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ɺʚʝʜʝʥʠʝ 

 

ʂʠʥʝʤʘʪʠʢʘ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʵʚʦʣʶʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʚʝʢʮʠʠ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʝʜʨʘʭ ɿʝʤʣʠ ʧʦʟʚʦʣʷʶʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩʧʣʦʰʥʫʶ ʩʨʝʜʫ, ʥʘʟʳʚʘʝʤʫʶ ʤʘʥʪʠʝʡ ʧʣʘʥʝʪʳ, ʢʘʢ 

ʚʳʩʦʢʦʚʷʟʢʫʶ ʞʠʜʢʦʩʪʴ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴʤʘ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ɿʝʤʣʝ.  ʇʦʵʪʦʤʫ, ʠʟʫʯʝʥʠʝ 

ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ï ʦʜʥʘ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʟʘʜʘʯ 

ʛʝʦʬʠʟʠʢʠ. ɺʳʧʦʣʥʝʥʥʳʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʙʦʪʳ 

([1, 17-23, 25, 36-43, 52-55, 59, 60, 67, 76-78, 85-114, 119-126, 131-139, 

143-203] ʠ ʜʨ.) ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʠ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ 

ʠ ʩʦʩʪʘʚʝ ʥʝʜʨ ʧʣʘʥʝʪʳ. ʆʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʧʦ 

ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ.  

ʂʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʫ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ 

ʦʪʨʘʞʝʥʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ 

(ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ).   

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʜʚʫʤʝʨʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʬʫʥʢʮʠʷ ʪʦʢʘ - ʟʘʚʠʭʨʝʥʥʦʩʪʴè (y-w) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ɺ.ʀ. ʇʦʣʝʞʘʝʚʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ [33, 70, 73, 74]. ɺ ʵʪʠʭ 

ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʸʥ ʨʷʜ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʦ-

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʆʙʝʨʙʝʢʘ-

ɹʫʩʩʠʥʝʩʢʘ; ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʧʝʨʝʤʝʥʥʳʭ y-w; ʨʘʩʩʤʦʪʨʝʥʳ 

ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʠ ʠʟʣʦʞʝʥʳ 
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ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ.  

ɺ ʤʦʥʦʛʨʘʬʠʠ ɽ.ʃ. ʊʘʨʫʥʠʥʘ [81] ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʥʘʡʜʝʥʳ ʨʝʰʝʥʠʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʚʷʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ ʩ ʚʚʝʜʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ y-w. ʈʘʟʨʘʙʦʪʘʥʳ 

ʯʠʩʣʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʬʠʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ, ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦʜʭʦʜʦʚ. ʂʥʠʛʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʠʤʝʨʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʟʘʤʢʥʫʪʳʭ ʦʙʲʸʤʘʭ. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʫʪʦʯʥʝʥʠʷ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʚʠʭʨʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʥʠʞʥʝʡ ʨʝʣʘʢʩʘʮʠʠ. 

ɺ ʢʥʠʛʝ ɹ.ʄ. ɹʝʨʢʦʚʩʢʦʛʦ, ɽ.ʌ. ʅʦʛʦʪʦʚʘ [14] ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ. ʈʘʙʦʪʘ ɹ.ʄ. ɹʝʨʢʦʚʩʢʦʛʦ, ɺ.ʂ. ʇʦʣʝʚʠʢʦʚʘ [15] 

ʩʦʜʝʨʞʠʪ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɼʣʷ ʟʘʜʘʯ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʝʣ ʅʫʩʩʝʣʴʪʘ ʠ ʈʵʣʝʷ, ʘ 

ʪʘʢʞʝ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ.  

ɼʣʷ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʬʫʥʢʮʠʷ ʪʦʢʘ- 

ʟʘʚʠʭʨʝʥʥʦʩʪʴè (y-w) ʚ ʨʘʙʦʪʝ ɸ.ʌ ɺʦʝʚʦʜʠʥʘ, ɺ.ɺ. ʆʩʪʘʧʝʥʢʦ ʠ ʜʨ. 

[28] ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʦʝ ʪʝʯʝʥʠʝ ʚʷʟʢʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʚ ʟʘʤʢʥʫʪʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʣʘʩʴ ʬʘʢʪʦʨʠʟʦʚʘʥʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, ʘ ʜʣʷ 

ʬʫʥʢʮʠʠ ʪʦʢʘ - ʧʷʪʠʪʦʯʝʯʥʘʷ ʥʝʷʚʥʘʷ ʩʭʝʤʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦ-

ʧʦʧʝʨʝʯʥʦʡ ʧʨʦʛʦʥʢʠ [130].  

ʈʝʰʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ ʚ ʥʝʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ ʩʚʦʜʠʪʩʷ ʢ 

ʨʝʰʝʥʠʶ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʩʣʘʛʘʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʝ ʩʣʘʙʦʡ 
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ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʢʥʠʛʝ ɻ.ʀ. ʄʘʨʯʫʢʘ [63]. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʧʦʩʪʨʦʝʥʳ ʧʨʷʤʳʝ ʠ 

ʠʪʝʨʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʥʦʩʪʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʫʨʘʚʥʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɺʦʧʨʦʩ ʦ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ 

ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʩʪʘʪʴʝ ɸ.ʌ. ɺʦʝʚʦʜʠʥʘ 

[27]. ʋʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ʊʦʤʘ [84].  ɺ ʧʦʩʣʝʜʫʶʱʠʭ   ʨʘʙʦʪʘʭ ɸ.ʌ. ɺʦʝʚʦʜʠʥʘ, ʊ.ɺ. ʖʰʢʦʚʦʡ 

[29] ʠ ɸ.ʌ. ɺʦʝʚʦʜʠʥʘ, ʊ.ɺ. ʇʨʦʪʦʧʦʧʦʚʦʡ [30] ʵʪʠ ʧʦʜʭʦʜʳ ʠ ʠʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʠʣʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ.  

ɺʦʧʨʦʩʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʝʪʠʢʦ-ʛʨʫʧʧʦʚʦʛʦ ʧʦʭʦʜʘ ʨʘʩʩʤʦʪʨʝʥʳ 

ɺ.ʂ. ɸʥʜʨʝʝʚʳʤ, ʆ.ɺ. ʂʘʧʮʦʚʳʤ, ɺ.ɺ. ʇʫʭʥʘʯʸʚʳʤ, ɸ.ɸ. ʈʦʜʠʦʥʦʚʳʤ 

[3]. ʇʦʩʪʨʦʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ɺ.ɺ. ʇʫʭʥʘʯʸʚʳʤ ʫʢʘʟʘʥʳ 

ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ.  

ɺ.ʉ. ɹʝʨʜʥʠʢʦʚʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʘʤʠ ʠ ʢʦʣʣʝʛʘʤʠ ʚʳʧʦʣʥʝʥ 

ʙʦʣʴʰʦʡ ʮʠʢʣ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ [11]. ʈʘʟʨʘʙʦʪʘʥʳ 

ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʚʢʣʶʯʘʷ 

ʪʝʯʝʥʠʷ ʩ ʩʦʧʨʷʞʸʥʥʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ. ʇʨʠʤʝʥʷʣʠʩʴ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʢʘʢ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʳʝ, ʪʘʢ ʠ 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ ʤʝʪʦʜʳ. ʇʨʦʚʝʜʸʥ ʮʠʢʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʸʪʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʈʷʜ ʨʘʙʦʪ ʢʦʣʣʝʢʪʠʚʘ ʘʚʪʦʨʦʚ 

ʠʤʝʝʪ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ [4, 7, 12, 13].  

ɺ ʨʘʙʦʪʝ ʂ.ɽ. ʇʠʨʩʦʥʘ [72] ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʜʚʫʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʚʷʟʢʦʡ ʦʜʥʦʨʦʜʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʧʨʠʤʝʥʷʣʠʩʴ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ   ʚ ʧʝʨʝʤʝʥʥʳʭ y-w.  ʇʦʩʪʨʦʝʥʦ 
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ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 

ʇʦʩʪʨʦʝʥʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠ 

ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ ʥʝʷʚʥʦʡ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʇʠʩʤʘʥʘ-ʈʝʢʬʦʨʜʘ [177] ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ 

ʨʘʟʥʦʩʪʷʤʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʩʣʘʛʘʝʤʳʭ; ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠʥʪʝʛʨʠʨʦʚʘʣʦʩʴ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʚʝʨʭʥʝʡ ʨʝʣʘʢʩʘʮʠʠ [24].   

ɼʚʫʤʝʨʥʦʤʫ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʫ ʚ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʄʘʢ-ʂʝʥʟʠ, ʊʫʨʢʦʪʪʘ, 

ʂʨʠʩʪʝʥʩʝʥʘ, ʍʘʫʟʝʤʘʥʘ, ʈʦʙʝʨʪʩʘ, ɺʝʡʩʘ, ʌʣʝʡʪʦ, ʁʝʥʘ, ʆʣʩʦʥʘ  [143, 

150, 160-163, 165, 166, 171, 172, 174-176, 181, 185, 186, 189, 190, 193] 

ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ʂ.ɽ. ʊʦʨʨʘʥʩ ʠ ɼ.ʃ. ʊʫʨʢʦʪʪ [193] ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʫʭʧʦʣʝʚʳʤ 

ʤʝʪʦʜʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʚʷʟʢʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ. ʂʦʥʚʝʢʪʠʚʥʳʝ ʯʣʝʥʳ ʚ 

ʫʨʘʚʥʝʥʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʢʘʢ 

ʩʠʤʤʝʪʨʠʯʥʳʤʠ, ʪʘʢ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʪʨʸʭʪʦʯʝʯʥʳʤʠ ʨʘʟʥʦʩʪʥʳʤʠ 

ʦʧʝʨʘʪʦʨʘʤʠ. ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʙʳʣ ʧʨʠʤʝʥʸʥ ʠ ʚ ʨʘʙʦʪʘʭ 

G.A. Houseman, D.P. McKenzie, P. Molnar, D.R. Moore, N.O. Weiss, 

D. Sandiford, L. Moresi [160, 171, 185], ʘ ʪʘʢʞʝ D.R. Moore, N.O. Weiss 

[171], ʥʦ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʷʟʢʦʩʪʴʶ. 

ʍʘʫʟʝʤʘʥʦʤ (G.A. Houseman et al., [160]) ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʧʦʣʝʚʦʛʦ 

ʤʝʪʦʜʘ ʦʩʫʱʝʩʪʚʣʝʥʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʷʟʢʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʭʝʤʳ çʯʝʭʘʨʜʘè ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ ʠ ʩʦ ʚʪʦʨʳʤ 

ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ. 

 ʋʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʨʝʰʘʣʦʩʴ ʤʝʪʦʜʦʤ ʌʫʨʴʝ ʠ 

ʩʢʘʣʷʨʥʦʡ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʧʨʦʛʦʥʢʦʡ.  
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ɺ ʩʣʫʯʘʝ ʚʷʟʢʦʩʪʠ, ʟʘʚʠʩʷʱʝʡ ʪʦʣʴʢʦ ʦʪ ʛʣʫʙʠʥʳ, M.H. Houston, 

J.Cl. De Dremaecker [161] ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ, ʧʨʠʤʝʥʠʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʝʨʝʤʝʥʥʳʭ T-y (ʪʝʤʧʝʨʘʪʫʨʘ- ʬʫʥʢʮʠʷ 

ʪʦʢʘ) ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʸʨʪʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ. ʈʝʰʝʥʠʝ ʟʘʜʘʯ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʭʝʤʝ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɺ ʫʨʘʚʥʝʥʠʠ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʢʦʥʚʝʢʪʠʚʥʳʝ ʩʣʘʛʘʝʤʳʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ.  

U. Christensen [143] ʠʩʧʦʣʴʟʦʚʘʣ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-

ʉʪʦʢʩʘ ʩ ʚʷʟʢʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠʤʝʥʷʣʩʷ 

ʧʦʜʭʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʫʨʘʚʥʝʥʠʝ 4-ʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʙʠʢʫʙʠʯʝʩʢʠʤʠ ʩʧʣʘʡʥʘʤʠ. ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ 

ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʙʠʢʚʘʜʨʘʪʥʳʤʠ ʩʧʣʘʡʥʘʤʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

U. Hansen, A. Ebel ʧʨʠʤʝʥʠʣʠ ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ [156]. 

ʈʝʰʝʥʠʝ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʥʘ ʢʘʞʜʦʤ 

ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʢʦʤʬʦʨʤʥʦʛʦ 

ʪʠʧʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʙʠʣʠʥʝʡʥʦʛʦ ʪʠʧʘ ʩ ʢʦʨʨʝʢʮʠʝʡ çʧʦ 

ʧʦʪʦʢʫè - ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (J.ʉ. Heinrich, 

P.S. Huyakorn, O.ʉ. Zienkiewicz, [157]).  

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʝʨʝʤʝʥʥʳʭ 

(u,v,p) ʩ ʚʷʟʢʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, L. Fleitout, 

D.A. Yuen [150, 151] ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʃʘʛʨʘʥʞʝʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ.  

ɺ ʨʘʙʦʪʘʭ ɺ.ʇ. ʊʨʫʙʠʮʳʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʝʨʥʳʝ 

ʠ ʪʨʸʭʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ [17, 18, 76, 

85-101, 104, 195].  ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʣʠʪʦʩʬʝʨʳ, ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, 

ʢʘʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʧʣʠʪʘ, ʢʨʘʪʦʥ ʠʣʠ ʩʣʵʙ, ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 
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ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʤʘʥʪʠʠ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʯʠʩʣʝʥʥʦʡ ʚʷʟʢʦʩʪʠ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʩʣʘʙʦʡ ʩʞʠʤʘʝʤʦʩʪʠ 

(ʅ.ʅ. ɺʣʘʜʠʤʠʨʦʚʘ, ɹ.ɻ. ʂʫʟʥʝʮʦʚ, ʅ.ʅ. ʗʥʝʥʢʦ [26]) ʠ ʙʣʠʟʢʠʡ ʢ ʥʝʤʫ 

ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ (A.J. Chorin [2, 117, 142]) ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝʩʞʠʤʘʝʤʦʩʪʠ ʚ ʧʝʨʚʦʤ ʠʟ ʧʦʜʭʦʜʦʚ ʟʘʤʝʥʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʩʣʘʙʦʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ; ʚʦ ʚʪʦʨʦʤ 

ʧʦʜʭʦʜʝ ʧʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʣʠʥʝʘʨʠʟʫʝʪʩʷ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʧʘ ʂʦʰʠ-ʂʦʚʘʣʝʚʩʢʦʡ ʠ ʜʣʷ ʝʸ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʜʨʦʙʥʳʭ 

ʰʘʛʦʚ [130]. ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ ʚʝʜʫʪʩʷ ʧʨʠ ʢʦʥʝʯʥʦʤ 

ʧʘʨʘʤʝʪʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ e, ʪʦ ʧʨʠ ʯʠʩʣʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʚʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʩʞʠʤʘʝʤʦʩʪʠ e ʢ 

ʥʫʣʶ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʩʪʨʘʥʝʥʠʶ 

ʦʛʨʘʥʠʯʝʥʠʡ ʪʘʢʦʛʦ ʨʦʜʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʝʪʦʜ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʈʠʯʘʨʜʩʦʥʘ [64] (ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦ ʤʘʣʦʤʫ ʧʘʨʘʤʝʪʨʫ e). ʇʨʠ ʨʝʰʝʥʠʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʧʦʜʦʙʥʳʝ ʧʨʦʙʣʝʤʳ ʩʥʠʤʘʶʪʩʷ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤʠ ʠ  ʧʦʧʫʣʷʨʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʝʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʪʦʜʳ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ 

(ʆ.ʄ. ɹʝʣʦʮʝʨʢʦʚʩʢʠʡ, ɺ.ɸ. ɻʫʱʠʥ (ʩʤ.[10]), ʈ. ʇʝʡʨʝ, ʊ.ɼ ʊʝʡʣʦʨ 

[71], ɸ.ʀ. ʊʦʣʩʪʳʭ [34, 35, 83], ʂ. ʌʣʝʪʯʝʨ [117], ɺ.ʄ. ʂʦʚʝʥʷ [48, 49]) 

ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. ɺʝʩʴʤʘ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ   

ʷʚʣʷʝʪʩʷ ʵʪʘʧ ʦʪʳʩʢʘʥʠʷ ʜʘʚʣʝʥʠʷ (ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʥʘ ʩʦʩʝʜʥʠʭ ʚʨʝʤʝʥʥʳʭ ʩʣʦʷʭ); ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ ʜʣʷ ʪʨʸʭʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʜʣʷ ʜʘʚʣʝʥʠʷ (ʧʦʧʨʘʚʢʠ ʜʘʚʣʝʥʠʷ). 
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ʏʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

ʥʝʩʞʠʤʘʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʜʭʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʝʨʝʤʝʥʥʳʭ V -w (ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ, ʚʝʢʪʦʨ ʟʘʚʠʭʨʝʥʥʦʩʪʠ) (ʍ. ʈʦʫʯ, [75] S.C.R. Dennis, 

D.B. Ingham, R.N. Cook [147]). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʧʦʜʭʦʜʦʚ, 

ʢʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ [2], ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ 

(ʂ. ɸʟʠʟ [131], ʍ. ʈʦʫʯ [75], ɺ.ʄ. ʇʘʩʢʦʥʦʚ, ɺ.ʀ. ʇʦʣʝʞʘʝʚ, ʃ.ɸ. ʏʫʜʦʚ 

[70]).  

ʂʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʪʨʸʭʤʝʨʥʦʤ ʩʣʫʯʘʝ 

ʨʝʰʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ 

ʠ ʚ ʚʝʢʪʦʨʥʳʭ y-w. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʨʸʭʤʝʨʥʦʡ ʬʫʥʢʮʠʠ ʪʦʢʘ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʧʨʠʤʝʥʷʝʪʩʷ ʘʥʘʣʦʛ ï ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 

.zyx y+y+y¹ kjiɣ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʙʱʝʥʳ ʠ ʥʘ ʩʣʫʯʘʡ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʭʦʜʘ y-w ʟʘʜʘʯʘ ʯʠʩʣʝʥʥʦʛʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʚʨʝʤʝʥʥʳʭ ʩʣʦʷʭ ʚ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʪʨʸʭ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʚʠʭʨʷ ʠ ʚʝʢʪʦʨʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ (ʪʨʸʭ ʩʢʘʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʡ) ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʇʦʜʦʙʥʳʡ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʩʢʦʤʳʭ ʚʝʢʪʦʨʦʚ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʙʳʣ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʸʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʩʪʘʪʴʝ ʆ.ɸ. ɹʝʩʩʦʥʦʚʘ, ɺ.ɸ. ɹʨʘʡʣʦʚʩʢʦʡ, ɺ.ʀ. ʇʦʣʝʞʘʝʚʘ [16], ʛʜʝ 

ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʪʝʯʝʥʠʝ, ʠʥʠʮʠʠʨʦʚʘʥʥʦʝ ʛʨʘʜʠʝʥʪʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 
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ʦʩʥʦʚʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʥʝʩʸʥʥʳʝ ʩʝʪʢʠ, ʩ ʟʘʜʘʥʠʝʤ ʠ ʚʳʯʠʩʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ (ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʘ 

ʜʠʩʢʨʝʪʥʦʤ ʫʨʦʚʥʝ). ʅʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʜʣʷ ʚʝʢʪʦʨʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʝʷʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ; ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʦ ʜʚʫʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ 

ʤʝʪʦʜʘ ʪʨʸʭʪʦʯʝʯʥʦʡ ʧʨʦʛʦʥʢʠ ʧʦ ʪʨʝʪʴʝʤʫ. 

ɺ ʨʘʙʦʪʘʭ ʆ.ʅ. ɻʦʥʯʘʨʦʚʦʡ [31, 32] ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʜʘʯʠ 

ʢʦʥʚʝʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʷʟʢʦʩʪʴʶ. ʇʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. ʈʝʰʝʥʳ ʟʘʜʘʯʠ ʢʦʥʚʝʢʮʠʠ ʜʣʷ ʩʣʘʙʦʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʠ ʟʘʜʘʯʠ ʤʠʢʨʦʢʦʥʚʝʢʮʠʠ ʩ ʪʚʸʨʜʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ 

ʛʨʘʥʠʮʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ. 

ɿʘʜʘʯʠ ʜʚʫʤʝʨʥʦʡ ʠ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ɺ.ʇ. ʊʨʫʙʠʮʳʥʳʤ ʠ ʜʨ. [17, 18, 76, 86-

102, 104, 195]; ʚ ʨʘʙʦʪʘʭ [17, 76, 92, 96, 98]  ʠʩʩʣʝʜʦʚʘʣʠʩʴ  

ʧʝʨʝʤʝʱʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ɺ [92] ʧʦʣʫʯʝʥʳ ʜʚʠʞʝʥʠʷ ʤʦʜʝʣʴʥʳʭ 

ʢʦʥʪʠʥʝʥʪʦʚ, ʠʭ ʩʦʝʜʠʥʝʥʠʝ ʚ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʩʧʘʜ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʣʠʪʳ, ʘ ʚ [98] ʧʦʩʪʨʦʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʤʘʥʪʠʡʥʦʡ 

ʢʦʥʚʝʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʟʜʘʸʪʩʷ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʢʘʨʪʠʥʘ ʪʝʢʪʦʥʠʢʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ.  

ɺ ʨʘʙʦʪʘʭ ɺ.ʇ. ʊʨʫʙʠʮʳʥʘ ʠ ʝʛʦ ʢʦʣʣʝʛ [91, 95, 97-99] 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʘʥʪʠʡʥʦʡ ʞʠʜʢʦʩʪʠ; 

ʚ ʨʘʙʦʪʘʭ [102, 103] ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʨʝʞʠʤʳ 

ʢʦʥʚʝʢʮʠʠ.  
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ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʨʘʙʦʪʘʭ 

B. Blankenbach, F. Busse et al. [134], ʅ.ʇ. ʄʦʰʢʠʥʘ, ɽ.ɺ. ʈʳʯʢʦʚʦʡ, 

ʉ.ɸ. ʊʳʯʢʦʚʘ, ɻ.ɻ. ʏʝʨʥʳʭ [67, 137] ʠ ʚ ɺ.ɺ. ʏʝʨʚʦʚʘ [118].  

ɺ [67] ʚ ʧʝʨʝʤʝʥʥʳʭ y-T ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ 

ʠʥʪʝʛʨʠʨʦʚʘʣʦʩʴ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʩʭʝʤʝ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨ, 

ʛʜʝ ʥʘ ʵʪʘʧʝ ʧʨʝʜʠʢʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʧʨʘʚʣʝʥʥʳʝ ʨʘʟʥʦʩʪʠ. 

ʋʨʘʚʥʝʥʠʝ ʯʝʪʚʸʨʪʦʡ ʩʪʝʧʝʥʠ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʨʝʰʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ [130].  ɺ ʧʦʜʭʦʜʝ [137] ʧʨʠʤʝʥʷʣʩʷ 

ʷʚʥʳʡ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. 

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʘ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ [118] 

ʧʨʠʤʝʥʸʥ ʧʦʜʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʧʝʨʝʤʝʥʥʳʭ y-w; ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʚʣʝʢʘʣʠʩʴ ʯʝʪʳʨʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʩʣʘʛʘʝʤʳʭ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ.  

ɹ. ɹʣʘʥʢʝʥʙʘʭ ʠ ʜʨ. ʚ ʨʘʙʦʪʝ [134] ʧʨʝʜʩʪʘʚʠʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʚʫʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʘ ʚ ʨʘʙʦʪʝ F.H. Busse, 

U. Christensen et al. [136] ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʪʝʩʪʳ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ. ɼʘʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʚʝʩʴʤʘ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ.  

ʆʩʥʦʚʥʳʤ ʜʚʠʞʫʱʠʤ ʤʝʭʘʥʠʟʤʦʤ ʪʝʢʪʦʥʠʢʠ ʧʣʠʪ ʷʚʣʷʝʪʩʷ 

ʢʦʥʚʝʢʮʠʷ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. ʇʨʦʮʝʩʩʳ, ʠʜʫʱʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʞʸʩʪʢʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʚ ʘʩʪʝʥʦʩʬʝʨʝ 

(ʜʦ ʛʣʫʙʠʥ ʧʨʠʤʝʨʥʦ 350 ʢʤ) ʠ ʚ ʤʘʥʪʠʠ (ʜʦ 660-700 ʢʤ) ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʦʥʚʝʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʥʠʤʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʥʘʙʣʶʜʘʝʤʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʤʢʥʫʪʳʭ ʦʙʦʩʦʙʣʝʥʥʳʭ ʷʯʝʝʢ 
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ʢʦʥʚʝʢʮʠʠ. ʆʪʜʝʣʴʥʦ ʚ ʥʠʞʥʝʡ ʠ ʦʪʜʝʣʴʥʦ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

(ʅ.ʃ. ɼʦʙʨʝʮʦʚ, ɸ.ɻ. ʂʠʨʜʷʰʢʠʥ [36], ʉ.ɸ. ʊʳʯʢʦʚ [105], F. Dubuffet, 

M. Rabinowicz, M. Monnereau [149], J.C. Hewitt, D.P. McKenzie, 

N.O. Weiss [158], F. Richter [182]). ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ 

ʚʚʠʜʫ ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʚʦʟʤʫʱʝʥʠʡ 

(L.P. Solheim, W.R. Peltier, [189]). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʥʚʝʢʮʠʠ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʠ ʫʩʣʦʚʠʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʢʠʥʝʤʘʪʠʢʫ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʛʝʦʣʦʛʠʯʝʩʢʫʶ 

ʠʩʪʦʨʠʶ ʠʭ ʨʘʟʚʠʪʠʷ. 

ʕʚʦʣʶʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʣʠʪʦʩʬʝʨʥʳʭ ʙʣʦʢʦʚ, 

ʚʭʦʜʷʱʠʭ ʚ ʤʦʜʝʣʴ. ɼʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʭʘʨʘʢʪʝʨʥʳ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʤʦʱʥʦʩʪʠ ʣʠʪʦʩʬʝʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʞʠʤʳ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ. ɼʣʷ 

ʦʢʝʘʥʩʢʦʡ ʣʠʪʦʩʬʝʨʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʯʠʪʳʚʘʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʠʷ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʧʣʠʪʘʤʠ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʝʧʘʜʦʚ ʧʦ 

ʤʦʱʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʳ. ɺ ɽʚʨʘʟʠʠ ʵʪʦ 

ɸʥʛʘʨʠʷ, ʈʫʩʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ, 

ʊʘʨʠʤ ʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʂʠʪʘʡʩʢʠʝ ʢʨʘʪʦʥʳ ʠ 

ʀʥʜʦʩʪʘʥ. 

ʀʟʫʯʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʛʝʦʤʝʪʨʠʠ ʣʠʪʦʩʬʝʨʳ ʥʘ ʜʠʥʘʤʠʢʫ 

ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 

ʚʳʧʦʣʥʝʥʦ ʚ ʮʠʢʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺ.ʇ. ʊʨʫʙʠʮʳʥʘ ʩ ʢʦʣʣʝʛʘʤʠ [85-88]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʛʨʫʧʧʦʡ 

ɺ.ʇ. ʊʨʫʙʠʮʳʥʘ, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʦʜ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ 

ʚ ʛʣʫʙʠʥʳ ʤʘʥʪʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʣʠʪʦʡ ʚʦʟʥʠʢʘʶʪ ʪʝʯʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʣʠʪʦʩʬʝʨʳ. ɺ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʤʦʱʥʦʩʪʴ ʣʠʪʦʩʬʝʨʳ ʠʤʝʝʪ ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 
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ʦʢʨʫʞʝʥʠʝʤ ʟʥʘʯʝʥʠʷ, ʬʦʨʤʠʨʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ, 

ʫʩʪʨʝʤʣʸʥʥʳʝ ʢ ʚʝʨʭʥʠʤ ʛʦʨʠʟʦʥʪʘʤ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ 

ʪʝʧʣʦʵʢʨʘʥʠʨʫʶʱʠʤ ʵʬʬʝʢʪʦʤ. ɺ ʤʝʩʪʘʭ, ʛʜʝ ʤʦʱʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʣʠʪʦʩʬʝʨʥʦʛʦ ʙʣʦʢʘ, ʚʦʟʥʠʢʘʶʪ ʪʝʯʝʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʢ ʥʠʞʥʠʤ ʛʦʨʠʟʦʥʪʘʤ, ʪ.ʝ. ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ 

ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʙʣʘʛʦʜʘʨʷ 

ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʝ ʧʦʜ ʘʥʦʤʘʣʴʥʦ ʪʦʥʢʦʡ ʣʠʪʦʩʬʝʨʦʡ. 

ɼʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʧʨʦʱʝʥʠʝʤ 

ʨʝʘʣʴʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʠʟʚʝʩʪʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʚʫʭʤʝʨʥʦʤ ʚʘʨʠʘʥʪʝ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʠʟʫʯʝʥʠʝ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʦʢʝʘʥʦʚ ʠ ʢʦʥʪʠʥʝʥʪʦʚ. ɺ ʨʘʙʦʪʘʭ 

H. Schmeling, G. Marquart [186, 187] ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʣʠʪʦʩʬʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚʳʩʦʢʦʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ. ʇʨʠʯʸʤ çʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷè ʚʷʟʢʦʩʪʴ 

ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʩʨʝʜʥʝʡ ʧʦ ʤʘʥʪʠʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ 

ʧʨʠʤʝʥʷʣʩʷ ʠ ʚ ʨʘʙʦʪʘʭ L. Fleitout, D.A. Yuen [148, 150, 151, 186, 187, 

192].  ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʦʙʣʘʩʪʝʡ ʥʝʨʝʘʣʠʩʪʠʯʥʘ, ʚ ʨʘʙʦʪʝ [108] (ʉ.ɸ. ʊʳʯʢʦʚ, ɽ.ɺ. ʈʳʯʢʦʚʘ, 

ɸ.ʅ. ɺʘʩʠʣʝʚʩʢʠʡ, ɺ.ɺ. ʏʝʨʚʦʚ) ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʦʤʫ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʨʘʩʯʸʪʥʳʭ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʨʝʣʴʝʬ 

ʤʝʩʪʥʦʩʪʠ, ʛʝʦʠʜ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʘʙʣʶʜʝʥʠʷʤ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [153] (L.  Guillou, C. Jaupart) ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ 

ʢʦʥʪʠʥʝʥʪʦʤ ʩʣʫʞʠʣʘ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʘʷ ʧʣʘʩʪʠʥʘ, ʚʩʪʘʚʣʝʥʥʘʷ ʚ 

ʤʝʜʥʫʶ ʧʣʠʪʫ. ʇʣʠʪʘ ʠʤʝʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ 

ʤʦʜʝʣʠʨʦʚʘʣʘ ʦʢʝʘʥʩʢʫʶ ʣʠʪʦʩʬʝʨʫ. ɺ [86] (ɺ.ʇ. ʊʨʫʙʠʮʳʥ, 

ʖ.ʌ. ɹʝʣʘʚʠʥʘ, ɺ.ɺ. ʈʳʢʦʚ) ʧʦʚʪʦʨʠʣʠ ʵʪʫ ʩʠʪʫʘʮʠʶ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ɺ.ʇ. ʊʨʫʙʠʮʳʥʳʤ ʜʘʥʥʳʝ 

ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ [153] ʠ 
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ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʥʝʝ ʟʘʤʝʯʝʥʥʳʡ ʵʬʬʝʢʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʣʠʪʦʡ ʩ 

ʯʘʩʪʠʯʥʦ ʪʝʧʣʦʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

ɿʘʜʘʯʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʊʨʫʙʠʮʳʥʘ [100, 104 ʠ ʜʨ.] ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʪʫʘʮʠʡ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʦʢʝʘʥʦʚ ʠ ʧʨʠʤʳʢʘʶʱʠʭ ʢ 

ʢʦʥʪʠʥʝʥʪʘʤ ʟʦʥʘʤ ʩʫʙʜʫʢʮʠʠ. ʉʣʝʜʫʷ [6] cʫʙʜʫʢʮʠʝʡ (ʦʪ ʣʘʪ. subductio 

ï ʙʫʢʚʘʣʴʥʦ, ʧʦʜʚʝʜʝʥʠʝ) ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʩʢʦʡ 

ʣʠʪʦʩʬʝʨʳ ʚ ʘʩʪʝʥʦʩʬʝʨʥʳʡ ʩʣʦʡ ʤʘʥʪʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʥʘ 

ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮʘʭ ʧʣʠʪ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʥʦʩʠʪʴ 

ʚʳʥʫʞʜʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʜʚʠʛʘʥʠʝ 

ʢʦʥʪʠʥʝʥʪʘ ʠʣʠ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʥʘ ʦʢʝʘʥ, ʠ ʣʠʪʦʩʬʝʨʘ ʧʦʩʣʝʜʥʝʛʦ 

ʟʘʪʘʣʢʠʚʘʝʪʩʷ ʚ ʘʩʪʝʥʦʩʬʝʨʫ. ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ɿʝʤʣʠ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʘʷ ʩʫʙʜʫʢʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʢʝʘʥʩʢʘʷ ʣʠʪʦʩʬʝʨʘ ʪʦʥʝʪ 

ʚ ʘʩʪʝʥʦʩʬʝʨʝ, ʫʙʳʩʪʨʷʷ ʪʝʤ ʩʘʤʳʤ ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʧʣʠʪʳ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʝʥ ʨʷʜ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʩʫʙʜʫʢʮʠʠ. ʆʪʤʝʪʠʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ [38, 44-46, 52, 53, 59, 100, 

104, 126, 140, 141, 185] (ʚ ʥʠʭ ʤʦʞʥʦ ʥʘʡʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ 

ʙʠʙʣʠʦʛʨʘʬʠʶ). ɺ ʢʥʠʛʝ ʃ.ʀ. ʃʦʙʢʦʚʩʢʦʛʦ [59] ʚ ʨʘʤʢʘʭ ʫʧʨʫʛʦ-

ʧʣʘʩʪʠʯʝʩʢʦʡ ʨʝʦʣʦʛʠʠ ʣʠʪʦʩʬʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ ʧʦʛʨʫʞʘʶʱʝʡʩʷ ʧʣʠʪʳ ʧʦʜ ʦʩʪʨʦʚʥʫʶ ʜʫʛʫ. ɺ ʢʥʠʛʝ 

ʅ.ʃ. ɼʦʙʨʝʮʦʚʘ [38] ʥʘ ʦʩʥʦʚʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʠʟʫʯʘʶʪʩʷ ʟʦʥʳ 

ʩʫʙʜʫʢʮʠʠ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʠ ʘʥʜʠʡʩʢʦʛʦ ʪʠʧʦʚ. ɿʘʜʘʯʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ 

ɺ.ʇ. ʊʨʫʙʠʮʳʥʘ [100, 104] ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʪʫʘʮʠʡ ʧʦʜ 

ʣʠʪʦʩʬʝʨʦʡ ʦʢʝʘʥʦʚ ʠ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʢʦʥʪʠʥʝʥʪʘʤ ʟʦʥʘʤ ʩʫʙʜʫʢʮʠʠ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ɸ.ɸ. ʂʠʨʜʷʰʢʠʥʘ ʠ ɸ.ɻ. ʂʠʨʜʷʰʢʠʥʘ 

ʧʦʟʚʦʣʠʣʠ ʥʘʡʪʠ ʧʨʦʬʠʣʠ ʩʢʦʨʦʩʪʝʡ ʩʚʦʙʦʜʥʦʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʚ 

ʘʩʪʝʥʦʩʬʝʨʝ ʧʦʜ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʤ ʭʨʝʙʪʦʤ (ʉʆʍ) ʧʨʠ 

ʧʦʜʚʠʞʥʦʡ ʣʠʪʦʩʬʝʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 
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ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʨʦʚʣʝ ʘʩʪʝʥʦʩʬʝʨʳ ʧʦʜ ʉʆʍ ʠ 

ʦʧʨʝʜʝʣʝʥʘ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʩʦ ʩʪʦʨʦʥʳ 

ʘʩʪʝʥʦʩʬʝʨʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʣʠʪʦʩʬʝʨʥʫʶ ʧʣʠʪʫ [44-46]. ɺ ʨʘʤʢʘʭ 

ʚʷʟʢʦʫʧʨʫʛʦʡ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʉ.ʅ. ʂʦʨʦʙʝʡʥʠʢʦʚʳʤ, 

ɺ.ɺ. ʈʝʚʝʨʜʘʪʪʦ, ʆ.ʇ. ʇʦʣʷʥʩʢʠʤ ʠ ʜʨ. [52, 53] ʧʦʩʪʨʦʝʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʣʣʠʟʠʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʧʣʠʪ ʩ ʧʦʛʨʫʞʝʥʠʝʤ 

ʦʜʥʦʡ ʠʟ ʧʣʠʪ ʚ ʤʘʥʪʠʶ ʧʦʜ ʜʨʫʛʦʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʟʝʤʥʘʷ ʢʦʨʘ ʠʤʝʣʘ ʨʘʟʣʦʤ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ 

ʩʙʣʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʜʚʠʛ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʧʣʠʪʳ ʧʦʜ ʜʨʫʛʦʡ 

ʫʯʘʩʪʦʢ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ ʄɼʊʊ. ʋʯʠʪʳʚʘʣʠʩʴ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʪʠʧʳ 

ʥʝʣʠʥʝʡʥʦʩʪʝʡ: ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ, ʬʠʟʠʯʝʩʢʘʷ ʠ ʢʦʥʪʘʢʪʥʘʷ. ʏʠʩʣʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ 

MSC.Marc 2005. ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʜʝʪʘʣʴʥʦ ʪʝʩʪʠʨʦʚʘʥʘ ʧʫʪʸʤ 

ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʤʝʭʘʥʠʟʤ ʷʚʣʝʥʠʷ ʩʫʙʜʫʢʮʠʠ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʩʫʙʜʫʢʮʠʨʫʶʱʝʡ ʧʣʠʪʳ 

ʚ ʨʘʡʦʥʝ ʨʘʟʣʦʤʘ ʠ ʫʧʣʦʪʥʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʵʪʦʡ ʧʣʠʪʳ ʧʨʠ ʝʸ 

ʧʦʛʨʫʞʝʥʠʠ ʚ ʤʘʥʪʠʶ. ɺ ʨʘʙʦʪʝ Dan Sandiford ʠ Louis Moresi [185] 

ʧʦʩʪʨʦʝʥʳ ʜʚʫʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʩʫʙʜʫʢʮʠʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʪʨʦʝʥʦ ʧʨʠʙʣʠʞʝʥʠʝ ʩʣʘʙʦʛʦ ʩʣʦʷ 

(weak layer) ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʪʝʯʝʥʠʷ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ. 

