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ʭʫʨʣʳʛ 2008 ʦʥʦʦʩ ɻ ʭʣʵʥ ʧʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩװʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ ʫʥʰʣʘʛʘ ʥʵʨʪʵʡʛʵʵʨ ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʣʳʛ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʞ ʠʨʩʵʥ ʙʠʣʵʵ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʕʤʭʵʪʛʵʣʠʡʛ ʵʨʭʣʵʥ ʛʘʨʛʘʩʘʥ: 

ɼʦʢʪʦʨ (Ph.D) ɾ.ʀʞʠʣʤʘʘ, ɼʦʢʪʦʨ (Ph.D) ɹ.ʋʣʘʘʥʙʘʘʪʘʨ, ɼʦʢʪʦʨ (Ph.D) ʉ.ʃʭʘʘʭװװ, 

ʄʘʛʠʩʪʨ ɼ.ɹʘʪʙʘʷʨ 

ʍʵʚʣʵʣʠʡʥ ʵʭʠʡʛ ʙʵʣʪʛʵʩʵʥ: ʄʘʛʠʩʪʨ ɸ.ʅʷʤʪʫʣʛʘ 

ʍʫʫʜʘʩʥʳ ʭʵʤʞʵʵ: A4 

 ʩʛʠʡʥ ʛʘʨʥʠʪʫʨ: Times New Romanת

ʐʋʊʀʉ-ʠʡʥ ʍʵʚʣʵʣʠʡʥ ʛʘʟʘʨʪ ʭʵʚʣʵʚ.



III  

ᴆʤʥᴇʭ װʛ 
 

ñɹϮʭ ʟϮʡʣʩʠʡʥ ʵʭʣʵʣ ʙʦʣ ʘʩʫʫʣʪ ʙʘʡʜʘʛ. ɸʩʫʫʣʪʘʘʩ ʩʫʜʘʣʛʘʘ, 

ʩʫʜʘʣʛʘʘʥʘʘʩ ʥʵʵʣʪ, ʥʵʵʣʪʵʵʩ ʭϺʛʞʠʣ ʵʭʵʣʜʵʛ.ò 

ð ʥʵʨʪ ʛʝʦʣʦʛʠʯ ʌ.ʄʠʪʯʝʣʣ / Prof Simon Mitchell/ 

 

ʐʠʥʞʣʵʭ ʫʭʘʘʥ ʙʦʣ ʭװʥ ʪᴇʨᴇʣʭʪʥʠʡ ʦʨʰʠʭʫʡʥ ʛװʥ ʫʭʘʘʥʳ װʥʜʵʩ ʙᴇʛᴇᴇʜ ʫʫʣ ʫʫʨʭʘʡʥ 

ʰʠʥʞʣʵʭ ʫʭʘʘʥ ʥʴ ʭװʥʠʡ ʥᴇᴇʮ, ʙʘʡʛʘʣʠʡʥ ʥᴇᴇʮ ʭʦʸʨʳʥ ʦʛʪʣʦʣʮʦʣʜ ʦʨʰʜʦʛ, ʭװʥ ʪᴇʨᴇʣʭʪʥʠʡ 

ʘʭʫʡ, ʭᴇʛʞʣʠʡʥ ʛʦʣ ʪװװʯʵʵ ʶʤ. ʕʨʜʵʤ ʤʵʜʣʵʛʠʡʥ ʙʘʷʣʘʛ ʭʫʨʠʤʪʣʘʣʳʥ ʥʵʛʵʥ ʯʫʭʘʣ ʮʵʛ ʥʴ 

ʧʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩװʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ ʙʦʣʩʦʥ ʙʘʡʥʘ. 

ʕʥʵʭװװ ʭʫʨʘʣ ʥʴ ʟᴇʚʭᴇʥ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵ ʪʘʥʠʣʮʫʫʣʘʭ ʪʘʚʮʘʥ ʙʠʰ, ʭʘʨʠʥ ʛװʥ ʫʭʘʘʥ, 

ʦʥʦʣʳʥ ʟʘʜʣʘʥ ʰʠʥʞʠʣʛʵʵ, ʠʥʞʝʥʝʨʠʡʥ ʧʨʘʢʪʠʢ, ʠʥʥʦʚʘʮʳʥ ʫʷʣʜʘʘ ʭʦʣʙʦʦʛ ʭʘʨʫʫʣʩʘʥ 

ʟʘʣʫʫ ʩʫʜʣʘʘʯʜʳʥ ᴇʩᴇʣʪ, ʭᴇʛʞʣʠʡʥ ʘʤʴʜ ʣʘʙʦʨʘʪʦʨʠ, ʦʶʫʥʳ ʩʦʨʠʣʪ ʶʤ.  

ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩװʨʵʥ ʙʦʣ ʵʨʜʤʠʡʥ ʞʠʥʭʵʥʵ ʫʜʠʨʜʘʛʯ ʭװʥ ʶʤ. ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʭᴇʛʞʠʣ 

ʥʴ ʭװʥʠʡ ʫʭʘʘʥʳ ʭװʯ ʯʘʜʘʣ, ʟʘʨʯʠʤʯ ʟʘʥ, ʸʩ ʩʫʨʪʘʭʫʫʥʪʘʡ ʩʘʣʰʛװʡ ʭʦʣʙʦʦʪʦʡ. ʊʵʛʚʵʣ 

ʧʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩװʨʵʥ ʙʦʣ ʟᴇʚʭᴇʥ ʩʫʜʣʘʘʯ ʙʫʩ, ʦʶʫʥʳ װʥʵʥʯ ʠʪʛʵʣ, ʙʠʰʨʵʣʪʵʡ ʙʘʛʰ, 

ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װװʜʠʡʛ ʥʵʵʩʵʥ ʠʥʞʝʥʝʨʠʡʥ ʩʪʨʘʪʝʛʠʯ, ʄʦʥʛʦʣʳʥ ʫʫʣ ʫʫʨʭʘʡʥ ʩʘʣʙʘʨʳʥ 

ʦʶʫʥʳ װʥʵʪ ᴇʚʠʡʛ ʙװʪʵʵʛʯ ʭװʥ ʛʵʜʵʛʪ ʵʨʛʵʣʟʜʵʛʛװʡ. ʊʵʨʵʵʨ ʘʰʠʛʪ ʤʘʣʪʤʘʣʳʥ ʦʨʜʫʫʜʳʛ 

ʘʰʠʛʣʘʭ ʦʥʦʣ, ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʥʵʣʛʵʵ, ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠʡʥ ʘʩʫʫʜʣʳʛ 

ʭʦʩʣʫʫʣʘʥ ʩʫʜʘʣʞ, ʫʫʣ ʫʫʨʭʘʡʥ ʘʰʠʛʣʘʣʪʳʥ ʦʥʦʣʳʥ ʩʫʨʛʘʣʪ, ʩʫʜʘʣʛʘʘʛ ʄʦʥʛʦʣ ʋʣʩʘʜ 

 .ʣʩʵʥ ʥʵʛʵʥװװʝʠʡʥ ʟʘʛʚʘʨʳʛ ʪᴇʣᴇʚʰװ ʣʞ, ʠʥʞʝʥʝʨʠʡʥ ʙʦʣʦʚʩʨʦʣʳʥ ʦʨʯʠʥװװʥʜʵʩʣʵʥ ʭᴇʛʞװ

ʊװװʥʠʡ ʙʠʯʠʞ, ʭʵʚʣװװʣʩʵʥ ʥʦʤ, ʩʫʨʘʭ ʙʠʯʛװװʜ ʥʴ ᴇʥᴇᴇʜᴇʨ ʯ װʥʵ ʮʵʥʵʵ ʘʣʜʘʘʛװʡ ʙʘʡʛʘʘ 

ʙᴇʛᴇᴇʜ ʦʣʦʥ ʫʣʩʳʥ ʪװʚʰʥʠʡ ʦʥʦʣʳʛ ʄʦʥʛʦʣʳʥ ʭᴇʨʩᴇʥʜ ʙʫʫʣʛʘʩʘʥ ʭʦʚʦʨ ʞʠʰʵʵ ʙʦʣʞ 

 ʥװʜʵʜ ʦʥʦʣʳʥ ʩʫʫʨʴ, ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʩʘʥ ʜװװʪʵʵʣװʣʜʞʵʵ. ʇʨʦʬʝʩʩʦʨʳʥ ʩʫʜʘʣʛʘʘʥʳ ʙװ

ʰʠʥʞʠʣʛʵʵ, ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡʥ ʭʦʩʣʦʣ ʦʥʮʛʦʡ ʙʘʡʩʥʳʛ װʝ װʝʠʡʥ ʵʨʜʵʤʪʵʥ, ʩʫʜʣʘʘʯʠʜ 

ᴇʥʜʨᴇᴇʨ װʥʵʣʜʵʛ. 

ʋʫʣ ʫʫʨʭʘʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ ʥʴ ʠʥʞʝʥʝʨʠʡʥ ʤʵʜʣʵʛ, ʙʘʡʛʘʣʠʡʥ ʛװʥ ʫʭʘʘʥ ʶʤ. ʋʫʣ ʫʫʨʭʘʡ 

ʙʦʣ ʟᴇʚʭᴇʥ ʦʣʙʦʨʣʦʣʪ ʙʠʰ, ʵʥʵ ʙʦʣ ʛʝʦʣʦʛʠʦʩ ʵʭʣʵʵʜ, ʛʝʦʪʝʭʥʠʢ, ʛʠʜʨʦʛʝʦʣʦʛʠ, ʙʘʷʞʫʫʣʘʣʪ, 

ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʟʘʛʚʘʨʯʣʘʣ, ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʩʫʜʘʣʛʘʘ, ʭʘʘʣʪʳʥ ʪᴇʣᴇʚʣᴇʣʪ ʟʵʨʵʛ ʦʣʦʥ 

ʩʘʣʙʘʨʳʛ ʭʦʣʙʦʩʦʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʥʵʛʜʵʣ ʶʤ. ʀʥʞʝʥʝʨʠʡʥ ʰʠʡʜʵʣ ʙװʨ ʦʥʦʣʳʥ 

 ʥʜʵʩʣʵʣʪʵʡ, ʵʨʩʜʵʣʠʡʥ ʰʠʥʞʠʣʛʵʵʥʜ ʪʫʣʛʫʫʨʣʘʩʘʥ, ʰʠʥʞʣʵʭ ʫʭʘʘʥʯ ʩʫʫʨʴʪʘʡ ʙʘʡʭʳʛ ᴇʥᴇᴇװ

ʮʘʛ ʰʘʘʨʜʘʞ ʙʘʡʥʘ. ᴆʥᴇᴇʜʨʠʡʥ ʤʘʛʠʩʪʨʘʥʪ, ʜʦʢʪʦʨʘʥʪ ʩʫʜʣʘʘʯʜʳʥ ʭʠʡʞ ʙʫʡ ʘʞʣʫʫʜ ʥʴ 

ʵʥʵʭװװ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װʥʵ ʮʵʥʠʡʛ ʙʵʭʞװװʣʞ, ʄʦʥʛʦʣʳʥ ʫʫʣ ʫʫʨʭʘʡʥ ʩʘʣʙʘʨʳʥ ʠʨʵʵʜװʡʥ 

ʭᴇʛʞʣʠʡʛ ʜʘʛʫʫʣʘʥ ʯʠʛʣװװʣʵʛʯ ʛʦʣ ʛʘʨʮ ʙʦʣʞ ʙʘʡʛʘʘʛ ʪʵʤʜʵʛʣʵʭ ʥʴ ʟװʡʪʵʡ. 

ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʞʣʳʥ ʘʯ ʭʦʣʙʦʛʜʦʣ ʙʦʣ ʭʫʚʴ ʭװʥʜ ʯ, ʥʠʡʪʵʜ ʯ ᴇʛᴇᴇʞʪʵʡ. ɾʠʣ ʙװʨʠʡʥ 

ʦʥʮʣʦʭ ʠʣʪʛʵʣװװʜ ʥʴ ʟᴇʚʭᴇʥ ʜʠʧʣʦʤʳʥ ʘʞʠʣ ʵʩʚʵʣ ʩʫʜʘʣʛʘʘʥʳ ʬʦʨʤʘʣʴ ʭʵʣʙʵʨ ʙʠʰ ʙʘʡʩʘʥ 

ʶʤ.  

¶ ɻʝʦʪʝʭʥʠʢʠʡʥ ʟʘʛʚʘʨʯʣʘʣʘʘʨ ʜʘʤʞʫʫʣʘʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪʳʛ 

ʦʥʦʚʯʪʦʡ װʥʵʣʵʭ, 

¶ ʍʘʷʛʜʘʣ ʯʫʣʫʫʣʘʛ, װʥʩʠʡʛ ʜʘʭʠʥ ʘʰʠʛʣʘʭ ʟʘʤʘʘʨ ʥᴇʭᴇʥ ʩʵʨʛʵʵʣʪ ʭʠʡʭ ʜʵʚʰʠʣʪʵʪ 

ʰʠʡʜʵʣ ʛʘʨʛʘʭ, 

¶ ʋʭʘʘʣʘʛ ʩʠʩʪʝʤ, ᴇʛᴇʛʜʣʠʡʥ ʘʥʘʣʠʟ ʘʰʠʛʣʘʥ ʪʵʩʵʣʛʵʵ, ʪʵʵʚʵʨʣʵʣʪʠʡʥ װʨ ʘʰʛʠʡʛ 

ʥʵʤʵʛʜװװʣʵʭ, 

¶ ʋʫʨʭʘʡʥ ʫʩʥʳ ʤʝʥʝʞʤʝʥʪ, ʭᴇʨʩʥʠʡ ʵʚʜʨʵʣ, ʪʦʦʩʞʠʣʪ ʙʫʫʨʫʫʣʘʭ ʭװʨʵʵʥʜ ʙʘʡʛʘʣʴʜ 

ʵʵʣʪʵʡ ʩʫʜʘʣʛʘʘ ʭʠʡʭ ʟʵʨʵʛ ʦʥʦʣ-ʧʨʘʢʪʠʢʠʡʥ ʫʷʣʜʘʘ ʙװʭʠʡ ʙװʪʵʵʣװװʜ ʙʘʡʩʘʥ.   

ʕʤʭʵʪʛʵʣʠʡʥ װʥʵ ʮʵʥʵ ʥʴ ʤʵʜʣʵʛ ʙװʪʵʵʭʠʡʥ ʘʤʴʜ ʙʘʨʠʤʪ ʶʤ. ʕʥʵʭװװ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʭʫʨʣʳʥ ʵʤʭʵʪʛʵʣʜ ʙʘʛʪʩʘʥ ᴇʛװװʣʣװװʜ ʥʴ ʰʠʥʞʣʵʭ ʫʭʘʘʥʜ ʭʵʨʭʵʥ ʭʘʥʜʘʭ, ʘʩʫʫʜʣʳʛ ʭʵʨʭʵʥ 
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ʦʥʦʣʳʥ ʪװʚʰʠʥʜ ʟʘʜʣʘʥ ʰʠʥʞʣʵʭ, ʰʠʥʵ ʩʘʥʘʘʛ ʩʫʜʘʣʛʘʘ ʙʦʣʛʦʥ ʭʫʚʠʨʛʘʭʳʛ ʭʘʨʫʫʣʩʘʥ 

ʙʘʨʠʤʪ ʙʠʯʠʛ ʪᴇʜʠʡʛװʡ ʫʨʘʤ ʟʦʨʠʛ, ʭᴇʛʞʠʣ ʜʵʚʰʣʠʡʥ ʙʵʣʛʵʜʵʣ ʶʤ. 

ʎʘʘʰʠʜ ʵʥʵ ʤʵʪ ʭʫʨʣʫʫʜ ʟʘʣʫʫ ʩʫʜʣʘʘʯʜʳʥ ʜʦʪʦʦʜ ʵʨʵʣ ʭʘʡʛʫʫʣʳʛ ʪʵʪʛʵʞ, ʭʘʤʪʜʘʘ ʩʵʪʛʵʞ, 

ʭʘʤʪʜʘʘ ʙװʪʵʵʜʵʛ ʵʨʜʤʠʡʥ ʭʘʤʪʳʥ ʥʠʡʛʵʤʣʵʛʠʡʥ װʥʜʩʠʡʛ ʙʘʪʘʪʛʘʥʘ ʛʵʜʵʛʪ ʠʪʛʵʣʪʵʡ ʙʘʡʥʘ. 

ʉʫʜʘʣʛʘʘʛװʡ ʙʦʣʦʚʩʨʦʣ ʙʦʣ ʫʛʰʠʣʛװʡ ʫʨʣʘʛ ʤʵʪ ʭʘʨʠʥ ʩʫʜʘʣʛʘʘʪʘʡ ʙʦʣʦʚʩʨʦʣ ʥʴ װʥʜʵʩʪʥʠʡ 
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ʪʘʣʘʘʨ ʩʫʜʘʣʞ ʮʘʘʰʠʜ ʭʠʡʛʜʵʭ ʪʦʦʮʦʦʣʣʫʫʜʳʥ װʨ ʜװʥʜ ʭʵʨʭʵʥ ʟʘʛʚʘʨʯʣʘʭ ʙʦʣʦʤʞʪʦʡʛ ʩʫʜʘʣʣʘʘ. 

ʊϮʣʭϮϮʨ Ϯʛðʠʞ ʙϮʨʜʵʣ, ʵʢʩʢʘʚʘʪʦʨ, ʘʚʪʦʩʘʤʦʩʚʘʣʫʫʜ

I.  ʋɼʀʈʊɻɸʃ 

ʕʨʜʵʥʵʪʠʡʥ ʭװʜʨʠʡʥ ʦʨʜʳʥ ʭװʜʨʠʡʥ ʙװʩʠʡʥ 
ʩʫʥʘʣ ʦʡʨʦʣʮʦʦʛʦʦʨ 25 ʢʤ, ᴇʨʛᴇʥ ʥʴ 1.6-3 ʢʤ ʙʘʡʜʘʛ 
ʙᴇʛᴇᴇʜ ʦʨʜʳʥ ɹʘʨʫʫʥ ʭʦʡʜ ʭʵʩʛʠʡʛ 1978 ʦʥʦʦʩ, 
ʊᴇʚʠʡʥ ʭʵʩʛʠʡʛ 2011 ʦʥʦʦʩ ʭʦʡʰ ʪʫʩ ʪʫʩ ʘʰʠʛʣʘʞ 
ʙʘʡʥʘ. ʆʜʦʦʛʦʦʨ ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡ ʥʴ ʭʘʤʛʠʡʥ ʫʨʜ 
ʭʵʩʛʵʵʨʵʵ ʦʡʨʦʣʮʦʦʛʦʦʨ 3.2 ʢʤ, ᴇʨʛᴇʥ ʥʴ 2.7 ʢʤ 
ʙᴇʛᴇᴇʜ ʘʰʠʛʣʘʣʪ ʷʚʫʫʣʞ ʙʫʡ ʭʘʤʛʠʡʥ ʜʦʦʜ ʪװʚʰʠʥ 
ʥʴ 1160 ʤ ʙʘʡʥʘ. ʕʨʜʵʥʵʪʠʡʥ ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ 
ʫʫʣ ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ ʞʠʣʵʵʩ ʞʠʣʜ ʭװʥʜʵʨʯ ʫʫʨʭʘʡ 
ʛװʥʟʛʠʡʨʵʭʠʡʥ ʭʵʨʵʵʨ ʯʫʣʫʫʣʛʠʡʥ ʭʘʪʫʫʣʘʛ ʠʭʩʵʞ, 
ʭװʜʨʠʡʥ ʘʛʫʫʣʛʘ ʙʫʫʨʯ ʙʘʡʛʘʘʪʘʡ ʭʦʣʙʦʛʜʫʫʣʘʥ 
ʛʘʨʛʘʞ ʙʘʡʛʘʘ ʙװʪʵʵʛʜʵʭװװʥʵʵ ʭʵʚʠʡʥ ʭʵʤʞʵʵʥʜ 
ʙʘʡʣʛʘʭʳʥ ʪʫʣʜ ʊᴇʚʠʡʥ ʭʵʩʛʠʡʥ ʦʨʜʳʛ 2011 ʦʥʜ 
ʘʰʠʛʣʘʣʪʘʥʜ ʦʨʫʫʣʩʥʘʘʨ 2024 ʦʥʳ ʞʠʣʠʡʥ ʵʮʩʠʡʥ 
ʙʘʡʜʣʘʘʨ ʭװʜʵʨ ʦʣʙʦʨʣʦʣʪʳʛ 41 ʩʘʷ.ʪʥ ʭװʯʠʥ 
ʯʘʜʘʣʜ ʭװʨʛʵʵʜ ʙʘʡʥʘ.  

ʆʨʜʳʥ ʥϺϺʮ ï 2016-2020 ʦʥʫʫʜʘʜ ʛװʡʮʵʪʛʵʩʵʥ 
ʭʘʡʛʫʫʣʳʥ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʨ ʟʵʩʠʡʥ ʭװʜʨʠʡʥ 
ʥᴇᴇʮʠʡʛ ʙʘʪʪʘʡ, ʙʦʜʠʪʦʡ, ʙʦʣʦʤʞʪʦʡ ʟʵʨʵʛʣʵʣʵʵʨ 
2.98 ʪʵʨʙʫʤ ʪʥ /10.71 ʩʘʷ.ʪʥ ʮʵʚʵʨ ʟʵʩ ʘʛʫʫʣʩʘʥ/, 
ʤʦʣʠʙʜʝʥʠʡ ʥᴇᴇʮʠʡʛ ʙʘʪʪʘʡ, ʙʦʜʠʪʦʡ, ʙʦʣʦʤʞʪʦʡ 
ʟʵʨʵʛʣʵʣʵʵʨ 499.64 ʤʷʥ.ʪʥ-ʦʦʨ ʪʫʩ ʪʫʩ ʰʠʥʵʯʣʵʥ 
ʪʦʛʪʦʦʞ ʕʨʜʵʩ ʙʘʷʣʛʠʡʥ ʩʘʥʜ ʙװʨʪʛװװʣʩʵʥ ʥʴ 
ᴇʥᴇᴇʜʨʠʡʥ 40 ʩʘʷ.ʪʥ ʭװʯʠʥ ʯʘʜʣʘʘʨ ʪʦʦʮʦʞ װʟʵʭʵʜ 
ʮʘʘʰʠʜ 70 ʞʠʣ ʘʞʠʣʣʘʭ ʙʦʣʦʤʞʪʦʡ ʥᴇᴇʮ ʶʤ.   

 
1-ʨ ʟʫʨʘʛ. ʕʨʜʵʥʵʪʠʡʥ ʭϮʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʭʘʨʘʛʜʘʭ ʙʘʡʜʘʣ 

/2024.07-ʨ ʩʘʨʳʥ ʙʘʡʜʣʘʘʨ/ 

II.  ʋʍɸɾ-ɸʏʀʍ, ʊʕʕɺʕʈʃʕʍ ʀɾ 

ɹתʈɼʃʀʁʅ ᴆʅᴆᴆɻʀʁʅ ɹɸʁɼɸʃ 

ʕʨʜʵʥʵʪʠʡʥ ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʛ ʘʰʠʛʣʘʣʪʘʥʜ 
ʦʨʫʫʣʩʘʥ ʪʫʭʘʡʥ װʝʜ ʕʂɻ-4.6 ʤʘʨʢʠʡʥ ʵʢʩʢʘʚʘʪʦʨ, 
40 ʪʥ ʜʘʘʮʪʘʡ ɹʝʣɸɿ-548 ʤʘʨʢʠʡʥ ʘʚʪʦʩʘʤʦʩʚʘʣʫʫʜ 
ʘʰʠʛʣʘʞ ʙʘʡʩʘʥ ʙʦʣ ʫʫʨʭʘʡʥ ʭװʯʠʥ ʯʘʜʘʣ 
ʥʵʤʵʛʜʵʭʠʡʥ ʭʵʨʵʵʨ ʧʘʨʢ ʰʠʥʵʯʣʵʣʠʡʛ ʪʫʭʘʡ ʙװʨ 
ʥʴ ʭʠʡʩʥʵʵʨ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʫʭʘʞ-ʘʯʠʭ, 
ʪʵʵʚʵʨʣʵʭ ʠʞ ʙװʨʜʵʣʜ ɻʝʨʤʘʥ ʫʣʩʳʥ 18 ʤ3 ʫʪʛʫʫʨʳʥ 
ʙʘʛʪʘʘʤʞʪʘʡ LIEBHERR R-9350 ʤʘʨʢʠʡʥ 
ʵʢʩʢʘʚʘʪʦʨ 5 ʰʠʨʭʵʛ, ʆʍʋ-ʳʥ 10 ʤ3 ʫʪʛʫʫʨʳʥ 
ʙʘʛʪʘʘʤʞʪʘʡ ʕʂɻ-10 ʤʘʨʢʠʡʥ ʵʢʩʢʘʚʘʪʦʨ 4 ʰʠʨʭʵʛ, 
12 ʤ3 ʫʪʛʫʫʨʳʥ ʙʘʛʪʘʘʤʞʪʘʡ ʕʂɻ-12ʂ ʤʘʨʢʠʡʥ 
ʵʢʩʢʘʚʘʪʦʨ 4 ʰʠʨʭʵʛ, ɹʝʣʘʨʫʩʴ ʫʣʩʳʥ 130 ʪʥ 
ʜʘʘʮʪʘʡ ɹʝʣɸɿ-75131 ʤʘʨʢʠʡʥ ʘʚʪʦʩʘʤʦʩʚʘʣ 33 
ʰʠʨʭʵʛ, 136 ʪʥ ʜʘʘʮʪʘʡ ɹʝʣɸɿ-7513D ʤʘʨʢʠʡʥ 
ʘʚʪʦʩʘʤʦʩʚʘʣ 4 ʰʠʨʭʵʛ, 2024 ʦʥʳ 12-ʨ ʩʘʨʘʘʩ ʗʧʦʥ 
ʫʣʩʳʥ 140 ʪʥ ʜʘʘʮʪʘʡ KOMATU HD-1500 ʤʘʨʢʠʡʥ 
ʘʚʪʦʩʘʤʦʩʚʘʣ 10 ʰʠʨʭʵʛʠʡʛ ʪʫʩ ʪʫʩ ʘʰʠʛʣʘʥ ʛʘʜʘʘʜ 
ʦʚʦʦʣʛʦ ʙװʭʠʡ ʪʵʵʚʵʨʪʵʡ ʭᴇʨʩ ʭʫʫʣʘʣʪʳʥ ʩʠʩʪʝʤʵʵʨ 
ʦʣʙʦʨʣʦʣʪʳʛ ʷʚʫʫʣʞ ʙʘʡʥʘ.  

 
2-ʨ ʟʫʨʘʛ. ʕʨʜʵʥʵʪʠʡʥ ʭϮʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʫʭʘʞ-ʘʯʠʭ, 

ʪʵʵʚʵʨʣʵʭ ʠʞ ʙϮʨʜʣʠʡʥ ʤʝʭʘʥʠʢʞʫʫʣʘʣʪʳʥ ϺʥϺϺʛʠʡʥ ʙʘʡʜʘʣ 

ʀʣ ʫʫʨʭʘʡʥ ʪʝʭʥʦʣʦʛʠʡʥ  ʪʵʵʚʨʠʡʥ ʟʘʨʜʘʣ ʥʴ 
ʘʰʠʛʪ ʤʘʣʪʤʘʣ ʦʣʙʦʨʣʦʣʪʳʥ ʙװʨʵʥ ᴇᴇʨʠʡʥ ᴇʨʪʛʠʡʥ 
55-60 ʦʨʯʠʤ ʭʫʚʠʡʛ ʵʟʵʣʜʵʛ ʛʵʩʵʥ ʩʫʜʣʘʘʯʜʳʥ 
ʜװʛʥʵʣʪ ʙʘʡʜʘʛ. ʕʨʜʵʥʵʪʠʡʥ ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ 
ʭʫʚʴʜ ʵʥʵʭװ װװʟװװʣʵʣʪ ʥʴ ʩװװʣʠʡʥ 5 ʞʠʣʠʡʥ 
ʜʫʥʜʞʘʘʨ 52.7%-ʪʘʡ ʙʘʡʛʘʘ ʙʦʣʥʦ. 

ʋʫʨʭʘʡʥ ʛװʥ ʠʭʩʵʭ ʪʫʩʘʤ ʪʵʵʚʨʠʡʥ ʟʘʨʜʘʣ ᴇʩʥᴇ. 
ʆʡʨʦʣʮʦʦʛʦʦʨ 100 ʤ  ʪʫʪʘʤʜ ʘʚʪʦʪʵʵʚʨʠʡʥ ʟʘʨʜʘʣ 
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25-39% ᴇʩʜᴇʛ ʛʵʞ ʩʫʜʣʘʘʯʠʜ, ʵʨʜʵʤʪʵʜ ʪʦʦʮʦʦʣʩʦʥ 
ʙʘʡʜʘʛ. 

1-ʨ ʭϮʩʥʵʛʪ. ʕʂɻ-10 ʤʘʨʢʠʡʥ ʵʢʩʢʘʚʘʪʦʨʫʫʜʳʥ ʘʞʠʣʣʘʩʘʥ 
ʙʘʡʜʘʣ, ʩϮϮʣʠʡʥ 5 ʞʠʣʵʵʨ 

 

 ʊʘʡʣʙʘʨ: ʕʂɻ-10 ʵʢʩʢʘʚʘʪʦʨ ʥʴ 2020 ʦʥʜ 5 
ʰʠʨʭʵʛ, 2021-2024 ʦʥʫʫʜʘʜ ʪʫʩ ʙװʨ 4 ʰʠʨʭʵʛ 
ʘʞʠʣʣʘʩʘʥ. 

2-ʨ ʭϮʩʥʵʛʪ. ʕʂɻ-12ʂ ʤʘʨʢʠʡʥ ʵʢʩʢʘʚʘʪʦʨʫʫʜʳʥ ʘʞʠʣʣʘʩʘʥ 
ʙʘʡʜʘʣ, ʩϮϮʣʠʡʥ 5 ʞʠʣʵʵʨ 

 

 ʊʘʡʣʙʘʨ: ʕʂɻ-12ʂ ʵʢʩʢʘʚʘʪʦʨ ʥʴ 2020 ʦʥʜ 2 
ʰʠʨʭʵʛ, 2021-2024 ʦʥʫʫʜʘʜ ʪʫʩ ʙװʨ 4 ʰʠʨʭʵʛ 
ʘʞʠʣʣʘʩʘʥ. 

3-ʨ ʭϮʩʥʵʛʪ. Liebherr R9350 ʤʘʨʢʠʡʥ ʵʢʩʢʘʚʘʪʦʨʫʫʜʳʥ 
ʘʞʠʣʣʘʩʘʥ ʙʘʡʜʘʣ, ʩϮϮʣʠʡʥ 5 ʞʠʣʵʵʨ 

 

ʊʘʡʣʙʘʨ: Liebherr R-9350 ʵʢʩʢʘʚʘʪʦʨ ʥʴ 2020-
2022 ʦʥʫʫʜʘʜ ʪʫʩ ʙװʨ 3 ʰʠʨʭʵʛ, 2023 ʦʥʜ 4 ʰʠʨʭʵʛ, 
2024 ʦʥʜ 5 ʰʠʨʭʵʛ ʘʞʠʣʣʘʩʘʥ. 

4-ʨ ʭϮʩʥʵʛʪ. ʊʵʵʚʵʨʣʵʭ ʠʞ ʙϮʨʜʣʠʡʥ ʛϮʡʮʵʪʛʵʣʠʡʥ ϮʟϮϮʣʵʣʪ, 
ʩϮϮʣʠʡʥ 3 ʞʠʣʵʵʨ 

 

ʊʝʭʥʦʣʦʛʠʡʥ ʪʵʵʚʨʠʡʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʛ 
ɸʚʪʦ ʪʵʵʚʨʠʡʥ ʮʝʭ ʭʘʨʠʫʮʘʥ ʪʵʵʚʵʨʣʵʣʪʠʡʥ 
 ʡʣʜʚʵʨʣʵʣʠʡʥ ʪᴇʣᴇʚʣᴇʛᴇᴇʪװ ʣʞװװʟװ ʡʣʯʠʣʛʵʵװ
 ʣʵʭʵʜ ʭʵʚʠʡʥ ʘʞʠʣʣʘʛʘʘʛװװʣʵʣʪʠʡʛ ʙʠʝʣװװʟװ
ʭʘʥʛʘʥ ʘʞʠʣʣʘʜʘʛ.  

ʊʦʥʦʛ ʪϺʭϺϺʨϺʤʞʠʡʥ ʥʘʩʞʠʣʪʳʥ ʩʫʜʘʣʛʘʘ: 

ʋʫʣ ʫʫʨʭʘʡʥ ʤʘʰʠʥʫʫʜ ʪʵʜʛʵʵʨʠʡʥ ʜʦʪʨʦʦʩ 
ʭװʯʠʥ ʯʘʜʘʣ ʠʭʪʵʡ ʵʢʩʢʘʚʘʪʦʨʫʫʜ װʡʣʜʚʵʨʣʵʩʵʥ 
ʛʘʟʨʘʘʩʘʘ ʪʦʜʦʨʭʦʡ ʵʜʵʣʛʵʵʥʠʡ ʙʫʶʫ ʘʰʠʛʣʘʣʪʳʥ 
ʭʫʛʘʮʘʘʪʘʡ ʛʘʨʯ ʭʵʨʵʛʣʵʛʯʜʵʜ ʥʠʡʣװװʣʵʛʜʜʵʛ 
ʙʦʣʦʚʯ ʪʵʨ ʭʫʛʘʮʘʘ ʥʴ ʙʦʜʠʪ ʙʘʡʜʘʣʜ ʥʠʡʮʜʵʛʛװʡ. 
ʆʥʦʣʳʥ ʭʫʚʴʜ ʠʣ ʫʫʨʭʘʡʜ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ 
ʵʢʩʢʘʚʘʪʦʨʫʫʜ ʥʴ ʪʘʩʨʘʣʪʛװʡ ʘʞʠʣʣʘʛʘʘʪʘʡ 
ʦʙʴʝʢʪʦʜ ʩʘʨʳʥ 500 ʤʘʰʠʥ/ʮʘʛ, ʞʠʣʠʡʥ 6,000 

ʤʘʰʠʥ/ʮʘʛ ʘʞʠʣʣʘʥʘ ʛʵʞ װʟʜʵʛ. ʐʫʫʜ ʫʪʛʫʫʨʪ 
ʵʢʩʢʘʚʘʪʦʨʫʫʜ ʥʴ 15 ʞʠʣʠʡʥ ʵʜʵʣʛʵʵʥʠʡ ʭʫʛʘʮʘʘʪʘʡ 
 ʟʚʵʣ ʥʠʡʪ 90,000 ʤʘʰʠʥ/ʮʘʛװ ʡʣʜʚʵʨʣʵʛʜʜʵʛ ʛʵʞװ
ʘʞʠʣʣʘʭ ʸʩʪʦʡ.  
ʕʨʜʵʥʵʪʠʡʥ ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʭʫʚʴʜ 2024 ʦʥʜ 

ʘʞʠʣʣʘʩʘʥ 13 ʵʢʩʢʘʚʘʪʦʨ ʥʴ ʥʠʡʪ 82,534 ʤʘʰʠʥ/ʮʘʛ, 
1 ʵʢʩʢʘʚʘʪʦʨ ʜʫʥʜʞʘʘʨ 6,348.76 ʤʘʰʠʥ/ʮʘʛ 
ʘʞʠʣʣʘʩʘʥ ʙʘʡʥʘ.  

5-ʨ ʭϮʩʥʵʛʪ. ʕʢʩʢʘʚʘʪʦʨʫʫʜʳʥ ʥʘʩʞʠʣʪ, ʧʘʨʢ ʰʠʥʵʯʣʵʣʪ 
ʭʠʡʭʵʜ ʙʘʨʠʤʪʣʘʭ ʛʨʘʬʠʢ 

 

ʅʘʩʞʠʣʪʳʥ װʟװװʣʵʣʪʠʡʛ ʭʘʨʘʭʘʜ ʠʣ ʫʫʨʭʘʡʥ 
ʫʭʘʞ ʘʯʠʭ 13 ʰʠʨʭʵʛ ʵʢʩʢʘʚʘʪʦʨʦʦʩ 4 ʰʠʨʭʵʛ 
ʵʢʩʢʘʚʘʪʦʨʳʛ ʦʡʨʳʥ ʭʫʛʘʮʘʘʥʜ ʩʦʣʠʭ ʰʘʘʨʜʣʘʛʘʪʘʡ 
ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 

6-ʨ ʭϮʩʥʵʛʪ. ɸʚʪʦʩʘʤʦʩʚʘʣʫʫʜʳʥ ʥʘʩʞʠʣʪ, ʧʘʨʢ ʰʠʥʵʯʣʵʣʪ 
ʭʠʡʭʵʜ ʙʘʨʠʤʪʣʘʭ ʛʨʘʬʠʢ 

 

I ʟʵʨʵʛʣʵʣ ʥʴ 150 ʤʷʥ.ʢʤ ʭװʨʪʵʣ,  II ʟʵʨʵʛʣʵʣ ʥʴ 
150-300 ʤʷʥ.ʢʤ, III ʟʵʨʵʛʣʵʣ ʥʴ 300-450 ʤʷʥ.ʢʤ, IV 
ʟʵʨʵʛʣʵʣ ʥʴ 450-600 ʤʷʥ.ʢʤ, V ʟʵʨʵʛʣʵʣ ʥʴ 600-750 
ʤʷʥ.ʢʤ, VI ʟʵʨʵʛʣʵʣ ʥʴ 750-900 ʤʷʥ.ʢʤ, VII ʟʵʨʵʛʣʵʣ 
ʥʴ 900 ʤʷʥ.ʢʤ-ʵʵʩ ʜʵʵʰ ʛװʡʣʪʪʵʡ ʙʫʶʫ 
 ʡʣʪʠʡʥ ʥᴇᴇʮ 800 ʤʷʥ.ʢʤ ʛʵʞװʡʣʜʚʵʨʣʵʛʯʠʡʥ ʛװ
ʪʦʛʪʦʦʩʦʥ ʙʘʡʜʘʛ.   

ʅʘʩʞʠʣʪʳʥ װʟװװʣʵʣʪʠʡʛ ʭʘʨʘʭʘʜ ʠʣ ʫʫʨʭʘʡʥ 
ʪʵʵʚʵʨʪ 2024 ʦʥʳ ʙʘʡʜʣʘʘʨ ʘʰʠʛʣʘʩʘʥ 38 ʰʠʨʭʵʛ 
ʪʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʩ 23 ʰʠʨʭʵʛ ʥʴ 100-ʩ ʜʵʵʰ 
ʭʫʚʠʡʥ ʥʘʩʞʠʣʪʪʘʡ ʙʘʡʥʘ. 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  

-3- 

ʊʦʥʦʛ ʪϺʭϺϺʨϺʤʞʠʡʥ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʩʫʜʘʣʛʘʘ: 

7-ʨ ʭϮʩʥʵʛʪ. ʕʢʩʢʘʚʘʪʦʨʳʥ ʧʘʨʢʠʡʥ ʘʞʠʣʣʘʛʘʘ, ʩʫʣ ʟʦʛʩʦʣʪ 

 

 
3-ʨ ʟʫʨʘʛ. ʕʢʩʢʘʚʘʪʦʨʳʥ ʩʫʣ ʟʦʛʩʦʣʪʦʜ ʵʟʣʵʭ ʭʫʚʴ 

8-ʨ ʭϮʩʥʵʛʪ. ɸʚʪʦʩʘʤʦʩʚʘʣʳʥ ʧʘʨʢʠʡʥ ʘʞʠʣʣʘʛʘʘ, ʩʫʣ ʟʦʛʩʦʣʪ 

 

 
4-ʨ ʟʫʨʘʛ. ɸʚʪʦʩʘʤʦʩʚʘʣʳʥ ʧʘʨʢʠʡʥ ʩʫʣ ʟʦʛʩʦʣʪʦʜ ʥϺʣϺϺʣϺʭ ʠʣ 

ʫʫʨʭʘʡʛʘʘʩ ʭʘʤʘʘʨʩʘʥ ʩʫʣ ʟʦʛʩʦʣʪ 

III.  ʎɸɸʐʀɼ ʍʀʁɻɼʕʍ ʊʆʆʎʆʆʃʃʋʋɼ, 

ʍתʈʕʍ תʈ ɼתʅ, ɿɸɻɺɸʈʏʃɸʃ 

ɿʘʛʚʘʨʯʣʘʣ: 
ʍװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʜʠʩʧʝʪʯʝʨ ʭʷʥʘʣʪʳʥ 

ʩʠʩʪʝʤʠʡʥ ʜʘʪʘ ʤʵʜʵʵʣʵʣʜ ʪʫʣʛʫʫʨʣʘʞ ʩʪʘʪʠʩʪʠʢ 
ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʞ ʥʵʛʪʛʵʥ ʜװʛʥʵʞ ʪʦʥʦʛ 
ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʙװʪʵʵʣʠʡʛ ʥʵʤʵʛʜװװʣʵʭ, ʮʘʛ 
ʘʰʠʛʣʘʣʪʳʛ ᴇʩʛᴇʭ ʙʦʣʦʤʞʠʡʛ ʩʫʜʣʘʥ ʦʥʦʚʯʠʣʞ 
ʟʘʛʚʘʨʯʣʘʥʘ. 

ʎʘʘʰʠʜ ʭʠʡʛʜʵʭ ʪʦʦʮʦʦʣʣʫʫʜ: 

ü ʕʢʩʢʘʚʘʪʦʨ ʙʦʣʦʥ ʘʚʪʦʩʘʤʦʩʚʘʣʳʥ ʩʫʣ 
ʟʦʛʩʦʣʪ, ʮʘʛ ʘʰʠʛʣʘʣʪʳʥ ʙʘʡʜʣʳʛ 
ʜʵʵʰʣװװʣʵʭ ʙʦʣʦʤʞʠʡʛ ʩʫʜʣʘʞ ʦʥʦʚʯʪʦʡ 
ʪʦʦʮʦʦʣʦʣ ʭʠʡʭ, 

ü ʍװʜʨʠʡʥ ʜʫʥʜʘʞʣʘʣʳʛ ʭʘʥʛʘʭ ʭװʯʠʥ 
ʟװʡʣʩʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ʜװʛʥʵʭ, 

ü ʄʵʨʛʵʞʣʠʡʥ ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʜ 
ʩʫʫʨʠʣʩʘʥ ʩʠʤʫʣʷʮʠ ʟʘʛʚʘʨʯʣʘʣ ʭʠʡʭï 
ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʧʨʦʛʨʘʤʤ ʘʰʠʛʣʘʭ. 

 

5-ʨ ʟʫʨʘʛ. ʋʭʘʞ-ʘʯʠʭ, ʪʵʵʚʵʨʣʵʭ ʠʞ ʙϮʨʜʣʠʡʥ ʦʥʦʚʯʣʦʣ, 
ʟʘʛʚʘʨʯʣʘʣ ʭʠʡʭ ʜʘʨʘʘʣʘʣ 

ɼתɻʅʕʃʊ 

ʋʭʘʞ-ʘʯʠʭ, ʪʵʵʚʵʨʣʵʭ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 
ʥʘʩʞʠʣʪʳʥ װʟװװʣʵʣʪʠʡʛ ʭʘʨʘʭʘʜ ʠʣ ʫʫʨʭʘʡʥ ʫʭʘʞ 
ʘʯʠʭ 13 ʰʠʨʭʵʛ ʵʢʩʢʘʚʘʪʦʨʦʦʩ 4 ʰʠʨʭʵʛ 
ʵʢʩʢʘʚʘʪʦʨʳʛ ʦʡʨʳʥ ʭʫʛʘʮʘʘʥʜ ʩʦʣʠʭ ʰʘʘʨʜʣʘʛʘʪʘʡ 
ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. ʄᴇʥ 130-136 ʪʥ ʜʘʘʮʪʘʡ ʥʠʡʪ 37 
ʰʠʨʭʵʛ ɹʝʣɸɿ ʤʘʨʢʠʡʥ ʘʚʪʦʩʘʤʦʩʚʘʣ, 2025 ʦʥʦʦʩ 
140 ʪʥ ʜʘʘʮʪʘʡ Komatsu ʤʘʨʢʠʡʥ 10 ʰʠʨʭʵʛ 
ʘʚʪʦʩʘʤʦʩʚʘʣ, ʥʠʡʪ 47 ʪʵʵʚʨʠʡʥ ʤʘʰʠʥ ʭʵʨʵʛʣʵʞ 
ʙʘʡʛʘʘʛʘʘʩ 23 ʰʠʨʭʵʛ ʥʴ 100-ʩ ʜʵʵʰ ʭʫʚʠʡʥ 
ʥʘʩʞʠʣʪʪʘʡ ʙʘʡʛʘʘ ʥʴ ʥʠʡʪ ʪʝʭʥʠʢ ʭʵʨʵʛʩʣʠʡʥ 
ʥʘʩʞʠʣʪ ᴇʥʜᴇʨ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  
ʕʨʜʵʥʵʪʠʡʥ ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʭװʯʠʥ ʯʘʜʘʣ 

ʙʘʷʞʫʫʣʘʭ װʡʣʜʚʵʨʠʡʥ ᴇʨʛᴇʪʛᴇʣ, ʰʠʥʵʯʣʵʣʵʵʩ 
ʭʘʤʘʘʨʯ ᴇʩᴇʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʛʘʘ ʪʫʣ ʦʜʦʦ ʘʞʠʣʣʘʞ 
ʙʘʡʛʘʘ ʵʢʩʢʘʚʘʪʦʨ, ʘʚʪʦʩʘʤʦʩʚʘʣʫʫʜʳʥ ʘʰʠʛʣʘʣʪʳʛ 
ʩʘʡʞʨʫʫʣʘʭ, ʧʘʨʢ ʰʠʥʵʯʣʵʣ ʭʠʡʛʜʵʞ ʙʫʡ ʪʦʥʦʛ 
ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʥ ʦʥʦʚʯʪʦʡ ʭʦʩʣʦʣʳʛ 
ʪʦʜʦʨʭʦʡʣʦʭ ʰʘʘʨʜʣʘʛʘ ʪʫʣʛʘʨʯ ʙʘʡʥʘ. ʄᴇʥ 
ʭװʜʨʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʵʢʩʢʘʚʘʪʦʨʫʫʜ, 
ʘʚʪʦʩʘʤʦʩʚʘʣʫʫʜʳʥ ʙװʪʵʵʣʠʡʥ ᴇᴇʨʯʣᴇʣʪ ʙʦʣʦʥ 
ʧʘʨʢʠʡʥ ʜʫʥʜʘʞ ʙװʪʵʵʣʠʡʥ ʭʵʤʞʵʵʥʵʵʩ ʜװʛʥʵʥ 
ʭʵʣʵʭʵʜ ʪʵʜʛʵʵʨʠʡʥ ʙװʪʵʵʣ ʙʫʫʨʘʣʪʘʥʜ ʥᴇʣᴇᴇʣᴇʭ 
ʭװʯʠʥ ʟװʡʣʩʠʡʛ ʩʫʜʣʘʥ װʟʵʞ ʪʵʜʛʵʵʨʠʡʥ 
ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʜʦʨʭʦʡ ʪװʚʰʠʥʜ ʙʘʛʘʩʛʘʭ ʙʦʣʦʤʞ 
ʙʘʡʛʘʘ ʵʩʵʭʠʡʛ ʦʥʦʚʯʣʦʣ, ʟʘʛʚʘʨʯʣʘʣʳʥ װʨ ʜװʥʛʵʵʨ 
ʪʦʜʦʨʭʦʡʣʥʦ. 
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ʐʀɺʕʕ ʆɺʆʆɻʀʁʅ ʍתʈʕʅ ʅתתʈʉʅʀʁ ʋʋʈʍɸʁʅ ʍᴆʈᴆʅɻᴆ 

ʆʈʋʋʃɸʃʊʓɻ ʅʕʄʕɻɼתתʃʕʍ ɹʆʃʆʄɾʀʁʅ ʉʋɼɸʃɻɸɸ 

ɿʦʨʠʛʪʳʥ ʉʘʥʯʠʨ 

ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ ʫʫʨʭʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʣ ʫʫʨʭʘʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ 

ʀ-ʤʵʡʣ ʭʘʷʛ: Sanchir@id@gmail.com 

ʍʫʨʘʘʥʛʫʡ: ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʦʨʜ ʥʴ ʄʦʥʛʦʣ ʫʣʩʳʥ ʩʪʨʘʪʝʛʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ ʘʰʠʛʪ ʤʘʣʪʤʘʣʳʥ ʦʨʜ ʙᴇʛᴇᴇʜ 

ʩʫʜʣʘʘʯʠʡʥ ʟװʛʵʵʩ ʫʫʨʭʘʡʥ ʥᴇᴇʮ, ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠ, ʩʘʥʭװװʛʠʡʥ ʙʘʡʜʣʳʥ ʩʫʜʘʣʛʘʘ ʭʠʡʞ ᴇʥᴇᴇʛʠʡʥ ʪװʚʰʠʥʜ 

 ʨʵʵʥʜ ᴇʤʥᴇ ʭʠʡʛʜʩʵʥ ʭᴇʨᴇʥʛᴇװʛʥʵʣʪ ᴇʛʣᴇᴇ. ʄᴇʥ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʘʜ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘʥʳ ʭװʥʵʣʵʣʪ ʜװ

ʦʨʫʫʣʘʣʪʪʘʡ ʪʘʥʠʣʮʘʞ, 2024 ʦʥʜ ʭʠʡʛʜʩʵʥ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʘʜ װʨ ʘʰʛʠʡʥ ʩʫʜʘʣʛʘʘ ʭʠʡʞ, ʫʫʨʭʘʡʥ ʭᴇʨᴇʥʛᴇ 

ʦʨʫʫʣʘʣʪʳʛ ʥʵʤʵʛʜװװʣʵʭ ʙʦʣʦʤʞʠʡʥ ʪʘʣʘʘʨ ʩʘʥʘʣ ʜװʛʥʵʣʪ ʙʦʣʦʚʩʨʫʫʣʣʘʘ. 

 

ʋɼʀʈʊɻɸʃ 

ɹʅʄɸʋ-ʳʥ ʉʘʡʜ ʥʘʨʳʥ ʟᴇʚʣᴇʣʠʡʥ 1989 

ʦʥʳ 04-ʨ ʩʘʨʳʥ 26-ʥʠʡ ᴇʜʨʠʡʥ 98 ʜʫʛʘʘʨ ʪʦʛʪʦʦʣʳʛ 

ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ ʭװʨʵʵʥʜ 1989 ʦʥʳ 05-

ʨ ʩʘʨʳʥ 24-ʥʠʡ ᴇʜᴇʨ ʕʍʋʋתɻʗʘʤʥʳ ʩʘʡʜʳʥ 134 

ʜװʛʵʵʨ ʪʫʰʘʘʣ ʛʘʨʯ ʐʠʚʵʵʛʦʚʴ ʭʦʪʭʦʥʳ 

ʭʘʤʛʘʘʣʘʣʪ, ʘʰʠʛʣʘʣʪʳʥ ʪװʨ ʟʘʭʠʨʛʘʘ 

ʙʘʡʛʫʫʣʘʭʘʘʨ ʰʠʡʜʚʵʨʣʵʩʵʥ ʥʴ ᴇʥᴇᴇʜʨʠʡʥ ʐʠʚʵʵ 

ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ ʫʫʨʭʘʡʥ װʥʜʵʩ ʩʫʫʨʴ ʙʦʣʞʵʵ. 

ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʫʫʨʭʘʡ ʥʴ ʞʠʣʜʵʵ 8.6 

ʩʘʷ.ʤ3 ʭᴇʨʩ ʭʫʫʣʞ, 2.0 ʩʘʷ.ʪʥ ʥװװʨʩ ʦʣʙʦʨʣʦʥ, 

ʙʦʨʣʫʫʣʘʭ ʭװʯʠʥ ʯʘʜʘʣʪʘʡ. ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ 

ʦʨʜʳʥ ʥװװʨʩ ʥʴ ʍ-3 ʙװʣʛʠʡʥ ʭװʨʵʥ ʥװװʨʩʥʠʡ 

ʘʥʛʠʣʘʣʜ ʭʘʤʘʘʨʘʭ ʙʘ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʄʦʥʛʦʣ 

ʫʣʩʳʥ ʜʦʪʦʦʜʳʥ ʥװװʨʩʥʠʡ ʭʵʨʵʛʮʵʵʥʠʡ 28.3%, 

ñɼʎʉ-IVò ʊᴆʍʂ-ʠʡʥ ʭʵʨʵʛʮʵʵʥʠʡ 50.0%-ʠʡʛ 

ʜʘʥʛʘʘʨʘʘ ʭʘʥʛʘʞ ʙʫʡ ʄʦʥʛʦʣ ʋʣʩʳʥ ʩʪʨʘʪʝʛʠʡʥ 

ʘʯ ʭʦʣʙʦʛʜʦʣ ʙװʭʠʡ ʘʰʠʛʪ ʤʘʣʪʤʘʣʳʥ ʦʨʜ ʶʤ. 

ʂʦʤʧʘʥʠʡʥ ʥʠʡʪ ʭʫʚʴʮʘʘʥʳ 90 ʭʫʚʠʡʛ 

ʄʦʥʛʦʣ ʫʣʩʳʥ ɿʘʩʛʠʡʥ ʛʘʟʘʨ ʵʟʵʤʰʜʵʛ, 10 ʭʫʚʠʡʛ 

ʥʴ ʙʫʩʘʜ ʭʫʚʴʮʘʘ ʵʟʵʤʰʠʛʯʠʜ ʵʟʵʤʰʜʵʛ. ʄʦʥʛʦʣ 

ʫʣʩʳʥ ɿʘʩʛʠʡʥ ʛʘʟʨʳʥ 2013 ʦʥʳ 100 ʜʫʛʘʘʨ 

ʪʦʛʪʦʦʣʦʦʨ  ñʕʨʜʵʥʵʩ ʄʦʥʛʦʣò ʍʍʂ ʥʴ  ñʐʠʚʵʵ  

ʆʚʦʦò ʍʂ-ʠʡʥ ʪᴇʨʠʡʥ ʵʟʵʤʰʣʠʡʥ 

ʭʫʚʴʮʘʘʥʳ ʪᴇʨʠʡʥ ʪᴇʣᴇᴇʣʣʠʡʛ ʭʵʨʵʛʞװװʣʜʵʛ. 

ʉʕɼɺʀʁʅ ʉʋɼʃɸɻɼʉɸʅ ɹɸʁɼɸʃ: 

ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʫʫʨʭʘʡʪʘʡ ʭʦʣʙʦʦʪʦʡ ᴇʤʥᴇʭ 

ʩʫʜʣʘʘʯʜʳʥ ʙװʪʵʵʣʜ ʩʘʥʭװװʛʠʡʥ ʭװʥʜʨʵʣʪʵʡ 

ʥᴇʭʮᴇʣ ʙʘʡʜʣʘʘʩ ʰʘʣʪʛʘʘʣʞ ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠʡʥ 

ʰʠʥʵʯʣʵʣʠʡʛ ʪʦʛʪʤʦʣ ʭʠʡʞ ʯʘʜʜʘʛʛװʡʛʵʵʩ ʫʫʨʭʘʡʥ 

ʥʘʩʞʠʣʪʘʘʩ ʭʘʤʘʘʨʩʘʥ ʩʫʜʘʣʛʘʘ, ʤᴇʥ ʪʵʵʚʵʨʪʵʡ  

 

 

ʙʦʣʦʥ ʪʵʵʚʵʨʛװʡ ʘʰʠʛʣʘʣʪʳʥ ʩʠʩʪʝʤʵʵʨ ʫʫʨʭʘʡʥ 

ʦʣʙʦʨʣʦʣʪ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘ ʪʫʣ ʘʰʠʛʣʘʣʪʳʥ 

ʪʝʭʥʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʟʦʥʭʠʣʞ ʙʘʡʥʘ. 

ʊʫʭʘʡʣʙʘʣ ʉʫʜʣʘʘʯ ɻ.ɼʘʚʘʘʞʘʨʛʘʣ, ʫʜʠʨʜʘʛʯ 

ɼʦʢ.ɼʵʜ.ʧʨʦʬ. ʂ.ʍʘʚʘʣʙʦʣʦʪ, ɿᴇʚʣᴇʭ ɼʦʢ.ʇʨʦʬ. 

ʎ.ʅʘʥʟʘʜ, ʥʘʨʳʥ 2022 ʦʥʜ ʛװʡʮʵʪʛʵʩʵʥ ñʎʘʭʠʣʛʘʘʥ 

ʵʢʩʢʘʚʘʪʦʨʳʥ ʵʜʵʣʛʵʵʥʠʡ ʭʫʛʘʮʘʘʪʘʡ ʫʷʣʜʫʫʣʘʥ 

ʘʶʫʣʛװʡ ʙʘʡʜʣʳʥ ʵʨʩʜʵʣʠʡʥ ʪװʚʰʥʠʡʛ װʥʵʣʵʭò 

ʊʝʭʥʠʢʠʡʥ ʫʭʘʘʥʳ ʤʘʛʠʩʪʨʳʥ ʟʵʨʵʛ ʛʦʨʠʣʦʭ 

ʙװʪʵʵʣ, ʉʫʜʣʘʘʯ ɼʘʥʜʘʨʳʥ ɹʘʪʤᴇʨᴇʥ, ʫʜʠʨʜʘʛʯ 

ɼʦʢ(Ph.D). ɼ.ɻʵʨʵʣʪ-ʆʜ ʥʘʨʳʥ 2011 ʦʥʳ ɸʣʭʘʛʯ 

ʵʢʩʢʘʚʘʪʦʨʳʥ ᴇʨʛᴇʭ ʙʦʣʦʥ ʪʘʪʘʭ ʤʝʭʘʥʠʟʤʳʥ 

ʟʘʚʩʨʳʥ ʘʨʘʘʪ ʛʦʣʳʥ ʵʣʵʛʜʣʠʡʛ ʩʫʜʣʘʭ ʊʝʭʥʠʢʠʡʥ 

ʫʭʘʘʥʳ ʤʘʛʠʩʪʨʳʥ ʟʵʨʵʛ ʛʦʨʠʣʦʭ ʙװʪʵʵʣװװʜ, 

ʩʫʜʣʘʘʯ ɻ.ɿʦʣʙʘʷʨ, ʫʜʠʨʜʘʛʯ ɼʦʢʪʦʨ (Ph.D.), 

ʜʵʜ.ʧʨʦʬ ʍ.ɾʘʨʛʘʣʩʘʡʭʘʥ, ɿᴇʚʣᴇʭ ʪʝʭʥʠʢʠʡʥ 

ʫʭʘʘʥʳ ʤʘʛʠʩʪʨ ʉ.ʕʥʭʮʘʮʨʘʣ, ʃʭʘʭװװ ʥʘʨʳʥ 2016 

ʂʦʤʧʘʥʠʡʥ װʥʵ ʮʵʥʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ ɹʠʟʥʝʩʠʡʥ 

ʫʜʠʨʜʣʘʛʳʥ ʤʘʛʠʩʪʨʳʥ ʟʵʨʵʛ ʛʦʨʠʣʦʭ ʙװʪʵʵʣװװʜ 

ʙʘʡʥʘ. ʄᴇʥ ʐʠʥʞʣʵʭ ʫʭʘʘʥ ʪʝʭʥʦʣʦʛʠʡʥ ʠʭ 

ʩʫʨʛʫʫʣʠʡʥ ʭʘʨʴʷʘ ʫʫʣ ʫʫʨʭʘʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ 

ʫʫʨʭʘʡʥ ʪʝʭʥʠʢʠʡʥ ʟʫʨʘʛ ʪᴇʩᴇʣ 2006 ʦʥ, ʋʫʣ 

ʫʫʨʭʘʡʥ ʭװʨʵʵʣʵʥʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ɻʦʚʴʩװʤʙʵʨ 

ʘʡʤʛʠʡʥ ʐʠʚʵʵʛʦʚʴ ʩʫʤʳʥ ʥʫʪʘʛʪ ʦʨʰʠʭ ʐʠʚʵʵ 

ʆʚʦʦʛʠʡʥ ʭװʨʵʥ ʥװװʨʩʥʠʡ ʦʨʜʳʛ ʘʰʠʛʣʘʭ ʠʣ 

ʫʫʨʭʘʡʥ ᴇʨʛᴇʪʛᴇʣʠʡʥ ʪʝʭʥʠʢ ʵʜʠʡʥ ʟʘʩʛʠʡʥ 

 ʥʜʵʩʣʵʣ 2018 ʦʥ, ñʕʨʜʵʥʵʩ ʄʦʥʛʦʣò ʍʍʂ-ʠʡʥװ

ʟʘʭʠʘʣʛʘʘʨ ñɹʦʜʠʪ ʯʘʜʘʣò ʍʍʂ-ʠʡʥ ʛװʡʮʵʪʛʵʩʵʥ 

ʐʠʚʵʵ-ʦʚʦʦ ʦʨʜʳʛ ʪװʰʠʛʣʵʥ ʙʘʨʠʛʜʘʭ 200 ʄɺʊ 

ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮʳʥ ʪʝʭʥʠʢ-ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʥʜʵʩʣʵʣ 

ʟʵʨʵʛ ʤʘʪʝʨʠʘʣʫʫʜ ʙʘʡʥʘ. ɼʵʵʨʭ ʙʘʡʜʣʘʘʩ ʭʘʨʘʭʘʜ 

ʫʫʨʭʘʡʛ ʪװʰʠʛʣʵʩʵʥ ʦʥʦʚʯʪʦʡ, װʨ ʘʰʠʛʪʘʡ ʭᴇʨᴇʥʛᴇ 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  
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ʦʨʫʫʣʘʣʪ ʭʠʡʭ ʙʦʣʦʤʞʠʡʛ ʥʵʤʵʛʜװװʣʵʭ ʪʘʣʘʘʨ 

ʥʘʨʠʡʚʯʠʣʩʘʥ ʩʫʜʘʣʛʘʘ ʭʠʡʞ ʛװʡʮʵʪʛʵʭ ʭʵʨʵʛʮʵʵ 

 .ʩʵʞ ʙʘʡʥʘװװ

ʆʅʆʃ ɸʈɻɸ ɿתʁʅ ʉʋɼɸʃɻɸɸ: 

ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ װʨ ʜװʥʜ ʙʫʡ ʙʦʣʩʦʥ 

ʩʘʥʭװװʛʠʡʥ װʨ ʘʰʛʠʡʥ װʟװװʣʵʣʪװװʜʠʡʥ ʩʠʩʪʝʤʜ 7 

 :ʥʜװת .ʟʜʵʛװ ʣʵʣʪʠʡʛ ʘʚʯװװʟװ

1. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʩʥʠʡ װʨ ʜװʥʜ ʙʫʡ ʙʦʣʩʦʥ ʮʵʚʵʨ 

ʘʰʠʛ ʙʘ ʮʵʚʵʨ ʦʨʣʦʛʳʥ ᴇʩᴇʣʪ; 

2. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʩʥʵʵʨ ʙʫʡ ʙʦʣʩʦʥ ʦʨʣʦʛʳʥ 

ᴇʩᴇʣʪʠʡʥ ʥʠʡʪ ʜװʥʜ ʵʟʣʵʭ ʮʵʚʵʨ ʦʨʣʦʛʦ ʙʘ 

ʘʰʛʠʡʥ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴ ʭʵʤʞʵʵ ; 

3. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʞ ʙʘʡʛʘʘ ʩʘʣʙʘʨʪ ʙʫʡ ʙʦʣʩʦʥ 

ʥʠʡʪ ʙʘ ʮʵʚʵʨ ʦʨʣʦʛʦʦʨ ʪʦʦʮʩʦʥ ʪʦʜʦʨʭʦʡ 

ʥʵʨ ʪᴇʨʣʠʡʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʘʰʠʛʪ 

ʘʞʠʣʣʘʛʘʘʥʳ ᴇʩᴇʣʪ ; 

4. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʞ ʙʘʡʛʘʘ ʩʘʣʙʘʨʪ ʙʫʡ ʙʦʣʩʦʥ 

ʥʠʡʪ ʘʰʠʛ ʙʘ ʮʵʚʵʨ ʘʰʛʘʘʨ ʪʦʦʮʩʦʥ 

ʪʦʜʦʨʭʦʡ ʥʵʨ ʪᴇʨʣʠʡʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ 

ʘʰʠʛʪ ʘʞʠʣʣʘʛʘʘʥʳ ᴇʩᴇʣʪ ; 

5. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʩʥʵʵʨ ʙʫʡ ʙʦʣʩʦʥ ʜʵʵʨʭ 

 ʥʜװʨ ʜװ ʜʠʡʥ ᴇʩᴇʣʪʠʡʥװװʣʵʣʪװװʟװ

ʪʦʜʦʨʭʦʡ ʥʵʨ ʪᴇʨʣʠʡʥ ʙװʪʵʵʛʜʵʭװװʥʠʡ 

ᴇᴇʨʠʡʥ ᴇʨʪʛʠʡʛ ʭʷʤʜʨʫʫʣʩʥʘʘʩ ʮʵʚʵʨ 

ʦʨʣʦʛʦ ʙʘ ʮʵʚʵʨ ʘʰʠʛ, ʮʵʚʵʨ ʥʵʤʵʛʜʩʵʥ 

ᴇʨʪʛʠʡʥ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴ ʭʵʤʞʵʵ ; 

6. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʩʥʠʡ װʨ ʜװʥʜ ᴇʩʩᴇʥ ʮʵʚʵʨ 

ʥʵʤʵʛʜʩʵʥ ᴇʨʪʛʠʡʥ ᴇʩᴇʣʪ ; 

7. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʙʘ ʠʥʥʦʚʘʮʠʡʥ ʪᴇʩʣʠʡʛ 

ʭʵʨʵʛʞװװʣʩʥʠʡ װʨ ʜװʥʜ ᴇʩʩᴇʥ ʵʣʵʛʜʵʣ 

ʭʦʨʦʛʜʣʳʛ ʙʘʛʪʘʘʩʘʥ ʮʵʚʵʨ ʥʵʤʵʛʜʩʵʥ 

ᴇʨʪʛʠʡʥ ᴇʩᴇʣʪ ʟʵʨʵʛ ʙʦʣʥʦ. 

ʉʫʜʣʘʘʯʠʡʥ ʟװʛʵʵʩ 2023 ʙʦʣʦʥ 2024 ʦʥʳ 

ʩʘʥʭװװʛʠʡʥ װʟװװʣʵʣʪʠʡʛ ʘʰʠʛʣʘʥ  

ʪʫʭʘʡʥ װʟװװʣʵʣʪװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʣʦʦ. 

ʅʕɻ. ʐʀɺʕʕ ʆɺʆʆɻʀʁʅ ʋʋʈʍɸʁʅ תʁʃ 

ɸɾʀʃʃɸɻɸɸʅɼ ʍʀʁʉʕʅ ʉʋɼɸʃɻɸɸ 

1.1 ʐʀɺʕʕ ʆɺʆʆɻʀʁʅ ʋʋʈʍɸʁʅ ɽʈᴆʅʍʀʁ 

ʄʕɼʕʕʃʕʃ: 

ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʫʫʨʭʘʡ ʥʴ ʞʠʣʜ ʜʫʥʞʘʘʨ 8.6 

ʩʘʷ.ʤ3 ʭᴇʨʩ ʭʫʫʣʞ, 2.0 ʩʘʷ.ʪʥ ʥװװʨʩ ʦʣʙʦʨʣʦʥ, 

ʙʦʨʣʫʫʣʘʭ ʭװʯʠʥ ʯʘʜʘʣʪʘʡ ʙᴇʛᴇᴇʜ 2019 ʦʥʳ 1 

ʜװʛʵʵʨ ʩʘʨʳʥ 09-ʥʠʡ ᴇʜʨʠʡʥ ʕɹʄɿ-ʠʡʥ ʭʫʨʣʘʘʨ, 

ʫʣʩʳʥ ʪᴇʚʠʡʥ ʵʨʯʠʤ ʭװʯ, ʜʫʣʘʘʥʳ ʭʵʨʵʛʣʵʵʥʠʡ 

ᴇʩᴇʣʪʠʡʛ װʥʜʵʩʣʵʥ 4.5 ʩʘʷ ʪʥ ʥװװʨʩ ʦʣʙʦʨʣʦʭ 

ʊʕɿת-ʛ ʭʵʣʵʣʮװװʣʞ, 2019 ʦʥʳ 5 ʜʫʛʘʘʨ ʩʘʨʳʥ 13-

ʥʳ ᴇʜᴇʨ ʙʘʪʣʫʫʣʩʘʥ. 

