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ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʪʝʣʝʙʘʯʝʥʥʷ ʽ ʨʘʜʽʦʤʦʚʣʝʥʥʷ ʋʢʨʘʾʥʠ 

ʂɺ ˉ 7839 ʚʽʜ 8 ʚʝʨʝʩʥʷ 2003 ʨʦʢʫ 

ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʨʽʰʝʥʥʷʤ ɺʯʝʥʦʾ ʈʘʜʠ ʅʊʋ "ʍʇɯ" 

 
ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

ʇʠʞʦʚ ɯ. ʄ., ʜ.ʪ.ʥ. (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ),  

ʇʫʧʘʥʴ ʃ. ɯ., ʢ.ʪ.ʥ. (ʟʘʤ. ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ),  

ɼʦʙʨʦʩʢʦʢ ɺ. ʃ., ʜ.ʪ.ʥ., ɿʘʣʦʛʘ ɺ. ʆ., ʜ.ʪ.ʥ., ɿʫʙʘʨ ɺ. ʇ., ʧʨʦʬ.,  

ʄʦʚʰʦʚʠʯ ʆ. ʗ., ʜ.ʪ.ʥ, ʇʝʨʤʷʢʦʚ ʆ. ɸ., ʜ.ʪ.ʥ., ʊʠʤʦʬʽʻʚ ʖ. ɺ. ʜ.ʪ.ʥ.,  

ʊʫʨʤʘʥʽʜʟʝ ʈ. ʉ., ʜ.ʪ.ʥ., ʋʟʫʥʷʥ ʄ. ɼ., ʜ.ʪ.ʥ., ʌʘʜʻʻʚ ɺ. ɸ., ʜ.ʪ.ʥ.,  

ʌʝʜʦʨʦʚʠʯ ɺ. ʆ., ʜ.ʪ.ʥ., ʂʨʶʢʦʚʘ ʅ.ɺ. (ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ) 

 

ʋ ʟʙʽʨʥʠʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ, ʧʨʠʩʚʷʯʝʥʽ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʦ ʩʬʝʨʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʚʠʨʦʙʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʨʦʛʨʝʩʠʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ɸʢʮʝʥʪʦʚʘʥʦ ʫʚʘʛʫ ʥʘ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʝʪʦʜʠʢʘʭ ʽ ʩʫʯʘʩʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʦʨʫʰʝʥʦ 

ʪʘʢʦʞ ʧʠʪʘʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ, ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ɼʣʷ ʬʘʭʽʚʮʽʚ ʚ ʦʙʣʘʩʪʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʽ ʩʪʫʜʝʥʪʽʚ. 

 
ɺʠʩʦʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ: ʟʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï 

ʍʘʨʢʽʚ, ʅʊʋ ñʍʇɯò, 2016. ï ɺʠʧ. 1 (26). ï 136 ʩ. 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʘʤ, 

ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɸʢʮʝʥʪʠʨʦʚʘʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʦʨʠʛʠʥʘʣʴʥʳʭ ʤʝʪʦʜʠʢʘʭ 

ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʘʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ. ɿʘʪʨʦʥʫʪʳ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ɼʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʠ  

ʩʪʫʜʝʥʪʦʚ. 
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ʄʆɼɽʃʔ ʇʆʀʉʂɸ ʇʈʀʏʀʅʅʆ-ʉʃɽɼʉʊɺɽʅʅʓʍ ʉʀɻʅɸʃʆɺ  

ʅɸ ʀɿʆɹʈɸɾɽʅʀʗʍ 
 

ʋ ʩʪʘʪʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʩʠʛʥʘʣʠ ʚ ʥʘʙʦʨʽ ʩʪʘʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʇʦʙʫʜʦʚʘʥʦ ʢʣʘʩʠʬʽʢʘʪʦʨ ʧʦʰʫʢʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʥ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʦʰʫʢʫ 

ʧʨʠʯʠʥʥʦʛʦ ʥʘʧʨʷʤʫ ʤʽʞ ʧʘʨʘʤʠ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 
ʧʦʰʫʢʫ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙ'ʻʢʪʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʾʭ ʢʦʥʪʝʢʩʪʽʚ ʫ ʥʘʙʦʨʽ 

ʩʪʘʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʡ ʟʚ'ʷʟʦʢ, ʦʙ'ʻʢʪ, ʢʦʥʪʝʢʩʪ, ʧʨʠʯʠʥʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʘ, ʙʝʟʧʨʠʯʠʥʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙ'ʻʢʪʘ, ʢʣʘʩʠʬʽʢʘʪʦʨ 

 

ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʠʛʥʘʣʳ ʚ ʥʘʙʦʨʝ ʩʪʘʪʠʯʝʩʢʠʭ 
ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʩʪʨʦʝʥ ʧʦʠʩʢʦʚʠʢ-ʢʣʘʩʩʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʩʪʦʷʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʧʦʠʩʢʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʠ 

ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
ʦʙʲʝʢʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʢʦʥʪʝʢʩʪʦʚ ʚ ʥʘʙʦʨʝ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʙʨʘʞʝʥʠʝ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ, ʦʙʲʝʢʪ, ʢʦʥʪʝʢʩʪ, ʧʨʠʯʠʥʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ, ʙʝʩʧʨʠʯʠʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ 
 

The article analyzes causal signals in the set of static images. Built a search engine, a classifier 

that provides the status of temporal search for the causal direction between pairs of random variables 
and is used to efficiently find the differences between the features of objects and their contexts in the set 

of static images.  

Keywords: image, causation, object, context, causal characteristics of the object, nameless object 
description, classifier 

 

ʀʟʦʙʨʘʞʝʥʠʷ, ʩʜʝʣʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʸʤʥʠʢʦʚ ʠʩʢʘʞʘʶʪʩʷ 

ʜʝʡʩʪʚʠʝʤ ʧʦʤʝʭ. ʀʩʢʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʥʦʩʷʪʩʷ ʨʘʟʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʧʨʠʙʦʨʘ ʠ ʥʘʟʳʚʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʰʫʤ. ʇʦʤʝʭʠ 

ʟʘʪʨʫʜʥʷʶʪ ʚʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʩʪʘ ʥʘʜ ʨʝʢʦʡ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʝʜʝʪ ʘʚʪʦʤʦʙʠʣʴ ʧʦ ʧʨʘʚʦʡ ʧʦʣʦʩʝ. ɺʦʧʨʦʩ: çɽʩʪʴ ʣʠ 

ʘʚʪʦʤʦʙʠʣʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ?è 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʧʦʜʦʙʥʳʝ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʳ 

ʫʩʠʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʧʠʢʩʝʣʷʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʢʘʢ ʦʥʦ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ 

ʧʨʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʚʤʝʰʘʪʝʣʴʩʪʚʘʭ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʜʘʣʝʥʠʝ ʦʙʲʝʢʪʘ.  

 

É ʖ.ʀ. ɹʘʙʠʯ, ʅ.ʀ. ɹʘʙʠʯ, ɸ.ɸ. ʗʢʠʤʦʚ, ʃ.ɺ. ɹʦʚʥʝʛʨʘ, 2016 
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4 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʘ: çʂʘʢ ʚʳʛʣʷʜʝʣʦ 

ʙʳ ʠʟʦʙʨʘʞʝʥʠʝ, ʝʩʣʠ ʫʙʨʘʪʴ ʘʚʪʦʤʦʙʠʣʴ?è ʠ çʂʘʢ ʙʳ ʚʳʛʣʷʜʝʣʦ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʝʩʣʠ ʫʙʨʘʪʴ ʤʦʩʪ?è. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʜʨʫʛʠʝ ʜʝʪʘʣʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʝʢʘ, ʤʦʩʪ) ʦʩʪʘʥʫʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʝʩʣʠ 

ʘʚʪʦʤʦʙʠʣʴ ʫʙʨʘʪʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʚʪʦʨʦʤ ʚʤʝʰʘʪʝʣʴʩʪʚʝ, ʝʩʣʠ 

ʫʙʨʘʪʴ ʤʦʩʪ, ʪʦ ʥʝʪ ʩʤʳʩʣʘ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʧʦʜʚʝʰʝʥʥʦʤ ʥʘʜ ʨʝʢʦʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʜʘʣʝʥʠʝ ʤʦʩʪʘ ʩ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʘʚʪʦʤʦʙʠʣʝ, 

ʥʘʭʦʜʷʱʝʤʩʷ ʥʘ ʥʸʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʜʨʫʛʦʡ ʚʦʧʨʦʩ: çʇʦʯʝʤʫ 

ʥʘ ʵʪʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʝʩʪʴ ʘʚʪʦʤʦʙʠʣʴ?è. 

ʆʪʚʝʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ ʤʝʞʜʫ ʤʦʩʪʦʤ ʠ 

ʘʚʪʦʤʦʙʠʣʝʤ [1]. 

ʇʨʠʯʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʵʪʦ ʪʝ, ʯʪʦ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʣʠʯʠʷ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʥʘʩ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ (ʪʦ ʝʩʪʴ ʪʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʠʯʠʥʫ ʤʝʪʢʠ ʢʣʘʩʩʘ ʦʙʲʝʢʪʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʝʧʨʠʯʠʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʟʚʘʥʳ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ (ʪʦ ʝʩʪʴ, 

ʚʳʟʚʘʥʳ ʤʝʪʢʦʡ ʢʣʘʩʩʘ ʦʙʲʝʢʪʘ).   

ʉʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʙʲʝʢʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʘʩʩʠʤʝʪʨʠʯʥʳʝ ʧʨʠʯʠʥʥʳʝ ʩʚʷʟʠ. ʕʪʠ ʧʨʠʯʠʥʥʳʝ ʩʚʷʟʠ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʪʝʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʘʚʪʦʤʦʙʠʣʝʤ ʩʦʜʝʨʞʘʪ ʜʦʨʦʛʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʛ ʙʫʜʫʪ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʛ ʯʘʩʪʠʯʥʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʘʚʪʦʤʦʙʠʣʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʦʜʠʥʘʢʦʚʳʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ (ʅʆʈ) ʥʘʩʪʨʦʝʢ [1]. ʆʜʥʘʢʦ, ʜʦʣʞʝʥ ʣʠ ʘʚʪʦʤʦʙʠʣʴ, 

ʪʦʥʫʱʠʡ ʚ ʨʝʢʝ, ʧʦʣʫʯʠʪʴ ʥʠʟʢʫʶ çʦʮʝʥʢʫ ʘʚʪʦʤʦʙʠʣʷè ʦʪ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʝʩʣʠ ʵʪʦ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʢʦʥʪʝʢʩʪ? ʆʪʚʝʪ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ. ɽʩʣʠ ʮʝʣʴ ï ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʨʝʜʥʶʶ ʦʮʝʥʢʫ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʘ ʚ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʪʦ ʞʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʯʪʦ ʠ ʪʨʝʥʠʨʦʚʦʯʥʳʡ ʥʘʙʦʨ, ʪʦʛʜʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʥʪʝʢʩʪ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʠʩʩʣʝʜʦʚʘʪʴ ʥʝ ʅʆʈ 

ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʤʝʰʘʪʝʣʴʩʪʚʘ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʥʝʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ ʤʝʞʜʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ, ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ.  

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʣʫʯʘʡʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠʩʢʦʤʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʦ [2]. ɺ ʯʘʩʪʥʦʩʪʠ, ʣʶʙʦʝ ʩʦʚʤʝʩʪʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʜʚʫʤ ʩʣʫʯʘʡʥʳʤ ʚʝʣʠʯʠʥʘʤ ȷ ʠ ȸ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʶʙʦʡ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ: ȷ ʚʳʟʳʚʘʝʪ ȸ,  
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ȸ ʚʳʟʳʚʘʝʪ ȷ, ʠ ȷ ʠ ȸ ʚʳʟʚʘʥʳ ʥʝʥʘʙʣʶʜʘʝʤʳʤ ʬʘʢʪʦʨʦʤ ʉ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʨʝʟʫʣʴʪʘʪ [1].  

ɺ ʨʝʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ʩʦʚʤʝʩʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʨʘʟʥʳʝ ʧʨʠʯʠʥʥʳʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʥʝʦʜʠʥʘʢʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʴ.ʁ ʕʪʠ ʜʘʥʥʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʫʯʘʡʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠʟ ʠʭ 

ʩʦʚʤʝʩʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ. 

ɺʚʝʜʸʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʠʯʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʠ 

ʙʝʩʧʨʠʯʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʪʝʢʩʪʘ ʠ ʧʨʠʯʠʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʕʤʧʠʨʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚ ʧʦʜʜʝʨʞʢʫ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʴʶ ʠ ʥʘʣʠʯʠʝʤ ʦʪʣʠʯʠʡ ʤʝʞʜʫ 

ʦʙʲʝʢʪʘʤʠ ʠ ʠʭ ʢʦʥʪʝʢʩʪʘʤʠ. 

 
 

ʈʠʩʫʥʦʢ 1 ï ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ ʰʫʤʘ 
 

ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ 

ʩʣʫʞʘʪ ʩʤʝʰʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʢʘʢ ʩʪʘʥʜʘʨʪ ʧʨʠʯʠʥʥʦʛʦ ʚʳʚʦʜʘ [2]. 

ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʬʠʥʘʥʩʦʚʦ 

ʟʘʪʨʘʪʥʳʤʠ. ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ, ʤʳ ʜʦʣʞʥʳ ʨʘʟʣʠʯʘʪʴ ʧʨʠʯʠʥʳ ʠ ʩʣʝʜʩʪʚʠʷ 

ʪʦʣʴʢʦ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ [3]. ʕʪʦ 

ʦʙʣʘʩʪʴ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʧʨʠʯʠʥʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ.  

ɺ ʩʚʦʝʡ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʝ, ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʧʨʠʯʠʥʥʳʝ ʣʦʛʠʯʝʩʢʠʝ 

ʚʳʚʦʜʳ [2, 3] ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʠ ʩʪʨʝʤʷʪʩʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʚ ʩʣʫʯʘʷʭ ὢ O  ὣ ʠʣʠ ὣ O  ὢ. 

 

ὗ  ὼ ȟώ Ḑὖ ὢȟὣȢ                                  (1) 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ὗ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʤʦʜʝʣʝʡ: 

ʧʨʠʯʠʥʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ ὢᴼὣ ʠʣʠ ʙʝʩʧʨʠʯʠʥʥʦʡ ʤʦʜʝʣʠ, ʛʜʝ ὣᴼὢ.  

ʈʠʩ. 1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʘʢʠʝ ʤʦʜʝʣʠ [2], ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʤʝʥʥʦʡ ʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʰʫʤʦʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ ʦʪ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠʯʠʥʳ. 

ɽʩʣʠ ʥʝ ʜʝʣʘʶʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ὖ, ὖ, ʠ ὖ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ʧʨʦʙʣʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʥʝ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ [3]. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʤʳ 

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʚʩʷʢʠʡ ʨʘʟ, ʝʩʣʠ ὢᴼὣ, ʪʦ ʧʨʠʯʠʥʳ, ʰʫʤʳ ʠ ʤʝʭʘʥʠʟʤʳ 
ʚʟʘʠʤʥʦ ʥʝʟʘʚʠʩʠʤʳ. ʇʝʨʚʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʨʠʯʠʥʦʡ ʠ ʤʝʭʘʥʠʟʤʦʤ 

(ʅʇʄ) [1, 4], ʢʦʪʦʨʘʷ ʦʬʦʨʤʣʷʝʪʩʷ ʥʝ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʚʦʜʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ ὼ ʠ ʤʝʭʘʥʠʟʤʦʤ Ὢ, ʘ ʢʘʢ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ 
ʜʘʥʥʳʭ (ʪʦ ʝʩʪʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ὖὢ  ʠ ʤʝʭʘʥʠʟʤʦʤ ὖὣȿὢ , ʦʪʦʙʨʘʞʘʷ 

ʧʨʠʯʠʥʫ ʜʝʡʩʪʚʠʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʬʦʨʤʣʝʥʦ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʚʝʨʦʷʪʥʦʩʪʠ, 

ʠʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ [1]. ɺʪʦʨʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ï 

ʤʝʞʜʫ ʧʨʠʯʠʥʦʡ ʠ ʰʫʤʦʤ. ʕʪʦ ʩʪʘʥʜʘʨʪʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʯʠʥʥʦʡ ʜʦʩʪʘʪʦʯʥʦʩʪʴʶ. ɽʩʣʠ ʵʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʘʨʫʰʝʥʦ, ʪʦ ʚ ʧʨʠʯʠʥʥʫʶ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ [2].  

