʤʦʧʘʨʠ (ʧʨʠʨʦʜʥʦʾ, ʰʪʫʯʥʦʾ ʽ ʥʘʧʽʚʰʪʫʯʥʦʾ ʪʝʨʤʦʧʘʨ). 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ ʥʘʧʽʚʰʪʫʯʥʦʾ ʪʝʨʤʦʧʘʨʠ, ʤʝʭʘʥʽʟʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʷʢʦʶ ʧʦʣʷʛʘʻ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʟʥʠʮʽ 

ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʜʚʦʤʘ ʧʨʦʚʽʜʥʠʢʘʤʠ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʘʙʦ 

ʦʙʨʦʙʣʶʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ [1]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʚʟʷʪʠʡ ʟʨʘʟʦʢ ʚʫʛʣʝʧʣʘʩʪʠʢʘ 
ʪʦʚʱʠʥʦʶ 6 ʤʤ, ʧʝʨʝʭʨʝʩʥʦ ʘʨʤʦʚʘʥʦʛʦ ʦʨʛʘʥʽʯʥʦʶ ʩʽʪʢʦʶ. ɼʣʷ ʦʙʨʦʙʢʠ 

ʦʪʚʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʚʦʭʩʪʫʧʽʥʯʘʪʝ ʩʚʝʨʜʣʦ (4 ʟʨʘʟʢʠ ʟ 2ű=110Ü-140Ü), 

ʨʝʚʝʨʩʠʚʥʝ ʩʚʝʨʜʣʦ ʜʣʷ ʜʚʦʥʘʧʨʷʤʣʝʥʦʛʦ ʩʚʝʨʜʣʽʥʥʷ (ʪʨʠ ʟʨʘʟʢʠ 2ű=110Ü-

130Ü), ʘ ʪʘʢʦʞ ʨʝʚʝʨʩʠʚʥʝ ʩʚʝʨʜʣʦ ʟ ʩʬʝʨʠʯʥʦʶ ʨʽʟʘʣʴʥʦʶ ʢʨʦʤʢʦʶ [2]. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʫʧʽʥʯʘʪʦʛʦ ʩʚʝʨʜʣʘ ʚʽʜ ʰʣʷʭʫ, 

ʧʨʦʡʜʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʪʘʢʦʞ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʽʩʮʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɺʠʜʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʰʦʛʦ ʩʪʫʧʝʥʷ ʩʚʝʨʜʣʘ ʤʘʡʞʝ ʚʜʚʽʯʽ 

ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʜʨʫʛʦʛʦ ʩʪʫʧʝʥʷ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ 

ʨʝʚʝʨʩʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 2. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦ ʛʦʣʦʚʥʽʡ 

ʨʽʟʘʣʴʥʽʡ ʢʨʦʤʮʽ ʤʘʡʞʝ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʙʽʯʥʦʾ ʨʽʟʘʣʴʥʦʾ 

ʢʨʦʤʢʠ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʚʝʨʜʣʽʥʥ ̫ʚʫʛʣʝʧʣʘʩʪʠʢʫ, 

ʪʝʧʣʦʪʘ, ʷʢʫ ʥʘʜʘʻ ʩʚʝʨʜʣʦ ʤʘʪʝʨʽʘʣʫ ʟʘʩʦʙʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 
ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʰʠʨʶʻʪʴʩʷ ʟʘ ʧʝʚʥʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʟʘʢʦʥʘʤʠ. 

 



17 

 

  

ʈʠʩʫʥʦʢ 1 ï ʊʝʤʧʝʨʘʪʫʨʘ 
ʩʪʫʧʽʥʯʘʪʦʛʦ ʩʚʝʨʜʣʘ 

ʈʠʩʫʥʦʢ 2 ï ʊʝʤʧʝʨʘʪʫʨʘ 
ʨʝʚʝʨʩʠʚʥʦʛʦ ʩʚʝʨʜʣʘ 

ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʻ ʥʘʛʣʷʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ  ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʟʘʢʦʥʽʚ ʽ 

ʜʝʤʦʥʩʪʨʫʻ ʟʦʥʠ ʧʝʚʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ ʪʝʦʨʝʪʠʯʥʽ ʟʦʥʠ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʜʦ ʧʝʨʝʬʽʨʠʯʥʠʭ 
ʟʦʥ ʽ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʦʙʨʦʙʢʠ [3]. ʈʦʟʨʘʭʫʥʦʢ ʟʦʥ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ,  

(1).  

dS
dx

TT

mcdt

dT )( 12-

Ö
-=
l ;               (1) 

ʜʝ dT  - ʮʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʩʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ; dt - ʯʘʩ 

ʚʟʘʻʤʦʜʽʾ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʽ ʟʘʛʦʪʦʚʢʠ; l - ʮʝ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʟʘʛʦʪʦʚʢʠ; c - ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ; m - ʤʘʩʘ ʟʘʛʦʪʦʚʢʠ; 

1T  - ʪʝʤʧʝʨʘʪʫʨʘ ʜʞʝʨʝʣʘ ʥʘʛʨʽʚʘʥʥʷ; 2T  - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ; xd - ʟʥʘʯʝʥʥʷ, ʷʢʝ ʟʘʜʘʻʪʴʩʷ ʜʠʩʢʨʝʪʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʜʘʣʝʥʥʷ ʟʦʥ ʚʽʜ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ; dS- ʧʣʦʱʘ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʦʥʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʨʝʣʶʶʪʴʩʷ ʟ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ɿʘʣʦʛʘ, ɺ.ɸ. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʚʦʣʦʢʥʠʩʪʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [ʊʝʢʩʪ] / ɺ.ɸ. ɿʘʣʦʛʘ, ɼ ɺ. 

ʂʨʠʚʦʨʫʯʢʦ, ɺ.ɸ. ʂʦʣʝʩʥʠʢ, ɸ.ɸ. ʅʝʰʪʘ, ʀ.ʆ. ʆʩʘʜʯʠʡ // ɾ. ʈʝʟʘʥʠʝ ʠ 

ʠʥʩʪʨʫʤʝʥʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ï 2013. ï ɺʳʧ. 83. ï ʉ. 138-145. 
2 Globa, A. The research of the polymer composit materials drilling [Text] 

/ A. Globa, I. Bulakh // Machines, technologies, materials ï International virtual 

journal for science, technics and innovations for the industry. ï Sofia, 2013. ï P. 

41-44. 

3 ɿʦʣʦʪʫʭʠʥ, ʖ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʚ 

ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʘʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ / ʖ.ɸ. ɿʦʣʦʪʫʭʠʥ, ʅ.ɸ. ʗʨʳʰʝʚ ï  

ɾ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠ ï ʉʇʙ: ɻʀʊʄʆ (ʊʋ), 2001. ï ˉ1(15). ï ʉ. 249 ï 

256.  
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ʇʈʆɹʃɽʄʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ʆʊɺɽʈʉʊʀʁ ʅɸ 

ɺɸʃɸʍ ɻʊɼ ʇʆɼ ʇʆʉʃɽɼʋʖʑɽɽ ɸʃʄɸɿʅʆɽ ɺʓɻʃɸɾʀɺɸʅʀɽ 

 

ɺʠʰʥʝʧʦʣʴʩʢʠʡ ɽ.ɺ., ʩʪ. ʧʨʝʧ., ɼʷʜʷ ʉ.ʀ., ʜʦʮ.; ɿʅʊʋ, ʛ. ɿʘʧʦʨʦʞʴʝ 

 

ɺʘʣʳ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʩʫʨʩ ʠʭ 

ʨʘʙʦʪʳ. ʆʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʷʚʣʷʶʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʠ 

ʪʦʨʮʝʚʳʝ ʦʪʚʝʨʩʪʠʷ ʥʘ ʚʘʣʫ. ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʘʣʦʚ 

ɻʊɼ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʜʘʥʠʷ ʢʨʦʤʢʘʤ ʦʪʚʝʨʩʪʠʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʫʧʨʦʯʥʝʥʠʝʤ.  

ʆʙʨʘʙʦʪʢʘ ʦʪʚʝʨʩʪʠʡ ʠ ʠʭ ʫʧʨʦʯʥʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ, ʪʦʥʢʦʡ ʩʪʝʥʢʠ ʠ ʙʦʣʴʰʦʡ 

ʜʣʠʥʳ ʚʘʣʘ, ʧʝʨʝʧʘʜʘ ʜʠʘʤʝʪʨʦʚ. 

ɺ ʩʘʤʦʤ ʦʪʚʝʨʩʪʠʠ ʥʘʠʙʦʣʴʰʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ 

ʥʘʛʨʫʟʢʝ ʦʙʨʘʟʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʧʨʷʞʝʥʠʷ ʦʪʚʝʨʩʪʠʷ ʠ ʚʘʣʘ. 

ʇʨʠʤʝʥʷʝʤʘʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʨʫʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʦʧʨʷʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ 

ʦʛʦʚʘʨʠʚʘʝʪʩʷ, ʠ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʛʨʘʝʪ ʤʘʩʪʝʨʩʪʚʦ ʨʘʙʦʯʝʛʦ. 

ʊʦʯʥʦʩʪ ɹʬʦʨʤʳ ʦʮʝʥʠʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʦ.  

ɼʣʷ ʤʝʭʘʥʠʟʘʮʠʠ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 1). ʆʥʦ 
ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʨʝʟʮʦʤ ʪʨʝʙʫʝʤʫʶ ʬʦʨʤʫ ʠ ʧʦʩʣʝ ʟʘʤʝʥʳ ʨʝʟʮʘ 

ʠʥʜʝʥʪʦʨʦʤ ʚʳʧʦʣʥʠʪʴ ʚʳʛʣʘʞʠʚʘʥʠʝ ʧʦ ʪʦʡ ʞʝ ʪʨʘʝʢʪʦʨʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʦʯʝʥʠʷ ʠ ʘʣʤʘʟʥʦʛʦ ʚʳʛʣʘʞʠʚʘʥʠʷ ʢʨʦʤʦʢ 

ʨʘʜʠʘʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ ʥʘ ʪʦʥʢʦʩʪʝʥʥʳʭ ʚʘʣʘʭ ʤʝʪʦʜʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʘʣʤʘʟʥʦʝ ʚʳʛʣʘʞʠʚʘʥʠʝ). 
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ʆʜʥʘʢʦ, ʨʝʰʠʚ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʬʦʨʤʳ ʢʨʦʤʢʠ, 

ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʪʦʯʝʥʠʷ, 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʢʦʪʦʨʦʡ ʫʜʘʣʷʣʠʩʴ ʙʳ ʘʣʤʘʟʥʳʤ 

ʚʳʛʣʘʞʠʚʘʥʠʝʤ. 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʚʘʣʘ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʤ, 

ʧʨʠ ʨʝʟʘʥʠʠ ʧʨʠʤʝʥʷʶʪ ʤʘʣʳʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʇʦʣʫʯʘʝʤʘʷ ʧʦʩʣʝ ʪʦʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ.2) ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʠ (ʥʘʜʨʳʚʳ, ʚʦʣʥʠʩʪʦʩʪʴ), ʥʝ 

ʫʜʘʣʷʝʤʳʝ ʚʳʛʣʘʞʠʚʘʥʠʝʤ. 

 

 

   
ʘ  ʙ    ʚ 

 

ʘ ï v=3 ʤ/ʤʠʥ; ʙ ï n=9 ʤ/ʤʠʥ; ʚ ï n=15 ʤ/ʤʠʥ 
 

ʈʠʩʫʥʦʢ 2 ï ʌʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʦʪʚʝʨʩʪʠʷ ʠ ʧʣʦʩʢʦʩʪʠ 

ʦʙʨʘʟʮʘ ʧʨʠ ʨʘʟʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 
 

ʇʨʠʯʠʥʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʛʝʦʤʝʪʨʠʷ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ. 

ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʩʥʘʩʪʢʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ, ʢʘʢ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ, ʪʘʢ ʠ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ, 

ʛʝʦʤʝʪʨʠʠ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ɺʇʃʀɺ ʇɸʈɸʄɽʊʈɯɺ ɿʋɹʏɸʉʊʆɻʆ ʂʆʃɽʉɸ ʊɸ ʊʆʈʎɽɺʆɰ 

ɻʆʃʆɺʂʀ ʅɸ ʇʆʍʀɹʂʀ ʇʈʆʌɯʃʖ ʎʀʃɯʅɼʈʀʏʅʀʍ ɸʈʆʏʅʀʍ 

ʂʆʃɯʉ 

 

ɺʦʨʦʙʡʦʚ ʉ.ʇ., ʘʩʧʽʨʘʥʪ; ʈʘʚʩʴʢʘ ʅ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ.;  

ʂʘʨʧʝʥʢʦ ɸ.ɺ. ʩʪʫʜʝʥʪ,  

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ɿʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ʉʝʨʝʜ ʥʠʭ 

ʥʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʽʜʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʧʨʷʤʦʟʫʙʽ, ʢʦʩʦʟʫʙʽ, ʰʝʚʨʦʥʥʽ, ʘʨʦʯʥʽ ʪʘ ʽʥ. ʉʝʨʝʜ 

ʽʩʥʫʶʯʠʭ ʚʠʜʽʚ ʧʝʨʝʜʘʯ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʷʜ ʧʝʨʝʚʘʛ, ʥʘʡʤʝʥʰʠʤ 

ʧʦʰʠʨʝʥʠʤʠ ʻ ʘʨʦʯʥʽ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ. 

ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ï ʮʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʨʦʯʥʠʭ ʧʝʨʝʜʘʯ. ʎʽ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ ʤʘʶʪʴ 
ʙʽʣʴʰʫ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʧʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ, ʩʧʨʠʷʶʪʴ 

ʟʤʝʥʰʝʥʥʶ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʡ, ʜʦʟʚʦʣʷʶʪʴ ʢʝʨʫʚʘʪʠ ʨʦʟʧʦʜʽʣʝʥʥʷʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʟʫʙ, ʤʦʞʫʪʴ ʩʘʤʦʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [1]. 

ʈʦʟʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʝʨʝʜʘʯ ï ʮʝ ʰʣʷʭ ʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʪʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʪʘ ʤʘʰʠʥ. 

ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʦʯʥʠʭ ʧʝʨʝʜʘʯ ʫ ʤʝʭʘʥʽʟʤʘʭ ʛʽʨʥʠʯʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʤʝʭʘʥʽʟʤʘʭ ʚʘʞʢʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʜʘʚ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʝʨʝʜʘʯ ʾʭ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʪʨʠʤʫʻʪʴʩʷ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʩʧʦʩʦʙʽʚ 

ʥʘʨʽʟʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʅʘʡʯʘʩʪʽʰʝ ʘʨʦʯʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʦʙʨʦʙʣʶʶʪʴʩʷ ʪʦʨʮʝʚʠʤʠ 

ʨʽʟʮʝʚʠʤʠ ʛʦʣʦʚʢʘʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʦʙʨʦʙʢʘ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʤʝʪʦʜʦʤ 

ʦʙʢʘʪʫ ʧʨʦʬʽʣʶʶʯʦʶ ʪʦʯʢʦʶ ʥʘ ʚʝʨʰʠʥʽ ʨʽʟʮʷ ʯʠ ʧʨʷʤʦʶ ʧʽʜ ʢʫʪʦʤ ʧʨʦʬʽʣʶ 

ʘʙʦ ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ ʟ ʬʘʩʦʥʥʠʤʠ ʨʽʟʮʷʤʠ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʩʥʫʶʯʽ 

ʤʝʪʦʜʠ ʦʙʢʘʪʫ [1-3] ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʨʦʯʥʠʭ ʢʦʣʽʩ ʻ ʥʝʜʦʩʪʘʪʥʴʦ 

ʧʨʦʜʫʢʪʠʚʥʠʤʠ, ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʟ ʨʦʟʚʠʪʢʦʤ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʪʘ 
ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʦʙʨʦʙʢʠ, ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʤ ʻ ʤʝʪʦʜ ʢʦʧʽʶʚʘʥʥʷ 

ʪʦʨʮʝʚʠʤʠ ʛʦʣʦʚʢʘʤʠ. ɺ̔ ʥ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʥʘʥʥʽ, ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʫ ʨʝʤʦʥʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʨʦʟʰʠʨʶʻ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ, ʤʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʧʣʷʤʦʶ ʜʦʪʠʢʫ. ʇʨʦʪʝ ʮʝʡ ʤʝʪʦʜ ʻ 

ʥʝʜʦʩʣʽʜʞʝʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʪʘ ʪʦʨʮʝʚʦʾ 

ʛʦʣʦʚʢʠ ʥʘ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʨʦʯʥʠʭ ʢʦʣʽʩ. 
ʇʨʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʘʨʦʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʪʦʨʮʝʚʠʤʠ ʨʽʟʮʝʚʠʤʠ ʛʦʣʦʚʢʘʤʠ ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʠʡ 

ʧʨʦʬʽʣʴ ʝʚʦʣʴʚʝʥʪʠ ʦʪʨʠʤʫʻʪʴʩʷ ʣʠʰʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʧʝʨʝʨʽʟʽ 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʦʩʽ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ. ɺ ʽʥʰʠʭ ʧʝʨʝʨʽʟʘʭ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʧʨʦʬʽʣʴ ʙʫʜʝ ʚʽʜʭʠʣʷʪʠʩʷ ʚʽʜ 

ʪʝʦʨʝʪʠʯʥʦ ʪʦʯʥʦʛʦ ʝʚʦʣʴʚʝʥʪʥʦʛʦ. ɺʽʜʭʠʣʝʥʥʷ (ʧʦʭʠʙʢʠ), ʷʢʽ ʧʨʠ ʮʴʦʤʫ 

ʚʠʥʠʢʘʶʪʴ, ʚ ʧʝʨʝʨʽʟʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʦʩʽ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ, ʟʘʣʝʞʘʪʴ ʷʢ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ (ʤʦʜʫʣʷ, ʢʽʣʴʢʦʩʪʽ ʟʫʙʽʚ, ʢʫʪʘ ʧʨʦʬʽʣʶ, 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʱʝʥʥʷ, ʰʠʨʠʥʠ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ) ʪʘʢ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʪʦʨʮʝʚʦʾ ʛʦʣʦʚʢʠ [4]. ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʫʪʚʦʨʝʥʥʽ 
ʘʨʦʯʥʦʾ ʬʦʨʤʠ ʟʫʙʘ ʪʦʨʮʝʚʦʶ ʛʦʣʦʚʢʦʶ ʤʝʪʦʜʦʤ ʢʦʧʽʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʤʽʱʝʥʥʷ ʝʚʦʣʴʚʝʥʪʥʦʛʦ ʧʨʦʬʽʣʶ ʚʟʜʦʚʞ ʣʽʥʽʾ ʟʫʙʘ ʥʘ ʜʝʷʢʫ ʚʝʣʠʯʠʥʫ, 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʪʘ ʨʘʜʽʫʩʘ 

ʨʽʟʮʝʚʦʾ ʛʦʣʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʭʠʣʝʥʥʷ ʧʨʦʬʽʣʶ ʚ ʧʝʨʝʨʽʟʘʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʽ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ ʥʝ ʙʫʜʫʪʴ ʩʧʽʚʧʘʜʘʪʠ ʟ ʧʦʭʠʙʢʘʤʠ 

ʟʤʽʱʝʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʊʦʤʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʟʫʙʯʘʩʪʦʛʦ 

ʢʦʣʝʩʘ ʪʘ ʪʦʨʮʝʚʦʾ ʛʦʣʦʚʢʠ ʥʘ ʧʦʭʠʙʢʠ ʧʨʦʬʽʣʶ ʚ ʧʝʨʝʨʽʟʘʭ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʦʩʽ ʚʽʜʥʦʩʥʦ ʟʤʽʱʝʥʠʭ ʧʨʦʬʽʣʽʚ ʘʨʦʯʥʦʛʦ ʟʫʙʘ ʚ ʮʠʭ 

ʧʝʨʝʨʽʟʘʭ. 

ɺʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʧʨʠ ʥʘʨʽʟʘʥʥʽ ʪʦʨʮʝʚʠʤʠ ʬʨʝʟʘʤʠ ʤʝʪʦʜʦʤ 

ʢʦʧʽʶʚʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʠʪʠ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʜʦʟʚʦʣʠʪʴ 

ʚʩʪʘʥʦʚʠʪʠ ʰʣʷʭʠ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ. 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʂʆʄʇʔʖʊɽʈʅʆʁ ʉʀʉʊɽʄʓ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ɼʀɸɻʅʆʉʊʀʂʀ 

 

ɻʘʣʫʰʢʘ ɺ.ɺ., ʩʪʫʜʝʥʪ; ʃʠʱʝʥʢʦ ʅ.ɺ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʆʜʝʩʩʘ 

 

ʇʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʘʢʪʫʘʣʴʥʳʭ ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʆʥʘ ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ (ʩʣʦʞʥʦʣʝʛʠʨʦʚʘʥʥʳʝ ʠ ʥʝʨʞʘʚʝʶʱʠʝ ʩʪʘʣʠ, ʞʘʨʦʧʨʦʯʥʳʝ 

ʩʧʣʘʚʳ, ʪʠʪʘʥ ʠ ʪʠʪʘʥʦʚʳʝ ʩʧʣʘʚʳ ʠ ʪ.ʧ.), ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ (high speed machining) ʜʝʪʘʣʝʡ 

ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʪʠʧʘ ʘʣʶʤʠʥʠʷ ʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʩ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ. ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʪʦʡ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʶʪ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʩʪʝʢʣʦ- ʠ ʫʛʣʝʧʣʘʩʪʠʢʠ ʩ 

ʘʨʤʠʨʫʶʱʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʩʦʯʝʪʘʥʠʝ ʫʛʣʝʧʣʘʩʪʠʢʘ ʩ ʪʠʪʘʥʦʤ ʠ ʪ.ʧ.).  

ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʷʭ ʢ ʯʠʩʣʫ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʦʪʥʦʩʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʜʦʧʫʩʪʠʤʳʭ ʚʠʙʨʦʢʦʣʝʙʘʥʠʡ ʚ ʟʦʥʝ ʚ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʡʢʦʩʪʠ ʣʝʟʚʠʡʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 
ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʰʧʠʥʜʝʣʴʥʳʭ ʫʟʣʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʘʥʢʦʚ ʩ ʏʇʋ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʟʘʥʠʷ (ʫʧʨʫʛʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ) ʷʚʣʷʝʪʩʷ 

ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ [1]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʘʧʨʦʙʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ NI-LabVIEW (ʢʦʤʧʘʥʠʷ National instruments), 

ʧʦʟʚʦʣʷʶʱʘʷ ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʧʝʨʘʮʠʡ 

ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʘʥʢʝ ʤʦʜ. 500 V/5 (ʨʠʩʫʥʦʢ 1). ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 
ʩʠʩʪʝʤʫ (ʊʉ) ʫʢʘʟʘʥʥʦʡ ʤʦʜʝʣʠ ʩʪʘʥʢʘ ʚʩʪʨʦʝʥʳ ʜʘʪʯʠʢʠ ʚʠʙʨʦʢʦʣʝʙʘʥʠʡ 

(ɼɺʂ) ʪʠʧʘ ɸʈ2019 ʧʦ ʦʩʷʤ x, y ʠ z ʩʪʘʥʢʘ. ʅʘʧʨʠʤʝʨ, ʵʪʠ ʜʘʪʯʠʢʠ 

ʨʘʟʤʝʱʝʥʳ ʥʘ ʰʧʠʥʜʝʣʴʥʦʤ ʫʟʣʝ ʩʪʘʥʢʘ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʝ. ɺʤʝʩʪʦ ʵʪʠʭ ʜʘʪʯʠʢʦʚ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʤʠ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʤʠʢʨʦʬʦʥ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʬʦʥ ʪʠʧʘ SPL Lab USB RTA meter [2]. ʅʘ ʚʳʭʦʜʝ 

ʙʣʦʢʘ ɼɺʂ ʬʦʨʤʠʨʫʝʪʩʷ ʧʝʨʚʠʯʥʳʡ ʩʠʛʥʘʣ ʚʠʙʨʦʢʦʣʝʙʘʥʠʡ x(t), 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʚʭʦʜ ʙʣʦʢʘ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ), ʢʦʪʦʨʳʡ 

ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʫʝʪ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ x(t). ʊ.ʝ. ʧʨʝʦʙʨʘʟʫʝʪ 

ʚʨʝʤʝʥʥʦʡ ʩʠʛʥʘʣ x(t) ʚ ʝʛʦ ʯʘʩʪʦʪʥʫʶ ʬʦʨʤʫ x(ɤ). 
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ɼʘʣʝʝ ʚ ʙʣʦʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ (ɹʌʉ) ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ, ʥʘʧʨʠʤʝʨ, ʨʘʟʚʸʨʪʢʫ ʬʫʥʢʮʠʠ Úx(ɤ)dɤ 

ʚʦ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʩʠʛʥʘʣ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ x(t), ʦʪʣʠʯʘʝʪʩʷ 

ʟʘʢʦʥʦʤʝʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ (ʪʨʝʥʜʦʤ) ʧʦ ʤʝʨʝ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠ ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʢʘ. ɺ ʙʣʦʢʝ ʩʨʘʚʥʝʥʠʷ (ɹʉ) ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʵʪʦʛʦ ʩʠʛʥʘʣʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʪʝʢʫʱʝʡ ʝʛʦ ʚʝʣʠʯʠʥʦʡ ʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ  

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʩʪʫʧʘʝʪ ʧʦ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʩʪʘʥʢʘ, ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʨʨʝʢʮʠʶ ʦʙʨʘʙʦʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ 
ʘʣʛʦʨʠʪʤʳ ʢʦʨʨʝʢʮʠʠ, ʥʘʯʠʥʘʷ ʦʪ ʚʳʨʘʙʦʪʢʠ ʢʦʤʘʥʜʳ ʥʘ ʩʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ 

ʠ ʟʘʢʘʥʯʠʚʘʷ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʋʬʠʤʩʢʠʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʘʚʠʘʮʠʦʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʬʦʨʤʠʨʦʚʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʩʦʩʪʦʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʦʪʚʝʨʩʪʠʡ 

ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ (ʜʦ 3é5 ʤʤ) ʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʢʦʥʮʝʚʳʤʠ ʬʨʝʟʘʤʠ 

(ʜʠʘʤʝʪʨʦʤ 18 ʤʤ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ 

ʜʘʪʯʠʢʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʠ ʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ, ʚʢʣʶʯʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʥʝʛʦ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 M Navy. ʇʦʤʦʱʥʠʢ ʚ ʜʦʩʪʠʞʝʥʠʠ ʥʘʠʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʘʥʠʝʤ. Technical Sheet. Okuma Corporation. ï ʆʆʆ çʇʋʄʆʈʀ-

ʀʅɾʀʅʀʈʀʅɻ ʀʅɺɽʉʊè. 

2 USB RTA Meter (Pro Edition) ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ USB ʤʠʢʨʦʬʦʥ ʜʣʷ 

ʘʥʘʣʠʟʘ ɸʏʍ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʂʦʤʧʘʥʠʷ Spl-Lab. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://spl-lab.ru/ru/products/usb-rta-meter-pro-edition.html (ʘʥʛʣ.). ï 09.07.2014.  
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀɻʅɸʃʆɺ ʈɽɸʃʔʅʆɻʆ 

ɺʈɽʄɽʅʀ ɺ ʉʀʉʊɽʄɽ LabVIEW  

 

ɻʘʣʶʨʦʚ ɸ.ɺ. ʩʪʫʜʝʥʪ; ʃʘʨʰʠʥ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ., 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʜʝʩʩʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʧʨʦʮʝʩʩʦʚ ʨʝʟʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ, ʢ ʯʠʩʣʫ 

ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʘʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠʣʦʞʝʥʠʷ  ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ 
LabVIEW (ʢʦʤʧʘʥʠʷ National instruments), ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʄATLAB  ʠ Simulink (ʢʦʤʧʘʥʠʷ Mathworks).  

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ LabVIEW ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, 

ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ  ʚ ʚʠʜʝ ʤʦʜʫʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʠʤʝʶʱʝʛʦ ʚʭʦʜ, ʚʳʭʦʜ ʠ ʬʫʥʢʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʚʠʙʨʦʜʘʪʯʠʢʘ ɸʈ2019, ʧʦʩʪʫʧʘʶʱʠʡ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʦʡ ʥʘ ʨʠʩ.1) ʚ ʙʣʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ NI USB-9233 ʧʦʩʣʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʠʣʝʥʠʷ ʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʯʝʨʝʟ ʰʘʩʩʠ NI USB-9162 

ʩʣʝʜʫʝʪ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʘʥʘʣʫ USB ʥʘ ʚʭʦʜ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 
ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ (virtual instrument) 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠ ʦʪʣʘʞʠʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʥʘʟʳʚʘʝʪʩʷ 

çpoint by point analysisè [1]. LabVIEW ï ʵʪʦ ʷʟʳʢ ʧʦʪʦʢʘ ʜʘʥʥʳʭ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʘʣʠʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʢʦʪʦʨʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

(ʠʣʠ ʥʝʢʦʪʦʨʦʡ ʩʪʨʫʢʪʫʨʳ ʪʘʢʦʛʦ ʧʨʠʙʦʨʘ) ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʬʫʥʢʮʠʶ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʝʛʦ ʚʭʦʜʘʭ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʦʞʝʥʠʷ ʵʪʠʭ 

ʚʭʦʜʦʚ ʥʘ ʙʣʦʢ-ʜʠʘʛʨʘʤʤʝ ʵʪʦʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ 
ʏʇʋ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʤʦʞʥʦ ʚʩʪʨʘʠʚʘʪʴ ʚ ʫʢʘʟʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʘʯʠʥʘʷ ʦʪ 

ʨʘʟʦʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʜʠʢʘʮʠʠ ʥʘ ʤʦʥʠʪʦʨʝ ʩʠʩʪʝʤʳ ʏʇʋ ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʟʘʤʢʥʫʪʳʤʠ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʝʟʘʥʠʷ ʧʦ 

ʢʨʠʪʝʨʠʶ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʘʛʦʪʦʚʦʢ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʪʘʢ ʢʘʢ 

ʧʦʷʚʣʝʥʠʝ ʚʠʙʨʘʮʠʡ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ [2]. ʆʪʣʠʯʠʝ ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ NI-DAQmx ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ NI-DAQ 
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(Legacy) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʜʣʷ ʩʚʦʝʛʦ ʩʣʫʯʘʷ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ 

ʩʪʨʘʪʝʛʠʠ çʨʘʟʨʘʙʦʪʯʠʢʘ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷè (OEM: original 

equipment manufacturer). ʇʨʦʛʨʘʤʤʥʦʝ  ʦʙʝʩʧʝʯʝʥʠʝ ʜʨʘʡʚʝʨʘ NI-DAQmx 

ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʝ, ʯʝʤ ʙʘʟʦʚʦʝ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ NI-DAQ (Legacy). ʕʪʦ ʚʳʟʚʘʥʦ ʠʟʤʝʥʝʥʠʝʤ ʧʦʜʭʦʜʘ ʢ 

ʠʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ (API ïApplication Programming 

Interface) ʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʥʦʛʦʧʦʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ.  

 
  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ NI-

DAQmx ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʝʨʚʠʯʥʦʛʦ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʚʳʜʝʣʷʷ ʩ ʧʦʤʦʱʴʶ 

ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʶʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʤʝʨʝ 

ʠʟʤʝʥʝʥʠʷ ʨʝʞʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʠʟʥʦʩʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʕʪʦʪ 

ʥʦʚʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʨʝʟʘʥʠʷ ʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʪʘʥʢʘʭ ʩ ʏʇʋ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 LabVIEW analysis concepts. Part Number 370192C-01. National 

Instruments Corporation, March 2004 Edition. 

2 Larshin V.P., Lishchenko N.V. On the problem of vibration in cutting 

systems/ʅʦʚʳʝ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ: 

ʤʘʪʝʨʠʘʣʳ ʥʘʫʯʥ. ʪʝʭʥ. ʢʦʥʬ., 22-24 ʩʝʥʪʷʙʨʷ 2014 ʛ., ʛ. ʆʜʝʩʩʘ. ï ʂ.: ɸʊʄ 

ʋʢʨʘʠʥʳ, 2014. ï ʩ.84-88.  

ʈʠʩʫʥʦʢ ï ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 
ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ NI-DAQmx (National Instrument 

Data Acquisition). 
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ʇʃɸʅʀʈʆɺɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸ ʇʈʀ ʀʉʉʃɽɼʆɺɸʅʀʀ 

ɼʀʅɸʄʀʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʉʀʉʊɽʄ ʈɽɿɸʅʀʗ 

 

ɻʘʥʛʘʣʦ ʗ.ɺ., ʩʪʫʜʝʥʪ; ʃʠʱʝʥʢʦ ʅ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ.,  

ʆʜʝʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ʆʜʝʩʩʘ 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʩʥʘʱʝʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ NI-DAQmx ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ NI-LabVIEW, ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʠʙʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 
ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ [1]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʪʘʥʢʝ ʤʦʜ. 500 V/5 (ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ) 

ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʤʘʨʢʠ ʉʪ 3 (ʨʠʩʫʥʦʢ 1).  