ʊʫʩʛʘʡ ʟϺʚʰϺϺʨϺʣ 

ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʭװʨʵʥ ʥװװʨʩʥʠʡ ʦʨʜʳʥ ʐʠʥʵ-

ʋʩʥʳ ʭʵʩʛʠʡʥ 4290 ʛʘ ʪʘʣʙʘʡʜ ʪᴇʨʠʡʥ ᴇʤʯʠʪ 

ñʕʨʜʵʥʵʩ ʄʦʥʛʦʣò ʍʍʂ-ʠʡʥ ʪʫʩʛʘʡ ʟᴇʚʰᴇᴇʨᴇʣʠʡʥ 

ʪʘʣʙʘʡʜ ñʐʠʚʵʵ ʆʚʦʦò ʍʂ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘ ʷʚʫʫʣʞ ʙʘʡʥʘ. 

ʅϺϺʮ 

ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ ʦʨʜ ʟװװʥ ʭʦʡʥʦʦʩʦʦ 

ʙʘʨʫʫʥ ʫʨʘʛʰʘʘ ʩʫʥʘʞ ʪʦʛʪʩʦʥ ʫʨʪʘʘʨʘʘ 35 ʢʤ 

ᴇʨʛᴇʥᴇᴇʨᴇᴇ 15 ʢʤ ʭʵʤʞʵʵʪʵʡ ʐʠʥʵ-ʋʩ, ᴆʝʭʠʡʥ 

ʮʘʛʘʘʥ, ʅʦʛʦʦʥ ʪʦʡʨʤʳʥ ʛʵʩʵʥ 3 ʭʵʩʛװװʜʵʵʩ ʙװʨʜʵʭ 

ʙᴇʛᴇᴇʜ ʥʠʡʪ 2.8 ʪʵʨʙʫʤ ʪʦʥʥ ʛʝʦʣʦʛʠʡʥ ʥᴇᴇʮʪʵʡ. 

 ʛʵʵʨ ʩʘʨʳʥ 01-ʥʠʡ ʙʘʡʜʣʘʘʨװʥʵʵʩ 2024 ʦʥʳ 01 ʜװת

ʐʠʥʵ ʫʩʥʳ ʭʵʩʛʠʡʥ ʕʨʜʵʥʵʩ ʄʦʥʛʦʣ ʥʵʛʜʣʠʡʥ 

ʥʠʡʪ 4290 ʛʘ ʪʘʣʙʘʡʜ 594 ʩʘʷ.ʪʥ ʥװװʨʩʥʠʡ ʥᴇᴇʮʪʵʡ. 

1.2 ʐʀɺʕʕ ʆɺʆʆɻʀʁʅ ʋʋʈʍɸʁʅ ʊɽʍʅʆʃʆɻʀɼ 

ʍʀʁʉʕʅ ʉʋɼɸʃɻɸɸ 

ʆʣʙʦʨʣʦʣʪ: 

ʋʫʨʭʘʡ ʥʴ 2024 ʦʥʳ 12-ʨ ʩʘʨʳʥ 31-ʥʠʡ 

ʙʘʡʜʣʘʘʨ 43.6 ʩʘʷ.ʪʥ ʥװװʨʩ ʦʣʙʦʨʣʦʥ, 43.0 ʩʘʷ.ʪʥ 

ʥװװʨʩ ʭʵʨʵʛʣʵʛʯʜʵʜ ʥʠʡʣװװʣʵʥ, 41.2 ʩʘʷ.ʤ3 

ʪʵʵʚʵʨʛװʡ ʭᴇʨʩ ʭʫʫʣʘʣʪ, 117.9 ʩʘʷ.ʤ3 ʪʵʵʚʵʨʪʵʡ 

ʭᴇʨʩ ʭʫʫʣʘʣʪ, 42.7 ʩʘʷ.ʤ3 ʜʘʭʠʥ ʰʠʜʵʣʪ, 13.9 

ʩʘʷ.ʤ3 ʠʥʞʝʥʝʨ ʘʞʠʣ ʭʠʡʞ ʥʠʡʪ 252 ʩʘʷ.ʤ3 ʫʫʣʳʥ 

ʮʫʣʳʥ ʘʞʠʣ ʛװʡʮʵʪʛʵʩʵʥ ʙʘʡʥʘ. 

ɿʫʨʘʛ ˉ1 ʋʫʣʳʥ ʘʞʣʳʥ ϮʟϮϮʣʵʣʪ ʩϮϮʣʠʡʥ 5 ʞʠʣʵʵʨ 

 

2024 ʦʥʜ 2630.0 ʤʷʥ.ʪʥ ʥװװʨʩ ʦʣʙʦʨʣʦʥ 

ʙʦʨʣʫʫʣʩʘʥ ʥʴ ʫʫʨʭʘʡʥ ʭװʯʠʥ ʯʘʜʣʘʘʩ 30 ʛʘʨʫʡ 

ʭʫʚʠʘʨ ʠʣװ װװʟװװʣʵʣʪ ʙᴇʛᴇᴇʜ ʪʫʭʘʡʥ ʞʠʣʠʡʥ 

ʙʠʟʥʝʩ ʪᴇʣᴇʚʣᴇʛᴇᴇʥʜ 2 ʫʜʘʘʛʠʡʥ ʪʦʜʦʪʛʦʣ ʦʨʫʫʣʞ, 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  
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ʕʨʜʵʥʵʩ ʄʦʥʛʦʣ ʥʵʛʜʣʠʡʥ ʊʋɿ-ᴇᴇʨ ʭʵʣʵʣʮװװʣʵʥ 

ʙʘʪʣʫʫʣʞ ʘʞʠʣʣʘʩʘʥ ʙʘʡʥʘ. 

2024 ʦʥʳ ʵʭʥʵʵʩ ʭʵʨʵʛʣʵʛʯʜʵʵʩ ʠʨװװʣʩʵʥ 

ʥװװʨʩʥʠʡ ʥʵʤʵʣʪ 250.0 ʤʷʥ.ʪʥ ʥװװʨʩʠʡʛ ʦʣʙʦʨʣʦʥ 

ʙʦʨʣʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʘʨ ʪʝʭʥʠʢ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʘʣʪʳʥ ʘʨʛʘ ʭʵʤʞʵʵʛ ʘʚʯ ʭʵʨʵʛʞװװʣʩʵʥ 

ʙʦʣʦʚʯ ʭʫʨ ʙʦʨʦʦ, װʝʨ ʫʩʥʳ ʜʘʚʪʘʞ ʠʭ, ʘʞʣʳʥ ʙʫʩ 

ʭʘʞʫʫʛʠʡʥ ʛʫʣʩʘʣʪʳʥ ʠʜʵʚʭʞʠʣʪ, ʥװװʨʩʥʠʡ ʯʘʥʘʨ 

ʟʵʨʵʛ ʭװʥʜʨʵʣʪʵʡ ʥᴇʭʮᴇʣ ʙʘʡʜʣʘʘʩ ʭʘʤʘʘʨʯ 

ʘʰʠʛʣʘʣʪʳʥ 2-ʨ ʘʤʘʥʜ ʕʐ-25/90 ʘʣʭʘʛʯ 

ʵʢʩʢʘʚʘʪʦʨʳʥ ʘʞʣʳʥ ʪʘʣʙʘʡʜ ʮʣʠʢ ʪʫʣʛʫʫʨ 

-ʨʩ ʥʵʵʭ ʘʞʣʳʛ 2025 ʦʥʜ 1װװʣʜʵʵʞ, 120.0 ʤʷʥ.ʪʥ ʥװ

ʨ ʫʣʠʨʘʣʜ ʭʠʡʭʵʵʨ ʪᴇʣᴇʚʣᴇʩᴇʥ ʘʰʠʛʣʘʣʪʳʥ 3-ʨ 

ʘʤʥʳ ʟװװʥ ʞʠʛװװʨʠʡʥ ʛʘʨʰ ʭʵʩʛʠʡʥ 155.0 ʤʷʥ.ʪʥ 

ʥװװʨʩʠʡʛ ʫʨʴʜʯʠʣʘʥ ʥʵʵʭʵʵʨ ʰʠʣʞװװʣʵʥ ʘʞʣʳʛ 

ʵʭʣװװʣʩʵʥ. 

ʊʝʭʥʠʢ, ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ: 

ʋʫʨʭʘʡʜ 2024 ʦʥʳ 06 ʜʫʛʘʘʨ ʩʘʨʳʥ 30-ʥʳ ᴇʜʨʠʡʥ 

ʙʘʡʜʣʘʘʨ 2 ʘʣʭʘʛʯ ʵʢʩʢʘʚʘʪʦʨ, 5 ʮʘʭʠʣʛʘʘʥ 

ʵʢʩʢʘʚʘʪʦʨ, 5 ʛʠʜʨʦ ʵʢʩʢʘʚʘʪʦʨ, 17 ʰʠʨʭʵʛ 

ʘʚʪʦʩʘʤʦʩʚʘʣ, 2 ᴇʨʤʠʡʥ ʤʘʰʠʥ, 3 ʜʫʛʫʡʪ ʘʯʠʛʯ, 

4 ʘʚʪʦʛʨʝʡʜʝʨ, 2 ʫʩʥʳ ʤʘʰʠʥʪʘʡʛʘʘʨ ʦʣʙʦʨʣʦʣʪ 

ʷʚʫʫʣʞ ʙʘʡʥʘ. ʅʠʡʪ 39 ʰʠʨʭʵʛ ʭװʥʜ ʤʘʰʠʥ 

ʤʝʭʘʥʠʟʤʳʥ 15 ʥʴ ʙʫʶʫ  ʪʝʭʥʠʢʠʡʥ 38% ʥʴ 

ʘʰʠʛʣʘʣʪʳʥ ʥʦʨʤʪ ʭʫʛʘʮʘʘ ʜʫʫʩʩʘʥ ʙʘʡʥʘ. 

ʊʝʭʥʠʢʠʡʥ ʵʚʜʨʵʣ ʙʦʣʦʥ ʥʘʩʞʠʣʪʘʘʩ ʰʘʣʪʛʘʘʣʘʥ 

2024 ʦʥʳ ʪʝʭʥʠʢʠʡʥ ʙʵʣʵʥ ʙʘʡʜʣʳʥ ʠʪʛʵʣʮװװʨ 

76%, ʪʝʭʥʠʢ ʘʰʠʛʣʘʣʪʳʥ ʠʪʛʵʣʮװװʨ 73.1% ʙʘʡʥʘ. 

 

1.3 ʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʵʜʠʡʥ ʟʘʩʘʛ, 

ʩʘʥʭװװʛʠʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ʭʠʡʩʵʥ ʩʫʜʘʣʛʘʘ  

2024 ʦʥʳ ʞʠʣʠʡʥ ʵʮʩʠʡʥ ʛװʡʮʵʪʛʵʣʵʵʨ 

ʥװװʨʩ ʙʦʨʣʫʫʣʘʣʪʳʥ ʥʠʡʪ ʟʘʨʜʘʣ ʪᴇʣᴇʚʣᴇʩᴇʥ 

ʭʵʤʞʵʵʥʵʵʩ 13.8 ʭʫʚʴ ʙʫʶʫ 15.4 ʪʵʨʙʫʤ ʪᴇʛʨᴇʛᴇᴇʨ 

ᴇʩʩᴇʥ ʙʦʣ ᴇʥʛᴇʨʩᴇʥ ʦʥʳ ʤᴇʥ װʝʠʡʥʭʵʵʩ 116.9 ʭʫʚʴ 

ʙʫʶʫ 18.3 ʪʵʨʙʫʤ ʪᴇʛʨᴇʛᴇᴇʨ  ᴇʩʩᴇʥ ʙʘʡʥʘ. 

ʕʥʵ ʭʫʛʘʮʘʘʥʜ ʥʵʛ ʪʦʥʥ ʥװװʨʩʠʡʛ 

ʜʫʥʜʞʘʘʨ 48,046.8 ʪᴇʛʨᴇʛᴇᴇʨ ʦʣʙʦʨʣʦʥ 42,374.0 

ʪᴇʛʨᴇʛᴇᴇʨ ʙʦʨʣʫʫʣʣʘʘ. ʅװװʨʩ ʙʦʨʣʫʫʣʘʣʪʳʥ 

ʜʫʥʜʘʞ װʥʵ ʪᴇʣᴇʚʣᴇʩᴇʥ װʥʵʵʩ 8.6 ʭʫʚʴ ʙʫʶʫ 3,344.5 

ʪᴇʛʨᴇʛᴇᴇʨ ᴇʩʩᴇʥ ʙʦʣ  ᴇʥʛᴇʨʩᴇʥ ʦʥʳ ʤᴇʥ װʝʵʩ 9.0 

ʭʫʚʴ ʙʫʶʫ 3,509.3 ʪᴇʛʨᴇʛᴇᴇʨ ᴇʩʩᴇʥ ʙʘʡʥʘ. ʄᴇʥ 

ʫʫʣʳʥ ʮʫʣʳʥ ʥʵʛʞʠʡʥ ᴇʨʪᴇʛ ʪᴇʣᴇʚʣᴇʩᴇʥ 

ʭʵʤʞʵʵʥʵʵʩ 2.1 ʭʫʚʴ ʙʫʶʫ 135.9 ʪᴇʛʨᴇʛᴇᴇʨ ᴇʩʩᴇʥ 

ʙʦʣ, ᴇʥʛᴇʨʩᴇʥ ʦʥʳ ʤᴇʥ װʝʠʡʥ ʪװʚʰʥʵʵʩ 1.1 ʭʫʚʴ 

ʙʫʶʫ 7.2 ʪᴇʛʨᴇʛᴇᴇʨ ᴇʩʩᴇʥ ʙʘʡʥʘ. 
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ʍϮʩʥʵʛʪ ˉ2 ϭʡʣʜʚʵʨʣʵʣ, ʩʘʥʭϮϮʛʠʡʥ ϮʟϮϮʣʵʣʪ

ʅװװʨʩʥʠʡ ᴇᴇʨʠʡʥ ᴇʨʪʛʠʡʛ ʙװʨʜװװʣʞ ʙʫʡ 

ʥʠʡʪ ʟʘʨʜʣʘʘʩ 20 ʥʵʨ ʪᴇʨʣʠʡʥ ʟʘʨʜʘʣ 21.6 ʪʵʨʙʫʤ 

ʪᴇʛʨᴇʛᴇᴇʨ ʭʵʪʵʨʩʵʥ, 18 ʥʵʨ ʪᴇʨʣʠʡʥ ʟʘʨʜʘʣ 5.4 

ʪʵʨʙʫʤ ʪᴇʛʨᴇʛᴇᴇʨ ʭʵʤʥʵʛʜʩʵʥ װʟװװʣʵʣʪʪʵʡ ʛʘʨʯ,  

 ʡʣʜʚʵʨʣʵʣʠʡʥ ʟʘʨʜʣʫʫʜʳʛ ʪᴇʣᴇʚʣᴇʛᴇᴇ ʙʦʣʦʥװ

ᴇʥʛᴇʨʩᴇʥ ʦʥʳ ʤᴇʥ װʝʪʵʡ ʭʘʨʴʮʫʫʣʞ װʟʚʵʣ: 

ʘ) ʍʵʪʵʨʩʵʥ ʪʦʤʦʦʭʦʥ ʟʘʨʜʣʫʫʜʳʛ ʘʚʯ 

 :ʟʚʵʣװ

1. ɺʘʛʦʥ ʘʰʠʛʣʘʣʪʳʥ ʟʘʨʜʘʣ: 

ʊᴇʣᴇʚʣᴇʛᴇᴇʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ 158.7 ʭʫʚʴ ʙʫʶʫ 

206.6 ʩʘʷ ʪᴇʛʨᴇʛᴇᴇʨ ʭʵʪʵʨʩʵʥ ʰʘʣʪʛʘʘʥ ʥʴ 

ʙʦʨʣʫʫʣʘʣʪʳʥ ʦʨʣʦʛʦ ᴇʩʩᴇʥᴇᴇʨ ʚʘʛʦʥ ʘʰʠʛʣʘʣʪ, 

ʪʘʪʘʣʪ ʪʘʚʠʣʪ, ʙʠʯʠʛ ʙʘʨʠʤʪ ʥʵʛʞʠʡʥ װʥʠʡʥ 

ʥʵʤʵʛʜʩʵʥʪʵʡ ʭʦʣʙʦʦʪʦʡ. 

 : ʥʜʩʵʥ ʭᴇʨᴇʥʛʠʡʥ ʵʣʵʛʜʣʠʡʥ ʟʘʨʜʘʣת .2

135.8 ʭʫʚʴ ʙʫʶʫ 2,796.7 ʩʘʷ ʪᴇʛʨᴇʛᴇᴇʨ ʭʵʪʵʨʩʵʥ 

ʰʘʣʪʛʘʘʥ ʥʴ ʥʴ  2024 ʦʥʳ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ 

ʪʝʭʥʠʢװװʜʠʡʥ ʵʣʵʛʜʵʣ ʙʦʣʦʥ ʤʘʰʠʥʫʫʜʳʥ 

ʭᴇʜᴇʣʛװװʨ, ʢʨʦʙʢʘʥʳ ʠʭ ʟʘʩʚʘʨʫʫʜʳʛ 

ʢʘʧʠʪʘʣʞʫʫʣʘʥ ʵʣʵʛʜʵʣ ʙʘʡʛʫʫʣʩʘʥʪʘʡ ʭʦʣʙʦʦʪʦʡ. 

3. ʉʘʥʭװװʛʠʡʥ ʟʘʨʜʘʣ: ʊᴇʣᴇʚʣᴇʛᴇᴇʪʵʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ 278.5 ʭʫʚʴ ʙʫʶʫ 2,179.8 ʩʘʷ 

ʪᴇʛʨᴇʛᴇᴇʨ ʭʵʪʵʨʩʵʥ ʰʘʣʪʛʘʘʥ ʥʴ ʕʨʜʵʥʵʩ ʤʦʥʛʦʣ 

ʍʍʂ ʙʦʣʦʥ ʕʨʜʵʥʵʩ ʪʘʚʘʥ ʪʦʣʛʦʡ ʍʍʂ-ʘʘʩ ʘʚʩʘʥ 

ʟʵʵʣʠʡʥ ʭװװʛʵʵʨ ʭʵʪʵʨʩʵʥ. 

4. ʎʘʣʠʥ ʩʘʥʛʠʡʥ ʟʘʨʜʘʣ: ʊᴇʣᴇʚʣᴇʛᴇᴇʪʵʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ 103.0 ʭʫʚʴ ʙʫʶʫ 598.4 ʩʘʷ ʪᴇʛʨᴇʛᴇᴇʨ 

ʭʵʪʵʨʩʵʥ ʰʘʣʪʛʘʘʥ ʥʴ ᴇʚᴇʣʞʠʣʪʠʡʥ ʭװʥʜʨʵʣʵʵʩ 

ʰʘʣʪʛʘʘʣʘʥ ʭʵʨʵʛʣʵʛʯʜʠʡʥ ʟʘʭʠʘʣʛʘ ʥʵʤʵʛʜʩʵʥʵʵʨ 

ʘʞʠʣ ʠʭʩʵʞ ʭʠʡʩʥʵʵʨ ʮʘʣʠʥ ʥʵʤʵʛʜʩʵʥ ʙʦʣʦʥ 4-ʨ 

ʩʘʨʜ ʥʵʤʵʛʜʵʭ ʙʘʡʩʘʥ ʮʘʣʠʥʛʠʡʥ 10%-ʠʡʥ 

 ʍʫʚʴ  ɿᴇʨװװ 

I

ʅװװʨʩ ʦʣʙʦʨʣʦʣʪ ʤ.ʪʥ 2,479.1              2,400.00            2,633.31            109.72 233.31             

ʅװװʨʩ ʙʦʨʣʫʫʣʘʣʪ ʤ.ʪʥ 2,477.5              2,380.00            2,623.55            110.23 243.55             

ʍᴇʨʩ ʭʫʫʣʘʣʪ ʤ.ʤį 10,097.8            9,890.00            11,151.22          112.75 1,261.22          

           ɼʘʭʠʥ ʰʠʜʵʣʪʤ.ʤį 3,258.4              3,340.00            3,558.60            106.54 218.60             

ʀʥʞʝʥʝʨʠʡʥ ʘʞʠʣ ʤ.ʤį 781.7                 1,666.40            1,649.10            98.96   (17.30)              

ʅʠʡʪ ʫʫʣʳʥ ʮʫʣ ʤ.ʤį 16,186.7            16,879.87          18,535.20          109.81 1,655.33          

2 ʅʠʡʪ ʦʨʣʦʛʦ: ʤ.ʪᴇʛ97,181,671.8     92,985,209.30   112,254,520.69 120.72 19,269,311.39 

 ʥʵʵʩ ʎʵʚʵʨ ʙʦʨʣʫʫʣʘʣʪʤ.ʪᴇʛ96,286,302.3     92,890,209.30   111,170,380.30 119.68 18,280,171.00װת

3 ʅʠʡʪ ʟʘʨʜʘʣ: ʤ.ʪᴇʛ108,215,837.4   111,156,554.80 126,521,961.93 113.82 15,365,407.13 

ʥʵʵʩ:ʋʜʠʨʜʣʘʛʳʥʤ.ʪᴇʛװת     502,990.0          713,573.80        826,035.74        115.76 112,461.94      

4 ʊʘʪʚʘʨʳʥ ᴇʤʥᴇʭ ʘʰʠʛ(ʘʣʜʘʛʜʘʣ)ʤ.ʪᴇʛ(11,034,165.55)  (18,171,345.50)  (14,267,441.24)  78.52   3,903,904.26   

ʊᴇʩʚʠʡʥ ʪᴇʣʙᴇʨʪ: ʤ.ʪᴇʛ15,199,753.32   15,199,753.32   17,150,731.53   112.84 1,950,978.21   

ʘ\ ʆʨʣʦʛʳʥ ʪʘʪʚʘʨʪʤ.ʪᴇʛ -                     -                     2,218.48            -       2,218.48          

ʙ\ ʅᴆɸʊ ʤ.ʪᴇʛ9,628,630.23     9,289,020.93     11,117,038.03   119.68 1,828,017.10   

ʚ\ ɹʫʩʘʜ ʪʘʪʚʘʨʪ ʤ.ʪᴇʛ5,481,894.5       5,910,732.39     6,031,475.02     102.04 120,742.63      

6 ʅʠʡʪ ʘʚʣʘʛʘ ʤ.ʪᴇʛ6,874,942.2       6,763,903.08     12,118,328.79   179.16 5,354,425.71   

ʅʠʡʪ ᴇʛʣᴇʛ ʤ.ʪᴇʛ168,751,237.7   160,838,070.00 203,536,320.79 126.55 42,698,250.79 

 ʥʵʵʩ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʪ ᴇʛʣᴇʛʤ.ʪᴇʛ77,401,172.3     68,821,450.00   115,919,774.40 168.44 47,098,324.40װת

8 ʉʘʨʳʥ ʜʫʥʜʘʞ ʮʘʣʠʥʤ.ʪᴇʛ 3,365.1              3,394.18            3,970.85            116.99 576.68             

9 1 ʪʥ ʥװװʨʩʥʠʡ ᴇʨʪᴇʛʪᴇʛ 43,651.83          46,315.23          48,046.79          103.74 1,731.56          

10 1 ʪʥ ʥװװʨʩʥʠʡ ʜʫʥʜʘʞ װʥʵʪᴇʛ 38,864.70          39,029.50          42,374.00          108.57 3,344.50          

11 1 ʤį ʫʫʣʳʥ ʮʫʣʳʥ ᴇʨʪᴇʛʪᴇʛ 6,588.9              6,460.46            6,596.32            102.10 135.85             

12 ʅʠʡʪ ʮʘʣʠʥʛʠʡʥ ʩʘʥʤ.ʪᴇʛ17,590,214.5     19,835,582.47   20,434,016.91   103.02 598,434.44      

13 ɸʞʠʣʯʜʳʥ ʪʦʦ ʭװʥ 436                    487.00               429                    88.06   (58.17)              

14 ɹʦʨ-ʳʥ 1 ʪᴇʛ-ʪ ʥʦʛʜʦʭ ʟʘʨʜʘʣʪᴇʛ 1.12                   1.20                   1.14                   95.11   (0.06)                

II

1 ɸʚʘʘʨ, ʦʩʦʣ /ʪʝʭʥʠʢʠʡʥ/ʪʦʦ -                     -                     -                     -       -                   

2 ʍᴇʨʩ ʭʫʫʣʘʣʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪʤį/ʪʥ 4.07                   4.12                   4.23                   102.76 0.11                 

3 ʋʩ ʰװװʨװװʣʵʣʪ ʤ.ʢʫʙ 1,306.8              3,153.67            834.33               26.46   (2,319.34)         

4 ʅᴇʭᴇʥ ʩʵʨʛʵʵʣʪʠʡʥ ʟʘʨʜʘʣʤ.ʪᴇʛ 45,156.0            301,621.40        257,598.84        85.40   (44,022.56)       

ʕʜʠʡʥ ʟʘʩʛʠʡʥ װʟװװʣʵʣʪ
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ʛװʡʮʵʪʛʵʣ 

 2024 ʛװʡʮ / 2024 

ʪᴇʣᴇʚ ʭʘʨʴʮʫʫʣʘʣʪ 
 2023 ʦʥʳ 

ʛװʡʮʵʪʛʵʣ 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  

-9- 

ʥʵʤʵʛʜʣʠʡʛ 1-ʨ ʩʘʨʜ ʥʵʤʩʵʥ ʟʵʨʵʛʪʵʡ ʭʦʣʙʦʦʪʦʡ 

ʙʘʡʥʘ. 

1.4 ʅװװʨʩʥʠʡ װʥʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʥ ʩʫʜʘʣʛʘʘ 

ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ ɼʎʉ-ʜ ʥװװʨʩ ʙʦʨʣʫʫʣʘʭ 

 ʯʥʠʡ ʟʦʭʠʮʫʫʣʘʭ ʭʦʨʦʦʥʦʦʩװʥʠʡʛ ʵʨʯʠʤ ʭװ

ʪʦʛʪʦʦʜʦʛ ʙᴇʛᴇᴇʜ ʠʞʠʣ ʪᴇʨʣʠʡʥ ʥװװʨʩ ʦʣʙʦʨʣʦʛʯ 

ɹʘʛʘʥʫʫʨ ʙʦʣʦʥ ʐʘʨʳʥ ʛʦʣʳʥ ʥװװʨʩʥʠʡ 

ʫʫʨʭʘʡʥʫʫʜʘʘʩ ʙʘʛʘ װʥʵʵʨ ʪʦʛʪʦʦʞ ʙʘʡʥʘ. 

ɿʫʨʘʛ ˉ3 2025 ʅϮϮʨʩʥʠʡ Ϯʥʠʡʥ ϺϺʨʯʣϺʣʪ 

 

2024 ʦʥʳ ʪʘʡʣʘʥʪ ʜװʥʛʵʵʨ 1 ʪʥ ʥװװʨʩʥʠʡ ᴇʨʪᴇʛ 

48,046.8 ʪᴇʛʨᴇʛ, ʙʦʨʣʫʫʣʩʘʥ ʥװװʨʩʥʠʡ ʜʫʥʜʘʞ װʥʵ 

42,374.0 ʪᴇʛʨᴇʛ ʙʫʶʫ ᴇʨʪʛʠʡʥ ʟᴇʨ5,672.8- װװ 

ʪᴇʛʨᴇʛʠʡʥ ʘʣʜʘʛʜʘʣ ʭװʣʵʵʥ ʘʞʠʣʣʘʩʘʥ ʙʘʡʥʘ. 

ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ ʜʫʣʘʘʥʳ ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮʘʜ 

ʙʦʨʣʫʫʣʘʭ 1 ʪʥ ʥװװʨʩʥʠʡ װʥʠʡʛ ʕʍɿʍ-ʥʳ 2024 ʦʥʳ  

12 ʜʫʛʘʘʨ ʩʘʨʳʥ 06-ʥʳ ᴇʜʨʠʡʥ 695 ʜʫʛʘʘʨ 

ʪʦʛʪʦʦʣʦʦʨ 53,197 ʪᴇʛʨᴇʛᴇᴇʨ ʰʠʥʵʯʣʵʥ ʪʦʛʪʦʦʩʦʥ 

ʥʴ ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ ʩʘʥʭװװʛʠʡʥ ʙʘʡʜʣʳʛ 

ʜʵʵʰʣװװʣʵʭ, ᴇʨʪᴇʛ ʟʘʨʜʣʳʛ ʙʫʫʨʫʫʣʙʘʣ ʘʰʠʛʪʘʡ 

ʘʞʠʣʣʘʭ ʙʦʣʦʤʞʠʡʛ ʙװʨʜװװʣʞ ᴇʛʯ ʙʘʡʥʘ. 

ʍʆɪʈ. ʐʀɺʕʕ ʆɺʆʆɻʀʁʅ ʋʋʈʍɸʁʅ 

ʍᴆʈᴆʅɻᴆ ʆʈʋʋʃɸʃʊɸɼ ʍʀʁʉʕʅ 

ʉʋɼɸʃɻɸɸ 

ʐʠʚʵʵ ʆʚʦʦò  ʍʂ-ʜ 2018-2025 ʦʥʳ 2 ʜʫʛʘʘʨ ʩʘʨʳʥ 

21-ʥʠʡ ᴇʜʨʠʡʥ ʭʫʛʘʮʘʘʥʜ ʥʠʡʪ 104.1 ʪʵʨʙʫʤ 

ʪᴇʛʨᴇʛʠʡʥ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ, ʙװʪʵʵʥ ʙʘʡʛʫʫʣʘʣʪ 

ʭʠʡʩʵʥ. 2018-2024 ʦʥʳ ʪʝʭʥʠʢʠʡʥ ʰʠʥʵʯʣʵʣ ʥʠʡʪ 

ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ 76.5% ʙʫʶʫ 79.6 ʪʵʨʙʫʤ 

ʪᴇʛʨᴇʛ ʙʦʣʞ ʙʘʡʥʘ. 

ʕʥʵ ʥʴ ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ  2018-2024 ʦʥʳ 

ʪʘʡʣʘʥʪ ʭʫʛʘʮʘʘʥʳ ʥʠʡʪ ʙʦʨʣʫʫʣʘʣʪʳʥ ʦʨʣʦʛʦ 

498.1 ʪʵʨʙʫʤ ʪᴇʛʨᴇʛʠʡʥ 21.0%-ʪʘʡ ʜװʡʮʵʞ ʙʘʡʥʘ. 

2024 ʦʥʳ ʪʝʭʥʠʢʠʡʥ ʰʠʥʵʯʣʵʣ, ʭᴇʨᴇʥʛᴇ 

ʦʨʫʫʣʘʣʪʳʥ ʭװʨʵʵʥʜ CAT773E ʤʘʨʢʠʡʥ 2ʰ, 

ʘʚʪʦʩʘʤʦʩʚʘʣ, CAT350 ʛʠʜʨʦʵʢʩʢʘʚʘʪʦʨ 1ʰ, SEM 

956 ʤʘʨʢʠʡʥ ʘʚʪʦʘʯʠʛʯ 2ʰ, 5ʪʥ ʜʘʘʮʪʘʡ 

ʪʵʩʵʣʛʵʵʥʠʡ ʘʯʘʘʥʳ ʤʘʰʠʥ 1ʰ, ʪװʣʰʥʠʡ ʤʘʰʠʥ 

ʪʫʩ ʪʫʩ ʘʚʩʘʥ ʙᴇʛᴇᴇʜ ʥʠʡʪ 25.6 ʪʵʨʙʫʤ ʪᴇʛʨᴇʛʠʡʥ 

ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ 17.3 ʪʵʨʙʫʤ ʙʫʶʫ 68 ʭʫʚʠʡʛ 

ʩʘʥʭװװʞװװʣʩʵʥ ʙʘʡʥʘ. 

ñʐʠʚʵʵ ʆʚʦʦò ʍʂ 2025 ʦʥʜ 37.7 ʪʵʨʙʫʤ 

ʪᴇʛʨᴇʛʠʡʥ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʭʠʡʭ ʙᴇʛᴇᴇʜ ʭᴇʨᴇʥʛᴇ 

ʦʨʫʫʣʘʣʪʳʥ 76%-ʠʡʛ ʫʫʨʭʘʡʥ ʟʦʨʠʫʣʘʣʪʪʘʡ ʤʘʰʠʥ 

ʤʝʭʘʥʠʟʤ, 20 ʭʫʚʠʡʛ ʫʫʨʭʘʡʥ ʪʝʭʥʠʢ ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʠʭ ʟʘʩʚʘʨʳʥ ʘʞʠʣʜ ʟʘʨʮʫʫʣʘʭʘʘʨ 

ʪᴇʣᴇʚʣᴇʩᴇʥ. 

2.1 ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ װʨ ʜװʥʜ ʙʠʡ ʙʦʣʩʦʥ 

ʩʘʥʭװװʛʠʡʥ װʨ ʘʰʛʠʡʥ ʰʠʥʞʠʣʛʵʵ 

2024 ʦʥʳ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʘʜ ʭʠʡʩʵʥ 

ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ װʨ ʘʰʛʠʡʥ ʰʠʥʞʠʣʛʵʵʥʠʡ װʨ 

ʜװʥʛʵʵʨ:  

ɸʰʛʠʡʥ ʮʵʚʵʨ ᴇʩᴇʣʪ (æNR ) 

æNR = æR - T  =  -7,137,179.95 ʤ.ʪᴇʛ 

ʆʨʣʦʛʳʥ ʮʵʚʵʨ ᴇʩᴇʣʪ (æNI ): 

æNI  = æI - T  = 15,072,848.89 - 3,903,904.26 = 

11,168,944.63 ʤ.ʪᴇʛ 

ʎʵʚʵʨ ʦʨʣʦʛʳʥ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴ (æG ,): 

æG ,=(æNI/æI)×100= (11,168,944.63 / 

15,072,848.89) Ĭ 100 å 74.09% 

ʎʵʚʵʨ ʘʰʛʠʡʥ ᴇʩᴇʣʪʠʡʥ ʭʫʚʴ (æG ,): 

æG , = (æNR / æR) × 100 = (-7,137,179.95 / -

3,233,275.69) Ĭ 100 å 220.78% ʙʘʡʥʘ. 

 

2.2 ñʕʨʜʵʥʵʩ ʄʦʥʛʦʣò ʍʍʂ-ʘʘʩ ʭʠʡʞ ʙʫʡ 

ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ 

ʊʦʣʛʦʡ ʢʦʤʧʘʥʠʡʥ ʟװʛʵʵʩ ʦʨʜʳʥ ʥᴇᴇʮʠʡʛ ʦʣʦʥ 

ʫʣʩʳʥ JORC ʩʪʘʥʜʘʨʪʘʜ ʥʠʡʮװװʣʵʭ 1-ʨ װʝ ʰʘʪʳʥ 

ʭʘʡʛʫʫʣʳʥ ʘʞʣʳʥ ʭװʨʵʵʥʜ 2024 ʦʥʜ 3.2 ʪʵʨʙʫʤ 

ʪᴇʛʨᴇʛᴇᴇʨ 9080 ʪʫʫʰ ʤʝʪʨ ᴇʨᴇʤʜʣᴇʛʠʡʥ ʘʞʠʣ, 1700 

ʰʠʨʭʵʛ ʜʵʵʞʣʵʣʪʠʡʥ ʘʞʠʣ ʛװʡʮʵʪʛʵʩʵʥ ʙᴇʛᴇᴇʜ 

2025 ʦʥʜ 2,3-ʨ ʰʘʪʥʳ ʥʘʨʠʡʚʯʠʣʩʘʥ ʭʘʡʛʫʫʣʳʥ 

ʘʞʣʳʛ ʛװʡʮʵʪʛʵʭʵʵʨ ʪᴇʣᴇʚʣᴇʩᴇʥ. JORC ʩʪʘʥʜʘʨʪ ʥʴ 

ɸʚʩʪʨʘʣʠ ʫʣʩʳʥ ʘʰʠʛʪ ʤʘʣʪʤʘʣʳʥ ʥᴇᴇʮ ʙʘʷʣʛʠʡʛ 
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 ʣʵʵʥװʥʵʣʵʭ ʩʪʘʥʜʘʨʪ ʙᴇʛᴇᴇʜ ʦʣʦʥ ʫʣʩʘʜ ʭװ

ʟᴇʚʰᴇᴇʨᴇʛʜʩᴇʥ ʩʪʘʥʜʘʨʪ ʶʤ. 

1) ɼϭɻʅʕʃʊ: 

ʋʫʨʭʘʡʥ ʥװװʨʩ ʦʣʙʦʨʣʦʣʪ, ʙʦʨʣʫʫʣʘʣʪʳʥ ʭʵʤʞʵʵ 

ʪʘʩʨʘʣʪʛװʡ ʥʵʤʵʛʜʵʞ ʙʘʡʛʘʘ ʭʵʜʠʡ ʯ ʪʝʭʥʠʢ, ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʙʵʣʵʥ ʙʘʡʜʘʣ, ʮʘʛ ʘʰʠʛʣʘʣʪ 

ʭʘʥʛʘʣʪʛװʡ ʙʘʡʥʘ.  

2024 ʦʥʳ ʩʘʥʭװװ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ ʛװʡʮʵʪʛʵʣʠʡʛ 2023 

ʦʥʪʦʡ ʭʘʨʴʮʫʫʣʘʭʘʜ, ʙʦʨʣʫʫʣʘʣʪʳʥ ʦʨʣʦʛʦ 15.5%-

ʠʘʨ ᴇʩʯ, 112.25 ʪʵʨʙʫʤ ʪᴇʛʨᴇʛʪ ʭװʨʩʵʥ ʙʦʣʦʚʯ ʥʠʡʪ 

ʟʘʨʜʘʣ ʤᴇʥ 16.9%-ʠʘʨ ʥʵʤʵʛʜʵʥ, 126.52 ʪʵʨʙʫʤ 

ʪᴇʛʨᴇʛ ʙʦʣʩʦʥ ʙʘʡʥʘ. ʍᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ װʨ ʜװʥʜ 

ʙʠʡ ʙʦʣʩʦʥ ʩʘʥʭװװʛʠʡʥ װʨ ʘʰʛʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ 

ʦʨʣʦʛʳʥ ʮʵʚʵʨ ᴇʩᴇʣʪ 11.1 ʪʵʨ.ʪᴇʛ ʭʵʜʠʡ ʯ ʘʰʛʠʡʥ 

ʮʵʚʵʨ ᴇʩᴇʣʪ -7.1 ʪʵʨʙʫʤ ʙʫʶʫ ʘʣʜʘʛʜʣʳʥ ʭʵʤʞʵʵ 

ʫʣʘʤ ʥʵʤʵʛʜʩʵʥ ʙʘʡʥʘ. 

2024 ʦʥʜ ʥװװʨʩ ʙʦʨʣʫʫʣʘʭ װʥʠʡʛ ʥװװʨʩʥʠʡ ᴇᴇʨʠʡʥ 

ᴇʨʪᴇʛʪ ʥʠʡʮװװʣʵʥ ʰʠʥʵʯʣʵʥ ʪʦʛʪʦʦʩʦʥ ʥʴ ʮʘʘʰʠʜ 

ʟʘʨʜʣʳʛ ʭʷʥʘʞ ʯʘʜʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʘʣʜʘʛʜʣʳʛ 

ʙʫʫʨʫʫʣʘʭ, ʘʰʠʛʪʘʡ ʘʞʠʣʣʘʭ ʙʦʣʦʤʞʠʡʛ 

ʥʵʤʵʛʜװװʣʩʵʥ ʙʘʡʥʘ. 

ʆʨʜʳʥ ʥᴇᴇʮʠʡʛ ʫʣʩʳʥ ʩʪʘʥʜʘʨʪʘʜ ʥʠʡʮװװʣʵʭ 

ʘʞʣʳʛ ʵʨʯʠʤʞװװʣʩʵʥʵʵʨ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪ ʪʘʪʘʭ 

ʙʦʣʦʤʞ ʥʵʤʵʛʜʵʭ ʙᴇʛᴇᴇʜ ʫʫʨʭʘʡʛ ʪװʰʠʛʣʵʥ 

ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮ ʙʘʨʠʭ ʭʫʚʠʣʙʘʨʳʛ ʥʘʨʠʡʚʯʣʘʥ 

ʩʫʜʣʘʭ ʥʴ ʟװʡʪʵʡ. 

a) ɸʰʠʛʣʘʩʘʥ ʤʘʪʝʨʠʘʣ, ʥʦʤ ʟϮʡ: 

[1] ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ 2024 ʦʥʳ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʪʘʡʣʘʥ 

[2] ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ 2025 ʦʥʳ ʙʠʟʥʝʩ 

ʪᴇʣᴇʚʣᴇʛᴇᴇ 

[3] ñʐʠʚʵʵ ʆʚʦʦʛʠʡʥ ʭװʨʵʥ ʥװװʨʩʥʠʡ ʦʨʜʳʥ 

ʥᴇᴇʮʠʡʛ ʦʣʦʥ ʫʣʩʳʥ JORC ʩʪʘʥʜʘʨʪʘʜ ʥʠʡʮװװʣʵʭ 

1-ʨ װʝ ʰʘʪʳʥ ʭʘʡʛʫʫʣʳʥ ʘʞʣʳʥ ʪʘʡʣʘʥ 

[4] ɹʦʜʠʪ ʯʘʜʘʣ ʍʍʂ-ʠʡʥ 2021 ʦʥʜ ʛװʡʮʵʪʛʵʩʵʥ 

ñʐʠʚʵʵ-ʦʚʦʦò ʦʨʜʳʛ ʪװʰʠʛʣʵʥ ʙʘʨʠʛʜʘʭ 200 ʤʚʪ 

ʮʘʭʠʣʛʘʘʥ ʩʪʘʥʮʳʥ ʪʝʭʥʠʢ- ʵʜʠʡʥ ʟʘʩʛʠʡʥ 

 ʥʜʵʩʣʵʣװ

[5] ɻʘʘʣʠʡʥ ʮʘʭʠʤ װʡʣʯʠʣʛʵʵʥʠʡ ʩʠʩʪʝʤ 

[6] 2024 ʦʥʳ ʩʘʥʭװװʛʠʡʥ ʙʘʡʜʣʳʥ ʪʘʡʣʘʥ 

[7] ñʐʠʚʵʵ ʆʚʦʦò ʍʂ-ʠʡʥ ʪʘʥʠʣʮʫʫʣʛʘ 

ʤʘʪʝʨʠʘʣʫʫʜ 

[8]ʋʫʣʳʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʩʘʥʭװװ ʞʜʠʡʥ ʟʘʩʛʠʡʥ 

ʰʠʥʞʠʣʛʵʵ ʩʝʤʠʥʘʨʳʥ ʭʠʯʵʵʣʠʡʥ ʛʘʨʳʥ ʘʚʣʘʛʘ 

https://gaali.mn/statistic/detail/02
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ʀʃ ʋʋʈʍɸʁɼ ʊʕʉʕʃɻʕʕɻʕʕʈ תתʉʕʍ ʏʀʏʀʈʍʀʁʃʃʀʁʅ 

 ʁʃʏʃʕʃʀʁʅ ʅᴆʃᴆᴆʃʃʀʁɻ ʊʆɼʆʈʍʆʁʃʉʆʅ ʉʋɼɸʃɻɸɸʅʓת

ɿɸʈʀʄ תʈ ɼתʅ 

 
ɻʦʤʙʳʥ ʊתɺʐʀʅɾɸʈɻɸʃ1, ʎʵʜʵʥʙʘʪʳʥ ɸʈʀʋʅɾɸʈɻɸʃ 2 

1ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɼʘʨʭʘʥ-ʋʫʣ ʘʡʤʘʛ ʜʘʭʴ ʊʝʭʥʦʣʦʛʠʡʥ ʩʫʨʛʫʫʣʴ, ʊʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ 

ʍʦʣʙʦʦ ʙʘʨʠʭ ʟʦʭʠʦʛʯʠʡʥ ʠ-ʤʵʡʣ ʭʘʷʛ:  tuvshee@stda.edu.mn 1  

2ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ, ʋʫʣ ʫʫʨʭʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʨʭʘʡʥ ʊʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ  

ʍʦʣʙʦʦ ʙʘʨʠʭ ʟʦʭʠʦʛʯʠʡʥ ʠ-ʤʵʡʣ ʭʘʷʛ: ts.ariunjargal@must.edu.mn 2

ʍʫʨʘʘʥʛʫʡ: ñʕʨʜʵʥʵʩ ʉʠʣʚʝʨ ʈʝʩʫʨʩò ʍʍʂ-ʥʠʡ ʉʘʣʭʠʪʳʥ ʤᴇʥʛᴇ-ʘʣʪʥʳ װʥʜʩʵʥ ʦʨʜʳʥ ʠʣ ʫʫʨʭʘʡ ʄʵʨʛʵʞʣʠʡʥ 

ʢʦʤʧʘʥʠʘʨ ʜװʛʥʵʣʪ ʛʘʨʛʫʫʣʘʥ װʡʣ ʘʞʠʣʣʘʛʘʘʛʘʘ ʘʶʫʣ, ʵʨʩʜʵʣʛװʡ ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ᴇʛᴇᴇʞʪʵʡʛᴇᴇʨ ʷʚʫʫʣʘʭ ʟʦʨʠʣʛʦʦʨ 

ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ װʡʣʯʣʵʣ ʫʫʨʭʘʡʥ ʭʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪʦʥʜ ʥᴇʣᴇᴇʣᴇʭ ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʥ 

ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ װʟװװʣʵʣʪװװʜʠʡʛ ʦʥʦʚʯʣʦʭ, ʭʘʨʠʫ ʘʨʛʘ ʭʵʤʞʵʵ ʘʚʘʭ ʘʞʣʳʛ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘ װװʩʩʵʥ ʥʴ ʵʥʵʭװװ ʘʞʠʣ 

ʛװʡʮʵʪʛʵʭ װʥʜʵʩʣʵʣ ʙʦʣʩʦʥ. ʎʘʘʰʠʜ ʫʫʨʭʘʡʜ ʭʠʡʛʜʵʞ ʙʘʡʛʘʘ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣ ʙʦʣʛʦʥʳ ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ 

ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʙʦʣʦʥ ʘʛʘʘʨʳʥ ʮʦʭʠʣʪʳʥ װʡʣʯʣʵʣʠʡʥ ʭʵʤʞʠʣʪ ʭʠʡʥ, װʨ ʜװʥʛ ʙʦʣʦʚʩʨʫʫʣʘʥ ʥᴇʣᴇᴇʣʣʠʡʥ ʭʵʤʞʵʵ, 

 ʜʵʜ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ ʧʘʩʧʦʨʪ ʙʦʣʦʚʩʨʫʫʣʘʥװװʩװʡʣʯʣʵʣʠʡʥ ʨʘʜʠʫʩʳʛ ʙʦʜʠʪʦʡ ʪʦʛʪʦʦʥ ʛʝʦʪʝʭʥʠʢʠʡʥ ʵʨʩʜʵʣʪʵʡ ʙװ

ʤᴇʨʜᴇʭ ʥʴ ʫʫʨʭʘʡʜ װװʩʯ ʙʫʡ ʵʨʩʜʣʠʡʛ ʙʫʫʨʫʫʣʘʭ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. 

ʊϮʣʭϮϮʨ Ϯʛ: ʍʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪ, ʛʝʦʪʝʭʥʠʢ, ʛʫʣʩʘʣʪ, ʥʫʨʘʣʪ, ʮʦʦʥʦʛ.   

 

I.  ʋɼʀʈʊɻɸʃ  

ʉʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʥʴ ʫʫʨʭʘʡʥ ʘʰʠʛʣʘʣʪʳʥ ʷʚʮʘʜ 
ʫʫʨʭʘʡʥ ʭʘʞʫʫʜ װװʩʯ ʙʦʣʦʭ ʛʫʣʩʘʣʪ, ʥʫʨʘʣʪʘʜ 
ʥᴇʣᴇᴇʣᴇʭ ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ 
 ʡʣʯʣʵʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ, ʩᴇʨᴇʛװ
 ʨ ʜʘʛʘʚʘʨʘʘʩ ʟʘʡʣʩʭʠʡʭ ʟʦʨʠʣʛʦʦʨ ʪʵʩʵʣʛʵʵʛʵʵʨװ
 ʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʙʦʣʦʥ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳʛװװ
ʪʦʜʦʨʭʦʡʣʦʭ ʭʵʤʞʠʣʪʠʡʛ 2 ʫʜʘʘ ʭʠʡʥ 
ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ ʙʦʣʥʦ. 
ʎʘʘʰʠʜ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣ ʭʠʡʭ ʙʦʣʛʦʥʜ ʭʵʤʞʠʣʪ 
ʭʠʡʭ, ʫʣʠʨʣʳʥ ʰʠʣʞʠʣʪ, ʵʨʩʜʵʣʪʵʡ ʙװʩװװʜʵʜ ʭʠʡʩʵʥ 
 ʥʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʘʚʘʭ ʘʨʛʘ ʭʵʤʞʵʵʛ ʫʫʣʳʥװʨ ʜװ
ʭʵʩʛʠʡʥ ʠʥʞʝʥʝʨ ʪʝʭʥʠʢʠʡʥ ʘʞʠʣʪʥʫʫʜʪʘʡ ʭʘʤʪʨʘʥ 
ᴇʨᴇʤʜʣᴇʛ, ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ ʧʘʩʧʦʨʪʳʛ ʪʫʭʘʡʥ 
ʭʵʩʵʛʪ ʪʦʭʠʨʩʦʥʦʦʨ ʙʦʣʦʚʩʨʫʫʣʞ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ 
ʙʘʡʥʘ. 

ñʕʨʜʵʥʵʩ ʉʠʣʚʝʨ ʈʝʩʫʨʩò ʍʍʂ-ʥʠʡ ʉʘʣʭʠʪʳʥ 
ʤᴇʥʛᴇ-ʘʣʪʥʳ װʥʜʩʵʥ ʦʨʜʳʥ ʠʣ ʫʫʨʭʘʡ 2022 ʦʥʳ 1 
ʜװʛʵʵʨ ʩʘʨʳʥ 31-ʥʳ ᴇʜᴇʨ ʥʫʨʘʣʪ װװʩʩʵʥʵʵʨ 2022 ʦʥʳ 
2 ʜʫʛʘʘʨ ʩʘʨʳʥ 10-ʥʳ ᴇʜᴇʨ ʄʵʨʛʵʞʣʠʡʥ ʢʦʤʧʘʥʠʘʨ 
ʜװʛʥʵʣʪ ʛʘʨʛʫʫʣʘʥ װʡʣ ʘʞʠʣʣʘʛʘʘʛʘʘ ʘʶʫʣ, ʵʨʩʜʵʣʛװʡ 
ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ᴇʛᴇᴇʞʪʵʡʛᴇᴇʨ ʘʰʠʛʣʘʭ ʟʦʨʠʣʛʦʦʨ 
ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ װʡʣʯʣʵʣ ʫʫʨʭʘʡʥ 
ʭʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪ ʥᴇʣᴇᴇʣᴇʭ ʥᴇʣᴇᴇʣʣʠʡʛ 
ʪʦʜʦʨʭʦʡʣʦʥ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ װʟװװʣʵʣʪװװʜʠʡʛ 
ʦʥʦʚʯʣʦʭ, ʭʘʨʠʫ ʘʨʛʘ ʭʵʤʞʵʵ ʘʚʘʭ ʘʞʣʳʛ ʭʠʡʭ 
ʰʘʘʨʜʣʘʛʘ װװʩʩʵʥ ʥʴ ʵʥʵʭװװ ʘʞʠʣ ʛװʡʮʵʪʛʵʭ װʥʜʵʩʣʵʣ 
ʙʦʣʩʦʥ. 

II.  ʅɼʕʉʃʕʃת 

ʉʘʣʭʠʪʳʥ ʤᴇʥʛᴇ-ʘʣʪʥʳ ʫʫʨʭʘʡʥ ʛʝʦʪʝʭʥʠʢʠʡʥ 
ʩʫʜʘʣʛʘʘʛ 2021, 2022, 2024 ʦʥʫʫʜʘʜ ʉʘʨʜʦʥʠʢʩ ʍʍʂ-
ʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʙʘʛ ʛװʡʮʵʪʛʵʥ, ʰʘʘʨʜʣʘʛʘʪʘʡ ʥᴇʭʮᴇʣ 
ʙʘʡʜʘʣʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʥ ʟᴇʚʣᴇʤʞ, ʘʚʘʭ ʘʨʛʘ 
ʭʵʤʞʵʵʥʠʡ ʪʘʣʘʘʨ ʜװʛʥʵʣʪʵʵʨ ʭװʨʛװװʣʩʵʥ ʙʘʡʥʘ. ʕʥʵ 
ʛʝʦʪʝʭʥʠʢʠʡʥ ʭʷʥʘʣʪ, ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʭʵʤʞʠʣʪʵʵʨ: 

1. ɻʠʜʨʦʛʝʦʣʦʛʠʡʥ ʩʫʜʘʣʛʘʘ ʭʠʡʭ 

2. ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ 
ʥᴇʣᴇᴇʣʣʠʡʛ ʪʦʛʪʦʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʛʵʩʵʥ 
ʜװʛʥʵʣʪ ʛʘʨʛʘʩʘʥ. 

ʏʫʣʫʫʣʛʠʡʥ ʪᴇʨᴇʣ, ʙʘʪ ʙᴇʭʠʡʥ װʟװװʣʵʣʪ, 
ʭװʜʵʨʞʠʣʪ, ʭʘʥʳʥ ʪʦʛʪʚʦʨʞʠʣʪ, ʘʥ ʮʘʚʳʥ ʩʪʨʫʢʪʫʨʳʥ 
ʙװʣʵʛʰʠʣʜ ʥᴇʣᴇᴇʣʞ ʙʦʣʟʦʰʛװʡ ʭʘʛʘʨʣʫʫʜʳʛ ʥʵʨʣʵʥ 
1-ʨ ʟʫʨʘʛʪ װʟװװʣʵʚ. 

 

 

1-ʨ ʟʫʨʘʛ. ʍʘʛʘʨʣʫʫʜʳʥ ʥʵʨʰʠʣ 

ʕʜʛʵʵʨ ʪʝʢʪʦʥʠʢ ʭʘʛʘʨʣʫʫʜ ʥʴ ʦʨʜʳʛ ʟʫʨʛʘʘʥ 
ʪᴇʨʣʠʡʥ ʘʥ ʮʘʚ, ʩʪʨʫʢʪʫʨʳʥ ʙװʣʵʛ ʙʫʶʫ ʜʦʤʝʡʥ 
ʙʦʣʛʦʥ ʭʫʚʘʘʞ ʙʘʡʥʘ. 

 ,ʟʣʵʛʠʡʥ ʷʚʮʘʜ ʫʫʨʭʘʡʥ ʭʦʡʜ ʭʘʥʳʥ ʜʵʵʜ ʠʨʤʵʛת
ʙʘʨʫʫʥ ʫʨʜ ʭʘʥʳʥ ʜʵʵʜ ʠʨʤʵʛ ʙʦʣʦʥ ʙʘʨʫʫʥ ʫʨʜ 
ʪʵʵʚʨʠʡʥ ʟʘʤ ʭʵʩʵʛʪ ʦʣʦʥ ʪʦʦʥʳ ʟʵʨʵʛʮʵʵ ʮʫʫʨʘʣʪʫʫʜ 
ʘʞʠʛʣʘʛʜʩʘʥ. ʎʫʫʨʘʣʪʳʥ ʠʜʚʵʭʞʠʣʪ ʰʠʣʞʠʣʪ 
ʭᴇʜᴇʣʛᴇᴇʥ ᴇʥʜᴇʨ, ʮʘʘʰʠʜ ʜʘʘʤʞʨʘʭ ʙʦʣʦʤʞʪʦʡ 
ʙʘʡʥʘ. 

mailto:batbayar.j@must.edu.mn1


ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  
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ʘ.

 

ʙ.

 

ʚ.

 

2-ʨ ʟʫʨʘʛ. ʋʫʨʭʘʡʜ ϮϮʩʯ ʙʫʡ ʮʫʫʨʘʣʪ 

ʘ. ʍʦʡʜ ʠʨʤʵʛʠʡʥ ʮʫʫʨʘʣʪ, ʙ. ɹʘʨʫʫʥ ʫʨʜ ʠʨʤʵʛʠʡʥ ʮʫʫʨʘʣʪ, 

ʚ. ɹʘʨʫʫʥ ʫʨʜ ʪʵʵʚʨʠʡʥ ʟʘʤʳʥ ʮʫʫʨʘʣʪ. 

ʄᴇʥ ʫʫʨʭʘʡʥ ʠʭʵʥʭ ʭʵʩʵʛʪ ʭʘʚʪʛʘʡ, ʰʘʘʥʪʘʛ 
ʭʵʣʙʵʨʠʡʥ ʥʫʨʘʣʪʫʫʜ װװʩʩʵʥ ʙʘʡʥʘ. ʍʘʤʛʠʡʥ 
ʵʨʩʜʵʣʪʵʡ ʭʵʩʵʛ ʙʦʣ ʫʫʨʭʘʡʥ ʟװװʥ ʙʦʣʦʥ ʟװװʥ ʭʦʡʜ 
ʭʵʩʵʛʪ װװʩʩʵʥ ʭʘʚʪʛʘʡ ʭʵʣʙʵʨʠʡʥ ʥʫʨʘʣʪ ʙʘʡʩʘʥ.  

ʘ. 

 

ʙ.

 

3-ʨ ʟʫʨʘʛ. ʋʫʨʭʘʡʜ ϮϮʩʯ ʙʫʡ ʥʫʨʣʳʥ ʭʵʣʙʵʨϮϮʜ 

ʘ. ɿϮϮʥ, ʟϮϮʥ ʭʦʡʜ ʭʵʩʛʠʡʥ ʭʘʚʪʛʘʡ ʥʫʨʘʣʪ, ʙ. ɹʘʨʫʫʥ 

ʭʵʩʛʠʡʥ ʰʘʘʥʪʘʛ ʥʫʨʘʣʪ. 

III.  ʍʕʄɾʀʃʊʕʅɼ ɸʐʀɻʃɸʉɸʅ ɹɸɻɸɾ, 

ʍʕʄɾʀʃʊ ʍʀʁʍ ɸʈɻɸ 

ʍʵʤʞʠʣʪ ʭʠʡʩʵʥ ʊʉ-4850 ʙʘʛʘʞ ʥʴ ʫʫʣ ʫʫʨʭʘʡ, 
ʙʘʨʠʣʛʘ, ʛװװʨ, ʪʫʥʝʣʴ, ʟʘʤ ʙʦʣʦʥ ʙʫʩʘʜ ʩʘʣʙʘʨʪ 
ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʵʣ, ʘʛʘʘʨʳʥ ʮʦʭʠʭ 
ʜʦʣʛʠʦʥʳʛ ʭʵʤʞʠʭ ʟʦʨʠʫʣʘʣʪʪʘʡ.  

ɹʘʛʘʞʥʳ ʦʥʮʣʦʛ:  

Å ʊʵʩʵʣʛʵʵʥʠʡ װʝʜ ʙʘʛʘʞʠʡʛ ʪʫʭʘʡʥ ʛʘʟʘʨʪ 
ʩʫʫʨʠʣʫʫʣʞ ʭʵʨʵʛʣʵʭ ʙʘ ʘʰʠʛʣʘʭʘʜ ʭʷʣʙʘʨ, ʭʵʤʞʠʣʪ 
ʭʠʡʩʥʠʡ ʜʘʨʘʘ װʨ ʜװʥʛ ʭʘʨʘʭ ʙʦʣʦʤʪʦʡ. 

Å AD ʥʷʛʪʨʘʣ ʥʴ 16 ʙʠʪ ʭװʨʪʵʣ ʙʦʣʦʚʩʨʫʫʣʘʛʜʜʘʛ, 
ʵʥʵ ʥʴ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʦʣʛʠʦʥʳʛ ʤʘʰ ᴇʥʜᴇʨ 
ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʙʦʣʦʚʩʨʫʫʣʜʘʛ. 

Å 0.01 ʩʤ/ʩʝʢ-35.4 ʩʤ/ʩʝʢ-ʠʡʥ ʭʦʦʨʦʥʜ ʭʵʤʞʠʣʪʠʡʛ 
ʙװʨʪʛʵʜʵʛ, ʛʘʨ ʘʞʠʣʣʘʛʘʘ  

Å 128-1000 ʭװʨʪʵʣʭ ʫʜʘʘʛʠʡʥ ʭʵʤʞʠʣʪʠʡʛ ʭʠʡʭ 
ʙʦʣʦʤʞʪʦʡ. 128 ʄɺ ʙʘʛʪʘʘʤʞ ʙװʭʠʡ ʩʘʥʘʭ ʦʡʪʦʡ. 
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ʘ.

 

ʙ.

 

4-ʨ ʟʫʨʘʛ. ʍʵʤʞʠʣʪʵʥʜ ʘʰʠʛʣʘʩʘʥ ʙʘʛʘʞ 

ʊʵʩʵʣʛʵʵʥʵʵʩ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʦʣʛʠʦʥʳ 
ʭʫʨʜʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʩʝʡʩʤʦʛʨʘʬ ʩʠʩʪʝʤ ʥʴ ʙʦʩʦʦ, 
ʜʘʛʫʫ ʙʘ ʭᴇʥʜʣᴇʥ ʛʘʟʨʳʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ 
ʙװʨʵʣʜʵʭװװʥʠʡʛ ʭʘʨʠʣʮʘʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘʘʨ 
ʭʵʤʞʜʵʛ. ɻʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʛʝʦʬʦʥʠ (geophone)-ʨ 
ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʦʣʛʠʦʥʳ ʭʫʨʜʳʛ ʭʵʤʞʠʞ, 
ʭʫʚʠʨʛʘʛʯʘʘʨ ʜʘʤʞʫʫʣʘʥ ʢʦʤʧʴʶʪʝʨʠʡʥ ʧʨʦʮʝʩʩʦʨʪ 
ʦʨʫʫʣʘʥ ᴇʛᴇʛʜʣʠʡʛ ʭʘʜʛʘʣʞ, ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʜʵʛ. 
ɻʝʦʬʦʥʠʡʛ ʭʵʤʞʠʣʪ ʭʠʡʭ ʮʵʛʪ ʙʵʭʵʣʞ ʙʘʡʨʣʫʫʣʘʥ 
ʭʘʤʛʘʘʣʘʣʪʳʥ ʭʵʨʵʛʩʵʣ ʜʵʵʨ ʪʘʚʠʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. 

ʏʠʯʠʨʭʠʡʣʣʠʡʥ ʜʦʣʛʠʦʥʳ ʭʫʨʜʳʛ ʭʵʤʞʠʭ ʙʘʛʘʞ 
ʥʴ ʤʵʜʨʵʛʯ ʙʦʣʦʥ ʙʠʯʠʛʯ ʛʵʩʵʥ ʭʦʸʨ ʭʵʩʛʵʵʩ ʙװʨʜʜʵʛ. 
ʄʵʜʨʵʛʯ ʥʴ ʛʘʟʨʳʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʵʥʝʨʛʠʡʛ ʮʘʭʠʣʛʘʘʥ 
ʵʥʝʨʛʠʜ ʭᴇʨʚװװʣʜʵʛ. 

ʏʠʯʠʨʭʠʡʣʣʠʡʥ ʜʦʣʛʠʦʥʳʛ ʭʵʤʞʠʭʵʜ 
ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʤʵʜʨʵʛʯ (ʛʝʦʬʦʥ)-ʠʡʛ ʟᴇʚ ʙʘʡʨʣʫʫʣʘʭ 
ʥʴ ʯʫʭʘʣ. ʄʵʜʨʵʛʯʠʡʛ ʛʘʟʘʨʪ ʙʫʨʫʫ ʙʘʡʨʣʘʩʘʥ ʙʦʣ 
ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʪװʚʰʠʥ ʥʴ ʙʦʜʠʪ ʙʘʡʜʣʘʘʩ ʠʣװװ 
ᴇʥʜᴇʨ ʛʘʨʘʭ ʤʘʛʘʜʣʘʣʪʘʡ. ʄʵʜʨʵʛʯʠʡʛ ᴇʚʩ ʫʨʛʘʤʘʣʳʥ 
 ʥʜʵʩ ʵʩʚʵʣ ʩʫʣ ʭᴇʨʩʪʵʡ ʛʘʜʘʨʛʫʫʜ ʙʘʡʨʣʫʫʣʘʥװ
ʭʵʤʞʠʣʪʠʡʛ ʭʠʡʭ ʪʦʭʠʦʣʜʦʣʜ װʨ ʜװʥ ʙʫʨʫʫ ʛʘʨʘʭ, 
ʘʣʜʘʘ ʟʘʘʭ ʤʘʛʘʜʣʘʣʪʘʡ.  

ʎʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ װʡʣʯʣʵʣʠʡʛ ʛʝʦʬʦʥ ʘʰʠʛʣʘʥ 
ʪʦʭʠʨʩʦʥ ʜʘʚʪʘʤʞʘʘʨ ʭʵʤʞʜʵʛ. ɼʘʨʘʣʪʳʥ ʜʦʣʛʠʦ ʥʴ 
ʤʠʢʨʦʬʦʥʦʦʨ ʜʘʤʞʠʥ ʮʘʭʠʣʛʘʘʥ ʩʠʛʥʘʣʴ װװʩʛʵʥ 
ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ ʭʫʨʜʳʛ ʭʵʤʞʠʣʪ ʭʠʡʭ ʷʚʮʘʜ 
ʩʘʣʭʠʥʳ ʭʫʨʜ, ʟʘʤʳʥ ʭᴇʜᴇʣʛᴇᴇʥ,  ʜʫʫ ʯʠʤʵʵ 
ʥᴇʣᴇᴇʣʜᴇʛ. ʄʠʢʨʦʬʦʥʳʛ ʪʵʩʵʣʛʵʵʥʠʡ ʙʣʦʢʨʫʫ 

ʯʠʛʣװװʣʵʥ ʟʦʨʠʫʣʘʣʪʳʥ ʩʫʫʨʠʥʜ ʙʵʭʣʵʥ ʫʫʨʭʘʡʥ 
ʭʘʥʘʥʘʘʩ 3 ʤ-ʵʵʩ ʠʭ ʟʘʡʜ ʙʘʡʨʣʫʫʣʥʘ. ʄʠʢʨʦʬʦʥʳ ʫʨʜ 
ʪʘʣʳʥ ʙʘʡʨʠʣʛʘ, ʭʘʥʘ ʙʘ ʤʦʜ ʛʵʭ ʤʵʪ ʩʘʘʜ ʙʦʣʦʭ ʟװʡʣ 
ʙʘʡʭ ʸʩʛװʡ. ʄᴇʥ ʤʠʢʨʦʬʦʥʳ ʘʨʜ ʦʡʣʛʦʛʯ ʦʙʲʝʢʪ ʙʘʡʞ 
ʙʦʣʦʭʛװʡ. 

IV.  ʊʕʉʕʃɻʕʕɻʕʕʈ תתʉʕʍ ʏʀʏʀʈʍʀʁʃʕʃ, 

ɸɻɸɸʈʓʅ ʎʆʍʀʍ ɼʆʃɻʀʆʅʓ 

ʍʕʄɾʀʃʊ ʍʀʁʉʕʅ ɸʈɻɸʏʃɸʃ 

ʊʵʩʵʣʛʵʵʥʵʵʩ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʭʵʤʞʵʵ ʥʴ ʥʵʛ 
ʘʛʰʠʥʜ ʪʵʩʨʵʭ ʊɹ-ʳʥ ʭʵʤʞʵʵ, ʭʦʨʦʤ ʫʜʘʘʰʨʫʫʣʘʭ 
ʭʫʛʘʮʘʘ, ʮʦʦʥʦʛʠʡʥ ʮʵʥʵʛʠʡʥ ʭʦʣʙʦʣʪʳʥ ʩʭʝʤ, ʪʵʩʨʵʭ 
ʙʦʜʠʩʳʥ ʪᴇʨᴇʣ, ʪװʛʞʵʵʩʠʡʥ ʤʘʪʝʨʠʘʣ ʪװװʥʯʣʵʥ ʵʛʥʵʵ 
ʙʦʣʦʥ ʮʦʦʥʦʛ ʭʦʦʨʦʥʜʳʥ ʟʘʡ, ʠʣװװ ᴇʨᴇʤʜʣᴇʛ, 
ʮʦʦʥʦʛʠʡʥ ʙװʪʵʮ, ʘʛʘʘʨʳʥ ʟʘʡ ʟʵʨʵʛ ʪʵʩʵʣʛʵʵʥʠʡ 
ʘʞʣʳʥ ʧʘʩʧʦʨʪʳʥ װʟװװʣʵʣʪװװʜʵʵʩ ʭʘʤʘʘʨʜʘʛ.  