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʚʘʨʠʘʥʪʦʚ (ὖȟὖ, ὖ) ʅʇʄ ʙʫʜʫʪ ʥʘʨʫʰʝʥʳ ʚ 

ʥʝʧʨʠʯʠʥʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʥʘʨʫʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ, 

ʢʦʛʜʘ ʠʩʭʦʜʷ ʠʟ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʠʯʠʥʳ ʠ ʩʣʝʜʩʪʚʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʥʳʤʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʧʨʠʯʠʥʥʳʭ ʩʣʝʜʦʚ. 

 

 
ʘ) ɼʇʄʐ ὢᴼὣ ʙ) ɼʇʄʐ ὣᴼὢ ʚ) ʄʦʥʦʪʦʥʥʘʷ ὢᴼὣ 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨʳ ʧʨʠʯʠʥʥʳʭ ʩʣʝʜʦʚ 

 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʣʠʥʝʡʥʦʡ ʘʜʜʠʪʠʚʥʦʡ ʰʫʤʦʚʦʡ ʤʦʜʝʣʠ ὣᴺὪὢ Ὁ, ʛʜʝ 
ὢ ï ʧʨʠʯʠʥʘ, Ὁ ï ʰʫʤ, ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʷʚʣʷʶʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʜʠʘʧʘʟʦʥʦʤ, ʠ ʤʝʭʘʥʠʟʤ Ὢ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ 
ʬʫʥʢʮʠʝʡ. (ʈʠʩ. 2ʘ). ʅʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʣʠʥʝʡʥʫʶ ʘʜʜʠʪʠʚʥʫʶ 

ʰʫʤʦʚʫʶ ʤʦʜʝʣʴ ὢᴺὪ ὣ  Ὁ, ʛʜʝ ʥʦʚʘʷ ʧʨʠʯʠʥʘ ὣ ʠ ʥʦʚʳʡ ʰʫʤ Ὁ ï ʜʚʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʨʦʞʜʝʥʥʳʭ ʩʣʫʯʘʝʚ). 

ʕʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2ʙ, ʛʜʝ ʜʠʩʧʝʨʩʠʷ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʰʫʤʘ Ὁ 
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ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʥʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ ʧʨʠʯʠʥʳ ὣ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ 

ʢʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʅʇʄ ʜʦʧʫʱʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʢʦʨʨʝʢʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʯʠʥʳ ὢᴼὣ, ʥʦ ʦʥʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʨʠʯʠʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ˢᴺὣ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ ʘʩʠʤʤʝʪʨʠʠ, 
ʧʨʠʯʠʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʣʝʜʩʪʚʠʡ [5]. ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ὢ ʠ Ὁ . 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ὢᴼὣ, ʛʜʝ Ὢ ï ʵʪʦ ʤʦʥʦʪʦʥʥʘʷ ʬʫʥʢʮʠʷ, ʠ ʛʜʝ ὣ Ὢὢ  

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʦ. ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ὢᴼὣ ʷʚʣʷʝʪʩʷ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ, ʠ ʧʦʵʪʦʤʫ ʩʣʝʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʰʫʤʝ, ʠʟ ʧʨʝʜʳʜʫʱʠʭ 

ʧʨʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʙʝʩʧʦʣʝʟʥʳʤʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ὖὢ  ï ʵʪʦ 

ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʊʦʛʜʘ ʬʫʥʢʮʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ὣ ʚʦʟʨʘʩʪʘʝʪ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʥʘʢʣʦʥ Ὢ ʫʙʳʚʘʝʪ, ʢʘʢ ʧʦʢʘʟʘʥʦ 
ʥʘ ʨʠʩ. 2ʚ. ʌʦʨʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ὖὣ ʟʘʚʠʩʠʤʘ ʦʪ ʤʝʭʘʥʠʟʤʘ Ὢ. 
ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʅʇʄ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʦʨʨʝʢʪʥʦʤʫ ʧʨʠʯʠʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ὢᴼὣ, ʥʦ ʦʥʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠ ʥʝʚʝʨʥʦʤ ʧʨʠʯʠʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ˢᴺὣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ-ʟʘ ʜʘʥʥʦʡ ʘʩʠʤʤʝʪʨʠʠ, ʧʦʥʷʪʠʷ 

ʧʨʠʯʠʥʳ ʠ ʩʣʝʜʩʪʚʠʷ ʨʘʟʣʠʯʥʳ [1]. 

ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʧʨʠʯʠʥʥʳʝ ʩʣʝʜʳ ʠʟ ʜʘʥʥʳʭ, ʤʳ ʩʣʝʜʫʝʤ [3] ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʤ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʚʳʚʦʜʳ ʚ ʚʠʜʝ ʜʚʦʠʯʥʦʡ 

ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʅʘʰʠ ʚʭʦʜʥʳʝ ʤʦʜʝʣʠ ὗ ï ʵʪʦ ʵʬʬʝʢʪʠʚʥʳʝ ʛʨʘʬʠʢʠ 

ʨʘʩʩʝʠʚʘʥʠʷ, ʧʦʭʦʞʠʝ ʥʘ ʪʝ, ʯʪʦ ʙʳʣʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 2ʘ ʠ 2ʙ, ʪʦ ʝʩʪʴ 

ʢʘʞʜʘʷ ʪʦʯʢʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʦʙʨʘʟʮʦʚ  ὼȟώ  ɴὙ , 

ʦʙʨʘʱʝʥʥʳʭ ʅʆʈ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ὖὢȟὣ. ʄʝʪʢʘ ʢʣʘʩʩʘ ὰ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʝʞʜʫ ὢ ̉ ὣ.  

 

Ὀ Ὓȟὰ ȟ 

ὗ ὼȟώ  ͯὖ ὢȟὣȟ 

ὰ
π ὭὪ ὢ O  ὣ
ρ ὭὪ ὢ N  ὣ

                                               (2) 

 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʥʝʡʨʦʥʥʦʡ ʧʨʠʯʠʥʥʦʡ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ  

(NCC-ʘʨʭʠʪʝʢʪʫʨʘ) 
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ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʟ ʵʪʦʡ ʬʦʨʤʫʣʳ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʫʯʠʪʴ ʥʝʡʨʦʥʥʫʶ 

ʩʝʪʴ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʚʳʙʦʨʢʠ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘ 

ʧʨʠʯʠʥʥʳʝ ʠ ʥʝʧʨʠʯʠʥʥʳʝ. ʊʘʢ ʢʘʢ ʚʭʦʜʥʳʝ ʤʦʜʝʣʠ ὗ ʷʚʣʷʶʪʩʷ ʥʝ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʤʝʨʥʳʤʠ ʚʝʢʪʦʨʘʤʠ, ʘ ʥʘʙʦʨʦʤ ʪʦʯʝʢ, ʯʪʦ ʦʧʠʩʳʚʘʝʪ ʝʛʦ, 

ʢʘʢ ʚʣʦʞʝʥʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ [4].  

ὔὅὅ ὼȟώ  ʕ В • ὼȟώ Ȣ                      (3) 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʫʨʘʚʥʝʥʠʠ, • ï ʵʪʦ ʢʘʨʪʘ ʦʩʦʙʝʥʥʦʩʪʠ, ʠ ʩʨʝʜʥʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʚʩʝʭ •ὼȟώ  ï ʵʪʦ ʩʨʝʜʥʝʝ ʚʥʝʜʨʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ В ‏ ȟ  .ʌʫʥʢʮʠʷ ɣ ï ʵʪʦ ʙʠʥʘʨʥʳʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, 

ʧʨʠʥʠʤʘʶʱʠʡ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʜʣʠʥʫ ʩʨʝʜʥʝʛʦ ʚʣʦʞʝʥʠʷ ʢʘʢ ʚʭʦʜʷʱʫʶ [3]. 

ɺ ʤʝʪʦʜʘʭ ʷʜʨʘ, • ʬʠʢʩʠʨʫʝʪʩʷ ʘʧʨʠʦʨʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʥʝʣʠʥʝʡʥʦʛʦ ʷʜʨʘ [3]. ʆʜʥʘʢʦ, ʥʘʰʘ ʢʘʨʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ •: Ὑ  O  Ὑ  ʠ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨ ‪:Ὑ ᴼ πȟρ ï ʦʙʘ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʝʨʩʝʧʪʨʦʥʳ, ʢʦʪʦʨʳʝ 

ʠʟʫʯʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʥʥʳʤʠ. ʈʠʩ. 3 ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʝʜʣʦʞʝʥʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʥʝʡʨʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʯʠʥʥʦʩʪʠ 

(ʅʂʇ). ʏʪʦʙʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʙʨʘʟʝʮ ὗ ʢʘʢ ʧʨʠʯʠʥʥʳʡ ʠʣʠ 

ʥʝʧʨʠʯʠʥʥʳʡ, ʅʂʇ ʨʘʩʧʦʣʘʛʘʝʪ ʢʘʞʜʫʶ ʪʦʯʢʫ ὼȟώ  ʚ ʦʙʨʘʟʮʝ ὗ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ •ὼȟώ ᶰὙ , ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʩʪʨʦʝʥʥʳʡ ʚʝʢʪʦʨ  

В • ȟ   ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ ὼȟώ  ɴ ὗ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʚʩʪʨʦʝʥʥʳʡ 

ʚʝʢʪʦʨ •Ὓ  ɴὙ  ʢʘʢ ʧʨʠʯʠʥʥʳʡ ʠʣʠ ʥʝʧʨʠʯʠʥʥʳʡ, ʠʩʧʦʣʴʟʫʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ‪. ɺʘʞʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝ 
ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤʠ ʫʤʦʟʘʢʣʶʯʝʥʠʷʤʠ ʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʚ ʦʙʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ.   

ʅʂʇ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʥʦʚʦʛʦ ʥʘʙʦʨʘ ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʷ ʪʝʩʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʟʘʚʝʨʰʝʥʦ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʭʦʜʦʤ ʯʝʨʝʟ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʩʝʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʘʜʜʠʪʠʚʥʦʡ 

ʤʦʜʝʣʠ ʰʫʤʘ ʘʣʛʦʨʠʪʤʦʚ ʚʳʚʦʜʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʷʜʨʝ, ʷʚʣʷʝʪʩʷ ʢʫʙʠʯʝʩʢʦʡ ʚ 

ʯʠʩʣʝ ʦʙʨʘʟʮʦʚ ά. ɺʦ-ʚʪʦʨʳʭ, ʅʂʇ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʯʝʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʩʦʯʝʪʘʥʠʡ ʨʘʟʥʳʭ ʧʨʠʯʠʥʥʳʭ ʠ ʙʝʩʧʨʠʯʠʥʥʳʭ ʛʝʥʝʨʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ 

ʢʘʢ ʣʠʥʝʡʥʳʝ, ʥʝʣʠʥʝʡʥʳʝ, ʰʫʤʦʚʳʝ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, 

ʩʚʷʟʳʚʘʶʱʠʝ ʧʨʠʯʠʥʳ ʩ ʠʭ ʩʣʝʜʩʪʚʠʝʤ. ɺ-ʪʨʝʪʴʠʭ, ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ 

ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ, ʅʂʇ ï ʵʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʤʝʱʘʪʴ ʅʂʇ ʚ ʙʦʣʴʰʠʭ ʥʝʡʨʦʥʥʳʭ ʘʨʭʠʪʝʢʪʫʨʘʭ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʨʠʟʘʮʠʠ, ʯʪʦʙʳ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʟʫʯʝʥʠʝ ʧʨʠʯʠʥʥʳʭ ʠ 

ʙʝʩʧʨʠʯʠʥʥʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʚʤʝʩʪʝ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʧʨʦʮʝʜʫʨʳ ʢ ʅʂʇ, ʯʪʦ 
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ʧʦʟʚʦʣʠʪ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʅʂʇ ʚ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 

ʜʘʥʥʳʭ ʠʟ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ. 

ʇʦʩʪʨʦʠʤ ὲ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʦʟʨʝʚʘʝʤʳʭ ʦʙʨʘʟʮʦʚ, Ὥ ʳʡ 
ʦʙʦʟʨʝʚʘʝʤʳʡ ʦʙʨʘʟʝʮ ʩʦʜʝʨʞʠʪ ά  ʪʦʯʝʢ. ʊʦʯʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʦʙʦʟʨʝʚʘʝʤʦʤ ʦʙʨʘʟʮʝ ὗ ὼȟώ  ʚʟʷʪʳ ʠʟ ʘʜʜʠʪʠʚʥʦʡ ʤʦʜʝʣʠ ʰʫʤʘ 

ώ ᴺ Ὢὼ ὺὩ  ʜʣʷ ʚʩʝʭ Ὦ ρȟȢȢȢȟά .  

ʋʩʣʦʚʠʷ ʧʨʠʯʠʥʳ ὼ  ʚʟʷʪʳ ʠʟ ʩʦʯʝʪʘʥʠʷ Ὧ ʛʘʫʩʩʦʚʩʢʠʭ ʜʠʩʪʨʠʙʫʪʠʚʦʚ. 

ʄʳ ʩʪʨʦʠʤ ʢʘʞʜʳʡ ʛʘʫʩʩʠʘʥ ʧʫʪʝʤ ʚʳʙʦʨʢʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠʟ ʛʘʫʩʩʠʘʥʘ 

πȟὶȟ ʝʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʛʘʫʩʩʠʘʥʘ πȟί  ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʠ ʝʛʦ ʥʝʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʚʝʩʘ ʠ ʛʘʫʩʩʠʘʥʘ 

πȟρ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʝʤ. ʄʳ ʧʨʦʠʟʚʦʜʠʤ ʚʳʙʦʨʢʫ 

Ὧ Ḑ ὙὥὲὨέάὍὲὸὩὫὩὶρȟυ ʠ ὶ ȟίḐ ὟὲὭὪέὶάπȟυ. ʅʦʨʤʘʣʠʟʫʝʤ ʩʦʯʝʪʘʥʠʝ 

ʚʝʩʦʚ, ʯʪʦʙʳ ʩʚʝʩʪʠ ʠʭ ʢ ʦʜʥʦʤʫ, ʥʦʨʤʘʣʠʟʫʝʤ ὼ  ʚ ʩʨʝʜʥʝʝ ʥʫʣʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʠ ʝʜʠʥʠʯʥʫʶ ʜʠʩʧʝʨʩʠʶ.  

ʄʝʭʘʥʠʟʤ Ὢ  ʷʚʣʷʝʪʩʷ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ ʕʨʤʠʪʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʠ Ὠ 

ʫʟʣʳ ʚʟʷʪʳ ʠʟ ʛʘʫʩʩʠʘʥʘ (0,1), ʛʜʝ Ὠ  Ḑ ὙὥὲὨέάὍὲὸὩὫὩὶτȟυ. 

