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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʙʱʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʙʣʝʤʝ ʪʦʯʥʦʩʪʠ 

ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ICC-ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʦʜʝʣʝʡ ʚʦʩʧʨʠʷʪʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʥʘ ʵʪʘʧʝ ʨʝʛʠʩʪʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ HDRI-ʪʝʭʥʦʣʦʛʠʶ 

ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ. ʇʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʫʙʣʠʢʘʮʠʦʥʥʦ 

ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ ʚʠʟʫʘʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ, ICC, HDRI, ʮʠʬʨʦʚʦʡ ʦʨʠʛʠʥʘʣ, ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʮʚʝʪʦʚʳʭ ʦʭʚʘʪʦʚ. 
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Abstract. The article discusses common approaches to the problem of color accuracy in 

reproduction processes using information technology. The possibilities of ICC profiling technology 

using perception models have been investigated. It is proposed to use the HDRI technology for 

obtaining a digital original at the registration stage. The advantage of using a duplication-accurate 

digital original to increase the accuracy of color reproduction in various visualization systems is 

shown. 

Key words: image processing, ICC, HDRI, digital original, gamut mapping. 

 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʙʣʝʤʘ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʙʝʟ ʧʦʪʝʨʠ ʠ ʠʩʢʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ï ʘʢʪʫʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ʀʩʪʦʢʠ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ 
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ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʝʥʠʷ 

ʤʝʪʘʤʝʨʠʠ. ʈʝʧʨʦʜʫʢʮʠʷ (ʢʦʧʠʷ) ʦʨʠʛʠʥʘʣʘ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ (ʦʙʳʯʥʦ 3 ʠʣʠ 4) ʢʨʘʩʦʢ (ʢʨʘʩʠʪʝʣʝʡ) ʠʣʠ ʠʟʣʫʯʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʨʠʛʠʥʘʣ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. ɸ ʪʘʢ ʢʘʢ ʤʝʪʘʤʝʨʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʝʥʠʷ, ʪʦ ʨʝʧʨʦʜʫʢʮʠʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʪʴ 

ʮʚʝʪʘ ʦʨʠʛʠʥʘʣʘ. ɺʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʦʚʣʝʥ ʩʧʦʩʦʙʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʟʨʝʥʠʷ ʢ ʘʜʘʧʪʘʮʠʠ ʢ ʷʨʢʦʩʪʠ ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʝʣʦʚʝʢʫ ʚʦʩʧʨʠʥʠʤʘʪʴ ʩʮʝʥʳ ʩ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ (ʩʦʦʪʥʦʰʝʥʠʝʤ ʙʝʣʦʛʦ ʠ ʯʝʨʥʦʛʦ) ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ, ʯʝʤ 

ʣʶʙʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ ʚʦʩʧʨʦʠʟʚʝʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʜʝʣʘʝʪ 

ʥʝʨʝʘʣʠʟʫʝʤʦʡ ʪʦʯʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʦʨʠʛʠʥʘʣʘ ʚ ʨʝʧʨʦʜʫʢʮʠʠ. 

ʊʨʝʪʴʝʡ ʧʦ ʩʯʝʪʫ, ʥʦ ʩʦʚʩʝʤ ʥʝ ʧʦʩʣʝʜʥʝʡ ʧʦ ʚʘʞʥʦʩʪʠ, ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʚʦʩʧʨʠʷʪʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʤ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʥʦ 

ʠ ʢʦʛʥʠʪʠʚʥʳʤ. ʄʘʩʰʪʘʙ ʠʟʦʙʨʘʞʝʥʠʷ, ʨʘʢʫʨʩ ʥʘʙʣʶʜʝʥʠʷ, ʫʩʣʦʚʠʷ ʘʜʘʧʪʘʮʠʠ, ʥʘʩʪʨʦʝʥʠʝ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʩʦʜʝʨʞʘʥʠʝ ʩʘʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʝʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʪʝʣʴ 

ʨʘʩʩʤʘʪʨʠʚʘʣ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ, ʫʩʪʦʡʯʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ, ʚʩʝ 

ʵʪʦ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʚʦʩʧʨʠʷʪʠʠ ʪʦʯʥʦʩʪʠ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʲʝʢʪʠʚʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʜʦʣʞʘʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʠʟ-ʟʘ ʦʛʨʦʤʥʦʡ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʠ, ʢʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʧʨʠʝʤʣʝʤʦʛʦ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ. ɿʜʝʩʴ ʥʫʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʬʠʟʠʯʝʩʢʠʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʦʙʲʝʢʪʠʚʥʦ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʪʴ ʪʦʯʥʫʶ ʢʦʧʠʶ, ʪʦ ʢʦʛʥʠʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʯʝʣʦʚʝʢʘ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʦʧʦʟʥʘʚʘʥʠʶ) ʥʘʦʙʦʨʦʪ ʧʦʟʚʦʣʷʶʪ ʧʨʠʚʳʢʥʫʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʢ ʣʶʙʦʤʫ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤʫ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʨʝʟʫʣʴʪʘʪ ʢʘʢ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʪʦʯʥʫʶ ʨʝʧʨʦʜʫʢʮʠʶ. ʀʤʝʥʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʥʘʰʝʡ ʧʩʠʭʠʢʠ ʧʦʟʚʦʣʷʝʪ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʷʪʴʩʷ ʪʝʤ, ʯʪʦ ʥʘʤ ʜʘʝʪ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʦʚ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʬʠʟʠʢʝ ʠ ʬʠʟʠʦʣʦʛʠʠ 

ʚʦʩʧʨʠʷʪʠʷ, ʪʘʢ ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʠʡ, ʘ ʠʤʝʥʥʦ ʧʩʠʭʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʟʘʚʠʩʠʪ ʦʪ ʦʯʝʥʴ ʤʥʦʛʠʭ 

ʬʘʢʪʦʨʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ. ʇʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʭ ʦʧʠʩʘʪʴ, ʘ ʪʝʤ ʙʦʣʝʝ ʫʯʝʩʪʴ ʠʭ ʚʣʠʷʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɼʦʩʪʠʛʥʫʪʦ ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʢʠ ʠ ʦʩʥʦʚʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʘ 

ʚʦʩʧʨʠʷʪʠʷ [1 - 4]. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʩʩʘʤ 

ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʝ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʘ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ 

[5 -7], ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ [8, 9], ʨʘʟʨʘʙʦʪʘʪʴ ʠ 

ʧʨʝʜʣʦʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʮʝʩʩʦʚ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ [7, 8]. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʚʝʨʰʠʣʩʷ 

ʩʦʟʜʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ICC-ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ ʚʦʩʧʨʠʷʪʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ 

ʙʦʣʴʰʠʥʩʪʚʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʫʩʣʦʚʠʡ ʨʘʩʩʤʘʪʨʠʚʘʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʨʘʙʦʪʳ 

ʧʦ ʥʦʚʳʤ ʧʦʜʭʦʜʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʩʦʛʣʘʩʦʚʘʥʠʷ ʮʚʝʪʦʚʳʭ ʦʭʚʘʪʦʚ [9 - 13], ʫʙʝʜʠʪʝʣʴʥʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʙʣʝʤʘ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ 

ʨʝʰʝʥʘ ʠ ʧʨʘʢʪʠʢʘ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʧʦʷʚʣʷʶʱʠʭʩʷ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ. 
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5 

ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʩʠʪʫʘʮʠʠ, ʪʨʝʙʫʶʱʠʝ ʥʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɼʝʣʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʳʯʥʦʡ ʜʣʷ ʥʘʰʝʛʦ 

ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʢʦʡ, ʢʦʛʜʘ ʬʠʟʠʯʝʩʢʠʡ ʦʨʠʛʠʥʘʣ (ʩʮʝʥʘ, ʞʠʚʦʧʠʩʥʘʷ ʢʘʨʪʠʥʘ ʠ ʪʜ) 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ ʬʘʡʣʘ. ɿʘʪʝʤ ʵʪʦʪ ʬʘʡʣ ʩʪʘʥʦʚʠʪʩʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʢʦʪʦʨʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʚʠʟʫʘʣʠʟʘʮʠʠ (ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʡ ʦʪʪʠʩʢ, ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ, 

ʪʝʣʝʚʠʟʦʨ, ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʥʘ ʦʪʨʘʞʘʪʝʣʴʥʳʡ ʵʢʨʘʥ ʠ ʪʧ). ʇʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʩʚʦʡ ʧʦʜʭʦʜ ʢ 

ʢʘʞʜʦʤʫ ʠʟ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʤ ʫʧʨʘʚʣʝʥʠʷ ʪʦʯʥʦʩʪʴʶ 

ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ 

ʚr ʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ ʦʨʠʛʠʥʘʣʦʚ (HDRI technology). ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ ʥʘ ʩʪʘʜʠʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʩʭʦʜʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʨʠʛʠʥʘʣʘ. 

 

ʆʧʠʩʘʥʠʝ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʜ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʝʤ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʪʘʢʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʥʘ ʚʭʦʜʝ ʠʤʝʝʪ ʦʨʠʛʠʥʘʣ, ʘ ʥʘ ʚʳʭʦʜʝ ʠʤʝʝʪ ʠʟʦʙʨʘʞʝʥʠʝ 

ʵʪʦʛʦ ʦʨʠʛʠʥʘʣʘ, ʢʦʪʦʨʦʝ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʬʠʟʠʯʝʩʢʠ ʥʘʙʣʶʜʘʪʴ. ʉʦʜʝʨʞʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʠʣʠ ʯʘʩʪʴʶ ʩʦʜʝʨʞʘʥʠʷ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʢ ʪʘʢʞʝ ʤʦʞʝʪ ʚ 

ʧʨʠʥʮʠʧʝ ʥʘʙʣʶʜʘʪʴ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʦʣʥʦʩʪʴʶ 

ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʟʳʚʘʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʝʡ.  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʠʧʦʚʦʛʦ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʜʝʨʞʠʪ ʪʨʠ ʩʪʘʜʠʠ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ï 

ʨʝʛʠʩʪʨʘʮʠʷ ʦʨʠʛʠʥʘʣʘ ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ ʬʘʡʣʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʮʠʬʨʦʚʦʡ 

ʦʨʠʛʠʥʘʣ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʠʛʠʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʩʮʝʥʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʞʠʚʦʧʠʩʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ ʬʦʪʦʩʥʠʤʦʢ, ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʡ 

ʦʪʪʠʩʢ, ʬʠʟʠʯʝʩʢʘʷ ʩʮʝʥʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʦʧʦʣʥʝʥʥʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʪʧ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ, ʘ ʤʦʞʝʪ ʠ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʚ ʪʦʤʦʛʨʘʬʠʠ. ɺʘʞʥʦ ʣʠʰʴ, ʯʪʦʙʳ ʨʝʛʠʩʪʨʠʨʫʝʤʳʡ ʩʠʛʥʘʣ ʤʦʛ ʙʳ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ 

ʠʟʦʙʨʘʞʝʥʠʝ. ʈʝʛʠʩʪʨʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʩʪʘʜʠʡʥʦʡ (ʘʥʘʣʦʛ ʬʦʪʦʩʥʠʤʢʫ ʠʣʠ 

ʩʢʘʥʠʨʦʚʘʥʠʶ) ʠʣʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʡ (ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʧʘʥʦʨʘʤ, ʨʘʙʦʪʘ ʩ 

ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʤʠ ʦʨʠʛʠʥʘʣʘʤʠ, ʪʦʤʦʛʨʘʬʠʷ). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʮʠʬʨʦʚʦʡ ʦʨʠʛʠʥʘʣ 

ʧʦʣʫʯʘʝʪʩʷ ʩʨʝʜʩʪʚʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʬʦʪʦʛʨʘʬʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʤʫ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʚʦʟʤʦʞʥʦʡ ʧʦʣʥʦʪʳ ʠ ʪʦʯʥʦʩʪʠ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʫʩʣʦʚʠʷʭ ʝʛʦ ʥʘʙʣʶʜʝʥʠʷ [9, 14]. ʎʠʬʨʦʚʦʡ ʦʨʠʛʠʥʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʘʨʭʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  

ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʠʤʝʝʪ ʮʝʣʴʶ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʦʧʠʠ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʚ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʂʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʮʠʬʨʦʚʦʡ ʦʨʠʛʠʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥ ʨʘʟʣʠʯʥʳʤʠ, 

ʧʦʨʦʡ ʦʯʝʥʴ ʨʘʟʥʳʤʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʝ, ʩʠʩʪʝʤʘʤʠ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ 
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ʧʨʦʚʦʜʠʪʩʷ ʚʩʷ ʦʙʨʘʙʦʪʢʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʝʛʦ 

ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʡ ʦʭʚʘʪ, ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʷ ʠʪʦʛʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʮʠʬʨʦʚʦʡ ʢʦʧʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʝʝ ʚʭʦʞʜʝʥʠʠ ʚ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʡ ʦʭʚʘʪ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʫʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʦʟʤʦʞʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʪʘʜʠʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ.  

ʊʨʝʪʴʷ ʩʪʘʜʠʷ ï ʚʠʟʫʘʣʠʟʘʮʠʷ ï ʠʤʝʝʪ ʥʘ ʚʭʦʜʝ ʮʠʬʨʦʚʫʶ ʢʦʧʠʶ, ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʫʶ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʅʘ ʚʳʭʦʜʝ ï ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʯʝʣʦʚʝʢ ʤʦʞʝʪ 

ʬʠʟʠʯʝʩʢʠ ʥʘʙʣʶʜʘʪʴ. ʂ ʪʠʧʠʯʥʳʤ ʩʠʩʪʝʤʘʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʝ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʤʦʥʠʪʦʨʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ, ʧʨʦʝʮʠʨʦʚʘʥʠʝ ʥʘ 

ʦʪʨʘʞʘʶʱʠʡ ʠʣʠ ʧʨʦʩʚʝʪʥʳʡ ʵʢʨʘʥ. 

 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʯʝʩʪʚʘ 

ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [15, 16, 6] ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠ 

ʘʩʧʝʢʪʘ.  

¶ ʈʝʟʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ 

¶ ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʛʨʘʜʘʮʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ. 

¶ ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ 

ɸʩʧʝʢʪʳ ʨʘʥʞʠʨʦʚʘʥʳ ʧʦ ʚʘʞʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ. ɺ ʀʥʦʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

[7] ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʮʚʝʪʦʧʝʨʝʜʘʯʝ, ʘ ʨʝʟʢʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ. 

ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʳʤ ʛʣʘʚʝʥʩʪʚʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʨʝʟʢʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʥʝʨʝʟʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʦʟʥʘʚʘʥʠʝ ʧʨʝʜʤʝʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʩʪʦ 

ʥʝʚʦʟʤʦʞʥʳʤ ʛʦʚʦʨʠʪʴ ʦʙ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʘʞʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʮʚʝʪʦʚʳʝ ʠʩʢʘʞʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʯʝʪʥʦ-ʙʝʣʦʝ ʠʣʠ ʤʦʥʦʭʨʦʤʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʬʘʪʘʣʴʥʦʡ ʧʦʪʝʨʝ ʢʘʯʝʩʪʚʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʝʨʝʜʘʯʠ 

ʛʨʘʜʘʮʠʡ ʠ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʦʙʨʘʟʫʝʪ ʪʦ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ. ʀʤʝʥʥʦ 

ʢʘʯʝʩʪʚʦ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ.  

ɺ 30-ʝ ʛʦʜʳ 20-ʛʦ ʚʝʢʘ ʅ.ɼ.ʅʶʙʝʨʛ [5] ʧʨʝʜʣʦʞʠʣ ʪʨʠ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ 

ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ  

ʌʠʟʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ: ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʪʦʯʢʠ ʦʨʠʛʠʥʘʣʘ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʟʣʫʯʝʥʠʷ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʛʦ 

ʥʘʙʣʶʜʘʪʝʣʝʤ. ʇʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʧʨʠʯʠʥʘʤ ʵʪʘ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʚʝʩʴʤʘ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ.  

ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʪʦʯʢʠ ʦʨʠʛʠʥʘʣʘ ʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʢʘʢ ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʡ ʮʚʝʪ. ʂ ʵʪʦʡ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ 

ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʚʩʝ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ.  

ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ: ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʠʛʥʫʪʦʡ, ʝʩʣʠ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʪʦʯʢʠ ʩʶʞʝʪʥʦ ʚʘʞʥʦʡ ʜʝʪʘʣʠ ʧʨʠʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ. ʅʝʪ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠ ʪʦʯʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʨʠʛʠʥʘʣʘ. ɽʩʪʴ ʢʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʯʝʨʥʦ-ʙʝʣʘʷ ʬʦʪʦʛʨʘʬʠʷ, 

ʨʘʟʙʝʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʤʘʪʦʚʦʤ ʩʪʝʢʣʝ, ʟʘʯʝʨʥʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ï ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʡ 

ʦʪʪʠʩʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʯʝʪʚʝʨʪʦʡ ʯʝʨʥʦʡ ʢʨʘʩʢʠ. ɼʘʥʥʦʝ 

ʅ.ɼ.ʅʶʙʝʨʛʦʤ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʪʳʩʢʠʚʘʪʴ ʦʧʪʠʤʫʤ ʚ ʚʳʙʨʘʥʥʦʤ ʢʣʘʩʩʝ 

ʨʝʧʨʦʜʫʢʮʠʡ. 

ɼʣʷ ʥʫʞʜ ʧʨʘʢʪʠʢʠ ʚ 70-ʝ ʛʦʜʳ 20-ʛʦ ʚʝʢʘ ʍʘʥʪ [7] ʜʘʣ ʩʚʦʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʪʦʯʥʦʩʪʠ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʦʪʦʨʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʶʙʝʨʛʦʚʩʢʦʡ. 
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ʊʘʙʣʠʮʘ 1  

ʊʦʯʥʦʩʪʴ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʇʦ ʅʶʙʝʨʛʫ  ʇʦ ʍʘʥʪʫ 

ʌʠʟʠʯʝʩʢʘʷ  

ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ 

 

ʇʦ ʚʦʩʧʨʠʷʪʠʶ: ʠʩʧʦʣʴʟʫʪʁʩ ̫ʤʦʜʝʣʠ 

ʚʦʩʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʡ ʫʩʣʦʚʠʡ 

ʥʘʙʣʶʜʝʥʠʷ. ʎʚʝʪʘ ʨʝʧʨʦʜʫʢʮʠʠ ʧʦ ʮʚʝʪʦʚʳʤ 

ʦʱʫʱʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʚʝʪʘʤ ʦʨʠʛʠʥʘʣʘ. 

ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʘʷ: ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ 

ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦ ʚʦʩʧʨʠʷʪʠʶ. 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʥʠʷ ʦʨʠʛʠʥʘʣʘ ʠ ʨʝʧʨʦʜʫʢʮʠʠ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ 

 

ʇʨʠʦʨʠʪʝʪʥʘʷ: ʧʦʣʫʯʝʥʠʝ ʧʨʝʜʧʦʯʠʪʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʘʟʯʠʢʦʤ - ʚʦʟʤʦʞʥʦ ʣʫʯʰʝʡ 

ʨʝʧʨʦʜʫʢʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺʠʟʫʘʣʴʥʦ-ʢʦʤʬʦʨʪʥʘʷ: ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʱʫʱʝʥʠʝ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʤʬʦʨʪʘ, ʥʝ 

ʧʨʝʪʝʥʜʫʷ ʥʘ ʪʦʯʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʮʚʝʪʦʚ. 

ʇʨʠʤʝʥʷʝʪʩʷ, ʢʦʛʜʘ ʥʘʙʣʶʜʘʪʝʣʴ ʥʝ ʟʥʘʢʦʤ ʩ 

ʦʨʠʛʠʥʘʣʦʤ. 

ʇʨʦʠʟʚʦʣʴʥʘ:̫ ʥʠʢʘʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʮʚʝʪʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ʊʦʯʥʦʩʪʴ ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʜʝʪʘʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʢʦʥʢʨʝʪʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʧʝʥʝʡ ʪʦʯʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʥʦʩʷʪ 

ʩʫʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʚʝʜʝʥʥʳʝ ʧʦʥʷʪʠʷ ʧʦʟʚʦʣʷʶʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʟʘʜʘʯʠ 

ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʚ ʩʤʳʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. ɹʝʟ 

ʧʦʪʝʨʠ ʦʙʱʥʦʩʪʠ ʧʦʜʭʦʜʘ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʬʦʨʤʘʣʠʟʘʮʠʶ ʜʣʷ ʩʣʫʯʘʷ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ 

ʜʚʫʭʤʝʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʮʚʝʪʦʚʳʤ ʩʠʥʪʝʟʦʤ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʮʚʝʪʘʤʠ. ʆʙʦʙʱʝʥʠʝ ʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʥʝ ʥʦʩʠʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ 

O(ɚ,x,y) - ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʠʛʠʥʘʣʘ ʜʣʷ ʪʦʯʢʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (x,y), ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ. 

