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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʚʪʦʥʦʤʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ 
ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢʘ-
ʜʝʤʠʢʘ ʉ.ʇ. ʂʦʨʦʣʝʚʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è (ʉɻɸʋ) ʥʘ ʢʘʬʝʜʨʝ 
ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
 
ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ 
ʪʝʭʥʠʢʠ ʈʌ ɹʝʣʦʫʩʦʚ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ.  
 
ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ:                                                             
ɹʘʣʘʢʠʥ ʇʘʚʝʣ ɼʤʠʪʨʠʝʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 
çʄʘʰʠʥʦʚʝʜʝʥʠʝè ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 
ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-
ʪʝʪè; 
 
ɾʝʨʥʘʢʦʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ 
ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘ-
ʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʋʬʠʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʳʡ ʘʚʠʘʮʠʦʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè;  
 
ʈʘʜʯʝʥʢʦ ɺʣʘʜʠʤʠʨ ʇʘʚʣʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ 
ʢʘʬʝʜʨʦʡ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦ-
ʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. 
 
ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ:                                                              
ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 
ʘʢʘʜʝʤʠʢʘ ʄ.ʌ. ʈʝʰʝʪʥʝʚʘè, ʛ. ʂʨʘʩʥʦʷʨʩʢ. 
 
 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç18è ʩʝʥʪʷʙʨʷ 2015 ʛ. ʚ 14.00 ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ 
ɼ212.178.13 ʧʨʠ ʬʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʫʯʨʝʞʜʝʥʠʠ 
ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠ-
ʪʝʪè ʧʦ ʘʜʨʝʩʫ: 644050, ʛ. ʆʤʩʢ, ʧʨʦʩʧʝʢʪ ʄʠʨʘ, 11, ʘʫʜʠʪʦʨʠʷ 6-340. 
 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ 
http://www.omgtu.ru/scientific_activities/dissertatsionnye_sovety/obyavleniya_o_zashchite_dissertats
iy_i_dokumenty_k_nim/sedelnikov-a-v/ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘ-
ʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. 

 
 
ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ  ç28è  ʤʘʷ    2015 ʛ. 
 
 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 
ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ212.178.13 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ                                                                             ʗʢʦʚʣʝʚ ɸ.ɹ. 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥ-
ʪʨʦʣʷ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ  ʠʟ-ʟʘ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦ-
ʨʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʂɸ), ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥ-
ʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʫʨʦʚ-
ʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʵʪʠ ʪʨʝʙʦ-
ʚʘʥʠʷ ʙʫʜʫʪ ʪʦʣʴʢʦ ʫʞʝʩʪʦʯʘʪʴʩʷ. ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʠʟʫʯʝʥʠʷ ʠ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʧʦ-
ʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʘʢ ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦ-
ʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʂʃʉʊʅ) ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʦʨʠʝʥ-
ʪʘʮʠʠ ʂɸ, ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʇʉɹ), ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, 
ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥ-
ʪʨʦʣʷ ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʝʞʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʨʦʞʜʘʶʱʠʭ ʧʦʣʝ ʤʠʢ-
ʨʦʫʩʢʦʨʝʥʠʡ ʚ ʟʦʥʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ 
ʥʘʜʸʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ɹʝʟ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝ-
ʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʥʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʚʦʟʤʦʞʝʥ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ʈʘʟʨʘʙʦʪʢʦʡ ʩʧʦʩʦʙʦʚ ʠ ʠʩʧʳʪʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʫʩʪ-
ʨʦʡʩʪʚ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʢʘʢ ʚ ʈʦʩʩʠʠ (ɸʥʰʘʢʦʚ 
ɻ.ʇ., ɿʝʤʩʢʦʚ ɺ.ʉ., ʇʦʣʝʞʘʝʚ ɺ.ʀ., ʇʫʪʠʥ ɻ.ʌ., ʉʘʟʦʥʦʚ ɺ.ɺ. ʠ ʜʨ.) ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ (Likins P., 
Hughes P., Meirovitch L., Owen R., Jones D., Robinson A. ʠ ʜʨ.). ɺʘʞʥʦʩʪʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʟʜʘʥʥʳʤʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ, 
ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʧʨʦʙʣʝʤʦʡ ʦʮʝʥʢʠ ʠ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ: National Center for Micrograv-
ity Research (ʉʐɸ), Microgravity Research Centre (MRC, ɹʝʣʴʛʠʷ),  Microgravity laboratory 
çDrop Tower Bremenè (ZARM, ɻʝʨʤʘʥʠʷ), Japan Microgravity Center (JAMIC,  ʗʧʦʥʠʷ), National 
Microgravity Laboratory (ʂʅʈ) ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʝʥ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʨʷʜ ʤʝ-
ʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝ-
ʙʘʥʠʡ ʙʦʣʴʰʠʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʘʢʪʠʚʥʦ-ʧʘʩʩʠʚʥʦʡ 
ʦʨʠʝʥʪʘʮʠʠ ʂɸ, ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʢʦʤʧʝʥʩʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦ-
ʫʩʢʦʨʝʥʠʡ (ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʚʠʙʨʦʟʘʱʠʪʥʘʷ ʧʣʘʪʬʦʨʤʘ ʠ ʜʨ.). ʆʜʥʘʢʦ ʥʝʜʦʩ-
ʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʘʢ ʚʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʚʨʝʤʝʥʥʦʡ 
ʂʃʉʊʅ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-
ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʝʸ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ 
ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂʃʉʊʅ, ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʟʘʪʨʫʜʥʝʥʠ-
ʷʤ ʚ ʧʦʠʩʢʘʭ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ 
ʟʦʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʪʩʪʘʚʘʥʠʝ ʪʝʤʧʦʚ ʨʘʟʚʠʪʠʷ ʨʘʢʝʪʥʦ-
ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʦʩ-
ʥʦʚʝ ʩʚʦʡʩʪʚʘ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝ-
ʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ. 
1  ɺʳʷʚʣʝʥʠʝ   ʠ   ʠʟʫʯʝʥʠʝ   ʥʦʚʳʭ   ʩʚʦʡʩʪʚ   ʧʦʣʷ   ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ   ʥʘ   ʦʩʥʦʚʝ   ʧʨʦʚʝʜʝʥʠʷ 
ʦʧʝʨʝʞʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʂɸ. 
2  ɸʥʘʣʠʟ   ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ,  ʚʦʟʥʠʢʘʶʱʠʭ   ʥʘ  ʦʨʙʠʪʝ   ʂɸ   ʚ  ʧʨʦʮʝʩʩʝ  ʩʝʨʠʡʥʦʡ ʵʢʩʧʣʫʘ-
ʪʘʮʠʠ, ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʟʥʘʯʠ-
ʤʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʨʦʞʜʘʶʱʠʭ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
3  ʉʦʟʜʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʳʷʚʣʝʥʠʝ ʝʸ ʪʦʯʥʦʩʪʠ ʠ ʛʨʘʥʠʮ 
ʧʨʠʤʝʥʠʤʦʩʪʠ.   
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4  ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ  ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ  ʚʥʫʪʨʠ  ʨʘʙʦʯʝʡ ʟʦʥʳ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʂɸ. 
5  ʈʘʟʨʘʙʦʪʢʘ  ʥʦʚʦʛʦ  ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 
1 ɺʳʷʚʣʝʥʦ ʩʚʦʡʩʪʚʦ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ ʤʠʢʨʦ-
ʫʩʢʦʨʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʂɸ ʢʘʢ ʚʘʞʥʝʡ-
ʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʂʃʉʊʅ ʧʫʪʸʤ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʢʨʳʚʰʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 
ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʂɸ ʨʘʟʣʠʯʥʳʭ 
ʢʣʘʩʩʦʚ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ  ʢʦʥʪʨʦʣʴ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʠ  ʵʢʩʧʣʫʘʪʘʮʠʠ. 
2 ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ, ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʚ 
ʢʘʯʝʩʪʚʝ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʙʦʣʴʰʠʭ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩ 
ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʥʘ ʂɸ ʧʝʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʥʝʚʦʛʦ ʫʯʘʩʪʢʘ ʦʨ-
ʙʠʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʦʮʝʥʢʘ ʠ ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
3 ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ  ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩ-
ʢʦʨʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʂʃʉʊʅ ʠ ʨʘʩʰʠʨʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʂɸ  ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦ-
ʟʚʦʣʷʶʱʠʡ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʂɸ ʠ ʧʨʦʚʦʜʠʪʴ ʣʸʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 
4 ʅʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ  ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶ-
ʱʝʡ ʧʦʣʷ  ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʘ ʪʘʢʞʝ 
ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʚ ʦʨʙʠʪʘʣʴʥʦʤ ʧʦʣʸʪʝ ʂɸ.  
5 ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʦ ʫʩʢʦʨʝʥʠ-
ʷʤ ʩ ʧʦʤʦʱʴʶ ʮʝʧʝʡ ʄʘʨʢʦʚʘ, ʦʮʝʥʝʥʳ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʧʦʛʣʦʱʘʶʱʠʝ ʩʦʩʪʦʷʥʠʷ, ʧʦ-
ʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
6 ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʦʨʠʝʥ-
ʪʘʮʠʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʜʘʯʠ ɹʶʬʬʦʥʘ ʦʙ ʠʛʣʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 
ʚʦʟʤʦʞʝʥ ʢʦʥʪʨʦʣʴ ʠ ʫʧʨʘʚʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʂɸ. 
7 ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʬʨʘʢʪʘʣʴʥʘʷ ʤʦʜʝʣʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʙʘʟʝ ʬʫʥʢʮʠʠ ɺʝʡʝʨʰʪʨʘʩʩʘ-
ʄʘʥʜʝʣʴʙʨʦʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʤʦʜʫʣʷ ʤʠʢʨʦʫʩʢʦʨʝ-
ʥʠʡ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
8 ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ  ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʂɸ 
ʚ ʪʝʥʴ ɿʝʤʣʠ ʦʮʝʥʸʥ ʚʢʣʘʜ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦ-
ʨʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʂɸ, ʧʦʣʫʯʝʥ  ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ ʧʨʠ 
ʥʘʣʠʯʠʠ ʪʝʥʝʚʦʛʦ ʫʯʘʩʪʢʘ ʦʨʙʠʪʳ ʂɸ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʄɸ2 ʠ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ  
ʦʨʙʠʪ ʂɸ, ʩʥʠʞʘʶʱʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʤʦʜʫʣʴ ʤʠʢ-
ʨʦʫʩʢʦʨʝʥʠʡ ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʇʦʩʪʨʦʝʥʦ ʥʦʚʦʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʮʝʥʠʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʘʢ ʩʣʫ-
ʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦ-
ʚʦʤ ʫʨʦʚʥʝ ʧʦʣʫʯʘʪʴ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʚʠʜʝ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʢʦʥʪʨʦʣʷ, ʩʦ-
ʜʝʨʞʘʱʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʜʘʥʥʳʭ, ʯʝʤ ʩʧʝʢʫʣʷʪʠʚʥʳʝ  ʬʠʟʠʯʝʩʢʠʝ ʤʦʜʝʣʠ,  ʨʘʩʢʨʳʚʘʷ 
ʰʠʨʦʢʠʝ  ʧʝʨʩʧʝʢʪʠʚʳ   ʜʣʷ   ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ.  
1 ʋʯʸʪ ʚʳʷʚʣʝʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦ-
ʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-
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ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʂɸ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʂɸ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʠʭ ʙʦʨʪʫ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ-
ʤʝʥʝʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥ-
ʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂɸ. 
2 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʠ ʧʦʩʪʨʦʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʠ ʢʦʥʪʨʦ-
ʣʠʨʦʚʘʪʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʳʟʳʚʘʝʤʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʥʘ ʨʘʟ-
ʣʠʯʥʳʭ ʂɸ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ (ʂʂʉ) ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ  ʙʦʣʴʰʠʝ  ʫʧʨʫʛʠʝ 
ʵʣʝʤʝʥʪʳ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʩ ʫʯʸʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦ-
ʚʦʜʠʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʦʨʪʫ ʂɸ ʠ ʧʦʜʙʠʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʂɸ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʤ ʠ ʠʭ ʢʦʥʪʨʦʣʶ. 
3 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʦʚʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 
ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʬʬʝʢʪʠʚ-
ʥʳʡ ʢʦʥʪʨʦʣʴ ʝʸ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʦʨʙʠʪʘʣʴʥʦʤ ʧʦʣʸʪʝ ʂɸ. 
4 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʰʪʠʣʷ ʠ ʦʮʝʥʢʘ 
ʚʝʨʦʷʪʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ 
ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʠʨʦʚʘʪʴ 
ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ: 
ï ʌɻʋʇ çɻʅʇʈʂʎ çʎʉʂɹ-ʇʨʦʛʨʝʩʩè; 
ï ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʠ ʯʪʝʥʠʠ ʢʫʨʩʦʚ çʆʩʥʦʚʳ ʜʠ-
ʥʘʤʠʢʠ ʫʧʨʫʛʠʭ ʩʠʩʪʝʤè ʠ ʋʀʈʉ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ 
ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʡ ʢʦʣʝʙʘʥʠʡ, ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʬʨʘʢʪʘʣʦʚ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʝʭʘʥʠʢʠ 
ʩʪʝʨʞʥʝʡ, ʧʣʘʩʪʠʥ, ʩʦʩʪʘʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚʢʣʶʯʘʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʪʝʦʨʠʠ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʪʝʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʧʦʨʦʞʜʘʝʤʦʝ ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥ-
ʥʦʩʪʴʶ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʤʫʱʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʂɸ ʧʦ ʦʨʙʠʪʝ ʢʘʢ ʚʘʞʥʝʡ-
ʰʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʃʉʊʅ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʨʝʜʘ ʂʃʉʊʅ ʚ ʟʦʥʝ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʟ-
ʤʝʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-
ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʂʃʉʊʅ. 
ʂʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʟʦʥʝ ʨʘʟʤʝʱʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1 ʂʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ  ʢʦʥʪʨʦʣʷ ʠ ʦʮʝʥʢʠ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
2 ʄʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
3 ʉʚʦʡʩʪʚʦ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
4 ʌʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʬʠʟʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘ-
ʜʘʯʠ, ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʠ ʬʨʘʢʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 
ʤʦʜʝʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
5 ʆʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
6 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʦ ʩʧʦʩʦʙʘʤ ʠʭ ʢʦʥʪʨʦʣʷ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʜʦʩʪʠʛʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 
ʟʘʢʦʥʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡ ʠ ʧʨʦʚʝʨʷʝʪʩʷ ʧʫʪʸʤ ʩʨʘʚʥʝʥʠʷ 
ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʥʘʪʫʨʥʳʤʠ ʠ ʧʦʣʫʥʘʪʫʨʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ 42 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ɺʩʝʨʦʩ-

ʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ: ɸʢʘʜʝʤʠʯʝʩʢʠʝ ʯʪʝʥʠʷ ʧʦ ʢʦʩʤʦʥʘʚʪʠʢʝ, ʛ. ʄʦʩʢʚʘ 
(1995, 1997, 2003-2013); XI ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʠʤʧʦʟʠʫʤ ʧʦ ʧʨʠʢʣʘʜʥʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʪʝ-
ʤʘʪʠʢʝ (ʦʩʝʥʥʷʷ ʩʝʩʩʠʷ, 2010); ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʦʨʫʤ, ʧʦʩʚʷʱʸʥʥʳʡ 100-
ʣʝʪʠʶ ʆɸʆ çʂʫʟʥʝʮʦʚè ʠ 70-ʣʝʪʠʶ ʉɻɸʋ (2012); VII ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 
ʢʦʥʬʝʨʝʥʮʠʷ çɸʣʴʷʥʩ ʥʘʫʢ: ʫʯʝʥʳʡ ï ʫʯʝʥʦʤʫè, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ (2011); ʤʝʞʜʫʥʘʨʦʜʥʘʷ 
ʰʢʦʣʘ-ʩʝʤʠʥʘʨ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʭʘʥʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠè, ʛ. ɺʦʨʦʥʝʞ  
(2004, 2005); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʚ XXI 
ʚʝʢʝè (ʊʘʤʙʦʚ, 2013); ʈʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ çʅʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʀʪʦʛʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡè, ʛ. ʄʠʘʩʩ (2009); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʘʪʝʤʘʪʠʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ, 
ʢʫʣʴʪʫʨʘè, ʛ. ʊʦʣʴʷʪʪʠ (2004); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɸʢʪʫʘʣʴʥʳʝ 
ʧʨʦʙʣʝʤʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè, ʛ. ʉʘʤʘʨʘ (2011); III ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝ-
ʨʝʥʮʠʷ çʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʢʦʝʤʢʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʛ. ʉʘʤʘʨʘ (2011); ɺʩʝʨʦʩʩʠʡ-
ʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʥʦʚʘʮʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠè, ʛ. ʇʝʥʟʘ 
(2003); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɺʳʩʦʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʬʫʥʜʘʤʝʥ-
ʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ (2007); ʤʝʞʜʫʥʘʨʦʜʥʘʷ 
ʢʦʥʬʝʨʝʥʮʠʷ "ɸʚʠʘʮʠʷ ʠ ʢʦʩʤʦʥʘʚʪʠʢʘ - 2008", ʛ. ʄʦʩʢʚʘ (2008); ʯʪʝʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʨʘʟʨʘ-
ʙʦʪʢʝ ʥʘʫʯʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ ʨʘʟʚʠʪʠʶ ʠʜʝʡ ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ, ʛ. ʂʘʣʫʛʘ (1996, 1997); ʦʙʱʝʩʪ-
ʚʝʥʥʦ-ʥʘʫʯʥʳʝ ʯʪʝʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʧʘʤʷʪʠ ʖ.ɸ. ɻʘʛʘʨʠʥʘ, ʛ. ɻʘʛʘʨʠʥ (2007, 2009); ɺʩʝʨʦʩ-
ʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʩʝʤʠʥʘʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʝʤ ʠ ʥʘʚʠʛʘʮʠʠ ʃɸ, ʛ. ʉʘʤʘʨʘ 
(2002); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ "ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ". ɽʩʪʝʩʪʚʝʥ-
ʥʳʝ ʥʘʫʢʠ. ʄʝʭʘʥʠʢʘ ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʛ. ʉʘʤʘʨʘ (2007); ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 
ʢʦʥʬʝʨʝʥʮʠʷ "ʄʦʜʝʣʴ-ʇʨʦʝʢʪ'95", ʛ. ʂʘʟʘʥʴ (1995). 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 103 ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ: 
ʦʜʥʦʡ ʤʦʥʦʛʨʘʬʠʠ [1], 32 ʩʪʘʪʴʷʭ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʧʝʨʝʯʥʷ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ 
ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʙʣʠʢʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʜʦʢʪʦʨʘ ʠ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ [2] ï [33], 10 ʠʟ ʢʦʪʦʨʳʭ 
ʚ ʞʫʨʥʘʣʘʭ,  ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʙʘʟʫ Scopus, 30 ʩʪʘʪʴʷʭ ʚ ʤʘʪʝʨʠʘʣʘʭ ʈʦʩʩʠʡʩʢʠʭ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʠʤʧʦʟʠʫʤʦʚ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 
ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʩʦʩʪʘʚʣʷʝʪ 337 ʩʪʨʘʥʠʮ: 298 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, 131 ʨʠʩʫʥʦʢ, 17 ʪʘʙ-
ʣʠʮ, 369 ʠʩʪʦʯʥʠʢʦʚ ʣʠʪʝʨʘʪʫʨʳ. 

ɺʦ ʚʚʝʜʝʥʠʠ ʧʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʪʝʧʝʥʴ ʝʸ ʨʘʟʨʘʙʦʪʢʠ, ʩʬʦʨʤʫʣʠ-
ʨʦʚʘʥʘ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʝʨʝʯʠʩʣʝʥʳ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʨʘʙʦʪʝ, ʦʪʤʝʯʝʥʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟ-
ʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ, ʦʧʠʩʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ, ʚʳʧʠʩʘʥʳ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, ʦʮʝʥʝʥʘ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʨʠʚʝ-
ʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 
ʧʦ ʪʝʤʘʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʦʪʠʚʦʨʝʯʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 
ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ. ʌʦʨʤʫʣʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʘʢ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʠ ʢʦʥʪʨʦʣʷ. ʇʝʨʚʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʬʘʢʪʦʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʨʫʜʥʦ ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʵʪʦʤʫ ʝʛʦ 
ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʣʠʰʴ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʢʦʩʤʠ-
ʯʝʩʢʦʛʦ ʧʦʣʸʪʘ. ɺʳʩʦʢʘʷ ʟʘʪʨʘʪʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ 
ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺʪʦʨʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʨʷʜʦʤ ʦʙʲʝʢʪʠʚʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʚ ʧʦʣʫʯʝʥʠʠ ʜʦʩʪʦʚʝʨʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʉʪʘʨʪʦʚʳʝ ʧʝʨʝʛʨʫʟʢʠ, ʠʩʧʳʪʳʚʘʝʤʳʝ 
ʂɸ, ʥʘ 7-8 ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʶʪ ʠʟʤʝʨʷʝʤʳʝ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʚʝʣʠʯʠʥʳ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ.  
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ʊʨʝʪʴʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠʣʠ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ 
ʠ ʥʘʜʸʞʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ 
ʪʨʘʢʪʦʚʢʘ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʦʜʥʦʟʥʘʯʥʦʡ. 

 ʇʨʠʚʦʜʠʪʩʷ ʘʚʪʦʨʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʦ ʩʧʦʩʦʙʘʤ ʠʭ ʢʦʥʪʨʦʣʷ: 
ï ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʂɸ ʧʦʩʪʦʷʥʥʳʭ ʚʦʟʤʫʱʘʶ-
ʱʠʭ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʪʘʢʠʭ ʢʘʢ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ 
ʧʦ ʦʨʙʠʪʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʩʦʣʥʝʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʜʨ.);  
ï ʩʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʂɸ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʢʘʢ 
ʚʥʝʰʥʠʭ, ʥʘʧʨʠʤʝʨ, ʤʠʢʨʦʤʝʪʝʦʨʠʪʳ ʠ ʜʨ., ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʠʭ, ʥʘʧʨʠʤʝʨ, ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʘʧʧʘ-
ʨʘʪʫʨʳ, ʚʣʠʷʥʠʝ ʵʢʠʧʘʞʘ, ʨʘʟʣʠʯʥʳʝ ʥʝʰʪʘʪʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʜʨ.); 
ï ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʂʂʉ ʂɸ, ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʥʫʪʨʠ ʂɸ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʚʠʛʘʪʝʣʝʡ ʦʨʠʝʥʪʘʮʠʠ (ʋʈɼ) ʂɸ ʠ ʜʨ.). 

ʄʝʪʘʩʪʘʙʠʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘ-
ʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʘʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʘʤʳʤʠ ʵʬʬʝʢʪʠʚ-
ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʦʧʨʝʜʝ-
ʣʷʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʰʪʘʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʙʠ-
ʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ ʠ ʚʨʝʤʷ ʟʘʧʫʩʢʘ ʂɸ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʢʦʣʝʙʘʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʘʶʱʠʭ 
ʬʘʢʪʦʨʦʚ ʙʳʣʠ ʙʳ ʜʦʧʫʩʪʠʤʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʩʣʫʯʘʡʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-
ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʘʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʂʦʥʩʪ-
ʨʫʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʤʦʞʝʪ ʘʢ-
ʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʆʥʘ ʠ ʚʥʦʩʠʪ ʩʘʤʳʡ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ 
ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʂɸ ʧʨʠ ʝʛʦ ʰʪʘʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʩʨʝʜʘ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʢ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 
ʢʦʥʪʨʦʣʷ, ʦʩʥʦʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʦʜʠʥʘʢʦ-
ʚʳʭ ʧʦʣʝʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʜʘʞʝ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʳʭ ʂɸ (ʩʣʫʯʘʡʥʦʩʪʴ ʧʦʣʷ ʤʠʢʨʦʫʩ-
ʢʦʨʝʥʠʡ), ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʵʢʠʧʘʞʘ.  

ʇʨʦʚʦʜʠʪʩʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʢʦʪʦʨʳʝ 
ʥʘʯʘʣʠʩʴ ʚ ʢʦʥʮʝ 60-ʭ ï ʥʘʯʘʣʝ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʪʝʦʨʝʪʠ-
ʯʝʩʢʦʡ ʙʘʟʳ ʚʥʝʩʣʠ ʢʘʢ ʟʘʨʫʙʝʞʥʳʝ: Likins P., Wittenburg J., Meirovitch L., Huges P.C., Pringle 
R. Jr., Reiter G.S., Austin F., Miller R.A., Kennedy J.C., Vigneron F.R., England F.E. ʠ ʜʨ., ʪʘʢ ʠ 
ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʘʚʪʦʨʳ: ɸʢʠʤ ʕ.ʃ., ɹʝʣʝʮʢʠʡ ɺ.ɺ., ʂʝʣʜʳʰ ʄ.ɺ., ʃʠʜʦʚ ʄ.ʃ., ʆʭʦʮʠʤʢʠʡ ɼ.ɽ., 
ʇʦʣʝʞʘʝʚ ɺ.ʀ.,  ʈʘʫʰʝʥʙʘʭ ɹ.ɺ., ʉʘʟʦʥʦʚ ɺ.ɺ., ʉʘʨʳʯʝʚ ɺ.ɸ., ʊʦʢʘʨʴ ɽ.ʅ., ʏʝʨʥʦʫʩʴʢʦ ʌ.ʃ., 
ʕʥʝʝʚ ʊ.ʄ. ʠ ʜʨ. ʇʨʠʯʸʤ, ʝʩʣʠ ʚ ʨʘʙʦʪʘʭ ʄʝʡʨʦʚʠʯʘ, ʇʨʠʥʛʣʘ ʠ ʜʨ. ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʦʪ-
ʤʝʯʘʝʪʩʷ ʢʘʢ çforce-free spaceè, ʪʦ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʦʥ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ çmicrogravityè, ʘ ʟʘ-
ʪʝʤ ʧʦʷʚʣʷʝʪʩʷ ʮʝʣʘʷ ʥʘʫʢʘ, ʢʦʪʦʨʘʷ ʦʙʦʟʥʘʯʘʝʪʩʷ çMicrogravity Scienceè. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ. 
1 ʅʘ  ʢʦʩʤʠʯʝʩʢʠʭ  ʩʪʘʥʮʠʷʭ  ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1ï10 ʤʤ/ʩ2, ʯʪʦ 
ʜʝʣʘʝʪ ʥʝʧʨʠʛʦʜʥʦʡ ʚʥʫʪʨʝʥʥʶʶ ʩʨʝʜʫ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-
ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
2 ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ   ʚʠʙʨʦʠʟʦʣʷʮʠʷ,   ʢʘʢ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ  ʩʧʦʩʦʙ  ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 
ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʩʥʘʯʘʣʘ ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (MGIM ʠ ɺɿʇ-1ʂ) ʠ 
ʩʫʙʩʠʩʪʝʤ (MGVIS), ʘ ʟʘʪʝʤ ï ʚ ʚʠʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʫʣʝʡ ʚ ʩʦʩʪʘʚʝ ʄʂʉ (Columbus ʠ Kibo), 
ʧʦʟʚʦʣʷʝʪ ʩʥʠʞʘʪʴ ʤʦʜʫʣʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʜʦ ʜʚʫʭ ʧʦʨʷʜʢʦʚ ʠ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ, ʜʦʧʫʩ-
ʢʘʶʱʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʠʤʝʨʥʦ ʚ 100 ʤʢʤ/ʩ2. 
3 ʇʦʣʫʯʝʥʠʝ  ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ  ʧʦʣʷ  ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ  ʩ  ʤʦʜʫʣʝʤ  ʧʨʠʤʝʨʥʦ  10 ʤʢʤ/ʩ2 ʚʦʟ-
ʤʦʞʥʦ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʘʰʥʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ ʠʟʫʯʝ-
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ʥʠʶ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʦ ʚʩʸʤ ʤʠʨʝ. ʕʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ, ʩʥʠʞʘʷ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʚʦʜʠʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. 
4 ʈʦʩʩʠʷ   ʠ,   ʚʦʟʤʦʞʥʦ,   ʂʅʈ   ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ   ʧʨʠʦʨʠʪʝʪʥʦʡ   ʠʜʝʠ   ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠ-
ʨʦʚʘʥʥʦʡ ʙʝʩʧʠʣʦʪʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʜʦʣʛʦʚʨʝ-
ʤʝʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʝʸ ʙʦʨʪʫ ʥʘ ʫʨʦʚʥʝ ʥʝ ʙʦʣʝʝ 10 ʤʢʤ/ʩ2 ʢʘʢ ʩʘ-
ʤʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʨʳʚʘ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ.  
5 ʈʘʟʨʘʙʦʪʘʥʳ   ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ   ʧʨʦʮʝʩʩʳ,  ʪʨʝʙʫʶʱʠʝ   ʦʙʝʩʧʝʯʠʚʘʪʴ   ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦ-
ʨʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 1 ʤʢʤ/ʩ2 ʠ ʤʝʥʝʝ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʙʫʜʝʪ 
ʩʪʘʚʠʪʴ ʚʩʸ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʘʥʢʫ ʧʦ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʛʨʘ-
ʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʵʪʦʤʫ ʙʝʟ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʢʦʥ-
ʪʨʦʣʷ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʝʥ. 
6 ʀʟ  ʯʘʩʪʥʦʡ  ʟʘʜʘʯʠ ʧʦʯʪʠ ʟʘ ʩʦʨʦʢ ʣʝʪ ʩʚʦʝʡ ʠʩʪʦʨʠʠ ʧʨʦʙʣʝʤʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʝʚʨʘʪʠ-
ʣʘʩʴ ʚ ʦʪʜʝʣʴʥʫʶ ʥʘʫʢʫ çMicrogravity Scienceè, ʠʟʫʯʝʥʠʝʤ ʢʦʪʦʨʦʡ ʟʘʥʠʤʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠ-
ʯʝʩʪʚʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ.  
7 ʉʘʤʦ  ʧʦʣʝ  ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ  ʩʣʝʜʫʝʪ  ʨʘʩʩʤʘʪʨʠʚʘʪʴ  ʢʘʢ  ʬʘʢʪʦʨ  ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪ-
ʚʘ, ʢʦʪʦʨʳʡ ʟʘʤʝʥʷʝʪ ʚʚʝʜʸʥʥʦʝ ʨʘʥʝʝ ʧʦʥʷʪʠʝ ʥʝʚʝʩʦʤʦʩʪʠ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ ʂɸ. ʆʥʦ ʷʚ-
ʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʂɸ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʧʦʩʪʦʷʥʥʦ ʠʟ-
ʤʝʥʷʷʩʴ ʢʘʢ ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ, ʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʚʦʜʠʤʳʝ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ, ʦʩʦʙʝʥʥʦ ï ʛʨʘʚʠʪʘʮʠʦʥʥʦ-
ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʧʦʣʷ ʤʠʢʨʦʫʩ-
ʢʦʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʥʦ ʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʇʨʦʚʦʜʠʪʩʷ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʦʪʢʨʳʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʈʘʩʩʤʘʪ-
ʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʦʟʜʘʥʠʶ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ: ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʘʰ-
ʥʠ ʠ ʩʘʤʦʣʸʪʳ-ʣʘʙʦʨʘʪʦʨʠʠ; ʩʫʙʦʨʙʠʪʘʣʴʥʳʝ ʂɸ; ʚʥʫʪʨʝʥʥʷʷ ʩʨʝʜʘ ʙʦʣʴʰʠʭ ʢʦʩʤʠʯʝʩʢʠʭ 
ʩʪʘʥʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚʠʙʨʦʟʘʱʠʪʳ; ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʚʪʦʥʦʤ-
ʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʷ ʤʠʢ-
ʨʦʫʩʢʦʨʝʥʠʡ ʠ ʫʩʧʝʰʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʚ ʥʸʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʠʪʦʛʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʥʘ ʂɸ ʩʝʨʠʠ çʌʦʪʦʥè, ʘ ʪʘʢ-
ʞʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʨʦʩʩʠʡʩʢʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʂɸ çʅʀʂɸ-
ʊè, çʄɸʂʆʉ-ʊè, çʆʂɸ-ʊè, çʌʦʪʦʥ-ʄ4è, çɺʦʟʚʨʘʪ-ʄʂɸè ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʢʦʥʪʨʦʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʢʦʤ-
ʧʦʥʝʥʪʳ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʜʣʷ ʥʠʟʢʦʵʥʝʨʛʦʸʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʂɸ çSpot-4è. 

ʆʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ. 
1  ʅʘʣʠʮʦ ʚʳʩʦʢʘʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩ-
ʣʦʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬʬʝʢ-
ʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʪʠʭ ʫʩʣʦʚʠʡ. ʉʨʝʜʠ ʧʦʜʭʦʜʦʚ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 
1.1  ʅʘʟʝʤʥʘʷ ʦʪʨʘʙʦʪʢʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʦ-
ʦʨʫʞʝʥʠʷʭ (ʙʘʰʥʷʭ), ʘ ʪʘʢʞʝ ʩʘʤʦʣʸʪʘʭ-ʣʘʙʦʨʘʪʦʨʠʷʭ. ʇʨʠ ʵʪʦʤ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 
ʩʥʠʞʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʫʩʢʦʨʝʥʠʡ ʚʦʟʤʦʞʥʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ ʜʦʙʠʚʘʪʴʩʷ 
ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʩ ʫʨʦʚʥʝʤ ʜʦ 10ï100 ʤʢʤ/ʩ2. ʇʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ-
ʟʘʪʨʘʪʥʦʡ ʦʙʢʘʪʢʠ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʚʝʨʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚʳʷʚʣʝʥʠʷ 
ʥʝʜʦʯʸʪʦʚ, ʢʘʢ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʠ ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʩ ʮʝʣʴʶ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʪʨʘʥʝ-
ʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʨʦʚʝʜʝʥʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 
1.2  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʫʙʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʸʪʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʚ ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ 
30 ʤʠʥ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 10ï100 ʤʢʤ/ʩ2. ɹʣʘʛʦʜʘʨʷ ʦʪ-
ʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʟʘʪʨʘʪʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʥʦʤʘʩʰʪʘʙʥʦʛʦ ʢʦʩʤʠʯʝ-
ʩʢʦʛʦ ʧʦʣʸʪʘ,  ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʜʣʷ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʛʨʘʚʠʪʘ-
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ʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʶ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ, ʯʝʤ ʚ 
ʙʘʰʥʷʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʛʦʪʦʚʢʫ ʢ ʢʦʩʤʠʯʝʩʢʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ. 
1.3  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʦʣʴʰʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʟʘʢʣʶʯʘʶʱʠʭʩʷ ʚ ʩʪʨʦʠ-
ʪʝʣʴʩʪʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʦʜʫʣʝʡ, ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʪʳʢʦʚʘʥʥʳʭ ʢ ʆʂʉ, ʠ ʧʨʦʚʝʜʝʥʠʝ ʥʘ ʠʭ ʙʦʨʪʫ 
ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʣʘʪ-
ʬʦʨʤ) ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɽʩʣʠ ʚʥʝ ʟʘʱʠʱʸʥʥʦʡ ʟʦʥʳ ʫʨʦʚʝʥʴ ʤʠʢʨʦ-
ʫʩʢʦʨʝʥʠʡ ʥʘ ʙʦʣʴʰʠʭ ʆʂʉ ʟʘʯʘʩʪʫʶ ʧʨʝʚʳʰʘʝʪ 1 ʤʤ/ʩ2, ʪʦ ʙʣʘʛʦʜʘʨʷ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʤ 
ʫʩʪʨʦʡʩʪʚʘʤ ʤʦʞʥʦ ʜʦʙʠʚʘʪʴʩʷ ʚʥʫʪʨʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʱʠʱʸʥʥʦʡ ʟʦʥʳ ʜʣʠʪʝʣʴʥʦʛʦ ʧʦʣʷ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʩ ʫʨʦʚʥʝʤ ʥʝ ʚʳʰʝ 10 ʤʢʤ/ʩ2. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʦʧʳʪʥʦ-ʩʝʨʠʡʥʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʝʨʠʡʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʚʳʨʘʙʦʪʢʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʮʝʥ-
ʪʨʠʬʫʛʘʭ ʚ ʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. 
1.4  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʨʘʟʦʚʳʭ ʘʚʪʦʥʦʤʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʂɸ. ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ ʩʝʨʠʠ 
çʌʦʪʦʥè ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʸʪʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʚʥʫʪ-
ʨʝʥʥʝʡ ʩʨʝʜʳ ʪʘʢʠʭ ʂɸ ʥʘ ʦʨʙʠʪʘʭ 300ï400 ʢʤ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 10ï20 ʤʢʤ/ʩ2 ʧʨʠ ʩʨʦʢʝ ʘʢ-
ʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʦ 18 ʩʫʪ. ʉʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʄʂɸ, ʟʘʧʫʩʢʘʝʤʳʭ ʩ ʆʂʉ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ɿʝʤʣʶ 
ʤʘʣʦʡ ʩʧʫʩʢʘʝʤʦʡ ʢʘʧʩʫʣʦʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʜʦʧʦʣʥʷʝʪ ʦʧʠʩʘʥʥʳʡ ʚ ʧ. 1.2 ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʪʨʝʙʫʶʱʝʡ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʆʂʉ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʥʘ-
ʧʨʘʚʣʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ, ʢʨʦʤʝ ʩʘʤʦʛʦ ʟʘʧʫʩʢʘ ʄʂɸ, ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʢʦʩʤʦʥʘʚʪʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ.  
1.5  ʉʦʟʜʘʥʠʝ ʤʥʦʛʦʨʘʟʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʥʠʟʘʚʦʜʦʚ ʠ ʣʘʙʦʨʘʪʦʨʠʡ ʩʦ ʩʚʝʨʭʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʵʪʠ ʂɸ ʪʨʝʙʫʶʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʘʧʫʩʢʘ ʥʦʚʦʛʦ 
ʮʠʢʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʥʠ ʜʦʣʞʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʠʩʪʳʢʦʚʳʚʘʪʴʩʷ ʢ ʆʂʉ. ʇʦʩʣʝ 
ʧʨʦʚʝʜʝʥʠʷ ʢʦʩʤʦʥʘʚʪʘʤʠ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʪ ʘʧʧʘʨʘʪʳ ʚʥʦʚʴ ʧʝʨʝʭʦʜʷʪ ʚ ʨʝʞʠʤ ʘʚʪʦʥʦʤʥʦʛʦ 
ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʸʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʚʠʙʨʦʟʘʱʠʪʳ ʫʞʝ 
ʩʝʛʦʜʥʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʥʫʪʨʠ  ʟʘʱʠʱʸʥʥʦʡ ʟʦʥʳ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʝ ʚʳʰʝ 3 
ʤʢʤ/ʩ2. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʠʤ ʢ ʩʝʨʠʡʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚ ʢʦʩʤʦʩʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʶ 
ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦ-
ʚʠʷ ʦʧʠʩʘʥʥʳʤʠ ʚ ʧ.ʧ. 1.1ï1.3 ʧʦʜʭʦʜʘʤʠ. 
2  ʅʝʜʦʩʪʘʪʦʯʥʳʝ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʚʢʣʶʯʘʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-
ʥʳʝ ʚʠʙʨʦʟʘʱʠʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘ-
ʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʧʣʘʥʝ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʦʛʦ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʚʚʠʜʫ ʧʨʠʯʠʥ, ʛʣʘʚ-
ʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 
2.1  ʅʝʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʙʳ 
ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʂɸ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʧʦʣʴ-
ʟʫʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʝʱʸ ʥʘ ʩʪʘʜʠʠ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʷ ʂɸ. ʉʣʘʙʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 
ʥʘ ʩʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  
2.2  ɹʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʢʘʢ ʩ ʥʝ-
ʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʵʬʬʝʢ-
ʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʪʘʚʷʱʠʝʩʷ ʟʘʜʘʯʠ ʧʦʩʪʦʷʥʥʦ ʫʩʣʦʞ-
ʥʷʶʪʩʷ, ʘ ʩʦʟʜʘʚʘʝʤʘʷ ʪʝʭʥʠʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʟʘʜʘʯʥʦʡ, ʨʝʰʘʷ ʥʝ ʪʦʣʴʢʦ ʧʨʦʙʣʝ-
ʤʳ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
2.3 ʂʨʘʡʥʝ ʚʳʩʦʢʘʷ ʨʝʩʫʨʩʦʸʤʢʦʩʪʴ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʬʠʥʘʥʩʦ-
ʚʳʭ ʟʘʪʨʘʪ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ ʦʢʘʟʘʣʩʷ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʤ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʭ ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʥʦ ʠ ʚʳʩʦʢʠʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦ-
ʪʝʥʮʠʘʣ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʪʝʭʥʠʢʠ.  
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2.4 ʇʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ ʢʦʤʤʝʨʮʠʘʣʠʟʠʨʫʝʤʦʩʪʴ ʧʨʦʝʢʪʦʚ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʠ ʩʨʝʜʥʝʩʨʦʯʥʦʡ 
ʧʝʨʩʧʝʢʪʠʚʝ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ, ʧʨʝʞʜʝ ʚʩʝ-
ʛʦ, ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʠ ʝʛʦ ʚʣʠʷʥʠʠ ʥʘ ʨʘʟʣʠʯ-
ʥʳʝ ʧʨʦʮʝʩʩʳ. ʐʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʫʥʠʢʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠʥ-
ʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʧʨʠʙʳʣʠ, ʟʘ ʩʯʸʪ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʚʦʟʨʘʩ-
ʪʠ ʠ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʧʦʢʘ ʷʚʣʷʝʪʩʷ ʦʪʜʘʣʸʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ. 
3  ʅʘʢʦʧʣʝʥ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʧʳʪ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʨʳʚʘ ʚ ʦʙ-
ʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʜʥʘʢʦ ʜʣʷ ʥʘʯʘʣʘ ʵʪʦʛʦ ʵʪʘʧʘ ʥʝʦʙʭʦʜʠʤʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ 
ʘʚʪʦʥʦʤʥʦʡ ʙʝʩʧʠʣʦʪʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʩʪʠ-
ʞʠʤ ʤʠʥʠʤʘʣʴʥʳʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʈʦʩʩʠʡʩʢʠʝ 
ʧʨʦʝʢʪʳ ʪʘʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʧʦʢʘ ʥʝ ʧʨʠʚʝʣʠ ʢ ʞʝʣʘʝʤʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ 
ʈʦʩʩʠʠ ʙʣʠʟʢʠ ʢ ʨʝʘʣʠʟʘʮʠʠ çʌʦʪʦʥ-ʄè ˉ4 ʠ çʆʂɸ-ʊè. ʈʘʟʚʠʚʘʶʱʘʷʩʷ ʢʠʪʘʡʩʢʘʷ ʢʦʩʤʠʯʝ-
ʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʦʟʤʦʞʥʳʡ ʟʘʧʫʩʢ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʢʠʪʘʡ-
ʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.     
4  ɿʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʦʜʥʦʡ ʠʟ ʢʦʩʤʠʯʝʩʢʠʭ ʜʝʨʞʘʚ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʦʙʝʩʧʝʯʠʪ ʝʡ ʩʝʨʴʸʟʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʚ ʥʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʦ ʠ ʚ ʦʩ-
ʚʦʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʮʝʣʦʤ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʜʦʧʫʱʝʥʠʡ: 
ɼ2.1 ʄʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʂɸ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ. 
ɼ2.2 ʄʠʢʨʦʫʩʢʦʨʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʟʘ ʩʯʸʪ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʣʝ ʝʜʠʥʠʯʥʦʛʦ ʚʢʣʶ-
ʯʝʥʠʷ ʋʈɼ. 
ɼ2.3 ʄʦʜʝʣʴ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ï ʚʷʟʢʦʝ ʪʨʝʥʠʝ. 
ɼ2.4 ʄʠʢʨʦʫʩʢʦʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʩʘʪʝʣʴʥʳʝ ʫʩʢʦʨʝʥʠʷ ʪʦʯʝʢ ʧʨʠ ʚʨʘʱʝʥʠʠ ʂɸ 
ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ. 
ɼ2.5 ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʫʧʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʪʩʫʪʩʪʚʫʶʪ. 
ɼ2.6 ʀʟʤʝʥʝʥʠʝ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ ʂɸ ʚ ʧʨʦʮʝʩʩʝ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʯʠʪʘʝʪʩʷ  ʧʨʝ-
ʥʝʙʨʝʞʠʤʦ  ʤʘʣʳʤ  ʠ  ʥʝ  ʫʯʠʪʳʚʘʝʪʩʷ  ʧʨʠ   ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 
ɼ2.7 ʄʦʜʝʣʴ ʢʨʝʧʣʝʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢ ʢʦʨʧʫʩʫ ʂɸ ï ʞʸʩʪʢʘʷ ʟʘʜʝʣʢʘ. 

ʉ ʧʦʤʦʱʴʶ ʪʝʦʨʝʤʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 
ʂɸ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʛʣʘʚʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 1): 
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ʛʜʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ k-ʛʦ ʫʧ-
ʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʦʨʧʫʩʫ ʂɸ ʦʧʠʩʳʚʘ-
ʝʪʩʷ ʨʘʜʠʫʩʦʤ-ʚʝʢʪʦʨʦʤ );;( kkkk RzRyRxr ; 

kaĔ  ï ʪʝʥʟʦʨ ʥʘʧʨʘʚʣʷʶʱʠʭ ʢʦʩʠʥʫʩʦʚ 
ʤʝʞʜʫ ʛʣʘʚʥʦʡ ʩʚʷʟʘʥʥʦʡ ʠ k-ʡ ʤʝʩʪʥʦʡ 
ʩʠʩʪʝʤʘʤʠ ʢʦʦʨʜʠʥʘʪ, ʘ ʧʦʣʦʞʝʥʠʝ ʪʦʯ-
ʢʠ ʵʣʝʤʝʥʪʘ ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-
ʥʘʪ ʦʧʠʩʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ );;( kkkk wvsr ;   

ʈʠʩʫʥʦʢ 1 ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ:               IĔ ï ʪʝʥʟʦʨ ʠʥʝʨʮʠʠ ʂɸ;   zzyyxx III ;; ï  
         OXYZ ï ʩʚʷʟʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ;                      ʥʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʠʥʝʨʮʠʠ  
        Ki Xi Yi Zi ï ʤʝʩʪʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ                     ʚ ʛʣʘʚʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 
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e
Cï ʚʝʢʪʦʨ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʂɸ; zyx eee ,,  ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʛʣʘʚʥʦʡ 
ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; M

C
ï ʚʝʢʪʦʨ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ ʦʨʠʝʥʪʘʮʠʠ ʂɸ; zyx MMM ,,  ï 

ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ ʛʣʘʚʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; kl ï ʜʣʠʥʘ k-ʛʦ 
ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʘʣʢʦʡ ʕʡʣʝʨʘ-
ɹʝʨʥʫʣʣʠ, ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 
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ʛʜʝ zkykxk eee ,,  ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʛʦ ʫʩʢʦʨʝʥʠʷ ʚ k-ʡ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

