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ɻ.ʅ. ʂʫʣʠʧʘʥʦʚ 

ʀʗʌ ʉʆ ʈɸʅ ʠʤ. ɻ.ʀ. ɹʫʜʢʝʨʘ 

 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ï ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʥʘʥʠʷ 

ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ 

 ɽʩʣʠ ʟʘʜʫʤʘʪʴʩʷ, ʪʦ ʚʩʝʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʟʥʘʥʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʥʘʩ ʤʠʨʘ. ʏʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʩʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʟʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʚʠʜʠʤʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ (ʩʤ. ʨʠʩ. 1). ɺʠʜʠʤʘʷ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʦʪ 400 ʥʤ (ʬʠʦʣʝʪʦʚʘʷ ʛʨʘʥʠʮʘ) 

ʜʦ 800 ʥʤ (ʢʨʘʩʥʘʷ ʛʨʘʥʠʮʘ). ʕʪʦ ʥʠʯʪʦʞʥʘʷ ʯʘʩʪʴ ʦʪ ʚʩʝʡ ʰʢʘʣʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʯʝʣʦʚʝʢʦʤ (ʙʦʣʝʝ 15 ʧʦʨʷʜʢʦʚ ï ʦʪ 1210  ʤ-  ʜʦ 310  ʤ)! ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʫʶ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʩ ʧʦʤʦʱʴʶ ʟʨʝʥʠʷ, ʦʯʝʥʴ ʧʦʣʝʟʥʘ. 

 ʂʦʥʝʯʥʦ, ʦʯʝʥʴ ʚʘʞʥʳʤ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʝʣʝʩʢʦʧʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʫʟʥʘʪʴ, ʯʪʦ ʥʘʩ ʦʢʨʫʞʘʝʪ ʚ ʢʦʩʤʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʘʭ. ʀ ʩʝʡʯʘʩ ʩʦʚʨʝʤʝʥʥʘʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʬʠʟʠʢʘ ï ʵʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʩʪʨʦʬʠʟʠʢʘ (ʧʨʦʙʣʝʤʳ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ, 

ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ ʠ ʪ. ʜ.). 

 ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʤʠʢʨʦʩʢʦʧʳ. ʀʟʦʙʨʝʪʝʥʠʝ ʤʠʢʨʦʩʢʦʧʘ ʧʦʟʚʦʣʠʣʦ 

ʫʚʠʜʝʪʴ ʧʨʦʩʪʝʡʰʠʝ ʦʨʛʘʥʠʟʤʳ, ʙʘʢʪʝʨʠʠ, ʢʣʝʪʢʠ, ʠ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʜʚʠʥʫʣʦ 

ʙʠʦʣʦʛʠʶ. 

 ʇʨʠʤʝʨʥʦ ʩʪʦ ʣʝʪ ʥʘʟʘʜ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʘʪʦʤʥʘʷ ʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʕʪʦ ʦʙʣʘʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠ ʤʷʛʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʡ. ʀʟʫʯʘʣʠ ʩʧʝʢʪʨʳ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʩʧʝʢʪʨʘʣʴʥʳʝ ʨʘʩʱʝʧʣʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʷʭ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ. 

 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʧʦʷʚʠʣʘʩʴ ʙʦʣʝʝ ʩʪʘ ʣʝʪ ʥʘʟʘʜ, ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 1895 ʛʦʜʫ ʈʝʥʪʛʝʥʦʤ.
1
 ʇʦʪʦʤ ʦʪʝʮ ʠ ʩʳʥ ɹʨʵʛʛʠ

2
 ʦʪʢʨʳʣʠ 

                                                 
1
 ɺ 1901 ʛʦʜʫ ɺʠʣʴʛʝʣʴʤ ʂʦʥʨʘʜ ʈʝʥʪʛʝʥ ʙʳʣ ʫʜʦʩʪʦʝʥ ʩʘʤʦʡ ʧʝʨʚʦʡ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ ʬʠʟʠʢʝ çʚ ʟʥʘʢ 

ʧʨʠʟʥʘʥʠʷ ʥʝʦʙʳʯʘʡʥʦ ʚʘʞʥʳʭ ʟʘʩʣʫʛ ʧʝʨʝʜ ʥʘʫʢʦʡ, ʚʳʨʘʟʠʚʰʠʭʩʷ ʚ ʦʪʢʨʳʪʠʠ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʣʫʯʝʡ, 

ʥʘʟʚʘʥʥʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚ ʝʛʦ ʯʝʩʪʴè. 
2
 ɺ 1915 ʛʦʜʫ ʋʠʣʴʷʤ ɻʝʥʨʠ ɹʨʵʛʛ ʠ ʝʛʦ ʩʳʥ ʋʠʣʴʷʤ ʃʦʨʝʥʩ ɹʨʵʛʛ ʧʦʣʫʯʠʣʠ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʧʦ 

ʬʠʟʠʢʝ çʟʘ ʟʘʩʣʫʛʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡè. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ɹʨʵʛʛ-



ʜʠʬʨʘʢʮʠʶ ʥʘ ʢʨʠʩʪʘʣʣʘʭ, ʠ ʜʠʬʨʘʢʮʠʷ ʩʪʘʣʘ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʫʞʝ ʥʘ 

ʘʥʛʩʪʨʝʤʥʦʤ ʫʨʦʚʥʝ (1 ¡ ʨʘʚʝʥ 0.1 ʥʤ) ï ʪʦ, ʯʪʦ ʩʝʡʯʘʩ ʥʘʟʳʚʘʶʪ çnanoscienceè. ɿʘʪʝʤ 

ʧʦʩʣʝʜʦʚʘʣʦ ʦʪʢʨʳʪʠʝ ʩʪʨʫʢʪʫʨʳ ɼʅʂ, ʧʦʷʚʠʣʘʩʴ ʙʝʣʢʦʚʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʷ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʫʞʝ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ 

ʙʠʦʣʦʛʠʝʡ, ʥʘʧʨʠʤʝʨ, ʢʠʥʝʪʠʢʘ ʚʟʨʳʚʘ, ï ʚʩʸ ʵʪʦ ʠʟʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʅʫ, ʠ ʩʦʚʩʝʤ ʫʞ ʧʦʥʷʪʥʦ, ʯʪʦ ʨʘʜʠʦ, ʪʝʣʝʚʠʜʝʥʠʝ, ʩʦʪʦʚʳʝ ʪʝʣʝʬʦʥʳ, 

ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʧʝʯʢʠ ï ʪʝ ʧʨʝʜʤʝʪʳ ʙʳʪʘ, ʙʝʟ ʢʦʪʦʨʳʭ ʩʝʡʯʘʩ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʥʘʰʫ ʞʠʟʥʴ, ï ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

 ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ɿʜʝʩʴ ʜʣʠʥʳ ʚʦʣʥ ʦʪ 

1210  ʤ-  ʜʦ 310  ʤ ï ʧʷʪʥʘʜʮʘʪʴ ʧʦʨʷʜʢʦʚ. ʕʪʦ ʪʦ, ʯʪʦ ʯʝʣʦʚʝʢ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʪ, ʦʪ 

ʨʘʜʠʦʚʦʣʥ ʜʦ ʤʵʚʥʳʭ ʢʚʘʥʪʦʚ (ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ ʧʦʨʷʜʢʘ 1 ʄʵɺ). ɿʜʝʩʴ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʳ ʧʨʝʜʤʝʪʳ, ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʨʘʚʝʥ ʜʣʠʥʝ ʚʦʣʥʳ (ʤʦʣʝʢʫʣʘ, ʙʝʣʢʠ, 

ʚʠʨʫʩʳ, ʙʘʢʪʝʨʠʠ, ʢʣʝʪʢʠ ʠ ʪ. ʜ.). ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʢʘʢʫʶ ʤʘʣʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ 

ʟʘʥʠʤʘʝʪ ʚʠʜʠʤʦʝ ʠʟʣʫʯʝʥʠʝ. ʀ ʩʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʢ ʙʣʘʛʦʜʘʨʷ ʝʤʫ ʧʦʣʫʯʘʝʪ! 

ɻʣʘʟ ï ʭʦʨʦʰʠʡ ʠʥʩʪʨʫʤʝʥʪ. ʇʦʤʠʤʦ ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʣʠʥʳ ʚʦʣʥ ʦʪ 400 ʜʦ 800 ʥʤ) 

ʝʩʪʴ ʨʘʜʠʦʚʦʣʥʳ, ʤʠʢʨʦʚʦʣʥʳ, ʠʥʬʨʘʢʨʘʩʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʤʷʛʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, ʞʝʩʪʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʛʘʤʤʘ-ʣʫʯʠ. ʕʪʦ ʚʩʸ 

ʪʦ, ʯʪʦ ʯʝʣʦʚʝʢ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ. 