 

 

 

 

 

 

ʌʨʝʟʘ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʈ6ʄ5 ʜʠʘʤʝʪʨʦʤ 18 ʤʤ, ʠʩʩʣʝʜʦʚʘʥʳ 

4-ʭ ʠ 6-ʪʠ ʟʫʙʦʚʳʝ ʢʦʥʮʝʚʳʝ ʬʨʝʟʳ. ʇʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʜʚʫʭ ʜʚʫʭʬʘʢʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʬʨʝʟʝʨʦʚʘʥʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ 

ʚʦ ʚʨʝʤʝʥʠ ʧʣʦʱʘʜʠ ʧʦʜ ʩʧʝʢʪʨʦʛʨʘʤʤʦʡ ʩʠʛʥʘʣʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʪʨʸʭ 

ʚʠʙʨʦʜʘʪʯʠʢʦʚ (ʚʠʙʨʦʜʘʪʯʠʢ y) ʥʘ ʰʧʠʥʜʝʣʝ ʩʪʘʥʢʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦ ʦʩʠ ʭ, ʘ 

ʪʘʢʞʝ ʜʚʫʭ ʜʨʫʛʠʭ ʚʠʙʨʦʜʘʪʯʠʢʦʚ ï ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʝ ʧʦ ʦʩʷʤ ʭ ʠ 

z. ʆʜʥʦʚʨʝʤʝʥʥʦ ʟʘʧʠʩʳʚʘʣʠ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʘ [2] SPL Lab USB RTA meter  (ʥʘ ʨʠʩʫʥʢʝ 1 

ʤʠʢʨʦʬʦʥ ʥʝ ʧʦʢʘʟʘʥ). ʋʩʪʘʥʘʚʣʠʚʘʣʠ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʚʠʙʨʦʩʠʛʥʘʣʘ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʨʝʟʝʨʦʚʘʥʠʷ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ 950 

ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʠʙʨʦʜʘʪʯʠʢʦʚ ɸʈ 2019 (ʧʦ ʦʩʷʤ z ʠ x) ʥʘ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʤ ʦʙʨʘʟʮʝ (ʩʣʝʚʘ) ʠ ʥʘʩʪʨʦʡʢʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʯʝʛʦ 

ʭʦʜʘ ʬʨʝʟʝʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ) ʥʘ ʩʪʘʥʢʝ ʤʦʜ. 500 V/5. 
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ʤʠʥ-1 (ʨʠʩʫʥʦʢ 2): ʧʨʦʜʦʣʴʥʦʡ ʧʦʜʘʯʠ (ʠʣʠ ʧʦʜʘʯʠ ʥʘ ʟʫʙ ʬʨʝʟʳ ʚ ʠʥʪʝʨʚʘʣʝ 

0,15é0,3 ʤʤ/ʟʫʙ) ʧʨʠ ʛʣʫʙʠʥʝ ʨʝʟʘʥʠʷ 0,5é1,0 ʤʤ. 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

   

 

 

 

 

 

 

     

                         ʚ        ʛ 

 

 

ɺʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʥʘ ʟʫʙ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʠʛʥʘʣʘ 

ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ 

ʨʝʟʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʦʙʦʠʭ ʩʠʛʥʘʣʦʚ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʀʟʤʝʨʝʥʠʷ ʚ LabVIEW . ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʥʝʥʠʶ. Part Number 

322361B-01, April 2003 Edition / ʋʯʝʙʥʳʡ ʮʝʥʪʨ çʎʝʥʪʨ ʪʝʭʥʦʣʦʛʠʡ National 

Instruments, 2006. 

2 USB RTA Meter (Pro Edition) ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ USB ʤʠʢʨʦʬʦʥ ʜʣʷ 

ʘʥʘʣʠʟʘ ɸʏʍ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʂʦʤʧʘʥʠʷ Spl-Lab. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://spl-lab.ru/ru/products/usb-rta-meter-pro-edition.html (ʘʥʛʣ.). ï 09.07.2014. 

ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʧʦʜʘʯʠ ʥʘ ʟʫʙ (ʘ, ʚ) ʠ ʛʣʫʙʠʥʳ ʨʝʟʘʥʠʷ (ʙ, ʛ) ʥʘ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ ʚʠʙʨʦʢʦʣʝʙʘʥʠʡ (ʘ, ʙ) ʠ ʩʠʛʥʘʣʘ ʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ (ʚ, ʛ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

a ʙ 
Sz , ʤʤ/ʟʫʙ T, ʤʤ 

S  

ʦʪʥ. 

ʝʜ. 

S  

ʦʪʥ. 

ʝʜ. 

Sz, ʤʤ/ʟʫʙ T, ʤʤ 

S 

ʦʪʥ. 

ʝʜ. 

S  

ʦʪʥ. 

ʝʜ. 
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ʄɽʊʆɼʀʂɸ ʀʉʉʃɽɼʆɺɸʅʀʗ ʂʆʃɽɹɸʅʀʁ ʇʈʀ ʌʈɽɿɽʈʆɺɸʅʀʀ 

ʊʆʅʂʆʉʊɽʅʅʓʍ ɼɽʊɸʃɽʁ 
 

ɻʝʨʤʘʰʝʚ ɸ.ʀ., ʘʩʧʠʨʘʥʪ, ɿʅʊʋ, ʛ. ɿʘʧʦʨʦʞʴʝ 
 

ɺ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʝʪʘʣʠ, ʠʤʝʶʱʠʝ 

ʪʦʥʢʦʩʪʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʢʦʥʮʝʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ 

ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʢʘʭ ʩ ʏʇʋ. ʀʟ-ʟʘ ʧʨʝʨʳʚʠʩʪʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʞʝʩʪʢʦʩʪʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʷʚʣʝʥʠʝ 

ʚʠʙʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪ.ʜ. 

ʇʨʠ ʢʦʥʮʝʚʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʧʦʤʠʤʦ 

ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʟʫʙʘ ʬʨʝʟʳ ʚ 

ʧʨʠʧʫʩʢ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʢʦʨʦʩʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʟʥʠʢʘʶʪ ʘʚʪʦʢʦʣʝʙʘʥʠʷ 
[1]. ʇʨʠʨʦʜʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʘʥʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʦʣʥʠʩʪʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ. ʇʦʵʪʦʤʫ ʢ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʝ ʩʨʝʟʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ, ʜʦʙʘʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʦʣʱʠʥʳ ʩʨʝʟʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ, ʪ.ʝ. ʨʝʟʘʥʠʝʤ ʧʦ ʚʠʙʨʘʮʠʦʥʥʦʤʫ 

ʩʣʝʜʫ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʦʭʦʜʘ ʟʫʙʘ. ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʩʪʝʥʜʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ ʤʘʣʦʞʝʩʪʢʠʭ 

ʜʝʪʘʣʝʡ ʢʦʥʮʝʚʳʤʠ ʬʨʝʟʘʤʠ [2] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʨʝʛʝʥʝʨʘʪʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʩʨʝʟʘʥʠʠ ʧʨʠʧʫʩʢʘ ʢʘʞʜʳʤ ʟʫʙʦʤ ʬʨʝʟʳ ʠ 

ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʥʳʝ ʟʦʥʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʧʦʷʚʣʝʥʠʷ. 

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʦʣʦʞʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʨʝʟʘʥʠʷ ʢʘʞʜʳʤ ʟʫʙʦʤ ʬʨʝʟʳ 

ʚ ʧʨʦʮʝʩʩʝ ʚʩʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʝ 10 ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʫʯʘʩʪʢʝ ʤʝʞʜʫ 
ʥʘʯʘʣʘʤʠ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʟʫʙʴʝʚ (ʨʠʩ. 1): 

1. ʈʘʟʤʘʭ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜ ʚʨʝʟʘʥʠʝʤ ʟʫʙʘ 
ʬʨʝʟʳ ʚ ʧʨʠʧʫʩʢ. ʍʘʨʘʢʪʝʨʠʟʫʝʪ ʫʩʧʦʢʦʝʥʠʝ ʋʉ ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ ʧʦʩʣʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʟʘʥʠʝʤ ʧʨʝʜʳʜʫʱʠʤ ʟʫʙʦʤ ʬʨʝʟʳ. 

2. ʊʦʯʢʘ ʚʨʝʟʘʥʠʷ ʟʫʙʘ ʬʨʝʟʳ ʚ ʟʘʛʦʪʦʚʢʫ. 

3. ʈʘʟʤʘʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʟʦʥʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ï R2 (ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ). 

4. ʏʘʩʪʦʪʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ 

ʘʢ

ʘʢf
t

1
= . 

5. ʈʘʟʤʘʭ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ ï R3 (ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ, ʰʧʠʥʜʝʣʴʥʳʭ ʫʟʣʦʚ ʩʪʘʥʢʘ, ʰʫʤ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ). 

6. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʝʪʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 
ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʦʪʞʠʤʘ ï ʈʦʪ. 

7. ʊʦʯʢʘ ʚʳʭʦʜʘ ʟʫʙʘ ʬʨʝʟʳ. 

8. ɸʤʧʣʠʪʫʜʘ ʧʝʨʚʦʡ ʚʦʣʥʳ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ 

(ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʩʪʦʷʥʠʝ ʋʉ ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʪʘʣʠ ʧʦʩʣʝ ʩʨʝʟʘʥʠʷ ʧʨʠʧʫʩʢʘ). 
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9. ʏʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ .
1

cʢ

cʢf
t
=  

10. ʃʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʩʚʦʙʦʜʥʳʭ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ. 

 
ɸɽ ï ʧʫʪʴ ʦʜʥʦʛʦ ʮʠʢʣʘ, Űʮʠʢʣʘ ï ʚʨʝʤʷ ʦʜʥʦʛʦ ʮʠʢʣʘ (ʪ. ɸ ï ʪʦʯʢʘ 

ʚʨʝʟʘʥʠʷ ʟʫʙʘ ʬʨʝʟʳ ʚ ʧʨʠʧʫʩʢ, ʪ. ɽ ï ʪʦʯʢʘ ʚʨʝʟʘʥʠʷ ʟʫʙʘ ʬʨʝʟʳ ʚ 

ʧʦʩʣʝʜʫʶʱʠʡ ʧʨʠʧʫʩʢ); AD ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʘʥʠʷ, ʧʫʪʴ ʨʝʟʘʥʠʷ ʟʫʙʦʤ 
ʬʨʝʟʳ, Űʨʝʟ  ï ʚʨʝʤʷ ʨʝʟʘʥʠʷ (ʪ. D ï ʪʦʯʢʘ ʚʳʭʦʜʘ ʟʫʙʘ ʬʨʝʟʳ ʠʟ ʧʨʠʧʫʩʢʘ); DE 

ï ʧʫʪʴ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʟʫʙʘ ʬʨʝʟʳ, Űʭ.ʭ. ï  ʚʨʝʤʷ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ; ɿʦʥʘ ABC ï 

ʟʦʥʘ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʟʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʩʪʘʝʪʩʷ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ); CD ï ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʘʷ ʫʜʘʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʟʫʙʦʤ ʬʨʝʟʳ; ʪ.B ï 

ʢʨʘʡʥʷʷ ʥʠʞʥʷʷ ʪʦʯʢʘ ʟʫʙʘ ʬʨʝʟʳ. 

ʈʠʩʫʥʦʢ 1 ï ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʬʨʝʟʝʨʦʚʘʥʠʠ 

ʪʦʥʢʦʩʪʝʥʥʳʭ ʜʝʪʘʣʝʡ (ʬʨʝʟʝʨʦʚʘʥʠʝ ʚʩʪʨʝʯʥʦʝ) 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʃʦʛʦʤʠʥʦʚ, ɺ.ɸ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʢʦʥʮʝʚʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʬʨʝʟʝʨʦʚʘʥʠʠ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʝʪʘʣʝʡ: ʜʠʩ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ ʊʝʢʩʪ / ɺ.ɸ. ʃʦʛʦʤʠʥʦʚ. ï 

ɿʘʧʦʨʦʞʴʝ, 2013., 226ʩ. 
2 ɺʥʫʢʦʚ, ʖ.ʅ. ʉʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʤʘʣʦʞʝʩʪʢʠʭ ʜʝʪʘʣʝʡ ʢʦʥʮʝʚʳʤʠ ʬʨʝʟʘʤʠ ʊʝʢʩʪ / ʖ.ʅ. 

ɺʥʫʢʦʚ, ɺ.ɸ. ʃʦʛʦʤʠʥʦʚ, ʇ.ɸ. ʂʘʤʦʨʢʠʥ// ʈʝʟʘʥʠʝ ʠ ʠʥʩʪʨʫʤʝʥʪ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ï ʍʘʨʴʢʦʚ: ʅʊʋ çʍʇʀè, 2011 ï ʚʳʧ. 79 ï ʩ.32-37. 
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ʆʎɽʅʂɸ ʇʈʆʏʅʆʉʊʀ ʈɽɾʋʑɽʁ ʂʈʆʄʂʀ 

ʄʀʂʈʆʀʅʉʊʈʋʄɽʅʊɸ ʉ ʇʆʄʆʑʔʖ ʀʄʀʊɸʎʀʆʅʅʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

ɻʦʣʦʙʦʨʦʜʴʢʦ ʃ.ɺ., ʘʩʧʠʨʘʥʪ; ʅʝʢʨʘʩʦʚ ʉ.ʉ., ʩʪ. ʧʨʝʧ., ʉʫʤɻʋ, ʛ. ʉʫʤʳ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʬʦʨʤʠʨʤʠʨʫʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʝ ʧʨʦʮʝʩʩʘ ʤʠʢʨʦʨʝʟʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ ʢ ʨʘʜʠʫʩʫ ʦʢʨʫʛʣʝʥʠʷ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʲʝʤʝ ʨʝʞʫʱʝʛʦ ʣʝʟʚʠʷ, ʢʦʪʦʨʳʝ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʪ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʳʝ ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʘ/ʨ. ʇʨʠ ʵʪʦʤ 

ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʱʝʥʠʠ ʘ/ʨ ʙʣʠʟʢʦʤ ʢ 0,2 ʠʤʝʶʪ 

ʤʝʩʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. ɸ ʟʥʘʯʠʪ, ʧʨʠ ʵʪʠʭ 

ʟʥʘʯʝʥʠʷʭ ʠʥʩʪʨʫʤʝʥʪ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʤʝʥʴʰʫʶ ʫʩʪʘʣʦʩʪʥʫʶ ʩʪʦʡʢʦʩʪʴ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʨʝʟʘʝʤʦʛʦ ʩʣʦʷ ʢ ʨʘʜʠʫʩʫ ʦʢʨʫʛʣʝʥʠʷ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʅʦ ʧʨʠ 

ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʞʢʠ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʩʫʪʩʪʚʫʝʪ 

ʨʝʟʘʥʠʝ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʙʣʠʟʢʠʭ ʢ 0,6 ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʣʘ 
ʫʩʪʘʥʦʚʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʟʘʥʠʷ ʧʦ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʚʦʡʩʪʚʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʦʮʝʥʠʚʘʣʘʩʴ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ ɸ.ɼ. ʄʘʢʘʨʦʚʘ ʠ ʉ.ʉ. 

ʅʝʢʨʘʩʦʚʘ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʚ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ: 
12350155 QÖÖ= -

ahJ t , 

Jh ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ, ʤʢʤ/ʤ, Űa ï ʧʨʦʯʥʦʩʪʠ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʷʟʝʡ ʧʨʠ 

ʩʨʝʟʝ, ʦʙʫʩʣʦʚʣʝʥʘ ʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚ ʟʦʥʘʭ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʘʢʪʘ; ɗ - ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʘʥʠʷ, Áʉ.  
ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ 

ʨʝʟʫʱʝʛʦ ʣʝʟʚʠʷ ʤʠʢʨʦʠʥʩʪʨʫʤʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʘ/ʨ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʘ/ʨ 

ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ a/ɟ 

ʥʘ ʚʝʣʠʯʠʥʫ ʥʘʠʤʝʥʴʰʠʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʚʣʠʷʶʪ ʥʘ ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ a/ɟ. ʆʜʥʘʢʦ, ʧʨʠ ʪʦʣʱʠʥʝ ʩʨʝʟʘ 0,005 

ʤʤ ʠʤʝʶʱʠʡʩʷ ʵʢʩʪʨʝʤʫʤ (ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ a/ɟ = 0,5) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʣʠʯʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʪʦʣʱʠʥʳ ʩʨʝʟʘ ʜʦ ʨʘʜʠʫʩʘ 

ʦʢʨʫʛʣʝʥʠʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʉɸʄʆɻɸʃʔʄʋɺɸʅʅʗ 

ʇôɭɿʆɽʃɽʂʊʈʀʏʅʆɻʆ ɼɺʀɻʋʅɸ ʆɹɽʈʊɸʅʅʗ 
 

ɻʦʨʙʘʪʶʢ ʆ.ʆ., ʘʩʧʽʨʘʥʪ, ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 
 

ʇôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʜʚʠʛʫʥʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʽʟʥʠʭ 

ʛʘʣʫʟʭ̫ ʤʘʰʠʥʦ ʽ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ, ʩʠʩʪʝʤʘʭ ʥʘʥʦʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʠʪʴʩʷ ʤʽʢʨʦʚʠʨʦʙʥʠʮʪʚʦ, ʤʝʭʘʥʦʪʨʦʥʽʢʘ, ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʘ, 
ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʪʦʱʦ. ʆʩʢʽʣʴʢʠ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʜʚʠʛʫʥʠ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʣʝʤʝʥʪʘʭ ʪʝʨʪʷ, ʪʦ ʦʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʥʘʜʽʡʥʦʩʪʽ ʻ ʪʝʭʥʽʯʥʠʡ ʨʝʩʫʨʩ, ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʤʦʤʝʥʪʫ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʨʝʚʝʨʩʠʚʥʦʛʦ ʦʙʝʨʪʘʥʥʷ [1, 2], ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʜʚʠʛʫʥʽʚ ʦʜʥʦʥʘʧʨʘʚʣʝʥʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʘʢʫʩʪʠʯʥʦ 

ʨʦʟʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʰʪʦʚʭʘʯʽ, ʧʨʠʪʠʩʢʘʶʪʴʩʷ ʟ ʧʝʚʥʠʤ ʟʫʩʠʣʣʷʤ ʜʦ 

ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʨʦʪʦʨʘ, ʚʠʥʠʢʘʶʪʴ ʩʠʣʠ ʪʝʨʪʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, 

ʱʦ ʟ ʧʝʚʥʠʤ ʯʘʩʦʤ ʰʪʦʚʭʘʯʽ ʩʪʠʨʘʶʪʴʩʷ, ʤʦʤʝʥʪ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ ʩʪʘʻ 