ʉʦʥʛʦʩʦʥ ʮʵʛ ʜʵʵʨ ʭʵʤʞʠʛʜʩʵʥ ʯʠʯʠʨʭʠʡʣʣʠʡʥ 
ʜʦʣʛʠʦʥʳ ʭʵʤʞʠʣʪʳʥ װʨ ʜװʥʜ ʥʵʛ ʘʛʰʠʥʜ ʪʵʩʨʵʭ ʊɹ-
ʳʥ ʭʵʤʞʵʵ, ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʘʚʪʘʤʞ, ʯʫʣʫʫʣʛʠʡʥ 
ʜʘʚʭʘʨʛʘ, ʮʦʦʥʦʛʠʡʥ ʥᴇʭʮᴇʣ, ʫʩʥʳ ʪװʚʰʠʥ, ʛʘʜʘʨʛʫʫ 
ʜʵʵʨʭ ʜʦʣʛʠʦʥʫʫʜʳʥ ʪʘʨʭʘʣʪ ʙʘ ᴇʜᴇᴇʭ ʘʨʛʘ ʛʵʭ ʤʵʪ 
ʤʘʰ ʦʣʦʥ ʭװʯʠʥ ʥᴇʣᴇᴇʣʜᴇʛ.  

ᴆʜᴇᴇʣʪʠʡʥ ʩʠʩʪʝʤ ʙʘ ʥʵʛ ʘʛʰʠʥʜ ʪʵʩʨʵʭ ʊɹ-ʳʥ 
ʭʵʤʞʵʵ ʭʦʸʨʦʦʩ ʙʫʩʘʜ ʙװʭ ʧʘʨʘʤʝʪʨװװʜ ʥʴ 
ʪʵʩʵʣʛʵʵʥʠʡ ʙʣʦʢʫʫʜʘʜ ʠʞʠʣʭʵʥ ʙᴇʛᴇᴇʜ ʯʫʣʫʫʣʛʠʡʥ 
ʰʠʜʵʣʪʵʵʩ ʰʘʣʪʛʘʘʣʞ, ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʦʣʛʠʦʥʳ 
ʪװʚʰʠʥʜ ʷʣʛʘʘ װװʩʯ ʙʦʣʥʦ. 

ʅʷʛʪ ʙʘʛʘʪʘʡ ʯʫʣʫʫʣʘʛʪ ʯʠʯʠʨʭʠʡʣʵʣ ʜʘʤʞʠʭʜʘʘ 
ʭʫʨʜʘʥ ʩʘʨʥʠʭ ʤʘʛʘʜʣʘʣʪʘʡ ʙʘ ʙʘʛʘ ʭʵʤʞʵʵʥʠʡ 
ʜʘʚʪʘʤʞʠʡʥ ʵʥʝʨʛʠ ʘʛʫʫʣʜʘʛ. ʅʷʛʪ ʠʭʪʵʡ ʯʫʣʫʫʣʛʠʡʥ 
ʭʫʚʴʜ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʘʣʘʡʮ ʥʴ ʠʣװװ ʭʫʨʜʘʥ ʩʘʨʥʠʭ 
ʭʘʥʜʣʘʛʘʪʘʡ ʙʘ ᴇʥʜᴇʨ ʜʘʚʪʘʤʞʠʡʛ ʭʘʜʛʘʣʜʘʛ. ʅʷʛʪ 
ʙʘʛʘʪʘʡ ʤʘʪʝʨʠʘʣ ʜʘʭʴ ʪʵʩʵʣʛʵʵʥʠʡ ʩʫʣʨʘʣʳʥ ʤʫʨʫʡ 
ʥʴ ʙʘʛʘ ʥʘʣʫʫʪʘʡ ʙʘʡʜʘʛ, ʪʠʡʤʵʵʩ ʜʘʣʘʡʮ ʥʴ ʭʫʨʜʘʥ 
ʩʫʣʘʨʜʘʛʛװʡ. ʍʘʪʫʫ ʯʫʣʫʫʣʘʛ ʜʘʭʴ ʪʵʩʵʣʛʵʵʥʠʡ 
ʩʫʣʨʘʣʳʥ ʤʫʨʫʡ ʥʴ ʘʨʘʡ ʵʛʮ ʥʘʣʫʫʪʘʡ ʙʘʡʥʘ.  

ʍʵʨʚʵʵ ᴇʥʜᴇʨ ʭʘʞʫʫ ʵʩʚʵʣ ʪʦʤʦʦʭʦʥ ʩʘʘʜ, ʪʵʩʵʣʛʵʵ 
ʙʦʣʦʥ ʭʵʤʞʠʣʪʠʡʥ ʮʵʛʠʡʥ ʭʦʦʨʦʥʜ ʙʘʡʚʘʣ 
ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʜʘʣʘʡʮ ʥʴ ʷʤʘʨ ʥʵʛʵʥ ʪʘʩʨʘʣʪʛװʡ 
 ʝʠʡʥʭʵʵʩ ʙʘʛʘ ʙʘʡʜʘʛ. ʏʠʯʠʨʭʠʡʣʵʣ ʥʴ ʤᴇʥװ
ᴇʜᴇᴇʣʪʠʡʥ ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫ ʠʣװװ ʭװʯʪʵʡ ʙʘʡʜʘʛ. 

1. ʏʠʯʠʨʭʠʡʣʣʠʡʥ ʭʵʤʞʠʣʪʠʡʥ Ϯʨ ʜϮʥʛ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʘʨʛʘʯʣʘʣ 

ɹʦʩʦʦ (z), ʜʘʛʫʫ (x) ʙʘ ʭᴇʥʜʣᴇʥ (y) ʛʘʟʨʳʥ 
ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʙװʨʵʣʜʵʭװװʥʠʡʛ ʭʘʨʠʣʮʘʥ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʘʘʨ ʭʵʤʞʜʵʛ. ɼʦʣʛʠʦʥʳ ʭʫʨʜʳʛ ʜʘʨʘʘʭ 
ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʥʦ. װתʥʜ: 

’ ’ ’ ’ ,  (1) 

 

ɻɸɿɸʈ ʍᴆɼʃᴆʃ ɹɸ ʊʕʉʕʃɻʕʕɻʕʕʈ תתʉʕʍ ʏʀʏʀʈʍʀʁʃʃʀʁʅ ʍʋʈɼ, 
ʄɸɻʅʀʊʋʊ ɹɸʃʃʓʅ ʍɸʄɸɸʈɸʃ 

1-ʈ ʍϭʉʅʕɻʊ. 

ʏʠʯʠʨʭʠʡʣʣʠʡʥ 

ʭʫʨʜ ɻʘʟʘʨ 

ʭᴇʜʣᴇʣ

ʠʡʥ 

ʟʵʨʵʛ 

ʄʘʛʥʠ

ʪʫʪʳʥ 

ʤʘʩʰʪ

ʘʙʣʘʩʘ

ʥ 

ʭʵʤʞʵʵ 

 ʣʵʣʪ ɻʘʟʘʨװװʟת

ʭᴇʜʣᴇʣᴇᴇ

ʨ 

ʊʵʩʵʣʛʵʵ

ʛʵʵʨ, ʩʤ/ʩ 

0,125 0,2 I 1.5 
ʕʜ ʭʦʛʰʠʣʜ 
ʯʠʯʠʨʛʵʵ 

ʤʵʜʨʵʛʜʵʥʵ 

0,125-

0,25 
0,2-0,4 II  2 

ᴆʥʜᴇʨ ʜʘʚʭʘʨʪ 

ʙʘʡʛʘʘ ʭװʤװװʩʪ 
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ʏʠʯʠʨʭʠʡʣʣʠʡʥ 

ʭʫʨʜ ɻʘʟʘʨ 

ʭᴇʜʣᴇʣ

ʠʡʥ 

ʟʵʨʵʛ 

ʄʘʛʥʠ

ʪʫʪʳʥ 

ʤʘʩʰʪ

ʘʙʣʘʩʘ

ʥ 

ʭʵʤʞʵʵ 

 ʣʵʣʪ ɻʘʟʘʨװװʟת

ʭᴇʜʣᴇʣᴇᴇ

ʨ 

ʊʵʩʵʣʛʵʵ

ʛʵʵʨ, ʩʤ/ʩ 

ʯʠʯʠʨʛʵʵ ʠʣװװ 

ʤʵʜʨʵʛʜʵʥʵ 

0,25-0,5 0,4-0,8 III  2.5 
ɼװװʞʣʵʛʜʩʵʥ 
ʶʤʩʘʜ ʩʘʚʘʣʛʘʘ 

ʤʵʜʨʵʛʜʵʥʵ 

0,5-1,0 0,8-1,5 IV  3 
ʀʭʵʥʭ ʭװʤװװʩʪ 

ʤʵʜʨʵʛʜʵʥʵ  

1,0-2,0 1,5-3,0 V 3.5-4 

ʏʠʯʠʨʭʠʡʣʵʣ 

ʤʵʜʨʵʛʜʵʥʵ, 

ʥᴇʣᴇᴇʣʣʠʡʥ ʟʵʨʵʛ 
ʜʫʥʜ 

2,1-4,0 3,0-6,0 VI  4.5 

ʏʠʯʠʨʭʠʡʣʵʣ 

ʤʵʜʵʛʜʵʭװʡʮʵʵʨ  

ʤʵʜʨʵʛʜʵʥʵ, 
ʥᴇʣᴇᴇʣʣʠʡʥ ʟʵʨʵʛ 

ʜʫʥʜʘʘʩ ʜʵʵʰ 

4,1-8,0 6,0-12,0 VII  5 
ʉʘʡʥ ʯʘʥʘʨʳʥ 
ʙʘʨʠʣʛʘʜ ʵʚʜʨʵʣ 

 ʩʥʵװװ

8,0-16,0 12,0-24,0 VIII  5.5-6 
ɹʝʪʦʥʦʥ ʭʘʥʘ 
ʙʘʛʘʥʘʜ ʘʶʫʣʪʘʡ 

ʵʚʜʨʵʣ װװʩʥʵ 

- 24,0-48,0 IX  6-6.5 
ʍʘʥʘ ʪʘʘʟ ʜʵʵʚʵʨ 

ʥʫʨʥʘ 

- >48 X-XII  7-8 

ɹװʭ ʙʘʨʠʣʛʘ ʥʫʨʞ 

ʭᴇʨʩᴇʥʜ ʭʘʛʘʨʘʣ 

 .ʩʥʵװװ

 

2. ʎʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ Ϯʨ ʜϮʥʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

ʘʨʛʘʯʣʘʣ 

ɸʪʤʦʩʬʝʨ ʜʘʭʴ ʘʛʘʘʨʳʥ ʵʛʵʣ ʭʵʩʛʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ 
ʥʴ ʫʩʪʘʡ ʘʜʠʣʭʘʥ ʰʠʥʞ ʯʘʥʘʨʘʘʨ ʪʘʨʭʜʘʛ ʙʘ ʭᴇʨʩᴇᴇʨ 
ʜʘʤʞʜʘʛ ʰʘʭʘʣʪʳʥ ʜʦʣʛʠʦʥʪʦʡ (P ʜʦʣʛʠʦʥ) ʠʞʠʣ, 
ʘʪʤʦʩʬʝʨʵʵʨ ʜʘʤʞʠʞ ʙʫʡ ʜʘʨʘʣʪʳʥ ʜʦʣʛʠʦʥ ʶʤ. 
ɸʪʤʦʩʬʝʨʪ ʩʫʥʘʣʪʳʥ ʜʦʣʛʠʦʥ (S ʜʦʣʛʠʦʥ) ʙʘʡʜʘʛʛװʡ 
ʫʯʠʨ ʥʴ ʭʠʡʥʜ ʩʫʥʘʣʪʳʥ ʙʘʪ ʙʵʭ ʛʵʞ ʙʘʡʜʘʛʛװʡʪʵʡ 
ʭʦʣʙʦʦʪʦʡ. ʎʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥ װװʩʛʵʜʵʛ 5 ʪᴇʨʣʠʡʥ ʵʭ 
 .ʣʵʚװװʟװ ʩʥʵʛʪʵʜװʩʚʵʨʠʡʛ 2-ʨ ʭװװ

 

ʎʆʍʀʃʊʓʅ ɼʆʃɻʀʆʅʓ ʕʍ תתʉɺʕʈתתɼ 

2-ʈ ʍϭʉʅʕɻʊ. 

ʕʭ װװʩʚʵʨ ʊʦʜʦʨʭʦʡʣʦʣʪ 

ɸʛʘʘʨʳʥ ʜʘʨʘʣʪʳʥ 

ʧʫʣʴʩ 

ʄᴇʨʛᴇʮᴇʛ ʜʵʭ ʯʫʣʫʫʣʛʠʡʥ 

ʰʠʣʞʠʣʪʵʵʩ װװʩʵʭ ʥʘʤ ʜʘʚʪʘʤʞʠʡʥ 

ʜʘʨʘʣʪ 

ʍʠʡ ʷʣʛʘʨʘʭ ʧʫʣʴʩ ʄᴇʨʛᴇʮʛᴇᴇʨ ʭʠʡ ʰʘʭʘʭʘʜ װװʩʵʭ ᴇʥʜᴇʨ 

ʜʘʚʪʘʤʞʠʡʥ ʜʘʨʘʣʪ 

ʊװʛʞʵʵʩʥʵʵʩ ʷʣʛʘʨʘʭ 

ʮʦʭʠʣʪ 

ʊװʛʞʵʵʩʵʵʨ ʭʠʡ ʜʘʤʞʠʭʘʜ װװʩʵʭ 

ᴇʥʜᴇʨ ʜʘʚʪʘʤʞʠʡʥ ʜʘʨʘʣʪ 

ʏʫʣʫʫʣʛʠʡʥ ʜʘʨʘʣʪʳʥ 

ʮʦʭʠʣʪ 

ʍᴇʨʩʥʠʡ ʯʠʯʠʨʭʠʡʣʣʵʵʩ װװʩʵʭ 

ʘʛʘʘʨʳʥ ʙʘʛʘ ʜʘʨʘʣʪ 

ʏʠʤʵʵ ɼʝʪʦʥʘʮʠʡʥ ʫʪʘʩ ʵʩʚʵʣ ʛʘʜʘʨʛʫʫʥ 

ʭʦʨʦʤ ʫʜʘʘʰʨʫʫʣʘʛʯ װװʩʵʭ ᴇʥʜᴇʨ 
ʜʘʚʪʘʤʞʠʡʥ ʵʥʝʨʛʠ 

 

ʎʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥ ʥʴ ʧʘʩʢʘʣʴ (Pa), ʤʠʣʣʠʙʘʨ 
(mb), ʵʩʚʵʣ ʧʘʫʥʜ/ʠʥʯ2 (psi)-ʵʵʨ ʭʵʤʞʠʛʜʜʵʛ. 
ʊʵʩʵʣʛʵʵʥʵʵʩ װװʩʵʭ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥ ʥʴ (Ps) ʜʫʫʥʳ 
ʵʢʚʠʚʘʣʝʥʪʘʘʨ ʠʣʵʨʭʠʡʣʵʛʜʵʞ ʜʵʮʠʙʝʣ (dB) ʵʵʨ 
ʭʵʤʞʠʛʜʜʵʛ ʙʘ (2) ʪʵʛʰʠʪʛʵʣʵʵʨ ʪʦʦʮʦʦʣʦʛʜʦʞ ʙʦʣʥʦ. 

ὖ ςπϽÌÏÇ   (2) 

  :ʥʜװת

Ps= ɼʘʨʘʣʪʳʥ ʪϮʚʰʠʥ (ʜʝʮʠʙʝʣ) 
ʈ = ʍʵʤʞʠʛʜʩʵʥ ʭʵʪ ʜʘʨʘʣʪ (ʧʘʩʢʘʣʴ) 
ʈ0= ʉʪʘʥʜʘʨʪ ʜʘʨʘʣʪ (2Ĭ10-5 ʧʘʩʢʘʣʴ) 

 

ʉʘʣʭʠʛװʡ ʤᴇʥ ʪʝʤʧʝʨʘʪʫʨʳʥ ᴇᴇʨʯʣᴇʣʪʛװʡ ʥʵʛʵʥ 
ʭʵʚʠʡʥ ʘʪʤʦʩʬʝʨʪ ʟʘʡʥʘʘʩ ʭʘʤʘʘʨʩʘʥ ʮʦʭʠʣʪʳʥ 
ʜʦʣʛʠʦʥʳ ʫʨʴʜʯʠʣʘʥ ʪʘʘʤʘʛʣʘʭʘʜ ʭʷʣʙʘʨ ʙʘʡʜʘʛ. 
ʊʵʩʵʣʛʵʵʥʠʡ ʙʣʦʢʠʡʥ ʵʨʛʵʥ ʪʦʡʨʥʳ ʘʪʤʦʩʬʝʨʠʡʥ 
ʥᴇʭʮᴇʣ ᴇᴇʨʯʣᴇʛʜᴇʭᴇʜ ʜʘʣʘʡʮ ᴇᴇʨʯʣᴇʛʜᴇʭ ʪʦʭʠʦʣʜʦʣ 
ʙʘʡʜʘʛ ʙʦʣʦʚʯ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ װʡʣʯʣʵʣʜ ʭʘʤʛʠʡʥ 
ʠʭʵʵʨ ʥᴇʣᴇᴇʣʜᴇʛ ʛʫʨʚʘʥ ʭװʯʠʥ ʟװʡʣʩ ʥʴ: (1) ʮʵʥʵʛʠʡʥ 
ʭʵʤʞʵʵ (2) ʮʵʥʵʛʵʵʩ ʘʣʩʣʘʛʜʩʘʥ ʟʘʡ ʙʘ (3) ʮʵʥʵʛʠʡʥ 
ʪʫʩʛʘʘʨʣʘʣʪ ʶʤ. 

ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʩʵʥ ʘʛʘʘʨʳʥ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ 
ʫʪʛʠʡʛ (dB - decibels) ʜʝʮʠʙʝʣ ʛʵʩʵʥ ʭʵʤʞʠʛʜʵʭװװʥʵʵʨ 
ʪʦʜʦʨʭʦʡʣʜʦʛ. 

5ʤ/ʩ ʭʫʨʜʪʘʡ ʪʦʛʪʫʫʥ ʩʘʣʭʠ ʥʴ 120 dB-ʪʘʡ ʪʵʥʮʜʵʛ 

20ʤ/ʩ ʭʫʨʜʪʘʡ ʭʘʨ ʩʘʣʭʠ ʥʴ140 dB-ʪʘʡ ʪʵʥʮװװ 
ʙʘʡʜʘʛ. 

ʆʣʦʥ ʫʣʩʘʜ ʥʠʡʪʣʵʛ ʜʘʛʘʞ ʤᴇʨʜᴇʞ ʙʫʡ 
ʜʝʮʠʙʝʣʠʡʥ ʭʵʤʞʵʵ ʙʦʣʦʥ ʪװװʥʠʡ װʟװװʣʵʭ 
ʥᴇʣᴇᴇʣʣʠʡʛ 3-ʨ ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ. 

 

ʊʕʉʕʃɻʕʕʅʕʕʉ תתʉʕʍ ʎʆʍʀʃʊʓʅ ɼʆʃɻʀʆʅʓ תʁʃʏʃʕʃʀʁʅ 
ɿᴆɺʐᴆᴆʈᴆɻɼᴆʍ ʍʋʈɼʅʓ ʍʕʄɾʕʕ 

3-ʈ ʍϭʉʅʕɻʊ. 

ʍʵʤʞʵʵ ϭʟϮϮʣʵʭ ʥϺʣϺϺʣϺʣ 

171 dB ʎʦʥʭʥʳ ʰʠʣ ʭʘʛʘʨʥʘ 

151 dB 
ɿʘʨʠʤ ʪʦʭʠʦʣʜʦʣʜ ʮʦʥʭʥʳ ʰʠʣ 

ʭʘʛʘʨʘʥʘ 

140 dB 
ʋʨʪ ʭʫʛʘʮʘʘʥʳ ʪʫʨʰʠʜ ʭʘʜʛʘʣʘʛʜʘʞ 
ʠʨʩʵʥ ʪװװʭʠʡʥ ʜʫʨʩʛʘʣʪ ʵʜ ʟװʡʣʩ 

ʛʵʤʪʵʥʵ 

134 dB 
ʆʣʦʥ ʫʣʩʳʥ ʫʫʣ ʫʫʨʭʘʡʜ ʜʘʛʘʞ 

ʤᴇʨʜʚᴇʣ ʟʦʭʠʭ ʭʵʤʞʵʵ 

 

V. ʊʋʈʐʀʃʊʓʅ ɸɾʀʃ 

ʍʵʤʞʠʣʪʠʡʥ ʟʘʡʛ ʪʫʭʘʡʥ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ ʮʵʛʵʵʩ 
ʙʣʦʢʠʡʥ ʙװʨʠʡʥ ʪᴇʚ ʭװʨʪʵʣ ʭʵʤʞʠʥ װʨ ʜװʥʛ 
ʘʰʠʛʣʘʩʘʥ.  

ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥʛ ʈʠʭʪʝʨʠʡʥ ʰʘʪʘʣʙʘʨʘʘʨ ʛʘʟʘʨ 
ʭᴇʜʣᴇʣʠʡʥ ʙʘʣʣʜ ʰʠʣʞװװʣʵʥ ʟʫʨʘʛʣʘʣ ʙʦʣʦʚʩʨʫʫʣʘʚ. 
ʊʵʩʵʣʛʵʵʥʵʵʩ װװʩʵʭ ʘʛʘʘʨʳʥ ʮʦʭʠʭ ʜʦʣʛʠʦʥʳ 
ʜʘʨʘʣʪʳʥ ʫʪʛʠʡʛ ɼʝʮʠʙʝʣ ʨװװ ʰʠʣʞװװʣʞ ʙʘʨʠʣʛʘ, 
ʙʘʡʛʫʫʣʘʤʞʠʜ ʥᴇʣᴇᴇʣᴇʭ ʘʛʘʘʨʳʥ ʮʦʭʠʭ ʜʦʣʛʠʦʥʳ 
 ʡʣʯʣʵʣʠʡʥ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʫʨʜʥʳ ʭʵʤʞʵʵʛʵʵʨװ
ʰʘʪʘʣʙʘʨ ʙʦʣʦʚʩʨʫʫʣʘʚ. 

ʉʘʣʭʠʪʳʥ ʤᴇʥʛᴇ-ʘʣʪʥʳ ʠʣ ʫʫʨʭʘʡʥ ʪʵʩʵʣʛʵʵʛʵʵʨ 
 ʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʙʦʣʦʥ ʘʛʘʘʨʳʥ ʮʦʭʠʭ ʜʦʣʛʠʦʥʳװװ
 ʡʣʯʣʵʣ ʫʫʨʭʘʡʥ ʭʘʥʘʥʜ ʥᴇʣᴇᴇʣᴇʭ ʪʫʨʰʠʣʪʳʥ ʘʞʣʳʛװ
2024 ʦʥʳ 10-ʨ ʩʘʨʳʥ 04 ʙʦʣʦʥ 2025 ʦʥʳ 01-ʨ ʩʘʨʳʥ 
12-ʥʳ ᴇʜʨװװʜʵʜ ʯʠʯʠʨʭʠʡʣʣʠʡʛ ʭʵʤʞʠʛʯ ʊʉ-4850 
ʤʘʨʢʠʡʥ ʙʘʛʘʞʘʘʨ ʭʵʤʞʠʣʪװװʜʠʡʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ. 
ʊʵʩʵʣʛʵʵʥʠʡ ʙʣʦʢʠʡʥ װʥʜʩʵʥ ᴇʛᴇʛʜᴇʣʠʡʛ 4-ʨ 
ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ. 

ʊʋʈʐʀʃʊ ʍʀʁʉʕʅ ʊʕʉʕʃɻʕʕʅʀʁ ɹʃʆʂʀʁʅ ᴆɻᴆɻɼᴆʃ 

4-ʈ ʍϭʉʅʕɻʊ 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  

-15- 

ɼ/

ʜ 
 ʜ ʍʵʤʞʠʣʪ ʭʠʡʩʵʥ ʭʫʛʘʮʘʘװװʣʵʣʪװװʟת

1 ʆʥ, ʩʘʨ, ᴇʜᴇʨ, ʮʘʛ 2024.10.04.  2025.01.12 

2 ʎʦʦʥʦʛʠʡʥ ʜʠʘʤʝʪʨ, ʤʤ 140 140 

3 ʎʦʦʥʦʛʠʡʥ ʪʦʦ, ʰ 139 198 

4 - ʍʫʫʨʘʡ 125 116 

5 - ʋʩʪʘʡ 14 82 

6 ɼʦʛʦʣʳʥ ᴇʥʜᴇʨ, ʤ 5.6 6.1 

7 ʊʦʨʥʳ ʭʵʤʞʵʵ 4.5x4 4.5x4 

8 
ʅʠʡʪ ʪʵʩʨʵʭ ʙʦʜʠʩʳʥ 

ʭʵʤʞʵʵ, ʢʛ 

6912.9 9936 

9 - ʍʫʫʨʘʡ 6175.5 5797.8 

10 - ʋʩʪʘʡ 737.4 4138.2 

11 
ʅʵʛ ʘʛʰʠʥʜ ʪʵʩʨʵʭ ʊɹ-ʳʥ 

ʭʵʤʞʵʵ, ʢʛ 

283.0 214.0 

12 
ʊʵʩʨʵʭ ʙʦʜʠʩʳʥ ʜʫʥʜʘʞ 

ʭʫʚʠʡʥ ʟʘʨʮʫʫʣʘʣʪ, ʢʛ/ʤ3 

0.45 0.45 

13 
ɹʘʡʰʠʥ ʙʘʨʠʣʛʘʜ ʥᴇʣᴇᴇʣᴇʭ 

ʘʶʫʣʛװʡ ʟʘʡ, ʤ  

58 57 

14 
ʏʫʣʫʫʣʛʠʡʥ ʰʠʜʵʛʜʵʭ ʟʘʡ, 

ʤ 

297 329 

15 

ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʘʛʘʘʨʳʥ 

ʮʦʭʠʭ ʜʦʣʛʠʦʥʦʦʩ ʙʘʨʠʣʛʘʜ 

ʥᴇʣᴇᴇʣᴇʭ ʟʘʡ,ʤ 
/ʪʦʦʮʦʦʛʦʦʨ/ 

  

16 - ʭװʥʜ 500 500 

17 
- ʤʘʰʠʥ 

ʤʝʭʘʥʠʟʤʜ 
300 300 

 

ʊʵʩʵʣʛʵʵʛʵʵʛʵʵʨ װʩʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ 
 ʡʣʯʣʵʣʠʡʥ ʫʪʛʠʡʛ ʛʘʟʘʨ ʭᴇʜʣᴇʣʠʡʥ ʙʘʣʣʳʥ ʟʵʨʵʛʪװ
ʰʠʣʞװװʣʩʵʥ װʨ ʜװʥ ʙʦʣʦʥ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ 5-ʨ 
ʭװʩʥʵʛʪʵʜ, ʘʛʘʘʨʳʥ ʮʦʭʠʭ װʡʣʯʣʵʣʠʡʛ ʰʫʫʛʠʘʥʳ 
ʜʘʨʘʣʪʘʜ ʰʠʣʞװװʣʵʥ װʟװװʣʵʭ ʥᴇʣᴇᴇʣʣʠʡʛ 6-ʨ 
ʭװʩʥʵʛʪʵʜ ʪʫʩ ʪʫʩ װʟװװʣʵʚ. 

ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʭʵʤʞʠʣʪʵʵʨ 
ʛʘʨʩʘʥ ʫʪʛʳʛ ʛʘʟʘʨ ʭᴇʜʣᴇʣʠʡʥ ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʟʵʨʵʛ 
(ʙʘʣʣʳʥ ʰʘʪʣʘʣʘʘʨ) ïɻ ʵʨ V-VI ʙʘʣʣʜ ʭʘʨʛʘʣʟʘʞ 
ʙʘʡʥʘ. 

ʊʕʉʕʃɻʕʕɻʕʕʈ תתʉʕʍ ʏʀʏʀʈʍʀʁʃʃʀʁʅ תʁʃʏʃʕʃʀʁʅ 

 ʅתʈ ɼת

5-ʈ ʍϭʉʅʕɻʊ 

ʩʤ/ʩ ɻʘʟʘʨ 

ʭᴇʜʣᴇ

ʣʠʡʥ 

ʟʵʨʵʛ, 

ʙʘʣʣ 

ʄʘʛ

ʥʠʪʫ

ʪʳʥ 

ʭʵʤʞ

ʵ ɻ

 ʣʵʭװװʟת

ʥᴇʣᴇᴇʣᴇʣ 
x y z 

 ʨװ

ʜװʥ 

2024.10.03 

1.69 0.335 0.205 

1.82 V 3.5-4 

ʏʠʯʠʨʭʠʡʣʵʣ 

ʤʵʜʨʵʛʜʵʥʵ, 

ʥᴇʣᴇᴇʣʣʠʡʥ 

ʟʵʨʵʛ ʜʫʥʜ 

1.69 0.07 0.05 

1.243 1.528 0.506 

2025.01.12 

2.492 1.721 2.563 

4.01

4 
VI 4.5 

ʏʠʯʠʨʭʠʡʣʵʣ 

ʤʵʜʵʛʜʵʭװʡʮʵʵ

ʨ  ʤʵʜʨʵʛʜʵʥʵ, 

ʥᴇʣᴇᴇʣʣʠʡʥ 

ʟʵʨʵʛ ʜʫʥʜʘʘʩ 

ʜʵʵʰ 

3.365 2.506 1.693 

1.968 2.561 1.479 

 

ʊʕʉʕʃɻʕʕɻʕʕʈ תתʉʕʍ ɸɻɸɸʈʓʅ ʎʆʍʀʍ ɼʆʃɻʀʆʅʓ 

 ʁʃʏʃʕʃת

6-ʈ ʍϭʉʅʕɻʊ. 

ʢʇʘ 
ʜɹ תʟװװʣʵʭ ʥᴇʣᴇᴇʣᴇʣ 

x y z 

2024.10.03 

0.046 0.046 0.046 127.23 
ʆʣʦʥ ʫʣʩʘʜ ʫʫʣ 

ʫʫʨʭʘʡʥ ʩʘʣʙʘʨʪ 
ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʜ 

0.046 0.046 0.046 127.23 

0.046 0.046 0.046 127.23 

2025.01.12 

0.116 0.116 0.116 135.26 

133.25 0.116 0.116 0.116 135.26 

0.116 0.116 0.116 135.26 

 

ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʘʛʘʘʨʳʥ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ 
ʜʘʨʘʣʪʳʥ ʫʪʛʳʛ ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵʥʜ ʰʠʣʞװװʣʚʵʣ 
ʉʘʣʭʠʪʳʥ ʤᴇʥʛᴇ-ʘʣʪʥʳ ʠʣ ʫʫʨʭʘʡʜ ʭʠʡʛʜʩʵʥ 
ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛʵʵʨ ñʆʣʦʥ ʫʣʩʳʥ ʫʫʣ ʫʫʨʭʘʡʜ 
ʜʘʛʘʞ ʤᴇʨʜʚᴇʣ ʟʦʭʠʭ ʭʵʤʞʵʵ ʦʣʦʥ ʫʣʩʘʜ ʤᴇʨʜʜᴇʛ 
ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʵʤʞʵʵò-ʥʜ ʙʦʣʦʥ ñʋʨʪ ʭʫʛʘʮʘʘʥʳ 
ʪʫʨʰʠʜ ʭʘʜʛʘʣʘʛʜʘʞ ʠʨʩʵʥ ʪװװʭʠʡʥ ʜʫʨʩʛʘʣʪ ʵʜ ʟװʡʣʩ 
ʛʵʤʪʵʥʵò ʪʫʩ ʪʫʩ ʙװʣʵʛʪ ʭʘʤʨʘʛʜʘʞ ʙʘʡʥʘ. 

VI.  ɼתɻʅʕʃʊ 

1. ʊʫʨʰʠʣʪʳʥ ʘʞʣʳʛ ʪʵʩʵʣʛʵʵʥʠʡ ʭʦʸʨ ʙʣʦʢʪ 
139 ʙʦʣʦʥ 198 ʰʠʨʭʵʛ ʮʦʦʥʦʛʪ 2024 ʦʥʳ 10 ʩʘʨ ʙʦʣʦʥ 
2025 ʦʥʳ 01-ʨ ʩʘʨʫʫʜʘʜ ʭʠʡʛʜʩʵʥ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣʜ 
ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʙʦʣʦʥ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳ 
 ʡʣʯʣʵʣʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʛ ʫʨʴʜʯʠʣʩʘʥ ʙʘʡʜʣʘʘʨװ
ʪʦʛʪʦʦʭ ʟʦʨʠʣʛʦʦʨ ʭʵʤʞʠʣʪʠʡʛ ʫʫʨʭʘʡʥ ʘʰʠʛʣʘʣʪʳʥ 
ʪװʚʰʠʥʜ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ ʙʦʣʥʦ.  

2. ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ װʡʣʯʣʵʣ 
ʆʣʦʥ ʫʣʩʘʜ ʥʠʡʪʣʵʛ ʜʘʛʘʞ ʤᴇʨʜʜᴇʞ ʙʘʡʛʘʘ 
ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʛʘʟʘʨ ʭᴇʜʣᴇʣʠʡʥ ʟʵʨʛʵʵʨ V-VI, 
ʘʛʘʘʨʳʥ ʮʦʭʠʭ ʜʦʣʛʠʦʥʳ ʭʵʤʞʵʵ 134 ʜɹ-ʵʵʩ ʜʵʵʰ 
 ʣʵʣʪʪʵʡ ʙʘʡʛʘʘ ʥʴ ʫʫʨʭʘʡʥ ʭʘʥʘʥʳʥװװʟװ
ʪʦʛʪʚʦʨʞʠʣʪʦʜ ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʵʣʠʡʥ 
ʥᴇʣᴇᴇʣᴇʣ ʤʵʜʵʛʜʵʭװʡʮ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

3. ʎʘʛ ʘʛʘʘʨʳʥ ʥᴇʭʮᴇʣ ʙʘʡʜʣʳʛ ʭʘʨʛʘʣʟʘʥ 
/ʘʛʘʘʨʳʥ ʜʘʨʘʣʪ ʠʭʪʵʡ װʝʜ ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ 
ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʭʵʤʞʵʵ ʥʵʤʵʛʜʜʵʛ /ʛʝʦʪʝʭʥʠʢʠʡʥ 
ʵʨʩʜʵʣʪʵʡ ʙװʩ, ʛʫʣʩʘʣʪ ʥʫʨʘʣʪ װװʩʵʭ ʤʘʛʘʜʣʘʣʪʘʡ 
ʭʵʩʛװװʜʠʡʥ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪʘʜ ʪʫʭʘʡ ʙװʨʜ ʥʴ 
ᴇᴇʨʯʣᴇʣʪ ʦʨʫʫʣʘʭ, ʭװʨʵʵ ʛʘʨʛʘʭ ʪʵʩʵʣʛʵʵ ʙʦʣʦʥ ʙʫʩʘʜ 
ʘʨʛʫʫʜʳʛ ʭʵʨʵʛʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. 

4. ʋʫʨʭʘʡʜ ʦʜʦʦ ʤᴇʨʜᴇʛʜᴇʞ ʙʘʡʛʘʘ ʪʵʩʵʣʛʵʵʥʠʡ 
ʧʘʩʧʦʨʪʘʘʨ ʥʵʛ ʫʜʘʘʛʠʡʥ ʪʵʩʵʣʛʵʵʥʜ 100 ʮʦʦʥʦʛʦʦʩ 
ʭʵʪʨװװʣʵʭʛװʡ, ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣʜ ʭʵʨʵʛʣʵʭ ʭʦʨʦʤ 
ʫʜʘʘʰʨʫʫʣʘʛʯ ʙʫʶʫ ʨʝʣʝʛ 4-6 ʮʦʦʥʦʛ ʪʫʪʘʤʜ ʥʵʛʵʵʩ 
ʙʘʛʘʛװʡ ʭʵʨʵʛʣʵʭ, ʮʦʦʥʦʛʠʡʥ ʪʦʦʛ ʟʘʡʣʰʛװʡ 
ʥʵʤʵʛʜװװʣʵʭ ʪʦʭʠʦʣʜʦʣʜ ʭʦʨʦʤ ʫʜʘʘʰʨʫʫʣʘʭ ʨʝʣʝʛ 
ʮʦʦʥʦʛʪ ʙʦʣʦʥ ʵʛʥʵʵʥʜ ʭʵʨʵʛʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʛʵʞ 
 .ʟʵʞ ʙʘʡʥʘװ

5. ʎʘʘʰʠʜ ʫʫʨʭʘʡʜ ʭʠʡʛʜʵʞ ʙʘʡʛʘʘ ʪʵʩʵʣʛʵʵʥʠʡ 
ʘʞʠʣ ʙʦʣʛʦʥʳ ʪʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ ʯʠʯʠʨʭʠʡʣʣʠʡʥ 
/ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʙʦʣʦʥ ʘʛʘʘʨʳʥ ʮʦʭʠʣʪʳʥ 
 ʥʛ ʙʦʣʦʚʩʨʫʫʣʘʥװʨ ʜװ ,ʡʣʯʣʵʣʠʡʥ ʭʵʤʞʠʣʪ ʭʠʡʥװ
ʥᴇʣᴇᴇʣʣʠʡʥ ʭʵʤʞʵʵ, װʡʣʯʣʵʣʠʡʥ ʨʘʜʠʫʩʳʛ ʙʦʜʠʪʦʡ 
ʪʦʛʪʦʦʭ ʛʝʦʪʝʭʥʠʢʠʡʥ ʵʨʩʜʵʣʪʵʡ ʙװʩװװʜʵʜ 
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ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ ʧʘʩʧʦʨʪ ʙʦʣʦʚʩʨʫʫʣʘʥ ʤᴇʨʜᴇʭ ʥʴ 
ʫʫʨʭʘʡʜ װװʩʯ ʙʫʡ ʵʨʩʜʣʠʡʛ ʙʫʫʨʫʫʣʘʭ ʘʯ 
ʭʦʣʙʦʛʜʦʣʪʦʡ. 
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ʍʫʨʘʘʥʛʫʡ: ʍװʜʵʨ ʪʵʵʚʵʨʣʵʭ, ʜʘʤʞʫʫʣʘʭ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ʭװʣʵʵʣʪ, ʪᴇʣᴇʚʣᴇʛᴇᴇʪ ʙʦʣʦʥ ʛʵʥʵʪʠʡʥ ʟʘʩʚʘʨʫʫʜ, ʤᴇʥ 

ʪʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʥ ʭʦʦʨʦʥʜʳʥ ʟʦʭʠʮʫʫʣʘʣʪʛװʡ ʙʘʡʜʘʣ ʟʵʨʵʛ ʦʣʦʥ ʭװʯʠʥ ʟװʡʣʵʵʩ װװʜʵʣʪʵʡ ʩʫʣ ʟʦʛʩʦʣʪʫʫʜ 

 ʣʵʵʣʪʠʡʥ ʪᴇʣᴇʚʪʵʡ ʩʫʣ ʟʦʛʩʦʣʪװʩʜʵʛ. ʉʫʜʘʣʛʘʘʥʳ ʷʚʮʘʜ ʤʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʜ ʥʠʡʪ 2,173 ʮʘʛʠʡʥ ʭװװ

ʙװʨʪʛʵʛʜʩʵʥ ʥʴ ʦʣʙʦʨʣʦʭ, ʙʦʣʦʚʩʨʫʫʣʘʭ ʭװʜʨʠʡʥ ʭʵʤʞʵʵʛ ʙʫʫʨʫʫʣʘʭ ʵʨʩʜʵʣʪʵʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ʀʡʤʵʵʩ 

ʪʵʵʚʵʨʣʵʣʪʠʡʥ ʪװʚʰʠʥʛʠʡʥ ʙʦʜʠʪ ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʥ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʰʘʣʪʛʘʘʥ, ʙװʪʵʮ, װʨ ʥᴇʣᴇᴇʛ ʩʠʩʪʝʤʪʵʡʛʵʵʨ 

ʰʠʥʞʠʣʞ, ʩʫʣ ʟʦʛʩʦʣʪʳʛ ʙʫʫʨʫʫʣʘʥ ʭװʜʵʨ ʦʣʙʦʨʣʦʭ, ʙʦʣʦʚʩʨʫʫʣʘʭ ʭʵʤʞʵʵʛ ʥʵʤʵʛʜװװʣʵʭ ʙʦʣʦʤʞʠʡʛ ʩʫʜʘʣʩʘʥ. 

ʊϮʣʭϮϮʨ Ϯʛ: ʍϮʜʵʨ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤ, ʙʵʭʵʣʛʵʵ, ʪʦʛʪʚʦʨʞʠʣʪʳʥ ʰʠʥʞʠʣʛʵʵ, ʵʨʩʜʣʠʡʥ ʟʵʨʵʛ

I.  ʋɼʀʈʊɻɸʃ 

ʆʶʫ ʊʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ ʪʵʵʚʵʨʣʵʣʪʠʡʥ װʨ 
ʘʰʠʛ, ʥʘʡʜʚʘʨʪʘʡ ʙʘʡʜʘʣ ʥʴ ʫʫʨʭʘʡʥ 
 ʡ ʷʚʫʫʣʘʭʘʜ ʯʫʭʘʣװʡʣʜʚʵʨʣʵʣʠʡʛ ʪʘʩʨʘʣʪʛװ
 ʨʵʛʪʵʡ. ʊʫʩ ʫʫʨʭʘʡʥ ʇʘʥʝʣʴ-0-ʠʡʥ ʪʵʵʚʨʠʡʥװװ
ʰʪʨʝʢ ʜʵʵʨ ʦʣʦʥ ʯʠʨʛװװʣʪʵʡ ʪʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ 
(Road Train)-ᴇᴇʨ ʦʣʙʦʨʣʦʩʦʥ ʭװʜʨʠʡʛ ʭװʜʵʨ 
ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤ (Material Handling System)-ʜ 
ʭװʨʛʵʞ, ʫʣʤʘʘʨ ʭװʜʵʨ ʙʦʣʦʚʩʨʫʫʣʘʭ װʡʣʜʚʵʨ ʨװװ 
ʪʘʩʨʘʣʪʛװʡ ʥʠʡʣװװʣʜʵʛ [2]. ɻʦʣ ʩʫʣ ʟʦʛʩʦʣʪʳʥ 
ʪᴇʨʣװװʜʠʡʥ ʥʠʡʪ װʨʛʵʣʞʣʵʭ ʭʫʛʘʮʘʘʥʳ ʭʘʨʴʮʘʘʛ 1-
ʨ ʟʫʨʘʛʪ ʭʘʨʫʫʣʘʚ. 

 
1-ʨ ʟʫʨʘʛ. ɻʦʣ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʪϺʨʣϮϮʜʠʡʥ ʥʠʡʪ Ϯʨʛʵʣʞʣʵʭ 

ʭʫʛʘʮʘʘʥʳ ʭʘʨʴʮʘʘ 

II.  ɸʉʋʋɼʃʓʅ ʊʆɼʆʈʍʆʁʃʆʃʊ  

 ʇʘʥʝʣʴ 0-ʠʡʥ ʪʵʵʚʵʨʣʵʣʪʠʡʥ ʪװʚʰʠʥʜ ʘʞʠʣʣʘʞ 

ʙʫʡ ʦʣʦʥ ʯʠʨʛװװʣʪʵʡ ʪʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʩʠʩʪʝʤʵʵʨ ʭװʜʨʠʡʛ ʭװʜʵʨ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʠʡʥ 

ʮʵʛװװʜ ʨװװ ʜʘʤʞʫʫʣʜʘʛ. ɻʵʚʯ ʵʥʵʭװװ ʧʨʦʮʝʩʩʠʡʥ 

ʪʫʨʰʠʜ ʜʘʨʘʘʭ ʛʦʣ ʘʩʫʫʜʣʫʫʜ ʘʞʠʛʣʘʛʜʩʘʥ. 

Å 331 - Waiting for MHSò (ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ 

ʩʠʩʪñʝʤ) ʪᴇʣᴇʚʪ ʭʵʪ ʠʭ ʭʫʛʘʮʘʘ ᴇʥʛᴇʨʯ ʙʫʡ ʥʴ 

ʭʘʤʛʠʡʥ ʠʭ ʘʣʜʘʛʜʘʣ װװʩʛʵʞ ʙʫʡ ʭװʯʠʥ ʟװʡʣ. 

Å ɿʘʩʚʘʨ װʡʣʯʠʣʛʵʵ, ʵʵʣʞ ʩʦʣʠʣʮʦʦ ʟʵʨʵʛ ʭװʥʠʡ 

ʭװʯʠʥ ʟװʡʣ ʥʴ ʤᴇʥ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ װʨ 

ʘʰʛʠʡʛ ʙʫʫʨʫʫʣʞ ʙʘʡʥʘ. 

Å ʊʵʵʚʨʠʡʥ ʤʘʨʰʨʫʪ, ʦʯʠʭ ʮʵʛװװʜʠʡʥ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʘʣʪ ʭʘʥʛʘʣʪʛװʡ, ʫʫʣʟʚʘʨ, ʘʯʘʘʣʘʣ ʠʭʪʵʡ 

ʭʵʩʛװװʜ ʫʜʘʘʰʨʘʣ װװʩʛʵʞ ʙʘʡʥʘ. 

Å BI (ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤ) 

ʙװʨʵʥ ʥʵʚʪʨʵʵʛװʡ ʪʫʣ ᴇʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ 

ʰʫʫʨʭʘʡ ʰʠʡʜʚʵʨ ʛʘʨʛʘʣʪ ʩʫʣ ʭʵʚʵʵʨ ʙʘʡʥʘ. 

III.  ʉʋɼɸʃɻɸɸʅʓ ɿʆʈʀʃɻʆ, 

ɿʆʈʀʃʊʋʋɼ  

ɿʦʨʠʣʛʦ: ʇʘʥʝʣʴ 0-ʠʡʥ ʪʵʵʚʵʨʣʵʣʪʠʡʥ 

ʪװʚʰʠʥʛʠʡʥ ʙʦʜʠʪ ᴇʛᴇʛʜᴇʣʜ ʪʫʣʛʫʫʨʣʘʥ 

 ʨ ʘʰʠʛʪ ʩᴇʨʛᴇᴇʨ ʥᴇʣᴇᴇʣʞ ʙʫʡ ʩʫʣװ ʡʣʜʚʵʨʣʵʣʠʡʥװ

ʟʦʛʩʦʣʪʫʫʜʘʜ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ, ʪʵʜʛʵʵʨʠʡʛ 

ʙʫʫʨʫʫʣʘʭ ʰʠʡʜʣװװʜʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʥ ʭװʜʵʨ 

ʦʣʙʦʨʣʦʭ, ʙʦʣʦʚʩʨʫʫʣʘʭ ʭʵʤʞʵʵʛ ʥʵʤʵʛʜװװʣʵʭ. 

ɿʦʨʠʣʪʫʫʜ: 

Å ɿʦʛʩʦʣʪʳʥ ʪᴇʨᴇʣ, ʜʘʚʪʘʤʞ, װʨʛʵʣʞʣʵʭ ʭʫʛʘʮʘʘʛ 

ʘʥʛʠʣʘʥ ʩʪʘʪʠʩʪʠʢ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ 

Å ɿʦʛʩʦʣʪ ʙʦʣʦʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʭʵʤʞʵʵʥ 

ʭʘʤʘʘʨʣʳʛ ʪʦʦʮʦʭ 

Å תʨ ʘʰʠʛ ʙʫʫʨʘʣʪʘʜ ʭʘʤʛʠʡʥ ʠʭ ʥᴇʣᴇᴇ װʟװװʣʞ 

ʙʫʡ ʭװʯʠʥ ʟװʡʣʩʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

Å ʉʘʡʞʨʫʫʣʘʣʪʳʥ ʩʪʨʘʪʝʛʠ ʙʦʣʦʚʩʨʫʫʣʞ, 

ʪʦʦʮʦʦʣʦʣ ʭʠʡʭ 

Å ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ ʟʘʛʚʘʨʯʣʘʣ ʭʠʡʞ, ʰʠʡʜʚʵʨ 

ʛʘʨʛʘʣʪʘʜ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʠʡʛ װʥʵʣʵʭ 

IV.  ʉʋɼɸʃɻɸɸʅʓ ɸʈɻɸ, ɸʈɻɸʏʃɸʃ, תʈ 

ɼתʅ 

ᴆʛᴇʛʜᴇʣ: 

ʉʫʜʘʣʛʘʘʥʜ ñHLL RT.csvò ʬʘʡʣ ʘʰʠʛʣʘʛʜʩʘʥ ʙʘ 
ʵʥʵʭװװ ᴇʛᴇʛʜᴇʣʜ 2024 ʦʥʳ 10 ʩʘʨʳʥ 1-ʥʵʵʩ 2025 ʦʥʳ 
3 ʩʘʨʳʥ 13 ʭװʨʪʵʣʭ 163 ʭʦʥʦʛʠʡʥ ʤʵʜʵʵʣʣʠʡʛ 
ʘʰʠʛʣʘʩʘʥ. 

ʐʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʘ: 

ʐʀʅɾʀʃɻʕʕʅʀʁ ɸʈɻɸʏʃɸʃʋʋɼʓʅ ʊɸʁʃɹɸʈ 

1-ʈ ʍϭʉʅʕɻʊ  

ɸʨʛʘ ʊʘʡʣʙʘʨ 

ɼʝʩʢʨʠʧʪʠʚ 

ʩʪʘʪʠʩʪʠʢ 
ɼʫʥʜʘʞ, ʩʪʘʥʜʘʨʪ ʭʘʟʘʡʣʪ, ʪʘʨʭʘʣʪʳʥ 
ʰʠʥʞʠʣʛʵʵ 

ʂʦʨʨʝʣʷʮ 

ʰʠʥʞʠʣʛʵʵ 

ɿʦʛʩʦʣʪʳʥ ʮʘʛ ʙʘ װʡʣʜʚʵʨʣʵʣʠʡʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʪʦʦʮʦʭ 

ʐʫʛʘʤʘʥ 

ʨʝʛʨʝʩʩ 

ʅʵʛʞ ʟʦʛʩʦʣʪ ʪʫʪʘʤʜ װʡʣʜʚʵʨʣʵʣ ʭʵʨʭʵʥ 

ʙʫʫʨʯ ʙʘʡʛʘʘʛ ʟʘʛʚʘʨʯʣʘʭ 

Decision Tree 
ɿʦʛʩʦʣʪʳʥ װʨʛʵʣʞʣʵʭ ʭʫʛʘʮʘʘʛ ʪʘʘʤʘʛʣʘʭ 

ʟʘʛʚʘʨ 
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ɸʨʛʘ ʊʘʡʣʙʘʨ 

Scenario 

analysis (what-

if)  

ɿʦʛʩʦʣʪʳʛ ʙʫʫʨʫʫʣʩʘʥ ʥᴇʭʮᴇʣʜ װʡʣʜʚʵʨʣʵʣ 

ʭʵʨʭʵʥ ᴇᴇʨʯʣᴇʛʜᴇʭʠʡʛ ʪʦʦʮʦʭ 

ʐʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʳʥ ʪʦʤʲʸʦ: 

ὣ ‍ ‍ẗὢ 

¶ ὣ: ᴆʜᴇʨ ʪʫʪʤʳʥ װʡʣʜʚʵʨʣʵʣ (ʪʦʥʥ) 

¶ 8: ʅʠʡʪ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘ (ʮʘʛ) 

¶ ɼ σχȟψυπ: ɿʦʛʩʦʣʪ ʙʘʡʭʛװʡ װʝʜ ʦʥʦʣʳʥ 

ʜʵʵʜ ʦʣʙʦʨʣʦʣʪʳʥ ʭʵʤʞʵʵ 

¶ ɼ σφσ: ʅʵʛ ʮʘʛʠʡʥ ʟʦʛʩʦʣʪʦʦʨ 

ʘʣʜʘʛʜʘʞ ʙʫʡ ʦʣʙʦʨʣʦʣʪ 

ʕʜʛʵʵʨ ʘʨʛʘʯʣʘʣʫʫʜʳʛ ʘʰʠʛʣʘʥ, ʟʦʛʩʦʣʪʳʥ ʙװʪʮʠʡʥ 

ʜװʥ ʰʠʥʞʠʣʛʵʵ, װʨ ʘʰʠʛ ʙʫʫʨʘʣʪʳʥ ʰʘʣʪʛʘʘʥ, 

ʙʦʣʦʤʞʠʪ ᴇʩᴇʣʪʠʡʥ ʪʦʦʮʦʦ, ʟʘʛʚʘʨʯʣʘʣʳʥ ʜװʛʥʵʣʪ 

ʟʵʨʛʠʡʛ ʛʘʨʛʘʩʘʥ. 

ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ ʰʠʥʞʠʣʛʵʵ 

ᴆʛᴇʛʜʣʠʡʥ ʝʨᴇʥʭʠʡ ʙװʪʵʮ ʙʘ ʦʥʮʣʦʛ 

ʉʫʜʘʣʛʘʘʥʜ ʘʰʠʛʣʘʩʘʥ ñHLL RT.csvò ʬʘʡʣ ʥʴ 163 

ʭʦʥʦʛʠʡʥ ʪʫʨʰ ʙװʨʪʛʵʛʜʩʵʥ 101,217 ʤᴇʨ 

ʤʵʜʵʵʣʣʠʡʛ ʘʛʫʫʣʩʘʥ. ᴆʛᴇʛʜᴇʣʜ ʥʠʡʪ ʜʦʣʦʦʥ ʙʘʛʘʥʘ 

ʙʘʡʥʘ. 

HLL  ʊתɺʐʅʀʁ ᴆɻᴆɻɼʃʀʁʅ ɹɸɻɸʅʋʋɼʓʅ ʊɸʁʃɹɸʈ  

2-ʈ ʍϭʉʅʕɻʊ  

ɹʘʛʘʥʘ ʊʘʡʣʙʘʨ 

DateTime ʆʛʥʦʦ, ʮʘʛʠʡʥ ʪʵʤʜʵʛʣʵʣ 

Equipment 
ʊʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ (RT400ï

RT403) 

Status 

 ʡʣʜʣʠʡʥ ʪᴇʣᴇʚ (ʘʞʠʣʣʘʞת

ʙʘʡʛʘʘ, ʟʦʛʩʩʦʥ, ʙʫʫʣʛʘʞ ʙʘʡʛʘʘ 

ʛʵʭ ʤʵʪ) 

Source / 

Destination 

ʕʭ װװʩʚʵʨ ʙʘ ʦʯʠʭ ʮʵʛ (TX01, 

PC01 ʛʵʭ ʤʵʪ) 

Measure 

Name 

ʍʵʤʞʠʭ ʪᴇʨᴇʣ ï ʮʘʛ (Hours) ʵʩʚʵʣ 

ʞʠʥ (Tonnes) 

Value 
ʊʦʦʥ ʫʪʛʘ ï ʪʫʭʘʡʥ װʨʛʵʣʞʣʵʭ 

ʭʫʛʘʮʘʘ ʵʩʚʵʣ ʪʵʵʚʵʨʣʵʩʵʥ ʪʦʥʥ 

ñStatusò ʙʘʛʘʥʘ ʥʴ 100-ʘʘʩ ʜʵʵʰ ʪᴇʨᴇʣʪʵʡ ʙᴇʛᴇᴇʜ 

ʪʫʭʘʡʥ ʤᴇʨʥʠʡ װʡʣʜʣʠʡʛ ʠʣʵʨʭʠʡʣʥʵ. װתʥʜ: 

100 - Operating ð ɸʞʠʣʣʘʞ ʙʘʡʛʘʘ 

1001 - Tipping ð ɹʫʫʣʛʘʞ ʙʘʡʛʘʘ 

331 - Waiting for MHS ð ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ 

ʩʠʩʪʝʤʠʡʛ ʭװʣʵʵʞ ʟʦʛʩʩʦʥ 

992 - Shift Change ð ʕʵʣʞ ʩʦʣʠʣʮʦʭ 

207 - Pre-start Inspection ð ɸʞʠʣ ʵʭʣʵʭʠʡʥ ᴇʤʥᴇʭ 

ʰʘʣʛʘʣʪ 

ɻʦʣ ʟʦʛʩʦʣʪʳʥ ʪᴇʨʣװװʜʠʡʥ ʭʘʨʴʮʫʫʣʘʣʪ 

2-ʨ ʟʫʨʘʛʪ ʛʦʣ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʪᴇʨʣװװʜʠʡʥ ʥʠʡʪ 

 .ʨʛʵʣʞʣʵʭ ʭʫʛʘʮʘʘʛ ʭʘʨʴʮʫʫʣʩʘʥ ʙʦʣʥʦװ

¶ ʍװʜʵʨ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʠʡʥ ʭװʣʵʵʣʪʠʡʥ 

ʭʫʛʘʮʘʘ - 2,173.5 ʮʘʛ 

¶ ʊᴇʣᴇʚʣᴇʛᴇᴇʪ ʟʘʩʚʘʨʳʥ ʭʫʛʘʮʘʘ ï 1,933.4 

ʮʘʛ 

¶ ʕʵʣʞ ʩʦʣʠʣʮʦʭ ʭʫʛʘʮʘʘ ï 1,358.5 ʮʘʛ 

¶ ʆʣʦʥ ʯʠʨʛװװʣʪʵʡ ʪʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ 

ʭװʜʵʨ ʙʫʪʘʣʞ ʙʫʫʣʛʘʭ ʮʵʛ ʜʵʵʨ ʭװʣʵʵʭ 

ʭʫʛʘʮʘʘ ï 288 ʮʘʛ 

¶ ɹʫʩʘʜ ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʛ ʭװʣʵʵʭ ʭʫʛʘʮʘʘ ï 

192 ʮʘʛ 

ʕʜʛʵʵʨ ʪʘʚʘʥ ʩʫʣ ʟʦʛʩʦʣʪ ʥʠʡʣʵʵʜ ʥʠʡʪ ʟʦʛʩʦʣʪʳʥ 

70% ʛʘʨʫʡʛ ʙװʨʜװװʣʞ ʙʘʡʥʘ. 

ʉʫʣ ʟʦʛʩʦʣʪʳʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ 

ʉʫʣ ʟʦʛʩʦʣʪʳʥ ʮʘʛʠʡʥ ʭʫʨʘʘʥʛʫʡ  

  ʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʮʘʛ - 6,603 ʮʘʛת ¶

¶ ʍװʜʵʨ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʠʡʥ ʭװʣʵʵʣʪʠʡʥ 

ʭʫʛʘʮʘʘ - 2,173 ʮʘʛ  

¶ ɿʘʩʚʘʨ װʡʣʯʠʣʛʵʵ - 1,933 ʮʘʛ  

¶  ʕʵʣʞʠʡʥ ʩʦʣʠʣʮʦʦ - 1,358 ʮʘʛ 

ʆʣʙʦʨʣʦʣʪ ʙʘ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʭʘʤʘʘʨʘʣ 

ᴆʜᴇʨ ʙװʨʠʡʥ: ʅʠʡʪ ʟʦʛʩʦʣʪʳʥ ʮʘʛ ʙʦʣʦʥ 

ʥʠʡʪ ʦʣʙʦʨʣʦʣʪʳʥ ʭʵʤʞʵʵ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ 

ʪʦʦʮʦʦʣʦʭʦʜ: 

ʂʦʨʨʝʣʷʮʳʥ ʢʦʵʬʬʠʮʠʝʥʪ Ἲ Ȣ   

ʕʥʵ ʥʴ ʤʘʰ ʭװʯʪʵʡ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʘʡʛʘʘ ʥʴ 

ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʮʘʛ ᴇʩᴇʭ ʪʫʪʘʤ ʦʣʙʦʨʣʦʣʪ ʙʫʫʨʘʭʳʛ 

ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

 ʜʠʡʥ ʜʘʚʪʘʤʞװװʡʣʜʣʠʡʥ ʪᴇʣʚת

 

2-ʨ ʟʫʨʘʛ. ɻʦʣ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʪϺʨʣϮϮʜʠʡʥ ʥʠʡʪ Ϯʨʛʵʣʞʣʵʭ 
ʭʫʛʘʮʘʘʥʳ ʭʘʨʴʮʫʫʣʘʣʪ 

ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʠʡʥ ʩʫʣ ʟʦʛʩʦʣʪ 

ʭʘʤʛʠʡʥ ʫʨʪ װʨʛʵʣʞʠʣʩʵʥ, ʜʘʚʪʘʤʞʪʘʡʛʘʘʨ ᴇʥʜᴇʨ 

ʪʦʦ ʵʟʵʣʞ ʙʘʡʥʘ. 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  

-19- 

ʉʘʡʞʨʫʫʣʘʣʪʳʥ ʩʪʨʘʪʝʛʠ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ װʨ ʘʰʠʛʛװʡ 

ʩʫʣ ʟʦʛʩʦʣʪʫʫʜʳʛ ʙʘʛʘʩʛʘʭʳʥ ʪʫʣʜ ʜʘʨʘʘʭ ʪʝʭʥʠʢ, 

ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪʳʥ ʯʠʛʣʵʣʵʵʨ ʩʪʨʘʪʝʛʠ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʦʣʥʦ. 

ʊʵʵʚʵʨʣʵʣʪʠʡʥ ʦʥʦʚʯʣʦʣʳʥ ʩʪʨʘʪʝʛʠ (Road 

Train) 

ʊʕʕɺʕʈʃʕʃʊʀʁʅ ʆʅʆɺʏʃʆʃʓʅ ʉʊʈɸʊɽɻʀ   

3-ʈ ʍϭʉʅʕɻʊ  

ʉʘʡʞʨʫʫʣʘʣʪ ʊʘʡʣʙʘʨ 
ʍװʣʵʵʛʜʵʞ ʙʫʡ װʨ 

ʜװʥ 

ʄʘʨʰʨʫʪʳʛ 

ʜʘʭʠʥ ʪʦʦʮʦʦʣʦʭ 

ʊʵʵʚʨʠʡʥ ʟʘʤʳʥ 

ʫʨʪʳʛ 15%-ʠʘʨ 

ʙʘʛʘʩʛʘʞ, ʥʵʛ 
ʫʜʘʘʛʠʡʥ ʘʷʣʣʳʥ 

ʭʫʛʘʮʘʘʛ 

ʭʦʨʦʛʜʫʫʣʘʭ. 

ʅʵʛ ʘʷʣʣʳʥ 

ʭʫʛʘʮʘʘ 12 

ʤʠʥʫʪʘʘʨ ʙʫʫʨʯ, 
ᴇʜᴇʨʪ ʥʠʡʪʜʵʵ 3 

ʮʘʛʠʡʥ ʭʵʤʥʵʣʪ 

ʛʘʨʥʘ. 

ʍʦʦʩʦʥ ʙʫʮʘʭ 

ʘʷʣʣʳʛ ʙʘʛʘʩʛʘʭ 

ɹʫʫʣʛʘʣʪ ʭʠʡʩʥʠʡ 
ʜʘʨʘʘ ʦʡʨ 

ʙʘʡʨʣʘʣʪʘʡ ʮʵʛʵʵʩ 

ʜʘʭʠʥ ʘʯʠʭ 
ʤʘʨʰʨʫʪʳʛ 

ʪᴇʣᴇʚʣᴇʞ, ʭʦʦʩʦʥ 

ʙʫʮʘʭ ʘʷʣʣʳʛ 20%-
ʠʘʨ ʙʫʫʨʫʫʣʘʭ. 

ᴆʜᴇʨʪ ʭʦʦʩʦʥ 

ʘʷʣʘʣ ʙʘʛʘʩʯ, 
ʪװʣʰʥʠʡ ʭʵʨʵʛʣʵʵ 

8%-ʠʘʨ ʙʫʫʨʥʘ. 

ʋʫʣʟʚʘʨ, ʭʵʪ 

ʘʯʘʘʣʘʣʪʘʡ 

ʭʵʩʛװװʜʠʡʛ 

ʩʘʡʞʨʫʫʣʘʭ 

ɿʘʤʳʥ ʪʦʭʠʞʠʣʪ, 

ʫʨʩʛʘʣ 

ʟʦʭʠʮʫʫʣʘʣʪʳʛ 

ʜʘʭʠʥ ʪᴇʣᴇʚʣᴇʞ, 

ʫʫʣʟʚʘʨ ʜʘʭʴ 

ʭװʣʵʵʣʛʠʡʥ ʭʫʛʘʮʘʘʛ 
30%-ʠʘʨ ʙʘʛʘʩʛʘʭ. 

ᴆʜᴇʨʪ ʥʠʡʪ 

ʭװʣʵʵʣʛʠʡʥ 

ʭʫʛʘʮʘʘ 2 ʮʘʛʠʡʥ 
ʭʵʤʥʵʣʪʪʵʡ ʙʦʣʥʦ. 

ʆʣʦʥ ʯʠʨʛװװʣʪʵʡ 

ʪʵʵʚʨʠʡʥ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʤʘʨʰʨʫʪʳʛ 

ʭʷʥʘʭ ʘʚʪʦʤʘʪ 

ʩʠʩʪʝʤ 

GPS ʭʷʥʘʣʪʪʘʡ 

ʪʵʵʚʵʨʣʵʣʪʠʡʥ 

ʫʜʠʨʜʣʘʛʘ 
ʥʵʚʪʨװװʣʞ, ʪʵʵʚʨʠʡʥ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʙʦʜʠʪ 
ʮʘʛʪ ʭʷʥʘʭ. 

ʊʵʵʚʨʠʡʥ ʩʘʘʪʘʣ 
25%-ʠʘʨ ʙʫʫʨʯ, 

ʥʠʡʪ 

ʪʵʵʚʵʨʣʵʣʪʠʡʥ װʨ 
ʘʰʠʛ 10%-ʠʘʨ 

ʥʵʤʵʛʜʵʥʵ. 

ʊᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʙʵʣʵʥ ʙʘʡʜʣʳʛ 

ʫʨʴʜʯʠʣʘʥ 

ʪʦʦʮʦʦʣʦʭ 

ʅʘʡʜʚʘʨʪʘʡ ʙʘʡʜʣʳʥ 

ʦʥʦʰʠʣʛʦʦ, 
ʤʵʜʵʵʣʵʣʜ ʩʫʫʨʠʣʩʘʥ 

ʟʘʩʚʘʨʳʥ ʪᴇʣᴇʚʣᴇʛᴇᴇ 

ʙʦʣʦʚʩʨʫʫʣʞ, 

ʪᴇʣᴇʚʣᴇʛʜᴇᴇʛװʡ 

ʟʦʛʩʦʣʪʳʛ 15%-ʠʘʨ 

ʙʫʫʨʫʫʣʘʭ. 

ɾʠʣʠʡʥ ʪʫʨʰʠʜ 

ʪᴇʣᴇʚʣᴇʛʜᴇᴇʛװʡ 
ʟʦʛʩʦʣʪ 100 

ʮʘʛʠʡʥ 

ʭʵʤʥʵʣʪʪʵʡ ʙʦʣʥʦ. 

 

ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʠʡʥ ʦʥʦʚʯʣʦʣʳʥ 

ʩʪʨʘʪʝʛʠ 

 

ʄɸʊɽʈʀɸʃ ɼɸʄɾʋʋʃɸʍ ʉʀʉʊɽʄʀʁʅ ʆʅʆɺʏʃʆʃʓʅ ʉʊʈɸʊɽɻʀ    

4-ʈ ʍϭʉʅʕɻʊ  

ʉʘʡʞʨʫʫʣʘʣʪ ʊʘʡʣʙʘʨ 
ʍװʣʵʵʛʜʵʞ 

ʙʫʡ װʨ ʜװʥ 

ɹʫʫʣʛʘʭ ʛʦʨʠʤʳʥ 

ʪʵʥʮʚʵʨʞװװʣʵʣʪ 

ʆʣʦʥ RT ʟʵʨʵʛ ʠʨʞ 
ʜʫʛʘʘʨʣʘʭʘʘʩ ʩʵʨʛʠʡʣʞ, 

ʙʫʫʣʛʘʭ ʭʫʚʘʘʨʠʡʛ 

ʦʥʦʚʯʣʦʭ ʟʘʤʘʘʨ 

ʭװʣʵʵʣʛʠʡʥ ʭʫʛʘʮʘʘʛ 

20%-ʠʘʨ ʙʘʛʘʩʛʘʭ. 

