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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ ʪʷʞʝʣʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʘʤʦʣʝʪʘ çʉʣʦʥè, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʟʘʤʝʥʳ ʩʘʤʦʣʝʪʘ ɸʥ-124 ʚ ʥʠʰʝ ʛʨʫʟʦʚʳʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ. 

ʇʨʦʚʝʜʝʥ ʚʳʙʦʨ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʤʧʦʥʦʚʢʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʝʩʦʚʳʝ 

ʩʚʦʜʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʥʦʚʢʠ. ʇʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʦʮʝʥʢʠ ʣʝʪʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  
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ɺʚʝʜʝʥʠʝ 

ʈʘʤʧʦʚʳʝ ʛʨʫʟʦʚʳʝ ʩʘʤʦʣʝʪʳ ʪʠʧʘ ɸʥ-124 ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʩʨʝʜʩʪʚʦʤ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʟʣʠʯʥʳʭ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʛʨʫʟʦʚ ʠ ʪʝʭʥʠʢʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʧʳʪʦʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʚ ʉʠʨʠʠ 

ʠ ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʚ ʛʨʘʞʜʘʥʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʛʨʫʟʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʣʝʪʦʚ ɸʥ-124 ʚ ɺʂʉ ʈʌ ʠ ʘʚʠʘʢʦʤʧʘʥʠʷʭ 

ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʨʠʚʝʜʝʪ ʢ ʚʳʨʘʙʦʪʢʝ ʨʝʩʫʨʩʘ ʧʣʘʥʝʨʘ (ʜʘʞʝ ʩ ʫʯʝʪʦʤ ʝʛʦ 

ʧʨʦʜʣʝʥʠʷ), ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʚʳʚʦʜʫ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʊʈɼɼ ɼ-18ʊ, ʢʦʪʦʨʦʝ ʚʝʣʦʩʴ ʥʘ ʋʢʨʘʠʥʝ, ʙʳʣʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʱʝʥʦ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 90-ʭ ʛʛ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʨʫʙʝʞʝ 

2020-2030 ʛʛ. ʙʫʜʝʪ ʩʦʟʜʘʥ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ ʢʣʘʩʩʝ ʪʷʛ 28-35 ʪʩ (ʇɼ-30 

ʣʠʙʦ ʩʝʤʝʡʩʪʚʦ ʇɼ-35 [1]). 

ʇʦʧʳʪʢʠ ʚʦʟʦʙʥʦʚʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ɸʥ-124 ʧʦʪʝʨʧʝʣʠ ʥʝʫʜʘʯʫ [2]. ʇʨʠʥʠʤʘʷ 

ʚʦ ʚʥʠʤʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʝ ʠ ʤʦʨʘʣʴʥʦʝ ʫʩʪʘʨʝʚʘʥʠʝ (ʘʵʨʦʜʠʥʘʤʠʢʘ, ʢʦʥʩʪʨʫʢʮʠʷ, 

ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʨʦʚʥʷ ʢʦʥʮʘ 70-ʭ ʛʛ.; ʨʦʩʪ ʛʘʙʘʨʠʪʦʚ 

ʧʝʨʝʚʦʟʠʤʦʡ ʪʝʭʥʠʢʠ ʠ ʛʨʫʟʦʚ; ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ), 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʝʛʦ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʩʘʤʦʣʝʪʘ ï 

çʩʦʚʨʝʤʝʥʥʦʡ ʚʝʨʩʠʠ ɸʥ-124è, ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʘʵʨʦʜʠʥʘʤʠʢʠ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ [3, 4, 5]. 



 

 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʡ ʩʘʤʦʣʝʪ ʦʢʘʞʝʪʩʷ ʚʝʩʴʤʘ ʜʦʨʦʛʠʤ ʧʨʠ ʤʝʣʢʦʩʝʨʠʡʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ɺʂʉ ʈʌ ʚ ʩʘʤʦʣʝʪʘʭ ʜʘʥʥʦʛʦ 

ʢʣʘʩʩʘ. ʉʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ 

ʦʙʲʝʤʘ ʟʘʢʘʟʦʚ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʛʨʫʟʦʚʳʭ 

ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʘ. ɸʚʠʘʢʦʤʧʘʥʠʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ 

ʧʝʨʝʚʦʟʢʝ ʛʝʥʝʨʘʣʴʥʳʭ ʛʨʫʟʦʚ, ʠʩʧʦʣʴʟʫʶʪ ʛʨʫʟʦʚʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʩʘʤʦʣʝʪʦʚ ï çʬʨʝʡʪʝʨʳè (ʥʘʧʨʠʤʝʨ, ʊʫ-204ʉ, Airbus A330-200F, Boeing 777F, 747-

8F), ʣʠʙʦ ʢʦʥʚʝʨʪʠʨʦʚʘʥʥʳʝ ʧʘʩʩʘʞʠʨʩʢʠʝ ʩʘʤʦʣʝʪʳ, ʥʝʢʦʥʢʫʨʝʥʪʥʳʝ ʥʘ ʥʳʥʝʰʥʠʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʢʘʭ (ʥʘʧʨʠʤʝʨ, ʫʩʪʘʨʝʚʰʠʝ ʤʦʜʝʣʠ Airbus A320, Boeing 737). 

