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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʟʣʫʯʘʶʱʠʝ ʘʥ-

ʪʝʥʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʟʣʫʯʘʶʱʠʭ 

ʪʨʘʢʪʦʚ ʧʨʦʬʠʣʦʛʨʘʬʦʚ, ʛʠʜʨʦʣʦʢʘʪʦʨʦʚ ʠʟ-ʟʘ ʠʭ ʫʥʠʢʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʪʘʢʠʭ ʢʘʢ ʧʦʩʪʦʷʥʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʣʫʯʘʝʤʳʭ ʯʘʩʪʦʪ, ʤʘʣʳʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʠ, ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʘʥʪʝʥʥ ʥʘʢʘʯʢʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪʘʭ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʣʦ-

ʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʳʭ 

ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʨʘʙʦʯʝʤ 

ʜʠʘʧʘʟʦʥʝ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʝʥʥ ʥʘʢʘʯʢʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʥʝʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʭ ʥʘ ʥʠʟʢʠʭ (ʨʘʙʦʯʠʭ) ʯʘʩʪʦʪʘʭ. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠʟʣʫʯʘʶʱʠʝ ʘʥʪʝʥʥʳ ʥʝʦʙʨʘʪʠʤʳ, ʪ.ʝ. ʨʘʙʦʪʘʶʪ 

ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʵʬʬʝʢʪ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʦʣʥ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʧʨʠʝʤʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ çʙʝʩʪʝʣʝʩʥʦʩʪʠè ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʟʘʤʝʥʠʪʴ ʪʨʘʜʠʮʠʦʥ-

ʥʳʝ ʧʨʠʝʤʥʳʝ ʘʥʪʝʥʥʳ ʚ ʛʠʜʨʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ, ʦʩʚʦʙʦʜʠʪʴ 

ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʝʡ, ʩʦʟʜʘʪʴ ʫʟʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʀʜʝʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʳʭ ʯʘʩʪʦʪ 

ʨʘʩʩʤʦʪʨʝʥʘ ʚʧʝʨʚʳʝ ʚ ʨʘʙʦʪʝ ɸ.ɻ. ɻʦʨʝʣʠʢʘ ʠ ɺ.ɸ. ɿʚʝʨʝʚʘ [1].   ʅʘ  ʦʩʥʦʚʝ 

ʵʪʦʡ ʠʜʝʠ ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦ ʨʝʰʘʪʴ ʥʝʢʦʪʦʨʳʝ ʘʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʚ ʛʠʜʨʦʘʢʫʩʪʠʢʝ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ 

ʩʦʟʜʘʥʠʝ ʧʨʠʝʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʚʳʩʦʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠ çʙʝʩʪʝʣʝʩʥʦ-
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ʩʪʴʶè, ʪ.ʝ. ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʪʝʣʝ ʘʥʪʝʥʥʳ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʛʠʜʨʦʘʢʫ-

ʩʪʠʯʝʩʢʦʤ ʙʘʩʩʝʡʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʚʦʙʦʜʠʪʴ ʦʩʴ ʙʘʩʩʝʡʥʘ ʦʪ ʧʨʠʝʤʥʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʝʡ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʠʜʨʦʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʪʝʣʝ ʘʥʪʝʥʥʳ 

ʫʤʝʥʴʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʜʠʬʨʘʢʮʠʝʡ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ. ɺʦ-ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʥʳʭ 

ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʧʨʠʝʤʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʨʝʟʫʣʴʪʘʪʦʚ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʚʦʣʥ, ʬʠʢʩʠʨʫʝʤʳʭ ʵʪʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ. ɺ ʪʨʝʪʴʠʭ, ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʭʦʜʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ, ʜʣʷ ʯʝʛʦ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʨʠʝʤʥʠʢʠ ʟʚʫʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝ-

ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʷʤʠ ʚ ʞʠʜʢʦʩʪʠ, ʪʦ ʵʪʠ ʧʦʣʷ 

ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʚʦʣʥʘ ʥʘʢʘʯʢʠ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʨʝʜʝ. ʇʨʠ-

ʝʤʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ  ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ, ʪʘʢʠʭ ʢʘʢ ʪʝʯʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʜʘʚʣʝʥʠʷ ʠ ʜʨ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʨʠʝʤʘ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʤ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʠʝʤʥʠʢʝ ʥʝʦʙʭʦʜʠʤʳ ʜʚʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʚʦʣʥ ʥʘʢʘʯʢʠ (ʠʟʣʫʯʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɸ ʜʣʷ ʧʦʚʦʨʦʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʦʨʘʯʠʚʘʪʴ ʩʠʩʪʝʤʫ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʤʘʢ-

ʩʠʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʥʳ ʥʘʢʘʯʢʠ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʦʨʦʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥ-

ʥʳ ʩʫʱʝʩʪʚʫʝʪ ʚ ʩʨʝʜʘʭ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʯʘʩʪʦʪʳ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʠʭʩʷ ʚʦʣʥ. ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʨʘʟʥʳʭ ʚʨʝ-
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ʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʚ ʩʨʝʜʝ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʝʤʥʳʭ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʷʚʣ̫-

ʝʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʠ ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʚ ʩʨʝʜʘʭ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʠ 

ʟʘʪʫʭʘʥʠʝʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʩʦʩyʢʘʥʠʨʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ 

ʩʨʝʜʘʭ ʩ ʬʠʟʠʯʝʩʢʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ; 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʥʘ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠ-

ʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥ ʠ ʩ ʟʘʪʫʭʘʥʠʝʤ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʠ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ, ʫʨʘʚʥʝ-

ʥʠʷ ʍʦʭʣʦʚʘ-ɿʘʙʦʣʦʪʩʢʦʡ-ʂʫʟʥʝʮʦʚʘ, ʪʝʦʨʠʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʨʠʝʤʘ ʚʦʣʥ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘ-

ʢʝʪʘ ʧʨʦʛʨʘʤʤ MathCad. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨ-

ʞʜʘʣʦʩʴ ʩʨʘʚʥʝʥʠʝʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ-

ʤʠ ʧʦʣʫʯʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ. ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʦʚʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ: 
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- ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥ-

ʥʳ ʚ ʩʨʝʜʘʭ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʛʘʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥ-

ʥʳ ʧʨʠ ʨʘʙʦʪʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ ʚ ʢʨʫʛʣʦʤ, ʘʢʫʩʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʤ 

ʥʘ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ, ʚʦʣʥʦʚʦʜʝ; 

- ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʠʷʥʠʷ ʟʘʪʫʭʘʥʠʷ ʚʳʩʦʢʦʯʘʩ-

ʪʦʪʥʳʭ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ-

ʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ ʥʘ-

ʢʘʯʢʠ ʠ ʚʦʣʥ ʩʠʛʥʘʣʘ; 

- ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʦʪ ʯʘʩʪʦʪʳ ʠ ʩ ʟʘʪʫʭʘʥʠʝʤ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʧʝʨʩʠʠ ʚʦʣʥ ʥʘʢʘʯʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤ-

ʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʪ ʦʩʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʫʛʦʣ ʦʪ-

ʢʣʦʥʝʥʠʷ ʦʩʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʣʠ-

ʯʠʝ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʚʝʜʝʪ ʢ ʨʘʩʰʠʨʝ-

ʥʠ`ʁʭʘʨʘʢʪʝʨʠʩʪʠʢʠ`ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ ʘʥʪʝʥʥʳ ʠ ʢ`çʟʘʧʣʳʚʘʥʠʶè`ʥʫʣʝʡ ʚ ʝʝ ʭʘʨʘʢ-ʪʝʨʠʩʪʠʢʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʨʘʙʦʪʢʝ: 

- ʧʨʠʝʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʧʦʚʦʨʦʪʦʤ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥ ʥʘʢʘʯʢʠ; 

- ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩʦ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʩʨʝʜʘʭ ʩ ʛʘʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ; 

- ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʚʝʝʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ;  

- ʤʝʪʦʜʠʢ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚ ʛʠʜʨʦʣʦʢʘ-

ʪʦʨʘʭ ʙʦʢʦʚʦʛʦ ʦʙʟʦʨʘ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʰʫʤʷʱʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʣʦʢʘʣʠʟʘʮʠʠ 
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ʧʨʠʜʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʧʨʠ ʧʦʠʩʢʝ ʙʠʦ-

ʨʝʩʫʨʩʦʚ. 

 

 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ: 

- ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʧʦʚʦʨʦ-

ʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʢʨʫʛʣʦʛʦ ʟʚʫʢʦʧʨʦʟʨʘʯʥʦʛʦ ʜʣʷ 

ʚʦʣʥ ʩʠʛʥʘʣʘ ʚʦʣʥʦʚʦʜʘ ʠ ʚ ʩʨʝʜʘʭ ʩ ʛʘʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ; 

- ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʦʨʦʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 

ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʚ ʩʨʝʜʘʭ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ 

ʜʠʩʧʝʨʩʠʝʡ; 

-  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ 

ʟʘʪʫʭʘʥʠʝʤ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʟʘʪʫʭʘʥʠʷ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ; 

- ʤʝʪʦʜʠʢʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩʦ ʩʢʘʥʠʨʦ-

ʚʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʩ ʚʝʝʨʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦ-

ʩʪʠ. 

ʇʫʙʣʠʢʘʮʠʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ: ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʫʙʣʠʢʦʚʘʥʦ 21 ʧʝʯʘʪʥʘ ̫ʨʘʙʦʪʘ, ʠʟ ʥʠʭ ʚ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ 

ʚʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʜʣʷ ʧʫʙʣʠʢʘʮʠʡ - 9. ɺ ʤʘʪʝʨʠʘʣʘʭ ʢʦʥ-

ʬʝʨʝʥʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ï 6. ʆʜʠʥ ʧʘʪʝʥʪ ʥʘ  ʠʟʦʙʨʝʪʝʥʠʝ ʥʘ ʩʧʦʩʦʙ ʠ 

ʫʩʪʨʦʡʩʪʚʦ. 

ʄʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ: 

- III ʄyʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ ɼʦʥʅʊʋ. ʋʢʨʘʠʥʘ, ɼʦʥʝʮʢ, 2007; 

- ʥʘʫʯʥʦʡ ʰʢʦʣʝ-ʩʝʤʠʥʘʨʝʠyʤ. ʘʢʘʜ. ʃ.ʄ. ɹʨʝʭʦʚʩʢʠʭ çɸʢʫʩʪʠʢʘ ʦʢʝʘ-

ʥʘè, ʩʦʚʤʝʱʝʥʥʦʡ ʩ XXI ʩʝʩʩʠʝʡ ʈʦʩʩʠʡʩʢʦʛʦ ɸʢʫʩʪʠʯʝʩʢʦʛʦ ʆʙʱʝʩʪʚʘ, 2009 

ʛ.; 



9 
 

- ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʦʣʦʛʠʷ 2006 -ʤʦʨʝ ʠ ʯʝʣʦʚʝʢè, 

ʊʘʛʘʥʨʦʛ, 2006 ʛ.; 

- ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʝʣʠʥʝʡʥʘʷ ʘʢʫʩʪʠʢʘ-50è, ʊʘʛʘʥ-

ʨʦʛ, 2015 ʛ.; 

- ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʨʘʟʚʠʪʠʝ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, 2015 ʛ. ʠ ʜʨ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ: 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʣʠʥʝʡʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʞʠʜʢʦʩʪʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʳʭ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʠ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠ,̫ ʧʷʪʠ ʛʣʘʚ, ʟʘ-

ʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʠʟʣʦʞʝʥʳ ʥʘ 121 ʩʪʨʘʥʠʮʘʭ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʘʪ 42 ʨʠʩʫʥʢʘ. ʉʧʠʩʦʢy -

ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 

ʘʚʪʦʨʦʤ, ʠ ʠʩʪʦʯʥʠʢʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʟ ʜʦʩʪʫʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʩʝʛʦ 

148 ʥʘʠʤʝʥʦʚʘʥʠʡ ʠʩʪʦʯʥʠʢʦʚ. 

ʂʨʘʪʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷʦyʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭʠyʩʪʦʯʥʠʢʦʚ, ʢʘʩʘʶ-

ʱʠʭʩʷ ʚʦʧʨʦʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʘyʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ʚ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡʧyʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʧʨʠ ʥʝʢʦʣʣʠʥʝʘʨʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥ 

ʥʘʢʘʯʢʠ ʠ ʚʦʣʥ ʩʠʛʥʘʣʘ. ɼʘʝʪʩʷ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʢʦʣʣʠ-

ʥʝʘʨʥʳʭ ʚʦʣʥ. ɿʜʝʩʴ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʬʬʝʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʘʭ ʠ ʚ ʩʨʝʜʘʭ ʩ ʚʦʟʜʫʰʥʳʤʠ ʚʢʣʶʯʝ-

ʥʠʷʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʠʭ ʯʘʩʪʦʪʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʭʝʤ ʦʙʨʘʙʦʪʢʠ ʩ ʬʘʟʦʚʳʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʛʥʘʣʦʚ ʥʘʢʘʯʢʠ ʚ ʧʨʠʝʤʥʦʤ ʪʨʘʢʪʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʝʨʝʜ 
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ʧʨʠʤʝʥʝʥʠʝʤ ʩʭʝʤ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʨʘʟ-

ʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ʇʨʠʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʝʤʥʠʢʝ ʟʚʫʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ  ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʥʦ ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʦʩʮʠʣʣʷʮʠʠ ʘʤʧʣʠʪʫ-

ʜʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ; ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʘʤʧʣʠʪʫʜ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ, ʛʦ-

ʨʘʟʜʦ ʙʦʣʴʰʝʡ ʜʣʠʥ rʙʘʟʳ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ; ʚʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ, ʦʩʮʠʣʣʷʮʠʠ ʘʤʧʣʠʪʫʜʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ; ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʨʝʜʝ ʚʦʣʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʪʝʥʥ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ ʙʳʩʪʨʳʤʠ ʠ 

ʤʝʜʣʝʥʥʳʤʠ ʚʦʣʥʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

 ʀʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʦʚ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨ-

ʩʠʝʡ ʠ ʟʘʪʫʭʘʥʠʝʤ ʚʦʣʥ ʥʘʢʘʯʢʠ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʦʚʝʜʝʥʥrʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ   ʘʥʪʝʥʥ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʫʪʝʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ  

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ.  ʅʘʣʠʯʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦ-

ʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʯʘʩʪʦʪʳ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʦʣʥʦʚʦʜʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥ ʠ ʜʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʨʝʜʝ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʛʘʟʦʚʳʤʠ ʧʫʟʳʨʴʢʘ-

ʤʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ  ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʦʨʦʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʯʝʤ ʙʦʣʴʰʝ ʬʘʟʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʪʝʤ ʥʘ ʙʦʣʴʰʠʡ ʫʛʦʣ ʦʪʢʣʦʥʷʝʪʩʷ ʣʫʯ ʘʥʪʝʥʥʳ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩ-
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ʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ɹʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʚ ʪʘʢʦʡ ʘʥʪʝʥʥʝ ʠʤʝʶʪ ʫʨʦ-

ʚʝʥʴ ʪʘʢʦʡ, ʢʘʢ ʠ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʥʪʝʥʥʝ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. 

ʇʨʦʚʝʜʝʥ r ʤʦʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦ-

ʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʦʪ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʪʫʭʘʥʠʝ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʰʠʨʠʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ ʤʘʣʳʭ ʙʘʟʘʭ ʘʥʪʝʥʥʳ. 

ʅʘʣʠʯʠʝ ʧʫʟʳʨʴʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʪʫʭʘʥʠʝ ʚʦʣʥ ʥʘʢʘʯʢʠ, ʧʨʠʯʝʤ 

ʯʝʤ ʙʦʣʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʫʟʳʨʴʢʦʚ ʚ ʦʙʲʝʤʝ, ʪʝʤ ʚʳʰʝ ʟʘʪʫʭʘʥʠʝ. 

ʅʘʣʠʯʠʝ ʟʘʪʫʭʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ 

ʠ ʢ çʩʛʣʘʞʠʚʘʥʠʶè ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʙʦʢʦʚʦʤ ʧʦʣʝ, ʘ ʧʨʠ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʟʘʪʫʭʘʥʠʷ ʚʤʝʩʪʦ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʧʦʷʚʣʷʝʪʩʷ ʦʨʝʦʣ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʠʡ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ. 

