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ɺʚʝʜʝʥʠʝ 

 

ʅʘʯʘʣʦ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʚʝʢʘ ʦʟʥʘʤʝʥʦʚʘʥʦ ʨʷʜʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ 

ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʚʨʝʤʝʥʘʤʠ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʥʝʦʙʨʘʪʠʤʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʢʘʪʘʩʪʨʦʬ ʠʤʝʶʪ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʂ ʪʘʢʠʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʘʛʨʷʟʥʝʥʠʝ ʨ. ɽʥʠʩʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʉʘʷʥʦ-ʐʫʰʝʥʩʢʦʡ 

ɻʕʉ, ʘʚʘʨʠʶ ʩ ʨʘʟʣʠʚʦʤ ʪʦʧʣʠʚʘ ʚ ʅʦʨʠʣʴʩʢʝ, ʨʘʟʣʠʚ ʥʝʬʪʠ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘ-

ʣʠʚʝ, ʧʦʧʘʜʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨ. ɸʥʛʘʨʘ. ɼʨʫʛʠʝ ʠʤʝʶʪ ʧʨʠʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ 

ʠ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʟʤʥʦʞʝʥʠʝʤ ʚʦʜʦʨʦʩʣʝʡ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʪʘʢʦʚʘ ʦʜʥʘ ʠʟ ʚʝʨʩʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʙʝʨʝ-

ʞʴʷ ʂʘʤʯʘʪʢʠ). ʇʦʵʪʦʤʫ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʳʟʳʚʘʝʪ ʪʨʝʚʦʛʫ ʤʠʨʦʚʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʳ ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʤʝʩʪʝ, ʪʘʢ ʠ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʮʝʣʦʤ ʥʘ ɿʝʤʣʝ. 

ʆʟʝʨʘ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʥʘʨʦʜʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʠ ʦʪ ʥʠʭ ʟʘʚʠʩʠʪ ʵʢʦʥʦʤʠʢʦ-ʩʦʮʠʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʛʠʦʥʦʚ.  

ʇʨʦʛʥʦʟ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʚʘʞʥʝʡʰʫʶ ʟʘʜʘʯʫ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʙʝʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʦʟʝʨ. ɻʠʜʨʦʬʠʟʠʢʘ ʦʟʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠ ʚʘʞʥʫʶ ʯʘʩʪʴ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ. ʇʨʠ ʪʦʤ, ʯʪʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʩʪʠʛʥʫʪ ʟʥʘʯʠʤʳʡ 

ʧʨʦʛʨʝʩʩ, ʚʦʧʨʦʩʦʚ ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʦʪʚʝʪʦʚ.  

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʟʝʨ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ï ʥʠ ʦʜʠʥ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʙʩʦʣʶʪʥʦ ʜʦʩʪʦʚʝʨʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʠ ʪʨʝʙʫ-

ʝʪʩʷ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʦʝʤʘ ʜʝʣʘʶʪ ʢʘʢ 

ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʚ ʫʧʨʦʱʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʥʦ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʜʘʶʪ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ, ʧʦʟʚʦʣʷʷ ʦʪʙʨʦʩʠʪʴ ʟʘʚʝʜʦʤʦ ʦʰʠʙʦʯ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 



6 

 

ʂʘʯʝʩʪʚʦ ʥʘʪʫʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠ ʩʦ-

ʚʝʨʰʝʥʥʘ ʧʨʠʙʦʨʥʘʷ ʙʘʟʘ ʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʂʘʢ ʧʨʘ-

ʚʠʣʦ, ʠʟʤʝʨʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʳ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʩ 

ʚʦʟʤʦʞʥʳʤ ʦʙʦʙʱʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʚʩʶ ʘʢʚʘʪʦʨʠʶ ʠ ʛʣʫʙʠʥʫ. 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʫʟʣʘʭ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ, ʥʦ ʟʜʝʩʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʚʳʙʦʨ ʤʝʪʦʜʘ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʥʦʩʪʥʦʡ 

ʩʝʪʢʠ, ʪʦʯʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʊʦ, ʥʘʩʢʦʣʴʢʦ ʧʦʜʨʦʙʥʫʶ 

ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʫʜʘʯʥʦ ʚʳʙʨʘʥ ʧʦʜʭʦʜʷʱʠʡ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʠ ʩʧʦʩʦʙʳ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ.  

ɻʣʘʚʥʳʡ ʦʙʲʝʢʪ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʥʠʢʘʣʴʥʦʝ ʩʦʣʝʥʦʝ ʦʟʝʨʦ ʐʠʨʘ, ʢʦ-

ʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ. ʋʚʝʣʠʯʝʥʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʥʪʨʦ-

ʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʟʝʨʦ ʩʦʟʜʘʣʦ ʫʛʨʦʟʫ ʫʤʝʥʴʰʝʥʠʷ ʣʝʯʝʙʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʩʪʘʚʠʣʦ ʟʘʜʘʯʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʵʪʦʛʦ ʦʟʝʨʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʘʣʠʩʴ ʢʘʢ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʠʟʫʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʟʝʨʘ [61], ʪʘʢ ʠ 

ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʠʜʨʦʬʠʟʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟʝʨʘ [64, 85, 18, 

25ï27], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʚ ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʡ 

ʠ ʣʝʪʥʠʡ ʧʝʨʠʦʜʳ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʟʝʨʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦ-

ʣʝʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚʥʫʪ-

ʨʝʥʥʠʭ ʚʦʣʥ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʤʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. 

ʇʨʠ ʢʦʤʧʣʝʢʩʥʦʤ ʠʟʫʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʦʟʝʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʨʠʤʝʥʷʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ. 

ɼʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝ-

ʥʠʷ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʘʚʪʦʨʦʤ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ Regional Ocean 

Modeling System (ROMS) [121], ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʢʘʢ 
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ʚ ʛʣʫʙʦʢʠʭ, ʪʘʢ ʠ ʚ ʥʝʛʣʫʙʦʢʠʭ ʚʦʜʦʝʤʘʭ. ʅʘʧʨʠʤʝʨ, ʦʧʠʩʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʯʝ-

ʥʠʡ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ (R. Barkan, [70]) ʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʯʘʩʪʠ ʧʦʣʫʟʘʤʢʥʫʪʦʛʦ 

ʥʝʛʣʫʙʦʢʦʛʦ ʩʦʣʝʥʦʛʦ ʚʦʜʦʝʤʘ ɹʦʭʦ ʚ ʂʠʪʘʝ (F. Zhou, [148]). 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʟʝʨʝ ʧʨʠʤʝʥʷʣʩʷ 

ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ), ʢʦʪʦʨʳʡ ʧʦʟ-

ʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʩʘʤʦʝ ʵʥʝʨʛʦʥʝʩʫʱʝʝ ʪʝʯʝʥʠʝ ʠ ʧʨʦʚʝʩʪʠ ʦʪʜʝʣʴʥʦ ʘʥʘʣʠʟ ʝʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʟʝʨʘ ʥʝ-

ʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ: ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ, ʩʢʦʨʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʯʝʥʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʜʨʫʛʠʭ ʚʦʜʦʝʤʘʭ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʟʝʨʦ ʐʠʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʩʪʦʯʥʦʝ ʦʟʝʨʦ 

ʙʝʟ ʦʩʪʨʦʚʦʚ, ʚ ʢʦʪʦʨʦʝ ʚʧʘʜʘʝʪ ʦʜʥʘ ʨʝʯʢʘ ʉʦʥ. ɺ ʩʠʣʫ ʤʘʣʦʩʪʠ ʧʨʠʪʦʢʘ ʚʩʝ ʚʣʠʷ-

ʥʠʝ ʨʝʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʧʨʠʫʩʪʴʝʚʦʡ ʟʦʥʝ, ʦʩʥʦʚʥʳʤ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʤ ʪʝʯʝʥʠʝ ʚ ʦʟʝʨʝ, ʷʚʣʷʝʪʩʷ ʚʝʪʨʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

 

ʈʠʩʫʥʦʢ ɺ.1 ï ɹʘʪʠʤʝʪʨʠʷ ʦʟʝʨʘ ʐʠʨʘ 

 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʟʝʨʘ: ʦʟʝʨʦ ʠʤʝʝʪ ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ, 

ʜʣʠʥʘ ï 9,4 ʢʤ, ʰʠʨʠʥʘ ï 5 ʢʤ, ʧʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ï 34,7 ʢʤ2, ʩʨʝʜʥʷʷ ʛʣʫ-

ʙʠʥʘ ï 11,2 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ï 25 ʤ. ɹʘʪʠʤʝʪʨʠʷ ʦʟʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ ɺ.1. 
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ʈʠʩʫʥʦʢ ɺ.2 ï ʊʝʤʧʝʨʘʪʫʨʘ ï ʩʧʣʦʰʥʘʷ ʩʠʥʷʷ ʣʠʥʠʷ, ʩʦʣʝʥʦʩʪʴ ï ʰʪʨʠʭʦʚʘʷ ʢʨʘʩ-

ʥʘʷ ʣʠʥʠʷ (ʘ), ʛʨʘʬʠʢ ʧʣʦʪʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ ɹʫʩʩʠʥʝʩʢʘ (ʙ). ʇʨʦʬʠʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦ ʠʟ-

ʤʝʨʝʥʠʶ 13.07.2015 ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʢʝ, ʛʣʫʙʠʥʘ ʦʟʝʨʘ ʚ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ 22 ʤ  

 

ʅʘ ʨʠʩʫʥʢʝ ɺ.2, ʘ ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʚ 

ʦʟʝʨʝ ʐʠʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ʅʘ ʨʠʩʫʥʢʝ ɺ.2, ʙ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʣʦʢʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʜʫʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʠʣʴʥʫʶ 

ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʚʦʜʳ ʚ ʦʟʝʨʝ ʐʠʨʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ (ʟʘʚʠʩʠʤʦʩʪ ɹ

ʧʣʦʪʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʥʘʡʜʝʥʘ ʧʦ ʬʦʨʤʫʣʝ ɹʫʩʩʠʥʝʩʢʘ [74]). 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʥʘ ʦʟʝʨʝ ʐʠʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʯʠʚʘʷ ʚʝʪʨʦʚʘʷ ʢʘʨʪʠʥʘ, 

ʢʦʛʜʘ ʧʝʨʠʦʜʳ ʩʠʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʘ ʯʝʨʝʜʫʶʪʩʷ ʩ ʧʝʨʠʦʜʘʤʠ ʝʛʦ ʦʩʣʘʙʣʝ-

ʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ɺ.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʤʝʪʝʦ-

ʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 12 ʢʤ ʦʪ ʦʟʝʨʘ ʚ ʧʦʩ. ʐʠʨʘ.  

 

ʈʠʩʫʥʦʢ ɺ.3 ï ʉʠʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʥʘ ʦʟʝʨʝ ʚ 2014 ʛ. ɼʘʥʥʳʝ ʩ 

ʤʝʪʝʦʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʦʩ. ʐʠʨʘ 
 

ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʟʝʨʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʩʦʣʝʥʦʩʪʠ, ʧʨʠ 

ʧʝʨʝʤʝʥʥʦʤ ʚʝʪʨʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʤʠ ʧʨʦʮʝʩʩʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʧʨʠʙʨʝʞʥʦʡ 

ʟʦʥʝ.  



9 

 

ʆʟʝʨʦ ʧʦʩʣʝʜʥʠʝ ʩʪʦ ʣʝʪ ʷʚʣʷʝʪʩʷ ʤʝʨʦʤʠʢʪʠʯʝʩʢʠʤ, ʪ.ʝ. ʚ ʮʠʨʢʫʣʷʮʠʠ ʫʯʘʩʪ-

ʚʫʝʪ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʧʝʮʠʬʠʯʝʩʢʦʤʫ ʩʦ-

ʩʪʘʚʫ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʨʠ ʩʤʝʥʝ ʤʝʨʦʤʠʢʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʘ ʛʦʣʦʤʠʢʪʠʯʝʩʢʠʡ (ʭʦʪʷ ʙʳ ʦʜʠʥ ʨʘʟ 

ʟʘ ʛʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜʳ ʜʦ ʜʥʘ) ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘʨʫʰʝ-

ʥʠʝ ʙʘʣʘʥʩʘ ʙʠʦʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʩʧʳʰʢʘʤ ʮʚʝʪʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʫʭʫʜʰʝ-

ʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜʳ [61]. ʇʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʳ ʚ ʦʟʝʨʝ ʜʦ ʜʥʘ ʧʨʦʠʟʦhʝʣ ʚ 

ʦʟʝʨʝ ʐʠʨʘ ʦʩʝʥʴʶ 2014 ʛ. ï ʟʠʤʦʡ 2015 ʛ., ʯʪʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʢʦʩʚʝʥʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʚʝʩʥʦʡ 2015 ʛʦʜʘ. 

ʇʦʢʘ ʩʣʦʞʥʦ ʩʢʘʟʘʪʴ ʧʦʯʝʤʫ ʤʝʨʦʤʠʢʪʠʯʝʩʢʦʝ ʦʟʝʨʦ ʠʟʤʝʥʠʣʦ ʩʚʦʡ ʪʠʧ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʛʦʣʦʤʠʢʪʠʯʝʩʢʠʡ. ʆʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʯʝʨʝʟ 

ʘʥʘʣʠʟ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʚʝʩʝʥʥʝʛʦ ʪʝʨʤʦʢʣʠʥʘ ʧʨʠʚʝʜʝʥʦ ʚ ʢʥʠʛʝ ɼ. ʖ. ʈʦʛʦʟʠʥʘ 

[61]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʯʝʥʠʷ 

ʚ ʦʟʝʨʝ ʧʨʠʤʝʥʷʣʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʤʝʪʦʜ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʪʨʝʭʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ ʥʝʦʜ-

ʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʙʨʘʙʦʪʢʫ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘ-

ʣʠʟʘ ʠ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ.  

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. ɺ ʨʘʙʦʪʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʤ ʦʙʣʘʩʪʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

05.13.18 ï çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦ-

ʛʨʘʤʤè ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʫʢʘʤ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 2 (ʈʘʟʚʠʪʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʘʥʘʣʠʪʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ): 

1. ʅʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʝʪʨʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʜʚʫʤʝʨʥʦʤ ʠ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ. 
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ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 3 (ʈʘʟʨʘʙʦʪʢʘ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ): 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʥʝ-

ʨʝʛʫʣʷʨʥʳʤ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ. 

3. ʇʦʵʪʘʧʥʘʷ ʘʜʘʧʪʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ROMS ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʠʥʘ-

ʤʠʢʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʦʟʝʨʝ ʐʠʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ 

ʩʝʙʷ: ʚr ʙʦʨ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-

ʜʠʬʬʫʟʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʩʪʦʚ; ʧʦʩʪʨʦʝʥʠʝ 

ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʠ; ʟʘʜʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, ʧʦʜʢʣʶʯʝʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ.  

4. ɺʝʨʠʬʠʢʘʮʠʷ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝ-

ʰʝʥʠʷʭ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʜʥʦ-

ʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ.  

5. ɺʘʣʠʜʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ 

ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 5 (ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ): 

6. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʬʠ-

ʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʟʝʨʘ ʐʠʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ 

ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʠ ʚ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʜʚʫʤʝʨʥʦʤ ʠ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫ-

ʯʘʝ. 

2. ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʨʘʩʯʝʪʦʚ 

ʚ ʤʦʜʝʣʠ ROMS, ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ. 

3. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʥʝʨʝʛʫ-

ʣʷʨʥʳʤ ʜʘʥʥʳʤ ʙʘʪʠʤʝʪʨʠʠ. 

4. ʆʧʨʝʜʝʣʝʥʘ ʜʠʥʘʤʠʢʘ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʟʝʨʘ 

ʐʠʨʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʥʘʪʫʨʥʳʡ ʠʟʤʝʨʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʚʠʜ 

ʠ ʧʝʨʠʦʜʳ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

5. ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʥʫʪʨʝʥʥʠʭ 

ʚʦʣʥ ʚ ʦʟʝʨʝ ʐʠʨʘ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʚ ʧʝʨʠʦʜ ʧʦʪʝʨʠ ʦʟʝʨʦʤ ʩʚʦʡʩʪʚʘ ʤʝʨʦʤʠʢʪʠʯʥʦʩʪʠ.  

6. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʝʡ ʪʝ-

ʯʝʥʠʷ ʚ ʦʟʝʨʝ ʐʠʨʘ ʤʝʪʦʜʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝ-

ʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ ʚ ʵʧʠʣʠʤʥʠʦʥʝ (ʚʝʨʭʥʝʤ ʧʨʦʛʨʝʪʦʤ ʩʣʦʝ) ʠ ʧʨʦʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʚ ʜʨʫʛʠʭ ʚʦʜʦʝʤʘʭ. ʉʦʟʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʦʚ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʠ ʩʣʦʞʥʳʭ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʯʝʥʠʷ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ.  
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ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʦʩʥʦʚʥʳʭ 

ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʟʝʨʘ ʐʠʨʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʦʛʥʦʟ ʝʛʦ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʣʝʯʝʙʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ ʠ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʦʟʝʨʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʥʝ-

ʨʝʛʫʣʷʨʥʳʤ ʜʘʥʥʳʤ ʙʘʪʠʤʝʪʨʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʮʠʬʨʦ-

ʚʦʡ ʤʦʜʝʣʠ ʜʥʘ ʚ ʜʨʫʛʠʭ ʚʦʜʦʝʤʘʭ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʥʝʛʣʫʙʦʢʦʛʦ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥ-

ʥʦʛʦ ʚʦʜʦʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʩʯʝʪʝ ʪʝʯʝʥʠʡ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʚʦʜʦʝʤʘʭ, ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʝʢʪʝ ʈʌʌʀ ˉ 15-05-04198 

çʅʘʙʣʶʜʝʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʥʝʨʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ɹʘʣʪʠʡʩʢʦʤ ʠ ʏʝʨʥʦʤ 

ʤʦʨʷʭè.  

ʃʠʯʥʳʡ ʚʢʣʘʜ. ʇʦʣʫʯʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʦʜʝʣʠ ʚʝʪʨʦʚʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨ-

ʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ ʕʢ-

ʤʘʥʘ ʚ ʩʣʫʯʘʝ ʯʘʩʪʥʳʭ ʚʝʪʨʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʜʝʣʘʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ. ɺʢʣʘʜ ʘʚʪʦʨʘ 

ʚ ʥʘʭʦʞʜʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʩʦʚʤʝʩʪʥʦ ʩ  

ʢ.ʬ.-ʤ.ʥ. ʊ. ɺ. ʗʢʫʙʘʡʣʠʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ.  

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʩʚʦʙʦʜʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ ʧʦʜ ʣʠʮʝʥʟʠʝʡ GNU ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ROMS, ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʡ Hernan G. Arango ʠ Alexander F. Shchepetkin. ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʘʜʘʧʪʘʮʠʠ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʦʚ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ; ʚʝʨʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝ-

ʥʠʷʭ; ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʥʝʨʝʛʫ-

ʣʷʨʥʳʤ ʜʘʥʥʳʤ ʙʘʪʠʤʝʪʨʠʠ; ʚ ʚʳʙʦʨʝ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʡ ʩ ʧʦ-
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ʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʩʪʦʚ; ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʟʘʜʘʥʠʷ ʚʝʪʨʦʚʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʠ ʫʯʝʪʘ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ (ʩʦʟʜʘʥʥʳʭ ʩʦʚʤʝʩʪʥʦ ʩ ɸ. ʉ. ɹʦʛʘʪʠʢʦʚʳʤ); ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʟʝʨʘ ʐʠʨʘ ʥʘ ʚʝʩʴ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʫʯʝʪʦʤ 

ʤʦʜʝʣʴʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʚʝʪʨʘ; ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ; ʚ ʚʘʣʠʜʘʮʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ, ʥʘ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʷʭ.  

ʅʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʩ ʧʦʤʦʱʴʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʦ-

ʧʣʝʨʦʚʩʢʠʭ ʧʨʦʬʠʣʦʛʨʘʬʦʚ ʪʝʯʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʪʘʢ ʠ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ., ʥ.ʩ. ʀɺʄ ʉʆ ʈɸʅ ʊ. ɺ. ʗʢʫʙʘʡʣʠʢ. ʅʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʙ.ʥ., ʩ.ʥ.ʩ ʀɹʌ ʂʅʎ ʉʆ ʈɸʅ 

ɸ. ʇ. ʊʦʣʦʤʝʝʚʳʤ. ɸʥʘʣʠʟ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʧʨʦʚʝʜʝʥ ʢʘʢ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʩ ʢ.ʬ.-ʤ.ʥ. ʃ. ɺ. ɻʘʚʨʠʣʦ-

ʚʦʡ. ɺʩʝʤ ʠʤ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: 

ʩʪʨʦʛʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ; ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʩʦʚʧʘ-

ʜʝʥʠʷʤʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ; ʩʦʚʧʘʜʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ. 

ɸʧʨʦʙʘʮʠ ̫ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 27-ʤʠ 

ʤʝʨʦʧʨʠʷʪʠʷʭ:  

- ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʝʤʠʥʘʨʳ çDynamics of Coastal Zone of Non-Tidal Seas 

(school-seminar)è (ɹʘʣʪʠʡʩʢ, 2010; ɻʝʣʝʥʜʞʠʢ, 2014); 

- ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʢʘ ʚ ʧʨʠʣʦʞʝʥʠʷʭè (ʅʦʚʦʩʠ-

ʙʠʨʩʢ, 2009);  

- ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠè (ʄʦʩʢʚʘ, 2009);  

- ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çThe 14th General Meeting of 

EWM, 2009è (ʅʦʚʠ ʉʘʜ, ʉʝʨʙʠʷ, 2009);  

- ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɼʠʥʘʤʠʢʘ ʠ ʪʝʨʤʠʢʘ ʨʝʢ, ʚʦʜʦʭʨʘʥʠʣʠʱ 

ʠ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʤʦʨʝʡè (ʄʦʩʢʚʘ, 2009); 
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- ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʇʨʠʢʣʘʜʥʳʝ ʚʦʧʨʦʩʳ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦ-

ʘʢʫʩʪʠʢʠ ʠ ʛʠʜʨʦʬʠʟʠʢʠè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2010); 

- ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ çɺʩʝʩʠʙʠʨʩʢʠʡ ʢʦʥʛʨʝʩʩ ʞʝʥʱʠʥ-ʤʘʪʝ-

ʤʘʪʠʢʦʚè (ʂʨʘʩʥʦʷʨʩʢ, 2010, 2016);  

- ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʇʘ-

ʤʷʪʠ ʛʝʥʝʨʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʘʢʘʜ. 

ʄ. ʌ. ʈʝʰʝʪʥʝʚʘ (ʂʨʘʩʥʦʷʨʩʢ, 2018, 2020); 

- ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀɺʄ ʉʆ ʈɸʅ (ʂʨʘʩʥʦʷʨʩʢ, 2011, 2018, 

2019, 2020);  

- ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çIEEE/OES Baltic Symposium 2014è (Tal-

linn, Estonia, 2014);  

- ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʩʝʤʠʥʘʨʳ çʅʝʡʨʦʠʥʬʦʨʤʘʪʠʢʘ, ʝʸ ʧʨʠʣʦʞʝʥʠʷ ʠ ʘʥʘ-

ʣʠʟ ʜʘʥʥʳʭè (ʂʨʘʩʥʦʷʨʩʢ, 2017, 2018, 2019, 2020),  

- ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʆʙʨʘʙʦʪʢʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʟʘʜʘʯʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦ-

ʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚè (ɹʝʨʜʩʢ, ʈʦʩʩʠʷ, 2017, 2019);  

- ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʄʝʟʦʤʘʩʰʪʘʙʥʳʝ ʠ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʛʠʜʨʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝè (ʄʦʩʢʚʘ, 2018),  

- ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 100-ʣʝʪʠʶ ʘʢʘʜ. ʃ. ɺ. ʆʚ-

ʩʷʥʥʠʢʦʚʘ (ʅʦʚʦʩʠʙʠʨʩʢ, 2018);  

- ɺʩʝʨʦʩʩʠʡʩʢʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ (ʅʦʚʦʩʠʙʠʨʩʢ, 

2019, 2020);  

- ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘʷ 95-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʘʢʘʜ. ɻ. ʀ. ʄʘʨʯʫʢʘ (ʅʦʚʦʩʠʙʠʨʩʢ, 2020). 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʂʨʘʩʥʦʷʨʩʢʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ, ʬʠʥʘʥʩʠʨʫʝ-

ʤʳʤ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘʣʴ-

ʥʳʭ ʅʆʄʎ (ʉʦʛʣʘʰʝʥʠʝ 075-02-2021-1384). 
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ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 27 

ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ: 1 ʤʦʥʦʛʨʘʬʠʷ [40]; 3 ʧʫʙʣʠʢʘʮʠʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ [39, 41, 42]; 5 ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʦ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ Scopus [96, 140-142]; 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ [23, 28]; 3 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ [46, 47, 

126]; 13 ʧʫʙʣʠʢʘʮʠʡ ʚ ʪʨʫʜʘʭ ʠ ʪʝʟʠʩʘʭ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝ-

ʨʝʥʮʠʡ [15, 16, 18ï22, 24ï27, 44, 45]. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʟʘ-

ʢʣʶʯʝʥʠʷ, ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ (148 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ ʧʨʠʣʦʞʝʥʠʷ. ʊʝʢʩʪ 

ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʜʝʨʞʠʪ 72 ʨʠʩʫʥʢʘ, 5 ʪʘʙʣʠʮ. ʆʙʲʝʤ ʪʝʢʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 157 ʩʪʨʘʥʠʮ. 
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ɻʃɸɺɸ 1. ɸʅɸʃʀʊʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ ɼʃʗ 

ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ɺɽʊʈʆɺʆɻʆ 

ɼɺʀɾɽʅʀʗ ʆɼʅʆʈʆɼʅʆʁ ɾʀɼʂʆʉʊʀ 

 

ʅʘʙʣʶʜʘʶʱʝʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʷʚʣʝʥʠʡ ʠ 

ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʦ 

c ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʚʦʜʦʝʤʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʭ 

ʨʘʩʪʫʱʝʛʦ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦ ʨʘʩʯʝʪʝ ʪʝʯʝʥʠʡ ʚ ʚʦʜʦʝʤʘʭ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, 

ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʝʚʝʨʥʦʤʫ ʧʦʣʫʰʘʨʠʶ. ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ ʜʚʠʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ [29, 

30, 52, 58, 90].  

ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʫʧʨʦʱʝʥʠʷ. ʆʥʠ ʤʦʛʫʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʠ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʯʝʥʠʷ, ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʯʣʝʥʦʚ ʠ ʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ, ʤʦʜʝʣʠ, 

ʛʜʝ ʩʢʦʨʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠʣʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʛʣʫʙʠʥʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ.  

ʉʘʤʦʡ ʧʨʦʩʪʦʡ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ ʤʦʜʝʣʴʶ ʛʠʜʨʦʬʠʟʠʢʠ ʦʟʝʨ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʩʦʣʝʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ. ɿʜʝʩʴ ʩʨʘʟʫ 

ʜʝʣʘʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʫʣʝʚʳʝ, ʧʦʵʪʦʤʫ ʫʜʘʝʪʩʷ ʧʦʩʯʠ-

ʪʘʪʴ ʪʦʣʴʢʦ ʫʩʨʝʜʥʝʥʥʳʝ ʟʘ ʩʝʟʦʥ ʟʥʘʯʝʥʠʷ [13, 73]. 

ɼʚʫʤʝʨʥʳʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʪʘʢʦʛʦ 

ʚʘʞʥʦʛʦ ʬʘʢʪʦʨʘ ʪʝʯʝʥʠʷ ʢʘʢ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ [5, 4, 14, 33]. ʀʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʞʝ 

ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʙʝʟ ʫʯʝʪʘ ʩʠʣ ʂʦʨʠʦʣʠʩʘ [62]. 
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ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʠʟʥʘʯʘʣʴʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʣʠʩʴ ʢʘʢ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʦʝʤʘ, ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ ʜʣʷ ʚʦʜʦʝʤʦʚ-ʦʭʣʘʜʠʪʝʣʝʡ, ʦʟʝʨʘ ɹʘʡʢʘʣ, 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʨʘʙʦʪʘʭ [1ï3, 6ï10, 36ï38, 59, 63]. 

ɺ ʥʘʩʪʦʷʱʝʡ ɻʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝ-

ʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʦʜʝʣʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ. 

ɺ ʧʘʨʘʛʨʘʬʝ 1.1 ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʤ ʚʦʜʦʝʤʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʧʦʣʥʝʥʦ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ.  

ʇʘʨʘʛʨʘʬ 1.2 ʧʦʩʚʷʱʸʥ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ 

ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩ ʫʩʣʦʚʠʝʤ ʧʨʠʣʠʧʘʥʠʷ ʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ. 

ʇʨʝʜʩʪʘʚʣʝʥ rʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ ʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʫʩʣʦʚʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʠ 

ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʤʦʜʝʣʠ 

ʕʢʤʘʥʘ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ. 

ɺ ʧʘʨʘʛʨʘʬʘʭ 1.3 ʠ 1.4 ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʩ 

ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʪʝʯʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ) ʠ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʰʝʥʠʷ ʥʘʡʜʝʥʳ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʠ ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ.  

ɺ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʥʘʡʜʝʥʦ ʜʣʷ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʯʝʥʠʷ. 

 

1.1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʝʭʤʝʨʥʦʛʦ ʚʝʪʨʦʚʦʛʦ ʪʝʯʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʤ ʚʦʜʦʝʤʝ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʟʝʨʘ ʐʠʨʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ 

ʪʨʝʭʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʟʘʤʢʥʫʪʦʤ ʚʦʜʦʝʤʝ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ ʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ʜʘʚʣʝʥʠʷ [54, 49].  
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ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ: 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ï  

 =
u u u u

u v w lv
t x y z

µ µ µ µ
+ + + -

µ µ µ µ
 

 
0

0

= ,z h h

z

u u u g
K K K g dz

z z x x y y x x

z
r

r

å õµ µ µ µ µ µ µ µå õ å õ
+ + - -æ ö æ öæ ö

µ µ µ µ µ µ µ µç ÷ ç ÷ç ÷
ñ  (1.1.1) 

 =
v v v v

u v w lu
t x y z

µ µ µ µ
+ + + +

µ µ µ µ
 

 
0

0

= ,z h h

z

v v v g
K K K g dz

z z x x y y y y

z
r

r

å õµ µ µ µ µ µ µ µå õ å õ
+ + - -æ ö æ öæ ö

µ µ µ µ µ µ µ µç ÷ ç ÷ç ÷
ñ  (1.1.2) 

ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ï  

 = 0;
u v w

x y z

µ µ µ
+ +

µ µ µ
 (1.1.3) 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʩʦʣʝʡ ï  

 =
u T T T

u v w
t x y z

µ µ µ µ
+ + +

µ µ µ µ
 

 = ,T T T

h h z

T T T
K K K

x x y y z z

å õµ µ µ µ µ µå õ å õ
+ +æ ö æ öæ ö

µ µ µ µ µ µç ÷ ç ÷ç ÷
 (1.1.4) 

 =
S S S S

u v w
t x y z

µ µ µ µ
+ + +

µ µ µ µ
 

 = ;S S S

h h z

S S S
K K K

x x y y z z

å õµ µ µ µ µ µå õ å õ
+ +æ ö æ öæ ö

µ µ µ µ µ µç ÷ ç ÷ç ÷
 (1.1.5) 

ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ï  

 = ( , ).T Sr r  (1.1.6) 

ɿʜʝʩʴ ,  , x y z ï ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʦʩʴ Ox ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʚʦʩʪʦʢ, ʦʩʴ Oy ï ʥʘ ʩʝʚʝʨ, ʦʩʴ Oz ï ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ; ( , , )u v w  ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʷ, = ( , , , )u u x y z t  ï ʚʦʩʪʦʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, = ( , , , )v v x y z t  ï ʩʝʚʝʨʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ, = ( , , , )w w x y z t  ï ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ; = ( , , )x y tz z  ï ʦʪʢʣʦʥʝʥʠʝ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ; T  ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, 
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ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 
0T ; S ï ʩʦʣʝʥʦʩʪʴ ʚʦʜʳ; 

hK ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʩʢʦʨʦʩʪʠ; T

hK , S

hK  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; zK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ 

ʩʢʦʨʦʩʪʠ; T
zK , S

zK  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʦʣʝʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; l  ï ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ; g  ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ; rï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ( , , )x y z ; 0r ï ʥʝʢʦʪʦʨʦʝ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʦʧʦʣʥʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

 

ʈʠʩʫʥʦʢ 1.1.1 ï ɻʨʘʥʠʮʳ ʚʦʜʦʝʤʘ 

 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʧʨʠ = ( , , )z x y tz  (ʨʠʩʫʥʦʢ 1.1.1) 

 0 0= , = ,w w
z x z y

z z

u v
K K

z zV V

r t r t
= =

µ µ

µ µ
 (1.1.7) 

ʠʣʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʪʘʚʷʪʩʷ ʥʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 0 0

0 0

= , = .w w
z x z y

z z

u v
K K

z z
r t r t

= =

µ µ

µ µ
 (1.1.7') 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ  

 
z

w u v
t x yV

z z z
=

µ µ µ
= + +
µ µ µ

, (1.1.8) 

ʠʣʠ ʚ ʣʠʥʝʡʥʦʡ ʧʦʩʪʘʥʦʚʢʝ 
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 = .
z

w
tV

z
=

µ

µ
 (1.1.8') 

ʀʣʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʩʪʘʚʷʪʩʷ ʥʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 
0z

w u v
t x y

z z z
=

µ µ µ
= + +
µ µ µ

, (1.1.9) 

 
0

= .
z

w
t

z
=

µ

µ
 (1.1.9') 

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʩʪʘʚʷʪʩʷ ʫʩʣʦʚʠʷ  

 = , = .T S

z z

T S
Q Q

z zV V= =

µ µ

µ µ
 (1.1.10) 

ɿʜʝʩʴ ,w w

x yt t ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʨʘ ʥʘ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ; TQ , SQ  ï ʧʦʪʦʢʠ ʪʝʧʣʘ ʠ ʩʦʣʝʥʦʩʪʠ ʯʝʨʝʟ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʨʘʚʥʳʝ ʥʫʣʶ. 