ʤʝʥʰʠʤ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʠʡ ʤʦʤʝʥʪ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ 
ʧʘʨʘʤʝʪʨʽʚ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʦʙʝʨʪʘʥʥʷ ʩʪʚʦʨʝʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ PSF-3 IVF IBM 

C600, ʷʢʘ ʜʦʟʚʦʣʠʣʘ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʦʜʥʦʯʘʩʥʦ ʟ ʪʨʴʦʤʘ ʜʚʠʛʫʥʘʤʠ, 

ʱʦ ʟʘʧʫʩʢʘʣʠʩʴ ʦʜʥʦʯʘʩʥʦ. ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ ʙʫʣʘ ʢʝʨʫʚʘʥʥʷ 

ʫʩʪʘʥʦʚʢʦʶ ʨʦʟʨʦʙʣʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʜʚʠʛʫʥʠ ʚʠʢʦʥʫʚʘʣʠ ʧʝʚʥʠʡ ʮʠʢʣ 

ʚ ʦʜʥʫ ʪʘ ʽʥʰʫ ʩʪʦʨʦʥʠ. ɺ ʽʥʪʝʨʚʘʣʽ ʤʽʞ ʮʠʢʣʘʤʠ, ʧʨʦʚʦʜʠʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʦʤʝʥʪʫ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ ʄʩʘʤ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ ʚ ʦʙʠʜʚʽ 

ʩʪʦʨʦʥʠ ʡʦʛʦ ʨʫʭʫ. ʈʝʩʫʨʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦ 2 

ʤʽʣʴʡʦʥʽʚ ʥʘʧʨʘʮʴʦʚʘʥʠʭ ʦʙʝʨʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʤʦʤʝʥʪʫ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ 

ʄʩʘʤ ʨʝʚʝʨʩʠʚʥʦʛʦ ʧôʻʟʦʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʷʛʘʚ ʄʩʘʤ = (1,4-1,6) ʢɻʩʤ, ʘ ʚ ʢʽʥʮʽ ʧʘʜʘʚ ʜʦ ʄʩʘʤ = 0,4 

ʢɻʩʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ 
ʜʚʠʛʫʥʘ ʦʙʝʨʪʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʨʤʽʥ ʨʦʙʦʪʠ 

ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʜʚʠʛʫʥʘ, ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʟʘʣʝʞʥʦʩʪʽ ʂʂɼ 

ʜʚʠʛʫʥʘ ʚʽʜ ʤʦʤʝʥʪʫ ʩʘʤʦʛʘʣʴʤʫʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʡʦʛʦ ʨʝʩʫʨʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʮʠʤ ʩʘʤʠʤ ʥʘʜʽʡʥʽʩʪʴ ʽ ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʜʚʠʛʫʥʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ʇʝʪʨʝʥʢʦ, ʉ.ʌ. ʇʴʝʟʦʻʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ 

ʊʝʢʩʪ / ʉ.ʌ. ʇʝʪʨʝʥʢʦð ʂ. : ʂʦʨʥʠʡʯʫʢ, 2002. ï 96 ʩ. 

2 ɸʥʪʦʥʶʢ, ɺ.ʉ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 
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ʅɽʆɹʍɯɼʅɯʉʊʔ ʇɯɼɺʀʑɽʅʅʗ ɻʅʋʏʂʆʉʊɯ ɺɽʈʉʊɸʊʅʀʍ 

ʇʈʀʉʊʈʆɰɺ  

 

ɼʝʛʪʷʨʴʦʚ ɯ.ʄ., ʘʩʧʽʨʘʥʪ; ɯʚʘʥʦʚ ɺ.ʆ., ʜʦʮ., 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʉʫʤʠ 

 

ʋ ʟʚôʷʟʢʫ ʟ ʧʦʩʪʽʡʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ ʥʘ ʩʚʽʪʦʚʦʤʫ 

ʨʠʥʢʫ ʜʦ ʧʨʦʜʫʢʮʽʾ ʘʚʪʦʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʠʥʘʤʽʯʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ, ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʛʦʪʦʚʣʝʥʠʭ 
ʘʚʪʦʤʦʙʽʣʽʚ ʟʨʦʩʪʘʻ. ʆʜʥʽʻʶ ʟ ʛʨʫʧ ʜʝʪʘʣʝʡ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʻ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʚʽʜ 

ʫʩʽʻʾ ʢʽʣʴʢʦʩʪʽ ʜʝʪʘʣʝʡ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʾʭ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʧʝʮʠʬʽʢʘʮʽʾ 

ʤʝʭʘʥʽʟʤʽʚ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʙʫʣʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʚ ʢʽʥʮʽ ʍʍ ʩʪ. (ʩʝʜʘʥ ɻɸɿ 3102 

ʪʘ ʧʦʟʘʰʣʷʭʦʚʠʢ ɺɸɿ 2121 (LADA  4x4)), ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʽ ʘʚʪʦʤʦʙʽʣʽ (ʩʝʜʘʥʠ 

LIFAN LF-7162 Solano ʠ Hyundai Accent), ʷʢʽ ʩʧʨʦʝʢʪʦʚʘʥʽ ʚ XXI  ʩʪ. ʪʘ 

ʚʠʧʫʩʢʘʶʪʴʩʷ ʚ ʜʘʥʠʡ ʯʘʩ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʙʣʠʟʴʢʦ 14% 

ʜʝʪʘʣʝʡ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʩʢʣʘʜʘʶʪʴ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ. ɸʥʘʣʽʟʫʶʯʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʝʪʘʣʝʡ ʟʘ ʦʢʨʝʤʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ, ʩʣʽʜ 
ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʜʝʷʢʠʭ ʤʝʭʘʥʽʟʤʘʭ ʾʭ ʢʽʣʴʢʽʩʪʴ ʜʦʩʷʛʘʻ 26%. ʅʘʡʙʽʣʴʰʝ 

ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʤʽʩʪʠʪʴʩʷ ʫ ʤʝʭʘʥʽʟʤʽ ʨʫʣʴʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ï 26%, 

ʧʽʜʚʽʩʮʽ ʜʚʠʛʫʥʘ ï 25%, ʟʘʜʥʽʡ ʪʘ ʧʝʨʝʜʥʽʡ ʧʽʜʚʽʩʮʽ ï 21 ʪʘ 16% ʚʽʜʧʦʚʽʜʥʦ, 

ʜʚʠʛʫʥʽ ï 20%, ʤʝʭʘʥʽʟʤʽ ʟʯʝʧʣʝʥʥʷ ʪʘ ʢʦʨʦʙʮʽ ʧʝʨʝʜʘʯ ʙʣʠʟʴʢʦ 15% ʚ 

ʢʦʞʥʦʤʫ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʜʚʦʭ 

ʨʦʟʛʣʷʥʫʪʠʭ ʤʘʨʦʢ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʤʝʞʘʭ 1,5%, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʜʝʱʦ 

ʨʽʟʥʠʤʠ ʨʦʟʨʦʙʣʝʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʨʽʰʝʥʥʷʤʠ ʘʚʪʦʚʠʨʦʙʥʠʢʽʚ. 

ʋ ʟʚô̫ ʟʢʫ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʙʘʟʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʥʘ 

ʦʧʝʨʘʮʽʷʭ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʾʭ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʶ ʫ ʩʬʝʨʽ 

ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ, ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ 

ʚʝʨʩʪʘʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʛʥʫʯʢʦʩʪʽ ʪʘ 

ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʩʭʝʤʠ ʾʭ ʫʩʪʘʥʦʚʣʝʥʥʷ, 
ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʩʪʘʪʥʶ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ 

ʜʦʩʪʫʧʥʽʩʪʴ. ʈʦʟʛʣʷʥʫʪʽ ʨʽʟʥʽ ʧʦʥʷʪʪʷ ʛʥʫʯʢʦʩʪʽ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʘ 

ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʚʠʜʠ ʛʥʫʯʢʦʩʪʽ, ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʛʘʣʫʟʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʝʨʩʪʘʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʯʘʩʫ ʧʨʠ ʧʝʨʝʭʦʜʽ 

ʜʦ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʽʥʰʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ ʨʦʟʨʦʙʣʝʥʽ ʪʘ ʟʘʧʘʪʝʥʪʦʚʘʥʽ 

ʰʚʠʜʢʦʧʝʨʝʥʘʣʘʛʦʜʞʫʚʘʥʽ ʚʝʨʩʪʘʪʥʽ ʧʨʠʩʪʨʦʾ. ʋʩʪʘʥʦʚʣʝʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ 

ʚʠʜʘʤʠ ʛʥʫʯʢʦʩʪʽ ʪʘ ʩʢʣʘʜʝʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʨʽʚʥʷʤʠ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ 

ʩʪʫʧʝʥʝʤ ʛʥʫʯʢʦʩʪʽ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʝʨʩʪʘʪʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʠʧʦʚʠʭ ʩʭʝʤ ʙʘʟʫʚʘʥʥʷ ʜʝʪʘʣʝʡ. 
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ʆʎɯʅʖɺɸʅʅʗ ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʍ ʇʆʂɸɿʅʀʂɯɺ 

ɯʅʉʊʈʋʄɽʅʊɸʃʔʅʆɰ ʇɯɼɻʆʊʆɺʂʀ ɺʀʈʆɹʅʀʎʊɺɸ 

 

ɼʝʥʠʩʝʥʢʦ ʖ.ʆ., ʘʩʠʩʪʝʥʪ; ɿʘʣʦʛʘ ɺ.ʆ., ʜ.ʪ.ʥ., ʧʨʦʬ.;  

ɯʚʯʝʥʢʦ ʆ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ., ʉʫʤɼʋ, ʤ. ʉʫʤʠ; 

ɼʠʥʥʠʢ ʆ.ɼ., ʢ.ʪ.ʥ., ʘʩʠʩʪʝʥʪ, ʂɯ ʉʫʤɼʋ, ʤ. ʂʦʥʦʪʦʧ 

 

ɺ ʥʘʰ ʯʘʩ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʚʠʨʦʙʥʠʮʪʚʘ (ɯʇɺ) ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʚʽʪʯʠʟʥʷʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ɯʥʩʪʨʫʤʝʥʪ ʪʘ ʦʩʥʘʱʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʚʘʞʣʠʚʽʰʠʤ 
ʝʣʝʤʝʥʪʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʷʢʽʩʪʴ 

ʧʨʦʜʫʢʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ 

ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʻ ʫʧʨʘʚʣʽʥʥʷ ʾʭ ʜʽʷʣʴʥʽʩʪʶ ʟʘʚʜʷʢʠ ʩʪʚʦʨʝʥʥʶ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɯʇɺ.  

ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʷʣʴʥʦʩʪʽ ʩʫʯʘʩʥʠʭ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʮ̔ʥʶʚʘʥʥʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʽʚʥʷ ʾʭ ɯʇɺ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʚʪʦʨʘʤʠ 

ʩʠʩʪʝʤʘ ʊɽʇ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʜʽʷʣʴʥʦʩʪʽ (ʤʽʥʽʤʽʟʘʮʽʷ 

ʚʠʪʨʘʪ ʥʘ ɯʇɺ ʘʙʦ ʧʦʰʫʢ ʪʝʭʥʦʣʦʛʽʾ ʨʝʘʣʽʟʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʥʘʡʢʦʨʦʪʰʠʡ ʪʝʨʤʽʥ) ʟ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ɯʇɺ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢ ʥʘ ʦʧʝʨʘʪʠʚʥʦʤʫ, ʪʘʢ ʽ ʥʘ ʪʘʢʪʠʯʥʦʤʫ 
ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ. ɺ ʚʽʜʟʥʘʯʝʥʽʡ ʩʠʩʪʝʤʽ ʊɽʇ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ ʪʨʴʦʤʘ ʨʽʚʥʷʤʠ 

ʽʻʨʘʨʭʽʾ: ʟʘ ʨʽʚʥʝʤ ʫʧʨʘʚʣʽʥʥʷ (ʦʧʝʨʘʪʠʚʥʠʡ ʽ ʪʘʢʪʠʯʥʠʡ), ʟʘ ʚʠʜʘʤʠ 

ʜʽʷʣʴʥʦʩʪʽ (ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʝʢʦʥʦʤʽʯʥʽ, ʚʠʨʦʙʥʠʯʽ, ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ, 

ʝʢʦʣʦʛʽʯʥʽ; ʩʦʮʽʘʣʴʥʽ) ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʨʝʟʫʣʴʪʫʶʯʠʤ ʟʥʘʯʝʥʥʷʤ ʊɽʇ 

(ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʦʙʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʚʽʜʥʦʩʥʦʶ ʰʢʘʣʦʶ, ʾʭ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʧʨʘʛʥʝ: max1; ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʤʘʶʪʴ ʦʧʪʠʤʘʣʴʥʝ ʘʙʩʦʣʶʪʥʝ 
ʟʥʘʯʝʥʥʷ; ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʽʜʥʦ ʣʦʛʽʯʥʠʭ ʩʫʜʞʝʥʴ ʝʢʩʧʝʨʪʽʚ). 

ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ɯʇɺ ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ɯʇɺ, ʘʣʝ ʚ ʪʦʡ 

ʞʝ ʯʘʩ ʧʨʝʜ'ʷʚʣʷʻ ʚʠʤʦʛʠ ʜʦ ʦʜʥʦʨʽʜʥʦʩʪʽ ʊɽʇ. ʗʢ ʧʦʢʘʟʘʚ ʘʥʘʣʽʟ, ʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʊɽʇ ɯʉ ɯʇɺ ʥʝ ʽʩʥʫʻ ʦʜʥʦʨʽʜʥʦʩʪʽ ʤʝʪʦʜʽʚ ʾʭ 

ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ.  

ɺʠʨʽʰʠʪʠ ʮʝ ʧʠʪʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʻʜʠʥʦʾ ʰʢʘʣʠ 
ʦʮʽʥʶʚʘʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ [1,2]. ɿʛʽʜʥʦ 

ʮʽʻʾ ʪʝʦʨʽʾ, ʟʥʘʯʝʥʥʷ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ "ʈʽʚʝʥʴ ʊɽʇ" ʚ̫ʣʷʻ ʩʦʙʦʶ ʜʝʷʢʫ 

ʯʠʩʣʦʚʫ ʟʤʽʥʥʫ, ʘ ʤʥʦʞʠʥʘ  ̔ʷʚʣʷʻ ʩʦʙʦʶ, ʪʘʢʠʤ ʯʠʥʦʤ, ʷʢʫʩʴ ʙʘʟʦʚʫ ʰʢʘʣʫ 

ʦʮʽʥʦʢ, ʧʦ ʷʢʽʡ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʷ ʊɽʇ. ʊʝʨʤ-ʤʥʦʞʠʥʘ ʟʤʽʥʥʦʾ 

"ʊɽʇ" ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʪʝʨʤʠ: 

ʊ(ʊɽʇ) = ʜʫʞʝ ʜʦʙʨʝ + ʜʦʙʨʝ + ʟʘʜʦʚʽʣʴʥʦ + ʧʦʛʘʥʦ+ ʜʫʞʝ ʧʦʛʘʥʦ. 
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ɺʠʟʥʘʯʝʥʥʷ ʰʢʘʣʠ ʦʮʽʥʶʚʘʥʥʷ ʊɽʇ ɯʇɺ, ʷʢʽ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʘ 

ʨʝʟʫʣʴʪʫʶʯʠʤ ʟʥʘʯʝʥʥʷʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʘʣʛʦʨʠʪʤʦʤ: 

ʬʘʟʠʬʽʢʘʮʽʷ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘʣʝʞʥʦʩʪʽ ʪʘ ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʣʽʥʛʚʽʩʪʠʯʥʦʾ ʟʤʽʥʥʦʾ. 

ʆʪʞʝ, ʧʦʻʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝʯʽʪʢʦʛʦ ʚʠʚʦʜʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʧʨʦʩʪʦʨʫ: ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʝʯʽʪʢʦʛʦ ʦʧʠʩʫ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ 

ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤ ʪʘ ʪʘʙʣʠʮʴ ʜʘʥʠʭ. ɿ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʫʥʽʚʝʨʩʘʣʴʥʘ ʰʢʘʣʘ ʦʮʽʥʶʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʊɽʇ ʚ ɯʉ 

ɯʇɺ, ʷʢʽ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤ ʨʝʟʫʣʴʪʫʶʯʠʤ ʟʥʘʯʝʥʥʷʤ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ɿʘʜʝ, ʃ. ʇʦʥʷʪʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ 

ʧʨʠʥʷʪʠʶ ʧʨʠʙʣʠʞʝʥʥʳʭ ʨʝʰʝʥʠʡ / ʃ. ɿʘʜʝ; ʧʝʨ ʩ ʘʥʛʣ. ʅ.ʀ.ʈʠʥʛʦ. - ʄ: 

"ʄʠʨ". - 1976. - 164 ʩ.  

2 ʈʦʪʰʪʝʡʥ, ʆ.ʇ. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ: ʥʝʯʽʪʢʽ 

ʤʥʦʞʠʥʠ, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ / ʆ. ʇ. ʈʦʪʰʪʝʡʥ. ï ɺʽʥʥʠʮʷ: 

ʋʥʽʚʝʨʩʫʤ-ɺʽʥʥʠʮʷ. ï 1999. ï 320 ʩ. 
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ʌʆʈʄʋɺɸʅʅʗ ʈɸɼɯʉʋ ʆʂʈʋɻʃɽʅʅʗ ʈɯɿɸʃʔʅʀʍ ʂʈʆʄʆʂ 

ɿʋɹʆʅɸʈɯɿʅʀʍ ɿʋɹʂɯɺ ʇʈʀ ʄɸɻʅɯʊʅʆ-ɸɹʈɸɿʀɺʅʆʄʋ 

ʆɹʈʆɹʃɽʅʅɯ 

 
1ɼʞʫʣʽʡ ɼ.ʖ., ʘʩʧʽʨʘʥʪ, ʄʘʡʙʦʨʦʜʘ ɺ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ.; 2Emmer T., Dr.-Ing. 

1ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ; 2OVGU, Magdeburg, Deutschland 

 

ʄʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʝ ʦʙʨʦʙʣʝʥʥʷ (ʄɸʆ), ʷʢ ʤʝʪʦʜ ʬʽʥʽʰʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʥʘ ʬʽʟʠʢʦ-
ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʨʘʜʽʫʩʽʚ ʦʢʨʫʛʣʝʥʥʷ ʪʘ ʬʦʨʤʠ 

ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ (ʈʂ). 

ɺʠʢʦʥʘʥʦ ʄɸʆ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʟʫʙʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʬʨʝʟʝʨʫʚʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. ʄɸʆ ʚʠʢʦʥʘʣʠ ʜʣʷ 6 ʛʨʫʧ ʟʫʙʮʽʚ, ʚʘʨʽʶʶʯʠ 

ʢʫʪ ʙʘʟʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʦʧʨʘʚʢʠ Ŭ, ʪʘ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ t. ʇʽʩʣʷ 

ʦʙʨʦʙʣʝʥʥʷ ʟʥʠʞʫʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʴ ʧʝʨʝʜʥʴʦʾ ʪʘ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʦʥʴ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʪʫʧʣʝʥʥʷ ʈʂ, ʟʥʠʢʘʶʪʴ ʚʠʢʨʠʰʫʚʘʥʥʷ ʪʘ ʩʢʦʣʶʚʘʥʥʷ, ʱʦ 

ʧʨʠʩʫʪʥʽ ʥʘ ʟʫʙʮʷʭ ʫ ʚʠʭʽʜʥʦʤʫ ʩʪʘʥʽ. ʇʨʠ ʄɸʆ ʬʦʨʤʫʶʪʴʩʷ ʨʘʜʽʫʩʠ 

ʦʢʨʫʛʣʝʥʥʷ ʈʂ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ 

ʚʝʣʠʯʠʥʠ ʨʘʜʽʫʩʽʚ ʦʢʨʫʛʣʝʥʥʷ ʈʂ ʪʘ ʂ-ʬʘʢʪʦʨʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 
ʊʘʙʣʠʮʷ 1 ï ɺʝʣʠʯʠʥʠ ʨʘʜʽʫʩʽʚ ʦʢʨʫʛʣʝʥʥʷ ʈʂ ʪʘ ʂ-ʬʘʢʪʦʨʽʚ 

 
ɺʠʭʽʜʥʘ ʙʽʯʥʘ 

ʈʂ 

ɺʠʭʽʜʥʘ ʈʂ ʥʘ 

ʚʝʨʰʠʥʽ 

ʈʂ ʥʘ ʚʝʨʰʠʥʽ 

ʟʫʙʘ 

ɺʭʽʜʥʘ ʈʂ ʥʘ 

ʚʝʨʰʠʥ ̔

ɺʭʽʜʥʘ ʙʽʯʥʘ 

ʈʂ 

ʋʤʦʚʠ ʄɸʆ 
ʈʘʜʽʫʩ, 
ʤʢʤ 

ʂ-
ʬʘʢʪʦʨ 

ʈʘʜʽʫʩ, 
ʤʢʤ 

ʂ-
ʬʘʢʪʦʨ 

ʈʘʜʽʫʩ, 
ʤʢʤ 

ʂ-
ʬʘʢʪʦʨ 

ʈʘʜʽʫʩ, 
ʤʢʤ 

ʂ-
ʬʘʢʪʦʨ 

ʈʘʜʽʫʩ, 
ʤʢʤ 

ʂ-
ʬʘʢʪʦʨ 

ɹʝʟ ʄɸʆ 5,94 1,1 6,5 1 6,57 1,05 5,4 0,89 5,42 0,99 

Ŭ=0ę, t=3ʭʚ 21,1 1,03 18,4 0,97 23 0,87 30,68 0,86 19,57 1 

Ŭ=0ę, t=5ʭʚ 19,95 1,03 25,18 0,77 24,8 1,01 34,6 0,98 21,75 1,04 

Ŭ=0ę, t=8ʭʚ 35,44 1,02 58,6 0,91 42,43 1,03 48,53 0,9 38,18 1,1 

Ŭ=45ę, t=3ʭʚ 15,97 1,04 15,85 1,11 23,85 1,14 19,05 1,31 15,77 0,99 

Ŭ=45ę, t=6ʭʚ 28,42 1,02 47,23 0,92 25,4 1,46 43,6 1,19 29,78 1,08 

Ŭ=90ę, t=6ʭʚ 13,21 1,05 29,73 0,88 24,33 0,87 30,77 1 26,53 0,98 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʦʙʨʦʙʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʨʘʜʽʫʩʽʚ ʦʢʨʫʛʣʝʥʥʷ ʈʂ 
ʟʙʽʣʴʰʫʶʪʴʩʷ, ʘ ʚʝʣʠʯʠʥʘ ʂ-ʬʘʢʪʦʨʫ ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʠʭ ʟʤʽʥ ʥʝ ʤʘʻ.  

ʂ-ʬʘʢʪʦʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʟ ʷʢʠʤʠ ʧʝʨʝʜʥʷ ʪʘ ʟʘʜʥʷ ʧʦʚʝʨʭʥʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʣʝʥʥʷ, ʘ ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʘʨʘʤʝʪʨʽʚ ʙʘʟʫʚʘʥʥʷ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʚ ʨʦʙʦʯʽʡ ʟʦʥʽ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʣʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʝʩʧʨʠʷʪʣʠʚʦʾ ʬʦʨʤʠ ʦʢʨʫʛʣʝʥʥʷ ʈʂ, ʘ ʬʦʨʤʫʶʪʴʩʷ ʈʂ ʟ ʚʝʣʠʯʠʥʦʶ  

ʂ-ʬʘʢʪʦʨʫ ʙʣʠʟʴʢʦʶ ʜʦ 1. ʄɸʆ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʝ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʦʢʨʫʛʣʝʥʥʷ ʈʂ, ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʟʥʠʞʝʥʥʷ ʾʭ 

ʰʦʨʩʪʢʦʩʪʽ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʀɹʈɸʎʀʆʅʅʆɻʆ ʀ ɿɺʋʂʆɺʆɻʆ ɼɸʊʏʀʂʆɺ ɺ 

ʉʀʉʊɽʄɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ɼʀɸɻʅʆʉʊʀʂʀ 

 

ɼʨʦʙʠʪʴʢʦ ʉ.ɸ. ʤʘʛʠʩʪʨ; ʃʘʨʰʠʥ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬ., 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʜʝʩʩʘ 

 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʝʙʘʥʠʡ ʚ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʝ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʢʘʟʳʚʘʝʪ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʚʠʙʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ 
ʨʝʟʘʥʠʷ ʠ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʠʙʨʦʢʦʣʝʙʘʥʠʷʭ [1]. ʄʦʜʫʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʠʙʨʦʜʘʪʯʠʢʦʚ (ʨʠʩ.1, ʘ) ʠ 

ʟʚʫʢʦʚʳʭ ʵʣʝʢʪʨʝʪʥʳʭ ʜʘʪʯʠʢʦʚ (ʨʠʩ.1, ʙ) ʧʦʟʚʦʣʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ 

ʠʭ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʠʭ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ [2].  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

ʅʘʰʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʷʚʣʝʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʘʥʘʣʦʛʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʧʨʠ 
ʠʟʤʝʨʝʥʠʠ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʘʤʠ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ (ʪʠʧʘ ɸʈ2019) ʠ 

ʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʦʤ ʪʠʧʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʘ  ʩ ʨʘʩʰʠʨʝʥʥʳʤ 

ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʷʝʤʳʭ ʯʘʩʪʦʪ (ʜʦ 22 ʢɻʮ). ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʟʚʫʢʦʚʦʛʦ 

ʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʫʜʘʣʝʥʠʷ ʦʪ ʟʦʥʳ ʨʝʟʘʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʵʪʫ ʟʦʥʫ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʡ 

ʧʘʨʘʤʝʪʨ ʥʘ ʚʳʭʦʜʝ ʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʟʚʫʢʦʚʦʡ ʚʦʣʥʦʡ, ʪ.ʝ. 

ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʦʪ ʤʠʢʨʦʬʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ɺʪ/ʤ2. ʊʘʢʘʷ ʞʝ ʨʘʟʤʝʨʥʦʩʪʴ ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

a 

b 

1000 

3 

35 

BNC 

1
.2

 

3
.6

 

Sensor 

ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ ɸʈ 2019 

ʠ ʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ SPL Lab USB RTA meter. 
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ʪʝʧʣʦʬʠʟʠʢʝ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʝʸ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʩ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʦʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʨʣʝʥʠʷ ʧʝʨʚʦʛʦ (ʢʨʠʚʘʷ 1) ʠ ʧʷʪʦʛʦ (ʢʨʠʚʘʷ 

2) ʦʪʚʝʨʩʪʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʪʘʥʢʝ ʤʦʜ. 500 V/5 

(ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ) ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʛʣʫʙʠʥʘ ʩʚʝʨʣʝʥʠʷ 16 

ʤʤ, ʦʩʝʚʘʷ ʧʦʜʘʯʘ 30 ʤʤ/ʤʠʥ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʩʚʝʨʣʘ 500 ʤʠʥ-1. 

ʇʨʠʟʤʘʪʠʯʝʩʢʘʷ ʟʘʛʦʪʦʚʢʘ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 14ʍ17ʅ2, ʩʚʝʨʣʦ ʠʟ ʩʪʘʣʠ 

ʈ18.   

 
 
 

 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʠʙʨʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ɸʈ 2019, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʦʩʷʤ x, y ʠ z ʫʢʘʟʘʥʥʦʛʦ 

ʩʪʘʥʢʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠʟʤʝʨʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʊʘʢʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 
ʆʜʝʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʚʫʟʘʤʠ ʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʩ ʆʆʆ 

çʉʪʘʥʢʦʮʝʥʪʨè, ʧʨʦʠʟʚʦʜʷʱʠʤ ʩʠʩʪʝʤʳ ʏʇʋ ʪʠʧʘ çFlex NCè. 
 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ɺʘʩʠʥ, ʉ.ɸ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʪʦʯʝʥʠʠ ʠ ʬʨʝʟʝʨʦʚʘʥʠʠ. ʉʝʨʠʷ çɹʠʙʣʠʦʪʝʢʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʱʠʢʘè / ʉ.ɸ. 

ɺʘʩʠʥ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2006384 ʩ. 

2 Bruce Lent. Simple Steps to Selecting the Right Accelerometer 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʈʝʞʠʤ ʜʦʩʪʫʧʘ: www.sensorsmag.com/sensors/ 

acceleration-vibration/simple-steps-selecting-right-accelerometer-1557 (ʘʥʛʣ.) . ï 

12.10.2014. 

ʈʠʩʫʥʦʢ 2 ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 
ʤʠʢʨʦʬʦʥʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ (SPL Lab USB RTA 

meter) ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʦʪʚʝʨʩʪʠʡ ʜʠʘʤʝʪʨʦʤ 2,85 ʤʤ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɼʀʅɸʄɯʏʅʆɰ ʄʆɼɽʃɯ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʆɰ 

ʉʀʉʊɽʄʀ ɽʉʂɸʃɸʊʆʈɸ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʎʀʂʃɯʏʅʀʍ 

ʅɸɺɸʅʊɸɾɽʅʔ 

 

ɿʘʢʦʨʘ ʆ.ɺ., ʘʩʧʽʨʘʥʪ; ɻʦʨʙʘʪʝʥʢʦ ʖ.ʇ., ʩʪ. ʚʠʢʣ.,  

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʮʠʢʣʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʝʩʢʘʣʘʪʦʨʘ, ʧʦʙʫʜʦʚʘʥʘ ʪʘ ʨʦʟʨʘʭʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ (ɽʄʉ) ʝʩʢʘʣʘʪʦʨʘ. 
ɽʄʉ ʝʩʢʘʣʘʪʦʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʣʘʥʦʢ ï ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʪʘ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ - ʽ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʷʛʦʚʠʡ ʦʨʛʘʥ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʚʽʩʽʤ ʚʽʜʨʽʟʢʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʘʩʦʶ m (ʢʛ) ʞʦʨʩʪʢʽʩʪʶ k (ʅ/ʤ) ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʜʝʤʧʬʫʚʘʥʥʷ m (ʅʩ/ʤ). 

ɼʝʚôʷʪʦʶ ʤʘʩʦʶ ʻ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʤʦʤʝʥʪʦʤ. ɼʠʥʘʤʽʢʘ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʪʠʧʫ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ 

ʃʘʛʨʘʥʞʘ ɯɯ ʨʦʜʫ [1, 2, 5, 6]. ʇʨʠʚʽʜʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʻ ʢʦʣʠʚʘʣʴʥʦʶ ʣʘʥʢʦʶ 

[3, 5]. ɼʝʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʚʥʷʥʴ ʨʫʭʫ ʪʽʣ ɽʄʉ ʝʩʢʘʣʘʪʦʨʘ 

ʦʧʠʩʘʥʝ ʫ ʤʦʥʦʛʨʘʬʽʾ [5]. 
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ɽʄʉ ʝʩʢʘʣʘʪʦʨʘ ʩʪʚʦʨʝʥʘ ʙʣʦʢ-

ʩʭʝʤʘ ʜʝʚôʷʪʠʤʘʩʦʚʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

Simulink MatLab [4]. ɹʣʦʢ-ʩʭʝʤʘ ʜʠʥʘʤʽʯʥʦʾ ɽʄʉ ʝʩʢʘʣʘʪʦʨʘ ʧʦʙʫʜʦʚʘʥʘ 

ʤʝʪʦʜʦʤ ʧʦʥʠʞʝʥʥʷ ʧʦʭʽʜʥʦʾ. ɹʣʦʢ-ʩʭʝʤʘ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ 

(Fixed-step) ode45, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ ʧʦʨʷʜʢʫ. ɼʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʣʠʚʘʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ  ɽʄʉ ʝʩʢʘʣʘʪʦʨʘ, ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʙʣʦʢ Repeating Sequence. ʇʨʠʟʥʘʯʝʥʥʷ ʙʣʦʢʫ Repeating Sequence ï 

ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʦʚʥʽʰʥʴʦʛʦ ʟʙʫʜʞʝʥʥʷ [7].  

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʦʪʨʠʤʘʥʘ ʜʽʘʛʨʘʤʘ ʢʨʫʪʥʦʛʦ 

ʤʦʤʝʥʪʫ ʥʘ ʰʚʠʜʢʦʭʽʜʥʦʤʫ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ (ʨʠʩʫʥʦʢ 1) ʪʘ ʜʽʘʛʨʘʤʠ ʩʠʣ ʫ 
ʣʘʥʮʶʟʽ (ʨʠʩʫʥʦʢ 2).  

 
ʈʠʩʫʥʦʢ 1 ï ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʘʣʫ ʜʚʠʛʫʥʘ 
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ʈʠʩʫʥʦʢ 2 ï ɼʽʘʛʨʘʤʘ ʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʫ ʣʘʥʮʶʟʽ ʥʘ ʜʽʣʷʥʢʘʭ 1, 4 ʪʘ 8 

ɼʽʘʛʨʘʤʘ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʰʚʠʜʢʦʭʽʜʥʦʤʫ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ ʻ 

ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʙʣʦʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜʘʯ, ʚʘʣʽʚ ʽ ʧʽʜʰʠʧʥʠʢʽʚ 

ʨʝʜʫʢʪʦʨʘ. 

