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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʨʘʞʝʥʠʷ ʙʨʦʥʝʪʘʥʢʦʚʦʛʦ ʚʦʦʨʫʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʪʝʭʥʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʞʠʚʫʯʝʩʪʠ. 

Abstract. The article analyzes the main methods of destruction of 

armored weapons, as well as methods of protecting this type of equipment, 

presents the main characteristics of survivability. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʨʦʥʝʪʘʥʢʦʚʦʝ ʚʦʦʨʫʞʝʥʠʝ; ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʝʨ; 

ʟʘʱʠʪʘ; ʞʠʚʫʯʝʩʪʴ; ʙʨʦʥʝʚʦʡ ʢʦʨʧʫʩ; ʙʨʦʥʝʟʘʱʠʱʝʥʥʦʩʪʴ. 

Keywords: armored armament; armored personnel carrier; protection; 

survivability; armored corps; armor protection. 

 

ʇʦ ʦʧʳʪʫ ʚʦʟʥʠʢʘʚʰʠʭ ʚʦʦʨʫʞʸʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠ ʙʦʝʩʪʦʣʢʥʦ-

ʚʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩʪʨʘʥ ʚʩʝʛʦ ʤʠʨʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʦʦʨʫʞʸʥʥʳʡ ʧʝʨʝʚʦʨʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʢʨʘʠʥʳ, ʘʢʪʠʚʥʳʝ ʙʦʝʚʳʝ 

ʜʝʡʩʪʚʠʷ ʛʨʫʧʧʠʨʦʚʢʠ ʩʠʣ ʄʆ ʈʌ ʚ ʉʠʨʠʡʩʢʦʡ ɸʨʘʙʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ 

ʧʨʠ ʤʘʩʰʪʘʙʥʦʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ ʨʷʜʘ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ 

ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʟʝʤʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʨʷʜʫ ʩ ʜʝʡʩʪʚʠʷʤʠ 

ʚʦʟʜʫʰʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʙʨʦʥʝʪʘʥʢʦʚʦʛʦ ʚʦʦʨʫʞʝʥʠʷ ʠ ʪʝʭʥʠʢʠ. ʂʦʣʸʩʥʳʝ ʠ 

ʛʫʩʝʥʠʯʥʳʝ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʳ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʤʦʙʠʣʴʥʳʤʠ ʙʨʦʥʠ-

ʨʦʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʝʩʪʠ ʘʢʪʠʚʥʳʝ ʤʘʥʸʚʨʝʥʥʳʝ 

ʩʢʦʨʦʪʝʯʥʳʝ ʙʦʝʚʳʝ ʜʝʡʩʪʚʠʷ ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʦʢʫʶ 

ʙʨʦʥʝʟʘʱʠʱʸʥʥʦʩʪʴ, ʤʦʱʥʦʝ ʚʦʦʨʫʞʝʥʠʝ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ, ʤʦʙʠʣʴʥʦʩʪʴ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʮʝʣʝʡ, ʚʝʜʫʱʠʝ ʤʠʨʦʚʳʝ ʜʝʨʞʘʚʳ ʦʧʝʨʘʪʠʚʥʦ 

ʨʘʙʦʪʘʶʪ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʦʝʚʳʭ ʤʘʰʠʥ ʧʝʭʦʪʳ 

ʠ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʪʘʢʠʭ ʢʘʢ ʙʨʦʥʝʟʘʱʠʱʝʥʥʦʩʪʴ ʠʣʠ ʦʛʥʝʚʘʷ 

ʤʦʱʴ), ʥʦ ʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʨʦʥʝʤʘʰʠʥ. ʂ ʦʩʥʦʚʥʳʤ 
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ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʚʳʰʝʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʙʨʦʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʪʦʣʱʠʥʳ ʙʨʦʥʠ, 

ʫʩʪʘʥʦʚʢʫ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʦʛʥʝʚʦʡ ʤʦʱʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʩ ʫʚʝʣʠʯʝʥ-

ʥʳʤʠ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʦʡ ʠ ʦʛʥʝʚʦʡ ʤʦʱʴʶ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʟʘʨʫʙʝʞʥʳʭ 

ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʦʚ ʚʳʧʫʩʢʘ 2000 ï 2010 ʛʛ. 

 

 
                         ɸ                                                     ɹ 

ɸ ï ɹʊʈ Piranha V (ʀʪʘʣʠʷ); ɹ ï ɹʊʈ Straiker ICV (ʉʐɸ) 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʮʳ ʟʘʨʫʙʝʞʥʳʭ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʦʚ 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ, ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʦʚ ʚ ʭʦʜʝ ʨʘʟʣʠʯʥʳʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʠ ʠ ʪʝ ʞʝ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʙʦʝʚʳʝ 

ʧʦʨʘʞʝʥʠʷ ʙʨʦʥʝʚʳʭ ʢʦʨʧʫʩʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʦʚ 

ʚ 90ïʝ ʛʦʜʳ ʠ ʚ 2015-2017 ʛʦʜʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʦʥʙʘʩʩʘ ʠ ʉʠʨʠʡʩʢʦʡ 

ɸʨʘʙʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʨʦʥʝʟʘʱʠʱʝʥʥʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʥʦʚʝʡʰʝʛʦ ʙʨʦʥʝʚʦʛʦ ʢʦʨʧʫʩʘ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ 

çʩʦ ʩʪʘʨʳʤè ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʝʜʝʥʠʷ ʙʦʷ. 
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                  ɸ                                ɹ                                ɺ 
ɸ ï ʧʨʦʙʦʠʥʘ ʣʦʙʦʚʦʡ ʧʨʦʝʢʮʠʠ ʢʦʨʧʫʩʘ ʦʪ ʈʇɻ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʦʟʛʦʨʘʥʠʝʤ (1995 ʛ.); ɹ - ʧʨʦʙʦʠʥʳ ʙʦʢʦʚʦʡ ʧʨʦʝʢʮʠʠ ʢʦʨʧʫʩʘ ʦʪ ʦʛʥʷ ɿʋ ï 23 ï 2 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʝʪʦʥʘʮʠʝʡ ʙʦʝʢʦʤʧʣʝʢʪʘ (2015 ʛ.); ɺ - ʧʨʦʙʦʠʥʳ ʙʦʢʦʚʦʡ 

ʧʨʦʝʢʮʠʠ ʢʦʨʧʫʩʘ ʦʪ ʈʇʆ çʐʤʝʣʴè (2017 ʛ.) 