ʅʘʯʠʥʘʷ ʩ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʙʦʣʝʝ ʤʦʱʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦʷʚʠʣʠʩʴ ʪʨʸʭʤʝʨʥʳʝ ʚʘʨʠʘʥʪʳ ʯʠʩʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ. ʇʦʤʠʤʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʥʝʩʞʠʤʘʝʤʦʡ ʢʦʥʚʝʢʪʠʨʫʶʱʝʡ ʤʘʥʪʠʡʥʦʡ 

ʞʠʜʢʦʩʪʠ, ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚʦ 
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ʚʩʝʡ ʤʘʥʪʠʠ ʩ ʫʯʸʪʦʤ ʩʞʠʤʘʝʤʦʩʪʠ ʚʝʱʝʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ 

(D. Bercovici, G. Shubert, G.A. Glatzmaier, P. Machetel, M. Rabinowicz, 

P. Bernadet, J.T. Ratcliff, P.J. Tackley, G. Schubert, A. Zebib [133, 152, 

167, 180]) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘʨʫʰʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʤʝʞʜʫ ʬʦʨʤʦʡ 

ʥʠʩʭʦʜʷʱʠʭ ʠ ʚʦʩʭʦʜʷʱʠʭ ʪʝʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚ ʜʣʷ ʩʣʫʯʘʷ ʩʞʠʤʘʝʤʦʡ ʤʘʥʪʠʡʥʦʡ 

ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʫʟʢʠʤʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚʦʩʭʦʜʷʱʠʤʠ 

ʪʝʯʝʥʠʷʤʠ (ʧʣʶʤʘʤʠ) ʚʥʫʪʨʠ ʤʝʜʣʝʥʥʦ ʧʦʛʨʫʞʘʶʱʝʡʩʷ ʦʩʪʳʚʘʶʱʝʡ 

ʤʘʥʪʠʠ.  

ʀʟʫʯʘʣʘʩʴ ʨʦʣʴ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʦ ʨʝʦʣʦʛʠʠ ʠ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʠ ʨʦʣʴ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ [146, 178] (L.  Cserepes, 

M. Rabinowicz, ʉ. Rosemberg-Borot, G. Ceuleneer, M. Monnereau, 

C. Rosemberg). 

ɺ ʨʘʙʦʪʝ ɺ.ʇ. ʊʨʫʙʠʮʳʥʘ ʠ ɺ.ɺ. ʈʳʢʦʚʘ [195] ʢʦʥʪʠʥʝʥʪʳ 

ʚʚʦʜʠʣʠʩʴ ʚ ʤʦʜʝʣʴ ʢʘʢ ʞʸʩʪʢʠʝ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʦʙʲʝʢʪʳ ʩ ʙʝʩʢʦʥʝʯʥʦʡ 

ʚʷʟʢʦʩʪʴʶ ʚ ʦʢʨʫʞʝʥʠʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʩʨʝʜʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʧʦ ʩʚʦʠʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʘʨʘʤʝʪʨʘʤ, 

ʧʨʠʩʫʱʠʤ ʚʝʱʝʩʪʚʫ ʘʩʪʝʥʦʩʬʝʨʳ, ʠʣʠ, ʯʪʦ ʪʦ ʞʝ ʩʘʤʦʝ, - ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʣʠʪʦʩʬʝʨʳ. ɺʷʟʢʦʩʪʴ ʚ ʟʘʜʘʯʝ ʟʘʚʠʩʝʣʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʎʝʣʴ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʥʘ 

ʤʦʜʝʣʴʥʳʝ ʢʦʥʪʠʥʝʥʪʳ; ʚʳʯʠʩʣʝʥʠʝ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʤʝʱʸʥʥʳʝ 

ʚ ʘʩʪʝʥʦʩʬʝʨʫ ʦʙʲʝʢʪʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʢʦʨʦʩʪʝʡ.  

ʈʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʯʠʩʣʝʥʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʚʫʭʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ 

ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʟʘʚʠʭʨʝʥʥʦʩʪʠ [143, 

150, 160-163, 165, 166, 171, 172, 174-176, 181, 185-187, 189, 190, 193]. 

ɺ ʪʨʸʭʤʝʨʥʦʤ ʚʘʨʠʘʥʪʝ ʬʫʥʢʮʠʶ ʪʦʢʘ ʟʘʤʝʥʷʶʪ ʚʝʢʪʦʨʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ (y), ʘ ʟʘʚʠʭʨʝʥʥʦʩʪʴ - ʚʝʢʪʦʨʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʴʶ (w).  

ɸʥʘʣʠʟ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ 

(ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʢʘʢ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʝʨʝʤʝʥʥʳʭ y-w, ʪʘʢ ʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʩ 

ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ ʠ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ.  ʋʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʨʘʚʥʝʥʠʡ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʝʩʢʦʥʝʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʣʘ 

ʇʨʘʥʜʪʣʷ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʠ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʚʷʟʢʦʩʪʠ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ʂ ʤʦʤʝʥʪʫ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʩʩʝʨʪʘʥʪʘ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ 

ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʛʝʦʜʠʥʘʤʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʟʚʝʩʪʥʳʤʠ) ʯʠʩʣʝʥʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ɿʝʤʣʠ ʢʘʢ ʚ ʜʝʢʘʨʪʦʚʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʪʘʢ 

ʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʨʦʝʥʳ 

ʦʨʠʛʠʥʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʪʨʸʭʤʝʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʧʦʜʭʦʜʘʭ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʥʘʜʸʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʦʟʜʘʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ.  ɺʧʝʨʚʳʝ 

ʨʝʰʝʥʳ ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʧʦʜ ʢʨʘʪʦʥʘʤʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ɽʚʨʘʟʠʠ. ʇʦʩʪʨʦʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʤʦʜʝʣʠ ʩʧʨʝʜʠʥʛʘ ʠ ʩʫʙʜʫʢʮʠʠ. 

  

ʎʝʣʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʨʸʭʤʝʨʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ  ʧʝʨʝʤʝʥʥʳʭ 

çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ï ʟʘʚʠʭʨʝʥʥʦʩʪʴè (y-w), ʘ ʪʘʢʞʝ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ (V -p), ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ 
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ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʠʥʘʤʠʢʠ ʤʘʥʪʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ɿʝʤʣʠ ʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʟʦʥʘʭ ʩʧʨʝʜʠʥʛʘ (ʨʘʟʜʚʠʞʝʥʠʷ 

ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ) ʠ ʩʫʙʜʫʢʮʠʠ (ʧʦʛʨʫʞʝʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʣʠʪ ʚ 

ʤʘʥʪʠʶ ɿʝʤʣʠ). 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

¶ ʈʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʷʚʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ 

ʨʝʰʝʥʠʷ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ.  ʉ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʳ ʠ ʜʝʪʘʣʴʥʦ ʪʝʩʪʠʨʦʚʘʥʳ 

ʪʨʸʭʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ 

ʢʦʥʚʝʢʮʠʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʘʭ; 

¶ ʧʦʩʪʨʦʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʤʦʜʝʣʴʥʳʤʠ 

ʢʨʘʪʦʥʘʤʠ; 

¶ ʦʙʦʩʥʦʚʘʥʘ ʪʨʸʭʤʝʨʥʦʩʪʴ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʤʦʜʝʣʴʥʳʤ 

ʧʨʦʪʷʞʸʥʥʳʤ ʢʨʘʪʦʥʦʤ (ʣʦʚʫʰʢʦʡ); 

¶ ʚʳʷʚʣʝʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʤʦʜʘ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʤʦʜʝʣʴʥʳʤʠ 

ʢʨʘʪʦʥʘʤʠ ʠ ʧʨʝʜʣʦʞʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʪʨʘʧʧʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ;  

¶ ʧʦʩʪʨʦʝʥʳ ʯʠʩʣʝʥʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʡ ʪʝʧʣʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ɽʚʨʘʟʠʠ. ʅʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʢʨʘʪʦʥʳ, ʢʘʢ ʠ 

ʤʦʜʝʣʴʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʚ ʧʣʘʥʝ ʢʨʘʪʦʥʳ, ʧʨʠʚʦʜʷʪ ʢ ʘʥʘʣʦʛʠʯʥʳʤ 

ʢʦʥʚʝʢʪʠʚʥʳʤ ʩʪʨʫʢʪʫʨʘʤ. ʊʝʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ 

ʚʦʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʚʠʜʝ ʧʣʶʤʦʚ ʠ ʥʠʩʭʦʜʷʱʠʤʠ ʧʦʪʦʢʘʤʠ ʠ 

ʧʨʦʛʨʝʪʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʦ ʧʝʨʠʬʝʨʠʠ ʢʨʘʪʦʥʦʚ.  

¶ ʧʦʩʪʨʦʝʥʳ ʜʚʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʵʙʘ: 
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ʘ) ʪʨʸʭʤʝʨʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʢʮʠʠ ʚ ʟʦʥʘʭ ʩʧʨʝʜʠʥʛʘ ʠ 

ʩʫʙʜʫʢʮʠʠ; ʥʘʡʜʝʥʘ ʩʢʦʨʦʩʪʴ ʧʦʛʨʫʞʝʥʠʷ ʩʣʵʙʘ ʜʦ ʛʣʫʙʠʥ ʧʦʨʷʜʢʘ 700 

ʢʤ, ʩʦʛʣʘʩʫʶʱʘʷʩʷ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʟʜʚʠʞʝʥʠʷ ʧʣʠʪ; 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʧʦʣʫʯʝʥ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʭʦʣʦʜʥʦʛʦ 

ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʪʝʢʘʶʱʝʛʦ ʠʟ ʦʙʣʘʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʣʠʪʦʩʬʝʨʳ ʧʦʜ ʢʦʥʪʠʥʝʥʪ;  

ʙ) ʪʨʸʭʤʝʨʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʤʘʥʪʠʡʥʦʡ 

ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʚʠʞʫʱʠʤʩʷ ʦʪ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʉʆʍ) 

ʢʦʥʪʠʥʝʥʪʦʤ ʩ ʧʨʠʨʘʩʪʘʶʱʝʡ ʢ ʥʝʤʫ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʦʡ; ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʢʦʥʪʠʥʝʥʪ ʥʘʜʚʠʛʘʝʪʩʷ ʥʘ ʧʘʩʩʠʚʥʫʶ ʦʢʝʘʥʠʯʝʩʢʫʶ ʧʣʠʪʫ, 

ʦʙʨʘʟʫʷ ʧʨʠ ʵʪʦʤ ʫʭʦʜʷʱʠʡ ʧʦʜ ʢʦʥʪʠʥʝʥʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʣʝʜ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʩʣʵʙ. 

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʨʦʚʝʜʝʥʠʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ ʨʘʩʯʸʪʦʚ, 

ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʪʘʣʴʥʳʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʠ ʯʠʩʣʦʚʳʤʠ ʜʘʥʥʳʤʠ ʨʝʰʝʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʨ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ ʥʘʡʜʝʥʥʳʭ 

ʨʝʰʝʥʠʡ, ʩʦʛʣʘʩʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

Á ʆʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʷʚʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʧʝʨʝʤʝʥʥʳʤ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ 

ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ ʜʝʢʘʨʪʦʚʳʭ ʠ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ;  

Á ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʤʦʜʝʣʴʥʳʤʠ ʢʨʘʪʦʥʘʤʠ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʥʘʡʜʝʥʥʘʷ ʚ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʤʦʜʘ ʢʦʥʚʝʢʮʠʠ; 

ʦʙʦʩʥʦʚʘʥʠʝ ʪʨʘʧʧʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ; 
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Á ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʧʦʜ 

ʣʠʪʦʩʬʝʨʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʨʠʤʝʨʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ 

ʠ ʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʦʢʨʫʞʝʥʠʷ (ʊʘʨʠʤ ʠ ʉʝʚ. ʂʠʪʘʡʩʢʠʡ ʢʨʘʪʦʥ);  

Á ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʧʦʜ 

ʣʠʪʦʩʬʝʨʦʡ ɽʚʨʘʟʠʠ ʩ ʫʯʸʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ 

ʣʠʪʦʩʬʝʨʥʳʭ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ɽʚʨʘʟʠʡʩʢʠʡ ʢʦʥʪʠʥʝʥʪ 

(ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ, ʈʫʩʩʢʘʷ, ɿʘʧʘʜʥʦïʉʠʙʠʨʩʢʘʷ ʠ ʂʠʪʘʡʩʢʠʝ 

ʧʣʘʪʬʦʨʤʳ, ʊʘʨʠʤ, ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ, 

ʀʥʜʠʡʩʢʘʷ ʧʣʠʪʘ ʠ ʜʨ.); ʧʦʣʫʯʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ, 

ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʡ 

ʘʥʦʤʘʣʠʝʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ; 

Á ʨʝʟʫʣʴʪʘʪʳ ʪʨʸʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʨʝʜʠʥʛʘ ʧʦʜ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʦʡ ʠ ʩʫʙʜʫʢʮʠʠ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʦʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʦʛʨʫʞʘʶʱʠʡʩʷ ʧʦʜ 

ʢʦʥʪʠʥʝʥʪ ʧʦʪʦʢ ʭʦʣʦʜʥʦʡ ʤʘʥʪʠʡʥʦʡ ʞʠʜʢʦʩʪʠ; ʦʮʝʥʢʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʤʘʥʪʠʡʥʳʭ 

ʪʝʯʝʥʠʡ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ.  

 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ:  

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʦʪʦʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʚ ʞʠʜʢʦʩʪʷʭè. 

ʉ-ʇʝʪʝʨʙʫʨʛ, 2003. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 2004. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʦʪʦʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʚ ʞʠʜʢʦʩʪʷʭè. 

ʄʦʩʢʚʘ, 2005. 
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¶ XIII International Conference on the Methods of Aerophysical 

Research. Novosibirsk, 2007. 

¶ International Conference çFluxes and Structures in Fluidsè. 

S - Petersburg, 2007. 

¶ V ʩʦʚʝʱʘʥʠʝ ʈʦʩʩʠʡʩʢʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ ʧʦ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (6-8 ʬʝʚʨʘʣʷ, 

ʅʦʚʦʩʠʙʠʨʩʢ, ʀɺʊ ʉʆ ʈɸʅ, 2007). 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʦʪʦʢʠ ʠ ʉʪʨʫʢʪʫʨʳ ʚ ɾʠʜʢʦʩʪʷʭ: 

ʌʠʟʠʢʘ ɻʝʦʩʬʝʨè.  ʄʦʩʢʚʘ, 2009. 

¶ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʂʘʡʥʦʟʦʡʩʢʠʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʨʠʬʪʦʛʝʥʝʟè. ʀʨʢʫʪʩʢ, ʀʥ-ʪ 

ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, 2010. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʢʣʘʜʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠè. ɺʦʨʦʥʝʞ, ɺɻʋ, 2010. 

¶ International Conference on the Methods of Aerophysical Research. 

Novosibirsk, ITAM SB RAS, 2010. 

¶ ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ 

ʂɺʄ- 2011. ʅʦʚʦʩʠʙʠʨʩʢ, 2011. 

¶ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʛʝʦʜʠʥʘʤʠʢʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʨʦʛʝʥʦʚè, ʢ 75-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʖ.ɸ. ʊʨʘʧʝʟʥʠʢʦʚʘ. ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ. ɹʠʰʢʝʢ: 

ʅʉ ʈɸʅ, 2011.  

¶ çʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʢ ʦ ɿʝʤʣʝè: ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʧʘʤʷʪʠ ɺ.ɽ. ʍʘʠʥʘ (ʄʦʩʢʚʘ, 1-4 ʬʝʚʨʘʣʷ 2011). 

¶ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʝʭʘʥʠʢʠ: 

ʪʝʦʨʠʷ, ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʧʨʘʢʪʠʢʘè: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, 

ʧʦʩʚʷʱʸʥʥʘʷ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʅ.ʅ. ʗʥʝʥʢʦ 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2011). 
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¶ ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 2012.  

¶ ʊʝʢʪʦʥʦʬʠʟʠʢʘ ʠ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʥʘʫʢ ʦ ɿʝʤʣʝ. ʊʨʝʪʴʷ 

ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʚ ʀʌɿ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ ʈɸʅ. 

ʄʦʩʢʚʘ, 8-12 ʦʢʪʷʙʨʷ 2012. 

¶ ʄʝʪʦʜʳ ʩʦʟʜʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʸʥʥʘʷ 

85- ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɸ.ʉ. ɸʣʝʢʩʝʝʚʘ. ʅʦʚʦʩʠʙʠʨʩʢ, 10-13 

ʦʢʪʷʙʨʷ 2013 ʛ.   

¶ 50 ʣʝʪ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʉʠʙʠʨʠ. ɺʩʝʨʦʩʩʠʡʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ. ʅʦʚʦʩʠʙʠʨʩʢ, 21-25 

ʦʢʪʷʙʨʷ 2013. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 2015è (ɸʇɺʇʄ-2015), 

ʧʦʩʚʷʱʸʥʥʘʷ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɻʫʨʠʷ 

ʀʚʘʥʦʚʠʯʘ ʄʘʨʯʫʢʘ. ʅʦʚʦʩʠʙʠʨʩʢ, 19-23 ʦʢʪʷʙʨʷ 2015.  

¶ ʏʝʪʚʝʨʪʘʷ ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʚ ʀʌɿ ʠʤ. 

ʆ.ʖ. ʐʤʠʜʪʘ ʈɸʅ. ʄʦʩʢʚʘ, 3-8 ʦʢʪʷʙʨʷ 2016. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ 

ʤʘʪʝʤʘʪʠʢʘ 2017è (ɺʇʄ 2017). ʅʦʚʦʩʠʙʠʨʩʢ, 25 - 30 ʠʶʥʷ 2017. 

¶ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʪʝʤʘʪʠʢʘ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘè, ʧʦʩʚʷʱʸʥʥʘʷ 90-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɸʥʘʪʦʣʠʷ ʉʝʤʸʥʦʚʠʯʘ ɸʣʝʢʩʝʝʚʘ. 

ʅʦʚʦʩʠʙʠʨʩʢ, 8 ï 10 ʦʢʪʷʙʨʷ 2018. 

  

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʦʩʴ ʥʘ ʩʝʤʠʥʘʨʘʭ ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʣʦʛʠʠ ʉʆ ʈɸʅ (ʨʫʢ. ʜ.ʛ.-ʤ.ʥ. ɸ.ʖ. ʂʘʟʘʥʩʢʠʡ), ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ 

ʉʆ ʈɸʅ (ʨʫʢ. ʘʢʘʜ. ʅ.ʃ. ɼʦʙʨʝʮʦʚ), ʀʥʩʪʠʪʫʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ (ʨʫʢ.  ʘʢʘʜ. ʖ.ʀ. ʐʦʢʠʥ, ʧʨʦʬ. ɺ.ʄ. ʂʦʚʝʥʷ), 
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ʀʥʩʪʠʪʫʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉʆ ʈɸʅ (ʨʫʢ. ʜ.ʬ.-ʤ.ʥ. 

ʉ.ɹ. ʄʝʜʚʝʜʝʚ), ʥʘ ʟʘʩʝʜʘʥʠʠ ʋʯʸʥʦʛʦ ʩʦʚʝʪʘ ʀʥʩʪʠʪʫʪʘ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ (ʧʨʝʜʩʝʜʘʪʝʣʴ ï ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʩʦʨ ʀ.ʅ. ɽʣʴʮʦʚ). 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʩʫʞʜʘʣʠʩʴ ʪʘʢʞʝ ʥʘ 

ʩʝʤʠʥʘʨʘʭ ʀʅɻɻ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, ʀɺʄʠʄɻ ʉʆ ʈɸʅ ʠ 

ʀʌɿ ʠʤ. ʆ.ʖ. ʐʤʠʜʪʘ ʈɸʅ. 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʉʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʪʨʘʞʝʥʳ ʚ 55 ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 18 

ʩʪʘʪʴʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ɺɸʂ ʈʌ, ʘ ʪʘʢʞʝ ʚ ʯʝʪʳʨʸʭ ʢʦʤʧʣʝʢʩʘʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʦʪʚʝʯʘʶʱʠʭ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ.  

 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʦʣʥʦʪʦʡ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ (18): 

 

ʉʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

1. ʊʳʯʢʦʚ, ʉ.ɸ. ʊʝʧʣʦʚʘʷ ʢʦʥʚʝʢʮʠʷ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʝʸ ʵʬʬʝʢʪ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ / ʉ.ɸ. ʊʳʯʢʦʚ, 

ɽ.ɺ. ʈʳʯʢʦʚʘ, ɸ.ʅ. ɺʘʩʠʣʝʚʩʢʠʡ, ɺ.ɺ. ʏʝʨʚʦʚ // ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ. 

ï1999. ïʊ.40, ˉ9. ïʉ. 1275-1290. 

ʉʦʠʩʢʘʪʝʣʝʤ ʧʨʝʜʣʦʞʝʥʳ ʠ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-

ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʤʝʥʥʳʭ çʟʘʚʠʭʨʝʥʥʦʩʪʴïʬʫʥʢʮʠʷ ʪʦʢʘè, 

ʩʦʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʮʠʠ. ʉʦʠʩʢʘʪʝʣʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʯʘʩʪʚʦʚʘʣ ʚ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʠ ʦʙʩʫʞʜʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ. 
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2. ʏʝʨʚʦʚ, ɺ.ɺ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ / ɺ.ɺ. ʏʝʨʚʦʚ // ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï2002. ïʊ.7, 

ˉ1. ïʉ. 114-125. 

3. ʏʝʨʚʦʚ, ɺ.ɺ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ / 

ɺ.ɺ. ʏʝʨʚʦʚ // ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï2002. ïʊ.7, ˉ3. ïʉ.85-92. 

4. ʊʳʯʢʦʚ, ʉ.ɸ. ʆ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ / ʉ.ɸ. ʊʳʯʢʦʚ, ɺ.ɺ. ʏʝʨʚʦʚ, ɻ.ɻ. ʏʝʨʥʳʭ // 

ɼɸʅ. ï2005. ïʊ.402, ˉ2. ïʉ. 248-254. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʨʘʩʩʯʠʪʘʥʘ ʪʝʧʣʦʚʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʢʨʘʪʦʥʘʤʠ (ʣʦʚʫʰʢʘʤʠ) ʧʨʦʪʷʞʸʥʥʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʤ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣï

ʟʘʚʠʭʨʝʥʥʦʩʪʴè ʠ ʩʦʟʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ. ɺ.ɺ. ʏʝʨʚʦʚ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʠ 

ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ. 

5. ʊʳʯʢʦʚ, ʉ.ɸ. ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. / ʉ.ɸ. ʊʳʯʢʦʚ, ɺ.ɺ. ʏʝʨʚʦʚ, ɻ.ɻ. ʏʝʨʥʳʭ // 

ʌʠʟʠʢʘ ɿʝʤʣʠ. ï2005. ï̄ 5. ïʉ. 48-64. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʧʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʣʠʪʦʩʬʝʨʦʡ ʧʝʨʝʤʝʥʥʦʡ ʤʦʱʥʦʩʪʠ; ʦʧʨʝʜʝʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʡ ʤʦʜʳ ʢʦʥʚʝʢʮʠʠ ʚ ʘʩʪʝʥʦʩʬʝʨʝ 

ʧʣʘʥʝʪʳ ʥʘ ʛʣʫʙʠʥʘʭ 220-350 ʢʤ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʷʚʣʝʥʠʡ ʪʨʘʧʧʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʜʨʝʚʥʠʭ 

ʢʨʘʪʦʥʘʭ ʠ ʥʘ ʠʭ ʧʝʨʠʬʝʨʠʠ. ʉʦʠʩʢʘʪʝʣʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ 

ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʸʪʦʚ ʚ ʯʘʩʪʠ, ʢʘʩʘʶʱʝʡʩʷ ʪʨʸʭʤʝʨʥʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʦʜ ʢʨʘʪʦʥʘʤʠ(ʣʦʚʫʰʢʘʤʠ) ʧʨʦʪʷʞʸʥʥʦʡ ʬʦʨʤʳ. 
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6. Tychkov, S.A. Numerical modeling of 3D convection in the 

Earth mantle / S.A. Tychkov, V.V. Chervov, G.G. Chernykh // Russ. J. 

Numer. Anal. Math. Modelling. ï2005. ïVol.20, No.5. ïP. 483-500. 

ʉʦʠʩʢʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣïʟʘʚʠʭʨʝʥʥʦʩʪʴè 

ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʸʪʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʧʦʜ ʤʦʜʝʣʴʥʳʤʠ ʢʨʘʪʦʥʘʤʠ. ɺʳʧʦʣʥʝʥʳ ʜʝʪʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʪʝʩʪʠʨʦʚʘʥʠʶ ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʧʫʪʸʤ 

ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ ʜʣʷ ʪʨʸʭʤʝʨʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʥʝʣʠʥʝʡʥʦʡ ʧʨʘʚʦʡ ʯʘʩʪʴʶ, ʠʤʝʶʱʝʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʇʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ [64]. 

ʇʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʸʪʳ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʪʝʩʪʦʤ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ 

[136] ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ ʠ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ. ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ ʦʥ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʠ ʦʙʩʫʞʜʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ. 

7. ʏʝʨʚʦʚ, ɺ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ // ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï2006. ïʊ.11, ˉ4. ïʉ.73-86. 

8. ɺʣʘʜʠʤʠʨʦʚ, ɸ.ɻ. ʇʝpʤcʢʠʡ ʤʘʛʤʘʪʠʟʤ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʣʠʪʦʩʬʝʨʳ ɸʣʪʘʷ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʠ ʤʘʥʪʠʠ. / ɸ.ɻ. ɺʣʘʜʠʤʠpʦʚ, ʅ.ʅ. ʂpʫʢ, ɺ.ɺ. ʏʝʨʚʦʚ [ʠ ʜʨ.] // ɻʝʦʣʦʛʠʷ 

ʠ ʛʝʦʬʠʟʠʢʘ. ï2008. ïʊ.49, ˉ7. ïʉ. 621-636. 

ʉʦʠʩʢʘʪʝʣʝʤ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʪʨʸʭʤʝʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ 

ʧʦʜ ɸʣʪʘʝʤ ʠ ʝʛʦ ʦʢʨʫʞʝʥʠʝʤ. ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦʝ 

ʩ ʩʦʘʚʪʦʨʘʤʠ ʫʯʘʩʪʠʝ ʚ ʧʦʩʪʘʥʦʚʢʘʭ ʟʘʜʘʯ ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʘʩʯʸʪʦʚ. 

http://www.izdatgeo.ru/index.php?action=journal&id=1&lang_num=1
http://www.izdatgeo.ru/index.php?action=journal&id=1&lang_num=1
http://www.izdatgeo.ru/journal.php?action=output&id=1&id_dop=146&lang_num=1
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9. ʏʝʨʚʦʚ, ɺ.ɺ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʩʣʘʙʦʡ ʩʞʠʤʘʝʤʦʩʪʠ // 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï2009. ïʊ.14, ˉ3.ïʉ. 86-92. 

10. ʏʝʨʚʦʚ, ɺ.ɺ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʢʨʘʪʦʥʘʤʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ / ɺ.ɺ. ʏʝʨʚʦʚ, 

ɸ.ɺ. ʏʝʨʚʦʚ, ɻ.ɻ. ʏʝʨʥʳʭ // ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï2009. ïʊ.14, 

ˉ5. ïʉ. 114-121. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʧʨʝʜʣʦʞʝʥʳ ʧʨʦʩʪʝʡʰʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʤʦʜʝʣʴʥʳʭ ʢʨʘʪʦʥʦʚ, ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ; 

ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠʤ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʩ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʉʦʠʩʢʘʪʝʣʴ ʣʠʯʥʦ ʜʘʣ ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʯʠʩʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ. ɸ.ɺ. ʏʝʨʚʦʚ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʙʩʫʞʜʘʣʘʩʴ ʩ 

ʥʘʫʯʥʳʤ ʢʦʥʩʫʣʴʪʘʥʪʦʤ ɻ.ɻ. ʏʝʨʥʳʭ. 

11. Chervov, V.V. Numerical Modeling of 3D Convection in the 

Upper Mantle of the Earth beneath Lithosphere of Central Asia / 

V.V.  Chervov, G.G. Chernykh // Journal of Engineering Thermophysics.  

ï2012. ïVol .21, No.1. ïP. 78-89. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ 

ʨʝʰʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ, ʧʦʩʪʨʦʝʥʘ ʪʨʸʭʤʝʨʥʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ 

ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʜʨʦʙʥʳʭ ʰʘʛʦʚ. ʉʦʠʩʢʘʪʝʣʝʤ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʸʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɼʘʥʘ 

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʢʨʘʪʦʥʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʙʩʫʞʜʝʥʠʝ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʦʤ. 
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12. Koulakov, I. Slab interactions in the Taiwan region based on the 

P- and S- velocity distributions in the upper mantle / I. Koulakov, 

V . Chervov [et al.] // Journal of Asian Earth Sciences. ī2013. ïVol .79. 

ï P. 53-64. 

ʉʦʠʩʢʘʪʝʣʝʤ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ 3D-ʢʦʥʚʝʢʮʠʠ 

ʧʦʜ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʝʡ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

13. Chervov, V.V. Numerical Modeling of Three-Dimensional 

Convection in the Upper Mantle of the Earth beneath Eurasia Lithosphere / 

V.V.  Chervov, G.G. Chernykh // Journal of Engineering Thermophysics. 

ï 2014. ïVol.23, No.2. ïP.105-111. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʚʝʨʭʥʝʤʘʥʪʠʡʥʳʭ 

ʪʝʯʝʥʠʡ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ɽʚʨʘʟʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʨʦʚʝʜʝʥʦ 

ʜʝʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʠ ʚʳʧʦʣʥʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ 

ɽʚʨʘʟʠʠ. ɼʘʥʘ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʙʩʫʞʜʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʦʤ. 

14. ʏʝʨʚʦʚ, ɺ.ɺ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ɽʚʨʘʟʠʠ / 

ɺ.ɺ. ʏʝʨʚʦʚ, ɻ.ɻ. ʏʝʨʥʳʭ, ʅ.ɸ. ɹʫʰʝʥʢʦʚʘ, ʀ.ʖ. ʂʫʣʘʢʦʚ // 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ï2014. ïʊ.19, ˉ5. ïʉ. 101-114. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʧʦʩʪʨʦʝʥʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʥʮʝʧʮʠʷʭ 

ʌʣʝʡʪʦïʁʝʥʘ ʠ ʊʨʫʙʠʮʳʥʘïʊʳʯʢʦʚʘ ʦʨʠʛʠʥʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ 

ʩʧʨʝʜʠʥʛʘ ʠ ʩʫʙʜʫʢʮʠʠ. ʇʨʠʚʣʝʢʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʟʘʜʘʯʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ 



30 

ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʦʡ ʚ ʟʦʥʘʭ ʨʘʟʜʚʠʞʝʥʠʷ ʧʣʠʪ 

(ʩʧʨʝʜʠʥʛ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʵʙʘ (ʩʫʙʜʫʢʮʠʷ) ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʣʠʪʦʩʬʝʨʦʡ. ɼʘʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ.  ʆʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

15. ɹʫʰʝʥʢʦʚʘ, ʅ.ɸ. ʉʫʙʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʧʦʛʨʘʥʠʯʥʘʷ ʟʦʥʘ ʚ 

ɸʟʠʠ: ʩʝʡʩʤʠʯʥʦʩʪʴ, ʩʪʨʫʢʪʫʨʘ ʣʠʪʦʩʬʝʨʳ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ / ʅ.ɸ. ɹʫʰʝʥʢʦʚʘ, ʆ.ɸ. ʂʫʯʘʡ, 

ɺ.ɺ. ʏʝʨʚʦʚ // ɻʝʦʜʠʥʘʤʠʢʘ ʠ ʪʝʢʪʦʥʦʬʠʟʠʢʘ. ï2018. ïʊ.9, ˉ3. 

ï ʉ. 1007-1023. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʧʦʩʪʨʦʝʥʳ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ 

ɽʚʨʘʟʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʆʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

16. Chervov, V.V.  Numerical Modeling of Convection in the Zone 

of Spreading and Subduction / V.V.  Chervov, G.G. Chernykh // Journal of 

Engineering Thermophysics. ï2019. ïVol.28, No.1. ïP. 14-25. 

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʚ ʟʦʥʘʭ ʩʧʨʝʜʠʥʛʘ ʠ ʩʫʙʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ. ʆʩʫʱʝʩʪʚʣʝʥʦ 

ʜʝʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ. ɼʘʥʘ 

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  ʇʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʦʙʩʫʞʜʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʦʤ. 

17. Chervov, V.V. Flow in Subduction Zone Against Bevel Angle of 

Leading Edge of Continent Overthrusting on Passive Oceanic Lithosphere / 

http://www.ipgg.sbras.ru/ru/person/ipgg-chervovvv
http://www.ipgg.sbras.ru/ru/science/publications/publ-numerical-modeling-of-convection-in-the-zone-2019
http://www.ipgg.sbras.ru/ru/science/publications/publ-numerical-modeling-of-convection-in-the-zone-2019
http://www.ipgg.sbras.ru/ru/person/ipgg-chervovvv
http://www.ipgg.sbras.ru/ru/person/ipgg-chervovvv
http://www.ipgg.sbras.ru/ru/science/publications/publ-flow-in-subduction-zone-against-bevel-angle-3460466-2020
http://www.ipgg.sbras.ru/ru/science/publications/publ-flow-in-subduction-zone-against-bevel-angle-3460466-2020
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V.V.  Chervov, G.G. Chernykh // Journal of Engineering Thermophysics. 

ï 2020. ïVol.29, No.3. ï P. 460-466.  

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʚ ʟʦʥʘʭ ʩʧʨʝʜʠʥʛʘ ʠ ʩʫʙʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ. ʆʩʫʱʝʩʪʚʣʝʥʦ 

ʜʝʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ. ɼʘʥʘ 

ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  ʇʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʦʙʩʫʞʜʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʦʤ. 

18. ʏʝʨʚʦʚ, ɺ.ɺ. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʛʠʙʳ ʥʘ ɺʦʩʪʦʯʥʦ-

ɽʚʨʦʧʝʡʩʢʦʡ ʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʘʭ: ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʢʦʥʚʝʢʮʠʠ ʧʦʜ ɽʚʨʘʟʠʡʩʢʠʤ ʢʦʥʪʠʥʝʥʦʤ / ɺ.ɺ. ʏʝʨʚʦʚ, 

ʅ.ɸ. ɹʫʰʝʥʢʦʚʘ, ɻ.ɻ. ʏʝʨʥʳʭ // ɻʝʦʜʠʥʘʤʠʢʘ ʠ ʪʝʢʪʦʥʦʬʠʟʠʢʘ. ï2021. 

ïʊ.12, ˉ1. ʉ. 84-99.   

ʉʦʠʩʢʘʪʝʣʝʤ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ 

ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʥʘ ʦʩʥʦʚʝ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ 

ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʝʪʦʢ. ʆʩʫʱʝʩʪʚʣʝʥʦ ʜʝʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʤʧʣʝʢʩʘ 

ʧʨʦʛʨʘʤʤ. ɼʘʥʘ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʙʩʫʞʜʘʣʘʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʘʚʪʦʨʘʤʠ. 

 

ʉʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 

19. ʏʝʨʚʦʚ, ɺ.ɺ.  ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʤʘʥʠʠ ɿʝʤʣʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʟʘʚʠʭʨʝʥʥʦʩʪʴïʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣè ʩ 

ʚʷʟʢʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ PSIOMEGA/2015 // 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 

ˉ 2018610212 ʦʪ 09.01.2018 ʛ. 

http://www.ipgg.sbras.ru/ru/person/ipgg-chervovvv
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20. ʏʝʨʚʦʚ, ɺ.ɺ. ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʧʣʠʪʘʤʠ ɿʝʤʣʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

Navie_Spherical_Coords/2017 // ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ˉ 2018616280 ʦʪ 28.05.2018 ʛ. 

