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ʂʥʠʛʘ ʧʦʩʚʷʱʝʥʘ ʦʜʥʦʤʫ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʧʦʜʟʝʤʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʫ 

ʚ ʥʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʦʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʮʝʥʢʝ ʠ 

ʧʨʦʚʝʨʢʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʠʥʠʤʘʝʤʳʭ 

ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʀʟʣʦʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʠʤʝʨʘʤʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʧʦ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʫ. ʇʨʠʚʝʜʝʥʳ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʈʘʩʩʯʠʪʘʥʘ ʥʘ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʦʩʫʰʝʥʠʷ, ʚʦʜʦʟʘʙʦʨʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʨʝʰʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʧʦ ʦʭʨʘʥʝ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʥʞʝʥʝʨʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɻʠʜʨʦʛʝʦʣʦʛʠʷè. ʇʨʠ ʧʝʨʝʚʦʜʝ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʩʦʭʨʘʥʝʥʘ ʪʝʭʥʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʝʜʣʦʞʝʥʠʡ ʩʚʦʡʩʪʚʝʥʥʘʷ 

ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʷʟʳʢʫ ʢʥʠʛʠ. 
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ʇʨʝʜʠʩʣʦʚʠʝ ʨʝʜʘʢʪʦʨʘ ʧʝʨʝʚʦʜʘ 

ʄʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʩʪʦʨʠʯʝʩʢʠ 

ʨʘʟʚʠʚʘʣʘʩʴ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ ʛʠʜʨʦʠʥʪʝʛʨʘʪʦʨʦʚ, 

ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʪʝʢʣʷʥʥʳʭ ʪʨʫʙʦʢ ʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʵʣʝʢʪʨʦʠʥʪʝʛʨʘʪʦʨʦʚ, ʛʜʝ ʦʩʥʦʚʫ ʤʦʜʝʣʠ ʩʦʟʜʘʚʘʣʠ ʥʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʙʫʤʘʛʝ, ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ ɹʋʉʕ, ʥʘ ʢʦʪʦʨʳʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʘʷ ʙʫʤʘʛʘ ʟʘʤʝʥʷʣʘʩʴ ʥʘʙʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʕɺʄ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʢ ʬʠʣʴʪʨʘʮʠʠ, ʪʘʢ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʦʣʥʦʩʪʴʶ ʦʩʥʦʚʘʥʦ 

ʥʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʃʶʙʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ, ʦʙʨʘʙʦʪʢʫ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʝʸ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠʨʫʝʤʦʡ 

ʩʠʩʪʝʤʳ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʴ ʘʨʩʝʥʘʣ ʠʥʪʫʠʪʠʚʥʦʛʦ ʤʳʰʣʝʥʠʷ 

ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʝ 

ʧʦʜʜʘʪʴʩʷ ʩʦʙʣʘʟʥʫ ʬʦʨʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʊʘʢ ʢʘʢ ʤʳ ʚʩʝʛʜʘ ʠʤʝʝʤ ʜʝʣʦ ʩ ʧʨʠʨʦʜʥʳʤ ʦʙʲʝʢʪʦʤ, ʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʠ ʧʨʝʜʧʦʩʳʣʢʠ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʤʦʜʝʣʴ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʪʨʘʜʘʶʪ 

ʥʝʧʦʣʥʦʪʦʡ, ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʭ ʞʝʣʘʝʪ ʙʳʪʴ ʣʫʯʰʝʡ. 

ʀʩʧʦʣʴʟʫʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʦʙʷʟʘʥ ʟʥʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʢʦʥʝʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʩʯʸʪʘʤ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʧʦ 

ʧʨʠʯʠʥʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʦʡ ʠʣʠ ʠʥʦʡ ʨʘʩʯʸʪʥʦʡ ʩʭʝʤʳ. 

ʂʥʠʛʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʦʩʚʦʝʥʠʷ ʦʙʚʦʜʥʸʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʨʝʰʘʶʱʠʭ ʚʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʦʩʫʰʝʥʠʷ, ʦʭʨʘʥʳ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʨʘʩʯʸʪʘ 

ʟʦʥ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʚʦʜʦʟʘʙʦʨʦʚ ʠ ʜʨʫʛʠʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʢʥʠʛʝ ʨʘʩʢʨʳʪʳ ʠʥʩʪʨʫʤʝʥʪʳ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʜʘʥʳ ʧʦʣʝʟʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʨʠʸʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɹʝʟ ʩʦʤʥʝʥʠʷ, ʵʪʘ ʤʦʥʦʛʨʘʬʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʝʣʠʢʦʣʝʧʥʦʝ ʚʚʝʜʝʥʠʝ 

ʚ ʟʘʭʚʘʪʳʚʘʶʱʠʡ ʤʠʨ ʤʦʜʝʣʝʡ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʠ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʝʨʝʚʦʜ ʚʳʧʦʣʥʝʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʧʝʨʝʚʦʜʯʠʢʦʤ ʆʣʠʬʝʨʝʥʢʦ ʅ.ʇ. 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʘʜʘʧʪʘʮʠʷ ʪʝʢʩʪʘ ʧʝʨʝʚʦʜʘ ʚʳʧʦʣʥʝʥʘ ʢ.ʪ.ʥ. ɺʦʣʢʦʚʳʤ 

ʖ.ʀ.  ʂʦʤʧʴʶʪʝʨʥʳʡ ʥʘʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʘʨʠʘʥʪʝ 

ʚʳʧʦʣʥʝʥʳ ʠʥʞʝʥʝʨʦʤ ʉʫʨʞʠʢʦʚʦʡ ʀ.ʀ. 

ɹʝʣʛʦʨʦʜ, ʖ.ʀ.ɺʦʣʢʦʚ, 2025ʛ. 
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ʇʈɽɼʀʉʃʆɺʀɽ 

ʉ ʨʦʩʪʦʤ ʦʟʘʙʦʯʝʥʥʦʩʪʠ ʦ ʢʦʣʠʯʝʩʪʚʝ ʠ ʢʘʯʝʩʪʚʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʩʯʸʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʝʢʨʘʩʥʳʭ ʨʘʙʦʪ ʧʦ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʝʨʝʥʦʩʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʨʠʯʝʤ, ʥʘʠʙʦʣʝʝ 

ʠʩʯʝʨʧʳʚʘʶʱʠʤ ̫ ʚʣʷʝʪʩʷ ʪʦʤ "ɻʠʜʨʘʚʣʠʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ" ɼʞʝʡʢʦʙʘ ɹʵʨʘ. 

ʆʜʥʘʢʦ, ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʠʣʠ ʠʥʞʝʥʝʨʦʚ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ 

ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʩʜʝʣʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʥʘ ʕɺʄ, ʚʩʸ ʝɦ  yʠʤʝʝʪʩʷ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʦʥʠʤʘʥʠʝʤ ʪʝʦʨʠʡ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʠʪʴ ʵʪʠ ʨʘʩʯʸʪʳ. ɼʣʷ ʩʙʣʠʞʝʥʠʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ 

ʙʳʣ ʚʧʝʨʚʳʝ ʧʦʜʛʦʪʦʚʣʝʥ ʠ ʧʨʦʯʠʪʘʥ ʣʝʪʦʤ 1983 ʛʦʜʘ ʢʫʨʩ ʣʝʢʮʠʡ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʂʠʥʛʭʫʘ ʚ ʇʝʢʠʥʝ, ʂʠʪʘʡ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ 

ɻʝʨʤʘʥʩʢʦʡ ʩʣʫʞʙʝ ʧʦ ʘʢʘʜʝʤʠʯʝʩʢʦʤʫ ʦʙʤʝʥʫ ʟʘ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ 

ʜʘʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʢʥʠʛʝ ʠʟʣʦʞʝʥʠʝ ʣʝʢʮʠʡ ʨʝʟʶʤʠʨʫʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʢʫʨʩʘ ʥʘʨʷʜʫ ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʕʪʘ ʧʫʙʣʠʢʘʮʠʷ 

ʘʜʨʝʩʫʝʪʩʷ ʩʪʫʜʝʥʪʘʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʛʝʦʣʦʛʠʠ, 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʦʦʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʦ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʦʨʠʡ 

ʛʠʜʨʦʛʝʦʣʦʛʠʠ. ʄʘʪʝʨʠʘʣ ʠʟʣʦʞʝʥʥʳʡ ʚ ʤʦʥʦʛʨʘʬʠʠ ʜʘʪy ʚʦʟʤʦʞʥʦʩʪʴ 

ʯʠʪʘʪʝʣʶ ʧʦʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʥʘʫʯʠʪʴʩʷ ʩʦʩʪʘʚʣʷʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʕɺʄ. 

ʇʫʪʴ ʢ ʜʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʫʩʚʦʝʥʠʠ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʧʦʩʪʨʦʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʯʠʥʘʷ ʦʪ ʦʩʥʦʚʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʜʦ ʨʝʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ, ʧʨʦʨʘʙʦʪʢʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ, 

ʧʨʦʛʦʥʢʝ ʧʨʠʤʝʨʦʚ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʩʦʟʜʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʬʘʡʣʦʚ ʠ ʜʘʣʴʥʝʡʰʝʤ ʘʜʘʧʪʘʮʠʠ ʧʨʦʛʨʘʤʤ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʥʫʞʜʘʤ. ʉ 

ʪʝʢʩʪʦʤ ʜʘʸʪʩʷ ʠʟʣʦʞʝʥʠʝ ʨʷʜʘ ʧʨʦʛʨʘʤʤ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʠʨʦʢʠʡ 

ʜʠʘʧʘʟʦʥ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʦʙʳʯʥʦ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺʩʝ ʧʨʦʛʨʘʤʤʳ ʥʘʧʠʩʘʥʳ ʥʘ Applesoft Basic ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʧʦʣʥʝʥʳ ʥʘ Apple II  ʥʘ ʩʦʚʤʝʩʪʠʤʦʤ ʧʝʨʩʦʥʘʣʴʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ. ʉ ʥʝʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤ ʤʦʞʥʦ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʘʭ ʥʘ ʷʟʳʢʝ Basic ʠ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʴʶ ʥʝ ʤʝʥʝʝ 48 ʂʚ. ɺ ʇʨʠʣʦʞʝʥʠʠ ʫʢʘʟʘʥʳ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʥʘ Iɺʄ-ʈʉ. 

ʊʘʤ, ʛʜʝ ʵʪʦ ʙʳʣʦ ʚʦʟʤʦʞʥʦ, ʦʪʜʘʚʘʣʦʩʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʠʥʪʫʠʪʠʚʥʳʤ 

ʨʘʩʩʫʞʜʝʥʠʷʤ, ʘ ʥʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʦʛʦʩʪʠ. ʇʨʠʥʦʰʫ ʩʚʦʠ ʠʟʚʠʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʢʘʤ ʠ ʩʦʚʝʪʫʶ ʯʠʪʘʪʝʣʶ ʛʣʫʙʞʝ ʧʨʦʥʠʢʘʪʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʧʦʜʦʧʣʝʢʫ ʧʦ ʤʝʨʝ ʫʩʠʣʝʥʠʷ ʝʛʦ ʠʥʪʝʨʝʩʘ. ʅʘʜʝʶʩʴ, ʯʪʦ ʯʪʝʥʠʝ ʢʥʠʛʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʠʪ ʯʠʪʘʪʝʣʶ ʧʨʦʯʫʚʩʪʚʦʚʘʪʴ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʝʩʥʳʤ. 

ʐʪʫʪʛʘʨʪ, ʥʦʷʙʨʴ 1984 ʛʦʜʘ 

ɺʦʣʴʬʛʘʥʛ  ʂʠʥʮʝʣʴʙʘʭ 
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ɻʃɸɺɸ 1 

 

ɺɺɽɼɽʅʀɽ 

 

ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʂʘʢ ʪʘʢʦʚʳʝ, ʦʥʠ ʪʨʝʙʫʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʟʘʱʠʪʳ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʥʘʠʚʳʛʦʜʥʝʡʰʠʤ ʦʙʨʘʟʦʤ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʜʦʦʪʙʦʨʘ ʠ ʦʙʱʝʛʦ ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʚʦʜʦʥʦʩʥʳʝ 

ʛʦʨʠʟʦʥʪʳ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʝʝ ʦʯʝʚʠʜʥʦʡ. ʈʘʩʪʝʪ ʯʠʩʣʦ ʧʨʦʙʣʝʤ, ʚʳʟʚʘʥʥʳʭ ʯʨʝʟʤʝʨʥʦʡ ʦʪʢʘʯʢʦʡ ʠʟ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɼʣʷ ʩʤʷʛʯʝʥʠʷ 

ʢʦʥʬʣʠʢʪʦʚ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʥʪʝʨʝʩʘʤʠ ʠ ʠʩʢʣʶʯʝʥʠʷ ʩʝʨʴʟyʥʦʛʦ ʠ 

ʜʘʞʝ ʥʝʦʙʨʘʪʠʤʦʛʦ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʤʳ ʜʦʣʞʥʳ ʫʤʝʪʴ 

ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʘʢʮʠʶ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ. ʊʘʢ 

ʢʘʢ ʷʚʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʥʝʣʴʟʷ ʠʟʫʯʠʪʴ ʥʘ ʬʠʟʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʘʥʘʣʠʟʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʪʠʧʠʯʥʳʭ ʧʨʠʤʝʨʦʚ, ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʛʜʝ ʧʨʠʤʝʥʠʤʳ ʤʝʪʦʜʳ 

ʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

- ʂʦʤʧʘʥʠʷ ʧʦ ʚʦʜʦʩʥʘʙʞʝʥʠʶ ʭʦʯʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʙʘʩʩʝʡʥ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʘʣʴʧʠʡʩʢʦʡ ʜʦʣʠʥʝ. ʆʪʢʘʯʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʠʭ ʫʨʦʚʥʷ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʛʨʦʞʘʝʪ ʚʳʟʚʘʪʴ ʚʳʩʳʭʘʥʠʝ ʨʝʢ, 

ʚʨʝʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʜʝʨʝʚʴʷ ʠ ʨʘʩʪʝʥʠʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʣʘʞʥʦʡ 

ʵʢʦʩʠʩʪʝʤʝ ʜʦʣʠʥʳ. ɸʛʝʥʪʩʪʚʦ, ʜʘʶʱʝʝ ʨʘʟʨʝʰʝʥʠʝ, ʪʨʝʙʫʝʪ ʩʚʝʩʪʠ ʫʱʝʨʙ 

ʜʦ ʤʠʥʠʤʫʤʘ. ɺʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: ʢʘʢʦʡ ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ 

ʦʪʢʘʯʢʠ ʚʦʟʤʦʞʝʥ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʥʘʠʙʦʣʝʝ, ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʮʝʥʥʳʭ ʯʘʩʪʷʭ 

ʜʦʣʠʥʳ? ʂʘʢ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʦʞʠʪʴ ʩʢʚʘʞʠʥʳ ʚ ʜʦʣʠʥʝ, ʯʪʦʙʳ ʚʨʝʜʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳ? ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʯʨʝʟʚʳʯʘʡʥʦ ʟʘʩʫʰʣʠʚʳʭ ʣʝʪ? 

- ʅʘ ʨʝʢʝ ʥʫʞʥʦ ʧʦʩʪʨʦʠʪʴ ʧʣʦʪʠʥʫ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʜʲʝʤʫ ʫʨʦʚʥʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʙʣʠʟʠ ʧʣʦʪʠʥʳ. ɺʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ: ʢʘʢʘʷ ʯʘʩʪʴ 

ʪʝʨʨʠʪʦʨʠʠ ʙʫʜʝʪ ʧʦʜʪʦʧʣʝʥʘ ʧʨʠ ʧʦʜʲʝʤʝ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ? ʂʘʢʠʝ 

ʤʝʨʳ ʦʩʫʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘɦʠʪʠʪʴ ʧʦʩʝʣʢʠ ʠ ʚ 

ʢʘʢʠʭ ʤʝʩʪʘʭ? 

- ɼʣʷ ʭʦʟʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ 

ʚʦʜʦʟʘʙʦʨʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʩ 

ʠʩʢʣʶʯʝʥʠʝʤ ʝʸ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʢʚʘʞʠʥʳ ʚʦʜʦʟʘʙʦʨʘ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʟʤʝʱʝʥʳ ʪʘʢ, ʯʪʦʙʳ ʚʦʜʘ ʠʟ-ʟʘ 

ʧʨʝʜʝʣʦʚ ʟʦʥʳ ʩʘʥʠʪʘʨʥʦʡ ʦʭʨʘʥʳ ʥʝ ʜʦʩʪʠʛʘʣʘ ʚʦʜʦʟʘʙʦʨʘ ʤʝʥʝʝ 

ʯʝʤ ʟʘ 50 ʜʥʝʡ. ɹʣʠʟʣʝʞʘʱʘʷ ʨʝʢʘ ʤʦʞʝʪ ʬʠʣʴʪʨʦʚʘʪʴ ʟʘʛʨʷʟʥʝʥʥʫʶ 

ʚʦʜʫ ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ, ʢʘʢ ʪʦʣʴʢʦ ʥʘʯʥʝʪʩʷ ʦʪʢʘʯʢʘ. ɺʦʟʥʠʢʘʶʪ 
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ʚʦʧʨʦʩʳ: ʢʘʢʦʚ ʨʘʟʤʝʨ ʟʘʱʠʪʥʦʡ ʟʦʥʳ? ʂʘʢʦʚʦ ʙʫʜʝʪ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʦʜʟʝʤʥʦʡ ʠ ʨʝʯʥʦʡ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʘʭ ʧʨʠ ʦʪʢʘʯʢʝ? 

- ʀʟ yʤʢʦʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ, ʚ ʚʦʜʦʥʦʩʥʳʡ 

ʛʦʨʠʟʦʥʪ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʧʦʩʪʫʧʘʣʠ ʫʩʪʦʡʯʠʚʳʝ ʢ ʨʘʩʧʘʜʫ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʷʟʳʢ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɿʘʛʨʷʟʥʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʣʫʯʘʡʥʦ ʚ ʩʢʚʘʞʠʥʝ ʚʦʜʦʟʘʙʦʨʘ ʚ 2-ʭ 

ʢʠʣʦʤʝʪʨʘʭ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ɺʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ: ʢʘʢ ʨʘʟʚʠʣʩʷ 

ʷʟʳʢ ʟʘʛʨʷʟʥʝʥʠʷ? ʂʘʢʦʚ ʝʛʦ ʜʘʣʴʥʝʡʰʠʡ ʧʫʪʴ, ʝʩʣʠ 

ʥʝ ʙʫʜʝʪ ʧʨʠʥʷʪʦ ʥʠʢʘʢʠʭ ʤʝʨ? ʉʤʦʛʫʪ ʣʠ ʩʢʚʘʞʠʥʳ, ʩʦʦʨʫʞʸʥʥʳʝ ʜʣʷ 

ʟʘʱʠʪʳ ʚʦʜʦʟʘʙʦʨʘ, ʧʦʤʦʯʴ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ? ʂʘʢ ʜʦʣʛʦ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʥʘ ʚʦʜʦʟʘʙʦʨʝ, ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ? ɻʜʝ ʩʣʝʜʫʝʪ ʫʩʪʨʦʠʪʴ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʙʶʜʞʝʪʘ? 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʤʦʥʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ, 

ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʦʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʝʡ ʧʦʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʝʨʝʥʦʩʘ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʇʨʦʮʝʩʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʨʜ̫ ʵʪʘʧʦʚ. 

ɺʘʞʥʝʡʰʠʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ: 

- ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ: ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʦʜʝʣʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʝʝ ʚʨʝʤʝʥʥʦʡ ʭʘʨʘʢʪʝʨ 

(ʩʪʘʮʠʦʥʘʨʥʘʷ ʠʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ). 

- ɺʳʙʦʨ ʧʝʨʝʤʝʥʥʳʭ: ʵʪʦʪ ʵʪʘʧ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʧʝʨʝʤʝʥʥʳʤʠ: ʫʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʦʙʳʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʦʚ ʙʘʣʘʥʩʘ ʧʦʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

- ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʠ ʠʩʧʦʣʥʝʥʠʝ ʠʭ ʥʘ ʕɺʄ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ: ʢʘʞʜʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ 

ʨʷʜ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʦʤ ʧʦʜʙʦʨʘ, 

ʩʨʘʚʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʙʝʟ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʥʝʪ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʜʙʦʨʘ ʧʦʣʝʟʝʥ ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ. 

- ʇʨʦʚʝʨʢʘ ʤʦʜʝʣʠ: ʜʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ ʝʝ 

ʩʣʝʜʫʝʪ ʦʧʨʦʙʦʚʘʪʴ ʥʘ ʥʝʟʘʚʠʩʠʤʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. 

- ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ - ɻ ʪʦ ʠʪʝʨʘʪʠʚʥʳʡ ʧʨʦʮʝʩʩ. ʕʪʘʧʳ ʤʦʛʫʪ ʧʦʚʪʦʨʷʪʴʩʷ. 

ʄʦʞʥʦ ʜʘʞʝ ʧʝʨʝʩʤʦʪʨʝʪʴ ʦʪʧʨʘʚʥʫʶ ʪʦʯʢʫ. ʄʦʜʝʣʠ ʷʚʣʷʶʪʩʷ 

ʧʨʠʙʣʠʞʝʥʠʷʤʠ ʢ ʨʝʘʣʴʥʦʩʪʠ, ʥʦ ʥʝ ʩʘʤʦʡ ʨʝʘʣʴʥʦʩʪʴʶ. ʆʙʳʯʥʦ ʵʪʦ ʜʘʞʝ 

ʦʯʝʥʴ ʛʨʫʙʳʝ ʧʨʠʙʣʠʞʝʥʠʷ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʢʘʢ 

ʙʘʟʫ ʜʣʷ ʨʝʰʝʥʠʷ. ʀ ʚʩʝ ʞʝ ʛʨʫʙʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʣʫʯʰʝ, ʯʝʤ ʥʠʢʘʢʦʝ. 

ʄʦʜʝʣʠ ʥʠʟʢʦʡ ʘʙʩʦʣʶʪʥʦʡ ʪʦʯʥʦʩʪʠ ʤʦʛʫʪ ʚʩʝ ʞʝ ʧʨʘʚʠʣʴʥʦ ʦʪʨʘʞʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʪʝʥʜʝʥʮʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʝʡʩʪʚʠʡ. ɺʚʝʜʝʥʠʝ 
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ʦʙʦʩʥʦʚʘʥʥʳʭ ʜʦʧʫʱʝʥʠʡ ʚ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʧʨʠʝʤʣʝʤʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʘʞʝ ʥʘ ʥʝʪʦʯʥʳʭ ʤʦʜʝʣʷʭ. 

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: 

- ʧʦʥʠʤʘʥʠʝ ʫʩʣʦʚʠʡ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ; 

- ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʜʦʩʪʠʞʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʥʘ ʨʝʰʝʥʠʠ 

ʦʜʥʦʡ ʟʘʜʘʯʠ; 

- ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʡ, ʘ ʥʝ ʘʙʩʦʣʶʪʥʳʭ ʚʝʣʠʯʠʥ, ʠʩʭʦʜʷ ʠʟ 

ʨʘʟʣʠʯʥʦʛʦ ʦʙʨʘʟʘ ʜʝʡʩʪʚʠʡ, ʧʨʦʛʥʦʟʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ɻʃɸɺɸ II  

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɽɻʀʆʅɸʃʔʅʆɻʆ ʇʆʊʆʂɸ ʇʆɼɿɽʄʅʓʍ ɺʆɼ 

 

2.1. ʉʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ 

 

ʄʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʚ ʥʠʞʝʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ, 

ʦʧʠʩʳʚʘʶʪ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʦʪʦʢ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʠʥʪʝʨʝʩʫʝʤʩ̫ 

ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʠʣʠ ʯʘʩʪʴʶ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚ ʧʣʘʥʝ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʦ ʤʦʱʥʦʩʪʠ. 

ʇʦʪʦʢ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʝʣʠʪʩʷ ʥʘ ʥʝʥʘʩʳʱʝʥʥʳʡ ʠ ʥʘʩʳʱʝʥʥʳʡ. 

ʅʝʥʘʩʳʱʝʥʥʳʡ ʧʦʪʦʢ, ʪʝʢʫʱʠʡ ʚ ʟʦʥʝ ʘʵʨʘʮʠʠ, ʥʘʧʨʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʦʪʦʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʟʦʥʝ ʥʘʩʳʱʝʥʠʷ. ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ 

ʧʦʨʠʩʪʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ, ʘ ʥʝ 

ʩʣʦʞʝʥʥʳʝ ʪʨʝʱʠʥʦʚʘʪʳʤʠ ʧʦʨʦʜʘʤʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʙʩʫʞʜʘʝʤʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ 

ʪʨʝʱʠʥʦʚʘʪʳʤ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʘʤ. 

ʇʨʠʚʦʜʠʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʪʨʝʭ ʪʠʧʦʚ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʨʠʩ.2.1): 

- ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʩ ʢʨʦʚʣʠ ʠ ʧʦʜʦʰʚʳ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤ ʩʣʦʝʤ (ʨʠʩ 2.1ʘ); 

- ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʟʝʨʢʘʣʦʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʨʠʩ 2.1b); 

- ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠʣʠ ʛʦʨʠʟʦʥʪʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʩʚʷʟʴʶ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʚʦʜʫ ʠʣʠ ʦʪʜʘʸʪ ʝ yʚ 

ʚʳʰʝ- ʠʣʠ ʥʠʞʝʣʝʞʘʱʠʝ ʛʦʨʠʟʦʥʪʳ ʯʝʨʝʟ 

ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʝ ʧʦʨʦʜʳ ʢʨʦʚʣʠ ʠʣʠ ʧʦʜʦʰʚʳ 

(ʨʠʩ 2.1c). 

ʇʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚ ʩʣʫʯʘʷʭ ʥʘʧʦʨʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ, 

ʘ ʪʘʢʞʝ ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʢʘʢ ʫʨʦʚʝʥʴ 

ʚʦʜr ʚ ʧʴʝʟʦʤʝʪʨʝ, ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɼʣʷ 

ʦʙʝʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ "ʥʘʧʦʨ" (h). ɼʚʠʞʝʥʠʝ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ        ʛʨʘʜʠʝʥʪʘ ʥʘʧʦʨʘ. 

ʇʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʦʜʭʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʪʦʢ ʧʣʦʩʢʠʡ ʚ 

ʧʣʘʥʝ ʠ dh/dz = 0 (ʜʦʧʫʱʝʥʠʝ ɼʶʧʶʠ). ʕʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʥʝʧʨʘʚʠʣʴʥʦ 

ʚʙʣʠʟʠ ʥʝʩʦʚʝʨʝhʥʥrʭ ʩʢʚʘʞʠʥ, ʚ ʦʙʣʘʩʪʠ ʩ ʩʠʣʴʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʈʠʩ.2.1. 
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ʤʦɦ ʥʦʩʪʴʶ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʚ ʨʘʡʦʥʝ ʢʫʧʦʣʘ ʨʘʩʪʝʢʘʥʠʷ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʟʘ ʩʯʝʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʟ ʚʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʠ 

ʦʙʣʘʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʩʧʦʣʥʝʥʠʷ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥr ʭ ʚʦʜ, ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʠʩʪʝʤ ʦʩʫʰʝʥʠʷ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʕʪʠ ʦʪʢʣʦʥʝʥʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, 

ʨʘʚʥʦʤ ʚʝʣʠʯʠʥʝ ʤʦʱʥʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.        

ʀ, ʥʘʢʦʥʝʮ, ʤʳ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ  

ʧʦʩʪʦʷʥʥʘ ʧʦ ʚʩʝʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ (ʦʜʥʦʨʦʜʥʘʷ ʞʠʜʢʦʩʪ)ɹ. 

 

2.2.  ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʷʚʣʝʥʠʷ ʠ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ 

 

ʋʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ   ʜʣʷ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʩʝʭ ʪʠʧʦʚ 

ʧʦʣʫʯʘʶʪ, ʠʩʭʦʜʷ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ: 

- ʥʝʨʘʟʨʳʚʥʦʩʪʠ; 

- ʟʘʢʦʥʘ ɼʘʨʩʠ. 

ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʥʝʨʘʟʨʳʚʥʦʩʪʴ ʪʨʝʙʫʝʪ ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʦʡ ʤʘʩʩʳ, 

ʟʘʢʦʥ ɼʘʨʩʠ ʛʣʘʩʠʪ, ʯʪʦ ʚ ʠʟʦʪʨʦʧʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

(ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ) ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʛʨʘʜʠʝʥʪʫ ʥʘʧʦʨʘ ʩʦ ʟʥʘʢʦʤ 

ʤʠʥʫʩ. ɼʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʚʫʭʤʝʨʥʦʛʦ ʧʦʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʵʪʦ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ὺ Ὧ​ ȟ     (2.1) 

ʧʨʠ /,/ yvxvv=
G

  ʠ    ɳ ‬Ⱦ‬ὼȟ‬Ⱦ‬ώȢ  

ʇʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ kf ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʠʣʴʪʨʘʮʠʠ. ɺ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʟʘʢʦʥ ɼʘʨʩʠ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥ ʚ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʝ. 

  ,hIKv Ð-=
GG

    (2.2)  

ʛʜʝ     ;
ö
ö

÷

õ

æ
æ

ç

å
=

yyKyxK

xyKxxK
IK  

Iʂ ï ʪʝʥʟʦʨ ʚʪʦʨʦʛʦ ʨʘʥʛʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʘʥʠʟʦʪʨʦʧʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʦʪʣʠʯʥʳʤ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʥʘʧʦʨʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʳʚʦʜʠʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʙʘʣʘʥʩʘ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʤʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʢʨʦʚʣʠ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʜʦ ʝʛʦ ʧʦʜʦʰʚʳ. ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ 

ʛʦʨʠʟʦʥʪ (ʨʠʩ.2.2). ʈʘʩʭʦʜ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʵʣʝʤʝʥʪ ʦʙʲʝʤʘ ʟʘ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ (t, t+µt), ʜʦʣʞʝʥ ʟʘ ʩʯʸʪ ʩʦʭʨʘʥʝʥʠʷ ʙʘʣʘʥʩʘ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʤʢʦʩʪʥʳʭ ʟʘʧʘʩʦʚ ʚ ʵʪʦʤ ʵʣʝʤʝʥʪʝ ʦʙʲʸʤʘ. ʇʦʩʪʫʧʘʶʱʠʡ 
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ʨʘʩʭʦʜ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʚr ʭʦʜʷʱʠʡ - ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʈʘʩʭʦʜʳ, 

ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, - ʵʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʪʦʢʠ, ʚʦʩʧʦʣʥʝʥʠʝ ʠ 

ʠʥʬʠʣʴʪʨʘʮʠʷ ʯʝʨʝʟ ʢʨʦʚʣʶ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ. 
 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.2.2 

 

[ ];)()(*

)()(()(

thtthyx

yxqx
y

ymvx
yyymvy

xxmvy
xxxmvt

-D+DD=

=DD+D-D
D+

+D-D
D+

=D
ù
ù
ú

ø

é
é
ê

è

m

    (2.3) 

m ï ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ, m*  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʝʤʢʦʩʪʠ 

ʧʣʘʩʪʘ, ʦʥ ʚʳʨʘʞʘʝʪ ʪʦʪ ʦʙʲʝʤ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʟʘ ʩʯʝʪ ʩʞʠʤʘʝʤʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʚʳʩʦʪʦʡ m , ʝʩʣʠ ʥʘʧʦʨ ʫʚʝʣʠʯʝʥ ʥʘ 

ʝʜʠʥʠʮʫ,  q  - ʩʢʦʨʦʩʪʴ ʚʦʩʧʦʣʥʝʥʠʷ (ʨʘʩʭʦʜʘ) ʥʘ ʝʜʠʥʠʮʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ. 

ʈʘʟʜʝʣʠʚ ʫʨʘʚʥʝʥʠʝ (2.3) ʥʘ yxt DDD   ʠ ʚʟʷʚ ʧʨʝʜʝʣʳ 0­Dx , 

0­Dy , 0­Dt  ʧʦʣʫʯʘʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ: 

t

h
qvm

µ

µ
=+ÖÐ *)( m

GG
.    (2.4) 

ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ɼʘʨʩʠ ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ, ʚʳʨʘʞʝʥʥʦʝ 

ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʫʶ h. 

thqhmjk µµ=+ÐÖÐ /*)( m
GG

   (2.5) 

ʠʣʠ 

   ,/*)( thqh µµ=+ÐÖÐ mp
GG

 

ʛʜʝ, km/=p  - ʪʝʥʟʦʨ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ 

ʠʟʦʪʨʦʧʥʦʤ ʛʦʨʠʟʦʥʪʝ p ʩʪʘʥʦʚʠʪʩʷ ʩʢʘʣʷʨʥʳʤ ʊ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʙʝʟ ʟʘʪʨʫʜʥʝʥʠʡ ʧʦʣʫʯʘʝʤ ʠʟ (2.5), ʝʩʣʠ ʩʜʝʣʘʝʤ ʜʚʘ 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɽʩʣʠ ʚ ʥʘʧʦʨʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ 

- ʵʪʦ ʬʫʥʢʮʠʷ ʪʦʣʴʢʦ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʚ ʙʝʟʥʘʧʦʨʥʦʤ 

ʦʥʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʘʧʦʨʘ, ʪʘʢ ʢʘʢ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʥʦʡ ʪʦʣʱʠ 

ʠʟʤʝʥʷʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

,bhm -=       (2.6) 

ʛʜʝ,  b - ʦʪʤʝʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʫʧʦʨʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʝʤʢʦʩʪʠ ʧʣʘʩʪʘ ʚ ʩʣʫʯʘʝ ʥʘʧʦʨʥʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʪʨʘʞʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʟʘ ʩʯʝʪ ʩʞʠʤʘʝʤʦʩʪʠ. ɺ 

ʙʝʟʥʘʧʦʨʥʦʤ ʛʦʨʠʟʦʥʪʝ ʝʤʢʦʩʪʴʶ ʟʘ ʩʯʝʪ ʩʞʠʤʘʝʤʦʩʪʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʝ ʠʟʤʝʥʝʥʠʝʤ ʦʪ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

(ʨʠʩ.2.3). ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʦʪʜʘʯʠ ʚʳʨʘʞʘʝʪ ʦʙʲʝʤ ʚʦʜʳ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ 

ʦʙʲʝʤʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʠ ʧʦʜʲʝʤʝ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ 

ʝʜʠʥʠʮʫ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ.  

ʈʠʩ.2.3 

ʋʨʘʚʥʝʥʠʝ ʧʦʪʦʢʘ ʚ ʙʝʟʥʘʧʦʨʥʦʤ ʛʦʨʠʟʦʥʪʝ ʠʤʝʝʪ ʚʠʜ: 

​ ὦẗὍὯ​ ή ὲ‬ Ⱦ‬ὸ     (2.7) 

ʠʣʠ 

   ​ ὦẗὍὯ​ ή ὲ‬ Ⱦ‬ὸ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ ʠ ʠʟʦʪʨʦʧʥʦʤ ʩʣʫʯʘʝ. 

ʋʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʩʚʷʟʴʶ (ʨʠʩ.2.4) ʧʦʣʫʯʝʥʦ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʦʦʙʤʝʥʘ ʩ ʚʳʰʝ- ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ 

ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ʏʣʝʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʜʦʦʙʤʝʥ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɼʘʨʩʠ. ɺʦʜʦʦʙʤʝʥ 

ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʨʘʟʥʦʩʪʠ ʠʭ ʥʘʧʦʨʦʚ  h1-h   ʠʣʠ h2-h, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

thhhhhqhT µµ=-+-++ÐÐ /*)
2

(
2

)
1

(
1

)( m??
GG

   (2.8) 
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ʧʨʠ   ,
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fi
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=?   ( i = 1,2 ) 

ʈʠʩ.2.4 

 

ʂʦʵʬʬʠʮʠʝʥʪ ? ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʪʝʢʘʥʠʷ. ʀʥʦʛʜʘ 

ʚʚʦʜʠʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ l  , ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

  .2
?
ʊ
=l       (2.9) 

ɺ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ, 

(2.8) ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʥʘʧʦʨʳ h1 ʠ h ʠʟʚʝʩʪʥʳ. ʄʦʞʥʦ ʪʘʢʞʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ h1 ʠ h2 ʩʣʝʜʫʝʪ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ ʬʠʣʴʪʨʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʦʨʠʟʦʥʪʝ ʪʘʢ 

ʞʝ, ʢʘʢ ʥʘʧʦʨ ʚ ʦʩʥʦʚʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ. ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ, 

ʢʦʛʜʘ ʠʤʝʝʪʩʷ ʜʚʘ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘ, ʠ ʚʳʰʝʣʝʞʘʱʠʡ ʷʚʣʷʝʪʩʷ 

ʠʟʦʪʨʦʧʥʳʤ, ʙʝʟʥʘʧʦʨʥʳʤ, ʜʘʥʳ ʢʘʢ ʧʨʠʤʝʨ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʝʨʝʢʨʳʚʘʶʱʠʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ: 

./
1

)
1

(
1

]
1

)
11

[( thenhhqh
f

kbh µµ=--+Ð-ÖÐ ?
GG

  (2.10) 

ʅʠʞʝʣʝʞʘʱʠʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ: 

 ./*)
1

(
1

)( thhhqhT µµ=-++ÐÖÐ m?
GG

 

ʇʨʠʥʮʠʧ ʫʯʝʪʘ ʧʝʨʝʪʝʢʘʥʠʷ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʚʝʜʝʥʠʷ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʝʤʦʚ. 

ʈʘʟʥʦʩʪʴ ʥʘʧʦʨʦʚ, ʚʳʟʳʚʘʶʱʘʷ ʧʝʨʝʪʝʢʘʥʠʝ, ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ  

ʫʨʦʚʥʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʫʨʦʚʥʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʚ ʚʦʜʦʝʤʝ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʝ ʦʧʫʩʪʠʪʩʷ ʥʠʞʝ ʜʥʘ ʚʦʜʦʝʤʘ 

(ʚʦʜʦʪʦʢʘ). ʀʟ ʨʠʩ. 2.5 ʦʧʨʝʜʝʣʷʝʤ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʝʨʝʪʝʢʘʥʠʷ ʢʘʢ ʧʦʪʦʢ 

ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ. 
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).(/)
2

( hrhkhhq -=-= ?? a     (2.11) 

ʈʠʩ.2.5 

 

ɽʩʣʠ ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʜʥʘ ʚʦʜʦʝʤʘ, ʪʦʛʜʘ  

ʧʨʠʪʦʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʥʝʛʦ. ʆʧʨʝʜʝʣʷʶʱʝʡ ʨʘʟʥʦʩʪʴʶ ʥʘʧʦʨʦʚ 

ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʷʚʣʷʝʪʩʷ ʥʘʧʦʨ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʦʝʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ 

ʜʥʘ. 

 ).(
r

brhq -=??     (2.12) 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʜʣʷ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʧʨʠʤʝʥʠʤʳ 

ʢ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤʫ ʧʦʪʦʢʫ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠʨʘʚʥʠʚʘʥʠʝʤ ʣʝʚʦʡ ʯʘʩʪʠ ʢ ʥʫʣʶ. 

  .0/ =µµ th      (2.13) 

ʋʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ - ʵʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʘʙʦʣʠʯʝʩʢʦʤʫ ʪʠʧʫ. ɼʣʷ ʠʭ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʜʘʥʳ 

ʢʘʢ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʢʣʶʯʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʟʚʝʩʪʥʳʭ ʥʘʧʦʨʦʚ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʚʨʝʤʝʥʠ to, ʩ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʥʘʯʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɽʩʪʴ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, 

ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʠʤʳ ʢ ʣʶʙʦʡ ʯʘʩʪʠ ʛʨʘʥʠʮʳ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ:  

- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʪʠʧ ɼʠʨʠʭʣʝ) ʟʘʜʘʶʪ ʚʝʣʠʯʠʥʫ 

ʥʘʧʦʨʘ. ɺ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʜʦʣʞʥʘ ʙʳʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʘ ʪʦʯʢʘ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʛʨʘʥʠʮʫ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʛʘʨʘʥʪʠʠ 

ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʝʛʦ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʪʦʣʴʢʦ 

ʢʘʢ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ; 

- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʅʝʡʤʘʥʩʢʦʛʦ ʪʠʧʘ) ʦʧʨʝʜʝʣʷʶʪ 

ʛʨʘʥʠʯʥʳʡ ʧʦʪʦʢ, ʦʟʥʘʯʘʶʱʠʡ ʛʨʘʜʠʝʥʪ ʥʘʧʦʨʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ 

ʛʨʘʥʠʮʝ. ʉʧʝʮʠʘʣʴʥʳʤ ʩʣʫʯʘʝʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʘʢʦʛʦ ʪʠʧʘ 

ʷʚʣʷʝʪʩʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ ʛʨʘʥʠʮʘ, ʛʜʝ ʧʦʪʦʢ ʨʘʚʝʥ ʥʫʣʶ. ɽʩʣʠ 

ʛʨʘʥʠʮʫ ʦʙʨʘʟʫʶʪ ʣʠʥʠʠ ʪʦʢʘ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʛʨʘʥʠʮʘ 

ʩʯʠʪʘʝʪʩʷ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ. ʉʢʚʘʞʠʥʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʚʥʫʪʨʝʥʥʠʝ ʛʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʧʨʠ ʦʪʢʘʯʢʝ ʠʟ ʩʢʚʘʞʠʥ ʟʘʜʘʚʘʪʴ ʨʘʩʭʦʜ, 

ʠʜʫʱʠʡ ʯʝʨʝʟ ʥʝʝ.  ɼʠʩʢʨʝʪʥʦ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʳ ʙʫʜʝʤ 
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ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʢʚʘʞʠʥʳ, ʫʯʘʩʪʢʠ ʨʘʩʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʠ 

ʨʘʟʛʨʫʟʢʠ; 

- ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ (ʧʦʣʫʧʨʦʥʠʮʘʝʤʘʷ ʛʨʘʥʠʮʘ, 

ʩʤʝʰʘʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ) ʦʧʨʝʜʝʣʷʶʪ ʣʠʥʝʡʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʧʦʨʘ 

ʠ ʨʘʩʭʦʜʘ ʥʘ ʛʨʘʥʠʮʝ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʥʘ 

ʧʦʣʫʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮʘʭ. ɽʩʣʠ ʨʝʢʘ ʦʙʨʘʟʫʝʪ ʛʨʘʥʠʮʫ ʪʨʝʪʴʝʛʦ ʨʦʜʘ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʩʣʦʚʠʝ ʠʤʝʝʪ ʚʠʜ: 

 ).
2

(/ hhnhT -=µµ ?     (2.14) 

ʇʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ.2.6. ɻʨʘʥʠʮʘ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʩ ʧʦʜʲʝʤʦʤ ʠʣʠ ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.        

ʈʠʩ.2.6 
 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ. 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʫʜʝʪ ʥʝʣʠʥʝʡʥʳʤ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʵʪʦ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʭ ʧʨʦʙʣʝʤ. ɺ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʦʨʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʱʥʦʩʪʴʶ ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʪʦʢʘ, 

ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʞʥʦ ʧʨʠʜʘʪʴ 

ʣʠʥʝʡʥʳʡ ʚʠʜ. 
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ɻʃɸɺɸ  3 

 

ʏʀʉʃɽʅʅʓɽ ʄɽʊʆɼʓ ɼʃʗ ʋʈɸɺʅɽʅʀʁ ʌʀʃʔʊʈɸʎʀʀ 

 

3.1. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

 

ʋʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʤʦʞʥʦ ʨʝʰʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʜʣʷ ʦʯʝʥʴ 

ʧʨʦʩʪʳʭ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ.  ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ - ʵʪʦ 

ʝʜʠʥʠʯʥʘʷ ʩʦʚʝʨʰʝʥʥʘʷ ʩʢʚʘʞʠʥʘ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʦʜʥʦʨʦʜʥʦʤ, 

ʠʟʦʪʨʦʧʥʦʤ, ʥʘʧʦʨʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʙʝʟ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʧʠʪʘʥʠʷ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʨʘʜʠʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ, ʫʨʘʚʥʝʥʠʝ 

ʬʠʣʴʪʨʘʮʠʠ 

2 

2 

2 

2 
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h
T

x

h
T

t

h

µ

µ

µ

µ

µ

µ
m +=*          (3.1.1) 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʟʘʧʠʩʘʪʴ ʚ ʨʘʜʠʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʜʣʷ ʩʢʚʘʞʠʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʘʯʘʣʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ.  ʊʦʛʜʘ ʥʘʧʦʨ ʷʚʣʷʝʪʩʷ ʣʠʰʴ 

ʬʫʥʢʮʠʝʡ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʩʢʚʘʞʠʥʳ r  ʠ ʚʨʝʤʝʥʠ t . 
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                  (3.1.2) 

ʛʜʝ   ( ) 0  ʠ  ,,22 >=+= rrthhyxr . 

 ʋʨʘʚʥʝʥʠʝ ʦʙʳʯʥʦ ʟʘʧʠʩʳʚʘʶʪ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʦʨʘ H . 
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1
 ,                                        (3.1.3) 

ʛʜʝ   hHs -= . 

ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʩʭʦʜʘ Q  ʧʨʠ ʦʪʢʘʯʢʝ, ʥʘʯʠʥʘʷ c ʚʨʝʤʝʥʠ t=0, 

ʛʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ: 

( ) ; 0, =¤­rts                                                (3.1.4) 

( )s r0 0, ;=   

( ) .0   ʧʨʠ   
0

 / 2 >=
=

tQ
r

rsTr µµp  

ʈʝʰʝʥʠʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫ: 

) 4/()2 (   ʛʜʝ    )()/( tTruufTQs *== m  .                     (3.1.5) 

ʇʦʜʩʪʘʚʣʷʷ ʝʛʦ ʚ ʬʦʨʤʫʣʫ (3.1.3), ʧʦʣʫʯʘʝʤ ʦʙʳʯʥʦʝ 
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ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ f u( )  

f f u" ' ( / )+ 1 +1 0Ö =  .       (3.1.6) 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʣʝʜʫʶʱʝʝ: 

f u C
d

C
u

( ) ( )=- -ñ
¤

1 2exp  +h
h

h
     (3.1.7) 

ʇʦʩʪʦʷʥʥʳʝ ʉ1
 ʠ ʉ2

 ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʅʘʢʦʥʝʮ, ʧʦʣʫʯʘʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘʷ ʬʦʨʤʫʣʘ (ʊʝʡʩ, 

1935). 

s t r
Q

T
W u( , ) ( ) ,=

4  
 

p
                                            (3.1.8) 

ʛʜʝ   W u
d

u
r

Ttu

( ) ( ) ,= -ñ =
¤ *

exp      
4

 h
h

h

m 2

 

ʌʫʥʢʮʠʶ ʩʢʚʘʞʠʥʳ W u( )  ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʠ ʚʳʯʠʩʣʠʪʴ ʜʣʷ 

ʚʩʝʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ 

W u u u
u u

( ) ( ) ...=- - -
Ö Ö

-0,5772 ln +
2 2!

+
3 3!

2 3

    (3.1.9) 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ.  ʆʜʥʘʢʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ t  

ʜʝʧʨʝʩʩʠʦʥʥʘʷ ʚʦʨʦʥʢʘ ʚʦʢʨʫʛ ʩʢʚʘʞʠʥʳ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʤʝʜʣʝʥʥʦ ,ʠ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʫʨʘʚʥʝʥʠʷ (3.1.8). ɼʣʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ t  ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ r  ʧʝʨʝʤʝʥʥʘʷ u  ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ ʥʝʙʦʣʴʰʦʡ ʠ ʜʦʩʪʘʪʦʯʥʘʷ 

ʪʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʧʝʨʚʳʭ ʯʣʝʥʦʚ ʨʷʜʘ 

(3.1.9).  ʕʪʦ ʜʘʝʪ ʫʨʘʚʥʝʥʠʝ (ʂʫʧʝʨ, ɼʞʝʡʢʦʙ, 1946 ): 
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  (3.1.10) 

ʛʜʝ   R TtL =
*

2,25   / ,m  

RL
- ʨʘʜʠʫʩ ʚʣʠʷʥʠʷ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʢʦʪʦʨʦʛʦ ʧʦʥʠʞʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ. 

ʇʨʠʨʘʚʥʠʚʘʷ RL
 ʢ ʧʦʩʪʦʷʥʥʦʡ, ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ ʜʣʷ 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ.  ʀʤʝʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʨʘʜʠʫʩʘ ʚʣʠʷʥʠʷ ʩʢʚʘʞʠʥʳ (ʥʘʧʨʠʤʝʨ, ɹʵʨ, 1979). 

ʉʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ q  , ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʥʫʣʷ.  ʈʘʜʠʫʩ ʚʣʠʷʥʠʷ 

RL
 ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʥʘ ʢʦʥʪʫʨʝ 

ʩʢʚʘʞʠʥʳ, ʨʘʩʭʦʜ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ ʨʘʩʭʦʜʫ, ʦʪʢʘʯʠʚʘʝʤʦʤʫ ʠʟ ʩʢʚʘʞʠʥʳ.  

ʌʦʨʤʫʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʪ ʚʠʜ: 
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p

2 2

                            (3.1.11) 

ʛʜʝ   R
Q

q
L =

p 
 

ɼʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʦʨʤʫʣʫ (3.1.10), ʝʩʣʠ ʧʦʥʠʞʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ 

ʤʦʱʥʦʩʪʴʶ.  ʃʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʘʩʯʝʪʝ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʧʦʥʠʞʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ (ɼʞʝʡʢʦʙ,1944) 

s
s s

H

' =
- 2

2
                                                     (3.1.12) 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʨʘʩʩʤʦʪʨʠʤ 

ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʛʣʘʚʘ 2).  

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝʣʠʥʝʡʥʦʝ.  ɼʦʧʫʩʪʠʤ, ʯʪʦ ʧʦʜʦʰʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʝ.  ʊʦʛʜʘ ʫʨʦʚʝʥʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʟʥʘʯʘʝʪ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʥʦʛʦ ʧʦʪʦʢʘ.  

ʕʬʬʝʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʩʯʠʪʘʝʪʩʷ ʝʤʢʦʩʪʴʶ. ʇʨʝʦʙʨʘʟʫʷ ʫʨʘʚʥʝʥʠʝ ʚ 

ʨʘʜʠʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʣʫʯʘʝʤ: 
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 .                                        (3.1.13) 

ʇʦʜʩʪʘʚʣʷʷ h H s= -     ʚ (3.1.13.) ʠ ʠʩʧʦʣʴʟʫʷ ʦʪʥʦʰʝʥʠʷ 
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  ,  (3.1.14) 

ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʢʘʢ 
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ʌʦʨʤʘʣʴʥʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ (3.1.3.), ʝʩʣʠ 

ʜʦʧʫʩʪʠʪʴ, ʯʪʦ s H <<  . 

       ʈʝʰʝʥʠʝ ʪʦʛʜʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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                                               (3.1.16) 

ʋʤʥʦʞʘʷ ʥʘ 2H  ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʷ ʬʫʥʢʮʠʶ ʩʢʚʘʞʠʥʳ  W u( )  ʜʚʫʤʷ 

ʧʝʨʚʳʤʠ ʯʣʝʥʘʤʠ ʨʷʜʘ, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ: 
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ʈʝʰʝʥʠʝ ʜʣʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʣʫʯʘʶʪ, ʧʨʠʥʠʤʘʷ 

ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ RL  ʧʨʠ ʙʦʣʴʰʠʭ ʧʝʨʠʦʜʘʭ ʚʨʝʤʝʥʠ t . 

ɼʣʷ ʦʜʠʥʦʯʥʦʡ ʩʢʚʘʞʠʥʳ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤ ʦʜʥʦʨʦʜʥʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʡʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ.  ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 
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ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (3.1.4) ʜʘʥʦ ʍʘʥʪʫʰʝʤ (1956). H  ʪʝʧʝʨʴ ʚ̫ʣʷʝʪʩʷ 

ʥʘʧʦʨʦʤ ʥʠʞʝ (ʚʳʰʝ) ʣʝʞʘʱʝʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʘʯʘʣʴʥʳʤ ʥʘʧʦʨʦʤ ʚ ʦʩʥʦʚʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘ ʥʘʯʘʣʦ ʦʪʢʘʯʢʠ. 

s t r H h t r
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ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʬʫʥʢʮʠʠ ʍʘʥʪʫʰʘ W u r( , /l )  ʜʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ  

ˉ 14 ʚ ʜʨʫʛʦʤ ʨʘʟʜʝʣʝ.  ʉʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ. 

ɽʛʦ ʧʦʣʫʯʘʶʪ ʠʟ (3.1.19) ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʠ t­¤. 

s r
Q

T
k r( ) ( / )=

2  
  ,

p
l0

                                         (3.1.20) 

ʛʜʝ   k0 -  ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. 

ɹʣʘʛʦʜʘʨʷ ʣʠʥʝʡʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ ʧʦʪʦʢʘ ʚ ʩʣʫʯʘʝ ʥʘʧʦʨʥʦʛʦ 

ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʨʝʰʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʩʢʚʘʞʠʥ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʨʝʰʝʥʠʡ ʜʣʷ ʦʜʠʥʦʯʥʦʡ ʩʢʚʘʞʠʥʳ ʩʧʦʩʦʙʦʤ 

ʩʫʧʝʨʧʦʟʠʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʨʝʰʝʥʠʷʤʠ h1 ʠ h2  ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ 

ʩh h1 1 2 + ʩ
2

 ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʠʤʦʡ.  ɽʩʣʠ ʫʨʘʚʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦ, ʪʦ 

ʥʘʭʦʜʠʤ ʩʥʘʯʘʣʘ ʝʛʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʠ ʜʘʣʴʰʝ ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʷ ʩ ʢʘʢ ʜʣʷ 

ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʇʨʠʤʝʥʷʷ ʩʫʧʝʨʧʦʟʠʮʠʶ, ʩʣʝʜʫʝʪ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʫʝʤʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. 

ʉʫʧʝʨʧʦʟʠʮʠʷ ʜʦʧʫʩʪʠʤʘ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʘʢʞʝ 

ʤʦʞʥʦ ʩʫʧʝʨʧʦʟʠʨʦʚʘʪʴ.  ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʩʣʦʞʝʥʠʷ ʧʦʥʠʞʝʥʠʡ ʚʤʝʩʪʦ 

ʥʘʧʦʨʦʚ ʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ s t( , ) ,¤=0  ʢʦʪʦʨʦʝ 

ʥʝ ʤʝʰʘʝʪ ʵʪʦʤʫ.  ʇʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʘ ʚʨʝʤʷ t  ʚ ʪʦʯʢʝ (x y, ), 

ʧʨʦʠʟʚʝʜʝʥʥʦʝ ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ M  ʩʢʚʘʞʠʥ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ 

ʫʨʘʚʥʝʥʠʷ: 
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s t x y s t t ri
i

M

i i( , , ) ( , ) ,=ä -
=1

                                         (3.1.21) 

ʛʜʝ   ( ) ( )r x x y yi i i= - -
2 2

+  .  

si
- ʧʦʥʠʞʝʥʠʝ ʦʪ ʦʜʠʥʦʯʥʦʡ ʩʢʚʘʞʠʥʳ, ( , )x yi i

-ʢʦʦʨʜʠʥʘʪʳ i -ʪʦʡ 

ʩʢʚʘʞʠʥʳ, ʘ ti
 - ʚʨʝʤʷ, ʢʦʛʜʘ ʵʪʘ ʩʢʚʘʞʠʥʘ ʥʘʯʘʣʘ ʜʝʡʩʪʚʦʚʘʪʴ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ Qi
. ʇʨʠ  t ti <   ʧʦʥʠʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʢʚʘʞʠʥʳ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʥʫʣʶ. 

ʄʦʞʥʦ ʪʘʢʞʝ ʚʳʧʦʣʥʠʪʴ ʩʫʧʝʨʧʦʟʠʮʠʶ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʜʠʥʦʯʥʦʡ 

ʩʢʚʘʞʠʥʳ.  ʇʨʠ ʟʘʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʦʪʢʘʯʢʠ ʠʟ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ (ʨʠʩ.3.1.1), 

ʥʘʯʘʚ ʝʝ ʩʦ ʚʨʝʤʝʥʠ ti  ʠ ʧʨʦʠʟʚʦʜʷ ʠʥʪʝʨʚʘʣʘʤʠ c ʨʘʩʭʦʜʦʤ Qi , 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦʥʠʞʝʥʠʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʚ ʪʦʯʢʝ ( x y, ) ʚ ʩʣʫʯʘʝ 

ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ   Q t0 1= =0   ʠ   0, . 

 
ʈʠʩ.3.1.1. ʅʘʣʦʞʝʥʠʝ ʨʝʰʝʥʠʡ ʜʣʷ ʝʜʠʥʠʯʥʦʡ ʩʢʚʘʞʠʥʳ ʚʦ ʚʨʝʤʝʥʠ 

 

ʇʦʢʘʟʘʪʝʣʴ n  ʦʟʥʘʯʘʝʪ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ.  ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʵʪʫ ʬʦʨʤʫʣʫ, ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 

ʦʪʢʘʯʢʠ ʩ ʨʘʩʭʦʜʘʤʠ Q Q1 2  ʠ  .  ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʭʦʜʫ Q1. ɺʪʦʨʦʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʦʪʢʘʯʢʘ ʠʟ ʜʚʫʭ ʩʢʚʘʞʠʥ, ʧʨʠʯʝʤ, ʨʘʩʭʦʜ ʠʟ 

ʦʜʥʦʡ ʩʦʩʪʘʚʣʷʝʪ Q1,ʘ ʠʟ ʚʪʦʨʦʡ - -Q Q2 1 ,  c ʩʫʤʤʘʨʥʳʤ ʨʘʩʭʦʜʦʤ Q2  

(ʩʤ.ʨʠʩ.3.1.1). 

ɻʨʘʬʠʢ ʦʪʢʘʯʢʠ 
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ʊʘʢ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʦʩʠʪ 

ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʩʣʦʞʝʥʠʝ ʧʦʥʠʞʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʤr  ʥʝ ʠʩʧʦʣʴʟʫʝʤ ʣʠʥʝʘʨʠʟʦʚʘʥʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ. ʄʳ ʤʦʞʝʤ ʚʳʧʦʣʥʠʪʴ 

ʩʣʦʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ (3.1.17) ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʜʨʘʪʦʚ ʥʘʧʦʨʘ h  . 

ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʚʚʝʩʪʠ ʧʨʷʤʦʣʠʥʝʡʥʳʝ 

ʛʨʘʥʠʮʳ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ.  ʅʘ ʨʠʩ. 3.1.2 ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʧʨʠʤʝʨʘ 

ʦʜʠʥʦʯʥʦʡ ʦʪʢʘʯʢʠ ʠʟ ʩʢʚʘʞʠʥʳ ʚʦʟʣʝ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʛʨʘʥʠʮʳ.  ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʫʶ ʛʨʘʥʠʮʫ ʤʦʜʝʣʠʨʫʶʪ, ʜʦʙʘʚʣʷʷ ʟʝʨʢʘʣʴʥʦ 

ʦʪʨʘʞʝʥʥʫʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ ʤʥʠʤʫʶ ʩʢʚʘʞʠʥʫ ʩ ʪʘʢʠʤ ʞʝ ʜʝʙʠʪʦʤ.  

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʫʶʪ ʛʨʘʥʠʮʫ ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʦʨʦʤ, ʜʦʙʘʚʣʷʷ 

ʤʥʠʤʫʶ ʥʘʛʥʝʪʘʪʝʣʴʥʫʶ ʩʢʚʘʞʠʥʫ ʩ ʨʘʩʭʦʜʦʤ ʪʦʡ ʞʝ ʩʘʤʦʡ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʳ, ʯʪʦ ʠ ʨʘʩʭʦʜ ʧʨʠ ʦʪʢʘʯʢʝ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ.  ʇʨʠ 

ʫʩʣʦʞʥʝʥʥʳʭ ʛʨʘʥʠʮʘʭ ʧʨʦʮʝʩʩ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʩʣʝʜʫʝʪ 

ʧʦʚʪʦʨʠʪʴ (ʥʘʧʨʠʤʝʨ, ɹʫʰ, ʃʫʢʥʝʨ, 1974; ɹʵʨ, 1979). 

ʈʠʩ.3.1.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʨʘʥʠʮ ʥʘʣʦʞʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʳʭ ʩʢʚʘʞʠʥ 

 

ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʟʘʜʘʯʘʭ ʨʘʩʯʝʪʘ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ ʦʛʨʘʥʠʯʝʥʦ. ʉʫʱʝʩʪʚʫʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ, ʢʦʪʦʨʳʝ 

ʟʘʩʪʘʚʣʷʶʪ ʥʘʩ ʠʩʢʘʪʴ ʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ɺʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. 

ɺʠʜ ʩʚʝʨʭʫ. 

ɸ ï ʚʦʜʦʧʦʥʠʟʠʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ; 

ɸô- ʚʠʨʪʫʘʣʴʥʘʷ ʩʢʚʘʞʠʥʘ. 

 

 

 

ʘ) ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ ʛʨʘʥʠʮʘ 

 

 

 

 

 

 

 

ʙ) ʛʨʘʥʠʮʘ ʩ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʦʨʦʤ 

(S=0 ʥʘ ʛʨʘʥʠʮʝ) 
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ʪʨʝʙʫʶʪ, ʚ ʦʩʥʦʚʥʦʤ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ʕʪʦ ʫʩʣʦʚʠʝ 

ʨʝʜʢʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ.  ɺʦ-ʚʪʦʨʳʭ, ʩʣʦʞʥʳʝ 

ʛʨʘʥʠʮʳ ʥʝ ʧʦʜʜʘʶʪʩʷ ʫʯʸʪʫ ʧʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ. ʇʨʦʩʪʳʝ ʛʨʘʥʠʮʳ 

ʚ ʚʠʜʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʪʨʝʙʫʶʪ ʛʨʦʤʦʟʜʢʠʭ ʧʨʦʮʝʜʫʨ ʟʝʨʢʘʣʴʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʦʚ, ʥʝʥʘʤʥʦʛʦ ʫʩʪʫʧʘʶʱʠʭ ʯʠʩʣʝʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. ʀ, ʥʘʢʦʥʝʮ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʚʦʩʧʦʣʥʝʥʠʝ ʟʘ ʩʯʝʪ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʠʪʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʯʪʝʥʦ ʚ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ. 

ʕʪʦ, ʢʦʥʝʯʥʦ, ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʥʝ ʥʫʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ.  ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ ʠʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ. 

ʆʜʥʘʢʦ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʧʨʠʚʦʜʠʪʩʷ 

ʦʙʩʫʞʜʝʥʠʝ ʵʪʠʭ ʤʦʜʝʣʝʡ. 

 

3.2. ʄʝʪʦʜ ʨʘʟʥʦʩʪʝʡ 

 

3.2.1. ɼʠʩʢʨʝʪʠʟʘʮʠʷ:  

ʉʪʘʥʜʘʨʪʥʳʡ ʩʣʫʯʘʡ ï ʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʪʨʝʙʫʶʪ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ.  

ʄʝʪʦʜ ʨʘʟʥʦʩʪʝʡ ʟʘʤʝʥʷʝʪ ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʩʠʩʪʝʤʦʡ ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ.  ʉʥʘʯʘʣʘ ʦʙʣʘʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʨʘʟʙʠʚʘʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʦʡ.  

ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ ʨʘʟʙʠʚʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 

yxyx DD  ʠ   , ʠ  ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ. ʅʘ ʨʠʩ.3.2.1 ʧʦʢʘʟʘʥ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʚ ʧʣʘʥʝ.  ʈʘʟʙʠʚʢʫ ʝʛʦ ʥʘ ʙʣʦʢʠ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʠʟʦʙʨʘʟʠʪʴ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.2.2.  ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʥʘʧʠʩʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʤʳ ʟʘʜʘʜʠʤ 

ʧʦʩʪʦʷʥʥʳʤʠ xDʠ yD. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʚʥʦʤʝʨʥʦʡ ʨʘʟʙʠʚʢʦʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3.2.3. 

  
ʈʠʩ.3.2.1. ɺʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ.    ʈʠʩ.3.2.2. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ 

ɺʠʜ ʩʚʝʨʭʫ. 1- ʩʢʚʘʞʠʥʘ;    ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʝʰʝʪʢʠ ʩ  

2 ï ʛʨʘʥʠʮʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ʤʝʥʷʶʱʠʤʩʷ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ. 

       1 ï ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʘʷ ʛʨʘʥʠʮʘ 

       ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
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ʈʠʩ.3.2.3. ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʨʝʰʝʪʢʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʟʤʝʨʦʤ 

ʷʯʝʝʢ. 1 ʜʠʩʢʨʝʪʠʟʠʨʦʚʘʥʥʘʷ ʛʨʘʥʠʮʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

 

ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʛʨʘʥʠʮʳ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤ ʪʦʯʥʝʝ, ʯʝʤ ʤʝʥʴʰʝ ʙʫʜʫʪ

xD  ʠ yD .  ʇʨʠʤʝʤ, ʯʪʦ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʨʘʟʜʝʣʸʥ ʩʝʪʢʦʡ ʥʘ N-

ʢʦʣʠʯʝʩʪʚʦ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʙʣʦʢʦʚ. ʎʝʥʪʨ ʙʣʦʢʘ ʥʘʟʳʚʘʝʪʩʷ ʫʟʣʦʤ. ʆʙʲʝʤ, 

ʘʩʩʦʮʠʠʨʫʝʤʳʡ ʩ ʫʟʣʦʤ, ʧʨʦʩʪʠʨʘʝʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʚʩʝʡ 

ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ. 

ɺʨʝʤʷ ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ ʥʘ ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ t t t0 1 2  , , ...,  ʩ 

ʠʥʪʝʨʚʘʣʦʤ  tD . 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ, 

ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʦʨʘ ʚ ʜʠʩʢʨʝʪʥʳʭ ʫʟʣʘʭ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʚʨʝʤʝʥʠ t0  ʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʥʘʧʦʨʳ ʚ ʵʪʠʭ 

ʫʟʣʘʭ ʜʣʷ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ t t1 2 
, ... ʧʨʠ ʰʘʛʘʭ  tD . 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʤʳ ʤʦʞʝʤ ʧʦʡʪʠ ʜʚʫʤʷ 

ʧʫʪʷʤʠ.  ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʤʝʥʝ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʫʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʨʘʟʥʦʩʪʷʤʠ.  ʄʳ ʚʳʙʠʨʘʝʤ 

ʜʨʫʛʦʡ ʧʦʜʭʦʜ.  ʅʘʭʦʜʠʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ, ʧʨʠʤʝʥʷʷ ʟʘʢʦʥ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʟʘʢʦʥ ɼʘʨcʠ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ʧʦ ʠʥʪʝʨʚʘʣʫ ʚʨʝʤʝʥʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ Ðt , ʧʨʠʥʠʤʘʷ, ʯʪʦ ʧʦʪʦʢ ʪʝʯʸʪ ʪʦʣʴʢʦ ʤʝʞʜʫ ʵʪʠʤ ʙʣʦʢʦʤ 

ʠ ʯʝʪʳʨʴʤʷ ʙʣʠʞʘʡʰʠʤʠ ʢ ʥʝʤʫ ʙʣʦʢʘʤʠ.  ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʨʘʩʩʯʠʪʘʪʴ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʨʝʰʘʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʥʘʧʦʨʥʳʡ ʠʟʦʪʨʦʧʥʳʡ 

ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʠʩʧʦʣʴʟʫʝʤ ʵʪʦʪ ʩʪʘʥʜʘʨʪʥʳʡ ʩʣʫʯʘʡ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʨʘʟʥʦʩʪʥʳʭ 

ʫʨʘʚʥʝʥʠʡ.  ɿʘʪʝʤ ʚʝʨʥʤyʩʷ ʢ ʜʨʫʛʠʤ ʪʠʧʘʤ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ 

ʨʘʩʰʠʨʠʤ ʵʪʠ ʤʝʪʦʜʳ. 

ʋʟʣʦʚʳʝ ʪʦʯʢʠ ʙʣʦʢʦʚ ʥʫʤʝʨʫʶʪʩʷ.  ʋʟʝʣ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʤʳ 

ʟʘʧʠʩʳʚʘʝʤ ʚʦʜʥʳʡ ʙʘʣʘʥʩ, ʩʯʠʪʘʝʪʩʷ ʥʫʣʝʚʳʤ. ʆʩʪʘʣʴʥʳʝ ʫʟʣʳ ʧʦʣʫʯʘʶʪ 

ʥʦʤʝʨʘ 1, 2, 3, 4 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʝʛʦ 

(ʨʠʩ.3.2.4).  
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 ʈʠʩ.3.2.4. ʅʫʤʝʨʘʮʠʷ ʫʟʣʦʚ. 

 

ɻʣʦʙʘʣʴʥʦ ʥʫʣʝʚʦʡ ʫʟʝʣ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ i ʠ j ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ x y ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʪʝʤ ʤʳ ʤʦʞʝʤ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʚʩʝ 

ʫʟʣʦʚʳʝ ʪʦʯʢʠ ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʪ 1 ʜʦ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʚ 

ʨʘʟʙʠʚʢʝ (ʨʠʩ.3.2.5). ɺʳʚʝʜʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʦʚʦʡ ʪʦʯʢʠ.  

 
ʈʠʩ.3.2.5. ɻʣʦʙʘʣʴʥʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʫʟʣʦʚ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʙʣʦʢʘ ʜʣʷ ʚʝʩʴʤʘ ʤʘʣʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʩʭʦʜ ʚʭʦʜʷʱʝʛʦ ʠ ʚʳʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ 

ʦʯʝʥʴ ʤʘʣʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʩʨʝʜʥʠʤ ʥʘʧʦʨʦʤ ʧʦ ʵʪʦʤʫ ʠʥʪʝʨʚʘʣʫ.  

ʀʤʝʶʪʩʷ 4 ʚʭʦʜʷʱʠʭ (ʚʳʭʦʜʷʱʠʭ) ʧʦʪʦʢʘ ʠ ʚʦʟʤʦʞʥʦ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʝ 

ʧʠʪʘʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

 ʷʯʝʡʢʘ ʩ ʫʟʣʦʤ 
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ʈʠʩ.3.2.6. ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʚʦʢʨʫʛ ʫʟʣʦʚʦʡ ʷʯʝʡʢʠ 

 

ʕʪʠ ʧʷʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʩʭʦʜʘ ʦʙʦʟʥʘʯʠʤ, ʢʘʢ Q Q Q Q Q1 2 3 4, , ,  ʠ . ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʨʠʪʦʢʠ ʤʠʥʫc ʦʪʪʦʢʠ ʟʘ 

ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ (t , tt D+ ) ʜʦʣʞʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ, 

ʥʘʢʘʧʣʠʚʘʝʤʦʡ ʙʣʦʢʦʤ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ. 

æt(Q1+Q2+Q3+Q4+Q)=[ h0(t+æt)-h0(t)]m0*æxæy  .     (3.2.1) 

ʀʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ɼʘʨʩʠ, ʧʦʣʫʯʘʝʤ : 

Q1=æxT10[h1(tô)-h0(tô)]/æy;                                

Q2=æyT20[h2(tô)-h0(tô)]/æx;       

         (3.2.2) 

Q3=æxT30[h3(tô)-h0(tô)]/æy;      

Q4=æyT40[h4(tô)-h0(tô)]/æx.                                                                                   

ɺ ʟʘʚʠʩʠʤʦʩʪʷʭ (3.2.2) ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʩʨʝʜʥʸʥʥʳʝ ʨʘʩʭʦʜʳ   

Q Q Q Q1 2 3 4, , ,  ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʙʣʠʞʸʥʥʦ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʚʝʣʠʯʠʥʘʤ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʚʨʝʤʝʥʠ, ʩʦʜʝʨʞʘʱʝʤʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ (ttt D+ , ). ʈʘʩʭʦʜ ʩʯʠʪʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʝʩʣʠ ʧʦʪʦʢ 

ʧʦʩʪʫʧʘʝʪ ʚ ʷʯʝʡʢʫ. T T T T10 20 30 40, , , - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ  0 ʠ 1,  0 ʠ 2,  0 ʠ 3,  0 ʠ 4 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʥʠʭ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʨʘʟʤʝʨ ʙʣʦʢʦʚ 

ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ.  ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ ʤʳ ʟʥʘʝʤ ʣʦʢʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ.  ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʦʢʘ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ ʦʥʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʠʥʪʝʨʧʦʣʠʨʦʚʘʥʳ. ɼʣʷ ʵʪʦʛʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʷʝʤ 

 -ʤʦʱʥʦʩʪʴ ʥʘʩʳʱʝʥʥʦʡ 

ʪʦʣʱʠ 
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ʚʳʨʘʞʝʥʠʝ: 

T
T T

10
1 0=
 +  

2
    ,                                            (3.2.3) 

ʛʜʝ   Ti
 - ʟʥʘʯʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʙʣʦʢʝ ʩ ʫʟʣʦʚʦʡ ʪʦʯʢʦʡ i. 

