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ʉʝʥʪʷʙʨʴ 

ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 
ɺʳʭʦʜʠʪ 12 ʨʘʟ ʚ ʛʦʜ. 
ʋʯʨʝʜʠʪʝʣʴ ʞʫʨʥʘʣʘ: ʀʇ ʉʦʢʦʣʦʚʘ ʄ.ɺ. 
ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ: ʄʠʣʣʝʨ ɸ.ɺ. 
ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 620075, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʂʨʘʩʥʦʘʨʤʝʡʩʢʘʷ, 
ʜ. 4, ʢʦʨʧ. ɸ, ʦʬ. 17. 
ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: editors@research-journal.org 
ʉʘʡʪ: www.research-journal.org 

 

 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 19.09.2016. 
ʊʠʨʘʞ 900 ʵʢʟ. 
ɿʘʢʘʟ 26153 
ʆʪʧʝʯʘʪʘʥʦ ʩ ʛʦʪʦʚʦʛʦ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʘ. 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʪʠʧʦʛʨʘʬʠʠ ʆʆʆ "ʂʦʤʧʘʥʠʷ ʇʆʃʀɻʈɸʌʀʉʊ", 
623701, ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, ʫʣ. ʊʝʘʪʨʘʣʴʥʘʷ, ʜʦʤ ˉ 1, ʦʬ. 88. 

 

 

ʉʙʦʨʥʠʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LIV ʟʘʦʯʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ International Research Journal. 

ɿʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʪʴʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ.  
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ʢʦʧʠʨʦʚʘʪʴ, ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ, ʧʝʯʘʪʘʪʴ ʠ ʩʩʳʣʘʪʴʩʷ ʥʘ ʠʭ ʧʦʣʥʳʝ ʪʝʢʩʪʳ ʩ ʫʢʘʟʘʥʠʝʤ ʘʚʪʦʨʩʪʚʘ ʙʝʟ 

ʢʘʢʠʭ ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʠʧ ʣʠʮʝʥʟʠʠ CC ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʞʫʨʥʘʣʦʤ: Attribution 4.0 

International (CC BY 4.0). ɾʫʨʥʘʣ ʚʭʦʜʠʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ Agris. 

ʅʦʤʝʨ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʌʝʜʝʨʘʣʴʥʦʡ ʉʣʫʞʙʝ ʧʦ ʥʘʜʟʦʨʫ ʚ ʩʬʝʨʝ ʩʚʷʟʠ, 
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ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʃʝʞʥʝʚʘ ʅ.ɺ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʂʫʣʠʢʦʚʩʢʘʷ ʀ.ʕ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʉʘʡʢʠʥʘ ɽ.ɻ. ʜ-ʨ ʧʝʜ. ʥʘʫʢ, ʃʫʢʴʷʥʦʚʘ ʄ.ʀ. 

ʜ-ʨ ʧʝʜ. ʥʘʫʢ. 
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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ / ENGINEERING  

DOI: 10.18454/IRJ.2016.51.080 

ɹʘʢʩʘʥʦʚʘ ʖ.ɸ.
1
, ʄʘʢʩʠʤʦʚ ʇ.ɺ.

2 

1
ʄʘʛʠʩʪʨʘʥʪ, ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 

(ʜʦʛʦʚʦʨ ˉ02.G25.31.0168 ʦʪ 01.12.2015 ʛ. ʚ ʩʦʩʪʘʚʝ ʤʝʨʦʧʨʠʷʪʠʷ 

ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 218) 

ʆɹɿʆʈ ʄɽʊʆɼʆɺ ɸɼɼʀʊʀɺʅʆɻʆ ʌʆʈʄʀʈʆɺɸʅʀʗ ʀɿɼɽʃʀʁ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʧʦʣʥʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʧʫʙʣʠʢʘʮʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ ʠ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʚ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʦʨʦʰʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʠ ʨʘʙʦʯʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʤʝʪʦʜʳ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ ʘʜʜʠʪʠʚʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ, ʧʨʠʚʝʜʝʥʳ ʩʩʳʣʢʠ 

ʥʘ ʨʘʙʦʪʳ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʘʭ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʠʤʝʶʱʠʭ 

ʟʥʘʯʠʤʳʝ ʥʘʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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The paper provides an overview of the most popular additive technology, made on the basis of publications represented in 

scientific and technical journals and public sources over the last five years. The methods based on powder technology, 

extrusion working material, photopolymerization techniques are described. The advantages and disadvantages of each method 

of forming an additive manufacturing are presented; links to the work of other authors are shown. The information about the 

Russian scientific centers and universities with significant experience in the field of additive technologies are presented. 

Keywords: ʘdditive technologies, additive manufacturing, powder technology, extrusion, photopolymerization. 

 

ʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (AF) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɽʩʣʠ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ c 

ʟʘʛʦʪʦʚʢʠ ʫʜʘʣʷʝʪʩʷ ʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ, ʣʠʙʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʪʴʝʚʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʨ., ʪʦ ʧʨʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʦʡʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʜʝʣʠʷ ʠʩʧʦʣʴʟʫʝʪ ʠʜʝʦʣʦʛʠʷ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʦʡ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʥʘʷ ʨʘʥʝʝ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʩʠʩʪʝʤʘʭ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ STL-ʤʦʜʝʣʴ 

ʠʟʜʝʣʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟʜʝʣʠʝ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʘ, ʘ 

ʟʥʘʯʠʪ ʠ ʩʨʝʜʩʪʚ, ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɼʨʫʛʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʧʫʣʷʨʥʳʭ ʩʧʦʩʦʙʦʚ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ ʧʫʙʣʠʢʘʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʞʫʨʥʘʣʘʭ ʠ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʬʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ ʟʘ 

ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2016 ʛʦʜʳ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʩʥʦʚʝ ʧʫʙʣʠʢʘʮʠʡ ʚ ʞʫʨʥʘʣʘʭ ʠ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʧʦʩʦʙʘ ʧʦʩʣʦʡʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: 

- ʧʦʨʦʰʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

- ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ; 

- ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ; 

1. ʇʦʨʦʰʢʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

1.1 ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS-ʪʝʭʥʦʣʦʛʠʠ). 

ɺ ʧʨʠʥʪʝʨʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʥʘʯʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʙʦʨʦʯʥʦʝ ʩʧʝʢʘʥʠʝ ʧʦʨʦʰʢʘ ʣʘʟʝʨʦʤ, ʩʚʷʟʳʚʘʷ ʯʘʩʪʠʯʢʠ ʧʦʨʦʰʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʢʫʱʠʤ ʩʝʯʝʥʠʝʤ ʠʩʭʦʜʥʦʡ 

ʤʦʜʝʣʠ [2,3]. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ SLS-ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʠ 

ʪʝʨʤʦʧʣʘʩʪʠʢʠ.  

ʊʘʢ ʢʘʢ ʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚʳʙʦʨʦʯʥʦ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʪʦ ʜʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

1.2 ʇʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ. 
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ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʘʣʣʦʧʦʨʦʰʢʦʚ. ʀʟ 

ʪʘʢʠʭ ʧʦʨʦʰʢʦʚ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʧʦʣʫʯʠʪʴ ʣʠʪʴʝʤ [4], ʘ ʪʘʢʞʝ 

çʚʳʨʘʩʪʠʪʴè ʠʭ ʥʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʤ ʠʟʜʝʣʠʠ [5].  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʠʟʚʦʜʠʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ, ʩʪʘʣʠ, ʪʠʪʘʥʘ, 

ʘʣʶʤʠʥʠʷ, ʙʨʦʥʟʳ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʘʞʥʳʤʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʠʢʝʣʴ ʠ ʩʧʣʘʚʳ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʀʭ ʚʘʞʥʦʩʪʴ ʠ ʟʥʘʯʠʤʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʝʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʩʧʦʩʦʙʥʳ 

ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ. ʇʦʨʦʰʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ï ʘʪʦʤʘʡʟʝʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʚ AF-ʪʝʭʥʦʣʦʛʠʷʭ.  

ʅʝʨʫʰ ʉ.ɺ. (2015) ʧʦʩʚʷʪʠʣ ʮʝʣʫʶ ʩʪʘʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ ʤʘʨʢʠ 

ʕʇ648-ɺʀ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʭʥʦʣʦʛʠʠ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ [6]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʘ 99,99 % ʩʦʩʪʦʷʪ ʠʟ ʤʝʪʘʣʣʘ [14] ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

1.3 ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (SLM-ʪʝʭʥʦʣʦʛʠʷ). 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʦʚ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʧʨʦʠʩʭʦʜʠʪ ʠʟʙʠʨʘʪʝʣʴʥʦʝ 

ʧʣʘʚʣʝʥʠʝ ʧʦʨʦʰʢʘ ʚ ʟʦʥʝ ʧʷʪʥʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʄʘʪʝʨʠʘʣ ʧʦʣʥʦʩʪʴʶ ʧʣʘʚʠʪʩʷ ʠ ʦʙʨʘʟʫʝʪ ʢʦʥʪʘʢʪ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʩʣʦʝʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ SLM, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ [7]. 

ɺʳʜʝʣʷʶʪ 4 ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ ʩʣʦʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʪʨʝʢʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʙʣʠʟʢʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʨʘʚʥʦʤʫ ʜʠʘʤʝʪʨʫ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ɺʦ ʚʪʦʨʦʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʨʝʢʘʤʠ ʤʝʥʴʰʝ ʠ 

ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʝʚʳʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʜʝʪʘʣʝʡ. ʇʨʠ ʪʨʝʪʴʝʡ 

ʩʪʨʘʪʝʛʠʠ ʦʙʨʘʙʘʪʳʚʘʥʠʝ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʧʨʠʝʤʘ ï ʩʥʘʯʘʣʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʩ ʰʘʛʦʤ 

ʧʝʨʝʧʣʘʚʣʝʥʥʦʛʦ ʪʨʝʢʘ, ʘ ʟʘʪʝʤ ʣʫʯ ʧʨʦʭʦʜʠʪ ʤʝʞʜʫ ʫʞʝ ʧʝʨʝʧʣʘʚʣʝʥʥʳʤʠ ʪʨʝʢʘʤʠ, ʩʧʣʘʚʣʷʷ ʜʚʘ ʩʦʩʝʜʥʠʭ ʪʨʝʢʘ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʯʝʪʚʝʨʪʦʡ ʩʪʨʘʪʝʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʨʝʜʳʜʫʱʝʛʦ ʩʣʦʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʣʦʚʝʨʦʷʪʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ.  

ʆʪ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʟʘʚʠʩʷʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʨʠʩʪʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʠ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. 

ɺ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʠ ʚ ʤʝʪʦʜʝ SLS, ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʘʣʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʨʠ ʵʪʦʤ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʙʝʟʦʪʭʦʜʥʳʤ.  

ɺ ʨʘʙʦʪʝ [8] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʠʪʴʝʚʳʭ ʠʟʜʝʣʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ, 

ʘʣʶʤʠʥʠʷ ʠ ʩʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʭ SLM-ʤʝʪʦʜʦʤ. ʆʧʳʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʦ 

SLM-ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʝʜʝʣʳ ʧʨʦʯʥʦʩʪʠ ʣʠʪʴʝʚʳʭ ʠʟʜʝʣʠʡ (ʚ ʩʨʝʜʥʝʤ ʥʘ 40 ʄʇʘ). ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʤʝʣʢʦʡ 

ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʧʣʘʚʘ. 

ɺ ʨʘʙʦʪʝ [9] ʘʚʪʦʨ ʚʳʜʝʣʠʣ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ. ʕʪʦ ʥʠʟʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʧʨʠʤʝʥʷʣʘʩʴ 

ʜʚʫʭʟʦʥʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʧʨʦʭʦʜʝ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. 

1.4 ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ. 

ʇʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʜʝʣʠʝ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʰʢʘ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʣʫʯʘ. ʕʪʦʪ ʤʝʪʦʜ ʩʭʦʞ ʩ SLM-ʤʝʪʦʜʦʤ, ʪʦʣʴʢʦ ʚʤʝʩʪʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ 

ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨ. 

1.5 ʀʟʙʠʨʘʪʝʣʴʥʦʝ ʪʝʧʣʦʚʦʝ ʩʧʝʢʘʥʠʝ. 

ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʣʘʤʧʳ. ʉʧʝʮʠʘʣʴʥʘʷ ʣʘʤʧʘ ʟʘʢʨʳʚʘʝʪʩʷ 

ʤʘʩʢʦʡ ʠ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʦʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʨʦʰʢʠ. 

ʅʘ ʧʣʘʩʪʠʥʝ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʧʝʯʘʪʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʝʟʘʪʨʦʥʫʪʳʝ ʟʦʥʳ ʧʝʯʘʪʠ 

ʧʨʦʧʫʩʢʘʶʪ ʪʝʧʣʦ ʠ ʟʘʧʝʢʘʶʪ ʧʦʨʦʰʦʢ, ʘ ʦʩʪʘʣʴʥʳʝ ï ʦʪʨʘʞʘʶʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ï ʵʪʦ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʢʘʢ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ. 

2. ʕʢʩʪʨʫʜʠʨʦʚʘʥʠʝ 

2.1 ʄʝʪʦʜ ʧʦʩʣʦʡʥʦʡ ʥʘʧʣʘʚʢʠ (FDM-ʪʝʭʥʦʣʦʛʠʷ). 

ʇʦʣʠʤʝʨʥʘʷ ʥʠʪʴ ʠʟ ʥʘʛʨʝʪʦʡ ʛʦʣʦʚʢʠ ʚ ʨʘʩʧʣʘʚʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜʘʝʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʛʜʝ ʦʩʘʞʜʘʷʩʴ ʠ 

ʟʘʩʪʳʚʘʷ ʬʦʨʤʠʨʫʝʪ ʦʯʝʨʝʜʥʦʡ ʩʣʦʡ [10]. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʢʠ, ʣʝʛʢʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ 

ʠ ʩʧʣʘʚʳ, ʧʦʩʪʘʚʣʷʝʤʳʝ ʚ ʚʠʜʝ ʢʘʪʫʰʝʢ [11]. 

ɼʣʷ FDM-ʤʝʪʦʜʘ ʭʘʨʘʢʪʝʨʥʳ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ: ʪʨʘʝʢʪʦʨʠʷ ʥʘʣʦʞʝʥʠʷ ʥʠʪʠ ʪʨʝʢʘ, 

ʪʦʣʱʠʥʘ ʥʠʪʠ, ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʥʠʪʠ ʠ ʥʘʛʨʝʚʘ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʥʠʪʠ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 

ʀʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ ʜʝʪʘʣʠ. ɸ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ [12]. 

ʅʝʩʦʤʥʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭ ʞʝ ʪʝʨʤʦʧʣʘʩʪʠʢʦʚ, ʯʪʦ ʠ ʜʣʷ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʯʘʪʠ ʤʘʪʝʨʠʘʣʦʤ, ʥʘʛʨʝʪʳʤ ʜʦ ʧʦʣʫʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

3. ʌʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ 

3.1 ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SLA-ʪʝʭʥʦʣʦʛʠʷ). 

ʇʨʠʥʪʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʥʮʠʧʫ ʠʤʝʶʪ ʧʣʘʪʬʦʨʤʫ, ʢʦʪʦʨʫʶ ʧʦʛʨʫʞʘʶʪ ʚ ʙʘʢ ʩ ʞʠʜʢʠʤ 

ʬʦʪʦʧʦʣʠʤʝʨʦʤ. ʃʘʟʝʨ ʧʨʦʭʦʜʠʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʣʦʡ ʬʦʪʦʧʦʣʠʤʝʨʘ ʟʘʪʚʝʨʜʝʚʘʝʪ. ɿʘʪʝʤ 

ʧʣʘʪʬʦʨʤʘ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʦʜʥʦʛʦ ʩʣʦʷ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʙʲʝʢʪ ʧʦʣʥʦʩʪʴʶ ʥʝ 

ʧʦʩʪʨʦʠʪʩʷ.  