21. ʏʝʨʚʦʚ, ɺ.ɺ. ʇʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ Mantle_RFP/2018 / ɺ.ɺ. ʏʝʨʚʦʚ, 

ɻ.ɻ. ʏʝʨʥʳʭ // ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʕɺʄ ˉ 2018660074 ʦʪ 16.08.2018 ʛ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ, ʥʘʧʠʩʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ ʠ ʝʛʦ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ɺ.ɺ. ʏʝʨʚʦʚʳʤ. ɻ.ɻ. ʏʝʨʥʳʭ ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. 

22. ʏʝʨʚʦʚ, ɺ.ɺ.  ʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʤʘʥʪʠʠ ɿʝʤʣʠ ʥʝʷʚʥʳʤ ʤʝʪʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ 

ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ Mantle_IS/2019 / ɺ.ɺ. ʏʝʨʚʦʚ // 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 

ˉ 2019664642 ʦʪ 11.11.2019 ʛ. 

 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. 

ʆʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ: 

V ʇʦʩʪʨʦʝʥʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʝʷʚʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʪʨʸʭʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʠ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʠ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ 

ʛʝʦʜʠʥʘʤʠʢʠ ʥʝʜʨ ʧʣʘʥʝʪʳ.  

V ʀʟʫʯʝʥʘ ʪʝʧʣʦʚʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʤʦʜʝʣʴʥʳʤʠ 

ʢʨʘʪʦʥʘʤʠ. ʆʙʦʩʥʦʚʘʥʘ ʪʨʸʭʤʝʨʥʦʩʪʴ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʤʦʜʝʣʴʥʳʤʠ 
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ʢʨʘʪʦʥʘʤʠ ʧʨʦʪʷʞʸʥʥʦʡ ʬʦʨʤʳ. ɺ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʳʷʚʣʝʥʘ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʤʦʜʘ ʢʦʥʚʝʢʮʠʠ, ʥʘʙʣʶʜʘʝʤʘʷ ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʢʨʘʪʦʥʦʚ, ʧʦʟʚʦʣʠʚʰʘʷ ʦʙʦʩʥʦʚʘʪʴ ʪʨʘʧʧʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʦʢʦʣʦ ʙʦʨʪʦʚ 

ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʪʨʠʘʩʝ. 

V ʆʩʫʱʝʩʪʚʣʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ 

ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ɽʚʨʘʟʠʠ ʩ ʫʯʸʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʵʣʝʤʝʥʪʦʚ ʣʠʪʦʩʬʝʨʥʳʭ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʭ ʚ ɽʚʨʘʟʠʡʩʢʠʡ ʢʦʥʪʠʥʝʥʪ 

(ʉʠʙʠʨʩʢʠʡ ʢʨʘʪʦʥ, ʈʫʩʩʢʘʷ, ɿʘʧʘʜʥʦïʉʠʙʠʨʩʢʘʷ ʠ ʂʠʪʘʡʩʢʠʝ 

ʧʣʘʪʬʦʨʤʳ, ʊʘʨʠʤ, ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ, 

ʀʥʜʠʡʩʢʘʷ ʧʣʠʪʘ ʠ ʜʨ.). ʇʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ, ʩʦʛʣʘʩʫʶʱʠʝʩʷ 

ʩ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʥʠʟʢʦʩʢʦʨʦʩʪʥʦʡ ʘʥʦʤʘʣʠʝʡ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʦʢʦʥʝʯʥʦʩʪʠ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ 

ʄʦʥʛʦʣʠʠ. 

V ʇʦʩʪʨʦʝʥʳ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʩʧʨʝʜʠʥʛʘ ʠ ʩʫʙʜʫʢʮʠʠ.  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʦʡ ʚ ʟʦʥʘʭ ʨʘʟʜʚʠʞʝʥʠʷ ʧʣʠʪ 

(ʩʧʨʝʜʠʥʛ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʵʙʘ (ʩʫʙʜʫʢʮʠʷ) ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʣʠʪʦʩʬʝʨʦʡ.  ʋʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʛʨʫʞʘʶʱʠʭʩʷ 

ʭʦʣʦʜʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʭ ʦʙʣʘʩʪʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʣʠʪʦʩʬʝʨʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʨʭʠʤʝʜʦʚʳʭ ʩʠʣ.  ʇʦʣʫʯʝʥʳ   ʪʝʧʣʦʚʳʝ 

ʘʥʦʤʘʣʠʠ, ʠʤʝʶʱʠʝ ʚʠʜ ʩʣʵʙʦʚ, ʧʦʛʨʫʞʸʥʥʳʭ ʚ ʤʘʥʪʠʶ.   

V ʇʦʣʫʯʝʥʳ ʪʝʧʣʦʚʳʝ ʘʥʦʤʘʣʠʠ, ʠʤʝʶʱʠʝ ʚʠʜ ʪʷʞʸʣʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʥʝʫʩʪʦʡʯʠʚʦʡ ʭʦʣʦʜʥʦʡ çʢʘʧʣʠè, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ 

ʦʪʨʳʚ ʢʦʪʦʨʦʡ ʦʪ ʢʨʦʤʢʠ ʢʦʥʪʠʥʝʥʪʘ ʧʦ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ ʦʪʨʳʚʘ ʧʨʠʨʘʱʸʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʩʧʨʝʜʠʥʛʘ 

ʤʘʥʪʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʵʙʘ, ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ ʚ 

ʤʘʥʪʠʶ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ; ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʥʘʪʫʨʥʳʭ 
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ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʝ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʩʪʨʦʝʥʠʠ ʥʦʚʳʭ ʙʦʣʝʝ ʧʦʣʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ.  

 

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʇʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʉʆ 

ʈɸʅ çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʠ ʤʘʥʪʠʠ 

ɿʝʤʣʠ: ʪʝʢʪʦʥʠʢʘ, ʤʘʛʤʘʪʠʟʤ, ʬʣʶʠʜʥʳʡ ʨʝʞʠʤ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷè, ʧʦ 

ʇʨʦʛʨʘʤʤʝ ʉʆ ʈɸʅ ˉ26.2. çɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ 

ɸʟʠʠ: ʪʝʢʪʦʥʠʢʘ, ʤʘʛʤʘʪʠʟʤ, ʤʝʪʘʤʦʨʬʠʟʤ, ʛʝʦʭʠʤʠʷ ʠ ʤʝʪʘʣʣʦʛʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʝʸ ʵʪʘʧʦʚè. (2002-2004 ʛʛ.) ʠ ʧʨʦʝʢʪʦʚ:  

1. ʇʨʦʝʢʪ ʈʌʌʀ ˉ 08-05-00276, çɻʣʫʙʠʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 

ʛʝʦʜʠʥʘʤʠʢʘ ʧʦʜ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʙʣʘʩʪʷʤʠ (ʥʘ ʧʨʠʤʝʨʝ 

ʖʞʥʦʡ ʉʠʙʠʨʠ ʠ ɺʦʩʪʦʯʥʦʡ ɸʬʨʠʢʠ)è (2008-2010 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʜ.ʛ.-ʤ.ʥ. ʀ.ʖ. ʂʫʣʘʢʦʚ).  

2. ʇʨʦʝʢʪ ʈʌʌʀ ˉ HRJRG-110 (09-05-91321) (ʉʀɻ-ʘ - ʉʦʚʤʝʩʪʥʳʡ 

ʢʦʥʢʫʨʩ ʈʌʌʀ - ʦʙʲʝʜʠʥʝʥʠʝ ʠʤ. ɻʝʣʴʤʛʦʣʴʮʘ), çɸʣʛʦʨʠʪʤʳ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʪʦʤʦʛʨʘʬʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯè (2009-2011 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʛ.-ʤ.ʥ. 

ʀ.ʖ. ʂʫʣʘʢʦʚ). 

3. ʇʨʦʝʢʪ ʈʌʌʀ ˉ 12-05-93085 (ʅʦʨʚ_ʘ - ʂʦʥʢʫʨʩ ʩʦʚʤʝʩʪʥʳʭ 

ʠʥʠʮʠʘʪʠʚʥʳʭ ʨʦʩʩʠʡʩʢʦ-ʥʦʨʚʝʞʩʢʠʭ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ), çʉʪʨʫʢʪʫʨʘ 

ʠ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʦʩʥʦʚʝ 

ʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè (2012-2014 ʛʛ., 

ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʛ-ʤ.ʥ. ʀ.ʖ. ʂʫʣʘʢʦʚ). 

4. ʇʨʦʝʢʪ ʈʌʌʀ ˉ 13-05-00054, çʇʨʦʷʚʣʝʥʠʷ ʛʣʫʙʠʥʥʦʡ 

ʛʝʦʜʠʥʘʤʠʢʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʣʝʡ ʜʝʬʦʨʤʘʮʠʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘè (2013-2015 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʛ.-ʤ.ʥ. ʅ.ɸ. ɹʫʰʝʥʢʦʚʘ). 
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ʇʨʦʝʢʪʳ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ ʠ ʝʸ 

ʦʪʜʝʣʝʥʠʡ 

5. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ 

ˉ 116.  çɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʪʦʩʬʝʨʳ ʠ ʤʘʥʪʠʠ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʠʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝè 

(2006- 2008 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʠ: ʘʢʘʜ. ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ, ʘʢʘʜ. 

ɹ.ɻ. ʄʠʭʘʡʣʝʥʢʦ). 

6. ʇʨʦʛʨʘʤʤʘ ʉʆ ʈɸʅ ˉ 26.1 çɻʣʫʙʠʥʥʘʷ ʛʝʦʜʠʥʘʤʠʢʘ, 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳè, ʧʨʦʝʢʪ çɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʢʣʶʯʝʚʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʦʢʝʤʙʨʠʡʩʢʦ-ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʟʘ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ, 

ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭè (2007-2009 ʛʛ., 

ʨʫʢʦʚʦʜʠʪʝʣʴ: ʘʢʘʜ. ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ). 

7. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ ˉ 44, 

çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʨʳ ʠ ʤʘʥʪʠʠ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ 

ɸʟʠʠ ʧʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè (2009-2011 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: ʘʢʘʜ. 

ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ). 

8. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ ˉ 21, 

çɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ: ʪʝʧʣʦʬʠʟʠʯʝʩʢʦʝ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʩ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠè (2009-2011 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʘʢʘʜ. ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ). 

9. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ ˉ 76 

çʉʪʨʫʢʪʫʨʘ ʠ ʛʝʦʜʠʥʘʤʠʢʘ ʢʦʣʣʠʟʠʦʥʥʳʭ ʟʦʥ ɸʟʠʠ ʧʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè 

(2012-2014 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: ʘʢʘʜ. ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ). 

10. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ ˉ 20. 

çɻʣʫʙʠʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʫʣʢʘʥʠʟʤʘ ʚ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠè 

(2012- 2014 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: ʘʢʘʜ. ʅ.ʃ. ɼʦʙʨʝʮʦʚ). 
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11. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ ˉ 90 

çʂʘʡʥʦʟʦʡʩʢʦʝ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʝ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʩʝʡʩʤʠʯʥʦʩʪʴ: 

ʪʝʨʤʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ, ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè (2012-2014 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜ.ʛ.- ʤ.ʥ. ʄ.ʄ. ɹʫʩʣʦʚ). 

12. ʀʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ-ʋʨʆ- ɼɺʆ ʈɸʅ ˉ 42, 

çʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʫʨʠʣʦ-

ʢʘʤʯʘʪʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʵʚʦʣʶʮʠʷ ʬʣʶʠʜʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʂʫʨʠʣʦ-ʂʘʤʯʘʪʩʢʦʤ 

ʨʝʛʠʦʥʝè (2012-2014 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʠ: ʘʢʘʜ. ɻʦʨʜʝʝʚ ɽ.ʀ., ʘʢʘʜ. 

ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ). 

13. ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʠʥʪʝʛʨʘʮʠʦʥʥʳʡ ʧʨʦʝʢʪ ʉʆ ʈɸʅ ˉ44 

çʀʟʫʯʝʥʠʝ ʟʦʥ ʩʫʙʜʫʢʮʠʠ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤʠ ʚʫʣʢʘʥʠʟʤʘ ʤʝʪʦʜʘʤʠ 

ʛʝʦʬʠʟʠʢʠ, ʧʝʪʨʦʣʦʛʠʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

(2018- 2020 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀ.ʖ. ʂʫʣʘʢʦʚ). 

14. ʇʨʦʛʨʘʤʤʘ ʧʨʝʟʠʜʠʫʤʘ ʈɸʅ ɸɸɸ-ɸ18-118021490041-5 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʧʦʜʛʦʪʦʚʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʡè (2018-2020 ʛʛ., ʨʫʢʦʚʦʜʠʪʝʣʴ ʜ.ʬ.-ʤ.ʥ. 

ɻ.ɻ. ʏʝʨʥʳʭ). 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 312 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʚʚʝʜʝʥʠʝ, ʧʷʪʴ ʛʣʘʚ, ʦʪʨʘʞʘʶʱʠʝ ʤʝʪʦʜʠʢʫ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʶʯʝʥʠʝ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ. 

 

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ. ɺʳʧʦʣʥʝʥ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
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ɺ ɻʣʘʚʝ 1, ʥʦʩʷʱʝʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʨʘʪʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ɿʝʤʣʠ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 

ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ʫʧʨʦʱʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ) ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʩʞʠʤʘʝʤʳʭ ʪʝʯʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ɿʝʤʣʠ. ʇʨʦʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ 

ʛʝʦʜʠʥʘʤʠʢʠ ʩ ʫʯʸʪʦʤ ʚʝʣʠʯʠʥ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʚʦʡʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚʫ ʤʘʥʪʠʠ ɿʝʤʣʠ ʠ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʠʚʝʜʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʟʘʜʘʯʘʭ ʪʝʧʣʦʚʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ. ʀʟʣʦʞʝʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣèïçʟʘʚʠʭʨʝʥʥʦʩʪʴè ʜʣʷ 

ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʥʘʯʘʣʴʥʳʭ 

ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ.  

 

ɺ ɻʣʘʚʝ 2 ʠʟʣʦʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʦʤ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʘʣʛʦʨʠʪʤʳ. ʇʦʩʪʨʦʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʝʨʝʤʝʥʥʳʭ çʟʘʚʠʭʨʝʥʥʦʩʪʴ - ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣè.  ʇʦʩʪʨʦʝʥ 

ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʠʩʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʷʚʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʧʝʨʝʤʝʥʥʳʤ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ. ʇʦʩʪʨʦʝʥʳ ʘʣʛʦʨʠʪʤ ʠ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ 

ʠ ʧʨʠʚʝʜʝʥʦ ʠʭ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʩʪʘʥʦʚʢʠ 

ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʪʝʩʪʦʚʳʭ 

ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʚʷʟʢʠʭ ʪʝʯʝʥʠʡ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ 

ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʚʷʟʢʦʩʪʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʛʣʫʙʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʇʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʪʝʩʪʘ [136].  

ʇʦʢʘʟʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʢ ʪʝʩʪʦʚʦʡ 

ʟʘʜʘʯʝ, ʠ ʢ ʤʦʜʝʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ. ɼʦʩʪʠʛʥʫʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʈʠʯʘʨʜʩʦʥʘ [64].  

ʆʩʫʱʝʩʪʚʣʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʤʘʥʪʠʠ ɿʝʤʣʠ (ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ [136]) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʷʚʥʦʛʦ 

ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʥʘ ʨʘʟʥʝʩʸʥʥʦʡ ʠ ʥʘ 

ʦʙʳʯʥʦʡ ʩʝʪʢʘʭ ʠ ʩʜʝʣʘʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤ ʪʝʩʪʦʚʳʤ 

ʨʝʰʝʥʠʝʤ [136].  

 

ɺ ɻʣʘʚʝ 3 ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʸʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʡ ʪʝʧʣʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʦʡ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʵʚʦʣʶʮʠʠ ʤʘʥʪʠʡʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʬʦʨʤʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ, 

ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ 4200 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʚʦʩʪʦʢ ʠ 4200 ʢʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘ ʩʝʚʝʨ, ʠ ʤʦʱʥʦʩʪʴʶ 700 ʢʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠ: 

1) ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʦʡ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ; 

2) ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʩ ʧʨʦʪʷʞʸʥʥʳʤ 

ʢʨʘʪʦʥʦʤ; 

3) ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʩ ʢʚʘʜʨʘʪʥʳʤ ʚ 

ʧʣʘʥʝ ʢʨʘʪʦʥʦʤ; 

4) ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʩ ʜʚʫʤʷ ʢʨʘʪʦʥʘʤʠ; 

5) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʩ ʣʦʚʫʰʢʦʡ; 
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6) ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʩ 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʪʷʞʸʥʥʦʛʦ ʢʨʘʪʦʥʘ ʠʣʠ 

ʣʦʚʫʰʢʠ; 

7) ʪʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʜ 

ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʝʡ. 

ɺ ʧ. 3.1 ʧʨʠʚʝʜʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ. ɺ ʧ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʚʥʦʤʝʨʥʦʡ ʣʠʪʦʩʬʝʨʳ; ʧʦʣʫʯʝʥʦ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʩʯʸʪʦʚ; ʚ ʧʧ. 3.3-3.7 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʸʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʤʘʥʪʠʡʥʳʭ 

ʪʝʯʝʥʠʡ; ʚ ʧʧ. 3.4, 3.5 ʚʳʷʚʣʝʥʘ ʤʝʣʢʦʤʘʩʰʪʘʙʥʘʷ ʤʦʜʘ, 

ʦʙʲʷʩʥʷʶʱʘʷ ʪʨʘʧʧʦʚʳʡ ʤʘʛʤʘʪʠʟʤ; ʚ ʧ. 3.8 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʢʨʘʪʦʥʦʚ. 

 

ɺ ɻʣʘʚʝ 4 ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʛʝʦʜʠʥʘʤʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʜʚʠʞʝʥʠʝ ʚʷʟʢʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ 

ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ; ʠʟʣʦʞʝʥʳ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚ ʫʢʘʟʘʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʧʦʩʪʨʦʝʥ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠ ʝʛʦ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʨʸʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʣʠʪʦʩʬʝʨʦʡ ʧʝʨʝʤʝʥʥʦʡ ʪʦʣʱʠʥʳ (ɽʚʨʘʟʠʷ ʠ ʝʸ ʦʢʨʫʞʝʥʠʝ). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. 

1. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʝ ʩ ʢʨʘʪʦʥʦʤ ʠ ʣʦʚʫʰʢʦʡ ʚ ʜʝʢʘʨʪʦʚʳʭ ʠ 

ʩʬʝʨʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ; ʧʦʣʫʯʝʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʩʢʦʤʳʭ ʧʦʣʝʡ. 
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2. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ 

ɽʚʨʘʟʠʠ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ; ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ, 

ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʩʝʡʩʤʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʠʥʦʡ ʜʘʥʥʦʛʦ 

ʨʝʛʠʦʥʘ. 

 

ɺ ɻʣʘʚʝ 5 ʧʦʩʪʨʦʝʥʘ ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʤʝʪʦʜʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʠ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʦʡ 

ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʦʡ ʚ 

ʟʦʥʝ ʨʘʟʜʚʠʞʝʥʠʷ ʧʣʠʪ (ʩʧʨʝʜʠʥʛ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʵʙʘ (ʩʫʙʜʫʢʮʠʷ) 

ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʢʘʟʘʥ ʤʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʛʨʫʞʘʶʱʠʭʩʷ çʭʦʣʦʜʥʳʭè ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʥʝʫʩʪʦʡʯʠʚʳʭ ʦʙʣʘʩʪʝʡ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʣʠʪʦʩʬʝʨʳ. 

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʛ.-ʤ.ʥ. ʉʝʨʛʝʶ ɸʥʘʪʦʣʴʝʚʠʯʫ 

ʊʳʯʢʦʚʫ ʠ ʜ.ʬ.-ʤ.ʥ. ɻʝʥʥʘʜʠʶ ɻʝʦʨʛʠʝʚʠʯʫ ʏʝʨʥʳʭ ʟʘ ʧʦʩʪʦʷʥʥʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʨʘʙʦʪʝ ʠ ʥʘʫʯʥʦʝ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʜ.ʬ.-

ʤ.ʥ. ʅʠʢʦʣʘʷ ʇʘʚʣʦʚʠʯʘ ʄʦʰʢʠʥʘ ʟʘ ʧʦʣʝʟʥʳʝ ʩʦʚʝʪʳ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʜ.ʛ-ʤ.ʥ. ʯʣ.-ʢʦʨʨ. ʈɸʅ ʀʚʘʥʘ ʖʨʴʝʚʠʯʘ ʂʫʣʘʢʦʚʘ 

ʠ ʢ.ʛ.-ʤ.ʥ. ʅʘʪʘʣʴʶ ɸʥʘʪʦʣʴʝʚʥʫ ɹʫʰʝʥʢʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʛʝʦʣʦʛʦ-

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.     
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ɻʣʘʚʘ 1.    ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʨʸʭʤʝʨʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʥʪʠʡʥʦʡ ʢʦʥʚʝʢʮʠʠ 

 

1.1 ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ 

 

ʋʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [57] 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʧʨʦʱʝʥʠʡ 

(ʩʤ., ʥʘʧʨʠʤʝʨ, [38]) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʸʪʦʚ 

ʚʳʩʦʢʦʚʷʟʢʠʭ ʪʝʯʝʥʠʡ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ. 

 

1.1.1 ʋʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʜʚʠʞʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 

ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ 

 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʷʟʢʦʡ ʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [57, 66]:  
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ʛʜʝ r - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, V - ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, kv  - ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V = { ),,,(),,,,(),,,,( tzyxwtzyxvtzyxu };  zg  - ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʩʠʣʳ ʪʷʞʝʩʪʠ g; ),,,( tzyxp  - ʜʘʚʣʝʥʠʝ; ,0),,,( >h tzyx

0),,,( >z tzyx  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʩʪʠ, ʧʨʠʯʸʤ h ʥʘʟʳʚʘʶʪ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ, ʘ  z ʥʘʟrʚʘʶʪ ʚʪʦʨʦʡ ʚʷʟʢʦʩʪʴʶ;  ikd - ʩʠʤʚʦʣ 
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ʂʨʦʥʝʢʝʨʘ; i= 1,2,3; k=1,2,3. ɺ (1.2) ʧʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʠʥʜʝʢʩʘʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ. 

1.1.2 ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ 

 

ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

[57, 66]:  
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ʛʜʝ T - ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ, s - ʵʥʪʨʦʧʠʷ ʞʠʜʢʦʩʪʠ, ⱡ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 
zyx µ

µ
+

µ

µ
+

µ

µ
=Ð kji  - ʚʝʢʪʦʨʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ 

ʦʧʝʨʘʪʦʨ ʛʨʘʜʠʝʥʪʘ, ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʘʤʠ ʚʝʢʪʦʨʦʚ ʠ 

ʧʦʜʯʠʥʷʶʱʠʡʩʷ ʟʘʢʦʥʘʤ ʯʘʩʪʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ⱡ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ɢ, ʧʣʦʪʥʦʩʪʴ  ɟ ʠ cp - ʫʜʝʣʴʥʫʶ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ: ⱡ = ɟcpɢ [57, 66].  

 

1.1.3 ʋʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ  

 

ʇʫʩʪʴ T = Ts + Tᾳ ʠ ɟ = ɟs + ɟᾳ, ʧʨʠʯʸʤ Ts - ʥʝʢʦʪʦʨʦʝ ʧʦʩʪʦʷʥʥʦʝ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪ ʢʦʪʦʨʦʛʦ ʦʪʩʯʠʪʳʚʘʝʪʩʷ Tᾳ, ɟs ï

ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ Ts, ɟᾳ - ʧʨʠʨʘʱʝʥʠʝ ʢ 

ɟs. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʫʶ 

Tᾳ, ʪʦ, ʚ ʣʠʥʝʡʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [57]  

Ts
¡ar-=r¡ , 
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ʛʜʝ Ŭ - ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʸʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʞʠʜʢʦʩʪʠ.  

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ pppT sss +=:, r , ʛʜʝ ),,,( tzyxpp=  ï ʜʘʚʣʝʥʠʝ, 

hgp zss r-=  ï ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, p  ï ʜʝʬʝʢʪ (ʦʪʢʣʦʥʝʥʠʝ) 

ʜʘʚʣʝʥʠʷ, h ï ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, zg  ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ 

ʚʝʢʪʦʨʘ ʩʠʣʳ ʪʷʞʝʩʪʠ g = {0,0,-gz}.  

1.2 ʆʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ 

 

ɽʩʣʠ ʚ ʥʝʢʦʪʦʨʦʤ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʸʤʝ ʠʟʤʝʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʤʝʥʷʝʪʩʷ ʠ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ ʚʦʟʥʠʢʘʶʪ ʚʦʟʤʫʱʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʷʚʣʝʥʠʶ ʩʚʦʙʦʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ [57, 66], ʢʦʪʦʨʫʶ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʨʘʚʥʝʥʠʷʤʠ ʜʣʷ 

ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɽʩʣʠ ʫʯʝʩʪʴ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʆʙʝʨʙʝʢʘ ï 

ɹʫʩʩʠʥʝʩʢʘ [57, 66], ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1.1)-(1.3) ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ 

ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʜʣʷ ʢʦʪʦʨʦʡ 

ʠʩʩʣʝʜʫʝʪʩʷ ʪʝʯʝʥʠʝ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʷ 

ʜʘʥʥʳʭ ʟʘʜʘʯʠ. 

 

 

ʊʘʙʣʠʮʘ 1.1 ï ʆʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʅʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʬʫʥʢʮʠʠ ʤʘʩʰʪʘʙʥʳʡ ʩʦʤʥʦʞʠʪʝʣʴ 

 (x,y,z) ï ʢʦʦʨʜʠʥʘʪʳ  (x¡,y¡,z¡ ) d 

 t - ʚʨʝʤʷ                                    t¡d2/c
 

 h - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ      h¡h0 

 P - ʜʘʚʣʝʥʠʝ                         2
0 /dP ch¡  

 r - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ r¡r0 

 T - ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ T¡(DT) 

 u,v,w, - ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V dwvu /),,( c¡¡¡  

chDra= 0
3

0 /Ra Tdgz
 - ʯʠʩʣʦ ʈʵʣʝʷ; 
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ɼʣʷ ʟʘʜʘʯʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʥʫʪʨʠ ɿʝʤʣʠ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʩʰʪʘʙʥʳʭ ʤʥʦʞʠʪʝʣʝʡ (ʊʘʙʣʠʮʘ 1.1) 

[36, 136 ʠ ʜʨ.], ʛʜʝ d - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦ ʧʦʜʦʰʚʳ  

ʤʘʥʪʠʠ, c - ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, h0 ʠ 

r0 - ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, DT -

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʧʦʜʦʰʚʝ ʚʝʨʭʥʝʡ/ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, a - ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʙʲʸʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʝʨʝʤʝʥʥʳʝ ʩʦ ʰʪʨʠʭʦʤ - 

ʙʝʟʨʘʟʤʝʨʥʳʝ.  

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʜʘʥʥʳʭ ʠʟ ʪʘʙʣʠʮʳ 1.1 ʚ ʦʙʱʠʝ ʫʨʘʚʥʝʥʠʷ 

ʅʘʚʝɹ-ʉʪʦʢʩʘ, ʫʯʠʪʳʚʘʷ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ [38, 39, 57, 59, 66] , 

ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ 
22

0 10=h ʢʛ/ʤĿʩ ʠ ʜʦʙʘʚʠʚ ʫʨʘʚʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʦʣʫʯʠʤ ʚ ʥʦʚʳʭ ʰʪʨʠʭʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥʘʭ 

ʩʠʩʪʝʤʫ ʦʙʝʟʨʘʟʤʝʨʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʠ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ ʧʨʠʙʣʠʞʝʥʠʷʭ. ʆʧʫʩʢʘʷ ʚ ʬʦʨʤʫʣʘʭ ʰʪʨʠʭʠ, 

ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

,0=ÖÐ V  (1.4) 

,)Ra( eTp +sÖÐ=Ð  (1.5) 

,)( 2TT
t

T
Ð=ÖÐ+

µ

µ
V  (1.6) 

 

ʛʜʝ s - ʪʝʥʟʦʨ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, e = (0,0,1) - ʙʝʟʨʘʟʤʝʨʥʳʡ ʚʝʢʪʦʨ. 

 

ʇʦʩʣʝ ʦʙʝʟʨʘʟʤʝʨʠʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʆʙʝʨʙʝʢʘï

ɹʫʩʩʠʥʝʩʢʘ ʚ (1.5) T=T-Ts-ʜʝʬʝʢʪ ʪʝʤʧʝʨʘʪʫʨʳ; p - ʜʝʬʝʢʪ ʜʘʚʣʝʥʠʷ, ʘ 

ʥʝ ʜʘʚʣʝʥʠʝ (pp¹ ). ʕʪʠ ʚʝʣʠʯʠʥʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʥʘʟʳʚʘʪʴʩʷ, 

ʝʩʣʠ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʦʛʦʚʦʨʝʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ. 
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ɺ ʜʝʢʘʨʪʦʚʳʭ  ʧʝʨʝʤʝʥʥʳʭ  ʢʦʤʧʦʥʝʥʪʳ  ʪʝʥʟʦʨʘ       ʚʷʟʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʶʪ ʚʠʜ [57]:  
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ɺʦʧʨʦʩ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ 

ʚʦʟʥʠʢʘʝʪ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʛʨʦʤʘʜʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʪʝʯʝʥʠʷ, 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʛʨʦʤʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʚʷʟʢʦʩʪʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʜʘʥʳ 

ɺ.ɺ. ʇʫʭʥʘʯʸʚʳʤ [3]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʦʮʝʥʢʘʤʠ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠʤʝʥʠʤʦ, ʝʩʣʠ 

ʧʘʨʘʤʝʪʨ  

 1/ 0
3 ²ch= dgz .  

ɼʣʷ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʧʨʷʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʚʷʟʢʦʩʪʠ,   > 100. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.4)-(1.6) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʧʦʩʪʘʥʦʚʢʝ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ, ʩʦʛʣʘʩʫʶʱʝʡʩʷ 

ʩ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ ʚ ʨʘʙʦʪʝ [136] (ʥʠʞʝ, ʚ ɻʣʘʚʝ 2 ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʝʥʦ ʜʝʪʘʣʴʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʸʪʦʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩ 

ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ [136]).  

ʅʘ ʛʨʘʥʠʮʝ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

ʇ=[0,X]³[0,Y]³[0,Z]  (1.7) 

ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ (ʈʠʩʫʥʦʢ 1.1): 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ x= x1=0, x= x2= X; (y1Ò yÒ y2, z1Ò zÒz2): (1.8) 
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;0=
µ

µ
=

µ

µ
=

x

w

x

v
u  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ y= y1= 0, y= y2= Y;  (x1Ò xÒ x2, z1ÒzÒz2): 

;0=
µ

µ
=

µ

µ
=

y

w

y

u
v  (1.9) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ z= z1=0; z= z2= Z;  (x1 Ò x Ò x2, y1ÒyÒy2): 

u = v = w = 0. 
(1.10) 

ɼʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.4)-(1.6) ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ [116, 129]  

).,,(
~

)0,,,( 0 zyxTzyxT =  (1.11) 

 

ʉʣʝʜʫʷ [129], ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʨʘʚʥʝʥʠʠ (1.5) ʥʝʪ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʦʥʦ ʠʤʝʝʪ ʩʤʳʩʣ ʩʚʷʟʠ, ʚ ʢʦʪʦʨʦʡ çʩʢʦʨʦʩʪʴ ñʩʣʝʜʠʪò ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʦʡè. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʝ ʩʪʘʚʠʪʩʷ.  

 

ʈʠʩʫʥʦʢ 1.1 ï ʋʩʣʦʚʠʷ ʥʘ ʛʨʘʥʷʭ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ 

ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 
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ɼʣʷ ʫʨʘʚʥʝʥʠʷ (1.6) ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʤ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ (1.7) ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʈʠʩʫʥʦʢ 

1.1): 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ x = 0, x = X; (y1 Ò y Ò y2, z1 Ò z Ò z2): 

;0=
µ

µ

x

T
 

(1.12) 

         ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ y = 0, y = Y; (x1 Ò x Ò x2, z1 Òz Ò z2): 

;0=
µ

µ

y

T
 (1.13) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ z = 0; (x1 Ò x Ò x2, y1 Ò y Ò y2): 

T = 1; 
(1.14) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ z = Z, (x1 Ò x Ò x2, y1 Ò y Ò y2): 

T = 0. 
(1.15) 

 

1.3 ʋʨʘʚʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʭʨʝʥʥʦʩʪʴè 

 

ʉʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʨʘʩʯʸʪʦʚ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʷ ʚ ʤʘʥʪʠʠ, ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ 

ʧʝʨʝʤʝʥʥʳʭ zyx y+y+y= kjiɣ  ʠ  zyx w+w+w= kjiɤ  [61].  

ʇʨʠʤʝʥʠʚ ʦʧʝʨʘʮʠʶ rot ʢ ʫʨʘʚʥʝʥʠʶ (1.5) ʠ ʫʯʠʪʳʚʘʷ 

ʩʦʦʪʥʦʰʝʥʠʷ ( ) 0,,  ,, =ÖÐ=³Ð³Ð³Ð=³Ð= ɣ  ɤ ɣɣV  Vɤ  ʧʦʣʫʯʠʤ ʚʝʢʪʦʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ: 

ɤɣ -=Ð2  (1.16) 

ʠʣʠ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪ: 

xx w-=yÐ2 , (1.17) 
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yy w-=yÐ2 , (1.18) 

zz w-=yÐ2  (1.19) 

ʠ ʚʝʢʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ:  

Fɤ=Ð )(ɖ2
, (1.20) 

ʛʜʝ 
zyx FFF kji ++=F , ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʨʘʩʱʝʧʣʷʝʪʩʷ ʥʘ ʪʨʠ ʩʢʘʣʷʨʥʳʭ 

ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ: 

( ) ,2 xx F=hwÐ  (1.21) 

( ) ,2 yy F=hwÐ  (1.22) 

( ) zz F=hwÐ2
. (1.23) 

 

ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ F ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 
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 (1.24) 
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 (1.26) 

 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ (1.4) 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʦ, ʘ ʜʘʚʣʝʥʠʝ p ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ: 
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 (1.27) 

ɻʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1.27) ʙʫʜʫʪ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ 

[5], ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʤʳʝ ʠʟ (1.5). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʟʘʜʘʯʠ 

ʧʦʪʨʝʙʫʝʪʩʷ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ ʧʦ ʚʨʝʤʝʥʠ ʨʝʰʠʪʴ ʰʝʩʪʴ ʦʜʥʦʪʠʧʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʇʫʘʩʩʦʥʘ (1.17)-(1.23) ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 

ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʣʠʙʦ ʚ ʚʠʜʝ  

T
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, (1.28) 

ʣʠʙʦ ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʬʦʨʤʝ: 
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 (1.29) 

 

1.4 ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʠ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. 

 

ʉ ʫʯʸʪʦʤ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ (1.8)-(1.10) ʚ ʧʫʥʢʪʝ 1.1 ʠ 0=ÖÐɣ  ʚ ʧ. 1.3 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʬʫʥʢʮʠʡ y ʠ w ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʤʠ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [117]).  

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ rightleft SS , , ʛʜʝ x = 0 ʠ Xx=  (ʈʠʩʫʥʦʢ 1.2), 

:0,0 ZzYy ¢¢¢¢  
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x
, (1.30) 
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,0 . (1.31) 



50 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʜʦʣʴ ʦʩʠ ʭ 

 

 

 

ʈʠʩʫʥʦʢ 1.3 ï ʉʭʝʤʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʜʦʣʴ ʦʩʠ y 

 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ backfront
SS , , ʛʜʝ 0=y  ʠ Yy=  (ʈʠʩʫʥʦʢ 1.3), 

:0,0 ZzXx ¢¢¢¢  
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, (1.32) 
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ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ topbottom SS , , ʛʜʝ 0=z  ʠ Zz=  (ʈʠʩʫʥʦʢ 1.4), 

:0,0 YyXx ¢¢¢¢  

 

,0=y=y=y zyx
 (1.34) 

.0,, =w
µ

µ
=w

µ

µ
-=w zyx

z

u

z

v
 (1.35) 

ʋʩʣʦʚʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷʤʠ (1.34) ʠ (1.35) ʦʪʚʝʯʘʶʪ 

ʥʝʧʦʜʚʠʞʥʦʡ ʞʸʩʪʢʦʡ ʛʨʘʥʠʮʝ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʚʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (1.11). 

 

 

 

ʈʠʩʫʥʦʢ 1.4 ï ʉʭʝʤʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʜʦʣʴ ʦʩʠ z 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʛʣʘʚʳ 1, ʥʦʩʷʱʝʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʚʦʜʷʪʩʷ 

ʢ ʩʣʝʜʫʶʱʝʤʫ. 

1. ʇʨʠʚʝʜʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʢʦʥʚʝʢʪʠʚʥʳʝ 

ʪʝʯʝʥʠʷ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ 

ʤʦʜʝʣʴʥʦʡ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ 

ʤʘʥʪʠʡʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ.  
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2. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ɿʝʤʣʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʧʦʩʪʘʥʦʚʢʘ ʤʦʜʝʣʴʥʦʡ ʥʘʯʘʣʴʥʦ-

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʭʨʝʥʥʦʩʪʴè. 
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ɻʣʘʚʘ 2.    ʊʨʸʭʤʝʨʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʝ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ [136] 

ʢʦʥʚʝʢʮʠʠ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ.  