ɻʘʨʤʦʥʠʯʝʩʢʘʷ ʩʨʝʜʥʷʷ ʪʦʯʥʝʝ ʩʨʝʜʥʝʛʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʦʪʨʘʞʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʜʚʝ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʚʠʚʘʣʝʥʪʥʳ ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ.  ʆʥʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

T
TT

T T
10

1 0

1 0

=
2

+
                                                 (3.2.4) 

ʊʘʤ, ʛʜʝ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ T, ʦʙʘ ʧʨʠʸʤʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʩʧʝʭʦʤ.  ɻʘʨʤʦʥʠʯʝʩʢʘʷ ʩʨʝʜʥʷʷ, ʦʜʥʘʢʦ, 

ʦʙʣʘʜʘʝʪ ʪʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʫʯʝʩʪʴ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ 

ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʝ ʛʨʘʥʠʮʳ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ ʚʤʝʩʪʦ 

ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʤʝʝʪ ʠ ʜʨʫʛʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ.  ʆʥʦ ʧʦʟʚʦʣʷʝʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʘʥʠʟʦʪʨʦʧʠʠ ʧʦ ʤʝʨʝ 

ʚʳʨʘʚʥʠʚʘʥʠʷ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʩ ʦʩʷʤʠ ʪʝʥʟʦʨʘ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʇʦʜʩʪʘʚʣʷʷ (3.2.2.) ʚ (3.2.1) ʠ ʨʘʟʜʝʣʠʚ ʥʘ ῳὼῳώῳὸȟ ʤʳ ʧʦʣʫʯʘʝʤ 
ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʦʚʦʡ ʪʦʯʢʠ: 

(m*/æt)[h0 (t+æt)-h0 (t)] = T10 [h1 (tô)-h0 (tô)]/æy
2 +  

+ T20 [h2(tô)-h0(tô)]/æx2 + T30 [h3(tô)-h0(tô)]/æy2 +                     (3.2.5) 

+ T40 [h4(tô)-h0(tô)]/æx2+q0 , 

ʛʜʝ     q0=Q/(ȹxȹy); 

Q -ʵʪʦ ʚʥʝʰʥʠʡ ʧʨʠʪʦʢ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʥʬʠʣʴʪʨʘʮʠʠ), ʢʦʪʦʨʳʡ 

ʥʝʟʘʚʠʩʠʤ ʦʪ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ h.  ɺ ʨʘʩʭʦʜ Q  ʤʦʛʫʪ ʚʭʦʜʠʪʴ 

ʨʘʟʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ - ʦʪʢʘʯʢʘ, ʠʩʧʘʨʝʥʠʝ, ʠʥʬʠʣʴʪʨʘʮʠʷ ʟʘ ʩʯʝʪ ʦʩʘʜʢʦʚ 

ʠʣʠ ʥʘʛʥʝʪʘʥʠʷ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ. 

ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʫʟʣʦʚʦʡ ʪʦʯʢʠ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ, ʧʝʨʝʭʦʜʷ ʦʪ ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘʮʠʠ ʢ ʛʣʦʙʘʣʴʥʳʤ. 

ʇʨʘʚʠʣʘ ʧʝʨʝʭʦʜʘ ʧʨʦʩʪʳ. ɿʜʝʩʴ ʤʳ ʧʨʠʤʝʥʷʝʤ ʩʭʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ 

ʧʦʢʘʟʘʪʝʣʝʡ.  ʉʭʝʤʘ ʩ ʦʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʟʜʝʣʝ 3.2.3. 

h hi j0­ , ;    

       

h h

h h

h h

h h

i j

i j

i j

i j

1 1

2 1

3 1

4 1

­

­

­

­

-

+

+

-

,

,

,

,

;

;

;
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      (3.2.6) 
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ʈʠʩ.3.2.7. ʂʦʥʮʝʧʮʠʷ ʤʝʞʫʟʣʦʚʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

 

ʂʘʞʜʦʤʫ ʫʟʣʫ ʟʘʜʘʶʪ ʜʚʘ ʟʥʘʯʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ TI TJ ʠ  ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ x y ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʜʝ TI i,j - ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʞʜʫ ʫʟʣʦʤ (

i j, ) ʠ ʩʣʝʜʫʶʱʠʤ ʩʦʩʝʜʥʠʤ ʫʟʣʦʤ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

( )x i j TJi j, , , , +1  -ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʞʜʫ ʫʟʣʦʤ ( )i j,  ʠ ʝʛʦ ʩʣʝʜʫʶʱʠʤ 

ʩʦʩʝʜʦʤ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ( )y i j, ,  +1  (ʨʠʩ. 2.7.)  

ʇʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ ʫʟʣʦʤ ( i j, ) ʠ ʝʛʦ ʯʝʪʳʨʴʤʷ ʙʣʠʞʘʡʰʠʤʠ ʩʦʩʝʜʷʤʠ 

ʚʳʨʘʞʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (3.2.7): 

.

;

;

;

,140

,30

,20

1,10

ji

ji

ji

ji

TIT

TJT

TIT

TJT

-

-

­

­

­

­

                                                    (3.2.7) 

ɿʘʤʝʥʷʝʤ ʪʘʢʞʝ  

m m  0

* *­ i j,                                                    (3.2.8) 

q qi j0­  
. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʥʳ ʚ ʢʘʞʜʦʡ ʫʟʣʦʚʦʡ ʪʦʯʢʝ (i j, ) ʧʦʣʫʯʘʝʤ N 

ʫʨʘʚʥʝʥʠʡ ʜʣʷ N ʥʝʠʟʚʝʩʪʥʳʭ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ( ):+
 

tt
ji

h D  

(m* i,j /æt)[hi,j (t+æt)-hi,j (t)]  =  TJi,j-1 [hi,j-1 (tô)-hi,j (tô)]/æy2+ 

+ TIi,j [hi+1,j (tô)-hi,j (tô)]/æx2+TJi,j [hi,j+1 (tô)-hi,j (tô)]/æy2+  (3.2.9) 

 + TIi-1,j [hi-1,j (tô)-hi,j (tô)]/æx2+qi,j .                 

ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʥʘ ʛʨʘʥʠʮʘʭ ʪʨʝʙʫʶʪ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʦʡ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ 

ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʳ (ʛʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ ʥʫʣʝʚʳʤ ʧʦʪʦʢʦʤ).  

ʋʟʣʦʚʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʤʝʱʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʨʦʠʟʦʰʣʦ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩʪʦʨʦʥ ʙʣʦʢʦʚ ʩ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʝʡ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ.  ʅʘ ʨʠʩ. 3.2.8 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ, ʢʦʛʜʘ ʫʟʝʣ 0 ʩʚʷʟʘʥ 

ʪʦʣʴʢʦ ʩ ʪʨʝʤʷ ʫʟʣʘʤʠ.  ʇʦʵʪʦʤʫ ʚ ʫʨʘʚʥʝʥʠʠ ʜʣʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʤʦʛʫʪ ʙʳʪʴ 

ʚʚʝʜʝʥʳ ʪʦʣʴʢʦ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʟ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚ.  ʌʦʨʤʘʣʴʥʦ ʵʪʦ 

ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ, ʧʨʠʨʘʚʥʠʚʘʷ T10  ʢ 0. ɽʩʣʠ ʤʳ ʨʘʟʤʝʩʪʠʤ ʫʟʣʳ ʩ ʥʫʣʝʚʦʡ 
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ʤʝʩʪʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮʳ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ 

(ʥʘʧʨʠʤʝʨ, T1 =0 ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ), ʤʳ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʣʫʯʘʝʤ: 

 

T
TT

T T
10

1 0

1 0

  
2

+
  0= =  ,                                         (3.2.10) 

 

ʝʩʣʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʧʨʦʚʦʜʠʤʦʩʪʝʡ. ɺʦʜʥʳʡ ʙʘʣʘʥʩ 

ʚ ʫʛʣʦʚʳʭ ʫʟʣʘʭ (ʨʠʩ.3.2.9) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʫʨʘʚʥʝʥʠʷ (3.2.9.), ʝʩʣʠ ʤʳ ʟʘʜʘʜʠʤ ʫʟʣʘʤ ʥʫʣʝʚʫʶ ʤʝʩʪʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʚ ʪʦʯʢʘʭ, ʦʪʤʝʯʝʥʥʳʭ ʟʘ ʧʨʝʜʝʣʘʤʠ ʛʨʘʥʠʮʳ ʤʦʜʝʣʠ. 

   
ʈʠʩ.3.2.8. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ: 

ɻʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʧʨʠʤʝʨ 1) 

ʈʠʩ.3.2.9. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ 

ʫʟʣʦʚ: 

ɻʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʧʨʠʤʝʨ 2) 

ʋʩʣʦʚʥʳʝ: 5 ï ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ ʛʨʘʥʠʮʘ 1 ï ʛʨʘʥʠʮʘ ʤʦʜʝʣʠ;  

2 ï ʬʘʢʪʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ 

 

ʆʙʱʠʝ ʛʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʭʦʜʦʤ ʣʝʛʢʦ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʠʭ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʛʨʘʥʠʮʘʤʠ ʠ ʧʨʠʙʘʚʣʝʥʠʷ 

ʧʨʠʪʦʢʘ (ʦʪʪʦʢʘ) ʢ ʯʣʝʥʫ q0  ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʝʣʝʥʠʷ ʥʘ ʧʣʦʱʘʜʴ 

ʙʣʦʢʘ. 

ʃʝʛʯʝ ʚʩʝʛʦ ʟʘʜʘʶʪʩʷ ʛʨʘʥʠʮʳ ʧʝʨʚʦʛʦ ʨʦʜʘ.  ɽʩʣʠ ʫʟʝʣ ʚ 

ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʟʘʜʘʥʥʳʡ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ  

h f t0= ( )  ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ t      (3.2.11) 

ʩ ʟʘʜʘʥʥʳʤ f t( ) ,  ʪʦ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʟʘʤʝʥʷʝʪ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʦʚʦʡ ʪʦʯʢʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʥʦ ʧʨʠʚʝʜʝʥʦ ʫʞʝ ʚ ʠʟʚʝʩʪʥʦʤ ʚʠʜʝ. 

ɺʜʦʣʴ ʛʨʘʥʠʮ ʧʝʨʚʦʛʦ ʨʦʜʘ ʙʣʦʢʠ ʨʘʟʤʝʱʘʶʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʠʭ ʮʝʥʪʨʳ ʥʘʭʦʜʠʣʠʩʴ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʬʘʢʪʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʜʘʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ (ʨʠʩ.3.2.10).  ʊʘʢʦʡ ʤʝʪʦʜ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʤʝʥʠʤ ʪʘʢʞʝ ʢ 

ʛʨʘʥʠʮʘʤ ʚʪʦʨʦʛʦ ʨʦʜʘ. 
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ʈʠʩ.3.2.10. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ: ɻʨʘʥʠʮʳ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

 

ɽʩʣʠ ʤʳ ʜʝʣʘʝʤ ʪʘʢ, ʯʪʦ ʧʦʪʦʢʠ ʠʜʫʪ ʧʘʨʘʣʣʝʣʴʥʦ ʛʨʘʥʠʮʝ, ʪʦ ʩʣʝʜʫʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʣʠʙʦ ʠʭ ʰʠʨʠʥʫ ʠʣʠ ʚʝʣʠʯʠʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʫʨʘʚʥʝʥʠʠ (3.2.2). ʆʙʩʫʞʜʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʪʨʝʪʴʝʛʦ 

ʨʦʜʘ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʟʜʝʣʝ 3.2.6. 

ɼʣʷ ʚʳʨʘʙʦʪʢʠ ʦʙʱʝʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʤʳ ʦʙʳʯʥʦ ʧʦʩʪʫʧʘʝʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʟʙʠʚʢʘ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʦʥʘ ʦʙʨʘʟʫʝʪ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠʟ NXʙʣʦʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠx  ʠ NY ʙʣʦʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

y, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʫ ʦʙʣʘʩʪʴ, ʢʦʪʦʨʫʶ ʤʳ ʭʦʪʠʤ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚʤʝʩʪʝ 

ʩ ʛʨʘʥʠʮʘʤʠ.  ɺʩʝʤ ʫʟʣʘʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʶʪʩʷ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʨʘʚʥʳʝ ʥʫʣʶ.  ʆʥʠ ʥʝ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʧʦʪʦʢʘ ʠ ʠʭ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʦʩʪʦʷʥʥʳʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʟʣʳ ʩ ʥʠʯʝʛʦ ʥʝ 

ʟʥʘʯʘʱʠʤʠ ʬʠʢʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ.  

ʆʩʪʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʧʦʣʫʯʘʶʪ ʚʳʰʝʦʧʠʩʘʥʥʳʤ 

ʩʧʦʩʦʙʦʤ. 

ʈʝʘʣʠʟʘʮʠʷ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤ ʟʘʜʘʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʚ ʫʟʣʝ ʚʦʟʤʦʞʥʘ ʧʨʠ ʟʘʜʘʥʠʠ ʚ ʥʝʤ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʸʤʢʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, 1030, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʝʛʦ ʢʘʢ ʦʙʳʯʥʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʟʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3.2.9). ʋʟʝʣ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ 

ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ ʚʦʜʳ, ʥʝ ʠʟʤʝʥʠʪ ʚʝʣʠʯʠʥʳ ʩʚʦʝʛʦ ʥʘʧʦʨʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʪʦʢ ʠʣʠ ʦʪʪʦʢ. 

     ʊʝʧʝʨʴ ʥʘʤ ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ NYNX   ³

.  ʇʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ, ʥʘʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʤʳ 

ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʧʦʜ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʚʨʝʤʝʥʝʤ t '  (ʫʨʘʚʥʝʥʠʝ 3.2.9), 

ʩʦʜʝʨʞʘʱʝʤʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ( ttt D+ , ). ɽʩʣʠ ʤʳ ʧʨʠʙʣʠʞʘʝʤ t '  ʢ t , ʪʦ 

ʫʨʘʚʥʝʥʠʷ ʙʫʜʫʪ ʚ ʷʚʥʦʡ ʬʦʨʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ( )tt
ji

h D+
 ,

. ʀʭ ʨʝʰʝʥʠʝ 

ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 3.2.2. ɽʩʣʠ ʤʳ ʚʳʙʠʨʘʝʤ , + ttt D=  ʪʦ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ( )tt
ji

h D+
,

 ʚ ʥʝʷʚʥʦʤ 

ʚʠʜʝ. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʚ ʥʝʷʚʥʦʤ ʚʠʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʨʘʟʜʝʣʝ 

3.2.3. ɹʦʣʝʝ ʦʙʱʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʩʭʦʜʦʚ ʚ ʠʥʪʝʨʚʘʣʝ (

ttt D+ , ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʤʝʥʝ h t( )'  ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ )+( ʠ )( tthth D  

 ʟʘʜʘʥʥʳʡ ʥʘʧʦʨ ʥʘ ʛʨʘʥʠʮʝ 
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() ( ) () ( )tt
ji

ht
ji

ht
ji

h D-= +
 ,

  + 
, 

 1'
,

qq                          (3.2.12) 

ʚ ʫʨʘʚʥʝʥʠʠ (3.2.9 ). ʕʪʦʪ ʧʦʜʭʦʜ ʚʝʜʝʪ ʢ ʫʨʘʚʥʝʥʠʷʤ ʚ ʥʝʷʚʥʦʤ ʚʠʜʝ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʠʪʴ ʤʝʪʦʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʛʣʘʚʝ 3.2.3. ɺʳʙʦʨ 

ʟʥʘʯʝʥʠʷ q = 0,5 ʜʘʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʫʶ ʩʭʝʤʫ ʂʨʵʥʢʘ-ʅʠʢʦʣʴʩʦʥʘ 

(ʂʨʵʥʢ, ʅʠʢʦʣʴʩʦʥ, 1949), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʩʭʝʤʦʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 

ʪʦʯʥʦʩʪʠ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʳ ʧʨʠʥʠʤʘʣʠ, ʯʪʦ ()t
ji

h
 ,

 ʙʳʣ ʟʘʜʘʥ.  

ʌʘʢʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʧʨʠ 

ʥʝʢʦʪʦʨʦʤ ʥʘʯʘʣʴʥʦʤ ʚʨʝʤʝʥʠ t t =  0  ʩʣʝʜʫʝʪ ʟʘʜʘʚʘʪʴ ʩ ʫʯʝʪʦʤ 

ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʪʦʢʘ.  ʀʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3.2.9) 

ʨʝʢʫʨʩʠʚʥʦ ʠ ʥʘʯʘʚ ʩ t t =  0
, ʤʳ ʤʦʞʝʤ ʨʘʩʩʯʠʪʘʪʴ ʥʘʧʦʨʳ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ t t >  0, ʧʨʦʭʦʜʷ ʧʦ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʩ ʰʘʛʦʤ tD . 

ʉʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ µ µ   =  0h t/ . ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʤʳ ʤʦʞʝʤ ʚʚʝʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʠ ʨʘʩʯʝʪʳ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʦʠʟʚʝʩʪʠ ʜʣʷ ʙʦʣʴʰʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʝʥʠʷʤʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɹʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʡ ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ - ʫʙʨʘʪʴ ʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚʩʝ 

ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ m µ µ   
* h t/ .  ʕʪʦ: 

( ) () tt
ji

htt
ji

h
ji

D-D*
ùú

ø
éê

è /
, 

+
,  ,

 m  

ʄʳ ʤʦʞʝʤ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʠʭ ʧʨʦʩʪʳʤ ʧʨʠʨʘʚʥʠʚʘʥʠʝʤ ʢ ʥʫʣʶ ʠʣʠ 

ʚʳʙʦʨʦʤ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʛʦ tD  ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3.2.9) ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʘʣʴʥʝʡʰʠʭ 

ʠʟʤʝʥʝʥʠʡ ʪʘʢʞʝ ʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ.  ʉʝʡʯʘʩ, ʦʜʥʘʢʦ, ʥʝʠʟʚʝʩʪʥʳ 

ʚʝʣʠʯʠʥʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ () ( )tt
ji

ht
ji

h D+
 ,

 = 
 ,

, ʠ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʷʚʥʦʡ.  ʇʦʵʪʦʤʫ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʥʝʷʚʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ. 

 

3.2.2.  ʗʚʥʘʷ ʩʭʝʤʘ 

 

ʇʨʠʥʷʚ tt  = '  ʚ ʫʨʘʚʥʝʥʠʠ (3.2.9) ʠ ʨʝʰʠʚ ʝʛʦ ʜʣʷ ( )tt
ji

h D+
 ,

, ʤʳ 

ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ: 

hi,j  (t+æt) =  hi,j  (t)+(æt/m* i,j )[TJi,j-1 (hi,j-1 (t)-hi,j (t))/æy2+ 

+TIi,j (hi+1,j(t)-hi,j(t))/æx2+TJi,j(hi,j+1(t)-hi,j(t))/æy2+                      (3.2.13) 

+TIi-1,j(hi-1,j(t)-hi,j(t))/æx2+qi,j] 

ʜʣʷ  1   ʠ  1   i NX j NY= =,..., ,..., , ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʘʥʠʮ ʧʝʨʚʦʛʦ ʨʦʜʘ, 
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ʛʜʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ ʷʚʣʷʝʪʩʷ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ. 
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ʉʠʩʪʝʤʫ ʨʝʰʘʶʪ, ʥʘʯʠʥʘʷ ʩ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ()0 , th ji .  ʊʦʛʜʘ ( )tth ji D+0,  ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ 

(3.2.13) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ ʩʝʪʢʠ. ʈʝʢʫʨʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʨʘʚʥʝʥʠʡ (3.2.13) ʜʘʝʪ ʣʶʙʦʡ ʚʨʝʤʝʥʥʦʡ ʫʨʦʚʝʥʴ. 

ʗʚʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʣʝʛʢʦ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ʆʥʘ, 

ʦʜʥʘʢʦ, ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ.  ʇʨʠ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʙʦʣʴʰʦʤ tD  

ʩʭʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ.  ɼʣʷ ʛʘʨʘʥʪʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʣʝʜʫʝʪ ʙʨʘʪʴ 

ʪʘʢʫʶ ʩʭʝʤʫ, ʯʪʦʙʳ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʢʨʠʪʝʨʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʘʞʜʦʤ 
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ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʢʨʠʪʝʨʠʷ, ʨʘʩʩʤʦʪʨʠʤ 

ʩʠʪʫʘʮʠʶ, ʛʜʝ ʫʟʝʣ (i j , ) c ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʤ ʥʘʧʦʨʦʤ H  ʦʢʨʫʞʝʥ 

ʯʝʪʳʨʴʤʷ ʫʟʣʘʤʠ ʩ ʨʘʚʥʳʤʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʤʠ ʥʘʧʦʨʘʤʠ HH D+  (ɹʵʨ, 

1972).  ɿʥʘʯʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʤʝʞʜʫ ʫʟʣʦʤ ( ( , )i j ) ʠ ʝʛʦ ʩʦʩʝʜʷʤʠ 

ʧʨʠʥʠʤʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ ʠ ʨʘʚʥʳʤʠ jiqT    a ,  ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʚʥʳʤʠ 

ʥʫʣʶ.  ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʦʜʩʪʘʚʠʤ ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ (3.2.13), ʧʝʨʝʛʨʫʧʧʠʨʫʝʤ ʠ 

ʧʝʨʝʥʝʩʸʤ ʧʝʨʚʳʡ ʯʣʝʥ ʠʟ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʫʨʘʚʥʝʥʠʷ ʚ ʣʝʚʫʶ, ʧʦʣʫʯʘʝʤ:  

( ) öö
÷

õ
ææ
ç

å

D

D

D

DD
*

=-D
22  + 

 
2+

x

H

y

H
T

t
Htth ji

m
 .                         (3.2.16) 

ʃʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʘʢʪʠʯʝʩʢʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʚ ʫʟʣʝ ( i j ,  ) ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (ttt D+, ).  

ʆʥʦ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʨʘʟʥʦʩʪʴ ʥʘʧʦʨʦʚ æH ʤʝʞʜʫ ʫʟʣʦʤ ( i j, ) ʠ 

ʢʘʞʜʳʤ ʠʟ ʯʝʪʳʨʸʭ ʩʦʩʝʜʝʡ ʚ ʥʘʯʘʣʝ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʪʘʢ ʢʘʢ ʚʦʜʘ ʚʚʝʨʭ 

ʪʝʯʴ ʥʝ ʤʦʞʝʪ. ʋʨʘʚʥʝʥʠʝ (3.2.17) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(3.2.15). 

( ) HHtth ji D¢-D   +  .                                         (3.2.17) 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ʫʩʣʦʚʠʝ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʝʘʣʴʥʦ ʤʘʣʳʤ 

ʟʥʘʯʝʥʠʷʤ æt ʜʣʷ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ æx ʠ æy ʧʦʨʷʜʢʘ ʦʪ 10 ʤ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʷʭ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩ 

ʧʨʦʛʥʦʟʦʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʩ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ 

ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦʙ ʦʰʠʙʢʘʭ 

ʦʢʨʫʛʣʝʥʠʷ.  ʊʘʢ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʨʠ ʷʚʥʦʡ ʩʭʝʤʝ ʨʝʰʝʥʠʷ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʩʪʴ ʨʘʩʭʦʜʘ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ (ttt D+ , ) ʠ, ʪʝʤ ʩʘʤʳʤ, 
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ʦʪʩʫʪʩʪʚʠʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ 

ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʤʳ ʠʱʝʤ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ 

ʇʨʠ ʥʝʷʚʥʦʡ ʩʭʝʤʝ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʫʟʣʘʤʠ ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ( ttt D+ , ). 

ʈʝʰʝʥʠʝ ʧʦ ʷʚʥʦʡ ʩʭʝʤʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 1. 

 

ʇʈʆɻʈɸʄʄɸ 1 

 

ʎʝʣʴ: ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʝʪʦʜʦʤ 

ʨʘʟʥʦʩʪʝʡ ʧʦ ʷʚʥʦʡ ʩʭʝʤʝ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʭ ʠ ʫ, NX ʠ NY; 

- ʨʘʟʤʝʨʳ ʙʣʦʢʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʭ ʠ ʫ, Dʍ ʠ DY; 

- ʧʨʠʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ, Dʊ , ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

TM (ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʚʨʝʤʝʥʠ t=0); 

- ʥʘʯʘʣʴʥʳʝ ʥʘʧʦʨʳ ʧʨʠ ʚʨʝʤʝʥʠ t= 0, ʅʆ (i,j), (i= 1 , NX,  j= 1 ,  NY, 

ʜʣʷ ʚʩʝʭ ʚʝʣʠʯʠʥ ʩ ʜʚʫʤʷ ʠʥʜʝʢʩʘʤʠ ); 

- ʟʥʘʯʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʊʊ (i, j).  ʋʟʣʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʟʘ 

ʧʨʝʜʝʣʘʤʠ   ʤʦʜʝʣʠʨʫʝʤʦʛʦ   ʚʦʜʦʥʦʩʥʦʛʦ    ʛʦʨʠʟʦʥʪʘ,    ʟʘʜʘʶʪ   ʟʥʘʯʝʥʠʷ  

ʊʊ( i, j)= 0; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʚʦʜʦʦʪʜʘʯʠ  m*(i, j). ɻʨʘʥʠʯʥʳʤ ʫʟʣʘʤ ʩ 

ʟʘʜʘʥʥʳʤʠ ʥʘʧʦʨʘʤʠ ʟʘʜʘʶʪ ʧʨʦʠʟʚʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ  m*, ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ 1. 

ʋʟʣʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 

ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ  m*(i,j) = 0. ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʫʟʣʘʭ  m* ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 

ʥʫʣʷ ʧʨʠ ʨʝʰʝʥʠʠ ʷʚʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʳ  m*   ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʠʤʚʦʣ S. 

- ʠʥʬʠʣʴʪʨʘʮʠʷ ʠ ʨʘʩʭʦʜʳ Q (i,j)  (ʦʙʱʠʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʘʩʭʦʜ ʥʘ 

ʫʟʝʣ, ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʣʫʯʘʝ ʥʘʛʥʝʪʘʥʠʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

- ʜʣʷ ʦʪʢʘʯʢʠ ʠʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ). ɽʜʠʥʠʮʳ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ ʙʝʨʫʪ 

ʧʨʦʠʟʚʦʣʴʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʩʪʦʷʥʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʝʜʠʥʠʮ ʜʣʠʥʳ ʠ ʚʨʝʤʝʥʠ 

ʠʩʧʦʣʴʟʫʝʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʪʨʳ ʠ ʩʝʢʫʥʜʳ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʚʨʝʤʷ t ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ; 

- ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʧʨʠ ʚʨʝʤʝʥʠ t , ʅ( i,j ). 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:       ʂʦʤʤʝʥʪʘʨʠʠ 

1030 - 1270: ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʥʥʳʭ. ɺʩʝ ʟʥʘʯʝʥʠʷ ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʚ ʢʦʥʮʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 4000. 

 

1050: 

ʆʧʠʩʘʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʩʩʠʚʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ         

ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʤʘʩʩʠʚʝ ɺɸSIʉ ʥʘʯʠʥʘʶʪʩʷ 
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ʩ 0. ʄʘʩʩʠʚʘʤ ʊʊ , ʊI, ʊJ ʠ Hʆ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʜʘʶʪʩʷ 

ʨʘʟʤʝʨʳ ʙʦʣʴʰʠʝ, ʯʝʤ ʩʝʪʢʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ ʜʚʘ 

ʵʣʝʤʝʥʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ X ʠ Y. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʵʪʦʛʦ              

ʧʨʠʸʤʘ ʥʝ ʥʫʞʥʦ ʥʠʢʘʢʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ              

ʜʣʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʦʚ ʠʤʝʶʪ              

ʠʥʜʝʢʩʳ i = 0, j = 0, i =Nʍ + 1 ʠʣʠ j = Nʋ + 1. ʀʭ ʩʫʤʤʘ              

ʚʩʝʛʜʘ ʙʫʜʝʪ ʨʘʚʥʘ ʥʫʣʶ . 

1280 - 1370:    ʈʘʩʯʸʪ ʤʝʞʫʟʣʦʚʳʭ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʠʟ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ   ʚ ʙʣʦʢʘʭ.  ʇʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʥʫʣʝʚʳʭ 

ʢʨʘʸʚ ʤʘʪʨʠʮʝ ʊʊ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʊI (Nʍ, j) ʠ ʊJ (i, NY) 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʫʣʷʶʪʩʷ. ʊI ( 0,j ) ʠ TJ ( i, 0 ) - ʥʫʣʝʚʳʝ, 

ʪʘʢ ʢʘʢ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ɺɸSIʉ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪʩʷ ʩ ʥʫʣʷ. 

1400 - 1550:     ʆʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ. 

1420: ɻʨʘʥʠʮʳ ʩ ʟʘʜʘʥʥʳʤʠ ʥʘʧʦʨʘʤʠ ʦʪʤʝʯʝʥʳ ʟʘʜʘʥʥʳʤʠ ʠʤ             

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ  m* , ʢʦʪʦʨʳʝ ʙʦʣʴʰʝ 1.  ʆʧʝʨʘʪʦʨʦʤ 1420              

ʨʘʩʯʸʪ ʥʦʚʦʛʦ ʥʘʧʦʨʘ ʧʨʦʧʫʩʢʘʝʪʩʷ ʚ ʫʟʣʝ ʩ ʟʘʜʘʥʥʳʤ ʅ. 

1480: ʇʨʦʚʝʨʠʪʴ, ʜʦʩʪʠʛʥʫʪ ʣʠ ʞʝʣʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʊʄ. 

1490 - 1520:     ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʅʆ (i, j ) ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʚʨʝʤʝʥʠ. 

1540: ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ ʠʥʬʦʨʤʘʮʠʷ (ʨʘʩʭʦʜʳ ʠ ʛʨʘʥʠʯʥʳʝ         

ʫʩʣʦʚʠʷ) ʜʣʷ ʚʨʝʤʝʥʠ t = 0 - ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʦ 

ʚʨʝʤʝʥʠ ʊʄ. ɽʩʣʠ ʦʥʠ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʠʭ 

ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ ʩʯʠʪʳʚʘʪʴ ʟʜʝʩʴ ʜʣʷ ʢʘʞʜʦʛʦ 

ʰʘʛʘ, ʧʦ  ʚʨʝʤʝʥʠ ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʚʝʣʠʯʠʥʳ. 

3000 - 3130: ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʤʘʪʨʠʮʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ             

ʥʘʧʦʨʦʚ ʅ ( i , j.). 

4000 - 4360: ʆʧʝʨʘʪʦʨʳ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʚʦʜ ʜʘʥʥʳʭ. 

  

ʇʨʠʤʝʥʝʥʠʝ: 

ɺ ʧʨʠʤʝʨʘʭ ʧʨʦʛʨʘʤʤ ʩ 1 ʧʦ 4 ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʝʩʪʦʚʳʡ 

ʧʨʠʤʝʨ ʩ ʮʝʣʴʶ ʜʝʤʦʥʩʪʨʘʮʠʠ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ.  ɺʳ, ʦʜʥʘʢʦ, ʤʦʞʝʪʝ 

ʣʝʛʢʦ ʚʚʝʩʪʠ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ.  ɺ ʪʝʩʪʦʚʦʤ ʧʨʠʤʝʨʝ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʝʪʢʫ 7 ʭ 7 

ʙʣʦʢʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʨʘʟʤʝʨʦʤ 100 ʤ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʍ ʠ Y.  

ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʘ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʨʘʚʥʘ 0,1 ʤ2/ʩ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʦʦʪʜʘʯʠ - 0,001. ʉʝʚʝʨʥʳʝ ʠ ʶʞʥʳʝ ʛʨʘʥʠʮʳ ʥʝʧʨʦʥʠʮʘʝʤʳʝ, ʩ ʥʫʣʝʚʳʤ 

ʨʘʩʭʦʜʦʤ. ʅʘʧʦʨ ʥʘ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʘʭ ʧʦʩʪʦʷʥʝʥ ʠ ʠʤʝʝʪ 

ʚʝʣʠʯʠʥʫ 50 ʤ.  ʆʥ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʥʘʧʦʨʦʤ ʚʦ ʚʩʝʭ ʫʟʣʘʭ 

ʧʨʠ ʚʨʝʤʝʥʠ t = 0.  ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʟʘ ʩʯʝʪ ʦʩʘʜʢʦʚ ʨʘʚʥʘ 0.  

ʀʤʝʝʪʩʷ ʦʜʥʘ ʦʙʦʨʫʜʦʚʘʥʥʘʷ ʥʘʩʦʩʦʤ ʩʢʚʘʞʠʥʘ, ʥʘʯʠʥʘʶʱʘʷ ʦʪʢʘʯʢʫ ʧʨʠ 

ʚʨʝʤʝʥʠ t = 0 ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ 1 ʤ3/ʩ. (ʈʠʩ.3.2.11). ɺ ʧʨʠʤʝʨʝ 

ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʚʟʷʪ ʨʘʚʥʳʤ Dʊ = 10 ʩʝʢʫʥʜʘʤ. ɽʩʣʠ ʰʘʛ ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʝʪ 

ʧʨʝʚʳʰʘʪʴ 50 ʩʝʢʫʥʜ, ʪʦ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ɺ ʪʘʙʣ. 
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3.1 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ (ʨʘʩʧʝʯʘʪʢʘ) ʜʣʷ ʚʨʝʤʝʥʠ t= 100 

ʩʝʢʫʥʜʘʤ. 

 
ʈʠʩ.3.2.11. ɺʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʨʘʟʙʠʚʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤʳ 

1. 

 

ʊʘʙʣʠʮʘ 3.1. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 1 
ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ (ʤ) 

ɺʨʝʤʷ (ʩ) : 100 

50 50 50 50 50 50 50 

50 50 49,9 49,8 49,9 50 50 

50 49,9 49,6 49,1 49,6 49,9 50 

50 49,8 49,1 46,9 49,1 49,8 50 

50 49,9 49,6 49,1 49,6 49,9 50 

50 50 49,9 49,8 49,9 50 50 

50 50 50 50 50 50 50 

 

 

ʇʈʀʄɽʈ ʇʈʆɻʈɸʄʄʓ 1: ʗɺʅɸʗ Cʍɽʄɸ 

 

1000     Text : HOME 

1010     PRINT ñʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʤʦʜʝʣʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜò 

1020     RINT "ʈʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʨʘʟʥʦʩʪʝʡ ʧʦ ʷʚʥʦʡ ʩʭʝʤʝò 

 

ʇʘʨʘʤʝʪʨʳ ʨʘʟʙʠʚʢʠ 

 

1030     REM GRID PARAMETERS 

1040     READ NX, NY,DX, DY 

1050     DIM TT(NX+1,NY+1), S(NX,NY), Q(NX,NY), HO(NX +1,NY +1),  

            (HX,NY), TI(NX+1,NY+1), TJ(NX+I,NY+1) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

1 ï ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ 

ʛʨʘʥʠʮʘ; 

2 ï ʛʨʘʥʠʮʘ ʩ ʟʘʜʘʥʥʳʤ 

ʥʘʧʦʨʦʤ 
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ʇʘʨʘʤʝʪʨʳ ʚʨʝʤʝʥʠ   

 

1060     REM TIME PARAMETERS 

1070     T=0 

1080     READ DT, TM 

 

ʏʪʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ 

 

1090     REM READ DISTRIBUTED DATA 

1100     FOR J=1 TO NX 

1110     FOR l=1 TO NX 

1120     READ HO (I ,J) 

1130     H (I, J)=HO (I, J) 

1140     NEXT I, J 

1150     FOR J=1 TO NX 

1160     FOR I=1 TO NX 

1170     READ TT (I,J) 

1180     NEXT I, J 

1190     FOR J=1 TO NY 

1200     FOR I=1 TO NX 

1210     READ S(I,J) 

1220     IF S(I,J)=0 THEN ʈRINT "ʆʰʠʙʢʘ ʚ ʜʘʥʥʳʭ ʸʤʢʦʩʪʠ": 

 

END 

 

1230     NEXT 1,J 

1240     FOR J =1 TO NY 

1250     FOR I=1 TO NX 

1260     READ Q(I, J) 

1270     NEXT I, J 

          

ʄʝʞʫʟʣʦʚʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

 

1280     REM INTERNODAL TRANSMISSIVITY CONCEPT 

1290     FOR J=1 TO NY 

1300     FOR I =1 TO NX 

1310     IF TT (I, J) + TT(1+1, J) =0 GOTO 1330 

1320     TI(I, J)=TT(I, J) *  TT(I+1,J) * 

             2/(TT(I, J)+TT(I+1, J)) 

1330     IF TT(I, J)+TT(I,J+1)=0 GOTO 1350 

1340     TJ(I,J)=TT(I,J) * TT(I,J+1) * 2/ (TT(I,J)+TT(I,J+1)) 

1350     TI(I, J)= TI(I, J) / DX / DX 
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1360     TJ(I, J)= TJ(I, J) / DY / DY 

1370     NEXT I,J 

 

Pʘʩʯʸʪ ʧʦ  ʷʚʥʦʡ ʩʭʝʤʝ.  

 

1380     REM EXPLICIT SOLUTION PROCEDURE 

1390     GOSUB 3000 

1400     FOR I=1 TO NX 

1410     FOR J=1 TO NY 

1420     IF S(I,J)> 1  THEN H(I, J)=HO(I, J): GOTO 1460 

1430     D1=TI(I-1 J) *  (HO(I-1,J) - HO(I,J)) - TI(I,J) * (HO(I,J)- 

             HO(I+1,J))+TJ(I,J-1) *  (HO(I,J-1) - HO(I,J)) - TJ(I,J)  

             *(HO(I,J)-HO(I,J+1)) 

1440     D1=D1+Q(I,J) / DX /DY 

1450     H(I,J)=HO(I,J)+ DT / S(I,J) * D1 

1460     NEXT J,I 

1470     T=T + DT 

1480     IF T > = TM GOTO 1560 

1490     FOR J =1 TO NY 

1500     FOR I =1 TO NX 

1510     HO(I,J)= H(I,J) 

1520     NEʍʊ I, J 

1530     GOBUS 3000 

 

ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʦʚ ʠʣʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 1 ʨʦʜʘ 

 

1540    REM CHANGES IN RE(DIS)CHARGE (Q) OR FIRST KIND 

BOUNDARIES (HO) SHOULD BE READ IN HERE 

1550     GOTO 1400 

1560     COSUB 3000 

1570     PRINT "ɺʨʝʤʷ ʊʄ ʜʦʩʪʠʛʥʫʪʦ" 

1580     END 

 

ʇʦʜʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ 

 

3000     REM SUBROUTINE FOR OUTPUT OF RESULTS 

3010     NEXT HOME:VTAB 1:HTAB 8: PRINT: ñʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ    

             ʥʘʧʦʨʳ(M)ò 

             VTAB 2: HTAB 8: PRINT ñɺʨʝʤʷ (ʩʝʢ)ò:T: Vʊɸɺ 5 

3020     FOR J=1 TO NY 

3030     XX = 0 

3040     FOR I=1 TO NX 

3050     FL=H(I, J):FL = (FL*  10+.5) / 10 
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3060     IF l=1  THEN XX=1 

3070     HTAB XX:  PRINT FL 

3080     XX = XX+5 

3090     IF XX >36 THEN XX = 1: PRINT 

3100     NEXT I 

3110     PRINT: PRINT 

3120     NEXT J 

3130     RETURN  

 

ɼʘʥʥʳʝ 

 

4000     REM DAʊɸ  

 

ʇʘʨʘʤʝʪʨʳ ʨʘʟʙʠʚʢʠ 

 

4010     REM GRID PARAMETERS (DX,DY IN M) 

4020     DATA 7.,7.,100 ,100  

 

ʇʘʨʘʤʝʪʨʳ ʚʨʝʤʝʥʠ 

 

4030     REM TIME PARAMETERS (S) 

4040     DATA 10.,100  

 

ʅʘʯʘʣʴʥʳʝ ʥʘʧʦʨʳ (ʤ) 

 

4050     REM INITIAL PIEZOMETER HEADS (M) 

4060     DATA  50, 50, 50, 50, 50, 50, 50 

4070     DATA  50, 50, 50, 50, 50, 50, 50 

4080     DATA  50, 50, 50, 50, 50, 50, 50 

4090     DATA  50, 50, 50, 50, 50, 50, 50 

4100     DATA  50, 50, 50, 50, 50, 50, 50 

4110     DATA  50, 50, 50, 50, 50, 50, 50 

4120     DATA  50, 50, 50, 50, 50, 50, 50 

 

ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʙʣʦʢʘʤ 

 

4130     REM LOCAL.TRANSMISSIVITIES (M2/S) 

4140     DATA  .1, .1, .1, .1, .1, .1, .1 

4150     DATA  .1, .1, .1, .1, .1, .1, .1 

4160     DATA  .1, .1, .1, .1, .1, .1,  1 

4170     DATA  .1, .1, .1, .1, .1, .1, .1 

4180     DATA  .1, .1, .1, .1, .1, ,1, .1 

4190     DATA  .1, .1, .1, .1, .1, .1, .1 
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4200     DATA  .1, .1, .1, .1, .1, .1, .1 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʚʦʜʦʦʪʜʘʯʠ 

 

4210     REM STORAGE COEFFICIENTS 

4220     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

4230     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

4240     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

4250     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

4260     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

4270     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

4280     DATA  1E20, 1E-3, 1E-3, 1E-3, 1E-3, 1E-3, 1E20 

 

ʅʘʛʥʝʪʘʥʠʝ/ʆʪʢʘʯʢʘ 

 

4290     REM RECHARGE/DISCHARGE (M3/S )(+/-) 

4300     DATA  ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, ʆ 

4310     DATA  O, O, ʆ, ʆ, ʆ, ʆ, ʆ 

4320     DATA  ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, ʆ 

4330     DATA  ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, 

4340     DATA  ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, ʆ 

4350     DATA  ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, ʆ 

4360     DATA  ʆ, ʆ, ʆ, ʆ, ʆ, ʆ, ʆ 

 

3.2.3.  ʅʝʷʚʥʘʷ ʩʭʝʤʘ, ʧʨʷʤʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 

 

ʅʝʷʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ ʥʝʦʙʳʯʘʡʥʦ ʫʩʪʦʡʯʠʚʳʤʠ. 

ʉʘʤʫʶ ʧʨʦʩʪʫʶ ʩʭʝʤʫ ʧʦʣʫʯʘʶʪ ʧʨʠʨʘʚʥʠʚʘʥʠʝʤ  tô= t + æt  ʚ ʫʨʘʚʥʝʥʠʷʭ 

(3,2.9).  ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦʣʫʯʘʝʤ: 

hi-1,j (t + æ t) TIi-1,j/æ x2 + hi,j-1 (t + æ t) TJi,j-1/ æy2+     

hi,j (t +æ t)(-TIi-1,j/æ x2 ï Ti,j/æ x2 -TJi,j-1/æ y2 -   

- TJi,j/æ y2-m * i,j/æ t)+hi+1,j(t + æ t) TI i,j/æ x2+   (3.2.18) 

+hi,j+1(t + æ t) TJi,j/æ y2 = -qi,j -m * i,jhi,j(t)/æ t 

ʧʨʠ  i= 1,...,NX  ʠ  j= 1,...,Nʋ. 

ʇʨʠ ʠʟʚʝʩʪʥʦʤ hi,j (t) - ʵʪʦ ʜʚʦʡʥʘʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʥʘʧʦʨʦʚ hi,j ( t+æt ).  ʅʘʯʘʚ ʩ ʥʘʯʘʣʴʥʳʭ ʥʘʧʦʨʦʚ hi,j (t0), ʟʘʜʘʯʘ ʨʘʩʯʝʪʘ 

ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʚʦʜʠʪʩʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ 

ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ  (3.2.18) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʰʘʛʘʤʠ ʜʦ 

ʞʝʣʘʝʤʦʛʦ ʧʨʝʜʝʣʘ ʚʨʝʤʝʥʠ. ʇʨʝʞʜʝ, ʯʝʤ ʩʜʝʣʘʪʴ ʵʪʦ, ʜʘʚʘʡʪʝ ʟʘʧʠʰʝʤ 

ʩʠʩʪʝʤʫ ʚ ʙʦʣʝʝ ʩʞʘʪʦʤ ʚʠʜʝ. ɽʩʣʠ ʦʙʦʟʥʘʯʠʤ ʢʘʞʜʳʡ ʫʟʝʣ (i,j) ʯʝʨʝʟ k, 

ʥʘʧʨʠʤʝʨ, 
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     (i,j) Ÿ k = (j-1)* NX +i ,                          (3.2.19) 

ʪʦ ʝʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʙʦʣʝʝ ʫʜʦʙʥʦʤ ʚʠʜʝ: 

        ä
=

N

T 1

aklhl (t + æ t) = bk    ,    k = (1,... ,N);         (3.2.20) 

( akl )- ʵʪʦ ʤʘʪʨʠʮʘ N x N , ʛʜʝ N= (Nʍ * Nʋ) - ʯʠʩʣʦ ʫʟʣʦʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʦʚ (akl ), ʦʜʥʘʢʦ, ʨʘʚʥʘ ʥʫʣʶ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʷʪʴ ʵʣʝʤʝʥʪʦʚ ʥʝ ʨʘʚʥʳ ʥʫʣʶ, ʯʪʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ hk ʠ ʢ ʯʝʪʳʨʸʤ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʤ ʥʘʧʦʨʘʤ ʯʝʪʳʨʸʭ 

ʩʦʩʝʜʥʠʭ ʩ ʥʠʤ ʫʟʣʦʚ.  ɽʩʣʠ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʫʟʣʳ ʧʦ ʩʪʨʦʢʘʤ, ʪʦ ʧʦʣʫʯʠʤ 

ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

akk =-TIi-1,j / æx2 - Tii,j /æ x2 - TJi,j-1/ 
æy2 - TJi,j /æ y2 -  m* i,j /æ t;  

ak,k+1 = TI i,j /æ x2;         ak,k-1 = TIi-1,j /æ x2;   (3.2.21) 

ak,k-NX = TJi,j-1/æ y2;      ak,k+NX = TJi,j /æ y2. 

ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ 

ʫʟʣʦʚ  3 ʭ 3.  ʅʘ ʨʠʩʫʥʢʝ 3.2.12 ʧʦʢʘʟʘʥʘ ʟʘʧʠʩʴ ʩ ʜʚʦʡʥʳʤ ʠʥʜʝʢʩʦʤ ʠ ʟʘʧʠʩʴ 

ʧʦ ʩʪʨʦʢʘʤ.  ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʘ 1, ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʘʝʪ ʫʟʣʳ 1, 2 ʠ 4.  

ʄʘʪʨʠʮʘ (alk ) ʠʤʝʝʪ ʦʙʱʠʡ ʚʠʜ: 

 

        X ʍ ʆ ʍ\O ʆ ʆ ʆ ʆ 

        X ʍ X O X\O ʆ ʆ ʆ 

        ʆ ʍ ʍ ʆ ʆ ʍ\O ʆ ʆ 

        ʍ ʆ ʆ ʍ ʍ ʆ ʍ\O ʆ 

alk= O\ʍ ʆ ʍ ʍ ʍ ʆ ʍ\O      ,                    (3.2.22) 

        ʆ O\ʍ ʆ ʍ X O O X 

        O O O\ʍ O O X X O 

        O O O O\ʍ O X X X 

        O O O O O\ʍ O X X 

 

ʛʜʝ ʍ ʦʟʥʘʯʘʝʪ ʥʝʨʘʚʥʳʡ ʥʫʣʶ ʵʣʝʤʝʥʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʩʝ ʜʠʘʛʦʥʘʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʥʝ ʨʘʚʥʳ ʥʫʣʶ. 

 
ʈʠʩ.3.2.12. ʣʦʢʘʣʴʥʘʷ ʠ ʛʣʦʙʘʣʴʥʘʷ ʥʫʤʝʨʘʮʠʷ ʫʟʣʦʚʳʭ ʪʦʯʝʢ  

ʚ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 3ʭ3 ʫʟʣʘ 

 

ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3.2.20) ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʅʘʠʣʫʯʰʠʤ ʠʟʚʝʩʪʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʩʢʣʶʯʝʥʠʷ ɻʘʫʩʩʘ-
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ɼʞʦʨʜʘʥʘ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʝʩʣʠ ʤʳ ʫʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʠʣʠ ʧʨʠʙʘʚʠʤ 

ʢʨʘʪʥʦʝ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢ ʜʨʫʛʦʤʫ. ɼʣʷ ʥʘʯʘʣʘ ʨʘʟʜʝʣʠʤ ʧʝʨʚʦʝ 

ʫʨʘʚʥʝʥʠʝ ʥʘ ʜʠʘʛʦʥʘʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʘ11) (ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ), ʟʘʪʝʤ ʚʳʯʪʝʤ ʠʟ 

ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʢʨʘʪʥʳʝ ʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙ  rʚʩʝ ʫʨʘʚʥʝʥʠʷ ʥʠʞʝ ʘ11 ʩʪʘʥʦʚʠʣʠʩʴ ʨʘʚʥʳʤʠ ʥʫʣʶ.  ɿʘʪʝʤ ʧʝʨʝʡʜʝʤ 

ʢ ʩʪʨʦʢʝ 2, ʨʘʟʜʝʣʠʤ ʥʦʚʦʝ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʥʘ ʥʦʚʳʡ ʜʠʘʛʦʥʘʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʘ22 (ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ) ʠ ʩʥʦʚʘ ʚʳʯʪʝʤ ʢʨʘʪʥʳʝ ʠʟ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʩʪʨʦʢ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʩʝ ʵʣʝʤʝʥʪʳ ʥʠʞʝ ʘ22 ʩʪʘʥʦʚʠʣʠʩʴ ʨʘʚʥʳʤʠ 

ʥʫʣʶ.  ʇʨʦʜʦʣʞʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩ 

ʤʘʪʨʠʮʝʡ ʚ ʚʠʜʝ ʚʝʨʭʥʝʡ ʪʨʝʫʛʦʣʴʥʦʡ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʫʶ ʨʝʰʘʝʤ ʦʙʨʘʪʥʦʡ 

ʧʦʜʩʪʘʥʦʚʢʦʡ, ʥʘʯʠʥʘʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ ʠ ʜʚʠʛʘʷʩʴ ʚʚʝʨʭ.  ʉʭʝʤʘ ʨʝʰʝʥʠʷ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.2.13. 

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʤʘʪʨʠʮʘ (ʘlk)- ʵʪʦ ʨʘʟʨʝʞʝʥʥʘʷ ʤʘʪʨʠʮʘ, ʪʦ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʚʦʙʦʜʥʘʷ ʧʘʤʷʪʴ.  ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʝʝ ʚʥʠʤʘʪʝʣʴʥʦ, ʪʦ 

ʦʙʥʘʨʫʞʠʤ, ʯʪʦ ʦʥʘ ʠʤʝʝʪ ʣʝʥʪʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʣʝʥʪʳ ʄ, ʧʨʦʭʦʜʷʱʝʡ ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʧʦ ʜʠʘʛʦʥʘʣʠ, ʷʚʣʷʶʪʩʷ 

ʥʫʣʝʚʳʤʠ. ʃʝʥʪʘ - ʵʪʦ ʬʫʥʢʮʠʷ ʥʫʤʝʨʘʮʠʠ ʫʟʣʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʦʩʪʴʶ ʠʥʜʝʢʩʘ ʂ ʜʣʷ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚ. ɽʩʣʠ ʤʳ 

ʚʦʟʴʤʸʤ ʂ =(Nʍ - 1 )*j + i , ʪʦ ʩʘʤʳʤʠ ʜʘʣʴʥʠʤʠ ʩʦʩʝʜʷʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʥʜʝʢʩʫ ʙʫʜʫʪ ʪʝ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʳʰʝ ʠ ʥʠʞʝ ʫʟʣʘ ʂ.  ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʝ: Nʍ ʠʣʠ Nʋ, ʥʫʤʝʨʫʝʤ ʧʦ ʩʪʦʣʙʮʘʤ ʠʣʠ ʚʝʜʸʤ ʩʯʸʪ ʧʦ 

ʩʪʨʦʢʘʤ. ʕʢʦʥʦʤʠʯʥʳʤ ʤʝʪʦʜʦʤ ʟʘʧʦʣʥʝʥʠʷ ( ʘlk ) ʷʚʣʷʝʪʩʷ ʦʪʩʝʯʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ ʣʝʥʪʳ ʠ ʥʘʢʦʧʣʝʥʠʝ ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ( ʘlk ) ʚ ʤʘʪʨʠʮʝ («lk ), ʛʜʝ   

alk = «l,MS+k-l ;                                  (3.2.23) 

ʄS - ʧʦʣʦʚʠʥʘ ʰʠʨʠʥʳ ʣʝʥʪʳ:    

ʄS = 
2

)( ?+M
  .                         (3.2.24) 
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ʈʠʩ.3.2.13. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʩʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʜʩʪʘʥʦʚʢʠ ʧʦ ɻʘʫʩʩʫ-ɼʞʦʨʜʘʥʫ 

 

ʉʭʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 3.2.14. 

 
ʈʠʩ.3.2.14. ʉʭʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʦʩʯʘʪʳʭ ʤʘʪʨʠʮ. ʆʙʱʠʡ ʩʣʫʯʘʡ. 

 

ʇʨʠ ʩʯʸʪʝ ʩ ʫʯʸʪʦʤ ʧʨʘʚʠʣʘ (3.2.23) ʘʣʛʦʨʠʪʤ ɻʘʫʩʩʘ -ɼʞʦʨʜʘʥʘ 

ʤʦʞʥʦ ʣʝʛʢʦ ʧʨʠʩʧʦʩʦʙʠʪʴ ʢ ʣʝʥʪʦʯʥʳʤ ʤʘʪʨʠʮʘʤ, ʥʘʢʦʧʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ (ʥʘʧʨʠʤʝʨ, ɹʨʝʙʙʠʘ, ʌʝʨʨʘʥʪʝ, 

1978 ). 

ɽʩʣʠ ʤʘʪʨʠʮʘ ( alk ) ʩʠʤʤʝʪʨʠʯʥʘ, ʚʦʟʤʦʞʥʘ ʜʘʣʴʥʝʡʰʘʷ ʵʢʦʥʦʤʠʷ. 

ɺʤʝʩʪʦ ʮʝʣʦʡ ʧʦʣʦʩʳ ʥʘʤ ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʪʦʣʴʢʦ ʜʠʘʛʦʥʘʣʴ ʠ ʧʦʣʦʚʠʥʫ 

ʧʦʣʦʩʳ (ʨʠʩ.3.2.15).  ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ (3.2.23) 

     alk = «h-+k11?
, ʛʜʝ  alk = akl  ʜʣʷ  l > k.              (3.2.25) 
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ʈʠʩ.3.2.15. ʉʭʝʤʘ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʦʩʯʘʪʳʭ ʤʘʪʨʠʮ. ʉʠʤʤʝʪʨʠʯʥʳʡ ʩʣʫʯʘʡ 

 

ɺ ʤʦʜʝʣʷʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʚʩʝʛʜʘ 

ʩʠʤʤʝʪʨʠʯʥʘ.  ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʦʙʳʯʥʳʭ ʣʝʥʪʦʯʥʳʭ ʤʘʪʨʠʮ, ʦʜʥʘʢʦ, 

ʠʤʝʝʪ ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʯʪʦ ʦʥ ʧʨʠʤʝʥʠʤ ʪʘʢʞʝ ʚ ʤʦʜʝʣʷʭ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, 

ʛʜʝ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʥʝʩʠʤʤʝʪʨʠʯʥʘ.  ɺ ʛʣʘʚʝ 3.3.1 ʚʚʦʜʠʪʩʷ ʜʨʫʛʘʷ ʩʭʝʤʘ 

ʭʨʘʥʝʥʠʷ. 

ɽʩʣʠ ʨʘʟʤʝʨ ʰʘʛʘ  æt  ʧʦʩʪʦʷʥʝʥ, ʪʦ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʪʦʡ ʞʝ 

ʩʘʤʦʡ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʰʘʛʘʭ ʚʨʝʤʝʥʠ.  ʀʟʤʝʥʠʪʩʷ ʣʠʰʴ ʧʨʘʚʘʷ ʯʘʩʪʴ 

ʩʠʩʪʝʤʳ (3.2.20).  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʙoʣʝʝ ʵʢʦʥʦʤʠʯʥʳʡ ʤʝʪʦʜ. 

ʉʦʛʣʘʩʥʦ ʝʤʫ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ɸ =( ʘkl)  ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʜʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ - 

ʣʝʚʳʡ ʥʠʞʥʠʡ, L , ʠ ʚʝʨʭʥʠʡ ʧʨʘʚʳʡ, R . 

     A = L R    , 

 

ʛʜʝ    L=                               ʠ R=            (3.2.26) 

 

 

ɽʩʣʠ R - ʵʪʦ ʠʪʦʛʦʚʘʷ ʤʘʪʨʠʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʤʝʪʦʜʫ ʧʦʜʩʪʘʥʦʚʢʠ 

ɻʘʫʩʩʘ, ʪʦ L ʤʘʪʨʠʮʫ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʝʪʦʜʦʤ ʧʦʜʩʪʘʥʦʚʢʠ. ɽʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʠʞʝ ʜʠʘʛʦʥʘʣʠ ʷʚʣʷʶʪʩʷ ʧʦ ʩʪʦʣʙʮʘʤ ʠʜʝʥʪʠʯʥʳʤʠ ʪʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ, ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʝʥʳ ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʧʦʜʩʪʘʥʦʚʢʠ.  ɼʠʘʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʦʩʝʚʳʝ ʵʣʝʤʝʥʪʳ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʩʪʘʥʦʚʢʠ.  ʇʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʳ 

ʦʙʦʟʥʘʯʝʥʦ ʥʘ ʨʠʩ.3.2.14 ʧʦʣʫʢʨʫʛʣʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʨʘʟʣʦʞʝʥʠʷ ʨʝʰʝʥʠʝ (3.2.20.) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʵʪʘʧʘ.  ʉʥʘʯʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨ /Vk/ ʠʟ ʫʨʘʚʥʝʥʠʷ 

        ä
=

=
N

k

klk BVL
1

h                       (l = 1, ... ,N)         (3.2.27) 

ʩʧʦʩʦʙʦʤ ʧʨʷʤʦʡ ʧʦʜʩʪʘʥʦʚʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ. ɿʘʪʝʤ ʩʠʩʪʝʤʘ 

        ä
=

=D+
N

klkl VtthR
1

)(
?

             (ʢ = 1,...,N)         (3.2.28) 

ʨʝʰʘʝʪʩʷ ʦʙʨʘʪʥʦʡ ʧʦʜʩʪʘʥʦʚʢʦʡ, ʥʘʯʠʥʘʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ. ʊʘʢ ʢʘʢ 

 

 

 

 

1 

1 

0 
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ʜʠʘʛʦʥʘʣʴ P ʥʝ ʠʤʝʝʪ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʦ ʦʙʝ ʤʘʪʨʠʮʳ L ʠ R ʤʦʞʥʦ 

ʩʦʭʨʘʥʷʪʴ ʚʤʝʩʪʝ ʚ ʦʜʥʦʡ ʜʚʫʭʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 17. ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 2 ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ 

ʨʝʰʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ɻʘʫʩʩʘ-ɼʞʦʨʜʘʥʘ ʜʣʷ ʦʙʱʠʭ 

ʣʝʥʪʦʯʥʳʭ ʤʘʪʨʠʮ. 

 

ʇʈʆɻʈɸʄʄɸ 2 

 

ʎʝʣʴ: ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʝʷʚʥʳʤ 

ʤʝʪʦʜʦʤ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

ʂʘʢ ʠ ʚ ʧʨʦʛʨʘʤʤʝ 1.  ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʧʦʩʦʙʘ ʨʝʰʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ʷʚʥʳʭ 

ʩʭʝʤ ʚ ʧʨʦʛʨʘʤʤʝ 1 ʤʝʪʦʜ ʥʝʷʚʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʸʪ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠʨʘʚʥʠʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʦʜʦʦʪʜʘʯʠ  m* (i,j )=0 ʢ ʥʫʣʶ ʚʦ ʚʩʝʭ ʫʟʣʘʭ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ, ʛʜʝ ʝʤʫ ʧʨʠʜʘʸʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ɺʨʝʤʷ t ʜʣʷ ʢʘʞʜʦʛʦ ʰʘʛʘ ʚʨʝʤʝʥʠ; 

- ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʧʨʠ ʚʨʝʤʝʥʠ t, ʅ (i,j). 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

 

ʉʪʨʦʢʠ ʂʦʤʤʝʥʪʘʨʠʠ: 

1050-1350: ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʥʥʳʭ.  ɺʩʝ ʜʘʥʥʳʝ ʩʯʠʪʳʚʘʶʪʩʷ ʩ 

ʦʧʝʨʘʪʦʨʘ ʜʘʥʥʳʭ ʚ ʢʦʥʮʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 

4000. 

1070-1120: ɿʘʜʘʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʩʩʠʚʘʤ. ʂʘʢ ʠ ʚ ʧʨʦʛʨʘʤʤʝ 1. 

ʅʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʩʩʠʚʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʘʪʨʠʮʳ 

ʩʠʩʪʝʤʳ ( alk ) ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ (bk). ʄʘʪʨʠʮʘ ʩʠʩʪʝʤʳ ʥʦʩʠʪ            

ʣʝʥʪʦʯʥʳʡ ʭʘʨʘʢʪʝʨ.  ʀʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ ʪʫ ʩʠʩʪʝʤʫ, ʧʨʠ            

ʢʦʪʦʨʦʡ ʩʦʭʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʩʘ. 

1370-2070: ʆʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ. 

1380-1620: ʈʘʩʯʸʪ ʚʝʢʪʦʨʘ ( bk ) ʠ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ( ʘlk ).  ʕʪʦʪ ʨʘʩʯʝʪ            

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ 

ʵʣʝʤʝʥʪʳ ʘlk ʠ bk   ʧʝʨʝʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ 

ʤʘʪʨʠʮʳ. 

1460: ʅa ʫʟʣʘʭ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʦʚʦʡ ʪʦʯʢʠ            

ʟʘʤʝʥʷʝʪʩʷ  h = b. 

1570: ʋʟʣʳ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ            

ʚʚʦʜʷʪʩʷ ʪʝʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʯʪʦ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʫʟʣʳ ʩ            
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ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘʧʦʨʦʤ. 

1630-1970: ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ            

ʧʦʜʩʪʘʥʦʚʢʠ ɻʘʫʩʩʘ-ɼʞʦʨʜʘʥʘ ʜʣʷ ʣʝʥʪʦʯʥʳʭ ʤʘʪʨʠʮ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʧʦʨʳ ʩʦʭʨʘʥʷʶʪ ʚ ʚʝʢʪʦʨʝ bk ʚ ʢʦʥʮʝ ʨʘʩʯʸʪʘ. 

1990: ʇʨʦʚʝʨʴʪʝ, ʜʦʩʪʠʛʥʫʪ ʣʠ ʞʝʣʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʊʄ. 

2010-2050: ʀʟʤʝʥʝʥʠʝ ʅʆ ( i,j ) ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ. 

2060: ɺ ʧʨʦʛʨʘʤʤʝ ʠʥʬʠʣʴʪʨʘʮʠʷ, ʨʘʩʭʦʜ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʟʘʜʘʥʳ ʧʨʠ ʚʨʝʤʝʥʠ t=0 ʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʦ ʚʨʝʤʝʥʠ 

ʊʄ. ɽʩʣʠ ʦʥʠ ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʠʭ ʬʘʢʪʠʯʝʩʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʝʪ ʩʯʠʪʳʚʘʪʴ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ, ʥʘ 

ʢʦʪʦʨʦʤ ʤʝʥʷʝʪʩʷ ʠʭ ʚʝʣʠʯʠʥʘ. 

3000-3140: ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʤʘʪʨʠʮʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ H(i,j). ʄʘʪʨʠʮʫ ʧʦʣʫʯʘʶʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʚʝʢʪʦʨʘ (b) ʧʨʠ ʚʦʟʚʨʘʪʝ ʚ ʜʚʦʡʥʫʶ ʠʥʜʝʢʩʘʮʠʶ (ʩʪʨʦʢʘ 

3050). 

4000-4360: ʆʧʝʨʘʪʦʨʳ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʩʝ ʜʘʥʥʳʝ ʚʚʦʜʘ. 

       

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʸʪʘ ʪʦʛʦ ʞʝ ʧʨʠʤʝʨʘ, ʯʪʦ ʠ 

ʧʨʦʛʨʘʤʤʘ 1. ʊʝʧʝʨʴ ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʴʰʠʝ ʰʘʛʠ ʧʦ ʚʨʝʤʝʥʠ Dʊ, 

ʥʝ ʦʧʘʩʘʷʩʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʪʘʙʣʠʮʝ 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʠ 

ʚʨʝʤʝʥʠ t = 1000 ʩʝʢʫʥʜ ʧʦʩʣʝ 10 ʰʘʛʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 100 ʩʝʢʫʥʜ. 

                                                        ʊʘʙʣʠʮʘ 3.2 

           ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤ r2 

 

ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ( ʤ ). 

ɺʨʝʤʷ (ʩʝʢ ): 1000 

 

     50   49,6   49,2   49,0   49,2   49,6   50 

 

     50   49,4   48,9   48,7   48,9   49,4   50 

 

     50   49,3   48,4   47,7   48,4   49,3   50 

 

     50   49,1   47,8   45,3   47,8   49,1   50 

 

     50   49,3   48,4   47,7   48,4   49,3   50 

 

     50   49,4   48,9   48,7   48,9   49,4   50 

 

     50   49,6   49,2   49,0   49,2   49,6   50 
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3.2.4.  ʅʝʷʚʥʘʷ ʩʭʝʤʘ: ʀʪʝʨʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (ʩʧʦʩʦʙ 1) 

 

ɼʘʞʝ ʧʨʠ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʤʝʨʘʭ ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʙʦʣʴʰʦʡ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʤʘʰʠʥʳ.  ʇʦʵʪʦʤʫ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦʧʫʣʷʨʥʳ ʤʝʪʦʜʳ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʨʝʰʝʥʠʷ, (ʥʘʧʨʠʤʝʨ, ʈʝʤʩʦʥ ʠ ʜʨ., 1971).  ʆʥʠ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʙʦʣʴʰʦʤ 

ʦʙʲʸʤʝ ʧʘʤʷʪʠ.  ɼʘʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʘʤʷʪʠ ʫ ʢʦʤʧʴʶʪʝʨʦʚ, ʢʦʛʜʘ 

ʜʦʤʠʥʠʨʦʚʘʪʴ ʙʫʜʫʪ ʧʨʷʤʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ, ʠʪʝʨʘʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʙʫʜʫʪ ʠʤʝʪʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʛʜʝ ʠʪʝʨʘʮʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʉʘʤʦʡ ʦʩʥʦʚʥʦʡ ʩʭʝʤʦʡ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ɼʞʝʡʢʦʙʘ.  ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (3.2.18) ʜʣʷ hi.j(t+æt), ʤʳ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ 

ʧʨʘʚʠʣʦ ʠʪʝʨʘʮʠʠ: 

hij(t +æt)= f(hi-1,j(t +æt), hi,j-1(t +æt), hi+1,j(t +æt), hi,j+1(t +æt))= 

=(qi,j + hi-1,j(t +æt)
2

,1

x

TI ji

D
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TJ ji

D

-  + hi+1,j(t +æt)
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x

TI ji

D
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+hi,j+1(t +æt)
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y

TJ ji
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t

ji

D

,*m
 hi,j(t))/( 2

,1

x

TI ji

D

-  + 
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1,

y

TJ ji

D

-  +            (3.2.29) 

+ 
2

,

x

TI ji

D
 + 

2

,

y

TJ ji

D
). 

ɽʩʣʠ ʙʳ ʤʳ ʟʥʘʣʠ ʚʝʣʠʯʠʥʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʥʘ ʚʩʝʭ 

ʩʦʩʝʜʥʠʭ ʫʟʣʘʭ ʥʘ ʚʨʝʤʷ (t +æt), ʤʳ ʤʦʛʣʠ ʙʳ ʨʘʩʩʯʠʪʘʪʴ hi,j(t +æ t). ʅʦ ʪʘʢ 

ʢʘʢ ʤʳ ʵʪʦʛʦ ʥʝ ʟʥʘʝʤ, ʪʦ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʝʨʚʳʝ ʦʮʝʥʢʠ ʜʣʷ ʥʠʭ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3.2.29). ʅʘʯʘʚ ʩ ʧʨʦʙʥʦʡ ʧʨʦʚʝʨʢʠ, ʤʳ ʧʦʣʫʯʘʝʤ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘʧʦʨʘ ʥʘ ʢʘʞʜʦʤ ʫʟʣʝ ʠʟ ʫʨʘʚʥʝʥʠʷ (3.2.29). 

ʇʨʠ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʝ ʨʝʰʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʝʨʫʪʩʷ ʢʘʢ ʥʦʚʳʝ. 

hH
i,j(t+æt) = f [hcʪ

i-1,j(t+æt), h
ʩʪ

i,j-1(t+æt), h
ʩʪ

i+1,j(t+æt),  h
ʩʪ

i,j+1(t +æt)]       (3.2.30) 

( ʥ - ʥʦʚʦʝ,   ʩʪ - ʩʪʘʨʦʝ ). 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ ʜʣʷ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʬʠʣɹʪʨʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʨʦʮʝʜʫʨʘ ʨʘʩʯʸʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʩʝʛʜʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʵʪʦʡ ʩʠʩʪʝʤʳ.  ʕʪʠ ʩʠʩʪʝʤʳ ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ 

ʜʠʘʛʦʥʘʣʴʶ, ʦʟʥʘʯʘʶʱʝʡ, ʯʪʦ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ (ʘlk) ʫʨʘʚʥʝʥʠʡ (3.2.21) 

ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ 

     
kk

kll
lk

aa ¢ä
¸,

      ( k = 1, ...  , N )          (3.2.31) 

ʩ ʥʝʨʘʚʝʥʩʪʚʦʤ, ʚʳʜʝʨʞʠʚʘʶʱʠʤʩʷ ʩʪʨʦʛʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʜʣʷ ʦʜʥʦʛʦ 

ʫʟʣʘ ʂ.  ʀ ʚʩʝ ʞʝ ʩʭʦʜʠʤʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ.  ʇʨʠ 

ʮʝʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʚʨʝʤʝʥʠ ʚʩʝʛʜʘ ʧʨʠʚʝʪʩʪʚʫʶʪʩʷ ʤʝʪʦʜʳ ʝʛʦ 

ʵʢʦʥʦʤʠʠ.  ʉ ʫʩʣʦʚʠʝʤ ʜʚʫʭ ʧʦʧʨʘʚʦʢ ʤʝʪʦʜ ɼʞʝʡʢʦʙʘ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʝʝ 
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ʵʬʬʝʢʪʠʚʥʳʤ.  ʉʥʘʯʘʣʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʘʤʳʝ ʧʦʩʣʝʜʥʠʝ ʦʮʝʥʢʠ h(t +æt) ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3.2.30). ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʳ ʠʜʸʤ ʨʷʜ ʟʘ ʨʷʜʦʤ, ʥʘʯʘʚ 

ʩ ʧʝʨʚʦʛʦ. ʊʦʛʜʘ ʟʥʘʯʝʥʠʷ hi-1(t +æ t) ʠ  hi,j-1(t +æ t) ʫʞʝ ʠʟʚʝʩʪʥʳ ʢ ʪʦʤʫ 

ʤʦʤʝʥʪʫ, ʢʦʛʜʘ ʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ hi,j(t +æt) ʠʟ (3.2.30). ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ (3.2.30), ʧʦʣʫʯʠʚ ʠʪʝʨʘʮʠʦʥʥʫʶ ʩʭʝʤʫ 

hʥi,j(t+æt) =f(hH
i-1,j(t+æt), h

H
i,j-1(t+æt), h

ʩʪ
i+1,j(t+æt), h

ʩʪ
i,j+1(t+æt)). (3.2.32) 

ʕʪʘ ʩʭʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ.  ʅʘ ʢʦʤʧʴʶʪʝʨʝ ʵʪʘ 

ʟʘʤʝʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʝʩʣʠ ʚʦ ʚʨʝʤʷ ʠʪʝʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʰʘʛʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʪʦʣʴʢʦ ʦʜʥʫ ʤʘʪʨʠʮʫ ( ʅi,j ) ʜʣʷ ʭʨʘʥʝʥʠʷ hH ʠ 

hʩʪ(t +æt).  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʤʦʞʝʤ ʪʘʢʞʝ ʠʜʪʠ ʧʦ ʨʘʟʙʠʚʢʝ ʚ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʯʠʥʘʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ ʠ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʙʮʘ.  ʇʝʨʝʤʝʥʘ 

ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʝʩʪʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʪʦʯʥʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʣʘʢʩʘʮʠʠ ʤʦʞʝʪ ʫʩʢʦʨʠʪʴ ʩʭʦʜʠʤʦʩʪʴ. 

ʂʦʨʨʝʢʮʠʷ hi,j(t +æt) ʚ ʦʧʠʩʘʥʥʳʭ ʠʪʝʨʘʮʠʦʥʥʳʭ ʩʭʝʤʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʢʘʢ  

     hH
i,j = hʩʪi,j +  æhi,j      .                               (3.2.33) 

ɽʩʣʠ ʢʦʨʨʝʢʮʠʷ hi,j ʧʨʠʙʣʠʞʘʝʪ ʨʝʰʝʥʠʝ, ʤʳ ʤʦʞʝʤ ʫʣʫʯʰʠʪʴ 

ʨʝʟʫʣʴʪʘʪ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʫʤʥʦʞʘʷ  hi,j ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ R > 1. 

     HH
i,j = hʩʪi,j + R æhi,j         .                             (3.2.34) 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 2 ʠ ʚ ʠʥʪʝʨʚʘʣʝ 1-2 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʝʨʭʨʝʣʘʢʩʘʮʠʠ. ɽʩʣʠ R ʚr ʙʨʘʥʦ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, 

ʪʦ ʩʭʝʤʘ ʠʪʝʨʘʮʠʠ ʨʘʩʭʦʜʠʪʩʷ.  ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ, 

ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ 0-1 ʠ ʟʥʘʯʝʥʠʷ hi,j ʚ ʧʨʦʮʝʩʩʝ 

ʠʪʝʨʘʮʠʠ ʢʦʣʝʙʣʶʪʩʷ ʦʢʦʣʦ ʨʝʰʝʥʠʷ.  ʉʫʱʝʩʪʚʫʶʪ ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʣʘʢʩʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʈʝʤʩʦʥ ʠ ʜʨ., 1971). 