ʈʠʩʫʥʦʢ 2. ɺʘʨʠʘʥʪʳ ʧʦʨʘʞʝʥʠʷ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʦʚ 

 

ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʙʨʦʥʝʪ-

ʨʘʥʩʧʦʨʪʸʨʘ, ʢʦʤʧʣʝʢʩ ʟʘʱʠʪʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʥʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʞʠʚʫʯʝʩʪʠ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ, 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʦʛʥʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʨʦʥʝʪʝʭʥʠʢʠ 

ʠ ʝ yʟʘʱʠʱʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦïʪʝʭʥʠʯʝʩʢʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʙʦʝʚʳʭ ʩʚʦʡʩʪʚ 

ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ ʚʩʣʝʜʩʪʚʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʤʧʦʥʦʚʢʠ ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʶʪ, ʯʪʦ ʜʦʩʪʠʯʴ ʩʫʱʝʩʪʚʝʥ-

ʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ: 

¶ ʨʘʟʤʝʱʝʥʠʝ ʵʢʠʧʘʞʘ ʚ ʩʨʝʜʥʝʡ ʠʣʠ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 
ʚ ʦʙʠʪʘʝʤʦʤ ʦʪʜʝʣʝʥʠʠ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʵʨʛʦʥʦʤʠʠ ʠ ʵʢʦʣʦʛʠʠ ʜʣʷ ʨʘʙʦʪʳ ʵʢʠʧʘʞʘ ʢʘʢ 

ʚʥʫʪʨʠ, ʪʘʢ ʠ ʚʥʝ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ; 

¶ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʠ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʤʠʩʩʠʠ; 

¶ ʠʟʤʝʥʝʥʠʝ ʩʠʣʫʵʪʘ ʠ ʤʘʩʩʳ ʙʘʰʥʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʠ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʠ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʥʦ ʚʨʝʤʷ ʩ ʧʨʦʮʝʩʩʦʤ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʢʦʨʧʫʩʘ, ʙʘʰʥʠ ʠ ʫʟʣʦʚ [1,2]. 

ʂʦʥʩʪʨʫʢʮʠʶ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ, ʘ ʪʘʢʞʝ ʠʭ ʦʙʲʸʤʳ ʧʨʠʥʷʪʦ 

ʦʧʨʝʜʝʣʷʪʴ, ʩ ʫʯʸʪʦʤ ʢʦʤʧʦʥʦʚʢʠ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ, ʪʦ ʝʩʪʴ ʨʘʟʤʝʱʝʥʠʷ 

ʚ ʢʦʨʧʫʩʝ ʠ ʙʘʰʥʝ ʨʘʙʦʯʠʭ ʤʝʩʪ ʵʢʠʧʘʞʘ, ʚʦʦʨʫʞʝʥʠʷ ʠ ʙʦʝʢʦʤʧʣʝʢʪʘ, 

ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ ʤʘʰʠʥʳ. 
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ɺʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ ʜʝʣʷʪ ʥʘ ʪʨʠ 

ʦʪʜʝʣʝʥʠʷ: 

1. ɹʦʝʚʦʝ ʦʪʜʝʣʝʥʠʝ ï ʯʘʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʢʦʪʦʨʦʡ 

ʥʘʭʦʜʠʪʩʷ ʚʦʦʨʫʞʝʥʠʝ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʝʛʦ ʩʠʩʪʝʤʳ ʠ ʯʣʝʥʳ ʵʢʠʧʘʞʘ 

ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ. ɺ ɹʊʈï82 ʦʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʤʘʰʠʥʳ; 

2. ʆʪʜʝʣʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ï ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʙʨʦʥʝʚʦʛʦ 

ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʦʜʠʪʝʣʷ ʠ ʢʦʤʘʥʜʠʨʘ 

ʙʦʝʚʦʡ ʤʘʰʠʥʳ. ɺ ʥʝʤ ʨʘʩʧʦʣʦʞʝʥʳ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ 

ʤʘʰʠʥʳ; 

3. ʉʠʣʦʚʦʝ ʦʪʜʝʣʝʥʠʝ ï ʯʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʦʨʧʫʩʝ ʙʨʦʥʝʪʨʘʥ-

ʩʧʦʨʪʸʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʦʣʠʨʦʚʘʥʥʦʝ ʦʪ ʵʢʠʧʘʞʘ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦ-

ʞʝʥʳ: ʜʚʠʛʘʪʝʣʴ, ʪʨʘʥʩʤʠʩʩʠʷ ʠ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʠʭ ʨʘʙʦʪʳ. ʈʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʝ ʦʪ ʦʙʳʯʥʦʛʦ 

ʦʨʫʞʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚʭʦʜʷʪ ʚ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʚʦʦʨʫʞʝʥʠʷ ʠ ʜʨʫʛʠʝ ʜʦʢʫʤʝʥʪʳ 

ɺʦʦʨʫʞʸʥʥʳʭ ʩʠʣ. 

ʊʘʢʪʠʢʦïʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʙʨʦʥʝʪʝʭʥʠʢʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ 

ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʦʥʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʟʘʢʘʟʯʠʢʦʤ ʠ ʦʧʨʝʜʝ-

ʣʷʶʪ ʮʝʣʴ, ʥʘʟʥʘʯʝʥʠʝ ʠ ʝʛʦ ʤʝʩʪʦ ʚ ʚʦʡʩʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʛʚʘʨʜʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʵʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦïʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʦʨʷʜʦʢ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʠʸʤʢʠ, ʦʧʳʪʥʳʭ 

ʦʙʨʘʟʮʦʚ ʠ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʰʝʩʪʚʫʶʱʫʶ ʵʪʦʤʫ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ, ʦʧʳʪʥʦ ʢʦʥʩʪʨʫʢ-

ʮʠʦʥʥʫʶ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʨʘʙʦʪʫ ʚʝʜʫʪ ʚʦʝʥʥʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʨʝʰʝʥʠʝ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ, ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʟʘʢʘʟʯʠʢʘ ʠ ʧʨʠ ʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ. 

ɺ ʪʘʢʪʠʢʦïʪʝʭʥʠʯʝʩʢʦʤ ʪʨʝʙʦʚʘʥʠʠ ʢ ʚʦʟʜʘʚʘʝʤʦʤʫ ʠʣʠ ʤʦʜʝʨʥʠ-

ʟʠʨʦʚʘʥʥʦʤʫ ʙʨʦʥʝʦʙʲʝʢʪʫ ʩʨʝʜʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʦʜʷʪ 

ʟʘʜʘʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʷʤʦʡ ʟʘʱʠʪʳ ʦʪ ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʭ 

ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʙʨʦʥʝʚʦʛʦ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ ʙʨʦʥʝʪʨʘʥʩʧʦʨʪʸʨʘ. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʠʚʫʯʝʩʪʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ: 

¶ ʟʘʱʠʪʘ ʦʪ ʙʨʦʥʝʧʨʦʙʠʚʘʶʱʠʭ ʩʨʝʜʩʪʚ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ 
ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʳʭ ʢʫʨʩʦʚʳʭ ʫʛʣʦʚ; 

¶ ʩʦʭʨʘʥʝʥʠʝ ʙʦʝʩʧʦʩʦʙʥʦʩʪʠ ʵʢʠʧʘʞʘ ʠ ʙʦʝʢʦʤʧʣʝʢʪʘ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʟʘʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʢʨʳʰʫ ʙʘʰʥʠ ʠ ʢʦʨʧʫʩʘ; 

¶ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʦʪʩʝʢʦʚ ʜʣʷ ʪʦʧʣʠʚʘ 

ʠ ʙʦʝʢʦʤʧʣʝʢʪʘ. 