 

 

ʈʠʩ. 1. ʉʧʝʢʪʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

 

 ɿʘʯʝʤ ʷ ʧʦʢʘʟʳʚʘʶ ʰʢʘʣʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ? ɺʠʜʠʪʝ, ʥʘ ʥʝʡ ʝʩʪʴ 

ʢʨʘʩʥʘʷ ʩʪʨʝʣʦʯʢʘ, ʢʦʪʦʨʦʡ ʦʪʤʝʯʝʥ ʜʠʘʧʘʟʦʥ ʵʥʝʨʛʠʡ ʬʦʪʦʥʦʚ ʦʪ 210  ɻ ɺ-  ʜʦ 610  ɻ ɺ. ʊʘʢ 

                                                                                                                                                             
ʤʣʘʜʰʠʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʦʣʦʜʳʤ ʯʝʣʦʚʝʢʦʤ, ʢʦʛʜʘ-ʣʠʙʦ ʧʦʣʫʯʘʚʰʠʤ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ, ï ʚ ʚʦʟʨʘʩʪʝ 

25 ʣʝʪ. 



ʚʦʪ, ʚʦ ʚʩʝʤ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʉʀ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟ ʚʩʝʭ 

ʩʫʱʝʩʪʚʫʶʱʠʭ! ʆʩʦʟʥʘʥʦ, ʢʩʪʘʪʠ, ʵʪʦ ʙʳʣʦ ʥʝ ʪʘʢ ʜʘʚʥʦ ï ʣʝʪ 30 ʥʘʟʘʜ. ɺʦʪ ʧʦʯʝʤʫ ʉʀ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʚʠʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʝʛʦ ʛʝʥʝʨʘʮʠʠ ʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ɹʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʉʀ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʘʤʳʭ ʨʘʟʥʳʭ ʥʘʫʢ ï ʬʠʟʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʭʠʤʠʠ, 

ʢʘʪʘʣʠʟʘ, ʙʠʦʣʦʛʠʠ, ʘʨʭʝʦʣʦʛʠʠ, ʛʝʦʣʦʛʠʠ. ɺʩʸ ʵʪʦ ʙʘʟʠʨʫʝʪʩʷ ʩʝʡʯʘʩ ʥʘ ʤʦʱʥʳʭ 

ʠʩʪʦʯʥʠʢʘʭ ʉʀ. 

 

ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʉʀ ʠ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʝʛʦ ʛʝʥʝʨʘʮʠʠ 

 ɺʧʝʨʚʳʝ ʯʝʣʦʚʝʢ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʥʘʙʣʶʜʝʥʠʝ ʉʀ ʚ 1054 ʛʦʜʫ. ʗʧʦʥʩʢʠʝ ʠ ʢʠʪʘʡʩʢʠʝ ʤʦʥʘʭʠ ʥʘʙʣʶʜʘʣʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʡ 

çʟʚʝʟʜʳ-ʛʦʩʪʴʠè, ʢʦʪʦʨʘʷ ʪʨʠ ʥʝʜʝʣʠ ʙʳʣʘ ʚʠʜʥʘ ʜʥʝʤ, ʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʷʚʣʷʣʘʩʴ ʩʘʤʦʡ 

ʷʨʢʦʡ ʟʚʝʟʜʦʡ ʥʘ ʥʦʯʥʦʤ ʥʝʙʦʩʢʣʦʥʝ. ʆʥʠ ʵʪʦ ʟʘʧʠʩʘʣʠ (ʩʤ. ʨʠʩ. 2ʙ). ʗ ʭʦʯʫ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʩʝʛʜʘ, ʚ ʣʶʙʦʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʥʘʭʦʜʠʣʠʩʴ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʙʳʚʘʪʝʣʷ ʟʘʥʠʤʘʶʪʩʷ ʥʝʧʦʥʷʪʥʦ ʯʝʤ. ɺʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ, ʩʢʘʞʝʤ, ʧʘʭʘʪʴ ʟʝʤʣʶ, 

ʚʳʨʘʱʠʚʘʪʴ ʦʚʦʱʠ ʠʣʠ ʣʦʚʠʪʴ ʨʳʙʫ, ʵʪʠ ʤʦʥʘʭʠ ʚʩʶ ʥʦʯʴ ʧʨʦʚʦʜʠʣʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝʤ 

ʟʚʝʟʜʥʦʛʦ ʥʝʙʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʙʣʘʛʦʜʘʨʷ ʚʦʪ ʪʘʢʠʤ ʤʦʥʘʭʘʤ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ ʩʚʦʝ ʚʨʝʤʷ 

ʢʘʨʪʘ ʟʚʝʟʜʥʦʛʦ ʥʝʙʘ ʠ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʦʨʠʝʥʪʘʮʠʷ ʧʦ ʟʚʝʟʜʘʤ, ʜʦʧʫʩʪʠʤ, ʚ ʤʦʨʝ. ʀ ʚʩʝ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ ʦʙʷʟʘʥʳ ʚʦʪ ʵʪʠʤ ʤʦʥʘʭʘʤ. ʂʦʪʦʨʳʝ ʟʘʥʠʤʘʣʠʩʴ, 

ʢʘʟʘʣʦʩʴ ʙʳ, ʙʝʩʩʤʳʩʣʝʥʥʳʤ ʜʝʣʦʤé ʊʦ ʞʝ ʩʘʤʦʝ ʠ ʩʝʡʯʘʩ. ɿʘʥʠʤʘʶʪʩʷ ʣʶʜʠ 

ʙʝʩʩʤʳʩʣʝʥʥʳʤ ʜʝʣʦʤ ï ʪʝʤʥʘʷ ʵʥʝʨʛʠʷ, ʪʝʤʥʘʷ ʤʘʪʝʨʠʷé 

 

ʈʠʩ 2. (ʘ) ʂʨʘʙʦʚʠʜʥʘʷ ʪʫʤʘʥʥʦʩʪʴ ï ʢʦʩʤʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʉʀ. (ʙ) ɼʦʢʫʤʝʥʪʘʣʴʥʘʷ ʟʘʧʠʩʴ 

ʢʠʪʘʡʩʢʠʭ ʤʦʥʘʭʦʚ ʦ ʚʟʨʳʚʝ ʚ 1054 ʛʦʜʫ ʩʚʝʨʭʥʦʚʦʡ, ʥʘ ʤʝʩʪʝ ʢʦʪʦʨʦʡ ʦʙʨʘʟʦʚʘʣʘʩʴ ʂʨʘʙʦʚʠʜʥʘʷ 

ʪʫʤʘʥʥʦʩʪʴ. (ʚ) ʌʦʪʦʛʨʘʬʠʷ ʧʝʨʚʦʛʦ çʨʫʢʦʪʚʦʨʥʦʛʦè ʉʀ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

 

 ʇʨʦʰʣʦ ʧʨʠʤʝʨʥʦ 900 ʣʝʪ ʧʦʩʣʝ ʵʪʦʛʦ ʩʦʙʳʪʠʷ. ʇʨʠʯʝʤ, 900 ʣʝʪ ï ʵʪʦ ʦʯʝʥʴ 

ʤʘʣʝʥʴʢʠʡ ʧʝʨʠʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ, ʢʦʪʦʨʦʝ ʩʚʝʪ ʠʜʝʪ ʦʪ ʵʪʦʡ ʪʫʤʘʥʥʦʩʪʠ. 

   



ʉʢʘʞʝʤ, ʩʣʫʯʠʣʦʩʴ ʪʘʤ ʯʪʦ-ʪʦ, ʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʧʨʠʜʝʪ ʢ ʥʘʤ ʪʦʣʴʢʦ ʯʝʨʝʟ 6000 ʣʝʪ. 

ɸ ʚʩʝʛʦ ʟʘ 900 ʣʝʪ ʙʳʣʦ ʦʩʦʟʥʘʥʦ, ʯʪʦ ʵʪʦ ʩʚʝʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩʦ ʚʟʨʳʚʦʤ ʩʚʝʨʭʥʦʚʦʡ 

ʟʚʝʟʜʳ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʵʪʦ ʙʳʣʘ ʥʝʡʪʨʦʥʥʘʷ ʟʚʝʟʜʘ ʠ ʪ. ʜ. 

 ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʩʠʥʭʨʦʪʨʦʥʥʘʷ, ʦʥʦ ʩʚʷʟʘʥʦ ʩ ʜʚʠʞʝʥʠʝʤ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ɺʠʜʠʪʝ, ʥʘ ʨʠʩ. 2ʘ ʝʩʪʴ ʥʝʯʪʦ ʩʚʝʪʷʱʝʝʩʷ, ʘ ʩʢʚʦʟʴ 

ʥʝʛʦ ʚʠʜʥʳ ʟʚʝʟʜʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʱʝʩʪʚʘ-ʪʦ ʠ ʥʝʪ. ʉʧʝʢʪʨ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʙʝʣʳʡ, 

ʥʝʧʨʝʨʳʚʥʳʡ, ʩʧʝʢʪʨ ʥʝ ʠʟ ʣʠʥʠʡ ʩʦʩʪʦʠʪ. ɽʩʣʠ ʙʳ ʵʪʦ ʙʳʣʦ ʚʝʱʝʩʪʚʦ, ʪʦ ʙʳʣʠ ʙʳ 

ʦʪʜʝʣʴʥʳʝ ʣʠʥʠʠ. ɸ ʟʜʝʩʴ ʩʧʝʢʪʨ ʙʝʣʳʡ. ʀ ʚʠʜʥʳ ʟʚʝʟʜʳ ʟʘ ʪʫʤʘʥʥʦʩʪʴʶ. ʕʪʦ ʪʦʞʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʱʝʩʪʚʘ ʥʝʪ. ʀʟʤʝʨʠʣʠ ʧʦʣʷʨʠʟʘʮʠʶ ï ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ 

ʧʦʣʷʨʠʟʦʚʘʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʱʸ ʚ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ (ʘʩʪʨʦʥʦʤʳ ʣʶʙʷʪ ʥʘʟʳʚʘʪʴ ʝʸ ʧʨʦʩʪʦ 

ʂʨʘʙʦʤ) ʠʤʝʝʪ ʩʠʥʭʨʦʪʨʦʥʥʫʶ ʧʨʠʨʦʜʫ. 

 ʕʪʠ 900 ʣʝʪ ʥʫʞʥʳ ʙʳʣʠ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʪʘʢʦʡ ʚʳʚʦʜ. ʆʥ 

ʙʳʣ ʩʜʝʣʘʥ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʘ ʩʦʟʜʘʥʘ ʬʠʟʠʢʘ (ʧʦʪʦʤʫ, ʯʪʦ ʝʸ ʥʝ ʙʳʣʦ), 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ, ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʦʩʦʟʥʘʣʦ, ʢʘʢ ʫʩʢʦʨʷʪʴ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʢʘʢ ʧʦʣʫʯʘʪʴ ʵʪʦ ʩʘʤʦʝ ʉʀ ʨʫʢʦʪʚʦʨʥʳʤ ʦʙʨʘʟʦʤ. ʅʘ ʨʠʩ. 2ʚ ï 

ʬʦʪʦʛʨʘʬʠʷ ʧʝʨʚʦʛʦ ʩʠʥʭʨʦʪʨʦʥʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʜʝʣʘʥ ʢʦʤʧʘʥʠʝʡ çɼʞʝʥʝʨʘʣ ʕʣʝʢʪʨʠʢè ʚ 

1947 ʛʦʜʫ. ʅʝʩʢʦʣʴʢʠʤʠ ʛʦʜʘʤʠ ʧʦʟʞʝ ʉʀ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʌʀɸʅ,
3
 ʥʘ ʧʝʨʚʳʭ ʩʦʚʝʪʩʢʠʭ 

ʩʠʥʭʨʦʪʨʦʥʘʭ. 

 ʉ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʦʰʣʦ ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 50 ʣʝʪ, ʘ ʟʘ ʵʪʦ 

ʚʨʝʤʷ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘʢʦʧʠʪʝʣʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʉʀ ï 

ʚʠʛʛʣʝʨʳ ʠ ʦʥʜʫʣʷʪʦʨʳ. ɺʝʩʴ çʙʣʝʩʢè ʉʀ ʙʳʣ ʩʦʟʜʘʥ ʟʘ 50 ʣʝʪ, ʘ ʵʪʦ ʤʠʛ ʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʤʘʩʰʪʘʙʘʭ, ʛʜʝ ʩʚʝʪ ʦʪ ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ ʠʜʝʪ ʜʦ ʥʘʩ 6000 ʣʝʪ. 

 ʗ ʭʦʪʝʣ ʙʳ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʫʢʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘ, 

ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʥʝʩʣʠ ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʢʣʘʜ. ʇʝʨʚʳʝ ʜʚʝ ʨʘʙʦʪʳ ʙʳʣʠ 

ʩʜʝʣʘʥʳ ʥʘ ʨʫʙʝʞʝ XX ʚʝʢʘ ʦʜʥʠʤ ʬʨʘʥʮʫʟʦʤ ʠ ʦʜʥʠʤ ʘʥʛʣʠʯʘʥʠʥʦʤ.
4
 ʊʦʛʜʘ ʠʟʫʯʘʣʦʩʴ 

ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ. ʉʚʷʟʘʥʦ ʵʪʦ ʙʳʣʦ ʚ ʪʦ ʚʨʝʤʷ ʩ 

ʪʝʦʨʠʝʡ ʘʪʦʤʘ, ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ ʝʛʦ ʤʦʜʝʣʷʤʠ. ɽʩʣʠ ʵʣʝʢʪʨʦʥ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ 

ʘʪʦʤʘ, ʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ, ʜʦʣʞʝʥ ʠʟʣʫʯʘʪʴ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʘʢʠʝ-ʪʦ ʬʦʨʤʫʣʳ, ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʠʝ. ʇʝʨʚʳʤ, ʢʪʦ ʥʘʧʠʩʘʣ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʬʦʨʤʫʣʳ (ʠ 

ʟʘʜʘʯʘ ʙʳʣʘ ʫʞʝ ʩʚʷʟʘʥʘ, ʢʘʢ ʨʘʟ, ʩ ʘʩʪʨʦʬʠʟʠʢʦʡ) ʙʳʣ ʀ. ʗ. ʇʦʤʝʨʘʥʯʫʢ [4]. ɺ 1939 ʛʦʜʫ 

ʦʥ ʟʘʜʘʣʩʷ ʚʦʧʨʦʩʦʤ: çʂʘʢʦʚʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʜʦʭʦʜʷʱʠʭ ʜʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ?è ɿʝʤʣʷ ʦʙʣʘʜʘʝʪ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʩ ʠʥʜʫʢʮʠʝʡ ʧʦʨʷʜʢʘ 1 ɻʩ. ʇʦʣʝ 

                                                 
3
 ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɸʅ ʉʉʉʈ, ʥʳʥʝ ï ʌʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ʇ. ʅ. ʃʝʙʝʜʝʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ. 

4
 ʀʤʝʶʪʩʷ ʚ ʚʠʜʫ A. Lienard ʠ G. A. Schott. 



ʥʝʙʦʣʴʰʦʝ, ʥʦ ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʷ ʙʦʣʴʰʠʝ ʠ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

2E  (ʢʚʘʜʨʘʪʫ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮ), ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ 

ʧʝʨʚʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʠʟ ʢʦʩʤʦʩʘ.
5
 

 ʇʦʪʦʤ ʙʳʣʘ ʘʪʦʤʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʘʤʝʨʠʢʘʥʮʳ ʠ ʤʳ ʜʝʣʘʣʠ ʘʪʦʤʥʫʶ ʙʦʤʙʫ. ɺ 

ʪʦ ʚʨʝʤʷ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʢʦʨʠʪʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʞʘʪʠʝ 

ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ.
6
 ʕʣʝʢʪʨʦʥʥʳʝ ʫʩʢʦʨʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʨʘʙʦʪʘʣʠ, ï ʵʪʦ ʙʳʣʠ 

ʙʝʪʘʪʨʦʥʳ, ʠ ʚʦʟʥʠʢ ʚʦʧʨʦʩ, ʢʘʢʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ 

ʙʝʪʘʪʨʦʥʝ. ɹʳʣʠ ʜʚʝ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʨʘʙʦʪʳ ʇʦʤʝʨʘʥʯʫʢʘ ʩ ʀʚʘʥʝʥʢʦ [5] ʠ ʇʦʤʝʨʘʥʯʫʢʘ ʩ 

ɸʨʮʠʤʦʚʠʯʝʤ [6], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʧʨʠ ʫʯʝʪʝ ʧʦʪʝʨʴ ʥʘ ʉʀ, ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʙʝʪʘʪʨʦʥʘ.
7
 ɺ ʨʘʙʦʪʝ [6], ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1946 ʛʦʜʫ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʩʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʬʦʨʤʫʣʳ. ʇʨʠʤʝʨʥʦ ʪʦ, ʯʪʦ ʷ ʚʘʤ ʧʠʩʘʣ. ʇʨʠʯʝʤ, ʩʪʘʪʴʷ ʵʪʘ 

ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʦʯʝʥʴ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ. 

ʈʠʩ. 3. ɺʳʜʘʶʱʠʝʩʷ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ, ʚʥʝʩʰʠʝ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʉʀ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ): ʀ. 