 

άὭὲὼ ίὸὨὼ ȟάὥὼὼ ίὸὨὼ         (4) 

 

ɹʝʩʰʫʤʥʳʡ ʵʬʬʝʢʪ ʫʩʣʦʚʠʷ Ὢὼ  ʥʦʨʤʘʣʠʟʦʚʘʥ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʩʨʝʜʥʝʝ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠ ʝʜʠʥʠʯʥʫʶ ʜʠʩʧʝʨʩʠʶ.  

ʐʫʤʦʚʦʝ ʫʩʣʦʚʠʝ Ὡ  ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʛʘʫʩʩʠʘʥʘ πȟὺ, ʛʜʝ ὺ Ḑ 

ʦʜʥʦʨʦʜʥʦʩʪʴ πȟυ. ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʅʇʄ, ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʜʣʷ 

ʛʝʪʝʨʦʩʢʝʜʘʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ ʩʣʝʜʫʶʱʝʝ: ʫʤʥʦʞʘʝʤ ʢʘʞʜʳʡ Ὡ  ʥʘ ὺ, ʛʜʝ ὺ  

ï ʟʥʘʯʝʥʠʝ ʩʛʣʘʞʠʚʘʶʱʝʛʦ ʩʧʣʘʡʥʘ ʩ ʧʦʜʜʝʨʞʢʦʡ, ʧʦʢʘʟʘʥʥʦʡ ʚ (3) ʠ Ὠ,  
ʩʣʫʯʘʡʥʳʤʠ ʫʟʣʘʤʠ, ʚʟʷʪʳʤʠ ʠʟ ʦʜʥʦʨʦʜʥʦʩʪʠ πȟυ. ʐʫʤʦʚʦʝ ʫʩʣʦʚʠʝ 

ὼ , ʥʦʨʤʘʣʠʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʠ 

ʝʜʠʥʠʯʥʦʡ ʜʠʩʧʝʨʩʠʠ.  

ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʳʙʦʨʢʠ ʧʨʦʠʟʚʦʜʠʪ ʫʯʝʙʥʳʡ ʥʘʙʦʨ ʠʟ ςὲ ʦʙʨʘʟʮʦʚ: 

 

   Ὀ ὼȟώ ȟπ  ᷾ ώȟὼ ȟπ                  (5) 

 

ʄʳ ʛʦʪʦʚʠʤ ʅʂʇ ʩ ʜʚʫʤʷ ʚʩʪʨʦʝʥʥʳʤʠ ʩʣʦʷʤʠ ʠ ʜʚʫʤʷ ʩʣʦʷʤʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ ʚʳʭʦʜʥʳʤʠ ʩʣʦʷʤʠ. ʂʘʞʜʳʡ ʩʢʨʳʪʳʡ ʩʣʦʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʠʟ ʧʘʢʝʪʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ [2], 100 ʩʢʨʳʪʳʭ 

ʥʝʡʨʦʥʦʚ, ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ 25% ʚʳʧʘʜʘʶʱʝʛʦ [4]. 

ʇʦʜʛʦʪʘʚʣʠʚʘʝʤ ʝʛʦ ʜʣʷ 10000 ʠʪʝʨʘʮʠʡ, ʠʩʧʦʣʴʟʫʷ RMSProp ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦ ʫʤʦʣʯʘʥʠʶ, ʛʜʝ ʢʘʞʜʘʷ ʤʠʥʠ-ʧʘʨʪʠʷ ʠʤʝʝʪ ʚʠʜ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ (4) ʠ ʠʤʝʝʪ 
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ʨʘʟʤʝʨ ςὲ σς. ʉʦʙʣʶʜʘʝʤ ʩʠʤʤʝʪʨʠʶ ὖὢᴼὣ ρ ὖὣᴼὢ , 

ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʩʪʘʚʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ:  

 

ρ ὔὅὅ ὼȟώ ὔὅὅ ώȟὼ ȟ                 (6) 

 

ʛʜʝ ʅʂʇ ὼȟώ  ʩʪʨʝʤʠʪʩʷ ʢ 0, ʝʩʣʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʧʦʣʘʛʘʝʪ, 

ʯʪʦ ὢ O ὣ, ʠ ʩʪʨʝʤʠʪʴʩʷ ʢ ʝʜʠʥʠʮʝ, ʝʩʣʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʧʦʣʘʛʘʝʪ, ʯʪʦ 
ὢ N  ὣ. ɺʳʙʠʨʘʝʤ ʧʘʨʘʤʝʪʨʳ ʧʫʪʸʤ ʤʦʥʠʪʦʨʠʥʛʘ ʦʰʠʙʢʠ ʧʨʠ ʧʨʦʚʝʨʢʝ 

ʅʂʇ ʥʘ ʫʜʝʨʞʠʚʘʝʤʦʤ ʥʘʙʦʨʝ ʠʟ 10000 ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʦʟʨʝʚʘʝʤʳʭ 

ʦʙʨʘʟʮʦʚ. ʀʩʧʦʣʴʟʫʷ ʵʪʦʪ ʥʘʙʦʨ, ʤʳ ʧʝʨʝʢʨʸʩʪʥʦ ʚʳʙʠʨʘʝʤ ʧʨʦʮʝʥʪ ʦʪʩʝʚʘ ʠʟ 

πȟρȠ πȟςυȠ πȟσ, ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ ʩʣʦʸʚ ʠʟ ςȟσ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʳʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʞʜʦʤ ʠʟ ʩʣʦʝʚ ʠʟ υπȟρππȟυππȢ 
ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʚʫʤʷ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ: PASCAL VOC  

2012 [2] ʠ MS COCO [4]. ʕʪʠ ʥʘʙʦʨʳ ʩʦʜʝʨʞʘʪ ʨʘʟʥʦʨʦʜʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʩʦʙʨʘʥʥʳʝ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʧʨʠʨʦʜʳ. ɺ ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ ʚ PASCAL 

ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘʜʮʘʪʴ ʢʣʘʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʘʤʦʣʝʪ, ʩʦʙʘʢʘ, ʤʦʪʦʮʠʢʣ, ʯʝʣʦʚʝʢ, 

ʪʝʣʝʚʠʟʦʨ ʠ ʜʨ. ʕʪʦʪ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʩʦʜʝʨʞʠʪ 11541 ʠʟʦʙʨʘʞʝʥʠʡ. ɺ 

ʤʘʩʩʠʚʘʭ ʜʘʥʥʳʭ MS ʉʆʉʆ ʠʩʩʣʝʜʦʚʘʥʳ ʪʝ ʞʝ ʢʣʘʩʩʳ. ʕʪʦʪ ʚʳʙʦʨ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 99,309 ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʚ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʫʩʪʘʥʦʚʠʣʠ ʨʘʟʤʝʨ ʚ 224ʭ224 ʧʠʢʩʝʣʝʡ.  

 

 
ʈʠʩʫʥʦʢ 4 ï ʇʨʦʮʝʩʩ ʟʘʪʝʤʥʝʥʠʷ ʦʙʲʝʢʪʘ çʩʦʙʘʢʘè ʬʦʪʦ 

 

ʀʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ὼ ʩʦʟʜʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ Ὢ  ʠ ʢʣʘʩʩ-ʚʝʨʦʷʪʥʦʩʪʴ 

ὧ . ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ὼ ʩʦʟʜʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ Ὢ . ʀʟʦʙʨʘʞʝʥʠʝ 

ʢʦʥʪʝʢʩʪʘ Ø ʩʦʟʜʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ Ὢ . ʇʨʦʮʝʩʩʳ ʟʘʪʝʤʥʝʥʠʷ  ʚʳʧʦʣʥʷʶʪʩʷ 

ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ çʯʸʨʥʳʡ ʥʦʣʴè ʧʠʢʩʝʣʝʡ. 

ʀʩʧʦʣʴʟʫʝʤ ʧʦʩʣʝʜʥʠʝ ʩʢʨʳʪʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ 
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ʩʚʸʨʪʦʯʥʳʭ ʩʝʪʝʡ ʠʟ 18 ʩʣʦʝʚ [3], ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠʟʥʘʢʦʚ. ʕʪʘ ʩʝʪʴ ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʥʘ ʚʩʝʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ ImageNet [3].  

ʆʙʦʟʥʘʯʠʤ Ὢ Ὢὼ  ɴὙ , ʢʘʢ ʚʝʢʪʦʨ ʚʝʱʝʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ, 

ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ ὼ ɴ Ὑ , ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʵʪʫ ʩʝʪʴ.  

ʌʦʨʤʠʨʫʝʤ ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠʟ ʜʚʫʭ ʩʢʨʳʪʳʭ ʩʣʦʝʚ  

ʠʟ 512 ʥʘʙʦʨʦʚ ʢʘʞʜʳʡ. ʏʝʨʝʟ ὧ ὧὼ  ɴὙ  ʦʙʦʟʥʘʯʠʤ ʚʝʢʪʦʨ 

ʥʝʧʨʝʨʳʚʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ 

ὼ ɴ Ὑ , ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʵʪʦʪ ʢʣʘʩʩʠʬʠʢʘʪʦʨ. ɼʘʣʝʝ ʦʧʠʩʳʚʘʝʤ 

ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ὰ ρȟυρς ʯʝʪʳʨʴʤʷ ʨʘʟʥʳʤʠ ʦʮʝʥʢʘʤʠ: 
ʦʮʝʥʢʦʡ ʦʙʲʝʢʪʘ, ʢʦʥʪʝʢʩʪʘ, ʧʨʠʯʠʥʥʦʩʪʠ ʠ ʙʝʩʧʨʠʯʠʥʥʦʩʪʠ. ʆʮʝʥʢʠ ʦʙʲʝʢʪʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʮʝʥʢʠ ʧʨʠʯʠʥʥʦʩʪʠ/ʙʝʩʧʨʠʯʠʥʥʦʩʪʠ. 

ɼʘʣʝʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʜʩʯʸʪʘ ʦʮʝʥʦʢ ʦʙʲʝʢʪʘ Ὧ ʜʣʷ ʚʩʝʭ 

ʜʚʘʜʮʘʪʠ ʦʙʲʝʢʪʦʚ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʂʘʞʜʦʝ ʠʟʦʙʨʘʞʝʥʠʝ xj ʚ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ MS ʉʆʉʆ ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʝʤʷ 

ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʣʷ ʚʩʝʭ Ὦ ρȟȢȢȟά. ʅʘʯʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ὼ 

ʦʧʠʩʳʚʘʝʪʩʷ, ʢʘʢ Ὢ ὪὼȢ ʇʨʦʠʟʚʝʜʝʥʦ ʟʘʪʝʤʥʝʥʠʝ ʢʦʥʪʝʢʩʪʘ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʦʙʲʝʢʪʘ Ὧ ʚ ὼ, ʨʘʟʤʝʱʘʷ ʥʫʣʝʚʳʝ ʧʠʢʩʝʣʠ ʚʥʝ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʝʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ 

ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ ὼ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2ʙ. ʇʨʦʠʟʚʝʜʝʥʦ ʟʘʪʝʤʥʝʥʠʝ 

ʦʙʲʝʢʪ Ὧ ʚ ὼ, ʧʦʤʝʩʪʠʚ ʥʫʣʝʚʳʝ ʧʠʢʩʝʣʠ ʚʦ ʚʥʫʪʨʴ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʠʭ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʥʪʝʢʩʪʘ ὼ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4ʚ. 

ʀʩʧʦʣʴʟʫʷ ʪʨʠ ʧʨʝʜʳʜʫʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʣʷ ʢʘʞʜʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ὰ  ρȟȢȢȟυρς ʨʘʩʩʯʠʪʳʚʘʝʤ ʠʭ ʦʮʝʥʢʫ ʦʙʲʝʢʪʘ: 

 

ί
В

В
  

 

ʠ ʦʮʝʥʢʫ ʢʦʥʪʝʢʩʪʘ: 

 

ί
В

В
. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤʠ ʦʮʝʥʢʘʤʠ ʦʙʲʝʢʪʘ ʨʝʘʛʠʨʫʶʪ ʥʘ ʪʦ, ʢʦʛʜʘ 

ʦʙʲʝʢʪ ʫʜʘʣʷʝʪʩʷ ʩ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʯʠʪʘʥʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʥʘʣʠʯʠʝ ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʦʙʲʝʢʪʘ Ὧ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ὼ ʢʘʢ ὧ ὧὼ . 
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ʈʠʩʫʥʦʢ 5 ï ʆʮʝʥʢʠ ʦʙʲʝʢʪʘ ʠ ʢʦʥʪʝʢʩʪʘ  

ʜʣ̫ ʙʝʩʧʨʠʯʠʥʥʳʭ ʠ ʧʨʠʯʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 

ɼʣʷ ʢʘʞʜʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ὰ ʨʘʩʩʯʠʪʘʥʘ ʦʮʝʥʢʘ ʧʨʠʯʠʥʥʦʩʪʠ:  

1-ʅʂʇ Ὢȟὧ  ʠ ʙʝʩʧʨʠʯʠʥʥʦʩʪʠ: 1-ʅʂʇ ὧȟὪ .  

ɺʦ ʠʟʙʝʞʘʥʠʝ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʯʠʥʥʦʩʪʠ ʤʝʞʜʫ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʣʫʯʘʡʥʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʅʂʇ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʫʯʘʶʱʠʤ 

ʥʘʙʦʨʦʤ: ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʢʘʞʜʦʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʨʘʩʩʝʠʚʘʥʠʷ ʚʦ 

ʚʩʝʭ ʧʨʠʯʠʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʢ ʥʘ (4), ʧʦʜʦʙʨʘʥʘ ʩʣʫʯʘʡʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʫ 

„, ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʛʦ ʥʘʙʦʨʘ ὼȟ ȟώ  ʩ 

ʦʪʤʝʪʢʦʡ . ʄʦʜʝʣʴ ʪʘʢʦʛʦ ʨʦʜʘ ʧʦʩʣʝ ʧʨʦʚʝʨʢʠ ʥʘ ʪʦʯʥʦʩʪʴ ʚʳʜʘʸʪ 79% ʚ 

ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ ʊʶʙʠʥʛʝʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʩʨʝʜʥʝʝ 

ʦʪʢʣʦʥʝʥʠʝ ʦʮʝʥʢʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʘ ʠ ʦʮʝʥʢʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʪʝʢʩʪʘ ʩ 

1% ʙʝʩʧʨʠʯʠʥʥʳʭ ʦʮʝʥʦʢ ʠ 1% ʧʨʠʯʠʥʥʳʭ ʦʮʝʥʦʢ. ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʩʚʷʟʘʥʘ ʩ ʙʝʩʧʨʠʯʠʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʥʘʠʙʦʣʴʰʠʤ ʙʝʩʧʨʠʯʠʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʧʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʫʶ ʦʮʝʥʢʫ ʦʙʲʝʢʪʘ, ʯʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʥʘʠʙʦʣʴʰʝʡ 

ʧʨʠʯʠʥʥʦʡ ʦʮʝʥʢʦʡ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘ ʚʩʝʭ 20 ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʢʣʘʩʩʘʭ, ʧʨʠ ʚʳʙʦʨʝ 1% ʧʨʠʯʠʥʥʳʭ/ʙʝʩʧʨʠʯʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʠ ʦʩʪʘʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚ 16 ʠʟ 20 ʠʥʪʝʨʝʩʫʶʱʠʭ ʢʣʘʩʩʦʚ ʧʨʠ ʦʪʙʦʨʝ 20% ʪʝʭ ʞʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʩʧʨʠʯʠʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʚ ʫʩʪʦʡʯʠʚʦʤ ʧʦʨʷʜʢʝ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʥʪʝʢʩʪʘ. ʂʘʢ ʩʢʘʟʘʥʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʥʝʚʦʟʤʦʞʥʦ 
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ʥʘʡʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʦʥʪʝʢʩʪʘ ʠ 

ʧʨʠʯʠʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʟʨʝʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʚ 

ʥʘʙʦʨʝ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ.  
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ʇʆɺʓʐɽʅʀɽ ʊʆʏʅʆʉʊʀ ʀɿʄɽʈɽʅʀʗ ʊɽʄʇɽʈɸʊʋʈʓ  

ʉ ʇʆʄʆʑʔʖ ʇʈʀɹʆʈʆɺ ʀʅʌʈɸʂʈɸʉʅʆʁ ʊɽʍʅʀʂʀ 
 

ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʽʚ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʭʥʽʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʦʙôʻʢʪʘ ʢʦʥʪʨʦʣʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʤʝʪʦʜʦʤ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠʣʘʜʠ ʽʥʬʨʘʯʝʨʚʦʥʦʾ ʪʝʭʥʽʢʠ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 
ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʝʪ ʦʪʢʣʦʥʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʙʦʨʳ ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ  

 
The article deals with improving the accuracy of the measuring  the temperature using infrared 

imaging devices. It is shown that taking into account the deviation of the actual values of emissivity of 

the surface of the object from the nominal control make it possible to improve the accuracy of 
contactless method of the measuring the temperature. 