ʅʘʜʝʞʥʳʤ ʤʝʪʦʜʦʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʸʤ. 

ɻʦʚʦʨʷ ʦ ʩʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ, ʤʳ ʥʫʞʜʘʝʤʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʨʠʪʝʨʠʷ 

ʩʭʦʜʠʤʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʳ ʤʦʞʝʤ ʧʨʝʢʨʘʪʠʪʴ ʠʪʝʨʘʮʠʶ, ʪʘʢ ʢʘʢ 

ʧʦʣʫʯʝʥʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ 

ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʚʥʦʚʴ 

ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʪʝʨʘʮʠʠ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʥ 

ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʣʶʙʦʛʦ ʫʟʣʘ (i,j) ʪʦʣʴʢʦ ʜʦ ʦʩʪʘʪʦʯʥʦʛʦ 

r i,j.  ʇʦʛʨʝʰʥʦʩʪʴ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʛʜʘ, ʢʘʢ 

     d = ji
ji

r ,
),(

max .                                         (3.2.35) 

ʂʘʢ ʪʦʣʴʢʦ d ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʛʦ ʧʨʝʜʝʣʘ ʪʦʯʥʦʩʪʠ E , ʤʳ 

ʧʨʝʢʨʘʱʘʝʤ ʠʪʝʨʘʮʠʶ. ʈʘʩʯʸʪ ʥʝʪʦʯʥʦʩʪʠ ʧʦʩʣʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʦʪʥʠʤʘʝʪ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ ʥʫʞʥʦ ʧʨʦʡʪʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʝʱʸ ʨʘʟ. ʄʳ ʤʦʞʝʤ, 

ʦʜʥʘʢʦ, ʚʢʣʶʯʠʪʴ ʨʘʩʯʸʪ ʥʝʪʦʯʥʦʩʪʠ ʚ ʧʨʦʮʝʜʫʨʫ ʠʪʝʨʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
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ʟʥʘʝʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʝʪʦʯʥʦʩʪʴ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʩʪʫʧʝʥʠ ʠʪʝʨʘʮʠʠ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (3.2.35), ʥʝʪʦʯʥʦʩʪʴ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʢʦʨʨʝʢʮʠʠ ʣʶʙʦʛʦ ʥʘʧʦʨʘ hi,j ʥʘ ʜʘʥʥʦʤ ʰʘʛʝ 

ʠʪʝʨʘʮʠʠ. 

     Då ji
ji

h ,
),(

maxD  .                                       (3.2.36) 

ʄʳ ʧʨʝʢʨʘʱʘʝʤ ʠʪʝʨʘʮʠʶ, ʝʩʣʠ ʣʶʙʦʡ hi,j(t + æt) ʥʝ ʠʟʤʝʥʷʝʪ ʩʚʦʝʡ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʙʦʣʝʝ, ʯʝʤ ʜʦʧʫʩʢʘʝʪ ʚʝʣʠʯʠʥʘ Ů . ɺʳʙʦʨ Ů ʪʨʝʙʫʝʪ 

ʥʝʢʦʪʦʨʦʡ ʦʩʪʦʨʦʞʥʦʩʪʠ. ɽʩʣʠ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʠʣʠ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʯʝʥʴ ʤʘʣ, ʠʟʤʝʥʝʥʠʷ hi,j ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʰʘʛʘ ʠʪʝʨʘʮʠʠ ʪʘʢʞʝ ʙʫʜʫʪ 

ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ɽʩʣʠ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʝʥʠʝ Ů ʙʣʠʟʢʦ ʢ 

ʜʦʧʫʩʪʠʤʦʡ ʫʟʣʦʚʦʡ ʥʝʪʦʯʥʦʩʪʠ, ʠʪʝʨʘʮʠʷ ʤʦʞʝʪ ʧʨʝʢʨʘʪʠʪʴʩʷ, ʢʦʛʜʘ 

ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʝʱʸ ʜʘʣʝʢʦ ʦʪ ʠʩʪʠʥʥʦʛʦ. 

ɽʩʣʠ ʤʳ ʥʝ ʠʩʧʦʣʴʟʫʝʤ ʜʚʦʡʥʦʡ ʠʥʜʝʢʩʘʮʠʠ, ʘ ʟʘʜʘʸʤ ʧʦ ʦʜʥʦʤʫ 

ʠʥʜʝʢʩʫ ʢʘʞʜʦʤʫ ʫʟʣʫ ʩʝʪʢʠ, ʥʘʧʨʠʤʝʨ, ʩʯʠʪʳʚʘʷ ʩʪʨʦʢʫ ʟʘ ʩʪʨʦʢʦʡ, 

ʬʦʨʤʫʣʘ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

hH
k(t + æt) =

kk

l kl

k

ʩʪ

kl

H

k

a

btthatthaä ä +D+-D+
1

)()(
B =

? hh

      (3.2.37) 

ʧʨʠ k = 1,..., NX*NY ʠ ʤʘʪʨʠʮʝʡ ʩʠʩʪʝʤʳ, ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʘʢ ʚ ʫʨʘʚʥʝʥʠʠ 

(3.2.21). ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʦʜ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ ʩ 

ʨʝʣʘʢʩʘʮʠʝʡ. 

 

ʇʈʆɻʈɸʄʄɸ 3 

 

ʎʝʣʴ: ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʝʪʦʜʦʤ 

ʨʘʟʥʦʩʪʝʡ ʧʦ ʥʝʷʚʥʦʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ɻʘʫʩʩʫ-ɿʝʡʜʝʣʶ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 2. 

ʇʦʤʠʤʦ ʪʦʛʦ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʳ: 

- ʢʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ (ʥʘʠʙʦʣʴʰʘʷ ʚʦʟʤʦʞʥʘʷ ʢʦʨʨʝʢʮʠʷ ʧʦ ʫʟʣʘʤ), 

       ER; 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ, ʜʦʧʫʩʢʘʝʤʳʭ ʥʘ ʦʜʥʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ, 

IM; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ, Rɽ; 

- ʤʥʦʞʠʪʝʣʴ ʜʣʷ ʜʣʠʥʳ ʰʘʛʘ ʚʨʝʤʝʥʠ, ʍʊ. ɺ ʧʨʦʛʨʘʤʤʝ ʧʦʢʘʟʘʥʘ        

ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ Dʊ ʧʨʠ ʫʤʥʦʞʝʥʠʠ ʝʛʦ        ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʰʘʛʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʍʊ > 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ        ʧʨʠʸʤʘ 

ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ ʠ, ʪʝʤ  ʩʘʤʳʤ, ʩʵʢʦʥʦʤʠʪʴ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʚʨʝʤʷ.  ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʪʢʘʯʢʠ 

ʧʨʦʠʟʦʡʜʫʪ ʙʳʩʪʨʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʦʨʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʦ ʚʨʝʤʝʥʝʤ 
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ʟʘʤʝʜʣʷʪʴʩʷ.  ʇʦʵʪʦʤʫ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʥʦʚʳʭ ʚʝʣʠʯʠʥ ʧʨʠʪʦʢʘ-

ʦʪʪʦʢʘ (ʚʢʣʶʯʘʷ ʟʘʜʘʥʠʝ ʜʨʫʛʠʭ ʥʘʧʦʨʦʚ) ʥʝʦʙʭʦʜʠʤʳ ʤʘʣʳʝ ʠʥʪʝʨʚʘʣʳ 

ʚʨʝʤʝʥʠ, ʘ ʟʘʪʝʤ ʠʥʪʝʨʚʘʣ Dʊ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ.  ʋʚʝʣʠʯʝʥʠʝ ʝʛʦ 

ʧʦʩʨʝʜʩʪʚʦʤ  ʤʥʦʞʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʦʨʦʚ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʠʪʝʨʘʮʠʠ, Iʊ; 

- ʥʘʠʙʦʣʴʰʘʷ ʢʦʨʨʝʢʮʠʷ H(i,j) ʥʘ ʪʝʢʫʱʝʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ, DF; 

- ʚʨʝʤʷ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʰʘʛʘ ʚʨʝʤʝʥʠ; 

- ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʥʘ ʚʨʝʤʷ t, ʅ(i,j). 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

 

ʉʪʨʦʢʠ:     ʂʦʤʤʝʥʪʘʨʠʠ 

1050-1300: ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʥʥʳʭ. ɺʩʝ ʟʥʘʯʝʥʠʷ ʩʯʠʪʳʚʘʶʪʩʷ ʩ             

ʦʧʝʨʘʪʦʨʘ ʜʘʥʥʳʭ ʚ ʢʦʥʮʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 

4000. 

1310-1400: ʈʘʩʯʸʪ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʤʝʞʜʫ ʫʟʣʘʤʠ. 

1430-1710: ʆʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ. 

1440-1620: ʆʜʠʥ ʰʘʛ ʠʪʝʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʰʘʛʘ ʚʨʝʤʝʥʠ. 

1470-1490: ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʯʝʪʘ ʧʦ ʤʘʪʨʠʮʝ ʅ(i,j) ʚ             

ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʠ . 

1500: ʇʨʦʧʫʩʢ ʛʨʘʥʠʮ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ. 

1520: ʇʨʦʧʫʩʢ ʫʟʣʦʚ ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ            

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

1540-1550: ʇʨʠʙʣʠʞʝʥʥʳʡ ʨʘʩʯʸʪ ʧʦʛʨʝʰʥʦʩʪʠ. 

1590: ʇʨʝʢʨʘʱʝʥʠʝ ʨʘʩʯʸʪʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʩʭʦʜʠʤʦʩʪʴ ʥʝ            

ʜʦʩʪʠʛʥʫʪʘ. 

1630-1660: ʀʟʤʝʥʝʥʠʝ ʤʘʪʨʠʮʳ ʅ0(i,j). 

1770-1770: ɺ ʧʨʦʛʨʘʤʤʝ ʥʘʛʥʝʪʘʥʠʝ/ʦʪʢʘʯʢʘ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʟʘʜʘʥʳ ʥʘ ʚʨʝʤʷ t=0 ʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʦ ʚʨʝʤʝʥʠ ʊʄ. 

ɽʩʣʠ ʦʥʠ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʠʭ ʬʘʢʪʠʯʝʩʢʫʶ 

ʚʝʣʠʯʠʥʫ ʩʣʝʜʫʝʪ ʩʯʠʪʳʚʘʪʴ ʟʜʝʩʴ ʚ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ, 

ʚ ʢʦʪʦʨʦʤ ʦʥʠ ʠʟʤʝʥʷʶʪʩʷ. ʊʦʛʜʘ ʨʘʟʤʝʨ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ Dʊ 

ʙʫʜʝʪ ʠʟʤʝʥʸʥ ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

3000-3130: ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʘ ʥʘ ʧʝʯʘʪʴ ʤʘʪʨʠʮʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ ʅ(i,j). 

4000-4450: ʆʧʝʨʘʪʦʨʳ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

      

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʦ ʧʨʦʛʨʘʤʤʝ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʪyʳ ʪʦʛʦ ʞʝ ʪʝʢʩʪʦʚʦʛʦ ʧʨʠʤʝʨʘ, ʯʪʦ ʠ 

ʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ 1.  ɺ ʪʘʙʣʠʮʝ 3.3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʚʨʝʤʷ 
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ʊʄ = 1000 ʩʝʢ.  ʀʩʧʦʣʴʟʫʝʤʳʡ ʢʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ - ɽR = 0,05 ʤ. ʈʘʟʤʝʨ 

ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʚʳʙʨʘʥ ʧʦʩʪʦʷʥʥʳʤ, (ʪ.ʝ. ʍʊ = 1) ʧʨʠ ʊ = 100 ʩʝʢ.  

ʆʙʝʩʧʝʯʝʥʦ ʪʘʢʞʝ ʯʠʩʣʦ ʰʘʛʦʚ ʠʪʝʨʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʰʘʛʘ 

ʚʨʝʤʝʥʠ. 
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ʊʘʙʣʠʮʘ 3.3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠʟ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 3 

ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ (ʤ)            ʐʘʛ ʧʦ 

ʚʨʝʤʝʥʠ       

ʏʠʩʣʦ 

ʠʪʝʨʘʮʠʡ 

50 

50 

50 

50 

50 

50 

59 

49,6 

49,5  

49,3  

49,1 

49,3 

49,5 

49,6        

49,3 

49,0  

48,5  

47,9   

48,5 

49,0 

49,2         

49,1 

48,7 

47,8  

45,4  

47,8 

48,7 

49,1       

49,2 

49,0 

48,5  

47,9  

48,5  

49,0 

49,2         

49,6 

49,5  

 49,3        

49,1  

49,3 

49,5 

49,6          

50 

50 

50 

50 

50 

50 

50 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

6 

4 

3 

3 

2 

2 

2 

2 

1 

1 

 

     

3.2.5. ʅʝʷʚʥʘʷ ʩʭʝʤʘ: ʠʪʝʨʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (ʩʧʦʩʦʙ 2) 

 

ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʫʟʣʦʚ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʫʪʸʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ IADI (ʤʝʪʦʜ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦ ʥʝʷʚʥʦʡ ʩʭʝʤʝ), 

(ʇʠʩʤʝʥ, ʈʵʯʬʦʨʜ, 1955), (ɼʫʛʣʘʩ, ʈʵʯʬʦʨʜ, 1956).  ʆʥ ʩʦʯʝʪʘʝʪ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ ʠ ʠʪʝʨʘʮʠʶ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʧʦ ʫʟʣʘʤ ʚ ʩʪʦʣʙʮʝ i(ʫʨʘʚʥʝʥʠʝ 

(3.2.18).  ʕʪʠʭ ʫʨʘʚʥʝʥʠʡ NY.  ʆʥʠ ʚʢʣʶʯʘʶʪ NY ʥʘʧʦʨʦʚ ʚ ʩʪʦʣʙʮʝ i  ʠ 

NY ʥʘʧʦʨʦʚ ʣʝʚʦʛʦ ʠ NY ʥʘʧʦʨʦʚ ʧʨʘʚʦʛʦ ʩʦʩʝʜʥʠʭ ʩʪʦʣʙʮʦʚ.  ʇʝʨʝʥʝʩʷ 

ʚʩʝ ʥʘʧʦʨʳ ʠʟ ʩʦʩʝʜʥʠʭ ʢʦʣʦʥʦʢ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ, ʤʳ ʧʦʣʫʯʘʝʤ: 
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ʧʨʠ j NY= ­1   .  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʩʝʭ 

ʫʟʣʦʚ ʚ ʩʪʨʦʢʝ j. 
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2
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      ʧʨʠ i NX= ­1  . 

ɽʩʣʠ ʚʩʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ, ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʫʨʘʚʥʝʥʠʡ (3.2.38) ʠ (3.2.39) ʠʟʚʝʩʪʥʳ ʣʠʙʦ ʠʟ ʦʮʝʥʦʢ, ʠʣʠ ʠʟ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʩʯʸʪʦʚ, ʪʦ ʦʙʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʝʤʳ.  ʊʘʢ ʢʘʢ ʦʥʠ ʨʘʩʱʝʧʣʝʥʳ, ʪʦ 

ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦ ʫʩʠʣʠʡ.  ʉʠʩʪʝʤʘ (3.2.38) ʠʤʝʝʪ ʚʠʜ: 

( ) ( ) ( ) jjijjijji DtthCtthBtthA ' = +' + +' + +' 1, ,1, DDD +-              (3.2.40) 

ʧʨʠ   NYj   1­=  , ʘ ʩʠʩʪʝʤʘ (3.2.39) ʠʤʝʝʪ ʚʠʜ: 

( ) ( ) ( ) ijiijiijii DtthCtthBtthA  = + + + + + ,1, ,1 DDD +-               (3.2.41) 

ʧʨʠ   i NX= ­1  . 

ʕʪʠ ʩʠʩʪʝʤʳ ʪʨʠʜʠʘʛʦʥʘʣʴʥʳʝ.  ʀʭ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʨʝʟ 

ʘʣʛʦʨʠʪʤʳ ʫʧʨʦʱʸʥʥʦʡ ʬʦʨʤʳ ɻʘʫʩʩʘ-ɼʞʦʨʜʘʥʘ, ʊʦʤʘʩʘ (ʥʘʧʨʠʤʝʨ, ʕʡʤʩ, 

1966). 

ɺʳʙʨʘʚ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʫʨʘʚʥʝʥʠʷ ʧʦ ʩʪʨʦʢʘʤ     
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   (3.2.42) 

ʤʳ ʨʝʢʫʨʩʠʚʥʦ ʦʧʨʝʜʝʣʷʝʤ ʜʚʘ ʤʘʩʩʠʚʘ (Fi) ʠ (Gi) ʧʦ ʬʦʨʤʫʣʘʤ: 

F
C

B A F
i

i

i i i

=
- -1

  

         (3.2.43)                                             

G
D AG

B A F
i

i i i

i i i

=
-

-

-

-

1

1

 

ʧʨʠ F G0 0=0 ʠ =0.  

F Gi i ʠ  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩoʙʦʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʚʝʨʭʥʶʶ ʪʨʝʫʛʦʣʴʥʫʶ ʤʘʪʨʠʮʫ ʩʦ ʚʩʝʤʠ 

ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʚʥʳʤʠ 1. 
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    (3.2.44) 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʶʪ, ʧʨʦʨʘʙʘʪʳʚʘʷ ʝʸ ʚʚʝʨʭ, ʥʘʯʠʥʘʷ ʩ 

ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ: 

( ) ;  t+, NXjNX Gth =D                                            (3.2.45) 

)()( ,1, tthFGtth jiiiji D+-=D+ +   ʜʣʷ   i NX= - ­1  1.  

ɼʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦ ʩʪʦʣʙʮʘʤ ʧʨʦʮʝʜʫʨʘ ʨʝʰʝʥʠʷ ʩʦʚʝʨʰʝʥʥʦ 

ʘʥʘʣʦʛʠʯʥʘ. 

ʄʝʪʦʜ IADI ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʅʘʯʘʚ ʩ 

ʠʩʭʦʜʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʝʣʠʯʠʥʝ ʥʘʧʦʨʦʚ ( )tth ji D+ , , ʤʳ ʨʝʰʘʝʤ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩʪʨʦʢʘ ʟʘ ʩʪʨʦʢʦʡ.  ɼʣʷ ʚʝʣʠʯʠʥ ʥʘʧʦʨʦʚ ʠʟ ʩʦʩʝʜʥʠʭ 

ʩʪʨʦʢ ʤʳ ʙʝʨʸʤ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʨʘʩʯʸʪʦʚ (ʝʩʣʠ ʥʝʪ ʥʠʢʘʢʠʭ, ʪʦ 

ʠʩʧʦʣʴʟʫʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʟʥʘʯʝʥʠʷ). ʇʦʩʣʝ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ NY ʩʪʨʦʢ ʤʳ ʧʝʨʝʤʝʱʘʝʤʩʷ ʧʦ ʨʘʟʙʠʚʢʝ ʦʪ ʩʪʦʣʙʮʘ ʢ ʩʪʦʣʙʮʫ, 

ʩʥʦʚʘ ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʨʘʩʯʸʪʦʚ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʘ ʚ 

ʩʦʩʝʜʥʠʭ ʩʪʦʣʙʮʘʭ.  ʂʦʛʜʘ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʚʩʝʭ ʩʠʩʪʝʤ ʧʦ ʩʪʨʦʢʘʤ ʠ 

ʩʪʦʣʙʮʘʤ, ʦʜʠʥ ʰʘʛ ʠʪʝʨʘʮʠʠ ʩʯʠʪʘʝʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

ʩʥʦʚʘ ʨʝʰʘʝʤ ʩʠʩʪʝʤʳ ʧʦ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ. ʀʪʝʨʘʮʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ - ʧʦ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʩʭʦʜʠʤʦʩʪʠ. ʆʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ tD ʟʘʚʝʨʰʸʥ (ʨʠʩ.3.2.16). ʇʨʦʮʝʜʫʨʘ 

ʷʚʣʷʝʪʩʷ, ʙʝʟʫʩʣʦʚʥʦ, ʫʩʪʦʡʯʠʚʦʡ. ɻʘʨʘʥʪʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʭ 

ʠʤʝʶʱʠʭʩʷ ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʩʦʩʝʜʥʠʭ ʫʟʣʦʚ, ʥʘʢʘʧʣʠʚʘʥʠʝ ʚʩʝʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʪʝʨʘʮʠʡ ʚ ʦʜʥʦʡ ʤʘʪʨʠʮʝ ( )tth ji D+ , , ʠʟʤʝʥʝʥʠʝ ʩʪʘʨʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘ ʥʦʚʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. 

 
ʈʠʩ.3.2.16. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

1 ï ʰʘʛ ʠʪʝʨʘʮʠʠ I; 2 ï ʰʘʛ ʠʪʝʨʘʮʠʠ II; 3 ï ʤʘʪʨʠʮʘ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ; 

4 ï ʨʘʩʯʸʪ ʧʦ ʨʷʜʘʤ; 5 ï ʨʘʩʯʸʪ ʧʦ ʩʪʦʣʙʮʘʤ 
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ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 4 ʧʦʢʘʟʘʥʦ, ʢʘʢ ʥʘʜʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʤʝʪʦʜ 

IADI. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʷʟʳʢʝ FORTRAN, ʧʨʠʚʝʜʝʥʥʦʤ ʚ ʨʘʙʦʪʝ ʇʨʠʢʝʪʘ ʠ 

ʃʦʥʢʚʠʩʪʘ, 1971. 

 

ʇʈʆɻʈɸʄʄɸ 4 

ʎʝʣʴ: ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʝʪʦʜʦʤ ʨʘʟʥʦʩʪʝʡ 

ʧʦ ʥʝʷʚʥʦʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AIDI -ʤʝʪʦʜʘ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 3. 

ɿʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ: 

- ʯʠʩʣʦ ʰʘʛʦʚ ʠʪʝʨʘʮʠʠ, IT ; 

- ʥʘʠʙʦʣʴʰʠʝ ʧʦʧʨʘʚʢʠ ( )H i j,  ʚ ʧʨʝʜʝʣʘʭ ʪʝʢʫʱʝʛʦ ʰʘʛʘ ʠʪʝʨʘʮʠʠ, 

E ; 

- ʚʨʝʤʷ t  ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʰʘʛʘ ʚʨʝʤʝʥʠ; 

- ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʟʘ ʚʨʝʤʷ ( )t H i j, , . 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1030-1280:   ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʥʥʳʭ.  ɺʩʝ ʟʥʘʯʝʥʠʷ ʩʯʠʪʳʚʘʶʪʩʷ ʩ 

ʦʧʝʨʘʪʦʨʘ ʜʘʥʥʳʭ ʚ ʢʦʥʮʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 

4000. 

1290-1380:   ʈʘʩʯʝʪ ʤʝʞʫʟʣʦʚʦʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ 

1400-2040:   ʆʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ 

1420-1940:   ʆʜʠʥ ʰʘʛ ʠʪʝʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʰʘʛʘ ʚʨʝʤʝʥʠ 

1430-1650:   ʈʘʩʯʸʪʳ ʧʦ ʩʪʦʣʙʮʘʤ 

1660-1880:   ʈʘʩʯʸʪʳ ʧʦ ʩʪʨʦʢʘʤ 

1450-1680:   ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʨʠʮʳ 

( )H i j, . 

1520-1750:   ʇʨʦʧʫʩʢ ʛʨʘʥʠʮ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ ʠ ʫʟʣʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ              

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

1920:   ʂʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ 

1990-2020:   ʇʝʨʝʩʤʦʪʨ ʤʘʪʨʠʮʳ ʅʆ 

2030: ɺ ʧʨʦʛʨʘʤʤʝ ʠʥʬʠʣʴʪʨʘʮʠʷ/ʨʘʩʭʦʜʳ ʟʘʜʘʥʳ ʧʨʠ ʚʨʝʤʝʥʠ 
t=0  ʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʜʦ ʚʨʝʤʝʥʠ TM. ɽʩʣʠ ʦʥʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʠʭ ʬʘʢʪʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

ʩʣʝʜʫʝʪ ʩʯʠʪʳʚʘʪʴ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ, ʛʜʝ ʦʥʠ 

ʠʟʤʝʥʷʶʪʩʷ.  ʊʦʛʜʘ ʨʘʟʤʝʨ ʰʘʛʘ DT  ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

3000-3130:   ɺʳʭʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʝʯʘʪʠ ʤʘʪʨʠʮʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ 

ʥʘʧʦʨʦʚ ( )H i j, . 

4000-4380:   ʆʧʝʨʘʪʦʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 
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ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʪʦʤ ʞʝ ʧʨʠʤʝʨʝ, ʯʪʦ ʠ ʧʨʦʛʨʘʤʤʘ 1. 

ɺ ʪʘʙʣʠʮʝ 3.4 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʥʘ ʚʨʝʤʷ TM  = 1000 ʩʝʢ. 

ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʠ ʢʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʚʳʙʨʘʥʳ ʪʘʢʠʝ ʞʝ, 

ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 3.  ʇʨʝʜʫʩʤʦʪʨʝʥʦ ʪʘʢʞʝ ʯʠʩʣʦ ʰʘʛʦʚ ʠʪʝʨʘʮʠʠ ʚ 

ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ.                                              

ʊʘʙʣʠʮʘ 3.4 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠʟ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 4 

       ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ (ʤ) ʐʘʛ 

  ʚʨʝʤʝʥʠ 

ʏʠʩʣʦ 

  ʠʪʝʨʘʮʠʡ 

      ɺʨʝʤʷ (ʩʝʢ) : 1000   

50  49,6  49,2  49,1  49,2  49,6  50 1 3 

50  49,5  49,0  48,7  49,0  49,5  50 2 3 

50  49,3  48,5  47,8  48,5  49,3  50 3 2 

50  49,1  47,9  45,3  47,9  49,1  50 4 2 

50  49,3  48,5  47,8  48,5  49,3  50 5 2 

50  49,5  49,0  48,7  49,0  49,5  50 6 2 

50  49,6  49,2  49,1  49,2  49,6  50 7 2 

 8 1 

 9 1 

 10 1 

 

3.2.6. ʇʨʠʤʝʥʝʥʠʝ ʢ ʜʨʫʛʠʤ ʪʠʧʘʤ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʚʩʝ ʤʝʪʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʠʤʝʥʠʪʝʣʴʥʦ 

ʢ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʧʨʦʩʪʝʡʰʝʛʦ ʪʠʧʘ, ʘ ʠʤʝʥʥʦ, ʠʟʦʪʨʦʧʥʦʛʦ 

ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ʄʳ ʤʦʞʝʤ, ʦʜʥʘʢʦ, ʨʘʩʰʠʨʠʪʴ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʥʝ ʠʩʧʳʪʳʚʘʷ ʧʨʠ ʵʪʦʤ 

ʙʦʣʴʰʠʭ ʟʘʪʨʫʜʥʝʥʠʡ. 

 

ɸʥʠʟʦʪʨʦʧʠʷ: 

ɽʩʣʠ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʥʟʦʨʘ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʦ ʚ ʤʝʞʫʟʣʦʚʦʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʫʯʝʩʪʴ 

ʘʥʠʟʦʪʨʦʧʠʶ ʧʨʠ Txx, ʟʘʤʝʱʘʶʱʝʤ TI, ʠ ʊyy, ʟʘʤʝʱʘʶʱʝʤ TJ. ɽʩʣʠ

T Txx yy ʠ  ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʦʜʥʦʡ ʪʦʯʢʠ ʩʝʪʢʠ ʢ ʜʨʫʛʦʡ, ʪʦ ʦʥʠ ʫʩʨʝʜʥʷʶʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʛʘʨʤʦʥʠʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ.  ɺ 
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ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ T Tyy xx/  ʧʦ ʦʙʣʘʩʪʠ ʤʳ ʤʦʞʝʤ ʚʚʝʩʪʠ 

ʘʥʠʟʦʪʨʦʧʠʶ ʚʦ ʚʩʝ ʧʨʝʜʳʜʫʱʠʝ ʧʨʠʤʝʨʳ ʤʦʜʝʣʝʡ, ʟʘʤʝʥʷʷ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ T  ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʷʤʠ Txx, ʨʘʩʩʯʠʪʳʚʘʷ TI TJ ʠ  

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʫʤʥʦʞʘʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ TJ  ʥʘ 

ʩʦʦʪʥʦʰʝʥʠʝ T Tyy xx/ . 

ɽʩʣʠ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʛʣʘʚʥʳʤʠ ʦʩʷʤʠ ʪʝʥʟʦʨʘ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʪʦ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʚʚʦʜ ʥʝʜʠʘʛʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʆʥʠ ʜʘʶʪ ʝʱʸ ʯʝʪʳʨʝ ʯʣʝʥʘ ʨʘʩʭʦʜʘ ʚ ʫʨʘʚʥʝʥʠʠ (3.2.5).  ʂ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ ʜʚʘ ʯʣʝʥʘ ʦʪʪʦʢʘ/ʧʨʠʪʦʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ x, ʚʳʟʚʘʥʥʳʝ 

ʛʨʘʜʠʝʥʪʦʤ ʥʘʧʦʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ y, ʠ ʜʚʘ ʯʣʝʥʘ ʦʪʪʦʢʘ/ʧʨʠʪʦʢʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ y, ʚʳʟʚʘʥʥʳʝ ʛʨʘʜʠʝʥʪʦʤ ʥʘʧʦʨʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ x.  ʊʝʧʝʨʴ 

ʙʣʠʞʘʡʰʠʝ ʩʦʩʝʜʠ ʫʟʣʘ 0 ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x y ʠ  ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ ʦʧʠʩʘʥʥʳʤ ʧʦʪʦʢʘʤ.  ʉʦʩʝʜʥʠʝ ʧʦ ʜʠʘʛʦʥʘʣʠ ʫʟʣʳ ʪʘʢʞʝ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ.  ɿʘʧʠʩʘʚ ʚʩʝ ʚʦʩʝʤʴ ʚʚʝʜʝʥʥʳʭ ʯʣʝʥʦʚ ʜʣʷ ʧʣʘʥʦʚʦʛʦ 

ʧʦʪʦʢʘ ʤʝʞʜʫ ʫʟʣʘʤʠ 0 ʠ ʝʛʦ ʚʦʩʝʤʴʶ ʩʦʩʝʜʷʤʠ, ʤʳ ʤʦʞʝʤ, ʥʘʧʨʠʤʝʨ, 

ʦʧʨʝʜʝʣʠʪʴ (ʨʠʩ.3.2.17): 

 
( ) ( )( )yhhhhyTQyhhxTQ yyy D--D=D-D= 4/+      / 135620,x 50110,1     

( ) ( )( )

( ) ( )( )

( ) ( )( )xhhhhxTQxhhyTQ

yhhhhyTQyhhxTQ

xhhhhxTQxhhyTQ

yxxx

yxyy

yxxx

D--D=D-D=

D--D=D-D=

D--D=D-D=

4/+      /

4/+      /

4/+      /

428510, 80440,4

317840, 70330,3

764230, 60220,2

  (3.2.46) 

 
ʈʠʩ.3.2.17. ʇʦʪʦʢʠ ʚ ʫʟʣʘʭ ʚ ʩʣʫʯʘʝ ʘʥʠʟʦʪʨʦʧʠʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʦʪ Q5  ʜʦ Q8  ʠʤʝʶʪʩʷ ʠ ʜʨʫʛʠʝ ʨʘʚʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. ʊʝʧʝʨʴ ʥʘʤ ʥʫʞʥʳ ʜʘʥʥʳʝ ʦ T T T Txx yy x y y x,  ʠ 
  
=  ʤʝʞʜʫ 

ʫʟʣʘʤʠ. ɼʘʣʴʥʝʡʰʘʷ ʧʨʦʮʝʜʫʨʘ ʥʝʩʣʦʞʥʘ ʠ ʘʥʘʣʦʛʠʯʥʘ ʩʣʫʯʘʶ ʠʟʦʪʨʦʧʥʦʛʦ 

ʧʣʘʩʪʘ ʩ ʜʝʚʷʪʴʶ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚ ʫʨʘʚʥʝʥʠʠ ʫʟʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʚʤʝʩʪʦ 

ʧʨʝʜʳʜʫʱʠʭ ʧʷʪʠ. 
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ɹʝʟʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. 

ɺ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʫʟʣʦʚ 

ʧʦʣʫʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (3.2.5).  

ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʦʜʥʘʢʦ, ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  ʆʙʦʟʥʘʯʠʚ 

ʦʪʤʝʪʢʫ ʧʦʜʦʰʚʳ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʫʟʣʝ (i j, ) ʢʘʢ jib  , , ʦʧʨʝʜʝʣʷʝʤ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʙʣʦʢʝ jiT , : 

( )jijijiji bhkFT , ,  ,, -=      ,                                        (3.2.47) 

ʛʜʝ   kF  - ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ. 

ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦ ʦʩʷʤ x y ʠ  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʚʟʷʚ 

ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (3.2.10).  ɽʩʪʴ ʠ ʜʨʫʛʦʡ 

ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ TI TJ ʠ  ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʯʝʪʦʚ.  ʉʦʛʣʘʩʥʦ 

ʝʤʫ ʧʦʣʫʯʘʝʤTI TJ ʠ ʫʤʥʦʞʝʥʠʝʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ ʪʦʣʱʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x y ʠ  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɹʫʪʣʝʨ, 

1957): 

);)((  ,, ,1,1 , , jijijijijiji bhbhkFITI --= ++                                (3.2.48) 

),)(( ,  ,1,1, ,, jijijijijiji bhbhkFJTJ --= ++  

ʛʜʝ jiji kFJkFI ,  ,  ʠ  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ ʤʝʞʜʫ ʫʟʣʘʤʠ 

( , ) ( , )i j i j ʠ +1  ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʟʣʘʤʠ ( , ) ( , ):i j i j ʠ +1   

);+/(2 ,1, ,1 ,, jijijijiji kFkFkFkFkFI ++=                                (3.2.49) 

).+/(2 ,1, 1, , , jijijijiji kFkFkFkFkFJ ++=  

ʅʘʧʦʨʳ jih  ,  ʚ ʫʨʘʚʥʝʥʠʷʭ (3.2.47) ʠ (3.2.48) - ʵʪʦ ʚʝʣʠʯʠʥʳ, ʚʟʷʪʳʝ 

ʧʨʠ ʚʨʝʤʝʥʠ tt D+  ʧʨʠ ʨʝʰʝʥʠʠ ʧʦ ʧʦʣʥʦʡ ʥʝʷʚʥʦʡ ʩʭʝʤʝ. ʈʘʟʥʦʩʪʥʳʝ 

ʫʨʘʚʥʝʥʠʷ (3.2.9) ̫ ʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ )+( , tth ji D .  ʊʝʧʝʨʴ 

ʪʨʝʙʫʝʪʩʷ ʠʪʝʨʘʮʠʷ. ʋʨʘʚʥʝʥʠʷ ʣʠʥʝʘʨʠʟʫʶʪʩʷ ʧʨʠ ʟʘʤʝʥʝ ʥʝʠʟʚʝʩʪʥʦʛʦ 

)+( , tth ji D  ʚ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʷʭ (3.2.48) ʟʘ ʩʯʸʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ )+(ʩʪ, tth ji D .  

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʝ ʥʘʧʦʨʘ ʧʨʠ ʚʨʝʤʝʥʠ t  

ʢʘʢ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʚʝʣʠʯʠʥʫ. 

)()+( , 

ʩʪ

, thtth jiji =D .             (3.2.50) 

ɿʘʪʝʤ ʨʝʰʘʝʤ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʣʶʙʳʤ ʠʟ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʣʫʯʘʷ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ).+(, tth ji D   

ʇʨʠʨʘʚʥʠʚʘʷ 
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)+()+(  ,

cn

 , tthtth jiji D=D  ,                                       (3.2.51) 

ʤʳ ʧʦʣʫʯʘʝʤ ʩʭʝʤʫ ʠʪʝʨʘʮʠʠ. ʀʪʝʨʘʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʩʭʦʜʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ: 

e  )+()+(max ʩʪ

 , ,
),(

<D-D tthtth jiji
ji

                                  (3.2.52) 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩʧʦʩʦʙʦʤ ʠʪʝʨʘʮʠʠ ʫʯʸʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʫ ʩʭʝʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʩʣʝʜʥʝʡ ʠʤʝʶʱʝʡʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ )+(, tth ji D  ʚ ʨʘʩʯʸʪʝ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʠ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʦʨʦʚ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ (3.2.50). 

ɪʤʢʦʩʪʴ m * ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʟʘʤʝʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ne ʚ ʫʟʣʝ  ( , )i j . 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ h  ʥʝ ʤʦʞʝʪ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʝ ʧʦʜʦʰʚʳ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ b. ʋʟʝʣ, ʚ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʧʦʜʦʰʚʳ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʢʣʶʯʥy ʠʟ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʠʨʘʚʥʠʚʘʥʠʝʤ ʝʛʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢ ʥʫʣʶ.  

ʆʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʜʚʝ ʧʨʦʙʣʝʤʳ.  ɺʦ-ʧʝʨʚʳʭ, ʚ ʵʪʦʤ ʫʟʣʝ 

ʙʦʣʴʰʝ ʥʝʣʴʟʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  ɺʦ-

ʚʪʦʨʳʭ, ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʧʠʪʘʥʠʝ ʟʘ ʩʯʪy ʦʩʘʜʢʦʚ ʥʝ ʤʦʞʝʪ ʙʦʣʴʰʝ 

ʧʦʩʪʫʧʘʪʴ ʯʝʨʝʟ ʠʩʢʣʶʯʸʥʥʳʡ ʫʟʝʣ ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʧʝʨʝʥʝʩʪʠ ʥʘ ʩʦʩʝʜʥʠʝ 

ʫʟʣʳ.  ɹʦʣʝʝ ʵʣʝʛʘʥʪʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʦʩʪʘʚʠʪʴ ʚ ʫʟʣʝ ʦʯʝʥʴ ʤʘʣʫʶ ʦʩʪʘʪʦʯʥʫʶ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʫʨʦʚʥʶ ʚʦʜʳ ʥʘʜ ʧʦʜʦʰʚʦʡ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʢʘʢ 

ʪʦʣʴʢʦ ʨʘʩʯʪyʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʥʠʟʠʪʩʷ ʜʦ b+e (ʨʠʩ.3.2.18).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʠʪʦʢʠ ʩʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʚʦʜʦʥʦʩʥʳʡ 

ʛʦʨʠʟʦʥʪ ʯʝʨʝʟ ʵʪʦʪ ʫʟʝʣ ʚʜʦʣʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ.  ɺʝʣʠʯʠʥʘ 

ʥʘʧʦʨʘ ʠ ʸʤʢʦʩʪʠ ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʶʪ, ʪʘʢ ʢʘʢ ʥʘʧʦʨ ʥʠʞʝ ʦʪʤʝʪʢʠ ʧʦʜʦʰʚʳ. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʨʘʟʙʨʦʩʘ ʧʝʨʝʭʦʜ  ʦʪ ʥʘʩʳʱʝʥʥʦʡ ʪʦʣʱʠ h b-  ʜʦ 

ʥʝʙʦʣʴʰʦʡ ʦʩʪʘʪʦʯʥʦʡ ʤʦʱʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ 
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ʛʜʝ    e  - ʦʩʪʘʪʦʯʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ; 

h - ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʟʘʢʦʥ ʣʠʥʝʡʥʦʡ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘʤʝʥʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʟʘʢʦʥʦʤ. 
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ʈʠʩ.3.2.18. ʆʩʫʰʝʥʠʝ ʫʟʣʦʚ ʥʘ ʤʦʜʝʣʠ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

 

ɹʝʟʥʘʧʦʨʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʥʝʥʠʡ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ 

ʭʦʨʦʰʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢʘʢ ʥʘʧʦʨʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʫʩʨʝʜʥʸʥʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʢʘʞʜʦʤ ʫʟʣʝ. 

ɺʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʜʨʫʛʠʤʠ 

ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

ʋʩʣʦʚʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚʚʦʜʠʪʩʷ ʚ ʬʦʨʤʝ 

ʨʘʟʥʦʩʪʠ (ʛʣ.2.3).  ʇʫʩʪʴ jiH  ,  ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʳʤ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʤ ʥʘʧʦʨʦʤ 

ʚʳʰʝʣʝʞʘʱʝʡ ʪʦʣʱʠ. ʊʦʛʜʘ ʦʙʤʝʥ ʤʝʞʜʫ ʧʣʘʩʪʦʤ-ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʳ ʠ 

ʤʦʜʝʣʠʨʫʝʤʳʤ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʦʤ ʚ ʫʟʣʝ ( , )i j  ʠʤʝʝʪ ʚʠʜ: 

, )( , ,  , , jijijijil hHlq -=                                            (3.2.54) 

ʛʜʝ jil ,  - ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʝʢʘʥʠʷ ʚ ʫʟʣʝ  ( , )i j . ʆʥ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʣ/ʤʠʥ 

ʠ ʜʘʝʪ ʧʦʪʦʢ  ql i j,  
 ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ.  ʕʪʦʪ ʯʣʝʥ ʩʣʝʜʫʝʪ ʧʨʠʙʘʚʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ  jiq ,  ʚ ʫʨʘʚʥʝʥʠʠ ʨʘʟʥʦʩʪʝʡ (3.2.9). 

ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʚʘ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʯʝʨʝʟ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʡ ʩʣʦʡ, ʧʨʠʯʤy ʥʘʧʦʨʳ ʚ ʦʙʦʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʚʨʝʤʝʥʠ, ʚʦʜʦʦʙʤʝʥ ʤʝʞʜʫ ʥʠʤʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ: 

)( , ,1 ,,2 ,, , jijijijil hhlq -=       ;                                  (3.2.55) 

jilq  ,,  ʩʣʝʜʫʝʪ ʧʨʠʙʘʚʠʪʴ ʢ ʙʘʣʘʥʩʫ ʫʟʣʘ ( , )i j  ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 1 ʠ 

ʚʳʯʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʙʘʣʘʥʩʘ ʫʟʣʘ ( , )i j  ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 2.  

jiji hh  ,,2, ,1   ʠ  - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʷ ʥʘʧʦʨʘ ʚ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʀʥʬʠʣʴʪʨʘʮʠʷ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʸʤʦʚ. 

ʀʥʬʠʣʴʪʨʘʮʠʶ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʤyʦʚ ʠʣʠ ʠʭ ʟʘʧʦʣʥʝʥʠʝ 
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ʥʝʪʨʫʜʥʦ ʫʯʝʩʪʴ ʧʨʠʙʘʚʣʝʥʠʝʤ ʧʨʠʪʦʢʘ (ʨʘʩʭʦʜʘ) , ,, jilq  ʟʘʚʠʩʠʤʦʛʦ ʦʪ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʢ ʯʣʝʥʫ jiq ,  ʧʦ ʘʥʘʣʦʛʠʠ ʩ (3.2.54).  ʆʩʥʦʚʥʳʝ 

ʟʘʢʦʥʳ ʧʝʨʝʚʦʜʷʪʩʷ ʚ ʨʘʟʥʦʩʪʥʫʶ ʬʦʨʤʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

; ʜʣʷ )( , , , , , , , jirjijijirjijil bhhhlq >-=                               (3.2.56) 

jirjijirjirjijil bhbhlq , , , ,,, , ,,  ʜʣʷ )( <-= ; 

l i j 
- ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʝʢʘʥʠʷ ʚ ʫʟʣʝ ( , )i j , ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ,   ʟʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʣʦʞʘ ʨʝʢʠ ʠʣʠ ʦʟʝʨʘ, kr , ʜʝʣyʥʥʫʶ ʥʘ 

ʤʦʱʥʦʩʪʴ,   dr  ; 

jilq , , - ʨʘʩʭʦʜ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ.  ʇʣʦʱʘʜʴ ʨʫʩʣʘ ʨʝʢʠ ʠʣʠ ʣʦʞʘ 

ʦʟʝʨʘ A, ʩ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʪʝʢʘʥʠʝ, ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʙʣʦʢʘ       

ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ ʙʣʦʢʘ. ʇʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ       

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ, ʫʤʥʦʞʘʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ. 

)/()/( yxAdkl rr DDÖ=   ;                                        (3.2.57) 

jirb ,  , - ʦʪʤʝʪʢʘ ʨʫʩʣʘ ʨʝʢʠ ʠʣʠ ʣʦʞʘ ʦʟʝʨʘ; 

jirh ,  , - ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʚʦʜʦʪʦʢʝ ʚ ʫʟʣʝ ( , )i j  (ʨʠʩ.3.2.19). 

ʈʘʩʭʦʜ ʧʝʨʝʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʝʩʣʠ ʥʘʧʦʨ jih ,  ʚʳʰʝ ʦʪʤʝʪʢʠ ʣʦʞʘ 

ʚʦʜʦʸʤʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʯʣʝʥ (3.2.56) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

jih ,  ʦʩʪʘʪyʩʷ ʚʳʰʝ ʣʦʞʘ ʨʝʢʠ.  ʆʥ ʦʙʳʯʥʦ ʣʠʥʝʘʨʠʟʫʝʪʩʷ ʧʨʠ ʜʦʧʫʱʝʥʠʠ, 

ʯʪʦ ʵʪʦ ʚʳʨʘʞʝʥʠʝ, ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʚ ʥʘʯʘʣʝ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʰʘʛʘ.  ɺ ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ 

ʠʪʝʨʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ. 

 
ʈʠʩ.3.2.19. ɺʢʣʶʯʝʥʠʝ ʫʟʣʦʚ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʜʨʫʛʠʤʠ ʚʦʜʦʥʦʩʥʳʤʠ 

ʛʦʨʠʟʦʥʪʘʤʠ 

1 ï ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʫʥʪʘ; 

2 ï ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʝ; 

3 ï ʫʨʦʚʝʥʴ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; 

4 ï ʦʪʤʝʪʢʘ ʨʝʯʥʦʛʦ ʜʥʘ; 

5 ï ʫʟʝʣ; 

6 - ʨʝʢʘ 
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ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʝʢʘʥʠʷ ʙʝʨʫʪ ʦʯʝʥʴ ʙʦʣʴʰʠʤ, ʪʦ ʨʘʩʯʸʪʥʳʡ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ ʧʨʠʙʣʠʞʘʝʪʩʷ ʙʣʠʟʢʦ ʢ ʚʝʣʠʯʠʥʝ hr
.  ʕʪʦʪ ʬʘʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʟʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʝʨʝʪʝʢʘʥʠʷ. 

ɻʨʘʥʠʮʫ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʠ ʝʛʦ ʥʦʨʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ µ µ  h n/  ʥʘ 

ʛʨʘʥʠʮʝ ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʧʦʪʦʢʦʤ ʧʝʨʝʪʝʢʘʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (2.14). ɺ ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʟʝʣ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʟʝʣ ʥʘ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʠʟ ʨʝʢʠ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʜʥʦ ʨʝʢʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʤʝʪʢʝ 

ʥʠʞʝ ʦʪʤʝʪʢʠ ʥʘʧʦʨʘ.  ʆʪʤʝʪʢʘ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʨʝʢʝ ʪʘʢ ʞʝ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʪʝʢʘʥʠʷ, ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ. 

 

3.2.7.ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʧʦʣʝʟʥʦ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʜʚʘ 

ʚʠʜʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʆʜʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʤʝʥʝʥʠʶ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʚ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʝ.  ɼʨʫʛʦʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʠʥʠʡ (ʠʣʠ ʠʟʦʣʠʥʠʡ ʫʨʦʚʥʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ). 

ʈʘʟʚʠʪʠʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʚʦ ʚʨʝʤʝʥʠ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʣʫʯʠʪʴ ʥʘ ʤʦʜʝʣʠ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ.  ɽʩʣʠ ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ 

ʫʟʣʦʤ ʩʝʪʢʠ, ʪʦ ʤʳ ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʨʘʩʯʪyʥʦʛʦ)(, th ji  ʜʣʷ ʢʘʞʜʦʛʦ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ tk . (ʨʠʩ.3.2.20). 

 
3.2.20. ʅʘʧʦʨ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ 

(ʠʟ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 2) 

 

ɽʩʣʠ ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʫʟʣʦʤ ʩʝʪʢʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʇʨʠʤʝʤ, ʯʪʦ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ( , )x y  ʧʦʧʘʜʘʶʪ 
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ʚ ʙʣʦʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʫʟʣʦʚ (xi,yj), (xi,yj+1), (xi+1,yj), (xi+1,yj+1)  

 
ʈʠʩ.3.2.21. ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ.  

 

ʄʳ ʠʥʪʝʨʧʦʣʠʨʫʝʤ ʚʝʣʠʯʠʥʫ ʥʘʧʦʨʘ ʚ ʪʦʯʢʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʢʘʞʜʦʤ 

ʨʘʩʯʪyʥʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʠʟ ʚʝʣʠʯʠʥ ʥʘʧʦʨʘ 1,1,11,, ,,, ++++ jijijiji hhhh  ʚ ʢʘʞʜʦʤ 

ʠʟ ʯʝʪʳʨʸʭ ʫʟʣʦʚ ʙʣʦʢʘ (ʨʠʩ. 3.2.21).  

ɻʨʘʬʠʢ ʩʪʨʦʷʪ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʷʜʘʤ. 

          ʀʥʪʝʨʧʦʣʷʮʠʶ ʚʥʫʪʨʠ ʙʣʦʢʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ ʃʘʛʨʘʥʞʘ, 

ʢʦʪʦʨʘʷ ʜʘʪy ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʤʥʦʛʦʯʣʝʥ ʥʘʠʥʠʟʰʝʡ ʩʪʝʧʝʥʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʡ ʥʘ ʯʝʪʳʨʸʭ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ. ʀʥʪʝʨʧʦʣʠʨʫʶʱʘʷ 

ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

h(x,y)= (x-xi+1)(y-yi+1)hi,j/(æxæy)- 

-(x-xi)(y-yi+1)hi+1,j/(æxæy)-(x-xi+1)(y-yj)hi,j+1/(æxæy)+ (3.2.58) 

+(x-xi)(y-yj)hi+1,j+1/(æxæy), 

ʛʜʝ   jjii yyyxxx -=D-=D ++ 11    , . 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʧʨʦʪʠʚʦʣʝʞʘʱʠʭ ʪʦʯʝʢ ʜʣʷ ( , )x y  ʤʦʞʥʦ ʣʝʛʢʦ 

ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ h i j( , )  ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʦʨʘ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ. 

ʌʦʨʤʫʣʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʠʤʝʥʠʤʘ ʪʘʢʞʝ ʜʣʷ ʚʪʦʨʦʛʦ ʦʙʩʫʞʜʘʝʤʦʛʦ 

ʪʠʧʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʪ.ʝ. ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʣʠʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʨʝʜʩʪʘʚʠʤ, ʯʪʦ ʤʳ ʭʦʪʠʤ ʦʧʨʝʜʝʣʠʪʴ ʠʟʦʣʠʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʚʝʣʠʯʠʥʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ C. ʅʘʯʠʥʘʝʤ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʩʝʭ ʙʣʦʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʫʟʣʘʤʠ ʨʘʟʙʠʚʢʠ: 

( , ),( , ),( , ),( , )x y x y x y x yi j i j i j i j+ + + +1 1 1 1
. ɼʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʧʨʦʚʝʨʷʝʤ, 

ʩʦʜʝʨʞʠʪʩʷ ʣʠ C ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ ʥʘʧʦʨʦʚ, ʦʙʨʘʟʦʚʘʥʥʦʤ min(hi,j, hi+1,j, 

hi,j+1, hi+1,j+1) ʠ max(hi,j, hi+1,j, hi,j+1, hi+1,j+1). ɽʩʣʠ C ʥʝ ʩʦʜʝʨʞʠʪʩʷ, ʪʦ 

ʦʧʨʝʜʝʣʷʝʤ ʧʝʨʝʩʝʯʝʥʠʝ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʴʶ C=const ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

h x y( , )  ʠʟ ʫʨʘʚʥʝʥʠʷ (3.2.58).  ʊʦʯʢʠ ʥʘ ʵʪʦʤ ʧʝʨʝʩʝʯʝʥʠʠ ʦʙʨʘʟʫʶʪ 

ʪʨʝʙʫʝʤʫʶ ʠʟʦʣʠʥʠʶ. 
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),( yxhʉ=                                                        (3.2.59) 

ʈʝʰʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ x , ʧʦʣʫʯʘʝʤ: 

yhhhhhhyy
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xx
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,1 ,1,11,,1 ,

 ,1,,  .      (3.2.60) 

ɼʣʷ ʢʘʞʜʦʛʦ y ʠʟ ʠʥʪʝʨʚʘʣʦʚ [ ]y yj j, +1
 ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʫʨʘʚʥʝʥʠʝ  

(3.2.60) ʠ ʩʪʘʨʘʝʤʩʷ ʨʘʩʩʯʠʪʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ x  ʚʥʫʪʨʠ 

[ ]x xi i, +1 . ʕʪʦ ʥʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ. ʉʥʘʯʘʣʘ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ 

ʟʥʘʯʝʥʠʝ x, ʢʦʪʦʨʦʝ ʥʝ ʧʦʧʘʜʘʝʪ ʚ ʠʥʪʝʨʚʘʣ [ ]x xi i, +1 . ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ 

ʟʥʘʤʝʥʘʪʝʣʴ ʚ (3.2.60) ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪʦ ʥʘʤ ʧʨʠʭʦʜʠʪʩʷ 

ʚʳʜʝʣʠʪʴ ʜʚʘ ʩʣʫʯʘʷ. 

 ʉʣʫʯʘʡ 1: 

 ʏʠʩʣʠʪʝʣʴ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ x  ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʄʳ 

ʧʝʨʝʭʦʜʠʤ ʢ ʜʨʫʛʦʡ ʚʝʣʠʯʠʥʝ - y. 

ʉʣʫʯʘʡ 2. 

ʏʠʩʣʠʪʝʣʴ ʨʘʚʝʥ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʟʦʣʠʥʠʷ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ x  

ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʟʥʘʯʝʥʠʠ y. 

ɺʦʟʤʦʞʝʥ ʜʨʫʛʦʡ ʩʧʝʮʠʘʣʴʥʳʡ ʩʣʫʯʘʡ, ʝʩʣʠ ʯʝʪʳʨʝ ʫʛʣʦʚʳʭ ʫʟʣʘ 

ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʥʘʧʦʨʘ ʉ. 

ʋʨʘʚʥʝʥʠʝ (3.2.59) ʚ ʙʣʦʢʝ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʝʝ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ, ʪ.ʢ. 

ʦʥʦ ʥʝʣʠʥʝʡʥʦ. ʇʦʵʪʦʤʫ ʤʳ ʧʦʚʪʦʨʷʝʤ ʚʳʰʝʦʧʠʩʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʩ 

ʫʨʘʚʥʝʥʠʝʤ (3.2.59), ʨʝʰʘʝʤʳʤ ʥʘ ʵʪʦʪ ʨʘʟ ʜʣʷ y ʠ ʠʟʤʝʥʷʶʱʝʛʦʩʷ x . 
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1, ,1,11,,1 ,

 ,,1 , .     (3.2.61) 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʛʜʝ ʤʳ ʧʨʝʫʩʧʝʣʠ ʚ ʨʘʩʯʝʪʝ ʧʘʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

( , )x y  ʠʟ (3.2.60) ʠʣʠ (3.2.61), ʧʦʧʘʜʘʶʱʠʭ ʚ ʙʣʦʢ, ʤʳ ʤʦʞʝʤ ʥʘʥʝʩʪʠ ʥʘ 

ʛʨʘʬʠʢ ʦʜʥʫ ʪʦʯʢʫ ʠʟʦʣʠʥʠʠ. ʆʩʫʱʝʩʪʚʣʷʷ ʧʨʦʜʚʠʞʝʥʠʝ ʤʘʣʳʤʠ ʰʘʛʘʤʠ ʧʦ 

ʚʩʝʤ ʟʥʘʯʝʥʠʷʤ y ʚ ʙʣʦʢʝ ʧʨʠ ʨʝʝhʥʠʠ ʫʨʘʚʥʝʥʠ ̫ (3.2.60) ʠ ʧʦ ʚʩʝʤ 

ʟʥʘʯʝʥʠʷʤ x  ʚ ʙʣʦʢʘʭ, ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (3.2.61), ʤʳ ʩʪʨʦʠʤ ʧʦʣʥʫʶ 

ʠʟʦʣʠʥʠʶ ʚʥʫʪʨʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. 

ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 5 ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʨʘʚʥʝʥʠʷ ʚ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʤ 

ʚʠʜʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ 

yyyxxx ii D-=D-= /)(        ; /)( hx     ,                    (3.2.62) 

ʟʘʤʝʥʷʶʱʠʭ x y ʠ  ʚ ʢʘʞʜʦʤ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ. 

 

ʇʈʆɻʈɸʄʄɸ 5 

 

ʎʝʣ:ɹ ʇʦʩʪʨʦʝʥʠʝ ʥʘ ʛʨʘʬʠʢʝ ʠʟʦʣʠʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʃʘʛʨʘʥʞʘ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x y NX NY ʠ , , ;  

- ʨʘʟʤʝʨʳ ʩʝʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x ʠ y, DX, DY; ; 

- ʤʘʢʩʠʤʘʣʴʥʳʝ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ 

  H i j MX MN( , ), , ; 

- ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ H i j( , ) . 

ʕʪʠ ʚʚʦʜʠʤʳʝ ʜʘʥʥʳʝ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʬʘʡʣʘ ʜʘʥʥʳʭ.  ʇʦʩʣʝʜʫʶʱʠʝ 

ʜʘʥʥʳʝ ʚʚʦʜʷʪ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ.  ʆʥʠ ʚʢʣʶʯʘʶʪ ʠʥʪʝʨʚʘʣ, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʧʦʩʪʨʦʠʪʴ ʠʟʦʣʠʥʠʠ ʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʰʘʛ ʤʝʞʜʫ ʜʚʫʤʷ 

ʠʟʦʣʠʥʠʷʤʠ. ɿʥʘʯʝʥʠʷ ʠʟʦʣʠʥʠʡ ʥʘ ʛʨʘʬʠʢʝ ʥʝ ʫʢʘʟʳʚʘʶʪʩʷ. ʆʥʠ 

ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʜʠʩʧʣʝʝ ʧʨʠ ʥʘʯʝʨʪʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʠʠ. 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ɻʨʘʬʠʢ ʠʟʦʣʠʥʠʡ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1090:   ɺʚʝʜʝʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʬʘʡʣʘ ʜʘʥʥʳʭ 

1110-

1210:   

ʉʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ ʩ ʬʘʡʣʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

1160:   ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʤʘʪʨʠʮʳ H i j( , ) . ʆʪʤʝʪʠʤ, ʯʪʦ             

ʤʘʪʨʠʮʘ ʠʤʝʝʪ NX NY*  ʵʣʝʤʝʥʪʦʚ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ             

ʧʦʢʘʟʘʪʝʣʠ ʜʦʭʦʜʷʪ ʪʦʣʴʢʦ ʜʦ NX NY- -1 ʠ 1 .  ɿʜʝʩʴ             

ʠʩʧʦʣʴʟʫʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʤʘʩʩʠʚʝ ɺɸSIʉ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ             

ʥʘʯʠʥʘʪʴ ʦʪʩʯʠʪʳʚʘʪʴʩʷ ʩ 0. (Cʤ.ʩʪʨʦʢʠ 1170,1180). 

1220-

1300:   

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʰʪʘʙʘ ʜʣʷ ʛʨʘʬʠʢʘ 

1440-

1660:   

ɺʳʯʝʨʯʠʚʘʥʠʝ ʨʘʤʢʠ ʛʨʘʬʠʢʘ ʠ ʧʨʦʩʪʘʚʣʝʥʠʝ ʤʘʩʰʪʘʙʘ 

1670-

1780:   

ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ             

ʠʟʦʣʠʥʠʠ.  ɽʩʣʠ ʥʫʞʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʣʠʥʠʷ, ʪʦ ʚʚʦʜʠʤʳʝ             

ʜʘʥʥʳʝ ʜʣʷ ʥʠʞʥʝʛʦ ʧʨʝʜʝʣʘ CU  ʠ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ C0              

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʚʝʣʠʯʠʥʝ ʪʨʝʙʫʝʤʦʡ ʬʫʥʢʮʠʠ. 

1810-

2340:   

ʎʠʢʣ ʧʦ ʚʩʝʤ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʥʘʧʦʨʦʚ C , ʜʣʷ ʢʦʪʦʨʳʭ             

ʩʣʝʜʫʝʪ ʚʳʯʝʨʪʠʪʴ ʠʟʦʣʠʥʠʠ 

 

1830-

2330:   

ʎʠʢʣ ʧʦ ʚʩʝʤ ʙʣʦʢʘʤ ʩ ʫʛʣʦʚʳʤʠ ʫʟʣʘʤʠ 

( , ),( , ),( , ),( , )x y x y x y x yi j i j i j i j+ + + +1 1 1 1
. 

 

1850- ʇʨʦʚʝʨʴʪʝ, ʧʦʧʘʜʘʝʪ ʣʠ C ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʙʣʦʢ 



  63 

 

1870:   

1880:   ɺʳʙʦʨ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʯʝʪʳʨʝ ʫʛʣʦʚʳʝ ʫʟʣʘ ʠʤʝʶʪ ʦʜʥʦ ʠ ʪʦ 

ʞʝ             ʟʥʘʯʝʥʠʝ C ʠʟʦʣʠʥʠʠ. 

1910:   ɺʳʙʦʨ ʩʣʫʯʘʝʚ, ʛʜʝ ʠʟʦʣʠʥʠʷ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʢʦʦʨʜʠʥʘʪ. 

1920-

1960:   
ʀʟʦʣʠʥʠʷ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠy. 

1970-

2010:   

ʀʟʦʣʠʥʠʷ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ x . 

2030-

2120:   
ʆʙʳʯʥʳʡ ʩʣʫʯʘʡ: ʄʝʩʪʥʘʷ ʢʦʦʨʜʠʥʘʪʘ y ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʜʦ             

1 c ʰʘʛʦʤ DE.  ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ x, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ             

ʫʨʘʚʥʝʥʠʶ ʠʟʦʣʠʥʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʝʩʪʥʦʡ ʢʦʦʨʜʠʥʘʪʳ 

ʤʝʞʜʫ 0 ʠ 1, ʪʦ ʠʟʦʣʠʥʠʶ ʚʳʯʝʨʯʠʚʘʶʪ ʜʦ ʪʦʯʢʠ ( , )x y .  

ʇʦʣʫʯʝʥʥʳʝ ʥʘʠʙʦʣʴʰʠʝ ʠ ʥʘʠʤʝʥʴʰʠʝ ʤʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ x  

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ   XE XA ʠ . 

2140-2220, 

2240-

2320:   

ɼʣʷ ʠʥʪʝʨʚʘʣʦʚ )1,( ʠ ),0( XAXE  ʤʝʩʪʥʦʡ ʢʦʦʨʜʠʥʘʪʳ             

ʧʦʚʪʦʨʷʝʤ ʧʨʦʮʝʜʫʨʫ ʩʦ ʦʪʨʦʢ 2030-2120, ʚʟʘʠʤʦʟʘʤʝʥʷʷ 

ʨʦʣʠ             x y ʠ  ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʭʚʘʪʠʪʴ ʩʣʫʯʘʠ, ʛʜʝ 

ʬʫʥʢʮʠʷ             ʠʟʦʣʠʥʠʠ ʤʥʦʛʦʟʥʘʯʥʘ ʚ x  ʚ ʧʨʝʜʝʣʘʭ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. 

2350-

2440:   

ʄʝʥʶ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʣʠʥʠʡ ʠ ʟʘʚʝʨʰʝʥʠʷ             

ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

2480-

2530:   

ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʩʣʫʯʘʷ, ʛʜʝ ʚʩʝ ʯʝʪʳʨʝ ʫʛʣʦʚʳʝ ʟʥʘʯʝʥʠʷ             

ʚ ʙʣʦʢʝ ʨʘʚʥʳ. 

 

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʧʨʠʤʝʥʠʤʘ ʢ ʜʘʥʥʳʤ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 4 ʧʨʠ ʚʨʝʤʝʥʠ 

t = 1000 ʩʝʢ.  ʀʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʨʘʬʠʢʠ ɸʈʈLɽ ʠʟʦʣʠʥʠʠ 

ʥʝ ʚʳʛʣʷʜʷʪ ʩʣʠʰʢʦʤ ʛʣʘʜʢʠʤʠ (ʨʠʩ.3.2.22). 

 

ʈʠʩ.3.2.22. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 5: 

ʀʟʦʣʠʥʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 4 

(ʧʨʠ ʚʨʝʤʝʥʠ t= 0ɽ9 ʩ) 
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3.2.8 ʇʦʣʥʘʷ ʤʦʜʝʣʴ ʠ ʝʸ ʧʨʠʤʝʥʝʥʠʝ 

 

ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʘʷ ʤʦʜʝʣʴ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʦʧʠʩʘʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 3.2.5 ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ.  ɽʸ 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢ ʥʘʧʦʨʥʳʤ, ʙʝʟʥʘʧʦʨʥʳʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤ 

ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʢʘʢ ʢ ʠʟʦʪʨʦʧʥʳʤ, ʪʘʢ ʠ ʢ ʘʥʠʟʦʪʨʦʧʥʳʤ, ʧʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʥʟʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ 

(ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ) ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʧʦʪʦʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ɼʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʨʘʩʭʦʜ ʨʷʜʘ ʩʢʚʘʞʠʥ. 

ɼʣʷ ʦʪʢʘʯʢʠ ʧʨʠʤʝʥʠʤʘ ʧʨʦʛʨʘʤʤʘ 4 ʩ ʫʯʸʪʦʤ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.3.2.23. 

 

ʥʘʯʘʣʦ 

ʉʦʟʜʘʥʠʝ ʬʘʡʣʘ ʜʘʥʥʳʭ 

ɺʚʦʜ ʜʘʥʥʳʭ 

ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ 6-1 

ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʳ 6-2 

ʈʘʩʯʝʪ ʨʷʜʦʚ 

ʈʘʩʯʝʪ ʩʪʦʣʙʮʦʚ 

ʂʦʥʚʝʨʛʝʥʮʠʠ ʥʝʪ 

ʈʘʩʧʝʯʘʪʢʘ ʨʝʟʫʣʴʪʘʪʦʳ 

ʉʦʟʜʘʥʠʝ ʬʘʡʣʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʂʦʥʝʮ 

ʎ
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ʣ
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ʈʠʩ.3.2.23. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 6 

 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʚʚʦʜʘ ʜʘʥʥʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʛʨʘʤʤʘ ʚʚʦʜʘ 

(ʧʨʦʛʨʘʤʤʘ 6-1), ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʙʠʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ 

ʬʘʡʣʦʚ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʘʤʦʡ ʤʦʜʝʣʠ (ʧʨʦʛʨʘʤʤʘ 6-2). 

           ɼʣʷ ʧʨʦʛʨʘʤʤʳ ʪʨʝʙʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʪʠʧ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ TY IS ʠ :    

TY = 0 ï ʥʘʧʦʨʥʳʡ;  

TY = 1 - ʙʝʟʥʘʧʦʨʥʳʡ;    

IS = 0 ï ʠʟʦʪʨʦʧʥʳʡ;  

IS = 1 - ʘʥʠʟʦʪʨʦʧʥʳʡ; 

- ʧʘʨʘʤʝʪʨʳ ʨʘʟʙʠʚʢʠ ʩʝʪʢʠ NX NY DX DY, , ,  ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚ ʧʨʠʤʝʨʘʭ   

ʧʨʦʛʨʘʤʤ ʩ 1 ʧʦ 4-ʶ.  NX NY ʠ  ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʠʣʠ ʨʘʚʥʳ 20; 

- ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʦʪʢʘʯʢʠ, NP; 

- ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪʢʘʯʢʠ, NS 

- ʤʥʦʞʠʪʝʣʴ ʜʣʷ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ, XT, ʧʦʟʚʦʣʷʶʱʠʡ ʫʚʝʣʠʯʠʚʘʪʴ ʰʘʛ   

ʧʦ ʚʨʝʤʝʥʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʪʢʘʯʢʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʙʠʨʘʝʤ 
NP NS XT= = =1  1  1;, ,   

- ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʭʦʜʦʚ ʦʪʢʘʯʢʠ/ʥʘʛʥʝʪʘʥʠʷ,   

NW; 

- ʧʘʨʘʤʝʪʨʳ ʠʪʝʨʘʮʠʠ IM ER, , ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 4; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʘʥʠʟʦʪʨʦʧʠʠ (ʩʦʦʪʥʦʰʝʥʠʝ T T ANyy xx/ ), ;) AN; 

- ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʦʪʢʘʯʢʠ, TP i i NP( ), ...=1, . 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ  ʢ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʫʯʘʷʤ ʚʳʙʠʨʘʝʤ TP( )1 1= . 

- ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʭʦʜʦʚ ʦʪʢʘʯʢʠ/ʥʘʛʥʝʪʘʥʠʷ ʥʘ   

ʨʘʟʙʠʚʢʝ IW i JW i i NW( ), ( ), ,...,=1  ; 

- ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʭʦʜʳ ʦʪʢʘʯʢʠ/ʥʘʛʥʝʪʘʥʠʷ, QW i j( , ) ,   

ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʭʦʜ i  -ʪʦʡ ʩʢʚʘʞʠʥʳ ʚ j  -ʪʦʤ ʠʥʪʝʨʚʘʣʝ ; 

- ʥʘʯʘʣʴʥʳʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ, H i j0( , ) . ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ 

ʪʘʢʠʝ ʜʘʥʥʳʝ, ʯʪʦʙʳ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʩʪʘʣʠ ʥʝʙʦʣʴʰʠʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʦʙʣʝʛʯʘʝʪʩʷ 

ʨʘʩʯʸʪ ʛʨʘʜʠʝʥʪʘ ʥʘʧʦʨʘ; 

- ʟʥʘʯʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ - ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ : ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ - ʚʨʝʤʝʥʥʦ ʭʨʘʥʷʱʠʝʩʷ ʚ 

ʤʘʪʨʠʮʝ   MA i j( , ).  ɼʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʝʥʠʷ 

Txx  (ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ - ʟʥʘʯʝʥʠʷ k f xx,
). ʊʝ ʫʟʣʳ ʩʝʪʢʠ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʛʨʘʥʠʮʘʤʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ MA i j( , )=0  ; 

- ʫʧʨʫʛʘʷ ʚʦʜʦʦʪʜʘʯʘ -(ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ: 
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ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ), m *( , )i j . ɺʩʝʤ ʛʨʘʥʠʮʘʤ ʩ ʟʘʜʘʥʥʳʤ 

ʥʘʧʦʨʦʤ ʟʘʜʘʥʳ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʚʦʜʦʦʪʜʘʯʠ (ʥʘʧʨʠʤʝʨ, 

m *( , )i j =1020).  ɽʩʣʠ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʧʦʪʦʢʫ, ʪʦ 

ʚʩʝ m *( , )i j  ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʥʫʣʶ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʘʥʠʮ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʦʨʦʤ, ʛʜʝ ʠʭ ʟʥʘʯʝʥʠʷ ʦʩʪʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ.  ʋʟʣʳ 

ʩʝʪʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ m 0
* =( , )i j  ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ; 

- ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʠ ʧʦʩʪʦʷʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʠʥʬʠʣʴʪʨʘʮʠʷ (ʠʩʧʘʨʝʥʠʝ),   
Q i j( , ). 

- ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʪʝʢʘʥʠʷ L i j( , ) .  ɺ ʫʟʣʘʭ ʩ ʧʝʨʝʪʝʢʘʥʠʝʤ ʠʭ 

ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʳ ʙʦʣʴʰʝ ʥʫʣʷ, ʥʘʧʨʠʤʝʨ, ʚ ʫʟʣʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʦʸʤʦʚ ʠʣʠ ʫʟʣʘʭ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ 

ʜʨʫʛʠʤʠ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ; 

- ʫʨʦʚʥʠ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʤyʘʭ, HR i j( , ) .  ʀʭ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ 

ʚ ʫʟʣʘʭ ʩ ʧʝʨʝʪʝʢʘʥʠʝʤ.  ɼʣʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʩʚʷʟʴʶ ʟʘʜʘʶʪʩʷ ʥʘʧʦʨʦʤ ʚ ʧʣʘʩʪʝ-ʠʩʪʦʯʥʠʢʝ ʧʝʨʝʪʝʢʘʥʠʷ ʠ 

ʧʦʜʩʪʠʣʘʶʱʝʤ ʛʦʨʠʟʦʥʪʝ; 

- ʫʨʦʚʥʠ ʜʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʸʤʦʚ, BR i j( , ). ɺ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʠʤ ʟʘʜʘʥʳ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʣʴʥʳʝ, ʦʯʝʥʴ 

ʙʦʣʴʰʠʝ ʥʝʩʚʦʡʩʪʚʝʥʥʳʝ ʠʤ ʟʥʘʯʝʥʠʷ; 

- ʧʦʜʦʰʚʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, BO i j( , ) .  ʕʪʠ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʪʦʣʴʢʦ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʳʙʠʨʘʶʪ ʧʨʦʠʟʚʦʣʴʥʦ, ʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʨʫʛ ʜʨʫʛʫ, ʥʘʧʨʠʤʝʨ, ʚʩʝ ʚʝʣʠʯʠʥʳ ʚʳʨʘʞʝʥʳ ʚ ʤʝʪʨʘʭ ʠ ʩʝʢʫʥʜʘʭ. 