ʗ. ʇʦʤʝʨʘʥʯʫʢ, ʃ. ɸ. ɸʨʮʠʤʦʚʠʯ, ɺ. ʀ. ɺʝʢʩʣʝʨ, ɻ. ʀ. ɹʫʜʢʝʨ ʠ ɺ. ʃ. ɻʠʥʟʙʫʨʛ. 

 

                                                 
5
 ɺ ʩʪʘʪʴʝ [4] (ʩʤ. ʪʘʢʞʝ [7]) ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 

17
10  ɻ ɺº . 

6
 ʆʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʞʘʪʠʷ ʠʤʠʪʘʪʦʨʦʚ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ ʩʣʫʞʠʣʦ 

ʠʤʧʫʣʴʩʥʦʝ ʨʝʥʪʛʝʥʦʛʨʘʬʠʨʦʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʠʤʧʫʣʴʩʥʳʝ ʙʝʪʘʪʨʦʥʳ. 
7
 ʇʨʠ ʨʘʟʫʤʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʙʝʪʘʪʨʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʵʥʝʨʛʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 500 ʄʵɺ. 



 ʆʯʝʥʴ ʚʘʞʥʳʤ ʙʳʣʦ ʦʪʢʨʳʪʠʝ ʚ 1944 ʛʦʜʫ ɺ. ʀ. ɺʝʢʩʣʝʨʦʤ ʧʨʠʥʮʠʧʘ 

ʘʚʪʦʬʘʟʠʨʦʚʢʠ (ʘ ʥʘ ʛʦʜ ʧʦʟʞʝ, ʥʝʟʘʚʠʩʠʤʦ, ʦʥʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʕ. ʄʘʢʤʠʣʣʘʥʦʤ ʚ ʉʐɸ). 

ɺʝʢʩʣʝʨ ʠ ʄʘʢʤʠʣʣʘʥ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʤʝʪʦʜ ʫʩʢʦʨʝʥʠʷ, ʩʠʥʭʨʦʪʨʦʥʥʳʡ, ʢʦʛʜʘ 

ʩʪʘʚʠʪʩʷ ɺʏ-ʨʝʟʦʥʘʪʦʨ ʠ ʧʦʪʝʨʠ ʥʘ ʉʀ, ʢʘʢʠʤʠ ʙʳ ʙʦʣʴʰʠʤʠ ʦʥʠ ʥʠ ʙʳʣʠ, ʤʦʛʫʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʟʘ ʩʯʝʪ ʫʩʢʦʨʝʥʠʷ ʦʪ ɺʏ-ʨʝʟʦʥʘʪʦʨʘ. 

ʇʦʷʚʠʣʠʩʴ ʩʠʥʭʨʦʪʨʦʥʳ, ʧʦ ʥʘʟʚʘʥʠʶ ʢʦʪʦʨʳʭ ʩʪʘʣʦ ʥʘʟʳʚʘʪʴʩʷ ʠ ʠʟʣʫʯʝʥʠʝ. 

ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʠʤ ʟʘ ʵʪʦ ʦʪʢʨʳʪʠʝ ʥʝ ʜʘʣʠ, ʧʦʩʢʦʣʴʢʫ ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʥʝ 

ʚʳʜʚʠʥʫʣ ʚʦʚʨʝʤʷ ʢʘʥʜʠʜʘʪʫʨʫ ɺʝʢʩʣʝʨʘ.
8
 

 ʄʳ, ʢʦʥʝʯʥʦ, ʧʦʤʥʠʤ ʠ ʧʦʯʠʪʘʝʤ ɸʥʜʨʝʷ ʄʠʭʘʡʣʦʚʠʯʘ ɹʫʜʢʝʨʘ, ʢʦʪʦʨʳʡ 

ʥʘʫʯʠʣ ʥʘʩ (ʠ ʥʝ ʪʦʣʴʢʦ ʥʘʩ) ʩʪʨʦʠʪʴ ʥʘʢʦʧʠʪʝʣʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ [3]. ɺ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʝʛʦ ʠʤʷ ʠ ʦʪʯʝʩʪʚʦ ʙʳʣʠ ɻʝʨʰ ʀʮʢʦʚʠʯ, ʥʦ ʚʩʝ ʥʘʟʳʚʘʣʠ ʝʛʦ ɸʥʜʨʝʝʤ 

ʄʠʭʘʡʣʦʚʠʯʝʤ, ʥʘʯʠʥʘʷ ʩ ʘʨʤʠʠ, ʢʦʛʜʘ ʦʥ ʩʣʫʞʠʣ ʩʦʣʜʘʪʦʤ. ʂʘʢ ʦʥ ʦʙʲʷʩʥʷʣ, ʪʘʢ ʝʤʫ ʪʘʤ 

ʙʳʣʦ ʧʨʦʱʝ. ʀʤʷ ɹʫʜʢʝʨʘ ʚ ʵʪʦʤ ʩʧʠʩʢʝ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ. 

ʄʘʣʦ ʢʪʦ ʟʥʘʝʪ ʦ ʚʢʣʘʜʝ ʚ ʨʘʙʦʪʳ ʧʦ ʉʀ ʥʳʥʝ ʟʜʨʘʚʩʪʚʫʶʱʝʛʦ ʘʢʘʜʝʤʠʢʘ ɺ. ʃ. 

ɻʠʥʟʙʫʨʛʘ, ʧʦʣʫʯʠʚʰʝʛʦ ʚ 2003 ʛʦʜʫ ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ 1947 ʛʦʜʫ ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʨʘʙʦʪʫ [8] çʆʙ ʠʟʣʫʯʝʥʠʠ 

ʤʠʢʨʦʨʘʜʠʦʚʦʣʥ ʠ ʠʭ ʧʦʛʣʦʱʝʥʠʠ ʚ ʚʦʟʜʫʭʝè, ʛʜʝ ʬʘʢʪʠʯʝʩʢʠ ʠʟʦʙʨʝʣ ʦʥʜʫʣʷʪʦʨʳ (ʪʦʛʜʘ 

ʦʥ ʠʭ ʪʘʢ ʥʝ ʥʘʟʳʚʘʣ, ʢʦʥʝʯʥʦ). ʊʘʤ ʚʧʝʨʚʳʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʣʫʯʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ (ʩʝʡʯʘʩ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ 

ʦʥʜʫʣʷʪʦʨʘʤʠ, ʘ ʠʟʣʫʯʝʥʠʝ ï ʦʥʜʫʣʷʪʦʨʥʳʤ), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʩʝ ʬʦʨʤʫʣʳ. ʉʝʡʯʘʩ 

ʦʥʜʫʣʷʪʦʨʳ ï ʵʪʦ ʦʩʥʦʚʥʦʡ ʵʣʝʤʝʥʪ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʠ ʣʘʟʝʨʦʚ ʥʘ 

ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 ɺʠʪʘʣʠʡ ʃʘʟʘʨʝʚʠʯ ɻʠʥʟʙʫʨʛ ï ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʞʫʨʥʘʣʘ çʋʩʧʝʭʠ 

ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢè,
9
 ʘ ʷ ʪʘʤ ʩʦʩʪʦʶ ʚ ʨʝʜʢʦʣʣʝʛʠʠ. ʃʝʪ ʧʷʪʴ ʥʘʟʘʜ, ʧʨʦʯʠʪʘʚ ʪʦʣʴʢʦ ʯʪʦ 

ʠʟʜʘʥʥʫʶ ʢʥʠʛʫ ɺ. ʃ. ɻʠʥʟʙʫʨʛʘ çɸʚʪʦʙʠʦʛʨʘʬʠʷè, ʷ ʦʙʨʘʪʠʣʩʷ ʢ ʥʝʤʫ ʧʦʩʣʝ ʦʜʥʦʛʦ ʠʟ 

ʟʘʩʝʜʘʥʠʡ ʨʝʜʢʦʣʣʝʛʠʠ, ʟʘʤʝʪʠʚ ʯʪʦ ʦʥ ʦʯʝʥʴ ʪʨʝʧʝʪʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʠʩʘʥʠʶ ʦʪʢʨʳʪʦʛʦ 

ʠʤ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʜʥʘʢʦ ʩʦʚʩʝʤ ʥʝ ʫʧʦʤʠʥʘʝʪ ʦ ʩʚʦʝʡ ʨʘʙʦʪʝ [8], ʚ ʢʦʪʦʨʦʡ, ʢʘʢ 

ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʚʧʝʨʚʳʝ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʟʣʫʯʝʥʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ. ʂʦʥʝʯʥʦ, ʧʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʳʟʳʚʘʝʤʦʝ ʨʘʚʥʦʤʝʨʥʦ ʠ 

ʧʨʷʤʦʣʠʥʝʡʥʦ ʜʚʠʞʫʱʠʤʩʷ ʵʣʝʢʪʨʦʥʦʤ, ï ʬʠʟʠʯʝʩʢʠ ʦʯʝʥʴ ʢʨʘʩʠʚʦ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʥʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʥʜʫʣʷʪʦʨʳ ï ʵʪʦ ʦʩʥʦʚʘ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʠ 