ʄʘʪʝʨʠʘʣ, ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʚ SLA-ʪʝʭʥʦʣʦʛʠʷʭ ï ʬʦʪʦʧʦʣʠʤʝʨʥʘʷ ʩʤʦʣʘ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 
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3.2 ʊʝʭʥʦʣʦʛʠʷ PolyJet. 

ʅʘʥʝʩʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʡʥʳʭ ʛʦʣʦʚʦʢ. ɾʠʜʢʠʡ ʬʦʪʦʧʦʣʠʤʝʨ ʦʪʚʝʨʜʝʚʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʥʘʥʝʩʝʥʠʷ ʚʩʝʛʦ ʩʣʦʷ ʟʦʥʫ ʧʝʯʘʪʠ ʧʦʜʚʝʨʛʘʶʪ ʤʦʱʥʦʤʫ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ 

ʠʟʣʫʯʝʥʠʶ ʜʣʷ ʧʦʣʥʦʛʦ ʦʪʚʝʨʜʝʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʥʦʩʠʪʩʷ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ.  

ɼʣʷ ʧʨʠʤʝʨʘ, ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ 3D ʧʨʠʥʪʝʨʦʚ Object 350, ʚ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʦ 7 

ʨʘʟʣʠʯʥʳʭ ʬʦʪʦʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [13]. 

ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ. 

ʃʠʜʝʨʦʤ ʧʨʠʤʝʥʝʥʠʷ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʌɻʋʇ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʘʚʠʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚè (ɺʀɸʄ), ʠʤʝʶʱʠʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʨʘʙʦʪʢʠ ʢʘʢ ʚ ʦʙʣʘʩʪʠ 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ AF, ʪʘʢ ʠ ʚ ʯʘʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʩʦʟʜʘʥʥʳʭ ʧʦ 

ʧʨʠ ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɿʥʘʯʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʙʠʣʠʩʴ ʚ ʄɻʊʋ ʠʤ. ɹʘʫʤʘʥʘ, ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘ ʠ ʎʝʥʪʨʝ ɸʜʜʠʪʠʚʥʳʭ ʊʝʭʥʦʣʦʛʠʡ ʌɻʋʇ çʅɸʄʀè.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʄɻʊʋ ʠʤ. ɹʘʫʤʘʥʘ, ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ. ɺ ʨʘʙʦʪʝ [3] ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʧʨʦʙʣʝʤʳ ʠ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ɺ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʠ ʘʚʪʦʤʦʪʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ AF-ʪʝʭʥʦʣʦʛʠʡ. ʇʝʨʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ. ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʧʦʩʣʦʡʥʦʝ ʩʧʝʢʘʥʠʝ ʧʦʨʦʰʢʦʚ (SLS-ʪʝʭʥʦʣʦʛʠʷ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʜʜʠʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʥʞʝʥʝʨʳ ʠʥʩʪʠʪʫʪʘ ʩʦʟʜʘʶʪ ʢʦʤʧʦʥʝʥʪʳ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʜʣʷ ʛʠʙʨʠʜʥʳʭ 

ʣʝʛʢʦʚʳʭ ʠ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʦʦʙʨʘʟʥʦ ʠ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʧʨʠʤʝʥʝʥʠʝ AF-ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʦʜʠʪ ʢ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ, ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʧʨ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʧʦʩʦʙʥʳ ʚ ʨʘʟʳ ʫʧʨʦʩʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ. ʇʝʨʩʧʝʢʪʠʚʳ ʪʘʢʦʚʳ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʤ 

ʙʫʜʫʱʝʤ ʚʤʝʩʪʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʭʘ ʩ ʦʛʨʦʤʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʨʘʙʦʪʥʠʢʘʤʠ ʤʦʞʥʦ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʪʴʩʷ ʦʜʥʠʤ 

ʦʪʜʝʣʦʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 3D-ʧʨʠʥʪʝʨʘʤʠ ʠ ʜʚʫʤʷ-ʪʨʝʤʷ ʠʥʞʝʥʝʨʘʤʠ. ʇʦʵʪʦʤʫ ʥʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ 

ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʈʦʩʩʠʠ, ʢʘʢ ʠ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʩʪʨʝʤʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʅʦ ʵʪʦ ʧʨʠʚʦʜʠʪ 

ʠ ʢ ʨʷʜʫ ʧʨʦʙʣʝʤ. ʅʘʧʨʠʤʝʨ, ʚ ʈʦʩʩʠʠ ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ: ʥʝʭʚʘʪʢʘ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʥʝʜʦʩʪʘʪʦʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʣʘʙʘʷ ʧʨʦʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʨʠ ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʥʳʭ ʦʧʨʘʚʦʢ // ʀʟʚʝʩʪʠʷ ʪʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. ï 2013. ï 

ˉ7-2. ï ʩ.272-285. 

13.  ɸʛʘʧʦʚʠʯʝʚ ɸ.ɺ, ɹʘʣʷʢʠʥ ɸ.ɺ, ʉʤʝʣʦʚ ɺ.ɻ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʣʠʪʴʷ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʬʠʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ // ɺʝʩʪʥʠʢ ʩʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʵʨʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸʢʘʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʸʚʘ. ï 2014. ï ˉ5-2 (47). ï ʩ.166-172. 

 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 

 

9 

 

References 

1. Shehovcov A.A., Karpova N.P. Additivnye tehnologii kak sposob realizacii koncepcii berezhlivogo proizvodstva // 

Nauchno-metodicheskij jelektronnyj zhurnal koncept. ï 2015. ï tom 13. ï p. 141-145. [in Russian] 

2. Shestakova E.A., Shajhutdinova E.F., Janbaev R.M., Janbaev F.M. Tehnologii selektivnogo spekanija dlja 

aviastroenija // Polzunovskij al'manah. - 2014. - #1. ï p. 21-24. [in Russian] 

3. Kulish A.M. Ispol'zovanie additivnyh tehnologij dlja poluchenija detalej mashinostroenija // Molodezhnyj nauchno-

tehnicheskij vestnik. 2015. ï #5. ï p.1. [in Russian] 

4. Kazmirchuk K., Dovbysh V. Additivnye tehnologii v rossijskoj promyshlennosti [Jelektronnyj resurs] ï 2012. ï 

Rezhim dostupa: http://konstruktor.net/podrobnee-det/additivnye-texnologii-v-rossijskoj-promyshlennosti.html. [in Russian] 

5. Kuznecov P.A., Vasil'eva O.V., Telenkov A.I., Savin V.I., Bobyr' V.V. Additivnye tehnologii na baze metallicheskih 

poroshkovyh materialov dlja rossijskoj promyshlennosti // Novosti materialovedenija. Nauka i tehnika. ï 2015. ï #2. ï p.4-10. 

[in Russian] 

6. Nerush S.V., Evgenov A.G. Issledovanie melkodispersnogo metallicheskogo poroshka zharoprochnogo splava marki 

JeP648-VI primenitel'no k lazernoj LMD-naplavke, a takzhe ocenka kachestva naplavki poroshkovogo materiala na nikelevoj 

osnove na rabochie lopatki TVD // Trudy VIAM. ï 2015. ï #3. ï p.1. [in Russian] 

7. Volosova M. A., Okun'kova A.A. Puti optimizacii processa selektivnogo lazernogo plavlenija pri pomoshhi vybora 

strategii obrabotki lazernym luchom // Izvestija samarskogo nauchnogo centra rossijskoj akademii nauk. ï 2012. ï #14. ï 

p.587-591. [in Russian] 

8. Dmitrenko A.A. Additivnye tehnologii kak novyj jetap razvitija proizvodstva detalej mashin. Stat'ja iz sbornika trudov 

konferencii "Sovremennye materialy, tehnika i tehnologija". ï 2014. ï p.164-167. [in Russian] 

9. Smurov I.Ju., Konov S.G., Kotoban D.V. O vnedrenii additivnyh tehnologij i proizvodstva v otechestvennuju 

promyshlennost' // Novosti materialovedenija. Nauka i tehnika. ï 2015. ï #2. ï p.11-22. [in Russian] 

10. Baeva L.S., Marinin A.A. Sovremennye tehnologii additivnogo izgotovlenija ob#ektov // Vestnik MGTU. ï 2014. ï 

#1. ï p.7-12. [in Russian] 

11. Chumakov D.M. Perspektivy ispol'zovanija additivnyh tehnologij pri sozdanii aviacionnoj i raketno-kosmicheskoj 

tehniki // Jelektronnyj zhurnal çTrudy MAIè. ï 2014. ï #76. ï p.1-22. [in Russian] 

12. Ljubimov V.V, Permjakov D.G. Tehnologija izgotovlenija tehnologicheskoj osnastki s primeneniem 

prototipirovannyh opravok // Izvestija tul'skogo gosudarstvennogo universiteta. Tehnicheskie nauki. ï 2013. ï #7-2. ïp.272-

285. [in Russian] 

13. Agapovichev A.V, Baljakin A.V, Smelov V.G. Razrabotka metodiki lit'ja slozhnyh detalej ajerokosmicheskogo 

profilja s ispol'zovaniem additivnyh tehnologij // Vestnik samarskogo gosudarstvennogo ajero-kosmicheskogo universiteta im. 

Akademika S.P. Koroljova. ï 2014. ï #5-2 (47). ï p.166-172. [in Russian] 

 

 

DOI: 10.18454/IRJ.2016.51.182 

ɹʦʣʪʫʥʦʚ ɸ.ʀ.
1
, ʂʨʦʪʦʚ ʃ.ʅ.

2
 

1
ORCID: 0000-0002-2776-2465, ɸʩʧʠʨʘʥʪ, 

2
ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʈʀʄɽʅɽʅʀɽ ʕʂʉʇɽʈʊʅʓʍ ʉʀʉʊɽʄ ɼʃʗ ʈɽʐɽʅʀʗ ɿɸɼɸʏ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ɹɽɿʆʇɸʉʅʆʉʊʀ 

ɸʥʥʦʪʘʮʠʷ 
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ʧʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ. ʉʫʱʝʩʪʚʫʶʪ 
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EXPERT SYSTEMS APPLICATION FOR SOLVING THE INFORMATION SECURI TY PROBLEMS  

Abstract 
Information technologies are used in almost all areas of society in the modern world, therefore information security 

becomes particulary relevant. There are various methods for solving the information security problems, one of which is the use 

of expert systems. This article describes the different approaches to the expert systems application and considers their 

advantages and disadvantages. 

Keywords: information security, expert systems. 

 

ʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʘ ʠʥʪʝʨʝʩʦʚʘʪʴ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʚʠʜʦʚ ʫʛʨʦʟ. ʋʞʝ ʩʝʡʯʘʩ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

- ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʫʛʨʦʟ [1]; 

- ʘʥʪʠʚʠʨʫʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; 

ɺ 
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- ʘʫʜʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ [2]; 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ ʵʢʩʧʝʨʪʥʳʭ 

ʩʠʩʪʝʤ: 

- ʩʦʟʜʘʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ; 

- ʩʦʟʜʘʥʠʝ ʩʘʤʦʦʙʫʯʘʶʱʠʭʩʷ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ; 

ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ. 

ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ï ʧʨʘʚʠʣʘ ʚ ʬʦʨʤʝ IF 

<ʫʩʣʦʚʠʝ> THEN <action>.  ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʥʝʥʠʡ ʪʘʢʦʛʦ ʧʦʜʭʦʜʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ. ɺʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: 

¶ ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʬʘʡʣʘ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʩʠʛʥʘʪʫʨʘʤʠ, 

ʭʨʘʥʷʱʠʤʠʩʷ ʚ ʙʘʟʝ ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʇʆ. ʕʪʠ ʩʠʛʥʘʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝ ʢʘʢʦʡ-ʣʠʙʦ ʢʦʥʢʨʝʪʥʳʡ ʚʠʜ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ, ʘ ʥʝʢʦʪʦʨʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʠʨʫʩʦʚ, ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʥʦʚʳʝ ʚʠʨʫʩʳ ʠʤʝʶʪ 

ʩʭʦʜʩʪʚʦ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚʨʝʜʦʥʦʩʥʳʤ ʇʆ; 

¶ ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʜʝʡʩʪʚʠʷ, ʩʦʚʝʨʰʘʝʤʳʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʧʨʦʮʝʩʩʦʤ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʧʨʘʚʠʣʘʤʠ, ʩʦʭʨʘʥʝʥʥʳʤʠ ʚ ʙʘʟʝ ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʇʆ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʚʨʝʜʦʥʦʩʥʦʝ 

ʇʆ, ʩʠʛʥʘʪʫʨʳ ʜʣʷ ʢʦʪʦʨʦʛʦ ʝʱʝ ʥʝ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʙʘʟʫ, ʝʩʣʠ ʦʥʦ ʥʘʮʝʣʝʥʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʪʝʭ ʞʝ ʜʝʡʩʪʚʠʡ, ʯʪʦ  ʠ 

ʨʘʥʝʝ ʚʩʪʨʝʯʘʚʰʠʝʩʷ ʚʠʨʫʩʳ.  

ʇʨʠʤʝʨʘʤʠ ʘʥʪʠʚʠʨʫʩʥʦʛʦ ʇʆ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ESET Threat Sense[3] 

Kaspersky[4], Dr.Web Katana[5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʮʝʣʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʘʫʜʠʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂ ʧʨʠʤʝʨʫ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʘʤ MaxPatrol, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Positive Technologies, ʠʩʧʦʣʴʟʫʝʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʚ 

ʩʝʪʝʚʳʭ ʩʣʫʞʙʘʭ ʠ ʧʨʠʣʦʞʝʥʠʷʭ, ʜʘʚʘʷ ʦʮʝʥʢʫ ʟʘʱʠʱʝʥʥʦʩʪʠ ʩʝʪʠ ʩʦ ʩʪʦʨʦʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ [6]. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʟʥʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦʡ ʬʦʨʤʝ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʨʘʚʠʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ (ʪʘʢʠʭ, ʢʘʢ ʩʨʝʜʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ CLIPS, ʷʟʳʢ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ PROLOG). ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʙʥʦʚʣʝʥʠʷ ʙʘʟ ʟʥʘʥʠʡ ʠ ʧʦʣʠʥʦʤʠʘʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʯʠʩʣʘ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʩʦʟʜʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʧʨʠ 

ʯʨʝʟʤʝʨʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. 

ʉʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ, ʧʨʠʤʝʥʠʤʳʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʤʘʥʪʠʯʝʩʢʠʭ 

ʩʝʪʝʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʤʝʯʝʥʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʫʟʣʳ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʲʝʢʪʳ, ʘ ʜʫʛʠ ï ʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ.  

ʇʦʜʦʙʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʥʦʛʠʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [7]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʦ ʨʘʟʣʠʯʥʳʭ ʫʷʟʚʠʤʦʩʪʷʭ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʝʚʳʭ ʘʪʘʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʢʘʢ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʵʢʩʧʝʨʪʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ: 

- ʩ ʧʦʤʦʱʴʶ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʝʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ 
ʦʧʠʩʘʥʠʝ ʩʢʦʣʴ ʫʛʦʜʥʦ ʩʣʦʞʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

- ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʛʨʘʬʠʯʝʩʢʠ, ʩʠʩʪʝʤʘ ʟʥʘʥʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ;  

ʅʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʠʤʝʝʪ ʠ ʥʝʢʦʪʦʨʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

- ʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʥʝ ʩʦʜʝʨʞʠʪ ʷʩʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ; 

- ʧʦʜʦʙʥʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʧʘʩʩʠʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʘ ʧʦʪʦʤʫ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʘʧʧʘʨʘʪ ʬʦʨʤʘʣʴʥʦʛʦ 
ʚʳʚʦʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ[8]; 

- ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʦʠʩʢʘ ʫʟʣʦʚ ʚʦʟʥʠʢʘʝʪ ʢʦʤʙʠʥʘʪʦʨʥʳʡ ʚʟʨʳʚ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʪʚʝʪ ʥʘ ʟʘʧʨʦʩ ʷʚʣʷʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ[9]. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʦʜʭʦʜʦʚ. 
ʂʘʞʜʳʡ ʠʟ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʦʜʭʦʜʦʚ ʦʙʣʘʜʘʝʪ ʩʦʙʩʪʚʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʦʜʭʦʜʦʚ ʩ ʮʝʣʴʶ ʫʧʦʨʷʜʦʯʝʥʠʷ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʠ ʫʩʢʦʨʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʪʘʢʠ ʠʣʠ ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ: ʚ ʫʟʣʘʭ ʛʨʘʬʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ, 

ʥʘʭʦʜʷʪʩʷ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʥʝʩʪʠ ʘʪʘʢʫ ʣʠʙʦ ʚʨʝʜʦʥʦʩʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢ ʪʦʤʫ 

ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ/ʢʣʘʩʩʫ. ɼʫʛʠ ʞʝ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʪʥʦʰʝʥʠʷ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʧʨʘʚʠʣʘʤʠ. ʉʘʤʠ ʧʨʘʚʠʣʘ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ 

ʫʨʦʚʝʥʴ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴ ʙʦʣʝʝ ʫʟʢʠʡ ʢʣʘʩʩ ʫʛʨʦʟ (ʨʠʩ. 1).  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 
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ʈʠʩ. 1 ï ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʛʨʘʬʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʠʚ ʧʦʜʦʙʥʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʝʪʴ, ʩʦʜʝʨʞʘʱʫʶ ʚ ʩʚʦʠʭ ʫʟʣʘʭ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʣʘʩʩʘ ʘʪʘʢ ʠʣʠ ʫʛʨʦʟ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʫʛʨʦʟʳ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ.  