I(ɚ,x,y) - ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʪʦʯʢʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (ɝ,ɖ). 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʨʝʘʢʮʠʶ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ R ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʘʜʘʧʪʘʮʠʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʟʥʘʯʠʤ ʚʝʢʪʦʨʦʤ A. ʂ ʫʯʠʪʳʚʘʝʤʳʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʘʜʘʧʪʘʮʠʶ, ʦʪʥʦʩʷʪ [7, 8] 

¶ ʉʧʝʢʪʨʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ 

¶ ʋʨʦʚʝʥʴ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ 

¶ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʷʨʢʦʩʪʴ ʠ ʮʚʝʪʥʦʩʪʴ ʦʢʨʫʞʝʥʠʷ 
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¶ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʷʨʢʦʩʪʴ ʠ ʮʚʝʪʥʦʩʪʴ ʬʦʥʘ 

¶ ɹʣʠʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ  

¶ ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʝ ʧʨʦʩʤʦʪʨʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʷ ʦʨʠʛʠʥʘʣʘ AO ʠ ʠʟʦʙʨʘʞʝʥʠʷ AI ʦʪʣʠʯʘʶʪʩʷ.  

ʈʝʘʢʮʠʷ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʥʜʫʢʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ) ʠ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʘʤʦʛʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʨʠʛʠʥʘʣʘ ʠʣʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

[1, 2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʶ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʨʠʛʠʥʘʣ O(ɚ,x,y) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

RO (x,y) = R{[ AO, O(ɚ,x,y)], O(ɚ,x,y)} 

ɸʥʘʣʦʛʠʯʥʦ ʨʝʘʢʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ I(ɚ,x,y) ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ  

RI (x,y) = R{[ AI, I (ɚ,x,y)], I (ɚ,x,y)} 

ɺ ʢʚʘʜʨʘʪʥʳʝ ʩʢʦʙʢʠ ʧʦʤʝʱʝʥʳ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ. ɿʘʚʠʩʠʤʦʩʪʠ ʵʪʠ ʚʝʩʴʤʘ ʩʣʦʞʥʳ, ʜʦ 

ʢʦʥʮʘ ʥʝ ʠʟʫʯʝʥʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʦʜʝʣʝʡ ʚʦʩʧʨʠʷʪʠʷ, ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʞʘʶʪʩʷ [8]. 

ʇʨʦʮʝʩʩ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʪʘʢ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʨʘʚʝʥʩʪʚʦ 

ʨʝʘʢʮʠʡ 

RI (x,y) = RO (x,y), 

ʛʜʝ ʨʘʚʝʥʩʪʚʦ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʜʦʩʪʠʞʝʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ICC ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʦʯʥʦʛʦ ʚ ʦʧʠʩʘʥʥʦʤ 

ʚʳʰʝ ʩʤʳʩʣʝ ʮʚʝʪʦʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʮʚʝʪʦʤ (CMS ï color 

management system), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ICC-ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʜʦʮʠʬʨʦʚʫʶ ʵʧʦʭʫ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʘ ʥʝʚʦʟʤʦʞʥʘ. ʆʜʥʘʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʝʝ 

ʦʩʥʦʚʳ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʝʱʝ ʚ 60-ʝ ʛʦʜʳ 20-ʛʦ ʚʝʢʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʃ.ʌ.ɸʨʪʶʰʠʥʳʤ [6] ʥʘ 

ʚʦʣʥʝ ʧʨʠʤʝʥʝʥʠʷ ʢʠʙʝʨʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʚ ʚʠʜʝ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʠʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʨʘʚʥʝʥʠʷ. 

ʀʜʝʷ ʤʝʪʦʜʘ ʩʨʘʚʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʡ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʟʙʠʚʘʝʪʩʷ 

ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʟʚʝʥʴʷ, ʪʦʧʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʝ ʧʨʦʮʝʩʩʘ 

ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʚ ʮʝʣʦʤ. ɿʚʝʥʴʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʷʶʪʩʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʤʦʛʫʪ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ ʮʝʧʦʯʢʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʮʚʝʪʦʜʝʣʝʥʥʳʭ ʠʣʠ 

ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʩʦʝʜʠʥʝʥʠʝ ʪʠʧʘ ʟʚʝʟʜʳ, ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʥʠʪʦʨʦʚ ʠ ʮʚʝʪʦʧʨʦʙ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. ɹʦʣʝʝ ʪʦʛʦ, 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʟʚʝʥʴʷ ʥʝ ʦʙʷʟʘʥʳ ʙʳʪʴ ʚ ʩʘʤʦʤ ʜʝʣʝ ʵʣʝʤʝʥʪʘʨʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʟʚʝʥʴʝʚ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ. ʆʪʣʠʯʠʝ ʟʚʝʥʘ ʦʪ 

ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ. 

ɼʣʷ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ ï ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʟʚʝʥʘ ʵʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ 

ʬʠʟʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢ ʠ ʮʠʬʨʦʚʳʝ ʬʘʡʣʳ. ɺʘʞʥʦ ʪʦʣʴʢʦ, ʯʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ, ʥʦ, ʯʪʦʙʳ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʢʘʢʦʡ ʣʠʙʦ 

ʬʠʟʠʯʝʩʢʠʡ ʠʣʠ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʥʘʧʨʠʤʝʨ, ʩʢʘʥʠʨʦʚʘʥʠʝ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʛʦ 

ʬʘʡʣʘ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʧʨʦʮʝʩʩʳ ʭʠʤʠʢʦ-ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʧʝʨʝʥʦʩ ʢʨʘʩʢʠ ʩ ʬʦʨʤʳ ʥʘ ʟʘʧʝʯʘʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʠ ʜʨʫʛʠʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʩʨʘʚʥʝʥʠʷ ʢ ʢʘʞʜʦʤʫ ʟʚʝʥʫ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʚʘ ʪʨʝʙʦʚʘʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʜʦʣʞʥʘ ʠʤʝʪʴʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʧʫʩʢʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʟʚʝʥʘ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʮʠʢʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʳʭʦʜʥʦʡ. ʀ, ʚʦ-ʚʪʦʨʳʭ, 

ʜʦʣʞʥʘ ʠʤʝʪʴʩʷ ʥʘʩʪʨʦʡʢʘ ʟʚʝʥʘ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʩʪʨʦʡʢʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ (ʠʤʝʥʥʦ ʧʦ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ 

ʩʨʘʚʥʝʥʠʷ) ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʪʨʝʙʫʝʤʳʤ (ʟʘʜʘʥʥʳʤ) ʜʣʷ ʠʟʚʝʩʪʥʦʛʦ 
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ʪʝʩʪʦʚʦʛʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʩʠʤʫʣʠʨʫʝʪ ʚʝʩʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʨʝʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʩʩʠʚʦʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʩʪʘ 

ʥʘʩʪʨʘʠʚʘʝʤʳʤ ʟʚʝʥʦʤ ʩʪʨʦʠʪʩʷ ʧʨʦʮʝʜʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʪʘʢ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ, ʯʪʦ ʟʚʝʥʦ ʨʝʘʣʠʟʫʝʪ ʟʘʜʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʜʦʧʫʩʢʦʚ) ʜʣʷ ʣʶʙʦʛʦ ʨʝʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. ʄʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʛʠʙʢʠʤ 

ʧʦʜʭʦʜʦʤ ʢ ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʥʦʛʠʭ ʢʣʘʩʩʦʚ, ʘ ʥʝ ʪʦʣʴʢʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟʦʙʨʘʞʝʥʠʡ.  

ʊʝʭʥʦʣʦʛʠʷ ICC-ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʢʘʢ ʨʘʟ ʥʘ ʵʪʦʡ ʠʜʝʝ, ʭʦʪʷ ʦʩʥʦʚʘʪʝʣʠ ICC ʠ ʥʝ 

ʜʘʶʪ ʧʨʷʤʦʡ ʩʩʳʣʢʠ ʥʘ ʨʘʙʦʪʳ ɸʨʪʶʰʠʥʘ. ʆʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ICC 

ʪʝʭʥʦʣʦʛʠʠ ʧʫʪʝʤ ʢʘʣʠʙʨʦʚʢʠ ʫʩʪʨʦʡʩʪʚ, ʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʟʘʜʘʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ICC 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʳ. ʆʜʥʘʢʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʝʡ ʦʩʪʘʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʮʚʝʪʦʚʳʭ ʦʭʚʘʪʦʚ ʚʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ [7, 8]. ʇʨʝʜʣʦʞʝʥʳ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ, ʥʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʪ ʠ ʙʳʪʴ ʥʝ 

ʤʦʞʝʪ ʚ ʩʠʣʫ ʢʦʛʥʠʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ ʦʨʠʛʠʥʘʣʦʚ (HDRI). ʅʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (ʩʤ.ʨʠʩ 1), 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʘʤʠ ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ 

ʦʨʠʛʠʥʘʣʦʚ [17]. ʅʘʟʚʘʥʠʝ ʜʫʙʣʠʢʘʮʠʦʥʥʳʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʅ.ɼ.ʅʶʙʝʨʛʦʤ [5, 6] ʠ ʚʦʰʣʦ 

ʚ ʨʫʩʩʢʦʷʟʳʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʠ, ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʦʧʠʝʡ 

ʦʨʠʛʠʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʳʡ ʮʠʬʨʦʚʦʡ ʦʨʠʛʠʥʘʣ - ʵʪʦ ʮʠʬʨʦʚʦʡ ʬʘʡʣ, 

ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʘʭ ʦʨʠʛʠʥʘʣʘ ʙʝʟ ʠʩʢʘʞʝʥʠʡ, ʦʙʳʯʥʦ 

ʚʥʦʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚʘʤʠ ʨʝʛʠʩʪʨʘʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʧʨʦʱʝʥʠʠ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʢʦʧʠʠ ï 

ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʘ ʜʘʣʴʥʝʡʰʠʭ ʩʪʘʜʠʷʭ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʠʜʝʷʤʠ ʚʚʝʜʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [18]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ 

ʧʨʦʙʣʝʤʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʮʚʝʪʦʚʦʛʦ ʦʭʚʘʪʘ ʠ ʦʨʠʛʠʥʘʣʘ ʠ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʦʭʚʘʪʘ 

ʩ̡ ʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʩʮʝʥʳ, ʩʥʷʪʦʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʢʩʧʦʟʠʮʠʷʤʠ. ʇʨʠ ʤʘʣʳʭ ʵʢʩʧʦʟʠʮʠʷʭ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʳ 

ʛʨʘʜʘʮʠʦʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʚʝʪʣʳʭ ʜʝʪʘʣʝʡ ʦʨʠʛʠʥʘʣʘ, ʘ ʪʝʥʠ ʤʦʛʫʪ ʦʩʪʘʪʴʩʷ ʙʝʟ 

ʨʘʟʣʠʯʠʤʳʭ ʜʝʪʘʣʝʡ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʭʚʘʪ ʦʨʠʛʠʥʘʣʘ ʙʦʣʴʰʝ ʦʭʚʘʪʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. ɼʣʷ 

ʙʦʣʴʰʠʭ ʵʢʩʧʦʟʠʮʠʡ ʧʨʦʨʘʙʦʪʘʥʳ ʜʝʪʘʣʠ ʚ ʪʝʥʷʭ, ʘ ʩʚʝʪʘ ʤʦʛʫʪ ʜʝʪʘʣʝʡ ʥʝ ʩʦʜʝʨʞʘʪʴ. ɺ 

ʨʘʙʦʪʝ [17] ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʦʟʠʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʧʘʟʦʥʦʚ ʦʨʠʛʠʥʘʣʘ ʠ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ. 

ʆʙʳʯʥʦ ʚ ʪʝʭʥʦʣʦʛʠʠ HDRI ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʷʨʢʦʩʪʥʦʡ (ʩʚʝʪʣʦʪʥʳʡ) ʜʠʘʧʘʟʦʥ. ʅʘʤʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʦʙʱʠʪʴ ʵʪʦʪ ʧʨʠʝʤ ʥʘ ʚʩʝ ʢʘʥʘʣʳ ʨʝʛʠʩʪʨʘʮʠʠ ʜʘʥʥʦʛʦ ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʨʝʤʷ ʧʨʠʝʤʥʠʢʘʤʠ ï ʵʪʦ ʪʨʠ ʢʘʥʘʣʘ, ʜʣʷ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʨʘʚʥʦ ʯʠʩʣʫ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʦʥ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʘʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʨʠʛʠʥʘʣʘ ʤʝʥʝʝ, ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʢʘʥʘʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʦʟʠʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʦʡ ï ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʧʣʶʩ ʦʜʠʥ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʳʙʦʨ ʵʢʩʧʦʟʠʮʠʡ ʥʘ ʧʨʠʤʝʨʝ ʪʨʝʭʢʘʥʘʣʴʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ. 
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ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʪʨʠ ʢʘʥʘʣʘ. ʆʙʦʟʥʘʯʠʤ ʠʭ x y z. ʆʙʦʟʥʘʯʠʤ ʚʝʣʠʯʠʥʳ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʚʝʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 2ȹxo,  2ȹyo  ʠ  2ȹzo , ʘ ʚʝʣʠʯʠʥʳ ʠʥʪʝʨʚʘʣʦʚ ʦʭʚʘʪʦʚ 

ʢʘʥʘʣʦʚ ʢʘʤʝʨʳ 2ȹxc , 2ȹyc , 2ȹzc ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʦʟʥʘʯʠʤ (xo,yo,zo) ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ 

ʪʝʣʘ ʮʚʝʪʦʚʦʛʦ ʦʭʚʘʪʘ ʦʨʠʛʠʥʘʣʘ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʢʫʙ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ (xo,yo,zo), 

ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʦʪʨʝʟʢʘʤ (xo ī ȹxo, xo + ȹxo), (yo ī ȹyo, yo + ȹyo) ʠ (zo ī ȹzo, zo + ȹzo) ʩʦʜʝʨʞʠʪ 

ʚʩʝ ʪʝʣʦ ʮʚʝʪʦʚʦʛʦ ʦʭʚʘʪʘ ʦʨʠʛʠʥʘʣʘ. ʕʢʩʧʦʟʠʮʠʦʥʥʳʡ ʩʜʚʠʛ ȹE ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ 

ʚʳʙʠʨʘʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʝʨʘʚʝʥʩʪʚʘ 
 

ȹxc + ȹEx  > ȹxo 

ȹyc + ȹEy  > ȹyo 

ȹzc + ȹEz  > ȹzo , 
 

ʛʘʨʘʥʪʠʨʫʶʱʠʝ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʜʨʦʚ ʚʩʝ ʛʨʘʜʘʮʠʠ ʦʨʠʛʠʥʘʣʘ ʚ ʢʘʞʜʦʤ ʢʘʥʘʣʝ ʙʫʜʫʪ 

ʧʨʦʨʘʙʦʪʘʥʳ. ʕʢʩʧʦʟʠʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪʩʷ ʪʘʙʣʠʮʝʡ 
 

ʊʘʙʣʠʮʘ 2  

ʕʢʩʧʦʟʠʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʩʲʝʤʢʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʜʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʫʙʣʠʢʘʮʠʦʥʥʦ 

ʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ 
 

ʢʘʥʘʣ ʕʢʩʧʦʟʠʮʠʷ 1 ʕʢʩʧʦʟʠʮʠʷ 2 ʕʢʩʧʦʟʠʮʠʷ 3 ʕʢʩʧʦʟʠʮʠʷ 4 

x xo xo xo + ȹEx xo ī ȹEx 

y yo yo + ȹEy yo ī ȹEy yo ī ȹEy 

z zo + ȹEz zo ī ȹEz zo ī ȹEz zo + ȹEz 

 

ʕʪʦʪ ʚʘʨʠʘʥʪ ʚʳʙʦʨʘ ʵʢʩʧʦʟʠʮʠʡ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ, ʥʦ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʦʥ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʪʝʣʘ ʮʚʝʪʦʚʦʛʦ ʦʭʚʘʪʘ ʦʨʠʛʠʥʘʣʘ ʚʥʫʪʨʠ ʪʝʣʘ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʥʠʤʢʦʚ. ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ [17] ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʮʠʬʨʦʚʦʡ ʜʫʙʣʠʢʘʮʠʦʥʦ ʪʦʯʥʳʡ ʦʨʠʛʠʥʘʣ  

 

ɿʘʢʣʶʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʧʨʦʜʫʢʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʠ 

ʦʙʣʘʩʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʬʦʪʦʛʨʘʬʠʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʮʠʬʨʦʚʦʛʦ ʦʨʠʛʠʥʘʣʘ ʜʣʷ ʝʛʦ ʨʝʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʮʚʝʪʦʚʳʭ ʦʭʚʘʪʦʚ ʦʨʠʛʠʥʘʣʘ 

ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʝʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʦʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ 

ʨʝʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʩʪʘʜʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʫʙʣʠʢʘʮʠʦʥʥʦ ʪʦʯʥʦʛʦ ʦʨʠʛʠʥʘʣʘ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ ʦʨʠʛʠʥʘʣʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ 

ʨʝʧʨʦʜʫʢʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʣʶʙʳʭ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʟʘ ʩʯʝʪ ʦʙʣʝʛʯʝʥʠʷ ʟʘʜʘʯʠ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʮʚʝʪʦʚʳʭ ʦʭʚʘʪʦʚ ʦʨʠʛʠʥʘʣʘ ʠ ʠʟʦʙʨʘʞʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠʭʦʪʦʤʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚ 

ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʨʷʜʫ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʦʚʪʦʨʷʶʱʠʭ ʚ ʥʝʢʦʪʦʨʦʤ 

ʤʘʩʰʪʘʙʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʳʜʫʱʠʭ. ʇʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʘʤʦʧʦʜʦʙʠʷ ʨʝʰʝʪʢʠ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠ-

ʩʘʤʦʧʦʜʦʙʥʘʷ ʨʝʰʝʪʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʦʚʳʤ ʯʘʩʪʦʪʥʳʤ ʬʠʣʴʪʨʦʤ, ʠ ʝʝ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʦʙʠʷ. ʇʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʚ ʨʝʰʝʪʢʝ ʠʤʝʶʪʩʷ ʢʨʘʪʥʳʝ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, ʨʘʚʥʳʝ ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʥʘʤʠʯʝʩʢʠʡ ʬʨʘʢʪʘʣ, ʨʝʰʝʪʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ, ʧʘʨʮʠʘʣʴʥʘʷ 

ʯʘʩʪʦʪʘ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ. 

 

 

THE DYNAMIC -SELFSIMILAR TRI CHOTOMOUS LATTICE AS  A FREQUENCY 

FILTER  

 

L.Ya. Banakh  

 Blagonravov Mechanical Engineering Research Institute of RAS, Moscow, Russia 

banl@inbox.ru 

 
Abstract. We consider the thrichotomous lattices, when each element in the each subsequent series 

is divided into three self-similar repeating the structure of the previous one at the some scale. The 

analytical conditions for the static and dynamic self-similarity of the lattice are obtained. It is 

proved that the dynamic-selfsimilar lattice is a bandpass filter, and its bandwidth depends on the 

similarity coefficient. It is also shown that the lattice has multiple natural frequencies equal to the 

partial frequency of the generating element. 

Keywords: dynamic fractal, lattice, similarity coefficient, partial frequency, bandwidth. 

 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  ɺ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʩʠʩʪʝʤ ʩʦʩʪʘʚʣʷʶʪ ʩʪʨʫʢʪʫʨʳ, ʚ 

ʢʦʪʦʨʳʭ ʢʘʞʜʘʷ ʷʯʝʡʢʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦʚʪʦʨʷʝʪ ʩʪʨʫʢʪʫʨʫ ʧʨʝʜʳʜʫʱʝʡ; ʵʪʦ 

ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʬʨʘʢʪʘʣʦʚ.  ʂ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ (ʬʨʘʢʪʘʣʘʤ) ʦʪʥʦʩʷʪʩʷ çʩʘʤʦʧʦʜʦʙʥʳʝ 

ʩʪʨʫʢʪʫʨʳ,  ʩʦʩʪʦʷʱʠʝ ʠʟ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʚ ʢʘʢʦʤ-ʪʦ ʩʤʳʩʣʝ ʧʦʜʦʙʥʳ ʮʝʣʦʤʫ" [1].  

ʉʘʤʦʧʦʜʦʙʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʥʫʶ ʩʚʷʟʴ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ.  

ʆʜʥʘʢʦ, ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʭ ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʠ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠ- ʩʘʤʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ (ʜʠʥʘʤʠʯʝʩʢʠʭ 
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ʬʨʘʢʪʘʣʦʚ) ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʤʝʭʘʥʠʢʝ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩʪʝʨʞʝʥʴ ʩʦ ʩʪʫʧʝʥʯʘʪʦ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʩʝʯʝʥʠʝʤ, ʚʘʣ ʩ ʜʠʩʢʘʤʠ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʤʝʥʷʶʪʩʷ ʧʦ ʫʯʘʩʪʢʘʤ, ʢʦʥʠʯʝʩʢʘʷ ʦʙʦʣʦʯʢʘ ʩ 

ʦʨʝʙʨʝʥʠʝʤ, ʢʦʣʝʥʯʘʪʳʝ ʚʘʣʳ (ʚʠʥʪʦʚʘʷ ʩʠʤʤʝʪʨʠʷ), ʢʦʥʠʯʝʩʢʠʝ ʧʨʫʞʠʥʳ ʠ ʪ.ʧ. ʐʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʪʘʢʞʝ ʚʝʪʚʷʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ: ʵʪʦ 

ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, ʢʨʦʚʝʥʦʩʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢʘ, ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ, ʚ ʪʝʭʥʠʢʝ ï ʩʠʩʪʝʤʳ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʬʨʘʢʪʘʣʴʥʳʝ ʘʥʪʝʥʥʳ. ɺʝʪʚʷʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʌ.ʃ. ʏʝʨʥʦʫʩʴʢʦ [2]. ʆʥ ʨʘʩʩʤʦʪʨʝʣ ʩʠʩʪʝʤʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʚʠʜʝ 

ʜʠʭʦʪʦʤʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʫ ʩʪʝʨʞʥʝʡ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʧʪʠʤʘʣʴʥʦʩʪʠ:  ʧʦʣʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʠʥʠʤʘʣʴʥʦ  ʧʨʠ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ, ʢʨʦʤʝ ʪʦʛʦ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʚʢʫ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʫʶ ʦʢʨʝʩʪʥʦʩʪʴ ʪʦʯʢʠ ʚʝʪʚʣʝʥʠʷ.  

