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ʗʥʚʘʨʴ 

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 25.01.2017. 
ʊʠʨʘʞ 900 ʵʢʟ. 
ɿʘʢʘʟ 26173. 
ʆʪʧʝʯʘʪʘʥʦ ʩ ʛʦʪʦʚʦʛʦ ʦʨʠʛʠʥʘʣ-ʤʘʢʝʪʘ. 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʪʠʧʦʛʨʘʬʠʠ ʆʆʆ "ʂʦʤʧʘʥʠʷ ʇʆʃʀɻʈɸʌʀʉʊ", 
623701, ʛ. ɹʝʨʝʟʦʚʩʢʠʡ, ʫʣ. ʊʝʘʪʨʘʣʴʥʘʷ, ʜʦʤ ˉ 1, ʦʬ. 88. 

 

 

ʉʙʦʨʥʠʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ LVIII ʟʘʦʯʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ International Research Journal. 

ɿʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʩʪʘʪʴʷʭ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ.  

ɾʫʨʥʘʣ ʠʤʝʝʪ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʘʪʴʠ ʤʦʞʥʦ ʯʠʪʘʪʴ, ʟʘʛʨʫʞʘʪʴ, 

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, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʩʩʦʚʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ: ʇʀ ˉ ʌʉ 77 ï 51217. 
 
ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 

ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʈʘʩʪʷʛʘʝʚ ɸ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʉʣʦʞʝʥʠʢʠʥʘ ʖ.ɺ. ʜ-ʨ ʬʠʣʦʣ. ʥʘʫʢ, ʐʪʨʝʢʝʨ ʅ.ʖ. ʢ.ʬʠʣʦʣ.ʥ., 

ɺʝʨʙʠʮʢʘʷ ʆ.ʄ. ʢ.ʬʠʣʦʣ.ʥ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʇʘʯʫʨʠʥ ɻ.ɺ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʌʝʜʦʨʦʚʘ ɽ.ɸ. ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ɻʝʨʘʩʠʤʦʚʘ ʃ.ɻ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 

ʂʫʨʘʩʦʚ ɺ.ʉ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʆʩʴʢʠʥ ʉ.ɺ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. 

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. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʄʘʟʠʣʦʚ ɺ.ɸ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʈʦʟʝʥʦʚʘ ʄ.ʀ., ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʧʨʦʬ., ʀʚʢʦʚ ʅ.ʅ. ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ. 
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1,2
ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

3
ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʆɹʈɸʊʅɸʗ ɿɸɼɸʏɸ ʆ ʅɸʍʆɾɼɽʅʀʀ ʄɽʉʊɸ ʉʆʇʈʗɾɽʅʀʗ ʅɽʆɼʅʆʈʆɼʅʆɻʆ ʉʊɽʈɾʅʗ 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʪʘʪʝʡ ʦ ʨʘʟʣʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ ʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʪʝ 

ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʛʜʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʳʤ ʧʫʥʢʪʦʤ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʥʦʚʦʡ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʦʜʥʦʤ ʢʦʥʮʝ. 

ʅʘ ʥʝʟʘʢʨʝʧʣʝʥʥʳʡ ʢʦʥʝʮ ʵʪʦʛʦ ʩʪʝʨʞʥʷ  ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʥʘʛʨʫʟʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʪʦʪ  ʢʦʥʝʮ ʦʪʢʣʦʥʷʝʪʩʷ. 

ʈʝhʝʥʘ ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʩʪʘ ʩʦʧʨʷʞʝʥʠʷ ʵʪʦʛʦ ʩʪʝʨʞʥʷ, ʯʪʦʙʳ ʦʪʢʣʦʥʝʥʠʝ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ 

ʢʦʥʮʘ ʙʳʣʦ ʥʘʠʤʝʥʴʰʠʤ. ʈʘʥʝʝ ʟʘʜʘʯʘ ʦ ʥʝʦʜʥʦʨʦʜʥʦʤ ʩʪʝʨʞʥʝ ʠʟʫʯʘʣʘʩʴ ʤʘʣʦ  ʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, 

ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘʚʠʘʩʪʨʦʝʥʠʠ, ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʝʨʞʝʥʴ, ʧʨʦʛʠʙ, ʤʝʩʪʦ ʩʦʧʨʷʞʝʥʠʷ, ʬʫʥʢʮʠʷ ʥʘʛʨʫʟʢʠ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 
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INVERSE PROBLEM OF FINDING CONJUNCTION PLACE OF INHOMOGENEOUS CORE  

Abstract 

The work analyzes a series of articles on various deformations of homogeneous cores, provides the areas of science and 

technology where this knowledge can be applied. The main point of the work is to solve a new problem which considers an 

inhomogeneous core fixed at one end. The loose end of the core is impacted by the load force which causes the deviation of the 

end. The problem of finding optimal location of the core conjunction in order to reduce the deviation of the loose end as much 

as possible has been solved. Previously, the problem of an inhomogeneous core has not been studied properly. The results 

provided in this work can be widely applied in industrial production, construction, aviation, oil and gas industries. 

Keywords: core, deflection, conjunction place, load function, differential equations. 

 

ʝʤ ʙʳʩʪʨʝʝ ʠʜʝʪ ʚʧʝʨʝʜ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ, ʪʝʤ ʙʦʣʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʝʝ ʢʘʯʝʩʪʚʫ. ʇʝʨʝʜ 

ʩʝʨʠʡʥʳʤ ʚʳʧʫʩʢʦʤ ʢʘʞʜʘʷ ʥʦʚʘʷ ʤʦʜʝʣʴ ʪʝʩʪʠʨʫʝʪʩʷ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʝʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʨʠ 

ʤʘʩʩʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʣʴʟʷ ʦʙʥʘʨʫʞʠʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ, ʧʨʠʙʝʛʘʷ ʢ ʝʝ ʨʘʟʙʦʨʢʝ, ʪʘʢ ʢʘʢ,  ʪʝʤ ʩʘʤʳʤ,  

ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʩʨʦʢ ʝʝ ʩʣʫʞʙʳ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʘʢʦʡ  ʥʘʫʢʠ, ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʠʟʠʢʘ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʠʩʪʝʤʳ. ʇʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʤʝʭʘʥʠʟʤʘʭ, 

ʷʚʣ̫ʁ ʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʰʫʤʘ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʵʪʦʛʦ ʰʫʤʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʠ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʣʶʙʦʤ ʦʙʲʝʢʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʥʘʫʢʘ ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʪʦʡ 

ʥʘʫʢʦʡ, ʦʙʥʘʨʫʞʠʚʘʶʪ ʜʝʬʝʢʪʳ ʚ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʟʤʘʭ, ʚ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. ʇʦ ʟʚʫʯʘʥʠʶ 

ʰʧʘʣ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʪʝʨʶ ʢʦʥʪʘʢʪʘ ʩ ʥʘʩʳʧʴʶ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʢʘʪʘʩʪʨʦʬʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʝʰʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʨʦʙʣʝʤ  ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ [1, 2, 3, 4].  

ɽʱʝ ʦʜʠʥ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ -  ʠʥʪʝʛʨʘʣʴʥʳʡ  ʤʝʪʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɽʛʦ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʧʨʦʚʝʨʢʝ  ʢʘʯʝʩʪʚʘ ʧʦʩʫʜʳ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʢʦʣʝʩ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ, ʠʟʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʡ ʟʚʦʥ, 

ʚʳʟʳʚʘʝʤʳʡ ʤʝʭʘʥʠʯʝʩʢʠʤ ʫʜʘʨʦʤ. ɼʝʬʝʢʪ ʦʙʥʘʨʫʞʠʚʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʱʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʟʚʫʢʘ. ʅʦ,  ʥʝ 

ʪʦʣʴʢʦ ʧʦ ʫʨʦʚʥʶ ʟʚʫʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʨʳʪʳʡ ʜʝʬʝʢʪ ʚ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʦʙʲʝʢʪ ʤʦʞʝʪ ʩʦʚʝʨʰʘʪʴ ʢʦʣʝʙʘʥʠʷ, ʧʦ ʚʠʜʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢʦʡ ʜʝʬʝʢʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. ɺʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʪʘʢʠʭ ʟʘʢʨʝʧʣʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʙʝʟʦʧʘʩʥʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ. ʕʪʠ ʟʘʜʘʯʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʨʘʪʥʳʤ ʟʘʜʘʯʘʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʀʤʝʥʥʦ ʪʘʢʠʤ 

ʟʘʜʘʯʘʤ ʧʦʩʚʷʱʝʥʘ ʥʘʰʘ ʨʘʙʦʪʘ. ɺʩʝ ʵʪʠ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʳʤʠ.  

ɿʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʥʘ ʧʘʨʝ ʧʨʦʩʪʨʘʥʩʪʚ S ʠ T, ʝʩʣʠ ʚʝʨʥʳ ʫʩʣʦʚʠʷ: 

1) SsÍ" ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʫʝʪ; 

2) SsÍ" ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʝʜʠʥʩʪʚʝʥʥʦ; 

3) ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ)s(Rt=  ʥʝʧʨʝʨʳʚʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ S, ʛʜʝ TtÍ . 

ɿʘʜʘʯʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʫ ʛʨʘʥʠʯʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ. ɺ ʵʪʠʭ ʟʘʜʘʯʘʭ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʧʨʦʛʠʙʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʠ ʦʧʨʝʜʝʣʷʶʪ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʀʣʴʛʘʤʦʚʘ.  ɺ ʨʘʙʦʪʝ [5] ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 

ʦʜʥʦʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ. ʇʦʜ ʩʪʝʨʞʥʝʤ ʧʦʥʠʤʘʶʪ ʦʜʥʦʤʝʨʥʦʝ ʫʧʨʫʛʦʝ ʪʝʣʦ (ʜʚʘ ʨʘʟʤʝʨʘ ʤʘʣʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʝʪʴʠʤ), ʦʙʣʘʜʘʶʱʝʝ ʢʦʥʝʯʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʢʨʫʯʝʥʠʝ, ʩʞʘʪʠʝ ʠ ʠʟʛʠʙ. ʇʨʦʜʦʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʪʘʢʦʛʦ ʪʝʣʘ  ʦʧʠʩʳʚʘʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ:  

%& ɟ& ÑØȠÔ.  

ʂʦʣʝʙʘʥʠʷ ʠʟʛʠʙʘ ʵʪʦʛʦ ʪʝʣʘ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

%* ɟ& ÑØȠÔ, 

 ʛʜʝ J ïʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʋ.   

ʏ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 

 

7 

 

 ʋʧʨʫʛʘʷ ʦʧʦʨʘ ʵʪʦʛʦ ʩʪʝʨʞʥʷ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ. ʇʦ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ ʠ ʫʩʣʦʚʠʷʤ ʩʦʧʨʷʞʝʥʠʷ 

ʚ ʪʦʯʢʝ ʭʉ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʫʞʠʥʘ ʫʧʨʫʛʦʡ ʦʧʦʨʳ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʜʠʘʛʥʦʩʪʠʢʘ ʚʩʝʡ ʩʠʩʪʝʤʳ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʧʦ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʨʫʞʠʥʳ ʠ  ʢʦʵʬʬʠʮʠʝʥʪ ʝʝ ʞʝʩʪʢʦʩʪʠ. ʊʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ ʧʨʦʛʠʙʦʚ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʵʪʦʛʦ ʩʪʝʨʞʥʷ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʫʧʨʫʛʦʡ ʦʧʦʨʳ. ʉʪʝʨʞʥʠ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʵʪʠʭ ʟʘʜʘʯʘʭ, ʦʜʥʦʨʦʜʥʳʝ. 

ɺ ʨʘʙʦʪʝ [6] ʪʘʢʞʝ  ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʦʜʥʦʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʦʙʦʠʭ ʢʦʥʮʘʭ. ʅʘ ʥʝʛʦ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ,  ʠ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʫʞʠʥʳ ʩ ʠʟʚʝʩʪʥʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʢʦʪʦʨʳʝ ʵʪʦʪ ʩʪʝʨʞʝʥʴ ʫʜʝʨʞʠʚʘʶʪ. ʇʦ ʵʪʠʤ 

ʫʩʣʦʚʠʷʤ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʉ1, ʉ2 ʠ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʢʠ, ʯʪʦʙʳ ʧʨʦʛʠʙʳ 

ʩʪʝʨʞʥʷ ʙʳʣʠ ʟʘʜʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʈʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʚ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʨʦʝʢʪʠʨʦʚʢʝ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʝʨʞʥʷ ʨʘʩʩʤʦʪʨʝʪʴ 

ʪʨʫʙʦʧʨʦʚʦʜ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ, ʢʦʪʦʨʳʡ ʙʳ ʥʝ ʧʨʠʚʝʣ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʚʩʝʡ 

ʩʠʩʪʝʤʳ. ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʜʝʬʝʢʪʥʦʛʦ ʫʯʘʩʪʢʘ. 

 ʆʯʝʥʴ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʟʘʜʘʯʘʤʠ ʦʪʳʩʢʘʥʠʷ ʪʨʝʱʠʥʳ ʚ ʙʘʣʢʝ. ʂʘʢʦʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʜʘʥʥʳʝ, 

ʯʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ?  ɺ ʨʘʙʦʪʝ [7] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʵʪʠ ʫʩʣʦʚʠʷ. ɿʥʘʷ ʚʝʣʠʯʠʥʳ ʧʨʦʛʠʙʦʚ ʙʘʣʢʠ ʚ ʜʚʫʭ ʪʦʯʢʘʭ 

ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʚʦʟʤʦʞʥʦʛʦ  ʤʝʩʪʘ ʜʝʬʝʢʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʵʪʦʡ ʪʨʝʱʠʥʳ ʉ.  

ʂ ʧʨʠʯʠʥʘʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʠʟʛʠʙ ʠ ʢʨʫʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ 

ʵʪʦʡ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʦʪʦʞʜʝʩʪʚʠʪʴ ʵʣʝʤʝʥʪ, ʧʦʜʚʝʨʛʘʶʱʠʡʩʷ ʵʪʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʦ ʩʪʝʨʞʥʝʤ,  ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʟʘʜʘʯʫ ʦ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʦʤ ʠʟʛʠʙʝ ʩʪʝʨʞʥʷ. ɺ ʨʘʙʦʪʝ [8]  ʵʪʘ ʟʘʜʘʯʘ ʙʳʣʘ ʨʝʰʝʥʘ. ʌʦʨʤʫʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ 

ʨʘʙʦʪʝ, ʧʦʟʚʦʣʷʶʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʧʝʨʝʯʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʥʘʜʝʞʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʙʘʣʦʢ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʠʭ ʧʨʦʛʠʙʦʚ ʚ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʦʩʤʦʪʨʘ ʤʝʩʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʦ ʥʠʤ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʜʘʯʘʭ [9, 10, 11, 12, 13, 14] ʤʳ ʠʤʝʝʤ 

ʜʝʣʦ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʩʪʝʨʞʥʷʤʠ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʩʦʧʨʷʞʝʥʠʷ ʠ ʬʫʥʢʮʠʠ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ. ʊʘʢʦʡ ʪʠʧ ʟʘʜʘʯ ʤʘʣʦ ʠʟʫʯʝʥ, ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʪʘʢʫʶ ʟʘʜʘʯʫ.  

ɼʘʥ ʥʝʦʜʥʦʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ, ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʣʝʚʦʤ ʢʦʥʮʝ. ʅʘ ʩʪʝʨʞʝʥʴ ʜʝʡʩʪʚʫʶʪ ʥʘʛʨʫʟʢʠ ʫ1 ʠ ʫ2, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʧʨʘʚʳʡ ʢʦʥʝʮ ʩʪʝʨʞʥʷ ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʤʝʩʪʦ 

ʩʦʧʨʷʞʝʥʠʷ ʵʪʦʛʦ ʩʪʝʨʞʥʷ, ʯʪʦʙʳ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʮʘ ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ 

ʨʘʥʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. 

 

 
ʈʠʩ. 1 ï ɿʘʢʨʝʧʣʝʥʥʳʡ ʩʪʝʨʞʝʥʴ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʛʨʫʟʢʠ 

 

 
ʈʠʩ. 2 ï ɿʘʢʨʝʧʣʝʥʥʳʡ ʩʪʝʨʞʝʥʴ ʧʦʜ  ʚʦʟʜʝʡʩʪʚʠʝʤ  ʥʘʛʨʫʟʢʠ 

 

ɼʣʷ ʩʪʝʨʞʥʷ ʜʣʠʥʳ l  ʟʘʜʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: B, H,  - ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ   ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʮʘ ʩʪʝʨʞʥʷ,  b, h - 

ʨʘʟʤʝʨʳ ʩʝʯʝʥʠʷ  ʩʚʦʙʦʜʥʦʛʦ  (ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ)  ʢʦʥʮʘ ʩʪʝʨʞʥʷ ʠ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ 
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ʈʝʰʠʤ ʩʥʘʯʘʣʘ ʧʨʷʤʫʶ ʟʘʜʘʯʫ. 

ʇʫʩʪʴ ʠʟʚʝʩʪʥʳ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʝʨʞʥʷ >1 2, 2 1; ; ; ; ,B H b h q q q q, ʘ ʪʘʢʞʝ ʤʝʩʪʦ ʩʦʧʨʷʞʝʥʠʷ ʭʉ, ʛʜʝ q1  - 

ʧʦʣʠʥʦʤ, ʚʳʨʘʞʘʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʜʥʦʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ, q2   - ʧʦʣʠʥʦʤ, ʚʳʨʘʞʘʶʱʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʜʨʫʛʦʡ ʝʛʦ ʯʘʩʪʠ , E ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʖʥʛʘ, J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʠʟʛʠʙʘ. ʇʦ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʥʫʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʶ ʦʪʢʣʦʥʝʥʠʷ ʧʨʘʚʦʛʦ ʢʦʥʮʘ ʵʪʦʛʦ ʩʪʝʨʞʥʷ.  

ʇʫʩʪʴ = =1 2
1 2

1 2
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q q

f f
E J E J

,  ʛʜʝ >2 1f f . 

ʀʤʝʝʤ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ  
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 ʛʜʝ A, B, C,  D,  E,  F, G, R  - ʥʝʠʟʚʝʩʪʥʳʝ  ʯʠʩʣʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 
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y E F x x E Fx x x x . 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ 
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ʇʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ C,  D, E, F. ʇʦʜʩʪʘʚʠʤ ʚ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ 

ʫʩʣʦʚʠʡ ʩʦʧʨʷʞʝʥʠʷ ( ) ()ʩ=1 2Cy x y x . 

I  .    ( ) ( )=1 2C Cy x y x  

( )+ + = + + - +
4

2 3 2 3 42
1 6 4

24 24C

C
C C C C

x f
Cx Dx f E F x x x x . 

ɸʥʘʣʦʛʠʯʥʦ, ʧʦʜʩʪʘʚʠʤ ʜʘʥʥʳʝ ʚ ʦʩʪʘʚʰʠʝʩʷ ʫʩʣʦʚʠʷ. 

II  .    ( ) ( )¡ ¡=1 2C Cy x y x  
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ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʦʚ. 
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.  

ʉ ʫʯʝʪʦʤ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʘ ʥʘ ʧʨʘʚʦʤ ʢʦʥʮʝ ʩʪʝʨʞʥʷ: 
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ɼʘʣʴʥʝʡʰʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ ʬʫʥʢʮʠʠ ʧʨʦʛʠʙʘ ʫ2(1). 
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ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʨʦʛʠʙʘ ʧʨʘʚʦʛʦ ʢʦʥʮʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʤʝʩʪʘ ʩʦʧʨʷʞʝʥʠʷ 

xC ʠ ʟʥʘʯʝʥʠʡ ʥʘʛʨʫʟʦʢ f1 ʠ f2, ʟʥʘʷ ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʫ2(ʭ). ɿʥʘʯʠʪ, ʟʥʘʷ ʚʝʣʠʯʠʥʫ ʧʨʦʛʠʙʘ ʠ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʡ ʥʘʛʨʫʟʢʠ f1 ʠ f2  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʩʦʧʨʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ. ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʤ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʝʜʠʥʠʮʘʭ. 

ʇʫʩʪʴ = = =10,06, 0,06, 1B H q  
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ʇʨʷʤʘʷ ʟʘʜʘʯʘ ʨʝʰʝʥʘ. ʈʝʰʠʤ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ. ʀʟʚʝʩʪʥʘ ʚʝʣʠʯʠʥʘ ʧʨʦʛʠʙʘ ʫ2(1) ʧʨʘʚʦʛʦ ʢʦʥʮʘ ʩʪʝʨʞʥʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʩʦʧʨʷʞʝʥʠʷ ʭʉ.  
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J
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J
,   

 ʋ2(1) = 8,8131756 * 10
-7
. 

 ʈʝʰʠʚ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ xC, ʧʦʣʫʯʠʣʠ xC = 0,1, ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʦʨʝʥʴ, 

ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ¢ ¢0 1Cx . 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ɿʥʘʷ ʤʝʩʪʦ ʩʦʧʨʷʞʝʥʠʷ, ʤʦʞʥʦ ʙʫʜʝʪ  ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʥʝʟʘʢʨʝʧʣʝʥʥʦʛʦ ʢʦʥʮʘ 

ʙʘʣʢʠ , ʯʪʦ ʥʝ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʜʝʬʦʨʤʘʮʠʠ ʦʙʲʝʢʪʦʚ. ɺʘʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʜʘʯ ʜʠʘʛʥʦʩʪʠʢʠ ʩʠʩʪʝʤ ʚʳʭʦʜʷʪ ʥʘ 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 
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ʧʝʨʚʳʡ ʧʣʘʥ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʠ ʦʧʘʩʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʟʥʦʰʝʥʥʦʩʪʴʶ ʦʩʥʦʚʥʳʭ 

ʯʘʩʪʝʡ ʤʝʭʘʥʠʟʤʦʚ. ʄʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʝʱʠʥ, ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ ʜʝʬʝʢʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʨʘʟʨʘʙʦʪʘʥʳ.  ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘʤ ʤʝʪʦʜʦʚ ʚʠʙʨʦʟʘʱʠʪʳ. ʂʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤ ʠʣʠ ʠʭ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʝʡ ʧʨʠʚʦʜʷʪ ʢ ʥʝʢʦʤʬʦʨʪʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʘʩʥʦʤ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʜʠʘʧʘʟʦʥʝ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʪʘʢʠʭ ʟʘʢʨʝʧʣʝʥʠʡ ʩʠʩʪʝʤʳ , ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ  ʙʝʟʦʧʘʩʥʳʡ 

ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚʳʭʦʜʷʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʩʪʝʨʞʥʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʘʢʪʫʘʣʴʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 
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ɸʣʣʘʭʚʝʨʜʦʚ ɹ.ʄ.
1
, ʇʦʣʠʥʢʝʚʠʯ ʂ.ʖ .

2
 

1
ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

2
ɸʩʧʠʨʘʥʪ,  

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʠʤʧʝʨʘʪʦʨʘ ɸʣʝʢʩʘʥʜʨʘ I 

ʀʊɽʈɸʎʀʆʅʅʓʁ ʉʇʆʉʆɹ ʈɸʉʏɽʊɸ ʊʆʅʂʆʉʊɽʅʅʓʍ ɸʅʀɿʆʊʈʆʇʅʓʍ ʉʊɽʈɾʅɽʁ 

ʆʊʂʈʓʊʆɻʆ ʇʈʆʌʀʃʗ ʅɸ ʂʈʋʏɽʅʀɽ 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʧʠʩʘʥʠʝ  ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʪʦʥʢʦʩʪʝʥʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʩʪʝʨʞʥʝʡ ʦʪʢʨʳʪʦʛʦ 

ʧʨʦʬʠʣʷ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʪʝʨʘʮʠʦʥʥʦʤ ʩʧʦʩʦʙʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʠ 

ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ. ʅʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʠʪʝʨʘʮʠʡ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ɺʣʘʩʦʚʘ ɺ.ɿ. ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ 

ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ, ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʠ ʥʦʨʤʘʣʴʥʦʡ ʧʦʧʝʨʝʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʩʭʦʜʠʤʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘ ʧʨʠʤʝʨʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʛʣʝʧʣʘʩʪʠʢʘ ʧʦʢʘʟʘʥʦ ʢʘʢ ʤʝʥʷʶʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ, ʘʥʠʟʦʪʨʦʧʠʷ, ʤʝʪʦʜ ʠʪʝʨʘʮʠʡ, ʥʘʧʨʷʞʝʥʠʷ, ʜʝʬʦʨʤʘʮʠʠ. 
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ITERATIVE METHOD OF C ALCULATION FOR THIN -WALLED ANISOTROPIC C ORES OF OPEN 

PROFILE ON TORSION  

Abstract 

The article provides the description of the calculation technique which determines the strength of thin-walled anisotropic 

cores of an open profile based on an iterative method of successive accordance with the conditions of equilibrium and 

deformations compatibility. The first cycle of iterations allowed us to obtain V.Z.Vlasov solution. In subsequent cycles, we 

obtained the solution which takes into account the anisotropy, the deformation of the shift and normal transverse deformation. 

The question of the results convergence is studied in the article. The example based on modern carbon fiber illustrates how the 

material characteristics differ depending on the direction of the reinforcing fibers. 

Keywords: elasticity theory, anisotropy, iterative method, stress, deformation. 
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ɺʣʘʩʦʚʳʤ [1]. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʵʪʦʛʦ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʠʪʝʨʘʮʠʡ [2], [3] ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʠ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ  

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʩʪʝʨʞʥʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [4].  

ɿ 
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ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʵʪʘʧ 
ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʩʪʝʨʞʥʷ ʦʪʢʨʳʪʦʛʦ ʧʨʦʬʠʣʷ ʩʦʩʪʦʠʪ ʠʟ n ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʧʣʘʩʪʠʥ ʪʦʣʱʠʥʦʡ ti, ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚʜʦʣʴ ʜʣʠʥʥʳʭ ʨʝʙʝʨ. (ʨʠʩ.1). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ 

ʧʨʠʥʠʤʘʝʪʩʷ ʛʠʧʦʪʝʟʘ ʥʝʜʝʬʦʨʤʠʨʫʝʤʦʩʪʠ ʢʦʥʪʫʨʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʉʪʝʨʞʝʥʴ ʟʘʢʨʫʯʠʚʘʝʪʩʷ ʟʘʜʘʥʥʳʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʄ. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʷ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ( )zj
ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ ʧʦʜʣʝʞʠʪ ʦʧʨʝʜʝʣʝʥʠʶ.  
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ʈʠʩ. 1 

ʘ ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʩʪʝʨʞʥʷ ʦʪʢʨʳʪʦʛʦ ʧʨʦʬʠʣʷ 

(ʜʦ ʠ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʥʘ ʫʛʦʣ ű); 

ʙ ï ʆʜʠʥ ʠʟ ʘʥʠʟʦʪʨʦʧʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʝʯʝʥʠʷ (ʛʣʘʚʥʳʝ ʦʩʠ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ ʦʩʠ yi) 

 

ɼʣʷ ʚʩʝʛʦ ʩʪʝʨʞʥʷ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʍ, Y. ʂʦʦʨʜʠʥʘʪʘ Z ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ 

ʦʩʠ ʩʪʝʨʞʥʷ (ʨʠʩ.1.ʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʢʘʞʜʦʛʦ i ïʛʦ ʵʣʝʤʝʥʪʘ ʚʚʦʜʠʪʩʷ ʤʝʩʪʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʠʩʪʝʤʘ xi, yi, zi 

(ʨʠʩ.1.ʙ). ʇʨʠ ʢʨʫʯʝʥʠʠ ʣʶʙʦʝ ʩʝʯʝʥʠʝ ʩʪʝʨʞʥʷ ʩ ʢʦʦʨʜʠʥʘʪʦʡ z ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʫʛʦʣ j( )z ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 
ʢʨʫʯʝʥʠʷ ʈ, ʠʤʝʶʱʝʛʦ ʢʦʦʨʜʠʥʘʪʳ ʍʨ, Yʨ ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ. ʇʨʠ ʪʘʢʦʤ ʧʦʚʦʨʦʪʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʢʘʢ ʚ ʩʚʦʝʡ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ ʠʟ ʧʣʦʩʢʦʩʪʠ.  ʇʝʨʝʤʝʱʝʥʠʷ Vi ʚ ʧʣʦʩʢʦʩʪʠ yi, zi ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʛʠʙʫ 

ʵʣʝʤʝʥʪʘ, ʧʝʨʝʤʝʱʝʥʠʷ ʞʝ ʠʟ ʧʣʦʩʢʦʩʪʠ ʚʳʟʚʘʥʳ ʢʨʫʯʝʥʠʝʤ ʵʪʦʡ ʧʣʘʩʪʠʥʳ. 