ʇʨʷʤʦʫʛʦʣʴʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ Ʉ = [0,X]³[0,Y]³[0,Z] ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʤʝʨʥʳʭ ʩʝʪʦʢ  

Xx...xxɠ M
)(

i =<<<= 21
1 0: ,  

Yy...yyɠ N
)(

j =<<<= 21
2 0: ,  

Zz...zzɠ K
)(

k =<<<= 21
3 0:   

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʯʘʩʪʠʯʥʳʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʳ: 

][][][Ʉ 111,, +++ ³³= kkjjiikji ,zz,yy,xx ;  

( i=1,2,é, M-1;  j=1,2,é, N-1;  k=1,2,é, K-1),  

 

ʠ ʚʚʦʜʷʪʩʷ ʧʦʩʪʦʷʥʥʳʝ- ʰʘʛʠ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ ʧʦ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ  

.,, 111 kkzjjyiix zzhyyhxxh -=-=-= +++   

 

ɺʚʝʜʸʤ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ (ʰʘʛ ʩʝʪʢʠ ʧʦ ʚʨʝʤʝʥʠ) 

,...),2,1,0(,

,1

=DÖ=

=-=D +

mtmt

constttt

m

mm
  

ʛʜʝ ʠʥʜʝʢʩʦʤ m ʦʙʦʟʥʘʯʝʥ ʪʝʢʫʱʠʡ ʩʣʦʡ ʧʦ ʚʨʝʤʝʥʠ. 

ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ 

ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.4)-(1.6) ʠʣʠ (1.16), (1.20), (1.28) ʥʘ ʢʘʞʜʦʤ 

ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ (m).  

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʇʫʘʩʩʦʥʘ  

F=WÐ2

 (2.1) 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʤʝʪʦʜ ʜʨʦʙʥʳʭ ʰʘʛʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ 

[130]:  



54 

F-W+W+W=
tD

W-W +
+

n

zz

n

yy

n

xx

nn

LLL 3/1
3/1

,  

),( 3/2

3/13/2

nn

yy

nn

L W-W=
tD

W-W +

++

 (2.2) 

)( 1

3/21

nn

zz

nn

L W-W=
tD

W-W +

++

,  

 

ʛʜʝ ʌ - ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʠ ʚʚʝʜʸʥ ʰʘʛ æŰ ʧʦ 

ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ t 

,...),2,1,0(,

,1

=tDÖ=t

=t-t=tD +

nn

const

n

nn
 (2.3) 

ʠʥʜʝʢʩ n ï ʪʝʢʫʱʠʡ ʩʣʦʡ ʧʦ ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ. 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  

,
max

max
1
,,

,,

,,
1
,,

,,
e<

W

W-W

+

+

n
kji

kji

n
kji

n
kji

kji

 (2.4) 

ʛʜʝ e>0 - ʥʝʢʦʪʦʨʘʷ ʤʘʣʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ.  

ʋʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʝʨʝʥʦʩʘ (1.28) ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ, ʚ ʢʦʪʦʨʦʡ ʠʥʜʝʢʩ m 

ï ʪʝʢʫʱʠʡ ʩʣʦʡ ʧʦ ʚʨʝʤʝʥʠ: 

m
zz

m
z

m
yy

m
y

m
xx

m
x

mm

TLTwLTLTvLTLTuL
t

TT
+-+-=-+

D

- ++
+

3/13/1
3/1

,  

m
yy

m
y

m
yy

m
y

mm

TLTvLTLTvL
t

TT
-=-+

D

- ++
++

3/23/2
3/13/2

, (2.5) 

m
zz

m
z

m
zz

m
z

mm

TLTwLTLTwL
t

TT
-=-+

D

- ++
++

11
3/21

,  

ʠʣʠ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ ʬʦʨʤʝ (1.29) 

m
zz

m
z

m
yy

m
y

m
xx

m
x

mm

TLwTLTLvTLTLuTL
t

TT
+-+-=-+

D

- ++
+

)()()( 3/13/1
3/1

,  

m
yy

m
y

m
yy

m
y

mm
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- ++
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)()( 3/23/2
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, (2.6) 
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TLwTLTLwTL
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TT
-=-+

D

- ++
++

)()( 11
3/21

.  
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ɺ ʩʭʝʤʘʭ (2.2), (2.5) ʠ (2.6) ʪʨʸʭʪʦʯʝʯʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʦʧʝʨʘʪʦʨʳ 
zzyyxx

LLL ,,  

ʠ 
zyx

LLL ,,   ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

2

11

2

2 2

x

ii
xx

h

fff
fL

x

f -+ +-
=@

µ

µ  ; ;
2

11

x

ii
x

h

ff
fL

x

f -+-=@
µ

µ  
 

2

11

2

2 2

y

jj

yy
h

fff
fL

y

f -+ +-
=@

µ

µ  ; ;
2

11

y

jj

y
h

ff
fL

y

f -+-
=@

µ

µ  (2.7) 

2

11

2

2 2

z

kk
zz

h

fff
fL

z

f -+ +-
=@

µ

µ  ; 
z

kk
z

h

ff
fL

z

f

2

11 -+-=@
µ

µ .  

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʥʘ ʢʣʘʩʩʝ ʛʣʘʜʢʠʭ ʨʝʰʝʥʠʡ ʠʤʝʶʪ 

ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʚʪʦʨʦʡ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ. 

 

2.1 ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ 

ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʭʨʝʥʥʦʩʪʴè 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʚ ʧʝʨʝʤʝʥʥʳʭ y-

w, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(1.16), (1.20), ʷʚʣʷʶʱʠʭʩʷ ʩʣʝʜʩʪʚʠʝʤ (1.4)ï(1.6), ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʜʨʦʙʥʳʭ ʰʘʛʦʚ [130] ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ ʧʦ ʚʨʝʤʝʥʠ ʧʦ 

ʩʣʝʜʫʶʱʝʤʫ ʟʘʧʠʩʘʥʥʦʤʫ ʚ ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʚʠʜʝ ʘʣʛʦʨʠʪʤʫ:  

  

( ) ,,12 nmnm,
h Fɤ =hÐ +

 (2.8)  

,112 ++ -=Ð nm,nm,
h ɤɣ    (2.9) 

( ) ,
1,1 ++ ³Ð=

nm

h

nm,
ɣV  (2.10) 

( )( )
h

mmnm,mm TTtTT 12111 ++++ Ð-ÖÐÖD-= V . (2.11) 
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 ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʸʤʝ ʧʨʠ t=0 

(m=0) ʟʘʜʘʸʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ 

ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʥʝ ʟʘʜʘʶʪʩʷ. ʀʥʜʝʢʩ h ʦʟʥʘʯʘʝʪ ʢʦʥʝʯʥʦʨʘʟʥʦʩʪʥʫʶ 

ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʝʨʘʪʦʨʘ. ɸʣʛʦʨʠʪʤ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ. 

 

1. ʀʟ ʫʨʘʚʥʝʥʠʷ (2.8) ʤʝʪʦʜʦʤ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ wm,n+ 1. 

2. ɸʥʘʣʦʛʠʯʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ (2.9) ʚʳʯʠʩʣʷʝʪʩʷ ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ym,n+ 1 ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʧʦʣʷ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ. 

3. ʀʟ ʨʘʟʥʦʩʪʥʦʛʦ ʘʥʘʣʦʛʘ ʩʦʦʪʥʦʰʝʥʠʷ ɣV ³Ð=  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʝ 

ʩʢʦʨʦʩʪʠ V m,n+ 1. 

4. ʇʫʪʸʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.11) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ m+ 1. 

ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ .tmtm DÖ=  

 

ɼʘʚʣʝʥʠʝ P ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʟ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ (1.27) ʜʣʷ ʜʝʬʝʢʪʘ ʜʘʚʣʝʥʠʷ p 

ʠ ʠʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (ʧ. 1.1.3) [57] ʩ ʫʯʸʪʦʤ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ɻʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1.27) ʙʫʜʫʪ ʫʩʣʦʚʠʷ 

ʅʝʡʤʘʥʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʤʳʝ ʠʟ (1.5) ʧʝʨʚʦʡ ʛʣʘʚʳ. 

 

 

2.2 ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ 

 



57 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (1.4)-(1.6) ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʥʝʷʚʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ [26, 71, 128] ʠ ʤʝʪʦʜʘ ʜʨʦʙʥʳʭ 

ʰʘʛʦʚ [65, 130] ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ (ʩʪʨʝʣʢʘ 

ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʢ ʩʠʤʚʦʣʠʯʝʩʢʠʤ ʦʙʦʟʥʘʯʝʥʠʷʤ ʨʘʟʥʦʩʪʥʳʭ 

ʘʧʧʨʦʢʩʠʤʘʮʠʡ):  
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( )( ) ÝÐ=ÖÐ+
µ

µ +++
+

1211
1

m
hh

mnm,
m

TT
t

T
V  

( )( )
h

mmnm,mm TTtTT 12111 ++++ Ð-ÖÐÖD-= V , 

(2.14) 

 

ʛʜʝ ʩ2 ï ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ, {i , k = 1,2,3}: ʧʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ 

ʠʥʜʝʢʩʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʫʤʤʠʨʦʚʘʥʠʝ.  

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩ2 ʠ constnn =t-t=tD +1  ʚ ʨʘʩʯʸʪʘʭ ʚʳʙʠʨʘʣʠʩʴ 

ʘʥʘʣʦʛʠʯʥʳʤʠ [81]:  

æt < min (hx, hy, hz)/c. 

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʸʤʝ ʧʨʠ t = 0 (m = 0) ʩʪʘʚʠʣʦʩʴ ʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. 

ɼʘʚʣʝʥʠʝ ʠ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʥʝ ʟʘʜʘʶʪʩʷ; ʦʥʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ 

ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʪʸʤ ʨʝʰʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (2.13) ʤʝʪʦʜʦʤ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ 

ʩʢʦʨʦʩʪʠ V m,n+ 1 ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʜʘʚʣʝʥʠʝ (p) ʥʘ 
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ʚʝʨʭʥʝʤ ʩʣʦʝ ʧʦ ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʜʠʚʝʨʛʝʥʮʠʶ 

ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʠ ʧʦʜʩʪʘʚʣʷʝʪʩʷ ʚ (2.12). ʇʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʷʟʢʠʭ 

ʩʣʘʛʘʝʤʳʭ ʚ (2.13) ʧʨʠʤʝʥʷʣʠʩʴ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [79]. 

ʇʫʪʸʤ ʨʝʰʝʥʠʷ (2.14) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʨʝʤʝʥʥʦʤ 

ʩʣʦʝ m+ 1. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ tmtm DÖ= . 

ɸʣʛʦʨʠʪʤ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʥʘ ʢʘʞʜʦʤ ʩʣʦʝ 

ʧʦ ʚʨʝʤʝʥʠ. 

ʕʪʘʧ ɸ 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ,0,00 === mtt  ʟʘʜʘʶʪʩʷ ʫʩʣʦʚʠʷ 

ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ (1.11) ʚ ʦʙʣʘʩʪʠ (1.7) ʩ ʫʯʸʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

(1.12)-(1.15). ʌʫʥʢʮʠʷ ),,(
~
0 zyxT  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʣʦʝ ʦʪ z¡ ʜʦ z" : 

2
12

0 )(
~

Tzz
zz

TT
T +¡¡-

¡-¡¡

-
= . (2.15) 

 

ɺ ʚʝʨʭʥʝʤ 120-ʪʠ ʢʠʣʦʤʝʪʨʦʚʦʤ ʩʣʦʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ T1 = 0ÁC ʧʨʠ z'  =  0 ʢʤ, ʜʦ T2 = 1200ÁC ʧʨʠ z"  =  120 ʢʤ; 

ʚ ʥʠʞʥʝʤ ʩʣʦʝ ʦʪ 120-ʪʠ ʢʠʣʦʤʝʪʨʦʚʦʡ ʦʪʤʝʪʢʠ (z') ʜʦ 

ʧʦʜʦʰʚʳ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ (z") ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʝʜʫʶʱʝʝ:  

ʦʪ T1 = 1200ÁC ʧʨʠ z' =  120 ʢʤ, ʜʦ T2 = DT = 1800ÁC ʧʨʠ z"  = Z ʢʤ. 

ʇʝʨʝʤʝʥʥʘʷ z ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʢʤ (ʜʥʝʚʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ)  

ʜʦ Z= Zupmant le = 670·700 ʢʤ (ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʚʝʭʥʝʤʘʥʪʠʡʥʦʡ 

ʛʨʘʥʠʮʳ) ʣʠʙʦ ʜʦ Z= Zmant le = 2700·2900 ʢʤ (ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ 

ʥʠʞʥʝʤʘʥʪʠʡʥʦʡ ʛʨʘʥʠʮʳ) [6, 38, 39, 42, 60, 82 ʠ ʜʨ.]. 

 

ʕʪʘʧ ɹ 

ʇʦ ʬʦʨʤʫʣʝ [110, 111]  

h(x,y,z,t) = exp(b(1-z) - aT(x,y,z,t)); 

a = 3,89, b = 5,84 
(2.16) 
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ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ ʚʷʟʢʦʩʪʠ
mh = exp(bÖ(1-z) - aÖTm).  

ʕʪʘʧ ɺ 

ʄʝʪʦʜʦʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ [130] ʠʱʝʪʩʷ ʧʦʣʝ ʩʢʦʨʦʩʪʠ 

zyx VwVvVu ¹¹¹ ,,:V  ʩ ʫʯʸʪʦʤ ʥʘʡʜʝʥʥʳʭ ʧʦʣʝʡ 
mT  ʠ 

mh . 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (1.5) ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V  ʚ 

ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʉʭʝʤʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ ʜʣʷ ʨʘʩʯʸʪʘ u-ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ (2.17) ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʘʢ:

 

( ) ( ) ( ) n
u

n
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n
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n
xx
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tD
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2 , (2.20) 

( ) ( )n
yy

n
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nn

uLLuLL
uu

h-h=
tD

- +
++

3/2
3/13/2

, (2.21) 

( ) ( )n
zz

n
zz

nn

uLLuLL
uu

h-h=
tD

- +
++

1
3/21

, (2.22) 

ʛʜʝ 

=Fn
u ( )[ ]nxy vLL h + ( )[ ]-h

n

xz wLL .n
x pL  (2.23) 

 

ɿʜʝʩʴ ʠ ʥʠʞʝ ʪʨʸʭʪʦʯʝʯʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʦʧʝʨʘʪʦʨʳ zyx LLL ,,   

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ 

(2.7).  

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ ʩʭʝʤʝ ʩʚʦʜʠʪʩʷ ʢ 

ʩʣʝʜʫʶʱʠʤ ʰʘʛʘʤ.  
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ʇʝʨʚʳʡ ʜʨʦʙʥʳʡ ʰʘʛ (2.20) (ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ n+1/3): 

 ( ) x
nxn

xx
n uduLLu LtD+¹=htD- ++ 3/13/1 2 , (2.24) 

ʛʜʝ  ( ) ( ) n
u

n
zz

n
yyx uLLuLL F+h+h=L . 

ɺʭʦʜʷʱʠʝ ʚ (2.24) ʦʧʝʨʘʪʦʨʳ ʧʝʨʝʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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 (2.27) 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ: 

2/)(,2/)( ,,,,1,,2/1,,,,1,,2/1 kjikjikjikjikjikji h+h=hh+h=h --++ ,  

2/)(,2/)( ,,,1,,2/1,,,,1,,2/1, kjikjikjikjikjikji h+h=hh+h=h --++ , (2.28) 

2/)(,2/)( ,,1,,2/1,,,,1,,2/1,, kjikjikjikjikjikji h+h=hh+h=h --++ .  

 

ʆʧʝʨʘʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.24) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ  
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 (2.29) 

ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʟʥʦʩʪʥʦʝ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ: 

x
kjikji

x
kjii

x
kjikji

x
kji ducubua ,,,,1,,,,,,1,, =-+- -+ . (2.30) 

 

ʀʟ (2.29) ʧʦʣʫʯʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʧʝʨʚʦʛʦ ʜʨʦʙʥʦʛʦ ʰʘʛʘ 

(2.20) ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.5): 
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ɺʝʣʠʯʠʥʫ x
kjid ,,  ʥʘʭʦʜʠʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʡ (2.26) ʠ (2.27) ʚ 

(2.20), ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʩʝʪʦʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
n
uF  ʠʟ (2.23):  

 ( ) ( )n
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n
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n
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n
u

n
u pfwv ,,,,31,,21,,

-L+L=F@F . (2.31) 

ɿʜʝʩʴ [79]:  

  ( )
( )

,
2

,,1,,1

,,

n

x

kjikjin
kji

h

pp
pf

-+ -
=    (2.32) 

[ ]kjikjikji vvvL ,,21,,21..21 5.0 +- L+LÖ@ ;   (2.33) 

( )
yx

x

kjikji

kji

x

kjikji

kji

y

kji v
h

vv

h

vv

h
v h=ù

ú

ø
é
ê

è -
h-

-
h=L

-+-+

+
- ,,1,,

,,

,1,1,1,

,1,,,21

1
;

   

(2.34) 

( )
yx

x

kjikji

kji

x

kjikji

kji

y

kji v
h

vv

h

vv

h
v h=ù

ú

ø
é
ê

è -
h-

-
h=L

--+

-

++ ,1,,1,1

,1,

,,,1

,,,,21

1
. (2.35) 

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ (2.31) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. 

 

ɺʪʦʨʦʡ ʜʨʦʙʥʳʡ ʰʘʛ (2.21) (ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ n+2/3): 

( ) ( )n
yy

nyn
yy

n uLLuduLLu htD-¹=htD- +++ 3/13/23/2 . (2.36) 

ʆʧʝʨʘʪʦʨʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (2.36) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʟʥʦʩʪʥʦʝ  

( )[

( ) ] ,,,
3/2

,1,,,,2/1,

3/2
,,,1,,2/1,2

3/2

y
kji

n
kjikjikji

n
kjikjikji

y

n

duu

uu
h

u

=-h-

--hÖ
tD

-

+
--

+
++

+

 (2.37) 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ  

y
kjikji

y
kjii

y
kjikji

y
kji ducubua ,,,1,,,,,,1,,, =-+- -+  (2.38) 

ʩʣʝʜʫʶʱʠʝ: 
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( ) ( )

;1

;;

,,,,,,
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y
kji

y
kji

y
kji

kji

y

y
kjikji

y

y
kji
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h
c

h
a

++=

h
tD

=h
tD

= -+

 

( )[

( )].,1,,,,2/1,

,,,1,,2/1,2

3/1
,,

n
kjikjikji

n
kjikjikji

y

ny
kji

uu

uu
h

ud

--

++
+

-h-

--hÖ
tD

-¹
 (2.39) 

 

ʊʨʝʪʠʡ ʰʘʛ (2.22) (ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ n+1): 

( ) ( ).3/211 n
zz

nzn
zz

n uLLuduLLu htD-¹=htD- +++
 (2.40) 

ʆʧʝʨʘʪʦʨʥʦʝ ʚʳʨʘʞʝʥʠʝ (2.40) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʟʥʦʩʪʥʦʝ  

( )[

( ) ] ,,,
3/2

1,,,,2/1,,

3/2
,,1,,2/1,,2

1

z
kji

n
kjikjikji

n
kjikjikji

z

n

duu

uu
h

u

=-Öh-

--ÖhÖ
tD

-

+
--

+
++

+

 (2.41) 

ʜʣʷ ʢʦʪʦʨʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ  

z
kjikji

z
kjii

z
kjikji

z
kji ducubua ,,1,,,,,,1,,,, =-+- -+  

(2.42) 

ʩʣʝʜʫʶʱʠʝ: 

( ) ( )

.1

;;

,,,,,,

2/1,,2,,2/1,,2,,

z
kji

z
kji

z
kji

kji

z

z
kjikji

z

z
kji

cab

h
c

h
a

++=

h
tD

=h
tD

= -+
 

ʈʘʟʥʦʩʪʥʳʡ ʘʥʘʣʦʛ z
kji

z dd ,,@ :  

( )[

( )].1,,,,2/1,,

,,1,,2/1,,2

3/2
,,

n
kjikjikji

n
kjikjikji

z

nz
kji

uu

uu
h

ud

--

++
+

-Öh-

--ÖhÖ
tD

-¹
 (2.43) 

ʇʨʘʚʳʝ ʯʘʩʪʠ y
kji

x
kji dd ,,,, ,  ʠ z

kjid ,,  ʧʨʠʚʝʜʸʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʡ 

(2.30), (2.38) ʠ (2.42) ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʩʭʦʜʷ ʠʟ ʥʘʡʜʝʥʥʳʭ ʩʣʘʛʘʝʤʳʭ 

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

;)1(

)1(

1,,,,,,,,1,,,,

,1,,,,,,,,1,,,,,,,

n
kji

z
kji

n
kji

z
kji

n
kji

z
kji

n
kji

y
kji

n
kji

y
kji

n
kji

y
kji

n
kji

x
kji
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ucubuaud
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-+

+-+

++-++=
 

);)1(( ,1,,,,,,,,1,,,
3/1

,,,,
n

kji
y

kji
n

kji
y

kji
n

kji
y

kji
n

kji
y

kji ucubuaud -+
+ +-+-=
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).)1(( 1,,,,,,,,1,,,,
3/2

,,,,
n

kji
z

kji
n

kji
z

kji
n

kji
z

kji
n

kji
z

kji ucubuaud -+
+ +-+-=  

 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʬʦʨʤʫʣʘʤ ʧʨʦʛʦʥʢʠ [130] ʠ ʩ ʫʯʸʪʦʤ ʨʘʟʥʦʩʪʥʳʭ 

ʘʥʘʣʦʛʦʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ 

u ¹ Vx. ɸʥʘʣʦʛʠʯʥʦ ʟʘʧʠʩʳʚʘʶʪʩʷ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ 

v ¹ Vy ʠ w ¹ Vz.  

ʕʪʘʧ ɻ 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʚʳʯʠʩʣʷʣʦʩʴ 

ʜʘʚʣʝʥʠʝ ʥʘ n+1-ʤ ʰʘʛʝ ʧʦ ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ t: 

( )11121 ++++ ++tD-= n
z

n
y

n
x

nn wLvLuLʩpp . (2.44) 

ʇʘʨʘʤʝʪʨ ʩ2 ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʥʘ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ tn-tn-1=  Dt [80]: Dt< h/ʩ. ʉʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʥʘ ʩ2. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ2 ʚʳʙʠʨʘʝʪʩʷ 

ʨʘʚʥʳʤ 25000. 

ʕʪʘʧʳ ɺ ʠ ɻ ʧʦʚʪʦʨʷʶʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ 

ʥʝʢʦʪʦʨʦʝ ʫʩʣʦʚʠʝ ʩʭʦʜʠʤʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʘʭ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʜʣʷ w-ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ  

( )( ) ( ),maxmax ,

,,

,1,

,,

nm

kji
w

nmnm

kji
www Öe<-+  (2.45) 

ʘ ʪʘʢʞʝ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ, ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (1.4)  

() div

nm

kji
div e<

+1,

,,
max V . (2.46) 

ɺʝʣʠʯʠʥʳ divw ee,  ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ. ɺ ʨʘʩʯʸʪʘʭ 

ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10-4  ʜʦ 10-7. 

 

ʕʪʘʧ ɼ 

ɼʘʣʝʝ ʤʝʪʦʜʦʤ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ ʧʨʦʚʦʜʠʪʩʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʝʨʝʥʦʩʘ (1.29) ʥʘ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ 
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m+1 ʧʦ ʩʭʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʥʝʩʝʥʳ ʩ n+1-

ʛʦ ʩʣʦʷ ʧʦ ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ t:  
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 (2.47) 

( ) ( )

( ) ( ),1,
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 (2.48) 

( ) ( )

( ) ( ).1,

11,1
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mnm
z

m
zz

mnm
z

m
zz

mm

TwLTL

TwLTL
t

TT
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-Ö-=
D
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 (2.49) 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʭʝʤʝ (2.47)-(2.49) ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʜʣʷ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

ɼʣʷ ʧʝʨʚʦʛʦ ʜʨʦʙʥʦʛʦ ʰʘʛʘ ʚ ʩʭʝʤʝ (2.47) ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ ʚ 

ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ 

( ) ( ) ( )
( ) ( ) ( ),1,1,

3/11,3/13/1

mnm
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m
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mnm
y

m
yy
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TwtLTtLTvtL
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 (2.50) 

ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

x
kjiTkji

x
kjiTkji

x
kjiTkji

x
kjiT dTcTbTa ,,,,,1,,,,,,,,,,1,,, =-+- -+  (2.51) 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
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ɼʣʷ ʩʣʝʜʫʶʱʝʛʦ ʜʨʦʙʥʦʛʦ ʰʘʛʘ (ʚ ʩʭʝʤʝ (2.48)) 

( ) ( )
( ) ( )mnm

y
m

yy
my

T

y
T

mnm
y

m
yy

m

TvtLTtLTd

dTvtLTtLT

ÖD+D-¹

=ÖD+D-

++

++++

1,3/1

3/21,3/23/2 ;
 (2.52) 

ʧʦʣʫʯʠʤ ʨʘʟʥʦʩʪʥʦʝ ʚʳʨʘʞʝʥʠʝ 

y
kjiTkji

y
kjiTkji

y
kjiTkji

y
kjiT dTcTbTa ,,,,1,,,,,,,,,,1,,,, =-+- -+  (2.53) 
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ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
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ɼʣʷ ʧʦʩʣʝʜʥʝʛʦ ʰʘʛʘ ʚ ʨʘʟʥʦʩʪʥʦʤ ʫʨʘʚʥʝʥʠʠ (2.49), ʠʟ 
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11,11 ;
 (2.54) 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ 

z
kjiTkji

z
kjiTkji

z
kjiTkji

z
kjiT dTcTbTa ,,,1,,,,,,,,,,1,,,,, =-+- -+ , (2.55) 

ʚ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʙʫʜʫʪ ʪʘʢʠʤʠ: 

.21;
2

;
2 2,,,

1,
1,,2,,,

1,
1,,2,,,

z

z
kjiT

z

nm
kji

z

z
kjiT

z

nm
kji

z

z
kjiT

h

t
b

h

t
w

h

t
c

h

t
w

h

t
a

D
Ö+=

D
Ö+

D
=

D
Ö-

D
= +

-
+
+

 

 

ʇʨʘʚʳʝ ʯʘʩʪʠ x
kjiT

x
kjiT dd ,,,,,, ,  ʠ z

kjiTd ,,,  ʫʨʘʚʥʝʥʠʡ (4.49), (4.51) ʠ (4.53)  

ʩ ʫʯʸʪʦʤ ʥʘʡʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (4.51) ʠ 

(4.53)  ʙʫʜʫʪ ʩʣʝʜʫʶʱʠʤʠ: 
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ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ m= M= tm, 

ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʫʩʣʦʚʠʷʤʠ ʟʘʜʘʯʠ. ɽʩʣʠ m <M ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ, 

ʪ.ʝ. ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʕʪʘʧ ɹ, ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʳ ʩ ʥʦʚʳʤ ʟʥʘʯʝʥʠʝʤ 

m= m+ 1. 
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2.3 ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʧʝʨʝʤʝʥʥʳʤ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚ 

ʤʘʥʪʠʠ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (1.4)-(1.6) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩ ʧʦʧʨʘʚʢʦʡ ʜʘʚʣʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ [10, 34, 35, 83, 117]:  
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~

2 , (2.57) 

( ) nm,nm, ppp -= +1d , (2.58) 

( ) 1,
1, ~

+
+

d-Ð=
tD

- nm

h

nm

p
VV

, (2.59) 

( )( )
h

mmnm,mm TTtTT 12111 ++++ Ð-ÖÐÖD-= V . (2.60) 

ɺ ʦʙʣʘʩʪʠ (1.7) ʧʨʠ t = 0 (m = 0) ʚʳʯʠʩʣʷʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʷʤ 

(1.12)-(1.15), (1.8)-(1.10). ʂʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʜʘʚʣʝʥʠʝ ʧʦʣʘʛʘʶʪʩʷ 

ʥʫʣʝʚʳʤʠ. ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ 

ʠ ʢʘʢ ʩʭʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʠ ʢʘʢ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ). 

1) ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʭʦʜʠʪʩʷ ʥʝʩʦʣʝʥʦʠʜʘʣʴʥʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʝ ʩʢʦʨʦʩʪʠ V
~

 ʠʟ ʚʝʢʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.56). 

2) ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʣʝ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ (dp) ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ 

(2.57) 
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ʩ ʫʩʣʦʚʠʷʤʠ ʅʝʡʤʘʥʘ ʥʘ ʛʨʘʥʠʮʘʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ 

ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʩʭʦʜʠʤʦʩʪʠ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʠʥʜʝʢʩʫ s (ʨʘʩʯʸʪ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʩʣʦʝ m ʧʦ ʚʨʝʤʝʥʠ ʠ ʥʘ ʩʣʦʝ n ʧʦ ʬʠʢʪʠʚʥʦʤʫ 

ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ. ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  

( )( ) ,max ,,1,,

,,
e<d-d + snmsnm

kji
pp  (2.61) 

ʛʜʝ e>0 - ʥʝʢʦʪʦʨʘʷ ʤʘʣʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ.  

 ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ (2.61) ʠʟ ʫʨʘʚʥʝʥʠʷ   

(2.58) ʚʳʯʠʩʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʥʘ ʩʣʦʝ n= n+ 1: 

( ) .
1,, nm,snm1nm, ppp +d=
++

 

3) ʀʟ ʫʨʘʚʥʝʥʠʷ(2.59) ʧʦʣʫʯʘʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ ʥʘ 

ʠʪʝʨʘʮʠʦʥʥʦʤ ʩʣʦʝ n+1 ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʩʣʦʷ m. 

4) ʇʫʪʸʤ ʨʝʰʝʥʠʷ (2.60) ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ Dt ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ m+ 1. 

ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ .tmtm DÖ=   

ɸʣʛʦʨʠʪʤ ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʵʪʘʧʦʚ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʧ. 2.2 ʥʘ 

ʢʘʞʜʦʤ ʩʣʦʝ ʧʦ ʚʨʝʤʝʥʠ, ʥʦ ʚ ʩʣʫʯʘʝ ʵʪʘʧʦʚ ɹ ʠ ɺ ʠʱʝʪʩʷ 

ʥʝʩʦʣʝʥʦʠʜʘʣʴʥʦʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ V
~
, ʘ ʥʘ ʵʪʘʧʝ ɻ 

ʚʳʯʠʩʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ, ʜʘʚʣʝʥʠʝ ʠ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʠ V. ʕʪʘʧʳ ɸ ʠ ɼ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ɿʝʤʣʠ  ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʚʝʜʸʥʥʳʭ ʚ 

ʧʫʥʢʪʘʭ 2.2 ʠ 0 ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʦʙʳʯʥʘʷ ʠ ʨʘʟʥʝʩʸʥʥʘʷ 

ʩʝʪʢʠ.  

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʠʤʝʥʥʦ ʚʘʨʠʘʥʪʘ ʨʘʟʥʝʩʸʥʥʦʡ ʩʝʪʢʠ, 

ʚ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ, ʚʷʟʢʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʮʝʥʪʨʝ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʸʤʘ, ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ - ʚ ʮʝʥʪʨʘʭ 

ʛʨʘʥʝʡ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʸʤʘ (ʈʠʩʫʥʦʢ 2.1): u - ʚ ʮʝʥʪʨʝ ʛʨʘʥʝʡ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ (yz): ʈʠʩʫʥʦʢ 2.2, v - ʚ ʮʝʥʪʨʝ ʛʨʘʥʝʡ, 
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ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ (xz): ʈʠʩʫʥʦʢ 2.3, w - ʚ ʮʝʥʪʨʝ ʛʨʘʥʝʡ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ (xy): ʈʠʩʫʥʦʢ 2.2 ʠ ʈʠʩʫʥʦʢ 2.3.    

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ʕʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʸʤ ʩʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʨʘʟʥʝʩʸʥʥʦʡ ʩʝʪʢʝ. ɺ ʮʝʥʪʨʝ 

ʵʣʝʤʝʥʪʘ ʦʙʲʸʤʘ ʚʳʯʠʩʣʷʶʪʩʷ T, h ʠ p: ʪʝʤʧʝʨʘʪʫʨʘ, ʚʷʟʢʦʩʪʴ ʠ ʜʝʬʝʢʪ ʜʘʚʣʝʥʠʷ; ʥʘ ʛʨʘʥʷʭ ï 

ʢʦʤʧʦʥʝʥʪʳ u, v, w ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ V. ʀʥʜʝʢʩʳ: i=Iïİ, I=i+İ, J=j+İ, K=k+İ 

 

 

ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʘʚʥʦʤʝʨʥʫʶ ʨʘʟʥʝʩʸʥʥʫʶ ʩʝʪʢʫ 

ʤʦʞʥʦ ʟʘʜʘʪʴ ʚ ʚʠʜʝ 
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 (2.62) 

ʛʜʝ Dx, Dy, Dz - ʨʘʟʤʝʨʳ ʰʘʛʦʚ ʩʝʪʢʠ; M, N, L - ʯʠʩʣʦ ʷʯʝʝʢ ʩʝʪʢʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ x, y, ʠ z.  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʚ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʝʥʳ ʠʥʜʝʢʩʳ, ʫʜʦʙʥʳʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʥʦʩʘ ʚ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ ʌʦʨʪʨʘʥ. ɺ 

ʮʝʥʪʨʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙʲʸʤʘ, ʛʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʢʘʣʷʨʥʳʝ ʧʦʣʷ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʊ, ʚʷʟʢʦʩʪʠ h ʠ ʜʘʚʣʝʥʠʷ p, ʠʥʜʝʢʩʳ ʦʙʦʟʥʘʯʝʥʳ 

ʧʨʦʧʠʩʥʳʤʠ ʣʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘʤʠ I ,J,K. ʅʘ ʛʨʘʥʷʭ - ʠʥʜʝʢʩʳ i , j , k. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫ I  ʠ I +1 ʥʘʭʦʜʠʪʩʷ i + 1 (ʈʠʩʫʥʦʢ 2.2), ʤʝʞʜʫ j  ʠ 

j + 1 (ʈʠʩʫʥʦʢ 2.3) ʥʘʭʦʜʠʪʩʷ ʠʥʜʝʢʩ J, ʘ ʤʝʞʜʫ K-1 ʠ K - ʠʥʜʝʢʩ k 

(ʈʠʩʫʥʦʢ 2.2 ʠ ʈʠʩʫʥʦʢ 2.3).   

 

 

 
 

ʈʠʩʫʥʦʢ 2.2 ï ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʠʥʜʝʢʩʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʍ ʠ Z. ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ u ʠ w ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʭ ʧʣʦʩʢʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʢʘʞʜʫʶ ʠʟ ʷʯʝʝʢ 

ɺʷʟʢʦʩʪʴ ɖ, ʜʘʚʣʝʥʠʝ p ʠ ʪʝʤʧʝʨʘʪʫʨʘ T ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. ʀʥʜʝʢʩʳ: 

i=Iïİ, I=i+İ, K=k+İ, k=Kïİ 

 

 

ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʟʘʧʠʩʠ 
2

1
2

1
2

1 ,, +++ kji
w  ʘʚʪʦʨʫ 

ʫʜʦʙʥʝʝ ʟʘʧʠʩʘʪʴ 1,, +kJIw  (ʩʤ. ʈʠʩʫʥʦʢ 2.1), ʪ.ʢ. ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʟʘʧʠʩʠ 

ʪʦʯʢʘ 2
1

2
1

2
1 ,, +++ kji  ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʷʯʝʡʢʠ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʪʝʧʝʨʴ 

ʢʘʢ I ,J,K.  

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2.57) ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʫʩʣʦʚʠʡ ʜʣʷ (2.59). ʊʘʢ ʢʘʢ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ 
1, +nm

V  ʠV
~

 ʩʪʘʚʷʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ, ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʅʝʡʤʘʥʘ 

ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʠʥʜʝʢʩʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ Y ʠ Z. ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ v ʠ w ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʭ ʧʣʦʩʢʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʢʘʞʜʫʶ ʠʟ ʷʯʝʝʢ 

ɺʷʟʢʦʩʪʴ ɖ, ʪʝʤʧʝʨʘʪʫʨʘ T ʠ ʜʘʚʣʝʥʠʝ p ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ. ʀʥʜʝʢʩʳ: 

J=j+İ, j=Jïİ, K=k+İ, k=Kïİ 

 

 

ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʸʤʝ, ʠʟʣʦʞʝʥʥʦʤ ʚ 

ʢʥʠʛʝ [63], ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʶ, ʚʳʪʝʢʘʶʱʝʤʫ ʠʟ 

ʪʝʦʨʝʤʳ ɻʘʫʩʩʘ - ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ: 

( )
( )

,2
ñññññ
µ

dµ
=dÐ

CA

dS
n

p
dAp  (2.63) 

ʛʜʝ ʉ - ʟʘʤʢʥʫʪʘʷ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ɸ, ʚ ʢʦʪʦʨʦʡ ʠʱʝʪʩʷ ʨʝʰʝʥʠʝ, S - 

ʚʝʣʠʯʠʥʘ ʧʣʦʱʘʜʠ ʚʜʦʣʴ ʉ. ʏʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʫʩʣʦʚʠʶ (2.63), ʚ 

ʫʨʘʚʥʝʥʠʠ (2.57), ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʝʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʧʨʘʚʣʷʪʴ 

ʨʝʰʝʥʠʝ  (dp)¹G ʥʘ ʚʝʣʠʯʠʥʫ ȹG (ʚʳʯʠʪʘʪʴ ʠʟ ʨʝʰʝʥʠʷ): 
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LNM
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KJI
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 (2.64) 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʧʨʠʚʝʜʝʥʦ 

ʜʘʣʝʝ ʚ ʧ. 2.4.2. 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʩʣʝʜʫʝʪ ʨʘʩʯʸʪ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʩʭʝʤʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ. 

ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʚʳʯʠʩʣʝʥʠʡ ʠʤʝʝʪ ʚʠʜ (ʩʤ. [10]): 
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ɿʜʝʩʴ   

( ), , 1, , , ,

1

2
i J K I J K I J KT T T-= + ,    ( )1, , 1, , , ,

1
.

2
i J K I J K I J KT T T+ += +  (2.65) 

 

ɼʣʷ ʥʘʧʨʘʚʣʝʥʠʡ y ʠ z - ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

 

ʅʘ ʨʘʟʥʝʩʸʥʥʦʡ ʩʝʪʢʝ (ʩʤ. ʈʠʩʫʥʦʢ 2.4), ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʨʝʟ 

ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʸʥ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʠʩʫʥʢʝ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
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ʧʨʠʣʠʧʘʥʠʷ ʚʳʯʠʩʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʫʩʪʴ ʜʣʷ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ V  ʥʘ ʛʨʘʥʠʮʝ B1-B2 ʟʘʜʘʥʳ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ,  

ʪ.ʝ. u = v = w = 0.  ʊʦʛʜʘ 
KiKi uu ,0,,1, -=  ʠ 

kIkI ww ,0,,1, -= .  

ɼʣʷ ʢʦʤʧʦʥʝʥʪʳ v ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ, ʘ 

ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʧʝʨʚʫʶ (j=1) ʠ ʧʦʩʣʝʜʥʶʶ (j = N) ʪʦʯʢʫ ʤʘʩʩʠʚʘ, 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʚ ʪʦʯʢʝ ʢʘʢ v (I , j , K). 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʠʚʘ v ʚ ʌʆʈʊʈɸʅ -ʇʈʆʎɽɼʋʈɽ ʚʳʛʣʷʜʠʪ ʪʘʢ:    

real, dimension (0:M, 1: N, 0: L) :: v.   

ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ y-ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ v ʩʣʝʜʫʶʱʘʷ: 
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 (2.66) 

ʄʘʩʩʠʚ u(:,:,:), ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʸʥ ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʠ 

ʪʦʯʢʘʤʠ, ʣʝʞʘʱʠʤʠ ʥʘ ʛʨʘʥʠʮʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ x, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʤʠ 

ʪʦʯʢʘʤʠ (1:N-1, 1:K-1) ʠ ʪʦʯʢʘʤʠ, ʣʝʞʘʱʠʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ y ʠ z (0,N ʠ 0,K).  

 

ʄʘʩʩʠʚ u( i ,J,K) ʚ ʌʆʈʊʈɸʅ-ʇʈʆʎɽɼʋʈɽ ʟʘʜʘʸʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ:  

real, dimension (1:M, 0:N, 0:L) :: u. 

ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ x-ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʪʘʢʦʚʘ: 
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 (2.67) 
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ɺʝʱʝʩʪʚʝʥʥʳʡ ʤʘʩʩʠʚ w(:,:,:) ʦʧʨʝʜʝʣʸʥ ʚʥʫʪʨʝʥʥʠʤʠ ʪʦʯʢʘʤʠ ʠ 

ʪʦʯʢʘʤʠ, ʣʝʞʘʱʠʤʠ ʥʘ ʛʨʘʥʠʮʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʤʠ 

ʪʦʯʢʘʤʠ (1:M-1, 1:N-1) ʠ ʪʦʯʢʘʤʠ, ʣʝʞʘʱʠʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ x ʠ y  (0,M ʠ 0,N).   

ʄʘʩʩʠʚ w(I ,J,k) ʚ ʌʆʈʊʈɸʅ-ʇʈʆʎɽɼʋʈɽ ʚʚʦʜʠʪʩʷ ʪʘʢ:    

real, dimension (0:M, 0:N, 1:L) :: w. 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɼʚʫʤʝʨʥʘʷ ʨʘʟʥʝʩʸʥʥʘʷ ʩʝʪʢʘ 
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ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ z-ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʩʣʝʜʫʶʱʘʷ: 
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 (2.68) 

ʆʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ ʥʘ 

ʨʘʟʥʝʩʸʥʥʦʡ ʩʝʪʢʝ - W ʧʨʠʚʝʜʝʥʘ ʚ ʥʘʯʘʣʝ ʨʘʟʜʝʣʘ (ʬʦʨʤʫʣʘ (2.62)).  

ʄʘʩʩʠʚʳ T(I ,J,K), p(I ,J,K) ʠ h(I ,J,K),  ʚ ʌʆʈʊʈɸʅ-ʇʈʆʎɽɼʋʈɽ ʤʦʛʫʪ 

ʚʳʛʣʷʜʝʪʴ ʪʘʢ: real, dimension (0:M, 0:N, 0:L) :: Therm,  Press,  Eta.   

2.4 ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʪʨʸʭʤʝʨʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

 

2.4.1 ɿʘʜʘʯʘ ʅʝʡʤʘʥʘïɼʠʨʠʭʣʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʛʨʘʤʤ ʧʨʠʚʣʝʢʘʣʦʩʴ ʤʦʜʝʣʴʥʦʝ ʪʨʸʭʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ 

( )[ ] )(2222 222

232),,( zyxezyxzyx ++bÖ++Öb+Öb=FÐ , (2.69) 

ʠʤʝʶʱʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (ʦʥʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ) 

.),,( )( 222 zyx
a ezyx ++b=F¹F  (2.70) 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʝʜʠʥʠʯʥʦʤ ʢʫʙʝ. ʅʘ ʥʠʞʥʝʡ ʛʨʘʥʠ, 

ʧʨʠ 10,10,0 ¢¢¢¢= yxz ,  ʩʪʘʚʠʣʦʩʴ ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ 

.)0,,( )( 22 yxeyx +b=F  (2.71) 

ʋʩʣʦʚʠʷ ʅʝʡʤʘʥʘ ʩʪʘʚʠʣʦʩʴ ʥʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ: 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʝʨʭʥʝʡ ʛʨʘʥʠ, ʧʨʠ 10,10,1 ¢¢¢¢= yxz ,  

( )122

2
)1,,( ++bb=

µ

Fµ yxe
z

yx
;  (2.72) 

ʥʘ ʙʦʢʦʚʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʷʭ ʢʫʙʘ:  
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( )22 12
),1,( zxe

y

zx ++bb=
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. (2.74) 

 

ʇʨʠʤʝʥʷʣʘʩʴ ʠʪʝʨʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ. 

ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʳʙʠʨʘʣʩʷ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʆʰʠʙʢʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ  

kjia
s

kji
kji

,,,,
,,

)(max F-F=d ,  1)(max ,,
,,

=F kjia
kji

 (2.75) 

 

ʩʦʩʪʘʚʠʣʘ 41085,1 -Ö=d  ʥʘ ʩʝʪʢʝ (64Ĭ64Ĭ64) ʷʯʝʝʢ. 

ʂʨʠʪʝʨʠʡ ʚʳʭʦʜʘ ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ:  

81
,,,,

,,
105max -- Ö<F-F=e s

kji
s

kji
kji

. (2.76) 

 

ɿʜʝʩʴ ʠ ʚ (2.75) s ʦʟʥʘʯʘʝʪ ʥʦʤʝʨ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʩʣʦʷ; aF - ʪʦʯʥʦʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʰʘʛʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʪʢʠ ʚ ʜʚʘ ʨʘʟʘ ʦʰʠʙʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʤʝʥʴʰʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ.  

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʪʢʘʭ (33Ĭ33Ĭ33), (48Ĭ48Ĭ48), (64Ĭ64Ĭ64) 

ʷʯʝʝʢ. 

2.4.2 ɿʘʜʘʯʘ ʅʝʡʤʘʥʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʷ 
nn ppp -=d +1
 ʚ ʤʝʪʦʜʝ 

ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ (ʧ. 0) ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʅʝʡʤʘʥʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ [63]. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ 
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ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʥʘ ʪʝʩʪʘʭ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʠʟ 

ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ ʚ ʪʨʸʭ ʚʘʨʠʘʥʪʘʭ: ʦʜʥʦʤʝʨʥʦʤ, ʜʚʫʤʝʨʥʦʤ ʠ 

ʪʨʸʭʤʝʨʥʦʤ. ʇʝʨʚʳʝ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

1D - ʚʘʨʠʘʥʪ:  ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

[ ] 22

2

2

212
)( xex

dx

xd bb+b=
F

 

ʥʘ ʦʪʨʝʟʢʝ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ. ʅʘ ʛʨʘʥʠʮʘʭ ʩʪʘʚʠʣʠʩʴ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ: 

,0=
F

dx

d
 ;0=x  

,2 bb=
F

e
dx

d
 .1=x  

ʕʪʘ ʟʘʜʘʯʘ ʠʤʝʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ  

.,)(
2

constCCex x
a =+=F¹F b  

ʇʘʨʘʤʝʪʨ ʟʘʜʘʚʘʣʩʷ ʨʘʚʥʳʤ 0,2-=b .   

ʈʝʰʝʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʧʫʪʸʤ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ( )lim s

s­¤
F =F. ʆʰʠʙʢʘ 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (¤­s ) 

ia
s
i

i
)(max F-F=d , 1)(max =F ia

i
 

ʦʙʦʟʥʘʯʝʥʘ   ʢʘʢ d1D (ʊʘʙʣʠʮʘ 2.1) ʠ ʩʦʩʪʘʚʠʣʘ ʥʘ ʩʝʪʢʝ ʩ ʯʠʩʣʦʤ ʫʟʣʦʚ, 

ʨʘʚʥʳʤ 480, ʚʝʣʠʯʠʥʫ 
4

1 1094,3 -Ö=dD . 

ʂʨʠʪʝʨʠʡ ʚʳʭʦʜʘ ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʜʘʥʥʦʡ ʩʝʪʢʝ: ʠʪʝʨʘʮʠʠ 

ʦʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʦ ʫʩʣʦʚʠʶ (ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʪʦʯʥʦʩʪʠ, ʢʘʢ ʚ ʦʜʥʦʤʝʨʥʦʡ, ʪʘʢ ʠ ʟʘʜʘʯʘʭ ʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʦʙʦʟʥʘʯʝʥʦ ʚ ʪʘʙʣʠʮʘʭ (ʊʘʙʣʠʮʘ 2.1 ï ʊʘʙʣʠʮʘ 2.3) ʚʝʣʠʯʠʥʦʡ ITER)  

D

s

i

s

i
i

1

1max e<F-F - . 
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ʆʰʠʙʢʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʠʟʤʝʣʴʯʸʥʥʦʡ ʚ ʜʚʘ ʨʘʟʘ ʩʝʪʢʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʠʤʝʨʥʦ ʚ 4 

ʨʘʟʘ.  

2D - ʚʘʨʠʘʥʪ:  ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

( )[ ] )(222 22

14),( yxeyxyx +bÖ+Öb+Öb=FÐ  

ʚ ʝʜʠʥʠʯʥʦʤ ʢʚʘʜʨʘʪʝ. ʅʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ: 

,0=
µ

Fµ

x
  ;10,0 ¢¢= yx  

,2 )1( 2ye
x

+bb=
µ

Fµ
 ;10,1 ¢¢= yx  

,0=
µ

Fµ

y
  ;10,0 ¢¢= xy  

,2 )1( 2xe
y

+bb=
µ

Fµ
 .10,1 ¢¢= xy  

ʕʪʘ ʟʘʜʘʯʘ ʠʤʝʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ  

.,),( )( 22

constCCeyx yx
a =+=F¹F +b

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʚʦʜʠʣʦʩʴ ʢ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ:  

( )[ ] )(222 22

14 yxeyx
t

+bÖ+Öb+Öb-FÐ=
µ

Fµ
 

ʠ ʨʝʰʝʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʧʫʪʸʤ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ. ʀʪʝʨʘʮʠʦʥʥʳʡ 

ʧʘʨʘʤʝʪʨ t ʠʤʝʝʪ ʩʤʳʩʣ ʰʘʛʘ ʧʦ ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ. ɺʝʣʠʯʠʥʘ  

0,2-=b . ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʚʳʙʠʨʘʣʩʷ ʚ ʭʦʜʝ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʘʭ ʩʝʪʢʠ ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʚʳʙʠʨʘʣʦʩʴ ʥʫʣʝʚʳʤ. ʆʰʠʙʢʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ, ʚʳʯʠʩʣʝʥʥʘʷ 

ʧʦ ʬʦʨʤʫʣʝ (¤­s ) 

jia
s

ji
ji

,,
,

)(max F-F=d , 1)(max ,
,

=F jia
ji

 

ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ D2d  (ʊʘʙʣʠʮʘ 2.2) ʠ ʩʦʩʪʘʚʠʣʘ ʥʘ ʩʝʪʢʝ 80ʭ80 ʚʝʣʠʯʠʥʫ 



78 

.105,1 5
2

-Ö=dD  

ʂʨʠʪʝʨʠʡ ʚʳʭʦʜʘ ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʜʘʥʥʦʡ ʩʝʪʢʝ:  

D
s

ji
s

ji
ji

2
1

,,
,

max e<F-F -
. 

3D - ʚʘʨʠʘʥʪ:  ʈʘʩʩʤʦʪʨʝʥʦ ʤʦʜʝʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

( )[ ] )(2222 222

232),,( zyxezyxzyx ++bÖ++Öb+Öb=FÐ  

ʚ ʢʫʙʝ ʩʦ ʩʪʦʨʦʥʦʡ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʯʠ ʚ ʨʘʟʜʝʣʝ 2.4.1, 

ʟʜʝʩʴ ʥʘ ʚʩʝʭ ʛʨʘʥʷʭ ʩʪʘʚʠʣʠʩʴ ʫʩʣʦʚʠʷ ʅʝʡʤʘʥʘ: 

¶ ʥʘ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʷʭ: 

,0=
µ

Fµ

z
   ;10,10,0 ¢¢¢¢= yxz ; 

( )122

2 ++bb=
µ

Fµ yxe
z

;  .10,10,1 ¢¢¢¢= yxz . 

¶ ʥʘ ʙʦʢʦʚʳʭ ʛʨʘʥʷʭ ʚʳʜʝʣʝʥʥʦʛʦ ʦʙʲʸʤʘ:  

,0=
µ

Fµ

x
   ;10,10,0 ¢¢¢¢= zyx  

,2 )1( 22 zye
x

++bb=
µ

Fµ
  ;10,10,1 ¢¢¢¢= zyx  

,0=
µ

Fµ

y
   10,10,0 ¢¢¢¢= zxy ; 

,2 )1( 22 zxe
y

++bb=
µ

Fµ
  .10,10,1 ¢¢¢¢= zxy  

ʕʪʘ ʟʘʜʘʯʘ ʠʤʝʝʪ ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ 

.,),,( )( 222

constCCezyx zyx
a =+=F¹F ++b  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠʚʦʜʠʣʦʩʴ ʢ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ:  

( )[ ] )(2222 222

232 zyxezyx
t

++bÖ++Öb+Öb-FÐ=
µ

Fµ
 

ʠ ʨʝʰʝʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʧʫʪʸʤ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ. ɿʥʘʯʝʥʠʝ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʢʘʢ ʠ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʚʳʙʠʨʘʣʦʩʴ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʫʟʣʘʭ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʘʛʘʣʦʩʴ ʥʫʣʝʚʳʤ. ʇʘʨʘʤʝʪʨ 0,2-=b . ʆʰʠʙʢʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʨʝʰʝʥʠʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (¤­s ) 

kjia
s

kji
kji

,,,,
,,

)(max F-F=d ,   1)(max ,,
,,

=F kjia
kji

 

ʦʙʦʟʥʘʯʝʥʘ ʢʘʢ D3d  (ʊʘʙʣʠʮʘ 2.3) ʠ ʩʦʩʪʘʚʠʣʘ ʥʘ ʩʝʪʢʝ 80ʭ80ʭ80 

ʚʝʣʠʯʠʥʫ  D3d =7,851Ŀ10-6, ʘ ʢʨʠʪʝʨʠʡ ʚʳʭʦʜʘ ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʜʘʥʥʦʡ ʩʝʪʢʝ:  

D
s

kji
s

kji
kji

3
1
,,,,

,,
max e<F-F -

. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʘʙʣʠʮʘʭ:  

Nx, Ny, Nz - ʨʘʟʤʝʨʳ ʤʘʩʩʠʚʦʚ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʘ ʢʦʪʦʨʳʭ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ;  

mDe  - ʧʘʨʘʤʝʪʨ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

mDd  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ; 

ITER - ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, ʧʦʪʨʝʙʦʚʘʚʰʠʭʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʢʨʠʪʝʨʠʷ ʩʭʦʜʠʤʦʩʪʠ. 

ɺ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʪʘʙʣʠʮʘʭ (ʊʘʙʣʠʮʘ 2.2 ʠ ʊʘʙʣʠʮʘ 2.3) ʩʦʙʨʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʝʪʢʘʭ ʚ ʤʥʦʛʦʤʝʨʥʳʭ ʩʣʫʯʘʷʭ. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʩʝʪʦʯʥʳʭ ʰʘʛʦʚ, ʢʘʢ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʚʘʨʠʘʥʪʝ, 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠ ʚʳʯʠʩʣʝʥʥʳʤ 

ʟʥʘʯʝʥʠʷʤʠ: 0­dmD , m = 1,2,3. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʊʘʙʣʠʮʘ 

2.1 ï ʊʘʙʣʠʮʘ 2.3) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ.  
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ʊʘʙʣʠʮʘ 2.1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ (1D - ʚʘʨʠʘʥʪ) ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ 

Nx D1
e  

D1d  ITER 

120 5,00E-06 6,058E-03 25 

240 5,00E-07 1,554E-03 65 

480 5,00E-08 3,941E-04 185 

 

 

ʊʘʙʣʠʮʘ 2.2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ (2D - ʚʘʨʠʘʥʪ) ʜʚʫʤʝʨʥʦʡ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ  

Nx Ny D2e  
D2d  ITER 

20 20 5,00E-05 2,630E-04 55 

40 40 5,00E-06 6,212E-05 125 

80 80 5,00E-07 1,501E-05 280 

 

 

ʊʘʙʣʠʮʘ 2.3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ (3D - ʚʘʨʠʘʥʪ) ʪʨʸʭʤʝʨʥʦʡ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ 

Nx Ny Nz D3e  
D3d  ITER 

20 20 20 5,00E-06 1,292E-04 70 

40 40 40 5,00E-07 3,223E-05 155 

80 80 80 5,00E-09 7,851E-06 410 
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2.5 ʂʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʚ ʜʝʢʘʨʪʦʚʳʭ ʧʝʨʝʤʝʥʥʳʭ 

 

ʂʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʷʟʳʢʝ 

ʌʆʈʊʈɸʅ-90. ɺʳʧʦʣʥʝʥʳ ʜʦʙʘʚʣʝʥʠʷ ʢ ʦʩʥʦʚʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʮʝʜʫʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺʩʝ ʠʩʢʦʤʳʝ 

ʪʨʸʭʤʝʨʥʳʝ ʧʦʣʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʤʦʪʨʝʥʳ ʚ ʚʠʜʝ 2D-ʨʘʟʨʝʟʦʚ ʚ 

ʠʟʦʣʠʥʠʷʭ. ʇʨʦʮʝʜʫʨʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʠʟʦʣʠʥʠʷʭ ʚʩʪʨʦʝʥʳ ʚ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ [204-207]. ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʩʦʭʨʘʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʞʸʩʪʢʦʤ ʜʠʩʢʝ ʩ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠʣʠ ʜʣʷ 

ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʩʯʸʪʦʚ. ʇʨʦʛʨʘʤʤʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʟʘʧʠʩʘʥʳ ʥʘ ʦʙʳʯʥʳʭ ʠ ʨʘʟʥʝʩʸʥʥʳʭ ʩʝʪʢʘʭ.  

 

ʂʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʩʦʩʪʦʷʪ ʠʟ ʢʦʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʚ MPI-ʪʝʭʥʦʣʦʛʠʠ [51], ʪ.ʝ. ʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʡ ʕɺʄ ʩ 

ʨʘʟʜʝʣʸʥʥʦʡ ʧʘʤʷʪʴʶ.  

ɼʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʜʨʦʙʥʳʭ ʰʘʛʦʚ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥ 

ʘʣʛʦʨʠʪʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʢʘʣʷʨʥʦʡ ʧʨʦʛʦʥʢʠ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʝʡʰʝʡ 

ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʚ ʝʜʠʥʠʯʥʦʤ ʢʫʙʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ (2.69), 

ʠʤʝʶʱʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (2.70).  

ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʩʝʪʢʝ 144³144³144 ʩ 3D-

ʪʦʧʦʣʦʛʠʷʤʠ 4³3³2=24, 3³3³2=18, 4³2³2=16, 3³2³2=12, 3³3³1=9, 

2³2³2=8 (ʩʪʦʣʙʝʮ 3 ʚ ʪʘʙʣʠʮʘʭ). ɸ ʪʘʢʞʝ ʥʘ ʩʝʪʢʘʭ 145³144³143, 

5³2³1=10 ʠ 147³144³141, 7³2³1=14. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ t0=127,43 ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ 

ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʥʘ n0=8 ʧʦʪʦʢʘʭ ʩ ʚʨʝʤʝʥʘʤʠ ʨʘʩʯʸʪʦʚ tc=80,57; 48,58 

ʠ 29,38 ʥʘ nc=12,16 ʠ 24 ʧʦʪʦʢʘʭ (ʊʘʙʣʠʮʘ 2.4) ʚʳʯʠʩʣʷʣʦʩʴ (ʟʘʧʠʩʘʥʦ 

ʚ ʰʝʩʪʦʡ ʢʦʣʦʥʢʝ) ʦʞʠʜʘʝʤʦʝ ʫʩʢʦʨʝʥʠʝ 0/ nna c=  ʯʝʨʝʟ ʦʪʥʦʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚ ʧʨʦʮʝʩʩʦʚ; ʫʩʢʦʨʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ 



82 

ʟʘʧʠʩʘʥʦ ʚ 7-ʡ ʢʦʣʦʥʢʝ ʯʝʨʝʟ ʩʦʦʪʥʦʰʝʥʠʝ ʚʨʝʤʸʥ: 
c

b
t

t
= 0. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʪʦʣʙʮʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦʣʫʯʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʦʞʠʜʘʝʤʦʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʷ, ʪʝʤ ʩʘʤʳʤ, ʟʥʘʯʝʥʠʷ ʚʳʠʛʨʳʰʘ ʚʦ ʚʨʝʤʝʥʠ ʩʯʸʪʘ (ʝʩʣʠ 

ʯʠʩʣʦ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ) ʠʣʠ ʧʨʦʠʛʨʳʰʘ (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ). 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ (ʊʘʙʣʠʮʘ 2.4ïʊʘʙʣʠʮʘ 2.6), 

ʫʩʢʦʨʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ ʦʞʠʜʘʝʤʦʛʦ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʚ ʢʵʰ-ʧʘʤʷʪʠ 

ʧʨʦʮʝʩʩʦʨʦʚ, ʪ.ʢ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʚʦʚʣʝʢʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʙʣʦʢʠ ʜʘʥʥʳʭ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʢʘʞʜʳʤ ʷʜʨʦʤ.  

ɺ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ. 

1) ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ 

ʚ ʧʝʨʝʤʝʥʥʳʭ çʟʘʚʠʭʨʝʥʥʦʩʪʴ-ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣè ʩ ʚʷʟʢʦʩʪʴʶ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ [204].  

2) ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ [206].  

3) ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ [207].  
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ʊʘʙʣʠʮʘ 2.4 ï ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʩʯʸʪʘ t0=127,43 ʩʝʢ ʥʘ n0=8 ʧʦʪʦʢʘʭ ʩ ʚʨʝʤʝʥʘʤʠ ʨʘʩʯʸʪʦʚ 

ʥʘ nc=12,16 ʠ 24 ʧʦʪʦʢʘʭ; ʩ =1,2,3 

 ̄
ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʮʝʩʩʦʚ:n 

ʊʦʧʦʣʦʛʠʷ 

ʧʨʦʮʝʩʩʦʚ 

ʈʘʟʤʝʨ 

ʜʘʥʥʳʭ 

ʜʣʷ 

ʧʨʦʮʝʩʩʘ 

ɺʨʝʤʷ 

ʩʯʝʪʘ t: 
ʩʝʢʫʥʜʳ 

ʦʞʠʜʘʝʤʦʝ 

ʫʩʢʦʨʝʥʠʝ 

0/ nna c=  

 

c

b
t

t
= 0  b/a 

0 8 2³2³2 72³72³72 127,43 - - - 

1 12 3³2³2 48³72³72   80,57 1,50 1,58 1,05 

2 16 4³2³2 32³72³72   48,58 2,00 2,62 1,31 

3 24 4³3³2 36³48³72 29,38 3,00 4,34 1,45 

 

 

ʊʘʙʣʠʮʘ 2.5 ï ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʥʘ 12 ʧʦʪʦʢʘʭ ʩ ʚʨʝʤʝʥʘʤʠ ʨʘʩʯʸʪʦʚ ʥʘ 16 ʠ 24 

ʧʦʪʦʢʘʭ; ʩ = 1,2 

 

 ̄

 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʮʝʩʩʦʚ:n 

 

ʊʦʧʦʣʦʛʠʷ 

ʧʨʦʮʝʩʩʦʚ 

ʈʘʟʤʝʨ 

ʜʘʥʥʳʭ 

ʜʣʷ 

ʧʨʦʮʝʩʩʘ 

ɺʨʝʤʷ 

ʩʯʝʪʘ t: 
ʩʝʢʫʥʜʳ 

ʦʞʠʜʘʝʤʦʝ 

ʫʩʢʦʨʝʥʠʝ 

0/ nna c=  

 

c

b
t

t
= 0  b/a 

0 12 3ʭ2ʭ2 48³72³72 80,57 - - - 

1 16 4ʭ2ʭ2 32³72³72 48,58 1,33 1,66 1,24 

2 24 4ʭ3ʭ2 36³48³72 29,38 2,00 2,74 1,37 

 

 

ʊʘʙʣʠʮʘ 2.6ï ʉʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʥʘ 16 ʧʦʪʦʢʘʭ ʩ ʚʨʝʤʝʥʝʤ ʩʯʝʪʘ ʥʘ 24 ʧʦʪʦʢʘʭ; ʩ = 1 

 

 

 ̄

 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʮʝʩʩʦʚ: n 

 

ʊʦʧʦʣʦʛʠʷ 

ʧʨʦʮʝʩʩʦʚ 

ʈʘʟʤʝʨ 

ʜʘʥʥʳʭ 

ʜʣʷ 

ʧʨʦʮʝʩʩʘ 

ɺʨʝʤʷ 

ʩʯʝʪʘ t: 
ʩʝʢʫʥʜʳ 

ʦʞʠʜʘʝʤʦʝ 

ʫʩʢʦʨʝʥʠʝ 

0/ nna c=  

 

c

b
t

t
= 0  b/a 

0 16 4ʭ2ʭ2 32³72³72 48,58 - - - 

1 24 4ʭ3ʭ2 36³48³72 29,38 1,50 1,65 1,10 
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2.5.1 ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʤʘʥʪʠʠ ɿʝʤʣʠ ʚ ʧʝʨʝʤʝʥʥʳʭ çʟʘʚʠʭʨʝʥʥʦʩʪʴ-ʚʝʢʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣè ʩ ʚʷʟʢʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʉʭʝʤʘ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ 

I 

A.  ɿʘʜʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (1.11).  

B. ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʚʷʟʢʦʩʪʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ, 

ʚʦʟʤʦʞʥʦ, ʦʪ ʜʘʚʣʝʥʠʷ. 

I I  

ʆʩʥʦʚʥʦʡ ʮʠʢʣ 

A.  ɺʳʯʠʩʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʫʨʘʚʥʝʥʠʷ (1.28) ʠʣʠ (1.29) ʧʦ ʩʭʝʤʝ 

(2.5) ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ [130].  

B. ʇʝʨʝʚʳʯʠʩʣʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʧʨʘʚʳʭ ʯʘʩʪʝʡ 

ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ: xTÖRa  ʠ yTÖRa . 

ɺʥʫʪʨʝʥʥʠʡ ʮʠʢʣ 

C. ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʧʫʪʸʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.21)ï(1.23) ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

(1.31), (1.33), (1.35).  

D. ʆʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʫʪʸʤ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ (1.17)ï(1.19) ʩ ʫʩʣʦʚʠʷʤʠ (1.30), (1.32), (1.34). 

E. ɺʳʯʠʩʣʷʶʪʩʷ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

ɣV ³Ð= . 

F. ʇʨʦʚʝʨʢʘ ʧʦ ʬʦʨʤʫʣʝ (2.4) ʫʩʣʦʚʠʷ ʩʭʦʜʠʤʦʩʪʠ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ: ʝʩʣʠ ʫʩʣʦʚʠʝ (2.4) ʧʨʠ ʥʝʢʦʪʦʨʦʤ Ů>0 ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, 

ʧʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʡ ʧʦʚʪʦʨʷʝʪʩʷ (ʩ ʧʫʥʢʪʘ II.ʉ.). 

ʂʦʥʝʮ ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʢʣʘ 

G. ɺʳʯʠʩʣʷʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ, ʦʬʦʨʤʣʷʶʪʩʷ 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ, 
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ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʘʙʣʠʮʳ ʦʮʝʥʦʯʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʣʝ ʯʝʛʦ, ʥʘʯʠʥʘʷ ʩ II .A. ʚʳʯʠʩʣʝʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ. 

ʇʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʦʥʝʮ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ 

ɺ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʟʘʤʝʥʷʶʪʩʷ ʨʘʟʥʦʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʠ, 

ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ, ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ 

çʧʦʪʦʢʘè ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʧʦʪʦʢ, 

ʥʘʟʳʚʘʝʤʳʡ ʜʨʦʙʥʳʤ ʰʘʛʦʤ, ʫʜʦʙʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʨʸʭʪʦʯʝʯʥʳʭ 

ʧʨʦʛʦʥʦʢ. 

ʇʨʦʛʨʘʤʤʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ ʕɺʄ 

ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ ʀɺʄʠʄɻ ʉʆ ʈɸʅ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ:  

ʂʣʘʩʪʝʨ ʅʂʉ-1ʇ: ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ - CentOS 7.3. 

ʆʯʝʨʝʜʴ ʟʘʜʘʥʠʡ - SLURM (slurm 17.02.3). 

ʂʦʤʧʠʣʷʪʦʨʳ -Intel Parallel Studio XE 2017 Update 4. 

ɻʠʙʨʠʜʥʳʡ ʢʣʘʩʪʝʨ ʅʂʉ-30ʊ + GPU: ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ - Red Hat 

Enterprise Linux 5.4. ʆʯʝʨʝʜʴ ʟʘʜʘʥʠʡ - PBS Pro 11.1. 

ʂʦʤʧʠʣʷʪʦʨʳ - Intel Cluster Studio XE, Intel Parallel Studio XE for 

OS Linux; MPI - Intel MPI Version 4.1, Intel Trace Analizer&Collector 

Version 8.1. 

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʫʶ ʧʨʦʛʨʘʤʤʫ, 

ʢʦʪʦʨʘʷ ʚ ʩʦʙʨʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʪ.ʝ. ʧʦʩʣʝ ʢʦʤʧʠʣʷʮʠʠ) ʟʘʥʠʤʘʝʪ ʤʝʥʝʝ 

700 ʢʠʣʦʙʘʡʪ. ʅʘʙʦʨ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʟʘʥʠʤʘʝʪ ʥʘ ʜʠʩʢʝ ʥʝ 

ʙʦʣʝʝ 2-ʭ ʤʝʛʘʙʘʡʪ. ʊʨʝʙʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 4 ʄʙʘʡʪ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʬʦʨʤʠʨʫʶʪ ʚʨʝʤʝʥʥʳʝ 

ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 120 ʄʙʘʡʪ. ɼʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦ 

100 ɻʙʘʡʪ ʞʸʩʪʢʦʛʦ ʜʠʩʢʘ.  



86 

2.5.2 ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʨyʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ  

 

ʂʦʤʧʣʝʢʩ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʦʜ ʠʤʝʥʝʤ "ʇʨʦʛʨʘʤʤʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ 

Mantle_RFP/2018" [206].  

 

ʉʭʝʤʘ ʦʩʥʦʚʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʩ 

ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ 

I.  ɿʘʜʘʸʪʩʷ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (1.11). 

ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʷ ʜʝʬʝʢʪʘ ʜʘʚʣʝʥʠʷ p ʠ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ï ʥʫʣʝʚʳʝ.  

II. ʆʩʥʦʚʥʦʡ ʮʠʢʣ  

  II .ʘ    ɺʳʯʠʩʣʷʝʪʩʷ ʚʷʟʢʦʩʪʴ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

        III .   ɺʥʫʪʨʝʥʥʠʡ ʮʠʢʣ (III.ʘ ï III.ʛ) 

 I I I.ʘ ɺʳʯʠʩʣʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʠ V
~
ʧʫʪʸʤ 

  ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ (2.56). 

 III .ʙ ʈʘʩʯʸʪ ʧʦʣʷ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ, ʠʩʭʦʜʷ ʠʟ (2.57). 

 III .ʚ ʈʘʩʯʸʪ ʜʘʚʣʝʥʠʷ ʥʘ ʚʝʨʭʥʝʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ ʥʘ ʦʩʥʦʚʝ 

(2.58). 

 III .ʛ ʋʪʦʯʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (2.59). 

      ɿʘʚʝʨʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʮʠʢʣʘ (ʚʦʟʚʨʘʪ ʢ ʧ. I I I.ʘ) 

     II .ʙ ʅʘ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ m+1 ʚʳʯʠʩʣʷʝʪʩʷ ʥʦʚʦʝ   

      ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠʩʭʦʜʷ ʠʟ (2.60) ʩ ʫʯʸʪʦʤ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʥʘ ʚʝʨʭʥʝʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ.  

       ɿʘʚʝʨʰʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ (ʚrʯʠʩʣʷʶʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ, ʬʦʨʤʠʨʫʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
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ʥʝʢʦʪʦʨʳʭ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ, ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ, ʚʷʟʢʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʪʘʙʣʠʮʳ ʦʮʝʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; ʧʨʦʠʩʭʦʜʠʪ ʟʘʧʠʩʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʩʣʝ ʯʝʛʦ, ʥʘʯʠʥʘʷ ʩ II.ʘ ʚʳʯʠʩʣʝʥʠʷ ʧʦʚʪʦʨʷʶʪʩʷ 

(m= m+1) ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ,tNt mm DÖ=  Nm ï ʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʯʠʩʣʦ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʢʦʥʝʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʳʯʠʩʣʝʥʠʡ). 

 

ʇʨʦʛʨʘʤʤʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ ʕɺʄ 

ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ ʀɺʄʠʄɻ ʉʆ ʈɸʅ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧ. 2.5.1. 

ʆʩʥʦʚʥʘʷ ʧʨʦʛʨʘʤʤʘ ʢʦʤʧʣʝʢʩʘ ʧʦʩʣʝ ʢʦʤʧʠʣʷʮʠʠ ʟʘʥʠʤʘʝʪ ʤʝʥʝʝ 

900 ʢʠʣʦʙʘʡʪ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʟʘʥʠʤʘʶʪ ʥʘ ʜʠʩʢʝ ʥʝ ʙʦʣʝʝ 3-

ʭ ʤʝʛʘʙʘʡʪ. ʄʦʜʫʣʠ ʬʦʨʤʠʨʫʶʪ ʚʨʝʤʝʥʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 200 

ʄʙʘʡʪ. ɼʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦ 100 ɻʙʘʡʪ ʞʸʩʪʢʦʛʦ ʜʠʩʢʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 4 ʄʙʘʡʪ. 
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2.5.3 ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʪʨʸʭʤʝʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ  

 

ʂʦʤʧʣʝʢʩ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

çʇʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ ɿʝʤʣʠ ʥʝʷʚʥʳʤ 

ʤʝʪʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

Mantle_IS/2019è [207].  

ʋʨʘʚʥʝʥʠʷ (1.4)-(1.6) ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (1.12)-(1.15) 

ʠʥʪʝʛʨʠʨʦʚʘʣʠʩʴ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʩʣʦʝ ʧʦ ʩʭʝʤʝ (2.12)-(2.14) ʧʨʠ 

ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ [130], ʛʜʝ ʥʘ  ʜʨʦʙʥʳʭ 

ʰʘʛʘʭ ʧʨʠʤʝʥʷʣʠʩʴ ʩʢʘʣʷʨʥʳʝ ʪʨʸʭʪʦʯʝʯʥʳʝ ʧʨʦʛʦʥʢʠ. ɿʘ ʦʩʥʦʚʫ ʙʳʣ 

ʚʳʙʨʘʥ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ [26, 71, 130].  

ʈʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʣʠʩʴ ʧʦ ʩʭʝʤʝ, ʧʨʠʚʝʜʸʥʥʦʡ ʚ 

ʧ. 2.2. 

ʇʨʦʛʨʘʤʤʳ ʙʳʣʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠ ʟʘʧʫʩʢʘʶʪʩʷ ʥʘ ʕɺʄ 

ʉʠʙʠʨʩʢʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ ʀɺʄʠʄɻ ʉʆ ʈɸʅ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚ ʧ. 2.5.1. 

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʩʥʦʚʥʫʶ ʧʨʦʛʨʘʤʤʫ, 

ʢʦʪʦʨʘʷ ʚ ʩʦʙʨʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʟʘʥʠʤʘʝʪ ʤʝʥʝʝ 900 ʢʠʣʦʙʘʡʪ. ʅʘʙʦʨ ʠʟ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʟʘʥʠʤʘʝʪ ʥʘ ʜʠʩʢʝ ʥʝ ʙʦʣʝʝ 3-ʭ ʤʝʛʘʙʘʡʪ. 

ʊʨʝʙʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʢ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 4 ʄʙʘʡʪ. 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʬʦʨʤʠʨʫʶʪ ʚʨʝʤʝʥʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʜʣʷ 

ʢʘʞʜʦʛʦ ʧʦʪʦʢʘ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 180 

ʄʙʘʡʪ. ɼʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʦ 100 ɻʙʘʡʪ ʞʸʩʪʢʦʛʦ ʜʠʩʢʘ.  
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2.6 ʊʝʩʪʠʨʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ 

 

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʡ 

ʪʝʩʪ [136] (ʦʥ ʥʠʞʝ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʦʩʥʦʚʥʳʤ ʪʝʩʪʦʤ), ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴʥʘʷ ʟʘʜʘʯʘ ʦ ʢʦʥʚʝʢʮʠʠ ʚ ʢʫʙʝ. ʆʪʜʝʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʥʘ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʝ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʠ ʠʟʣʦʞʝʥʳ ʚʳʰʝ. ʇʦʩʪʘʥʦʚʢʘ ʧʦʣʥʦʡ 

ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʠ ʪʝʩʪʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ.  

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ [136] ʟʥʘʯʝʥʠʷ ʨʘʟʤʝʨʥʳʭ 

ʚʝʣʠʯʠʥ (ʚ ʩʠʩʪʝʤʝ ʉʀ) ʧʨʠʥʠʤʘʣʠʩʴ ʩʣʝʜʫʶʱʠʤʠ: 

d = 2 700 000 ʤ, DT = 3700ÁC, c = 10-6 ʤ2/ʩ, a = 10-5Áʉ-1, 

r = 3300 ʢʛ/ʤ3, gz = 10 ʤ/ʩ
2, h0 = 1024 ʢʛ/ʤ.ʩ, Ra=2Ā104. 

(2.77) 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (1.7):  

X=1,0; Y=1,0; Z=1,0.  (2.78) 

ʅʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 0

~
T  ʜʣʷ (1.11),  ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ 

[136] ʠ ʚʥʝʩʸʥʥʦʝ ʚ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ, ʩʣʝʜʫʶʱʝʝ:  

+-= )1(
~
0 z (x,y,z)T  )sin())/cos()/((cos zYyXx pp+p , (2.79) 

ʛʜʝ  = 0,2. 

ɺʷʟʢʦʩʪʴ ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ [136]:  

() ( ) ( )( )

.20/,50,0)ln(/15

),ln(25,0)ln(/225

,50,0//exp

10
=hh=-=Q

-=q

Q+q-Q+q=h

== TT
qq

qq

TT

 
(2.80) 

ɺ ʨʘʙʦʪʝ [136] ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʂʨʠʩʪʝʥʩʝʥʘ (Chr), (ʚʩʝʛʦ 20 ʚʝʣʠʯʠʥ) ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʳ ʟʘ ʵʪʘʣʦʥʥʳʝ. 

ɺʳʯʠʩʣʷʣʠʩʴ ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʠʟ ʚʳʨʘʞʝʥʠʡ, ʩʚʝʜʸʥʥʳʭ ʚ 

ʩʣʝʜʫʶʱʫʶ ʪʘʙʣʠʮʫ (ʊʘʙʣʠʮʘ 2.7). ʈʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʵʪʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ. 
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2.6.1 ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʭʨʝʥʥʦʩʪʴè 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʝʨʝʤʝʥʥʳʭ "ʟʘʚʠʭʨʝʥʥʦʩʪʴ- 

ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ" ʧʨʠʚʦʜʠʪ ʙʝʟʨʘʟʤʝʨʥʫʶ ʩʠʩʪʝʤʫ (1.4)-(1.6), 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʚ (1.7) ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (1.8)-(1.10) ʠ (1.12)-(1.15) ʢ 

ʚʠʜʫ (1.17)-(1.23) ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (1.30)-(1.35).  

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʟʘʜʘʸʪʩʷ ʥʝʢʦʪʦʨʦʝ ʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ (1.11). ɺʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ((1.28) ʠʣʠ (1.29)) 

ʟʘʤʳʢʘʶʪ ʩʠʩʪʝʤʫ.   

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ [136] ʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʧʨʦʛʨʘʤʤ [204-206] 

ʟʥʘʯʝʥʠʷ (ʚ ʩʠʩʪʝʤʝ ʉʀ) ʨʘʟʤʝʨʥʳʭ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʟʘʜʘʯʫ ʠ 

ʯʠʩʣʦ ʈʝʣʝʷ ʧʨʠʥʠʤʘʣʠʩʴ ʩʦʛʣʘʩʥʦ (2.77)-(2.80) ʠ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 

(ʊʘʙʣʠʮʘ 2.7), ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚʩʝ ʠʩʢʦʤʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʂʨʠʩʪʝʥʩʝʥʘ (Chr) ʠ ʘʚʪʦʨʘ 

(Che) ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʚʷʟʢʦʩʪʠ ʦʢʘʟʘʣʦʩʴ ʧʨʠʝʤʣʝʤʳʤ [119]. ɺ ʨʘʩʯʸʪʘʭ 

ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʚ ʧʝʨʝʤʝʥʥʳʭ "ʚʝʢʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ - ʟʘʚʠʭʨʝʥʥʦʩʪʴ" ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠʩʧʳʪʳʚʘʣʠʩʴ ʜʚʝ ʩʭʝʤʳ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʘʛʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ: ʜʠʚʝʨʛʝʥʪʥʘʷ (2.6) ʩ ʮʝʥʪʨʘʣʴʥʦʨʘʟʥʦʩʪʥʳʤʠ 

ʥʝʷʚʥʳʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʘʛʘʝʤʳʭ ʠ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʘʷ (2.5). ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʢʘʢ 

ʜʣʷ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʡ (ʊʘʙʣʠʮʘ 2.8), ʪʘʢ ʠ ʜʣʷ ʜʠʚʝʨʛʝʥʪʥʦʡ ʩʭʝʤ 

(ʊʘʙʣʠʮʘ 2.9). ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʝ ʩ ʯʠʩʣʦʤ 

ʫʟʣʦʚ (32³32³64), ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʠʤʝʥʸʥʥʦʡ ʚ [133]. ʆʰʠʙʢʘ 

ʚʳʯʠʩʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

%,100
Chr

ChrChe
Ö

-
=Err  (2.81) 

  

ʛʜʝ Err - ʚʝʣʠʯʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ.  
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ʉʦʦʪʚʝʪʩʪʚʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. ɺʦʧʨʦʩ ʦ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʠ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʷʭ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʚ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʤʘʩʩʦʙʤʝʥʘ ʧʦʜʨʦʙʥʦ 

ʦʙʩʫʞʜʘʣʩʷ ʚ (ʇʦʣʝʞʘʝʚ ʠ ʜʨ., [74]).   ʈʠʩʫʥʦʢ 2.5 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʜʥʦ 

ʠʟ ʩʝʯʝʥʠʡ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 

 
ʈʠʩʫʥʦʢ 2.5 ï ʊʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ (ʠʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ). ɼʠʘʛʦʥʘʣʴʥʦʝ ʩʝʯʝʥʠʝ (ʚ 

ʧʣʦʩʢʦʩʪʠ x-y = 0) ʢʫʙʠʯʝʩʢʦʡ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʝ [136] 
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ʊʘʙʣʠʮʘ 2.7 ï ɺʳʯʠʩʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʧʨʘʚʦʡ ʢʦʣʦʥʢʝ ï ʨʝʟʫʣʴʪʘʪʳ 

ʂʨʠʩʪʝʥʩʝʥʘ, ʩ ʢʦʪʦʨʳʤʠ ʚʝʜʸʪʩʷ ʩʨʘʚʥʝʥʠʝ 

i  

ʯʠʩʣʦ ʅʫʩʩʝʣʴʪʘ (Nu) ʧʦ ʬʦʨʤʫʣʝ 

ññ
µ

µ
Ö-=
-

topS

dxdy
z

T
YX

1
)(Nu , ʛʜʝ topS - ʚʝʨʭʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ 

Nu = 3,0393 

 

i i  

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʩʢʦʨʦʩʪʴ 

ý
ü
û

í
ì
ë

++
ÖÖ

= ñññ
A

rms dxdydzwvu
ZYX

V )(
1 222 , 

ʛʜʝ A - ʦʙʲʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʩʦ 

ʩʪʦʨʦʥʘʤʠ X,Y,Z= 1 

Vrms = 35,1320 

 

i i i  

ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʩʢʦʨʦʩʪʠ w 

------------------------------------------------  

ʠ ʪʝʤʧʝʨʘʪʫʨʳ T ʚ ʫʛʣʦʚʳʭ ʪʦʯʢʘʭ 

ʩʨʝʜʥʝʛʦ ʩʝʯʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʩʣʦʷ 

w(0,0,İ)=165,91 

w(0,Y,İ)=-26,72 

w(X,Y,İ)=-58,23 

T(0,0,İ)=0,90529 

T(0,Y,İ)=0,49565 

T(X,Y,İ)=0,23925 

iv  

ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 
z

TQ
µ

µ-=  ʚ 

ʫʛʣʦʚʳʭ ʪʦʯʢʘʭ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʫʙʘ 

Q(0,0)=5,8339 

Q(0,Y)=1,7136 

Q(X,Y)=0,7684 

v 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʚʳʯʠʩʣʷʝʤʳʡ ʧʦ 

ʬʦʨʤʫʣʝ 

( ) dy
z

T
zx

Y

ñ
µ

µ
=l

0

,  

ʚʜʦʣʴ ʣʠʥʠʡ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʩʠ Y: ʦʪ 

ʪʦʯʢʠ (0,0,ı) ʜʦ ʪʦʯʢʠ (0,1,ı); ʦʪ ʪʦʯʢʠ 

(İ,0,ı) ʜʦ (İ,1,ı) ʠ ʦʪ ʪʦʯʢʠ (1,0,ı) ʜʦ 

ʪʦʯʢʠ (1,1,ı)  

l(0,   ı)=-0,5059 

l(X/2,ı)=-0,1921 

l(X,  ı)=-0,1388 

vi  

ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ dxdyTT

zS

m ññ= , 

ʚʳʯʠʩʣʷʝʤʘʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʩʝʯʝʥʠʷʭ ʦʙʣʘʩʪʠ 75,0=zS  ʠ 50,0=zS ,  

ʥʘ ʛʣʫʙʠʥʘʭ z = Ĳ ʠ z = İ 

Tm(Ĳ)=0,56593 

Tm(İ)=0,58158 

vii  
ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʨʝʣʴʝʬʘ Hz (ʚ ʤʝʪʨʘʭ) ʚ 

ʫʛʣʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ 

Hz(0,0,1)= 10869,0 

Hz(0,Y,1)=-4145,0 

Hz(X,Y,1)=-12811,0 

viii  

ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ ʟʘʚʠʭʨʝʥʥʦʩʪʠ 
zw  

ʚ ʪʦʯʢʝ (Ĳ,ı,Ĳ) 

wz(Ĳ,ı,Ĳ) = 11,125 
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ʊʘʙʣʠʮʘ 2.8 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʩʝʪʢʝ (32³32³64) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʡ 

ʩʭʝʤʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (2.5). ʆʙʦʟʥʘʯʝʥʠʷ: (Chr) ï 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʂʨʠʩʪʝʥʩʝʥʦʤ; (Che) ï ʨʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘ; ((Err) ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʦʰʠʙʢʘ ʚ ʧʨʦʮʝʥʪʘʭ) 

ʇʘʨʘʤʝʪʨʳ  (Chr) (Che) (Err) 

Nu 3,0393 3,0400 0,0240 

Vrms 35,1320 35,1800 0,1366 

w(0,0,1/2) 165,9100 167,2000 0,7775 

w(0,Y,1/2) -26,7200 -26,4300 1,0853 

w(X,Y,1/2) -58,2300 -58,2300 0,0000 

T(0,0,1/2) 0,9053 0,9067 0,1558 

T(0,Y,1/2) 0,4957 0,4965 0,1715 

T(X,Y,1/2) 0,2393 0,2379 0,5643 

Q(0,0) 5,8339 5,8121 0,3737 

Q(0,Y) 1,7136 1,7322 1,0854 

Q(X,Y) 0,7684 0,7731 0,6117 

l(0,1/4) -0,5059 -0,5141 1,6209 

l(X/2,1/4) -0,1921 -0,1891 1,5617 

l(X,1/4) -0,1388 -0,1356 2,3055 

Tm (3/4) 0,5659 0,5636 0,4117 

Tm (1/2) 0,5816 0,5799 0,2889 

 

 

ʊʘʙʣʠʮʘ 2.9 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʩʝʪʢʝ (32³32³64) ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʭʝʤʳ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (2.6) 

 ʇʘʨʘʤʝʪʨʳ  (Chr) (Che) (Err) 

Nu 3,0393 3,0960 1,8666 

Vrms 35,1320 35,6300 1,4175 

w(0,0,1/2) 165,9100 164,0100 1,1452 

w(0,Y,1/2) -26,7200 -26,5140 0,7710 

w(X,Y,1/2) -58,2300 -59,1900 1,6486 

T(0,0,1/2) 0,9053 0,9241 2,0778 

T(0,Y,1/2) 0,4957 0,5009 1,0592 

T(X,Y,1/2) 0,2393 0,2392 0,0209 

Q(0,0) 5,8339 5,7434 1,5513 

Q(0,Y) 1,7136 1,7233 0,5661 

Q(X,Y) 0,7684 0,7540 1,8740 

l(0,1/4) -0,5059 -0,5113 1,0674 

l(X/2,1/4) -0,1921 -0,1966 2,3425 

l(X,1/4) -0,1388 -0,1404 1,1527 

Tm (3/4) 0,5659 0,5636 0,4117 

Tm (1/2) 0,5816 0,5850 0,5881 
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2.6.1-1 ʇʨʦʚʝʨʢʘ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ 

 

ɼʣʷ ʦʩʥʦʚʥʦʛʦ ʪʝʩʪʘ (ʟʘʜʘʯʠ ʧʨʝʜʳʜʫʱʝʛʦ ʧʘʨʘʛʨʘʬʘ) ʠ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʩʭʝʤʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (1.28) (ʚ ʥʝʜʠʚʝʨʛʝʥʪʥʦʡ ʬʦʨʤʝ) ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʮʝʣʴʶ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ.  

ɽʩʣʠ ʚ ʫʨʘʚʥʝʥʠʠ 

( ) ( ) ( )
2

2

2

2

2

2

z

T

y

T

x

T

z

wT

y
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x

uT

t

T

µ

µ
+
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µ
+

µ

µ
=

µ

µ
+

µ

µ
+

µ

µ
+

µ

µ
 (2.82) 

ʚʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʷ 
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+- , ʪʦ (2.83) 
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µ
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µ

µ
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µ
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 (2.84) 

ʧʨʠʯʸʤ A¹³³Í ]1,0[]1,0[]1,0[),,( zyx  (ʠʟ ʝʜʠʥʠʯʥʦʛʦ ʢʫʙʘ). 

ʀʥʪʝʛʨʠʨʫʷ (2.84) ʧʦ ʦʙʲʸʤʫ A, ʧʦʣʫʯʠʤ 

Aö
ö
÷

õ
æ
æ
ç

å

µ

µ
+

µ

µ
+

µ

µ
=A

µ

µ
ññññññ
A A

d
z

R

y

Q

x

P
Td

t

~~~

. (2.85) 

ʇʨʠʤʝʥʷʷ ʢ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (2.85) ʬʦʨʤʫʣʫ 

ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʧʦʣʫʯʠʤ 

( ) ( ) ,,cos
~

cos
~

cos
~

~~~

ñññññññ =g+b+a=ö
ö
÷

õ
æ
æ
ç

å

µ

µ
+

µ

µ
+

µ

µ

W SS

dSnadSRQPdxdydz
z

R

y

Q

x

P CC
   

ʛʜʝ { } { }gba== cos,cos,cos,
~

,
~

,
~

nRQPa
CC

 ï ʥʦʨʤʘʣʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʰʝʩʪʴ ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʙʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ï 

ʛʨʘʥʝʡ ʢʫʙʘ ʩ ʫʯʸʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

};1,0,0{;10,10,0: -=¢¢¢¢= nyxzSbottom

C
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;0;1 ==== wvuT ; 

( ) ( ) ññññññ

îí

î
ì
ë

=
¢¢
¢¢

ö
÷

õ
æ
ç

å

µ

µ
-=-=

0
10
10

~
,

z
y
xSS

dxdy
z

T
dxdyRdxdyna

bottombottom

CC
, 

};1,0,0{;10,10,1: =¢¢¢¢= nyxzStop

C
 

;0;0 ==== wvuT ; 

( ) () ññññññ

îí

î
ì
ë

=
¢¢
¢¢

ö
÷

õ
æ
ç

å

µ

µ
==

1
10
10

~
,

z
y
xSS

dxdy
z

T
dxdyRdxdyna

toptop

CC
. 

ʀʥʪʝʛʨʘʣʳ ʧʦ ʙʦʢʦʚʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʦʣʘʛʘʶʪʩʷ ʥʫʣʝʚʳʤʠ 

ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʝ. 

ʅʘ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

};0,0,1{;10,10,0: -=¢¢¢¢= nzyxS
left

C
 

 ( ) ( ) 0,
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, 

ʪ.ʢ. 0==
µ

µ
u

x

T
. 

ʅʘ ʛʨʘʥʠ ʢʫʙʘ 

};0,0,1{;10,10,1: =¢¢¢¢= nzyxSright

C

 ( ) () 0,
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µ
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z
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T
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ʪ.ʢ. 0==
µ

µ
u

x

T
. 

ɺ ʢʚʘʜʨʘʪʥʦʡ ʦʙʣʘʩʪʠ 

};0,1,0{;10,10,0: -=¢¢¢¢= nzxySfront

C
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µ
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T
. 
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ʅʘʢʦʥʝʮ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

};0,1,0{;10,10,1: =¢¢¢¢= nzxySfront

C

( ) () 0
~

,

10
10

1

=öö
÷
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+-== ññññññ
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ì
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z
x

ySS

dxdz
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T
vTdydzQdxdyna

frontfront

CC
, 

ʪ.ʢ. 0==
µ

µ
v

y

T
. 

ʋʯʠʪʳʚʘʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʣʫʯʠʤ 

ñññññññ
==A

ö
÷

õ
æ
ç

å

µ

µ
-ö
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õ
æ
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å

µ

µ
=A

µ

µ

)0()1( zSzS bottomtop

dxdy
z

T
dxdy

z

T
Td

t
. 

(2.86) 

ʏʠʩʣʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (2.86) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʩ ʧʦʤʦʱʴʶ ʢʫʙʘʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ʪʨʘʧʝʮʠʡ ʚʳʯʠʩʣʷʝʪʩʷ 

ʠʥʪʝʛʨʘʣ ñññ
A

A= TdI 0 , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚʨʝʤʝʥʠ 

0t , ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʘʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ  (2.86); 

2) ʥʘ ʚʩʝʭ ʩʣʦʷʭ ʧʦ ʚʨʝʤʝʥʠ ä
=

t=
n

k
knt

0

 ʚʳʯʠʩʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʳ  

.,,

)0(
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)1(
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3) ʉʦʧʦʩʪʘʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ n
I  ʩ ʚʝʣʠʯʠʥʦʡ  

( ) k

n

k

bottomktopk III tÖ-+ä
=0

,,0
: 

( ) ù
ú

ø
é
ê

è
tÖ-+-= ä

=

k

n

k

bottomktopknn IIIIȺ
1

,,0 . 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʥʘ ʩʝʪʢʝ (32³32³32) 

ʩʦʩʪʘʚʣʝʥʘ ʊʘʙʣʠʮʘ 2.10. ʇʨʦʮʝʩʩ ʩʪʘʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ 

ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʧʦʚʝʜʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ᾂn = ( ) 0,, / III bottomktopk - . 
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ʊʘʙʣʠʮʘ 2.10 ï ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ 

n tn t(ʤʣʥ ʣʝʪ) ||
n

E  |/| 0IEn  
| ᾂ n| 

2 0,09 .10-3 22,62 1,17.10-5 2,13.10-5 2,20.10-5 

39 1,91 .10-3 441,18 1,56.10-4 2,83.10-4 8,80.10-6 

80 3,91 .10-3 904,99 2,99.10-4 5,44.10-4 7,32.10-6 

120 5,87 .10-3 1357,48 4,32.10-4 7,86.10-4 7,01.10-6 

151 7,39 .10-3 1708,17 5,35.10-4 9,73.10-4 6,83.10-6 

176 8,61 .10-3 1990,98 6,17.10-4 1,12.10-3 6,65.10-6 

186 9,10 .10-3 2104,10 6,51.10-4 1,18.10-3 6,56.10-6 

 

 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʡ ʬʦʨʤʝ (1.28) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʤ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (1.29).  

ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʡ | ᾂn | = |( ) 0,, / III bottomktopk - | ʦʪ ʥʦʤʝʨʘ 

ʚʨʝʤʝʥʥʳʭ ʩʣʦʸʚ ʠʟʦʙʨʘʞʝʥʘ ʥʠʞʝ: ʈʠʩʫʥʦʢ 2.6. ʇʦ ʚʝʨʪʠʢʘʣʠ 

ʦʪʢʣʘʜʳʚʘʣʘʩʴ ʧʨʠʚʝʜʸʥʥʘʷ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ; ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï ʥʦʤʝʨʘ ʩʣʦʸʚ ʧʦ ʚʨʝʤʝʥʠ.  

  

 

 
ʅʦʤʝʨʘ ʩʣʦʸʚ ʧʦ ʚʨʝʤʝʥʠ 

 

ʈʠʩʫʥʦʢ 2.6 ï ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ 

ʘʥʘʣʠʟʫ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ 
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2.6.1-2 ʈʘʩʯʸʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ 

 

ɺʳʯʠʩʣʝʥʠʷ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʠʙʦʣʝʝ 

ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʨʘʩʯʸʪʦʚ ʙʦʣʴʰʠʭ ʟʘʜʘʯ (ʩʤ., ʥʘʧʨʠʤʝʨ, [50, 80, 81, 

115]). ʇʦʜʭʦʜ ʢ ʚʳʯʠʩʣʝʥʠʶ ʨʝʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʧʨʝʜʣʦʞʝʥ 

ʈ.ʇ. ʌʝʜʦʨʝʥʢʦ [115].  ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ ʥʘ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʢʝ ʧʦʣʫʯʝʥʦ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʩʪʦʡ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʪʝʩʪʘ [136] ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʩʝʪʦʢ. ʈʘʩʯʸʪʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʧʦʣʥʝʥʳ ʚ 

ʧʦʩʪʘʥʦʚʢʝ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ - ʟʘʚʠʭʨʝʥʥʦʩʪʴè. 

ɺ ʫʧʦʤʷʥʫʪʦʡ ʨʘʙʦʪʝ [136] ʨʝʟʫʣʴʪʘʪʳ ʂʨʠʩʪʝʥʩʝʥʘ (Chr) ʧʦ-

ʧʨʝʞʥʝʤʫ ʧʨʠʥʷʪʳ ʟʘ ʵʪʘʣʦʥʥʳʝ, ʪ.ʢ. ʦʥʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʘʚʪʦʨʘ (Che) ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʂʨʠʩʪʝʥʩʝʥʘ (Chr) ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʘʭ (ʊʘʙʣʠʮʘ 

2.11 ï ʊʘʙʣʠʮʘ 2.14).  ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʇʕɺʄ Athlon-1000.  

ɺ ʪʘʙʣʠʮʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ (Err , 

ʊʘʙʣʠʮʘ 2.12), ʥʘʡʜʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʫʣʳ (2.81)) ʜʣʷ ʜʘʥʥʳʭ 

ʧʨʝʜʳʜʫʱʝʡ ʪʘʙʣʠʮʳ (ʊʘʙʣʠʮʘ 2.11).  

ʅʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʝʪʦʢ {16x16x16 ï 

32x32x32 ï 64x64x64} ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʘʭ (ʊʘʙʣʠʮʘ 2.13 ʠ ʊʘʙʣʠʮʘ 2.14). ʇʨʷʤʦʝ ʚʳʯʠʩʣʝʥʠʝ ʥʘ ʩʝʪʢʝ 

64³64³64 ʟʘʥʠʤʘʝʪ 6 ʩʫʪʦʢ (ʇʕɺʄ Athlon 1000 MGh), ʪ. ʝ. 144 ʯʘʩʘ. 

ɺʳʠʛʨʳʰ ʩʦʩʪʘʚʣʷʝʪ ~ 8 ʨʘʟ. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ.  
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ʊʘʙʣʠʮʘ 2.11 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ  

(12³12³12) ï (24³24³24) ï (48³48³48) 

ʇʘʨʘʤʝʪʨʳ Chr 
ʈʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘ ʥʘ ʩʝʪʢʘʭ 

 (12³12³12) (24³24³24) (48³48³48) 

Nu 3,0393 3,2450 3,0400 3,0397 

Vrms 35,1320 37,9700 35,3600 35,0700 

w(X,Y,1/2) -58,2300 -60,6800 -58,4200 -58,2620 

T(X,Y,1/2) 0,2393 0,2326 0,2377 0,2393 

Q(X,Y) 0,7684 0,8017 0,7804 0,7726 

l (X,1/4) -0,1388 -0,1576 -0,1341 -0,1400 

Tm (1/2) 0,5816 0,5844 0,5792 0,5815 

ɺʨʝʤʷ ʩʯʝʪʘ 65 ʩʝʢ 119 ʩʝʢ 4811 ʩʝʢ 

 

 

ʊʘʙʣʠʮʘ 2.12 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʝʪʦʢ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʝʩʪʘ 

ʇʘʨʘʤʝʪʨʳ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ʚ ʧʨʦʮʝʥʪʘʭ) ʥʘ ʩʝʪʢʘʭ 

 (12³12³12) (24³24³24) (48³48³48) 

Nu 6,7691 0,0240 0,0141 

Vrms 8,0781 0,6490 0,1765 

w(X,Y,1/2) 4,2075 0,3263 0,0550 

T(X,Y,1/2) 2,7795 0,6479 0,0209 

Q(X,Y) 4,3337 1,5617 0,5466 

l (X,1/4) 13,5447 3,3862 0,8646 

Tm (1/2) 0,4849 0,4092 0,0138 

 

 

ɺʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʭʨʝʥʥʦʩʪʴè. 

 

  



100 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 2.13 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ  

(16³16³16) ï (32³32³32) ï (64³64³64) ʠ ʩʨʘʚʥʝʥʠʝ ʚʨʝʤʸʥ ʩʯʸʪʘ 

ʇʘʨʘʤʝʪʨʳ Chr 
ʈʝʟʫʣʴʪʘʪʳ ʘʚʪʦʨʘ ʥʘ ʩʝʪʢʘʭ 

 (16³16³16) (32³32³32) (64³64³64) 

Nu 3,03927 3,0840 3,0370 3,0410 

Vrms 35,13200 36,0400 35,2300 35,1200 

w(X,Y,1/2) -58,23000 -58,7900 -58,4500 -58,2900 

T(X,Y,1/2) 0,23925 0,2342 0,2386 0,2391 

Q(X,Y) 0,76840 0,7855 0,7758 0,7702 

l (X,1/4) -0,13880 -0,1355 -0,1414 -0,1377 

Tm (1/2) 0,58158 0,5777 0,5802 0,5820 

ɺʨʝʤʷ ʩʯʝʪʘ 2 ʤʠʥ 16 ʤʠʥ 1064 ʤʠʥ 

 

 

ʊʘʙʣʠʮʘ 2.14 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (ʚ ʧʨʦʮʝʥʪʘʭ) ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ 

ʇʘʨʘʤʝʪʨʳ 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

 (16³16³16) (32³32³32) (64³64³64) 

Nu 1,4717 0,0747 0,0569 

Vrms 2,5845 0,2789 0,0342 

w(X,Y,1/2) 0,9617 0,3778 0,1030 

T(X,Y,1/2) 2,1108 0,2717 0,0627 

Q(X,Y) 2,2254 0,9630 0,2343 

l (X,1/4) 2,3775 1,8732 0,7925 

Tm (1/2) 0,6671 0,2373 0,0722 

 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʙʫʜʫʪ ʠʟʣʦʞʝʥʳ ʥʠʞʝ. 
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2.6.1-3 ʇʨʠʤʝʥʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʸʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʷʭ 

ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʩʝʪʢʠ, ʩʛʫʱʘʶʱʠʝʩʷ ʚ 

ʤʝʩʪʘʭ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ. ʆʜʥʠʤ ʠʟ ʧʨʦʩʪʝʡʰʠʭ 

ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ, ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʚ ʦʙʣʘʩʪʷʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ. ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʩʪʷʞʝʥʠʷ ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʠʩʭʦʜʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʯʪʦ (ʢʘʢ ʦʪʤʝʯʝʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ [2, 10, 49, 58, 117]) 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦʜʭʦʜʦʤ, ʥʝʞʝʣʠ ʨʘʩʯʸʪ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʝ ʠʩʭʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 

ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʦʩʪʝʡʰʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʩʪʷʞʝʥʠʷ ʢʦʦʨʜʠʥʘʪ [2]:  
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ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ ʨʘʩʪʷʞʝʥʠʷ x ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʩʝʪʢʠ 

ʚʙʣʠʟʠ c
zz= . ʈʘʩʪʷʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʡ (ʚ ʠʩʭʦʜʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ) ʩʝʪʢʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ z. ɿʥʘʯʝʥʠʷ zc = 1, d = 1  ʠ x = 2 

ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ  ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʨʠʚʝʜʸʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ (ʊʘʙʣʠʮʘ 

2.15). ʉʝʪʢʫ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʈʠʩʫʥʦʢ 2.7.  

ɿʥʘʯʝʥʠʷ zc = Ĳ, d = 1, x = 4 ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ (ʊʘʙʣʠʮʘ 2.16). ʉʝʪʢʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ: 

ʈʠʩʫʥʦʢ 2.8. ɺʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʪʝʩʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʪʝʩʪʠʨʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʩʪʝʡʰʝʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ. 
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ʈʠʩʫʥʦʢ 2.7 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʟʥʘʯʝʥʠʡ  

.2,1,1 =x== dzc  ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʰʘʛʘ ʩʝʪʢʠ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚʙʣʠʟʠ 

ʣʠʥʠʠ ʩʛʫʱʝʥʠʷ (zc = 1) ʨʘʚʥʦ 46,56 ʢʤ, ʥʘʠʙʦʣʴʰʝʝ - 169,89 ʢʤ  

 

 

ʊʘʙʣʠʮʘ 2.15 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʛʫʱʝʥʠʷ ʩʝʪʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʟʥʘʯʝʥʠʷʭ  

2,1,1 === xdzc   ʥʘ ʩʝʪʢʝ (32³32³64) 

ʇʘʨʘʤʝʪʨʳ  (Chr) (Che) (Err) 

Nu 3,03927 3,0890 1,607 

Vrms 35,13200 35,8000 1,868 

w(0,0,1/2) 165,9100 169,5000 2,112 

w(0,Y,1/2) -26,7200 -27,3700 2,363 

w(X,Y,1/2) -58,2300 -60,8400 4,285 

T(0,0,1/2) 0,90529 0,9138 0,934 

T(0,Y,1/2) 0,49565 0,5056 1,974 

T(X,Y,1/2) 0,23925 0,2431 1,596 

Q(0,0) 5,83390 5,9015 1,145 

Q(0,Y) 1,71360 1,7557 2,398 

Q(X,Y) 0,76840 0,7863 2,271 

Tm (3/4) 0,56593 0,5731 1,252 

Tm (1/2) 0,58158 0,5912 1,631 

wz (3/4,1/4,3/4) -11,12500 -11,5200 3,446 
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ʈʠʩʫʥʦʢ 2.8 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʫʟʣʦʚ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʣʷ ʟʥʘʯʝʥʠʡ   

.4,1,4
3 =x== dzc  ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ hi ʚʙʣʠʟʠ ʣʠʥʠʠ ʩʛʫʱʝʥʠʷ (zʩ = Ĳ) ʨʘʚʥʦ 40,82 ʢʤ, 

ʥʘʠʙʦʣʴʰʝʝ - 241,21 ʢʤ. 

 

 

ʊʘʙʣʠʮʘ 2.16 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʛʫʱʝʥʠʷ ʩʝʪʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ  

4,1,4
3 =x== dzc  ʥʘ ʩʝʪʢʝ (32³32³64) 

ʇʘʨʘʤʝʪʨʳ  (Chr) (Che) (Err) 

Nu 3,03927 3,0910 1,684 

Vrms 35,13200 35,7100 1,631 

w(0,0,1/2) 165,91000 169,4000 2,038 

w(0,Y,1/2) -26,72000 -27,3200 2,205 

w(X,Y,1/2) -58,23000 -60,3400 3,497 

T(0,0,1/2) 0,90529 0,9130 0,842 

T(0,Y,1/2) 0,49565 0,5034 1,547 

T(X,Y,1/2) 0,23925 0,2415 0,919 

Q(0,0) 5,83390 5,9097 1,282 

Q(0,Y) 1,71360 1,7484 1,989 

Q(X,Y) 0,76840 0,7816 1,689 

Tm (3/4) 0,56593 0,5704 0,775 

Tm (1/2) 0,58158 0,5890 1,263 

wz (3/4,1/4,3/4) -11,12500 -11,4600 2,955 
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2.6.2 ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʦʩʥʦʚʥʳʤ ʪʝʩʪʦʤ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ 

ʥʝʷʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ ʠ ʨʘʩʱʝʧʣʝʥʠʷ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ  

 

ʆʩʪʘʥʦʚʠʤʩʷ ʩʥʘʯʘʣʘ ʥʘ ʥʝʷʚʥʦʤ ʤʝʪʦʜʝ ʨʘʩʱʝʧʣʝʥʠʷ ʩ 

ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ (ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.56)-(2.60)).  

ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ (1.4)-(1.6) ʚ (1.7) ʩ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ (1.8)-(1.10), ʩ ʫʯʸʪʦʤ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʜʝʣʘ 2.6 

ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʪʝʩʪʦʤ, ʩʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 

(ʊʘʙʣʠʮʘ 2.17 ʠ ʊʘʙʣʠʮʘ 2.18).  

ɼʣʷ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ 

ʜʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʪʘʢʞʝ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ [115], ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʊʘʙʣʠʮʘ 2.18. 

 

 

ʊʘʙʣʠʮʘ 2.17 ï ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ; ʨʘʟʥʝʩʸʥʥʘʷ ʩʝʪʢʘ (32³32³64). ʉʦʧʦʩʪʘʚʣʝʥʳ ʚʩʝ 20 

ʚʝʣʠʯʠʥ ʠʟ ʯʠʩʣʘ ʟʘʷʚʣʝʥʥʳʭ ʚ [136] (ʊʘʙʣʠʮʘ 2.7) 

ʇʘʨʘʤʝʪʨʳ (Chr) (Che) (Err) 

Nu 3,03927 3,0676 0,9328 

Vrms 35,13200 35,7431 1,7394 

w(0,0,1/2) 165,91000 168,6430 1,6473 

w(0,Y,1/2) -26,72000 -26,8058 0,3211 

w(X,Y,1/2) -58,23000 -59,0940 1,4838 

T(0,0,1/2) 0,90529 0,9068 0,1646 

T(0,Y,1/2) 0,49565 0,4993 0,7348 

T(X,Y,1/2) 0,23925 0,2424 1,3317 

Q(0,0) 5,83390 5,8380 0,0703 

Q(0,Y) 1,71360 1,7263 0,7429 

Q(X,Y) 0,76840 0,7733 0,6402 

l(0,1/4) -0,50590 -0,5046 0,2532 

l(X/2,1/4) -0,19210 -0,1936 0,7553 

l(X,1/4) -0,13880 -0,1407 1,3566 

Tm (3/4) 0,56593 0,5705 0,8020 

Tm (1/2) 0,58158 0,5835 0,3281 

ʅz(0,0,1) 10869,00000 10711,7000 1,4472 

ʅz(0,Y,1) -4145,00000 -4078,7100 1,5993 

ʅz(X,Y,1) -12811,00000 -12645,0000 1,2958 

wz(3/4,1/4,3/4) -11,12500 -10,9630 1,4562 
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ʇʨʷʤʳʝ ʨʘʩʯʸʪʳ ʥʘ ʩʝʪʢʝ (128³128³128) ʪʨʝʙʫʶʪ ʦʢʦʣʦ 180 ʤʠʥʫʪ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ AMD  Ryzen 5 1500ʍ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 

3600 ʄɻʮ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʝʪʦʢ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʙʦʣʝʝ ʯʝʤ ʚ ʚʦʩʝʤʴ ʨʘʟ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ (ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ (2.12)-

(2.14)) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ (ʊʘʙʣʠʮʘ 2.19-ʊʘʙʣʠʮʘ 2.20). 