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠ-ʩʘʤʦʧʦʜʦʙʥʳʭ ʮʝʧʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ, ʢʘʢ ʩʪʝʨʞʥʠ ʠ 

ʙʘʣʢʠ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʝʯʝʥʠʷ [3-5], ʘ ʪʘʢʞʝ ʚʝʪʚʷʱʠʝʩʷ ʩʪʨʫʢʪʫʨʳ - ʜʠʭʦʪʦʤʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʦʩʦʚʦʡ ʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ. ʇʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ ʥʘʡʜʝʥʳ 

ʫʩʣʦʚʠʷ ʨʘʚʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʠʟʫʯʝʥʳ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʦʚ ʪʠʧʘ 

ʪʨʠʭʦʪʦʤʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʚ ʢʦʪʦʨʳʭ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ ʨʷʜʫ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ, ʧʦʚʪʦʨʷʶʱʠʭ ʚ ʥʝʢʦʪʦʨʦʤ ʤʘʩʰʪʘʙʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʝʜʳʜʫʱʠʭ. 

  

ʊʨʠʭʦʪʦʤʠʯʝʩʢʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʨʝʰʝʪʢʘ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʨʠʨʦʜʥʳʭ ʪʨʠʭʦʪʦʤʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ.  ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ  ʠʟ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʧʨʠʨʦʜʳ: ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ (ʨʠʩ. 1ʚ).  ɸʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʪʘʢʠʭ 

ʩʪʨʫʢʪʫʨ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʥʘʣʦʛʠʡ [6] ʩʦʚʝʨʰʝʥʥʦ ʠʜʝʥʪʠʯʝʥ. 

 

ʉʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʉʪʘʪʠʯʝʩʢʠ- ʩʘʤʦʧʦʜʦʙʥʳʤʠ ʥʘʟʦʚʝʤ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʫʧʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʤʘʩʰʪʘʙʦʤ ɔ ʜʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ 

 

1 0 0ɔ ɔ ( 1... )s s

s sk k k e k s Na
-= = = =                                             (1) 

 

 ʕʪʦ ʫʩʣʦʚʠʝ,  ʢʘʢ ʙʫʜʝʪ ʚʠʜʥʦ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʚʧʘʜʘʝʪ  ʩ 

ʫʩʣʦʚʠʝʤ  ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʘʤʦʧʦʜʦʙʠʷ (ʬʨʘʢʪʘʣʴʥʦʩʪʠ). ʅʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʥʦ ʩʣʘʙʝʝ  

ʫʩʣʦʚʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʘʤʦʧʦʜʦʙʠʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ (1) ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʧʦʩʪʦʷʥʥʳʤʠ [4]. 

ʈʘʩʩʤʦʪʨʠʤ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʨʠʩ.1). 

ʇʫʩʪʴ ʥʘ ʚʝʨʭʥʶʶ ʤʘʩʩʫ ʜʝʡʩʪʚʫʝʪ ʩʪʘʪʠʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʈ.  ɺ ʢʘʞʜʦʤ s-ʦʤ ʨʷʜʫ 

ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʥʘʭʦʜʠʪʩʷ 3s-1 ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʘ  

0 /ɔssk k= , ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʚ s-ʦʤ ʨʷʜʫ ʨʘʚʥʘ   
0 (3 ɔ)
3

sk
.  ʉʪʘʪʠʯʝʩʢʦʝ ʩʤʝʱʝʥʠʝ 

ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ:  
0

3 ɔ
ȹ

3

s

scʪ

P

k

å õ
= æ ö

ç ÷
. 
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ʈʠʩ. 1. ʊʨʠʭʦʪʦʤʠʯʝʩʢʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʨʝʰʝʪʢʘ: ʘ- ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʙ-ʦʙʨʘʟʫʶʱʘʷ 

ʧʦʜʩʠʩʪʝʤʘ, ʚ- ʦʙʨʘʟʫʶʱʘʷ ʧʦʜʩʠʩʪʝʤʘ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʛ- ʚʝʪʚʣʝʥʠʝ ʘʨʪʝʨʠʡ, 

ʜ- ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʝ ʜʝʨʝʚʦ. 

    

ɽʩʣʠ ɔ 3= , ʪʦ scʪD  ʚʦ ʚʩʝʭ ʨʷʜʘʭ ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʳʤ, ʠ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʦʪ ʚʝʨʭʥʝʛʦ ʪʝʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʠʩʢʘʞʝʥʠʷ  ʥʘ ʚʩʝ ʫʨʦʚʥʠ. ʇʨʠ ʵʪʦʤ ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʞʜʦʛʦ s-ʛʦ ʨʷʜʘ ʨʘʚʥʦ 

03scʪs Ps kD = .  ʇʨʠ ɔ 3< , scʪD  ʚ ʢʘʞʜʦʤ ʨʷʜʫ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʦ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ, 

ʠ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ɔ 3>   - ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɔ 3=  ʷʚʣʷʝʪʩʷ 

ʙʠʬʫʨʢʘʮʠʦʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ɼʣʷ n- 

ʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʪʘʢʠʤ ʟʥʘʯʝʥʠʝʤ, ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ɔ n= .  

ɽʩʣʠ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʚ ʨʝʰʝʪʢʝ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʝʨʞʥʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ, ʪʦ 

ʧʨʦʜʦʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʪʘʢʦʛʦ ʩʪʝʨʞʥʷ ʚ s-ʦʤ ʨʷʜʫ ʨʘʚʥʘ  

 
2/ (ˊ / )s s s s sk EF l E r l= =   . 

 

ʋʩʣʦʚʠʝ ɔ 3=    ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

(ʘ) ( )0 0, / 3
s

s sl l const r r= = = ; (ʙ) ()0 0, 3
s

s sr r const l l= = = ; 

(ʚ) () ()0 0/ 3 , / 3
s s

s sr r l l= =  

 

ɺ ʧʦʩʣʝʜʥʝʤ ʚʘʨʠʘʥʪʝ ʨʘʜʠʫʩ r ʠ ʜʣʠʥʘ l ʤʝʥʷʶʪʩʷ ʦʪ ʵʣʝʤʝʥʪʘ ʢ ʵʣʝʤʝʥʪʫ ʚ ʦʜʠʥʘʢʦʚʦʤ 

ʦʪʥʦʰʝʥʠʠ ɔ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʬʨʘʢʪʘʣʴʥʳ, ʪʦ ʝʩʪʴ ʦʙʣʘʜʘʶʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʩʘʤʦʧʦʜʦʙʠʝʤ. ʇʨʠ ʟʘʜʘʥʥʦʤ  ɔ ʚʘʨʠʘʥʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ 

ʩʪʝʨʞʥʷ ʦʙʣʘʜʘʝʪ ʥʘʠʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ.  
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ʅʘʡʜʝʤ ʪʝʧʝʨʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʫʧʨʫʛʠʭ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʘʭ: 

 

( )

0

3 ɔ/3
ů Ů sct

s
s s

s
P

E E ɽ
l k l

D
= = =  

 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʢʘʞʜʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ  

( )0ɔ 3, / 3
s

sl l= = .  ʇʨʠɔ 3=  ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʚʘʨʠʘʥʪʘ (ʘ)  ʧʨʠ 

0sl l const= = . ʕʪʦ ʣʝʛʢʦ ʧʦʥʷʪʴ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʢʘʞʜʦʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ 

ɔ 3=, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ɺ ʩʣʫʯʘʝ ʚ) ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ 

ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʩʪʝʨʞʥʷ ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʢʘʞʜʦʤ ʨʷʜʫ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʜʦʙʠʷ: 0ů ɔ ůs
s=  

  

ɼʠʥʘʤʠʯʝʩʢʠ-ʩʘʤʦʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʘʤʦʧʦʜʦʙʠʷ 

ʨʝʰʝʪʢʠ ʧʦʤʠʤʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (1), ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʩʪʘʪʠʢʠ, 

ʩʣʝʜʫʝʪ ʝʱʝ ʧʦʪʨʝʙʦʚʘʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.   

ʆʧʨʝʜʝʣʝʥʠʝ.  ɼʠʥʘʤʠʯʝʩʢʠ- ʩʘʤʦʧʦʜʦʙʥʳʤʠ ʥʘʟʦʚʝʤ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʫʧʨʫʛʠʝ ʠ 

ʠʥʝʨʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʤʘʩʰʪʘʙʦʤ ɔ ʜʣʷ ʢʘʞʜʦʛʦ ʨʷʜʘ
  

1 1 ,/ɔ , /ɔs s
s sk k m m= =

          
                                   (2) 

ʅʝʦʙʭʦʜʠʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʫʩʣʦʚʠʡ  (2) ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʧʘʨʮʠʘʣʴʥʳʭ ʯʘʩʪʦʪ ʦʙʨʘʟʫʶʱʠʭ 

ʧʦʜʩʠʩʪʝʤ. 

( 1.... )s const s N   .                                           (3) 

 

ʂʦʣʝʙʘʥʠʷ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʀʩʩʣʝʜʫʝʤ ʚʝʨʪʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʜʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʪʝʨʞʥʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʨʠʩ.1). 

ʉʠʣʫ ʪʷʞʝʩʪʠ ʥʝ ʫʯʠʪʳʚʘʝʤ.  ʈʘʩʩʤʦʪʨʠʤ ʚʥʘʯʘʣʝ ʪʨʠʭʦʪʦʤʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʜʚʫʭ ʫʨʦʚʥʝʡ (ʨʠʩ. 2ʘ).  

ʋʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ: 
2

1 1 0 1 1 1

2

1 2 2 1

2

1 2 2 1

2

1 2 2 1

3

3
0

3

3

m k k k k k

k m k k

k m k k

k m k k

D

 

(4) 

ʋʩʣʦʚʠʝ (2): 1 1/ɔ, /ɔs s s sm m k k- -= =  ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʦʧʦʜʦʙʠʝ ʨʝʰʝʪʢʠ, ʪʦ ʝʩʪʴ  

1 0 2 1

1 2

3 3
ɜ

k k k k

m m
 

ʨʘʚʝʥʩʪʚʦ ʧʘʨʮʠʘʣʴʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ:  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ  

1

1 1 1
,

1 2 1

1 0 1

X = TX T

 

(5) 
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                                                  ʛ) 

ʈʠʩ. 2. ɼʝʢʦʤʧʦʟʠʮʠʷ ʨʝʰʝʪʢʠ ʥʘ ʧʦʜʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʶʱʠʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ: ʘ -

ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʪʨʠʭʦʪʦʤʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ, ʙ- ʧʦʜʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʩʠʥʬʘʟʥʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʚ- ʧʦʜʩʠʩʪʝʤʘ, ʦʧʠʩʳʚʘʶʱʘʷ ʢʦʣʝʙʘʥʠʷ ʤʘʩʩ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ m2, ʛ- ʬʨʘʢʪʘʣʴʥʦʝ 

ʜʝʨʝʚʦ ʂʵʣʠ (ʨʝʰʝʪʢʘ ɹʝʥʝ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʊ. 
 

 

ʧʨʠʚʦʜʠʪ ʤʘʪʨʠʮʫ D (4) ʢ ʙʣʦʯʥʦ-ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 
2

1 1 0 1

2

1 2 2 1

2

2 2 1

2

2 2 1

3 3 0 0

3 3 3 0 0
0

0 6 3 0

0 0 2 3

tr

m k k k

k m k k

m k k

m k k

T DT D

 

 

ʄʘʪʨʠʮʘ D  ʠʤʝʝʪ ʦʧʠʩʳʚʘʝʪ 3 ʥʝʟʘʚʠʩʠʤʳʝ ʧʦʜʩʠʩʪʝʤʳ: ʜʚʫʭʤʘʩʩʦʚʫʶ ʧʦʜʩʠʩʪʝʤʫ (ʨʠʩ.2 

ʙ) ʠ ʜʚʝ ʦʜʥʦʤʘʩʩʦʚʳʝ ʧʦʜʩʠʩʪʝʤʳ (ʨʠʩ.2ʚ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʨʘʪʥʳʝ ʢʦʨʥʠ, ʨʘʚʥʳʝ 

ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʦʙʨʘʟʫʶʱʝʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʜʩʠʩʪʝʤʳ 
2

1ɜ ( 3 )s s s sm k k  . ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʨʠʩ.2ʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 3 ʧʦʜʩʠʩʪʝʤʳ ʨʠʩ. 2 ʙ, ʚ. 

 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʥʪʝʨʝʩʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʊ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʜʝʢʦʤʧʦʟʠʮʠʠ ʨʝʰʝʪʢʠ: ʧʨʘʚʳʡ ʥʠʞʥʠʡ ʙʣʦʢ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʊ 

ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʦʧʝʨʘʪʦʨʦʤ ʩʠʤʤʝʪʨʠʠ ʪʨʝʫʛʦʣʴʥʠʢʘ ʈ3 [7,8] 

 

1

2 3 3

3

1 1 1
1

, 1 2 1
3

1 0 1

V

V V = P X P

V

è ø è ø
é ù é ù
= = -
é ù é ù
é ù é ù-ê ú ê ú

   . 
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ʆʧʝʨʘʪʦʨʳ V i    ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʠʭ 

ʦʧʝʨʘʪʦʨʦʚ ʩʣʝʜʫʶʱʠʡ: 

V1 ʦʧʠʩʳʚʘʝʪ ʢʦʣʝʙʘʥʠʷ ʚʩʝʭ ʫʟʣʦʚ ʪʨʝʫʛʦʣʴʥʠʢʘ 1, 2, 3 ʚ ʬʘʟʝ ; V2, V3  -ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʘʥʳ ʩ 

ʜʝʬʦʨʤʘʮʠʝʡ ʪʨʝʫʛʦʣʴʥʠʢʘ: ʫʟʣʳ 1 ʠ 3 ʚ ʬʘʟʝ, ʘ 2 ï ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʠʣʠ ʨʘʚʥʦ ʥʫʣʶ. ʆʧʝʨʘʪʦʨʳ 

V2, V3  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʨʘʪʥʳʤ ʢʦʨʥʷʤ, ʠ ʣʶʙʘʷ ʠʭ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ  ʪʘʢʞʝ ʙʫʜʝʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ ʢʦʣʝʙʘʥʠʡ. 

ʊʨʠʭʦʪʦʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʠʩ. 2ʘ   ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʨʠʩ.2ʛ, ʠʤʝʶʱʝʡ 

ʩʠʤʤʝʪʨʠʶ ʪʨʝʫʛʦʣʴʥʠʢʘ. ʕʪʦ ʜʝʨʝʚʦ ʂʵʣʠ (ʨʝʰʝʪʢʘ ɹʝʥʝ).   

ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʢʠ ʚ ʠʩʭʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʦʧʨʝʜʝʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʊ(5). ʀʟ (5)  

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʜʩʠʩʪʝʤʘ ʨʠʩ. 2ʙ ʦʧʠʩʳʚʘʝʪ ʩʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ʆʜʥʦʤʘʩʩʦʚʳʝ ʩʠʩʪʝʤʳ ʨʠʩ.2ʚ ʦʧʠʩʳʚʘʶʪ ʢʦʣʝʙʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ m2 ʧʨʠ 

ʥʝʧʦʜʚʠʞʥʦʡ ʤʘʩʩʝ m1 : ʦʜʥʘ ʠʟ ʵʪʠʭ ʧʦʜʩʠʩʪʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (5) ʠʤʝʝʪ ʧʨʦʪʠʚʦʬʘʟʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʢʨʘʡʥʠʭ ʤʘʩʩ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʥʝʡ ʤʘʩʩʝ, ʘ ʜʨʫʛʘʷ ïʩʠʥʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʢʨʘʡʥʠʭ ʤʘʩʩ ʠ ʧʨʦʪʠʚʦʬʘʟʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʥʝʡ ʤʘʩʩʳ, ʘʤʧʣʠʪʫʜʳ ʢʦʪʦʨʦʡ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʦʩʭʦʜʷʪ ʘʤʧʣʠʪʫʜʳ ʢʨʘʡʥʠʭ ʤʘʩʩ.  

ʆʜʥʦʤʘʩʩʦʚʳʝ ʧʦʜʩʠʩʪʝʤʳ ʧʦʣʫʯʝʥʳ ʚ  ʨʝʟʫʣʴʪʘʪʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʢʨʝʧʣʝʥʠʡ ʤʘʩʩʳ m1 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭʤʘʩʩʦʚʦʡ, ʧʦʵʪʦʤʫ ʠʭ ʯʘʩʪʦʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʯʘʩʪʦʪ ʧʦʜʩʠʩʪʝʤʳ 

ʨʠʩ. 2 ʙ.  

ʆʯʝʚʠʜʥʦ ʦʙʦʙʱʝʥʠʝ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ n-ʭʦʪʦʤʠʯʝʩʢʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʈn, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʦʧʝʨʘʪʦʨ ʩʠʤʤʝʪʨʠʠ n-ʫʛʦʣʴʥʠʢʘ [7,8].  

ɼʣʷ ʪʨʠʭʦʪʦʤʠʯʝʢʦʡ ʨʝʰʝʪʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʨʷʜʦʚ (ʥʘʧʨʠʤʝʨ, n = 4), ʧʨʦʜʦʣʞʘʷ 

ʧʨʦʮʝʩʩ ʜʝʢʦʤʧʦʟʠʮʠʠ ʨʝʰʝʪʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ, ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʩʠʥʬʘʟʥʫʶ ʧʦʜʩʠʩʪʝʤʫ (ʨʠʩ.3ʘ) ʠ ʩʝʨʠʶ ʦʜʥʦʤʘʩʩʦʚʳʭ ʠ ʜʚʫʭʤʘʩʩʦʚʳʭ (ʨʠʩ.3ʙ), ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʝʥʳ ʠʟ ʩʠʥʬʘʟʥʦʡ, ʧʫʪʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʩʩ, ʧʦʵʪʦʤʫ ʠʭ ʢʦʨʥʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʢʦʨʥʝʡ ʩʠʥʬʘʟʥʦʡ ʧʦʜʩʠʩʪʝʤʳ. 

ʉʠʥʬʘʟʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪʩʷ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʩʝʭ ʤʘʩʩ ʠ ʫʧʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʢʘʞʜʦʤ ʨʷʜʫ. ʊʦʛʜʘ ʜʣʷ ʥʝʝ 

( ) ( )1 13 3ɔ , 3 3 ɔ
s ss s

s s s sM m m K k k= = = = . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʠʥʬʘʟʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ï ʵʪʦ ʩʘʤʦʧʦʜʦʙʥʘʷ ʮʝʧʥʘʷ ʩʠʩʪʝʤʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʜʦʙʠʷ ɔ 3/ɔ¡= . 

 

 
ʈʠʩ.3. ʇʦʜʩʠʩʪʝʤʳ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ: ʘ- ʩʠʥʬʘʟʥʘʷ ʧʦʜʩʠʩʪʝʤʘ, ʙ- ʦʜʥʦʤʘʩʩʦʚʘʷ 

ʧʦʜʩʠʩʪʝʤʘ, ʚ- ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʠʥʬʘʟʥʦʡ ʧʦ ʯʘʩʪʦʪʘʤ 
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ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [3], ʢʦʣʝʙʘʥʠʷ ʚ ʩʘʤʦʧʦʜʦʙʥʦʡ ʮʝʧʥʦʡ ʩʠʩʪʝʤʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʦʜʦʙʠʷ m ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 
2

1 1 1 1 0( ɤ (1 ɛ)) 0, ɛ ɛ ( 1... )s

s s s s s s s s sk x m k x k x k k k s N- + + -- + - + + - = = = =
               (6)

                                                                  

ʉ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ 
/2ɛs

s sy x=                                                                (7), 

ʝʛʦ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ  ʫʨʘʚʥʝʥʠʶ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

( )
2

* 1/2 1

0

* 1/2

1 1 0(2 ) 0, ɛ ɛ ɛ1,s s sy k k k y y k k k k k-

- +

-¡ ¡ ¡ ¡+ + -+ = = =   .               (8) 

      
ʋʨʘʚʥʝʥʠʝ (8) ʦʧʠʩʳʚʘʝʪ ʫʞʝ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ.3ʚ), ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʜʠʥʘʢʦʚʳʭ 

ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʞʝʩʪʢʦʩʪʴ ʢʦʪʦʨʳʭ ʨʘʚʥʳ k¡, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʫʟʣʘʭ ʠʤʝʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʧʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʩ ʞʝʩʪʢʦʩʪʴʶ *k . ʅʦ ʪʘʢʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʢʘʢ 
ʠʟʚʝʩʪʥʦ [9], ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʦʚʳʤ ʯʘʩʪʦʪʥʳʤ ʬʠʣʴʪʨʦʤ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʧʦʣʦʩʦʡ 

ʧʨʦʧʫʩʢʘʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ɝʖ ʖᶻ ʖ   (ʨʠʩ.4), ʛʜʝ:  

ʖ Ὧᶻάϳ Ὧ ρ ɛ ά ɛ  ȟ    ʖᶻ Ὧ ρ ɛ ά ɛ              

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ɝʖ τὯȾά ɛȾ
 ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʘʨʘʤʝʪʨʫ ʧʦʜʦʙʠʷ ɛ

ʇʦʩʢʦʣʴʢʫ ʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ (5) ʥʝ ʤʝʥʷʝʪ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ, ʪʦ ʠ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦʣʦʩʘ 

ʧʨʦʧʫʩʢʘʥʠʷ ʯʘʩʪʦʪ ʬʨʘʢʪʘʣʴʥʦʡ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ  ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʠʩ.3ʚ ʙʫʜʝʪ ʠʜʝʥʪʠʯʥʦʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ  
 

ɛ = ɔ = 3/ɔ¡  ,        2 0

1

ɤ
3

4
ȹ

ɔk

m
=

 
ʇʨʠ ɔ 3,ɛ 1= = ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʯʝʟʘʝʪ: ʖ π .  