ʇʝʨʝʤʝʱʝʥʠʷ Vi ʦʪʜʝʣʴʥʦʡ ʧʣʘʩʪʠʥʢʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʢʨʫʯʝʥʠʷ Xp, Yp ʠ ʫʛʦʣ 

ʟʘʢʨʫʯʠʚʘʥʠʷ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʮʝʥʪʨʘj( )z : 

 j j j= - - - = Ö( )cos ( ) ( )sin ( ) ( )i i p i p iV y Y z x X z r z (1) 

ʛʜʝ r i ï ʥʦʨʤʘʣʴ ʢ ʦʩʠ i ïʦʡ ʧʣʘʩʪʠʥʢʠ, ʧʨʦʚʝʜʝʥʥʘʷ ʠʟ ʪʦʯʢʠ P. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʨʠʚʠʟʥʘ i ʵʣʝʤʝʥʪʘ ʚ ʝʛʦ ʧʣʦʩʢʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʬʫʥʢʮʠʝʡ:  

 c f=-'' ''( , , ( ))i i p pV X Y z  (2) 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʣʘʩʪʠʥʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ 

ʟʘʜʘʶʪʩʷ ʚ ʛʣʘʚʥʳʭ ʦʩʷʭ ʘʥʠʟʦʪʨʦʧʠʠ ʫ, z (ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ ʤʘʪʝʨʠʘʣʘ). ʆʙʦʙʱʝʥʥʳʡ ʟʘʢʦʥ ɻʫʢʘ ʜʣʷ ʩʣʫʯʘʷ 

ʧʣʦʩʢʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

                  

s

s

t t

n he s

e n h s

g th h

-

= -

1 / / /

/ 1 / /

/ / 1 /

y yz y y yy y

z zy z z z zz

yz yzy yz z yz yz

E E E

E E E

G G G

 (3) 

ɿʜʝʩʴ Ey, Ez, Gyz - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʠ ʩʜʚʠʛʘ; 

Ůz, Ůy ï ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʫʜʣʠʥʝʥʠʷ (ʣʠʥʝʡʥʳʝ ʜʝʬʦʨʤʘʮʠʠ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʝʡʩʪʚʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ;  

gyz - ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʜʚʠʛ - ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʧʨʷʤʦʛʦ ʫʛʣʘ ʤʝʞʜʫ ʧʣʦʱʘʜʢʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; 

nzy, nʫz  ï ʢʦʵʬʬʠʮʠʝʥʪʳ  ʚʣʠʷʥʠʷ  ʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ z  ʥʘ ʣʠʥʝʡʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʫ ʠ ʥʘʦʙʦʨʦʪ, ʧʨʠ ʵʪʦʤ ʩʦʙʣʶʜʘʝʪʩʷ ʦʪʥʦʰʝʥʠʝ 
n n
=

yz zy

y zE E
. 

hů,y, hů,z , ht,y, ht,z ï ʢʦʵʬʬʠʮʠʝʥʪʳ  ʚʣʠʷʥʠʷ  ʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘ  ʩʜʚʠʛʦʚʫʶ ʜʝʬʦʨʤʘʮʠʶ   ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ 

z, ʫ ʠ ʥʘʦʙʦʨʦʪ; ʧʨʠ ʵʪʦʤ ʩʦʙʣʶʜʘʶʪʩʷ ʦʪʥʦʰʝʥʠʷ 
s th h
=

, ,y y

y yzE G
 ʠ 

s th h
=

, ,z z

z yzE G
. 
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ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʫ, z ʫʧʨʫʛʠʭ ʧʦʩʪʦʷʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʫʧʨʫʛʠʝ 

ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʥʦʚʦʡ ʩʠʩʪʝʤʳ y1, z1, ʧʦʚʝʨʥʫʪʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʡ ʥʘ ʫʛʦʣ Ŭ (ʨʠʩ.1 ʙ), ʤʦʜʫʣʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʥʦʚʳʭ ʦʩʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ [2]: 

na a
a a

å õ
= + - Ö +æ öæ ö

ç ÷

4 4
2 2

1
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y y yz y zE E G E E
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ç ÷
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1
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               (4) 

n n
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ç ÷
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ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʫʛʣʝʧʣʘʩʪʠʢʘ ʤʘʨʢʠ M60J/Epoxy [5] ʦʪ 

ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʦʩʝʡ ʘʥʠʟʦʪʨʦʧʠʠ. 

 

 
ʈʠʩ. 2 ï ʇʦʣʷʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʝʡ ʫʛʣʝʧʣʘʩʪʠʢʘ M60J/Epoxy ʧʨʠ ʧʦʚʦʨʦʪʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ: 

ʘ ï ʧʨʦʜʦʣʴʥʦʡ ʫʧʨʫʛʦʩʪʠ; ʙ ï ʩʜʚʠʛʘ 

 

ʎʠʢʣ 1. 

1. ʇʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ (ʧʝʨʚʳʡ ʰʘʛ ʠʪʝʨʘʮʠʡ). 

1.1.  ʇʨʠʥʠʤʘʝʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʢʘʞʜʦʡ i ïʦʡ ʧʣʘʩʪʠʥʳ ʘʥʠʟʦʪʨʦʧʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʫʧʨʫʛʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: Ezi (ʪʘ ʞʝ ʚʝʣʠʯʠʥʘ, ʯʪʦ ʠ ʚ ʨʝʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ); ʦʩʪʘʣʴʥʳʝ ʤʦʜʫʣʠ ʩʪʨʝʤʷʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ 

Eyi= Ð; Gyzi=Ð. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥ ɻʫʢʘ ʠʤʝʝʪ ʚʠʜ: 

                                         

e s

e s

g t

= Ö

1/ 0 0

0 0 0

0 0 0

zi zi zi

yi yi

yzi yzi

E

                                 (5) 

1.2. ʇʨʠ ʪʘʢʦʤ ʚʠʜʝ ʟʘʢʦʥʘ ɻʫʢʘe
µ
= =

µ

( , )
( , ) 0i

yi

V y z
y z

y
, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʠʧʦʪʝʟʝ ʦ ʥʝʥʘʜʘʚʣʠʚʘʥʠʠ ʚʦʣʦʢʦʥ.  

1.3. ʊʦʛʜʘ
ʫe= + =ñ 0 0( , ) ( , ) ( ) ( )i i i iV y z y z dy V z V z. 

1.4. ʊʘʢʞʝ ʠʟ (5)g
µ µ
= + =
µ µ

( , ) 0i i
i

V W
y z

z y
. 
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1.5.  ʊʦʛʜʘ
µ

¡=- + =- Ö +
µñ 0 0 0( , ) ( ) ( ) ( )i

i i i i

V
W y z dy W z V z y W z

z
, 

ʠ  e e c
µ

¡¡= = - Ö = + Ö
µ

'
0 0 0 0( , ) ( ) ( ) ( ) ( )i

zi i i i i

W
y z W z V z y z z y

z
               (6) 

ʇʦʣʫʯʝʥʘ ʠʟʚʝʩʪʥʘʷ ʚ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʠʤʦʩʪʴ - ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ (ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ), ʛʜʝe0 ( )i z  ʠ c¡¡=-0 0( ) ( )i iV z z ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ. ɿʜʝʩʴe0 ( )i z  ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʨʦʜʦʣʴʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʦʩʠ ʩʪʝʨʞʥʷ, ʘ c0 ( )i z - ʢʘʢ ʢʨʠʚʠʟʥʫ ʝʛʦ ʦʩʠ. 

ʇʨʠ ʵʪʦʤ ʥʘ ʛʨʘʥʷʭ ʧʣʘʩʪʠʥ ʜʦʣʞʥʳ ʩʦʙʣʶʜʘʪʴʩʷ ʫʩʣʦʚʠʷ ʩʦʚʤʝʩʪʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʡ: 
ʢ ʥe e

+
=

1zi zi
 - ʪʘʢ ʚʳʛʣʷʜʷʪ 

ʵʪʠ ʫʩʣʦʚʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʠʥʜʝʢʩ ʢ ʦʟʥʘʯʘʝʪ ʜʝʬʦʨʤʘʮʠʶ ʚʦʣʦʢʥʘ=-/ 2iy h  , ʠʥʜʝʢʩ ʥ - . 

ʜʝʬʦʨʤʘʮʠʶ ʚʦʣʦʢʥʘ
+= 1 / 2iy h ).  

ʊʘʢ ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʧʣʘʩʪʠʥʘʤʠ ʠʤʝʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʷʤʠ: 

e c e c
-

+ Ö = + Ö1 2
01 1 02 2

2 2

h h
 , 

e c e c
-

+ Ö = + Ö32
02 2 03 3

2 2

h h
 - ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʠ ʪ.ʜ. 

1.7. ʇʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʩʠ ʣʶʙʦʡ ʧʣʘʩʪʠʥʳ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʧʨʦʜʦʣʴʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʩʠ ʧʝʨʚʦʡ ʠʟ ʥʠʭ 

(ʧʦʭʦʞʘʷ ʠʜʝʷ ʚʳʩʢʘʟʘʥʘ ʚ [3]): 

             e e c c c c= - Ö - Ö - - Ö - - Ö1
0 01 1 2 2 ... ...

2 2
n

i i nn

h h
h h                   (7) 

ɺʳʨʘʞʝʥʠʝ (7) ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʥʝʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥʳ: Xp, Yp, j''( )z , e01 ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ 

ʩʦʩʪʘʚʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ.  

1.8. ʇʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ e= =ä äñ 0i zi zi i

n n i

N E Ady ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶe01
(z).  

1.9. ɼʚʘ ʜʨʫʛʠʭ ʫʨʘʚʥʝʥʠʷ=ä 0x

n

M ʠ =ä 0y

n

M ʩʣʫʞʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʘ ʢʨʫʯʝʥʠʷ Xp, Yp.  

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʧʣʦʩʢʦʩʪʠ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ: 

                                  j
r

= Ö'' ''( , , ( ))zi xi
i zi xi i p p

i

E J
M E J V X Y z               (8) 

1.10. ɺʦʟʥʠʢʘʶʱʠʝ ʚ ʵʣʝʤʝʥʪʝ ʧʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

                                j= = Ö'''( , , '''( ))i
i zi xi i p p

dM
Q E J V X Y z

dz
,                 (9) 

1.11. ʇʦʧʝʨʝʯʥʳʝ ʩʠʣʳ ʩʦʟʜʘʶʪ ʯʘʩʪʴ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʠʟʛʠʙʦʤ ʵʣʝʤʝʥʪʦʚ (ʪʦ, ʯʪʦ ʫ ɺʣʘʩʦʚʘ [1] 

ʥʘʟʚʘʥʦ ʤʦʤʝʥʪʦʤ ʩʪʝʩʥʝʥʥʦʛʦ ʢʨʫʯʝʥʠʷ): 

                            
ʠʟʛ j= Ö = Ö Ö'''( , , '''( ))i i i zi xi i p p iM Q r E J V X Y z r            (10) 

ɿʜʝʩʴ  
ir  - ʧʣʝʯʦ ʩʠʣʳ ʧʦ (2). 

1.12. ɺʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʩʚʷʟʘʥʘ ʩ ʩʚʦʙʦʜʥʳʤ ʢʨʫʯʝʥʠʝʤ ʢʘʞʜʦʡ ʧʣʘʩʪʠʥʳ: 

                                  
ʩʚʢʨ j= Ö Ö. 3( / 3) '( )i ziM G h t z                           (11) 

1.14.  ʋʨʘʚʥʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷʢʨ=ä zM M , ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʡʪʠ ʬʫʥʢʮʠʶ ʫʛʣʘ ʟʘʢʨʫʯʠʚʘʥʠʷj( )z , 

ʩʪʘʥʦʚʠʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ:  

                  
ʩʚʢʨ ʠʟʛ

ʢʨɸ jj+ + Ö == Öä ä. ''' '( ) ( )i i

n n

M M z B z M                (12) 

ʛʜʝ = Ö Öä '''( , )zi xi i p p i

n

A E J V X Y r - ʘʥʘʣʦʛ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʞʝʩʪʢʦʩʪʠ ʧʦ [1], = Öä 3( / 3)zi i i

n

B G h t -   ʢʨʫʪʠʣʴʥʘʷ 

ʞʝʩʪʢʦʩʪʴ, ʯʪʦ ʧʦʚʪʦʨʷʝʪ ʫʨʘʚʥʝʥʠʝ ɺ.ɿ. ɺʣʘʩʦʚʘ [1]. 

ʈʝʰʠʚ ʝʛʦ ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʧʦʩʦʙʦʚ ʟʘʢʨʝʧʣʝʥʠʷ ʩʪʝʨʞʥʷ, ʧʦʣʫʯʘʝʤ ʬʫʥʢʮʠʶ 

ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷj( )z . 

ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʧʝʨʚʦʛʦ ʵʪʘʧʘ.  

1.15. ɼʘʣʝʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ 

s(1)

,z i =(e0 ( )i z ¡¡- Ö0 ( )iV z y)ÖziE . 
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1.16. ʀʟ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 
t sµ µ
+ =

µ µ

(1) (1)

, ,
0

yz i z i

y z
ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ: 

                                      
s

t t
µ

=- +
µñ

(1)

,(1) (1)

, 0 ,

y

z i

yz i yz idy
z

.                              (13) 

ɿʜʝʩʴ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɹʨʝʜʪʘ, ʧʦʪʦʢ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʤʝʥʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʪ.ʝ. 

t t+ +Ö = Ö(1) (1)

, 1 , 1i yz i i yz it t . ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ, ʠ ʟʥʘʷ, ʯʪʦ ʥʘ ʩʚʦʙʦʜʥʳʭ ʛʨʘʥʷʭ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ t(1)

0 ,yz i  

1.17. ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 
s tµ µ
+ =

µ µ

(1) (1)

, ,
0

y i yz i

y z
ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʧʦʧʝʨʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ: 

                            
t

s s
µ

=- +
µñ

(1)

,(1) (1)

, 0 ,

y

yz i

y i y idy
z

.                                (14) 

ʊʝʧʝʨʴ, ʝʩʣʠ ʧʦ ʪʝʦʨʝʤʝ ɹʨʝʜʪʘ, ʧʦʪʦʢ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʤʝʥʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ, ʪʦ ʪʘʢʞʝ 

ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴʩʷ ʧʦʪʦʢ ʧʦʧʝʨʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ: s s+ +Ö = Ö(1) (1)

, 1 , 1i y i i y it t .   ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʫʩʣʦʚʠʷ, ʠ 

ʟʥʘʷ, ʯʪʦ ʥʘ ʩʚʦʙʦʜʥʳʭ ʛʨʘʥʷʭ ʦʪʩʫʪʩʪʚʫʶʪ ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠs(1)

0 ,y i .  

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ ï ʚ ʵʪʦʤ ʮʠʢʣʝ: 

¶ ʇʨʦʜʦʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ïʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ. 

¶ ʇʨʦʜʦʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ï̫ ʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ j''( )z . 

¶ ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ïʢʚʘʜʨʘʪʥʳʝ ʧʘʨʘʙʦʣʳ ʚ ʧʨʝʜʝʣʘʭ ʵʣʝʤʝʥʪʘ. 

¶ ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ï̫ ʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪj'''( )z . 

¶ ʇʦʧʝʨʝʯʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʚʳʩʦʪʝ ïʢʫʙʠʯʝʩʢʠʝ ʧʘʨʘʙʦʣʳ ʚ ʧʨʝʜʝʣʘʭ ʵʣʝʤʝʥʪʘ. 

¶ ʇʦʧʝʨʝʯʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʜʣʠʥʝ ï̫ ʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪj ( )IV z . 

ʅʘ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʝʨʚʳʡ ʮʠʢʣ ʠʪʝʨʘʮʠʡ. 

 

ʎʠʢʣ 2. 

ʅʘ ʚʪʦʨʦʤ ʮʠʢʣʝ ʦʩʪʘʝʪʩʷ ʪʘ ʞʝ ʛʠʧʦʪʝʟʘ ʥʝʠʟʤʝʥʷʝʤʦʩʪʠ ʢʦʥʪʫʨʘ ʠ ʚʩʝ ʧʨʝʜʧʦʩʳʣʢʠ ʧʝʨʚʦʛʦ ʮʠʢʣʘ. ɿʘ 

ʥʝʠʟʚʝʩʪʥʳʝ ʪʘʢʞʝ ʧʨʠʥʠʤʘʶʪʩʷ: 

¶ ʌʫʥʢʮʠʷ ʫʛʣʦʚ ʟʘʢʨʫʯʠʚʘʥʠʷ ʩʪʝʨʞʥʷ j(2)( )z   

¶ ʂʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʢʨʫʯʝʥʠʷ ʍʨ, Yʨ. 

¶ ʇʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʩʠ ʵʣʝʤʝʥʪʦʚe(2)

0
( )

i
z    

¶ ʂʨʠʚʠʟʥʘ ʦʩʠ ʵʣʝʤʝʥʪʦʚ c(2)

0
( )

i
z  

ɿʜʝʩʴ ʠ ʜʘʣʝʝ 
(2) 
ïʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʪʦʨʦʤʫ ʮʠʢʣʫ, 

(1)
 ïʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʝʨʚʦʤʫ. 

ʄʘʪʨʠʮʘ ʤʦʜʫʣʝʡ ʧʨʠʥʠʤʘʝʪ ʦʙʳʯʥʳʡ ʚʠʜ ʧʦ (5): 

s

s

t t

n h

n h

h h

-

-

1 / / /

/ 1 / /

/ / 1 /

y yz y y y

zy z z zz

y yz z yz yz

E E E

E E E

G G G

 

ɺ ɻʪʦʤ ʚʘʨʠʘʥʪʝ ʫʯʪʝʥʦ ʚʣʠʷʥʠʝ ʩʜʚʠʛʦʚ ʠ ʧʦʧʝʨʝʯʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʙʱʝʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʪʝʨʞʥʷ ʧʨʠ ʢʨʫʯʝʥʠʠ. 

ɺ ʥʘʯʘʣʝ ʚʪʦʨʦʛʦ ʮʠʢʣʘ ʧʦ ʟʘʢʦʥʫ ɻʫʢʘ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʪʝʣʘ (5) ʥʘʭʦʜʠʤ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʬʫʥʢʮʠʶ 

ʜʝʬʦʨʤʘʮʠʡ ʚʜʦʣʴ ʦʩʠ x -  e(2)

,y i : 

 s
e s n hs t-= +

, , , , ,,

(2) (1) (1) (1)

, , ,/ / /
y i yz i y i y i y iyz iy i y i z iE E E                        (15)  

ɿʥʘʷ ʬʫʥʢʮʠʶ ʜʝʬʦʨʤʘʮʠʠ e(2)

,y i , ʤʦʞʥʦ ʥʘʡʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʶ ʧʝʨʝʤʝʱʝʥʠʷ 
(2)

iV , ʧʦʣʴʟʫʷʩʴ 

ʫʨʘʚʥʝʥʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ʜʝʬʦʨʤʘʮʠʷʤʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ: 

                                    e= +ñ
(2) (2) (2)

0 ( )i yi iV dy V z                        (16) 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ
(2)

0, ( )iV z . 

ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʧʦ ʦʙʦʙʱʝʥʥʦʤʫ ʟʘʢʦʥʫ ɻʫʢʘ (5): 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 

 

17 

 

 t tg s h s h t= + +(2) (1) (1) (1)

, , , , , , , , ,/ / /yz i y i y i yz i z i z i yz i yz i yz iG G G            (17) 

ɿʘʪʝʤ ʚʥʦʚʴ ʥʘʭʦʜʠʤ ʬʫʥʢʮʠʶ ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡez
ʧʦ ʧʨʦʮʝʜʫʨʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʝʨʚʦʤ ʮʠʢʣʝ: 

g
µ µ
= +
µ µ

zx

W V

x z
 

gµ µ µ
= +

µ µ µ µ

2

2

zy W V

z x z z
 

 

s

t t

s n h

g
e e

s h s h t

s t

e c

-

µ µµ
= = - + + Ö =
µ µ µ

µ
= + + -
µ

µ
- + +

µ

+ - Ö

ñ ñ

ñ

ñ ñ

,

(2) 2 (2)
,(2) (2) (2) ''

0, 0,2

(1) (1) (1)

2
(1) (1) (1)

2

(2) (2)

0, 0,1

/ / /

( / / / )

( )
y yz y y y

Z i

yz

yz i i
i i

y y yz z z yz yz yz

y z

i

E E E

VW
dy dy V y

x z z

G G G dy
z

dy dy
z

y

.           (18) 

ʇʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ (17) ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʩʣʘʛʘʝʤʳʭ ʧʦʚʪʦʨʷʶʪ ʣʠʥʝʡʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʚʳʩʦʪʝ ʵʣʝʤʝʥʪʘ ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʠ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠj(2)( )z , 

ʧʝʨʚʳʝ ʞʝ ʩʣʘʛʘʝʤʳʝ ʩʦʟʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʳʩʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʧʨʷʞʝʥʠʷʤ, 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ - ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠj(1)( )z . 

ɺʩʝ ʜʘʣʴʥʝʡʰʠʝ ʚʳʯʠʩʣʝʥʠʷ ʚʝʜʫʪʩʷ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʟʣʦʞʝʥʥʦʡ ʚʳʰʝ ʜʣʷ ʧʝʨʚʦʛʦ ʮʠʢʣʘ, ʧʨʠʯʝʤ ʜʣʷ 

ʚʝʣʠʯʠʥ, ʟʘʚʠʩʷʱʠʭ ʦʪj(2)( )z , ʨʝʰʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ ʞʝ ʚʠʜʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (12). ʆʜʥʘʢʦ 

ʚʝʣʠʯʠʥʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʫʞʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠj(1)( )z , ʙʫʜʫʯʠ ʧʝʨʝʥʝʩʝʥʥʳʤʠ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʠʛʨʘʶʪ ʨʦʣʴ ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʜʘʥʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʨʘʚʥʝʥʠʝ (12) 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʝ: 

                       
ʩʚʢʨ ʠʟʛ

ʜʦʧʢʨ j+ °=ä ä ä. (1)( ( ))i i

n n

M M M zM ,                  (19) 

ʩ ʪʝʤʠ ʞ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʘʢ ʠ ʥʘ ʧʝʨʚʦʤ ʮʠʢʣʝ. 

ɼʘʣʴʥʝʡʰʠʝ ʫʪʦʯʥʝʥʠʷ ʨʝʰʝʥʠʷ (ʩʣʝʜʫʶʱʠʝ ʮʠʢʣʳ) ʧʨʦʚʦʜʷʪʩʷ ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʦʧʝʨʘʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ z ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʫ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʨʝʟʫʣʴʪʘʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ ʪʘʙʣ.1. 

 

ʊʘʙʣʠʮʘ 1 

 

ʅʘʧʨʷʞʝʥʠʷ 

ʇʝʨʚʳʡ ʮʠʢʣ ɺʪʦʨʦʡ ʮʠʢʣ 

ɺʳʩʰʘʷ ʩʪʝʧʝʥʴ 

ʧʨʦʠʟʚʦʜʥʦʡ j( )z  

ɺʳʩʰʘʷ ʩʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ʫ 

ɺʳʩʰʘʷ ʩʪʝʧʝʥʴ 

ʧʨʦʠʟʚʦʜʥʦʡ j( )z  

ɺʳʩʰʘʷ ʩʪʝʧʝʥʴ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ ʫ 

sz
 j''( )z  ʫ

1
 j ( )VI z  ʫ

5
 

tyz  j'''( )z  ʫ
2 

j ( )VII z  ʫ
6
 

sy  j ( )IV z  ʫ
3
 j ( )VIII z  ʫ

7
 

 

ʅʘ ʵʪʠʭ ʬʘʢʪʘʭ ʙʘʟʠʨʫʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ -  ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʮʠʢʣʦʚ ʜʦ ʯʠʩʣʘ m 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʜʣʠʥʝ ʩʪʝʨʞʥʷ l ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘʥʠʷ ʩʪʝʧʝʥʠ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠj( )z , ʪ.ʝ. 

ʧʨʠʨʘʱʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ 1/l 
2m
. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʚʳʩʦʪʝ 

ʩʪʝʨʞʥʷ h ʩ ʜʦʚʝʜʝʥʠʝʤ ʯʠʩʣʘ ʮʠʢʣʦʚ ʜʦ m ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʚʣʠʷʥʠʷ ʚʳʩʦʪʳ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ h
2m

. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘ ʢʘʞʜʦʤ ʮʠʢʣʝ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʜʦʙʘʚʢʫ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ 

(h/l)
2m

. 

ʇʨʠ ʦʪʥʦʰʝʥʠʠ h/l=1/3ʥʘ ʚʪʦʨʦʤ ʮʠʢʣʝ ʧʦʧʨʘʚʢʘ ʢ ʥʘʧʨʷʞʝʥʠʷʤ s(1)

,z iʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ (1/3)
4 
=0.012, ʘ 

ʥʘ ʪʨʝʪʴʝʤ ʫʞʝ 0.15
-4
. ʇʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ, ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ 2 ï 

3 ʮʠʢʣʦʚ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ.   
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ʉʇʙ,2002.-ʉ.30 ï34, ɼʝʧ. ɺʀʅʀʊʀ.ˉ 1400-ɺ2002.  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 

 

18 

 

3.  ʇʦʣʠʥʢʝʚʠʯ ʂ.ʖ. ʀʪʝʨʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʩʣʦʠʩʪʳʭ ʙʘʣʦʢ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʀʟʚʝʩʪʠʷ ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ. /ɺʳʧ 2 (35)/ ʇʝʪʝʨʙ. ɻʦʩ. ʋʥʠʚʝʨ. ʇʫʪʝʡ ʩʦʦʙʱ. ïʉʇʙ,2013.-ʉ.148 ï153 

4. ɸʣʣʘʭʚʝʨʜʦʚ ɹ.ʄ. ʇʦʣʠʥʢʝʚʠʯ ʂ.ʖ. ʀʪʝʨʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʘʥʠʟʦʪʨʦʧʥʦʡ ʙʘʣʢʠ ʥʘ ʧʨʦʯʥʦʩʪʴ. 
ʀʟʚʝʩʪʠʷ ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ. /ɺʳʧ 2 (39)/ ʇʝʪʝʨʙ. ɻʦʩ. ʋʥʠʚʝʨ. ʇʫʪʝʡ ʩʦʦʙʱ. ï

ʉʇʙ,2014.-ʉ.73 ï79 

5. ʇʦʧʦʚ ɸ.ɸ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ (ʪʝʦʨʠʷ ʠ ʟʘʜʘʯʠ). ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. ʄʦʩʢʚʘ, 1956, ʩʪʨ. 476. 