 

 
ʊʘʙʣʠʮʘ 2.18 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʨʝʤʸʥ 

ʩʯʸʪʘ. (n32 ï ʩʝʪʢʘ (32³32³32), n64 ï ʩʝʪʢʘ (64³64³64), n128 ï ʩʝʪʢʘ (128³128³128), ʅʝʷʚʥʳʡ 

ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ 

ʇʘʨʘʤʝʪʨʳ (Chr) 
(Che) 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 

 ʚ ʧʨʦʮʝʥʪʘʭ  

n32 n64 n128 n32 n64 n128 

Nu 3,0393 3,0473 3,0431 3,0393 0,2632 0,1250 0,0000 

Vrms 35,1320 35,2439 35,1546 35,1280 0,3185 0,0643 0,0114 

w(0,0,1/2) 165,9100 166,2674 166,0415 165,8993 0,2154 0,0793 0,0064 

w(0,Y,1/2) -26,7200 -27,1400 -26,8274 -26,7199 1,5719 0,4019 0,0004 

w(X,Y,1/2) -58,2300 -59,0922 -58,4458 -58,2301 1,4807 0,3706 0,0002 

T(0,0,1/2) 0,9053 0,9073 0,9058 0,9053 0,2209 0,0552 0,0000 

T(0,Y,1/2) 0,4957 0,5007 0,4969 0,4956 1,0087 0,2421 0,0202 

T(X,Y,1/2) 0,2393 0,2438 0,2404 0,2392 1,8805 0,4597 0,0418 

Q(0,0) 5,8339 5,8395 5,8356 5,8339 0,0960 0,0291 0,0000 

Q(0,Y) 1,7136 1,7313 1,7179 1,7136 1,0329 0,2509 0,0000 

Q(X,Y) 0,7684 0,7752 0,7700 0,7684 0,8850 0,2082 0,0000 

l(0,1/4) -0,5059 -0,4954 -0,5032 -0,5056 2,0755 0,5337 0,0593 

l(X/2,1/4) -0,1921 -0,1986 -0,1937 -0,1922 3,3837 0,8329 0,0521 

l(X,1/4) -0,1388 -0,1400 -0,1391 -0,1388 0,8646 0,2161 0,0000 

wz(3/4,1/4,3/4) -11,1250 -10,9746 -11,0903 -11,1251 1,3519 0,3119 0,0009 

ɺʨʝʤʷ ʩʯʸʪʘ 16 ʩʝʢ 113 ʩʝʢ 1157 ʩʝʢ  

 

 

ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ (ʊʘʙʣʠʮʘ 2.17) 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʣʫʯʝʥʥʳʤ ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ (ʊʘʙʣʠʮʘ 2.19), ʘ 
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ʪʘʢʞʝ ʠ ʚ ʩʣʫʯʘʝ ʚʳʯʠʩʣʝʥʠʡ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ-

ʟʘʚʠʭʨʝʥʥʦʩʪʴ (ʊʘʙʣʠʮʘ 2.8). 

 

 

ʊʘʙʣʠʮʘ 2.19 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʨʘʟʥʝʩʸʥʥʦʡ ʩʝʪʢʝ (32³32³64) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ  

ʇʘʨʘʤʝʪʨʳ  (Chr) (Che) (Err) 

Nu 3,03927 2,9900 1,6211 

Vrms 35,13200 35,1600 0,0797 

w(0,0,1/2) 165,91000 168,6600 1,6575 

w(0,Y,1/2) -26,72000 -26,8100 0,3368 

w(X,Y,1/2) -58,23000 -59,5000 2,1810 

T(0,0,1/2) 0,90529 0,9070 0,1889 

T(0,Y,1/2) 0,49565 0,5000 0,8776 

T(X,Y,1/2) 0,23925 0,2400 0,3135 

Q(0,0) 5,83390 5,8400 0,1046 

Q(0,Y) 1,71360 1,7300 0,9570 

Q(X,Y) 0,76840 0,7700 0,2082 

l(0,1/4) -0,50590 -0,4960 1,9569 

l(X/2,1/4) -0,19210 -0,1890 1,6137 

l(X,1/4) -0,13880 -0,1372 1,1527 

Tm(3/4) 0,56593 0,5660 0,0124 

Tm(1/2) 0,58158 0,5870 0,9319 

ʅz(0,0,1) 10869,00000 10782,3000 0,7977 

ʅz(0,Y,1) -4145,00000 -4163,8600 0,4550 

ʅz(X,Y,1) -12811,00000 -12747,1000 0,4988 

wz(3/4,1/4,3/4) -11,12500 -11,0264 0,8863 

 

 

ɼʣʷ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ, 

ʧʨʠʤʝʥʷʣʩʷ ʪʘʢʞʝ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ (ʊʘʙʣʠʮʘ 2.20). 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʦʛʠʯʥʳ ʧʨʠʚʝʜʸʥʥʳʤ ʚʳʰʝ 

(ʊʘʙʣʠʮʘ 2.18).  

ʊʘʙʣʠʮʘ 2.21 ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʸʭ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʠʭ ʨʘʩʯʸʪʦʚ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʸʭ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʦʜʭʦʜʦʚ (ʘʣʛʦʨʠʪʤʦʚ) ʠ ʤʝʪʦʜʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ [136], ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʨʦʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ. 
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ʊʘʙʣʠʮʘ 2.20 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʠ ʩʨʘʚʥʝʥʠʝ ʚʨʝʤʸʥ ʩʯʸʪʘ. 

ʅʝʷʚʥʳʡ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ: (n32 ï ʩʝʪʢʘ (32³32³32), n64 ï ʩʝʪʢʘ (64³64³64), 

n128 ï ʩʝʪʢʘ (128³128³128), (Chr) ï ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʂʨʠʩʪʝʥʩʝʥʦʤ ʥʘ 

ʩʝʪʢʝ (32³32³64)) 

ʇʘʨʘʤʝʪʨʳ Chr 
(Che) 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 

 ʚ ʧʨʦʮʝʥʪʘʭ  

n32 n64 n128 n32 n64 n128 

Nu 3,0393 2,989 3,035 3,036 1,6368 0,1290 0,0938 

Vrms 35,1320 35,104 35,108 35,115 0,0781 0,0664 0,0486 

w(0,0,1/2) 165,9100 163,194 165,774 165,809 1,6368 0,0819 0,0609 

w(0,Y,1/2) -26,7200 -26,631 -26,609 -26,637 0,3330 0,4149 0,3084 

w(X,Y,1/2) -58,2300 -56,976 -58,007 -58,060 2,1527 0,3826 0,2917 

T(0,0,1/2) 0,9053 0,9039 0,9048 0,9049 0,1574 0,0570 0,0426 

T(0,Y,1/2) 0,4957 0,4913 0,4944 0,4947 0,8697 0,2499 0,1859 

T(X,Y,1/2) 0,2393 0,2385 0,2381 0,2384 0,3098 0,4745 0,3550 

Q(0,0) 5,8339 5,8279 5,8321 5,8326 0,1022 0,0300 0,0229 

Q(0,Y) 1,7136 1,6975 1,7092 1,7103 0,9405 0,2590 0,1916 

Q(X,Y) 0,7684 0,7668 0,7667 0,7672 0,2057 0,2149 0,1562 

l(0,1/4) -0,5059 -0,4961 -0,5031 -0,5038 1,9305 0,5509 0,4151 

l(X/2,1/4) -0,1921 -0,1890 -0,1904 -0,1909 1,5885 0,8598 0,6427 

l(X,1/4) -0,1388 -0,1372 -0,1385 -0,1386 1,1412 0,2231 0,1635 

wz(3/4,1/4,3/4) -11,1250 -11,0273 -11,0892 -11,0973 0,8784 0,3220 0,2494 

ɺʨʝʤʷ ʩʯʸʪʘ 15 ʩʝʢ 99 ʩʝʢ 1001 ʩʝʢ  

 

 
ʊʘʙʣʠʮʘ 2.21 - ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ [136]. ʉʝʪʢʘ (32³32³64). ʄʝʪʦʜʳ ʨʘʩʱʝʧʣʝʥʠʷ ʩ 

ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ (ʈʂɼ), ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ (ʀʉ) ʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ-ʟʘʚʠʭʨʝʥʥʦʩʪʠ (ɺʇɿ) 

 ʇʘʨʘʤʝʪʨʳ (Chr) (Che) ʈʂɼ (Che) ʀʉ (Che) ɺʇɿ 

Nu 3,039 3,040 2,990 3,039 

Vrms 35,132 35,740 35,160 35,180 

w(X,Y,1/2) -58,230 -58,260 -59,040 -58,210 

T(X,Y,1/2) 0,239 0,242 0,240 0,238 

Tm(3/4) 0,566 0,570 0,566 0,563 

Tm(1/2) 0,582 0,583 0,587 0,579 

wz (3/4,1/4,3/4) -11,125 -10,963 -11,026 -11,250 

 

 

ʆʱʫʪʠʤʳʡ ʚʳʠʛʨʳʰ ʚʦ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢʞʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʈʠʯʘʨʜʩʦʥʘ [63 

,64]. ʈʝʟʫʣʴʪʘʪʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʢʦʥʚʝʢʮʠʠ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʦʙʩʫʞʜʘʶʪʩʷ ʥʠʞʝ. 
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2.6.3 ʊʝʩʪʠʨʦʚʘʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ 

 

ɺ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯʘʭ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʢʦʥʢʨʝʪʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʯʥʳʭ ʨʝʰʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʝʩʣʠ ʧʨʠʤʝʥʠʪʴ 

ʢ ʢʘʞʜʦʡ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʈʠʯʘʨʜʩʦʥʘ [63, 64]. ɸʥʘʣʠʟ, ʚʳʧʦʣʥʝʥʥʳʡ ʘʚʪʦʨʦʤ, ʧʦʢʘʟʳʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʦʤʷʥʫʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʜʘʯʘʭ. 

ɺ ʢʥʠʛʝ ɻ.ʀ. ʄʘʨʯʫʢʘ ʠ ɺ.ɺ. ʐʘʡʜʫʨʦʚʘ [64] ʧʨʠʚʝʜʝʥʳ 

ʠʣʣʶʩʪʨʘʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ 

ɼʠʨʠʭʣʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ 

)1,0(,
)1(

1
))1((

2

32

Í
+

++
=+¡¡+- x

x

xx
xuux , 

.2/1)1(,0)0( == uu  

(2.87) 

 

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠʤʝʝʪ ʚʠʜ 

x

x
xua

+
=

1
)( . (2.88) 

 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʳʭ ʩʝʪʦʢ ʩ ʯʠʩʣʦʤ ʫʟʣʦʚ 10, 20, 40 ʠ 80 ʘʚʪʦʨʦʤ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʧʦ ʈʠʯʘʨʜʩʦʥʫ, ʢʦʪʦʨʳʝ ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʣʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [64] 

ʯʠʩʣʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʦʩʷʪ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ.  

ʌʦʨʤʫʣʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ [64] ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ 

ʩʣʫʯʘʷ: 

¶ ʥʘ ʜʫʭ ʩʝʪʢʘʭ: 
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¶ ʥʘ ʪʨʸʭ ʩʝʪʢʘʭ: 
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(2.90) 

ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ i  ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʝʜʠʥʠʮʳ ʜʦ ʩʚʦʝʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ ʠʥʜʝʢʩ m=1,2,3, é  ʦʙʦʟʥʘʯʘʝʪ (ʪʘʢ ʞʝ, ʢʘʢ 

ʠ ʚ (2.75), (2.76)) ʥʦʤʝʨ ʩʝʪʢʠ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ. ɼʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ (2.87) ʧʨʠʤʝʥʷʣʘʩʴ ʩʪʘʥʜʘʨʪʥʘʷ 

ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ.  

 

ɺ ʪʘʙʣʠʮʝ (ʊʘʙʣʠʮʘ 2.22) (ʩʪʨʦʢʘ 0 ʠ ʩʪʦʣʙʝʮ 0) ʧʨʠʚʝʜʝʥʳ 

ʟʥʘʯʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʯʝʪʳʨʸʭ ʩʝʪʢʘʭ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ:  

i
m
a

m
i

i

m uu )(max -=d ,  m=1,2,3,4, 

ʛʜʝ 
m
iu  - ʨʝʰʝʥʠʝ (2.87) ʥʘ ʩʝʪʢʝ m (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ m =1,2,3,4 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ: m=1, i=1,é,11; 

m=2, i=1,é,21; m=3, i=1,é,41 ʠ m=4, i=1,é,81; ʪ.ʝ. 10, 20, 40 ʠ 80 ʷʯʝʝʢ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 

i
m
au )(  - ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (2.88) ʥʘ ʩʝʪʢʝ ʩ ʥʦʤʝʨʦʤ m; 

i
m
a

mm
i

i

mm uu )(max 1,1, -=d ++ , m=1,2,3; 

1, +mmu  - ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (2.89) ʥʘ ʩʝʪʢʘʭ m ʠ m+1; 

i
m
a

mmm
i

i

mmm uu )(max 2,1,2,1, -=d ++++ , m=1; 

2,1, ++ mmmu  - ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (2.90) ʥʘ ʪʨʸʭ ʩʝʪʢʘʭ m, m+1 

ʠ m+2: iai
i

uu )(max 13,2,13,2,1 -=d . 

 

ɼʘʣʝʝ ʯʠʩʣʘ ŭ1,ŭ2,é,ŭ1,2,3 ʚ ʩʪʦʣʙʮʝ 0 ʪʘʙʣʠʮʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʜʝʣʷʪʩʷ ʥʘ ʵʣʝʤʝʥʪʳ ŭ1,ŭ2,é,ŭ1,2,3 ʩʪʨʦʢʠ 0 (ʚʩʶʜʫ ʜʝʣʠʪʝʣʴ ʩʪʘʨʰʝ 

ʜʝʣʠʤʦʛʦ: ʥʝʣʴʟʷ ʜʝʣʠʪʴ k+1-ʡ ʵʣʝʤʝʥʪ ʚ ʩʪʦʣʙʮʝ 0 ʥʘ k-ʡ ʵʣʝʤʝʥʪ 
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ʥʫʣʝʚʦʡ ʩʪʨʦʢʠ). ʈʝʟʫʣʴʪʘʪʳ ʜʝʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 

ʵʣʝʤʝʥʪʳ ʚʝʨʭʥʝʡ ʪʨʝʫʛʦʣʴʥʦʡ ʤʘʪʨʠʮʳ.  

 

 

ʊʘʙʣʠʮʘ 2.22 ï ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʨʝʰʝʥʠʡ ʦʜʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ (2.87) 

- 
0 1 2 3 4 5 6 7 8 

- ŭ1 ŭ2 ŭ3 ŭ4 ŭ1,2 ŭ2,3 ŭ3,4 ŭ1,2,3 

0 - - 2,30E-04 5,79E-05 1,45E-05 3,63E-06 4,21E-07 2,66E-08 1,67E-09 2,96E-10 

1 ŭ1 2,30E-04 1,00E+00 3,97E+00 1,58E+01 6,32E+01 5,46E+02 8,65E+03 1,38E+05 7,77E+05 

2 ŭ2 5,79E-05 - 1,00E+00 3,99E+00 1,59E+01 1,38E+02 2,18E+03 3,48E+04 1,96E+05 

3 ŭ3 1,45E-05 - - 1,00E+00 4,00E+00 3,45E+01 5,47E+02 8,72E+03 4,91E+04 

4 ŭ4 3,63E-06 - - - 1,00E+00 8,63E+00 1,37E+02 2,18E+03 1,23E+04 

5 ŭ1,2 4,21E-07 - - - - 1,00E+00 1,58E+01 2,53E+02 1,42E+03 

6 ŭ2,3 2,66E-08 - - - - - 1,00E+00 1,60E+01 8,99E+01 

7 ŭ3,4 1,67E-09 - - - - - - 1,00E+00 5,63E+00 

8 ŭ1,2,3 2,96E-10 - - - - - - - 1,00E+00 

 

 

ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʫʩʣʦʚʠʷʤʠ 

ʅʝʡʤʘʥʘïɼʠʨʠʭʣʝ ʠ ɼʠʨʠʭʣʝ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ ʠʟ ʨʘʟʜʝʣʘ 2.4.1 ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʨʸʭʤʝʨʥʳʭ ʩʝʪʦʢ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( )3/4 ,,
1

12,12,12
,1

,,
m

kji
m

kji
mm

kji F-FÖ=F +
---

+ ;  (2.91) 

ʜʣʷ ʪʨʸʭ ʩʝʪʦʢ: 

( )45/6420 2
34,34,34

1
12,12,12,,

2,1,
,,

+
---

+
---

++ FÖ+FÖ-F=F m
kji

m
kji

m
kji

mmm
kji ,  (2.92) 

ʧʨʠʯʸʤ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʦʚ kji ,,
 ʠʟʤʝʥʷʶʪʩʷ ʦʪ 1 ʜʦ ʩʚʦʠʭ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʘ ʠʥʜʝʢʩ m=1,2,3,é  ʦʙʦʟʥʘʯʘʝʪ ʥʦʤʝʨ ʩʝʪʢʠ 

ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ. ʆʰʠʙʢʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ (2.70) 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯʥʦʡ (2.75) ʪ.ʝ. 
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kji
m
a

mm
kji

kji

mm
,,

,...1,
,,

,,

,...1, )(max F-F=d ++
. 

(2.93) 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘ ʩʯʸʪ ʵʢʩʪʨʘʧʦʣʷʮʠʠ 

ʧʦ ʈʠʯʘʨʜʩʦʥʫ ʥʘ ʜʚʫʭ ʩʝʪʢʘʭ ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ (2.69), (2.70) ʚʤʝʩʪʝ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 2.4.1, 2.4.2 ʠ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦ 

ʈʠʯʘʨʜʩʦʥʫ ʥʘ ʜʚʫʭ ʩʝʪʢʘʭ ʜʣʷ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʠ ʦʩʥʦʚʥʦʛʦ ʪʝʩʪʘ [136], 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʧ. 2.6, ʚʤʝʩʪʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ  2.6.1-

2 ʠ ʚ 2.6.1-3 (ʊʘʙʣʠʮʘ 2.18) ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ 

ʚʧʣʦʪʴ ʜʦ ʩʝʪʢʠ (128ʭ128ʭ128), ʥʘ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʝʥʠʷ ʥʝ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ.  

 

ɼʣʷ ʟʘʜʘʯʠ ʅʝʡʤʘʥʘ-ɼʠʨʠʭʣʝ, ʫʧʦʤʷʥʫʪʦʡ ʚ ʨʘʟʜʝʣʝ ʧʦʜ ʥʦʤʝʨʦʤ 

2.4.1, ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ɓ. 

ʆʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʜʘʚʘʣʘʩʴ ʝʜʠʥʠʯʥʳʤ ʢʫʙʦʤ, ʢʘʢ ʠ ʚ 

ʨʘʟʜʝʣʝ 2.4.1. 

ʋʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ (2.69) 

( )[ ] )(2222 222

232),,( zyxezyxzyx ++bÖ++Öb+Öb=FÐ ,  

ʠʤʝʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʌʘ (2.70) 

.),,( )( 222 zyx
a ezyx ++b=F¹F  

ʇʫʩʪʴ ɓ = -2,0; Ű = 10-3/4m-1, m= 1,2,3; ʢʨʠʪʝʨʠʡ ʚʳʭʦʜʘ ʠʟ 

ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: Ů = 10-8. 

ʅʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 1
,, kjiF  ʥʫʣʝʚʦʝ: 01

,, =F kji . 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ï ʥʦʤʝʨ ʩʝʪʢʠ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ m=1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʝʪʢʝ 

32³32³32 ʷʯʝʝʢ (ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ m ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʦʙʱʝʡ ʬʦʨʤʝ: 

111 232232232 --- Ö³Ö³Ö mmm
). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʝ m=2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʝʪʢʘ 64³64³64 ʷʯʝʝʢ; m=3 ï ʩʝʪʢʘ 128³128³128 ʷʯʝʝʢ. 
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ʀʱʝʪʩʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʅʝʡʤʘʥʘ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʢʫʙʘ, ʠ ʩ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʭ. 

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ (m=1, 1
,, kjiF ) ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ s =1275 ʰʘʛʦʚ ʧʦ 

ʬʠʢʪʠʚʥʦʤʫ ʚʨʝʤʝʥʠ ʩ ʰʘʛʦʤ Ű = 10-3 ʟʥʘʯʝʥʠʝ  

81,1
,,

,1
,,

,,
1099,0max -- Ö=F-F s

kji
s

kji
kji

 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ e=10-8 ʠ ʨʝʰʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ.  

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʠʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩʣʝʥʠʡ 

4
,,

1,1
,,

,,

1 1036,2)(max -Ö=F-F=d kjia
s

kji
kji

, s = 1275. 

ʅʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 2
,, kjiF  (ʩʝʪʢʘ 64³64³64 ʷʯʝʝʢ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʣʷ 1
,, kjiF ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ. 

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ (m=2, 2
,, kjiF ) ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ s = 525 ʠʪʝʨʘʮʠʡ 

5
,,

2,2
,,

,,

2 1082,5)(max -Ö=F-F=d kjia
s

kji
kji

, s = 525. 

ɺʳʭʦʜ ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ  

81,2
,,

,2
,,

,,
1098,0max -- Ö=F-F s

kji
s

kji
kji

, s ʧʦ-ʧʨʝʞʥʝʤʫ ï ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ. 

 

ʅʘ ʪʨʝʪʴʝʤ ʰʘʛʝ (m=3, 3
,, kjiF ) ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 3

,, kjiF  (ʩʝʪʢʘ 

128³128³128 ʷʯʝʝʢ) ʚʳʯʠʩʣʷʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʣʷ 2
,, kjiF  ʧʨʠ 

ʧʦʤʦʱʠ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ s = 375 ʠʪʝʨʘʮʠʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʭʦʜ ʠʟ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʟʥʘʯʝʥʠʠ 

81,3
,,

,3
,,

,,
1099,0max -- Ö=F-F s

kji
s

kji
kji

< Ů = 10-8, 

ʘ ʦʰʠʙʢʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 

5
,,

3,3
,,

,,

3 1050,1)(max -Ö=F-F=d kjia
s

kji
kji

, s = 375. 
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ʉʨʘʚʥʝʥʠʝ ʨʝʰʝʥʠʡ 
1

,, kjiF , 
2

,, kjiF  ʠ 
3

,, kjiF  ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ kjia ,,

1 )(F , 

kjia ,,

2 )(F  ʠ kjia ,,

3 )(F  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ [64] 

ʧʦ ʬʦʨʤʫʣʘʤ (2.91) ʠ (2.92) ʜʘʸʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ, ʩʚʝʜʸʥʥʳʝ ʚ 

ʪʘʙʣʠʮʫ (ʊʘʙʣʠʮʘ 2.23).  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʴʥʦʡ ʟʘʜʘʯʝ ʠʟ [64], ʦʜʥʘʢʦ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦ 

ʈʠʯʘʨʜʩʦʥʫ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ.  

 

 

ʊʘʙʣʠʮʘ 2.23 ï ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʅʝʡʤʘʥʘ  

ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʩ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ (ɓ=-2,0) ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʸʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ  

- 
0 1 2 3 4 5 6 

- ŭ1 ŭ2 ŭ3 ŭ1,2 ŭ2,3 ŭ1,2,3 

0 - - 2,36E-04 5,82E-05 1,50E-05 5,80E-06 2,56E-06 1,06E-06 

1 ŭ1 2,36E-04 1,00E+00 4,05E+00 1,57E+01 4,07E+01 9,22E+01 2,23E+02 

2 ŭ2 5,82E-05 - 1,00E+00 3,88E+00 1,00E+01 2,27E+01 5,49E+01 

3 ŭ3 1,50E-05 - - 1,00E+00 2,59E+00 5,86E+00 1,42E+01 

4 ŭ1,2 5,80E-06 - - - 1,00E+00 2,27E+00 5,47E+00 

5 ŭ2,3 2,56E-06 - - - - 1,00E+00 2,42E+00 

6 ŭ1,2,3 1,06E-06 - - - - - 1,00E+00 

 

 

ɺ ʩʣʫʯʘʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ɼʠʨʠʭʣʝ ʥʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʨʘʩʯʸʪʥʦʡ 

ʦʙʣʘʩʪʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ (ʊʘʙʣʠʮʘ 2.24): 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʥʫʣʝʚʦʡ ʩʪʨʦʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ:  

kji
m
a

m
kji

kji

m
,,,,

,,
)(max F-F=d ,  m=1,2,3, 

ʛʜʝ m kji ,,F  - ʨʝʰʝʥʠʝ (2.69) ʥʘ ʩʝʪʢʝ m (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ m =1,2,3 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ 
111 232232232 --- Ö³Ö³Ö mmm
 

(32³32³32, 64³64³64 ʠ 128³128³128) ʷʯʝʝʢ; ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʡ 
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ʠʥʜʝʢʩʦʚ: 1232,232,...,2,1,, 11 +ÖÖ= -- mmkji ); kji
m
a ,,)(F  - ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ (2.70) ʥʘ ʩʝʪʢʝ ʩ ʥʦʤʝʨʦʤ m; 

kji
m
a

mm
kji

kji

mm
,,

1,
,,

,,

1, )(max F-F=d ++ , m=1,2, 

ʛʜʝ 1,
,,
+F mm

kji  - ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (2.91) ʥʘ ʩʝʪʢʘʭ m ʠ m+1; 

kji
m
a

mmm
kji

kji

mmm
,,

2,1,
,,

,,

2,1, )(max F-F=d ++++ , m=1, 

2,1,
,,

++F mmm
kji  - ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʧʦ ʬʦʨʤʫʣʝ (2.92) ʧʦ ʨʝʰʝʥʠʷʤ ʥʘ ʪʨʸʭ 

ʩʝʪʢʘʭ m, m+1 ʠ m+2: 
kjiakji

kji
,,

13,2,1
,,

,,

3,2,1 )(max F-F=d . 

 

 

ʊʘʙʣʠʮʘ 2.24 ï ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ 

ʚʩʝʭ ʛʨʘʥʠʮʘʭ (ɓ=-2,0) ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʸʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ  

ʧʦ ʈʠʯʘʨʜʩʦʥʫ 

- 
0 1 2 3 4 5 6 

- ŭ1 ŭ2 ŭ3 ŭ1,2 ŭ2,3 ŭ1,2,3 

0 - - 6,63E-05 1,66E-05 4,17E-06 3,76E-07 1,20E-07 8,33E-08 

1 ŭ1 6,63E-05 1,00E+00 3,99E+00 1,59E+01 1,77E+02 5,53E+02 7,97E+02 

2 ŭ2 1,66E-05 - 1,00E+00 3,99E+00 4,43E+01 1,38E+02 2,00E+02 

3 ŭ3 4,17E-06 - - 1,00E+00 1,11E+01 3,48E+01 5,01E+01 

4 ŭ1,2 3,76E-07 - - - 1,00E+00 3,13E+00 4,50E+00 

5 ŭ2,3 1,20E-07 - - - - 1,00E+00 1,44E+00 

6 ŭ1,2,3 8,33E-08 - - - - - 1,00E+00 

 

 

ʏʠʩʣʘ 
3,2,121 ,...,, ddd  ʚ ʩʪʦʣʙʮʝ 0 ʪʘʙʣʠʮ (ʊʘʙʣʠʮʘ 2.23, ʊʘʙʣʠʮʘ 2.24) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʝʣʷʪʩʷ ʥʘ ʵʣʝʤʝʥʪʳ 
3,2,121 ,...,, ddd  ʩʪʨʦʢʠ 0. ʈʝʟʫʣʴʪʘʪʳ 

ʜʝʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʜʠʘʛʦʥʘʣʴ ʧʨʠʚʝʜʸʥʥʦʡ ʚ ʪʘʙʣʠʮʘʭ ʵʣʝʤʝʥʪʦʚ 

ʚʝʨʭʥʝʡ ʪʨʝʫʛʦʣʴʥʦʡ ʤʘʪʨʠʮʳ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ ʧʝʨʝʤʝʥʥʦʡ ɓ. 

 



115 

ʊʘʙʣʠʮʘ 2.25 ï ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʅʝʡʤʘʥʘ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʩ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ (ɓ=-4,0) ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʸʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ  

- 
0 1 2 3 4 5 6 

- ŭ1 ŭ2 ŭ3 ŭ1,2 ŭ2,3 ŭ1,2,3 

0 - - 4,43E-04 1,02E-04 2,50E-05 2,00E-05 9,45E-06 4,74E-06 

1 ŭ1 4,43E-04 1,00E+00 4,33E+00 1,77E+01 2,21E+01 4,68E+01 9,34E+01 

2 ŭ2 1,02E-04 - 1,00E+00 4,08E+00 5,11E+00 1,08E+01 2,16E+01 

3 ŭ3 2,50E-05 - - 1,00E+00 1,25E+00 2,65E+01 5,25E+00 

4 ŭ1,2 2,00E-05 - - - 1,00E+00 2,12E+00 4,23E+00 

5 ŭ2,3 9,45E-06 - - - - 1,00E+00 1,99E+00 

6 ŭ1,2,3 4,74E-06 - - - - - 1,00E+00 

 

 

ʊʘʙʣʠʮʘ 2.26 ï ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ 

ʚʩʝʭ ʛʨʘʥʠʮʘʭ (ɓ=-4,0) ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʸʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ  

ʧʦ ʈʠʯʘʨʜʩʦʥʫ  

- 
0 1 2 3 4 5 6 

- ŭ1 ŭ2 ŭ3 ŭ1,2 ŭ2,3 ŭ1,2,3 

0 - - 1,62E-04 4,05E-05 1,01E-05 8,17E-07 4,99E-07 2,09E-07 

1 ŭ1 1,62E-04 1,00E+00 4,00E+00 1,60E+01 1,99E+02 3,25E+02 7,77E+02 

2 ŭ2 4,05E-05 - 1,00E+00 4,00E+00 4,96E+01 8,12E+01 1,946E+02 

3 ŭ3 1,01E-07 - - 1,00E+00 1,24E+01 2,03E+01 4,86E+01 

4 ŭ1,2 8,17E-07 - - - 1,00E+00 1,63E+00 3,91E+00 

5 ŭ2,3 4,99E-07 - - - - 1,00E+00 2,39E+00 

6 ŭ1,2,3 2,09E-07 - - - - - 1,00E+00 

 

 

ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʸʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʯʝʪʘ. ʂ ʧʨʠʤʝʨʫ, ʥʘ ʧʨʠʚʝʜʸʥʥʦʡ ʟʜʝʩʴ ʤʦʜʝʣʴʥʦʡ 

ʟʘʜʘʯʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 14-ʪʠ ʢʨʘʪʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʥʘ ʩʝʪʢʘʭï (32³32³32) ï (64³64³64) ʠ 64³64³64) ï 

(128³128³128). ʅʘ ʩʝʪʢʘʭ (32³32³32) ï 64³64³64) ʚ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯʘʭ 

Busse et al. [135] (ʨʘʟʜʝʣ 2.6) ʚʳʠʛʨʳʰ ʦʢʘʟʘʣʩʷ 24-ʭ ʢʨʘʪʥʳʤ.  
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ʊʘʙʣʠʮʘ 2.27 ï ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ 

ʚʩʝʭ ʛʨʘʥʠʮʘʭ (ɓ=-5,0) ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʸʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ  

ʧʦ ʈʠʯʘʨʜʩʦʥʫ  

- 
0 1 2 3 4 5 6 

- ŭ1 ŭ2 ŭ3 ŭ1,2 ŭ2,3 ŭ1,2,3 

0 - - 2,06E-04 5,15E-05 1,28E-05 1,01E-06 3,00E-07 1,24E-07 

1 ŭ1 2,06E-04 1,00E+00 4,00E+00 1,60E+01 2,04E+02 6,87E+02 1,66E+03 

2 ŭ2 5,15E-05 - 1,00E+00 4,00E+00 5,09E+01 1,72E+02 4,15E+02 

3 ŭ3 1,28E-05 - - 1,00E+00 1,27E+01 4,29E+01 1,04E+02 

4 ŭ1,2 1,01E-06 - - - 1,00E+00 3,37E+00 8,15E+00 

5 ŭ2,3 3,00E-07 - - - - 1,00E+00 2,42E+00 

6 ŭ1,2,3 1,24E-07 - - - - - 1,00E+00 

 

 

ʊʘʙʣʠʮʘ 2.28 ï ʈʝʰʝʥʠʝ ʤʦʜʝʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʥʘ 

ʚʩʝʭ ʛʨʘʥʠʮʘʭ (ɓ=-8,0) ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʸʭ ʩʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʠ  

ʧʦ ʈʠʯʘʨʜʩʦʥʫ  

- 
0 1 2 3 4 5 6 

- ŭ1 ŭ2 ŭ3 ŭ1,2 ŭ2,3 ŭ1,2,3 

0 - - 3,30E-04 8,30E-05 2,08E-05 2,02E-06 5,45E-07 2,45E-07 

1 ŭ1 3,30E-04 1,00E+00 3,98E+00 1,59E+01 1,63E+02 6,05E+02 1,35E+03 

2 ŭ2 8,30E-05 - 1,00E+00 4,00E+00 4,10E+01 1,52E+02 3,40E+02 

3 ŭ3 2,08E-05 - - 1,00E+00 1,03E+01 3,80E+01 8,49E+01 

4 ŭ1,2 2,02E-06 - - - 1,00E+00 3,71E+00 8,27E+00 

5 ŭ2,3 5,45E-07 - - - - 1,00E+00 2,23E+00 

6 ŭ1,2,3 2,45E-07 - - - - - 1,00E+00 

 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦ ʈʠʯʘʨʜʩʦʥʫ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ (ʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ) ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʦʙʰʠʨʥʦʡ ʦʙʣʘʩʪʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ 

ɿʝʤʣʠ, ʧʝʨʝʢʨʳʪʦʡ ʢʦʥʜʫʢʪʠʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ. 

 

2.7 ɿʘʜʘʯʘ ʧʨʦʪʝʢʘʥʠʷ 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣïʟʘʚʠʭʨʝʥʥʦʩʪʴè ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ 
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ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʧʨʦʪʝʢʘʥʠʝ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʦʙʣʘʩʪʴ, ʜʚʠʞʝʥʠʝ 

ʧʦʨʰʥʷ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ ʠ ʜʨʫʛʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʟʘʜʘʯʠ), ʥʠʞʝ 

ʦʙʩʫʞʜʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ: 

ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩ 

ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ (2.56)-(2.60); 

ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʝʪʦʜʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʠ (2.12)-(2.14).  

ʇʨʦʪʝʢʘʥʠʝ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʢʫʙ, ʨʘʟʤʝʨʳ 

ʢʦʪʦʨʦʛʦ 700³700³700 ʢʤ3, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʜʣʷ ʤʘʥʪʠʡʥʦʡ ʞʠʜʢʦʩʪʠ ʧʘʨʘʤʝʪʨʘʭ (ʚ ʩʠʩʪʝʤʝ ʉʀ):  

d = 700 000 ʤ, DT = 1800ÁC, c = 10-6 ʤ2/ʩ, 

a = 2.10-5 Áʉ-1, r = 3300 ʢʛ/ʤ3,  

gz = 10 ʤ/ʩ
2, h0 = 3.1021 ʢʛ/ʤ.ʩ. 

(2.94) 

ʏʠʩʣʦ ʈʵʣʝʷ, ʧʨʠ ʵʪʦʤ, Ra = 2Ŀ105. 

ɺʷʟʢʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

(2.16):  

),,,()1(),,,( tzyxaTzbetzyx --=h .     

ʇʨʝʜʣʦʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (2.16) ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʛʨʘʬʠʢʝ (ʈʠʩʫʥʦʢ 

2.9) ʠ ʧʨʠʚʣʝʢʘʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʚʩʝʭ ʟʘʜʘʯ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ. 

ʅʘ ʛʨʘʥʠʯʥʦʡ ʧʣʦʩʢʦʩʪʠ (yz) ʚ ʪʦʯʢʘʭ, ʛʜʝ ʭ = 0, ʩʢʦʨʦʩʪʴ 

ʨʘʚʥʷʣʘʩʴ: == 0uu
in

2 ʩʤ/ʛʦʜ; 0==
inin

wv .  ʅʘ ʚʳʭʦʜʥʦʡ ʛʨʘʥʠʮʝ (yz), ʚ 

ʪʦʯʢʘʭ, ʛʜʝ ʭ = 700 ʢʤ, ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ çʩʚʦʙʦʜʥʦʛʦè ʧʨʦʪʝʢʘʥʠʷ  

[2, 117]:  
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ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ (y = 0; y =  Y = 700 ʢʤ) ʜʣʷ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʟʘʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ (1.9), ʘ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ (z = 0, z =  Z = 700 ʢʤ) - ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ.  

ʋʩʣʦʚʠʷ ʜʣʷ ʦʙʝʟʨʘʟʤʝʨʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʢʘʢ ʠ ʚ ʟʘʜʘʯʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ): 

o  ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʷʭ:   0=
µ

µ
=

µ

µ

y

T

x

T
,   

o  ʥʘ ʧʦʜʦʰʚʝ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ:   ʊ = 1,   

o  ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ:   ʊ = 0. 

 

 

 

ʈʠʩʫʥʦʢ 2.9 ï ɺʷʟʢʦʩʪʴ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ (2.16) ʧʨʠ t = 0. ʅʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï ʚʝʣʠʯʠʥʘ 

ʚʷʟʢʦʩʪʠ ʚ ʇʘÖʩʝʢ, ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ï ʛʣʫʙʠʥʘ ʚ ʢʠʣʦʤʝʪʨʘʭ 

 

 

 

ʇʨʦʬʠʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ u ʥʘ ʚʳʭʦʜʥʦʡ 

ʛʨʘʥʠʮʝ ʯʝʨʝʟ t = 50Ŀȹt ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ (ʈʠʩʫʥʦʢ 2.9). 
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ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʝʪʢʝ (49³49³49) ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ ȹt = 

1.0 ʤʣʥ ʣʝʪ. 