 

 

ʈʠʩ.4. ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ  ʖᶻ ʖ  ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ (ʘ), ʘʤʧʣʠʪʫʜʳ ʩʠʥʬʘʟʥʳʭ 

ʢʦʣʝʙʘʥʠʡ s-ʛʦ ʨʷʜʘ (s= 1én)(ʙ) 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʩʠʥʬʘʟʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʪʦ ʚ ʠʩʭʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ x ʩ 

ʫʯʝʪʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ (7), ʘʤʧʣʠʪʫʜʳ ʩʠʥʬʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʢʠ  

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ ʨʷʜʘ  s (ʨʠʩ. 4ʙ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʠ ʜʠʭʦʪʦʤʠʯʝʩʢʦʡ 

ʨʝʰʝʪʦʢ ʚʦ ʤʥʦʛʦʤ ʘʥʘʣʦʛʠʯʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʙʱʠʪʴ ʠʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ n- 

ʭʦʪʦʤʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ.    

 

ɺʳʚʦʜʳ 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʪʨʠʭʦʪʦʤʠʯʝʩʢʦʡ ʩʪʝʨʞʥʝʚʦʡ ʨʝʰʝʪʢʠɔ 3=  - ʵʪʦ ʙʠʬʫʨʢʘʮʠʦʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ʇʨʠ ɔ 3=  ʩʪʘʪʠʯʝʩʢʦʝ ʩʤʝʱʝʥʠʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʩʝʭ ʨʷʜʘʭ ʙʫʜʝʪ 

ʦʜʠʥʘʢʦʚʦʡ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʘʤʠ ʨʝʰʝʪʢʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʇʨʠ ɔ 3 (ɔ 3)< >  
ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ (ʫʚʝʣʠʯʝʥʠʝ) ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ.  

¶ ʊʨʠʭʦʪʦʤʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʦʪʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ. ʇʨʠ ɔ 3¸  

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʷʜʦʚ ʚ ʨʝʰʝʪʢʝ, ʧʨʠ ɔ 3=  ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠʩʯʝʟʘʝʪ.   

¶ ɺ ʨʝʰʝʪʢʝ ʠʤʝʶʪʩʷ ʢʨʘʪʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ, ʨʘʚʥʳʝ ʧʘʨʮʠʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 

ʦʙʨʘʟʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʨʝʰʝʪʢʠ; ʢʨʘʪʥʦʩʪʴ ʯʘʩʪʦʪ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʨʷʜʦʚ ʨʝʰʝʪʢʠ. 
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ʆʇʈɽɼɽʃɽʅʀɽ ɺʈɽʄɽʅʀ ʀʅʂʋɹɸʎʀʆʅʅʆɻʆ ʇɽʈʀʆɼɸ 

ʂʆʈʈʆɿʀʆʅʅʆɻʆ ʈɸʉʊʈɽʉʂʀɺɸʅʀʗ ʇʆɼ ʅɸʇʈʗɾɽʅʀɽʄ 

ʄɸʃʆʋɻʃɽʈʆɼʀʉʊʓʍ ʅʀɿʂʆʃɽɻʀʈʆɺɸʅʅʓʍ ʉʊɸʃɽʁ 

ɺʀʍʈɽʊʆʂʆɺʓʄ ʄɽʊʆɼʆʄ 
 

É ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ ɹʫʪʫʩʦʚʘ1,2, ɺʘʩʠʣʠʡ ɺʘʩʠʣʴʝʚʠʯ ʄʠʰʘʢʠʥ1  
1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈɸʅ ï ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ  ʫʯʨʝʞʜʝʥʠʷ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʀʇʄ ʈɸʅ), ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʆʆʆ ʉʂ çɸʕʈʆʍʆɼè, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

anelka13@yandex.ru, imndt31@mts-nn.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ (ʂʈʅ) ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʩ 

ʧʦʤʦʱʴʶ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʤʝʪʦʜʘ. ʇʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʂʈʅ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ (ů0). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ů0 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʡ ʪʨʝʱʠʥʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʝʜʝʣ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ, ʘʢʪʠʚʥʦ ʚʣʠʷʶʱʝʛʦ ʥʘ ʧʨʦʮʝʩʩ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʥʝ ʧʨʝʚʳʩʠʣʘ 10%. ʇʨʝʜʣʦʞʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʚʝʨʞʝʥʥʦʛʦ ʂʈʅ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦ ʜʘʥʥʳʤ ʚʠʭʨʝʪʦʢʦʚʳʭ 

ʠʟʤʝʨʝʥʠʡ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʩʪʘʜʠʡ ʥʘʢʦʧʣʝʥʠʷ ʤʠʢʨʦʧʦʚʨʝʞʜʝʥʠʡ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʪʨʝʱʠʥ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʤʝʨʦʚ ʟʝʨʝʥ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʘʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ, ʂʈʅ, ʚʠʭʨʝʪʦʢʦʚʳʡ ʤʝʪʦʜ, ʪʨʝʱʠʥʘ, ʧʨʝʜʝʣ 

ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ, ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 
 

ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ ʧʦ 
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Abstract. There are the results of a study of the stress corosion cracking (SCC) processes of low-

carbon low-alloy steels using eddy current method in this paper.The dependence of the incubation 

time on the value of the macroelasticity limit (ů0) has been established. It is noted that the increase 

in the value of ů0 leads to an increase in the time needed to initiate the first crack. This can be 

explained as follows: the limit of macroelasticity determines the beginning of microplastic flow in 

the material, actively affecting the process of stress corrosion cracking.On the basis of 

experimental data, the analytical dependence of the incubation period of the SCC on the value of 

the macroelasticity limit is obtained. The error of calculations did not exceed 15%. 

The analytical formula allowing to determine the incubational period of the material subject to 

SCC by means of eddy current measurements is proposed. It allows according to eddy current 

measurements to record the passage of the stages of accumulation of micro-damages before the 

appearance of macrocracks. 

ʂʝʫwords: low-carbon steel, SCC, eddy current method, crack, macroelasticity limit, incubation 

period. 
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ɺʚʝʜʝʥʠʝ. ʉʠʩʪʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʈʦʩʩʠʠ ï ʫʥʠʢʘʣʴʥʳʡ, ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ 

ʦʙʲʝʢʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʝʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʫʶ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʩʣʦʞʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ.  

ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʘʷ ʩʝʪʴ ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʚʚʝʜʝʥʠʝʤ 

ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʟʘʤʝʥʦʡ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʘʢ ʠ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʧʦʩʣʝʜʩʪʚʠʡ 

ʢʘʪʘʩʪʨʦʬ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʥʝʟʘʧʥʳʤ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ.  

ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʚʩʝʭ ʘʚʘʨʠʡ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ 

ʢʦʨʨʦʟʠʠ ʠ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʠ [1-7], ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʨʘʥʳ-ʠʟʛʦʪʦʚʠʪʝʣʷ ʪʨʫʙ [8, 6]. ʇʨʠ ʵʪʦʤ 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʷʚʣʝʥʥʳʭ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʧʨʝʢʣʦʥʥʳʡ ʨʦʩʪ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢʞʝ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʘʚʪʦʤʦʙʠʣʝ-, ʩʫʜʦ-, ʤʦʩʪʦʩʪʨʦʝʥʠʝ ʠ ʪ.ʧ. 

ʀʟ-ʟʘ ʦʧʘʩʥʦʩʪʠ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʂʈʅ ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠʤʝʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʚʘʞʥʦʩʪʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʨʝʤʦʥʪʫ ʠ/ʠʣʠ ʟʘʤʝʥʝ ʫʯʘʩʪʢʦʚ, ʙʣʠʟʢʠʭ ʢ ʨʘʟʨʫʰʝʥʠʶ, ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʨʘʙʦʪʳ, ʫʤʝʥʴʰʠʪʴ ʫʙʳʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʩʪʦʷʤʠ, ʧʦʪʝʨʷʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʦ ʠ ʩʦʭʨʘʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ.  

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 

ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʠ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʠʭʨʝʪʦʢʦʚʳʡ ʤʝʪʦʜ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʜʝʬʝʢʪʘʤ, ʛʣʫʙʠʥʦʡ ʥʘʭʦʞʜʝʥʠʷ ʜʦ 3 ʤʤ [9]. 
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ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 

ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ. ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ 

ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʠʟʜʝʣʠʷ ʯʝʨʝʟ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʧʦʢʨʳʪʠʷ, ʚʢʣʶʯʘʷ ʦʢʠʩʥʫʶ ʧʣʸʥʢʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʙʲʝʢʪʝ. 

 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʤʘʣʦʫʛʣʝʨʦʜʠʩʪʳʝ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʨʢʝ 10ɻ2ʌɹʖ (ʪʘʙʣ. 1).  

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʧʳʪʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʦʛʣʘʩʥʦ [10].  
ʊʘʙʣʠʮʘ 1 

ʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʀʉʉʃɽɼʆɺɸʅʅʓʍ ʉʊɸʃɽʁ 

ʕʣʝʤʝʥʪ 

 

ˉ ʦʙʨʘʟʮʘ 

C, 

ʚʝʩ.% 

Mn, 

ʚʝʩ.% 

Si, 

ʚʝʩ.% 

Ti, 

ʚʝʩ.% 

Nb, 

ʚʝʩ.% 

V, 

ʚʝʩ.% 

1 0.098 1.59 0.44 0.020 0.051 0.003 

2 0.099 1.61 0.43 0.019 0.052 0.003 

3 0.100 1.58 0.44 0.015 0.051 0.003 

4 0.097 1.63 0.45 0.017 0.053 0.003 

 

ʊʘʙʣʠʮʘ 2 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʀʉʉʃɽɼʆɺɸʅʅʓʍ ʉʊɸʃɽʁ 

ʉʚʦʡʩʪʚʘ 

 

 

ˉ ʦʙʨʘʟʮʘ 

ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʈʝʟʫʣʴʪʘʪʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʠʩʧʳʪʘʥʠʡ 

sʚ, ʄʇʘ s02, ʄʇʘ d, % s0, ʄʇʘ sʪ, ʄʇʘ 

1 640 510 22,5 310 530 

2 670 590 20,5 275 600 

3 680 560 22,5 245 570 

4 650 560 20,0 210 570 

ʊʨʝʙʦʚʘʥʠʷ 

ɻʆʉʊ 20295-

85 ʢ ʂ60 (ʍ70) 
²588 ²412 ²16   

 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 1 ʠ 2 ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ 

ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ (ůʚ), ʫʩʣʦʚʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ (ů0.2 

ʠ ůʪ), ʘ ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʜʣʠʥʝʥʠʷ d. ʇʨʠ ʵʪʦʤ ʚʩʝ ʚʳʙʨʘʥʥʳʝ ʩʪʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʢʣʘʩʩʫ ʧʨʦʯʥʦʩʪʠ ʂ60 

(ʍ70) [11]. ɺ ʪʦʞʝ ʞʝ ʚʨʝʤʷ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʨʘʟʣʠʯʥʳʝ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʦʚ 

ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ (s0), ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʝʣʘʢʩʘʮʠʶ [12].  

ʀʩʧʳʪʘʥʠʷ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʢʠʧʷʱʝʤ 

ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʦʚ 57%Ca(NO3)2+6%NH4NO3+37%H2O [13]. ʆʙʨʘʟʝʮ ʚ ʩʪʨʫʙʮʠʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ ʧʦʜ ʥʘʛʨʫʟʢʦʡ: ʘ ï ʩʭʝʤʘʪʠʯʝʩʢʦʝ;  

ʙ ï ʚʠʜ ʩʚʝʨʭʫ. ʂʨʫʛʦʤ ʦʪʤʝʯʝʥʦ ʧʦʣʦʞʝʥʠʝ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʜʘʪʯʠʢʘ 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʥʘʛʨʫʞʝʥʥʳʝ ʦʙʨʘʟʮʳ ʚʳʥʠʤʘʣʠʩʴ ʠʟ ʨʘʩʪʚʦʨʘ, ʧʨʦʤʳʚʘʣʠʩʴ, 

ʤʝʭʘʥʠʯʝʩʢʠ ʫʜʘʣʷʣʩʷ ʦʢʠʩʥʳʡ ʩʣʦʡ, ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʠʭʨʝʪʦʢʦʚʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ ɺɼ-70 ʥʘ ʯʘʩʪʦʪʝ 150 ɻʮ ʚ ʟʦʥʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ l  = 20, 25, 30, 35, 40 ʠ 45 

ʤʤ ʦʪ ʪʦʯʢʠ ʟʘʢʨʝʧʣʝʥʠʷ (ʨʠʩ. 1). ɺʠʭʨʝʪʦʢʦʚʳʡ ʧʘʨʘʤʝʪʨ ȹʈ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʜʚʠʛʫ ʬʘʟ 

ʠʟʤʝʨʷʝʤʦʛʦ ʠ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ ʥʘʢʣʘʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ȹʈ~ȹű.  

ʅʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠ ʝʛʦ ʥʘʛʨʫʞʝʥʠʠ ʚ ʫʧʨʫʛʦʡ ʦʙʣʘʩʪʠ ʧʦ 

ʩʭʝʤʝ çʪʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙè ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

 

2

6

H

ytE
ʥʦʤ

ÖÖÖ
=s ,      (1) 

 
ʛʜʝ ɽ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʩʪʘʣʠ (210 ɻʇʘ); y ï ʩʪʨʝʣʘ ʧʨʦʛʠʙʘ; t ï ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ (2 ʤʤ); H 

ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʟʘʢʨʝʧʣʝʥʠʷ (60 ʤʤ).  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʫ ʧʦʷʚʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʠʩʭʦʜʷ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʍʦʣʦʤʦʥʘ nCes=  ʠ ʧʨʝʜʧʦʣʘʛʘʷ ʯʪʦ Ů~y,

 

ʧʦʣʫʯʘʝʤ ʥʘʧʨʷʞʝʥʠʝ ůeff: 

 
n

eff
y

y
öö
÷

õ
ææ
ç

å
=

0

0ss ,      (2) 

 

ʛʜʝ ů0 ï ʧʨʝʜʝʣ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ; ʫ ï ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ (25.7 ʤʤ ʜʣʷ ʚʩʝʭ 

ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ), ʫ0 ï ʚʝʣʠʯʠʥʘ ʩʪʨʝʣʳ ʧʨʦʛʠʙʘ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ ʜʦ ů0; n ï ʧʦʢʘʟʘʪʝʣʴ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʜʣʷ ʩʪʘʣʝʡ 1, 2, 3 ʠ 

4 ʩʝʨʠʡ ʩʦʩʪʘʚʠʣʠ 0.18, 0.2, 0.22 ʠ 0.25, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʣʠʩʴ ʚʝʣʠʯʠʥʘ ȹʈ, ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʢʨʠʪʠʯʝʩʢʠʝ ʚʨʝʤʝʥʘ ʂʈʅ ï 

Űʠʥʢ ï ʚʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ (ʤʠʢʨʦʪʨʝʱʠʥʳ ʨʘʟʤʝʨʦʤ 50 ʤʢʤ) ʠ 

ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʨʦʪʨʝʱʠʥʳ ʨʘʟʤʝʨʦʤ 5 ʤʤ (Ű*).  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʳʙʨʘʥʥʦʡ ʩʪʨʝʣʝ 

ʧʨʦʛʠʙʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʩʪʠʯʝʩʢʦʡ ʠ ʫʧʨʫʛʦʡ ʯʘʩʪʠ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 
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ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ s0. 

ɺʣʠʷʥʠʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʘ ʥʘ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʢʦʨʨʦʟʠʦʥʥʦʤ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ [14-16].  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ Űʠʥʢ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʧʦʩʪʨʦʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ Űʠʥʢ ï s0 (ʨʠʩ. 2. ʂʨʠʚʘʷ 1). 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ  

ʦʪ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʂʨʠʚʦʡ 1, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 2, ʚʦʟʨʘʩʪʘʥʠʝ s0 ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ Űʠʥʢ, ʯʪʦ ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ [17]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʝʜʝʣ 

ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ. ʇʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʫʚʝʣʠʯʝʥʠʝ s0 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʤʘʪʝʨʠʘʣʝ.  

ʇʦʣʫʯʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠ ʜʠʘʧʘʟʦʥʘ ʥʘʧʨʷʞʝʥʠʡ ůeff  

ʦʪ 410 ʄʇʘ ʜʦ 465 ʄʇʘ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ (ʨʠʩ.2, ʢʨʠʚʘʷ 

2): 

 

)/()( 002001

min sssstt -+-Ö+= ʧʦʨʩʪʨ

ʠʥʢʠʥʢ kk ,   (4) 

 

ʛʜʝ 
min

ʠʥʢt  ï ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ; 
ʩʪʨ

0s  ï ʥʘʧʨʷʞʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ; 
ʧʦʨ

0s  ï ʧʦʨʦʛʦʚʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ, 
ʧʦʨ

0s =313 ʄʇʘ; k1, k2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ (k1= 1 ʤʠʥ/ʄʇʘ, 
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k2= 700 ʤʠʥĀʄʇʘ); 
ʵʢʩʧ

0s ï ʧʨʝʜʝʣ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʚʨʝʤʝʥʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʟʨʫʰʝʥʠʷ 
min

ʠʥʢt  ʦʧʨʝʜʝʣʷʣʦʩʴ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʢʨʠʚʦʡ )( 0stʠʥʢ , 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ ʧʝʨʚʦʡ, ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʪʦʯʢʘʭ (ʦʙʨʘʟʮʳ 1, 3 ʠ 4), ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʧʨʷʞʝʥʠʶ ʩʪʨ

0s =200 ʄʇʘ [9] (ºmin

ʠʥʢt 150 ʤʠʥ). 

ʅʘʧʨʷʞʝʥʠʝ 
ʩʪʨ

0s  ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩʦʛʣʘʩʥʦ [15, 18-20] ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʫʧʨʦʯʥʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʚʳʭʦʜʘ ʫʛʣʝʨʦʜʘ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʛʨʘʥʠʮʳ ʟʝʨʝʥ. 

ʆʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʘʛʨʫʞʝʥʠʷ ʚ ʚʳʙʨʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʂʦʵʬʬʠʮʠʝʥʪʳ k1, k2 ʠ ʚʝʣʠʯʠʥʘ 
ʧʦʨ

0s  ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ 

ʫʩʣʦʚʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʢʨʠʚʦʡ ʦʪ 

ʨʘʩʯʝʪʥʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ Űʠʥʢ ʚʪʦʨʦʛʦ 

ʦʙʨʘʟʮʘ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʷ ů0. ʆʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ Űʠʥʢ ʦʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʣʷ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʧʨʝʚʳʩʠʣʦ 5%. ɺ ʮʝʣʦʤ, ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ 

ʟʥʘʯʝʥʠʡ Űʠʥʢ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʝ ʧʨʝʚʳʩʠʣʦ 10%.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʷʤ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʂʈʅ.  

 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʨʠʙʦʨʘ  

ʦʪ ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ 

 

ɸʧʧʨʦʢʩʠʤʠʨʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 3 ʟʘʚʠʩʠʤʦʩʪʴ ȹʈïů0 ʜʣʷ Űʠʥʢ ʠ ʧʦʜʩʪʘʚʣʷʷ 

ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ (4), ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ 

ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ɺʊɼ: 

 

)39.0/()1( 43

min -D++DÖ-= PkPkʠʥʢʠʥʢtt ,   (5) 

 

ʛʜʝ k3, k4 ï ʢʦʵʬʬʠʮʠʝʥʪʳ, (k3= 30 ʤʠʥ, k4= 40 ʤʠʥ); ȹʈ ï ʚʠʭʨʝʪʦʢʦʚʳʡ ʧʘʨʘʤʝʪʨ. 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ Űʠʥʢ ï ȹʈ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 

(ʢʨʠʚʘʷ çʕʢʩʧʝʨʠʤʝʥʪè) ʠ ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʩʣʝʥʠʡ ʩʦʛʣʘʩʥʦ (5) (ʢʨʠʚʘʷ 

çʈʘʩʯʝʪè). 
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ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘʥʠʷ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ  

ʦʪ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 4 ʜʘʥʥʳʭ, ʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ 

ʂʈʅ, ʚʳʧʦʣʥʝʥʥʳʡ ʯʝʨʝʟ ʧʦʢʘʟʘʥʠʷ ʚʠʭʨʝʪʦʢʦʚʦʛʦ ʜʘʪʯʠʢʘ, ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʡʜʝʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʥʘʯʝʥʠʷʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʥʝ 

ʧʨʝʚʳʩʠʣʘ 10%. 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʂʈʅ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʪʘʣʷʭ, ʙʣʠʟʢʠʭ 

ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɺʳʙʨʘʥʥʳʝ ʦʙʲʝʢʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʘʨʢʝ ʩʪʘʣʠ 10ɻʌɹʖ, 

ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ï ʢʣʘʩʩʫ ʧʨʦʯʥʦʩʪʠ ʂ60. 

ʇʦʣʫʯʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʂʈʅ ʦʪ ʚʝʣʠʯʠʥʳ 

ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʘ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, 

ʯʪʦ ʧʨʝʜʝʣ ʤʘʢʨʦʫʧʨʫʛʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ 

ʘʢʪʠʚʥʦ ʚʣʠʷʶʱʝʛʦ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ.  

ʇʨʝʜʣʦʞʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʜʚʝʨʞʝʥʥʦʛʦ 

ʂʈʅ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦ ʜʘʥʥʳʤ ʚʠʭʨʝʪʦʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʤʦʤʝʥʪ ʟʘʨʦʞʜʝʥʠʷ 

ʤʠʢʨʦʪʨʝʱʠʥ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ ʨʘʟʤʝʨʘ ʥʝʩʢʦʣʴʢʠʭ ʟʝʨʝʥ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 
1. ɸʣʴʙʦʤ ʘʚʘʨʠʡʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʥʘ ʦʙʲʝʢʪʘʭ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ 

ʆʆʆ çʉʝʚʝʨʛʘʟʧʨʦʤè, 1982-2002. ʋʭʪʘ, 2002. 

2. ʂʨʘʩʥʳʭ ɹ.ɸ., ʄʘʨʪʳʥʶʢ ɺ.ʌ., ʉʝʨʛʠʝʥʢʦ ʊ.ʉ., ʉʦʨʦʢʠʥ ɸ.ɸ., ʌʝʦʢʪʠʩʪʦʚ ɸ.ɸ. ɸʥʘʣʠʟ 

ʘʚʘʨʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʦʙʲʝʢʪʘʭ ʛʘʟʦʚʦʛʦ ʥʘʜʟʦʨʘ. - ʄ.: ʆʆʆ çɸʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡè, 

2003. 

3. ɽʩʠʝʚ ʊ. ʉ. ʆ ʚʣʠʷʥʠʠ ʬʘʢʪʦʨʘ ʚʨʝʤʝʥʠ ʚ ʨʘʟʚʠʪʠʠ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʛʘʟʦʧʨʦʚʦʜʦʚ // ʇʨʦʙʣʝʤʳ ʩʪʘʨʝʥʠʷ ʩʪʘʣʝʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ: ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ. - ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʢʥʠʛʘ, 2006. - ʉ. 94-109. 

4. ʄʝʜʚʝʜʝʚ ɺ.ʅ., ʂʫʟʥʝʮʦʚ ɺ.ɺ, ʐʘʧʠʨʦ ɺ.ɼ., ʇʦʯʝʯʫʝʚ ɸ.ʄ., ʂʘʮ ʀ.ɼ. ʆ ʧʨʠʯʠʥʘʭ 

ʘʚʘʨʠʡʥʦʩʪʠ ʪʨʫʙ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ // ʇʨʦʙʣʝʤʳ ʩʪʘʨʝʥʠʷ ʩʪʘʣʝʡ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

0

200

400

0 0,5 1 1,5

ʕʢʩʧʝʨʠʤʝʥʪ

ʈʘʩʯʝʪ

ȹP

Űʠʥʢ, ʤʠʥ

http://www.vntr.ru/


ɺʝʩʪʥʠʢ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

www.vntr.ru  ˉ 8 (144), 2019 ʛʦʜ 

 

 
 

 

27 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ: ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ. - ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ: 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʢʥʠʛʘ, 2006. - ʉ. 110-121. 

5. ʉʘʚʦʥʠʥ ʉ.ɺ., ʄʦʩʢʘʣʝʥʢʦ ɸ.ɺ., ʊʶʥʜʝʨ ɸ.ɺ., ʂʥʷʟʝʚ ʉ.ɽ., ɸʨʩʝʥʪʴʝʚʘ ɿ.ɸ. ɸʥʘʣʠʟ 

ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʘʚʘʨʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ // ʅʝʬʪʴ ʠ ʛʘʟ ʉʠʙʠʨʠ. 

- 2015. - ˉ 4 (21). - ʉ. 4-6. 

6. ʈʦʜʠʦʥʦʚʘ ʀ.ɻ., ɿʘʡʮʝʚ ɸ.ʀ., ʋʜʦʜ ʂ.ɸ., ɹʘʢʣʘʥʦʚʘ ʆ.ʅ. ʈʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʪʨʫʙʘʭ 

ʠʟ ʩʪʘʣʝʡ ʢʣʘʩʩʦʚ ʧʨʦʯʥʦʩʪʠ ʍ70-ʍ80 // ɺʝʩʪʠ ʛʘʟʦʚʦʡ ʥʘʫʢʠ. - 2016. - ˉ3 (27). - ʉ.37-47. 

7. ɸʣʠʤʦʚ ʉ.ɺ., ɸʨʘʙʝʡ ɸ.ɹ., ʈʷʭʦʚʩʢʠʭ ʀ.ɺ., ɽʩʠʝʚ ʊ.ʉ., ʅʝʬʝʜʦʚ ʉ.ɺ., ɻʫʙʘʥʦʢ ʀ.ʀ., 

ɸʙʨʦʩʠʤʦʚ ʇ.ɺ. ʂʦʥʮʝʧʮʠʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʚ 

ʨʝʛʠʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴʶ ʢ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʠ // ɻʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. - 

2015. - ˉ S2 (724). - ʉ. 10-15. 

8. Chuhareva N.V., Mironov S.A., Tikhonova T.V. Prediction of accidents and damage to gas 

pipelines in Far North conditions // Electronic scientific journal "Oil and Gas Business". - 2012. - Issue 

3. - P. 99-107. 

9. ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ: ʉʧʨʘʚʦʯʥʠʢ. / ʇʦʜ ʨʝʜ. ɺ.ɺ. ʂʣʶʝʚʘ. - ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1995.  

10. ɻʆʉʊ 10006-80. ʊʨʫʙʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ / ɺʚʝʜ. 1980-03-

31. - ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, 2010.  

11. ɻʆʉʊ 20295-85. ʊʨʫʙʳ ʩʪʘʣʴʥʳʝ ʩʚʘʨʥʳʝ ʜʣʷ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʥʝʬʪʝʧʨʦʚʦʜʦʚ / ɺʚʝʜ. 

1987-01-01. - ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, 2003. 

12. ɻʆʉʊ 28334-89. ʇʨʦʚʦʣʦʢʘ ʠ ʢʘʥʘʪʳ ʩʪʘʣʴʥʳʝ ʜʣʷ ʘʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʝʣʘʢʩʘʮʠʶ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ / ɺʚʝʜ. 1990-06-30. - ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, 2005. 

13. ʉʊʆ ɻʘʟʧʨʦʤ 2-5.1-148-2007. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ ʩʪʘʣʝʡ ʠ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ / ɺʚʝʜ. 2007-12-28. - ʄ: ʀʈʎ ɻʘʟʧʨʦʤ, 2011. 

14. ɹʝʡʛʠʣʴʟʠʤʝʨ ʗ.ʀ., ɻʝʪʤʘʥʩʢʠʡ ɸ.ʇ. ɸʥʘʣʠʟ ʧʝʨʝʭʦʜʘ ʤʠʢʨʦʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ // ʇʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ. - 1988. - ˉ 10. - ʉ. 65-68. 

15. ʅʦʭʨʠʥ ɸ.ɺ., ʏʫʚʠʣʴʜʝʝʚ ɺ.ʅ. ʉʪʘʨʝʥʠʝ ʩʪʘʣʝʡ ʪʨʫʙ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ// 

ɺʝʩʪʥʠʢ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʀ. ʃʦʙʘʯʝʚʩʢʦʛʦ. ï 2010. - ˉ5(2). - ʉ. 171-180. 

16. ʅʝʯʘʝʚ ʖ. ʉ. ʌʠʟʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʙʣʝʤʳ ʩʪʘʨʝʥʠʷ, ʦʭʨʫʧʯʠʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 
ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ // ʋʩʧʝʭʠ 

ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ. - 2008. - ʊ. 178, ˉ 7. - ʉ. 709-726. 

17. ɹʫʪʫʩʦʚ ɼ.ʉ., ʈʝʧʠʥ ɼ.ɻ., ʇʝʨʦʚ ʉ.ʃ., ʏʫʚʠʣʴʜʝʝʚ ɺ.ʅ. ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʧʨʘʚʣʝʥʠʝ 
ʥʘʧʨʷʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʩʪʘʥʮʠʡ ʢʘʢ ʩʨʝʜʩʪʚʘ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʨʠʩʢʘ ʘʚʘʨʠʠ ʦʪ ʜʝʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʢʦʨʨʦʟʠʦʥʥʳʤ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ // ʇʨʦʙʣʝʤʳ ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. - 2013. - ˉ3(93). - ʉ. 88-97. 

18. ɻʦʣʴʜʰʪʝʡʥ ʄ.ʀ., ʃʠʪʚʠʥʦʚ ɺ.ʉ., ɹʨʦʥʬʠʥ ɹ.ʄ. ʄʝʪʘʣʣʦʬʠʟʠʢʘ ʚʳʩʦʢʦʧʨʦʯʥʳʭ 

ʩʧʣʘʚʦʚ. - ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1986.  

19. ʇʠʢʢʝʨʠʥʛ ʌ.ɹ. ʌʠʟʠʯʝʩʢʦʝ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʪʘʣʝʡ. - ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 

1982.  

20. ʄʠʨʦʰʥʠʯʝʥʢʦ ɹ.ʀ., ʅʦʭʨʠʥ ɸ.ɺ., ʃʦʧʘʪʠʥ ʖ.ɻ. ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
ʘʩʧʝʢʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʩʪʨʝʩʩ-ʢʦʨʨʦʟʠʠ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʘʭ // ʊʝʭʥʦʣʦʛʠʷ 

ʤʝʪʘʣʣʦʚ. - 2012. - ˉ4. - ʉ. 35-42. 

 

ɼʘʪʘ ʧʦʩʪʫʧʣʝʥʠʷ: 18 ʠʶʣʷ 2019 ʛ. 

http://www.vntr.ru/
http://sib-ngs.ru/journals/articles_of_journal/15
http://sib-ngs.ru/journals/articles_of_journal/15
https://elibrary.ru/author_items.asp?authorid=539537
https://elibrary.ru/author_items.asp?authorid=506858
https://elibrary.ru/author_items.asp?authorid=854076
https://elibrary.ru/author_items.asp?authorid=246405
https://elibrary.ru/author_items.asp?authorid=4172
https://elibrary.ru/author_items.asp?authorid=305050
https://elibrary.ru/contents.asp?id=34181251
https://elibrary.ru/contents.asp?id=34181251&selid=24861295


Bulletin of Science and Technical Development 

www.vntr.ru  ˉ 8 (144), 2019 

 

28 
 

 

DOI: 10.18411/vntr2019-144-4 
 

ʋɼʂ 621.311 

 

ɺʆɿʄʆɾʅʆʉʊʀ ʉʊɸɹʀʃʀɿɸʎʀʀ ʈɸɹʆʊʓ 

ʄɸɻʅʀʊʆʈɽʆʃʆɻʀʉʂʀʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ  

ʉ ʇʈʀʄɽʅɽʅʀɽʄ ɻʃɸɼʂʆʉʊɽʅʅʓʍ ʊɽʇʃʆɺʓʍ ʊʈʋɹ  
 

É ɹʦʨʠʩ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɻʦʨʜʝʝʚ1,2, ʉʝʨʛʝʡ ʅʠʢʦʣʘʝʚʠʯ ʆʭʫʣʢʦʚ1,2,  

ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ ʆʩʤʝʭʠʥ3, ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ ʇʣʝʭʦʚ2  
1ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈɸʅ ï ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ  ʫʯʨʝʞʜʝʥʠʷ çʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè (ʀʇʄ ʈɸʅ), ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
2ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ,  

ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 
3ɸʆ çʆʧʳʪʥʦʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤ. ʀ.ʀ. ɸʬʨʠʢʘʥʪʦʚʘè, 

 ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

gord349@mail.ru, oxulkovs@mail.ru, aplehov@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʚʳʭ ʪʨʫʙ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʭ 

ʜʝʤʧʬʝʨʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ  ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʝʧʣʦʚʘʷ ʪʨʫʙʘ, 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ  ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʧʨʦʝʢʪ  ˉ18-48-520010-ʨ_ʘ). 

 

 

OPPORTUNITIES FOR STABILIZATION OF WORK OF 

MAGNETOROLOGICAL TRANSFORMERS WITH THE APPLICATION 

OF SMOOTH-WALLED HEAT PIPES  
  

É B.A. Gordeev1,2, S.N. Okhulkov1,2, A.N. Osmekhin3, A.S. Plekhov2  
1Mechanical Engineering Research Institute of RAS, Nizhny Novgorod, Russia 

2Nizhny Novgorod State Technical University n.a. R.E. Alekseev, Nizhny Novgorod, Russia 
3JSC ñExperimental Engineering Design Bureau of them I.I. Afrikantovò, Nizhny Novgorod, Russia 

gord349@mail.ru, oxulkovs@mail.ru, aplehov@mail.ru 

 
Abstract. Mathematical modeling of the main parameters of heat pipes that determine the efficiency 

of operation and the features of the heat pipe application in the cooling system of magnetically 

controlled dampers of stationary and mobile objects of electrotechnical complexes is carried out. 
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ɺʚʝʜʝʥʠʝ.  ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ 

ʩʪʘʥʢʦʩʪʨʦʝʥʠʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʢʦʤʧʘʢʪʥʳʭ ʘʢʪʠʚʥʳʭ 

ʩʨʝʜʩʪʚ ʠʭ ʚʠʙʨʦʟʘʱʠʪʳ. ʊʘʢʠʤʠ ʘʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʠʙʨʦʟʘʱʠʪʳ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ (ʕʊʂ) ʷʚʣʷʶʪʩʷ ʫʧʨʘʚʣʷʝʤʳʝ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʝ ʜʝʤʧʬʝʨʳ (ʄʈ-ʜʝʤʧʬʝʨʳ) 

ʩ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ (ʄʈʊ) [1,3 - 7]. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʄʈ-ʜʝʤʧʬʝʨʦʚ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʜʝʡʩʪʚʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʚʠʙʨʘʮʠʠ 

ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʤ ʛʘʰʝʥʠʠ ʚʭʦʜʥʳʭ ʚʠʙʨʦʩʠʛʥʘʣʦʚ ʠ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʟʘ ʩʯʝʪ 

ʧʦʛʣʦʱʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ 

(ʄʈɾ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʄʈ-ʜʝʤʧʬʝʨʘ [4,5,7 - 9]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʜʝʤʧʬʝʨʦʚ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʧʝʨʝʜʘʯʠ ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʥʘ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʝʧʣʦʚʳʭ ʪʨʫʙ (ʊʊ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʚʳʭ ʨʝʞʠʤʦʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʄʈ-ʜʝʤʧʬʝʨʘʭ ʛʣʘʜʢʦʩʪʝʥʥʳʭ ʪʝʧʣʦʚʳʭ ʪʨʫʙ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ [11-15].  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʥʘʫʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʡ ʩ ʧʨʝʜʣʘʛʘʝʤʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʊʊ ʠ ʨʘʩʯʝʪʘ ʠʭ ʨʘʙʦʪʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʘʥʘʣʠʟʫ ʠ ʚʳʙʦʨʫ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʊʊ ʜʣʷ 

ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʭ ʜʝʤʧʬʝʨʦʚ ʩ ʄʈɾ ʚ ʩʠʩʪʝʤʘʭ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʕʊʂ ʠ 

ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʠʩʪʝʤ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ 

ʧʝʨʝʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʕʊʂ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʧʣʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠʭ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ (ɼʋ). 

ɽʩʣʠ ɼʋ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʙʘʟʝ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʳʭ ʜʝʤʧʬʝʨʦʚ ʩ ʄʈɾ, ʪʦ ʠʭ ʚʳʩʦʢʘʷ 

ʪʝʧʣʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʚʣʝʯʸʪ ʢ ʧʦʪʝʨʝ ʠʭ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ 

ʚ ʩʣʝʜʩʪʚʠʠ ʩʥʠʞʝʥʠʷ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʄʈɾ. ʆʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʥʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʪʝʧʣʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʄʈ-ʜʝʤʧʬʝʨʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʧʨʠʥʷʪʳʭ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʄʈ-ʜʝʤʧʬʝʨʘ ʥʘ ʦʩʥʦʚʝ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʛʣʘʜʢʦʩʪʝʥʥʳʭ ʊʊ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʄʈ-ʜʝʤʧʬʝʨʦʚ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ. 

ʎʝʣʴ ʩʪʘʪʴʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʊʊ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʚ ʄʈ-ʜʝʤʧʬʝʨʘʭ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ 

ʦʙʲʝʢʪʘʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

 

1. ʄʦʜʝʣ ɹʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʄʈʊ ʠ ʢʦʘʢʩʠʘʣʴʥʳʤ 

ʟʘʟʦʨʦʤ ʜʣʷ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʚʠʙʨʦʦʧʦʨ ʩ ʄʈʊ, ʜʝʤʧʬʠʨʫʶʱʠʭ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ ʩ ʟʘʜʘʥʥʳʤʠ ʜʝʤʧʬʠʨʫʶʱʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʄʈɾ, ʠ ʝʸ 

ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʢʠʡ ʵʬʬʝʢʪ ʧʨʠ ʨʘʙʦʪʝ ʛʠʜʨʦʦʧʦʨʳ ʩ ʄʈʊ [1,4,5,7,8]. 

ʅʘ ʨʠʩʫʥʢʝ 1. ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ (ʄʈ-

ʜʝʤʧʬʝʨʘ) ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʢʦʘʢʩʠʘʣʴʥʳʤ (ʢʘʥʘʣʦʤ) ʩ  ʄʈɾ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʠʟ ʪʨʸʭ ʩʦʣʝʥʦʠʜʦʚ L1, L2 ʠ L3 [4]. 
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ʈʠʩ. 1. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʄʈʊ 

ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ ʪʨʸʭ ʩʦʣʝʥʦʠʜʦʚ. 

 

ɿʜʝʩʴ: 1 ï ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʰʪʦʢ-ʧʦʨʰʝʥʴ; 2 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʟʘʟʦʨ ʩ ʄʈɾ; 3 ï 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ; 4 ï ʩʦʣʝʥʦʠʜ; 5 ï ʩʣʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ; 6 ï ʦʙʝʯʘʡʢʘ; 7 ï 

ʵʣʘʩʪʠʯʥʘʷ ʤʝʤʙʨʘʥʘ; 7 ï ʦʩʥʦʚʘʥʠʝ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʤʧʬʝʨʘ [4] 

ɺ ʄʈ-ʜʝʤʧʬʝʨʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʟʘʟʦʨ 2 ʩ ʄʈɾ ʦʙʨʘʟʦʚʘʥ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʨʘʙʦʯʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʩʥʦʚʥʦʡ ʜʠʘʤʘʛʥʠʪʥʦʡ ʢʘʤʝʨʳ 3 ʠ 

ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʰʪʦʢʘ-ʧʦʨʰʥʷ 1. ʅʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʩʥʦʚʥʦʡ ʜʠʘʤʘʛʥʠʪʥʦʡ 

ʢʘʤʝʨʳ 3 ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʦʣʝʥʦʠʜʳ L1, L2 ʠ L3, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʧʨʦʜʦʣʴʥʳʝ 

ʚʩʪʨʝʯʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩ ʤʘʛʥʠʪʥʳʤʠ ʠʥʜʫʢʮʠʷʤʠ +ɺ ʠ ïɺ. 

         ʉʦʣʝʥʦʠʜʳ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʦʤʝʱʘʶʪ ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʟʘʟʦʨʘ. ʉʦʣʝʥʦʠʜ L2 ʚʩʪʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʟʤʝʱʘʶʪ ʤʝʞʜʫ 

ʩʦʣʝʥʦʠʜʘʤʠ L1 ʠ L3  ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ 

ʟʘʟʦʨ (ʜʦ 1,0 ʤʤ), ʩʦʟʜʘʚʘʝʤʳʡ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ ʩ ʄʈɾ ʚʦʟʙʫʞʜʘʝʪʩʷ 

ʧʝʨʝʤʝʥʥʳʤ ʠ ʦʨʪʦʛʘʥʘʣʴʥʳʤ (ʧʦʧʝʨʝʯʥʳʤ) ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. 

ɿʘʤʝʜʣʝʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ ʰʪʦʢʘ-ʧʦʨʰʥʷ ʧʨʠ ʨʘʙʦʪʝ ʄʈʊ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʦʟʥʠʢʘʶʱʝʡ 

ʧʦʥʜʝʤʦʪʦʨʥʦʡ ʩʠʣʦʡ ʃʦʨʝʥʮʘ, Fʣ =qĀvĬB, ʛʜʝ: v [ʤ/ʩ]  ï ʩʢʦʨʦʩʪʴ ʰʪʦʢʘ-ʧʦʨʰʥʷ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʟʘʟʦʨʝ; ɺ [ʊʣ] ï ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ; q ï ʟʘʨʷʜ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʄʈɾ.  