ɺʚʦʜ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʡ ʤʘʪʨʠʮʳ, ʘ ʟʘʪʝʤ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʦʪʜʝʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ ʧʝʨʝʤʝʱʝʥʠʝʤ 

ʢʫʨʩʦʨʘ ʢʣʘʚʠʰʘʤʠ I K M J, , ,  ʢ ʥʫʞʥʦʤʫ ʵʣʝʤʝʥʪʫ ʤʘʪʨʠʮʳ, ʧʝʯʘʪʘʥʠʝʤ 

"ʉ" ʠ ʚʚʝʜʝʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ.  ʇʦʩʣʝ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰʠ RETURN 

ʤʦʜʠʬʠʢʘʮʠʷ ʟʘʢʦʥʯʝʥʘ.  ɽʩʣʠ ʚ ʤʘʪʨʠʮʝ ʠʤʝʶʪʩʷ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʩ ʪʝʤ 

ʞʝ ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʢʫʨʩʦʨ ʧʝʨʝʤʝʱʘʶʪ ʪʫʜʘ ʠ ʧʨʦʠʟʚʦʜʷʪ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʩʪʳʤ ʥʘʞʘʪʠʝʤ ʢʣʘʚʠʰʠ "S".  ʂʣʘʚʠʰʘ " "E  ʟʘʚʝʨʰʘʝʪ ʚʚʦʜ ʤʘʪʨʠʮʳ. 

ʄʝʞʫʟʣʦʚʳʝ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ) 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʚ ʚʚʦʜʥʦʡ ʧʦʜʧʨʦʛʨʘʤʤʝ.  ɺʩʝ ʜʘʥʥʳʝ ʟʘʧʠʩʳʚʘʶʪ ʚ ʬʘʡʣ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʸʪʘ. 

 

ʆʇʀʉɸʅʀɽ ʇʈʆɻʈɸʄʄʓ 6-1 

ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1060-1140:   ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʢʠ ʠ ʪʠʧʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

1150-1270:   ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʠ ʠ ʠʪʝʨʘʮʠʠ. 
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1280:   ʆʧʠʩʘʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʩʩʠʚʘ. 

1290-1490:   ɺʚʦʜ  ʜʘʥʥʳʭ ʦʪʢʘʯʢʠ ʠʟ ʩʢʚʘʞʠʥ. 

1500-1660:   ʄʝʥʶ ʚʚʦʜʘ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʘʥʥʳʭ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʅʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʪ ʚʚʦʜʥʦʡ 

ʧʦʜʧʨʦʛʨʘʤʤʳ (ʩʪʨʦʢʠ 3000-3610) 

2290-2550:   ɿʘʧʠʩʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤ r 6-2 ʥʘ             

ʜʠʩʢʦʚʳʡ ʬʘʡʣ 

3000-3610:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʚʚʦʜʘ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʜʘʥʥʳʭ ʚʦʜʦʥʦʩʥʦʛʦ             

ʛʦʨʠʟʦʥʪʘ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ NX NYx . ɺʚʦʜ ʦʙʣʝʛʯʘʝʪʩʷ             

ʩʠʤʚʦʣʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʤʘʪʨʠʮʳ (cʪʨʦʢʠ 3150-

3300), ʢʦʛʜʘ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ 

ʧʝʨʝʤʝʱʝʥʠʝʤ ʢʫʨʩʦʨʘ (ʩʪʨʦʢʠ 3300-3370).  ʀʟʤʝʥʝʥʠʷ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʢʣʘʚʠʰʘʤʠ ñʉò ʠ ñSò . 

ɺʚʦʜ ʟʘʢʘʥʯʠʚʘʶʪ ʢʣʘʚʠʰʝʡ "ɽ" (ʩʪʨʦʢʠ 3380-3480). 

ʀʟʤʝʥʝʥʠʝ, ʚʳʧʦʣʥʷʝʤʦʝ ʥʘ ʣʶʙʦʤ ʵʣʝʤʝʥʪʝ ʤʘʪʨʠʮʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʢʦʤ   " *  " ʚ ʨʘʩʧʝʯʘʪʢʝ ʩʠʤʚʦʣʠʯʝʩʢʦʡ 

ʤʘʪʨʠʮʳ.  ɺʳʚʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʩʪʨʦʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʧʨʦʛʨʘʤʤʳ (ʩʪʨʦʢʠ 3510-3610).  

ʇʦʜʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʜʣʷ ʤʘʪʨʠʮ ʩ 

NX NY  21 ʠ   21< <  . 

 

  ʌʘʢʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʦʛʨʘʤʤʦʡ 6-2, ʦʧʠʩʘʥʠʝ 

ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ. 

 

ʆʇʀʉɸʅʀɽ ʇʈʆɻʈɸʄʄʓ 6-2 

ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1070:   ʆʙʦʟʥʘʯʝʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ ʬʘʡʣʘ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ. 

1090 -1310:   ʉʯʠʪʳʚʘʥʠʝ ʜʘʥʥʳʭ ʩ ʬʘʡʣʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

1350-2500:   ɺʨʝʤʝʥʥʦʡ ʮʠʢʣ ʧʦ ʧʝʨʠʦʜʘʤ ʦʪʢʘʯʢʠ. 

1370-1390:   ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʦʚ ʦʪʢʘʯʢʠ (ʥʘʛʥʝʪʘʥʠʷ). 

1430-2480:   ʆʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʠʦʜʘ ʦʪʢʘʯʢʠ. 

1500-2410:   ʆʜʠʥ ʰʘʛ ʠʪʝʨʘʮʠʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʧʦ ʥʝʷʚʥʦʡ ʩʭʝʤʝ ʤʝʪʦʜʦʤ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

1530-1900:   ʈʘʩʯʸʪ ʧʦ ʩʪʦʣʙʮʘʤ. 

1920-2290:   ʈʘʩʯʸʪ ʧʦ ʨʷʜʘʤ. 

1540-1550, 

1930-1940:   

ʄʝʭʘʥʠʟʤ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʯʝʪʘ ʧʦ 

ʤʘʪʨʠʮʝ   H i j( , )  ʚ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ. 

1590-1680, 

1980-2070:  

ʈʘʩʯʸʪ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

1710-1730, 

2090-2110:   

ʈʘʩʯʸʪ ʧʦʪʦʢʘ ʬʠʣʴʪʨʘʮʠʠ. 

 

1770-2160:   ʇʨʦʧʫʱʝʥʥʳʝ ʫʟʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
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2400-2410:   ʂʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ. 

3000-3140:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʝʯʘʪʢʠ ʤʘʪʨʠʮʳ. 

4000-4210:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʘʡʣʘ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʫ             

ʧʦʜʧʨʦʛʨʘʤʤʫ ʚʳʟʳʚʘʶʪ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ ʦʪʢʘʯʢʠ.  

ʆʥʘ ʩʦʟʜʘʸʪ ʬʘʡʣ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʩʝʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ. ɺʩʝʤ ʫʟʣʘʤ ʚ ʤʘʩʩʠʚʝ NXxNY 

),( jiH , ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʟʘ ʧʨʝʜʝʣʳ ʤʦʜʝʣʠʨʫʝʤʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʟʘʜʘʶʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʥʝʩʫʱʝʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ  

ʥʘʧʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʪʝʨʧʦʣʷʮʠʷ, ʚʳʧʦʣʥʷʝʤʘʷ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʣʠʥʠʡ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʜʘʩʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʛʨʘʥʠʮʳ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʚʠʜʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʟʦʣʠʥʠʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʳ ʩʪʨʦʠʤ 

ʠʟʦʣʠʥʠʶ ʜʣʷ ʚʝʣʠʯʠʥʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ 

ʥʘʧʦʨʘ ʥʘ ʛʨʘʥʠʮʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʥʘʧʦʨʘ ʚ ʫʟʣʘʭ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ʅʘʠʤʝʥʦʚʘʥʠʝ ʬʘʡʣʘ-

"ʠʤʷ ʬʘʡʣʘ ʚʚʦʜʠʤʳʭ ʜʘʥʥʳʭ "ERG" " i ", ʛʜʝ i  - ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʨʠʦʜʦʚ ʦʪʢʘʯʢʠ. 

 

ʇʨʠʤʝʥʝʥʠʝ: 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʩʯʸʪʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʦʪʦʢʘ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 3.2.24. ʆʥ ʙʝʟʥʘʧʦʨʥʳʡ 

ʠ ʠʟʦʪʨʦʧʥʳʡ. ɿʘʧʘʜʥʳʝ ʠ ʚʦʩʪʦʯʥʳʝ ʛʨʘʥʠʮʳ ʤʦʜʝʣʠʨʫʝʤʦʡ  

ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʦʨʦʤ, ʧʨʠʯʸʤ, ʩ ʟʘʧʘʜʘ ʥʘʧʦʨʳ ʥʘ 

ʦʪʤʝʪʢʝ 80 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʘ ʩ ʚʦʩʪʦʢʘ-75 ʤ. 

 
ʈʠʩ.3.2.24. ɺʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʨʘʟʙʠʚʢʘ ʩʝʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʨʠʤʝʨʝ 

ʧʨʦʛʨʘʤʤʳ 6 

 

ʇʦʜʦʰʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʝʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʣʝʞʠʪ 

ʥʘ ʦʪʤʝʪʢʝ 10 ʤ.  ʐʘʛ ʩʝʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 100 ʤ ʢʘʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ x, ʪʘʢ ʠ ʚ 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

1 ï ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ 

ʛʨʘʥʠʮʘ; 

2 ï ʛʨʘʥʠʮʘ ʩ ʟʘʜʘʥʥʳʤ 

ʥʘʧʦʨʦʤ; 

4 - ʩʢʚʘʞʠʥʘ  
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ʥʘʧʨʘʚʣʝʥʠʠ y. ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ 

0,0003 ʤ/ʩ. ʀʥʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʧʠʪʘʥʠʝ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 3,0ʭ10-9 ʤ3/c/ʤ2. ɺʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʠʪʝʨʘʮʠʠ: IM = 30 ʠ DF = 0,05 ʤ. ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ m *( , )i j  ʚʝʟʜʝ 

ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʥʫʣʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʘʥʠʮ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ, ʛʜʝ 

ʚʳʙʠʨʘʶʪ ʚʝʣʠʯʠʥʫ 1015. ʅʘ ʛʨʘʥʠʮʘʭ ʩ H=const ʥʘʯʘʣʴʥʳʝ ʥʘʧʦʨʳ 

ʧʨʠʨʘʚʥʠʚʘʶʪ ʢ ʟʘʜʘʥʥʳʤ. ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʫʟʣʘʭ ʚʚʦʜʷʪ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ, 

ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʠʩʭʦʜʥʦʡ ʜʣʷ ʠʪʝʨʘʮʠʠ. 
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ʇʨʠʤʝʨ 1 

ɺ ʧʨʠʤʝʨʝ 1 ʦʪʩʫʪʩʪʚʫʶʪ ʦʪʢʘʯʢʘ/ʥʘʛʥʝʪʘʥʠʝ. ʃʦʞʝ ʨʝʢʠ 

ʟʘʢʦʣʴʤʘʪʠʨʦʚʘʥʦ ʠ ʥʝ ʩʦʦʙʱʘʝʪʩʷ ʩ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʦʤ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʨʦʚ ʠʟʦʙʨʘʞʝʥʦ ʛʨʘʬʠʯʝʩʢʠ ʚ ʚʠʜʝ ʠʟʦʣʠʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 5, ʨʠʩ. 3.2.25.  ʄʳ ʚʠʜʠʤ, ʯʪʦ ʧʦʪʦʢ ʜʚʠʞʝʪʩʷ ʩ 

ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʫʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʚ ʨʘʩʰʠʨʝʥʥʦʡ ʯʘʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. 

 
ʈʠʩ.3.2.25. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ 1 ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 6: ʠʟʦʣʠʥʠʠ (ʥʘʧʦʨʳ ʚ ʤ, 

ʧʨʠʨʘʱʝʥʠʝ 0,5 ʤ) 

ʇʨʠʤʝʨ 2  

ɺ ʧʨʠʤʝʨʝ 2 ʦʪʢʘʯʢʘ ʚʦʜʳ ʠʟ ʩʢʚʘʞʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʨʘʩʭʦʜʦʤ 0,1 ʤ3 /ʩ.  ʆʩʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʧʨʠʤʝʨʝ 1.   

ɺʳʯʝʨʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʦʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ ʜʝʧʨʝʩʩʠʦʥʥʫʶ 

ʚʦʨʦʥʢʫ, ʦʙʨʘʟʦʚʘʚʰʫʶʩʷ ʚʦʢʨʫʛ ʩʢʚʘʞʠʥʳ, ʨʠʩ. 3.2.26.  ʆʪʤʝʪʠʤ, ʯʪʦ  

 
ʈʠʩ.3.2.26. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ 2 ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 6: ʠʟʦʣʠʥʠʠ (ʥʘʧʦʨʳ ʚ ʤ, 
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ʧʨʠʨʘʱʝʥʠʝ 0,5 ʤ) 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚ ʫʟʣʝ ʩʦ ʩʢʚʘʞʠʥʦʡ ʥʝ ʨʘʚʝʥ ʬʘʢʪʠʯʝʩʢʦʡ ʦʪʤʝʪʢʝ 

ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʩʢʚʘʞʠʥʝ. ʈʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʙʣʦʢʫ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʜʙʦʨʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʨʦʚʥʝʡ 

ʚ ʙʣʦʢʝ ʩʦ ʩʢʚʘʞʠʥʦʡ. 

 

ʇʨʠʤʝʨ 3 

ʇʫʩʪʴ ʪʝʧʝʨʴ ʨʝʢʘ ʧʠʪʘʝʪ ʠʣʠ ʜʨʝʥʠʨʫʝʪ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ.  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʪʝʢʘʥʠʷ ʥʘ ʢʘʞʜʦʤ ʨʝʯʥʦʤ ʫʟʣʝ ʨʘʚʥʳ 5ʭ10-61/ʩ.  

ʆʪʤʝʪʢʘ ʨʝʯʥʦʛʦ ʜʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 79 ʤ ʥʘ ʟʘʧʘʜʝ ʜʦ 72 ʤ ʥʘ ʚʦʩʪʦʢʝ, c 

ʧʘʜʝʥʠʝʤ 0,5 ʤ ʥʘ ʢʘʞʜʳʝ 100 ʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ x. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ ʨʝʢʝ 

ʚʝʟʜʝ ʩʦʩʪʘʚʣʷʝʪ 3 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʜʥʘ. ʈʘʩʭʦʜ ʩʢʚʘʞʠʥʳ ʧʨʠ ʦʪʢʘʯʢʝ 

ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʠʤʝʨʝ 2. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʳ ʠʟʦʣʠʥʠʡ ʤʳ ʚʠʜʠʤ, ʯʪʦ 

ʨʝʯʥʘʷ ʚʦʜʘ ʠʥʬʠʣʴʪʨʫʝʪʩʷ ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. ʉʢʚʘʞʠʥʘ ʚ 

ʦʩʥʦʚʥʦʤ ʧʦʣʫʯʘʝʪ ʚʦʜʫ ʦʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʟ ʨʝʢʠ, ʨʠʩ.3.2.27. 

 
ʈʠʩʶ3.2.27. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ 3 ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 6: ʠʟʦʣʠʥʠʠ (ʥʘʧʦʨʳ ʚ ʤ, 

ʧʨʠʨʘʱʝʥʠʝ 0,5 ʤ) 

 

3.3. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʜʸʞʥʦʩʪʴ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ 

ʥʝʩʣʦʞʝʥ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤ, ʦʥ ʦʙʣʘʜʘʝʪ 

ʥʝʢʦʪʦʨʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ.  ɺʦʪ ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: 

-     ʥʝʛʠʙʢʦʩʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʛʨʘʥʠʮ, 

- ʥʝʛʠʙʢʦʩʪʴ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ   ʩʝʪʢʠ, 

- ʥʝʘʜʝʢʚʘʪʥʦʩʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʢʦʥʮʝʧʮʠʡ ʩ ʪʝʥʟʦʨʘʤʠ, ʪ.ʝ. 

ʪʝʥʟʦʨʥʦʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝ   
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ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ ʢʦʦʨʜʠʥʘʪ. 

ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ɿʝʥʢʝʚʠʯ, ʄʘʡʝʨ, 

ʏʫʥʛ, 1966), (ɺʠʟʝʨʩʧʫʥ, ɼʞʘʚʘʥʜʝʣ, ʅʝʡʤʘʥ, 1968), (ʇʠʥʜʝʨ, ʌʨʠʥʜ, 1972), 

(ʂʦʥʥʦʨ, ɹʨʝʙʙʠʘ, 1976 ), (ʇʠʥʜʝʨ, ɻʨʝʡ, 1977). ʇʦ ʵʪʦʤʫ ʤʝʪʦʜʫ ʦʙʣʘʩʪʴ 

ʨʘʟʙʠʚʘʶʪ ʥʘ ʵʣʝʤʝʥʪʳ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ʇʨʦʩʪʝʡʰʠʤ ʩʣʫʯʘʝʤ 

ʩʯʠʪʘʝʪʩʷ ʨʘʟʙʠʚʢʘ ʥʘ ʪʨʝʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɻʨʘʥʠʯʥʳʝ ʫʟʣʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʝʧʝʨʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʚʝʟʜʝ ʩʦʚʧʘʜʘʣʠ ʩ 

ʬʘʢʪʠʯʝʩʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʛʨʘʥʠʮʝʡ, ʨʠʩ.3.3.1. ʂʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʦʙʦʟʥʘʯʘʝʤ 

ʢʘʢ N  , ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ - M . 

ʈʠʩ.3.3.1. 

ɽʩʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ 

ʥʘʧʦʨʳ ʦʧʠʩʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʫʟʣʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʫʩʨʝʜʥʸʥʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʝʡ ʷʯʝʡʢʠ, ʪʦ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʠʩʳʚʘʝʪ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʥʘʧʦʨ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʵʣʝʤʝʥʪʘ (x y, ) ʧʦʩʨʝʜʩʪʚʦʤ 

ʬʫʥʢʮʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ h x y ( , )  ʚ ʢʘʞʜʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. ʍʦʪʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʚʨʝʤʝʥʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʝʡ. 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʘ ʚ ʫʟʣʘʭ, ʢʦʪʦʨʳʝ, 

ʚ ʦʙʱʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʛʣʘʞʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, 

ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʢʦʥʢʨʝʪʥʦʡ ʠʥʪʝʨʧʦʣʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʥʘʧʦʨʘ ʚ ʫʟʣʘʭ N  ʵʪʦʪ ʧʦʩʪʫʣʘʪ ʩʣʝʜʫʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ N  ʫʩʣʦʚʠʷ, ʚʝʜʫʱʠʝ ʢ ʩʠʩʪʝʤʝ N  ʫʨʘʚʥʝʥʠʡ ʥʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʚʨʝʤʝʥʠ,( )ttt D+, . ʅʠʞʝ ʦʧʠʩʘʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʵʪʦʡ 

ʩʠʩʪʝʤʳ: ʧʨʦʩʪʝʡʰʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ, ʢʦʪʦʨʘʷ ʠʩʭʦʜʠʪ ʠʟ ʦʩʥʦʚʥʦʡ ʪʝʦʨʠʠ 

ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʠ ʟʘʢʦʥʘ ɼʘʨʩʠ, ʧʨʠʤʝʥʠʤʦʛʦ ʢ ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʫ, ʠ ʙʦʣʝʝ 

ʦʙɦʠʡ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ (ʥʘʧʨʠʤʝʨ, ɿʝʥʢʝʚʠʯ, 1971). 
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3.3.1 ʄʦʜʝʣʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ 

ʇʨʦʩʪʦʡ ʤʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ 

ʧʦʪʦʢʫ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʣʫʯʘʷ ʤʳ ʚʳʙʨʘʣʠ ʠʟʦʪʨʦʧʥʳʡ ʥʘʧʦʨʥʳʡ 

ʛʦʨʠʟʦʥʪ. ʉʥʦʚʘ ʚʚʦʜʠʤ ʤʝʩʪʥʳʝ ʠ ʦʙʱʠʝ ʠʥʜʝʢʩʳ. ʆʙʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ʫʟʣʘ 

ʚ ʩʝʪʢʝ ʩ N -ʥʳʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ  ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ 1 ʠ N, ʚ ʵʣʝʤʝʥʪʝ ʤʳ 

ʣʦʢʘʣʴʥʦ ʥʫʤʝʨʫʝʤ ʫʟʣʳ ʯʠʩʣʘʤʠ 1, 2 ʠ 3 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ.  ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩ ʫʟʣʘʤʠ 

( , ), ( , ), ( , )x y x y x y1 1 2 2 3 3   ʠ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘʧʦʨʦʚ h h h1 2 3, ,  

(ʨʠʩ.3.3.2).  ʃʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʧʦ 

ʵʣʝʤʝʥʪʫ ʠʤʝʝʪ ʚʠʜ: 

ǧ( ) yxyx   +   +   , gba=                                        (3.3.1) 

 

ʚ ʵʣʝʤʝʥʪʝ ( )x y, . ɺʚʦʜʷ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ 

 

111   +   + yxh gba=  ;                                        (3.3.2) 
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ʈʠʩ.3.3.2. 

ʀʭ ʤʦʞʥʦ ʨʝʰʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ab g,  ʠ  .  
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D
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gba  (3.3.3) 

ʛʜʝ DF -ʧʣʦʱʘʜʴ ʪʨʝʫʛʦʣʴʥʠʢʘ, ʟʘʢʣʶʯʸʥʥʦʛʦ ʤʝʞʜʫ ʫʟʣʘʤʠ 

( , ), ( , ), ( , ).x y x y x y1 1 2 2 3 3  ɺʚʦʜʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʜʣʷ 

ʩʫʙʜʝʪʝʨʤʠʥʘʥʪʦʚ 



  74 

 

23132132321                    -   xxʉyyBxyyxA -=-==        

12321312123

31213213132

 -  =       -  =       -  = 

 -  =       -  =       -  = 

xxCyyByxxyA

xxCyyBxyyxA
    (3.3.4) 

ʠ ʧʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ (3.3.1), ʧʦʣʫʯʘʝʤ: 

( ) ( )! , ! , , , , , , , , , , ,h x y h x y h h h x x x y y y            = 1 2 3 1 2 3 1 2 3
  = 

=  ( ) ( ) ( )[ ]DyCxBAhyCxBAhyCxBAh  / + + + ++ + ++ 333322221111       (3.3.5) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʦʨ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ 

ʢʘʢ ʬʫʥʢʮʠʶ ʟʥʘʯʝʥʠʡ ʥʘʧʦʨʘ ʚ ʫʟʣʝ. ʇʨʠʤʝʥʠʚ ʟʘʢʦʥ ɼʘʨʩʠ ʠ ʧʨʠʥʷʚ, ʯʪʦ 

ʟʥʘʯʝʥʠʝ k f  ʧʦʩʪʦʷʥʥʦʝ ʧʦ ʚʩʝʤʫ ʵʣʝʤʝʥʪʫ, ʧʦʣʫʯʘʝʤ ʩʢʦʨʦʩʪʠ ɼʘʨʩʠ: 

Vx=-kfǧµ/µx=-kf(h1B1+h2B2+h3B3)/D         

         (3.3.6) 

Vy=-kfµǧ/µf(h1C1+h2C2+h3C3)/D. 

ʆʥʠ ʧʦʩʪʦʷʥʥʳ ʧʦ ʚʩʝʤʫ ʵʣʝʤʝʥʪʫ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʠʣʴʪʨʘʮʠʠ ʠ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ - ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʤʝʥʪʘ. ɽʩʣʠ 

ʟʘʜʘʪʴ ʫʟʣʘʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠʣʠ 

ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ, ʪʦ ʧʨʠʜʸʪʩʷ ʚʳʧʦʣʥʷʪʴ ʫʩʨʝʜʥʝʥʠʝ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ.  

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (3.3.5), ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʧʦʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ 

ʵʣʝʤʝʥʪ. ʅʘʟʦʚʸʤ ʧʦʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ, 

Q Q Qs s s1 2 3, , ʠ . ʆʪʤʝʪʠʤ, ʯʪʦ V Vx y ʠ  ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʧʦ 

ʩʪʦʨʦʥʘʤ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʛʨʘʜʠʝʥʪ ʚ ʬʫʥʢʮʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʦʩʝʜʥʝʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʦʙʱʝʤ ʦʪʣʠʯʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʥʝʨʘʟʨʳʚʥʦʩʪʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʜʝʨʞʘʥʘ ʣʦʢʘʣʴʥʦ ʧʦ ʩʪʦʨʦʥʘʤ. ʄʳ ʜʦʣʞʥʳ ʪʨʝʙʦʚʘʪʴ ʩʧʣʦʰʥʦʩʪʠ ʜʣʷ 

ʵʣʝʤʝʥʪʘ ʚ ʮʝʣʦʤ. ʆʧʨʝʜʝʣʠʤ ʧʦʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʩʪʦʨʦʥʳ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʪʨʠ ʫʟʣʘ ʵʣʝʤʝʥʪʘ, ʥʘʟʳʚʘʷ ʵʪʠ ʫʟʣʦʚʳʝ ʧʦʪʦʢʠ W W W1 2 3, , .  

ʂʘʞʜʦʤʫ ʫʟʣʫ ʟʘʜʘʸʪʩʷ ʧʦʣʦʚʠʥʘ ʧʦʪʦʢʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʜʚʝ ʩʪʦʨʦʥʳ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʪʦʪ ʫʟʝʣ (ʨʠʩ.3.3.3).  

  
ʈʠʩ.3.3.3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʯʝʨʝʟ ʫʟʣʳ 

 

ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʪʨʝʙʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦ ʵʣʝʤʝʥʪʫ, ʤʳ ʤʦʞʝʤ 
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ʟʘʧʠʩʘʪʴ: 

;0,5- = 0,5 + 0,5 = 1231 SSS QQQW         

                     

.0,5- = 0,5 + 0,5 = 

;0,5- = 0,5 + 0,5 = 

3123

2312

SSS

SSS

QQQW

QQQW

     (3.3.7) 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 321  , , SSS QQQ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʝʮʠʨʦʚʘʥʠʝʤ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ɼʘʨʩʠ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʳ ʢ ʩʪʦʨʦʥʘʤ ʪʨʝʫʛʦʣʴʥʠʢʘ ʠ 

ʫʤʥʦʞʘʷ ʠʭ ʥʘ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ, m, ʠ ʰʠʨʠʥʫ ʧʦʪʦʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʜʣʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʦʨʦʥʳ ʪʨʝʫʛʦʣʴʥʠʢʘ. 
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ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʷ (3.3.6) ʠ ʠʩʧʦʣʴʟʫʷ T k mf=  ,ʤʳ ʧʦʣʫʯʘʝʤ 

ʧʦʪʦʢʠ, ʧʨʦʭʦʜʷʱʠʝ ʯʝʨʝʟ ʫʟʣʳ ʚ ʵʣʝʤʝʥʪʝ: 

( ) ( ) ( )[ ]1313312122111111 + + + + +
2D

CCBBhCCBBhCCBBh
T

W =   ;        

( ) ( ) ( )[ ]

( ) ( ) ( )[ ].+ + + + +
2

;+ + + + ʉ+
2
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 (3.3.9) 

ʀʩʧʦʣʴʟʫʷ 

( )
D

T
CCBBE jijiji

2
+  , =                                        (3.3.10) 

ʧʨʠ i  = 1, 2, 3 ʠ   j  = 1, 2, 3, ʤʳ ʥʘʢʦʥʝʮ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʚ ʢʦʤʧʘʢʪʥʦʡ 

ʬʦʨʤʝ (3.3.9): 

ä
=

3

1

 , = 
j

jjii hEW                                                (3.3.11) 

ʧʨʠ i  = 1,2,3 ʠ   j  = 1,2,3. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ e ʤʳ ʤʦʞʝʤ ʚʳʨʘʟʠʪʴ ʚʢʣʘʜ ʝʛʦ 

ʚ ʧʨʠʪʦʢʠ ʢ ʫʟʣʘʤ ʚ ʚʠʜʝ ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʧʦʨʦʚ ʚ ʫʟʣʦʚʳʭ 

ʪʦʯʢʘʭ. ʊʝʧʝʨʴ ʚʳʧʦʣʥʠʤ ʵʪʫ ʧʨʦʮʝʜʫʨʫ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʩʪʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʝʝ ʥʘ ʚʩʶ ʩʝʪʢʫ. ʌʫʥʢʮʠʷ, ʚʳʧʦʣʥʷʶʱʘʷ ʵʪʦʪ ʧʝʨʝʚʦʜ, 

ʥʘʟʳʚʘʝʪʩʷ ʠʥʮʠʜʝʥʪʥʦʡ ʤʘʪʨʠʮʝʡ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʱʠʡ ʥʦʤʝʨ ʫʟʣʘ k  
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ʢʘʢ ʬʫʥʢʮʠʶ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘ e ʠ ʤʝʩʪʥʦʛʦ ʥʦʤʝʨʘ ʫʟʣʘ i : 

( )k n e i   = ,                                                  (3.3.12) 

ʧʨʠ   i  = 1, 2, 3  ʠ   e M=1,..., .  

ʋʟʣʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʝʨʰʠʥʘʤʠ ʫʛʣʦʚ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʦʧʠʩʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ (e i, ).  ɺʩʝ ʦʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ 

ʝʜʠʥʦʝ ʦʙʱʝʝ ʯʠʩʣʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʮʠʜʝʥʪʥʦʡ ʤʘʪʨʠʮʳ. 

ʊʝʧʝʨʴ ʧʝʨʝʠʤʝʥʦʚʳʚʘʶʪʩʷ ʚʩʝ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ, ʟʥʘʯʝʥʠʷ 

ʥʘʧʦʨʦʚ ʠ ʨʘʩʭʦʜʦʚ ʚ ʵʣʝʤʝʥʪʘʭ i
ʝe

i

e
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e

i Whyxe  , , , , . 
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ik

e

ik

e

ik

e

i WWhhyyxx       ;      ;      ;  ­­­­    ,        (3.3.13) 

ʛʜʝ ( )k n e i =   , . 

ʊʨʠ ʚʝʢʪʦʨʘ A B Ci

e

i

e

i

e, ,   ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ N -ʚʝʢʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʨʦʤʝ ʪʨʝʭ, ʨʘʚʥʳ ʥʫʣʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʨʠʮʘ 3ʭ3 

ʵʣʝʤʝʥʪʘ 
e

jiE ,   ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʪʨʠʮʫ N N³  , ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʵʣʝʤʝʥʪʳ, 

ʢʨʦʤʝ 9, ʨʘʚʥʳ ʥʫʣʶ, (ʨʠʩ. 3.3.4) 

 
ʈʠʩ.3.3.4. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʪʨʠʮʳ ʚ ʛʣʦʙʘʣʴʥʳʝ 
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i EECCBBAA  ,,      ;     ;     ;  ­­­­            (3.3.14) 

ʧʨʠ   i  = 1, 2, 3,   j  = 1, 2, 3,   k n e i= ( , ) , l =  n(e, j) ʠ ==== e

lk

e

k

e

k

e

k ECBA  , 0 ʜʣʷ 

ʚʩʝʭ ʜʨʫʛʠʭ (k l, ).  ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʵʣʝʤʝʥʪʦʚ (3.3.11) ʚ ʦʙʱʠʭ ʠʥʜʝʢʩʘʭ 

W E hk

e

k l

e

l
l

N

 =  
 

=

ä
1

  .                                                (3.3.15) 

ʆʪʤʝʪʠʤ, ʯʪʦ Wk

e  ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʜʣʷ ʚʩʝʭ 

ʫʟʣʦʚ k , ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʵʣʝʤʝʥʪʝ e. 

ʊʝʧʝʨʴ ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʩʦʙʨʘʥʳ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʦ ʫʩʣʦʚʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʢʘʞʜʦʤ ʫʟʣʝ. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʩʫʤʤʘ ʚʩʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʠʪʦʢʦʚ Wk

e  ʢ 
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ʫʟʣʫ k  ʜʦʣʞʥʘ ʙʳʪʴ ʥʫʣʝʚʦʡ. 

NkQW k

M

e

e

k ,...,1        0 =  + 
1

=-ä
=

                         (3.3.16) 

ʕʪʘ ʩʠʩʪʝʤʘ N - ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʧʦʨʦʚ hk
. ʊʝʧʝʨʴ ʥʘʤ 

ʥʫʞʥʦ ʫʯʝʩʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʣʝʛʢʦ ʩʜʝʣʘʪʴ ʥʘ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮʘʭ (ʛʨʘʥʠʮʘʭ ʩ ʥʫʣʝʚʳʤ ʨʘʩʭʦʜʦʤ). ʋʟʣʳ ʥʘ 

ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʥʫʪʨʝʥʥʠʝ ʫʟʣʳ.  

ʆʪʩʫʪʩʪʚʠʝ ʨʘʩʭʦʜʘ ʥʘ ʛʨʘʥʠʮʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʨʘʩʯʸʪ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʤʝʥʪʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʙʣʘʩʪʠ. ɻʨʘʥʠʮʳ ʚʪʦʨʦʛʦ ʨʦʜʘ ʩ 

ʥʝʥʫʣʝʚʳʤ ʨʘʩʭʦʜʦʤ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ (ʪʘʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʤʝʪʦʜʝ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ) ʢʘʢ ʩʣʫʯʘʡ ʩ ʥʫʣʝʚʳʤ ʨʘʩʭʦʜʦʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʘʩʭʦʜʘ ʢ ʯʣʝʥʫ Qk  ʚ ʫʨʘʚʥʝʥʠʠ (3.3.16). ʇʦʪʦʢ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʛʨʘʥʠʮʫ 

k l -   (ʨʠʩ.3.3.5) ʜʝʣʠʪʩʷ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʫʟʣʘʤʠ l k ʠ . ʅʘ ʛʨʘʥʠʮʘʭ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʧʦʨoʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʚ (3.3.16) ʟʘʤʝʥʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

hk  =  const                                                    (3.3.17) 

       ɻʨʘʥʠʮʘ ʧʦʪʦʢʘ 

 

ʈʠʩ.3.3.5.ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʧʦʪʦʢʦʚ ʥʘ ʫʟʣʳ 

ʉʣʝʜʫʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʩʠʩʪʝʤʝ 

ʫʨʘʚʥʝʥʠʡ. ʆʙʱʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ/ʨʘʩʭʦʜ ʧʦ ʵʣʝʤʝʥʪʫ ʫʯʠʪʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʧʦ ʵʣʝʤʝʥʪʫ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʪʨʝʤʷ ʫʟʣʘʤʠ ʵʣʝʤʝʥʪʘ 

(ʨʠʩ.3.3.6). 

 

ʈʠʩ.3.3.6.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʦʩʧʦʣʥʝʥʠʡ(ʨʘʩʭʦʜʦʚ ʧʦ ʫʟʣʘʤ) 

 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʫʨʘʚʥʝʥʠʡ (3.3.15) ʚ (3.3.16) ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ 

ʧʦʣʫʯʘʝʤ: 
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ʠʣʠ 
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ʢʦʪʦʨʦʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ: 

),...,1(                  0 =  -  
1

 NkQha
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l

kllk =ä
=

              (3.3.19) 

ʧʨʠ   ä
=

M

l

e

lklk Ea
1

    =  

ʕʪʫ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʣʷ N - ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʧʦʨʦʚ hk  

ʤʦʞʥʦ ʨʝʰʠʪʴ ʣʶʙʳʤ ʠʟ ʦʙʩʫʞʜʸʥʥʳʭ ʚ ʨʘʟʜʝʣʝ 3.2 ʤʝʪʦʜʦʚ. ɺ ʧʨʠʤʝʨʝ 

ʧʨʦʛʨʘʤʤʳ 7 ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ɻʘʫʩʩʘ-

ɿʝʡʜʝʣʷ. 

ɺ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 8 ʵʪʦ ʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʣʝ ʦʙʝʩʧʝʯʝʥʠʷ  

ʧʝʨʝʚʦʜʘ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʝ ʚ ʧʘʤʷʪʴ (ʌʝʨʨʝʡʪ, 1981). 

ʈʘʟʨʝʞʝʥʥʫʶ ʤʘʪʨʠʮʫ N³   
 

N ak l( )  ʟʘʧʠʩʳʚʘʶʪ, ʠʩʧʦʣʴʟʫʷ ʪʨʠ 

ʦʜʥʦʤʝʨʥʳʭ ʤʘʩʩʠʚʘ L K P%, %  ʠ .  ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪɻʦʡ ʩʭʝʤʦʡ 

ʩʣʝʜʫʝʪ ʟʘʧʠʩʳʚʘʪʴ ʪʦʣʴʢʦ ʪʝ ʵʣʝʤʝʥʪʳ ʚ ʨʷʜʫ k, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʥʫʣʝʚʳʤʠ. ʕʪʦ ʵʣʝʤʝʥʪʳ ak l 
, ʛʜʝ ʫʟʣʳ l k ʠ  ʧʦʷʚʣʷʶʪʩʷ ʚ 

ʦʙʳʯʥʦʤ ʵʣʝʤʝʥʪʝ. ɺ ʤʘʩʩʠʚʝ L k% ( )  ʟʘʧʠʩʳʚʘʝʤ ʨʝʢʫʨʩʠʚʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʫʟʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʫʟʣʦʤ k .  ʅʘʯʘʚ ʩ L% (1) =1, ʤʳ 

ʦʧʨʝʜʝʣʷʝʤ: 

  

)(

 + )( % = 1)+( %
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

kʩʘʤʫʟʝʣʚʢʣʶʯʘʷ

kʫʟʣʦʤʩʢʦʥʪʘʢʪʝ

ʧʨʷʤʦʤʚʫʟʣʦʚʢʦʣʠʯʝʩʪʚʦ

kLkL                      (3.3.20) 

ʇʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʤʘʩʩʠʚʘ - L N% ( ) +1  ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥ r

ʚʝʢʪʦʨʘ w.  ɿʘʪʝʤ ʤʳ ʧʦʩʪʨʦʠʤ ʚʝʢʪʦʨ-ʩʪʨʦʢʫ K k %( ) , ʚ ʢʦʪʦʨʦʤ ʜʣʷ 

ʢʘʞʜʦʛʦ ʫʟʣʘ k  ʟʘʧʠʩʳʚʘʝʪʩʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʫʟʣʦʤ k .  ɺʝʢʪʦʨ-ʩʪʨʦʢʘ ʠʤʝʝʪ ʜʣʠʥʫ w .  ɼʣʷ ʢʘʞʜʦʛʦ 

ʫʟʣʘ k  ʤʳ ʟʘʧʠʩʳʚʘʝʤ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʧʦʣʦʞʝʥʠʠ )( % kL  ʚʝʢʪʦʨʘ-

ʩʪʨʦʢʠ. 

K L k k% % (  ( )) =  .                                          (3.3.21) 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʦʩʪʘʣʴʥʳʝ ʫʟʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʫʟʣʦʤ k . ʆ ʤʘʩʩʠʚʝ L% ʤʳ ʟʥʘʝʤ, ʯʪʦ ʪʘʤ 

ʥʘʭʦʜʠʪʩʷ 1 - )( % - )1+( % kLkL  ʪʘʢʠʭ ʫʟʣʦʚ. ʆʥʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʵʣʝʤʝʥʪʘʭ 

 )1)1+( %( % ),...,2+)( %( % ),1+)( %( % -kLKkLKkLK  ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ. 
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ʇʦʨʷʜʦʢ ʧʨʦʠʟʚʦʣʝʥ. ʇʦʪʝʥʮʠʘʣʴʥʦ, ʥʝʨʘʚʥʘʷ ʥʫʣʶ ʯʘʩʪʴ ʛʣʦʙʘʣʴʥʦʡ 

ʤʘʪʨʠʮʳ ( )ak l 
 ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʦʜʥʦʤʝʨʥʦʤ ʤʘʩʩʠʚʝ P  ʚ ʪʦʯʥʦ ʪʘʢʦʤ ʞʝ 

ʧʦʨʷʜʢʝ, ʯʪʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʟʣʳ ʚ ʚʝʢʪʦʨʝ-ʩʪʨʦʢʝ. ɽʩʣʠ ʫʟʣʳ k l ʠ  

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʵʣʝʤʝʥʪʫ, ʢʦʵʬʬʠʮʠʝʥʪ ak l 
 ʤʘʪʨʠʮʳ 

ʩʠʩʪʝʤʳ (3.3.19) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʤʘʩʩʠʚʝ P  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ c  

                                  = )+)( %(  lkaikLP     (3.3.22) 

ʧʨʠ 1 = ʂ%(L%(k)+i)  ʠ  0<i<L%(k+1)-L%(k)-1. 

ʍʨʘʥʝʥʠʝ ʚ ʧʘʤʷʪʠ ʚʘʞʥʦ ʜʣʷ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ( )ak l 
. ɿʘʜʘʯʘ, 

ʨʝʰʥyʥʘʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 8, ʧʦʢʘʟʘʥʘ ʟʜʝʩʴ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 

ʤʝʭʘʥʠʟʤʘ ʭʨʘʥʝʥʠʷ ʚ ʧʘʤʷʪʠ. 

 

ʇʈʆɻʈɸʄʄɸ 7 

ʎʝʣʴ: ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ, N ; 

- ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, M ; 

- ʧʘʨʘʤʝʪʨʳ ʠʪʝʨʘʮʠʠ: ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, IM , 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʣʘʢʩʘʮʠʠ RE, ʢʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ ,ER; 

- ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ, X i Y i i n( ), ( ), ,...,  1= ; 

- ʪʠʧ ʛʨʘʥʠʮʳ, TY i i N TY%( ), ,..., . % 1  =  ʙʦʣʴʰʝ 0 ʜʣʷ ʛʨʘʥʠʮ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ = 0 . 

- ʥʘʯʘʣʴʥʳʝ ʥʘʧʦʨʳ ʜʣʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʨʝʰʝʥʠʷ, H i i N( ), ,..., . 1=  

ɿʥʘʯʝʥʠʷ ʥʘʧʦʨʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ ʪʘʢʞʝ ʚʚʦʜʷʪ ʯʝʨʝʟ   

ʥʘʯʘʣʴʥʳʝ ʥʘʧʦʨʳ. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʝʰʝʥʠʷ ʤʘʩʩʠʚ NiiH ,...,1 ),( =   

ʩʦʜʝʨʞʠʪ ʧʦʣʫʯʝʥʥʳʝ ʟʘʜʘʥʥʳʝ ʥʘʧʦʨʳ. 

- ʧʨʠʪʦʢʠ/ʨʘʩʭʦʜʳ ʧʦ ʫʟʣʘʤ, Q i i N( ), ,..., . 1= .  ʈʘʩʧʨʝʜʝʣʸʥʥʘʷ    

ʠʥʬʠʣʴʪʨʘʮʠʷ, ʠʩʧʘʨʝʥʠʝ ʠ ʛʨʘʥʠʯʥʳʝ ʨʘʩʭʦʜʳ ʚʢʣʶʯʝʥʳ ʚ Q i( )   

ʦʧʠʩʘʥʥʳʤʠ ʚ ʪʝʢʩʪʝ ʤʝʪʦʜʘʤʠ.  ʅʘʛʥʝʪʘʥʠʝ ʜʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ   

ʚʝʣʠʯʠʥʘʤʠ, ʦʪʢʘʯʢʘ - ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. 

- ʠʥʮʠʜʝʥʪʥʘʷ ʤʘʪʨʠʮʘ, IN j k j m k%( , ), ,..., , 1  = =123.  , , %( , )IN j k - 

ʦʙʱʝʝ ʯʠʩʣʦ ʫʟʣʘ k k 1,2,3)( =  ʚ ʵʣʝʤʝʥʪʝ j . ʇʦʨʷʜʦʢ ʚʚʦʜʘ ʚ ʦʪʥʦʰʝʥʠʠ 

k  ʧʨʦʠʟʚʦʣʴʥʳʡ. 

- ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦ ʵʣʝʤʝʥʪʘʤ, TT i i M( ), ,..., . 1= .  ʇʝʨʝʤʝʥʥʳʝ 

TY IN% % ʠ  ʟʘʜʘʥʳ ʮʝʣʳʤʠ ʯʠʩʣʘʤʠ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʣʷ 

ʵʢʦʥʦʤʠʠ ʤʝʩʪʘ ʚ ʧʘʤʷʪʠ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ, L. 
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- ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʦʧʨʘʚʢʘ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʡ ʠʪʝʨʘʮʠʠ, 

DF. 
- ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ, H i i N( ), ,..., . 1=  

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

Cʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1040-1190:   ɺʚʦʜ ʜʘʥʥʳʭ.  ɼʘʥʥʳʝ ʩʯʠʪʳʚʘʶʪʩʷ ʠʟ ʦʧʝʨʘʪʦʨʘ ʜʘʥʥʳʭ,            

ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 4000. 

1210-1450:   ʈʘʩʯʸʪ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ. 

1240-1380:   ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʪʨʠʮʳ ʜʣʷ ʵʣʝʤʝʥʪʘ. 

1340:   ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʝʪʝʨʤʠʥʘʥʪʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦʨʷʜʦʢ ʫʟʣʦʚ ʚ 

ʵʣʝʤʝʥʪʝ. 

1390-1440:   ʇʨʠʙʘʚʣʝʥʠʝ ʤʘʪʨʠʮʳ ʵʣʝʤʝʥʪʘ ʢ ʦʙʱʝʡ ʤʘʪʨʠʮʝ. 

1460-1660:   ʀʪʝʨʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦ ʤʝʪʦʜʫ 

ɻʘʫʩʩʘ-            ɿʝʡʜʝʣʷ ʩ ʨʝʣʘʢʩʘʮʠʝʡ.  ʇʨʠ ʨʘʩʯʸʪʘʭ ʦʩʪʘʸʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʳʡ             ʮʠʢʣ ʧʦ ʧʝʨʝʤʝʥʥʦʡ L  , ʝʩʣʠ 

ʥʘʠʙʦʣʴʰʘʷ ʧʦʧʨʘʚʢʘ ʚ ʰʘʛʝ             ʠʪʝʨʘʮʠʠ DF  ʤʝʥʴʰʝ 

ʢʨʠʪʝʨʠʷ ʩʭʦʜʠʤʦʩʪʠ ER (ʩʪʨʦʢʘ 1640). 

1500,1620:   ʌʣʘʞʦʢ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʛʦʥʷʝʪʩʷ             

ʤʘʪʨʠʮʘ. 

1520:   ʇʨʦʧʫʩʢ ʫʟʣʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨoʤ. 

3000-3110:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʝʯʘʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ             ʥʘʧʦʨʦʚ. ʇʦʩʣʝ ʚʳʭʦʜʘ 18 ʩʪʨʦʢ 

ʥʘʞʤʠʪʝ ʣʶʙʫʶ ʢʣʘʚʠʰʫ ʜʣʷ        ʧʨʦʜʦʣʞʝʥʠʷ. 

4000-4180:   ɼʘʥʥʳʝ. 

 

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʸʪʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ 

ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʚʢʣʶʯʘʶʱʝʤ 5 ʫʟʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ 4 ʵʣʝʤʝʥʪʘ 

(ʨʠʩ.3.3.7).  ʇʝʨʝʯʠʩʣʝʥʠʝ ʫʟʣʦʚ ʜʘʸʪʩʷ ʚ ʘʨʘʙʩʢʠʭ ʮʠʬʨʘʭ, ʘ ʵʣʝʤʝʥʪʦʚ - ʚ 

ʨʠʤʩʢʠʭ. ɺ ʫʟʣʝ ˉ 3 ʚʦʜʘ ʦʪʢʘʯʠʚʘʝʪʩʷ ʠʟ ʩʢʚʘʞʠʥʳ ʩ ʨʘʩʭʦʜʦʤ 1,0 ʤ3/ʩʝʢ. 

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʦʜʥʦʨʦʜʥʳʡ, ʩ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴʶ 

T  = 0,1 ʤ2/ʩʝʢ. ʋʟʣʳ ˉˉ 1 ʠ 2- ʵʪʦ ʫʟʣʳ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ ʧʨʠ ʝʛʦ 

ʚʝʣʠʯʠʥʝ 50 ʤ. ʊʦʯʢʠ 4 ʠ 5 ʥʘʭʦʜʷʪʩʷ ʥʘ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʡ ʛʨʘʥʠʮʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ.  ʅʘʧʦʨʳ ʚ ʫʟʣʘʭ 3, 4 ʠ 5 ʦʜʠʥʘʢʦʚʳ ʠ 

ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʪʘʚʣʷʶʪ 45 ʤ.  ɺ ʪʘʙʣʠʮʝ 3.5 ʧʦʢʘʟʘʥʘ ʨʘʩʧʝʯʘʪʢʘ 

ʧʨʦʛʨʘʤʤʳ 7. 
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ʈʠʩ.3.3.7. ɺʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʩʝʪʢʘ ʜʣʷ ʧʨʠʤʝʨʘ ʨʘʩʯʸʪʦʚ ʚ  ʧʨʦʛʨʘʤʤʘʭ 7 ʠ 8 

 

                                                       

ʊʘʙʣʠʮʘ 3.5 

 

         ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠʟ ʧʨʠʤʝʨʘ ʧʦ ʧʨʦʛʨʘʤʤʝ 7 

ʈʝʰʝʥʠʝ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ            ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʚ (ʤ) 

ʀʪʝʨʘʮʠʷ 1 ʧʦʛʨʝʰʥʦʩʪʴ = 2,5           1           X i( )     )(iY  H(i) 

ʀʪʝʨʘʮʠʷ 2 ʧʦʛʨʝʰʥʦʩʪʴ = 1,251         1 0 0 50 

ʀʪʝʨʘʮʠ ̫3 ʧʦʛʨʝʰʥʦʩʪʴ = 0,625         2 0 100 50 

ʀʪʝʨʘʮʠʷ 4 ʧʦʛʨʝʰʥʦʩʪʴ = 0,3125        3 50 50 45 

ʀʪʝʨʘʮʠʷ 5 ʧʦʛʨʝʰʥʦʩʪʴ = 0,15625       4 100 0 45 

ʀʪʝʨʘʮʠʷ 6 ʧʦʛʨʝʰʥʦʩʪʴ = 0,78125       5 100 100 45 

ʀʪʝʨʘʮʠʷ 7 ʧʦʛʨʝʰʥʦʩʪʴ = 0,0390625     

ʀʪʝʨʘʮʠʷ 8 ʧʦʛʨʝʰʥʦʩʪʴ = 0,01953125     

ʀʪʝʨʘʮʠʷ 9 ʧʦʛʨʝʰʥʦʩʪʴ = 9,765625ɽ-03     

ʇʈʆɻʈɸʄʄɸ 8 

ʎʝʣʴ: ʀʩʭʦʜʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 7, ʥʦ       

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʭʨʘʥʝʥʠʷ ʚ ʧʘʤʷʪʠ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʘʪʨʠʮ     ʢʘʢ 

ʦʧʠʩʘʥʦ ʌʝʨʨʝʡʪʦʤ, 1981 ʛ. 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 7. 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 7. 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ: ʂʦʤʤʝʥʪʘʨʠʠ 

1040-1190:   ɺʚʦʜ ʜʘʥʥʳʭ.  ɼʘʥʥʳʝ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʦʧʝʨʘʪʦʨʘ ʜʘʥʥʳʭ,            

ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 4000. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

6 ï ʛʨʘʥʠʮʘ ʩ ʟʘʜʘʥʥʳʤ 

ʥʘʧʦʨʦʤ; 

7 ï ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ 

ʛʨʘʥʠʮʘ; 

8 - ʩʢʚʘʞʠʥʘ 
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200-1430:   ʈʘʩʯʸʪ ʜʣʠʥʳ ʚʝʢʪʦʨʘ W. ʇʨʦʛʦʥʢʘ ʯʝʨʝʟ ʚʩʝ ʫʟʣʳ (ʩʪʨʦʢʠ             

ʮʠʢʣʘ 1220-1410) ʠ ʟʥʘʯʝʥʠʡ j  (ʩʪʨʦʢʠ ʮʠʢʣʘ 1260-1390) ʜʣʷ 

ʧʦʠʩʢʘ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʫʟʣʝ i  (ʮʠʢʣ: ʩʪʨʦʢʠ 

1270-1290). ʋʟʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʵʣʝʤʝʥʪ, ʦʙʱʠʡ ʩ ʫʟʣʦʤ i , 

ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ (ʩʯʸʪʯʠʢ k, ʩʪʨʦʢʘ 1360) ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʜʚʦʡʥʦʛʦ ʧʦʜʩʯʸʪʘ (ʩʪʨʦʢʠ 340/360).  ʇʨʠʙʘʚʣʷʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʯʠʩʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ k             

(ʩʪʨʦʢʘ 1400), ʥʘʯʘʚ c W=1 , ʧʦʣʫʯʘʶʪ ʜʣʠʥʫ ʚʝʢʪʦʨʘ-

ʩʪʨʦʢʠ. 

1440-1670:   ʈʘʩʯʸʪ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ. ʇʨʦʛʦʥʢʘ ʯʝʨʝʟ ʚʩʝ ʫʟʣʳ i             

(ʩʪʨʦʢʠ ʮʠʢʣʘ 1470-1670) ʠ ʵʣʝʤʝʥʪʳ j  (ʩʪʨʦʢʠ ʮʠʢʣʘ 1520-             

1650), ʜʣʷ ʧʦʠʩʢʘ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʫʟʣʝ i             

(ʩʪʨʦʢʠ ʮʠʢʣʘ 1530-1550). ʏʠʩʣʦ ʫʟʣʦʚ ʚ ʵʪʠʭ ʵʣʝʤʝʥʪʘʭ,             

ʦʪʣʠʯʥʳʭ ʦʪ i  , ʭʨʘʥʷʪʩʷ ʚ K% (ʩʪʨʦʢʘ 1630), ʚʦ ʠʟʙʝʞʘʥʠʝ             

ʜʚʦʡʥʦʛʦ ʭʨʘʥʝʥʠʷ (ʩʪʨʦʢʠ 1590-1610).  ʉʘʤ ʫʟʝʣ i  ʭʨʘʥʠʪʩʷ             

ʚ ʤʘʩʩʠʚʝ K% ʚ ʩʪʨʦʢʝ 1490. ʄʘʩʩʠʚ L% ʦʧʨʝʜʝʣʸʥ ʚ             

ʩʪʨʦʢʝ 1500. 

1680-1960:   ʈʘʩʯʸʪ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ (ʩʪʨʦʢʠ 1710-1850) ʠ ʭʨʘʥʝʥʠʝ             

ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʚ ʤʘʩʩʠʚʝ P  (ʩʪʨʦʢʠ 1860-1950).  

1970-2180:   ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦ ʤʝʪʦʜʫ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ. 

3000-3120:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʝʯʘʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ             ʥʘʧʦʨʦʚ (ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 

7 ). 

4000-4180:   ɼʘʥʥʳʝ. 

ʇʨʠʤʝʥʝʥʠʝ: 

ɿʜʝʩʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʟʘʜʘʯʘ ʠʟ ʧʨʦʛʨʘʤʤʳ 7. ʀʟ-ʟʘ ʩʚʦʝʡ 

ʧʨʦʩʪʦʪʳ ʦʥʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʞʘʪoʡ ʩʭʝʤʳ ʧʘʤʷʪʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʛʨʘʤʤʝ 8. ʕʬʬʝʢʪ ʵʢʦʥʦʤʠʠ ʧʘʤʷʪʠ, ʦʜʥʘʢʦ, 

ʧʨʠʦʙʨʝʪʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʟʘʜʘʯ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʫʟʣʦʚ. ʋʟʣʳ 1, 2, 3, 4, 

5 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʫʟʣʘʤʠ 4, 4, 5, 4, 4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʢʣʶʯʘʷ 

ʠʭ ʩʘʤʠʭ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʘ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʥʦʡ 1 + 4 + 4 + 5 + 

4 + 4 = 22 ʠ ʤʘʩʩʠʚ L%  ʩ ʵʣʝʤʝʥʪʘʤʠ L%= 1, L%(2)= 5, L%(3)= 9, 

L%(4)=14, L%(5)= 18, L%(6)= 22.  ʇʦʩʣʝ ʧʨʦʭʦʜʘ ʯʝʨʝʟ ʚʩʝ ʫʟʣʳ i  ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʫʟʣʦʤ i  

ʧʨʦʛʨʘʤʤʘ ʩʦʩʪʘʚʣʷʝʪ ʤʘʩʩʠʚ K%: 
[ ]
[ ]
[ ]
[ ]
[ ]   2.)21%( ,3)20%( ,4)19%( ,5=)5%(%)18%(

,5)17%( ,3)16%( ,1)15%( ,4=)4%(%)14%(

,5)13%(  ,4)12%( ,2)11%( ,1)10%(  ,3=)3%(%)9%(

,5)8%(  ,3)7%(  ,1)6%(  ,2)2%(%)5%(

,4)4%(  ,2)3%(  ,3)2%(  1,)1%(%)1%(

====

====

=====

=====

=====

KKKLKK

KKKLKK

KKKKLKK

KKKLKK

KKKLKK

 

  ʅʘ ʨʠʩ.3.3.8 ʧʦʢʘʟʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʚ ʤʘʩʩʠʚʝ P , 
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ʚʳʧʦʣʥʝʥʥʦʝ ʧʨʦʛʨʘʤʤʦʡ. ʇʦʨʷʜʦʢ ʟʘʧʠʩʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ 

ʫʟʣʦʚ ʧʨʦʠʟʚʦʣʝʥ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʟʘʜʘʥʳ 

ʫʟʣʳ ʠ ʵʣʝʤʝʥʪʳ. ʉʠʤʚʦʣ x  ʦʟʥʘʯʘʝʪ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʚʥʳʤʠ ʥʫʣʶ. ʕʣʝʤʝʥʪʳ P  ʟʘʧʠʩʘʥʳ ʥʘʜ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʤʘʪʨʠʮʳ. ʈʝʟʫʣʴʪʘʪʳ, ʥʝʩʦʤʥʝʥʥʦ, ʠʜʝʥʪʠʯʥʳ ʧʦʣʫʯʝʥʥʳʤ ʧʦ 

ʧʨʦʛʨʘʤʤʝ 7 . 

  

ʈʠʩ.3.3.8. ʉʭʝʤʘ ʟʘʧʠʩʠ ʚ ʧʘʤʷʪʴ ʤʘʪʨʠʮʳ ʩʠʩʪʝʤʳ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠʤʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʳ 8 

 

3.3.2. ʄʦʜʝʣʴ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʤʝʪʦʜʫ ɻʘʣʝʨʢʠʥʘ 

 

 ɹʦʣʝʝ ʦʙʱʠʤ ʠ ʬʦʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ (ɻʘʣʝʨʢʠʥ, 1915). ʆʥ ʣʝʛʢʦ ʧʝʨʝʚʦʜʠʤ ʥʘ 

ʵʣʝʤʝʥʪʳ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʬʫʥʢʮʠʷʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ, 

ʦʪʣʠʯʥʳʤʠ ʦʪ ʨʘʥʝʝ ʦʙʩʫʞʜʘʝʤʳʭ. ʄʝʪʦʜ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʨʘʚʥʝʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʚ ʥʘʧʦʨʥʦʤ 

ʠʟʦʪʨʦʧʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ: 
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0                 (3.3.23) 

ʀʩʧʦʣʴʟʫʷ, ʢʘʢ ʠ ʨʘʥʝʝ, ʨʘʟʙʠʚʢʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʪʨʝʫʛʦʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʧʦʣʫʯʘʝʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ !h  ʫʨʘʚʥʝʥʠʷ 

(3.2.23) ʥʘ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t .  ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʛʣʘʜʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʜ ʧʣʦʩʢʦʩʪʴʶ x y- , 

ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʜʘʥʥʘʷ ʜʣʷ ʦʜʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʫʨʘʚʥʝʥʠʠ (3.3.5). ʊʝʧʝʨʴ, ʦʜʥʘʢʦ, ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʟʘʚʠʩʠʤʳʝ ʦʪ 

ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʘ ʧʦ ʫʟʣʘʤ ʠ ʛʣʦʙʘʣʴʥʳʝ ʫʟʣʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ 

i j k, , ,   ʚʟʷʪʳʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. ɺ ʧʨʝʜʝʣʘʭ 

ʵʣʝʤʝʥʪʘ ʬʫʥʢʮʠʶ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʢʘʢ ʣʠʥʝʡʥʫʶ 

ʢʦʤʙʠʥʘʮʠʶ ʪʨʸʭ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʠ.  ʄʳ ʦʧʨʝʜʝʣʷʝʤ ʪʨʠ ʝʜʠʥʠʯʥʳʝ 

ʬʫʥʢʮʠʠ ʥʘ ʵʣʝʤʝʥʪʝ ʩ ʫʟʣʘʤʠ i j k, , ,   (ʨʠʩ.3.3.9). ʀʭ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʳ 

ʠʟ (3.3.5) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʨʠʨʘʚʥʠʚʘʥʠʝʤ ʜʚʫʭ ʠʟ ʪʨʸʭ ʥʘʧʦʨʦʚ 
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h h h1 2 3, ,   ʢ ʥʫʣʶ ʠ ʦʩʪʘʚʰʝʛʦʩʷ = 1.  ʀʩʧʦʣʴʟʫʷ ʛʣʦʙʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

i j k, , ,   ʧʦʣʫʯʘʝʤ 
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ʈʠʩ.3.3.9. 

ɼʣʷ ʵʣʝʤʝʥʪʦʚ e, ʚ ʢʦʪʦʨʳʭ ʫʟʝʣ i  ʥʝ ʧʦʷʚʣʷʝʪʩʷ, ʤʳ ʦʧʨʝʜʝʣʷʝʤ 

ʬʫʥʢʮʠʶ ʌi

e ʬʦʨʤʘʣʴʥʦ, ʧʨʠʨʘʚʥʠʚʘʷ ʌi

e=0.  ʇʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ 

ʧʦ ʚʩʝʡ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʦʣʫʯʘʝʤ, ʦʙʨʘʟʫʷ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ 

ʚʩʝʭ ʬʫʥʢʮʠʡ ʵʣʝʤʝʥʪʦʚ ʌi

e : 
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 ʅʘ ʨʠʩ. 3.3.10 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʜʣʷ ʬʫʥʢʮʠʡ wi. ʌʫʥʢʮʠʷ wi
 ʥʦʩʠʪ 

ʥʘʟʚʘʥʠʝ ʙʘʟʠʩʥʦʡ. ɽʩʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ !h  ʚ ʚʠʜʝ (3.3.25) 

ʧʦʜʩʪʘʚʠʪʴ ʚ ʫʨʘʚʥʝʥʠʝ (3.2.23), ʦʥʦ ʙʫʜʝʪ ʨʝʰʝʥʦ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ e  : 
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ʈʠʩ.3.3.10. 

 

ɸʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ( x y,  ) ʠ ʚʨʝʤʝʥʠ 

t  ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʳ ʚʳʙʠʨʘʝʤ ʜʣʷ h t i Ni ( ) ( ,..., ). 1=   

ʊʝʧʝʨʴ ʧʝʨʝʭʦʜʠʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʠʟʚʝʩʪʥʳʭ h t h tN1( ),..., ( ) , ʧʨʠ ʢʦʪʦʨʳʭ 

e ʩʪʘʥʦʚʠʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʪʨʝʙʦʚʘʥʠʠ 

min   2 ­ñ
W

dydxe                                            (3.3.27) 

ʜʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t  ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤʫ 

ʤʦʜʝʣʠʨʫʝʤʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʣʘʩʪʴ 

 W ʚ ʧʣʦʩʢʦʩʪʠ (x y, ) ʩ ʛʨʘʥʠʮʝʡ ɻ (ʩʤ.ʨʠʩ.3.3.1).  ʉʫʱʝʩʪʚʫʶʪ, ʦʜʥʘʢʦ, 

ʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʝ ʩʧʦʩʦʙʳ ʤʠʥʠʤʠʟʘʮʠʠ e.  ɽʩʣʠ ʙʳ ʤʳ ʤʦʛʣʠ ʚʳʙʨʘʪʴ 

ʥʝʠʟʚʝʩʪʥʳʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ, ʪʘʢʠʝ ʢʘʢ 

e   =  0fdx dy
W

ñ  ,                                              (3.3.28) 

ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ),,( yxf  ʪʦʛʜʘ e ʙʳʣʦ ʙʳ ʙʣʠʟʢʦ ʢ ʥʫʣʶ, 

ʘ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ (3.3.25) ʙʳʣʦ ʙʳ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ. ʊʘʢ ʢʘʢ ʫ ʥʘʩ 
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ʪʦʣʴʢʦ N  ʥʝʠʟʚʝʩʪʥʳʭ, ʤʳ ʤʦʞʝʤ ʥʘʣʦʞʠʪʴ ʪʦʣʴʢʦ N  ʫʩʣʦʚʠʡ ʥʘ e, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʙʫʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ (3.3.28) ʜʣʷ ʬʫʥʢʮʠʡ f i
.  ɻʘʣʝʨʢʠʥ 

ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ wi
 ʚʤʝʩʪʦ N  ʬʫʥʢʮʠʡ f i

, 

ʩʦʙʣʶʜʘʷ : 

ñ
W

= Nidydxi ,...,1 ʧʨʠ      0 =     we .                                             (3.3.29) 

ʇʦʜʩʪʘʚʣʷʷ e ʠʟ ʫʨʘʚʥʝʥʠʷ (3.3.26), ʤʳ ʧʦʣʫʯʘʝʤ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʜʣʷ N  ʥʝʠʟʚʝʩʪʥʳʭ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ h ti ( ) . 
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ʜʣʷ   i N=1,..., . 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ɻʨʠʥʘ, ʧʝʨʚʳʝ ʜʚʘ ʯʣʝʥʘ ʤʦʞʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʧʦ ʯʘʩʪʷʤ, ʧʦʣʫʯʠʚ: 
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ʛʜʝ Gn
C

 - ʥʦʨʤʘʣʴ ʢ ʛʨʘʥʠʮʝ ɻ, ʠ ds - ʜʠʬʬʝʨʝʥʮʠʘʣ ʜʣʠʥʳ ʧʦʪʦʢʘ ʚʜʦʣʴ 

ʛʨʘʥʠʮʳ. ʇʦʩʣʝʜʥʠʡ ʯʣʝʥ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥ ʥʫʣʶ, ʝʩʣʠ ʫʟʝʣ i  ʥʝ ʣʝʞʠʪ 

ʥʘ ʛʨʘʥʠʮʝ ɻ , ʢʘʢ ʚ ʩʣʫʯʘʝ wi  , ʢʦʛʜʘ ʦʥ ʨʘʚʝʥ ʥʫʣʶ ʧʦ ʚʩʝʡ ʛʨʘʥʠʮʝ ɻ. ɽʩʣʠ 

ʫʟʝʣ i  ʣʝʞʠʪ ʥʘ ʛʨʘʥʠʮʝ ɻ, ʪʦ ʛʨʘʥʠʯʥʳʡ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 
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                      (3.3.32) 

ʛʜʝ   qn  - ʝʜʠʥʠʯʥʳʡ ʧʨʠʪʦʢ ʯʝʨʝʟ ʛʨʘʥʠʮʫ. 

ɺ ʫʟʣʘʭ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ ʠʥʪʝʛʨʘʣʳ ʥʘʭʦʜʠʪʴ ʥʝ ʥʫʞʥʦ, ʪʘʢ ʢʘʢ 

ʥʘʧʦʨ ʫʞʝ ʠʟʚʝʩʪʝʥ ʠ 

h t f ti ( ) ( ) =                                                  (3.3.33) 

ʟʘʤʝʥʷʝʪ ʫʩʣʦʚʠʝ (3.3.31). ʈʘʩʩʤʦʪʨʝʚ i -ʪʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ 

(3.3.31), ʤʳ ʚʠʜʠʤ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʚʠʜ: 

0 =  - 
 

 
 + 

1 1
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jijji F
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h
RhPä ä

= = µ

µ
                                (3.3.34) 

ʠʣʠ 
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ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʫʩʣʦʚʠʝʤ ʪʠʧʘ (3.3.33) 

ʠ ʛʜʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

I -ʪʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʥʝ ʨʘʚʥʳʝ ʥʫʣʶ ʚʝʣʠʯʠʥʳ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʫʟʝʣ i  ʢʘʢ ʫʛʣʦʚʫʶ ʪʦʯʢʫ. ʇʦʵʪʦʤʫ ʤʳ ʤʦʞʝʤ 

ʫʤʝʥʴʰʠʪʴ ʦʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʜʦ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʫʟʝʣ i . 

ʇʦʣʥʳʡ ʠʥʪʝʛʨʘʣ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥ ʥʘ ʩʫʤʤʫ ʠʥʪʝʛʨʘʣʦʚ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ wi  ʥʝ ʨʘʚʥʘ ʥʫʣʶ. I - ʪʦʝ ʫʨʘʚʥʝʥʠʝ 

ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʶʪ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʚʢʣʘʜʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ.  ʇʦʜʩʪʘʚʣʷʷ 

w ʌi i

e= ä 
e=1

M

                                                   (3.3.36) 

ʠ ʠʥʪʝʛʨʠʨʫʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʤʘʪʨʠʮʳ ʵʣʝʤʝʥʪʦʚ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 

ñ ö
ö

÷

õ

æ
æ

ç

å
=

e

e

j
e

ie

e

j
e

iee

ji dydx
y

ʌ

y

ʌ
T

x

ʌ

x

ʌ
TP ;  

 

 

 

 
 +

 

 

 

 
, 

µ

µ

µ

µ

µ

µ

µ

µ
                   

ñ ñ

ñ

G

=

= *

e

n

e

i

e

i

e

i

e

e

j

e

i

ee

ji

e

dsqʌdydxʌqF

dydxʌʌR

   +    

;     , m

    (3.3.37) 

ʜʣʷ ʵʣʝʤʝʥʪʘ e , ʩʦʜʝʨʞʘʱʝʛʦ ʫʟʣʳ i j,  ʠ 0  0;  0;  , === e

i

e

ji

e

ji ʌRP  ʜʣʷ ʚʩʝʭ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʘʪʨʠʮʳ P R F, ,  ʠ  ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮ 

ʵʣʝʤʝʥʪʦʚ. ʊʘʢ ʢʘʢ ʤʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʱʠʤʠ ʠʥʜʝʢʩʘʤʠ, ʩʙʦʨʢʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʦʩʪʦ ʚ ʩʫʤʤʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ 

äää ===
M

=1e

M

=1e

 ,, 

M

=1e

,  , .    ;    ; e

ii

e

jiji

e

jiji FFRRPP                        (3.3.38) 

ɺʩʝ ʠʥʪʝʛʨʘʣʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʚ (3.3.37), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ (ʥʘʧʨʠʤʝʨ, ʇʠʥʜʝʨ, ɻʨʝʡ, 1977): 
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( )( )( ) ( )

( )( ) ( )

( ) ( ). + 0,5 =                         

:,ʦ,  ʧʨʠ   12/  =   

 ʜʣʷ 1 , ʜʣʷ 2:ʩʣʫʯʘʝʧʨʦʪʠʚʥʦʤ
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ɽʩʣʠ ʚ ʣʶʙʦʤ ʠʥʪʝʛʨʘʣʝ ʫʟʝʣ i  ʠʣʠ ʫʟʝʣ j  ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʵʣʝʤʝʥʪʝ 

e, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ. 

ʇʦʜʩʪʘʚʣʷʷ (3.3.39) ʚ (3.3.37), ʫʚʠʜʠʤ, ʯʪʦ e

jiP  ,  ʠʜʝʥʪʠʯʥʦ ʤʘʪʨʠʮʝ Ei j

e

 

, ʢʦʪʦʨʫʶ ʤʳ ʧʦʩʪʨʦʠʣʠ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ. 
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   (3.3.40) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʫʟʣʦʚ i j k, ,   ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ ʚʤʝʩʪʦ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ ʤʝʥʷʝʪ ʪʦʣʴʢʦ ʟʥʘʢ De. ʇʦʵʪʦʤʫ ʧʦʨʷʜʦʢ 

ʫʟʣʦʚ ʚ ʵʣʝʤʝʥʪʝ ʤʦʞʥʦ ʥʝ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʝʩʣʠ ʤʳ ʭʦʪʠʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʙʩʦʣʶʪʥʫʶ ʚʝʣʠʯʠʥʫ ʚ (3.3.40). 

ʄʘʪʨʠʮʘ e

jiR  ,  ʧʦʣʫʯʝʥʘ ʧʨʷʤʦʡ ʧʦʜʩʪʘʥʦʚʢʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
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ʬʦʨʤʫʣ ʚ (3.3.39) ʩ ʨʝʟʫʣʴʪʘʪʦʤ: 

24./   =  ,, 

e

ji

eee

ji DR bm*                                        (3.3.41) 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʯʣʝʥ Fi

e . ɽʩʣʠ ʠʥʬʠʣʴʪʨʘʮʠʷ 

(ʠʩʧʘʨʝʥʠʝ) ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, q , ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʘ ʧʦ ʵʣʝʤʝʥʪʫ 

e, ʪʦ ʠʥʪʝʛʨʘʣ ʫʯʠʪʳʚʘʝʪ ʪʨʝʪʴ ʚʩʝʛʦ ʧʦʪʦʢʘ ʚ ʫʟʣʝ i . 

.3/12/      ñ D==
ʝ

ee

ii

e

i qFDqdydxqʌ b                              (3.3.42) 

ɽʩʣʠ q  ʧʨʝʜʩʪʘʚʣʷʝʪ ʝʜʠʥʠʯʥʳʡ ʨʘʩʭʦʜ ʠʣʠ ʧʠʪʘʥʠʝ ʚ ʤʝʩʪʝ ( )x yw w,  

ʚ ʵʣʝʤʝʥʪʝ e  

( )( ),    ww yyxxQq --= dd                                     (3.3.43) 

ʪʦ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ Fi

e  ʚʳʨʘʞʘʝʪʩʷ 

( )( ) =--ñ dydxyyxxQʌ ww

e

e

i    dd                                 

( )( ) ( )( ) ./ +  + e

wjkwkjjkkj DyxxxyyyxyxQ ---=    (3.3.44) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʬʠʣʴʪʨʘʮʠʷ/ʠʩʧʘʨʝʥʠʝ ʜʝʣʠʪʩʷ ʤʝʞʜʫ ʪʨʝʤʷ 

ʫʟʣʘʤʠ ʵʣʝʤʝʥʪʘ e ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʩʪʦʷʥʠʶ ( , )x yw w  ʦʪ ʫʛʣʦʚʳʭ ʫʟʣʦʚ.  

