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ʆʪ ʘʚʪʦʨʘ 

 

 

ʍʦʯʫ ʚʳʨʘʟʠʪʴ ʦʛʨʦʤʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɻʝʥʥʘʜʠʶ ʗʢʦʚʣʝʚʠʯʫ ʄʠʭʘʣʴʯʝʥʢʦ, ʢʦʪʦʨʳʡ ʚʟʷʣ ʤʝʥʷ ʧʦʜ 

ʩʚʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʩʣʝ ʚʥʝʟʘʧʥʦʡ ʢʦʥʯʠʥʳ ʤʦʝʛʦ ʧʝʨʚʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʩʦʨʘ ʖʨʠʷ ʄʠʭʘʡʣʦʚʠʯʘ ʂʘʟʘʥʮʝʚʘ, ʟʘʥʠʤʘʚʰʝʛʦʩʷ ʩʦ ʤʥʦʡ ʩʦ ʚʨʝʤʝʥ 

ʥʘʧʠʩʘʥʠʷ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. ʄʠʭʘʣʴʯʝʥʢʦ ɻ. ʗ. ʧʦʟʥʘʢʦʤʠʣ ʤʝʥʷ ʩ 

ʪʝʦʨʠʝʡ ʙʠʬʫʨʢʘʮʠʡ ʠ ʤʝʪʦʜʘʤʠ ʧʦʩʪʨʦʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʣʘʛʦʜʘʨʷ ʝʤʫ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʯʝʪʢʠʝ, ʧʦʥʷʪʥʳʝ ʟʘʜʘʯʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʜʦʩʪʠʞʝʥʠʷ. ʄʠʭʘʣʴʯʝʥʢʦ ɻ. ʗ. ʧʦʪʨʘʪʠʣ 

ʤʥʦʛʦ ʩʚʦʝʛʦ ʣʠʯʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʙʝʩʮʝʥʥʳʭ ʢʦʥʩʫʣʴʪʘʮʠʡ. 

ʅʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʦʝʡ ʨʘʙʦʪʳ ʚʥʝʩ 

ʪʝʭʥʠʯʝʩʢʠʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʉʝʨʛʝʡ ɻʝʥʥʘʜʴʝʚʠʯ ʄʠʭʘʣʴʯʝʥʢʦ, ʢʦʪʦʨʳʡ ʧʦʤʦʛ 

ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ, ʥʘʫʯʠʣ ʦʩʥʦʚʘʤ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʘʢ ʞʝ ʄʠʭʘʣʴʯʝʥʢʦ ʉ. ɻ. ʧʨʝʜʦʩʪʘʚʠʣ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʢʘʬʝʜʨʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 

ʊʋʉʋʈ, ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʤʝʪʦʜʦʤ 

ʪʦʯʝʯʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʝʙʝ ʦʛʨʦʤʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ. 

ʊʘʢ ʞʝ ʭʦʯʫ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʆɸʆ çʅʇʎ çʇʦʣʶʩè, ʚ ʢʦʪʦʨʦʤ ʷ ʪʨʫʞʫʩʴ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʟʘ ʪʦ ʯʪʦ ʧʨʝʜʦʩʪʘʚʠʣ ʤʥʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʙʘʟʫ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʤʦʠʭ ʥʘʯʘʣʴʥʠʢʦʚ ʢ.ʪ.ʥ. 

ɺʣʘʜʠʤʠʨʘ ʇʝʪʨʦʚʠʯʘ ʃʷʥʟʙʫʨʛʘ, ʢ.ʪ.ʥ. ʆʣʴʛʫ ʖʨʴʝʚʥʫ ɿʘʚʴʷʣʦʚʫ, ʨʘʙʦʯʠʡ 

ʢʦʣʣʝʢʪʠʚ, ʢʦʪʦʨʳʝ ʩʦ ʚʩʝʡ ʩʝʨʴʝʟʥʦʩʪʴʶ ʠ ʧʦʥʠʤʘʥʠʝʤ ʦʪʥʝʩʣʠʩʴ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʤʦʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ. 
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ɺʚʝʜʝʥʠʝ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʨʠʝʥʪʘʮʠʠ, ʩʪʘʙʠʣʠʟʘʮʠʠ (ʉʆʉ) ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʘ ʪʠʧʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ: 

ʫʧʨʘʚʣʷʶʱʠʝ ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ (ʋɼʄ) ʠ ʩʠʣʦʚʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ 

(ʉɻʇ). ɼʣʷ ʧʦʚʦʨʦʪʦʚ ʢʦʨʧʫʩʘ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʋɼʄ 

ʩʦʟʜʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, ʘ ʉɻʇ ï ʤʦʤʝʥʪʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʊʝ 

ʠ ʜʨʫʛʠʝ ʤʦʤʝʥʪʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʚʝʣʠʯʠʥʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʞʠʤʳ ʧʨʝʮʠʟʠʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚ 

ʜʦʧʦʣʥʝʥʠʠ ʢ ʧʨʝʮʠʟʠʦʥʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʨʦʛʨʘʤʤʥʳʝ ʧʦʚʦʨʦʪʳ, ʧʨʠʯʝʤ ʋɼʄ 

ʥʘʭʦʜʷʪ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʘ ʉɻʇ ï ʚʦ ʚʪʦʨʦʤ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʩʪʨʦʝʥʠʷ ʉʆʉ ʂɸ ʧʦʜʨʦʙʥʦ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʚʪʦʨʦʚ: ɺ. ɺ. ʈʘʫʰʝʥʙʘʭ, ɽ. ʅ. ʊʦʢʘʨʴ [75], 

ʅ. ʅ. ʐʝʨʝʤʝʪʴʝʚʩʢʠʡ, ɼ. ʄ. ɺʝʡʥʙʝʨʛ, ɺ. ʅ. ɺʘʩʠʣʴʝʚ [22], ɼ. ʉ. ʇʝʣʴʧʦʨ [70], 

ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ɸ. ɼ. ɼʞʝʢʦʪ [35], R. M. Berner, W. H. Steyn., 

H. H. Kurokawa[109]. 

ʀʩʢʣʶʯʠʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʉɻʇ ʚ ʉʆʉ ʂɸ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʩʚʦʡʩʪʚʘʭ: 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ, 

ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ H  ʥʘ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ j ʧʦʚʦʨʦʪʘ 

ʨʘʤʢʠ ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ; 

ï ʥʝʙʦʣʴʰʠʝ ʧʝʨʝʧʘʜʳ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʤʦʤʝʥʪʦʤ 

ʠʟ-ʟʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɺɼ); 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʧʘʩʩʠʚʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʣʘʛʦʜʘʨʷ 

ʧʦʩʪʦʷʥʩʪʚʫ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ; 

ï ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʤʦʤʝʥʪʦʚ ʂɸ (ʤʦʤʝʥʪʦʚ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ). 
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ʉʠʣʦʚʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳ, ʪʘʢ ʢʘʢ ʚ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ: ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʝ ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʦʧʦʨʳ, ʪʦʯʥʳʝ ʜʘʪʯʠʢʠ ʠ ʩʠʩʪʝʤʘ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ (ʉʀʋ), ʧʨʝʮʠʟʠʦʥʥʳʡ ʨʝʜʫʢʪʦʨ, 

ʪʦʢʦʧʦʜʚʦʜ ʥʘ ʧʦʜʚʠʞʥʫʶ ʨʘʤʢʫ ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ, ʪʦʯʥʘʷ ʩʠʩʪʝʤʘ ʯʘʩʪʦʪʥʦ-

ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʂɸ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʞʝʩʪʦʯʝʥʠʝʤ ʚʟʘʠʤʥʦ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʉɻʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʤʘʩʩʝ, ʛʘʙʘʨʠʪʘʤ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʩʨʦʢʫ ʩʣʫʞʙʳ, ʥʘʜʝʞʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʪʦʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ, ʫʤʝʥʴʰʝʥʠʶ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉɻʇ 

(ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʠʣʴʥʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʘʢʫʫʤ) ʢ ʩʠʣʦʚʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚʳʜʚʠʛʘʶʪʩʷ ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʦʡʢʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʫʞʝʥʠʶ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʨʝʙʫʝʪ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʨʘʜʠʦʠʟʜʝʣʠʡ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʪʘʢ ʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ 

ʧʨʠʙʦʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ 

ʵʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ ʉɻʇ ï ʩʠʩʪʝʤʘ ʯʘʩʪʦʪʥʦ-ʪʦʢʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʚʝʥʪʠʣʴʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʧʨʝʜʣʦʞʝʥʦ 

ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ ʠʥʚʝʨʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʧʫʣʴʩʘʮʠʠ ʪʦʢʦʚ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ ʥʘ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ, ʚʳʷʚʠʪʴ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ ʙʠʬʫʨʢʘʮʠʡ. 

ʇʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʉʀʋ ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʜʫʢʮʠʦʥʥʳʭ ʜʚʫʭʦʪʩʯʝʪʥʳʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʟ ʩʝʙʷ ʧʦʚʦʨʦʪʥʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʤʦʪʦʢ ʥʘ ʨʦʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʤʘʩʩʦ-

ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ. ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʥʝ ʠʤʝʶʪ ʦʜʥʦʟʥʘʯʥʦʡ 

ʩʚʷʟʠ ʩ ʫʛʣʦʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ. 

ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ çʕʥʝʨʛʦʧʨʝʦʙʨʘʟʫʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʩʠʣʦʚʳʭ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚè ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʯʥʶ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʘ ʠʤʝʥʥʦ çʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷè [71]. 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʝʡ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ, ʠ ʠʩʢʣʶʯʝʥʠʷ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʠ 

ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʥʘ ʙʘʟʝ ʜʚʫʭʦʪʩʯʝʪʥʳʭ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʉʂʊ) ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʩ ʮʝʣʴʶ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 
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ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

 

1. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʛʨʫʙʦʛʦ (ɻʆ) ʠ 

ʪʦʯʥʦʛʦ (ʊʆ) ʦʪʩʯʝʪʦʚ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ 

ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ 

ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

4. ʈʘʟʨʘʙʦʪʢʘ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʘ ʪʘʢ ʞʝ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

5. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʴʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

6. ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʤʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʠ ʘʥʘʣʠʟ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʦʨʠʠ 

ʙʠʬʫʨʢʘʮʠʡ. 

 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʠ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʤʝʪʦʜʦʣʦʛʠʷ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʤʘʪʨʠʯʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

 

1. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʚʠʛʘʪʝʣʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʚ ʙʘʟʠʩʝ ʢʦʤʤʫʪʘʮʠʦʥʥʦ-ʨʘʟʨʳʚʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʪʘʢ 

ʞʝ ʤʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ. 

3. ɺʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ 

ʜʚʫʭʦʪʩʯʝʪʥʦʛʦ ʜʘʪʯʠʢʘ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ ʯʠʩʣʦʤ ʨʝʜʫʢʮʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʵʪʦʪ ʘʣʛʦʨʠʪʤ. 

4. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʧʦ ʩʮʝʥʘʨʠʶ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʠ 

ʩʮʝʥʘʨʠʶ ʧʝʨʝʭʦʜʘ ʢ ʭʘʦʪʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʯʝʨʝʟ ʙʠʬʫʨʢʘʮʠʠ ʥʘ ʪʦʨʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ 

 

1. ʆʧʨʝʜʝʣʝʥ ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ɺɼ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʫʣʴʩʘʮʠʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. 

2. ʉʦʟʜʘʥʘ ʦʩʥʦʚʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ ʨʘʤʢʠ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ, ʙʘʟʠʨʫʶʱʘʷʩʷ 

ʥʘ ʥʦʚʳʭ ʟʥʘʥʠʷʭ ʦ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ʥʝʣʠʥʝʡʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʉʀʋ. 

 



10 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: 

ï ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʌɻɹʆʋ ɺʇʆ çʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠè ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ: 210100 çʵʣʝʢʪʨʦʥʠʢʘ ʠ ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʘè, ʚ ʢʫʨʩʘʭ ʣʝʢʮʠʡ ʠ ʚ 

ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ; 

ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ ʧʨʠʙʦʨʘ 

çʉɻʂ-20-20è ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʦʥʪʨʘʢʪʫ 650-8606/07 ʦʪ 24.03.2007 ʛ. ʩ 

ʌʝʜʝʨʘʣʴʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ; 

ï ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

ʧʨʠʙʦʨʘ çʉɻʇ-05è ʧʦ ʜʦʛʦʚʦʨʫ ˉ 158/12 ʦʪ 10.07.2012 ʛ. ʩ ʌɻʋʇ 

çʅʇʆ ʠʤ. ʉ. ɸ. ʃʘʚʦʯʢʠʥʘè. 

 

ʇʦʣʦʞʝʥʠʷ ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

 

1. ʏʠʩʣʝʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ ʙʠʬʫʨʢʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ɺɼ, ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʤʝʥʳ ʪʠʧʦʚ 

ʜʚʠʞʝʥʠʡ ʠ ʚʳʯʠʩʣʷʪʴ ʛʨʘʥʠʮʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ 

ʜʚʫʭʦʪʩʯʝʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʚ 5 ʨʘʟ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3. ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʦʜʥʦʧʦʣʷʨʥʫʶ ʨʝʚʝʨʩʠʚʥʫʶ 

ʤʦʜʫʣʷʮʠʶ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʥʚʝʨʪʦʨʦʚ ʠ ʩʥʠʟʠʪʴ ʧʫʣʴʩʘʮʠʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ, ʤʦʤʝʥʪʘ ʨʘʤʢʠ ʉɻʇ ʚ 3 ʠ 2.8 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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4. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʦʚ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʪʨʝʙʫʝʤʳʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

5. ʇʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʠʷ ʙʠʬʫʨʢʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʭʦʜʦʚ ʦʜʥʠʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʢ ʜʨʫʛʠʤ ʠ ʩʮʝʥʘʨʠʠ ʭʘʦʪʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʞʠʤʘʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʫʜʚʦʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʷʛʢʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʳʤ 

ʩʫʙʛʘʨʤʦʥʠʯʝʩʢʠʤ ʠ ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ 

ʥʘ ʩʣʝʜʫʶʱʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ: 

ï IV ʄʝʞʜʫʥʘʨʦʜʥʘ ̫ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫

çʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʵʥʝʨʛʠʠè, 13-16 ʦʢʪʷʙʨʷ 2009 ʛ., ʊʦʤʩʢ, 

ʊʇʋ; 

ï ɺʩʝʨʦʩʩʠʡʩʢʘ ̫ ʥʘʫʯʥʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅɸʋʂɸ. 

ʊɽʍʅʆʃʆɻʀʀ. ʀʅʅʆɺɸʎʀʀè, 4-5 ʜʝʢʘʙʨʷ 2009 ʛ., ʅʦʚʦʩʠʙʠʨʩʢ, ʅɻʊʋ; 

ï XVIII  ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ ʢʦʥʬʝʨʝʥʮʠ ̫ çʕʣʝʢʪʨʦʥʥʳʝ ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘè, 22-23 ʘʧʨʝʣʷ 2010ʛ., ʊʦʤʩʢ, ʆɸʆ 

çʅʇʎ çʇʦʣʶʩè; 

ï ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʦʩʚʷʱʝʥʥʘ ̫

50-ʣʝʪʠʶ ʧʦʣʸʪʘ ʚ ʢʦʩʤʦʩ ʖ.ɸ. ɻʘʛʘʨʠʥʘ çʈʘʟʨʘʙʦʪʢʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʩʧʳʪʘʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤè, 02-04 ʤʘʨʪʘ 2011 ʛ., ɾʝʣʝʟʥʦʛʦʨʩʢ, ʆɸʆ 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʸʚʘè; 

ï XXXVI ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ 

ʢʦʩʤʦʥʘʚʪʠʢʠè, 24-27 ʷʥʚʘʨʷ 2012 ʛ., ʄʦʩʢʚʘ, ʄɻʊʋ ʠʤ. ɹʘʫʤʘʥʘ; 

ï ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘ ̫ʢʦʥʬʝʨʝʥʮʠ ̫ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ çʕʣʝʢʪʨʦʥʥʳʝ ʠ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘè, 14-15 ʬʝʚʨʘʣʷ 2013 ʛ., ʊʦʤʩʢ, ʆɸʆ 

çʅʇʎ çʇʦʣʶʩè; 
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ï ʌʦʨʫʤ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʂʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè, 10-12 ʘʧʨʝʣʷ 2013 ʛ., 

ʊʦʤʩʢ, ʅʀ ʊʇʋ; 

ï ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʕʣʝʢʪʨʦʧʠʪʘʥʠʝ-2014è, 

27-29 ʤʘʷ 2014 ʛ., ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʃʆ ʎʅʀʀʉ. 

 

ʇʫʙʣʠʢʘʮʠʠ 

 

ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʨʘʞʝʥʦ ʚ ʜʚʫʭ ʩʪʘʪʴʷʭ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ, ʜʝʚʷʪʠ ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ 

ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʚ ʜʚʫʭ ʧʘʪʝʥʪʘʭ. ʏʘʩʪʴ ʨʘʙʦʪ ʚʳʧʦʣʥʝʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ 

ʧʫʙʣʠʢʘʮʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʨʘʩʯʝʪʦʚ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ 

 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ ʠ ʟʘʢʣʶʯʝʥʠʷ. 

ʉʦʜʝʨʞʠʪ ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟ 112 ʥʘʠʤʝʥʦʚʘʥʠʡ, 70 ʨʠʩʫʥʢʦʚ, 

9 ʪʘʙʣʠʮ, 4 ʧʨʠʣʦʞʝʥʠʷ. ʆʙʱʠʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ï 156 ʩʪʨʘʥʠʮ. 

 



13 

ɻʣʘʚʘ 1 ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʣʦʚʳʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ 

 

 

 

Ä1.1 ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʨʠʩʫʥʦʢ 1.1) 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʫʶʪ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ, 

ʩʦʟʜʘʶʱʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʤʦʤʝʥʪʳ ʄʫ ʚ ʨʝʞʠʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʦʚʦʨʦʪʦʚ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ [45]. ʇʨʠʤʝʥʷʶʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʜʚʘ ʪʠʧʘ ʀʆ: ʫʧʨʘʚʣʷʶʱʠʝ ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ ʠ ʩʠʣʦʚʳʝ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ (çʛʠʨʦʜʠʥʳè) ʩ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
 

ʘ) 

 
 

 

ʙ) 

 
 
 

ʈʠʩʫʥʦʢ 1.1 ï ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ: ʘ) ï ʚʥʝʥhʠʡ ʚʠʜ; ʙ) ï ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ 

 

ɺʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʉɻʇ ʜʣʷ ʂɸ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʘʣʠʟʦʚʳʚʘʪʴ 

ʣʠʥʝʡʥʦʝ, ʰʠʨʦʢʦʜʠʘʧʘʟʦʥʥʦʝ ʠ ʚʳʩʦʢʦʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʪʦʯʥʦʩʪ ɹʩʪʘʙʠʣʠʟʘʮʠʠ ʂɸ, ʠʟʤʝʨʷʝʤʘ ̫ʝʜʠʥʠʮʘʤʠ 

ʫʛʣʦʚʦʡ ʩʝʢʫʥʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʉɻʇ ʚ ʉʆʉ ʂɸ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ ʜʦʩʪʠʞʝʥʠʶ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʉʆʉ ï ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʚ 
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ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ɺ ʩʦʩʪʘʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ, 

ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʭ ʉʆʉ ʂɸ ʚʢʣʶʯʘʶʪʩʷ ʉɻʇ [1, 63, 54, 56]. 

ʉʠʣʦʚʦʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʢʘʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ʉʆʉ ʂɸ, 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʩʠʩʪʝʤʳ ï ʜʚʝ ʩʢʦʨʦʩʪʥʳʝ ʠ ʦʜʥʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʨʠʪʝʣʴ 

ʫʛʣʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʜʘʪʯʠʢ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʠ ʙʣʦʢ ʠʟʤʝʨʝʥʠʷ 

ʫʛʣʘ (ɹʀʋ), ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ɼʋ. ɼʚʝ 

ʩʢʦʨʦʩʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ-ʤʘʭʦʚʠʢʘ ʠ ʨʘʤʢʠ ʧʦʚʝʩʘ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ 

ʵʪʠʭ ʩʠʩʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ ʉɻʇ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ:  

ʛ ʵʜʤ

d
M J H

dt

j
= W = j, (1.1) 

ʛʜʝ J ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ; ɋɻ ʜʤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ-

ʤʘʭʦʚʠʢʘ (ʕɼʄ); ű ï ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ; j ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʘʤʢʠ 

ʧʦʜʚʝʩʘ; H ï ʢʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ. 

ʈʘʤʢʘ ʧʦʜʚʝʩʘ ʩʠʣʦʚʦʛʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʩʚʷʟʘʥʘ ʩ ʨʦʪʦʨʦʤ ɺɼ 

ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʷʟʴ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʨkW= j, (1.2) 

ʛʜʝ kʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʨʝʜʫʢʪʦʨʘ (kʨ = 1800); 

ɋ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ ɺɼ. 

ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ Mʛ 

(1.1) ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʕɼʄ ʜʦʣʞʥʘ ʙʳʪʴ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ 

(ɋɻʜʤ = const) ʠ ʤʥʦʛʦ ʙʦʣʴʰʝʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

72000 /ʩ
7200

10 /ʩ

 ¯å õ
=æ ö

 ¯ç ÷
. ɺ ʩʠʣʫ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʤʘʭʦʚʠʢʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʫʩʣʦʚʠʷʤʠ 

ʝʛʦ ʨʘʙʦʪʳ (ʚʘʢʫʫʤʥʳʡ ʛʝʨʤʦʢʦʥʪʝʡʥʝʨ, ʪʦʨʤʦʞʝʥʠʝ ʥʘ ʩʘʤʦʚʳʙʝʛʝ), ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʕɼʄ ʚ ʉɻʇ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʝʮʠʟʠʦʥʥʦʩʪʴ ʨʘʙʦʪʳ ʉɻʇ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 
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ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʠ ʢʘʯʝʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʘʚʪʦʥʦʤʥʳʤʠ ʠʥʚʝʨʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɺɼ. 

 

 

Ä1.2 ɸʥʘʣʠʟ ʜʦʩʪʠʛʥʫʪʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʮʠʟʠʦʥʥʦʩʪʠ ʛʠʨʦʜʠʥʦʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

 

1.2.1 ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʘʥʘʣʦʛʠ 

 

ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ çʇʦʣʶʩè ʛ. ʊʦʤʩʢʘ ʤʥʦʛʠʝ ʛʦʜʳ 

ʟʘʥʠʤʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʀʆ ʜʣʷ ʂɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʉɻʇ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʮʝʥʪʨʘ ʚ ʩʦʟʜʘʥʠʠ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʦʥ ʠʤʝʝʪ ʧʦʣʥʦʩʪʴʶ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ, ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ 

ʀʆ, ʘ ʪʘʢʞʝ ʚʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʉɻʇ ʙʳʣ ï

 ʛʠʨʦʜʠʥ çɸʛʘʪ-10è (ʨʠʩʫʥʦʢ 1.2). ɽʛʦ ʤʘʭʦʚʠʢ 

ʩ ʢʠʥʝʪʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ 250 ʅĀʤĀʩ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʦʜʥʦʦʩʥʦʤ ʢʘʨʜʘʥʦʚʦʤ 

ʧʦʜʚʝʩʝ ʩ ʙʝʟʨʝʜʫʢʪʦʨʥʳʤ ʤʦʤʝʥʪʥʳʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʬʦʨʤʠʨʫʶʱʠʤ 

ʫʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ ʧʦ ʦʩʠ ʚʨʘʱʝʥʠʷ ʨʘʤʢʠ 

ʠ ʩʦʟʜʘʶʱʠʤ ʛʠʨʦʩʠʣʦʚʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʦʙʲʝʢʪʘ ʧʦ ʜʨʫʛʦʡ ʦʩʠ. ʉʦʟʜʘʥʠʝ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʢʥʫʪʴ ʚʝʩʴ 

ʢʣʘʩʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ [97]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ çʅʇʎ çʇʦʣʶʩè ʘʢʪʠʚʥʦ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʨʘʙʦʪʢʠ ʢʘʢ 

ʚʳʩʦʢʦʤʦʤʝʥʪʥʳʭ (ʨʠʩʫʥʦʢ 1.3, ʛ), ʪʘʢ ʠ ʤʘʣʦʤʦʤʝʥʪʥʳʭ ʉɻʇ 

(ʩʤ. ʨʠʩʫʥʦʢ 1.3, ʘ, ʙ, ʚ). ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʤʥʦʛʠʭ ʣʝʪ ʚ ʪʘʢʠʭ ʠʟʜʝʣʠʷʭ ʢʘʢ: 17ʃ21 ï ʂɸ çɻʘʣʩè, ʂɸ çɸʣʴʪʘʠʨè, ʂɸ 

 
ʈʠʩʫʥʦʢ 1.2 ï ɻʠʨʦʜʠʥ çɸʛʘʪ-10è 
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çʕʢʩʧʨʝʩʩè, ʂɸ çʕʢʩʧʨʝʩʩ-ɸè; ɸʛʘʪ-5 ï ʂɸ çSESATè, ʂɸ çʕʢʩʧʨʝʩʩ-ɸʄè [68, 

69, 94, 95]. 

ʘ) 

 
 

ʙ) 

 
 

ʚ) 

 
 

ʛ) 

 

ʈʠʩʫʥʦʢ 1.3 ï ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʛʠʨʦʜʠʥʦʚ: 

ʘ) ï ʉɻʇ-03; ʙ) ï ʉɻʇ-05; ʚ) ï ʉɻʂ-20-20; ʛ) ï 14ʄ340 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʛʠʨʦʜʠʥʳ ʤʦʛʫʪ ʠʤʝʪʴ ʜʚʘ ʚʠʜʘ ʠʩʧʦʣʥʝʥʠʷ: ʤʦʥʦʙʣʦʯʥʳʡ, 

ʢʦʛʜʘ ʩʠʣʦʚʘʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʧʨʠʙʦʨʘ, 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ï ʉɻʇ (ʩʤ. ʨʠʩʫʥʦʢ 1.3, ʘ, ʙ, ʛ); ʨʘʟʜʝʣʴʥʳʡ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʥʠʢʘ 

ʦʪʜʝʣʝʥʘ ʦʪ ʤʝʭʘʥʠʢʠ. ʊʘʢʠʝ ʧʨʠʙʦʨʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʠʣʦʚʳʤʠ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʉɻʂ) (ʩʤ. ʨʠʩʫʥʢʠ 1.3, ʚ, 1.4, 1.5). ɺ ʨʘʙʦʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʠʨʦʜʠʥʦʚ ʢʘʢ ʀʆ, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 

ʅʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢ ʞʝ ʠ ʜʨʫʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʉɻʇ 

ʂɸ, ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʌɻʋʇ ñʅʀʀ ʢʦʤʘʥʜʥʳʭ ʧʨʠʙʦʨʦʚò 

(ʅʀʀ ʂʇ) ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ʕʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʚʝʜʸʪ ʨʘʟʨʘʙʦʪʢʠ ʉɻʇ ʜʣʷ 
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ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʂɸ ʫʞʝ ʙʦʣʝʝ 30 ʣʝʪ ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1.4 ï ɺʥʝʰʥʠʡ ʚʠʜ ʉɻʂ ʀʅɸʗ46-121 

 

 
 

ʈʠʩʫʥʦʢ 1.5 ï ɺʥʝʰʥʠʡ ʚʠʜ ʉɻʂ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʅʀʀ ʂʇ 

 

ɿʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʢʦʣʝʥʠʡ ʉɻʇ, ʠʟʛʦʪʦʚʣʝʥʦ 

ʙʦʣʝʝ 500 ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʘʢ ʚʳʩʦʢʘʷ 

ʥʘʜʸʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʉɻʇ, ʪʘʢ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʛʠʨʦʜʠʥʳ ʅʀʀ ʂʇ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ 



18 

ʢʦʩʤʠʯʝʩʢʦʡ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ "ɻʘʤʤʘ", ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ "ʉʧʝʢʪʨ", ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ [79, 

83, 99, 100]. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʛʠʨʦʜʠʥʦʚ. ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʳ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʤʘʩʩʘ, 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʠʙʦʨʘ ʠ ʚʨʝʤʷ ʨʘʟʛʦʥʘ ʟʘʚʠʩʷʪ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ʉɻʇ. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʇʘʨʘʤʝʪʨʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʉɻʇ 

ʇʘʨʘʤʝʪʨ ʉɻʇ-03 ʉɻʇ-05 ʉɻʂ-20-20 ɻɼ-02-150 

ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʅĿʤĿʩ 3 5 20 150 

ʋʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ, ʅĿʤ Ñ(0é0.8) Ñ(0é1) Ñ(0é20) Ñ(0é2) 

ʋʛʦʣ ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʥʝ ʦʛʨʘʥʠʯʝʥ ʥʝ ʦʛʨʘʥʠʯʝʥ ʥʝ ʦʛʨʘʥʠʯʝʥ ʥʝ ʦʛʨʘʥʠʯʝʥ 

ʊʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʫʛʣʘ 

ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ, ʫʛʣ. 