ʅʘ ʜʥʝ ʚʦʜʦʝʤʘ (ʨʠʩʫʥʦʢ 1.1.1), ʢʦʪʦʨʦʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʪʚʝʨʜʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʧʨʠʜʦʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʧʨʠʜʦʥʥʦʛʦ ʪʝ-

ʯʝʥʠʷ ʠ ʯʘʩʪʦ ʟʘʜʘʝʪʩʷ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʟʘʢʦʥʫ [17] 

 ,h
z b h h

z H

V
K k V V

z
=-

µ
=

µ
 (1.1.11)

 

ʛʜʝ ( , )hV u v=  ï ʚʝʢʪʦʨ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ bk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʜʦʥʥʦʛʦ ʪʨʝ-

ʥʠʷ, ʧʨʠ bk =¤ ʧʦʣʫʯʘʝʤ ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ  

 0u v= =. (1.1.12) 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʪʨʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ 

ʩʚʷʟʘʥʳ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ [17] 

 ,h
z b h

z H

V
K k V

z
=-

µ
=

µ
 (1.1.13) 

ʧʨʠ ʵʪʦʤ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʜʥʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

 = .
z H z H z H

H H
w u v

x y=- =- =-

µ µ
- -

µ µ
 (1.1.14) 

ɼʣʷ ʩʣʫʯʘʷ ʨʦʚʥʦʛʦ ʜʥʘ ( )= constH  ʵʪʦ ʫʩʣʦʚʠʝ ʧʝʨʝʭʦʜʠʪ ʚ ʫʩʣʦʚʠʝ = 0.w  
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ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʥʘ ʜʥʝ ʟʘʜʘʶʪʩʷ ʫʩʣʦʚʠʷ 

 = , = .T S

z H z H

T S
Q Q

z z=- =-

µ µ

µ µ
 (1.1.15) 

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʘʨʠʘʥʪʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ (ʨʠʩʫʥʦʢ 1.1.1) ʩʪʘʚʷʪʩʷ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ 

 0u v= = (1.1.16) 

ʠʣʠ ʥʝʧʨʦʪʝʢʘʥʠʷ: ʨʘʚʝʥʩʪʚʦ ʥʫʣʶ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ .hV  

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ 1 2,  G G ʧʦʣʘʛʘʝʤ  

 = , = ,T S

T S
Q Q

N N

µ µ

µ µ
                             (1.1.17) 

ʛʜʝ Nï ʥʦʨʤʘʣʴ ʢ ʚʝʨʪʠʢʘʣʴʥʳʤ ʛʨʘʥʠʮʘʤ. 

ʀʟ (1.1.7) ʠ (1.1.14) ʥʘʭʦʜʠʪʩʷ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʚʦʟʚʳʰʝʥʠʷ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ  

 = 0,
U V

t x y

zµ µ µ
+ +

µ µ µ
 (1.1.18) 

ʛʜʝ  

= , = .
H H

U udz V vdz

z z

- -

ñ ñ 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʦʟʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣɧ, ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ  

 
0 0

= , = .
H H

U udz V vdz
- -

ñ ñ (1.1.18') 

 

1.2. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʚʝʪʨʦʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.1.1) ï (1.1.5) ʜʦʧʫʩʢʘʝʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠ 

ʫʧʨʦʱʝʥʠʷ. ʄʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʦʧʫʱʝʥʳ ʯʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 
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ʦʙʤʝʥʘ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ ʤʦʜʝʣʷʤʠ ʵʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ (ʤʦʜʝʣʠ 

ʙʝʟ ʫʯʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ) ʠ ʨʘʥʝʝ ʦʥʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ [35ï38, 8]. 

ɺ ʨʘʙʦʪʘʭ [35ï38] ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʦʧʫʱʝʥʳ ʯʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, ʘ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ï ʯʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʜʠʬʬʫʟʠʠ. 

ɺ ʨʘʙʦʪʝ [8] ʯʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʦʧʫʩʢʘʶʪʩʷ ʚ 

ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ, ʥʦ ʯʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʦʩʪʘʶʪʩʷ ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʅʘʣʠʯʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʩʠ-

ʩʪʝʤʳ  (1.1.1)ï (1.1.5) ʠʤʝʝʪ ʥʝʦʮʝʥʠʤʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʘʧʨʠʦʨʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʪʝʯʝʥʠʡ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʯʠʩ-

ʣʝʥʥʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʚʝʪʨʦ-

ʚʦʛʦ ʜʚʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʠʣʠʧʘʥʠʷ [145] ʠ ʥʘʡʜʝʥʥʳʝ 

ʘʚʪʦʨʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʕʢʤʘʥʘ, ʢʦʪʦʨʘʷ ʧʦ-

ʣʫʯʘʝʪʩʷ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.1.1) ï (1.1.5) ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʤʝʜʣʝʥʥʳʭ ʪʝʯʝʥʠʡ 

ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. ʂʠʥʝʤʘʪʠʯʝʩʢʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ t wz=  ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʥʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ.ʝ. ʧʨʠ 0z= . 

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝ-

ʥʠʷ ʤʦʞʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʠ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.1.1) ï (1.1.5) ʩʚʦʜʠʪʩʷ ʢ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʕʢʤʘʥʘ. 

ɺ ʢʦʤʧʣʝʢʩʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ 

 w = , = ,        =w w w

x yu iv i i
n x y

z z z
t t t

µ µ µ
+ + +

µ µ µ
  

ʟʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ  
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 (1.2.1) 
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 (1.2.2) 

=
w = 0.

z H-

 

(1.2.3) 

ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʪʝʥʢʘʭ 1 2,  G G ʩʪʘʚʷʪʩʷ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ 

ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʩʢʦʨʦʩʪʠ. 

ʈʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 0,
n

zµ
=

µ
 ʥʘʟʳʚʘʝʪʩʷ ʜʨʝʡʬʦʚʳʤ. 

ʇʝʨʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʫʨʘʚʥʝʥʠʷ (1.2.1) ʧʦʣʫʯʝʥʦ 

ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʢʦʨʦʩʪʠ ʕʢʤʘʥʦʤ ʚ 1905 ʛ. [79] ʜʣʷ ʩʣʫʯʘʷ constzK =  ʠ ʙʘʩʩʝʡʥʘ 

ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ. 

ɼʣʷ ʙʝʩʢʦʥʝʯʥʦ ʛʣʫʙʦʢʦʛʦ ʚʦʜʦʝʤʘ ʜʨʝʡʬʦʚʦʝ ʪʝʯʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʪʢʣʦʥʷʝʪʩʷ ʚʧʨʘʚʦ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʫʛʦʣ 45Á ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʠ 

ʚʣʝʚʦ ʚ ʶʞʥʦʤ. ʉ ʛʣʫʙʠʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ ʫʙʳʚʘʶʪ (ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ) ʠ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʜʝʣʘʝʪ ʧʦʚʦʨʦʪ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʚ ʩʝʚʝʨʥʦʤ 

ʧʦʣʫʰʘʨʠʠ ʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ ʚ ʶʞʥʦʤ. ɻʣʫʙʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ ʚʝʢʪʦʨ 

ʜʨʝʡʬʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʟʳʚʘʝʪʩʷ ʛʣʫʙʠʥʦʡ ʩʣʦʷ ʕʢʤʘʥʘ ( )= / / 2 zd l Kp . 

1.2.1 ʈʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ʃʦʢʘʣʴʥʦʝ ʨʝʰʝʥʠʝ (ʟʘʚʠʩʷʱʝʝ ʦʪ x, y ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ) ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ 

ʜʣʷ ʙʘʩʩʝʡʥʘ ʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ ʠʤʝʝʪ ʚʠʜ 
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( ) ( )0
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= + = - -æ ö
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     (1.2.4) 
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ʈʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ, ʧʝʨʚʦʝ ʠʟ ʢʦʪʦʨʳʭ ï ʜʨʝʡʬʦʚʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ, ʘ ʚʪʦʨʦʝ ï ʛʝʦʩʪʨʦʬʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷ-

ʶʱʘʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʢʣʦʥʦʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʈʝʰʝʥʠʝ ʚʳʧʠʩʘʥʦ ʚ [145], ʪʘʤ ʞʝ ʚʳʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʢʣʦ-

ʥʦʚ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʅʘʣʠʯʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʬʫʥʢʮʠʶ ʪʦʢʘ ʜʣʷ ʧʨʦ-

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦ ʛʣʫʙʠʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ. ɼʣʷ ʥʝʸ ʚʳʧʠʩʳʚʘʝʪʩʷ ʵʣ-

ʣʠʧʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʝʰʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʙʝʨʝʛʦʚʦʡ ʣʠ-

ʥʠʝʡ, ʩ ʥʫʣʝʚʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʅʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ 

ʨʘʚʝʥʩʪʚʘ ʥʫʣʶ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ.  

ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ  

0 0

0
H H

udz udz
x y
- -

µ µ
+ =

µ µñ ñ  

ʠʣʠ ʚ ʪʝʨʤʠʥʘʭ ʧʦʣʥʳʭ ʧʦʪʦʢʦʚ  ʠ U V  (1.1.18') 

0,U V
x y

µ µ
+ =

µ µ
 

( ) ( ), ,  , ,U U x y V V x y= =  

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʬʫʥʢʮʠʶ ʪʦʢʘ U
y

µF
- =
µ

, .V
x

µF
=

µ
 

ʀʩʧʦʣʴʟʫ̫  (1.2.4), ʠʤʝʝʤ ʩʦʦʪʥʦʰʝʥʠʝ 

 
0 0

0 0

1
,

1
,

ww
yx

ww
yx

gH
C D E F

y l l x y

gH
D C F E

x l l x y

å õt å õµF t µz µz
- = - + -æ ö æ öæ öµ r r µ µç ÷ç ÷

å õt å õµF t µz µz
= + + +æ ö æ öæ öµ r r µ µç ÷ç ÷

 (1.2.5) 

ʛʜʝ 

2sin sh 2cos ch

,  1,

cos 2 ch 2 cos 2 ch 2

sin 2 sh 2 sin 2 sh 2
1 1

,  

2 2cos 2 ch 2

H H H H

d d d d
C D

H H H H

d d d d

H H H H

d d d d
E F

H HH H

d dd d

å õ å õ å õ å õ
p p p pæ ö æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷ ç ÷= = -

å õ å õ å õ å õ
p + p p + pæ ö æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷ ç ÷

å õ å õ å õ å
p - p p + pæ ö æ ö æ ö

ç ÷ ç ÷ ç ÷ ç= =-
å õ å õp pp + pæ ö æ ö
ç ÷ ç ÷

1.

cos 2 ch 2
H H

d d

õ
æ ö

÷+
å õ å õ
p + pæ ö æ ö

ç ÷ ç ÷

(1.2.6) 
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ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʚ (1.2.5) ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦ x , ʘ ʧʝʨʚʦʝ ʧʦ y  ʠ ʚʟʷʚ ʠʭ 

ʨʘʟʥʦʩʪʴ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ .F ʉʯʠʪʘʝʤ, ʯʪʦ const.H=

ʊʦʛʜʘ  

( ) ( )
2 2

2 2

0

1 1
rot div ,w wF F

C D D C
x y l E E

µ F µ F å õå õ å õ
+ = + t + - tæ ö æ öæ ö

µ µ rç ÷ ç ÷ç ÷
  (1.2.7) 

( ) ( )rot ,  div .

w ww w
y yw wx x

x y x y

µt µtµt µt
t = - t = +

µ µ µ µ
 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʨʝʰʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʝʡ, ʥʘ ʢʦʪʦʨʦʡ ʩʪʘʚʷʪʩʷ ʥʫʣʝʚʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ [145].  

ʀʩʧʦʣʴʟʫʷ ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʪʦʢʘ, ʤʦʞʥʦ ʥʘʡʪʠ ʥʘʢʣʦʥʳ ʩʚʦʙʦʜ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ,  x yz zµ µ µ µ ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.2.5). 

1.2.2 ʈʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʜʥʝ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʯʪʦ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ.  

ɼʣʷ ʫʨʘʚʥʝʥʠʷ (1.2.1) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫ-

ʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ( )constzK =  ʠ ʫʩʣʦʚʠʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ  

=

w
= w,z b

z H

K k
z -

µ

µ
 

ʨʝʰʝʥʠʝ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ: 

( ) ( )

( ) ( )0

cosh ( ) sinh ( )

w
sinh cosh

b
w

z

z b

k
z H z H

K
u iv

K H k H

a a
t a

r a a a

+ + +

= + = -
+

 

( ) ( )
cosh( )

1 , .
sinh cosh

b

z b z

ig k z il

l K H k H n K

a z
a

a a a

å õµ
- - =æ ö
æ ö+ µç ÷

 (1.2.8) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʠʩʧʦʣʴʟʫʷ ʨʝʰʝʥʠʝ (1.2.8), 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ (1.2.7), ʚ ʢʦʪʦʨʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ,  ,  ,  C D E F

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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() () () ()( ) () ()

( ) ( )( ) ( ) ( )( ) ( ) ( )( )
22

2

2

cos sin sin

,

2 cos 2 2 sin 2 2 cos 2
2

z b

b

b
z z b

a
K sh a a ch a a k sh a a

HC k
ka a

K ch a a K k sh a a ch a a
HH

+ +

=

- + - + +

 () () () ()( ) () ()

( ) ( )( ) ( ) ( )( ) ( ) ( )( )
2 2

2

2

sh cos ch sin ch cos
1,

ch 2 cos 2 sh 2 sin 2 ch 2 cos 2
2

z b

b

b
z z b

a
K a a a a k a a

HD k
a a k

K a a K k a a a a
HH

- +
= -

- + - + +

( ) ( )( ) ( ) ( )( )

( ) ( )( ) ( ) ( )( ) ( ) ( )( )
2 2

2

2

ch 2 cos 2 sh 2 sin 2
2 ,

2
ch 2 cos 2 sh 2 sin 2 ch 2 cos 2

2

b
z

b

b
z z b

a k
K a a a a

k HE
a a a k

K a a K k a a a a
HH

- + -
=-

- + - + +

( ) ( )( )

( ) ( )( ) ( ) ( )( ) ( ) ( )( )
2 2

2

2

sh 2 sin 2
2 1,

2
ch 2 cos 2 sh 2 sin 2 ch 2 cos 2

2

b

b

b
z z b

k
a a

k
F

a a a k
K a a K k a a a a

HH

+
=- +

- + - + +

 

ʛʜʝ .
2 z

l
a H

K
=  

ʂʦʵʬʬʠʮʠʝʪʳ ,  ,  ,  ʉ D E F ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʨʘʞʝʥʠʷ, ʟʘʚʠʩʷʱʠʝ ʪʦʣʴʢʦ ʦʪ 

,  ,  z bl K k . 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ bk ­¤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʩʣʫʯʘʷ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ ʩʪʨʝʤʷʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʩʣʫʯʘʷ 

ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ (ʨʠʩʫʥʦʢ 1.2.1). 

 
ʈʠʩʫʥʦʢ 1.2.1 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ,  ,  ,  ʉ D E F ʧʨʠ 

4 1 3 210  ʩ , 20 ʤ, 10  ʤ ʩ.zl H K- - -= = =    

ʉʧʣʦʰʥʦʡ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʩʣʫʯʘʷ ʧʨʠʣʠʧʘʥʠʷ 

ʥʘ ʜʥʝ, ʩʧʣʦʰʥʦʡ ʟʝʣʝʥʦʡ ʣʠʥʠʝʡ ï ʜʣ̫ ʩʣʫʯʘʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ 
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ʈʝhʠʪʴ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ (1.2.7) ʘʥʘʣʠʪʠʯʝʩʢʠ ʫʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʯʘʩʪʥʳʭ ʩʣʫʯʘʭ, ʥʦ ʜʣʷ ʩʣʫʯʘʷ ʜʨʝʡʬʦʚʦʛʦ ʪʝʯʝʥʠʷ ( )/ = 0nzµ µ  ʤʦʞʥʦ ʣʝʛʢʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ʧʨʠʣʠʧʘʥʠʷ ʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ 

(ʨʠʩʫʥʦʢ 1.2.2).  

 
ʘ ʙ 

ʈʠʩʫʥʦʢ 1.2.2 ï ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ: ʘ ï ʨʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ 

ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ (1.2.4); ʙ ï ʨʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ (1.2.8). 

ɻʣʫʙʠʥʘ ʙʘʩʩʝʡʥʘ 4 1 4 3 240 ʤ, =1.18 10  ,  =7 10  ʤ ʩ, =8 10  ʤ c.b zH l c k K- - - -= Ö Ö Ö  ɺʝʪʝʨ 

ʶʛʦ-ʟʘʧʘʜʥʳʡ 7 ʤ ʩ 

 

 
      ʘ ʙ 

ʈʠʩʫʥʦʢ 1.2.3 ï ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ: ʘ ï ʨʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ 

ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ (1.2.4); ʙ ï ʨʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ (1.2.8). 

ɻʣʫʙʠʥʘ ʙʘʩʩʝʡʥʘ 
4 1 5 3 28 ʤ, =1.18 10  , =7 10  ʤ ʩ, =2 10  ʤ cb zH l c k K- - - -= Ö Ö Ö  

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʠʩʫʥʢʘ 1.2.2 ʠ ʨʠʩʫʥʢʘ 1.2.3 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʛʣʫʙʠʥ ʧʦʨʷʜʢʘ 

40 ʤ (ʨʠʩ 1.2.2) ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ (1.2.8) 
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ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (1.2.4) ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʜʥʘ, ʘ ʜʣʷ ʛʣʫʙʠʥ 

ʧʦʨʷʜʢʘ 8 ʤ (ʨʠʩʫʥʦʢ 1.2.3) ʦʪʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʩʩʝʡʥʘ. 

1.2.3. ʈʝʰʝʥʠʝ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʝʩʪʴ ʚʝʣʠʯʠʥʘ 

ʧʝʨʝʤʝʥʥʘʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ =zK cz d+ , ʪʦ ʜʣʷ 

ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ [147]  

 ( )
w

w = 0,cz d il
z z

µ µå õ
+ -æ ö

µ µç ÷
 (1.2.9) 

ʠʣʠ 

 ( )
2

2

w w
w = 0,c cz d il

z z

µ µ
+ + -

µ µ
 (1.2.10) 

ʊʦʛʜʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

 
=0 0

w
= ,

w

z

d
z

t

r

µ

µ
 (1.2.11) 

 ( )
=

=

w
= w .b z H

z H

d cH k
z -

-

µ
-

µ
 (1.2.12) 

ɺ ʨʘʙʦʪʝ [147] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.2.9) ʩʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ:  

 = ,  w( ) = ( ),cz d zx c x+   

 

2
2 2

2
= 0.c c il

c c
x c

x x

µ µ
+ -

µ µ
 

ɼʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ 
2c  ʠ ʫʤʥʦʞʘʝʤ ʥʘ x:  

 

2
2

2 2
= 0.il

z c

c c x
x x c
x

µ µ
+ -

µ µ
 (1.2.13) 

ʊʦʛʜʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
0=

= ,
w

d

c
x

c t
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x r
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=

=

= .b z d cH

d cH

c k
x

c
x c
x -

-

µ

µ
  

ʋʨʘʚʥʝʥʠʝ (1.2.13) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

 0

2
,Z il

c
c x

å õ
= æ ö
ç ÷

        0 1 0 2 0

2
= ( ) ( ),Z il C J C K

c
x x x

å õ
+æ ö

ç ÷
 (1.2.14) 

ʛʜʝ 0 0( ),  ( )J Kx x ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. 

ʂʦʵʬʬʠʮʠʝʥʪʳ 1 2,  C C  ʥʘʭʦʜʷʪʩʷ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ 

ʜʥʝ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ = ,z
zK eld  ʨʝʰʝʥʠʝ ʠʱʝʪʩʷ ʚ ʚʠʜʝ 

 2
1 1 2 1

2 2
,  = .

zil il
C I C K e

l

x x x x x
l d l d

-å õ å õ
+æ ö æ ö

ç ÷ ç ÷
 (1.2.15) 

 

1.3. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʪʝʯʝʥʠʝ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ) 

ʉʜʝʣʘʝʤ ʨʷʜ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.1.1) ï (1.1.6) ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʘʢ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ 1. ɾʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʦʡ, ʪʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʤʝʜʣʝʥʥʳʤ, ʠ ʥʝʣʠʥʝʡʥʳʤʠ ʯʣʝʥʘʤʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ 2. ʂʦɻʬʬʠʮʠʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ï 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʨʝʜʧʦʣʦʞʝʥʠʝ 3. ʆʪʢʣʦʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʤʘʣ·, ʠ ʚʣʠʷʥʠʝ ʚʝʪʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʘʩʩʝʡʥʘ. 
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ʇʨʝʜʧʦʣʦʞʝʥʠʝ 4. ʅʘ ʜʥʝ ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ, ʣʠʥʝʡʥʦ ʩʚʷʟʳʚʘʶʱʝʝ ʢʘʩʘʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ. 

ʇʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʧʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʩʧʦʩʦʙ 

ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʤ ʩʣʫʯʘʝ ʪʝʯʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ 

ʙʘʩʩʝʡʥʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1.1.1) ï (1.1.3) ʨʝʰʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ 

0 < < x L , < < 0, constH z H- =  ʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ:  
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 (1.3.1) 

 = 0,
u w

x z

µ µ
+

µ µ
 (1.3.2) 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  

 
=0

= ( ),z

z

u
K x

z
b

µ

µ
 (1.3.3) 

ʛʜʝ () () 0 .x xb t r=  
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= ,z b z H
z H

u
K k u

z -
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 (1.3.4) 

 
=0 =

= = 0,
x x L

u u  (1.3.5) 

 
=0 =

= = 0.
z z H

w w
-

 (1.3.6) 

1.3.1. ʈʝʰʝʥʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ( ) constzK =  

Hʘʡʜʝʤ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1.3.1), (1.3.2) ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (1.3.3) ï 

(1.3.6). ʀʩʢʣʶʯʠʤ ʠʟ ʫʨʘʚʥʝʥʠ ̫(1.3.1) ʚʝʣʠʯʠʥʫ / xzµ µ, ʜʣʷ ʯʝʛʦ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ 

ʫʨʘʚʥʝʥʠʷ (1.3.1), (1.3.2) ʧʦ [ ,0]z HÍ - : 
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ñ  (1.3.7) 
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ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.3.5), (1.3.6) ʧʨʠ ʣʶʙʳʭ (0, )x LÍ  ʩʧʨʘʚʝʜʣʠʚʦ: 

 
0

= 0.
H

udz
-

ñ   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ (1.3.7) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ  
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ʘ ʫʨʘʚʥʝʥʠʝ (1.3.1) 
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 (1.3.8) 

ʇʦʣʫʯʠʣʠ ʥʝʢʣʘʩʩʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʤʦʜʝʣʠ ʵʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ (ʢʦʛʜʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʪʫʨʙʫʣʝʥʪʥʳʤ 

ʦʙʤʝʥʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ) ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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= ,b z H
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u k u
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 (1.3.9) 

ʪ.ʝ. ʧʦʣʫʯʠʣʠ ʥʝʢʣʘʩʩʠʯʝʩʢʦʝ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ [40] 
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 (1.3.10) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.3.8) ʠʱʝʤ ʚ ʚʠʜʝ: 

=1 =1

( , ) = ( )sin = sin .
n n

z z
L L

n n n n

n n

n x n
u x z u z A e B e D x

L L

p m p m
p p¤ ¤ -è øå õ å õ

+ +é ùæ ö æ ö
ç ÷ ç ÷ê ú

ä ä  (1.3.11) 

ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.3.3), (1.3.4) ʢʦʵʬʬʠʮʠʝʥʪʳ nA , nB  ʠ nD  

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ = ,h zK Km  ʘ nb ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʬʫʥʢʮʠʠ 
0

wt

r
 ʚ ʨʷʜ ʧʦ ʩʠʥʫʩʘʤ: 

 
=10 00
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x d

L L L

t p t x p
b b x x

r r

¤
å õ
æ ö
ç ÷

ä ñ  (1.3.12) 

ɽʩʣʠ ʚʝʪʝʨ ʧʦʩʪʦʷʥʝʥ ʚʜʦʣʴ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʙʘʩʩʝʡʥʘ, ʪʦ  
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. ɼʦʢʘʞʝʤ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ (1.3.11). 

ʂʦʵʬʬʠʮʠʝʥʪʳ ( )nu z  ʠʤʝʶʪ ʚʠʜ /r q , ʛʜʝ 
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ʈʘʟʜʝʣʠʤ r  ʠ q ʥʘ 
2 2.

n H

Le n

p m

p  ʊʘʢ ʢʘʢ 0H z- ¢ ¢, ʪʦ ʚʩʝ ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

( )

,

n z H

Le

p m-

 ,

nH

Le

p m
-

 

( 2 )

,

n z H

Le

p m+
-

 

2n H

Le

p m
-

 ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ ʧʨʠ n­¤, ʘ ʚʝʣʠʯʠʥʳ 

,

nz

Le

p m

 

( )n z H

Le

p m+
-

 ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ z ʦʩʪʘʶʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ, ʠ ʩ ʫʯʝʪʦʤ ʦʮʝʥʢʠ ʜʣʷ nb ʚʝʣʠʯʠʥʳ nu  ʫʙʳʚʘʶʪ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ n 

ʥʝ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 
21/ n , ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʘʙʩʦʣʶʪʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ (1.3.11). 

ɺ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʵʢʤʘʥʦʚʩʢʦʛʦ 

ʪʠʧʘ (1.3.10) ʠ ʩʪʘʮʠʦʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (1.3.11). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʯʝʥʠʷ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ  

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʥʘ ʢʦʥʮʘʭ ʦʪʨʝʟʢʘ [0, ]x LÍ , 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʯʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (1.3.10), ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʘ 

ʛʨʘʥʠʮʘʭ ʫʩʣʦʚʠʶ ʦʙʨʘʱʝʥʠʷ ʚ ʥʫʣʴ ʧʦʣʥʦʛʦ ʧʦʪʦʢʘ ʩʢʦʨʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1.3.1, 

1.3.2 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʦ ʨʝʰʝʥʠʝ (1.3.11), ʘ ʨʦʤʙʠʢʘʤʠ ï ʨʝʰʝʥʠʝ ʜʣʷ 

ʤʦʜʝʣʠ ʕʢʤʘʥʘ (1.3.10), ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʢʠ .x  

ɼʣʷ ʨʘʩʯʝʪʦʚ ʨʘʩʩʤʪʘʨʠʚʘʣʩʷ ʚʦʜʦʝʤ ʜʣʠʥʦʡ 1000 ʤ,L=  ʧʨʠ ʵʪʦʤ 

4 2 2

0 =10  ʤ c ,wt r -  ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʜʦʥʥʦʛʦ ʪʨʝʥʠʷ = 2 ʤ cbk , ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 2= 0,02 ʤ c,zK  ʛʣʫʙʠʥʘ 20 ʤ.H=  ʈʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʣʝʥʦʚ ʨʷʜʘ (1.3.11) ʠ ʙʳʣʦ ʥʘʡʜʝʥʦ ʪʘʢʦʝ 

ʟʥʘʯʝʥʠʝ 0n , ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʨʝʰʝʥʠʷ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 0 = 40n ).  
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ʈʠʩʫʥʦʢ 1.3.1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʠ 2
= const,  = 20 ʤ ʩ , =1000 ʤz hK K L  

 

 

ʈʠʩʫʥʦʢ 1.3.2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʠ 2= const,  = 200 ʤ c, =1000 ʤz hK K L  

 

ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʥʦʡ ʦʪ ʙʝʨʝʛʦʚ, ʨʝʰʝʥʠʷ ʙʫʜʫʪ 

ʙʣʠʟʢʠ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

hK  ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʰʝʥʠʝʤ (1.3.11) ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʦʙʤʝʥʘ ʠ ʨʝʰʝʥʠʝʤ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (1.3.10) ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʤ ʦʪ ʙʝʨʝʛʘ ʧʨʠ 2= 20 ʤ chK  

ʨʝʰʝʥʠʝ (1.3.11) ʚ ʧʷʪʴ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʵʢʤʘʥʦʚʩʢʦʝ ʨʝʰʝʥʠʝ (1.3.10), ʧʨʠ 

2= 200 ʤ chK  ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʜʝʩʷʪʴ ʨʘʟ. 

1.3.2. ʈʝʰʝʥʠʝ ʧʨʠ ʣʠʥʝʡʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ zK  ʧʦ ʛʣʫʙʠʥʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʚʳʙʦʨʘ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. 



35 

 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ zK  ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ ʧʦ ʛʣʫʙʠʥʝ. 

ʅʘʡʜʝʤ ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ 

=zK cz d+ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (1.3.7) ʧʨʠʤʝʪ ʚʠʜ:  

 ( )
2

=

2

|
= .b z H

h

u u k u
K cz d

x z z H

b -µ µ µ -å õ
+ +æ ö

µ µ µç ÷
 (1.3.13) 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʨʷʜʘ: 

 
=1

( , ) = ( )sin .n

n

n
u x z z x

L

p¤

Fä  (1.3.14) 

ʇʦʜʩʪʘʚʠʤ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ (1.3.13): 
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h n
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ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ: 

 = , ( ) = ( ).n ncz d zx c x+ F  

ʇʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ: 

 

22
=2 2

2
= .

n b n cH dn n
h n

kn
c c K

L H

x
b cc c p

x c
x x

- +
-µ µ å õ

+ - æ ö
µ µ ç ÷

 (1.3.15) 

ʇʦʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʚ (1.3.15) ʥʘ 
2c  ʠ ʫʤʥʦʞʠʚ ʥʘ x, ʧʦʣʫʯʠʤ:  
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 (1.3.16) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  
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ʊʦʛʜʘ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ [34] 
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 0 0( ) = 2 2 ,n n h n h n

n n
A I K B K K D

La La

p p
x x x

å õ å õ
F + +æ ö æ ö

ç ÷ ç ÷
 (1.3.19) 

ʛʜʝ 0 0( ),  ( )I Kh h ï ʦʙʦʙʱʝʥʥʳʝ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ nA , nB , nD  

ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ (1.3.16) ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.3.17) ï (1.3.18) ʠ ʟʘʚʠʩʷʪ 

ʦʪ n ʠ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ 0K , 0I . ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʘʨʛʫʤʝʥʪʘ h ʵʪʠ ʬʫʥʢʮʠʠ 

ʚʝʜʫʪ ʩʝʙʷ ʧʦʜʦʙʥʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 0K  ʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 0I  

ʘʨʛʫʤʝʥʪʦʚ [48], ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ (1.3.14) ʘʥʘʣʦʛʠʯʥʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ (1.3.11). 

ɼʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʚ ʩʣʫʯʘʝ ʧʝʨʝʤʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʦʧʠʩʘʥ ʚ [40] ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʝ (1.3.1) ʜʚʘ ʨʘʟʘ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʧʦ z ʠ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.3.3), (1.3.4) ʠ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʦ ʛʣʫʙʠʥʝ ʫʨʘʚʥʝʥʠʷ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.3.3 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʦ ʨʝʰʝʥʠʝ (1.3.14) ʧʨʠ 

=zK cz d+ , ʨʦʤʙʠʢʘʤʠ ï ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ. ʈʝʰʝʥʠʝ ʥʘʡʜʝʥʦ ʜʣʷ 

ʚʦʜʦʝʤʘ ʜʣʠʥʦʡ =1000 ʤ,L  ʧʨʠ ʵʪʦʤ 4 2 2

0/ =10  ʤ cwt r - , ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʠʜʦʥʥʦʛʦ ʪʨʝʥʠʷ = 2 ʤ ʩbk , ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ 
2 4= 2 10 ,  c = 9 10d - -Ö Ö , ʛʣʫʙʠʥʘ 20 ʤ.H=  ʈʠʩʫʥʢʠ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʩʣʫʯʘʷ 

0 = 40n . 

 

ʈʠʩʫʥʦʢ 1.3.3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʠ 
4 2= 9 10 ,  = 0,02,  = 200 ʤ /c,hc d K-Ö

= 1000 ʤL  
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ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʰʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ = constzK  (ʩʤ. ʨʠʩʫʥʦʢ 1.3.2) ʠ ʚ ʩʣʫʯʘʝ ʝʛʦ ʣʠʥʝʡʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ =zK cz d+  (ʨʠʩʫʥʦʢ 1.3.3), ʧʨʠ ʧʨʦʯʠʭ ʦʜʠʥʘʢʦʚʳʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʣʠʞʝ ʢʦ ʜʥʫ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ. ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʛʣʫʙʠʥʝ =zK cz d+ , ʠʟʤʝʥʠʣʦʩʴ 

ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʦʡ ï ʦʥʘ 

ʩʤʝʩʪʠʣʘʩʴ ʚʥʠʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʣʫʯʘʝʤ , ʢʘʢ ʜʣʷ ʤʦʜʝʣʠ ʵʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ, ʪʘʢ 

ʠ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. ɼʦʩʪʠʯʴ ʪʘʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʨʠ = constzK  ʥʝʚʦʟʤʦʞʥʦ. ɼʣʷ ʤʦʜʝʣʠ ʵʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ ʧʨʠ 

= const,zK ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ 

ʩʪʘʥʦʚʠʪʩʷ ʥʫʣʝʚʦʡ ʚ ʪʦʯʢʝ 0 = / 3H H-  ʥʝʟʘʚʩʠʤʦ ʦʪ ʚʝʣʠʯʠʥʳ zK . 