Keywords: the accuracy of the measuring the temperature, infrared imaging devices  

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʨʠʙʦʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʪʝʭʥʠʢʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʦʩ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʪʝʣ, ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 

ʬʠʟʠʯʝʩʢʦʛʦ ʤʠʨʘ, ʚ ʢʦʪʦʨʦʤ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʛʝʥʝʨʘʮʠʷ, 

ʧʨʝʚʨʘʱʝʥʠʝ, ʧʝʨʝʜʘʯʘ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʝʝ 

ʬʦʨʤʘʭ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʙʣʝʤʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʋʢʨʘʠʥʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ [1]. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʙʝʟʚʦʟʚʨʘʪʥʳʤʠ ʧʦʪʝʨʷʤʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʘʥʘʣʠʟ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

(ʧʦʪʝʨʴ ʪʝʧʣʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʠ ʧ.ʪ.) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʝ, ʵʥʝʨʛʝʪʠʢʝ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ [2]. 

ʇʨʦʙʣʝʤʝ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʙʦʪ, ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ
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ʄ. ʀ. ʑʝʨʙʘʢʦʚʘ, ʉ. ɸ. ɹʘʞʘʥʦʚʘ, A. B. ʂʨʶʢʦʚʘ, Petersson, J. Hart,  

S. Kimothi, E. Grinzato ʠ ʜʨ. ɺʩʝ ʦʥʠ ʦʪʤʝʯʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, 

ʜʠʩʪʘʥʮʠʦʥʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʤʦʙʠʣʴʥʦʩʪʴ 

ʘʧʧʘʨʘʪʫʨʳ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ [3-5]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, 

ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʠʙʦʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʟʣʫʯʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʀʤʝʥʥʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʟʘʜʘʥʠʠ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠ ʨʘʩʯʝʪʘʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ [1]. ʕʪʘ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ  

ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ, ʝʛʦ ʬʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʬʦʨʤʫʣʝ [6]: 

4
,

ʨʘʜ

ʬʘʢʪ

T
T =

e

                                              (1) 

ʛʜʝ ʊʬʘʢʪ ï ʬʘʢʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ; ʊʨʘʜ ï

ʨʘʜʠʘʮʠʦʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ ʧʨʠʙʦʨʦʤ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ; Ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ. 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʝ ʦʰʠʙʢʠ ʚ ʟʘʜʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʪʦʯʥʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʚʦʜʠʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʦʨʘ Fluke Ti9 ʠ ʢʦʥʪʘʢʪʥʳʤ 

ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʘʨʳ ʊʍɸ. ʇʦʢʘʟʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʪʝʨʤʦʧʘʨʳ, ʧʨʠʥʠʤʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʬʘʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʚ 

ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʧʝʨʚʦʡ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, ʘ ʚʦ ʚʪʦʨʦʡ ï ʠʟʤʝʨʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʩʡ ʩʧʦʩʦʙʥʦʩʪʠ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ 

ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʦʤ. ʅʘ ʭʘʨʘʢʪʝʨʥʦʡ ʟʦʥʝ ʠʩʩʣʝʜʫʝʤʦʡ  ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʘʥʦʤʘʣʠʡ ʚʳʙʠʨʘʣʠʩʴ ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʨʝʥʳ ʢʦʥʪʘʢʪʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ. ɺ ʵʪʠʭ ʞʝ ʪʦʯʢʘʭ 

ʠʟʤʝʨʷʣʠ  ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʚʠʟʦʨʦʤ ʧʨʠ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ  ʧʘʨʘʤʝʪʨʘʭ  

ʩʲʝʤʢʠ (ʦʪʨʘʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʥʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʣʘʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ, 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ). ʇʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨ, ʠʟʤʝʨʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʤ ʠ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʘʤʠ, ʩ ʧʘʥʝʣʠ  

ʪʝʧʣʦʚʠʟʦʨʘ ʧʦʜʙʠʨʘʣʠ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʩʚʦʜʠʪ ʵʪʫ ʨʘʟʥʠʮʫ ʢ ʥʫʣʶ. ʇʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠʥʠʤʘʣʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʜʘʣʴʥʝʡʰʝʡ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ 

ʩʲʝʤʢʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 

 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ  

ʥʘ ʪʦʯʥʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ 
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ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ  

ʥʘ ʪʦʯʥʦʩʪʴ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʣʠ ʠ ʯʫʛʫʥʘ 

 

ʀʟ ʨʠʩ. 1 ʠ 2 ʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʩʪʠ ʫʢʘʟʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʣʫʯʝʥʠʷ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ 

ʢʦʥʪʨʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʫʯʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʉʦʩʪʘʚʣʷʶʱʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʙʦʨʘʤʠ 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ, ʚʳʟʚʘʥʥʘʷ ʦʰʠʙʢʦʡ ʚ ʟʘʜʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦ ʪʠʧʫ ɺ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
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ʋʯʠʪʳʚʘʷ (1) ʠ ʚʟʷʚ ʧʨʦʠʟʚʦʜʥʳʝ, ʧʦʣʫʯʘʝʤ: 
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ʛʜʝ Uɺʊʨʘʜ ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʦʤ ; UɺŮ ï 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 30 %, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʧʫʩʪʠʤʳʤ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʘ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʤʝʪʦʜʘ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʋʯʝʪ ʦʪʢʣʦʥʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʦʥʪʨʦʣʷ ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʨʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʪʝʭʥʠʢʠ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1. ʆʙʦʨʩʴʢʠʡ ɻ.ʆ., ʃʝʚʠʥʩʴʢʠʡ ʆ.ʉ., ɻʦʣʦʬʝʝʚʘ ʄ.ʆ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʪʦʯʥʽʩʪʴ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʝʪʦʜʫ 

ʢʦʥʪʨʦʣʶ // ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʫʜʠʪ ʠ ʨʝʟʝʨʚʳ ʧʨʦʠʟʚʦʜʩʪʚʘ - ˉ2/3(28), 2016. ï ʉ. 4-7.  

2. ɺʘʚʠʣʦʚ ɺ.ʇ. ʀʥʬʨʘʢʨʘʩʥʘʷ ʪʝʨʤʦʛʨʘʬʠʷ ʠ ʪʝʧʣʦʚʦʡ ʢʦʥʪʨʦʣʴ ï ʄ.: ʀɼ ʉʧʝʢʪʨ, 2009 ï 544 ʩ. 
3. D.S. Prakash Rao  Infrared thermography and its applications in civil engineering. The Ind̔an 

Conʩrete Journal. ï May 2008 ï P. 41-50/ 4. K. Valancius Transicnt heat conduction process in 
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ɺ.ʉ. ɻʫʩʘʨʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ 
 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʆɹʒɽʂʊʓ ɺ ɻʇʉ 
 

ɻʥʫʯʢʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʩʠʩʪʝʤʘʤʠ çɻʇʉè ʥʘʟʠʚʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʷʢʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ, ʧʨʦʤʠʩʣʦʚʠʭ ʨʦʙʦʪʽʚ  ̔ʤʘʛʘʟʠʥʽʚ-ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 
ʟʘʛʦʪʦʚʦʢ  ̔ʦʙʨʦʙʣʝʥʠʭ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʚʠʨʦʙʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʥʫʯʢʽ ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ, ʘʚʪʦʤʘʪʠʯʥʽ ʢʦʤʧʣʝʢʩʠ, ʩʪʘʥʢʠ ʩ ʏʇʋ, ʧʨʦʤʠʩʣʦʚʽ 

ʨʦʙʦʪʠ, ʤʘʛʘʟʠʥʠ-ʥʘʢʦʧʠʯʫʚʘʯʽ  
 

ɻʠʙʢʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ çɻʇʉè ʥʘʟʳʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, 
ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʩʪʘʥʢʦʚ ʩ ʏʇʋ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʠ ʤʘʛʘʟʠʥʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʟʜʝʣʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʩʪʘʥʢʠ ʩ 
ʏʇʋ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʦʙʦʪʳ, ʤʘʛʘʟʠʥʳ-ʥʘʢʦʧʠʪʝʣʠ 

 

Flexible production systems (FPS) refers to the automatic complexes which consist of CNC 
machine tools, industrial robots and shops-drives for storing work pieces and partially or completely 

processed products. 

Keywords: flexible production systems, automatic complexes, CNC machine tools, industrial robots, 
shops-drives for storing 

 

ɻʠʙʢʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ çɻʇʉè ʥʘʟʳʚʘʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʩʪʘʥʢʦʚ ʩ ʏʇʋ, 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʠ ʤʘʛʘʟʠʥʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʟʜʝʣʠʡ. ɻʇʉ ʜʦʧʫʩʢʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʝʨʝʥʘʣʘʜʦʯʥʦʛʦ ʚʳʧʫʩʢʘ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʜʝʪʘʣʝʡ. 

ʕʪʦ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚ ʩʠʩʪʝʤʫ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʧʦʨʷʜʢʝ.  

ʆʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʇʉ ʩʦʟʜʘʝʪ 

ʛʨʫʧʧʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʟʘʛʨʫʟʢʫ 

ʩʪʘʥʢʦʚ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʝʨʘʮʠʡ ʥʘ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʘʥʢʘʭ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. ʉʫʪʴ ʛʨʫʧʧʦʚʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʧʦ ʧʨʦʬ. ʉ.ʇ.ʄʠʪʨʦʬʘʥʦʚʫ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

çʨʘʟʣʠʯʥʳʝ ʜʝʪʘʣʠ ʢʦʤʧʣʝʢʪʫʶʪʩʷ  ʚ ʛʨʫʧʧʫ ʧʦ ʩʦʚʧʘʜʘʶʱʠʤ ʵʣʝʤʝʥʪʘʤ-

ʧʦʚʝʨʭʥʦʩʪʷʤ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʦʜʠʥʘʢʦʚʳʭ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʛʨʫʧʧʝ ʚʳʜʝʣʷʝʪʩʷ 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʥʝʸ ʜʝʪʘʣʴ, ʥʘʟʳʚʘʝʤʘʷ ʢʦʤʧʣʝʢʩʥʦʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚ ʜʘʥʥʦʡ ʛʨʫʧʧʝ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʘʢʘʷ 

ʜʝʪʘʣʴ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʛʨʫʧʧʝ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʶʪ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʪʘʣʴ, 

ʩʦʜʝʨʞʘʱʫʶ ʚʩʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʜʝʪʘʣʝʡè. 

ʀ ʪʘʢ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ (ʠʣʠ ʩʦʟʜʘʪʴ) çʢʦʤʧʣʝʢʩʥʫʶ ʜʝʪʘʣʴè. 

ʅʘʧʨʠʤʝʨ, ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʥʘʙʦʨʘ (ʤʥʦʞʝʩʪʚʘ) ʵʣʝʤʝʥʪʦʚ-ʧʦʚʝʨʭʥʦʩʪʝʡ:

 

É ɺ.ʉ. ɻʫʩʘʨʝʚ, 2016 
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{a}Ě{b},{c},{d}. ʂʦʤʧʣʝʢʩʥʘʷ ʜʝʪʘʣʴ {abcd} ʜʦʣʞʥʘ ʠʤʝʪʴ ʪʦʪ ʞʝ ʥʘʙʦʨ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʠ  ʜʨʫʛʠʝ ʜʝʪʘʣʠ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʡ ʠʩʭʦʜʥʳʭ 

ʵʣʝʤʝʥʪʦʚ-ʧʦʚʝʨʭʥʦʩʪʝʡ:  

{a},{b},{c},{d} 

{ab}Ě{bc},{ac},{ad},{bd},{cd} 

{abc},{abd},{acd},{bcd} 

{abcd}. 
 

 
 

ʈʠʩʫʥʦʢ 1 ï ʂʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚ ɻʇʉ 

 

ʊʘʢʦʡ ʥʘʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʊʆ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʠʶ. 

ɽʩʪʝʩʪʚʝʥʥʦ ɻʇʉ ʧʨʠʤʝʥʷʶʪ ʚ ʩʝʨʠʡʥʦʤ ʠ ʤʝʣʢʦʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʉʝʨʠʷ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʜʝʪʘʣʝʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʝʡ-ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʪʘʣʴ. ʊʘʢʦʡ ʥʘʙʦʨ ʊʆ ʠ 

ʝʩʪʴ ʩʝʨʠʷ, ʪ.ʝ. ʥʦʤʝʥʢʣʘʪʫʨʘ ʜʝʪʘʣʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ɻʇʉ. 

ɺ ʧʨʠʤʝʨʝ ʩʝʨʠʶ ʊʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʙʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ ʛʨʫʧʧ 

ʜʝʪʘʣʝʡ, ʚʢʣʶʯʘʷ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʜʝʪʘʣʴ (ʂʊʆ). ʀʥʘʯʝ, ʩʝʨʠʷ ï ʵʪʦ ʤʥʦʞʝʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʊʆ), ʘ ʛʨʫʧʧʘ ï ʵʪʦ ʧʦʜʤʥʦʞʝʩʪʚʦ ʵʪʦʛʦ 

ʤʥʦʞʝʩʪʚʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ-ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʩʝʨʠʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʤʦʱʥʦʩʪʴ 

ʤʥʦʞʝʩʪʚʘè, ʧʦ ʬʦʨʤʫʣʝ: 

N( j )=2
j
 -1,  

ʜʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ, j =4 ʠ ʪʦʛʜʘ N(4) =15. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ï ʧʦʚʝʨʭʥʦʩʪʝʡ NФ = 32 . 
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ɺʩʝ ʵʪʠ ʜʝʪʘʣʠ ʦʙʨʘʟʫʶʪ ʩʝʨʠʶ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʚ ɻʇʉ 

ʩ ʥʘʣʘʜʢʦʡ ʥʘ çʢʦʤʧʣʝʢʩʥʫʶ ʜʝʪʘʣʴè {abcd}. ɺ ʧʨʘʢʪʠʢʝ ʩʝʨʠʶ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʥʴʰʝʝ ʯʠʩʣʦ ʜʝʪʘʣʝʡ ʠʟ ʯʠʩʣʘ ʚʦʟʤʦʞʥʳʭ.  

ʆʙʨʘʙʦʪʢʘ ʜʝʪʘʣʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʧʦ ɸ.ʇ. ʉʦʢʦʣʦʚʩʢʦʤʫ) 

ʧʨʦʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʂʘʞʜʳʡ ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʝʪ ʵʣʝʤʝʥʪʳ-

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʣʫʯʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ (ʊʆ), ʩʦʩʪʦʷʱʠʝ ʠʟ ʨʘʩʰʠʨʝʥʥʦʛʦ ʥʘʙʦʨʘ  (ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘ) 

ʵʣʝʤʝʥʪʦʚ-ʧʦʚʝʨʭʥʦʩʪʝʡ. ʆʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʵʪʘʧʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʪʘʶʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ (ʢʘʯʝʩʪʚʘ): 

[N(i,j) ] 

ʛʜʝ   i = 1,2,3,.., 

        n ï ʵʪʘʧʳ ʦʙʨʘʙʦʪʢʠ 

        j = a,b,c,..,ʢ ï ʵʣʝʤʝʥʪʳ ʊʆ. 