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. ɺ ʥʝʡ ʚʳʙʨʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʧʧʘʨʘʪʫʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʟʤʝʨʝʥʳ ʫʛʣʳ ʧʦʚʦʨʦʪʘ 

ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʢʦʯʘʩ-

ʪʦʪʥʦʡ ʯʘʩʪʦʪʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʚ ʚʦʣʥʦʚʦʜʝ. ʅʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʦʚʘ-

ʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠʚʝʜʝ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ çʣʦʢʘʮʠʦʥʥʦʛʦ ʪʠʧʘè, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʘʥʪʝʥʥ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʇʷʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʇʨʠʚʦʜʠʪʩʷ ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩ ʧʦʚʦʨʦʪʦʤ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʩ ʚʝʝʨʦʤ ʩʪʘʪʠʯʝʩʢʠʭ ʣʫʯʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ çʣʦʢʘʮʠʦʥʥʦ-

ʛʦè ʪʠʧʘ. 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʬʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. 
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1 ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥ-

ʥʝ 

 

 

1.1 ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʝʤʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʘʥʪʝʥʥʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʨʝʜʝ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ. ʈʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʠʟʣʫʯʘʶʱʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ. ʆʜʥʘʢʦ, ʠʩʧʦʣʴʟʫʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʚ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʝ ʧʨʠ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʩʦʟ-

ʜʘʚʘʪʴ ʠ ʧʨʠʝʤʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ [2,3]. ɺ ʠʟʣʫ-

ʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʦʣʥ rʩ ʙʣʠʟʢʠʤʠ ʯʘʩ-

ʪʦʪʘʤʠ, ʘ ʚ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥʘʭ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ, ʧʨʠʯʝʤ ʯʘʩʪʦʪʳ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʝ ʧʨʠʙʣʠʞʝʥʠʝ, ʪʦ ʝʩʪʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʪʝ-

ʧʣʦʦʙʤʝʥʘ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ.  

ɺ ʪʝʦʨʠʠ ʚʦʟʤʫʱʝʥʠʡ ʤʥʦʛʠʝ ʧʦʣʷ, ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʝʩʷ, ʩʯʠʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ [2]. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʠ ʜʚʫʭ ʚʦʣʥ ʚ ʩʨʝʜʝ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ, ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ 

ʚʦʣʥʘ ʤʦʜʫʣʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʳʩʦʢʦʯʘʩ-

ʪʦʪʥʘʷ ʚʦʣʥʘ. ɺ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʝʤʥʳʭ ʩʠʩʪʝʤʘʭ ʵʪʘ ʚʦʣʥʘ ʥʘʟʳʚʘʝʪʩʷ 

ʚʦʣʥʦʡ ʥʘʢʘʯʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʝʤʘ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʦʥʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʦʜʫ-
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ʣʠʨʦʚʘʥʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʦʡ. ʇʨʠ ʵʪʦʤ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ ʧʨʠʝʤʥʦʤ 

ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʩʠʛʥʘʣ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʠʠ. ʕʪʦ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷ-

ʮʠʷ ʧʨʠ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩ ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʙʦʣʴ-

ʰʠʤʠ ʙʦʢʦʚʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚ ʩʧʝʢʪʨʝ ʧʨʠʥʠʤʘʝʤʦʡ 

ʚʦʣʥʳ, ʠʣʠ ʘʤʧʣʠʪʫʜʥʘʷ, ʠʣʠ ʬʘʟʦʚʘʷ ʤʦʜʫʣʷʮʠʠ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ 

ʘʤʧʣʠʪʫʜʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ [1,4]. 

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦ-

ʜʫʣʷʮʠʠ, ʪʦ ʝʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʧʝʢʪʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʠʛʥʘʣʦʚ ʠ ʚʳʯʠʩ-

ʣʷʣʠʩʴ ʘʤʧʣʠʪʫʜʳ ʙʦʢʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʝʢʪʨʘ ʘʤʧʣʠʪʫʜʥʦ-

ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ 

ʧʨʠʙʣʠʞʝʥʠʝ ɹʦʨʥʘ [5, 6]. ʕʪʦ ʧʨʠʙʣʠʞʝʥʠʝ ʥʝ ʧʨʠʥʠʤʘʪʴ ʵʪʦʪ ʚʠʜ ʤʦʜʫʣʷ-

ʮʠʠ ʟʘ ʬʘʟʦʚʫʶ ʤʦʜʫʣʷʮʠʶ. ʇʦʵʪʦʤʫ ʚ ʩʭʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʥʝ-

ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʬʘʟʦʚʳʝ ʤʝʪʦʜʳ, ʷʚʣʷʶʱʠʝʩʷ ʙʦʣʝʝ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʩʦʦʪʥʦʰʝʥʠʶ ʘʤʧʣʠʪʫʜ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʫʟʢʦʧʦʣʦʩʥʳʭ ʬʠʣʴʪʨʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʪʨʫʜʥʷʝʪ ʧʦʩʪʨʦʝ-

ʥʠʝ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʜʣʷ ʧʨʠʝʤʘ ʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ.  

ʈʘʩʩʤʦʪʨʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʩʠʛʥʘʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ ʢʘʢ ʩʠʛʥʘʣʘ ʩ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʣʘʚʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʣʷ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ [7]. ʕʪʦʪ 

ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʬʘʟʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʧʨʠ ʵʪʦʤ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠ ʩʪʨʦʛʦʝ, ʠ ʧʦʭʦʞʝʝ ʥʘ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. ʕʪʦ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ, ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩʨʝʜʳ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʦʡ ʩʠʛ-

ʥʘʣʘ, ʚʧʝʨʝʜ, ʧʦʵʪʦʤʫ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ, ʢʘʢ 
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ʬʘʟʦʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʤʘʣʳʤ ʠʥʜʝʢʩʦʤ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʩ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʧʝʢʪʨʦʤ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʣʥ ʫʜʦʙʥʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ  ʧʨʠʝʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥ-

ʪʝʥʥ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʘʷ ʜʝʤʦʜʫʣʷʮʠʷ ʩʠʛʥʘʣʦʚ [8]. 

ɸʢʫʩʪʠʯʝʩʢʘʷ ʧʨʠʝʤʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ ʩʦʜʝʨʞʠʪ ʠʟʣʫʯʘʶ-

ʠɦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ɹʥʘʢʘʯʢʠ, ʢʦʪʦʨʳʡ ʠʟʣʫʯʘʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ ʘʢʫʩʪʠʯʝ-

ʩʢʫʶ ʚʦʣʥʫ ʥʘʢʘʯʢʠ ʩ ʯʘʩʪʦʪʦʡ wʥ, ʠ ʧʨʠʝʤʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʘʢʫʩʪʠʯʝ-

ʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʦʪʥʝʩʝʥʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʙʘʟʝ ʧʨʠʝʤʥʦʡ ʘʥ-

ʪʝʥʥʳ L , ʦʪ ʠʟʣʫʯʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʠ ʧʨʠʥʠʤʘʶʱʝʛʦ ʚʦʣʥʳ ʩ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ wʥ-Wʩ, wʥ, wʥ + Wʩ . ɺʦʣʥʳ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ 

ʯʘʩʪʦʪʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ 

ʚʦʣʥ ʩʠʛʥʘʣʘ ʚ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʠʪ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ Wʩ . ʊʘ-

ʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʘʢʫ-

ʩʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʠ ʝʩʣʠ  ʯʘʩʪʦʪʘ ʛʘʨʤʦʥʠʢʠ ʨʘʚʥʘ Wʩ . ʈʘʩʧʦ-

ʣʦʞʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʚʦʣʥ ʥʘʢʘʯʢʠ, 

ʩʠʛʥʘʣʘ ʠ ʧʦʣʫʯʝʥʥʳʭ ʚʦʣʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ-

ʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.1.  

ʊʘʢʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʠ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʠ ʙʦʣʝʝ ʚʦʣʥ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚ ʚʠʜʝ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʠʭ ʚ ʚʠʜʝ ʬʘʟʦʚʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʚʦʣʥ.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘʷ ʧʨʦʙʣʝʤʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪ 

ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ. ʅʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦ ʵʪʘ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʚ ʩʨʝʜʝ ʩ 

ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ, ʘ ʧʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦ-

ʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʦʩʪʨʦʠʪʴ ʧʨʠ-
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ʝʤʥʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʘʥʪʝʥʥʫ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʳ [2]. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʨʝʰʘʶʪ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ ʧʨʠ ʵʪʦʤ ʧʦʣʘʛʘʶʪ ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʣʦʩʢʠʝ ʚʦʣʥʳ. ʉʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʚʦʜʷʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢ ʦʜʥʦʤʫ ʫʨʘʚʥʝʥʠʶ [3] 

 

1 2 3
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ʈʠʩʫʥʦʢ 1.1 ï ʉʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. 
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(1.1) 

ɺ ʫʨʘʚʥʝʥʠʠ (1.1) ʨʝʰʝʥʠʝ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ r¡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʣʥʦʚʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʳ, 

ʪʦ ʝʩʪʴ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʨʝʜʳ.   

ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ: 

 r0 ï ʨʘʚʥʦʚʝʩʥʘʷ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ; 

 c0 ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʩʨʝʜʝ; 

 ὺᴆ ï ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʝ; 

 g - ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʩʦʩʪʦʷʥʠʷ. 
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ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.1) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʚʳʚʦʜʝ ʝʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ɺʝʣʠʯʠʥʘ ʠʭ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʘʤʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ. ɽʩʣʠ 

ʧʨʝʥʝʙʨʝʯʴ ʠʤʠ ʚ ʨʝʰʝʥʠʠ ʧʦʣʫʯʘʝʤ ʧʨʦʩʪʦ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʥʫʣʝʤ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ. ʋʯʝʪ ʞʝ ʦʜʥʦʛʦ ʠʣʠ ʜʨʫʛʦʛʦ ʯʣʝʥʘ ʫʨʘʚʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʯʝʪʫ 

ʠʩʪʦʯʥʠʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʧʨʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʝ. ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʘʭ [5, 9-11]. 

ʇʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ  ʚ ʚʠʜʝ ʩʫʤʤʳ ʚʪʦ-

ʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʧʣʦʪʥʦʩʪʴʶ q, ʪ.ʝ. ʚ ʚʠʜʝ  -4pq , ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʝ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʤʦʞʥʦ ʥʘʡʪʠ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.1), ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

ñ
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=¡
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dxdydz
r
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r
tzyxq ),,,(

0r , 

 

(1.2) 

ʛʜʝ r ï ʦʧʨʝʜʝʣʷʝʪ ʢʦʦʨʜʠʥʘʪʫ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ 

ʚ ʪʝʣʝ ʘʥʪʝʥʥʳ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʠʩʪʦʯʥʠʢʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠ-

ʝʤ ʚʦʣʥ;  

V - ʦʙʲʝʤ, ʩʦʜʝʨʞʘʱʠʡ ʚʪʦʨʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ.  

ʊʝʣʦ ʘʥʪʝʥʥʳ (ʦʙʲʝʤ V ) ʦʙʨʘʟʦʚʘʥʦ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʪʦʨʠʯʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʪʠʭ ʚʦʣʥ 

ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʥʘʯʘʣʝ ʟʘʜʘʶʪ ʛʨʘʥʠʯʥʦʝ 

ʫʩʣʦʚʠʝ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʚʦʣʥ ï ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥʳ ʩʠʛʥʘʣʘ. ɺʦʣʥʳ 

ʩʯʠʪʘʶʪ ʩ ʧʣʦʩʢʠʤ ʬʘʟʦʚʳʤ ʬʨʦʥʪʦʥ ʠ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦʜ ʫʛʣʦʤ Q 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ ʚʠʜʝ  
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(1.3) 

ɺ ʚʳʨʘʞʝʥʠʠ (1.3) ʦʙʦʟʥʘʯʝʥʦ V1 ï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʘ V2 - ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʩʠʛʥʘʣʘ. 

ɿʘʤʝʥʠʤ ʚ (1.2) ʧʣʦʪʥʦʩʪʴ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʯʝʨʝʟ (1.3) 
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(1.4) 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʩʦʭʨʘʥʷʷ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʦ-

ʚʘʚʰʠʭʩʷ ʚʦʣʥ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ wʥ - Wʩ . ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʦʪ-
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ʛʜʝ  
-

L - ʜʣʠʥʘ ʚʦʣʥʳ ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ;  

ʘ ʠ  h ï ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʪʦ 

ʝʩʪʴ ʵʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʘʥʪʝʥʥʳ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʵʪʠ ʨʘʟʤʝʨ rʫʩʪʨʝʤʣʷʶʪ ʢ ʥʫʣʶ ʠ ʩʯʠ-

ʪʘʶʪ ʘʥʪʝʥʥʫ ʣʠʥʝʡʥʦʡ. 
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ʂʦʤʧʦʥʝʥʪʳ ʩ ʩ ʩʫʤʤʘʨʥʦʡ ʯʘʩʪʦʪʦʡ  wʥ + Wʩ ʧʦʣʫʯʘʶʪʩʷ ʟʘʤʝʥʦʡ W 

ʥʘ -W   ʚ (1.4). 

ʈʝʰʝʥʠʝ ʚʪʦʨʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʛʣʘʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʠ Q=0. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʦʙʲʝʤʝ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʦʣʥ ʦ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʧʝʨʝʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʘʧʨʘʚʣʝʥʠʶ ʛʣʘʚʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʳ. ɺ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʚʳʨʘʞʝʥʠʠ, ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ, ʫʛʣʘʤʠ j ʠ y [12]. 

ɺ ʨʘʙʦʪʝ [13] ʧʨʠʚʝʜʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʧʘʪʝʥʪʫ ʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʘʢʫʩʪʠʯʝʩʢʦʡ ʛʝʦʣʦʢʘʮʠʠ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʧʨʠʝʤʥʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʶ-

ʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʨʘʞʘʪʝʣʴ ʚʦʣʥ ʥʘʢʘʯʢʠ.  ɺ 

ʪʘʢʦʡ ʘʥʪʝʥʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʦʪʨʘʞʝʥʥʳʤʠ (ʨʘʩʩʝʷʥʥʳʤʠ) ʚʦʣʥʘʤʠ ʥʘʢʘʯʢʠ. ʇʦʩʢʦʣʴʢʫ ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʪʦ, ʨʘʟʤʝʱʘʷ ʦʪʨʘʞʘʪʝʣʴ ʥʘ ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʟ-

ʣʫʯʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʜʣʠʥʫ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʤʦʞʥʦ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʘʥʪʝʥʥʳ ʧʦ ʫʛʣʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʦʠʟʣʫʯʘʶʱʝʡ ʩʠʩʪʝʤʳ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʠʩʪʝʤʫ ʧʨʠʙʦʨʘʤʠ. ɺ ʦʜʥʦʡ ʠʟ ʩʠʩʪʝʤ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʮʝʣʝʡ  ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠʝʤʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʘ-

ʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ [14]. ɺ ʥʝʡ ʧʨʠʤʝʥʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʣʫʯʘʶʱʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚʦʣʥ ʥʘʢʘʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʩʥʦʚʥʦʡ 

ʧʨʠʝʤʥʦ-ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ ʠ ʠʟʣʫʯʘʶʱʠʝ ʚʦʣʥʳ ʩ ʦʜʥʦʡ ʠʟ ʯʘʩʪʦʪ ʚʦʣʥ 

ʥʘʢʘʯʢʠ. ɹʘʟʘ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʬʦʨʤʠʨʫʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʜʦʧʦʣʥʠ-
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ʪʝʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʢʘʯʢʠ ʠ ʧʨʠʝʤʥʦ-ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝ-

ʤʳ.  

ʊʨʘʢʪʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʠʝʤʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʤ ʥʘʢʘʯʢʠ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ɺ ʨʘʙʦʪʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʘʢʪʳ ʢʘʢ ʩ ʬʠʣʴʪʨʘʮʠʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ [15, 16, 19], ʪʘʢ ʠ ʩ ʬʘʟʦʚʳʤ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʝʤ ʦʙʱʝʛʦ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ [6, 17, 18].  

ɺʝʣʠʯʠʥʘ ʠʥʜʝʢʩʘ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ ʠ ʧʦʵʪʦʤʫ ʩʧʝʢʪʨ ʬʘʟʦʤʦʜʫʣʠʨʦʚʘʥ-

ʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʩʠʛʥʘʣʘ, ʩʦʩʪʦʠʪ ʠʟ 

ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ: ʮʝʥʪʨʘʣʴʥʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʠ ʜʚʫʭ ʙʦʢʦʚʳʭ: ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ, ʦʪʩʪʦʷʱʠʭ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʥʘ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛ-

ʥʘʣʘ. 

ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʦʜʥʦʡ ʠʟ ʙʦʢʦ-

ʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʠʤʝʶʱʠʭ ʘʤʧʣʠʪʫʜʫ ʚ 10
7
 ï 10

8
 ʨʘʟ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʩʫʱʝʡ, ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʠʛʥʘʣʝ, ʦʜʥʘʢʦ, ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʩʠʛʥʘʣʦʚ, ʧʨʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʩ-

ʧʦʣʦʞʝʥʳ ʜʘʣʝʢʦ ʧʦ ʯʘʩʪʦʪʝ ʦʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. 