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʧʦʜʭʦʜʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣʘʭ ʠ ʧʨʠʤʝʥʝʥʠʝ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʙʘʟʳ ʟʥʘʥʠʡ ʚ ʚʠʜʝ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʚʳʜʝʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʩʝʪʠ ʩ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʝʙʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʛʨʦʟ ʠʣʠ ʘʪʘʢ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ. 

ʃʠʪʝʨʘʪʫʨʘ 
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STUDY OF THE INFLUENCE OF ENZYMATIC HYDROLYSIS ON THE CHANGE OF THE NUTRITIONAL 

VALUE OF RAPESEED CAKE  

Abstract 

The paper studied the influence of enzymatic hydrolysis on the change of the nutritional value of rapeseed cake. Enzymatic 

hydrolysis was carried out with the use of the polyenzyme preparation Rovabio
TM

 Max AR, made in France. The results have 

shown the advisability of enzymatic processing of rapeseed cake to improve its nutritional value. Enzymatic hydrolysis allows 

reducing the amount of cellulose and hemicellulose, increasing the amount of free phosphorus in rapeseed cake. Despite the 

decrease of protein content, as a result of enzymatic processing, the digestibility increases that indicates the increase of the 

biological value of proteins. The product obtained during biotransformation can be used as a functional fortifier in food 

production. 

Keywords: rapeseed cake, enzymatic hydrolysis, nutritional value. 
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ntroduction 

Oil cake is a byproduct of oil production from oil plant seeds by pressing. The main use of oil cakes is in fodder 

production as a component of animal feed and as a separate feed [8.12]. The factors limiting the use of oil cakes for food are 

high content of cellulose and lignin, and the presence of anti-nutritional compounds, which include phytates, phytic acid, 

lectins, chlorogenic, quinine, erucic acid and others [2]. 

In general amount of oil cakes produced both in Russia and in the world, rapeseed cake takes one of the leading places [8]. 

Rapeseed cake is characterized by the presence of protein with full amino acid composition of polyunsaturated fatty acids with 

a predominant content of linolenic (ɤ-3) acid, dietary fiber, significant amount of choline, niacin, riboflavin, folic acid, 

thiamine, mineral substances - calcium, phosphorus, magnesium, copper manganese [3,5,6], which indicates the prospect of its 

use in food production. 

The presence of large amounts of cellulose and phytic compounds limits using of rapeseed cake as a functional ingredient in 

food production. Phytin content in rape is 1-3%. Phytic acids of cakes bind calcium and phosphorus. From 40 to 70% of total 

phosphorus of rapeseed cake is connected with phytin [9.14]. Protein, linked by phytates, canôt be the subject of hydrolysis with 

pepsin. This is due to decreased protein solubility and structural changes after the merger with phytate. In addition, protein-phytic 

complexes react readily with iron, zinc, manganese, copper, impeding their absorption [1,13]. These aspects need to find the 

effective ways of processing and to improve the quality of rapeseed cake that will allow to save the protein component, increasing 

its digestibility, and at the same time, to eliminate the factors that reduce the nutritional value of the rape. One of the promising 

directions of improving the quality of rapeseed cake is its enzymatic treatment with the help of cellulolytic enzyme preparations 

with phytase activity to get a product with a low content of cellulose and phytic compounds [4,7]. 

The purpose of the work is to study the influence of enzymatic hydrolysis on the change of the nutritional value of 

rapeseed cake. 

Objects and methods of the research 

The objects of the research work are: 

- rapeseed cake of increased oil content of  "Orelrastmaslo" production (TU 9146-005-00336527-2005); 

-enzyme preparation Rovabio Max AR (production - France, Endo-1,4-in-xylanase -14000 AXC- u/g, Endo-1,3 (4) -in-

glucanase -2000 AGL- u/g, 6-Phytase-10000 FTU- u/g). 

Analysis of samples was carried out according to conventional techniques: 

- mass fraction of crude protein ï according to GOST 13496.4-93; 

- fractional composition of proteins ï by Osborne method (in VIR modification) [10]; 

- mass fraction of crude fiber in the fat-free product, based on absolutely dry substance - according to GOST R 52839-

2007; 

- determination of qualitative and quantitative composition of vitamins ï by the method of high performance liquid 

chromatography; 

- content of minerals - by atomic absorption spectrophotometry; 

- determination of free phosphorus concentration - by the method of Ermakov A.I. [11]; 

- protein digestibility ï by colorimetric method (by Lowry) [11]. 

The reliability of experimental data was evaluated by methods of mathematical statistics with the use of Microsoft Excel.  

Results and their discussion 

For carrying out the enzymatic processing of rapeseed cake polyenzyme preparation Rovabio
TM

 Max AR was chosen, 

made in France, consisting of  20 enzymes, which are produced by strains of Penicillium Funiculosum and 

Schizosaccharomyces pombe. The main groups of enzymes are xylanase, ɓ-glucanase, phytase, cellulase, protease, pectinase. 

This preparation hydrolyzes non-starch polysaccharide and phytates of plant origin, allowing on the one hand, partially to 

hydrolyze the matrix cell wall seed coats of rapeseed cake, and on the other hand, will promote the release of phosphorous 

bound in phytate. 

At the first stage of the study the optimal parameters for enzymatic hydrolysis were determined: hydraulic module, pH, 

temperature, time and dosage of the enzyme preparation. We studied the influence of these factors on the degree of hydrolysis 

of rapeseed cake, which was judged by the change in crude fiber content, free of phosphorus and total compressive strain. 

On the basis of the experiments and mathematical processing of results some optimal parameters of enzymatic hydrolysis 

of rapeseed cake by using enzyme preparation Rovabio
TM

 Max AR were established (Table 1). 

 

Table 1 ï Rational parameters of enzymatic hydrolysis of rapeseed cake 

Hydrolysis parameters Hydrolysis modes 

Hydraulic module 1:3 

ʨʅ 5,5 

Soaking temperature, Áʉ 40 

Soaking duration, min 180 

Dosage, % 0,05 

 

Technological process of enzymatic hydrolysis of rapeseed cake includes the following operations: preparation of raw 

materials for production; carrying out enzymatic hydrolysis by the preparation  Rovabio Max AR; dispersion; drying; grinding; 

screening; labeling, packaging, transportation and storage. 

I  
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Since the main objective of the enzymatic influence on rapeseed cake was to increase its nutritional value, at the second 

stage the changes in its chemical composition, digestibility and fractional composition of proteins, as a result of enzymatic 

hydrolysis, were studied. The results of chemical composition of the research are presented in Figure 1. 

 

 
Fig. 1 ï Change of the chemical composition of rapeseed cake as a result of enzymatic hydrolysis (Content of nutrients in 

rapeseed cake to enzymatic hydrolysis is taken as 100%.) 

 

The studies found that as a result of enzymatic processing  of rapeseed cake protein content decreased by 7%, cellulose - 

15%, hemicellulose - 15%; the amount of digestible (free) phosphorus increased by 42%, calcium ï 9,3% respectively. No 

significant differences in changes of magnesium, sodium, chlorine and sulfur, as well as microelements and vitamins are 

determined. 

Changes in fractional protein composition of rapeseed cake in the enzymatic hydrolysis are shown in Table 2. 

 

Table 2 ï Fractional protein composition of rapeseed cake before and after enzymatic hydrolysis 

Fractions of proteins Content to total amount of protein, % 

before enzymatic hydrolysis after enzymatic hydrolysis 

 

Water-soluble (albumins) 39,72 40,38 

Salt-soluble (globulins)  26,38 27,21 

Alkali soluble (glutelins)   16,8 16,27 

Insoluble residue  17,1 16,14 

 

As seen from the table, content of the main protein fractions of rapeseed cake under the action of enzymatic processing 

remains practically unchanged. 

Data on the influence of enzymatic hydrolysis on protein digestibility of rapeseed cake are reflected in Figure 2. 

 

 
Fig. 2 ï Influence of enzymatic hydrolysis on the protein digestibility of rapeseed cake 
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The obtained data indicate that proteins attacked by digestive enzymes in the enzymatic hydrolysis increase and 

consequently their digestibility increases. Besides, protein product digestion of enzymatic hydrolysis of rapeseed cake requires 

a minimum amount of pepsin. 

Conclusion 

The results of the research have shown the advisability of rapeseed cake enzymatic processing to improve its nutritional 

value. During the experiments it was found that the use of the polyenzyme preparation Rovabio
TM

 Max AP for the enzymatic 

hydrolysis, having cellulase and phytase activity, reduces the amount of cellulose and hemicellulose, increases the amount of 

free phosphorus. Despite the decrease in protein content, as a result of enzymatic processing, the digestibility grows up that 

shows the increase of biological value of proteins. The product obtained during biotransformation can be used as a functional 

fortifier in food production. 
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Abstract 

The paper presents a solution to the problem of the topological optimization of the support structure of the shop. The 

algorithm uses the topological optimization criterion taking into account the distribution of stresses in the structure. The 
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ʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʨʝʰʘʶʱʠʡ ʧʨʦʙʣʝʤʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʝʰʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʪʨʝʙʫʝʤʳʤ ʫʩʣʦʚʠʷʤ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʘʤʘ ʦʧʪʠʤʠʟʘʮʠʷ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʦʜʥʠʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʜʘʪʣʠʚʦʩʪʠ ʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ 

ʞʝʩʪʢʦʩʪʠ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʚ ʚʠʜʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ. ʊʘʢ ʞʝ ʚ ʧʨʠʦʨʠʪʝʪʝ ʩʪʦʠʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʧʨʦʯʥʦʩʪʠ. 

ʌʦʨʤʫʣʘ ʧʝʨʝʩʯʝʪʘ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʤʦʜʝʣʠ, ʩ ʫʯʝʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ů= ůmin/ůmax, (1) 

ʛʜʝ ůmin, ůmax ï ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ, ʥʘʡʜʝʥʥʳʝ ʩʨʝʜʠ 

ʚʩʝʛʦ ʥʘʙʦʨʘ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʪʦʯʢʘʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʆʧʠʩʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ESO. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʦʩʥʦʚʘ ʤʝʪʦʜʘ ESO ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ. ɺ ʪʝʢʫʱʝʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʩʣʦʞʥʠʪʴ ʦʧʠʩʳʚʘʝʤʳʤ ʦʙʨʘʟʦʤ 

ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʟʘʠʤʩʪʚʦʚʘʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝʢʦʪʦʨʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ʤʝʪʦʜʘ BESO. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ: 

1. ɿʘʜʘʥʥʘʷ ʧʨʦʝʢʪʥʘʷ ʦʙʣʘʩʪʴ ʧʦʜʨʦʙʥʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ɼʣʷ ʧʦʩʪʨʦʝʥʥʦʡ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʠ ʫʩʣʦʚʠʷ ʥʘʛʨʫʞʝʥʠʷ.  

2. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʄʠʟʝʩʫ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʪʦʯʢʘʭ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʥʠ ʧʦʪʨʝʙʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ. 

4. ʇʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ  

 ű = (ůmax ï ůmin)*e ï ůmin, (2) 

ʛʜʝ  ű ï ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ; e ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʧʦʜʦʙʨʘʥ ʧʦʩʣʝ ʨʷʜʘ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ (ʩʭʦʜʠʪʩʷ ʙʳʩʪʨʝʝ ʟʘ 

ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ). ʊʘʢ ʞʝ, ʙʣʘʛʦʜʘʨʷ ʧʦʜʦʙʨʘʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʩʪʨʝʝ ʩʪʘʥʦʚʠʪʴʩʷ 

ʨʘʚʥʦʧʨʦʯʥʦʡ, ʪʦ ʝʩʪʴ ʫʢʘʟʘʥʥʳʡ ʜʘʣʝʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʛʨʫʞʝʥʥʦʩʪʠ ʤʦʜʝʣʠ ʜʦʩʪʠʛʘʝʪ ʥʫʞʥʦʛʦ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʦʛʦ 

ʢ ʝʜʠʥʠʮʝ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʢʘʢ ʙʳ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʪʦ ʝʩʪʴ ʩʚʷʟʴ, ʤʝʞʜʫ ʜʚʫʤʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ 

ʦʜʥʦʛʦ ʫʟʣʘ, ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʜʦʨʘʙʦʪʢʠ ʫʞʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʧʦʜʦʙʨʘʥʥʦʤ ʢʨʠʪʝʨʠʠ ʠ ʧʨʠ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʢʝ ʪʘʢʘʷ ʧʨʦʙʣʝʤʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ. ʇʦʥʷʪʥʦ, ʯʪʦ ʝʩʣʠ ʞʝ ʩʝʪʢʘ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʝʣʢʦʡ, ʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʙʦʣʝʝ 

ʛʨʫʙʦ ʠ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝ ʩʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʨʝʰʠʪʴ ʩʣʦʞʠʚʰʫʶʩʷ ʧʨʦʙʣʝʤʫ. 

ʊ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 

 

17 

 

ʊʘʢ ʞʝ ʙʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʙʫʜʝʪ ʙʦʣʝʝ ʛʣʘʜʢʠʤ. 

5. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 
ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʚʦ ʚʩʝʡ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʧʦʩʣʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦʣʫʯʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʝ. ʊʝʤ ʩʘʤʳʤ ʩʪʘʥʦʚʠʪʴʩʷ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʚʥʦʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʠʜʝʘʣʝ ʜʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʦʣʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʝʜʠʥʠʮʝ. 

6. ʇʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʤʘʩʩʳ. ɺʳʯʠʩʣʝʥʠʝ ʤʘʩʩʳ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ, ʯʪʦʙʳ ʜʘʣʝʝ 

ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʧʘʜʝʥʠʝ ʤʘʩʩʳ ʚ ʧʨʦʮʝʩʩʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

7. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ, ʝʩʣʠ ʦʥ ʥʠʞʝ ʧʦʣʫʯʝʥʥʦʛʦ 
ʟʥʘʯʝʥʠʷ, ʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʦʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʤʘʩʩʠʚ, ʢʦʪʦʨʳʡ ʙʫʜʝv ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ. 

8. ʇʨʦʚʝʨʷʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʣʠ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʚʥʦʧʨʦʯʥʦʡ. ʊʦ ʝʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ, ʟʘʧʠʩʘʥʥʦʝ ʥʘ 

ʰʘʛʝ 5. ɽʩʣʠ ʵʪʦ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ ʠʣʠ ʚʳʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʠʣʠ 

ʨʘʚʥʦ ʝʤʫ, ʩʤʦʪʨʷ, ʢʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ), ʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʧʨʦʯʥʦʡ, ʘ ʮʠʢʣ 

ʟʘʚʝʨʰʘʝʪʩʷ, ʠ ʧʫʥʢʪ 9 ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ (ʚ ʩʣʫʯʘʝʪ ʩ ʮʠʢʣʦʤ while ʵʪʦ ʫʩʣʦʚʠʝ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʚʳʭʦʜʘ ʠʟ ʮʠʢʣʘ), ʘ 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʫʥʢʪʳ, ʩʣʝʜʫʶʱʠʝ ʟʘ ʧʫʥʢʪʦʤ 10, ʢʦʪʦʨʳʝ ʫʞʝ ʥʝ ʚʭʦʜʷʪ ʚ ʮʠʢʣ ʧʦ ʵʣʝʤʝʥʪʘʤ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʩʣʝʜʫʶʱʠʝ ʰʘʛʠ, ʠ ʮʠʢʣ ʥʘʯʠʥʘʝʪʩʷ ʟʘʥʦʚʦ. 

9. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʫʤʝʨʱʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʧʘʢʝʪʝ ANSYS (EKILL ) 

ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʨʘʩʯʝʪʘ ʵʣʝʤʝʥʪʳ, ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʰʘʛʝ 7. 

ʇʨʠ ʫʤʝʨʱʚʣʝʥʠʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʛʨʘʤʤʘ ANSYS ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʫʜʘʣʷʝʪ "ʫʙʠʪʳʝ" ʵʣʝʤʝʥʪʳ. ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʦʥʘ ʜʝʘʢʪʠʚʠʨʫʝʪ ʠʭ, ʫʤʥʦʞʘʷ ʠʭ ʞʝʩʪʢʦʩʪʴ (ʠʣʠ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʠʣʠ ʜʨʫʛʦʡ ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ) ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ (ESTIF). ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʚʝʥ 1.0E-6, ʥʦ ʤʦʞʥʦ ʟʘʜʘʪʴ ʠ ʜʨʫʛʠʝ 

ʟʥʘʯʝʥʠʷ. 

10. ʇʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

11. ɺ ʧʨʦʛʨʘʤʤʝ ʫʩʪʘʥʦʚʣʝʥ ʩʯʝʪʯʠʢ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʥ ʦʩʪʘʥʦʚʠʣʩʷ, ʣʠʙʦ ʦʩʪʘʥʦʚʠʣʘʩʴ ʩʘʤʘ ʧʨʦʛʨʘʤʤʘ.  

ɺ ʪʝʢʫʱʝʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢʘʢ ʠ ʚ ʤʝʪʦʜʝ ESO, ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ çʩʝʨʳʭè ʦʙʣʘʩʪʝʡ.  

ʇʨʦʮʝʩʩ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʩʠʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʢʦʪʦʨʦʛʦ ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʨʝʘʣʠʟʫʝʤʦʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʟʤʝʥʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʧʨʠ ʟʘʜʘʥʥʳʭ ʩʠʣʦʚʳʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʢʝʪʝ ANSYS, ʜʣʷ ʧʣʦʩʢʦʡ ʟʘʜʘʯʠ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʢʨʦʥʰʪʝʡʥʘ (ʨʠʩʫʥʦʢ 1), ʠʤʝʶʱʝʛʦ ʚ 

ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. 

 

 
ʈʠʩ.1 ï ʅʘʯʘʣʴʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

 

ʂʨʦʥʰʪʝʡʥ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥ ʧʦ ʣʝʚʦʡ ʩʪʦʨʦʥʝ. ʅʘ ʢʨʦʥʰʪʝʡʥ ʩʚʝʨʭʫ ʜʝʡʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ. 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʪʘʢʫʶ ʬʦʨʤʫ ʢʨʦʥʰʪʝʡʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʩʣʝʜʥʠʡ ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʧʨʦʯʥʦʡ (ʪʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʦʣʞʥʦ ʙʳʪʴ ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ). 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʥʷʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʘ ʢʨʦʥʰʪʝʡʥʘ: 

 

1.  2.  3.  

ʈʠʩ.2 ï ʌʦʨʤʳ ʢʨʦʥʰʪʝʡʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʰʘʛʘʭ ʦʧʪʠʤʠʟʘʮʠʠ 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʘʛʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʨʠʪʝʨʠʝʤ ñʫʤʝʨʱʚʣʝʥʠʷò ʵʣʝʤʝʥʪʦʚ 

ʷʚʣʷʣʦʩʴ ʜʦʩʪʠʞʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʧʦ ʄʠʟʝʩʫ ʟʥʘʯʝʥʠʡ, ʟʘʜʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ (2). ʅʘʙʣʶʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʣʦʚʥʦ ʙʘʣʦʯʥʦ-ʩʪʝʨʞʥʝʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʩʪʝʨʞʥʠ. 

ʇʨʠ ʵʪʦʤ, ʚ ʭʦʜʝ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʩʪʝʨʞʥʝʡ ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢ ʩʪʝʨʞʥʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʠʟ ʥʠʞʥʝʛʦ ʣʝʚʦʛʦ 

ʫʛʣʘ ʚ ʚʝʨʭʥʠʡ ʧʨʘʚʳʡ ʫʛʦʣ, ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʷ ʪʦʣʱʠʥʫ. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʞʝ ʠʤ 

ʩʪʝʨʞʥʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʛʨʫʞʘʶʪʩʷ ʠ ʚ ʠʪʦʛʝ ʧʨʦʧʘʜʘʶʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʥʦʚʥʫʶ ʥʘʛʨʫʟʢʫ ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʜʠʥ 

ʩʪʝʨʞʝʥʴ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʩʝʨʝʜʠʥʝ.  

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘ ʧʦʣʫʯʝʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʦʜʦʙʠʝ ʪʦʥʢʠʭ ʙʘʣʦʯʥʦ-ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʪʝʢʫʱʝʡ ʧʦʩʪʘʥʦʚʢʝ 

ʚʦʧʨʦʩʳ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʢʨʠʪʝʨʠʡ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʷʤʦ ʚ ʭʦʜʝ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʜʦʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʟʘʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʯʝʪ ʚ ʘʣʛʦʨʠʪʤʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʘ 

ʪʘʢʞʝ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝ çʟʘʤʦʨʦʞʝʥʥʳʭè ʥʝʠʟʤʝʥʷʝʤʳʭ 

ʦʙʣʘʩʪʝʡ, ʢ ʢʦʪʦʨʳʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʛʨʘʥʠʮʳ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʦʢ, ʦʙʣʘʩʪʠ ʟʘʢʨʝʧʣʝʥʠʡ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʇʋʃʔʉɸʎʀʆʅʅʆʁ ʆɹʈɸɹʆʊʂʀ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʉʓʈʔʗ 

ʅɸ ʄɸʉʉʆɺʋʖ ʂʆʅʎɽʅʊʈɸʎʀʖ ʆɹʑɽɻʆ ʕʂʉʊʈɸʂʊɸ ɺ ʊɽʍʅʆʃʆɻʀʀ ʇʈʀɻʆʊʆɺʃɽʅʀʗ 

ʅɸʉʊʆɽʂ 

ɸʥʥʦʪʘʮʠʷ 

ʄʘʪʝʨʠʘʣ ʧʦʩʚʷʱʝʥ ʧʨʦʙʣʝʤʝ ʧʦʚʳʰʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʘʩʪʦʡʢʝ ʥʝʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʩʧʠʨʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʫʣʴʩʘʮʠʝʡ ʚ ʤʝʤʙʨʘʥʥʦʤ ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ. ʊʨʘʜʠʮʠʦʥʥʦ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʳʨʴʝ  

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʠʱʝʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʳʭ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʮʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʩʳʨʴʷ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʮʝʥʪʘ ʧʦʪʝʨʴ ʚ ʭʦʜʝ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʦʡ ʩʪʘʜʠʝʡ 

ʧʦʣʫʯʝʥʠʷ ʥʘʩʪʦʝʢ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʝ ʠʟ ʩʳʨʴʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʦʙʱʠʤʠ ʟʘʢʦʥʘʤʠ ʤʘʩʩʦʧʝʨʝʜʘʯʠ, ʩʚʦʡʩʪʚʘʤʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʨʦʜʩʪʚʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʠʟʚʣʝʢʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ 

ʥʝʜʦʩʪʘʪʢʠ ʵʢʩʪʨʘʢʮʠʠ, ʢʘʢ ʩʧʦʩʦʙʘ ʠʟʚʣʝʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʠ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʧʫʣɹʩʘʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʚʳʭʦʜʘ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʧʨʠʤʝʨʝ ʥʘʩʪʦʡʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ, ʩʦʛʣʘʩʥʦ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʩʪʘʠʚʘʥʠʷ, ʟʘʣʠʚʘ ʠ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚʟʷʪʳ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʚʳʭʦʜ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʫʣʴʩʘʮʠʷ, ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʝ, ʵʢʩʪʨʘʢʮʠʷ, ʵʢʩʪʨʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʙʱʠʡ ʵʢʩʪʨʘʢʪ 
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RESEARCH INTO THE INFLUENCE OF PULSE P ROCESSING OF PLANT RAW MATERIAL  

ON THE MASS CONCENTRATION OF CRUDE EX TRACT IN TINCTURATION TECHNOLOGY  

Abstract 

The paper is devoted to the problem of increasing the total concentration of nonvolatile substances in the tincture during 

the extraction process of plant and alcohol-containing raw materials after preliminary pulse processing in the membrane 

apparatus. Traditionally, biologically active compounds and plant raw material continue to play a significant role in the 

modern food production. One of the main goals of modern food technology is the most complete extraction of valuable 

constituentsfrom raw material and a decrease in their loss during its further processing. The main stage intincturation is the 

extraction process, determined by the general laws of mass transfer, the properties of plant tissue and chemical and physical 

affinity between the solvent and extracted substance. The article describes the disadvantages of extraction as a method of 

extracting constituentsfrom plant raw material and methods to increase the efficiency of this process. The aim of the paper is 

to research the possibilitiesfor application of pulse processing of plant raw material at the preliminary processing stage to 

increase the yield of extractive substances of the finished product by the example of tinctures. The scheme of the developed 

pulsation apparatus and optimum modes of raw materialprocessing are presented according to the previously conducted 

research. Infusion technology, control methods for basic quality indicators are taken according to the standard technology. 

The results of experimental research intothe  influence of pulse processing on the yield of extractive substances which confirm 

the possibility of using this type of preliminary processing of plant raw materials. 

Keywords: pulsation, plant raw materials, extraction, extractive substances, crude extract. 

 

ʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʣʢʦʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʪʫʨʘʣʴʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ.  

ʅʘʩʪʦʡʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʟʨʘʯʥʳʝ ʞʠʜʢʠʝ ʩʧʠʨʪʦʚʳʝ ʠʣʠ ʩʧʠʨʪʦʵʬʠʨʥʳʝ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʧʦʣʫʯʘʝʤʳʝ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʵʢʩʪʨʘʛʝʥʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʚʦʡʩʪʚ 

ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ ʩʳʨʴʷ. 

ʉʧʠʨʪ ʵʬʬʝʢʪʠʚʥʦ  ʠʟʚʣʝʢʘʝʪ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʟ ʩʳʨʴʷ, ʛʘʨʘʥʪʠʨʫʷ ʧʨʠ ʵʪʦʤ ʠʭ ʜʦʣʛʫʶ 

ʩʦʭʨʘʥʥʦʩʪʴ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʚʣʝʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚ ʠʟ ʨʘʩʪʝʥʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʦʩʪʘʝʪʩʷ ʵʢʩʪʨʘʢʮʠʷ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʰʠʨʦʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʘʛʝʥʪʦʚ [1,3,4,5,6]. 

ʄʝʪʦʜ ʥʘʩʪʘʠʚʘʥʠʷ (ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ) ʥʝʩʦʚʝʨʰʝʥʝʥ ʠ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʳ ʧʦʪʝʨʠ 

ʵʢʩʪʨʘʛʝʥʪʘ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ. ʊʘʢʞʝ, ʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʚʳʟʳʚʘʝʪ ʦʧʝʨʘʮʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʙʫʭʰʘʷ ʨʘʩʪʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʥʘ ʜʥʝ ʘʧʧʘʨʘʪʘ ʩʣʝʞʠʚʘʝʪʩʷ. 

ɹʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ: 

ʉ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 
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1) ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʵʢʩʪʨʘʛʝʥʪʘ (ʦʙʨʘʟʫʶʱʫʶʩʷ ʚʳʪʷʞʢʫ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʣʠʚʘʶʪ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʥʘʩʪʦʡʢʠ ʠ 

ʟʘʣʠʚʘʶʪ ʚ ʥʝʛʦ ʩʚʝʨʭʫ); 

2) ʜʨʦʙʥʘʷ (ʵʢʩʪʨʘʛʝʥʪ ʜʝʣʷʪ ʥʘ ʧʦʨʮʠʠ ʠ ʩʳʨʴʝ ʟʘʣʠʚʘʶʪ ʵʪʠʤʠ ʧʦʨʮʠʷʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ); 

3) ʮʝʥʪʨʦʙʝʞʥʘʷ (ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʠʣʴʪʨʫʶʱʝʡ ʮʝʥʪʨʠʬʫʛʠ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʭʦʞʜʝʥʠʠ 

ʵʢʩʪʨʘʛʝʥʪʘ ʩʢʚʦʟʴ ʨʘʩʧʦʣʘʛʘʶʱʠʡʩʷ ʧʦ ʧʝʨʠʬʝʨʠʠ ʩʣʦʡ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ); 

4) ʪʫʨʙʦʵʢʩʪʨʘʢʮʠʷ (ʩʧʦʩʦʙ ʦʩʥʦʚʘʥ ʥʘ ʚʠʭʨʝʚʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʤʝʩʠ ʩʳʨʴʷ ʠ ʵʢʩʪʨʘʛʝʥʪʘ ʧʨʠ ʧʦʤʦʱʠ 

ʪʫʨʙʠʥʥʦʡ ʤʝʰʘʣʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 8000ð13 000 ʦʙ/ʤʠʥ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʣʴʯʝʥʠʠ ʩʳʨʴʷ); 

5) ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ (ʩʦʯʝʪʘʥʠʝ ʤʘʮʝʨʘʮʠʠ ʩ ʦʙʨʘʙʦʪʢʦʡ ʩʤʝʩʠ ʩʳʨʴʷ ʠ ʵʢʩʪʨʘʛʝʥʪʘ ʫʣʴʪʨʘʟʚʫʢʦʤ). 

ʋʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʩʪʘʜʠʶ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʠ ʜʘʞʝ 

ʤʠʥʫʪ) ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʥʘʩʪʦʝʢ. 

ʆʜʥʘʢʦ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʚ ʜʦʣʞʥʦʡ ʩʪʝʧʝʥʠ ʦʩʪʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʧʝʨʝʜ ʵʢʩʪʨʘʢʮʠʝʡ. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʦʩʪʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʦʟʜʘʥʠʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʚ ʩʨʝʜʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʘʧʧʘʨʘʪʝ.  ʂʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʚʠʙʨʠʨʦʚʘʥʠʝʤ ʠʣʠ ʧʫʣʴʩʘʮʠʝʡ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ ʧʫʣʴʩʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ, ʜʠʩʪʘʥʮʠʦʥʥʦ, ʯʝʨʝʟ 

ʧʫʣʴʩʦʧʨʦʚʦʜ ʛʝʥʝʨʠʨʫʝʪ ʚ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʢʘʤʝʨʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʨʠʚʦʜʠʪ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʩʫʩʧʝʥʟʠʶ [2].  