ʃʠʰʴ ʥʝʢʦʪʦʨʳʝ ʘʚʠʘʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʨʘʤʧʦʚʳʝ ʛʨʫʟʦʚʳʝ 

ʩʘʤʦʣʝʪ.r ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ɻʨʂ çɺʦʣʛʘ-ɼʥʝʧʨè, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʘʷ ʀʣ-76ʊɼ-90ɺɼ ʠ ɸʥ-124-100. ɼʘʥʥʳʝ ʩʘʤʦʣʝʪʳ ʠʟʥʘʯʘʣʴʥʦ 

ʧʨʦʝʢʪʠʨʦʚʘʣʠʩʴ ʧʦʜ ʚʦʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʦʥʠ ʧʨʦʠʛʨʳʚʘʶʪ ʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʛʫʣʷʨʥʳʭ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ çʬʨʝʡʪʝʨʘʤè. ʈʘʟʤʝʨʳ 

ʛʨʫʟʦʚʦʡ ʢʘʙʠʥ rɸʥ-124 ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʤʤʝʨʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʧʨʠ ʧʦʣʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʝʸ ʦʙʲʝʤʘ ʛʝʥʝʨʘʣʴʥʳʤʠ ʛʨʫʟʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ɸʥ-124 ʩʧʦʩʦʙʝʥ ʧʝʨʝʚʦʟʠʪʴ ʰʠʨʦʢʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʛʨʫʟʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʦʥʦʛʨʫʟʦʚ ʩ ʤʘʩʩʦʡ ʦʢʦʣʦ 100 ʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʝʛʦ ʦʩʥʦʚʥʳʤ 

ʢʦʥʢʫʨʝʥʪʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ çʬʨʝʡʪʝʨʘʤʠè. 

ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʪʷʞʝʣʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʩʘʤʦʣʝʪ ʩ ʫʩʣʦʚʥʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ 

çʉʣʦʥè (ʜʘʣʝʝ ï ʊʊʉ çʉʣʦʥè) ʜʦʣʞʝʥ ʩʪʘʪʴ ʘʜʝʢʚʘʪʥʦʡ ʟʘʤʝʥʦʡ ɸʥ-124 ʜʣʷ ɺʂʉ ʈʌ 

ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʛʨʫʟʦʚʳʭ ʘʚʠʘʧʝʨʝʚʦʟʯʠʢʦʚ 



 

 

ï ʦʙʣʘʜʘʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴʶ ʧʝʨʝʚʦʟʢʠ ʛʝʥʝʨʘʣʴʥʳʭ ʛʨʫʟʦʚ, ʩʨʘʚʥʠʤʦʡ ʩ ʛʨʫʟʦʚʳʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ. 

ʊʊʉ çʉʣʦʥè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʰʠʨʦʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʛʨʫʟʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʪʷʞʝʣʳʭ ʠ ʥʝʛʘʙʘʨʠʪʥʳʭ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʥ-124-100 ʠ ʛʨʫʟʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʘʤʦʣʝʪʦʚ (Boeing 

777F, 747-8F; A330-200F ʠ ʜʨ.), ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ: 

¶ ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 150 ʪ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʜʘʣʴʥʦʩʪʴ 7000 ʢʤ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʤʤʝʨʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ï 180 ʪ; 

¶ ʉʢʦʨʦʩʪʴ ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝʪʘ 850-870 ʢʤ/ʯ (ʯʠʩʣʦ ʄ=0.8-0.82), ʚʳʩʦʪʘ 

ʧʦʣʝʪʘ 9-12 ʢʤ;  

¶ ɺʟʣʝʪʥʘʷ ʜʠʩʪʘʥʮʠʷ 2500-3000 ʤ; 

¶ ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʚʦʟʢʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʛʨʫʟʦʚ ɸʥ-124, ʥʝʛʘʙʘʨʠʪʥʳʭ 

ʛʨʫʟʦʚ, ʤʦʥʦʛʨʫʟʦʚ ʤʘʩʩʦʡ ʜʦ 150 ʪ; 

¶ ɼʚʫʭʨʘʤʧʦʚʘʷ ʩʭʝʤʘ ʟʘʛʨʫʟʢʠ (ʧʝʨʝʜʥʷʷ ʠ ʟʘʜʥʷʷ ʨʘʤʧʳ); 

¶ ʉʲʝʤʥʳʡ ʚʪʦʨʦʡ ʷʨʫʩ ʛʨʫʟʦʚʦʡ ʢʘʙʠʥʳ ʩ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʳʩʦʪʦʡ ʜʣʷ ʙʦʣʝʝ 

ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʤʘ ʛʨʫʟʦʚʦʡ ʢʘʙʠʥʳ ʧʨʠ ʧʝʨʝʚʦʟʢʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʧʘʣʣʝʪ, ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʚʦʟʢʝ ʪʝʭʥʠʢʠ ʠ ʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ; 

¶ ɺʩʪʨʦʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʟʘʛʨʫʟʢʠ ʠ ʨʘʟʛʨʫʟʢʠ 

ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʧʘʣʣʝʪ; 

¶ ɺʩʪʨʦʝʥʥʳʝ ʩʲʝʤʥʳʝ ʪʝʣʴʬʝʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ 30 ʪ; 



 

 

¶ ɺʨʝʤʷ ʟʘʛʨʫʟʢʠ (ʧʦʣʥʘʷ ʟʘʛʨʫʟʢʘ ʛʝʥʝʨʘʣʴʥʳʤʠ ʛʨʫʟʘʤʠ) ï 1-2 ʯʘʩʘ; 

¶ ɺʨʝʤʷ ʟʘʛʨʫʟʢʠ ʤʦʥʦʛʨʫʟʘ ʤʘʩʩʦʡ 150 ʪ ï 4-6 ʯʘʩʦʚ; 