ʤʠʥ 

3 3 3 15 

ɺʨʝʤʷ ʨʘʟʛʦʥʘ ʨʦʪʦʨʘ, ʤʠʥ 10 10 30 60 

ʀʩʧʦʣʥʝʥʠʝ ʤʦʥʦʙʣʦʢ ʤʦʥʦʙʣʦʢ 

ʙʣʦʢ ʤʝʭʘʥʠʢʠ 

ʠ ʙʣʦʢ 

ʘʚʪʦʤʘʪʠʢʠ 

ʤʦʥʦʙʣʦʢ 

ʄʘʩʩʘ, ʢʛ 5.4 6.8 16.1 32.4 

ï ʙʣʦʢ ʤʝʭʘʥʠʢʠ;   14.5  

ï ʙʣʦʢ ʘʚʪʦʤʘʪʠʢʠ.   1.6  

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ɺʪ     

ï ʨʝʞʠʤ ʨʘʟʛʦʥʘ, ɺʪ 42 45 60 145 

ï ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ, ɺʪ 20 20 30 75 

ʈʝʩʫʨʩ, ʯ 15 15 1.5 15 

ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʤʤ 316x205x210 348x260x210  Ï445/575 

ï ʙʣʦʢ ʤʝʭʘʥʠʢʠ;   Ï390/400  

ï ʙʣʦʢ ʘʚʪʦʤʘʪʠʢʠ.   207x145x125  

 

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʂɸ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʫʞʝʩʪʦʯʝʥʠʝʤ ʚʟʘʠʤʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʮʝʣʦʤʫ 

ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʉɻʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʤʘʩʩʝ, ʛʘʙʘʨʠʪʘʤ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, 

ʥʘʜʝʞʥʦʩʪʠ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʪʦʯʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ. ɺ ʩʠʣʫ ʩʧʝʮʠʬʠʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 
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ʉɻʇ (ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʠʣʴʥʳʝ ʧʝʨʝʧʘʜʳ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʘʢʫʫʤ) ʢ ʩʠʣʦʚʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʚʳʜʚʠʛʘʶʪʩʷ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʪʦʡʢʦʩʪʠ ʠ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʩʫʞʝʥʠʶ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʨʝʙʫʝʪ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʨʘʜʠʦʠʟʜʝʣʠʡ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʪʘʢ ʠ ʩʠʣʦʚʦʡ ʯʘʩʪʠ 

ʧʨʠʙʦʨʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 

ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ. ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʨʘʟʛʦʥʘ 

ʨʦʪʦʨʘ ʤʘʭʦʚʠʢʘ ʜʦ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ʋʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʙʫʝʪ ʫʩʣʦʞʥʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʯʪʦ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɸ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʥʠʞʝʥʠʷ ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ-

ʤʘʭʦʚʠʢʘ ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ (ʄɼʇ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʜʨʘʡʚʝʨʦʚ ʠ ʜʨ.). 

 

1.2.2 ɿʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ 

 

ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʄʂɸ), ʠʤʝʶʱʠʭ ʤʘʩʩʫ 500 ʢʛ ʠ ʤʝʥʝʝ, ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʜʦʣʠ ʥʘ ʨʳʥʢʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʫʩʣʫʛ [54] ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠʭ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʨʝʯʴ ʠʜʝʪ ʦ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ (ʫʧʨʘʚʣʷʶʱʠʝ ʜʚʠʛʘʪʝʣʠ-ʤʘʭʦʚʠʢʠ ʜʣʷ 

ʤʘʣʦʤʘʥʝʚʨʝʥʥʳʭ ʄʂɸ, ʠ ʩʠʣʦʚʳʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ  ï ʉɻʇ ʜʣʷ 

ʤʘʥʝʚʨʝʥʥʳʭ ʄʂɸ). 

ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʉɻʇ ʩ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʤʦʤʝʥʪʘʤʠ 5 ʅĀʤĀʩ ʠ ʤʝʥʝʝ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʷʪʩʷ ʟʘ ʨʫʙʝʞʦʤ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʬʠʨʤʘ Honeywell (ʉʐɸ) ʧʦ ʢʦʥʪʨʘʢʪʫ ʩ ɺɺʉ ʉʐɸ 

ˉFA9453-08-0247 ʩ 2008 ʛʦʜʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʉɻʂ ï ʙʣʦʢ ʠʟ ʯʝʪʳʨʝʭ ʤʘʣʳʭ CMG 

(Control Moment Gyroscope) ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ (ʨʠʩʫʥʦʢ 1.6) [101]. 
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ʘ) 

 

 

ʙ) 

 

 

ʈʠʩʫʥʦʢ 1.6 ï ʉɻʂ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʬʠʨʤʦʡ Honeywell: 

ʘ) ï ʚʥʝʰʥʠʡ ʚʠʜ; ʙ) ï ʙʣʦʢ-ʩʭʝʤʘ 

 

ʏʝʪʳʨʝ ʉɻʇ, ʕɼʄ ʢʦʪʦʨʳʭ ʥʝ ʠʤʝʝʪ ʛʝʨʤʦʢʘʤʝʨʳ, ʩʤʦʥʪʠʨʦʚʘʥʳ ʥʘ 

ʝʜʠʥʦʡ ʨʘʤʝ, ʧʦʤʝʱʝʥʥʦʡ ʚ ʛʝʨʤʝʪʠʯʥʳʡ ʢʦʨʧʫʩ, ʚ ʢʦʪʦʨʦʤ ʧʦʥʠʞʝʥʦ ʜʘʚʣʝʥʠʝ ʠ 

ʟʘʢʘʯʝʥ ʛʝʣʠʡ. ʈʘʤʘ, ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʝ ʉɻʇ, ʘʤʦʨʪʠʟʠʨʦʚʘʥʘ ï ʩʚʷʟʘʥʘ ʩ 

ʢʦʨʧʫʩʦʤ ʯʝʨʝʟ 8 ʞʠʜʢʦʩʪʥʦ-ʨʝʟʠʥʦ-ʧʨʫʞʠʥʥʳʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʦʨʠʛʠʥʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʨʤʳ Honeywell. ʂʦʥʩʪʨʫʢʮʠʷ ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʟʘʱʠʱʝʥʘ ʧʘʪʝʥʪʦʤ 

US 2010/0320358 ʦʪ 23.12.2010 ʛ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʉɻʂ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʠʣʦʚʘʷ ʠ ʫʧʨʘʚʣʷʶʱʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʥʘ ʚʩʝ 4 ʉɻʇ. 

ɻʘʙʘʨʠʪʳ ʙʣʦʢʘ ʤʝʭʘʥʠʢʠ:  

ï ʜʠʘʤʝʪʨ (102 ʤʤ); 

ï ʜʣʠʥʘ (285.75 ʤʤ). 

ʀʤʝʝʪʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʤʦʥʦʙʣʦʯʥʦʛʦ ʉɻʇ CMG 4-6S (ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʄʂɸ ʤʘʩʩʦʡ 400 ʢʛ ʠ ʤʝʥʝʝ), 

ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ EADS ï ʬʠʨʤʦʡ ASTRIUM 

(ʌʨʘʥʮʠʷ) ʩʦʚʤʝʩʪʥʦ ʩ Rockwell Collins Deutschland [102]. ʕʪʘ ʨʘʟʨʘʙʦʪʢʘ 

ʟʘʱʠʱʝʥʘ ʧʘʪʝʥʪʦʤ US 2010/0006705 ʦʪ 14.01.2010 ʛ. ɺ 2011 ʛʦʜʫ ʥʘʯʘʣʠʩʴ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.7, ʧʘʨʘʤʝʪʨʳ ʠ ʙʶʜʞʝʪ ʤʘʩʩ - ʚ ʪʘʙʣʠʮʝ 1.2. 
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ʊʘʙʣʠʮʘ 1.2 ï ʇʘʨʘʤʝʪʨʳ CMG 4-6S 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɺʝʣʠʯʠʥʘ 

1 ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʅĀʤĀʩ 4 

2 ʋʧʨʘʚʣʷʶʱʠʡ ʤʦʤʝʥʪ, ʅĀʤ 6 

3 ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʤʘʭʦʚʠʢʘ, ʦʙ/ʤʠʥ 6000 

4 ʋʛʦʣ ʧʦʚʦʨʦʪʘ, ʛʨʘʜ ʅʝʦʛʨʘʥʠʯʝʥ 

5 ʉʨʦʢ ʩʣʫʞʙʳ, ʣʝʪ 8 

6 ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʥʳʭ ʦʙʦʨʦʪʦʚ ʨʘʤʢʠ ʧʦʜʚʝʩʘ 3000000 

7 ʊʦʯʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ, ʤʠʣʣʠʨʘʜʠʘʥ <10 (34 ʫʛʣ. ʤʠʥ) 

8 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ  

ï ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ, ɺʪ 20 

ï ʨʝʞʠʤ ʨʘʟʛʦʥʘ, ɺʪ 64 

9 ɻʘʙʘʨʠʪʳ (ɼʭʐʭɺ), ʤʤ 270ʭ225ʭ313 

10 

ɹʶʜʞʝʪ ʤʘʩʩ  

ï ʙʣʦʢʘ ʤʝʭʘʥʠʢʠ, ʢʛ 10.6 

ï ʵʣʝʢʪʨʦʥʠʢʘ, ʢʛ 2.7 

 
 

ʘ) 

 
 

 

ʙ) 

 
 

 

ʈʠʩʫʥʦʢ 1.7 ï ɻʠʨʦʜʠʥ CMG 4-6S: ʘ) ʚʥʝʰʥʠʡ ʚʠʜ; ʙ) ʫʩʪʨʦʡʩʪʚʦ (3D ʤʦʜʝʣʴ) 

 

ɺ ʢʘʯʝʩʪʚʝ ʕɼʄ ʧʨʠʤʝʥʷʝʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ 

ʢʘʨʢʘʩʦʤ ʩʪʘʪʦʨʘ ʠʟ ʥʝʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʬʠʨʤʳ Teldix 

(ʧʦʜʨʘʟʜʝʣʝʥʠʷ Rockwell Collins Deutschland). ʄʘʭʦʚʠʢ ʚʨʘʱʘʝʪʩʷ ʚ 

ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʘʭ. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʕɼʄ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 

ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ-ʤʘʭʦʚʠʢ ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʝʧʣʝʥ ʚ ʧʦʜʚʝʩʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʚʦʜʘ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʩʱʸʪʦʯʥʳʡ ʤʦʤʝʥʪʥʳʡ ʜʚʠʛʘʪʝʣʴ. ʅʘ ʚʘʣʫ 
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ʜʚʠʛʘʪʝʣʷ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ (22 ʨʘʟʨʷʜʥʳʡ 

ʢʦʜʦʚʳʡ ʩʠʛʥʘʣ). 