ᴆʜᴇʨʪ ʥʠʡʪ 
ʭװʣʵʵʣʛʠʡʥ 

ʭʫʛʘʮʘʘ 1.5 

ʮʘʛʠʡʥ 

ʭʵʤʥʵʣʪʪʵʡ 

ʙʦʣʥʦ. 

ɹʫʬʝʨ ʙʫʶʫ 

ʭװʣʵʵʣʛʠʡʥ 

ʙʘʛʪʘʘʤʞ ʥʵʤʵʭ 

ʅʵʤʵʣʪ ʙʫʬʝʨ 

ʙʘʡʛʫʫʣʘʤʞ ʥʵʚʪʨװװʣʞ, 
ʟʦʛʩʦʣʪʳʥ ʭʘʨʠʫ 

ɾʠʣʠʡʥ 

ʪʫʨʰʠʜ 
ʟʦʛʩʦʣʪʳʥ 

ʉʘʡʞʨʫʫʣʘʣʪ ʊʘʡʣʙʘʨ 
ʍװʣʵʵʛʜʵʞ 

ʙʫʡ װʨ ʜװʥ 

ʫʨʚʘʣʳʛ 40%-ʠʘʨ 
ʩʘʡʞʨʫʫʣʘʭ. 

ʭʫʛʘʮʘʘ 200 
ʮʘʛʠʡʥ 

ʭʵʤʥʵʣʪʪʵʡ 

ʙʦʣʥʦ. 

ɹʦʜʠʪ ʮʘʛʠʡʥ 

ʵʚʜʨʵʣ ʤʵʜʵʵʣʵʭ 

ʩʠʩʪʝʤ 

ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ 
ʩʠʩʪʝʤʠʡʥ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʜʦʛʦʣʜʣʳʛ RT ʩʠʩʪʝʤʜ 
ʰʫʫʨʭʘʡ ʤʵʜʵʵʣʵʭ 

ʘʚʪʦʤʘʪ ʩʠʩʪʝʤ 

ʥʵʚʪʨװװʣʞ, ʟʘʩʚʘʨʳʥ 
ʭʘʨʠʫ װʡʣʜʣʠʡʥ 

ʭʫʛʘʮʘʘʛ 30%-ʠʘʨ 

ʙʘʛʘʩʛʘʭ. 

ɼʦʛʦʣʜʣʳʥ װʝʜ 

ʟʘʩʚʘʨʳʥ 
ʭʫʛʘʮʘʘ 1 

ʮʘʛʠʡʥ 

ʭʵʤʥʵʣʪʪʵʡ 
ʙʦʣʥʦ. 

ʂʦʥʚʝʡʝʨ, 

ʙʫʪʣʫʫʨ ʟʵʨʵʛ 

ʜʘʛʘʣʜʘʭ ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʫʷʣʜʘʘ 

ʊʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʥ 

ʘʞʣʳʥ ʮʠʢʣʠʡʛ 

ʫʷʣʜʫʫʣʞ, װʡʣ 
ʘʞʠʣʣʘʛʘʘʥʳ ʪʘʩʨʘʣʪʛװʡ 

ʙʘʡʜʣʳʛ ʭʘʥʛʘʭ ʟʘʤʘʘʨ 

ʥʠʡʪ ʮʠʢʣʠʡʥ ʭʫʛʘʮʘʘʛ 
15%-ʠʘʨ ʙʘʛʘʩʛʘʭ. 

ᴆʜᴇʨʪ ʥʠʡʪ 

 ʡʣװ
ʘʞʠʣʣʘʛʘʘʥʳ 

ʭʫʛʘʮʘʘ 2 

ʮʘʛʠʡʥ 
ʭʵʤʥʵʣʪʪʵʡ 

ʙʦʣʥʦ. 

 

ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ ʭʷʥʘʣʪʳʥ ʩʠʩʪʝʤʠʡʥ 

ʰʠʡʜʵʣ 

 

ᴆɻᴆɻɼᴆʃɼ ʉʋʋʈʀʃʉɸʅ ʍʗʅɸʃʊʓʅ ʉʀʉʊɽʄʀʁʅ ʐʀʁɼʕʃ     

5-ʈ ʍϭʉʅʕɻʊ  

ʉʠʩʪʝʤ װתʨʵʛ 
ʍװʣʵʵʛʜʵʞ ʙʫʡ װʨ 

ʜװʥ 

ʍʷʥʘʣʪʳʥ 

ʩʘʤʙʘʨ 

ɿʦʛʩʦʣʪ, ʙװʪʵʵʤʞʠʡʛ 

ʙʦʜʠʪ ʮʘʛʪ ʭʷʥʘʭ 
ʙʦʣʦʤʞʪʦʡ ʭʷʥʘʣʪʳʥ 

ʩʘʤʙʘʨ ʥʵʚʪʨװװʣʞ, 

ʘʩʫʫʜʣʳʛ ʰʫʫʨʭʘʡ 
ʠʣʨװװʣʵʭ. 

ɸʩʫʫʜʣʳʥ 

ʠʣʨװװʣʵʣʪʠʡʥ 
ʭʫʛʘʮʘʘ 50%-ʠʘʨ 

ʙʘʛʘʩʯ, ʰʠʡʜʚʵʨʣʵʭ 

ʭʫʛʘʮʘʘ 30%-ʠʘʨ 
ʩʘʡʞʠʨʥʘ. 

 ʡʣת

ʘʞʠʣʣʘʛʘʘʥʳ 

ʛʦʣ װʟװװʣʵʣʪ 

ʭʷʥʘʣʪ 

ʆʣʦʥ ʯʠʨʛװװʣʪʵʡ 

ʪʵʵʚʨʠʡʥ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ᴇʜᴇʨ 
ʪʫʪʤʳʥ ʘʰʠʛʣʘʣʪ, 

ʭʦʦʩʦʥ ʷʚʘʭ ʭʫʛʘʮʘʘʛ 

 ʥʵʣʵʭ ʛʦʣװ
 ʜʠʡʛװװʣʵʣʪװװʟװ

ʪʦʛʪʦʦʞ, װʨ ʘʰʛʠʡʛ 

ʭʵʤʞʠʭ. 

 ʨ ʘʰʛʠʡʥת
 ʜʠʡʛװװʣʵʣʪװװʟװ

10%-ʠʘʨ 

ʩʘʡʞʨʫʫʣʘʭ 
ʙʦʣʦʤʞʪʦʡ ʙʦʣʥʦ. 

ʄʵʜʵʵʣʣʠʡʥ 

ʫʨʩʛʘʣʳʛ 

ʥʵʛʪʛʵʭ 

ʊʵʵʚʨʠʡʥ 
ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʙʦʣʦʥ 

ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ 
ʩʠʩʪʝʤ ʭʦʦʨʦʥʜ 

ᴇʛᴇʛʜᴇʣ ʘʚʪʦʤʘʪʘʘʨ 

ʩʦʣʠʣʮʦʭ ʩʠʩʪʝʤ 
ʥʵʚʪʨװװʣʞ, 

ʤʵʜʵʵʣʣʠʡʥ ʟᴇʨװװʛʵʵʩ 

-ʜʵʣʪʵʡ ʘʣʜʘʘʛ 25%װװ
ʠʘʨ ʙʫʫʨʫʫʣʘʭ. 

ʄʵʜʵʵʣʣʠʡʥ 
ʟᴇʨװװʥʵʵʩ װװʜʵʣʪʵʡ 

ʘʣʜʘʘ 25%-ʠʘʨ 
ʙʫʫʨʯ, װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ 

ʪʘʩʨʘʣʪʛװʡ ʙʘʡʜʘʣ 
ʩʘʡʞʠʨʥʘ. 

 

ʍװʥʠʡ ʭװʯʠʥ ʟװʡʣ, ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪ 

¶ ʆʧʝʨʘʪʦʨʳʥ ʩʫʨʛʘʣʪ, ʩʪʘʥʜʘʨʪ 

ʘʞʠʣʣʘʛʘʘʥʳ ʤᴇʨʜᴇʣʪʠʡʛ ʩʘʡʞʨʫʫʣʘʭ: 

ʆʧʝʨʘʪʦʨʫʫʜʳʥ ʩʫʨʛʘʣʪʳʛ ʞʠʣʜ 2 ʫʜʘʘ 

ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʞ, ʩʪʘʥʜʘʨʪ ʘʞʠʣʣʘʛʘʘʥʳ 

ʤᴇʨʜᴇʣʪʠʡʛ 90%-ʠʘʩ ʜʵʵʰ ʪװʚʰʠʥʜ 

ʭװʨʛʵʭ. 
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¶ ʕʵʣʞ ʭʦʦʨʦʥʜʳʥ ʤʵʜʵʵʣʵʣ ʩʦʣʠʣʮʦʦʛ 

ʪװʨʛʵʚʯʣʵʭ: ʕʵʣʞ ʩʦʣʠʣʮʦʦʥʳ ʤʵʜʵʵʣʵʣ 

ʜʘʤʞʫʫʣʘʭ ʧʨʦʮʝʩʩʳʛ 30 ʤʠʥʫʪʳʥ ʜʦʪʦʨ 

ʛװʡʮʵʪʛʵʭ ʩʠʩʪʝʤ ʥʵʚʪʨװװʣʞ, ʤʵʜʵʵʣʣʠʡʥ 

ʘʣʜʘʛʜʣʳʛ ʙʫʫʨʫʫʣʘʭ. 

¶ ʕʵʣʞ ʩʦʣʠʣʮʦʦʛ ʜʘʚʭʘʮʫʫʣʘʭ: ʕʵʣʞ 

ʩʦʣʠʣʮʦʭ װʝʠʡʥ ʟʦʛʩʦʣʪʳʛ 15 ʤʠʥʫʪ 

ʭװʨʪʵʣ ʙʘʛʘʩʛʘʭ ʟʦʨʠʣʛʦʦʨ ʵʵʣʞװװʜʠʡʛ 15 

ʤʠʥʫʪʳʥ ʪʫʨʰ ʜʘʚʭʮʫʫʣʩʘʥ. 

ʍװʜʵʨ ʦʣʙʦʨʣʦʣʪʳʥ ʟʘʛʚʘʨʯʣʘʣ  

ʐʫʛʘʤʘʥ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨ 

ᴆʜʨʠʡʥ ʦʣʙʦʨʣʦʩʦʥ ʭװʜʨʠʡʥ ʭʵʤʞʵʵ 

ʙʦʣʦʥ ʥʠʡʪ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘ ʭʦʦʨʦʥʜʳʥ 

ʰʫʛʘʤʘʥ ʭʘʤʘʘʨʣʳʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʟʘʛʚʘʨʯʠʣʩʘʥ. 

ἧ ȟ ἦ 

ὣ- ᴆʜʨʠʡʥ ʦʣʙʦʨʣʦʩʦʥ ʭװʜʨʠʡʥ ʭʵʤʞʵʵ, ʪʦʥʥ 

8: ʅʠʡʪ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘ, ʮʘʛ 

RĮ å 0.70 ʙʫʶʫ ʟʘʛʚʘʨ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ 

ʭʵʣʙʵʣʟʣʠʡʥ 70%-ʠʡʛ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘʛʘʘʨ 

ʪʦʜʦʨʭʦʡʣʞ ʙʘʡʥʘ. 

ʉʮʝʥʘʨʠʡʥ ʰʠʥʞʠʣʛʵʵ  

ʊʘʘʤʘʛʣʘʣ: ñʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤò ʩʫʣ 

ʟʦʛʩʦʣʪʳʛ 25% ʙʫʫʨʫʫʣʩʘʥ ʪʦʭʠʦʣʜʦʣʜ: 

ʆʜʦʦʛʠʡʥ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘ: 2,173.5 ʮʘʛ 

25%-ʠʘʨ ʙʫʫʨʫʫʣʩʘʥ ʭʫʛʘʮʘʘ: 1,630.1 ʮʘʛ 

ʍʵʤʥʵʛʜʩʵʥ ʭʫʛʘʮʘʘ: 543.4 ʮʘʛ 

ʆʣʙʦʨʣʦʣʪʳʥ ʙʦʣʦʤʞʠʪ ᴇʩᴇʣʪʠʡʥ ʭʵʤʞʵʵ: 

ʆʡʨʦʣʮʦʦʛʦʦʨ 200,000 ʪʦʥʥ 

ʕʥʵʭװװ ʩʫʣ ʟʦʛʩʦʣʪʳʛ 25 ʭʫʚʠʘʨ ʙʫʫʨʫʫʣʩʥʘʘʨ 

ʦʡʨʦʣʮʦʦʛʦʦʨ 200,000 ʪʦʥʥ ʥʵʤʵʣʪ ʭװʜʵʨ 

ʦʣʙʦʨʣʦʭ, ʙʦʣʦʚʩʨʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡʛ ʭʘʨʫʫʣʞ 

ʙʘʡʥʘ. 

ɼתɻʅʕʃʊ 

ü ʇʘʥʝʣʴ 0-ʠʡʥ ʪʵʵʚʵʨʣʵʣʪʠʡʥ ʪװʚʰʠʥ ʜʵʭ ʩʫʣ 

ʟʦʛʩʦʣʪʳʥ ʜװʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʥʠʡʪ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ 57% ʥʴ װʨ ʘʰʠʛʛװʡ ʟʘʨʮʫʫʣʘʛʜʘʞ 

ʙʘʡʛʘʘʛ ʪʦʛʪʦʦʣʦʦ. װתʥʵʵʩ ʭʘʤʛʠʡʥ ʠʭ ʥᴇʣᴇᴇ 

 ʡʣ ʥʴ ʤʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭװʯʠʥ ʟװʣʞ ʙʫʡ ʭװװʟװ

ʩʠʩʪʝʤʠʡʥ ʭװʣʵʵʣʪʠʡʥ ʭʫʛʘʮʘʘ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 

2,173 ʮʘʛ ʙʘʡʥʘ. 

ü ʂʦʨʨʝʣʷʮʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʦʣʙʦʨʣʦʣʪʳʥ 

ʭʵʤʞʵʵ ʙʦʣʦʥ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘ ʭʦʦʨʦʥʜ 

ʭװʯʪʵʡ ʩᴇʨᴇʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʩʦʥ 

ʙᴇʛᴇᴇʜ ʩʫʣ ʟʦʛʩʦʣʪʳʥ ʭʫʛʘʮʘʘʛ ʙʫʫʨʫʫʣʩʘʥʘʘʨ 

ʦʣʙʦʨʣʦʣʪʳʥ ʭʵʤʞʵʵʛ ʰʫʫʜ ʥʵʤʵʛʜװװʣʵʭ 

ʯʘʜʘʤʞʪʘʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

ü ʉʠʩʪʝʤʠʡʥ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪ, ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʫʷʣʜʘʘ, ʤᴇʥ ᴇʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ 

ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʠʡʥ ʜʫʪʤʘʛ ʙʘʡʜʘʣ ʥʴ 

ʦʣʙʦʨʣʦʣʪʳʥ ʙʫʫʨʘʣʪʘʜ ʛʦʣ ʥᴇʣᴇᴇʣʞ ʙʫʡ ʭװʯʠʥ 

ʟװʡʣ ʙʦʣʦʭ ʥʴ ʩʫʜʘʣʛʘʘʛʘʘʨ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ. 

ü ʉʮʝʥʘʨʠʡʥ ʰʠʥʞʠʣʛʵʵʛʵʵʨ ʟᴇʚʭᴇʥ ʤʘʪʝʨʠʘʣ 

ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʪʵʡ ʭʦʣʙʦʦʪʦʡ ʩʫʣ ʟʦʛʩʦʣʪʳʛ 

25%-ʠʘʨ ʙʫʫʨʫʫʣʩʥʘʘʨ ʦʡʨʦʣʮʦʦʛʦʦʨ 200,000 

ʪʦʥʥ ʥʵʤʵʣʪ ʭװʜʵʨ ʦʣʙʦʨʣʦʭ, ʙʦʣʦʚʩʨʫʫʣʘʭ 

ʙʦʣʦʤʞʪʦʡ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 

ʩʘʡʞʨʫʫʣʘʣʪʳʥ ʘʨʛʘ ʭʵʤʞʵʵʛ ʭʵʨʵʛʞװװʣʩʥʵʵʨ 

ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ᴇʛᴇᴇʞʠʡʛ ʥʵʤʵʛʜװװʣʵʭʠʡʛ 

ʠʣʵʨʭʠʡʣʞ ʙʘʡʥʘ. 

ɿᴆɺʃᴆʄɾ 

Å ñʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤò ʪᴇʣᴇʚʠʡʛ ʪʫʩʛʘʡ 

 ʣʵʣʪ ʙʦʣʛʦʥ ʙʘʡʥʛʳʥװװʟװ ʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʛʦʣװ

ʭʷʥʘʣʪʘʥʜ ʘʚʘʭ 

Å ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ ʩʠʩʪʝʤʠʡʥ ʭװʯʠʥ ʯʘʜʘʣ, 

ʟʦʭʠʮʫʫʣʘʣʪʘʜ ʥʘʨʠʡʚʯʠʣʩʘʥ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ, 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʪʦʭʠʦʣʜʦʣʜ ᴇʨʛᴇʪʛᴇʭ ʰʠʡʜʵʣ 

ʙʦʣʦʚʩʨʫʫʣʘʭ 

Å ʆʣʦʥ ʯʠʨʛװװʣʪʵʡ ʪʵʵʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʪʵʵʚʵʨʣʵʣʪʠʡʥ ʤʘʨʰʨʫʪʳʛ ʜʘʭʠʥ ʟʘʛʚʘʨʯʠʣʞ, 

ʭʦʦʩʦʥ ʙʫʮʘʭ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʙʫʫʨʫʫʣʘʭ 

Å ʊᴇʣᴇʚʣᴇʛᴇᴇʪ ʟʘʩʚʘʨ װʡʣʯʠʣʛʵʵʛ ʜʦʣʦʦ ʭʦʥʦʛʠʡʥ 

ʘʯʘʘʣʘʣ ʙʘʛʘʪʘʡ װʝװװʜʵʜ ʪᴇʚʣᴇʨװװʣʵʭ 

Å ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʠʡʛ װʝ 

ʰʘʪʪʘʡʛʘʘʨ ʥʵʚʪʨװװʣʞ, ʟʦʛʩʦʣʪʳʥ ᴇʛᴇʛʜʣʠʡʛ 

ʙʦʜʠʪ ʭʫʛʘʮʘʘʥʜ ʭʷʥʘʭ ʙʦʣʦʤʞ ʙװʨʜװװʣʵʭ 

Å ʕʵʣʞ ʩʦʣʠʣʮʦʦʥʳ ʜʘʚʭʮʘʣʪʘʡ ʭʫʚʘʘʨʴ 

ʥʵʚʪʨװװʣʞ, ʘʞʠʣʣʘʛʘʘʥʳ ʟʘʣʛʘʤʞ ʯʘʥʘʨʳʛ 

ʭʘʥʛʘʭ. 
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ʊʦʚʯʠʣʩʦʥ ʥʵʨ ʪʦʤʲʸʦʥʳ ʪʘʡʣʙʘʨ 

 

ʊʦʚʯʣʦʣ ɸʥʛʣʠ ʥʵʨʰʠʣ ʄʦʥʛʦʣ ʦʨʯʫʫʣʛʘ 

HLL 
Horizontal Level 

Loading 

ɻװʥʠʡ ʫʫʨʭʘʡʥ ʭʵʚʪʵʵ 

ʪʵʵʚʵʨʣʵʣʪʠʡʥ ʪװʚʰʠʥ 

RT Road Train 
ʆʣʦʥ ʯʠʨʛװװʣʪʵʡ ʪʵʵʚʨʠʡʥ 

ʭʵʨʵʛʩʵʣ 

MHS 
Material Handling 

System 

ʄʘʪʝʨʠʘʣ ʜʘʤʞʫʫʣʘʭ 

ʩʠʩʪʝʤ 

BI 
Business 

Intelligence 

ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ 

ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤ 

ʊʦʚʯʣʦʣ ɸʥʛʣʠ ʥʵʨʰʠʣ ʄʦʥʛʦʣ ʦʨʯʫʫʣʛʘ 

KPI 
Key Performance 

Indicator 

 ʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʛʦʣת

 ʣʵʣʪװװʟװ

CSV 
Comma Separated 

Values 

ʊʘʩʣʘʣ ʘʰʠʛʣʘʩʘʥ 

ᴇʛᴇʛʜʣʠʡʥ ʬʘʡʣ 

Dashboard Dashboard ʍʷʥʘʣʪʳʥ ʩʘʤʙʘʨ 

Regression Linear Regression 
ʐʫʛʘʤʘʥ ʭʘʤʘʘʨʣʳʥ 

ʟʘʛʚʘʨʯʣʘʣ 

What-if Scenario Analysis ʊᴇʩᴇᴇʣᴇʣʪ ʰʠʥʞʠʣʛʵʵ 

RĮ 
Coefficient of 

Determination 
ɿʘʛʚʘʨʳʥ ʪʘʡʣʙʘʨʣʘʭ ʯʘʜʚʘʨ 
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ɼɸʃɼ ʋʋʈʍɸʁʅ תʁʃ ɸɾʀʃʃɸɻɸɸ ɹɸ ʉɽʁʉʄʆʃʆɻʀʁʅ ʍɸʈʀʋ 

 ʃʕʍ ɹʆʃʆʄɾתתʁʃɼʃʀʁɻ ʉʋɼʃɸʍ ɸʈɻʋʋɼ ɹɸ ʍʕʈʕɻɾת

 
ʅʷʤʛʵʨʵʣʠʡʥ ɹʆʃɼ-ʕʈɼʕʅʕ1 

1ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ ʫʫʨʭʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʨʭʘʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ 

ʍʦʣʙʦʦ ʙʘʨʠʭ ʟʦʭʠʦʛʯʠʡʥ ʠ-ʤʵʡʣ ʭʘʷʛ: nbolderdene99@gmail.com1 

 

ʍʫʨʘʘʥʛʫʡ: ɼʵʣʭʠʡ ʜʘʷʘʨ ʫʫʣ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʵʨʯʠʤʞʠʣʪ, ʛװʥʠʡ ʦʣʙʦʨʣʦʣʪ ʥʵʤʵʛʜʵʞ ʙʘʡʛʘʘʪʘʡ 

ʭʦʣʙʦʛʜʫʫʣʘʥ ʩʝʡʩʤʦʣʦʛʠʡʥ ʭʘʨʠʫ װʡʣʜʵʣʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʛ ʩʫʜʣʘʭ ʘʩʫʫʜʘʣ ʵʨװװʣ ʤʵʥʜ, ʘʶʫʣʛװʡ ʙʘʡʜʘʣ, ʙʘʡʛʘʣʴ 

ʦʨʯʥʳ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʥ װװʜʥʵʵʩ ʦʥʮ ʯʫʭʘʣ ʙʦʣʞʵʵ. ʉʝʡʩʤʦʣʦʛʠʡʥ װʡʣ ʷʚʮ ʥʴ ʟᴇʚʭᴇʥ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʵʨʩʜʵʣ 

ʪᴇʜʠʡʛװʡ ʫʫʨʭʘʡʥ ʙװʪʵʮ, ʘʞʠʣʪʥʳ ʘʶʫʣʛװʡ ʙʘʡʜʘʣʜ ʰʫʫʜ ʥᴇʣᴇᴇʣʜᴇʛ ʪʫʣ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘ ʙʘ ʩʝʡʩʤʦʣʦʛʠʡʥ 

ʭʘʨʠʫ װʡʣʜʣʠʡʥ ʭʘʤʘʘʨʣʳʛ ʦʡʣʛʦʭ ʥʴ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʧʨʘʢʪʠʢʠʡʥ ʘʣʴ ʘʣʠʥʘʘʨ ʥʴ ʯʫʭʘʣ ʶʤ. ʉװװʣʠʡʥ ʘʨʚʘʥ ʞʠʣʜ 

ʤʘhʠʥ ʩʫʨʛʘʣʪ, ʩʪʘʪʠʩʪʠʢ ʟʘʛʚʘʨʯʣʘʣ, ʛʝʦʤʝʭʘʥʠʢ ʰʠʥʞʠʣʛʵʵ ʟʵʨʵʛ ʘʨʛʫʫʜʳʛ ʘʰʠʛʣʘʥ ʵʥʵ ʭʘʤʘʘʨʣʳʛ ʩʫʜʣʘʭ ʦʣʦʥ 

ʩʫʜʘʣʛʘʘ ʭʠʡʛʜʩʵʥ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘ ʥʴ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʛ ʦʥʦʚʯʪʦʡ ʙʦʣʛʦʭ, ʩʝʡʩʤʦʣʦʛʠʡʥ ʵʨʩʜʵʣʠʡʛ 

ʫʨʴʜʯʠʣʘʥ ʪʘʘʤʘʛʣʘʭ, ʭʷʥʘʣʪʳʥ ʩʪʨʘʪʝʛʠʡʛ ʙʦʣʦʚʩʨʦʥʛʫʡ ʙʦʣʛʦʭʦʜ ʯʠʛʣʵʩʵʥ.  

ʊϮʣʭϮϮʨ Ϯʛ: ʜʘʣʜ ʫʫʨʭʘʡ, ʩʝʡʩʤʦʣʦʛʠʠʡʥ ʭʘʨʠʫ Ϯʡʣʜʵʣ, ʤʘʰʠʥ ʩʫʨʛʘʣʪ, ʟʘʛʚʘʨʯʣʘʣ

I. ʋɼʀʈʊɻɸʃ  

ʄʦʥʛʦʣ ʫʣʩ ʥʴ ʫʫʣ ʫʫʨʭʘʡʥ ʩʘʣʙʘʨʘʘ ʭᴇʛʞװװʣʵʭʵʜ 
ʯʠʛʣʵʩʵʥ ʙʦʜʣʦʛʦ ʙʘʨʴʞ ʙʘʡʛʘʘ ʯ ʛװʥʠʡ ʦʣʙʦʨʣʦʣʪ, 
ʪʦʤʦʦʭʦʥ ʦʨʜʫʫʜʳʥ ʘʰʠʛʣʘʣʪ ʥʵʤʵʛʜʵʭ ʪʫʩʘʤ 
ʩʝʡʩʤʦʣʦʛʠʡʥ ʵʨʩʜʵʣ, ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʪʵʥʮʚʵʨʪ 
ʙʘʡʜʣʳʥ ʘʩʫʫʜʘʣ ʪʫʣʛʘʤʜʘʞ ʙʘʡʥʘ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘ 
ʥʴ ʜʵʣʭʠʡʥ ʞʠʰʠʛʪ ʥʠʡʮʩʵʥ ʘʨʛʘʯʣʘʣʳʛ ʄʦʥʛʦʣʳʥ 
ʥᴇʭʮᴇʣʜ ʭʵʨʵʛʞװװʣʵʭ ʙʦʣʦʤʞʠʡʛ ʩʫʜʘʣʞ, ʫʫʨʭʘʡʥ 
ʘʶʫʣʛװʡ ʘʞʠʣʣʘʛʘʘ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ʘʰʠʛ, ʙʘʡʛʘʣʴʜ 
ʵʵʣʪʵʡ ʭᴇʛʞʣʠʡʛ ʭʘʥʛʘʭʘʜ ʯʠʛʣʵʩʵʥ ʰʠʥʵʣʵʛ 
ʰʠʡʜʣװװʜʠʡʛ ʩʘʥʘʣ ʙʦʣʛʦʥʦ. ʊʫʭʘʡʣʙʘʣ, IoT ʩʝʥʩʦʨ, 
AI-ʜ ʩʫʫʨʠʣʩʘʥ ʧʨʦʛʥʦʟ ʩʠʩʪʝʤ, ʦʣʦʥ ʩʘʣʙʘʨʳʥ 
ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘ ʟʵʨʵʛ ʪʝʭʥʦʣʦʛʠʡʥ ʰʠʥʵʯʣʵʣװװʜ 
ʥʴ ʄʦʥʛʦʣʳʥ ʫʫʣ ʫʫʨʭʘʡʛ "ʫʭʘʘʣʘʛ ʫʫʨʭʘʡ" ʟʘʛʚʘʨʪ 
ʰʠʣʞװװʣʵʭʵʜ ʭʫʚʴ ʥʵʤʨʵʵ ʦʨʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡ. 

 

ʕʥʵʭװװ ʘʞʠʣʜ 2014-2024 ʦʥʳ ʭʦʦʨʦʥʜ ʭʠʡʛʜʩʵʥ 
ʰʠʣʜʵʛ ʩʫʜʘʣʛʘʘʥʫʫʜʳʛ ʩʠʩʪʝʤʪʵʡʛʵʵʨ ʥʵʛʪʛʵʥ, ʫʫʣ 
ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘ ʙʘ ʩʝʡʩʤʦʣʦʛʠʡʥ ʭʘʨʠʫ 
 .ʟʩʵʥ ʙʦʣʥʦװ ʡʣʜʣʠʡʥ ʭʘʤʘʘʨʣʳʛ ʦʣʦʥ ʪʘʣʘʘʩ ʥʴ ʘʚʯװ
ʄᴇʥ ʄʦʥʛʦʣʜ ʭʵʨʵʛʞװװʣʵʭ ʙʦʣʦʤʞʪʦʡ 
ʘʨʛʘʯʣʘʣʫʫʜʳʛ ʪʝʭʥʦʣʦʛʠʡʥ ʰʠʥʵʯʣʵʣ, ʥʠʡʛʤʠʡʥ 
ʭװʣʵʵʣʪʪʵʡ ʫʷʣʜʫʫʣʘʥ ʩʘʥʘʣ ʙʦʣʛʦʞ, ʠʨʵʵʜװʡʥ 
ʩʫʜʘʣʛʘʘʥʳ ʯʠʛʣʵʣʠʡʛ ʪʦʜʦʨʭʦʡʣʥʦ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘ 
ʥʴ ʫʫʨʭʘʡʥ ʩʘʣʙʘʨʳʥ ʪʦʛʪʚʦʨʪʦʡ ʭᴇʛʞʣʠʡʛ ʭʘʥʛʘʭʳʥ 
ʟʵʨʵʛʮʵʵ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʪʝʭʥʦʣʦʛʠ, ʧʨʘʢʪʠʢʠʡʛ 
ʠʥʪʝʛʨʘʮʯʠʣʩʘʥ ʰʠʡʜʵʣʜ ʩʫʫʨʠʣʩʘʥ ʭʫʚʴ ʥʵʤʵʨ 
ʙʦʣʦʭʳʛ ʵʨʤʵʣʟʵʞ ʙʘʡʥʘ.  

II.  2014-2024 ʆʅɼ ʍʀʁɻɼʉʕʅ 

ʉʋɼɸʃɻɸɸʅʋʋɼ 

1.  Jakubowski & Tajdus (2014) 

ʗʢʫʙʦʚʩʢʠ (Jakubowski) ʙʦʣʦʥ ʊʘʡʞʥʫʩ (Tajdus) 
ʥʘʨ 2014 ʦʥʜ ʥװװʨʩʥʠʡʛ ʜʘʚʭʘʨʛʘʘʨ ʫʭʘʭ (longwall 
mining) ʘʨʛʘʘʨ װװʩʵʭ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʵʥʝʨʛʠʡʥ 
ʷʣʛʘʨʘʣʪʳʛ ʩʘʨ ʙװʨ ʪʘʘʤʘʛʣʘʭ ʟʦʨʠʣʛʦʦʨ ʤʘʰʠʥ 
ʩʫʨʛʘʣʪʳʥ (machine learning) ʘʨʛʫʫʜʳʛ ʘʰʠʛʣʘʥ 
ʩʪʘʪʠʩʪʠʢ ʟʘʛʚʘʨʫʫʜʳʛ ʙʦʣʦʚʩʨʫʫʣʞʵʵ. ʕʥʵʭװװ 
ʩʫʜʘʣʛʘʘ ʥʴ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ װװʩʜʵʛ 
ʛʘʟʘʨ ʭᴇʜʣᴇʣʪ ʪװװʥʠʡ ʵʨʩʜʣʠʡʛ ʫʨʴʜʯʠʣʘʥ ʪʦʦʮʦʦʣʦʭ, 
ʫʫʨʭʘʡʥ ʘʶʫʣʛװʡ ʘʞʠʣʣʘʛʘʘʛ ʩʘʡʞʨʫʫʣʘʭʘʜ ʯʠʛʣʵʩʵʥ 
ʙʘʡʚ.  

ʉʫʜʘʣʛʘʘʥʳ ʛʦʣ ʟʦʨʠʣʛʦ ʙʘ ʘʨʛʘ ʟϮʡ 

1. ɸʩʫʫʜʘʣ:   

   ɼʘʚʭʘʨʛʘʘʨ ʫʭʘʭ ʘʨʛʘ ʥʴ ʛʘʟʨʳʥ ʛװʥʜ ʩʪʨʝʩʩʠʡʥ 
ᴇᴇʨʯʣᴇʣʪ װװʩʛʵʞ, ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʛ (seismic events) 
ᴇʜᴇᴇʜᴇʛ. ʕʥʵ ʥʴ ʫʫʨʭʘʡʥ ʙװʪʵʮ, ʘʞʠʣʯʜʳʥ ʘʶʫʣʛװʡ 
ʙʘʡʜʘʣʜ ʭʦʨʪʦʡ ʥᴇʣᴇᴇ װʟװװʣʜʵʛ. ʗʢʫʙʦʚʩʢʠ, ʊʘʡʞʥʫʩ 
ʥʘʨ ʵʥʵʭװװ ʵʥʝʨʛʠʡʥ ʷʣʛʘʨʘʣʪʳʛ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʷʚʮʘʜ 
(ʩʘʨ ʙװʨ) ʭʵʨʭʵʥ ʪʘʘʤʘʛʣʘʭ ʚʵ? ʛʵʜʵʛʪ ʘʥʭʘʘʨʩʘʥ. 

2. ᴆʛᴇʛʜᴇʣ ʙʘ ʭʫʚʴʩʘʛʯ:   

Å ʋʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʧʘʨʘʤʝʪʨװװʜ:   

ü ɼʘʚʭʘʨʛʘʘʨ ʫʭʘʭ ʛװʥ, ʭʫʨʜ, ᴇʨʛᴇʥ. 

ü ʅװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥ, 
ʛʝʦʣʦʛʠʡʥ ʙװʪʵʮ. 

Å ɻʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ᴇʛᴇʛʜᴇʣ: ʉʘʨ ʙװʨ ʙװʨʪʛʵʛʜʩʵʥ 
ʯʠʯʠʨʛʵʵʥʠʡ ʪʦʦ, ʵʥʝʨʛʠʡʥ ʭʵʤʞʵʵ 

Å ɻʘʟʘʨ ʜʦʦʨʭ ʩʪʨʝʩʩʠʡʥ ᴇʛᴇʛʜᴇʣ: ʋʫʨʭʘʡʥ 
ʪʘʣʙʘʡʥ ʛʝʦʤʝʭʘʥʠʢ ʭʵʤʞʠʣʪ. 

3. ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ:   

Å ʈʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʯʣʘʣ: ʕʨʯʠʤ ʭװʯʥʠʡ 
ʷʣʛʘʨʘʣʪʳʛ ʩʘʨ ʙװʨ ʪʘʘʤʘʛʣʘʭʳʥ ʪʫʣʜ ʦʣʦʥ 
ʭʫʚʴʩʘʛʯʪʘʡ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨʫʫʜʳʛ ʘʰʠʛʣʘʩʘʥ. 

Å ʆʥʦʚʯʣʦʣ: ɸʣʛʦʨʠʪʤʫʫʜʳʛ ᴇʛᴇʛʜʣʠʡʥ ʦʣʦʥ 
ʭʵʤʞʵʵʩʪ ʭʘʤʘʘʨʣʳʛ ʪʫʩʛʘʭʳʥ ʪʫʣʜ ʩʫʨʛʘʣʪʘʜ 
ʦʨʫʫʣʞ, ʥʘʨʠʡʚʯʠʣʩʘʥ ʧʘʨʘʤʝʪʨװװʜʵʵʨ ʪʦʭʠʨʫʫʣʩʘʥ. 

Å ɹʘʪʘʣʛʘʘʞʫʫʣʘʣʪ: ɿʘʛʚʘʨʳʥ װʨ ʜװʥʛ ʙʦʜʠʪ 
ᴇʛᴇʛʜᴇʣʪʵʡ ʭʘʨʴʮʫʫʣʞ, ʘʣʜʘʘʥʳ ʪװʚʰʠʥʛ ʪʦʦʮʩʦʥ. 

ɻʦʣ Ϯʨ ʜϮʥ ʙʘ ʜϮʛʥʵʣʪ 

1. ʊʘʘʤʘʛʣʘʣʪʳʥ װʨ ʘʰʠʛ:   

Å ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʟʘʛʚʘʨʫʫʜ ʥʴ ʩʘʨ ʙװʨ ʛʘʨʯ 
ʙʦʣʦʭ ʵʥʝʨʛʠʡʥ ʷʣʛʘʨʘʣʪʳʛ 85-90% ʥʘʨʠʡʚʯʣʘʣʪʘʡ 
ʪʘʘʤʘʛʣʘʞ ʯʘʜʩʘʥ. 

Å ʕʥʵ ʥʴ ʫʫʨʭʘʡʥ ʠʥʞʝʥʝʨװװʜʵʜ ʵʨʩʜʵʣʠʡʛ 
ʫʨʴʜʯʠʣʘʥ ʠʣʨװװʣʵʭ, ʘʞʠʣʣʘʛʘʘʛ ʪᴇʣᴇʚʣᴇʭ 
ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʩʦʥ. 

2. ʐʠʥʵʣʵʛ ʰʠʥʞ: 

Å ʎʘʛ ʭʫʛʘʮʘʘʥʳ ʜʠʥʘʤʠʢ: ʉʘʨ ʙװʨʠʡʥ ᴇʛᴇʛʜʣʠʡʛ 
ʜʘʨʘʘʣʣʫʫʣʘʥ ʰʠʥʞʣʵʭ ʟʘʤʘʘʨ ʫʨʪ ʭʫʛʘʮʘʘʥʳ 
ʟʘʛʚʘʨʯʣʘʣ ʭʠʡʩʵʥ. 

Å ʆʣʦʥ ʩʘʣʙʘʨʳʥ ʠʥʪʝʛʨʘʮʠ: ɻʝʦʣʦʛʠ, ʛʝʦʤʝʭʘʥʠʢ, 
ʫʫʨʭʘʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʥʵʛʪʛʵʩʵʥ. 
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3. ʍʷʟʛʘʘʨʣʘʣʪ: 

Å ɿʘʛʚʘʨ ʥʴ ʪʫʭʘʡʥ ʫʫʨʭʘʡʥ ʪʦʜʦʨʭʦʡ ʥᴇʭʮᴇʣʜ 
(ʞʠʰʵʵ ʥʴ: ʇʦʣʴʰ ʜʘʭʴ ʥװװʨʩʥʠʡ ʫʫʨʭʘʡ) ʩʫʫʨʠʣʩʘʥ 
ʪʫʣ ʙʫʩʘʜ ʙװʩ ʥʫʪʘʛʪ ʭʵʨʵʛʣʵʭʵʜ ʥʵʤʵʣʪ ʪʦʭʠʨʫʫʣʛʘ 
ʰʘʘʨʜʜʘʛ. 

Å ᴆʛᴇʛʜʣʠʡʥ ʯʘʥʘʨ, ʜʘʚʪʘʤʞ ʥʴ ʟʘʛʚʘʨʳʥ 
ʥʘʨʠʡʚʯʣʘʣʜ ʰʫʫʜ ʥᴇʣᴇᴇʣʜᴇʛ. 

ɸʯ ʭʦʣʙʦʛʜʦʣ ʙʘ ʭʵʨʵʛʣʵʵ 

Å ɸʶʫʣʛװʡ ʘʞʠʣʣʘʛʘʘ: ʕʨʯʠʤ ʭװʯʥʠʡ ʷʣʛʘʨʘʣʪʳʛ 
ʫʨʴʜʯʠʣʘʥ ʤʵʜʵʭ ʥʴ ʫʫʨʭʘʡʥ ʙװʪʮʠʡʥ ʪʦʛʪʚʦʨʪʦʡ 
ʙʘʡʜʘʣ, ʘʞʠʣʯʜʳʥ ʘʶʫʣʛװʡ ʙʘʡʜʣʳʛ ʭʘʥʛʘʭʘʜ 
ʪʫʩʘʣʜʘʛ. 

Å ʕʜʠʡʥ ʟʘʩʘʛ: ɻʵʥʵʪʠʡʥ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪᴇᴇʩ 
 .ʜʵʣʪʵʡ ʟʦʛʩʦʣʪ, ʟʘʩʚʘʨʳʥ ʟʘʨʜʣʳʛ ʙʫʫʨʫʫʣʜʘʛװװ

Å ɹʘʡʛʘʣʴ ʦʨʯʠʥ: ʊʦʛʪʚʦʨʪʦʡ ʫʫʨʭʘʡʥ װʡʣ 
ʘʞʠʣʣʘʛʘʘʛ ʭᴇʭװװʣʵʥ ʜʵʤʞʠʞ, ʙʘʡʛʘʣʴʜ ʥᴇʣᴇᴇʣᴇʭʛװʡ 
ʙʘʡʭ ʘʨʛʘʯʣʘʣʳʛ ʙʠʡ ʙʦʣʛʦʜʦʛ. 

2. Sijacic et al. (2017) 

Sijacic ʙʦʣʦʥ ʙʫʩʘʜ (2017) ʥʴ ʅʠʜʝʨʣʘʥʜʳʥ 
ɻʨʦʥʠʥʛʝʥ ʭʠʡʥ ʦʨʜʦʜ װʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜ 
(production rates) ʥʴ ʠʥʜʫʢʮʣʘʛʜʩʘʥ ʯʠʯʠʨʛʵʵʥʜ (ʛʘʟʘʨ 
ʭᴇʜʣᴇʣʪᴇʜ) ʭʵʨʭʵʥ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘʛ ʩʫʜʘʣʞʵʵ. 
ʊʵʜʥʠʡ ʛʦʣ ʜװʛʥʵʣʪʵʵʨ, ʭʵʨʵʚ װʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜʳʛ 
ʥʘʨʠʡʥ ʪʦʦʥ װʟװװʣʵʣʪʵʵʨ ʪʦʜʦʨʭʦʡʣʞ, ʫʜʠʨʜʣʘʛʘʜ 
ʥʵʛʪʛʵʚʵʣ ʠʥʜʫʢʮʣʘʛʜʩʘʥ ʯʠʯʠʨʛʵʵʛ ʭʵʩʵʛʯʣʵʥ ʭʷʥʘʭ 
ʙʦʣʦʤʞʪʦʡ ʛʵʞ װʟʩʵʥ ʙʘʡʥʘ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘ ʥʴ 
ʙʘʡʛʘʣʠʡʥ ʭʠʡʥ ʦʣʙʦʨʣʦʣʪ, ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ 
ʵʨʩʜʵʣʠʡʥ ʭʦʦʨʦʥʜʳʥ ʜʠʥʘʤʠʢ ʭʘʤʘʘʨʣʳʛ ʦʡʣʛʦʭʦʜ 
ʯʫʭʘʣ ʭʫʚʴ ʥʵʤʵʨ ʦʨʫʫʣʩʘʥ. 

ʉʫʜʘʣʛʘʘʥʳ ʛʦʣ ʮʵʛϮϮʜ 

1. ʉʫʜʣʘʛʜʩʘʥ ʙװʩ ʥʫʪʘʛ:  ɻʨʦʥʠʥʛʝʥ ʥʴ ɽʚʨʦʧʳʥ 
ʭʘʤʛʠʡʥ ʪʦʤ ʙʘʡʛʘʣʠʡʥ ʭʠʡʥ ʦʨʜʥʳ ʥʵʛ ʙᴇʛᴇᴇʜ ʭʵʜʵʥ 
ʘʨʚʘʥ ʞʠʣʠʡʥ ʪʫʨʰ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʩʥʘʘʩ ʛʘʟʘʨ 
ʜʦʦʨʭ ʜʘʨʘʣʪ ʙʫʫʨʯ, ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ װʡʣ ʷʚʮ 
ʥʵʤʵʛʜʩʵʥ. ʕʥʵ ʥʴ ʦʨʦʥ ʩʫʫʮʥʳ ʛʵʤʪʵʣ, ʥʠʡʛʤʠʡʥ 
ʵʩʵʨʛװװʮʵʣʜ ʭװʨʛʵʩʵʥ. 

2. ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ:  

Å ᴆʛᴇʛʜᴇʣʜ ʩʫʫʨʠʣʩʘʥ ʰʠʥʞʠʣʛʵʵ: ʍʠʡʥ 
ʦʣʙʦʨʣʦʣʪʳʥ ʪװʚʰʠʥ (ʤį/ʩʘʨ), ʛʘʟʘʨ ʜʦʦʨʭ ʜʘʨʘʣʪʳʥ 
ᴇᴇʨʯʣᴇʣʪ, ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʪʦʦ/ʭװʯ (Richter scale) 
ʟʵʨʵʛ ʦʣʦʥ ʞʠʣʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʩʪʘʪʠʩʪʠʢ ʙʦʣʦʥ ʤʘʰʠʥ 
ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʨ ʰʠʥʞʣʵʩʵʥ. 

Å ʌʠʟʠʢ ʟʘʛʚʘʨʯʣʘʣ: ɻʘʟʨʳʥ ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʥ 
ʛʝʦʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨ, ʜʘʨʘʣʪʳʥ ʪʘʨʭʘʣʪʳʛ 3D 
ʟʘʛʚʘʨʯʣʘʣ ʭʠʡʞ, ʦʣʙʦʨʣʦʣʪʳʥ ʥᴇʣᴇᴇʛ ʪᴇʩᴇᴇʣʩᴇʥ.   

3. ɻʦʣ װʨ ʜװʥ:  

Å תʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜ ʥʵʤʵʛʜʵʭ ʪʫʩʘʤ ʛʘʟʘʨ ʜʦʦʨʭ 
ʜʘʨʘʣʪ ʭʫʨʜʘʥ ʙʫʫʨʯ, ʯʠʯʠʨʛʵʵʥʠʡ ʪʦʦ/ʭװʯ ʥʵʤʵʛʜʜʵʛ.  

Å ʍʵʨʵʚ ʦʣʙʦʨʣʦʣʪʳʥ ʭʫʨʜʳʛ ʩʪʨʘʪʝʛʠʡʥ ʜʘʛʫʫ 
ʘʣʭʘʤ ʘʣʭʤʘʘʨ ʙʫʫʨʫʫʣʙʘʣ, ʠʥʜʫʢʮʣʘʛʜʩʘʥ 
ʯʠʯʠʨʛʵʵʥʠʡ ʵʨʯʠʡʛ 30-40% ʭװʨʪʵʣ ʙʘʛʘʩʛʘʭ 
ʙʦʣʦʤʞʪʦʡ.   

ʀʥʜʫʢʮʣʘʛʜʩʘʥ ʯʠʯʠʨʛʵʵʛ ʭʷʥʘʭ ʙʦʣʦʤʞ 

Sijacic-ʠʡʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʠʥʜʫʢʮʣʘʛʜʩʘʥ ʯʠʯʠʨʛʵʵʛ 
ʙװʨʵʥ ʟʦʛʩʦʦʞ ʯʘʜʘʭʛװʡ ʯ ʜʘʨʘʘʭ ʘʨʛʘʘʨ ʭʵʩʵʛʯʣʵʥ 
ʭʷʥʘʭ ʙʦʣʦʤʞʪʦʡ:   

1. ʆʣʙʦʨʣʦʣʪʳʥ ʭʫʨʜʳʛ ʘʣʭʘʤ ʘʣʭʤʘʘʨ ʙʫʫʨʫʫʣʘʭ: 
ʊװʨ ʟʫʫʨʳʥ ʟʦʛʩʦʣʪ ʵʩʚʵʣ ʭʫʨʜʳʛ ʙʘʛʘʩʛʘʭ ʟʘʤʘʘʨ 
ʛʘʟʘʨ ʜʦʦʨʭ ʩʪʨʝʩʩʠʡʛ ʪʵʥʮʚʵʨʞװװʣʥʵ.   

2. ɼʘʨʘʣʪʳʥ ʤʝʥʝʞʤʝʥʪ: ɻʘʟʨʳʥ ʛװʥʜ ʫʩ ʵʩʚʵʣ ʭʠʡʥ 
ʜʘʨʘʣʪʳʛ ʟʦʭʠʮʫʫʣʘʭ ʩʠʩʪʝʤʠʡʛ ʥʵʚʪʨװװʣʵʭ.   

3. ʄʦʥʠʪʦʨʠʥʛʠʡʥ ʩʠʩʪʝʤ: ʏʠʯʠʨʛʵʵʥʠʡ ᴇʛᴇʛʜʣʠʡʛ 
ʙʦʜʠʪ ʮʘʛʪ ʭʷʥʘʭ ʟʘʤʘʘʨ װʡʣʜʚʵʨʣʵʣʠʡʛ ʜʠʥʘʤʠʢʘʘʨ 
ʪʦʭʠʨʫʫʣʘʭ.   

ɸʯ ʭʦʣʙʦʛʜʦʣ 

Å ʅʠʡʛʵʤ-ʵʜʠʡʥ ʟʘʩʘʛ: ɻʵʤʪʵʣʪʵʡ ʙʘʨʠʣʛʘ, ʵʨװװʣ 
ʤʵʥʜʵʜ ʫʯʠʨʩʘʥ ʭʦʭʠʨʣʳʛ ʙʫʫʨʫʫʣʜʘʛ. 

Å ɹʘʡʛʘʣʴ ʦʨʯʠʥ: ɻʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʥ ʵʨʯʠʡʛ 
ʙʘʛʘʩʛʘʭ ʥʴ ʵʢʦʩʠʩʪʝʤʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʛ ʙʘʛʘʩʛʘʜʘʛ. 

Å ʋʫʣ ʫʫʨʭʘʡʥ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʘʣ: ʕʨʩʜʵʣʪʵʡ 
ʙװʩʵʜ ʦʣʙʦʨʣʦʣʪʳʛ ʫʨʪ ʭʫʛʘʮʘʘʥʜ װʨʛʵʣʞʣװװʣʵʭ 
ʙʦʣʦʤʞʠʡʛ ʙʠʡ ʙʦʣʛʦʜʦʛ.   

3. Woodard et al. (2017) 

Woodard ʙʦʣʦʥ ʙʫʩʘʜ (2017)-ʳʥ ʩʫʜʘʣʛʘʘ ʥʴ ʫʫʣ 

ʫʫʨʭʘʡʥ ʥᴇʭʮᴇʣʜ ʯʫʣʫʫʣʛʠʡʥ ʤʘʩʩʳʥ ʵʚʜʨʵʣʠʡʥ װʡʣ 

ʷʚʮʳʛ ʩʘʡʥ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙᴇʛᴇᴇʜ ʵʥʜ ʪʵʜʥʠʡ 

ʩʫʜʘʣʛʘʘʥʳ ʛʦʣ ʘʛʫʫʣʛʘ, װʨ ʜʘʛʘʚʘʨʳʛ ʥʵʛʪʛʵʥ 

ʭʘʨʫʫʣʣʘʘ: 

Woodard ʙʦʣʦʥ ʙʫʩʘʜ (2017)-ʳʥ ʛʦʣ ʭʫʚʴ ʥʵʤʵʨ 

1. ʊʵʩʵʣʛʵʵʥʠʡ ʫʣʤʘʘʩ װװʩʵʭ ʩʪʨʝʩʩʠʡʥ ʜʘʭʠʥ 

ʭʫʚʘʘʨʠʣʘʣʪ: ʊʵʜ ʪʵʩʵʣʛʵʵʥʠʡ װʝʜ ʯʫʣʫʫʣʛʠʡʥ ʜʦʪʦʨʭ 

ʩʪʨʝʩʩʠʡʥ ʪʘʣʙʘʡʛ ʭʵʨʭʵʥ ʵʚʜʨʵʣʜ ʦʨʫʫʣʞ,  ʘʥ ʮʘʚ, 

ʤʘʩʩʳʥ ʩʫʣʨʘʣ װװʩʛʵʜʵʛ ʙʦʣʦʭʳʛ ʪʦʦʥ װʟװװʣʵʣʪʵʵʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. ʕʥʵ ʥʴ ʠʣ ʙʦʣʦʥ ʜʘʣʜ ʫʫʨʭʘʡʥ 

ʪʵʩʵʣʛʵʵʥʠʡ ʜʘʨʘʘʭ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʛ ʫʨʴʜʯʠʣʘʥ 

ʪʘʘʤʘʛʣʘʭʘʜ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ. 

2. ɻʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ "װʝʨ"-ʠʡʛ ʫʨʴʜʯʠʣʘʥ ʤʵʜʵʭ: 

ɾʠʞʠʛ ʭʵʤʞʵʵʥʠʡ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʙװʣʛװװʜ 

("flurries")-ʠʡʛ ʰʠʥʞʣʵʭ ʟʘʤʘʘʨ ʪʵʜʛʵʵʨʠʡʛ 

ʯʫʣʫʫʣʛʠʡʥ ʤʘʩʩ ʜʘʭʴ ʩʪʨʝʩʩʠʡʥ ʪʦʭʠʨʫʫʣʛʘʪʘʡ 

ʭʦʣʙʦʩʦʥ. ʕʥʵ ʥʴ ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʫʫʨʭʘʡʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ װװʩʵʭ ʯʠʯʠʨʛʵʵʛ ʷʣʛʘʭʘʜ 

ʪʫʩʘʣʞ, ʙʦʜʠʪ ʮʘʛʠʡʥ ʵʨʩʜʵʣʠʡʥ װʥʵʣʛʵʵʛ 

ʩʘʡʞʨʫʫʣʜʘʛ. 

3. ʇʘʨʘʤʝʪʨʯʣʵʣʠʡʥ ʭװʨʵʵ: ʊʵʜʥʠʡ ʟʘʛʚʘʨʪ ʜʘʨʘʘʭ 

ʭʫʚʴʩʘʛʯʜʳʛ ʥʵʛʪʛʵʩʵʥ:   

     Å ʏʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙʵʭ ʙʘ ʪᴇʨʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

(ʭʵʚʨʵʛ vs ʫʷʥ ʭʘʪʘʥ ʰʠʥʞ ʯʘʥʘʨ),   

     Å ʊʵʩʵʣʛʵʵʥʠʡ ʜʘʨʘʘʭ ʯʠʯʠʨʛʵʵʥʠʡ ʵʥʝʨʛʠʡʥ ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ʙʫʫʨʘʣʪ,  

     Å ɸʥ ʮʘʚʳʥ ʪʘʨʭʘʣʪʳʥ ʦʨʦʥ ʟʘʡʥ ʟʘʛʚʘʨ.   

ʕʜʛʵʵʨ ʧʘʨʘʤʝʪʨװװʜ ʥʴ ʵʚʜʨʵʣʠʡʥ ʙʦʩʛʦ ʫʪʛʳʛ 

ʫʨʴʜʯʠʣʘʥ ʪʘʘʤʘʛʣʘʭ ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ. 

4. ʕʚʜʨʵʣʠʡʥ ʤʝʭʘʥʠʟʤʠʡʥ ʰʠʥʵ ʦʡʣʛʦʣʪ: ʊʵʜ ʘʥ 

ʮʘʚʳʥ ʥʵʛʜʵʣ ʥʴ ʷʣʘʥʛʫʷʘ ʛװʥʠʡ ʫʫʨʭʘʡ ʵʩʚʵʣ ᴇʥʜᴇʨ 

ʩʪʨʝʩʩʪʵʡ ʦʨʯʠʥʜ ʪʦʤ ʭʵʤʞʵʵʥʠʡ ʵʚʜʨʵʣ װװʩʛʵʜʵʛ 

ʙʦʣʦʭʳʛ ʦʥʮʦʣʩʦʥ. 

ʇʨʘʢʪʠʢ ʭʵʨʵʛʣʵʵ 

     Å ʕʨʩʜʵʣʠʡʛ ʙʫʫʨʫʫʣʘʭ: ʊʵʜʥʠʡ ʟʘʛʚʘʨ ʥʴ ʘʶʫʣʛװʡ 

ʪʵʩʵʣʛʵʵʥʠʡ ʟʘʛʚʘʨ ʟʦʭʠʦʥ ʙװʪʵʵʭ, ʛʘʟʘʨ ʜʦʦʨʭ 

ʜʵʤʞʣʵʛʠʡʥ ʩʠʩʪʝʤʠʡʛ ʦʥʦʚʯʪʦʡ ʙʦʣʛʦʭʦʜ ʪʫʩʘʣʞ, 

ʜʘʨʘʘʣʩʘʥ ʵʚʜʨʵʣװװʜʠʡʛ ʫʜʘʘʰʨʫʫʣʥʘ. 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  

-24- 

     Å ʍʷʥʘʣʪʳʥ ʩʪʨʘʪʝʛʠ: ɻʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ "װʝʨ"-ʠʡʛ 

ʩʪʨʝʩʩʠʡʥ ʪᴇʣᴇʚʪʵʡ ʭʦʣʙʦʩʥʦʦʨ ʫʫʨʭʘʡʥʫʫʜ 

ʯʫʣʫʫʣʛʠʡʥ ʛʵʥʵʪʠʡʥ ʥʫʨʘʣʪ ʵʩʚʵʣ "rockburst"-ʳʥ 

ᴇʤʥᴇʭ ʘʥʭʘʘʨʫʫʣʛʳʥ ʩʠʩʪʝʤʠʡʛ ʩʘʡʞʨʫʫʣʞ ʯʘʜʥʘ. 

     Å ʊʦʛʪʚʦʨʪʦʡ ʙʘʡʜʘʣ: ʊᴇʣᴇʚʣᴇʛʜᴇᴇʛװʡ ʯʫʣʫʫʣʛʠʡʥ 

ʵʚʜʨʵʣʠʡʛ ʙʘʛʘʩʛʘʭ ʥʴ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʟʦʛʩʦʣʪ, 

ʙʘʡʛʘʣʴ ʦʨʯʥʳ ʵʚʜʨʵʣʠʡʛ ʙʫʫʨʫʫʣʜʘʛ. 

4. Martinsson & Tornman (2020) 

ʄʘʨʪʠʥʩʩʦʥ ʙʘ ʊᴇʨʥʤʘʥ (2020)-ʳʥ ʩʫʜʘʣʛʘʘ ʥʴ 

ʫʫʨʭʘʡʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʧʘʨʘʤʝʪʨװװʜ (ʭʫʨʜ, ʛװʥ, 

ʵʟʣʵʭװװʥ) ʙʦʣʦʥ ᴇʨᴇʤʜʣᴇʛʠʡʥ ʷʥʟ ʙװʨʠʡʥ ʭװʜʨʠʡʥ 

ʙʠʝʪʵʵʩ װװʩʵʭ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʠʜʵʚʭʞʠʣ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʪʦʜʦʨʭʦʡʣʞ, ʮʘʛ ʭʫʛʘʮʘʘʥʳ 

ʭʘʤʘʘʨʣʳʛ ʭʘʨʛʘʣʟʘʥ ʪʘʘʤʘʛʣʘʣʳʥ ʟʘʛʚʘʨʳʛ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ. ʊʵʜʥʠʡ ʛʦʣ ʥʵʵʣʪ ʙʦʣ ʘʚʪʦʨʝʛʨʝʩʩʠʚ 

(AR) ʟʘʛʚʘʨ-ʳʛ ʘʰʠʛʣʘʩʥʘʘʨ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ 

ʠʜʵʚʭʞʠʣʠʡʛ ʠʣװװ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʫʨʴʜʯʠʣʘʥ 

ʪʘʘʤʘʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʩʦʥ ʷʚʜʘʣ ʶʤ. ʕʥʵʭװװ 

ʩʫʜʘʣʛʘʘ ʥʴ ʫʫʨʭʘʡʥ ʵʨʩʜʵʣʠʡʛ ʫʜʠʨʜʘʭʘʜ ʯʠʛʣʵʩʵʥ 

ʜʠʥʘʤʠʢ ʟʘʛʚʘʨʯʣʘʣʳʥ ʰʠʥʵ ʘʨʛʳʛ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ. 

ʉʫʜʘʣʛʘʘʥʳ ʛʦʣ ʟʦʨʠʣʛʦ ʙʘ ʘʨʛʘ ʟϮʡ 

1.ɸʩʫʫʜʘʣ:  ʋʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʫʣʤʘʘʩ װװʩʜʵʛ 

ʛʘʟʘʨ ʭᴇʜʣᴇʣʪ ʥʴ ʭװʜʨʠʡʥ ʙʠʝʪʠʡʥ ʛʝʦʤʝʪʨ (ʛװʥ, 

ʵʟʣʵʭװװʥ), ʦʣʙʦʨʣʦʣʪʳʥ ʭʫʨʜ-ʪʘʡ ʭʵʨʭʵʥ ʭʦʣʙʦʦʪʦʡ 

ʚʵ? ʄᴇʥ ᴇʤʥᴇʭ װʝʠʡʥ ʯʠʯʠʨʛʵʵʥʠʡ ᴇʛᴇʛʜᴇʣ ʥʴ 

ʠʨʵʵʜװʡʥ ʪʘʘʤʘʛʣʘʣʜ ʭʵʨʭʵʥ ʥᴇʣᴇᴇʣʜᴇʛ ʚʵ?   

2.ᴆʛᴇʛʜᴇʣ ʙʘ ʭʫʚʴʩʘʛʯ:  

¶ ʍװʜʨʠʡʥ ʙʠʝʪװװʜ: ᴆᴇʨ ᴇᴇʨ ʛʝʦʣʦʛʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨʪʘʡ ʭʵʜ ʭʵʜʵʥ ʭװʜʨʠʡʥ ʙʠʝ (ʦʨʜ)-ʳʥ 

ᴇʛᴇʛʜᴇʣ 

 :ʜװװʡʣʜʚʵʨʣʵʣʠʡʥ ʧʘʨʘʤʝʪʨת ¶

ü ʍʫʨʜ: ʉʘʨ ʙװʨ ʦʣʙʦʨʣʦʩʦʥ ʭװʜʨʠʡʥ 
ʭʵʤʞʵʵ (ʪʦʥʥ/ʩʘʨ). 

ü ɻװʥ: ʆʣʙʦʨʣʦʣʪ ʭʠʡʛʜʵʞ ʙʫʡ 

ʭװʜʨʠʡʥ ʙʠʝʪʠʡʥ ʛװʥ (ʤʝʪʨ). 

ü ʕʟʣʵʭװװʥ: ʆʣʙʦʨʣʦʩʦʥ ʭװʜʨʠʡʥ ʥʠʡʪ 
ʵʟʣʵʭװװʥ (ʤį).   

¶ ɻʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ᴇʛᴇʛʜᴇʣ: 

ü ʏʠʯʠʨʛʵʵʥʠʡ ʪʦʦ, ʤʘʛʥʠʪʫʜ, ʛװʥ, ʵʥʝʨʛʠʡʥ 
ʷʣʛʘʨʘʣʪ.   

3. ɸʚʪʦʨʝʛʨʝʩʩʠʚ ʟʘʛʚʘʨʯʣʘʣ:   

¶ AR (Autoregressive) ʛʠʰװװʥ: ᴆʤʥᴇʭ 

ʩʘʨʫʫʜʘʜ ʙװʨʪʛʵʛʜʩʵʥ ʯʠʯʠʨʛʵʵʥʠʡ 

ᴇʛᴇʛʜʣʠʡʛ ʟʘʛʚʘʨʪ ʥʵʤʞ, ʮʘʛ ʭʫʛʘʮʘʘʥʳ 

ʜʠʥʘʤʠʢʠʡʛ ʪʦʦʮʩʦʥ. 

¶ ʆʣʦʥ ʭʫʚʴʩʘʛʯʪʘʡ ʨʝʛʨʝʩʩ: תʡʣʜʚʵʨʣʵʣʠʡʥ 

ʧʘʨʘʤʝʪʨװװʜ ʙʘ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ 

ʭʦʦʨʦʥʜʳʥ ʰʫʛʘʤʘʥ ʙʫʩ ʭʘʤʘʘʨʣʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ.   

ɻʦʣ Ϯʨ ʜϮʥ ʙʘ ʜϮʛʥʵʣʪ 

1.ʍװʜʨʠʡʥ ʙʠʝʪ ʙʦʣʦʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʥᴇʣᴇᴇ:   

¶ ɻװʥ ʙʘ ʵʟʣʵʭװװʥ: ʍװʜʨʠʡʥ ʙʠʝʪʠʡʥ ʛװʥ 

ʥʵʤʵʛʜʵʭ ʪʫʩʘʤ ʩʪʨʝʩʩʠʡʥ ʭʫʨʠʤʪʣʘʣ ʠʭʩʵʞ, 

ʯʠʯʠʨʛʵʵʥʠʡ ʤʘʛʥʠʪʫʜ 15-20%-ʠʘʨ 

ʥʵʤʵʛʜʜʵʛ. 

 ʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜ: ʍʫʨʜ ʥʵʤʵʛʜʵʭʵʜת ¶

ʵʥʝʨʛʠʡʥ ʷʣʛʘʨʘʣʪ ʰʫʛʘʤʘʥ ʙʫʩ ʭʘʤʘʘʨʘʣʪʘʡ 

(ʵʭʵʥʜʵʵ ʦʛʮʦʤ ʥʵʤʵʛʜʵʞ, ʜʘʨʘʘ ʥʴ 

ʪʵʥʮʚʵʨʪʵʡ ʙʦʣʜʦʛ).   

2. ɸʚʪʦʨʝʛʨʝʩʩʠʚ ʛʠʰװװʥʠʡ ʘʯ ʭʦʣʙʦʛʜʦʣ:   

¶ AR ʛʠʰװװʥʠʡʛ ʦʨʫʫʣʩʥʘʘʨ ʟʘʛʚʘʨʳʥ 

ʪʘʘʤʘʛʣʘʣʳʥ ʥʘʨʠʡʚʯʣʘʣ 12-18%-ʠʘʨ 

ʩʘʡʞʠʨʩʘʥ. 

¶ ᴆʤʥᴇʭ 1-3 ʩʘʨʳʥ ʯʠʯʠʨʛʵʵʥʠʡ ᴇʛᴇʛʜᴇʣ ʥʴ 

ʦʜʦʦʛʠʡʥ ʪʘʘʤʘʛʣʘʣʜ ʭʘʤʛʠʡʥ ʠʭ ʥᴇʣᴇᴇʣʜᴇʛ.   

3. ʍװʜʨʠʡʥ ʙʠʝʪʠʡʥ ʷʣʛʘʘ:   

¶ ʅʷʛʪ, ʛʝʦʣʦʛʠʡʥ ʙװʪʵʮ ʥʴ ᴇᴇʨ ᴇᴇʨ ʭװʜʨʠʡʥ 

ʙʠʝʪʵʜ ʯʠʯʠʨʛʵʵʥʠʡ ʭʘʨʠʫ װʡʣʜʵʣ 2-3 ʜʘʭʠʥ 

ʷʣʛʘʘʪʘʡ ʙʘʡʥʘ.   

ʇʨʘʢʪʠʢ ʭʵʨʵʛʣʵʵ 

1. ʆʣʙʦʨʣʦʣʪʳʥ ʩʪʨʘʪʝʛʠ:   

¶ ɻװʥʟʛʠʡ ʦʨʜʦʜ ʘʞʠʣʣʘʭʜʘʘ װʡʣʜʚʵʨʣʵʣʠʡʥ 

ʭʫʨʜʳʛ ʘʘʞʤʘʘʨ ʥʵʤʵʛʜװװʣʵʭ ʟʘʤʘʘʨ 

ʩʪʨʝʩʩʠʡʥ ʛʵʥʵʪʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʙʫʫʨʫʫʣʘʭ.   

2. ʕʨʩʜʵʣʠʡʥ ʛʘʟʨʳʥ ʟʫʨʘʛʣʘʣ: 

¶ ᴆᴇʨ ᴇᴇʨ ʭװʜʨʠʡʥ ʙʠʝʪʵʜ ʟʦʨʠʫʣʩʘʥ ʵʨʩʜʵʣʠʡʥ 

ʠʥʜʝʢʩʠʡʛ ʙװʪʵʵʭ.   