ʣʘʟʝʨʦʚ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩʝʡʯʘʩ ʷʚʣʷʶʪʩʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʳʩʣʫʰʘʚ ʤʝʥʷ, ɺʠʪʘʣʠʡ 

                                                 
8
 ʆʜʥʘʢʦ ʕʜʚʠʥ ʄʘʢʤʠʣʣʘʥ (ʚʤʝʩʪʝ ʩ ɻʣʝʥʥʦʤ ʉʠʙʦʨʛʦʤ) ʙʳʣ ʫʜʦʩʪʦʝʥ ʚ 1951 ʛʦʜʫ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʧʦ 

ʭʠʤʠʠ çʟʘ ʦʪʢʨʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚè. 
9
 ɺʩʝ ʩʪʘʪʴʠ ʢʦʪʦʨʦʛʦ (ʩ 1918 ʛʦʜʘ), ʚʢʣʶʯʘʷ ʠ [1,2], ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʳ ʥʘ ʩʘʡʪʝ http://www.ufn.ru/. 

http://www.ufn.ru/


ʃʘʟʘʨʝʚʠʯ ʧʦʜʫʤʘʣ ʠ ʩʢʘʟʘʣ: çɸ ʚʦʪ ɺʳ ʠ ʥʘʧʠʰʠʪʝ ʦʙ ʵʪʦʤè. ʅʘ ʝʛʦ 90-ʣʝʪʠʝ, ʢʦʪʦʨʦʝ 

ʙʳʣʦ ʚ 2006 ʛʦʜʫ, ʙʳʣʦ ʩʧʝʮʠʘʣʴʥʦʝ ʟʘʩʝʜʘʥʠʝ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ, ʙʦʣʴʰʦʡ ʩʝʤʠʥʘʨ 

ʚ ʄʦʩʢʚʝ. ʀ ʧʦ ʝʛʦ ʤʘʪʝʨʠʘʣʘʤ ʚ ʋʌʅ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʤʦʡ ʦʙʟʦʨ [1] çʀʟʦʙʨʝʪʝʥʠʝ ɺ. ʃ. 

ɻʠʥʟʙʫʨʛʦʤ ʦʥʜʫʣʷʪʦʨʦʚ ʠ ʠʭ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʠ ʣʘʟʝʨʘʭ ʥʘ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭè. ʊʘʤ ʚʩʸ ʦʧʠʩʘʥʦ ï ʠ ʠʩʪʦʨʠʷ, ʠ ʝʩʪʴ ʢʘʢʠʝ-ʪʦ 

ʧʨʦʩʪʳʝ ʬʦʨʤʫʣʳ. 

  

ʈʠʩ. 4. (ʘ) - ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʢʠ ɺʕʇ-1. (ʙ) - ʌʦʪʦʛʨʘʬʠʷ 

ʫʩʪʘʥʦʚʢʠ ɺʕʇ-1. 

 

  

ʈʠʩ. 5. (ʘ) - ʕʣʝʤʝʥʪ ʫʩʪʘʥʦʚʢʠ ɺʕʇ-1, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʧʘʤʷʪʥʠʢ. (ʙ) - ɺʨʝʤʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʌʕʋ, ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʉʀ ʦʪ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ɺʕʇ-1. 

 

ɺʦʪ ʝʱʸ ʦʜʥʘ ʠʩʪʦʨʠʯʝʩʢʘʷ ʢʘʨʪʠʥʢʘ (ʨʠʩ. 5ʘ). ʕʪʦ ʩʭʝʤʘ ɺʕʇ-1 [3], ʮʚʝʪʥʘʷ ʦʥʘ ʦʯʝʥʴ 

ʭʦʨʦʰʦ ʚʳʛʣʷʜʠʪ. ɸ ʚʦʪ ʪʘʢ ʚʳʛʣʷʜʝʣ ɺʕʇ-1 ʚ ʨʝʘʣʴʥʦʩʪʠ (ʨʠʩ. 5ʙ). ɼʠʘʤʝʪʨ ʵʣʝʢʪʨʦʥʥʦʡ 

ʦʨʙʠʪʳ ʧʦʨʷʜʢʘ ʤʝʪʨʘ (ʨʘʜʠʫʩ 43 ʩʤ). ʗ ʧʨʠʰʝʣ ʥʘ ɺʕʇ-1 ʩʪʫʜʝʥʪʦʤ, ʚ 1963 ʛʦʜʫ. ʉʝʡʯʘʩ, 

ʢʘʢ ʚʳ ʟʥʘʝʪʝ, ʦʥ ʚ ʢʦʨʠʜʦʨʝ ʥʘ 1 ʵʪʘʞʝ ʛʣʘʚʥʦʛʦ ʢʦʨʧʫʩʘ ʀʗʌ ʉʆ ʈɸʅ ʩʪʦʠʪ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʘʤʷʪʥʠʢʘ (ʨʠʩ. 5ʘ). 
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1. ʅʘʢʦʧʠʪʝʣʴʥʳʝ ʢʦʣʴʮʘ

2. ʂʦʤʧʝʥʩʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ

3. ʉʠʥʭʨʦʪʨʦʥ ɹ-2ʉ



 ʆʜʥʘ ʠʥʪʝʨʝʩʥʘʷ ʜʝʪʘʣʴ. ɺʩʝ ʚʳ ʟʥʘʝʪʝ ʦʧʳʪʳ ʄʠʣʣʠʢʝʥʘ, ʢʦʪʦʨʳʡ ʜʦʢʘʟʘʣ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʢʚʘʥʪʦʚʘʥ ʠ ʢʨʘʪʝʥ ʟʘʨʷʜʫ ʵʣʝʢʪʨʦʥʘ. ɽʤʫ ʫʜʘʣʦʩʴ ʠʟʤʝʨʠʪʴ ʟʘʨʷʜ 

ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ. ɸ ʢʘʞʜʳʡ ʠʟ ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ, ʨʘʙʦʪʘʚʰʠʭ ʥʘ ɺʕʇ-1, ʥʘʙʣʶʜʘʣ 

ʩʚʦʠʤʠ ʛʣʘʟʘʤʠ ʦʜʠʥʦʯʥʳʡ ʵʣʝʢʪʨʦʥ! ʅʘ ʨʠʩ. 8 (ʙ) ʧʦʢʘʟʘʥ ʩʠʛʥʘʣ ʩ ʌʕʋ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʩʚʝʪ ʉʀ ʥʘ ɺʕʇ-1. ʂʦʛʜʘ ʵʣʝʢʪʨʦʥʦʚ ʤʥʦʛʦ, ʩʢʘʞʝʤ, 1010  ʰʪʫʢ, ʦʥʠ 

ʛʠʙʥʫʪ, ʥʦ ʛʠʙʝʣʴ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ʪʦʯʥʦʩʪʴʶ 1010-  ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʝʣʴʟʷ. ɸ ʢʦʛʜʘ ʠʭ 

ʦʩʪʘʝʪʩʷ, ʩʢʘʞʝʤ, 11 ʰʪʫʢ (ʢʘʢ ʥʘ ʨʠʩ. 8 (ʙ) ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ), ʪʦ ʚʳ ʚʠʜʠʪʝ 

ʛʠʙʝʣʴ ʢʘʞʜʦʛʦ ʵʣʝʢʪʨʦʥʘ. ʀʜʝʪ ʧʦʩʪʦʷʥʥʳʡ ʩʠʛʥʘʣ, ʧʦʪʦʤ ï ʨʘʟ, ʵʣʝʢʪʨʦʥ ʧʦʛʠʙ, ʠ ʩʠʛʥʘʣ 

ʩʢʘʯʢʦʤ ʫʤʝʥʴʰʠʣʩʷ. ʇʦʪʦʤ ʩʥʦʚʘ. ʀʥʦʛʜʘ ʧʦʯʝʤʫ-ʪʦ ʩʨʘʟʫ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʧʦʛʠʙʘʶʪ. ɺ 

ʩʘʤʦʤ ʢʦʥʮʝ ʥʘ ʨʠʩ. 8 (ʙ) ʦʩʪʘʣʩʷ ʦʜʠʥ-ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʥ. ʀ ʢʘʞʜʳʡ ʠʟ 

ʩʦʪʨʫʜʥʠʢʦʚ, ʨʘʙʦʪʘʚʰʠʭ ʥʘ ɺʕʇ-1 ʚ ʪʦ ʚʨʝʤʷ, ʥʘʙʣʶʜʘʣ ʦʜʠʥ ʵʣʝʢʪʨʦʥ. ʂʦʛʜʘ ʚʩʝ 

ʫʭʦʜʠʣʠ ʦʙʝʜʘʪʴ, ʥʘʢʨʳʚʘʣʠʩʴ ʯʝʨʥʦʡ ʤʘʪʝʨʠʝʡ (ʵʪʦ ʥʫʞʥʦ ʙʳʣʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʛʣʘʟ 