 

 
 

ʈʘʩʩʤʦʪʨʠʤ ʦʙʨʘʟʦʚʘʥʠʝ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘ çʵʣʝʤʝʥʪʳ-ʧʦʚʝʨʭʥʦʩʪʠè ʥʘ 

ʧʨʠʤʝʨʝ [N(i, j )] = [N(3,3 )] ʜʣʷ ʊʆ, ʚ ʢʦʪʦʨʦʤ i = 1,2,3 ʠ j = a,b,c . 

ʀʩʭʦʜʥʘʷ ʟʘʛʦʪʦʚʢʘ - ʘ0  ʚ0 ʩ0. ɼʝʪʘʣʴ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 1 ʵʪʘʧʘ - ʘ1 ʚ1 ʩ1, 

ʧʦʩʣʝ 2 ʵʪʘʧʘ - ʘ2 ʚ2 ʩ2, ʧʦʩʣʝ 3 ʵʪʘʧʘ - ʘ3 ʚ3 ʩ3  ʙʫʜʝʪ ʠʟʦʙʨʘʞʘʪʴʩʷ ʤʘʪʨʠʮʝʡ: 
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ɿʜʝʩʴ N(iĀj) ʦʧʨʝʜʝʣʷʝʪ ʯʠʩʣʦ ʜʝʪʘʣʝʡ ʚ ʩʝʨʠʠ ʠʣʠ çʤʦʱʥʦʩʪʴ 

ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʘè, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ:  

N(iĀj)= (i+1)
j
- 1. 

ʅʘʰʝ ʧʨʝʜʣʦʞʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʚʢʣʶʯʝʥʠʷ ʚ ʩʝʨʠʶ ʚʩʝʭ ʛʨʫʧʧ ʜʝʪʘʣʝʡ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʨʘʟʫʝʤʳʤʠ ʧʦ ʭʦʜʫ ʚʳʧʦʣʥʝʥʠʷ ʵʪʘʧʦʚ 

ʦʙʨʘʙʦʪʢʠ. ʊʘʢʘʷ çʤʦʜʝʣʴè ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴ çʢʦʤʧʣʝʢʩʥʫʶ ʜʝʪʘʣʴè, ʢʘʢ 

ʩʣʦʞʥʳʡ ʊʆ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ ʊʆ. ʄʫʣʴʪʠʤʥʦʞʝʩʪʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ, 

ʠʤʝʝʪ çʤʦʱʥʦʩʪʴè ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ  

N(3Ā3) =(3+1)
3
-1=63. 

ʂʨʦʤʝ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʚ ʩʝʨʠʠ, ʥʘʩ ʤʦʞʝʪ ʠʥʪʝʨʝʩʦʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʠ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʧʣʘʥʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʦʙʨʘʙʦʪʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʣʥʦʤ ʯʠʩʣʝ ʵʣʝʤʝʥʪʦʚ-

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. ʊʘʢʦʡ ʨʘʩʯʝʪ ʤʦʞʥʦ ʚʝʩʪʠ ʧʦ 

ʜʠʘʛʨʘʤʤʝ (ʩʤ. ʚʳʰʝ). ɼʣʷ  ʚʘʨʠʘʥʪʘ [ N(3Ā3)] ʠʤʝʝʤ: 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʨʠʠ, ʛʨʫʧʧʳ ʜʝʪʘʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʙʘʟʦʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ-ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ  ʯʠʩʣʘ 

ʵʪʘʧʦʚ, ʢʦʪʦʨʳʝ  ʬʦʨʤʠʨʫʶʪ ʤʫʣʴʪʠʤʥʦʞʝʩʪʚʦ, ʠʥʘʯʝ ʤʘʪʨʠʮʳ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʥʪʦʚ ʤʘʪʨʠʮ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʠʭ çʤʦʱʥʦʩʪʠ 

ʤʥʦʞʝʩʪʚʘè. 

ʉʝʨʠʷ (ʤʥʦʞʝʩʪʚʦ) ʠʟ ʜʚʫʭ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʪʨʝʭ ʵʪʘʧʦʚ: 

 

 
 

ɺʠʜ ʤʘʪʨʠʮʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʢʦʤʧʣʝʢʪʘʮʠʠ ʜʝʪʘʣʝʡ ʚ ʩʝʨʠʶ ʠʣʠ ʛʨʫʧʧʫ. 
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ʉʝʨʠʷ (ʤʥʦʞʝʩʪʚʦ), ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʚʫʭ ʵʪʘʧʦʚ: 

 

ɽʩʣʠ ʥʘʙʦʨ ʩʚʦʡʩʪʚ ʊʆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʧʦʣʥʦʡ ʤʘʪʨʠʮʝʡ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ  ʯʠʩʣʘ ʊʆ ʚ ʩʝʨʠʠ ʥʘʜʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ: 

N(i,j,o) = (ia+1) (ib+1) (ic+1) - 1, 

ʉʝʨʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʠʟ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʚ ʨʘʟʥʦʝ ʯʠʩʣʦ ʵʪʘʧʦʚ, ʪ.ʝ. ʠʤʝʝʪ ʥʝʧʦʣʥʫʶ ʤʘʪʨʠʮʫ ʵʣʝʤʝʥʪʦʚ-ʧʦʚʝʨʭʥʦʩʪʝʡ. 
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ɺ ʵʪʦʡ ʩʝʨʠʠ: ʪʨʠ ʊʆ ʩ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ, ʧʷʪʴ ʊʆ ï ʩ ʜʚʫʤʷ, ʰʝʩʪʴ ʊʆ - 

ʩ ʪʨʝʤʷ, ʧʷʪʴ ʊʆ ï ʩ ʯʝʪʳʨʴʤʷ, ʪʨʠ ʊʆ ï ʩ ʧʷʪʴʶ ʠ ʦʜʠʥ ʊʆ ʩ ʰʝʩʪʴʶ 

ʵʣʝʤʝʥʪʘʤʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʊʆ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʊɸʉ, ʧʦʟʚʦʣʷʝʪ ʥʘ 

ʥʘʯʘʣʴʥʳʭ  ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦ ʠʭ ʦʙʨʘʙʦʪʢʝ. ʆʥʠ ʯʘʩʪʦ ʩʢʨʳʪʳ ʧʨʠ ʦʙʳʯʥʦʤ ʪʨʘʜʠʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʠ 

ʧʦʵʪʦʤʫ ʥʝ ʚʢʣʶʯʝʥʳ ʚ ʠʩʭʦʜʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ. ɽʩʣʠ ɻʇʉ, ʥʘʭʦʜʷʩʴ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʦʠʟʚʦʜʠʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʊʆ ʠʟ ʩʝʨʠʠ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʨʝʘʣʴʥʘʷ  ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʵʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʜʨʫʛʠʝ ʊʆ ʠʟ ʵʪʦʡ 

ʩʝʨʠʠ, ʨʘʥʥʝʝ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʝʢʪʦʤ.  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʭ ʯʠʩʣʦ ʙʫʜʝʪ n, ʠʟ ʚʦʟʤʦʞʥʳʭ N ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʝʪʘʣʠ, ʪ.ʝ.  N>n, ʪʦʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

çʛʠʙʢʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘè k(N)=n/N, ʝʛʦ ʧʨʝʜʝʣʳ 1/N<k(N)<1. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʛʨʫʧʧʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ɻʇʉ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʧʫʩʢʘ 

ʜʝʪʘʣʝʡ ʥʘ ʦʙʨʘʙʦʪʢʫ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʦʙʨʘʙʦʪʢʠ ʩʝʨʠʠ ʊʆ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʜʝʡʩʪʚʠʷʭ. ɼʝʪʘʣʠ ʩʝʨʠʠ ʠʤʝʶʪ ʨʘʟʥʦʝ ʚʨʝʤʷ  

ʦʙʨʘʙʦʪʢʠ, ʪ. ʝ. ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ çʩʪʘʥʢʦʝʤʢʦʩʪʴʶè ʚ ʩʠʣʫ ʠʭ ʩʣʦʞʥʦʩʪʠ. 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ï ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʧʫʩʢ ʜʝʪʘʣʝʡ ʥʘ 

ʦʙʨʘʙʦʪʢʫ? ʕʪʦʪ ʚʦʧʨʦʩ ʥʝ ʠʟ ʪʝʦʨʠʠ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʦʪʦʤ ʯʪʦ ʥʝʪ 

ʩʣʫʯʘʡʥʦʛʦ ʧʦʪʦʢʘ ʜʝʪʘʣʝʡ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʦʙʨʘʙʦʪʢʫ) ʜʝʪʘʣʠ ʩʪʘʥʢʦʤ. ʆʥ 

ʟʜʝʩʴ ʧʣʘʥʠʨʫʝʪʩʷ, ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʝʩʴ ʚʝʣʠʯʠʥʘ ʥʝ ʩʣʫʯʘʡʥʘʷ, ʘ 

ʠʟʚʝʩʪʥʘʷ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ. ʂ ʪʦʤʫ ʞʝ ʚʦʧʨʦʩ ʦ ʧʦʨʷʜʢʝ ʟʘʧʫʩʢʘʥʠʷ ʢ 

ʯʝʤʫ, ʚʝʜʴ ɻʇʉ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʙʫʜʝʪ ʟʘʛʨʫʞʝʥʘ ɆT=180 ʝʜʠʥʠʮ ʚʨʝʤʝʥʠ.  

 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʯʝʨʝʜʠ ʊʆ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚ ɻʇʉ 

 

ʆʜʥʘʢʦ, ʝʩʣʠ ʫʯʝʩʪʴ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ  ʜʝʪʘʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʯʝʨʝʜʠ ʥʘ 

ʦʙʨʘʙʦʪʢʫ (ʦʙʩʣʫʞʠʚʘʥʠʝ) ɻʇʉ , ʪʦ ʢʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ. 

T(i) = (tm+tO), 

ʛʜʝ tm  ï ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ,  tO ï ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ. 

ʇʝʨʚʘʷ ʜʝʪʘʣʴ ʙʝʟ ʦʯʝʨʝʜʠ T(1) = (tm+tO ), ʧʨʠ  tO = 0, T(1) = (tm) = 100. 

ɺʪʦʨʘʷ ï T(2) = (tm+tO ) = (50+100) = 150. 

ʊʨʝʪʴʷ ï T(3) = (tm+tO ) = (20+50+100) = 170. 

ʏʝʪʚʝʨʪʘʷ ï T(4) = (tm+tO ) = (10+20+50+100) = 180. 
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ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʨʠʠ ʜʝʪʘʣʝʡ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ɆT(n) = 600. 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʝʪʘʣʠ ɆT(i)/n = 600/4 = 150. 

ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʜʝʪʘʣʠ ʚ ʦʯʝʨʝʜʴ ʚ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ.  

ʏʝʪʚʝʨʪʘʷ ʜʝʪʘʣʴ ʠʜʝʪ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʝʨʚʦʡ T(4) = (tm+tO ) = 10, ʪ.ʢ. tO = 0. 

ʊʨʝʪʴʷ ï ʚʪʦʨʦʡ T(3) = (tm+tO ) = (20+10) = 30. 

ɺʪʦʨʘʷ ï ʪʨʝʪʴʝʡ T(2) = (tm+tO ) = (50+20+10) = 80. 

ʇʝʨʚʘʷ ï ʯʝʪʚʝʨʪʦʡ T(1) = (tm+tO ) = (100+50+20+10) = 180. 

ʉʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʨʠʠ ʜʝʪʘʣʝʡ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ɆT(n) = 300. 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʜʝʪʘʣʠ ɆT(i)/n = 300/4 = 75. 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʩʜʝʣʘʝʤ ʚʳʚʦʜ: ʧʦʩʪʨʦʝʥʠʝ ʦʯʝʨʝʜʠ ʧʨʠ ʟʘʧʫʩʢʝ 

ʩʝʨʠʠ ʜʝʪʘʣʝʡ ʥʘ ʦʙʨʘʙʦʪʢʫ (ʦʙʩʣʫʞʠʚʘʥʠʝ) ʚ ʜʠʩʢʨʝʪʥʦʤ ʨʝʛʫʣʷʨʥʦʤ ʧʦʪʦʢʝ; 

ʩʣʝʜʫʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʦʪ ʧʨʦʩʪʦʛʦ ʊʆ ʢ ʩʣʦʞʥʦʤʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʛʨʫʧʧʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ɻʇʉ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʷʚʣʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʢʘʢ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ, ʪʘʢ ʠ ʚ ʵʣʝʤʝʥʪʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɻʇʉ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʥʳ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ, ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ, ʢʘʢ 

ʧʦ ʩʚʦʝʡ ʤʘʩʰʪʘʙʥʦʩʪʠ, ʪʘʢ ʠ ʫʨʦʚʥʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ  

ɻʇʉ ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʪʘʥʢʦʚ, ʨʦʙʦʪʦʚ, ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʩʢʣʘʜʩʢʦʡ ʩʠʩʪʝʤ. ʈʘʟʨʝʰʝʥʠʝ ʵʪʠʭ 

ʩʣʦʞʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ [1, 2].  

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1. ɻʫʩʘʨʝʚ ɺ.ʉ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ /ʤʝʪʦʜ ʫʢʘʟʘʥʠʷ. ʆʜʝʩʩʘ. ʆʅʇʋ. 1999. ï 35ʩ. 2. ɻʫʩʘʨʝʚ ɺ.ʉ. 

ʉʪʨʫʢʪʫʨʳ ʛʠʙʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. / ɯʥʬʦʨʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʩʚʽʪʽ, ʥʘʫʮʽ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʽ // ɿʙ. ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ.  ʆʜʝʩʘ, ʆʅʇʋ, ʅʘʫʢʘ ʽ ʪʝʭʥʽʢʘ, 2015. ï . ɺʠʧ. 3(8), ʩ. 143-150. 
 

Bibliography  (transliterated): 1. Gusarev V.S. Avtomatizacija proizvodstvennyh processov v 

mashinostroenii /metod ukazanija. Odessa. ONPU. 1999. ï 35s. 2. Gusarev V.S. Struktury gibkih 
proizvodstvennyh sistem. / ɯnforac̔jnʽ tehnologʽʾ v osv̔ tʽ, nauc̔  ta virobnictv̔  // Zb. naukovih prac'.  

Odesa, ONPU, Nauka ʽ tehn̔ka, 2015. ï . Vip. 3(8), s. 143-150. 
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ɺ.ʃ. ɼʦʙʨʦʩʢʦʢ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ɸ.ɺ. ʇʦʛʘʨʩʢʠʡ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 
 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʆʉʊɸʊʆʏʅʓʍ ɼɽʌʆʈʄɸʎʀʁ ʀɿɼɽʃʀʁ, 

ʀɿɻʆʊɸɺʃʀɺɸɽʄʓʍ ʉɽʃɽʂʊʀɺʅʓʄ ʃɸɿɽʈʅʓʄ ʉʇɽʂɸʅʀɽʄ 
 

ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʽʚ, ʱʦ 
ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʽʢʘʥʥʷ (SLS). ɺʠʩʫʥʫʪʦ ʛʽʧʦʪʝʟʫ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʨʦʙʽʚ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʥʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʠ ʣʠʪʪʽ ʧʣʘʩʪʤʘʩ. ʈʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʠ 
Solidworks Plastics. ɺʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʭʦʜʫ ʜʦ ʟʥʘʯʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚʠʨʦʙʽʚ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ SLS. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʩʪʘʪʦʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʩʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ, Solidworks 
Plastics, ʧʦʣʽʘʤʽʜ 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ 
ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLS). ɺʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʨʠ ʣʠʪʴʝ ʧʣʘʩʪʤʘʩʩ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ Solidworks Plastics. ʆʧʨʝʜʝʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʢ ʟʥʘʯʝʥʠʷʤ 

ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʟʜʝʣʠʡ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ SLS. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ, 
Solidworks Plastics, ʧʦʣʠʘʤʠʜ 

 

The problems of predicting the residual strains of industrial products produced by selective laser 
sintering (SLS) are considered. There is hypothesis about the possibility of predicting residual 

deformations of complex shapes on the basis of existing approaches to forecasting in injection molding. 