1.3.3. ʈʝʰʝʥʠʝ ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ zK  ʧʦ ʛʣʫʙʠʥʝ 

ɼʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ = z
zK eld  

ʠʟ (1.3.1) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ:  
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 (1.3.20) 

ʀʱʝʤ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ (1.3.14), 0/wt r ʧʨʝʜʩʪʘʚʣ̫ʝʤ ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜ 

(1.3.12). ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ (1.3.14), (1.3.12) ʚ (1.3.20): 
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- F + +æ ö

µ µç ÷
 

ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ 2=
z

e

l

x
-

, ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ 

 

2 2 2 2
2=

2

1
=

4 4

H
n b n en n

h n

kn
K

L H

l

x
bp l l

d d
x x x

- FµF µ Få õ
- F - +æ ö

µ µç ÷
 (1.3.21) 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  
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 2=
2=1 =

= ,  = .
2 2

n n H
n b n eH

e

d d
k

l

l x

x x

l l
b

x x x x

µF µF
- - F

µ µ
 (1.3.22) 

ʋʤʥʦʞʠʤ (1.3.22) ʥʘ 
2x  ʠ ʨʘʟʜʝʣʠʤ ʥʘ 2 4dl :  

2 2
2=2 2 2

2 2 2

4 4
= .

H
n b n en n

h n

kn
K

L H

l

x
bp

x x x x
dl x x dl

- FµF µ Få õ
- F - +æ ö

µ µç ÷
 (1.3.23) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʦʜʥʦʨʦʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

 1 1

2 2
( ) = .h h

n n n n

n K n K
A I B K D

L L

p p
x x x x x

l d l d

å õ å õ
F + +æ ö æ ö

ç ÷ ç ÷
 (1.3.24) 

ʇʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (1.3.24) ʚ ʫʨʘʚʥʝʥʠʝ (1.3.23) ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

(1.3.22), ʥʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ nA , nB  ʠ nD . Cʭʦʜʠʤʦʩʪʴ ʨʷʜʘ (1.3.14) ʩ ( )n xF , 

ʥʘʡʜʝʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʘʤ (1.3.24), ʜʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʨʘʥʝʝ 

ʩʣʫʯʘʷʤ. 

ʅʘ ʨʠʩʫʥʢʘʭ 1.3.4, 1.3.5 ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʦ ʨʝʰʝʥʠʝ (1.3.14) ʧʨʠ

= z
zK eld , ʨʦʤʙʠʢʘʤʠ ï ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʵʢʤʘʥʦʚʩʢʦʛʦ ʪʠʧʘ [40]. 

ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʜʦʝʤ ʜʣʠʥʦʡ =1000 ʤ,L  ʧʨʠ ʵʪʦʤ 4 2 2

0/ =10  ʤ /cwt r - , 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʜʦʥʥʦʛʦ ʪʨʝʥʠʷ = 2 ʤ ʩ,bk  ʛʣʫʙʠʥʘ 20 ʤ.H=  

 

ʈʠʩʫʥʦʢ 1.3.4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʠ 
2= 200 ʤ / ,hK c  = 0,02,d  = 0,05,l

= 1000 ʤL  
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ʈʠʩʫʥʦʢ 1.3.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʨʠ 
2= 200 ʤ ʩ,hK  = 0,01,d = 0,01,l  

= 1000 ʤL  

 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ zK  (ʨʠʩʫʥʦʢ 1.3.4), ʩ ʨʝʰʝʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʣʠʥʝʡʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ zK  (ʨʠʩʫʥʦʢ 1.3.3), ʚʠʜʥʦ ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʩʢʦʨʦʩʪʠ ʩʦʚʧʘʜʘʶʪ, ʘ ʙʣʠʞʝ ʢʦ ʜʥʫ ʨʘʟʣʠʯʘʶʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

= z
zK eld  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ ʣʠʥʝʡʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ =zK cz d+ , ʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʥʠ ʫʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳ (ʨʠʩʫʥʦʢ 1.3.6). 

 

ʈʠʩʫʥʦʢ 1.3.6 ï ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ) zK  ʧʦ ʛʣʫʙʠʥʝ 
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1.4. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʪʨʝʭʤʝʨʥʳʡ ʩʣʫʯʘʡ) 

ɺ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʩ ʫʯʝʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʡ 1ï4, ʠʟʣʦʞʝʥʥʳʭ ʚ ʧʘʨʘʛʨʘʬʝ 

1.3, ʚ ʦʙʣʘʩʪʠ 0 < < ,  0 < < x a y b, < < 0, const,H z H- =  ʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

(1.1.1) ï (1.1.3) ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ:  

 
2 2

2 2
= ,h h z

u u u
K K K lv g

z z xx y

zµ µ µ µ µå õ
+ + +æ ö

µ µ µµ µ ç ÷
 (1.4.1) 

 
2 2

2 2
= ,h h z

v v v
K K K lu g

z z yx y

zµ µ µ µ µå õ
+ + -æ ö

µ µ µµ µ ç ÷
 (1.4.2) 

 = 0,
u v w

x y z

µ µ µ
+ +

µ µ µ
 (1.4.3) 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  

 
0 0=0 =0

= , = ,

ww
yx

z z

z z

u v
K K

z z

tt

r r

µ µ

µ µ
 (1.4.4) 

 
= =

= =

= ,  = ,z b z bz H z H
z H z H

u v
K k u K k v

z z- -
- -

µ µ

µ µ
 (1.4.5) 

 
=0 = =0 =

= = = = 0,
y y b x x a

u u u u  (1.4.6) 

 
=0 = =0 =

= = = = 0,
x x a y y b

v v v v  (1.4.7) 

 
=0 =

= = 0.
z z H

w w
-

 (1.4.8) 

1.4.1. ʈʝʰʝʥʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ( ) constzK =  

ʅʘʡʜʝʤ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1.4.1) ï (1.4.3) ʧʨʠ  constzK =  ʩ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (1.4.4) ï (1.4.8). 

ɺ ʢʦʤʧʣʝʢʩʥʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʷ (1.4.1) ï (1.4.3) ʟʘʧʠʰʫʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

 
2 2 2

2 2 2

w w w
w = ,h zK K il g

nx y z

zå õµ µ µ µ
+ + -æ ö

µµ µ µç ÷

 (1.4.9) 
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ʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (1.4.4) ï (1.4.8) ʚ ʪʘʢʠʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʧʨʠʤʫʪ ʚʠʜ: 

 
0=0

w
= ,

w

z

z

K
z

t

r

µ

µ
 (1.4.10) 

 
=

=

w
= w ,z b z H

z H

K k
z -

-

µ

µ
 (1.4.11) 

ʥʘ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ w = 0. 

ʈʝʰʝʥʠʝ ʩ ʫʯʝʪʦʤ ʥʘʢʣʦʥʦʚ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ [49]. ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʫʨʘʚʥʝʥʠʷ (1.4.1) ï (1.4.3) ʧʦ [ ,0]z HÍ - : 

 

00 02 2

2 2
= ,h z

HH H

u u u
K dz K l vdz Hg

z xx y

z

-- -

å õµ µ µ µ
+ + +æ ö

µ µµ µç ÷
ñ ñ  (1.4.12) 

 

00 02 2

2 2
= ,h z

HH H

v v v
K dz K l udz Hg

z yx y

z

-- -

å õµ µ µ µ
+ + -æ ö

µ µµ µç ÷
ñ ñ  (1.4.13) 

 
0

= 0.
H

u v w
dz

x y z
-

å õµ µ µ
+ +æ ö

µ µ µç ÷
ñ  (1.4.14) 

ʇʝʨʝʧʠʰʝʤ ʫʨʘʚʥʝʥʠʷ (1.4.12) ï (1.4.14) ʚ ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʠ ʪʦʢʘ F: 

 

2 2

2 2
=0

=

= ,

h h z

z

z

z H

u
K K K

y y zx y

u
K l Hg

z x x

z

-

å õ å õµ µF µ µF µ
- + - + -æ ö æ ö
µ µ µµ µç ÷ ç ÷

µ µF µ
- +
µ µ µ

 (1.4.15) 

 

2 2

2 2
=0

=

= .

h h z

z

z

z H

u
K K K

y y zx y

u
K l Hg

z x x

z

-

å õ å õµ µF µ µF µ
- + - + -æ ö æ ö
µ µ µµ µç ÷ ç ÷

µ µF µ
- +
µ µ µ

 (1.4.16) 

ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ (1.4.15) ʧʦ y  ʠ ʫʤʥʦʞʠʤ ʥʘ ( )1- , ʟʘʪʝʤ 

ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ (1.4.16) ʧʦ x  ʠ ʩʣʦʞʠʤ ʧʦʣʫʯʠʚʰʠʝʩʷ ʚʳʨʘʞʝʥʠʷ. ʇʦʣʫʯʠʤ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ F:  

 
= 0 0=

= .

ww
yx

h b b

z Hz H

u v
K k k

y x y x

tt

r r--

µ µ µ µ
DDF+ - -

µ µ µ µ
 (1.4.17) 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.4.17) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ: 

 
=1 =1

= sin sin ,nm

n m

n x m y

a b

p p¤ ¤
å õ å õ

F F æ ö æ ö
ç ÷ ç ÷

ää  (1.4.18) 

ʘ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.4.9) ʚ ʚʠʜʝ: 

1 2 3

=1 =1

w = sin sin ,
z z

nm nm
nm nm nm nm

n m

n x m y
ʉ e ʉ e C d

a b

a a p p
z

¤ ¤
- å õ å õå õ

- +æ öæ ö æ ö
ç ÷ç ÷ ç ÷

ää  (1.4.19) 

ʛʜʝ nmdz  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ ʚʝʣʠʯʠʥʳ 
n

zµ

µ
 ʠ 

2 2

= .

h

nm

z

n m
il K

a b

K

p p

a

å õå õ å õ
+ +æ öæ ö æ öæ öç ÷ ç ÷ç ÷ 

ʉ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.4.10) ï (1.4.11), 1

nmʉ , 2

nmʉ  ʠ 3

nmC  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʟ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ:  

 
=1 =10 0 0 0

= sin sin ,

ww w
yx nm

n m

n x m y

y x a b

tt t t p p

r r r r

¤ ¤µ µ å õ å õ
= - æ ö æ ö
µ µ ç ÷ ç ÷

ää  (1.4.20) 

( )1 2

0

= ,nm
z mn nm nmK C C

t
a

r
-  

1 2 1 2 3( ) = ( ),
H H H H

nm nm nm nm
z nm nm nm b nm nm nm nmK C e C e k C e C e C d

a a a a
a h

- -
- + +  

2 2
3 3 = .h nm nm

n m
K C ilC g

a b

p på õå õ å õ
+ + -æ öæ ö æ öæ öç ÷ ç ÷ç ÷

 

ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (1.4.15), (1.4.16) ʠʩʢʣʶʯʠʤ ʚʝʣʠʯʠʥʳ 
x

zµ

µ
 ʠ 

y

zµ

µ
 ʠʟ 

ʫʨʘʚʥʝʥʠʡ (1.4.1), (1.4.2). 

 
2 2 2

2 2 2
=h z

u u u
K K lv

x y z

å õµ µ µ
+ + +æ ö

µ µ µç ÷

 (1.4.21) 

2 2

2 2
=0 =

1
,h h z z

z z H

u u
K K K K l

H y y z z xx y -

å õ å õµ µF µ µF µ µ µF
- + - + - +æ ö æ ö
µ µ µ µ µµ µç ÷ ç ÷
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2 2 2

2 2 2
=h z

v v v
K K lu

x y z

å õµ µ µ
+ + -æ ö

µ µ µç ÷

 (1.4.22) 

2 2

2 2
=0 =

1
.h h z z

z z H

v v
K K K K l

H x x z z yx y -

å õµ µF µ µF µ µ µFå õ å õ
+ + - - -æ ö æ ö æ ö

µ µ µ µ µµ µç ÷ ç ÷ ç ÷
 

ʇʦʜʩʪʘʚʠʤ ʨʘʟʣʦʞʝʥʠ ̫ (1.4.18), (1.4.19) ʚ ʫʨʘʚʥʝʥʠʷ (1.4.21), (1.4.22), 

(1.4.17). ʉ ʫʯʝʪʦʤ ʨʘʟʣʦʞʝʥʠʷ (1.4.20) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʡʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʬʫʥʢʮʠʠ F, 
x

zµ

µ
, 

y

zµ

µ
. 

ʅʘ ʨʠʩʫʥʢʝ 1.4.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʤʦʜʝʣʠ 

ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ (1.4.19) ʠ ʛʦʜʦʛʨʘʬʳ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (1.2.8) ʚ 

ʮʝʥʪʨʝ ʙʘʩʩʝʡʥʘ ʠ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ. ɺʠʜʥʦ, ʯʪʦ ʚ ʮʝʥʪʨʝ ʛʦʜʦʛʨʘʬʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ. ʈʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʦʜʦʝʤ ʜʣʠʥʦʡ ʠ ʰʠʨʠʥʦʡ 5000 ʤ, ʧʨʠ ʵʪʦʤ 

4

0 =10wt r -  2 2ʤ c, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʜʦʥʥʦʛʦ ʪʨʝʥʠʷ = 200bk  ʤ c, ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ = 0,02zK  2ʤ c, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ =1hK  2ʤ c, ʛʣʫʙʠʥʘ 50 ʤ.H=  

 
ʘ ʙ 

ʈʠʩʫʥʦʢ 1.4.1 ï ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ 

(ʨʦʤʙʠʢʠ), ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ): ʘ ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ 

ʙʘʩʩʝʡʥʘ, ʙ ï ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 
 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ hK  

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʨʝʰʝʥʠʝʤ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʠ 

ʨʝhʝʥʠʝʤ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ. 



44 

 

1.4.2. ʈʝʰʝʥʠʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʜʨʝʡʬʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) 

ʇʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʩʣʫʯʘʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʧʨʠ ʫʯʝʪʝ ʥʘʢʣʦʥʦʚ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ, ʥʦ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʯʠʪʘʪʴ ʵʪʠ 

ʥʘʢʣʦʥʳ ʤʘʣʳʤʠ (ʪʦʛʜʘ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ). 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʨʘʜʠʝʥʪʳ ʦʪʢʣʦʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣʳ 

ʠ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦ ʫʨʘʚʥʝʥʠʝ (1.4.9) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

 
2 2

2 2

w w w
w = 0.h zK K il

z zx y

å õµ µ µ µå õ
+ + -æ ö æ ö

µ µµ µ ç ÷ç ÷

 (1.4.23) 

ɽʩʣʠ constzK = , ʪʦ ʙʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ:

 
=1 =1

w = ( )sin sin .nm

n m

n x m y
f z

a b

p p¤ ¤
å õ å õ
æ ö æ ö
ç ÷ ç ÷

ää  

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʫʨʘʚʥʝʥʠʝ (1.4.23), ʠʤʝʝʤ: 

 
2 2

' = 0.h nm h nm z nm nm

n m
K f K f K f ilf

a b

p p ¡å õ å õ
+ - +æ ö æ ö

ç ÷ ç ÷
 

ʈʝʰʝʥʠʷʤʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ 

 
1 2= ,

z z
nm nm

nm nm nmf C e C e
a a-
+  ʛʜʝ 

2 2

= .
h h

nm

z

n m
K K il

a b

K

p p

a

å õ å õ
+ +æ ö æ ö

ç ÷ ç ÷ 

ʂʦʵʬʬʠʮʠʝʥʪʳ 1

nmC  ʠ 2

nmC  ʥʘʭʦʜʠʤ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1.4.10) ʠ (1.4.11). 

ɽʩʣʠ =zK cz d+ , ʪʦ ʫʨʘʚʥʝʥʠʝ (1.4.23) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 ( )
2 2

2 2

w w w
w = 0,hK cz d il

x y z z

å õµ µ µ µå õ
+ + + -æ ö æ ö

µ µ µ µç ÷ç ÷
 (1.4.24) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, (1.4.24) ʧʝʨʝʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

 ( )
2 2 2

2 2 2

w w w w
w = 0,hK c cz d il

x y z z

å õµ µ µ µ
+ + + + -æ ö

µ µ µ µç ÷
 (1.4.25) 

ʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʦʚʳ: 
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=0 0

w
= ,

w

z

d
z

t

r

µ

µ
 (1.4.26) 

 ( )
=

=

w
= w ,b z H

z H

d cH k
z -

-

µ
-

µ
 (1.4.27) 

ʥʘ ʚʩʝʭ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ 

 w = 0. (1.4.28) 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʨʝʰʝʥʠʝ (1.4.25) ï (1.4.28) ʚ ʚʠʜʝ:  

 
, =1

= ( ) sin ,nm nm

n m

n m
F f z sin x y

a b

p p¤

ä  (1.4.29) 

ʫʯʠʪʳʚʘʷ, ʯʪʦ  

 
=10 0 0

= = sin

ww w
yx

nm

nm

n m
i sin x y

a b

tt t p p
t

r r r

¤

+ ä  (1.4.30) 

ʠ, ʧʦʜʩʪʘʚʣʷʷ (1.4.29) ʚ ʫʨʘʚʥʝʥʠʝ (1.4.25), ʠʤʝʝʤ: 

 

2 22

2
( ) = 0.nm nm

h h nm

f f n m
cz d c K K il f

z z a b

p på õµ µ å õ å õ
+ + - + +æ öæ ö æ öæ öµ µ ç ÷ ç ÷ç ÷

  

ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʳʭ:  

 = ,  ( ) = ( ),nm nmcz d f zx c x+   

 

2 22
2 2

2
= 0.nm nm

h h nm

n m
c c K K il

a b

c c p p
x c

x x

å õµ µ å õ å õ
+ - + +æ öæ ö æ öæ öµ µ ç ÷ ç ÷ç ÷

 

ɼʝʣʠʤ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ 
2c  ʠ ʫʤʥʦʞʘʝʤ ʥʘ x: 

 

2 22
2

2 2
= 0.nm nm

h h nm

n m
K K il

z c a b

c c x p p
x x c

x

å õµ µ å õ å õ
+ - + +æ öæ ö æ öæ öµ µ ç ÷ ç ÷ç ÷

 (1.4.31) 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 
=

= ,nm
nm

d

c
x

c
x t
x

µ

µ
  

 
=

=

= .nm
b nm z d cH

d cH

c k
x

c
x c
x -

-

µ

µ
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ʋʨʘʚʥʝʥʠʝ (1.4.31) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

 0

2
= ,nm nmZ

c
c a x

å õ
æ ö
ç ÷

 (1.4.32) 

2 2

1 2

0 0 0

2
= ( ) ( ),  = ,nm nm

nm nm nm nm h h

n m
Z C I C K K K il

c a b

p p
a x x x a

å õ å õ å õ
+ + +æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
  

0 0( ),  ( )I Kx x ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ = z
zK eld  ʫʨʘʚʥʝʥʠʝ (1.4.23) ʧʨʠʤʝʪ ʚʠʜ:  

 
2 2 2

2 2 2

w w w w
w = 0.z z

hK e e il
x y z z

l ldl d
å õµ µ µ µ

+ + + -æ ö
µ µ µ µç ÷

 (1.4.33) 

ʀʱʝʤ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ (1.4.29), 
0

wt

r
 ʧʨʝʜʩʪʘʚʣʷʝʤ ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʷʜ 

(1.4.30). ʇʦʜʩʪʘʚʠʤ ʚʳʨʘʞʝʥʠʷ (1.4.29) ʚ (1.4.33):  

 
2 2 2

2
= 0.z znm nm

h h nm

n m f f
K K il f e e

l l z z

l lp p
dl d

å õ µ µå õ å õ
- + + + +æ öæ ö æ öæ ö µ µç ÷ ç ÷ç ÷

 

ʉʜʝʣʘʝʤ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ 
2 2

2= ,  =
z

nm h h

n m
e K K il

l l

l
p p

x a
- å õ å õ

+ +æ ö æ ö
ç ÷ ç ÷

 ʧʦʩʣʝ 

ʯʝʛʦ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ  

 

2 2 2

2

1
= 0,

4 4

nm nm
nm nm

f f
f

l l
a d d

x x x

µ µ
- - +

µ µ
 (1.4.34) 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ:  

 2=
2=1 =

= ,  = .
2 2

nm nm H
nm b nm eH

e

f f
k f

l

l x

x x

dl dl
t

x x x x

µ µ
- -

µ µ
  (1.4.35) 

ʋʤʥʦʞʠʤ (1.4.35) ʥʘ 
2x  ʠ ʨʘʟʜʝʣʠʤ ʥʘ 

2

4

dl
 

 

2
2 2

2 2

4
= 0.nm nm

nm nm

f f
fa x x x

dl x x

µ µ
- - +

µ µ
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ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ɹʝʩʩʝʣʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

 
1 2

1 1

2 2
= .nm nm

nm nm nmf C I C K
a a

x x x x
l d l d

å õ å õ
+æ ö æ ö

ç ÷ ç ÷
 (1.4.36) 

ʇʦʜʩʪʘʚʣʷʷ (1.4.36) ʚ ʫʨʘʚʥʝʥʠʝ (1.4.34) ʠ ʚ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (1.4.35) 

ʥʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ 1 2,  nm nmC C  ʠ ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ: 

 

1 2 2
1

=1

2 2 2
1

2
w =

2
sin sin .

z z
nm

nm

n

z z
nm

nm

C e I e

n x m x
C e K e

a b

l l

l l

a

l d

a p p

l d

¤ - -

- -

å å õ
æ +æ ö

æ öæ
ç ÷ç

õå õ
ö+ æ ö

æ öö
ç ÷÷

ä
 (1.4.37) 

ʅʘ ʨʠʩʫʥʢʝ 1.4.2 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʨʘʟʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, ʢʘʢ ʧʦʩʪʦʷʥʥʦʛʦ, ʪʘʢ ʠ ʧʝʨʝʤʝʥʥʦʛʦ.  

ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: 

4 2 2

0 =10  ʤ cwt r - , ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ 
4=1,5 10l -Ö  

1c- , ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʜʦʥʥʦʛʦ 

ʪʨʝʥʠʷ = 2 ʤ ʩ,bk  ʙʘʩʩʝʡʥ ʩʦ ʩʪʦʨʦʥʘʤʠ = = 5000 ʤa b  ʠ ʛʣʫʙʠʥʦʡ = 50 ʤ.H  

ʉʢʦʨʦʩʪʠ ʚʳʚʝʜʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʙʘʩʩʝʡʥʘ. 

ʅʘ ʨʠʩʫʥʢʝ 1.4.2, ʘ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʪʨʝʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ zK  ʧʦ ʛʣʫʙʠʥʝ. ʇʨʠ ʵʪʦʤ 4= 7 10c -Ö , 

2= 3,75 10d -Ö  ʠ 2= 2 10l -Ö , 
2= 3,16 10d -Ö  ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʛʣʫʙʠʥʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʙʳʣʦ ʚʟʷʪʦ 20,02 ʤ /c.zK =  

ʅʘ ʨʠʩʫʥʢʝ 1.4.2, ʙ ʠʟʦʙʨʘʞʝʥʳ ʛʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʪʨʝʭ ʩʣʫʯʘʝʚ ʤʦʜʝʣʠ 

ʕʢʤʘʥʘ. ʅʝʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ (1) ʠʟʦʙʨʘʞʝʥ ʛʦʜʦʛʨʘʬ, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ 

ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʩ ʫʩʣʦʚʠʝʤ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ʥʘ ʜʥʝ (ʨʝʰʝʥʠʝ 

ʚʠʜʘ (1.2.8) ʧʨʠ 0);nzµ µ = ʨʦʤʙʠʢʘʤʠ (2) ʠ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ (3) ï ʛʦʜʦʛʨʘʬʳ ʜʣʷ 
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ʤʦʜʝʣʠ ʕʢʤʘʥʘ, ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ =zK cz d+  ï ʨʝʰʝʥʠʝ ʚʠʜʘ (1.2.14) ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ = z
zK eld  ï ʨʝʰʝʥʠʝ ʚʠʜʘ (1.2.15) ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 
ʘ ʙ 

 
ʚ ʛ 

ʈʠʩʫʥʦʢ 1.4.2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭ ʚʠʜʦʚ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ ʧʦ ʛʣʫʙʠʥʝ (ʧʦʩʪʦʷʥʥʦʛʦ ï ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ, ʣʠʥʝʡʥʦʛʦ ï ʨʦʤʙʠʢʠ ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ï ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) (ʘ). ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʵʪʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ: ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (ʙ), ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʚ, ʛ) 

 

ʅʘ ʨʠʩʫʥʢʝ 1.4.2, ʚ ʠ ʛ ʠʟʦʙʨʘʞʝʥʳ ʛʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ. ʇʨʠʯʝʤ ʜʣʷ ʚ) 2=1 ʤ chK , ʘ ʜʣʷ ʛ) 2= 200 ʤ c.hK  
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ʅʝʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ (4), (4') ʠʟʦʙʨʘʞʝʥʳ ʛʦʜʦʛʨʘʬʳ ʜʣʷ ʨʝʰʝʥʠʷ (1.4.19) ʚ 

ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ = 0,02zK  2ʤ c ʧʦ ʛʣʫʙʠʥʝ, ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ 

(5), (5' ) ï ʜʣʷ ʨʝʰʝʥʠʷ (1.4.32) ʧʨʠ ʣʠʥʝʡʥʦʤ ʠʟʤʝʥʝʥʠʠ =zK cz d+ , ʨʦʤʙʠʢʘʤʠ 

(6), (6' ) ï ʜʣʷ ʨʝʰʝʥʠʷ (1.4.37) ʧʨʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ = .z
zK eld  

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ ʣʠʥʝʡʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ ʧʦ ʛʣʫʙʠʥʝ ʙʘʩʩʝʡʥ ʩʪʘʥʦʚʠʪʩʷ çʛʣʫʙʦʢʠʤè ʚ ʪʦʤ ʩʤʳʩʣʝ ʯʪʦ ʧʦʷʚʣʷʝʪʩʷ 

ʛʣʫʙʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʠʤʝʝʪ ʟʥʘʢ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʦʥʘ 

ʠʤʝʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʝʡ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.4.2, ʙ ʠ 

1.4.2, ʚ ʩʦʚʧʘʜʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ ʬʘʢʪʫ, ʯʪʦ 

ʧʨʠ ʤʘʣʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʨʝʰʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʠ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʩʦʚʧʘʜʘʶʪ. 

 

1.5. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ɻʣʘʚʝ 1 

1. ʅʘʡʜʝʥʳ ʥʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʧʨʦʱʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʚʝʪʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ: ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʠ 

ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ.  

2. ɼʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʦʧʨʝʜʝʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʜʨʝʡʬʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʯʝʥʠʷ ʜʣʷ ʫʩʣʦʚʠʡ ʧʨʠʣʠʧʘʥʠʷ ʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʥʘ ʜʥʝ. 

3. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʠʥʮʠʧ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʥʘ 

ʧʨʠʤʝʨʝ ʪʝʯʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʨʝʰʝʥʠʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʦʜʝʣʠ ʕʢʤʘʥʘ ʠ ʧʦ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʩʣʫʯʘʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʦʙʣʘʩʪʴ, ʛʜʝ ʵʪʠ ʨʝʰʝʥʠʷ ʥʘʯʠʥʘʶʪ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ 
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ʜʨʫʛʘ, ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. ʇʨʠ ʧʝʨʝʤʝʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʣʠʥʝʡʥʦ ʠʣʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʤʝʥʷʶʱʝʤʩʷ ʧʦ ʛʣʫʙʠʥʝ) ʩʤʝʱʘʝʪʩʷ ʪʦʯʢʘ, ʚ 

ʢʦʪʦʨʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. 

4. ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ, ʥʘʡʜʝʥʳ 

ʜʨʝʡʬʦʚʘʷ ʠ ʛʝʦʩʪʨʦʬʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʤʝʥʘ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʤʦʜʝʣʠ ʕʢʤʘʥʘ. ɸʥʘʣʦʛʠʯʥʦ ʜʚʫʤʝʨʥʦʤʫ ʩʣʫʯʘʶ ʦʧʨʝʜʝʣʝʥʘ 

ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʚʫʤ ʤʦʜʝʣʷʤ, 

ʩʦʚʧʘʜʘʶʪ. ʇʨʠ ʘʥʘʣʠʟʝ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʨʝʭʤʝʨʥʦʛʦ 

ʪʝʯʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʠ ʧʝʨʝʤʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ (ʣʠʥʝʡʥʦʤ ʠʣʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳʚʘʶʱʝʤ ʧʦ ʛʣʫʙʠʥʝ) ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʪʨʝʤʷ ʧʦʣʫʯʝʥʥʳʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ. 
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ɻʃɸɺɸ 2. ʏʀʉʃɽʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ɻʀɼʈʆʌʀɿʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ ʆɿɽʈɸ ʐʀʈɸ 

 

ɺ ʢʦʥʮʝ XX ʚʝʢʘ ʧʦʷʚʠʣʠʩʴ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠ-

ʨʦʚʘʥʳ ʢ ʨʘʩʯʝʪʫ ʪʝʯʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʝʤʘʭ. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳ MITgcm [114], 

POM [119], GETM [83], ROMS [121], ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʟʝʨʘʭ ʠ ʥʝʛʣʫʙʦʢʠʭ ʚʦʜʦʝʤʘʭ [31, 62, 64, 85 148]. 

ɼʚʝ ʧʦʩʣʝʜʥʠʝ ʤʦʜʝʣʠ ʦʩʥʦʚʘʥʳ ʥʘ ʫʨʘʚʥʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ʜʘʚʣʝʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ɻʣʘʚʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʟʝʨʘ 

ʐʠʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ROMS [121]. ʊʨʝʭʤʝʨʥʳʝ 

ʨʘʩʯʝʪʳ ʜʣʷ ʦʟʝʨʘ ʐʠʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʨʘʥʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ 

GETM [64] ʠ POM [85]. ʕʬʬʝʢʪʠʚʥʳʡ ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ROMS ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʦʟʤʦʞʥʳʝ ʚʝʪʨʦʚʳʝ ʩʮʝʥʘʨʠʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʩʯʝʪʳ ʥʘ 

ʜʣʠʪʝʣʴʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪʳ ʜʣʷ ʦʟʝʨʘ ʐʠʨʘ ʟʘ ʚʝʩʴ ʣʝʪʥʠʡ ʧʝʨʠʦʜ.  

ɺ ʧʘʨʘʛʨʘʬʝ 2.1 ʧʨʠʚʝʜʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʥ-

ʥʦʡ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ ROMS. 

ɺ ʧʘʨʘʛʨʘʬʝ 2.2 ʠʟʣʦʞʝʥʘ ʧʦʵʪʘʧʥʘʷ ʘʜʘʧʪʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦ-

ʚʘʥʥʦʡ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ ROMS, ʢ ʨʘʩʯʝʪʫ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ 

ʚ ʩʝʙʷ: ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʙʨʦʩʘʥʥʳʤ 

ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʙʠʛʘʨʤʦ-

ʥʠʯʝʩʢʠʤʠ ʩʧʣʘʡʥʘʤʠ; ʟʘʜʘʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ; ʧʦʜ-

ʢʣʶʯʝʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʫʯʝʪʘ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʪʦʢʦʚ 

ʪʝʧʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ROMS ʥʘ 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ. 
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ɺ ʧʘʨʘʛʨʘʬʝ 2.3 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʥʦʩʪʥʳʭ 

ʩʭʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʭʝʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ROMS. 

ɺ ʧʘʨʘʛʨʘʬʝ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʦʟʝʨʘ ʐʠʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, c ʫʯʝʪʦʤ ʤʦʜʝʣʴʥʦʛʦ 

ʚʝʪʨʘ ʠ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ɺ ʧʘʨʘʛʨʘʬʝ 2.5 ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʮʝʥʢʠ ʢʦʤʧʦʥʝʥʪ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʧʦ 

ʥʘʪʫʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ. 

 

2.1 ʏʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ROMS 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ROMS [121], ʨʘʟʨʘʙʦʪʘʥʥʦʡ Hernan G. Arango ʠ Alexander F. Shchepetkin ʠ ʩʚʦ-

ʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʦʡ ʧʦʜ ʣʠʮʝʥʟʠʝʡ GNU. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ROMS [128, 129, 131] ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʧʦʜʦʙʥʳʤʠ ʧʨʦʛʨʘʤ-

ʤʘʤʠ (ʥʘʧʨʠʤʝʨ, POM [119], GETM [83]), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥʳ 

ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʦʝʤʘ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʡ 

ʚʧʣʦʪʴ ʜʦ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʘʜʚʝʢʪʠʚʥʳʭ ʯʣʝʥʦʚ, ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʝ ʯʠʩʣʝʥ-

ʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩ-

ʯʝʪʥʦʡ ʩʝʪʢʠ, ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʫʣ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʙʤʝʥʘ. 

ɸʣʛʦʨʠʪʤʳ ʢʦʜʘ ROMS ʨʝʘʣʠʟʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʝʪʨʦʚʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʫʨʘʚʥʝʥʠʷʭ (1.1.1) ï (1.1.6), ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʚ ɻʣʘʚʝ 1 (1.1.1) ï (1.1.6). ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʧʨʠ = ( , , ),z x y tz  ʜʣʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʚʷʪʩʷ ʫʩʣʦʚʠʷ (1.1.7), ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʥʝʡʥʦʝ ʫʩʣʦʚʠʝ (1.1.8'). ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʩʪʘ-

ʚʷʪʩʷ ʫʩʣʦʚʠʷ (1.1.10).  
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ʅʘ ʜʥʝ ʚʦʜʦʝʤʘ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ = ( , )z H x y-  

ʫʯʝʪ ʪʨʝʥʠʷ ʥʘ ʜʥʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦ ʥʝʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ (1.1.11) ʠʣʠ ʧʦ 

ʣʠʥʝʡʥʦʤʫ (1.1.13). ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ (1.1.14). ɼʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʥʘ ʜʥʝ (1.1.15) ʧʦʪʦʢʠ ʟʘʜʘʶʪʩʷ ʨʘʚʥʳʤʠ ʥʫʣʶ.  

ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʪʘʚʠʪʩʷ ʫʩʣʦʚʠʝ 

ʥʝʧʨʦʪʝʢʘʥʠʷ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ ʧʦʪʦʢʠ ʟʘʜʘʶʪʩʷ ʨʘʚʥʳʤʠ 

ʥʫʣʶ (1.1.17). 

ɺ ROMS ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʚʝʨʪʠʢʘʣʴʥʳʭ s ï ʢʦʦʨʜʠʥʘʪ, ʢʦʪʦʨʘʷ 

çʚʳʨʘʚʥʠʚʘʝʪè ʥʝʨʦʚʥʦʝ ʜʥʦ = ( , ).z H x y-  ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʢʘʢ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʪʘʢ ʠ ʚ ʦʢʝʘʥʦʛʨʘʬʠʠ 

ʥʘʧʨʠʤʝʨ [116, 81]. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʚʠʜʘ s ï ʢʦʦʨʜʠʥʘʪ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ROMS, ʧʨʠʚʝʜʝʥʦ ʚ [121, 131]. 

ɺ ʢʘʯʝʩʪʚʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʝʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʚʝʩʪʥʘʷ ʩʝʪʢʘ 

ɸʨʘʢʘʚʘ çʉè [69]. ɺʝʨʪʠʢʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ʩʯʠʪʘʝʪʩʷ ʚ ʪʦʯʢʘʭ, 

ʩʜʚʠʥʫʪʳʭ ʥʘ ʧʦʣʦʚʠʥʫ ʰʘʛʘ ʩʝʪʢʠ ʧʦ ʚʝʨʪʠʢʘʣʠ [121]. 

ɺ ʢʦʜʝ ROMS ʜʣʷ ʘʜʚʝʢʪʠʚʥʳʭ ʯʣʝʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʠʜʘ 

ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨ ʩʦ ʩʭʝʤʦʡ Leap-Frog ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʘ ʠ ʧʘʨʘʤʝʪʨʦʤ g, 

ʦʪʚʝʯʘʶʱʝʤ ʟʘ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʥʘ ʪʨʝʭ ʩʣʦʷʭ ʧʦ ʚʨʝʤʝʥʠ ʚ ʢʦʨʨʝʢ-

ʪʦʨʝ. ɺ ʧʨʝʜʠʢʪʦʨʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʧʦʩʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ: ʮʝʥʪʨʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ 2-ʛʦ ʠʣʠ 4-ʛʦ ʧʦʨʷʜʢʘ.  

ɺ ʢʦʜʝ ROMS ʨʝʘʣʠʟʦʚʘʥʘ ʘʜʘʧʪʠʚʥʦ-ʥʝʷʚʥʘʷ ʩʭʝʤʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʘʜʚʝʢ-

ʪʠʚʥʳʭ ʯʣʝʥʦʚ ʪʨʝʭʤʝʨʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʨʠʤʝʩʝʡ (ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ), ʢʦʪʦ-

ʨʘʷ ʩʦʭʨʘʥʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʯʠʩʣʘ ʂʫʨʘʥʪʘ-ʌʨʠ-

ʜʨʠʭʩʘ-ʃʝʚʠ [51], ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʵʢʚʠʚʘʣʝʥʪʥʘ ʠʩʭʦʜʥʦʡ ʷʚʥʦʡ ʩʭʝʤʝ ʠ 

ʩʦʭʨʘʥʷʝʪ ʝʸ ʪʦʯʥʦʩʪʴ ʪʘʤ, ʛʜʝ ʯʠʩʣʦ ʂʫʨʘʥʪʘ-ʌʨʠʜʨʠʭʩʘ-ʃʝʚʠ ʥʝ ʧʨʝʚʳʰʝʥʦ. ʊʦ 

ʝʩʪʴ, ʧʦʣʫʯʘʝʤ ʧʣʘʚʥʦʝ ʚʢʣʶʯʝʥʠʝ ʥʝʷʚʥʦʩʪʠ, ʛʜʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ [127]. 

ʂʦʜ ROMS ʩʦʜʝʨʞʠʪ ʨʷʜ ʤʝʪʦʜʦʚ ʜʣʷ ʟʘʜʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʜʣʷ ʩʢʦʨʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ. ɺʳ-

ʙʦʨ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʧʨʦʩʪʦʛʦ ʟʘʜʘʥʠʷ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ: KPP [100], k-e ʠ k-w [137], ʄʝʣʣʦʨʘ-ʗʤʘʜʳ 

ʫʨʦʚʥʷ 2,5 [113]. 

 

2.2 ɸʜʘʧʪʘʮʠʷ ʢʦʜʘ ROMS ʢ ʨʘʩʯʝʪʫ ʪʝʯʝʥʠʡ 

ʚ ʦʟʝʨʝ ʐʠʨʘ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʦʪʢʨʳʪʳʡ ʢʦʜ ROMS ʙʳʣ ʤʦʜʠ-

ʬʠʮʠʨʦʚʘʥ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʦʟʝʨʘ.  

ʉ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦ-

ʜʝʣʠ ʜʥʘ ʧʦ ʥʝʨʝʛʫʣʷʨʥʳʤ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʧ. 2.2.1, 

ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʥʝʧʨʝʨʳʚʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʝ ʧʦʣʝ ʙʘʪʠʤʝʪʨʠʠ 

ʦʟʝʨʘ ʐʠʨʘ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ ʟʘʜʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪʢʠ ʚ ʯʠʩʣʝʥʥʦʡ 

ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ ROMS. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʟʘʜʘʥʳ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʥʘʪʫʨʥʳʭ ʠʟʤʝ-

ʨʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ 2018 ʛʦʜʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʚʝʪ-

ʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʦʩʘʜʢʦʚ) ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ [23, 27], ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʜʢʣʶʯʘʪʴ ʪʘʢʠʝ ʜʘʥʥʳʝ ʚ ʯʠʩʣʝʥʥʳʝ 

ʨʘʩʯʝʪʳ. 

2.2.1 ʇʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ 

ɺ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝ-

ʣʴʝʬʘ ʜʥʘ ʦʟʝʨʘ ʐʠʨʘ ʧʦ ʥʝʨʝʛʫʣʷʨʥʳʤ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ [126]. 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʟʘʜʘʯ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚʦʜʦʝ-

ʤʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʙʘʪʠʤʝʪʨʠʶ ʜʥʘ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʜʘʥʘ 

ʚ ʚʠʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʫʭʤʝʨʥʦʛʦ ʧʦʣʷ [71, 125].  

ɹʘʪʠʤʝʪʨʠʷ ʦʟʝʨʘ ʐʠʨʘ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʣʝʪʦʤ 2010 ʛʦʜʘ ʩ ʣʦʜʢʠ, ʦʩʥʘʱʝʥʥʦʡ 

GPS ʠ ʵʭʦʣʦʪʦʤ, ʩʜʝʣʘʚʰʝʡ 9 ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʭʦʜʦʚ ʧʦ ʦʟʝʨʫ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʠ-
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ʤʝʨʥʦ 1 ʢʤ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʩʣʫʯʘʡʥʳʝ ʟʘʤʝʨʳ ʧʦ ʧʫʪʠ (ʨʠʩʫʥʦʢ 2.2.1). ɹʝʨʝʛʦ-

ʚʘʷ ʣʠʥʠʷ ʦʟʝʨʘ ʐʠʨʘ ʦʧʨʝʜʝʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠ 

ʩʦʜʝʨʞʠʪ 578 ʪʦʯʝʢ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʨʝʰʝʥʠʝ ʚ 40 ʤʝʪʨʦʚ. 

 

ʈʠʩʫʥʦʢ 2.2.1 ï ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʦʟʝʨʘ ʐʠʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ, ʛʜʝ ʠʟʤʝʨʷʣʘʩʴ 

ʛʣʫʙʠʥʘ ʦʟʝʨʘ. ʊʦʯʢʠ ʩʦʝʜʠʥʝʥʳ ʥʝʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

 

ɿʘʜʘʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʦʣʷ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʙʨʦʩʘʥ-

ʥʳʭ ʪʦʯʝʯʥʳʭ ʜʘʥʥʳʭ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ. ʆʙʳʯʥʦ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʜʦʩʪʫʧʥʳʤ ʜʘʥ-

ʥʳʤ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʨʠʦʨʥʳʝ ʟʥʘʥʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟ-

ʙʨʦʩʘʥʥʳʭ ʜʘʥʥʳʭ ï ʵʪʦ ʪʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʥʝʢʦʪʦʨʳʡ ʘʣ-

ʛʦʨʠʪʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʥʠʢʘʢʠʭ ʟʥʘʯʝʥʠʡ ʚʥʝ ʚʳʧʫʢʣʦʡ ʦʙʣʘʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʝʥʠʡ ʩʣʠʰʢʦʤ ʤʘʣʦ ʦʢʦʣʦ ʙʝʨʝʛʘ, ʪʘʢ ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʜʦʧʦʣʥʠʪʴ 

ʠʤʝʶʱʠʝʩʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʦʯʢʘʤʠ ʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʛʜʝ ʛʣʫʙʠʥʘ 

ʩʯʠʪʘʝʪʩʷ ʥʫʣʝʚʦʡ (ʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝ-

ʥʠʝʤ, ʫʢʘʟʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ).  



56 

 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʘʣʛʦʨʠʪʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʩʝʛʦ ʥʘʙʦʨʘ ʜʘʥ-

ʥʳʭ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʠʩʢʣʶʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʜʘʥʥʳʭ: ʣʠʙʦ ʠʟ-

ʟʘ ʦʰʠʙʦʢ GPS, ʣʠʙʦ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʵʭʦʣʦʪʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʠʟʤʝʨʝʥʠʠ ʛʣʫʙʠʥʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ. ʊʘʢʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʫʩʨʝʜʥʷʣʠʩʴ (ʚʢʣʶʯʘʷ 

ʠʭ ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ) ʠ ʦʙʲʝʜʠʥʷʣʠʩʴ ʚ ʦʜʥʫ ʪʦʯʢʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʜʥʘ ʠʟʤʝʨʝʥʥʘʷ ʪʦʯʢʘ ʦʢʘʟʘʣʘʩʴ ʥʘ ʟʝʤʣʝ ʠ ʙʳʣʘ ʦʪʙʨʦʰʝʥʘ. ʈʘʟʤʝʱʝʥʠʝ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.2.2. ʇʦʩʣʝ ʨʘʩʰʠʨʝʥʠʷ ʜʘʥʥʳʭ ʩ ʧʦʤʦ-

ʱʴʶ ʜʦʙʘʚʣʝʥʠʷ ʪʦʯʝʢ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʪʨʠʘʥʛʫʣʷʮʠʷ ʤʦʞʝʪ ʦʭʚʘʪʠʪʴ ʚʩʝ ʦʟʝʨʦ. 

 

ʈʠʩʫʥʦʢ 2.2.2 ï ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʛʣʫʙʠʥʳ ʚ ʦʟʝʨʝ ʐʠʨʘ, ʜʦʧʦʣʥʝʥʥʳʝ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʝʡ, ʛʜʝ ʛʣʫʙʠʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʫʣʝʚʦʡ. ʊʦʯʢʠ ʜʘʥʥʳʭ ʙʳʣʠ ʪʘʢʞʝ ʧʨʦʚʝʨʝʥʳ ʥʘ 

ʧʨʝʜʤʝʪ ʩʦʚʧʘʜʝʥʠʡ, ʠ ʪʨʠ ʠʟ ʥʠʭ ʙʳʣʠ ʫʜʘʣʝʥʳ. ɺʩʝʛʦ ʟʜʝʩʴ 839 ʪʦʯʝʢ, 578 ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʠʥʘʜʣʝʞʘʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʚʩʝʭ ʩʨʘʚʥʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ 

 

ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ ʥʘ ʨʘʚʥʦʤʝʨ-

ʥʫʶ ʩʝʪʢʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʢʦʥʬʦʨʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʭ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʚ ʧʣʦʩʢʠʝ ʜʝʢʘʨʪʦʚʳʝ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʜʣʷ ʥʝʙʦʣʴʰʦʡ 

ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʨʦʩʪʦ ʫʤʥʦʞʠʪʴ ʜʦʣʛʦʪʫ ʥʘ ʢʦʩʠʥʫʩ ʩʨʝʜʥʝʡ ʰʠʨʦʪʳ. ɹʦʣʝʝ ʪʱʘ-

ʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʚʥʦʫʛʦʣʴʥʦʡ ʢʦʥʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ 

ʃʘʤʙʝʨʪʘ ʩ ʜʚʫʤʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʰʠʨʦʪʘʤʠ, ʦʧʪʠʤʘʣʴʥʦ ʚʳʙʨʘʥʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪ-

ʥʦʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʤʠʥʠʤʘʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ) [132]. 
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ʅʘ ʨʠʩʫʥʢʝ 2.2.3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʨʝʣʴʝʬʘ ʜʥʘ 

ʦʟʝʨʘ ʐʠʨʘ ʩ ʧʦʤʦʱʴ ʁʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪ-

ʨʠʠ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʪʝʭʥʠʯʝʩʢʠ ʚʳʧʦʣʥʝʥʘ ʢʦʨ-

ʨʝʢʪʥʦ, ʦʥʘ ʷʚʥʦ ʥʝʧʨʠʝʤʣʝʤʘ ʜʣʷ ʮʝʣʝʡ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʥʘ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʛʣʘʜʢʦʡ, ʠʤʝʝʪ ʥʝʨʦʚʥʳʝ ʢʦʥʪʫʨʥʳʝ ʣʠʥʠʠ, ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ï 

ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʦʨʦʪ ʨʷʜʦʤ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ ʚʙʣʠʟʠ ʚʝʨʭʥʝʛʦ ʣʝʚʦʛʦ ʫʛʣʘ ï ʩʦ-

ʤʥʠʪʝʣʴʥʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʣʦʞʥʳ. 

 

 

 
ʈʠʩʫʥʦʢ 2.2.3 ï ʃʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʙʨʦʩʘʥʥʳʭ ʜʘʥʥʳʭ, 

ʠʟʤʝʨʝʥʥʦʡ ʙʘʪʠʤʝʪʨʠʠ ʦʟʝʨʘ ʐʠʨʘ, ʥʘ ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ. ʉʣʝʚʘ ï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʙʘʪʠʤʝʪʨʠʷ, ʩʧʨʘʚʘ ï ʪʦʯʝʯʥʳʡ ʣʘʧʣʘʩʠʘʥ ʧʦʣʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʛʣʘʜʢʦʩʪʠ ʧʦʣʷ. ɹʝʣʳʝ ʪʦʯʢʠ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʫʢʘʟʳʚʘʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ 

ʪʦʯʝʢ ʜʘʥʥʳʭ 

 

ʂʨʦʤʝ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʙʳʣʠ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʳ ʜʨʫʛʠʝ ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʙʨʦʩʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ 

ʨʝʛʫʣʷʨʥʫʶ ʩʝʪʢʫ ï ʢʫʙʠʯʝʩʢʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ, çʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘè ʠ ʙʠʛʘʨʤʦʥʠ-

ʯʝʩʢʘʷ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʷ (ʨʠʩʫʥʦʢ 2.2.4). 

ʅʘ ʨʠʩʫʥʢʘʭ 2.2.3, 2.2.4 ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʩʧʨʘʚʘ ʪʦʯʝʯʥʳʡ ʣʘʧʣʘʩʠʘʥ ʚʳʯʠʩ-

ʣʷʝʪʩʷ ʠʟ ʧʦʣʷ ʩʣʝʚʘ. ɺʳʯʠʩʣʝʥʠʝ ʣʘʧʣʘʩʠʘʥʘ ʧʨʠʤʝʥʷʣʦʩʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʨʳ-

ʚʦʚ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʠʥʪʝʨʧʦʣʷʮʠʠ.  
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ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ (ʨʠʩʫʥʦʢ 2.2.3) ʣʘʧʣʘʩʠʘʥ ʨʘʚʝʥ ʥʫʣʶ 

ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʥʦ ʠʟ-ʟʘ ʨʘʟʨʳʚʘ ʚ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʛʨʘʥʷʭ 

ʚʳʯʠʩʣʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʣʘʧʣʘʩʠʘʥʘ ʜʘʸʪ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʦʙʥʘʞʘʷ ʩʘʤʫ ʪʨʠʘʥ-

ʛʫʣʷʮʠʶ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʘ ʣʠʥʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʨʳʚʫ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʚ 

ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

 

 

ʈʠʩʫʥʦʢ 2.2.4 ï ʀʥʪʝʨʧʦʣʷʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʙʨʦʩʘʥʥʭr ʜʘʥʥʳʭ ʥʘ ʨʝʛʫʣʷʨʥʫʶ 

ʩʝʪʢʫ: ʘ ï ʢʫʙʠʯʝʩʢʘʷ; ʙ ï çʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘè; ʚ ï ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʧʣʘʡʥ-

ʠʥʪʝʨʧʦʣʷʮʠʷ. ʉʣʝʚʘ ï ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʙʘʪʠʤʝʪʨʠʷ, ʩʧʨʘʚʘ ï ʪʦʯʝʯʥʳʡ ʣʘʧʣʘʩʠʘʥ ʧʦʣʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʣʘʜʢʦʩʪʠ ʧʦʣʷ. ɹʝʣʳʝ ʪʦʯʢʠ ʥʘ ʣʝʚʦʡ ʧʘʥʝʣʠ 

ʫʢʘʟʳʚʘʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʜʘʥʥʳʭ 

ʘ ï ʢʫʙʠʯʝʩʢʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʙ ï çʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘè 

ʚ ï ʙʠʛʘʨʤʦʥʠʯʝʩʢʘʷ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʤ ʤ 
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ɺ ʩʣʫʯʘʝ ʢʫʙʠʯʝʩʢʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ (ʨʠʩʫʥʦʢ 2.2.4, ʘ) ʛʨʘʥʠ ʫʞʝ ʥʝ ʧʣʦʩʢʠʝ, 

ʥʦ ʪʨʝʫʛʦʣʴʥʳʝ ʣʠʥʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʭʦʨʦʰʦ ʚʠʜʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʨʳ-

ʚʘʭ ʚ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʮʝʣʦʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ (ʨʠ-

ʩʫʥʦʢ 2.2.3) ʥʝʪ ʥʠʢʘʢʠʭ ʟʘʤʝʪʥʳʭ ʫʣʫʯʰʝʥʠʡ: ʢʦʥʪʫʨʥʳʝ ʣʠʥʠʠ ʪʘʢʞʝ ʠʤʝʶʪ ʦʩʪ-

ʨʳʝ ʧʠʢʠ ʥʘ ʣʠʥʠʷʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʜʠʩʢʨʝʪʥʳʝ ʪʦʯʢʠ. 

ʄʝʪʦʜ çʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘè (ʨʠʩʫʥʦʢ 2.2.4, ʙ) ï ʜʨʫʛʦʡ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥ-

ʥʳʡ ʥʘ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʢ ʠʟʤʝʨʝʥʥʳʤ ʜʘʥʥʳʤ ʙʘʪʠʤʝʪ-

ʨʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʠʭ 

ʪʦʯʝʢ ʜʘʥʥʳʭ. ʆʜʠʥ ʠʟ ʦʯʝʚʠʜʥʳʭ ʘʨʪʝʬʘʢʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʦʯʢʘʭ ʜʘʥ-

ʥʳʭ ʚʦʟʥʠʢʘʶʪ ʦʩʪʨʳʝ ʧʠʢʠ, ʘ ʚʩʝ ʜʝʚʷʪʴ ʧʨʦʭʦʜʦʚ ʣʦʜʢʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ (ʶʛʦ-

ʟʘʧʘʜʥʦʤ) ʥʘʧʨʘʚʣʝʥʠʠ ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʘʢ ʚ ʣʘʧʣʘʩʠʘʥʝ, ʪʘʢ ʠ ʚ ʩʘʤʦʡ ʙʘ-

ʪʠʤʝʪʨʠʠ. 

ʇʦʩʣʝʜʥʠʡ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʘʨʠʘʥʪ ï ɻ ʪʦ ʤʝʪʦʜ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥ-

ʪʝʨʧʦʣʷʮʠʠ (ʨʠʩʫʥʦʢ 2.2.4, ʚ), ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʠ ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʠʤ ʚʝʟʜʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʦʯʢʘʭ ʜʘʥ-

ʥʳʭ. ʅʝʜʦʩʪʘʪʦʢ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʥʪʝʨ-

ʧʦʣʷʮʠʠ ʠ ʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʦʥʠ, ʤʝʪʦʜ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-

ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʩʦʟʜʘʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʚʳʧʫʢʣʦʩʪʠ ʠ ʚʦʛʥʫʪʦ-

ʩʪʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʤʳ ʩʯʠʪʘʝʤ, ʷʚʣʷʶʪʩʷ ʣʦʞʥʳʤʠ. ʅʘ ʨʠʩʫʥʢʝ 2.2.4, ʚ ʚʧrʫʢʣʦʩʪʴ 

ʠ ʚʦʛʥʫʪʦʩʪʴ ʨʷʜʦʤ ʩ ʩʝʚʝʨʥʳʤ ʧʦʙʝʨʝʞʴʝʤ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ, ʯʝʤ ʥʘ 

ʚʩʝʭ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ, ʠ ʪʱʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʤʝʱʝʥʠʷ ʪʦʯʝʢ ʜʘʥʥʳʭ (ʫʢʘʟʘʥʥʳʭ 

ʙʝʣʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʚʩʝʭ ʨʠʩʫʥʢʘʭ ʩ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʦʡ ʙʘʪʠʤʝʪʨʠʝʡ) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʚʥʫʪʨʠ ʵʪʦʡ ʚʳʧʫʢʣʦʩʪʠ ʠ ʚʦʛʥʫʪʦʩʪʠ ʥʝʪ ʠʟʤʝʨʝʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ, ʯʪʦ 

ʪʘʢʠʝ ɻ ʢʩʪʨʝʤʫʤʳ ʨʝʘʣʴʥʳ. ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚ ʦʪʥʦʰʝʥʠʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʵʢʩʪʨʝʤʫʤʦʚ, ʥʘʡʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.2.4, ʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʤʠ ʤʝʪʦʜʦʚ ʥʝ ʜʘʣ ʧʨʠʝʤʣʝʤʦʛʦ 

ʚʘʨʠʘʥʪʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʙʘʪʠʤʝʪʨʠʠ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ, ʧʦʜʭʦʜʷʱʝʛʦ ʜʣʷ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʟʝʨʘ ʐʠʨʘ.  
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ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ, ʯʪʦʙʳ ʧʦ-

ʥʷʪʴ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʦʞʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʠ ʫʩʪʨʘʥʠʪʴ ʠʭ.  

ʄʝʪʦʜ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ ʙʣr ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ 

ʉʵʥʜʚʝʣʣʦʤ [123] ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʝʡ ʩʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʣʴʪʠʤʝʪʨʠʠ ʩʦ ʩʧʫʪ-

ʥʠʢʦʚ Geos-3 ʠ Seasat altimeter. ʉ ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʝʞʝ-

ʣʘʪʝʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʉʤʠʪʦʤ ʠ ɺʝʩʩʝʣʝʤ [136] ʜʣʷ ʧʦ-

ʣʫʯʝʥʠʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʢʦʦʨʜʠʥʘʪʥʦʡ ʧʨʠʚʷʟʢʦʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʩʫʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʮʝʜʫʨʘ ʉʘʥʜʚʝʣʣʘ [123] ʠʟʣʦʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʚʫʤʝʨʥʘʷ ʠʥʪʝʨ-

ʧʦʣʷʮʠʷ ʩʪʨʦʠʪʩʷ ʧʦ ʜʚʫʤʝʨʥʦʡ ʬʫʥʢʮʠʠ ( ),f f x h=  ʪʘʢʦʡ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʚʦʟʤʦʞʥʳʡ ʠʥʪʝʛʨʘʣ ʢʚʘʜʨʘʪʘ ʝʸ ʣʘʧʣʘʩʠʘʥʘ 

( )
2 2

2
2 2

2 2

,

,      ,
D

f d d
x h

x h
x h

Í

µ µ
F= Ð Ð = +

µ µññ  

ʧʨʠ ʵʪʦʤ ( ), ,     1,..., .k k kf x y f k K= " =  

ɼʚʫʤʝʨʥʳʡ ʠʥʪʝʛʨʘʣ ʙʝʨʝʪʩʷ ʧʦ ʚʩʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʚʘʨʠʘʮʠʦʥʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʪʘʢʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʫʥʢʮʠʠ ï ʙʠ-

ʣʘʧʣʘʩʠʘʥ (ʣʘʧʣʘʩʠʘʥ ʦʪ ʣʘʧʣʘʩʠʘʥʘ) ʩʘʤʦʡ ʬʫʥʢʮʠʠ (ʥʘʧʨʠʤʝʨ, [75]). 

4 .f
f

d

d

F
=Ð  

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʙʠʣʘʧʣʘʩʠʘʥ ʨʘʚʝʥ ʥʫʣʶ ʚʝʟʜʝ, ʢʨʦʤʝ ʪʦʯʝʢ ʜʘʥʥʳʭ, ʛʜʝ ʦʥ ʷʚʣʷʝʪʩʷ 

ʜʝʣʴʪʘ-ʬʫʥʢʮʠʝʡ. 

   ( )( )4 0,   , , ,     1,..., .k kf k Kx h x hÐ = ¸ =
  (2.2.1) 

ʉ ʫʯʸʪʦʤ (2.2.1) ʧʨʠʭʦʜʠʤ ʢ ʬʫʥʢʮʠʠ ɻʨʠʥʘ 

   ( )( )2 2 2 2, ln 1 ,G x h x h x hè ø= + + -
ê ú

   (2.2.2) 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʪʦʯʢʘʭ 
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ʀʥʪʝʨʧʦʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ f  ʩʪʨʦʠʪʩʷ ʢʘʢ 

( )
1

, ,
K

k j j j

j

f w G x x h h
=

= Ö - -ä  

ʛʜʝ ( ),j jx h ï ʪʦʯʢʠ ʜʘʥʥʳʭ. ɺʝʩʘ 
jw  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ( ), ,k k kf f x h=

ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

( )
1

, ,     
K

k k j k j

j

f G x x h h
=

= - -ä 1,..., .k K" =  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʨʘʟʤʝʨʘ .K K³  ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʩʠʤʤʝʪʨʠʯʥʘ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʙʫʜʫʪ ʦʯʝʥʴ ʙʦʣʴʰʠʤʠ, ʘ ʜʨʫʛʠʝ ï ʦʯʝʥʴ ʤʘʣʳʤʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʷʚʣʷʪʴ ʦʩʦʙʫʶ ʦʩʪʦʨʦʞʥʦʩʪʴ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʰʠ-

ʙʦʢ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ. ʇʨʷʤʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪ ( )3O K  ʦʧʝʨʘʮʠʡ. 

ʉʘʤʘ ʠʥʪʝʨʧʦʣʷʮʠʷ ʪʨʝʙʫʝʪ ʚʳʯʠʩʣʝʥʠʷ ʠ ʩʣʦʞʝʥʠʷ K  ʬʫʥʢʮʠʡ ɻʨʠʥʘ ʚ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʩʝʪʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʝʪʢʠ ROMS), ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ 

ʦʧʝʨʘʮʠʡ ï ( ), , .O N N Kx h  

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ ʢ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʤ ʜʘʥʥʳʤ ʥʝʨʝʛʫʣʷʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ  

ɺ ʵʪʦʤ ʧʫʥʢʪʝ ʤʳ ʧʝʨʝʩʤʘʪʨʠʚʘʝʤ ʧʦʜʭʦʜ ʉʘʥʜʚʝʣʣʘ [123] ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʣʦʞʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʩ ʥʘʤʝʨʝʥʠʝʤ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʭ ʧʫʪʝʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʙʨʦʩʘʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʘ-

ʪʠʤʝʪʨʠʠ.  

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʙʠʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʧʣʘʡʥ ʧʨʠʥʠʤʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚ ʪʦʯʢʘʭ ʜʘʥʥʳʭ. ʀʥʪʝʨʧʦʣʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʟʚʝʰʝʥʥʳʝ 

ʩʫʤʤʳ ʪʦʯʝʢ ʜʘʥʥʳʭ ʠ, ʚ ʩʠʣʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʫʥʢʮʠʠ ɻʨʠʥʘ, ʚʝʩʘ 

ʫʤʝʥʴʰʘʶʪʩʷ ʦʙʨʘʪʥʦ ʢʚʘʜʨʘʪʫ ʨʘʩʩʪʦʷʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʧʘʨʘ ʪʦ-

ʯʝʢ ʜʘʥʥʳʭ, ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʜʨʫʛ ʜʨʫʛʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʦʢʨʫʞʘʶʱʠʝ ʪʦʯʢʠ ʜʘʥʥʳʭ ʥʘʭʦʜʷʪʩʷ ʜʘʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 

ʵʪʠʤʠ ʜʚʫʤʷ ʪʦʯʢʘʤʠ, ʪʦ ʣʦʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʨʘʟʥʠʮʳ ʤʝʞʜʫ 
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ʟʥʘʯʝʥʠʷʤʠ ʚ ʵʪʠʭ ʜʚʫʭ ʪʦʯʢʘʭ ʢ ʨʘʩʩʪʦʷʥʠ ʁʤʝʞʜʫ ʥʠʤʠ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʝʩʴʤʘ ʦʰʠʙʦʯʥʦʤʫ ʛʨʘʜʠʝʥʪʫ, ʪʘʢ ʢʘʢ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʚʣʠʷʶʪ 

ʦʰʠʙʢʠ ʚ GPS-ʢʦʦʨʜʠʥʘʪʘʭ, ʠ ʯʝʤ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʝ, ʪʝʤ ʤʝʥʝʝ ʥʘʜʝʞʥʳ ʪʘʢʠʝ 

ʠʟʤʝʨʝʥʠʷ. ʃʠʥʝʡʥʳʝ ʤʝʪʦʜʳ ʥʝ ʜʘʶʪ ʣʦʞʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ, ʥʦ ʚ ʦʪʚʝʪ ʥʘ ʪʘʢʠʝ 

ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʟʜʘʶʪ ʨʘʟʨʳʚʳ ï ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʝʥʢʠ ʚ ʠʥ-

ʪʝʨʧʦʣʠʨʦʚʘʥʥʦʤ ʧʦʣʝ (ʨʠʩʫʥʦʢ 2.2.3).  

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʤʳ ʚʚʝʣʠ ʧʨʦʮʝʜʫʨʫ, ʢʦʪʦʨʘʷ ʚʳʷʚʣʷʝʪ ʧʘʨr ʪʦ-

ʯʝʢ ʜʘʥʥʳʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʙʣʠʞʝ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʝʤ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʠ ʩʦʚʤʝʱʘʝʪ ʠʭ: ʪʘʢʠʝ ʜʚʝ ʪʦʯʢʠ ʟʘʤʝʥʷʶʪʩʷ ʦʜʥʦʡ ʪʦʯʢʦʡ, 

ʠʤʝʶʱʝʡ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʦ-

ʮʝʜʫʨʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʜʝʣʠʢʘʪʥʘ ʠʟ-ʟʘ ʚʥʫʪʨʝʥʥʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʥʥʳʭ: ʝʩʣʠ ʪʨʠ 

ʠʣʠ ʙʦʣʝʝ ʪʦʯʢʠ ʩʣʠʰʢʦʤ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʡ ʪʦʯʢʠ 

ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ ʦ ʪʦʤ, ʩʣʝʜʫʝʪ ʣʠ ʫʩʨʝʜʥʷʪʴ ʥʝʢʦ-

ʪʦʨʳʝ ʠʩʭʦʜʥʳʝ ʪʦʯʢʠ ʠ ʚ ʠʪʦʛʝ ʫʩʨʝʜʥʝʥʥʘʷ ʪʦʯʢʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ 

ʫʜʘʣʝʥʠʠ ʦʪ ʩʦʩʝʜʥʝʡ ʪʦʯʢʠ. ʏʪʦʙʳ ʵʪʦʛʦ ʠʟʙʝʞʘʪʴ, ʧʨʦʮʝʜʫʨʘ ʥʘʯʠʥʘʝʪ ʩ ʦʯʝʥʴ 

ʤʘʣʝʥʴʢʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ï ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘ-

ʪʝʣʝʤ ʟʥʘʯʝʥʠʷ ï ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʜʦ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʫʩʨʝʜʥʝʥʠʝ ʣʠʰʴ ʧʦ ʜʚʫʤ ʪʦʯʢʘʤ. 