6. ʃʝʭʥʠʮʢʠʡ ʉ.ɻ. ɸʥʠʟʦʪʨʦʧʥʳʝ ʧʣʘʩʪʠʥʢʠ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ʪʝʭʥʠʢʦ-ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ʄʦʩʢʚʘ, 1957, ʩʪʨ. 463. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ / References in English 

1. VZ Vlasov, Tonkostennie uprugie stergni [Thin walls elastic beams], Stroiizdat [construction publishing], 1940.  

2. BM Allakhverdov. Iteracionnii metod rascheta balok s izmenyaushimisya po visote harakteristikami [Iterative method 

of calculation of beams with variable height characteristics]. Issledovaniya po mechanike materialov I konstrukcii (sb. nauchn. 

statei)/Vip 12/ Peterb. Gos. Univer. Putei soobch. [Research on the mechanics of materials and structures.(collected scientific 

articles)/Edd.12/ St. Petersburg. The State University of Communications. St. Petersburg]. ïSPb,2002.-P.30 ï34, Dep. 

VINITI.ˉ 1400-ɺ2002.  

3.  KY Polinkevich. Iteracionnii sposob rascheta sloistich balok na prochnostô[An iterative method of calculation of 

layered beams for strength] Izvestiya Peterburgskogo universiteta putei soobcheniya [Proceedings of the St. Petersburg 

University of Railways]. / Issue 2 (35) / St. Petersburg State University of Railways. SPb, 2013.-p.148 -153 

4. BM Allakhverdov, KY Polinkevich. Iteracionnii sposob rascheta anizotropnoi balki na prochnostô[The iterative 
method of calculation of the anisotropic beam strength] Izvestiya Peterburgskogo universiteta putei soobcheniya [Proceedings 

of the St. Petersburg University of Railways]. / Issue 2 (39) / St. Petersburg State University of Railways. SPb, 2014.-p.73 -79 

5. AA Popov. Soprotivlenie materialov (teoriya I zadachi) [Strength of Materials (theory and tasks).]. Gosudarstvennoe 

nauchno-technicheskoe izdatelôstvo mashinostroitelônoi literature [State scientific and technical publishing engineering 

literature]. Moscow, 1956, P. 476. 

6. SG Lekhnickii. Anizotropnie plastinki [Anisotropic plates]. Gosudarstvennoe izdatelôstvo techniko-teoreticheskoi 

literature [State Publishing House technical and theoretical literature]. Moscow, 1957, P. 463. 
 

 

DOI: 10.23670/IRJ.2017.55.027 

ɹʝʣʠʯʝʥʢʦ ʈ.ʀ.
1
, ɹʝʨʝʟʢʠʥ ɽ.ɼ.2 

1
ɸʩʧʠʨʘʥʪ, 

2
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ 

ʈɸɿʈɸɹʆʊʂɸ ɼɸʊʏʀʂɸ ʊʆʂɸ ɼʃʗ ʅʀɿʂʆɺʆʃʔʊʅʓʍ ʂʆʄʇʃɽʂʊʅʓʍ ʈɸʉʇʈɽɼʋʉʊʈʆʁʉʊɺ 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ, ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʚ 
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BOARDS 

                                                                                             Abstract 
This paper considers the approach to the development of small-sized current transducers built in complete distributing 

boards with voltage 0,4-10kV, and the analysis of an external magnetic field influence on their performance is made.             
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ʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʜʣʷ ʢʦʤʧʣʝʢʪʥʳʭ ʨʘʦʧʨʝʣʫʩʪʨʦʡʩʪʚ ʥʘʧʨʷʞʝʥʠʝʤ 0,4 - 10 ʢɺ ʚʦʟʥʠʢʣʘ 

ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʦʱʥʦʩʪʝʡ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʝʪʷʭ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ ʘʜʘʧʪʠʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʧʨʠ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʤʝʛʘʚʘʪʪ ʠ ʥʘʧʨʷʞʝʥʠʠ 0,4 ʢɺ, ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʩʙʦʨʥʳʭ ʰʠʥʘʭ ʢʦʤʧʣʝʢʪʥʦʛʦ ʨʘʩʧʨʝʜʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ 

ʧʨʝʚʳʰʘʪʴ ʜʝʩʷʪʢʠ ʢʠʣʦʘʤʧʝʨ. 

ʉ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʢʦʤʧʣʝʢʪʥʦʛʦ ʨʘʩʧʨʝʜʫʩʪʨʦʡʩʪʚʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʫʱʝʨʙʘ ʦʪ  ʪʦʢʘ ʢ.ʟ.,  ʢ  

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʝ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʪʢʣʶʯʝʥʠʝ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. ʊʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʪʦʣʴʢʦ ʟʘʱʠʪʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ ʩʨʘʚʥʝʥʠʷ 

ʪʦʢʦʚ ʚʩʝʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʩʙʦʨʥʳʭ ʰʠʥ, ʪ.ʝ. ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʟʘʱʠʪʘ ʩ ʫʩʪʘʥʦʚʢʦʡ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʥʘ ʢʘʞʜʦʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ρ. ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʣʝʢʪʥʳʭ ʨʘʩʧʨʝʜʫʩʪʨʦʡʩʪʚʘʭ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʂʈʋʅʅ)  ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʪʦʢʦʚʝʜʫʱʠʤʠ ʰʠʥʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ ς, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 
ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʦʨʦʠʜʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʪʦʢʘ ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ, ʚʩʪʨʘʠʚʘʝʤʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʠ ʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʪʦʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʥʩʨʝʘʢʪʦʨ σȟτ. ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ɸ 
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ʰʠʥʦʧʨʦʚʦʜʘʭ ʂʈʋʅʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʜʘʪʯʠʢ  ʪʦʢʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʇ-ʦʙʨʘʟʥʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, ʩʦʙʨʘʥʥʦʛʦ ʠʟ 

ʣʠʩʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ ʠ ʜʚʫʭ ʦʙʤʦʪʦʢ, ʨʘʟʤʝʱʘʝʤʳʭ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʨʞʥʷʭ ʩʝʨʜʝʯʥʠʢʘ ʠ 

ʩʦʝʜʠʥʷʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ.  

ʉ ʮʝʣʴʶ  ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ  ʇ-ʦʙʨʘʟʥʳʡ ʪʨʘʥʩʨʝʘʢʪʦʨ  ʩ ʯʠʩʣʦʤ 

ʚʠʪʢʦʚ  Wʣʝʚ =  Wʧʨʘʚ = 1000 ʚ.  ʈʘʟʤʝʨʳ ʜʘʪʯʠʢʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʰʠʥ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

 

   

 
ʈʠʩ. 1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʘʥʩʨʝʘʢʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ 

 

ɺʳʧʦʣʥʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʪʯʠʢ ʪʦʢʘ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʥʘ ʚʳʭʦʜʝ ʦʙʤʦʪʢʠ ʥʘʧʨʷʞʝʥʠʷ ʧʦʤʝʭʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʣʦʞʥʦʡ ʨʘʙʦʪʝ ʟʘʱʠʪʳ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʦʧʠʩʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʦʢʦʣʦ ʰʠʥ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʟʘʤʳʢʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʩʝʨʜʝʯʥʠʢʫ ʠ ʟʘʟʦʨʫ ʠ 

ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʯʫ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʝʣʠʥʝʡʥʳʭ ʤʘʛʥʠʪʥʳʭ ʮʝʧʝʡ υ. ʆʩʥʦʚʥʘʷ ʪʨʫʜʥʦʩʪʴ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʮʝʧʠ. ʇʨʠʙʣʠʞʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʥʝʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʦʣʝʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʘʪʯʠʢʘ ʪʦʢʘ, ʠʩʧʦʣʴʟʫʷ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʢʦʣʦ ʰʠʥ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʧʦʣʝ ʅ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʢʨʫʞʘʶʱʝʤ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤ, ʘ  ʤʘʛʥʠʪʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʝʨʜʝʯʥʠʢʘ Õ ʧʨʠʤʝʤ  ʨʘʚʥʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʢʘʨʪʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʰʠʥʳ ʩ ʪʦʢʦʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʝʛʦ ʜʨʫʛʠʤ 

ʧʦʣʝʤ, ʘ ʠʤʝʥʥʦ ʧʦʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ φ.  

ʄʦʜʝʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʰʠʥʳ ʩ ʪʦʢʦʤ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʪʦʥʢʠʭ ʢʨʫʛʣʳʭ ʜʠʩʢʦʚ ʠʟ ʧʨʦʚʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ (ʤʝʜʠ). 

ʕʪʠ ʜʠʩʢʠ ʩʦʝʜʠʥʝʥʳ ʧʦ ʧʝʨʠʤʝʪʨʫ ʩ ʧʦʤʦʱʴʶ ʤʝʜʥʳʭ ʟʘʢʣʝʧʦʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ  ʥʘ ʨʠʩ. 2.    

 

 
ʈʠʩ.2 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

 

ʅʘ ʚʝʨʭʥʝʤ ʜʠʩʢʝ ʚʳʨʝʟʘʥʘ ʤʦʜʝʣʴ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʘ ʢ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʰʠʥʳ ʠ ʮʝʥʪʨʫ ʥʠʞʥʝʛʦ ʜʠʩʢʘ 

ʧʦʜʢʣʶʯʝʥʳ ʧʨʦʚʦʜʥʠʢʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ,  ʎʝʥʪʨ ʥʠʞʥʝʛʦ ʜʠʩʢʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʤʳ ɹʫʪʨʦʡʜʘ χ 

ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʝʥ ʙʝʩʢʦʥʝʯʥʦ-ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʝ.  



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 

 

20 

 

ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʳʨʘʞʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʧʦʪʦʢʘ V(M),  

ʐʠʥʫ ʩ ʪʦʢʦʤ ʤʦʞʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʟʘʤʝʥʠʪʴ ʪʦʯʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʧʦʪʦʢʘ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʵʪʦʡ ʪʦʯʢʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʦʩʦʙʝʥʥʦʩʪʴ  
╥╜

╜ᴼ╝
ᴼ

Ⱬ
■▪
►╜╝

 

ʇʦʣʝ ʤʦʜʝʣʠ ʦʧʠʩʳʚʘʝʪʩʷ  ʬʫʥʢʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ U(M). 

ɺ ʪʦʯʢʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ ʢ ʤʦʜʝʣʠ ʧʦʣʝ ʧʦʪʝʥʮʠʘʣʘ ʙʫʜʝʪ ʠʤʝʪʴ ʪʘʢʫʶ ʞʝ ʦʩʦʙʝʥʥʦʩʪʴ,  ʢʘʢ ʠ ʧʦʣʝ 

ʧʦʪʝʥʮʠʘʣʘ ʪʦʢʘ ʫʪʝʯʢʠ ʫʝʜʠʥʝʥʥʦʛʦ ʧʨʦʚʦʜʘ 

╤╜
░ʤʦʜ
Ⱬ♬▀
■▪
►

 

ʛʜʝ     d  -  ʪʦʣʱʠʥʘ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʤʦʜʝʣʠ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦ   

Iʤʦʜ = Ḁ ♯⸗▼Ḁ ♬╔▀▼▀᷿ ♬╔▀■
Ⱬ

 
▼

Ⱬ►▀♬╔ȟ
▼

 

ʦʪʩʶʜʘ  E = 
╘ʤʦʜ

Ⱬ►▀♬
 ;   

U(ʄ) = ᷿ ╔▀■
╜

╜
 = - ᷿

░ ʤʦʜ▀►

Ⱬ►▀♬

►
 
░ʤʦʜ

Ⱬ▀♬
 ln 
►
 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʙʝ ʬʫʥʢʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʜʠʥʘʢʦʚʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʊʝʧʝʨʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʤ ʬʘʢʪʦʤ, 

ʯʪʦ ʝʩʣʠ ʬʫʥʢʮʠʠ ʦʧʠʩʳʚʘʶʪʩʷ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʫʨʘʚʥʝʥʠʝʤ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʜʠʥʘʢʦʚʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʪʦ ʧʦ 

ʪʝʦʨʝʤʝ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʦʥʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʨʝʰʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʶ ʧʦʪʦʢʘ ʤʦʞʥʦ 

ʟʘʤʝʥʠʪʴ ʬʫʥʢʮʠʝʡ ʧʦʪʝʥʮʠʘʣʘ. ʉʨʘʚʥʠʚ ʠʩʪʦʯʥʠʢʠ V(M) ʠ U(M) , ʥʘʡʜʝʤ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ  

V(M) : U(ʄ) = i : 
░ʤʦʜ

♬▀
 ,       ʪʦ ʝʩʪʴ        V(M) = 

░♬▀

░ʤʦʜ
  U(ʄ) . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʡʪʠ  V(M) ʤʦʞʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 
░ʤʦʜ

♬▀
  ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʩʪʨʦʠʚ ʢʘʨʪʠʥʫ 

ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʠʥʠʡ U(M) .        ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ   
░ʤʦʜ

♬▀
   ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟ ʤʘʪʝʨʠʘʣʘ 

ʤʦʜʝʣʠ ʪʦʣʱʠʥʦʡ  d ʙʳʣʘ ʚʳʨʝʟʘʥʘ ʪʦʥʢʘʷ ʜʣʠʥʥʘʷ ʧʦʣʦʩʢʘ ʠ ʚʢʣʶʯʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʤʦʜʝʣʴʶ ʢ ʠʩʪʦʯʥʠʢʫ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɿʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʜʚʦʡʥʦʛʦ ʱʫʧʘ, ʫ ʢʦʪʦʨʦʛʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʱʫʧʘʤʠ   æŰ ʨʘʚʥʦ ʰʠʨʠʥʝ ʧʦʣʦʩʢʠ  

m, ʠʟʤʝʨʷʣʦʩʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʨʝʜʠʥʝ ʧʦʣʦʩʢʠ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ   
░ʤʦʜ

♬▀
.   