The main features of the program Solidworks Plastics are presents. Defined conversion factor to the 
values of residual deformations of the products made by SLS. 

Keywords: predicting, residual strains, selective laser sintering, Solidworks Plastics, polyamide 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʩʝʣʝʢʪʠʚʥʳʤ ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ 

(SLS) ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ [1]. 

ʆʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʧʨʘʚʠʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʠʟʜʝʣʠʡ. 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʨʘʚʠʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠʩʭʦʜʥʳʭ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ [2]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʝʥʩʠʨʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ (ʦʞʠʜʘʝʤʦʡ) ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʠʟʜʝʣʠʷ ʠ ʙʳʪʴ ʦʙʨʘʪʥʳʤʠ ʧʦ ʟʥʘʢʫ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʠʩʭʦʜʥʳʭ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ 

ʟʥʘʯʝʥʠʷ ʦʞʠʜʘʝʤʳʭ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʧʝʥʩʠʨʫʶʱʝʡ ʜʝʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʨʝʣʘ 
 

É ɺ.ʃ. ɼʦʙʨʦʩʢʦʢ, ɸ.ɺ. ʇʦʛʘʨʩʢʠʡ, 2016 
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ʧʨʦʛʠʙʘ ŭU  ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ ʜʝʬʦʨʤʘʮʠʠ kc. 

ʄʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʟʜʝʣʠʡ, 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʩʝʣʝʢʪʠʚʥʳʤ ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʘ 

ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʝ ʚʳʷʚʣʝʥʳ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʢ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʠʤʝʶʱʠʤ ʦʙʱʠʝ ʧʨʠʟʥʘʢʠ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ, 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʜʦʙʠʝ ʪʝʭʥʦʣʦʛʠʠ ʣʠʪʴʷ ʧʣʘʩʪʤʘʩʩ ʠ SLS ʧʦʟʚʦʣʠʣʦ 

ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ SLS ʥʘ ʦʩʥʦʚʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʣʠʪʴʷ ʧʣʘʩʪʤʘʩʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʦʜʦʙʠʡ: 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ, ʬʠʟʠʯʝʩʢʦʝ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʠ ʩʪʨʫʢʪʫʨʥʦʝ [3, 4]. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʧʘʢʝʪʝ Solidworks Plastics. ʇʨʠʤʝʨ ʵʢʨʘʥʥʦʡ ʬʦʨʤʳ ʩʠʩʪʝʤʳ ʩ ʠʩʩʣʝʜʫʝʤʦʡ 

ʤʦʜʝʣʴʶ ʠʟʜʝʣʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 

ʇʘʨʘʤʝʪʨr  

ʤʦʜʝʣʠʨʦʚʘʥʠ̫ 

ɺʠʟʫʘʣʠʟʘʮʠ̫ 

ʦʩʪʘʪʦʯʥr ʭ 

ʜʝʬʦʨʤʘʮʠʡ ʤʦʜʝʣʠ

ʎʚʝʪʦʚʘ̫ hʢʘʣʘ HSV 

ʩʦʧʦʩʪʘʚʣʝʥʥʘ̫ ʩ 

ʚʝʣʠʯʠʥʦʡ ʦʩʪʘʪʦʯʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ

  
 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʵʢʨʘʥʥʦʡ ʬʦʨʤʳ Solidworks Plastics 

 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ (ʨʠʩ. 2) ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʦʚʝʨʢʘ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʟʘʤʢʥʫʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʧʦʩʪʨʦʝʥʠʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʜʘʚʘʪʴ ʩ ʫʯʝʪʦʤ ʠʩʭʦʜʥʦʡ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ  

ʚ Solidworks Plastics 

 

ɺ Solidworks Plastics ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʘʷ ʙʘʟʘ ʤʘʨʦʢ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳʙʨʘʥ ʧʦʣʠʘʤʠʜ 66 ʤʘʨʢʠ Dupont Engineering Polymer / 

ZYTEL ST 801 L NC010, ʠʤʝʶʱʠʡ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘ 

SLS-ʫʩʪʘʥʦʚʢʝ ʩ ʧʦʨʦʰʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʤʘʨʢʠ Duraform PA [5]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʴʷ ʟʘʜʘʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ð 230ÁC. ɺʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ 

ʠʟʜʝʣʠʷ ʟʘʚʠʩʝʣʦ ʦʪ ʦʙʲʝʤʘ ʤʦʜʝʣʠ ʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʅʝʦʙʭʦʜʠʤʦʝ ʤʝʜʣʝʥʥʦʝ ʦʩʪʳʚʘʥʠʝ, ʢʘʢ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʤ ʣʘʟʝʨʥʦʤ ʩʧʝʢʘʥʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ʃʠʪʥʠʢʠ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 10-ʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʨʘʚʥʦʫʜʘʣʝʥʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʥʠ ʷʚʣʷʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ ʨʠʩ. 2) 

ʠ ʜʦʩʪʘʪʦʯʥʳʤʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʘʣʦʛʠʠ ʩ ʩʝʣʝʢʪʠʚʥʳʤ 

ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ. 

ʇʦ ʦʢʦʥʯʘʥʠʶ ʨʘʩʯʝʪʘ ʫʩʘʜʢʠ ʠ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʟʜʝʣʠʷ, 

ʚʳʧʦʣʥʷʣʘʩʴ ʮʚʝʪʦʚʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʦʩʪʘʪʦʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʚʝʪʦʚʦʡ ʰʢʘʣʳ HSV (ʨʠʩ. 3).  

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʳ ʧʨʦʚʝʜʝʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 12-ʠ ʤʦʜʝʣʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʠʟʜʝʣʠʷ 

ʥʘ ʫʩʪʘʥʦʚʢʝ SLS. ʄʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʪʨʝʣ ʧʨʦʛʠʙʘ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʚ Solidworks Plastics ï ȹFp ʠ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ ʠʟʜʝʣʠʡ ï ȹFc ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʤʘʷ ʢʦʨʨʝʣʷʮʠʷ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ 

ʧʨʷʤʫʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ ȹFʩ ʦʪ ȹFp (ʨʠʩ. 4): 

ȹFʩ = kp ȹFp,                                                 (1) 

ʂʦʵʬʬʠʮʠʝʥʪ kp ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ: 

    /p Fc Fpk = D Dä ä .                                           (2) 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ kp ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝʭʦʜ ʦʪ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʚ Solidworks Plastics ʢ ʩʪʨʝʣʝ ʧʨʦʛʠʙʘ ʠʟʜʝʣʠʡ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʤʝʪʦʜʦʤ SLS. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ kp = 1.28Ñ0.08 ʧʨʠ ʫʨʦʚʥʝ 

ʟʥʘʯʠʤʦʩʪʠ 0.05. 

 

ȼɈɋɘɔɈɆɥ ɈɎɍəɆɑɎɍɆɜɎɥ ɕɖɔɉɓɔɍɎɖəɋɒɔɏ 

ɔɗɘɆɘɔɝɓɔɏ ɊɋɚɔɖɒɆɜɎɎ

ȲɔɊɋɑɢ ɗ 

ɖɆɗɕɖɋɊɋɑɋɓɓɡɒɎ 

ɑɎɘɓɎɐɆɒɎ

Ȱɔɓɋɝɓɔ-ɣɑɋɒɋɓɘɓɆɥ 

ɒɔɊɋɑɢ

ȼɈɋɘɔɈɆɥ ɞɐɆɑɆ HSV  

ɔɗɘɆɘɔɝɓɡɛ ɊɋɚɔɖɒɆɜɎɏ

 
 

ʈʠʩʫʥʦʢ 3 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

 
DF

c

DFp

DFc = 

kpDFp

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʪʨʝʣ ʧʨʦʛʠʙʘ  

ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ȹFc ʦʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ȹFp ʚ Solidworks Plastics 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ Solidworks Plastics ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ, ʩʪʨʝʣʫ 

ʧʨʦʛʠʙʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʢʨʠʚʠʟʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥʥʦʡ 

ʛʠʧʦʪʝʟʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʟʜʝʣʠʡ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʣʠʪʴʷ ʧʣʘʩʪʤʘʩʩ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠʟʜʝʣʠʡ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʩʝʣʝʢʪʠʚʥʳʤ ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʠʟʜʝʣʠʡ. 

 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 1. Generative Fertigung mit Kunststoffen: Konzeption und 

Konstruktion durch Selektives Lasersintern / Verl, A. [etc.]. ï Berlin: Springer-Verlag, 2013. ï 267 p. 

2. ɼʦʙʨʦʩʢʦʢ ɺ.ʃ. ʂʦʤʧʝʥʩʠʨʫʶʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʠʟʜʝʣʠʡ ʥʘ ʵʪʘʧʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ / ɺ.ʃ. ɼʦʙʨʦʩʢʦʢ, ʖ.ɹ. ɺʠʪʷʟʝʚ, ɸ.ɺ. ʇʦʛʘʨʩʢʠʡ // 
ɾʫʨʥʘʣ ʽʥʞʝʥʝʨʥʠʭ ʥʘʫʢ. ï 2014. ï ˉ 1, ˉ 2. ï ʉ. A1-A7. 3. ɻʨʘʙʯʝʥʢʦ ɸ.ʀ., ɼʦʙʨʦʩʢʦʢ ɺ.ʃ., 
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3D-ʄʆɼɽʃʖɺɸʅʅʗ ɯʅʉʊʈʋʄɽʅʊɯɺ, ʇʈʆʎɽʉʋ ɿʅʗʊʊʗ 

ʇʈʀʇʋʉʂʋ ʊɸ ʌʆʈʄʆʋʊɺʆʈɽʅʅʗ ʇʈʀ ɼɺʆʉʊʆʈʆʅʅʔʆʄʋ 

ʊʆʈʎɽɺʆʄʋ ʐʃɯʌʋɺɸʅʅɯ ʅɽʂʈʋɻʃʀʍ ɼɽʊɸʃɽʁ 

ʆʈɯɭʅʊʆɺɸʅʀʄʀ ʂʈʋɻɸʄʀ 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʴʦʭʤʽʨʥʝ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʦʮʝʩʫ ʟʥʷʪʪʷ 

ʧʨʠʧʫʩʢʫ ʪʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʪʦʨʮʝʚʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ 

ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ. ʐʣʽʬʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʚʠʢʦʥʫʻʪʴʩʷ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ 

ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʢʨʫʛʘʤʠ, ʷʢʽ ʧʨʘʚʣʷʪʴʩʷ ʧʝʨʝʜ ʦʙʨʦʙʢʦ.ʁ ʂʦʤʙʽʥʦʚʘʥʘ ʧʨʘʚʢʘ ʚʢʣʶʯʘʻ ʧʨʘʚʢʫ 
ʜʽʣʷʥʢʠ ʜʣʷ ʟʥʷʪʪʷ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʪʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ. ʋ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʦʩʦʙʘʭ ʦʙʨʦʙʢʠ 

ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʦʨʽʻʥʪʘʮʽʾ ʜʝʪʘʣʝʡ ʚ 

ʙʘʨʘʙʘʥʽ ʥʘ ʾʭ ʪʦʯʥʽʩʪʴ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʰʣʽʬʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ 

 
ʇʨʝʜʣʦʞʝʥʦ ʪʨʝʭʤʝʨʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ, ʩʥʷʪʠʷ 

ʧʨʠʧʫʩʢʘ ʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʜʚʫʩʪʦʨʦʥʥʝʤ ʪʦʨʮʝʚʦʤ ʰʣʠʬʦʚʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

ʩ ʥʝʢʨʫʛʣʳʤ ʧʨʦʬʠʣʝʤ. ʐʣʠʬʦʚʘʥʠʝ ʜʝʪʘʣʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 
ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʰʣʠʬʦʚʘʣʴʥʳʤʠ ʢʨʫʛʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʘʚʷʪʩʷ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʧʨʘʚʢʘ ʚʢʣʶʯʘʝʪ ʧʨʘʚʢʫ ʫʯʘʩʪʢʘ ʜʣʷ ʩʥʷʪʠʷ ʯʝʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʘ ʠ 
ʢʘʣʠʙʨʫʶʱʝʛʦ ʫʯʘʩʪʢʘ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʧʦʩʦʙʘʭ ʦʙʨʘʙʦʪʢʠ ʪʦʨʮʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʩ 

ʥʝʢʨʫʛʣʳʤ ʧʨʦʬʠʣʝʤ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʜʝʪʘʣʝʡ ʚ ʙʘʨʘʙʘʥʝ ʥʘ ʠʭ ʪʦʯʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ, hʣʠʬʦʚʘʥʠʝ 
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

 

A three-dimensional geometric modeling of process tools, stock removal and shaping at the 
bilateral face grinding of cylindrical parts with a non-circular profile. Grinding parts performed 

oriented profiled grinding wheels, who ruled before processing. Combination editing includes editing 

area to remove rough allowance and the sizing section. The developed methods of processing the ends 
of cylindrical parts with a non-circular profile, investigated the influence of the orientation of parts in 

the drum on their accuracy. 

Keywords: 3D-modeling of tools, shaping, grinding of cylindrical parts 
 

ʅʘʷʚʥʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ ʪʨʠʚʠʤʽʨʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʢʨʘʾʥʘʭ, ʜʝ ʨʦʟʚʠʥʝʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʇʨʦʪʝ ʽʩʥʫʶʯʽ 3D-ʤʦʜʝʣʽ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʚ ʧʨʦʮʝʩʽ 

ʰʣʽʬʫʚʘʥʥʷ. ɺ ʫʤʦʚʘʭ, ʢʦʣʠ ʚʽʪʯʠʟʥʷʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʨʘʛʥʝ ʩʪʘʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʤ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ, ʮʷ ʧʨʦʙʣʝʤʘ ʥʘʙʫʚʘʻ 

ʥʘʨʦʜʥʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʅʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʨʘʜʠʮʽʡʥʦ ʬʦʨʤʫʶʪʴʩʷ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ. ɺ ʧʦʚʥʽʡ ʤʽʨʽ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ 

ʟ ʪʦʨʮʝʚʠʤʠ ʨʦʙʦʯʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʜʣʷ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ

É ɺ.ɯ. ʂʘʣʴʯʝʥʢʦ, ɺ.ɺ. ʂʘʣʴʯʝʥʢʦ, ʆ.ʉ. ʉʣʻʜʥʽʢʦʚʘ, 2016 
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ʧʦ ʪʦʯʥʦʩʪʽ ʽ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ: ʢʽʥʮʝʚʠʭ ʤʽʨ, ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ 

ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʧʣʘʩʪʠʥ, ʧʨʷʤʦʢʫʪʥʠʭ ʢʨʠʰʦʢ, ʬʣʘʥʮʽʚ ʪʘ ʽʥʰʠʭ. 

ʅʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʜʝʪʘʣʝʡ ʨʽʟʥʠʭ ʧʨʦʬʽʣʽʚ ʻ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʘʙʨʘʟʠʚʥʝ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ 

ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜʝʣʽ 3342 ɸɼʆ ʻ ʙʽʣʴʰ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙʨʦʙʢʦʶ ʥʘ ʧʣʦʩʢʦʰʣʽʬʫʚʘʣʴʥʠʭ ʪʘ 

ʦʜʥʦʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ 3D-ʤʦʜʝʣʝʡ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʪʦʨʮʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʧʨʦʬʽʣʴʦʚʘʥʠʤ 

ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʢʨʫʛʘʤʠ, ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʰʣʽʬʫʚʘʥʥʷ  ̔ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʶ ʚ 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ. 