ɺ ʤʝʪʦʜʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʣʶ-

ʙʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʠ, ʧʦʵʪʦʤʫ ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʤʦ-

ʛʫʪ ʩʪʨʦʠʪʴʩʷ ʢʘʢ ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʘʟʦʚʳʭ ʜʝʤʦʜʫʣʷʪʦʨʦʚ, ʪʘʢ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʥʥʳʭ ʬʘʟʦʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʩ ʩʠʩʪʝʤʦʡ ʬʘʟʦʚʦʡ ʘʚʪʦ-

ʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʛʝʪʝʨʦʜʠʥʘ [20, 6, 17, 21, 22, 23]. ɺ [22] ʦʧʠʩʘʥʘ ʩʭʝʤʘ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʝʤʥʠʢʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʣʩʷ 

ʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʦʡ ʤʦʜʫʣʷʮʠʠ 0,53 ɻʮ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʩʦʩʪʘʚʣʷ-

ʣʦ160 ʜɹ. 
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ɺ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʧʦʚʦʨʦʪ ʣʫʯʘ ʜʣʷ ʦʙʟʦʨʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʚʦʟʤʦʞʝʥ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʦʨʦʪʘ ʚʩʝʡ ʘʥʪʝʥʥʳ ʠʟ-ʟʘ ʪʦʛʦ, 

ʯʪʦ ʨʘʩʩʝʷʥʠʝ ʚʦʣʥ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ çʚʧʝʨʝʜè 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʝʨʥʫʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ çʠʟʣʫʯʘʶ-

ʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʢʘʯʢʠ ï ʧʨʠʝʤʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʢʘʯʢʠè, ʣʠʙʦ 

ʵʣʝʢʪʨʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʝʨʥʫʪʴ ʣʫʯ ʠʟʣʫʯʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʤʝʩʪʠʪʴ ʧʨʠʝʤʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʢʘʯʢʠ ʩʣʝʜʦʤ ʟʘ 

ʣʫʯʦʤ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʧʨʦʬʠʣʦʛʨʘʬʝ ʜʣʷ ʧʨʠʝʤʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʨʘʩʩʝʷʥʥʳʭ ʧʨʠʜʦʥʥʳʤʠ ʩʣʦʷʤʠ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩ ʦʪʨʘʞʝʥʥʳʤʠ ʦʪ ʜʥʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʚʦʣʥʘʤʠ ʥʘʢʘʯ-

ʢʠ, ʢʦʪʦʨʳʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʬʠʣʦʛʨʘʬʝ [2, 24 ï 

27]. ʊʘʢʘʷ  ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʣʥ ʥʘʢʘʯʢʠ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʜʥʘ ʩ ʚʦʣʥʘʤʠ ʩʠʛʥʘʣʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʧʨʠʜʦʥ-

ʥʳʤʠ ʩʣʦʷʤʠ, ʧʨʠʥʠʤʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʨʘʩʩʝʷʥʥʳʭ ʧʨʠʜʦʥʥʳʤʠ ʩʣʦʷʤʠ 

ʩʠʛʥʘʣʦʚ. 

 

 

 

1.2 ɼʠʩʧʝʨʩʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ  

 

ɺʳʰʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʦʨʦʪ ʣʫʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥ-

ʥʳ ʚʦʟʤʦʞʝʥ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʊʝʦʨʠʷ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʧʦʣʘʛʘ-

ʝʪ, ʯʪʦ ʝʩʣʠ ʥʘʡʪʠ ʩʠʩʪʝʤʫ (ʩʨʝʜʫ) ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʣʥ, 

ʪʦ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʩʪʝʤ ʩ ʯʘʩʪʦʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʣʫʯʝʡ. 

ʊʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʚ ʟʘʤʝʜʣʷʶʱʠʭ ʩʨʝʜʘʭ 

[28 - 31]. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʨʠʝʤʥʘʷ ʘʥʪʝʥʥʘ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷ-

ʝʪʩʷ ʘʥʪʝʥʥʦʡ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʝ ʚ ʩʨʝʜʘʭ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ 
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ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʫʧʨʘʚʣʷʪʴ ʝʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʤʠ ʩʨʝʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʩʨʝʜʳ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. 

ʈʘʟʣʠʯʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʜʠʩʧʝʨʩʠʠ. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʜʠʩʧʝʨʩʠʷ ʧʨʠʩʫʱʘ ʚʦʣʥʦʚʦʜʥʳʤ ʩʠʩʪʝʤʘʤ. ʀʟʚʝʩʪʥʦ [32], ʯʪʦ ʧʨʠ ʧʨʦʭʦʞ-

ʜʝʥʠʠ ʩʠʛʥʘʣʘ ʚ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ 

ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʠʟʤʝʥʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʝ ʦʪ ʯʘʩʪʦ-

ʪ .r ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʘʭ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʳʭ ʚʦʜʦʝʤʘʭ ʜʥʘ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʪʦʣʱʝ ʚʦʜʦʝʤʘ, ʩʦʟʜʘʶʪ 

ʚʦʣʥʦʚʦʜʳ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚʝʜʝʪ ʢ ʨʝʬʨʘʢʮʠʠ, ʘ ʚ ʤʝʣʢʦʤ 

ʤʦʨʝ ʚʦʣʥʦʚʦʜ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʡ ʚʦʣʥ ʦʪ ʜʥʘ ʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ɺ ʚʦʣʥʦʚʦʜʝ ʦ ʦʙʨʘʟʫʶʪʩʷ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʦʣʥ ʚ ʚʠʜʝ 

ʤʦʜ ʚʦʣʥʦʚʦʜʘ, ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʙʦ-

ʪʘʭ [33-44]. 

ɺ ʨʘʙʦʪʝ [33] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʝ ʠ 

ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʣʥ, ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝ-

ʩʪʚʦ ʥʦʨʤʘʣʴʥʳʭ ʤʦʜ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʧʫʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʚʦʣʥʳ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʦʣʥ ʧʨʠʰʝʜʰʠʭ ʚ ʪʦʯʢʫ ʥʘʙʣʶʜʝʥʠʷ.  

ɺ ɻʪʦʡ ʞʝ ʨʘʙʦʪʝ [33] ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʛʘʨʤʦʥʠʯʝ-

ʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʧʣʦʩʢʦʤ ʚʦʣʥʦʚʦʜʝ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʜʥʦʤ 

ʤʝʣʢʦʛʦ ʤʦʨʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥ ʥʝʥʘʧʨʘʚʣʝʥʥʳʤ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʩʪʦʯ-

ʥʠʢʦʤ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʩʠʛʥʘʣʦʚ, ʤʥʦ-

ʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦʜʘ.  

ɺ ʨʘʙʦʪʝ [35] ʚʳʚʝʜʝʥʦ ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ ʚ ʥʫʣʝʚʦʡ ʤʦʜʝ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ 

ʵʥʝʨʛʠʠ ʚ ʩʪʝʥʢʘʭ ʚʦʣʥʦʚʦʜʘ ʠ ʚ ʩʨʝʜʝ, ʟʘʧʦʣʥʷʶʱʝʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ.  
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ɺ ʨʘʙʦʪʝ [36 -38] ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʰʠʭ 

ʤʦʜ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʩ ʠʤʧʝʜʘʥʩʥʳʤʠ ʩʪʝʥʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠ-

ʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʝʪʦʜʦʤ ʧʣʘʚʥʳʭ ʚʦʟʤʫʱʝʥʠʡ.  

ʇʦʣʫʯʝʥ rʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʤʧʝʜʘʥʩʘ ʩʪʝʥʦʢ ʚʦʣʥʦʚʦʜʘ ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʳ. ʀʩʩʣʝʜʦʚʘʥʦ ʟʘʪʫʭʘʥʠʝ 

ʚʦʣʥ ʦʪ ʚʝʣʠʯʠʥʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʚʦʣʥʝ, ʯʘʩʪʦʪʳ ʚʦʣʥʳ, ʜʠʘʤʝʪʨʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ. ʇʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘ-

ʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʩʪʨʝʤʷʱʘʷʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩ-

ʯʝʪʦʚ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʨʝʟʦʥʘʥʩʥʳʤ ʧʦ-

ʛʣʦʪʠʪʝʣʝʤ. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʚʷʱʝʥʳ ʧʦʚʝʜʝʥʠʷʤ ʯʘʩʪʝʡ ʚʦʣʥʦʚʦʜʘ 

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʥʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ. ʅʘʧʨʠʤʝʨ, ʢʦʥʮʳ ʚʦʣʥʦʚʦʜʘ 

ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ. ɺ ʨʘʙʦʪʘʭ [39, 40]   

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʦʚ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʚʦʣʥʦʚʦʜʝ ʚʦʣʥ, ʧʨʠʯʝʤ ʚʦʣʥʦʚʦʜ ʧʨʝʜʧʦʣʘʛʘʣʩʷ 

ʩ ʫʧʨʫʛʠʤʠ ʩʪʝʥʢʘʤʠ.  

ɼʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʩʪʝʥʦʢ ʚʦʣʥʦʚʦʜʘ ʚʳʚʝʜʝʥʦ  

ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʠʤʧʝʜʘʥʩʦʚ ʩʪʝʥʢʠ ʠ ʞʠʜʢʦʩʪʠ. ʋʩ-

ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʠ ʞʠʜʢʦʩʪʴʶ ʩʫʱʝʩʪʚʫʝʪ ʩʠʣʴʥʘʷ ʩʚʷʟʴ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʧʦ ʞʠʜʢʦ-

ʩʪʠ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʤ ʚʦʣ-

ʥʦʚʦʜʝ ʟʘ ʩʯʝʪ ʷʚʣʝʥʠʡ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʟʘ-

ʢʨʠʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪʘʭ ʚ ʨʘʙʦʪʝ [41] ʚʳʚʦʜʷʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʨʘʞʝʥʠʷ ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʴ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʦʣʥ ʚ ʧʣʦʩʢʦʤ ʚʦʣʥʦʚʦʜʝ 

ʩ ʠʤʧʝʜʘʥʩʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʅʘ ʯʘʩʪʦʪʝ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʩʣʫʯʘʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʪʝʨʠ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 
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ʜʠʩʧʝʨʩʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʪʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʢʦʨʥʠ. ɼʣʷ ʭʘʨʘʢ-

ʪʝʨʥʳʭ ʩʣʫʯʘʝʚ ʢʦʨʥʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʘʢʫʩʪʠʯʝʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʡ ʠ ʛʨʫʧʧʦ-

ʚʦʡ ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʯʪʦ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʬʦʨʤʳ ʩʠʛʥʘʣʘ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ 

ʩ ʨʘʟʥʳʤʠ ʬʘʟʘʤʠ, ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʘʭ [42 - 44] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʩʠʛʥʘʣʦʚ ʚ ʚʦʣʥʦʚʦʜʘʭ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʛʥʘʣʦʚ ʜʣʷ ʚʦʣʥʦʚʦʜʦʚ ʢʣʠʥʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩʦ 

ʩʤʝʰʘʥʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɿʜʝʩʴ ʞʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʚ ʧʦʣʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʛʘʫʩʩʦʚʳʭ 

ʧʦʤʝʭ.  

ɺ ʨʘʙʦʪʝ [45] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ ʧʦʣʝ ʦʛʠʙʘʶʱʝʡ ʩʠʛ-

ʥʘʣʘ ʚ ʧʣʦʩʢʦʤ ʚʦʣʥʦʚʦʜʝ, ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʜʘʣʝʥʠʷʭ ʦʪ ʠʩʪʦʯʥʠʢʘ.  ʇʨʠ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʘʤʧʣʠ-

ʪʫʜʥʳʭ ʠ ʬʘʟʦʚʳʭ) ʧʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʧʦʣʷ ʦʛʠ-

ʙʘʶʱʝʡ. 

ɼʣʷ ʠʜʝʘʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ ʩ ʦʜʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʞʝʩʪʢʦʡ 

ʛʨʘʥʠʮʝʡ ʠ ʘʙʩʦʣʶʪʥʦ ʤʷʛʢʦʡ ʚʪʦʨʦʡ ʛʨʘʥʠʮʝʡ ʚ ʨʘʙʦʪʝ [46] ʨʘʩʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʚʠʯʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟ ʧʦʣʷ, 

ʠʟʤʝʨʝʥʥʦʛʦ ʥʘ ʜʘʣʴʥʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʠʟʣʫʯʘʪʝʣ,̫ ʪʦ ʝʩʪʴ ʨʝʰʘʝʪʩʷ ʦʙʨʘʪ-

ʥʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʢʘʨʪʠʥʝ ʧʦʣʷ ʚ ʜʘʣʴʥʝʡ 

ʟʦʥʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥʳ ʧʝʨʚʦʡ ʤʦʜʳ ʚ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦ-

ʜʝ ʩ ʘʢʫʩʪʠʯʝʩʢʠ ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [32], ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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(1.6) 

 

ʛʜʝ  ʩ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʙʝʟʛʨʘʥʠʯʥʦʡ 

ʩʨʝʜʝ ʙʝʟ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ;  

w  ï ʯʘʩʪʦʪʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ;  

Ŭ01 ï  ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʨʥ̫ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ;  Ŭ01=1,21;  

ʘ ï ʨʘʜʠʫʩ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʜʘ. 
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(1.7) 

 

 ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʚʦʡ 

ʤʦʜʳ ʚ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ ʦʪ ʚʦʣʥʦʚʦʛʦ ʨʘʟʤʝʨʘ ʚʦʣʥʦʚʦʜʘ  ʜʣʷ ʩʢʦʨʦʩʪʠ 

ʟʚʫʢʘ ʚ ʧʣʦʩʢʦʡ ʚʦʣʥʝ ʨʘʚʥʦʡ 1500 ʤ/ʩ. 

 ɸʥʘʣʠʟ ʛʨʘʬʠʢʘ ʧʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʚʦʣʥʦʚʦʛʦ ʨʘʟʤʝʨʘ ʚʦʣʥʦʚʦʜʘ ʚ ʨʘʡʦʥʝ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦ-

ʪʳ. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʟʚʫʢʘ. 

 ɺ ʨʘʙʦʪʝ [47] ʦʧʠʩʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ, ʪʦ ʝʩʪʴ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘ-

ʥʠʡ, ʢʦʪʦʨʘʷ ʚʦʟʤʦʞʥʘ ʚ ʚʦʜʝ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦ-

ʚʭr ʧʫʟʳʨʴʢʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʨʘʟʤʝʨʫ, ʠ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɿʘʚʠʩʠ-

ʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʦʪ 

ʯʘʩʪʦʪʳ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ2ʝʜʠʥʠʮʝ2ʦʙʲʸʤʘ ʚʦʜʳ n 

ʧʫʟʳʨʴʢʦʚ ʨʘʜʠʫʩʦʤ  a ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
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(1.8) 

 

 

ʈʠʩʫʥʦʢ 1.2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʚʦʣʥʦʚʦʛʦ 

ʨʘʟʤʝʨʘ ʚʦʣʥʦʚʦʜʘ 
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 ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʚʦʜʝ; 
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1
2
-=ZD  ï  ʧʘʨʘʤʝʪʨ, ʦʧʠʩʳʚʘʶʱʠʡ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 

ʥʘ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʘʩ-

ʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ. 
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ʌʦʨʤʫʣʫ (1.8) ʚ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ ʧʫʟʳʨʴʢʦʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟ-

ʤʝʨʦʚ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʘʤʝʥʦʡ U ʥʘ u(a)da ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦ ʘ ʦʪ  

x1 ʜʦ x2 . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʯʘʩʪʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ [3]: 
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ʛʜʝ u(a)da ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʚʠʜʝ ʧʫ-

ʟʳʨʴʢʦʚ ʩ ʨʘʜʠʫʩʘʤʠ ʦʪ x1 ʜʦ x2.   

ɸʥʘʣʠʟ ʚʳʨʘʞʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʚʦʣʥʳ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʝ ʯʘʩʪʦʪʳ. ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʤʝʥʴʰʝ, ʪʘʢ ʠ ʙʦʣʴʰʝ ʩʢʦ-

ʨʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ  ʚ ʚʦʜʝ ʙʝʟ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ. 

 

 

 

1.3  ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ 

 

 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʘʥʪʝʥʥ ʚ ʨʘʙʦʪʘʭ [2, 3, 9, 10, 130-139] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʭʝʤʳ ʠʭ ʧʦ-

ʩʪʨʦʝʥʠʷ. 

 ʅʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʥʠʟʢʦ-

ʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʦʙʨʘʟʫʝʪ ʚ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚʦʣʥʳ ʨʘ-

ʥʝʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʝ. ʇʨʠʯʝʤ ʢʦʤʙʠʥʘʮʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʩʨʝʜʝ ʚʦʣʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʝʙʘʥʠʷ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ʇʨʠʝʤʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

ʥʘʢʘʯʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʩʫʤʤʘ ʢʦʣʝʙʘʥʠʡ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʠʚʝ-

ʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.3.  ʌʘʢʪʠʯʝʩʢʠ ʩʫʤʤʫ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʧʝʢ-
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ʪʨʦʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʠʛʥʘʣʦʤ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʦʙʨʘʙʦʪʢʠ ʵʪʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ. ʄʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ: 

- ʧʨʠʝʤʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; 

- ʧʨʠʝʤʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʩ ʬʘʟʦʚʳʤ ʯʘʩʪʦʪʥʳʤ ʜʝʪʝʢʪʠ-

ʨʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ; 

- ʧʨʠʝʤʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʫʤʦʧʦʜʦʙ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘʢʘʯʢʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʤʝʪʦʜʦʤ ʯʘʩʪʦʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɽʝ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.4 [2,3]. 