3. ɸʚʪʦʤʘʪʞʫʫʣʩʘʥ ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʩʠʩʪʝʤ:   

¶ AR ʟʘʛʚʘʨʪ ʩʫʫʨʠʣʩʘʥ ʙʦʜʠʪ ʮʘʛʠʡʥ 

ʤʦʥʠʪʦʨʠʥʛ.   

ʍʷʟʛʘʘʨʣʘʣʪ: 

ü ɿʘʛʚʘʨ ʥʴ ʟᴇʚʭᴇʥ ʪʦʜʦʨʭʦʡ ʪᴇʨʣʠʡʥ 

ʭװʜʨʠʡʥ ʙʠʝʪʵʜ ʪʦʭʠʨʩʦʥ (ʞʠʰʵʵ ʥʴ: ʟʵʩ, 

ʘʣʪʥʳ ʦʨʜ). 

ü ᴆʛᴇʛʜʣʠʡʥ ʯʘʥʘʨ ʥʴ ʩʝʥʩʦʨʳʥ ʙʘʡʨʰʣʘʘʩ 

ʠʭʵʵʭʵʥ ʭʘʤʘʘʨʜʘʛ.   

 

 

5. De Beer (2022) 

ɼʝ ɹʝʝʨ (De Beer) ʙʦʣʦʥ ʙʫʩʘʜ (2022)-ʳʥ 

ʩʫʜʘʣʛʘʘʛʘʘʨ ʫʫʨʭʘʡʥ ʜʦʦʜ ʜʘʚʭʘʨʛʳʥ (undercut) 

ʙװʩʵʜ ʯʫʣʫʫʣʛʠʡʥ ʭʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʭʫʨʜ (mucking 

rate) ʥʴ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʭʘʨʠʫ ʫʨʚʘʣʳʛ ʩʘʘʪʫʫʣʩʘʥ 

ʥᴇʣᴇᴇʪʵʡ ʙʘʡʭʘʜ, ʪʵʩʵʣʛʵʵ ʥʴ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʜ 

ʯʠʯʠʨʛʵʵʛ ʰʫʫʜ ᴇʜᴇᴇʜᴇʛ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ. ʕʥʵʭװװ 

ʩʫʜʘʣʛʘʘ ʥʴ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ װʝ ʰʘʪʫʫʜ 

(ʪʵʩʵʣʛʵʵ, ʭʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ) ʙʦʣʦʥ ʛʘʟʘʨ 

ʭᴇʜʣᴇʣʪʠʡʥ ʜʠʥʘʤʠʢ ʭʦʦʨʦʥʜʳʥ ʥʘʨʠʡʥ ʭʘʤʘʘʨʣʳʛ 

ʠʣʨװװʣʩʵʥ ʦʥʮʛʦʡ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʘʞʠʣ ʶʤ. 

ʉʫʜʘʣʛʘʘʥʳ ʛʦʣ ʘʛʫʫʣʛʘ ʙʘ ʘʨʛʘ ʟϮʡ 
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1. ʉʫʜʣʘʛʜʩʘʥ ʙװʩ: ɻװʥʠʡ ʫʫʨʭʘʡʥ ʜʦʦʜ ʜʘʚʭʘʨʛʘ 

(undercut) ï ʵʥʵ ʥʴ ʫʫʨʭʘʡʥ ʭʘʤʛʠʡʥ ʵʤʟʵʛ ʭʵʩʵʛ 

ʙᴇʛᴇᴇʜ ʦʣʙʦʨʣʦʣʪʳʥ װʝʜ ʩʪʨʝʩʩʠʡʥ ᴇᴇʨʯʣᴇʣʪ ʠʭʵʵʨ 

   .ʩʜʵʛװװ

2. ɻʦʣ ʘʩʫʫʣʪ: 

¶ ʗʤʘʨ װʡʣ ʘʞʠʣʣʘʛʘʘ (ʪʵʩʵʣʛʵʵ ʵʩʚʵʣ ʭʘʷʛʜʣʳʛ 

ʟʘʡʣʫʫʣʘʭ) ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʛ ʠʣװװ ʠʭ ᴇʜᴇᴇʜᴇʛ 

ʚʵ? 

¶ ʕʜʛʵʵʨ װʡʣ ʷʚʮ ʥʴ ʮʘʛ ʭʫʛʘʮʘʘʥʳ ʭʫʚʴʜ ʭʵʨʭʵʥ 

ʥᴇʣᴇᴇʣʜᴇʛ ʚʵ?   

3. ᴆʛᴇʛʜᴇʣ ʙʘ ʘʨʛʘ: 

¶ ʊʵʩʵʣʛʵʵʥʠʡ ʧʘʨʘʤʝʪʨװװʜ: ʊʵʩʨʵʭ ʙʦʜʠʩʳʥ 

ʭʵʤʞʵʵ, ʛװʥ, ʜʘʚʪʘʤʞ. 

¶ ʍʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʭʫʨʜ (mucking rate): ʉʘʨ 

ʙװʨ ʟʘʡʣʫʫʣʩʘʥ ʭʘʷʛʜʣʳʥ ʵʟʣʵʭװװʥ (ʤį/ʩʘʨ). 

¶ ɻʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʤʦʥʠʪʦʨʠʥʛ: ʏʠʯʠʨʛʵʵʥʠʡ 

ʪʦʦ, ʵʥʝʨʛʠ, ʛװʥ, ʙʘʡʨʰʣʳʥ ᴇʛᴇʛʜᴇʣ. 

¶ ʎʘʛʠʡʥ ʮʫʚʘʘ ʰʠʥʞʠʣʛʵʵ: 

ʊʵʩʵʣʛʵʵ/ʟʘʡʣʫʫʣʘʣʪʳʥ װʡʣ ʷʚʮ ʙʦʣʦʥ 

ʯʠʯʠʨʛʵʵʥʠʡ ʭʦʦʨʦʥʜʳʥ ʩʘʘʪʘʣ (lag effect)-ʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ.   

ɻʦʣ Ϯʨ ʜϮʥ ʙʘ ʜϮʛʥʵʣʪ 

1. ʊʵʩʵʣʛʵʵʥʠʡ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʥᴇʣᴇᴇ:   

¶ ʊʵʩʵʣʛʵʵ ʭʠʡʛʜʩʵʥ ʜʘʨʫʡʜʘʘ ʜʦʦʜ ʜʘʚʭʘʨʛʳʥ 

ʙװʩʵʜ 24-48 ʮʘʛʠʡʥ ʜʦʪʦʨ ʯʠʯʠʨʛʵʵʥʠʡ 

ʠʜʵʚʭʞʠʣ ʦʛʮʦʤ ʥʵʤʵʛʜʜʵʛ. 

¶ ʐʘʣʪʛʘʘʥ: ʊʵʩʨʵʭ ʙʦʜʠʩʳʥ ʜʦʣʛʠʦʥ ʥʴ 

ʯʫʣʫʫʣʛʠʡʥ ʩʫʣ ʪʘʣʙʘʨʫʫʜʳʛ ʵʚʜʵʞ, 

ʩʪʨʝʩʩʠʡʛ ʛʵʥʵʪ ʯᴇʣᴇᴇʣʜᴇʛ.   

2. ʍʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʩʘʘʪʘʣʪʘʡ 

ʥᴇʣᴇᴇ: 

¶ ʍʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʭʫʨʜ ʠʭʩʵʭʵʜ 1-2 ʩʘʨʳʥ 

ʜʘʨʘʘ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʪʦʦ/ʭװʯ ʥʵʤʵʛʜʜʵʛ. 

¶ ʐʘʣʪʛʘʘʥ: ʍʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʷʚʮʘʜ 

ʯʫʣʫʫʣʛʠʡʥ ʤʘʩʩʳʥ ʪʵʥʮʚʵʨʪ ʙʘʡʜʘʣ 

ʘʘʞʤʘʘʨ ʘʣʜʘʛʜʘʞ, ʩʪʨʝʩʩ ʜʘʭʠʥ 

ʭʫʚʘʘʨʠʣʘʛʜʘʥʘ. 

3. ʆʥʮʛʦʡ ʘʞʠʛʣʘʣʪ:   

¶ ɼʦʦʜ ʜʘʚʭʘʨʛʘʜ ʪʵʩʵʣʛʵʵ ʥʴ ʯʠʯʠʨʛʵʵʛ ʰʫʫʜ 

 ʩʛʵʜʵʛ ʙʦʣ ʭʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʥʴ ʫʨʪװװ

ʭʫʛʘʮʘʘʥʳ ʵʚʜʨʵʣʠʡʛ ʙʠʡ ʙʦʣʛʦʜʦʛ.   

ʇʨʘʢʪʠʢ ʭʵʨʵʛʣʵʵ   

1.ɸʶʫʣʛװʡ ʘʞʠʣʣʘʛʘʘʥʳ ʩʪʨʘʪʝʛʠ:   

¶ ʊʵʩʵʣʛʵʵʥʠʡ ʜʘʨʘʘ 48 ʮʘʛʠʡʥ ʜʦʪʦʨ ʜʦʦʜ 

ʜʘʚʭʘʨʛʘʜ ʥʵʤʵʣʪ ʭʷʥʘʣʪ ʪʘʚʠʭ. 

¶ ʍʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʭʫʨʜʳʛ ʩʘʨʳʥ 10-15%-

ʠʘʨ ʭʷʟʛʘʘʨʣʘʞ, ʩʪʨʝʩʩʠʡʥ ʭʫʨʠʤʪʣʘʣʳʛ 

ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ.   

2. ʀʥʞʝʥʝʨʠʡʥ ʰʠʡʜʵʣ:   

¶ ɼʦʦʜ ʜʘʚʭʘʨʛʳʥ ʙװʩʵʜ ʩʪʨʝʩʩ ʪʵʵʚʵʨʣʵʛʯ 

ʙװʪʵʮ (stress-relief slots) ʙʘʡʨʣʫʫʣʘʭ. 

¶ ʊʵʩʵʣʛʵʵʥʠʡ ʟʘʛʚʘʨʳʛ ᴇᴇʨʯʣᴇʭ (ʞʠʰʵʵ ʥʴ: 

ʞʠʞʠʛ ʭʵʤʞʵʵʥʠʡ ʦʣʦʥ ʫʜʘʘʛʠʡʥ ʪʵʩʵʣʛʵʵ 

ʭʠʡʭ).   

3. ʄʦʥʠʪʦʨʠʥʛʠʡʥ ʩʠʩʪʝʤ:   

¶ ʍʘʷʛʜʣʳʛ ʟʘʡʣʫʫʣʘʭ ʭʫʨʜ ʙʦʣʦʥ ʯʠʯʠʨʛʵʵʥʠʡ 

ʭʘʤʘʘʨʣʳʛ AI-ʜ ʩʫʫʨʠʣʩʘʥ ʧʨʦʛʥʦʟ ʩʠʩʪʝʤʜ 

ʥʵʛʪʛʵʭ.   

ʍʷʟʛʘʘʨʣʘʣʪ  

ʉʫʜʘʣʛʘʘ ʥʴ ʟᴇʚʭᴇʥ ʪʦʜʦʨʭʦʡ ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣʪʵʡ 

ʦʨʜʫʫʜʘʜ ʭʠʡʛʜʩʵʥ (ʞʠʰʵʵ ʥʴ: ᴇʥʜᴇʨ ʩʪʨʝʩʩʪʵʡ 

ʛװʥʠʡ ʫʫʨʭʘʡ).   

6. RIO TINTO (2024) 

ʋʫʣ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘ ʥʴ ʙʘʡʛʘʣʴ ʦʨʯʠʥ, 

ʛʝʦʣʦʛʠʡʥ ʙװʪʵʮ, ʪʵʨ ʜʫʥʜʘʘ ʩʝʡʩʤʦʣʦʛʠʡʥ 

ʠʜʵʚʭʞʠʣʜ ʥᴇʣᴇᴇʣʜᴇʛ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘ ʥʴ ʈʠʦ ʪʠʥʪʦ 

ʫʫʨʭʘʡʥ ʞʠʰʵʵʛ ʘʰʠʛʣʘʥ ʫʫʣ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘ 

ʙʘ ʩʝʡʩʤʦʣʦʛʠʡʥ ʭʘʨʠʫ װʡʣʜʣʠʡʥ ʭʦʦʨʦʥʜʳʥ 

ʭʘʤʘʘʨʣʳʛ ʩʫʜʘʣʞ, ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ 

ʫʨʴʜʯʠʣʩʘʥ ʪʘʘʤʘʛʣʘʣ ʭʠʡʭ ʘʨʛʘʯʣʘʣʳʛ 

ʙʦʣʦʚʩʨʫʫʣʩʘʥ. 

ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʙʘ ʘʨʛʘʯʣʘʣ 

ʉʫʜʘʣʛʘʘʥʳ װʥʜʩʵʥ ʟʦʨʠʣʛʦ ʥʴ ʫʫʣ ʫʫʨʭʘʡʥ ʙʦʛʠʥʦ 

ʭʫʛʘʮʘʘʥʳ ʩʝʡʩʤʦʣʦʛʠʡʥ ʭʘʨʠʫ װʡʣʜʣʠʡʛ ʫʨʴʜʯʠʣʘʥ 

ʪʘʘʤʘʛʣʘʭ ʷʚʜʘʣ ʶʤ. װתʥʠʡ ʪʫʣʜ ʙʠʜ ʛʘʟʘʨ 

ʭᴇʜʣᴇʣʪʠʡʥ ʪʦʦ ʙʦʣʦʥ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʧʦʪʝʥʮʠʘʣʳʛ 

(ᴇᴇʨʯʣᴇʣʪʠʡʥ ʭʵʤʞװװʨ) ʫʨʴʜʯʠʣʘʥ ʪʘʘʤʘʛʣʘʭ 

ʪʵʛʰʠʪʛʵʣ ʙʦʣʦʚʩʨʫʫʣʩʘʥ. ʕʥʵʭװװ ʪʵʛʰʠʪʛʵʣ ʥʴ 

ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ᴇʛᴇʛʜᴇʣʪʵʡ ʭʦʣʙʦʛʜʦʞ, 

ʩʝʡʩʤʦʣʦʛʠʡʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʫʨʴʜʯʠʣʘʥ ʤʵʜʵʭ, 

ʮʘʘʰʜʳʥ ʦʣʙʦʨʣʦʣʪʳʥ ʭʫʚʠʣʙʘʨʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʭ 

ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʩʦʥ. 

ʉʫʜʘʣʛʘʘʥʜ ʭʦʸʨ ʪϺʨʣʠʡʥ ʩʪʘʪʠʩʪʠʢ ʟʘʛʚʘʨ 

ʘʰʠʛʣʘʩʘʥ: 

1. ɽʨᴇʥʭʠʡ ʰʫʛʘʤʘʥ ʙʫʩ ʟʘʛʚʘʨ (Generalized Linear 

Model): תʡʣ ʷʚʜʣʳʥ ʪʦʦʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʩʘʥ. 

2. ɽʨᴇʥʭʠʡ ʰʫʛʘʤʘʥ ʟʘʛʚʘʨ (General Linear Model): 

ʅʠʡʪ ʯʘʜʘʤʞʠʡʥ ʣʦʛ ʭʵʤʞʵʵʛ ʪʦʦʮʦʭʦʜ ʘʰʠʛʣʘʩʘʥ. 

ʕʜʛʵʵʨ ʟʘʛʚʘʨʫʫʜ ʥʴ ʦʨʦʣʪʳʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ 

(ʞʠʰʵʵ ʥʴ, ʦʣʙʦʨʣʦʣʪʳʥ ʭʵʤʞʵʵ, ʪʵʩʣʵʛʜʩʵʥ ʭʵʤʞʵʵ) 

ʘʞʠʛʣʘʛʜʩʘʥ ʫʪʛʫʫʜʪʘʡ ʭʦʣʙʦʞ, ʩʪʘʪʠʩʪʠʢ ʘʯ 

ʭʦʣʙʦʛʜʣʳʛ ʰʘʣʛʘʭ F-ʪʝʩʪ ʭʠʡʩʵʥ. ʄᴇʥ ʘʚʪʦʛʝʥ 

ʥᴇʭʮᴇʣ (autoregressive term) ʦʨʫʫʣʩʘʥ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 

ᴇʤʥᴇʭ ʜʦʣʦʦ ʭʦʥʦʛʠʡʥ ʛʘʟʘʨ ʭᴇʜʣᴇʣʠʡʥ 

ʜʝʬʦʨʤʘʮʠʡʥ ʭʵʤʞʵʵʛ װʡʣ ʷʚʜʣʳʥ ʪʦʦ ʵʩʚʵʣ 

ʯʘʜʘʤʞʘʘʨ ʠʣʵʨʭʠʡʣʩʵʥ. 

ʉʫʜʘʣʛʘʘʥʳ Ϯʨ ʜϮʥ 

ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ ʫʫʣ ʫʫʨʭʘʡʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘ ʙʘ ʩʝʡʩʤʦʣʦʛʠʡʥ ʭʘʨʠʫ װʡʣʜʣʠʡʥ ʭʦʦʨʦʥʜ 

ʪʦʜʦʨʭʦʡ ʭʘʤʘʘʨʘʣ ʙʘʡʛʘʘ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ. ʗʣʘʥʛʫʷʘ 

ʦʣʙʦʨʣʦʣʪ ʵʭʣʵʭ װʝʜ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʠʜʵʚʭʞʠʣ 

ʦʛʮʦʤ ʥʵʤʵʛʜʵʞ, ʫʫʨʭʘʡʥ ʙʘʨʫʫʥ ʭʦʡʜ ʭʵʩʛʠʡʥ ʭʘʪʫʫ 

ʯʫʣʫʫʣʛʠʡʥ ʙװʩʵʜ ʥᴇʣᴇᴇʣʞ ʵʭʵʣʩʵʥ. װתʥʠʡ ʟʵʨʵʛʮʵʵ, 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  
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ʭʦʸʨ ᴇᴇʨ ʙװʩʠʡʥ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ װʡʣ ʷʚʜʣʫʫʜ 

ʭʦʦʨʦʥʜʦʦ ʫʷʣʜʘʘ ʭʦʣʙʦʦʪʦʡ ʙʦʣʩʦʥ. 

1. ɻʦʣ ʭʘʤʘʘʨʘʣ: ʆʣʙʦʨʣʦʣʪʳʥ ʭʵʤʞʵʵ (weekly tons 

bogged) ʙʦʣʦʥ ʣʦʛ ʯʘʜʘʤʞ (log potency) ʭʦʦʨʦʥʜʳʥ 

ʭʘʤʘʘʨʘʣ ʤʘʰ ʩʘʡʥ ʛʘʨʩʘʥ. ʕʥʵ ʥʴ ʫʫʨʭʘʡʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʭʫʨʜ ʙʘ ʩʝʡʩʤʦʣʦʛʠʡʥ ʭʘʨʠʫ װʡʣʜʣʠʡʥ 

ʭʦʦʨʦʥʜ ʰʫʫʜ ʭʦʣʙʦʦ ʙʘʡʛʘʘʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

2. ɸʚʪʦʛʝʥ ʥᴇʭʮᴇʣ: ɸʚʪʦʛʝʥ ʥᴇʭʮᴇʣ ʦʨʫʫʣʩʥʘʘʨ 

ʪʘʘʤʘʛʣʘʣʳʥ ʯʘʜʚʘʨ ʤʵʜʵʛʜʵʭװʡʮ ʩʘʡʞʠʨʩʘʥ. ɻʵʭʜʵʵ 

ʵʥʵ ʥʴ ʪʘʘʤʘʛʣʘʣʳʥ ʭʫʛʘʮʘʘʛ ʭʷʟʛʘʘʨʣʘʩʘʥ. 

3. ʊʵʩʣʵʛʜʩʵʥ ʭʵʤʞʵʵ: ʊʵʩʣʵʛʜʩʵʥ ʭʵʤʞʵʵ (tons fired) 

ʧʘʨʘʤʝʪʨ ʥʴ ʛʘʟʘʨ ʭᴇʜʣᴇʣʪʠʡʥ ʭʘʨʠʫ װʡʣʜʵʣʜ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇ װʟװװʣʩʵʥ. ʕʥʵ ʥʴ ʫʫʨʭʘʡʥ ʜʦʦʜ ʪʘʣʳʛ ʪʵʩʵʣʩʵʥ 

 ʡʣʜʵʣ ʙʘʛʘ ʙʘʡʩʘʥʪʘʡװ ʝʜ ʛʘʟʘʨ ʭᴇʜʣᴇʣʠʡʥ ʭʘʨʠʫװ

ʭʦʣʙʦʦʪʦʡ. 

 

III.  ʍʕʈʕɻɾתתʃʕʍ ɹʆʃʆʄɾʊʆʁ 

ɸʈɻɸʏʃɸʃ ɹɸ ʊɽʍʅʆʃʆɻʀ 

1. ʄʘʰʠʥ ʩʫʨʛʘʣʪʘʜ ʩʫʫʨʠʣʩʘʥ ʛʘʟʘʨ ʭϺʜʣϺʣʪʠʡʛ 

ʫʨʴʜʯʠʣʩʘʥ ʪʘʘʤʘʛʣʘʣ   

Jakubowski & Tajdus (2014)-ʠʡʥ ʘʨʛʘ:   

¶ ɼʘʣʜ ʫʫʨʭʘʡʥ ʩʘʨʳʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ᴇʛᴇʛʜᴇʣ (ʫʭʘʭ 
ʭʫʨʜ, ʛװʥ, ʵʟʣʵʭװװʥ) ʙʦʣʦʥ ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʠʡʥ 
ʵʥʝʨʛʠʡʥ ʭʘʤʘʘʨʣʳʛ ʨʝʛʨʝʩʩʠʡʥ ʟʘʛʚʘʨ 
ʘʰʠʛʣʘʥ ʙװʪʵʵʭ.   

¶ ʍʵʨʵʛʣʵʵ: 

ü ʄʠʢʨʦ ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʠʡʥ ᴇʛᴇʛʜʣʠʡʛ IoT 
ʩʝʥʩʦʨ ʘʰʠʛʣʘʥ ʙʦʜʠʪ ʮʘʛʪ ʮʫʛʣʫʫʣʘʭ. 

ü Python/R-ʜ ʩʫʫʨʠʣʩʘʥ ML ʘʣʛʦʨʠʪʤ 
(Random Forest, LSTM) ʘʰʠʛʣʘʥ "ʭʘʣʫʫʥ 
ʮʵʛװװʜʠʡʛ" ʪʦʜʦʨʭʦʡʣʦʭ. 

¶ ʐʠʥʵʣʵʛ ʙʘʡʜʘʣ: 

ü ʋʫʨʭʘʡʥ ʘʞʠʣʪʥʫʫʜʘʜ ʟʦʨʠʫʣʩʘʥ ʮʘʭʠʤ 
ʫʨʴʜʯʠʣʘʥ ʩʵʨʛʠʡʣʵʭ ʩʠʩʪʝʤ ʙװʪʵʵʭ 
(ʞʠʰʵʵ ʥʴ: Telegram-ʠʡʥ bot).   

2. ϭʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜʳʛ ʛʘʟʨʳʥ ʭϺʜʣϺʣʪʠʡʥ 

ʵʨʩʜʵʣʪʵʡ ʫʷʣʜʫʫʣʘʥ ʟʦʭʠʮʫʫʣʘʭ   

Sijacic et al. (2017)-ʠʡʥ ʩʫʜʘʣʛʘʘ:   

¶ ɻʦʣ ʩʘʥʘʘ: תʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜ ʥʴ ʛʘʟʨʳʥ 
ʭᴇʜʣᴇʣʪʠʡʥ ʜʘʚʪʘʤʞ/ʭװʯʠʡʛ ʰʫʫʜ ʥᴇʣᴇᴇʣʜᴇʛ. 

¶ ʄʦʥʛʦʣʜ ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʘ: 

ü ɻʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʥ ʵʨʩʜʵʣʠʡʥ "ʜʠʥʘʤʠʢ 
ʟᴇʚʰᴇᴇʨᴇʛʜᴇʭ ʭʷʟʛʘʘʨ" ʪʦʛʪʦʦʭ (ʞʠʰʵʵ 

ʥʴ: ᴇʜᴇʨʪ 10,000 ʪʦʥʥ ʫʭʘʭ ŕ ŮM1.5 

ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʪ). 

ü תʡʣʜʚʵʨʣʵʣʠʡʥ ʭʫʨʜʳʛ ʘʚʪʦʤʘʪʘʘʨ 
ʪʦʭʠʨʫʫʣʘʭ PID ʭʷʥʘʣʪʳʥ ʩʠʩʪʝʤʠʡʛ 
ʥʵʚʪʨװװʣʵʭ.   

¶ ʐʠʥʵʣʵʛ ʙʘʡʜʘʣ: 

ü Blockchain-ʜ ʩʫʫʨʠʣʩʘʥ ᴇʛᴇʛʜʣʠʡʥ ʠʣ ʪʦʜ 
ʙʘʡʜʣʳʛ ʭʘʥʛʘʭ (ʫʫʨʭʘʡʥ ʦʧʝʨʘʪʦʨ, 
ʟʘʩʛʠʡʥ ʛʘʟʘʨ, ʠʨʛʵʜ ʭʘʤʪʨʘʥ ʭʷʥʘʭ).   

3. ʊʵʩʨʵʭ ʙʦʜʠʪ ʩʪʨʘʪʝʛʠʡʛ ʛʘʟʨʳʥ ʭϺʜʣϺʣʪʠʡʥ 

ʟʘʛʚʘʨʯʣʘʣʘʘʨ ʩʘʡʞʨʫʫʣʘʭ 

Woodard et al. (2017)-ʠʡʥ ʩʫʜʘʣʛʘʘ:   

¶ ʊʵʩʨʵʣʪʠʡʥ ʜʘʨʘʘʭ ʯʫʣʫʫʣʛʠʡʥ ʵʚʜʨʵʣʠʡʥ װʡʣ 
ʷʚʮʳʛ ʧʘʨʘʤʝʪʨʠʡʥ ʟʘʛʚʘʨ ʘʰʠʛʣʘʥ 
ʪʦʜʦʨʭʦʡʣʦʭ. 

¶ ʄʦʥʛʦʣʜ ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʘ: 

ü ʊʵʩʨʵʣʪʠʡʥ ʵʥʝʨʛʠ, ʮʫʚʘʘʥʳ ʭʦʦʨʦʥʜʳʥ 
ʟʘʡʛ ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʥ ʤʵʜʨʵʤʞʠʡʥ 
ʪװʚʰʠʥʜ ʪʦʭʠʨʫʫʣʘʭ. 

ü "ɸʣʪʘʥ ʜʫʥʜʘʞ" ʪʵʩʨʵʣʪʠʡʥ ʛʦʨʠʤʳʛ 
ʙʦʣʦʚʩʨʫʫʣʘʭ (ʞʠʰʵʵ ʥʴ: ʞʠʞʠʛ 
ʪʵʩʨʵʣʪװװʜʠʡʛ ʦʣʦʥ ʫʜʘʘ ʭʠʡʭ).   

¶ ʐʠʥʵʣʵʛ ʙʘʡʜʘʣ: 

ü VR ʩʠʤʫʣʷʪʦʨ ʘʰʠʛʣʘʥ ʪʵʩʨʵʣʪʠʡʥ װʨ 
ʥᴇʣᴇᴇʛ ʫʨʴʜʯʠʣʘʥ װʟʵʭ.   

4. ʆʨʜ ʛʘʟʨʳʥ ʛϮʥ, ʵʟʣʵʭϮϮʥʠʡ ʥϺʣϺϺʣʣʠʡʛ ʮʘʛ 

ʭʫʛʘʮʘʘʥʳ ʮʫʚʘʘʛʘʘʨ ʰʠʥʞʣʵʭ 

Martinsson & Tornman (2020)-ʠʡʥ ʩʫʜʘʣʛʘʘ: 

¶ ɸʚʪʦʨʝʛʨʝʩʩʠʚ (AR) ʟʘʛʚʘʨ ʘʰʠʛʣʘʥ ᴇᴇʨ ᴇᴇʨ 
ʦʨʜ ʛʘʟʨʫʫʜʘʘʩ װװʩʵʭ ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʛ 
 ʡʣʜʚʵʨʣʵʣʪʵʡ ʭʦʣʙʦʭװ

¶ ʄʦʥʛʦʣʜ ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʘ: 

ü ʆʶʫ ʊʦʣʛʦʡ, ʊʘʚʘʥ ʊʦʣʛʦʡ ʟʵʨʵʛ 
ʪʦʤʦʦʭʦʥ ʦʨʜʫʫʜʘʜ ʟʦʨʠʫʣʞ ʦʨʜ ʪʫʩ 
ʙװʨʠʡʥ ʦʥʮʣʦʛʪ ʪʦʭʠʨʩʦʥ ʟʘʛʚʘʨ ʙװʪʵʵʭ. 

ü תʡʣʜʚʵʨʣʵʣʠʡʥ ʵʟʣʵʭװװʥʠʡʛ 10%-ʠʘʨ 
ʥʵʤʵʭʵʜ ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʥ ʤʘʛʘʜʣʘʣ 
ʭʵʨʭʵʥ ᴇᴇʨʯʣᴇʛʜᴇʭʠʡʛ SPSS/R-ʜ ʘʥʘʣʠʟ 
ʭʠʡʭ. 

¶ ʐʠʥʵʣʵʛ ʙʘʡʜʘʣ: 

ü ʎʘʛ ʘʛʘʘʨʳʥ ᴇʛᴇʛʜᴇʣʪʵʡ ʠʥʪʝʛʨʘʮʯʠʣʩʘʥ 
ʟʘʛʚʘʨ (ʞʠʰʵʵ ʥʴ: ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʭʵʤʞʵʵ 

ŕ ʯʫʣʫʫʣʛʠʡʥ ʯʠʡʛʰʠʣ ŕ ʩʪʨʝʩʩʠʡʥ 

ᴇᴇʨʯʣᴇʣʪ).   

5. ʆʣʙʦʨʣʦʣʪʳʥ ʭʫʨʜ ʙʘ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʳ ʛʘʟʨʳʥ 

ʭϺʜʣϺʣʪʠʡʥ ʭʘʤʘʘʨʣʳʛ ʘʰʠʛʣʘʭ   

De Beer (2022)-ʠʡʥ ʩʫʜʘʣʛʘʘ: 

¶ ʆʣʙʦʨʣʦʣʪʳʥ ʭʫʨʜ ʥʴ ʫʜʘʘʥ ʭʫʛʘʮʘʘʥʳ 
ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʪᴇʜ, ʪʵʩʨʵʣʪ ʥʴ ʙʦʛʠʥʦ 
ʭʫʛʘʮʘʘʥʳ ʭᴇʜᴇʣʛᴇᴇʥʜ ʥᴇʣᴇᴇʣʜᴇʛ. 

¶ ʄʦʥʛʦʣʜ ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʘ: 

ü ʀʣ ʛʘʨʛʘʭ װʡʣ ʘʞʠʣʣʘʛʘʘʛ 2 ʰʘʪʘʘʨ 
ʷʚʫʫʣʘʭ: 

1.ᴆʜʨʠʡʥ ʮʘʛʘʘʨ ʠʣ ʛʘʨʛʘʭ ʭʫʨʜʳʛ 
ʙʘʛʘʩʛʘʭ. 

2. ʐᴇʥʠʡʥ ʮʘʛʘʘʨ ʪʵʩʨʵʣʪ ʭʠʡʭ. 

ü ʕʨʯʠʤ ʭװʯʥʠʡ ʭʵʤʥʵʣʪʪʵʡ ʪʦʥʦʛ 
ʪᴇʭᴇᴇʨᴇʤʞ ʘʰʠʛʣʘʭ (ʞʠʰʵʵ ʥʴ: ʘʚʪʦʤʘʪ 
ʫʭʘʛʯ). 

¶ ʐʠʥʵʣʵʛ ʙʘʡʜʘʣ: 

ü ɻʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʥ "ʵʥʝʨʛʠʡʥ 
ʭʵʤʥʵʣʪʠʡʥ" ʠʥʜʝʢʩ ʙװʪʵʵʭ (ʞʠʰʵʵ ʥʴ: 1 

ʪʦʥʥ ʥװװʨʩ ʦʣʙʦʨʣʦʭʦʜ ʷʣʛʘʨʘʭ ʵʥʝʨʛʠ Ů
X kJ). 

6. ʋʫʣ ʫʫʨʭʘʡʥ Ϯʡʣ ʘʞʠʣʣʘʛʘʘ ʙʘ ʛʘʟʨʳʥ 

ʭϺʜʣϺʣʪʠʡʥ ʭʘʤʘʘʨʣʳʛ ʦʣʦʥ ʩʘʣʙʘʨʳʥ ʭʘʤʪʳʥ 

ʘʞʠʣʣʘʛʘʘʛʘʘʨ ʰʠʡʜʵʭ 
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¶ ʄʵʨʛʵʞʣʠʡʥ ʙʦʣʦʚʩʦʥ ʭװʯʠʥ: ʋʫʣ ʫʫʨʭʘʡʥ 
ʠʥʞʝʥʝʨװװʜʵʜ ML, ʛʝʦʤʝʭʘʥʠʢʠʡʥ ʩʫʨʛʘʣʪ 
ʷʚʫʫʣʘʭ. 

¶ ʍʘʨʠʣʮʘʥ ʷʨʠʘʥʳ ʧʣʘʪʬʦʨʤ: ʋʫʨʭʘʡʥ 
ʦʧʝʨʘʪʦʨʫʫʜ, ʵʨʜʵʤʪʵʜ, ʠʨʛʵʜʠʡʛ ʭʦʣʙʦʭ 
ʮʘʭʠʤ ʬʦʨʫʤ ʙʘʡʛʫʫʣʘʭ. 

¶ ʊʫʨʰʠʣʪʳʥ ʪᴇʩʣװװʜ: 

ü ʆʶʫ ʊʦʣʛʦʡʜ "Traffic Light System" 
(TLS)-ʠʡʛ ʪʫʨʰʠʭ. 

ü ɹʘʛʘʥʫʫʨʪ ʤʠʢʨʦ ʛʘʟʨʳʥ ʭᴇʜʣᴇʣʠʡʥ 
ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʩװʣʞʵʵʛ ʩʫʫʨʠʣʫʫʣʘʭ.   

ɼתɻʅʕʃʊ 

ʄʦʥʛʦʣ ʫʣʩ ʤʘʰʠʥ ʩʫʨʛʘʣʪ, IoT, ʜʠʥʘʤʠʢ 
ʟʘʛʚʘʨʯʣʘʣ ʟʵʨʵʛ ʪʝʭʥʦʣʦʛʠʡʛ ʫʫʨʭʘʡʥ ʘʶʫʣʛװʡ 
ʙʘʡʜʘʣʜ ʥʵʚʪʨװװʣʩʥʵʵʨ:   

¶ ɻʘʟʨʳʥ ʭᴇʜʣᴇʣʪʠʡʥ ʵʨʩʜʣʠʡʛ 30-50%-ʠʘʨ 
ʙʫʫʨʫʫʣʘʭ. 

 ʨ ʘʰʛʠʡʛ 20%-ʠʘʨװ ʡʣʜʚʵʨʣʵʣʠʡʥת ¶
ʥʵʤʵʛʜװװʣʵʭ. 

¶ ʆʣʦʥ ʫʣʩʳʥ ʩʪʘʥʜʘʨʪʘʜ ʥʠʡʮʩʵʥ "ʫʭʘʘʣʘʛ 
ʫʫʨʭʘʡ" ʟʘʛʚʘʨʳʛ ʙװʪʵʵʭ ʙʦʣʦʤʞʪʦʡ 

ɸʐʀɻʃɸʉɸʅ ʄɸʊɽʈʀɸʃ, ʅʆʄ ɿתʁ 

[33] Jakubowski and Tajdus (2014) developed predictive regression 
models for the seismic energy release induced by longwall mining 
in monthly steps using machine learning methods.  

[34] Danijela Sijacic, Frank Pijpers, Manuel Nepveu and Karin van 
Thienen-Visser (2017) studied the effect of production on 
induced seismicity in the Groningen gas fields. If the effect of 
production rates were quantified then induced seismicity could be 
partially controlled. 

[35] Woodward, KR & Tierney, SR (2017) parameterised the rock 
mass failure process after blasting and large events, i.e., seismic 
flurries. 

[36] Martinsson and Tornman (2020) established relationships 
between seismic activity from different orebodies and the 
respective production rates, depths and volume. An 
autoregressive term was included to improve prediction 
capabilities. 

[37] De Beer (2022) found that the rate of mucking had a lad effect on 
the seismic response whereas blasting was a better short-term 
driver of seismicity in the undercut.
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ɻʋʃʉɸʃʊʓʅ תɽʀʁʅ ʄɸʈʂʐɽʁɼɽʈʀʁʅ ʍʗʅɸʃʊ 

ʄʆʅʀʊʆʈʀʅɻʀʁʅ ʉʋɼɸʃɻɸɸ 

 

ʋ.ʋʫʛʘʥʙʘʪ1,  ʜʦʢʪʦʨ ɻ.ʋʨʘʥʙʘʡʛʘʣʴ2  

1ʄʆʅɻʆʃ ʋʃʉ, ʐʋʊʀʉ, ɻʋʋʉ, ʋʋʈʍɸʁʅ ʊɽʍʅʆʃʆɻʀʁʅ ʉɸʃɹɸʈ, ʋʋʄ ʄɸɻʀʉʊʈɸʅʊ,   

2ʄʆʅɻʆʃ ʋʃʉ, ʐʋʊʀʉ, ɻʋʋʉ, ʋʋʈʍɸʁʅ ʊɽʍʅʆʃʆɻʀʁʅ ʉɸʃɹɸʈ, ʋʋʄ ɹɸɻʐ 

3ʄʆʅɻʆʃ ʋʃʉ, ʐʋʊʀʉ, ɻʋʋʉ, ʋʋʈʍɸʁʅ ʊɽʍʅʆʃʆɻʀʁʅ ʉɸʃɹɸʈ, ʋʋʄ ɹɸɻʐ 
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ʍʫʨʘʘʥʛʫʡ: ʐʠʚʵʵ-ʆʚʦʦ ʍʂ-ʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʘʣʙʘʥʘʘʩ 2018 ʦʥʳ 2-ʨ ʩʘʨʘʘʩ ʵʭʣʵʥ ʫʫʨʭʘʡʥ ʛʫʣʩʘʣʪʘʥʜ ʦʨʩʦʥ ʪʘʣʙʘʡʥ 

ʪʦʜʦʨʭʦʡ ʰʫʛʘʤʫʫʜʘʜ ʙʘʡʥʛʳʥ ʘʞʠʛʣʘʣʪ, ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ ʙʘ ʫʫʨʭʘʡʥ ʘʞʣʳʥ ʙʫʩ ʭʘʞʫʫʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ 

ʭװʣʵʵʣʮʩʵʥʵʵʩ ʭʦʡʰ ʯ ʭʷʥʘʣʪʳʥ ʭʵʤʞʠʣʪװװʜʠʡʛ װʨʛʵʣʞʣװװʣʵʥ ʭʠʡʞ ʙʘʡʥʘ. ɻʵʚʯ ʫʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʭʷʥʘʣʪʳʥ 

ʭʵʤʞʠʣʪʠʡʥ ʮʵʛװװʜʠʡʛ ʘʥʭ ʙʘʡʩʘʥ ʙʘʡʨʣʘʣʘʘʩ ʥʴ ʪʦʜʦʨʭʦʡ ʟʘʡʥʜ ʰʠʣʞʩʵʥ ʛʵʭ װʟװװʣʵʣʪʠʡʛ ʛʘʨʛʘʞ ʠʨʩʵʥ ʙᴇʛᴇᴇʜ 

ʰʠʣʞʠʣʪ ʛʫʣʩʘʣʪ ʭʘʘʰʘʘ, ʷʤʘʨ ᴇʥʮʛᴇᴇʨ ʛʫʣʩʘʞ ʙʘʡʛʘʘʛ ʪʦʛʪʦʦʛʦʦʛװʡ ʙʘʡʛʘʘʜ 2019 ʦʥʜ װװʥʠʡʛ ʪʦʛʪʦʦʩʦʥ ʩʫʜʘʣʛʘʘ 

ʭʠʡʛʜʩʵʥʵʵʩ ʭʦʡʰ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʛ ʭʠʡʞ ʙʘʡʛʘʘ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛ װʨʛʵʣʞʣװװʣʵʥ 2025 ʦʥʳ ʵʭʥʠʡ ʫʣʠʨʘʣʳʥ װʨ ʜװʥʛ 

ʙʦʣʦʚʩʨʫʫʣʘʥ ʰʠʣʞʠʣʪ, ʩʫʫʣʪʳʛ ʥʵʛʪʛʵʥ ʭʘʨʴʮʫʫʣʩʘʥ ʜװʛʥʵʣʪ ᴇʛʣᴇᴇ.  

ʊϮʣʭϮϮʨ Ϯʛ: ʥʫʨʘʣ, ʛʫʣʩʘʣʪ, ʰʠʣʞʠʣʪ, ʩʫʫʣʪ, ʭʵʤʞʠʣʪ, ʭʷʥʘʣʪ, ϺʥʮϺʛ,   

I.  ʋɼʀʈʊɻɸʃ 

ʐʠʚʵʵ ï ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ ʦʨʜʦʜ 1990 ʦʥʳ 7 

ʜʫʛʘʘʨ ʩʘʨʜ ʘʥʭ ʭᴇʨʩ ʭʫʫʣʞ ʵʭʵʣʩʵʥ װʝʵʩ ʭʦʡʰ 

ʜʦʪʦʦʜ ʦʚʦʦʣʛʦʜ ʠʭ, ʙʘʛʘ ʭʵʤʞʵʵʥʠʡ ʛʫʣʩʘʣʪ, 

ʩʫʫʣʪʫʫʜ ʛʘʨʯ ʙʘʡʩʘʥ ʙʘ װʡʣʜʚʵʨʣʵʣʠʡʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘ, ʪʝʭʥʦʣʦʛʠʡʥ ʭװʯʠʥ ʟװʡʣʜ 

ʥᴇʣᴇᴇʣᴇʭװʡʮʵʵʨ 2007, 2011, 2016 ʦʥʜ ʷʚʘʛʜʘʞ, 

ʜʘʚʘʛʜʘʰʛװʡ ʭװʯʠʥ ʟװʡʣʠʡʥ ʭװʨʵʵʥʜ 2018 ʦʥʳ 2-ʨ 

ʩʘʨʘʘʩ 5 ʜʫʛʘʘʨ ʩʘʨʳʥ ʭʫʛʘʮʘʘʥʜ ʜʦʪʦʦʜ ʦʚʦʦʣʛʦ, 

ʛʘʜʘʘʜ ʦʚʦʦʣʛʦ ʙʦʣʦʥ ʠʣ ʫʫʨʭʘʡʥ ʘʞʣʳʥ ʙʫʩ ʪʘʣʜ 

ʭᴇʥʜᴇʛʜᴇᴇʛװʡ ʪʘʣʙʘʡʥʫʫʜʳʛ ʭʘʤʘʨʩʘʥ 1 ʢʤ ï ʠʡʥ ʫʨʪ, 

5 ï 35 ʤ ᴇʨʛᴇʥʪʵʡ ʭʘʛʘʨʣʳʥ ʰʫʛʘʤʘʘʨ ʛʘʜʘʨʛʘʜ ʠʭ 

ʭʵʤʞʵʵʥʠʡ ʭʘʛʘʨʘʣ, ʩʫʫʣʪ װװʩʩʵʥ. ʕʥʵ ʥʴ ʠʣ ʫʫʨʭʘʡʥ 

ʘʥʭʥʳ ʤʘʣʪʘʣʪʘʘʩ 250-300 ʤ ʟʘʡʥʜ ʙʫʶʫ ʍʘʪʘʘʭ 

 ʡʣʜʚʵʨʠʡʥ ʭʦʡʜ ʭʵʩʵʛʪ 2018 ʦʥʳ 02-ʨ ʩʘʨʳʥ 18-ʥʳװ

ᴇʜʨᴇᴇʩ ʵʭʣʵʥ 5-11-ʨ ʰʫʛʘʤʳʥ ʭʦʦʨʦʥʜ 

 ʡ ʙʘʡʛʘʣʠʡʥװʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ᴇʨʪᴇᴇʛװ ʡʣʜʚʵʨʣʵʣʠʡʥװ

ʪʦʛʪʦʮ ʭᴇʥʜᴇʛʜᴇᴇʛװʡ ʪʘʣʙʘʡʜ 1 ʢʤ ʫʨʪʪʘʡ, 35 

ʤʝʪʨʠʡʥ ᴇʨʛᴇʥ ʛʘʜʘʨʛʫʫʜ ʩʫʫʣʪ ᴇʛʩᴇʥ. 2018 ʦʥʳ 02-ʨ 

ʩʘʨʳʥ 26-ʥʘʘʩ ʘʰʠʛʣʘʣʪʳʥ 3-ʨ ʘʤʥʳ ʛʘʜʘʘʜ 

ʦʚʦʦʣʛʠʡʥ ʟʘʡʜ ʭᴇʨʩʥʠʡ ʛʫʣʩʘʣʪ ᴇʛʯ ʟʘʤ ʪʘʣʙʘʡ 

ʜʘʨʘʛʜʩʘʥ.ʍʘʪʘʘʭ װʡʣʜʚʵʨʠʡʥ ʭʦʡʥʦ ʭʘʛʘʨʘʣ װװʩʯ 

ʩʫʫʣʪ ᴇʛᴇʥ ʭʘʪʘʘʭ װʡʜʚʵʨʠʡʥ ʙʘʨʠʣʛʘʜ ʥᴇʣᴇᴇʣʞ 

ʵʭʣʵʩʵʥ. 

ʐʠʚʵʵ-ʆʚʦʦ ʍʂ-ʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʘʣʙʘʥʘʘʩ 2018 ʦʥʳ 

2-ʨ ʩʘʨʘʘʩ ʵʭʣʵʥ ʫʫʨʭʘʡʥ ʛʫʣʩʘʣʪʘʜ ʦʨʩʦʥ ʪʘʣʙʘʡʥ 

ʪʦʜʦʨʭʦʡ ʰʫʛʘʤʫʫʜʘʜ ʙʘʡʥʛʳʥ ʘʞʠʛʣʘʣʪ, ʭʵʤʞʠʣʪ 

ʭʠʡʩʵʥ ʙʘ ʫʫʨʭʘʡʥ ʘʞʣʳʥ ʙʫʩ ʭʘʞʫʫʛʠʡʥ ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʳʛ ʭװʣʵʵʣʮʩʵʥʵʵʩ ʭʦʡʰ ʯ ʭʷʥʘʣʪʳʥ 

ʭʵʤʞʠʣʪװװʜʠʡʛ װʨʛʵʣʞʣװװʣʵʥ ʭʠʡʞ ʙʘʡʥʘ. ʋʛ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ʭʷʥʘʣʪʳʥ ʭʵʤʞʠʣʪʠʡʥ ʮʵʛװװʜʠʡʛ 

ʘʥʭ ʙʘʡʩʘʥ ʙʘʡʨʣʘʣʘʘʩ ʥʴ ʪʦʜʦʨʭʦʡ ʟʘʡʥʜ ʰʠʣʞʩʵʥ 

ʛʵʭ װʟװװʣʵʣʪʠʡʛ ʛʘʨʛʘʞ ʠʨʩʵʥ ʙᴇʛᴇᴇʜ ʰʠʣʞʠʣʪ 

ʛʫʣʩʘʣʪ ʭʘʘʰʘʘ, ʷʤʘʨ ᴇʥʮʛᴇᴇʨ ʛʫʣʩʘʞ ʙʘʡʛʘʘʛ 

ʪʦʛʪʦʦʛʦʦʛװʡ ʙʘʡʛʘʘʜ 2019 ʦʥʜ װװʥʠʡʛ ʪʦʛʪʦʦʩʦʥ 

ʩʫʜʘʣʛʘʘ ʭʠʡʛʜʩʵʥʵʵʩ ʭʦʡʰ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʛ ʭʠʡʞ 

ʙʘʡʛʘʘ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨʘʘ ʩװװʣʠʡʥ װʨ ʜװʥʛ 

ʙʦʣʦʚʩʨʫʫʣʘʥ ᴇʤʥᴇʭ 2018 ʦʥʳ ʥʵʛ ʫʜʘʘʛʠʡʥ 

ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʪʵʡ ʭʘʨʴʮʫʫʣʘʥ ʜװʛʥʵʭ ʘʞʣʳʛ 

ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʭʠʡʩʵʥ.  

ʐʠʚʵʵ-ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ ʫʫʨʭʘʡʜ ʠʜʵʚʭʠʞʩʵʥ 

ʘʞʣʳʥ ʙʫʩ ʭʘʞʫʫ, ʪװװʥ ʜʵʵʨʭ ʜʦʪʦʦʜ ʦʚʦʦʣʛʦ ʤᴇʥ 

ʛʘʜʘʘʜ ʦʚʦʦʣʛʳʥ ʟʘʨʠʤ ʭʵʩʵʛ ʰʠʣʞʠʣʪ, ʭᴇʜᴇʣʛᴇᴇʥʜ 

ʦʨʞ ʟʘʨʠʤ ʭʵʩʵʛʪ ʠʣ ʫʫʨʭʘʡʥ ʫʣʥʳ ʯʫʣʫʫʣʘʛ 

ʭʘʤʨʘʛʜʘʞ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛʵʵʨ ʭʘʨʫʫʣʣʘʘ. 

2024.07.18-2025.03.20-ʥʳ ʩʘʨʜ 2 ʫʜʘʘ ʥʠʡʪ ʫʫʨʭʘʡʥ 

ʭʵʤʞʵʵʥʜ 25ʥ ʮʵʛʪ ʭʵʤʞʠʣʪ ʭʠʡʩʥʠʡ ʠʣ ʫʫʨʭʘʡʜ 

ʭʘʤʘʘʨʘʛʜʘʭ ʭʵʩʛʠʡʥ 11-ʥ ʮʵʛʵʵʩ 7-ʛ ʩʦʥʛʦʥ ʘʚʯ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʘʰʠʛʣʘʩʘʥ. 

ɼʦʪʦʦʜ ʙʘ ʛʘʜʘʘʜ ʦʚʦʦʣʛʳʥ ʫʫʨʭʘʡʜ ʜᴇʭװװ ʙʘʡʛʘʘ 

ʩʫʫʨʴ ʥʴ ʪʦʛʪʚʦʨʞʠʣʪ ʤʫʫʪʘʡ ᴇʛᴇʨʰʩᴇʥ ʯʫʣʫʫʣʘʛ, 

ʛװʥʠʡ ʰʘʪʘʣʪʘʥʜ ʦʨʩʦʥ ʥװװʨʩʥʠʡ ʭᴇᴇʪ ʥʫʨʘʤ ʟʵʨʛʵʵʩ 

ʙװʨʜʩʵʥ ʥʴ ʜʦʪʦʦʜ ʦʚʦʦʣʛʳʥ ʜʘʨʘʣʪ ʘʯʘʘʣʣʳʥ 

ʥᴇʣᴇᴇʛᴇᴇʨ ʪʦʛʪʚʦʨʞʠʣʪ ʥʴ ʘʣʜʘʛʜʘʭ ʫʯʠʨ ʰʘʣʪʛʘʘʥ 

ʙʦʣʩʦʥ ʛʵʭ װʥʜʵʩʣʵʣʪʵʡ ʙʘʡʥʘ. 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡʥ ʭװʨʵʵʥʜ ʙʘʛʪʘʞ ʙʫʡ ʥװװʨʩ ʘʛʫʫʣʘʛʯ 

ʭʫʨʜʩʫʫʜʳʥ ʭʘʛʘʨʣʫʫʜ ʪװװʥʠʡ ʜʦʪʦʨ ʙʘʨʫʫʥ ʫʨʜʘʘʩ 

ʟװװʥ ʭʦʡʰʦʦ ʯʠʛʣʵʣʪʵʡ ʭᴇʥʜʣᴇʥ ʭʘʛʘʨʣʳʛ ʥʴ 

ʪʦʤʦʦʭʦʥ ʭʵʤʞʵʵʥʠʡ ʵʚʜʨʵʣ װװʩʵʭ ʛʦʣʦʤʪ ʥʴ ʙʦʣʩʦʥ 

ʛʵʞ װʟʵʭʵʵʨ ʙʘʡʥʘ. 

ʋʫʨʭʘʡʥ ʜʦʪʦʦʜ ʦʚʦʦʣʛʳʥ ʩʫʫʨʠʥʜ ʛװʥʠʡ ʫʩʥʳ 

ʰװװʨʵʣʪ, ʭʫʨ ʪʫʥʘʜʘʩʥʳ ʫʩʥʳ ʥʵʚʯʠʣʪʠʡʥ ʩᴇʨᴇʛ 

ʥᴇʣᴇᴇʣʣᴇᴇʩ ʩʵʨʛʠʡʣʵʭ ʰװװʨװװʣʵʭ ʩʫʚʘʛ, ʤʘʣʪʘʣʪʳʥ 

ʩװʣʞʵʵ ʦʛʪ ʭʠʡʛʜʵʞ ʙʘʡʛʘʘʛװʡ ʥʴ ʦʚʦʦʣʛʳʥ ʫʣʘʘʨ 

ʛʫʣʩʘʭ ʛʘʜʘʨʛʫʫ װװʩʛʵʭ, ʫʣʥʘʘʩ ʜʦʦʰʭʠ ʯʫʣʫʫʣʛʠʡʛ 

ʜʵʚʪʵʵʞ ʪʦʛʪʚʦʨʛװʡ ʙʦʣʛʦʭ ʥᴇʭʮᴇʣ ʙװʨʜʩʵʥ ʛʵʞ 

 .ʟʵʭʵʵʨ ʙʘʡʥʘװ

ʋʫʨʭʘʡʜ ʭʠʡʛʜʜʵʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣ, ʪʦʤ ʜʘʘʮʳʥ 

ʘʚʪʦʩʘʤʦʩʚʘʣʫʫʜʳʥ ʭᴇʜᴇʣʛᴇᴇʥ ʟʵʨʛʵʵʩ  װװʩʵʭ 

ʯʠʯʠʨʛʵʵ ʜʦʨʛʠʦʥʳ װʡʣʯʣʵʣ ʥʴ ʦʚʦʦʣʛʳʥ 

ʰʠʣʞʠʣʪʵʥʜ ñᴇʜᴇᴇʛʯò ʤʘʷʛʠʡʥ ʥᴇʣᴇᴇʣᴇʣ װʟװװʣʩʵʥ 

ʛʵʭ װʥʜʵʩʪʵʡ. 
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II.  ʉʋɼɸʃɻɸɸʅʓ ɸʈɻɸʏʃɸʃ 

1. ʕʤʧʠʨʠʢ ʩʫʜʘʣʛʘʘ 

ʊʦʜʦʨʭʦʡʣʦʣʪ: ʕʤʧʠʨʠʢ ʩʫʜʘʣʛʘʘ ʥʴ ʪʫʨʰʣʘʛʘʜ 

(ʙʦʜʠʪ ʙʘʡʜʘʣʪʘʡ) ʩʫʫʨʠʣʩʘʥ, ʭʵʤʞʠʣʪ, ʘʞʠʛʣʘʣʪ, 

ʪʫʨʰʠʣʪ ʭʠʡʭ ʷʚʮʘʜ ʦʣʞ ʘʚʩʘʥ ʤʵʜʵʵʣʵʣʜ װʥʜʵʩʣʵʩʵʥ 

ʩʫʜʘʣʛʘʘʥʳ ʭʵʣʙʵʨ. 

ʐʘʪ: ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʘʞʠʣʣʘʭ, ʭʵʤʞʠʣʪ, 

ʘʞʠʛʣʘʣʪ ʟʵʨʵʛ ʥʴ ʵʤʧʠʨʠʢ ʩʫʜʘʣʛʘʘʥʳ ʙʠʜʥʠʡ 

ʭװʩʩʵʥ װʥʜʩʵʥ װʝ ʰʘʪ ʶʤ. 

ʍʵʨʵʛʞװװʣʵʭ: ʕʥʵ ʘʨʛʳʛ ʘʰʠʛʣʘʭʘʜ ʦʶʫʪʥʫʫʜʘʜ 

ʪʫʨʰʠʣʪ, ʭʵʤʞʠʣʪ, װʥʵʣʛʵʵ ʭʠʡʭ ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʞ, 

ʙʦʜʠʪʦʦʨ ʤʵʜʵʵʣʵʣ ʮʫʛʣʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. 

2. ʂʚʘʥʪʠʪʠʚ ʩʫʜʘʣʛʘʘ 

ʊʦʜʦʨʭʦʡʣʦʣʪ: ʂʚʘʥʪʠʪʠʚ ʩʫʜʘʣʛʘʘ ʥʴ 

ʭʵʤʞʠʛʜʵʭװװʥʠʡ ᴇʛᴇʛʜᴇʣ, ʩʪʘʪʠʩʪʠʢ ʪʦʦʮʦʦʣʦʣ 

ʭʠʡʭʵʜ ʘʥʭʘʘʨʜʘʛ, ʪʦʦʥ ʤʵʜʵʵʣʵʣ ʜʵʵʨ װʥʜʵʩʣʵʛʜʩʵʥ. 

ʐʘʪ: ʋʜʠʨʜʣʘʛʳʥ ʭʵʤʞʠʣʪ, ʮʫʛʣʫʫʣʘʭ, ʪʦʦʮʦʦʣʣʳʥ 

ʘʞʣʫʫʜʘʜ ʘʰʠʛʣʘʭ ʘʨʛʘʪʘʡ. 

ʍʵʨʵʛʞװװʣʵʭ: ʂʚʘʥʪʠʪʠʚ ʘʨʛʘʘʨ ʭʵʤʞʠʣʪ, ʪʦʦ 

ʙʘʨʠʤʪ, ʛʨʘʬʠʢʠʡʛ ʘʥʘʣʠʟ ʭʠʡʭ ʟʘʤʘʘʨ ʩʫʜʘʣʛʘʘʥʳ 

 .ʛʥʵʣʪ ʛʘʨʛʘʭ ʙʦʣʦʤʞʪʦʡװʥʛ ʙʦʣʦʚʩʨʫʫʣʞ, ʜװʨ ʜװ

3. ʂʚʘʣʠʪʠʚ ʩʫʜʘʣʛʘʘ 

ʊʦʜʦʨʭʦʡʣʦʣʪ: ʂʚʘʣʠʪʠʚ ʩʫʜʘʣʛʘʘ ʥʴ ʤʵʜʵʵʣʣʠʡʛ 

ʛװʥʟʛʠʡʨװװʣʵʥ ʩʫʜʣʘʭ, ʭʵʣʙʵʨ, ʫʪʛʘ, ʟʘʥ ʪᴇʣᴇʚʠʡʛ 

ʦʡʣʛʦʭ ʟʦʨʠʣʛʦʦʨ ʭʠʡʜʵʛ. 

ʐʘʪ: ɸʞʠʛʣʘʣʪ, ʭװʥʠʡ ʟʘʥ ʪᴇʣᴇʚʠʡʥ ʩʫʜʘʣʛʘʘ, 

ʷʨʠʣʮʣʘʛʘ, ʙװʣʛʠʡʥ ʭʵʣʵʣʮװװʣʵʛ ʟʵʨʵʛ ʘʨʛʘ ʭʵʤʞʵʵ, 

ʧʨʦʮʝʩʩʳʛ ʘʰʠʛʣʘʞ ʙʦʣʥʦ. 

ʍʵʨʵʛʞװװʣʵʭ: ʉʪʘʪʠʩʪʠʢ ʘʨʛʫʫʜʳʛ ʜʦʧʦʣʠʭ, ʫʛ 

ʩʫʜʘʣʛʘʘ ʥʴ ʭʘʨʠʣʮʘʥ ʷʨʠʘ, ʤᴇʥ ʘʞʠʛʣʘʣʪʳʥ ʜװʥʛ 

ʯʫʭʘʣʯʠʣʞ, ʨʝʘʣʠʩʪ ʤʵʜʣʵʛʠʡʛ ʙʠʡ ʙʦʣʛʦʭ 

ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ. 

ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ, ʭʵʨʵʛʣʵʩʵʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ, 

ʧʨʦʛʨʘʤ ʭʘʥʛʘʤʞ: 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʜʘʨʘʘʣʣʳʥ ʭʫʚʴʜ ʩʫʜʘʣʛʘʘʥʳ 

ʪʘʣʙʘʡʜ ʘʞʠʣʣʘʭ, ʭʵʤʞʠʣʪ, ʘʞʠʛʣʘʣʪ, ʟʫʨʘʛʣʘʣʳʥ 

ʘʞʣʫʫʜ, װʨ ʜװʥʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʫʫʜ ʙʦʣʦʥ 

ʪʵʜʛʵʵʨʪʵʡ ʭʦʣʙʦʦʪʦʡ ʵʤʧʝʨʠʢ ʪʦʦʮʦʦ, ʪʦʦʮʦʦʣʣʳʥ 

ʘʞʣʫʫʜ, ʟʫʨʘʛ ʪᴇʩᴇʣ ʛʵʩʵʥ װʝ ʰʘʪʫʫʜʘʘʨ ʭʠʡʛʜʩʵʥ.  
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ʜʦʣʛʠʦʥʳ GPS ʘʰʠʛʣʘʥ ʭʷʥʘʣʪʳʥ ʮʵʛװװʜʠʡʥ 

ʭʵʤʞʠʣʪ ʭʠʡʞ Microsoft office, AutoCAD, 

MICROMINE ʧʨʦʛʨʘʤʤʘʘʨ ʙʦʣʦʚʩʨʫʫʣʘʥ ʩʫʫʣʪ, 

ʰʠʣʞʠʣʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʪʦʦʮʦʚ.  

III.  ʕʄʇʀʈʀʂ ʉʋɼɸʃɻɸɸʅʓ ɸʈɻɸɸʈ  ɻʋʃʉɸʃʊʓɻ 

ʍʕʄɾʀʍ, ʍʗʅɸʃʊʓʅ ʎʕɻתתɼʀʁʅ 

ʐʀʃɾʀʃʊʀʁɻ ʊʆɼʆʈʍʆʁʃʆʍ ʉʋɼɸʃɻɸɸ 

ʋʫʨʭʘʡʜ ʛʘʨʩʘʥ ʯʫʣʫʫʣʛʠʡʥ ʰʠʣʞʠʣʪ 

ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʫʯʠʨ ʭʦʣʙʦʛʜʦʣ: ɼʵʵʨʭ ʫʯʠʨ 

ʭʦʣʙʦʛʜʣʳʥ ʫʣʤʘʘʩ ʫʫʨʭʘʡʥ ʜʦʪʦʦʜ ʦʚʦʦʣʛʦ ʜʵʵʨ 

ʥʠʣʵʵʜ ʭʵʜʵʥ ʞʠʣʠʡʥ ᴇʤʥᴇᴇʩ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʩʘʥ 

ʭʘʛʘʨʣʫʫʜ ʥʴ ʭʦʞʠʤ ʙʫʶʫ 2018 ʦʥʳ ʭʘʚʘʨ ʛʫʣʩʘʣʪʳʥ 

ʠʜʵʚʭʠʪʵʡ װʟʵʛʜʵʣ ʙʦʣʦʥ ᴇʨʛᴇʞʠʭ ʵʭ ʩʫʫʨʴ ʙװʨʵʣʜʵʞ 

ʙʘʡʩʥʳ ʰʠʥʞ ʪʵʤʜʵʛ, ʠʣʨʵʣ ʛʵʞ װʟʵʭ װʥʜʵʩʣʵʣʪʵʡ 

ʙʘʡʥʘ. 

ʋʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʫʫʨʭʘʡʜ װװʩʩʵʥ ʦʚʦʦʣʛʳʥ 

ʛʫʣʩʘʣʪʳʛ ʙװʨʤᴇʩᴇʥ ʟʦʛʩʦʦʭ ʘʨʛʘʛװʡ ʙʦʣʩʦʥ ʛʵʩʵʥ 

ʜװʛʥʵʣʪʵʥʜ ʭװʨʩʵʥ.  

ʄʘʨʢʰʝʡʜʝʨʠʡʥ װװʨʵʛ, ʭʘʨʠʫʮʣʘʛʘ, ʭʷʥʘʣʪʳʥ 

ʘʨʛʘʯʣʘʣʳʥ ʪʘʥʠʣʮʫʫʣʛʘ. 

1. ʄʘʨʢʰʝʡʜʝʨʠʡʥ װװʨʵʛ 

ɻʘʟʨʳʥ ʭʵʤʞʵʵ, ʙʘʡʨʟװʡʥ ʤʵʜʵʵʣʵʣ: ʄʘʨʢʰʝʡʜʝʨ 

ʥʴ ʛʘʟʘʨʟװʡʥ ʙʘʡʨʣʘʣ, ʭʵʤʞʵʵ, ʭʵʣʙʵʨʠʡʥ ʪʘʣʘʘʨʭ 

ʤʵʜʵʵʣʣʠʡʛ ʘʰʠʛʣʘʥ ʘʞʠʣʣʘʜʘʛ. ʊʵʜ ʛʘʟʘʨʟװʡʥ 

ʤʵʨʛʵʞʣʠʡʥ ʫʨ ʯʘʜʚʘʨʘʘ ʘʰʠʛʣʘʥ ʛʘʟʨʳʥ ʟʘʘʛ, 

ʭʵʤʞʵʵ, ʙʦʣʦʥ ʟʫʨʛʠʡʛ ʙʘʪʘʣʛʘʘʞʫʫʣʘʭ. 

ʋʫʨʭʘʡʥ ʜʠʟʘʡʥ, ʪᴇʣᴇʚʣᴇʣʪ: ʋʫʨʭʘʡʥ ʧʣʘʥ, 

ʜʵʣʛʵʨʵʥʛװʡ ʟʫʨʘʛ, ʤʵʨʛʵʞʣʠʡʥ ʟʘʛʚʘʨʫʫʜʳʛ 

ʙʦʣʦʚʩʨʫʫʣʞ, ʫʫʨʭʘʡʥ ʪᴇʣᴇʚʣᴇʛᴇᴇ, ʜʠʟʘʡʥ ʙʦʣʦʥ 

ʪװװʥʠʡ ʭʫʨʜʘʩʛʘʣʘʘʩ ʭʘʤʘʘʨʘʥ ʭʷʥʘʣʪ ʪʘʚʠʥʘ. 

ʋʫʨʭʘʡʥ ʭװʥʜʵʪʛʵʣ: ʄʘʨʢʰʝʡʜʝʨ ʥʴ ʫʫʨʭʘʡʥ ʙʦʣʦʥ 

ʙʘʨʠʣʛʳʥ ʘʞʠʣʜ ʛʘʨʯ ʙʦʣʦʭ ʘʩʫʫʜʣʫʫʜʳʛ ʫʨʴʜʯʠʣʘʥ 

ʪʘʥʴʞ, ʤʘʨʢʰʝʡʜʝʨʠʡʥ ʤʵʜʣʵʛʠʡʛ ʪᴇʣᴇʚʣᴇʞ ʭʘʨʠʫ 

ʘʨʛʘ ʭʵʤʞʵʵʛ ʘʚʘʭ װװʨʵʛʪʵʡ. 

2. ʍʘʨʠʫʮʣʘʛʘ 

ʊʦʜʦʨʭʦʡʣʦʣʪʳʥ ʙʘʪʘʣʛʘʘʞʫʫʣʘʣʪ: ʄʘʨʢʰʝʡʜʝʨ 

ʥʴ ʛʘʟʨʳʥ ʙʘʡʨʰʠʣ, ʭʵʤʞʵʵ, ʬʦʨʤʳʥ ʤʵʜʵʵʣʣʠʡʛ ʟᴇʚ, 

ʥʘʨʠʡʥ ʪʦʦʮʦʦʣʦʭ, ʙʘʪʘʣʛʘʘʞʫʫʣʘʭ. 

ɸʞʣʳʥ ʘʶʫʣʛװʡ ʙʘʡʜʘʣ: ɸʞʣʳʥ ʙʘʡʨʘʥʜ ʘʶʫʣʛװʡ 

ʙʘʡʜʣʳʛ ʭʘʥʛʘʭ, ʜʵʤʞʣʵʛ װʟװװʣʵʭ, ʙʠʟʥʝʩʠʡʥ 

ʩʪʘʥʜʘʨʪʘʜ ʥʠʡʮʩʵʥ װʨ ʘʰʛʠʡʛ ʩʘʡʞʨʫʫʣʘʭ. 