¶ ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʠʦʥʠʢʠ ʠ ʩʘʤʦʣʝʪʥʳʭ ʩʠʩʪʝʤ; 

 

ʄʝʪʦʜʳ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʱʘʷ ʢʦʤʧʦʥʦʚʢʘ ʊʊʉ çʉʣʦʥè ʩʬʦʨʤʠʨʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ [6, 7, 8], ʠ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʦʚ-

ʘʥʘʣʦʛʦʚ ɸʥ-124-100, ɸʥ-225 [9] ʠ Boeing 747-8F [10]. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʤʘʩʩʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʦʚʢʠ ʊʊʉ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʣʠʢʘ ʩʘʤʦʣʝʪʘ ʚʳʧʦʣʥʝʥʳ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʥʦʚʢʠ ʃɸ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʎɸɻʀ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʦʩʥʦʚʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [11]). ɺ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʳ ʣʝʞʠʪ ʠʟʚʝʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʘʤʦʣʝʪʘ (ʫʨʘʚʥʝʥʠʝ ʚʝʩʦʚʦʛʦ ʙʘʣʘʥʩʘ). ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʫʱʝʥʠʷ ʧʨʠʥʷʪʦ, ʯʪʦ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʪʠʧʘ ʇɼ-35 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʳʥʝʰʥʝʤʫ ʫʨʦʚʥʶ. 

ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʙʘʟʠʨʦʚʘʥʠʷ ʥʘ ɺʇʇ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʥʥʳʤ 

ʫʩʣʦʚʠʷʤ ʙʘʟʠʨʦʚʘʥʠʷ (ʢʣʘʩʩʳ ɸ, ɹ), ʧʨʦʚʝʜʝʥʘ ʧʦ ʤʝʪʦʜʫ ACN/PCN [12]. 

 



 

 

 

ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʛʨʘʤʤʳ ʎɸɻʀ ʧʦ ʚʳʙʦʨʫ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʦʥʦʚʢʠ 

 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʦʥʦʚʢʠ ʊʊʉ çʉʣʦʥè 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʠʢʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢʨʠʪʠʯʝʩʢʠʤ 

ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʟʘʜʘʥʥʳʤ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʀʟ ʠʩʪʦʨʠʠ ʘʚʠʘʮʠʠ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʭʝʤ [13, 14], ʥʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʚʠʘʮʠʠ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʠʝ: 

ʥʦʨʤʘʣʴʥʘʷ ʩʭʝʤʘ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ ʪʠʧʘ çBlended Wing Bodyè (BWB), çHybrid 

Wing Bodyè (HWB), ʩʦʩʪʘʚʥʦʝ ʢʨʳʣʦ, ʜʚʫʭʬʶʟʝʣʷʞʥʘʷ ʩʭʝʤʘ. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʦʤʧʦʥʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʘʤʦʣʝʪʦʚ ʪʠʧʘ çBlended Wing 

Bodyè (BWB), ʧʨʦʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʚʝʜʫʪʩʷ ʚ ʤʠʨʝ ʩ 1980-ʭ ʛʛ. [15], ʪʝʦʨʝʪʠʯʝʩʢʠ 



 

 

ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ (KÒ24), ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʜ 

ʚʦʧʨʦʩʦʤ ʥʘʭʦʜʠʪʩʷ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ (ʦʩʦʙʝʥʥʦ ʧʘʩʩʘʞʠʨʩʢʠʭ/ʛʨʫʟʦʚʳʭ ʦʪʩʝʢʦʚ) 

ʨʘʙʦʪʘʶʱʝʡ ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʠʟʙʳʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ, ʯʝʤʫ ʧʦʩʚʷʱʘʪʁʩʷ ʦʪʜʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [16, 17]. ʆʪʩʫʪʩʪʚʠʝ ʦʧʝʨʝʥʠʷ ʠ ʤʘʣʦʝ ʧʣʝʯʦ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦ 

ʪʘʥʛʘʞʫ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚʦʢ ʠ 

ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ (ʩʥʠʞʘʝʪʩʷ ʢʨʝʡʩʝʨʩʢʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʢʘʯʝʩʪʚʦ). ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʦʨʤʘ 

ʚʥʝʰʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ BWB, ʪʨʫʜʦʝʤʢʘʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʩʭʝʤʳ BWB ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʧʝʨʝʥʠʷ ï çHybrid Wing Bodyè (HWB) [18] ʩʥʠʞʘʝʪ 

ʦʩʪʨʦʪʫ ʧʨʦʙʣʝʤ ʩ ʙʘʣʘʥʩʠʨʦʚʢʦʡ ʠ ʜʠʘʧʘʟʦʥʦʤ ʮʝʥʪʨʦʚʦʢ, ʥʦ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʬʶʟʝʣʷʞʘ ʥʝʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʥʘʜʜʫʚʦʤ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ çʩʦʩʪʘʚʥʦʝ ʢʨʳʣʦè, ʢʦʪʦʨʫʶ ʦʜʥʠʤ ʠʟ ʧʨʠʤʝʥʠʣ 

ɺ. ɹʫʨʥʝʣʣʠ (V. Burnelli) ʚ ʩʚʦʠʭ ʩʘʤʦʣʝʪʘʭ (ʥʘʧʨʠʤʝʨ, UB-14), ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʣʫʯʠʣʘ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʨʘʥʦʧʣʘʥʦʚ. ʅʘʧʨʠʤʝʨ, 