32 , kk EIEI  ï ʠʟʛʠʙʥʳʝ ʞʸʩʪʢʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʷʭ kkk YKX  ʠ kkk ZKX  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ km  ï ʧʦʛʦʥʥʘʷ 
ʤʘʩʩʘ k-ʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʜʥʦʨʦʜʥʦʡ ʦʨʪʦʪʨʦʧ-
ʥʦʡ ʧʣʘʩʪʠʥʦʡ, ʚ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 
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ʛʜʝ kD  ï ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ ʥʘ ʠʟʛʠʙ; kɔ  ï ʦʙʲʸʤʥʘʷ ʧʣʦʪʥʦʩʪʴ; kh  ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠ-
ʥʳ k-ʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ.  
ɼ2.2 ʠ ɼ2.7 ʦʟʥʘʯʘʶʪ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʚʦʟʤʫʱʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʧʦʨʦʞʜʘʶʱʠʤ ʧʦʣʝ ʤʠʢʨʦʫʩ-
ʢʦʨʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ ʂɸ, ʙʫʜʝʪ ʨʝʘʢʮʠʷ ʟʘʜʝʣʢʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʠʟ-ʟʘ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫ-
ʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʝʸ ʦʮʝʥʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʃʠʢʠʥʟʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʥʝʟʘʚʠʩʠʤʦ ʩ ʫʯʸʪʦʤ ɼ2.5 ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ää
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ʛʜʝ   , ʘ ɺʨ
iQ  - ʵʣʝʤʝʥʪ ʤʘʪʨʠʮʳ ʦʙʦʙʱʸʥʥʳʭ ʩʠʣ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ  ʦʙʦʙʱʸʥʥʳʤ ʫʛʣʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. 
         ɺ ʢʘʯʝʩʪʚʝ ʢʚʘʟʠʩʢʦʨʦʩʪʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʃʠʢʠʟʘ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʠʝ ʋʦʣʰʘ ʢʦʤʧʦʥʝʥʪʦʚ 
ʚʝʢʪʦʨʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚ ʛʣʘʚʥʦʡ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ 
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ʛʜʝ 321 ,, jjj  ï ʣʶʙʳʝ ʫʛʣʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʨʘʱʝʥʠʝ ʂɸ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ. 
ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʩʤʝʱʝʥʠʶ ʥʘ ʤʘʣʳʭ ʚʳʙʦʨʢʘʭ, ʯʝʤ ʧʨʝʜʣʦ-
ʞʝʥʥʳʝ ʃʠʢʠʥʟʦʤ, ʯʪʦ ʧʦʣʝʟʥʦ ʚ ʩʣʫʯʘʷʭ ʥʝʜʦʩʪʘʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝ-
ʥʠʷ ʂɸ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ, ʩʚʷʟʘʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʩ ʦʪʢʘʟʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʥʘʯʠʤʳʭ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʟʘʢʨʝʧʣʸʥʥʳʭ ɼ2.2, ʜʣʷ ʩʣʫʯʘʷ ʟʘʜʝʣʢʠ ʠ 
ʙʘʣʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ k-ʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʟʣʦʞʝʥʠʝ ʨʝʘʢʪʠʚʥʦʛʦ 
ʤʦʤʝʥʪʘ ʟʘʜʝʣʢʠ ʧʦ ʬʦʨʤʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ: 
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ʛʜʝ M ï ʤʦʤʝʥʪ ʋʈɼ; ɛ ï ʧʦʛʦʥʥʘʷ ʤʘʩʩʘ ʇʉɹ; I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʂɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ, ʧʝʨ-
ʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʇʉɹ; Ci ï ʢʦʥʩʪʘʥʪʘ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 
ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʚ ʩʣʫʯʘʝ ʢʦʥʩʦʣʴʥʦʡ ʟʘʜʝʣʢʠ; kil ï i-ʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ: 01cosch =+klkl , ʘ  
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= .  ʊʦʛʜʘ ʩʘʤʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʫʯʸʪʦʤ ɼ2.4 
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ʛʜʝ N ï ʯʠʩʣʦ ʫʯʠʪʳʚʘʝʤʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ, ʘ R ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʜʦ 
ʪʦʯʢʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʪʝʩʪʘ ʘʜʝʢʚʘʪʥʦʩʪʠ 
ʛʠʧʦʪʝʟ ʤʦʜʝʣʠ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʂɸ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʥʘʣʠʟʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ: 
                                        1,0<x  ï ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ,                    
                               2,01,0 ¢x¢  ï ʧʨʠʤʝʨʥʳʡ ʧʘʨʠʪʝʪ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ,                                                   
                                           2,0>x  ï ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ.   
 ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʙʘʣʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  
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ʛʜʝ 2
1

2
2

2 fff -=D , ʘ ʯʘʩʪʦʪʳ  1f  ʠ 2f  ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʠʥʫ ʪʨʸʭʜʝʮʠʙʝʣʴʥʦʡ ʧʦʣʦʩʳ, h  ï ʧʝʨ-
ʚʳʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ: 01chcos =+hh .  
         ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ 2,0¢x , ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʠʟʠʯʝ-
ʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʦʮʝʥʢʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʛʦ ʫʩʣʦʚʠʷ ʢʚʘʟʠʩʪʘʪʠʯʝ-
ʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʚʠʙʨʘʮʠʦʥʥʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʘʜʝʢʚʘʪʥʦʡ ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʫʶ ʦʮʝʥʢʫ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʣʘʩʪʠʥʘʤʠ ʪʝʩʪ ʚʳʛʣʷʜʠʪ ʪʘʢ: 
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ʛʜʝ a ï ʰʠʨʠʥʘ ʧʣʘʩʪʠʥʳ. 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʩʪʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè ʠ çSpot-

4è, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ. ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʫʯʸʪ ʩʣʫ-
ʯʘʡʥʦʩʪʠ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʪʦʯʝʯʥʫʶ ʦʮʝʥʢʫ, 
ʢʘʢ ʦʜʥʫ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʨʝʘʣʠʟʘʮʠʡ, ʘ ʥʝ ʢʘʢ ʥʝʠʟʙʝʞʥʦ ʧʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ɺ 
ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʵʪʦʡ ʦʮʝʥʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 
ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʫʧʨʦʱʸʥʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʯʝʯʥʦʡ ʦʮʝʥʢʠ ʤʦʞʝʪ ʦʙʝʩʧʝ-
ʯʠʪʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ, ʦʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦʡ ʦʮʝʥʢʠ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʇʦ-
ʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʜʨʫʛʦʡ ʙʦʣʝʝ ʤʦʱʥʦʡ ʦʮʝʥʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ 
ʙʳ ʩ ʙʦʣʴʰʝʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 
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ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʝʩʣʘ ʚ ʩʝʙʝ ʙʦʣʴʰʝ ʠʥʬʦʨ-
ʤʘʮʠʠ ʦ ʧʦʣʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʯʝʤ ʪʦʯʝʯʥʘʷ ʦʮʝʥʢʘ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ ʩʦʟʜʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ, 
ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʫʯʘʡʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʦʣʝ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʫʯʘʡʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ 
ʢʦʥʢʨʝʪʥʦʛʦ ʋʈɼ, ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʂɸ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ, ʥʘʧʨʷ-
ʞʸʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʇʉɹ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʋʈɼ, ʧʦʣʦʞʝʥʠʷ ʂɸ ʥʘ ʦʨʙʠʪʝ 
ʧʨʠ ʥʘʣʠʯʠʠ ʪʝʥʝʚʦʛʦ ʫʯʘʩʪʢʘ ʠ ʪ.ʜ.  

ɺʳʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʩ ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʡ 
ʛʣʘʚʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ʕʪʘ ʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʠʚʠʘʣʴʥʳʤ ʩʮʝʥʘʨʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝ-
ʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʬʠʟʠʯʝʩʢʫʶ. ɼʣʷ ʪʨʠʚʠʘʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-
ʧʦʣʥʝʥʠʝ ʜʦʧʫʱʝʥʠʡ. 
ɼ3.1. ʀʤʝʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʋʈɼ. 
ɼ3.2. ɺʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʋʈɼ ʦʜʠʥʘʢʦʚʦ. 
ɼ3.3. ɺʨʝʤʷ ʨʘʙʦʪʳ ʋʈɼ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʚʩʝʭ ʚʢʣʶʯʝʥʠʡ. 
ɼ3.4. ʊʷʛʘ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʘ ʢʘʢ ʚʝʢʪʦʨ. 
ɼ3.5. ʂʦʣʝʙʘʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʪʫʭʘʶʪ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 
ʚʢʣʶʯʝʥʠʷʤʠ ʋʈɼ. 
ɼ3.6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʬʦʨʤʘʤ ʢʦʣʝ-
ʙʘʥʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʋʈɼ ʦʜʠʥʘʢʦʚʦ. 
ɼ3.7. ɺʩʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ (ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ ʠ ʪ.ʜ.) 
ʠʥʚʘʨʠʘʥʪʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʇ3.1 ɼʣʷ ʪʨʠʚʠʘʣʴʥʦʛʦ ʩʮʝʥʘʨʠʷ ʚʩʝ ʨʝʘʣʠʟʘʮʠʠ W(t) ʪʦʞʜʝʩʪʚʝʥʥʳ. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼ3.4     ʨʘʚʥʦʩʠʣʴʥʦ    const=M

C    (10).  ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ɼ3.1 ʠ 10 

ʦʟʥʘʯʘʝʪ, ʯʪʦ const=M
C  (20), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, constŮ =  (30) (ʩʤ. (2.1) ) ʧʨʠ ʨʘʙʦʪʝ ʋʈɼ ʠ 0Ů =  ʧʨʠ 

ʚʳʢʣʶʯʝʥʥʳʭ ʋʈɼ. ɼ3.5 ʨʘʚʥʦʩʠʣʴʥʦ ʪʦʤʫ, ʯʪʦ  ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 
ʇʢʦʥ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʋʈɼ 0¹ʢʦʥʇ (40). 40 ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʧʦʣʦʞʝʥʠʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʋʈɼ ï ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 20 ʠ 
30 ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʧʶʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʳ ʠʥʝʨʮʠʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʫʧ-
ʨʫʛʠʡ ʵʣʝʤʝʥʪ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʋʈɼ, ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʚʩʝʭ ʚʢʣʶʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʦʣʦʞʝʥʠʝ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʋʈɼ, ʘ ʪʘʢʞʝ ʩʭʝʤʘ ʠʭ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ 
ʨʘʙʦʪʝ ʋʈɼ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʠ ʚʩʝʭ ʚʢʣʶʯʝʥʠʷʭ.  
         ʉ ʫʯʸʪʦʤ ɼ3.7 ʵʪʦ ʨʘʚʥʦʩʠʣʴʥʦ ʪʦʤʫ, ʯʪʦ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʇʥʘʯ 
ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʤʝʥʪ ʚʳʢʣʶʯʝʥʠʷ ʋʈɼ constʇʥʘʯ =  (50). ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʥ-
ʚʘʨʠʘʥʪʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʘ ʪʘʢʞʝ 50, ɼ3.2, ɼ3.3 ʠ ɼ3.7 ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʇi = ʇi (t) (60) ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳʤʠ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ i-ʤ ʠ i+1-ʤ ʚʳʢʣʶʯʝʥʠʷʤʠ 
ʋʈɼ. ɼ3.6 ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʤʠ ʠ 
ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʦʨʤʘʮʠʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʵʪʦʤʫ 60 ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʣʝʜʫʶʱʝ-
ʤʫ ʨʘʚʝʥʩʪʚʫ: ( ) ( ) ( ) ( )twtwtwtw n ¹=== ...21 ,  ʯʪʦ ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ɺʳʧʦʣʥʝʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʝʘʣʠʟʘ-
ʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨ-
ʤʘʣʠʟʫʶʪʩʷ ʮʝʧʴʶ ʄʘʨʢʦʚʘ (ʨʠʩʫʥʦʢ 2). 

1s ï ʧʦʛʣʦʱʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩ ʙʝʩʢʦʥʝʯʥʳʤ ʚʨʝʤʝ-
ʥʝʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ; 2s ï ʰʪʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦ-
ʪʦʨʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ  ʚʢʣʶʯʝʥʠʷ-
ʤʠ  ʋʈɼ  ʚʦ  ʚʩʝʭ  ʪʦʯʢʘʭ  ʨʝʘʣʠʟʘʮʠʠ )(twi ʧʨʦʮʝʩʩʘ    

         ʈʠʩʫʥʦʢ 2 ï ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ          )(tW ʚʳʧʦʣʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʦʜʫʣʴ ʤʠʢʨʦʫʩʢʦ-        
          ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʰʪʠʣʷ              ʨʝʥʠʡ; 3s ï ʢʨʠʪʠʯʝʩʢʦʝ  ʩʦʩʪʦʷʥʠʝ,  ʧʨʠ  ʢʦʪʦʨʦʤ ʫʩ- 
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ʣʦʚʠʷ ʜʣʷ  ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ   ʧʨʦʪʝʢʘʥʠʷ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  ʧʨʦʮʝʩʩʦʚ  ʥʘʨʫʰʘʶʪʩʷ  ʭʦʪʷ  ʙʳ  ʚ  
ʦʜʥʦʡ ʪʦʯʢʝ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʋʈɼ; 4s ï ʧʦʛʣʦʱʘʶʱʝʝ ʩʦʩʪʦʷ-
ʥʠʝ ʩ ʥʫʣʝʚʳʤ ʚʨʝʤʝʥʝʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ; )(kpij  ï ʧʝʨʝʭʦʜʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ.  