ʧʨʠʚʳʢ ʢ ʥʘʙʣʶʜʝʥʠʶ ʩʚʝʪʘ ʪʘʢʠʭ ʤʘʣʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ) ʠ ʩʤʦʪʨʝʣʠ. ɺʠʞʫ, ʚʠʞʫ, ʚʠʞʫ, 

ʚʠʞʫé ɸ ʧʫʯʦʢ ʚ ʵʪʦ ʚʨʝʤʷ ʛʠʙ. ʇʦʪʦʤ, ʨʘʟ ï ʚʩʸ, ʥʝʪʫ! ɺʳʢʣʶʯʘʣʠ ɺʏ-ʨʝʟʦʥʘʪʦʨ ʠ 

ʧʨʦʚʝʨʷʣʠ ï ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʪʦ ʙʳʣ ʧʦʩʣʝʜʥʠʡ ʵʣʝʢʪʨʦʥ. ʅʝ ʪʘʢ ʫʞ ʤʥʦʛʦ ʦʩʪʘʣʦʩʴ 

ʦʯʝʚʠʜʮʝʚ, ʥʦ ʯʝʣʦʚʝʢ ʧʷʪʴ, ʥʘʚʝʨʥʦʝ, ʝʩʪʴ ʩʝʡʯʘʩ ʚ ʀʥʩʪʠʪʫʪʝ, ʢʪʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʠʜʝʣ 

ʛʣʘʟʦʤ ʦʜʠʥ ʵʣʝʢʪʨʦʥ. 

 

ʇʦʚʳʰʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʉʀ 

 ʗ ʫʞʝ ʛʦʚʦʨʠʣ, ʯʪʦ ʛʣʘʚʥʘʷ ʮʝʣʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ï ʵʪʦ 

ʧʦʚʳʰʝʥʠʝ ʠʭ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. ʋ ʘʚʪʦʤʦʙʠʣʷ, ʥʘʧʨʠʤʝʨ, 

ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʩʭʦʜ ʙʝʥʟʠʥʘ ʥʘ 100 ʢʤ ʠ ʪ. 

ʜ. ɸ ʦʩʥʦʚʥʦʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʷʚʣʷʝʪʩʷ ʷʨʢʦʩʪʴ ï ʧʦʪʦʢ 

ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʝ ʩ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ ʠʩʪʦʯʥʠʢʘ ʚ ʝʜʠʥʠʮʫ 

ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ. ʇʦʪʦʢ ï ʵʪʦ ʯʠʩʣʦ ʬʦʪʦʥʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. 

 

 



ʈʠʩ. 6. ʇʫʪʠ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʩ ʚʳʩʦʢʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʴʶ 

 

 ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʵʪʫ ʷʨʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʪʴ (ʩʤ. ʨʠʩ. 6)? ɺʦ-ʧʝʨʚʳʭ, 

ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʢʦʨʠʪʝʣʠ ʥʘ ʚʳʩʦʢʫʶ ʵʥʝʨʛʠʶ, ʧʦʩʢʦʣʴʢʫ ʫʛʣʦʚʘʷ ʨʘʩʭʦʜʠʤʦʩʪʴ 

ʧʫʯʢʘ ʉʀ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 1g. ɺʦ-ʚʪʦʨʳʭ, ʥʫʞʥʦ ʠʤʝʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʩ ʤʘʣʳʤ 

ʵʤʠʪʪʘʥʩʦʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʳ ʠʩʪʦʯʥʠʢʘ, ʠ ʩ ʤʘʣʳʤ ʨʘʟʙʨʦʩʦʤ ʵʥʝʨʛʠʡ. ɼʘʣʴʰʝ, 

ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʛʛʣʝʨʳ ʠʣʠ ʦʥʜʫʣʷʪʦʨʳ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʠʟʣʫʯʘʪʝʣʝʡ. 

 ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʝʨʝʯʠʩʣʝʥʳ ʯʝʪʳʨʝ ʧʦʢʦʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʠ 

ʫʢʘʟʘʥʳ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

 

ʊʘʙʣʠʮʘ 1. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʦʚ ʉʀ: ʠʩʪʦʨʠʷ ʠ ʧʨʦʛʥʦʟ 

ɻʦʜ 
ʕʤʠʪʪʘʥʩ 
,  ʥʤ ʨʘʜe Ö  

ʏʠʩʣʦ 

ʧʝʨʠʦʜʦʚ 
uN  

ʈʘʟʙʨʦʩ ʵʥʝʨʛʠʡ 

ʚ ʧʫʯʢʝ, 
E Es  

ʊʠʧ ʠʩʪʦʯʥʠʢʘ 

1980 300 10 310-  ʕʣʝʢʪʨʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ 

1990 30 210  
310-  ʕʣʝʢʪʨʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ 

2000 1 3·  310  
310-  ʕʣʝʢʪʨʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ 

2015 210-  
410  

410-  
ʋʩʢʦʨʠʪʝʣʴ-ʨʝʢʫʧʝʨʘʪʦʨ 

MARS (ʧʨʦʝʢʪ) 

 

 ʕʤʠʪʪʘʥʩ ʧʫʯʢʘ ʚʥʘʯʘʣʝ ʙʳʣ 300 ʥʤ ʨʘʜÖ , ʥʘʧʨʠʤʝʨ, ʥʘ ɺʕʇʇ-3. 

ʉʚʝʨʭʧʨʦʚʦʜʷʱʘʷ çʟʤʝʡʢʘè, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘʤʠ ʧʦʩʪʘʚʣʝʥʘ ʥʘ ɺʕʇʇ-3 ʚ 1979 ʛʦʜʫ, ʙʳʣʘ 

20-ʧʦʣʶʩʥʦʡ. ʇʦʪʦʤ ʥʘʫʯʠʣʠʩʴ ʜʝʣʘʪʴ ʵʤʠʪʪʘʥʩ ʚ ʜʝʩʷʪʴ ʨʘʟ ʤʝʥʴʰʝ, ʯʠʩʣʦ ʧʦʣʶʩʦʚ ï 

ʧʦʨʷʜʢʘ ʩʦʪʥʠ. ɺ 1987 ʛʦʜʫ, ʧʦʩʣʝ ʧʦʞʘʨʘ, ʥʘ ɺʕʇʇ-3 ʫ ʥʘʩ ʫʞʝ ʩʪʦʷʣ 70-ʧʦʣʶʩʥʳʡ 

ʦʥʜʫʣʷʪʦʨ. ʀʩʪʦʨʠʷ ʀʗʌʘ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʧʝʨʠʦʜʘ ï çʜʦ ʧʦʞʘʨʘè (ʘʚʛʫʩʪ 1985 ʛʦʜʘ) ʠ 

çʧʦʩʣʝ ʧʦʞʘʨʘèé 

 ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʠʤʝʶʪ ʵʤʠʪʪʘʥʩ ʝʱʸ ʚ 10 ʨʘʟ ʤʝʥʴʰʠʡ. ʏʠʩʣʦ 

ʧʦʣʶʩʦʚ ï ʧʦʨʷʜʢʘ ʪʳʩʷʯʠ. ʅʫ, ʠ ʷʨʢʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ, ʯʝʤ 

ʠʤʝʶʪ ʩʪʘʨʳʝ ʠʩʪʦʯʥʠʢʠ ʪʠʧʘ ɺʕʇʇ-3. ʅʫ, ʘ ʝʩʪʴ çʛʦʣʫʙʘʷ ʤʝʯʪʘè ʩʜʝʣʘʪʴ ʠʩʪʦʯʥʠʢ, 

ʢʦʪʦʨʳʡ ʤʳ ʥʘʟʳʚʘʝʤ MARS (Multiturn Accelerator-Recuperator Source) ʠ ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʥʘʤ ʚʩʝʭ çʧʝʨʝʛʥʘʪʴ, ʥʝ ʜʦʛʦʥʷʷè. ʕʤʠʪʪʘʥʩ ʫ ʥʝʛʦ ʙʫʜʝʪ 210- , ʘ ʦʥʜʫʣʷʪʦʨ ʙʫʜʝʪ 

ʠʤʝʪʴ 410  ʧʦʣʶʩʦʚ. ʀ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʞʝ ʙʫʜʝʪ ʥʝ ʥʘʢʦʧʠʪʝʣʴ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʘ 

ʫʩʢʦʨʠʪʝʣʴ-ʨʝʢʫʧʝʨʘʪʦʨ. 