ʉʠʩʪʝʤʳ ʧʫʣʴʩʘʮʠʠ ʙʳʣʠ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʚ ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʧʫʣʴʩʘʮʠʠ ʚʥʝʩʣʠ ʃʷʱʝʥʢʦ ʇ.ɺ, ʂʫʪʝʧʦʚ ɸ.ʄ., ʅʠʛʤʘʪʫʣʣʠʥ ʈ.ʀ., ɻʫʙʘʥʦʚ 

ɸ.ʄ., ɾʠʭʘʨʝʚ ɸ.ʉ., ʏʝʧʫʨʘ ʀ.ɺ., ʉʢʦʨʦʭʦʜʦʚ ɸ.ɻ., ʈʝʫʪ ʂ.ɺ., ɹʨʝʜʠʭʠʥ ʉ.ɸ., ɽʬʨʝʤʦʚ ɹ.ɸ., ʀʚʘʥʦʚ ɻ.ʀ., ʀʙʷʪʦʚ 

ʈ.ʀ., ʀʚʘʥʥʠʢʦʚʘ ɽ.ʄ. ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʫʯʝʥʳʝ [2]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʣʴʩʘʮʠʠ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʥʘ ʢʘʬʝʜʨʝ ʊʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʄʘʨʠʡʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʠʩʫʥʦʢ 1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʛʦʜ ʦʙʣʝʧʠʭʠ, ʩʧʠʨʪʘ ʵʪʠʣʦʚʦʛʦ, ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ 

ʜʨʫʛʦʛʦ ʩʳʨʴʷ, ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʠʭ ɻʆʉʊ.  

ʇʫʣʴʩʘʮʠʦʥʥʳʡ ʘʧʧʘʨʘʪ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʦʡ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʳ 1, ʨʘʟʜʝʣʝʥʥʦʡ ʥʘ ʨʘʙʦʯʫʶ ʟʦʥʫ ʠ ʟʦʥʫ ʦʪʩʪʘʠʚʘʥʠʷ 

(ʫʩʧʦʢʦʠʪʝʣʴ). ʏʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ  ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʧʫʣʴʩʘʪʦʨ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʤʝʤʙʨʘʥʳ 2  ʯʝʨʝʟ ʵʢʩʮʝʥʪʨʠʢ 4  ʠ ʰʪʦʢ 3 .ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ 

ʨʝʜʫʢʪʦʨ. ɸʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʠ  ʩʦʩʪʘʚʣʷʝʪ 2 ʤʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ.  

ʅʘʩʪʦʡʢʘ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ, ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ n=8-9 ɻʮ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ 

2 ʤʤ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʧʨʠʥʷʪʳ ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʦʛʣʘʩʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʠʩʧʳʪʘʥʠʷʤ [7,8,9].  

 

 

 
 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

1 ï ʩʪʝʢʣʷʥʥʘʷ ʪʨʫʙʘ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ ʠ ʜʣʠʥʦʡ 120ʤʤ, 2 ï ʧʫʣʴʩʘʪʦʨ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʤʝʤʙʨʘʥʳ, 

3 ï ʰʪʦʢ, 4 ï ʵʢʩʮʝʥʪʨʠʢ, 5 ï ʫʩʧʦʢʦʠʪʝʣʴ, 

7 ï ʚʦʟʜʫʭʦʚʦʜ, 6,8,9,10 ï ʟʘʧʦʨʥʳʝ ʵʣʝʤʝʥʪʳ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 

 

21 

 

ɿʘ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʥʘʩʪʦʡʢʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʩʪʘʥʜʘʨʪʥʘʷ ʨʝʮʝʧʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʳʭʦʜ ʥʘʩʪʦʝʚ ʠʟ 1000 ʢʛ ʩʚʝʞʠʭ ʧʣʦʜʦʚ ʠ ʷʛʦʜ 

ʉʳʨʴʝ 

ʇʝʨʚʳʡ ʟʘʣʠʚ ɺʪʦʨʦʡ ʟʘʣʠʚ ɺʳʭʦʜ 
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ʂʦʣʠʯʝʩʪʚʦ 
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ʇʝʨʚʳʡ ʩʣʠʚ ɺʪʦʨʦʡ ʩʣʠʚ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʠʯʝʩʪʚʦ 
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ʆʙʣʝʧʠʭʘ 990 45 693 70 30 1089 110 970 140 2059 

ʂʘʣʠʥʘ 990 45 693 70 30 1089 110 970 140 2059 

ʀʤʙʠʨʴ 1000 70 1000 100 50 850 100 850 100 1070 

 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʩʪʘʠʚʘʥʠʷ ʠ ʟʘʣʠʚʘ ʙʳʣʠ ʚʟʷʪʳ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʇʦʣʫʬʘʙʨʠʢʘʪʳ ʜʦ ʢʫʧʘʞʠʨʦʚʘʥʠʷ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʷʤ: ʢʨʝʧʦʩʪʠ ʧʦ ɻʆʉʊ ʈ 51135-2010, 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ɻʆʉʊ ʈ 51135-2010, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ɻʆʉʊ ʈ 52522-2006. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʧʨʠʤʝʨʝ ʥʘʩʪʦʡʢʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ɻʆʉʊʘʤʠ, ʤʝʪʦʜʠʢʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʦʣʫʯʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʨʝʘʣʠʟʘʮʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʦʙʨʘʙʦʪʢʦʡ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ç Microsoft Excelè. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʥʘʩʪʦʡʢʠ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ 

ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ - ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʩʝʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʠ ʛʦʪʦʚʦʡ ʥʘʩʪʦʡʢʠ  

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ  

ʇʦʢʘʟʘʪʝʣʠ 
ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʧʫʣʴʩʘʮʠʠ ʂʦʥʪʨʦʣʴ 

1 2 3 1 2 3 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ 

ʵʢʩʪʨʘʢʪʘ 1 ʩʣʠʚʘ, 

 ʛ/ ʜʤ 
3  

 

6,4 6,4 6,4 4,2 4,6 4,6 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ 

ʵʢʩʪʨʘʢʪʘ 2 ʩʣʠʚʘ, 

ʛ/ ʜʤ 
3  

 

3,6 3,6 3,6 3,8 4,0 3,8 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ 

ʵʢʩʪʨʘʢʪʘ 1 ʠ 2 ʩʣʠʚʘ, 

ʛ/ ʜʤ 
3  

 

5,2 5,1 5,2 4,0 3,9 3,9 

 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ 

ʚ ʜʦʧʫʩʪʠʤʦʤ ʘʙʩʦʣʶʪʥʦʤ ʨʘʩʭʦʞʜʝʥʠʠ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʥʝ ʙʦʣʝʝ 0, 7 ʛ/ʜʤ 
3
. 

ʉʪʘʥʜʘʨʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʩʪʘʠʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 6 ʩʫʪʦʯʥʫʶ ʚʳʜʝʨʞʢʫ ʩʳʨʴʷ ʠ ʵʢʩʪʨʘʛʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʴʥʳʡ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʧʦ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʜʚʝʨʛʘʣʠ ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʢʦʥʪʨʦʣʶ ʝʞʝʜʥʝʚʥʦ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʠʢʩʠʨʦʚʘʣʘʩʴ 

ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ ʧʦʣʫʧʨʦʜʫʢʪʘ ʧʝʨʚʦʛʦ ʩʣʠʚʘ, ʚʪʦʨʦʛʦ ʩʣʠʚʘ ʠ, ʧʦʩʣʝ ʢʫʧʘʞʘ- ʛʦʪʦʚʦʡ 

ʥʘʩʪʦʡʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʩʪʘʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ ʧʝʨʚʦʛʦ ʩʣʠʚʘ ʩʦʩʪʘʚʠʣʘ  6,4 ʛ/ ʜʤ 
3  

 , ʯʪʦ ʥʘ 2,2 ʛ/ ʜʤ 
3  
ʙʦʣʴʰʝ ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʙʝʟ ʦʙʨʘʙʦʪʢʠ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʚʠʜʠʤ, ʯʪʦ ʧʨʠ ʥʘʩʪʘʠʚʘʥʠʠ ʦʙʨʘʟʮʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʭʦʜ ʵʢʩʪʨʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ ʧʨʦʠʟʦʰʝʣ ʙʦʣʝʝ ʧʦʣʥʦ, ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ 1 ʠ 2 ʩʣʠʚʘ ʩ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

5,17 ʛ/ ʜʤ
3
, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʥʘ 31,6%.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʳʨʴʷ ʧʫʣʴʩʘʮʠʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʪʝʤ ʩʘʤʳʤ ʫʣʫʯʰʘʷ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 
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ɺʦʟʤʦʞʥʦ, ʚ ʦʩʥʦʚʝ ʧʦʜʦʙʥʦʛʦ ʵʬʬʝʢʪʘ ʣʝʞʠʪ ʷʚʣʝʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʨʝʞʠʤʝ 

ʠʥʚʝʨʩʠʠ ʬʘʟ ʤʝʞʜʫ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʧʨʠ ʧʨʝʜʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʪʦʢʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʭʦʜʫ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʜʠʩʧʝʨʩʥʫʶ, ʘ ʞʠʜʢʦʡ ʚ ʩʧʣʦʰʥʫʶ  ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʦʪʢʨʳʪʦʛʦ ʚ 1949 ʛʦʜʫ ɺ.ɺ.ʂʘʬʘʨʦʚʳʤ ʠ ɸ.ʅ.ʇʣʘʥʦʚʩʢʠʤ (ʇʨʠʦʨʠʪʝʪ ˉ 141 ʦʪ 6 ʠʶʥʷ 1949 ʛʦʜʘ). 

ɺʳʚʦʜʳ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ 

ʚ ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʧʨʠ ʨʝʞʠʤʝ: ʘʤʧʣʠʪʫʜʘ ʧʫʣʴʩʘʮʠʠ ɸ= 2 ʤʤ, ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʠ n=8-9 ɻʮ, 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ t=30 ʤʠʥ - ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʵʢʩʪʨʘʢʪʘ 

ʚ ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʘ ʧʫʣʴʩʘʮʠʠ ʜʣʷ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ ʤʝʪʦʜ ʧʫʣʴʩʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʥʘ 

ʧʠʱʝʚʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʘʧʧʘʨʘʪʦʚ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʊɽʍʅʀʂʀ çMODEL  CHECKINGè ɼʃʗ ɺɽʈʀʌʀʂɸʎʀʀ ʇʈʆɻʈɸʄʄ 

ʊɽʈʈʀʊʆʈʀɸʃʔʅʆɻʆ ʈɸɿɺʀʊʀʗ 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʠ ʚʘʞʥʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʘʷ 

ʪʨʝʙʫʝʪ ʪʱʘʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʥʦʛʠʭ ʘʩʧʝʢʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʠʭ ʩʦʟʜʘʥʠʷ ʥʝʢʦʪʦʨʳʝ ʚʘʞʥʳʝ ʘʩʧʝʢʪʳ 

ʦʩʪʘʶʪʩʷ ʙʝʟ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤ. ʕʪʠ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ, ʢ ʧʨʠʤʝʨʫ, ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʨʝʩʫʨʩʦʚ ʠʣʠ ʥʝʚʳʧʦʣʥʝʥʠʷ ʩʨʦʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ. ʀʥʦʛʜʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʛʣʘʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʩʠʩʪʝʤʳ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʛʠʙʢʦ ʚʣʠʷʪʴ ʥʘ ʝʸ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʩʠʩʪʝʤ, ʠʟʚʝʩʪʥʳʡ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Model Checking, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʷʚʣʷʪʴ ʦʰʠʙʢʠ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʦʛʨʘʤʤ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦʙʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʨʘʥʷʪʴ ʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, model checking, ʪʝʤʧʦʨʘʣʴʥʘʷ ʣʦʛʠʢʘ, CTL, NuSMV, 

Jetbrains MPS + mbeddr. 
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USE OF MODEL CHECKIN G FOR THE VERIFICATI ON OF TERRITORIAL DEVELO PMENT PROGRAMS 

Abstract 

The elaboration of territorial development programs is a complex and important task that requires the careful 

consideration of many aspects. Occasionally, during the creation process, some important aspects are overlooked, which leads 

to issues in the program. These issues can range from financial overdraft or failure to meet the established timeline, to failure 

to achieve the main objective of the program. Therefore, to ensure the correctness and reliability of the system, it is necessary 

to use a tool that allows for the flexibility to influence its performance. 

This article discusses the widespread approach to the modeling and verification of systems, known as Model Checking, 

which allows for the detection of errors at different stages of the development and maintenance of territorial development 

programs in order to consistently eliminate them. 

Keywords: territorial development program, model checking, temporal logic, CTL, NuSMV, Jetbrains MPS + mbeddr. 

 

he elaboration of territorial development programs is a complex task that requires the careful consideration of many 

relational aspects, such as local resources and territorial indicators, as well as desired outcomes. 

Programs are usually commissioned by government authorities, carried out by groups of experts that put in a lot of effort 

to complete the assigned task. Occasionally, because of the complexity of the projects, some inefficiency is built into the 

programs, and often, they manifest themselves much later, usually during the execution phase, when results are expected, 

therefore causing the program to fall short of expectations. [1] 

What can be done to fix this? A model verification technique known as Model Checking has played a decisive role in 

eliminating design errors in hardware and software, as well as other industrial processes [1]. However, the author believes that 

the potential of this technique is not being fully utilized in the evaluation of development programs.  

Model Checking is capable of automatically verifying the properties of a finite-state model, which is an abstraction of a 

real system, with the use of temporal logic expressions such as Linear Temporal Logic (LTL) or Computational Tree Logic 

(CTL) [2] as a properties language, thus allowing the detection of inconsistencies long before the system is put into practice; in 

this case the system being a territorial development program.  

Before the generalized use of Model Checking, errors were very common in many areas of advanced technology. Some of 

these errors were responsible for great capital loss as well as the loss of human lives. For example, many planes and space 

crafts were lost because of errors in the navigation system that went undetected at the time of conception. Another example 

would be the ñfriendly fireò incidents that were caused by the U.S. surface-to-air missile system, Patriot, in which at least one 

U.S. plane was destroyed. 

Through the use of a model checker, for example, NuSMV [3] or SPIN, it would be possible to define the abstract model 

using their modelling language; SMV or Promela, respectively. This way, it would be possible to emulate elements and 

behaviors of any development program, such as the resources that will be employed (financial, human, material, time), state of 

territorial indicators (economic-productive, sociocultural, ecological, institutional, etc.), the tasks and activities to be 

undertaken, as well as their interrelations according to the execution timeline along with their respective preconditions.  

With the help of experts in a specific field, itôs possible to define how each element or behavior should affect each indicator, 

which would reflect on the model. Then, with the use of the temporal logic rules, we could check for the model properties at a 

given time, which would show if the applied changes to the territorial indicators produce the desired outcome. The author 

recommends the use of CTL [4] for this purpose. 

The author finds very interesting the idea of focusing the activities as concurrent, asynchronous processes that share and 

compete for common resources, utilizing the potential of parallel and distributed programming systems, which are included in the 

majority of model checkers. These processes would wait for the fulfillment of starting preconditions such as date or a specific 
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state of one or more indicators, disputing and waiting for available common resources, for example, financial resources and 

personnel. On occasion these resources are pre-existent and in other cases they are the outcome of previous activities. 

The following is an example of how the many territorial indicators interact with one another: imagine a city that has great 

potential for tourism, but suffers from high unemployment, which in turn leads to social problems that are detrimental to 

tourism, for example, crime and homelessness. The local government would like to fuel the development of tourism as a 

source of revenue, and use it to fix the unemployment problems in the area by utilizing the local inhabitants as the workforce 

behind the change. For this purpose, a plan is created for the training of the city inhabitants. Because this training demands a 

certain amount of time, any activities that would utilize the local workforce must take into consideration the time at which it 

would be ready. At the same time, these tasks cause many positive changes on territorial indicators such as economic 

development as a result of an increase in external revenue, the reduction of unemployment, and the betterment of the social 

situation. However, not all change would be positive; itôs very possible that the increase in tourism would also bring the 

destruction of the local nature in order to build hotels, golf courses, marinas and other touristic structures, thus having a 

negative impact on the cityôs environmental indicators. 

Another concept that must be considered is the meta-model, which, in this case would consist of the relationship between 

various models of territorial development programs at a macro level. For this concept, a strict regulation would be necessary 

for the coding and denomination during the modeling of resources, indicators, tasks, activities, etc.; this would allow them to 

interweave. This focus on seeing activities as asynchronous processes is reinforced when switching from independent models 

towards a unified meta-model. 