ʊʘʡʣʘʛʥʘʣ, ʜװʛʥʵʣʪ: ɻװʡʮʵʪʛʵʣʠʡʛ ʭʷʥʘʭ, ʜװʛʥʵʭ, 

ʭװʥʜʵʪʛʵʣʠʡʛ ʭʘʥʛʘʭʳʥ ʪʫʣʜ ʰʘʘʨʜʣʘʛʘʪʘʡ ʪʘʡʣʘʥ, 

ʜװʛʥʵʣʪ ʛʘʨʛʘʭ. 

3. ʍʷʥʘʣʪʳʥ ʘʨʛʘʯʣʘʣ 

ɻʝʦʜʝʟʠʡʥ ʭʵʤʞʠʣʪ: GPS, ʪʘʭʝʦʤʝʪʨ, ʣʘʟʝʨ ʩʢʘʥʝʨ 

ʟʵʨʵʛ ʪʝʭʥʦʣʦʛʠ ʘʰʠʛʣʘʥ ʛʘʟʨʳʥ ʭʵʤʞʠʣʪ, ʟʫʨʘʛʣʘʣ 

ʭʠʡʭ. 

ʍʘʡʛʫʫʣ, װʥʵʣʛʵʵ: ʋʫʨʭʘʡʥ ʪʘʣʙʘʡʜ ʛʘʟʨʳʥ ʙʘʷʣʘʛ, 

ʛʝʦʣʦʛʠʡʥ ʙװʪʮʠʡʛ ʩʫʜʣʘʭ, װʥʵʣʵʤʞ ʭʠʡʭ. 

ʄʵʜʵʵʣʣʠʡʥ ʩʠʩʪʝʤ: ʉʠʩʪʝʤʯʠʣʩʵʥ ʤʵʜʵʵʣʣʠʡʥ 

database, GIS (ɻʝʦʛʨʘʬʠʡʥ ʤʵʜʵʵʣʣʠʡʥ ʩʠʩʪʝʤ) 

ʘʰʠʛʣʘʥ ʛʘʟʘʨʟװʡʥ ʤʵʜʵʵʣʣʠʡʛ ʩʠʩʪʝʤʞװװʣʵʭ, װʨ 

ʜװʥʜ װʨ ʘʰʛʠʡʛ ʩʘʡʞʨʫʫʣʘʭ. 

 

2018ʦʥʳ ʭʵʤʞʠʣʪʳʥ װʨ ʜװʥʜ ʛʘʨʩʘʥ ʛʫʣʩʘʣʪʳʥ 

 .ʥװʨ ʜװ ʜʠʡʥ ʩʫʜʘʣʛʘʘʥʳװװʣʵʣʪװװʟװ

2018 ʦʥʳ 2-ʨ ʩʘʨʳʥ 23-ʘʘʩ 4-ʨ ʩʘʨʳʥ 26 ʭװʨʪʵʣʭ 

ʭʫʛʘʮʘʘʥʜ ʭʠʡʩʵʥ 7 ʫʜʘʘʛʠʡʥ ʭʵʤʞʠʣʪʵʵʨ ʭʦʥʦʛʪ 1.9 

ʩʤ, ʥʠʡʪʜʵʵ 117.7 ʩʤ ʛʫʣʩʘʣʪ, ʭʦʥʦʛʪ 1.1 ʩʤ, ʥʠʡʪʜʵʵ 

69.3 ʩʤ ʩʫʫʣʪ 62 ʭʦʥʦʛʠʡʥ ʭʫʛʘʮʘʘʥʜ ʛʘʨʩʘʥ ʙʘʡʥʘ. 

ʍʵʤʞʠʣʪ ʭʠʡʩʵʥ 

ʭʫʛʘʮʘʘ 

ʎʵʛ ɻʫʣʩʘʣʪ (ʩʤ) 

2018.05.03-

2018.05.30 

1->4 176-266  

5, 6 273-326  

8->16 316-376  

17->25 2.7-20.2  

ʍʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʜ ʛʘʨʩʘʥ ʛʫʣʩʘʣʪʳʥ 

 ʜ: ʏʫʣʫʫʣʛʠʡʥ ʰʠʣʞʠʣʪ ʭᴇʜᴇʣʛᴇᴇʥ ʠʣװװʣʵʣʪװװʟװ

ʫʫʨʭʘʡʥ ʪᴇʚ ʭʵʩʛʠʡʛ ʭʘʤʘʨʩʘʥ ʜʦʪʦʦʜ ʦʚʦʦʣʛʫʫʜ ʜʵʵʨ 

ʙʫʶʫ ʭʷʥʘʣʪʳʥ 4-15-ʨ ʮʵʛװװʜ ʙʘʡʨʣʘʭ ʭʵʩʵʛʪ ʛʦʣʣʦʥ 

ʷʚʘʛʜʘʞ, 1-ʨ ʘʤ ʙʫʶʫ ʙʘʨʫʫʥ ʭʵʩʵʛʪ ʪʦʜʦʨʭʦʡ 

ʭʵʤʞʵʵʛʵʵʨ, ʭʘʨʠʥ ʟװװʥ ʞʠʛװװʨ ʭʘʚʠʡʛ ʭʘʤʘʨʩʘʥ 

ʪʘʣʙʘʡʜ ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ ʷʚʘʛʜʘʞ ʙʘʡʥʘ. 

ɻʫʣʩʘʣʪʳʛ ʭʵʤʞʠʭ ʭʷʥʘʣʪʳʥ ʮʵʛװװʜ: ʉʫʜʘʣʛʘʘʥʳ 
ʘʞʣʳʥ ʫʨʴʜʯʠʣʩʘʥ װʨ ʜװʥʛװװʜ ʛʘʨʯ ʵʭʵʣʩʵʥ װʝʵʩ 

ʫʫʨʭʘʡʥ ʜʦʪʦʨʭ ʛʫʣʩʘʞ ʙʫʡ ʤʘʩʩʳʛ ʪʦʛʪʦʦʥ ʙʘʨʠʭʘʜ 

ʯʠʛʣʵʩʵʥ ʛʫʣʩʘʣʪʳʛ ʭʷʥʘʭ ʙʘʡʥʛʳʥ ʮʵʛװװʜʵʜ 2018 

ʦʥʳ 5-ʨ ʩʘʨʳʥ 3-ʥʘʘʩ ʵʭʣʵʥ ʭʷʥʘʣʪʳʥ 25 ʮʵʛװװʜʵʜ 

ʭʘʤʨʫʫʣʘʥ ʪʦʛʪʤʦʣ ʭʵʤʞʠʣʪ ʭʠʡʛʜʵʞ װʨ ʜװʥ 

ʙװʨʪʛʵʛʜʵʞ ʙʘʡʥʘ. ɸʰʠʛʣʘʣʪʳʥ װʝʜ ʭʷʥʘʣʪʳʥ ʟʘʨʠʤ 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  

-30- 

ʮʵʛװװʜ ʫʩʪʩʘʥ ʙᴇʛᴇᴇʜ ʜʦʦʨʭ ʟʫʨʘʛʪ ʭʷʥʘʣʪʳʥ 18 

ʮʵʛװװʜʠʡʛ ʟʫʨʘʛ.1-ʪ ʭʘʨʫʫʣʘʚ.  

 
ɿʫʨʘʛ 1. 

ʋʫʨʭʘʡʥ ʪᴇʚʠʡʥ ʭʵʩʛʠʡʥ ʦʚʦʦʣʛʳʥ ʛʫʣʩʘʣʪ 

ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʭʘʤʛʠʡʥ ʠʭ ʙʘ ʙʘʛʘ ʷʚʘʛʜʩʘʥʳʛ ʜʘʨʘʘʭ 

1-ʨ ʭװʩʥʵʛʪʵʵʨ װʟװװʣʵʚ 

ʍװʩʥʵʛʪ 1. 

ʎʵʛʠʡʥ 

ʜʫʛʘʘʨ 

 ʍʷʥʘʣʪʳʥ ʮʵʛʠʡʥ 

ʢʦʦʨʜʠʥʘʪ 

ʰʠʣʞʠʣʪ 

° '  "  ʤ 

1 135 15 56.72 5.7187 

2 146 0 35.43 4.9138 

3 165 6 19.21 0.7677 

4 136 38 15.68 5.1886 

5 142 50 48.55 3.0611 

6 156 20 24.2 0.708 

7 136 24 28.05 8.4309 

8 134 45 33.49 8.6166 

9 138 36 34.84 9.09 

10 135 42 12.95 0.16 

11 129 10 13.09 3.0508 

12 134 1 27.77 3.4518 

13 134 50 11.66 1.3247 

14 129 19 18.22 9.5454 

15 131 3 55.8 10.3668 

16 135 59 51.96 1.3493 

18 158 45 50.13 0.374 

23 105 50 19.27 1.0939 

ʕʜʛʵʵʨ 18 ʭʷʥʘʣʪʳʥ ʮʵʛʠʡʥ ʜʫʥʜʞʘʘʨ ʟװװʥ ʫʨʘʛʰʘʘ 

ρσψЈτςςπȢωͼ ïʠʡʥ ᴇʥʮʛᴇᴇʨ ʛʫʣʩʘʣʪ, ʰʠʣʞʠʣʪ 

ʷʚʘʛʜʘʞ ʙʘʡʥʘ. ʎʵʛװװʜʠʡʥ ʰʠʣʞʠʣʪʠʡʥ ʙʘʡʜʣʳʛ 

ʟʫʨʘʛ.2-ʪ װʟװװʣʵʚ. 

 

 

 
2018 ʦʥʳ ʭʵʤʞʠʣʪʳʥ ʜװʛʥʵʣʪ. ʐʠʚʵʵ-ʆʚʦʦ 

ʥװװʨʩʥʠʡ ʠʣ ʫʫʨʭʘʡʥ ʭᴇʨʩʥʠʡ ʛʫʣʩʘʣʪʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʭʷʥʘʣʪʳʥ 18 ʮʵʛ ʜʵʵʨ 7 ʭʦʥʦʛʪ 3 ʫʜʘʘ 

ʭʵʤʞʠʣʪ ʭʠʡʞ, ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛʵʵʨ ʛʫʣʩʘʣʪʳʥ 

ʯʠʛʣʵʣ ʙʦʣʦʥ ʰʠʣʞʠʣʪʠʡʥ ʟʘʡʛ ʪʦʜʦʨʭʦʡʣʣʦʦ. 18 

ʮʵʛʠʡʥ ʰʠʣʞʠʣʪʠʡʥ ʜʫʥʜʘʞ ᴇʥʮᴇʛ ʟװװʥ ʫʨʘʛʰʘʘ 

ρσψЈτςςπȢωͼ ᴇʥʮᴇʛᴇᴇʨ ʰʠʣʞʠʞ 2018.05.03-

2018.05.30 ʭװʨʪʵʣ 27 ʭʦʥʦʛʠʡʥ ʭʫʛʘʮʘʘʥʜ 1-4 ʮʵʛװװʜ 

176-266ʩʤ,   5, 6 ʮʵʛװװʜ 273-326 ʩʤ, 8-16 ʮʵʛװװʜ 316-

376 ʩʤ, 17-25 ʮʵʛװװʜ 2.7-20.2 ʩʤ ʪʫʩ ʪʫʩ ʰʠʣʞʩʵʥ ʙʦʣ 

ʤʦʩʪ ʪʘʚʴʩʘʥʳ ʜʘʨʘʘ ʙʫʶʫ 2018.6.28-2019.9.9 ʭװʨʪʵʣ 

ʛʫʣʩʘʣʪ ʭʘʨʴʮʘʥʛʫʡ ʙʫʫʨʩʘʥ ʙᴇʛᴇᴇʜ  ʭʘʤʛʠʡʥ ʠʭʜʵʵ 

7-ʨ ʮʵʛ 8.4309ʤ, 8-ʨ ʮʵʛ 8.6166ʤ, 9-ʨ ʮʵʛ 9.09ʤ,14-ʨ 

ʮʵʛ 9.5454ʤ, 15-ʨ ʮʵʛ 10.3668ʤ ʰʠʣʞʩʵʥ ʙʘʡʥʘ. 

ɻʫʣʩʘʣʪ ʭʘʤʛʠʡʥ ʠʭ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘ ʮʵʛװװʜʵʵʩ 

ʭʘʨʘʭʘʜ ᴇʚᴇʣ ʙʦʣʦʥ ʭʘʚʘʨ ʛʘʟʘʨ ʛʵʩʵʣʪʠʡʥ װʝʜ 

ʛʫʣʩʘʣʪʳʥ ʭʫʨʜ ʵʨʯʠʤʪʵʡ ʷʚʘʛʜʘʞ ʙʘʡʥʘ. 

2024-2025 ʦʥʳ ʭʵʤʞʠʣʪװװʜ ᴇʤʥᴇʭ ʦʥʳ װʝʪʵʡ 

ʭʘʨʴʮʫʫʣʩʘʥ ʭʵʤʞʠʣʪʠʡʛ ʭװʩʥʵʛʪ 2, 3-ʨ ʭʘʚʩʨʘʣʪʘʘʨ 

 .ʣʵʚװװʟװ

ɻʫʣʩʘʣʪʳʛ ʭʵʤʞʠʭ ʭʷʥʘʣʪʳʥ ʮʵʛװװʜ. 

2 ʮʵʛ- 3-ʨ ʘʤʨʫʫ ʦʨʦʭ ʟʘʤʳʥ ʭʦʡʥʦ. 3 ʮʵʛ- 3-ʨ 

ʘʤʨʫʫʦʨʦʭ ʟʘʤʳʥ ʫʨʜ ʜʦʪʦʨ ʦʚʦʦʣʛʦ ʜʵʵʨ. 25 ʮʵʛ- 3-ʨ 

ʘʤʨʫʫ ʦʨʦʭ ʟʘʤʳʥ ʫʨʜ ʜʦʪʦʨ ʦʚʦʦʣʛʦ ʜʵʵʨ /ʰʠʥʵ ʮʵʛ/ 

9, 10, 11- ɻʘʜʘʘʜ ᴇʥʜᴇʨ ʦʚʦʦʣʛʦ ʜʵʵʨ 6 ʮʵʛ- ʕʂɻ 

25/90-ʥ ʜʘʭʠʥ ʰʠʜʵʣʪʠʡʥ ʭᴇʨʩʥʠʡ ʦʚʦʦʣʛʦ ʜʵʵʨ 26, 

27- 1-ʨ ʘʤʥʳ ʭʘʨʘʣʜʘʘ 25/90 ʦʜʦʦ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ 

ʭʵʩʛʠʡʥ ʭʘʞʫʫʜ. ʎʵʛװװʜʠʡʥ ʰʠʣʞʠʣʪʠʡʥ ʙʘʡʜʣʳʛ 

ʟʫʨʘʛ.2, 3-ʪ װʟװװʣʵʚ. 
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ɿʫʨʘʛ 2. 

 
ɿʫʨʘʛ 3. 

2024-2025 ʦʥʳ ʭʵʤʞʠʣʪʳʥ ʜװʛʥʵʣʪ 

ʐʠʚʵʵ-ʆʚʦʦ ʥװװʨʩʥʠʡ ʠʣ ʫʫʨʭʘʡʥ ʭᴇʨʩʥʠʡ 

ʛʫʣʩʘʣʪʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʭʷʥʘʣʪʳʥ 21 ʮʵʛ ʙʘʡʛʘʘʛʘʘʩ 

ʩʫʜʘʣʛʘʘʥʜ ʪʦʛʪʤʦʣ ʙʘʡʛʘʘ ʫʩʪʘʘʛװʡ 7 ʜʵʵʨ ʩʘʨʜ 2 

ʫʜʘʘʛʠʡʥ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ װʨ ʜװʥʛ ᴇʤʥᴇʭ ʦʥʳ ʤᴇʥ 

 ʨװ ʝʠʡʭʪʵʡ ʭʘʨʴʮʫʫʣʩʘʥ, ʥʠʡʪ 18 ʭʵʤʞʠʣʪʠʡʥװ

ʜװʥʛʵʵʨ ʛʫʣʩʘʣʪʳʥ ʯʠʛʣʵʣ ʙʦʣʦʥ ʰʠʣʞʠʣʪʠʡʥ ʟʘʡʛ 

ʪʦʜʦʨʭʦʡʣʩʦʥ. 7 ʮʵʛʠʡʥ ʰʠʣʞʠʣʪʠʡʥ ʜʫʥʜʘʞ ᴇʥʮᴇʛ 

ʟװװʥ ʫʨʘʛʰʘʘ ρπχЈτφςσͼ ᴇʥʮᴇʛᴇᴇʨ ʰʠʣʞʠʞ  

2024.11,12 ʩʘʨʳʥ ʭʵʤʞʠʣʪװװʜʵʜ ʰʠʣʞʠʣʪ, ʩʫʫʣʪ 

ʭʘʤʛʠʡʥ ʠʭ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘ ʮʵʛװװʜʵʵʩ ʭʘʨʘʭʘʜ ᴇʚᴇʣ 

ʙʦʣʦʥ ʭʘʚʘʨ ʛʘʟʘʨ ʛʵʩʵʣʪʠʡʥ װʝʜ ʛʫʣʩʘʣʪʳʥ ʭʫʨʜ 

ʵʨʯʠʤʪʵʡ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘ ʥʴ ʮʘʛ ʫʫʨʳʥ ʥᴇʣᴇᴇ ᴇʥʜᴇʨ 

ʙʘʡʛʘʘʛ ʙʘʪʣʘʞ ʙʘʡʥʘ. 

ɼתɻʅʕʃʊ 

2018, 2025 ʦʥʳ ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛʠʡʥ 
ʭʘʨʴʮʫʫʣʩʘʥ ʜװʛʥʵʣʪ. 

ɼʵʵʨʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʩ ʭʘʨʴʮʫʫʣʘʥ ʥʵʛʪʛʵʥ 
ʜװʛʥʵʭʵʜ ʫʫʨʭʘʡʥ ʭᴇʨʩʥʠʡ ʛʫʣʩʘʣʪ, ʩʫʫʣʪʘʥʜ ʮʘʛ 
ʫʫʨʳʥ ʥᴇʣᴇᴇʣᴇʣ ᴇʥʜᴇʨ ʭʵʚʵʵʨ ʙʘʡʥʘ. 

-2018 ʦʥʪʦʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʭᴇʨʩʥʠʡ ʩʫʫʣʪ 
ʛʫʣʩʘʣʪʳʥ ʭʫʨʜ ʫʜʘʘʰʠʨʩʘʥ ʙʘ 2024.07.18-2025.3.20ʥ 
ʭװʨʪʵʣ ʭʘʤʛʠʡʥ ʠʭʜʵʵ 7-ʨ ʮʵʛʪ ʥʠʡʪ 1.46ʤ ʰʠʣʞʠʞ, 
0.04ʤ-ʨ ʩʫʫʩʘʥ ʙʘʡʥʘ. ʕʥʵ ʥʴ 2018 ʦʥʳ ʛʫʣʩʘʣʪʳʥ 
ʭʫʨʜʘʘʩ 8 ʜʘʭʠʥ ʙʘʛʘʩʩʘʥ ʙʘʡʥʘ ʛʵʞ ʜװʛʥʵʞ ʙʦʣʭʦʦʨ 
ʙʘʡʥʘ. 

ɸʐʀɻʃɸʉɸʅ ʄɸʊɽʈʀɸʃ, ʅʆʄ ɿתʁ 

[38] ʐʠʚʵʵ-ʆʚʦʦ ʍʂ-ʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʘʣʙʘʥʘʘʩ ʷʚʫʫʣʞ ʙʫʡ 
ʦʚʦʦʣʛʳʥ ʛʫʣʩʘʣʪ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʭʷʥʘʣʪʳʥ ʙװʨʪʛʵʣ, 2019-2019 
ʦʥ, 2024-2025 ʦʥ. 

[39] ʐʋʊʀʉ-ʠʡʥ ʋʋʊʉʊᴇʚ. ʐʠʚʵʵ-ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ ʫʫʨʭʘʡʥ 
ʘʞʣʳʥ ʙʫʩ ʭʘʞʫʫʛʠʡʥ װʥʵʣʛʵʵ ʭʠʡʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ 
ʪʘʡʣʘʥ. ʋɹ ʭʦʪ 2018 ʦʥ 

[40] ʐʠʚʵʵ-ʆʚʦʦ ʍʍʂ-ʥʠʡ ʍʘʪʘʘʭ װʡʣʜʶʵʨʠʡʥ ʪʘʡʣʘʥ. 2024ʦʥ.  

[41] ʀʣ ʫʫʨʭʘʡʥ ʘʶʫʣʛװʡ ʙʘʡʜʣʳʥ ʜװʨʵʤ. 2019ʦʥ. 

[42] ʄʘʨʢʰʝʡʜʝʨʠʡʥ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʭ ʪʝʭʥʦʣʦʛʠʡʥ ʟʘʘʚʘʨ. 
2005ʦʥ. 

[43] ʀʣʪʛʵʛʯ: ɹ.ɸʤʛʘʣʘʥ , ɹ.ʊᴇʤᴇʨʙʘʣʪ ʋʜʠʨʜʘʛʯ: ɼʦʢʪʦʨ, 
ʧʨʦʬʝʩʩʦʨ ɻ.ʋʨʘʥʙʘʡʛʘʣʴ ñʐʠʚʵʵ-ʆʚʦʦʛʠʡʥ ʥװװʨʩʥʠʡ ʠʣ 
ʫʫʨʭʘʡʜ ʛʘʨʩʘʥ ʭᴇʨʩʥʠʡ ʛʫʣʩʘʣʪʘʥʜ ʭʠʡʭ ʤʘʨʢʰʝʡʜʝʨʠʡʥ 
ʭʷʥʘʣʪ ʤʦʥʠʪʦʨʠʥʛò 

[44] https://shivee-ovoo.mn/introduction.html 

[45] https://sudalgaa.gov.mn/pdf/kheeriyn-bsed-tslzhilttey-temtsekh-
tekhnologiyn-turshilt-sudalgaa-egl 

[46] https://chat.chatbotapp.ai/chats/-OLe5-
vIkjU3jZQ4f5Re?model=gpt-3.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʍʘʚʩʨʘʣʪ ʭװʩʥʵʛʪ 2. 

https://shivee-ovoo.mn/introduction.html
https://sudalgaa.gov.mn/pdf/kheeriyn-bsed-tslzhilttey-temtsekh-tekhnologiyn-turshilt-sudalgaa-egl
https://sudalgaa.gov.mn/pdf/kheeriyn-bsed-tslzhilttey-temtsekh-tekhnologiyn-turshilt-sudalgaa-egl
https://chat.chatbotapp.ai/chats/-OLe5-vIkjU3jZQ4f5Re?model=gpt-3.5
https://chat.chatbotapp.ai/chats/-OLe5-vIkjU3jZQ4f5Re?model=gpt-3.5
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ʭװʩʥʵʛʪ 3. 
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ʆʖʋ ʊʆʃɻʆʁʅ ɼɸʃɼ ʋʋʈʍɸʁʅ ʆʃɹʆʈʃʆʃʊʓʅ ʊתɺʐʀʅ ɼʕʍ 

ʍתɼʕʈ ʊɸʊɸʍ ʎʕɻʊ ɻɸʎʉɸʅ ʏʋʃʋʋʃɻʀʁɻ ɹʋʋʃɻɸʍ ɸʈɻɸ, 
ɸʈɻɸʏʃɸʃ 

 
ʎ. ʐʘʨʘʚʞʘʤʮ1, ʎ.ɸʨʠʫʥʞʘʨʛʘʣ2 

 

1ʄʘʛʠʩʪʨʘʥʪ, ʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ, ʫʫʨʭʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʨʭʘʡʥ ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ 
2 ɼʵʜ ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ  (Ph.D), ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ, ʫʫʨʭʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʨʭʘʡʥ 

ʪʝʭʥʦʣʦʛʠʡʥ ʩʘʣʙʘʨ 

ts.sharavjamts@gmail.com 
 

ʍʫʨʘʘʥʛʫʡ-ʆʶʫ ʪʦʣʛʦʡʥ ʙϮʣʵʛ ʦʨʜʳʥ ʥʠʡʪ ʥϺϺʮʠʡʥ ʘʛʫʫʣʛʘ ʩʘʡʪʘʡ ʭϮʜʨʠʡʥ ʥʘʷ ʛʘʨʫʡ ʭʫʚʴ ʥʴ ʛʘʟʨʳʥ ʛϮʥʜ ʦʨʰʠʞ ʙʘʡʥʘ. 

ʕʜʛʵʵʨ ʭϮʜʨʠʡʥ ʙʠʝʪʠʡʛ ʭϮʜʨʠʡʥ ʙʠʝʪʠʡʥ ʭϮʥʜʠʡʥ ʞʠʥʛ ʘʰʠʛʣʘʥ ʜʦʦʨʦʦʩ ʥʴ ʙʫʪʣʘʥ ʭϮʜʵʨ ʪʘʪʘʭ ʮʵʛϮϮʜʵʵʨ ʮʫʛʣʫʫʣʘʥ 

ʘʚʘʭ ʘʨʛʘ ʙʫʶʫ ʙʣʦʢʯʣʦʥ ʦʣʙʦʨʣʦʭ ʘʨʛʘʘʨ ʘʰʠʛʣʘʞ ʙʘʡʥʘ. ʋʛ ʘʨʛʳʛ ʘʰʠʛʣʘʭ Ϯʝʜ ʫʨʴʜʯʠʣʘʥ ʪʘʘʤʘʛʣʘʭ ʙʦʣʦʤʞʛϮʡ ʦʚʦʨʣʦʛ 

ʯʫʣʫʫʣʘʛ ʭϮʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʛʘʮʘʞ ʪʵʵʛʣʵʭ ʤʘʛʘʜʣʘʣ ϺʥʜϺʨ ʙϺʛϺϺʜ ϮϮʥʵʵʩ ϮϮʜʵʣʪʵʡ ʦʣʙʦʨʣʦʣʪʳʥ Ϯʡʣ ʷʚʮ ʫʜʘʘʰʨʘʭ 

ʮʘʘʰʣʘʘʜ ʟʦʛʩʦʭ, ʘʶʫʣʛϮʡ ʘʞʠʣʣʘʛʘʘʥʳ ʵʨʩʜʵʣ ϮϮʩʜʵʛ. 2024 ʦʥʳ ʙʘʡʜʣʘʘʨ ʆʶʫ ʊʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ ʦʣʙʦʨʣʦʣʪʳʥ 

ʪϮʚʰʠʥʜ ʭʦʸʨ ʟʫʫʥ ʭʦʨʠʦʜ ʭϮʜʵʨ ʪʘʪʘʭ ʮʵʛϮϮʜʠʡʛ ʙʘʨʴʞ ʙʘʡʛʫʫʣʘʥ ʠʜʵʚʭʪʵʡ ʘʰʠʛʣʘʞ ʙʘʡʥʘ. ʕʜʛʵʵʨ ʭϮʜʵʨ ʪʘʪʘʭ 

ʮʵʛϮϮʜʵʵʩ ʦʣʦʥ ʪʦʦʥʳ ʫʪʛʫʫʨʪ ʘʯʠʛʯʫʫʜ ʘʞʠʣʣʘʥ ʙʫʪʣʘʛʜʩʘʥ ʯʫʣʫʫʣʘʛ ʘʯʠʭʘʜ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʘʘʩ ϮϮʜʵʥ ʛʘʮʘʣʪ ϮϮʩʵʞ 

ʙʘʡʥʘ. ʀʡʤʜ ʭϮʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʛʘʮʩʘʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʛ ʪʫʭʘʡ ʙϮʨʜ ʥʴ ʘʶʫʣʛϮʡʛʵʵʨ, ʟʘʨʜʘʣ ʙʦʣʦʥ ʫʫʨʭʘʡʥ Ϯʡʣ 

ʘʞʠʣʣʘʛʘʘʥʜ ʥϺʣϺϺʣϺʭ ʥϺʣϺϺʣϺʣ ʙʘʛʘ ʙʘʡʭʘʘʨ ʙʫʪʣʘʥ ʩʠʡʨʵʛʞϮϮʣʵʭ ʙʦʣʦʥ ʙʫʫʣʛʘʭʘʜ ʪʦʭʠʨʩʦʥ ʘʨʛʘ ʪʝʭʥʦʣʦʛʠʡʛ ʩʫʜʣʘʥ 

Ϯʡʣʜʚʵʨʣʵʣʜ ʘʰʠʛʣʘʭ ʟʘʡʣʰʛϮʡ ʰʘʘʨʜʣʘʛʘ ϮϮʩʵʵʜ ʙʘʡʥʘ. 

ʊϮʣʭϮϮʨ Ϯʛ: ʭϮʜʵʨ ʙʫʫʣʛʫʫʨ, ʙʫʪʣʘʛʜʘʣ, ʦʣʙʦʨʣʦʣʪʳʥ ʪϮʚʰʠʥ 

 

I.  ʋɼʀʈʊɻɸʃ 

ʆʶʫ ʪʦʣʛʦʡʥ װʥʜʩʵʥ ʛʫʨʚʘʥ ʦʨʜʳʥ ʥʵʛ ʙʦʣʦʭ 

ᴆʤʥᴇʜ ʆʶʫ ʦʨʜʳʛ ʠʣ ʘʨʛʘʘʨ 2012 ʦʥʳ 4 ʜװʛʵʵʨ 

ʩʘʨʘʘʩ ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʠʣ ʵʭʣʵʥ ᴇʜʛᴇᴇ 560 ʦʨʯʠʤ ʭװʥ 

ʘʞʠʣʣʘʞ ᴇʜᴇʨʪ 100 ʤʷʥʛʘʥ ʪʦʥʥ ʭװʜʵʨ ʦʣʙʦʨʣʦʥ 

ʛʘʨʛʘʞ ʙʘʡʥʘ. ʋʫʨʭʘʡʜ 15 ʤʝʪʨ ᴇʥʜᴇʨʪʵʡ ʜʦʛʦʣʫʫʜʳʛ 

40 ʤ ᴇʨʛᴇʥ ʟʘʤʘʘʨ ʭʦʣʙʦʭ ʙᴇʛᴇᴇʜ װװʛʵʵʨ 290 ʪʦʥʥʳʥ 

ʜʘʘʮʪʘʡ ᴇᴇʨᴇᴇ ʙʫʫʣʛʘʛʯ ʤʘʰʠʥʫʫʜ ʭᴇʨʩ, ʭװʜʨʠʡʛ 

ʘʥʭʜʘʛʯ ʙʫʪʣʫʫʨ, ʵʩʚʵʣ ʦʚʦʦʣʛʦ ʨʫʫ ʘʥʛʠʣʘʥ 

ʪʵʵʚʵʨʣʵʥʵ. 

ʀʣ ʫʫʨʭʘʡʛʘʘʩ ʦʣʙʦʨʣʦʞ ʙʫʡ ʥʵʛ ʪʦʥʥ ʭװʜʵʨʪ 

ʘʛʫʫʣʘʛʜʘʭ ʟʵʩ 5 ʢʛ-ʘʘʩ ʙʘʛʘ, ʭʘʨʠʥ ʘʣʪ ʥʴ ʛʨʘʤʤʳʛ 

ʛʫʨʘʚ ʭʫʚʘʘʩʥʳ ʥʵʛʵʵʩ ʯ ʙʘʛʘ ʙʘʡʜʘʛ. 

ʆʶʫ ʪʦʣʛʦʡʥ ʙʘʷʞʫʫʣʘʭ װʡʣʜʚʵʨ ʥʴ ʄʦʥʛʦʣʳʥ 

ʪװװʭʵʥ ʜʵʭ ʭʘʤʛʠʡʥ ʪʦʤ װʡʣʜʚʵʨ ʶʤ. ɹʘʷʞʫʫʣʘʭ 

 ʡʣʜʚʵʨ ʦʡʨʦʣʮʦʦʛʦʦʨ 255 ʤʝʪʨ ʫʨʪ, 144 ʤʝʪʨװ

ᴇʨʛᴇʥʪʵʡ. 2013 ʦʥʳ 2 ʜʫʛʘʘʨ ʩʘʨʳʥ 1-ʥʜ ʘʥʭʥʳ 

ʟʵʩʠʡʥ ʙʘʷʞʤʘʣʘʘ װʡʣʜʚʵʨʣʵʞ, ʤᴇʥ ʦʥʳ 7 ʜʫʛʘʘʨ 

ʩʘʨʳʥ 9-ʥʜ ʵʢʩʧʦʨʪʦʜ ʛʘʨʛʘʩʘʥ. ɹʘʷʞʫʫʣʘʭ װʡʣʜʚʵʨ 

ʭʦʥʦʛʪ 100,000 ʪʦʥʥ ʭװʨʪʵʣ ʭװʜʵʨ ʙʦʣʦʚʩʨʫʫʣʘʭ 

ʭװʯʠʥ ʯʘʜʘʣʪʘʡ. ɻװʥʠʡ ʫʫʨʭʘʡʛ ʘʰʠʛʣʘʣʪʘʜ 

ʦʨʫʫʣʘʭʘʘʩ ᴇʤʥᴇ ʙʘʷʞʫʫʣʘʭ װʡʣʜʚʵʨʠʡʛ ᴇʥʜᴇʨ 

ʘʛʫʫʣʛʘʪʘʡ ʭװʜʵʨ ʙʘʷʞʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʛʦʥ 

ʰʠʥʵʯʠʣʞ, װʡʣʜʚʵʨʣʵʣʠʡʥ ʭװʯʠʥ ʯʘʜʣʳʛ ʥʴ 

ʥʵʤʵʛʜװװʣʵʭ ʶʤ. 

ʀʣ ʫʫʨʭʘʡʛʘʘʩ ʛʘʨʩʘʥ ʭװʜʵʨ ʘʥʭʜʘʛʯ ʙʫʪʣʫʫʨʘʘʩ 

ʛʘʟʘʨ ʜʵʵʨʭ ʪʫʫʟʘʥ ʜʘʤʞʫʫʣʛʘʘʨ ʙʘʷʞʫʫʣʘʭ װʡʣʜʚʵʨʪ 

ʭװʨʯ, ʭʵʜ ʭʵʜʵʥ ʤʝʭʘʥʠʢ, ʭʠʤʠʡʥ ʠʞ ʙװʨʵʥ 

ʜʘʤʞʣʘʛʘʘʨ ʦʨʞ ʭʘʷʛʜʘʣ ʯʫʣʫʫʣʘʛ, ʭʦʣʴʮʦʦʩʦʦ 

ʮʵʚʵʨʣʵʛʜʵʞ, ʙʘʷʞʤʘʣ ʙʦʣʞ ʵʢʩʧʦʨʪʦʜ ʛʘʨʛʘʭʘʜ 

ʙʵʣʵʥ ʵʮʩʠʡʥ ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʜʦʛ. ɹʘʷʞʤʘʣ ʭʵʤʵʵʭ 

ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ ʥʫʥʪʘʛ ʙװʪʵʵʛʜʵʭװװʥ ʥʴ 25-30 

ʭʫʚʠʡʥ ʟʵʩʠʡʥ, ʤᴇʥ ʙʘʛʘ ʭʵʤʞʵʵʥʠʡ ʘʣʪ, ʙʫʩʘʜ 

ʤʝʪʘʣʣʳʥ ʘʛʫʫʣʛʘʪʘʡ. ʊʵʵʨʵʤʜʩʵʥ ʭװʜʨʠʡʛ 

 ʣʵʥװװʡʣʜʚʵʨʣʵʣʠʡʥ ʜʘʨʘʘʛʠʡʥ ʰʘʪ ʙʦʣʦʭ ʭᴇʚװ

ʙʘʷʞʫʫʣʘʭ ʜʘʤʞʣʘʛʘ ʨʫʫ ʰʠʣʞװװʣʞ, ʟʵʩ, ʘʣʪ, 

ʤᴇʥʛʠʡʛ ʭᴇᴇʩᴇʥʜ ʥʘʘʣʜʫʫʣʘʥ ʷʣʛʘʞ ʘʚʥʘ. ʋʛ ʭᴇᴇʩʠʡʛ 

ʭᴇʚװװʣʵʥ ʙʘʷʞʫʫʣʘʭ ʤʘʰʠʥʘʘʩ ʛʘʨʛʘʥ ʙʘʷʞʤʘʣ 

ᴇʪʛᴇʨװװʣʵʛʯʠʜ ʦʨʫʫʣʞ, ʠʣװװʜʵʣ ʫʩʳʛ ʥʴ ʰʘʚʭʩʘʥʘʘʨ 

ʟʵʩʠʡʥ ʥʫʥʪʘʛ ʙʘʷʞʤʘʣ ʛʘʨʛʘʞ ʘʚʥʘ. 

ʆʶʫ ʪʦʣʛʦʡʥ ʦʨʜ ʥʴ ʟʵʩ, ʘʣʪ, ʙʦʣʦʥ ʤᴇʥʛᴇ ʘʛʫʫʣʩʘʥ 

ʭʵʜ ʭʵʜʵʥ ʭװʜʨʠʡʥ ʙʠʝʪʵʵʩ ʙװʨʜʜʵʛ. ʀʣ ʫʫʨʭʘʡʪʘʡ 

ʭʘʨʴʮʫʫʣʘʭʘʜ ʵʨʜʩʠʡʥ ᴇʥʜᴇʨ ʘʛʫʫʣʛʘʪʘʡ ʛװʥʠʡ ʙװʣʵʛ 

ʦʨʜ ʥʴ ʆʶʫ ʪʦʣʛʦʡʥ ʘʰʠʛ ʦʨʣʦʛʳʥ ʮᴇʤ ʭʵʩʵʛ ʙʫʶʫ 

ʭʦʡʥʦʦʩʦʦ ʫʨʘʛʰ ʥʠʡʪ 12 ʢʤ ʩʫʥʘʥ ʪʦʛʪʩʦʥ ʍʶʛʦ 

ɼʘʤʤʝʪʪʳʥ ʭʦʡʜ ʙװʩ, ʍʶʛʦ ɼʘʤʤʝʪʪʳʥ ᴇʤʥᴇʜ ʙװʩ, 

ʆʶʫʪ ʙʦʣʦʥ ʍʝʨʫʛʘ ʭװʜʨʠʡʥ ʙʠʝʪװװʜ ʶʤ. 

ʆʜʦʦʛʦʦʨ ʙʘʷʞʤʘʣʘʘ ʠʣ ʫʫʨʭʘʡʛʘʘʩ ʦʣʙʦʨʣʦʩʦʥ 

ʭװʜʨʵʵʩ ʛʘʨʛʘʥ ʘʚʯ ʙʘʡʥʘ. ʆʶʫ ʪʦʣʛʦʡʥ ʙװʣʵʛ ʦʨʜʳʥ 

ʥʠʡʪ ʥᴇᴇʮʠʡʥ 80 ʛʘʨʫʡ ʭʫʚʴ ʙʫʶʫ ʭʘʤʛʠʡʥ ʘʛʫʫʣʛʘ 

ʩʘʡʪʘʡ ʭװʜʵʨ ʥʴ ʛʘʟʨʳʥ ʛװʥʜ ʦʨʰʠʥʦ. ɻʘʟʨʳʥ 

ʛʘʜʘʨʛʘʘʩ ʦʣʦʥ ʟʫʫʥ ʤʝʪʨʠʡʥ ʛװʥʜ ʙʫʡ ʵʜʛʵʵʨ 

ʭװʜʨʠʡʥ ʙʠʝʪ ʥʴ ʟʵʩ, ʘʣʪʥʳ ʘʛʫʫʣʛʘʘʨʘʘ ʜʵʣʭʠʡʜ 

ʪʦʤʦʦʭʦʥʜ ʪʦʦʮʦʛʜʜʦʛ. ɻװʥʠʡ ʫʫʨʭʘʡʛʘʘʩ ʦʣʙʦʨʣʦʭ 

ʭװʜʵʨ ʜʫʥʜʞʘʘʨ 1.66 ʭʫʚʠʡʥ ʟʵʩʠʡʥ ʘʛʫʫʣʛʘʪʘʡ. 

ʕʜʛʵʵʨ ʭװʜʨʠʡʥ ʙʠʝʪ ʛʘʟʨʳʥ ʛװʥʜ, ʪʘʨʭʘʡ 

ʙʘʡʨʣʘʣʪʘʡ ʫʯʠʨ ʛʝʦʪʝʭʥʠʢ ʙʦʣʦʥ ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ 

ʘʰʠʛ ʪʘʣʘʘʩʘʘ ʙʣʦʢʯʣʦʭ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʭʦʜ ʠʣװװ 

ʪʦʭʠʨʦʤʞʪʦʡ. ʕʥʵ ʘʨʛʘ ʥʴ ʭװʜʨʠʡʥ ʙʠʝʪʠʡʥ ʭװʥʜʠʡʥ 

ʞʠʥʛ ʘʰʠʛʣʘʥ ʜʦʦʨʦʦʩ ʥʴ ʙʫʪʣʘʥ ʭװʜʵʨ ʙʫʫʣʛʫʫʨʘʘʨ 

ʮʫʛʣʫʫʣʘʥ ʘʚʯ, ʪʫʫʟʘʥ ʜʘʤʞʫʫʣʛʘʘʨ ʛʘʟʨʳʥ ʛʘʜʘʨʛʘʜ 

ʛʘʨʛʘʜʘʛ ʘʨʛʘ ʶʤ. ɹʣʦʢʯʣʦʥ ʦʣʙʦʨʣʦʭ ʘʨʛʳʛ ʘʰʠʛʣʘʥ 
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ʛʘʟʨʳʥ ʛװʥ ʜʵʭ ʭװʜʨʠʡʛ ʦʣʙʦʨʣʦʥ ʛʘʨʛʘʭʘʜ 

ʰʘʘʨʜʣʘʛʘʪʘʡ  6.1 ʢʠʣʦʤʝʪʨ ʫʨʪʪʘʡ ʪʘʚʘʥ ʙʦʩʦʦ ʘʤʘʘʨ 

ʥʵʚʪʨʵʣʪ ʭʠʡʞ, ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫʛʘʘʩ 1.3 ʢʠʣʦʤʝʪʨ 

ʛװʥʜ 203 ʢʠʣʦʤʝʪʨ ʫʨʪ ʭʦʥʛʠʣ ʙʘʨʠʭʳʥ ʟʵʨʵʛʮʵʵ 

ʭװʜʵʨ ʙʫʪʣʘʭ, ʪʵʵʚʵʨʣʵʭ ʜʵʜ ʙװʪʵʮ, ʙʘʡʛʫʫʣʘʤʞʫʫʜʳʛ 

ʙʘʨʴʞ ʙʘʡʛʫʫʣʘʥ ʘʞʠʣʣʘʞ ʙʘʡʥʘ. 

ɹʣʦʢʯʣʦʥ ʦʣʙʦʨʣʦʭʦʜ ʵʭʥʠʡ ʭᴇʨᴇʥʛᴇ ʦʨʫʫʣʘʣʪʳʥ 

ʟʘʨʜʘʣ ʯʘʤʛװʡ ᴇʥʜᴇʨ ʙʦʣʦʚʯ ʮʘʘʰʜʳʥ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʳ ʟʘʨʜʣʫʫʜ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ ʙʫʩʘʜ ʘʨʛʘʘʩ 

ʭʘʨʴʮʘʥʛʫʡ ʭʷʤʜ ʙʘʡʜʘʛ. תʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʟʘʨʜʘʣ 

ʭʷʤʜ ʫʯʠʨ ʙʘʛʘ ʘʛʫʫʣʛʘʪʘʡ ʵʨʜʵʩ ʙʘʷʣʛʠʡʛ ʯ װʨ 

ʘʰʠʛʪʘʡ ʦʣʙʦʨʣʦʭ ʙʦʣʦʤʞ ʙװʨʜʵʭ ʶʤ. ñʆʶʫ 

ʪʦʣʛʦʡò-ʥ ʤʝʥʝʞʤʝʥʪʠʡʛ ʭʘʨʠʫʮʘʛʯ ñʈʠʦ ʪʠʥʪʦò 

ʛʨʫʧʧ ʙʣʦʢʯʣʦʥ ʦʣʙʦʨʣʦʭ ʘʨʛʘʘʨ ʤʵʨʛʵʰʩʵʥ ʮᴇᴇʥ 

ʢʦʤʧʘʥʠʫʜʳʥ ʥʵʛ.  

2024 ʦʥʳ ʙʘʡʜʣʘʘʨ ʆʶʫ ʊʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ 

ʦʣʙʦʨʣʦʣʪʳʥ ʪװʚʰʠʥʜ ʭʦʸʨ ʟʫʫʥ ʭʦʨʠʦʜ ʭװʜʵʨ ʪʘʪʘʭ 

ʮʵʛװװʜʠʡʛ ʘʰʠʛʣʘʞ ʵʜʛʵʵʨ ʭװʜʵʨ ʪʘʪʘʭ ʮʵʛװװʜʵʵʩ 

ʫʪʛʫʫʨʪ ʘʯʠʛʯʫʫʜʘʘʨ ʙʫʪʣʘʛʜʩʘʥ ʯʫʣʫʫʣʘʛ ʘʯʠʞ 

ʪʵʵʚʵʨʣʵʞ ʙʘʡʥʘ. ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʘʘʩ װװʜʵʥ ʛʘʮʘʣʪ 

 ʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʛʘʮʩʘʥ ʦʚʦʨʣʦʛװʩʵʞ ʙʘʡʥʘ. ʍװװ

ʯʫʣʫʫʣʛʠʡʛ ʙʫʫʣʛʘʭʘʜ ʪʦʭʠʨʩʦʥ ʘʨʛʘ ʪʝʭʥʦʣʦʛʠʡʛ  

ʩʫʜʣʘʥ װʡʣʜʚʵʨʣʵʣʜ ʥʵʚʪʨװװʣʵʭʵʜ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ 

ʟʦʨʠʣʛʦ ʦʨʰʠʥʦ. 

 ʅɼʉʕʅ ʍʕʉʕɻת

 

ɻװʥʠʡ ʫʫʨʭʘʡ ʥʴ 12 ʮʘʛʠʡʥ ʭʦʸʨ ʵʵʣʞʵʵʨ ʞʠʣʠʡʥ 

365 ᴇʜᴇʨ ʘʞʠʣʣʜʘʛ, ʪʫʫʟʘʥ ʜʘʤʞʫʫʣʘʛʯʠʡʥ ʥʠʡʪ ʫʨʪ 

ʥʴ 13.2 ʢʤ, ʍʶʛʦ ɼʘʤʤʝʪʪ ʦʨʜʳʥ ʭʦʡʜ ʙװʩʵʜ 

ʙʘʨʠʛʜʘʭ ʭʦʥʛʠʣʳʥ ʥʠʡʪ ʫʨʪ ʥʴ 203 ʢʤ ʛʘʨʫʡ ʙʘʡʥʘ 

(ʠʭʵʥʭ ʭʵʩʵʛʪʵʵ 5.5 ʤ ᴇʥʜᴇʨʪʵʡ, 5 ʤ ᴇʨʛᴇʥʪʵʡ). 

ɹʣʦʢʯʣʦʥ ʦʣʙʦʨʣʦʭ ʘʨʛʘ ʥʴ ʫʫʣʳʥ ʜʘʨʘʣʪʳʥ ʭװʯ 

ʙʫʶʫ ʛʘʟʨʳʥ ʪʘʪʘʭ ʭװʯʠʡʛ ʘʰʠʛʣʘʥ ʛװʥʠʡ ʫʫʨʭʘʡʥ 

ʭװʜʨʠʡʥ ʙʠʝʪʠʡʛ ʜʦʦʨʦʦʩ ʥʴ ʥʫʨʘʘʞ ʦʣʙʦʨʣʦʭ ʘʨʛʘ 

ʶʤ. ʍװʜʨʠʡʥ ʙʠʝʪʠʡʥ ʜʦʦʛʫʫʨ ʭᴇʥʜʣᴇʥ ʤʘʣʪʘʣʪ 

ʭʠʡʞ, ʪװװʛʵʵʨ ʪʵʩʣʵʭʵʜ ʭװʜʨʠʡʥ ʙʠʝʪ ʭᴇʜᴇʣʛᴇᴇʥʜ 

ʦʨʞ, ʥʫʨʞ ʵʭʵʣʥʵ. ʊʵʩʵʣʛʵʵʛʵʵʨ ʙʫʪʘʨʩʘʥ ʭװʜʨʠʡʛ 

ʙʫʪʣʫʫʨʳʥ ʭʵʩʵʛ ʨװװ ʫʪʛʫʫʨʪ ʘʯʠʛʯʘʘʨ ʟᴇᴇʥᴇ. ʍװʜʵʨ 

ʙʫʫʣʛʘʭ ʮʵʛʵʵʩ ʭװʜʨʠʡʛ ʘʚʘʭ ʪʫʩʘʤ ʜʵʵʨ ʥʴ ʙʘʡʛʘʘ 

ʭװʜʵʨ ʩʫʣʨʘʥ ʥʫʨʞ ʦʨʞ ʠʨʥʵ.  

 
ɿʫʨʘʛ 1. ʆʶʫʪʦʣʛʦʡʥ ʦʨʜʳʥ ʦʣʙʦʨʣʦʣʪʳʥ 

ᴇʥᴇᴇʛʠʡʥ ʙʘʡʜʘʣ 

 
ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʛʘʮʩʘʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʛ  

ʘʶʫʣʛװʡʛʵʵʨ, ʟʘʨʜʘʣ ʙʦʣʦʥ ʫʫʨʭʘʡʥ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ 
ʥᴇʣᴇᴇʣᴇʭ ʥᴇʣᴇᴇʣᴇʣ ʥʴ ʙʘʛʘ ʙʘʡʭʘʘʨ ʙʫʪʣʘʥ 
ʩʠʡʨʵʛʞװװʣʵʭ ʪʦʭʠʨʩʦʥ ʘʨʛʘ ʪʝʭʥʦʣʦʛʠʡʛ ʩʫʜʣʘʥ 
 ʡʣʜʚʵʨʣʵʣʜ ʘʰʠʛʣʘʭ ʰʘʘʨʜʣʘʛʘ ʪʫʣʛʘʤʜʩʘʥװ
ʘʩʫʫʜʣʳʥ ʥʵʛ ʙʦʣʞ ʙʘʡʥʘ.  

ɿʫʨʘʛ 2. ʍװʜʵʨ ʙʫʫʣʛʫʫʨʪ ʛʘʮʩʘʥ ʯʫʣʫʫʣʘʛ 

 

ʆʜʦʦʛʦʦʨ ʭװʜʵʨ ʪʘʪʘʭ ʮʵʛװװʜʵʜ װװʩʩʵʥ ʛʘʮʘʣʪ 

ʙʦʣʦʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʫʫʜʠʡʛ ʙʫʪʣʘʭʘʜ ʭʵʜ ʭʵʜʵʥ 

ʪᴇʨʣʠʡʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞװװʜ ʙʦʣʦʥ ᴇʨᴇʤʜʣᴇʛ 

ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʫʫʜʳʛ ʪʫʨʰʠʥ ʘʰʠʛʣʘʞ  ʙʘʡʥʘ.  

 :ʥʜװת

1. ʍϺʜϺʣʛϺϺʥʪ ʮʦʭʠʣʪʦʪ ʘʣʭʘʥ ʯʫʣʫʫ ʙʫʪʣʘʛʯ - 

Mobile Rock Breaker 

ʍװʜʵʨ ʙʫʫʣʛʘʭ ʮʵʛʠʡʥ ʜʦʦʜ ʪװʚʰʠʥʜ ʛʘʮʩʘʥ ʙʦʣʦʥ 

ʙʫʫʞ ʠʨʩʵʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʛ ʙʫʪʣʘʭʘʜ ʭʵʨʵʛʣʵʥʵ. 

 

 

ɻʘʨ ʞʦʣʦʦʜʣʦʛʦ ʙʦʣʦʥ ɸʣʩʳʥ ʟʘʡʥʘʘʩ ʘʚʪʦʤʘʪ 

ʫʜʠʨʜʣʘʛʘʘʨ ʘʞʠʣʣʘʥʘ. 

 

ɿʫʨʘʛ 3. Sandvik LH410I ʤʘʨʢʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʪ 

ʮʦʭʠʣʪʦʪ ʘʣʭʘʥ ʯʫʣʫʫ ʙʫʪʣʘʛʯ 

 

2. Water Cannon-ʍϺʜϺʣʛϺϺʥʪ ʫʩʘʥ ʙʫʫ 
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ʋʛ ʭᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ ʠʭ ʙʫʫ ʥʴ ʛʘʮʩʘʥ ʯʫʣʫʫʣʛʠʡʥ 

ʜʦʦʨʭ ʩʫʣ ʤʘʪʝʨʠʘʣʳʛ ʪʫʭʘʡʥ ʙʘʡʨʰʠʣʜ ᴇʥʜᴇʨ 

ʜʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʭ ʟʘʤʘʘʨ ʭװʜʵʨ ʪʘʪʘʭ ʮʵʛʠʡʥ 

ʙᴇʛʣᴇʨʣʠʡʛ ʘʨʠʣʛʘʭ ʙʦʣʦʤʞʠʡʛ ʘʣʩʳʥ ʟʘʡʥʘʘʩ 

ʘʚʪʦʤʘʪ ʫʜʠʨʜʣʘʛʘʘʨ ʘʶʫʣʛװʡ ʛװʡʮʵʪʛʵʭ ʙʦʣʦʤʞʠʡʛ 

ʦʣʛʦʜʦʛ. 

 

 

ɿʫʨʘʛ 4. Getman A64 ʤʘʨʢʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ 

ʙʫʫ 

3. ϹʨϺʤʜʣϺʛ ʮʵʥʵʛʣʵʛʵʵʥʠʡ ʤʘʰʠʥ  

ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʛʘʮʩʘʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʛ ᴇʨᴇʤʜᴇʞ 

ʙʘʛʘ ʭװʯʠʥ ʯʘʜʘʣʳʥ ʪʵʩʨʵʭ ʙʦʜʠʩʦʦʨ ʮʵʥʵʛʣʵʥ ʪʵʩʣʵʭ 

ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ. 41-64ʤʤ ʜʠʘʤʝʪʨʪʵʡ 2.2ʤ ʭװʨʪʵʣ 

ʰʧװʨʠʡʛ 11.3ʤ ʭװʨʪʵʣ ᴇʥʜᴇʨʪ ʭװʨʯ ᴇʨᴇʤʜᴇʭ 

ʙʦʣʦʤʞʪʦʡ. 

 

ɿʫʨʘʛ 5. Sandvik DB331 ᴆʨᴇʤʜʣᴇʛ ʮʵʥʵʛʣʵʛʵʵʥʠʡ 

ʤʘʰʠʥ 

ɻʘʨ ʞʦʣʦʦʜʣʦʛʦ ʙʦʣʦʥ ɸʣʩʳʥ ʟʘʡʥʘʘʩ ʘʚʪʦʤʘʪ 

ʫʜʠʨʜʣʘʛʘʘʨ ʘʞʠʣʣʘʥʘ. 

4. ʊʵʩʵʣʛʵʵʥʠʡ ʪϺʭϺϺʨϺʤʞ 

ʊʫʩʛʘʡ ʟʦʨʠʫʣʘʣʪʳʥ ʭʵʨʵʛʩʵʣʜ ʩʘʚʣʘʛʘʘʪ ʵʩʚʵʣ ʟʘʜʛʘʡ 

ʵʤʫʣʴʩʠʡʥ ʪʵʩʨʵʭ ʙʦʜʠʩ ʭʠʡʥ ʙʘʡʨʣʫʫʣʞ ʜʦʨʛʠʦʭ 

ʪʵʩʵʣʛʵʵ ʭʠʡʭ ʟʦʨʠʫʣʘʣʪʪʘʡ.  

ɿʫʨʘʛ 6. Sandvik DB331 ʤʘʨʢʠʡʥ ʪʵʩʵʣʛʵʵʥʠʡ 

ʤʘʰʠʥ 

ʍʵʨʵʛʣʵʭʵʜ ʭʷʣʙʘʨ, ʘʚʩʘʘʨʭʘʥ ʟᴇᴇʚʨʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞ 

ʫʯʨʘʘʩ ʪʵʩʵʣʛʵʵʥʠʡ ʪʘʣʙʘʡʜ ʮʵʥʵʛʣʵʥ ʪʵʩʣʵʥʵ. 

 

5. ϹʨϺʤʜʣϺʛʠʡʥ ʤʘʰʠʥ   

ʊʫʭʘʡʥ ᴇʨᴇʤʜʣᴇʛʠʡʥ ʤʘʰʠʥ ʥʴ 51-127 ʤʤ-ʠʡʥ 

ʜʠʘʤʝʪʨʪʵʡ 51ʤ ʭװʨʪʵʣ ʛװʥʪʵʡ ʰʧʫʨʳʛ ʙװʭ ʯʠʛʣʵʣʜ 

/ʜʵʵʰ, ʜʦʦʰ ʙʦʣʦʥ ʭᴇʥʜʣᴇʥ/ ᴇʨᴇʤʜᴇʭ ʯʘʜʚʘʨʪʘʡ 

ʛʠʜʨʘʚʣʠʢ ᴇʨʤʠʡʥ ʤʘʰʠʥ ʶʤ. 

ɿʫʨʘʛ 7. Epiroc Simba E7 ʤʘʨʢʠʡʥ ᴇʨᴇʤʜʣᴇʛʠʡʥ 

ʤʘʰʠʥ 

ʋʛ ʤʘʰʠʥʳʛ ʘʰʠʛʣʘʥ ʭװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ᴇʥʜᴇʨʪ 

ʛʘʮʩʘʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʫʫʜʳʛ װʥʜʩʵʥ ʙʦʣʦʥ 

ʟʵʨʛʵʣʜʵʵʭ ʪʫʥʥʝʣʵʵʩ ᴇʨᴇʤʜᴇʞ ʪװʛʞʵʵʩ ʮʵʥʵʛʠʡʥ 

ʘʨʛʘʘʨ ʪʵʩʵʣʞ ʫʥʘʛʘʘʥʘ. 

ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʜʦʦʜ, ʜʫʥʜ, ʜʵʵʜ ʙʫʶʫ ᴇʥʜᴇʨʠʡʥ 

ʪװʚʰʠʥʜ ʛʘʮʘʣʪ װװʩʜʵʛ. ʋʛ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʥʵʵʨ ʆʶʫ 

ʪʦʣʛʦʡ ʜʘʣʜ ʫʫʨʭʘʡʥ ʭװʜʵʨ ʦʣʙʦʨʣʦʭ װʡʣ 

ʘʞʠʣʣʘʛʘʘʥʜ ʥʵʥ ʯʫʭʘʣ ʘʞʠʣ ʙʦʣʦʭ ʭװʜʵʨ ʪʘʪʘʭ ʮʵʛʵʵʩ 

ʯʫʣʫʫʣʘʛ ʘʚʘʭ ʘʞʣʳʛ ʩʘʘʜʛװʡ, ʟʦʛʩʦʣʪʛװʡ 

 ʣʵʭʵʜ ʫʯʠʨʯ ʙʦʣʦʭ ʙʵʨʭʰʵʵʣʠʡʛ ʘʨʠʣʛʘʞװװʨʛʵʣʞʣװ

ʦʣʙʦʨʣʦʣʪʳʛ ʥʵʤʵʛʜװװʣʵʭ ʶʤ. 

   

ɿʫʨʘʛ 8. ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ װװʩʩʵʥ ʛʘʮʘʣʪʳʥ 
ʪװʚʰʠʥʛװװʜ 

1-ʨ ʪװʚʰʠʥ ʙʫʶʫ ʜʦʦʜ ʪװʚʰʠʥʜ ʛʘʮʘʭ ʪʦʭʠʦʣʜʦʣ: ʕʥʵ 

ʥʴ ʪװʥʥʝʣʠʡʥ ʫʣʥʘʘʩ ʭᴇʤʩᴇʛ ʭװʨʪʵʣ ʙʫʶʫ 0-3,6 ʤ 

ʦʨʯʠʤ ʦʨʦʥ ʟʘʡʜ ʦʚʦʨʣʦʛ ʯʫʣʫʫ ʛʘʮʘʭ ʥᴇʭʮᴇʣ ʶʤ.  

2-ʨ ʪװʚʰʠʥ ʙʫʶʫ ʜʫʥʜ ʪװʚʰʥʠʡ ʛʘʮʘʣʪ: ʍᴇʤʩᴇʛʥᴇᴇʩ 

ʜʵʵʰ ʙʫʶʫ 3,6-7 ʤ ʦʨʯʠʤʜ Sandvik DB331 ᴆʨᴇʤʜʣᴇʛ 

ʮʵʥʵʛʣʵʛʵʵʥʠʡ ʤʘʰʠʥ ᴇʨᴇʤʜᴇʭ ʙʦʣʦʤʞʪʦʡ ʦʨʦʥ ʟʘʡʜ 

 .ʩʩʵʥ ʛʘʮʘʣʪ ʶʤװװ

3-ʨ ʪװʚʰʠʥ ʙʫʶʫ ᴇʥʜᴇʨʪ ʛʘʮʘʭ ʪʦʭʠʦʣʜʦʣʜ Sandvik 

DB331 ᴆʨᴇʤʜʣᴇʛ ʮʵʥʵʛʣʵʛʵʵʥʠʡ ʤʘʰʠʥ ᴇʨᴇʤʜᴇʭ 

ʙʦʣʦʤʞʛװʡ, ʦʡʨʦʣʮʦʦʛʦʦʨ 7 ʤʝʪʨʵʵʩ ʜʵʵʰ ᴇʥʜᴇʨ 

ʦʨʦʥ ʟʘʡʜ װװʩʩʵʥ ʛʘʮʘʣʪ ʶʤ. 

ɻɸʎɸʃʊ תתʉʉʕʅ ʊתɺʐʀʅɼ ɸʐʀɻʃɸʍ 

ʊɽʍʅʆʃʆɻʀʁʅ ʐʀʁɼʕʃ 

ɼʦʦʜ ʪװʚʰʠʥʜ ʛʘʮʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʕʭʥʠʡ ʵʵʣʞʠʥʜ 

Sandvik LH410I ʍᴇʜᴇʣʛᴇᴇʥʪ ʮʦʭʠʣʪʦʪ ʘʣʭʘʥ ʯʫʣʫʫ 

ʙʫʪʣʘʛʯʘʘʨ ʮʦʭʠʞ ʙʫʪʣʘʭ ʘʨʛʘ ʭʵʨʵʛʣʵʥʵ.  
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ɿʫʨʘʛ 9. ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʵʵʩ ʜʦʦʜ ʪװʚʰʠʥʜ ʛʘʮʩʘʥ 

ʯʫʣʫʫʣʘʛʪ ʘʰʠʛʣʘʭ ʪʝʭʥʦʣʦʛʠʡʥ ʰʠʡʜʵʣ 

 

ʎʦʭʠʣʪʦʪ ʘʣʭʘʘʨ ʙʫʪʣʘʭ ʙʦʣʦʤʞʛװʡ ʙʦʣ Getman 

A64 ʍᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ ʙʫʫ ʘʰʠʛʣʘʥ ʦʚʦʨʣʦʛ 

ʯʫʣʫʫʣʛʠʡʥ ʵʨʛʵʥ ʪʦʡʨʦʥ ʜʘʭʴ ʩʫʣ ʯʫʣʫʫʣʛʫʫʜʠʡʛ 

ᴇʥʜᴇʨ ʜʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʞ ʛʘʮʩʘʥ ʯʫʣʫʫʣʛʠʡʛ 

ʙʫʫʣʛʘʥʘ. ɼʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʩʥʠʡ ʜʘʨʘʘ ʙʫʫʞ 

ʠʨʵʭʛװʡ ʪʦʭʠʦʣʜʦʣʜ Sandvik DB331 ʤʘʰʠʥ ʘʰʠʛʣʘʥ 

ᴇʨᴇʤʜᴇʞ ʪʵʩʣʵʥʵ. 

 

 
ɿʫʨʘʛ 10. ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʵʵʩ ʜʫʥʜ ʪװʚʰʠʥʜ 

ʛʘʮʩʘʥ ʯʫʣʫʫʣʘʛʪ ʘʰʠʛʣʘʭ ʪʝʭʥʦʣʦʛʠʡʥ ʰʠʡʜʵʣ 

 

ʕʥʵ ʥʴ ʪʦʭʠʦʣʜʦʣʜ Getman A64 ʍᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ ʙʫʫ 

ʘʰʠʛʣʘʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʥ ʵʨʛʵʥ ʪʦʡʨʦʥ ʜʘʭʴ ʩʫʣ 

ʯʫʣʫʫʣʛʫʫʜʠʡʛ ᴇʥʜᴇʨ ʜʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʞ ʛʘʮʩʘʥ 

ʯʫʣʫʫʣʛʠʡʛ ʙʫʫʣʛʘʥʘ. ɼʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʩʥʠʡ 

ʜʘʨʘʘ ʙʫʫʞ ʠʨʵʭʛװʡ ʪʦʭʠʦʣʜʦʣʜ Sandvik DB331 

ʤʘʰʠʥ ʘʰʠʛʣʘʥ ᴇʨᴇʤʜᴇʞ ʪʵʩʣʵʥʵ. ʍʵʨʵʚ װװʩʩʵʥ 

ʛʘʮʘʣʪ ʥʴ DB331 ʤʘʰʠʥʘʘʨ ʭװʨʯ ᴇʨᴇʤʜʭᴇʜ 

ʭװʥʜʨʵʣʪʵʡ ʙʦʣ ʜʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʳʛ ʘʰʠʛʣʘʭ 

ʥʴ ʜʫʥʜ ʪװʚʰʠʥʜ ʛʘʮʩʘʥ ʯʫʣʫʫʣʛʠʡʛ ʙʫʫʣʛʘʭ 

ʘʨʛʫʫʜʘʘʩ ʦʥʦʚʯʪʦʡ ʭʫʚʠʣʙʘʨ ʶʤ. ʆʶʫʪʦʣʛʦʡʥ ʜʘʣʜ 

ʫʫʨʭʘʡʜ ʭʵʨʵʛʣʵʭʵʜ ʭʘʤʛʠʡʥ ʦʥʦʚʯʪʦʡ ʭʫʚʠʣʙʘʨ ʶʤ. 

 

 
ɿʫʨʘʛ 11. ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʵʵʩ ʜʵʵʜ ʪװʚʰʠʥʜ ʛʘʮʩʘʥ 

ʯʫʣʫʫʣʘʛʪ ʘʰʠʛʣʘʭ ʪʝʭʥʦʣʦʛʠʡʥ ʰʠʡʜʵʣ 

 

ʕʥʵ ʥᴇʭʮᴇʣʜ Getman A64 ʍᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ ʙʫʫ 

ʘʰʠʛʣʘʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʥ ʵʨʛʵʥ ʪʦʡʨʦʥ ʜʘʭʴ ʩʫʣ 

ʯʫʣʫʫʣʛʫʫʜʠʡʛ ᴇʥʜᴇʨ ʜʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʞ ʛʘʮʩʘʥ 

ʯʫʣʫʫʣʛʠʡʛ ʙʫʫʣʛʘʥʘ. ɼʘʨʘʣʪʘʜ ʫʩʘʘʨ ʰװʨʰʠʩʥʠʡ 

ʜʘʨʘʘ ʙʫʫʞ ʠʨʵʭʛװʡ ʪʦʭʠʦʣʜʦʣʜ Sandvik DB331 

ʤʘʰʠʥ ʘʰʠʛʣʘʥ ʜʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʳʛ 

ʘʰʠʛʣʘʥʘ. ɼʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵ ʭʠʡʭ ʙʦʣʦʤʞʛװʡ ᴇʥʜᴇʨʪ 

ʛʘʮʘʣʪ װװʩʩʵʥ ʪʦʭʠʦʣʜʦʣʜ Epiroc ME7 

 ʥʜʩʵʥװ ʡʣʜʚʵʨʣʵʣʠʡʥ ᴇʨᴇʤʜʣᴇʛʠʡʥ ʤʘʰʠʥ ʘʰʠʛʣʘʥװ

ʪװʥʥʵʣʵʵʩ ᴇʨᴇʤʜᴇʞ ʪʵʩʣʵʭ ʘʨʛʳʛ ʘʰʠʛʣʘʭʘʜ 

ʪʦʭʠʨʦʤʞʪʦʡ. 

ɼʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʳʛ 5 ʤ ʭװʨʪʵʣ ʩʫʥʘʭ 

ʙʦʣʦʤʞʪʦʡ ʪʫʩʛʘʡ ʟʦʨʠʫʣʘʣʪʳʥ ʪᴇʭᴇᴇʨᴇʤʞʠʜ 

ʩʘʚʣʘʛʘʘʪ ʵʩʚʵʣ ʟʘʜʛʘʡ ʵʤʫʣʴʩʠʡʥ ʪʵʩʨʵʭ ʙʦʜʠʩʳʛ 

ʪʵʩʣװװʨ ʙʦʣʦʥ ᴇʜᴇᴇʛʯʠʡʥ ʭʘʤʪ ʙʘʡʨʣʫʫʣʘʥ ʪʵʩʣʵʭ 

ʘʨʛʘ ʶʤ. ɼʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵʥʠʡ ʮʵʥʵʛʠʡʛ ʟᴇʚʭᴇʥ 

ʛʘʮʩʘʥ ʯʫʣʫʫʣʛʠʡʛ ʙʫʪʣʘʞ ʩʘʣʛʘʭʘʜ ʘʰʠʛʣʘʥʘ.  

ɻʘʮʩʘʥ ʯʫʣʫʫʣʘʛ ᴇᴇʨʠʡʥ ʞʠʥʛʵʵʨ ʜʦʦʰ ʫʥʘʭ 

ʙʦʣʦʤʞʛװʡ ʙʦʣʩʦʥ ʪʦʭʠʦʣʜʦʣʜ ʵʥʵʭװװ ʘʨʛʳʛ 

ʘʰʠʛʣʘʥ ʪʵʩʣʵʥʵ. 

ʆʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʛ ʜʘʭʠʥ ʙʫʪʣʘʭʘʜ  ʙʦʨʪʛʦʥ 

ʵʩʚʵʣ ʟʘʜʛʘʡ ʵʤʫʣʴʩʠʡʥ ʪʵʩʨʵʭ ʙʦʜʠʩʳʥ ʜʵʵʜ ʭʵʤʞʵʵ 

3 ʢʛ ʙʘʡʥʘ. ɿʘʜʛʘʡ ʵʤʫʣʴʩʠʡʥ ʪʵʩʨʵʭ ʙʦʜʠʩʦʦʨ ʮʵʥʵʛ 

ʙʵʣʪʛʵʭʜʵʵ ʙʦʨʪʦʛʦʥʜ ʛʷʣʛʘʨ ʫʫʪʳʛ ʵʭʵʣʞ 

ʙʘʡʨʣʫʫʣʩʥʳ ʜʘʨʘʘ 3 ʢʛ ʵʤʫʣʴʩʠʡʥ ʪʵʩʨʵʭ ʙʦʜʠʩʳʛ 

ʰʘʭʥʘ. װתʥʠʡ ʜʘʨʘʘ ᴇʜᴇᴇʛʯ ʙʦʣʦʥ ʮʘʭʠʤ ʪʵʩʣװװʨʠʡʛ 

ʟʘʜʛʘʡ ʵʤʫʣʴʩʠʡʥ ʛʦʣʜ ʙʘʡʨʣʫʫʣʘʥ ʪʘʛʠʡʛ ʪʘʛʣʘʥ ʛʘʣ 

ᴇʛʥᴇ. 

 
ɿʫʨʘʛ 12. ʆʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʛ ʜʘʭʠʥ ʙʫʪʣʘʭ װʝ  
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ɿʫʨʘʛ 12. ʆʚʦʨʣʦʛ ʯʫʣʫʫʣʛʠʡʛ ʜʘʭʠʥ ʙʫʪʣʘʭ 

  ʝʠʡʥ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ ʧʘʩʩʧʦʨʪװ

 

 
ɿʫʨʘʛ 13. ɼʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣʜ ʭʵʨʵʛʣʵʭ 

 ʝʠʡʥ ʙʵʣʪʛʵʣ ʙʘʡʜʘʣװ

 

ɼʦʨʛʠʦʭ ʪʵʩʵʣʛʵʵʥʠʡ ʮʵʥʵʛ ʙʘʡʨʣʫʫʣʭʘʘʩ ᴇʤʥᴇ 

ʭʘʤʛʘʘʣʘʣʪʳʥ ʜʘʣʘʥʛ ʭװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʩʪʘʥʜʘʨʪʳʥ 

ʜʘʛʫʫ ʟʘʩʘʞ ʙʘʡʨʣʫʫʣʥʘ. ʕʥʵʭװװ ʮʵʥʵʛʠʡʛ Sendvic 

DB331 ᴇʨʤʠʡʥ ʤʘʰʠʥ ʘʰʠʛʣʘʥ ʭʘʤʛʘʘʣʘʣʪʳʥ 

ʜʘʣʘʥʛʳʥ ʛʘʜʥʘ ʪʘʣʘʘʩ ʭװʜʵʨ ʙʫʫʣʛʫʫʨʪ ʛʘʮʩʘʥ 

ʯʫʣʫʫʣʛʠʡʥ ʜʦʦʨ ʙʘʡʨʣʫʫʣʞ ʪʵʩʣʵʭʵʜ  ʪʦʭʠʨʦʤʞʪʦʡ. 

ɼתɻʅʕʃʊ 

1. ʆʶʫʪʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ ʭװʜʵʨ ʙʫʫʣʛʘʭ 

ʮʵʛװװʜʵʜ װװʩʩʵʥ ʛʘʮʘʣʪ ʙʦʣʦʥ ʦʚʦʨʣʦʛ ʯʫʣʫʫʣʛʫʫʜʠʡʛ 

ʙʫʪʣʘʭʘʜ ʭʵʨʵʛʣʵʜʵʛ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞװװʜ ʙʦʣʦʥ 

ʘʨʛʫʫʜʳʥ ʪʘʣʘʘʨ ʩʫʜʣʘʥ ʦʥʦʚʯʪʦʡ ʪװʚʰʠʥ ʙʦʣʛʦʥʜ 

ʪʦʭʠʨʦʭ ʘʨʛʫʫʜʳʛ ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ.   

2. ʍװʜʵʨ ʪʘʪʘʭ ʮʵʛʪ ʜʦʦʜ, ʜʫʥʜ, ʜʵʵʜ ʙʫʶʫ 

ᴇʥʜʨʠʡʥ ʪװʚʰʠʥʛᴇᴇʩ ʭʘʤʘʘʨʫʫʣʘʥ ʘʰʠʛʣʘʭ 

ʪʝʭʥʦʣʦʛʠʡʥ ʩʦʥʛʦʣʪʳʛ ʭʠʡʩʵʥ. 

3. ʅʠʡʪ ʛʘʮʘʣʪ װװʩʯ ʙʘʡʛʘʘ ʪʦʭʠʦʣʜʣʳʥ ...... 

ʜʦʦʜ ʪװʚʰʠʥʜ ʛʘʨʜʘʛ ʙʘ ʵʥʵ ʪʦʭʠʦʣʜʦʣʜ ʭᴇʜᴇʣʛᴇᴇʥʪ 

ʮʦʭʠʣʪʦʪ ʘʣʭʘʥ ʯʫʣʫʫ ʙʫʪʣʘʛʯ ʙʦʣʦʥ ʭᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ 

ʙʫʫ ʘʰʠʛʣʘʥ ʛʘʮʩʘʥ ʯʫʣʫʫʣʛʠʡʛ ʙʫʫʣʛʘʭ, 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʪʦʭʠʦʣʜʦʣʜ ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ 

ʘʨʛʳʛ ʘʰʠʛʣʘʭ ʥʴ ʙʫʩʘʜ ʘʨʛʫʫʜʘʘʩ ʙװʪʵʵʣʠʡʛ ........ 

ʥʵʤʵʛʜװװʣʵʭ ʙʦʣʦʤʞʪʦʡ ʙʘʡʥʘ. 

4. ɼʫʥʜ  ʪװʚʰʠʥʜ .......... ʛʘʮʘʣʪ װװʩʜʵʛ ʙᴇʛᴇᴇʜ 

ʭᴇʜᴇʣʛᴇᴇʥʪ ʭᴇʜᴇʣʛᴇᴇʥʪ ʫʩʘʥ ʙʫʫ ʙʦʣʦʥ ʜʦʨʛʠʦʭ 

ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʳʛ ʪװʣʭװװ ʘʰʠʛʣʘʭ ʥʴ ʙʫʩʘʜ 

ʘʨʛʫʫʜʘʘʩ ʙװʪʵʵʣʠʡʛ ........ ʥʵʤʵʛʜװװʣʵʭ ʙʦʣʦʤʞʪʦʡ 

ʙʘʡʥʘ. 

5. ʏʫʣʫʫʣʛʠʡʥ ...... ʭʫʚʴ ʥʴ ʜʵʵʜ ʪװʚʰʠʥʜ 

ʛʘʮʜʘʛ. ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʫʩʘʥ ʙʫʫ, ʜʦʨʛʠʦʭ 

ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʘʘʨ ʯʫʣʫʫʣʛʠʡʛ ʙʫʫʣʛʘʥʘ. ʆʚʦʨʣʦʛ 

ʯʫʣʫʫʣʘʛ ʛʘʨʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʜʘʭʠʥ ʙʫʪʣʘʭ ʥʴ 

ʦʥʦʚʯʪʦʡ ʰʠʡʜʵʣ ʙʦʣʞ ʙʘʡʥʘ. 

 

ɸʐʀɻʃɸʉɸʅ ʅʆʄ ɿתʁ 

1. ʆʶʫ ʪʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ ʪʝʭʥʠʢ ʵʜʠʡʥ 

ʟʘʩʛʠʡʥ װʥʜʵʩʣʵʣʠʡʥ ʭʫʨʘʘʥʛʫʡ. 

ʋʣʘʘʥʙʘʘʪʘʨ. 2019 ʦʥ. 

2. ʆʶʫ ʪʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ ʤʘʣʪʘʣʪ 

ʥʵʚʪʨʵʣʪʠʡʥ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪװװʜʠʡʥ 

ʪʘʡʣʘʥ. 2023 ʦʥ. 

3. ɼʘʣʜ ʫʫʨʭʘʡʥ ʤʘʣʪʘʣʪ ʥʵʚʪʨʵʣʪʠʡʥ 

ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ ʩʫʨʛʘʣʪ ʪװʚʰʠʥ 1,2,3 

(ɼʘʷʥ ʠʥʞʝʥʝʨ ʭʵʣʪʵʩ) 

4. https://www.hindawi.com/ 

5. ʈ.ɻʫʩʪʘʬʩʩʦʥ ʐʚʝʜʩʢʘʷ ʪʝʭʥʠʢʘ ʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ. ʀʟʜ.ʅʝʜʨʘ.ʄ 1977. 

6. ɼ.ɸʶʫʨʟʘʥʘ. ñʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʠʣʪʛʵʣ 

ʙʠʯʠʭ ʘʨʛʫʫʜò. ʋɹ 2007ʦʥ. 
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ɼʦʢʪʦʨʘʥʪ ɸ.ʅʷʤʪʫʣʛʘ 
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ʍʫʨʘʘʥʛʫʡ: ɹʘʨʫʫʥ ʥʦʸʥ ʫʫʣ ʥװװʨʩʥʠʡ ʠʣ ʫʫʨʭʘʡʥ ʪʘʣʙʘʡʛʘʘʩ 344 ʰʠʨʭʵʛ ʜʵʵʞ ʘʚʯ ʙʵʣʪʛʵʥ ʯʫʣʫʫʣʛʠʡʥ 

ʵʟʣʵʭװװʥ ʞʠʥʛ ʫʩʘʥ ʩʪʘʪʠʢ ʘʨʛʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥʛ ʘʰʠʛʣʘʥ ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ ʞʠʥ ʠʣ 

ʫʫʨʭʘʡʥ ʫʫʣʳʥ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʭʘʤʨʘʛʜʘʭ ʯʫʣʫʫʣʛʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪᴇʣᴇᴇʣʥᴇ ʛʵʞ װʟʵʞ ʙʘʡʥʘ. 
 

ʊϮʣʭϮϮʨ Ϯʛ: ʥʫʥʪʘʛʨʘʮ,  ɹʦʥʜʳʥ ʘʞʣʳʥ ʠʥʜʝʢʩ,  ʬʣʦʪʘʮʠʡʥ ʢʠʥʝʪʠʢ,  ʫʨʚʘʣʞʠʡʥ ʛʦʨʠʤ

I.  ʋɼʀʈʊɻɸʃ 

ñɹʘʨʫʫʥ ʅʦʸʥ ʋʫʣ ʥװװʨʩʥʠʡ ʠʣ ʫʫʨʭʘʡʥ 

ʯʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ ʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʩʫʜʘʣʛʘʘò-ʥʳ ʘʞʣʳʛ ʆʨʛʠʣʦʭʙװʨʜ 

ʍʍʂ-ʪʘʡ ʭʘʤʪʨʘʥ ʭʠʡʞ ʛװʡʮʵʪʛʵʚ. ʋʫʨʭʘʡʥ 

ʘʭʠʣʪʳʥ ʯʠʛʣʵʣʜ ᴇʨʪᴇʭ ʯʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ, 

ʤʘʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ, ʪʵʩʵʣʛʵʵʛʵʵʨ 

ʙʫʪʣʘʛʜʩʘʥ ʯʫʣʫʫʣʛʠʡʥ ʰʠʨʭʵʛʣʵʣʠʡʥ ʭʵʤʞʵʵʛ 

ʪʦʜʦʨʭʦʡʣʦʭ, ʪʵʩʵʣʛʵʵʥʠʡ ʪʝʭʥʦʣʦʛʠʡʥ 

ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʦʥʦʚʯʣʦʣ, ʭʘʨʠʣʮʘʥ ʫʷʣʜʘʘʛ 

ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʪʫʭʘʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʦʨʠʣʛʦ 

ʯʠʛʣʵʛʜʵʞ ʙʘʡʥʘ.  

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ 

ʜʘʨʘʘʣʣʳʥ ʭʫʚʴʜ ʪᴇʩʣʠʡʥ ʪʘʣʙʘʡʜ ʘʞʠʣʣʘʭ, 

ʭʵʤʞʠʣʪ, ʘʞʠʛʣʘʣʪ, ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʫʫʜ, װʨ 

ʜװʥʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʣʫʫʜ ʙʦʣʦʥ 

ʪʵʜʛʵʵʨʪʵʡ ʭʦʣʙʦʦʪʦʡ ʵʤʧʠʨʠʢ ʰʠʥʞʠʣʛʵʵ, 

ʪʦʦʮʦʦʣʣʳʥ ʘʞʣʫʫʜ, ʟʫʨʘʛ ʪᴇʩᴇʣ, ʩʫʜʘʣʛʘʘʥʳ 

ʤʦʜʝʣ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʞʠʣ ʛʵʩʵʥ װʝ ʰʘʪʫʫʜʘʘʨ 

ʭʠʡʛʜʩʵʥ. 

II.  ʊᴆʉʃʀʁʅ ʊɸʃɹɸʁɼ ɼʕʕʈʍ 

ʊתʈʐʀʃʊʓʅ ɸɾʀʃ 

2024 ʦʥʳ 11-ʨ ʩʘʨʜ ɹʘʨʫʫʥ ʅʦʸʥ ʋʫʣ 

ʥװװʨʩʥʠʡ ʫʫʨʭʘʡʥ ʪʘʣʙʘʡʛʘʘʩ ʯʫʣʫʫʣʛʠʡʥ ʜʵʵʞ 

ʘʚʯ, ʪʫʨʰʠʣʪʳʥ ʘʞʣʫʫʜʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ. 

ʏʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ, ʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨʳʥ 

ʪʫʨʰʠʣʪʳʥ ʘʞʠʣʜ ʥʠʡʪ 334 ʰ ʜʵʵʞ ʘʚʯ ʭʵʤʞʠʣʪ, 

ʪʫʨʰʠʣʪʳʥ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʩʵʥ. װתʥʵʵʩ 2-ʨ 

ʫʫʨʭʘʡʛʘʘʩ 172 ʰ ʜʵʵʞ, 6-ʨ ʫʫʨʭʘʡʛʘʘʩ 92 ʰ ʜʵʵʞ, 

1-ʨ ʫʫʨʭʘʡʛʘʘʩ 45 ʰ ʜʵʵʞ, 7-ʨ ʫʫʨʭʘʡʛʘʘʩ 12 ʰ 

ʜʵʵʞ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ ʭʦʦʨʦʥʜʳʥ ʭᴇʨʩʥʠʡ 

ʯʫʣʫʫʣʛʘʘʩ 15 ʰ ʜʵʵʞ ʪʫʩ ʪʫʩ ʘʚʯ ʯʫʣʫʫʣʛʠʡʥ 

ʵʟʣʵʭװװʥ ʞʠʥ, ʙʘʪ ʙᴇʭʠʡʥ װʟװװʣʵʣʪʠʡʛ ʪʫʨʰʠʞ 

ʪʦʜʦʨʭʦʡʣʦʚ. 

III.  ʏʋʃʋʋʃɻʀʁʅ ʕɿʃʕʍתתʅ ɾʀʅ 

ʊʆɼʆʈʍʆʁʃʆʍ ɸʈɻɸ 

ʏʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ ʞʠʥ, ʭʫʚʠʡʥ ʞʠʥ, ʥװʭ ʩװʚ, ʫʩ 

ʰʠʥʛʵʵʣʪʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ Mʅ-600Z ʤʘʨʢʠʡʥ 

ʙʘʛʘʞ ʘʰʠʛʣʘʞ ʙʦʣʥʦ. ʋʛ ʙʘʛʘʞ ʥʴ ASTM C39, 

ASTM C128, ASTM C127, AASHTOT 84, JIS, GB / 

T23561 ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ, ɸʨʭʠʤʝʜʠʡʥ ʭʫʫʣʠʡʥ 

 ʥ ʞʠʥ, ʭʫʚʠʡʥװװʥʜʩʵʥ ʜʵʵʨ ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװ

ʞʠʥ, ʥװʭ ʩװʚ, ʫʩ ʰʠʥʛʵʵʣʪʠʡʛ ʫʩʘʥ ʩʪʘʪʠʢ ʘʨʛʘʘʨ 

ʪʦʜʦʨʭʦʡʣʜʦʛ. 

ʃʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ ʄʅ-600Z ʤʘʨʢʠʡʥ 

ʛʠʜʨʦʩʪʘʪʠʢ ʞʠʛʥװװʨʪ 600 ʛʨ ʭװʨʪʵʣʭ ʜʵʵʞװװʜ, JY-

1002 ʤʘʨʢʠʡʥ ʛʠʜʨʦʩʪʘʪʠʢ ʞʠʛʥװװʨʪ 1000 ʛʨ 

ʭװʨʪʵʣʭ ʞʠʥʪʵʡ ʜʵʵʞװװʜʠʡʛ ʙʵʣʪʛʵʥ ʯʫʣʫʫʣʛʠʡʥ 

ʵʟʣʵʭװװʥ ʞʠʥʛ ʪʦʜʦʨʭʦʡʣʥʦ. ɼʵʵʞ ʥʴ ʟᴇʚ ʙʦʣʦʥ ʟᴇʚ 

ʙʫʩ ʭʵʣʙʵʨʪʵʡʛʵʵʨ ʙʘʡʞ ʙʦʣʥʦ. ʊʫʩ ʙʘʛʘʞʫʫʜ ʜʵʵʨ 

ʪʫʨʰʠʣʪ, ʩʦʨʠʣʪʳʥ ʘʞʣʳʛ ʛװʡʮʵʪʛʵʭʜʵʵ ʜʵʵʞʠʡʥ 

ʭʫʫʨʘʡ װʝʠʡʥ ʞʠʥ, ʫʩʘʥ ʜʦʪʦʨʭ ʞʠʥ, ʯʫʣʫʫʣʛʠʡʥ 

ʫʩʘʥʜ ʭʘʥʘʞ ʪʦʛʪʚʦʨʞʩʦʥʳ ʜʘʨʘʘʭ ʥʦʡʪʦʥ װʝʠʡʥ 

ʞʠʥʛ ʪʫʩ ʪʫʩ ʭʵʤʞʠʥ ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ 

ʞʠʥʛʠʡʥ װʟװװʣʵʣʪʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ.  

ɹʘʨʫʫʥ ʥʦʸʥ ʫʫʣʳʥ ʥװװʨʩʥʠʡ ʫʫʨʭʘʡʥʫʫʜʳʥ 

ʪʘʣʙʘʡ ʜʘʭʴ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ᴇʛᴇʨʰʠʣ 

ʙʘʛʘʪʘʡ 1 ʢʛ ʭװʨʪʵʣ ʜʵʵʞʠʡʛ ʩʦʥʛʦʥ ʘʚʯ ʫʫʪʘʥʜ 1-2 

ʮʘʛ ʭʘʜʛʘʣʞ, ʪʵʵʚʵʨʣʵʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ 

ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ ʞʠʥ ʙʦʣʦʥ ʙʫʩʘʜ ʜʘʛʘʣʜʘʭ 

 .ʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚװװʣʵʣʪװװʟװ

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʥʵʛʜװʛʵʵʨ ʫʫʨʭʘʡʥ 

ʤᴇʨʛᴇʮʛᴇᴇʩ ʘʚʯ ʙʵʣʪʛʵʩʵʥ 44 ʰʠʨʭʵʛ, ʭʦʸʨʜʫʛʘʘʨ 

ʫʫʨʭʘʡʥ ʤᴇʨʛᴇʮʛᴇᴇʩ ʘʚʯ ʙʵʣʪʛʵʩʵʥ 172 ʰʠʨʭʵʛ, 

ʟʫʨʛʘʘʜʫʛʘʘʨ ʫʫʨʭʘʡʥ ʤᴇʨʛᴇʮʛᴇᴇʩ ʘʚʯ ʙʵʣʪʛʵʩʵʥ 90 

ʰʠʨʭʵʛ ʙʘ ʜʦʣʦʦʜʫʛʘʘʨ ʫʫʨʭʘʡʥ ʤᴇʨʛᴇʮʛᴇᴇʩ ʘʚʯ 

ʙʵʣʪʛʵʩʵʥ12 ʰʠʨʭʵʛ ʪʘʣʙʘʡʥ ʜʵʵʞ ʥʠʡʪ 320 ʰʠʨʭʵʛ 

ʜʵʵʞ ʜʵʵʨ ʪʫʨʰʠʣʪ ʭʠʡʞ ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ 

ʞʠʥʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. 

ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥʛ ʫʫʨʭʘʡʥ ʪʘʣʙʘʡ ʪʫʩ ʙװʨʵʵʨ, ʠʣ 

ʫʫʨʭʘʡʥ ʪʘʣʙʘʡʜ ʪʘʨʭʩʘʥ ʙʘʡʜʣʘʘʨ ʪʫʩ ʪʫʩ ʷʣʛʘʞ 

ʘʚʩʘʥ. ʄᴇʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʜ ʤʘʪʝʤʘʪʠʢ 

ʩʪʘʪʠʩʪʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʭʠʡʞ ʥʠʡʪ ʫʫʨʭʘʡ ʪʫʩ 

ʙװʨʵʵʨ ʪʦʦʮʦʚ. 

 
ʊʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ ʞʠʥ, ʥװʭ ʩװʚ, 

ʭʫʚʠʡʥ ʞʠʥ, ʫʩ ʰʠʥʛʵʵʣʪ ʪʦʜʦʨʭʦʡʣʩʦʥ ʪʫʨʰʠʣʪʳʥ װʨ 
ʜװʥʛʠʡʥ ʤʘʪʝʤʘʪʠʢ ʩʪʘʪʠʩʪʠʢ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ װʨ ʜװʥ 

1-ʨ ʭϮʩʥʵʛʪ 

ʉʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪװװʜ 
ʕʟʣʵʭװװʥ ʞʠʥ, 

ʛʨ/ʩʤ3 

ɽʨᴇʥʭʠʡ ʩʪʘʪʠʩʪʠʢ 

ʜʵʵʞʠʡʥ ʪʦʦ 330 

ʜʫʥʜʘʞ ʫʪʛʘ 2.39 

ʤʝʜʠʘʥ 2.39 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 3.36 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 1.13 

2-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 172 

ʜʫʥʜʘʞ ʫʪʛʘ 2.38 

ʤʝʜʠʘʥ 2.39 
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ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  

-39- 

ʉʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪװװʜ 
ʕʟʣʵʭװװʥ ʞʠʥ, 

ʛʨ/ʩʤ3 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 3.19 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 2.01 

6-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 90 

ʜʫʥʜʘʞ ʫʪʛʘ 2.42 

ʤʝʜʠʘʥ 2.43 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 3.36 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 2.03 

1-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 44 

ʜʫʥʜʘʞ ʫʪʛʘ 2.40 

ʤʝʜʠʘʥ 2.34 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 2.80 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 2.04 

7-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 12 

ʜʫʥʜʘʞ ʫʪʛʘ 2.47 

ʤʝʜʠʘʥ 2.45 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 3.07 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 2.20 

2 ʙʦʣʦʥ 6-ʨ ʫʫʨʭʘʡʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʫʥʜʘʭ 

ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ʜʵʵʞʠʡʥ ʪʦʦ 12 

ʜʫʥʜʘʞ ʫʪʛʘ 2.22 

ʤʝʜʠʘʥ 2.28 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 2.92 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 1.13 

 

IV.  ʏʋʃʋʋʃɻʀʁʅ ʄɽʍɸʅʀʂ ʐʀʅɾ 

ʏɸʅɸʈ 

ʏʫʣʫʫʣʛʠʡʥ ʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨʳʥ ʩʫʫʨʴ 

 ,ʜʠʡʛ ʰʘʭʘʣʪʳʥ ʙʘʪ ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨװװʣʵʣʪװװʟװ

ʩʫʥʘʣʪʳʥ ʙʘʪ ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨ, ʰʠʣʞʨʵʣʪʠʡʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨ, ʙʘʨʴʮʘʣʜʘʣʪʳʥ ʭװʯ, ʜʦʪʦʦʜ 

 .ʥʵʣʜʵʛװ ʜʵʵʨװװʣʵʣʪװװʟװ ʨʵʣʪʠʡʥ ᴇʥʮᴇʛ ʛʵʭ ʤʵʪװ

ʊʫʭʘʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ ʣʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ 

ʥʵʛ ʪʵʥʭʣʵʛʪ ʮʵʛʵʥ ʜʘʨʘʣʪʳʥ ʘʨʛʘʯʣʘʣʘʘʨ 

ʯʫʣʫʫʣʛʠʡʥ ʭʘʪʫʫʣʛʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ʰʘʭʘʣʪʳʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨʳʥ װʟװװʣʵʣʪʠʡʛ ʵʤʧʝʨʠʢ 

ʙʘʨʠʤʪʣʘʣʘʘʨ ʪʦʜʦʨʭʦʡʣʦʚ. 

ʊʫʭʘʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʣʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ 

ʯʫʣʫʫʣʛʠʡʥ ʜʵʵʞʠʜ ʥʵʛ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ ʮʵʛʵʥ 

ʜʘʨʘʣʪʘʘʨ 50ʢʅ ʭװʨʪʵʣ ʘʯʘʘʣʘʣ ᴇʛᴇʭ ʭװʯʠʥ 

ʯʘʜʘʣʪʘʡ STDZ-10 ʤʘʨʢʠʡʥ ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʨ ASTM-

D5731-08 ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʰʘʭʘʞ ʵʚʜʨʵʣʜ 

ʦʨʫʫʣʘʭ ʟʘʨʯʤʘʘʨ ʯʫʣʫʫʣʛʠʡʥ ʭʘʪʫʫʣʛʠʡʥ ʠʥʜʝʢʩ 

(Is, Point load strength index)-ʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ. 

ʎʵʛʵʥ ʜʘʨʘʣʪʳʥ ʪʫʨʰʠʣʪʳʛ ʣʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ 

ʜʵʵʞʵʵʩ ʭʘʤʘʘʨʘʥ ᴇᴇʨ ᴇᴇʨ ʭʵʣʙʵʨ, ʭʵʤʞʵʵʪʵʡ 

ʯʫʣʫʫʣʛʠʡʥ ʜʵʵʞװװʜʵʜ ʭʠʡʭ ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ 

ʝʨᴇʥʭʠʡ ʩʪʘʥʜʘʨʪ ʭʵʤʞʵʵ ʙʫʶʫ 50ʤʤ-ʠʡʥ ʜʠʘʤʝʪʨ 

ʙװʭʠʡ ʮʠʣʠʥʜʨ ʭʵʣʙʵʨʪʵʡ ʜʵʵʞʠʡʥ ʭʵʤʞʵʵ 

ʪʦʭʠʨʫʫʣʩʘʥ ʭʘʪʫʫʣʛʠʡʥ ʠʥʜʝʢʩʠʡʥ ʫʪʛʘʜ (Is(50)) 

ʙʫʩʘʜ ʭʵʣʙʵʨ, ʭʵʤʞʵʵʪʵʡ ʜʵʵʞװװʜʠʡʥ ʭʘʪʫʫʣʛʠʡʥ 

ʪʦʦʮʦʦʣʦʛʜʩʦʥ ʠʥʜʝʢʩʠʡʥ ʫʪʛʳʛ ʭʵʤʞʵʵ 

ʪʦʭʠʨʫʫʣʘʭ ʢʦʵʬʬʠʮʠʝʥʪ (F, Size correction factor) 

ʘʰʠʛʣʘʥ ʭᴇʨʚװװʣʜʵʛ. 

ʏʫʣʫʫʣʛʠʡʥ ʰʘʭʘʣʪʳʥ ʙʘʪ ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨʳʛ (ůh 

ʙʫʶʫ UCS, Unaxial compressive strength) ʵʤʧʠʨʠʢ 

ʙʘʡʜʣʘʘʨ ʯʫʣʫʫʣʛʠʡʥ ʮʵʛʵʥ ʜʘʨʘʣʪʳʥ ʭʘʪʫʫʣʛʠʡʥ 

ʠʥʜʝʢʩʵʵʩ ʭʘʤʘʘʨʫʫʣʞ ISRM-1985 ʙʦʣʦʥ ASRM-

D5731-08-2008a ʩʪʘʥʜʘʨʪʫʫʜʳʥ ʘʨʛʘʯʣʘʣʳʥ ʜʘʛʫʫ 

ʪʦʜʦʨʭʦʡʣʥʦ.  
ʊʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛʠʡʥ ʤʘʪʝʤʘʪʠʢ ʩʪʘʪʠʩʪʠʢ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ װʨ ʜװʥ 

2-ʨ ʭϮʩʥʵʛʪ 

ʉʪʘʪʠʩʪʠʢ װʟװװʣʵʣʪװװʜ 
ʐʘʭʘʣʪʳʥ ʙʘʪ ʙᴇʭʠʡʥ 

ʭʷʟʛʘʘʨ, ʄʇʘ 

ɽʨᴇʥʭʠʡ ʩʪʘʪʠʩʪʠʢ 

ʜʵʵʞʠʡʥ ʪʦʦ 330 

ʜʫʥʜʘʞ ʫʪʛʘ 55.61 

ʤʝʜʠʘʥ 41.08 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 282.39 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 2.19 

2-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 172 

ʜʫʥʜʘʞ ʫʪʛʘ 56.65 

ʤʝʜʠʘʥ 40.87 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 241.71 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 13.76 

6-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 90 

ʜʫʥʜʘʞ ʫʪʛʘ 53.89 

ʤʝʜʠʘʥ 43.25 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 193.70 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 16.26 

1-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 44 

ʜʫʥʜʘʞ ʫʪʛʘ 65.49 

ʤʝʜʠʘʥ 44.58 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 282.39 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 16.74 

7-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ 

 ʥװʨ ʜװ

ʜʵʵʞʠʡʥ ʪʦʦ 12 

ʜʫʥʜʘʞ ʫʪʛʘ 57.02 

ʤʝʜʠʘʥ 49.57 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 153.60 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 20.32 

2 ʙʦʣʦʥ 6-ʨ ʫʫʨʭʘʡʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʫʥʜʘʭ 

ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ʜʵʵʞʠʡʥ ʪʦʦ 12 

ʜʫʥʜʘʞ ʫʪʛʘ 16.03 

ʤʝʜʠʘʥ 15.16 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘ 46.25 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘ 2.19 

 

V. ʏʋʃʋʋʃɻʀʁʅ ɹɸʊ ɹᴆʍʀʁʅ תɿתתʃʕʃʊ 

ʏʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ ʘʥʛʠʣʣʳʛ ʇʨʦʬ. 

ʄ.ʄ.ʇʨʦʪʦʜʲʷʢʦʥʦʚʳʥ ʙʘʨʠʤʪʣʘʣʘʘʨ, ʇʨʦʬ. 

ʃ.ʀ.ɹʘʨʦʥʳ ʙʘʨʠʤʪʣʘʣʘʘʨ, ʍʦʝʢ-ɹʨʘʫʥʳ 

ʘʨʛʘʯʣʘʣʘʘʨ (Hoek-Brown) ʪʫʩ ʪʫʩ ʪʦʜʦʨʭʦʡʣʦʚ. 

ʏʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ ʘʥʛʠʣʣʳʛ ʇʨʦʬ. 

ʄ.ʄ.ʇʨʦʪʦʜʲʷʢʦʥʦʚ ʙʦʣʦʥ ʇʨʦʬ. ʃ.ʀ.ɹʘʨʦʥʳ 

ʙʘʨʠʤʪʣʘʣʘʘʨ ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʦʦʨ װʥʵʣʥʵ. ʕʥʵ ʥʴ ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʟʵʨʵʛʣʵʣʠʡʛ װʥʵʣʵʭ װʟװװʣʵʣʪ ʙᴇʛᴇᴇʜ ʆʍʋ, 
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ʍʘʤʪʳʥ ʥᴇʭᴇʨʣᴇʣʠʡʥ ʦʨʦʥ, ʄʦʥʛʦʣ ʫʣʩʳʥ ʫʫʣ 

ʫʫʨʭʘʡʥ ʧʨʘʢʪʠʢʪ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʜʵʛ. ɹʘʪ ʙᴇʭʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʭʵʤʞʵʵʛ ʥʵʛ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ 

ʰʘʭʘʣʪʳʥ ʙʘʪ ʙᴇʭʠʡʛ ʭʷʟʛʘʘʨʘʘʩ ʭʘʤʘʘʨʫʫʣʞ 

ʪʦʜʦʨʭʦʡʣʜʦʛ. 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʫʪʛʳʛ ʜʘʨʘʘʭ 2 

ʙʘʨʠʤʪʣʘʣʘʘʨ ʪʦʜʦʨʭʦʡʣʞ ʛʘʨʛʘʚ. ʇʨʦʬʝʩʩʦʨ 

ʄ.ʄ.ʇʨʦʪʦʜʲʷʢʦʥʦʚʳʥ ʙʘʨʠʤʪʣʘʣʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ ʘʥʛʠʣʣʳʛ 

ʜʘʨʘʘʭ ʭװʩʥʵʛʪʵʜ װʟװװʣʵʚ. ɼʵʵʨʭ 2 ʙʘʨʠʤʪʣʘʣʳʥ 

ʜʘʛʫʫʭ ʪʦʦʮʩʦʥ ʪʦʦʮʦʦʥʳ װʨ ʜװʥ ʥʴ ʫʛ ʙʘʪ ʙᴇʭʠʡʥ 

ʘʥʛʠʣʘʣʜ ʘʜʠʣʭʘʥ ʪʫʩʛʘʜʘʛ ʧʨʘʢʪʠʢ ʙʠʡ. 

 
ʊʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ װʟװװʣʵʣʪ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʛʠʡʥ ʤʘʪʝʤʘʪʠʢ ʩʪʘʪʠʩʪʠʢ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ װʨ ʜװʥ 

3-ʨ ʭϮʩʥʵʛʪ 

ʉʪʘʪʠʩʪ

ʠʢ 

ʣʵʣװװʟװ

ʪװװʜ 

ʐʘʭʘʣ

ʪʳʥ 

ʙʘʪ 

ʙᴇʭʠʡʥ 

ʭʷʟʛʘʘ

ʨ, ʄʇʘ 

ɹʘʪ ʙᴇʭʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥ

ʪ, ʇʨʦʬ. 

ʄ.ʄ.ʇʨʦʪʦʜ

ʲʷʢʦʥʦʚʳʥ 

ʙʘʨʠʤʪʣʘʣʘ

ʘʨ 

ɹʘʪ ʙᴇʭʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪ, 

ʇʨʦʬ. 

ʃ.ʀ.ɹʘʨʦʥʳ 

ʙʘʨʠʤʪʣʘʣʘʘʨ 

ɽʨᴇʥʭʠʡ ʩʪʘʪʠʩʪʠʢ 

ʜʵʵʞʠʡʥ 

ʪʦʦ 
330 330 330 

ʜʫʥʜʘʞ 

ʫʪʛʘ 
55.61 5.67 5.92 

ʤʝʜʠʘʥ 41.08 4.19 5.07 

ʭʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
282.39 28.79 19.11 

ʭʘʤʛʠʡʥ 

ʙʘʛʘ 

ʫʪʛʘ 

2.19 0.22 0.93 

2-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥ 

ʜʵʵʞʠʡʥ 

ʪʦʦ 
172 172 172 

ʜʫʥʜʘʞ 

ʫʪʛʘ 
56.65 5.78 6.00 

ʤʝʜʠʘʥ 40.87 4.17 5.05 

ʭʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
241.71 24.64 17.03 

ʭʘʤʛʠʡʥ 

ʙʘʛʘ 

ʫʪʛʘ 

13.76 1.40 2.60 

6-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥ 

ʜʵʵʞʠʡʥ 

ʪʦʦ 
90 90 90 

ʜʫʥʜʘʞ 

ʫʪʛʘ 
53.89 5.49 5.86 

ʤʝʜʠʘʥ 43.25 4.41 5.24 

ʭʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
193.70 19.75 14.49 

ʭʘʤʛʠʡʥ 

ʙʘʛʘ 

ʫʪʛʘ 

16.26 1.66 2.87 

1-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥ 

ʜʵʵʞʠʡʥ 

ʪʦʦ 
44 44 44 

ʜʫʥʜʘʞ 

ʫʪʛʘ 
65.49 6.68 6.57 

ʉʪʘʪʠʩʪ

ʠʢ 

ʣʵʣװװʟװ

ʪװװʜ 

ʐʘʭʘʣ

ʪʳʥ 

ʙʘʪ 

ʙᴇʭʠʡʥ 

ʭʷʟʛʘʘ

ʨ, ʄʇʘ 

ɹʘʪ ʙᴇʭʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥ

ʪ, ʇʨʦʬ. 

ʄ.ʄ.ʇʨʦʪʦʜ

ʲʷʢʦʥʦʚʳʥ 

ʙʘʨʠʤʪʣʘʣʘ

ʘʨ 

ɹʘʪ ʙᴇʭʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪ, 

ʇʨʦʬ. 

ʃ.ʀ.ɹʘʨʦʥʳ 

ʙʘʨʠʤʪʣʘʣʘʘʨ 

ʤʝʜʠʘʥ 44.58 4.54 5.34 

ʭʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
282.39 28.79 19.11 

ʭʘʤʛʠʡʥ 

ʙʘʛʘ 

ʫʪʛʘ 

16.74 1.71 2.92 

7-ʨ ʫʫʨʭʘʡʥ ʪʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥ 

ʜʵʵʞʠʡʥ 

ʪʦʦ 
12 12 12 

ʜʫʥʜʘʞ 

ʫʪʛʘ 
57.02 5.81 6.10 

ʤʝʜʠʘʥ 49.57 5.05 5.72 

ʭʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
153.60 15.66 12.28 

ʭʘʤʛʠʡʥ 

ʙʘʛʘ 

ʫʪʛʘ 

20.32 2.07 3.28 

2 ʙʦʣʦʥ 6-ʨ ʫʫʨʭʘʡʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʫʥʜʘʭ 

ʯʫʣʫʫʣʛʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ʜʵʵʞʠʡʥ 

ʪʦʦ 
12 12 12 

ʜʫʥʜʘʞ 

ʫʪʛʘ 
16.03 1.63 2.67 

ʤʝʜʠʘʥ 15.16 1.55 2.75 

ʭʘʤʛʠʡʥ 

ʠʭ ʫʪʛʘ 
46.25 4.71 5.47 

ʭʘʤʛʠʡʥ 

ʙʘʛʘ 

ʫʪʛʘ 

2.19 0.22 0.93 

 

ʏʫʣʫʫʣʛʠʡʥ ʥʵʛ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʰʘʭʘʣʪʳʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨʳʛ װʥʜʵʩʣʵʥ ʍʦʝʢ-ɹʨʘʫʥʳ 

ʘʨʛʘʯʣʘʣʘʘʨ (Hoek-Brown) ISRM ʦʣʦʥ ʫʣʩʳʥ 

ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʘʥʛʠʣʜʘʛ ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ 

ʘʥʛʠʣʣʘʘʨ ʘʥʛʠʣʞ ʜʘʨʘʘʭ ʭװʩʥʵʛʪʵʜ ʭʘʨʫʫʣʘʚ.



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ  

-41- 

ʏʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ ʘʥʛʠʣʘʣ, Hoek-Brown-ʥʳ ʙʘʨʠʤʪʣʘʣʘʘʨ, ISRM 

4-ʨ ʭϮʩʥʵʛʪ 

ɿʵʨʵʛ ɸʥʛʠʣʘʣ 
ʐʘʭʘʣʪʳʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨ, ʤʧʘ 

ɼʵʵʞʠʡʥ 

ʪʦʦ 

ɼʫʥʜʘʞ ʫʪʛʘ, 

ʄʇʘ 
ʕʟʣʵʭ ʭʫʚʴ, % 

ɽʈᴆʅʍʀʁ ʉʊɸʊʀʉʊʀʂ 

R0 ʆʥʮʛʦʡ ʟᴇᴇʣᴇʥ 0.25÷1 - - - 

R1 ʄʘʰ ʟᴇᴇʣᴇʥ 1÷5 3 2.41 0.91 

R2 ɿᴇᴇʣᴇʥ 5÷25 49 20.62 14.85 

R3 ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 25÷50 162 36.82 49.09 

R4 ʍʘʪʫʫ 50÷100 70 66.41 21.21 

R5 ʄʘʰ ʭʘʪʫʫ 100÷200 41 135.06 12.42 

R6 ʆʥʮʛʦʡ ʭʘʪʫʫ 250᾽ 5 236.76 1.52 

2-ʈ ʋʋʈʍɸʁ 

R0 ʆʥʮʛʦʡ ʟᴇᴇʣᴇʥ 0.25÷1    

R1 ʄʘʰ ʟᴇᴇʣᴇʥ 1÷5    

R2 ɿᴇᴇʣᴇʥ 5÷25 24 21.44 13.95 

R3 ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 25÷50 90 36.44 52.32 

R4 ʍʘʪʫʫ 50÷100 31 66.78 18.02 

R5 ʄʘʰ ʭʘʪʫʫ 100÷200 23 129.51 13.37 

R6 ʆʥʮʛʦʡ ʭʘʪʫʫ 250᾽ 4 225.36 2.326 

6-ʈ ʋʋʈʍɸʁ 

R0 ʆʥʮʛʦʡ ʟᴇᴇʣᴇʥ 0.25÷1    

R1 ʄʘʰ ʟᴇᴇʣᴇʥ 1÷5    

R2 ɿᴇᴇʣᴇʥ 5÷25 10 21.08129 11.11 

R3 ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 25÷50 47 37.32921 52.22 

R4 ʍʘʪʫʫ 50÷100 24 65.7094 26.67 

R5 ʄʘʰ ʭʘʪʫʫ 100÷200 9 145.2875 10.00 

R6 ʆʥʮʛʦʡ ʭʘʪʫʫ 250᾽    

1-ʈ ʋʋʈʍɸʁ 

R0 ʆʥʮʛʦʡ ʟᴇᴇʣᴇʥ 0.25÷1    

R1 ʄʘʰ ʟᴇᴇʣᴇʥ 1÷5    

R2 ɿᴇᴇʣᴇʥ 5÷25 6 21.17 13.64 

R3 ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 25÷50 19 36.91 43.18 

R4 ʍʘʪʫʫ 50÷100 10 67.36 22.73 

R5 ʄʘʰ ʭʘʪʫʫ 100÷200 8 137.16 18.18 

R6 ʆʥʮʛʦʡ ʭʘʪʫʫ 250᾽ 1 282.39 2.27 

7-ʈ ʋʋʈʍɸʁ 

R0 ʆʥʮʛʦʡ ʟᴇᴇʣᴇʥ 0.25÷1    

R1 ʄʘʰ ʟᴇᴇʣᴇʥ 1÷5    

R2 ɿᴇᴇʣᴇʥ 5÷25 2 22.46 16.67 

R3 ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 25÷50 4 39.41 33.33 

R4 ʍʘʪʫʫ 50÷100 5 65.63 41.67 

R5 ʄʘʰ ʭʘʪʫʫ 100÷200 1 153.60 8.33 

R6 ʆʥʮʛʦʡ ʭʘʪʫʫ 250᾽    

2 ɹʆʃʆʅ 6-ʈ ʋʋʈʍɸʁʅ ʅתתʈʉʅʀʁ ɼɸɺʍɸʈɻʓʅ ɼʋʅɼɸʍ ʏʋʃʋʋʃɸɻ 

R0 ʆʥʮʛʦʡ ʟᴇᴇʣᴇʥ 0.25÷1    

R1 ʄʘʰ ʟᴇᴇʣᴇʥ 1÷5 3 2.41 25.00 

R2 ɿᴇᴇʣᴇʥ 5÷25 7 16.17 58.33 

R3 ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 25÷50 2 36.00 16.67 

R4 ʍʘʪʫʫ 50÷100    

R5 ʄʘʰ ʭʘʪʫʫ 100÷200    

R6 ʆʥʮʛʦʡ ʭʘʪʫʫ 250᾽    
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ɼתɻʅʕʃʊ 

1. ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʪᴇʩʣʠʡʥ 

ʪʘʣʙʘʡʥ 1, 2, 6, 7-ʨ ʫʫʨʭʘʡʥʫʫʜʘʘʩ ʘʚʩʘʥ 

330 ʜʵʵʞʠʜ ʯʫʣʫʫʣʛʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ 

ʰʠʥʞ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪװװʜʠʡʥ װʨ ʜװʥʛ 

ʪʫʨʰʠʣʪ ʙʦʣʦʥ ʪʦʦʮʦʦʛʦʦʨ ʛʘʨʛʘʚ. 

2. ʊʵʩʣʵʛʜʩʵʥ ʯʫʣʫʫʣʛʠʡʥ ʵʟʣʵʭװװʥ ʞʠʥ 2.01-

3.36 ʛʨ/ʩʤ3 ʭʦʦʨʦʥʜ, ʜʫʥʜʘʞ ʫʪʛʘ 2.40 

ʛʨ/ʩʤ3 ʙʘʡʥʘ. 

3. ʏʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ 

ʇʨʦʬ. ʄ.ʄ.ʇʨʦʪʦʜʲʷʢʦʥʦʚʳʥ 

ʙʘʨʠʤʪʣʘʣʘʘʨ f=1.40-28.79 ʜʫʥʜʘʞ f=5.82 

 ʥʵʵʩ 0.3% ʥʴ ɿᴇᴇʣᴇʥ, 2.8% ʥʴװת)

ɿᴇᴇʣᴇʥʜ41.5% ,װװ ʥʴ ɼʫʥʜ ʟʵʨʵʛ ʙᴇʭ, 

27.04% ʥʴ ɹᴇʭʜ13.2% ,װװ ʥʴ ɹʘʪ ʙᴇʭ, 

10.06% ʥʴ ʄʘʰ ʙʘʪ ʙᴇʭ, .5.03% ʥʴ ɼʵʵʜ 

ʟʵʨʛʠʡʥ ʙʘʪ ʙᴇʭ ʘʥʛʠʣʣʫʫʜʘʜ ʭʘʤʘʘʨʯ 

ʙʘʡʥʘ). 

4. ISRM ʦʣʦʥ ʫʣʩʳʥ ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʍʦʝʢ-

ɹʨʘʫʥʳ ʙʘʨʠʤʪʣʘʣʘʘʨ (Hoek-Brown) 

ʯʫʣʫʫʣʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ ʘʥʛʠʣʘʣ ʜʫʥʜʘʞ 

 ʣʵʣʪʵʵʨ R1 ʤʘʰ ʟᴇᴇʣᴇʥ (0.91%), R2װװʟװ

ʟᴇᴇʣᴇʥ (14.85%), R3 ʜʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ 

(49.09%), R4 ʭʘʪʫʫ (21.21%), R5 ʤʘʰ ʭʘʪʫʫ 

(12.42%), R6 ʦʥʮʛʦʡ ʭʘʪʫʫ (1.52%) 

ʘʥʛʠʣʣʫʫʜʘʜ ʭʘʤʘʘʨʯ ʙʘʡʥʘ. 

 

ɸʐʀɻʃɸʉɸʅ ʄɸʊɽʈʀɸʃ 

1. ʉʪʘʥʜʘʨʪ ASTM D2113 - Practice for Rock 

Core Drilling and Sampling of Rock for Site 

Investigation /ʏʫʣʫʫʣʛʠʡʛ ᴇʨᴇʤʜᴇʥ ʯᴇʤʛᴇʥ 

ʜʵʵʞ ʘʚʘʭ ʭʵʵʨʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʧʨʘʢʪʠʢ 

ʘʨʛʘʯʣʘʣ/. 

2. ʉʪʘʥʜʘʨʪ ASTM C127 - 15 Standard Test 

Method for Relative Density (Specific 

Gravity) and Absorption of Coarse Aggregate 

/ʏʫʣʫʫʣʛʠʡʥ ʭʘʨʴʮʘʥʛʫʡ ʥʷʛʪ ʙʦʣʦʥ ʫʩ 

ʰʠʥʛʵʵʣʪ ʪʦʜʦʨʭʦʡʣʦʭ ʩʪʘʥʜʘʨʪ 

ʪʫʨʰʠʣʪʳʥ ʘʨʛʘ/ 

3. ASTM C20- Standard Test Methods for 

Apparent Porosity, Water Absorption, 

Apparent Specific Gravity, and Bulk 

Density /ʏʫʣʫʫʣʛʠʡʥ ʥװʭ ʩװʚʰʠʣ, ʫʩ 

ʰʠʥʛʵʵʣʪ, ʵʟʣʵʭװװʥ ʞʠʥ, ʭʫʚʠʡʥ ʞʠʥ 

ʪʦʜʦʨʭʦʡʣʦʭ ʩʪʘʥʜʘʨʪ ʪʫʨʰʠʣʪʳʥ ʘʨʛʘ/ 

4. ɹ.ʃʘʡʭʘʥʩװʨʵʥ. ñʏʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ, 

ʙʫʪʣʘʣʪʳʥ ʧʨʘʢʪʠʢʫʤò, ʋɹ ʭʦʪ. 2010 ʦʥ. 

5. ʉʪʘʥʜʘʨʪ ASTM D2938 - Standard Test 

Method for Unconfined Compressive 

Strength of Intact Rock Core Specimens 

/ʏʫʣʫʫʣʛʠʡʥ ʯᴇʤʛᴇʥ ʜʵʵʞʠʜ ʰʘʭʘʣʪʳʥ 

ʯᴇʣᴇᴇʪ ʙʘʪ ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʩʪʘʥʜʘʨʪ ʘʨʛʘʯʣʘʣ/. 

6. D 3967 ï 95. Standard Test Method for 

Splitting Tensile Strength of Intact Rock Core 

Specimens /ʯʫʣʫʫʣʛʠʡʥ ʯᴇʤʛᴇʥ ʜʵʵʞʠʜ 

ʩʫʥʘʣʪʳʥ ʙʘʪ ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʩʪʘʥʜʘʨʪ ʘʨʛʘʯʣʘʣ/ 

7. ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤ. ɸ. ɸ. 

ʉʢʦʯʠʥʩʢʦʛʦ. ʄʝʪʦʜʠʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ.-ʄ.: ʅʝʜʨʘ. 1984. - 

72 ʭ. 

8. ɺ. ɺ. ʈʞʝʚʩʢʠʡ.. ɻ. ʗ. ʅʦʚʠʢ. ʆʩʥʦʚʳ 

ʬʠʟʠʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ: -ʄ.: ʅʝʜʨʘ. 1984. -

359 ʭ. 

9. ʉʧʨʘʚʦʯʥʠʢ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ: -ʄ.: ʅʝʜʨʘ.  1975. 

10. ʀʥʞʝʥʝʨʠʡʥ ʣʘʚʣʘʭ 5. ʀʣ ʫʫʨʭʘʡʥ 

ʪʝʭʥʦʣʦʛʠ. 2011 ʦʥ 

11. D 2845 ï 00-Standard Test Method for 

Laboratory Determination of Pulse Velocities 

and Ultrasonic Elastic Constants of Rock 

/ʃʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ ʯʫʣʫʫʣʛʠʡʥ ʫʷʥ 

ʭʘʨʠʤʭʘʡʥ ʰʠʥʞ ʙʦʣʦʥ ʜʦʣʛʠʦʥʳ ʭʫʨʜ 

ʪʦʜʦʨʭʦʡʣʦʭ ʩʪʘʥʜʘʨʪ ʪʫʨʰʠʣʪʳʥ ʘʨʛʘ/ 
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"ʏʋʃʋʋʊ ʎɸɻɸɸʅ ɼʕʃ" ʍɸʁʃʋʋʈ ɾʆʅʐʅʓ ʆʈɼʓɻ ʀʃ 

ɸʈɻɸɸʈ ɸʐʀɻʃɸʍ תɽʀʁʅ ɻɽʆʊɽʍʅʀʂʀʁʅ ʉʋɼɸʃɻɸɸ 

 

 

ʇ.ɿʦʣʟʘʷʘ, ʎ.ɸʨʠʫʥʞʘʨʛʘʣ2 

1ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ ʫʫʨʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʣ ʫʫʨʭʘʡʥ ʘʰʠʛʣʘʣʪʳʥ ʪʝʭʥʦʣʦʛʠ, 

ʄʘʛʠʩʪʨʘʥʪ 
2 ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ ʫʫʨʘʡʥ ʩʫʨʛʫʫʣʴ, ɼʦʢʪʦʨ (Ph.D) 

 

 

ʍʫʨʘʘʥʛʫʡðɻʝʦʪʝʭʥʠʢʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʘʘʨ 

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʭʘʡʣʫʫʨ ʞʦʥʰʥʳ ʠʣ ʫʫʨʭʘʡʥ 

ʫʫʣʳʥ ʮʫʣʳʥ ʤʵʜʵʵʣʵʣ,  ᴇʛᴇʨʰʣʠʡʥ ʙװʩ, ʛʝʦʣʦʛʠ, 

ʛʠʜʨʦʛʝʦʣʦʛʠ, ʯʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ ʰʠʥʞ 

ʯʘʥʘʨʳʥ ʪʫʨʰʠʣʪ, ʫʫʣ ʪʝʭʥʠʢʠʡʥ ʥᴇʭʮᴇʣ ʟʵʨʵʛ 

ʤʵʜʵʵʣʵʣʜ ʪʫʣʛʫʫʨʣʘʥ ʛʝʦʪʝʭʥʠʢʠʡʥ װʥʵʣʛʵʵ ʭʠʡʥ, 

ʪʘʡʣʘʥ ʙʦʣʦʚʩʨʫʫʣʞ ʮʘʘʰʠʜ ʘʚʘʭ ʘʨʛʘ ʭʵʤʞʵʵʥʠʡ 

ʪʘʣʘʘʨ ʟᴇʚʣᴇʤʞ ʛʘʨʛʘʩʘʥ. ʋʣʤʘʘʨ ʠʣ ʫʫʨʭʘʡʥ 

ʭʵʤʞʵʵʥʜ ʘʥ ʮʘʚʳʥ ʩʪʨʫʢʪʫʨʳʥ ʙװʩʠʡʛ (ʜʦʤʝʥ) 

ʷʣʛʘʭ, ʙװʩ ʪʫʩ ʙװʨʜ ʠʣ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʘʭ 

 ʝʜ ʛʘʨʯ ʙʦʣʦʭ ʵʨʩʜʵʣʪʵʡ ʙʦʣʦʥ ʪʘʘʣʘʤʞʪʘʡװ

ʥᴇʭʮᴇʣʠʡʛ װʥʵʣʵʭ ʤᴇʥ ʫʫʨʭʘʡʥ ʩʫʫʨʴ ʤʵʜʵʵʣʣʠʡʛ 

ʙװʨʜװװʣʵʭ ʟʦʨʠʣʪ ʪʘʚʠʥ ʫʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ 

ʛװʡʮʵʪʛʵʚ 

ʊϮʣʭϮϮʨ Ϯʛðʅʘʣʫʫ, ɻʝʦʪʝʭʥʠʢ, ʪʦʛʪʚʦʨʞʠʣʪ, 

ʘʞʣʳʥ ʙʦʣʦʥ ʘʞʣʳʥ ʙʫʩ ʥʘʣʫʫ 

I.  ʋɼʀʈʊɻɸʃ 

  ʍʘʡʣʫʫʨ ʞʦʥʰʥʳ ʦʨʜʳʥ ʘʰʠʛʣʘʣʪʳʥ ʥʠʡʪ 224 

ʪʫʩʛʘʡ ʟᴇʚʰᴇᴇʨᴇʣ ʙʘʡʛʘʘʛʘʘʩ ʟװװʥ ʙװʩʵʜ 90 

ʘʰʠʛʣʘʣʪʳʥ ʪʫʩʛʘʡ ʟᴇʚʰᴇᴇʨᴇʣ ʙʘʡʥʘ. 

  ɿװװʥ ʙװʩʠʡʥ 90 ʘʰʠʛʣʘʣʪʳʥ ʪʫʩʛʘʡ 

ʟᴇʚʰᴇᴇʨᴇʣʪʵʡ ʭʘʡʣʫʫʨ ʞʦʥʰʥʳ ʦʨʜ ʥʠʡʪ ʥᴇᴇʮ 

43,596.00 ʤʷʥ.ʪʥ ʭװʜʵʨʪ 17,722.60 ʤʷʥ.ʪʥ ʵʨʜʩʠʡʥ 

ʥᴇᴇʮʠʡʛ ʥᴇᴇʮʠʡʛ ɸʰʠʛʪ ʤʘʣʪʤʘʣʳʥ ʫʣʩʳʥ ʥʵʛʜʩʵʥ 

ʪʦʦ ʙװʨʪʛʵʣʜ ʙװʨʪʛʵʩʵʥ ʙʘʡʥʘ. װתʥʵʵʩ װʣʜʵʛʜʵʣ 

ʥᴇᴇʮ 30,564.10 ʤʷʥ.ʪʥ ʭװʜʵʨʪ 12,493.13 ʤʷʥ.ʪʥ 

ʵʨʜʩʠʡʥ װʣʜʵʛʜʵʣʪʵʡ ʙʘʡʥʘ. 

ʍʘʡʣʫʫʨ ʞʦʥʰ (CaF ) ʥʴ ʙʘʡʛʘʣʠʡʥ ʛʘʨʘʣʪʘʡ 

ʤʠʥʝʨʘʣ ʙᴇʛᴇᴇʜ ʠʭʵʚʯʣʵʥ ʢʘʣʴʮʠʫʤ ʬʪʦʨʠʜʳʥ 

(CaF ) ʭʵʣʙʵʨʵʵʨ ʙʘʡʜʘʛ. ʕʥʵ ʥʴ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʘʞ 

 ʥʠʡװװʡʣʜʚʵʨʠʡʥ ʩʘʣʙʘʨʪ ʭʵʨʵʛʣʵʛʜʜʵʛ ʙᴇʛᴇᴇʜ ʪװ

ʬʠʟʠʢ, ʭʠʤʠʡʥ ʰʠʥʞ ʯʘʥʘʨʫʫʜ ʥʴ װװʥʠʡ ʰʘʣʪʛʘʘʥ 

ʶʤ.  

II.  ʆʈɼʓʅ 

ʋʋʃ ɻɽʆʃʆɻʀʁʅ ʅᴆʍʎᴆʃ  

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʭʘʡʣʫʫʨ ʞʦʥʰʥʳ ʦʨʜ 

ʥʴ ʊᴇʚ ʘʡʤʛʠʡʥ ɹʘʷʥʮʘʛʘʘʥ ʩʫʤʳʥ ʪᴇʚᴇᴇʩ ʟװװʥ 

ʭʦʡʜ ʟװʛʪ 21 ʢʤ, ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʦʩ ʫʨʴʜ ʟװʛʪ 140 

ʢʤ, ʪᴇʤᴇʨ ʟʘʤʳʥ ʄʘʘʥʴʪ ᴇʨʪᴇᴇʥᴇᴇʩ ʙʘʨʫʫʥ ʪʠʡʰ 

45 ʢʤ ʟʘʡʜ ʙʘʡʨʣʘʜʘʛ.  

ɻʘʟʨʳʥ ʛʘʜʘʨʛʫʫ: ʆʨʜʳʥ ʪʘʣʙʘʡ ʥʴ ʛʘʟʨʳʥ 

ʛʘʜʘʨʛʳʥ ʭʫʚʴʜ ʪʘʣ ʭʵʵʨʠʡʥ ʞʠʞʠʛ ʪʦʣʛʦʜʦʦʩ 

ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʮʵʛ ʥʴ ʭװʜʨʠʡʥ 2-ʨ 

ʙʠʝʪʠʡʛ ʘʛʫʫʣʞ ʙʫʡ ɿʦʛʩʦʦʣ ʪʦʣʛʦʡ-1536.6 ʤ, ʍᴇʭ 

ᴇʥʜᴇʨ-1624 ʤ ᴇʥʜᴇʨʪʵʡ ʙʘʡʜʘʛ. ʊʦʣʛʦʜ ʭʦʦʨʦʥʜʳʥ 

ʭʦʪʛʦʨʫʫʜ ʜʫʥʜʞʘʘʨ 1400-1450 ʤ ᴇʥʜᴇʨʪʵʡ. 

ʋʫʨ ʘʤʴʩʛʘʣ: ʎʘʛ ʫʫʨʳʥ ʭʫʚʴʜ ʵʭ ʛʘʟʨʳʥ ʵʨʩ ʪʵʩ 

ʫʫʨ ʘʤʴʩʛʘʣʪʘʡ. ɿʫʥʜʘʘ ʭʘʣʫʫʥ, ᴇʚᴇʣ ʥʴ ʭװʡʪʵʥ. 

ᴆʚʣʠʡʥ ʫʣʠʨʘʣ 11-ʵʵʩ 4-ʨ ʩʘʨʳʥ ʭʦʦʨʦʥʜ 

 ʨʪʵʣװʨʛʵʣʞʣʵʭ ʙᴇʛᴇᴇʜ -100-ʵʵʩ -300 ʭʵʤ ʭװ

ʭװʡʪʵʨʜʵʛ. 

ʋʫʣ ʟϮʡ: ʆʨʜ ʦʨʯʤʳʥ ʪʘʣʙʘʡ ʥʴ ʪʘʣ ʭʵʵʨʠʡʥ ʙװʩʵʜ 

ʦʨʰʜʦʛ ʙᴇʛᴇᴇʜ ʞʠʞʠʛ ʜʦʚ, ʪʦʣʛʦʜ, ʭᴇʥʜʠʡʥװװʜʵʵʩ 

ʪʦʛʪʩʦʥ ʙʘʡʜʘʛ. ɻʘʟʨʳʥ ʛʘʜʘʨʛʳʥ װʥʵʤʣʵʭװʡ 

ᴇʥʜᴇʨʞʠʣʪ ʜʘʣʘʡʥ ʪװʚʰʥʵʵʩ ʜʵʵʰ 1450.0-1624.6 ʤ-

ʠʡʥ ʭʦʦʨʦʥʜ ʭʵʣʙʵʣʟʵʥʵ. ʆʨʜ ʦʨʯʤʳʥ ʭʘʤʛʠʡʥ 

ᴇʥʜᴇʨ ʮʵʛ ʫʛ ʦʨʜʳʥ ʙʘʨʫʫʥ ʪʘʣʜ ʦʨʰʠʭ ʍᴇʭ ᴆʥʜᴇʨ 

ʦʚʦʦ ʦʨʦʭ ʙᴇʛᴇᴇʜ ʪװװʥʠʡ ᴇʥʜᴇʨʞʠʣʪ 1624.6 ʤ ʶʤ. 

ʆʨʜʳʥ ʦʨʰʠʞ ʙʫʡ ʪʦʣʛʦʜʳʥ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʮʵʛ 

1536.6 ʤ ᴇʨʛᴇʛʜʩᴇʥ ʙᴇʛᴇᴇʜ ʜʦʚ ʪʦʣʛʦʜʳʥ 

ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨʞʠʣʪ 50 ʤ-ʵʵʩ 100 ʤ-ʠʡʥ ʭʦʦʨʦʥʜ 

ʭʵʣʙʵʣʟʵʥʵ. 

ʍϺʨʩ ʫʨʛʘʤʘʣ: ʊʫʩ ʙװʩ ʥʫʪʘʛ ʝʨᴇʥʭʠʡʜᴇᴇ 

ʯʫʣʫʫʨʭʘʛ ʭʘʨ ʭװʨʵʥ ʙʦʣʦʥ ʰʘʚʘʨʣʘʛ ʭᴇʨʩʪʵʡ 

ʫʯʨʘʘʩ ʫʨʛʘʤʣʳʥ ʪᴇʨᴇʣ ʮᴇᴇʥ, ʘʨʤʘʛ ʪʘʨʤʘʛ ʙʘʡʜʘʛ. 

ʄʦʜʣʦʛ ʫʨʛʘʤʘʣ ʙʘʡʭʛװʡ, ʟᴇʚʭᴇʥ ʪʘʣ ʭʵʵʨʠʡʥ ʙװʩʵʜ 

ʫʨʛʘʜʘʛ ʜʘʚʞʘʘ ʭʘʨʛʘʥʘ, ʭʘʘʷʘ ʙʫʡʣʩ ʫʨʛʘʩʘʥ ʙʘʡʥʘ. 

ɻʦʣʯʣʦʥ ʤʦʥʛʦʣ ᴇʚʩ, ʪʘʘʥʘ, ʭʘʟʘʘʨ ᴇʚʩ, ʙʘʛʣʫʫʨ, 

ʰʘʨʠʣʞ, ʪʦʣʛʦʜ ʭʦʦʨʦʥʜʳʥ ʭᴇʥʜʠʡ, ʭʦʦʣʦʡʛʦʦʨ 

ʜʵʨʩ ʫʨʛʘʥʘ. 

ɻʘʜʘʨʛʫʫʛʠʡʥ ʫʩ: ʕʥʜ ʫʩʘʥ ʩװʣʞʵʵ ʤʫʫ ʭᴇʛʞʩᴇʥ, 

ʙʘʡʥʛʳʥ ʫʨʩʛʘʣʪʘʡ ʛʦʣ, ʛʦʨʭʠ ʙʘʡʭʛװʡ. ʎᴇᴇʥ ʪʦʦʥʳ 

ʥʫʫʨ, ʮᴇᴇʨᴇʤ ʙʘʡʜʘʛ ʯ ʙʦʨʦʦ ʭʫʨ ʙʘʛʘʪʘʡ ʛʘʥʪʘʡ 

ʞʠʣ ʫʫʨʰʠʞ ʭʫʫʨʘʡ ʪʦʡʨʦʤ ʙʦʣʜʦʛ. ʍʘʜʘʥ ʛʘʨʰ 

ʙװʭʠʡ ʪʦʣʛʦʜ, ʭᴇʥʜʠʡʥ ʟʘʘʛʘʘʨ ʭʘʛʘʨʘʣ ʜʘʛʘʞ 

ʛʘʨʩʘʥ ʙʫʣʛʫʫʜ ʪʦʭʠʦʣʜʦʥʦ. ʕʜʛʵʵʨ ʥʴ ʙʦʨʦʦ ʠʭʪʵʡ 

ʟʫʥʳ ʩʘʨʫʫʜʘʜ ʫʩʘʘʨ ʩʵʣʙʵʛʜʵʞ ʞʠʞʠʛ ʛʦʨʭʠ 

 ʥʠʡ ʫʩʳʛ ʘʰʠʛʣʘʭ ʟʦʨʠʫʣʘʣʪʘʘʨװʩʛʵʜʵʛ. ʄᴇʥ ʛװװ

ʛʘʨʛʘʩʘʥ ʛװʥʠʡ ʙʦʣʦʥ ʛʘʨ ʭʫʜʛʫʫʜʳʛ ʦʨʦʥ ʥʫʪʛʠʡʥ 

ʤʘʣʯʠʜ ʙʦʣʦʥ ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʭʘʡʣʫʫʨ ʞʦʥʰʥʳ 

ʫʫʨʭʘʡʜ ʘʰʠʛʣʘʜʘʛ. 