ʜʘʥʥʘʷ ʩʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʎɸɻʀ ʚ ʧʨʦʝʢʪʝ ʩʚʝʨʭʪʷʞʝʣʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʘʤʦʣʝʪʘ/ʵʢʨʘʥʦʣʝʪʘ ʥʘʟʝʤʥʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ [19, 20]. ʇʨʠʤʝʥʝʥʠʝ 

ʩʭʝʤʳ çʩʦʩʪʘʚʥʦʝ ʢʨʳʣʦè ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʤʫ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ 

(ʨʘʟʤʘʭ ʢʨʳʣʘ Ò95 ʤ) ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ 500 ʪ 

(48 ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʨʩʢʠʭ ʢʦʥʪʝʡʥʝʨʦʚ), ʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʚ ʫʩʣʦʚʠʷʭ ʚʣʠʷʥʠʷ ʙʣʠʟʦʩʪʠ ʟʝʤʣʠ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʯʠʩʣʝ ʄ=0.4. 



 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʤʧʦʥʦʚʢʠ ʜʣʷ ʧʦʣʝʪʘ ʥʘ ʚʳʩʦʪʝ 10-11 ʢʤ ʩ ʯʠʩʣʦʤ ʄ=0.8 ʧʨʠʚʝʜʝʪ ʢ 

ʩʭʝʤʝ, ʩʭʦʞʝʡ ʩ HWB ʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ʆʧʨʝʜʝʣʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʣʘʜʘʝʪ ʜʚʫʭʬʶʟʝʣʷʞʥʘʷ ʩʭʝʤʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʘʤʦʣʝʪʘʤ [6, 14, 21, 22]. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʛʘʙʘʨʠʪʳ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʬʶʟʝʣʷʞʥʳʤ ʩʘʤʦʣʝʪʦʤ ʩʭʦʞʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʙʣʘʜʘʝʪ 

ʫʥʠʢʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʚʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʥʝʛʘʙʘʨʠʪʥʳʭ ʛʨʫʟʦʚ ʧʦʜ ʢʨʳʣʦʤ 

ʤʝʞʜʫ ʬʶʟʝʣʷʞʘʤʠ. ʉʚʝʞʠʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ çStratolaunchè [23]. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ 

ʚʦʟʤʦʞʥʳʭ ʊʊʉ ʜʚʫʭʬʶʟʝʣʷʞʥʦʡ ʩʭʝʤʳ ʷʚʣʷʶʪʩʷ: ʙʦʣʴʰʘʷ ʢʦʣʝʷ ʰʘʩʩʠ, 

ʟʘʪʨʫʜʥʷʶʱʘʷ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʥʘ ʘʵʨʦʜʨʦʤʘʭ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ 

ʙʘʣʘʥʩʠʨʦʚʢʠ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʟʘʛʨʫʟʢʝ ʬʶʟʝʣʷʞʝʡ; ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ 

ʧʦʩʘʜʢʠ ʩ ʙʦʢʦʚʳʤ ʚʝʪʨʦʤ. 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘ ̫ʩʭʝʤʘ ʪʘʥʜʝʤ (ʚʘʨʠʘʮʠʷ ï çʜʫʧʣʘʥè) ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʧʦʧʝʨʝʯʥʳʡ ʛʘʙʘʨʠʪ ʩʘʤʦʣʝʪʘ ʟʘ ʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʧʣʦʱʘʜʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʢʨʳʣʴʷʤʠ, ʥʦ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ [13]: ʩʥʠʞʝʥʥʘʷ ʧʨʦʜʦʣʴʥʘʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʫʭʫʜʰʝʥʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʢʘʥʘʣʝ 

ʪʘʥʛʘʞʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʠʣʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʬʶʟʝʣʷʞʘ, 

ʧʦʚʳʰʝʥʥʦʝ ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

(ʥʝʦʙʭʦʜʠʤʘ ʦʩʥʘʩʪʢʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʚʫʭ ʢʨʳʣʴʝʚ). 

ʅʦʨʤʘʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʥʘ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʩʘʤʦʣʝʪʦʚ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙ ̫ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʠ ʜʦʣʞʥʦʤ ʫʨʦʚʥʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘ 



 

 

ʨʘʤʧʦʚʦʤ ʛʨʫʟʦʚʦʤ ʩʘʤʦʣʝʪʝ ʨʘʟʤʝʨʥʦʩʪʠ ʊʊʉ çʉʣʦʥè ʢʨʝʡʩʝʨʩʢʦʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʦʢʦʣʦ 18.5-19 ʝʜʠʥʠʮ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʦʙʝʩʧʝʯʠʪ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʣʴʥʦʩʪʠ ʠ 

ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʨʘʙʦʪʢʠ ʊʊʉ çʉʣʦʥè ʧʨʠʥʷʪʘ ʥʦʨʤʘʣʴʥʘʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʦʜʦʙʥʘʷ ʩʘʤʦʣʝʪʫ ɸʥ-124 ï ʚʳʩʦʢʦʧʣʘʥ ʩ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʬʶʟʝʣʷʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʦʧʝʨʝʥʠʝʤ ʠ ʦʜʥʦʢʠʣʝʚʳʤ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʦʧʝʨʝʥʠʝʤ. ɺ ʢʦʤʧʦʥʦʚʢʝ ʊʊʉ çʉʣʦʥè ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʦʚʰʝʩʪʚʘ: ʢʨʳʣʦ ʙʦʣʴʰʦʛʦ ʫʜʣʠʥʝʥʠʷ (ɚÓ10) ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʩʫʞʝʥʠʷ 

(ɖå4) ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʤʠ ʧʨʦʬʠʣʷʤʠ, ʊʈɼɼ ʩ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ 

ʜʚʫʭʢʦʥʪʫʨʥʦʩʪʠ (ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʇɼ-35), ʩʲʝʤʥʳʡ ʚʪʦʨʦʡ ʷʨʫʩ ʛʨʫʟʦʚʦʡ ʢʘʙʠʥʳ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠ ʜʨʫʛʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʂʦʤʧʦʥʦʚʢʘ ʬʶʟʝʣʷʞʘ ʊʊʉ çʉʣʦʥè (ʨʠʩ.2) ʨʘʟʨʘʙʦʪʘʥʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʥʘ ʩʘʤʦʣʝʪʝ-ʧʨʦʪʦʪʠʧʝ ɸʥ-124: 

¶ ɼʚʘ ʛʨʫʟʦʚʳʭ ʣʶʢʘ ʩ ʨʘʤʧʘʤʠ-ʛʝʨʤʦʩʪʚʦʨʢʘʤʠ (ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʛʨʫʟʦʚʦʛʦ ʦʪʩʝʢʘ ʧʨʠ ʟʘʛʨʫʟʢʝ ʪʝʭʥʠʢʠ ʩʚʦʠʤ ʭʦʜʦʤ; 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʟʘʛʨʫʟʢʫ ʠ ʚʳʛʨʫʟʢʫ ʦʜʥʦʚʨʝʤʝʥʥʦ); 

¶ ɺʝʨʭʥʷ ̫ʧʘʣʫʙʘ ʩ ʢʘʙʠʥʦʡ ʵʢʠʧʘʞʘ, ʢʘʶʪʘʤʠ ʩʤʝʥʥʦʛʦ ʵʢʠʧʘʞʘ ʠ ʢʘʙʠʥʦʡ 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 



 

 

 

ʈʠʩʫʥʦʢ 2 ï ʂʦʤʧʦʥʦʚʢʘ ʬʶʟʝʣʷʞʘ ʊʊʉ çʉʣʦʥè 

ʀʩʭʦʜʷ ʠʟ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ ʧʨʝʜʣʦʞʝʥʦ 2 ʚʘʨʠʘʥʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

(ʨʠʩ.3). ʉʝʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʳ ʧʝʨʝʩʝʯʝʥʠʝʤ ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ ʨʘʟʥʦʛʦ ʨʘʜʠʫʩʘ.  

 

ʈʠʩʫʥʦʢ 3 ï ɺʘʨʠʘʥʪʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʬʶʟʝʣʷʞʘ ʊʊʉ çʉʣʦʥè ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ɸʥ-124 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʩʝʯʝʥʠʷ ʩ ʨʘʟʤʝʨʘʤʠ ʛʨʫʟʦʚʦʡ ʢʘʙʠʥʳ 5.3 ʤ Ĭ 5.2 ʤ 

(ʰʠʨʠʥʘ Ĭ ʚʳʩʦʪʘ), ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʛʨʫʟʦʚʳʭ ʘʚʠʘʢʦʤʧʘʥʠʷʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʲʷʨʫʩʥʦʡ ʟʘʛʨʫʟʢʠ ʛʝʥʝʨʘʣʴʥʳʭ ʛʨʫʟʦʚ ï ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʧʘʣʣʝʪ. 



 

 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʩʝʯʝʥʠʷ ʩ ʨʘʟʤʝʨʘʤʠ ʛʨʫʟʦʚʦʡ ʢʘʙʠʥʳ 6.4 ʤ Ĭ 5.2 ʤ, 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʦʟʠʪʴ ʪʝʭʥʠʢʫ (ʛʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʝʨʳ ʠ ʪ.ʧ.) ʚ 

2 ʨʷʜʘ ʘʥʘʣʦʛʠʯʥʦ ɸʥ-124. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʨʠʘʥʪʦʚ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ. 

ʊʘʙʣʠʮʘ 1 

ɺʘʨʠʘʥʪ ʩʝʯʝʥʠʷ 1 2 

ʐʠʨʠʥʘ ɻʂ, ʤ 5.3 6.4 

ɺʳʩʦʪʘ ɻʂ, ʤ 5.2 5.2 

ʇʣʦʱʘʜʴ ʤʠʜʝʣʷ ʬʶʟʝʣʷʞʘ, ʤ
2
 52.5 58.5 

ʇʣʦʱʘʜʴ ʤʠʜʝʣʷ ʦʙʪʝʢʘʪʝʣʝʡ ʰʘʩʩʠ, ʤ
2
 7.68 3.53 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ, ʚʘʨʠʘʥʪ ˉ1 ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ 

ʧʣʦʱʘʜʴʶ ʤʠʜʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʶʟʝʣʷʞʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʚʘʨʠʘʥʪʘ ˉ2 ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ 

ʪʝʭʥʠʢʠ (ʪʷʛʘʯʝʡ, ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʝʨʦʚ ʠ ʪ.ʧ. ʩ ʛʘʙʘʨʠʪʥʦʡ ʰʠʨʠʥʦʡ Ó 2.5 ʤ) ʚ 2 ʨʷʜʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʨʘʩʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʣʝʪʘ ʧʨʦʚʝʜʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʶʟʝʣʷʞʘ ʠ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʝ, ʜʘʣʴʥʦʩʪʠ, ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʫʩʣʦʚʠʷʤ ʙʘʟʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ.4-5 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʟʣʝʪʥʳʭ ʠ ʧʦʩʘʜʦʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʊʉ çʉʣʦʥè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʨʳʣʦ. ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥ  r ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʦ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 