Once at the meta-model level, or even at an independent model level, it can be very difficult to model directly using 

languages such as Promela or NuSMV; an alternative to this problem would be using a visual modeling tool. There are many 

tools that allow for the visual modeling of processes and systems; in some cases, this can be done utilizing activities diagrams 

of the standard UML, in other cases with a focus on business oriented processes of BPMN. However, these two ways lack the 

advantages of the Model Checking technique, therefore, in the great majority of cases, a combination of format 

transformations, as well as third party software would be needed in order to transform an activities diagram or any other kind 

of diagram into a comprehensible logical model to be verified through a model checker. 

Nevertheless, there are other tools that maintain a focus on the potential of Model Checking from the beginning. An 

example that is not so well known to most specialists in this field, but that the author values greatly is JetBrains MPS 

(MetaProgramming System) with mbeddr, internally linked to NuSMV, joined as one computer system. Currently, this system 

is mainly implemented by German companies as well as companies from others European countries. 

To conclude, it is the authorôs opinion that through the use of the Model Checking technique it is possible to improve the 

creation of territorial development programs, which would employ the combination of JetBrains MPS + mbedded [5] to define 

very complex finite-state models for the use of simulation and verifying both visually and through programming. 
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ɻʦʨʷʯʢʠʥ ɹ.ʉ. 
ORCID: 0000-0002-0852-4162, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘ 

ʕʈɻʆʅʆʄʀʏɽʉʂʀʁ ʉɽʈʊʀʌʀʂɸʊ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʆɹʈɸɹʆʊʂʀ 

ʀ ʆʊʆɹʈɸɾɽʅʀʗ ʀʅʌʆʈʄɸʎʀʀ ʀ ʋʇʈɸɺʃɽʅʀʗ 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʠ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʤʝʪʦʜʘʤ ʠ ʩʧʦʩʦʙʘʤ ʨʘʩʯʝʪʘ ʠ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʢʨʘʥʥʳʭ ʬʦʨʤ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʥʞʝʥʝʨʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʵʨʛʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 
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ERGONOMIC CERTIFICATE OF THE AUTOMATED SYSTEM FOR PROCESSING AND DISPLAYING 

INFORMATIO N AND CONTROL  

Abstract 
The article is devoted to the evaluation and selection of rational information model of automated system of information 

processing and management, methods and techniques of calculation and improve the parameters of screen forms based on the 

engineering-psychological abilities of a person, which significantly increases the efficiency of the human operator in the 

control loop of the automated information system as ergatic system. 

Keywords: ergonomic certificate , information model, display form. 

 

ʚʝʜʝʥʠʝ 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʥʘʯʘʣʦʩʴ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʍʦʪʷ ʠ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʠʤʝʣʠʩʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʘʥʘʣʦʛʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʮʠʬʨʦʚʦʡ, ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʠʚʘʣʠʩʴ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠʤʝʥʥʦ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʷ 

ʜʘʣʘ ʪʦʣʯʦʢ ʜʣʷ ʠʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʄʠʨ ʚʩʪʫʧʠʣ ʚ ʵʧʦʭʫ ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʆʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʚʝʣʠʯʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʳʥʫʞʜʝʥ ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ ʩʝʙʷ ʯʝʣʦʚʝʢ, ʪʨʝʙʫʶʪ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʠʝʤʣʝʤʳʭ, ʘ ʧʦʨʦʡ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʦʩʦʙʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʫʜʦʙʥʘ ʯʝʣʦʚʝʢʫ, ʝʝ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ ʧʦʟʚʦʣʷʪʴ ʯʝʣʦʚʝʢʫ-ʦʧʝʨʘʪʦʨʫ 

(ʏʆ) ʧʨʠʥʷʪʴ ʝʝ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʝʩʣʠ ʥʫʞʥʦ ʧʨʝʜʧʨʠʥʷʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʦʪʚʝʪʥʳʝ ʜʝʡʩʪʚʠʷ.  

ɼʣʷ ʨʘʙʦʪʳ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɸʀʉ) ʨʘʙʦʪʘ ʯʝʣʦʚʝʢʘ-

ʦʧʝʨʘʪʦʨʘ ʪʨʝʙʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʠʤʘʥʠʷ, ʫʤʝʣʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, ʚʦʟʤʦʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʠ ʦʙʫʯʝʥʠʷ. ʅʦ ʜʘʞʝ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ ʢʦʥʪʫʨ, ʛʜʝ: 

1. ɸʢʪʠʚʥʳʡ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʤ ʮʝʣʷʤ ɸʀʉ. ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʛʦʚʦʨʠʪʴ ʦ ʙʘʟʦʚʳʭ 
ʟʥʘʥʠʷʭ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ, ʦʙ ʘʜʘʧʪʠʨʦʚʘʥʥʦʤ ʦʙʫʯʝʥʠʠ (ʥʘʧʨʠʤʝʨ, ʥʘ ʪʨʝʥʘʞʝʨʘʭ), ʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʮʝʣʦʤ ʨʷʜʝ ʠʥʞʝʥʝʨʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɹʝʟʫʩʣʦʚʥʦ, ʢʨʠʪʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʏʆ, ʪʘʢ ʢʘʢ 90% ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠʜʝʪ ʯʝʨʝʟ 

ʟʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ;  

2. ʊʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʣʞʥʦ 
ʧʦʟʚʦʣʷʪʴ ʚ ʦʪʚʝʜʝʥʥʦʝ ʚʨʝʤʷ (ʚʦʟʤʦʞʥʦ ʠ ʨʝʘʣʴʥʦʝ) ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ. ɺ 

ʚʦʧʨʦʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʶʯʝʚʳʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʚʨʝʤʝʥʠ ʠ ʩʪʝʧʝʥʠ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʚʦʧʨʦʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ; 

3. ʉʨʝʜʘ ʦʙʠʪʘʥʠʷ ʠʣʠ ʨʘʙʦʯʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʮʝʣʦʤʫ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ 
ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʳ (ʥʘʧʨʠʤʝʨ, ʦʩʚʝʱʝʥʥʦʩʪʴ, ʰʫʤ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʧʨ.). ʆʜʥʘʢʦ ʝʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʪʦʣʴʢʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ, ʢʦʪʦʨʘʷ ʩʫʙʲʝʢʪʠʚʥʘ ʧʦ ʩʚʦʝʡ ʩʫʪʠ. 

ʇʨʦʙʣʝʤʘʤ ʩʠʩʪʝʤ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘè (ʉʏʄ) ʠ ʩʠʩʪʝʤ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘ-ʩʨʝʜʘè (ʉʏʄʉ), ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʪʠʭ ʩʠʩʪʝʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʫʥʢʮʠʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʫʜʝʣʷʝʪʩʷ ʦʯʝʥʴ ʰʠʨʦʢʦʝ ʚʥʠʤʘʥʠʝ. ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʦʮʝʥʢʠ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ (ɸʉʆʀʋ). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʤʝʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʝʝ ʩʦʩʪʘʚʝ ʝʩʪʴ ʢʦʤʧʣʝʢʩ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʦ ʩʚʦʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ; ʚ ʢʦʥʪʫʨʝ 

ʫʧʨʘʚʣʝʥʠʷ (ʂʋ) ʨʘʙʦʪʘʝʪ ʯʝʣʦʚʝʢ-ʦʧʝʨʘʪʦʨ. ʊʨʝʙʫʝʪʩʷ ʦʮʝʥʠʪʴ ʵʨʛʦʥʦʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ 

ɸʉʆʀʋ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢ ʩʠʩʪʝʤʳ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦʟʤʦʞʥʦ ʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʱʠʢ ï 

ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, IT-ʩʧʝʮʠʘʣʠʩʪ, ʩʧʦʩʦʙʥʳʡ ʛʨʘʤʦʪʥʦ ʚʳʩʪʨʦʠʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʩʠʩʪʝʤʳ, ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʙʘʟ ʜʘʥʥʳʭ, ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʩʫʨʩʳ, ʫʯʝʩʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʧʝʮʠʬʠʢʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ɺ 
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ʬʘʢʪʦʨʘ ʠ ʧʨ. ʅʦ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʝʛʦʜʥʷ ʦʮʝʥʢʘ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ɸʀʉ ï ʵʪʦ ʩʣʦʞʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʮʝʜʫʨʘ, 

ʪʨʝʙʫʶʱʘʷ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʢʦʣʣʝʢʪʠʚʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʨʛʦʥʦʤʠʩʪʦʚ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ, ʩʦʟʜʘʥʠʷ ʥʝ ʦʜʥʦʡ ʵʢʩʧʝʨʪʥʦʡ 

ʬʦʢʫʩ-ʛʨʫʧʧʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʥʠʷ ʧʨʠʙʦʨʦʚ ʠ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ[6]. ʕʪʦ ʟʘʩʪʘʚʣʷʝʪ ʥʘʡʪʠ ʵʬʬʝʢʪʠʚʥʳʝ ʵʢʦʥʦʤʥʳʝ ʠ ʨʘʮʠʦʥʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥʢʠ 

ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ɸʉʆʀʋ ʠ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʡ ʦʮʝʥʢʠ. ʊʘʢʦʚʳʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝʢʠʡ 

ʩʝʨʪʠʬʠʢʘʪ ï ʜʦʢʫʤʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ  ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ 

ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʥʶʘʥʩʳ ʠ ʩʧʝʮʠʬʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ 

ʩʝʨʪʠʬʠʢʘʪʘ (ʕʉ) ɸʉʆʀʋ. 

ʉʪʨʫʢʪʫʨʘ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ ʠ ʝʛʦ ʥʘʧʦʣʥʝʥʠʝ 

ʆʮʝʥʢʘ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʷʚʣʷʷʩʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʜʦʣʞʥʘ, ʙʝʟʫʩʣʦʚʥʦ, ʟʘʪʨʘʛʠʚʘʪʴ 

ʚʩʝ ʪʨʠ ʢʦʤʤʫʥʠʢʘʥʪʳ  ʉʏʄʉ ʠ ʫʯʠʪʳʚʘʪʴ ʜʦʤʠʥʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʟʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʜʘʥʥʦʡ ʧʨʦʮʝʜʫʨʝ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʨʘʮʠʦʥʘʣʴʥʦʤ ʠʣʠ ʦʧʪʠʤʘʣʴʥʦʤ ʚʳʙʦʨʝ (ʨʘʩʯʝʪʝ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ (ɿɸ) ʯʝʣʦʚʝʢʘ [5]. ɸʥʘʣʠʟ 

ʚʦʩʧʨʠʷʪʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʩʪʘʜʠʠ: 

ï ʧʨʠʝʤ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ,  ʧʨʠʭʦʜʷʱʝʡ ʩ ʵʢʨʘʥʘ ʤʦʥʠʪʦʨʘ ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ɸʉʆʀʋ, ʫʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ (ʦʩʦʙʝʥʥʦ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʡ ʟʘʩʚʝʪʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ), ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʤʦʥʠʪʦʨʘ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ɸʀʉ  ʠ ʜʨ. (ʦʙʱʘʷ ʵʨʛʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ï ʯʘʩʪʴ I); 

ï ʧʨʠʝʤ ʢʦʥʢʨʝʪʥʳʭ ʚʳʭʦʜʥʳʭ ʵʢʨʘʥʥʳʭ ʬʦʨʤ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʚʳʭʦʜʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɸʀʉ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ 

ʩʣʦʞʥʳʝ ʛʨʘʬʠʯʝʩʢʠʝ ʠ ʢʘʢ ʚʘʨʠʘʥʪ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʀʄ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʨʦʚʢʠ ʠ ʢʨʘʡʥʝ ʥʘʩʳʱʝʥʥʳʝ 

(ʯʘʩʪʥʘʷ ʵʨʛʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ï ʯʘʩʪʴ II ). 

ɺ I ʯʘʩʪʠ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ ʜʘʜʠʤ ʦʮʝʥʢʫ: 

1. ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ (ʷʨʢʦʩʪʥʦ-ʢʦʥʪʨʘʩʪʥʳʤ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ; 

2. ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ; 

3. ʚʨʝʤʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ; 

4. ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ɺʦ II  ʯʘʩʪʠ ʕʉ ʦʮʝʥʠʤ ʯʘʩʪʥʳʝ ʀʄ. ʕʪʘ ʦʮʝʥʢʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʥʘ ʤʝʪʦʜʝ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ, ʢʦʪʦʨʳʡ ʧʦʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʙʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʉʪʝʧʝʥʴ ʛʣʫʙʠʥʳ ʠ 

ʜʝʪʘʣʠʨʦʚʢʠ ʦʮʝʥʢʠ ʤʦʞʝʪ ʨʘʟʥʠʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʵʨʛʦʥʦʤʠʯʝʩʢʠʭ ʩʝʨʪʠʬʠʢʘʪʦʚ [4]. ɽʩʣʠ ʙʨʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ, ʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʠ ʮʚʝʪʦʚʦʡ ʛʘʤʤʳ 

ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʦʚ. 

ʅʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʷʚʣʷʝʪʩʷ ʚʩʝʦʙʲʝʤʣʶʱʝʡ, ʥʦ ʦʥʘ ʜʘʝʪ 

ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ɸʉʆʀʋ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ çʵʢʨʘʥʥʦʛʦè ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʥʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʢʪʠʚʳ ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ 

1. ʈʘʩʯʝʪ ʷʨʢʦʩʪʥʦ-ʢʦʥʪʨʘʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠ ʦʮʝʥʢʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʳʙʨʘʥʥʳʭ ʩʨʝʜʩʪʚ ʦʪʦʙʨʘʞʝʥʠʷ 

(ʥʘʧʨʠʤʝʨ, ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʩʨʝʜʩʪʚʦʤ ʦʪʦʙʨʘʞʝʥʠʷ ʠʟʣʫʯʝʥʠʷ), ʥʦ ʠ ʦʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʠʭ ʢʨʠʪʠʯʝʩʢʦʝ 

ʚʣʠʷʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʥʝʰʥʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʝʰʥʝʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʷʨʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ [7]. 

 ὒ ὒ̉ ̈̌ ὒ̏ ̓̑ ,                      (1) 

ʛʜʝ ὒʠʟʣ ï ʷʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ; ὒʦʪʨ ï ʷʨʢʦʩʪʴ ʦʪʨʘʞʝʥʠʷ. 

ʇʨʠʯʝʤ ʷʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 ὒ̉ ̈̌    ,                           (2) 

ʛʜʝ  I ï ʩʠʣʘ ʩʚʝʪʘ, ʪʦ ʝʩʪʴ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʠʟʣʫʯʘʝʤʳʡ ʥʘ ʝʜʠʥʠʮʫ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ; S ï ʧʣʦʱʘʜʴ ʩʚʝʪʷʱʝʡʩʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʨʘʥʘ; Ŭ ï ʫʛʦʣ ʥʘʙʣʶʜʝʥʠʷ. 

ʀʟʣʫʯʘʝʤʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʦʡ [5] 

 ū = ᷿ὍὨЏЏ
 ,                                 (3) 

ʛʜʝ  ū - ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʚʳʙʨʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʪʦʙʨʘʞʝʥʠʷ; Ý ï ʫʛʦʣ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʫʯʠʪʳʚʘʝʤʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. 

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʦʧʘʜʘʶʱʠʡ ʚ ʛʣʘʟ ʏʆ (ʨʠʩ. 1) ʩʦʟʜʘʝʪ ʩʠʣʫ ʩʚʝʪʘ 

 Ὅ = ̉̈̌

  
 ,                                 (4) 

ʛʜʝ  ʠʟʣ ï ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʛʝʥʝʨʠʨʫʝʤʳʡ ʚʳʙʨʘʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʪʦʙʨʘʞʝʥʠʷ; „ ï ʧʣʦʩʢʠʡ ʫʛʦʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʪʝʣʝʩʥʦʤʫ ʫʛʣʫ ʦʙʟʦʨʘ ʀʄ. 