ʕʪʘ ʜʝʡʩʪʚʫʶʱʘʷ ʧʦʥʜʝʤʦʪʦʨʥʘʷ ʩʠʣʘ ʃʦʨʝʥʮʘ, ʚ ʟʦʥʝ ʦʜʥʦʠʤʝʥʥʳʭ ʧʦʣʶʩʦʚ ʩʦʣʝʥʦʠʜʦʚ L1, 

L2 ʠ L3 (ʨʠʩ.6), ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʰʪʦʢʘ-ʧʦʨʰʥʷ ʚ ʦʨʪʦʛʘʥʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ 

ʄʈʊ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʚʝʜʝʥʥʳʡ ʦʩʝʚʦʡ ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʪʦʢ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʟʘʟʦʨʝ. 

ɺʝʢʪʦʨ ʩʠʣʳ ʃʦʨʝʥʮʘ ʥʘʧʨʘʚʣʝʥ ʧʦ ʥʦʨʤʘʣʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʰʪʦʢʘ [1,4,6,10]. 

ɺ ʦʙʣʘʩʪʠ ʦʜʥʦʠʤʝʥʥʳʭ ʧʦʣʶʩʦʚ ʩʦʣʝʥʦʠʜʦʚ L1 ʠ L2 ʠ L3 ʚʩʪʨʝʯʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ  +ɺ 

ʠ ïɺ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ ʠ ʤʦʛʫʪ ʧʨʝʢʨʘʱʘʪʴ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʄʈɾ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʟʘʟʦʨʝ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʚʩʪʨʝʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʝʥʦʠʜʦʚ  L1 ʠ L2 ʠ L3 +ɺ ʠ ïɺ. ɺ ʠʪʦʛʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʩʪʨʝʯʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʩʦʣʝʥʦʠʜʦʚ L1 ʠ L2 ʠ L3 ʚ ʦʙʣʘʩʪʠ 
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ʦʜʥʦʠʤʝʥʥʳʭ ʧʦʣʶʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ ʦʨʪʦʛʘʥʘʣʴʥʳʤ, ʠ ʝʛʦ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʟʘʟʦʨʝ ʩ ʄʈɾ ʥʘʧʨʘʚʣʝʥʳ ʧʦ ʥʦʨʤʘʣʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʰʪʦʢʘ.  

ʇʦʩʪʨʦʝʥʠʝ ʛʠʜʨʦʦʧʦʨ ʧʦ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʄʈʊ ʩ ʢʦʘʢʩʠʘʣʴʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ 

ʟʘʟʦʨʦʤ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ ʪʨʸʭ ʩʦʣʝʥʦʠʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʟʘʤʝʜʣʝʥʠʝ ʠ ʫʩʢʦʨʝʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʰʪʦʢʘ-ʧʦʨʰʥʷ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ 

ʢʘʥʘʣʝ ʩʯʸʪ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʄʈɾ. ɼʘʥʥʳʡ ʪʠʧ ʜʝʤʧʬʝʨʘ ʵʬʬʝʢʪʠʚʥʦ ʛʘʩʠʪ 

ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʝʪʩʷ, ʧʦʥʠʞʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʄʈɾ ʚ  ʟʘʟʦʨʝ 

ʤʝʞʜʫ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ [3,4]. 

 

2. ɻʣʘʜʢʦʩʪʝʥʥʳʝ ʪʝʧʣʦʚʳʝ ʪʨʫʙʳ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʄʈ-ʜʝʤʧʬʝʨʦʚ ʩ ʄʈɾ.  ɼʣʷ 

ʦʪʚʦʜʘ ʪʝʧʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʪʨʫʙ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ. ɻʣʘʜʢʦʩʪʝʥʥʘʷ ʊʊ ʷʚʣʷʝʪʩʷ  ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤ ʩ ʠʩʧʘʨʠʪʝʣʴʥʦ-

ʢʦʥʜʝʥʩʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ ʭʣʘʜʘʛʝʥʪʘ. ʆʥʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩ ɹ ʚ ʩʠʩʪʝʤʘʭ ʢʦʩʤʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʦ ʩʝʡʯʘʩ ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʦʮʝʩʩʦʨʦʚ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ [11-14]. 

ʊʝʧʣʦʚʘʷ ʪʨʫʙʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʨʤʝʪʠʯʥʫʶ ʢʘʤʝʨʫ, ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʦʙʣʠʮʦʚʘʥʘ ʢʘʧʠʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʯʘʩʪʦ ʥʘʟʳʚʘʝʤʦʡ çʬʠʪʠʣʝʤè, ʟʘʧʦʣʥʝʥʥʦʡ 

ʢʦʥʜʝʥʩʘʪʦʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʧʣʘ, ʦʪʙʠʨʘʝʤʦʛʦ ʫ ʦʭʣʘʞʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʨʘʙʦʯʘʷ ʞʠʜʢʦʩʪʴ ʊʊ ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʨ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʦʭʣʘʞʜʘʝʤʦʤʫ ʢʦʥʮʫ ʪʨʫʙr . 

ʊʘʤ ʧʘʨ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʦʪʜʘʚʘʷ ʪʝʧʣʦ ʚʦ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

ʂʦʥʜʝʥʩʘʪ ʧʦ ʬʠʪʠʣʶ ʚʥʦʚʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʥʘʛʨʝʚʘʝʤʫʶ ʟʦʥʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʲʝʢʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʊʊ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘ̫  ʚʦʜʘ, ʩʧʠʨʪʳ, ʬʨʝʦʥʳ, ʘʤʤʠʘʢ, ʵʬʠʨ. 

ɼʚʠʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʘ ʦʙʨʘʪʥʦ ʚ ʟʦʥʫ ʠʩʧʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʢʘʧʠʣʣʷʨʥʳʭ ʠ (ʠʣʠ) 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ʊʝʧʣʦʚʳʝ ʪʨʫʙʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʪʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʯʘʱʝ ʥʘʟʳʚʘʶʪ ʪʝʨʤʦʩʠʬʦʥʘʤʠ (ʨʠʩ. 2). 

ʊʝʨʤʦʩʠʬʦʥʳ ʥʘ ʦʩʥʦʚʝ ʊʊ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ  ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʦʙʣʠʮʦʚʘʥʥʦʡ çʬʠʪʠʣʝʤè ʩ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʘʢ ʠ ʩ ʨʦʚʥʳʤʠ ʠ ʛʣʘʜʢʠʤʠ 

ʩʪʝʥʢʘʤʠ (ʨʠʩ.2). 

 
ʈʠʩ. 2. ʕʩʢʠʟ ʪʝʨʤʦʩʠʬʦʥʘ 
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ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ [15] ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʄʈ-

ʜʝʤʧʬʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʊ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʪʝʨʤʦʩʠʬʦʥ ʩ ʨʦʚʥʳʤʠ ʠ ʛʣʘʜʢʠʤʠ 

ʩʪʝʥʢʘʤʠ (ʨʠʩ.2). 

ɺ ʛʣʘʜʢʦʩʪʝʥʥʳʭ ʊʊ, ʢʘʢ ʠ ʚ ʊʊ ʩ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʟʦʥʳ: 

ʟʦʥʘ ʠʩʧʘʨʝʥʠʷ, ʟʦʥʘ ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʟʦʥʘ ʪʨʘʥʩʧʦʨʪʘ (ʨʠʩ.3).  

ɻʣʘʜʢʦʩʪʝʥʥʘʷ ʊʊ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [15]. ʊʝʧʣʦʪʘ ʧʦʜʚʦʜʠʪʩʷ ʢ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ, 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʝ. ʇʘʨ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʟʦʥʝ 

ʠʩʧʘʨʝʥʠʷ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʮʠʦʥʥʫʶ ʟʦʥʫ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʜʝʥʩʘʮʠʷ ʧʘʨʘ ʥʘ 

ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʦʟʚʨʘʪ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʟʦʥʫ ʠʩʧʘʨʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ [11,13]. 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʊʊ ʚ ʄʈ-ʜʝʤʧʬʝʨʘʭ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʦʙʲʝʢʪʘʭ  

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ [16,17]: 

 

 
ʈʠʩ. 3 - ɻʣʘʜʢʦʩʪʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʪʨʫʙʘ 

 

1) ɺ ʧʝʨʝʜʚʠʞʥʳʭ ʦʙʲʝʢʪʘʭ ʙʦʣʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʚ ʩʠʩʪʝʤʘʭ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ (ʚ 

ʩʨʝʜʥʝʤ 4...10% ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʤʘʢʩʠʤʫʤ - ʜʦ 7 ʢɺʪ ʥʘ ʪʦʥʥʫ ʚʝʩʘ ʤʘʰʠʥʳ) ʩʥʠʞʘʶʪ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʟʘʧʘʩ ʭʦʜʘ, ʚʳʥʫʞʜʘʷ ʫʚʝʣʠʯʠʚʘʪʴ ʚʦʟʠʤʳʡ ʟʘʧʘʩ ʪʦʧʣʠʚʘ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʤʦʱʥʦʩʪʴ ɼʋ, ʠʭ ʧʝʨʝʛʨʝʚ ʠ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʚ ʪʨʝʙʫʝʤʦʡ ʤʝʨʝ ʛʘʩʠʪʴ 

ʢʦʣʝʙʘʥʠʷ ʢʦʨʧʫʩʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤ. 

2) ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʨʝʜʚʠʞʥʳʤ ʦʙʲʝʢʪʘʤ  ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʨʧʫʩʘ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʧʨʝʜʝʣʘʭ 0,8...2 ɻʮ (ʠʥʘʯʝ - ʯʨʝʟʤʝʨʥʘʷ 

ʫʪʦʤʣʷʝʤʦʩʪʴ ʵʢʠʧʘʞʘ). ʇʨʠ ʵʪʦʡ ʯʘʩʪʦʪʝ ʚʦʟʤʫʱʝʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʫʩʢʦʨʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 3g. ʇʨʠ ʯʘʩʪʦʪʝ ʚʦʟʤʫʱʝʥʠʷ 2...25 ɻʮ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 0,5g. 

3) ʈʘʙʦʯʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʄʈ-ʜʝʤʧʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ 

ʦʪ -50Áʉ ʜʦ +65Áʉ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʙʦʯʠʝ ʄʈɾ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʠʭ ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʨʠ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ ʩʜʝʣʘʝʤ ʩʣʝʜʫʶʱʠʝ 

ʜʦʧʫʱʝʥʠʷ [12,18]: 

1) ʧʨʦʮʝʩʩ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠʩʧʘʨʝʥʠʠ ʢʦʥʜʝʥʩʘʪʘ; 
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2) ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ ʦʜʠʥʘʢʦʚʘ ʚʦ ʚʩʝʭ ʟʦʥʘʭ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ; 

3) ʚ ʟʦʥʝ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʣʝʥʦʯʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ, ʦʧʠʩʳʚʘʝʤʳʡ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʅʫʩʩʝʣʴʪʘ; 

4) ʚʦʟʜʝʡʩʪʚʠʝ ʧʘʨʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʜʚʠʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʘ ʧʦ ʩʪʝʥʢʝ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ 

ʦʪʩʫʪʩʪʚʫʝʪ; 

5) ʨʝʞʠʤ ʪʝʯʝʥʠʷ ʧʣʝʥʢʠ ʢʦʥʜʝʥʩʘʪʘ ʣʘʤʠʥʘʨʥʳʡ. 

ʅʦ ʧʦʩʣʝʜʥʝʝ ʜʦʧʫʱʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʩʧʦʨʥʦ, ʪ.ʢ. ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʥʝʨʦʚʥʦʩʪʷʤ 

ʧʝʨʝʜʚʠʞʥʳʝ ʦʙʲʝʢʪʳ ʩʦʚʝʨʰʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠ ʪʝʯʝʥʠʝ ʭʣʘʜʘʛʝʥʪʘ ʚ 

ʪʝʧʣʦʚʦʡ ʪʨʫʙʝ ʄʈ-ʜʝʤʧʬʝʨʘ ʙʫʜʝʪ ʪʫʨʙʫʣʝʥʪʥʳʤ. 

 

3. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʣʘʜʢʦʩʪʝʥʥʳʭ ʪʝʧʣʦʚʳʭ 

ʪʨʫʙ ʜʣʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʄʈ-ʜʝʤʧʬʝʨʦʚ ʩ ʄʈɾ. ʇʨʠ ʨʘʩʯʝʪʝ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ 

ʪʨʫʙʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʣʦʧʝʨʝʜʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Q, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ TD  ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T, ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʠ ʦʩʥʦʚʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. 

ɺ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʟʦʥʳ 

ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ: 
QQQ ku == .                                                                   (1) 

ʉ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ [15] ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ ʠʤʝʝʪ ʚʠʜ: 
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3

33
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4

kʠʞ

ku

3

ʞʞ
ʪʨ
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llTTgɚLɟ
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-

-
= ,                                                (2) 

ʛʜʝ mpd - ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ; 1T  ʠ 2T - ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʢʠ ʚ ʟʦʥʘʭ ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ; nT  - ʪʝʤʧʝʨʘʪʫʨʘ ʧʘʨʘ; 

ul ʠ kl  - ʜʣʠʥʳ ʟʦʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʩʧʘʨʠʪʝʣʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ; L  - ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ; ʞɛ - ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ; ʞɟ  - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; ʞɚ  - ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ; g  - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʉʫʤʤʘʨʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ ʊD  ʤʝʞʜʫ ʟʦʥʘʤʠ ʠʩʧʘʨʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʦ 

ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʩʦʩʪʦʠʪ ʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ ʧʦ ʪʦʣʱʠʥʝ 

ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ ʚ ʟʦʥʘʭ ʠʩʧʘʨʝʥʠʷ ʠʩʊ.D  ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʢʩʊ.D , ʧʦ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ 

ʢʦʥʜʝʥʩʘʪʘ ʚ ʟʦʥʘʭ ʠʩʧʘʨʝʥʠʷ ʠʧʊ.D  ʠ ʢʦʥʜʝʥʩʘʮʠʠ ʢʧʊ.D : 

ʢʧʠʧʢʩʠʩ ʊʊʊʊʊ .... D+D+D+D=D .                                               (3) 

ʉʫʤʤʘ ʢʧʠʧ ʊʊ .. D+D  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ ʥʘ ʚʥʫʪʨʝʥʥʝʡ   

ʧʦʚʝʨʭʥʦʩʪʠ   ʪʝʧʣʦʚʦʡ   ʪʨʫʙʳ   ʧʦ   ʝʝ   ʜʣʠʥʝ   (ʨʠʩ.3),   ʪ.ʝ. 

21.. TTʊʊ ʢʧʠʧ -=D+D . 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝʧʘʜʳ ʠʩʊ.D  ʠ ʢʩʊ.D  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʪʝʧʣʦʪʳ ʧʫʪʝʤ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʯʝʨʝʟ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʪʝʥʢʫ: 
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=D ,                                                         (5) 

ʛʜʝ ʚd - ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ (ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʰʪʦʢʘ ʄʈ-

ʜʝʤʧʬʝʨʘ); 

ʇʦʜʩʪʘʚʠʚ ʚ ʫʨʘʚʥʝʥʠʝ (3) ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ, ʧʦʣʫʯʠʤ: 

( )21

11
ln

2
TT

lld

dQ
ʊ

kuʪʨ

ʚ ++ö
ö

÷

õ

æ
æ

ç

å
+=D

lp
.                                            (6) 

ʇʨʠ ʨʘʩʯʝʪʝ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʛʝʦʤʝʪʨʠʷ, ʤʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ, ʚʠʜ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ ʠʣʠ ʚ ʟʦʥʝ ʢʦʥʜʝʥʩʘʮʠʠ 

ʩʯʠʪʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ( )TTfQ u D= ,1  ʧʨʠ constʊk =  ʠʣʠ ( )TTfQ k D= ,1 . ɿʜʝʩʴ 

uʊ  ʠ kʊ  - ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʚ ʟʦʥʘʭ ʠʩʧʘʨʝʥʠʷ ʠ 

ʢʦʥʜʝʥʩʘʮʠʠ. ɺʳʧʦʣʥʠʚ    ʨʘʩʯʝʪ    ʜʣʷ    ʨʷʜʘ    Q,    ʫʩʪʘʥʘʚʣʠʚʘʶʪ    ʟʘʚʠʩʠʤʦʩʪʠ 

( )TTfQ k D= ,2 . 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ [18], ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʘʨʦʚʦʤ ʢʘʥʘʣʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʨʫʙʫ, ʠ ʦʪ ʫʪʣʘ ʥʘʢʣʦʥʘ ʦʩʠ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʢ 

ʛʦʨʠʟʦʥʪʫ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʨʫʙʳ (ʨʠʩ.4) [15]: 

1) ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ (ʨʠʩ. 4 ʘ) ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ.  

2) ʈʝʞʠʤ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ (ʨʠʩ. 4 ʙ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʠ ʥʝ ʭʚʘʪʘʝʪ ʜʣʷ 

ʧʦʣʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʣʝʥʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ. ʅʘ 

ʦʛʦʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʩʪʥʳʡ ʧʝʨʝʛʨʝʚ ʩʪʝʥʢʠ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʨʦʛʦʨʘʥʠʶ, ʭʘ-

ʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʝʧʣʦʚʳʭ ʪʨʫʙ. 

3) ʈʝʞʠʤ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ (ʨʠʩ. 4 ʚ). ʇʨʠ ʠʟʙʳʪʦʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʥʘ ʜʥʝ ʪʝʧʣʦʚʦʡ 

ʪʨʫʙʳ ʦʙʨʘʟʫʝʪʩʷ çʣʫʞʘè. ʀʟʣʠʰʥʝʝ ʟʘʧʦʣʥʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʤʝʥʝʝ ʦʧʘʩʥʦ ʜʣʷ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ ʧʦ ʚʳʩʦʪʝ 

çʣʫʞʠè. 

ɼʣ̫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ [19] 

3
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ʛʜʝ G  - ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʟʘʣʠʪʦʛʦ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ. 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʊʊ ʚ ʄʈ-ʜʝʤʧʬʝʨʝ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʥʝʨʦʚʥʦʩʪʷʤ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʝʪ 

ʫʛʦʣ ʩʚʦʝʛʦ ʥʘʢʣʦʥʘ j ʠ ʧʨʠ ʧʨʦʙʦʷʭ ɼʋ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 30Á, ʪʦ ʝʩʪʴ ʙʦʣʴʰʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʊʊ ʠʟ ʟʦʥʳ ʠʩʧʘʨʝʥʠʷ ʚ ʟʦʥʫ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʜʘʞʝ ʚ ʟʦʥʫ ʢʦʥʜʝʥʩʘʮʠʠ. ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʬʘʢʪ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʊʊ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʴʶ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ ʊʊ ʧʦʩʪʦʷʥʥʦ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦʝ 

ʝʸ ʢʦʣʠʯʝʩʪʚʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʠʟ ʟʦʥʳ ʥʘʛʨʝʚʘ. 
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ʈʠʩ.4 - ɺʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʥʘ ʨʝʞʠʤ ʝʝ ʨʘʙʦʪʳ 

 

ʆʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʧʪj  ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʢ ʛʦʨʠʟʦʥʪʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʧʝʨʝʧʘʜ ʤʠʥʠʤʘʣʴʥʳʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ [15] 

pmpʦʧʪ ldtg =j ,                                                       (8) 

ʛʜʝ   
28 mppp dVl p=  - ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ; pV  - ʨʘʩʯʝʪʥʳʡ 

ʦʙʲʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [21] ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʛʣʘʜʢʦʩʪʝʥʥʫʶ ʪʝʧʣʦʚʫʶ ʪʨʫʙʫ, ʨʘʙʦʪʘʶʱʫʶ ʚ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ, ʧʦʜ ʫʪʣʦʤ 

)53( a->j . ʋʯʠʪʳʚʘʷ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʄʈ-ʜʝʤʧʬʝʨʘ ʥʘ ʢʦʪʦʨʫʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʊʊ, ʨʘʙʦʯʠʝ ʫʪʣʳ ʙʫʜʫʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ )35...5( a=j , ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʨʝ-

ʢʦʤʝʥʜʘʮʠʷʤ. 

 

4. ʄʈ-ʜʝʤʧʬʝʨ ʩ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʄʈ-ʜʝʤʧʬʝʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʊʊ ʙʳʣ ʚʟʷʪ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʠʡ ʘʤʦʨʪʠʟʘʪʦʨ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʊʊ [15,22,23]. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʵʩʢʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʄʈ-

ʜʝʤʧʬʝʨʘ ʩ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʝʡ ʄʈɾ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʛʣʘʜʢʦʩʪʝʥʥʦʡ 

ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ. 