 

 

 

ʈʠʩʫʥʦʢ 1.3 - ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ ʘʥʪʝʥʥʝ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩʦʩʪʦʠʪ ʚ 

ʠʟʣʫʯʝʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʢʘʯʢʠ 2 ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʥʘʢʘʯʢʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʢʦʪʦʨʳʭ ʚʳʨʘʙʘʪʳʚʘʝʪ ʛʝʥʝʨʘʪʦʨ 1. ɺ ʩʨʝ-

ʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 3 ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘ 
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ʚʦʣʥʘ ʥʘʢʘʯʢʠ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʚʦʣʥʘ ʩʠʛʥʘʣʘ.  ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʠ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʩʠʛʥʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺʦʣʥʘ 

ʩʠʛʥʘʣʘ ʤʦʜʫʣʠʨʫʝʪ ʚʦʣʥʫ ʥʘʢʘʯʢʠ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠ.̫ ɺʦʣʥʘ ʥʘʢʘʯʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʢʘʢ ʙʳ ʚ ʩʨʝʜʝ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʟʘ ʩʯʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʜʝʩʴ ʞʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʘ.  ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʶʪʩʷ ʚʦʣʥʳ, ʨʘʥʝʝ ʥʝ ʩʫʱʝʩʪʚʫʶ-

ʱʠʝ ʚ ʩʨʝʜʝ. ʏʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚ ʵʪʠʭ ʚʦʣʥʘʭ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʩʠʛʥʘʣʘ, ʪʦ ʝʩʪʴ ʚʦʣʥʘʤʠ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩ-

ʪʦʪʘʤʠ. ʇʨʠʝʤʥʳʡ ʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʦʣʥ ʥʘʢʘʯʢʠ 4 ʧʨʠʥʠʤʘʝʪ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʚ ʩʧʝʢʪʨʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʦʣʝʙʘʥʠʷ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʧʦʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ 1.3. ɼʣʷ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʥʠʤʘʝʤʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪ ɹʬʠʣʴʪʨʦʤ 5 ʠ ʫʩʠ-

ʣʠʪ ɹʚ ʫʩʠʣʠʪʝʣʝ 6 ʦʜʥʫ ʠʟ ʙʦʢʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʨʠʥʷʪ ɹʨʝʰʝʥʠʝ ʦ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠʥʠʤʘʝʤʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʈʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ, ʯʪʦ ʩʫʤʤʫ ʢʦʣʝʙʘʥʠʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʚʦʣʥʳ 

ʩʠʛʥʘʣʘ ʠ ʚʦʣʥ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ ʥʘ ʧʨʠʝʤʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝ ʥʘʢʘʯ-

ʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʘʟʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʚʦʣʥʳ ʩ ʤʘʣʳʤ ʠʥʜʝʢʩʦʤ 

ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʣʘʩʴ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʝʤʥʦʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʬʘʟʦʚʦʡ ʜʝʤʦʜʫʣʷʮʠʝʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ  ʉʪʨʫʢ-

ʪʫʨʥʘʷ ʩʭʝʤʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩ ʬʘʟʦʚʳʤ 

ʜʝʤʦʜʫʣʷʮʠʝʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.5 [130 - 139]. ʅʘʜʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʙʣʦʢʠ 1-4 ʚʳʧʦʣʥʷʶʪ ʪʘʢʠʝ ʞʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʨʠʝʤʥʠʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʙʫʜʝʪ ʦʪʦʙʨʘ-

ʞʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ, ʧʨʠʤʝʥʠʚ 

ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʦʮʝʜʫʨʫ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʚ ʬʘʟʦʚʦʤ ʜʝʤʦʜʫʣʷʪʦʨʝ ï ʫʩʠʣʝ-

ʥʠʝ 5 ʠ ʜʝʤʦʜʫʣʷʮʠʷ ʧʦ ʬʘʟʝ 6 - ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʨʠʥʠ-

ʤʘʝʤʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʦʙʱʝʧʨʠʥʷ-

ʪʘʷ ʧʨʦʮʝʜʫʨʘ ʫʩʠʣʝʥʠʷ ʜʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦ 
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ʫʨʦʚʥʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʝʛʦ ʨʝʛʠʩʪʨʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫ-

ʯʘʝ ʩʭʝʤʳ ʩ ʬʘʟʦʚʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʛʥʘʣʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ 1 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʘ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʬʘʟʦʚʳʝ ʰʫʤʳ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʧʦʤʝʭʘ ʥʘ ʚʳʭʦʜʝ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ. 

ɺ ʨʘʙʦʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠʝʤ-

ʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ. ʊʘʢ ʚ ʧʫʙʣʠʢʘʮʠʷʭ [2, 3] ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʥʝ-

ʣʠʥʝʡʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ, ʚ ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ 

ʥʘʢʘʯʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤʦʧʦʜʦʙʥʳʡ ʩʠʛʥʘʣ. ʅʘ ʨʠʩʫʥʢʝ 1.6 

ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʳ.  

 

ʛʝʥʝʨʘʪʦʨ ʬʠʣɹʪʨ ʫʩʠʣʠʪʝʣɹ
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ʈʠʩʫʥʦʢ 1.4 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩ 

ʬʠʣʴʪʨʘʮʠʝʡ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
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ʈʠʩʫʥʦʢ 1.5 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩ 

ʜʝʤʦʜʫʣʷʮʠʝʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʧʦ ʬʘʟʝ 

 

 

ʛʝʥʝʨʘʪʦʨ ʫʩʠʣʠʪʝʣɹ ʢʦʨʨʝʣ̫ʪʦʨ
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ʨʝʛʠʩʪʨʘʪʦʨ
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ʣʠʥʠ̫

ʟʘʜʝʨʞʢʠ

8

 

ʈʠʩʫʥʦʢ 1.6 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤ-

ʥʦʡ ʘʥʪʝʥʥʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʚ ʢʘʯʝʩʪʚʝ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʰʫʤʦʧʦʜʦʙʥʳʡ ʩʠʛʥʘʣ 

 

ɺ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʳ ʙʣʦʢʠ 1 ï 5, 7 ʚʳʧʦʣʥʷʶʪ ʪʝ ʞʝ ʬʫʥʢʮʠʠ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʨʝʜʫ ʠʟʣʫʯʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʢʘʯʢʠ ʩʣʫ-

ʯʘʡʥʳʡ ʰʫʤʦʚʦʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʥʝʨʘʪʦʨʦʤ 1. ʐʫʤʦʚʦʡ 

ʩʠʛʥʘʣ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʨʠʥʠʤʘʝʤʳʤ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʠʟʤʝʥʷʶʪʩʷ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʥʝʣʠʥʝʡʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʫʥʢʮʠʡ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʱʠʭ ʰʫʤʦʚʦʡ ʩʠʛʥʘʣ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʟʘʠʤʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢ-

ʮʠʠ.  ɺʳʭʦʜʥʦʡ ʦʪʢʣʠʢ ʢʦʨʨʝʣʷʪʦʨʘ 6 ʦʧʨʝʜʝʣʷʝʪ ʥʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʂʘʞʜʘʷ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʥʝ-

ʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ɺ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʬʠʣʴʪʨʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʥʝʦʙʭʦʜʠʤʳ ʬʠʣʴʪʨʳ ʩ ʠʜʝʘʣʴʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʘʤʧʣʠ-
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ʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ [2, 3] ʧʦʩʢʦʣʴʢʫ ʢʦʤʙʠʥʘʮʠʦʥʥʳʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʙʣʠʟʢʦ ʧʦ ʯʘʩʪʦʪʝ ʢ ʯʘʩʪʦʪʝ ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ, ʘ ʘʤ-

ʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʳ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ ʬʠʣʴʪʨʳ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ʇʦʨʷʜʦʢ 

ʬʠʣʴʪʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥ ʢʦʤʙʠ-

ʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ ʠ ʥʠʞʥʝʡ ʯʘʩʪʦʪʦʡ ʩʧʝʢʪʨʘ ʧʨʠʥʠʤʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. ʕʪʦ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʘʭ 

ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ.  

ʅʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʬʠʣʴʪʨʦʚʦʤ ʤʝʪʦʜʝ ʚʣʠʷʝʪ ʫʨʦʚʝʥʴ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ, ʧʦʵʪʦʤʫ ʚ ʵʪʦʤ ʚ ʵʪʦʡ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʧʦʩʪʦʷʥʥʳʤ.  

ʇʨʠʤʝʥʝʥʠʝ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʦʚ ʥʘʢʘʯʢʠ 

ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʥʘʢʘʯʢʠ, ʩʭʝʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ [2, 3].  ʊʘʢʘʷ ʧʨʠʝʤʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ ʬʠʢʩʠʨʫʝʪ ʥʘʣʠʯʠʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʦ ʥʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʮʝʩʩʘ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʢʘʢ ʤʦʜʫʣʷʮʠʠ ʧʦ ʬʘʟʝ ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ ʠ ʧʨʠʤʝʥʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʬʘʟʦʚʫʶ ʜʝʤʦʜʫʣʷʮʠʶ ʩʫʤʤʘʨʥʳʭ, ʧʨʠʥʠʤʘʝʤʳʭ ʧʨʠʝʤʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʤ ʥʘʢʘʯʢʠ, ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʩʫ-

ʱʠʭ ʧʨʠʝʤʥʠʢʘʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʚʳʰʝ.   

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ 

ʫʨʦʚʝʥʴ ʦʪʢʣʠʢʘ ʧʨʠʝʤʥʠʢʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʫʨʦʚʥʶ ʧʨʠ-

ʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʝʛʦ ʯʘʩʪʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛ-
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ʥʘʣʘ. ʇʨʠ ʵʪʦʤ, ʫʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʦʛʨʘʥʠʯʠʪʝʣʷʤʠ ʘʤʧʣʠʪʫʜʳ, ʣʠʙʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʦʡ ʫʩʠʣʝʥʠʷ ʚ 

ʢʘʥʘʣʝ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ. ʀ ʯʪʦ ʪʦʞʝ ʚʘʞʥʦ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ 

ʬʘʟʦʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚʳʷʚʣʷʶʪ ʤʘʣʳʝ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ.  

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʩʠʩʪʝʤ ʩ ʬʘʟʦʚʦʡ ʜʝʤʦʜʫʣʷʮʠʝʡ ʧʨʠʥʠʤʘʝʤʳʭ 

ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʬʘʟʦʚʦʛʦ ʰʫʤʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʤʛʥʦʚʝʥʥʳʭ 

ʬʣʶʢʪʫʘʮʠʷʭ ʬʘʟʳ ʧʨʠʥʠʤʘʝʤʳʭ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʚʦʣʥ ʠ ʬʘʟʦʚʘʷ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʴ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʪʨʘʢʪʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ.  

ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤ ʧʨʠʝʤʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʘʥʪʝʥʥ ʩ ʜʝʤʦʜʫʣʷʮʠʝʡ ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʬʘʟʝ ʧʦʟʚʦʣʠʣʦ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʪʴ ʠʭ ʩʭʝʤʥʳʝ ʨʝʰʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʧʘʨʘʤʝʪʨʳ. ʀʥʜʝʢʩ 

ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ ʚ ʧʨʠʥʠʤʘʝʤʦʤ ʩʫʤʤʘʨʥʦʤ ʩʠʛʥʘʣʝ ʤʦʞʥʦ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʫʚʝʣʠʯʠʪʴ ʧʦʜʘʚʣʝʥʠʝʤ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʨʝʞʝʢʪʦʨʥʳʤ ʬʠʣʴʪʨʦʤ.  ɼʣʷ 

ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 1.7 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʠʝʤ-

ʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʬʘʟʦʚʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 

ʩʠʛʥʘʣʘ ʠ ʬʠʣʴʪʨʘʮʠʝʡ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʟʢʦʧʦʣʦʩʥʳʤ 

ʬʠʣʴʪʨʦʤ, ʘ ʥʘ ʨʠʩʫʥʢʝ 1.8 ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝʬʜʠʘʛʨʘʤ-

ʤʳ,ʬʧʦʷʩʥʷʶʱʠʝʬʧʨʠʥʮʠʧʬʨʘʙʦʪʳʬʩʭʝʤʳ [2, 3]. ʅʘ ʨʠʩʫʥʢʘʭ 1.8ʘ, 1.8ʙ, 

1.8ʚ ʠ  1.8ʛ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯ-

ʢʘʭ ʩʭʝʤʳ, ʘ ʢʨʠʚʳʤʠ ʧʦʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʠʣʴʪʨʦʚ. 

ʇʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ ʚ ʩʭʝʤʝ ʚʳʜʝʣʷʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʦʪʥʫʶ ʢʦʤʧʦ-

ʥʝʥʪʫ ʠʟ ʩʧʝʢʪʨʘ ʧʨʠʥʷʪʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʨʝʞʝʢʪʦʨʥʳʡ ʬʠʣʴʪʨ ʧʦ-

ʜʘʚʣʷʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʢʦʤʧʦʥʝʥʪʫ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ 

ʝʛʦ ʚʳʭʦʜʝ ʧʦʷʚʣʷʝʪʩʷ ʩʠʛʥʘʣ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʠʥʜʝʢʩʦʤ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʅʘ ʚʳʭʦʜʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʫ ʩʠʛʥʘʣʘ ʥʝʪ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ, ʪʘʢ ʢʘʢ ʙʦ-

ʢʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʫʣʷʮʠʠ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʟʘʜʝʨʞʘʥʳ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ. ʉʠʛʥʘʣ ʩ ʨʝʞʝʢʪʦʨʥʦ-
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ʛʦ ʬʠʣʴʪʨʘ ʫʩʠʣʠʚʘʝʪʩʷ ʜʦ ʫʨʦʚʥʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʬʘʟʦʚʦʛʦ ʜʝʤʦ-

ʜʫʣʷʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʢʦʣʝʙʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʠ ʨʝʞʝʢʪʦʨ-

ʥʦʛʦ ʬʠʣʴʪʨʘ ʦʙʨʘʟʫʶʪʩʷ ʠʟ ʦʜʥʦʛʦ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ 

ʨʘʙʦʪʳ ʬʘʟʦʚʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣ ʩ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ 

ʥʘ ʜʝʚʷʥʦʩʪʦ ʛʨʘʜʫʩʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʟʦʚʳʡ ʜʝʤʦʜʫʣʷʪʦʨ ʠʤʝʝʪ ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ʉʠʛʥʘʣʳ ʩ ʬʠʣʴʪʨʦʚ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʬʘʟʦʚʦʤ 

ʜʝʪʝʢʪʦʨʝ, ʬʠʣʴʪʨʫʶʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʬʠʣʴʪʨʦʤ ʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ. 

 

 

 

ʈʠʩʫʥʦʢ 1.8 - ʉʧʝʢʪʨʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ 
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ʈʠʩʫʥʦʢ 1.7 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʝʤʥʦʡ ʯʘʩʪʠ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʜʝʢʩʘ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʠ 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚʝ-

ʜʝʪʩʷ ʚʳʙʦʨʦʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʭʝʤ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʮʝʣʝʡ.  

 

 

 

1.4  ɺʳʚʦʜʳ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʧʘʪʝʥʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʥʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʩʨʝʜʝ ʧʨʠ ʩʦʚʤʝʩʪ-

ʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʨʦʞʜʘʝʪ ʚʦʣʥʳ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ; 

- ʠʩʧʦʣʴʟʫʷ ʵʬʬʝʢʪ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʤʦʞʥʦ ʨʘʟʨʘ-

ʙʦʪʘʪʴ ʧʨʠʝʤʥʫʶ ʘʢʫʩʪʠʯʝʩʢʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʘʥʪʝʥʥʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʠʤʝʪʴ ʥʘʧʨʘʚʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʣʠʥʦʡ ʘʥʪʝʥʥʳ ʠ ʯʘʩʪʦʪʦʡ 

ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʪʦ ʝʩʪʴ ʜʣʠʥʦʡ ʝʛʦ ʚʦʣʥʳ; 

- ʦʙʟʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʦʡ 

ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʦʨʦʪʦʤ ʩʠʩʪʝʤʳ ʠʟʣʫʯʘʪʝʣʴ ʥʘʢʘʯʢʠ 

ï ʧʨʠʝʤʥʠʢ ʥʘʢʘʯʢʠ; 

- ʧʨʠʝʤʥʘʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ ʦʙʨʘʟʦʚʘʥʘ ʣʠʥʝʡ-

ʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝʤ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥ ʩʠʛʥʘʣʘ ʠ ʠʤʝʝʪ ʪʫʞʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʯʪʦ ʠ 

ʘʥʪʝʥʥʘ ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʪʘʢ ʢʘʢ ʦʙʨʘʟʦʚʘʥʥʳʝ ʚʪʦʨʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʦʩʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ; 

- ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʘʥʪʝʥʥʘʭ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴʶ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ 

ʚ ʪʝʣʝ ʘʥʪʝʥʥʳ; 
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- ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʦʣʥʳ ʚ ʩʨʝʜʘʭ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʛʘʟʦʚʳʤʠ ʧʫʟʳʨʴʢʘʤʠ, ʪʦ 

ʝʩʪʴ ʩ ʬʠʟʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ, ʠ ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʦ ʝʩʪʴ ʩ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ; 

- ʧʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʤʦʞʝʪ 

ʩʪʨʦʠʪʴʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʥʮʠʧʘʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʧʨʠʝʤʥʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ, ʥʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘ-

ʣʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩ ʬʘʟʦʚʳʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʧʨʠʥʷʪʳʭ ʩʠʛʥʘʣʦʚ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʜʝʣʘʥʥʳʭ ʚʳʚʦʜʦʚ ʜʘʣʴʥʝʡʰʠʤʠ ʟʘʜʘʯʘʤʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩʪʘʚʷʪʩʷ: 

- ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʩʨʝʜʘʭ ʩ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʝʡ 

ʚʦʣʥ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚ ʪʘ-

ʢʠʭ ʩʨʝʜʘʭ; 

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥ-

ʪʝʥʥ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
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2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ     ʘʥʪʝʥʥʝ ʚ ʩʨʝʜʘʭ ʩ ʟʘʪʫʭʘʥʠʝʤ  ʠ ʜʠʩʧʝʨʩʠʝʡ 

 

2.1 ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ  

      ʚʦʣʥ  ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ 

 

 ɺ ʨʘʙʦʪʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥ 

ʦʪ ʯʘʩʪʦʪʳ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʯʘʩʪʦʪʥʘʷ ʜʠʩʧʝʨʩʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʥʠʞʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʳʭ ʩʢʦʨʦ-

ʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʩ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ. ʀʟ-ʟʘ ʵʪʦʛʦ ʧʝʨʝʢʘʯʢʘ ʵʥʝʨ-

ʛʠʠ ʚ ʚʦʣʥʳ, ʧʦʣʫʯʘʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʜʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʩʦʚʧʘʜʘʶʱʠʭ ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʘʭ, ʧʨʠʯʝʤ ʦʥʠ ʜʦʣʞʥʳ ʙʳʪʴ ʧʘʨʘʣʣʝʣʴʥʳ 

[48-61].  