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 
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ʈʠʩ. 1 

 

ɺʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʦʨʤʫʣʳ (1) ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʝʝ ʦʪʨʘʞʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ:  

 ὒ̏ ̓̑ 
̃̎ 

 ,                           (5) 

ʛʜʝ Eʚʥ ï ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ; ɟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʨʘʥʘ ʤʦʥʠʪʦʨʘ, ʦʥ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʚʝʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ [2]. 

ɺʥʝʰʥʷʷ ʟʘʩʚʝʪʢʘ ʵʢʨʘʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2 

 

ʆʩʚʝʱʝʥʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʨʘʥʘ E ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʩʚʝʱʝʥʠʷ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ï ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʠʭ ʧʦʤʝʱʝʥʠʡ ʥʘʯʠʥʘʷ ʦʪ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ (ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ) 

ʜʦ ʨʘʟʣʠʯʥʳʭ ʩʚʝʪʦʚʳʭ ʧʘʥʝʣʝʡ, ʧʣʦʱʘʜʦʢ, ʪʨʝʙʫʶʱʠʭ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʚʝʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɽʩʪʝʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ï ʜʥʝʚʥʦʡ ʩʚʝʪ, ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ, ʜʦʩʪʠʛʘʶʱʠʝ ʵʢʨʘʥʘ ʤʦʥʠʪʦʨʘ.  

ʊʦʛʜʘ E  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 

 Ὁ  ̃̎
 
                     (6) 

ʛʜʝ Ὅʚʥ ï ʩʠʣʘ ʩʚʝʪʘ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ;  ï ʫʛʦʣ ʤʝʞʜʫ ʣʠʥʠʝʡ ʚʠʟʠʨʦʚʘʥʠʷ ʠ ʧʘʜʘʶʱʠʤʠ ʣʫʯʘʤʠ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ; r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʜʦ ʮʝʥʪʨʘ ʵʢʨʘʥʘ. 

 ὒ ̉̈̌

  ᶻᶻ
 +  ̃̎

ᶻ 

ᶻ
                    (7) 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (7) ʷʨʢʦʩʪʴ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʠʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ 

ʚʦʩʧʨʠʷʪʠʷ ʀʄ ʧʨʠ ʫʨʦʚʥʷʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʘʜʘʧʪʠʨʫʶʱʝʡ ʷʨʢʦʩʪʠ, ʣʝʞʘʱʝʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʢʜ/ʤ
2
. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʨʘʪʴ Lʘʜʘʧʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʢʜ/ʤ

2
 ʜʦ 1000 ʢʜ/ʤ

2
. 

ʊʘʢ ʢʘʢ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʧʨʝʜʤʝʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʷʨʢʦʩʪʴʶ, ʦʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʦʩʧʨʠʷʪʠʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ. ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʷʨʢʦʩʪʥʳʤ ʢʦʥʪʨʘʩʪʦʤ, ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, 

ʧʨʝʜʤʝʪ ʪʝʤʥʝʝ ʠʣʠ ʷʨʯʝ ʬʦʥʘ, ʙʳʚʘʝʪ ʧʨʷʤʳʤ ʠ ʦʙʨʘʪʥʳʤ. ʆʧʪʠʤʘʣʴʥʦʡ ʩʯʠʪʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʢʦʥʪʨʘʩʪʘ ʨʘʚʥʘʷ  ʚ 

ʧʨʝʜʝʣʘʭ:  

 πȢφ  ̠  πȢωυ  .                       (8) 

ɸ ʧʨʠ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ) ʵʪʫ 

ʚʝʣʠʯʠʥʫ ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ: 

 πȟψυ ὑ πȟω .                     (9) 

ʇʨʠ ʵʪʦʤ ʚʦʩʧʨʠʷʪʠʝ ʀʄ, ʩʦʜʝʨʞʘʱʝʡ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʦʡ ʷʨʢʦʩʪʠ, ʧʨʠ ʧʨʷʤʦʤ ʢʦʥʪʨʘʩʪʝ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘ, 

ʯʝʤ ʧʨʠ ʦʙʨʘʪʥʦʤ. 

ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʷʨʢʦʩʪʴ ʬʦʥʘ ʧʨʠ ʧʨʷʤʦʤ ʢʦʥʪʨʘʩʪʝ  ʨʘʚʥʦʡ 

 Lʬʦʥʘ
ʧʨ̫ʤ

 = 
̐̑̆ ̅

˗
 ,                            (10) 

ʘ ʧʨʠ ʦʙʨʘʪʥʦʤ 
 Lʬʦʥʘ

ʦʙʨ 
= Lʧʨʝʜ ( 1 ï ʂ ),                  (11) 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 

 

28 

 

ʛʜʝ ʂ ï ʚʝʣʠʯʠʥʘ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʢʦʥʪʨʘʩʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʜʩʪʘʚʠʚ ʚ ʚʳʨʘʞʝʥʠʷ (10) ʠ (11) ʚʝʣʠʯʠʥʳ ʂ 

ʜʣʷ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ( ʩʤ. ʚʳʨʘʞʝʥʠʷ (8) ʠ (9)), ʧʦʣʫʯʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʷʨʢʦʩʪʝʡ ʬʦʥʘ ʜʣʷ 

ʚʦʩʧʨʠʷʪʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʷʨʢʦʩʪʠ. 

2. ʈʘʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠ ʦʮʝʥʢʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʬʦʢʫʩʠʨʫʝʤʩʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʝʣʠʯʠʥʘʭ, ʦʢʘʟʳʚʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʀʄ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʧʨʠʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ, ʙʝʟʫʩʣʦʚʥʦ, ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ çʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝè ʚʦʟʤʦʞʥʦʩʪʠ ʏʆ, ʘ, ʠʤʝʥʥʦ, ʠ ʦʩʪʨʦʪʫ 

ʟʨʝʥʠʷ, ʠ ʧʦʣʷ ʟʨʝʥʠʷ, ʠ ʦʙʲʝʤ ʚʦʩʧʨʠʷʪʠʷ ï ʪʦ ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ. ʂ 

ʚʝʣʠʯʠʥʘʤ, ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ, ʦʪʥʦʩʷʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʤʦʥʠʪʦʨʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʨʝʜʩʪʚʘ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʚʠʜʝʦʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ). 

ʀʟ ʘʥʘʣʠʟʘ ʠʩʪʦʯʥʠʢʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʝ ʨʘʩʩʪʦʷʥʠʝ ὰ ʦʪ ʛʣʘʟʘ ʜʦ ʵʢʨʘʥʘ ʨʘʚʥʦ: 

 πȢτ  ὰ  πȢψ ʤ,                            (12) 

ʭʦʪʷ ʤʥʦʛʠʝ ʩʢʣʦʥʷʶʪʩʷ ʢ ὰʦʧʪ = 50 ʩʤ. ʆʜʥʘʢʦ ʫʯʠʪʳʚʘʷ ʩʦʚʨʝʤʝʥʥʳʡ ʧʘʨʢ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʡ ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʧʨʠʥʷʪʴ ʟʘ 65 ʩʤ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʝʪʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ. 

ɺʪʦʨʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʕʉ ï ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʧʦʣʝʟʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʊʘʢ ʢʘʢ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʧʦ ʚʩʝʤʫ ʬʨʦʥʪʫ ʦʙʟʦʨʘ ʩʝʨʴʝʟʥʦ ʨʘʟʥʷʪʩʷ, ʩʣʝʜʫʝʪ ʫʛʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚ ʨʘʤʢʘʭ ʧʦʣʷ ʷʩʥʦʛʦ ʟʨʝʥʠʷ. ʕʪʦ ʚʪʦʨʦʡ ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʯʘʩʪʦʢ ʧʦʣʷ ʟʨʝʥʠʷ ʦʧʝʨʘʪʦʨʘ. ʊʘʢʦʡ ʚʳʙʦʨ ʦʧʨʘʚʜʘʥ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʟʦʥʫ ʧʝʨʠʬʝʨʠʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʜʨʫʛʠʝ ʧʨʝʜʤʝʪʳ ʠ ʦʙʲʝʢʪʳ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʩʠʩʪʝʤʳ, ʜʨʫʛʠʝ ʦʧʝʨʘʪʦʨʳ ʠ ʧʨ.), ʘ 

ʟʦʥʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʨʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3 

 

ʊʦʛʜʘ 

 ɔ
ʚʝʨ

 = ɔ̫ʟ;  ɔ
ʛʦʨ

 = ɔ̫ʟ ,                    (13) 

ʛʜʝ ɔ
ʚʝʨ

 , ɔ
ʛʦʨ

 ï ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʧʦʣʝʟʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʦʥʠʪʦʨʘ; ɔ̫ʟ ï ʟʦʥʘ ʷʩʥʦʛʦ ʟʨʝʥʠʷ, ʨʘʚʥʘʷ 

30
ʦ
ï35

ʦ
 . 

3. ʈʘʩʯʝʪ ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʩʧʨʠʷʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʪʨʫʢʪʫʨʳ, ʩʣʦʞʥʦʩʪʠ, ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʦʙʨʘʞʝʥʠʷ ʪʘʢʠʭ ʢʘʢ ʯʝʪʢʦʩʪʴ, ʢʦʥʪʨʘʩʪ, ʷʨʢʦʩʪʴ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʠʝʤʘ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ, ʘ ʧʦʜʯʘʩ ʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʦ ʝʩʪʴ ʚʦʩʧʨʠʷʪʠʝ ʩʣʦʞʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ) ʩʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ ʧʦʠʩʢʫ, ʦʧʨʝʜʝʣʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʚʨʝʤʝʥʠ ʧʦʠʩʢʘ ʄtʠʧ   

 ʄtʠʧ  =  
 

ᶻ
 tʬ  ,                              (14) 

ʛʜʝ E ï ʦʙʱʠʡ ʦʙʲʝʤ ʵʣʝʤʝʥʪʦʚ ʀʄ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʧʨʠ  ʘʙʩʦʣʶʪʥʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʩʳʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ); a ï ʦʙʲʝʤ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ), 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤʦʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʏʆ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʨʝʥʠʷ; MHŬ ï ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʀʄ ʩ ʟʘʜʘʥʥʳʤ ʜʣʷ ʧʦʠʩʢʘ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ï Ŭ; tʬ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʨʠʪʝʣʴʥʦʡ ʬʠʢʩʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʩʧʨʠʷʪʠʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʣʦʞʥʦʡ ʀʄ ʚ ʧʨʦʮʝʩʩʝ ʟʨʠʪʝʣʴʥʦʛʦ ʧʦʠʩʢʘ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 1ï1.2 ʩʝʢ. ʇʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʦʩʥʦʚʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʠʩʢʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʫʯʘʡʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ ʧʦʣʶ ʵʢʨʘʥʘ, ʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ 

ʚʦʩʧʨʠʷʪʠʷ [3]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʠʢʩʘʮʠʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 

90% ï 95% ʦʪ ʚʨʝʤʝʥʠ ʟʨʠʪʝʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʬʠʢʩʘʮʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ ʩʤʝʥʳ ʢʘʜʨʦʚ (ʧʝʨʝʣʠʩʪʳʚʘʥʠʝ 

ʵʢʨʘʥʥʳʭ ʬʦʨʤ) ï fʩʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

 fʩʤ  Ò 1/tʬ                               (15) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʝʣʠʯʠʥʘ ʟʨʠʪʝʣʴʥʦʡ ʬʠʢʩʘʮʠʠ ʦʛʨʘʥʠʯʝʥʘ ʧʝʨʠʦʜʦʤ ʩʣʝʜʦʚʘʥʠʷ ʢʘʨʪʠʥ, ʪʘʢ ʢʘʢ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʨʝʤʷ ʩʦʭʨʘʥʝʥʠʷ 

ʦʱʫʱʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʚ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʏʆ ʦʩʪʘʝʪʩʷ ʦʙʨʘʟ ʧʨʝʜʳʜʫʱʝʛʦ ʢʘʜʨʘ (ʕʌ), ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʙʫʜʝʪ ʫʭʫʜʰʘʪʴʩʷ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ. 

ɺʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʨʠʪʝʣʴʥʦʛʦ ʦʱʫʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʘʢʞʝ ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ 

ʤʝʣʴʢʘʥʠʡ. ɺʝʣʠʯʠʥʘ ʧʦʩʣʝʜʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ ʘʜʘʧʪʘʮʠʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʚʥʝʰʥʝʡ ʟʘʩʚʝʪʢʠ (Eʚʥ, 
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ʩʤ. ʬʦʨʤʫʣʫ (5)) ʵʢʨʘʥʘ ʥʝʧʨʠʝʤʣʝʤʦ ʧʦʚʳʰʘʝʪʩʷ. ɼʣʷ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʥʘʯʝʥʠʝ 

ʚʥʝʰʥʝʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʦʡ. 

4. ʈʘʩʯʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɽʩʣʠ ʥʝ ʙʨʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʥʳʭ (ʢʦʥʢʨʝʪʥʳʭ) ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʪʘʢʠʭ ʢʘʢ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʲʝʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʵʢʨʘʥʘ, ʥʘʩʳʱʝʥʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʪʴ 

ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʕʉ, ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʶʪ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʀʄ [1]. ɼʣʷ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʳʭ 

ʩʠʤʚʦʣʦʚ ʩ ʫʯʝʪʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ, ʢʦʥʪʨʘʩʪʘ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ 

ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ 15' ï 18'  ʜʣʷ ʧʨʦʩʪʳʭ ʟʥʘʢʦʚ, 21' ï 26'  ʜʣʷ ʩʨʝʜʥʠʭ ʟʥʘʢʦʚ ʠ 35' ï 40'  ʜʣʷ ʩʣʦʞʥʳʭ ʟʥʘʢʦʚ. 

ʊʦʛʜʘ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʙʫʜʫʪ ʨʘʚʥʳ 

 hʧʦʨ  = Ȣςz ὰz  ὸὫ Ⱦς ,                            (16) 

ʛʜʝ ὰ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʵʢʨʘʥʘ ʤʦʥʠʪʦʨʘ ʜʦ ʏʆ,  ï ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʘ ʀʄ. 

ɻʨʘʜʘʮʠʷ ʥʘ ʧʨʦʩʪʳʝ ʠ ʩʣʦʞʥʳʝ ʟʥʘʢʠ ʚʦ ʤʥʦʛʦʤ ʫʩʣʦʚʥʘ. ʇʦʵʪʦʤʫ ʙʫʢʚʫ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʘʣʬʘʚʠʪʦʚ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʟʘ ʩʣʦʞʥʳʡ ʩʠʤʚʦʣ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʨʛʦʥʦʤʠʯʝʩʢʠʡ ʩʝʨʪʠʬʠʢʘʪ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʮʝʥʢʘ ʵʨʛʦʥʦʤʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ɸʉʆʀʋ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʳ ʚʧʨʘʚʝ ʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʫʧʝʥʴ (ʵʪʘʧ) ʵʨʛʦʥʦʤʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɽʸ ʨʝʟʫʣʴʪʘʪʳ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ ʘʢʪʘ ʵʢʩʧʝʨʪʠʟʳ, ʚ ʢʦʪʦʨʦʤ ʠʟʣʘʛʘʶʪʩʷ 

ʦʪʤʝʯʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʜʘʶʪʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. ʄʘʪʝʨʠʘʣʳ ʕʉ ʢʘʢ ʨʘʟ ʧʦʟʚʦʣʷʶʪ ʵʪʦ ʩʜʝʣʘʪʴ ʠ, ʝʩʣʠ 

ʧʦʥʘʜʦʙʠʪʩʷ, ʦʩʫʱʝʩʪʚʠʪʴ ʛʠʙʢʠʡ ʧʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ ʫʩʪʨʘʥʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʏʆ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ, 

ʘ ʟʥʘʯʠʪ, ʠ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʕʉ ʚʥʝʜʨʝʥ ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʘ 

ʨʘʟʨʘʙʦʪʢʘ ʕʉ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʦʟʜʘʥʠʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. 
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Abstract 

In work the photo-electric solar station with monitoring system for independent power supply is offered. It is considered 

possible approaches to creation of power analytical systems on renewable energy sources. Variants of power supply of the 

population at the expense of photo-electric solar stations on an example of the experimental house with independent power 

supply are considered. 