ʂ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʞʠʚʫʯʝʩʪʠ ʜʦʙʘʚʣʷʶʪ ʫʪʦʯʥʷʶʱʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʸʩʪʢʦʩʪʠ, ʩʪʦʡʢʦʩʪʠ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʠ ʪ. ʧ. ʏʘʩʪʦ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʥʝʝ 

ʩʦʟʜʘʚʘʝʤʳʭ ʢʦʨʧʫʩʘʭ ʠ ʙʘʰʥʷʭ. ʅʘ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʦʤʧʦʥʦʚʢʦʡ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʵʢʠʧʘʞʘ ʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʦʛʥʝʚʫʶ ʤʦʱʴ, ʞʠʚʫʯʝʩʪʴ, ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʝʛʦ ʩʚʦʡʩʪʚʘ [4]. 

ʄʘʣʦʛʘʙʘʨʠʪʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʜʣʷ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʤʘʩʩʝ, ʛʘʙʘʨʠʪ-

ʥʳʤ ʨʘʟʤʝʨʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʚʤʝʩʪʠʤʦʩʪʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ 

ʦʙʲʸʤʦʚ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʠʥʠʤʠʟʘʮʠʷ ʤʘʩʩ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʥʘ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʠ ʦʙʱʫʶ ʤʘʩʩʫ. 

ʅʦ ʯʨʝʟʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʨʦʥʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦʩʢʦʣʴʢʫ ʚʩʣʝʜʩʪʚʠʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʱʘʜʠ 

ʠ ʤʘʩʩʳ ʙʨʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʤʝʩʪʘ ʩ ʦʩʣʘʙʣʝʥʥʦʡ ʟʘʱʠʪʦʡ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʟʦʥʘʭ ʙʦʝʚʳʭ ʧʨʦʝʢʮʠʡ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʝʱʝ ʜʦ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʥʠʢʰʝʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʝʡ ʤʘʩʩʳ ʪʘʥʢʘ ʧʨʠ 

ʫʩʠʣʝʥʠʠ ʝʛʦ ʟʘʱʠʪʳ ʥʘʯʘʣʘʩʴ ʨʝʟʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʪʦʣʱʠʥ ʙʨʦʥʠ 

ʢʦʨʧʫʩʦʚ ʠ ʙʘʰʥʠ. ʊʦʣʱʠʥʘ ʣʦʙʦʚʳʭ ʣʠʩʪʦʚ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʦʨʪʦʚ 

ʢʦʨʧʫʩʘ, ʘ ʪʘʢʞʝ ʣʦʙʦʚʳʭ ʠ ʙʦʨʪʦʚʳʭ ʩʝʢʪʦʨʦʚ ʙʘʰʥʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʟʘʱʠʪʫ ʥʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʙʩʪʨʝʣʘ, ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ. 

ʅʘʠʤʝʥʴʰʝʡ ʙʳʣʘ ʪʦʣʱʠʥʘ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʠʚʦʧʫʣʴʥʦʡ ʙʨʦʥʠ ʫ ʣʠʩʪʦʚ 

ʢʦʨʤʦʚʦʡ ʯʘʩʪʠ, ʢʨʳʰʠ ʠ ʜʥʠʱʘ [3]. 

ɺ ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʩ ʫʯʸʪʦʤ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ, 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʚ ʙʦʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʧʫʪʸʤ ʦʧʪʠʤʠʟʘʮʠʠ ʜʝʬʨʘʛʤʝʥʪʘʮʠʷ ʙʨʦʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʫʛʣʦʚ ʠ ʫʛʣʦʚ ʧʦʜʚʦʜʘ. 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʙʨʦʥʝʚʦʡ ʟʘʱʠʪʳ ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʥʘ ʟʘʢʦʥʘʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʩʪʨʝʣʘ, ʢʘʢ ʧʦ ʜʠʩʪʘʥʮʠʷʤ ʠ ʢʫʨʩʦʚʳʤ 

ʫʛʣʘʤ, ʪʘʢ ʠ ʩʥʘʨʷʜʥʳʭ ʧʦʧʘʜʘʥʠʡ ʚ ʵʣʝʤʝʥʪʳ ʙʨʦʥʠ ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ. 

ʕʪʠ ʟʘʢʦʥʳ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʕɺʄ 

ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʠʜʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ 

ʙʨʦʥʝʪʝʭʥʠʢʠ ʥʫʞʜʘʶʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʚʦʠʭ ʙʦʝʚʳʭ ʩʚʦʡʩʪʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ. ʆʜʥʠʤ ʠʟ ʵʪʠʭ 

ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʧʦʨʘʞʝʥʠʷ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʩʠʣ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʪʠʚʥʠʢʘ. 

ʊʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ 

ʧʨʠʤʝʥʝʥʠʷ ʯʝʣʦʚʝʢʦʤ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʘʞʝʥʠʷ ʠ ʟʘʱʠʪʳ 

ʠ ʧʨʦʜʦʣʞʠʪ ʩʫʱʝʩʪʚʦʚʘʪʴ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʚʦʦʨʫʞʝʥʠʷ, ʚʦʝʥʥʦʡ 
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ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʣʫʯʠʪʴ ʠ ʧʨʦʚʝʨʠʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ 

ʙʨʦʥʝʟʘʱʠʱʝʥʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʪʫʨʥʳʭ 

ʧʦʣʠʛʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 

 

ʈɸɿɼɽʃ 2. ɸʉʊʈʆʅʆʄʀʗ 

 

2.1. ɸʉʊʈʆʌʀɿʀʂɸ ʀ ɿɺɽɿɼʅɸʗ ɸʉʊʈʆʅʆʄʀʗ 

 

ʇʆʀʉʂ ʇʆʍʆɾʀʍ ɻɸʃɸʂʊʀʂ  

ɺ ʐʀʈʆʂʆʋɻʆʃʔʅʆʄ ʆɹɿʆʈɽ PAN-STARRS1 

ʄɽʊʆɼɸʄʀ ʄɸʐʀʅʅʆɻʆ ʆɹʋʏɽʅʀʗ 

ʉʘʚʯʝʥʢʦ ʉʝʨʛʝʡ ʉʝʨʛʝʝʚʠʯ 

ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ,  
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʈʌ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

A SEARCH OF SIMILAR GALAXIES  

IN THE PAN -STARRS1 WIDE-FIELD  

SURVEY WITH MACHINE LEARNING METHODS  

Sergey Savchenko 

Candidate of Science, senior researcher,  
Saint Petersburg state University,  
Russia, Saint Petersburg 

 

ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʟʦʨʳ ʥʝʙʘ ʩʦʜʝʨʞʘʪ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩʦʪʝʥ ʪʳʩʷʯ ʛʘʣʘʢʪʠʢ, ʯʪʦ ʜʝʣʘʝʪ ʧʦʠʩʢ ʦʙʲʝʢʪʦʚ ʟʘʜʘʥʥʦʛʦ ʪʠʧʘ 

ʚ ʪʘʢʦʤ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʜʘʥʥʳʭ ʪʨʫʜʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʚʝʨʭʪʦʯʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʙʳʩʪʨʦ ʥʘʭʦʜʠʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʛʘʣʘʢʪʠʢ, ʧʦʜʦʙʥʳʭ 

ʟʘʜʘʥʥʦʡ. ʈʘʙʦʪʘ ʤʝʪʦʜʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ 

ʦʙʟʦʨʘ Pan-STARRS1. 
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Abstract. Modern sky surveys contain hundreds of thousands of 

galactic images, which makes a search for the objects of some specific type 

a very difficult task. In this article we propose a method, based on a 

convolutional neural network, which allows one to easily find images of 

galaxies that are similar to a given one. The method is applied to the images 

of the Pan-STARRS1 survey to demonstrate its performance. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʣʘʢʪʠʢʠ; ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ; ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ. 