ɼʝʡʩʪʚʠʪʝʣʴʥʦ 

░ʤʦʜ = Ḁ ♯▀▼ ♯▼
▼

 ♯□▀  ♬╔□▀
ЎⱲ

ЎⱲ
  ♬Ў╤

□

ЎⱲ
▀  ♬▀Ў╤ȟ   

ʪʘʢ ʢʘʢ    æU =E æŰ ,  ʦʪʩʶʜʘ      æU = 
░ʤʦʜ

♬ ▀
 . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʠʤʝʝʤ V(M)   
 ╤░╜

Ў╤
   .  .  

ɺʝʣʠʯʠʥʘ ʧʦʪʦʢʘ ʚ ʪʨʫʙʢʝ ʧʦ ʪʦʣʱʠʥʝ ʩʝʨʜʝʯʥʠʢʘ  z    ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ   ʌj = Vj z,    ʛʜʝ  j - ʥʦʤʝʨ ʩʠʣʦʚʦʡ 

ʪʨʫʙʢʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʘʨʪʠʥʦʡ ʧʦʣʷ. ʉʫʤʤʠʨʫʝʤ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʢʘʪʫʰʝʢ ʜʘʪʯʠʢʘ 

Ɋ = В ♥▓
▪
▓  = В ╥▒

▪
▒
■

◌■ ◑ Ƞ 

ʛʜʝ  ◌■ -  ʯʠʩʣʦ ʚʠʪʢʦʚ, ʢʦʪʦʨʦʝ ʧʨʦʥʠʟʳʚʘʝʪ ʧʦʪʦʢ  j  - ʪʦʡ ʩʠʣʦʚʦʡ ʪʨʫʙʢʠ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʫʜʝʣʴʥʦʛʦ ʯʠʩʣʘ ʚʠʪʢʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʯʘʩʪʴ ʜʣʠʥʳ ʢʘʪʫʰʢʠ).   ʕɼʉ, ʠʥʜʫʢʪʠʨʫʝʤʘʷ ʚ ʦʙʤʦʪʢʘʭ ʜʘʪʯʠʢʘ  ʪʦʢʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ         e = - 
▀♥

▀◄
 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʯʠʩʣʠʪʴ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʦʜʥʦʡ ʠʟ ʢʘʪʫʰʝʢ, ʧʦʩʢʦʣʴʢʫ ʩʠʣʦʚʳʝ 

ʣʠʥʠʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦ, ʠ ʦʙʝ ʢʘʪʫʰʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1.    

 

ʊʘʙʣʠʮʘ 1 ï ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʦʜʥʦʡ ʢʘʪʫʰʢʠ 

ʅʦʤʝʨʘ 

ʪʨʫʙʦʢ 

╥▒

░
 

 

   ʌ▒ 

░
 ◌■ ♥▓/i 

1 1,054 52,66 130 0,85 

2 1,185 59,2 780 5,06 

3 1,317 65,7 1000 19,7 

4 1,45 72,4   

5 1,58 78,9   

6 1,71 85,4 960 6,34 

7 1,843 92 930 6,24 

8 1,984 98,7 752 5,04 

9 2,109 105,4   

10 2,24 112   

В ἳȾἱ  = 43,23 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʤʝʭʠ ʩʣʝʜʫʝʪ ʚʳʯʠʩʣʷʪʴ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʦʙʝʠʭ ʢʘʪʫʰʝʢ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2.                                            

В♥▓ ʣʝʚȾ░ = 5,324;  В♥▓ ʧʨʘʚȾ░ = 2,694 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʞʫʨʥʘʣ ǐ ˉ 01 (55) ǐ ʏʘʩʪʴ 4 ǐ ʗʥʚʘʨʴ 
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ʉʫʤʤʘʨʥʳʡ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʜʘʪʯʠʢʘ ʪʦʢʘ   ʝʧʦʣȢ = 2 
Ἤ

ἬἼ
  =  86,46

▀░

▀◄
 .   ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʤʝʭʠ ʦʪ ʩʦʩʝʜʥʝʡ 

ʰʠʥʳ ʚʳʯʠʩʣʷʶʪʩʷ ʦʪʜʝʣʴʥʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʢʘʪʫʰʝʢ ʠ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʫʝʪʩʷ (ʩ ʫʯʝʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʵʜʩ).     

ʆʪʩʶʜʘ         ʝʣʝʚȢ = 5,324
▀░

▀◄
 ;    ʝʧʨʘʚȢ = 2,694

▀░

▀◄
  ; 

                      ʝʧʦʤȢ = (5,324 - 2,694 ) 
▀░

▀◄
  = 2,63

▀░

▀◄
  . 

 

ʊʘʙʣʠʮʘ 2 ï ʇʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʜʚʫʭ ʢʘʪʫʰʝʢ 

ʅʦʤʝʨʘ 

ʪʨʫʙʦʢ 

   ʌ▒ 

░
 ◌■ ♥▓ ʣʝʚȢ/i ♥▓ ʧʨʘʚ/i 

1 115,7 76 0,0532  

2 115 511 0,65  

3 113,8 893 1,16  

4 112,5 1000 3,1  

5 111,2    

6 110    

7 109,4 600 0,36  

8 108,8    

9 107,6 1000   

10 106 881  1,4 

11 105 291  1,058 

12 104,2   0,236 

 

ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʪʯʠʢʘ ʪʦʢʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʦʪʥʦʰʝʥʠʝʤ ʵʜʩ ʧʦʤʝʭʠ ʢ ʵʜʩ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

Ů  =  ʝʧʦʤȢȢȾ ʝʧʦʣȢ=  ςȟφσ
Ἤἱ

ἬἼ
Ⱦψφȟτφ

▀░

▀◄
     0,032 . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʧʦʤʝʭʠ, ʥʘʚʦʜʠʤʦʡ ʥʘ ʦʧʠʩʘʥʥʦʤ ʜʘʪʯʠʢʝ, ʩʦʩʪʘʚʣʷʝʪ 3,2 % ʦʪ ʚʝʣʠʯʠʥʳ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʪʦʢʝ ʩʦʙʩʪʚʝʥʥʦʡ ʠ ʩʦʩʝʜʥʝʡ ʰʠʥ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʇ- ʦʙʨʘʟʥʦʛʦ ʪʨʘʥʩʨʝʘʢʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ ʪʦʢʘ, 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚʝʣʠʯʠʥʘ ʧʦʤʝʭʠ ʨʘʚʥʘʷ 2,9, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʝʣʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ 

ʦʮʝʥʠʚʘʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʜʘʪʯʠʢʘ ʪʦʢʘ. 
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Abstract 

The paper describes the task of an expert evaluation of the animals at feline exhibitions. It provides existing assessment 

standards to evaluate the quality of animals that become the basis of the experts' solutions. The mathematical model of expert 

assessment of an animal is developed. The paper shows the functionality of a program module, which allows to carry out the 

selection of an optimum judging system for a pet by its description on the basis of a mathematical model. 

Keywords: decision making, expert assessment, feline exhibition. 

 

ʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʯʝʣʦʚʝʢ, ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ ʨʷʜʦʤ ʩ ʥʠʤ ʩʫʱʝʩʪʚʦʚʘʣʠ ʠ ʢʦʰʢʠ. ʃʶʜʠ ʧʦʩʪʦʷʥʥʦ 

ʚʥʦʩʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʥʝʰʥʠʡ ʚʠʜ ʵʪʠʭ ʞʠʚʦʪʥʳʭ, ʩʝʣʝʢʮʠʦʥʠʨʫʷ ʠʭ ʠ ʚʳʚʦʜʷ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʧʦʨʦʜʳ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʪʴ ʦʜʥʫ ʢʦʰʢʫ ʩ ʜʨʫʛʦʡ, ʩʪʘʣʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʳʩʪʘʚʢʠ ʞʠʚʦʪʥʳʭ. ʉʦ 

ʚʨʝʤʝʥʝʤ ʥʘ ʚʳʩʪʘʚʢʘʭ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʣʠʮʘ ï ʵʢʩʧʝʨʪʳ, ʦʮʝʥʠʚʘʶʱʝʝ ʧʘʨʘʤʝʪʨʳ ʞʠʚʦʪʥʦʛʦ ʥʘ 

ʚʳʩʪʘʚʢʝ. ʕʢʩʧʝʨʪ ʦʧʠʩʳʚʘʝʪ ʞʠʚʦʪʥʦʝ ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʙʱʝʧʨʠʥʷʪʳʡ ʩʪʘʥʜʘʨʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʦʨʦʜʳ. 

ʉʪʘʥʜʘʨʪ ï ʵʪʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʜʦʣʞʥʘ ʚʳʛʣʷʜʝʪʴ ʠʜʝʘʣʴʥʘʷ ʢʦʰʢʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʨʦʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʣʠʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʣʝʤʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʢʦʰʝʢ. 

ʆʜʥʠʤ ʠʟ ʦʪʣʠʯʠʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʷʚʣʷʝʪʩʷ ʩʚʦʝ ʚʠʜʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʜʦʣʞʥʘ ʚʳʛʣʷʜʝʪʴ ʪʘ ʠʣʠ ʠʥʘʷ ʧʦʨʦʜʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʘʥʜʘʨʪ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʨʦʜʳ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʟʥʠʪʩʷ ʚ ʦʧʠʩʘʥʠʠ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʨʦʜʳ ʚ ʩʪʘʥʜʘʨʪʘʭ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʚʦʡ ʥʘʙʦʨ ʩʣʦʚ. 

ʏʝʣʦʚʝʢ, ʟʥʘʶʱʠʡ ʩʪʘʥʜʘʨʪʳ, ʧʨʦʯʠʪʘʚ ʦʧʠʩʘʥʠʝ ʞʠʚʦʪʥʦʛʦ, ʤʦʞʝʪ ʩʢʘʟʘʪʴ ʢʘʢʦʡ ʩʠʩʪʝʤʝ ʧʣʝʤʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ 

ʵʪʦ ʞʠʚʦʪʥʦʝ ʙʦʣʴʰʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ɺʣʘʜʝʣʝʮ ʢʦʰʢʠ ʥʝ ʦʙʷʟʘʥ ʟʥʘʪʴ ʥʘʠʟʫʩʪʴ ʩʪʘʥʜʘʨʪʳ ʚʩʝʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʚʳʩʪʘʚʢʘʭ ʭʦʪʝʣʦʩʴ ʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʨʘʟʨʘʙʦʪʢʠ web-ʩʝʨʚʠʩʘ, 

ʬʫʥʢʮʠʝʡ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʚʳʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʣʘʜʝʣʴʮʫ ʞʠʚʦʪʥʦʛʦ ʚ ʢʘʢʦʡ ʩʠʩʪʝʤʝ ʝʛʦ ʣʫʯʰʝ ʚʳʩʪʘʚʣʷʪʴ.  

ʀʥʪʝʨʬʝʡʩ web-ʩʝʨʚʠʩʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʝ ʵʢʨʘʥʥʳʝ ʬʦʨʤʳ: çʈʝʞʠʤ ʦʙʫʯʝʥʠʷè ʠ çʈʝʞʠʤ ʵʢʩʧʝʨʪʘè. ɺ ʧʝʨʚʫʶ 

ʤʦʞʥʦ ʚʥʦʩʠʪʴ ʵʪʘʣʦʥʥʳʝ ʵʢʩʧʝʨʪʥʳʝ ʦʧʠʩʘʥʠʷ ʜʣʷ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʠ, ʧʨʠʚʷʟʘʚ ʠʭ ʢ ʩʠʩʪʝʤʝ ʩʫʜʝʡʩʪʚʘ (WCF, 

FIFe) ʠ ʫʢʘʟʘʚ ʦʮʝʥʢʫ (ʨʠʩ. 1). ɺʦ ʚʪʦʨʦʡ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʘʥʘʣʠʟʘ ʦʧʠʩʘʥʠʷ ʞʠʚʦʪʥʦʛʦ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʵʢʩʧʝʨʪʘ ʥʘ ʦʜʥʦʡ ʠʟ ʚʳʩʪʘʚʦʢ ʠ ʧʦʣʫʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ï ʚ ʢʘʢʦʡ ʬʝʣʠʥʦʣʦʛʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ʜʘʥʥʦʝ ʞʠʚʦʪʥʦʝ ʙʫʜʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦ ʦʮʝʥʝʥʦ. 

ʉ 
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ʈʠʩ. 1 ï ɺʚʦʜ ʜʘʥʥʳʭ ʜʣʷ ʪʨʝʥʠʨʦʚʦʯʥʦʡ ʚʳʙʦʨʢʠ 

 

ʆʮʝʥʢʘ ʵʢʩʧʝʨʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʢʩʪ, ʠʤʝʶʱʠʡ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʧʠʩʘʥʠʝ ʜʦʣʞʥʦ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ 

ʧʦʨʷʜʢʝ ʩʦʜʝʨʞʘʪʴ ʦʮʝʥʢʫ ʧʦ ʢʘʞʜʦʤʫ ʧʨʠʟʥʘʢʫ ʧʦʨʦʜʳ (ʘʩʧʝʢʪʫ): (ʛʦʣʦʚʘ, ʛʣʘʟʘ, ʫʰʠ, ʪʝʣʦ, ʭʚʦʩʪ ʠ ʪ. ʜ.). ʆʮʝʥʢʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʢʘʯʝʩʪʚʝʥʥʳʝ, ʘ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʞʠʚʦʪʥʦʛʦ ʧʦ ʩʪʘʥʜʘʨʪʫ FIFe: 

ɻʦʣʦʚʘ. ʂʨʫʧʥʘʷ, ʫʛʣʦʚʘʪʳʭ ʣʠʥʠʡ. ʇʦʜʙʦʨʦʜʦʢ ʰʠʨʦʢʠʡ ʩ ʧʝʨʝʭʦʜʦʤ. ʅʦʩ ʧʨʠʞʘʪ. 