 

 

 

ʈʠʩʫʥʦʢ 4 ï ɺʟʣʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʊʉ çʉʣʦʥè (ʄʉɸ, H=0 ʤ, CyaMAX=2.5) 

 

ʈʠʩʫʥʦʢ 5 ï ʇʦʩʘʜʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʊʉ çʉʣʦʥè 



 

 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʣʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʊʊʉ çʉʣʦʥè (ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ʚʘʨʠʘʥʪʘ ˉ1) ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʢʨʳʣʦ ʠ ʙʘʟʠʨʦʚʘʥʠʠ ʥʘ ɺʇʇ ʜʣʠʥʦʡ 2500 ʤ ʠ 3000 ʤ. 

ʅʘ ʨʠʩ.6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʳʣʦ 

ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʣʝʪʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ɺʇʇ 2500 ʤ. ʄʠʥʠʤʘʣʴʥʳʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʢʨʳʣʦ 630 ʢʛ/ʤ
2
. ɺʟʣʝʪʥʳʡ ʚʝʩ ʩʘʤʦʣʝʪʘ 

ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 508 ʪ. ʇʦʪʨʝʙʥʘʷ ʩʪʘʨʪʦʚʘʷ ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ï 0.279, 

ʪʦʧʣʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ å102 ʛ/(ʪĬʢʤ). 

 

ʈʠʩʫʥʦʢ 6 ï ɺʣʠʷʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʳʣʦ ʥʘ ʚʳʙʦʨ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʟʣʝʪʥʫʶ 

ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʩʘʤʦʣʝʪʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʣʠʥʝ ɺʇʇ 2500 ʤ 



 

 

ʅʘ ʨʠʩ.7 ʧʨʠʚʝʜʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʘʤʦʣʝʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʳʣʦ ʧʨʠ ʜʣʠʥʝ ɺʇʇ 3000 ʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʪʠʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 

ʥʘ ʢʨʳʣʦ ʩʦʩʪʘʚʣʷʝʪ 690 ʢʛ/ʤ
2
. ʇʦʪʨʝʙʥʘʷ ʩʪʘʨʪʦʚʘʷ ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0.26, ʫʣʫʯʰʘʝʪʩʷ ʪʦʧʣʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (å100 ʛ/(ʪĬʢʤ)). 

ɺʟʣʝʪʥʳʡ ʚʝʩ ʩʦʩʪʘʚʣʷʝʪ 490.22 ʪ.  

 

ʈʠʩʫʥʦʢ 7 ï ɺʣʠʷʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʨʳʣʦ ʥʘ ʚʳʙʦʨ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʟʣʝʪʥʫʶ 

ʪʷʛʦʚʦʦʨʫʞʝʥʥʦʩʪʴ ʩʘʤʦʣʝʪʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʣʠʥʝ ɺʇʇ 3000 ʤ (ʪʦʯʢʘʤʠ ʫʢʘʟʘʥ 

ʚʳʙʨʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩ ʧʣʦʱʘʜʴʶ ʢʨʳʣʘ ʧʦ ʪʨʘʧʝʮʠʠ S=710.5ʤ
2
) 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʘʤʦʣʝʪ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ 

ʙʘʟʠʨʦʚʘʥʠʷ ʥʘ ɺʇʇ ʜʣʠʥʦʡ 2500 ʤ, ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʢʨʳʣʘ (ʨʘʟʤʘʭ ʢʨʳʣʘ 

ʙʦʣʝʝ 90 ʤ) ʠ ʙʦʣʴʰʠʡ ʚʟʣʝʪʥʳʡ ʚʝʩ (508 ʪ) ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʨʘʩʯʝʪʥʦʡ 



 

 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ (150 ʪ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʝʪ ʭʫʜʰʠʝ ʤʘʩʩʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʘʤʦʣʝʪ ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ ɺʇʇ 3000 ʤ ʠʤʝʝʪ ʨʘʟʤʘʭ ʢʨʳʣʘ Ò 88 ʤ (ʥʘʧʨʠʤʝʨ, 

ʨʘʟʤʘʭ ʢʨʳʣʘ ɸʥ-225 ʩʦʩʪʘʚʣʷʝʪ 88.3 ʤ) ʠ ʤʝʥʴʰʠʡ ʚʟʣʝʪʥʳʡ ʚʝʩ (490.22 ʪ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ1 ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʬʶʟʝʣʷʞʘ). 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʥʷʪʴ ʟʘ ʦʩʥʦʚʫ ʧʘʨʘʤʝʪʨʳ 

ʩʘʤʦʣʝʪʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜ ʨʝʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ ʩ ʙʘʟʠʨʦʚʘʥʠʝʤ ʥʘ 

ɺʇʇ 3000 ʤ, ʘ ʙʘʟʠʨʦʚʘʥʠʝ ʥʘ ɺʇʇ 2500 ʤ ʦʙʝʩʧʝʯʠʪʴ ʧʫʪʝʤ ʦʛʨʘʥʠʯʝʥʠʷ ʚʟʣʝʪʥʦʛʦ 

ʚʝʩʘ. 

ʃʝʪʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʊʊʉ çʉʣʦʥè ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ 

ʚʘʨʠʘʥʪʘ ˉ2 ʨʘʩʩʯʠʪʘʥʳ ʩ ʫʯʝʪʦʤ ʥʘʡʜʝʥʥrʭ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʚʘʨʠʘʥʪʘ ˉ1. ʊʊʉ çʉʣʦʥè ʩ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ ˉ2 ʠʤʝʝʪ ʚʟʣʝʪʥʳʡ ʚʝʩ 499.14 ʪ, 

ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ ʢʨʳʣʦ 680 ʢʛ/ʤ
2
. ʊʦʧʣʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

å101 ʛ/(ʪĬʢʤ). 

ʆʧʨʝʜʝʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʟʣʝʪʥʦʡ ʤʘʩʩʝ ʧʨʠ ʙʘʟʠʨʦʚʘʥʠʠ ʥʘ ɺʇʇ ʜʣʠʥʦʡ 

2500 ʤ. ɼʣʷ ʚʘʨʠʘʥʪʘ ˉ1 ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 446 ʪ, ʧʨʠ ʵʪʦʤ 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʤʘʩʩʦʡ 150 ʪ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʟʝʥʘ ʥʘ ʜʘʣʴʥʦʩʪʴ 4385 ʢʤ, ʘ 

180 ʪ ï ʥʘ 2275 ʢʤ. ɼʣʷ ʚʘʨʠʘʥʪʘ ˉ2 ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 

459.58 ʪ, ʧʨʠ ʵʪʦʤ ʢʦʤʤʝʨʯʝʩʢʘʷ ʥʘʛʨʫʟʢʘ ʤʘʩʩʦʡ 150 ʪ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʚʝʟʝʥʘ ʥʘ 

ʜʘʣʴʥʦʩʪʴ 4699 ʢʤ, ʘ 180 ʪ ï ʥʘ 2600 ʢʤ. 



 

 

ʈʘʩʯʝʪʥʦʝ ʢʨʝʡʩʝʨʩʢʦʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʥʘ ʯʠʩʣʝ ʄ=0.8, 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʤʧʦʥʦʚʦʢ, ʜʣʷ ʚʘʨʠʘʥʪʘ ˉ1 

ʩʦʩʪʘʚʣʷʝʪ 18.84, ʜʣʷ ʚʘʨʠʘʥʪʘ ˉ2 ï 19.06. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ʊʊʉ çʉʣʦʥè ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʭʥʠʯʝʩʢʠʡ ʟʘʜʝʣ ʧʦ 

ʰʘʩʩʠ ɸʥ-124. ɺʦʟʨʦʩʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʥ-124 ʚʟʣʝʪʥʘʷ ʤʘʩʩʘ (490-499 ʪ ʧʨʦʪʠʚ 

392 ʪ) ʟʘʩʪʘʚʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʦʩʥʦʚʥʳʭ ʦʧʦʨ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘ ɺʇʇ ʠ ʩʦʭʨʘʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʫ (ʨʠʩ.8).  

 

ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʘ ʰʘʩʩʠ ʊʊʉ çʉʣʦʥè 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʩʘʤʦʣʝʪʘ (ACN) ʜʣʷ ʞʝʩʪʢʠʭ 

(ʙʝʪʦʥ) ʠ ʥʝʞʝʩʪʢʠʭ (ʘʩʬʘʣʴʪ) ʧʦʢʨʳʪʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.9-10, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʯʠʩʣʘʤʠ ʘʵʨʦʜʨʦʤʦʚ (PCN) ʢʣʘʩʩʦʚ ɸ ʠ ɹ. 



 

 

 

ʈʠʩʫʥʦʢ 9 ï ɹʘʟʠʨʦʚʘʥʠʝ ʥʘ ɺʇʇ ʢʣʘʩʩʘ ɸ 

 

ʈʠʩʫʥʦʢ 10 ï ɹʘʟʠʨʦʚʘʥʠʝ ʥʘ ɺʇʇ ʢʣʘʩʩʘ ɹ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʤʝʪʦʜʫ ACN/PCN ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʘʨʠʘʥʪʳ 

ʊʊʉ çʉʣʦʥè ʩ ʚʟʣʝʪʥʦʡ ʤʘʩʩʦʡ ʜʦ 500 ʪ ʤʦʛʫʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʘʵʨʦʜʨʦʤʘʭ ʢʣʘʩʩʘ ɸ ʩʦ ʚʩʝʤʠ ʢʣʘʩʩʘʤʠ ʞʝʩʪʢʠʭ ʠ ʥʝʞʝʩʪʢʠʭ ʧʦʢʨʳʪʠʡ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ R/D (ʞʝʩʪʢʦʝ ʧʦʢʨʳʪʠʝ, 20 ʄʅ/ʤ
3
). ʅʘ ʘʵʨʦʜʨʦʤʝ ʢʣʘʩʩʘ ɸ ʩ ʞʝʩʪʢʠʤ 

ʧʦʢʨʳʪʠʝʤ ʪʠʧʘ D (20 ʄʅ/ʤ
3
) ʚʦʟʤʦʞʥʦ ʙʘʟʠʨʦʚʘʥʠʝ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʯʠʩʣʫ 

ʩʘʤʦʣʝʪʦʚʳʣʝʪʦʚ ʧʨʠ ʚʟʣʝʪʥʦʡ ʤʘʩʩʝ ʥʝ ʙʦʣʝʝ 452 ʪ. 