Keywords: galaxies; data analysis; machine learning. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʚ ʘʩʪʨʦʥʦʤʠʠ ʩʪʘʣʠ ʠʤʝʪʴ ʰʠʨʦʢʦʫʛʦʣʴʥʳʝ ʦʙʟʦʨʳ ʥʝʙʘ. ʊʘʢʠʝ ʦʙʟʦʨʳ 

ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʦʜʥʦʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʣʝʩʢʦʧʘʭ ʠ ʩʦʜʝʨʞʘʪ 

ʠʟʦʙʨʘʞʝʥʠʷ ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʟʦʨ 

Pan-STARRS1 ʩʦʜʝʨʞʠʪ ʠʟʦʙʨʘʞʝʥʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʣʦʚʠʥʳ ʥʝʙʝʩʥʦʡ 

ʩʬʝʨʳ [1] ʩ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0.25 ʫʛʣʦʚʳʭ ʩʝʢʫʥʜ ʥʘ ʧʠʢʩʝʣʴ. 

ɺʩʝʛʦ ʙʘʟʘ ʜʘʥʥʳʭ ʦʙʟʦʨʘ ʩʦʜʝʨʞʠʪ ʩʦʪʥʠ ʪʳʩʷʯ ʠʟʦʙʨʘʞʝʥʠʡ 

ʩ ʤʠʣʣʠʦʥʘʤʠ ʦʙʲʝʢʪʦʚ ʠ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʝʨʘʙʘʡʪ. 

ɸʥʘʣʠʟ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʫʶ 

ʟʘʜʘʯʫ: ʨʫʯʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʙʦʣʝʝ ʯʝʤ ʤʠʣʣʠʦʥʘ 

ʛʘʣʘʢʪʠʢ ʠʟ ʜʨʫʛʦʛʦ ʦʙʟʦʨʘ, SDSS, ʧʦʢʨʳʚʘʶʱʝʛʦ ʪʨʝʪʴ ʥʝʙʝʩʥʦʡ 

ʩʬʝʨʳ ʧʦʪʨʝʙʦʚʘʣʘ ʧʦʯʪʠ ʪʨʝʭʣʝʪʥʠʭ ʫʩʠʣʠʡ ʪʳʩʷʯ ʚʦʣʦʥʪʝʨʦʚ [2].  

ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʙʦʣʴʰʠʭ 

ʙʘʟ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ 

ʟʘʜʘʥʥʦʛʦ ʪʠʧʘ: ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʜʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ 

ʚʦʢʨʫʛ ʛʘʣʘʢʪʠʢ ʢʘʢʦʡ-ʪʦ ʢʦʥʢʨʝʪʥʦʡ ʤʦʨʬʦʣʦʛʠʠ (ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʠʣʠ 

ʩʧʠʨʘʣʴʥʳʭ ʛʘʣʘʢʪʠʢ) ʠʣʠ ʢʘʢʦʡ-ʪʦ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʨʠʝʥʪʘʮʠʠ (ʜʠʩʢʦʚʳʝ ʛʘʣʘʢʪʠʢʠ, ʚʠʜʠʤʳʝ çʧʣʘʰʤʷè ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʘʥʘʣʠʟʘ ʩʧʠʨʘʣʴʥʦʛʦ ʫʟʦʨʘ, ʘ ʛʘʣʘʢʪʠʢʠ, ʚʠʜʠʤʳʝ çʩ ʨʝʙʨʘè 

ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʭ ʟʚʝʟʜʥʳʭ ʜʠʩʢʦʚ).  

çʂʣʘʩʩʠʯʝʩʢʠʝè ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʣʦʭʦ 

ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʨʘʙʦʪʦʡ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʘʣʘʢʪʠʢ, ʪʘʢ ʢʘʢ ʛʘʣʘʢʪʠʢʠ 

ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʪʨʫʜʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʠʭ ʚʠʜʳ ʠ ʬʦʨʤʳ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘʙʨʘʣʠ ʘʣʛʦʨʠʪʤʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʘʰʠʥʥʦʤ ʦʙʫʯʝʥʠʠ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ), ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʘʣʛʦʨʠʪʤ ʩʘʤ ʜʝʣʘʝʪ ʦʙʦʙʱʘʶʱʠʝ 

ʚʳʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ [3]. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʠʩʢ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʭʦʞʠʭ ʛʘʣʘʢʪʠʢ. 

 

ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʘ. ɺ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʣʝʞʠʪ ʧʦʥʷʪʠʝ ʥʝʡʨʦʥʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʥʝʡʨʦʥʦʤ ʤʦʟʛʘ. ʅʝʡʨʦʥ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʚʭʦʜʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʧʦʜʘʶʪʩʷ 

ʟʥʘʯʝʥʠʷ (ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ) ʠ ʦʜʠʥ ʚʳʭʦʜ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʥʝʡʨʦʥ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