ɺ ʨʦʙʦʪʘʭ [1, 2] ʥʘʚʝʜʝʥʦ ʤʦʜʫʣʴʥʫ ʪʨʴʦʭʤʽʨʥʫ ʤʦʜʝʣʴ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʨʠ ʜʚʦʩʪʦʨʦʥʥʴʦʤʫ ʪʦʨʮʝʚʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʦʯʥʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʨʦʮʝʩʫ 

ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ. 

ɺ̔ ʜʦʤʘ ʬʽʨʤʘ Saturn (ʅʽʤʝʯʯʠʥʘ) [3] ʦʙʨʦʙʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʘʣʽ ʥʘ 

ʜʚʦʩʪʦʨʦʥʥʽʭ ʪʦʨʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʘʣʝ ʰʣʽʬʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ 

ʥʝʚʝʣʠʢʠʤ ʥʘʭʠʣʦʤ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʜʽʘʤʝʪʨ ʚʠʢʦʥʫʻ ʯʦʨʥʦʚʫ ʦʙʨʦʙʢʫ ʥʘ ʚʭʦʜʽ ʜʝʪʘʣʽ ʚ ʟʦʥʫ 

ʦʙʨʦʙʢʠ ʪʘ ʯʠʩʪʦʚʝ ʰʣʽʬʫʚʘʥʥʷ ʥʘ ʚʠʭʦʜʽ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʦʩʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ.  

ɺ ʨʦʙʦʪʽ [4] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʻ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ. ʆʨʽʻʥʪʘʮʽʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ. ʐʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʽʣʷʥʢʠ ʜʣʷ 

ʟʥʷʪʪʷ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ ʪʘ ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʨʘʚʢʠ. ɸʣʝ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʪʽʣʴʢʠ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ, ʱʦ ʥʝ ʧʦʪʨʝʙʫʻ ʾʭ ʦʨʽʻʥʪʘʮʽʾ ʚ 

ʙʘʨʘʙʘʥʽ. 

ɺ ʨʦʙʦʪʽ [5] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʚʦʩʪʦʨʦʥʥʻ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʥʝʢʨʫʛʣʠʭ ʜʝʪʘʣʝʡ. ʆʨʽʻʥʪʘʮʽʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ. ɼʝʪʘʣʴ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʟʛʽʜʥʦ ʫʤʦʚʠ 

ʤʽʥʽʤʽʟʘʮʽʾ ʜʫʛʠ ʢʦʥʪʘʢʪʫ ʥʘ ʥʘʡʙʽʣʴʰʦʤʫ ʨʘʜʽʫʩʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ɸʣʝ ʚ 

ʨʦʙʦʪʽ ʚʽʜʩʫʪʥʽ ʧʨʦʬʽʣʶʚʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʦʨʽʻʥʪʘʮʽʾ ʜʝʪʘʣʝʡ ʚ ʙʘʨʘʙʘʥʽ ʥʘ ʾʭ ʪʦʯʥʽʩʪʴ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʪʨʴʦʭʤʽʨʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ 

ʦʧʠʩʫʻ ʽʥʩʪʨʫʤʝʥʪ, ʧʨʦʮʝʩʠ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʪʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʢʫʪʘ ʾʭ ʦʨʽʻʥʪʘʮʽʾ 

ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʘ ʟʘʛʘʣʴʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʘʥʘʣʽʟʫʚʘʪʠ 

ʧʨʦʮʝʩʠ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʪʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʨʦʟʨʦʙʠʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ ʽ ʥʘ ʾʭ 
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ʙʘʟʽ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ. 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʧʨʦʮʝʩʫ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ 

ʥʝʢʨʫʛʣʠʭ ʜʝʪʘʣʝʡ, ʜʝ ʟʘʛʦʪʦʚʢʠ 7, ʟʘʢʨʽʧʣʝʥʽ ʫ ʚʪʫʣʢʘʭ 6 ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ 

ʚʠʨʦʙʽʚ 5, ʰʣʽʬʫʶʪʴʩʷ ʢʨʫʛʘʤʠ 3, 4. ʐʣʽʬʫʚʘʣʴʥ ̔ ʢʨʫʛʠ ʧʦʚʝʨʥʫʪʽ ʥʘ 

ʦʧʪʠʤʘʣʴʥʽ ʢʫʪʠ ʨʘʟʦʤ ʟʽ ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʙʘʙʢʘʤʠ 1, 2. ʇʦʚʦʨʦʪ 

ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ 3, 4 ʥʘ ʢʫʪʠ ɜ ʪʘ ɔ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʩʬʝʨʠʯʥʠʭ 

ʰʘʨʥʽʨʽʚ 9. ʂʫʪʠ ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ 3, 4 ʦʙʠʨʘʶʪʴʩʷ ʪʘʢʠʤʠ, ʱʦʙ 

ʟʘʛʦʪʦʚʢʘ 7, ʷʢʘ ʟʘʢʨʽʧʣʝʥʘ ʫ ʚʪʫʣʮʽ 6 ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ, ʥʝ ʪʦʨʢʘʣʘʩʷ 

ʢʘʣʽʙʨʫʶʯʠʭ ʜʽʣʷʥʦʢ ʢʨʫʛʽʚ ʧʨʠ ʟʥʷʪʪʽ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ.  

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥ ̫ 

ʪʦʨʮʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʢʦʤʙʽʥʦʚʘʥʫ ʧʨʘʚʢʫ (ʨʠʩ. 2), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʘʚʢʠ ʪʦʨʮʷ ʢʨʫʛʘ (ʨʠʩ 2, ʘ) ʪʘ 

ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ (ʨʠʩ. 2, ʙ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʩʷ 

ʪʦʨʮʝʚʘ ʧʦʚʝʨʭʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʧʨʘʚʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ. ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʘʚʢʘ 

ʘʣʤʘʟʥʠʤ ʦʣʽʚʮʝʤ 8 ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ, ʩʫʤʽʞʥʦ ʾʽʟ ʟʦʚʥʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ, 

(ʨʠʩ. 1), ʷʢʠʡ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʙʘʨʘʙʘʥʽ ʢʨʫʛʦʚʦʾ ʧʦʜʘʯʽ 5 ʟʘʛʦʪʦʚʦʢ ʚ ʟʦʥʫ 

ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʚʭʦʜʽ ʜʝʪʘʣʽ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʢʘʣʽʙʨʫʶʯʘ ʜʽʣʷʥʢʘ ʥʝ 

ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʟʨʽʟʘʥʥʽ ʯʦʨʥʦʚʦʛʦ ʧʨʠʧʫʩʢʫ. ʏʦʨʥʦʚʠʡ ʧʨʠʧʫʩʢ ʟʨʽʟʘʻʪʴʩʷ ʥʘ 

ʮʝʥʪʨʘʣʴʥʽʡ ʜʽʣʷʥʮʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. ʇʽʜ ʯʘʩ ʪʦʨʮʝʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 
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ʜʝʪʘʣʽ ʚʝʩʴ ʯʘʩ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʚ ʟʦʥʫ, ʱʦ ʟʚʫʞʫʻʪʴʩʷ. ʆʩʪʘʪʦʯʥʘ ʪʦʯʥʽʩʪʴ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʬʦʨʤʫʻʪʴʩʷ ʢʘʣʽʙʨʫʶʯʠʤʠ ʜʽʣʷʥʢʘʤʠ ʰʣʽʬʫʚʘʣʴʥʠʭ 

ʢʨʫʛʽʚ ʥʘ ʚʠʭʦʜʽ ʽʟ ʟʦʥʠ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʦʨʮʷ ʪʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʟʥʦʩʫ ʢʨʫʛʘ 

ʦʨʽʻʥʪʘʮʽʷ ʜʝʪʘʣʽ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦʙ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʙʘʨʘʙʘʥʘ ʚʝʨʭʥʷ 

ʩʪʦʨʦʥʘ ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʚ ʪʦʯʮʽ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʦʩʽ ʾʾ ʩʠʤʝʪʨʽʾ ʽ 

ʣʝʞʠʪʴ ʚ ʧʣʦʱʠʥʽ, ʷʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʚʝʨʭʥʽʡ ʩʪʦʨʦʥʽ ʪʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʜʦʪʠʢʘʣʘʩʷ ʦʪʚʦʨʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ.  

 

 
ʘ 

 
ʙ 

ʈʠʩʫʥʦʢ 2 ï ʂʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ ʧʨʘʚʢʠ 

 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʘ. 

ɺʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʘʥʘʣʽʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʟʚôʷʟʫʻ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʥʦʢ 
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ʬʦʨʤʦʫʪʚʦʨʶʶʯʦʾ ʩʠʩʪʝʤʠ ʟ ʪʨʘʻʢʪʦʨʽʻʶ ʨʫʭʫ ʪʦʯʦʢ ʽʥʩʪʨʫʤʝʥʪʘ ʚʽʜʥʦʩʥʦ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʝʪʘʣʽ.  

ʂʘʣʽʙʨʫʶʯʘ ʜʽʣʷʥʢʘ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʡʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʽ ʥʘ ʚʝʨʩʪʘʪʽ 

ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ:  

 

 (1) 

 

ʜʝ ɗɹ, ɗ ï ʧʘʨʘʤʝʪʨʠ ʧʦʚʝʨʭʥʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʘ ʢʫʪʦʚʝ ʽ ʨʘʜʽʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʪʦʯʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ; M1, M2, M3, 

M4, M5, M6 ï ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ 

ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʚʟʜʦʚʞ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʽ ʧʦʚʦʨʦʪʠ ʥʘʚʢʦʣʦ ʥʠʭ; Xc, Yc,              

Zc ï ʨʦʟʤʽʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʩʬʝʨʠʯʥʦʛʦ ʧʘʣʴʮʷ ʱʦʜʦ 

ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ ʽ ʨʦʙʦʯʦʾ ʧʣʦʱʠʥʠ ʢʨʫʛʘ; ɔ, ɜ ï ʢʫʪʠ ʦʨʽʻʥʪʘʮʽʾ ʰʣʽʬʫʚʘʣʴʥʦʾ 

ʙʘʙʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ; Rɹ ï ʨʘʜʽʘʣʴʥʠʡ ʨʦʟʤʽʨ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʝʡ ʟʘʛʦʪʦʚʦʢ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ; 
ʊʝ )1,0,0,0(4= ï  ʨʘʜʽʫʩ-ʚʝʢʪʦʨ 

ʚʝʨʰʠʥʠ ʘʣʤʘʟʥʦʛʦ ʦʣʽʚʮʷ ʜʣʷ ʧʨʘʚʢʠ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʧʦʯʘʪʢʦʤ ʢʦʦʨʜʠʥʘʪ. 

ʌʦʨʤʦʫʪʚʦʨʶʶʯʘ ʤʦʜʝʣʴ ʚʝʨʩʪʘʪʘ ʦʧʠʩʫʻ ʩʽʤʝʡʩʪʚʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʜʝʪʘʣʽ: 

 

(2) 

 

ʜʝ ɗk ï ʢʫʪʦʚʘ ʢʦʦʨʜʠʥʘʪʘ ʧʦʣʦʞʝʥʥʷ ʮʝʥʪʨʫ ʟʘʛʦʪʦʚʢʠ ʚʽʜʥʦʩʥʦ ʩʠʩʪʝʤʠ 

ʢʦʦʨʜʠʥʘʪ ʢʨʫʛʘ. 

ʋ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʪʦʨʮʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚʩʷ ʧʦʚʝʨʭʥʷ 

ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʘʣʝ ʦʩʪʘʪʦʯʥʘ ʪʦʯʥʽʩʪʴ ʤʦʞʝ 

ʬʦʨʤʫʚʘʪʠʩʷ ʢʦʣʘʤʠ ʥʘʡʤʝʥʰʦʛʦ ʨʘʜʽʫʩʫ Rmin, ʥʘʡʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʫ Rmax 

ʘʙʦ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ  ʟʘʛʦʪʦʚʢʠ ʟ ʢʨʫʛʦʤ. 

ʈʘʜʽʫʩ-ʚʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʬʦʨʤʦʫʪʚʦʨʶʶʯʽʡ ʜʽʣʷʥʮʽ ʪʦʨʮʝʚʦʾ 

ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʨʽʚʥʷʥʥʷ (2), ʚʨʘʭʦʚʫʶʯʠ ʨʽʚʥʷʥʥʷ ʟʚ'ʷʟʢʫ ʜʣʷ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʦʛʠʥʘʥʥʷ, ʦʪʨʠʤʘʻʤʦ: 

 

 (3) 

 

ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʢʦʣʘ ʥʘʡʤʝʥʰʦʛʦ ʨʘʜʽʫʩʫ, 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʝ ʽʟ ʨʽʚʥʷʥʥʷ (2), ʷʢʱʦ ʟʘʤʽʩʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʧʦʚʝʨʭʥʽ 

ʧʽʜʩʪʘʚʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʦʣʘ ʟ ʥʘʡʤʝʥʰʠʤ ʨʘʜʽʫʩʦʤ: 

 

 

(4) 
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ʈʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʫʩʽ ʢʦʣʘ ʥʘʡʙʽʣʴʰʦʛʦ ʨʘʜʽʫʩʫ, 

ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʝ ʽʟ ʨʽʚʥʷʥʥʷ (2), ʷʢʱʦ ʟʘʤʽʩʪʴ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʧʦʚʝʨʭʥʽ 

ʧʽʜʩʪʘʚʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ ʢʦʣʘ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʘʜʽʫʩʦʤ: 

 

   (5) 

 

ʅʘ ʨʠʩ. 3 ʘ, ʙ ʟʦʙʨʘʞʝʥʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʪʦʨʮʷ 

ʢʽʥʮʝʚʦʾ ʤʽʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʾ ʦʨʽʻʥʪʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ.  

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʤʝʥʰʘ ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʨʦʝʢʮʽʾ ʤʝʥʰʦʾ 

ʜʦʚʞʠʥʠ ʜʝʪʘʣʽ ʧʘʨʘʣʝʣʴʥʦ ʨʘʜʽʫʩʫ ʙʘʨʘʙʘʥʘ (ʨʠʩ. 3, ʘ). 

 

             
ʘ                                                                       ʙ 

ʈʠʩʫʥʦʢ 3 ï ʊʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʜʝʪʘʣʽ 

 

ʅʘ ʨʠʩ. 4 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ ʧʨʠ ʦʙʨʦʙʮʽ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʟ ʧʨʷʤʦʢʫʪʥʠʤ ʧʨʦʬʽʣʝʤ ʚʽʜ ʢʫʪʘ ʾʾ ʦʨʽʻʥʪʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ 

ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ. ɿ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʦʨʽʻʥʪʘʮʽʷ ʜʝʪʘʣʽ ʚ ʙʘʨʘʙʘʥʽ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʾʾ ʦʙʨʦʙʢʠ. 

 
ŭ, ʤʢʤ 

 ɤ, ʨʘʜ 
 

ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʭʠʙʢʠ  

ʧʨʠ ʦʙʨʦʙʮ̔ ʜʝʪʘʣʽ ʚʽʜ ʾʾ ʢʫʪʘ ʦʨʽʻʥʪʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ 

 

.)(3)(1)(6)(1)(5)(4

)(2)(1)(3)(6)(1)(6),(
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ʅʘ ʨʠʩ. 5, 6, 7 ʟʦʙʨʘʞʝʥʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʽ ʪʦʨʮʷ 

ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥ: ʪʨʠʛʨʘʥʥʠʭ (ʨʠʩ. 5), ʯʦʪʠʨʠʛʨʘʥʥʠʭ 

(ʨʠʩ. 6), ʧʷʪʠʛʨʘʥʥʠʭ (ʨʠʩ. 7) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʦʨʽʻʥʪʘʮʽʾ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ 

ʚʠʨʦʙʽʚ.  