ɺ ʩʨʝʜʝ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ 

ʚʦʣʥʳ ʦʪ ʯʘʩʪʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʧʨʠʚʦʜʠʪ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠʟʣʫ-

ʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʦʪʣʠʯʥʳʤ ʦʪ ʪʘʢʠʭ ʞʝ ʚ 

ʩʨʝʜʝ ʙʝʟ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷ ʠʟ-

ʣʫʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ 

ʩʨʝʜʝ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [48]. ɿʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ ʧʦʣʷ ʚʦʣʥ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʦʪ ʜʣʠʥʳ ʦʙʣʘʩ-

ʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʟʤʝʨʦʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʳ, ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʳʭ ʬʨʦʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʫʶʱʠʭ ʚʦʣʥ. ɺ ʨʘʙʦʪʝ ʚʳʚʝʜʝʥʳ ʚʳʨʘʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʩʯʠʪʘʪʴ ʧʘ-

ʨʘʤʝʪʨʳ ʠʟʣʫʯʘʶʱʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. ʕʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʦʣʥ ʥʘʢʘʯʢʠ ʚ ʵʥʝʨʛʠʶ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʤʦʞ-

ʥʦ ʧʦʚʳʩʠʪʴ, ʢʦʤʧʝʥʩʠʨʫʷ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʘʩʭʦʜʠʤʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ-

ʱʠʭ ʚʦʣʥ. ʏʘʩʪʠʯʥʦ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʘʩʭʦʜʠʤʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚ ʩʨʝʜʘʭ ʩ 

ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. 
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ɺ ʨʘʙʦʪʝ [49] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʟʣʫ-

ʯʘʶʱʝʡ ʘʥʪʝʥʥʳ ʚ ʤʝʣʢʦʤ ʤʦʨʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʢʘʢ ʚʦʣʥʦʚʦʜ. ɻʝʥʝʨʘʮʠʷ 

ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʝʭ 

ʚʦʣʥʦʚʳʭ ʤʦʜ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥʳ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ. ʇʨʠ 

ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟ-

ʣʫʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ.  ʇʨʠ ʨʘʙʦʪʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

ʚ ʤʝʣʢʦʤ ʤʦʨʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʘ ʩʣʫʯʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʥʘʢʘʯ-

ʢʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ. 

ɼʣʠʥʘ ʟʦʥʳ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʥʴʰʝ ʜʣʠʥʳ ʟʦʥʳ ʜʠ-

ʬʨʘʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ. ʕʪʦʪ ʨʝʞʠʤ ʘʥʘʣʦʛʠʯʝʥ ʨʝʞʠʤʫ ɺʝʩʪʝʨ-

ʚʝʣʴʪʘ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʠʟʣʫʯʘʪʝʣʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʴʶ ʰʠʨʠʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʝ ʦʪ ʯʘʩ-

ʪʦʪʳ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʝʨʚʠʯʥʳʭ ʚʦʣʥ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʘʣʴʥʝʡ ʟʦ-

ʥʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ, ʪʦ ʝʩʪʴ ʜʣʠʥʘ ʟʦʥʳ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʟʦʥʳ ʜʠʬʨʘʢʮʠʠ. ʕʪʦʪ ʩʣʫʯʘʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʨʝʜ-

ʥʝʛʦ ʠ ʤʘʣʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ ʚʦʣʥ ʥʘʢʘʯʢʠ.  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦ-

ʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥʘʭ. ʋʧʨʘʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʦ. ʋʚʝʣʠʯʝʥʠʝ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʤʝʣʢʦʤ ʤʦʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʚʦ-

ʙʦʜʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʨʘʩʭʦʜʠʤʦʩʪʴ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ  ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʝ.  

ɺ ʨʘʙʦʪʘʭ [50 - 52] ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʶ ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʘʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʘʤʦʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʦʣʥ ʥʘ-

ʢʘʯʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʥʘ ʢʨʘʪʥʳʭ ʯʘʩʪʦʪʘʭ, ʠ ʚʟʘʠʤʦ-
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ʜʝʡʩʪʚʠʝ ʚʦʣʥ ʚ ʧʣʦʩʢʠʭ ʚʦʣʥʦʚʦʜʘʭ ʩ ʟʘʪʫʭʘʥʠʝʤ  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʚʦʣʥ.  

ʐʠʨʦʢʠʡ ʢʨʫʛ ʨʘʙʦʪ ʧʨʠʚʦʜʠʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʣ-

ʥʦʚʦʜʘʭ. ʈʘʙʦʪʘ [53]  ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝ-

ʥʠʡ ʚʣʠʷʥʠʷ ʦʪʨʘʞʝʥʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ ʦʪ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦʜʘ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʚʦʣʥʦʚʦʜʝ ʚʦʣʥ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʜʠʥʳ 

ʟʦʥʳ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʜʣʠʥʫ ʮʠʢʣʘ ʜʠʩʧʝʨʩʠʠ ʥʘ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪʘʭ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ 100 ʢɻʮ ʚ ʚʦʣʥʦʚʦʜʝ ʩ ʧʨʝʩʥʦʡ ʚʦʜʦʡ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʣʥʦʚʦʜʝ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʤʦʜʝʣʴ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʧʫʯʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʪʘʢʦʤ ʚʦʣʥʦʚʦ-

ʜʝ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɺ ʨʘʙʦʪʝ [54] ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʍʦʭʣʦʚʘ-ɿʘʙʦʣʦʪʩʢʦʡ-

ʂʫʟʥʝʮʦʚʘ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʣʥ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩ-

ʪʦʪ ʚ ʧʣʦʩʢʦʤ ʦʜʥʦʨʦʜʥʦʤ ʩʣʦʝ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴ ʥʘʢʘʯʢʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʛʘʫʩʩʦʚʦʤʫ 

ʟʘʢʦʥʫ. ɸʥʘʣʠʟ ʨʝʰʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦʜʘ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʣʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʛʝʥʝʨʘʮʠʠ ʥʠʟʢʦ-

ʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠ 

ʞʝʩʪʢʠʭ ʠ ʘʢʫʩʪʠʯʝʩʢʠ ʤʷʛʢʠʭ ʛʨʘʥʠʮ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʨʘʟʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʣʷ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʚʦʣʥʦʚʦʜʝ 

ɺ ʨʘʙʦʪʝ [55 -57] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʚʳʩʦʢʦʥʘ-

ʧʨʘʚʣʝʥʥʳʭ ʘʥʪʝʥʥ ʚ ʚʦʣʥʦʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ ʩ ʚʝʨ-

ʪʠʢʘʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʚʦʣʥʦʚʦʜʝ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʝʨʪʠ-

ʢʘʣʴʥʳʭ ʘʥʪʝʥʥ ʥʘʢʘʯʢʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʘʥʪʝʥʥ. ʈʘʩʩʤʦʪʨʝʥʳ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ ʚʦʣʥʦʚʦʜʝ. ɽʩʣʠ 

ʢʦʤʧʝʥʩʘʮʠʷ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʜʘʥʥʳʤ ʫʛʣʦʤ  ʢʦʤ-

ʧʝʥʩʘʮʠʠ, ʪʦ ʚ ʚʦʣʥʦʚʦʜʝ ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ.  

ɺ ʨʘʙʦʪʝ [49] ʧʨʠʚʝʜʝʥʳ ʨʝʞʠʤʳ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʚ ʜʘʣʴ-

ʥʝʡ ʠ ʙʣʠʞʥʝʡ ʟʦʥʘʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ, ʘ ʚ 

ʨʘʙʦʪʝ  [58] ʧʝʨʝʭʦʜʥʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʤʝʞʜʫ ʙʣʠʞʥʝʡ ʠ ʜʘʣʴʥʝʡ ʟʦʥʦʡ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʟʦʥʳ ʨʘʩʧʣʳʚʯʘʪʦ ʠ ʫʩʣʦʚʥʦ. ʂʨʦʤʝ ʪʦ-

ʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʣʫʯʘʠ ʩʦ ʩʚʝʨʭʪʦʥʢʠʤ ʚʦʣʥʦʚʦʜʦʤ. ɺ ʪʘʢʦʤ ʚʦʣʥʦʚʦʜʝ 

ʨʘʟʤʝʨʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʚʦʣʥʦʚʦʜʘ , ʠʣʠ ʩʨʘʚʥʠ-

ʤʳ ʩ ʝʛʦ ʪʦʣʱʠʥʦʡ. ʇʘʨʘʤʝʪʨʳ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟ-

ʤʝʥʷʶʪʩʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ.  

ɺ ʨʘʙʦʪʘʭ [59 - 61] ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚ ʚʦʣʥʦʚʦʜʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʢʘʯʢʠ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʘʥʪʝʥʥʳ. ʆʧʨʝʜʝʣʝ-

ʥʦ, ʯʪʦ ʧʦʣʝ ʚ ʚʦʣʥʦʚʦʜʝ ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʧʦʣʝʤ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʦ ʠʤʝʪʴ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ.  

 ʈʘʙʦʪʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥ ʚʙʣʠʟʠ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦ-

ʜʘ ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʪʨʘʞʝʥʥʳʝ ʠ ʨʘʩʩʝʷʥʥʳʝ ʦʪ ʛʨʘʥʠʮ ʚʦʣʥʳ ʥʘ-

ʢʘʯʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʪʦ-

ʨʠʯʥʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʩ ʥʘʯʘʣʴʥʳʤʠ ʥʫʣʝʚʳʤʠ ʬʘʟʘʤʠ. ʕʪʠ 

ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʦʪʨʘʞʝʥʥʳʤʠ ʨʘʥʝʝ ʦʙ-

ʨʘʟʦʚʘʥʥʳʤʠ ʚʦʣʥʘʤʠ. ʈʝʟʫʣʴʪʘʪ ʩʫʤʤʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʨʘʩʩʝʠ-

ʚʘʶʱʠʭ ʛʨʘʥʠʮ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʚʦʣʥʦʚʦ-

ʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʠ ʨʘʟʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʘ-

ʥʠʮ ʠ ʠʭ ʩʦʯʝʪʘʥʠʡ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʚ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʨʘʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʨʘʥʠʮ ʚʦʣʥʦʚʦʜʘ ʤʦʞʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʝʣʢʦʛʦ ʤʦʨʷ.  
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ʕʪʠ ʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʠʭ ʘʥʪʝʥʥ ʚ ʤʝʣʢʦʤ ʤʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʨʘʙʦʪʘʭ [62-68].  

ɺʣʠʷʥʠʝ ʚʦʣʥʦʚʳʭ ʨʘʟʤʝʨʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʘʤʧʣʠʪʫʜ ʠ ʬʘʟ ʚʦʟʙʫʞ-

ʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ ʥʘʢʘʯʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʘʥʪʝʥʥ ʥʘ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪʘʭ ʧʦʢʘʟʘʥʦ ʚ [69-73], ʛʜʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʦʜʥʦ ʠ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʠʟʣʫʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ï 

ʧʦʩʪʦʷʥʩʪʚʦ ʰʠʨʠʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʣʫʯʘʝʤʳʭ ʯʘʩʪʦʪ [69, 71, 74-76], ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʨʘʟʥʦʩʪʥʳʭ ʯʘʩʪʦʪʘʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʢʘʟʘʥʘ ʧʦʯʪʠ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥ ʨʘʟʥʦʩʪʥʦʡ 

ʯʘʩʪʦʪʳ ʦʪ ʟʥʘʯʝʥʠʡ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ, ʯʪʦ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ [69, 

77, 78]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʘʥʪʝʥʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ. ʕʪʠ ʧʨʠʙʣʠʞʝʥʠʷ ʧʦʨʦʜʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʦʤ, ʠʣʠ 

ʠʥʦʤ ʩʣʫʯʘʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʣʫʯʘʶʱʠʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ  ʘʚʪʦʨʦʚ ɹʝʢʪʝʷ[y79], ʄʦʬʬʝ-

ʪʘ,ʄyʝʣʝʥʘ,ʂyʦʥʨʘʜʘ[y80] ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʠʟʣʫʯʘʪʝʣʝ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʣʫʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʪʘʢʠʤʠ ʧʝʨ-

ʚʠʯʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʨʘʩʯʝʪʥʳʤʠ ʧʦ 

ʧʨʠʚʝʜʝʥʥʦʡ ʤʦʜʝʣʠ.  

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʣʫʯʘʶʱʠʭ ʘʥʪʝʥʥ, ʧʦ ʤʥʝ-

ʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʫʟʢʠʡ ʣʫʯ, ʪʘʢ ʢʘʢ ʨʘʩʰʠʨʝʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘ-
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ʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥ-

ʥʳ ʩ ʰʠʨʦʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʟʦ-

ʛʥʫʪʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ [81] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʷʚʣʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʙʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ. ʋʯʝʪ ʟʘʪʫʭʘʥʠʷ 

ʚʦʣʥ ʥʘʢʘʯʢʠ ʢʘʢ ʠ ʬʦʨʤʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯʢʠ ʠ ʝʛʦ ʨʘʟʤʝʨʦʚ ʧʨʦʚʝʜʝʥ 

ʚ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ [82]. ʕʪʘ ʤʦʜʝʣʴ ʙʣʠʟʢʘ ʢ ʤʦʜʝʣʠ ɺʝʩʪʝʨ-

ʚʝʣʴʪʘ, ʘ ʫʯʝʪ ʟʘʪʫʭʘʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʤʝʨʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʠʚʝʣʠ ʢ 

ʥʝʢʦʡ ʧʝʨʝʭʦʜʥʦʡ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʩ ʚʳʧʫʢʣʳ-

ʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʥʘʢʘʯʢʠ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ [83-85].  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʧʣʦʩʢʦʤ ʚʦʣʥʦʚʦʜʝ ʠʩʩʣʝʜʦʚʘ-

ʣʦʩʴ ʚ  ʨʘʙʦʪʘʭ [86 - 88]ʚʦʣʥʦʚʦʜʝ. ɺ ʪʘʢʦʤ ʚʦʣʥʦʚʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʣʠʥʝʡ-

ʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʬʘʟʦʚʳʤʠ ʬʨʦʥʪʘʤʠ ʚʦʣʥ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʚʦʣʥ ʚ ʵʥʝʨʛʠʶ ʧʨʦʜʫʢʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʦʣʥʘʭ ʚʳʰʝ, 

ʯʝʤ ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥʘʭ, ʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʣʦʩʢʠʭ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʥʠʟʢʠʡ ʥʝʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʝ, ʪʦ ʝʩʪʴ ʤʘʣʳʡ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ ʚ ʵʥʝʨʛʠʶ ʧʨʦʜʫʢ-

ʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʥʝʣʠʥʝʡʥʦʡ ʩʨʝʜʝ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪ-

ʨʦʚ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [89-91] ʠ ʦʪ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʩʠʛʥʘʣʦʚ 

ʥʘʢʘʯʢʠ [89, 92-94]. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʥʝʣʠʥʝʡʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʣʥ ʧʨʠʤʝʥʷʶʪ ʧʨʦʤʝʞʫ-

ʪʦʯʥʫʶ ʩʨʝʜʫ ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠ-

ʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʝʦʨʠʠ ʩʦʤʥʦʞʠʪʝʣʷʤʠ ʚ ʧʨʘʚʦʡ 
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ʯʘʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝʣʠʥʝʡʥʳʤ ʧʘʨʘ-

ʤʝʪʨʦʤ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) [91].  ʇʨʠ ʵʪʦʤ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ 

ʧʦʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʘʥʪʝʥʥʝ, ʯʪʦ ʩʚʦʜʠʪ ʦʜʥʦ ʠʟ ʧʨʝʠʤʫ-

ʱʝʩʪʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ï ʤʘʣʦʛʘʙʘʨʠʪʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʢʘʯ-

ʢʠ ʠ ʚʩʝʡ ʘʥʪʝʥʥʳ ʠʟ-ʟʘ ʙʝʩʪʝʣʝʩʥʦʩʪʠ ʢ ʥʫʣʶ. ʊʦ ʝʩʪʴ, ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʜʦʩ-

ʪʘʪʢʠ ʣʠʥʝʡʥʳʭ ʘʥʪʝʥʥ, ʘ ʠʤʝʥʥʦ, ʧʦʷʚʣʷʝʪʩʷ ʪʝʣʦ ʘʥʪʝʥʥʳ ʚ ʚʠʜʝ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʡ ʩʨʝʜʳ.  

ʋʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʣʫʯʘʶʱʝʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʘʭ [93] ʠ [94]. ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʚʦʣʥ ʩʦ ʩʣʦʞʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʧʦʣʘʛʘ-

ʣʦʩʴ ʤʝʞʜʫ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ 

ʦʜʠʥʘʢʦʚʦʡ ʯʘʩʪʦʪʳ. ʇʨʠ ʩʣʦʞʝʥʠʠ ʠʭ ʚ ʬʘʟʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʛʝʥʝ-

ʨʠʨʫʝʤʳʭ ʚʦʣʥ.  ʇʨʝʜʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʦʣʥ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʦʩʪʠʛʥʫʪʦ ʜʦ 6 ʜɹ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩ-

ʪʘʪʢʦʤ ʪʘʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʟʣʫʯʘʶʱʝʡ ʘʥʪʝʥʥʳ. 

ɺ ʊʘʛʘʥʨʦʛʩʢʦʤ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʥʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦ-

ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʪʝʭʥʠʢʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʚʦʣʥ [69, 83-85, 95-101]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʶʱʠʭ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝ-

ʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʠ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʝʡ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ.  

ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʣʫʯʘʶʱʠʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʦʙ-

ʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩ-

ʪʦʪʳ. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʣʫʯʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ 
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ʟʥʘʥʠʝ ʚʩʝʭ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʘʟʦʚʳʭ. ʂʨʦʤʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʦʣʥ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʧʦʣʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥ r[75].  

ʈʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʥʘʢʘʯʢʠ ʚʝʜʝʪʩʷ ʢʘʢ ʚ 

ʚʦʣʥʘʭ ʩ ʧʣʦʩʢʠʤ ʬʘʟʦʚʳʤ ʬʨʦʥʪʦʤ, ʪʘʢ ʠ ʚ ʚʦʣʥʘʭ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʠ ʩʬʝ-

ʨʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤʠ ʬʨʦʥʪʘʤʠ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ [96] ʫʜʝʣʝʥʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʬʨʘʛʠʨʫʶʱʠʭ ʟʚʫʢʦʚʳʭ ʧʫʯʢʦʚ.  

ʀʟʣʫʯʘʶʱʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʰʠʨʦʢʫʶ 

ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʠʟʣʫʯʘʝʤʳʭ ʚʦʣʥ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɺ [102] ʠʩʩʣʝʜʦ-

ʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʡ ʘʥʪʝʥʥʦʡ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʰʫʤʘ. ʕʪʘ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʟʣʫʯʘʪʝ-

ʣʷʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʘ ʚ ʨʘʙʦʪʝ [103].  

ʅʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʧʨʠ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ ʚʙʣʠʟʠ ʧʣʦʩʢʠʭ ʛʨʘʥʠʮ ʠʟʤʝʥʷʝʪ 

ʧʦʣʝ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʧʦʩʣʝ ʛʨʘʥʠʮʳ ʨʘʩʩʝʠʚʘʶʱʝʡ ʚʦʣʥʳ ʢʘʢ ʥʘʢʘʯʢʠ, ʪʘʢ ʠ 

ʚʦʣʥʳ ʨʘʟʥʦʩʪʥʦʡ ʯʘʩʪʦʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʚʝʜʝʥ rʚ 

ʨʘʙʦʪʝ [104]. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥ ʧʦʩʣʝ ʛʨʘʥʠʮʳ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʣʫʯʘʶʱʠʭ ʚʦʣʥ ʚ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥʦ-

ʚʦʜʘʭ, ʘ ʠʤʝʥʥʦ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚ ʤʝʣʢʦʤ ʤʦʨʝ. 

ɺʦʣʥʦʚʦʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʥʘ ʩʨʝʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʱʥʳʭ ʟʚʫʢʦʚʳʭ ʧʫʯʢʦʚ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʫʯʢʘ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʩʦʟʜʘʶʪ 

ʚʦʣʥʦʚʦʜ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪʣʠʯʥʦʡ ʦʪ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʷʚʣʝʥʠʷ ʧʨʠ-

ʚʝʜʝʥʳ ʚ [105]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʝʣʠʥʝʡʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʚʦʣʥ ʠ ʩʦʟʜʘʥʠʝ 

ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ ʘʥʪʝʥʥʘʤʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 
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ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ. ʇʨʝʜ-

ʣʘʛʘʶʪʩʷ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʦʧʳʪʢʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘʥʘʣʠʟʠʨʫʶʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ  [74, 106-112].      

ʅʘʜ ʧʨʦʙʣʝʤʦʡ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʙʦʨʦʚ ʩ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ 

ʘʥʪʝʥʥʘʤʠ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʵʬʬʝʢʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ, ʨʘʙʦʪʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦ-

ʨʳʝ ʧʨʦʚʦʜʷʪ ʦʙʟʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚ ʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʠʥʪʝʨʝʩ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ 

[69, 74, 76, 95, 99, 100, 103, 112-114] ʠ ʜʨ.  

 

 

2.2 ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ  

      ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʝʤʥʠʢʝ ʟʚʫʢʘ 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʜʚʘ ʩʣʫʯʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʘʥʪʝʥʥ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 1.3 ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʚ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʥʝʩʪʠ ʥʘ ʥʝ-

ʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘʟʚʘʥʥʦʝ ʙʘʟʦʡ ʘʥʪʝʥʥʳ, ʠʟʣʫʯʘʶʱʠʡ ʠ ʧʨʠʝʤʥʳʡ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʢʘʯʢʠ. ʇʨʠ ʨʘʙʦʪʝ ʪʘʢʦʡ ʘʥʪʝʥʥʳ ʚ ʨʝʘʣʴʥʦʡ ʩʨʝʜʝ ʥʘ ʝʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝʪ ʚʣʠʷʪʴ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʠʤʝʥʥʦ, ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʰʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʝʩʪʝ ʙʫʢʩʠʨʦʚʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʠ-

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʤʦʨʷ ʠ ʢʠʣʴʚʘʪʝʨʥʳʤ ʩʣʦʝʤ ʥʦʩʠʪʝʣʷ. ɺ ʪʘʢʦʡ ʩʨʝʜʝ 

ʩʫʱʝʩʪʚʫʝʪ ʷʚʣʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ ï ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦ-
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ʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ. ʉʭʝʤʘ ʙʫʢʩʠʨʦʚʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ ʥʘʢʘʯʢʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

ʅʘ ʨʠʩʫʥʢʝ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʳ: 

wʥ - ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʚʦʣʥʳ ʥʘʢʘʯʢʠ; 

wʩ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ; 

L ï ʙʘʟʘ ʘʥʪʝʥʥʳ; 

Q - ʫʛʦʣ ʧʨʠʭʦʜʘ ʩʠʛʥʘʣʘ. 

ʊʦʯʢʘʤʠ ʫʩʣʦʚʥʦ ʦʙʦʟʥʘʯʝʥʳ ʚʦʟʜʫʰʥʳʝ ʚʢʣʶʯʝʥʠʷ. 

Ū

L
ɤc

ɤH

 

ʈʠʩʫʥʦʢ 2.1 ï ʉʭʝʤʘ ʙʫʢʩʠʨʦʚʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʢʘʯʢʠ ʧʨʠʝʤʥʦʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʢʠʣʴʚʘʪʝʨʥʦʤ ʩʣʝʜʝ 

ʥʦʩʠʪʝʣʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʥʳʝ ʥʠʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘ-

ʢʘʯʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʤʝʱʝʥʳ ʚ ʘʢʫʩʪʠ-

ʯʝʩʢʠʡ ʚʦʣʥʦʚʦʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʢʣʶʯʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʦʟʜʫʰʥʳʭ ʚʢʣʶʯʝʥʠʡ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ, ʥʦ ʚʦʣʥʳ ʥʘʢʘʯʢʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʦʣʥʦʚʦʜʝ ʦʙʣʘʜʘʶʱʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʝʡ. ʅʘ 

ʨʠʩʫʥʢʝ 2.2 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʙʫʢʩʠʨʦʚʢʠ ʩ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥ-

ʥʦʡ ʚ ʚʦʣʥʦʚʦʜʝ. 
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Ū

L
ɤc

ɤH

 

ʈʠʩʫʥʦʢ 2.2 -  ʉʭʝʤʘ ʙʫʢʩʠʨʦʚʢʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

ʚ ʚʦʣʥʦʚʦʜʝ 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʪʝ ʞʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫ-

ʯʘʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʜʣʷ ʨʘʟʥʳʭ ʩʣʫʯʘʝʚ. ɼʣʷ ʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʨʦʜʥʦʡ ʙʝʟʛʨʘʥʠʯʥʦʡ ʩʨʝʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʦʣʥʳ ʩ ʨʘʟ-

ʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʠ ʨʘʟʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʳ ʠ ʘʤʧʣʠʪʫʜʳ 

ʚʦʣʥ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʯʝ ʚʩʝʛʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʨʠʝʤʥʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʘʥʪʝʥʥʫ ʥʘ ʦʩʥʦʚʝ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʠʤ ʧʦʣʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʩʣʝ-

ʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ [2,3]: 
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(2.1) 

ʛʜʝ ( )rt
C

,j  ïʧʦʪʝʥʮʠʘʣ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ; 

0
jï ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʣʦʩʢʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚʜʦʣʴ ʦʩʠ ʍ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳ-

ʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ. 
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ʂʦʤʧʣʝʢʩʥʘʷ ʬʘʟʘ ( )rt
C

,Y  ʩʦʜʝʨʞʠʪ ʩʦʙʩʪʚʝʥʥʦ ʬʘʟʫ (ʚʝʱʝʩʪʚʝʥʥʘʷ 

ʯʘʩʪʴ) ʠ ʣʦʛʘʨʠʬʤ ʘʤʧʣʠʪʫʜʳ ʠʣʠ ʫʨʦʚʝʥʴ (ʤʥʠʤʘʷ ʯʘʩʪʴ).  ʌʘʟʘ ʚ ʫʨʘʚʥʝʥʠʠ

( )rt
C

,Y  ʦʙʫʩʣʦʚʣʝʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʣʥ ʥʘʢʘʯʢʠ ʩ ʧʨʠʥʠʤʘʝʤʳʤ ʥʠʟʢʦ-

ʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʦʤ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʬʘʟʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʵʪʘ ʬʘʟʘ ʠʟʤʝʥʷʝʪʩʷ ʤʝʜʣʝʥʥʦ ʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪ ʧʘʨʘ-

ʤʝʪʨʳ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʚʦʣʥʘ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʥʝʛʦ ʬʦʨʤʫʣʳ (2.1), ʣʠʥʝʘʨʠʟʫʷ ʝʛʦ ʠ ʫʩʨʝʜʥʷʷ ʧʦ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʬʘʟʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʩʠʛʥʘʣ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ, ʧʨʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʩ ʚʦʣʥʦʡ ʩʠʛʥʘʣʘ [2, 3]: 
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rtkQ
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tcx

C
=YD-
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Yµ
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µ

Yµ
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(2.2) 

ʛʜʝ ,

0
c

k
w

=  

^
D ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʣʘʧʣʘʩʠʘʥʘ ʧʦ ʧʝʨʝ-

ʤʝʥʥʳʤ y, z;  

- ʬʫʥʢʮʠʷ ( )rtQ
C

,  ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʫʨʘʚʥʝʥʠʠ ʟʘʜʘʝʪʩʷ ʚʪʦʨʠʯʥʳʤʠ ʠʩ-

ʪʦʯʥʠʢʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛ-

ʥʘʣʘ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ [2, 3]: 
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(2.3) 

ʛʜʝ ( )rt
C

,m  ï ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-

ʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʚ ʥʝʣʠʥʝʡʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ, 
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rtcrtʩ
CC

m+=  
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2

1

2
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C

a
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=
g

 

 

v

ʨ

ʩ

ʩ
=g  ï ʦʪʥʦʰʝʥʠʝ ʪʝʧʣʦʝʤʢʦʩʪʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʧʦ-

ʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ; 

),( rtV
X

C
 ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ; 

( )rt
C

,
W
j  ï ʦʧʠʩʳʚʘʝʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʧʦʣʷ ʩʠʛʥʘʣʘ ʠ ʧʦʣʷ ʥʝ ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʨʠʪʝʨʠʝʤ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.2) ʷʚʣʷʶʪʩʷ 

ʫʩʣʦʚʠʷ ?>>L>>l ʠ w>>W, 

 ʛʜʝ ? ï ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʠʥʪʝʨʚʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝ-

ʥʷʝʪʩʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ( )rt
C

,j , 

 w, l ï ʯʘʩʪʦʪʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʥʘʢʘʯʢʠ,  

W, L ï ʯʘʩʪʦʪʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʩʠʛʥʘʣʘ.  

ʋʩʣʦʚʠʝ L>>l, ʪ.ʝ. ʫʩʣʦʚʠʝ, ʜʣʠʥʘ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠ-

ʥʳ ʚʦʣʥʳ ʥʘʢʘʯʢʠ , ʠʣʠ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʯʘʩʪʦʪʳ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ, ʪʦ ʝʩʪʴ ʜʣʷ  ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʣʦ ʫʛʣʦʚʦʤʫ ʨʘʩʩʝʠʚʘʥʠʶ ʚʧʝʨʝʜ.  

ʇʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʥʝʙʨʝʛʘʝʪʩʷ 

ʧʦʣʝ ʚʦʣʥ, ʨʘʩʩʝʷʥʥʳʭ ʥʘʟʘʜ. ɺ ʵʪʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʟʦʥʳ 

ʌʨʝʥʝʣʷ lL ʢ ʧʣʦʱʘʜʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ L
2
 ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ

2

2

l

L
 [2, 3]: 

2

2

2

l

l L
<<

L

L
. 

(2.4) 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.2) ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ Y(t, 0, y, z)=0 ʠʤʝʝʪ 

ʚʠʜ [2, 3]: 
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(2.5) 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʧʣʦʩʢʘʷ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ, ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʝʪʩʷ ʧʦʜ ʫʛʣʦʤ q ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ʕʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʳʙʠʨʘʝʤ ʟʘ ʦʩɹ ʭ  [2, 3]:  
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(2.6) 

ʛʜʝ ʈ0W ï ʘʤʧʣʠʪʫʜʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʤʦʡ ʥʠʟʢʦʯʘʩ-

ʪʦʪʥʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʘ.  

ʇʨʠʨʘʱʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ [35]: 
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ʇʨʦʝʢʮʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʥʠʟʢʦʯʘʩ-

ʪʦʪʥʦʡ ʚʦʣʥʝ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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(2.8) 

 

ʘ ʬʫʥʢʮʠʷ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʧʠʰʝʪʩʷ ʬʦʨʤʫʣʦʡ: 
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ʛʜʝ 
( )

2

1+
=
g

e  ï ʥʝʣʠʥʝʡʥʳʡ ʧʘʨʘʤʝʪʨ, ʚʭʦʜʷʱʠʡ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦ-

ʩʪʠ.  

 ʇʦʜʩʪʘʚʣʷʷ Q(t,x,y) ʚ (2.5),  ʧʨʦʚʝʜʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʤ ʠʟʤʝ-

ʥʝʥʠʷ ʬʘʟʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʘ ʧʫʪʠ L ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʜʦ ʧʨʠʝʤʥʠʢʘ, 

ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʦʡ: 
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(2.11) 
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 ï ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʡ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ çʩʣʝ-

ʜʘè ʚʦʥʳ ʩʠʛʥʘʣʘ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ.  

ɺ ʬʦʨʤʫʣʘʭ (2.10) ʠ (2.11) ʯʣʝʥʦʤ qsin

0
ʩ

yW
 ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʘʢ ʢʘʢ 

ʦʥ ʧʦʣʫʯʝʥ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʧʦʧʝʨʝʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʫʯʢʘ L>>d, ʪʦ ʝʩʪʴ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʤʦʞ-

ʥʦ ʧʨʝʥʝʙʨʝʯʴ. ɺ ʧʨʝʜʝʣʘʭ ʧʫʯʢʘ, ʪʦ ʝʩʪʴ ʧʨʠ yÒd,  ʧʨʠ ʣʶʙʳʭ ʫʛʣʘʭ ʧʝʨʝʩʝ-

ʯʝʥʠʷ pq<<
W

sin

0
ʩ

y
, ʪ.ʝ. ʠʥʪʝʛʨʘʣ (2.5) ʚʳʯʠʩʣʝʥ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʦʡ ʦʧʪʠʢʠ ʠ ʥʘ ʜʠʩʪʘʥʮʠʶ L ʥʘʣʦʞʝʥʦ ʫʩʣʦʚʠʝ [2, 3]: 
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(2.12) 

 

 ʈʝʰʝʥʠʝ (2.10) ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦ-

ʣʫʯʝʥʥʳʤ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʚ ʨʘʙʦʪʝ [3]. 