ʅʘ ʧʨʠʤʝʨʝ ʂɸ çʅʀʂɸ-ʊè ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʚ ʧʦʛʣʦʱʘʶʱʠʝ ʩʦʩʪʦʷʥʠʷ. 
ʊʘʢ ʜʣʷ ʚʦʟʤʫʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚʥʝʰʥʝʛʦ ʩʠʣʦʚʦʛʦ ʧʦʣʷ ʢʨ

ʚʚʚ MMM inm ¢¢ , ʛʜʝ 
ʤʅM inm ÖÖ= -6

ʚ 1071,2 , ʘ ʤʅM ÖÖ= -5ʢʨ
ʚ 10084,1  ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʚ 1s ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʢʘʢ 

ɤ1093,1Ŭ1086,1104,8)( 2
0

910 --- Ö-Ö-Ö¢AP , 
ʛʜʝ w ï ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʘ ʤʦʤʝʥʪ ʚʳʢʣʶʯʝʥʠʷ ʋʈɼ ʚ [ʨʘʜ/ʩ]; 0a ï ʥʘʯʘʣʴʥʳʡ 
ʫʛʦʣ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʚ [ʨʘʜ]. ʇʨʠ ʜʨʫʛʦʤ ʩʠʣʦʚʦʤ ʧʦʣʝ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ. ʄʘʢʩʠ-
ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 5109,6)( -Ö=AP . ʇʨʠ ʚʦʟʤʫʱʘʶʱʝʤ ʤʦʤʝʥʪʝ 

ʤʅM ÖÖ= 8ʵ
ʚ 105,1  ʮʝʧʴ, ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 2, ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʚ ʧʦʛʣʦʱʘʶʱʝʝ 

ʩʦʩʪʦʷʥʠʝ .4s  ʆʮʝʥʠʚʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʢʫʨʨʝʥʪʥʦʡ ʬʦʨʤʫʣʦʡ ʜʣʷ ʥʝʦʜʥʦʨʦʜ-
ʥʦʡ ʮʝʧʠ ʄʘʨʢʦʚʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʦʩʪʦʷʥʠʡ ʥʘ m-ʤ ʰʘʛʝ  
                                                              )1(...)2()1()0()( -ÖÖÖÖ= mPPPpmp CC ,                              
ʛʜʝ )0(pC  ï ʚʝʢʪʦʨ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʘ  2²m . ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ 

)0(pC ʤʦʞʝʪ ʙʳʪʴ (0; 1; 0; 0) ʣʠʙʦ (0; 0; 1; 0). ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʠ ʚʨʝʤʷ 
ʧʨʝʙʳʚʘʥʠʷ ʚ s2, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ 
                                                                       ä
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22
*
2 )(1lim ,                                   

ʛʜʝ *
2t  ï ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʚ s2, ʘ ʊ ï ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʜʚʠʛʘʪʝʣʝʡ. ɿʘʯʘʩʪʫʶ ʥʘ ʧʨʘʢʪʠʢʝ ʙʳʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʣʫʯʘʡ ʦʜʥʦ-
ʨʦʜʥʦʡ ʮʝʧʠ, ʧʨʝʥʝʙʨʝʛʘʷ ʩʣʫʯʘʡʥʳʤ ʨʘʟʙʨʦʩʦʤ ʚʝʢʪʦʨʘ ʪʷʛʠ. ʊʦʛʜʘ )(mpC  ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ 

mPpmp Ö= )0()( CC . 
ʊʘʢʠʤ ʫʧʨʦʱʝʥʠʝʤ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʥʥʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʦʧʫʩʪʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʝʧʴ (ʨʠʩʫʥʦʢ 2) ʙʝʟ ʧʦʛʣʦʱʝʥʠʷ, ʩʦʩʣʘʚʰʠʩʴ ʥʘ ʪʦ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ 
ʥʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʨʝʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʩʦʩʪʦʷʥʠʡ s1 ʠ s4. ʊʦʛʜʘ ʮʝʧʴ ʄʘʨʢʦʚʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 
s2 ʠ s3, ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʵʨʛʦʜʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʝʝ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʠʤʘ ʪʝʦʨʝʤʘ 
ʄʘʨʢʦʚʘ 

j
m

ijm
pp =

¤­

)(lim . 

ʌʠʥʘʣʴʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ pj ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʮʝʥʢʘʤʠ pij, ʥʘʯʠʥʘʷ ʩ m = 5, ʢʦʛʜʘ ʚ ʮʝʧʠ ʫʩʪʘ-
ʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ. ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠʩʭʦʜʘ ʚʩʝʭ ʩʝʨʠʡ ʧʨʦʮʝʩʩʦʚ ʧʦ 
ʧʨʠʙʣʠʞʸʥʥʦʡ ʬʦʨʤʫʣʝ   mPpmp Ö= )0()( CC , ʛʜʝ 
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ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʚʩʝʭ ʩʝʨʠʡ ʧʨʦʮʝʩʩʦʚ 
ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ 
ʪʘʢʞʝ ʠʟʤʝʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʵʪʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʠ ʜʦʙʠʚʘʪʴʩʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʚ 
ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʝʢʪʝ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʋʈɼ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩ ʧʦʤʦ-
ʱʴʶ ʟʘʜʘʯʠ ɹʶʬʬʦʥʘ ʦʙ ʠʛʣʝ 

ʩʨt
AP

p
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ʛʜʝ *t  ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʩʨt  ï ʩʨʝʜʥʠʡ ʚʨʝʤʝʥ-
ʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʷʤʠ ʋʈɼ.  ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʨʠʩʢʦʤ 
ʥʝʫʜʘʯʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʩʝʨʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟ-ʟʘ ʚʢʣʶʯʝʥʠʷ ʋʈɼ. 

ʄʠʢʨʦʫʩʢʦʨʝʥʠʷ ʬʦʨʤʘʣʠʟʫʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʨʘʟʣʦʞʝʥʠʝʤ ʇʫʛʘʯʸʚʘ 

ä
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zY+z=
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0 )()()(
i

ii tttW , 

ʛʜʝ iY ï ʩʣʫʯʘʡʥʳʝ  ʚʝʣʠʯʠʥʳ, ʘ )(tiz ï ʥʝʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ.  
ʊʘʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʣʦʞʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ï 

ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʂɸ ï ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʦʨʤʘʤ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
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ʛʜʝ MW ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ W(t); M0i ʠ iM 0 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ 
ʟʘʜʝʣʢʝ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʨʧʫʩ ʂɸ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ i-ʡ 
ʩʦʙʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʠ ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ; R ï ʤʦʜʫʣʴ ʨʘʜʠʫʩʘ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ; I ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʂɸ; wi ï  ʩʦʙ-
ʩʪʚʝʥʥʘʷ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ i-ʡ ʬʦʨʤʳ; bi ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ                                      ii
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ɓ == , 

ʛʜʝ di ï ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ,  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ i-ʡ ʬʦʨʤʝ. 
ɼʣʷ ʙʘʣʦʯʥʦʡ ʤʦʜʝʣʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
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ɺ ʜʘʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ ï ʧʨʦʝʢʮʠʷ ʤʦʤʝʥʪʘ ʋʈɼ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨ-
ʧʝʥʜʠʢʫʣʷʨʥʫʶ ʧʣʦʩʢʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʩʭʝʤʳ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè, ʩʦʜʝʨʞʘʱʝʛʦ ʰʝʩʪʴ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʋʈɼ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʜʠʩʧʝʨʩʠʷ ʤʠʢʨʦ-
ʫʩʢʦʨʝʥʠʡ ʢʘʢ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ. 
ʀʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʯʠʩʣʘ ʫʯʠʪʳʚʘʝʤʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘ-
ʪʦʚ (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3ï ɺʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ  

ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʜʦ 10 ʤʢʤ/ʩ2 ʩ ʫʯʸʪʦʤ  
ʦʜʥʦʡ (1), ʜʚʫʭ (2) ʠ ʯʝʪʳʨʸʭ (3) ʧʝʨʚʳʭ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʚʙʣʠʟʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

 
ʉʪʨʦʠʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʩ ʫʯʸʪʦʤ ʥʘʣʠʯʠʷ ʪʝʥʝʚʦʛʦ ʫʯʘʩʪʢʘ ʦʨʙʠʪʳ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ 

ʩʣʫʯʘʡʥʦʩʪʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ. ʇʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʮʝʥʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʠʢʨʦ-
ʫʩʢʦʨʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʪʝʧʣʦʚʦʛʦ ʫʜʘʨʘ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʠ ʚʳʭʦʜʝ ʂɸ ʠʟ ʪʝʥʠ ɿʝʤʣʠ ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ: ʙʘʣʢʠ, ʦʜʥʦʨʦʜʥʦʡ ʧʣʘʩʪʠʥʳ ʠ ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʘʨʢʘʩ ʠʟ ʩʧʣʘʚʘ ʄɸ2 ʩ ʥʘʢʣʝʝʥʥʳʤʠ ʬʦʪʦʵʣʝʤʝʥʪʘʤʠ. ʂʦʥʩʪʘʪʠʨʫʝʪʩʷ ʥʝ-
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ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʘʣʦʯʥʦʡ ʩʭʝʤʳ ʜʘʞʝ ʜʣʷ ʧʨʠʙʣʠʞʸʥʥʳʭ ʨʘʩʯʸʪʦʚ ʧʦ ʩʣʝʜʫʶʱʠʤ 
ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ: 
1) ʥʝʘʜʝʢʚʘʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ; 
2) ʪʦʯʝʯʥʦʝ ʢʨʝʧʣʝʥʠʝ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʦʨʧʫʩʫ ʂɸ; 
3) ʥʝʘʜʝʢʚʘʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪʨʠ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʆʮʝʥʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʥʫʣʝʚʦʤ ʥʘʢʣʦʥʝʥʠʠ ʦʨʙʠʪʳ ʠ ʘʙʩʦʣʶʪʥʦ ʞʸʩʪʢʦʤ ʢʨʝʧʣʝʥʠʠ 
ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢ ʢʦʨʧʫʩʫ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʬʬʝʢʪ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ 
ʚʧʣʦʪʴ ʜʦ 15-20 ʤʢʤ/ʩ2 ʜʣʷ ʩʭʝʤʳ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè ʥʘ ʚʳʩʦʪʝ ʦʨʙʠʪʳ 400 ʢʤ ʚ ʤʦʤʝʥʪ ʪʝʧ-
ʣʦʚʦʛʦ ʫʜʘʨʘ. ʈʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʨʠʤʝʨʥʦ ʚ ʧʷʪʴ ʨʘʟ ʥʠʞʝ, ʦʜʥʘʢʦ ʧʨʝʥʝʙʨʝ-
ʛʘʪʴ ʵʪʠʤ ʬʘʢʪʦʨʦʤ ʥʝʣʴʟʷ. 

ɼʣʷ ʤʘʪʝʨʠʘʣʘ ʄɸ2 ʠ ʩʭʝʤʳ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè ʧʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʥʝ-
ʚʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʜʠʥʘʤʠʢʫ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʧʦʨʦʞʜʘʶʱʠʭʩʷ ʢʦʣʝʙʘʥʠʷʤʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ 
(ʨʠʩʫʥʦʢ 4). 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 4 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʩʘʤʦʛʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʮʝʥʘʨʠʷ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʷʤ (ʜʣʷ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè ʤʝʥʝʝ 20 ʤʢʤ/ʩ2, ʦʙʦʟʥʘʯʝʥʦ ʢʘʢ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘ-
ʯʝʥʠʝ ʥʘ ʨʠʩʫʥʢʝ 4) ʚʳʧʦʣʥʷʶʪʩʷ ʩʧʫʩʪʷ ʧʨʠʤʝʨʥʦ 38 ʩ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʋʈɼ, ʘ ʜʣʷ ʩʘʤʦʛʦ 
ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ï ʩʧʫʩʪʷ ʧʨʠʤʝʨʥʦ 23 ʩ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʪʝʥʝʚʦʛʦ ʫʯʘʩʪʢʘ 
ʠ ʫʩʣʦʞʥʷʝʪ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʤʦʜʝʣʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. 