ɽʩʣʠ ( , )x yw w  ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ ʫʟʣʘ ( , )x yi i , ʤʳ ʥʝ ʟʥʘʝʤ, ʢ ʢʘʢʦʤʫ 

ʵʣʝʤʝʥʪʫ ʝʛʦ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ. ʅʦ ʢʘʢ ʪʦʣʴʢʦ ʩʫʤʤʘ ʚʢʣʘʜʦʚ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʫʟʝʣ i , ʧʦʷʚʣʷʝʪʩʷ ʚ i -ʪʦʤ ʫʟʣʦʚʦʤ ʫʨʘʚʥʝʥʠʠ, ʤʳ ʤʦʞʝʤ 

ʦʪʥʝʩʪʠ ʝʛʦ ʢ ʣʶʙʦʤʫ ʠʟ ʥʠʭ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʯʠʪʘʝʤ ʝʛʦ ʢʘʢ ʚʢʣʘʜ ʜʨʫʛʦʛʦ 

ʵʣʝʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʫʟʝʣ i . 

ɻʨʘʥʠʯʥʘʷ ʯʘʩʪʴ ʠʥʪʝʛʨʘʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʝʩʣʠ ʫʟʝʣ ʥʝ ʣʝʞʠʪ ʥʘ ʛʨʘʥʠʮʝ 

ʚʪʦʨʦʛʦ ʨʦʜʘ.  ɽʩʣʠ ʞʝ ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʛʨʘʥʠʮʝ, ʪʦ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʦʜʥʫ 

ʠʣʠ ʜʚʝ ʩʪʦʨʦʥʳ, ʦʙʱʠʝ ʩ ʛʨʘʥʠʮʝʡ ʦʙʣʘʩʪʠ ɻ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ ʦʙʱʫʶ ʩʪʦʨʦʥʫ ʩ ʛʨʘʥʠʮʝʡ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ʇʨʠʥʠʤʘʷ, ʯʪʦ qn  ʨʘʩʧʨʝʜʝʣʸʥ ʧʦ ʵʪʦʡ ʩʪʦʨʦʥʝ ʨʘʚʥʦʤʝʨʥʦ, ʚʳʚʦʜʠʤ 

ʠʥʪʝʛʨʘʣ 

q wds Lqn i n  0,5=ñ  ,                                         (3.3.45) 

ʛʜʝ L  - ʜʣʠʥʘ ʩʪʦʨʦʥʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʚʩʝʛʦ ʧʦʪʦʢʘ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʛʨʘʥʠʮʝ ʩʪʦʨʦʥʫ, ʦʪʥʦʩʠʪʩʷ 

ʢ ʫʟʣʫ i . ɽʩʣʠ ʜʚʝ ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʘ i  ʩʦʚʧʘʜʘʶʪ ʩ ʛʨʘʥʠʮʝʡ ʚʪʦʨʦʛʦ ʨʦʜʘ, 

ʪʦ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʦʙʘʚʣʷʝʪʩʷ ʚʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ (3.3.45). ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʥʝʝ ʬʦʨʤʘʣʴʥʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʦ ʜʝʣʝʥʠʠ 

ʛʨʘʥʠʯʥʳʭ ʧʦʪʦʢʦʚ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʠʞʘʡʰʠʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʟʣʘʤʠ. 

ʉʫʤʤʠʨʫʷ ʚʩʝ ʪʨʠ ʪʠʧʘ ʚʢʣʘʜʦʚ - (3.3.42), (3.3.44) ʠ (3.3.45) ʠ ʚʩʝ 

ʵʣʝʤʝʥʪʳ e, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʫʟʝʣ i , ʤʳ ʧʦʣʫʯʘʝʤ, ʢʘʢ ʠ ʧʨʝʞʜʝ, 
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ʩʫʤʤʘʨʥʳʡ ʧʨʠʪʦʢ ʢ ʫʟʣʫ Fi
. 

ʋʨʘʚʥʝʥʠʷ (3.3.34) ʩʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʫ ʦʙʳʯʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʭ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ, 

ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʟʘʤʝʥʷʷ ʧʨʦʠʟʚʦʣʴʥʫʶ ʧʦ ʚʨʝʤʝʥʠ 

ʨʘʟʥʦʩʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ: 

( ) () 0./)()+(()( + ))'()(( =-D-D FtthtthRthP                      (3.3.46) 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 't ʤʳ ʚʥʦʚʴ ʧʦʣʫʯʘʝʤ ʷʚʥʫʶ )'( tt =  ʠʣʠ 

ʥʝ̫ʚʥʫʶ )+'( ttt D=  ʩʭʝʤʫ. ʅʝ ʩʪʘʥʝʤ ʧʫʩʢʘʪʴʩʷ ʚ ʦʙʩʫʞʜʝʥʠʝ ʷʚʥʳʭ ʩʭʝʤ, 

ʪʘʢ ʢʘʢ ʟʥʘʝʤ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʧʨʦʙʣʝʤʳ (ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʨʘʟʥʦʩʪʝʡ - ʨʘʟʜʝʣ 3.2 ). ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʥʝʷʚʥʘʷ ʩʭʝʤʘ ʜʘʝʪ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ 

( ) ( ) ),(+)((/)())+(()(+/)( FthRtthPtR aD=DD                     (3.3.47) 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ ʜʣʷ ʠʟʚʝʩʪʥʦʛʦ h ti ( )  ʤʝʪʦʜʦʤ, ʦʙʩʫʞʜʘʝʤʳʤ ʚ 

ʨʘʟʜʝʣʝ 3.2, c ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ).+( tthi D  ʅʘʯʘʚ ʩ ʠʩʭʦʜʥʳʭ 

ʫʩʣʦʚʠʡ h t( )0 , ʫʨʘʚʥʝʥʠʝ (3.3.47) ʤʦʞʥʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʦ ʣʶʙʦʛʦ 

ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʙʱʸʥʥʦʡ ʩʭʝʤʳ ʫʨʘʚʥʝʥʠʷ (3.2.12), ʛʜʝ )'(th  

ʟʘʤʝʥʷʝʪʩʷ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤ, 

1,   < 0        ; )+( +)( ) 1()'( ¢D-= qqq tththth              (3.3.48)  

ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3.3.46) ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ: 

[ ][ ][ ][ ] ).(+)())( 1(/)()+(/)(+)( FthPtRtthtRP qq --D=DD          (3.3.49) 

ɽʩʣʠ ʤʘʪʨʠʮʳ tRP D/)(  ʠ )(  ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ tD 

ʧʦʩʪʦʷʥʝʥ, ʪʦ ʤʝʪʦʜʠʢʘ ʧʦʰʘʛʦʚʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʩʪʘ. ʄʘʪʨʠʮʳ ʧʝʨʝʜ 

))(( ʠ ))+(( thtth D  ʥʫʞʥʦ ʣʠʰʴ ʦʜʠʥ ʨʘʟ ʨʘʩʩʯʠʪʘʪʴ. 

ʇʨʦʛʨʘʤʤʘ 9-2 ʨʝʰʘʝʪ ʫʨʘʚʥʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 

ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ. ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʦʛʨʘʤʤʘ 9-1 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʚʦʜʘ ʜʘʥʥʳʭ. ʆʥʘ ʩʪʨʦʠʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʩʝʪʢʫ ʠʟ ʫʟʣʦʚ 

ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ. ʂʘʞʜʦʝ ʧʨʷʤʦʫʛʦʣʴʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʝʪʢʠ ʜʝʣʠʪʩʷ ʟʘʪʝʤ ʜʠʘʛʦʥʘʣʴʶ ʥʘ ʜʚʘ ʪʨʝʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ɻʘʣʝʨʢʠʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʙʱʥʦʩʪʴ. ʄʳ ʤʦʞʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʠ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ. ʆʜʥʘʢʦ, ʠʥʪʝʛʨʘʣʳ ʧʦ ʵʣʝʤʝʥʪʘʤ ʥʝʣʴʟʷ 

ʨʘʩʩʯʠʪʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʀʭ ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʯʠʩʣʝʥʥʳʤ ʧʫʪʸʤ ʧʦ ʤʝʪʦʜʫ 

ɻʘʫʩʩʘ. 

ʅʘ ʨʠʩ. 3.3.11 ʧʦʢʘʟʘʥʳ ʯʝʪʳʨʸʭʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʦʧʠʩʘʥʥʦʤ 
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ʩʣʫʯʘʝ ʬʫʥʢʮʠʶ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʟ ʨʘʟʜʝʣʘ 3.2.6 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ. ɽʩʣʠ 

ʞʝʣʘʪʝʣʴʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝ 

ʫʟʣʦʚ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʤʝʥʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʪʦʯʝʢ. ʕʪʦ ʥʝ ʚʥʦʩʠʪ 

ʠʟʤʝʥʝʥʠʷ ʚ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ. ɽʜʠʥʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʪʨʠʮʳ ʵʣʝʤʝʥʪʦʚ ʙʫʜʫʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʤʘʪʨʠʮʳ. ʊʦ ʞʝ ʙʫʜʝʪ ʚʝʨʥʦ ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʨʸʭʤʝʨʥʦʤʫ 

ʩʣʫʯʘʶ, (ʥʘʧʨʠʤʝʨ, ʇʠʥʜʝʨ, ɻʨʝʡ, 1977). 

 

ʈʠʩ.3.3.11. 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʪʦʜʘ ʥʘ ʜʨʫʛʠʝ ʪʠʧʳ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʘʪʨʫʜʥʝʥʠʡ. 

ɸʥʠʟʦʪʨʦʧʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʚʝʩʪʠ ʘʥʠʟʦʪʨʦʧʠʶ, ʥʘʯʠʥʘʝʤ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ ʧʦʪʦʢʘ ʠ ʩʣʝʜʫʝʤ ʤʝʪʦʜʠʢʦʡ ɻʘʣʝʨʢʠʥʘ.  ɺʤʝʩʪʦ ʯʣʝʥʦʚ 
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ʆʥʠ, ʦʜʥʘʢʦ, ʧʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʤʘʪʨʠʮʝ ( ),P   ʛʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʠʤ ʠʥʪʝʛʨʘʣʳ ʜʘʶʪ ʯʣʝʥʳ 
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ʚ ʤʘʪʨʠʮʝ ʵʣʝʤʝʥʪʦʚ ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʡ (3.3.40). 
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ɹʝʟʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. 

ɼʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʫʨʘʚʥʝʥʠʝ ʨʝʰʘʝʪʩʷ 

ʟʘʤʝʥʦʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ Teʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʠʣʴʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ k f

e  ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʘ ʚ ʵʣʝʤʝʥʪʝ, 

( )
.

3

++ e

fkjikjie
kbbbhhh

T
---

=                                   (3.3.51) 

ʇʦʣʫʯʝʥʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʨʝʰʘʶʪ ʠʪʝʨʘʪʠʚʥʦ 

ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 3.2 ʤʝʪʦʜʠʢʝ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʪʝʧʝʨʴ ʤʘʪʨʠʮʳ ( ) ( )P R ʠ  ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʳ ʟʘʥʦʚʦ. ʕʬʬʝʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠʛʨʘʝʪ ʩʝʡʯʘʩ ʨʦʣʴ 

ʠʭ ʚʦʜʦʦʪʜʘʯʠ. 

ʋʯʪy ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ: 

ʈʘʩʭʦʜ ʧʝʨʝʪʝʢʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ɻʘʣʝʨʢʠʥʘ ʧʨʠʙʘʚʣʷʶʪ ʢ ʯʣʝʥʫ 
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ʚ ʫʨʘʚʥʝʥʠʠ ʬʠʣʴʪʨʘʮʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʯʣʝʥʳ ʚ i -ʪoʤ ʫʟʣʦʚʦʤ ʫʨʘʚʥʝʥʠʠ 

ʦʮʝʥʠʚʘʶʪʩʷ ʜʣʷ ʩʣʫʯʘʷ h br² :  
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ʇʝʨʚʳʡ ʯʣʝʥ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʣʷʶʱʝʡ ( )F , ʚʪʦʨʦʡ - ( )( )P h . ʄʳ 

ʨʘʟʣʠʯʘʝʤ ʪʨʠ ʩʣʫʯʘʷ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʪʝʢʘʥʠʷ ? ʠ ʦʪʤʝʪʢʘ ʚʦʜʳ ʚ ʨʝʢʝ hr, ʧʦʩʪʦʷʥʥʳ ʧʦ ʚʩʝʤʫ ʵʣʝʤʝʥʪʫ. 

ʊʦʛʜʘ (3.3.53) ʜʘʝʪ 
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e

ji  , b -ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ (3.3.39). 

ɽʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʝʢʘʥʠʷ ʥʝ ʨʘʚʝʥ ʥʫʣʶ ʧʦ ʦʯʝʥʴ ʤʘʣʦʡ 

ʧʣʦʱʘʜʠ Ai, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʚʦʢʨʫʛ ʫʟʣʘ i , ʛʜʝ wi  ʨʘʚʥʘ 1, ʪʦ ʚ 

ʠʥʪʝʛʨʘʣʳ ʤʦʞʥʦ ʪʦʛʜʘ ʟʘʧʠʩʘʪʴ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʝʨʝʪʝʢʘʥʠʷ ʚ ʚʠʜʝ 

,    , iiiiriii hAhAF ?? -=                                           (3.3.55) 
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ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʤʦʡ ʥʘʤ ʬʦʨʤʦʡ ʠʟ ʨʘʟʜʝʣʘ 3.2.5.  ɽʩʣʠ ʤʝʩʪʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʪʝʢʘʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʫʟʣʦʤ, ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦ ʩʦʩʝʜʥʠʤ ʫʟʣʘʤ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʫʨʘʚʥʝʥʠʶ (3.3.43). 

ʈʝʢʫ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ, ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ, ʨʘʩʧʦʣʘʛʘʷ ʧʦ ʦʩʠ ʨʝʢʠ 

ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʝʯʝʥʠʝ ʨʝʢʠ ʤʝʞʜʫ ʫʟʣʘʤʠ i j ʠ  ʫʯʘʩʪʢʘ  

A ʠ ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʪʝʢʘʥʠʷ ?.  ɽʩʣʠ ʦʪʤʝʪʢʘ ʫʨʦʚʥʷ ʚʦʜʳ 

hr
 ʨʘʩʧʨʝʜʝʣʝʥʘ ʣʠʥʝʡʥʦ ʤʝʞʜʫ hr i,  ʚ ʫʟʣʝ i  ʠ hr j,

 ʚ ʫʟʣʝ j , ʪʦ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ( )F  ʚ ʩʠʩʪʝʤʘʭ i -ʪʳʭ ʠ j -ʪʳʭ ʫʨʘʚʥʝʥʠʡ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ: 

ʩʦʩʪʘʚʣʷʶʱʘʷ 6;/ - /3 - 6/ + 3/ : ,, jijriri AhAhAhAhF ????      (3.3.56) 

ʩʦʩʪʘʚʣʷʶʱʘʷ   6./ - 3/ - 6/ + 3/ : ,, ijirjrj AhAhAhAhF ????  

ɿʘʤʝʯʘʥʠʝ ʦ ʥʝʣʠʥʝʡʥʦʩʪʠ ʯʣʝʥʘ ʧʝʨʝʪʝʢʘʥʠʷ ʚ ʨʘʟʜʝʣʝ 3.2.5 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʸ ʟʥʘʯʝʥʠʝ ʠ ʩʝʡʯʘʩ. ɻʨʘʥʠʮʳ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʫʯʠʪʳʚʘʶʪʩʷ 

ʟʘʤʝʥʦʡ ʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʫʟʣʘʤʠ ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʜʨʫʛʠʤʠ 

ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 

ʇʈʆɻʈɸʄʄɸ  9-1 

ʎʝʣʴ: ʧʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ 9-1 ʚ ʚʠʜʝ ʬʘʡʣʘ       

ʜʘʥʥʳʭ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʇʨʦʛʨʘʤʤʘ ʩʦʟʜʘʸʪ ʨʘʟʙʠʚʢʫ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ ʪʨʝʫʛʦʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʠʣʠ ʨʘʟʣʠʯʥʳʤʠ 

ʩʪʦʨʦʥʘʤʠ ʠ ʜʝʣʝʥʠʝʤ ʢʘʞʜʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʷʯʝʡʢʠ ʥʘ ʜʚʘ ʪʨʝʫʛʦʣʴʥʠʢʘ. 

ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪ ʥʫʤʝʨʘʮʠʶ ʫʟʣʦʚ ʠ ʩʦʟʜʘʪy 

ʠʥʮʠʜʝʥʪʥʫʶ ʤʘʪʨʠʮʫ ʚ ʧʦʨʷʜʢʝ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 3.3.12. 

ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʚʦʜ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʚʝʣʠʯʠʥʘʭ ʧʨʠʪʦʢʘ/ʦʪʪʦʢʘ. ʇʨʦʛʨʘʤʤʘ ʫʜʦʙʥʘ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʳʩʪʨʳʡ ʚʚʦʜ ʢʦʦʨʜʠʥʘʪ 

ʫʟʣʦʚ ʠ ʠʥʮʠʜʝʥʪʥʦʡ ʤʘʪʨʠʮʳ, ʪ.ʝ. ʜʣʷ ʨʘʙʦʪʳ, ʫʪʦʤʠʪʝʣʴʥʦʡ ʧʨʠ 

ʧʦʣʥʦʩʪʴʶ ʥʝʧʨʘʚʠʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʝʪʢʠ. ɺ ʧʨʦʛʨʘʤʤʝ, ʦʜʥʘʢʦ, ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʠʙʢʦʩʪʴ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʉʦʚʝʪʫʝʤ ʯʠʪʘʪʝʣʶ 

ʚʠʜʦʠʟʤʝʥʠʪʴ ʧʨʦʛʨʘʤʤʫ ʩ ʪʝʤ, ʯʪʦʙʳ ʦʥʘ ʧʦʜʭʦʜʠʣʘ ʜʣʷ ʩʝʪʦʢ ʙʦʣʝʝ 

ʦʙʱʝʛʦ ʚʠʜʘ ʠ ʜʣʷ ʚʚʦʜʘ ʛʨʘʬʠʢʦʚ ʦʪʢʘʯʢʠ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʦʨʘ ʚʦ ʚʨʝʤʝʥʠ. ɺʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ.  

ʇʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʦʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʳ.  ʇʦʤʠʤʦ ʚʚʦʜʠʤʳʭ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʘʭ 7 ʠ 8, ʥʝʦʙʭʦʜʠʤʳ ʧʘʨʘʤʝʪʨʳ 

ʝʤʢʦʩʪʠ ʠ ʚʨʝʤʝʥʠ. ʇʦʣʥʳʡ ʬʘʡʣ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʨʘʤʤʳ 9-2 ʟʘʧʠʩʘʥ ʥʘ 

ʜʠʩʢ. 
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ʈʠʩ.3.3.12. ʅʫʤʝʨʘʮʠʷ ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 9-1 
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ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1040-1090:   ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʠ: 

            NX NY,  - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x y ʠ   

            DX DY,  - ʨʘʩʩʪʦʷʥʠʷ ʧʦ ʩʝʪʢʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ x y ʠ 

. 

ɽʩʣʠ DX  ʠʣʠ DY ʧʨʠʨʘʚʥʝʥʳ ʢ ʥʫʣʶ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ             

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤʠ             

ʠʥʪʝʨʚʘʣʘʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ             

ʥʘʧʨʘʚʣʝʥʠʠ. 

1100-1110:   ʈʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ, N  ʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ, M . 

1130-1340:   ʈʘʩʯʸʪ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚX i Y i i N( ), ( ),( ,..., )=1 . 

1130-1180:   ʈʘʩʯʸʪ ʢʦʦʨʜʠʥʘʪ x y ʠ  ʪʦʯʝʢ ʩʝʪʢʠ ʚʜʦʣʴ ʦʩʝʡ x y ʠ . 

1190-1230, 

1240-1270:   

ɺʚʦʜ ʥʝʨʝʛʫʣʷʨʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʦ ʩʝʪʢʝ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ             
yx  ʠ  ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ y  ʠ/ʠʣʠ 

x . 

1280-1340:   ʈʘʩʯʸʪ ʦʩʪʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚ. 

1350-1510:   ʈʘʩʯʸʪ ʠʥʮʠʜʝʥʪʥʦʡ ʤʘʪʨʠʮʳ )1,2,3,,,...,1(),,%( == kMjkjIN . 

1520-1550:   ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠʪʝʨʘʮʠʠ: IM RE ER, ,  (ʢʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 7). 

1560-1700:   ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʥʘʧʦʨʦʚ H i i N0( ), ( ,..., ) 1= . ʉʥʘʯʘʣʘ ʚʩʝʤ 

ʫʟʣʘʤ ʧʨʠʜʘʸʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʟʥʘʯʝʥʠʝ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʯʠʩʣʦ ʠʩʢʣʶʯʝʥʠʡ ʠ ʚʚʦʜʷʪʩʷ ʥʦʤʝʨʘ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ 

ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʦʚ. 

1710-1810:   ɺʚʦʜ ʛʨʘʥʠʮ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ.  ɺʚʦʜʷʪ ʦʙʱʝʝ ʯʠʩʣʦ 

ʛʨʘʥʠʮ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʦʤʝʨʘ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʦʚ. ʊʠʧ ʛʨʘʥʠʮʳ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʤʘʩʩʠʚʝ TY i i N TY i%( ), ,..., .( %( )= >1 0  ʜʣʷ 

ʫʟʣʦʚ c ʟʘʜʘʥʥʳʤʠ ʥʘʧʦʨʘʤʠ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ - 0 ).  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʦʚ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ   
H i0( ).  

1820-1960:   ɺʚʦʜ ʧʨʠʪʦʢʦʚ/ʦʪʪʦʢʦʚ Q i i N( ), ( ,..., ) 1= . ʇʨʝʞʜʝ, ʯʝʤ             

ʚʚʝʩʪʠ ʚʩʝ ʧʨʠʪʦʢʠ/ʦʪʪʦʢʠ ʥʘ ʛʨʘʥʠʮʝ, ʘ ʪʘʢʞʝ             

ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʠʥʬʠʣʴʪʨʘʮʠʶ/ʠʩʧʘʨʝʥʠʝ, ʠʭ ʧʨʝʦʙʨʘʟʫʶʪ ʚ             

ʫʟʣʦʚʳʝ ʧʦʪʦʢʠ: ʨʘʩʭʦʜʳ ʥʘʛʥʝʪʘʥʠʷ ʩʯʠʪʘʶʪʩʷ             

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʦʪʢʘʯʢʠ - ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. 

1970-2120:   ʚʚʦʜ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ, TT i i M( ), ( ,..., ). 1= .  ʆʥ ʩʣʝʜʫʝʪ ʟʘ 

ʚʚʦʜʦʤ ʠʩʭʦʜʥʳʭ ʥʘʧʦʨʦʚ.  ʉʥʘʯʘʣʘ ʚʚʦʜʷʪ ʩʪʘʥʜʘʨʪʥʦʝ             

ʟʥʘʯʝʥʠʝ, ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʠʩʢʣʶʯʝʥʠʷ. ʊʘʢ ʢʘʢ             

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ - ʵʪʦ ʩʚʦʡʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ             

ʦʧʨʝʜʝʣʠʪʴ ʥʦʤʝʨʘ ʠ ʟʥʘʯʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

2120-2260:   ɺʚʦʜ ʚʦʜʦʦʪʜʘʯʠ, m  1
* =( ), ( ,..., )i i M , ʘʥʘʣʦʛʠʯʝʥ ʚʚʦʜʫ             

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʪʘʢ ʢʘʢ ʚʦʜʦʦʪʜʘʯʘ ʪʘʢʞʝ ʩʯʠʪʘʝʪʩʷ             
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ʩʚʦʡʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ. ʇʨʠʨʘʚʥʠʚʘʥʠʝ ʚʩʝʭ ʚʝʣʠʯʠʥ  

ʚʦʜʦʦʪʜʘʯʠ ʢ ʥʫʣʶ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʯʸʪ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʦʪʦʢʘ. 

2270-2290:   ɺʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʚʨʝʤʝʥʠ: ʚʳʙʠʨʘʶʪ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ DT  ʠ            

ʚʨʝʤʝʥʠ TM, ʜʦ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.   

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠʨʘʚʥʷʝʤ DT TM=  ʧʨʠ            

ʧʨʦʠʟʚʦʣʴʥʦʤ ʟʥʘʯʝʥʠʠ (> 0). 

2300-2450:   ɿʘʧʠʩʴ ʬʘʡʣʘ ʜʘʥʥʳʭ ʥʘ ʜʠʩʢ. 

 

ʇʈʆɻʈɸʄʄɸ 9-2: 

 

ʎʝʣʴ: ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʦʢʘ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ:  

ʂʘʢ ʚ ʧʨʦʛʨʘʤʤʝ 9-1, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʬʘʡʣ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʳ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ,L ; 

- ʥʘʠʙʦʣʴʰʘʷ ʢʦʨʨʝʢʮʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʘ, DF, ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʠʪʝʨʘʮʠʠ; 

-  ʚʨʝʤʷ,t ; 

- ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ, H i( ) , ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ, 

(i=1,..., N); 

- ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ, X i Y i i N( ), ( ),( )=1,..., . 

ʂʦʥʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʦʨʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʥʘ ʜʠʩʢʝ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʳ 10. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʧʝʨʝʤʝʥʥʦʡ ʚʨʝʤʝʥʠ ʧʦ ʧʦʣʥʦʩʪʴʶ 

ʥʝʷʚʥʦʡ ʩʭʝʤʝ. ʋʨʘʚʥʝʥʠʷ ʜʣʷ ʫʟʣʦʚ ʨʝʰʘʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ɻʘʫʩʩʘ-ɿʝʡʜʝʣʷ 

ʩ ʨʝʣʘʢʩʘʮʠʝʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ  

ʨʘʩʯʸʪ ʨʘʟʚʠʪʠʷ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʚʦ ʚʨʝʤʝʥʠ, ʥʘʯʠʥʘʷ ʩ 

ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʛʨʘʥʠʮʝ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʪʦʢʘ 

(ʦʪʪʦʢʘ). 

 

ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1050-1280:   ɺʚʦʜ ʜʘʥʥʳʭ ʩ ʬʘʡʣʘ ʜʘʥʥʳʭ.  ʀʤʷ ʬʘʡʣʘ ʜʘʥʥʳʭ ʫʢʘʟʘʥʥʦ ʚ             

ʩʪʨʦʢʝ 1060. 

1290-1520:   ʈʘʩʯʸʪ ʜʣʠʥʳ ʩʪʨʦʢʠ (ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 8). 
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1530-1760:   ʈʘʩʯʸʪ ʚʝʢʪʦʨʘ-ʩʪʨʦʢʠ (ʢʘʢ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 8). 

1770-2090:   ʈʘʩʯʸʪ ʤʘʪʨʠʮ tPtRP DD /)( ʠ /)(+)(  ʩ ʫʯʸʪʦʤ             

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʵʣʝʤʝʥʪʘʤ (ʩʪʨʦʢʠ 1800-1970) ʩ ʚʥʝʩʝʥʠʝʤ             

ʠʭ ʚ ʤʘʩʩʠʚʳ P P1 ʠ 2 (ʩʪʨʦʢʠ 1980-2080). 

2110-2430:   ʎʠʢʣ ʚʨʝʤʝʥʠ (ʦʜʠʥ ʰʘʛ ʚʨʝʤʝʥʠ). 

2140-2330:   ʎʠʢʣ ʠʪʝʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʰʘʛʘ ʚʨʝʤʝʥʠ. 

2300:   ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘʧʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʰʘʛʘ             

ʠʪʝʨʘʮʠʠ 

2180-2320:   ʄʝʭʘʥʠʟʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʛʦʥʢʠ ʤʘʪʨʠʮʳ ʚ 

ʧʨʦʮʝʩʩʝ  ʠʪʝʨʘʮʠʠ. 

2340:   ʂʨʠʪʝʨʠʡ ʩʭʦʜʠʤʦʩʪʠ. 

2380:   ʈʘʩʧʝʯʘʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ. 

2390:   ʇʝʨʝʭʦʜ ʥʘ ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʚʨʝʤʝʥʠ, ʝʩʣʠ ʥʝ ʜʦʩʪʠʛʥʫʪʦ             

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2400-2420:   ʀʟʤʝʥʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʥʘʧʦʨʦʚ ʚ ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʰʘʛʘ. ɽʩʣʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʛʨʘʥʠʮʳ ʩ ʟʘʜʘʥʥʳʤʠ,             

ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘʧʦʨʘʤʠ ʠ/ʠʣʠ ʧʨʠʪʦʢ/ʦʪʪʦʢ ʩ             

ʠʟʤʝʥʝʥʠʝʤ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʫʞʥʦ             

ʠʟʤʝʥʠʪʴ. 

2440-2630:   ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʚʨʝʤʝʥʠ TM  ʢʘʢ ʜʠʩʢʦʚʦʛʦ ʬʘʡʣʘ.  ʀʤʷ ʬʘʡʣʘ ʧʦʣʫʯʘʶʪ ʠʟ 

ʠʤʝʥʠ  ʬʘʡʣʘ ʜʘʥʥʳʭ, ʧʨʠʙʘʚʣʷʷ "ERG." 

3000-3130:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʝʯʘʪʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʘʧʦʨʦʚ.  

ʉʪʨʦʢʘ 3100 ʪʨʝʙʫʝʪ ʥʘʞʘʪʠʷ ʣʶʙʦʡ ʢʣʘʚʠʰʠ ʜʣʷ ʚʳʚʦʜʘ 

ʜʘʥʥʳʭ ʥʘ ʜʠʩʧʣʝʡ.  ɽ yʩʣʝʜʫʝʪ ʩʪʝʨʝʪʴ, ʝʩʣʠ ʧʨʦʮʝʩʩ ʨʘʩʯʸʪʘ 

ʥʝ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʤʦʥʠʪʦʨʝ. 

      

ʇʨʠʤʝʥʝʥʠʝ: 

ʄʦʜʝʣʴ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ, ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ 

ʨʠʩ.3.3.13. ʀʩʧʦʣʴʟʦʚʘʥʘ ʩʝʪʢʘ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ 
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ʈʠʩ.3.3.13. ɺʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠ ʩʝʪʢʘ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ 9 

ʩʢʚʘʞʠʥʳ.  ʃʠʥʠʠ ʩʝʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ y ʠʤʝʶʪ ʢʦʦʨʜʠʥʘʪʳ x= 0, 800, 

1100, 1200, 1300, 1500, 1700 ʤ, ʣʠʥʠʠ ʩʝʪʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ x  ʠʤʝʶʪ 

ʢʦʦʨʜʠʥʘʪʳ, y = 0, 500, 600, 700, 1200 ʤ.  ʉʯʸʪ ʫʟʣʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʣʝʚʦʛʦ 

ʥʠʟʰʝʛʦ ʫʛʣʘ ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʩʪʦʣʙʮʘʤ.  ɺ ʫʟʣʝ 18 ʦʪʤʝʯʝʥ ʨʘʩʭʦʜ 0,5 

ʤ3/ʩʝʢ ʚ ʥʘʯʘʣʝ ʦʪʢʘʯʢʠ ʧʨʠ ʚʨʝʤʝʥʠ t  = 0.  ʉʝʚʝʨʥʘʷ ʠ ʶʞʥʘʷ ʛʨʘʥʠʮʳ 

ʥʝʧʨʦʥʠʮʘʝʤʳ.  ɺʦʩʪʦʯʥʳʝ ʠ ʟʘʧʘʜʥʳʝ ʛʨʘʥʠʮʳ - ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ 50 ʤ.  

ʅʘʯʘʣʴʥʳʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʚʦ ʚʩʝʭ ʫʟʣʘʭ ʪʘʢʞʝ ʨʘʚʥʳ 50 ʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʦʜʥʦʨʦʜʝʥ.  ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ 

ʟʘʜʘʥʘ ʨʘʚʥʦʡ 0,1 ʤ2/ʩʝʢ. ɺʦʜʦʦʪʜʘʯʘ ʨʘʚʥʘ 0,001.  ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʘʨʘʤʝʪʨʳ ʠʪʝʨʘʮʠʠ: IM  = 30, ER = 0,05, RE = 1,5.  ʇʨʦʛʨʘʤʤʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʨʘʟʚʠʪʠʝ ʥʘʧʦʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʪʢʘʯʢʠ.  ʂʦʥʝʯʥʦʝ 

ʚʨʝʤʷ TM  ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ TM  = 100, 1000, 10000, 10000, 

100000 ʠ 109 ʩʝʢʫʥʜ. ʅʘʙʣʶʜʘʝʤ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʢʨʠʚʦʡ. 

ʀʟʤʝʥʝʥʠʷ ʥʘʧʦʨʘ ʟʥʘʯʠʪʝʣʴʥʳ ʚʥʘʯʘʣʝ. ɿʘʪʝʤ ʩʢʦʨʦʩʪʴ ʠʭ ʠʟʤʝʥʝʥʠʡ 

ʟʘʤʝʜʣʷʝʪʩʷ. ɾʸʩʪʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚʝʜʸʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʚʨʝʤʝʥʠ t  = 100 

ʩʝʢʫʥʜʘʤ, ʧʦʷʚʣʷʶʪʩʷ ʥʘʧʦʨʳ, ʧʨʝʚʳʰʘʶʱʠʝ 50 ʤ. ʕʪʦ ʬʠʟʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ʃʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦ ʤʝʪʦʜʫ ɻʘʣʝʨʢʠʥʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩ 

ʧʦʤʦʱʴʶ ʙʦʣʝʝ ʤʝʣʢʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ.  ʅʘ ʨʠʩ. 3.3.15 ʧʦʢʘʟʘʥʳ 

ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʧʨʠ ʚʨʝʤʝʥʠ t  = 109 ʩʝʢ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʠʟʦʣʠʥʠʡ. 
 

 

 

 

 

 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 

1 ï ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʘʷ 

ʛʨʘʥʠʮʘ; 

2 ï ʛʨʘʥʠʮʘ ʩ ʟʘʜʘʥʥʳʤ 

ʥʘʧʦʨʦʤ 
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ʊʘʙʣʠʮʘ 3.6 

      ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ 9: ʥʘʧʦʨʳ ʚ ʤ 

                  

ɺʨʝʤʷ (ʩʝʢ): 100 1000 10000 100000 109 

ʋʟʝʣ I    X I( )  (ʤ)   Y I( )  (ʤ)      

1 2 3 4 5 6 7 8 

   1        0        0  50,00  50,00  50,00  50,00  50,00  

   2        0      500  50,00  50,00  50,00  50,00  50,00  

   3        0      600  50,00  50,00  50,00  50,00  50,00  

   4        0      700  50,00  50,00  50,00  50,00 50,00  

   5        0     1200  50,00  50,00  50,00  50,00  50,00  

   6      800        0  50,01  49,97  49,28  49,19  49,13  

   7      800      500  50,01  49,80  49,13  49,04  48,96  

   8      800      600  50,01  49,79  49,13  49,04  48,96  

   9      800      700  50,00  49,80  49,15  49,04  48,97  

  10      800     1200  50,00  49,94  49,29  49,20  49,13  

  11     1100        0  50,07  49,84  49,20  49,11  49,03  

  12     1100      500  49,92  49,28  48,62  48,53  48,44  

  13     1100      600  49,72  49,05  48,41  48,31  48,22  

  14     1100      700  49,89  49,27  48,63  48,53  48,45  
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.3.6 

1 2 3 4 5 6 7 8 

  15     1100     1200  50,03  49,84  49,20  49,11  49,03  

  16     1200        0  50,06  49,83  49,27  49,18  49,08  

  17     1200      500  49,78  49,12  48,53  48,44  48,35  

  18     1200      600  48,56  47,84  47,25  47,15  47,07  

  19     1200      700  49,78  49,11  48,53  48,43  48,34  

  20     1200     1200  50,06  49,83  49,26  49,17  49,08  

  21     1300        0  50,04  49,84  48,34  49,27  49,20  

  22     1300      500  49,88  49,29  49,71  48,64  48,62  

  23     1300      600  49,68  49,02  48,50  48,42  48,35  

  24     1300      700  49,51  49,28  48,76  48,69  48,62  

  25     1300     1200  50,07  49,85  49,34  49,26  49,20  

  26     1500        0  50,00  49,91  49,63  49,59  49,56  

  27     1500      500  49,99  49,69  49,40  49,36  49,32  

  28     1500      600  50,00  49,66  49,38  49,33  49,29  

  29     1500      700  50,01  49,69  49,39  49,35  49,32  

  30     1500     1200  50,03  49,93  49,63  49,59  49,56  

  31     1700        0  50,00  50,00  50,00  50,00  50,00  

  32     1700      500  50,00  50,00  50,00  50,00  50,00  

  33     1700      600  50,00  50,00  50,00  50,00  50,00  

  34     1700      700  50,00  50,00  50,00  50,00  50,00  

  35     1700     1200  50,00  50,00  50,00  50,00  50,00  

 

3.3.3.ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʦʙʝʥʥʦ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʫʶ 

ʥʘʧʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʠ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʪʦ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʡ ʪʦʯʢʠ ʩʝʪʢʠ ʩʥʘʯʘʣʘ ʚʝʜʫʪ ʨʘʩʯʸʪʳ 

ʠʩʭʦʜʷ ʠʟ ʠʟʤʝʥʝʥʠʡ ʥʘʧʦʨʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʨʝʤʝʥʠ. 

ɼʚʫʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʟʦʣʠʥʠʡ ʪʘʢʞʝ ʥʝʩʣʦʞʥʦ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʦʨ ʚ 

ʣʶʙʦʡ ʪʦʯʢʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʫʥʢʮʠʡ 

ʠʥʪʝʨʧʦʣʷʮʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʝ h ti ( )  ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ t . ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʟʦʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʣʠʯʠʥʝ ʥʘʧʦʨʘ ʉ ʥʘ 

ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʳ ʧʨʦʚʝʨʷʝʤ ʚʩʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
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ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʭʦʜʠʪ ʣʠ ʠʟʦʣʠʥʠʷ ʯʝʨʝʟ ʵʪʦʪ ʵʣʝʤʝʥʪ ʠʣʠ ʥʝʪ. ʈʘʩʩʤʦʪʨʠʤ 

ʵʣʝʤʝʥʪ e ʩ ʥʘʧʦʨʘʤʠ ʚ ʫʟʣʘʭ h t h t h t1 2 3( ), ( ), ( ) , ʚʳʨʘʞʝʥʥʳʡ ʚ ʣʦʢʘʣʴʥʳʭ 

ʫʟʣʦʚʳʭ ʠʥʜʝʢʩʘʭ. ʀʟʦʣʠʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʣʝʤʝʥʪ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʤʠʥʠʤʘʣʴʥʳʤʠ ( , , )h h h1 2 3  ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ( , , )h h h1 2 3  

ʥʘʭʦʜʠʪʩʷ ʉ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʠʟʦʣʠʥʠʠ ʚ ʵʣʝʤʝʥʪʝ e 

ʧʝʨʝʩʝʯʝʥʠʝʤ ʬʫʥʢʮʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ (3.3.5) ʩ ʧʣʦʩʢʦʩʪʴʶ h x y c( , )= . ʊʘʢ 

ʢʘʢ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʪʦ ʧʝʨʝʩʝʯʝʥʠʝ 

ʙʫʜʝʪ ʚ ʚʠʜʝ ʧʨʷʤʦʡ ʣʠʥʠʠ, (ʨʠʩ.3.3.14). 

 
ʈʠʩ.3.3.14. ʇʝʨʝʩʝʯʝʥʠʝ ʤʝʞʜʫ ʬʫʥʢʮʠʝʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʧʣʦʩʢʦʩʪʴʶ ʩ ʚ ʵʣʝʤʝʥʪʝ ʝ 

 
== )++)((+)++)((+)++)(( 333322221111 yCxBAthyCxBAthyCxBAthʉ     

+++= xBthBthBthAthAthAth ])()()([+)(+)(+)( 332211332211   (3.3.57) 

.])()()([ 332211 yCthCthCth +++  

ɺ ʧʨʦʛʨʘʤʤʝ 10 ʠʟʦʣʠʥʠʷ ʚ ʵʣʝʤʝʥʪʝ e ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʜʚʫʭ ʪʦʯʝʢ ʧʝʨʝʩʝʯʝʥʠʷ P P1 2 ʠ  (ʩʤ. ʨʠʩ.3.3.14), ʩʦʝʜʠʥʸʥʥʳʭ ʧʨʷʤʦʡ 

ʣʠʥʠʝʡ.  ʂʦʦʨʜʠʥʘʪʳ P P1 2 ʠ  ʥʘʭʦʜʷʪ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʝʡ ʢʦʦʨʜʠʥʘʪ 

ʤʝʞʜʫ N N1 2 ʠ  ʠ ʤʝʞʜʫ N N1 3 ʠ . 

);/())((+ 1211211 NNNNNNp hhhʉxxxx ---=                           

)./())((+

);/())((+

);/())((+

1311312

1311312

1211211

NNNNNNp

NNNNNNp

NNNNNNp

hhhʉyyyy

hhhʉxxxx

hhhʉyyyy

---=

---=

---=

    (3.3.58) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʢʨʠʚʳʝ ʣʠʥʠʠ, ʝʩʣʠ 

1 ï ʧʣʦʩʢʦʩʪʴ: 

2 - ʵʣʝʤʝʥʪ 
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ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ ʬʫʥʢʮʠʷʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʝʡ. 
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ʇʈʆɻʈɸʄʄɸ 10 

ʎʝʣʴ: ɺʳʯʝʨʯʠʚʘʥʠʝ ʠʟʦʣʠʥʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʦʨʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʨʘʟʙʠʚʢʦʡ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʣʠʥʝʡʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ,N ; 

- ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ,M ; 

- ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚ, X i Y i i N( ), ( ), ( ,..., )  1=  ; 

- ʠʥʮʠʜʝʥʪʥʘʷ ʤʘʪʨʠʮʘ IN i j i M j%( , ),( ,..., , )= =1 1,2,3  ; 

- ʟʥʘʯʝʥʠʷ ʥʘʧʦʨʦʚ ʚ ʫʟʣʘʭ, H i i N( ),( ,..., )=1 .  

ʕʪʠ ʜʘʥʥʳʝ ʚʚʝʜʝʥʳ ʠʟ ʬʘʡʣʘ ʜʘʥʥʳʭ. ɼʘʣʴʥʝʡʰʠʝ ʫʪʦʯʥʝʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ.  ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

- ʚʘʨʠʘʥʪ ʛʨʘʬʠʢʘ ʩ ʫʪʦʯʥʝʥʠʝʤ ʦ ʚʚʝʜʝʥʠʠ ʛʨʘʥʠʮ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ 

ʪʦʣʴʢʦ ʛʨʘʥʠʮʳ ʵʣʝʤʝʥʪʘ, 

- ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʨʝʜʝʣʳ ʟʥʘʯʝʥʠʡ ʥʘʧʦʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʚʳʯʝʨʯʠʚʘʶʪʩʷ ʠʟʦʣʠʥʠʠ, 

- ʧʨʠʨʘʱʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʠʟʦʣʠʥʠʷʤʠ. 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʛʨʘʥʠʮʳ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʦʙʣʘʩʪʠ, ʧʦʢʘʟʘʥʥʳʝ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ; 

- ʠʟʦʣʠʥʠʠ ʚ ʚʠʜʝ ʞʠʨʥʳʭ ʣʠʥʠʡ; 

- ʟʥʘʯʝʥʠʝ ʠʟʦʣʠʥʠʡ, ʚʳʯʝʨʯʠʚʘʝʤʳʭ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:      ʂʦʤʤʝʥʪʘʨʠʠ 

1080:   ɺʚʦʜ ʥʘʠʤʝʥʦʚʘʥʠʷ ʬʘʡʣʘ ʜʘʥʥʳʭ. 

1090-1400:   ɺʚʦʜ ʜʘʥʥʳʭ ʠʟ ʬʘʡʣʘ ʜʘʥʥʳʭ. 

1220-1330:   ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʧʦʨʘ, ʘ ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ. 

1340-1350:   ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʠʟ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ. 

1360-1390:   ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʚ ʨʝʰʸʪʢʫ ɸʈʈLɽ. 

1420-1610:   ɺʳʯʝʨʯʠʚʘʥʠʝ ʛʨʘʥʠʮ ʵʣʝʤʝʥʪʦʚ. 

1420-1430:   ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʯʝʨʯʝʥʠʷ.  ʇʦ ʚʘʨʠʘʥʪʫ "A" ʚʳʯʝʨʯʠʚʘʶʪʩʷ   

ʚʩʝ ʵʣʝʤʝʥʪʳ.  ʇʦ ʚʘʨʠʘʥʪʫ "ɺ" ʧʦʢʘʟʘʥʘ ʪʦʣʴʢʦ ʛʨʘʥʠʮʘ   

ʦʙʣʘʩʪʠ. 

1520-1590:   ʀʩʢʣʶʯʝʥʠʝ ʛʨʘʥʠʮ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʥʘʯʝʨʯʝʥʥʳʭ 

ʧʦ ʚʘʨʠʘʥʪʫ "ɺ". 
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1630-1740:   ɺʚʦʜ ʞʝʣʘʝʤʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʠʟʦʣʠʥʠʡ ʠ ʧʨʠʨʘʱʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. ɽʩʣʠ ʥʫʞʥʦ ʚʳʯʝʨʪʠʪʴ  

ʪʦʣʴʢʦ ʦʜʥʫ ʠʟʦʣʠʥʠʶ, ʦʙʝ ʛʨʘʥʠʮʳ - ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ- 

ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʧʦʨʦʚ. 

1760-2020:   ʎʠʢʣ ʚʳʯʝʨʯʠʚʘʥʠʷ ʚʩʝʭ ʠʟʦʣʠʥʠʡ. 

1780-2010:   ʎʠʢʣ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʜʣʷ ʚʳʯʝʨʯʠʚʘʥʠʷ ʯʘʩʪʠ ʠʟʦʣʠʥʠʡ,  

ʧʦʧʘʜʘʶʱʠʭ ʚ ʵʣʝʤʝʥʪ. 

1800-1850:   ʆʙʨʘʙʦʪʢʘ ʨʘʟʣʠʯʥʳʭ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ: 

 - ʕʣʝʤʝʥʪ ʥʝ ʩʦʜʝʨʞʠʪ ʠʟʦʣʠʥʠʶ (ʩʪʨʦʢʠ 1800-1810) 

 - ɺʩʝ ʥʘʧʦʨʳ ʚ ʵʣʝʤʝʥʪʝ ʨʘʚʥʳ (ʩʪʨʦʢʘ 1820). ɺ ʵʪʦʤ               

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʧʨʦʛʨʘʤʤʫ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʧʣʘʪʦ               

(ʩʪʨʦʢʠ 2180-2320). 

 - ʀʟʦʣʠʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʵʣʝʤʝʥʪʘ (ʩʪʨʦʢʠ               

1830-1850). 

 - ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʠʟʦʣʠʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ    

ʧʝʨʝʩʝʯʝʥʠʝʤ ʬʫʥʢʮʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʧʣʦʩʢʦʩʪʠ ʉ.  

ʆʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʥʘ ʩʪʦʨʦʥʘʭ ʵʣʝʤʝʥʪʘ               

(ʩʪʨʦʢʠ 1860- 1980) ʠ ʩʦʝʜʠʥʷʶʪʩʷ ʧʨʷʤʦʡ ʣʠʥʠʝʡ (ʩʪʨʦʢʠ               

1990-2000). 

2060-2170:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʳʯʝʨʯʠʚʘʥʠʷ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʠ. 

2180-2320:   ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʘ. 

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʧʨʦʛʨʘʤʤʦʡ 9-2.  ʀʟʦʣʠʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʦʨʦʚ ʧʨʠ ʚʨʝʤʝʥʠ t  = 109c 

ʤʝʞʜʫ ʉ = 47ʤ ʠ ʉ = 50 ʤ ʩ ʠʥʪʝʨʚʘʣʘʤʠ 0,5 ʤ.  ʅʘ ʨʠʩʫʥʢʝ 3.3.15 ʧʦʢʘʟʘʥ 

ʛʨʘʬʠʢ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʚʘʨʠʘʥʪʘ "ɸ".  ʅʘ ʨʠʩʫʥʢʝ 3.3.16 ʧʦʢʘʟʘʥ 

ʛʨʘʬʠʢ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʚʘʨʠʘʥʪʘ "ɺ". ʀʟʦʣʠʥʠʠ ʥʝ ʪʘʢʠʝ ʛʣʘʜʢʠʝ, 

ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʳʩʰʠʭ 

ʩʪʝʧʝʥʝʡ ʚ ʨʘʟʜʝʣʝ 3.2.7, ʦʜʥʘʢʦ, ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ ʬʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʟʜʝʣʘʭ 3.3.1 ʠ 

3.3.2, ʘ ʥʝ ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʠʭ ʠʥʪʝʨʧʦʣʷʮʠʡ. 
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ʈʠʩ.3.3.15. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 9-2: ʠʟʦʣʠʥʠʠ ʥʘ ʚʨʝʤʷ t=1,0ɽ9 ʩʝʢ. 

(ʧʨʠʚʝʜʝʥʳ ʛʨʘʥʠʮʳ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ) 

 
ʈʠʩ.3.3.16. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤʳ 9-2: ʠʟʦʣʠʥʠʠ ʥʘ ʚʨʝʤʷ t=1,0ɽ9 ʩʝʢ 

(ʚʳʯʝʨʯʝʥʘ ʪʦʣʴʢʦ ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 
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ɻʃɸɺɸ 4 

 

ʆʎɽʅʂɸ  ʇɸʈɸʄɽʊʈʆɺ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ. ɺ ʪʘʙʣʠʮʝ 4.1 ʧʝʨʝʯʠʩʣʝʥʳ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʪʦʢʦʚ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 

(ʥʘʧʦʨʥʦʤ ʠ ʙʝʟʥʘʧʦʨʥʦʤ) ʩ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʨʝʢʦʡ, ʛʨʘʥʠʮʘʤʠ 

ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ 

ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʠ ʠʩʧʘʨʝʥʠʝʤ.  ʂ ʩʦʞʘʣʝʥʠʶ, ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʜʘʥʥʳʭ. ɿʥʘʯʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʦʜʦʦʪʜʘʯʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 

ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ. ʇʠʪʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʦʧʨʝʜʝʣʷʶʪ ʠʟ ʜʘʥʥʳʭ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʠ ʠʩʧʘʨʝʥʠʷ. ɺ ʦʙʱʝʤ, ʤʦʜʝʣʴ 

ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʥʝʜʦʩʪʘʶʱʠʭ ʜʘʥʥʳʭ ʧʦ ʚʦʜʦʥʦʩʥʦʤʫ 

ʛʦʨʠʟʦʥʪʫ ʥʘ ʦʩʥʦʚʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʥʘʧʦʨʘʤʠ. 

ʊʘʙʣʠʮʘ 4.1.  

ɼʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʦʪʦʢʦʚ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 

 
ɼʘʥʥʳʝ ʊʠʧ ʜʘʥʥʳʭ     

ʨ - ʙʝʟʥʘʧʦʨʥʳʡ ʛʦʨʠʟʦʥʪ  

ʩ - ʥʘʧʦʨʥʳʡ   

s - ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ  

ʨʘʩʧʨʝʜʝʣʝʥʠʝ   

t - ʚʨʝʤʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ                      

ʀʩʪʦʯʥʠʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

1 2 3 

ɼʘʥʥʳʝ ʧʦ ʦʙʣʘʩʪʠ:    

ʦʪʤʝʪʢʘ ʧʦʜʦʰʚʳ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

 

 

s ,p 

 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ           s ,ʨ          ʜʘʥʥʳʝ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ  

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ s ,c          ʜʘʥʥʳʝ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ  
ʚʦʜʦʦʪʜʘʯʘ s ,c          ʜʘʥʥʳʝ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ  

ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ s ,ʨ          ʜʘʥʥʳʝ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ  

ʨʘʩʧʨʝʜʝʣʸʥʥʘʷ 

ʠʥʬʠʣʴʪʨʘʮʠʷ ʟʘ ʩʯʸʪ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ      

 

 

s ,t          

 

 

ʣʠʟʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʥʘʛʥʝʪʘʥʠʝ/ʦʪʢʘʯʢʘ ʠʟ 

ʩʢʚʘʞʠʥ    

 

s ,t          

 

ʛʨʘʬʠʢʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʢʚʘʞʠʥ 

ɼʘʥʥʳʝ, ʧʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʚʷʟʠ: 

ʦʪʤʝʪʢʘ ʜʥʘ ʨʝʢʠ                 

 

 

s 

 

 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.4.1. 

1 2 3 

ʦʪʤʝʪʢʘ ʫʨʦʚʥʷ ʚʦʜʳ ʚ 

ʨʝʢʝ       

 

s,t          

 

ʜʘʥʥʳʝ ʟʘʤʝʨʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʪʦʢʘ            s - 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ:                              ɼʘʥʥʳʝ ʨʝʞʠʤʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ 

ʟʘʜʘʥʥʳʝ ʥʘʧʦʨʳ                  s ,t           ʜʘʥʥʳʝ ʧʦ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ                                              

ʩʢʚʘʞʠʥʘʤ 

ʟʘʜʘʥʥʳʝ ʨʘʩʭʦʜʳ                 s,t           ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ 

ʂʘʣʠʙʨʦʚʢʠ:  

ʥʘʧʦʨʳ 

 

s,t 

ʨʝʞʠʤʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ 

ʩʢʚʘʞʠʥʘʤ 

                                

4.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʦʧʳʪʥʳʭ ʦʪʢʘʯʢʘʭ 

ʇʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ 

ʜʘʥʥʳʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʦʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʧʳʪʥʘʷ ʦʪʢʘʯʢʘ. 

ʄʳ ʨʘʩʩʤʦʪʨʠʤ ʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʴʶ 

ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ m  ʠ * T . ʆʪʢʘʯʢʫ ʚ ʦʧʳʪʥʦʡ ʩʢʚʘʞʠʥʝ ʚʝʜʫʪ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʨʘʩʭʦʜʝ Q , ʥʘʯʠʥʘʷ ʩʦ ʚʨʝʤʝʥʠ t=0. ɺ ʧʨʦʮʝʩʩʝ ʦʧʳʪʥʦʡ ʦʪʢʘʯʢʠ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘʧʦʨʳ hi  ʠʣʠ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ si  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ri  ʦʪ ʩʢʚʘʞʠʥʳ ʠ ʚʨʝʤʝʥʠ ti. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʳ ʦʙʝʩʧʝʯʝʥʳ 

n  -ʳʤ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ ʪʠʧʘ ( , , )r t si i i . ʊʝʧʝʨʴ ʤʳ ʭʦʪʠʤ ʦʧʨʝʜʝʣʠʪʴ 

ʥʝʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʜʦʦʪʜʘʯʠ m *ʠ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ T  ʩ ʪʝʤ, ʯʪʦʙʳ 

ʦʙʱʝʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʠʟʤʝʨʝʥʥʳʤʠ ʠ ʨʘʩʯʸʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ 

ä ä
= =

** -=-=
n

i

n

i

iiiii TtrssssTf
1 1

22ʚʳʯ.ʥʘʙʣ.. , )), ,,(()(), ( mm                   (4.1) 

ʛʜʝ si

ʥʘʙʣ. - ʥʘʙʣʶʜʘʝʤʳʝ,  si
ʚʳʯ ï ʚʳʯʠʩʣʝʥʥʳʝ, ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ.  ɽʩʣʠ 

ʧʦʥʠʞʝʥʠʝ s ʷʚʣʷʣʦʩʴ ʙʳ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ m  ʠ * T, ʤʳ ʙ  r

ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʶ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ɿʜʝʩʴ, ʦʜʥʘʢʦ, ʥʝ ʪʦʪ ʩʣʫʯʘʡ. ʇʦʵʪʦʤʫ ʚʳʙʠʨʘʝʤ ʤʝʪʦʜ ʥʝʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ. 

ɺ ʤʝʪʦʜʝ ʠʪʝʨʘʮʠʠ ʧʦ ɻʘʫʩʩʫ-ʅʴʶʪʦʥʫ (ʥʘʧʨʠʤʝʨ, ɼʨʝʡʧʝʨ, ʉʤʠʪ, 

1966) ʤʳ ʣʠʥʝʘʨʠʟʫʝʤ ʬʫʥʢʮʠʶ s T( , )m *  ʚʦʢʨʫʛ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 
00,T*m  ʠ ʚʳʧʦʣʥʷʝʤ ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʶ.  ɿʘʪʝʤ 
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ʠʩʧʦʣʴʟʫʝʤ ʧʦʣʫʯʝʥʥʳʝ T,*m  ʚʤʝʩʪʦ 
00,T*m  ʠ ʧʨʦʠʟʚʦʜʠʤ ʧʨʦʮʝʩʩ 

ʠʪʝʨʘʮʠʠ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ. ʇʦʩʣʝ ʣʠʥʝʘʨʠʟʘʮʠʠ ʬʫʥʢʮʠʷ 

ʚʳʨʘʞʘʝʪʩʷ 

ä
=

**** -----=
n

i

iTisiii TTDDTtrssTf
1

20

,

0

,

00 ))()  (), ,,((),( mmmm   (4.2) 

ʧʨʠ   0000 ,  ,,  ,  

),,,( 
 ;

  

),,,( 
TT

ii
iTTT

ii

i T

Ttrs
D

Ttrs
D

==
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==*

*

***** ==
mmmmm µ

mµ

mµ

mµ
. 

 

ʊʨʝʙʦʚʘʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ f  ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝ 

0 /     0; / ==* Tff µµmµµ   .                                  (4.3) 

ʕʪʦ ʜʘʸʪ ʥʦʨʤʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ : ʠ T*m   

;)), ,,((,  )(+)  (
1 1

, 

00

,  ,

02

 ,

0 ä ä
= =

*** -=--
n

i

n

i

iiiiiiTi DTtrssDDTTD mmm mmm     

.)), ,,(()(+) (
1 1 1

 ,

002

 ,

0

 ,, 

0ä ä ä
= = =

*** -=--
n

i

n

i

n

i

iTiiiTiTi DTtrssDTTDD mmm m   (4.4) 

ʇʦʩʣʝ ʨʝʰʝʥʠʷ 
00  ʠ T*m  ʟʘʤʝʥʷʶʪ ʥʘ T ʠ *m  ʠ ʧʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ 

ʩʥʦʚʘ. ʂʨʠʪʝʨʠʝʤ ʩʭʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʘʙʩʦʣʶʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʡ T ʠ *m . ʉʣʝʜʫʝʪ ʧʦʟʘʙʦʪʠʪʴʩʷ ʦ ʪʦʤ, ʯʪʦʙʳ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʥʝ ʧʨʠʚʝʣʦ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ 

T ʠ *m . ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʫʢʘʟʘʥʠʝʤ ʚʦʟʤʦʞʥʳʭ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ 

T ʠ *m . 

ɺ ʧʨʦʛʨʘʤʤʝ II  ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

T ʠ *m  ʠʟ n -ʥʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ),( *

iii tr m  , ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʦʧʳʪʥʳʭ 

ʦʪʢʘʯʝʢ. 

ɺ ʤʦʜʝʣʠ ʩ ʙʦʣʝʝ, ʯʝʤ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘʥʘʣʦʛʠʯʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʜʘʸʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɼʣʷ 

ʧʦʣʥʦʪʳ ʧʨʠʚʦʜʠʪʩʷ ʢʨʘʪʢʦʝ ʫʧʦʤʠʥʘʥʠʝ ʯʝʪʳʨʸʭ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ ʥʝʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʬʫʥʢʮʠʠ ),( Tf *m  ʠʟ ʫʨʘʚʥʝʥʠʷ (4.1).  ʇʝʨʚʳʡ ʤʝʪʦʜ - ʵʪʦ 

ʤʝʪʦʜ cʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ (ʥʘʧʨʠʤʝʨ, ʂʨʦʢʝʪʪʘ, ʏʝʤʦʬʬʘ, 1955). ʇʦʠʩʢ 

ʤʠʥʠʤʫʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʯʘʣʴʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ),( 00 T*m  ʠ ʧʨʦʜʦʣʞʘʝʪʩʷ 

ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʜʦ ʥʦʚʦʡ ʪʦʯʢʠ ),( T*m .  ʅʦʚʘʷ ʪʦʯʢʘ ʩʣʫʞʠʪ 

ʠʩʭʦʜʥʦʡ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʠʪʝʨʘʮʠʠ.  ʆʙʱʠʡ ʰʘʛ ʠʤʝʝʪ ʚʠʜ: 
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ʐʘʛ ʩ ʰʠʨʠʥʦʡ h  ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, ʚʳʙʨʘʚ ʩʣʝʜʫʶʱʠʡ 

ʨʘʟʤʝʨ: 

() min) , ) (( ­* hhm Tf                                                                   (4.6) 

ʧʨʠ ) ( ),( hm Th*  ʠʟ (4.5). ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʰʘʛʘ - ʵʪʦ ʣʠʰʴ 

ʦʜʥʦʤʝʨʥʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʨʦʮʝʜʫʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʢʘʢ ʪʦʣʴʢʦ 

T ʠ *m  ʥʘʯʥʫʪ ʠʟʤʝʥʷʪʴʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ ʥʝʢʦʪʦʨʦʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʨʠʨʘʱʝʥʠʝ. 

ʄʝʪʦʜ ʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʚʳʙʦʨʦʤ ʚʝʩʦʚ 

ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ-ʛʨʘʜʠʝʥʪʘ. ʕʪʦ ʚʝʜʸʪ ʢ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

(ʥʘʧʨʠʤʝʨ, ʉʪʦʫʝʨ, 1976). ʌʫʥʢʮʠʷ f  ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 
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ʀʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʝ ʵʢʩʪʨʝʤʫʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʨʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ T  ʠ  dmd *
 ʨʘʚʥʳ ʥʫʣʶ, ʤʳ ʧʦʣʫʯʘʝʤ ʧʨʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ (4.7) 
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ʇʦʩʣʝ ʫʤʥʦʞʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʍʝʩʩʝ ʥʘ H  ʧʦʣʫʯʘʝʪʩʷ ʧʨʘʚʠʣʦ 

ʠʪʝʨʘʮʠʠ  
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ʆʥʦ ʛʣʘʩʠʪ, ʯʪʦ ʧʦ ʤʝʪʦʜʫ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ-

ʛʨʘʜʠʝʥʪʘ ʚʟʚʝʰʠʚʘʶʪʩʷ ʚʤʝʩʪʝ ʩ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʝʡ ʍʝʩʩʝ. ʊʘʢ ʢʘʢ ʦʥʘ, 

ʦʙʳʯʥʦ, ʥʝʠʟʚʝʩʪʥʘ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʪʨʫʜʦʤ, ʪʦ ʧʦ ʤʝʪʦʜʫ ʌʣʝʪʯʝʨʘ-

ʇʘʫʵʣʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʷʪ ʧʨʠʙʣʠʞʝʥʠʝ ʢ 

ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʝ ʍʝʩʩʝ ʝʜʠʥʠʯʥʦʡ ʤʘʪʨʠʮʝʡ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʠ 

ʟʘʪʝʤ ʫʣʫʯʰʘʶʪ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʦʮʝʩʩʝ ʠʪʝʨʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʉʪʦʫʵʨ, 1976, 

ʌʣʝʪʯʝʨ, 1972). 

ɺ ʦʙʱʝʤ, ʤʝʪʦʜ ʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ ʜʘʸʪ ʢʦʥʚʝʨʛʝʥʮʠʶ ʜʘʞʝ ʚ ʥʘʯʘʣʝ 

ʨʘʩʯʸʪʦʚ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʆʥ, ʦʜʥʘʢʦ, ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ ʜʣʷ ʨʝʰʝʥʠʷ. ʄʝʪʦʜʠʢʘ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʸʪ ʙʳʩʪʨʫʶ ʢʦʥʚʝʨʛʝʥʮʠʶ ʧʨʠ ʭʦʨʦʰʠʭ ʠʩʭʦʜʥʳʭ 

ʟʥʘʯʝʥʠʷʭ. ʄʝʪʦʜ ʄʘʨʢʘʨʜʪʘ (1963) ʩʦʯʝʪʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʙʦʠʭ ʤʝʪʦʜʦʚ. 

ʂ ʣʝʚʳʤ ʩʪʦʨʦʥʘʤ ʫʨʘʚʥʝʥʠʡ (4.4) ʧʨʠʙʘʚʣʷʝʪʩʷ ʯʣʝʥ )+ - ( 00 TT-** mml .  

ʈʝʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ.  ɽʩʣʠ ʧʘʨʘʤʝʪʨ l 
ʚʳʙʨʘʥ ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ, ʪʦ ʤʝʪʦʜ ʠʜʝʥʪʠʯʝʥ ʤʝʪʦʜʫ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ. ʇʨʠ 

l ­¤ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʥ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʤʝʪʦʜʫ ʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ ʠ ʤʝʪʦʜʘ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷl ʚ ʥʘʯʘʣʝ ʨʘʩʯʸʪʦʚ ʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʝʝ ʫʤʝʥʴʰʝʥʠʠ ʜʦ ʥʫʣʷ. 
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ʎʝʣʴ: ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʦʜʦʦʪʜʘʯʠ ʧʦ ʜʘʥʥʳʤ ʦʧʳʪʥʳʭ       

ʦʪʢʘʯʝʢ ʜʣʷ ʥʘʧʦʨʥʳʭ ʠ ʙʝʟʥʘʧʦʨʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, NM  

- ʨʘʩʭʦʜ ʧʨʠ ʦʪʢʘʯʢʝ, Q, ʤ3/ʩʝʢ 

- ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, IM   

- ʥʘʙʦʨʳ ʜʘʥʥʳʭ NM   

- ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʢʚʘʞʠʥʳ, r i( )  , ʚ ʤ 

- ʚʨʝʤʷ ʥʘʙʣʶʜʝʥʠʷ, t i( ) , ʚ ʩʝʢʫʥʜʘʭ 

- ʧʦʥʠʞʝʥʠʝ, s i( )  , ʚ ʤ 

- ʪʠʧ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ II, ʥʘʧʦʨʥʳʡ ( II = 1 ) ʠʣʠ ʙʝʟʥʘʧʦʨʥʳʡ  

  ( II = 2 ) 

- ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʠʧʘ: 



  111 

 

ʚ ʩʣʫʯʘʝ ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

- ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʜʦʦʪʜʘʯʠ, PA( )1 , ʠ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, PA( )2

, ʚ   ʤ2/ʩʝʢ; 

  ʚ ʩʣʫʯʘʝ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ: 

- ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʜʦʦʪʜʘʯʠ, PA(1) ʠ   

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ PA(2), ʚ ʤ/ʩʝʢ   ʚʦʜʦʥʘʩʳʱʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ 

ʚʨʝʤʝʥʠ Tt *= m ,0  ʚ ʤ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ PA( )1   

ʠ PA( )2 , ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ DE. ɼʘʶʪʩʷ ʢʦʥʝʯʥʳʝ ʟʥʘʯʝʥʠʷ 

. ʠ  ʠʣʠ  ʠ fkT ** mm  

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:       ʂʦʤʤʝʥʪʘʨʠʠ 

1010: ɻʣʘʚʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʦ 

ʧʨʦʠʟʚʦʣʴʥʳʤ. ɺ ʧʨʦʛʨʘʤʤʝ, ʦʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʰʝʥʠʝ 

ʊʝʡʩʘ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʚʩʝʛʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ, ʢʘʢ ʠ ʚ ʤʦʜʝʣʠ.  

ʇʦʵʪʦʤʫ NP ʧʨʠʨʘʚʥʝʥʦ ʢ 2.  ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʩ 

ʙʦʣʝʝ, ʯʝʤ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʜʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʧʦʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʟʘʤʝʥʘ ʧʦʜʧʨʦʛʨʘʤʤʳ.  ʆʥʠ            ʫʢʘʟʘʥʳ 

ʥʠʞʝ. 

1030-1200: ɺʚʦʜ ʜʘʥʥʳʭ ʠ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ. 

1080: ʇʨʠʨʘʱʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʨʘʩʯʸʪʦʚ 

ʚʝʢʪʦʨʘ- ʛʨʘʜʠʝʥʪʘ. ʀʭ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʦʟʤʦʞʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ. 

1220: ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ (ʬʦʨʤʫʣʘ ʊʝʡʩʘ ʩ            

ʧʦʧʨʘʚʢʦʡ ʥʘ ʙʝʟʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʠʣʠ ʙʝʟ ʥʝʝ) 

ʚʚʦʜ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʦʜʧʨʦʛʨʘʤʤʘʤʠ (ʥʘʯʠʥʘʷ ʩʦ ʩʪʨʦʢʠ 1970 ʠʣʠ 2020 ). 

1240-1670: ʎʠʢʣ ʠʪʝʨʘʮʠʠ ʧʦ ʤʝʪʦʜʫ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ. 

1240-1280: ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʤʘʪʨʠʮ ɸ ʠ ɺ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

1310-1400: ʈʘʩʯʸʪ ʚʝʢʪʦʨʘ-ʛʨʘʜʠʝʥʪʘ FF . 

1410-1480: ʈʘʩʯʸʪ ʤʘʪʨʠʮ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ɸ ʠ ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʆʮʝʥʢʘ ʬʫʥʢʮʠʠ ʊʝʡʩʘ, ʦʙʷʟʘʪʝʣʴʥʘʷ ʥʘ ʵʪʠʭ ʰʘʛʘʭ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ ʥʘ ʩʪʨʦʢʝ 1710. 

1520: ʇʝʨʝʭʦʜ ʢ ʧʦʜʧʨʦʛʨʘʤʤʝ (ʩʪʨʦʢʘ 1750), ʢʦʪʦʨʘʷ ʨʝʰʘʝʪ 

ʥʦʨʤʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

1530-1630: ʈʘʩʯʸʪ ʩʨʝʜʥʝʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʰʘʛʘ            
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ʠʪʝʨʘʮʠʠ. 

1640-1680: ʂʨʠʪʝʨʠʠ ʢʦʥʚʝʨʛʝʥʮʠʠ. ʀʪʝʨʘʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʝʩʣʠ 

ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ ʤʝʥʝʝ, ʯʝʤ ʥʘ 1/1000 ʠʭ ʟʥʘʯʝʥʠʷ. 

1690: ʇʝʨʝʭʦʜ ʢ ʚʳʭʦʜʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

1710-1740: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʮʝʥʢʠ ʫʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʧʦ ʬʦʨʤʫʣʝ 

ʊʝʡʩʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʦʡ ʤʦʜʝʣʠ ʵʪʫ ʧʦʜʧʨʦʛʨʘʤʤʫ 

ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ. 

1750-1960: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʝʰʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ɽʩʣʠ            

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʩ ʙʦʣʝʝ, ʯʝʤ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ, ʪʦ            

ʧʦʜʧʨʦʛʨʘʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʤʝʥʝʥʘ ʦʙʱʠʤ ʤʝʪʦʜʦʤ ʜʣʷ            

ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

1780-1810: ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʥʦʡ ʤʘʪʨʠʮʳ. 

1820-1870: ʅʦʨʤʘʣʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʝʨʝʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ 

ʠʪʝʨʘʮʠʠ, ʝʩʣʠ   ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʣʝʢʠ ʦʪ ʨʝʰʝʥʠʷ. 

1880-1910: ʈʝʰʝʥʠʝ ʜʚʫʭ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʜʚʫʤʷ ʥʝʠʟʚʝʩʪʥʳʤʠ. 

1920-1950: ʋʜʝʨʞʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʪʝʨʘʮʠʠ ʚ ʬʠʟʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʭ 

ʛʨʘʥʠʮʘʭ. 

1970-2010: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʣʫʯʘʝ 

ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

2020-2100: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʩʣʫʯʘʝ            

ʙʝʟʥʘʧʦʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʥʠʞʝʥʠʷ. 

2110-2160: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʳʚʦʜʘ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ (ʥʘʧʦʨʥʳʡ 

ʚʦʜʦʩʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ). 

2170-2220: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʚʳʚʦʜʘ ʢʦʥʝʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

(ʙʝʟʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ). 

 

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʪyʘ ʧʦ ʜʘʥʥʳʤ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ  

ʧʨʠ ʨʘʩʭʦʜʝ ʦʪʢʘʯʢʠ Q = 0,05 ʤ3/ʩʝʢ ʚ ʙʝʟʥʘʧʦʨʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩ 

ʥʘʯʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 8 ʤ.  ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. 

                                                      ʊʘʙʣʠʮʘ 4.2 

ɼʘʥʥʳʝ ʦʧʳʪʥʳʭ ʦʪʢʘʯʝʢ 

ʈʘʩʩʪʦʷʥʠʝ, r , ʤ         ɺʨʝʤʷ t  (ʩʝʢ)          ʇʦʥʠʞʝʥʠʝ s (ʤ) 
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0,30 

0,22 

 

ʇʨʠ ʜʦʚʦʣʴʥʦ ʦʪʜʘʣʸʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 
*m  = 0,3 ʠ  k f = =0,0125 

ʤ/ʩʝʢ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʯʘʣʴʥʦʡ T= 0,1 ʤ2/ʩʝʢ, ʧʨʦʛʨʘʤʤʘ ʜʘʸʪ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʚʦʜʦʦʪʜʘʯʘ - 0,153784387, ʢʦʵʬʬʠʮʠʝʥʪ 

ʬʠʣʴʪʨʘʮʠʠ (ʤ/ʩʝʢ) - 2,78175652Ā10-3 ʧʦʩʣʝ 17 ʰʘʛʦʚ ʠʪʝʨʘʮʠʠ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0,020899 ʤ2/ʩʝʢ.  ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʧʦʥʠʞʝʥʠʷ ʩʪʦʣʴ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʱʥʦʩʪʴʶ ʧʦʪʦʢʘ, ʯʪʦ 

ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʫʨʘʚʥʝʥʠʝʤ ʥʘʧʦʨʥʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʙʝʟ ʧʦʧʨʘʚʦʢ ʥʘ ʙʝʟʥʘʧʦʨʥʳʡ. 

