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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʫʯʢʠ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ (ʆʋʄ) [1, 2, 3], ʠʣʠ ʚʠʭʨʝʚʳʝ 

ʧʫʯʢʠ, ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʧʪʠʢʝ ʠ ʚʘʞʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ [4, 5, 6]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʧʫʯʢʦʚ ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ [7, 8, 9, 10]. ʇʦʚʝʨʭʥʦʩʪʴ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʣʠ ʤʥʦʞʝʩʪʚʦ ʛʝʣʠʢʦʠʜʦʚ, ʚʨʘʱʘʶʱʠʭʩʷ ʚʦʢʨʫʛ ʦʩʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʥʘʟʳʚʘʝʪʩʷ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ (ʊɿ) l  ʠ 

ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ Ñ1 (ʛʜʝ + ʠʣʠ ï ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ 

ʛʝʣʠʢʦʠʜʘ) ʚʧʣʦʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [11] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ l =10010. ʉʘʤ ʞʝ ʆʋʄ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʤʦʤʝʥʪʦʤ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʜʘʥ ʯʘʩʪʠʮʝ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʬʦʪʦʥʘ ʦʥ ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ l˂, ʛʜʝ ˂ ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, 

ʜʝʣʝʥʥʘʷ ʥʘ 2ˊ. ʅʘʣʠʯʠʝ ʆʋʄ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʫʯʢʦʚ ʥʘ 

ʦʜʥʦʡ ʯʘʩʪʦʪʝ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ [12, 13]. ʊʘʢʠʝ ʧʫʯʢʠ ʘʢʪʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʠʜʠʤʦʤ [14, 15, 16], ʠʥʬʨʘʢʨʘʩʥʦʤ [17, 18, 

19, 20] ʠ ʨʘʜʠʦʜʠʘʧʘʟʦʥʘʭ [8, 21], ʘ ʪʘʢʞʝ ʚ ʘʢʫʩʪʠʢʝ, ʥʘʧʨʠʤʝʨ, ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ [22]. ʇʦʩʣʝʜʥʝʡ ʧʦ ʚʨʝʤʝʥʠ ʦʙʣʘʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʛʜʝ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʯʢʠ ʩ ʆʋʄ, ʷʚʣʷʝʪʩʷ ʪʝʨʘʛʝʨʮʦʚʳʡ (ʊɻʮ) ʜʠʘʧʘʟʦʥ [23, 24, 25].  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʪʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʢ 

ʧʦʚʳʰʝʥʠ ʁ ʦʙʲʝʤʘ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʚ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʷʭ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʜʠʦʜʠʘʧʘʟʦʥʦʤ, ʠ ʧʝʨʝʭʦʜʦʤ ʢ ʊɻʮ-ʯʘʩʪʦʪʘʤ (0,1 ï 10 ʊɻʮ). 

ʉʦʧʫʪʩʪʚʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʧʫʯʢʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʘʢʪʥʳʭ 
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ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʫʯʢʦʚ ʩ 

ʙʝʩʩʝʣ-ɹʛʘʫʩʩʦʚʦʡ ʧʦʧʝʨʝʯʥʦʡ ʤʦʜʦʡ, ʚ ʧʨʦʪʠʚʦʚʝʩ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʛʘʫʩʩʦʚʦʡ, 

ʦʙʝʩʧʝʯʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʛʥʘʣʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ ʘʪʤʦʩʬʝʨʝ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ: çʙʝʟʜʠʬʨʘʢʮʠʦʥʥʦʩʪʠè, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʪʩʫʪʩʪʚʠʝ 

ʚʠʜʠʤʦʡ ʨʘʩʭʦʜʠʤʦʩʪʠ, ʠ çʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶè ʧʦʩʣʝ ʚʩʪʨʝʯʠ ʩ ʧʨʝʛʨʘʜʘʤʠ. 

ɽʱʝ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʫʯʢʦʚ ʩ ʆʋʄ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʩʣʦʞʝʥʠʷ ʚ ʦʜʠʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʢʘʥʘʣ ʤʥʦʞʝʩʪʚʘ 

ʧʫʯʢʦʚ ʩ ʨʘʟʥʳʤ l, ʧʝʨʝʜʘʚʘʝʤʳʭ ʥʘ ʦʜʥʦʡ ʯʘʩʪʦʪʝ. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʠʛʥʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʜʘʥʥʳʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʠ 

ʤʘʣʦʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʜʣʷ ʊɻʮ-ʜʠʘʧʘʟʦʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʘʧʨʦʙʘʮʠʷ ʚʦʩʪʨʝʙʦʚʘʥʘ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʚrʘ̫ ʘʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʧʝʨʝʭʦʜ ʚ 

ʩʫʙʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ (120ï350 ɻɻʮ) ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ (ʥʘʧʨʠʤʝʨ, 

6G). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʱʝ ʚʩʝʛʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʫʣʷʪʦʨʦʚ ʩʚʝʪʘ ʥʘ ʦʩʥʦʚʝ 

ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ [26]. ʆʜʥʘʢʦ, ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʦʛʦ ʪʠʧʘ 

ʜʣʷ ʊɻʮ-ʜʠʘʧʘʟʦʥʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɹʦʣʝʝ ʪʦʛʦ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘʣʦ ʙʳ 

ʚʳʩʦʢʦʛʦ ʦʩʣʘʙʣʝʥʠ ̫ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʤʦʱʥʦʛʦ ʪʝʨʘʛʝʨʮʦʚʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʛʠʨʦʪʨʦʥʦʚ [27, 28] ʠʣʠ ʣʘʟʝʨʦʚ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ [29, 30]. ʅʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʊɻʮ-ʜʝʪʝʢʪʦʨʦʚ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʤʦʱʥʳʤʠ ʧʫʯʢʘʤʠ, 

ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʧʨʦʬʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʜʥʠʤ ʠʟ 

ʧʦʜʭʦʜʷʱʠʭ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʳʭ ʊɻʮ-ʚʠʭʨʝʡ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ɼʆʕ). ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [31, 

32] ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʙʳʣʦ ʠʟʣʦʞʝʥʦ ʦʧʠʩʘʥʠʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ɼʆʕ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦ-ʤʦʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʤʦʱʥʦʛʦ ʊɻʮ-

ʧʫʯʢʘ ʠʟʣʫʯʝʥʠʷ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (ʅʃʉʕ), ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜ ɹʝʩʩʝʣʷ [33, 34]. 
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ɺʠʭʨʝʚʳʝ ʧʫʯʢʠ ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦ ʘʟʠʤʫʪʫ ʬʘʟʳ, ʦʙʣʘʜʘʶʪ 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʬʘʟʳ ʚ ʮʝʥʪʨʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʫʣʝʚʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʥʘ 

ʦʩʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʛʝʨʨ-ʛʘʫʩʩʦʚʘ ʠʣʠ ʙʝʩʩʝʣʴ-

ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ.  

ɺʠʭʨʝʚʳʝ ʧʫʯʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʜʣʷ ʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ɺ 

ʊɻʮ-ʦʙʣʘʩʪʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚʦʣʥʦʚʦʜʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ 

ʤʠʥʠʘʪʶʨʥʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚʦʟʙʫʞʜʝʥʠʠ ʚʦʣʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʚʦʜʥʠʢʘ. ʊʘʢʠʝ ʚʦʣʥʳ ʥʘʟʳʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʘʤʠ 

(ʇʇʇ), ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʷ ʙʫʜʫ ʥʘʟʳʚʘʪʴ ʠʭ ʧʣʘʟʤʦʥʘʤʠ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶ ʚʜʦʣʴ ʛʨʘʥʠʮʳ 

ʨʘʟʜʝʣʘ ʩʨʝʜ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ ʜʠʵʣʝʢʪʨʠʢʦʤ [35, 36]. ʇʨʠʨʦʜʘ ʠ ʩʚʦʡʩʪʚʘ ʇʇʇ 

ʭʦʨʦʰʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʚʠʜʠʤʦʤ ʠ ʩʨʝʜʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʘʭ [37, 38]. ɺ 

ʊɻʮ ʞʝ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʯʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʥʦ ʯʠʩʣʦ ʨʘʙʦʪ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ [39].  

ɺ ʜʘʥʥʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ 

ʚʠʭʨʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ ʠ ʬʦʨʤʠʨʫʶʱʠʝ ʠʭ ʚʠʭʨʝʚʳʝ 

ʙʝʩʩʝʣʴ-ʛʘʫʩʩʦʚʳ ʧʫʯʢʠ, ʢʦʪʦʨʳʝ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʙʫʜʫʪ 

ʥʘʟʳʚʘʪʴʩʷ ʙʝʩʩʝʣʝʚʳʤʠ ʧʫʯʢʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʝʩʩʝʣʝʚʳ ʧʫʯʢʠ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ ʘʧʨʠʦʨʠ ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʪ.ʢ. 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʭʦʜʠʤʦʩʪʠ. ɺ ʜʘʥʥʦʤ ʞʝ 

ʩʣʫʯʘʝ ʧʫʯʦʢ ʦʛʨʘʥʠʯʝʥ ʨʘʩʭʦʜʠʤʦʩʪʴʶ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʤ 

ʘʧʝʨʪʫʨʳ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʙʝʨʝʪ ʥʘʯʘʣʦ ʩ 1990ʭ ʛʦʜʦʚ ʠ ʦʥʠ ʫʞʝ ʙʳʣʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʜʠʘʧʘʟʦʥʘʭ ʜʣʠʥ ʚʦʣʥ, ʥʘʯʠʥʘʷ ʩ ʨʘʜʠʦ, ʟʘʢʘʥʯʠʚʘʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ, ʚʢʣʶʯʘʷ ʊɻʮ-ʜʠʘʧʘʟʦʥ. ʆʜʥʘʢʦ, ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ ʥʝ 
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ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʤʦʜʦʡ 

ɹʝʩʩʝʣʷ. ʅʘʣʠʯʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʱʥʦʛʦ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦ ʨʝʰʝʥʠʷ 

ʨʷʜʘ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʚʳʩʦʢʦʡ ʣʫʯʝʚʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʣʴʝʬʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʝʥʥʳʭ ʚ ʨʘʙʦʪʝ, ʘ ʠʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

çʩʦʚʝʨʰʝʥʥʳʭè ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʠ ʧʫʯʢʦʚ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʘʢʪʠʚʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʊɻʮ-ʠʟʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 141 ʤʢʤ. ʇʨʠ ʵʪʦʤ 

ʚʧʝʨʚʳʝ ʤʦʱʥʳʝ ʤʫʣʴʪʠʧʣʝʢʩʥʳʝ ʊɻʮ ʙʝʩʩʝʣʝʚʳ ʧʫʯʢʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ ʄʘʭʘ-ʎʝʥʜʝʨʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʪʘʢʠʭ ʧʫʯʢʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ɼʆʕ ʠ ʘʥʘʣʠʟʝ ʬʫʨʴʝ-ʦʙʨʘʟʘ ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʥʝʛʦ ʧʫʯʢʘ. 

ʇʇʇ ʷʚʣʷʣʠʩʴ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ (ʥʘʯʠʥʘʷ ʩ 1970ʭ 

ʛʦʜʦʚ). ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʇʇʇ ʥʘ 

ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ, ʛʝʥʝʨʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʥʘ 

ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʊɻʮ-ʜʠʘʧʘʟʦʥʝ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʪʝʤʦʡ ʠ ʥʝ 

ʙʳʣʘ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʘ ʤʠʨʦʚʳʤ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʝʩʪʴ 

ʧʨʠʤʝʨʳ ʨʘʙʦʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʝ ʤʠʢʨʦ- [40, 41] ʠ 

ʥʘʥʦʤʝʪʨʦʚʦʛʦ [42, 43, 44] ʨʘʟʤʝʨʘ ʇʇʇ ʩ ʯʘʩʪʦʪʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʠʜʠʤʦʤʫ 

ʜʠʘʧʘʟʦʥʫ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʤʳʝ ʪʦʛʜʘ ʵʬʬʝʢʪʳ ʦʪʣʠʯʥʳ ʦʪ ʩʣʫʯʘʷ, 

ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ ʩʣʫʯʘʝ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʦʚʦʜʥʠʢ ʨʘʙʦʪʘʝʪ 

ʢʘʢ ʥʘʧʨʘʚʣʷʶʱʘʷ, ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚʦʣʥʘ. ɿʜʝʩ ɹ

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʧʦ ʧʨʦʚʦʜʥʠʢʫ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʠʞʝʥʠʝ ʧʦ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʜʠʘʤʝʪʨʘ ʦʙʨʘʟʮʘ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʤʳʤ ʚ ʧʨʠʢʣʘʜʥʳʭ 

ʦʙʣʘʩʪʷʭ. ʊʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʧʨʘʢʪʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʙʦʪʘ 
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ʧʨʦʜʝʣʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʵʬʬʝʢʪʳ 

ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ̫ ʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ 

ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʧʦ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʚʦʣʥʦʚʦʜʫ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʜʘʥʥʦʡ ʮʝʣʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʳʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩ ʙʠʥʘʨʥʳʤ ʠ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ 

ʧʨʦʬʠʣʷʤʠ); 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʩʩʝʣʝʚʦʡ 

ʤʦʜʳ ʚ ʨʝʛʠʩʪʨʠʨʫʝʤʦʤ ʧʫʯʢʝ (ʢʘʢ ʚ ʦʜʥʦʤʦʜʦʚʦʤ, ʪʘʢ ʠ ʚ ʤʥʦʛʦʤʦʜʦʚʦʤ 

ʩʣʫʯʘʷʭ) ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʘʥʘʣʦʛʠʯʥrʭ ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʘ 

ʧʫʯʢʘ; 

3. ʉʦʟʜʘʥʠʝ ʩʦʚʝʨʰʝʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ, ʪʦ ʝʩʪʴ ʢʦʣʴʮʝʚʦʛʦ ʧʫʯʢʘ, ʥʝ 

ʤʝʥʷʶʱʝʛʦ ʜʠʘʤʝʪʨ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ, ʩ 

ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʥʘ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤ ʧʨʦʚʦʜʥʠʢʝ; 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʚʠʭʨʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʥʘ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʤ ʧʨʦʚʦʜʥʠʢʝ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʤʦʥɦʳʤ 

ʚʠʭʨʝʚʳʤ ʙʝʩʩʝʣʝʚʳʤ ʧʫʯʢʘʤ ʊɻʮ-ʜʠʘʧʘʟʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʨʤʠʨʫʶʱʠʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʘʢʩʠʢʦʥʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 

ʯʠʩʣʝʥʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʧʫʯʢʘ, 
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ʦʩʚʝʱʘʶʱʝʛʦ ʘʢʩʠʢʦʥʳ (ʢʘʢ ʩ ʙʠʥʘʨʥʳʤ, ʪʘʢ ʠ ʩ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ 

ʨʝʣʴʝʬʦʤ), ʧʨʠʚʦʜʷʪ ʢ ʨʝʛʫʣʷʨʥʳʤ ʚʘʨʠʘʮʠʷʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʘʟʠʤʫʪʫ ʚ 

ʢʦʣʴʮʘʭ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʠ ʝʛʦ ʌʫʨʴʝ-ʦʙʨʘʟʘ. 

ʂʦʤʙʠʥʘʮʠʠ ʤʦʱʥʭr ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ɹʝʩʩʝʣʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʝ ʄʘʭʘ-ʎʝʥʜʝʨʘ. ʇʨʝʜʣʦʞʝʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʜʝʣʷʪʴ 

ʩʠʛʥʘʣ ʩ ʟʘʜʘʥʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʌʫʨʴʝ-

ʦʙʨʘʟʘ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʨʝʤʥʠʝʚʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ 

ʵʣʝʤʝʥʪ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʟʦʥʝ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʝʡ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʬʫʥʢʮʠʝʡ ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦ ʜʘʥʥʳʡ ʧʫʯʦʢ ʵʣʝʤʝʥʪʘ. ʇʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ ʅʃʉʕ. ʄʝʪʦʜ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʢ ʚ ʩʣʫʯʘʝ ʦʜʥʦʤʦʜʦʚʦʛʦ, ʪʘʢ ʠ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʧʫʯʢʘ, ʚʢʣʶʯʘʶʱʝʛʦ 

ʚ ʩʝʙʷ ʢʦʤʙʠʥʘʮʠʶ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ -1 

ʠ -2. 

ɺ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʤʦʱʥʳʝ ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ, 

ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʧʫʯʢʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʩʦʚʝʨʰʝʥʥʳʝè ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ. 

ɺʧʝʨʚʳʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʩʚʝʱʘʶʱʝʛʦ ʧʫʯʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʦʚʝʨʰʝʥʥʳʡ ʚʠʭʨʝʚʦʡ ʨʘʜʠʘʣʴʥʦ-

ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʧʫʯʦʢ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʜʠʘʤʝʪʨʫ ʚʭʦʜʥʦʛʦ 

ʪʦʨʮʘ ʦʙʨʘʟʮʘ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʠ ʧʠʪʯ-ʬʘʢʪʦʨ ʚʠʭʨʝʚʳʭ 

ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʟʘʚʠʩʷʪ ʦʪ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʦʩʚʝʱʘʶʱʝʛʦ ʧʫʯʢʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʚʳʭ ʧʣʘʟʤʦʥʦʚ ʠʤʝʝʪ ʙʦʣʴʰʫ ʁ

ʥʘʫʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʚʠʭʨʝʚʳʭ ʇʇʇ ʦʪʢʨʳʚʘʝʪ 
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ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʘʥʠʧʫʣʷʮʠʠ ʩʚʝʪʦʤ ʥʘ ʥʘʥʦʤʘʩʰʪʘʙʝ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʝʥʩʦʨʦʚ ʠ 

ʤʝʪʦʜʦʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʦʥʪʝʢʩʪʝ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ 

ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʠʩʪʝʤ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʣʦʞʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠ ̫ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ ī ʩʘʤʦʛʦ ʤʦʱʥʦʛʦ ʚ ʤʠʨʝ ʠʩʪʦʯʥʠʢʘ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ, ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 8 ʜʦ 403 ʤʢʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʠ ʵʨʤʠʪ-ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ 

ʬʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʙʠʥʘʨʥʳʤ ʠ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ ʨʝʣʴʝʬʦʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʝʩʩʝʣʝʚʳʭ ʠ ʵʨʤʠʪ-ʛʘʫʩʩʦʚʳʭ 

ʧʫʯʢʦʚ ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʦʤ ʨʘʩʯʸʪʘ ʠʥʪʝʛʨʘʣʘ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ. ʉʚʦʡʩʪʚʘ 

ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʣʠʯʠʝʤ ʦʨʙʠʪʘʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ, 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʷʜʦʤ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, 

ʜʦʢʘʟʳʚʘʶʱʠʭ ʥʘʣʠʯʠʝ ʫ ʪʘʢʠʭ ʧʫʯʢʦʚ ʛʝʣʠʢʦʠʜʘʣʴʥʦʛʦ ʬʘʟʦʚʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ.  

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʆʪʢʣʦʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʘʢʩʠʢʦʥʦʚ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩ ʙʠʥʘʨʥʳʤ ʠ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ 

ʨʝʣʴʝʬʘʤʠ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʘʨʠʘʮʠʷʤ ʘʟʠʤʫʪʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʠ ʝʛʦ ʌʫʨʴʝ-ʦʙʨʘʟʘ.  

2. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʌʫʨʴʝ-ʦʙʨʘʟʘ ʙʝʩʩʝʣʝʚʘ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʙʠʥʘʨʥʳʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʦʧʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʥʘ ʧʦʜʣʦʞʢʝ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʟʨʘʯʥʦʛʦ ʚ 
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ʪʝʨʘʛʝʨʮʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʟʦʥʝ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʩ ʬʘʟʦʚʦʡ ʬʫʥʢʮʠʝʡ, ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʬʫʥʢʮʠʝʡ ʬʦʨʤʠʨʫʶʱʝʛʦ ʟʘʜʘʥʥʫʶ 

ʙʝʩʩʝʣʝʚʫ ʤʦʜʫ ʵʣʝʤʝʥʪʘ ʠ ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ʪʝʨʘʛʝʨʮʦʚʦʛʦ 

ʧʫʯʢʘ, ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʟʘʜʘʥʥʳʡ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ ʚ ʩʣʫʯʘʝ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʧʫʯʢʘ, ʘ ʪʘʢʞʝ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʤʦʜʦʚʦʛʦ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʧʫʯʢʘ.  

3. ɺʠʭʨʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʳ ʚʦʟʙʫʞʜʘʶʪʩʷ ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʧʨʦʚʦʜʥʠʢʝ ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʥʘ ʝʛʦ ʪʦʨʮʝ 

çʩʦʚʝʨʰʝʥʥʦʛʦè ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʚʠʥʪʦʚʳʭ 

ʣʠʥʠʡ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʭʨʘʥʷʷ ʦʨʙʠʪʘʣʴʥʳʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ 

ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ, ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʝʛʦ ʢʦʥʮʝ ʚ ʩʚʦʙʦʜʥʫʶ ʚʦʣʥʫ ʩ 

ʪʝʤ ʞʝ ʟʥʘʯʝʥʠʝʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 

1. Synchrotron and Free electron laser Radiation: generation and application 

çSFR-2016è (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2016); 

2. ʂʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʷ çʌʦʪʦʥʠʢʘ ʠ ʦʧʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2016); 

3. III ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʠ ʤʦʣʦʜʝʞʥʘʷ ʰʢʦʣʘ 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè ʀʊʅʊ-2017 

(ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ, 2017); 

4. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʅʉʂ-2017 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2017); 

5. 10th international workshop çStrong Microwaves and Terahertz Waves: 

Sources and applicationsè SMP-2017 (ʛ. ʅʠʞʥʠʡ-ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 2017); 

6. ʆʧʪʠʯʝʩʢʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 2017 (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, 2017); 



13 

 

7. ʍ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

çʆʧʪʠʢʘ-2017è (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2017); 

8. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʩʪʫʜʝʥʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʄʅʉʂ-2018 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2018); 

9. Synchrotron and Free electron laser Radiation: generation and application 

çSFR-2018è (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2018); 

10. 43th International Conference on Infrared, Millimeter and Terahertz Waves 

(IRMMW THz-2018) (ʛ. ʅʘʛʦʷ, ʗʧʦʥʠʷ, 2018);  

11. 3rd International Conference Terahertz and Microwave Radiation: Generation, 

Detection and Applications (TERA-2018) (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 

2018); 

12. ʍI ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʝʤʠʥʘʨ ʧʦ ʨʘʜʠʦʬʠʟʠʢʝ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʠ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʭ ʚʦʣʥ (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 2019); 

13. Synchrotron and Free electron laser Radiation: generation and application 

çSFR-2020è (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2020); 

14. ʂʦʥʢʫʨʩ-ʢʦʥʬʝʨʝʥʮʠʷ çʆʧʪʠʯʝʩʢʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè 

(ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2020); 

15. ʍII ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʝʤʠʥʘʨ ʧʦ ʨʘʜʠʦʬʠʟʠʢʝ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʠ 

ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʳʭ ʚʦʣʥ (ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ, 2022); 

16. Synchrotron and Free Electron Laser Radiation: generation and application 

(SFR-2022) (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2022); 

17. XXXII ʐʢʦʣʘ-ʩʠʤʧʦʟʠʫʤ ʧʦ ʛʦʣʦʛʨʘʬʠʠ, ʢʦʛʝʨʝʥʪʥʦʡ ʦʧʪʠʢʝ ʠ 

ʬʦʪʦʥʠʢʝ HOLOSCHOOL XXXII (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2022); 

18. XIX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʛʦʣʦʛʨʘʬʠʠ ʠ ʧʨʠʢʣʘʜʥʳʤ 

ʦʧʪʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ HOLOEXPO Science & Practice 2022 (ʛ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2022); 



14 

 

19. 5-ʷ ʂʦʥʬʝʨʝʥʮʠʷ c ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʋʯʘʩʪʠʝʤ çʊʝʨʘʛʝʨʮʦʚʦʝ ʠ 

ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ: ʛʝʥʝʨʘʮʠʷ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʠʣʦʞʝʥʠʷè 

(TERA-2023) (ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2023); 

20. XX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʛʦʣʦʛʨʘʬʠʠ ʠ ʧʨʠʢʣʘʜʥʳʤ 

ʦʧʪʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ HOLOEXPO Science & Practice 2023 (ʛ. ʉʦʯʠ, 

ʈʦʩʩʠʷ, 2023);  

21. Photonics Asia 2023 (ʛ. ʇʝʢʠʥ, ʂʠʪʘʡ, 2023); 

22. Photonics of Vortex Light: problems and perspectives (ʛ. ʉʘʤʘʨʢʘʥʜ, 

ʋʟʙʝʢʠʩʪʘʥ, 2023); 

23. ʉʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʣʘʟʝʨʳ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (ʉʀ ʠ ʃʉʕ 

ï 2024) (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2024) 

24. 21st International Conference Laser Optics ICLO 2024 (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʈʦʩʩʠʷ, 2024); 

25. XXI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʛʦʣʦʛʨʘʬʠʠ ʠ ʧʨʠʢʣʘʜʥʳʤ 

ʦʧʪʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʍʦʣʦʵʢʩʧʦ ʅʘʫʢʘ ʠ ʇʨʘʢʪʠʢʘ 2024 (ʛ. ʂʘʟʘʥʴ, 

ʈʦʩʩʠʷ, 2024); 

26. The 31st International Conference Advanced Laser Technologies ALT 2024 

(ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ, 2024). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 

56 ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʫʜʘʭ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʪɹʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʚ 

ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʷʜʝʨʥʦʡ 

ʬʠʟʠʢʠ ʠʤ. ɻ. ʀ. ɹʫʜʢʝʨʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ 

2016ī2023 ʛʦʜʘʭ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 6 ʨʘʙʦʪ [45, 46, 47, 48, 49, 

50] ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ, 1 ʢʦʣʣʝʢʪʠʚʥʘʷ 

ʤʦʥʦʛʨʘʬʠʷ [51]. 
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ɺ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʧʨʠ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

(ʨʘʙʦʪʳ ʧʨʦʠʥʜʝʢʩʠʨʦʚʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ Web of Science ʠ 

Scopus, ʚ ʪʦʤ ʯʠʩʣʝ 5 ʩʪʘʪʝʡ ʠʟʜʘʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʫʨʦʚʥʷ Q2): 

1. Control of transverse mode content and polarization structure of terahertz 

coherent beams / V. S. Pavelyev, Yu. Yu. Choporova, N. D. Osintseva [ʠ ʜʨ.]. 

ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // Computer Optics. ï 2019. ïʊ. 43, ̄ . 6. ï ʉ. 

1103ï1108. ï URL: https://doi.org/10.18287/2412-6179-2019-43-6-1103-

1108. ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 05.12.2019. 

2. Experimental investigation of the self-healing of terahertz Bessel beams with 

orbital angular momentum / V. S. Pavelyev, K. N. Tukmakov, A. S. 

Reshetnikov [ʠ ʜʨ.]. ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // Computer Optics. ï 2021. 

ï ʊ. 45, ̄ . 5. ï ʉ. 673-677. ï URL: https://doi.org/10.18287/2412-6179-CO-

845. ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 27.05.2021.  

3. Vortex surface plasmon polaritons on a cylindrical waveguide: Generation, 

propagation, and diffraction / V. V. Gerasimov, O. E. Kameshkov, B. A. 

Knyazev [ʠ ʜʨ.]. ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // Journal of Optics. ï 2021. ï 

ʊ. 23, ̄ . 10. ï ʉ. 10LT01. ï URL: https://doi.org/10.1088/2040-8986/ac1fc4. 

ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 01.10.2021. 

4. Terahertz Bessel and ñperfectò vortex beams generated with a binary axicon 

and axicon with continuous relief / N. D. Osintseva, V. V. Gerasimov, B. A. 

Knyazev [ʠ ʜʨ.]. ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // Computer Optics. ï 2022. ï 

ʊ. 46, .̄ 3. ï ʉ. 375-380. URL: https://doi.org/10.18287/2412-6179-CO-

1066. ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 16.01.2022. 

5. Terahertz Bessel Beams Formed by Binary and Holographic Axicons / B. A. 

Knyazev, N. D. Osintseva, M. S. Komlenok [ʠ ʜʨ.]. ï ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ // 

Photonics. ï 2023. ï ʊ. 10,  ̄ 6. ï ʉ. 700. ï URL: 

https://doi.org/10.3390/photonics10060700. ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 20.06.2023. 
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6. Identification of HermiteïGaussian and Bessel modes of terahertz beam with 

diffractive optical elements / N. D. Osintseva, V. V. Gerasimov, Yu. Yu. 

Choporova [ʠ ʜʨ.]. // ï ʊʝʢʩʪ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ // Journal of Optical 

Technology ï 2024. ï ʊ. 91, ˉ 4. ï ʉ. 215-

221.  URL: https://doi.org/10.1364/JOT.91.000215. ɼʘʪʘ ʧʫʙʣʠʢʘʮʠʠ: 

07.10.2024 ʛ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ ʚ ʧʦʣʫʯʝʥʠʠ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʤʘʢʝʪʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʩʫʞʜʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʭ ʥʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ. ɸʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʟʘʢʣʶʯʘʝʪʩʷ: 

ʚ ʩʪʘʪʴʝ 1 ï ʚ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʙʦʨʢʝ ʠ ʶʩʪʠʨʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʧʦʩʪʘʥʦʚʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

ʚ ʩʪʘʪʴʷʭ 2, 3, 4, 6 ï ʚ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʙʦʨʢʝ ʠ 

ʶʩʪʠʨʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʧʦʩʪʘʥʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʙʦʪʢʝ ʠ 

ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ ʨʠʩʫʥʢʦʚ ʠ ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ 

ʧʫʙʣʠʢʘʮʠʠ; 

ʚ ʩʪʘʪʴʝ 5 ï ʚ ʧʨʦʚʝʜʝʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʙʦʨʢʝ ʠ ʶʩʪʠʨʦʚʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʧʦʩʪʘʥʦʚʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ 

ʨʠʩʫʥʢʦʚ ʠ ʥʘʧʠʩʘʥʠʠ ʪʝʢʩʪʘ ʧʫʙʣʠʢʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ɺ ʟʘʢʣʶʯʝʥʠʠ 
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ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ. ʇʦʣʥʳʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 117 ʩʪʨʘʥʠʮ, ʚʢʣʶʯʘʷ 53 

ʨʠʩʫʥʢʘ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʩʦʜʝʨʞʠʪ 109 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʣʘʚʘ 1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʳ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʣʘʟʝʨ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʜʦʣʛʫʶ 

ʠʩʪʦʨʠʶ, ʥʦ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʜʦ ʩʠʭ ʧʦʨ ʧʦʣʥʦʩʪʴʶ ʥʝ ʨʘʩʢʨʳʪ. ʋʩʪʘʥʦʚʢʘ ʟʘʧʫʱʝʥʘ 

ʚ 2004 ʛʦʜʫ ʠ ʦʩʪʘʝʪʩʷ ʩʘʤʳʤ ʤʦʱʥʳʤ ʚ ʤʠʨʝ ʠʩʪʦʯʥʠʢʦʤ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʚʦʝʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (90 ï 403 ʤʢʤ ʜʣʷ ʧʝʨʚʦʛʦ 

ʃʉʕ). ʅʃʉʕ ʠʤʝʝʪ 11 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʫʯʝʥʳʭ ʠʟ ʨʘʟʥʳʭ 

ʠʥʩʪʠʪʫʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ , ʪʘʢʠʭ ʢʘʢ ʭʠʤʠʷ, 

ʙʠʦʣʦʛʠʷ, ʤʝʪʨʦʣʦʛʠʷ ʠ ʪ.ʜ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʘʥʮʠʠ çʊʝʨʘʛʝʨʮʦʚʘʷ ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ ʬʦʪʦʥʠʢʘè, 

ʦʩʥʦʚʘʥʥʦʡ ʚ 2006 ʛʦʜʫ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʦʜʠʤʳʝ 

ʟʜʝʩʴ [52], ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʊɻʮ-ʛʦʣʦʛʨʘʬʠʶ, ʵʣʣʠʧʩʦʤʝʪʨʠʶ, ʧʣʘʟʤʦʥʠʢʫ, 

ʫʧʨʘʚʣʝʥʠʝ ʤʦʱʥʳʤ ʪʝʨʘʛʝʨʮʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʠ ʜʨ.  

1.1. ʃʘʟʝʨ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʊɻʮ-ʠʟʣʫʯʝʥʠʷ 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʃʉʕ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʦʥʜʫʣʷʪʦʨʝ [53, 54]. ʆʥʜʫʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʧʝʨʠʦʜʠʯʝʩʢʦʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʦʪ ʚʝʣʠʯʠʥʳ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ (ʧʦ ʧʝʨʠʦʜʫ ʦʥʜʫʣ̫ ʪʦʨʘ) ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʥʜʫʣʷʪʦʨʘ ɺ, ʝʛʦ 

ʧʝʨʠʦʜʘ Lʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ T ʵʣʝʢʪʨʦʥʘ  ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

2 2 [cm]2 2ɚ=(1+0,872 [ ] [cm]+ɔ ɗ ) ,
22 ɔ

B T
n

L
L  (1.1)  

ʛʜʝ 
2

1
T

mc
g= +  ï ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʬʘʢʪʦʨ, ɗ ï ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʟʣʫʯʝʥʠʝ, n = 1, 2,... ï ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ, ʤʝʥʷʷ ʵʥʝʨʛʠʶ 

ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʥʜʫʣʷʪʦʨʘ, ʤʦʞʥʦ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʃʉʕ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 
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ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʲʝʢʪʦʚ ʙʝʟ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʠʟʙʝʞʥʘ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʤʫʣʴʪʠʧʣʝʢʩʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ. ʋʥʠʢʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʫʩʪʘʥʦʚʢʘ çʅʦʚʦʩʠʙʠʨʩʢʠʡ ʃʉʕè 

ʚʢʣʶʯʘʝʪ ʪʨʠ ʃʉʕ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ. ʅʘ 

ʨʠʩʫʥʢʝ 1.1 ʧʦʢʘʟʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʚʦʛʦ ʃʉʕ [55] ʠ ʬʦʪʦʛʨʘʬʠʷ ʫʩʢʦʨʠʪʝʣʷ ʚ 

ʟʘʱʠʱʝʥʥʦʤ ʟʘʣʝ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʩʭʝʤʘ ʧʝʨʚʦʛʦ ʃʉʕ [55] ʠ ʬʦʪʦʛʨʘʬʠʷ ʫʩʢʦʨʠʪʝʣʷ ʚ ʟʘʱʠʱʝʥʥʦʤ 

ʟʘʣʝ  
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ʕʣʝʢʪʨʦʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʦʨʦʪʢʠʡ ʩʛʫʩʪʦʢ 

ʵʣʝʢʪʨʦʥʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 0,2 ʥʩ, ʟʘʨʷʜʦʤ 1 ʥʂʣ ʠ ʵʥʝʨʛʠʝʡ 2 ʄʵɺ ʧʦʩʪʫʧʘʝʪ ʠʟ 

ʠʥʞʝʢʪʦʨʘ 1 ʯʝʨʝʟ ʙʘʡʧʘʩ ʚ ʩʠʩʪʝʤʫ ɺʏ-ʨʝʟʦʥʘʪʦʨʦʚ 2, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʫʩʢʦʨʝʥʠʝ ʜʦ ʵʥʝʨʛʠʠ ʦʢʦʣʦ 12 ʄʵɺ. ɿʘʪʝʤ, ʩ ʧʦʤʦʱʴʶ ʧʦʚʦʨʦʪʥʦʡ ʩʠʩʪʝʤʳ 3 

ʵʣʝʢʪʨʦʥʳ ʥʘʧʨʘʚʣʷʪʁʩʷ ʚ ʦʥʜʫʣʷʪʦʨ 4, ʛʜʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʚʝʪʦʚʳʤ 

ʠʟʣʫʯʝʥʠʝʤ, ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʧʫʯʦʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ɺʏ-ʩʪʨʫʢʪʫʨʫ ʚ ʟʘʤʝʜʣʷʶʱʝʡ ʬʘʟʝ ʠ ʪʦʨʤʦʟʠʪʩʷ ʜʦ 

2 ʄʵɺ. ɿʘʤʝʜʣʠʚʰʠʝʩʷ ʵʣʝʢʪʨʦʥʳ ʦʪʜʘʶʪ ʵʥʝʨʛʠʶ ʥʘʟʘʜ, ʚ ɺʏ-ʛʝʥʝʨʘʪʦʨ, ʟʘʪʝʤ 

ʦʪʢʣʦʥʷʪʁʩʷ ʤʘʛʥʠʪʦʤ ʠ ʧʦʛʣʦʱʘʪʁʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʛʣʦʪʠʪʝʣʝʤ. ʉʛʫʩʪʢʠ 

ʩʣʝʜʫʶʪ ʩ ʯʘʩʪʦʪʦʡ 5,64 ʄɻʮ (ʠʣʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʡ), ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʣʠʥʦʡ 26,6 ʤ ʦʧʪʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʝʨʚʦʛʦ ʃʉʕ. ʊʘʢʦʡ ʫʩʢʦʨʠʪʝʣʴ ʥʘʟʳʚʘʝʪʩʷ 

ʫʩʢʦʨʠʪʝʣʝʤ-ʨʝʢʫʧʝʨʘʪʦʨʦʤ. ɺ ʵʪʦʡ ʩʭʝʤʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ, ʚʣʦʞʝʥʥʦʡ ʚ 

ʧʫʯʦʢ, ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʥʘʚʝʜʝʥʥʦʡ 

ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʘʶʝɦʡ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚ ʚʝʱʝʩʪʚʝ ʧʫʯʢʦʚ ʩ 

ʵʥʝʨʛʠʝʡ ʚʳʰʝ 10 ʄʵɺ [53].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧʥʦ ʠʟʣʫʯʝʥʠʝ ʠʟ ʧʝʨʚʦʛʦ ʃʉʕ, 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʝ ʚ ʠʥʪʝʨʚʘʣʝ 90 ï 403 ʤʢʤ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʩʪʨʦʡʢʝ ʣʘʟʝʨʘ 

ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢ. ɺʪʦʨʦʡ ʃʉʕ ʙʳʣ ʟʘʧʫʱʝʥ ʚ 

2009 ʛ. ʠ ʛʝʥʝʨʠʨʫʝʪ ʠʟʣʫʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 37 ï 80 ʤʢʤ. ɻʝʥʝʨʘʮʠʷ ʥʘ 

ʪʨʝʪʴʝʤ ʃʉʕ ʩ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦʥʦʤ 8 ï 11 ʤʢʤ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʚ 2015 ʛʦʜʫ. ɺ 2021 

ʛʦʜʫ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʤʝʥʘ ʦʥʜʫʣʷʪʦʨʘ ʥʘ ʦʥʜʫʣʷʪʦʨ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʠʦʜʦʤ 

[56, 57], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʰʠʨʠʪʴ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʚʪʦʨʦʛʦ ʃʉʕ ʜʦ 

15 ï 156 ʤʢʤ. ʇʘʨʘʤʝʪʨʳ ʚʩʝʭ ʪʨʸʭ ʣʘʟʝʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 
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ʊʘʙʣʠʮʘ 1.1 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʅʃʉʕ 

 ʅʃʉʕ-I  ʅʃʉʕ-III  ʅʃʉʕ-II  

ʕʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ, ʄʵɺ 8ï14 37ï41 18ï22 

ʄʘʢʩ. ʩʨʝʜʥʠʡ ʪʦʢ, ʤɸ 30 3 10 

ɼʣʠʥʘ ʚʦʣʥʳ, ʤʢʤ 90ï403 8ï11 15-156 

ʄʘʢʩ. ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ, ʢɺʪ 

0,5 0,1 0,8 

ʇʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ, ʄɺʪ 1 2,5 2 

ʏʘʩʪʦʪʘ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʫʯʢʦʚ, ʄɻʮ 

5,64 3,76 7,52 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʛʫʩʪʢʘ, ʧʩ 

100 10 50 

ʏʠʩʣʦ ʜʦʨʦʞʝʢ 

ʫʩʢʦʨʠʪʝʣʷ 

1 4 2 

ɿʘʧʫʩʢ, ʛʦʜ 2003 2015 2021 

1.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʪʘʥʮʠʷ çʊʝʨʘʛʝʨʮʦʚʘʷ ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ 

ʬʦʪʦʥʠʢʘè 

ʀʟʣʫʯʝʥʠʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʪʘʥʮʠʶ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʟʘʧʦʣʥʝʥʥʦʤʫ ʩʫʭʠʤ ʘʟʦʪʦʤ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʨʶ ʵʥʝʨʛʠʠ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ 

ʚ ʚʦʜʷʥʳʭ ʧʘʨʘʭ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩʫʥʦʢ 1.2ʘ). ʇʫʯʦʢ ʥʘ ʩʪʘʥʮʠʶ 

ʚʳʚʦʜʠʪʩʷ ʧʦ ʩʠʩʪʝʤʝ ʟʝʨʢʘʣ ʯʝʨʝʟ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʫʶ ʧʣʝʥʢʫ ʪʦʣʱʠʥʦʡ 30 ʤʢʤ. 

ʅʘ ʨʠʩʫʥʢʝ 1.2ʙ ʧʦʢʘʟʘʥ ʫʟʝʣ ʚʳʚʦʜʘ ʠʟʣʫʯʝʥʠʷ ʚ ʯʝʪʳʨʸʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʀʟʣʫʯʝʥʠʝ ʧʨʠʭʦʜʠʪ ʩʥʠʟʫ ʠ ʧʨʠ ʧʦʤʦʱʠ ʧʦʚʦʨʘʯʠʚʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʟʝʨʢʘʣʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʦʜʥʦ ʠʟ ʚʳʭʦʜʥʳʭ ʦʢʦʥ. ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ 

çʊʝʨʘʛʝʨʮʦʚʘʷ ʠ ʠʥʬʨʘʢʨʘʩʥʘʷ ʬʦʪʦʥʠʢʘè ʥʘ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʣʘʟʝʨʝ ʥʘ ʩʚʦʙʦʜʥʳʭ 
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ʵʣʝʢʪʨʦʥʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʪʠʯʝʩʢʠʡ ʩʪʦʣ ʨʘʟʤʝʨʦʤ 3Ĭ1,5 ʤ, ʥʘ ʢʦʪʦʨʦʤ 

ʩʦʙʠʨʘʣʠʩʴ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫʩʪʘʥʦʚʢʠ (ʨʠʩʫʥʦʢ 1.2ʚ). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʭʦʜʝ ʩʪʘʥʮʠʠ ʭʦʨʦʰʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʨʠʩʫʥʦʢ 1.3ʘ) 

ʘ) ʙ) 

 

 

ʚ) 

 

ʈʠʩʫʥʦʢ 1.2 ï ʘ) ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʣʠʥʠʷ ʠʟʣʫʯʝʥʠʷ 141 ʤʢʤ, ʢʦʪʦʨʘʷ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ; ʙ) ʬʦʪʦ ʫʟʣʘ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʟʣʫʯʝʥʠʷ ʅʃʉʕ (ʢʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ); ʚ) ʦʙʱʠʡ ʚʠʜ ʨʘʙʦʯʝʡ ʩʪʘʥʮʠʠ çʊʝʨʘʛʝʨʮʦʚʘʷ ʠ 

ʠʥʬʨʘʢʨʘʩʥʘʷ ʬʦʪʦʥʠʢʘè, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʣʠʩʴ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 
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ʛʜʝ r ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʩʠ, w ï ʧʦʣʫʰʠʨʠʥʘ (ʫʜʚʦʝʥʥʳʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ 

ʨʘʟʤʝʨ) ʧʫʯʢʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʣʘ 12,1 ʤʤ. ʀʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦʪ ʨʘʟʤʝʨ 

ʙʣʠʟʦʢ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʨʘʩʭʦʜʠʤʦʩʪʴ (ʫʜʚʦʝʥʥʳʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʡ ʫʛʦʣ) ʧʫʯʢʘ ʢʘʢ

, 3

02 7 4 10l p w -Q= Ö = Ö. ɺʦ ʚʩʝʭ ʦʧʠʩʘʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʣʫʯʝʥʠʝ ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 141 ʤʢʤ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʠʤʧʫʣʴʩʘ t = 100 ʧʩ ʧʨʠ ʯʘʩʪʦʪʝ ʧʦʚʪʦʨʝʥʠʷ 5,6 ʄɻʮ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʪʝʨʘʛʝʨʮʝʚʦʛʦ ʧʫʯʢʘ ʩ 

ɚ = 141 ʤʢʤ ʦʪ ʧʦʧʝʨʝʯʥʦʡ ʢʦʦʨʜʠʥʘʪʳ x, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʡ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ, 

ʠ ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1.3ʘ, ʙ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʀʟʣʫʯʝʥʠʝ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦ ʧʦʜ ʫʛʣʦʤ 18Á ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʄʦʱʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʷʭ ʜʦʩʪʠʛʘʣʘ 50 ɺʪ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʡ (5-10 ɺʪ).  

 

ʈʠʩʫʥʦʢ 1.3 ï ʘ) ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 

ʧʫʯʢʘ ʅʃʉʕ ʩ ɚ=141 ʤʢʤ ʠ ʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠ ̫ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ ʠ ʙ) ʜʚʫʤʝʨʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʥʷʪʦʝ ʥʘ Pyrocam IV (ʦʧʠʩʘʥʠʝ 

ʧʨʠʙʦʨʘ ʩʤ. ʥʠʞʝ). 