 

 
ʘ                                                   ʙ 

 

ʈʠʩʫʥʦʢ 5 ï ʊʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʪʨʠʛʨʘʥʥʦʾ ʥʝʧʝʨʝʪʦʯʫʚʘʥʦʾ ʧʣʘʩʪʠʥʠ 

 

 
ʘ                                                   ʙ 

ʈʠʩʫʥʦʢ 6 ï ʊʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʯʦʪʠʨʠʛʨʘʥʥʦʾ ʥʝʧʝʨʝʪʦʯʫʚʘʥʦʾ ʧʣʘʩʪʠʥʠ 

 

                 
ʘ                                                   ʙ 

ʈʠʩʫʥʦʢ 7 ï ʊʦʯʥʽʩʪʴ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʧôʷʪʠʛʨʘʥʥʦʾ ʥʝʧʝʨʝʪʦʯʫʚʘʥʦʾ ʧʣʘʩʪʠʥʠ 



ISSN 2078-7677. ɺʠʩʦʢʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, 2016, ʚʠʧʫʩʢ 1 (26) 

38 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3, 5-7 ʧʦʭʠʙʢʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʨʽʻʥʪʘʮʽʾ ʜʝʪʘʣʝʡ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʚʠʨʦʙʽʚ. 

ɺʠʩʥʦʚʦʢ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʴʦʭʤʽʨʥʝ ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʧʨʦʮʝʩʽʚ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʪʘ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʟ 

ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ. 

ɿ ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʽ ʥʦʚʽ ʩʧʦʩʦʙʠ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʝʚʠʭ 

ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ, ʷʢʽ ʦʨʽʻʥʪʫʶʪʴʩʷ ʚ 

ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ, ʜʝ ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʨʽʻʥʪʦʚʘʥʠʤʠ 

ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ ʢʨʫʛʘʤʠ [7-9]. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʪʦʨʮʽʚ 

ʜʝʪʘʣʽ, ʾʾ ʦʨʽʻʥʪʘʮʽʷ ʚ ʙʘʨʘʙʘʥʽ ʧʦʜʘʯʽ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʦʶ, ʱʦʙ ʧʣʦʱʠʥʘ, ʷʢʘ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ ʩʠʤʝʪʨʽʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʜʝʪʘʣʽ ʟ ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʽ 

ʚʽʩɹ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʧʦʜʘʯʽ, ʙʫʣʘ ʧʘʨʘʣʝʣʴʥʘ ʧʨʦʝʢʮʽʾ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʩʦʪʠ 

ʜʝʪʘʣʽ ʥʘ ʮʶ ʧʣʦʱʠʥʫ. 

ʋ ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʪʦʨʮʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚʩʷ ʧʦʚʝʨʭʥʷ 

ʢʘʣʽʙʨʫʶʯʦʾ ʜʽʣʷʥʢʠ, ʘʣʝ ʦʩʪʘʪʦʯʥʘ ʪʦʯʥʽʩʪʴ ʬʦʨʤʫʻʪʴʩʷ ʢʦʣʘʤʠ ʥʘʡʙʽʣʴʰʦʛʦ, 

ʥʘʡʤʝʥʰʦʛʦ ʜʽʘʤʝʪʨʽʚ ʘʙʦ ʣʽʥʽʻʶ ʢʦʥʪʘʢʪʫ ʟʘʛʦʪʦʚʢʠ ʟ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ. 

ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʙʘʨʘʙʘʥʘ ʚʝʨʭʥʷ ʩʪʦʨʦʥʘ ʧʨʷʤʦʢʫʪʥʦʾ ʧʣʘʩʪʠʥʠ ʚ ʪʦʯʮʽ, 

ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʦʩʽ ʾʾ ʩʠʤʝʪʨʽʾ ʽ ʣʝʞʠʪʴ ʚ ʧʣʦʱʠʥʽ, ʷʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʚʝʨʭʥʽʡ ʩʪʦʨʦʥʽ ʪʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ, ʜʦʪʠʢʘʻʪʴʩʷ 

ʦʪʚʦʨʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʪʘʢʦʞ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʜʝʪʘʣʝʡ ʟ 

ʥʝʢʨʫʛʣʠʤ ʧʨʦʬʽʣʝʤ ʥʘ ʟʘʪʦʯʫʚʘʣʴʥʠʭ ʪʘ ʧʣʦʩʢʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ [6]. 

ʆʨʽʻʥʪʘʮʽʷ ʢʨʫʛʽʚ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʥʘ ʟʘʪʦʯʫʚʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ ʟʘʤʽʥʷʻʪʴʩʷ ʦʜʥʠʤ ʢʫʪʦʤ ʦʨʽʻʥʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʘ. 
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ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʚʠʛʦʪʦʚʣʝʥʥʽ 
ʟʘʛʦʪʽʚʝʣʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʥʘ ʩʫʯʘʩʥʦʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:  ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʘʛʦʪʽʚʝʣʴ ʜʝʪʘʣʝʡ 
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ʟʘʛʦʪʦʚʦʢ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠʟ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 
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The paper discusses the issues of the students training in the process of design and manufacture 
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ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠʤʝʥʷʶʪ ʨʷʜ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʩ ʜʦʧʫʩʢʘʤʠ 12é14 ʢʚʘʣʠʪʝʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʛʦʪʦʚʦʤʫ 

ʠʟʜʝʣʠʶ ʥʘ ʵʪʘʧʝ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ. ʂ ʪʘʢʠʤ ʜʝʪʘʣʷʤ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʧʣʘʩʪʠʥʳ, ʫʛʦʣʴʥʠʢʠ, ʫʢʣʦʥʳ, ʰʘʩʩʠ, ʢʨʳʰʢʠ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʛʦʨʷʯʝ- ʠʣʠ ʭʦʣʦʜʥʦʢʘʪʘʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʩʪʘ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ ʟʘʛʦʪʦʚʦʢ ʠʟ ʣʠʩʪʘ ʭʦʨʦʰʦ 

ʦʪʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʜʣʷ ʧʨʝʩʩʦʚ ʠʣʠ ʤʦʣʦʪʦʚ, ʠ ʩʪʫʜʝʥʪʳ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʢʫʨʩʦʚ çʇʨʦʠʟʚʦʜʩʪʚʦ ʟʘʛʦʪʦʚʦʢè ʠʣʠ çʊʝʭʥʦʣʦʛʠʷ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʠʤʠ. ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳ ʵʪʠ ʤʝʪʦʜʳ 

ʚ ʢʨʫʧʥʦʩʝʨʠʡʥʦʤ ʠ ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʘʞʝ ʥʝ ʩʤʦʪʨʷ ʥʘ ʜʦʨʦʛʦʚʠʟʥʫ 

ʰʪʘʤʧʦʚ, ʠʭ ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʪ.ʜ. 

ʉʠʪʫʘʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠ ʙʦʣʴʰʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ʚʳʧʫʩʢʘʝʤʳʭ ʜʝʪʘʣʝʡ, ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʟʘʧʫʩʢʘ ʧʘʨʪʠʡ, ʤʘʣʦʡ 

ʚʝʣʠʯʠʥʦʡ ʵʪʠʭ ʧʘʨʪʠʡ ʠ, ʛʣʘʚʥʦʝ, ʧʨʦʙʣʝʤʦʡ ˉ1 ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʘʩʪʢʘ ï 

ʰʪʘʤʧʳ, ʩʨʦʢʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʪʦʠʤʦʩʪʴ, ʨʝʤʦʥʪ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʜʨ. 

ʅʦ ʚʳʭʦʜ ʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʝʩʪʴ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʟʘʛʦʪʦʚʦʢ ʠʟ ʣʠʩʪʘ ʤʦʞʝʪ ʧʦʩʪʨʦʝʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʝʩʰʪʘʤʧʦʚʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʢʨʦʷ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʥʘ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʫʯʢʘʭ: 

ʛʘʟʦʨʝʞʫʱʠʝ, ʧʣʘʟʤʦʨʝʞʫʱʠʝ, ʣʘʟʝʨʥʳʝ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʚʦʜʥʦʡ 

ʩʪʨʫʝʡ. ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, ʠʤʝʝʪ ʩʠʩʪʝʤʳ ʏʇʋ, ʠ ʧʨʦʮʝʩʩ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʤʦʞʝʪ ʙʳʪʴ ʩʦʚʤʝʱʝʥ (ʩʦʛʣʘʩʦʚʘʥ) ʩ ʧʨʦʮʝʩʩʦʤ 
 

É ʀ.ʇ. ʂʦʥʦʚʘʣʦʚ, ɻ.ʇ. ʂʨʝʤʥʝʚ, ɺ.ɹ. ʅʘʜʜʘʯʠʥ, 2016 
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ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʠʠ, ʛʣʘʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʧʨʠ ʝʝ ʨʘʟʨʘʙʦʪʢʝ 

ʷʚʣʷʝʪʩʷ ʢʘʨʪʘ ʨʘʩʢʨʦʷ (ʂʈ). 

ʂʈ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʚʨʫʯʥʫʶ, ʥʦ ʧʨʠ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠʟʜʝʣʠʡ 

ʤʳ ʧʦʣʫʯʠʤ ʦʯʝʥʴ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ 

ʠ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʦʪʭʦʜʦʚ ʧʨʠ ʨʘʩʢʨʦʝ, ʯʪʦ ʥʝʚʳʛʦʜʥʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʤʝʪʘʣʣʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʢʨʦʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʉɸʇʈ ʥʠʟʢʦʡ ʠʣʠ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɺ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʆʅʇʋ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʂʦʤʧʴʶʪʝʨʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʪʦʨʘʷ ʩʠʩʪʝʤʘ ï 

ʉɸʇʈ çʀʥʪʝʭ-ʈʘʩʢʨʦʡè, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʪʝʭʥʦʣʦʛʘ, 

ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ 

ʪʘʢʠʝ ʟʘʜʘʯʠ: 

- ʟʘʛʨʫʟʢʘ ʜʝʪʘʣʝʡ ʚ ʚʠʜʝ DXFʬʘʡʣʦʚ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʜʘʥʠʷ ʥʘ ʨʘʩʢʨʦʡ; 

- ʩʦʟʜʘʥʠʝ ʨʘʩʢʣʘʜʢʠ ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʠʷ ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ (ʟʘ ʢʘʜʨʦʤ) ʪʨʘʝʢʪʦʨʠʠ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ 

ʚʳʯʠʩʣʝʥʠʝ ʪʦʯʝʢ ʧʨʦʙʠʚʢʠ, ʵʢʚʠʜʠʩʪʘʥʪ, ʥʘʧʨʘʚʣʝʥʠʡ ʦʙʭʦʜʦʚ; 

- ʛʝʥʝʨʘʮʠʷ ʋʇ ʜʣʷ ʥʫʞʥʦʡ ʉʏʇʋ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʧʦ ʂʈ. 

çʀʥʪʝʭ-ʈʘʩʢʨʦʡè ʠʤʝʝʪ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʦʟʜʘʥʠʷ ʨʘʟʤʝʱʝʥʠʷ, ʪʨʘʝʢʪʦʨʠʠ ʤʘʨʰʨʫʪʘ. 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʠʟʜʘʥʦ ʧʦʩʦʙʠʝ [1] ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ 4 

ʨʘʙʦʪʳ ʧʦ ʤʝʪʦʜʘʤ ʨʘʟʨʝʟʢʠ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʘ: ʛʘʟʦʚʘʷ, ʧʣʘʟʤʝʥʥʘʷ, ʣʘʟʝʨʥʘʷ 

ʠ ʚʦʜʥʦʡ ʩʪʨʫʝʡ ʠ 1 ʢʦʤʧʣʝʢʩʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʵʪʠʭ ʤʝʪʦʜʦʚ ʧʦ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ,ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʨʝʟʢʠ) ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. 

ʉʪʫʜʝʥʪʫ ʚʳʜʘʝʪʩʷ ʫʯʝʙʥʦʝ ʟʘʜʘʥʠʝ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʪʘ ʯʝʨʪʝʞʝʡ (3é5 

ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʦʪ ʤʝʣʢʠʭ ʜʦ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʪʷʞʝʥʥʳʭ), ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʜʝʪʘʣʝʡ, ʤʝʪʦʜ ʨʘʟʨʝʟʢʠ ʠ ʪʠʧ 

ʤʘʰʠʥʳ ʠ ʧʦ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʢʨʦʷ ʣʠʩʪʘ(ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʙʝʟʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ, ʚʨʝʤʷ ʨʝʟʘʥʠʷ, ʮʝʭʦʚʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʜʨ.), ʚʳʙʠʨʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʫʞʝ ʚ ʩʪʨʫʢʪʫʨʝ ʉɸʇʈ ʩʪʫʜʝʥʪʳ ʜʦʣʞʥʳ ʚʳʧʦʣʥʠʪʴ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʨʘʩʢʣʘʜʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ 

ʣʠʩʪ, ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʠ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʢʘʨʪʝ ʨʘʩʢʨʦʷ (ʂʈ), ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ (ʋʇ) ʠ ʚʳʭʦʜʥʳʭ ʦʪʯʝʪʦʚ ʧʦ ʂʈ. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʮʠʢʣʘ ʠʟ 3-ʭ ʨʘʙʦʪ ʧʨʠʥʷʪʦ 

ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚʩʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʠʥʘʢʦʚʦʛʦ 

ʤʝʪʦʜʘ ʨʘʩʢʨʦʷ. 
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ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʚʪʦʨʳ 

ʩʯʠʪʘʶʪ ʝʩʪʴ ʪʦ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʜʝʪʘʣʠ, ʥʘ ʨʝʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʧʨʦʭʦʜʷʪ ʦʜʠʥ 

ʠʟ ʵʪʘʧʦʚ: ʧʦʣʫʯʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʥʘ ʙʘʟʝ ʨʝʘʣʴʥʦʛʦ ʇʆ ʚ ʩʪʨʫʢʪʫʨʝ ʉɸʇʈ 

çʀʥʪʝʭ-ʈʘʩʢʨʦʡè, ʠ ʩʪʫʜʝʥʪ ʤʦʞʝʪ ʩʨʘʚʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠ ʚʳʙʨʘʪʴ 

ʨʘʮʠʦʥʘʣʴʥʳʡ. 

ʇʦ ʪʘʢʦʤʫ ʞʝ ʘʣʛʦʨʠʪʤʫ [2, 3] ʬʠʨʤʘ çʀʥʪʝʭ-ʈʘʩʢʨʦʡè ʛʦʪʦʚʠʪ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʝʝ ʇʆ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʢʘʢ ʛʦʚʦʨʠʣʠ 

ʢʣʘʩʩʠʢʠ: ʦʪ ʤʘʣʦʛʦ ʜʦ ʚʝʣʠʢʦʛʦ ʦʜʠʥ ʰʘʛ, ʥʦ ʝʛʦ ʩʣʝʜʫʝʪ ʩʜʝʣʘʪʴ. 

ʇʦ ʚʦʧʨʦʩʘʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʨʦʩʠʤ ʦʙʨʘʱʘʪʴʩʷ ʧʦ ʪʝʣʝʬʦʥʫ ʤ. 

(+38)063-735-1813, ʇʆ çʀʥʪʝʭ-ʈʘʩʢʨʦʡè ʠʣʠ ʥʘ ʢʘʬʝʜʨʫ ʪʝʭʥʦʣʦʛʠʠ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʆʅʇʋ, ʠ ʤʳ ʙʫʜʝʤ ʨʘʜʳ ɺʘʤ ʧʦʤʦʯʴ. 
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