 

4.2. ʆʮʝʥʢʘ ʧʠʪʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʦʩʥʦʚʥʳʤ 

ʧʨʠʥʮʠʧʦʤ, ʟʘʢʣʶʯʘʚʰʠʤʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʉʪʝʧʝʥʴ 

ʧʨʠʙʣʠʞʸʥʥʦʩʪʠ ʦʮʝʥʢʠ ʵʪʠʭ ʜʘʥʥʳʭ ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʚʝʩʪʥʦʡ. ʕʪʦʪ 

ʧʨʠʥʮʠʧ ʦʩʦʙʝʥʥʦ ʧʨʠʤʝʥʠʤ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʧʠʪʘʥʠʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʟʘ 

ʩʯʪy ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʇʠʪʘʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʪʦʣʙʘ ʛʨʫʥʪʘ ʩ ʝʜʠʥʠʯʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 

ʧʨʦʭʦʜʷʱʝʛʦ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʜʦ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ.  ʉʫʱʝʩʪʚʫʶʪ 

ʦʯʝʥʴ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʥʝʥʘʩʳʱʝʥʥʳʡ ʧʦʪʦʢ ʚʝʩʴʤʘ ʜʝʪʘʣʴʥʦ.  ʆʜʥʘʢʦ ʫʧʨʦɦ ʥyʥʳʝ 

ʤʦʜʝʣʠ ʙʘʣʘʥʩʘ ʫʞʝ ʜʘʶʪ ʧʦʣʝʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʦʜʝʣʠ ʬʠʣʴʪʨʘʮʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʦʜʥʦʡ ʪʘʢʦʡ 

ʤʝʪʦʜʠʢʠ. 

ʉʪʦʣʙ ʛʨʫʥʪʘ ʜʝʣʷʪ ʥʘ ʜʚʝ ʟʦʥʳ (ʨʠʩ.4.1): ʚʝʨʭʥʶʶ ʥʝʥʘʩʳʱʝʥʥʫʶ ʠ 

ʥʠʞʥʶʶ ʥʝʥʘʩʳʱʝʥʥʫʶ. ʂʘʧʠʣʣʷʨʥʦʡ ʢʘʡʤʦʡ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ.  ɺʝʨʭʥʷʷ 

ʥʝʥʘʩʳʱʝʥʥʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʚʦʜʫ ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ, ʘ ʣʶʙʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʥʠʞʥʶʶ ʥʝʥʘʩʳʱʝʥʥʫʶ ʟʦʥʫ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢʘʢ ʧʠʪʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ.  

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʚʝʨʭʥʝʡ ʥʝʥʘʩʳʱʝʥʥʦʡ ʟʦʥʳ ʨʘʚʥʘ 1 ʤ. 

ʀʥʬʠʣʴʪʨʘʮʠʶ SL  ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʥʠʞʥʶʶ ʥʝʥʘʩʳʱʝʥʥʫʶ ʟʦʥʫ 

ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʚʦʜʥʦʤʫ ʙʘʣʘʥʩʫ ʚʝʨʭʥʝʡ ʥʝʥʘʩʳʱʝʥʥʦʡ ʟʦʥʳ. ʆʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʚʦʜʳ, ʠʟʤʝʨʷʝʤʦʤʫ ʚ ʣʠʟʠʤʝʪʨʝ. ʈʘʩʭʦʜ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ SL  ʪʦʣʴʢʦ ʟʘʜʝʨʞʢʦʡ ʠ ʚʨʝʤʝʥʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 
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ʈʠʩ.4.1. 

ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʧʦ ʚʝʨʭʥʝʡ ʥʝʥʘʩʳʱʝʥʥʦʡ ʟʦʥʝ ʜʣʷ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ ( ttt D+, ) ʠʤʝʝʪ ʚʠʜ: 

tSRVNtBttB L D---=D )(+)()+(   .                               (4.10) 

ɺʩʝ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ. 

N  - ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʤʤ/ʩʫʪ.; V  - ʨʘʩʭʦʜ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʚ ʤʤ/ʩʫʪ; SL - 

ʩʢʦʨʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʚ ʤʤ/ʩʫʪ.; B t( )  - ʚʦʜʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʚʝʨʭʥʝʡ 

ʥʝʥʘʩʳʱʝʥʥʦʡ ʟʦʥʝ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʤʤ; ʝʜʠʥʠʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʲʸʤʫ 1 

ʤʤ ʭ 1 ʤ2 ; R - ʚ ʤʤ/cʫʪ. - ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ. ʅʘʢʦʧʣʝʥʠʝ ʦʙʲʸʤʘ ʚʦʜ 

ʤʦʜʝʣʠʨʫʶʪ, ʧʨʠʥʠʤʘʷ, ʯʪʦ ʠʥʬʠʣʴʪʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʧʦʩʪʫʧʣʝʥʠʝ tRVN D-- )(  ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʚʦʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ F. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 

ʠʟʙʳʪʦʢ ʚʦʜʳ F  ʨʘʚʝʥ ʛʣʫʙʠʥʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ 

í
ì
ë

-D--

<D--
=D

ʩʣʫʯʘʝ ʧʨʦʪʠʚʥʦʤ ʚ   )(+)(

                      )( + )( ʧʨʠ 0

FtRVNtB

FtRVNtB
tSL  (4.11) 

ɺʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʛʨʫʥʪʘ )+( ttB D  ʚ ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ (4.10). ɺ ʧʨʠʨʦʜʝ ʠʥʬʠʣʴʪʨʘʮʠʷ ʚ ʥʠʞʥʶʶ ʥʝʥʘʩʳʱʝʥʥʫʶ 

ʟʦʥʫ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʝ 70% ʚʦʜʦʦʪʜʘʯʠ ʧʦʨʦʜ ʚʝʨʭʥʝʡ 

ʟʦʥʳ (ɹʣʘʫ ʠ ʜʨ.,1983). 

î
í

î
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-><D--¢D--
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=D

ʩʣʫʯʘʷʭʜʨʫʛʠʭʚʩʝʭʚʦ)(+)(

)( ʠ )(+)(0,7 ʧʨʠ )(0,1

                     0,7  )(+)( ʧʨʠ 0

FtRVNtB

RVNFtRVNtBFtRVN

FtRVNtB

tSL  (4.12) 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ N , ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜ ʠ 

ʨʘʩʯʣʝʥʸʥʥʦʩʪʠ ʨʝʣʴʝʬʘ. 

ʌʘʢʪʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʘʨʝʥʠʷP
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. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʦʨʤʫʣ ʜʣʷ ʨʘʩʯʸʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʘʨʝʥʠʷ P  

ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ (ʥʘʧʨʠʤʝʨ, ʇʝʥʤʘʥ, 1948, ʍʘʫʜʝ, 1955 ). ʄʳ 

ʚʳʙʠʨʘʝʤ ʟʜʝʩʴ ʜʣʷ ʜʝʤʦʥʩʪʨʘʪʠʚʥʳʭ ʮʝʣʝʡ ʦʜʥʫ, ʜʣʷ ʢʦʪʦʨʦʡ ʥʫʞʥʦ 

ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʍʘʫʜʝ. ʇʦ ʥʝʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʫʪʦʯʥʦʝ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʠʩʧʘʨʝʥʠʝ P  ʚ ʤʤ 

ʢʘʢ ʬʫʥʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ TL  (ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʠʷ ʚ 14:00) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ f (ʚ % 14:00), ʘ ʪʘʢʞʝ ʝʞʝʤʝʩʷʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ mH
 , ʢʦʪʦʨʳʡ ʩʫʤʤʠʨʫʝʪ ʚʩʝ ʜʨʫʛʠʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʩʶʜʘ 

ʧʝʨʝʤʝʥʥʳʝ, ʪʘʢʠʝ, ʢʘʢ ʚʨʝʤʷ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠ ʪ.ʜ. 

ʧʨʠ ʠʭ ʪʠʧʠʯʥʦʤ ʠʟʤʝʥʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. 

)100/-1)((0,75 fTEmP LSH=                                       (4.13) 

E TS L( )  - ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚ ʤʠʣʣʠʙʘʨʘʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʟʜʫʭʘ TL. ʊʘʙʫʣʠʨʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʪʦʯʥʦ ʧʦʜʦʙʨʘʥʳ ʧʨʠ 

ʨʘʩʯʝʪʝ ʧʦ ʬʦʨʤʫʣʝ:  

[ ].21,608 + )273+ /(5411-exp)( LLS TTE =                         (4.14) 

 ɼʣʷ ʖʞʥʦʡ ɻʝʨʤʘʥʠʠ ʝʞʝʤʝʩʷʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩ ʷʥʚʘʨʷ ʧʦ ʜʝʢʘʙʨʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʧʦʨʷʜʢʘʤʠ: 

mH =0.26, 0.26, 0.33, 0.39, 0.39, 0.37, 0.35, 0.33, 0.31, 0.26, 0.26, 0.26  (4.15) 

ʌʘʢʪʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʧʦʪʝʥʮʠʘʣʴʥʦʤʫ ʠʩʧʘʨʝʥʠʶ 

P. ʉʦʛʣʘʩʥʦ ʈʝʥʜʞʝʨʫ ʠ ʜʨ. (1974) ʬʘʢʪʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʤʝʥʴʰʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ, ʢʘʢ ʪʦʣʴʢʦ ʚʣʘʞʥʦʩʪʴ ʛʨʫʥʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʙʦʣʝʝ, 

ʯʝʤ ʥʘ 30% ʥʠʞʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʦʜʦʦʪʜʘʯʠ 
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2
 .             (4.16) 

ʂʨʦʤʝ ʪʦʛʦ, ʥʫʞʥʦ ʧʨʠʥʷʪʴ ʤʝʨʳ, ʯʪʦʙʳ tVD ʥʝ ʧʨʝʚʳʩʠʣʘ ʦʙʲʝʤ 

ʚʦʜʳ, ʥʘʢʦʧʣʝʥʥʳʡ ʢʘʢ ʟʘ ʩʯʸʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʪʘʢ ʠ ʠʤʝʶʱʠʡʩʷ ʚ 

ʛʨʫʥʪʝ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ )+,( ttt D . 

)(+)( tBtRNtV D-¢D   .                                            (4.17) 

ʌʘʢʪʠʯʝʩʢʦʝ ʠʩʧʘʨʝʥʠʝ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ.  ɺ 

ʣʠʪʝʨʘʪʫʨʝ ʜʘʶʪʩʷ ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʥʘʧʨʠʤʝʨ, ɼʠʢ, 1980).  

ʆʩʘʜʢʠ ʚ ʚʠʜʝ ʩʥʝʛʘ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʦ-ʜʨʫʛʦʤʫ.  ʇʨʠʙʣʠʞʝʥʥʳʡ 

ʠ ʥʝʩʣʦʞʥʳʡ ʩʧʦʩʦʙ ʧʦʜʩʯʸʪʘ ʩʥʝʞʥʳʭ ʦʩʘʜʢʦʚ ʜʘʥ ʫ ʌʣʝʤʤʠʥʛʘ (1976), 

ʈʘʭʥʝʨʘ ʠ ɻʨʘʩʥʠʢʘ (1955). ɽʜʠʥʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʝʞʝʜʥʝʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʤʦʱʥʦʩʪʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʉʥʝʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʚʦʜʥʳʡ ʨʝʟʝʨʚʫʘʨ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʩ ʥʘʢʦʧʣʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʦʜʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʝʛʦ ʤʦʱʥʦʩʪʠ. ʇʝʨʝʚʦʜ ʩʥʝʛʘ ʚ ʚʦʜʫ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ. ɹʘʣʘʥʩ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʝʞʝʜʥʝʚʥʦ. ɽʩʣʠ ʛʣʫʙʠʥʘ ʩʥʝʛʘ ʚʦʟʨʘʩʪʘʝʪ, ʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʟʘ ʩʫʪʢʠ ʧʨʠʙʘʚʣʷʝʪʩʷ ʢ ʚʦʜʥʦʤʫ ʨʝʟʝʨʚʫʘʨʫ. ɽʩʣʠ 

ʤʦʱʥʦʩʪʴ ʩʥʝʛʘ ʦʩʪʘʸʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʦʩʘʜʢʠ ʟʘ ʩʫʪʢʠ ʧʨʠʙʘʚʣʷʶʪʩʷ ʢ 

ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʶ ʛʨʫʥʪʘ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʤʦʱʥʦʩʪʠ ʩʥʝʛʘ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ ʚ ʩʫʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʩ ʫʯʸʪʦʤ 

ʫʤʝʥʴʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʥʝʛʘ, ʚʦʜʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʠ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ 

ʛʨʫʥʪʘ.  ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʸʤ ʚʦʜʳ, ʢʦʣʠʯʝʩʪʚʦ ʩʥʝʛʘ ʧʝʨʝʚʦʜʷʪ 

ʚ ʚʦʜʫ, ʧʨʠʥʠʤʘʷ, ʯʪʦ ʛʣʫʙʠʥʘ ʩʥʝʛʘ ʩʥʠʟʠʣʘʩʴ ʜʦ ʥʫʣʷ. ʄʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ 

ʟʘʜʝʨʞʢʫ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʚʳʧʘʜʝʥʠʝʤ ʩʥʝʛʘ ʠ ʝʛʦ ʧʦʧʘʜʘʥʠʝʤ ʚ ʧʦʯʚʫ ʚ ʚʠʜʝ ʚʦʜʳ. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʘʩʯʸʪʘ ʩʫʪʦʯʥʦʛʦ ʧʨʦʩʘʯʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʛʨʫʥʪʘ B( )0 . ɺ ʮʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʝ 

ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʛʨʫʥʪ ʧʦʣʥʦʩʪʴʶ ʚʦʜʦʥʘʩʳʱʝʥ ʧʦʩʣʝ ʪʘʷʥʠʷ ʩʥʝʛʘ 

ʚ ʘʧʨʝʣʝ. ɼʣʷ ʧʝʨʚʦʛʦ ʘʧʨʝʣʷ, ʦʧʨʝʜʝʣʷʷ ʚʨʝʤʷ ʢʘʢ t =0, ʤʳ ʠʩʧʦʣʴʟʫʝʤ 

B F( )0 =  .                                                      (4.18) 

ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠʩ. 4.2. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ɻʝʨʤʘʥʠʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʪʫʘʮʠʠ ʚ 

ʜʨʫʛʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʝʞʝʤʝʩʷʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʣʠʯʥʫʶ ʦʪ ʵʪʦʡ ʬʦʨʤʫʣʫ 

ʨʘʩʯʸʪʘ ʠʩʧʘʨʝʥʠʷ. 
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ʈʠʩ.4.2. 

ɺʩʷ ʚʦʜʘ, ʧʦʩʪʫʧʘʶʱʘʷ ʚ ʥʝʥʘʩʳʱʝʥʥʫʶ ʟʦʥʫ, ʠʥʬʠʣʴʪʨʫʝʪʩʷ  ʟʘʪʝʤ 

ʚ ʥʘʩʳʱʝʥʥʫ .ʁ ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʠʥʬʠʣʴʪʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʤʝʥʥʘʷ 

ʟʘʜʝʨʞʢʘ ʠ ʧʦʩʪʝʧʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ɿʘʜʝʨʞʢʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʨʨʝʣʷʮʠʝʡ ʥʘʙʣʶʜʘʝʤʳʭ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ ʠ ʚʳʧʘʜʘʶʱʠʭ 

ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ. ʇʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʤ ʥʫʞʥʳ ʙʫʜʫʪ 

ʪʦʣʴʢʦ ʝʞʝʤʝʩʷʯʥʳʝ ʩʨʝʜʥʠʝ ʠʣʠ ʜʘʞʝ ʛʦʜʦʚʳʝ ʩʨʝʜʥʠʝ ʚʝʣʠʯʠʥʳ ʧʠʪʘʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʩʨʝʜʥʷʷSLʚ ʢʘʯʝʩʪʚʝ ʚʝʣʠʯʠʥʳ ʧʠʪʘʥʠʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʠʜʘ ʦʩʘʜʢʦʚ. 

ɺʳʰʝʧʨʠʚʝʜʸʥʥʘʷ ʤʦʜʝʣʴ ʫʯʸʪʘ ʠʥʬʠʣʴʪʨʘʮʠʠ SL  ʷʚʣʷʝʪʩʷ ʛʨʫʙʳʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ. ɺ ʥʝʡ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʚʦʜʘ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʚ 

ʥʠʞʥʶʶ ʥʝʥʘʩʳʱʝʥʥʫʶ ʟʦʥʫ ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ tD . 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʙʳʪʦʯʥʘʷ ʚʦʜʘ ʠʥʬʠʣʴʪʨʫʝʪʩʷ ʠʟ ʚʝʨʭʥʝʡ 
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ʥʝʥʘʩʳʱʝʥʥʦʡ ʟʦʥʳ ʩ ʧʦʥʠʞʘʶʱʝʡʩʷ ʧʦ ʵʢʩʧʦʥʝʥʪʝ ʬʫʥʢʮʠʝʡ ʨʘʩʭʦʜʘ, ʚ 

ʪʝʯʝʥʠʝ ʙoʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 4.3). ʕʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘ ʤʦʜʝʣʠ 

ʦʪʜʝʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʚʦʜʦʪʦʢʘ. ʊʦʪ ʞʝ ʩʘʤʳʡ ʚʠʜ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚʦʜʦʧʨʠʪʦʢʦʚ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʜʦʩʙʦʨʥʳʭ ʧʣʦʱʘʜʝʡ. 

  
ʈʠʩ.4.3     ʨʠʩ.4.4. 

 

ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʪʨʘʞʝʥʦ ʥʘ ʨʠʩ 4.4.  ɽʩʣʠ ʠʟʚʝʩʪʝʥ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʪʦ ʛʣʫʙʠʥʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦ 

ʚʳʰʝʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ. ʇʦʜʟʝʤʥʳʡ ʚʦʜʦʧʨʠʪʦʢ ʚ 

ʛʣʘʚʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʬʫʥʢʮʠʶ ʧʝʨʝʪʝʢʘʥʠʷ ʠʟ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʦʜʦʸʤʘ. ʇʨʠ ʟʘʧʦʣʥʝʥʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʦʪʪʦʢ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (ʥʘʧʨʠʤʝʨ, ɼʠʢ ʠ ʜʨ., 1980): 

) (exp)0()( tQtQ a-=  .                                            (4.19) 

ʂʦʵʬʬʠʮʠʝʥʪ a  ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 1/ʚʨʝʤʷ. ʆʥ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʠ ʛʝʦʤʝʪʨʠʠ ʚʦʜʦʸʤʘ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʦʥ ʧʦʩʪʦʷʥʝʥ ʚʦ ʚʨʝʤʝʥʠ. 

ʀʥʬʠʣʴʪʨʘʮʠʷ (ʨʠʩ.4.5). ʟʘ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ )+,( ttt D  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (4.20).  
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+  ʧʨʠ )) ( (exp1

 <   ʧʨʠ  0

 )(

ttaa

tta

t

t   (4.20) 

AL  - ʧʣʦʱʘʜʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʦʜʦʸʤʘ.   
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ʈʠʩ.4.5. 

 

  ɺʦʜʦʧʨʠʪʦʢ ʚ ʦʩʥʦʚʥʦʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʟʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ t  

ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʫʤʤʫ ʚʢʣʘʜʦʚ ʚʩʝʭ ʧʦʩʪʫʧʣʝʥʠʡ. ʉʦʛʣʘʩʥʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩʚʦʡ ʚʢʣʘʜ ʚʥʝʩʫʪ ʣʠʰʴ ʩʦʙʳʪʠʷ ʥʝ ʩʪʦʣʴ 

ʦʪʜʘʣʸʥʥʦʛʦ ʧʨʦʰʣʦʛʦ. ɺ ʧʨʦʛʨʘʤʤʝ 12 ʤʦʜʝʣʠʨʫʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʣʠʥʝʡʥʳʡ 

ʨʝʟʝʨʚʫʘʨ. 

 

ʇʈʆɻʈɸʄʄɸ 12 

 

ʎʝʣʴ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʚʦʜʦʪʦʢʘ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, DT, ʚ ʩʫʪ. 

- ʢʦʣʠʯʝʩʪʚʦ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ,N  

- ʧʣʦʱʘʜʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʦʜʦʩʙʦʨʘ, AR, ʚ ʢʤ2 

- ʜʨʝʥʘʞʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, AP, ʚ 1/ʩʫʪʢʠ 

- ʥʘʯʘʣʴʥʳʡ ʨʘʩʭʦʜ ʦʪʪʦʢʘ ʠʟ ʨʝʟʝʨʚʫʘʨʘ, Q( )0 , ʚ ʤ3/ʩʫʪʢʠ 

- ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʦʪʪʦʢʘ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ, NN  

- ʜʘʥʥʳʝ ʧʨʦʩʘʯʠʚʘʥʠʷ, SL i i N( ), ( ,..., ) 1= ,  ʚ ʤʤ/ʩʫʪʢʠ 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʬʫʥʢʮʠʷ (ʦʪʪʦʢʘ) ʠʥʬʠʣʴʪʨʘʮʠʠ ʟʘ ʚʨʝʤʷ i DT i NN* , ( , ,..., ), 1=0  ʚ 

ʤ3/ʩʫʪʢʠ 

- ʛʨʘʬʠʢ ʩʦʙʳʪʠʡ-ʧʦʩʪʫʧʣʝʥʠʡ 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:     ʂʦʤʤʝʥʪʘʨʠʠ 
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1010-1160: ʆʩʥʦʚʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʳʟʦʚʦʚ ʧʦʜʧʨʦʛʨʘʤʤʳ: 

         - ʚʚʦʜ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʥʥʳʭ; 

         - ʨʘʩʯʝʪ ʬʫʥʢʮʠʠ ʦʪʪʦʢʘ; 

         - ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ. 

ʈʘʩʯʸʪ ʠ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʜʣʷ 

ʜʘʥʥʦʛʦ ʨʷʜʘ ʩʦʙʳʪʠʡ ʩ ʠʟʤʝʥʸʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʩʪʨʦʢʠ 

1110-1150). 

1170-1410: ʇʦʜʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʘʥʥʳʭ 

ʧʨʦʩʘʯʠʚʘʥʠʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʙʳʪʠʝ (ʩʪʨʦʢʘ 

1370). 

1420-1640: ʈʘʩʯʸʪ ʬʫʥʢʮʠʠ ʦʪʪʦʢʘ ʟʘ ʚʨʝʤʷ i DT i NN* , ,..., . 1=            

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʣʦʞʝʥʠʝ ʚʢʣʘʜʦʚ (ʮʠʢʣ 1490-1540)            

ʝʜʠʥʠʯʥʦʛʦ ʩʦʙʳʪʠʷ (ʮʠʢʣ 1500-1530). 

1550-1640: ʈʘʩʧʝʯʘʪʢʘ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ            

ʚʝʣʠʯʠʥʳ. 

1650-1990: ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʪʦʢʘ ʠ ʦʪʪʦʢʘ.            

ɼʣ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʰʪʘʙʘ ʦʨʜʠʥʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʘʢʩʠʤʫʤʳ SL Q ʠ . ʆʪʤʝʪʢʠ ʤʘʩʰʪʘʙʦʚ ʜʝʣʷʪ ʦʨʜʠʥʘʪʫ ʥʘ 

10 ʠʥʪʝʨʚʘʣʦʚ ʨʘʟʤʝʨʦʤ max ( , ) /SL Q 10  . 

 

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʦʛʨʘʤʤʘ ʧʨʠʤʝʥʝʥʘ ʢ ʩʣʝʜʫʶʱʠʤ ʧʘʨʘʤʝʪʨʘʤ ʠ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ: 

DT= 1 ʩʫʪʢʠ, N  = 5, AR = 10 ʢʤ2, AP = 0,1 1/cʫʪ, Q( )0  = 0, NN  = 40.  

ɼʨʫʛʠʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 4 3.  ʇʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʬʫʥʢʮʠʶ 

ʦʪʪʦʢʘ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ.4.6. 

ʊʘʙʣʠʮʘ 4.3 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʛʨʘʤʤʳ 12 

 

       i  (ʩʫʪʢʠ)               SL i( )  (ʤʤ/ʩʫʪʢʠ) 

            1                                                  1 

            2                                                   3 

            3                                                   7 

            4                                                            4 

            5                                                 2 
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ʈʠʩ.4.6. 

                                              ʊʘʙʣʠʮʘ 4.4 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ 12 

ɺʨʝʤʷ (ʩʫʪʢʠ)   ʆʪʪʦʢ (ʤ3/ʩʫʪʢʠ)  ɺʨʝʤʷ ( ʩʫʪʢʠ)   ʆʪʪʦʢ (ʤ3/ʩʫʪʢʠ) 

     0     0       21     2736,553 

     1     951,626       22     2476,135 

     2     3715,944       23     2240,5 

     3     10023,706       24     2027,288 

     4     12876,328       25     1834,366 

     5     13554,235       26     1659,803 

     6     12264,379       27     1501,852 

     7     11097,269       28     1358,932 

     8     10041,224       29     1229,612 

     9     9085,675       30     1112,599 

    10     8221,059       31     1006,722 

    11     7438,722       32     910,919 

    12     6730,834       33     824,234 

    13     6090,31       34     745,798 

    14     5510,741       35     674,826 

    15     4986,324       36     610,607 

    16     4511,813       37     552,5 

    17     4082,457       38     499,923 

    18     3693,96       39     452,349 

    19     3342,433       40     409,302 

    20     3024,359   

ʆʪʪʦʢ (ʤ3/ʩʫʪ) 

ʇʨʦʩʘʯʠʚʘʥʠʝ (ʤʤ/ʩʫʪ) 
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4.3 ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʚʝʩʪʥʳ ʥʝ ʚʩʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ʏʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʜʦʩʪʘʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʦʩʫʱʝʩʪʚʠʤʦ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʦʙ ʠ ʦʰʠʙʦʢ. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʨʷʜ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʩʪʘʚʷʪ ʵʪʫ ʤʝʪʦʜʠʢʫ ʥʘ ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʫʶ ʦʩʥʦʚʫ.  

ɿʜʝʩʴ ʤʳ ʦʙʩʫʞʜʘʝʤ ʪʦʣʴʢʦ ʤʦʜʝʣʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘʧʦʨʥʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʅʝʠʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʘʶʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʥʘʧʦʨʦʚ, ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʦʪʦʢʝ. 

ʇʨʠʥʠʤʘʷ, ʯʪʦ yx D=D , ʚ ʨʘʟʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʩʦʜʝʨʞʠʪʩʷ ʦʜʥʦ 

ʫʨʘʚʥʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

+ )( + )(  , ,1 , ,,1,1 jijijijijiji hhTIhhTI -- +--                    (4.21) 

+ 0 =  + )( + )(  ,, 1,, , 1,1, jijijijijijiji qhhTJhhTJ -- +--  

ʠ ( * )NX NY-1  ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʫʟʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʥʘʧʦʨoʤ. 

jih ,  = ʟʘʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ. 

ɺ ʟʘʜʘʯʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ ʥʘʧʦʨʳ ʜʘʥʳ, ʠ 

ʥʘʤ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ.  ɼʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ, ʤʳ 

ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ - ʵʪʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʚ ʜʚʫʭ 

ʫʟʣʘʭ. 

); + (0,5 ,1 ,, jijiji TTTI +=                                                              (4.22) 

) + (0,5 1,,  , += jijiji TTTI . 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ 

ʧʨʠʥʠʤʘʝʪ ʪʦʛʜʘ ʚʠʜ: 

jijijijijijijijijijiji qTETDTCTBTA  ,1,, 1,, ,1,  ,, ,1 ,  +  +  +  + -=+-+-
     (4.23) 

ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ A B C D E, , , ,  ʥʘ ʛʨʘʥʠʮʘʭ.   

ʄʳ ʟʘʤʝʯʘʝʤ, ʯʪʦ, ʝʩʣʠ ʩʠʩʪʝʤʘ (4.21) ʠʤʝʝʪ ʦʜʥʦ ʨʝʰʝʥʠʝ, ʪʦ ʩʠʩʪʝʤʘ 

(4.23)ʦʜʥʦʟʥʘʯʥʳʭ  ʨʝʰʝʥʠʡ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʠʤʝʝʪ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʩʦʜʝʨʞʠʪ 

ʙʦʣʴʰʝ ʥʝʠʟʚʝʩʪʥʳʭ, ʯʝʤ ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚ ʦʜʥʦʤ ʫʟʣʝ ʩ 

ʟʘʜʘʥʥʳʤ ʥʘʧʦʨʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʚʩʝ ʚʥʝʰʥʠʝ ʧʦʪʦʢʠ jiq  , ʤʦʛʫʪ ʙʳʪʴ 

ʥʫʣʝʚʳʤʠ. ʊʦ, ʯʪʦ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʥʝ ʦʜʥʦ ʨʝʰʝʥʠʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ 

ʥʘ ʧʨʦʩʪʝʡʰʝʤ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʨʠʩ.4.7).  ɺʦʜʦʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʵʪʦʤ 
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ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʢʨʦʤʝ ʥʘʧʦʨʦʚ h h1 2 ʠ  

ʠʟʚʝʩʪʝʥ ʨʘʩʭʦʜ Q . 

 
ʈʠʩ.4.7. 

 

ʄʳ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦ jiq  ,  ʚ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ 

(4.23) ʥʝ ʨʘʚʥʦ ʥʫʣʶ. ɽʩʣʠ ʧʦʤʠʤʦ ʵʪʦʛʦ ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ ʥʝʢʦʪʦʨʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʦʥʘʭ ʣʦʢʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳ, ʪʦ ʤʦʞʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʠʭ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʝʡ ʧʦ ʟʦʥʘʤ (ʨʠʩ.4.8) ʠ 

ʫʤʝʥʴʰʠʪʴ ʪʝʤ ʩʘʤʳʤ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ ʚ ʩʠʩʪʝʤʝ (4.23).  ʇʦʢʦʥʯʠʚ 

ʩ ʯʠʩʣʦʤ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʦʝ ʙʦʣʴʰʝ ʯʠʩʣʘ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʤ 

ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʪʠʧʠʯʥʫʶ ʟʘʜʘʯʫ ʨʝʛʨʝʩʩʠʠ, ʩʨʘʚʥʠʤʫʶ (ʩʦʧʦʩʪʘʚʠʤʫʶ) ʩ 

ʪʦʡ, ʯʪʦ ʦʧʠʩʘʥʘ ʜʣʷ ʩʣʫʯʘʷ ʦʧʳʪʥʦʡ ʦʪʢʘʯʢʠ ʚ ʨʘʟʜʝʣʝ 4.1. ʄʦʞʝʪ, ʦʜʥʘʢʦ, 

ʩʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʝʜʠʥʠʯʥʘ ʠ ʦʪʨʘʞʘʝʪ ʪʦ, 

ʯʪʦ ʚ ʯʘʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʳ ʥʝ ʩʤʦʞʝʤ ʠʟʙʝʛʥʫʪʴ 

ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʠ ʚ ʛʣʘʚʥʦʤ ʚʦʧʨʦʩʝ, ʠ ʧʨʦʙʣʝʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝ ʙʫʜʝʪ 

ʧʦʩʪʘʚʣʝʥʘ ʚʝʨʥʦ. 

 
ʈʠʩ.4.8. 

ɿʘʜʘʯʫ ʨʝʛʨʝʩʩʠʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʤʥʦʛʠʤʠ ʩʧʦʩʦʙʘʤʠ, (ʁʦʦʥ, 

ʁʝʭ, 1976 ), (ʍʝʚʝʮ ʠ ʜʨ., 1975), (ʂʫʣʠ, 1977 ).  ʄʝʪʦʜʠʢʠ ʂʫʣʠ ʠʣʠ 

ʁʦʦʥʘ,ʁʝʭʘ - ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʤʥʦʛʦʤʝʨʥʳʝ ʘʥʘʣʦʛʠ ʧʨʦʮʝʜʫʨʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 4.1. ʋʨʘʚʥʝʥʠʷ (4.21) ʟʘʧʠʩʘʥʳ ʚ 

ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʩʦ ʚʩʝʤʠ ʫʟʣʦʚʳʤʠ ʥʘʧʦʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʦʜʥʠʤ 
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ʙʦʣʴʰʠʤ ʚʝʢʪʦʨʦʤ ( h  ) ʧʦʨʷʜʢʘ n  . 

( ) ( ) ( )A h q  =                                                   (4.24) 

ʧʨʠ ).()(  ),,...,()(  ),,...,()( , 11 jinn aAqqqhhh ===   

ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʩʧʝʭʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʧʦ ʤʝʪʦʜʫ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʚʘʡʪʝ ʧʨʠʤʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ m ʟʥʘʯʝʥʠʡ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ Tj .  ʆʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʥʘʯʝʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʦʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʩʚʦʜʠʪʩʷ ʜʦ 

ʤʠʥʠʤʫʤʘ: 

f T T h hm i i
i

n

( ,..., ) ( )1

2

1

= -ä
=

obs
   ,                           (4.25) 

ʛʜʝ hi

obs
 - ʥʘʙʣʶʜʘʝʤʳʝ ʥʘʧʦʨʳ, ʘ hi  - ʥʘʧʦʨʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʥʘʙʦʨoʤ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ. ɽʩʣʠ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʚ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʥʘʜʸʞʥʳʤʠ, ʪʦ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʤʦʞʥʦ ʚʟʚʝʩʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʜʠʘʛʦʥʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʤʘʪʨʠʮʳ w, ʩ ʵʣʝʤʝʥʪʘʤʠ iiw ,  c ʧʨʝʜʝʣʦʤ 

ʟʥʘʯʝʥʠʡ ʦʪ 0 ʜʦ 1. 

f T T h h wm i i i i
i

n

( ,..., ) ( )1

2

1

= -ä
=

obs

 
                                     (4.26) 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ T Tm1,..., , 

ʧʦʣʫʯʘʝʤ ʥʦʨʤʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʝ ʫʨʘʚʥʝʥʠʷʤ (4.3) ʠʣʠ 

(4.4). 
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                   (4.27) 

ʃʠʥʝʘʨʠʟʘʮʠʷ ʬʫʥʢʮʠʠ f T Tm( ,..., )1  ʧʨʠʚʦʜʠʪ ʢ ʣʠʥʝʡʥʳʤ 

ʥʦʨʤʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ʘʥʘʣʦʛʠʯʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʧʦ ʧʨʦʙʣʝʤʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 4.1. ʅʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ ʧʦʩʳʣʦʢ ʦ 

ʧʘʨʘʤʝʪʨʘʭ, ʨʝʛʨʝʩʩʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʠʪʝʨʘʪʠʚʥʦ. ʅʦʨʤʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʜʘʶʱʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʡ ʥʘʙʦʨ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ T Tm1,...,  ʠʟ ʥʘʙʦʨʘ 

T Tm1

0 0,..., ,   ʠʤʝʶʪ ʚʠʜ: 
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        (4.28) 

ʩʦ ʚʩʝʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʚʟʷʪʳʤʠ ʧʨʠ ),...,1( 0 mTT == ??? . 

ʈʝhʝʥʠʝ ʜʣʷ ?ʊ, ʘ ʥʝ ʜʣʷ 
0

?? TT -  ʪʨʝʙʫʝʪ ʧʦʚʪʦʨʥʳʭ ʙʳʩʪʨʳʭ ʨʘʩʯʸʪʦʚ 

ʧʨʦʠʟʚʦʜʥʳʭ ?Thi  / µµ  ʠʟ ʤʦʜʝʣʠ (4.24) ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ. ʇʦʵʪʦʤʫ 

ʩʪʦʠʪ ʤʘʪʨʠʮʫ ʩʠʩʪʝʤʳ A ʩʜʝʣʘʪʴ ʦʙʨʘʪʥʦʡ ʠʣʠ ʪʨʝʫʛʦʣʴʥʦʡ. ʀʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʟʚʝʜʸʥʥʳʝ ʚ ʦʙʳʯʥʦʤʤʝʪʦʜʝ ɻʘʫʩʩʘ-ʅʴʶʪʦʥʘ, ʥʘʧʨʠʤʝʨ, 
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ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʂʫʣʠ ʤʝʪʦʜʠʢʘ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʫʩʠʣʠʡ ʧʨʠ 

ʨʘʩʯʸʪʘʭ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʦʩʪʘʶʪʩʷ ʚ 

ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʧʨʘʚʜʦʧʦʜʦʙʥʳʤʠ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʤʦʞʥʦ ʚʚʝʩʪʠ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ (ʅʝʡʤʘʥ, 1973 ): 

u

jjj TTT     ¢¢?     ,                                                 (4.29) 

ʛʜʝ 
u

jj TT  ʠ ?  - ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʧʨʝʜʝʣʳ ʧʘʨʘʤʝʪʨʦʚ.  

ɽʩʣʠ ʤʘʪʨʠʮʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ µ µ  h Ti j/  ʩʠʥʛʫʣʷʨʥʘ (ʝʜʠʥʠʯʥʘ), ʪʦ 

ʩʠʩʪʝʤʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ. ʕʪʦ ʦʪʨʘʞʘʝʪ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʟʘʜʘʯʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝ ʧʦʩʪʘʚʣʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʠʯʥʳʭ ʤʝʪʦʜʠʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʘʭ ʣʠʥʝʡʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ, ʢʘʢ 

ʧʨʝʜʣʦʞʠʣ ʍʝʚʝʮ ʠ ʜʨ. (1975), ʧʨʠʚʝʜʸʥ ʫ ɹʵʨʘ (1979). 
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ɻʃɸɺɸ 5. 

 

ʇʈʆɹʃɽʄɸ  ʋʇʈɸɺʃɽʅʀʗ  ʇʆɼɿɽʄʅʓʄʀ  ɺʆɼɸʄʀ 

       

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʫʪʦʯʥʝʥʳ ʚʩʝ ʥʝʟʘʚʠʩʠʤʳʝ ʦʪ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʳ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʤʦʜʝʣʠ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʪʝʧʝʥʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʝʨʢʦʡ ʝʸ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘ ̫ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ.  ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʴ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ.  ʆʙʳʯʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ.  ʀʥʦʛʜʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʤʝʪʦʜʠʢʫ.  ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʦʙʣʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʘʢ ʦʙʳʯʥʫʶ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ɹʵʨ, 1979, ʍʦʣʣ,  ɼʨʝʡʢʘʧ, 1970, ʄʵʜʜʦʢ, 1972. 

 

5.1ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

 

ʃʶʙʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

- ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʪʦ ʢʦʣʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʥʘʜʦ 
ʜʦʚʝʩʪʠ ʜʦ ʤʘʢʩʠʤʫʤʘ ʠʣʠ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ, ʠ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʧʝʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʷ; 

- ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʘʩʘʶʱʠʤʠʩʷ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʉʥʘʯʘʣʘ ʨʝʰʘʶʪ ʧʨʦʩʪʝʡʰʫʶ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʤ 

ʧʦʪʦʢʦʤ. ʇʝʨʝʤʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜʳ ʧʨʠ ʦʪʢʘʯʢʝ  

ʠʟ ʩʢʚʘʞʠʥ. ʉʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʧʨʠ ʦʪʢʘʯʢʝ - ʵʪʦ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, 

ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʜʦ ʧʨʝʜʝʣʘ. ʆʛʨʘʥʠʯʝʥʠʷ ʪʨʝʙʫʶʪ, ʯʪʦʙʳ ʚ -

ʪʦʯʢʘʭ  ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʘʧʦʨʳ  ʥʝ ʜʦʣʞʥʳ ʧʘʜʘʪʴ ʥʠʞʝ 

ʜʘʥʥʳʭ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ . ʄʦʞʥʦ ʧʦʪʨʝʙʦʚʘʪʴ ʪʘʢʞʝ, ʯʪʦʙʳ 

ʧʦʥʠʞʝʥʠʷ  ʦʩʪʘʚʘʣʠʩʴ ʤʝʥʴʰʠʤʠ, ʯʝʤ ʥʝʢʦʪʦʨʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʧʦʥʠʞʝʥʠʷ . ɺʳʨʘʞʝʥʥʘʷ ʚ ʚʠʜʝ ʬʦʨʤʫʣ, ʵʪʘ ʟʘʜʘʯʘ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ:  . 
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ʆʛʨʘʥʠʯʝʥʠʷ:             (5.1) 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʝ cʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʥʘʧʦʨʘʤʠ ʠ ʨʘʩʭʦʜʘʤʠ ʧʨʠ 

ʦʪʢʘʯʢʝ ʜʘʥʦ ʚ ʤʦʜʝʣʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʦʥʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ 

ʥʘʧʦʨʥʦʛʦ ʙʝʩʢʦʥʝʯʥʦʛʦ, ʦʜʥʦʨʦʜʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʥʠʞʝʥʠʝ  ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʩʢʚʘʞʠʥ: 

,    (5.2) 

ʛʜʝ  - ʢʦʦʨʜʠʥʘʪʳ ʩʢʚʘʞʠʥ, ʘ  - ʠʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʨʘʜʠʫʩʳ 

ʚʣʠʷʥʠʷ. ʊʘʢ ʢʘʢ ʧʦʥʠʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʩʭʦʜʦʚ ʧʨʠ 

ʦʪʢʘʯʢʝ, ʪʦ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ (5.1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ ʦʙʳʯʥʦʡ ʣʠʥʝʡʥʦʡ 

ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩʠʤʧʣʝʢʩʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 

(ɼʘʥʮʠʛ, 1963). 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ:                                

ʆʛʨʘʥʠʯʝʥʠʷ:       ,  (5.3) 

ʛʜʝ   .  

ʄʘʪʨʠʮʘ  ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʚʣʠʷʥʠʷ. ʆʥʘ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʝʪ 

ʠʟʤʝʥʝʥʠʝ ʧʦʥʠʞʝʥʠʷ ʚ ʪʦʯʢʝ , ʝʩʣʠ ʨʘʩʭʦʜ ʥʘʩʦʩʘ  ʧʨʠ ʦʪʢʘʯʢʝ 

ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʦʜʥʫ ʝʜʠʥʠʮʫ. ʕʪʘ ʤʘʪʨʠʮʘ ʨʘʚʥʳʤ ʦʙʨʘʟʦʤ ʭʦʨʦʰʦ 

ʦʧʨʝʜʝʣʠʤʘ ʜʣʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʬʠʣʴʪʨʘʮʠʷ ʚ ʢʦʪʦʨʦʤ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. ʄʘʪʨʠʮʘ ʚʣʠʷʥʠʷ - ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ 

ʤʘʪʨʠʮʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʚʝʜʝʥʘ ʚ ʛʣʘʚʝ 4. ɿʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʦʩʪʘʸʪʩʷ ʣʠʥʝʡʥʦʡ, ʧʦʢʘ ʣʠʥʝʡʥʳʤʠ ʦʩʪʘʶʪʩʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ. ʕʪʦ ʪʨʝʙʫʝʪ ʪʘʢʦʛʦ ʩʣʫʯʘʷ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʢʦʛʜʘ 

ʧʨʠʤʝʥʠʤ ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʪ.ʝ. ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʫʩʣʦʚʠʷ 

ʣʠʥʝʡʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʙʝʟʥʘʧʦʨʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦʜʦʙʥʦʝ ʪʨʘʢʪʦʚʘʥʠʝ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʢʦʛʜʘ ʧʦʥʠʞʝʥʠʷ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʱʥʦʩʪʴʶ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
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ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʮʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʏʠʩʣʦ 

ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 5.1. 

ʌʦʨʤʫʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʥʘ ʩʣʫʯʘʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʦ ʚʨʝʤʝʥʠ.  ʇʦʥʠʞʝʥʠʝ ʧʨʠ ʚʨʝʤʝʥʠ  ʠ ʚ ʪʦʯʢʘʭ  ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

                                (5.4) 

ʧʨʠ  =  

- ʨʘʩʭʦʜʳ ʧʨʠ ʦʪʢʘʯʢʝ ʠʟ ʩʢʚʘʞʠʥ  ʦʪ ʚʨʝʤʝʥʠ  ʜʦ 

ʚʨʝʤʝʥʠ .  ʌʫʥʢʮʠʷ ʚʣʠʷʥʠʷ  - ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ, ʟʘ 

ʚʨʝʤʷ  ʚ ʪʦʯʢʝ  ʧʨʠ ʨʘʙʦʪʝ  ʩʢʚʘʞʠʥ ʩ ʨʘʩʭʦʜʦʤ ʚ ʪʝʯʝʥʠʝ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ - ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ 

ʦʧʝʨʘʮʠʶ ʥʫʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ,  - ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʩ ʟʘʜʘʥʥʳʤ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʥʠʞʝʥʠʝʤ,  - ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ . 

ʊʘʙʣʠʮʘ 5.1 

ʎʝʣʝʚʳʝ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ  

ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ 

 

ʎʝʣʝʚʳʝ ʬʫʥʢʮʠʠ                           ʌʦʨʤʫʣʳ ʠʭ ʚʳʨʘʞʝʥʠʷ 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ 

ʧʨʠ  ʦʪʢʘʯʢʝ  

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʸʤ ʚʦʜʳ                    

ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʵʥʝʨʛʠʠ         
 

ʄʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ                        

ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʨʠʙʳʣʠ                       

ʆʛʨʘʥʠʯʝʥʠʷ  

ɿʘʜʘʥʥʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʥʘʧʦʨʳ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʱʠʪʳ ʵʢʦʩʠʩʪʝʤ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʩʝʜʘʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʩʦʭʨʘʥʝʥʠʝ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʠʥʪʝʨʚʘʣʝ ʫʩʪʘʥʦʚʢʠ 

ʬʠʣʴʪʨʘ ʩʢʚʘʞʠʥʳ) 

 

ɿʘʜʘʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʦʨʳ  

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʘʚʦʜʢʦʚ, ʟʘʩʦʣʝʥʠʷ)   

 

ɿʘʜʘʥʥʦʝ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ         
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ɿʘʜʘʥʥʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ 

(ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʨʠʪʦʢʘ ʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʳ) 

 

ɺʝʣʠʯʠʥʘ ʨʘʩʭʦʜʦʚ ʧʨʠ ʦʪʢʘʯʢʝ   

(ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʠʣʴʪʨʘʮʠʠ)       
 

 

ʄʘʪʨʠʮʘ ʚʣʠʷʥʠʷ  - ʵʪʦ ʪʨʸʭʤʝʨʥʘʷ ʤʘʪʨʠʮʘ. ɺ ʩʣʫʯʘʝ 

ʙʝʩʢʦʥʝʯʥʦʛʦ, ʥʘʧʦʨʥʦʛʦ, ʦʜʥʦʨʦʜʥʦʛʦ ʠ ʠʟʦʪʨʦʧʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʝʸ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʫʥʢʮʠʝʡ ʊʝʡʩʘ: 

   ,         (5.5) 

ʛʜʝ ;  

 - ʬʫʥʢʮʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʛʣʘʚʝ 3.1. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʝʩʴ ʦʙʲʸʤ ʚʦʜʳ, ʦʪʢʘʯʘʥʥʳʡ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ

 ʩʣʝʜʫʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʧʨʠ ʫʩʣʦʚʠʷʭ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʦʥʠʞʝʥʠʝ.  ɼʘʣʴʥʝʡʰʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʘʨʘʥʪʠʝʡ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʚʦʜʝ  ʠ ʚʝʣʠʯʠʥʳ ʨʘʩʭʦʜʦʚ ʧʨʠ ʦʪʢʘʯʢʝ. ɺ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ ʵʪʘ ʟʘʜʘʯʘ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʠ 

ʥʝʨʘʚʝʥʩʪʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 

                                            

   (5.6) 

ʛʜʝ  - ʨʘʩʭʦʜ ʧʨʠ ʦʪʢʘʯʢʝ ʚ ʩʢʚʘʞʠʥʝ ʚ -ʪʳʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ;  - ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ;  

  - ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ. 

ɽʱʸ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ 

ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʚʦ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʐʚʘʨʮ, 1971). ʇʨʠ ʪʘʢʦʤ ʨʘʩʯʸʪʝ 

ʧʣʘʥʠʨʫʝʤʳʝ ʨʘʩʭʦʜʳ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ.  ɺ ʣʶʙʦʝ ʚʨʝʤʷ ʪʨʝʙʦʚʘʥʠʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʠʪʘʥʠʷ ʠ ʦʪʢʘʯʢʠ ʚʦʜʳ. ʎʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʳʭ ʟʘʪʨʘʪ. 
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ʀ, ʥʘʢʦʥʝʮ, ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʟʘʜʘʯʠ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʠ 

ʫʧʨʘʚʣʝʥʠʶ. ɺʩʸ, ʯʪʦ ʥʘʤ ʥʫʞʥʦ ʩʜʝʣʘʪʴ, ʵʪʦ ʨʝʰʠʪʴ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ 3.3.19. 

                                     (5.7) 

 - ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ.  - ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʧʠʪʘʥʠʝ,  - ʨʘʩʭʦʜʳ ʦʪʢʘʯʢʠ ʚʦʜʳ ʚ ʣʶʙʦʤ ʫʟʣʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

 ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦ ʥʫʣʶ, ʝʩʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʯʝʡʢʝ ʥʝʪ 

ʩʢʚʘʞʠʥʳ. ʆʙʲʝʜʠʥʸʥʥʘʷ ʟʘʜʘʯʘ - ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ-ʦʧʪʠʤʠʟʘʮʠʷ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ 

   (5.8) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʠʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʜʘʸʪ ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʩʭʦʜʳ 

ʧʨʠ ʦʪʢʘʯʢʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʚʦ ʚʩʸʤ 

ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ. 

 

5.2. ʉʠʤʧʣʝʢʩʥʳʡ ʘʣʛʦʨʠʪʤ 

 

ʉʪʘʥʜʘʨʪʥʘʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʜʘʸʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ:   

ʆʛʨʘʥʠʯʝʥʠʷ:      (5.9) 

                    

 - ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, - ʧʝʨʝʤʝʥʥʳʝ ʨʝʰʝʥʠʷ ( ). 

ʉʠʩʪʝʤʘ ʥʝʨʘʚʝʥʩʪʚ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚʚʝʜʝʥʠʝʤ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  , ʪʘʢʠʭ ʢʘʢ: 

                           (5.10) 

ʉʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ, ʦʙʳʯʥʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ: 

                                                                                                     ( 5.11)                        
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ʉʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (5.10) ʩʦʜʝʨʞʠʪ  

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʫʨʘʚʥʝʥʠʷʭ. ʆʥʘ, ʦʙʳʯʥʦ, 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʤʘ. ʄʦʞʥʦ ʥʘʡʪʠ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ. 

ʅʘʙʦʨ ʨʝʰʝʥʠʡ ʦʙʨʘʟʫʝʪ ʚʦʟʤʦʞʥʫʶ ʦʙʣʘʩʪʴ-ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʕʪʦ ʚʳʧʫʢʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʣʦʩʢʦʩʪʷʤʠ (ʩʠʤʧʣʝʢʩ). 

ʆʧʪʠʤʫʤ ʣʝʞʠʪ ʥʘ ʫʛʣʫ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  ʇʨʠʨʘʚʥʷʚ  ʠʟ 

ʧʝʨʝʤʝʥʥʳʭ  ʢ ʥʫʣʶ, ʩʠʩʪʝʤʫ (5.10) ʤʦʞʥʦ ʨʝʰʠʪʴ ʜʣʷ ʦʩʪʘʣʴʥʳʭ  

ʧʝʨʝʤʝʥʥʳʭ. ʄʳ ʥʘʟʳʚʘʝʤ  ʧʝʨʝʤʝʥʥʳʝ ʦʩʥʦʚʥʳʤʠ;  - ʧʝʨʝʤʝʥʥʳʝ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʨʘʚʥʝʥʳ ʢ ʥʫʣʶ, ʥʘʟʳʚʘʶʪʩʷ ʥʝʦʩʥʦʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʳ. ʄʳ ʥʘʯʠʥʘʝʤ ʩ 

ʚʦʟʤʦʞʥʦʛʦ ʨʝʰʝʥʠʷ. ɿʘʪʝʤ ʧʨʦʠʟʚʝʜʸʤ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʟʘʤʝʥʫ ʦʜʥʦʡ 

ʦʩʥʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʘ ʥʝʦʩʥʦʚʥʫʶ, ʧʝʨʝʤʝʱʘʷʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʪ ʦʜʥʦʡ 

ʫʛʣʦʚʦʡ ʪʦʯʢʠ ʜʦ ʜʨʫʛʦʡ. ʇʨʠ ʟʘʤʝʥʝ ʥʫʞʥʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʛʨʘʥʠʮʳ 

ʚʦʟʤʦʞʥʦʡ ʦʙʣʘʩʪʠ.  ʇʝʨʝʤʝʱʘʝʤʩʷ ʜʘʣʴʰʝ ʧʦ ʢʨʘʶ, ʯʪʦ ʜʘʸʪ ʥʘʠʙʦʣʴʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʤʝʥʦʡ ʥʝʦʩʥʦʚʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʜʘʸʪ ʥʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ . ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʦʟʥʘʯʘʝʪ ʪo, ʯʪʦ 

ʥʝʦʩʥʦʚʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ. ʅʘʟʦʚʸʤ ʵʪʫ ʧʝʨʝʤʝʥʥʫʶ . 

ɿʘʪʝʤ ʦʧʨʝʜʝʣʠʤ, ʢʘʢʫʶ ʦʩʥʦʚʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ʥʫʞʥʦ ʧʝʨʚʦʡ ʫʤʝʥʴʰʠʪʴ 

ʜʦ ʥʫʣʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦ ʢʨʘʶ ʩʠʤʧʣʝʢʩʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʥʘ . 

ʅʘʟʦʚʸʤ ʵʪʫ ʧʝʨʝʤʝʥʥʫʶ . ʕʪʫ ʧʝʨʝʤʝʥʥʫʶ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ. Ecʣʠ ʥʘʤ 

ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʝʱʸ ʦʜʥʫ ʧʝʨʝʤʝʥʥʫʶ, ʪʦ  ʥʘ ʵʪʘʧʝ ʟʘʤʝʥʳ ʩʪʘʥʝʪ 

ʤʝʥʴʰʝ ʥʫʣʷ ʠ ʤʳ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʢʘʞʝʤʩʷ ʚ ʦʙʣʘʩʪʠ ʥʝʚʦʟʤʦʞʥʳʭ 

ʨʝʰʝʥʠʡ. ɺ ʪʘʙʣʠʮʝ (5.11) ʧʦʢʘʟʘʥʳ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ. 

ʉʪʦʣʙʝʮ ʩ ʥʘʠʙʦʣʴʰʠʤ ʦʧʨʝʜʝʣʷʝʪ  (ʦʩʝʚʦʡ ʩʪʦʣʙʝʮ). ʇʦʩʣʝʜʥʠʡ 

ʩʪʦʣʙʝʮ  ʨʘʟʜʝʣʸʥ ʵʣʝʤʝʥʪʘʤʠ ʦʩʝʚʦʛʦ ʩʪʦʣʙʮʘ. ʅʘʠʤʝʥʴʰʠʡ ʥʝʨʘʚʥʳʡ 

ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ, ʦʟʥʘʯʘʝʪ 

(ʦʩʝʚʦʡ ʨʷʜ). ʇʦʢʘʟʘʥ ʵʪʘʧ ʟʘʤʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʦʩʥʦʚʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ  ʠ ʜʚʫʭ ʥʝʦʩʥʦʚʥʳʭ . ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ  
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                                            (5.12) 

ʧʨʝʦʙʨʘʟʫʝʤ ʚ ʥʦʚʫʶ ʩʠʩʪʝʤʫ   

   .                          (5.13) 

ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʟʘʤʝʥʝ ʦʩʥʦʚʥʦʡ ʧʝʨʝʤʝʥʥʦʡ  ʥʘ ʥʝʦʩʥʦʚʥʫʶ 

ʧʝʨʝʤʝʥʥʫʶ .  ʕʣʝʤʝʥʪ  ʥʘʟʳʚʘʝʪʩʷ ʦʩʝʚʳʤ ʵʣʝʤʝʥʪʦʤ. 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦ ʚʟʷʪʦʛʦ ʵʣʝʤʝʥʪʘ  ʵʪʘʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʷʟʳʢʦʤ ʪʘʙʣʠʮʳ ʩʣʝʜʫʶʱʠʤʠ ʧʨʘʚʠʣʘʤʠ: 

- ʜʝʣʝʥʠʝʤ ʦʩʝʚʦʛʦ ʩʪʦʣʙʮʘ ʥʘ ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ, ʦʩʪʘʚʣʷʷ ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ 
ʥʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ; 

- ʜʝʣʝʥʠʝʤ ʦʩʝʚʦʛʦ ʨʷʜʘ ʥʘ ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ ʠ ʫʤʥʦʞʝʥʠʝʤ ʥʘ -1, ʦʩʪʘʚʣʷʷ 

ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ ʥʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤ; 

- ʟʘʤʝʥʘ ʦʩʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʵʣʝʤʝʥʪ, ʦʙʨʘʪʥʳʡ ʝʤʫ; 

- ʟʘʤʝʥʘ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʙʣʠʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʘʚʠʣʘʤ: 

. 

ɺ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʤ ʩʣʫʯʘʝ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʤʘʥʠʧʫʣʷʮʠʠ ʚ ʪʘʙʣʠʮʝ 

ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 x1 x2    y1 x2  

(5.14) 

 

y1 a11 a12 b1 Ý 
x1 1/ a11 a12/ a11 b1/a11 

y2 a21 a22 b2 y1 - a21/ a11 a22-( a21 a12)/ a11 b2-(a21b1)/a11 

 p1 p2    -p1/a11 p2-(a12p1)/a11  

 

ʇʨʦʮʝʩʩ ʟʘʤʝʥʳ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʩʣʝʜʥʝʛʦ ʨʷʜʘ, ʪ.ʝ. ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ  ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ ʩʪʘʥʫʪ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ʊʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʦʧʪʠʤʫʤ, ʧʦʩʢʦʣʴʢʫ 

ʜʘʣʴʥʝʡʰʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɽʩʣʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʦʩʝʚʦʡ ʵʣʝʤʝʥʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʥʘ 

ʰʘʛʝ ʠʪʝʨʘʮʠʠ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ. 

ɿʘʜʘʯʘ ʣʠʥʝʡʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘ ʢʦʪʦʨʫʶ ʤʳ ʚʳʭʦʜʠʤ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚ ʦʙʳʯʥʦʤ ʚʠʜʝ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʧʨʠʤʝʯʘʥʠʷ ʧʦ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʮʝʜʫʨʳ ʚ ʥʝʩʪʘʥʜʘʨʪʥʦʤ ʩʣʫʯʘʝ: 
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- ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ z , ʤʘʢʩʠʤʠʟʠʨʫʡʪʝ -z; 

- ʝʩʣʠ ʜʦʧʫʩʢʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ  , ʟʘʤʝʥʠʪʝ  ʥʘ 

                                  (5.15) 

- ʝʩʣʠ ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʪʠʧʘ çʙʦʣʴʰʝ ʯʝʤè (ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʨʘʚʝʥʩʪʚʘ), ʤʝʪʦʜ ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʜʚʝ ʬʘʟʳ. ʅʘ ʧʝʨʚʦʡ ʬʘʟʝ ʥʘʭʦʜʠʤ 

ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ, ʥʘʯʠʥʘʷ ʩ ʠʩʢʣʶʯʘʝʤʦʡ ʫʛʣʦʚʦʡ ʪʦʯʢʠ.  ʌʘʟʘ ʜʚʘ 

ʧʨʦʪʝʢʘʝʪ ʢʘʢ ʦʙʳʯʥʘʷ ʚʳʰʝʦʧʠʩʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ.  ʅʘ ʬʘʟʝ 1 ʚʳʯʠʪʘʝʤ 

ʩʣʘʙʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ çʙʦʣʴʰʝ ʯʝʤè ʦʛʨʘʥʠʯʝʥʠʷʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʚʝʥʩʪʚʘ. 

  ,                         (5.16) 

ʛʜʝ  - ʣʠʥʠʠ-ʯʠʩʣʘ çʙʦʣʴʰʝ ʯʝʤè ʦʛʨʘʥʠʯʝʥʠ.̫ ɺʩʝ ʩʣʘʙʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 1 ʥʘʟʳʚʘʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʅʘ ʧʝʨʚʦʡ 

ʬʘʟʝ ʤʳ ʠʟʙʘʚʣʷʝʤʩʷ ʦʪ ʥʠʭ ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ, ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʫʶ ʮʝʣʝʚʫʶ 

ʬʫʥʢʮʠʶ.  ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʩʝ ʩʣʘʙʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʚ ʫʨʘʚʥʝʥʠʠ, ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʦʛʨʘʥʠʯʝʥʠʷ "ʙʦʣʴʰʝ ʯʝʤ", ʙʳʣʠ 

ʨʘʚʥʳ ʥʫʣʶ. ʅʘ ʵʪʘʧʝ 1 ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 

   ,                                         (5.17) 

ʛʜʝ  - ʚʩʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ʕʪʘ ʬʫʥʢʮʠʷ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʫʤʘ, ʝʩʣʠ 

                                                (5.18) 

ʆʛʨʘʥʠʯʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʦʨʤʘʣʴʥʦ ʪʘʢʠʤ ʞʝ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʪʠʧʘ çʙʦʣʴʰʝ ʯʝʤè. ʅʘ ʰʘʛʝ ʟʘʤʝʥʳ, 

ʚʳʧʦʣʥʷʝʤʦʤ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʨʘʚʝʥʩʪʚʘ, ʦʥʦ ʫʩʪʨʘʥʷʝʪʩʷ ʝʛʦ 

ʧʦʜʩʪʘʥʦʚʢʦʡ ʚ ʦʩʪʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʷ (5.16) ʚ (5.17) 

ʜʣʷ ʧʦʣʫʯʘʝʤ: 

,                       (5.19) 

ʛʜʝ  - ʣʠʥʠʠ-ʯʠʩʣʘ  çʙʦʣʴʰʝ ʯʝʤè ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʚʝʥʩʪʚʘ. ʊʘʢ ʢʘʢ 

ʧʦʩʣʝʜʥʠʡ ʯʣʝʥ ʧʦʩʪʦʷʥʥʳʡ, ʤʘʢʩʠʤʠʟʘʮʠʷ zô ʵʢʚʠʚʘʣʝʥʪʥʘ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʝʨʚʦʛʦ ʯʣʝʥʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (5.19). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʦʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ 
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ʠʣʠ                                      (5.20) 

 

ʕʪʫ ʥʦʚʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʣʝʛʢʦ ʧʦʩʪʨʦʠʪʴ, ʩʣʦʞʠʚ ʣʝʚʳʝ ʩʪʦʨʦʥʳ 

ʚʩʝʭ ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ (ʪʠʧʘ çʙʦʣʴʰʝ ʯʝʤè ʠ 

ʦʛʨʘʥʠʯʝʥʠʷ-ʨʘʚʝʥʩʪʚʘ). ʅʘ ʵʪʘʧʝ 1 ʤʳ ʟʘʤʝʥʷʝʤ ʧʝʨʝʤʝʥʥʳʝ ʦʙʳʯʥʳʤ 

ʩʧʦʩʦʙʦʤ, ʤʘʢʩʠʤʠʟʠʨʫʷ ïzô. ʂʦʛʜʘ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ïzô ʩʪʘʥʫʪ ʤʝʥʴʰʝ 

ʥʫʣʷ ʠʣʠ ʨʘʚʥʳ ʝʤʫ, ʥʘʯʠʥʘʝʪʩʷ ʚʪʦʨʦʡ ʵʪʘʧ.  ʊʝʧʝʨʴ ʠʩʧʦʣʴʟʫʝʤ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ. ɽʸ ʩʣʝʜʫʝʪ ʚʳʨʘʟʠʪʴ ʚ ʥʝʦʩʥʦʚʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʝʩʣʠ ʤʳ ʧʨʝʦʙʨʘʟʫʝʤ z 

ʧʘʨʘʣʣʝʣʴʥʦ ïzô ʥʘ ʵʪʘʧʝ 1. 

ɺ ʧʨʦʛʨʘʤʤʝ 13 ʧʨʠʚʦʜʠʪʩʷ ʦʙʱʠʡ ʜʚʫʭʵʪʘʧʥʳʡ ʩʠʤʧʣʝʢʩʥʳʡ 

ʘʣʛʦʨʠʪʤ. ʇʨʦʛʨʘʤʤʘ cʦʩʪʘʚʣʝʥʘ ʥʘ ʷʟʳʢʝ FORTRAN, ʧʨʠʚʝʜʸʥʥʦʤ ʫ 

ʂʫʵʩʪʝʨʘ ʠ ʄʘʡʟʘ (1982). 

 

ʇʈʆɻʈɸʄʄɸ 13 

 

ʎʝʣʴ:  ʨʝʰʝʥʠʝ ʦʙʱʠʭ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ  

ʜʚʫʭʵʪʘʧʥʦʛʦ ʩʠʤʧʣʝʢʩʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

 

ɺʚʦʜ: 

ʇʨʦʛʨʘʤʤʘ ʪʨʝʙʫʝʪ ʚʚʦʜʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ.  ɺʩʝ ʧʝʨʝʤʝʥʥʳʝ ʜʦʣʞʥʳ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʦʟʠʪʠʚʥʦʩʪʠ.  ʆʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʠʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ. ʇʨʦʛʨʘʤʤʘ ʩʘʤʘ 

ʩʦʟʜʘʸʪ ʚʩʝ ʩʣʘʙʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ. ɺʩʝ ʚʚʦʜʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʜʠʘʣʦʛʦʚʦʤ ʨʝʞʠʤʝ. ɺʚʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

- ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ , . 

- ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ (ʚʢʣʶʯʘʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ),  

- ʪʠʧ ʦʛʨʘʥʠʯʝʥʠʡ çʤʝʥʴʰʝ ʯʝʤè, çʙʦʣʴʰʝ ʯʝʤè ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʨʘʚʝʥʩʪʚʘ, ʚʚʦʜ ʩʠʤʚʦʣʦʤ < ,  > ʠ = . 

- ʪʘʙʣʠʮʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʦʩʪʦʷʱʫʶ ʠʟ: 

1) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʛʨʘʥʠʯʝʥʠʡ     

- ʯʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʪʠʧʘ: ʨʘʚʝʥʩʪʚʘ ʠʣʠ çʙʦʣʴʰʝ ʯʝʤè. 

2) ʢʦʵʬʬʠʮʠʝʥʪʳ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ . 

3) ʧʨʘʚʫʶ ʯʘʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ . 

 

ɺʳʭʦʜ: 

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʠʪʝʨʘʮʠʠ ʜʘʥʳ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ, ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

ʧʝʨʝʤʝʥʥʳʭ, ʟʘʤʝʥʝʥʥʳʭ ʥʘ ʰʘʛʝ ʠʪʝʨʘʮʠʠ (ʧʝʨʝʤʝʥʥʘʷ ʪʫʜʘ, ʧʝʨʝʤʝʥʥʘʷ 

ʦʪʪʫʜʘ) ʠ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʀʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ 

ʦʙʦʟʥʘʯʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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- ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: ʯʠʩʣʘ ʦʪ  ʜʦ ;  

- ʩʣʘʙʳʝ ʧʝʨʝʤʝʥʥʳʝ: ʯʠʩʣo 0; 

- ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: ʯʠʩʣʘ ʦʪ 100 ʜʦ 100+. 

ʅʘ ʦʢʦʥʯʘʪʝʣʴʥʦʤ ʚʳʭʦʜʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʶʪʩʷ ʪʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʟʘʜʘʯʠ. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

Cʪʨʦʢʠ: ʂʦʤʤʝʥʪʘʨʠʠ: 

1010: ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʩʩʠʚʦʚ. ʇʨʠ ʚʳʙʨʘʥʥʳʭ            

ʧʦʩʪʦʷʥʥʳʭ ʨʘʟʤʝʨʘʭ ʤʘʩʩʠʚʦʚ  ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʝʥʴʰʝ 20 ʠʣʠ ʨʘʚʥʳ ʝʤʫ. 

1030-1370: ɺʚʦʜ ʪʘʙʣʠʮʳ. 

1380-1490: ɻʝʥʝʨʘʮʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʵʪʘʧʘ 1. ʂʦʵʬʬʠʮʠʝʥʪʳ 

ʭʨʘʥʷʪʩʷ ʚ ʤʘʩʩʠʚʝ . 

1500-1540: ʀʥʠʮʠʘʣʠʟʘʮʠʷ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʠʪʝʨʘʮʠʠ. 

1580-1600: ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʵʪʘʧʘ 2, ʭʨʘʥʷʱʘʷʩʷ ʚ ʤʘʩʩʠʚʝ . 

1620-2490: ʆʜʠʥ ʰʘʛ ʟʘʤʝʥʳ.  ʇʝʨʝʤʝʥʥʘʷ  ʧʦʢʘʟʳʚʘʝʪ ʚʝʣʠʯʠʥʦʡ 1 

ʠʣʠ 2, ʢʘʢʦʡ ʵʪʘʧ ʠʪʝʨʘʮʠʠ ʩʝʡʯʘʩ ʠʜʸʪ.  ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʝʨʝʭʦʜʘ ʢ ʧʨʘʚʠʣʴʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʚ ʢʘʞʜʦʡ ʬʘʟʝ. 

1620-1770: ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʝʚʦʛʦ ʩʪʦʣʙʮʘ. 

1780: ʂʨʠʪʝʨʠʡ ʜʣʷ ʦʢʦʥʯʘʥʠʷ ʠʪʝʨʘʮʠʠ (ʬʘʟʘ 1 ʠ ʬʘʟʘ 2). 

1790-1890: ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʝʚʦʛʦ ʨʷʜʘ. 

1900-1910: ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʣʫʯʘʷ, ʛʜʝ ʥʝʣʴʟʷ ʥʘʡʪʠ ʦʩʝʚʦʛʦ ʨʷʜʘ.  ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʩʚʷʟʘʥʥʦʤʫ ʨʝʰʝʥʠʶ. 

1930-2110: ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʙʣʠʮʳ. 

2120-2200: ɺʟʘʠʤʥʘʷ ʟʘʤʝʥʘ ʧʝʨʝʤʝʥʥʳʭ-ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ. 

2210-2380: ʈʘʩʯʸʪ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

2390-2460: ʇʨʦʚʝʨʢʘ ʥʘ ʟʥʘʯʘʱʠʝ ʥʫʣʠ.  ʏʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ   ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʥʫʣʶ.  ʀʩʧʦʣʴʟʫʷ 

ʵʪʦʪ ʧʨʠʸʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʧʦʣʥʝʥʠʷ ʚ 

ʩʪʨʦʢʝ 1850 ʧʨʦʚʝʨʢʦʡ ʩʪʨʦʢʠ 1840. 

2480: ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʰʘʛʘ ʠʪʝʨʘʮʠʠ. 

2500-2570: ʇʝʨʝʢʣʶʯʝʥʠʝ ʩ ʬʘʟʳ 1 ʥʘ ʬʘʟʫ 2 ʠ ʧʨʦʩʤʦʪʨ ʚʦʟʤʦʞʥʦʩʪʠ            

ʨʝʰʝʥʠʷ. 

2600-2720: ɺʳʚʦʜ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

ʇʨʠʤʝʥʝʥʠʝ: 

ʇʨʝʜʩʪʘʚʣʝʥʦ 3 ʚʘʨʠʘʥʪʘ ʧʨʠʤʝʥʝʥʠʷ: 

ɺʘʨʠʘʥʪ 1:ʕʪʦ ʯʠʩʪʦ ʯʠʩʣʦʚʦʡ ʧʨʠʤʝʨ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ. ʅʝʩʪʘʥʜʘʨʪʥʘʷ ʟʘʜʘʯʘ ʩ ʣʠʥʝʡʥʳʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʜʘʪyʩʷ ʚ ʚʠʜʝ: 

  ʤʠʥʠʤʫʤ 

1 N1

N

M ʠ N1+N

P1

P2

IP

IP

A i j( , )

min 42 21 ­+-= xxz
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        - ʧʨʦʠʟʚʦʣʴʥʳʡ. 

ʉʥʘʯʘʣʘ ʟʘʜʘʯʫ ʧʨʠʚʦʜʷʪ ʚ ʦʙʳʯʥʳʡ ʚʠʜ. ʎʝʣʝʚʫʶ ʬʫʥʢʮʠʶ 

ʟʘʤʝʥʷʶʪ ey  ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ.  ʇʝʨʝʤʝʥʥʫʶ  ʟʘʧʠʩʳʚʘʶʪ ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʥʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ  ʠ .  ʊʘʙʣʠʮʘ 

ʩʪʘʥʜʘʨʪʥʦʡ ʟʘʜʘʯʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 x1 xô2 xò2 b  ʪʠʧ ʦʛʨʘʥʠʯʝʥʠʷ 

y1 1 -1 1 2 < 

z1 6 -2 2 4 = 

z2 -2 -3 3 1 > 

-z -2 -4 4   

ʇʨʦʛʨʘʤʤʘ ʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 5.2. ʀʟ 

ʨʘʩʧʝʯʘʪʢʠ ʤʳ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ  

ʊʘʙʣʠʮʘ 5.2. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ 13:  ɺʘʨʠʘʥʪ 1 

ʀʪʝʨʘʮʠʷ ʇʝʨʝʤʝʥʥʘʷ 

ʪʫʜʘ 

ʇʝʨʝʤʝʥʥʘʷ 

ʦʪʪʫʜʘ 

ʎʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ 

1 3 0 1,333 

2 1 0 3,454 

ʈʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ  101 7,999 

3 -1   

ʆʙʱʝʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ 3 

ɿʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 8 

ʏʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ ɿʥʘʯʝʥʠʝ 

1 0 

2 2 

ɺʩʝ ʜʨʫʛʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʨʘʚʥʳ ʥʫʣʶ. 