2 2

max( ) exp 2I r I r wè ø= -ê ú, (1.2) 
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1.3. ɼʝʪʝʢʪʦʨʳ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ 

ɼʝʪʝʢʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ, ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ [58]: ʪʝʧʣʦʚʦʛʦ ʪʠʧʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʬʬʝʢʪʝ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʘ ʦʩʥʦʚʝ ʜʠʦʜʦʚ ʐʦʪʪʢʠ. ʇʝʨʚʘʷ 

ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʜʝʪʝʢʪʦʨʳ, ʪʝʨʤʦʧʘʨʳ, ʦʧʪʠʢʦ-ʘʢʫʩʪʠʯʝʩʢʠʝ ʜʝʪʝʢʪʦʨʳ, ʤʠʢʨʦʙʦʣʦʤʝʪʨʳ, 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʝ ʙʦʣʦʤʝʪʨʳ, ʪ.ʝ. ʧʨʠʙʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʧʨʠʥʮʠʧʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ 

ʧʨʠʝʤʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʜʝʪʝʢʪʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ: ʤʘʪʨʠʯʥʳʡ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʦʚ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ 

ʧʦʤʦʱʴʶ ʠʟʣʫʯʝʥʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʃʉʕ. 

1.3.1 ʄʘʪʨʠʯʥʳʡ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ 

ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ ʊɻʮ-ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚʳʝ ʙʦʣʦʤʝʪʨʳ ʘʥʪʝʥʥʦʛʦ ʪʠʧʘ, ʪʨʝʙʫʶʱʠʝ ʜʣʷ 

ʨʘʙʦʪʳ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʨʠʦʛʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ [59, 60]. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʶʪ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʠʝʤʥʠʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ 

(NEP å 10ï10 ɺʪĀɻʮï1/2, fmax = 25 ʄɻʮ) ʠ ʥʝ ʪʨʝʙʫʶʱʠʝ ʦʭʣʘʞʜʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʩʦʢʨʘʱʘʝʪ ʛʘʙʘʨʠʪʳ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʤʠʢʨʦʙʦʣʦʤʝʪʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʪʝʧʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʘ 

ʊɻʮ-ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʦʭʣʘʞʜʘʝʤʳʡ ʤʘʪʨʠʯʥʳʡ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ (ʄʄɹʇ), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʢʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʤ. ɸ.ɺ. ʈʞʘʥʦʚʘ ʉʆ ʈɸʅ. ʄʄɹʇ (ʨʠʩʫʥʦʢ 1.4) ʧʨʝʜʩʪʘʚʣʷʝʪ 
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ʩʦʙʦʡ ʤʘʪʨʠʮʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʠʢʨʦʙʦʣʦʤʝʪʨʦʚ, ʨʘʟʤʝʨʦʤ 320Ĭ240 ʵʣʝʤʝʥʪʦʚ. 

ʄʠʢʨʦʙʦʣʦʤʝʪʨʳ ʚʢʣʶʯʝʥʳ ʚ ʤʦʩʪʦʚʫʶ ʩʭʝʤʫ ʋʠʪʩʪʦʥʘ, ʬʠʟʠʯʝʩʢʠʡ ʨʘʟʤʝʨ 

ʤʘʪʨʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 16,32Ĭ12,24 ʤʤ [61]. ʀʟʥʘʯʘʣʴʥʦ, ʜʘʥʥʳʡ ʧʨʠʙʦʨ ʙʳʣ 

ʠʟʛʦʪʦʚʣʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʨʝʜʥʝʤ ʀʂ-ʜʠʘʧʘʟʦʥʝ. ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʄʄɹʇ ʀʂ-

ʠʟʣʫʯʝʥʠʝʤ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʩʣʦʝ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʥʘʛʨʝʚ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʠʢʨʦʙʦʣʦʤʝʪʨʘ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʙʘʣʘʥʩʫ ʤʦʩʪʘ, ʠ ʚ ʤʦʩʪʦʚʦʡ ʩʭʝʤʝ ʚʦʟʥʠʢʘʝʪ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʠ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʩʠʛʥʘʣʦʤ ʧʨʠʝʤʥʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʙʦʣʦʤʝʪʨʘ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʩʣʦʝ ʦʢʩʠʜʘ ʚʘʥʘʜʠʷ. 

ʘ) ʙ) 

  

ʈʠʩʫʥʦʢ 1.4 ï ʚʥʝʰʥʠʡ ʚʠʜ ʥʝʦʭʣʘʞʜʘʝʤʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʧʨʠʝʤʥʠʢʘ: ʘ) ʙʝʟ ʚʥʝʰʥʝʛʦ ʢʦʞʫʭʘ; ʙ) ʚ ʢʦʞʫʭʝ 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮʳ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.2. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 20 ʥɺʪ/ʵʣʝʤʝʥʪ [60], 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ 200 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʞʝ ʧʨʠʙʦʨʘ ʚ ʩʨʝʜʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ. ʅʘʣʠʯʠʝ ʚʭʦʜʥʦʛʦ 

ʢʨʝʤʥʠʝʚʦʛʦ ʦʢʥʘ ʪʦʣʱʠʥʦʡ 1,2 ʤʤ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʀʂ- ʠ ʊɻʮ-

ʠʟʣʫʯʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʥʦʛʦʣʫʯʝʚʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʧʨʠʝʤʥʠʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʤʘʪʨʠʮʫ ʧʦʜ ʫʛʣʦʤ, ʦʪʣʠʯʥʳʤ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʧʘʜʝʥʠʷ [60, 62]. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʤʘʪʨʠʮʳ ʦʢʘʟʘʣʦʩʴ ʙʣʠʟʢʠʤ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤʫ ʧʨʝʜʝʣʫ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʨʘʟʤʝʨʫ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 
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ɺʜʦʙʘʚʦʢ ʢ ʩʲʸʤʢʝ ʩʪʘʪʠʯʥʳʭ ʢʘʜʨʦʚ ʧʨʠʝʤʥʠʢ ʩʧʦʩʦʙʝʥ ʟʘʧʠʩʳʚʘʪʴ ʚʠʜʝʦʬʠʣʴʤ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 749 ʢʘʜʨʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 26 ʢʘʜʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʯʪʦ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʫʯʢʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ. ʄʘʪʨʠʮʘ ʧʦʤʝʱʘʣʘʩʴ ʥʘ ʤʦʪʦʨʠʟʦʚʘʥʥʳʡ ʣʠʥʝʡʥʳʡ 

ʪʨʘʥʩʣʷʪʦʨ ʠ ʧʝʨʝʤʝʱʘʣʘʩʴ ʚʜʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʟʘʧʠʩʳʚʘʷ ʪʝʨʘʛʝʨʮʦʚʦʝ ʚʠʜʝʦ. 

ʊʘʙʣʠʮʘ 1.2 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʨʠʮʳ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʨʠʝʤʥʠʢʦʚ ʨʘʟʤʝʨʦʤ 320Ĭ240 ʧʠʢʩʝʣʝʡ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ ’ = 2,3 ʊɻʮ, ɺ/ɺʪ 1,6 10ī4 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʱʥʦʩʪʴ ʰʫʤʘ, ʧɺʪ/ɻʮ1/2 200 

ʆʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ- ʫhʤ 4000 

ʉʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʚʠʜʝʦʬʠʣʴʤʘ, ʢʘʜʨʦʚ/ʩ ʜʦ 26 

ɺʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʤʢʩ 20 

ʈʘʟʤʝʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤʢʤ 51Ĭ51 

1.3.2 ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ Pyrocam IV 

ɽʱʝ ʦʜʥʠʤ ʜʝʪʝʢʪʦʨʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʨʘʙʦʪʝ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʣʘʩʴ ʢʦʤʤʝʨʯʝʩʢʘʷ ʢʘʤʝʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 320Ĭ320 

ʧʨʠʝʤʥʠʢʦʚ (80Ĭ80 ʤʢʤ), ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ. Pyrocam IV ï ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘʷ 

ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʘʤʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 14-ʨʘʟʨʷʜʥʦʝ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟ 

ʢʘʢ ʙʦʣʴʰʠʭ, ʪʘʢ ʠ ʥʠʟʢʠʭ ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. 

ʈʘʚʥʦʤʝʨʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʙʦʣʴʰʦʡ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʜʝʣʘʪʁ ʵʪʫ ʢʘʤʝʨʫ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 14-

ʨʘʟʨʷʜʥʘʷ ʦʮʠʬʨʦʚʢʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʧʨʦʚʦʜʠʪʴ ʩʫʤʤʠʨʦʚʘʥʠʝ ʠ 

ʫʩʨʝʜʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʥʘ ʫʨʦʚʥʝ ʰʫʤʘ. 
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ɹʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʤʘʪʨʠʮʝ ʢʘʤʝʨʘ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʟʣʫʯʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥ 

13 ï 355 ʥʤ ʠ 1,06 ï 3000 ʤʢʤ. ʐʠʨʦʢʠʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʤʝʥʷʝʤʳʭ ʚʭʦʜʥʳʭ ʦʢʦʥ ʧʨʠʝʤʥʠʢʘ. ʂʘʤʝʨʘ ʦʩʥʘʱʝʥʘ 

ʦʙʪʶʨʘʪʦʨʦʤ ʠ ʨʘʙʦʪʘʝʪ ʢʘʢ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʪʘʢ ʠ 

ʠʤʧʫʣʴʩʥʦʛʦ. ɺʥʝʰʥʠʡ ʚʠʜ ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʙʦʨʘ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.5 ʠ ʚ ʪʘʙʣʠʮʝ 1.3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

ʈʠʩʫʥʦʢ 1.5 ï ʚʥʝʰʥʠʡ ʚʠʜ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ Pyrocam IV 

ʊʘʙʣʠʮʘ 1.3 ï ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ Pyrocam IV 

ʨʘʟʤʝʨʦʤ 320Ĭ320 ʧʠʢʩʝʣʝʡ 

ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʱʥʦʩʪʴ ʰʫʤʘ, ʧɺʪ/ɻʮ1/2 12,8 nW/Hz1/2/pixel (1Hz)  

ʉʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 13-355 ʥʤ, 1,06-3000 ʤʢʤ 

ɺʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʤʢʩ 1 ï 40000 

ʈʘʟʤʝʨ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤʢʤ 80Ĭ80 

1.4. ʆʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʊɻʮ-ʠʟʣʫʯʝʥʠʝʤ 

ʅʘʙʦʨ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ 

ʠʤʝʥʥʦ, ʦʙʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠʟ ʥʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʙʦʪʘ ʧʦ 
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ʧʦʠʩʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʊɻʮ-

ʠʟʣʫʯʝʥʠʝʤ ʧʨʦʜʦʣʞʘʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ 

ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʊɻʮ-ʜʠʘʧʘʟʦʥʝ, ʯʴʠ ʩʚʦʡʩʪʚʘ ʭʦʨʦʰʦ 

ʠʟʫʯʝʥʳ: ʢʨʠʩʪʘʣʣʳ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʦʦʤʥʳʡ ʢʨʝʤʥʠʡ (HRFZ-Si), 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʚʘʨʮ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʘʣʤʘʟ ʠ ʜʨ., ʠ ʧʦʣʠʤʝʨʳ: 

ʧʦʣʠʤʝʪʠʣʧʝʥʪʝʥ (TPX), ʧʦʣʠʵʪʠʣʝʥ, ʪʝʬʣʦʥ [63]. ʆʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ 

ʦʙʣʘʜʘʶʪ ʦʜʥʦʨʦʜʥʳʤ ʩʪʘʙʠʣʴʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ (ʦʢʦʣʦ 80-90%), ʦʜʥʘʢʦ 

ʦʧʪʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʦʙʳʯʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʦʤʦʱʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʊɻʮ-ʜʠʘʧʘʟʦʥʝ ʚʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʴ ʥʘ 

ʦʪʨʘʞʝʥʠʝ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʣʠʯʠʝ ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʣʦʞʥʝʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʅʠʞʝ ʦʧʠʩʘʥʘ ʧʨʠʙʦʨʥʘʷ ʙʘʟʘ ʜʣʷ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʠ ʠ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʚ 

ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ. 

1.4.1 ʃʠʥʟʳ 

ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʦʦʤʥʳʡ ʢʨʝʤʥʠʡ HRFZ-Si. 

ʂʨʝʤʥʠʝʚʳʝ ʣʠʥʟ r (ʨʠʩʫʥʦʢ 1.6ʘ) ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʢʦʤʧʘʥʠʠ Tydex. ɼʣʷ 

ʊɻʮ-ʦʧʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʳʩʦʢʦʦʤʥʳʡ ʢʨʝʤʥʠʡ, ʚʳʨʘʱʝʥʥʳʡ ʤʝʪʦʜʦʤ ʟʦʥʥʦʡ 

ʧʣʘʚʢʠ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʊɻʮ-ʜʠʘʧʘʟʦʥʝ ʠʤʝʝʪ ʦʯʝʥʴ ʤʘʣʫʶ ʜʠʩʧʝʨʩʠʶ 

ʠ ʩʦʩʪʘʚʣʷʝʪ 3,42, ʧʦʢʘʟʘʪʝʣʴ ʧʦʛʣʦʱʝʥʠʷ ï 0,025 ʩʤ-1 (ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 0,2 

ï 2 ʊɻʮ) [64], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʧʫʩʢʘʥʠʝ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 50-54% [65] 

ʚʩʣʝʜʩʪʚʠʝ ʬʨʝʥʝʣʝʚʩʢʠʭ ʧʦʪʝʨʴ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ-ʢʨʝʤʥʠʡ.  

ɼʨʫʛʦʡ ʚʠʜ ʣʠʥʟ, ʧʨʠʤʝʥʝʥʥʳʡ ʚ ʦʧʠʩʳʚʘʝʤʳʭ ʥʠʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʵʪʦ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʢʠʥʦʬʦʨʤʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʣʠʥʟʳ, ʦʙʣʘʜʘʶʱʠʝ 
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ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ ʧʨʦʬʠʣʝʤ ʟʦʥ ʌʨʝʥʝʣʷ. ʅʘʙʦʨ ʪʘʢʠʭ ʣʠʥʟ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʨʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʚʦʣʥʳ) ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ ʚʘʢʫʫʤʥʦʡ ʰʪʘʤʧʦʚʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʦʯʥʦʡ ʤʘʪʨʠʮʳ. ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʥʘʫʯʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʉʆ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ 

ʀʗʌ ʉʆ ʈɸʅ. ʊʘʢʠʝ ʣʠʥʟʳ [66, 67] (ʨʠʩʫʥʦʢ 1.6ʙ) ʧʦʢʘʟʘʣʠ ʩʝʙʷ ʢʘʢ ʵʣʝʤʝʥʪʳ, 

ʦʧʪʠʤʘʣʴʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʠʟʣʫʯʝʥʠʝʤ ʅʃʉʕ, ʪ.ʢ. ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʫʯʢʘ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʩʧʝʢʣʦʚ, ʘ ʪʘʢʞʝ ʥʝ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʦʪʨʘʞʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʠʩʭʦʜʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʘʶʱʝʛʦ ʧʫʯʢʘ.  

 

ʈʠʩʫʥʦʢ 1.6 ï ʬʦʪʦʛʨʘʬʠʠ ʣʠʥʟ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʊɻʮ-ʠʟʣʫʯʝʥʠʝʤ 

ʘ) ʢʨʝʤʥʠʝʚʳʝ, 50 ʤʤ ʠ ʙ) ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʘʷ ʢʠʥʦʬʦʨʤʥʘʷ ʣʠʥʟʘ ʩ f=75 ʤʤ ʥʘ 

ʜʣʠʥʝ ʚʦʣʥʳ 141 ʤʢʤ, 80 ʤʤ 

1.4.2 ʉʚʝʪʦʜʝʣʠʪʝʣʠ 

ɼʝʣʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ, ʣʘʚʩʘʥʦʚʦʡ ʠʣʠ 

ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʠʟ ʧʣʘʩʪʠʥʦʢ ʚʳʩʦʢʦʦʤʥʦʛʦ ʢʨʝʤʥʠʷ (HRFZ-Si). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʝʥʦʯʥʳʝ ʩʚʝʪʦʜʝʣʠʪʝʣʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʪʦʣʱʠʥʦʡ 30 ʤʢʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʙʳʣʠ 

ʠʟʤʝʨʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʟʣʫʯʝʥʠʷ ʅʃʉʕ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [68] ʠ ʥʘ 

ʨʠʩʫʥʢʝ 1.7ʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʩʚʝʪʦʜʝʣʠʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʄʘʭʘ-ʎʝʥʜʝʨʘ, ʧʨʠʤʝʨ ʪʘʢʦʡ ʩʭʝʤʳ ʠ ʚʥʝʰʥʠʡ ʚʠʜ 
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ʩʚʝʪʦʜʝʣʠʪʝʣʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.7ʙ. 

ʘ) 

 

ʙ) 

 

ʈʠʩʫʥʦʢ 1.7 ï ʘ) ʂʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ, ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ ʧʨʠ ʫʛʣʝ ʧʘʜʝʥʠʷ 45Á: p-

ʧʦʣʷʨʠʟʘʮʠʷ ï ʪʦʥʢʘʷ ʣʠʥʠʷ), s-ʧʦʣʷʨʠʟʘʮʠʷ ï ʪʦʣʩʪʘʷ ʣʠʥʠʷ [68]; ʙ) ʬʦʪʦʛʨʘʬʠʷ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʛʦ ʩʚʝʪʦʜʝʣʠʪʝʣʷ ʚ ʩʭʝʤʝ ʄʘʭʘ-ʎʝʥʜʝʨʘ (ʚʳʜʝʣʝʥ ʢʨʘʩʥʳʤ 

ʢʨʫʛʦʤ) 

1.4.3 ʉʝʛʤʝʥʪʥʘʷ ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ 

ɼʣʷ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʝʛʦ 
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ʤʘʪʝʨʠʘʣʘ. ʊʘʢʘʷ ʧʣʘʩʪʠʥʢʘ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʠʟʣʫʯʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʪʠʧʘʤʠ ʧʣʘʩʪʠʥ ʷʚʣʷʶʪʩʷ ʧʦʣʫʚʦʣʥʦʚʳʝ (ɚ/2) ʠ 

ʯʝʪʚʝʨʪʴʚʦʣʥʦʚʳʝ (ɚ/4). ʇʣʘʩʪʠʥʢʘ ɚ/2 ʩʜʚʠʛʘʝʪ ʬʘʟʫ ʥʘ ˊ, ʘ ʧʣʘʩʪʠʥʢʘ ɚ/4 ï ʥʘ ˊ/2. 

ʇʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʝʢʪʦʨʥʳʭ ʧʫʯʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʝʛʤʝʥʪʥʘʷ ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ (ʨʠʩʫʥʦʢ 1.8ʘ), ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʦʩʴʤʠ ʩʝʢʪʦʨʦʚ 

ʜʚʫʣʫʯʝʧʨʝʣʦʤʣʷʶʱʝʛʦ ʢʨʠʩʪʘʣʣʘ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʚʘʨʮ ʊɻʮ-ʢʘʪʝʛʦʨʠʠ [69]). 

ʆʧʪʠʯʝʩʢʘʷ ʦʩʴ ʢʘʞʜʦʛʦ ʩʣʝʜʫʶʱʝʛʦ ʩʝʢʪʦʨʘ ʧʦʚʝʨʥʫʪʘ ʥʘ 22,5Ü. ʕʪʘ ʧʣʘʩʪʠʥʢʘ, 

ʧʦ ʩʫʪʠ, ̫ ʚʣʷʝʪʩʷ ʚʘʨʠʘʮʠʝʡ q-ʧʣʘʩʪʠʥʢʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʦʢʘʣʴʥʭr ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ ( , ) ,0r qa j j a= +  ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʫʯʢʘ ʩ 

ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʧʫʯʦʢ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʧʣʘʩʪʠʥʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ q-ʧʣʘʩʪʠʥʢʠ, ʦʩʚʝʱʘʣʘʩʴ 

ʠʟʣʫʯʝʥʠʝʤ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʥʘ ʚʳʭʦʜʝ ʤʳ ʧʦʣʫʯʘʣʠ ʧʫʯʦʢ ʩ ʘʟʠʤʫʪʘʣʴʥʦʡ ʠʣʠ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [34]. ʕʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ ʠ ʙʳʣ ʧʨʠʦʙʨʝʪʝʥ 

ʚ ʢʦʤʧʘʥʠʠ Tydex [69]. 

ʂʦʥʪʨʦʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʧʫʯʢʦʚ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ 

ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʦʥʘ ʨʘʜʠʘʣʴʥʘʷ ʢʘʢ ʜʣʷ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ, ʪʘʢ ʠ ʜʣʷ 

ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʘ (ʨʘʟʜʝʣ 2.3.2 ʨʠʩʫʥʦʢ 2.15) ʠ çʩʦʚʝʨʰʝʥʥʦʛʦè ʚʠʭʨʝʚʦʛʦ 

(ʨʘʟʜʝʣ 2.4 ʨʠʩʫʥʦʢ 2.23) ʧʫʯʢʦʚ. ʅʘ ʨʠʩʫʥʢʝ 1.8ʙ ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʠʥʪʝʛʨʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʧʫʯʢʘ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʛʤʝʥʪʥʦʡ ʧʦʣʫʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʯʢʘ ʧʦʯʪʠ 

ʥʝ ʤʝʥʷʝʪʩʷ. 
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ʘ) ʙ) 

    

 
 

ʈʠʩʫʥʦʢ 1.8 ï ʘ) ʬʦʪʦʛʨʘʬʠʷ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʝʛʤʝʥʪʥʦʡ ʧʦʣʫʚʦʣʥʦʚʦʡ 

ʧʣʘʩʪʠʥʢʠ; ʙ) ʠʥʪʝʛʨʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʧʫʯʢʘ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʘʥʘʣʠʟʘʪʦʨʘ 

1.4.4 ʄʦʜʘʥʳ 

ʄʦʜʘʥʳ ï ʢʣʘʩʩ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʧʝʨʝʯʥʦ-ʤʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [70]. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʊɻʮ-ʧʫʯʢʠ ʩ ʤʦʜʦʡ ʕʨʤʠʪʘ-ɻʘʫʩʩʘ (ʕɻ) ʩ ʥʦʤʝʨʘʤʠ 

(1,0) ʠ (0,1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʝʤʥʠʝʚʳʭ ʬʘʟʦʚʳʭ ʙʠʥʘʨʥʳʭ ʤʦʜʘʥʦʚ. 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʬʘʟʦʚʘʷ ʤʘʩʢʘ ʠ ʬʦʪʦʛʨʘʬʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.9 (ʯʝʨʥʘʷ ʦʙʣʘʩʪʴ ï ʬʘʟʘ 0, ʙʝʣʘʷ ï ˊ). ʈʝʣʴʝʬ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʜʚʠʛ 

ʦʜʥʦʡ ʧʦʣʦʚʠʥʳ ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʥʘ ˊ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʩʦʢʦʦʤʥʳʡ ʢʨʝʤʥʠʡ HRFZ-Si ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ 3,42.n=  

ʇʦʣʫʯʝʥʠʝ ʙʠʥʘʨʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʩ ʚʳʩʦʪʦʡ ʧʨʦʬʠʣʷ / 2( 1) 29,1h nl= - =  ʤʢʤ, 

ʜʣʷ ɚ=141 ʤʢʤ, ʥʘ ʵʣʝʤʝʥʪʝ ʜʠʘʤʝʪʨʦʤ 30 ʤʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʧʣʘʟʤʦ-

ʠʦʥʥʦʛʦ ʪʨʘʚʣʝʥʠʷ ʚ ʉʘʤʘʨʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ [31]. ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʬʘʟ (ʥʘ 

ʙʠʥʘʨʥʦʡ ʩʪʫʧʝʥʴʢʝ) ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ ( )  1k h njD = Ö Ö -, 

ʛʜʝ k ï ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ, ʠ ʩʦʩʪʘʚʣʷʝʪ ( )j l pD Ö =. ɼʣʷ ʜʣʠʥ ʚʦʣʥ 
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ʦʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʨʘʚʥʘ Ń, ʛʜʝ N ï ʥʝʯʸʪʥʦʝ ʯʠʩʣʦ. 