ώ Ὂ ύ ὼύ ȟ 

 
ʛʜʝ  xi ï ʚʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʡʨʦʥʘ, wi ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʝʩʘ, ʘ F ï 
ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, ʜʦʙʘʚʣʷʶʱʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʝ. ɺʝʩʘ 
ʥʝʡʨʦʥʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʩʚʦʙʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʠ, ʧʦʜʙʠʨʘʷ ʨʘʟʥʳʝ 
ʟʥʘʯʝʥʠʷ ʚʝʩʦʚ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʥʝʡʨʦʥʘ. 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ (ʯʘʩʪʦ ʜʝʩʷʪʢʦʚ 
ʪʳʩʷʯ) ʥʝʡʨʦʥʦʚ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ ʩʣʦʠ. ɺʳʭʦʜʳ ʥʝʡʨʦʥʦʚ ʦʜʥʦʛʦ 
ʩʣʦʷ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ ʥʝʡʨʦʥʦʚ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʯʝʛʦ 
ʦʨʛʘʥʠʟʫʝʪʩʷ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʦʪ ʚʭʦʜʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʦ ʝʝ ʚʳʭʦʜʘ. 
ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʚʝʩʘ ʚʩʝʭ ʝʝ ʥʝʡʨʦʥʦʚ ʤʦʜʠʬʠʮʠ-
ʨʫʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʩʝʪʴ, 
ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʪʨʝʙʫʝʤʳʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʥʘʧʨʠʤʝʨ, ʠʟʦʙʨʘ-
ʞʝʥʠʝ ʛʘʣʘʢʪʠʢʠ ʥʘ ʚʭʦʜʝ ʥʝʡʨʦʩʝʪʠ ʚ ʪʠʧ ʛʘʣʘʢʪʠʢʠ ʥʘ ʝʝ ʚʳʭʦʜʝ). 
ʂʦʥʢʨʝʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝʡʨʦʥʦʚ (ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ 
ʠ ʯʠʩʣʦ ʩʣʦʝʚ) ʥʘʟʳʚʘʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʟʘʚʠʩʠʪ 
ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, 
ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʘʚʪʦʵʥʢʦʜʝʨ [4]. ʉʭʝʤʘʪʠʯʥʦ ʘʚʪʦʵʥʢʦʜʝʨ ʠʟʦʙʨʘʞʝʥ 
ʥʘ ʈʠʩ. 1. ʅʘ ʚʭʦʜ ʘʚʪʦʵʥʢʦʜʝʨʫ ʧʦʜʘʶʪʩʷ ʜʘʥʥʳʝ (Input), ʢʦʪʦʨʳʝ 
ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʡʨʦʩʝʪʴʶ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʚʳʭʦʜʘ (Output).  

 

 

ʈʠʩʫʥʦʢ 1. ɸʨʭʠʪʝʢʪʫʨʘ ʘʚʪʦʵʥʢʦʜʝʨʘ 
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ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʚʝʩʘ ʘʚʪʦʵʥʢʦʜʝʨʘ ʧʦʜʙʠʨʘʶʪʩʷ ʪʘʢ, ʯʪʦʙʳ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʝʛʦ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ (ʪʦ ʝʩʪʴ 

ʥʝʡʨʦʩʝʪʴ ʨʝʘʣʠʟʫʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʠʜʝʥʪʠʯʥʦʩʪʠ). ʏʪʦʙʳ ʥʝʡʨʦʩʝʪʴ ʥʝ 

ʩʦʰʣʘʩʴ ʢ ʪʨʠʚʠʘʣʴʥʦʤʫ ʨʝʰʝʥʠʶ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʩʦ ʚʭʦʜʘ ʧʨʦʩʪʦ 

ʢʦʧʠʨʫʶʪʩʷ ʥʘ ʚʳʭʦʜ, ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʥʝʡʨʦʩʝʪʠ ʫʩʪʨʘʠʚʘʝʪʩʷ çʙʫʪʳ-

ʣʦʯʥʦʝ ʛʦʨʣʳʰʢʦè, ʩʣʦʡ ʚ ʢʦʪʦʨʦʤ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʨʘʟʤʝʨʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʚ ʩʣʫʯʘʝ ʠʟʦʙʨʘʞʝʥʠʡ ï ʯʠʩʣʘ 

ʧʠʢʩʝʣʝʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʝʡʨʦʩʝʪʠ ʧʨʠʭʦʜʠʪʩʷ ʦʙʫʯʘʪʴʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʝʝ ʯʘʩʪʴ ʜʦ ʙʫʪʳʣʦʯʥʦʛʦ ʛʦʨʣʳʰʢʘ (ʥʘʟʳʚʘʝʪʩʷ ʢʦʜʝʨ, 

coder) ʩʞʠʤʘʣʘ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʩʞʘʪʠʷ ʧʦʣʫʯʘʝʪʩʷ ʚʝʢʪʦʨ-ʢʦʜ (ʝʛʦ ʝʱʝ ʥʘʟʳʚʘʶʪ 

ʵʤʙʝʜʜʠʥʛʦʤ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʞʘʪʦʝ ʚʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ɺʪʦʨʘʷ ʞʝ ʧʦʣʦʚʠʥʘ ʥʝʡʨʦʩʝʪʠ, ʥʘʟʳʚʘʶʱʘʷʩʷ ʜʝʢʦʜʝʨ (decoder), 

ʨʝʰʘʝʪ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: ʚʦʩʩʪʘʥʦʚʠʪʴ ʦʨʠʛʠʥʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ 

ʜʘʥʥʦʛʦ ʵʤʙʝʜʜʠʥʛʘ. 

ʇʦʭʦʞʠʝ ʛʘʣʘʢʪʠʢʠ ʙʫʜʫʪ ʠʤʝʪʴ ʧʦʭʦʞʠʝ ʚʝʢʪʦʨʘ-ʵʤʙʝʜʜʠʥʛʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʚʘʷ ʵʪʠ ʚʝʢʪʦʨʘ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʞʥʦ ʥʘʭʦʜʠʪʴ 

ʩʪʝʧʝʥʴ ʩʭʦʞʝʩʪʠ ʠʩʭʦʜʥʳʭ ʛʘʣʘʢʪʠʢ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʚʝʢʪʦʨʘʤʠ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ɽʚʢʣʠʜʦʚʦʡ L2-ʤʝʨʳ: 

 

ᴁὼᴆ ώᴆᴁ ὼ ώ Ȣ 

 

ʇʘʨʳ ʛʘʣʘʢʪʠʢ, ʫ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʝ ʪʘʢʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʠʭ 

ʚʝʢʪʦʨʘʤʠ-ʵʤʙʝʜʜʠʥʛʘʤʠ ʙʫʜʝʪ ʤʘʣʝʥʴʢʠʤ, ʦʢʘʞʫʪʩʷ ʧʦʭʦʞʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʧʦ ʧʦʠʩʢʫ ʧʦʭʦʞʠʭ ʛʘʣʘʢʪʠʢ ʩʚʝʜʝʪʩʷ ʢ ʧʦʠʩʢʫ 

ʨʘʟʥʠʮ ʤʝʞʜʫ ʠʭ ʚʝʢʪʦʨʘʤʠ-ʵʤʙʝʜʜʠʥʛʘʤʠ. 

 

ɼʘʥʥʳʝ. ɼʣʷ ʪʨʝʥʠʨʦʚʢʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʪʨʝʙʫʝʪʩʷ ʦʙʫʯʘʶʱʘʷ 

ʚʳʙʦʨʢʘ ï ʥʘʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ ʛʘʣʘʢʪʠʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʜʘʚʘʪʴʩʷ ʝʡ ʥʘ 

ʚʭʦʜ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʝʩʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ 

ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟʦʙʨʘʞʝʥʠʷ 50000 ʩʣʫʯʘʡʥʳʭ 

ʛʘʣʘʢʪʠʢ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ HyperLEDA [5]. ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʪʝʤ ʣʫʯʰʝ, ʯʝʤ ʙʦʣʴʰʝ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʝ, ʠʩʭʦʜʥʳʡ ʤʘʩʩʠʚ ʙʳʣ ʨʘʩʰʠʨʝʥ 

ʜʦ 256000 ʠʟʦʙʨʘʞʝʥʠʡ ʧʫʪʝʤ ʩʣʫʯʘʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʟʝʨʢʘʣʴʥʦʝ 

ʦʪʨʘʞʝʥʠʝ, ʧʦʚʦʨʦʪ, ʜʦʙʘʚʣʝʥʠʝ ʰʫʤʘ) ʥʘʜ ʦʨʠʛʠʥʘʣʴʥʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 
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ʈʝʟʫʣʴʪʘʪʳ. ʈʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʚʪʦʵʥʢʦʜʝʨʘ.  