ʌʘʟʦʚʘʷ ʨʘʩʩʪʨʦʡʢʘ ʚ ʫʨʘʚʥʝʥʠʠ (2.11) ʜʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʟʚʫʢʘ ʜʣʷ ʙʝʟʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʠ 

ʚ ʩʨʝʜʝ ʙʝʟ ʟʘʪʫʭʘʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʥ-

ʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ ʨʘʚʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʜʣʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ 

ʚʦʣʥ ʩʠʛʥʘʣʘ. 

 

2.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ  

      ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʚʦʣʥʦʡ ʥʘʢʘʯʢʠ ʚ ʩʨʝʜʝ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʦʪ 

ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʨʠʝʤʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ, ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘ-

ʢʘʯʢʠ. 

 ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ 

ʘʥʘʣʦʛʠʯʥʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʚ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʜʠʘ-

ʧʘʟʦʥʝ [115 -117].  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʘʥ-

ʪʝʥʥʫ ʙʝʛʫʱʝʡ ʚʦʣʥʳ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ: 

a(z,t) = Aexp(i(wt-j(z))),  

ʛʜʝ w - ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʳʭ ʚʦʣʥ; 

- ɸ ʧʦʩʪʦʷʥʥʘʷ ʧʦ ʜʣʠʥʝ ʘʥʪʝʥʥʳ ʘʤʧʣʠʪʫʜʘ; 

- j(z) = bz - ʬʘʟʘ ʩʠʛʥʘʣʘ ʩ ʠʩʪʦʯʥʠʢʘ; 
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- b = w/vʌ  - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʧʦ ʜʣʠʥʝ ʘʥ-

ʪʝʥʥʳ; 

- vʌ- ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʦʣʝ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠ-

ʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʧʣʦʩʢʦʡ ʚʦʣʥʝ, ʧʘʜʘʶʱʝʡ ʥʘ 

ʘʥʪʝʥʥʫ ʩ ʜʣʠʥʦʡ, ʨʘʚʥʦʡ ʙʘʟʝ ʘʥʪʝʥʥʳ, ʧʦʜ ʫʛʣʦʤ q  ʢ ʦʩʠ z, ʧʨʠ ʵʪʦʤ cosq = 

b/k = c/vʌ. ʊʨʘʜʠʮʠʦʥʥʫʶ ʣʠʥʝʡʥʫʶ ʩʠʥʬʘʟʥʫʶ ʘʢʫʩʪʠʯʝʩʢʫʶ  ʘʥʪʝʥʥʫ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ b=0, q = 

p/2.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʩʠʛʥʘʣʦʚ ʥʘ ʜʣʠʥʝ ʘʥ-

ʪʝʥʥʳ ʩʫʱʝʩʪʚʫʝʪ ʩʦʚʤʝʩʪʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʘʤʧʣʠʪʫʜʳ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ 

ʧʦʩʪʨʦʝʥʠʝ  ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ ʧʝʨʝʤʝʥʥʦʡ  ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ vʌ. 

 ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʚʦʣʥʳ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 

ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʙʝʟʛʨʘʥʠʯʥʦʡ ʩʨʝʜʝ vʌ >c , ʪʘʢ ʠ 

ʤʝʥʴʰʝ vʌ <c , ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ-

ʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ. ʉʦʛʣʘʩʥʦ  ʚʳʨʘʞʝʥʠʶ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ  ʦʪ ʯʘʩʪʦʪʳ (1.6) ʠ ʛʨʫʧʧʦʚʦʡ ʩʢʦʨʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ [35 - 39], 

ʦʜʠʥʘʢʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʨʘʟ-

ʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ, ʧʨʠ ʵʪʦʤ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʩʚʦ-

ʙʦʜʥʦʡ ʩʨʝʜʝ. ʊ.ʝ. ʚ ʚʦʣʥʦʚʦʜʝ ʦʙʨʘʟʫʶʪʩʷ ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ çʙʳʩʪ-

ʨʳʤʠè ʚʦʣʥʘʤʠ. ʇʨʠʯʝʤ ʚ ʚʦʣʥʦʚʦʜʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚʦʣʥʳ ʩ ʦʜʠʥʘʢʦ-

ʚʦʡ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʚʦʣʥʦʚʦʜʘ. 

ɺ ʩʨʝʜʝ ʞʝ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʛʘʟʦʚʳʤʠ ʧʫʟʳʨʴʢʘʤʠ ʧʨʦʷʚʣʷʝʪʩʷ ʬʠʟʠ-

ʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ  ʚ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫ-
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ʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʚʠʜʝ ʧʫʟʳʨʴʢʦʚ ʛʘʟʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳ-

ʨʘʞʝʥʠʷʤʠ (1.8) ʠ (1.9) [47,48]. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʨʝ-

ʜʝ ʩ ʛʘʟʦʚʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʜʣʷ ʝʝ ʦʮʝʥʢʠ.  

 

ʈʠʩʫʥʦʢ 2.3 -  ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʦʪ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʘʭ ʚʦʟʜʫʰ-

ʥʳʭ ʧʫʟʳʨʴʢʦʚ: 

ʢʨʠʚʘʷ 1 ï ʘ = 0,02 ʤʤ, ʢʨʠʚʘʷ 2 ï ʘ = 0,04 ʤʤ, ʢʨʠʚʘʷ 3 ï ʘ = 0,06 ʤʤ. 
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ʅʘ ʨʠʩʫʥʢʝ 2.3 ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʬʘʟʦ-

ʚʦʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʦʪ ʯʘʩʪʦʪʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʩʨʝʜʝ 

ʚʦʣʥʳ, ʠ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʜʝ, 

ʜʣʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʧʫʟʳʨʴʢʦʚ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2.4 ʪʘ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠ ʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʦʟʜʫʰʥʳʭ ʧʫ-

ʟʳʨʴʢʦʚ.  

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ɸʢʫ-

ʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ 

ʤʝʥʴʰʝ, ʪʘʢ ʠ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ. ʇʨʠʯʝʤ ʠʟʤʝʥʝ-

ʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠ̫  ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʧʫʟʳʨʴʢʦʚ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʳ. 

 

 

ʈʠʩʫʥʦʢ 2.4 -  ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ 
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ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ vʌ >c ʠ ʪʦʣʴʢʦ ʚ ʧʫ-

ʟʳʨʴʢʦʚʦʡ ʩʨʝʜʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ vʌ <c.  ɺ ʩʣʫ-

ʯʘʝ ʩ ʙʳʩʪʨʳʤʠ ʚʦʣʥʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʳ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ q  ʙʣʠʟʢʦʤʫ ʢ ʦʩʠ z (p/2 >q> 0).  

ɺ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʧʨʷʤʦʡ ʣʠʥʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩʠʤʤʝʪʨʠʯʥʘ ʚʦʢʨʫʛ ʘʥʪʝʥʥʳ, 

ʪʦ ʝʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʦʨʦʥʢʦʦʙʨʘʟʥʘʷ. ʇʨʠ vʌ  ʩ ʢʦʥʫʩ, 

ʦʙʨʘʟʦʚʘʥʥʳʡ ʚʦʨʦʥʢʦʦʙʨʘʟʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ,  ʧʨʠʞʠʤʘ-

ʝʪʩʷ ʢ ʦʩʠ, ʘ ʧʨʠ vʌ = ʩ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘ-

ʧʨʘʚʣʝʥʠʠ ʦʩʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʦʡ ʘʥʪʝʥʥʳ ʤʦʞʝʪ 

ʚʜʚʦʝ ʧʨʝʚʳʰʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʝʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʠʥʬʘʟʥʦʡ ʘʥʪʝʥʥʳ (ʩ/ 

vʌ = 0). ʇʨʠ vʌ<c ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ q = 0, ʪ. ʝ. ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ ʥʝ 

ʩʠʥʬʘʟʥʳ, ʪʘʢ ʢʘʢ ʩʠʥʬʘʟʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʣʝʞʠʪ ʚ ʦʙʣʘʩʪʠ ʤʥʠʤʳʭ ʫʛʣʦʚ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʟʘʤʝʜʣʝʥʠʷ ʜʠʘʛʨʘʤʤʘ ʩʫʞʘʝʪʩʷ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʦ ʧʦ ʘʙʩʦʣʶʪ-

ʥʦʤʫ ʟʥʘʯʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʙʳʩʪʨʳʤʠè 

ʚʦʣʥʘʤʠ. 

ʅʝʣʠʥʝʡʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʦʣʥ ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ ʦʧʠʩʘʥʦ  ʚ 

[6, 118]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʨʘʟʥʦʩʪʥʦʡ 

ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ: 

ʢʨʠʚʘʷ 1 ï n = 10, ʢʨʠʚʘʷ 2 ï n = 25, ʢʨʠʚʘʷ 3 ï n = 50. 
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ʯʘʩʪʦʪʳ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʚʦʣʥ ʨʘʟʥʳʭ ʯʘʩ-

ʪʦʪ, ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ 

ȿὖȿ ‐ɋ”ÓÉÎ
ȹ
Ⱦὧ”ȹ, (2.13) 

ʛʜʝ ȹ Ὧ Ὧ ὑ ï ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʟʚʫʢʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʦʧ-

ʨʝʜʝʣʷʝʪ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʠ ʘʤʧʣʠʪʫʜʫ ʚʦʣʥʳ; 

- k1, k2 ʠ K ï ʚʦʣʥʦʚʳʝ ʚʝʢʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ. 

ʇʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ DKz. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʚ ʨʘʡʦʥʝ 1 ʄɻʮ ʠ ʚʦʣʥʳ ʩʠʛ-

ʥʘʣʘ 1 ʢɻʮ ʧʨʠ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʷʭ 1550 ʤ/ʩ ʠ 1500 ʤ/ʩ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ 

ʩʦʩʪʘʚʠʪ 1 ʤ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ ʜʣʠʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ. 

 ɺ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʚʝʣʠʯʠʥʦʡ ʘʤʧʣʠʪʫʜ ʚʦʣʥ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʩʠʛʥʘʣʘ ʠ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʨʠ 

ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ.  ʈʘʩʩʤʦʪʨʠʤ ʢʘʢʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʧʝʨʠ-

ʦʜ ʦʩʮʠʣʣʷʮʠʡ ʚʦʣʥ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ, ʪʘʢ ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʨʠ ʜʣʠʥʝ ʘʥ-

ʪʝʥʥʳ ʚ ʦʙʣʘʩʪʠ ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʆʩʝʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʜʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʳ ʚʦʣʥʳ, ʦʙʨʘ-

ʟʦʚʘʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [2, 119-125]: 
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ʛʜʝ  -pʩ, pʥ ïʘʤʧʣʠʪʫʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ; 

e- ʥʝʣʠʥʝʡʥʳʡ ʧʘʨʘʤʝʪʨ; 
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=  - ʜʣʠʥʘ ʟʦʥʳ ʜʠʬʨʘʢʮʠʠ ʚʦʣʥʳ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 



58 
 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʘ ʦʩʮʠʣʣʷʮʠʡ ʚʳʙʝʨʝʤ ʯʘʩʪʦʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ-

ʱʠʭ ʚʦʣʥ: 15 ʢɻʮ ʜʣʷ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ ʠ 24 ʢɻʮ ʜʣʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ʊʘʢʠʝ 

ʯʘʩʪʦʪʳ ʚʳʙʨʘʥʳ ʠʟ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʦʩʮʠʣʣʷʮʠʡ 

ʚʦʣʥ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʯʘʩʪʦʪ. ʇʨʦʠʟʚʝʜʝʤ ʨʘʩʯʝʪ ʦʩʝʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʘʤʠ ʩʠʛʥʘʣʘ ʠ ʥʘʢʘʯʢʠ. ʈʘʩʯʝʪʥʳʡ ʛʨʘʬʠʢ 

ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2.6. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʙʦʣʴʰʝ ʯʝʤ 

ʟʦʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʧʦʵʪʦʤʫ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠ ʙʘʟʝ ʤʝʥʴʰʝʡ, ʯʝʤ ʧʝʨʠʦʜ ʦʩ-

ʮʠʣʣʷʮʠʡ ʙʫʜʝʪ ʥʘʠʙʦʣʴʰʝʡ. ʇʦʵʪʦʤʫ, ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥ-

ʪʝʥʥʳ ʷʚʣʝʥʠʝ ʬʣʶʢʪʫʘʮʠʡ ʘʤʧʣʠʪʫʜʳ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚʦʣʥ ʥʝʩʫʱʝʩʪʚʝʥʥʦ, 

ʪ.ʢ. ʜʣʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʙʘʟʦʡ ʧʨʠʝʤʥʠʢʘ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠ-

ʤʘ ʩ ʧʝʨʠʦʜʦʤ ʦʩʮʠʣʣʷʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʜʠʩʧʝʨʩʠʝʡ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʝʤʥʫʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʘʥʪʝʥʥʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʢʨʫʛʣʦʛʦ ʚʦʣʥʦʚʦʜʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʳʩʦʢʦʯʘʩ-

ʪʦʪʥʘʷ ʚʦʣʥʘ ʥʘʢʘʯʢʠ. ɼʣʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩʪʝʥʢʠ ʚʦʣʥʦʚʦʜʘ ʥʝ ʧʨʦ-

ʟʨʘʯʥʳ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ 

ʪʘʢʦʤ ʚʦʣʥʦʚʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʥʝʤ ʚʦʣʥʳ. ʇʦ 

ʜʣʠʥʝ ʧʨʠ ʧʨʠʝʤʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʦʣʥʦʚʦʜ ʘʢʫʩʪʠ-

ʯʝʩʢʠ ʧʨʦʟʨʘʯʝʥ, ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ, ʚʦʟʥʠ-

ʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʠ ʥʠʟ-

ʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥ, ʤʝʥʷʶʱʝʝʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʚʦʣʥʳ (ʚʦʣʥʳ ʥʘʢʘʯʢʠ).  

ʇʨʠ ʪʘʢʦʤ ʧʦʩʪʨʦʝʥʠʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  

))((

),(
xti

Aetxa
aw -

= . (2.15) 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʦ ʜʣʠʥʝ ʘʥʪʝʥʥʳ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʦʨʦʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥ-

ʥʦʩʪʠ ʘʥʪʝʥʥʳ. ɿʘʪʫʭʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ ʥʘʢʘʯʢʠ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ 

ʘʥʪʝʥʥʳ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘʡʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘ-

ʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʥʝʦʙʭʦʜʠʤʦ ʩʣʦʞʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʩʝʭ ʪʦʯʝʢ 

ʘʥʪʝʥʥʳ ʧʨʠ ʧʨʠʭʦʜʝ ʩʠʛʥʘʣʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ 

ʨʝʟʫʣʴʪʘʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʘʥʪʝʥʥʳ ʧʦ ʝʝ ʜʣʠʥʝ, ʫʯʠʪʳʚʘʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʠʩʪʦʯʥʠʢʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2.15). ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ  
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ʊʘʢ ʢʘʢ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʚʦʣʥʳ ʚ ʢʨʫʛʣʦʤ ʚʦʣʥʦʚʦʜʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ 

ʢʘʢ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʡ ʬʘʟʦʚʳʭ ʩʢʦʨʦʩʪʝʡ. ʈʘʩʩʯʠʪʘʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ ʚʦʣʥʦʚʦʜʝ. ɺ ʬʦʨ-

ʤʫʣʝ (2.16) ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʦʤ. ʇʦʵʪʦʤʫ 

ʚʦ ʚʩʝʭ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʘʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʝʛʦ 

ʚʣʠʷʥʠʝ [126 - 129]. ʊʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴ-

ʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʚʳʨʘʞʝʥʠʶ:
  

  

ñ µÖ=
-

L

ikxxi

xeeR

0

1 )cos()(

)(
qa

q , (2.17) 

 

 

2.4 ɺʳʚʦʜʳ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʧʨʦʮʝʩʩʳ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ 

ʩʠʛʥʘʣʘ ʩ ʚʦʣʥʘʤʠ ʥʘʢʘʯʢʠ ʚ ʩʨʝʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʜʠʩʧʝʨʩʠʠ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ: 

- ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣ ʦʪ ʯʘʩʪʦʪʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʩʮʠʣʣʷʮʠʠ ʘʤʧʣʠʪʫʜʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪ-

ʚʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; 

- ʧʝʨʠʦʜ ʦʩʮʠʣʣʷʮʠʡ ʘʤʧʣʠʪʫʜ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ, 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʜʣʠʥʘ ʙʘʟʳ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ, ʚʩʣʝʜʩʪ-

ʚʠʝ ʵʪʦʛʦ, ʦʩʮʠʣʣʷʮʠʠ ʘʤʧʣʠʪʫʜʳ ʥʝ ʚʣʠʷʶʪ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ; 
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- ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʨʝʜʝ ʜʠʩʧʝʨʩʠʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʘʟʦʚʳʤʠ ʩʢʦʨʦ-

ʩʪʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʥʪʝʥʥ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ ʙʳʩʪʨʳʤʠ ʠ ʤʝʜ-

ʣʝʥʥʳʤʠ ʚʦʣʥʘʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʀʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʛʝʥʝʨʠʨʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʣʠʥʝʡʥʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʦʚ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʳʭ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩ-

ʧʝʨʩʠʝʡ ʠ ʟʘʪʫʭʘʥʠʝʤ ʚʦʣʥ ʥʘʢʘʯʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʷ (2.17), ʤʦʞʥʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ) ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠ-

ʝʤʥʦʡ ʘʥʪʝʥʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʠʠ ʚ ʩʨʝʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʣʥ. 