ɻʣʘʟʘ. ʉʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ, ʟʝʣʝʥʳʝ, ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʩʪʘʚʘ. 

ʋʰʠ. ʂʨʫʧʥʳʝ, ʚʳʩʦʢʦʛʦ ʧʦʩʪʘʚʘ. ʏʫʪʴ ʨʘʟʚʝʜʝʥʳ. 

ʊʝʣʦ. ʂʨʫʧʥʦʝ, ʤʘʩʩʠʚʥʦʝ, ʨʘʩʪʷʥʫʪʦʝ. 

ʍʚʦʩʪ. ʇʨʷʤʦʡ, ʚ ʧʨʦʧʦʨʮʠʠ ʢ ʪʝʣʫ. 

ʐʝʨʩʪʴ. ʆʪʣʠʯʥʦʡ ʪʝʢʩʪʫʨʳ ʠ ʜʣʠʥʳ. ʆʪʣʠʯʥʳʡ ʚʦʨʦʪʥʠʢ. ʄʨʘʤʦʨ ʯʝʪʢʦ ʚʳʨʘʞʝʥ. 

ʂʦʥʜʠʮʠʷ. ɺʳʩʪʘʚʦʯʥʘʷ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʪʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʣʝʢʩʠʢʘ ʦʧʠʩʘʥʠʷ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʦʤ, ʵʢʩʧʝʨʪ ʚʦʣʝʥ 

ʚʳʨʘʞʘʪʴ ʩʚʦʝ ʤʥʝʥʠʝ ʪʘʢ, ʢʘʢ ʝʤʫ ʫʜʦʙʥʦ. ʉʪʘʥʜʘʨʪ ʫʢʘʟʳʚʘʝʪ ʣʠʰʴ ʥʘ ʧʨʠʦʨʠʪʝʪʳ ʦʮʝʥʦʢ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ 

ʥʝʷʚʥʦ, ʚ ʦʧʠʩʘʪʝʣʴʥʦʡ ʬʦʨʤʝ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʪʦʨʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʷʤʠ ʧʨʠʟʥʘʢʦʚ ʠ ʦʧʠʩʘʥʠʝʤ ʩʪʘʥʜʘʨʪʘ ʧʦʨʦʜʳ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʢʘʢʠʤʠ ʦʮʝʥʦʯʥʳʤʠ ʩʣʦʚʘʤʠ ʠʣʠ 

ʪʝʨʤʠʥʘʤʠ ʵʢʩʧʝʨʪ ʦʧʠʩʳʚʘʣ ʞʠʚʦʪʥʦʝ ʥʘ ʚʳʩʪʘʚʢʝ. ʊʦʛʜʘ, ʠʤʝʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘʙʦʨ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ 

ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʞʠʚʦʪʥʦʛʦ, ʤʦʞʥʦ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʧʦ ʢʘʢʦʤʫ ʩʪʘʥʜʘʨʪʫ ʧʦʨʦʜʳ 

ʚʳʩʪʘʚʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʞʫʪʩʷ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʤʠ. 

ʊʘʢʦʛʦ ʨʦʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʷʚʣʷʶʪʩʷ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʥʛʚʠʩʪʠʢʠ ʧʫʪʝʤ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʠʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʝʢʩʪʦʚ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʥʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ, 

ʦʙʫʯʝʥʥʳʡ ʥʘ ʫʥʠʛʨʘʤʤʘʭ ʠ ʙʠʛʨʘʤʤʘʭ. ʉʫʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ.  

1. ʌʦʨʤʠʨʫʝʪʩʷ ʪʨʝʥʠʨʦʚʦʯʥʘʷ ʚʳʙʦʨʢʘ ʠʟ ʪʝʢʩʪʦʚ ʦʮʝʥʦʢ ʚ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʩʪʘʥʜʘʨʪʘʭ ʠ ʠʟʚʝʩʪʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʦʮʝʥʢʠ: çʦʪʣʠʯʥʦè, çʭʦʨʦʰʦè ʠʣʠ çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè. ɹʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʣʘʩʩʩʳ: 

WCF-excellent, WCF-good, WCF-fair, FIFe-excellent, FIFe-good, FIFe-fair. 

2. ʂʘʞʜʳʡ ʪʝʢʩʪ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʚʢʣʶʯʘʶʱʝʡ ʩʣʝʜʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

- ɿʘʤʝʥʘ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʙʝʣʦʚ ʥʘ ʦʜʠʥʘʨʥʳʡ; 

- ʋʜʘʣʝʥʠʝ ʟʥʘʢʦʚ ʧʨʝʧʠʥʘʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ; 

- ʇʝʨʝʚʦʜ ʚʩʝʭ ʩʠʤʚʦʣʦʚ ʚ ʥʠʞʥʠʡ ʨʝʛʠʩʪʨ; 

- ʈʘʟʙʠʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʣʦʚʘ; 

- ɺʳʜʝʣʝʥʠʝ ʦʩʥʦʚʳ ʢʘʞʜʦʛʦ ʩʣʦʚʘ (ʩʪʝʤʤʠʥʛ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʇʦʨʪʝʨʘ [1] ʜʣʷ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ. 

3. ɼʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʦʮʝʥʢʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʪʘʥʜʘʨʪʝ ʚʳʯʠʩʣʷʶʪʩʷ ʯʘʩʪʦʪʳ ʚʭʦʞʜʝʥʠʷ ʩʣʦʚʘ (ʚʝʨʥʝʝ, ʝʛʦ 

ʦʩʥʦʚʳ). 

4. ɼʣʷ ʢʘʞʜʦʛʦ ʩʣʦʚʘ ʚʳʯʠʩʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʣʘʩʩʫ ʧʦ ʬʦʨʤʫʣʝ [2]: 
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   (1) 

ʛʜʝ P(w|c) ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʦʚʘ w ʚ ʜʦʢʫʤʝʥʪʝ ʢʣʘʩʩʘ c, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʘʷ ʦʪ ʜʣʠʥʳ 

ʜʦʢʫʤʝʥʪʘ ʠ ʚʳʯʠʩʣʷʝʤʘʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʜʠʪʠʚʥʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ ʃʘʧʣʘʩʘ; 

count (w,c) ï ʯʠʩʣʦ ʨʘʟ, ʢʦʛʜʘ ʩʣʦʚʦ w ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʩʝʭ ʜʦʢʫʤʝʥʪʘʭ ʢʣʘʩʩʘ ʩ; 

count (c) ï ʯʠʩʣʦ ʩʣʦʚ ʚʦ ʚʩʝʭ ʜʦʢʫʤʝʥʪʘʭ ʢʣʘʩʩʘ ʩ; 

V ï ʦʙʲʝʤ ʩʣʦʚʘʨʷ ʚʩʝʭ ʜʦʢʫʤʝʥʪʦʚ (ʯʠʩʣʦ ʫʥʠʢʘʣʴʥʳʭ ʩʣʦʚ). 

ɺʳʯʠʩʣʝʥʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʫʯʝʥʠʷ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʠ ʜʘʣʝʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʝʢʩʪʦʚ ʦʮʝʥʦʢ, ʚʚʝʜʝʥʥʳʭ ʚ ʩʠʩʪʝʤʫ. 

5. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʪʝʢʩʪ, ʚʚʝʜʝʥʥʳʡ ʚ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ, ʩʦʛʣʘʩʥʦ ʧʫʥʢʪʘʤ 2 ʠ 3. 

6. ɼʣʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʪʝʢʩʪʘ ʚʳʯʠʩʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʧʫʥʢʪʝ 1 ʧʦ ʬʦʨʤʫʣʝ: 

 P(c|d)=P(c)  P(w1|c) P(w2|c) é P(wn|c)  (2) 

ʛʜʝ P(c|d) ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʢʩʪʘ d ʢʣʘʩʩʫ ʩ;  

P(c)=Nʩ/N ï ʚʝʨʦʷʪʥʦʩʪʴ ʢʣʘʩʩʘ ʩ, Nc ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʢʩʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ, N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʢʩʪʦʚ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʩʣʦʚ ʚ ʪʝʢʩʪʝ d. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʢʣʘʩʩʳ ʨʘʥʞʠʨʫʶʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʚʝʨʦʷʪʥʦʩʪʠ P(c|d). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʘ ʚ ʨʝʡʪʠʥʛʝ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʤ ʩʪʘʥʜʘʨʪʝ ʜʣʷ ʦʮʝʥʢʠ ʞʠʚʦʪʥʦʛʦ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʛʦ 

ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʂ ʧʨʠʤʝʨʫ, ʨʝʟʫʣʴʪʘʪ ʨʘʥʞʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

1. WCF-excellent,  

2. FIFE-fair,  

3. WCF-good,  

4. WCF-fair,  

5. FIFE-excellent,  

6. FIFE-good. 

ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʧʨʘʚʠʣ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʨʘʥʞʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ. ʊʨʝʥʠʨʦʚʦʯʥʘʷ ʚʳʙʦʨʢʘ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ 48 ʪʝʢʩʪʦʚ ʦʮʝʥʦʢ ʞʠʚʦʪʥʳʭ ʦʜʥʦʡ ʧʦʨʦʜʳ, ʠʟ ʥʠʭ 30 

ʪʝʢʩʪʦʚ ï ʦʮʝʥʢʠ ʚ ʩʪʘʥʜʘʨʪʝ WCF, ʠ 18 ʪʝʢʩʪʦʚ ð ʚ ʩʪʘʥʜʘʨʪʝ FIFE.  

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʦʮʝʥʠʚʘʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʘʟʘʪʝʣʷ: ʬʘʢʪʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʟʦʚʳʭ ʤʝʩʪ ʥʘ ʚʳʩʪʘʚʢʘʭ ʜʣʷ ʜʘʥʥʦʛʦ ʞʠʚʦʪʥʦʛʦ, ʧʦʣʫʯʝʥʥʦʝ ʧʫʪʝʤ ʦʧʨʦʩʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ï ʚʣʘʜʝʣʴʮʝʚ 

ʞʠʚʦʪʥʳʭ. ʕʪʠ ʜʘʥʥʳʝ ʚʚʦʜʷʪʩʷ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʩʘʡʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʪʦʯʥʦʩʪʠ: 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʩʦʚʧʘʜʝʥʠʡ ʦʮʝʥʢʠ ʚ ʩʪʘʥʜʘʨʪʝ, ʚʳʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʩʪʘʚʦʢ, ʢ ʦʙʱʝʤʫ 

ʯʠʩʣʫ ʪʝʢʩʪʦʚ, ʦʪʥʝʩʝʥʥʳʭ ʩʠʩʪʝʤʦʡ ʢ ʜʘʥʥʦʡ ʦʮʝʥʢʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʉʪʘʥʜʘʨʪ ʆʮʝʥʢʘ ʏʠʩʣʦ ʧʨʘʚʠʣʴʥʳʭ 

ʦʮʝʥʦʢ ʩʠʩʪʝʤʳ 

ʏʠʩʣʦ ʦʰʠʙʦʯʥʳʭ ʦʮʝʥʦʢ ʊʦʯʥʦʩʪʴ 

WCF excellent 20 4 0,83 

WCF good 8 3 0,73 

WCF fair 2 1 0,67 

FIFE  excellent 12 1 0,92 

FIFE  good 5 2 0,71 

FIFE  fair 1 0 1,00 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘ ʜʨʫʛʠʝ ʩʪʘʥʜʘʨʪʳ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʠʟʥʘʢʦʚ ʧʦʨʦʜʳ ʥʘ ʦʮʝʥʢʫ ʵʢʩʧʝʨʪʦʚ ʚ ʢʘʞʜʦʤ ʩʪʘʥʜʘʨʪʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʙʦʨʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  
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FORMATION OF GAS STATION INFRASTRUCTURE ADATED TO PARAMETRES OF PASSENGERSô 

ROUTES TRANSPORT 

Abstract 

The work contains guidelines enabling the development of an optimal network of natural gas filling stations which serve 

urban buses. The following information is presented in the article: Adaptability rate of a filling point, expressed as an 

objective function, which allows evaluating a gas network with regard to its accessibility for customers on the basis of which 

the comparison of variations of created objects related to the filling structure is conducted; methodology for the analysis of the 

charging points compatibility with the bus park fixed on a particular route. An example of the compatibility analysis of bus 

routes and the existing automatic gas filler stations is performed. 

Keywords: compressed natural gas, gas station, stationary filling module, mobile refueller, automobile gas-filling 

compressor station, gas cylinder equipment, bus, gasification, methane. 