 

ʊʘʙʣʠʮʘ 1.3 ï ʇʘʨʘʤʝʪʨʳ ʕɼʄ 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ɺʝʣʠʯʠʥʘ 

1 ʂʠʥʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʅĀʤĀʩ 4 

2 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ: 

ï ʨʘʙʦʯʘʷ, ʦʙ/ʤʠʥ 
6000 

 ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ, ʦʙ/ʤʠʥ 7000 

3 ʄʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʤʅĀʤ 75 

4 ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʤʘʢʩʠʤʘʣʴʥʳʡ), ʤʅĀʤ 20 

5 ɻʘʙʘʨʠʪʳ: ʜʠʘʤʝʪʨ/ʚʳʩʦʪʘ, ʤʤ Ï222/85 

6 ʄʘʩʩʘ, ʢʛ 3.7 

8 ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ, ɸ 3.75 

9 
ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ: 

ï ʤʠʥʝʨʘʣʴʥʘʷ ʩʤʘʟʢʘ ʧʦʜʰʠʧʥʠʢʦʚ, ęʉ 
ʆʪ ʤʠʥʫʩ 20 ʜʦ +60 

 ï ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʩʤʘʟʢʘ ʧʦʜʰʠʧʥʠʢʦʚ, ęʉ ʆʪ ʤʠʥʫʩ 40 ʜʦ +75 

10 ʉʨʦʢ ʩʣʫʞʙʳ ʥʘ ʦʨʙʠʪʝ, ʣʝʪ 15 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ CMG ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʤʦʥʦʙʣʦʢʘ ï ʚʩʷ ʵʣʝʢʪʨʦʥʠʢʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʢʦʨʧʫʩʝ, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʙʣʦʢ ʤʝʭʘʥʠʢʠ. ʈʘʟʤʝʱʝʥʠʝ 

ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʘʣʶʤʠʥʠʝʚʦʤ ʩʠʣʦʚʦʤ ʢʦʨʧʫʩʝ, ʧʦ ʟʘʤʳʩʣʫ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʜʦʣʞʥʦ 

ʧʦʚʳʩʠʪʴ ʝʝ ʨʘʜʠʘʮʠʦʥʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ. 

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʉɻʇ ʤʦʞʥʦ 

ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʫʩʪʫʧʘʶʪ ʟʘʨʫʙʝʞʥʳʤ, ʘ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʘʧʨʠʤʝʨ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ, 

ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ. 

 

 

Ä1.3 ʉʚʦʡʩʪʚʘ ʩʠʩʪʝʤ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʨʘʤʢʠ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭʦʪʩʯʝʪʥʳʭ ʜʘʪʯʠʢʦʚ 

 

 

ɺ ʉɻʇ ʦʯʝʥʴ ʚʘʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʨʘʤʢʠ ʢʘʨʜʘʥʦʚʘ 

ʧʦʜʚʝʩʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ (ʝʜʠʥʠʮʳ ʫʛʣ. ʤʠʥ), ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ 
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ʧʦʚʦʨʦʪʦʚ ʧʣʘʪʬʦʨʤʳ ʂɸ ʚ ʦʨʙʠʪʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦʣʫʯʝʥʠʝ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʠ ʫʛʣʘ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʝʡ. ɼʣʷ ʘʥʘʣʦʛʦʚʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʫʛʣʘ ʚ ʤʘʩʰʪʘʙʝ 1:1, 

ʥʝ ʠʤʝʶʱʠʭ ʦʪʩʯʝʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʨʝʜʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʙʦʣʴʰʠʤ, ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ 

ʪʦʯʥʦʩʪʴ. ʆʪʩʯʝʪʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʫʛʣʘ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʥʝ ʤʝʥʝʝ 30 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʦʯʥʦʩʪʠ ʦʪʩʯʝʪʘ. ɺ ʮʠʬʨʦʚʳʭ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʘʟʳ ʠʣʠ ʘʤʧʣʠʪʫʜʳ ʚ ʢʦʜ ʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʪʳʢʦʚʢʠ ʢʘʥʘʣʦʚ 

ʪʦʯʥʦʛʦ ʠ ʛʨʫʙʦʛʦ ʦʪʩʯʝʪʘ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 2
n
 (32, 64, 128 ʠ ʪ. ʜ.), ʛʜʝ n = 5, 6, 7 ʠ ʪ. ʜ. [7]. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʤʝʪʴ ʙʦʣʴʰʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʦʙʳʯʥʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ ʉʂʊ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʤʥʦʛʦʧʦʣʶʩʥʳʭ ʧʦʚʦʨʦʪʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʦʙʤʦʪʢʘʤʠ ʥʘ ʨʦʪʦʨʝ ʠ ʩʪʘʪʦʨʝ, 

ʯʪʦ ʥʝʧʨʠʝʤʣʝʤʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʢʦʨʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʉɻʇ ʩ ʧʦʤʦʱʴʶ ʠʥʜʫʢʮʠʦʥʥʦʛʦ 

ʨʝʜʫʢʪʦʩʠʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʧʦʚʦʨʦʪʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʥʠʭ ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʤʦʪʦʢ ʥʘ ʨʦʪʦʨʝ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ 

ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʨʝʜʫʢʪʦʩʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʠʥʫʩʥʦ -

 ʢʦʩʠʥʫʩʥʳʡ ʧʦʚʦʨʦʪʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʝʡ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ [19]. ʉʪʘʪʦʨ ʩʦʙʨʘʥ ʠʟ ʧʣʘʩʪʠʥ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ ʩ 

ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʟʫʙʮʦʚ, ʘ ʨʦʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʟʫʙʯʘʪʦʛʦ ʢʦʣʴʮʘ 

ʠʟ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ ʠʣʠ ʩʦʙʨʘʥ ʪʘʢʞʝ ʠʟ ʧʣʘʩʪʠʥ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʯʠʩʣʘʤʠ ʟʫʙʮʦʚ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ. ɼʣʷ ʧʦʷʩʥʝʥʠʷ ʧʨʠʥʮʠʧʘ 

ʨʘʙʦʪʳ ʨʝʜʫʢʪʦʩʠʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʝʣ ʟʫʙʮʦʚ ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʨʘʚʥʦ 
4
/3 ʠʣʠ 

4
/5 [55]. 
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ʈʠʩʫʥʦʢ 1.8 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʨʝʜʫʢʪʦʩʠʥʘ ʀʈ 

 

ɿʜʝʩʴ ɻʆʅ ï ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; ʋʆʀ ï ʫʩʪʨʦʡʩʪʚʦ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ; Uʚʭ ï ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʝʜʫʢʪʦʩʠʥʘ; I1, I2 ï ʪʦʢ ʧʝʨʚʠʯʥʦʡ ʠ 

ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʦʢ; r1, r2 ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ 

ʦʙʤʦʪʦʢ; x1, x2 ï ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʦʢ; 

'
1 1, n

m mx x  ï ʠʥʜʫʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʟʘʠʤʥʦʡ ʠʥʜʫʢʮʠʠ; ű ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʨʦʪʦʨʘ; Rʥ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ; Uʚʳʭ ï ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʝʜʫʢʪʦʩʠʥʘ. 

ʂʘʢ ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ, ʪʘʢ ʠ ʜʚʝ ʚʪʦʨʠʯʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʙʤʦʪʢʠ 

ʨʘʟʤʝʱʝʥʳ ʥʘ ʧʘʢʝʪʝ ʩʪʘʪʦʨʘ. ʇʨʠ ʧʠʪʘʥʠʠ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʧʝʨʝʤʝʥʥʳʤ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ (ʨʠʩʫʥʦʢ 1.8) ʥʘ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʢʘʭ ʜʝʡʩʪʚʫʶʪ 

ʜʚʘ ʥʘʧʨʷʞʝʥʠʷ, ʘʤʧʣʠʪʫʜʳ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʶʪʩʷ ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʩʜʚʠʛʦʤ, ʨʘʚʥʳʤ 90 ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʛʨʘʜʫʩʘʤ ʠʣʠ 
1
/4  ʟʫʙʮʦʚʦʛʦ 

ʜʝʣʝʥʠʷ ʨʦʪʦʨʘ. ʇʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʥʘ ʫʛʦʣ, ʨʘʚʥʳʡ ʟʫʙʮʦʚʦʤʫ ʜʝʣʝʥʠʶ, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʳʡ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʧʨʠ ʧʦʚʦʨʦʪʝ ʨʦʪʦʨʘ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʯʠʩʣʦ ʧʝʨʠʦʜʦʚ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʦ ʯʠʩʣʫ ʟʫʙʮʦʚ ʨʦʪʦʨʘ. 