ʇʨʠʤʝʨ ʜʘʥʥʳʭ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.2.5. ɺʦʟʤʦʞʥʦ, ʨʝʟʫʣʴʪʘʪ ʚʠʟʫʘʣʴʥʦ ʥʝʦʪʣʠʯʠʤ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.2.2, ʥʦ ʩʨʘʚʥʝʥʠʝ ʙʣʠʟʢʠʭ ʪʦʯʝʢ ʧʦʢʘʟʳʚʘʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ 

ʪʦʯʢʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 2.2.2 ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʝʜʠʥʠʯʥʳʝ, ʠ ʧʨʠ ʵʪʦʤ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʱʝʝ ʧʨʦʨʝʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʈʠʩʫʥʦʢ 2.2.5 ï ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʡ ʙʘʪʠʤʝʪʨʠʠ. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 
min 150 ʤdL =  ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʫʩʨʝʜʥʝʥʠʝ ʜʣʷ 39 ʧʘʨ ʪʦʯʝʢ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ 

ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ 264, ʚ ʢʦʪʦʨʳʭ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʙʘʪʠʤʝʪʨʠʷ 

(ʪʦʯʢʠ ʥʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʥʝ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ) 

 

ʕʬʬʝʢʪ ʫʩʨʝʜʥʝʥʠʷ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʤʠʥʠ-

ʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ mindL  ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʘʥʥʳʭ ʧʨʦʠʣʣʶʩʪʨʠʨʦ-

ʚʘʥ ʥʘ ʨʠʩʫʥʢʝ 2.2.6. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʧʫʢʣʦʩʪʠ ʠ ʚʦʛʥʫʪʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʳ 

ʩʯʠʪʘʣʠ ʣʦʞʥʳʤʠ, ʠʩʯʝʟʣʠ. ʅʘ ʨʠʩʫʥʢʝ 2.2.7 ʵʪʦ ʧʦʢʘʟʘʥʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʩ ʧʦ-

ʤʦʱʴʶ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʜʘʥʥʳʭ (ʫʢʘʟʘʥʥʳʭ ʙʝʣʳʤʠ ʪʦʯʢʘʤʠ), ʧʝʨʝ-

ʭʦʜʷ ʦʪ ʦʜʥʦʛʦ ʨʠʩʫʥʢʘ ʢ ʜʨʫʛʦʤʫ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʘʷ ʧʘʨʘ ʙʣʠʟʢʠʭ ʪʦʯʝʢ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʣʦʞʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʧʨʝʚʳʰʝʥʠʷ min 150 ʤdL = , ʪʘʢʞʝ ʟʘʤʝʪʥʦ ʫʜʘʣʝʥʠʝ ʧʦʣʝʟʥʳʭ 

ʪʦʯʝʢ ʜʘʥʥʳʭ, ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʥʝʞʝʣʘʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʙʦʣʝʝ ʠʟʙʠ-

ʨʘʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʥʘʜʝʞʥʳʭ ʜʘʥʥʳʭ: ʥʝ ʪʦʣʴʢʦ ʧʦ ʨʘʩʩʪʦʷʥʠʶ, 

ʥʦ ʠ ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʧʨʠʰʣʠ ʢ ʩʣʝ-

ʜʫʶʱʝʤʫ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ: 

 ( ) ( )
2

2 2
2 2 2

min

max

> ,   ,
j k

j k j k

z z
dL dL dL x x y y

dZ

-å õ
+ = - + -æ ö

ç ÷
  (2.2.3) 

ʛʜʝ mindL  ï ʤʠʥʠʤʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʘ maxdZ  ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠ-

ʤʳʡ ʫʢʣʦʥ ʜʥʘ. 
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ʈʠʩʫʥʦʢ 2.2.6 ï ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʙʘʪʠʤʝʪʨʠʠ ʜʥʘ ʢ ʧʦʨʦʛʫ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʩʩʪʦʷʥʠʷ min,dL  ʥʠʞʝ ʢʦʪʦʨʦʛʦ ʪʦʯʢʠ ʜʘʥʥʳʭ 

ʦʙʲʝʜʠʥʷʶʪʩʷ: ʘ ï ʙʝʟ ʫʩʨʝʜʥʝʥʠʷ, ʙ ï min 25 ʤdL = , ʚ ï min 50 ʤdL = , ʛ ï min 100 ʤdL = , 

ʜ ï min 150 ʤdL = , ʝ ï min 200 ʤdL =  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʜʣʷ ʜʚʫʭ ʪʦʯʝʢ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

 
max> ,

j kz z
dZ

dL

-
     (2.2.4) 

ʪʦʛʜʘ ʪʘʢʫʶ ʧʘʨʫ ʪʦʯʝʢ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʦʜʥʦʡ 

 ( ) ( )2,      2,   j j k j j kx x x z z z= + = +   (2.2.5) 

ʘ ï ʙʝʟ ʫʩʨʝʜʥʝʥʠʷ    ʙ ï 25 ʤ 

ʚ ï 50 ʤ     ʛ ï 100 ʤ 

ʜ ï 150 ʤ     ʝ ï 200 ʤ 

 ʤ 
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ʪʦ ʝʩʪʴ ʫʩʨʝʜʥʠʪʴ. ʕʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʳʝ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ï ʫʩʨʝʜ-

ʥʝʥʥʘʷ ʪʦʯʢʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʩʯʝʪ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʦʡ ʙʘʪʠʤʝʪʨʠʠ, 

ʥʦ ʵʪʦ ʙʦʣʴʰʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʣʦʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ. ɼʨʫʛʦʝ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʤʠ-

ʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ mindL , ʩʚʷʟʘʥʦ ʩ ʪʦʯʥʦʩʪʴʶ GPS ʠ ʜʦʣʞʥʦ ʙʳʪʴ 

ʚʳʙʨʘʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʜʘʥʥʳʭ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ 

ʧʦ ʩʫʱʝʩʪʚʫ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʢʘʢ ʨʘʩʩʪʦ-

ʷʥʠʝ, ʪʘʢ ʠ ʫʢʣʦʥ. 

 

 

ʈʠʩʫʥʦʢ 2.2.7 ï ɼʝʪʘʣʴʥʘʷ ʙʘʪʠʤʝʪʨʠʷ, ʧʦʷʩʥʷʶʱʘʷ ʧʦʷʚʣʝʥʠʝ ʣʦʞʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ  

ʠʟ-ʟʘ ʙʣʠʟʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʦʯʝʢ ʜʘʥʥʳʭ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ: ʘ ï ʙʝʟ ʫʩʨʝʜʥʝʥʠʷ, ʙ ï min 100 ʤ,dL =  ʚ ï min 150 ʤ,dL =  

ʛ ï min 250 ʤ.dL =  ʅʘ ʚʩʝʭ ʨʠʩʫʥʢʘʭ ʙʝʣʳʝ ʪʦʯʢʠ ʫʢʘʟʳʚʘʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ 

ʪʦʯʝʢ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʚʫʤʝʨʥʦʛʦ ʧʦʣʷ ʙʘʪʠʤʝʪʨʠʠ 

 

  

ʘ ï ʙʝʟ ʫʩʨʝʜʥʝʥʠʷ    ʙ ï 100 ʤ 

ʚ ï 150 ʤ     ʛ ï 250 ʤ 
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ʅʘ ʨʠʩʫʥʢʝ 2.2.8 ʩʚʝʨʭʫ ʧʦʢʘʟʘʥʘ ʚʝʨʩʠʷ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʙʘʪʠʤʝʪʨʠʠ 

ʜʥʘ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ (2.2.3). ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʨʠ-

ʩʫʥʢʦʤ 2.2.6 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʣʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʳʣʠ ʫʜʘʣʝʥʳ ʠ ʵʪʦ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʫʜʘʣʝʥʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʫʞʥʳʭ ʪʦ-

ʯʝʢ ʜʘʥʥʳʭ: ʫʩʪʘʥʦʚʢʘ min 50 ʤdL =  ʠ max 0,04dZ =  ʧʨʠʚʦʜʠʪ ʢ ʫʜʘʣʝʥʠʶ ʪʦʣʴʢʦ 13 

ʪʦʯʝʢ ʠʟ 264 ʠʩʭʦʜʥʳʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ ʨʘʩʩʪʦʷʥʠʷ ʪʨʝʙʫʝʪ min,dL  ʨʘʚʥʦʝ ʦʪ 100 ʜʦ 150 ʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʣʦʞʥʳʭ ʵʢʩʪʨʝ-

ʤʫʤʦʚ ʠʟ ʧʦʣʷ ʙʘʪʠʤʝʪʨʠʠ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.2.7, ʘ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʨʝ-

ʞʠʚʘʥʠʝ ʧʦʣʝʟʥʳʭ ʪʦʯʝʢ ʜʘʥʥʳʭ ʫʞʝ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ. 

ʆʩʪʘʚʰʠʡʩʷ ʘʨʪʝʬʘʢʪ ʥʘ ʨʠʩʫʥʢʝ 2.2.8, ʘ ï ʟʘʤʝʪʥʳʝ ʚʦʣʥʦʦʙʨʘʟʥʳʝ ʫʟʦʨʳ ʚ 

ʠʟʦʣʠʥʠʷʭ, ʢʦʪʦʨʳʝ ʚʠʟʫʘʣʴʥʦ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʪʦʯʝʢ ʜʘʥʥʳʭ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʥʝʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ ʬʫʥʢʮʠʠ ɻʨʠʥʘ (2.2.2) ʚ ʪʦʯʢʘʭ ʜʘʥʥʳʭ, ʪʦ 

ʝʩʪʴ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ ɻʨʠʥʘ ( ),G G x h=  ʠ ʝy ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʷʚʣʷʶʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʳʤʠ, ʘ ʣʘʧʣʘʩʠʘʥ ï ʥʝʪ. ʕʪʦ ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ, ʧʨʠʤʝʥʷʷ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʝ 

ʩʛʣʘʞʠʚʘʥʠʝ  

 ( ) () () ()1 4 4 ,
m m m m

f f ft x
+
= - ÖD ÖÐ   (2.2.6) 

ʛʜʝ xD  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ ʩʝʪʢʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ ʩʝʪʢʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʦʜʠʥʘʢʦʚʦ ʚ ʦʙʦʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ x hD =D) ʠ ( )4 2 2 ,f fÐ =Ð Ð  ʛʜʝ 
2Ð  ï ʜʠʩʢʨʝʪʥʳʡ 9-ʪʦʯʝʯʥʳʡ ʦʧʝ-

ʨʘʪʦʨ ʄʝʨʭʪʝʣʣʝʥʘ-ʃʘʧʣʘʩʘ 

   2 2

1 6 2 3 1 6

2 3 10 3 2 3 .

1 6 2 3 1 6

x

å õ
æ ö

D ÖÐ = -
æ ö
æ ö
ç ÷

   (2.2.7) 

ʈʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ (2.2.6) ʧʦʢʘʟʘʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.2.8, ʛʜʝ ʤʳ ʚʳʧʦʣʥʠʣʠ 120000 ʠʪʝʨʘʮʠʡ. ʇʨʠʯʠʥʘ, ʧʦ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ 

ʪʘʢ ʤʥʦʛʦ ʠʪʝʨʘʮʠʡ, ʧʨʝʞʜʝ ʯʝʤ ʢʘʢʦʝ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʝ ʩʪʘʥʝʪ ʟʘʤʝʪʥʳʤ, ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʠʣʘʧʣʘʩʠʘʥ ʧʦʣʷ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʢʘʢ ʩʫʤʤʘ ʬʫʥʢʮʠʡ 
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ɻʨʠʥʘ (2.2.1), ʠʤʝʝʪ ʙʠʣʘʧʣʘʩʠʘʥ ʨʘʚʥʳʡ ʥʫʣʶ ʚʝʟʜʝ, ʢʨʦʤʝ ʪʦʯʝʢ ʜʘʥʥʳʭ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʦʩʥʦʚʥʦʡ ʵʬʬʝʢʪ ʩʛʣʘʞʠʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʙʣʠʟʠ ʪʦʯʝʢ ʜʘʥʥʳʭ, ʛʜʝ ʩʛʣʘ-

ʞʠʚʘʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʘʥʘʣʠʪʠʯʥʦʩʪʴ ʧʦʣʷ ʟʘ ʩʯʝʪ ʥʝʢʦʪʦʨʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʟ-

ʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʦʣʝ ʙʘʪʠʤʝʪʨʠʠ ʥʘ ʨʠʩʫʥʢʝ 2.2.8 ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠ-

ʨʫʝʤʦ ʠ ʝʛʦ ʣʘʧʣʘʩʠʘʥ ʙʦʣʴʰʝ ʥʝ ʨʘʩʢʨʳʚʘʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʜʘʥʥʳʭ. 

 

ʈʠʩʫʥʦʢ 2.2.8 ï ɹʘʪʠʤʝʪʨʠʷ ʦʟʝʨʘ ʐʠʨʘ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʨʘʟʙʨʦʩʘʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ (2.2.3) ʩ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʨʘʩʩʪʦʷʥʠʝʤ min 50 ʤdL =  ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʢʣʦʥʦʤ ʜʥʘ 

max 0,04dZ = : ʘ ï ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ, ʙ ï ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 

120 000 ʠʪʝʨʘʮʠʡ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʛʣʘʞʠʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤ ʦʪʣʠʯʠʝʤ 

ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʘʷ ʚʦʣʥʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʦʣʠʥʠʡ ʚʜʦʣʴ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʧʦʙʝʨʝʞʴʷ 

 

ʘ  

ʙ  

ʤ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝ-

ʣʴʝʬʘ ʜʥʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ:  

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʦʛʦ ʢʨʠʪʝʨʠʷ (2.2.3); 

- ʠʥʪʝʨʧʦʣʷʮʠʶ ʜʘʥʥʳʭ ʙʘʪʠʤʝʪʨʠʠ ʥʘ ʨʘʚʥʦʤʝʨʥʫʶ ʩʝʪʢʫ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ [123]; 

- ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʬʫʥʢʮʠʡ ɻʨʠʥʘ (2.2.6) ʚ ʤʝʪʦʜʝ ʙʠʛʘʨ-

ʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫ-

ʝʤʦʝ ʧʦʣʝ ʙʘʪʠʤʝʪʨʠʠ ʦʟʝʨʘ ʐʠʨʘ. 

2.2.2 ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ROMS 

ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ROMS ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚ 

ɻʣʘʚʝ 1 ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ (1.4.19) ʜʣʷ ʤʦʜʝʣʠ ʩ ʫʯʸʪʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙ-

ʤʝʥʘ (1.4.9) ï (1.4.11). 

ʈʝʟʫʣʴʪʘʪʳ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2.9. ʈʘʩʯʝʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: ʜʣʠʥʘ ʠ ʰʠʨʠʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ 

10 000 ʤ, ʚʝʪʝʨ ʚʦʩʪʦʯʥʳʡ 4 2 2

0 10 ʤ ʩ ,t r -=  ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʜʥʝ, ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 20,02 ʤ ʩ,zK =  ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʦʡ ʚʷʟʢʦʩʪʠ 21 ,hK ʤ ʩ=  ʛʣʫʙʠʥʘ 50 ʤ.H=  

 
ʘ ʙ 

ʈʠʩʫʥʦʢ 2.2.9 ï ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʝʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʙʘʩʩʝʡʥʘ: ʘ ï ʤʦʜʝʣʴ ʩ 

ʫʯʝʪʦʤ ʙʦʢʦʚʦʛʦ ʦʙʤʝʥʘ (ʨʦʤʙʠʢʠ), ʨʝʰʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ (ʥʝʧʨʝʨʳʚʥʘʷ ʣʠʥʠʷ);  

ʙ ï ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʚ ʤʦʜʝʣʠ ROMS 
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ʄʘʩʰʪʘʙʳ ʩʢʦʨʦʩʪʝʡ ʩʦʚʧʘʜʘʶʪ, ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʥʘ ʜʥʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʚ ʤʦʜʝʣʠ ROMS ʩʢʦʨʦʩʪʠ ʚʳʚʦʜʷʪʩʷ ʚ ʪʦʯʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʧʦʣʦʚʠʥʘ ʰʘʛʘ ʩʝʪʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺʝʨʠʬʠʢʘʮʠʷ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ. 

 

2.3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʧʦʚʳʰʝʥʥʦʛʦ 

ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʧʝʨʠʦʜʳ (ʦʪ 3 ʤʝʩʷ-

ʮʝʚ) ʚ ʟʘʜʘʯʘʭ ʛʠʜʨʦʬʠʟʠʢʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʟʥʦʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ 

ʚʘʞʥʫʶ ʟʘʜʘʯʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʠʜʨʦʬʠʟʠʢʠ, ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʪʨʝʭʤʝʨʥʳʭ ʪʝʯʝʥʠʡ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝ-

ʥʠʡ ʜʚʠʞʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ, ʧʨʠ-

ʤʝʩʠ. ʊʦ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʵʪʦʪ ʚʳʙʦʨ ʚʣʠʷʝʪ ʥʘ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ, ʭʦʨʦʰʦ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʚ [91]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʩ-

ʯʝʪʦʚ ʪʝʯʝʥʠʡ ʚ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʘʭ, ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʨʘʟ-

ʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʣʝʥʦʚ ʧʝʨʝʥʦʩʘ ʚ ʫʨʘʚʥʝʥʠʠ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ.  

ʈʘʟʥʦʩʪʥʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ (ʥʘʧʨʠ-

ʤʝʨ, ʠʟʚʝʩʪʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʩ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʝʨʚʦʛʦ ʧʦ-

ʨʷʜʢʘ) ʤʦʥʦʪʦʥʥʳ, ʥʦ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʩʠʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʝʡ, ʯʪʦ ʯʘʩʪʦ ʜʝʣʘʝʪ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝʧʨʠʝʤʣʝʤʳʤʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʥʝʬʠʟʠʯʝʩʢʠʤ ʦʩʮʠʣʣʷʮʠʷʤ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʤʦʥʦʪʦʥʠʟʘʪʦʨʳ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʝ [106], ʪʘʢ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʢʦʥʢʨʝʪ-

ʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ [103, 108]. 
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ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʩʨʘʚʥʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʜʥʦ-

ʤʝʨʥʦʛʦ ʠ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ 

ʚʘʨʠʘʥʪʦʚ ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʆʪʤʝʪʠʤ ʦʜʠʥ ʠʟ ʧʦʩʣʝʜʥʠʭ ʦʙʟʦʨʦʚ [107]. 

ɺ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʣʝʛʢʦ ʚʳʧʠ-

ʩʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʥʝ ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝ-

ʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʠ ʩ ʪʦʯʥʳʤ ʨʝʰʝ-

ʥʠʝʤ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ, ʪʦ ʚʳʧʠʩʘʪʴ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʥʝʛʦ ʩʣʦʞʥʝʝ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ, ʠ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʷʭ. ɸʥʘʣʠʟʫ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ 

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʧʦʩʚʷʱʝʥʘ ʪʨʝʪʴʷ ʛʣʘʚʘ 

ʤʦʥʦʛʨʘʬʠʠ [91]. 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʥʘʡʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝ-

ʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʠ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʜʣʷ ʩʣʫʯʘʷ ʨʘʟʨʳʚʥʳʭ ʠ ʛʣʘʜ-

ʢʠʭ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʯʠʩʣʝʥ-

ʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʨʤʫʣʫ, 

ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʨʝʰʝʥʠʝ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʪʝʩʪʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʷʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ, ʢʦ-

ʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʛʠʜʨʦʬʠʟʠʢʠ ʚʦʜʦʝʤʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʢʦʜʦʤ ROMS, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ. 

2.3.1. ʆʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ 

ʊʨʝʭʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʩʠ ʠʤʝʝʪ ʚʠʜ 

2 2 2

2 2 2
= h z

C C C C C C C
u v w K K

t x y z x y z

å õµ µ µ µ µ µ µ
+ + + + +æ ö

µ µ µ µ µ µ µç ÷

. 

ɿʜʝʩʴ ,  ,  x y z ï ʜʝʢʘʨʪʦʚʳ ʢʦʦʨʜʠʥʘʪʳ, ( ),  ,  ,  C x y z t  ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʠʤʝʩʠ, ,  h zK K  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʠʬʬʫʟʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʠ ,  , u v w ̫ ʚʣʷʶʪʩʷ ʟʘʜʘʥʥʳʤʠ  ʬʫʥʢʮʠʷʤʠ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 



71 

 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʜʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

( )0 ,  ,  ,  0 ( ,  ,  ).C x y z x y zf=  

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʚ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʤʝʥʷʶʪ ʷʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ, ʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ï ʥʝ-

ʷʚʥʳʝ [91, 107], ʧʦʵʪʦʤʫ ʤʳ ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʝʭʤʝʨʥʳʡ ʩʣʫʯʘʡ, ʘ ʦʛʨʘʥʠ-

ʯʠʤʩʷ ʘʥʘʣʠʟʦʤ ʷʚʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬ-

ʬʫʟʠʠ  

  
2

2
= h

C C C
u K

t x x

µ µ µ
+

µ µ µ
, 0( ,0) = ( ),C x xf    (2.3.1) 

ʛʜʝ  constu=  ʠ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ   

  
2 2

02 2
= ,    ( , ,0) = ( , ),h

C C v C C
u v K C x y x y

t x y x y
j

å õµ µ µ µ µ
+ + +æ ö

µ µ µ µ µç ÷
 (2.3.2) 

ʛʜʝ ( , )u u x y=  ʠ ( , ).v v x y=  

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ. 

ʋʨʘʚʥʝʥʠʝ (2.3.1) ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʦʡ x x ut= -  ʩʚʦʜʠʪʩʷ ʢ ʫʨʘʚ-

ʥʝʥʠʶ ʜʠʬʬʫʟʠʠ (ʯʝʨʪʫ ʥʘʜ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ x  ʦʧʫʩʪʠʤ): 

     
2

2
= .h

C C
K

t x

µ µ

µ µ
     (2.3.3) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2.3.3) ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʧʦ 

ʬʦʨʤʫʣʝ [60]: 

  ( ) ()
( )

2

0

1
,  exp .

42

x
ʉ x t C d

atat

x
x x

p

¤

-¤

å õ-
= -æ ö

æ ö
ç ÷

ñ   (2.3.4) 

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʥʪʝʛʨʘʣ ʇʫʘʩʩʦʥʘ 

(2.3.4) ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʝ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ [60]. 

ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʳ ʨʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ çʧʦʣʦʯʢʫè (2.3.9), çʧʦʤʦʩʪè (2.3.11) ʠʣʠ ʬʫʥʢʮʠʶ ɻʘʫʩʩʘ (2.3.7). 

ɺʳʧʠʰʝʤ ʨʝʰʝʥʠʷ (2.3.3) ʜʣʷ ʯʝʪʳʨʝʭ ʥʘʯʘʣʴʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʯʝʨʝʟ ʵʣʝ-

ʤʝʥʪʘʨʥʳʝ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ: 
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ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ 

ʚʳʩʦʪʦʡ b ʠ ʦʩʥʦʚʘʥʠʝʤ 2 :l  

 ( )

0

0
0 0

110 0

0
0 0

0

0,

,

, , , ,

,

0,

x x l

x x
b b x l x x

l
C x x b l

x x
b b x x x l

l

x x l

< -ë
î

-
î+ - ¢ <
î
=ì

-î- ¢ < +
î
î ² +í

   (2.3.5.) 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.3.1) ʠʤʝʝʪ ʚʠʜ 

( ) ( )
2 22

4 4 4

11 0

0

( , , , , , ) 2 erf
2

1 erf 1 erf ,
2 22 2

.

h h h

l x l xx

K t K t K th

t h

h

h h

b K t b x
C x x t b l K e e x

ll K t

b x l x b x l x

l lK t K t

x x x

+ -
- - -å õ å õ
æ ö= - + - +æ ö

æ öæ öp ç ÷ç ÷

å õ å õ+ -å õ å õ
+ + + -æ ö æ öæ ö æ öæ ö æ öç ÷ ç ÷ç ÷ ç ÷

= -

 (2.3.6) 

ɺ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʘʫʩʩʘ 

  
2

0( )

120 0C ( , , , ) ,
x x

x x b be
-a -

a =  , 0,b a>    (2.3.7) 

ʨʝʰʝʥʠʝ (2.3.1) ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

  
()

2

12 0C ( , , , , , ) exp .
4 14 1

t h

hh

xb
x x t b K

K tK t

å õa
æ öa = -
æ öa +a +
ç ÷

 (2.3.8) 

ɺ ʩʣʫʯʘʝ çʧʦʣʦʯʢʠè ʚʳʩʦʪʳ :b  

   ( ) 0

130 0

0

,
, , ,

0,

b x x
ʉ x x b

x x

<ë
=ì

>í
    (2.3.9) 

ʠʤʝʝʤ 

 ( )13 0

1
, , , , 1 .

2 2
t h

h

x
C x x t b K b erf

K t

å õå õ-
= +æ öæ ö

æ öæ ö
ç ÷ç ÷

   (2.3.10) 

ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ çʧʦʤʦʩʪʘè ʰʠʨʠʥʦʡ 2l  ʠ ʚʳʩʦʪʳ b ʚ ʦʜʥʦʤʝʨʥʦʤ 

ʩʣʫʯʘʝ ʠʤʝʶʪ ʚʠʜ 
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  ( ) 0

140 0

0

,
, , , ,

0,

b x x l
ʉ x x l b

x x l

ë - <
=ì

- >í
     (2.3.11) 

 

ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ: 

( )14 0, , , , , .
2 2 2

t h

h h

b l x l x
C x x t b l K erf erf

K t K t

å õå õ å õ- +
= +æ öæ ö æ ö

æ ö æ öæ ö
ç ÷ ç ÷ç ÷

  (2.3.12) 

 
  ʘ   ʙ   ʚ         ʛ 

ʈʠʩʫʥʦʢ 2.3.1 ï ʅʘʯʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ï ʯʝʨʥʘʷ ʣʠʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.3.1) ʧʨʠ 0,2hK =  ï ʟʝʣʸʥʘʷ ʣʠʥʠʷ, ʧʨʠ 0,2hK =  ï 

ʩʠʥʷʷ ʣʠʥʠʷ, 0,5 :t=  ʘ ï ʪʨʝʫʛʦʣʴʥʠʢ ʚʳʩʦʪʳ 4b=  ʠ ʦʩʥʦʚʘʥʠʝʤ 02 10,  0,l x= =  

ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ ʧʨʠ 04,  0,  0,5,b x a= = =  ʚ ï çʧʦʣʦʯʢʘè ʩ ʚʳʩʦʪʦʡ 

02,  2,b x= =  ʛ ï çʧʦʤʦʩʪè ʩ ʚʳʩʦʪʦʡ 01,  2   10; 0b l x= = = 

 

ʈʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ 

ɺ ʨʘʟʥʦʩʪʥʦʤ ʘʣʛʦʨʠʪʤʝ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʦʪʢʨʳʪʳʤ ʢʦʜʦʤ ROMS, ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʥʘ ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ 

ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨ. ɺʥʘʯʘʣʝ ʧʦ ʪʨʝʭʩʣʦʡʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ Leap-Frog ʚʳʯʠʩ-

ʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ, ʜʘʣʝʝ ʚ ʢʦʨʨʝʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʯʝʥʥʦʝ ʧʨʦ-

ʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʟʥʘʯʝʥʠʝ ʥʘ n ʠ ʥʘ 1n-  ʩʣʦʝ ʧʦ ʚʨʝʤʝʥʠ. ɺ ʢʦʨʨʝʢʪʦʨʝ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʩʣʦʝʚ ʧʦ ʚʨʝʤʝʥʠ. 

ɼʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [128]. 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʜʣʷ ʪʘʢʠʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-

ʜʠʬʬʫʟʠʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠ-

ʷʤʠ ʠ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʠʟʚʝʩʪʥʳʤ ʨʘʟʥʦʩʪʥʳʤ ʩʭʝʤʘʤ. 
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ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ʢʣʘʩʩʘ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ: ʪʠʧʘ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨ ʠ 

ʷʚʥʳʝ ʜʚʫʭʩʣʦʡʥʳʝ.  

ʆʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʪʨʝʭʩʣʦʡʥʳʭ ʩʭʝʤ ʪʠʧʘ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢ-

ʪʦʨ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʠʟʚʦʜʥʦʡ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʚ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ 

ʚʠʜʝ [131] 

* 1( ) ( )
( );

2 2

n
nx xC x C x T T

u C x
t x

-

-- -
=-

D D
 

(2.3.13) 
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ʛʜʝ ( )nC x  ï ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ;n tD  xD , tD ï ʰʘʛʠ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʝʨʘʪʦʨʳ ʩʜʚʠʛʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʘʥ-

ʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ: ( ) ( ),n n

xT ʉ x C x x= +D ( ) ( ),n n

xT ʉ x C x x- = -D E  ï ʪʦʞʜʝʩʪʚʝʥʥʳʡ 

ʦʧʝʨʘʪʦʨ. ʇʘʨʘʤʝʪʨ g ʦʪʚʝʯʘʝʪ ʟʘ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʥʘ ʪʨʝʭ ʩʣʦʷʭ ʧʦ 

ʚʨʝʤʝʥʠ ʚ ʢʦʨʨʝʢʪʦʨʝ. ʇʘʨʘʤʝʪʨ 0g=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʫ ʪʨʘʧʝʮʠʡ, 1 12g=  ï 

ʤʝʪʦʜʫ ɸʜʘʤʩʘ-ʄʫʣʪʦʥʘ, 0,0804g=  ï ʩʣʫʯʘʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤʳ 

(2.3.13) ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ. 

ɺ ROMS ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʯʣʝʥʦʚ ʘʜʚʝʢʮʠʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʘʣʴ-

ʥʘʷ ʨʘʟʥʦʩʪʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ [130] 

  2 22 / 3( ) 1/12( )
.x x x xT T T T

x

- -- - -

D
   (2.3.14) 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʳʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʪʦʨʦʛʦ ʠ 

ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ: 
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   (2.3.16) 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʫʭʩʣʦʡʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ ʩ ʨʘʟʥʦ-

ʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ʀʟʚʝʩʪʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʩ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ: 
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 (2.3.17) 

ʉʭʝʤʘ QUICK [103] ʩ ʚʘʨʠʘʥʪʦʤ (2.3.15) ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʪʦ-

ʨʦʛʦ ʧʦʨʷʜʢʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ: 

( )

( )

1

2

2

1

2

2

( ) ( ) 1
3 3 ( )

2 8

2
( ),  0,

( ) ( ) 1
3 3 ( )

2 8

2
( ),  0,

n n
nx x

x x x

nx x
h

n n
nx x

x x x

nx x
h

ʉ x ʉ x T T
u T E T T ʉ x

t x x

T E T
K ʉ x u

x

ʉ x ʉ x T T
u T T E T ʉ x

t x x

T E T
K ʉ x u

x

+

-
- -

-

+

-
-

-

- -å õ
=- - - + - +æ ö

D D Dç ÷

- +
+ >

D

- -å õ
=- - - + - +æ ö

D D Dç ÷

- +
+ <

D

 (2.3.18) 

ʠ ʩ ʚʘʨʠʘʥʪʦʤ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ (2.3.16) ʜʣʷ ʧʝʨ-

ʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ: 
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ʉʭʝʤʘ (2.3.18) ʦʙʦʙʱʘʝʪʩʷ ʜʦ ʩʭʝʤʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚ ʮʝ-

ʣʦʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ QUICKEST [103].  
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 (2.3.20) 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʭʝʤʘ [106], ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʪʨʝʪʠʡ ʧʦʨʷʜʦʢ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʫ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʯʣʝʥʘ: 
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ʉʭʝʤʘ ʄʘʢ-ʂʦʨʤʘʢʘ [111] ʠʩʧʦʣʴʟʫʝʪ ʧʦʧʝʨʝʤʝʥʥʦ ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ ʨʘʟʥʦʩʪʠ 

ʥʘ ʜʚʫʭ ʰʘʛʘʭ: 
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ʋʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉʚʦʡʩʪʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʧ. 2.3.2 ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʫʨʘʚ-

ʥʝʥʠʷ ʧʝʨʝʥʦʩʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʥʘʧʨʠʤʝʨ ʚ [131]. ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʪʠʭ ʩʭʝʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ. 

ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʨʠʩʫʥʢʦʚ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ,l-s ʛʜʝ 

2 ,hK t xl= D D .u t xs= D D 

 
  ʘ     ʙ         ʚ  

ʈʠʩʫʥʦʢ 2.3.2 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʭʝʤʳ (2.3.13) ʚ ʩʣʫʯʘʝ: 0g=  (ʘ), 

1 12g=  (ʙ),  0,0804g=  (ʚ)   

 

ʅʘ ʨʠʩʫʥʢʝ 2.3.2 ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʭʝʤʳ (2.3.13) ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ .g ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ( )0,  1 12g=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʙʦʨʫ ʤʝʪʦʜʘ ʪʨʘʧʝʮʠʠ ʠʣʠ ʤʝʪʦʜʘ ɸʜʘʤʩʘ-ʄʫʣʪʦʥʘ ʚ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʬʦʨ-

ʤʫʣʝ ʩʭʝʤʳ (2.3.13), ʚʳʙʦʨ 0,0804g=  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ. ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ 1 12g=  ʠ 
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0,0804g=  ʙʫʜʫʪ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 0g=  ʩ ʪʦʡ ʪʦʣʴʢʦ ʨʘʟ-

ʥʠʮʝʡ, ʯʪʦ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʧʦ ʧʝʨʝʤʝʥʥʦʡ s ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ. 

ʊʘʢʠʝ ʞʝ ʚʳʚʦʜʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʜʣʷ ʩʭʝʤʳ (2.3.14) (ʨʠʩʫʥʦʢ 2.3.3). ʅʦ ʦʙ-

ʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦ ʧʘʨʘʤʝʪʨʫ .s 

 
  ʘ     ʙ           ʚ  

ʈʠʩʫʥʦʢ 2.3.3 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʭʝʤʳ (2.3.14) ʚ ʩʣʫʯʘʝ: 0g=  (ʘ); 

1 12g=  (ʙ); 0,0804g=  (ʚ) 

 

ɺ ʩʭʝʤʘʭ (2.3.15), (2.3.16) ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʚʳʧʫʢʣʦʡ 

(ʨʠʩʫʥʦʢ 2.3.4), ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʭʝʤʘ, ʫʩʪʦʡʯʠʚʘʷ ʧʨʠ ʟʥʘ-

ʯʝʥʠʷʭ ( )0 0, ,l s  ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʫʩʪʦʡʯʠʚʦʡ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 
   ʘ      ʙ    

ʈʠʩʫʥʦʢ 2.3.4 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ 1 12g=  ʜʣʷ ʩʭʝʤʳ: (2.3.15) (ʘ), (2.3.16) (ʙ)  

 

ɻʨʘʬʠʢ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʜʚʫʭʩʣʦʡʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʩ ʧʨʦʪʠʚʦ-

ʧʦʪʦʢʦʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (2.3.17) ʧʦʢʘʟʘʥ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.3.5, ʘ. ʈʠʩʫʥʦʢ 2.3.5, ʙ ʠ ʨʠʩʫʥʦʢ 2.3.6, ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ 
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ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʭʝʤʳ (2.3.18) ʠ (2.3.19)) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʘʢʠʝ ʩʭʝʤʳ ʥʝʫʩʪʦʡʯʠʚʳ.  