62 
 

3 ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ  

  ʘʥʪʝʥʥ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 

 

3.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ  

      ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ  

 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ 

ʧʨʦʚʝʜʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ   

ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ, ʦʧʠʩʘʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʨʘʟʜʝʣʝ.  

ʅʘ ʨʠʩʫʥʢʘʭ 3.1 ï 3.5 ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤ-

ʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʧʣʦʩʢʦʩʪʠ, 

ʧʨʦʭʦʜʷʱʝʡ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ, ʪʦ 

ʝʩʪʴ ʯʝʨʝʟ ʯʝʨʝʟ ʦʩʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ, ʨʘʩ-

ʩʯʠʪʘʥʥʳʝ ʧʦ ʚʳʨʘʞʝʥʠʶ (2.17) [126, 127]  ʜʣʷ ʙʘʟʳ ʘʥʪʝʥʥʳ L/L=10, 
0

c

=1500 ʤ/ʩ, 
ʬ

v =1500 ʤ/ʩ, 2000 ʤ/ʩ,5000 ʤ/ʩ, 10000 ʤ/ʩ , 1470 ʤ/ʩ. ɸʥʘʣʠʟʠʨʫʷ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʚ ʚʦʣʥʦʚʦʜʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʜʠʘʛʨʘʤʤʘ  ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʠʟʤʝʥʷʝʪʩʷ. 

ʇʨʠ  
0
ʩv

ʬ
= ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʥʘ-

ʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯ-

ʢʠ(ʩʤ. ʨʠʩʫʥʦʢ 1.1), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 3.1. 
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ʈʠʩʫʥʦʢ 3.1 ï ɼʠʘʛʨʘʤʤʘ  ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥ-

ʪʝʥʥʳ ʧʨʠ
ʬ

v =1500 ʤ/ʩ, ʪ.ʝ. ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʚʧʘʜʘʝʪ ʩ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʋʚʝʣʠʯʝʥʠʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʦʨʦʪʫ ʤʘʢʩʠʤʫʤʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 3.2. ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ 2000 ʤ/ʩ. 

 



64 
 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʬʘʟʦʚʦʡ 

ʩʢʦʨʦʩʪʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʦʩʥʦʚʥʦʡ ʣʝʧʝʩʪʦʢ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚ 

ʩʪʦʨʦʥʫ ʦʪ ʦʩʠ ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. ʌʦʨʤʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʨʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʚʨʘʱʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʦʢʨʫʛ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ. ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʠʚʝʜʝʥʘ ʨʘʩʯʝʪʥʘʷ ʜʠʘ-

ʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʘ-

ʢʘʯʢʠ 5000 ʤ/ʩ, ʘ ʥʘ ʨʠʩʫʥʢʝ 3.4 ʧʨʠ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ 10000 ʤ/ʩ. 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠ

ʬ
v =2000 ʤ/ʩ 
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ʈʠʩʫʥʦʢ 3.3 ï ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʥʠʢʘ ʧʨʠ

ʬ
v =5000 ʤ/ʩ 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3.4 ï  ʈʘʩʩʯʠʪʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʧʨʠ 
ʬ

v =10000 ʤ/ʩ 
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 ʇʨʠʙʣʠʞʘʷ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʙʣʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʢ 

ʢʨʠʪʠʯʝʩʢʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩʪʨʝʤʠʪʴ-

ʩʷ ʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʚ ʚʠʜʝ ʦʪʨʝʟʢʘ ʧʨʷʤʦʡ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʘʤʧʣʠ-

ʪʫʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. 

ʈʘʩʯʝʪʳ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥ-

ʥʳ ʚ ʩʨʝʜʝ ʥʘʩʳʱʝʥʥʦʡ ʚʦʟʜʫʰʥʳʤʠ ʧʫʟʳʨʴʢʘʤʠ, ʢʦʛʜʘ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʩʠʛʥʘʣʘ, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜʝʣʝ 2, ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʫʜʝʪ ʬʦʨʤʠʨʦ-

ʚʘʪʴʩʷ ʘʥʪʝʥʥʦʡ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʩ ʤʝʜʣʝʥʥʳʤʠ ʚʦʣʥʘʤʠ ʥʘʢʘʯʢʠ, ʧʨʠʚʝʜʝʥʳ 

ʥʠʞʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3.5 ʧʦʢʘʟʘʥʘ ʨʘʩʩʯʠʪʘʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʧʨʠʝʤʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʣ-

ʥʳ ʥʘʢʘʯʢʠ ʨʘʥʦʡ 1470 ʤ/ʩ. 

 
ʈʠʩʫʥʦʢ 3.5 - ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʳ ʚ ʩʨʝʜʝ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʛʘʟʦʚʳʤʠ ʧʫʟʳʨʴʢʘʤʠ ʧʨʠ
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ʬ
v =1470 ʤ/ʩ 

ʉʨʘʚʥʠʚʘʷ ʜʚʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ ʚ ʘʥʪʝʥ-

ʥʝ ʩ ʤʝʜʣʝʥʥʳʤʠ ʚʦʣʥʘʤʠ ʥʘʢʘʯʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʪʘʢʘʷ ʞʝ 

ʧʦ ʬʦʨʤʝ ʢʘʢ ʠ ʜʣʷ ʘʥʪʝʥʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʦʜʥʘʢʦ ʰʠʨʠʥʘ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ ʥʘ-

ʢʘʯʢʠ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝʡ, ʘ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʢʨʦʤʝ ʪʦʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥ-

ʪʝʥʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʨʘʙʦʪʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʩ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʜʠʩʧʝʨ-

ʩʠʦʥʥʦʡ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ, ʧʨʠʚʦʜʠʪ ʢ ʠʟ-

ʤʝʥʝʥʠʶ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʢ ʧʦʚʦʨʦʪʫ ʦʩʥʦʚʥʦʛʦ ʣʝ-

ʧʝʩʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʧʨʠʯʝʤ, ʯʝʤ ʚʳʰʝ ʨʘʟʥʦʩʪʴ ʬʘʟʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥʳ ʩʠʛʥʘʣʘ, ʪʝʤ ʙʦʣʴʰʝ ʫʛʦʣ ʧʦʚʦʨʦʪʘ. 

ʀʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨ-

ʤʘʪʠʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʦ ʥʘʣʠʯʠʠ ʚ ʩʨʝʜʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʠ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʡ. 

 

 

3.2 ɺʣʠʷʥʠʝ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

 

ɸʥʘʣʠʟʠʨʫʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ, 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʙʦʣʴʰʦʡ ʫʨʦʚʝʥʴ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʥʘ-

ʧʨʘʚʣʝʥʥʦʩʪʠ. ɺ ʪʝʦʨʠʠ ʘʥʪʝʥʥʳʭ ʨʝʰʝʪʦʢ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʫʤʝʥʴʰʝʥʠʷ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʪʝʥʥʳ. 
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ʇʨʝʦʙʨʘʟʫʷ (2.17) ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʠʩ-

ʪʦʯʥʠʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʠ ʚʦʣʥʳ 

ʥʘʢʘʯʢʠ, ʧʨʠ ʫʯʝʪʝ ʟʘʪʫʭʘʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʩʧʝʢʪʨʘ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʩ ʫʯʝʪʦʤ ʟʘʪʫʭʘ-

ʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʣʥ [126 - 129]. 
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(3.1) 

ɿʘʪʫʭʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʪʨʘʞʘʝʪʩʷ ʚ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ 

ʩʦʤʥʦʞʠʪʝʣʝʤ 
x

e
h-
, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʘʤʧʣʠʪʫʜʳ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ ʧʨʦʰʝʜʰʠʤ ʠʤʠ ʨʘʩʩʪʦʷʥʠʝʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫ-

ʭʘʥʠʷ ʚ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʦʙʦʟʥʘʯʘʝʪʩʷ h. 

ɺ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ ʘʤʧʣʠʪʫʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ 

ʜʣʠʥʝ ʘʥʪʝʥʥʳ ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ 

ʢʦʤʧʦʥʝʥʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʪʫʭʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʦʣʥ. ʇʦʩʢʦʣʴʢʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʦʣʥʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʪʦ ʜʣʷ ʚʦʣʥʳ 

ʩʠʛʥʘʣʘ ʟʘʪʫʭʘʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʘ ʜʣʷ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʟʘʪʫʭʘʥʠʝ ʩʫʱʝ-

ʩʪʚʝʥʥʦ. ʇʦʵʪʦʤʫ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʣʠʥʝ ʘʥʪʝʥ-

ʥʳ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʣʥʳ ʩʠʛʥʘʣʘ ʠ ʚʦʣʥʳ ʥʘʢʘʯʢʠ, ʚʣʠʷʝʪ  

ʠʤʝʥʥʦ ʟʘʪʫʭʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʦʣʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʨʠʝʤʥʦʡ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʝ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʣʠʷʥʠʝ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥʳ ʥʘʢʘʯ-

ʢʠ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʧʨʠʝʤʥʠʢʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ. [126 - 129] 

ɼʣʷ ʩʨʝʜʳ ʥʘʩʳʱʝʥʥʦʡ ʛʘʟʦʚʳʤʠ ʧʫʟʳʨʴʢʘʤʠ ʟʘʪʫʭʘʥʠʝ ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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Ὢ τ“᷿
ϽϽ

Ͻ
Ὠὥ , 

 

 

(3.2) 

 

ʘ ʜʣʷ ʩʨʝʜʳ ʙʝʟ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ὦ Ͻ– –ǲ  ρᶻ   , (3.3) 

 


ϽϽ

Ͻ
Ͻὦ , (3.4) 

ʛʜʝ: 

– ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʜʚʠʛʦʚʦʡ ʚʷʟʢʦʩʪʠ, 

–ǲ ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʡ ʚʷʟʢʦʩʪʠ, 

cpï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʛʘʟʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, 

k ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ɔ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

 ʅʘ ʨʠʩ 3.6 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʦʪ 

ʯʘʩʪʦʪʳ ʜʣʷ ʧʫʟʳʨʴʢʦʚʦʡ ʩʨʝʜʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʩ = 1500 ʤ/ʩ, ɟ 

= 1000 ʢʛ/ʤ
3
, k = 0.6006 ɺʪ/ʤϽʂ, cp = 4200 ɼʞ/ʢʛϽʂ, – = 0.00114 ʇʘϽʩ, –ǲ = 

0.0015ʇʘϽʩ, ɔ = 7, ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʫʟʳʨʴʢʦʚ n = 10
2
. 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʠʚʝʜʝʥʘ ʪʘ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ n= 2
5 1 0Ö , ʘ ʥʘ ʨʠʩʫʥʢʝ 

3.8ʜʣʷ n= 10
3
. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʡ ʨʝʟʦʥʘʥʩʥʳʭ ʭʘ-

ʨʘʢʪʝʨ ʚʙʣʠʟʠ ʦʩʥʦʚʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ.  
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ʈʠʩʫʥʦʢ  3.6 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ 

ʧʫʟʳʨʴʢʦʚʦʡ ʩʨʝʜʳ ʧʨʠ n = 10
2
 

ʈʠʩʫʥʦʢ  3.7 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ 

ʧʫʟʳʨʴʢʦʚʦʡ ʩʨʝʜʳ ʧʨʠ n = 5Ŀ10
2
 

 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʨʠʩ 3.9 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʘʷ ʯʘʩʪʦʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʟʘʪʫʭʘʥʠʷ ʜʣʷ ʚʦʜʳ ʙʝʟ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ɺʠʜʥʦ, ʯʪʦ ʟʘʪʫʭʘʥʠʝ ʚ ʵʪʦʡ ʩʨʝ-

ʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. 

 
 

ʈʠʩʫʥʦʢ  3.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ ʜʣʷ 

ʧʫʟʳʨʴʢʦʚʦʡ ʩʨʝʜʳ ʧʨʠ n = 10
3
. 

ʈʠʩʫʥʦʢ  3.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʦʪ ʯʘʩʪʦʪʳ 

ʜʣʷ ʚʦʜʳ ʙʝʟ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. 
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3.3 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ  

  ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʘʭ ʩ ʜʠʩʧʝʨʩʠʝʡ ʠ ʟʘʪʫʭʘʥʠʝʤ 

 

ɿʘʪʫʭʘʥʠʝ ʚʦʣʥ ʧʦ ʜʣʠʥʝ ʘʥʪʝʥʥʳ ʨʘʟʣʠʯʥʦ ʜʣʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʠ ʚʦʣʥ 

ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʨʘʟʣʠʯʠʷ ʧʦ ʯʘʩʪʦʪʝ. ɸʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʙʫʜʝʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ (2.16) [128, 129]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʬʨʦʥʪʘ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʥʘʢʘʯʢʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʦʣʥʳ ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩʫʥʢʘʭ 3.10 ï 3.13 ʧʨʠʚʝʜʝʥʳ ʚ ʜʝʢʘʨ-

ʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ 

ʚʦʣʥʳ ʥʘʢʘʯʢʠ. ɼʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʚʣʠʷʥʠʷ ʟʘʪʫʭʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʚʟʷʪ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʠʤ. ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥʳ: ʜʣʷ L/L=10, 
0

c =1500 

ʤ/ʩ, 
ʬ

v =1500 ʤ/ʩ. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʨʠʩʫʥʢʝ 3.10 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘʪʫʭʘʥʠʷ, ʨʘʚʥʦʤʫ 0 1/ʤ, ʥʘ ʨʠʩʫʥʢʝ 3.11 ï 0,5 1/ʤ, ʥʘ ʨʠʩʫʥ-

ʢʝ 3.12 ï 1 1/ʤ, ʥʘ ʨʠʩʫʥʢʝ 3.13 ï 2 1/ʤ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʘʭ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫ-

ʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʘʤʧʣʠ-

ʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʧʦ ʜʣʠʥʝ ʧʨʠʝʤʥʦʡ ʧʘ-

ʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʙʦʢʦʚʦʛʦ ʧʦʣʷ ʠ çʟʘʧʣʳʚʘʥʠʶè ʥʫ-

ʣʝʡ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥ-

ʪʘ ʟʘʪʫʭʘʥʠʷ ʵʪʠ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ.  
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ʈʠʩʫʥʦʢ 3.12 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʧʨʠʝʤʥʦʡ  ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʝ ʙʝʟ 

ʜʠʩʧʝʨʩʠʠ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʪʫ-

ʭʘʥʠʷ ʨʘʚʥʦʤ 1 1/ʤ 

ʈʠʩʫʥʦʢ 3.13 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʧʨʠʝʤʥʦʡ  ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʝ ʙʝʟ 

ʜʠʩʧʝʨʩʠʠ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʪʫʭʘ-

ʥʠʷ ʨʘʚʥʦʤ 2 1/ʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʘʛʨʘʤʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫ-

ʩʪʠʯʝʩʢʦʡ ʧʨʠ ʧʦʚʦʨʦʪʝ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʟʘ ʩʯʝʪ ʯʘʩʪʦʪʥʦʡ 

ʜʠʩʧʝʨʩʠʠ ʠ ʘʤʧʣʠʪʫʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʧʨʠ 

  

ʈʠʩʫʥʦʢ 3.10 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʧʨʠʝʤʥʦʡ  ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʝ ʙʝʟ 

ʜʠʩʧʝʨʩʠʠ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʪʫ-

ʭʘʥʠʷ ʨʘʚʥʦʤ       0 1/ʤ 

ʈʠʩʫʥʦʢ 3.11 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ  ʘʢʫʩʪʠʯʝ-

ʩʢʦʡ ʧʨʠʝʤʥʦʡ  ʘʥʪʝʥʥʳ ʚ ʩʨʝʜʝ ʙʝʟ 

ʜʠʩʧʝʨʩʠʠ  ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʪʫ-

ʭʘʥʠʷ ʨʘʚʥʦʤ      0.5 1/ʤ 
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ʟʘʪʫʭʘʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.14 ï 

3.17.  

  
 

ʈʠʩʫʥʦʢ 3.14 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʳ ʧʨʠ ʧʦʚʦʨʦʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʨʘʚʥʦʤ       0 

1/ʤ 

 

ʈʠʩʫʥʦʢ 3.15 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʳ ʧʨʠ ʧʦʚʦʨʦʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʨʘʚʥʦʤ   0,5 

1/ʤ 

 

 
 

ʈʠʩʫʥʦʢ 3.16 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʳ ʧʨʠ ʧʦʚʦʨʦʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʨʘʚʥʦʤ  1 1/ʤ 

ʈʠʩʫʥʦʢ 3.17 - ɼʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʧʨʠʝʤʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʘʥʪʝʥʥʳ ʧʨʠ ʧʦʚʦʨʦʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ 

ʟʘʪʫʭʘʥʠʷ ʚʦʣʥ ʥʘʢʘʯʢʠ ʨʘʚʥʦʤ 2 1/ʤ 

 