ʘ) 

 

  

ʙ) 

 

 

ʚ) 

 

ʈʠʩʫʥʦʢ 1.9 ï ʜʚʫʤʝʨʥʦʝ ʬʘʟʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʯʝʨʥʘʷ ʦʙʣʘʩʪʴ ï ʬʘʟʘ 2,́ 

ʙʝʣʘʷ ï )́ ʠ ʬʦʪʦ ʢʨʝʤʥʠʝʚʦʛʦ ʤʦʜʘʥʘ (Ï 30 ʤʤ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʕʨʤʠʪ-ɻʘʫʩʩʦʚʘ 

ʧʫʯʢʘ ʩ ʥʦʤʝʨʦʤ (1,0); ʚ) ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʘʥʘ (ʚʠʜ ʩʧʝʨʝʜʠ) 

ɺ ʨʘʟʜʝʣʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʕɻ ʧʫʯʢʦʚ ʧʦʩʣʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʤʦʜʘʥ. 

1.4.5 ʌʘʟʦʚʳʡ ʘʢʩʠʢʦʥ ʩ ʙʠʥʘʨʥʳʤ ʨʝʣʴʝʬʦʤ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʠʨʘʣʴʥʳʝ ʙʠʥʘʨʥʳʝ ʬʘʟʦʚʳʝ ʘʢʩʠʢʦʥʳ (ʉɹʌɸ), 

ʠʣʠ ʢʦʨʦʪʢʦ ï ʘʢʩʠʢʦʥʳ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʚʠʭʨʝʡ. ʉɹʌɸ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʥʘʨʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʝʪʢʫ ʩ ʨʝʣʴʝʬʦʤ ʚ ʚʠʜʝ 

ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ ʠ ʨʘʙʦʪʘʝʪ ʢʘʢ ʘʢʩʠʢʦʥ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʛʘʫʩʩʦʚ ʧʫʯʦʢ ʚ 

ʙʝʩʩʝʣʝʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ ʩ ʛʝʣʠʢʦʠʜʘʣʴʥʳʤ 

ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʦʤ. ʀʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʧʫʯʢʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʮʝʥʪʨʝ ʨʘʚʥʘ ʥʫʣʶ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʘʢʩʠʢʦʥʦʚ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʨʘʛʝʨʮʦʚʳʭ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ ɚ=141 ʤʢʤ ʩ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ l = Ñ1, Ñ2, Ñ3, Ñ4, Ñ9 (ʬʘʟʦʚʳʝ ʤʘʩʢʠ ʠ ʬʦʪʦ ʧʨʠʚʝʜʝʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 1.10). ɿʥʘʢ ʊɿ ʧʫʯʢʘ ʤʝʥʷʣʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʦʚʦʨʦʪʘ ʘʢʩʠʢʦʥʘ ʥʘ 180Á ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʄʘʪʝʨʠʘʣ ʠ ʪʝʭʥʦʣʦʛʠʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʉɹʌɸ [71] ʘʥʘʣʦʛʠʯʥʳ ʧʨʠʤʝʥʝʥʥʳʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʠʩʘʥʥʳʭ 

ʚʳʰʝ ʤʦʜʘʥʦʚ. ɼʠʘʤʝʪʨ ʛʦʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʣ 50 ʤʤ, ʪʦʣʱʠʥʘ 1 ʤʤ, 

ʦʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʘʢʩʠʢʦʥʳ ʙʳʣʠ ʟʘʢʣʶʯʝʥʳ ʚ ʦʧʨʘʚʫ, ʠ 
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ʨʝʘʣʴʥʳʡ çʨʘʙʦʯʠʡè ʜʠʘʤʝʪʨ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 2R= 44 ʤʤ. ʇʘʨʘʤʝʪʨr 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4. 

 

ʈʠʩʫʥʦʢ 1.10 ï  ʜʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ (ʯʝʨʥʳʝ ʦʙʣʘʩʪʠ ï ʬʘʟʘ 2 ,́ ʙʝʣʳʝ 

ï )́ ʠ ʬʦʪʦʛʨʘʬʠʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ l =+1, +2, +3, +4 ʩ p=3,03 ʤʤ ʠ ʚʦ ʚʨʝʟʢʝ l =+3, +9 c p=2,02 ʤʤ 

ʊʘʙʣʠʮʘ 1.4 ï ʇʘʨʘʤʝʪʨʳ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʙʠʥʘʨʥʳʭ ʘʢʩʠʢʦʥʦʚ (ɹɸ) ʠ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʢʩʠʢʦʥʘ (ɻɸ) (ʩʤ. ʨʠʩʫʥʢʠ 1.10 ʠ 1.14). R ï ʨʘʜʠʫʩ ʘʢʩʠʢʦʥʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʧʨʘʚʦʡ, Z0 ï ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ 

(ʩʤ. ʨʠʩʫʥʦʢ 2.1) 

ɸʢʩʠʢʦʥ ɹɸ1 ɹɸ2 ɹɸ3 ɹɸ4 ɹɸ23 ɹɸ9 ɻɸ9 

l 1 2 3 4 3 9 9 

p, ʤʤ 3,03 3,03 3,03 3,03 2,02 2,02 ð 

h, ʤʢʤ 29,1 29,1 29,1 29,1 29,1 29,1 102 

R, ʤʤ 22 22 22 22 22 22 10 

Z0, ʤʤ 550 550 550 550 360 360 144 

ʌʘʟʦʚʘʷ ʬʫʥʢʮʠʷ ʙʠʥʘʨʥʦʛʦ ʘʢʩʠʢʦʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʪʫʧʝʥʯʘʪʳʤ 

ʧʨʦʬʠʣʝʤ [72] 

( , ) (sin( )),
2

ɹɸr sign l r
p

j j kF = -  (1.3) 
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ʛʜʝ  

()

1, 0

0, 0 ,

1, 0

x

sign x x

x

+ >ë
î
= =ì
î- <í

 (1.4) 

ʠ 2 /p p k= ï ʧʝʨʠʦʜ ʙʠʥʘʨʥʳʭ ʘʢʩʠʢʦʥʦʚ. 

ʆʪ ʢʘʯʝʩʪʚʘ ʨʝʣʴʝʬʘ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ. ʅʝʪʦʯʥʦʩʪʠ ʚ ʜʣʠʥʝ ʧʝʨʠʦʜʘ ʠ ʰʠʨʠʥʝ ʢʘʥʘʚʦʢ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʷʚʣʝʥʠʶ ʦʰʠʙʦʢ ʚ ʠʟʤʝʨʝʥʠʷʭ. ɻʣʫʙʠʥʘ ʢʘʥʘʚʦʢ ʙʳʣʘ ʠʟʤʝʨʝʥʘ 

ʚʜʦʣʴ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʜʠʘʤʝʪʨʦʚ. ʂʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʨʝʣʴʝʬʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʙʝʣʦʛʦ 

ʩʚʝʪʘ WLI-DMR ʧʨʦʠʟʚʦʜʩʪʚʘ ʀʥʩʪʠʪʫʪʘ ʌʨʘʫʥʛʦʬʝʨʘ (ʛ. ʁʝʥʘ, ɻʝʨʤʘʥʠʷ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʘʢʩʠʢʦʥʦʚ ɹɸ3 ʠ ɹɸ23 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.11.  

 

ʈʠʩʫʥʦʢ 1.11 ï ʘ) ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʛʣʫʙʠʥʳ ʢʘʥʘʚʦʢ ʙʠʥʘʨʥʳʭ ʘʢʩʠʢʦʥʦʚ ʚʜʦʣʴ 

ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʜʠʘʤʝʪʨʦʚ: ʢʨʫʛʠ ï ɹɸ9; ʪʨʝʫʛʦʣʴʥʠʢʠ ï ɹɸ3; ʙ) ʧʨʠʤʝʨʳ 

ʠʟʤʝʨʝʥʥʳʭ ʧʝʨʠʦʜʦʚ ʚ ʤʤ ʙʠʥʘʨʥʳʭ ʘʢʩʠʢʦʥʦʚ ɹɸ3 ʠ ɹɸ23 ʩ ʨʘʟʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ 

p (ʩʤ. ʪʘʙʣʠʮʫ 1.4), ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʦʚʘʣʠ ʧʫʯʢʠ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ 3l =° ; 

ʚ) ʫʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʩʠʢʦʥʦʚ ʩ p=3,03 ʤʤ [49] 

ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʠʟʤʝʨʝʥʥʦʡ ʛʣʫʙʠʥʳ ʩʦʩʪʘʚʠʣ Ñ1 ʠ Ñ4 ʤʢʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3ï10% ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʅʝʪʦʯʥʦʩʪʴ ʚ 

ʧʝʨʠʦʜʝ ʘʢʩʠʢʦʥʦʚ, ʢʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.11ʙ, ʩʦʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 1-3%. 
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ʅʝʧʣʦʩʢʦʩʪʥʦʩʪʴ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʧʣʘʩʪʠʥʢʠ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʩʦʩʪʘʚʠʣʘ å 5 ʤʢʤ. ʆʜʥʘʢʦ ʦʥʘ ʥʝ ʙʳʣʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʠ ʥʝ ʚʥʝʩʣʘ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʦʰʠʙʢʠ. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɼʆʕ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʵʣʝʤʝʥʪʝ, ʢ ʤʦʱʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪ. ɹʠʥʘʨʥʳʝ 

ʘʢʩʠʢʦʥʳ, ʢʘʢ ʠ ʤʦʜʘʥʳ, ʚʳʧʦʣʥʝʥʳ ʠʟ ʚʳʩʦʢʦʦʤʥʦʛʦ ʢʨʝʤʥʠʷ HRFZ-Si. 

ʌʨʝʥʝʣʝʚʩʢʠʝ ʧʦʪʝʨʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʚ ʜʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʚ ʊɻʮ-ʜʠʘʧʘʟʦʥʝ ʥʘ 

ʵʣʝʤʝʥʪʝ, ʚʳʧʦʣʥʝʥʥʦʤ ʠʟ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʫʛʣʝ 

ʧʘʜʝʥʠʷ ʦʩʚʝʱʘʶʝɦʛʦ ʧʫʯʢʘ ʩʦʩʪʘʚʣʷʶʪ å 51%. ʅʘ ʧʨʘʢʪʠʢʝ ʞʝ ʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʸʤ ʥʘʭʦʞʜʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʣʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ɼʆʕ, ʢ ʠʥʪʝʛʨʘʣʫ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʵʣʝʤʝʥʪ. ɺʩʣʝʜʩʪʚʠʝ ʜʠʩʢʨʝʪʥʦʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʧʠʰʝʤ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ: 

ʛʜʝ 
ʚʳʭIä ï ʩʫʤʤʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦ ʧʣʦʱʘʜʠ ʧʫʯʢʘ ʥʘ ʚʳʭʦʜʝ, 

ʚʭIä ï ʩʫʤʤʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʥʘ ʚʭʦʜʝ, ,ʚʭ ʚʳʭI ID D  ï ʰʘʛ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʣʦʱʘʜʠ ʥʘ ʚʭʦʜʝ ʠ 

ʚʳʭʦʜʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʣʫʯʘʝ ʘʢʩʠʢʦʥʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ ʚ ʟʦʥʝ 

ʧʝʨʝʢʨʳʪʠʷ ʢʦʥʠʯʝʩʢʠ ʩʭʦʜʷʱʠʭʩʷ ʧʦʜ ʫʛʣʦʤ ɗ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʧʣʦʩʢʠʭ ʚʦʣʥ, 

ʥʫʞʥʦ ʚʳʧʦʣʥʷʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʝ ʧʦ ʚʩʝʡ ʦʙʣʘʩʪʠ, ʘ ʚ ʚʳʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʚʦʣʥʦʚʳʭ ʚʝʢʪʦʨʦʚ. ʇʘʨʘʣʣʝʣʴʥʳʝ ʥʘʢʣʦʥʥʳʝ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʝ ʣʫʯʠ 

ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʦʙʨʘʟʫʶʪ ʢʦʣʴʮʦ ʩ ʨʘʜʠʫʩʦʤ 

R tg fq= Ö. ʐʠʨʠʥʘ ʢʦʣʴʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʘʩʭʦʜʠʤʦʩʪʴʶ 

ʠʩʭʦʜʥʦʛʦ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ. ʈʘʜʠʫʩʳ ʚʥʝʰʥʝʡ Rʚʥʝʰʥ ʠ ʚʥʫʪʨʝʥʥʝʡ Rʚʥʫʪʨ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʢʦʣʴʮʦ ʌʫʨʴʝ-ʦʙʨʘʟʘ ʙʝʩʩʝʣʝʚʘ 

,
ʚʳʭ ʚʳʭ

ʚʭ ʚʭ

I I

I I
h

ÖD
=

ÖD

ä
ä

 (1.5) 
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ʧʫʯʢʘ c l=+1 ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʩ ɚvar= 141 ʤʢʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 

ʙ ʣrʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʷʪʁ 

var
(5,76 0,34 ) 0,051 2,74

ʚʥʝʰʥ
R l= + Ö = ʤʤ ʠ var(0,87 0,28 ) 0,051 2,06ʚʥʫʪʨR l= + Ö = ʤʤ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ 
ʚʥʝʰʥ

R  ʠ ʚʥʫʪʨR  ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʫʩʦʚ ʢʦʣʝʮ ʦʪ ɚ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ, ʨʘʙʦʪʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩʦʠʩʢʘʪʝʣʝʤ ʨʘʥʝʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ [73]. 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʥʫʪʨʠ ʢʦʣʴʮʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ. ʆʙʣʘʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʌʫʨʴʝ-ʦʙʨʘʟʦʚ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʜʣʷ ʜʣʠʥ ʚʦʣʥ 47, 70 ʠ 141 ʤʢʤ ʥʘ 

ʚʨʝʟʢʘʭ ʨʠʩʫʥʢʘ 1.12. 

ʅʘ ʨʠʩʫʥʢʝ 1.12 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉɹʌɸ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ. ɻʨʘʬʠʢ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʦʪʥʦʰʝʥʠʷ ʩʫʤʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʥʫʪʨʠ 

ʢʦʣʝʮ ʢ ʜʚʦʡʥʦʡ ʩʫʤʤʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʚʝʱʘʶʱʝʛʦ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ.  

 

ʈʠʩʫʥʦʢ 1.12 ï ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʥʘʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʢʩʠʢʦʥʘ (l=+1) ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ 

ʅʘ ʢʨʘʪʥʳʭ ʨʘʩʯʝʪʥʦʡ ʜʣʠʥʘʭ ʚʦʣʥ (47, 141 ʤʢʤ) ʥʘʙʣʶʜʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ 

ВὍ̜̖̃
ВὍ̖̃

 



38 

 

ʧʠʢʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʙʠʥʘʨʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʨʝʰʝʪʢʦʡ, ʨʘʩʢʣʘʜʳʚʘʶʱʝʡ ʧʫʯʦʢ ʚ ʥʝʯʝʪʥʳʝ ʧʦʨʷʜʢʠ ʜʠʬʨʘʢʮʠʠ. ɿʦʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ 3l =47 ʤʢʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 3 ʨʘʟʘ (ʨʠʩʫʥʦʢ 1.13). 

ʆʜʥʘʢʦ, ʧʨʠ l = 70 ʤʢʤ ʚʩʝ ʧʘʜʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʜʠʬʨʘʢʮʠʦʥʥʫʶ 

ʨʝʝhʪʢʫ, ʦʙʨʘʟʫʷ ʥʫʣʝʚʦʡ ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ 2l  

ʥʘʙʝʛ ʬʘʟ ʢʨʘʪʝʥ 2ˊ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʘʫʩʩʦʚ ʧʫʯʦʢ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʙʝʩʩʝʣʝʚ, ʩʦʭʨʘʥʷʷ ʠʩʭʦʜʥʫʶ ʤʦʜʫ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʥʘʣʠʯʠʝ ʬʨʝʥʝʣʝʚʩʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʚ ʨʘʩʯʝʪ 

ʙʝʨʝʪʩʷ ʪʦʣʴʢʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʣʦʩʢʦʛʦ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ ʩ ʧʦʤʦʱʴʶ ʬʘʟʦʚʦʛʦ 

ʙʠʥʘʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʘʢʩʠʤʫʤ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉɹʌɸ 

ʩʦʩʪʘʚʠʣ å 30%. ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʘ 

ʜʦ 40% ʧʫʪʸʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʥʝʛʦ ʘʥʪʠʦʪʨʘʞʘʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʧʘʨʠʣʝʥ ʉ. 

 

ʈʠʩʫʥʦʢ 1.13 ï ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ 

ʧʫʯʢʘ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ l=+1 ʜʣʷ ʜʣʠʥ ʚʦʣʥ 47, 70 ʠ 141 ʤʢʤ ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʘʩʩʪʦʷʥʠʡ L=1õ1000 ʤʤ ʧʦʩʣʝ ʘʢʩʠʢʦʥʘ  

ͣ͟ ͣ
ͣ͟ ͣ
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1.4.6 ʌʘʟʦʚʳʡ ʘʢʩʠʢʦʥ ʩ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʬʠʣʝʤ 

ɽʱʝ ʦʜʠʥ ʪʠʧ ɼʆʕ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ï ʬʘʟʦʚʳʡ ʘʢʩʠʢʦʥ ʩ ʢʫʩʦʯʥʦ-

ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʬʠʣʝʤ, ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩʫʥʢʝ 1.14, ʢʦʪʦʨʳʡ, ʩʦʛʣʘʩʥʦ 

ʣʠʪʝʨʘʪʫʨʝ [74], ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤè. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʘʢʩʠʢʦʥ 

ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʚ ʀʥʩʪʠʪʫʪʝ ʦʙʱʝʡ ʬʠʟʠʢʠ ʈɸʅ ʠʟ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʣʤʘʟʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ n=2,38 ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʘʙʣʷʮʠʠ. ʇʘʨʘʤʝʪʨʳ ʘʢʩʠʢʦʥʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.4.  

ʘ)                                       ʙ) 

 

ʈʠʩʫʥʦʢ 1.14 ï ʜʚʫʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʠ ʬʦʪʦʛʨʘʬʠʷ çʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦè 

ʘʣʤʘʟʥʦʛʦ ʘʢʩʠʢʦʥʘ ʩ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ ʨʝʣʴʝʬʦʤ ʩ 9l =°. ɺʝʣʠʯʠʥʘ ʬʘʟʳ ʚ 

ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ ʵʣʝʤʝʥʪʘ ʧʣʘʚʥʦ ʨʘʩʪʝʪ ʦʪ ʥʫʣʷ ʜʦ 2 ́

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʠʥʘʨʥʦʛʦ ɼʆʕ, ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʩʦʩʪʦʠʪ ʠʟ 

ʩʝʢʪʦʨʦʚ, ʬʘʟʘ ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʧʣʘʚʥʦ ʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ 2ˊ, ʦʙʣʘʜʘʝʪ ʢʫʩʦʯʥʦ-

ʥʝʧʨʝʨʳʚʥʳʤ ʧʨʦʬʠʣʝʤ ʧʦ ʘʟʠʤʫʪʫ ʠ ʙʠʥʘʨʥʳʤ ʧʦ ʨʘʜʠʫʩʫ. ʐʠʨʠʥʘ ʟʦʥ ʵʪʦʛʦ 

ʘʢʩʠʢʦʥʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, ʥʝ ʧʦʩʪʦʷʥʥʘ, ʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ 

ʥʫʣʝʡ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ. ʌʘʟʦʚʘʷ ʬʫʥʢʮʠʷ ɻɸ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
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| |

( ( ( )) / | |)
( , ) ( ( ( )) / | |) 2 fix( ),

2

l

ɻɸ l

l H J r l
r l H J r l

j p k p
j j p k p p

p

+ + Ö
F = + + Ö -  ((1.6) 

ʛʜʝ ʬʫʥʢʮʠʷ fix(z) ï ʮʝʣʘʷ ʯʘʩʪʴ z. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʣʝʤʝʥʪ ʨʘʟʜʝʣʝʥ ʥʘ ʟʦʥʳ ʧʦ 

ʨʘʜʠʫʩʫ. ɿʦʥʳ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʥʫʣʷʤʠ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʟʘʜʘʥʥʦʛʦ ʧʦʨʷʜʢʘ. 

ʊʦʯʢʘ ʦʪʩʯʝʪʘ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ű, ʷʚʣʷʶʱʝʛʦʩʷ ʘʨʛʫʤʝʥʪʦʤ ʬʫʥʢʮʠʠ ( , )r jF , 
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ʩʜʚʠʥʫʪʘ ʥʘ / | |lj pD =  ʜʣʷ ʥʝʯʝʪʥʳʭ ʟʦʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʍʝʚʠʩʘʡʜʘ 

1 0
( ) 1

( ) 0,5 0.
2

0 0

x
sign x

H x x

x

+ >ë
+ î

= = =ì
î <í

 (1.7) 

ɹʣʘʛʦʜʘʨʷ ʨʘʚʥʦʤʝʨʥʦʤʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʫʧʝʥʯʘʪʳʤ ʠʟʤʝʥʝʥʠʶ ʚʳʩʦʪʳ 

ʨʝʣʴʝʬʘ ʘʢʩʠʢʦʥʘ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ 

ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʚ ʌʫʨʴʝ-ʧʣʦʩʢʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʨʘʟʜʝʣʝ 2.4. 

1.5. ʄʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫

ɺʩʝ ʨʘʩʯʝʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Matlab. ʈʘʩʯʸʪ ʜʠʬʨʘʢʮʠʠ ʥʘ 

ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ ʵʣʝʤʝʥʪʝ ʚʳʧʦʣʥʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ɻʶʡʛʝʥʩʘ-

ʌʨʝʥʝʣʷ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʦʙʲʷʩʥʷʝʪ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠ 

ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʮʝʥʪʨ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʧʦʨʦʞʜʘʶʱʝʛʦ ʚʪʦʨʠʯʥʳʝ 

ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʣʥʳ, ʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʚʝʪʦʚʦʝ ʧʦʣʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʝʡ ʵʪʠʭ ʚʦʣʥè. ʀʣʣʶʩʪʨʘʮʠʷ 

ʧʨʠʥʮʠʧʘ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ ʥʘ ʧʨʠʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʩ 

ʧʦʤʦʱʴʶ ʙʠʥʘʨʥʦʛʦ ɼʆʕ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.15. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʢʦʛʜʘ ʧʣʦʩʢʘʷ ʚʦʣʥʘ 

ʧʦʧʘʜʘʝʪ ʥʘ ɼʆʕ, ʧʨʦʧʫʩʢʘʥʠʝ ʢʦʪʦʨʦʛʦ ɽ(ʭ, ʫ), ʪʦ ʢʘʞʜʳʡ ʫʯʘʩʪʦʢ ʵʣʝʤʝʥʪʘ 

ʥʘʯʠʥʘʝʪ ʠʩʧʫʩʢʘʪʴ ʩʬʝʨʠʯʝʩʢʫʶ ʚʦʣʥʫ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʵʪʦʡ ʪʦʯʢʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʥʘʡʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʥʫʞʥʦ 

ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʧʦʣʷ ʦʪ ʢʘʞʜʦʛʦ ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʘʢʩʠʢʦʥʝ ʚ ʧʣʦʩʢʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʫʤʤʠʨʦʚʘʥʠʝ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʯʝʨʝʟ ʜʚʦʡʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʧʣʦʩʢʦʩʪʠ ʭ, ʫ: 
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e
( , ) ( , ) ,

ikri
U E x y dxdy

z r
x h

l

-

= Öññ  (1.8)  

ʛʜʝ ( , )U x h ï ʢʦʤʧʣʝʢʩʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ z ʧʨʠ 

ʜʠʬʨʘʢʮʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʣʝʤʝʥʪʝ. 

 

ʈʠʩʫʥʦʢ 1.15 ï ʧʨʠʥʮʠʧ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʧʦ ʧʨʘʚʠʣʫ ɻʶʡʛʝʥʩʘ-ʌʨʝʥʝʣʷ. ɼʠʬʨʘʢʮʠʶ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʦʧʪʠʯʝʩʢʦʤ 

ʵʣʝʤʝʥʪʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʛʨʘʣʘ ʌʨʝʥʝʣʷ-ʂʠʨʭʛʦʬʘ. ʇʦʣʝ ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʥʘʭʦʜʠʪʩʷ ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʷ ʚʢʣʘʜʦʚ ʦʪ ʢʘʞʜʦʡ ʪʦʯʢʠ ɼʆʕ [75] 

ʇʝʨʝʧʠʰʝʤ ʨʘʜʠʫʩ ʩʬʝʨʠʯʝʩʢʠʭ ʚʦʣʥ r  ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ï , , , ,x y zx h  

ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ: 

1
2 2 2 2 2 2 2

1
2 2 2

2

( ) ( ) ( ) ( )

( ) ( )
1 .

r x y z x y z

x y
z

z

x h x h

x h

è ø= - + - + = - + - + =ê ú

è ø- + -
= Ö +é ù
ê ú

 (1.9)  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʥʪʝʛʨʘʣ ( , )U x h ʤʦʞʥʦ ʙʳʣʦ ʚʟʷʪʴ ʯʠʩʣʝʥʥʦ ʣʠʙʦ 

ʘʥʘʣʠʪʠʯʝʩʢʠ, ʥʫʞʥʦ ʟʘʧʠʩʘʪʴ ʨʘʜʠʫʩ ʚ ʧʘʨʘʢʩʠʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʩʣʦʚʠʷʤʠ 
2

2

( )
1

x

z

x-
<< ʠ 

2

2

( )
1

y

z

h-
<< ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (1 ) 1x xa a+ = +  ʧʨʠ ʤʘʣʳʭ ʭ: 
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2 2

2

( ) ( )
1 .

2

x y
r z

z

x hå õ- + -
= Ö +æ ö
ç ÷

 (1.10)  

ɺ ʬʘʟʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʨʘʜʠʫʩ ʥʫʞʥʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʪʘʢʦʤ 

ʚʠʜʝ, ʥʦ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʝʛʦ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ z, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʪʩʷ ʢʦʥʝʯʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ( , )U x h ʥʘ ʨʘʩʩʪʦʷʥʠʠ z, ʧʨʠ ʜʠʬʨʘʢʮʠʠ 

ʧʣʦʩʢʦʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʤ ʵʣʝʤʝʥʪʝ ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ, 

ʦʧʠʩʳʚʘʶʱʠʤʩʷ ʧʦ ʟʘʢʦʥʫ ( , )E x y : 

2 2( ) ( )
2( , ) e ( , )e .
k

i x y
ikz z

i
U E x y dxdy

z

x h

x h
l

è ø- - + -
ê ú-= Ö ññ  (1.11)  

ʇʨʠ ʨʘʩʯʝʪʝ ʜʠʩʢʨʝʪʥʦʡ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʫʯʘʝʪʩʷ 

ʤʘʪʨʠʮʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩ ̫ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ: 

2
( , ) ( , ) .I Ux h x h=  (1.12)  

ʋʜʦʙʩʪʚʦ ʮʠʬʨʦʚʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ, ʢʦʪʦʨʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʠʪʴ 

ʥʝʚʦʟʤʦʞʥʦ, ʯʝʨʝʟ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ: 

Im ( , )
( , ) arctan .

Re ( , )

U

U

x h
x h

x h

è ø
F = é ù

ê ú
 (1.13)  
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ɻʣʘʚʘ 2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʝʨʰʝʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ 

ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ [76, 77, 78]. ʆʜʥʘʢʦ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʠʟʣʫʯʝʥʠʝʤ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʘʢʦʡ 

ʤʦʜʳ ʚ ʧʫʯʢʝ ʦʩʣʦʞʥʷʣʦʩʴ ʧʨʦʙʣʝʤʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ. 

ʉʣʦʞʥʦʩʪʴ ʦʙʫʩʣʘʚʣʠʚʘʣʘʩʴ ʧʦʜʙʦʨʦʤ ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʟʨʘʯʥʦʛʦ ʜʣʷ 

ʊɻʮ-ʠʟʣʫʯʝʥʠʷ (ʚ ʩʣʫʯʘʝ ʬʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ), ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʩʠʛʥʘʣʦʚ.  

ɼʘʥʥʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʦʧʠʩʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʚʝʨʰʝʥʥʳʭ ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʥʘ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ 

ʦʙʨʘʟʮʘʭ. ʇʨʠʚʝʜʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʳʭ 

ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʚʠʜʦʚ 

ɼʆʕ: ʢʨʝʤʥʠʝʚʳʭ ʙʠʥʘʨʥʳʭ ʬʘʟʦʚʳʭ ʘʢʩʠʢʦʥʦʚ ʠ ʘʣʤʘʟʥʦʛʦ ʘʢʩʠʢʦʥʘ ʩ ʢʫʩʦʯʥʦ-

ʥʝʧʨʝʨʳʚʥʳʤ ʨʝʣʴʝʬʦʤ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʦʭʦʞʜʝʥʠʶ 

ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩʢʚʦʟʴ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ ʧʨʝʧʷʪʩʪʚʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ 

ʧʫʯʢʦʚ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. 

2.1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

2.1.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʠʥʘʨʥʳʤʠ ʬʘʟʦʚʳʤʠ ʘʢʩʠʢʦʥʘʤʠ 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ ʘʚʪʦʨʘ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʛʦʜʳ ʦʙʫʯʝʥʠʷ ʚ ʙʘʢʘʣʘʚʨʠʘʪʝ (2014-

2016 ʛ.ʛ.), ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʩ 

ʧʦʤʦʱʴʶ ʙʠʥʘʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1.10, ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʠʟ ʪʘʙʣʠʮʳ 1.4 (ɹɸ1 ʠ ɹɸ2). ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʩʚʦʡʩʪʚʦ 

ʙʝʟʜʠʬʨʘʢʮʠʦʥʥʦʩʪʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ 
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ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʥʝ ʤʝʥʷʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʦʥʘ 

ʧʝʨʝʢʨʳʪʠʷ ʬʦʨʤʠʨʫʶʱʠʭ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ ʢʦʥʠʯʝʩʢʠ ʩʭʦʜʷʱʠʭʩʷ ʧʣʦʩʢʠʭ ʚʦʣʥ 

(ʟʦʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ) ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 10 ʤʤ ʜʦ 280 ʤʤ ʦʪ ʘʢʩʠʢʦʥʘ. 

ɿʜʝʩʴ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʘ) ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ; ʧʦʧʝʨʝʯʥʦʝ (ʵʢʩʧʝʨʠʤʝʥʪ) 

ʠ ʧʨʦʜʦʣʴʥʦʝ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʩʝʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʳʭ 

ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ L=10õ460 ʤʤ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ 

ʟʘʨʷʜʘʤʠ: ʙ) 1l =+; ʚ) 2l =+ 

ɺʠʜʥʦ, ʯʪʦ ʢʦʣʴʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʧʫʯʢʦʚ ʦʙʣʘʜʘʶʪ 

ʘʟʠʤʫʪʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʩʪʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʨʘʩʯʝʪʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ (ʨʠʩʫʥʦʢ 2.2ʘ). ʇʨʠ ɻʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʜʝʘʣʴʥʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʦʣʝʮ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʧʦ ʘʟʠʤʫʪʫ (ʨʠʩʫʥʦʢ 2.3ʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʫʯʢʦʚ ʙʠʥʘʨʥʳʤʠ ʘʢʩʠʢʦʥʘʤʠ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘ ɚ=141 ʤʢʤ ʧʨʠʩʫʪʩʪʚʫʶʪ 
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ʚʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʫʪʨʠ ʢʦʣʝʮ, ʧʨʠʯʝʤ ʯʠʩʣʦ ʧʠʢʦʚ ʨʘʚʥʦ 2l. ʕʪʦ ʭʦʨʦʰʦ 

ʚʠʜʥʦ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʘʭ 

2.2ʘ ʠ 2.3ʙ. ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ ʧʠʢʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʝ ʨʘʚʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʚʘʨʴʠʨʫʶʪʩʷ ʯʝʨʝʟ ʦʜʠʥ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʛʨʘʬʠʢ 

ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʫʪʨʠ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʙʝʩʩʝʣʝʚʘ 

ʧʫʯʢʘ (ʨʠʩʫʥʦʢ 2.2ʙ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʣʩʷ ʮʝʥʪʨ 

ʢʦʣʴʮʘ ʠ ʧʝʨʝʚʦʜʦʤ ʚ ʧʦʣʷʨʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʦʛʦ ʮʝʥʪʨʘ ʩʪʨʦʠʣʩʷ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷʨʥʦʛʦ ʫʛʣʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʘʜʠʫʩʘ, 

ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʨʘʜʠʫʩʫ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʧʦ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ. ɼʘʥʥʳʝ ʚʘʨʠʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʙʠʥʘʨʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʘʧʝʨʪʫʨʳ. 

 

ʈʠʩʫʥʦʢ 2.2 ïʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʫʯʢʘ ʩ l=+4 ʘ) 

ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ); ʙ) ʛʨʘʬʠʢ ʘʟʠʤʫʪʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʥʫʪʨʠ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ); ʚ) ʚ 

ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʩ f=75 ʤʤ (ʵʢʩʧʝʨʠʤʝʥʪ) 

ʆʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʪʩʪʨʦʡʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʦʩʚʝʱʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʩʯʝʪʥʦʡ ʧʨʠʚʦʜʠʪ ʢ ʯʠʩʣʫ ʧʠʢʦʚ ʨʘʚʥʦʤʫ l ʠ ʫʚʝʣʠʯʝʥʠʶ ʠʭ 

ʘʤʧʣʠʪʫʜʳ. ʅʘ ʨʠʩʫʥʢʝ 2.3ʚ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʧʫʯʢʘ ʥʘ ʜʣʠʥʝ 

ʚʦʣʥʳ 135 ʤʢʤ, ʪ.ʝ. ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʚ 4% ʦʪ ʨʘʩʯʝʪʥʦʡ [49]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ, ʚʢʣʶʯʘʷ ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʦʚ, ʧʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 

ʪʦʤ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʠʤʝʣʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 141 ʤʢʤ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʣʦʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʩʯʝʪʥʦʡ ʜʣʷ ʘʢʩʠʢʦʥʦʚ 

ʩ ʙʠʥʘʨʥʳʤ ʠ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ ʨʝʣʴʝʬʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʪʦʯʥʦʩʪʠ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʚʘʨʠʘʮʠʷʤ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʘ) ʠʜʝʘʣʴʥʳʝ ʧʫʯʢʠ (ʦʧʠʩʳʚʘʝʤʳʝ ʬʫʥʢʮʠʝʡ ɹʝʩʩʝʣʷ); ʙ) ʠ ʚ) 

ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʢʩʠʢʦʥʘʤʠ ɹɸ9, 

ɻɸ9 ʠ ɹɸ3, ʦʩʚʝʱʘʝʤʳʭ ʛʘʫʩʩʦʚʳʤ ʧʫʯʢʦʤ ʩ ʨʘʜʠʫʩʦʤ 12,1 ʤʤ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ 

141 ʠ 135 ʤʢʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʛ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [49] 

ɹʠʥʘʨʥʦʩʪʴ ʵʣʝʤʝʥʪʘ ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʚʠʜ ʌʫʨʴʝ-ʦʙʨʘʟʘ (ʨʠʩʫʥʦʢ 2.2ʚ) 

ʧʦʣʫʯʘʝʤʦʛʦ ʧʫʯʢʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʜʝʘʣʴʥʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʚ ʬʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʝ ʨʦʚʥʦʝ ʢʦʣʴʮʦ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʠʜʝʘʣʴʥʦʡ ʤʦʜʳ 

ɹʝʩʩʝʣʷ, ʘ ʢʦʣʴʮʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʫʛ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʨʘʚʥʦ 2l, ʘ ʥʘʧʨʘʚʣʝʥʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʨʝʰʝʪʢʦʡ ʩ ʧʨʦʬʠʣʝʤ ʤʝʘʥʜʨʘ, ʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʢʣʘʜ ʪʦʣʴʢʦ 

ʥʝʯʝʪʥʳʭ ʧʦʨʷʜʢʦʚ. ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʨʘʩʩʯʠʪʘʥ ʪʘʢ, ʯʪʦʙʳ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 
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ʣhʘ ʚ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ, ʦʜʥʘʢʦ ʯʘʩʪʴ ʝʸ ʚʩʝ ʞʝ ʫʭʦʜʠʪ ʚ ʚʳʩʰʠʝ ʧʦʨʷʜʢʠ 

ʜʠʬʨʘʢʮʠʠ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʪʦʨʦʛʦ ʢʦʣʴʮʘ ʙʦʣʴʰʝʛʦ ʜʠʘʤʝʪʨʘ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʘʫʩʩʦʚʦʡ ʤʦʜʳ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʫʯʢʘ, ʯʪʦ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʜʘʝʪ ʤʘʢʩʠʤʫʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʮʝʥʪʨʝ. ɼʘʥʥʳʡ ʚʢʣʘʜ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʝʥʝʣʝʚʩʢʠʭ 

ʦʪʨʘʞʝʥʠʡ ʚ ʢʨʝʤʥʠʠ, ʦ ʯʝʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘʧʠʩʘʥʦ ʚ [2]. ʆʜʥʘʢʦ ʝʱʝ ʦʜʥʦʡ 

ʧʨʠʯʠʥʦʡ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʠʤʘ ʠ ʢ ʘʣʤʘʟʥʦʤʫ ʘʢʩʠʢʦʥʫ, ʷʚʣʷʝʪʩʷ ʨʝʟʢʠʡ ʧʝʨʝʧʘʜ 

ʨʝʣʴʝʬʘ ʚ ʮʝʥʪʨʝ ɼʆʕ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʦʭʦʜʠʪ 

ʩʢʚʦʟʴ ʵʣʝʤʝʥʪ, ʥʝ ʠʩʧʳʪʳʚʘʷ ʜʠʬʨʘʢʮʠʠ, ʠ ʥʝ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʙʝʩʩʝʣʝʚʫ 

ʤʦʜʫ. 

ʊʘʢʞʝ ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʩʫʪʩʪʚʫʪʁ ʜʚʘ ʢʦʣʴʮʘ ʦʜʠʥʘʢʦʚʦʛʦ 

ʨʘʟʤʝʨʘ. ɺʪʦʨʦʝ ʢʦʣʴʮʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʩʪʦʨʦʥʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ, ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʦʪ ʟʘʜʥʝʡ ʩʪʝʥʢʠ ʢʨʝʤʥʠʝʚʦʛʦ ʘʢʩʠʢʦʥʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʛʝʥʝʨʘʮʠʠ ʚʠʭʨʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥ-

ʧʦʣʷʨʠʪʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʢʩʠʢʦʥʳ ɹɸ23 ʠ ɹɸ9. ʕʪʠ ʉɹʌɸ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʨʫʛʦʚʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʨʝʰʸʪʢʫ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʦʪʦʨʦʡ ʤʳ 

ʚʧʨʘʚʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

sin ,p mq lÖ =  (2.1) 

ʛʜʝ ɗ ï ʪʝʣʝʩʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʜʠʬʨʘʛʠʨʦʚʘʚʰʝʡ ʚʦʣʥʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ, m  ï 

ʮʝʣʦʝ ʯʠʩʣʦ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʧʝʨʠʦʜʘ ʨʝʰʝʪʢʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʣʠʥʘ ʚʦʣʥʳ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʫʛʦʣ ʩʭʦʞʜʝʥʠʷ ʣʫʯʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʜʣʠʥʳ ʟʦʥʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ. ʕʪʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 2.4ʘ ʠ ʙ, ʛʜʝ ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʫʯʢʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ l, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʢʩʠʢʦʥʘʤʠ ʩ ʨʘʟʥʳʤʠ ʧʝʨʠʦʜʘʤʠ. ɿʦʥʘ 

ʙʝʟʜʠʬʨʘʢʮʠʦʥʥʦʩʪʠ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʢʩʠʢʦʥʦʤ ʩ ʧʝʨʠʦʜʦʤ 2,02 ʤʤ, 

ʫʤʝʥʴʰʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʥʦʡ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʢʩʠʢʦʥʦʤ ʩ 

ʧʝʨʠʦʜʦʤ 3,03 ʤʤ, ʚ 1,4 ʨʘʟʘ (160õ330 ʤʤ ʠ 120õ240 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ 
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ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʦʪʥʦʰʝʥʠʝʤ ʧʝʨʠʦʜʦʚ ʘʢʩʠʢʦʥʦʚ ï 1,48. ʍʦʨʦʰʦ ʟʘʤʝʪʥʘ ʨʘʟʥʠʮʘ 

ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 340 ʤʤ, ʛʜʝ ʫ ʦʜʥʦʛʦ ʧʫʯʢʘ ʝʱʝ ʚʠʜʥʳ ʢʦʣʴʮʘ, ʘ ʫ 

ʚʪʦʨʦʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʧʠʨʘʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʭʦʞʜʝʥʠʶ ʢʦʥʠʯʝʩʢʠʭ 

ʧʣʦʩʢʠʭ ʚʦʣʥ, ʦʙʨʘʟʫʶʱʠʭ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʠʟʦʙʨʘʞʝʥʠ ̫ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ 

ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ l=+3 ʠ l=+9, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʉɹʌɸ: ʘ) ɹɸ3, 

ʙ) ɹɸ23 ʠ ʚ) ɹɸ9 ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ 50õ340 ʤʤ ʦʪ ʘʢʩʠʢʦʥʘ. ʈʘʟʤʝʨ 

ʠʟʦʙʨʘʞʝʥʠʡ: 15Ĭ15 ʤʤ 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʨʘʟʤʝʨ ʝʛʦ ʢʦʣʝʮ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʬʠʢʘʤ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ. 

ɼʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʧʫʯʢʘ ʩ ʜʣʷ 3l = ʩʦʩʪʘʚʣʷʝʪ 3,4 ʤʤ, ʘ ʜʣʷ 9l =  ï 7,5 ʤʤ. 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʫʯʢʦʚ ʜʣʷ ʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʦʚʦʜʥʠʢʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʪʘʢʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʛʘʪʠʚʥʳʤ 

ʘʩʧʝʢʪʦʤ. ʆʜʥʘʢʦ ʥʠʞʝ, ʚ ʨʘʟʜʝʣʝ 2.4, ʦʧʠʩʘʥʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. 
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2.1.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʘʢʩʠʢʦʥʦʤ 

ɺ ʩʣʫʯʘʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʧʫʯʦʢ ʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

80 ʤʤ ʠ ʩʦʭʨʘʥʷʣʩʷ ʚʧʣʦʪʴ ʜʦ 130 ʤʤ, ʜʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʧʫʯʢʘ ʩʦʩʪʘʚʠʣ 

6,8 ʤʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʣʠʥʳ ʟʦʥʳ ʙʝʟʜʠʬʨʘʢʮʠʦʥʥʦʩʪʠ 

ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʙʠʥʘʨʥʳʤ ʘʢʩʠʢʦʥʘʤʠ, ʝʸ 

ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʧʣʘʟʤʦʥ-ʧʦʣʷʨʠʪʦʥʦʚ ʥʘ ʠʤʝʶʱʠʭʩʷ ʫ ʥʘʩ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ. ʆʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʧʦʩʣʝ 

ʘʢʩʠʢʦʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʜʠʘʤʝʪʨʦʤ ʘʢʩʠʢʦʥʘ ʠ ʫʛʣʦʤ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʦʩʢʦʡ 

ʚʦʣʥʳ ʥʘ ʨʝʰʝʪʢʝ ʘʢʩʠʢʦʥʘ, ʨʘʚʥʳʤ/ 2a lk p= .  

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʢʩʠʢʦʥʘ ʥʘʜ 

ʙʠʥʘʨʥʳʤ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, 

ʪ.ʝ. ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʠʜʝʘʣʴʥʳʤ. ʕʪʦ ʚʠʜʥʦ ʧʦ ʌʫʨʴʝ-ʦʙʨʘʟʫ ʧʫʯʢʘ ʥʘ 

ʨʠʩʫʥʢʝ 2.5, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʠʜ ʠʜʝʘʣʴʥʦʛʦ ʢʦʣʴʮʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʘʢʩʠʤʫʤʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʘʟʠʤʫʪʫ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʨʘʚʥʦ 2l.  

 

ʈʠʩʫʥʦʢ 2.5 ï ʠʟʦʙʨʘʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʦʛʦ ʧʫʯʢʘ ʩ l=+9, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ 

ʘʢʩʠʢʦʥʦʤ ɻɸ9 ʩ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʤ ʨʝʣʴʝʬʦʤ, ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ 

50õ140 ʤʤ ʦʪ ʘʢʩʠʢʦʥʘ ʠ ʝʛʦ ʌʫʨʴʝ-ʦʙʨʘʟ (f=100 ʤʤ). ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 

15Ĭ15 ʤʤ 

2.2. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩʢʚʦʟʴ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ 

ʦʙʲʝʢʪʳ ï ʩʚʦʡʩʪʚʦ çʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷè 

ɺʠʭʨʝʚʳʝ ʙʝʩʩʝʣʝʚʳ ʧʫʯʢʠ ʦʙʣʘʜʘʶʪ ʝʱʝ ʦʜʥʠʤ ʟʘʤʝʯʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ 

ï ʩʚʦʡʩʪʚʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ, ʠʣʠ ʩʚʦʡʩʪʚʦʤ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 
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ɹʝʩʧʨʦʚʦʜʥʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʠ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʩʣʦʞʥʝʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʛʦʜʘ (ʪʫʤʘʥ, 

ʜʦʞʜʴ, ʩʤʦʛ) ʠ ʥʘʣʠʯʠʝʤ ʘʤʧʣʠʪʫʜʥʳʭ ʧʨʝʛʨʘʜ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʥʘʜ, ʥʘʧʨʠʤʝʨ, ʛʘʫʩʩʦʚʳʤʠ. 