 

 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʚʟʣʝʪʥʦʡ ʤʘʩʩʝ ʜʣʷ ʊʊʉ çʉʣʦʥè ʧʨʠ ʙʘʟʠʨʦʚʘʥʠʠ ʥʘ ɺʇʇ 

ʢʣʘʩʩʘ ɹ ʩʦʩʪʘʚʣʷʶʪ 423-480.5 ʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʢʨʳʪʠʷ, 

ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʞʝʩʪʢʦʛʦ ʧʦʢʨʳʪʠ ̫ʪʠʧʘ D (20 ʄʅ/ʤ
3
), ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʟʣʝʪʥʘʷ 

ʤʘʩʩʘ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʚʥʘ 380 ʪ. 

 

ʂʦʥʮʝʧʪʫʘʣʴʥʳʡ ʦʙʣʠʢ ʊʊʉ çʉʣʦʥè. ʊʨʘʥʩʧʦʨʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʠʨʦʚʘʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʦʙʣʠʢ ʊʊʉ çʉʣʦʥè (ʨʠʩ.11), ʦʙʱʠʡ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ (ʨʠʩ.12): 

¶ ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʩʭʝʤʘ ï ʯʝʪʳʨʝʭʜʚʠʛʘʪʝʣʴʥʳʡ ʚʳʩʦʢʦʧʣʘʥ ʥʦʨʤʘʣʴʥʦʡ 

ʩʭʝʤʳ ʩʦ ʩʪʨʝʣʦʚʠʜʥʳʤ ʢʨʳʣʦʤ ʠ ʦʜʥʦʢʠʣʝʚʳʤ ʭʚʦʩʪʦʚʳʤ ʦʧʝʨʝʥʠʝʤ. ʅʝ 

ʧʝʨʝʩʪʘʚʥʦʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʦʧʝʨʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʬʶʟʝʣʷʞʝ. 

¶ ʂʨʳʣʦ ʢʝʩʩʦʥʥʦʛʦ ʪʠʧʘ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʪʦʧʣʠʚʘ ʚʥʫʪʨʠ ʢʝʩʩʦʥʘ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʳʣʘ ï ʫʜʣʠʥʝʥʠʝ ʙʘʟʦʚʦʡ 

ʪʨʘʧʝʮʠʠ ɚʊʈ=10.34, ʩʫʞʝʥʠʝ ɖ=4, ʩʪʨʝʣʦʚʠʜʥʦʩʪʴ ʧʦ ʯʝʪʚʝʨʪʠ ʭʦʨʜ 

ɢ1/4=27.5Á, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʦ ʨʘʟʤʘʭʫ ʩʦʪʥ=14-12-10%. ʇʦʚʝʨʭʥʦʩʪʴ 

ʢʨʳʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ 5 ʙʘʟʦʚʳʤ ʩʝʯʝʥʠʷʤ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʜʣʷ 

ʢʨʝʡʩʝʨʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʣʝʪʘ (ʯʠʩʣʦ M = 0.8-0.82). ʂʨʳʣʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʩʥʘʩʪʠʪʴ ʩʢʣʘʜʥʳʤʠ ʟʘʢʦʥʮʦʚʢʘʤʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʘʭʘ ʥʘ ʩʪʦʷʥʢʝ. 

¶ ʌʶʟʝʣʷʞ ʠʤʝʝʪ ʜʚʘ ʛʨʫʟʦʚʳʭ ʣʶʢʘ ï ʚ ʥʦʩʦʚʦʡ ʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʨʘʤʧʘʤʠ-ʛʝʨʤʦʩʪʚʦʨʢʘʤʠ. ʅʦʩʦʚʦʡ ʛʨʫʟʦʚʦʡ ʣʶʢ 

ʦʪʢʨʳʚʘʝʪʩʷ ʧʫʪʝʤ ʧʦʜʥʷʪʠʷ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ (ʧʝʨʝʜ ʢʘʙʠʥʦʡ 

ʧʠʣʦʪʦʚ). ɿʘʜʥʠʡ ʛʨʫʟʦʚʦʡ ʣʶʢ ʟʘʢʨʳʚʘʝʪʩʷ 3 ʩʪʚʦʨʢʘʤʠ (ʮʝʥʪʨʘʣʴʥʦʡ ʠ 



 

 

ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ) ʠ ʨʘʤʧʦʡ. ʌʶʟʝʣʷʞ ï ʛʝʨʤʝʪʠʯʥʳʡ, ʩ ʜʚʫʤʷ ʟʦʥʘʤʠ 

ʥʘʜʜʫʚʘ: ʢʘʙʠʥʘ ʵʢʠʧʘʞʘ, ʢʘʙʠʥʘ ʩʤʝʥʥʳʭ ʵʢʠʧʘʞʝʡ ʠ ʢʘʙʠʥʘ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ (ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʝ ʙʦʣʝʝ 0.55 ʢʛʩ/ʩʤ
2
); ʛʨʫʟʦʚʘʷ 

ʢʘʙʠʥʘ (ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʥʝ ʙʦʣʝʝ 0.25 ʢʛʩ/ʩʤ
2
). 

¶ ʐʘʩʩʠ ï ʤʥʦʛʦʦʧʦʨʥʦʝ (2 ʥʦʩʦʚʳʝ ʠ 14 ʦʩʥʦʚʥʳʭ ʦʧʦʨ), ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʣʠʨʝʥʩʘ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʨʫʟʦʚʦʛʦ ʧʦʣʘ. 

¶ ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ï 4 Ĭ ʊʈɼɼ ʪʠʧʘ ʇɼ-35 ʩ ʚʟʣʝʪʥʦʡ ʪʷʛʦʡ 32-35 ʪʩ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʥʝʨʘ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

 

ʈʠʩʫʥʦʢ 11 ï ʆʙʣʠʢ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʊʊʉ çʉʣʦʥè 

 