 
   ʘ      ʙ  

ʈʠʩʫʥʦʢ 2.3.5 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʭʝʤʳ: (2.3.17) (ʘ); (2.3.18) (ʙ) 

 

ɺ ʩʭʝʤʝ QUICKEST ʧʨʠ 0l= (ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ) ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʘʥ-

ʜʘʨʪʥʦʝ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 1s¢  ʠ ʝʩʪʴ ʦʜʥʘ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʪʦʯʢʘ 1s¢  ʚ ʢʦʪʦ-

ʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʩʧʝʮʠʬʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤʳ QUICKEST (ʨʠʩʫʥʦʢ 2.3.6, ʙ). 

 
   ʘ      ʙ  

ʈʠʩʫʥʦʢ 2.3.6 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʭʝʤʳ: (2.3.19) (ʘ), QUICKEST (2.3.20) (ʙ) 

 

ʉʭʝʤʘ (2.3.21) ʠ ʩʭʝʤʘ ʩ ʨʘʟʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (2.3.17) 

ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʱʠʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʨʠʩʫʥʦʢ 2.3.4, ʘ ʠ ʨʠʩʫ-

ʥʦʢ 2.3.6, ʘ). 
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ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤʳ ʄʘʢ-ʂʦʨʤʘʢʘ (ʨʠʩʫʥʦʢ 2.3.7) ʧʦʜʦʙʥʘ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʩʭʝʤʘʭ Leap-Frog ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜ-

ʥʦʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ (ʨʠʩʫʥʦʢ 2.3.2), ʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʝʣʘʤʠ 

ʧʦ ʧʘʨʘʤʝʪʨʫ :s 

 
   ʘ      ʙ  

ʈʠʩʫʥʦʢ 2.3.7 ï ʆʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʩʭʝʤʳ (2.3.21) (ʘ), ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ 

ʩʭʝʤʳ ʄʘʢ-ʂʦʨʤʘʢʘ (2.3.22) (ʙ) 

 

ɼʣʷ ʚʩʝʭ ʩʭʝʤ ʧʨʠ 0s= ʧʦʣʫʯʘʝʤ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʷʚʥʦʡ ʩʭʝʤʳ 

ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʜʥʦʤʝʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʠʤʝʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝ-

ʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: 035, 1,  0,05,  75,  0,5,  0,01.ht u K x x t= = = = D = D = ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2.3.8ï 2.3.11. 
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 ʘ       ʙ  

 
 

    ʚ      ʛ  

ʈʠʩʫʥʦʢ 2.3.8 ï ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ (2.3.7), ʯʝʨʥʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: ʘ ï ʩʭʝʤʳ ʚʠʜʘ (2.3.13) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ g: ʩʠʥʷʷ ʣʠʥʠʷ ï 0g= , ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï 1 12g= , ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï 

0,0804,g= ʙ ï ʩʭʝʤʳ ʧʨʠ 1 12g=  (2.3.14) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.15) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, 

(2.3.16) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʚ ï ʩʭʝʤʘ (2.3.17) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.18) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, 

(2.3.19) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʛ ï ʩʭʝʤʘ (2.3.20) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.21) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, 

(2.3.22) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ 
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 ʘ       ʙ  

  

 ʚ       ʛ  

ʈʠʩʫʥʦʢ 2.3.9 ï ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʥʳ ʢʘʢ ʪʨʝʫʛʦʣʴʥʠʢ ʚʳʩʦʪʳ b  ʩ ʦʩʥʦʚʘʥʠʝʤ2l  

(2.3.5), ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: ʘ ï ʩʭʝʤʳ ʚʠʜʘ (2.3.13) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ :g  ʩʠʥʷʷ ʣʠʥʠʷ ï 0,g=  ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï 1 12,g=

ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï 0,0804,g=  ʙ ï ʩʭʝʤʳ ʧʨʠ 1 12g=  (2.3.14) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.15) ï 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ, (2.3.16) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʚ ï ʩʭʝʤʘ (2.3.17) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.18) ï 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ, (2.3.19) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʛ ï ʩʭʝʤʘ (2.3.20) ï ʩʠʥʷʷ ʣʠʥʠʷ, 

(2.3.21) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, (2.3.22) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ 
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 ʘ       ʙ  
 

 

 ʚ       ʛ  

ʈʠʩʫʥʦʢ 2.3.10 ï ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʥʳ ʢʘʢ çʧʦʣʦʯʢʘè ʚʳʩʦʪʳ b  (2.3.9), ʯʝʨʥʘʷ 

ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: ʘ ï ʩʭʝʤʳ ʚʠʜʘ (2.3.13) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ :g  ʩʠʥʷʷ ʣʠʥʠʷ ï 0g= , ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï 1 12g= , ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï

0,0804,g= ʙ ï ʩʭʝʤʳ ʧʨʠ1 12g= : (2.3.14) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.15) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, 

(2.3.16) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʚ ï ʩʭʝʤʘ (2.3.17) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.18) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, 

(2.3.19) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʛ ï ʩʭʝʤʘ (2.3.20) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.21) ï ʢʨʘʩʥʘʷ ʣʠʥʠʷ, 

(2.3.22) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ 
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 ʘ       ʙ  

 

 

 ʚ       ʛ  

ʈʠʩʫʥʦʢ 2.3.11 ï ʅʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʟʘʜʘʥʳ ʚ ʚʠʜʝ çʧʦʤʦʩʪʘè ʰʠʨʠʥʦʡ 2l  (2.3.11), 

ʯʝʨʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ: ʘ ï ʩʭʝʤʳ ʚʠʜʘ (2.3.13) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ :g  ʩʠʥʷʷ ʣʠʥʠʷ ï 0g= , ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï 1 12g= , 

ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï 0,0804,g= ʙ ï ʩʭʝʤʳ ʧʨʠ 1 12g=  (2.3.14) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.15) ï 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ, (2.3.16) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʚ ï ʩʭʝʤʘ (2.3.17) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.18) ï 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ, (2.3.19) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ, ʛ ï ʩʭʝʤʘ (2.3.20) ï ʩʠʥʷʷ ʣʠʥʠʷ, (2.3.21) ï 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ, (2.3.22) ï ʟʝʣʝʥʘʷ ʣʠʥʠʷ 

 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʰʠʙʢʠ e: ʤʦʜʫʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ 

ʤʝʞʜʫ ʨʘʟʥʦʩʪʥʳʤ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʦ ʚʩʝʡ ʨʘʟʥʦʩʪʥʦʡ ʩʝʪʢʝ ʥʘ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ 35.t=  
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ʊʘʙʣʠʮʘ 1 ï ɸʙʩʦʣʶʪʥʳʝ ʦʰʠʙʢʠ ʨʘʟʥʦʩʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ 

 ʆʰʠʙʢʘ e  

 ʅʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ 

(2.3.7) 

ʪʨʝʫʛʦʣʴʥʠʢ 

(2.3.5) 

çʧʦʣʦʯʢʘè 

(2.3.9) 

çʧʦʤʦʩʪè 

(2.3.11) 

1. ʉʭʝʤʘ (2.3.13), 

0g=  

0,035 0,074 0,056 0,057 

2. ʉʭʝʤʘ (2.3.13),  

1 12g=  

0,035 0,074 0,056 0,057 

3. ʉʭʝʤʘ (2.3.13), 

0,0804;g=  

0,035 0,074 0,056 0,057 

4. ʉʭʝʤʘ (2.3.14), 

1 12g=  

0,001 0,064 0,045 0,045 

5. ʉʭʝʤʘ (2.3.15), 

1 12g=  

0,009 0,067  0,036 0,036 

6. ʉʭʝʤʘ (2.3.16), 

1 12g=  

0,004 0,068 0,049  0,049 

7. ʉʭʝʤʘ (2.3.17) 0,427 0,380 0,216 0,214 

8. ʉʭʝʤʘ (2.3.18)  0,014 0,061 0,032 0,032 

9. ʉʭʝʤʘ (2.3.19)  0,007 0,061 0,047 0,047 

10. ʉʭʝʤʘ (2.3.20) 0,027 0,071 0,044 0,044 

11. ʉʭʝʤʘ (2.3.21) 0,004 0,068 0,051 0,012 

12. ʉʭʝʤʘ (2.3.22) 0,036 0,074 0,056 0,056 

 

ɺ ʨʘʩʯʝʪʝ ʩ ʛʣʘʜʢʠʤʠ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ (2.3.7) 

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʭʝʤʳ (2.3.14) ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ. ɺ ʨʘʩʯʝʪʝ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚ 

ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ (2.3.5) ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʢʘʢ ʩʭʝʤʘ (2.3.14), ʪʘʢ ʠ 

ʜʚʫʭʩʣʦʡʥʳʝ ʩʭʝʤʳ ʩ ʨʘʟʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʚʪʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʦʚ. ɺ ʨʘʩ-

ʯʝʪʝ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚʠʜʘ çʧʦʣʦʯʢʘè (2.3.9) ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ 
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ʜʣʷ ʩʭʝʤʳ ʩ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʧʨʠ ʥʘʯʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚʠʜʘ çʧʦʤʦʩʪè (2.3.11) ï ʩʭʝʤʘ (2.3.21). 

ʉʭʝʤʘ (2.3.17) ʜʘʝʪ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʦʰʠʙʢʫ e. ʉʭʝʤʳ ʪʠʧʘ ʧʨʝʜʠʢʪʦʨ-ʢʦʨ-

ʨʝʢʪʦʨ ʩ leap-frog ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʠʢʪʦʨʘ ʠ ʩ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ 

ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʜʘʶʪ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʦʰʠʙʢʫ, ʢʘʢ ʠ ʩʭʝʤʘ 

ʄʘʢ-ʂʦʨʤʘʢʘ (2.3.22).  

2.3.2. ɼʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ 

ɺ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʫʨʘʚʥʝʥʠʝ  

( ) ( )
2 2

02 2
= ,  , ,0  = ,h

C C v C C
u v K C x y x y

t x y x y
j

å õµ µ µ µ µ
+ + +æ ö

µ µ µ µ µç ÷
  (2.3.23) 

ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʥʦʩʘ, ʟʘʜʘʥʥʳʭ ʬʦʨʤʫʣʦʡ  

, ,  const.u py v px p=- = =  

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʧʨʦʮʝʩʩʘ: ʧʦʚʦʨʦʪ ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʢʨʫʛ 

ʥʘʯʘʣʘ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʩʦ ʩʢʦʨʦʩʪʴʶ p  ʠ ʜʠʬʬʫʟʠʷ. ɿʘʤʝʥʦʡ ʧʝʨʝʤʝʥʥʳʭ  

cos sin ,

sin cos

x x pt y pt

y x pt y pt

= +

=- +
 

ʫʨʘʚʥʝʥʠʝ (2.3.23) ʩʚʦʜʠʪʩʷ ʢ ʜʚʫʤʝʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʜʠʬʬʫʟʠʠ. ʆʧʫʩʢʘʷ ʟʥʘʢ 

ʪʠʣʴʜʘ ʥʘʜ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʟʘʧʠʰʝʤ ʝʛʦ ʚ ʚʠʜʝ 

2 2

02 2
= ,  ( , ,0) = ( , ).h

C C C
K C x y x y

t x y
j

å õµ µ µ
+æ ö

µ µ µç ÷
  (2.3.24) 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

1) ʌʫʥʢʮʠʷ ɹʝʩʩʝʣʷ 

2 2

200 0 0 0

0 0

( , , , , , ) ( ( ) ( ) ),  

, .

C x y x y B m A BJ m x y

x x x y y y

= + +

= - = -
  (2.3.25) 

ɿʜʝʩʴ 0J  ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ, B  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ, 

m ï ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ.  

ʈʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

2
2 2

20 0 0 0( , , , , , , , , ) = ( ( ) ( ) ) .hK m t

t hC x y x y t A B m K A B J m x y e
-

+ Ö +  (2.3.26) 
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ɼʘʣʝʝ ʨʝʰʝʥʠʷ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.3.24) ʩʪʨʦʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʤʝʨʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʡʜʝʥʥʳʭ ʚ ʧ. 2.3.1. 

2) ʇʠʨʘʤʠʜʘ ʚʳʩʦʪʳ b, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʢʚʘʜʨʘʪ ʩʦ ʩʪʦʨʦʥʦʡ 2lʩ 

ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ( )0 0,x y : 

( ) ( )210 0 0 110 0 110 0

1
( , , , , , ) , , , , , , ,C x x y y b l C x x b l C y y b l

b
=

 
(2.3.27) 

ʨʝʰʝʥʠʝ 

21 0 0 11 0 11 0

1
( , , , , , , , ) ( , , , , , ) ( , , , , , ).t h t h t hC x x y y t b l K C x x t b l K C y y t b l K

b
=  (2.3.28) 

3) ɼʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɻʘʫʩʩʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ,  b a:  

( )
( ) ( )( )2 2

0 0

220 0 0, , , , , ,
x x y y

ʉ x x y y b be
a

a
- - + -

=    (2.3.29) 

ʠʤʝʝʪ ʨʝʰʝʥʠʝ 

22 0 0 12 0 12 0

1
( , , , , , , , ) ( , , , , , ) ( , , , , , ).t h t h t hC x x y y t b K C x x t b K C y y t b K

b
a = a a  (2.3.30) 

4) ɼʚʫʤʝʨʥʳʡ çʧʦʤʦʩʪè ʚʳʩʦʪʳ b ʜʣʠʥʦʡ ʠ ʰʠʨʠʥʦʡ 2l  ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 

( )0 0,x y : 

240 0 0 140 0 140 0

1
( , , , , , ) ( , , , ) ( , , , ),C x x y y l b C x x l b C y y l b

b
=   (2.3.31) 

ʠʤʝʝʪ ʨʝʰʝʥʠʝ 

24 0 0 14 0 14 0

1
( , , , , , , , ) ( , , , , , ) ( , , , , , ).t h t h t hC x x y y t l b K C x x t l b K C y y t l b K

b
=  (2.3.32) 

ʈʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ 

ʆʙʦʙʱʝʥʠʝ ʦʜʥʦʤʝʨʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, ʨʩʩʤʦʪʨʝʥʥʳʭ ʚ ʧ. 2.3.1, ʥʘ ʜʚʫ-

ʤʝʨʥʳʡ ʩʣʫʯʘʡ ʧʨʦʚʦʜʠʪʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʭʝʤʘ (2.3.21) ʚ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ 

ʧʝʨʝʥʦʩʘ ʚ ʨʘʙʦʪʝ [120] ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʜʚʫʤʝʨʥʳʡ ʩʣʫʯʘʡ ʢʘʢ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʷʚʥʳʭ ʜʚʫʭʩʣʦʡʥʳʭ ʩʭʝʤ, ʚ ʨʘʙʦʪʝ [104] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʭʝʤʳ 

ʨʘʩʱʝʧʣʝʥʠʷ, ʚ ʨʘʙʦʪʝ [105] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʩʭʝʤʳ (2.3.20) ʜʣʷ ʫʨʘʚ-

ʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ, ʥʦ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʚʝʟʜʝ ʧʨʠʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ. 
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ɺ ʩʠʩʪʝʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ROMS ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʚʘʨʠʘʥʪʳ (2.3.13) 

ʠ (2.3.14). ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦ ʵʪʠʤ ʩʭʝʤʘʤ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʧʦ ʜʚʫʤʝʨʥʳʤ ʘʥʘʣʦʛʘʤ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ 

ʪʠʧʘ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢʪʦʨ (2.3.15) ï (2.3.16), ʠʟʚʝʩʪʥʳʤʠ ʜʚʫʤʝʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ 

ʨʘʟʥʦʩʪʥʦʡ  ʩʭʝʤʳ ʩ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ  ʨʘʟʥʦʩʪʴʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (2.3.17) ʠ ʄʘʢ-

ʂʦʨʤʘʢʘ (2.3.22) ʠ ʜʚʫʤʝʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ (2.3.18) ï (2.3.19). 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʈʘʩʯʝʪʳ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘ-

ʨʘʤʝʪʨʦʚ: ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʩʦ ʩʪʦʨʦʥʦʡ ʢʚʘʜʨʘʪʘ 10,L=  ʩ ʰʘʛʦʤ ʧʦ ʦʙʦʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ 0,5,x yD =D =  ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ 0,01.tD =  ʎʝʥʪʨ ʥʘʯʘʣʴʥʦʛʦ ʚʦʟʤʫ-

ʱʝʥʠʷ ʥʘʭʦʜʠʣʩʷ ʚ ʪʦʯʢʝ 0 0 1x y= =, ʥʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʩʪʘʚʠʣʦʩʴ ʫʩʣʦʚʠʝ ʦʪʩʫʪ-

ʩʪʚʠʷ ʧʦʪʦʢʘ ʧʨʠʤʝʩʠ, 2, 0,05hp K= = . ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥ-

ʢʘʭ 2.3.12ï 2.3.15 ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3,14t= , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʦʙʦʨʦʪʫ 

ʥʘʯʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʦʢʨʫʛ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. 

ɺ ʩʣʫʯʘʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ 1, ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʨʘʩʯʝʪʘ, ʦʮʝʥʠʪʴ ʭʘ-

ʨʘʢʪʝʨ ʨʝʰʝʥʠʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʚʠʜʫ ʩʠʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ʅʘ 

ʨʠʩʫʥʢʝ 2.3.12 ʧʨʠʚʝʜʝʥʳ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʪʝʩʪʦʚʦʡ 

ʟʘʜʘʯʠ 1. 
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ʘ                                          ʙ 

 

ʚ                                     ʛ                                   ʜ 

ʈʠʩʫʥʦʢ 2.3.12 ï ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 1: ʘ ï ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ (2.3.25) ʧʨʠ 

1,  1,m B= = ʙ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3,14,t=  ʚ ï ʩʭʝʤʘ (2.3.17), 

ʛ ï ʩʭʝʤʘ (2.3.22), ʜ ï ʩʭʝʤʘ (2.3.13) ʧʨʠ 1 12g=  
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ʩʭʝʤʘ (2.3.13): g = 0   g = 1/12   g = 0,0804 

 

g = 1/12: ʩʭʝʤʘ (2.3.14)   ʩʭʝʤʘ (2.3.15)   ʩʭʝʤʘ (2.3.16) 

 

ʜʚʫʤʝʨʥʳʝ ʚʘʨʠʘʥʪʳ ʩʭʝʤ: (2.3.18)   (2.3.19)    (2.3.17) 

 

   (2.3.22) 

ʈʠʩʫʥʦʢ 2.3.13 ï ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 2: ʘ ï ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ ʩ ʚʳʩʦʪʦʡ 

1b=  ʠ 1,a= ʙ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3,14.t=  ɼʘʣʝʝ ï ʩʝʯʝʥʠʷ 

ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʨʘʟʥʦʩʪʥʦʛʦ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʠʘʛʦʥʘʣʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʚʘʜʨʘʥʪʘ ʧʣʦʩʢʦʩʪʠ ,Oxy

ʤʘʩʰʪʘʙ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 1: 2  
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ʩʭʝʤʘ (2.3.13): g = 0   g = 1/12   g = 0,0804 

 

g=1/12: ʩʭʝʤʘ (2.3.14)   ʩʭʝʤʘ (2.3.15)   ʩʭʝʤʘ (2.3.16) 

 

ʚʘʨʠʘʥʪ (2.3.18)    ʚʘʨʠʘʥʪ (2.3.19)   ʚʘʨʠʘʥʪ (2.3.17) 

 

 ʩʭʝʤʘ (2.3.22) 

ʈʠʩʫʥʦʢ 2.3.14 ï ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 3: ʘ ï ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ çʧʠʨʘʤʠʜʘè ʧʨʠ 1,  1b l= =ʩ 

ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 0 01, 1;x y= = ʙ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3,14.t=  

ɼʘʣʝʝ ï ʩʝʯʝʥʠʷ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʨʘʟʥʦʩʪʥʦʛʦ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʠʘʛʦʥʘʣʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʚʘʜʨʘʥʪʘ 

ʧʣʦʩʢʦʩʪʠ ,Oxyʤʘʩʰʪʘʙ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 1: 2  
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ʘ                                            ʙ 

 

ʩʭʝʤʘ (2.3.13): g = 0   g = 1/12   g = 0,0804 

 

g = 1/12: ʩʭʝʤʘ (2.3.14)   ʩʭʝʤʘ (2.3.15)   ʩʭʝʤʘ (2.3.16) 

 

ʚʘʨʠʘʥʪ (2.3.18)    ʚʘʨʠʘʥʪ (2.3.19)   ʚʘʨʠʘʥʪ (2.3.17) 

 

 ʩʭʝʤʘ (2.3.22) 

ʈʠʩʫʥʦʢ 2.3.15 ï ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 4: ʘ ï ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ çʧʦʤʦʩʪè ʧʨʠ 1,  1;b l= = 

ʙ ï ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 3,14.t=  ɼʘʣʝʝ ï ʩʝʯʝʥʠʷ ʪʦʯʥʦʛʦ 

ʨʝʰʝʥʠʷ (ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʨʘʟʥʦʩʪʥʦʛʦ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ, 

ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʜʠʘʛʦʥʘʣʠ ʧʝʨʚʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʢʚʘʜʨʘʥʪʘ ʧʣʦʩʢʦʩʪʠ Oxy, ʤʘʩʰʪʘʙ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ 1: 2  
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ʊʘʙʣʠʮʘ 2 ï ɸʙʩʦʣʶʪʥʳʝ ʦʰʠʙʢʠ ʨʘʟʥʦʩʪʥʳʭ ʨʝʰʝʥʠʡ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ 

 ʆʰʠʙʢʘ e  

 ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 2 ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 3 

 

ʊʝʩʪʦʚʘʷ ʟʘʜʘʯʘ 4 

 

ɼʚʫʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ɻʘʫʩʩʘ (2.3.29)  

ʇʠʨʘʤʠʜʘ (2.3.27) ɼʚʫʤʝʨʥʳʡ ʧʦʤʦʩʪ 

(2.3.31) 

1. ʉʭʝʤʘ (2.3.13), 

0g=  

0,155 0,368 0,2 

2. ʉʭʝʤʘ (2.3.13),  

1 12g=  

0,155 0,368 0,2 

3. ʉʭʝʤʘ (2.3.13), 

0,0804g=  

0,155 0,368 0,2 

4. ʉʭʝʤʘ (2.3.14), 

1 12g=  

0,031 0,239 0,031 

5. ʉʭʝʤʘ (2.3.15), 

1 12g=  

0,067 0,315 0,099 

6. ʉʭʝʤʘ (2.3.16), 

1 12g=  

0,066 0,316 0,112 

7. ʉʭʝʤʘ (2.3.17) 0,323 0,478 0,533 

8. ɼʚʫʤʝʨʥʳʡ ʘʥʘʣʦʛ 

ʩʭʝʤʳ (2.3.18)  

0,051 0,291 0,248 

9. ɼʚʫʤʝʨʥʳʡ ʘʥʘʣʦʛ 

ʩʭʝʤʳ (2.3.19) 

0,075 0,319 0,292 

10. ʉʭʝʤʘ (2.3.22) 0,150 0,364 0,334 

 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʠʩʪʝʤʳ ʪʝʩʪʦʚ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʜʣʷ ʩʭʝʤʳ (2.3.14).  

ʉʭʝʤʘ (2.3.17) ʜʘʝʪ ʩʘʤʫʶ ʙʦʣʴʰʫʶ ʦʰʠʙʢʫ. ʉʭʝʤʳ ʪʠʧʘ ʧʨʝʜʠʢʪʦʨ-ʢʦʨʨʝʢ-

ʪʦʨ ʩ leap-frog ʚ ʧʨʝʜʠʢʪʦʨʝ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʝʨʚʦʡ ʧʨʦʠʟʚʦʜ-

ʥʦʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʜʘʶʪ ʪʦʯʥʦ ʪʘʢʫʶ ʞʝ ʦʰʠʙʢʫ ʢʘʢ ʩʭʝʤʘ ʄʘʢ-ʂʦʨʤʘʢʘ ʥʘ ʪʝ-

ʩʪʦʚʳʭ ʟʘʜʘʯʘʭ 2 ʠ 3. 
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2.4. ʈʘʩʯʝʪʳ ʚ ʤʦʜʝʣʠ ROMS 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʟʝʨʘʭ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, 

ʠʟʫʯʝʥʠʶ ʢʦʪʦʨʳʭ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʥʘʪʫʨʥʳʝ ʠ ʯʠʩʣʝʥ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʩʥʠʪʴ 

ʫʩʣʦʚʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʬʦʨʤʫ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ, ʥʘʯʘʣʠʩʴ ʚ ʧʦʟʘʧʨʦʰʣʦʤ ʚʝʢʝ. 

ɿʜʝʩʴ ʦʪʤʝʪʠʤ ʤʦʥʦʛʨʘʬʠʶ ɻ. ʃʘʤʙʘ [52], ʚʧʝʨʚʳʝ ʠʟʜʘʥʥʫʶ ʚ 1879 ʛ. ʠ ʜʦ ʩʠʭ ʧʦʨ 

ʥʝ ʧʦʪʝʨʷʚʰʫʶ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ɻ ʪʦʡ ʨʘʙʦʪʳ ʩʚʷʟʘʥʦ 

ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʦʣʥ ʚ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʦʡ. ʄʦʥʦʛʨʘʬʠʷ ʇ. ʃʝ ɹʣʦʥʘ [53], ʧʦʣʥʦʩʪʴʶ ʧʦ-

ʩʚʷʱʝʥʥʘʷ ʚʦʣʥʘʤ ʚ ʦʢʝʘʥʝ, ʧʦʷʚʠʣʘʩʴ ʚʝʢ ʩʧʫʩʪʷ. ʅʘʪʫʨʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ʩʦʚʝʪʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʖ. ɿ. ʄʠʨʦ-

ʧʦʣʴʩʢʦʛʦ [55]. ʆʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ ʤʦʥʦʛʨʘʬʠʡ ʚ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʶʪʩʷ ʚʥʫʪʨʝʥ-

ʥʠʝ ʚʦʣʥʳ ʚ ʦʟʝʨʘʭ ʷʚʣʷʝʪʩʷ ʤʦʥʦʛʨʘʬʠʷ K. Hutter, Y. Wang, I. P. Chubarenko [89]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʝʜʘʯʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʝʪʨʘ ʚʥʠʟ ʢ ʤʝʣʢʦʤʘʩ-

ʰʪʘʙʥʳʤ ʜʚʠʞʝʥʠʷʤ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʟʝʨʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʚʠʞʝʥʠʡ ʤʘʩ-

ʰʪʘʙʘ ʙʘʩʩʝʡʥʘ [92]. ɺʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʤʘʩʰʪʘʙʘ ʙʘʩʩʝʡʥʘ ʧʝʨʝʥʦʩʷʪ ʵʥʝʨʛʠʶ, 

ʚʥʦʩʠʤʫʶ ʚʝʪʨʘʤʠ, ʚ ʧʨʠʜʦʥʥʳʡ ʧʦʛʨʘʥʠʯʥʳʡ ʩʣʦʡ [134], ʚʳʟʳʚʘʶʪ ʨʝʩʫʩʧʝʥʟʠʶ 

ʦʩʘʜʢʦʚ (ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʥʝʝ ʦʪʣʦʞʠʚʰʠʭʩʷ ʯʘʩʪʠʮ ʦʩʘʜʢʦʚ ʚ ʪʦʣʱʝ ʚʦʜʳ ʟʘ 

ʩʯʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ) [84, 88], ʫʩʠʣʠʚʘʶʪ ʤʘʩʩʦʧʝʨʝʥʦʩ ʥʘ ʛʨʘ-

ʥʠʮʝ ʨʘʟʜʝʣʘ ʦʩʘʜʦʢ-ʚʦʜʘ [110]. ʆʙʣʘʩʪʠ ʘʢʚʘʪʦʨʠʡ, ʛʜʝ ʵʪʠ ʵʬʬʝʢʪʳ ʚʘʞʥʳ, ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʚʦʣʴʥʦ ʩʧʝʮʠʬʠʯʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʦʟʝʨʘ [56]. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥ-

ʢʨʝʪʥʳʭ ʚʦʜʦʝʤʘʭ. 

ɺ ʨʘʥʥʝʡ ʨʘʙʦʪʝ G. T. Csanady [76] ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʚʦʣʥ ʤʘʩʰʪʘʙʘ ʦʟʝʨʘ ʚ ʩʣʫʯʘʝ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʫ-

ʛʦʚʦʡ ʮʠʣʠʥʜʨ ʩ ʨʦʚʥʳʤ ʜʥʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʛʠʜʨʦʩʪʘʪʠʢʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʧʦʷʚʣʝʥʠʝ ʩʫʙʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʂʝʣʴʚʠʥʘ (ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 
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ʤʝʥʴʰʝ ʠʥʝʨʮʠʦʥʥʦʡ), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʪʘʢ, ʯʪʦ ʙʝʨʝ-

ʛʦʚʘʷ ʣʠʥʠʷ ʦʩʪʘʝʪʩʷ ʩʧʨʘʚʘ, ʠ ʩʫʧʝʨʠʥʝʨʮʠʦʥʥʳʭ ʚʦʣʥ ʇʫʘʥʢʘʨʝ (ʯʘʩʪʦʪʘ ʢʦʣʝʙʘ-

ʥʠʡ ʙʦʣʴʰʝ ʠʥʝʨʮʠʦʥʥʦʡ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʝʯʝʥʠʝ ʚ ɺʝ-

ʣʠʢʠʭ ʦʟʝʨʘʭ (ʉʐɸ). 

ɺ ʨʘʙʦʪʝ [78] ʘʚʪʦʨ ʧʨʦʜʦʣʞʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʚ ɺʝʣʠʢʠʭ ʦʟʝʨʘʭ 

(ʉʐɸ) ʩ ʫʯʝʪʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʚʝʪʨʘ.  

ɺ ʨʘʙʦʪʝ [77] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʣʠʥʘ ʙʘʩʩʝʡʥʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ 

ʝʛʦ ʰʠʨʠʥʳ ʠ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʩʣʫʯʘʝ ʜʚʫʭʩʣʦʡʥʦʡ ʩʪʨʘʪʠʬʠ-

ʢʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʯʝʥʠʡ ʚ 

ʦʟʝʨʝ ʆʥʪʘʨʠʦ. 

ɺ [124] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘ ʞʝ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʠ ʚ [76], ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʢʦʥʪʫʨʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʟʝʨʘ ʆʥʪʘʨʠʦ, ʥʦ ʨʦʚʥʳʤ ʜʥʦʤ. ʏʠʩʣʝʥʥʦ ʨʘʩʩʯʠʪʳʚʘ-

ʶʪʩʷ ʚʦʣʥʳ ʂʝʣʴʚʠʥʘ ʠ ʇʫʘʥʢʘʨʝ. 

ɺ ʨʘʙʦʪʝ [72] ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥ ʂʝʣʴʚʠʥʘ ʚ ʩʪʨʘʪʠ-

ʬʠʮʠʨʦʚʘʥʥʳʭ ʦʟʝʨʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ POM (Prinston Ocean Model) ʠ DIECAST 

(Dietrich/Center for Air Sea Technology). ʆʙʝ ʩʠʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʶʪ 

ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɹʫʩʩʠʥʝʩʢʘ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ 

ʛʠʜʨʦʩʪʘʪʠʯʥʦʩʪʠ ʜʘʚʣʝʥʠʷ, ʚ ʧʝʨʚʦʡ ʠʩʧʦʣʴʟʫʝʪʩ ̫ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ů-ʢʦʦʨ-

ʜʠʥʘʪ, ʚʦ ʚʪʦʨʦʡ ï ʦʙʳʯʥʳʝ z-ʢʦʦʨʜʠʥʘʪʳ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ. ɸʚʪʦʨʦʚ ʠʥʪʝ-

ʨʝʩʫʝʪ ʵʬʬʝʢʪ ʧʦʷʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ ʄʠʯʠʛʘʥ ʪʝʨʤʘʣʴʥʳʭ ʬʨʦʥʪʦʚ 

ʚʙʣʠʟʠ ʚʦʩʪʦʯʥʦʛʦ ʙʝʨʝʛʘ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʩʝʚʝʨʥʦʛʦ ʚʝʪʨʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʝʪʨʘ ʜʚʠʞʫʪʩʷ ʮʠʢʣʦʥʠʯʝʩʢʠ (ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ 

ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ) ʢʘʢ ʵʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʣʥʘʤ ʂʝʣʴʚʠʥʘ. ʆʙʝ ʩʠ-

ʩʪʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʨʝʰʝ-

ʥʠʡ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʩ ʨʦʚʥʳʤ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ 

ʜʥʦʤ, ʪʘʢ ʠ ʜʣʷ ʨʝʰʝʥʠʡ ʧʨʠ ʨʘʩʯʝʪʝ ʩ ʮʠʬʨʦʚʦʡ ʙʘʪʠʤʝʪʨʠʝʡ ʜʣʷ ʦʟʝʨʘ ʄʠʯʠʛʘʥ. 

ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ [95, 122] ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʜʣʷ ʧʨʝʩʥʦʛʦ ʦʟʝʨʘ ɹʠʚʘ (ʗʧʦʥʠʷ). 
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ʆʟʝʨʦ ɹʠʚʘ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʦʟʝʨʦʤ ʗʧʦʥʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʛʣʘʚʥʦʤ 

ʦʩʪʨʦʚʝ ʍʦʥʩʶ. ɺ 1982 ï 1993 ʛʦʜʘʭ ʙʳʣʠ ʩʦʙʨʘʥʳ ʜʘʥʥʳʝ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʦʚ ʩʝʨʠʠ ADCP [93]), ʜʘʥʥʳʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʨʘʙʦʪʝ [95] ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʜʚʫʭʩʣʦʡʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [76]. ʈʘʩʯʝʪʳ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʝʡ ʦʟʝʨʘ ɹʠʚʘ ʠ ʨʦʚʥʳʤ ʜʥʦʤ. 

ʇʝʨʠʦʜʳ ʠʟʤʝʨʝʥʠʡ ʚ ʦʟʝʨʝ ɹʠʚʘ ʚ 1992 ʠ 1993 ʛʦʜʘʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʘʢ, 

ʯʪʦʙʳ ʩʦʚʧʘʩʪʴ ʩ ʩʝʟʦʥʦʤ ʪʘʡʬʫʥʦʚ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʘʡʬʫʥʘ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦ-

ʚʘʥʳ ʚʝʨʪʠʢʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʪʝʨʤʦʢʣʠʥʘ ʚʝʣʠʯʠʥʦʡ ʜʦ 40 ʤ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʯʠʩʣʝʥ-

ʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʟʝʨʘʭ, ʪʘʢʠʭ 

ʢʘʢ ɹʦʜʝʥʩʢʦʝ (ɸʣʴʧʳ), [68]; ʂʠʥʝʨʝʪ (ʀʟʨʘʠʣʴ) [135, 67, 66]; Biwa (ʗʧʦʥʠʷ) [95, 

122, 133]; ɺʝʣʠʢʠʝ ʦʟʝʨʘ [76, 72], ɾʝʥʝʚʩʢʦʝ ʦʟʝʨʦ [101], ʦʟʝʨʘ ʕʨʠ [138] ʠ ɹʘʣʴ-

ʜʝʛʛ [102]. 

2.4.1 ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ 

ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʩʠʩʪʝʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ROMS ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʘʪʠʤʝʪʨʠʠ ʦʟʝʨʘ ʐʠʨʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, ʪʠʧʠʯʥʦʡ ʜʣʷ 

ʦʟʝʨʘ ʐʠʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʚʦʟʚʳʰʝʥʠʷ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʭ ʚʝʪʨʦʚʳʭ ʩʮʝʥʘʨʠʝʚ. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ: ʰʘʛʠ ʧʦ ʛʦʨʠʟʦʥ-

ʪʘʣʠ 15 ʤ, 20 ʤ,x y= =  ʧʦ ʚʝʨʪʠʢʘʣʠ 1 ʤz= , ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʨʘʩʧʘʨʘʣʣʝ-

ʣʠʚʘʥʠʷ OpenMP, MPI. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʠʜʦʥʥʦʛʦ ʪʨʝʥʠʷ 410  ʤ ʩbk -= , ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 22 ʤ ʩhK = . 

ʀʩʧʦʣʴʟʦʚʘʣʦʩʴ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ KPP-ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʪʫʨ-

ʙʫʣʝʥʪʥʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ [100].  
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ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʝʪʨʦʚʳʝ ʩʮʝʥʘʨʠʠ:  

1. ʄʛʥʦʚʝʥʥʦ ʥʘʯʠʥʘʶʱʠʡʩʷ ʧʦʩʪʦʷʥʥʳʡ ʚʝʪʝʨ, ʢʦʪʦʨʳʡ ʤʛʥʦʚʝʥʥʦ ʟʘʢʘʥ-

ʯʠʚʘʝʪʩʷ. 

2. ɺʝʪʝʨ, ʢʦʪʦʨʳʡ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʪʝʯʝʥʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʣʠʥʝʡʥʦ ʫʙʳʚʘʝʪ. 

3. ɺʝʪʝʨ ʩʠʥʫʩʦʠʜʘʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʪʘʢʞʝ ʫʙʳ-

ʚʘʝʪ. 

ɺ ʩʣʫʯʘʝ ʟʘʧʘʜʥʦʛʦ, ʶʛʦ-ʟʘʧʘʜʥʦʛʦ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʡ ʚʝʪʨʘ ʚʦʟʥʠʢʘʶʪ ʩʝʡʰʝʚʳʝ ʢʦʣʝʙʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2.4.1 ʧʦʢʘʟʘʥʳ ʩʝʡʰʝʚʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʩʴʤʠʯʘʩʦʚʦʛʦ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ, 

ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʜʚʫʭ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʝʨʝʛʘʭ ʦʟʝʨʘ (ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʙʝʨʝʛʘʭ). 

 

 

ʈʠʩʫʥʦʢ 2.4.1 ï ɺʦʟʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʣʝʙʘʥʠʷ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʚʦʩʴʤʠʯʘʩʦʚʦʛʦ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 8 ʤ/ʩ 
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ʈʠʩʫʥʦʢ 2.4.2 ï ɹʘʪʠʤʝʪʨʠʷ ʦʟʝʨʘ ʐʠʨʘ. ʊʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʪʨʦʝʥʳ ʠʟʦʪʝʨʤʳ ʠ 

ʠʟʦʛʘʣʠʥʳ: Ss ï ʶʞʥʘʷ, Ns ï ʩʝʚʝʨʥʘʷ, Es ï ʚʦʩʪʦʯʥʘʷ, Ws ï ʟʘʧʘʜʥʘʷ, Cs ï ʮʝʥʪʨʘʣʴʥʘʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʚʝʯʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʠ ʠʟʦʛʘʣʠʥ (ʣʠʥʠʠ ʦʜʠʥʘʢʦʚʦʡ ʩʦʣʝʥʦʩʪʠ), 

ʥʘʧʨʠʤʝʨ, [101]. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʪʦʯʢʝ ʦʟʝʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ 

ʠ ʠʟʦʛʘʣʠʥ, ʚ ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʪʦʯʢʘʭ ʢʦʣʝʙʘʥʠʷ ʜʦʩʪʠʛʘʶʪ ʪʨʝʭ ʤʝʪʨʦʚ ʧʦ 

ʛʣʫʙʠʥʝ (ʨʠʩʫʥʦʢ 2.4.3).  
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ʈʠʩʫʥʦʢ 2.4.3 ï ʂʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʠ ʠʟʦʛʘʣʠʥ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ 

ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 8 ʤ/ʩ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ, ʜʘʣʝʝ 24 ʯʘʩʘ ï ʙʝʟ ʚʝʪʨʘ. ʉʣʝʚʘ ï ʠʟʦʪʝʨʤʳ, 

ʩʧʨʘʚʘ ï ʠʟʦʛʘʣʠʥʳ. ʉʚʝʨʭʫ ʚʥʠʟ: WS ï ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʦʟʝʨʘ,  

CS ï ʮʝʥʪʨʘʣʴʥʘʷ, ES ï ʚʦʩʪʦʯʥʘʷ 
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ʇʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʚʝʪʨʘ ʚ ʩʣʫʯʘʝ ʤʛʥʦʚʝʥʥʦ ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʠ ʤʛʥʦʚʝʥʥʦ ʟʘ-

ʢʘʥʯʠʚʘʶʱʝʛʦʩʷ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʪʨʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ, ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ, ʚʦʩʪʦʯ-

ʥʦʛʦ ʠ ʶʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʠ ʩʢʦʨʦʩʪʠ 8ï10 ʤ/ʩ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʚʠʟʫʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʨʘʱʝʥʠʝʤ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʩ ʧʝʨʠʦʜʦʤ 11 ʠ/ʠʣʠ 6 ʯʘʩʦʚ, ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʝʨʝʛʘʭ ʙʘʩʩʝʡʥʘ. ʉʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʦʣʝʙʘʥʠʷʤ ʤʝʥʴʰʝʛʦ ʤʘʩʰʪʘʙʘ. ʅʘ ʨʠʩʫʥʢʝ 2.4.4 ʧʦʢʘ-

ʟʘʥʳ ʢʦʣʝʙʘʥʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʝʨʠʦʜʦʤ 11 ʯʘʩʦʚ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 8 ʤ/ʩ.  

 

ʈʠʩʫʥʦʢ 2.4.4 ï ɺʦʟʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʣʝʙʘʥʠʷ ʧʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʚʦʩʴʤʠʯʘʩʦʚʦʛʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 8 ʤ/ʩ 
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ʈʠʩʫʥʦʢ 2.4.5 ï ʂʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʠ ʠʟʦʛʘʣʠʥ ʚ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ 

ʚʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 8 ʤ/ʩ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ, ʜʘʣʝʝ 24 ʯʘʩʘ ï ʙʝʟ ʚʝʪʨʘ. ʉʣʝʚʘ ï ʠʟʦʪʝʨʤʳ, 

ʩʧʨʘʚʘ ï ʠʟʦʛʘʣʠʥʳ. ʉʚʝʨʭʫ ʚʥʠʟ: WS ï ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʦʟʝʨʘ,  

CS ï ʮʝʥʪʨʘʣʴʥʘʷ, ES ï ʚʦʩʪʦʯʥʘʷ 
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ʅʘʣʠʯʠʝ ʚ ʦʟʝʨʝ ʢʦʣʝʙʘʥʠʡ ʠʟʦʪʝʨʤ ʜʦ ʧʷʪʠ ʤʝʪʨʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʪʫʨ-

ʥʳʤʠ ʜʘʥʥʳʤʠ. ɺ ʠʟʦʪʝʨʤʘʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʥʘʪʫʨʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ (ʨʠʩʫ-

ʥʦʢ 2.4.6), ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ 

ʩ ʨʘʟʤʘʭʦʤ ʦʪ ʪʨʝʭ ʜʦ ʧʷʪʠ ʤʝʪʨʦʚ. 

 

ʈʠʩʫʥʦʢ 2.4.6 ï ʀʟʦʪʝʨʤʳ ʟʘ ʧʝʨʠʦʜ 08.07-11.07.2015, T=10̄ , 12̄ , 14̄ , 16̄ , 18̄ C  

ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʢʝ ʊ1 

 

2.4.2 ʈʘʩʯʝʪʳ ʩ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʚʧʝʨʚʳʝ ʩʝʟʦʥʥʳʭ 

ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʟʝʨʘ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʚʝʪʝʨ, ʦʩʘʜʢʠ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʩ ʤʝʪʝʦʩʪʘʥ-

ʮʠʠ ʧʦʩ. ʐʠʨʘ.  

ɺʝʪʨʦʚʘʷ ʢʘʨʪʠʥʘ ʥʘ ʦʟʝʨʝ ʐʠʨʘ 06.07.2018 ï 31.07.2018 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 2.4.7. 
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ʈʠʩʫʥʦʢ 2.4.7 ï ɼʘʥʥʳʝ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʧʦʩ. ʐʠʨʘ, 

 06.07.2018 ï 31.07.2018 
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ʅʘʯʘʣʦ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 01.06.2018, ʦʢʦʥʯʘʥʠʝ 31.08.2018. ʂʘʨʪʠʥʘ 

ʪʝʯʝʥʠʷ ʥʘ 13.07.2018 ʚ 2 ʯʘʩʘ ʥʦʯʠ, ʚ 6 ʠ ʚ 8 ʯʘʩʦʚ ʫʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2.4.8. 

 

 

ʈʠʩʫʥʦʢ 2.4.8 ï ɺʦʟʚʳʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ɺʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʘʱʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʝʨʠʦʜ ʧʨʦʭʦʞ-

ʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ ʩʦʩʪʘʚʣʷʝʪ º7 ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 2.4.8).  

ɺ ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʚʥʫʪʨʝʥʝʡ ʚʦʣʥʳ ʥʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʦʩʪʦʯʥʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʟʦʥʝ ʚʦʜʦʝʤʘ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʟʦʥʝ ʫʚʝʣʠʯʠʚʘʣʘʩʴ (ʨʠʩʫʥʦʢ 2.4.9).  

 

 

ʈʠʩʫʥʦʢ 2.4.9 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ, ʉÁ. ʉʣʝʚʘ ʥʘʧʨʘʚʦ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʧʨʦʭʦʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ, ʚ ʤʦʤʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ,  

ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

 

2.5. ʉʧʝʢʪʨʘʣʴʥʳʝ ʦʮʝʥʢʠ 

ʈʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʨʘʚʥʠʚʘʣʠʩʴ ʩʦ ʩʧʝʢʪʨʘʤʠ ʩʢʦʨʦʩʪʝʡ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ  

ʀʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʦʟʝʨʝ ʐʠʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 

2009 ï 2018 ʛʛ. ʩ ʧʦʤʦʱʴʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ ʧʨʦʬʠʣʦʛʨʘʬʦʚ ʪʝʯʝʥʠʷ 

(ADCP) Work Horse Sentinel 600 ʠ 1200 ʢɻʮ ʬʠʨʤʳ R. D. Instruments, ʧʦʟʚʦʣʷʶʱʠʭ 
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ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʩʝʡ ʛʣʫ-

ʙʠʥʝ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ 1.  

ɺ ʥʘʩʪʦʷʱʝʤ ʧʫʥʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʢʦʨʦ-

ʩʪʠ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʠʶʥʝ-ʠʶʣʝ 2014ï2015 ʛʛ. ʚ 

ʜʚʫʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʢʘʭ, ʛʣʫʙʠʥʘ ʦʟʝʨʘ ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʥʪ 11 ʤ ʠ 14,5 ʤ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʮʝʥʦʢ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʷʜʳ ʚʦʩʪʦʯʥʦʡ u  ʠ 

ʩʝʚʝʨʥʦʡ v  ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 2,6 ʤ ʠ 7,6 ʤ, 

ʫʩʨʝʜʥʝʥʥʳʝ ʨʘʟ ʚ ʧʦʣʯʘʩʘ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʨʠʦʜʦʛʨʘʤʤ ʋʵʣʯʘ [146] ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ (ʍʵʤʤʠʥʛʘ, ʍʘʥʥʘ, ɹʣʵʢʤʝʥʘ-ʍʘʨʨʠʩʘ, ʂʘʡ-

ʟʝʨʘ). ɼʣʠʥʘ ʦʢʥʘ ʚʳʙʠʨʘʣʘʩʴ ʪʘʢ, ʯʪʦʙʳ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʩʠʛʥʘʣ 

ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ 8 ʬʨʘʛʤʝʥʪʦʚ. ʇʝʨʝʢʨʳʪʠʝ ʟʘʜʘʚʘʣʦʩʴ ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʜʣʠʥʝ 

ʦʢʥʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱ-

ʥʦʩʪʠ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʜʦʙʨʦʪʥʦʩʪʴ ʜʘʥʥʦʡ 

ʦʮʝʥʢʠ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱ-

ʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ u  ʠ v  ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʢʥʦ ɹʣʵʢʤʝʥʘ-ʍʘʨ-

ʨʠʩʘ. ɻʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʮʝʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʝ ʥʘ 

ʨʠʩʫʥʢʘʭ 2.5.1 ʠ 2.5.2. 

2014 2015 

  

ʈʠʩʫʥʦʢ 2.5.1 ï ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʜʣʷ ʚʦʩʪʦʯʥʦʡ (ʯʝʨʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʩʝʚʝʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʢʦʨʦʩʪʠ (ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʛʣʫʙʠʥʘ 7,6 ʤ, ADCP 600 kHz 
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2014 2015 

  

ʈʠʩʫʥʦʢ 2.5.2 ï ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʜʣʷ ʚʦʩʪʦʯʥʦʡ (ʯʝʨʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ) ʠ ʩʝʚʝʨʥʦʡ 

ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ (ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ), ʛʣʫʙʠʥʘ 7,6 ʤ, ADCP 1200 kHz 

 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʦʮʝʥʢʠ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ROMS ʜʣʷ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʩ 13.07.2018 ʧʦ 

31.07.2018, ʙʳʣʠ ʪʘʢʞʝ ʥʘʡʜʝʥʳ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʝʨʠʦʜʦʛʨʘʤʤ ʋʵʣʯʘ 

(ʨʠʩʫʥʦʢ 2.5.3).  

  

ʈʠʩʫʥʦʢ 2.5.3 ï ʉʧʝʢʪʨʳ ʤʦʱʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ROMS ʜʣʷ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ ʩ 

13.07.2018 ʧʦ 31.07.2018. ɺʦʩʪʦʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʢʦʨʦʩʪʠ ï ʯʝʨʥʘʷ ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ, 

ʩʝʚʝʨʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ï ʢʨʘʩʥʘʷ ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, ʛʣʫʙʠʥʘ 7,6 ʤ 

 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʚʦʣʥʘ ʩ ʧʝʨʠʦʜʦʤ º7 ʯʘʩʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʩʢʦʨʦʩʪʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. 
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ɿʠʤʦʡ 2014ï2015 ʛʛ. ʚʧʝʨʚʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ ʣʝʪ ʥʘʙʣʶʜʘʣʦʩʴ ʷʚʣʝʥʠʝ ʧʦʣ-

ʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʳ, ʯʪʦ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʠʟʤʝʨʝʥʠʷʤʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ (ʧʦ ʬʣʫʦʨʝʩʮʝʥʪʥʦʤʫ ʩʠʛʥʘʣʫ 

ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʧʦʛʣʦʱʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʭʣʦʨʦʬʠʣʣʘ) ʧʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠ-

ʯʠʷ ʤʝʞʜʫ ʠʟʤʝʨʝʥʠʷʤʠ 2014 ʠ 2015 ʛʦʜʦʚ. ɺ 2014 ʛʦʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʠʪʦʧʣʘʥʢ-

ʪʦʥʘ ʙʳʣʦ ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʧʨʝʜʳʜʫʱʠʝ ʛʦʜʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʤʠʢʨʦʚʦʜʦʨʦʩʣʝʡ ʚ ʛʠʧʦʣʠʤʥʠʦʥʝ (ʩʣʦʡ ʚʦʜʥʦʡ ʪʦʣʱʠ ʥʠʞʝ ʪʝʨʤʦʢʣʠʥʘ) 

(Gaevskyetal, 2002). ʆʜʥʘʢʦ ʚ 2015 ʛʦʜʫ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʠʛʥʘʣ ʚ ʵʧʠ- ʠ ʤʝʪʘʣʠ-

ʤʠʥʦʥʝ (ʩʣʦʡ ʚʦʜʥʦʡ ʪʦʣʱʠ ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʣʝʪʦʤ ʨʝʟʢʦ ʧʘʜʘʝʪ) 

ʙʳʣ ʩʦʧʦʩʪʘʚʠʤ ʩ ʩʠʛʥʘʣʦʤ ʛʠʧʦʣʠʤʥʠʦʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʟʝʨʘ (ʨʠʩʫʥʦʢ 

2.5.4). 

 

ʈʠʩʫʥʦʢ 2.5.4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʟʝʨʝ ʐʠʨʘ ʚ 2014 ʛ. ʠ 

2015 ʛ. ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ʧʦʛʣʦʱʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʭʣʦʨʦʬʠʣʣʘ çʘè. ʉʠʛʥʘʣ ʥʦʨʤʠʨʦʚʘʥ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ʈʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ ʩ.ʥ.ʩ. ʀɹʌ ʉʆ ʈɸʅ ʊʦʣʦʤʝʝʚʳʤ ɸ.ʇ. 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ Gammarus lacustris (ʩʝʤʝʡʩʪʚʦ ʚʳʩʰʠʭ ʨʘʢʦʚ) ʚ 

2014 ʠ 2015 ʛʦʜʘʭ ʠʤʝʣʠ ʢʘʨʜʠʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ (ʨʠʩʫʥʦʢ 2.5.5). 

нлмп͎ нлмр͎
̑͗ͤ·͚ ͔͔͎͋ͪ ό͎ͯͦ͡ ͯͦͤ͊͟͡ ͒ͤ͊ сϲύ˿͔͍͔ͪͦπ͍ͦͫͭͦ;ͤ·͚ ͔͔͎͋ͪ ό͎ͯͦ͡ ͯͦͤ͊͟͡ ͒ͤ͊ лΦтϲύ̑͗ͤ·͚ ͔͔͎͋ͪ ό͎ͯͦ͡ ͯͦͤ͊͟͡ ͒ͤ͊ сϲύ˿͔͍͔ͪͦπ͍ͦͫͭͦ;ͤ·͚ ͔͔͎͋ͪ ό͎ͯͦ͡ ͯͦͤ͊͟͡ ͒ͤ͊ лΦтϲύ

˾͊ͫͫͭͦΎ͙͔ͤ ͦͭ ͔͔͎͋ͪ͊Σ ͣ ˾͊ͫͫͭͦΎ͙͔ͤ ͦͭ ͔͔͎͋ͪ͊Σ ͣ

3 16 38 70 87 184 864 1518 1230 860 589 362 180 96 31 3 16 38 70 87 184 864 1518 1230 860 589 362 180 96 31

˥͙ͯ͋ͤ͊͡ ͫͭ͊ͤͼ͙͙Σ ͣ ˥͙ͯ͋ͤ͊͡ ͫͭ͊ͤͼ͙͙Σ ͣ

1.5 3.5 5.5 7.5 9.5 12.5 15.5 15.5 12.5 9.5 7.5 5.5 3.5 1.5 1 1.5 3.5 5.5 7.5 9.5 12.5 15.5 15.5 12.5 9.5 7.5 5.5 3.5 1.5 1
0

1

2

3

4

5

6 % %

7 100.0 100.0

8 87.5 87.5

9 75.0 75.0

10 62.5 62.5

11 50.0 50.0

12 37.5 37.5

13 25.0 25.0

14 12.5 12.5

15 0.0 0.0

16
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˥
͡
ͯ
͋
͙
ͤ
͊
Σ
 
ͣ
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ʈʠʩʫʥʦʢ 2.5.5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ Gammarus lacustris (ʵʢʟ./ʤ3) ʚ ʪʦʣʱʝ ʚʦʜʳ 

ʦʟʝʨʘ ʐʠʨʘ ʫ ʶʞʥʦʛʦ (S) ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ (NE) ʙʝʨʝʛʘ 19.07.2014 ʠ 13.07.2015. 

ʈʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ ʩ.ʥ.ʩ. ʀɹʌ ʉʆ ʈɸʅ ʊʦʣʦʤʝʝʚʳʤ ɸ.ʇ. 

 

ɽʩʣʠ ʚ 2014 ʛʦʜʫ Gammarus lacustris ʧʨʝʦʙʣʘʜʘʣ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʠ ʥʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʣʩʷ ʛʣʫʙʞʝ 8 ʤ, ʪʦ ʚ 2015 ʛʦʜʫ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʩʢʦʧʣʝ-

ʥʠʡ Gammarus lacustris ʚ ʟʦʥʘʭ ʙʝʨʝʛʦʚʦʛʦ ʧʨʠʤʳʢʘʥʠʷ ʪʝʨʤʦʢʣʠʥʘ. ʇʨʠʜʦʥʥʘʷ 

ʟʦʥʘ ʦʙʠʪʘʥʠʷ Gammarus lacustris ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ ʛʣʫʙʠʥʳ 18 ʤ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʵʥʝʨʛʦʥʝʩʫʱʠʝ ʤʘʢʩʠʤʫʤʳ ʚʦʩʪʦʯʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʯʝ-

ʥʠʷ ʚ 2015 ʛʦʜʫ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2014 ʛʦʜʦʤ ʠ ʩʦʩʪʘʚ-

ʣʷʶʪ ʧʨʠʤʝʨʥʦ ï 21, 11, 7 ʯʘʩʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨʳ ʪʝʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʫʩʪʦʡ-

ʯʠʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʟʝʨʘ. 

ʅʝ ʠʟʤʝʥʠʣʠʩʴ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ: ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʣʫʙʠʥʳ ʦʥʠ ʤʝʥʷʣʠʩʴ ʦʪ 2,15 ʜʦ 4,24 ʩʤ/c (ʩʤ. ʊʘʙʣʠʮ r3ï4 ɻʣʘʚʳ 3). 

 

2.6. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ɻʣʘʚʝ 2 

1. ʇʨʦʚʝʜʝʥʘ ʧʦʣʥʘʷ ʘʜʘʧʪʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ROMS ʢ ʨʘʩʯʝʪʫ ʪʝʯʝ-

ʥʠʡ ʚ ʦʟʝʨʝ ʐʠʨʘ. 

2. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʙʘʪʠʤʝʪʨʠʠ ʜʥʘ ʧʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʨʘʟʙʨʦʩʘʥʥʳʤ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʛʣʫʙʠʥ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 
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ʙʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʧʣʘʡʥ-ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪ-

ʢʦʡ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʥʳʭ ʛʣʫʙʠʥ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʥʝʧʨʝ-

ʨʳʚʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʝ ʧʦʣʝ.  

3. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʥʦʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝ-

ʥʦʩʘ-ʜʠʬʬʫʟʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ROMS, ʧʦʢʘʟʘʚʰʠʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʘʟ-

ʥʦʩʪʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʯʣʝʥʦʚ ʘʜʚʝʢʮʠʠ.  

4. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʚʝʪʨʘ ʠ ʨʘʩʯʝʪʳ ʩ ʫʯʝʪʦʤ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʟʘ ʚʝʩʴ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʘ ʧʦʷʚʣʷʶʱʠʭʩʷ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʦʪ 

ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜ rʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝ-

ʯʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ. 

5. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ, ʧʦʢʘʟʘʚʰʠʝ 

ʥʘʣʠʯʠʝ ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʦʪ ʚ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʚ ʨʝʟʫʣʴ-

ʪʘʪʘʭ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ. ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʠʟʤʝʨʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʪʝʯʝʥʠʷ ʚ ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ 2014 ʠ ʚ 2015 ʛʦʜʦʚ ï ʜʦ ʠ ʧʦʩʣʝ ʧʦʪʝʨʠ ʦʟʝ-

ʨʦʤ ʩʚʦʡʩʪʚʘ ʤʝʨʦʤʠʢʪʠʯʥʦʩʪʠ ï ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʧʝʢʪʨʳ ʷʚʣʷʶʪʩʷ 

ʫʩʪʦʡʯʠʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʦʟʝʨʘ. 
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ɻʃɸɺɸ 3. ɸʅɸʃʀɿ ɼɸʅʅʓʍ ʅɸʊʋʈʅʓʍ ʀɿʄɽʈɽʅʀʁ 

ɺ ʆɿɽʈɽ ʐʀʈɸ ʄɽʊʆɼʆʄ ʕʄʇʀʈʀʏɽʉʂʀʍ 

ʆʈʊʆɻʆʅɸʃʔʅʓʍ ʌʋʅʂʎʀʁ 

ʀʥʪʝʥcʠʚʥʦʝ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʪʝʯʝʥʠʡ ʚ ʟʘʤʢʥʫʪʳʭ ʚʦʜʦʝʤʘʭ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʪʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ ʠ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. 

ɺ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚ ʀʥʩʪʠʪʫʪʝ ʙʠʦʬʠʟʠʢʠ ʉʆ ʈɸʅ ʥʘ ʙʘʟʝ 

ʥʘʫʯʥʦʛʦ ʩʪʘʮʠʦʥʘʨʘ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ʐʠʨʘ. ʇʨʠ ʵʪʦʤ 

ʜʘʥʥʳʭ ʦ ʭʘʨʘʢʪʝʨʝ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ. ɺʧʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʪʦʣʴʢʦ ʚ 2009 ʛʦʜʫ [43] ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʉʆ ʈɸʅ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʨʝʛʫʣʷʨʥʦ [45, 117, 11, 39, 85, 141]. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʦʧʣʝʨʦʚʩʢʠʭ 

ʧʨʦʬʠʣʦʛʨʘʬʦʚ ʪʝʯʝʥʠʡ (ADCP 600 kHz ʠ 1200 kHz), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ 

ʪʨʝʭʤʝʨʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʜʦʣʴ ʚʩʝʛʦ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʦʢʝʘʥʘʭ, ʤʦʨʷʭ, ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ [32, 118]. 

ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ (ʚ ʪʝʯʝʥʠʝ 1,5 ʤʝʩʷʮʝʚ) ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2014ï2015 ʛʛ., ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʚʳʙʨʘʥʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʢʘʭ. 

ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʠ ʚʠʜ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʦʟʝʨʝ ʐʠʨʘ. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 2013ï2015 ʛʛ., ʧʦʟʚʦʣʠʣʠ 

ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʝʨʠʦʜ rʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʚ ʦʟʝʨʝ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʩʠʣʫ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʘ ʪʝʯʝʥʠʷ. 
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ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʘʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ (ʕʆʌ). ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʠʪʴ ʜʘʥʥʳʝ, 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʡ ʩʫʤʤʳ ʩʣʘʛʘʝʤʳʭ 

ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʠʤ ʩʣʘʛʘʝʤʳʤ ʫʜʘʝʪʩʷ ʧʨʠʜʘʪʴ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʙʲʷʩʥʠʪʴ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩʳ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʪʦʜʘ ʕʆʌ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʰʣʦʤʫ ʚʝʢʫ [109, 57, 144, 

94, 115, 65]. ɼʚʘ ʦʙʟʦʨʘ [115, 87] ʦʧʨʝʜʝʣʷʶʪ ʤʝʩʪʦ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ 

ʩʠʩʪʝʤʝ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʝʨʚʦʡ ʩʪʘʪʴʝʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʷʪʴ ʨʘʟʣʦʞʝʥʠʝ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʣʘʛʘʝʤʳʭ ʢ ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʩʯʠʪʘʝʪʩʷ ʩʪʘʪʴʷ 

E. N. Lorenz [109]. ɺ ʩʪʘʪʴʝ J. M. Wallace [144] ʧʨʠʚʦʜʠʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦ-

ʚʘʥʠʝ ʤʝʪʦʜʘ ʕʆʌ, ʘ ʚ [143] ʘʚʪʦʨʳ ʧʨʠʤʝʥʷʶʪ ʵʪʦʪ ʤʝʪʦʜ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʪʨʦʧʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ ʨʘʙʦʪʝ J. C. Alishouse [65] ʤʝʪʦʜ ʕʆʌ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʝʪʦʜʘ ʕʆʌ (J. M. Kaihatu, [94]), ʦʥ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʢ 

ʘʥʘʣʠʟʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ. ʉʪʘʪʴʠ [99, 112] ʧʦʩʚʷʱʝʥʳ ʧʨʠʤʝʥʝʥʠʶ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʪʝʯʝʥʠʡ ʫ ʧʦʙʝʨʝʞʴʷ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʰʪʘʪʘ ʉʐɸ ʆʨʝʛʦʥ ʠ ʪʝ-

ʯʝʥʠʷʤ ʚ ʟʘʣʠʚʝ ʇʴʶʜʞʝʪ-ʉʘʫʥʜ, ʚ ʨʘʙʦʪʝ [94] ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʪʝʯʝʥʠʡ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʚʙʣʠʟʠ ʤʳʩʘ ʍʘʪʪʝʨʩ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʕʆʌ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

[86, 50, 82, 12], ʚ ʢʦʪʦʨʳʭ ʵʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʠ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ (ʚ ʪʝʯʝʥʠʝ 1,5 ʤʝʩʷʮʝʚ) ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʚ ʦʟʝʨʝ 

ʐʠʨʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2013ï2018 ʛʛ. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠʣʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ [139ï142, 96, 44, 19, 24]. 
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ʇʘʨʘʛʨʘʬ 3.1 ʧʦʩʚʷʱʸʥ ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʦʟʝʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʤʦʱʴʶ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʕʆʌ. ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

(ʚ ʪʝʯʝʥʠʝ 1,5 ʤʝʩʷʮʝʚ) ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʦʛʦ ʚʘʨʠ-

ʘʥʪʘ ʤʝʪʦʜʘ ʕʆʌ, ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʦʙʤʝʥʘ. 

 

3.1. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ɺ ʥʘʩʪʦʷʱʝʤ ʧʘʨʘʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ (ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ 1,5 ʤʝʩʷʮʝʚ) ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠ-

ʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʜʝʡʩʪʚʠʪʝʣʴʥʦʟʥʘʯʥʦʛʦ ʤʝʪʦʜʘ ʕʆʌ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥ-

ʥʳʭ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʧʦ ʛʣʫʙʠʥʝ, ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

3.1.1. ʅʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʟʝʨʝ ʐʠʨʘ 

ʀʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʟʝʨʝ ʐʠʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2009ï

2018 ʛʛ. ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ (ʦʜʥʦʤʦʤʝʥʪʥʳʝ ʠʟʤʝʨʝʥʠʷ) ʠ ʪʝʨʤʠʩʪʦʨʥʳʭ ʜʘʪʯʠʢʦʚ 

(ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ) ʥʘ 5ï10 ʩʪʘʥʮʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʦʟʝʨʘ (ʨʠʩʫʥʦʢ 3.1.1). ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

(1ï1,5 ʤʝʩʷʮʘ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2013 ï 2015 ʛʛ. 

 

ʈʠʩʫʥʦʢ 3.1.1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʣʝʚʘ ʚ 2013-2015 ʛʛ. 

(ʨʠʩʫʥʦʢ ʧʨʝʜʦʩʪʘʚʣʝʥ ʩ.ʥ.ʩ. ʀʥʩʪʠʪʫʪʘ ʙʠʦʬʠʟʠʢʠ ʉʆ ʈɸʅ ʢ.ʙ.ʥ. ɸ. ʇ. ʊʦʣʦʤʝʝʚʳʤ), 

ʩʧʨʘʚʘ ï 2018 ʛ. 