 

 ʛʦʨʦʜʝ ʆʨʝʥʙʫʨʛʝ ʨʘʩʰʠʨʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘʯʘʣʦʩʴ ʚ 2012 ʛ. ʩ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʘʚʪʦʙʫʩʥʦʤ 

ʧʘʨʢʝ ʛʦʨʦʜʘ ʠʤʝʝʪʩʷ ʦʢʦʣʦ 200 ʤʘʰʠʥ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʂʇɻ. ʉʨʝʜʠ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 20 ʘʚʪʦʙʫʩʦʚ ʨʘʙʦʪʘʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʛʘʟʝ, ʪʦ ʝʩʪʴ, ʦʩʥʘʱʝʥʳ ʟʘʚʦʜʩʢʦʡ ʦʜʥʦʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʧʠʪʘʥʠʷ. ʕʪʦʪ ʬʘʢʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʝʨʝʚʦʟʯʠʢʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ, ʠ ʧʝʨʝʭʦʜʷʪ ʦʪ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ ʢ ʦʙʥʦʚʣʝʥʠʶ ʧʘʨʢʘ ʛʘʟʦʚʳʤʠ ʘʚʪʦʙʫʩʘʤʠ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ 

ʛʘʟʠʬʠʢʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʛ. ʆʨʝʥʙʫʨʛʘ ʩʜʝʨʞʠʚʘʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʨʘʚʦʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʨʘʞʘʝʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ 

ʚʩʝʛʦ ʦʜʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʛʘʟʦʥʘʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʩʪʘʥʮʠʠ (ɸɻʅʂʉ), ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʪʴ 

ʟʘʧʨʘʚʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʧʨʠʥʮʠʧʫ çʤʘʪʝʨʠʥʩʢʘʷ ï ʜʦʯʝʨʥʷʷ ʟʘʧʨʘʚʢʘè, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʧʘʨʘʤʝʪʨʘʤ ʨʘʙʦʪʳ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʢʘʢ ʢ ʦʩʥʦʚʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʂʇɻ ʚ ʛ. ʆʨʝʥʙʫʨʛʝ [1, ʉ. 20], [2, 

ʉ. 42]. ʇʨʝʜʣʦʞʝʥʥʳʝ ʥʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʪ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʆʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʦʯʝʨʝʜʥʦʩʪʠ ʚʳʝʟʜʦʚ ʥʘ ʨʝʡʩ, ʧʦ ʧʨʠʯʠʥʝ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚ 

ʟʘʧʨʘʚʢʠ ʠ ʘʚʪʦʙʫʩʦʚ, ʘ ʪʘʢʞʝ ʫʜʘʣʸʥʥʦʩʪʠ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʫʥʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʛʦʚʦʨʠʪʴ ʦʙ 

ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʠ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʫʥʢʪʘ, ʢʦʪʦʨʳʡ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʦʙʲʝʢʪʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʂʫʜ [3, ʉ. 19]. 
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 ʧʨʠ ,PPttt ʢʨʠʪʢʨʠʪʦʙʩʣʨʘʙ d=²-  (1) 

 

ʛʜʝ Pʢʨʠʪ. ï ʢʨʠʪʠʯʝʩʢʘʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʩʣ. ʝʜ.; 

ŭP ï ʫʜʝʣʴʥʘʷ ʝʜʠʥʠʮʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʩʣ.ʝʜ/ʯ; 

ɺ 
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tʨʘʙ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʚʦʜʠʪʝʣʷ ʠʣʠ ʘʚʪʦʙʫʩʘ, ʩ ʤʦʤʝʥʪʘ ʚʳʝʟʜʘ ʠʟ ʘʚʪʦʧʘʨʢʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ 

ʘʚʪʦʧʘʨʢ, ʤʠʥ (ʯ); 

tʦʙʩʣ ï ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʟʘʧʨʘʚʢʝ, ʤʠʥ (ʯ);  

tʢʨʠʪ ï ʢʨʠʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʟʘʧʨʘʚʢʝ, ʤʠʥ (ʯ). 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪ ʂʫʜ ʦʪʨʘʞʘʝʪ ʜʦʣʶ ʚʣʠʷʥʠʷ ʦʙʲʝʢʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦʪʨʝʙʠʪʝʣʷ, ʦʙʨʘʱʘʶʱʝʛʦʩʷ ʥʘ ʦʙʲʝʢʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʠʣʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʨʘʙʦʪʝ. 

ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʘ 

ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʙʫʩʘ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʚʝʥ 1 ï 0,95 ï ʪʦ ʥʠʢʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝ ʩʣʝʜʫʝʪ 

ʧʨʦʚʦʜʠʪʴ, ʝʩʣʠ ʥʠʞʝ 0,95 ï ʪʦ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʥʫʪʨʠʤʘʨʰʨʫʪʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʟʘʝʟʜʘ ʥʘ ʟʘʧʨʘʚʢʫ ʠʣʠ 

ʧʨʠʙʣʠʞʝʥʠʝ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʫʥʢʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ Kʫʜ < 0,95 ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʤʘʨʰʨʫʪʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʫʩʣʦʚʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʤʘʨʰʨʫʪʳ ʛʦʨʦʜʩʢʠʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʘʪʝʛʦʨʠʡ. ʇʝʨʚʘʷ ʢʘʪʝʛʦʨʠʷ ï ʥʝ ʪʨʝʙʫʝʪ ʥʠʢʘʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚʪʦʨʘʷ ʢʘʪʝʛʦʨʠʷ ï ʪʨʝʙʫʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʚʥʫʪʨʠʤʘʨʰʨʫʪʥʦʝ ʨʘʩʧʠʩʘʥʠʝ ʟʘʝʟʜʘ ʥʘ ʟʘʧʨʘʚʢʫ, ʪʨʝʪʴʷ ʢʘʪʝʛʦʨʠʷ ï ʪʨʝʙʫʝʪ ʧʨʠʙʣʠʟʠʪʴ ʟʘʧʨʘʚʦʯʥʳʡ 

ʧʫʥʢʪ. 

 
ʈʠʩ. 1 ï ɸʥʘʣʠʟ ʤʘʨʰʨʫʪʦʚ ʥʘ ʧʨʠʟʥʘʢ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʫʥʢʪʘ ʩ i-ʳʤ ʤʘʨʰʨʫʪʦʤ: 

tʦʞi ï ʚʨʝʤʷ ʤʝʞʜʫ ʚʳʝʟʜʘʤʠ ʥʘ i-ʳʡ ʤʘʨʰʨʫʪ, ʤʠʥ (ʯ); 

 tLi ï ʚʨʝʤʷ ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʦʙʝʛ ʜʦ ʟʘʧʨʘʚʢʠ ʦʪ ʢʦʥʝʯʥʦʡ i-ʦʛʦ ʤʘʨʰʨʫʪʘ, ʤʠʥ (ʯ); 

 tʦʙʩ ï ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʟʘʧʨʘʚʦʯʥʦʤ ʧʦʩʪʫ, ʤʠʥ (ʯ);  

tʠʥʪi ï ʠʥʪʝʨʚʘʣ ʜʚʠʞʝʥʠʷ ʘʚʪʦʙʫʩʦʚ i-ʦʛʦ ʤʘʨʰʨʫʪʘ, ʤʠʥ (ʯ). 

 

ɼʣʷ ʤʘʨʰʨʫʪʦʚ ʛʦʨʦʜʘ ʆʨʝʥʙʫʨʛʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʜʦʙʥʳʡ ʘʥʘʣʠʟ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2 ï ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʢʦʥʝʯʥʳʭ ʧʫʥʢʪʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʤʘʨʰʨʫʪʦʚ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ 
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ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 2, ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʨʰʨʫʪʦʚ, ʯʴʠ ʧʣʦʱʘʜʢʠ ʤʝʞʨʝʡʩʦʚʦʛʦ ʦʞʠʜʘʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ 

ɸɻʅʂʉ, ʦʪʥʦʩʷʪʩʷ ʢʦ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ, ʯʝʤ ʜʘʣʴʰʝ ʜʘʥʥʳʝ ʧʣʦʱʘʜʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʪ ɸɻʅʂʉ, ʪʝʤ ʙʦʣʴʰʝ 

ʩʪʘʥʦʚʠʪʩʷ ʤʘʨʰʨʫʪʦʚ ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠʤʘʨʰʨʫʪʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ ʜʣʷ ʤʘʨʰʨʫʪʦʚ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʘʣʛʦʨʠʪʤʫ 

ʤʝʪʦʜʠʢʠ çɺʳʙʦʨ ʩʨʝʜʩʪʚ ʟʘʧʨʘʚʢʠ ʤʝʪʘʥʦʤ ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʥʘ ʤʘʨʰʨʫʪʝè, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [4, 

ʉ. 27]. ʇʨʠʤʝʨ ʚʥʫʪʨʠʤʘʨʰʨʫʪʥʦʛʦ ʨʘʩʧʠʩʘʥʠʷ (ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʧʝʨʝʩʝʢʘʶʱʝʡʩʷ ʬʦʨʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ) 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.  

 

 
ʈʠʩ. 3 ï ʇʨʠʤʝʨ ʦʨʛʘʥʠʟʘʮʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʟʘʧʨʘʚʦʯʥʳʭ ʧʦʩʪʘʭ ʜʣʷ ʤʘʨʰʨʫʪʦʚ 2-ʦʡ ʢʘʪʝʛʦʨʠʠ 

 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʬʦʨʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʢʨʝʧʣʝʥʠʝ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʦʩʪʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʘʨʰʨʫʪʦʤ 

ʠ ʧʨʠʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʦʜʥʦ ʠʟ ʜʚʫʭ ʫʩʣʦʚʠʡ: 

- ʦʙʲʸʤ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʦʧʣʠʚʝ ʘʚʪʦʙʫʩʘʤʠ ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʘ ʩʦʩʪʘʚʣʷʝʪ 75% ʦʪ ʦʙʲʝʤʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʟʘʧʨʘʚʦʯʥʦʛʦ ʤʦʜʫʣʷ; 

- ʦʙʱʝʝ ʚʨʝʤʷ ʟʘʧʨʘʚʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʜʥʦʛʦ ʤʘʨʰʨʫʪʘ ʠ ʚʨʝʤʝʥʠ ʧʦʧʦʣʥʝʥʠʷ ʟʘʧʨʘʚʦʯʥʦʛʦ ʤʦʜʫʣʷ 

ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 6 ʯʘʩʦʚ (ʧʨʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʟʘʧʨʘʚʦʯʥʦʡ ʩʪʘʥʮʠʠ ï 8 ʯʘʩʦʚ). 

ɽʩʣʠ ʥʠ ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʤʘʨʰʨʫʪʳ ʠʩʧʦʣʴʟʫʶʪ ʣʶʙʳʝ ʩʚʦʙʦʜʥʳʝ ʧʦʩʪʳ, ʪ.ʝ. ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʝʨʝʩʝʢʘʶʱʘʷʩʷ ʬʦʨʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʚ ʚʥʫʪʨʠʤʘʨʰʨʫʪʥʳʝ ʨʘʩʧʠʩʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʂʫʜ = 0,95 ï 1, ʥʦ ʵʪʦʪ ʩʧʦʩʦʙ ʥʝ ʚʩʝʛʜʘ ʧʦʤʦʛʘʝʪ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʤʘʨʰʨʫʪʳ (ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ) ʫ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʥʘ 

ʟʘʧʨʘʚʢʫ ʧʨʝʚʳʰʘʝʪ ʚʨʝʤʷ ʦʪʜʳʭʘ. 

ʇʦʵʪʦʤʫ, ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʙʣʠʟʠʪʴ ʟʘʧʨʘʚʢʫ ʢ ʢʦʥʝʯʥʦʡ ʦʩʪʘʥʦʚʢʝ ʤʘʨʰʨʫʪʘ. ɺʳʙʦʨ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ 

ʟʘʧʨʘʚʢʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɸɻʅʂʉ, ʘ ʪʘʢʞʝ ʧʝʨʝʚʦʟʢʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɼʣʷ ʘʚʪʦʙʫʩʥʳʭ ʤʘʨʰʨʫʪʦʚ ʛʦʨʦʜʘ ʆʨʝʥʙʫʨʛʘ, ʩʦʙʣʶʜʘʷ 

ʫʩʣʦʚʠʷ 2 ʬʦʨʤʫʣʳ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʤʝʩʪ 

(ʨʠʩʫʥʦʢ 4). ʇʦʧʦʣʥʝʥʠʝ ʛʘʟʦʤ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʧʨʘʚʦʯʥʳʭ ʤʦʜʫʣʝʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʜʚʠʞʥʳʭ 

ʘʚʪʦʛʘʟʦʟʘʧʨʘʚʱʠʢʦʚ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʩʦʚʝʨʰʘʪʴ ʨʝʡʩʳ ʥʘ ʟʘʧʨʘʚʦʯʥʳʡ ʧʫʥʢʪ. 
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ʈʠʩ. 4 ï ʈʘʟʤʝʱʝʥʠʝ ʟʘʧʨʘʚʦʯʥʳʭ ʧʫʥʢʪʦʚ ʜʣʷ ʤʘʨʰʨʫʪʦʚ 3-ʝʡ ʢʘʪʝʛʦʨʠʠ ʛ. ʆʨʝʥʙʫʨʛʘ 

 

ɺʳʙʨʘʥʥʳʝ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʟʘʧʨʘʚʦʯʥʳʭ ʧʫʥʢʪʦʚ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ çʧʣʝʯʦ ʟʘʧʨʘʚʢʠè 

(ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ). ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʥʘ ʩʦʟʜʘʥʥʳʭ ʟʘʧʨʘʚʦʯʥʳʭ ʧʫʥʢʪʘʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ çɺʳʙʦʨ ʩʨʝʜʩʪʚ ʟʘʧʨʘʚʢʠ ʤʝʪʘʥʦʤ ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʥʘ ʤʘʨʰʨʫʪʝè [4, ʉ. 27]. 

ʅʘʰʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʟʘʧʨʘʚʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ ʢ ʧʘʨʘʤʝʪʨʘʤ 

ʨʘʙʦʪʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʤʘʨʰʨʫʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ɼʣʷ ʦʮʝʥʢʠ ʵʪʦʡ ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʦʙʲʝʢʪʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʨʘʟʙʠʪʴ ʧʦ ʢʘʪʝʛʦʨʠʷʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʣʠʙʦ 

ʚʥʫʪʨʠʤʘʨʰʨʫʪʥʦʛʦ ʛʨʘʬʠʢʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʣʠʙʦ ʧʨʠʙʣʠʞʝʥʠʷ ʟʘʧʨʘʚʦʯʥʦʛʦ ʧʫʥʢʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛ. ʆʨʝʥʙʫʨʛʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʧʨʘʚʦʯʥʦʡ ʩʝʪʠ. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʩʪ ʜʘʣʴʥʝʡʰʠʡ ʩʪʠʤʫʣ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʘ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʂʇɻ. 
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