ɼʣʷ ʧʨʠʚʝʜʸʥʥʦʛʦ ʧʨʠʤʝʨʘ ʧʦʣʫʯʝ-
ʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʥʘ-
ʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ ʠ ʚʨʝʤʝʥʠ (ʨʠʩʫ-
ʥʦʢ 5), ʘ ʪʘʢʞʝ ʵʤʧʠʨʠʯʝʩʢʠʡ ʟʘʢʦʥ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ 
ʜʝʢʨʝʤʝʥʪʘ ʢʘʢ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠ-
ʥʳ (ʨʠʩʫʥʦʢ 6). ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦ-
ʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʦʛʦ ʟʘʢʦʥʘ 
ʙʠʥʦʤʠʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʣʷ 
ʚʳʩʦʪ ʦʨʙʠʪ 200-600 ʢʤ. ʇʦʣʫʯʝʥ-
ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠ-
ʚʘʪʴ  ʧʘʨʘʤʝʪʨʳ  ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝ-  

    1 ï ʜʣʷ d = 0,07; 2 ï ʜʣʷ d = 0,1; 3 ï ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ       ʥʠʷ  ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ  ʜʝʢʨʝʤʝʥʪʘ 
        ʈʠʩʫʥʦʢ 4 ï ɼʠʥʘʤʠʢʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʧʦʨʦʞʜʘʝʤʳʭ         ʧʨʠ   ʧʨʦʠʟʚʦʣʴʥʦʤ   ʥʘʢʣʦʥʝʥʠʠ   ʠ  
                   ʢʦʣʝʙʘʥʠʷʤʠ ʇʉɹ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè                         ʚʳʩʦʪʝ  ʦʨʙʠʪʳ  ʚ  ʜʠʘʧʘʟʦʥʝ ʦʪ 200 

 ʜʦ 600 ʢʤ (ʨʠʩʫʥʦʢ 7). 
      ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚʝʨʦʷʪʥʦʩʪʥʦʡ 
ʤʦʜʝʣʠ ʦʪʥʝʩʝʥʳ ʩʣʦʞʥʦʩʪʴ ʧʨʘʢʪʠ-
ʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʜʦʧʫʱʝʥʠʝ 
ɼ3.6, ʠʩʢʣʶʯʘʶʱʝʝ ʧʦʷʚʣʝʥʠʝ ʩʪʦ-
ʭʘʩʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʦ-
ʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʜʝʬʦʨʤʘʮʠʠ 
ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʢʨʦʫʩʢʦʨʝ-
ʥʠʷʤʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʬʘʢʪʘ ʦʩ-
ʪʘʣʦʩʴ ʟʘ ʨʘʤʢʘʤʠ ʨʘʙʦʪʳ, ʦʜʥʘʢʦ 
ʠʟʤʝʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠ-
ʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦ ʬʦʨʤʘʤ ʢʘʨʜʠ-
ʥʘʣʴʥʦ  ʠʟʤʝʥʠʪ  ʧʦʣʝ  ʧʦʨʦʞʜʘʝʤʳʭ  

             ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ                        ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ  
                  ʙʦʣʴʰʦʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʂɸ                                ʢʘʞʜʦʡ  ʩʦʙʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʩʦʦʪʚʝʪ- 
   ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ ʥʘʢʣʦʥʝʥʠʠ ʦʨʙʠʪʳ                    ʩʪʚʫʝʪ  ʩʚʦʸ  ʟʥʘʯʝʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩ- 



 17 
ʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ. ɽʩʣʠ ʥʝ ʧʨʦʚʦʜʠʪʴ ʙʦʨʴʙʫ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʜʘʥʥʳʡ ʥʝ-
ʜʦʩʪʘʪʦʢ ʥʝʩʫʱʝʩʪʚʝʥʝʥ, ʦʜʥʘʢʦ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʛʘʰʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʝ-
ʜʸʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʯʪʦ ʥʝʣʴʟʷ ʥʝ ʫʯʠʪʳʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ɿʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ d  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʢʣʦʥʝʥʠʷʭ ʦʨʙʠʪʳ 

 

ʈʠʩʫʥʦʢ 7 ï ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʫʩʧʝʭʘ ʦʪ ʥʘʢʣʦʥʝʥʠʷ ʦʨʙʠʪʳ ʂɸ  
 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʝʸ ʚʳʩʦʪʳ h:  

1 ï 600 ʢʤ; 2 ï 500 ʢʤ; 3 ï 400 ʢʤ; 4 ï 300 ʢʤ; 5 ï 200 ʢʤ 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ: ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʤʠʢ-
ʨʦʫʩʢʦʨʝʥʠʡ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʩʢʝʡʣʠʥʛʝ ʂɸ ʧʦ ʦʙʦʙʱʸʥʥʦʤʫ ʧʘʨʘʤʝʪʨʫ z. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ 
ʤʦʜʝʣʠ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʌɺʄ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʦʙʦʙʱʝʥʥʳʡ ʧʘʨʘʤʝʪʨ z, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʤʘʩʩʦʚʫʶ ʜʦʣʶ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʣʘʙʦʨʘʪʦʨʠʠ: 
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ʛʜʝ m0 ï ʤʘʩʩʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ, ʘ N ï ʯʠʩʣʦ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ.  
ʉʚʦʡʩʪʚʦ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠ-

ʜʘʥʠʝ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʘʢ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʬʨʘʢʪʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ 
ʩʫʪʴ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʥʘ ʧʨʠʤʝʨʝ ʩʭʝʤʳ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚ ʚʠʜʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʚʸʨʜʦʛʦ 
ʩʬʝʨʠʯʝʩʢʦʛʦ ʪʝʣʘ ʠ ʦʜʥʦʛʦ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ  (ʨʠʩʫʥʦʢ 8). ʕʪʦʪ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʠʤ ʢʘʢ ʞʸ-
ʩʪʢʦ ʟʘʢʨʝʧʣʝʥʥʫʶ ʚ ʢʦʨʧʫʩ ʙʘʣʢʫ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʦʩʴʶ O1 X.  
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ɼʠʥʘʤʠʢʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʦʨʠʝʥʪʘʮʠʠ ʜʣʷ ʵʪʦʡ ʩʭʝʤʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9, ʛʜʝ ʫʯʠʪʳʚʘʣʠʩʴ ʧʝʨʚʳʝ ʰʝʩʪʴ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʘ ʣʦʛʘ-
ʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ ʢʦʣʝʙʘʥʠʡ ʙʨʘʣʩʷ ʨʘʚʥʳʤ 0,1. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʦʪʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦ-
ʣʝʙʘʥʠʡ ʧʨʠ ʢʦʥʩʦʣʴʥʦʤ ʟʘʢʨʝʧʣʝʥʠʠ 
ʚʳʨʘʟʠʪʩʷ ʬʦʨʤʫʣʦʡ 

ɛ
ɖɤ 2

2 EI
l

i
i = , 

ʛʜʝ iɖ ï i-ʡ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ 
01chɖɖcos =+ii ;     i ï ʥʦʤʝʨ ʬʦʨʤʳ ʢʦ-

ʣʝʙʘʥʠʡ. 
                     ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʘ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʂɸ                    ɼʣʷ  ʟʘʜʘʥʥʦʛʦ   ʤʘʪʝʨʠʘʣʘ   ʧʦʛʦʥʥʘʷ 
   ʜʣʷ ʧʦʠʩʢʘ ʩʚʦʡʩʪʚʘ  ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ         ʤʘʩʩʘ  ʠ ʞʝʩʪʢʦʩʪʴ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳ- 
                                 ʧʦʣʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ                              ʤʠ.  ʂʦʨʥʠ ih  ʪʘʢʞʝ   ʧʦʩʪʦʷʥʥʳ.  ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʘʩʪʦʪʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʬʫʥʢ-
ʮʠʝʡ ʜʣʠʥʳ ʙʘʣʢʠ. ʊʘʢ ʜʚʫʢʨʘʪʥʦʝ 
ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʧʨʠʚʝʜʝʪ ʢ ʯʝʪʳʨʝʭ-
ʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʯʘʩʪʦʪʳ ʠʣʠ ʯʝ-
ʪʳʨʝʭʢʨʘʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʧʝʨʠʦʜʘ 
ʢʦʣʝʙʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʠʪʩʷ ʘʤʧʣʠ-
ʪʫʜʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ɹʘʣʢʘ ʤʝʥʴʰʝʡ 
ʜʣʠʥʳ ʠ ʤʘʩʩʳ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ ʤʝʥʴʰʠʝ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʮʝʥ-
ʪʨʘʣʴʥʦʤ ʪʝʣʝ.  
     ʅʘ ʢʘʞʜʫʶ ʪʦʯʢʫ ʙʘʣʢʠ ʜʝʡʩʪʚʫʝʪ                   

                     ʈʠʩʫʥʦʢ 9 ï ɼʠʥʘʤʠʢʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ             ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ: 
                      ʚ ʪʝʯʝʥʠʝ 100 ʩ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʋʈɼ                               dxsx

I
Md )(ɛŰ +=F , 

ʛʜʝ M ï ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ ʦʨʠʝʥʪʘʮʠʠ; s ï ʧʨʦʝʢʮʠʷ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʫʧʨʫʛʦʛʦ 
ʵʣʝʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʦʩʴ O1 X (ʨʠʩʫʥʦʢ 8); 

)3/1( 23
0 sllII mm ++= ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʆ; 

I0 ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʆ.  
ʊʦʛʜʘ ʦʙʱʘʷ ʩʠʣʘ ʠʥʝʨʮʠʠ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ 
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ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ ʚ ʜʚʘ ʨʘʟʘ ʵʪʘ ʬʦʨʤʫʣʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʇʦʜʩʪʘʥʦʚʢʘ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʂɸ ʪʠʧʘ çʅʀʂɸ-ʊè, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫ-
ʯʘʝ ʩʠʣʘ ʠʥʝʨʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0,60 ʅ, ʘ ʚʦ ʚʪʦʨʦʤ ï 0,27 ʅ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʘ ʩʥʠʟʠ-
ʣʘʩʴ ʙʦʣʝʝ, ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ. ʇʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʫʟʣʝ ʢʨʝʧʣʝʥʠʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝ ʫʯʠʪʳʚʘʶʪ-
ʩʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ ʩʥʠʞʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʣʳ ʨʝʘʢʮʠʠ ʟʘʜʝʣʢʠ. ʕʪʘ ʩʠʣʘ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʢʦʨʧʫʩ 
ʂɸ ʠ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʩʦʟʜʘʝʪ ʤʦʤʝʥʪ ʚʦʢʨʫʛ ʝʛʦ ʮʝʥʪʨʘ ʤʘʩʩ. 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʘʤʧʣʠʪʫʜʳ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʠ ʨʘʟʤʝʨ ʂɸ 
ʪʘʢ, ʯʪʦʙʳ ʫʛʣʦʚʳʝ ʫʩʢʦʨʝʥʠʷ ʦʪ ʢʘʩʘʪʝʣʴʥʳʭ ʩʠʣ ʠʥʝʨʮʠʠ ʙʳʣʠ ʙʳ ʦʜʠʥʘʢʦʚʳ.  
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ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʨʘʩʩʯʠʪʘʥ ʧʦ ʬʦʨʤʫʣʝ: 
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I = , ʛʜʝ mi ʠ Ri ï ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ ʤʘʩʩʘ ʠ ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʜʣʷ i-ʡ ʠʪʝʨʘʮʠʠ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʂɸ 
(ʩʤ. ʨʠʩʫʥʦʢ 8) 
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ɸʥʘʣʦʛʠʯʥʦ (1) ʠ (2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʦ-
ʢʨʘʱʝʥʠʠ ʜʣʠʥʳ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ: 
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2
1 .                                                                     (4) 

ʊʦʛʜʘ ʨʘʚʝʥʩʪʚʘ: 
                                                                      ill eee == )2/()(                                                                  (5) 
ʙʫʜʫʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʨʘʚʝʥʩʪʚʦ ʘʤʧʣʠʪʫʜ ʩʠʣʳ ʨʝʘʢʮʠʠ ʚ ʟʘʜʝʣʢʝ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʘʤʧʣʠ-
ʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ɺʳʨʘʞʝʥʠʝ (4) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʞʘʪʠʝ ʛʨʘʬʠʢʘ ʜʠʥʘʤʠʢʠ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʦʪ ʚʨʝʤʝʥʠ ʟʘ ʩʯʝʪ ʯʝʪʳʨʝʭʢʨʘʪʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʝʨʠʦʜʘ. ɼʦʙʴʝʤʩʷ ʚʳʧʦʣ-
ʥʝʥʠʷ ʨʘʚʝʥʩʪʚ (5) ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʂɸ (ʨʘʜʠʫʩʘ 
ʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ). ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʢʨʘʪʥʦʝ ʠʟʤʝʥʝʥʠʝ 
ʜʣʠʥʳ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʤʘʩʩʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ (5). 
ʇʨʠʯʝʤ, ʥʝ ʙʫʜʝʤ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ, ʨʘʟʨʝʰʘʷ ʧʨʠʥʠʤʘʪʴ 
ʥʦʤʝʨʫ ʠʪʝʨʘʮʠʠ i ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚʳʙʝʨʝʤ ʟʥʘʯʝʥʠʷ l0 = 2 
ʤ, Õ = 10 ʢʛ/ʤ, ʄ = 1 ʅ ʤ, m0 = 6000 ʢʛ. ʊʦʛʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ (5) ʧʨʠ 42 ¢¢- i  ʙʝʟ ʠʟʤʝʥʝʥʠʷ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʂɸ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʵʪʦʛʦ ʪʝʣʘ, ʧʦʢʘ-
ʟʘʥʥʦʝ ʥʘ ʨʠʩʫʥʢʝ 10. ɿʜʝʩʴ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʸʥʥʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ z, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ  
1-

=
i

i
i z

zkz . 

ʀʟʤʝʥʝʥʠʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘ-
ʤʝʪʨʘ z, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʬʦʨʤʫ-
ʣʝ (3), ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥ-
ʢʝ 10. ɺʳʙʦʨʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ 
ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴ-
ʥʦ ʩʦʩʪʘʚʣʷʝʪ 0437,02

1 =s , ʘ ʩʘʤʠ 
ʠʟʤʝʥʝʥʠʷ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ 
ʩʥʠʞʝʥʠʶ ʧʨʠ ʨʦʩʪʝ ʥʦʤʝʨʘ 
ʠʪʝʨʘʮʠʠ i. 
     ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʦ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʭ   ʨʘʟʤʝʨʦʚ   ʮʝʥʪʨʘʣʴʥʦʛʦ 

                ʈʠʩʫʥʦʢ 10 ï ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ,          ʪʝʣʘ  ʂɸ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ z 
                     ʦʙʦʙʱʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ z ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ kz,               ʠʟʤʝʥʷʣʩʷ   ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ    ʥʘ  
                           ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ (5)               ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ, ʜʣʷ ʧʨʦ-
ʩʪʦʪʳ ʧʦʣʘʛʘʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʠʥʭʨʦʥʥʦ 
ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ. ʇʨʠ ʵʪʦʤ ʜʠʩʧʝʨʩʠʷ kz ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʤʝʥʝʥʠʷ 
ʨʘʜʠʫʩʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 10. ɼʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʢʝʡʣʠʥʛʦ-
ʚʳʭ ʩʚʦʡʩʪʚ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʧʨʦʚʝʜʸʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʂɸ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 
ʠʟʤʝʥʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʂɸ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʦʙʱʸʥʥʳʡ 
ʧʘʨʘʤʝʪʨ z ʠʟʤʝʥʷʣʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʦʣʘʛʘʷ, ʯʪʦ 



 20 
ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʫʩʘ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʠʥʭʨʦʥʥʦ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝ-
ʣʠʯʠʥʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʠʨʫʝʤ ʜʠʩʧʝʨʩʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ kz, ʚʘʨʴʠʨʫʷ ʢʦʵʬ-
ʬʠʮʠʝʥʪʦʤ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ kR, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʟʘʢʦʥ ʤʘʩʰʪʘʙʠʨʦ-
ʚʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʂɸ 

0RkRR i
i Ö= , 

ʛʜʝ R0 ï ʨʘʜʠʫʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʂɸ ʧʨʠ i = 0. 
ɼʠʩʧʝʨʩʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ kz ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ kR ʧʦʢʘʟʘ-

ʥʘ ʥʘ ʨʠʩʫʥʢʝ 11. ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʜʠʩʧʝʨʩʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 4,0=kR . 
ʆʙʝʩʧʝʯʠʤ ʚʳʧʦʣʥʝʥʠʝ ʨʘʚʝʥʩʪʚ (5) ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʘʟ-
ʤʝʨʦʚ ʂɸ. ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ, ʦʙʦʙʱʸʥ-
ʥʦʛʦ ʧʘʨʘʤʝʪʨʘ z ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ kz ʜʣʷ 
ʩʣʫʯʘʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ kz (ʧʨʠ  
kR = 0,4) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 12. ʉʨʘʚ-
ʥʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 
ʨʠʩʫʥʢʘʭ 10 ʠ 12, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 
ʦ ʪʦʤ, ʯʪʦ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠ-
ʝʥʪʘ kz ʥʘ ʨʠʩʫʥʢʝ 12 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪ-
ʣʠʯʠʤʘ  ʦʪ  ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ  ʝʸ ʩ ʜʦ- 

ʈʠʩʫʥʦʢ 11 ï  ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʩʧʝʨʩʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ kz      ʚʝʨʠʪʝʣʴʥʦʡ  ʚʝʨʦʷʪʥʦʩʪʴʶ 0,95 ʧʨʷʤʦʡ 
               ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʫʩʘ                      534,0=ikz , ʪʦʛʜʘ ʢʘʢ ʢʨʠʚʘʷ ʥʘ ʨʠʩʫʥʢʝ 
                           ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ kR                                     10 ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ. 

    ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʨʘʚʝʥʩʪʚ (5) ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ ʂɸ 
ʧʦ ʟʘʢʦʥʫ 0RkRR i

i Ö=  ʠ ʠʟʤʝʥʝʥʠʠ ʜʣʠ-
ʥʳ ʫʧʨʫʛʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 
ʨʘʚʝʥʩʪʚʦʤ (4), ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ 
ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʦʙʦʙʱʸʥʥʦʛʦ ʧʘʨʘ-
ʤʝʪʨʘ  
                  zzkzz i

ii )534,0(=Ö= .           (6) 
ʇʨʠ ʵʪʦʤ ʜʠʥʘʤʠʢʘ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 
ʠʟʤʝʥʷʝʪʩʷ   ʣʠʰʴ  ʟʘ   ʩʯʝʪ   ʠʟʤʝʥʝʥʠʷ 

    ʈʠʩʫʥʦʢ 12 ï ʀʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʣʘ ʂɸ,     ʯʘʩʪʦʪʳ  ʢʦʣʝʙʘʥʠʡ,  ʩʚʷʟʘʥʥʳʭ  ʩ  ʤʘʩ- 
          ʦʙʦʙʱʸʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ z ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ kz,             ʰʪʘʙʠʨʦʚʘʥʠʝʤ   ʜʣʠʥʳ   ʫʧʨʫʛʦʛʦ  ʵʣʝ- 
               ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ (5)                    ʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʦ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʜʘʸʪ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʂɸ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩ-
ʩʦʚ (ʨʠʩʫʥʦʢ 13). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʚʦ ʚʨʝʤʝʥʠ ʦʙʣʘʜʘʝʪ ʩʢʝʡ-
ʣʠʥʛʦʚʳʤ ʩʚʦʡʩʪʚʦʤ, ʧʦʜʦʙʥʳʤ ʩʘʤʦʘʬʠʥʥʦʩʪʠ, ʘ z ʩʣʫʞʠʪ ʤʘʩʰʪʘʙʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʵʪʦʛʦ 
ʩʢʝʡʣʠʥʛʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʯʝʪʳ, ʬʦʨʤʫʣʘ (6) ʩʧʨʘʚʝʜʣʠʚʘ ʠ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷ i. ʆʜ-
ʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ ʟʥʘʯʝʥʠʷ i > 6 ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ.  
ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝ-
ʥʠʡ ʚ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʘʤʦʘʬʠʥʥʫʶ ʬʨʘʢʪʘʣʴʥʫʶ ʬʫʥʢʮʠʶ 
ï ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʬʫʥʢʮʠʠ ɺʝʡʝʨʰʪʨʘʩʩʘ-ʄʘʥʜʝʣʴʙʨʦʪʘ (ʌɺʄ). ʉʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʢʘʟʳ-
ʚʘʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʌɺʄ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʂɸ ʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʨʠ-
ʙʣʠʞʸʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʤʘʩʰʪʘʙʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʌɺʄ b ʠ ʦʙʦʙʱʸʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ z:  

zb 1,0= , 
ʘ ʪʘʢʞʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʌɺʄ D ʠ ʤʦʤʝʥʪʦʤ ʋʈɼ M: 
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ʈʠʩʫʥʦʢ 13 ï  ʃʠʥʝʡʢʘ ʂɸ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʦʜʠʥʘʢʦʚʳʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ  

ʚ ʟʦʥʝ ʨʘʟʤʝʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʝʩʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʬʨʘʢʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʦʡ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʭʦʜʠʤʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʌɺʄ, ʦʪ D ʚ 
ʦʢʨʝʩʪʥʦʩʪʠ ʦʜʥʦʡ ʪʦʯʢʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ 
ʦʪ M ʩʭʦʜʷʪʩʷ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ, ʧʦʩʢʦʣʴʢʫ ʥʫʣʝʚʦʡ ʤʦʤʝʥʪ ʋʈɼ ʚʳʟʦʚʝʪ ʥʫʣʝʚʳʝ ʤʠʢʨʦʫʩ-
ʢʦʨʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʪʘʢʦʡ ʩʭʦʜʠʤʦʩʪʠ ʩ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ, 
ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʣʘ ʦʪʦʞʜʝʩʪʚʠʪʴ ʟʥʘʯʝʥʠʝ 925,1=D ʩ ʥʫʣʝʚʳʤ ʤʦʤʝʥʪʦʤ ʋʈɼ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʨʠʙʣʠʞʸʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ ʢʘʢ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʌɺʄ: 
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ɺ ʩʣʫʯʘʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʵʪʦʪ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʩʪʘʮʠʦʥʘʨ-
ʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʇʉɹ ʥʝ ʟʘʪʫʭʘʶʪ, ʚʳʟʳʚʘʷ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ 
ʨʝʘʢʪʠʚʥʦʡ ʩʠʣʳ ʚ ʟʘʜʝʣʢʝ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ ʤʦʤʝʥʪ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ ʂɸ ʠ ʧʦʨʦʞʜʘʝʪ ʧʦʣʝ 
ʤʠʢʨʦʫʩʢʦʨʝʥʠʡ. ʆʜʥʘʢʦ ʜʘʞʝ ʧʨʠ 1¹- tie b , ʪ.ʝ. ʥʝʫʯʸʪʝ ʜʝʤʧʬʠʨʦʚʘʥʠʷ, ʦʥ ʥʝʵʨʛʦʜʠʯʝʥ. ɼʝʡ-
ʩʪʚʠʪʝʣʴʥʦ, ʩʨʝʜʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʜʣʷ ʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʨʦʝʢʮʠʝʡ 
ʤʦʤʝʥʪʘ M. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʩʣʦʚʠʝ ʵʨʛʦʜʠʯʥʦʩʪʠ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʩʜʝʣʘʪʴ ʘʜʝʢ-
ʚʘʪʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘʞʝ ʧʨʠ 
ʦʪʩʫʪʩʪʚʠʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʢʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 
ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʸʤʘ ʘʥʩʘʤʙʣʷ ʨʝʘʣʠʟʘʮʠʡ ʵʪʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʨʝʯʴ 
ʠʜʸʪ ʦ ʩʠʪʫʘʮʠʠ ʩʦ ʩʣʫʯʘʡʥʳʤ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ ʜʝʢʨʝʤʝʥʪʦʤ ʢʦʣʝʙʘʥʠʡ. ɽʩʣʠ ʚ ʩʠʣʫ ʢʘʢʠʭ-
ʣʠʙʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂɸ ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʋʈɼ, ʪʦ 
ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʩʪʘʥʦʚʷʪʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. 