ʇʦʙʫʜʦʚʘʥʘ ʪʘ ʨʦʟʨʘʭʦʚʘʥʘ ʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ɽʄʉ ʝʩʢʘʣʘʪʦʨʘ 
ʜʦʟʚʦʣʷʻ ʫʪʦʯʥʠʪʠ ʭʘʨʘʢʪʝʨ ʪʘ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʝʣʝʤʝʥʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʫ ʦʮʽʥʢʫ ʨʝʩʫʨʩʫ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ (ʚʠʪʨʠʚʘʣʦʩʪʽ) ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ 

ʤʘʰʠʥ ʟ ʣʘʥʮʶʛʦʚʠʤ ʪʷʛʦʚʠʤ ʦʨʛʘʥʦʤ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ɹʦʥʜʘʨʻʚ ʉ. ɺ., ɻʦʨʙʘʪʝʥʢʦ ʖ. ʇ. ʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ 
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ʆʎɯʅʂɸ ʊɸ ɸʅɸʃɯɿ ɼʀʅɸʄɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʃɸʅʎʖɻʆɺʆɻʆ ʊʗɻʆɺʆɻʆ ʆʈɻɸʅʋ 

 

ɿʘʢʦʨʘ ʆ.ɺ., ʘʩʧʽʨʘʥʪ; ɻʦʨʙʘʪʝʥʢʦ ʖ.ʇ., ʩʪ. ʚʠʢʣ.,  

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʂʠʾʚ 

 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ, ʷʢ ʦʜʥʽʻʾ ʟ ʣʘʥʦʢ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʝʩʢʘʣʘʪʦʨʘ [5], ʟ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʦʮʽʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʮʥʦʩʪʽ ʪʘ ʚʠʪʨʠʚʘʣʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʝʩʢʘʣʘʪʦʨʘ. 
ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʝʩʢʘʣʘʪʦʨʘ 

ʧʦʧʝʨʝʜʥʴʦ ʚʠʢʦʥʘʥʠʡ ʪʷʛʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʩʢʘʣʘʪʦʨʘ [5, 0]. ʃʘʥʮʶʛʦʚʠʡ 

ʪʷʛʦʚʠʡ ʦʨʛʘʥ ʝʩʢʘʣʘʪʦʨʘ ʤʽʞ ʪʦʯʢʘʤʠ ʟʙʛ̔ʘʥʥʷ (ʟʘʢʣʘʜʝʥʥʷ) ʽ ʥʘʙʽʛʘʥʥʷ ʥʘ 

ʧʨʠʚʦʜʥʽ ʟʽʨʦʯʢʠ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʷʛʦʚʠʡ ʦʨʛʘʥ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʚʽʩʽʤ ʚʽʜʨʽʟʢʽʚ (ʚʦʩʴʤʠʤʘʩʦʚʘ ʩʠʩʪʝʤʘ), ʢʦʞʝʥ 

ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʩʦʶ m (ʢʛ), ʞʦʨʩʪʢʽʩʪʶ k  (ʅ/ʤ) ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʝʤʧʬʫʚʘʥʥʷ m (ʅʩ/ʤ) [41]. ɼʠʥʘʤʽʢʘ ʩʠʩʪʝʤʠ ʧʨʠʚʝʜʝʥʦʛʦ ʪʠʧʫ ʦʧʠʩʫʻʪʴʩʷ 

ʨʽʚʥʷʥʥʷʤ ʃʘʛʨʘʥʞʘ ʜʨʫʛʦʛʦ ʨʦʜʫ [0]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʝʥʴ ʨʽʚʥʷʥʥʷ 

ʨʫʭʫ ʪʽʣ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʧʨʠʡʤʫʪʴ ʚʠʛʣʷʜ 

[5]: 

1 2 1 2 1 1 1( ( ) ( ) ) / ;x k x x x x S F m= - +m - + +  

2 1 2 3 1 2 3 1 2( ( 2 ) ( 2 ) / ;x k x x x x x x P m= - + +m - + - 

3 2 3 4 2 3 4 1 3( ( 2 ) ( 2 ) / ;x k x x x x x x P mm= - + + - + - 

4 3 4 5 3 4 5 1 4( ( 2 ) ( 2 ) / ;x k x x x x x x P m= - + +m - + - 

5 4 5 6 4 5 6 5( ( 2 ) ( 2 )) / ;x k x x x x x x m= - + +m - +  

6 5 6 7 5 6 7 2 6( ( 2 ) ( 2 ) / ;x k x x x x x x P m= - + +m - + - 

7 6 7 8 6 7 8 2 7( ( 2 ) ( 2 ) / ;x k x x x x x x P m= - + +m - + - 

8 7 8 7 8 2 8( ( 2 ) ( 2 ) / ;x k x x x x P m= - +m - -  

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʪʽʣ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ 

ʨʦʟʨʘʭʦʚʘʥʽ ʟ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Simulink MatLab. 
ʇʦʙʫʜʦʚʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ 

ʝʩʢʘʣʘʪʦʨʘ ʤʝʪʦʜʦʤ ʧʦʥʠʞʝʥʥʷ ʧʦʭʽʜʥʦʾ. ɹʣʦʢ-ʩʭʝʤʘ ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ ʟ 

ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ (Fixed-step) ode45, ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʛʦ 

ʧʦʨʷʜʢʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʘʥʮʶʛʦʚʦʛʦ 

ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʜʦʩʣʽʜʞʝʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ɸʏʍ). 

ʊʝʩʪʦʚʠʡ ʩʠʛʥʘʣ - ʧʦʣʽʛʘʨʤʦʥʽʯʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʻ ʩʫʤʦʶ 100 ʩʠʥʫʩʦʾʜ ʟ 

ʢʨʦʢʦʤ ʧʦ ʯʘʩʪʦʪʽ 1,0=Df  ɻʮ. ʇʦʣʽʛʘʨʤʦʥʽʯʥʠʡ ʩʠʛʥʘʣ ʟʤʦʜʝʣʴʦʚʘʥʠʡ ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ Chirp Signal, ʇʨʠʟʥʘʯʝʥʥʷ ʙʣʦʢʫ ï ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʥʫʩʦʾʜʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ, ʯʘʩʪʦʪʘ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ [7]. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʙʫʜʦʚʘʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʝʩʢʘʣʘʪʦʨʘ (ʜʠʚ. ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩʫʥʦʢ 2 - ɸʏʍ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ ʝʩʢʘʣʘʪʦʨʘ: 1, 5, 8 ï ʧʝʨʰʘ, ʧôʷʪʘ ʪʘ ʚʦʩʴʤʘ 

ʤʘʩʠ, ʚʽʜʧʦʚʽʜʥʦ 
ɸʥʘʣʽʟ ɸʏʍ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ (ʨʠʩʫʥʦʢ 2) ʜʦʟʚʦʣʷʻ 

ʚʩʪʘʥʦʚʠʪʠ ʨʝʟʦʥʘʥʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ 

ʝʩʢʘʣʘʪʦʨʘ, ʟʦʥʠ ɸʏʍ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʧʦʩʠʣʝʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʘʥʮʶʛʦʚʦʛʦ ʪʷʛʦʚʦʛʦ ʦʨʛʘʥʫ 

ʝʩʢʘʣʘʪʦʨʘ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʴʦʛʦ ʢʣʘʩʫ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʽʟ ʣʘʥʮʶʛʦʚʠʤ 

ʪʷʛʦʚʠʤ ʦʨʛʘʥʦʤ. 
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ʋʇʈɸɺʃɯʅʅʗ ʂʆʅʊɸʂʊʅʀʄʀ ʇʈʆʎɽʉɸʄʀ ʅɸ ʈʆɹʆʏʀʍ 

ʇʆɺɽʈʍʅʗʍ ʃɽɿɸ 
 

ɿʘʣʦʛʘ ʆ.ʆ., ʤ.ʥ.ʩ.; ʂʨʠʚʦʨʫʯʢʦ ɼ.ɺ., ʜ.ʪ.ʥ., ʜʦʮ., ʉʫʤɼʋ, ʤ. ʉʫʤʠ 
 

ɿʘ ʦʩʪʘʥʥʽ 30-40 ʨʦʢʽʚ ʽʩʪʦʪʥʦ ʧʦʰʠʨʠʣʦʩʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʫʯʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʞʘʨʦʩʪʽʡʢʠʭ, 

ʟʥʦʩʦʩʪʽʡʢʠʭ, ʧʽʜʚʠʱʝʥʦʾ ʪʚʝʨʜʦʩʪʽ ʪʘ ʽʥ..), ʜʣʷ ʦʙʨʦʙʢʠ ʷʢʠʭ ʚʩʝ ʰʠʨʰʝ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ: ʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʧʦʨʦʰʢʦʚʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʩʪʘʣʽ, ʙʝʟʚʦʣʴʬʨʘʤʦʚʽ ʪʚʝʨʜʽ ʩʧʣʘʚʠ, ʢʝʨʤʝʪʠ, 

ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʜʪʚʝʨʜʽ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʧʦʢʨʠʪʪʷʤʠ ʪʘ ʽʥ..); 

ʧʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ (ʰʚʠʜʢʽʩʥʝ ʪʘ ʥʘʜʰʚʠʜʢʽʩʥʝ ʨʽʟʘʥʥʷ, ʨʽʟʘʥʥʷ ʟ 

ʚʽʙʨʘʮʽʷʤʠ, ʩʫʭʝ ʨʽʟʘʥʥʷ, ʢʦʤʙʽʥʦʚʘʥʽ ʚʠʜʠ ʦʙʨʦʙʢʠ ʪʘ ʽʥ..); ʧʨʦʛʨʝʩʠʚʥʝ 

ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ (ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ, ʙʘʛʘʪʦʮʽʣʴʦʚʽ ʚʝʨʩʪʘʪʠ 

(ʦʙʨʦʙʣʶʶʯʽ ʮʝʥʪʨʠ), ʨʦʪʦʨʥʽ ʚʝʨʩʪʘʪʠ ʪʘ ʽʥ..). ʊʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʜ 

ʥʘʫʢʦʶ ʧʨʦ ʨʽʟʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʠʥʠʢʘʶʪʴ ʚʩʝ ʥʦʚʽ ʽ ʥʦʚʽ ʟʘʚʜʘʥʥʷ ʟ 

ʚʠʷʚʣʝʥʥʷ ʻʜʠʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ, ʜʣʷ 

ʨʽʟʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʠʭ, 

ʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʪʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʥʷʭ ʣʝʟ 
ʽʥʩʪʨʫʤʝʥʪʽʚ. ʇʨʘʢʪʠʯʥʝ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤʠ 

ʦʙʩʪʘʚʠʥʘʤʠ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʽʯʥʽ ʤʦʜʝʣʽ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʪʦʙʪʦ ʧʦʙʫʜʦʚʘʥʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʰʣʷʭʦʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʜʫ ʦʙʨʦʙʣʝʥʥʷ. ʎʝ ʥʝ ʪʽʣʴʢʠ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʯʘʩʦʚʠʭ ʪʘ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ, ʘʣʝ ʡ ʯʘʩʪʦ ʻ ʪʝʭʥʽʯʥʦ ʥʝʤʦʞʣʠʚʠʤ. ʎʽ ʦʙʩʪʘʚʠʥʠ 

ʨʦʙʣʷʪʴ ʥʝʦʙʭʽʜʥʠʤ ʨʦʟʚʠʪʦʢ ʧʨʦʛʥʦʟʫʶʯʦʛʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ 

ʦʙôʻʜʥʫʻ ʚʽʜʦʤʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʨʦʮʝʩʠ ʨʽʟʘʥʥʷ ʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʽʜʭʦʜʠ 

ʤʝʭʘʥʽʢʠ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʚ 

ʟʘʛʘʣʴʥʦʤʫ, ʪʦʙʪʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʦʙʨʦʙʣʝʥʥʷ, ʚʠʧʘʜʢʫ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘ, ʟʨʽʟʫʚʘʥʦʛʦ ʰʘʨʫ ʪʘ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʥʘ 
ʩʴʦʛʦʜʥʽʰʥʴʦʤʫ ʨʽʚʥʽ ʨʦʟʚʠʪʢʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚʞʝ ʻ ʤʦʞʣʠʚʠʤ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʦʜʥʠʤ ʟ 

ʝʬʝʢʪʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʫʯʘʩʥʽʡ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ. ʐʣʷʭʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʚʠʢʦʥʫʶʯʠ ʨʦʟʜʽʣʝʥʥʷ 

ʚʧʣʠʚʽʚ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʪʝʨʪʷ, ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʪʝʧʣʦʧʝʨʝʜʘʯʽ, 

ʜʦʚʝʜʝʥʦ, ʱʦ ʩʝʨʝʜ ʫʩʽʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʦʭʠʙʢʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʤʘʶʪʴ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʜʽʫʩʫ ʦʢʨʫʛʣʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ, ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʧʝʨʝʜʥʴʦʛʦ ʢʫʪʘ, ʬʦʨʤʠ 

ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʩʝʨʝʜʥʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ, ʛʨʘʥʠʮʽ ʧʣʠʥʥʦʩʪʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʡʦʛʦ ʪʝʧʣʦʻʤʥʦʩʪʽ. 

ɺʠʢʦʥʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʠʭ ʪʠʩʢʽʚ 
ʜʦʟʚʦʣʠʣʠ ʚʠʢʣʶʯʠʪʠ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʚʝʣʠʯʠʥʠ ʪʘ ʨʦʟʧʦʜʽʣʫ ʩʠʣ ʩʧʨʦʪʠʚʫ 
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ʢʦʚʟʘʥʥʶ ʥʘ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʥʷʭ ʣʝʟʘ ʽʥʩʪʨʫʤʝʥʪʫ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʤʝʪʦʜʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʦʟʥʘʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ 

ʥʦʨʤʘʣʴʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤʠ ʽ ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦ  ʁ ʩʠʣ ʪʝʨʪʷ ʪʘ 

ʨʦʟʧʦʜʽʣʦʤ ʮʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ ʣʝʟʘ. ɿʦʢʨʝʤʘ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʻʜʠʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʝʬʽʮʽʻʥʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ ʪʘ ʚʽʜʥʦʰʝʥʥʷʤ ʜʽʡʩʥʦʛʦ ʪʠʩʢʫ ʜʦ ʩʝʨʝʜʥʴʦʾ ʤʝʞʽ 

ʪʝʢʫʯʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ. ʊʘʢʦʞ 
ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʘʢʪʠʯʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʢʦʚʟʘʥʥʽ ʟʘʣʝʞʠʪʴ 

ʚʠʢʣʶʯʥʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩʢʫ ʜʦ ʩʝʨʝʜʥʴʦʾ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ, ʧʨʠʚʝʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʫʞʥʦʩʪʽ ʢʦʥʪʘʢʪʫʶʯʦʾ ʧʘʨʠ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ 

ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜʠʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ 1) ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥ ʨʘʜʽʫʩʫ ʦʢʨʫʛʣʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ- ʽ ʪʨʠʚʠʤʽʨʥʠʭ ʾʾ ʟʦʙʨʘʞʝʥʴ, ʦʜʝʨʞʫʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ; 2) ʦʮʽʥʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʥʘ ʟʘʜʥʽʡ (ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽ 
ʧʝʨʝʜʥʽʡ) ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʰʣʷʭʦʤ 

ʩʫʤʽʱʝʥʥʷ ʟʥʽʤʢʽʚ ʟʥʦʰʝʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʤʘʩʰʪʘʙʥʦʾ ʣʽʥʽʡʢʠ, ʚʠʢʦʥʘʥʠʭ 

ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʣʽʥʟʦʶ ʽ ʟ ʦʜʥʘʢʦʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ; 3) ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʦʩʫ ʽ 

ʨʘʜʽʫʩʫ ʦʢʨʫʛʣʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʚʠʨʦʙʣʷʪʠ ʯʝʨʝʟ ʚʩʪʘʥʦʚʣʝʥʽ ʧʝʨʽʦʜʠ 

ʯʘʩʫ ʨʦʙʦʪʠ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʣʷʥʢʠ ʥʘ ʢʨʠʚʽʡ ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʨʘʜʽʫʩʘ ʦʢʨʫʛʣʝʥʥʷ 

ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʽ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʚʽʜ ʯʘʩʫ ʨʦʙʦʪʠ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʢʨʠʚʫ ʟʤʽʥʠ ʨʘʜʽʫʩʫ ʦʢʨʫʛʣʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʟ ̔

ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʘʜʢʠ ʟʥʦʩʫ ʣʝʟʘ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʽʢʨʦʨʝʣʴʻʬʫ ʪʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʶʯʠʭ 
ʪʽʣ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ ʻʜʠʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʚʽʜʥʦʰʝʥʥʷʤ ʜʽʡʩʥʦʛʦ ʪʠʩʢʫ ʜʦ ʩʝʨʝʜʥʴʦʾ 

ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ. ʊʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʘʢʪʠʯʥʘ ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʢʦʚʟʘʥʥʽ ʟʘʣʝʞʠʪʴ 

ʚʠʢʣʶʯʥʦ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʛʦ ʪʠʩʢʫ ʜʦ ʩʝʨʝʜʥʴʦʾ ʤʝʞʽ ʧʣʠʥʥʦʩʪʽ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ, ʟʚʝʜʝʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʫʞʥʦʩʪʽ ʢʦʥʪʘʢʪʫʶʯʦʾ ʧʘʨʠ, ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ Rp ʽ tm ʤʽʢʨʦʨʝʣʴʻʬʫ 

ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʟ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʟʽ ʟʤʽʥʦʶ ʘʜʛʝʟʽʡʥʦʾ ʪʘ 

ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʠʭ. ɼʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʽ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʚʧʣʠʚ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʙʽʣʴʰʠʡ ʟʘ 
ʚʧʣʠʚ ʘʜʛʝʟʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ, ʘ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʧʘʢʠ ï ʚʧʣʠʚ 

ʘʜʛʝʟʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
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ʄɽʊʆɼ ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʇʈʆʎɽʉʋ ʆɹʈʆɹʂʀ ʅɸ ʌʈɽɿɽʈʅʀʍ 

ɺɽʈʉʊɸʊɸʍ ɿ ʏʇʂ 
 

ɿʘʻʮʴ ʉ.ʉ., ʘʩʠʩʪʝʥʪ, ʅʊʋʋ çʂʇɯè, ʤ. ʂʠʾʚ 
 

ʉʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ ʻ ʜʦʩʠʪʴ ʢʦʰʪʦʚʥʠʤ ʽ ʤʘʻ ʟʥʘʯʥʠʡ ʥʝʜʦʣʽʢ ʚ ʪʦʤʫ, 

ʱʦ ʚʦʥʦ ʥʝ ʨʝʘʛʫʻ ʥʘ ʩʪʘʥ ʧʨʦʪʽʢʘʥʥʷ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʥʝ 