ʕʪʦ ʩʚʦʡʩʪʚʦ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʢʘʢ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (ʩʤ., 

ʥʘʧʨʠʤʝʨ, [79]), ʪʘʢ ʠ ʚ ʤʠʢʨʦʚʦʣʥʦʚʦʤ ʜʠʘʧʘʟʦʥʝ [80]. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʧʫʯʢʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʧʨʠʚʝʜʝʥ ʚ 

ʦʙʟʦʨʝ [81]. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [82].  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʚʦʡʩʪʚʘ 

ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʠʥʘʨʥʳʤʠ ʬʘʟʦʚʳʤʠ 

ʘʢʩʠʢʦʥʘʤʠ ʠ ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʘʤʧʣʠʪʫʜʥʳʝ ʠ ʬʘʟʦʚʳʝ ʧʨʝʧʷʪʩʪʚʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.6ʘ. ʇʨʝʧʷʪʩʪʚʠʝ ʨʘʩʧʦʣʘʛʘʣʦʩʴ ʚ 

ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʧʫʯʦʢ ʧʦʣʥʦʩʪʴʶ ʩʬʦʨʤʠʨʦʚʘʣʩʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ 120 ʤʤ ʦʪ 

ʉɹʌɸ). ɺ ʢʘʯʝʩʪʚʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʨʘʟʤʝʨʘʤʠ 3, 4 ʠ 10 ʤʤ (ʨʠʩʫʥʦʢ 2.6ʙ). ʇʨʠ ʪʘʢʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʩʣʝ ʧʨʝʧʷʪʩʪʚʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ çʟʦʥʘ ʪʝʥʠè, 

ʜʣʠʥʘ ʢʦʪʦʨʦʡ 
minz  ʦʧʠʩʳʚʘʝʪʩʷ ʢʘʢ [83]:  
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º   (2.2) 

R ï ʨʘʜʠʫʩ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ, kr ï ʨʘʜʠʘʣʴʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ. 
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ʈʠʩʫʥʦʢ 2.6 ï ʘ) ʩʭʝʤʘ ʧʨʦʭʦʞʜʝʥʠʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʯʝʨʝʟ ʘʤʧʣʠʪʫʜʥʦʝ 

ʧʨʝʧʷʪʩʪʚʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; ʙ) ʬʦʪʦ 

ʘʤʧʣʠʪʫʜʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʘʣʶʤʠʥʠʝʚʳʝ 

ʬʦʣʴʛʠ) 

ʀʟʦʙʨʘʞʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʘʤʧʣʠʪʫʜʥʦʝ 

ʧʨʝʧʷʪʩʪʚʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.7, ̫ ʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʣʦʞʝʥʠʷ 755 

ʢʘʜʨʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʝʤʥʠʢʦʚ. ʂʘʢ ʚʠʜʥʦ, ʚʦ ʚʩʝʭ ʪʨʝʭ ʩʣʫʯʘʷʭ ʧʫʯʦʢ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʦʝ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʯʝʤ ʧʨʝʧʷʪʩʪʚʠʝ ʤʝʥʴʰʝ, ʪʝʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʣʠʞʝ ʢ ʘʢʩʠʢʦʥʫ. ʆʯʝʚʠʜʥʦ, ʜʘʥʥʦʝ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʝʥʴʰʝʛʦ ʧʨʝʧʷʪʩʪʚʠʷ (ʨʠʩʫʥʦʢ 2.7ʘ) ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʣʫʯʝʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʫʯʦʢ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʩ ʧʨʝʧʷʪʩʪʚʠʝʤ 

ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (ʚ).  

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʫʯʦʢ ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʘʞʝ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʨʘʟʤʝʨ ʧʨʝʧʷʪʩʪʚʠʷ ï 10 ʤʤ (ʨʠʩʫʥʦʢ 2.7ʚ) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʜʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʧʫʯʢʘ ï 2 ʤʤ, ʚ ʢʦʪʦʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ï 18%. 
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          ʘ)                                           ʙ)                                         ʚ) 

 

ʈʠʩʫʥʦʢ 2.7 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʘʣʶʤʠʥʠʝʚʫʶ ʬʦʣʴʛʫ 

ʨʘʟʤʝʨʦʤ ʘ) 3 ʤʤ; ʙ) 5 ʤʤ; ʚ) 10 ʤʤ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʩʩʪʦʷʥʠʡ 0õ250 ʤʤ ʦʪ 

ʧʨʝʧʷʪʩʪʚʠʷ ʜʦ ʢʘʤʝʨʳ 

ɺ ʨʘʙʦʪʝ [75] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʧʦʩʣʝ ʬʘʟʦʚʳʭ ʠ ʘʤʧʣʠʪʫʜʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ. ɼʣʷ 

ʩʣʫʯʘʷ ʘʤʧʣʠʪʫʜʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʨʘʟʤʝʨʘʭ 

ʧʨʝʧʷʪʩʪʚʠʡ ʚʧʣʦʪʴ ʜʦ ʨʘʜʠʫʩʦʚ ɼʆʕ (ʨʠʩʫʥʦʢ 2.8). ʈʘʩʩʪʦʷʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʫ ʧʨʝʧʷʪʩʪʚʠʷ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʉɹʌɸ, ʯʝʨʝʟ ʬʘʟʦʚʦ-ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʩʭʝʤʳ, 

ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.9: ʙ) ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʜʠʘʧʘʟʦʥʝ 

ʨʘʩʩʪʦʷʥʠʡ z = 120õ360 ʤʤ ʦʪ ɼʆʕ ʜʦ ʜʝʪʝʢʪʦʨʘ ʠ ʚ) ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʣʠʥʟʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ ʵʢʨʘʥʘ: ʠʟ 

ʚʩʧʝʥʝʥʥʦʛʦ ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ (ʛʨʘʥʫʣʳ ʜʠʘʤʝʪʨʦʤ 1,5 ʤʤ ʙʳʣʠ ʟʘʢʨʝʧʣʝʥʳ ʥʘ 

ʢʣʝʡʢʦʡ ʣʝʥʪʝ ʚ ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ) ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʨʠʩʫʥʦʢ 2.9ʛ ʠ ʜ). 

0
 

0
 

0
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ʈʠʩʫʥʦʢ 2.8 ï ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠ ̫ʧʫʯʢʘ ʯʝʨʝʟ ʩʣʫʯʘʡʥʫʶ 

ʬʘʟʦʚʫʶ ʩʨʝʜʫ: ʘ) ʠʩʭʦʜʥʳʡ ʚʠʭʨʝʚʦʡ ʙʝʩʩʝʣʝʚ ʧʫʯʦʢ ʥʘ ʨʘʩʩʪʦʷʥʠʠ L=130 ʤʤ ʦʪ 

ʉɹʌɸ; ʜ) ʩʣʫʯʘʡʥʘ ̫ʬʘʟʦʚʘ ̫ʩʨʝʜʘ; ʙ)-ʛ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʣʝ 

ʵʢʨʘʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 10, 50 ʠ 100 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʝ)-ʟ) ʬʘʟʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʟʘ ʬʘʟʦʚʳʤ ʵʢʨʘʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 10, 

50 ʠ 100 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʠ) ʘʤʧʣʠʪʫʜʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ; ʢ)-ʤ) 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝʤ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 10, 50 ʠ 100 ʤʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [75] 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʩʢʚʦʟʴ ʧʨʝʧʷʪʩʪʚʠʝ ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ 

ʜʝʬʦʨʤʠʨʫʝʪʩʷ, ʠ ʢʦʣʴʮʘ ʠʩʭʦʜʥʦʛʦ ʧʫʯʢʘ ʨʘʟʤʳʚʘʶʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʫʜʥʦ 

ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʠʩʢʘʞʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʫʯʢʘ, ʠʣʠ çʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷè. ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʠʥʦʬʦʨʤʥʘʷ ʣʠʥʟʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʌʫʨʴʝ-ʦʙʨʘʟʘ ʙʝʩʩʝʣʝʚʘ 

ʧʫʯʢʘ (ʨʠʩʫʥʦʢ 2.9ʚ).  
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ʈʠʩʫʥʦʢ 2.9 ï ʘ) ʩʭʝʤʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʙ) ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʢʚʦʟʴ ʬʘʟʦʚʦ-ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ Z0 =120õ360 ʤʤ ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ ʧʨʠʝʤʥʠʢʘ; ʚ) ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʢʠʥʦʬʦʨʤʥʦʡ ʣʠʥʟʳ ʃ. ʌʦʪʦʛʨʘʬʠʠ ʬʘʟʦʚʳʭ ʧʨʝʧʷʪʩʪʚʠʡ: ʵʢʨʘʥ1 ï ʚʩʧʝʥʝʥʥʳʡ 

ʧʦʣʠʧʨʦʧʠʣʝʥ ʪʦʣʱʠʥʦʡ 8 ʤʤ (ʝ), ʵʢʨʘʥ2,3,4 ï ʛʨʘʥʫʣʳ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʜʠʘʤʝʪʨʦʤ 

1,5 ʤʤ (ʛ, ʜ, ʞ) 

ʇʦʩʢʦʣʴʢʫ ʌʫʨʴʝ-ʦʙʨʘʟ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ï ʢʦʣʴʮʦ ʨʘʜʠʫʩʘ / 2flk p, ʪʦ, 

ʩʨʘʚʥʠʚʘʷ ʜʦʣʶ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ ʢʦʣʴʮʘ ʩ ʧʦʣʥʦʡ ʵʥʝʨʛʠʝʡ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʝʤʥʦʡ 

ʤʘʪʨʠʮʳ, ʤʳ ʤʦʞʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

çʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷè ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʧʦʟʘʜʠ ʧʨʝʧʷʪʩʪʚʠʷ ʢʘʢ ʬʫʥʢʮʠ ʁ

ʨʘʩʩʪʦʷʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʘ 

ʠʤʝʥʥʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʠʭʨʝʚʳʤʠ ʧʫʯʢʘʤʠ ʩ ʊɿ +1, +2, +3, +4 [46], ʧʦʵʪʦʤʫ ʥʠʞʝ 

(ʨʠʩʫʥʦʢ 2.10) ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʩ l = +4 ʚ ʩʚʦʙʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʘ), ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ ʧʨʝʧʷʪʩʪʚʠʷ (ʵʢʨʘʥ1 ï ʙ, ʵʢʨʘʥ2 ï ʛ) ʠ ʚ ʬʦʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ (ʚ, ʜ), ʘ ʪʘʢʞʝ ʠʟʦʙʨʘʞʝʥʠʝ ʌʫʨʴʝ-ʦʙʨʘʟʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʬʘʟʦʚʦʛʦ ʧʨʝʧʷʪʩʪʚʠ.̫ 
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ʈʠʩʫʥʦʢ 2.10 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʠʭʨʝʚʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʩ l = +4 ʘ) ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʧʦʩʣʝ ʬʘʟʦʚʦʛʦ 

ʧʨʝʧʷʪʩʪʚʠʷ: ʙ) ʵʢʨʘʥ1, ʛ) ʵʢʨʘʥ4; ʚ), ʜ) ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʩ f = 75 ʤʤ 

ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ 180, 240 ʠ 300 ʤʤ ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ ʧʨʠʝʤʥʠʢʘ; ʝ) ʌʫʨʴʝ-ʦʙʨʘʟ 

ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʬʘʟʦʚʦʛʦ ʧʨʝʧʷʪʩʪʚʠ ̫

ʅʘ ʛʨʘʬʠʢʘʭ (ʨʠʩʫʥʦʢ 2.11) ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʤʦʱʥʦʩʪʠ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ (A), ʤʦʱʥʦʩʪʠ ʧʫʯʢʘ ʧʦʩʣʝ 

ʨʘʩʩʝʠʚʘʪʝʣʷ (B) ʠ ʤʦʱʥʦʩʪʠ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ ʧʫʯʢʘ ʧʦʩʣʝ ʵʢʨʘʥʘ1 (C1). ɺʩʝ 

ʜʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʝʜʠʥʠʮʘʭ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ 

ʥʘ ʤʦʱʥʦʩʪʴ ʚʭʦʜʷʱʝʛʦ ʧʫʯʢʘ, ʠʟʤʝʨʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ ʤʦʱʥʦʩʪʠ. 

ɺʝʣʠʯʠʥʘ A ʠʟʤʝʨʷʣʘʩʴ ʢʘʢ ʠʥʪʝʛʨʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦ ʧʣʦʱʘʜʠ ʤʘʪʨʠʮʳ 

Pyrocam IV ʜʣʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ. ɺʝʣʠʯʠʥʘ B ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʠʥʪʝʛʨʘʣ ʧʦ ʪʦʡ ʞʝ ʧʣʦʱʘʜʠ ʜʣʷ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʨʘʩʩʝʠʚʘʪʝʣʴ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ, ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʚ ʧʫʯʢʝ ʧʦʩʣʝ 

ʨʘʩʩʝʠʚʘʪʝʣʷ, ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʚʦʡʩʪʚʦ ʠʜʝʘʣʴʥʦʛʦ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʚ ʠʜʝʘʣʴʥʦʝ ʢʦʣʴʮʦ, ʦ ʯʝʤ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʥʠʞʝ ʚ ʨʘʟʜʝʣʝ 2.4. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʚʳʯʠʩʣʷʣʠ 

ʠʥʪʝʛʨʘʣ ʧʦ ʧʣʦʱʘʜʠ ʢʨʫʛʘ, ʦʭʚʘʪʳʚʘʚʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ 
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ʢʦʣʴʮʦ ʩʥʘʨʫʞʠ, ʠ ʠʥʪʝʛʨʘʣ ʧʦ ʧʣʦʱʘʜʠ ʢʨʫʛʘ, ʚʧʠʩʘʥʥʦʛʦ ʚ ʢʦʣʴʮʦ. ʀʭ ʨʘʟʥʦʩʪʴ 

(C) ʙʳʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ ʙʝʩʩʝʣʝʚʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʫʯʢʘ. ʆʪʥʦʰʝʥʠʝ 

C/B ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʝʥʠʷ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ ʚ ʧʫʯʢʝ. ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.12. 

   ʘ)                                                                 ʙ)     

   

ʚ) 

 

ʈʠʩʫʥʦʢ 2.11 ï ʛʨʘʬʠʢʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ A, B1, C1 ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ z (ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ ʜʝʪʝʢʪʦʨʘ) ʜʣʷ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ l = +1, +2, +3, +4 ʠ 

ʵʢʨʘʥʘ1. ɼʣʷ ɸ ʠ ɺ1 ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʩʠʤʚʦʣʘ 

ʅʘ ʨʠʩʫʥʢʝ 2.11 ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ɸ(z) ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ 

ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ ʢʘʤʝʨʳ ʦʪ 120 ʜʦ 360 ʤʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʘʜ ʤʦʱʥʦʩʪʠ 
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ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʜʚʘ ʨʘʟʘ ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ 

ʧʫʯʢʘ (ɸ), ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʧʘʜ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ. ɺ ʩʣʫʯʘʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʫʯʢʘ ʩʢʚʦʟʴ ʧʨʝʧʷʪʩʪʚʠʝ (B1) 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ ï ʠʥʪʝʛʨʘʣ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ 

ʤʘʪʨʠʮʳ ʢʘʤʝʨʳ ʥʘ ʪʦʤ ʞʝ ʨʘʩʩʪʦʷʥʠʠ ʩʧʘʜʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 5 ʨʘʟ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʚ ʩʣʫʯʘʝ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʨʝʧʷʪʩʪʚʠʝ, ʠʥʪʝʛʨʘʣ ʤʦʱʥʦʩʪʠ 

ʧʫʯʢʘ ʚ ʢʦʣʴʮʝ ʌʫʨʴʝ-ʦʙʨʘʟʘ (ʉ1) ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʧʘʜʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ z. 

   ʘ)                                                                 ʙ)   

  

ʈʠʩʫʥʦʢ 2.12 ï ʛʨʘʬʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʤʦʱʥʦʩʪʠ 

ʚʥʫʪʨʠ ʢʦʣʴʮʘ ʌʫʨʴʝ-ʦʙʨʘʟʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʧʦʩʣʝ ʧʨʝʧʷʪʩʪʚʠʷ ʢ ʤʦʱʥʦʩʪʠ 

ʧʫʯʢʘ ʧʦʩʣʝ ʘ) ʵʢʨʘʥʘ1 C1/ B1) ʠ ʙ) ʵʢʨʘʥʘ2 C4/ B4) ʦʪ ʨʘʩʩʪʦʷʥʠʷ z (ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ 

ʢʘʤʝʨʳ) ʜʣʷ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ l = +1, +2, +3, +4 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʫʯʢʘ, 

ʢʘʞʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʚʳʙʨʘʪʴ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ C/B. ɺʠʜʥʦ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʟʥʘʯʝʥʠʷ 0,1-0,2 ʜʦ ʟʥʘʯʝʥʠʷ 0,6-0,8, ʪʦ 

ʝʩʪʴ, ʛʦʚʦʨʷ ʬʦʨʤʘʣʴʥʦ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʝ çʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝè 

ʧʫʯʢʘ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʤʦʱʥʦʩʪʴ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ (ʨʠʩʫʥʦʢ 2.11ʚ) 

ʥʝʤʥʦʛʦ ʧʘʜʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ, ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʝ ʨʝʘʣʴʥʦʝ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ 

ʧʦʣʝ ʨʘʩʩʝʷʥʥʦʡ ʚʦʣʥʳ ʚʳʭʦʜʠʪ ʟʘ ʘʧʝʨʪʫʨʫ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʪʦʛʜʘ ʢʘʢ ʣʫʯʠ, ʥʝ 
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ʨʘʩʩʝʷʥʥʳʝ ʠʣʠ ʤʘʣʦ ʨʘʩʩʝʷʥʥʳʝ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʩʦʭʨʘʥʷʶʪ ʩʚʦʝ ʫʛʣʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʚʠʜʝ ʢʦʥʠʯʝʩʢʠ ʩʭʦʜʷʱʠʭʩʷ ʧʣʦʩʢʠʭ ʚʦʣʥ. ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ 

ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʨʦʠʟʚʦʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ʅʘ ʨʠʩʫʥʢʝ 2.13 ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʘʥʘʣʠʟʘ ʚʩʝ ʛʨʘʬʠʢʠ ʜʣʷ A, B, C ʩʦʙʨʘʥʳ ʚʤʝʩʪʝ. ɿʥʘʯʝʥʠ ̫ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ 

ʚʝʣʠʯʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ ʢʨʠʚʦʡ, ʠ ʩʤʝʱʝʥʳ ʧʦ ʚʳʩʦʪʝ ʥʘ ʝʜʠʥʠʮʫ. 

ʘ)                                                                 ʙ) 

  

ʚ)                                                                 ʛ) 

  

ʈʠʩʫʥʦʢ 2.13 ï ʛʨʘʬʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ ʘ) A; ʙ) B1; 

ʚ) C1; ʛ) B4 ʦʪ ʨʘʩʩʪʦʷʥʠʷ z (ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ ʢʘʤʝʨʳ) ʜʣʷ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ l = +1, 

+2, +3, +4. ɼʘʥʥʳʝ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʧʝʨʚʫʶ ʪʦʯʢʫ 
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2.3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ  

ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʇʇʇ ʥʘ ʘʢʩʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʚʦʜʥʠʢʘʭ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʥʦ ʠ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ï ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʇʇʇ ʬʦʨʤʠʨʫʶʪʩʷ ʟʘ ʩʯʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠ ̫ ʧʦʧʝʨʝʯʥʦʡ ʢ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. ʊʘʢʠʝ ʧʫʯʢʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʢʪʦʨʥʳʤʠ [84, 85, 86]. 

ʇʨʠʤʝʨʘʤʠ ʚʝʢʪʦʨʥʳʭ ʧʫʯʢʦʚ ʷʚʣʷʶʪʩʷ ʧʫʯʢʠ ʩ ʨʘʜʠʘʣʴʥʦʡ ʠ ʘʟʠʤʫʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʘʢʠʭ ʧʫʯʢʦʚ ʠʤʝʝʪ ʬʦʨʤʫ 

çʧʦʥʯʠʢʘè ʠʟ-ʟʘ ʬʘʟʦʚʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʚ ʮʝʥʪʨʝ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ:  

1) ʩ ʧʦʤʦʱʴʶ ʩʣʦʞʝʥʠʷ ʚ ʩʭʝʤʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʤʦʜ ɻʘʫʩʩʘ-ʕʨʤʠʪʘ ʩ ʥʦʤʝʨʘʤʠ 

(1,0) ʠ (0,1). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʦʜʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʦʜʘʥʦʚ 

(ʨʘʟʜʝʣ 1.4.4); 

2)  ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʛʤʝʥʪʥʦʡ ʧʦʣʫʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʥʢʠ (ʨʘʟʜʝʣ 1.4.3). 

2.3.1 ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʘʮʠʠ 

ʵʨʤʠʪ-ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪ ʚʳʧʦʣʥʝʥ ʚ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʄʘʭʘ-ʎʝʥʜʝʨʘ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2.14. ʇʦʣʷʨʠʟʘʮʠʷ ʚʭʦʜʥʦʛʦ ʧʫʯʢʘ ʅʃʉʕ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʘ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʚʝʨʥʫʪʦ ʥʘ 18Ü ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʚʳʨʦʚʥʷʪʴ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʦʙʦʠʭ ʧʣʝʯʘʭ ʥʘ ʚʭʦʜʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʦʣʷʨʠʟʘʪʦʨ. ɻʘʫʩʩʦʚ ʧʫʯʦʢ ʜʝʣʠʣʩʷ ʥʘ ʜʚʘ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʫʯʢʘ ʩ ʧʦʤʦʱʴʶ ʧʦʣʷʨʠʟʘʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʧʦʜ 45Á ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ɺ ʧʣʝʯʘʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʜʘʥʳ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʨʤʠʪ-ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ (ʨʠʩʫʥʦʢ 1.9), ʪʘʢ, ʯʪʦ ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ 
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ʬʘʟ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʦʨʪʦʛʦʥʘʣʴʥʦ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʘʞʜʦʤ ʠʟ ʧʣʝʯ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. 

ʆʧʪʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʭʦʜʘ ʚ ʜʚʫʭ ʧʣʝʯʘʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʤʠʥʠʤʘʣʴʥʘ ʠ ʥʝ ʧʨʝʚʳʰʘʪʴ ʜʣʠʥʫ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʅʃʉʕ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 3 ʩʤ 

ʧʨʠ ʜʣʠʥʝ ʠʤʧʫʣʴʩʘ 100 ʧʩ. ɺ ʢʘʞʜʦʤ ʠʟ ʧʣʝʯ ʥʘʙʣʶʜʘʣʠʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʦʚ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʚʰʠʝ ʤʦʜʘʤ ʕʨʤʠʪʘ-ɻʘʫʩʩʘ ʩ ʥʦʤʝʨʘʤʠ (1,0) 

ʠ (0,1) ʧʦʚʝʨʥʫʪʳʤ ʧʦʜ ʫʛʣʦʤ 45Á, ʘ ʧʦʩʣʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ï ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʚʝʢʪʦʨʥʳʡ ʧʫʯʦʢ ʤʦʜʳ ɻʘʫʩʩʘ-ʃʘʛʝʨʨʘ), 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.14ʘ, ʙ, ʚ.  