 

ɸʚʪʦʥʦʤʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʘʪʯʠʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʪʝʨʤʦʧʣʝʪʷʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʧʨʠʤʝʨʥʦ 0,5ï1,5 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʠʟʤʝʨʷʣʠ ʩ ʯʘʩʪʦʪʦʡ 30 ʩʝʢʫʥʜ ʠ 
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ʪʦʯʥʦʩʪʴʶ 0,5 ʉ̄ ʚ 2013 ʠ 2014 ʛʦʜʘʭ ʠ ʩ ʪʦʯʥʦʩʪʴʶ 0,1 ʉ̄ ʚ 2015 ʠ 2018 ʛʦʜʘʭ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 23ï31 ʛʦʨʠʟʦʥʪʘʭ ʧʦ ʛʣʫʙʠʥʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʘʝʤ ʜʘʥʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʟʘʧʠʩʘʥʳ ʢʦʦʨʜʠʥʘʪʳ 

ʤʝʩʪʘ ʠʟʤʝʨʝʥʠʷ, ʛʣʫʙʠʥʘ ʛʦʨʠʟʦʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ, ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩʫʥʦʢ 3.1.2).  

 

ʈʠʩʫʥʦʢ 3.1.2 ï ʇʨʠʤʝʨ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʧʦ 

ʛʣʫʙʠʥʝ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʪʦʯʢʝ ʊ3, 2015 ʛ. 

 

3.1.2. ɸʥʘʣʠʟ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʦʜʦʤ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʜʘʥʥʳʝ ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ( ), ,i kT z t  ʛʜʝ ( 1,..., )iz i N=  ʠ ( )1,...,kt k K=  ï ʧʝʨʝʤʝʥʥʳʝ ʧʦ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʚʫʭ ʩʦʤʥʦʞʠʪʝʣʝʡ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, ʘ ʚʪʦʨʦʡ ï 

ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʘ [50, 82, 12, 80].  

ʉʪʘʥʜʘʨʪʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ  

( ) ( )( )
1

1
,z , , ,

K

i j i k j k

k

R z T z t T z t
K =

= ä
 

ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʨʘʚʝʥʩʪʚʘ ʥʘʭʦʜʷʪʩʷ ʝʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ( )n izj  ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ 
nl 

( ) () ( )
1

,z ,   1... .
N
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R z z z n Nf lf
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ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ 

() ()
1

,
N

n i m i nm

i

z zf f d
=

=ä
 

ʛʜʝ 
nmd  ï ʩʠʤʚʦʣ ʂʨʦʥʝʢʢʝʨʘ. ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

nl ï ʚʝʱʝʩʪʚʝʥʥʳʝ ʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʝ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ 
nj  ʥʘʟʳʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʠʣʠ ʤʦʜʘʤʠ. ɿʘʧʠʰʝʤ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ( ),i kT z t  ʯʝʨʝʟ ʵʪʠ ʤʦʜʳ 

( ) () ()
1

, ,
N

i k n k n i

n

T z t E t zf
=

=ä
 

ʪʦʛʜʘ ʤʦʜʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ()n kE t , ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦ 

ʚʨʝʤʝʥʠ, ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

() ()( )
1

, ,
N

n k n i i k

i

E t z T z tf
=

=ä
 

() () .

1

1 K

n k m k n nm

k

E t E t
K

ld
=

=ä
 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ, ʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ 

ʧʦ ʚʨʝʤʝʥʠ ʚ ʨʘʟʥʳʭ ʤʦʜʘʭ. ʉʫʤʤʘ ʚʩʝʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʚʥʘ ʦʙʱʝʡ 

ʜʠʩʧʝʨʩʠʠ: 

( )( ) () ()
1 1 1 1 1

1 1
, , .

K N K N N

i k i k n k n k nk i k n n
T z t T z t E t E t

K K
l
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ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʮʠʡ 

ʩʦʭʨʘʥʷʶʪʩʷ ʪʦʣʴʢʦ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʩʣʘʛʘʝʤʳʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʯʘʩʪʴ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʵʢʦʥʦʤʠʠ ʧʘʤʷʪʠ ʠ ʫʚʝʣʝʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʘʩʯʝʪʦʚ.  

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ 

ʚʨʝʤʝʥʝʤ. ʅʘ ʨʠʩʫʥʢʝ 3.1.3 ʠʟʦʙʨʘʞʝʥʳ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʤʦʜʳ ʠ ʥʘʢʦʧʣʝʥʥʘʷ ʜʦʣʷ 

ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʚʩʝʭ ʤʦʜ. 
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 ʘ        ʙ   

ʈʠʩʫʥʦʢ 3.1.3 ï ʊʦʯʢʘ ʊ1, ʘ ï ʥʘʢʦʧʣʝʥʥʘʷ ʜʦʣʷ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ, ʙ ï ʧʝʨʚʳʝ 

ʯʝʪʳʨʝ ʤʦʜʳ 

 

ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʤʦʜʳ ʩʦʜʝʨʞʘʪ 86% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ (ʨʠʩʫʥʦʢ 3.1.3, ʘ) ʠ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʤʦʜ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʮʝʣʦʤ ʧʦʚʝʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʨʠʩʫʥʦʢ 3.1.4, ʘ). 

 

 ʘ        ʙ   

ʈʠʩʫʥʦʢ 3.1.4 ï ʏʝʪʳʨʝ ʧʝʨʚʳʝ ʤʦʜʳ ʟʘ ʧʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ 01.07.2015ï01.08.2015 ʠ 

ʛʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 01.07.2015 (ʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʚʳʤ ʯʝʪʳʨʝʤ ʤʦʜʘʤ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ()n kE t  (ʙ) 
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ʇʦʚʝʜʝʥʠʝ ʤʦʜʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (),  1,2,3,4n kE t n=  ʧʦʢʘʟʘʥʦ ʥʘ ʨʠ-

ʩʫʥʢʝ 3.1.3, ʙ. ʇʝʨʚʘʷ ʤʦʜʘ ʧʦʣʦʞʠʪʝʣʴʥʘ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ (ʨʠʩʫʥʦʢ 3.1.3), 

ʚʦʟʨʘʩʪʘʥʠʝ ʧʝʨʚʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʢʦʵʬʬʮʠʝʥʪʘ ()1 kE t  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʪʥʝʤʫ 

ʥʘʛʨʝʚʘʥʠʶ, ʘ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʧʝʨʠʦʜ 8ï11 ʠʶʣʷ 2015 ʛ. ʠʣʣʶʩʪʨʫʶʪ 

ʧʨʦʭʦʞʜʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ.  

ʇʦ ʛʨʘʬʠʢʫ ʠʟʦʪʝʨʤ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ ʵʪʦʪ ʧʝʨʠʦʜ (ʨʠʩʫʥʦʢ 2.4.9 ʚ ɻʣʘʚʝ 2), 

ʚʠʜʥʦ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʠʟʦʪʝʨʤ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʚʦʣʥʳ ʜʦʩʪʠʛʘʶʪ 

5 ʤ, ʘ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 7ï9 ʯʘʩʦʚ.  

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʝʨʚʳʭ ʤʦʜ ʜʣʷ ʩʝʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʝʢ 

ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 3.1.5). 

 

 ʈʠʩʫʥʦʢ 3.1.5 ï ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʤʦʜʳ ʜʣʷ ʩʝʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ 01.07.2015ï01.08.2015 

 

ʇʦ ʨʠʩʫʥʢʫ 3.1.5 ʚʠʜʥʦ, ʯʪʦ ʧʝʨʚʳʝ ʯʝʪʳʨʝ ʤʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ 85 % ʦʙʱʝʡ 

ʜʠʩʧʝʨʩʠʠ, ʜʣʷ ʩʝʤʠ ʨʘʟʣʠʯʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳ ʠ 

ʩʦʚʧʘʜʘʶʪ ʥʠʞʝ ʛʣʫʙʠʥʳ 8 ʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʜʦʣʴ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʣʫʙʠʥʝ, ʠʤʝʶʪ 

ʦʜʥʦʪʠʧʥʳʡ ʭʘʨʘʢʪʝʨ. 

3.1.3. ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʙʳʣ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥ ʢ ʜʘʥʥʳʤ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 27.06.2015ï01.08.2015 ʚ ʧʝʨʚʳʭ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʯʢʘʭ. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʦʡ ʤʦʜʳ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ 96 % 

ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1.6. 
  

ʈʠʩʫʥʦʢ 3.1.6 ï ʇʝʨʚʘʷ ʤʦʜʘ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ï ʩʣʝʚʘ, ʥʘʢʦʧʣʝʥʥʘʷ ʜʦʣʷ 

ʦʪ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ï ʩʧʨʘʚʘ 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʟʘʤʝʪʠʪʤ, ʯʪʦ ʧʝʨʚʘʷ ʤʦʜʘ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ [80] ʩʦʜʝʨʞʠʪ 80 % ʦʙʱʝʡ 

ʜʠʩʧʝʨʩʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʝʪʦʜʦʤ ʕʆʌ ʚ 2013, 

2015, 2018 ʛʛ. ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʠ ʧʝʨʚʦʛʦ ʤʦʜʘʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ (ʨʠʩʫʥʦʢ 3.1.7 ï ʨʠʩʫʥʦʢ 3.1.9). 

 

ʘ                  ʙ    

ʈʠʩʫʥʦʢ 3.1.7 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ T  ʠ ʧʝʨʚʳʡ ʤʦʜʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ()1 ,kE t  

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʩʚʦʠʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ, ʠʶʣʴ 2013 (ʘ), ʚʢʣʘʜ ʚ ʦʙʱʫʶ 

ʜʠʩʧʝʨʩʠʶ (ʙ). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ   0,74,r =  ʩʦ ʩʜʚʠʛʦʤ ʥʘ 1,5 ʯʘʩʘ   0,74,r =  

ʥʘ 3 ʯʘʩʘ   0,75r =  
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ʘ                  ʙ    

ʈʠʩʫʥʦʢ 3.1.8 ïʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ T  ʠ ʧʝʨʚʳʡ ʤʦʜʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ()1 ,kE t  

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʩʚʦʠʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ, ʠʶʣʴ 2015 ʛ. (ʘ), ʚʢʣʘʜ ʚ ʦʙʱʫʶ 

ʜʠʩʧʝʨʩʠʶ (ʙ). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ   0,70,r =  ʩʦ ʩʜʚʠʛʦʤ ʥʘ 1,5 ʯʘʩʘ   0,74,r =  ʩʦ 

ʩʜʚʠʛʦʤ ʥʘ 3 ʯʘʩʘ   0,73r =  

 

 

ʘ                  ʙ    

ʈʠʩʫʥʦʢ 3.1.9 ï ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ T  ʠ ʧʝʨʚʳʡ ʤʦʜʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ()1 ,kE t  

ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢ ʩʚʦʠʤ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ, ʠʶʥʴ 2018 ʛ. (ʘ), ʚʢʣʘʜ  ʚ ʦʙʱʫʶ 

ʜʠʩʧʝʨʩʠʶ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ   0,91,r =  ʩʦ ʩʜʚʠʛʦʤ ʥʘ 1,5 ʯʘʩʘ   0,96,r =   

ʥʘ 3 ʯʘʩʘ   0,92r =  (ʙ) 

 

ʅʘ ʥʘʛʨʝʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʜʳ ʚ ʦʟʝʨʝ ʚʣʠʷʶʪ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʠ ʜʣʠʥʦʚʦʣʥʦʚʘʷ ʨʘʜʠʘʮʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʦʙʣʘʯʥʦʩʪʴ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʜʳ ʠ 

ʦʜʥʠʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ï ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʜʣʠʪʝʣʴʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ (2013, 2015, 2018 ʛʛ.) ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʧʝʨʚʳʤ ʤʦʜʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʷʜ ʧʦ ʵʤʧʠʨʠʯʝʩʢʠʤ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʚʦʟʜʫʭʘ. 

 

3.2. ɸʥʘʣʠʟ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ɺ ʧʘʨʘʛʨʘʬʝ 3.2 ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚ 

ʦʟʝʨʝ ʐʠʨʘ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʜʦʧʣʝʨʦʚʩʢʠʤʠ ʧʨʦʬʠʣʦʛʨʘʬʘʤʠ ʪʝʯʝʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʣʣʝʛʘʤʠ ʠʟ ʀɺʄ ʉʆ ʈɸʅ ʠ ʀɹʌ ʉʆ ʈɸʅ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʷ ʤʝʪʦʜʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

3.2.1. ʅʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʦʟʝʨʝ ʐʠʨʘ 

ɺ 2014ï2015 ʛʛ. ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʯʝʪʳʨʝ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷ (ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1ï1,5 ʤʝʩʷʮʘ) ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʦʟʝʨʝ ʐʠʨʘ. ɼʘʥʥʳʝ ʦ ʚʦʩʪʦʯ-

ʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʳʚʘʣʠʩʴ ʩ ʧʝʨʠʦʜʦʤ 2 ʤʠʥʫʪʳ. 

ʊʘʙʣʠʮʘ 3 ï ɼʦʣʛʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʦʟʝʨʝ ʐʠʨʘ 

ʀʟʤʝʨʝʥʠʝ ʇʨʠʙʦʨ ʇʝʨʠʦʜ ʠʟʤʝʨʝʥʠʡ 

 1  ADCP 600 ʢɻʮ  17.06.2014 ï 30.07.2014 

2 ADCP 1200 ʢɻʮ  01.07.2014 ï 30.07.2014 

3 ADCP 600 ʢɻʮ  01.07.2015 ï 07.08.2015  

4 ADCP 1200 ʢɻʮ  01.07.2015 ï 07.08.2015 

 

ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʠʙʦʨʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ 1. 

ʀʟʤʝʨʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʜʚʫʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʯʢʘʭ ʛʣʫʙʠʥʘ ʦʟʝʨʘ ʚ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʣʘ 11 ʤ ʠ 14,5 ʤ (ʨʠʩʫʥʦʢ 3.2.1) ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʜʦʧʣʝʨʦʚʩʢʠʤʠ 

ʧʨʦʬʠʣʦʛʨʘʬʘʤʠ ʪʝʯʝʥʠʡ ADCP 600 ʢɻʮ ʠ ADCP 1200 ʢɻʮ ʧʦ ʚʩʝʤʫ ʩʪʦʣʙʫ ʞʠʜ-

ʢʦʩʪʠ, ʥʘʯʠʥʘʷ ʩ ʛʣʫʙʠʥʳ 12,6 ʤ ʠ 10,4 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʟʘʢʘʥʯʠʚʘʷ ʥʘ ʛʣʫʙʠʥʝ 

0,6 ʤ. 
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ʈʠʩʫʥʦʢ 3.2.1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʧʨʦʬʠʣʦʛʨʘʬʦʚ ADCP 600 ʢɻʮ ʠ ADCP 1200 ʢɻʮ 

ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2014-2015 ʛʛ. ʚ ʦʟʝʨʝ ʐʠʨʘ 

 

3.2.2. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ 

ɼʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʠ ʩʠʣʳ ʚʝʪʨʘ ʧʦʣʫʯʝʥʳ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʧʦʩ. ʐʠʨʘ (12 ʢʤ 

ʦʪ ʦʟʝʨʘ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʩ ʯʘʩʪʦʪʦʡ ʠʟʤʝʨʝʥʠʷ ʦʜʠʥ 

ʨʘʟ ʚ ʪʨʠ ʯʘʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʙʘʟʳ ʀɹʌ 

ʉʆ ʈɸʅ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʙʣʠʟʠ ʦʟʝʨʘ (500 ʤ), ʠʟʤʝʨʷʣʠʩʴ ʢʘʞʜʳʝ 15 ʤʠʥʫʪ. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʝ ʩʠʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʙʘʟʳ ʀɹʌ ʉʆ ʈɸʅ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʨʘʟ ʚ ʪʨʠ ʯʘʩʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.2.2 ʠʟʦʙʨʘʞʝʥʳ ʩʠʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʩ ʤʝʪʝʦ-

ʩʪʘʥʮʠʠ ʧʦʩ. ʐʠʨʘ ʠ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʙʘʟʳ ʀɹʌ ʉʆ ʈɸʅ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦ ʠʟʤʝʨʝʥʠʷʤ ʧʨʠʙʦʨʘʤʠ ADCP 600 ʢɻʮ ʚ ʧʝʨʠʦʜ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʡ ʣʝʪʦʤ 2015 ʛʦʜʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʙʣʠʞʘʡʰʠʭ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʭ. 
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ʈʠʩʫʥʦʢ 3.2.2 ï ʀʛʦʣʴʯʘʪʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʚʝʪʨʘ, ʤ/ʩ ʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, ʩʤ/ʩ 

 ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 2015 ʛ. (ʣʠʩʪ 1 ʠʟ 2) 
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ʈʠʩʫʥʦʢ 3.2.2 (ʣʠʩʪ 2 ʠʟ 2) 

 

ʇʝʨʠʦʜʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʜʘʥʥʳʤ ʩ ʤʝʪʝʦʩʪʘʥ-

ʮʠʠ ʚ ʧʦʩ. ʐʠʨʘ ʠ ʩ ʤʝʪʝʦʩʪʘʥʮʠʠ ʙʘʟʳ ʀɹʌ ʉʆ ʈɸʅ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʥʳ, ʥʦ ʯʪʦ 

ʢʘʩʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʦ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʣʝʛʯʝ ʠʥʪʝʨ-

ʧʨʝʪʠʨʦʚʘʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʩ ʤʝʪʝʦʩʪʘʥ-

ʮʠʠ ʙʘʟʳ ʀɹʌ ʉʆ ʈɸʅ. ɺ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʚʝʪʨʘ ï ʩʝʚʝʨʥʦʝ, ʧʦʪʦʤ ï ʶʞʥʦʝ, ʧʦʪʦʤ ï ʦʧʷʪʴ ʩʝʚʝʨʥʦʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʵʪʠʤ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ ʠ ʪʝʯʝʥʠʝ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ.  

ɺ ʪʘʙʣʠʮʘʭ 4ï5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʧʦ ʥʘʙʣʶ-

ʜʝʥʠʷʤ 2014ï2015 ʛʛ. 

ʊʘʙʣʠʮʘ 4 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ (ʩʤ/ʩ), 2014 ʛ. 

ADCP 1200 ADCP 600 

ɻʣʫʙʠʥʘ, ʤ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦ-

ʜʫʣʷ ʩʢʦʨʦʩʪʠ 

ɻʣʫʙʠʥʘ, ʤ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦ-

ʜʫʣʷ ʩʢʦʨʦʩʪʠ 

9,7 4,1291 12,9 3,03434 

8,95 3,76456 11,9 2,86511 

8,2 3,50519 10,9 2,79824 

7,45 3,34472 9,9 2,71652 

6,7 3,18509 8,9 2,71268 
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5,95 3,23297 7,9 2,71329 

5,2 3,31561 6,9 2,71737 

4,45 3,73625 5,9 2,80538 

3,7 3,77629 4,9 2,9285 

2,95 3,62584 3,9 3,22362 

2,2 3,6123 2,9 3,41053 

 

ʊʘʙʣʠʮʘ 5 ï ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʥʘ ʚʩʝʭ ʛʦʨʠʟʦʥʪʘʭ (ʩʤ/ʩ), 2015 ʛ. 

ADCP 1200 ADCP 600 

ɻʣʫʙʠʥʘ, ʤ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦ-

ʜʫʣʷ ʩʢʦʨʦʩʪʠ 

ɻʣʫʙʠʥʘ, ʤ ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦ-

ʜʫʣʷ ʩʢʦʨʦʩʪʠ 

10,69   4,2402 13,9 3,06704 

9,94   3,90748 12,9  2,96342 

9,19  3,77757 11,9  3,20099 

8,44  3,86449 10,9  3,71576 

7,69  3,91557 9,9  3,98401 

6,94  4,09626 8,9  3,63797 

6,19  3,97926 7,9  3,00625 

5,44  3,64512 6,9  2,72105 

4,69  3,41397 5,9  2,51051 

3,94  3,31413 4,9  2,24005 

3,19  3,3097 3,9  2,14815 

2,44  3,46476 2,9  2,29533 

 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʩʢʦʨʦʩʪʠ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʚ 2014 ʛʦʜʫ ʠ 2015 

ʛʦʜʫ ʭʦʨʦʰʦ ʩʦʛʣʘʩʦʚʘʥʳ ʜʣʷ ʦʜʠʥʘʢʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦ ʛʣʫʙʠʥʝ. 

3.2.3. ɸʥʘʣʠʟ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʤ 

ʤʝʪʦʜʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ 

ʊʝʯʝʥʠʷ ʚ ʦʟʝʨʝ ʠʤʝʶʪ ʙʳʩʪʨʦʤʝʥʷʶʱʠʡʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ 

(ʨʠʩʫʥʦʢ 3.2.2). 
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ʈʠʩʫʥʦʢ 3.2.3 ï ɻʦʜʦʛʨʘʬʳ ʩʢʦʨʦʩʪʠ (ʤʤ\ʩ), ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʥʘʪʫʨʥʳʤ ʠʟʤʝʨʝʥʠʷʤ 

ʩʢʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚ ʦʟ. ʐʠʨʘ 13.07.2015 07:33-07:36. ʂʨʘʩʥʳʤ ʢʨʫʞʢʦʤ ʦʙʦʟʥʘʯʝʥʘ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʦʯʢʘ ʥʘ ʛʣʫʙʠʥʝ 0,5 ʤ 

 

ɺ ʨʘʙʦʪʝ J. M. Kaihatu [94] ʜʝʡʩʪʚʠʪʝʣʴʥʦʟʥʘʯʥʳʡ ʤʝʪʦʜ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʦʙʦʙʱʘʝʪʩʷ ʥʘ ʩʣʫʯʘʡ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ, ʟʘʧʠʩʘʥʥʳʝ ʚ ʚʠʜʝ 

( ) ( ) ( )w , , , ,i k i k i kx t u x t iv x t= +  

ʛʜʝ u  ï ʚʦʩʪʦʯʥʘʷ, v  ï ʩʝʚʝʨʥʘʷ ʢʦʤʧʦʥʝʥʪʳ ʩʢʦʨʦʩʪʠ, ʘ ( )1,...,ix i N=  ʠ

( )1,...,kt k K=  ï ʧʝʨʝʤʝʥʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢ-

ʮʠʡ (ʂʕʆʌ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʘʷ ʤʘʪʨʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷ-

ʮʠʠ 

( ) ( )( )*

1

1
, w , w ,

K

i j i k j k

k

R x x x t x t
K =

= ä
 

ʠ ʥʘʭʦʜʷʪʩʷ ʝʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ()n ixj , ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
nl ʠʟ ʨʘʚʝʥʩʪʚʘ 

( ) () ( )
1

, ,   1... .
N

i j n i n n j

i

R x x x x n Nf lf
=

= =ä
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ʊʘʢ ʢʘʢ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʷʚʣʷʝʪʩʷ ʵʨʤʠʪʦʚʦʡ, ʪʦ ( ) ( )*, ,i j j iR x x R x x=  

ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʦʨʪʦʛʦʥʘʣʴʥʦ-

ʩʪʠ 

() ()*

1

,
N

n i m i nm

i

x xj j d
=

=ä
  

ʧʨʠ ʵʪʦʤ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
nl ï ʚʝʱʝʩʪʚʝʥʥʳʝ.  

ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʨʘʚʝʥʩʪʚʦ ʐʚʘʨʮʘ  

( )( ) ( )( )*, , , , ,i i i i j i i jR x x R x x R x x R x x²  

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
nl ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ. 

ʉʦʙʩʪʚʝʥʥʳʝ ʚʝʢʪʦʨʳ ()n ixj  ʤʦʛʫʪ ʙʳʪʴ ʥʘʟʚʘʥʳ çʢʦʤʧʣʝʢʩʥʳʤʠ ʵʤʧʠʨʠ-

ʯʝʩʢʠʤʠ ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʤʦʜʘʤʠè. ɿʘʧʠʰʝʤ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ( )w ,i kx t  ʯʝ-

ʨʝʟ ʵʪʠ ʤʦʜʳ 

( ) () ()
1

w , ,
N

i k n k n i

n

x t E t xf
=

=ä
 

ʪʦʛʜʘ ʢʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ()n kE t  ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

() ()( )*

1

w , ,
N

n k n i i k

i

E t x x tf
=

=ä
 

() ()*

.

1

1 K

n k m k n nm

k

E t E t
K

ld
=

=ä
  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʥʝ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʧʦ ʚʨʝʤʝʥʠ 

ʚ ʨʘʟʥʳʭ ʤʦʜʘʭ. ʉʫʤʤʘ ʚʩʝʭ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʚʥʘ ʦʙʱʝʡ ʵʥʝʨʛʠʠ:  

( )( ) () ()* *

1 1 1 1 1

1 1
w , w , .

K N K N N

i k i k n k n k nk i k i n
x t x t E t E t

K K
l

= = = = =
= =ä ä ä ä ä

 

ʅʘʧʨʠʤʝʨ, ʚ ʪʘʢʦʤ ʚʠʜʝ ʤʝʪʦʜ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʚ ʨʘʙʦʪʝ H. Matsuura [112] ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʟʘʣʠʚʝ 

ʇʴʶʜʞʝʪ-ʉʘʫʥʜ, ʚ ʨʘʙʦʪʘʭ P. Kundu [97ï99] ʚʙʣʠʟʠ ʪʠʭʦʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ 

ʰʪʘʪʘ ʆʨʝʛʦʥ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʢ 

ʘʥʘʣʠʟʫ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ 1 (ʪʘʙʣʠʮʘ 3) ʦʧʨʝʜʝʣʷʝʤ ʧʝʨʚʫʶ ʤʦʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ (ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʳʡ ʚʝʢʪʦʨ, ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʨʝʤʝʥʠ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦ-

ʪʦʨʦʛʦ ʨʘʚʥʘ ʯʠʩʣʫ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ), ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʠʟʤʝʥʝ-

ʥʠʷ ʧʝʨʚʦʡ ʤʦʜʳ ʧʦ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ 3.2.1). 

 

ʈʠʩʫʥʦʢ 3.2.4 ï ʀʟʤʝʨʝʥʠʝ 1 (ʪʘʙʣʠʮʘ 3), ʛʦʜʦʛʨʘʬ ʧʝʨʚʦʡ ʤʦʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ï ʩʣʝʚʘ, ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʚʦʡ ʤʦʜr ʚʦ ʚʨʝʤʝʥʠ ï ʩʧʨʘʚʘ  

 

ɺ ʠʥʪʝʨʧʨʝʪʘʮʠʠ [97] ʧʝʨʚʘʷ ʤʦʜʘ ʚ ʘʥʘʣʠʟʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʝʯʝʥʠʷ ʘʩʩʦʮʠ-

ʠʨʫʝʪʩʷ ʩ ʙʘʨʦʪʨʦʧʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʧʝʨʚʳʡ ʤʦʜʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʦʟʝʨʘ ʐʠʨʘ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʤʦ-

ʜʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (ʨʠʩʫʥʦʢ 3.2.5).  

 

ʈʠʩʫʥʦʢ 3.2.5 ï ɻʦʜʦʛʨʘʬ ʧʝʨʚʦʛʦ ʤʦʜʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 1 

(ʪʘʙʣʠʮʘ 3). ɿʚʝʟʜʦʯʢʦʡ ʦʙʦʟʥʘʯʝʥʦ ʧʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ 

 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʧʝʨʚʦʡ ʤʦʜʦʡ ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʜʣʠ-

ʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʪʘʙʣʠʮʘ 3) ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʣʠ ʦʙʱʝʡ 

ʵʥʝʨʛʠʠ (ʨʠʩʫʥʦʢ 3.2.6).  
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   ʘ           ʙ   

 
    ʚ ʛ  

ʈʠʩʫʥʦʢ 3.2.6 ï ʅʘʢʦʧʣʝʥʥʘʷ ʜʦʣʷ ʦʪ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ:  

ʘ ï ʠʟʤʝʨʝʥʠʝ 1, ʙ ï ʠʟʤʝʨʝʥʠʝ 2, ʚ ï ʠʟʤʝʨʝʥʠʝ 3, ʛ ï ʠʟʤʝʨʝʥʠʝ 4  

 

ʅʘ ʨʠʩʫʥʢʝ 3.2.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʜʦʛʨʘʬʳ ʧʝʨʚʦʡ ʤʦʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦ-

ʨʦʩʪʝʡ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 1ï4 (ʪʘʙʣʠʮʘ 3). 
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ʈʠʩʫʥʦʢ 3.2.7 ï ɻʦʜʦʛʨʘʬʳ ʧʝʨʚʦʡ ʤʦʜʳ ʜʣʷ ʯʝʪʳʨʝʭ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ 1ï4 (ʪʘʙʣʠʮʘ 3) 

 

ɼʣʷ ʚʩʝʭ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʧʦʣʫʯʝʥʳ ʦʜʥʦʪʠʧʥʳʝ ʢʘʨʪʠʥʳ ʧʦ-

ʚʝʜʝʥʠʷ ʧʝʨʚʦʡ ʤʦʜʳ (ʨʠʩʫʥʦʢ 3.2.7) ʘʥʘʣʦʛʠʯʥʳʝ ʩʧʠʨʘʣʷʤ ʚ ʩʣʫʯʘʝ ʦʜʥʦʨʦʜʥʦʡ 

ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 1.4.2, ʚ, ɻʣʘʚʘ 1).  

ʅʘ ʨʠʩʫʥʢʝ 3.2.8 ʧʦʢʘʟʘʥʳ ʛʦʜʦʛʨʘʬʳ ʧʝʨʚʦʡ ʤʦʜʳ ʜʣʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠʟ-

ʤʝʨʝʥʠʷ 1 (ʪʘʙʣʠʮʘ 3) ʠ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʛʦʜʦʛʨʘʬʳ ʜʣʷ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʪʝʯʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠ ʕʢʤʘʥʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʫʥʢʪʝ 1.4.2 ɻʣʘʚʳ 1, ʚ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥ-

ʥʦʛʦ (ʨʠʩʫʥʦʢ 3.2.8, ʘ) ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ (ʨʠʩʫʥʦʢ 3.2.8, ʙ) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʨ-

ʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ. 
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ʈʠʩʫʥʦʢ 3.2.8 ï ɻʦʜʦʛʨʘʬ ʧʝʨʚʦʡ ʤʦʜʳ ʜʣʷ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ï ʯʝʨʥʘʷ ʣʠʥʠʷ, 

ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʛʦʜʦʛʨʘʬ ʩʢʦʨʦʩʪʠ ʜʣʷ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʡ ʪʝʯʝʥʠʷ ï ʩʠʥʷʷ 

ʣʠʥʠʷ: ʘ ï ʩ ʧʦʩʪʦʷʥʥʳʤ 
20,0011 ʤ ʩ,zK =  ʙ ï ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

= ,  0,0616,  1.z

zK eld d l= = ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 0,01 ʤ/ʩbk =  

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʟʝʨʦ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʦ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʠ ʩʦʣʝʥʦʩʪʠ (ʨʠʩʫʥʦʢ ɺ.2), ʧʨʠ ʵʪʦʤ ʚʝʨʭʥʠʡ ʧʝʨʝʤʝʰʘʥʥʳʡ ʩʣʦʡ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʞʠʜʢʦʩʪʴ ʦʜʥʦʨʦʜʥʘʷ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʚ ʵʪʦʤ ʩʣʦʝ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 9 ʤ ʩʨʘʚʥʠʪʴ ʧʝʨʚʫʶ ʤʦʜʫ, ʥʘʡʜʝʥʥʫʶ ʤʝʪʦ-

ʜʦʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʩ ʠʟʚʝʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʜʣʷ ʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʝʨʚʦʡ 

ʤʦʜʳ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʅʘʠʣʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʚ 

ʩʤʳʩʣʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʫʯʝʥʦ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

20,0011 ʤ ʩzK =  ʧʨʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 740,1M =  (ʨʠʩʫʥʦʢ 

3.2.9, ʘ), ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ z

zK e dl-=  ʧʨʠ 0.8,  0.08l d= =  ʠ ʩʨʝʜʥʝʢʚʘʜʨʘ-

ʪʠʯʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 070,M =  (ʨʠʩʫʥʦʢ 3.2.9, ʙ). 
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ʈʠʩʫʥʦʢ 3.2.9 ï ɻʦʜʦʛʨʘʬʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʟʥʘʯʥʦʛʦ ʤʝʪʦʜʘ ʕʆʌ ï 

ʯʝʨʥʘʷ ʣʠʥʠʷ, ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʛʦʜʦʛʨʘʬ ʩʢʦʨʦʩʪʠ ʜʣʷ ʜʨʝʡʬʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʯʝʥʠʷ 

ï ʩʠʥʷʷ ʣʠʥʠʷ: ʘ ï ʩ ʧʦʩʪʦʷʥʥʳʤ 20,0011 ʤ ʩ;zK =  ʙ ï ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

= ,  0,08,  1.z

zK eld d l= = ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 0,01 ʤ/ʩbk =  

 

3.2.4. ɸʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʦʙʤʝʥʘ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣ ʚʟʷʪ ʛʦʜʦʛʨʘʬ ʩʢʦʨʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʕʆʌ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʚ ʜʨʝʡʬʦʚʦʤ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʯʝʥʠʠ ʦʜ-

ʥʦʨʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʙʘʩʩʝʡʥʝ ʙʝʩʢʦʥʝʯʥʦʡ ʛʣʫʙʠʥʳ ʩ ʫʯʝʪʦʤ ʚʝʪʨʘ, ʥʘʧʨʘʚʣʝʥ-

ʥʦʛʦ ʧʦ ʦʩʠ Oy ʩʦʛʣʘʩʥʦ [79] ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

0 cos ,
4

zu V e za p
a- å õ

= -æ ö
ç ÷

 

0 sin ,
4

zv V e za p
a- å õ
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