ɼʚʠʞʝʥʠʝ ʤʘʥʪʠʡʥʦʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʦʪʨʘʞʘʝʪ ʈʠʩʫʥʦʢ 

2.10, ʥʘ ʢʦʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʞʠʜʢʦʩʪʴ, ʠʤʝʶʱʘʷ ʥʘʠʤʝʥʴʰʫʶ ʚʷʟʢʦʩʪʴ, ʥʦ ʩʫʤʤʘʨʥʦʡ 

ʨʘʩʭʦʜ ʯʝʨʝʟ ʚʭʦʜʥʫʶ ʧʣʦʩʢʦʩʪʴ ʨʘʚʝʥ ʩʫʤʤʘʨʥʦʤʫ ʨʘʩʭʦʜʫ ʤʘʥʪʠʡʥʦʡ 

ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʚʳʭʦʜʥʫʶ ʛʨʘʥʠʮʫ. ʇʨʦʬʠʣʴ ʩʢʦʨʦʩʪʠ ʧʦʚʪʦʨʷʝʪ, ʧʦ 

ʩʫʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʬʦʨʤʫʣʦʡ (2.16) (ʩʨʘʚʥʠʪʝ ʈʠʩʫʥʦʢ 

2.9 ʠ ʈʠʩʫʥʦʢ 2.10).  

 

 

 

 

 
ʈʠʩʫʥʦʢ 2.10 ï ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ Vx ʚ 

ʧʣʦʩʢʦʩʪʠ x = Xmax = 700 ʢʤ. ʇʦ ʚʝʨʪʠʢʘʣʠ ʠʟʦʙʨʘʞʝʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 
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ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ: ʚʳʙʦʨ ʟʘʚʠʩʠʤʦʩʪʠ (2.16) ʚʧʦʣʥʝ 

ʦʪʨʘʞʘʝʪ ʩʠʪʫʘʮʠʶ, ʙʣʠʟʢʫʶ ʢ ʨʝʘʣʴʥʦʡ ʜʣʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʘ ʠʤʝʥʥʦ: 

ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʤʠ 80-100 ʢʤ ʠ 250-300 ʢʤ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 

ʣʠʪʦʩʬʝʨʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʥʝʝ ʚʷʟʢʠʡ ʘʩʪʝʥʦʩʬʝʨʥʳʡ ʩʣʦʡ, ʘ 

ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ (ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ) 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʨʘʩʯʸʪʦʚ ʤʘʥʪʠʡʥʳʭ ʪʝʯʝʥʠʡ ʤʦʜʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʧʦʜʭʦʜʦʚ (ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ 

ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ ʠ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʣʠ. 
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ɺʳʚʦʜʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʣʘʚʳ 2 ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ.  

1. ʇʦʩʪʨʦʝʥʳ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʠ ʆʙʝʨʙʝʢʘ-ɹʫʩʩʠʥʝʩʢʘ ʧʨʠʙʣʠʞʝʥʠʷʭ ʠ ʥʝʷʚʥʳʭ 

ʤʝʪʦʜʘʭ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʪʨʸʭʤʝʨʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʪʝʧʣʦʚʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ. ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʭʨʝʥʥʦʩʪʴè, ʚʪʦʨʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩ ʢʦʨʨʝʢʮʠʝʡ ʜʘʚʣʝʥʠʷ. ʊʨʝʪʴʷ 

ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʥʝʷʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʠ.  

2. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʝʪʦʢ ʠ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ ʦʩʫʱʝʩʪʚʣʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʩʪʨʦʝʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʢʘʢ ʥʘ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʭʨʝʥʥʦʩʪʴè, ʪʘʢ ʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ. 

3. ʉʦʟʜʘʥʳ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

4. ʆʩʫʱʝʩʪʚʣʝʥʦ ʜʝʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʪʝʩʪʘ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ. 
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ɻʣʘʚʘ 3.    ʊʨʸʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʢʦʥʚʝʢʮʠʠ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʪʨʸʭʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ çʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ - 

ʟʘʚʠʭʨʝʥʥʦʩʪʴè; ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʩ ʨʘʟʥʳʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʦʜʥʦʨʦʜʥʦʡ ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʳ. 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦ ʚʩʝ ʤʦʜʝʣʠ ʧʨʠʚʣʝʢʘʣʘʩʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʨʘʚʥʦʤʝʨʥʦʡ 

ʢʦʥʜʫʢʪʠʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʦʜʝʣʠ ʩ ʢʚʘʜʨʘʪʥʳʤ (ʚ ʧʣʘʥʝ) ʢʨʘʪʦʥʦʤ, ʩ ʜʚʫʤʷ 

ʢʨʘʪʦʥʘʤʠ, ʩ ʢʨʘʪʦʥʦʤ ʚ ʬʦʨʤʝ ʧʦʣʦʩʳ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʩ ʣʦʚʫʰʢʦʡ 

(ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʫʪʦʣʱʸʥʥʳʝ ʫʯʘʩʪʢʠ ʣʠʪʦʩʬʝʨʳ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʪʝʨʤʠʥʦʤ çʢʨʘʪʦʥè, ʘ ʫʪʦʥʸʥʥʳʝ ʫʯʘʩʪʢʠ - ʪʝʨʤʠʥʦʤ çʣʦʚʫʰʢʘè).  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʜʘʯ ʠʤʝʶʪ çʛʝʦʣʦʛʠʯʝʩʢʠʡè ʩʤʳʩʣ ʠ 

ʤʦʜʝʣʠʨʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʚʦ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ. 

ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ 

ʨʘʩʯʸʪʳ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ 

ʩʝʙʷ ʉʠʙʠʨʩʢʫʶ ʧʣʘʪʬʦʨʤʫ, ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʫʶ ʧʣʠʪʫ, ʊʘʨʠʤ ʠ ʯʘʩʪʴ 

ʉʝʚʝʨʦ-ʂʠʪʘʡʩʢʦʡ ʧʣʠʪʳ. 

 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʇʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʜʣʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚʳʙʠʨʘʣʠʩʴ ʘʥʘʣʦʛʠʯʥʦ 

ʚʳʙʨʘʥʥʳʤ ʜʣʷ ʟʘʜʘʯʠ ʧʨʦʪʝʢʘʥʠʷ, ʧʨʠʚʝʜʸʥʥʦʡ ʚ ʧ. 2.7 (ʬʦʨʤʫʣʳ 
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(2.94)). ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ (1.7):  

Z=1,0. (3.1) 

X ʠ Y ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ 

ʟʘʜʘʯʠ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (2.15) ʠ 

ʚʳʯʠʩʣʝʥʠʝ ʚʷʟʢʦʩʪʠ (2.16) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʠʶ ʵʪʘʧʦʚ 

ɸ ʠ ɹ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʧʨʦʛʨʘʤʤ (ʧ. 2.2). 

ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʚʝʭʥʝʤʘʥʪʠʡʥʦʡ ʛʨʘʥʠʮʳ Zupmant le ʚʦ ʚʩʝʭ 

ʟʘʜʘʯʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʚʳʙʠʨʘʣʘʩʴ ʨʘʚʥʦʡ 700 ʢʤ.  

ɺʦʟʤʫʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʜʘʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ, ʘʥʘʣʦʛʠʯʥʦʡ 

ʬʦʨʤʫʣʝ (2.79) ʧʨʠ  = 0,05. ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʧʦʣʝ ʧʨʠ t = 0: 

+= )0,,,(
~

0 zyx T(x,y,z)T  )sin())/(cos)/((cos zYyXx pp+p . (3.2) 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʛʣʫʙʠʥʳ ʚʳʨʘʞʝʥʘ 

ʬʦʨʤʫʣʦʡ (2.16). 

 

ɺ ʨʘʩʯʸʪʘʭ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʳ ʯʠʩʣʦ ʈʵʣʝʷ ʧʦʣʘʛʘʣʦʩʴ ʨʘʚʥʳʤ 

Ra = 3,0Ĭ105. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʨʭʥʝʤʘʥʪʠʡʥʦʡ ʩʨʝʜʳ (2.94), 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʛʣʫʙʠʥʳ (2.16), ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ (1.30)-(1.35) ʦʧʠʩʘʥʳ ʜʣʷ ʦʙʱʝʡ ʤʦʜʝʣʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ.  

 

ɼʣʷ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʠʟʚʝʩʪʥʘ [82] ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ 

ʅʫʩʩʝʣʴʪʘ ʦʪ ʯʠʩʣʘ ʈʵʣʝʷ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʦʡ: Nu 

å 0,1ĿRaı,  Ra < 5Ŀ104 (Ra = 300 000). ɼʣʷ ʚʩʝʡ ʤʘʥʪʠʠ (ʩʤ. ʨʝʟʫʣʴʪʘʪʳ 

ʚ 2.6.1) ʧʨʠ Ra = 30 000 ʠ Ra = 20 000 ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ: 

Nu å 0,114ĿRaӎ  ʧʨʠ Ra <5Ŀ104. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʜʘʥʥʦʡ ʛʣʘʚʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʨʘʚʥʦʤʝʨʥʳʭ 

ʩʝʪʢʘʭ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ (1.7) ʧʨʠ X =  Y = 6 ʠ Z = 1. ɹʝʟʨʘʟʤʝʨʥʘʷ 

ʝʜʠʥʠʮʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱʥʦʩʪʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʪ.ʝ. ʚʝʣʠʯʠʥʝ Zupmant le 

ʨʘʚʥʦʡ 700 ʢʤ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʚʘʣʠʩʴ ʚ ʨʘʤʢʘʭ ʟʘʜʘʯʠ 1.3, ʧ. 1.4 

ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʚʝʢʪʦʨʥʦʡ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. 

 

ɼʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʧʦʜ ʨʘʚʥʦʤʝʨʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʙʳʣ 

ʩʜʝʣʘʥ ʨʘʩʯʸʪ ʥʘ ʩʝʪʢʝ 132³132³70. ʕʢʩʪʨʘʧʦʣʷʮʠʷ ʧʦ ʈʠʯʘʨʜʩʦʥʫ, 

ʧʨʠʤʝʥʸʥʥʘʷ ʜʣʷ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠ ʚ ʩʣʫʯʘʝ ʜʘʥʥʳʭ 

ʨʘʩʯʸʪʦʚ. ʅʘ ʜʚʫʭ ʩʝʪʢʘʭ (66³66³35) ʠ (132³132³70) ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʶ ʥʘ ʩʝʪʢʝ 264³264³140. ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʨʘʚʥʝʥʠʷ (ʙʝʟ ʫʢʘʟʘʥʠʷ ʟʥʘʯʝʥʠʡ ʠʟʦʣʠʥʠʡ) ʠʟʦʙʨʘʞʝʥʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʣʫʙʠʥʝ z = 460 ʢʤ ʥʘ 

ʚʨʝʤʝʥʥʦʤ ʩʨʝʟʝ t = 1375 ʤʣʥ ʣʝʪ (ʨʠʩʫʥʢʠ 3.1ï3.3). 

ʉʨʘʚʥʠʚʘʷ ʈʠʩʫʥʦʢ 3.2 ʠ ʈʠʩʫʥʦʢ 3.3 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʜʦʩʪʘʪʦʯʥʦʡ ʙʣʠʟʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʥʘ ʩʝʪʢʝ ʙʦʣʝʝ ʤʝʣʢʦʡ, ʯʝʤ 

132³132³70 ʠ ʠʩʭʦʜʥʦʡ, ʚʚʠʜʫ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ 

ʨʠʩʫʥʢʦʚ. 
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ʈʠʩʫʥʦʢ 3.1 ïʀʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʛʣʫʙʠʥʝ z = 460 ʢʤ: ʚʨʝʤʷ t = 1375 ʤʣʥ ʣʝʪ; 

ʩʝʪʢʘ 66³66³35 ʷʯʝʝʢ 
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ʈʠʩʫʥʦʢ 3.2 ïʊʦ ʞʝ, - ʩʝʪʢʘ 132³132³70 ʷʯʝʝʢ 
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ʈʠʩʫʥʦʢ 3.3 ï ʀʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʛʣʫʙʠʥʝ z = 460 ʢʤ: ʚʨʝʤʷ t = 1375 ʤʣʥ ʣʝʪ; 

ʩʝʯʝʥʠʝ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʧʦ ʈʠʯʘʨʜʩʦʥʫ ʥʘ ʩʝʪʢʘʭ 66³66³35 ʠ 132³132³70 

ʷʯʝʝʢ. ʀʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʨʠʩʦʚʘʥʳ ʩ ʰʘʛʦʤ 100ÁC 
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3.2 ʂʦʥʚʝʢʮʠʷ ʧʦʜ ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʦʡ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ 

 

ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʫʥʢʪʝ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʸʪʳ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʝ (1.7) ʩ ʘʩʧʝʢʪʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ X/Z = Y/Z = 6, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʤʝʨʘʤʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʈʫʩʩʢʘʷ ʠ ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʳ 

(ʦʢʦʣʦ 2000 ʢʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ). ʏʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʛʨʘʥʠʮ 

ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʪʝʯʝʥʠʷ ʦʢʦʣʦ ʢʨʘʪʦʥʘ ʠ ʧʦʜ ʥʠʤ, ʚʳʙʠʨʘʣʘʩʴ 

ʨʘʩʯʸʪʥʘʷ ʦʙʣʘʩʪʴ, ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʧʨʝʚʳʰʘʶʱʘʷ ʦʙʲʝʢʪ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʴ ʢʦʥʚʝʢʮʠʠ ʧʝʨʝʢʨʳʚʘʣʘʩʴ 

ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʤ ʩʣʦʝʤ ʨʘʚʥʦʤʝʨʥʦʡ ʤʦʱʥʦʩʪʠ (120 ʢʤ),  ʯʪʦ 

ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʦʩʬʝʨʝ ʢʦʥʪʠʥʝʥʪʦʚ [36, 85]. ʀʩʭʦʜʷ ʠʟ 

ʥʝʜʘʚʥʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [183, 184, 188, 200], ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ 

ʣʠʪʦʩʬʝʨʥʦʛʦ ʩʣʦʷ, ʪʘʢ ʯʪʦ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʦʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʮʠʠ [107] ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʩʫʙʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʧʦʜ 

ʢʦʥʜʫʢʪʠʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ ʚ 120 ʢʤ, ʢʦʪʦʨʦʝ 

ʩʦʩʪʘʚʠʣʦ 6000 ʤʣʥ ʣʝʪ. ʉʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ (ʈʠʩʫʥʦʢ 3.4) ʧʦʣʫʯʝʥʘ ʚ 

ʚʠʜʝ ʧʨʦʪʷʞʸʥʥʦʡ ʷʯʝʡʢʠ ʩ ʘʩʧʝʢʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʨʘʚʥʳʤ 10. 

ɺ ʪʨʸʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ 

ʢʦʥʚʝʢʮʠʷ ʠʜʸʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ [170]. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʧʨʦʚʝʜʸʥʥʳʝ 

ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʯʝʨʝʟ 1800ï2200 ʤʣʥ ʣʝʪ 

ʩʪʨʫʢʪʫʨʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʚ ʤʘʥʪʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʪ.ʝ. ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʥʝ ʤʝʥʷʝʪʩʷ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʘʩʪʫʧʣʝʥʠʷ ʩʫʙʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

(ʩʫʙʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ: ʤʝʥʷʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʝʣʘʭ ʧʦʧʝʨʝʯʥʳʝ 

ʨʘʟʤʝʨʳ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʝʢ, ʥʦ ʥʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ). 
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ʈʠʩʫʥʦʢ 3.4 ï ʄʦʜʝʣʴ ʜʚʫʤʝʨʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʠʟʦʣʠʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʚ ʦʙʣʘʩʪʠ 6000Ĭ670 ʢʤ2, 

ʧʝʨʝʢʨʳʪʦʡ ʢʦʥʜʫʢʪʠʚʥʳʤ ʣʠʪʦʩʬʝʨʥʳʤ ʩʣʦʝʤ ʧʦʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ ʚ 120 ʢʤ; t = 6000 ʤʣʥ 

ʣʝʪ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʠ ʦʪʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭ, ʧʦ ʚʝʨʪʠʢʘʣʠ ï ʟʥʘʯʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ z 

 

 

ʇʨʦʚʝʜʸʥʥʳʡ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʤʦʜʝʣʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦ 

ʤʦʱʥʦʩʪʠ ʢʦʥʜʫʢʪʠʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʪʨʸʭʤʝʨʥʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʜʠʢʘʣʴʥʦ ʤʝʥʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʭʘʨʘʢʪʝʨ ʢʦʥʚʝʢʮʠʠ, ʥʦ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʢʨʘʱʘʷ, 

ʧʨʠ ʵʪʦʤ, ʚʨʝʤʷ ʚʳʭʦʜʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ 

ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ.   

ʈʘʩʯʸʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʰʘʛʘʤʠ ʧʦ ʚʨʝʤʝʥʠ ȹt = 2,5 ʤʣʥ ʣʝʪ; ȹt 

= 5,0 ʤʣʥ ʣʝʪ. ɺʳʭʦʜ ʥʘ ʙʣʠʟʢʦʝ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʰʝʥʠʝ ʚ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʣ 1000 ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ, ʚʦ ʚʪʦʨʦʤ - 500. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʰʘʛʘ ʧʦ 

ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ 

ʇʫʘʩʩʦʥʘ (1.17)-(1.19), (1.21)-(1.23). ɺ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʠ ʩ ʧʝʨʚʳʤ ʧʦʨʷʜʢʦʤ ʧʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʞʝ ʙʳʣ ʠʩʧʳʪʘʥ ʤʝʪʦʜ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨ ʠ ʤʝʪʦʜ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʧʦʧʨʘʚʢʠ ʩʦ ʚʪʦʨʳʤ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʘʢ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ [130]. ɺ ʩʣʫʯʘʝ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʧʨʦʚʝʨʷʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʣʘʛʘʝʤʳʭ [79], ʚʭʦʜʷʱʠʝ ʚ ʵʪʦ 
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ʫʨʘʚʥʝʥʠʝ. ɺʨʝʤʝʥʘ ʚʳʭʦʜʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʣʠ.   

 

ʕʚʦʣʶʮʠʷ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʣʠʪʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʪʦʣʱʠʥʳ 

 

ʈʠʩʫʥʦʢ 3.5 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʝʡ (z = const.), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʛʣʫʙʠʥʘʭ. ʉʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 250-300 ʤʣʥ ʣʝʪ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʠʩʫʥʢʘʤʠ (ʈʠʩʫʥʦʢ 3.5 ï ʈʠʩʫʥʦʢ 3.8). ʌʦʨʤʘʣʴʥʦ, ʚʨʝʤʷ t = 0, 

ʫʢʘʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʘʭ ʨʘʟʜʝʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 300 ʤʣʥ ʣʝʪ. ʄʦʱʥʦʩʪʴ 

ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʩʣʦʷ ʚ ʨʘʩʯʸʪʘʭ ʚʳʙʠʨʘʣʘʩʴ ʨʘʚʥʦʡ 120-ʪʠ ʢʠʣʦʤʝʪʨʦʚ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʣʠʪʦʩʬʝʨʥʦʡ ʧʣʠʪʦʡ (z = 160 ʢʤ) 

ʢʦʥʚʝʢʪʠʚʥʳʝ ʥʠʩʭʦʜʷʱʠʝ ʧʦʪʦʢʠ ʦʙʨʘʟʫʶʪ ʷʯʝʡʢʠ, ʚ ʮʝʥʪʨʝ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʛʦʨʷʯʝʛʦ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʵʪʦʡ ʛʣʫʙʠʥʝ ʚ ʚʦʩʭʦʜʷʱʝʤ ʪʝʯʝʥʠʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʟʥʘʯʝʥʠʷ ʚ 1500Áʉ (ʈʠʩʫʥʦʢ 3.6,ʘ), ʠ ʥʝ ʙʦʣʝʝ 1200Áʉ ʚ ʥʠʩʭʦʜʷʱʝʤ. 

ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʧʨʠ ʵʚʦʣʶʮʠʠ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʟʤʝʨʘʭ ʷʯʝʝʢ ʚ 500-800 ʢʤ ʚʝʨʪʠʢʘʣʴʥʳʡ 

ʨʘʟʤʝʨ ʢʦʥʚʝʢʪʠʨʫʶʱʝʡ ʦʙʣʘʩʪʠ ʨʘʚʝʥ 575 ʢʤ. ɼʦ ʛʣʫʙʠʥʳ 220-260 ʢʤ 

(ʈʠʩʫʥʦʢ 3.6,b) ʩʪʨʫʢʪʫʨʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʤʝʥʷʝʪʩʷ. ʀʟʤʝʥʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʦʣʴʢʦ ʥʘ ʛʣʫʙʠʥʝ 380 

ʢʤ. (ʈʠʩʫʥʦʢ 3.6,c). ʅʘ ʛʣʫʙʠʥʝ 560 ʢʤ (ʈʠʩʫʥʦʢ 3.6,d) ʷʯʝʠʩʪʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʘ.  

 ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ [85-89, 105-109], ʚ ʪʨʸʭʤʝʨʥʦʤ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ ʚʦʩʭʦʜʷʱʠʝ ʧʦʪʦʢʠ ʚ ʚʠʜʝ çʩʪʝʥè ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʸʥʥʦʩʪʠ. 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʷʯʝʡʢʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʩʭʦʜʷʱʝʝ ʪʝʯʝʥʠʝ, 

ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʛʨʠʙʘ.  
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ɺʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ (ʈʠʩʫʥʦʢ 3.8) ʠ ʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ (ʈʠʩʫʥʦʢ 3.7) ʜʣʷ ʚʨʝʤʝʥʠ, ʚʳʙʨʘʥʥʦʤ 

ʟʘ ʥʘʯʘʣʴʥʦʝ ʠ ʜʣʷ ʚʨʝʤʝʥʠ 2500 ʤʣʥ ʣʝʪ (ʈʠʩʫʥʦʢ 3.10) ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [108, 109], ʢʦʣʠʯʝʩʪʚʦ 

ʷʯʝʝʢ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʦʢʨʘʱʘʝʪʩʷ.   

ɽʩʣʠ ʩʦʧʦʩʪʘʚʠʪʴ ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʡ ʧʨʠ t = 0 (ʈʠʩʫʥʦʢ 3.5) ʠ 

t = 2500 ʤʣʥ ʣʝʪ (ʈʠʩʫʥʦʢ 3.9) ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʜʚʫʭʢʨʘʪʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʷʯʝʝʢ ʚ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʸʪʘʭ ʚʧʣʦʪʴ ʜʦ t = 5000 ʤʣʥ ʣʝʪ (ʈʠʩʫʥʦʢ 3.11 ï

ʈʠʩʫʥʦʢ 3.14), ʪʝʯʝʥʠʝ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʥʝ ʤʝʥʷʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪ ʠ ʩʚʦʶ 

ʩʪʨʫʢʪʫʨʫ ʠ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʸʤʝ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʣʣʶʩʪʨʘʮʠʡ ʢ ʥʠʤ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʪʨʝʪʴʝʛʦ ʠʟʤʝʨʝʥʠʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʢʦʥʚʝʢʮʠʠ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʝʪ 

ʠ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʡ, ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʚʝʢʮʠʠ. 

ɺʨʝʤʷ ʚʳʭʦʜʘ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʳ ʥʘ ʫʩʪʦʡʯʠʚʳʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʨʝʞʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2D-ʤʦʜʝʣʷʤʠ ʩʦʢʨʘʪʠʣʦʩʴ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ. 

ɺʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʩʪʘʮʠʦʥʘʨ ʩʦʩʪʘʚʣʷʝʪ ʪʝʧʝʨʴ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 2500 

ʤʣʥ ʣʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʪʘʚʠʪʩʷ ʧʦʜ ʩʦʤʥʝʥʠʝ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʚ ʦʮʝʥʢʝ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠʟʫʯʘʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

2D-ʧʦʩʪʘʥʦʚʢʝ. 
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ʈʠʩʫʥʦʢ 3.5 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʸʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʜ ʨʘʚʥʦʤʝʨʥʦʡ 

ʣʠʪʦʩʬʝʨʦʡ (t = 0 ʤʣʥ ʣʝʪ). ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ: (a): z = 160 ʢʤ, (b): 

z = 220 ʢʤ, (c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ 
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ʈʠʩʫʥʦʢ 3.6 ï ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʣʷ ʧʨʠ t = 0 ʤʣʥ ʣʝʪ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʯʝʥʠʷ: (a): z = 160 ʢʤ, 

(b): z = 220 ʢʤ, (c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ 
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ʈʠʩʫʥʦʢ 3.7 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ 

ʧʨʠ t = 0 ʤʣʥ ʣʝʪ. ʇʣʦʩʢʦʩʪʠ: (a): ʭ = 954,5 ʢʤ; (b): ʭ = 1527,3 ʢʤ; (c): ʭ = 2227,3 ʢʤ; 

(d): ʭ = 2672,7 ʢʤ; (e): ʭ = 3563,6 ʢʤ 
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ʈʠʩʫʥʦʢ 3.8 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜ ʨʦʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 0 ʤʣʥ 

ʣʝʪ. (a): ʭ = 954,5 ʢʤ; (b): ʭ = 1 527,3 ʢʤ; (c): ʭ = 2227,3 ʢʤ; (d): ʭ = 2672,7 ʢʤ; (e): ʭ = 3563,6 ʢʤ 
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ʈʠʩʫʥʦʢ 3.9 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʨʘʚʥʦʤʝʨʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 2500 ʤʣʥ ʣʝʪ. ʉʝʯʝʥʠʷ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ 

(xy) ʥʘ ʛʣʫʙʠʥʘʭ: (a): z = 160 ʢʤ, (b): z = 220, (c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ 
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ʈʠʩʫʥʦʢ 3.10 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʧʦʩʪʦʷʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʨʠ t = 2500 ʤʣʥ ʣʝʪ. (a): ʭ = 954,5 ʢʤ; (b): ʭ = 1527,3 ʢʤ; (c): ʭ = 2227,3 ʢʤ; 

(d): ʭ = 2672,7 ʢʤ; (e): ʭ = 3563,6 ʢʤ 
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ʈʠʩʫʥʦʢ 3.11 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʠ (xy) ʥʘ ʛʣʫʙʠʥʘʭ 160-(a), 220-(b), 380-(c) ʠ 560 ʢʤ-(d) ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʨʦʚʥʦʡ 

ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 2500 ʤʣʥ ʣʝʪ 
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ʈʠʩʫʥʦʢ 3.12 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʸʚ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ 

ʧʦʜ ʨʦʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 5000 ʤʣʥ ʣʝʪ. ʉʝʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ: (a): z = 160 ʢʤ, 

(b): z = 220 ʢʤ, (c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ 
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ʈʠʩʫʥʦʢ 3.13 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ (xy)-ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʣʫʙʠʥʘʭ (a): z = 160 ʢʤ, 

(b): z = 220 ʢʤ, (c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʨʦʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ 

t = 5000 ʤʣʥ ʣʝʪ  
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ʈʠʩʫʥʦʢ 3.14 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʣʦʩʢʦʩʪʠ (yz) ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʨʦʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 5000 ʤʣʥ ʣʝʪ; 

(a): ʭ = 954,5 ʢʤ; (b): ʭ = 1527,3 ʢʤ; (c): ʭ = 2227,3 ʢʤ; (d): ʭ = 2672,7 ʢʤ; (e): ʭ = 3563,6 ʢʤ 
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ʈʠʩʫʥʦʢ 3.15 ï ʉʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʦʩʪʠ (yz) ʚ ʤʦʜʝʣʠ 

ʢʦʥʚʝʢʮʠʠ ʧʦʜ ʨʦʚʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 5000 ʤʣʥ ʣʝʪ; (a): ʭ = 954,5 ʢʤ; (b): ʭ = 1527,3 ʢʤ; 

(c): ʭ = 2227,3 ʢʤ; (d): ʭ = 2672,7 ʢʤ; (e): ʭ = 3563,6 ʢʤ 
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3.3 ʊʨʸʭʤʝʨʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʣʠʪʦʩʬʝʨʦʡ ʩ 

ʧʨʦʪʷʞʸʥʥʳʤ ʢʨʘʪʦʥʦʤ 

 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʣʠʪʦʩʬʝʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʚʦʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʘ 

ʧʦ ʩʚʦʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʉʦʩʪʘʚʣʷʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʪʠʥʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʜʨʝʚʥʠʝ ʢʨʘʪʦʥʳ, ʧʣʘʪʬʦʨʤʳ 

ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʢʣʘʜʯʘʪʳʝ ʧʦʷʩʘ. ʄʦʱʥʦʩʪʴ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʨʘʟʣʠʯʥʘ, ʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʝʣʘʭ: ʦʪ 40 ʢʤ ʜʦ 350 ʢʤ. ɺʩʝ 

ʵʪʠ ʵʣʝʤʝʥʪʳ ʧʦʛʨʫʞʝʥʳ ʚ ʘʩʪʝʥʦʩʬʝʨʥʳʡ ʩʣʦʡ, ʠʤʝʶʱʠʡ ʤʝʥʝʝ 

ʚʷʟʢʫʶ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʦʡ ʤʘʥʪʠʝʡ, ʚʷʟʢʦʩʪʴ.  

ʊʝʢʫʱʠʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʸʥ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʦʪʷʞʸʥʥʦʛʦ 

ʢʨʘʪʦʥʘ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ʚ 1000 ʢʤ ʠ ʪʦʣʱʠʥʦʡ ʚ 200 ʢʤ, 

ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʯʝʨʝʟ ʚʩʶ ʨʘʩʯʸʪʥʫʶ ʦʙʣʘʩʪʴ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ 

ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ ʚ ʧʣʦʩʢʦʩʪʠ (xy) (ʈʠʩʫʥʦʢ 3.16 ʧʦʢʘʟʳʚʘʝʪ 

ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ t = 0). 

ʉʣʫʯʘʡ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʜʚʫʤʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʧʝʨʝʥʦʩʘ ʚ ʤʘʥʪʠʠ 

ʦʪʚʝʯʘʝʪ ʨʝʘʣʴʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʥʝʜʨʘʭ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʜʚʫʭʤʝʨʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ 

ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠʟʫʯʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʥʪʠʠ 

ɿʝʤʣʠ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʳ [86, 154, 171]. ʆʩʥʦʚʥʳʤ ʦʧʨʘʚʜʘʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ: ʧʝʨʚʦʝ ï 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʦʛʦ ʚʨʝʤʝʥʠ; ʚʪʦʨʦʝ ï 

ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘ ʧʣʘʥʝʪʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʩʪʨʦʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ ʥʝ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʝʩʷʪʢʦʚ ʩʦʪʝʥ ʠ ʜʘʞʝ ʤʥʦʛʠʭ ʪʳʩʷʯ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʦʪʷʞʸʥʥʳʝ 

ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ ʠ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʠʣʣʶʩʪʨʘʮʠʝʡ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. 

ʇʦʩʪʦʷʥʩʪʚʦ ʩʪʨʦʝʥʠʷ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʩʣʫʞʠʪ 
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ʦʧʨʘʚʜʘʥʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʪʝʯʝʥʠʡ ʧʦʜ ʦʙʰʠʨʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʢʦʥʪʠʥʝʥʪʦʚ, ʪʘʢʠʤʠ, ʥʘʧʨʠʤʝʨ, 

ʢʘʢ ɽʚʨʘʟʠʷ ʠ ɸʬʨʠʢʘ.  

ʅʘ ʚʩʝʭ ʨʠʩʫʥʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʤʦʱʥʦʩʪʴ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʩʣʦʷ 

ʩʦʩʪʘʚʣʷʝʪ 120 ʢʠʣʦʤʝʪʨʦʚ ʩ ʫʪʦʣʱʝʥʠʝʤ ʚ ʚʠʜʝ ʧʦʣʦʩʳ 

ʜʚʫʭʩʦʪʢʠʣʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠʥʳ.  

 

ʇʨʠ ʨʝʰʝʥʠʠ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ 

ʭʨʝʙʪʳ ʟʘʜʘʚʘʣʠʩʴ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʨʘʩʯʸʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʦʪ ʦʩʠ ʭʨʝʙʪʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ, ʘ ʜʣʷ 

ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥ ʩʢʦʨʦʩʪʠ ʠʤʝʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʢ ʦʩʠ ʧʦʛʣʦʱʝʥʠʷ 

ʣʠʪʦʩʬʝʨʦʡ ʧʣʠʪʳ.  ʇʨʠ ʵʪʦʤ ʜʝʣʘʣʦʩʴ ʜʦʧʫʱʝʥʠʝ ʥʝʠʟʤʝʥʥʦʩʪʠ ʧʦʣʝʡ 

(ʪʝʤʧʝʨʘʪʫʨʳ, ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʜʨ.) ʚʜʦʣʴ ʥʝʩʫʱʝʩʪʚʫʶʱʝʡ ʦʩʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜ ʢʨʘʪʦʥʦʤ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʦʪʦʢʘ ʥʝ ʧʦʟʜʥʝʝ 200 ʤʣʥ ʣʝʪ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʙʣʶʜʘʝʤʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ [108, 114].  

ʇʦʩʪʨʦʝʥʥʘʷ ʘʚʪʦʨʦʤ ʪʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩ ʧʦʣʦʩʦʡ ʫʪʦʣʱʸʥʥʦʡ 

ʣʠʪʦʩʬʝʨʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʚʳʰʝ 

ʫʩʣʦʚʠʷʤ.  

ʅʘ ʨʠʩʫʥʢʘʭ ʨʘʟʜʝʣʘ (ʈʠʩʫʥʦʢ 3.17 ï ʈʠʩʫʥʦʢ 3.25) ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʨʫʢʪʫʨʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ: t = 2500 ʤʣʥ ʣʝʪ. ʇʨʠ z = 560 ʢʤ ʧʦʜ 

ʤʦʜʝʣʴʥʳʤ ʢʨʘʪʦʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʳʡ ʚʦʩʭʦʜʷʱʠʡ 

ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʧʦʜ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʠ ʤʝʞʜʫ 

ʣʠʥʠʷʤʠ ʙʦʨʪʦʚ ʢʨʘʪʦʥʘ. ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ, ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʧʦʪʦʢʠ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ ʙʫʜʫʪ ʪʝʯʴ ʚʜʦʣʴ ʙʦʨʪʦʚ, ʘ ʥʝ ʧʦʜ ʩʘʤʠʤ 

ʢʨʘʪʦʥʦʤ. ɺʧʨʦʯʝʤ, ʥʘ ʤʝʥʴʰʠʭ ʛʣʫʙʠʥʘʭ ʪʝʯʝʥʠʷ ʚ ʤʘʥʪʠʠ 
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ʧʨʠʦʙʨʝʪʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʪʨʸʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩʫʥʢʘʤʠ (ʈʠʩʫʥʦʢ 3.24,b ʠ ʈʠʩʫʥʦʢ 3.25,b), 

ʛʜʝ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʚʜʦʣʴ ʢʨʘʪʦʥʘ.  

ɿʜʝʩʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʘ 

(ʧʨʠ y ~ 1800 ʢʤ ʠ y ~ 2800 ʢʤ) ʠ ʥʠʩʭʦʜʷʱʝʝ ʪʝʯʝʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ɽʱʸ 

ʦʜʠʥ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʧʦʜ ʢʨʘʪʦʥʦʤ ï ʧʨʠ y ~ 500 ʢʤ. ɸʥʘʣʠʟ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʦʜ ʢʨʘʪʦʥʦʤ ʚʝʱʝʩʪʚʦ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʚ ʮʝʣʦʤ 

ʛʦʨʷʯʝʝ, ʯʝʤ ʧʦʜ ʙʦʣʝʝ ʪʦʥʢʦʡ ʣʠʪʦʩʬʝʨʦʡ (ʈʠʩʫʥʦʢ 3.18 - ʈʠʩʫʥʦʢ 

3.25). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʯʠʩʣʘʭ ʈʵʣʝʷ ~ 105 ʠ ʚʳʰʝ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʣʦʚʠʷʤ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ɿʝʤʣʠ, ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʠʤʝʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʪʨʸʭʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝʥʝʥʠʝ 

ʜʚʫʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʤʘʥʪʠʡʥʦʡ 

ʜʠʥʘʤʠʢʠ ʥʝʧʨʠʝʤʣʝʤʦ ʜʘʞʝ ʜʣʷ ʧʨʦʪʷʞʸʥʥʳʭ ʩʪʨʫʢʪʫʨ. 
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ʈʠʩʫʥʦʢ 3.16 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʣʦʸʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʩ 

ʧʨʦʪʷʞʸʥʥʳʤ ʢʨʘʪʦʥʦʤ ʧʨʠ t = 0 ʤʣʥ ʣʝʪ; (xy)-ʩʝʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ: (a): z = 160 ʢʤ, 

(b): z = 220 ʢʤ, (c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ 
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ʈʠʩʫʥʦʢ 3.17 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʯʝʥʠʷ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ ʧʦʜ 

ʣʠʪʦʩʬʝʨʦʡ ʧʨʠ t = 2500 ʤʣʥ ʣʝʪ. (xy)-ʩʝʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʘʭ: (a): z = 160 ʢʤ, (b): z = 220 ʢʤ, 

(c): z = 380 ʢʤ ʠ (d): z = 560 ʢʤ 
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ʈʠʩʫʥʦʢ 3.18 ï ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ z = 160 ʢʤ ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ 

ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʩ ʧʨʦʪʷʞʸʥʥʳʤ ʢʨʘʪʦʥʦʤ ʧʨʠ t = 2500 ʤʣʥ ʣʝʪ 
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ʈʠʩʫʥʦʢ 3.19 ï ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ z = 220 ʢʤ ʚ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ 

ʧʦʜ ʣʠʪʦʩʬʝʨʦʡ ʩ ʧʨʦʪʷʞʸʥʥʳʤ ʢʨʘʪʦʥʦʤ ʧʨʠ t = 2500 ʤʣʥ ʣʝʪ 

  








































































































































































































































































































