 

ɺʘʨʠʘʥʪ 2: ʀʟ ʜʚʫʭ ʩʢʚʘʞʠʥ ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʜʘ ʠʟ ʦʜʥʦʨʦʜʥʦʛʦ 

ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ɼʣʷ ʪʨʸʭ ʪʦʯʝʢ  ʟʘʜʘʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʧʦʥʠʞʝʥʠʷ. ʎʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʢʘʯʢʝ 

ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʘ 

ʨʠʩʫʥʢʝ 5.1 ʜʘʥʳ ʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ ʠ ʪʦʯʢʠ. 

;2    21 ¢-xx

;4  26 21 -¢+- xx

2 31 2    - 1x x+ ¢

0  1²x x2
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' x2
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.2''' ʠ 0 2221 -=-== xxxx
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ʈʠʩ.5.1 

 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ:  T=0.05 ʤ2/ʩʝʢ,  R1=R2= 150 ʤ, 

       S =3 ʤ,  S2,max=S3,max=4 ʤ. 

 

ʀʟ 5.3 ʤʳ ʧʦʣʫʯʘʝʤ: 

 z=Q1+Q2;   9,1Q1+12,8Q2¢4; 

 7,7Q1+8,2Q2¢3;  Q1²0; 

 12,1Q1+10,6Q2¢4;  Q2²0. 

ʇʨʦʛʨʘʤʤʘ ʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 5.3. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʵʪʦʛʦ ʤʳ ʟʘʢʣʶʯʘʝʤ: Q1=0,15 ʤ3/ʩ ʠ Q2=0,21 ʤ3/ʩ. 

max,?
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ʊʘʙʣʠʮʘ 5.3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʦʛʨʘʤʤʳ 13: ɺʘʨʠʘʥʪ 2. 

ʀʪʝʨʘʮʠʷ ʇʝʨʝʤʝʥʥʘʷ 

ʪʫʜʘ 

ʇʝʨʝʤʝʥʥʘʷ 

ʦʪʪʫʜʘ 

ʎʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ 

ʈʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ    

1 1 102 0,33 

2 2 103 0,356 

ʆʙʱʝʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ 2 

ɿʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 0,356042451 

ʏʠʩʣʦ ʧʝʨʝʤʝʥʥʳʭ ɿʥʘʯʝʥʠʝ 

1 0,15 

2 0,21 

 

 
ʈʠʩ.5.2. 

 

ɺʘʨʠʘʥʪ 3: ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʩʦʯʝʪʘʝʪʩʷ ʨʘʩʯʸʪ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʭ 

ʥʘʧʦʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʘʩʭʦʜʦʚ ʧʨʠ ʦʪʢʘʯʢʝ. ɼʘʥ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 5.2. ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʥʘʧʦʨʳ ʨʘʩʩʯʠʪʘʥʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʠ ʩ ʰʝʩʪʴʶ ʷʯʝʡʢʘʤʠ. ʀʤʝʝʪʩʷ ʪʨʠ ʦʪʢʘʯʥʳʝ ʩʢʚʘʞʠʥʳ. 

ʋʨʦʚʥʠ ʚʦʜʳ ʚ ʷʯʝʡʢʘʭ 1 ʠ 4 ʧʦʩʪʦʷʥʥʳʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʨʦʚʥʶ ʚʦʜʳ ʚ 

ʨʝʢʝ  = 50 ʤ. ʋʨʦʚʥʠ ʚʦʜʳ ʚ ʷʯʝʡʢʘʭ 2 ʠ 5 ʥʝ ʜʦʣʞʥʳ ʦʧʫʩʢʘʪʴʩʷ ʥʠʞʝ 

= 50,1 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʠʪʦʢ ʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʳ. ʄʝʩʪʥʳʝ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʷʯʝʡʢʘʭ - ʵʪʦ = 0,05 ʤ2/c  ʠ   = 

0,01ʤ2/c. ʈʘʩʭʦʜ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʚ ʨʘʡʦʥʝ 10-8 ʤ3/(cʤ2). ʈʘʟʤʝʨʳ ʷʯʝʝʢ 

-  = 6000 ʤ,  = 3000 ʤ. ʈʘʩʭʦʜʳ ʧʨʠ ʦʪʢʘʯʢʝ ʠʟ ʪʨʸʭ ʩʢʚʘʞʠʥ ʩʣʝʜʫʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ  ʩʪʘʥʫʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʝʜʠʥʠʮ/(ʤ3/ʩ) ʠ 

 = 1,2 ʝʜʠʥʠʮʳ /(ʤ3/ʩ). ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʪʨʝʙʦʚʘʥʠʝ  = 0,1 ʤ3/ʩ.  ʆʛʨʘʥʠʯʝʥʠʷ ʚʳʨʘʞʝʥʳ ʩʣʝʜʫʶʱʠʤ ʥʘʙʦʨʦʤ 

ʫʨʘʚʥʝʥʠʡ ʠ ʥʝʨʘʚʝʥʩʪʚ h1=h2: 

hr hmin

T T T T1 2 4 5= = = T T3 6=

xD yD

332211  +  + QpQpQpz=

p p1 2= =1

p3

D
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h4=h2;  h2²hmin; h5²hmin; 

Q1+Q2+Q3²0; Q1²0;  Q2²0;  Q3²0. 

ʇʦʜʩʪʘʚʠʚ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʧʨʦʠʟʚʝʜʷ ʧʝʨʝʩʪʘʥʦʚʢʫ, ʧʦʣʫʯʘʝʤ: 

 z = Q1+Q2+1,2Q3;  h1=50; 

 -0,05h1+0,1583h2-0,0083h3-0,1h5+Q1=0,18; 

-0,0083h2+0,0283h3+0,02h6+Q2=0,18; 

-0,1h2-0,05h4+0,1583h5-0,0083h6=0,18; 

-0,02h3-0,0083h5+0,0283h6+Q3=0,18; 

h4=50; h2²50,1; h5²50,1; 

Q1+Q2+Q3²0,1; Q1²0;  Q2²0;  Q3²0. 

ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʪʘʙʣʠʮʫ: 

 

 1 2 3 4 5 6 7 8 9  

 h1 h2 h3 h4 h5 h6 Q1 Q2 Q3  

z1 1 0 0 0 0 0 0 0 0 50,0 

z2 -0,05 0,1583 -0,0083 0 -0,1 0 1 0 0 0,18 

z3 0 -0,0083 0,0283 0 0 -0,02 0 1 0 0,18 

z4 0 -0,1 0 -0,5 0,1583 -0,0083 0 0 0 0,18 

z5 0 0 -0,02 0 -0,0083 0,0283 0 0 1 0,18 

z6 0 0 0 1 0 0 0 0 0 50,0 

z7 0 1 0 0 0 0 0 0 0 50,1 

z8 0 0 0 0 1 0 0 0 0 50,1 

z9 0 0 0 0 0 0 1 1 1 0,10 

z 0 0 0 0 0 0 1 1 1,2  

 

ʇʨʦʛʨʘʤʤʘ 13 ʜʘʸʪ ʨʝʰʝʥʠʝ, ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 5.4. ɼʝʣʘʝʤ 

ʚʳʚʦʜ, ʯʪʦ ʩʢʚʘʞʠʥʳ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʩ ʨʘʩʭʦʜʦʤ ʦʪʢʘʯʢʠ  = 0,10ʤ3/ʩ, 

 = 0,  = 0,61ʤ3/ʩ. 
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ʊʘʙʣʠʮʘ 5.4. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʠʟ ʧʨʦʛʨʘʤʤʳ 13: ʇʨʠʤʝʨ 3. 

ʀʪʝʨʘʮʠʷ ʇʝʨʝʤʝʥʥʘʷ 

ʪʫʜʘ    

ʇʝʨʝʤʝʥʥʘʷ 

ʦʪʪʫʜʘ    

ʎʝʣʝʚʘʷ  

ʬʫʥʢʮʠʷ    

ʂʦʣ-ʚʦ  

ʧʝʨʝʤʝʥʥʳʭ  

ɿʥʘʯʝʥʠʝ 

1 7 0 0,1           1 50 

2 2 0 0,1           2 50,1 

3 8 7 0,1           5 50,1 

4 5 0 0,1           9 0,61 

5 1 0 0,1           4 50 

6 4 0 0,1           6 29,02 

7 -2 0 0,561 3 41,56 

8 9 0 1,235 7 0,1 

9 3 8 1,173 ɺʩʝ ʦʩʪʘʣʴʥʳʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ ʨʘʚʥʳ 

ʥʫʣʶ 

10 6 0 0,881 

11 7 0 0,831 

 

ʈʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ. ʆʙʱʝʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ 11. ɿʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ-  0,831176679. 
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ɻʃɸɺɸ 6 

 

ʈɽɻʀʆʅɸʃʔʅʓɽ ʄʆɼɽʃʀ ʇɽʈɽʅʆʉɸ ɿɸɻʈʗɿʅʗʖʑʀʍ ɺɽʑɽʉʊɺ 

 

6.1. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʩʣʝʜʩʪʚʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  

ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

6.1. ɺʦʜʘ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʟʘ ʩʯʸʪ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʟ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʦʸʤʘ, ʧʨʠ ʫʪʝʯʢʘʭ ʠʟ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩʪʦʯʥʳʭ ʚʦʜ, ʟʘ ʩʯʸʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʩʦ ʩʚʘʣʦʢ 

(ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ). ɿʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʪʘʢʞʝ 

ʚʳʱʝʣʘʯʠʚʘʪʴʩʷ ʠʟ ʚʝʨʭʥʝʛʦ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʠ ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʚʦʜʦʥʦʩʥʳʡ 

ʧʣʘʩʪ (ʥʠʪʨʘʪʳ, ʧʝʩʪʠʮʠʜʳ). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʠʩʪʦʯʥʠʢʦʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʬʠʣʴʪʨʘʮʠʷ ʠʟ ʭʨʘʥʠʣʠʱ ʦʪʭʦʜʦʚ.  ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʚ ʛʨʫʥʪ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʤ ʚ ʚʦʜʝ ʚʠʜʝ 

(ʥʘʧʨʠʤʝʨ, ʥʝʬʪʴ, ʭʣʦʨʠʩʪʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ). ʀʭ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʥʦʩ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ ʠʣʠ ʧʦʪʦʢʘʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʳʟʳʚʘʝʪ 

ʟʘʛʨʷʟʥʝʥʠʝ. ʀʥʬʠʣʴʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʟʦʥʝ ʩʦʨʙʮʠʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʤʝʞʜʫ ʫʨʦʚʥʝʤ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ.  ɼʦʣʛʦʚʨʝʤʝʥʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʜʦʥʦʩʥʦʤ ʧʣʘʩʪʝ, 

ʢʦʛʜʘ ʟʘʛʨʷʟʥʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʝ ʚ ʨʘʩʪʚʦʨʠʤʦʤ ʚʠʜʝ ʧʝʨʝʥʦʩʷʪʩʷ ʦʩʥʦʚʥʳʤ 

ʧʦʪʦʢʦʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  ʈʘʩʩʪʦʷʥʠʝ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʭʚʘʯʝʥʦ ʟʘʛʨʷʟʥʝʥʠʝʤ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ, ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʩʪʦʡʢʦʩʪʠ ʟʘʛʨʷʟʥʠʪʝʣʷ.  ɿʦʥʫ 

ʩʦʨʙʮʠʠ ʩ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʪʘʤ ʩʣʦʞʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʢʘʢ ʧʝʨʝʭʦʜʥʫʶ ʜʦ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʦʥʦʩʥʳʡ ʧʣʘʩʪ 

ʠ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʙʫʜʫʪ ʦʪʥʦʩʠʪʴʩʷ ʪʦʣʴʢʦ ʢ ʥʝʤʫ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʟʘʛʨʷʟʥʠʪʝʣʴ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʧʦʣʝ ʧʦʪʦʢʘ 

(ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ ʟʘʛʨʷʟʥʠʪʝʣʴ).  ʄʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʪʦʣʴ ʤʘʣʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʥʝʙʨʝʯʴ 

ʨʘʟʥʠʮʝʡ ʚ ʧʣʦʪʥʦʩʪʷʭ.  ɼʘʣʝʝ ʤʳ ʦʛʨʘʥʠʯʠʤ ʥʘʰʫ ʜʠʩʢʫʩʩʠʶ ʧʣʘʥʦʚʳʤ 

ʧʦʪʦʢʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʧʝʨʝʥʦʩʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ 

ʤʦʱʥʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʦʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚ 

ʦʩʥʦʚʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʜʚʫʭʤʝʨʥʳʤ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʤʳ ʧʨʠʤʝʤ, 

ʯʪʦ ʨʝʛʠʦʥʘʣʴʥʳʡ ʧʝʨʝʥʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʜʚʫʭʤʝʨʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ 

ʫʩʨʝʜʥʷʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʠ. ɺʙʣʠʟʠ ʤʝʩʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʚ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʩ ʩʠʣʴʥʦ ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʪʨʝʭʤʝʨʥʦʩʪʴ ʧʝʨʝʥʦʩʘ.  ʊʘʢʠʝ ʩʠʪʫʘʮʠʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

6.2. 
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     ʃʶʙʘʷ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʘ ʪʨʝʙʫʝʪ ʚʚʦʜʘ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ. ʄʳ 

ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʧʦʣʝ ʧʦʪʦʢʘ ʣʠʙʦ ʠʟʚʝʩʪʥʦ ʘʧʨʠʦʨʠ, ʠʣʠ ʞʝ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. ʄʦʜʝʣʴ ʧʦʪʦʢʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʥʘʧʦʨʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦ 

ʟʘʢʦʥʫ ɼʘʨʩʠ. 

ɼʣʷ ʤʦʜʝʣʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʫʞʥʳ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʚʦʜʳ.  ʀʭ ʧʦʣʫʯʘʶʪ ʜʝʣʝʥʠʝʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʥʘ 

ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ . ʅʠʞʝʧʨʠʚʝʜʝʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʚʟʷʪʳ ʠʟ 

ʨʘʙʦʪʳ ɹʵʨʘ. 

 
ʈʠʩ.6.1. 

 

 

ne
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ʙ)  

ʨʠʩ.6.2. 

 

6.2.  ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʷʚʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʨʘʚʥʝʥʠʷ 

ʉʥʘʯʘʣʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʠʜʝʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʠ ʘʜʩʦʨʙʮʠʠ, ʥʠ ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ.  ʅʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʝʜʠʥʠʯʥʦʡ ʧʦʨʳ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ. ʕʪʦ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʧʦʪʦʢʦʤ ʚʦʜʳ ʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ. ʂʦʥʚʝʢʪʠʚʥʳʡ ʧʦʪʦʢ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʫʶ ʧʣʦʱʘʜʴ ʵʣʝʤʝʥʪʘ  ʚ ʪʦʯʢʝ  ʚ 

ʧʦʨʝ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ: 

,                                    (6.1) 

ʛʜʝ    

 - ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘ,  - 

ʪʨʸʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʤʝʩʪʝ  ʘ  - ʫʜʝʣʴʥʳʡ ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ 

ʵʣʝʤʝʥʪʘ ʧʣʦʱʘʜʠ  (ʨʠʩ.6.3). 
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ʈʠʩ.6.3. 

 

ɼʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ ʪʦʪ ʞʝ ʵʣʝʤʝʥʪ 

ʧʣʦʱʘʜʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʌʠʢʘ. ʆʥ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʛʨʘʜʠʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʣʝʤʝʥʪʫ 

ʧʣʦʱʘʜʠ . 

,             (6.2) 

ʛʜʝ    

 ʉʫʤʤʘʨʥʳʡ ʧʦʪʦʢ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʘʸʪʩʷ ʬʦʨʤʫʣʦʡ 

                                       (6.3) 

ʛʜʝ conv - ʢʦʥʚʝʢʪʠʚʥʳʡ; diff  ï ʜʠʬʬʫʟʠʦʥʥʳʡ. 

 ɼʣʷ ʚʩʝʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘʤ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʙʲʸʤʳ ʧʨʠ ʨʘʩʯʸʪʝ ʙʘʣʘʥʩʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʠʝ ʚʝʢʪʦʨʳ ʧʦʪʦʢʘ (6.3) ʧʦ ʦʙʲʸʤʘʤ, 

ʚʢʣʶʯʘʶʱʠʤ ʤʥʦʞʝʩʪʚʦ ʧʦʨʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʉʨʝʜʥʠʝ ʤʦʞʥʦ ʚʟʷʪʴ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʤʫ ʦʙʲʸʤʫ ʠʣʠ ʧʦ ʯʘʩʪʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʩʦʜʝʨʞʘʱʝʤʫʩʷ ʚ ʥʸʤ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʧʨʦʭʦʜʠʪ ʘʢʪʠʚʥʳʡ ʧʦʪʦʢ. ʉʨʝʜʥʠʝ ʧʦ 

ʩʫʤʤʘʨʥʦʤʫ ʦʙʲʸʤʫ ʧʦʣʫʯʘʝʤ ʠʟ ʩʨʝʜʥʠʭ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʨʠʩʪʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ, ʫʤʥʦʞʝʥʠʝʤ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ . 

 ɺ ʧʨʦʮʝʩʩʝ ʫʩʨʝʜʥʝʥʠʷ ʧʦʣʝʟʥʦ ʨʘʟʣʦʞʠʪʴ ʤʝʩʪʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ 

ʩʢʦʨʦʩʪʴ ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʦʨʠʩʪʦʤʫ 

ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʤʝʩʪʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʦʪ ʩʨʝʜʥʝʛʦ. 

     ;                          (6.4) 
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ʇʦʜʩʪʘʚʣʷʷ (6.4) ʚ (6.3), ʫʤʥʦʞʘʷ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ 

ʠ ʫʩʨʝʜʥʷʷ, ʧʦʣʫʯʘʝʤ ʦʙʲʸʤʥʳʡ ʫʩʨʝʜʥʸʥʥʳʡ ʧʦʪʦʢ . 

  .                                     (6.5) 

ʏʣʝʥʳ  - ʠʩʯʝʟʘʶʪ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ. ʇʝʨʚʳʡ ʯʣʝʥ ʧʨʘʚʦʡ 

ʩʪʦʨʦʥʳ ʫʨʘʚʥʝʥʠʷ (6.5) ʥʘʟʳʚʘʝʪʩʷ ʢʦʥʚʝʢʪʠʚʥʳʤ. ɺʪʦʨʦʡ ʯʣʝʥ - ʵʪʦ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʬʬʫʟʠʷ. ʊʨʝʪʠʡ ʯʣʝʥ - ʜʠʩʧʝʨʩʠʷ, ʦʥ ʫʯʠʪʳʚʘʝʪ ʧʦʪʦʢ 

ʙʣʘʛʦʜʘʨʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʩʢʦʨʦʩʪʠ (ʨʠʩ. 6.4).  ɽʩʣʠ 

ʫʩʨʝʜʥʷʝʤʳʡ ʦʙʲʸʤ ʚʦʟʨʘʩʪʘʝʪ, ʪʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʘʢʞʝ 

ʧʦʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ. 

 

ʈʠʩ.6.4. 

 

ɺ ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʤʳ ʦʙʳʯʥʦ ʫʩʨʝʜʥʷʝʤ ʧʦ ʤʦʱʥʦʩʪʠ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʤʝʩʪʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʦʪ ʩʨʝʜʥʝʛʦ ʩʦʟʜʘʶʪʩʷ ʛʣʠʥʠʩʪʳʤʠ ʣʠʥʟʘʤʠ ʠ ʩʣʦʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɼʠʩʧʝʨʩʠʷ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʙʦʣʴʰʠʤ ʦʙʲʸʤʘʤ 

ʥʘʟʳʚʘʝʪʩʷ ʤʘʢʨʦʜʠʩʧʝʨʩʠʝʡ. ʆʙʘ ʚʠʜʘ ʜʠʩʧʝʨʩʠʠ ʥʘ ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʫʨʦʚʥʷʭ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 6.5 ʠ 6.6. ʀʟʤʝʥʯʠʚʦʩʪʴ ʤʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʰʠʚʘʥʠʶ ʠ ʫʤʝʥʴʰʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʊʘʢ ʢʘʢ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʝʪ ʜʠʬʬʫʟʠʶ, 

ʪʦ ʜʠʩʧʝʨʩʠʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʘʣʴʥʦʡ ʘʥʘʣʦʛʠʠ ʩ ʯʣʝʥʦʤ ʜʠʬʬʫʟʠʠ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

                                                   (6.6) 
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ʈʠʩ.6.5. 

 

Aʥʘʣʦʛʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨ ʜʠʩʧʝʨʩʠʠ .  

ʆʥ ʠʤʝʝʪ ʚʠʜ ʪʝʥʟʦʨʘ ʚʪʦʨʦʛʦ ʨʘʥʛʘ ʠ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʘʥʠʟʦʪʨʦʧʠʠ ʜʠʩʧʝʨʩʠʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ 

ʚʩʝʛʜʘ ʘʥʠʟʦʪʨʦʧʥʘ, ʜʘʞʝ ʝʩʣʠ ʠʟʦʪʨʦʧʝʥ ʧʦʪʦʢ, ʪʘʢ ʢʘʢ ʜʠʩʧʝʨʩʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ ʦʙʳʯʥʦ ʥʘ ʦʜʠʥ ʧʦʨʷʜʦʢ ʚʳʰʝ, ʯʝʤ ʜʠʩʧʝʨʩʠʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʋʨʘʚʥʝʥʠʝ (6 5) - ʵʪʦ ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ, ʧʦʜʪʚʝʨʞʜʘʶʱʘʷʩʷ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʫʩʨʝʜʥʷʝʤʦʤ ʦʙʲʸʤʝ ʧʨʦʷʚʣʷʶʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʩʣʫʯʘʡʥʦʩʪʴ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʣʶʙʘʷ ʤʦʣʝʢʫʣʘ ʠʥʜʠʢʘʪʦʨʘ, 

ʧʝʨʝʩʝʢʘʶʱʘʷ ʫʩʨʝʜʥʷʝʤʳʡ ʦʙʲʸʤ, ʠʩʧʳʪʘʝʪ ʚʝʩʴ ʩʧʝʢʪʨ ʩʢʦʨʦʩʪʝʡ. 

ʋʩʨʝʜʥʝʥʠʝ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ ʦʙʲʸʤʫ ʚʦʢʨʫʛ 

ʣʶʙʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɿʘʜʘʚ ʚ ʵʪʦʡ ʪʦʯʢʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʤʳ 

ʧʦʣʫʯʘʝʤ ʧʝʨʝʤʝʥʥʫʶ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

                                        (6.7) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ (6.7) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ʟʘʤʝʥʝʥʘ 

ʵʢʚʠʚʘʣʝʥʪʦʤ ʩʧʣʦʰʥʦʡ ʩʨʝʜʦʡ. ʅʘʘh ʮʝʣʴ - ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. 
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ʈʠʩ.6.6. 

 

 

ɺʳʚʦʜʠʤ ʩʥʘʯʘʣʘ ʫʨʘʚʥʝʥʠʝ ʪʨʸʭʤʝʨʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠʟ ʙʘʣʘʥʩʘ ʤʘʩʩʳ 

ʚʦʢʨʫʛ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʸʤʘ. ɿʘʪʝʤ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʚʫʭʤʝʨʥʦʛʦ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʫʩʨʝʜʥʷʷ ʧʦʪʦʢʠ ʧʦ ʛʣʫʙʠʥʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ 

ʨʘʩʩʯʠʪʳʚʘʷ ʙʘʣʘʥʩ ʤʘʩʩʳ ʧʦ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʸʤʫ ʦʪ ʧʦʜʦʰʚʳ ʛʦʨʠʟʦʥʪʘ 

ʜʦ ʝʛʦ ʢʨʦʚʣʠ. 

ɹʘʣʘʥʩ ʤʘʩʩʳ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ ʦʙʲʸʤʫ , 

ʩʦʜʝʨʞʘʱʝʤʫʩʷ ʚ ʛʨʘʥʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ , ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʳʡ 

ʧʦʪʦʢ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ  ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʪʦʢʦʚ ʚ  ʫʨʘʚʥʦʚʝʰʠʚʘʣʠ ʥʘʢʦʧʣʝʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ  ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ (ʨʠʩ. 6.7). 

   ,                               (6.8) 

 - ʫʜʝʣʴʥʳʡ ʥʦʨʤʘʣʴʥʳʡ ʚʝʢʪʦʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ , ʥʘʧʨʘʚʣʝʥʥʳʡ ʟʘ 

ʧʝʨʝʜʝʣʳ ʦʙʲʸʤʘ ;  - ʦʙʲʸʤʥʦ-ʫʯʸʪʥʳʡ ʯʣʝʥ ʠʩʪʦʯʥʠʢʘ. ʇʦʩʪʫʧʣʝʥʠʷ ʚ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʸʤ ʩʯʠʪʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ. ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ 

ɻʘʫʩʩʘ ʠʥʪʝʛʨʘʣ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʥʪʝʛʨʘʣ ʦʙʲʸʤʘ. 

.                                               (6.9) 
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ʇʦʜʩʪʘʚʣʷʷ ʚ (6.8) ʠ ʪʨʝʙʫʷ, ʯʪʦʙʳ ʩʫʤʤʘ ʠʥʪʝʛʨʘʣʦʚ ʧʦʜ ʠʥʪʝʛʨʘʣʘʤʠ 

ʦʙʲʸʤʦʚ ʙʳʣʘ ʨʘʚʥʘ ʥʫʣʶ, ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʜʣʷ ʪʨʸʭʤʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

.(6.10) 

ʈʠʩ.6.7. 

 

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʥʘʩ ʙʫʜʫʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʪʦʣʴʢʦ ʫʨʘʚʥʝʥʠʷ  

ʧʝʨʝʥʦʩʘ ʚ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ. ʌʦʨʤʘʣʴʥʦ ʝʛʦ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ, ʧʨʠʥʠʤʘʷ  ʠ ʟʘʤʝʥʷʷ ʚʝʨʪʠʢʘʣʴʥʦʝ 

ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʩʪʦʢʘʤʠ. ɼʣʷ ʵʪʦʡ ʤʝʪʦʜʠʢʠ 

ʧʣʘʩʪ ʧʨʠʥʠʤʘʝʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʩʨʝʜʥʷʝʪʩʷ 

ʧʦ ʚʝʨʪʠʢʘʣʠ. ʄʝʪʦʜʠʢʘ ʫʩʨʝʜʥʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ ʧʨʠʤʝʥʠʤʘ, ʦʜʥʘʢʦ, ʚ 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʩʪʝʧʝʥʠ ʪʘʢʞʝ ʠ ʢ ʚʦʜʦʥʦʩʥʳʤ ʛʦʨʠʟʦʥʪʘʤ, ʥʝʦʜʥʦʨʦʜʥʳʤ ʧʦ 

ʚʝʨʪʠʢʘʣʠ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʫʩʨʝʜʥʷʝʤ ʚʝʢʪʦʨ ʧʦʪʦʢʘ ʧʦ ʛʣʫʙʠʥʝ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʥʘʧʦʨʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʩ 

ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʜʣʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʢʨʦʚʣʝʡ ʠ ʧʦʜʦʰʚʦʡ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʧʦ jz ʜʦʣʞʥʘ ʙʳʪʴ ʥʫʣʝʚʦʡ. ʉʨʝʜʥʠʝ ʧʦ jx ʠ jy  ʜʘʶʪ 

ʚʝʢʪʦʨ ʜʚʫʭʤʝʨʥʦʛʦ ʧʦʪʦʢʘ . ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (6.4) ʤʝʩʪʥʘʷ 

ʩʢʦʨʦʩʪʴ ʠ ʤʝʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʛʣʫʙʠʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʨʝʜʥʠʝ ʛʣʫʙʠʥʳ ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʠʭ.  ʉʨʝʜʥʶʶ ʛʣʫʙʠʥʫ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʥʦ ʪʦʛʜʘ ʟʘʧʠʩʘʪʴ ʢʘʢ 

                                         (6.11) 

ʛʜʝ   . ʏʨyʪʦʯʢʠ ʦʟʥʘʯʘʶʪ ʩʨʝʜʥʶʶ ʛʣʫʙʠʥʫ. ɺʪʦʨʦʡ ʯʣʝʥ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (6.11) ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʢʨʦʜʠʩʧʝʨʩʠʶ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʚʝʨʪʠʢʘʣʠ. E  yʩʥʦʚʘ ʤʦʜʝʣʠʨʫʶʪ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ 

ʌʠʢʠʘʥʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʦʜʝʣʴ ʌʠʢʠʘʥʘ ʧʨʠʝʤʣʝʤʘ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʩʤʝʰʠʚʘʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʤʘʩʰʪʘʙʦʤ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʟʳʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʙʩʫʞʜʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʠʚʦʜʠʪʩʷ ʥʠʞʝ. 
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ɿʘʧʠʩʳʚʘʝʤ: 

                                             (6.12) 

ʛʜʝ            ʠ    . 

ʊʝʧʝʨʴ ʧʨʠʥʠʤʘʝʤ, ʯʪʦ ʩʨʝʜʥʝʝ ʧʦ ʛʣʫʙʠʥʝ ʜʣʷ ʜʠʩʧʝʨʩʠʚʥʦʡ ʯʘʩʪʠ jx 

ʠ jy  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

,   (6.13) 

   ʛʜʝ    

ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ  ʚʳʨʘʞʘʝʪ ʚʣʠʷʥʠʝ ʜʠʩʧʝʨʩʠʠ ʚʩʣʝʜʩʪʚʠʝ 

ʠʟʤʝʥʝʥʠʡ ʩʢʦʨʦʩʪʠ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ,  ʦʧʠʩʳʚʘʝʪ ʩʨʝʜʥʶʶ ʜʠʩʧʝʨʩʠʶ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʣʦʷ. 

ʀʩʧʦʣʴʟʫʷ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ, ʧʦʣʫʯʘʝʤ ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ 

ʫʩʨʝʜʥʸʥʥʳʡ ʧʦ ʛʣʫʙʠʥʝ ʧʦʪʦʢ ʜʠʩʧʝʨʩʠʠ: 

 ,                                         (6.14) 

ʛʜʝ   . 

ɺʩʝ ʯʸʨʪʦʯʢʠ, ʟʥʘʢʠ ʫʩʨʝʜʥʝʥʠʷ - ʜʘʣʝʝ ʦʧʫʩʢʘʶʪʩʷ. 

ɽʩʣʠ ʜʦʧʫʱʝʥʠʝ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʢʨʦʚʣʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʩʜʝʣʘʪʴ ʥʝ ʪʘʢʠʤ ʩʪʨʦʛʠʤ, ʪʦ ʠʥʪʝʛʨʘʣ jz ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʨʘʚʝʥ ʥʫʣʶ. ʕʪʦ 

ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʪʦʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠʪʦʢʘ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʸʪ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠʣʠ ʝʛʦ ʦʪʪʦʢʘ 

ʧʨʠ ʦʪʢʘʯʢʝ ʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʳ. ʇʨʝʥʝʙʨʝʛʘʷ ʜʠʬʬʫʟʠʚʥʳʤ ʧʦʪʦʢʦʤ ʧʦ 

ʛʨʘʥʠʮʝ, ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

                                        (6.15) 

- ʨʘʩʭʦʜ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ ʠʣʠ ʢ ʥʝʤʫ;   - ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʠʥʬʠʣʴʪʨʫʶʱʝʡʩʷ ʚʦʜʝ ʠʣʠ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʨʠ ʦʪʢʘʯʢʝ. ʕʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʝʥʠʡ 

ʚ ʢʨʦʚʣʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʨʘʚʥʘ ʫʩʨʝʜʥʸʥʥʦʡ ʧʦ ʛʣʫʙʠʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʘ ʦʪʢʘʯʠʚʘʝʪʩʷ ʠʟ ʩʦʚʝʨʰʝʥʥʳʭ ʩʢʚʘʞʠʥ. 

ʂʘʢ ʠ ʚ ʤʦʜʝʣʷʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ  ʙʝʨʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. 
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ʋʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 

ʧʦʣʫʯʘʶʪ, ʚʟʷʚ ʙʘʣʘʥʩ ʤʘʩʩʳ ʚʦʢʨʫʛ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʸʤʘ ʦʪ ʢʨʦʚʣʠ ʜʦ 

ʧʦʜʦʰʚʳ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.6.8. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʪʦʢʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʦʙʲʸʤʘ ʜʦʣʞʥʳ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʩʪʦʢʠ ʠ ʠʩʪʦʯʥʠʢʠ, ʘ ʪʘʢʞʝ ʸʤʢʦʩʪʠ ʩ ʟʘʛʨʷʟʥʷʶʱʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʚʥʫʪʨʠ ʵʪʦʛʦ ʦʙʲʸʤʘ 

ʈʠʩ.6.8. 

 

       (6.16) 

ʧʨʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʝʢʪʦʨʝ , ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʢʦʤʧʦʥʝʥʪʫ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ . ʀʥʪʝʛʨʘʣ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʥʪʝʛʨʘʣ ʦʙʲʸʤʘ 

ʧʦ ʪʝʦʨʝʤʝ ɻʘʫʩʩʘ. 

.                                 (6.17) 

ʀʟ (6.16) ʠ (6.17) ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ: 

.                             (6.18) 

ʇʦʜʩʪʘʚʣʷʷ ʫʨʘʚʥʝʥʠʝ (6.14), ʤʳ, ʥʘʢʦʥʝʮ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ɹʵʨʘ: 

 .              (6.19) 

ʇʨʠ  ʫʨʘʚʥʝʥʠʝ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ʇʨʝʞʜʝ, ʯʝʤ ʫʯʝʩʪʴ ʘʜʩʦʨʙʮʠʶ ʠ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʥʫʞʥʦ 

ʦʙʩʫʜʠʪʴ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʩʧʝʨʩʠʠ. 

ʊʝʥʟʦʨ ʜʠʩʧʝʨʩʠʠ ʠʤʝʝʪ ʜʠʘʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʝʩʣʠ ʦʜʥʘ ʠʟ ʦʩʝʡ 

ʢʦʦʨʜʠʥʘʪ ʚʳʨʘʚʥʝʥʘ ʧʦ ʦʩʠ ʩ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ. ʇʨʠʥʷʚ, ʯʪʦ ʦʥ ʚʳʨʘʚʥʝʥ 

ʧʦ ʦʩʠ ʩ ʦʩʴʶ , ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ: 

 .                                                      (6.20) 
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ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʩʢʦʨʦʩʪʠ ʠ ʤʘʩʰʪʘʙʘ ʜʣʠʥʳ, ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪʩʷ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ:  

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ:      (6.21) 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʦʡ ʜʠʩʧʝʨʩʠʠ: , 

ʛʜʝ    

ʕʣʝʤʝʥʪʳ ʪʝʥʟʦʨʘ ʚ ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʧʦʣʫʯʘʶʪ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. 

 ;                                                     

    (6.22) 

ʛʜʝ    

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʦʜʝʣʷʭ ʥʝʦʙʭʦʜʠʤʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʜʠʩʧʝʨʩʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʨʝʜʢʦ ʙʳʚʘʶʪ ʠʟʚʝʩʪʥʳ ʘʧʨʠʦʨʠ. ɺ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʦʜʦʣʴʥʳʝ ʜʠʩʧʝʨʩʥʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʷʜʢʘ 0,01-10 ʩʤ. ʆʥʠ 

ʦʪʨʘʞʘʶʪ ʤʠʢʨʦʜʠʩʧʝʨʩʥʦʩʪʴ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʠ ʟʝʨʥʘ. 

ʀʭ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʩ ʧʦʨʠʩʪʦʩʪʴʶ, ʜʠʘʤʝʪʨʦʤ ʟʝʨʝʥ, ʠʭ ʬʦʨʤʦʡ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʫ. (ʂʣʦʪʮ, 1973). 

ʇʨʦʜʦʣʴʥʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ, ʦʙʥʘʨʫʞʝʥʥʘʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʦʧʳʪʘʭ ʩ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʦʙʳʯʥʦ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ (ʥʘʧʨʠʤʝʨ, ʃʝʥʜʘ, ɿʫʙʝʨ, 

1970) (ʊʘʙʣʠʮʘ 6.1). ʏʘʩʪʠʯʥʦ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʩʘʤʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʨʫʥʪʘ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ 

ʚʣʠʷʥʠʠ ʤʘʣʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʘʯʘʣʦ ʤʘʢʨʦʜʠʩʧʝʨʩʠʠ. ɽʱʸ ʙʦʣʴʰʠʝ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʠʭ ʧʨʠʯʠʥ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʭ ʜʦʩʪʦʚʝʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʨʦʜʦʣʴʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ 

ʤʝʞʜʫ 0,1 ʤ ʠ 500 ʤ ʜʣʷ ʧʦʨʠʩʪʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʨʠʩ.6.9). 
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ʈʠʩ.6.9. 

ʅʘʙʣʶʜʘʝʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʩʧʝʨʩʠʠ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʨʝʦʣʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʧʫʪʠ ʝʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚʩʸ 

ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʊʘʢ ʢʘʢ ʠʭ ʧʨʦʪʷʞʥyʥʦʩʪʴ ʩʣʠʰʢʦʤ 

ʤʘʣʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʧʦʜʨʦʙʥʦ ʧʦʣʝ ʧʦʪʦʢʘ, ʫʩʨʝʜʥʸʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦʷʚʠʪʩʷ ʚ ʢʘʞʫʱʝʡʩʷ ʜʠʩʧʝʨʩʥʦʩʪʠ.  ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʨʘʟʤʝʨ ʦʨʝʦʣʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʙʦʣʴʰʝ ʥʘʠʙʦʣʴʰʠʭ ʥʝʠʟʚʝʩʪʥʳʭ ʩʣʫʯʘʡʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ ʢʘʞʫʱʝʛʦʩʷ ʫʚʝʣʠʯʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ ʜʠʩʧʝʨʩʠʠ ʌʠʢʠʘʥʘ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʦʪʤʝʯʝʥʘ ʩʣʠʰʢʦʤ ʤʘʣʘʷ ʩʣʫʯʘʡʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʥʘʧʦʤʠʥʘʪʴ ʧʨʦʮʝʩʩ 

ʜʠʬʬʫʟʠʠ. ʇʨʦʩʪʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʡ ʧʨʠʤʝʨ ʜʘʸʪ ʩʣʦʠʩʪʳʡ ʚʦʜʦʥʦʩʥʳʡ 

ʛʦʨʠʟʦʥʪ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʤʘʢʨʦʜʠʩʧʝʨʩʠʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʜʚʫʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʩʣʦʠʩʪʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʫʩʨʝʜʥʝʥʠʷ ʧʦ ʛʣʫʙʠʥʝ. ɽʩʣʠ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʠʤʝʝʪ ʧʘʨʘʣʣʝʣʴʥʳʝ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʨʦʩʣʦʠ ʩ ʥʫʣʝʚʳʤ 

ʤʘʩʩʦʧʝʨʝʥʦʩʦʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, 

ʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʦʥʚʝʢʮʠʷ ʧʨʠʜʸʪ ʢ ʩʣʫʯʘʶ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʜʠʩʧʝʨʩʥʦʩʪʠ, ʨʘʩʪʫʱʝʡ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʩ ʨʘʩʩʪʦʷʥʠʝʤ (ʄʝʨʢʘʜʦ, 1967). 

ʄʦʜʝʣʴ ʌʠʢʠʘʥʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʧʦʩʪʦʷʥʥʫʶ ʜʠʩʧʝʨʩʠʶ, ʥʝ ʜʘʸʪ 

ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʵʪʦʡ ʩʠʪʫʘʮʠʠ.  ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʤʝʰʠʚʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʙʣʶʜʘʝʤʘʷ ʜʠʩʧʝʨʩʠ ̫ʥʝ ʙʫʜʝʪ 

ʨʘʩʪʠ ʙʝʩʢʦʥʝʯʥʦ, ʘ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʢʦʥʝʯʥʦʤʫ ʘʩʠʤʪʦʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ 

ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʩʪʫʧʠʪ 

ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʧʨʦʜʦʣʴʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʩʣʝʜʩʪʚʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʦʥʚʝʢʮʠʠ ʠ ʧʦʧʝʨʝʯʥʳʤ ʜʠʩʧʝʨʩʥʳʤ ʩʤʝʰʠʚʘʥʠʝʤ 

(ʊʝʡʣʦʨ, 1953). 

ʏʝʤ ʙʦʣʴʰʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʤʝʰʠʚʘʥʠʝ, ʪʝʤ ʙʳʩʪʨʝʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʤʘʢʨʦʜʠʩʧʝʨʩʠʠ ʧʦ ʌʠʢʠʘʥʫ 
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(ɻʝʣʴʭʘʨ ʠ ʜʨ.,1979). ʇʨʠ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʚʦ ʚʩʸʤ ʙʘʩʩʝʡʥʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʫʯʸʪʘ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚʝʣʠʯʠʥʳ ʜʠʩʧʝʨʩʠʠ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʪʦʯʝʯʥʦʤ ʩʙʨʦʩʝ ʟʘʛʨʷʟʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝʤ 

ʟʘʚʠʩʠʤʦʛʦ ʦʪ ʚʨʝʤʝʥʠ ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ , ʚʦʟʨʘʩʪʘʶʱʝʛʦ 

ʦʪ ʦʯʝʥʴ ʤʘʣʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʧʫʥʢʪʝ ʟʘʧʫʩʢʘ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʦʙʣʘʢʘ ʜʦ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ (ʄʘʪʝʨʦʥ, ɼʝ ʄʘʨʩʠʣʠ, 1982). 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʜʠʩʧʝʨʩʠ ̫ ʙʳʚʘʝʪ ʦʙʳʯʥʦ ʥʘ ʦʜʠʥ 

ʧʦʨʷʜʦʢ ʥʠʞʝ, ʯʝʤ ʧʨʦʜʦʣʴʥʘʷ. ʇʨʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʦʙʥʘʨʫʞʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ  = 0,1 (ʂʣʦʪʮ, ɿʝʡʣʝʨ, 1980).  ʉʦʦʙʱʘʝʪʩʷ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

0,01 ʜʦ 0,3 (ʇʠʢʠʥʟ, ɻʨʠʟʘʢ,1980). ɺʝʨʪʠʢʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠ ̫ʤʦʞʝʪ ʙʳʪʴ 

ʤʝʥʴʰʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʦʤ ʧʨʦʜʦʣʴʥʦʡ 

ʤʘʢʨʦʜʠʩʧʝʨʩʠʠ, ʢʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʨʘʥʝʝ. 

ɼʘʣʝʝ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʤʘʢʨʦʜʠʩʧʝʨʩʠʶ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʧʦʩʪʦʷʥʥʳʤʠ ʜʠʩʧʝʨʩʥʦʩʪʷʤʠ  ʧʦ ʚʩʝʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ. 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ  = 10-9 ʤ2/ʩ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 10o C ʤʳ ʤʦʞʝʤ ʧʨʝʥʝʙʨʝʯʴ ʜʠʬʬʫʟʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʣʝʥʘ 

ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʪʠʧʠʯʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʜʟʝʤʥʳʭ ʚʦʜ  ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,10 ʤ/ʩ 

ʜʦ 10 ʤ/ʩ. ɺ ʟʘʩʪʦʡʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʦʜʥʘʢʦ, ʜʠʬʬʫʟʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʝʜʠʥʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʥʦʩʘ. 

ɼʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʥʝ ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʟʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, NaCl). ʊʝʧʝʨʴ ʤʳ ʚʚʦʜʠʤ ʨʝʘʢʮʠʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʫʨʘʚʥʝʥʠʝ (6.19). ʕʪʦ ʜʝʣʘʝʪʩʷ ʯʝʨʝʟ ʯʣʝʥ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʲʸʤ ʠʩʪʦʯʥʠʢʘ 

ʩʙʨʦʩʘ, ʪʘʢ ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ: 

                                               (6.23) 

ʛʜʝ    - ʧʦʩʪʦʷʥʥʘʷ ʨʘʟʣʦʞʝʥʠʷ. ʊʦʪ ʞʝ ʟʘʢʦʥ ʩʧʨʘʚʝʜʣʠʚ ʠ ʜʣʷ ʨʘʩʧʘʜʘ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʟʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ ʧʦʛʣʦʱʘʝʪʩʷ (ʠʣʠ 

ʚʳʜʝʣʷʝʪʩʷ) ʧʦʨʦʜʦʡ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ, ʪʦ ʙʘʣʘʥʩ ʤʘʩʩʳ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ 

ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʫ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ ʤʘʩʩʫ 

ʧʦʛʣʦʱʸʥʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ. ɽʩʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʟʘʛʨʷʟʥʠʪʝʣʷ  ʠʟʤʝʨʷʶʪ ʦʙʳʯʥʦ ʢʘʢ ʤʘʩʩʫ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 

ʦʙʲʸʤ ʚʦʜʳ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʛʣʦʱʸʥʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ  - ʢʘʢ ʤʘʩʩʫ 

ʟʘʛʨʷʟʥʠʪʝʣʷ ʥʘ ʤʘʩʩʫ ʩʫʭʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʩʨʘʚʥʠʪʴ ʵʪʠ ʜʚʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʲʸʤʘ, 

ʪʨʝʙʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʥʦʨʤʘʣʠʟʘʮʠʠ. ʆʙʱʘʷ ʤʘʩʩʘ ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ ʝʜʠʥʠʮʝ 
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ʦʙʲʸʤʘ, ʠʟʚʣʝʯʸʥʥʦʛʦ ʠʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

                                            (6.24) 

ʛʜʝ  - ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʘ. ɺʢʣʶʯʠʚ ʘʜʩʦʨʙʮʠʶ ʠ ʨʝʘʢʮʠʶ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʫʨʘʚʥʝʥʠʝ (6.19) ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʩʧʝʨʩʠʠ, ʤʳ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ: 

 (6.25) 

ʛʜʝ  ʪʝʧʝʨʴ ʦʟʥʘʯʘʝʪ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʩʙʨʦʩʘ, ʘ ʥʝ ʨʝʘʢʮʠʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʋʨʘʚʥʝʥʠʝ (6.25) ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʴ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʟʘʛʨʷʟʥʠʪʝʣʷ. ʄʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ 

ʨʘʩʪʚʦʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ  ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

.                                                          (6.26) 

ʌʫʥʢʮʠʷ  ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʪʝʨʤʘʣʴʥʦʡ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʧʠʩʳʚʘʝʪ 

ʨʘʚʥʦʚʝʩʠʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʦʥʘ ʣʠʥʝʡʥʘ 

  .                                                         (6.27) 

ʕʪʦ ʙʳʚʘʝʪ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʟʘʢʦʥ ɻʝʥʨʠ). 

ɽʩʣʠ ʨʘʩʪʚʦʨʝʥʥʳʝ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʨʘʚʥʦʚʝʩʠʠ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ  ʦʪʜʝʣʴʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ. ʇʨʦʩʪʝʡʰʘʷ ʤʦʜʝʣʴ ʛʣʘʩʠʪ, ʯʪʦ ʦʙʤʝʥ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ 

ʠ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʬʘʟʘʤʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʨʘʟʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

.                        (6.28) 

ʋʨʘʚʥʝʥʠʷ (6.25) ʠ (6.28) ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʜʣʷ .  

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʳ ʧʨʠʥʠʤʘʣʠ, ʯʪʦ ʦʙʱʘʷ ʧʦʨʠʩʪʦʩʪʴ 

ʠʜʝʥʪʠʯʥʘ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢ ʢʘʢ ʤʳ ʧʨʝʥʝʙʨʝʛʘʣʠ ʤʘʩʩʦʡ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʢʦʧʣʝʥʥʦʡ ʚ ʯʘʩʪʠ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʘʤʠ  ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ. ʆʙʲʸʤ ʚʦʜʳ, 

ʫʯʠʪʳʚʘʶʱʠʡʩʷ ʨʘʟʥʦʩʪʴʶ , ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʤʘʩʩʫ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʸʪ ʜʠʬʬʫʟʠʠ. ʕʬʬʝʢʪ ʫʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʚʦʜʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʫʯʠʪʳʚʘʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʘʜʩʦʨʙʮʠʷ.  
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ɿʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ ʚʦʜʳ ʚ ʪʫʧʠʢʦʚʳʭ ʠ 

ʩʚʷʟʘʥʥʳʭ ʧʦʨʘʭ ʩ ʯʣʝʥʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʦʙʤʝʥ ʚ ʚʠʜʝ (6.28), ʤʳ ʧʦʣʫʯʘʝʤ 

(6.29) (ʂʦʫʪʩ, ʉʤʠʪ ,1961): 

 

 = 0           (6.29) 

 

 = 0, 

ʛʜʝ  - ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʜʚʠʞʥʳʭ ʠ 

ʥʝʧʦʜʚʠʞʥʳʭ ʧʦʨʦʚʳʭ ʚʦʜʘʭ;  - ʯʘʩʪʠ ʧoʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʟʘʥʷʪʳʝ ʧʦʜʚʠʞʥʳʤʠ ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʚʦʜʘʤʠ. 

ʅʝʨʘʚʥʦʚʝʩʥʳʡ ʦʙʤʝʥ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʧʦʨʦʜʦʡ ʠ 

ʚʦʜʦʡ ʠʣʠ ʤʝʞʜʫ ʧʦʜʚʠʞʥʳʤʠ ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʚʦʜʘʤʠ ʜʘʸʪ ʫʤʝʥʴʰʝʥʠʝ 

ʦʨʝʦʣʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʪʫʨʝ. ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ 

ʧʨʝʥʝʙʨʝʛʘʪʴ ʵʪʠʤ ʵʬʬʝʢʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʳʯʥʦ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ. ʂ ʪʦʤʫ ʞʝ ʝʛʦ ʥʝʣʝʛʢʦ ʦʪʜʝʣʠʪʴ ʦʪ ʜʠʩʧʝʨʩʠʠ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʥʝʧʦʜʚʠʞʥʘʷ ʚʦʜʘ - ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʚʦʜʘ ʚ ʪʫʧʠʢʦʚʳʭ ʧʦʨʘʭ, ʥʦ ʠ ʚʦʜʘ ʚ 

ʥʝʙʦʣʴʰʠʭ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʭ ʣʠʥʟʘʭ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʨʷʜ ʣʠ ʧʨʦʭʦʜʠʪ 

ʧʦʪʦʢ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɼʘʣʝʝ ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʨʘʚʥʦʚʝʩʥʫʶ ʘʜʩʦʨʙʮʠʶ. 

ʇʦʜʩʪʘʚʣʷʷ ʯʣʝʥ ʣʠʥʝʡʥʦʡ ʠʟʦʪʝʨʤʳ ʚ ʫʨʘʚʥʝʥʠʝ (6.25), ʧʦʣʫʯʘʝʤ: 

     (6.30) 

ʛʜʝ   . 

ʇʨʠʥʠʤʘʷ, ʯʪʦ  ʠʤʝʶʪ ʣʠʰʴ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʛʨʘʜʠʝʥʪʳ ʠ ʤʦʱʥʦʩʪʴ ʚʦʜʦʥʦʩʥʦʛʦ ʧʣʘʩʪʘ  ʧʦʩʪʦʷʥʥʘ 

ʚʦ ʚʨʝʤʝʥʠ, ʤʳ ʤʦʞʝʤ ʨʘʟʜʝʣʠʪʴ ʫʨʘʚʥʝʥʠʝ (6.30) ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ   

.          (6.31) 

ʆʪʤʝʯʘʝʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʣʠʥʝʡʥʦʡ ʘʜʩʦʨʙʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʦʜʳ ʚ ʧʦʨʘʭ ʟʘʤʝʥʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ  ʢʘʢ ʚ ʯʣʝʥʝ ʢʦʥʚʝʢʮʠʠ, ʪʘʢ ʠ ʚ ʪʝʥʟʦʨʝ 

ʜʠʩʧʝʨʩʠʠ. ɼʝʣʝʥʠʝ ʯʣʝʥʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʜʝʡʩʪʚʠʝ ʠʩʪʦʯʥʠʢʘ, ʥʘ , 

ʦʪʨʘʞʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʯʘʩʪʴ ʥʘʛʥʝʪʘʝʤʦʡ ʟʘʛʨʷʟʥʷʶʱʝʡ ʤʘʩʩʳ ʙʫʜʝʪ 

ʧʦʛʣʦʱʝʥʘ ʧʦʨʦʜʦʡ ʠ ʥʝ ʫʚʝʣʠʯʠʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ 

ʥʘʛʥʝʪʘʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ  ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʤʝʜʣʝʥʠʷ. 

ɺ ʙʝʟʥʘʧʦʨʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʤʦʱʥʦʩʪʴ ʚʦʜʦʥʘʩʳʱʝʥʥʦʡ 
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ʪʦʣʱʠ  ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ (6.30) 

ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʢʘʢ 

 .       (6.32) 

ɺʪʦʨʦʡ ʯʣʝʥ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʧʠʩʳʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʝʡ ʤʘʩʩʳ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʉʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ  

ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʣʦʱʘʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ: 

 .                                                         (6.33) 

ʆʥʠ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʚʷʟʘʥʳ ʩ ʧʦʪʦʢʦʤ ʚʦʜʳ. ʕʪʦʪ ʯʣʝʥ ʤʦʞʝʪ ʫʯʝʩʪʴ ʨʘʩʪʚʦʨʝʥʠʝ ʚʝʱʝʩʪʚ, ʥʝ 

ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩ ʚʦʜʦʡ, ʪʘʢʠʭ, ʢʘʢ ʭʣʦʨʦʫʛʣʝʚʦʜʦʨʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʥʠʢʣʠ ʚ ʥʘʩʳʱʝʥʥʫʶ ʟʦʥʫ ʚ ʥʝʨʘʩʪʚʦʨʸʥʥʦʤ ʚʠʜʝ. 

ʏʣʝʥ ʢʦʥʚʝʢʮʠʠ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ ʚʦʜʳ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

.                     (6.34) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ, ʦʙʱʝʝ ʢʘʢ ʜʣʷ ʙʝʟʥʘʧʦʨʥʦʛʦ, ʪʘʢ ʠ ʜʣʷ 

ʥʘʧʦʨʥʦʛʦ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠʤʝʝʪ ʚʠʜ (ʥʘʧʨʠʤʝʨ, ʂʦʥʠʢʦʚ, ɻʨʦʫʚ, 

1977). 

  (6.35) 

ʌʦʨʤʘ ʫʨʘʚʥʝʥʠʷ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʛʣʘʚʘʭ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʪʦʢ. ʇʦʵʪʦʤʫ ʚʩʝ ʯʣʝʥʳ ʚ ʫʨʘʚʥʝʥʠʠ 

(6.35), ʩʦʭʨʘʥʷʶʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚʨʝʤʝʥʠ ʦʪ , ʦʧʫʩʢʘʶʪʩʷ. 

ʆʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠʤʝʥʠʤʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʧʦʣʝʚʳʭ ʩʠʪʫʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʩʪʦʣʙʠʢʘʤʠ ʛʨʫʥʪʘ. ʄʳ 

ʧʦʣʫʯʘʝʤ ʝʛʦ ʠʟ (6.35), ʧʨʠʥʠʤʘʷ, ʯʪʦ  = 0 ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ  ʥʝ ʠʤʝʝʪ 

ʛʨʘʜʠʝʥʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ . ʇʦʧʝʨʝʯʥʳʝ ʚʦʜʦʧʨʠʪʦʢʠ ʠ ʚʥʫʪʨʝʥʥʠʝ 

ʠʩʪʦʯʥʠʢʠ ʪʘʢʞʝ ʦʧʫʩʢʘʶʪʩʷ. 

.                                (6.36) 

ʋʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ - ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ, ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ.  ʅʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʘʶʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ  ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ . ʂʘʢ ʚ ʩʣʫʯʘʝ ʩ ʫʨʘʚʥʝʥʠʝʤ ʧʦʪʦʢʘ, ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʪʨʠ 

ʚʦʟʤʦʞʥʳʭ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ 

(ɼʠʨʠʭʣʝ) ʦʧʨʝʜʝʣʷʶʪ ʟʘʜʘʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ. ɺʥʫʪʨʝʥʥʠʝ 

ʛʨʘʥʠʮʳ ʧʝʨʚʦʛʦ ʨʦʜʘ ʤʦʛʫʪ ʦʧʠʩʘʪʴ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ. ɻʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚʪʦʨʦʛʦ ʨʦʜʘ (ʅʝʡʤʘʥ) ʦʧʨʝʜʝʣʷʶʪ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʛʨʘʥʠʮʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʟʘʜʘʶʪ ʜʠʩʧʝʨʩʠʦʥʥʳʡ 

ʧʦʪʦʢ. ʂʦʥʚʝʢʪʠʚʥʳʡ ʧʦʪʦʢ ʥʘ ʛʨʘʥʠʮʘʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʛʨʘʥʠʮʝ, ʢʘʢ ʜʘʥʦ, ʥʘʧʨʠʤʝʨ, ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʧʝʨʚʦʛʦ ʨʦʜʘ ʠ ʩʢʦʨʦʩʪʷʤʠ. ʅʘ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʛʨʘʥʠʮʘʭ ʚ ʤʦʜʝʣʠ ʧʦʪʦʢʘ 

ʯʝʨʝʟ ʥʝʸ ʙʫʜʝʪ ʠʜʪʠ ʥʫʣʝʚʦʡ ʨʘʩʭʦʜ. ʅʘʤ ʥʫʞʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʟʘʜʘʪʴ 

ʠʩʯʝʟʘʶʱʠʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʧʦʪʦʢ, ʪ.ʝ. 

ʆʙʱʠʡ ʧʦʪʦʢ ʚ ʚʠʜʝ ʩʫʤʤʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʠ ʜʠʩʧʝʨʩʥʦʛʦ ʧʦʪʦʢʦʚ ʥʘ 

ʛʨʘʥʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ ʪʨʝʪʴʝʛʦ ʨʦʜʘ (ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ ʂʦʰʠ) - ʵʪʦ ʣʠʥʝʡʥʦʝ ʩʦʯʝʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʛʨʘʥʠʮʝ,  ʠ 

ʥʦʨʤʘʣʴʥʦʡ ʝʸ ʧʨʦʠʟʚʦʜʥʦʡ . 

                                               (6.37) 

ɽʩʣʠʜʠʩʧʝʨʩʥʳʡ ʧʦʪʦʢ ʥʝʟʥʘʯʠʪʝʣʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʚʝʢʪʠʚʥʳʤ, ʪʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʪʨʝʪʴʝʛʦ ʨʦʜʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʥʚʝʢʮʠʠ, ʜʠʬʬʫʟʠʠ-ʜʠʩʧʝʨʩʠʠ, ʘʜʩʦʨʙʮʠʠ ʠ 

ʨʘʩʧʘʜʘ ʧʨʠ ʦʜʥʦʤʝʨʥʦʤ ʧʝʨʝʥʦʩʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.6.10.  ɺʥʘʯʘʣʝ ʧʦʢʘʟʘʥʦ 

ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʞʜʫ  = 0 ʠ 

. ʂʦʥʚʝʢʮʠʷ ʚʳʟʳʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʜʠʬʬʫʟʠʷ-ʜʠʩʧʝʨʩʠʷ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʟʘʤʝʜʣʝʥʥʦʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ. ʂʦʛʜʘ ʥʘʯʠʥʘʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʣʠʥʝʡʥʘʷ ʘʜʩʦʨʙʮʠʷ, ʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʫʤʝʥʴʰʘʝʪʩʷ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ 

ʤʳ ʦʩʪʘʚʠʤ ʨʘʩʪʚʦʨʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʠʟʤʝʥʥʳʤʠ, ʜʦʙʘʚʠʚ ʢ ʩʠʩʪʝʤʝ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʫʶ ʤʘʩʩʫ ʟʘʛʨʷʟʥʠʪʝʣʷ.  ɸʜʩʦʨʙʮʠʷ ʟʘʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʩʩ 

ʧʝʨʝʥʦʩʘ. ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʠ ʢʦʥʚʝʢʮʠʠ ʠ ʜʠʬʬʫʟʠʠ-ʜʠʩʧʝʨʩʠʠ 

ʟʘʛʨʷʟʥʷʶʱʘʷ ʤʘʩʩʘ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʨʘʩʧʘʜ ʫʤʝʥʴʰʘʝʪ ʝʸ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 
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ɻʃɸɺɸ   7. 

 

ʄɽʊʆɼʓ  ʈɽʐɽʅʀʗ  ʋʈɸɺʅɽʅʀʗ  ʄɸʉʉʆʇɽʈɽʅʆʉɸ 

 

7.1. ɸʥʘʣʠʪʠʯʝʩʢʠʝ  ʨʝʰʝʥʠʷ 

 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʪʳʭ ʩʣʫʯʘʝʚ ʫʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʤʦʞʥʦ 

ʨʝʰʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʕʪʠ ʨʝʰʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʳʭ 

ʦʮʝʥʦʢ ʦʨʝʦʣʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʳʤʠ ʫʧʨʦʱʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʧʦʪʦʢʘ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪ r ʘʜʩʦʨʙʮʠʠ, ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ 

ʜʠʩʧʝʨʩʠʠ. ʇʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʥʘ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷ ʧʦʪʦʢʘ. ʄʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ ʧʨʝʥʝʙʨʝʛʘʶʪ. 

ʉʥʘʯʘʣʘ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ.  ʇʫʩʪʴ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʤʦʱʥʦʩʪʴʶ  ʠ ʰʠʨʠʥʦʡ  ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ ʦʩʠ . ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ 

ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ  ʨʘʚʥʳ ʥʫʣʶ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʫʨʘʚʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

                        (7.1.1) 

ʧʨʠ    

ʉʥʘʯʘʣʘ ʨʝʰʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʣʫʯʘʷ ʤʛʥʦʚʝʥʥʦʛʦ ʚʚʦʜʘ ʤʘʩʩʳ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ  ʚ ʪʦʯʢʝ  (ʧʦ ʚʩʝʡ h ʠʨʠʥʝ  ʠ ʤʦʱʥʦʩʪʠ 

) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ . ʕʪʦʪ ʪʠʧ ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ: 

                                           (7.1.2) 

ʌʫʥʢʮʠʷ ɼʠʨʘʢʘ    ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ: 

      (7.1.3) 

ʇʦ ʫʩʣʦʚʠʶ (7.1.2)  ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʘʩʩʘ, 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʠʥʲʝʢʮʠʠ, ʩʦʩʪʘʚʣʷʝʪ . 

                                        (7.1.4) 

ʂʦʵʬʬʠʮʠʝʥʪ  ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʜʩʯʝʪʘ ʢʘʢ ʨʘʩʪʚʦʨʝʥʥʦʡ ʤʘʩʩʳ 

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚ ʩʣʫʯʘʝ ʘʜʩʦʨʙʮʠʠ.  
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ɼʘʣʝʝ ʚʚʦʜʠʤ ʪʨʝʙʦʚʘʥʠʝ, ʯʪʦ ʨʝʰʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ, ʵʪʦ ʦʟʥʘʯʘʝʪ 

.                                                  (7.1.5) 

ʈʝʰʝʥʠʝ (7.1.1), ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʘʢ (7.1.2), ʪʘʢ ʠ (7.1.5), 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ. 

        (7.1.6) 

ʕʪʘ ʬʫʥʢʮʠʷ ʦʧʠʩʳʚʘʝʪ ʢʦʣʦʢʦʣʦʦʙʨʘʟʥʳʡ ʧʝʨʝʥʦʩ ʚʦʢʨʫʛ  ʩ 

ʰʠʨʠʥʦʡ . ʆʨʝʦʣ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ  ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ . ʀʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʜʣʠʥʳ ʩʦ ʚʨʝʤʝʥʝʤ ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʘʜʘ ʘʤʧʣʠʪʫʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʪʫʭʘʝʪ (ʨʠʩ.7.1.1). ɺ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ  ʬʫʥʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʦʨʤʘʣʠʟʘʮʠʠ. 

 
ʈʠʩ.7.1.1. ʈʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ ʦʜʥʦʤʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʤʛʥʦʚʝʥʥʦʛʦ 

ʥʘʛʥʝʪʘʥʠʷ ʚ ʤʝʩʪʝ ʭ=0 ʠ ʚʨʝʤʝʥʠ t=0 
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(ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʧʦʩʪʦʷʥʥʘ) 

ʅʝʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʩʣʫʯʘʡ ɚ>0 

(ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʫʤʝʥʴʰʝʥʘ) 
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                              (7.1.7) 

ʇʨʝʜʝʣ  ʜʣʷ  ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ, ʜʘʥʥʳʤ ʚ (7.1.2). 

ʈʝʰʝʥʠʝ ʧʨʠ  ʧʦʣʫʯʘʶʪ ʠʟ (7.1.6), ʟʘʤʝʥʷʷ 

. ɿʥʘʷ ʨʝʘʢʮʠʶ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ 

ʤʛʥʦʚʝʥʥʳʡ ʚʚʦʜ, ʨʝʘʢʮʠʶ ʥʘ ʣʶʙʦʡ ʚʚʦʜ, ʨʘʩʧʨʝʜʝʣʸʥʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʥʪʝʛʨʘʣ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʣʠʥʝʡʥʦ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʜʘʥʥʳʝ (7.1.5.), 

ʦʜʥʦʨʦʜʥʳ. ɼʣʷ ʩʣʫʯʘʷ ʩ ʠʩʪʦʯʥʠʢʦʤ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤ ʧʨʠ  ʠ 

ʟʘʚʠʩʠʤʦʤ ʦʪ ʚʨʝʤʝʥʠ ʨʘʩʭʦʜʘ  ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

                                  (7.1.8) 

 

ɼʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʨʘʩʭʦʜʦʤ 

ʥʘʛʥʝʪʘʥʠʷ  ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʧʦʣʫʯʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʚʨʝʤʷ 

 ʩʦʩʪʘʚʣʷʝʪ 

 

 

ɼʣʷ ʧʨʦʩʪʳʭ ʬʫʥʢʮʠʡ  ʠʥʪʝʛʨʘʣʳ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʠʩʪʦʯʥʠʢʘ, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʪʦʯʢʝ  ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜoʤ ʥʘʛʥʝʪʘʥʠʷ  

= ʩʦnst, ʥʘʯʠʥʘʷ ʩʦ ʚʨʝʤʝʥʠ  = 0.  ɺʳʯʠʩʣʷʝʤ ʠʥʪʝʛʨʘʣ (7.1.9), ʠʩʧʦʣʴʟʫʷ 

ʬʦʨʤʫʣʫ (ʥʘʧʨʠʤʝʨ, ɸʙʨʘʤʦʚʠʯ, ʉʪʝʛʫʥ, 1972 ). 

                                                            

  (7.1.10) 

ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʧʦʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ oʰʠʙʦʢ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ: 

                                 (7.1.11) 

ʌʦʨʤʫʣʘ ʯʠʩʣʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʣʷ ʬʫʥʢʮʠʠ oʰʠʙʦʢ ʜʘʝʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʝ 14.  ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤ: 
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  (7.1.12) 

ʧʨʠ    

ʠ                (ʢʦʤʧʣʠʤʝʥʪʘʨʥʘʷ ʬʫʥʢʮʠʷ ʦʰʠʙʦʢ). 

 ʈʝʰʝʥʠʷ ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʠʤʳ ʚ ʥʘʪʫʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʝʩʣʠ ʤʳ ʫʩʨʝʜʥʠʤ ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʛʣʫʙʠʥʝ  ʠ 

ʰʠʨʠʥʝ . ʅʘ ʨʠʩ.7.1.2 ʧʦʢʘʟʘʥʳ ʩʣʫʯʘʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʧʠʩʘʪʴ ʦʜʥʦʤʝʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ.  

 
ʈʠʩ.7.1.2. ʇʦʣʝʚʳʝ ʩʣʫʯʘʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʤʝʥʠʤʳ ʦʜʥʦʤʝʨʥʳʝ ʨʝʰʝʥʠʷ (ʧʦ ʉʦʪʠ, 

1980): ʘ) ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʛʥʝʪʘʥʠʝ ʠʟ ʩʠʩʪʝʤʳ ʩʢʚʘʞʠʥ; ʙ) ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʛʥʝʪʘʥʠʝ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. 

ɼʨʫʛʠʤʠ ʚʘʞʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 
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ɺʠʜ ʩʚʝʨʭʫ. 

1 ï ʥʘʛʥʝʪʘʥʠʝ ʩʢʚʘʞʠʥʳ; 

2 ï ʦʙʣʘʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ; 

3 ï ʨʝʢʘ; 

4 ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ; 

Ÿ - ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʦʪʦʢ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ 
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ʦʜʥʦʤʝʨʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʢʦʣʦʥʥʘʭ. ɻʨʘʥʠʯʥʳʝ ʠ 

ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʘʥʝʝ. 

ʂʦʣʦʥʥʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʛʨʘʥʠʯʥʳʤʠ ʠ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

                                         (7.1.13) 

ʈʝʰʝʥʠʝ (ʆʛʘʪʘ, ɹʵʥʢʦ, 1961) ʦʪʣʠʯʘʝʪʩʷ ʦʪ (7.1.12) ʟʥʘʢʦʤ 

 (7.1.14) 

ʇʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʇʝʢʣʝ  ( > 10), ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦ (7.1.12) ʠ 

(7.1.14 ), 

                                                        (7.1.15) 

ʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥ .r 

                         (7.1.16) 

ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʥʝ ʘʜʩʦʨʙʠʨʫʶʱʝʛʦʩʷ  ( )  ʠ ʥʝ 

ʨʘʟʣʘʛʘʶʱʝʛʦʩʷ (  = 0) ʤʳ ʧʦʣʫʯʘʝʤ ʬʦʨʤʫʣʫ 

 .                                        (7.1.17) 

ʌʫʥʢʮʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 7.1. 3. 

ɺ ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʚ ʮʝʣʷʭ ʫʜʦʙʩʪʚʘ ʦʩʴ  ʩʦʚʧʘʜʘʝʪ ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ. ʊʦʛʜʘ ʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠʤʝʝʪ ʚʠʜ 

,                  (7.1.18) 

ʛʜʝ    

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʦʩʪʠʨʘʝʪʩʷ ʜʦ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʢʘʢ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʦʩʝʡ . ʈʘʩʩʤʦʪʨʠʤ ʩʥʦʚʘ ʩʣʫʯʘʡ ʤʛʥʦʚʝʥʥʦʛʦ ʥʘʛʥʝʪʘʥʠʷ ʤʘʩʩʳ 

ʠʥʜʠʢʘʪʦʨʘ  ʧʨʠ ʚʨʝʤʝʥʠ =0, ʚ ʪʦʯʢʝ . ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʥʘʯʘʣʴʥʳʝ ʠ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ. 
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ʈʠʩ.7.1.3. 

                                       (7.1.19) 

 

ʈʝʰʝʥʠʝ (ʠ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ) ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ 

ʥʦʨʤʘʣʠʟʘʮʠʠ. 

                      (7.1.20) 

ʈʝʰʝʥʠʝ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʜʚʫʭʤʝʨʥʳʤ ʘʥʘʣʦʛʦʤ ʫʨʘʚʥʝʥʠʷ 

)( )( )0,,( yx
mRn

M
yxc

e

ddd

D
=

c td( , , )°¤°¤ =0

.) (exp ),,(ññ
¤

¤-

¤

¤-

-D= tMdydxtyxRcmne ld
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(7.1.6) (ʥʘʧʨʠʤʝʨ, ʐʘʥʘʜʠ, 1973). 

  (7.1.21) 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ 

ʠʥʜʠʢʘʪʦʨʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʦʧʳʪʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.7.1.4. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʤʛʥʦʚʝʥʥʦʡ ʠʥʲʝʢʮʠʠ ʚ ʪʦʯʢʝ  ʧʨʠ ʚʨʝʤʝʥʠ  ʧʦʣʫʯʝʥʦ ʟʘʤʝʥʦʡ 

ʭ ʥʘ  ,  ʥʘ  ,ʠ  -ʥʘ  ʚ ʧʨʘʚʦʡ ʩʪʦʨʦʥʝ ʫʨʘʚʥʝʥʠʷ (7.1.21 ). 

 
ʈʠʩ.7.1.4. ɼʚʫʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʩʣʝ ʨʘʟʦʚʦʡ ʠʥʲʝʢʮʠʠ ʚ ʤʝʩʪʝ 

ʭ=0,  ʫ=0 ʠ ʚʨʝʤʝʥʠ t=0. 

 

ʂʘʢ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘʛʥʝʪʘʥʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʚʨyʪʢʠ ʠʥʪʝʛʨʘʣʦʚ. ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ , ʜʝʡʩʪʚʫʶʱʠʤ ʩʦ ʚʨʝʤʝʥʠ  ʈʝʰʝʥʠʝ 

ʧʦʣʫʯʘʶʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʦʪ ʚʨʝʤʝʥʠ  ʜʦ ʚʨʝʤʝʥʠ t, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
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1 ï ʪʦʯʢʘ ʥʘʛʥʝʪʘʥʠʷ; 

2 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ; 

3 ï ʣʠʥʠʠ ʨʘʚʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʚʨʝʤʷ t>0 
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=     (7.1.22) 

ʛʜʝ   . 