ʤʘʻ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʦʮʝʩʦʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʡʦʛʦ 
ʪʦʯʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ʎʝ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʦʾʚ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ 

ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʚʝʨʩʪʘʪʘʭ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʪʘ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʤʦʚ, ʷʢʘ ʟʘ ʨʘʭʫʥʦʢ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʚʽʜʩʣʽʜʢʦʚʫʻ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʥʘ 

ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʚʝʨʩʪʘʪʘʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʙʦʪʠ ʷʢʦʾ, ʽ ʨʦʙʠʪʴʩʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʨʦʛʽʜʥʦʩʪʽ ʚʽʜʤʦʚʠ ʦʙʣʘʜʥʘʥʥʷ ʯʠ ʽʥʩʪʨʫʤʝʥʪʘ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʥʘ 

ʚʝʨʩʪʘʪʘʭ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ, ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʠʛʥʘʣʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ. ɸʢʫʩʪʠʯʥʘ 

ʝʤʽʩʽʷ (ɸɽ), ʪʦʙʪʦ ʫʪʚʦʨʝʥʥʷ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʥʘʧʨʫʛʠ ʫ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʧʨʫʞʥʠʭ ʪʽʣ [1], ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʪʝʨʪʽ, ʜʝʬʦʨʤʫʚʘʥʥʽ ʡ ʨʫʡʥʫʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ.  ʉʠʛʥʘʣ ɸɽ 

ʥʝʩʝ ʚ ʩʦʙʽ ʜʚʽ ʩʢʣʘʜʦʚʽ: ʩʪʘʮʽʦʥʘʨʥʫ ʽ ʥʝ ʩʪʘʮʽʦʥʘʨʥʫ. ʋ ʩʪʘʮʽʦʥʘʨʥʽʡ 

ʩʢʣʘʜʦʚʽʡ ʩʠʛʥʘʣʫ ʫʢʣʘʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʦʰʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʧʨʦ 

ʦʜʝʨʞʘʥʥʽ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ Ra. ɻʦʣʦʚʥʽ 

ʪʨʫʜʥʦʱʽ ʜʣʷ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʷʻ ʥʝʩʪʘʮʽʦʥʘʨʥʘ ʩʢʣʘʜʦʚʘ, ʫ ʷʢʽʡ ʟʦʩʝʨʝʜʞʝʥʽ 

ʥʝ ʧʝʨʽʦʜʠʯʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʠʭ ʤʽʢʨʦ ʚʽʜʢʦʣʽʚ 

ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʡ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʞʢʠ ï ʫʜʘʨʽʚ ʩʪʨʫʞʢʠ 

ʦʙ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ ʡ ʽʥʩʪʨʫʤʝʥʪ, ʘ ʪʘʢʦʞ ʟʨʠʚʽʚ ʥʘʨʦʩʪʽʚ ʥʘ ʨʽʞʫʯʦʤʫ 

ʽʥʩʪʨʫʤʝʥʪʽ. ɼʞʝʨʝʣʘʤʠ ʩʠʛʥʘʣʽʚ ɸɽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ ʨʽʟʘʥʥʷʤ ʻ ʪʨʠ 

ʟʦʥʠ. ʉʠʛʥʘʣ ʟ ʦʙʣʘʩʪʽ ʟʨʫʰʝʥʥʷ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʣʘʩʪʠʯʥʫ ʡ (ʫ 

ʟʤʝʥʰʝʥʦʤʫ ʩʪʫʧʝʥʽ) ʧʨʫʞʥʦʶ ʜʝʬʦʨʤʘʮʽʶ ʟʨʫʰʝʥʥʷ ʡ ʨʫʡʥʫʚʘʥʥʷ ʚ 
ʧʦʚʝʨʭʥʽ ʟʨʫʰʝʥʥʷ, ʘ ʩʘʤʝ ʩʠʛʥʘʣ ʚʽʜ ʜʚʦʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʜʽʣʷʪʴʩʷ ʥʘ: 

ʨʽʞʫʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ï ʩʪʨʫʞʢʘ ʽ ʨʽʞʫʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ï ʦʙʨʦʙʣʶʚʘʥʘ ʜʝʪʘʣʴ 

ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʥʪʘʢʪʥʫ ʚʟʘʻʤʦʜʽʶ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʨʦ ʪʝʨʪʷ ʥʘ ʮʠʭ 

ʧʦʚʝʨʭʥʷʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʦʰʝʥʥʷ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʡ 

ʰʦʨʩʪʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʚʪʨʠʤʫʻʪʴʩʷ ʚ ʩʠʛʥʘʣʽ ɸɽ ʽʟ ʜʞʝʨʝʣʘ ï 

ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟʘʛʦʪʽʚʢʠ ʡ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʤʦʞʥʘ 

ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʩʪʘʥ ʦʙʨʦʙʢʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ɻʆʉʊ27655-88. ɸʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ. ʊʝʨʤʠʥʳ, ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʦʙʦʟʥʘʯʝʥʠʷ. 
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ɺʃʀʗʅʀɽ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʕʃɽʄɽʅʊʆɺ ʂʆʅʎɽɺʓʍ 

ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʌʈɽɿ ʅɸ ʀʍ ɺʀɹʈʆʋʉʊʆʁʏʀɺʆʉʊʔ 

 

ʂʦʟʣʦʚʘ ɽ.ɹ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ɿʅʊʋ, ʛ. ɿʘʧʦʨʦʞʴʝ 

 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ 

ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʩʪʦʡʢʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʩʪʘʥʢʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʘʤʧʣʠʪʫʜʘ) 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 
ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʞʝʩʪʢʠʭ ʜʝʪʘʣʝʡ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʧʦʜʦʙʨʘʪʴ 

ʠʥʩʪʨʫʤʝʥʪ ʠ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ 

(ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʚʪʦʢʦʣʝʙʘʥʠʡ) ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʦʜʷʪʩʷ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ 

ʠ ʟʘ ʨʫʙʝʞʦʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ɺ ɿʘʧʦʨʦʞʩʢʦʤ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʠ ʚʳʙʨʘʥʳ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ (1), ʧʦʟʚʦʣʷʶʱʠʝ 

ʟʘʧʠʩʳʚʘʪʴ ʘʚʪʦʢʦʣʝʙʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʝʪʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʮʝʚʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʬʨʝʟ, ʪʘʢʠʭ ʢʘʢ ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʠʥʪʦʚʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ, ʰʠʨʠʥʘ ʣʝʥʪʦʯʢʠ ʥʘ ʟʘʜʥʝʡ ʚʠʥʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʞʫʱʝʛʦ ʟʫʙʘ, 

ʧʝʨʝʤʝʥʥʳʡ ʰʘʛ ʟʫʙʴʝʚ ʬʨʝʟʳ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʝʟʘʥʠʷ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ Cut-ʛʨʘʤʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʞʝʩʪʢʦʩʪʠ ʜʝʪʘʣʠ ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʞʠʤʦʚ 

ʨʝʟʘʥʠʷ ʜʘʶʪ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ 

ʧʦʜʦʙʨʘʪʴ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʜʝʪʘʣʠ ʠʥʩʪʨʫʤʝʥʪ ʠ ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʦʙʨʘʙʦʪʢʘ ʙʫʜʝʪ ʙʝʟʚʠʙʨʘʮʠʦʥʥʦʡ ʠʣʠ ʩ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ 
ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢ.ʪ.ʥ, ʜʦʮʝʥʪʘ ɼʷʜʠ ʉ.ʀ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ r

1 ɺʥʫʢʦʚ, ʖ.ʅ. ʉʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʬʨʝʟʝʨʦʚʘʥʠʠ ʤʘʣʦʞʝʩʪʢʠʭ ʜʝʪʘʣʝʡ ʢʦʥʮʝʚʳʤʠ ʬʨʝʟʘʤʠ./ʖ.ʅ. ɺʥʫʢʦʚ, ɺ.ɸ. 

ʃʦʛʦʤʠʥʦʚ, ʇ.ɸ. ʂʘʤʦʨʢʠʥ// ʈʝʟʘʥʠʝ ʠ ʠʥʩʪʨʫʤʝʥʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ.-ʍʘʨʴʢʦʚ:ʅʊʋ çʍʇʀè, 2011-ʚʳʧ.79-ʩ.32-37 
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ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ʎʀʃʀʅɼʈʀʏɽʉʂʀʍ ʆʊɺɽʈʉʊʀʁ ʇʈʀ 

ʉɺɽʈʃɽʅʀʀ ʇɸʂɽʊʆɺ ʋɻʃɽʇʃɸʉʊʀʂ/ʊʀʊɸʅʆɺʓʁ ʉʇʃɸɺ 
 

ʂʦʣʝʩʥʠʢ ɺ.ɸ., ʘʩʧʠʨʘʥʪ; ʂʨʠʚʦʨʫʯʢʦ ɼ.ɺ., ʜʦʮ., 

ʉʫʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʫʤ r
 

ʆʩʥʦʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʝʨʣʝʥʠʷ ʧʘʢʝʪʦʚ ʫʛʣʝʧʣʘʩʪʠʢ/ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ, ʷʚʣʷʶʪʩʷ ʪʨʫʜʥʦʩʪʠ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʪʚʝʨʩʪʠʷ ʠ ʠʭ 

ʨʘʟʤʝʨʥʦʡ ʪʦʯʥʦʩʪʠ. ʇʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʙʫʩʣʦʚʣʝʥ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʛʣʘʚʥʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ ʩʚʝʨʣʘ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʚ ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 
ʨʝʟʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʫʛʣʝʧʣʘʩʪʠʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, ʤʦʜʫʣʴ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʜʣʷ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ, 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ, ʢʘʩʘʪʝʣʴʥʳʝ ʠ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ ʠ ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʨʠ ʪʨʝʥʠʠ ʩ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤ ʠʥʜʝʥʪʦʨʦʤ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʘʜʝʢʚʘʪʥʘʷ 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʨʝʟʘʥʠʷ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʚ ʛʣʘʚʥʦʡ ʩʝʢʫʱʝʡ ʧʣʦʩʢʦʩʪʠ ʛʣʘʚʥʦʡ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʘ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʜʝʪʘʣʠʟʘʮʠʠ ʩ ʨʘʟʜʝʣʴʥʳʤ 

ʟʘʜʘʥʠʝʤ ʩʚʦʡʩʪʚ ʤʘʪʨʠʮʘ ʠ ʚʦʣʦʢʥʘ. ʂʨʠʪʝʨʠʝʤ ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʥʘ ʙʳʣʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʢʨʠʪʝʨʠʝʤ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʨʠʮʳ ï 

ʚʝʣʠʯʠʥʘ ʥʘʢʦʧʣʝʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʄʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 
ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʠʣʳ ʨʝʟʘʥʠʷ, ʛʣʫʙʠʥʫ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ 

ʚʳʪʷʛʠʚʘʥʠʷ ʚʦʣʦʢʦʥ. ɺʧʝʨʚʳʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʘʷ ʛʣʫʙʠʥʘ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʫʛʣʘʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʦʣʦʢʥʘ ɗ=45Á ʠ ɖ=90Á, ʘ ʥʘʠʙʦʣʴʰʘʷ ʧʨʠ ɗ=0Á ʠ ɖ=90Á.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʚʝʨʣʝʥʠʶ ʧʘʢʝʪʘ 

ʫʛʣʝʧʣʘʩʪʠʢ/ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʩʤʝʰʘʥʥʳʭ ʧʘʢʝʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʧʦʨʷʜʢʘ ʩʣʦʝʚ ʚ ʧʘʢʝʪʝ. ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ 

ʧʘʢʝʪʘ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʠʥʩʪʨʫʤʝʥʪ ʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʫʛʣʝʧʣʘʩʪʠʢ/ ʤʝʪʘʣʣ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʩʣʘʠʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʷʚʣʷʝʪʩʷ 
ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʘʣʣ/ ʫʛʣʝʧʣʘʩʪʠʢ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʨʠʪʝʨʠʷʤʠ ʠʟʥʦʩʘ ʩʚʝʨʣʘ 

ʩʣʝʜʫʝʪ ʧʨʠʥʷʪʴ ʬʘʩʢʫ ʠʟʥʦʩʘ ʠ ʨʘʜʠʫʩ ʦʢʨʫʛʣʝʥʠʷ ʚʝʨʰʠʥʳ ʩʚʝʨʣʘ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʙʝʟ ʨʘʩʩʣʦʝʥʠʡ ʥʘ ʚʭʦʜʝ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʩʚʝʨʣʝʥʠʠ ʤʝʪʘʣʣ/ʫʛʣʝʧʣʘʩʪʠʢ ʢʨʠʪʝʨʠʝʤ ʠʟʥʦʩʘ 

ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʛʨʘʥʠʮʝ ʣʠʩʪʦʚ ʚ ʤʦʤʝʥʪ ʧʦʣʥʦʛʦ ʚʳʭʦʜʘ ʛʣʘʚʥʦʡ 

ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠʟ ʣʠʩʪʘ ʤʝʪʘʣʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʦʪʩʫʪʩʪʚʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ ʫʛʣʝʧʣʘʩʪʠʢʘ. 
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ɺʀɹɯʈ ʄɽʊʆɼʋ ʇʆɹʋɼʆɺʀ ʂʃɸʉʀʌɯʂɸʊʆʈɸ ʊɽʉʊʆɺʀʍ 

ɿɸɺɼɸʅʔ 
 

ʂʦʥʦʚʘʣʦʚʘ ʅ.ʆ., ʘʩʧʽʨʘʥʪ; ɸʣʻʢʩʻʻʚ ʆ.ʄ., ʧʨʦʬʝʩʦʨ, ʉʫʤɼʋ, ʤ. ʉʫʤʠ 
 

ʆʙôʻʢʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ ʷʢʽʩʪʶ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʅʠʥʽ, ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʮʴʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʤʝʪʦʜ ʪʝʩʪʫʚʘʥʥʷ. ʆʜʥʘʢ ʽʩʥʫʶʯʽ ʟʘʩʦʙʠ 
ʪʝʩʪʦʚʦʛʦ ʢʦʥʪʨʦʣʶ ʩʣʘʙʢʦ ʚʨʘʭʦʚʫʶʪʴ ʩʧʝʮʠʬʽʢʫ ʽʥʞʝʥʝʨʥʦʾ ʦʩʚʽʪʠ, 

ʚʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʷʢʦʾ ʻ ʬʦʨʤʫʚʘʥʥʷ ʫ ʤʘʡʙʫʪʥʴʦʛʦ ʽʥʞʝʥʝʨʘ ʧʨʦʬʝʩʽʡʥʠʭ 

ʫʤʽʥʴ ʧʨʘʮʶʚʘʪʠ ʟ ʤʘʰʠʥʘʤʠ ʪʘ ʘʧʘʨʘʪʘʤʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɺʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʟʨʫʯʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ ʟʘ ʽʥʞʝʥʝʨʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ. ɻʨʫʧʠ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ, ʱʦ ʚʭʦʜʷʪʴ ʚ ʙʘʥʢ ʟʥʘʥʴ ʧʦ ʪʝʩʪʦʚʦʤʫ ʢʦʥʪʨʦʣʶ 

ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʾʭ ʥʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ.  