ʌʦʨʤʘ ʢʨʠʚʦʡ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʫʛʣʦʚʳʭ 

ʨʘʟʤʝʨʦʚ ʟʫʙʮʦʚ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ ʠ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ; ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʣʠʟʢʫʶ ʢ ʩʠʥʫʩʦʠʜʝ 

ʬʦʨʤʫ ʢʨʠʚʦʡ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ ʚ ʬʫʥʢʮʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʧʦʩʪʨʦʝʥʠʝ ʜʚʫʭʦʪʩʯʝʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʛʨʫʙʳʤ ʠ ʪʦʯʥʳʤ ʢʘʥʘʣʦʤ, ʛʜʝ ʛʨʫʙʳʡ 

ʢʘʥʘʣ ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʘ ʯʝʨʝʟ ʥʫʣʴ, 

ʪ.ʝ. ʦʪʩʯʠʪʳʚʘʶʱʠʡ ʰʘʛ ʜʘʪʯʠʢʘ: 

jh  =360
 ̄
/ nʨ, (1.3) 

ʛʜʝ nʨ ï ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭʦʪʩʯʝʪʥʦʡ ʩʠʩʪʝʤʳ ʪʨʝʙʫʝʪʩʷ ʜʚʘ ʜʘʪʯʠʢʘ, ʯʪʦ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʚʤʝʱʘʶʪ 

ʜʘʪʯʠʢʠ ʛʨʫʙʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʪʩʯʝʪʘ ʥʘ ʦʜʥʦʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ. ɼʚʫʭʦʪʩʯʝʪʥʳʝ 

ʜʘʪʯʠʢʠ ʩʦʩʪʦʪ̫ ʠʟ ʜʚʫʭ ʧʘʢʝʪʦʚ ʩʪʘʪʦʨʦʚ ʪʦʯʥʦʛʦ ʠ ʛʨʫʙʦʛʦ ʢʘʥʘʣʦʚ ʩ ʪʨʝʤʷ 

ʦʙʤʦʪʢʘʤʠ ʥʘ ʢʘʞʜʦʤ ʩʪʘʪʦʨʝ (ʜʚʝ ʚʳʭʦʜʥʳʝ ʦʙʤʦʪʢʠ ʠ ʦʙʤʦʪʢʘ ʚʦʟʙʫʞʜʝʥʠʷ) ʠ 

ʩʦʚʤʝʱʝʥʥʦʛʦ ʨʦʪʦʨʘ (ʚʪʫʣʢʠ ʩ ʟʫʙʮʘʤʠ ʥʘ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʷʭ). ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.9. 

ʛʦ sinW

ʛʦ cosW

ʪʦ sinW

ʪʦ cosW

ɻʆ

ʊʆ

ʚ ʛʦW

ʚ ʪʦW

ɻʆʅ ʋʆʀ

 
 
 

ʈʠʩʫʥʦʢ 1.9 ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʚʫʭʦʪʩʯʝʪʥʦʛʦ ʜʘʪʯʠʢʘ: ʪʦ

ʚW , ʛʦ

ʚW ï ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ; 
ʪʦ

sinW , ʪʦ

cosW  ï ʚʳʭʦʜʥʳʝ ʦʙʤʦʪʢʠ ʪʦʯʥʦʛʦ ʦʪʩʯʝʪʘ; ʛʦ

sinW , ʛʦ

cosW  ï ʚʳʭʦʜʥʳʝ ʦʙʤʦʪʢʠ ʛʨʫʙʦʛʦ ʦʪʩʯʝʪʘ 
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ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʠ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʪʦ ʠ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʯʠʩʣʦ ʨʘʟ, ʨʘʚʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʨʝʜʫʢʮʠʠ [37, 23], ʧʨʠ ʫʩʣʦʚʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʚʝʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʷ ʢʘʥʘʣʦʚ ʛʨʫʙʦʛʦ ʠ ʪʦʯʥʦʛʦ ʦʪʩʯʝʪʦʚ. 

ɺ Ä2.3 ʠʟʣʦʞʝʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ 

ʨʘʤʢʠ ʧʦʜʚʝʩʘ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʠʝ ʪʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ ʪʦʣʴʢʦ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʜʫʢʮʠʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ 32 ʚ ʩʦʯʝʪʘʥʠʠ ʩ 14-ʨʘʟʨʷʜʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʚ ʪʦʯʥʦʤ ʦʪʩʯʝʪʝ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʜʦ 19 ʙʠʪ (ʨʘʟʨʝʰʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ 2.5"), ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 14-16 

ʙʠʪ ʠʟ-ʟʘ ʥʝʠʜʝʘʣʴʥʦʩʪʠ ʨʝʜʫʢʪʦʨʘ, ʠʤʝʶʱʝʛʦ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʣʶʬʪ. 

 

 

Ä1.4 ʆʜʥʦʧʦʣʷʨʥʘʷ ʨʝʚʝʨʩʠʚʥʘʷ ʤʦʜʫʣʷʮʠʷ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʢʘʢ 

ʩʨʝʜʩʪʚʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

 

 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʩʢʦʨʦʩʪʥʳʭ ʩʠʩʪʝʤ ʩʠʣʦʚʳʭ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʆʜʥʠʤ ʠʟ ʜʦʤʠʥʠʨʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʦʛʦ ʨʦʜʘ 

ʜʚʠʛʘʪʝʣʷʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʚʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚ ʨʘʡʦʥʝ ʥʫʣʝʚʦʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ [85, 88, 98, 100]. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʨʝʰʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʥʘʰʣʠ ʩʠʩʪʝʤʳ ʩ ʠʤʧʫʣʴʩʥʳʤ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʤ ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʤ, ʥʘ 

ʦʜʥʦʤ ʠʟ ʚʭʦʜʦʚ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʩʠʛʥʘʣ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ, 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʜʘʶʱʝʤʫ ʩʠʛʥʘʣʫ, ʘ ʥʘ ʜʨʫʛʦʤ ʚʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ 

ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ ʩ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ [13, 84, 87, 96]. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 
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ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʟʘʜʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ 

( ) ( )0 ʟ 0 ʟ 0 0 ʟ 0sin cos cos sin sinU t t t t U tW w + W w = W +w; (1.4) 

( ) ( )0 ʟ 0 ʟ 0 0 ʟ 0cos cos sin sin cosU t t t t U tW w - W w = W +w, (1.5) 

ʛʜʝ ɋʟ ï ʯʘʩʪʦʪʘ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ;  

ɤ0 ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʧʦʚʳʰʝʥʥʘʷ ʯʘʩʪʦʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʩʠʛʥʘʣʳ ʪʝʢʫʱʝʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʚ 

ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʳ (ɋʪʝʢ + ɤ0). ʈʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʩʠʛʥʘʣʘʤʠ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʦʰʠʙʢʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ [25, 65, 66, 67]. 

ʊʘʢʦʡ ʧʫʪʴ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ [31, 103, 105, 

106] ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ɋʟ ʠ ɋʪʝʢ ʧʦ ʜʚʫʤ 

ʢʦʦʨʜʠʥʘʪʘʤ ʚ ʩʠʛʥʘʣʳ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ɋʟ + ɤ0 ʠ ɋʪʝʢ + ɤ0  ʚ ʮʝʧʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʜʘʶʱʝʛʦ ʩʠʛʥʘʣʘ ʠ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʝʦʧʨʘʚʜʘʥʥʦ ʫʩʣʦʞʥʷʝʪ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʮʝʧʝʡ ʚʢʣʶʯʘʝʪ ʧʦ ʯʝʪʳʨʝ ʫʤʥʦʞʠʪʝʣʷ ʠ ʧʦ ʜʚʘ 

ʩʫʤʤʘʪʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʥʘ ʚʳʭʦʜʝ ʬʘʟʦʚʦʛʦ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ, 

ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ [49, 50]. 

ɺʦ-ʚʪʦʨʳʭ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʮʠʬʨʦʚʳʭ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚ ʢʦʥʪʫʨʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʚʳʯʠʩʣʷʝʤʦʡ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʛʨʘʥʠʯʝʥʠʶ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ [36]. 

ɺ-ʪʨʝʪʴʠʭ, ʜʠʩʢʨʝʪʥʦʝ ʩʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʥʦʩʪʠ ʬʘʟ ʧʦ ʫʛʣʫ ʠ 

ʦʙʨʘʙʦʪʢʘ ʠʤʧʫʣʴʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʬʘʟʦʚʳʤ ʜʠʩʢʨʠʤʠʥʘʪʦʨʦʤ ʠʩʢʣʶʯʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʘʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʥʫʣʝʚʦʡ 

ʦʰʠʙʢʦʡ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ [73]. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʥʦʡ ʧʫʪʴ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʟʘʜʘʥʠʷ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ, ʠʩʢʣʶʯʘʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 1.10. ɺ ʮʝʣʦʤ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʚʝʥʪʠʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʜʚʫʤʷ 
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ʬʘʟʥʳʤʠ ʦʙʤʦʪʢʘʤʠ, ʨʦʪʦʨ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥ ʩ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʤ ʜʘʪʯʠʢʦʤ 

ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ (ɼʇʈ) [52]. ɼʚʫʭʬʘʟʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ɼʇʏ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʠʥʚʝʨʪʦʨʘ, ʬʦʨʤʠʨʫʶʱʠʭ ʥʘ ʬʘʟʥʳʭ ʦʙʤʦʪʢʘʭ 

ʧʝʨʝʤʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʜʚʫʭʚʭʦʜʦʚʳʝ ʫʤʥʦʞʠʪʝʣʠ ʋʄ1 ʠ ʋʄ2, ʩʫʤʤʘʪʦʨʳ Ɇ1 

ʠ Ɇ2, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʡ ʇʀ-ʨʝʛʫʣʷʪʦʨ ʠ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʳʡ 

ʬʦʨʤʠʨʦʚʘʪʝʣʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ ʌʋʉ1 ʠ ʌʋʉ2, ʢʦʪʦʨʳʝ ʯʝʨʝʟ ʤʦʜʫʣʷʪʦʨ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ) ʩʠʥʭʨʦʥʠʟʠʨʫʝʪ ʤʦʤʝʥʪʳ ʢʦʤʤʫʪʘʮʠʠ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ɼʇʏ [80]. 