ʀʥʪʝʛʨʘʣ ʜʘʝʪ ʌʫʥʢʮʠʶ ʍʘʥʪʫʰʘ (ʍʘʥʪʫʰ, 1956) ʚ ʚʠʜʝ, ʠʟʚʝʩʪʥʦʤ 

ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʩʣʫʯʘʷ ʩʦʚʝʨʰʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʚ 

ʧʦʣʫʦʛʨʘʥʠʯʝʥʥʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ. 

.            (7.1.23) 

ɺ ʧʨʦʛʨʘʤʤʝ 14 ʧʨʠʚʝʜʝʥʘ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ʠʥʪʝʛʨʘʣʘ.  ʇʦʜʩʪʘʚʣʷʷ 

(7.1.23) ʚ (7.1.22), ʧʦʣʫʯʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

                    (7.1.24) 

ʛʜʝ   . 

ʌʫʥʢʮʠʶ ʍʘʥʪʫʰʘ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʃʘʧʣʘʩʘ (ʋʠʣʩʦʥ, ʄʠʣʣʝʨ, 

1977), (ʍʝʥʨʠ ʌʦʨʠ, 1979). 

                          (7.1.25) 

ʇʦʜʩʪʘʚʣʷʷ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʚ ʫʨʘʚʥʝʥʠʝ ʚ (7.1.24), ʧʦʣʫʯʘʝʤ 

               (7.1.26) 

ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʜʘʸʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ (10% ʪʦʯʥʦʩʪʠ) ʜʣʷ  

 ʠ ʦʯʝʥʴ ʭʦʨʦʰʠʝ (1% ʪʦʯʥʦʩʪʠ) ʜʣʷ . ʅʘ ʨʠʩ. 7.1.5 

ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʷʟʳʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ  ̫ ʟʳʢ 

ʜʦʩʪʠʛʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝʤ 

ʤʝʞʜʫ ʧʦʧʝʨʝʯʥʳʤ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʧʝʨʝʥʦʩʦʤ ʠ ʧʨʦʜʦʣʴʥʳʤ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʩʧʝʨʩʠʦʥʥʳʤ. ɸʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʬʦʨʤʘ ʷʟʳʢa ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ: 

   (7.1.27) 

ʛʜʝ  - ʧʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʚʪʦʨʦʛʦ ʨʦʜʘ.  ɸʧʧʨʦʢʩʠʤʘʮʠʷ, 
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ʜʘʥʥʘʷ ʚʦ ʚʪʦʨʦʡ ʩʪʨʦʯʢʝ ʫʨʘʚʥʝʥʠʷ (7.1.27), ʜʦʧʫʩʪʠʤʘ ʜʣʷ . 

ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (7.1.24) ʫʨʘʚʥʝʥʠʝʤ (7.1.26). 

 
ʈʠʩ.7.1.5. ɼʚʫʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʥʘʛʥʝʪʘʥʠʠ ʚ 

ʤʝʩʪʝ ʭ=0, ʫ=0, ʥʘʯʠʥʘʷ ʩʦ ʚʨʝʤʝʥʠ t=0. 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʠʩʫʥʦʢ 7.1.5, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʫʪʦ ʧʘʜʘʶʪ ʦʢʦʣʦ ʠʩʪʦʯʥʠʢʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʚʩʣʝʜʩʪʚʠʝ ʧʦʧʝʨʝʯʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ 

ʨoʣʴ ʦʢʦʣʦ ʠʩʪʦʯʥʠʢʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʰʠʨʝʥʠʝ ʷʟʳʢʘ ʟʘʤʝʜʣʷʝʪʩʷ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʤʝʨʥʳʤ 

ʩʣʫʯʘʝʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʰʠʨʠʥʫ ʷʟʳʢʘ . 

 .                                                  (7.1.28) 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ  

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ . ʆʪʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (7.1.22) ʩʠʥʛʫʣʷʨʥʦ 

ʧʨʠ . ʇʦʵʪʦʤʫ ʝʛʦ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʨʘʩʩʪʦʷʥʠʷ 

, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʩʪʦʯʥʠʢʘ.  ʅʝʩʠʥʛʫʣʷʨʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʠʩʪʦʯʥʠʢʠ. 

ʂʘʢ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʤʳ ʤʦʞʝʤ ʧʨʦʠʟʚʝʩʪʠ ʥʘʣʦʞʝʥʠʝ ʨʝʰʝʥʠʷ ʪʠʧʘ 

(7.1.21), ʚʟʚʝʰʠʚʘʷ ʠʭ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʚʦʜʘ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʤʝʩʪʝ.   

                         (7.1.29) 
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- ʚʚʦʜ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʟ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ , ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.7.1.6). 

 
ʈʠʩ.7.1.6. ʀʩʪʦʯʥʠʢ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ. 

1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ. 

 

ʀʩʧʦʣʴʟʫʷ                                

 (7.1.30) 

ʩ ʧʦʩʪʦʷʥʥʦʡ  ʜʣʷ (ʭ, ʫ) ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ t > 0, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʘʝʪ : 

 (7.1.31) 

 

 

ʀʥʪʝʛʨʘʣ ʩʣʝʜʫʝʪ ʨʝʰʠʪʴ ʯʠʩʣʝʥʥʦ. 

ʈʝhʝʥʠʷ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ  ʚ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʨʘʩʯʸʪʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʥʘʛʥʝʪʘʥʠʝʤ, ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʨʘʩʭʦʜʘʤʠ  ʧʨʠ ʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʨʞʢʝ . 

                        (7.1.32) 

ʛʜʝ    - ʩʪʫʧʝʥʯʘʪʘʷ ʬʫʥʢʮʠʷ. 
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.      (7.1.33) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭʤʝʨʥʳʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ, ʯʪʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʦʣʝʚʳʤʠ ʜʘʥʥʳʤʠ ʚ ʣʶʙʦʡ ʪʦʯʢʝʧʨʠʝʤʣʝʤʳ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʠʟʚʝʩʪʥʳ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʦʱʥʦʩʪʠ  ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ʏʘʩʪʦ ʵʪʦ ʥʝ ʪʘʢ. ɿʘʛʨʷʟʥʷʶʱʝʝ ʚʝʱʝʩʪʚʦ ʧʦʩʪʫʧʘʝʪ ʚ 

ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʯʝʨʝʟ ʥʝʥʘʩʳʱʝʥʥʫʶ ʟʦʥʫ ʠ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʩʝʠʚʘʝʪʩʷ 

ʚʥʠʟ ʚʩʣʝʜʩʪʚʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ.  ʊʦʣʴʢʦ ʧʨʦʡʜʷ ʦʧʨʝʜʝʣʸʥʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪ ʪʦʯʢʠ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʨʦʜʥʳʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ . ɽʩʣʠ ʤʳ ʭʦʪʠʤ 

ʩʨʘʚʥʠʪʴ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʤʝʥʴʰʠʭ 

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʪʦ ʧʨʠʜʸʪʩ̫ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʠʟʤʝʨʝʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʩʦʦʪʥʝʩʝʥʠʝʤ ʠʭ ʩʦ ʚʩʝʡ ʤʦʱʥʦʩʪʴʶ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʠʟʚʝʜʷ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʳ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ. ʇʨʠ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ ʚʘʞʥʦ ʟʥʘʪʴ, ʥʘ ʢʘʢʦʤ ʨʘʩʩʪʦʷʥʠʠ 

ʦʪ ʠʩʪʦʯʥʠʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʚʝʨʭ ʧʦ ʧʦʪʦʢʫ ʩʤʝʰʠʚʘʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʕʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ ʉʵʡʨʘ, 1973. 

 .                                              (7.1.34) 

ʇʦʣʴʟʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʡ ʬʦʨʤʫʣʳ ʝʩʪʴ, ʦʜʥʘʢʦ, ʙʳʪʴ ʩʥʠʞʝʥʘ ʪʝʤ, 

ʯʪʦ ʤʳ ʤʦʞʝʤ ʥʝ ʟʥʘʪʴ . 

ʆʮʝʥʢʘ ʠʩʧʳʪʘʥʠʷ ʩ ʟʘʧʫʩʢʦʤ ʠʥʜʠʢʘʪʦʨʘ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩʢʚʘʞʠʥ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʳʯʥʦ ʧʦ ʬʦʨʤʫʣʝ (7.1.21). ʄʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʪʘʢʞʝ 

ʨʝʰʝʥʠʷ ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ ʩʣʫʯʘʝʚ (ʥʘʧʨʠʤʝʨ, ʌʨʠʜ, 1975). 

ɽʩʣʠ ʜʣʷ ʪʦʯʝʢ  ʠ ʚʨʝʤʝʥʠ  ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʪʦ ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʠʩʧʝʨʩʠʠ, ʘ ʪʘʢʞʝ ʠ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʧʦʣʥʦʡ ʘʥʘʣʦʛʠʠ ʩ ʤʝʪʦʜʠʢʦʡ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʛʣʘʚʝ 4.1. 

 

ʇʈʆɻʈɸʄʄɸ 14 

 

ʎʝʣʴ:  ʨʘʩʯʸʪ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʪʦʯʝʯʥʳʭ ʠʥʲʝʢʮʠʷʭ       

ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʢʘʢ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ, ʪʘʢ ʠ ʧʨʠ 

ʤʛʥʦʚʝʥʥʦʤ ʚʚʦʜʝ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

- ʈʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ,  (1 ʠʣʠ 2); 

- ʊʠʧ ʥʘʛʥʝʪʘʥʠʷ,  (ʨʘʟʦʚʦʝ ʤʛʥʦʚʝʥʥʦʝ  ʠʣʠ ʥʝʧʨʝʨʳʚʥʦʝ ). 
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ɼʣʷ ʨʘʟʦʚʦʛʦ ʥʘʛʥʝʪʘʥʠʷ: 

- ʄʘʩʩʘ ʥʘʛʥʝʪʘʝʤʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ,  ʚ ʛ. 

ɼʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʥʝʪʘʥʠʷ: 

- ʈʘʩʭʦʜ ʠʩʪʦʯʥʠʢʘ,  ʚ ʛ/ʩʫʪ. 

ɼʣʷ ʦʙʦʠʭ ʨʝʰʝʥʠʡ 1-  ʠ 2- (ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʘʯʘʣʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ. ʇʦʪʦʢ ʧʘʨʘʣʣʝʣʝʥ ʦʩʠ  ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ): 

- ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚ ʧʦʨʘʭ, , ʚ ʤ/ʩʫʪ.; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ, , ʠʟ ʘʜʩʦʨʙʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʦʪʝʨʤʦʡ   ʣʠʥʝʡʥʦʡ ʘʜʩʦʨʙʮʠʠ; 

- ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ, , ʚ 1/ʩʫʪ.; 

- ʥʘʩʳʱʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, , ʚ ʤ; 

- ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ; 

- ʧʨʦʜʦʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ,  ʚ ʤ; 

- ʚʨʝʤʷ , ʚ ʩʫʪʢʘʭ ʠ ʤʝʩʪʦ  ʚ ʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ   

ʢʦʥʮʝʥʪʨʘʮʠʷ. 

ɼʣʷ ʜʚʫʭʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

- ʧʦʧʝʨʝʯʥʘʷ ʜʠʩʧʝʨʩʠʷ,  , ʚ ʤ. 

- ʧʦʧʝʨʝʯʥʘʷ ʢʦʦʨʜʠʥʘʪʘ  ʚ ʤ,ʚ ʪʦʤ ʤʝʩʪʝ, ʛʜʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ   

ʢʦʥʮʝʥʪʨʘʮʠʶ. 

ɼʣʷ ʦʜʥʦʤʝʨʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʰʠʨʠʥʦʡ 

. 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

- ʢʦʥʮʝʥʪʨʘʮʠʷ, , ʚ ʪʦʯʢʝ  ʠ ʚʨʝʤʷ  ʚ ʤʛ/ʤ3. 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ:     ʂʦʤʤʝʥʪʘʨʠʠ 

1070-1390: ɺʚʦʜ ʜʘʥʥʳʭ.  ɺʚʝʜʝʥʠʝ  = 0 ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʜʣʷ 

ʚʩʝʭ ʨʝʰʝʥʠʡ, ʠʤʝʶʱʠʭʩʷ ʚ ʵʪʦʡ ʧʨʦʛʨʘʤʤʝ.  ʕʪʦ ʦʪʤʝʯʝʥʦ            

ʥʝʦʙʷʟʘʪʝʣʴʥʦʡ ʩʪʨʦʢʦʡ 1370 ʥʘ ʚʳʭʦʜʝ. 

1420-1450: ʈʝʰʝʥʠʝ ʜʣʷ ʨʘʟʦʚʦʡ ʠʥʲʝʢʮʠʠ 1- . 

1460-1540: ʈʝʰʝʥʠʝ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʥʝʪʘʥʠʷ 1- . ʕʪʦ ʨʝʰʝʥʠʝ            

ʠʩʧʦʣʴʟʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʦʰʠʙʦʢ, ʜʘʥʥʫʶ ʚ            

ʧʦʜʧʨʦʛʨʘʤʤʝ (ʩʪʨʦʢʠ 2000-2170). 

1560-1590: ʈʝʰʝʥʠʝ ʜʣʷ ʨʘʟʦʚʦʡ ʠʥʲʝʢʮʠʠ 2- . 

1600-1660: ʈʝʰʝʥʠʝ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʛʥʝʪʘʥʠʷ 2- .  ʕʪʦ ʨʝʰʝʥʠʝ            

ʠʩʧʦʣʴʟʫʝʪ ʬʫʥʢʮʠʶ ʍʘʥʪʫʰʘ, ʜʘʥʥʫʶ ʚ ʧʦʜʧʨʦʛʨʘʤʤʝ 

(ʩʪʨʦʢʠ   3000-3220). 

1670: ɺʳʭʦʜ ʨʝʟʫʣʴʪʘʪʦʚ. 

1680-1710: ɺʘʨʠʘʥʪ ʨʘʩʯʪyʘ ʜʘʣʴʥʝʡʰʠʭ ʚʝʣʠʯʠʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ ʞʝ 

ʪʠʧʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʠʣʠ 

ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ. 
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2000-2170: ʇʦʜʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʦʰʠʙʦʢ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʘʷ ʬʦʨʤʫʣʘ ʧʦ 

(ɸʙʨʘʤʦʚʠʯʫ,   ʉʪʝʛʫʥʫ,1972) 

, 

ʛʜʝ  ʢʦʵʬʬʠʮʠʝʥʪʳ =0,3275911,  

=0,254829592, = -0,284496736,   =1,421413741,  

 = 1,453152027,  = 1,061405429   ʠ ʦʰʠʙʢʘ . 

ɼʣʷ  ʧʨʠʤʝʥʝʥʦ ʪʦʞʜʝʩʪʚʦ   . 

3000-3220: ʇʦʜʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʬʫʥʢʮʠʶ Xʘʥʪʫʰʘ, 

ʚʳʧʦʣʥʷʶʱʫʶ ʪʨʝʙʫʝʤʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ (ʚʪʦʨʘʷ ʩʪʨʦʢʘ ʚ 

ʫʨʘʚʥʝʥʠʠ (7.1.23) ʯʠʩʣʝʥʥʳʤ ʧʫʪʸʤ, ʠʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʦ 

ʉʠʤʧʩʦʥʘ. ʇʝʨʝʜ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ  ʧʝʨʝʤʝʥʥʳʭ . 

ʀʥʪʝʛʨʠʨʫʝʤʘʷ ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

. ʀʥʪʝʨʚʘʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ  ʠ ʙʝʩʢʦʥʝʯʥʦʩʪʴʶ. ʇʨʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ  ʫʯʠʪʳʚʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʠʥʪʝʛʨʘʣ ʧʦʩʪʫʧʘʝʪ ʦʪ  - ʚʝʣʠʯʠʥ ʦʢʦʣʦ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ.  ʀʥʪʝʛʨʘʣ ʦʪʩʝʢʘʝʪʩʷ ʧʨʠ ʟʥʘʯʝʥʠʠ 10, ʪʘʢ 

ʢʘʢ ʚʢʣʘʜʘʤʠ - ʟʥʘʯʝʥʠʡ, ʙʦʣʴʰʠʭ, ʯʝʤ ʝʭʨ (10) 

ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ. 

 

ʇʨʠʤʝʨ: 

ʈʘʟʦʚʘʷ ʠʥʲʝʢʮʠʷ 200 ʢʛ ʠʜʝʘʣʴʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ  

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʦʯʢʝ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ . ʇʨʠʥʠʤʘʝʤ, ʯʪʦ 

ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʦʜʥʦʨʦʜʝʥ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʜʘʥʥʳʤʠ: ʤ,  ʤ,  ʤ. ʇʦʣʝ ʧʦʪʦʢʘ 

ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʠ  = 1 ʤ/ʩʫʪʢʠ. ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʦʨʝʦʣ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʠ ʚʨʝʤʝʥʠ t = 120 ʩʫʪʦʢ. ʇʨʦʛʨʘʤʤʘ ʜʘʸʪ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʪʘʙʣ.7.1. ʀʟʦʢʦʥʪʫʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʥʳ ʜʘʣʴʰʝ ʥʘ ʨʠc.7.6.4. 

ʊʘʙʣʠʮʘ 7.1. 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ 14 

 

 (ʤ)   

 (ʤ)    

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ ʛ/ʤ3 

80          90        120 150 160 

0 28,1      38,9      58,9       38,9       28,1 

10 23,4      32,3      49,0       32,3       23,4 

20 13,4      18,5      28,1       18,5       13,4 

 

x

y
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7.2. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʙʝʟ ʫʯʝʪʘ  ʜʠʩʧʝʨʩʠʠ 

 

7.2.1.  ʊʨʘʝʢʪʦʨʠʠ  ʤʘʩʩʦʧʝʨʝʥʦʩʘ  ʠ  ʚʨʝʤʷ  ʧʨʦʭʦʞʜʝʥʠʷ 

 

ɺ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʪʨʝʙʫʝʪ 

ʧʨʝʥʝʙʨʝʞʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʧʦʣʝ ʧʦʪʦʢʘ, ʪʘʢʞʝ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʨʝʥʝʙʨʝʛʘʶʪ ʚʣʠʷʥʠʝʤ ʜʠʩʧʝʨʩʠʠ. ʇʦʩʣʝʜʥʠʝ ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʛʨʫʙʳʭ 

ʦʮʝʥʦʢ ʪʘʤ, ʛʜʝ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ - ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʟʘʱʠʪʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʪ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʩʯʸʪ ʩʢʚʘʞʠʥ ʧʦ ʦʯʠʩʪʢʝ ʠ ʟʘʱʠʪʝ. 

ʋʨʘʚʥʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʜʚʫʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʚ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʙʝʟ ʫʯʸʪʘ ʜʠʩʧʝʨʩʠʠ ʠʤʝʝʪ ʚʠʜ 

                         (7.2.1) 

ʧʨʠʥʠʤʘʷ, ʢʘʢ ʠ ʨʘʥʴʰʝ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʡ ʠʟʦʪʝʨʤʝ 

ʠ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʃʝʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (7.2.1) ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʧʦʣʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ. 

                          (7.2.2) 

ʠʩʧʦʣʴʟʫʷ 

. 

ʊʝʧʝʨʴ ʫʨʘʚʥʝʥʠʝ (7.2.1) ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʧʠʩʘʪʴ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦ ʚʨʝʤʝʥʠ ʚ 

ʧʦʜʟʝʤʥʦʤ ʧʦʪʦʢʝ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʧʨʝʥʝʙʨʝʛʘʷ ʜʠʩʧʝʨʩʠʝʡ, ʤʳ ʤoʞʝʤ ʨʘʟʣʦʞʠʪʴ ʫʨʘʚʥʝʥʠʝ 

ʧʝʨʝʥʦʩʘ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʘ ʜʚʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʜʦʣʴ ʣʠʥʠʠ ʪʦʢʘ. 

                          (7.2.3) 

ʠ ʫʨʘʚʥʝʥʠʝ ʣʠʥʠʠ ʪʦʢʘ 

.                                          (7.2.4) 

ɼʣʷ ʧʨʠʥʷʪʦʡ ʧʨʦʩʪʦʡ ʨʝʘʢʮʠʠ - ʢʠʥʝʪʠʢʠ ʘʜʩʦʨʙʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʦʜʥʦʨʦʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʠʪʦʢʘ  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʥ ʫʨʘʚʥʝʥʠʝ (7.2.3) ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩ ʦʜʥʦʡ 
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ʧʝʨʝʤʝʥʥʦʡ. ɽʛʦ ʤʦʞʥʦ ʨʝʰʠʪʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʨʘʚʥʝʥʠʷ (7.2.4).  ʉʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ (7.2.3) ʠ (7.2.4) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʤʝʩʪʝ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪ ( ) ʥʘ ʪʨʘʝʢʪʦʨʠʠ.   

ʇʨʠʥʠʤʘʷ, ʯʪʦ ʚʥ = 0, ʦʧʨʝʜʝʣʷʝʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʤ 

ʦʙʲʝʤʝ, ʥʘʯʠʥʘʷ ʩʦ ʚʨʝʤʝʥʠ  ʦʪ ʪʦʯʢʠ () ʧʨʠ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ (7.2.3). 

                              (7.2.5) 

ʇʨʠʤʝʥʝʥʠʝ ʫʨʘʚʥʝʥʠʡ (7.2.3), (7.2.4) ʪʨʝʙʫʝʪ ʟʥʘʥʠʡ ʜʘʥʥʳʭ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ,  ʦʧʠʩʳʚʘʝʤʳʭ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʦʥʝʥʪʘʤʠ  ʠ   

ʈʘʩʯʸʪ ʩʢʦʨʦʩʪʝʡ ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ 7.2.3. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʙʫʜʫʪ 

ʦʧʨʝʜʝʣʝʥʳ, ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ (7.2.4) ʤʦʞʥʦ ʨʝʰʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ. 

ʇʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʥʦ ʜʘʪy ʪʨʘʝʢʪʦʨʠʶ  

ʯʘʩʪʠʮʳ, ʢʦʪʦʨʘʷ ʥʘʯʠʥʘʝʪʩʷ ʦʪ ʪʦʯʢʠ  ʧʨʠ ʚʨʝʤʝʥʠ . 

(ʆʧʨʝʜʝʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʘʢʞʝ ʦʙʨʘʪʥʳʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʞʝʣʘʝʤʦʡ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ.)  ʉʪʨʦʠʤ 

ʪʨʘʝʢʪʦʨʠʶ, ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (7.2.4). 

ʀʥʪʝʛʨʘʣʳ                  (7.2.6) 

 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʯʠʩʣʝʥʥʦ, ʥʘʧʨʠʤʝʨ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʕʡʣʝʨʫ. 

                              (7.2.7) 

 

 

 

ʛʜʝ    

ʄʝʪʦʜ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʭ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ . ʃʫʯʰʝ 

ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʝʪʦʜoʤ ʈʫʥʛʝ-ʂʫʪʪʘ, ʚ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ 

ʧʦʣʷ ʧʦʪʦʢʘ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ .  

ʅʘʯʘʚ c ʠʩʭʦʜʥʦʛʦ ʧʦʣʦʞʝʥʠʷ , ʦʧʨʝʜʝʣʷʝʤ ʢʦʦʨʜʠʥʘʪʳ 

ʥʘ ʚʨʝʤʷ  , ʠʩʧʦʣʴʟʫʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ: 

x(t)=x0;        (7.2.8) 

y(t)=y0; 
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k1=ætÖux(x0,y0); 

1=ætÖuy(x0,y0); 

k2=ætÖux(x0+ );
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ʇʨʠʤʝʨʳ ʜʣʷ ʣʠʥʠʡ ʪʦʢʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 15, 

ʠʩʧʦʣʴʟʫʷ ʧʘʨʘʤʝʪʨʳ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠʸʤ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʪʦʢʘ 

(ʛʣʘʚʘ 3.1) ʦʪʥʦʩʠʪʝʣʴʥʦ x ʠ y). 

ɿʘʱʠʪʘ ʩʢʚʘʞʠʥ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʪ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚʙʣʠʟʠ ʥʝʸ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʥʠʢʘʢʠʭ ʜʝʡʩʪʚʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʙʳ ʤʦʛʫʪ 

ʧʦʧʘʩʪʴ ʚ ʩʢʚʘʞʠʥʫ. ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʙʘʢʪʝʨʠʡ ʥʝ ʚʳʞʠʚʘʝʪ ʚ 

ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʙʦʣʝʝ 50 ʜʥʝʡ, ʪʦ ʟʘʱʠʪʥʫʶ ʟʦʥʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʘʢ ʦʙʣʘʩʪʴ ʚʩʝʭ ʪʦʯʝʢ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʠʟ ʢʦʪʦʨʳʭ ʚʦʜʘ ʜʦʩʪʠʛʥʝʪ 

ʩʢʚʘʞʠʥʳ ʟʘ 50 ʜʥʝʡ. ʇʨʠ ʵʪʦʤ ʨʘʩʯʸʪʝ ʤʳ ʧʨʝʥʝʙʨʝʛʘʝʤ ʚʨʝʤʝʥʝʤ 

ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʥʝʥʘʩʳʱʝʥʥʦʡ ʟʦʥʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʘ ʜʦ ʫʨʦʚʥʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʄʳ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʛʘʝʤ ʜʠʩʧʝʨʩʠʝʡ. ɼʘʥʥʘʷ ʟʦʥʘ ʧʦ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʌʈɻ ʩʯʠʪʘʝʪʩʷ ʟʘʱʠʪʥʦʡ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ 

ɽʚʨʦʧʳ. ɽʸ ʦʧʨʝʜʝʣʝʥʠʝ ʪʨʝʙʫʝʪ ʨʘʩʯʸʪʘ ʩʨʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

(ʠʟʦʭʨʦʥ) ʚ ʩʢʚʘʞʠʥʫ. 

ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʦʪ ʪʦʯʢʠ (x0, y0) 

ʚ ʩʢʚʘʞʠʥʫ ʚ ʪʦʯʢʝ ( ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 .                                       (7.2.9) 

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʯʝʥʴ ʧʨʦʩʪʳʭ ʩʣʫʯʘʝʚ, ʧʦʜʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʚ 
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ʛʣʘʚʝ 7.2.2, ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʳʯʥʦ ʥʝ ʚʳʧʦʣʥʷʶʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ.  ʇʨʦʩʪʝʡʰʠʡ ʧʫʪʴ 

ʧʦʣʫʯʠʪʴ ʚʨʝʤʷ ʧʦʜʭʦʜʘ ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ ʩʢʚʘʞʠʥʫ - ʵʪʦ ʧʦʤʝʩʪʠʪʴ ʨʷʜ 

ʯʘʩʪʠʮ ʧʦ ʧʝʨʠʬʝʨʠʠ ʩʢʚʘʞʠʥʳ ʠ ʜʘʪʴ ʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʫʪʝʰʝʩʪʚʦʚʘʪʴ 

ʥʘʟʘʜ ʚʦ ʚʨʝʤʝʥʠ. (ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʤʳ ʜʦʣʞʥʳ ʟʘʤʝʥʠʪʴ æt  ʥʘ -æt ʚ 

ʫʨʘʚʥʝʥʠʷʭ (7.2.7) ʠʣʠ (7.2.8). ʇʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤ ̫  

ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʪʨʘʝʢʪʦʨʠʠ. ɺʩʝ ʵʪʠ ʦʪʤʝʪʢʠ ʣʝʞʘʪ ʥʘ ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʟʦʭʨʦʥʝ 

ʠ ʜʘʶʪ ʧʦʣʥʫʶ ʣʠʥʠʶ ʠʥʪʝʨʧʦʣʷʮʠʡ (ɺʘʥ ʜʝʥ ɸʢʢʝʨ, 1976). 

ʄʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʫ 15 ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʠʥʠʡ 

ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʧʦʣʝ ʧʦʪʦʢʘ ʤʦʞʥʦ 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʩʢʚʘʞʠʥ. 

 

ʇʈʆɻʈɸʄʄɸ 15 

 

ʎɽʃʔ: ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʧʦʣʷʭ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʬʦʨʤʫʣʘʤʠ. 

 

ɺʚʦʜʠʤʳʝ ʜʘʥʥʳʝ: 

      ɼʘʥʥʳʝ ʚʚʦʜʘ ʩʦʩʪʦʷʪ ʠʟ 5 ʙʣʦʢʦʚ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʚ ʜʠʘʣʦʛʦʚʦʤ      

ʨʝʞʠʤʝ. 

ʇʘʨʘʤʝʪʨʳ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ: 

ɺʩʝ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤʠ ʧʦ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

- ʧʨʦʚʦʜʠʤʦʩʪʴ ,  , ʚ ʤ2/ʩ; 

- ʸʤʢʦʩʪʴ, ; 

- ʧʨʦʥʠʮʘʝʤʦʩʪʴ , ʤ/ʩ; 

- ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʨʠʩʪʦʩʪʴ, ;  

- ʩʢʦʨʦʩʪʴ ɼʘʨʩʠ ʙʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʳʨʘʞʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚ   

ʥʘʧʨʘʚʣʝʥʠʷʭ , ʚ ʤ/ʩʫʪ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʤʝʜʣʝʥʠʷ, .  

ɼʘʥʥʳʝ ʧʦ ʩʢʚʘʞʠʥʘʤ : 

- ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ,  ; 

- ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ,  

; 

- ʨʘʩʭʦʜ ʠʟ ʩʢʚʘʞʠʥ,  , ʚ ʤ3/ʩ, ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʨʠ ʦʪʢʘʯʢʝ,   

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʨʠ ʥʘʛʥʝʪʘʥʠʠ; 

- ʚʨʝʤʷ ʦʪʢʘʯʢʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ,  ʚ ʩʫʪʢʘʭ. 

ɿʝʨʢʘʣʴʥʦ ʦʪʨʘʞʸʥʥʳʝ ʩʢʚʘʞʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʙʳʯʥʳʝ. 

ɼʘʥʥʳʝ ʧʦ ʠʥʜʠʢʘʪʦʨʥʳʤ ʯʘʩʪʠʮʘʤ: 

ʅʘʯʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʜʣʷ ʞʝʣʘʝʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʪʤʝʯʘʝʪʩʷ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʯʘʩʪʠʮʝʡ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʜʚʠʞʝʪʩʷ ʚ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ.  ʄʦʞʥʦ 
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ʚʚʝʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʷʜ ʠʥʜʠʢʘʪʦʨʥʳʭ ʯʘʩʪʠʮ. ʀʤʝʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ. 

ʏʘʩʪʠʮʳ ʣʠʙʦ ʦʙʨʘʟʫʶʪ ʢʨʫʛ, ʚ ʢʦʪʦʨʦʤ ʦʙʦʟʥʘʯʘʝʤ ʮʝʥʪʨʘʣʴʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ,  ʚ ʤ ʠ ʨʘʜʠʫʩ ʢʨʫʛʘ , ʚ ʤ. ʀʣʠ ʞʝ ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʶʪ 

ʧʨʷʤʫʶ ʣʠʥʠʶ. ɿʘʪʝʤ ʤʳ ʦʙʦʟʥʘʯʘʝʤ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʣʠʥʠʠ ʢʦʦʨʜʠʥʘʪʘʤʠ 

 ʚ ʤ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ  

ʯʘʩʪʠʮ. ɽʩʣʠ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʜʥʫ ʪʨʘʝʢʪʦʨʠʶ, ʪʦ ʥʘʠʙʦʣʝʝ 

ʫʜʦʙʥʦ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʚʝʜʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʳʙʦʨʦʤ ʢʨʫʛʘ 

ʨʘʜʠʫʩʦʤ 0 ʚʦʢʨʫʛ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ ʪʨʘʝʢʪʦʨʠʠ ʦʜʥʦʡ ʯʘʩʪʠʮʳ ( ). 

ʅʘʯʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʚʠʜʝ ʣʠʥʠʡ ʫʜʦʙʥʳ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘʜʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʧʦʪʦʢʘ.  ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ 

ʢʨʫʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʠʟʦʭʨʦʥ ʚʦʢʨʫʛ ʩʢʚʘʞʠʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʠʮʳ  ʥʘʯʠʥʘʶʪ ʜʚʠʞʝʥʠʝ 

ʧʦ ʢʨʫʛʫ ʚʦʢʨʫʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʚʘʞʠʥʳ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘʟʘʜ ʧʦ 

ʠʩʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʘʨʘʤʝʪʨʳ ʚʨʝʤʝʥʠ: 

- ʧʨʠʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ,  ʚ ʩʫʪʢʘʭ.  ʜʦʣʞʥʦ ʙʳʪʴ ʚʟʷʪʦ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʪʨʘʝʢʪʦʨʠʶ ʩ ʭʦʨʦʰʠʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ. ʄʘʣʦʝ  ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʪʨʘʝʢʪʦʨʠʠ ʥʘ 

ʛʨʘʬʠʢʝ ʚ ʩʛʣʘʞʝʥʥʦʤ ʚʠʜʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʚʨʝʤʷ ʨʘʩʯʸʪʦʚ; 

- ʢʦʣʠʯʝʩʪʚʦ ʵʪʘʧʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ , ʢʦʪʦʨʦʝ   

ʧʨʝʜʩʪʦʠʪ ʚʳʧʦʣʥʠʪʴ, ; 

- ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʨʘʜʠʫʩ ʚʦʢʨʫʛ ʩʢʚʘʞʠʥʳ,  ʚ ʤ. ʕʪʦʪ ʨʘʜʠʫʩ   

ʦʟʥʘʯʘʝʪ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʪʢʘʯʠʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ, ʦʪ ʪʦʡ ʪʦʯʢʠ, ʛʜʝ   ʯʘʩʪʠʮʘ 

ʩʯʠʪʘʝʪʩʷ ʟʘʭʚʘʯʝʥʥʦʡ ʩʢʚʘʞʠʥʦʡ.  ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʨʘʩʯʸʪʦʚ   ʰʘʛ ʚʨʝʤʝʥʠ 

 ʜʘʪy ʠʥʪʝʨʚʘʣ, ʢʦʪʦʨʳʡ ʧʨʝʚʳʰʘʝʪ , ʪʦ   ʰʘʛ ʚʨʝʤʝʥʠ ʨʘʟʙʠʚʘʶʪ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘʶʱʘʷ   ʥʘ ʦʪʢʘʯʢʫ ʩʢʚʘʞʠʥʘ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ "ʥʝ ʟʘʤʝʯʝʥʘ" ʠʥʜʠʢʘʪʦʨʥʦʡ   ʯʘʩʪʠʮʝʡ. 

ɽʩʣʠ ʞʝʣʘʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʠʝ ʠʟʦʭʨʦʥ, ʪʦ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʠʟʦʭʨʦʥʘʤʠ 

ʦʙʦʟʥʘʯʘʝʤ , ʢʦʪʦʨʳʡ ʩʝʡʯʘʩ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʠʤ.  ʌʘʢʪʠʯʝʩʢʠʡ ʰʘʛ 

ʧʦ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʚʳʙʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʛʦ . ʇʦʵʪʦʤʫ 

ʚʝʩʴ ʰʘʛ  ʨʘʟʙʠʚʘʝʤ ʥʘ ʥʝʙʦʣʴʰʠʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʥʝ 

ʠʟʦʙʨʘʞʘʝʤʳʝ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʭʨʦʥ ʚʩʝ ʩʢʦʨʦʩʪʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʨʘʪʥʳʤʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʝʨʝʤʝʥʳ ʟʥʘʢʦʚ 

ʨʘʩʭʦʜʦʚ ʧʨʠ ʦʪʢʘʯʢʝ ʫ ʚʩʝʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʫ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ.  ʂʦʣʠʯʝʩʪʚʦ ʠʟʦʭʨʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ . 

ʇʘʨʘʤʝʪʨʳ ʜʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: 

ʈʘʤʢʘ ʠ ʤʘʩʰʪʘʙʳ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʭʦʜʘ ʦʧʨʝʜʝʣʝʥʳ ʚʚʝʜʝʥʠʝʤ 

ʢʦʦʨʜʠʥʘʪ ʣʝʚʦʛʦ ʥʠʞʥʝʛʦ ʫʛʣʘ,  ʠ ʚʝʨʭʥʝʛʦ ʧʨʘʚʦʛʦ ʫʛʣʘ,  

ʦʢʥʘ ʛʨʘʬʠʢʘ ʚ ʤ. 

 

ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʇʨʦʛʨʘʤʤʘ ʜʘʸʪ ʛʨʘʬʠʯʝʩʢʠʡ ʚʳʭʦʜ ʥʘ ʤʘʪʨʠʮʫ ʨʘʟʤʝʨʦʤ 290ʭ192.  

ʆʥʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʦʡ ʯʘʩʪʠʮʳ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 
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ʚʨʝʤʝʥʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʘʛʘ ʚʨʝʤʝʥʠ ʪʨʘʝʢʪʦʨʠʠ ʠʣʠ ʠʟʦʭʨʦʥʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʛʨʘʬʠʯʝʩʢʠ. ʂʘʞʜʘʷ ʩʢʚʘʞʠʥʘ ʧʦʢʘʟʘʥʘ ʢʘʢ +, ʢʘʞʜʘʷ 

ʚʦʜʦʧʦʥʠʟʠʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ, ʢʨʦʤʝ ʪʦʛʦ, ʦʢʦʣʴʮʦʚʘʥʘ ʦʢʨʫʞʥʦʩʪʴʶ 

ʨʘʜʠʫʩʦʤ . 

 

ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ: 

ʉʪʨʦʢʠ ʂʦʤʤʝʥʪʘʨʠʠ 

1040-1210: ʄʝʥʶ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚʚʦʜ ʧʷʪʠ ʙʣʦʢʦʚ ʜʘʥʥʳʭ ʧʦʰʘʛʦʚʦ (ʚʘʨʠʘʥʪʳ 

). ɺʘʨʠʘʥʪ ʄʆVɽ ʥʘʯʠʥʘʝʪ 

ʚʳʯʝʨʯʠʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʡ. 

1240-2150: ʇʦʜʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʚʦʜʘ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ, ʜʘʥʥʳʭ ʧʦ ʩʢʚʘʞʠʥʘʤ, ʥʘʯʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʠʥʜʠʢʘʪʦʨʥʳʭ  ʯʘʩʪʠʮ ʠ ʧʘʨʘʤʝʪʨʦʚ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ. 

2160-2750: ɺʳʧʦʣʥʝʥʠʝ ʰʘʛʦʚ ʧʦ ʚʨʝʤʝʥʠ  ʠ ʚʳʯʝʨʯʠʚʘʥʠʝ ʤʝʩʪ            

ʥʘʭʦʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʰʘʛʘ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ 

 (ʩʪʨʦʢʠ ʮʠʢʣʘ ʚʨʝʤʝʥʠ 2190-2690 ). 

2220-2630: ʎʠʢʣ ʧʦ ʚʩʝʤ ʯʘʩʪʠʮʘʤ. ʉʢʦʨʦʩʪʴ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ 

ʯʘʩʪʠʮʳ  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ (ʩʪʨʦʢʠ 2290-2430) ʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ (ʩʪʨʦʢʠ 2440-

2530) ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʕʡʣʝʨʫ. ɽʩʣʠ ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ  

ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ, ʧʨʝʚʳʰʘʶʱʝʤʫ 

 (ʩʪʨʦʢʘ 2450), ʪʦ ʝʛʦ ʨʘʟʙʠʚʘʶʪ ʥʘ ʤʝʥʴʰʠʝ ʰʘʛʠ ʧʦ 

ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ  (cʪʨʦʢʘ 2460). ʐʘʛ ʧʦ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ  

ʚʳʧʦʣʥʷʶʪ ʩʪʦʣʴʢʦ ʨʘʟ (ʩʪʨʦʢʘ 2620), ʩʢʦʣʴʢʦ ʵʪʦ            

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʩʪʘʚʰʝʛʦʩʷ ʰʘʛʘ ʚʨʝʤʝʥʠ,             

ʤʠʥʫʩ ʢʨʘʪʥʦʝ , ʜʦ ʨʘʟʤʝʨʘ, ʜʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ            

ʠʥʪʝʨʚʘʣ ʤʝʥʝʝ . ʂʦʛʜʘ ʚʳʧʦʣʥʝʥ ʦʩʪʘʚʰʠʡʩʷ ʰʘʛ, ʚʝʩʴ 

ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʜʣʠʥʦʡ  ʟʘʚʝʨʰʸʥ, (ʩʪʨʦʢʘ 2630). ɽʩʣʠ 

ʯʘʩʪʠʮʘ ʧʨʦʭʦʜʠʪ ʨʘʩʩʪʦʷʥʠʝ  ʢ ʩʢʚʘʞʠʥʝ (cʪʨʦʢʠ 2450-

2500) ʠʣʠ ʧʦʧʘʜʘʝʪ ʟʘ ʧʨʝʜʝʣʳ ʚʳʯʝʨʯʝʥʥʦʡ ʨʘʤʢʠ (ʩʪʨʦʢʘ 

2610), ʪʦ ʯʘʩʪʠʮʘ ʫʥʠʯʪʦʞʘʝʪʩʷ (ʩʪʨʦʢʠ 2640-2680) ʟʘʤʝʥʦʡ 

ʝ y ʧʦʩʣʝʜʥʝʡ ʯʘʩʪʠʮʝʡ ʚ ʚʝʢʪʦʨʘʭ  ʠ  ʚ ʤʝcʪʘʭ 

ʥʘʭʦʞʜʝʥʠʷ            ʯʘʩʪʠʮ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʯʘʩʪʠʮ ʜʦ 

ʦʜʥʦʡ. 

2770-2970: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʥʘ ʜʣʷ ʛʨʘʬʠʢʘ. 

2980-3080: ʇʦʜʧʨʦʛʨʘʤʤʘ ʜʣʷ ʯʝʨʯʝʥʠʷ ʢʨʫʛʘ ʨʘʜʠʫʩʦʤ  ʚʦʢʨʫʛ           

ʚʦʜʦʧʦʥʠʟʠʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ.  

 

ʇʈʀʄɽʅɽʅʀɽ: 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʜʚʘ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ: 

RY

AP BSTST PLOT, , , ,

NT

DE
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 = 0,1 ʤ2/ʩ, = 0,2,  = 0,003 ʤ/ʩ,  = 0,2,  = 1,  = 1, (1) = 

700 ʤ, (1) = 500 ʤ, (1) = 100 ʩʫʪʦʢ. ʈʘʤʢʘ ʦʧʨʝʜʝʣʝʥʘ 
 

ɺ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʪʨʘʝʢʪʦʨʠʠ ʯʝʨʪʷʪ ʦʪ ʥʘʯʘʣʘ ʣʠʥʠʠ ʜʣʷ 19 ʯʘʩʪʠʮ 

ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ (50 ʤ, 50 ʤ) ʠ (50 ʤ, 950 ʤ). ʇʦʣʝ ʧʦʪʦʢʘ ʜʘʥʦ ʨʘʩʭʦʜʦʤ 

 = 0,2 ʤ3/ʩ ʠ ʦʩʥʦʚʥʳʤ ʧʦʪʦʢʦʤ  = 1 ʤ/cʫʪ,  = 0.  ʐʘʛ ʚʨʝʤʝʥʠ 

 ʚʳʙʨʘʥ ʨʘʚʥʳʤ 4 ʩʫʪʢʘʤ ʧʨʠ  = 1000 ʠ  = 30 ʤ.  ʇʦʣʫʯʝʥʥʳʡ 

ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.7.2.1. ʆʥ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʚʦʜʦʥʦʩʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ - ʚʦʜʘ ʠʟ ʦʜʥʦʡ ʧʦʩʪʫʧʘʝʪ ʚ ʩʢʚʘʞʠʥʫ, ʘ 

ʠʟ ʜʨʫʛʦʡ - ʧʨʦʭʦʜʠʪ ʤʠʤʦ ʥʝʸ. 

 
ʈʠʩ.7.2.1. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ 1 ʧʨʦʛʨʘʤʤʳ 15: ʊʨʘʝʢʪʦʨʠʠ. 

1 ï ʩʢʚʘʞʠʥʘ; 2 ï ʥʘʧʨʘʚʣʝʥʠʝ ʙʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. 

 

ɺʦ ʚʪʦʨʦʤ ʧʨʠʤʝʨʝ ʚʳʯʝʨʯʠʚʘʶʪʩʷ ʠʟʦʭʨʦʥʳ ʥʘ 50 ʩʫʪʦʢ ʚʦʢʨʫʛ 

ʩʢʚʘʞʠʥʳ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʧʝʨʚʦʤʫ ʧʨʠʤʝʨʫ. ɼʣʷ ʵʪʦʛʦ ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ 

ʚʚʦʜʘ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ. ʕʪʦ: Q(i) = -0,2 ʤ3/ʩ,  = -1 ʤ/ʩʫʪ,  = 50 ʩʫʪʦʢ, 

 = 1 ,  = 5 ʤ. 100 ʯʘʩʪʠʮ ʟʘʧʫʱʝʥʳ ʥʘ ʦʢʨʫʞʥʦʩʪʴ ʨʘʜʠʫʩʦʤ 10 ʤ 

ʚʦʢʨʫʛ ʩʢʚʘʞʠʥʳ. ʈʘʩʯʝʪʳ ʟʘʥʠʤʘʶʪ ʜʦʚʦʣʴʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ.  ʇʦʣʫʯʝʥʥʳʡ 

ʛʨʘʬʠʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 7.2.2. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʠʟʦʭʨʦʥʫ ʙʦʣʝʝ 

ʯʝʪʢʦ, ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ ʩʦʝʜʠʥʝʥʳ ʣʠʥʠʝʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʥʘʨʠʩʦʚʘʥʥʦʡ 

ʦʪ ʨʫʢʠ. 

T m KF NE RD NW XW

YW TW
XU YU X Y= =0  0 ʠ 0 =1000 ʤ 0 =1000 ʤ., ,

Q (1) VX VY

DE NT RY

VX DE
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ʈʠʩ.7.2.2. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ 2 ʧʨʦʛʨʘʤʤʳ 15. ʀʟʦʭʨʦʥʥʘ. 

1 ï ʩʢʚʘʞʠʥʘ; 2 ï ʥʘʧʨʘʚʣʝʥʠʝ ʙʘʟʦʚʦʛʦ ʧʦʪʦʢʘ; 3 ï ʠʟʦʭʨʦʥʥʘ ʥʘ ʚʨʝʤʷ 50 ʩʫʪ. 

 

 

7.2.2. ʉʣʫʯʘʡ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ 

 

ɺʘʞʥʝʡʰʠʤ ʧʨʠʥʮʠʧʦʤ ʟʘʱʠʪʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʧʘʜʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ. 

ɺ ʩʣʫʯʘʝ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʠʝ ʤʝʨʳ cʣʝʜʫʝʪ 

ʧʨʝʜʧʨʠʥʷʪʴ ʚ ʮʝʣʷʭ ʦʛʨʘʥʠʯʝʥʠʷ ʫʱʝʨʙʘ ʜʣʷ ʟʘʱʠʪʳ ʩʢʚʘʞʠʥ ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʦʯʠʩʪʢʠ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  ɺ ʧʨʠʥʮʠʧʝ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʙʣʝʤʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʜʨʘʚʣʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʠʥʷʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʪʘʢʠʭ ʤʝʨ: 

1) ʤʝʨʳ ʟʘʱʠʪʳ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʝʡ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʟʘʱʠʪʥʳʝ ʤʝʨʳ); 

2) ʤʝʨr ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ ʚ ʚʦʜʦʥʦʩʥʦʤ 

ʛʦʨʠʟʦʥʪʝ (ʤʝʨʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ). ʊʘʢʠʝ ʤʝʨʳ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʚ ʩʣʫʯʘʝ ʜʝʛʨʘʜʠʨʫʶʱʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ; 

3) ʤʝʨʳ ʧʦ ʫʜʘʣʝʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ ʥʝʨʘʩʧʘʜʘʶʱʠʭʩʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʕʪʦ ʤʝʨʳ ʧʦ ʦʯʠʩʪʢʝ 

ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɿʜʝʩʴ ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʪʦʣʴʢʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʝʨʳ. ʆʥʠ 

ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʦʪʢʘʯʥʳʭ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ 

ʦʢʘʟʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʣʠ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʟʘʛʨʷʟʥʸʥʥʳʭ ʚʦʜ. ʕʪʠ ʤʝʨʳ ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴʩʷ ʩ ʦʯʠʩʪʢʦʡ 

ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʘʢ ʟʘʱʠʪʥʳʝ ʤʝʨʳ, ʪʘʢ ʠ ʤʝʨʳ ʧʦ ʦʯʠʩʪʢʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʪʨʝʙʦʚʘʥʠʶ, ʯʪʦ ʦʙʲʝʤ ʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʳ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ ʟʘʱʠʪʥʦʡ ʩʢʚʘʞʠʥʳ (ʩʢʚʘʞʠʥ). ʕʪʠʤ 

ʛʘʨʘʥʪʠʨʫʝʪʩʷ, ʯʪʦ ʧʦʤʠʤʦ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʥʘ ʧʦʧʝʨʝʯʥʫʶ ʜʠʩʧʝʨʩʠʶ 

ʚʝʩʴ ʦʙʲʝʤ ʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʳ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʙʫʜʝʪ ʫʜʘʣʸʥ ʯʝʨʝʟ 
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ʩʢʚʘʞʠʥʫ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʠʥʞʝʥʝʨ ʤʦʞʝʪ 

ʦʩʪʘʥʦʚʠʪʴ ʩʚʦʡ ʚʳʙʦʨ ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʨʘʩʯʸʪʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ, ʪʘʢʠʭ ʢʘʢ: 

- ʢʦʣʠʯʝʩʪʚʦ ʩʢʚʘʞʠʥ; 

- ʨʘʩʭʦʜʳ ʧʨʠ ʦʪʢʘʯʢʝ; 

- ʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥ; 

- ʧʦʣʦʞʝʥʠʝ ʬʠʣʴʪʨʦʚ ʚ ʩʢʚʘʞʠʥʘʭ. 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʥʘʣʘʛʘʝʤʳʭ ʩʠʪʫʘʮʠʝʡ ʚ ʭʦʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ 

ʨʘʩʭʦʜʘʤʠ ʧʨʠ ʦʪʢʘʯʢʝ ʠ ʪʘʢ ʜʘʣʝʝ. ʄʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ 

ʫʜʘʣʠʪʴ ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʸʥʥʫʶ ʯʘʩʪʴ ʦʨʝʦʣʘ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʢʚʘʞʠʥʝ ʩʦ 

ʚʨʝʤʝʥʝʤ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦʣʝʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʦʪʢʘʯʢʝ (ʅʝʣʴʩʦʥ, 1978). ʆʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʠʩʢʣʶʯʘʶʱʝʤ ʜʠʩʧʝʨʩʠʶ ʠ ʜʦʧʫʩʢʘʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ, 

ʠʟʤʝʨʝʥʥʘʷ ʚ ʩʢʚʘʞʠʥʝ ʚʦ ʚʨʝʤʷ t , ̫ ʚʣʷʝʪʩʷ ʩʨʝʜʥʝʡ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʩʝʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʸʤʦʚ, ʧʨʠʙʳʚʘʶʱʠʭ ʥʘ ʩʢʚʘʞʠʥʫ ʚʦ ʚʨʝʤʷ t .  ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʜʦʧʫʱʝʥʠʷ, ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʤʝʪʦʜ ʨʘʩʯʸʪʘ.  ʈʘʩʩʤʦʪʨʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ c x y ( 0) , ,  ʧʨʠ ʚʨʝʤʝʥʠ t  = 0 ʠ 

ʥʘʯʘʣʝ ʦʪʢʘʯʢʠ ʠʟ ʩʢʚʘʞʠʥʳ ʧʨʠ ʚʨʝʤʝʥʠ t  = 0 (ʨʠʩ.7.2.3). ʃʠʥʠʷ ʨʘʚʥʦʛʦ 

ʚʨʝʤʝʥʠ t  ʧʨʠʙʳʪʠʷ ʢ ʩʢʚʘʞʠʥʝ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ( )S x yt , . ɺʥʫʪʨʠ 

ʢʦʥʪʫʨʘ St ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʦʪʦʢ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʢʦʥʪʫʨ ʧʨʠ ʚʨʝʤʝʥʠ t  = 0 ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʦʪʢʘʯʢʠ ʠʟ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

() ( )M c x y u mndss n e
s

¶

=ñ0 0, ,
t

  ,                                       (7.2.10) 

ʛʜʝ   un  - ʢʦʤʧʦʥʝʥʪ ʩʢʦʨʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʡ ʢʦʥʪʫʨʫ 

St. ʉʫʤʤʘʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʧʨʠʙʳʚʘʶʱʝʝ ʢ ʩʢʚʘʞʠʥʝ ʚʦ ʚʨʝʤʷ t , ()M w

¶

t

, ʨʘʚʥʦ ()M s

¶

0 , ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʟʘ ʩʯʸʪ ʨʘʩʧʘʜʘ ʚ ʵʪʦʪ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ. 

() () ( )M Mw s

¶ ¶

= -t lt0 exp  .                                        (7.2.11) 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʢʚʘʞʠʥʝ ʚʦ ʚʨʝʤʷ t  ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʜʝʣʝʥʠʠ 

()M w

¶

t ʥʘ ʨʘʩʭʦʜ ʧʨʠ ʦʪʢʘʯʢʝ ()Q t  . 

() () () ( ) ( ) ()ñ-==
¶

t

ttlttt
S

enwA QdsmnuyxcQMc /0,,  exp/              (7.2.12) 
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ʈʠʩ.7.2.3.  

ʌʦʨʤʫʣʘ ʩʧʨʘʚʝʜʣʠʚʘ ʪʘʢʞʝ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʠʥʬʠʣʴʪʨʘʮʠʷ 

ʚ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʥʝʟʘʛʨʷʟʥʸʥʥʦʡ ʚʦʜʳ ( 0 =   nic ) ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʫʨʘ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʦ ʚʥʠʤʘʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʬʘʢʪ ʨʘʟʙʘʚʣʝʥʠʷ 

ʟʘʛʨʷʟʥʠʪʝʣʷ. 

()u mnds Qn e
S

 <  t
t

ñ .                                               (7.2.13) 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʨ ʧʦ ʦʯʠʩʪʢʝ ʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʧʣʘʥʝ, ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʤʘʩʩʫ ʟʘʛʨʷʟʥʠʪʝʣʷ, ʫʜʘʣʸʥʥʦʛʦ ʟʘ 

ʚʨʝʤʷ t  ʩ ʦʙʲʸʤʦʤ ʚʦʜʳ, ʦʪʢʘʯʝʥʥʳʤ ʜʦ ʵʪʦʛʦ ʞʝ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ. 

()
() ()

()
h

t t t

t t

  =  

 

 

 t

c Q d

Q d

A

t

t

0

0

ñ

ñ

,                                      (7.2.14) 

ʛʜʝ   ()cA t - ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʢʚʘʞʠʥʝ, ʘ ()Qt - 

ʨʘʩʭʦʜ ʧʨʠ ʦʪʢʘʯʢʝ; ()h t  - ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʚʦʜʝ, ʠʟʚʣʝʯʸʥʥʦʡ ʜʦ ʚʨʝʤʝʥʠ t . ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʝʟʨʘʟʤʝʨʥʫʶ 

ʚʝʣʠʯʠʥʫ, ʤʳ ʤʦʞʝʤ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʨʝʜʥʶʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʘʛʨʷʟʥʠʪʝʣʷ ʚ 

ʟʦʥʝ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠ ʚʨʝʤʝʥʠ  t c=0, . 

() ()h h  =    t t c/                                              (7.2.15) 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʦʧʨʝʜʝʣʷʝʤ ʚʨʝʤʷ t p , ʧʨʠ ʢʦʪʦʨʦʤ ʫʜʘʣʷʝʪʩʷ p%  ʦʪ ʚʩʝʡ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ 

ʟʘʛʨʷʟʥʠʪʝʣʷ. ʊʦʛʜʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʝʣʠʯʠʥʘ ʩ ʙʦʣʴʰʠʤ 

()h t p  . 

ʕʪʠ ʢʦʥʮʝʧʮʠʠ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʥʘ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ. ʆʥ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʦʜʠʥʦʯʥʦʡ ʩʢʚʘʞʠʥʳ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʩʭʦʜʦʤ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʧʦʪʦʢʝ. ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʟʦʥʘ ʟʘʛʨʷʟʥʝʥʠʷ ʠʤʝʝʪ 
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ʵʣʣʠʧʩʦʚʠʜʥʫʶ ʬʦʨʤʫ ʩ ʦʜʥʦʨʦʜʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ c0
 

(ʨʠʩ.7.2.4).  ɼʠʬʬʫʟʠʝʡ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʛʨʷʟʥʷʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ 0 = l . ʌʫʥʢʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʠ ʪʦʢʘ ʜʣʷ ɻ ʪʦʡ 

ʩʭʝʤʳ ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʦʡ (ʥʘʧʨʠʤʝʨ, ʄʘʩʢʝʪ,1937). 

 
ʈʠʩ.7.2.4. ʆʯʠʩʪʥʘʷ ʩʢʚʘʞʠʥʘ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʦʪʦʢʝ 

( )
m2

+
ln

22

0
p

Qyx
xvʌ --= ;                                (7.2.16) 

( )
m2

/
arctg  0

p
j

Qxy
yv --= , 

v0  - ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʙʳʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʆʙʝ ʬʦʨʤʫʣʳ ʧʦʣʫʯʝʥʳ ʥʘʣʦʞʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ ʧʣʦʩʢʦʛʦ ʧʦʪʦʢʘ ʠ ʪʦʯʝʯʥʦʛʦ ʨʘʩʭʦʜʘ ʚ ʪʦʯʢʝ 

( )x y= =0  0, . ʉʢʦʨʦʩʪʴ ʚʦʜʳ ʚ ʧʦʨʘʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ (7.2.16) 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʠ ʫʤʥʦʞʝʥʠʝʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

( )
;

2

/0

Rmrn

Qrx

Rn

v
u

ee

x
p

--=                               (7.2.17) 

( )
,

mrn2

/
- 

Rn
- =

ee

0

R

Qry
uy

p

n
 

ʛʜʝ   r x y= 2 2
+ . 

ʊʝʧʝʨʴ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ (x y, ) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʢ ʩʢʚʘʞʠʥʝ ʧʦ (7.2.9). ʈʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ (ɹʵʨ, ɼʞʝʡʢʦʙʩ 1965 

). 

t
n QR

v m
x

mv

Q
x

y mv Q

y

y mv

Q

e= -
å

ç
æ

õ

÷
ö

è

ê
é

ø

ú
ù

2  

2  
ln

2  
+

2   

p

p p p

0

2

0 0 0sin( / )
cos . (7.2.18) 

ɽʩʣʠ ʜʣʷ ʪʦʯʢʠ (x y, ) ʘʨʛʫʤʝʥʪ ʣʦʛʘʨʠʬʤʘ ʚ ʫʨʘʚʥʝʥʠʠ (7.2.18) 

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʪʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʯʢʘ (x y, ) ʣʝʞʠʪ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʘʟʜʝʣʷʶʱʝʡ 

ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

1 ï ʩʢʚʘʞʠʥʘ; 

2 ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʙʘʟʦʚʦʛʦ ʧʦʪʦʢʘ; 

3 ï ʪʦʯʢʘ ʟʘʭʚʘʪʘ; 

4 ï ʟʦʥʘ ʟʘʛʨʷʟʥʝʥʠʷ; 

5 ï ʚʦʜʦʨʘʟʜʝʣ 

(ʨʘʟʜʝʣʷʶʱʘʷ ʣʠʥʠʷ 

ʪʦʢʘ) 
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ʣʠʥʠʠ ʪʦʢʘ.  ʆʪ ʪʦʯʢʠ (x y, ) ʚʦʜʘ ʥʝ ʤʦʞʝʪ ʪʝʯʴ ʚ ʩʢʚʘʞʠʥʫ.  ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʨʘʟʜʝʣʷʶʱʝʡ ʣʠʥʠʠ ʪʦʢʘ,  ʧʨʠʨʘʚʥʠʚʘʷ 

x
y mv Q

y

y mv

Q

sin( / )
cos

2  
+

2  
 =  0

p p0 0 .                             (7.2.19) 

ʊʦʯʢʘ ʟʘʭʚʘʪʘ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʰʝ ʩʢʚʘʞʠʥʳ (ʩʤ.ʨʠʩ.7.2.4), ʠʤʝʝʪ 

ʧʦ ʧʨʠʯʠʥʝ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʪʫ y, ʨʘʚʥʫʶ ʥʫʣʶ. ʂʦʦʨʜʠʥʘʪʫ x  

ʧʦʣʫʯʘʶʪ, ʚʟʷʚ ʧʨʝʜʝʣ y ­0 ʚ (7.2.19), ʯʪʦ ʜʘʸʪ 

x
Q

mv
=-

2  p 0

.                                                       (7.2.20) 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ b¤ ʨʘʟʜʝʣʷʶʱʠʭ ʣʠʥʠʠ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ 

b mv Q b
Q

mv
¤ ¤=0

0

 =      ʠʣʠ     .                               (7.2.21) 

ʊʝʧʝʨʴ ʧʦʩʪʨʦʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ()c tA
. ʊʘʢ ʢʘʢ ʟʜʝʩʴ 

ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʷ ʪʦʢʘ, ʪʦ ʫʨʘʚʥʝʥʠʝ (7.2.22) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ 

( ) ( ) ( )c c x y md x y QA
S

t y
t

  0  
 

= ñ , , , / .                                 

 (7.2.22) 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ, ʛʜʝ, ʢʘʢ ʥʘ ʨʠʩ. 7.2.4, ʩʢʚʘʞʠʥʘ ʥʘʭʦʜʠʪʩʷ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ. ʃʠʥʠʷ ʨʘʚʥʦʛʦ ʚʨʝʤʝʥʠ (ʠʟʦʭʨʦʥʘ) t 

ʧʝʨʝʩʝʢʘʝʪ ʢʦʥʪʫʨ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʜʚʫʭ ʪʦʯʢʘʭ P P ʠ 
' .  ʊʘʢ ʢʘʢ ʪʦʣʴʢʦ 

ʯʘʩʪʴ ʤʝʞʜʫ P P ʠ 
'  ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʪʦʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʦ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʘʚʥʦʡ ʥʫʣʶ ʧʦʚʩʶʜʫ ʥʘ ʣʠʥʠʠ ʨʘʚʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʥʪʝʛʨʘʣ 

(7.2.22) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

()
( )

c
c m P P

Q
A t

y y
=

-0   ( ) ( )'

 .                                     (7.2.23) 

ɽʩʣʠ ʩʢʚʘʞʠʥʘ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʦ ʬʦʨʤʫʣʘ (7.2.23) 

ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ. ɼʚʘ ʪʘʢʠʭ ʩʣʫʯʘʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.7.2.5. ʅʠʞʝ 

ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʪʠʤ ʩʠʪʫʘʮʠʷʤ: 

ʘ)() ( )c c m Q P P QA l lt y y= -0  +  ( ) ( ) /' ;                              (7.2.24) 

ʙ)() ( )c c m P P Q P P QA l lt y y y y= - -0   +  +  ( ) ( ) ( ) ( ) /' ' . 
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ʈʠʩ.7.2.5. ʈʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʟʦʭʨʦʥʥʳ ʠ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ  

(ʩʢʚʘʞʠʥʘ ʚʥʫʪʨʠ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ) 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ 16 ʜʣʷ 

ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʢʚʘʞʠʥʘ ʧʦʧʘʜʘʝʪ ʟʘ ʧʨʝʜʝʣʳ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤoʞʝʪ ʙʳʪʴ ʜʘʥʦ ʢʘʢ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʚʳʨʘʞʝʥʠʝ, ʝʩʣʠ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ. ʂʘʞʜʘʷ ʪʦʯʢʘ 

ʥʘ ʢʨʘʶ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ 

gg cos0,5 + )( DAx = ;                              (7.2.25) 

gg sin0,5D     ɸ )( 1+=y  

ʧʨʠ   g, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ( )-p p , . 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʜʭʦʜʘ ʢ ʩʢʚʘʞʠʥʝ ʧʦʣʫʯʝʥʳ 

ʧʦʜʩʪʘʥʦʚʢʦʡ ʚ ʫʨʘʚʥʝʥʠʝ (7.2.18). ɺʩʝ ʚʨʝʤʝʥʘ ʧʨʦʭʦʞʜʝʥʠʷ t( )g  ʜʣʷ g 

ʠʥʪʝʨʚʘʣʘ ( , )-p p   ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ( )t tmin max,  ʩ 

ʢʦʥʝʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ t tmin max, . ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ ʩʢʚʘʞʠʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʫʨʘʚʥʝʥʠʷ (7.2.23). ʄʳ ʧʨʠʤʝʥʷʝʤ (7.2.16) ʠ ʠʩʧʦʣʴʟʫʝʤ ʦʩʝʚʫʶ 

ʩʠʤʤʝʪʨʠʶ 

( ) ( )c t c y v m Q arctg y xA ( ) ( ) / ( ) ( ( ) / ( ))g g p g g =  2  +  1/0 0 .             (7.2.26) 

ɼʣʷ ʚʨʝʤʝʥʠ t , ʥʝ ʩʦʜʝʨʞʘʱʝʤʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ( )t tmin max, , 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʚʥʘ ʥʫʣʶ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ h ( )t  ʧʦʣʫʯʘʶʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ c tA( ).  

ʅʘ ʨʠʩ.7.2.6 ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʩʣʫʯʘʷ ʢʨʫʛʦʚʦʡ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ 

ʥʘʭʦʞʜʝʥʠʷ ʦʯʠʩʪʥʦʡ ʩʢʚʘʞʠʥʳ. ɺ ʦʙʱʝʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʉʢʚʘʞʠʥʘ 

ʉʢʚʘʞʠʥʘ 

ʃʠʥʠʷ ʨʘʚʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

(ʠʟʦʭʨʦʥʘ) 

ʃʠʥʠʷ ʨʘʚʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʈʘʟʨʝʟ ʠʟʦʭʨʦʥʥʳ ʩ 

ʥʝʨʘʚʥʳʤ ʥʫʣʶ 

ʧʦʪʦʢʦʤ ʧʨʠ 

ʚʨʝʤʝʥʠ t=0 ɿʦʥʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ɿʦʥʘ ʟʘʛʨʷʟʥʝʥʠʷ 
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ʦʧʪʠʤʘʣʴʥʳʭ ʤʝʨ ʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥʳ ʠʣʠ cʢʚʘʞʠʥ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʦʚʦ, 

ʯʪʦ ʩʦʟʜʘʸʪʩʷ ʠʟʦʭʨʦʥʘ, ʟʘʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʝ ʟʦʥʫ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʜʣʝʞʘʱʫʶ 

ʫʜʘʣʝʥʠʶ, ʥʘʩʪʦʣʴʢʦ ʫʟʢʫʶ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ (ʂʠʥʮʝʣʴʙʘʭ, 

ʍʝʨʮʝʨ,1983). 

ʇʦʢʘʟʘʥʥʳʝ ʚʳʰʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʣʠʰʴ 

ʛʨʫʙʳʤʠ ʧʨʠʙʣʠʞʝʥʠʷʤʠ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʘʣʴʰʝ, ʯʝʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.7.2.7. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʜʠʩʧʝʨʩʠʝʡ. ɺ ʨʝʘʣʴʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʝʦʙʣʘʜʘʝʪ 

ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ ʚʩʣʝʜʩʪʚʠʝ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʥʦʩʥʦʛʦ 

ʛʦʨʠʟʦʥʪʘ. ɽʩʣʠ ʠʟʚʝʩʪʥʘ ʩʪʨʫʢʪʫʨʘ, ʪʦ ʨʘʩʯʸʪ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʦʪʜʝʣʴʥʦ 

ʜʣʷ ʝʜʠʥʠʯʥʳʭ ʩʣʦʸʚ, ʧʨʠʙʣʠʞʸʥʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʷ ʩʪʦʣʴ 

ʤʘʣʳ, ʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʠʚʘʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ (ʨʠʩ.7.2.8). 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʥʘ ʩʢʚʘʞʠʥʝ ʟʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʚʟʚʝʰʝʥʥʦʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʢʘʞʜʦʤʫ ʩʣʦʶ (ʨʠʩ.7.2.9). 

ʇʦʧʘʜʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʣʦʡ ʠʣʠ ʣʠʥʟʫ ʦʯʝʥʴ ʤʘʣʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʣʠʥʥʳʭ ʭʚʦʩʪʦʚ ʧʨʠ 

ʤʘʩʩʦʧʝʨʝʥʦʩʝ.  ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʝʪ ʜʘʪʴ ʩʠʪʫʘʮʠ,ʁ ʢʦʛʜʘ ʦʯʠʩʪʢʘ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. 

 
ʈʠʩ.7.2.6. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʙʳʪʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʨʘʩʧʦʣʦʞʝʥʠʡ ʦʯʠʩʪʥʦʡ 

ʩʢʚʘʞʠʥʳ ʠ ʢʨʫʛʦʚʦʡ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ. 

1 ï ʦʪʢʘʯʥʘʷ ʩʢʚʘʞʠʥʘ; 2 ï ʮʝʥʪʨ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ; 3 ï ʚʦʜʦʨʘʟʜʝʣ 
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ʈʠʩ.7.2.7. ʉʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʠ ʨʘʩʯʸʪʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

1 ï ʨʘʩʯʸʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʙʝʟ ʫʯʸʪʘ ʜʠʩʧʝʨʩʠʠ); 

2 ï ʠʟʤʝʨʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʷʱʠʢ ʩ ʧʝʩʢʦʤ) 

 

 
ʈʠʩ.7.2.8. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʯʠʩʪʢʠ ʩʣʦʠʩʪʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

1 ï ʩʢʚʘʞʠʥʘ ʩ ʨʘʩʭʦʜʦʤ; 2 ï ʠʟʦʭʨʦʥʘ;  

3 ï ʢʦʣʴʮʝʚʘʷ ʟʦʥʘ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʉ0; 4 ï ʚʦʜʦʨʘʟʜʝʣ. 

 
ʈʠʩ.7.2.9. ʆʯʠʩʪʢʘ ʩʣʦʠʩʪʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ: ʯʠʩʣʝʥʥʳʡ ʧʨʠʤʝʨ 

ʘ) ʚ ʪʨʭy ʩʣʦʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ; ʙ) ʚ ʦʙʱʝʤ ʧʦʪʦʢʝ 

 

ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʧʨʠʥʠʤʘʣʠ, ʯʪʦ ʩʢʚʘʞʠʥʘ ʩʦʚʝʨʰʝʥʥʘʷ. ɽʩʣʠ ʩ ʵʪʦʡ 

ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʦʚʝʨʰʝʥʥʘʷ ʩʢʚʘʞʠʥʘ, ʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʪʨʭyʤʝʨʥʦʝ ʧʦʣʝ ʧʦʪʦʢʘ. ɻʝʦʤʝʪʨʠʷ ʟʘʭʚʘʪʘ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʘʩʭʦʜʦʤ ʧʨʠ ʦʪʢʘʯʢʝ, ʥʦ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʏʪʦʙʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʵʪʦ, 

ʨʘʩʩʤʦʪʨʠʤ ʤʝʣʢʫʶ ʩʢʚʘʞʠʥʫ ʚ ʦʯʝʥʴ ʛʣʫʙʦʢʦʤ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ. 

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʙʳʪʦʚʦʡ ʧʦʪʦʢ ʧʦʩʪʦʷʥʝʥ. ɺ ʠʟʦʪʨʦʧʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʭʦʜ 

ʉʢʦʨʦʩʪʠ ɼʘʨʩʠ 

 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ 

 

ʘ) 

 

 

 

 

ʙ) 
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ʩʢʚʘʞʠʥʳ (ʨʠʩ.7.2.10) ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ (ʥʘʧʨʠʤʝʨ, ʂʠʥʮʝʣʴʙʘʭʘ, 

1983). 

 
ʈʠʩ.7.2.10. ʆʯʠʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʩʢʚʘʞʠʥʳ. 

1 ï ʩʢʚʘʞʠʥʘ; 2 ï ʚʦʜʦʨʘʟʜʝʣ; 3 ïʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ;  

4 ï ʥʘʧʨʘʚʣʝʥʠʝ ʙʘʟʦʚʦʛʦ ʧʦʪʦʢʘ.  

( )v y z
Q

x y z

Qx
0

2 2

2 2 2
+

 + +
- =
p p

 .                                (7.2.27) 

ɸʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ 

ʢʨʫʛʦʤ ʩ ʨʘʜʠʫʩʦʤ 

r
Q

v
=

2

 p 0

                                                       (7.2.28) 

ɽʩʣʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʥʴʰʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʯʪʦ 

ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʢʨʫʛ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʣʠʧʩ.  

ʐʠʨʠʥʘ ʚʦʟʨʘʩʪʘʝʪ ʟʘ ʩʯʸʪ ʛʣʫʙʠʥʳ. ʇʦʣʫʦʩʠ ʵʣʣʠʧʩʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ: 

z
Qk

v k

v

h

ʚʝʨʪ

2

 
=
p 0

 ;                                               (7.2.29) 

z
Qk

v k

h

v

ʛʦʨ

2

 
=
p 0

, 

ʛʜʝ k kh v,  -ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʚʝʨʪʠʢʘʣʠ.   

ɽʩʣʠ ʜʣʷ ʦʯʠʩʪʢʠ ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʦʚʝʨʰʝʥʥʳʝ ʩʢʚʘʞʠʥʳ, ʪʦ ʩʣʝʜʫʝʪ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ, ʯʪʦʙʳ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʢʚʘʞʠʥʳ ʜʦ ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʠʣʠ ʯʪʦʙʳ ʩʢʚʘʞʠʥʘ ʩʦʦʨʫʞʘʣʘʩʴ ʜʣʠʥʦʡ ʥʘ 

ʛʣʫʙʠʥʫ ʟʦʥʳ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʇʈʆɻʈɸʄʄɸ 16 

 