ɿʘ ʩʚʦʻʶ ʧʦʙʫʜʦʚʦʶ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʽʻʨʘʨʭʽʯʥʫ ʘʙʦ 

ʥʝʽʻʨʘʨʭʽʯʫ (ʬʘʩʝʪʥʫ) ʩʪʨʫʢʪʫʨʫ [1]. ʇʝʨʰʠʡ ʟ ʮʠʭ ʤʝʪʦʜʽʚ - ʽʻʨʘʨʭʽʯʥʠʡ, ʻ 

ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʠʤ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʻʨʘʨʭʽʯʥʦʛʦ ʤʝʪʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

çʧʦʩʣʽʜʦʚʥʠʡ ʧʦʜʽʣ ʙʝʟʣʽʯʽ ʦʙ'ʻʢʪʽʚ ʥʘ ʧʽʜʣʝʛʣʽ, ʥʘ ʥʝʟʘʣʝʞʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ 
ʫʛʨʫʧʦʚʘʥʥʷè. ʆʪʨʠʤʘʥʘ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʘ ʩʭʝʤʘ ʤʘʻ 

ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʥʽʡ ʧʦʯʘʪʢʦʚʠʡ ʦʙʩʷʛ ʦʙ'ʻʢʪʽʚ (ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ) 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʪʘ ʜʝʪʘʣʽʟʫʻʪʴʩʷ ʥʘ ʢʦʞʥʽʡ ʥʘʩʪʫʧʥʽʡ ʩʪʫʧʝʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɺʠʤʦʛʠ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʩʭʝʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʽʻʨʘʨʭʽʯʥʦʛʦ ʤʝʪʦʜʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ: ʥʝ ʧʝʨʝʪʠʥʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʫʛʨʫʧʦʚʘʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ 

ʦʜʥʦʤʫ ʱʘʙʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ; ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʙʫʜʴ ʷʢʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ 

ʫʛʨʫʧʦʚʘʥʥʷ ʥʘ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʫʛʨʫʧʦʚʘʥʥʷ, ʧʦʚʠʥʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʪʽʣʴʢʠ ʦʜʥʘ ʦʟʥʘʢʘ; ʣʦʛʽʯʥʽʩʪʴ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʫʛʨʫʧʦʚʘʥʴ ʽ ʧʦʚʥʦʪʘ 

ʮʴʦʛʦ ʧʦʜʽʣʫ. ʅʝʜʦʣʽʢʦʤ ʽʻʨʘʨʭʽʯʥʦʛʦ ʤʝʪʦʜʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʷʚʣʷʻʪʴʩʷ 

ʞʦʨʩʪʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʾ ʩʭʝʤʠ. ʈʘʟʦʤ ʟ ʮʠʤ ʫ ʽʻʨʘʨʭʽʯʥʦʛʦ ʤʝʪʦʜʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʡʦʤʫ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʩʭʝʤʘʭ. 
ʋ ʩʫʯʘʩʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʩʭʝʤʘʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ 

ʜʨʫʛʠʡ ʤʝʪʦʜ ʢʣʘʩʠʬʽʢʘʮʽʾ - ʬʘʩʝʪʥʠʡ ʤʝʪʦʜ - çʧʘʨʘʣʝʣʴʥʠʡ ʧʦʜʽʣ ʤʥʦʞʠʥʠ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʥʝʟʘʣʝʞʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʫʛʨʫʧʦʚʘʥʥʷè. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʣʠʰʝ ʩʠʩʪʝʤʘ ʪʘʙʣʠʮʴ ʦʟʥʘʢ ʦʙ'ʻʢʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʱʦ 

ʥʘʟʠʚʘʶʪʴʩʷ ʬʘʩʝʪʘʤʠ. ʂʣʘʩʠʬʽʢʘʪʦʨ ʥʘ ʦʩʥʦʚʽ ʬʘʩʝʪʥʦʛʦ ʤʝʪʦʜʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʫʞʝ ʛʥʫʯʢʠʡ, ʜʦʙʨʝ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʚʝʣʠʢʦʾ ʜʠʥʘʤʽʯʥʦʩʪʽ ʭʘʨʘʢʪʝʨʫ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ. ʇʨʠ ʟʤʽʥʽ ʭʘʨʘʢʪʝʨʫ 

ʟʘʚʜʘʥʴ ʘʙʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙ'ʻʢʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʠʡ ʘʙʦ 

ʜʦʧʦʚʥʶʶʪʴʩʷ ʥʦʚʠʤʠ ʦʟʥʘʢʘʤʠ ʚʞʝ ʽʩʥʫʶʯʠʡ ʬʘʩʝʪ ʙʝʟ ʜʦʢʦʨʽʥʥʦʾ 

ʧʝʨʝʙʫʜʦʚʠ ʩʪʨʫʢʪʫʨʠ ʚʩʴʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʽʨ ʧʨʠʥʮʠʧʫ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʷʢʱʦ 
ʮʝ ʩʪʨʦʛʦ ʥʝ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, 
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ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʘʪʠʩʷ ʥʘʩʪʫʧʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʨʘʭʫʚʘʥʥʷ 

ʣʦʛʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʢʣʘʩʠʬʽʢʦʚʘʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ; ʚʠʤʦʛʘʤʠ ʧʨʦʩʪʦʪʠ 

ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ; 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʢʦʜʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ. 

ɿ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʦʙ'ʻʢʪʽʚ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʠʡ ʧʨʦʮʝʩ ʢʦʜʫʚʘʥʥʷ, ʷʢʠʡ 

ʧʦʣʷʛʘʻ ʫ ʧʨʠʚʣʘʩʥʝʥʥʽ ʜʝʷʢʦʛʦ ʢʦʜʦʚʦʛʦ ʧʦʟʥʘʯʝʥʥʷ (ʢʦʜʫ) 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʫʛʨʫʧʦʚʘʥʥʷ ʘʙʦ ʦʙ'ʻʢʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʂʦʜʫʚʘʥʥʷ ʷʚʣʷʻ 

ʩʦʙʦʶ ʧʨʦʮʝʩ ʧʝʨʝʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʨʘʞʝʥʥʷʤ ʦʜʥʽʻʶ ʩʠʩʪʝʤʦʶ ʟʥʘʢʽʚ, 

ʚ ʽʥʰʫ ʩʠʩʪʝʤʫ, ʪʦʙʪʦ ʧʝʨʝʢʣʘʜ ʟʘʧʠʩʽʚ ʥʘ ʧʨʠʨʦʜʥʽʡ ʤʦʚʽ ʜʦ ʟʘʧʠʩʫ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʢʦʜʽʚ. [2].  

ɺʠʤʦʛʠ ʜʦ ʤʝʪʦʜʫ ʢʦʜʫʚʘʥʥʷ: 

- ʢʦʜ ʤʝʪʦʜʫ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪ ʽ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʤʝʞʘʭ ʟʘʜʘʥʦʾ ʤʥʦʞʠʥʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙ'ʻʢʪʽʚ ʪʘ ʾʭ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ; 

- ʧʦʚʠʥʝʥ ʧʝʨʝʜʙʘʯʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʘʣʬʘʚʽʪʫ ʢʦʜʫ 

ʜʝʩʷʪʢʦʚʠʭ ʮʠʬʨ ʽ ʙʫʢʚ;  

- ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʤʽʥʽʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʢʦʜʫ ʽ 

ʜʦʩʪʘʪʥʽʡ ʨʝʟʝʨʚ ʥʝʟʘʡʥʷʪʠʭ ʧʦʟʠʮʽʡ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʥʦʚʠʭ ʦʙ'ʻʢʪʽʚ ʙʝʟ 

ʜʝʩʪʨʫʢʪʫʨʠʟʘʮʽʽ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʠʬʽʢʘʪʦʨʘ;  

- ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʟʦʨʽʻʥʪʦʚʘʥʠʤ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ 
ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʦʪʨʠʤʘʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʪʫʧʥʽ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ: ʧʦʩʣʽʜʦʚʥʘ, ʧʘʨʘʣʝʣʴʥʘ, ʧʦʨʷʜʢʦʚʘ, ʩʝʨʽʡʥʦ-

ʧʦʨʷʜʢʦʚʘ, ʢʦʤʙʽʥʦʚʘʥʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʣʽʜʦʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʻʨʘʨʭʽʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ, ʽʥʰʽ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʚ ʥʝʽʻʨʘʨʭʽʯʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʷʭ. ɺ ʦʩʥʦʚʽ ʮʠʭ ʩʠʩʪʝʤ ʢʦʜʫʚʘʥʥʷ ʣʝʞʘʪʴ 

ʮʠʬʨʦʚʽ, ʘʣʬʘʚʽʪʥʦ-ʮʠʬʨʦʚʽ ʡ ʘʣʬʘʚʽʪʥʽ ʢʦʜʠ.  

ʇʦʧʝʨʝʜʥʽʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʢʦʞʝʥ ʟ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʣʠʰʝ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʧʦʙʫʜʦʚʠ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʽ ʫʤʽʥʴ ʩʪʫʜʝʥʪʽʚ 

ʽʥʞʝʥʝʨʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. ʊʦʤʫ ʧʨʠ ʡʦʛʦ ʨʦʟʨʦʙʮʽ ʥʝʦʙʭʽʜʥʠʡ ʟʚʘʞʝʥʠʡ 
ʧʽʜʭʽʜ, ʧʨʠʡʥʷʪʪʷ ʢʦʤʧʨʦʤʽʩʥʠʭ ʨʽʰʝʥʴ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ 

ʧʦʻʜʥʘʥʥʷ ʧʦʨʝʚʘʛ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ʂʦʩʪʦʤʘʨʦʚ, ʄ.ʅ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʢʦʜʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ ʽ 

ʜʦʢʫʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʢʣʘʩʠʬʽʢʘʮʽʷ ʜʦʢʫʤʝʥʪʽʚ) / / ʉʝʢʨʝʪʘʨʩʴʢʘ 

ʩʧʨʘʚʘ. - 2003. - ˉ 10. - ʉ. 35-40 

2 ɻʆʉʊ 6.01.1-87 ɭʜʠʥʘ ʩʠʩʪʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʢʦʜʫʚʘʥʥʷ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ [ʝʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: ʨʝʞʠʤ 

ʜʦʩʪʫʧʫ ʟ ʜʦʚʽʜʢʦʚʦ-ʧʨʘʚʦʚʦʾ ʩʠʩʪʝʤʠ çʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩè. 
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ʂʆʅʉʊʈʋʂʎɯʗ ʉʇɽʎɯɸʃʔʅʆɻʆ ʊʈʀʂʋʃɸʏʂʆɺʆɻʆ ʇɸʊʈʆʅɸ 

ɼʃʗ ɿɸʂʈɯʇʃɽʅʅʗ ʊʆʅʂʆʉʊɯʅʅʀʍ ɿɸɻʆʊʆɺʆʂ ʎʀʃɯʅɼʈɯɺ ɿ 

ɻʃʀɹʆʂʀʄʀ ʆʊɺʆʈɸʄʀ 
 

ʂʨʠʚʠʡ ʇ.ɼ., ʧʨʦʬʝʩʦʨ, ʂʨʫʧʘ ɺ.ɺ., ʘʩʠʩʪʝʥʪ,  

ʊʅʊʋ ʽʤ. ɯ.ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ 
 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʽ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʪʠʧʫ çʪʦʥʢʦʩʪʽʥʥʠʡ ʮʠʣʽʥʜʨè. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ 

ʚʽʜʭʠʣʝʥ ʚʽʜ ʮʠʣʽʥʜʨʠʯʥʦʩʪʽ ʻ ʧʦʭʠʙʢʠ ʙʘʟʫʚʘʥʥʷ ʪʘ ʟʘʪʠʩʢʫ ʟʘʛʦʪʦʚʢʠ. [1]. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʮʠʣʽʥʜʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʚʘ ʩʧʦʩʦʙʠ ʨʦʟʪʦʯʫʚʘʥʥʷ, ʧʨʠ ʷʢʠʭ ʚ ʢʦʨʧʫʩʽ ʽʥʩʪʨʫʤʝʥʪʘ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ, ʘʙʦ ʩʪʠʩʢʫ [1] ʽ ʧʨʠ ʮʴʦʤʫ ʚ ʢʦʞʥʦʤʫ ʽʟ ʩʧʦʩʦʙʽʚ ʤʦʞʝ 

ʦʙʝʨʪʘʪʠʩʷ ʷʢ ʟʘʛʦʪʦʚʢʘ ʪʘʢ ʽ ʽʥʩʪʨʫʤʝʥʪ. ɺʩʪʘʥʦʚʣʝʥʦ [1], ʱʦ ʥʘʡʚʠɦʘ 
ʪʦʯʥʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ, ʢʦʣʠ ʽʥʩʪʨʫʤʝʥʪ ʧʨʘʮʶʻ çʥʘ 

ʨʦʟʪʷʛè, ʘ ʟʘʛʦʪʦʚʢʘ ʦʙʝʨʪʘʻʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʾʭ 

ʜʦʚʞʠʥʠ l ʜʦ ʜʽʘʤʝʪʨʘ d l/d=5-10, ʚʠʷʚʣʝʥʦ, ʱʦ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʫʣʘʯʢʦʚʽ ʪʘ ʮʘʥʛʦʚʽ ʧʘʪʨʦʥʠ, ʷʢʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʪʨʠʢʫʣʘʯʢʦʚʦʛʦ 

ʧʘʪʨʦʥʘ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʜʽʘʤʝʪʨʦʤ d=60-120 ʤʤ, ʜʦʚʞʠʥʦʶ ʜʦ 500 

ʤʤ., ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʤʘʨʰʨʫʪʽ ʦʙʨʦʙʢʠ ʪʦʥʢʦʩʪʽʥʥʠʭ 

ʮʠʣʽʥʜʨʽʚ, ʪʘ ʥʘ ʧʨʠʥʮʠʧ ̔ʟʙʝʨʝʞʝʥʥ ̫ʧʦʩʪʽʡʥʦʩʪʽ ʽ ʩʫʤʽʩʥʦʩʪʽ ʙʘʟ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʥʫʶʪʴʩʷ ʧʝʚʥʽ ʚʠʤʦʛʠ: ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʢʠ, ʷʢʽ ʻ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʙʘʟʘʤʠ, ʥʝ ʩʧʨʠʡʤʘʶʪʴ ʟʘʪʠʩʢʥʠʭ ʟʫʩʠʣʴ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ 
ʟʘʛʦʪʦʚʢʠ; ʧʘʨʘʤʝʪʨʠ ʙʘʟʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʝʣʝʤʝʥʪʽʚ ʧʘʪʨʦʥʘ (ʢʫʣʘʯʢʠ) 

ʨʦʟʨʘʭʦʚʘʥʽ ʪʘʢ, ʱʦʙ ʧʨʠ ʙʘʟʫʚʘʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʘ ʧʣʦʱʘ ʾʭ 

ʢʦʥʪʘʢʪʫ ʽʟ ʟʦʚʥʽʰʥʴʦʶ ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʢʠ; ʟʘʪʠʩʢ 

ʟʘʛʦʪʦʚʢʠ (ʪʨʫʙʠ) ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʾʾ ʪʦʨʮʷʭ; ʮʠʣʽʥʜʨʠʯʥʽ ʙʘʟʫʶʯʽ 

ʧʦʚʝʨʭʥʽ ʧʝʚʥʦʛʦ ʨʘʜʽʫʩʘ ʧʦʚʠʥʥʽ ʩʪʚʦʨʝʥʽ ʨʦʟʪʦʯʫʚʘʥʥʷʤ ʢʫʣʘʯʢʽʚ ʚ ʾʭ 

ʟʘʪʠʩʥʫʪʦʤʫ ʩʪʘʥʽ. 

ʆʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʨʦʟʪʦʯʫʚʘʥʥʷ ʢʫʣʘʯʢʽʚ 

ʧʘʪʨʦʥʘ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ, ʧʦʜʘʥʫ ʥʘ ʨʠʩ.1 ʘ.  
2 2 232 ( )(1 )
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ʜʝ ʙF  - ʟʫʩʠʣʣʷ ʙʘʟʫʚʘʥʥʷ, ʪʨR  - ʨʘʜʽʫʩ ʟʘʛʦʪʦʚʢʠ, 1b  - ʰʠʨʠʥʘ 

ʢʦʥʪʘʢʪʫ ʢʫʣʘʯʢʘ ʟ ʟʘʛʦʪʦʚʢʦʶ, m - ʢʦʝʬʮ̔ʽʻʥʪ ʇʫʘʩʩʦʥʘ, E  - ʤʦʜʫʣʴ ʖʥʛʘ 

ʄʦʤʝʥʪ ʚʽʜ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ ʨʽʟʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʪʦʯʫʚʘʥʥʷ  (ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʨʽʟʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʤʝʥʰʠʤ ʤʦʤʝʥʪʫ ʪʝʨʪʷ, ʱʦ ʚʠʥʠʢʘʻ ʚʽʜ ʩʠʣʠ ʟʘʪʠʩʢʫ Fʟ. ( ). 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʢʫʣʘʯʢʘ Rʢ, 

ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʨʦʟʪʦʯʢʦʶ (ʘ) ʪʘ ʩʭʝʤʘ ʟʘʢʨʽʧʣʝʥʥʽ ʟʘʛʦʪʦʚʢʠ ʚ ʧʘʪʨʦʥʽ (ʙ): 

1 ï ʦʙʨʦʙʣʶʚʘʥʘ ʟʘʛʦʪʦʚʢʘ; 2 ï ʢʫʣʘʯʦʢ 3 ï ʪʨʫʙʘ; 4 ï ʟʘʪʠʩʢʥʘ ʛʘʡʢʘ. 

 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣ ʟʘʪʠʩʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ: 
-  ʟʙʝʨʝʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʦʥʢʦʩʪʽʥʥʦʛʦ ʮʠʣʽʥʜʨʘ ʧʨʠ ʥʝʟʘʱʝʤʣʝʥʠʭ 

ʪʦʨʮʷʭ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ  

, 
(2) 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʥʘ ʟʤʠʥʘʥʥʷ ʪʦʨʮʽʚ ʟʘʛʦʪʦʚʢʠ: 

. 
(3) 

ʜʝ  - ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ, , - ʚʽʜʧʦʚʽʜʥʦ ʟʦʚʥʽʰʥʽʡ ʪʘ ʚʥʫʪʨʽʰʥʽʡ 

ʜʽʘʤʝʪʨʠ ʟʘʛʦʪʦʚʢʠ 
ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʧʘʪʨʦʥʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1ʙ. ʇʘʪʨʦʥ ʧʨʘʮʶʻ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚ ʢʫʣʘʯʢʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ, ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʪʦʯʝʥʘ ʧʦ 

ʟʦʚʥʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʫ, ʟʘʛʦʪʦʚʢʘ-ʪʨʫʙʘ. ɼʦʮʝʥʪʨʦʚʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʢʫʣʘʯʢʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʥʪʘʢʪ ʾʭ ʨʦʟʪʦʯʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʷ ʟʫʩʠʣʣʷ  ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʘʟʫʚʘʥʥʷ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʛʘʡʢʦʶ 4 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʢʣʶʯʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʪʠʩʢ ʟʘʛʦʪʦʚʢʠ ʧʦ ʪʦʨʮʷʭ ʽ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʪʦʯʫʚʘʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1 ʆʙʨʘʙʦʪʢʘ ʛʣʫʙʦʢʠʭ ʦʪʚʝʨʩʪʠʡ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʉʧʨʘʚʦʯʥʠʢ. 
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ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ï 2010. ï344ʩ. 

 

 