Keywords: solar radiation, optimum orientation of solar panels, photoelectric solar station, generation of electric energy, 

monitoring performance of solar station, independent power supply. 

 

ʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʩʪʘʥʮʠʠ ʧʦʣʫʯʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥʘʭ ʜʦʩʪʠʛʥʫʪʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 5-10 ʣʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʳʭ ʥʦʚʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʢ ʢʦʥʮʫ 2020 ʛʦʜʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʷ 20% ʜʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ. ʇʨʠ ʵʪʦʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚʥʝʜʨʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʰʠʨʦʢʦʤʫ ʨʘʟʚʠʪʠʶ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ, 

ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ [3].   

ʈʝʩʫʨʩʳ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʦʛʨʦʤʥʳʝ, ʪ.ʝ ʛʦʜʦʚʦʡ ʧʨʠʭʦʜ ʩʫʤʤʘʨʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʥʘ 

ʚʩʶ ʧʣʦʱʘʜʴ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ 3157Å10
12 
ʄɼʞ  ʠʣʠ ʞʝ 877,646Å10
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  ʢɺʪÅʯ [4].       

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ  
ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʞʠʣʦʤ ʜʦʤʝ ʩ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʝʡ ʥʘ 2 ʢɺʪ, ʧʦʩʪʨʦʝʥʥʦʡ 

ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʊʫʨʢʤʝʥʠʩʪʘʥʘ (ʈʠʩ.1.), ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪʩʷ ʚ 

ʨʘʙʦʪʝ[6].  

ɾʠʣʦʡ ʜʦʤ ʨʘʩʧʦʣʦʞʝʥ ʚ ʛ. ʄʘʨʳ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʝʩʷʮʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʫʛʣʳʡ ʛʦʜ,  ʘʚʪʦʥʦʤʥʳʡ ʨʝʞʠʤ, 

ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʞʝʜʥʝʚʥʦ ʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦ, ʤʝʩʪʦ ʫʩʪʘʥʦʚʢʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ  ʥʘ ʢʨʳʰʝ ʜʦʤʘ ʩ  ʥʘʢʣʦʥʦʤ 

36
0
, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʶʛ. ɾʠʣʦʡ ʜʦʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʞʝʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʞʝ ʨʘʟʤʝʰʝʥʳ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʝʟʝʨʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. ɺʪʦʨʦʡ ʵʪʘʞ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʥʘʪ, ʚʝʨʘʥʜʳ ʠ ʫʛʦʣʢʘ ʜʣʷ ʩʘʥ-ʪʝʭʥʠʢʠ. 

ʅʘ ʚʝʨʘʥʜʝ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʳ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʚʭʦʜʠʪʴ: ʩʦʣʥʝʯʥʳʝ ʤʦʜʫʣʠ(1), ʘʢʢʫʤʫʣʷʪʦʨʳ (10), ʢʦʥʪʨʦʣʣʝʨ (2), ʢʦʤʧʴʶʪʝʨ(4), ʠʥʚʝʨʪʦʨ 

(5), ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʝʟʝʨʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ (3), ʧʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (11,12,13) ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʯʝʪʯʠʢʠ (6,7,8,9). ʕʣʝʢʪʨʦʥʥʳʡ ʩʯʝʪʯʠʢ (6) ʧʨʦʠʟʚʦʜʠʪʴ ʫʯʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʪʨʝʙʣʷʝʤʘʷ ʜʣʷ ʦʩʚʝʱʝʥʠʷ. ɼʣʷ 

ʦʩʚʝʱʝʥʠʷ ʞʠʣʦʛʦ ʜʦʤʘ ʠʩʧʦʣʴʟʦʚʘʥʳ LED ʣʘʤʧʳ ʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʣʘʤʧʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʞʝ ʧʦʜʢʣʶʯʝʥʳ 2 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʣʘʤʧʳ ʩ ʤʦʱʥʦʩʪʴʶ 125 ɺʪ ʠ ʥʘ ʚʪʦʨʦʤ ʵʪʘʞʝ ʧʦʜʢʣʶʯʝʥʳ 8 LED ʣʘʤʧʳ ʩ ʤʦʱʥʦʩʪʴʶ 24 ɺʪ.  ɺ 

ʢʦʤʥʘʪʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʯʴ ʜʣʷ ʥʘʛʨʝʚʘ, ʪʝʣʝʚʠʟʦʨ, ʢʦʤʧʴʶʪʝʨ, ʭʦʣʦʜʠʣʴʥʠʢ. ʋʯʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʯʝʪʯʠʢʦʤ (7). ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʚ ʩʣʫʯʘʝ ʥʝʭʚʘʪʢʠ  ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʨʝʟʝʨʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʠ ʫʯʝʪ ʵʥʝʨʛʠʠ ʧʦʣʫʯʘʤʘʷ ʦʪ ʨʝʟʝʨʚʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʴʩʷ  ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʯʝʪʯʠʢʦʤ (8). ɺ ʣʝʪʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ 

ʠʟʣʠʞʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʪʨʝʙʣʷʪʴʩʷ ʚʥʝʰʥʠʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ʋʯʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʜʘʚʘʝʤʘʷ 

ʚʥʝʰʥʠʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʨʦʠʟʚʦʜʠʪʴʩʷ  ʵʣʝʢʪʨʦʥʥʳʤ ʩʯʝʪʯʠʢʦʤ (9). ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ  ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʞʠʣʦʤ ʜʦʤʝ. 

 

ʊʘʙʣʠʮʘ 1 ï ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʤʦʱʥʦʩʪ ɹʵʣʝʢʪʨʦʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʄʦʱʥʦʩʪʴ,ɺʪ ʂʦʣ ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ 

ʪʝʯ. ʩʫʪʢʠ,ʯ 

 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʚ ʪʝʯ. 

ʩʫʪʢʠ, ɺʪÅ ʯ. 

 

ʂʦʬʝʚʘʨʢʘ 800 1 0,2 160 

ʍʦʣʦʜʠʣʴʥʠʢ 300 1 0,25Å24 ʯ=6 ʯ 1800 

ʊʝʣʝʚʠʟʦʨ 250 1 4 1000 

LED ʣʘʤʧʳ 24 8 8Å4 ʯ=32 ʯ 768 

ʕʥʝʨʛʦʩʙʝʨʘʛʘʶʱʠʝ ʣʘʤʧʳ 125 2 2Å0,5ʯ=1ʯ 125 

ɺ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 

 

31 

 

ʆʢʦʥʯʘʥʠʝ ʪʘʙʣ. 1 ï ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʤʦʱʥʦʩʪ ɹʵʣʝʢʪʨʦʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʄʦʱʥʦʩʪʴ,ɺʪ ʂʦʣ ɺʨʝʤʷ ʨʘʙʦʪʳ ʚ 

ʪʝʯ. ʩʫʪʢʠ,ʯ 

 

ʇʦʪʨʝʙʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʚ ʪʝʯ. 

ʩʫʪʢʠ, ɺʪÅ ʯ. 

 

ʅʘʩʦʩ 1000 1 0,5 500 

ʉʠʩʪʝʤʘ ʩʧʫʪʥʠʢʦʚʦʛʦ 

ʪʝʣʝʚʠʜʝʥʠʷ 

30 1 4 120 

ʂʦʤʧʴʶʪʝʨ 500 1 2 1000 

ʄʠʢʨʦʚʦʣʴʥʦʚʘʷ ʧʝʯʴ 1000 1 0,5 500 

ʀʪʦʛʦ 4029   5973 

         

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ  
ɺʳʨʘʙʦʪʘʥʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʟʘ ʜʝʥʴ ʵʥʝʨʛʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

 Eʧʨʟ I(ʢɺʪÅʯ) = [ɖinv(%)Ā ɖpv(%)  Ā ɖcont (%)Ā Sn(ʤ
2
)ĀNnĀEi (ʢɺʪÅʯ/ʤ

2
)]/10
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    (1)  

ʛʜʝ Eʧʨʟ I- ʚʳʨʘʙʦʪʘʥʥʘʷ ʠʣʠ ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʟʘ ʩʫʪʢʠ ʨʘʩʯʝʪʥʘʷ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ; Ei- 

ʫʩʨʝʜʥʝʥʥʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʩʫʪʦʯʥʦʝ ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʜʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; ɖpv- ʂʇɼ ʩʦʣʥʝʯʥʦʡ 

ʧʘʥʝʣʠ; ɖcont- ʂʇɼ ʢʦʥʪʨʦʣʣʝʨʘ; ɖinv- ʂʇɼ ʠʥʚʝʨʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ; Nn ïʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ʩʦʩʪʘʚʝ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ; Sn- ʧʣʦʱʘʜʴ ʦʜʥʦʡ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʩʫʪʦʯʥʦʝ ʫʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʜʘʶʱʝʡ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠʟ ɹɼ NASA SSE [5]. ʊʘʢ, ʢʘʢ ʚ ɹɼ NASA SSE ʜʘʥʳ ʩʫʪʦʯʥʳʝ ʩʫʤʤʳ ʧʘʜʘʶʱʝʡ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʫʩʨʝʜʥʝʥʠʝ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʟʘ ʤʝʩʷʮ  ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʨʘʚʥʠʚʘʪʴ ʤʝʩʷʯʥʳʝ ʩʫʤʤʳ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʚʳʨʘʙʦʪʘʥʥʦʡ 

ʵʥʝʨʛʠʠ ʧʦ ʬʦʨʤʫʣʝ: 

 Eʧʨʟ.ʤ(ʢɺʪÅʯ) =  Eʧʨʟ I (ʢɺʪÅʯ/ʤ
2
) Ā(Nʜ - Nʙʩʜ)     (2)  

ʛʜʝ Eʧʨʟ ʤ- ʚʳʨʘʙʦʪʘʥʥʘʷ ʠʣʠ ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʟʘ ʤʝʩʷʮ ʨʘʩʯʝʪʥʘʷ ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ; 

Nʜ ïʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʤʝʩʷʮʝ; Nʙʩʜ ïʢʦʣʠʯʝʩʪʚʦ ʙʝʩʩʦʣʥʝʯʥʳʭ ʜʥʝʡ ʚ ʤʝʩʷʮʝ, ʫʩʨʝʜʥʝʥʥʦʝ ʧʦ ʤʝʩʷʮʫ. ʇʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʤʳʩʣ ʩʨʘʚʥʠʚʘʪʴ ʩ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʝʡ, ʨʝʘʣʴʥʦ ʚʳʨʘʙʦʪʘʥʥʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ ʟʘ 

ʤʝʩʷʮ: 

                 Eʨ.ʧʨʟ.ʤ(ʢɺʪÅʯ) = Ɇ Eʧʨʟ I(ʢɺʪÅʯ)     (3) 

ɿʜʝʩʴ ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʝʪʩʷ ʧʦ ʚʩʝʤ ʩʫʪʢʘʤ ʤʝʩʷʮʘ. 

ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ 4 ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʥʝʣʷʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʢʘʭ.   

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ ʜʥʝʚʥʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʝʡ ʚ ʪʝʯʝʥʠʠ 

ʤʝʩʷʮʘ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʘ ʛʦʜʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʳ ʧʨʠ ʩʦʣʥʝʯʥʦʡ 

ʧʦʛʦʜʝ ʩʠʣʴʥʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ, ʭʦʪʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʥʝʣʝʡ ʚ 

ʣʝʪʥʝʝ ʚʨʝʤʷ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 70
0
 C ʠ ʚʳʰʝ. ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20-25% [2,7].   

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʤʘʷ ʵʥʝʨʛʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʝʡ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪ.ʝ.  ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ ʚ ʪʝʯʝʥʠʠ ʜʥʷ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʦʙʣʘʯʥʦʡ ʧʦʛʦʜʝ -  

1,895 ʢɺʪÅʯ, ʧʨʠ ʧʳʣʴʥʦʡ ʧʦʛʦʜʝ -  1,289 ʢɺʪÅʯ, ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʦʙʣʘʯʥʦʡ ʧʦʛʦʜʝ - 2,397 ʢɺʪÅʯ, ʧʨʠ ʩʦʩʪʦʷʥʠʠ ʧʦʣʥʦʡ 

ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʘ - 1,368 ʢɺʪÅʯ, ʧʨʠ ʩʦʣʥʝʯʥʦʡ ʧʦʛʦʜʝ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ - 2,351 ʢɺʪÅʯ, ʧʨʠ ʩʦʣʥʝʯʥʦʡ ʧʦʛʦʜʝ ʚ 

ʣʝʪʥʝʝ ʚʨʝʤʷ - 2,838 ʢɺʪÅʯ [6]. 

           

 
ʈʠʩ. 1 ï ɹʣʦʢ ʩʭʝʤʘ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʘʚʪʦʥʦʤʥʳʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝʤ 

 

ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ LB01. ʀʥʪʝʨʬʝʡʩ ʢʦʥʪʨʦʣʣʝʨʘ LB01 ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 3. ʂʦʥʪʨʦʣʣʝʨ LB01 ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ 

ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʠ.  

 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 9 (51) ǐ ʏʘʩʪʴ 2 ǐ ʉʝʥʪʷʙʨʴ 
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ʈʠʩ. 2 ï ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

 

 
ʈʠʩ. 3 ï ʀʥʪʝʨʬʝʡʩ ʢʦʥʪʨʦʣʣʝʨʘ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʯʝʪ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ, ʘ 

ʪʘʢʞʝ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ï ʩʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʘ ʛʦʜʘ (ʨʠʩ.5). 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʚ ʣʝʪʥʠʡ ʧʦʣʫʛʦʜʠʝ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʚ ʟʠʤʥʠʡ ʧʦʣʫʛʦʜʠʝ.   

ʄʦʥʠʪʦʨʠʥʛ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʫʩʪʘʥʦʚʢʠ ʠ ʫʨʦʚʥʝ ʠʥʩʦʣʷʮʠʠ ʚ ʪʝʯʝʥʠʠ ʟʘʜʘʥʥʳʭ ʧʝʨʠʦʜʦʚ, ʥʘʢʘʧʣʠʚʘʪʴ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʦʛʥʦʟ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʟʦʥʦʚ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʚʳʷʚʠʣ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʠ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʊʫʨʢʤʝʥʠʩʪʘʥʘ.  
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ʈʠʩ. 4 ï ɼʥʝʚʥʘʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʝʡ ʚ ʪʝʯʝʥʠʠ ʤʝʩʷʮʘ ʚ 

ʨʘʟʣʠʯʥʳʝ ʚʨʝʤʝʥʘ ʛʦʜʘ 

 

 
ʈʠʩ. 5 ï ʉʨʘʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʜʥʝʚʥʦʡ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ  ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʦʣʥʝʯʥʦʡ ʩʪʘʥʮʠʝʡ ʫʩʨʝʜʥʝʥʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʷʮʘ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ 

 

ɺʳʚʦʜʳ   

- ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟ ʜʘʥʥʳʭ NASA ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʘʡʦʥʝ.  

- ʆʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʢ ʛʦʨʠʟʦʥʪʫ ʜʣʷ ʛ. ʄʘʨʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 17
0
, ʘ ʜʣʷ 

ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʘ ï 61
0
. 

- ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʦʧʪʠʤʘʣʴʥʳʤ ʫʛʣʦʤ ʷʚʣʷʝʪʩʷ 36
0
. 

- ɺ ʪʝʯʝʥʠʠ ʛʦʜʘ ʩ ʦʜʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ   ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ   326 ʢɺʪÅʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ. 

- ʅʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ  LB01 ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ  ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ.  

- ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʤʦʥʠʪʦʨʠʥʛ ʚʳʨʘʙʦʪʢʠ ʠ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʘʚʪʦʥʦʤʥʦʤ ʜʦʤʝ. 

- ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʦʙʦʩʥʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʊʫʨʢʤʝʥʠʩʪʘʥʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʦʣʥʝʯʥʦʡ 

ʩʪʘʥʮʠʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʩʦʩʪʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʜʣʷ ʵʪʦʡ ʩʪʘʥʮʠʠ.  
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