 

ʅʘ ʨʠʩ. 7ʘ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʨʦʩʣʘ ʷʨʢʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʩʦ ʚʨʝʤʝʥʝʤ. ɺʩʸ ʥʘʯʘʣʦʩʴ ʩ 

ʦʪʢʨʳʪʠʷ ʈʝʥʪʛʝʥʘ, 1895 ʛʦʜ. ɼʘʣʝʝ ʙʳʣ ʵʚʦʣʶʮʠʦʥʥʳʡ ʵʪʘʧ ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ɿʘ 60 ʣʝʪ ʷʨʢʦʩʪʴ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ ʧʨʠʤʝʨʥʦ ʚ 200 ʨʘʟ 

ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʩʜʝʣʘʣʠ ʚʨʘʱʘʶʱʠʡʩʷ ʘʥʦʜ ʠ ʥʘʫʯʠʣʠʩʴ ʭʦʨʦʰʦ ʬʦʢʫʩʠʨʦʚʘʪʴ 

ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ. ɸ ʧʦʪʦʤ ʥʘʯʘʣʩʷ ʵʪʘʧ ʨʝʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʋʩʢʦʨʠʪʝʣʴʥʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʫʤʝʥʴʰʘʣʦ ʵʤʠʪʪʘʥʩ, ʫʚʝʣʠʯʠʚʘʣʦ ʯʠʩʣʦ ʧʦʣʶʩʦʚ ʠ ʪ. ʜ. ʀ 

ʟʘ ʢʘʞʜʳʝ 10 ʣʝʪ ʷʨʢʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʧʦʚʳʰʘʣʘʩʴ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ. 

 ɺʩʝ ʤʳ ʟʥʘʝʤ, ʥʘʩʢʦʣʴʢʦ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. ʅʘ ʨʠʩ. 7ʙ ʵʪʦʪ ʨʦʩʪ ʜʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʧʦʢʘʟʘʥ ʟʝʣʝʥʦʡ 

ʣʠʥʠʝʡ, ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ɺ 1955 ʛʦʜʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʕɺʄ ʩʦʩʪʘʚʣʷʣʦ 

ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ (ʬʣʦʧ), ʘ ʚ ʥʘʰʠ ʜʥʠ ʚʳʨʦʩʣʦ ʜʦ ʜʝʩʷʪʢʦʚ 

ʪʝʨʘʬʣʦʧ (1 ʪʝʨʘʬʣʦʧ ï ʵʪʦ 1210  ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʕɺʄ ʩ 1955 ʛʦʜʘ ʚʳʨʦʩʣʘ ʦʪ 610  ʜʦ 1310  ʬʣʦʧ ï ʥʘ 7 ʧʦʨʷʜʢʦʚ. ʀ ʥʘ ʪʦʤ ʞʝ ʨʠʩ. 7ʙ ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʝʥʷʣʘʩʴ ʷʨʢʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ 

ʉʀ. ɺʠʜʥʦ, ʯʪʦ ʫʩʢʦʨʠʪʝʣʴʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʘʙʦʪʘʣʦ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ, ʪʘʢ ʢʘʢ ʷʨʢʦʩʪʴ 

ʟʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʙʳʣʘ ʫʚʝʣʠʯʝʥʘ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʘ 14 ʧʦʨʷʜʢʦʚ ï ʦʪ 710  ʜʦ 

2110 . 

ʇʨʠʤʝʥʝʥʠʷ ʉʀ 
 

 ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʉʀ ʦʙʲʷʩʥʷʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʢʘʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ, ʪʘʢ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʍʦʪʷ ʵʪʦ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ 

  

ʈʠʩ.7. (ʘ) ʈʦʩʪ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʦ ʚʨʝʤʝʥ 

ʦʪʢʨʳʪʠʷ ɺ. ʂ. ʈʝʥʪʛʝʥʦʤ çX-ʣʫʯʝʡè ʚ 1895 ʛʦʜʫ. (ʙ) ʉʨʘʚʥʝʥʠʝ ʪʝʤʧʦʚ ʨʦʩʪʘ ʷʨʢʦʩʪʠ 

ʠʩʪʦʯʥʠʢʦʚ ʉʀ ʠʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ. 



ʫʩʣʦʚʥʦ.
10

 ʄʥʦʛʠʝ ʧʦʯʝʤʫ-ʪʦ ʩʪʳʜʷʪʩʷ ʪʦʛʦ, ʯʪʦ ʦʥʠ ʟʘʥʠʤʘʶʪʩʷ ʧʨʠʢʣʘʜʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ɺʦʦʙʱʝ, ʨʘʙʦʪʳ, ʩʢʦʨʝʝ, ʜʝʣʷʪʩʷ ʥʘ ʧʣʦʭʠʝ ʠ ʭʦʨʦʰʠʝ ï ʝʩʪʴ ʧʣʦʭʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʨʘʙʦʪʳ ʠ ʝʩʪʴ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʧʨʠʢʣʘʜʥʳʝ ʨʘʙʦʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʝʩʪʴ 

ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. ɽʛʦ ʩʦʟʜʘʣ ʘʢʘʜʝʤʠʢ ɸ. ɺ. ɻʘʧʦʥʦʚ-ɻʨʝʭʦʚ, ʘ ʩʝʡʯʘʩ ʪʘʤ ɸ. 

ɻ. ʃʠʪʚʘʢ ʜʠʨʝʢʪʦʨ. ʇʨʝʢʨʘʩʥʳʡ ʠʥʩʪʠʪʫʪ! ʀ ʦʥʠ ʥʝ ʢʦʤʧʣʝʢʩʫʶʪ ʘʙʩʦʣʶʪʥʦ, ʯʪʦ 

ʥʘʟʳʚʘʶʪʩʷ ʀʥʩʪʠʪʫʪʦʤ ʧʨʠʢʣʘʜʥʦʡ ʬʠʟʠʢʠ. 

  

ʎʝʥʪʨʳ ʉʀ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʙʘʟʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʫʥʠʢʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʘ ʛʝʦʛʨʘʬʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʠʨʦʚʳʭ ʮʝʥʪʨʦʚ ʉʀ. ɺʩʝʛʦ 

ʩʝʡʯʘʩ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 42 ʜʝʡʩʪʚʫʶʱʠʭ ʠ 13 ʩʪʨʦʷʱʠʭʩʷ ʠʩʪʦʯʥʠʢʦʚ ʉʀ. ʀʟ ʥʠʭ ʚ 

ʗʧʦʥʠʠ ï 15 ʠʩʪʦʯʥʠʢʦʚ, ʚ ɽʚʨʦʧʝ ï 13 ʜʝʡʩʪʚʫʶʱʠʭ ʠ 3 ʩʪʨʦʷʱʠʭʩʷ ʠʩʪʦʯʥʠʢʘ, ʚ ʉʐɸ ï 

ʩʚʳʰʝ 10 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʈʦʩʩʠʠ ï 4 ʜʝʡʩʪʚʫʶʱʠʭ ʠʩʪʦʯʥʠʢʘ ʉʀ ʚ ʜʚʫʭ ʮʝʥʪʨʘʭ (ʀʗʌ ʠ 

ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ
11

 ʚ ʄʦʩʢʚʝ) ʠ 1 ʩʪʨʦʷʱʠʡʩʷ ʠʩʪʦʯʥʠʢ (ʛ. ɿʝʣʝʥʦʛʨʘʜ). ʀʤʝʶʪ 

ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʉʀ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ, ʥʦ ʪʘʢʞʝ ʠ ʀʥʜʠʷ, ʊʘʡʚʘʥʴ, 

ʊʘʠʣʘʥʜ (ʥʘ ʨʠʩ. 8 ʥʝ ʫʢʘʟʘʥ), ɸʚʩʪʨʘʣʠʷ, ɹʨʘʟʠʣʠʷ. ʉʪʨʦʠʪʩʷ ʠʩʪʦʯʥʠʢ ʉʀ ʚ ɸʬʨʠʢʝ, ʚ ʛ. 

ʂʝʡʧʪʘʫʥ. ʀ ʩʝʡʯʘʩ ʠʩʪʦʯʥʠʢʠ ʉʀ ï ʵʪʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. 

 ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʡʯʘʩ ʠʩʪʦʯʥʠʢʠ ʉʀ ʚʳʛʣʷʜʷʪ ʪʘʢ: ʝʩʪʴ ʠʥʞʝʢʪʦʨ 

(ʵʣʝʢʪʨʦʥʥʘʷ ʧʫʰʢʘ, ʣʠʥʝʡʥʳʡ ʫʩʢʦʨʠʪʝʣʴ), ʧʦʪʦʤ ï ʙʫʩʪʝʨʥʳʡ ʩʠʥʭʨʦʪʨʦʥ, ʢʦʪʦʨʳʡ 

                                                 
10

 ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʚʳʩʢʘʟʳʚʘʥʠʝ ʥʘ ʵʪʦʪ ʩʯʝʪ ʚʳʜʘʶʱʝʛʦʩʷ ʤʠʢʨʦʙʠʦʣʦʛʘ ʠ ʭʠʤʠʢʘ ʃʫʠ ʇʘʩʪʝʨʘ: 

çʅʠʢʘʢʠʭ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʥʝ ʙʳʣʦ, ʥʝʪ ʠ ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ. ɽʩʪʴ ʥʘʫʢʠ, ʩʦʚʝʨʰʘʶʱʠʝ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ, ʠ 

ʝʩʪʴ ʠʭ ʧʨʠʣʦʞʝʥʠʷ (ʪ. ʝ. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʝʥʥʦ ʦʪʢʨʳʪʠʡ ʵʪʦʡ ʥʘʫʢʠ ʥʘ ʧʦʣʴʟʫ ʯʝʣʦʚʝʯʝʩʪʚʫ).è 
11

 ɼʦ 1991 ʛʦʜʘ ʦʥ ʥʘʟʳʚʘʣʩʷ ʀʥʩʪʠʪʫʪʦʤ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʠʤ. ʀ. ɺ. ʂʫʨʯʘʪʦʚʘ. 

 

ʈʠʩ.8 ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʠʨʦʚʳʭ ʮʝʥʪʨʦʚ ʉʀ. 



ʫʩʢʦʨʷʝʪ ʜʦ ʢʘʢʦʡ-ʪʦ ʵʥʝʨʛʠʠ ʠʥʞʝʢʮʠʠ, ʧʦʪʦʤ, ʧʦʩʣʝ ʫʩʢʦʨʝʥʠʷ, ʵʣʝʢʪʨʦʥʳ ʚʳʧʫʩʢʘʶʪ ʚ 

ʙʦʣʴʰʦʡ ʥʘʢʦʧʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʫʞʝ ʩʦʩʪʦʠʪ ʠʟ ʢʘʢʠʭ-ʪʦ ʤʘʛʥʠʪʦʚ, ʬʦʢʫʩʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ï ʚʠʛʛʣʝʨʦʚ ʠʣʠ ʦʥʜʫʣʷʪʦʨʦʚ (ʩʤ. ʨʠʩ. 9ʘ). 

 ʀʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʚʦʜʠʪʩʷ ʠʟ ʥʘʢʦʧʠʪʝʣʷ (ʨʠʩ. 9ʙ), ʧʦʧʘʜʘʝʪ ʚ ʥʝʢʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʣʳ (ʨʠʩ. 9ʚ), ʛʜʝ ʩʪʦʠʪ ʨʘʟʣʠʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʤʦʥʦʭʨʦʤʘʪʦʨʳ, 

ʚʳʜʝʣʷʶʱʠʝ ʠʟ ʩʧʝʢʪʨʘ ʥʫʞʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ, ʢʘʤʝʨʳ ʦʙʨʘʟʮʦʚ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʪ.ʜ. 

ɺ ʢʘʤʝʨʫ ʦʙʨʘʟʮʦʚ ʤʦʞʝʪ ʧʦʤʝʱʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʤʳʰʮʘ, ʠ ʠʟʫʯʘʝʪʩʷ ʝʸ 

ʩʦʢʨʘʱʝʥʠʝ. ʀʣʠ ʠʟʫʯʘʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʷʤʦ ʚ ʧʨʦʮʝʩʩʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ. ʀʣʠ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʟʨʳʚʥʘʷ ʢʘʤʝʨʘ, ʢʫʜʘ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚʟʨʳʚʯʘʪʢʘ ʠ 

ʠʟʫʯʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʚʟʨʳʚʘ. ʀʣʠ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʯʠʩʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʤʝʥʝʥʠʷ ʧʫʯʢʘ 

ʉʀ. 

 

  
 

 

ʈʠʩ. 9 (ʘ) ʕʣʝʤʝʥʪʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʉʀ. (ʙ) ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʪʘʥʮʠʡ 

ʉʀ ʚʦʢʨʫʛ ʥʘʢʦʧʠʪʝʣʷ. (ʚ) ɺʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʩʪʘʥʮʠʠ ʉʀ. 

 

 ʅʘ ʨʠʩ. 10 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɺʕʇʇ-4ʄ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʠ ʥʘʢʦʧʠʪʝʣʴ ɺʕʇʇ-3. ʇʫʥʢʪʠʨʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʦʪʤʝʯʝʥʳ 

ʜʚʘ ʙʫʥʢʝʨʘ ʉʀ. ɽʩʪʴ ʙʫʥʢʝʨ ʥʘ ɺʕʇʇ-3, ʪʘʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 13 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʩʪʘʥʮʠʡ (ʦʥʠ ʧʝʨʝʯʠʩʣʝʥʳ ʚ ʪʘʙʣ. 2). ʇʦʩʢʦʣʴʢʫ ʙʫʥʢʝʨ ʵʪʦʪ ʥʝʙʦʣʴʰʦʡ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʚʩʷ ʜʦʩʪʫʧʥʘʷ ʧʣʦʱʘʜʴ, ʥʦ ʠ ʧʦʯʪʠ ʚʝʩʴ ʝʛʦ ʦʙʲʝʤ (ʩʤ. ʨʠʩ. 11). ʀ ʝʩʪʴ ʙʦʣʴʰʦʡ 

ʙʫʥʢʝʨ ʥʘ ɺʕʇʇ-4, ʥʦ ʪʘʤ ʧʦʢʘ ʪʦʣʴʢʦ ʦʜʥʘ ʩʪʘʥʮʠʷ. 



 

ʈʠʩ. 10. ʉʭʝʤʘ ʫʩʢʦʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɺʕʇʇ-4ʄ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʥʘʢʦʧʠʪʝʣʴ 

ɺʕʇʇ-3. ʇʫʥʢʪʠʨʥʳʤʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʙʫʥʢʝʨʦʚ ʉʀ. 

 

ʊʘʙʣʠʮʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʪʘʥʮʠʠ ʉʀ ʥʘ ɺʕʇʇ-3 ʠ ɺʕʇʇ-4 

ʂʘʥʘʣ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʪʘʥʮʠʷ ʀʥʩʪʠʪʫʪ  

0 
ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʣʠʪʦʛʨʘʬʠʷ ʠ LIGA-ʪʝʭʥʦʣʦʛʠʷ 

(ʧʫʯʦʢ ʠʟ 11-ʧʦʣʶʩʥʦʛʦ ʚʠʛʛʣʝʨʘ) 
ʀʗʌ 

ɺ
ʕ
ʇ
ʇ-3

 

0 ʉʪʘʥʮʠʷ çɺʟʨʳʚè 
ʀʥ.-ʪ ʭʠʤʠʠ ʪʚ. ʪʝʣʘ 

ʠ ʤʝʭʘʥʦʭʠʤʠʠ 

2 
ʇʨʝʮʠʟʠʦʥʥʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ʠ 

ʘʥʦʤʘʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ 
ʀʥ.-ʪ ʢʘʪʘʣʠʟʘ 

3 ʈʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʳʡ ʵʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʀʥ.-ʪ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

4 ɼʠʬʨʘʢʪʦʤʝʪʨʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ 
ʀʥ.-ʪ ʭʠʤʠʠ ʪʚ. ʪʝʣʘ 

ʠ ʤʝʭʘʥʦʭʠʤʠʠ 

5a ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʪʦʤʦʛʨʘʬʠʷ ʀʗʌ 

5b ɼʠʬʨʘʢʪʦʤʝʪʨʠʷ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 
ʀʥ.-ʪ ʭʠʤʠʠ ʪʚ. ʪʝʣʘ 

ʠ ʤʝʭʘʥʦʭʠʤʠʠ 

5c ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ 
ʀʥ.-ʪ ʭʠʤʠʠ ʪʚ. ʪʝʣʘ 

ʠ ʤʝʭʘʥʦʭʠʤʠʠ 

5d ʋʧʨʫʛʦʝ ʠ ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ 
ʀʥ.-ʪ ʭʠʤʠʠ ʪʚ. ʪʝʣʘ 

ʠ ʤʝʭʘʥʦʭʠʤʠʠ 

6 ɼʠʬʨʘʢʪʦʤʝʪʨʠʷ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʀʗʌ 

7 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʣʠʪʦʛʨʘʬʠʷ ʠ LIGA-ʪʝʭʥʦʣʦʛʠʷ ʀʗʌ 

8 EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʀʥ.-ʪ ʢʘʪʘʣʠʟʘ 

10 
ʄʝʪʨʦʣʦʛʠʷ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʣʠʪʦʛʨʘʬʠʷ ʠ 

EXAFS-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚ ʤʷʛʢʦʤ ʜʠʘʧʘʟʦʥʝ 
ʀʗʌ 

7 ʉʪʘʥʮʠʷ ʤʝʪʨʦʣʦʛʠʠ çʂʦʩʤʦʩè ʀʗʌ 

ɺ
ʕ
ʇ
ʇ-4

 

 

 