ɼʇʏ

ʌʘʟʥʳʝ
ʦʙʤʦʪʢʠ 

ɺɼ

ʈʦʪʦʨ

ʌʋʉ1

ʤʦʜʫʣʷʪʦʨ ʐʀʄ

ʌʋʉ2

ʇʀ-
ʨʝʛʫʣʷʪʦʨ

Ɇ2
ʟU

ɼʇʈ

ī

+

ʋʄ1

ʋʄ2
Ɇ1

 
 

ʈʠʩʫʥʦʢ 1.10 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ɺɼ 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʨʘʙʦʪʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [77, 81]. ʅʘ ʚʭʦʜ ʩʫʤʤʘʪʦʨʘ Ɇ2 ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ 

ʫʧʨʘʚʣʝʥʠʷ Uʟ, ʷʚʣʷʶʱʝʝʩʷ ʟʘʜʘʥʠʝʤ ʥʘ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ʅʘ 
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ʚʪʦʨʦʡ ʚʭʦʜ ʵʪʦʛʦ ʩʫʤʤʘʪʦʨʘ ʧʦʜʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʫʤʤʘʪʦʨʘ Ɇ1 ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ Ɇ2 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʛʥʘʣ ʦʰʠʙʢʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ [72, 76]. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

ʦʰʠʙʢʠ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜʳ ʩʠʥʫʩʥʦ-ʢʦʩʠʥʫʩʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ ʌʋʉ1, ʌʋʉ2. ʌʦʨʤʠʨʦʚʘʪʝʣʠ ʧʨʝʦʙʨʘʟʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ 

ʚ ʜʚʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʘ sinɋʟt ʠ cosɋʟt, ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 

ʦʰ
ʟ 2 1.41

const

U
W = pÖ , (1.6) 

ʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʥʠʝʤ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʨʦʪʦʨʘ. 

ʕʪʠ ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʤʦʜʫʣʷʪʦʨʘ ʐʀʄ, ʢʦʪʦʨʳʝ 

ʧʨʝʦʙʨʘʟʫʶʪ ʠʭ ʚ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʜʚʫʭʬʘʟʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ɼʇʏ. ʅʘ ʩʪʘʪʦʨʥʳʭ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ ʜʝʡʩʪʚʫʶʪ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʤ ʩʠʛʥʘʣʘʤ ʠ ʚ ʵʪʠʭ ʦʙʤʦʪʢʘʭ ʧʨʦʪʝʢʘʶʪ ʪʦʢʠ Imsin(ɋʟt +  ɣ) ʠ 

Imcos(ɋʟt +  ɣ). ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʥʘ ʚʳʭʦʜʘʭ ɼʇʈ 

ʜʝʡʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʷ Uʜʧʨ1 = Umsinɋʚʨt ʠ Uʜʧʨ2 = Umcosɋʚʨt. ʕʪʠ ʥʘʧʨʷʞʝʥʠʷ 

ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʦʧʘʨʥʦ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚʭʦʜʳ ʫʤʥʦʞʠʪʝʣʝʡ ʋʄ1, ʋʄ2, ʥʘ ʚʳʭʦʜʘʭ 

ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʷ: 

( )2

1 ʚʨ ʚʨsin 0.5 0.5cos2m mU U t U t= W = - W; (1.7) 

( )2

2 ʚʨ ʚʨcos 0.5 0.5cos2m mU U t U t= W = + W. (1.8) 

ʅʘʧʨʷʞʝʥʠʷ U1, U2, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʚʭʦʜʳ ʧʝʨʚʦʛʦ 

ʩʫʤʤʘʪʦʨʘ Ɇ1, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

( )ʚʨ ʚʨ0.5 0.5cos2 0.5 0.5cos2m mU U t t US= - W + + W =, (1.9) 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʘ ʝʛʦ ʚʝʣʠʯʠʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ɋʚʨ. ɸʩʪʘʪʠʟʤ ʩʠʩʪʝʤʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʇʀ-

ʨʝʛʫʣʷʪʦʨʘ ʨʘʟʥʦʩʪʥʦʛʦ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ Uʟ - UɆ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʧʦʣʷʨʥʦʡ ʨʝʚʝʨʩʠʚʥʦʡ ʤʦʜʫʣʷʮʠʠ ʰʠʨʦʪʥʦ-

ʠʤʧʫʣʴʩʥʳʡ ʤʦʜʫʣʷʪʦʨ (ʨʠʩʫʥʦʢ 1.11) ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʟʘʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ɿɻ, 

ʜʚʫʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʨʝʫʛʦʣʴʥʳʭ ʨʘʟʚʝʨʪʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ɻʈʅ1 , ɻʈʅ2, ʬʘʟʳ 

ʚʳʭʦʜʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 180 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ ʠ ʯʝʪʳʨʝʭ ʢʦʤʧʘʨʘʪʦʨʦʚ ʂ1 - ʂ4 . ʆʜʥʠ ʚʭʦʜʳ 

ʢʦʤʧʘʨʘʪʦʨʦʚ ʦʙʲʝʜʠʥʝʥʳ ʠ ʦʙʨʘʟʫʶʪ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʤʦʜʫʣʷʪʦʨʘ, ʘ ʢʘʞʜʳʡ 

ʠʟ ʛʝʥʝʨʘʪʦʨʦʚ ʨʘʟʚʝʨʪʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʢʘʞʜʦʡ ʩʪʦʡʢʠ ʠʥʚʝʨʪʦʨʦʚ ʜʚʫʭʬʘʟʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ. 

ɺʳʭʦʜʳ ʢʦʤʧʘʨʘʪʦʨʦʚ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʫʭʬʘʟʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ. 
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ʈʠʩʫʥʦʢ 1.11 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷʪʦʨʘ ʐʀʄ ʠ ɼʇʏ 

 

ʉʪʨʫʢʪʫʨʘ ʜʚʫʭʬʘʟʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ (ʩʤ. ʨʠʩʫʥʦʢ 1.11) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝ ʜʨʘʡʚʝʨʘ ɼ1 - ɼ4, ʜʚʘ ʤʦʩʪʦʚʳʭ ʠʥʚʝʨʪʦʨʘ VT1 - VT4 

ʠ VT5 - VT8 ʚʭʦʜʥʳʝ ʟʘʞʠʤʳ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʘ ʚʳʭʦʜʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ 

ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
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ʈʘʙʦʪʫ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʠ ʠʥʚʝʨʪʦʨʦʚ ʜʚʫʭʬʘʟʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʧʦʷʩʥʷʶʪ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘ ʨʠʩʫʥʢʝ 1.12. 

ɺʳʭʦʜʥʳʝ ʠʤʧʫʣʴʩʳ U1 ʟʘʜʘʶʱʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪ ʨʘʙʦʪʫ 

ʛʝʥʝʨʘʪʦʨʦʚ ʪʨʝʫʛʦʣʴʥʳʭ ʨʘʟʚʝʨʪʳʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ɻʈʅ1, ɻʈʅ2 ʪʘʢ, ʯʪʦ ʥʘ 

ʠʭ ʚʳʭʦʜʘʭ ʠ ʥʘ ʦʜʥʠʭ ʠʟ ʚʭʦʜʦʚ ʢʦʤʧʘʨʘʪʦʨʦʚ ʂ1, ʂ3 ʠ ʂ2, ʂ4 ʜʝʡʩʪʚʫʶʪ 

ʥʘʧʨʷʞʝʥʠʷ U2, U3, ʬʘʟʳ ʢʦʪʦʨʳʭ ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 180 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ [78]. ʅʘ ʚʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚʭʦʜʳ ʢʦʤʧʘʨʘʪʦʨʦʚ ʂ1, 

ʂ2 ʠ ʂ3, ʂ4 ʧʦʜʘʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ sinɋʟt ʠʣʠ cosɋʟt, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ 

ʠʟ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ 

ʠʥʚʝʨʪʦʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1.12 ʦʙʦʟʥʘʯʝʥʦ: U1-ʠʤʧʫʴʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʜʘʶʱʝʛʦ 

ʛʝʥʝʨʘʪʦʨʘ; U2 ï ʪʨʝʫʛʦʣʴʥʦʝ ʨʘʟʚʝʨʪʳʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ; U3 ï ʩʤʝʱʝʥʥʦʝ ʧʦ 

ʬʘʟʝ ʪʨʝʫʛʦʣʴʥʦʝ ʨʘʟʚʝʨʪʳʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ; U4 ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʭʦʜʘ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ; U5, U6 ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʨʷʤʳʭ ʚʳʚʦʜʘʭ 

ʢʦʤʧʘʨʘʪʦʨʦʚ; U7, U8 ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʚʝʨʩʥʳʭ ʚʳʚʦʜʘʭ ʢʦʤʧʘʨʘʪʦʨʦʚ; U9 ï

 ʚr ʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʥʚʝʨʪʦʨʘ. 
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ʇʫʩʪʴ ʩ 0 ʧʦ 3 ʪʘʢʪʦʚʳʡ ʧʝʨʠʦʜ ʢʦʤʤʫʪʘʮʠʠ ʐʀʄ ʜʝʡʩʪʚʫʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ U4, ʪʦʛʜʘ ʥʘ ʧʨʷʤʳʭ ʚʳʭʦʜʘʭ ʢʦʤʧʘʨʘʪʦʨʦʚ ʙʫʜʫʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U5 ʠ U6, ʘ ʥʘ ʠʥʚʝʨʩʥʳʭ ʚʳʭʦʜʘʭ 

ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U7, U8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʩʣʦʚʠʤʩʷ, ʯʪʦ ʥʠʟʢʠʡ 

(ʥʫʣʝʚʦʡ) ʫʨʦʚʝʥʴ ʵʪʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʢʣʶʯʝʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ ʪʨʘʥʟʠʩʪʦʨʦʚ VT1-VT8, ʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ï ʚʢʣʶʯʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ʇʨʠ ʪʘʢʦʤ ʘʣʛʦʨʠʪʤʝ ʧʨʦʚʦʜʷʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ: VT3, VT1 - VT1, 

VT4 - VT4, VT2 - VT4, VT1 - VT1, VT3 ï ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ U9 ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. 