 

ʈʠʩʫʥʦʢ 2.14 ï ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ 

ʚʝʢʪʦʨʥʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ɼʆʕ. ʀʥʪʝʨʬʝʨʦʤʝʪʨ ʄʘʭʘ-ʎʝʥʜʝʨʘ: ʇ ï 

ʧʦʣʷʨʠʟʘʪʦʨ, ɿ1,2 ï ʟʝʨʢʘʣʘ, ɼ ï ʧʣʝʥʦʯʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʡ ʩʚʝʪʦʜʝʣʠʪʝʣʴ, 

ɼʆʕ1,2 ï ʤʦʜʘʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʨʤʠʪ-ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ, ɼʆʕ3 ï ʉɹʌɸ ʩ |l|=1, 2, 

ɸ ï ʧʣʝʥʦʯʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʧʨʘʚʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ: ʘ) ʠ ʙ) ʚ ʧʣʝʯʘʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ; ʚ) ʧʦʩʣʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ; 

ʛ) ʧʦʩʣʝ ɼʆʕ3 ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ l=-1 (ʛ). ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 7ʭ7 ʤʤ 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚʝʢʪʦʨʥʳʡ 

ʧʫʯʦʢ ʦʩʚʝʱʘʣ ʙʠʥʘʨʥʳʡ ʬʘʟʦʚʳʡ ʘʢʩʠʢʦʥ, ʧʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.14ʛ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʟʘʪʦʨ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʧʨʘʚʝ (ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥ ʚ ʨʘʟʜʝʣʝ 2.4). ʂʘʢ ʚʠʜʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʫʯʦʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʩʝʣʝʚʫ ʤʦʜʫ, ʦʜʥʘʢʦ ʬʦʨʤʘ ʢʦʣʝʮ ʠʩʢʘʞʝʥʘ, ʪ.ʢ. ʉɹʌɸ 

ʨʘʩʩʯʠʪʘʥ ʥʘ ʦʩʚʝʱʝʥʠʝ ʛʘʫʩʩʦʚʳʤ ʧʫʯʢʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘ 

ʜʚʫʭ ʕɻ ʧʫʯʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 



61 

 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 2.14ʚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʚʠʜʫ ʠʩʢʘʞʝʥʥʦʛʦ ʧʨʦʬʠʣʷ ʚʳʭʦʜʥʦʛʦ ʧʫʯʢʘ. 

2.3.2 ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʝʛʤʝʥʪʥʦʡ 

ʧʦʣʫʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʥʢʠ 

ʇʦʟʞʝ, ʙʳʣ ʥʘʡʜʝʥ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ï ʩʝʛʤʝʥʪʥʘʷ ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʩʪʠʣʦ ʨʘʙʦʪʫ ʠ ʧʦʚʳʩʠʣʦ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʳʭ ʧʫʯʢʦʚ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʧʣʘʩʪʠʥʢʠ ʠ ʝʸ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 1.4.3. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩʝʛʤʝʥʪʥʘʷ ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʝʨʝʜ ʘʢʩʠʢʦʥʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 155 ʤʤ ʦʪ 

ʘʢʩʠʢʦʥʘ ʜʦ ʤʘʪʨʠʮʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 2.15. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʘʢʩʠʢʦʥʘ ʜʦ ʤʘʪʨʠʮʳ 

ʩʦʩʪʘʚʣʷʣʦ 155 ʤʤ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ (l= -3 ʠ l= -9) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʦʨʦʪ ʤʘʢʩʠʤʫʤʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʦʣʝʮ 

ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.15 ï ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ  

ʩ l=-3 ʠ l=-9, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʉɹʌɸ ɹɸ23 ʠ ɹɸ9, ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʨʠ 

ʧʦʚʦʨʦʪʝ ʘʥʘʣʠʟʘʪʦʨʘ 

ɸʥʘʣʠʟ ʥʘʣʠʯʠʷ ʫ ʪʘʢʠʭ ʧʫʯʢʦʚ ʟʘʢʨʫʯʝʥʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʭʝʤʝ ʄʘʭʘ-
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ʎʝʥʜʝʨʘ (ʨʠʩʫʥʦʢ 2.16) ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʦʣʥʳ. 

ʀʟʤʝʥʝʥʠʝ ʬʘʟʳ ʙʳʣʦ ʠʟʫʯʝʥʦ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ ʩ 

ʚʠʭʨʝʚʳʤ ʙʝʩʩʝʣʝʚʳʤ ʧʫʯʢʦʤ. ɺ ʦʜʥʦ ʠʟ ʧʣʝʯ ʙʳʣ ʧʦʤʝʱʸʥ ʙʠʥʘʨʥʳʡ ʘʢʩʠʢʦʥ ʠ 

ʩʝʛʤʝʥʪʥʘʷ ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ. 

 

ʈʠʩʫʥʦʢ 2.16 ï ʩʭʝʤʘ ʠ ʬʦʪʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʋʄ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ: ɼ1, ɼ2 ï 

ʧʣʝʥʦʯʥʳʡ ʩʚʝʪʦʜʝʣʠʪʝʣʴ, ɿ1, ɿ2 ï ʟʝʨʢʘʣʘ, ɼʆʕ ï ʉɹʌɸ, ʉʇ ï ʩʝʛʤʝʥʪʥʘʷ 

ʧʦʣʫʚʦʣʥʦʚʘʷ ʧʣʘʩʪʠʥʢʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʘʜʝʥʠ ̫ʣʫʯʝʡ ʧʦʜ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ 

ʢʘʨʪʠʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʩʣʦʢʘʮʠʷ ʚ ʚʠʜʝ çʚʠʣʢʠè [78]. ɺʝʣʠʯʠʥʘ ʵʪʦʡ ʜʠʩʣʦʢʘʮʠʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʥʘʯʝʥʠʶ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʘ ʥʘʧʨʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʢʫ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, çʚʠʣʢʘè, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʚʝʨʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʟʥʘʢʫ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, ʚʥʠʟ ï ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ 

(ʨʠʩʫʥʦʢ 2.17ʘ). ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʢʘʢ ʜʣʷ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʫʯʢʘ, ʪʘʢ ʠ 

ʜʣʷ ʧʫʯʢʘ ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

(ʨʠʩʫʥʦʢ 2.17ʙ). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 

ʣʠʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʨʷʜʦʤ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʨʘʥʝʝ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [88]. 

ʅʘ ʨʠʩʫʥʢʝ 2.17 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʙʝʩʩʝʣʝʚʘ ʠ ʛʘʫʩʩʦʚʘ ʧʫʯʢʦʚ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ. ʊʠʧ ʧʦʣʷʨʠʟʘʮʠʠ ʥʝ ʚʭʦʜʠʪ ʚ ʟʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʧʨʠʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʪʩʫʪʩʪʚʠʠ ʘʥʘʣʠʟʘʪʦʨʘ. ɺ ʩʚʷʟʠ ʩ 
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ʵʪʠʤ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʘʜʝʢʚʘʪʥʦ. 

 

ʈʠʩʫʥʦʢ 2.17 ï ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʘʨʪʠʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʛʘʫʩʩʦʚʘ 

ʧʫʯʢʘ ʩ ʚʠʭʨʝʚʳʤ ʙʝʩʩʝʣʝʚʳʤ ʧʫʯʢʦʤ ʧʨʠ ʘ) ʣʠʥʝʡʥʦʡ ʠ ʙ) ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʜʣʷ l=+1, Ñ2, Ñ9  

2.4. ʌʦʨʤʠʨʦʚʘʥʠʝ çʩʦʚʝʨʰʝʥʥʳʭè ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ 

ʉ ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʠʘʤʝʪʨ ʧʫʯʢʘ. 

ʕʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ ʩʭʝʤʳ. ɽʩʣʠ ʝʩʪʴ ʟʘʜʘʯʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʩ 

ʟʘʜʘʥʥʳʤ ʜʠʘʤʝʪʨʦʤ, ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ çʩʦʚʝʨʰʝʥʥʳʭè 

ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʤʝʨʦʤ ʧʫʯʢʘ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ 

ʚʝʣʠʯʠʥʳ ʊɿ. ʊʝʨʤʠʥ ʩʦʚʝʨʰʝʥʥʳʝ ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ, ʠʣʠ ʩʦʚʝʨʰʝʥʥʳʝ ʚʠʭʨʠ, ʙʳʣ 

ʚʚʝʜʝʥ ʚ [89] ʠ ʩʪʘʥʜʘʨʪʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [90, 91, 92]. ʆʩʪʨʦʚʩʢʠʡ ʠ 

ʜʨ. [89], ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʳʯʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ, ʚʚʝʣʠ 

ʢʦʥʮʝʧʮʠʶ ʩʦʚʝʨʰʝʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʜʠʘʤʝʪʨ ʢʦʣʴʮʘ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʊɿ. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʦʜʫʣʷʪʦʨ ʩʚʝʪʘ ʩʦ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʬʘʟʦʚʦʡ ʤʘʩʢʦʡ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʚʝʨʰʝʥʥʦʛʦ ʚʠʭʨʷ. ʆʜʥʘʢʦ, 
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ʩʦʟʜʘʥʥʳʡ ʠʤʠ ʧʫʯʦʢ ʦʙʣʘʜʘʣ ʥʝʞʝʣʘʪʝʣʴʥʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ. 

ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ [90] ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʢʩʠʢʦʥ. ʇʫʯʦʢ 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʜʠʘʤʝʪʨʦʤ ʢʦʣʴʮʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʫ ʘʢʩʠʢʦʥʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʣʶʙʦʤ ʧʦʨʷʜʢʝ ʚʠʭʨʷ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʟʘʤʝʥʳ 

ʘʢʩʠʢʦʥʘ ʠ ʧʦʚʪʦʨʥʦʡ ʥʘʩʪʨʦʡʢʠ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʨʫʛʦʛʦ ʜʠʘʤʝʪʨʘ 

ʢʦʣʴʮʘ. ʏʪʦʙʳ ʫʧʨʦʩʪʠʪʴ ʛʝʥʝʨʘʮʠʶ ʠ ʧʨʝʦʜʦʣʝʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ ʥʝʜʦʩʪʘʪʢʠ, 

ʚ ʨʘʙʦʪʝ [91] ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʥʦʚʫʶ ʪʝʭʥʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʚʝʨʰʝʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʨʘʜʠʫʩʦʤ ʢʦʣʴʮʘ, ʠʩʧʦʣʴʟʫʷ 

ʩʚʦʡʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ. ɼʘʥʥʘʷ ʪʝʭʥʠʢʘ ʙʳʣʘ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ Cobrite DX1 ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 1550 ʥʤ. ʅʠʞʝ ʙʫʜʫʪ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʊɻʮ-ʜʠʘʧʘʟʦʥʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʱʥʳʭ ʧʫʯʢʦʚ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʣʘʟʝʨʘ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

ʈʘʜʠʫʩ ʢʦʣʴʮʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʟʘʧʠʩʳʚʘʝʪʩʷ ʢʘʢ 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ Fr  ʦʜʠʥʘʢʦʚ ʜʣʷ ʣʶʙʦʛʦ l, ʝʩʣʠ ʧʦʧʝʨʝʯʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 

k ʘʢʩʠʢʦʥʦʚ ʦʜʠʥʘʢʦʚʦ. ʀʩʧʦʣʴʟʫʷ ʣʠʥʟʳ ʩ ʨʘʟʥʳʤʠ ʬʦʢʫʩʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ, 

ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʨʘʜʠʫʩ ʢʦʣʴʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ. ʊʘʢ, ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ 141 ʤʢʤ ʠ ʧʝʨʠʦʜʘ ʘʢʩʠʢʦʥʘ 3,03 ʤʤ, ʧʨʠ 

ʬʦʢʫʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʣʠʥʟʳ 50 ʤʤ ʨʘʜʠʫʩ ʢʦʣʴʮʘ ʩʦʩʪʘʚʠʪ 2,3 ʤʤ, ʘ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 47 ʤʢʤ ʪʦʪ ʞʝ ʨʘʜʠʫʩ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʣʠʥʟʦʡ ʩ f = 50 ʤʤ. ʆʧʠʩʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʥʘ ʛʨʘʬʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 2.18. ʅʘ ʛʨʘʬʠʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʦ ʟʘʚʠʩʠʤʦʩʪʝʡ: 

- ʨʘʩʩʪʦʷʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ 

.
2 ( / )

F

f f
r

p

l k

p l
º =  (2.3) 
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ʛʜʝ 
1R  ï ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʘʢʩʠʢʦʥʘ, 

2R  ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ (ʝʩʣʠ ʮʝʥʪʨʘʣʴʥʘʷ 

ʯʘʩʪʴ ʘʢʩʠʢʦʥʘ ʟʘʢʨʳʪʘ ʥʝʧʨʦʟʨʘʯʥʳʤ ʜʠʩʢʦʤ); 

- ʨʘʜʠʫʩʘ ʧʫʯʢʘ  

- ʫʛʣʘ ʥʘʢʣʦʥʘ ʪʨʘʝʢʪʦʨʠʠ ʚʝʢʪʦʨʘ ʇʦʡʥʪʠʥʛʘ ʦʪ ʦʩʠ z ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ 

ʨʘʜʠʫʩʘ r  

ʛʜʝ ( )( ) (1,244 0,026)
l

F l lkr¹ º ° ); 

- ʟʘʚʠʩʠʤʦʩʪʠ Fr  ʦʪ ʦʪʥʦʰʝʥʠʷ /p l. 

 

ʈʠʩʫʥʦʢ 2.18 ï ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʉɹʌɸ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʰʝʥʠʷ ʧʝʨʠʦʜʘ 

ʘʢʩʠʢʦʥʘ ʢ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʜʣʠʥ rʚʦʣʥ r141 ʤʢʤ [93, 94]  

1 2
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2tg[arcsin( / )]

R R
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( )
( , ) 0,20 ( / );
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ʕʪʦʪ ʛʨʘʬʠʢ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʢʩʠʢʦʥʘ. 

ɺʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ ʧʨʠʚʝʜʝʥʘ ʜʣʷ ʜʣʠʥ rʚʦʣʥʳ 

141 ʤʢʤ ʠ ʤʦʜʫʣʝʡ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ 1, 3, 9l = . ɺʠʜʥʦ, ʯʪʦ ʧʨʠʝʤʣʝʤʘʷ 

ʚʝʣʠʯʠʥʘ ʫʛʣʘ ʥʘʢʣʦʥʘ ʚʝʢʪʦʨʘ ʇʦʡʥʪʠʥʛʘ (ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʜʫʩʦʚ) 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʪʥʦʰʝʥʠʠ / ~ 4 10p l ·. ʇʨʠ ʵʪʦʤ ʜʣʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ 

ʜʣʷ ʙʦʣʴʰʠʭ l  ʨʘʜʠʫʩ ʧʝʨʚʦʛʦ ʙʝʩʩʝʣʝʚʘ ʢʦʣʴʮʘ ʣʝʞʠʪ ʚʙʣʠʟʠ ʦʜʥʦʛʦ 

ʤʠʣʣʠʤʝʪʨʘ, ʘ ʜʣʷ ʩʨʝʜʥʝʛʦ ʀʂ ï ʚʙʣʠʟʠ 100 ʤʢʤ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʥʘ ʛʨʘʬʠʢʝ ʚʳʟʳʚʘʝʪ 

ʧʝʨʝʩʝʯʝʥʠʝ ʟʝʣʝʥʦʡ ʠ ʢʦʨʠʯʥʝʚʦʡ ʣʠʥʠʡ ʧʨʠ / 14.p l=  ʆʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʚʝʥʩʪʚʫ ʨʘʜʠʫʩʘ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ (ʧʨʠ 141l=  ʤʢʤ ʠ l =9) 

ʠ ʨʘʜʠʫʩʘ çʩʦʚʝʨʰʝʥʥʦʛʦè ʚʠʭʨʝʚʦʛʦ ʧʫʯʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʵʪʦʛʦ ʞʝ ʧʫʯʢʘ ʩ 

ʧʦʤʦʱʴʶ ʣʠʥʟʳ ʩ 50f =  ʤʤ. ɺʝʣʠʯʠʥʘ ʨʘʜʠʫʩʘ ʩʦʩʪʘʚʣʷʝʪ 3,5 ʤʤ. ʋʛʦʣ Ŭ ʝʱʝ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ (å 0,053 ʨʘʜ), ʘ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʙʝʩʩʝʣʝʚ 

ʧʫʯʦʢ 
0 220Z º ʤʤ, ʪʘʢʞʝ ʫʜʦʙʥʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 7 ʠ 10 ʤʤ (ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʧʘʨʘʤʝʪʨʳ ʦʙʨʘʟʮʦʚ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 4.2). ʇʦʵʪʦʤʫ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʨʘʬʠʢʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʫʯʢʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʝʪʨʘ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʌʫʨʴʝ-ʦʙʨʘʟʳ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ʢʨʝʤʥʠʝʚʦʡ ʣʠʥʟʳ ʩ 

f = 100 ʤʤ ʠ ʢʠʥʦʬʦʨʤʥʦʡ ʣʠʥʟʳ ʩ f = 75 ʤʤ. ɼʠʘʤʝʪʨ ʧʦʣʫʯʝʥʥʳʭ ʧʫʯʢʦʚ ʜʣʷ 

ʚʩʝʭ ʘʢʩʠʢʦʥʦʚ ʩʦʩʪʘʚʠʣ å7 ʤʤ (ʨʠʩʫʥʦʢ 2.19) ʠ 10 ʤʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʠ ʠʭ 

ʬʦʢʫʩʠʨʦʚʢʠ ʥʘ ʪʦʨʮʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʥʫʞʥʦʛʦ ʜʠʘʤʝʪʨʘ. 
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ʈʠʩʫʥʦʢ 2.19 ï ʠʟʦʙʨʘʞʝʥʠʷ ʌʫʨʴʝ-ʦʙʨʘʟʦʚ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʙʠʥʘʨʥʳʤʠ ʘʢʩʠʢʦʥʘʤʠ ʩ ʘ) 3l =+ ʠ ʙ) 9l =+ ʠ ʚ) 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʘʢʩʠʢʦʥʦʤ ʩ 9l =+, ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʡ 

ʢʨʝʤʥʠʝʚʦʡ ʣʠʥʟʳ ʩ f = 100 ʤʤ. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 20Ĭ20 ʤʤ 

ʉʦʚʝʨʰʝʥʥʳʝ ʚʝʢʪʦʨʥʳʝ ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʭʝʤʝ, 

ʘʥʘʣʦʛʠʯʥʦʡ ʨʠʩʫʥʢʫ 2.14, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʘʥʦʚ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭ 

ʛʘʫʩʩʦʚ ʧʫʯʦʢ ʚ ʨɻʤʠʪʪ-ʛʘʫʩʩʦʚ (ʨʠʩʫʥʦʢ 2.20). ʇʦʣʫʯʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʨʝʤʥʠʝʚʦʡ ʣʠʥʟʳ ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 

f = 100 ʤʤ. 

 

ʈʠʩʫʥʦʢ 2.20 ï ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʚʝʨʰʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʚʝʢʪʦʨʥʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ɼʆʕ. ʀʥʪʝʨʬʝʨʦʤʝʪʨ 

ʄʘʭʘ-ʎʝʥʜʝʨʘ: ʇ ï ʧʦʣʷʨʠʟʘʪʦʨ, ɿ1,2 ï ʟʝʨʢʘʣʘ, ɼ ï ʧʣʝʥʦʯʥʳʡ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʡ ʩʚʝʪʦʜʝʣʠʪʝʣʴ, ɼʆʕ1,2 ï ʤʦʜʘʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʨʤʠʪ-

ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ, ɼʆʕ3 ï ʉɹʌɸ ʩ |l|=1, 2, ʃ ï ʢʨʝʤʥʠʝʚʘʷ ʣʠʥʟʘ ʩ f= 100 ʤʤ, ɸ ï 

ʧʣʝʥʦʯʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʧʨʘʚʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʦʚʝʨʰʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ 1l =- ʠ 2l =- ʩ 

ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.21ʘ, ʚ ʠ ʙ, ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʆʪʣʠʯʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʧʣʦʩʢʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʣʠʥʟʳ. ɺ ʮʝʥʪʨʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʌʫʨʴʝ-ʦʙʨʘʟ 

ʦʩʚʝʱʘʶʱʝʛʦ ʘʢʩʠʢʦʥ ʧʫʯʢʘ (ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʕɻ ʧʫʯʢʦʚ) ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʧʷʪʝʥ. 

ʈʘʟʥʠʮʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʪʦʯʥʦʩʪʴʁ ʶʩʪʠʨʦʚʢʠ 

ʠʥʪʝʨʬʝʨʠʨʫʶʱʠʭ ʥʘ ʩʚʝʪʦʜʝʣʠʪʝʣʝ ʕɻ ʧʫʯʢʦʚ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʜ ʢʘʤʝʨʦʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʘʥʘʣʠʟʘʪʦʨ 

(ʨʠʩʫʥʦʢ 2.22). ʇʨʠ ʘʟʠʤʫʪʘʣʴʥʦʤ ʧʦʚʦʨʦʪʝ ʧʦʣʷʨʠʟʘʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚʨʘʱʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʢ ʙʝʩʩʝʣʝʚʫ ʧʫʯʢʫ, ʪʘʢ ʠ ʕɻ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʘʣʠʯʠʝ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.21 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ (ʘ, ʚ) ʠ ʨʘʩʯʝʪʥʳʝ (ʙ, ʛ) ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʚʝʨʰʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ 1l =-, 2l =- ʩ ʨʘʜʠʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 7ʭ7 ʤʤ 

 

ʈʠʩʫʥʦʢ 2.22 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʚʝʨʰʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ 
2l =- ʩ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʚʨʘʱʝʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ. 

ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 7ʭ7 ʤʤ 
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ɹʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʩʦʟʜʘʥʠʷ ʩʦʚʝʨʰʝʥʥʳʭ ʚʠʭʨʝʚʳʭ ʚʝʢʪʦʨʥʳʭ 

ʧʫʯʢʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʛʤʝʥʪʥʦʡ ʧʦʣʫʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʥʢʠ. ʃʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʡ ʛʘʫʩʩʦʚ ʧʫʯʦʢ ʅʃʉʕ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʨʘʜʠʘʣʴʥʳʡ ʠ ʦʩʚʝʱʘʣ 

ʉɹʌɸ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 

ʨʝʟʫʣʴʪʘʪʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʩ f = 150 ʤʤ ʜʣ̫ ʧʫʯʢʦʚ ʩ 

3l =-ʠ 9l =- (ʨʠʩʫʥʦʢ 2.23). ʃʠʥʟʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 155 ʤʤ ʦʪ 

ʘʢʩʠʢʦʥʘ. ʇʨʠ ʘʟʠʤʫʪʘʣʴʥʦʤ ʚʨʘʱʝʥʠʠ ʘʥʘʣʠʟʘʪʦʨʘ ʥʘ ʨʠʩʫʥʢʝ 2.23ʛ, ʥʘʙʣʶʜʘʣʩʷ 

ʧʦʚʦʨʦʪ ʧʫʯʢʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʜʠʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

 

ʜ) 

 

ʈʠʩʫʥʦʢ 2.23 ï ʘ) ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠʜʝʘʣʴʥʳʭ 

ʚʝʢʪʦʨʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʝʛʤʝʥʪʥʦʡ ʚʦʣʥʦʚʦʡ ʧʣʘʩʪʠʥʢʠ: ʇ ï 

ʧʦʣʷʨʠʟʘʪʦʨ, ɼʆʕ ï ʉɹʌɸ (ɹɸ23 ʠ ɹɸ9), ʃ ï ʢʨʝʤʥʠʝʚʘʷ ʣʠʥʟʘ ʩ f = 150 ʤʤ, ɸ ï 

ʧʣʝʥʦʯʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʦʧʨʘʚʝ; ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʜʠʘʣʴʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʫʯʢʦʚ: ʙ) ʛʘʫʩʩʦʚʦʡ 

ʤʦʜʳ ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ; ʚ) ʌʫʨʴʝ-ʦʙʨʘʟ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ ʩ 3l =+ ʙʝʟ ʘʥʘʣʠʟʘʪʦʨʘ; 

ʛ) ʌʫʨʴʝ-ʦʙʨʘʟ ʩ 9l =+ ʧʨʠ ʧʦʣʦʞʝʥʠʠ ʘʥʘʣʠʟʘʪʦʨʘ 0Á. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ 

25,6Ĭ25,6 ʤʤ. ʜ) ʬʦʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 
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2.5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ  

ʀʥʪʝʨʝʩ ʢ ʧʫʯʢʘʤ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ ʦʙʫʩʣʦʚʣʝʥ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʫʣʴʪʠʧʣʝʢʩʥʦʩʪʠ ʢʘʥʘʣʦʚ ʜʘʥʥʳʭ 

ʚ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩʣʦʞʝʥʠʝ ʧʫʯʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʭʝʤʝ ʄʘʭʘ 

ʎʝʥʜʝʨʘ (ʨʠʩʫʥʦʢ 2.24). ɺ ʢʘʞʜʦʤ ʠʟ ʧʣʝʯ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʩʧʠʨʘʣʴʥʳʡ ʬʘʟʦʚʳʡ 

ʘʢʩʠʢʦʥ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʝʣʠʪʝʣʷ ɼ2. 

 

ʈʠʩʫʥʦʢ 2.24 ï ʦʧʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘ-ʎʝʥʜʝʨʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ɼ1, ɼ2 ï ʧʣʸʥʦʯʥʳʝ ʩʚʝʪʦʜʝʣʠʪʝʣʠ, ɿ1, 

ɿ2 ï ʟʝʨʢʘʣʘ, ɼʆʕ1, ɼʆʕ2 ï ʉɹʌɸ, ɼʝʪʝʢʪʦʨ ï Pyrocam IV/ʄʄɹʇ 

ʇʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʚʠʭʨʝʚʳʤ ʧʦʣʝʤ ʧʦʥʠʤʘʶʪ ʩʫʧʝʨʧʦʟʠʮʠ ʁ J 

ʢʦʘʢʩʠʘʣʴʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ ʩ ʚʨʘʱʘʪʝʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ uj, 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʠʨʘʣʴʥʳʤʠ ʬʘʟʘʤʠ jf ʠ ʚʝʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʘʤʧʣʠʪʫʜʳ aj., 

( , )exp ( , , )
J

i j j

j 1

U a u r z i r zf j
=

è ø= ê úä , (2.7) 

ʇʣʦʪʥʦʩʪʴ ʆʋʄ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ [95] 

z VB IJ J J= + , (2.8) 

ʛʜʝ VBJ  ï ʚʢʣʘʜ ʦʪʜʝʣʴʥʳʭ ʚʠʭʨʝʚʳʭ ʧʫʯʢʦʚ, ʘ IJ  ï ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʯʣʝʥ. 
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ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʢʘʢ  

2 2

2
1

2
,

J
j

VB j j

j

J a u
ʩ

fw

j=

µ
=-

µ
ä , (2.9) 

2
1

2
cos( ).

J J
j p

I j p j p j p

j p j

J a a u u
ʩ

f fw
f f

j j= >

µ µå õ
=- + -æ ö

µ µç ÷
ää  

(2.10) 

ɺ ʩʣʫʯʘʝ ʢʦʛʜʘ ʚʠʭʨʝʚʳʝ ʧʫʯʢʠ ʠʤʝʶʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʟʘʨʷʜʳ ʨʘʚʥʳʝ ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ, ʥʦ ʦʪʣʠʯʥʳʝ ʧʦ ʟʥʘʢʫ, ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʆʋʄ ʠʩʯʝʟʘʝʪ, ʘ 

ʧʣʦʪʥʦʩʪʴ ʆʋʄ 
2 2 2

02

2
( )z VBJ J A B u l

ʩ

w
¹ =- -  (ʧʨʠ 

1a A¹  ʠ 
2a B¹ ). 

ʈʘʥʝʝ ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʫʧʝʨʧʦʟʠʮʠʠ 

ʧʫʯʢʦʚ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ 1 ʠ 2 ʦʧʫʙʣʠʢʦʚʘʥʥrʝ ʚ [45], ʥʘ ʨʠʩʫʥʢʝ 2.25 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʟʘʨʷʜʦʚ ʦʪʣʠʯʥʳʭ ʧʦ 

ʚʝʣʠʯʠʥʝ ʠ ʟʥʘʢʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʠ ʜʝʩʪʨʫʢʪʠʚʥʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ, 

ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʘʟʠʤʫʪʘʣʴʥʳʤ ʬʘʟʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʥʫʪʨʠ ʢʦʣʝʮ ʦʪ 0 ʜʦ 2ˊ 

ʜʣʷ l = Ñ1 ʠ ʦʪ 0 ʜʦ 4ˊ ʜʣʷ l = Ñ2.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ                                             ʕʢʩʧʝʨʠʤʝʥʪ 

   

ʈʠʩʫʥʦʢ 2.25 ï ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʩ ʊɿ 1 ʠ 2 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʫʯʢʦʚ ʩ l = +1 ʠ  

l = -1. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʤʝʩʪʝ ʧʝʨʚʦʛʦ ʢʦʣʴʮʘ ʚʠʜʥʦ ʜʚʘ ʤʘʢʩʠʤʫʤʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ: ʚʚʝʨʭʫ ʠ ʚʥʠʟʫ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʧʘʜʝʥʠʶ ʬʘʟ ʜʚʫʭ ʧʫʯʢʦʚ, 

ʥʫʣʝʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʙʝʛʦʤ ʬʘʟʳ ʨʘʚʥʳʤ ˊ, ʪ.ʢ. ʧʫʯʢʠ ʠʤʝʶʪ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʊɿ. ɺ ʩʣʫʯʘʝ ʞʝ ʩʦʚʧʘʜʝʥʠʷ ʟʥʘʢʦʚ ʠ ʚʝʣʠʯʠʥ ʟʘʨʷʜʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ. 

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʤʦʜʦʚʳʭ, ʠʣʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʚʠʭʨʝʚʳʭ ʇʇʇ. ʉʧʠʨʘʣʴʥʳʝ ʙʠʥʘʨʥʳʝ ʬʘʟʦʚʳʝ ʘʢʩʠʢʦʥʳ  

ɹɸ23 ʠ ɹɸ9 ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʩ ʵʪʦʡ ʮʝʣʴʶ. ʅʘ ʨʠʩʫʥʢʝ 2.26 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʨʦʚ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʤʠ ʘʢʩʠʢʦʥʘʤʠ. 

 

ʈʠʩʫʥʦʢ 2.26 ï ʠʟʦʙʨʘʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, 

ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʫʯʢʦʚ ʩ ʊɿ 3 ʠ 9, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʘʢʩʠʢʦʥʦʚ ɹɸ23 ʠ ɹɸ3, ʠ ɹɸ23 ʠ ɹɸ9 
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ɻʣʘʚʘ 3 ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʦʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʫʯʢʘ ʤʝʪʦʜʦʤ ʬʠʣʴʪʨʘʮʠʠ 

ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʩʢʦʤʦʛʦ ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ ʤʦʜʦʚʦʡ ʩʝʣʝʢʮʠʠ. ʄʝʪʦʜ 

ʬʠʣʴʪʨʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʨʨʝʣʷʮʠʠ ʩʠʛʥʘʣʘ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤ ʬʠʣʴʪʨʦʤ, 

ʙʳʣ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ [96]. ʇʨʦʮʝʩʩ ʪʘʢʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʥʝʠʟʚʝʩʪʥʳʤ ʠ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʩʠʛʥʘʣʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ (ʩʚʝʪʣʦʝ ʧʷʪʥʦ ʚ ʮʝʥʪʨʝ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ) ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ (ʨʘʜʠʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʣʝʧʝʩʪʢʠ ʩ ʪʝʤʥʳʤ ʧʷʪʥʦʤ ʚ ʮʝʥʪʨʝ) ʦʪʢʣʠʢ. ɺ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʕʨʤʠʪ-ɻʘʫʩʩʦʚʳʭ 

ʤʦʜ ʚ ʪʝʨʘʛʝʨʮʦʚʦʤ ʧʫʯʢʝ (ʤʦʜʳ ʕɻ ʩ ʥʦʤʝʨʘʤʠ (1,0) ʠ (0,1)), ʜʘʣʝʝ ʤʝʪʦʜ ʙʳʣ 

ʧʝʨʝʥʝʩʝʥ ʥʘ ʩʣʫʯʘʡ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʙʠʥʘʨʥʳʭ ʘʢʩʠʢʦʥʦʚ [33], ʜʣʷ ʦʜʥʦʤʦʜʦʚʦʛʦ ʠ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʩʣʫʯʘʝʚ [50]. 

3.1. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʨʤʠʪ-ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ 

ɼʘʣʝʝ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʧʨʠʥʮʠʧ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʫʯʢʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʕɻ ʤʦʜʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʕɻ ʤʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.1ʘ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʠʣʴʪʨʫʶʱʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ɼʆʕ (ʨʠʩʫʥʦʢ 1.9), 

ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʩ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʦʡ, ʠ ʣʠʥʟʳ (ʧʫʥʢʪʠʨʥʘʷ ʨʘʤʢʘ ʥʘ 

ʨʠʩʫʥʢʝ 3.1ʘ). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʫʯʦʢ ʧʘʜʘʝʪ ʥʘ ʬʠʣʴʪʨ, ʬʫʥʢʮʠʷ ʧʨʦʧʫʩʢʘʥʠʷ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʝ ʚ 

ʩʝʯʝʥʠʠ ʧʫʯʢʘ, ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʦʪʢʣʠʢʫ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ɼʆʕ1 ʕɻ ʧʫʯʦʢ, ʦʩʚʝʱʘʣ ʬʠʣʴʪʨʫʶʱʫʶ ʩʠʩʪʝʤʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʃ ʥʘʙʣʶʜʘʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʢʣʠʢ (ʨʠʩʫʥʦʢ 3.1ʙ, ʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ʈʠʩʫʥʦʢ 3.1 ï ʘ) ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʕɻ ʤʦʜʳ ʚ ʊɻʮ-ʧʫʯʢʝ: 

ɼʆʕ1, ɼʆʕ2 ï ʤʦʜʘʥʳ, ʃ ï ʢʨʝʤʥʠʝʚʘʷ ʣʠʥʟʘ ʩ f=100 ʤʤ, ɼʝʪʝʢʪʦʨ: ʄʄɹʇ, ʨʘʟʤʝʨ 

ʠʟʦʙʨʘʞʝʥʠʷ: 15Ĭ15 ʤʤ. ʇʫʥʢʪʠʨʥʦʡ ʨʘʤʢʦʡ ʚʳʜʝʣʝʥʘ ʬʠʣʴʪʨʫʶʱʘʷ ʩʠʩʪʝʤʘ. 

ʌʘʟʦʚʳʝ ʤʘʩʢʠ ʙʠʥʘʨʥʳʭ ʤʦʜʘʥʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʕɻ ʧʫʯʢʦʚ ʩ (1,0) ʠ (0,1), ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ 

ʩʣʫʯʘʝ ʙ) ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʚ) ʥʝʛʘʪʠʚʥʦʛʦ ʦʪʢʣʠʢʦʚ. ʂʘʞʜʳʡ ʢʘʜʨ ʥʦʨʤʠʨʦʚʘʥ 

ʥʘ ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [50] 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʩʧʨʘʚʘ, ʧʨʠ 

ʩʦʚʧʘʜʝʥʠʠ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʣʦʩʢʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʫʶʱʝʛʦ ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ 

ɼʆʕ2 ʚ ʚʳʭʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʮʝʥʪʨʝ. 

ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚ ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʯʝʨʥʘʷ ʠ ʙʝʣʘʷ ʦʙʣʘʩʪʠ 

ʵʣʝʤʝʥʪʘ, ʟʝʨʢʘʣʴʥʦ ʦʪʨʘʞʝʥʳ. ɺ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʳ, ʦʪʣʠʯʥʦʡ ʦʪ ʤʦʜʳ, 

ʩ ʢʦʪʦʨʦʡ ʩʦʛʣʘʩʦʚʘʥ ʬʠʣʴʪʨ, ʚ ʚʳʭʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʙʦʨ ʧʷʪʝʥ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʙʨʘʞʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʩ ʤʦʜʦʡ ʕʨʤʠʪʘ-

ɻʘʫʩʩʘ (1,1). ɼʘʥʥʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʬʦʨʤʠʨʫʶʱʠʡ ʠ 

ʬʠʣʴʪʨʫʶʱʠʡ ɼʆʕ ʧʦʚʝʨʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ 90 ʛʨʘʜʫʩʦʚ, ʦʥʠ ʜʝʣʷʪ 

ʩʝʯʝʥʠʝ ʧʫʯʢʘ ʥʘ ʢʚʘʜʨʘʥʪʳ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʬʘʟʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʬʘʟʘ ʩʦʚʧʘʜʘʝʪ ʜʣʷ ʜʠʘʛʦʥʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʚʘʜʨʘʥʪʦʚ ʠ ʦʪʣʠʯʘʝʪʩʷ 
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ʥʘ ˊ ʜʣʷ ʩʦʩʝʜʥʠʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʣʠʥʠʷʭ, ʜʝʣʷʱʠʭ ʧʫʯʦʢ ʥʘ ʢʚʘʜʨʘʥʪʳ, ʬʘʟʘ 

ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʠ ʚ ʮʝʥʪʨʝ ʚʦʟʥʠʢʘʝʪ ʤʠʥʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

3.2. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʜʥʦʤʦʜʦʚʳʭ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ 

ɺ ʧʨʦʮʝʩʩʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʙʝʩʩʝʣʝʚʳʭ ʧʫʯʢʦʚ, ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠ ʟʥʘʢʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ l . ʇʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʚʨʘʱʝʥʠʷ ʚʠʭʨʷ. ʈʘʟʤʝʨ 

ʢʦʣʴʮʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʬʠʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʯʢʘ ɹʝʩʩʝʣʷ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʪʦʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʚʝʣʠʯʠʥʳ ʊɿ. ɸʥʘʣʦʛʠʯʥʦ ʩʭʝʤʝ ʥʘ ʨʠʩʫʥʢʝ 3.1, ʜʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ ʧʨʠʤʝʥʷʣʩʷ ʪʦʪ ʞʝ ʧʦʜʭʦʜ, ʠʩʢʣʶʯʝʥʠʝʤ 

ʷʚʣʷʣʠʩʴ ɼʆʕ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʝʤʥʠʝʚʳʝ ʬʘʟʦʚʳʝ ʙʠʥʘʨʥʳʝ ʘʢʩʠʢʦʥʳ [71] ʩʦ ʩʧʠʨʘʣʴʥʳʤ 

ʨʝʣʴʝʬʦʤ ʠ ʧʝʨʠʦʜʦʤ p=3,03 ʤʤ (ʨʠʩʫʥʦʢ 1.10). 

ʅʘ ʨʠʩʫʥʢʝ 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʭʝʤʘ ʬʠʣʴʪʨʘʮʠʠ ʩ ʉɹʌɸ 

ʚ ʢʘʯʝʩʪʚʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʙʝʩʩʝʣʝʚʫ ʤʦʜʫ. 

ʌʠʣʴʪʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ɼʆʕ2 ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ 

(100ï340 ʤʤ ʜʣʷ l  = ï1, ï2), ʥʘ ʨʘʩʩʪʦʷʥʠʠ L1=180 ʤʤ. ʌʦʨʤʠʨʫʝʤʘʷ ʤʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʧʫʯʢʘʤ ʩ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ ï1 ʠ ï2. ʀʟʦʙʨʘʞʝʥʠʷ 

ʧʫʯʢʦʚ ʚ ʧʣʦʩʢʦʩʪʠ L1=180 ʤʤ, ʦʩʚʝʱʘʶʱʠʭ ɼʆʕ2, ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʚʝʪʥʳʤʠ 

ʚʩʪʘʚʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 1.10. ɺ ʢʘʯʝʩʪʚʝ ɼʆʕ2 ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʢʩʠʢʦʥʳ, 

ʘʥʘʣʦʛʠʯʥʳʝ ɼʆʕ1, ʬʦʨʤʠʨʫʶʱʠʤ |l | = 1, 2, 3, 4.  
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ʈʠʩʫʥʦʢ 3.2 ï ʩʭʝʤʘ ʠ ʬʦʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʭʝʤʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʙʝʩʩʝʣʝʚʦʡ ʤʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɹʌɸ: ɼʆʕ1, ɼʆʕ2 ï ʉɹʌɸ, ʃ ï 

ʢʠʥʦʬʦʨʤʥʘʷ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʘʷ ʣʠʥʟʘ ʩ f=75 ʤʤ, ɼʝʪʝʢʪʦʨ: Pyrocam IV. 

ʇʫʥʢʪʠʨʥʦʡ ʨʘʤʢʦʡ ʚʳʜʝʣʝʥʘ ʬʠʣʴʪʨʫʶʱʘʷ ʩʠʩʪʝʤʘ. ʈʘʩʩʪʦʷʥʠʷ: L1=180 ʤʤ, 

L2=285 ʤʤ  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.3. ɺ 

ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ ʚ ʩʣʫʯʘʝ ʩʦʚʧʘʜʝʥʠʷ ʧʦʣʦʞʝʥʠʡ ʬʦʨʤʠʨʫʶʱʝʛʦ 

ɼʆʕ1 ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ɼʆʕ2 ɻ ʣʝʤʝʥʪʦʚ (ʙ, ʛ), ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʝʪʣʦʝ ʧʷʪʥʦ ʚ ʮʝʥʪʨʝ 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʦʪʢʣʠʢʫ. ʇʨʠ 

ʥʝʛʘʪʠʚʥʦʤ ʦʪʢʣʠʢʝ ʢʘʨʪʠʥʘ ʨʘʟʤʳʚʘʝʪʩʷ ʚ ʩʣʦʞʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʠ ʚ ʮʝʥʪʨʝ ʤʳ ʚʠʜʠʤ ʪʝʤʥʦʝ ʧʷʪʥʦ, ʦʢʨʫʞʝʥʥʦʝ ʨʘʜʠʘʣʴʥʦ-

ʩʠʤʤʝʪʨʠʯʥʳʤʠ ʣʝʧʝʩʪʢʘʤʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, 
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ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʙʠʥʘʨʥʳʤ ʘʢʩʠʢʦʥʦʤ, ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʘʥʥʦʡ ʤʦʜʳ. ɼʫʛʠ, 

ʦʙʨʘʟʫʶʱʠʝ ʢʦʣʴʮʘ ʚʦʢʨʫʛ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʠʢʘ (ʨʠʩʫʥʦʢ 3.3ʜ, ʝ, ʞ, ʟ), ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʨʘʟʣʠʯʠʤʳ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʠʢʝ ʠ ʭʦʨʦʰʦ ʚʠʜʥʳ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʦʙʨʘʞʝʥʠʶ ʌʫʨʴʝ-ʦʙʨʘʟʘ ʙʝʩʩʝʣʝʚʘ ʧʫʯʢʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʦʜʥʠʤ ʉɹʌɸ [33, 48]. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜ ʕʨʤʠʪʘ-ɻʘʫʩʩʘ 

ʧʦʜʦʙʥʦʛʦ ʬɻʬʝʢʪʘ ʟʘʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. 

 

ʈʠʩʫʥʦʢ 3.3 ï ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ 

ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʙʠʥʘʨʥʳʤʠ ʘʢʩʠʢʦʥʘʤʠ ʩ |l DOE2|=1, 2, 3, 4 ʧʫʯʢʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʠʯʥʳʤʠ ʘʢʩʠʢʦʥʘʤʠ ʩ l DOE1=-1 ʠ l DOE 1 =-2: ʘ) lDOE1=-2, 

lDOE2=+2; ʙ) lDOE1=-2, lDOE2=-2; ʚ) lDOE1=-1, lDOE2=+1; ʛ) lDOE1=-1, lDOE2=-1; ʜ) lDOE1=-1, 

lDOE2=+3; ʝ) lDOE1=-1, lDOE2=-3;. ʞ) lDOE1=-1, lDOE2=+4; ʟ) lDOE1=-1, lDOE2=-4. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʢʩʠʢʦʥʘʤʠ L1=180 ʤʤ. ɼʝʪʝʢʪʦʨ: Pyrocam IV, ʨʘʟʤʝʨ 

ʠʟʦʙʨʘʞʝʥʠʷ: 15Ĭ15 ʤʤ, ʚʨʝʟʢʠ ï 4ʭ4 ʤʤ (ʫʚʝʣʠʯʝʥʠʝ ʚ 2 ʨʘʟʘ). ʂʘʞʜʳʡ ʢʘʜʨ 

ʥʦʨʤʠʨʦʚʘʥ ʥʘ ʤʘʢʩʠʤʫʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ [50] 

ʄʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪ ʚ ʩʝʙʝ ʚʳʷʚʣʝʥʠʝ ʠʩʭʦʜʥʦʡ ʤʦʜʳ ʧʫʪʝʤ 

ʩʦʚʧʘʜʝʥʠʷ ʬʦʨʤʠʨʫʶʱʝʛʦ ʠ ʬʠʣʴʪʨʫʶʱʝʛʦ ʘʢʩʠʢʦʥʦʚ. ʂʘʢ ʚʠʜʥʦ, ʚ ʩʣʫʯʘʝ 

ʥʝʩʦʚʧʘʜʝʥʠʷ ʤʘʛʥʠʪʫʜʳ ʠ ʟʥʘʢʘ ʟʘʨʷʜʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. 

ʇʨʠ ʬʠʣʴʪʨʘʮʠʠ ʧʫʯʢʘ ʩ l=-1 ʵʣʝʤʝʥʪʘʤʠ Ñ3 ʠ Ñ4 (ʨʠʩʫʥʦʢ 3.3ʜ, ʝ, ʞ, ʟ) ʤʦʞʥʦ 














