 

 

ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨʳ ʨʘʙʦʪʳ ʘʚʪʦʵʥʢʦʜʝʨʘ ʜʣʷ ʯʝʪʳʨʝʭ ʛʘʣʘʢʪʠʢ. 

ʉʣʝʚʘ - ʠʩʭʦʜʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʚ ʮʝʥʪʨʝ ʚʝʢʪʦʨ-ʵʤʙʝʜʜʠʥʛ, ʩʧʨʘʚʘ - 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

 

ɺ ʣʝʚʦʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʛʘʣʘʢʪʠʢ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʤʝʨ 64x64 ʧʠʢʩʝʣʷ (ʪʦ ʝʩʪʴ ʚʩʝʛʦ 4096 ʧʠʢʩʝʣʝʡ). 

ɺ ʩʨʝʜʥʝʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥ ʚʝʢʪʦʨ-ʵʤʙʝʜʜʠʥʛ, ʠʤʝʶʱʠʡ 40 ʟʥʘʯʝʥʠʡ 

(ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʚʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʷʨʢʠʝ ʧʠʢʩʝʣʠ), ʪʦ 

ʝʩʪʴ ʩʞʘʪʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʝʪ ~1% ʦʪ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ. 

ɺ ʧʨʘʚʦʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʝʢʦʜʝʨʦʤ ʠʟʦʙʨʘʞʝʥʠʷ 

ʛʘʣʘʢʪʠʢ. ɺʠʜʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʢʘʯʝʩʪʚʝʥʥʦ: ʚʩʝ ʛʣʦʙʘʣʴʥʳʝ 

ʯʝʨʪʳ ʛʘʣʘʢʪʠʢ (ʦʨʠʝʥʪʘʮʠʷ ʜʠʩʢʦʚ, ʬʦʨʤʘ ʩʧʠʨʘʣʴʥʦʛʦ ʫʟʦʨʘ) 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ ʧʨʘʚʠʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʘʚʪʦʵʥʢʦʜʝʨʘ ʨʘʙʦʪʘʝʪ ʭʦʨʦʰʦ. 
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ʈʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʧʦʭʦʞʠʭ ʛʘʣʘʢʪʠʢ ʧʨʠʚʝʜʝʥ ʥʘ ʈʠʩ. 3. ʅʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʜʣʷ ʯʝʪʳʨʝʭ ʛʘʣʘʢʪʠʢ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʨʘʟʥʫʶ ʤʦʨʬʦʣʦʛʠʶ 

(ʧʦʢʘʟʘʥʳ ʚ ʣʝʚʦʤ ʩʪʦʣʙʮʝ), ʧʨʠʚʝʜʝʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʠʝ (ʪʦ ʝʩʪʴ, 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʢʪʦʨʦʚ-ʵʤʙʝʜʠʥʛʦʚ) ʛʘʣʘʢʪʠʢʠ. 

ɺʠʜʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʚʧʦʣʥʝ ʫʩʧʝʰʥʳʝ: ʚʩʝ ʛʘʣʘʢʪʠʢʠ ʙʣʠʟʢʠʝ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʤʙʝʜʜʠʥʛʦʚ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʢʘʟʘʣʠʩʴ ʧʦʭʦʞʠʤʠ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ. 

 

 

ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪ ʧʦʠʩʢʘ ʧʦʭʦʞʠʭ ʛʘʣʘʢʪʠʢ ʥʘ ʧʨʠʤʝʨʝ 

ʯʝʪʳʨʝʭ ʦʙʲʝʢʪʦʚ. ɺ ʣʝʚʦʤ ʩʪʦʣʙʮʝ ʧʦʢʘʟʘʥʳ ʮʝʣʝʚʳʝ ʛʘʣʘʢʪʠʢʠ. 

ɺʦ ʚʪʦʨʦʤ, ʪʨʝʪʴʝʤ ʠ ʯʝʪʚʝʨʪʦʤ - ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ 

 

ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʦ ʧʦʠʩʢʝ ʧʦʭʦʞʠʭ 

ʛʘʣʘʢʪʠʢ ʩʨʝʜʠ ʠʟʦʙʨʘʞʝʥʠʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʝʪʩʷ ʘʚʪʦʵʥʢʦʜʝʨ ï ʘʣʛʦʨʠʪʤ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʢ ʚʳʙʦʨʢʝ 

ʠʟ 50 ʪʳʩʷʯ ʛʘʣʘʢʪʠʢ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʥʘʡʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʭʦʞʠʭ ʦʙʲʝʢʪʦʚ ʚ ʙʦʣʴʰʦʤ ʤʘʩʩʠʚʝ ʜʘʥʥʳʭ. 
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ʈɸɿɼɽʃ 3. ʌʀɿʀʂɸ 

 

3.1. ʊɽʇʃʆʌʀɿʀʂɸ ʀ ʊɽʆʈɽʊʀʏɽʉʂɸʗ 

ʊɽʇʃʆʊɽʍʅʀʂɸ 

 

ʂʆʄʇʃɽʂʉʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʈʄʀʏɽʉʂʆɻʆ 

ʅɸʇʈʗɾɽʅʀʗ ʅɸ ʂɸʈɹʆʅɸʊʅʓʍ ʇʆʈʆɼɸʍ 

ʃʠʧʘʪʦʚ ʅʠʢʠʪʘ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʠʥʞʝʥʝʨ ʣʘʙʦʨʘʪʦʨʠʠ  
ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʆʆ çʂʦʨʵʪʝʩʪ ʩʝʨʚʠʩè, 
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 
ʈʌ, ʛ. ʊʶʤʝʥʴ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʝʨʝʭʦʜʥʳʝ ʪʝʨʤʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʶʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʦʣʴʰʠʤʠ 

ʧʝʨʝʧʘʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ï ʦʪ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʦ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʙʳʯʥʦ ʪʝʧʣʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʥʘʫʢ ʦ ɿʝʤʣʝ, ʩʚʷʟʘʥʳ ʩ ʩʦʯʝʪʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʠ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʜʝʣʦ 

ʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ). 

ʀʟʫʯʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʜʥʦʨʦʜʥʦʡ ʠʟʦʪʨʦʧʥʦʡ 

ʩʨʝʜʝ ʥʘʯʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʙʣʝʤ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʣʠʙʦ ʧʦʜʜʘʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ, 

ʣʠʙʦ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʘ ʚʦʟʤʫʱʝʥʠʡ. ʆʜʥʘʢʦ, ʝʩʣʠ ʪʝʣʦ 

ʦʙʣʘʜʘʝʪ ʘʥʠʟʦʪʨʦʧʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʦʣʝʝ ʩʣʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʠ ʥʘʧʨʷʞʝʥʠʝ; ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʚʳʙʦʨʘ. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʫʶ ʨʘʟʨʘʙʦʪʢʫ 

ʚ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ, ʛʜʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʠʩʘʥʠʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʩ ʫʩʣʦʚʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ 

ʟʘ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʤʧʴʶʪʝʨʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ 
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ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʨʝʱʠʥ / ʪʨʝʱʠʥ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʶʪ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1) ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʚʣʠʷʝʪ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʝʨʥʘ 
ʙʝʟ ʪʨʝʱʠʥ ʠ ʪʨʝʱʠʥʦʚʘʪʦʛʦ ʢʝʨʥʘ; 

2) ʚʳʷʩʥʠʪʴ, ʠʤʝʝʪ ʣʠ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʧʨʦʮʝʥʪʘ ʫʣʫʯʰʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʥʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ; ʪʝʨʤʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ 

ʅʝʬʪʷʥʳʝ ʨʝʩʫʨʩʳ ʧʨʦʜʦʣʞʘʶʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʩʝʢʪʦʨʝ, ʠ ʥʝʪ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʩʧʘʜʘ. 

ʆʜʥʘʢʦ ʟʘʧʘʩʳ ʥʝʬʪʠ ʩʦʢʨʘʱʘʶʪʩʷ ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʪʢʨʳʪʠʡ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʜʦʙʳʯʠ. ʆʯʝʥʴ 

ʚʘʞʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʧʘʩʳ ʥʝʬʪʠ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʶʜʞʝʪ ʚ ʙʫʜʫʱʝʤ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʤʝʪʦʜʳ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʥʝʬʪʷʥʳʭ 

ʢʦʣʣʝʢʪʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪ ʧʦʩʪʦʷʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ. ʆʜʥʘʢʦ ʵʪʠ 

ʤʝʪʦʜʳ ʥʝʧʨʠʤʝʥʠʤʳ ʢ ʢʦʣʣʝʢʪʦʨʘʤ, ʚ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ 

ʠʟʤʝʥʷʶʪʩʷ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʚʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʆʙʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʨʝʱʠʥʦʚʘʪʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʷʚʣʷʶʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʢ ʜʝʡʩʪʚʫʶʱʝʤʫ 

ʥʘʧʨʷʞʝʥʠʶ.  

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʤʝʩʪʝ ʩʘʤʦ ʧʦ ʩʝʙʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʠʣʠ ʪʝʨʤʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʊʝʨʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚ ʩʭʝʤʘʭ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, 

ʪʘʢʠʭ ʢʘʢ ʟʘʢʘʯʢʘ ʭʦʣʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʛʦʨʷʯʠʡ ʧʣʘʩʪ ʚʦ ʚʨʝʤʷ 

ʟʘʚʦʜʥʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʠʣʠ ʜʘʞʝ ʚʦ ʚʨʝʤʷ ʛʠʜʨʘʚʣʠ-

ʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ ʠʟʚʣʝʯʝʥʠʠ ʪʷʞʝʣʦʡ ʥʝʬʪʠ.  

 

ʆʜʥʘʢʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʤʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʟʚʠʪʠʷ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʤʘʮʠʷʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʱʠʥ ʢʘʨʙʦʥʘʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩ 

ʫʯʝʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʥʘʙʣ-ʁ

ʜʝʥʠʷ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʨʝʱʠʥ / ʪʨʝʱʠʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ. 

ʂʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʮʳ 

ʆʙʨʘʟʮʳ ʢʝʨʥʘ ʠʟʚʝʩʪʥʷʢʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʝʨʥʳ ʜʚʫʭ ʪʠʧʦʚ: ʢʝʨʥʳ ʩ ʪʨʝʱʠʥʘʤʠ ʠ 

ʢʝʨʥʳ ʙʝʟ ʪʨʝʱʠʥ. ɼʣʷ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʙʦʣʴʰʠʝ ʦʙʨʘʟʮʳ ʢʘʞʜʦʛʦ ʢʝʨʥʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʜʦ ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ. ʆʙʨʘʟʮʳ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʙʳʣʠ ʨʘʟʨʝʟʘʥʳ ʥʘ ʰʝʩʪʴ ʥʝʙʦʣʴʰʠʭ ʜʠʩʢʦʚ 

ʜʠʘʤʝʪʨʦʤ 25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 5 ʤʤ [4]. 

ʉʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ (ʉʕʄ) JSM-7001F 

ʉʕʄ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʤʝʨʘ ʧʦʨ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʨ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦ ʠ ʧʦʩʣʝ 

ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ. ʉʕʄ ʛʝʥʝʨʠʨʫʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʦʪ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʫʰʢʠ.  

ʕʪʦʪ ʣʫʯ ʬʦʢʫʩʠʨʫʝʪʩʷ ʠ ʦʩʚʝʱʘʝʪʩʷ ʥʘ ʦʙʨʘʟʮʝ. ʂʦʛʜʘ ʣʫʯ 

ʩʢʘʥʠʨʫʝʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ X ʠ Y, 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʵʣʝʢʪʨʦʥʳ, ʨʘʩʩʝʷʥʥʳʝ ʥʘʟʘʜ.  

ʋʩʠʣʝʥʠʝ ʵʪʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʤʦʜʫʣʷʮʠʷ ʠʭ ʷʨʢʦʩʪʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʪʨʫʙʢʝ ʥʘʙʣʶʜʝʥʠʷ ʜʘʶʪ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʟʮʘ, 

ʦʪʦʙʨʘʞʘʝʤʦʝ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʪʨʫʙʢʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʇʦʨʠʩʪʦʩʪʴ ʢʝʨʥʘ ʠʟʤʝʨʷʣʘʩʴ ʤʝʪʦʜʦʤ ʚʟʚʝʰʠʚʘʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʤʝʪʦʜ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʥʘ. 

ʇʨʠʤʝʥʷʪʴ ʵʪʦʪ ʤʝʪʦʜ ʙʳʣʦ ʥʝʩʣʦʞʥʦ, ʦʥ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
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¶ ʥʘʛʨʝʪʴ ʦʙʨʘʟʝʮ ʜʦ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, 

ʯʪʦ ʚʝʩʴ ʦʙʨʘʟʝʮ (ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ) ʠʤʝʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

(ʚ ʧʝʯʠ ʦʙʨʘʟʮʳ ʥʘʭʦʜʠʣʠʩʴ ʧʨʠʤʝʨʥʦ 24 ʯʘʩʘ); 

¶ ʚʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 30ÁC; 

¶ ʚʳʩʫʰʠʪʴ ʦʙʨʘʟʮʳ, ʘ ʟʘʪʝʤ ʚʳʧʦʣʥʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʜʣʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʞʠʜʢʦʩʪʠ. 

ʀʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʥʘ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʶ ʠʟʚʝʩʪʥʷʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʝʨʥʘ ʙʝʟ ʪʨʝʱʠʥ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ. ɹʳʣʠ ʠʩʧʳʪʘʥʳ ʧʦʨʦʜʳ ʜʦ 

ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʳʭ ʫʜʘʨʦʚ [2]. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʦ 

ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʩ ʧʦʤʦʱʴʶ ʇʆ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʧʦʧʳʪʘʪʴʩʷ 

ʥʘʙʣʶʜʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʣʶʙʳʭ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ 

ʫʜʘʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʥʘʙʦʨʘ ʢʝʨʥʦʚ. ʇʝʨʚʳʡ ʥʘʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ 

ʢʝʨʥʦʚ ʙʝʟ ʪʨʝʱʠʥ 1MIS, 2MIS, 3MIS ʠ 4MIS, ʠʤʝʶʱʠʭ ʩʣʝʜʫʶʱʫʶ 

ʥʘʯʘʣʴʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ: 0,11; 7,17; 20 ʠ 23,14 ʤɼ.  

ɼʣʷ ʠʤʠʪʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʰʦʢʘ ʩʝʨʜʝʯʥʠʢʠ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 

100Áʉ ʠ 150ÁC ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

ʂʦʛʜʘ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ ʜʦʩʪʠʛʘʣ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʨʘʟʮʳ 

ʚʳʥʠʤʘʣʠ ʠʟ ʧʝʯʠ ʠ ʩʨʘʟʫ ʞʝ ʧʦʛʨʫʞʘʣʠ ʚ ʚʦʜʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 5ÁC. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʥʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʝʨʥʘʭ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ [1]. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʥʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʝʨʥʘ ʙʝʟ ʪʨʝʱʠʥ. ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʫʜʘʨ 

ʦʢʘʟʘʣ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʝʨʥʘ ʙʝʟ ʪʨʝʱʠʥ. 

ʅʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʥʘ 1MIS ʧʨʠʤʝʨʥʦ ʥʘ 50 % 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʧʨʠ 150Á C. 

ʊʝʧʣʦʚʦʡ ʫʜʘʨ ʚʳʟʳʚʘʝʪ ʫʩʘʜʢʫ ʧʦʨʦʜʳ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʢʘʥʘʣʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʧʦʨʳ ʠ ʦʪʚʝʯʘʶʱʠʭ 

ʟʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʝʨʥʘ. ʇʨʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (0,11 ʤɼ) 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʦʚʨʝʞʜʝʥʠʝ ʢʝʨʥʘ ʙʝʟ ʪʨʝʱʠʥ ʠʟ-ʟʘ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʟʘʚʠʩʠʪ 
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ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʯʝʥʴ ʧʣʦʪʥʫʶ 

ʧʦʨʦʜʫ. 

 

ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʝʨʥʘ ʙʝʟ 

ʪʨʝʱʠʥ 

 

ɺʪʦʨʦʡ ʥʘʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʩ ʪʨʝʱʠʥʘʤʠ. ʇʨʦʮʝʜʫʨʳ 

ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʙʳʣʠ ʧʦʚʪʦʨʝʥʳ ʥʘ ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ ʩ ʪʨʝʱʠʥʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 150Á ʠ 200ÁC. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʝʨʥʘ ʩ ʪʨʝʱʠʥʘʤʠ. ʇʨʦʮʝʥʪ ʫʣʫʯʰʝʥʠʷ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʢʝʨʥʘ ʩ ʪʨʝʱʠʥʘʤʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ [3].  

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʥʘ ʩ ʪʨʝʱʠʥʦʚʘʪʳʤ ʪʝʨʤʦʫʜʘʨʦʤ. 

ʊʝʨʤʦʫʜʘʨ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʧʨʦʜʣʝʚʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʱʠʥ, 

ʫʣʫʯʰʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʝʱʠʥʦʚʘʪʦʡ ʧʦʨʦʜʳ.  

ʕʪʦ ʷʚʣʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʩʜʝʣʘʥʥʳʤʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʦ ʠ ʧʦʩʣʝ ʪʝʨʤʦʫʜʘʨʦʚ. ʈʠʩʫʥʦʢ 2 

ʧʦʢʘʟʳʚʘʝʪ ʪʨʝʱʠʥʦʚʘʪʳʝ ʧʦʨʦʜʳ ʜʦ ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʳʭ ʫʜʘʨʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 150ÁC, ʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

200ÁC. ʇʣʦʱʘʜʠ ʪʨʝʱʠʥ ʜʣʷ ʦʙʝʠʭ ʩʠʩʪʝʤ ʜʦ ʠ ʧʦʩʣʝ ʫʜʘʨʦʚ 

ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʠʟʦʙʨʘʞʝʥʠʡ [6]. 

ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʪʨʝʱʠʥʳ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʳʜʫʱʠʝ ʚʳʚʦʜʳ. 
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ʈʠʩʫʥʦʢ 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʪʨʝʱʠʥʳ ʢʝʨʥʘ ʜʦ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ 

ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ (ʊ = 150Áʉ) 

 

 

ʈʠʩʫʥʦʢ 3. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ ʢʝʨʥʘ ʜʦ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ 

ʠ ʧʦʩʣʝ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ (ʊ = 200Áʉ) 

 

ʅʘʧʨʷʞʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʷ ʪʝʨʤʦʫʜʘʨʥʳʭ ʧʦʨʦʜ 

ʀʟʚʝʩʪʥʷʢʦʚʳʝ ʧʦʨʦʜʳ ʙʝʟ ʪʨʝʱʠʥ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʳʭ ʫʜʘʨʦʚ ʥʘ ʥʘʧʨʷʞʝʥʠʝ ʠ ʜʝʬʦʨʤʘʮʠʶ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʠʤʝʶʱʠʝ 

ʨʘʟʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʞʘʪʠʝ ʦʪʦʙʨʘʥʥʳʭ ʢʝʨʥʦʚ ʧʨʦʚʦ-

ʜʠʣʠʩʴ ʜʦ ʥʘʛʨʝʚʘ, ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʠ ʧʦʩʣʝ ʪʝʨʤʦʫʜʘʨʦʚ. ʆʙʨʘʟʮʳ 

ʥʘʛʨʝʚʘʣʠ ʜʦ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 150ÁC.  

ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʝʬʦʨʤʘ-

ʮʠʝʡ) ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʘʥʘʣʦʛʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʪʝʨʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ï 200Á, 250Á ʠ 300ÁC. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ 

ʠʩʧʳʪʘʥʠʡ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʙʘʟʦʚʳʤ ʩʣʫʯʘʝʤ ʙʝʟ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ, 

ʧʦʢʘʟʘʥʥʳʤ ʥʘ ʨʠʩ. 4.  

ʉʥʦʚʘ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʫʤʝʥʴʰʠʣ ʜʘʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʚʩʝʭ 

ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʛʜʘ ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʠʭ ʩ ʙʘʟʦʚʳʤ ʩʣʫʯʘʝʤ.  