ʈʘʙʦʪʘ ʄʈ-ʜʝʤʧʬʝʨʘ (ʨʠʩ.5) ʦʩʥʦʚʘʥʘ ʥʘ ʜʝʡʩʪʚʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʩʦʣʝʥʦʠʜʦʚ-ʠʥʜʫʢʪʦʨʦʚ 19 ʥʘ ʧʦʣʳʡ ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʰʪʦʢ-ʧʦʨʰʝʥʴ 1 ʠ ʤʘʣʳʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʘʢʩʠʘʣʴʥʳʡ ʢʘʥʘʣ ʩ ʄʈɾ ʨʘʟʤʝʱʝʥʥʳʭ ʚ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʪʨʸʭ 

ʚʥʝʰʥʠʭ ʩʦʣʝʥʦʠʜʦʚ 19 L1, L2 ʠ L3. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ +ɺ ʩʦʣʝʥʦʠʜʦʚ L1 ʠ L3 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷ ï

ɺ  ʩʦʣʝʥʦʠʜʘ L2  ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʉʦʣʝʥʦʠʜ L2 ʚʚʝʜʸʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʧʦʣʷ 

ïɺ ʜʣʷ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ  ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦʣʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʰʪʦʢʘ-ʧʦʨʰʥʷ 1 ʚ ʄʈ-

ʜʝʤʧʬʝʨʝ [4]. 
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ʈʠʩ. 5. ï ʕʩʢʠʟ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʦʛʦ ʄʈ-ʜʝʤʧʬʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥ ʄʈ-ʜʝʤʧʬʝʨ ʩ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʄʈ-ʜʝʤʧʬʝʨ ʩ 

ʧʦʣʳʤ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤ ʰʪʦʢʦʤ-ʧʦʨʰʥʝʤ ʩ ʤʘʣʳʤ ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʘʥʘʣʦʤ ʩ ʄʈɾ 

ʩʦʜʝʨʞʠʪ: 1 ï ʦʧʦʨʥʘʷ ʧʣʘʪʘ ʩ ʰʪʦʢʦʤ-ʧʦʨʰʥʝʤ; 2 ï ʛʣʘʜʢʦʩʪʝʥʥʘʷ ʪʝʧʣʦʚʘʷ ʪʨʫʙʘ 

(ʪʝʨʤʦʩʠʬʦʥ); 3 ï ʨʝʙʨʠʩʪʳʡ ʨʘʜʠʘʪʦʨ ʢʦʥʜʝʥʩʘʪʦʨʘ; 4, 5 ï ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʬʣʘʥʮʳ 

ʫʧʨʫʛʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʩʠʣʴʬʦʥʘ, ʫ ʢʦʪʦʨʦʛʦ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ -10Ǔʉ ʜʦ +150Ǔʉ; 6 ï 

ʢʦʨʧʫʩ ʜʝʤʧʬʝʨʘ; 7,8 ï ʨʘʙʦʯʘʷ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʘʷ ʧʦʣʦʩʪʠ ʩ ʨʘʙʦʯʝʡ ʄʈɾ; 9 ï ʫʧʨʫʛʘʷ 

ʤʝʤʙʨʘʥʘ ʠʟ ʪʦʥʢʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ; 10 ï ʢʘʤʝʨʘ ʩ ʧʘʨʮʠʘʣʴʥʦʡ ʩʤʝʩʴʶ ʛʘʟʦʚ 

(ʭʣʘʜʘʛʝʥʪ); 11 ï ʦʩʥʦʚʘʥʠʝ ʜʝʤʧʬʝʨʘ; 12 ï ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ; 13,15 ï ʬʣʘʥʮʳ 

ʨʝʙʨʠʩʪʦʛʦ ʨʘʜʠʘʪʦʨʘ ʢʦʥʜʝʥʩʘʪʦʨʘ; 14,16 ï ʚʠʥʪʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ; 17 ï ʩʪʷʛʠʚʘʶʱʠʡ ʙʦʣʪ; 

18 ï ʩʪʷʛʠʚʘʶʱʠʡ ʚʠʥʪ; 19 ï ʩʦʣʝʥʦʠʜʳ-ʠʥʜʫʢʪʦʨʳ; 20,21 ï ʫʧʦʨʥʳʝ ʢʦʣʴʮʘ ʩʦʣʝʥʦʠʜʦʚ; 22 

ï ʨʝʙʨʠʩʪʳʝ ʨʘʜʠʘʪʦʨʳ ʩʦʣʝʥʦʠʜʦʚ. 

ʊʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʷ (ʦʭʣʘʞʜʝʥʠʝ) ʨʘʙʦʯʝʡ ʄʈɾ, ʜʨʦʩʩʝʣʠʨʫʶʱʝʡ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʢʘʥʘʣʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ, ʨʘʟʤʝʱʸʥʥʦʡ ʚʥʫʪʨʠ ʧʦʣʦʛʦ 

ʰʪʦʢʘ-ʧʦʨʰʥʷ 1 ʄʈ-ʜʝʤʧʬʝʨʘ, ʠ ʝʸ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʩʦʪʥʠ ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʜʠ [11-15]. 

ɻʣʘʜʢʦʩʪʝʥʥʘʷ ʊʊ ʧʨʝʜʩʪʘʚʣʷʝʪ  ʪʨʫʙʢʫ, ʟʘʧʘʷʥʥʫʶ ʩ ʜʚʫʭ ʢʦʥʮʦʚ [11]. ɺʥʫʪʨʠ ʪʨʫʙʢʠ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʧʦʜʚʦʜʝ ʪʝʧʣʘ ʢ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ uQ  ʨʘʙʦʯʘʷ 

ʞʠʜʢʦʩʪʴ ʊʊ ʧʝʨʝʭʦʜʠʪ ʚ ʧʘʨ, ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʧʘʨʦʚ ʚ ʵʪʦʡ ʟʦʥʝ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ, ʧʘʨ 
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ʜʚʠʞʝʪʩʷ ʚ ʟʦʥʫ ʢʦʥʜʝʥʩʘʮʠʠ kQ  ʩ ʤʝʥʴʰʠʤ ʜʘʚʣʝʥʠʝʤ, ʦʪʚʦʜʷ ʪʝʧʣʦ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ 

ʪʨʫʙʢʠ ï ʚ ʟʦʥʝ ʢʦʥʜʝʥʩʘʮʠʠ kQ  ʧʘʨ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ, ʚʳʜʝʣʷʷ ʧʨʠ ʵʪʦʤ ʪʝʧʣʦ, ʠ ʩʪʝʢʘʝʪ ʧʦ 

ʛʣʘʜʢʠʤ ʩʪʝʥʢʘʤ ʚʥʠʟ. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʨʘʙʦʪʳ ʊʊ ʚ ʄʈ-ʜʝʤʧʬʝʨʝ ʷʚʣʷʝʪʩʷ ʦʪʚʦʜ 

ʪʝʧʣʘ ʦʪ ʟʦʥʳ ʢʦʥʜʝʥʩʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʙʨʠʩʪʳʤ ʨʘʜʠʘʪʦʨʦʤ 3 (ʨʠʩ.5). 

ʅʝʜʦʧʫʩʪʠʤ ʪʘʢʞʝ ʧʝʨʝʛʨʝʚ ʚ ʟʦʥʝ ʠʩʧʘʨʝʥʠʷ ï ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʢʨʠʟʠʩ ʢʠʧʝʥʠʷ (ʚʩʷ 

ʞʠʜʢʦʩʪʴ ʠʩʧʘʨʠʪʩʷ) ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʦʡʜʝʪ ʧʦ ʩʪʝʥʢʘʤ ʪʝʨʤʦʩʠʬʦʥʘ [11-14].  

ɺ ʄʈ-ʜʝʤʧʬʝʨʝ ʧʨʠʤʝʥʝʥʘ ʫʧʨʫʛʘʷ ʤʝʤʙʨʘʥʘ 9 ʠʟ ʪʦʥʢʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʦʪʜʝʣʷʶʱʝʡ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʫʶ ʧʦʣʦʩʪʴ 8 ʩ ʄʈɾ ʦʪ ʢʘʤʝʨʳ 10 ʩ ʧʘʨʮʠʘʣʴʥʦʡ ʩʤʝʩʴʶ ʛʘʟʦʚ  

(ʭʣʘʜʘʛʝʥʪʦʤ), ʠ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʨʘʙʦʯʝʡ ʄʈɾ [22]. 

ʇʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʄʈɾ ʚ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 8 ʄʈ-ʜʝʤʧʬʝʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʆʭʣʘʞʜʸʥʥʘʷ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ ʚ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 8 ʨʘʙʦʯʘʷ ʄʈɾ ʦʪʜʘʸʪ ʪʝʧʣʦ  

ʯʝʨʝʟ ʫʧʨʫʛʫʶ ʤʝʤʙʨʘʥʫ 9 ʠʟ ʪʦʥʢʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʚ ʢʘʤʝʨʫ 10 ʩ ʧʘʨʮʠʘʣʴʥʦʡ ʩʤʝʩʴʶ 

ʛʘʟʦʚ (ʭʣʘʜʘʛʝʥʪʦʤ), ʦʭʣʘʞʜʘʷ ʧʦʩʣʝʜʥʠʡ. ʆʭʣʘʞʜʘʝʤʳʡ ʭʣʘʜʘʛʝʥʪ ʧʝʨʝʭʦʜʠʪ ʠʟ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ.  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʞʠʜʢʠʡ ʭʣʘʜʘʛʝʥʪ ʚ ʢʘʤʝʨʝ 10 ʦʩʫʱʝʩʪʚʣʷʝʪ ʯʝʨʝʟ ʪʦʥʢʫʶ ʩʪʘʣʴʥʫʶ 

ʤʝʤʙʨʘʥʫ 9 ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʘʙʦʯʝʡ ʄʈɾ ʚ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 8 ʟʘ ʩʯʸʪ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʘʨʮʠʘʣʴʥʦʡ ʩʤʝʩʠ ʛʘʟʦʚ, ʘ ʠʤʝʥʥʦ, ʧʝʨʝʭʦʜʘ ʭʣʘʜʘʛʝʥʪʘ ʠʟ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʞʠʜʢʦʝ. 

ɼʘʥʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʷʚʣʷʶʪʩʷ ʩʤʝʩʴʶ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʘʥʥʦʡ ʠʟʦʪʝʨʤʳ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴ, ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʠ ʜʨʫʛʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʣʘʜʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʧʦʛʣʦʱʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ (ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ).  

ʊʘʢʦʡ ʧʨʠʥʮʠʧ ʦʭʣʘʞʜʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʳ ʧʝʨʝʭʦʜʘ ʨʘʙʦʯʝʛʦ 

ʭʣʘʜʘʛʝʥʪʘ ʚ ʢʘʤʝʨʝ 10, ʠ ʧʦʟʚʦʣʷʝʪ ʭʦʪʷ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʦ, 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʣʘʞʜʘʝʤʦʡ ʪʦʥʢʦʡ ʩʪʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ 9 ʄʈ-ʜʝʤʧʬʝʨʘ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʭʣʘʞʜʸʥʥʘʷ ʪʦʥʢʘʷ ʩʪʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ 9 ʟʘʙʠʨʘʝʪ ʪʝʧʣʦ ʦʪ ʨʘʙʦʯʝʡ ʄʈɾ ʚ 

ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ 8. 

ʆʩʥʦʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʣʦʝ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʫʯʘʩʪʢʝ ñʪʦʥʢʘʷ ʩʪʘʣʴʥʘʷ ʤʝʤʙʨʘʥʘ 9 ï ʭʣʘʜʘʛʝʥʪ ʚ ʢʘʤʝʨʝ 10ò ʠ ʫʩʣʦʚʠʝ 

ʥʝ ʧʨʝʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʭʣʘʞʜʘʝʤʦʡ ʨʘʙʦʯʝʡ ʄʈɾ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʭʣʘʜʘʛʝʥʪʘ ʚ ʢʘʤʝʨʝ 10 ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʠʨʪʳ, ʬʨʝʦʥʳ, ʘʤʤʠʘʢ, ʵʬʠʨ ʠ ʜʨ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʝʤʦʡ  ʨʘʙʦʯʝʡ ʄʈɾ ʄʈ-ʜʝʤʧʬʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ ʞʠʜʢʠʡ ʭʣʘʜʘʛʝʥʪ ʚ 

ʢʘʤʝʨʝ 10, ʦʛʨʘʥʠʯʝʥʥʳʡ ʪʦʥʢʦʡ ʩʪʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ 9 ʦʪʚʦʜʠʪ ʪʝʧʣʦ ʦʪ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʡ 

ʧʦʣʦʩʪʠ 8 ʩ ʄʈɾ ʥʘ ʦʩʥʦʚʘʥʠʝ 11 ʄʈ-ʜʝʤʧʬʝʨʘ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ, ʫ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʄʈ-ʜʝʤʧʬʝʨʘ ʩ 

ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʪʝʧʣʦʚʦʡ ʪʨʫʙʦʡ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʦʩʪʦʠʥʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤʠ: 

1) ʠʩʢʣʶʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

ʢʘʞʜʘʷ ʪʝʧʣʦʚʘʷ ʪʨʫʙʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʥʦʤʥʳʤ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ; 

2) ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ; 

3) ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʢ ʪʝʧʣʦʦʙʤʝʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʩʦ ʩʪʦʨʦʥʳ 

ʢʘʞʜʦʛʦ ʠʟ ʧʦʪʦʢʦʚ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ; 

4) ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʫʧʝʨʘʮʠʠ ʪʝʧʣʦʪʳ ʧʨʠ ʤʘʣʳʭ ʨʘʟʥʦʩʪʷʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ; 
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5) ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʧʦʪʦʢʘʭ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ; ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʦʪʦʢʘ ʚʣʘʞʥʦʛʦ 

ʛʘʟʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ ʨʦʩʳ ʢʦʥʜʝʥʩʘʪ ʩʪʝʢʘʝʪ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʥʠʟʫ ʜʨʝʥʘʞʥʳʝ 

ʢʘʥʘʣʳ, ʧʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʫʭʫʜʰʘʶʪʩʷ. 

6) ʊʝʧʣʦʚʘʷ ʪʨʫʙʘ ʨʘʙʦʪʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚ ʧʦʜʚʠʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʦʜʚʠʞʥʳʤʠ. 

 

ɺʳʚʦʜʳ. ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʦʡ  ʤʦʜʝʣʠ ʨʘʙʦʪʳ ʛʣʘʜʢʦʩʪʝʥʥʦʡ ʊʊ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʧʦʣʥʳʡ ʝʸ ʪʝʧʣʦʚʦʡ ʨʘʩʯʝʪ ʊʊ ʜʣʷ ʄʈʊ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʝʛʦ ʨʘʙʦʪʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʦʤʝʥʪʳ ʠʩʧʦʣʥʝʥʠʷ ʪʝʧʣʦʚʦʡ ʪʨʫʙʳ ʜʣʷ ʄʈ-ʜʝʤʧʬʝʨʘ ʩʠʩʪʝʤʳ 

ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʧʝʨʝʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʫʜʘʨʥʳʭ ʧʘʨ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʦʜʝʣʠ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʳʭ ʩʨʝʜ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʛʨʫʧʧʝ çʥʝʩʫʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʣʶʩ ʘʤʦʨʪʠʟʠʨʦʚʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʫʜʘʨʥʳʝ ʧʘʨʳè. ʄʦʜʝʣʠ ʜʘʶʪ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʤʦʪʨʝʪʴ ʥʝʤʛʥʦʚʝʥʥʳʝ ʩʦʫʜʘʨʝʥʠʷ. ʇʨʠʚʦʜʷʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʩʨʝʜʳ, ʚʦʣʥʦʚʦʜ, ʫʜʘʨʥʘʷ ʧʘʨʘ, ʚʠʙʨʦʫʜʘʨʥʘʷ 

ʩʠʩʪʝʤʘ, ʫʨʘʚʥʝʥʠʝ ʃʘʤʝ, ʦʩʥʘʱʸʥʥʳʡ ʩʪʝʨʞʝʥʴ. 
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1.ɺʚʝʜʝʥʠʝ. ɺ ʤʘʰʠʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʠʙʨʘʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʦʪ ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʦʣʥʦʚʦʜʦʚ (ʚʠʙʨʦʚʦʜʦʚ) [1ï2] - ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ ʫʧʨʫʛʠʝ ʚʦʣʥʳ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʟʘʚʠʩʷʱʠʭ ʪʦʣʴʢʦ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʠʙʨʦʧʨʦʚʦʜʷʱʝʛʦ ʦʙʲʝʢʪʘ ʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʤʘʰʠʥ ʠ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʙʨʘʮʠʠ ʠ ʙʦʨʴʙʳ ʩ ʥʝʶ, ʦʩʥʦʚʘʥʳ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʣʠʥʝʡʥʦʩʪʠ ʚʦʣʥʦʚʦʜʦʚ ʠʣʠ ʠʭ ʩʣʘʙʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ. ʆʜʥʘʢʦ, ʧʦʷʚʣʝʥʠʝ ʚ 

ʚʦʣʥʦʚʦʜʝ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʨʘʟʨʳʚʘ [3, 4], ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʦʫʜʘʨʝʥʠʷʤ ʵʣʝʤʝʥʪʦʚ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʠ 

ʚʠʙʨʦʧʨʦʚʦʜʷʱʘʷ ʩʨʝʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʠ ʚʠʙʨʦʛʝʥʝʨʠʨʫʱʝʡ.  

ʊʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʦʫʜʘʨʷʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳ ʩ 

ʚʦʣʥʦʚʦʜʦʤ. ɽʩʣʠ ʧʦʜʦʙʥʳʝ (çʧʘʨʘʟʠʪʥʳʝè) ʫʜʘʨʥʳʝ ʧʘʨʳ ʨʝʜʢʠ ʠ ʦʪ ʪʦʯʝʢ ʫʜʘʨʦʚ ʜʦ 

ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʷ ʚʦʣʥʦʚʦʜ ʣʠʥʝʝʥ, ʪʦ ʛʝʥʝʨʠʨʫʝʤʘʷ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʚʠʙʨʘʮʠʷ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʨʝʘʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʥʝʢʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʞʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʫʜʘʨʥʳʭ ʧʘʨ, ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʢ ʚʦʣʥʦʚʦʜʫ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʜʘʯʠ ʚʠʙʨʘʮʠʠ, ʫʧʨʫʛʘʷ ʧʝʨʝʜʘʶʱʘʷ ʩʨʝʜʘ ʠʟ ʣʠʥʝʡʥʦʡ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʫʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʘ - ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʦʪʨʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʠʥʝʡʥʳʝ (ʠʣʠ ʙʣʠʟʢʠʝ ʢ ʪʘʢʦʚʳʤ) ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʤʦʜʝʣʝʡ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʩʚʦʝʦʙʨʘʟʥʳʭ "ʯʘʩʪʝʡ ʩʨʝʜʳ" - "ʥʝʩʫʱʝʡ" ʠ "ʧʨʠʩʦʝʜʠʥʝʥʥʦʡ". ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʨʘʚʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʪʘʢʠʭ ʩʨʝʜ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʛʨʫʧʧ ʫʨʘʚʥʝʥʠʡ. ʇʝʨʚʘʷ - ʦʧʠʩʳʚʘʝʪ ʥʝʩʫʱʫʶ ʯʘʩʪʴ, ʚʪʦʨʘʷ - 

ʧʨʠʩʦʝʜʠʥʝʥʥʫʶ. ʂʘʢ ʠ ʚʦ ʚʩʷʢʦʡ ʤʦʜʝʣʠ ʤʫʣʴʪʠʧʦʣʷʨʥʦʡ ʤʝʭʘʥʠʢʠ ʟʜʝʩʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʝʚʠʟʠʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʥʷʪʠʝ ʪʦʯʢʠ, ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʋʢʘʟʘʥʥʳʡ ʧʦʜʭʦʜ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ, ʧʦʣʫʯʠʣ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ [5] ʠ ʜʘʣʝʝ. 

ɺ ʨʘʙʦʪʘʭ [6 - 9] ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ ʧʦʜʦʙʥʳʭ ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʫʯʝʪʘ 

ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʫʜʘʨʥʳʝ ʵʣʝʤʝʥʪʳ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʘ ʪʘʢʞʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʚ ʩʣʦʞʥʳʭ ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, 

ʫʢʘʟʘʥʥʳʝ ʤʦʜʝʣʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʨʷʜ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ ʠ ʟʥʘʯʠʤʳʭ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʘʱʝʥʠʷ ʢ ʥʠʤ ʜʠʢʪʫʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʚ ʤʘʰʠʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʤʝʥʥʦ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʫʜʘʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤ ʯʘʩʪʦ 

"ʦʪʚʝʪʩʪʚʝʥʥʳ" ʟʘ ʚʠʜ ʬʦʨʤʠʨʫʝʤʳʭ ʛʣʦʙʘʣʴʥʳʭ ʚʠʙʨʦʧʦʣʝʡ ʠ ʟʘ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 

ʮʝʣʦʤ.  