ʂʦʛʜʘ ʩʠʛʥʘʣ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʭʦʜʘ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ U4 

ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (3 - 6 ʪʘʢʪʦʚʳʡ ʧʝʨʠʦʜ ʢʦʤʤʫʪʘʮʠʠ ʐʀʄ), ʪʦʛʜʘ 

ʥʘ ʧʨʷʤʳʭ ʚʳʭʦʜʘʭ ʢʦʤʧʘʨʘʪʦʨʦʚ ʂ3, ʂ4 ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U5 ʠ U6, ʘ ʥʘ ʠʥʚʝʨʩʥʳʭ ʚʳʭʦʜʘʭ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U7, U8 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʪʘʢʦʤ ʘʣʛʦʨʠʪʤʝ ʧʨʦʚʦʜʷʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ: VT1, VT3 - VT3, VT2 - VT2, VT4 - VT2, VT3 - VT1, 

VT3 ï ʥʘ ʚʳʭʦʜʝ ʠʥʚʝʨʪʦʨʘ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʧʦʣʷʨʥʦʩʪʠ U9 [11, 27, 28, 32]. 

ʂʦʛʜʘ ʩʠʛʥʘʣ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʭʦʜʘ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ U4 

ʠʤʝʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ (6 - 8 ʪʘʢʪʦʚʳʡ ʧʝʨʠʦʜ ʢʦʤʤʫʪʘʮʠʠ ʐʀʄ), ʪʦ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʪʨʘʥʟʠʩʪʦʨʦʚ ʙʫʜʫʪ ʧʦʩʪʫʧʘʪʴ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ U5, U6 ʠ ʠʥʚʝʨʩʥʳʝ ʠʤ U7, U8. ʇʨʠ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʫʜʫʪ 

ʚʢʣʶʯʝʥʳ ʪʨʘʥʟʠʩʪʦʨʳ VT1, VT3 (VT5, VT7) ʠʣʠ ʪʨʘʥʟʠʩʪʦʨʳ VT2, VT4 (VT6, 

VT8). ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʥʚʝʨʪʦʨʘ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ ʥʫʣʶ U9, ʧʦʩʢʦʣʴʢʫ 

ʬʘʟʥʳʝ ʦʙʤʦʪʢʠ ʙʫʜʫʪ ʟʘʢʦʨʦʯʝʥʳ, ʣʠʙʦ ʚʝʨʭʥʠʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʠʥʚʝʨʪʦʨʘ, 

ʣʠʙʦ ʥʠʞʥʠʤʠ. 

ɺ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʶʪ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʩʠʛʥʘʣ  r sinɋʟt ʠ cosɋʟt, ʢʦʪʦʨʳʝ ʠ ʦʧʨʝʜʝʣʷʶʪ ʚʳʭʦʜʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʠʥʚʝʨʪʦʨʦʚ ʜʚʫʭʬʘʟʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 1.12). ɺ ʦʙʤʦʪʢʘʭ ʜʚʠʛʘʪʝʣʷ 

ʙʫʜʫʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢʠ Imsin(ɋʟt + ɣ) ʠ Imcos(ɋʟt + ɣ). 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʤʛʥʦʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʩʪʘʪʠʯʝʩʢʦʡ, ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ 

ʚʳʭʦʜʝ ʇʀ-ʨʝʛʫʣʷʪʦʨʘ, ʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ 

sinɋʟt ʠ cosɋʟt, ʪʘʢ, ʯʪʦʙʳ ʚ ʬʘʟʥʳʭ ʦʙʤʦʪʢʘʭ ʧʨʦʪʝʢʘʣʠ ʧʦʩʪʦʷʥʥʳʝ ʪʦʢʠ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ. ʀʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʣʷʨʥʦʩʪʠ ʟʘʜʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ʀʩʢʣʶʯʝʥʠʝ ʠʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʤʥʦʞʠʪʝʣʝʡ 

ʠ ʩʫʤʤʘʪʦʨʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʠ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʉʥʠʞʝʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʚʳʯʠʩʣʷʝʤʦʡ ʦʰʠʙʢʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʟʘʷʚʣʝʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʠʞʝ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ. 

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ, ʢʘʢ 

ʜʚʫʭʧʦʣʷʨʥʘʷ, ʪʘʢ ʠ ʦʜʥʦʧʦʣʷʨʥʘʷ 

ʨʝʚʝʨʩʠʚʥʘʷ ʤʦʜʫʣʷʮʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʠʥʚʝʨʪʦʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 1.13 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʫʣʴʩʘʮʠʡ ʦʪ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʧʨʘʚʣʷʶʱʝʤ 

ʚʦʟʜʝʡʩʪʚʠʠ [3, 4, 64, 12]. ɿʜʝʩʴ kʧ ï

 ʢʦɻʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ; Uʫ ï ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ; ɼʈʄ ï ʜʚʫʭʧʦʣʷʨʥʘʷ 

 kʧ 

Uy 

4 

3 

2 

1 

-1.0 1.0 0 

ɼʈʄ 

ʆʈʄ 

 

ʈʠʩʫʥʦʢ 1.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʫʣʴʩʘʮʠʡ ʦʪ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ 
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ʨʝʚʝʨʩʠʚʥʘʷ ʤʦʜʫʣʷʮʠʷ; ʆʈʄ ï ʦʜʥʦʧʦʣʷʨʥʘʷ ʨʝʚʝʨʩʠʚʥʘʷ ʤʦʜʫʣʷʮʠʷ. ʀʟ 

ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʙʫʜʫʪ ʥʘʠʙʦʣʴʰʠʤʠ ʧʨʠ ʜʚʫʭʧʦʣʷʨʥʦʡ 

ʨʝʚʝʨʩʠʚʥʦʡ ʤʦʜʫʣʷʮʠʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.14 ʧʨʠʚʝʜʝʥʳ ʨʘʟʚʝʨʪʳʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʐʀʄ. 

 

1
ʷ
 
ʬ
ʘ
ʟ
ʘ

 

ʘ) 

 

ʙ) 

 

ʚ) 
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ʈʠʩʫʥʦʢ 1.14 ï ʅʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʚ ʤʦʜʫʣʷʪʦʨʝ ʐʀʄ ʜʣʷ 1ʡ ʠ 2ʡ ʬʘʟʳ: 

ʘ) ï ɼʈʄ; ʙ) ï ʆʈʄ; ʚ) ï ʆʈʄ ʩʦ ʩʤʝʱʝʥʠʝʤ 

 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ɺɼ, 

ʦʧʠʩʘʥʥʦʛʦ ʚ Ä2.1, Ä2.2, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʘʛʨʘʤʤʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.15 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1.13. 

ʂʦʵʬʬʠʮʠʝʥʪ r ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ kʧn ʠ ʤʦʤʝʥʪʘ kʧM  

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʦʪʥʝʩʝʥʥʘʷ 

ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ: 

max min
ʧ

ʩʨʝʜ

100%n

n n
k

n

-
= Ö , max min

ʧ

ʩʨʝʜ

100%M

M M
k

M

-
= Ö  (1.10) 

ʛʜʝ nmax, Mmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

nmin, Mmin ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

nʩʨʝʜ, Mʩʨʝʜ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʠʩʫʥʢʦʤ 1.15, ʘ ʧʫʣʴʩʘʮʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ kʧn ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ kʧM ɺɼ ʧʨʠ ɼʈʄ ʨʘʚʥʳ: 

ʧ

3000.40 2998.44
100% 0.07%

2999.60
nk

-
= Ö = ; 3

ʧ

9.63 5.96
10 100% 47.09%

7.80
Mk - -
= Ö = . 
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nmax 

n, ʦʙ/ʤʠʥ 

nmin 

t, c  

ʙ) 
 

 

nmax 

nmin 

n, ʦʙ/ʤʠʥ 

t, c 
 

ʚ) 
 

 

n, ʦʙ/ʤʠʥ 

nmin 

nmax 

t, c 
 

 

 

M, ʅʤ 

Mmax 

Mmin 

t, c  

 

 

 

 

ʈʠʩʫʥʦʢ 1.15 ï ɺʝʣʠʯʠʥʘ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ: 

ʘ) ï ʧʨʠ ɼʈʄ; ʙ) ï ʧʨʠ ʆʈʄ; ʚ) ï ʧʨʠ ʆʈʄ ʩʦ ʩʤʝʱʝʥʠʝʤ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʠʩʫʥʢʦʤ 1.15, ʙ ʧʫʣʴʩʘʮʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ kʧn ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ kʧM ɺɼ ʧʨʠ ʆʈʄ ʨʘʚʥʳ: 

; . 

ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ 

ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʝʩʣʠ ʨʘʟʚʝʨʪʳʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʐʀʄ ʩ ʆʈʄ 

ʩʤʝʩʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʞʜʦʡ ʬʘʟʳ ʥʘ ʧʦʣʧʝʨʠʦʜʘ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1.14, ʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʠʩʫʥʢʦʤ 1.15, ʚ ʧʫʣʴʩʘʮʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ kʧn ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ kʧM ɺɼ ʧʨʠ ʆʈʄ ʩʦ ʩʤʝʱʝʥʠʝʤ ʨʘʚʥʳ: 

; . 

ʉʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʫʣʴʩʘʮʠʡ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʤʦʤʝʥʪʘ 

ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ 1.4. 

t, ʩ 

t, ʩ 














































































































































































































