 

2. ʉʪʨʫʢʪʫʨʘ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʫʧʦʤʷʥʫʪʳʤ ʜʚʫʤ ʛʨʫʧʧʘʤ ʫʨʘʚʥʝʥʠʡ 

ʜʚʠʞʝʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʣʝʜʫʷ ʢʥʠʛʝ [1], ʧʦʩʪʫʣʠʨʫʝʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʫʧʨʫʛʦʡ (ʫʧʨʫʛʦ-ʚʷʟʢʦʡ) ʥʝʩʫʱʝʡ 

ʩʨʝʜʳ. ʊʦ ʝʩʪʴ ʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʩʦʜʝʨʞʠʪ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʥʝʩʫʱʠʭ ʯʘʩʪʝʡ (ʧʨʠʤʝʨʳ: 

ʢʣʘʩʩʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʃʘʤʝ, ʫʨʘʚʥʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʠʣʠ ʧʦʧʝʨʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥ, ʦʙʦʣʦʯʝʢ, 

ʤʝʤʙʨʘʥ, ʙʘʣʦʢ, ʩʪʝʨʞʥʝʡ, ʠ ʪ. ʜ.), ʢ ʢʦʪʦʨʳʤ ʜʦʙʘʚʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ.  
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ʄʦʜʝʣʠ ʥʝʩʫʱʠʭ ʯʘʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʭʦʪʷ ʠ ʦʧʠʩʳʚʘʪʴ ʦʜʥʠ ʠ ʪʝ ʞʝ ʦʙʲʝʢʪʳ. ʅʘʧʨʠʤʝʨ, 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʝʨʞʥʝʡ ʠ ʙʘʣʦʢ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʜʝʣʠ ʪʝʭʥʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʠʣʠ ʢʘʢʠʝ-

ʣʠʙʦ çʫʪʦʯʥʝʥʥʳʝè ʤʦʜʝʣʠ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʤʦʜʝʣʠ ʪʠʧʘ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ. ʕʪʦ ʟʘʤʝʯʘʥʠʝ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʢʘʩʘʝʪʩʷ ʠ ʜʚʫʤʝʨʥʳʭ ʩʠʩʪʝʤ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʩʦʫʜʘʨʝʥʠʷ ʢʘʢ ʙʳ "ʨʘʟʤʘʟʘʥʳ" ʧʦ ʥʝʢʦʪʦʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʢ ʫʨʘʚʥʝʥʠʷʤ ʥʝʩʫʱʠʭ ʯʘʩʪʝʡ ʜʦʙʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʄʝʭʘʥʠʟʤ ʩʚʷʟʥʦʩʪʠ, ʦʙʝʠʭ ʯʘʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪ ʛʣʦʙʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ. 

ʀʪʘʢ, ʧʦʩʪʫʣʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʡ ʫʧʨʫʛʦʡ-ʜʠʩʩʠʧʘʪʠʚʥʦʡ ʥʝʩʫʱʝʡ ʩʨʝʜʳ, 

ʦʧʠʩʳʚʘʝʤʦʡ ʚʝʢʪʦʨʦʤ ʧʝʨʝʤʝʱʝʥʠʡ ʠ(ʭ,t )  3 3( ,  ,  ;  )u x x tÍ ÍXÌ ÍR R R , ʧʦʜʯʠʥʷʶʱʝʡʩʷ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʃʘʤʝ ʩ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʯʣʝʥʦʤ (ʩʨ.[1, 9]) 

 ɟutt=(ɚ+ɛ) grad divu+ɛȹu+D[u]+F,                                            (1) 

ʛʜʝ ɟ- ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ɚ, ɛ ï ʧʘʨʘʤʝʪʨʳ ʃʘʤʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʝʝ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ, ɂ -

ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʢʪʦʨʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x ;  ȹ ï ʣʘʧʣʘʩʠʘʥ; D[é] ï ʦʧʝʨʘʪʦʨ, 

ʦʪʚʝʯʘʶʱʠʡ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʧʦʪʝʨʷʤ.  

ʇʫʩʪʴ ʚʥʝʰʥʠʝ (ʦʙʲʝʤʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ) ʩʠʣʳ F =F1 + F0, ʛʜʝ F1 - ʟʘʜʘʥʥʳʡ ʚʝʢʪʦʨ, ʘ 

F0 ï ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ ʫʜʘʨʥʳʝ ʧʘʨʳ. 

ʆʪʤʝʪʠʤ, ʯʪʦ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʤʦʜʝʣʴ ʥʝʩʫʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʩʘʤʘ ʧʦ ʩʝʙʝ ʠʤʝʪʴ ʩʣʦʞʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʙʦʣʝʝ ʦʙʱʠʤ. ʂ ʫʨʘʚʥʝʥʠʶ (1) 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ.  

ʇʫʩʪʴ ʧʨʠʩʦʝʜʠʥʸʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʫʧʨʫʛʦ ʘʤʦʨʪʠʟʠʨʦʚʘʥʦ: 

          F0(x, t) = - ʩ1(ʭ)[u(x, t)ï ʫ1
 (I)(x, t)] - c2(x) [u(x, t)ï ʫ 1

(II)(x, t)]                        (2) 

ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʨʝʜʳ ʧʦʜʚʝʰʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʘʷ (ʫʜʘʨʥʘʷ) 

ʧʘʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʢʣʝʨʦʥʦʤʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ɸ(I)(ʭ) ʠ ɸ(II )(ʭ), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʡ 

ʫj
(I,II)(x,t); j=1, 2,..,N.  

ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʦʙʝʠʭ ʧʦʜʩʠʩʪʝʤ, ʦʯʝʚʠʜʥʦ, 

ʩʜʝʣʘʥʦ ʜʣʷ ʫʜʦʙʩʪʚʘ: ʣʠʰʥʠʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʬʠʢʪʠʚʥʳʤʠ.  

ʊʦʯʢʠ ʧʦʜʚʝʩʘ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ ʚ (2) ʫ1
(I,II)(x,t); ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʫn

(I,II)(x,t), 

nÒN. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʜʩʠʩʪʝʤʳ ɸ(I ,II) (ʭ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʝʤʝʡʩʪʚʘʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ: 
(I,II) 2( ; ) ( ),  p ;qkL x p O p-= ¤

ʠʥʜʝʢʩʳ q ʠ k ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1 ʜʦ N; ʨ=ÖùÖt, ,x zÍX.  

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ ï ʧʨʷʤʦʝ, ʮʝʥʪʨʘʣʴʥʦʝ ʠ 

ʦʜʥʦʤʝʨʥʦʝ: ʧʫʩʪʴ ʫ0=ʫn
(II)-ʫn

(I) - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʙʣʠʞʝʥʠʝ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ; ʢʦʦʨʜʠʥʘʪʘ 0y  

ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʥʝʢʦʪʦʨʦʡ ʦʩʠ. ʉʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

0 0 0 0 0

1 2( , ) ( ) ( , );  1t ty y y y yl lF = F +F >> 

ï ʙʦʣʴʰʦʡ ʧʘʨʘʤʝʪʨ [10]. ɿʜʝʩʴ ʧʝʨʚʳʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪ ʫʧʨʫʛʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘ ʚʪʦʨʦʡ ï ʜʠʩʩʠʧʘʪʠʚʥʫʶ. ʌʫʥʢʮʠʷ ʌ1 ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʛʠʧʦʪʝʟʫ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʤʛʥʦʚʝʥʥʦʛʦ (ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ) ʫʜʘʨʘ; ʦʥʘ ʤʦʞʝʪ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʭ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʪʦʯʢʠ ʢ 

ʪʦʯʢʝ.  
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʌ ʷʚʣʷʝʪʩʷ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʝʡ [6, 10]:  

ʌ(
0y )Í{ʌ}D¹{ʌ(

0y ); ʌ(
0y )=y(

0y -D)h(
0y -D); D²0; y(

0y )¹0;
0y  ²0}, 

ʛʜʝ y(u) - ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʥʘ ʚʩʝʡ ʯʠʩʣʦʚʦʡ ʦʩʠ, ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠ 

ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʦʡ ʧʨʠ u²0; h(u) ï ʝʜʠʥʠʯʥʘʷ ʬʫʥʢʮʠʷ. ɺ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʦʪ ʢʦʥʮʝʧʮʠʠ 

ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 
2Fʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʥʝʢʦʪʦʨʦʡ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʝʡ. ʄʝʪʦʜʳ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʠʟʣʦʞʝʥʳ ʚ [6 - 11]. 

ɼʣʷ ʪʦʯʝʢ ʧʦʜʚʝʩʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʤʝʝʤ ʦʧʝʨʘʪʦʨʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

                     (I,II) (I,II) (I,II) 0 0 ( , )

1 11 1,2 1 1 1( ) ( ) ( ) ( , ) I II

n ty L p c x u L p y y f= ° F + ,                                (3) 

                        (I,II) (I,II) (I,II) 0 0 ( , )

1 1,2 1( ) ( ) ( ) ( , ) I II

nn nn t ny L p c x u L p y y f= ° F +  ,                                (4) 

ʧʨʠʯʝʤ ʟʜʝʩʴ ʜʣʷ ʩʠʩʪʝʤʳ A(I) ʚ (3) ʠ (4) ʚʳʙʠʨʘʝʤ ʟʥʘʢ "ʧʣʶʩ", ʜʣʷ A(II) - "ʤʠʥʫʩ".  

ɺ ʵʪʠ ʞʝ ʫʨʘʚʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʢʘʢʠʝ-ʣʠʙʦ ʯʣʝʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

3. ʇʨʠʤʝʨʳ ʩʪʨʫʢʪʫʨ ʤʦʜʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʚʳʰʝ ʤʦʜʝʣʴ ʜʦʩʪʘʪʦʯʥʘ ʦʙʱʘ ʠ ʩʣʦʞʥʘ ʜʣʷ 

ʘʥʘʣʠʟʘ, ʧʦʵʪʦʤʫ ʥʫʞʜʘʝʪʩʷ ʚ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʠ ʫʧʨʦʱʝʥʠʷʭ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʙʦʣʝʝ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʘʢʦʛʦ ʨʦʜʘ [9]. 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʦʜʥʦʤʝʨʥʦʡ ʚʠʙʨʦʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ ʪʠʧʘ çʦʩʥʘʱʸʥʥʳʡ ʩʪʝʨʞʝʥʴ 

 

ʅʘ ʨʠʩ.1 ʜʘʥʘ ʤʦʜʝʣʴ ʦʜʥʦʤʝʨʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʪʠʧʘ çʦʩʥʘʱʝʥʥʳʡ ʩʪʝʨʞʝʥʴè. ɿʜʝʩʴ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʭ ʧʨʦʜʦʣʴʥʦ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʩʪʝʨʞʥʷ ʧʦʤʝʱʝʥʘ ʫʜʘʨʥʘʷ ʧʘʨʘ ʦʙʱʝʛʦ ʚʠʜʘ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʫʭ ʩʦʫʜʘʨʷʶʱʠʭʩʷ ʧʦʜʩʠʩʪʝʤ ɸ(I)(ʭ) ʠ ɸ(II )(ʭ). 

ʅʘ ʨʠʩ. 2, ʘ ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʜʚʫʤʝʨʥʦʛʦ ʦʩʥʘʱʝʥʥʦʛʦ ʚʦʣʥʦʚʦʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʯʘʩʪʠ 

ʚʳʙʨʘʥʘ ʜʚʫʤʝʨʥʘʷ ʩʪʨʫʥʥʘʷ ʨʝʰʝʪʢʘ (ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ - ʤʝʤʙʨʘʥʘ). 

ɸʤʦʨʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʩʠʩʪʝʤʘ ʫʜʘʨʥʳʭ ʦʩʮʠʣʣʷʪʦʨʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 

ʞʝʩʪʢʠʤʠ ʙʫʬʝʨʘʤʠ.  

ʅʘ ʨʠʩ. 2, ʙ ʧʦʢʘʟʘʥʘ ʮʝʧʦʯʢʘ ʩʚʷʟʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʠʙʨʦʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʄʦʜʝʣʴ 

ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʨʘʟʨʳʚʘʤʠ ʜʘʥʘ ʥʘ ʨʠʩ. 2, ʚ. 
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ʈʠʩ. 2. ɼʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 

4. ʆ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʠʟʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʤʦʜʝʣʠ 

ʚʠʙʨʦʧʨʦʚʦʜʷʱʠʭ/ ʚʠʙʨʦʛʝʥʝʨʠʨʫʶʱʠʭ ʦʜʥʦʤʝʨʥʳʭ ʩʨʝʜ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʤʝʝʪʩʷ, 

ʚʧʨʦʯʝʤ, ʠ ʨʷʜ ʢʦʥʢʨʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʜʣʷ ʩʣʫʯʘʝʚ ʤʥʦʛʦʤʝʨʥʳʭ ʩʨʝʜ (ʜʚʫʤʝʨʥʳʭ ʠ 

ʪʨʸʭʤʝʨʥʳʭ). ʋʢʘʟʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʜʷʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ ʢ ʩʣʝʜʫʶʱʝʤʫ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʚʠʙʨʘʮʠʠ ʯʝʨʝʟ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʳʝ 

ʚʠʙʨʦʧʨʦʚʦʜʷʱʠʝ/ʚʠʙʨʦʛʝʥʝʨʠʨʫʱʠʝ ʩʨʝʜʳ, ʦʥʘ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ 

ʚʠʙʨʦʫʜʘʨʥʳʡ ʧʨʦʮʝʩʩ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤ ʩʧʝʢʪʨʦʤ ʟʥʘʯʠʤʳʭ ʛʘʨʤʦʥʠʢ ʩ 

ʯʘʩʪʦʪʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʦʩʥʦʚʥʦʤʫ ʪʦʥʫ, ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʘʤ ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʭ, 

ʫʣʴʪʨʘʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʨʝʞʠʤʦʚ.  

ʅʘʨʷʜʫ ʩ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʪʦʭʘʩʪʠʟʘʮʠʠ ʚʠʙʨʘʮʠʠ, ʘ 

ʪʘʢʞʝ, ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʠʙʨʦʫʜʘʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ [4]. 

ɺ ʚʠʙʨʦʚʦʜʝ ʦʙʨʘʟʫʶʪʩʷ ʟʦʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʨʝʞʠʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʟʘʪʷʛʠʚʘʥʠʝ ʧʦ ʯʘʩʪʦʪʝ, ʟʘʪʷʛʠʚʘʥʠʝ ʧʦ 

ʘʤʧʣʠʪʫʜʝ, çʚʥʝʟʘʧʥʳʡè ʩʨʳʚ, ʷʚʣʝʥʠʝ ʞʸʩʪʢʦʛʦ ʟʘʧʫʩʢʘ ʠ ʜʨ. [3, 5]).  

ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʟʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʠʙʨʦʚʦʜʦʚ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʩʧʝʢʪʨʦʚ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʣʠʥʝʡʥʳʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʦʡ ʪʦʥ ʢʦʣʝʙʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ. ɼʘʥʥʳʝ ʟʦʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʟʦʥʘʤʠ çʧʨʦʟʨʘʯʥʦʩʪʠè ʜʣʷ ʦʩʥʦʚʥʦʛʦ 

ʪʦʥʘ ʢʦʣʝʙʘʥʠʡ.  

ɺ ʪʦʯʢʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʝ ʫʢʘʟʘʥʥʳʭ ʟʦʥ, ʜʝʡʩʪʚʫʶʱʘʷ ʚʠʙʨʘʮʠʷ ʠʩʪʦʯʥʠʢʘ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʋʢʘʟʘʥʥʳʝ ʪʦʯʢʠ ʦʙʨʘʟʫʶʪ ʟʦʥʳ çʟʘʧʨʝʪʘè ʜʣʷ ʚʠʙʨʘʮʠʠ ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ.  

ɺ ʟʦʥʘʭ ʧʝʨʚʦʛʦ ʪʠʧʘ ʫʧʨʫʛʦ ʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʠʨʫʶʱʠʝ ʢʘʢʦʝ-ʣʠʙʦ 

ʘʤʦʨʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʩʦʜʝʨʞʘʱʠʝ ʩʦʫʜʘʨʷʶʱʠʝʩʷ ʵʣʝʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʪ ʥʘ 

ʛʣʦʙʘʣʴʥʦʝ ʚʠʙʨʦʧʦʣʝ, ʢʘʢ çʫʩʠʣʠʪʝʣʠè ʦʩʥʦʚʥʦʛʦ ʪʦʥʘ, ʚ ʟʦʥʘʭ ʚʪʦʨʦʛʦ ʪʠʧʘ ï ʢʘʢ 

ʜʠʥʘʤʠʯʝʩʢʠʝ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ - ʫʜʘʨʥʳʝ) ʛʘʩʠʪʝʣʠ ʢʦʣʝʙʘʥʠʡ. ʆʧʠʩʳʚʘʝʤʳʝ ʟʦʥʳ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ. 

ɿʦʥʳ ʣʦʢʘʣʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʳʭ ʩʦʫʜʘʨʝʥʠʡ ʚʪʦʨʦʛʦ ʪʠʧʘ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʵʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʙʨʦʚʦʜʘ. ʕʪʠ ʟʦʥʳ 

ʥʘʟʳʚʘʶʪ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ.  
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ʆʥʠ ʧʦʷʚʣʷʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʩʨʳʚʘ ʨʝʟʦʥʘʥʩʥʳʭ ʚʠʙʨʦʫʜʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʡʩʪʚʠʷ ʜʝʤʧʬʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʛʣʦʙʘʣʴʥʦʛʦ ʚʠʙʨʦʧʦʣʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʱʘʷ ʯʘʩʪʴ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʟʦʥ. 

 

5. ʄʦʜʝʣʠ ʩ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʚʦʡʩʪʚʘ ʚʠʙʨʦʧʦʣʝʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚʠʙʨʘʮʠʠ ʯʝʨʝʟ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʫʜʘʨʥʳʝ ʧʘʨʳ ʠʟʫʯʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʝʡ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 2 ʠ ʘʥʘʣʦʛʠʯʥʳʭ.  

ʅʘ ʨʠʩ.2, ʘ ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʧʨʦʜʦʣʴʥʦ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʩʪʝʨʞʥʷ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʚʠʜʝ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ʫʜʘʨʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ.  

ʅʘ ʨʠʩ.2, ʙ ʚʟʷʪʘ ʩʪʨʫʥʥʘʷ ʚʠʙʨʦʧʨʦʚʦʜʷʱʘʷ ʩʠʩʪʝʤʳ ʩ ʜʚʫʤʷ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʦʩʮʠʣʣʷʪʦʨʘʤʠ. ʉʠʥʫʩʦʠʜʘʣʴʥʘʷ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʪʘʢʦʤ ʚʠʙʨʦʧʨʦʚʦʜʷʱʝʡ 

ʩʨʝʜʝ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʫʶ. ʋʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʫʢʘʟʘʥʥʫʶ ʚʦʣʥʫ 

( , )w x t ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ: 

 

 
 

ʈʠʩ.3. ʄʦʜʝʣʠ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʫʜʘʨʥʳʤʠ ʧʘʨʘʤʠ. 

( , ) ( , , )[ ( )- ( )]q qw x t L i y x g y,t y xw d= F -ä ,                                              (5) 

ʛʜʝ ( , , )L i y xw - ʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʜʘʪʣʠʚʦʩʪʴ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʩʠʩʪʝʤʳ; g - ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ; 

ʩʠʣʳ ʫʜʘʨʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʪʦʯʢʘʭ {qʭ}; ʩʫʤʤʠʨʦʚʘʥʠʝ ʚʝʜʸʪʩʷ ʧʦ ʚʩʝʤ ʚʢʣʶʯʸʥʥʳʤ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʫʜʘʨʥʳʤ ʧʘʨʘʤ.  

ɼʣʷ ʩʠʩʪʝʤʳ ʨʠʩ.2, ʘ ʩʠʣʘ ʫʜʘʨʘ ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʠ ʩʶʜʘ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʦʙʘʚʣʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ. 

ʋʨʘʚʥʝʥʠʝ (5) ʚʳʧʠʩʳʚʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʯʘʩʪʦʪʥʦʛʦ ʠʣʠ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ [10, 14] ʠ ʯʠʩʣʝʥʥʦ [12]. ɼʣʷ ʩʠʩʪʝʤʳ ʨʠʩ.3, ʘ 

ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʚʠʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʧʨʦʭʦʜʷʱʝʡ ʚʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʘʚʣʝʥ ʦʩʥʦʚʥʦʡ ʪʦʥ ʢʦʣʝʙʘʥʠʡ.  

ʀʥʪʝʨʝʩʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʘʥʘʣʠʟʝ ʩʠʩʪʝʤʳ ʪʠʧʘ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ.3, ʙ 

ʚʦʣʥʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʟʥʘʯʝʥʠʷ ʤʘʩʩ, ʫʧʨʫʛʦʩʪʝʡ, ʟʘʟʦʨʦʚ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʚʦʣʥʘ ʤʦʞʝʪ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ï ʷʚʣʝʥʠʝ çʚʦʣʥʦʚʦʛʦ ʜʠʦʜʘè. 

 

6.ɿʘʢʣʶʯʝʥʠʝ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ ï ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. ʇʨʠ 

ʫʯʸʪʝ ʚ ʤʦʜʝʣʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʬʘʢʪʦʨʦʚ ʠ (ʠʣʠ) ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʳ ʣʠʰʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʧʨʦʮʝʜʫʨ [12 ʠ 

ʜʨ.]. ʉʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʩ ʫʩʧʝʭʦʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴʩʷ ʧʨʠ 
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ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʠʙʨʦʫʜʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ [10], ʘ ʪʘʢʞʝ 

ʛʠʙʨʠʜʥʳʭ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ. 

ɸʥʘʣʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʝʥ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʧʦʣʝʡ, ʦʙʱʠʭ ʢʘʨʪʠʥʘʭ ʩʪʦʷʯʠʭ ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʦʣʥ, ʘ ʪʘʢʞʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʷʭ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʜʘʥʥʦʤʫ ʢʣʘʩʩʫ ʩʠʣʴʥʦ ʥʝʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ. 
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