ɻʝʦʣʦʛʠʡʥ ʪװʛʵʵʤʵʣ ʪʦʛʪʮʳʥ ʭʫʚʴʜ ʏʫʣʫʫʪ 

ʮʘʛʘʘʥ ʜʵʣ ʦʨʜ ʥʴ ñʛʦʚʠʡʥ ʭʦʡʜ ʙʠʝʠʡʥò ʛʵʞ 

ʥʵʨʣʵʛʜʜʵʛ ʛװʥʠʡ ʭʘʛʘʨʣʳʛ ʜʘʛʘʞ ᴇʨʛᴇʛʜᴇʥ ʛʘʨʩʘʥ 

ʜʵʵʜ ʧʨʦʪʝʨʦʟʦʡ-ʜʦʦʜ ʢʝʤʙʨʠʡʥ ʪʫʥʘʤʘʣ-

ʭʫʚʠʨʤʘʣ ʯʫʣʫʫʣʘʛʪ װװʩʵʞ ʪʦʛʪʩʦʥ. ʆʨʜʳʥ 

ʭʵʤʞʵʵʥʜ ʛʝʦʣʦʛʠʡʥ װװʩʣװװʜʠʡʛ ʜʫʨʜʚʘʣ:  

ɼʵʵʜ ʧʨʦʪʝʨʦʟʦʡ-ʜʦʦʜ ʢʝʤʙʨʠ:  

¶ ʆʨʪʦʛʥʝʡʩ, ʧʦʨʬʠʨʦʠʜ (PR3-C1) 

¶ ʌʠʣʣʠʪ, ʰʦʭʦʡʥ ʯʫʣʫʫ (PR3-C1ʘ)  

¶ ʄʝʪʘʨʠʦʣʠʪ, ʤʝʪʘʜʘʮʠʪ, ʧʦʨʬʠʨʦʠʜ (PR3-

C1b) 

ʇʝʨʤ:  



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  

-44- 

¶ ɼʦʦʜ ʧʝʨʤʠʡʥ ʜʘʮʠʪ, ʘʥʜʝʟʠʪ, ʨʠʦʣʠʪ 

ʪʵʜʛʵʵʨʠʡʥ ʪʫʬ (P1) 

¶ ɼʵʵʜ ʧʝʨʤʠʡʥ ʢʚʘʨʮʠʪ, ʵʣʩʵʥ ʯʫʣʫʫ (P2) 

ɼʵʵʜ ʮʵʨʜ: ʂʦʥʛʣʦʤʝʨʘʪ, ʵʣʩʵʥʮʵʨ, ʘʨʛʠʣʣʠʪ, 

ʭװʨʵʤ, ʘʥʜʝʟʠʪ-ʭװʨʵʤ (ʂ1)  

ɼᴇʨᴇʚʜᴇʛʯʠʡʥ װװʩʵʣ: ʦʨʯʠʥ װʝʠʡʥ ʘʣʣʶʚʠʘʣʴ-

ʧʨʦʣʣʶʚʠʘʣʴ ʭʫʨʜʘʩ (Q4) 

ʆʨʪʦʛʥʝʡʩ (PR3-C1) ʥʴ ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ ʫʨʜ ʭʵʩʵʛ 

ʙʘ ʭװʜʨʠʡʥ 3 ʙʘ 5-ʨ ʙʠʝʪװװʜʠʡʥ ʭʦʦʨʦʥʜ ʭװʜʵʨʛװʡ 

ʪʘʣʙʘʡʛ ʩʦʥʛʦʞ ʦʚʦʦʣʛʦ ʭʠʡʭ ʟʦʨʠʣʛʦʦʨ ᴇʨᴇʤʜʩᴇʥ 

ʛװʥʠʡ ʮʦʦʥʦʛʪ ʠʣʵʨʩʵʥ. ʕʥʵ ʯʫʣʫʫʣʘʛ ʥʴ ʜʫʥʜ 

ʰʠʨʭʵʛʪʵʡ ʧʦʨʬʠʨ ʤʘʷʛʠʡʥ ʭʣʦʨʠʪ, ʧʣʘʛʠʦʢʣʘʟʘʘʩ 

ʙװʨʜʩʵʥ ʢʘʪʘʢʣʘʟ ʙװʪʵʮʪʵʡ ʶʤ.  

ʇʦʨʬʠʨʦʠʜ (PR3-C1) ʭװʜʨʠʡʥ ʟʘʥʛʠʣʘʘʥʳ ʭʦʡʜ 

ʪʘʣʘʘʨ, ʤᴇʥ ʙʘʛʘ ʭʵʤʞʵʵʛʵʵʨ ʫʨʴʜ ʪʘʣʘʘʨ 

ʪʦʛʪʦʦʛʜʩʦʥ ʙʘ ʜʫʥʜ ʰʠʨʭʵʛʪʵʡ ʭʣʦʨʠʪ ʙװʭʠʡ 

 .ʩʵʣ ʶʤװװ

ʌʠʣʣʠʪ, ʰʦʭʦʡʥ ʯʫʣʫʫ (PR3-C1ʘ): ɼʦʦʜ 

ʜʘʚʭʘʨʛʳʛ ʝʨᴇʥʭʠʡʜ ʥʴ ʰʦʭʦʡʣʦʛ ʬʠʣʣʠʪ ʛʵʞ 

ʥʵʨʣʵʩʵʥ. ɿװװʥ ʭʦʡʰʦʦ ʩʫʥʘʣʪʘʡ, ʟװʩʵʣʪʠʡʥ ʜʫʥʜ 

ʭʵʩʵʛʪ ʬʠʣʣʠʪ ʤʘʷʛʠʡʥ ʟʘʥʘʨ, ʜʵʵʨ ʥʴ ʛʘʥʪʠʛʞʩʘʥ 

ʰʦʭʦʡʥ ʯʫʣʫʫ ʟʘʥʘʨʳʥ ʦʣʦʥ ʪʦʦʥʳ ʬʠʣʣʠʪʳʥ װʝ 

ʘʛʫʫʣʩʘʥ ʙʘʡʜʘʛ. ʐʦʭʦʡʥ ʯʫʣʫʫ ʥʴ ʩʘʘʨʘʣ, ʭʘʨ 

ʩʘʘʨʘʣ װʝʥװװʜʵʵʩ ʪʦʛʪʩʦʥ ʙʘ װʥʜʩʵʥ ʥʘʡʨʣʘʛʘ ʥʴ 

ʢʘʣʴʮʠʪʘʘʩ ʙװʨʜʩʵʥ, ʞʠʞʠʛ ʙʘ ʜʫʥʜ ʰʠʨʭʵʛʪʵʡ.  

ʌʠʣʣʠʪ ʥʴ ʥʦʛʦʦʥ ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʥʘʨʠʡʥ 

ʰʠʨʭʵʛʪʵʡ, ʮʘʭʠʨ, ʛʷʣʪʛʘʥʫʫʨ (ʩʝʨʠʮʠʪ), 

ʭʣʦʨʠʪʦʦʩ ʪʦʛʪʩʦʥ, ʙʘʣ ʯʫʣʫʫʞʩʘʥ װʝװʜ ʵʣʙʵʛ 

ʪʦʭʠʦʣʜʦʥʦ. ʌʠʣʣʠʪ ʥʴ ʰʦʭʦʡʥ ʯʫʣʫʫ ʙʘ 

ʧʦʨʬʠʨʦʠʜʳʥ ʥʘʨʠʡʥ װʝװװʜ ʘʛʫʫʣʩʘʥ ʙʘʡʜʘʛ. 

ʐʦʭʦʡʥ ʯʫʣʫʫ ʙʘ ʬʠʣʣʠʪʳʥ ʭʠʣ ʟʘʘʛ ʥʴ ʠʭʵʚʯʣʵʥ 

ʪʝʢʪʦʥʠʢʠʡʥ ʛʘʨʘʣʪʘʡ ʙʘʡʥʘ.  

ʄʝʪʘʨʠʦʣʠʪ, ʤʝʪʘʜʘʮʠʪ (PR3-C2b) ʜʵʵʜ 

ʜʘʚʭʘʨʛʳʥ ʯʫʣʫʫʣʛʫʫʜ ʥʴ ʰʦʭʦʡʣʦʛ ʬʠʣʣʠʪ ʙʦʣʦʥ 

ʰʦʭʦʡʥ ʯʫʣʫʫʥ ʜʵʵʛװװʨ ʰʠʣʞʠʞ ʪʦʛʪʩʦʥ. 

ʄʝʪʘʨʠʦʣʠʪ, ʤʝʪʘʜʘʮʠʪ ʥʴ ʙʦʨ ʰʘʨʛʘʣ, ʭʘʨ ʩʘʘʨʘʣ 

ᴇʥʛᴇʪʵʡ, ʦʨʪʦʢʣʘʟ, ʘʣʴʙʠʪ, ʤᴇʥ ʙʘʨʘʘʥ ᴇʥʛʠʡʥ 

ʵʨʜʩװװʜʵʵʩ ʙװʨʜʩʵʥ. ʄᴇʥ ʵʥʜ ʢʩʝʥʦʣʠʪ ʭʵʣʙʵʨʵʵʨ 

ʰʦʭʦʡʥ ʯʫʣʫʫ ʪʦʭʠʦʣʜʦʥʦ. ɼʵʵʜ ʧʨʦʪʝʨʦʟʦʡ-ʜʦʦʜ 

ʢʝʤʙʨʠʡʥ װװʩʣʠʡʥ ʟʫʟʘʘʥ 600-700 ʤ. 

ɼʦʦʜ ʧʝʨʤʠʡʥ (P1) װװʩʵʣ ʦʨʜʳʥ ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ 

ʭʦʡʜ ʪʘʣʘʘʨ ᴇʨʛᴇʥ ʪʘʨʭʩʘʥ ʙʫʫʨʘʣ, ʷʛʘʘʥ, ʙʦʨ, ʙʦʨ 

ʰʘʨʛʘʣ ᴇʥʛʠʡʥ ʜʘʮʠʪ, ʘʥʜʝʟʠʪʳʥ ʙʦʣʦʥ ʨʠʦʣʠʪʳʥ 

ʪʫʬʵʵʩ ʪʦʛʪʩʦʥ.  

ɼʵʵʜ ʧʝʨʤʠʡʥ (P2) װװʩʵʣ ʥʴ ʛʨʘʫʚʘʢʢ, ʵʣʩʵʥ ʯʫʣʫʫ, 

ʘʣʝʚʨʦʣʠʪʦʦʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʢʦʥʛʣʦʤʝʨʘʪʳʥ 

ʥʘʨʠʡʥ װʝ ʭʘʘʷʘ ʪʦʭʠʦʣʜʦʥʦ. 

ɻʨʘʫʚʘʢʢ ʥʴ ʙʦʨ ʰʘʨʛʘʣ, ʥʦʛʦʦʥ ʩʘʘʨʘʣ, 

ʩʘʘʨʘʣ, ᴇʥʛᴇʪʵʡ ʥʘʨʠʡʥʘʘʩ ʙװʜװװʥ ʰʠʨʭʵʛʪʵʡ. 

 ,ʥʜʩʵʥ ʥʘʡʨʣʘʛʘ ʥʴ ʮʘʭʠʫʨ, ʭʵʵʨʠʡʥ ʞʦʥʰת

ʛʷʣʪʛʘʥʫʫʨ ʪᴇʤʨʠʡʥ ʠʩʵʣ, ʰʘʚʘʨʣʘʛ 

ʙʘʨʴʮʘʣʜʫʫʣʘʛʯʘʘʩ ʪʫʩ ʪʫʩ ʙװʨʜʵʥʵ. ʕʣʩʵʥ ʯʫʣʫʫ ʥʴ 

ʮʘʭʠʨ, ʢʘʣʠʡʥ ʭʵʵʨʠʡʥ ʞʦʥʰ, ʧʣʘʛʠʦʢʣʘʟʘʘʩ 

ʙװʨʜʩʵʥ. ɻʷʣʪʛʘʥʫʫʨ ʥʴ ʩʝʨʠʮʠʪ, ʭʣʦʨʞʩʦʥ ʙʠʝʪʵʵʩ 

ʪʦʛʪʦʥʦ. 

ɸʣʝʚʨʦʣʠʪ ʥʴ ʭʘʨ ʩʘʘʨʘʣ, ʮʘʡʚʘʨ ʥʦʛʦʦʥ 

ᴇʥʛᴇʪʵʡ ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ. ɻʘʜʘʨʛʘʜ ʠʭʵʚʯʣʵʥ 

ʭʵʤʭʜʵʩ ʤʘʷʛʘʘʨ ʪʦʭʠʦʣʜʦʥʦ. ɸʥ ʮʘʚʘʘʨ ʥʴ 

ʪᴇʤʨʠʡʥ ʫʩʘʥ ʠʩʵʣ ʠʣʨʵʥʵ. ɻװʥʠʡ ʯʫʣʫʫʣʘʛʪʘʡ 

ʭʠʣʣʵʩʵʥ װʝʜ ʭʠʣ ʟʘʘʛʠʡʥ ʭʫʚʠʨʘʣʜ ʦʨʞ ʭʘʨ ʩʘʘʨʘʣ 

ᴇʥʛᴇʪʵʡ ʤʵʜʵʛʜʵʭװʡʮ ʰʠʨʭʵʛʛװʡ, ʘʥ ʮʘʚʘʨʭʘʛ 

ʙʦʣʩʦʥ ʙʘʡʜʘʛ. ʏʫʣʫʫʣʛʠʡʥ װʥʜʩʵʥ ʙװʨʵʣʜʵʭװװʥ ʥʴ 

ʩʝʨʠʮʠʪ.  

ʂʦʥʛʣʦʤʝʨʘʪ ʥʴ 10 ʤ ʭװʨʪʵʣʭ ʟʫʟʘʘʥʪʘʡ װʝ 

ʤʘʷʛʘʘʨ ʛʨʘʫʚʘʢʢ, ʵʣʩʵʥ ʯʫʣʫʫ ʜʦʪʦʨ ʦʨʰʠʥʦ. 

ɼʦʦʜ ʮʵʨʜʠʡʥ װװʩʵʣ (K1) ʥʴ ʜʦʦʨʦʦʩ ʜʵʵʰ 

ʢʦʥʛʣʦʤʝʨʘʪ, ʵʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ, ʘʨʛʠʣʣʠʪ, 

ʭװʨʤʵʥ ʯʫʣʫʫʥʳ ʭʫʯʘʘʩʥʘʘʩ ʙװʨʜʜʵʛ. ʂʦʥʛʣʦʤʝʨʘʪ 

ʥʴ 600-800 ʤ, ʵʣʩʵʥ ʯʫʣʫʫ 400 ʤ ʟʫʟʘʘʥʪʘʡ, ʥʠʡʣʙʵʨ 

ʟʫʟʘʘʥ 1300 ʤ ʭװʨʥʵ.  

  ʂʦʥʛʣʦʤʝʨʘʪ ʥʴ ʛʘʜʘʨʛʘʜ ʠʭʵʚʯʣʵʥ 

ʙʫʪʘʨʤʘʛ ʙװʨʜʣʵʵʩ ʪʦʛʪʦʭ ʙᴇʛᴇᴇʜ ʥʦʛʦʦʥ ʩʘʘʨʘʣ, 

ʫʣʘʘʥ ʙʫʫʨʘʣ, ʫʣʘʘʥ ʭװʨʵʥ ᴇʥʛᴇʪʵʡ, 

ʙʘʨʴʮʘʣʜʫʫʣʘʛʯ ʥʴ ʥʦʛʦʦʥ ʩʘʘʨʘʣ ᴇʥʛʠʡʥ ʛʨʘʫʚʘʢʢ 

ʙʘʡʜʘʛ. ʂʦʥʛʣʦʤʝʨʘʪ ʙװʨʜװװʣʵʛʯ ʭʘʡʨʛʘ ʥʴ ʵʨʛʵʥ 

ʪʦʡʨʥʳ ᴇʤʥᴇʭ ʥʘʩʥʳ ʯʫʣʫʫʣʛʘʘʩ ʙװʨʜʩʵʥ ʵʜʛʵʵʨʪ 

ʙʦʨʞʠʥ-ʛʥʝʡʩ, ʧʦʨʬʠʨʦʠʜ, ʪװʨװװ ʧʘʣʝʦʟʦʡʥ 

ʙʦʨʞʠʥ ʦʨʥʦ. ʍʘʨʠʥ ʶʨʠʡʥ ʙʘʷʥʮʘʛʘʘʥ ʙװʨʜʣʠʡʥ 

ʙʦʨʞʠʥ ʟᴇʚʭᴇʥ ʥʵʛ ʮʦʦʥʦʛʪ ʠʣʵʨʩʵʥ. ʍʘʡʨʛʘ ʥʴ 2-

10 ʩʤ ʭʵʤʞʵʵʪʵʡ.  

ʕʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ, ʘʨʛʠʣʣʠʪ ʥʴ 

ʛʘʜʘʨʛʘʜ ʠʣʵʨʮ ʤʫʫʪʘʡ, ʯᴇʤᴇʛ ʩʘʡʥ ʘʚʩʘʥ ʮʦʦʥʦʛʪ 

ʪʦʛʪʦʦʛʜʜʦʛ. ʕʣʩʵʥ ʯʫʣʫʫ ʥʴ ʫʣʘʘʥ ʭװʨʵʥ, ʙʦʨ 

ʰʘʨʛʘʣ, ʮʘʡʚʘʨ ʥʦʛʦʦʥ ᴇʥʛᴇʪʵʡ, ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ 

ʙʘʡʜʘʛ.  

ʍװʨʤʵʥ ʯʫʣʫʫ ʥʴ ʛʘʜʘʨʛʘʜ ʭʘʜʘʥ ʛʘʨʰ 

ʤʘʷʛʘʘʨ ʠʣʵʨʩʵʥ ʙʘʡʭ ʙʘ ʷʛʘʘʥ ʩʘʘʨʘʣ, ʷʛʘʘʥ, ʭʘʨ 

ʩʘʘʨʘʣ ᴇʥʛᴇʪʵʡ, ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ, ʰʠʛʪʛʵʵ 

ʤʘʷʛʘʘʨ ʭʵʵʨʠʡʥ ʞʦʥʰ ʪʦʭʠʦʣʜʦʥʦ. ʏʫʣʫʫʣʘʛ ʥʴ 

ʥװʭ ʩװʚʵʨʭʵʛ, ʠʭʵʚʯʣʵʥ ʢʘʣʴʮʠʪ, ʭʘʣʴʮʝʜʦʥ 

ʤʘʷʛʠʡʥ ʮʘʭʠʨʘʘʨ ʜװװʨʛʵʛʜʩʵʥ ʙʘʡʥʘ. 

ɼᴇʨᴇʚʜᴇʛʯʠʡʥ ʭʫʨʜʩʳʛ ʛʘʨʘʣ װװʩʣʵʵʨ ʥʴ ʛʫʨʚʘʥ 

ʪᴇʨᴇʣʜ ʭʘʤʨʫʫʣʩʘʥ. װתʥʜ:ɼʫʥʜ ʜᴇʨᴇʚʜᴇʛʯʠʡʥ (Q2) 

ʜʵʥʞʠʡʥ ʬʣʶʚʠʘʣʴ ʭʫʨʜʘʩ ʥʴ ʙװʜװװʥ ʰʠʨʭʵʛʪʵʡ 

ʵʣʩ ʙʘ ʭʘʡʨʛʘʥʘʘʩ ʙװʨʜʵʥʵ. ʕʥʵ ʦʨʯʥʳ ʜʵʥʞװװʜ 

ʦʨʯʠʥ װʝʠʡʥ ʞʘʣʛʘ, ʭᴇʥʜʠʡʥ ʟʘʭʘʘʨ ʵʤʞʠʞ 

ʙʘʡʨʣʘʩʘʥ 2.0-8.0 ʤ ᴇʥʜᴇʨʪʵʡ ʙʘʡʜʘʛ. ʕʥʵ װװʩʣʠʡʛ 

ʭʦʞʫʫ ʧʣʝʡʩʪʦʮʝʥʳʥ ʥʘʩʪʘʡ ʛʵʞ װʟʜʵʛ. 

ɼʵʵʜ ʜᴇʨᴇʚʜᴇʛʯʠʡʥ (Q3) ʭʫʨʜʘʩ ʥʴ 

ʵʣʣʶʚʠʡʥ, ʵʣʣʶʚʠ-ʜʝʣʣʶʚʠʠʡʥ ʛʘʨʘʣʪʘʡ, ʫʫʣʳʥ 

ʥʘʣʫʫ ʭʘʞʫʫ, ʙʵʣʵʵʨ װװʩʵʞ ʪʦʛʪʩʦʥ, 1.5-2.0 ʤ 

ʟʫʟʘʘʥʪʘʡ ʙʘʡʭ ʙʘ ʫʣ ʩʫʫʨʠʡʥ װʥʜʩʵʥ 

ʯʫʣʫʫʣʛʠʡʥʭʘʘ ʙʘʪ ʙᴇʭ ʯʘʥʘʨʘʘʩ ʭʘʤʘʘʨʯ 

ʵʣʣʶʚʠʡʥ װװʩʣʠʡʥ ʟʫʟʘʘʥ ᴇᴇʨ ᴇᴇʨ ʙʘʡʥʘ. 

ɼʝʣʣʶʚʠʡʥ ʭʫʨʜʘʩ 2.0 ʤ-ʵʵʩ ʜʵʵʰ ʟʫʟʘʘʥʪʘʡ ʫʫʣʳʥ 

ʙʵʣ, ʭᴇʥʜʠʡʛᴇᴇʨ ʪʦʭʠʦʣʜʦʥʦ.  

ʆʨʯʠʥ װʝʠʡʥ ʘʣʣʶʚʠʡʥ ʙʦʣʦʥ ʥʫʫʨʳʥ 

ʭʫʨʜʘʩ QIV ʪװʨ ʟʫʫʨʳʥ װʝʨʠʡʥ ʫʩʘʘʨ ʪʫʫʛʜʘʞ 

ʞʘʣʛʘ, ʭᴇʥʜʠʡʛ ʜװװʨʛʵʞ װװʩʩʵʥ, ʙװʜװװʥ ʰʠʨʭʵʛʪʵʡ 

ʵʣʩ, ʭʘʡʨʛʘ, ʰʘʚʨʘʘʩ ʙװʨʜʩʵʥ, 5.0-7.0 ʤ ʟʫʟʘʘʥʪʘʡ 

ʙʘʡʜʘʛ. 

3.1. ʊʝʢʪʦʥʠʢ 

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʨʘʡʦʥ ʥʴ ʊᴇʚ ʄʦʥʛʦʣʳʥ 

ʘʪʠʨʘʘʪ ʤʫʞʠʡʥ ʙʘʨʫʫʥ ʭʦʡʜ ʟʘʘʛ ʦʨʯʤʦʦʨ 

ɼʫʥʜʛʦʚʠʡʥ ʛװʥʠʡ ʭʘʛʘʨʣʳʥ ʙװʩʠʡʥ ʭװʨʵʵʥʜ 

ʦʨʰʠʥʦ. ʕʥʵ ʪʘʣʙʘʡ ʥʴ ʧʣʠʪ ʪʝʢʪʦʥʠʢʠʡʥ 

ʘʥʛʠʣʣʘʘʨ ɸʜʘʘʮʘʛ-ʍʵʨʣʵʥʛʠʡʥ ʵʭ ʛʘʟʨʳʥ ʨʠʬʪʠʡʥ 

ʙװʩʠʡʥ ʙʘʨʫʫʥ ʭʦʡʜ ʭʠʣ ʦʨʯʤʦʦʨ ʙʘʡʨʣʘʥʘ. 

3.2. ɻʝʦʤʦʨʬʦʣʦʛʠ 

ʆʨʜʳʥ ʪʘʣʙʘʡ ʥʴ ɹʘʷʥʮʘʛʘʘʥʳ ᴇʨʛᴇʛʜʣʠʡʥ 

ʟװװʥ ʫʨʜ ʭʵʩʛʠʡʛ ʭʘʤʨʘʥ ʦʨʰʠʥʦ. ᴆʨʛᴇʛʜʣʠʡʥ 
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ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʥʴ ʍᴇʭ-ᴆʥʜᴇʨ ʦʚʦʦ 1624.0ʤ 

ᴇʥʜᴇʨʪʵʡ. ᴆʨʛᴇʛʜʣʠʡʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ ʜʘʣʘʡʥ 

ʪװʚʰʥʵʵʩ ʜʵʵʰ 1550.0 ʤ ʙʘʡʜʘʛ. ᴆʨʛᴇʛʜᴇʣ ʥʴ ʦʣʦʥ 

ʪʦʦʥʳ ʭᴇʥʜʠʡʛᴇᴇʨ ʭװʨʵʵʣʵʛʜʩʵʥ. ᴆʨʛᴇʛʜʣʠʡʥ ʭʦʡʜ 

ʪʘʣʳʥ ʭᴇʥʜʠʡʜ ʅװʜʵʥ, ʉװװʞʠʡʥ ʥʫʫʨ ʦʨʰʠʭ 

ʙᴇʛᴇᴇʜ ʵʜʛʵʵʨ ʥʴ ʜʘʣʘʡʥ ʪװʚʰʥʵʵʩ ʜʵʵʰ 1370.0 ʤ-ʪ 

ʦʨʰʠʥʦ. 

ɹʘʷʥʮʘʛʘʘʥʳ ᴇʨʛᴇʛʜʣʠʡʥ ʛʘʜʘʨʛʘ ʥʴ ʦʣʦʥ 

ʭװʯʠʥ ʟװʡʣʵʵʩ ʭʘʤʘʘʨʘʣʪʘʡʛʘʘʨ װװʩʵʞ ʪʦʛʪʩʦʥ 

ʙʘʡʥʘ. ɻʘʜʘʨʛʘʜ ʛʘʜʘʘʜ ʭװʯʠʥ ʟװʡʣ ʙʦʣʦʭ ᴇʛᴇʨʰʠʣ, 

ʙʫʪʨʘʣ, ʟᴇᴇʛʜᴇʣ, ʭʫʨʠʤʪʣʘʣʳʥ װʡʣ ʘʞʠʣʣʘʛʘʘ 

ʭװʯʪʵʡ ʷʚʘʛʜʩʘʥ. ᴆʨʛᴇʛʜᴇʣ ʥʴ ʦʣʦʥ ʪʦʦʥʳ ʭᴇʥʜʠʡ 

ʥʫʫʨʫʫʜʘʘʨ ʭװʨʵʵʣʵʛʜʩʵʥ ʙʘʡʜʘʛ (ʅװʜʵʥ ʥʫʫʨ, 

ʉװװʞ ʥʫʫʨ ʛ.ʤ). 

ʊʝʢʪʦʥʠʢ ʭᴇʜᴇʣʛᴇᴇʥʠʡ װʨ ʜװʥʜ 

ɹʘʷʥʮʘʛʘʘʥʳ ʙʣʦʢ ʪװװʥʠʡ ʵʨʛʵʥ ʪʦʡʨʥʳ ʭʦʪʛʦʨʫʫʜ 

 ʩʩʵʥ. ʕʨʪʥʠʡ ʪʘʩʨʘʣʪʘʪ ʪʝʢʪʦʥʠʢ ʙʘʡʩʘʥ ʙʦʣʦʚʯװװ

ʛʦʣ װװʨʵʛ ʛװʡʮʵʪʛʵʵʛװʡ. ʄʦʨʬʦʛʝʥʝʪʠʢʠʡʥ ʪʘʣʘʘʩ 

ʘʚʯ װʟʚʵʣ ʨʘʡʦʥʳ ʤʦʨʬʦʣʦʛʠ ʥʴ ʵʣʵʛʜʵʣ, ʟᴇᴇʛʜʣʠʡʥ 

ʧʨʦʮʝʩʩʳʥ װʨ ʜװʥ ʙʦʣʦʭ ʶʤ. ʍʫʨʠʤʪʣʘʣʳʥ ʭʵʣʙʵʨ 

ʥʴ ʛʘʜʘʨʛʘ ʜʘʭʴ ʵʣʵʛʜʵʣ, ʟᴇᴇʛʜʣʠʡʥ ʥᴇʭʮᴇʣʪʵʡ 

ʭʘʤʘʘʨʘʣ ʙװʭʠʡ װװʩʵʣ ʶʤ. 

ʕʣʵʛʜʵʣ ʟᴇᴇʛʜʣʠʡʥ ʛʘʜʘʨʛʘ ʥʴ ʯʫʣʫʫʣʛʠʡʥ 

ʭʘʨʴʮʘʘʥʘʘʩ ʭʘʤʘʘʨʘʥ ʭʵʜ ʭʵʜʵʥ ʪᴇʨᴇʣʜ 

ʘʥʛʠʣʘʛʜʘʥʘ. ɼʫʥʜʘʞ ᴇʥʜᴇʨʣᴇʛʪʵʡ ʨʝʣʴʝʬ ʥʴ ʪʦʤ 

ʰʠʨʭʵʛʪʵʡ ʙʦʨʞʠʥ, ʧʝʨʤʠʡʥ ʥʘʩʥʳ ʘʣʝʚʨʦʣʠʪ, 

ʵʣʩʵʥ ʯʫʣʫʫ ʙװʭʠʡ 1450-1520 ʤ ᴇʥʜᴇʨʣᴇʛʪʵʡ 

ʪʘʣʙʘʡʜ ʪʘʨʭʩʘʥ. ʕʥʜ ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ 

ʭʘʨʴʮʘʥʛʫʡ ʙʘʛʘ 40-60 ʤ. ʕʥʜ ʜʵʣʣʵʩʵʥ ʛʘʜʘʨʛʘ 

ᴇʨʛᴇʥ ʥʘʣʫʫ ʭʘʞʫʫʪʘʡ. ʍᴇʥʜʠʡʥװװʜ ʥʴ ᴇʨʛᴇʥ ʙʘʛʘ 

ʭʦʪʦʡʩʦʥ. ʕʜʛʵʵʨ ʥʴ ʵʣʵʛʜʵʣ ʟᴇᴇʛʜʣʠʡʥ װʨ ʜװʥʜ 

 ʩʩʵʥ. ɹʦʨʞʠʥ ʥʴ ʭʘʚʪʛʘʡ ʛʘʨʰʫʫʜʳʛ, ʧʝʨʤʠʡʥװװ

ʥʘʩʥʳ ʯʫʣʫʫʣʛʫʫʜ ʥʴ ʰʫʛʘʤʘʥ ʩʫʥʘʣʪʘʡ װʥʜʩʵʥ 

ʠʣʵʨʮװװʜʠʡʛ װװʩʛʵʩʵʥ. ʇʨʦʪʝʨʦʟʦʡ, ʧʘʣʝʦʟʦʡʥ 

ʥʘʩʥʳ װװʩʣװװʜ ʥʴ ʰʫʛʘʤʘʥ ʩʫʥʘʣʪʘʡ 1,400-1,545 ʤ-

ʠʡʥ ᴇʥʜᴇʨʪ ʦʨʰʠʥʦ. 

III.  ʆʈɼʓʅ ɻʀɼʈʆɻɽʆʃʆɻʀ  

ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ ʛʘʟʨʳʥ ʜʦʦʨʭ ʫʩʥʳ 

ʙʘʡʨʣʘʣ, ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʥᴇʭʮᴇʣ, ʪʘʨʭʘʣʪ, ʫʩ ʘʛʫʫʣʘʛʯ 

ʯʫʣʫʫʣʛʠʡʥ ʣʠʪʦʣʦʛʠʡʥ ʥʘʡʨʣʘʛʘ, ʯʫʣʫʫʣʛʠʡʥ 

ʥʘʩʳʛ ʭʘʨʛʘʣʟʘʥ ʜʦʦʨʭ ʫʩʪ ʙװʨʜʣװװʜʠʡʛ ʷʣʛʘʩʘʥ 

ʙʘʡʥʘ. װתʥʜ: 

¶ ɼᴇʨᴇʚʜᴇʛʯʠʡʥ ʫʩʪ ʙװʨʜʵʣ 

¶ ɼʦʦʜ ʮʵʨʜʠʡʥ ʫʩʪ ʙװʨʜʵʣ 

¶ ʇʝʨʤʠʡʥ ʚʫʣʢʘʥʦʛʝʥ ʯʫʣʫʫʣʛʠʡʥ ʫʩʪ 

ʙװʨʜʵʣ 

¶ ʇʨʦʪʝʨʦʟʦʡʥ ʢʘʨʙʦʥʘʪʣʘʛ ʯʫʣʫʫʣʛʠʡʥ ʫʩʪ 

ʙװʨʜʵʣ 

¶ ʄʝʟʦʟʦʡ-ʧʘʣʝʦʟʦʡʥ ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʫʩʪ 

ʙװʨʜʵʣ 

ɼᴇʨᴇʚʜᴇʛʯʠʡʥ ʫʩʪ ʙװʨʜʵʣ: ʊʘʣʙʘʡʥ ʟװװʥ ʫʨʜ, 

ʙʘʨʫʫʥ ʫʨʜ ʭʵʩʛʵʵʨ ʪʘʨʭʘʞ, ʘʣʣʶʚʠ-ʧʨʦʣʶʚʠʡʥ, 

ʥʫʫʨʳʥ ʘʣʣʶʚʠʡʥ ʭʫʨʜʩʘʥʜ ʘʛʫʫʣʘʛʜʘʞ ʪװʨ 

ʟʫʫʨʳʥ ʫʨʩʘʮʪʘʡ ʛʦʣʳʥ ʭᴇʥʜʠʡ, ʥʫʫʨʳʥ 

ʭʦʪʛʦʨʫʫʜʘʜ ʪʘʨʭʩʘʥ ʙʘʡʥʘ. ʕʜʛʵʵʨ ʭʫʨʜʘʩ ʪʘʨʭʩʘʥ 

ʣʠʪʦʣʦʛʠʡʥ ʘʜʠʣ ʪᴇʩʪʵʡ ʙʘʡʜʣʘʘʨʘʘ ʥʵʛʵʥ ʫʩʪ 

ʙװʨʜʣʠʡʛ װװʩʛʵʜʵʛ. ʐװװʨʵʣʪʠʡʥ ʰʠʥʞ ʯʘʥʘʨ, 

ʟʫʟʘʘʥ, ʨʝʣʴʝʬʠʡʥ ʙʘʡʜʣʘʘʩ ʭʘʤʘʘʨʘʥ ʫʩʞʠʣʪ ʥʴ 

ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʥʘ. ɼᴇʨᴇʚʜᴇʛʯʠʡʥ ʫʩʪ 

ʙװʨʜʣʠʡʥ ʟʫʟʘʘʥ, ʨʝʣʴʝʬʠʡʥ ʙʘʡʜʣʘʘʩ ʭʘʤʘʘʨʘʥ 

ʫʩʞʠʣʪ ʥʴ ʭʘʨʠʣʮʘʥ ʘʜʠʣʛװʡ ʙʘʡʥʘ. 

ɼᴇʨᴇʚʜᴇʛʯʠʡʥ ʫʩʪ ʙװʨʜʣʠʡʥ ʟʫʟʘʘʥ 1-3 ʤ-

ʵʵʩ ʛʦʣʳʥ ʭᴇʥʜʠʡʜ 42 ʤ ʭװʨʪʵʣ ʙʘʡʥʘ. ʋʩ ʘʛʫʫʣʘʛʯ 

ʯʫʣʫʫʣʘʛ ʥʴ ʭʘʡʨʛʘ, ʜʘʡʨʛʘ, ʵʣʩ, ʵʣʩʵʥʮʨʵʵʩ 

ʙװʨʜʵʥʵ. ʋʩʪ ʙװʨʜʣʠʡʥ ʫʩ ʥʴ ʯᴇʣᴇᴇʪ ʛʘʜʘʨʛʫʫʪʘʡ, 

2.0-6.4 ʤ-ʠʡʥ ʛװʥʜ ʪʦʛʪʦʥʛʠ ʪװʚʰʠʥ ʥʴ ʙʘʡʨʣʘʜʘʛ. 

ʋʫʨʭʘʡʥ ʙʦʣʦʥ ʛʘʨ ʭʫʜʛʫʫʜʳʥ ʫʥʜʘʨʛʘ ʥʴ 0.1-0.5 

ʣ/ʩ ʭװʨʜʵʛ. ʎʦʦʥʦʛʫʫʜʳʥ ʫʥʜʘʨʛʘ ʥʴ 0.2-8.7 ʣ/ʩ 

ʭװʨʵʭ ʙʘ ʫʩʪ ʙװʨʜʣʠʡʥ ʟʫʟʘʘʥʘʘʩ ʰʫʫʜ ʭʘʤʘʘʨʘʣʪʘʡ 

ʙʘʡʜʘʛ. ɻʫʨʚʘʥʪʦʣʛʦʡ ʦʨʯʠʤʜ ʫʩʪ ʜʘʚʭʘʨʛʳʥ 

ʟʫʟʘʘʥ ʥʴ 42ʤ ʭװʨʯ, ʮʦʦʥʦʛʫʫʜʳʥ ʫʥʜʘʨʛʘ ʥʴ 7.7-

8.7 ʣ/ʩ, ʪװʚʰʥʠʡ ʙʫʫʨʘʣʪ 21.2-31.1 ʤ, ʭʫʚʠʡʥ 

ʫʥʜʘʨʛʘ ʥʴ 0.22-0.41 ʣ/ʩ ʙʘʡʥʘ. 

ʎʵʨʜʠʡʥ ʫʩʪ ʙװʨʜʵʣ: ʕʥʵ ʥʘʩʥʳ ʭʫʨʜʘʩ ʥʴ ʥʘʤ 

ʫʫʣʩʳʥ ʭʦʪʛʦʨ ʭᴇʥʜʠʡʥװװʜʠʡʛ ʜװװʨʛʵʥ ʩʫʜʘʣʛʘʘʥʳ 

ʪʘʣʙʘʡʥ ʪᴇʚ, ʫʨʜ, ʙʘʨʫʫʥ ʫʨʜ ʭʵʩʛװװʜʵʜ ᴇʨʛᴇʥ 

ʪʘʨʭʩʘʥ. ʋʩ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʘʛ ʥʴ ʢʦʥʛʣʦʤʝʨʘʪ, 

ʛʨʘʫʚʘʢʢʳʥ ʵʣʩʵʥ ʯʫʣʫʫ, ʢʦʥʛʣʦʙʨʝʢʯʠ ʶʤ. ʋʩʪ 

ʙװʨʜʣʠʡʥ ʫʩʞʠʣʪ ʥʴ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʛʠʡʥ 

ʣʠʪʦʣʦʛʠʡʥ ʥʘʡʨʣʘʛʘʘʩ ʭʘʤʘʘʨʘʥ ʞʠʛʜ ʙʠʰ. ɼʦʦʜ 

ʮʵʨʜʠʡʥ ʫʩʪ ʙװʨʜʵʣ 150 ʤ ʭװʨʪʵʣ ʛװʥʪʵʡ ʦʣʦʥ 

ʪʦʦʥʳ ʛʠʜʨʦʛʝʦʣʦʛʠʡʥ ʵʨʣʠʡʥ ʮʦʦʥʦʛʫʫʜʳʛ 

ᴇʨᴇʤʜʩᴇʥ ʙʘʡʥʘ. ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʜ 3, 4, 7-ʨ 

ʮʦʦʥʦʛʫʫʜʳʛ 77-100 ʤ-ʠʡʥ ʛװʥʪʵʡ ᴇʨᴇʤʜʩᴇʥ, 

ʠʭʵʚʯʣʵʥ ʷʥʟ ʙװʨʠʡʥ ʰʠʨʭʵʛʪʵʡ ʵʣʩ, ʭʘʡʨʛʘʪʘʡ 

ʭʫʨʜʩʳʥ ʙʘʛʘ ʟʫʟʘʘʥʪʘʡ װʝ, ʤʵʰʣװװʜʠʡʛ ʘʛʫʫʣʩʘʥ 

ʰʘʚʘʨʣʘʛ ʭʫʨʜʩʳʛ ʥʵʚʪʵʨʩʵʥ ʙʘ ʰʘʚʭʘʣʪʳʥ ʘʞʣʘʘʨ 

ʫʩʛװʡ ʙʦʣʦʭ ʥʴ ʪʦʛʪʦʦʛʜʩʦʥ. ʊʫʭʘʡʥ ʙװʨʜʵʣʜ 

ᴇʨᴇʤʜʩᴇʥ 2, 8, 11, 13-ʨ ʮʦʦʥʦʛʫʫʜʳʥ (50-139.5 ʤ 

ʛװʥʪʵʡ) ʫʥʜʘʨʛʘ ʥʴ 0.2-ʘʘʩ 0.9 ʣ/ʩ ʭװʨʵʭ ʙʘ ʪװʚʰʥʠʡ 

ʙʫʫʨʘʣʪ 20.6-36.6ʤ ʙʘʡʥʘ. ɻʘʟʨʳʥ ʜʦʦʨʭ ʫʩ ʥʴ 

ʯᴇʣᴇᴇʪ ʛʘʜʘʨʛʫʫʪʘʡ, ʩʫʣ ʪװʨʵʣʪʪʵʡ 6-7.3 ʤ-ʠʡʥ 

ʛװʥʜ ʪʦʛʪʦʥʛʠ ʪװʚʰʠʥ ʙʘʡʨʣʘʥʘ. ʐʘʚʭʘʣʪ 

ʪʫʨʰʠʣʪʳʥ ʘʞʣʳʥ װʨ ʜװʥ ʥʴ ʫʩʞʠʣʪ ʤʫʫʪʘʡʛ 

ʭʘʨʫʫʣʞ ʙʘʡʥʘ. 

ʇʝʨʤʠʡʥ ʚʫʣʢʘʥʦʛʝʥ ʯʫʣʫʫʣʛʠʡʥ ʫʩʪ ʙװʨʜʵʣ: 

ʊʘʣʙʘʡʥ ʪᴇʚ, ʟװװʥ ʭʦʡʜ, ʙʘʨʫʫʥ, ʟװװʥ ᴇʤʥᴇʜ 

ʭʵʩʛװװʜʵʜ ᴇʨʛᴇʥ ʪʘʨʭʩʘʥ. ɻʘʟʨʳʥ ʜʦʦʨʭ ʫʩ ʥʴ 

ʘʥʜʝʟʠʪ ʧʦʨʬʠʨʠʪ, ʪʫʬ ʪʫʬʢʦʥʛʣʦʤʝʨʘʪʳʥ װʝװʜʪʵʡ 

ʘʬʠʨʠʪʳʥ ʘʥ ʮʘʚʳʥ ʙװʩʵʜ ʘʛʫʫʣʘʛʜʩʘʥ ʙʘʡʜʘʛ ʛʵʞ 

ᴇʤʥᴇʭ ʩʫʜʣʘʘʯʠʜ װʟʞʵʵ. ʃʠʪʦʣʦʛʠʡʥ ʥʘʡʨʣʘʛʘ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʡʥ ʪʘʘʣʘʤʞʛװʡ ʥᴇʭʮᴇʣ ʟʵʨʛʵʵʩ 

ʭʘʤʘʘʨʘʥ ᴇʤʥᴇʭ ʩʫʜʣʘʘʯʠʜ ʩʘʡʥ ʩʫʜʣʘʘʛװʡ ʙʘʡʥʘ. 

ʇʨʦʪʝʨʦʟʦʡʥ ʢʘʨʙʦʥʘʪʣʘʛ ʯʫʣʫʫʣʛʠʡʥ ʫʩʪ 

ʙװʨʜʵʣ: ʉʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʡʥ ʪᴇʚ, ʟװװʥ ʭʵʩʵʛʪ 

ʪʘʨʭʩʘʥ. ʋʩ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʘʛ ʥʴ ʘʥ ʮʘʚʞʩʘʥ, 

ʢʘʨʩʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ. ᴆʨᴇʤʜʣᴇʛᴇᴇʨ 10-10.4, 29-

30.2 ʤ-ʪ ʢʘʨʩʞʩʘʥ װʝװʜ ʘʞʠʛʣʘʛʜʩʘʥ ʙʘ ʮʘʚʞʠʣʪʳʥ 

ʟʫʟʘʘʥ ʥʴ 20-53.8 ʤ ʭװʨʜʵʛ. ʋʩʞʠʣʪ ʝʨᴇʥʭʠʡʜᴇᴇ 

ᴇʥʜᴇʨ ʙʦʣʦʚʯ ʘʥ ʮʘʚʞʠʣʪʳʥ ʟʵʨʛʵʵʩ ʭʘʤʘʘʨʘʥ ʞʠʛʜ 

ʙʠʝ ʙʘʡʥʘ. ɻʘʟʨʳʥ ʜʦʦʨʭ ʫʩ ʥʴ ʯᴇʣᴇᴇʪ ʛʘʜʘʨʛʫʫʪʘʡ, 

ʪʦʛʪʦʥʛʠ ʪװʚʰʠʥ ʥʴ 3.0-11.0 ʤ-ʪ ʙʘʡʨʣʘʥʘ. 

ʎʦʦʥʦʛʫʫʜʳʥ ʫʥʜʘʨʛʘ 3.0-18.2 ʣ/ʩ ʭװʨʵʭ ʙʘ ʙʫʫʨʘʣʪ 

ʥʴ 3- 28ʤ. ʍʠʤʠʡʥ ʥʘʡʨʣʘʛʘ ʥʴ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-

ʩʫʣʴʬʘʪ, ʤʘʛʥʠ-ʥʘʪʨʠʡʥ, ʵʨʜʵʩʞʠʣʪ ʥʴ 1.4ʛ/ʣ 

ʭװʨʜʵʛ. 

ʄʝʟʦʟʦʡ-ʧʘʣʝʦʟʦʡʥ ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʘʥ ʮʘʚʳʥ 

ʫʩ: ʍʫʨʜʘʩ ʯʫʣʫʫʣʘʛ ʥʴ ʪʘʣʙʘʡʥ ʭʦʡʜ, ʙʘʨʫʫʥ, ʟװװʥ 

ʭʵʩʛװװʜʵʜ ʪʘʨʭʩʘʥ. ʋʩ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʘʛ ʥʴ 

ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ, ʘʥ ʮʘʚʘʨʭʘʛ ʙʦʨʞʠʥ ʶʤ. 

ɻʘʟʨʳʥ ʜʦʦʨʭ ʫʩ ʥʴ ᴇʛᴇʨʰʣʠʡʥ ʧʨʦʮʝʩʩʳʥ װʨ ʜװʥʜ 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  

-46- 

 .ʩʵʜ ʘʛʫʫʣʘʛʜʘʥʘװʩʩʵʥ ʠʜʵʚʭʪʵʡ ʘʥ ʮʘʚʳʥ ʙװװ

ʀʜʵʚʭʪʵʡ ʘʥ ʮʘʚʳʥ ʙװʩʠʡʥ ʟʫʟʘʘʥ ʥʴ 20-25 ʤ ʙʘʡʥʘ. 

ɻװʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʫʩʞʠʣʪ ʥʴ ᴇʥʜᴇʨ ʙʠʰ. ʎʦʦʥʦʛʪ 

ʭʠʡʩʵʥ ʰʘʚʭʘʣʪʳʥ װʨ ʜװʥʛʵʵʩ ʭʘʨʘʭʘʜ ʫʥʜʘʨʛʘ ʥʴ 1 

ʣ/ʩ, ʙʫʫʨʘʣʪ 1 ʤ ʙʘʡʥʘ. ʋʫʨʭʘʡʥ ʙʦʣʦʥ ʛʘʨ 

ʭʫʜʛʫʫʜʳʥ ʫʥʜʘʨʛʘ ʥʴ 0.3-0.6 ʣ/ʩ ʙʘʡʥʘ. ɻʘʟʨʳʥ 

ʜʦʦʨʭ ʫʩ ʥʴ ʯᴇʣᴇᴇʪ ʛʘʜʘʨʛʫʫʪʘʡ, ʪʦʛʪʦʥʛʠ ʪװʚʰʠʥ 

ʥʴ 0.8-1.5 ʤ-ʪ ʙʘʡʨʣʘʥʘ. ɹʦʨʞʠʥʛʠʡʥ ʪʘʨʘʤʮʛʠʡʥ 

ʟʘʭʘʘʨ, ʤᴇʥ ʭʘʛʘʨʣʳʥ ʛʘʜʘʨʛʫʫ ʮᴇᴇʥ ʪʦʦʥʳ ʙʫʣʛʫʫʜ 

ʘʞʠʛʣʘʛʜʘʭ ʙᴇʛᴇᴇʜ ʫʥʜʘʨʛʘ ʥʴ 0.3 ʣ/ʩ-ʵʵʩ 

ʭʵʪʨʵʭʛװʡ. 

 

IV. ʋʋʃʓʅ ʎʋʃʓʅ ʏɸʅɸʈʓʅ תʅʕʃɻʕʕ, 

ʄɽʍɸʅʀʂ תɿתתʃʕʃʊʀʁɻ ʉʆʅɻʆʍ 

ʋʫʣʳʥ ʮʫʣʳʥ ʯʘʥʘʨʳʥ Ϯʥʵʣʛʵʵ (RʄR) 

ʋʫʣrʥ ʮʫʣʳʥ ʯʘʥʘʨʳʥ װʥʵʣʛʵʵ, 

ʛʝʦʤʝʭʘʥʠʢʠʡʥ ʘʥʛʠʣʘʣ (RʄR) ʘʥʛʠʣʘʣ ʥ ɹʫʫʣrʥ 

ʮʫʣrʥ ʜʘʨʘʣʪ, ʯʫʣʫʫʣʛʠʡʥ ʯʘʥʘʨrʥ ʪʦʜʦʨʭʦʡʣʦʣʪ 

(RQD)-ʥ ʫʪʛʘ, ʯʫʣʫʫʣʛʠʡʥ װʝʣʵʣ, ʘʥ ʮʘʚʳʥ 

ʥᴇʭʮᴇʣ ʙʦʣʦʥ ʛʠʜʨʦʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣʠʡʥ װʥʵʣʞ 

ʷʣʛʘʘʪʘʡ װʟװװʣʵʣʪװװʜʠʡʥ ʦʥʦʦʥʳ ʥʠʡʣʙʵʨʵʵʨ 

ʪʦʜʦʨʭʦʡʣʦʥ ʭװʩʥʵʛʪ 6-ʜ ʭʘʨʫʫʣʘʚ. RʄR ʘʥʛʠʣʣrʥ 

ʜʘʛʫʫ ʊᴇʚ ʘʡʤʛʠʡʥ ɹʘʷʥʮʘʛʘʘʥ ʩʫʤʳʥ ʥʫʪʘʛʪ 

ʦʨʰʠʭ ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ " ʦʨʜʳʥ  ʭʘʡʛʫʫʣʳʥ 

ʜʵʵʞʠʜ ʭʠʡʛʜʩʵʥ ʛʝʦʪʝʭʥʠʢʠʡʥ ʙʠʯʠʛʣʵʣ, 

ʯʫʣʫʫʣʛʠʡʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʪʫʨhʠʣʪ ʙʦʣʦʥ 

ʭʦʣʙʦʛʜʦʭ ʠʥʞʝʥʝʨ-ʛʝʦʣʦʛʠʡʥ ʤʜɻɻ ʣɻɻʣʜ 

-ʩʥʛɻʪ 1װʥʜɻʩʣʵʥ ʯʫʣʫʫʣʛʠʡʥ ʯʘʥʘʨʘʘʨ ʘʥʛʠʣʞ ʭװ

ʜ װʟװװʣʵʚ. 

ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ" ʦʨʜʳʥ ʪʘʣʙʘʡʥ 

ʭʵʤʞʵʵʥʜ ʰʦʭʦʡʥ ʯʫʣʫʫ, ʟʘʥʘʨ, ʧʦʨʬʠʨʠʦʜ ʟʵʨʵʛ 

ʯʫʣʫʫʣʘʛ ʟʦʥʭʠʣʦʥ ʪʘʨʭʩʘʥ ʙᴇʛᴇᴇʜ ʜʵʵʨʭ ʯʫʣʫʫʣʘʛ 

ʜʵʵʨ ʫʫʣrʥ ʮʫʣʳʥ װʥʵʣʛʵʵ /RʄR/ ʭʠʡʩʵʥ. II 

ʪװʚʰʠʥ ʙʫʶʫ ʯʫʣʫʫʣʛʠʡʥ ʤʘʩʩʳʥ װʥʵʣʛʵʵʛʵʵʨ 

ñʩʘʡʥò װʟװװʣʵʣʪʵʜ ʭʘʤʨʘʛʜʘʞ ʙʘʡʥʘ. 

ʍϮʩʥʵʛʪ 1. ɸʛʫʫʣʘʛʯ ʯʫʣʫʫʣʛʠʡʥ ʥʠʡʣʙʵʨ ʫʫʣʥr 

ʮʫʣʳʥ Ϯʥʵʣʛʵʵ  
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ʘʥʛʠʣʘ

ʣ 

I II  III  IV V 

ʊʘʡʣʙʘ
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ʄ

ʘʰ 

ʩʘ

ʡʥ 

ʉʘʡʥ 
ɼʫʥʜ 

ʟʵʨʵʛ 
ʄʫʫ 

ʄʘʰ 

ʤʫʫ 

ɻʝʦʣʦʛʠʡʥ ʙʘʪ ʙʵʭʠʡʥ ϮʟϮϮʣʵʣʪ (GSI)  

ɻʝʦʣʦʛʠʡʥ ʙʘʪ ʙɻ ʭʠʡʥ װʟװװʣʵʣʪ (GSI) 

ʘʥʛʠʣʣʥr ʘʨʛʘ ʥ ɹ ʠʥʞʝʥʝʨ-ʛʝʦʣʦʛʠʡʥ 

ʩʫʜʘʣʛʘʘʛʘʘʨ ʫʫʣrʥ ʮʫʣrʥ ʯʘʥʘʨrʛ װʥʵʣʵʭʵʜ 

ʪװʣʭװװ ʘʰʠʛʣʘʜʘʛ.  

ʋʫʣrʥ ʮʫʣrʥ ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣʠʡʛ 

ʭʘʨʛʘʣʟʘʥ ʍʦʝʢ ɹʨʦʫʥ ʥɹ ʛʝʦʣʦʛʠʡʥ ʙʘʪ ʙᴇʭʠʡʥ 

ʠʥʜʝʢʩ GSI-ʠʡʛ ʯʫʣʫʫʣʛʠʡʥ ʙװʪʮʠʡʥ ʠhʥʞ ʯʘʥʘʨ, 

ʛʘʜʘʨʛʫʫʛʠʡʥ ᴇʛᴇʨhʣʠʡʥ ʭʵʤʞɻ ʵ, ʛʘʜʘʨʛʫʫʛʠʡʥ 

ʙʘʨʟʛʘʨʞʠʣʪ ʟʵʨʛʠʡʛ װʥʵʣʞ ʛʘʨʛʘʚ. ʉʫʜʘʣʛʘʘʥʳ 

ʘʞʠʣʜ ʘʰʠʛʣʘʩʘʥ ʜʵʵʞ ʥʴ ʛʝʦʪʝʭʥʠʢʠʡʥ װʥʵʣʛʵʵ, 

ʩʫʜʘʣʛʘʘ ʭʠʡʭʵʜ ʟʦʨʠʫʣʘʛʜʘʘʛװʡ, ʰʘʘʨʜʣʘʛʘ 

ʭʘʥʛʘʛʜʘʘʛװʡ, ʛʝʦʣʦʛʠʡʥ װʝʠʡʥ ʙʦʣʦʥ ʥʵʤʵʣʪ 

ʭʘʡʛʫʫʣʳʥ װʝʜ ᴇʨᴇʤʜᴇʛʜʩᴇʥ 2 ʙʦʣʦʥ ʪװװʥʵʵʩ ʜʵʵʰ 

ʞʠʣ ʭʘʜʛʘʣʘʛʜʩʘʥ ʜʵʵʞ ʫʯʨʘʘʩ װʥʵʣʛʵʵʥʠʡ 

 ʩʥʵʛʪװʥʵʣʵʥ ʭװ ʣʵʣʪʠʡʛ ʫʨʴʜʯʠʣʩʘʥ ʙʘʡʜʣʘʘʨװװʟװ

2-ʜ ʭʘʨʫʫʣʘʚ. ʎʘʘʰʠʜ ʛʝʦʪʝʭʥʠʢʠʡʥ ʥʘʨʠʡʚʯʠʣʩʘʥ 

ʩʫʜʘʣʛʘʘʥʳ װʝʜ ʛʝʦʣʦʛʠʡʥ ʙʘʪ ʙɻ ʭʠʡʥ װʟװװʣʵʣʪ 

(GSI) -ʠʡʛ ʜʘʭʠʥ װʥʵʣʵʭ ʭʵʨʵʛʪʵʡ. 

 
ɿʫʨʘʛ  1. ʍʘʡʛʫʫʣʳʥ ʮʦʦʥʦʛʪ ʦʛʪʦʣʩʦʥ 

ʛʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ/DH2406/ 

 

ɿʫʨʘʛ  2. ʍʘʡʛʫʫʣʳʥ ʮʦʦʥʦʛʪ ʦʛʪʦʣʩʦʥ ʬʠʣʣʠʪʣʵʛ 

ʟʘʥʘʨ /DH2420/ 

ɿʫʨʘʛ  3. ʍʘʡʛʫʫʣʳʥ ʮʦʦʥʦʛʪ ʦʛʪʦʣʩʦʥ ʧʦʨʬʠʨʦʡʜ, 

ʢʚʘʨʮʳʥ ʩʫʜʘʣ /DH2413/ 

 ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ" ʦʨʜʳʥ ʯʫʣʫʫʣʛʠʡʥ 

ʭʘʛʘʨʘʣ, ʘʥ ʮʘʚ, ʯʫʣʫʫʣʛʠʡʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʪʫʨʰʠʣʪ 

ʙʦʣʦʥ ʭʦʣʙʦʛʜʦʭ ʛʝʦʣʦʛʠʡʥ ᴇʛᴇʛʜʣװװʜʪʵʡ 

ʫ̫ʣʜʫʫʣʘʥ ʦʨʜrʥ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨʣᴇᴇʨ ɻʝʦʣʦʛʠʡʥ 

ʙʘʪ ʙɻ ʭʠʡʥ װʟװװʣʵʣʪ (GSI) ʘʥʛʠʣʘʣʳʛ ʛʘʨʛʘʚ.   

ʋʫʣʳʥ ʮʫʣr ʥ ʯʘʥʘʨr ʥ ʮʦʛʮ Ϯʥɻʣʛɻ  ɻ

 ʋʫʣrʥ ʮʫʣrʥ ʛʝʦʣʦʛʠʡʥ ʙʘʪ ʙɻ ʭʠʡʥ װʟװװʣʵʣʪ 

(GSI) װʟװװʣʵʣʪ ʙʦʣʦʥ ʫʫʣʳʥ ʮʫʣʳʥ ʯʘʥʘʨʳʥ 

 ʥʵʣʛʵʵ, ʛʝʦʤʝʭʘʥʠʢʠʡʥ ʘʥʛʠʣʘʣ (RʄR)-ʳʥװ

 :ʣʵʣʪʠʡʥ ʭʦʦʨʦʥʜrʥ ʭʫʚʠʨʛʘʣʪrʥ ʪʦʤʲʦy ʥɹװװʟװ
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GSI= RMR89ī5           (1) 

ʕʥʜ: RʄR ʘʥʛʠʣʣʥr װʟװװʣʵʣʪ. ʍʘʛʘʨʣʳʥ 

ʯʠʛʣʵʣʵʩɻ װʣ ʭʘʤʘʘʨʯ ʛװʥʠʡ ʫʩrʥ װʟװװʣʵʣʪʵʵʩ 

ʭʘʤʘʘʨʯ ʪʦʦʮʥʦ. 

ʍϮʩʥʵʛʪ 2.  ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ" ʦʨʜʳʥ ʘʛʫʫʣʘʛʯ 

ʯʫʣʫʫʣʛʠʡʥ ʛʝʦʣʦʛʠʡʥ ʙʘʪ ʙʵʭʠʡʥ ϮʟϮϮʣʵʣʪ 

ʏʫʣʫʫʣʛʠʡ

ʥ ʪᴇʨᴇʣ 

Rʄ

R89 

GSI 

(RʄR89

 

GSI 

(ɿʫʨʘʛ 

ʭװʩʥʵʛ

ʪʠʡʥ 

ʘʨʛʘ) 

GSI 

(ʎʦʛ

ʮ 

ʥʵʣװ

ʛʵʵ) 

ɻʘʥʪʠʛʞʩʘ

ʥ ʰʦʭʦʡʥ 

ʯʫʣʫʫ 

75 70 74 73.0 

ɸʣʝʚʨʦʣʠʪ 56 51 53 53.3 

ʂʚʘʨʮʳʥ 

ʩʫʜʘʣ 
55 50 56 53.7 

ɿʘʥʘʨ 56 51 45 50.7 

ʄʝʪʘ 

ʕʣʩʞʠʥ 
56 51 56 54.3 

ʇʦʨʬʠʨʦʡ

ʜ 
48 43 45 45.3 

ʍʦʸʨ ᴇᴇʨ ʘʨʛʘʘʨ ʪʦʦʮʦʦʣʩʦʥ ʋʫʣʳʥ 

ʮʫʣrʥ װʥʵʣʛʵʵʥʠʡ ʪʦʦʮʦʦʣʦʣʳʥ ʫʪʛʫʫʜ 

ʦʡʨʦʣʮʦʦ ʛʘʨʩʘʥ ʫʯʨʘʘʩ ʫʫʣʳʥ ʮʫʣʳʥ ʜʘʨʘʣʪʳʥ 

ʪʦʦʮʦʦʣʦʣʜ ʘʰʠʛʣʘʚ. 

ʋʫʣrʥ ʮʫʣr ʥ ʬʠʟʠʢ ʤʝʭʘʥʠʢʠʡʥ ϮʟϮϮʣʵʣʪϮϮʜ 

ʋʫʣʳʥ ʮʫʣrʥ ʤʝʭʘʥʠʢ װʟװװʣʵʣʪʠʡʛ 

RSData (Rocscience) ʧʨʦʛʨʘʤʤ ʜʵʵʨ Hoek Brown 

ʘʨʛʘʯʠʣʘʣ ʘʰʠʛʣʘʥ ʪʦʦʮʦʦʣʩʦʥ ñʎʘʛʘʘ ʰʦʨʦʦʪ" 

ʦʨʜʳʥ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʛʠʡʥ ʤʝʭʘʥʠʢ 

 .ʣʚɻװװʟװ ʥʛ ʟʫʨʘʛʪװʨ ʜװ ʣʵʣʪʠʡʥװװʟװ

ʐʠʥʞʠʣʛʵʵʥʠʡ ʜʵʵʞ ʪʫʩ ʙװʨʠʡʛ ʧʨʦʛʨʘʤʤʠʜ 

ʦʨʫʫʣʞ ʫʫʣʳʥ ʮʫʣʳʥ װʥʵʣʛʵʵʥʠʡ ʙʫʩʘʜ 

 ʥʛװʨ ʜװ ʣʵʣʪʠʡʛ ʧʨʦʛʨʘʤʤʠʜ ʦʨʫʫʣʞװװʟװ

ʛʘʨʛʘʩʘʥ.  

 ʊᴇʚ ʘʡʤʛʠʡʥ ɹʘʷʥʮʘʛʘʘʥ ʩʫʤʳʥ ʥʫʪʘʛʪ ʦʨʰʠʭ 

ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ" ʦʨʜʳʥ ʫʫʣrʥ ʮʫʣrʥ ʤʝʭʘʥʠʢ 

 ʣʵʣʪʠʡʛװװʟװ ʜʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥװװʣʵʣʪװװʟװ

ʭװʩʥʛɻʪ 3-ʜ װʟװװʣɻʚ. 

ʍϮʩʥʵʛʪ 3. ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ " ʦʨʜʳʥ 

ʯʫʣʫʫʣʛʠʡʥ ʤʝʭʘʥʠʢ ϮʟϮϮʣʵʣʪ 
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V.ʆʈɼʓʅ ʏʋʃʋʋʃɻʀʁʅ ɻʋʈɺɸʅ 

ʍʕʄɾʕʕʉʊ ɿɸɻɺɸʈʏʃɸʃ 

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ ʯʫʣʫʫʣʛʠʡʥ 3 

ʭʵʤʞʵʵʩʪ ʟʘʛʚʘʨʯʣʘʣʳʛ ʭʘʡʛʫʫʣʳʥ ʮʦʦʥʦʛʠʡʥ 

ʙʠʯʠʛʣʵʣ ʙʦʣʦʥ  ʭʘʡʛʫʫʣʳʥ ʰʫʛʘʤʳʥ ʟװʩʵʣʪ ʜʵʵʨ 

ʪʫʣʛʫʫʨʣʘʥ װװʩʛʵʩʵʥ. ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ 

ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʘʛ ʥʴ ʙʨʝʢʯʠ, ʙʦʨʞʠʥ ʙʦʣʦʥ 

ʙʨʝʢʯʣʵʛʜʩʵʥ ʙʦʨʞʠʥ ʙᴇʛᴇᴇʜ ʟʘʨʠʤ ʭʵʩʵʛʪ 

ʙʦʨʞʠʥʛʠʡʥ ʤʘʩʩʠʚ ʟװʩʩʵʥ ʜʠʦʨʠʪ ʙʦʣʦʥ ʘʥʜʝʟʠʪ 

ʭʠʣ ʟʘʘʛ ʷʣʛʘʛʜʘʥʘ. ʆʨʜʳʥ ʭװʜʵʨʞʠʣʪʳʥ ʫʨʜ 

ʞʠʛװװʨʪ ʪʫʥʘʤʘʣ ʯʫʣʫʫʣʘʛ (ʵʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ 

ʙʦʣʦʥ ʘʨʛʠʣʣʠʪ) ʭʠʣʣʵʥʵ.  

 

ɿʫʨʘʛ  4. ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ 

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ ʦʜʦʦʛʠʡʥ ʘʰʠʛʣʘʞ 

ʙʘʡʛʘʘ 3 ʠʣ ʫʫʨʭʘʡʥ ʦʜʦʦʛʠʡʥ ʙʘʡʜʘʣʜ ʪʫʣʛʫʫʨʣʘʥ 

3 ʭʵʤʞʵʵʩʪ ʙʦʣʦʥ 2 ʭʵʤʞʵʵʩʪ ʪʦʛʪʚʦʨʞʠʣʪʳʥ 

ʪʦʦʮʦʦʣʦʣ ʭʠʡʚ. ʊʦʦʮʦʦʣʣʳʥ װʨ ʜװʥʜ ʫʫʨʭʘʡʥ 

ʭʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪ FOS>1.2 

ʠʭ ʙʫʶʫ ʪʦʛʪʚʦʨʪʦʡ װʨ ʜװʥ ʛʘʨʩʘʥ. ʋʣʤʘʘʨ 

ʦʜʦʦʛʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʧʘʨʘʤʝʪʨ ʙʦʣʦʥ ʛʝʦʣʦʛʠʡʥ 3 

ʭʵʤʞʵʵʩʪ ʟʘʛʚʘʨʯʣʘʣʜ ʪʫʣʛʫʫʨʣʘʥ ʭʘʡʣʫʫʨ 

ʞʦʥʰʥʳ ʭʘʤʛʠʡʥ ʛװʥ ʭʵʩʵʛ ʭװʨʪʵʣ ʠʣ ʫʫʨʭʘʡʥ 

ʭʘʞʫʫʛ װװʩʛʵʞ װʟʵʭʵʜ ʤᴇʥ FOS>1.2 ʙʘʡʛʘʘ ʥʴ ,,, ʠʣ 

ʫʫʨʭʘʡʥ ʭʵʤʞʵʵʥʜ ʪʦʤʦʦʭʦʥ ʥʫʨʘʣʪ ʛʫʣʩʘʣʪ װװʩʵʭ 

ʤʘʛʘʜʣʘʣ ʙʘʛʘʪʘʡ ʛʵʞ ʜװʛʥʵʩʵʥ. 

ɸʨʛʠʣʣʠʪ 
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ɿʫʨʘʛ  5. ʏʫʣʫʫʣʛʠʡʥ ʭʠʣ ʟʘʘʛ 3 ʭʵʤʞʵʵʩ 

ʟʘʛʚʘʨʯʣʘʣ ʜʵʵʨ ʷʣʛʘʛʜʩʘʥ ʙʘʡʜʘʣ 

ʍװʜʨʠʡʥ ʙʠʝʪʠʡʥ 3 ʭʵʤʞʵʵʩʪ 

ʟʘʛʚʘʨʯʣʘʣʳʛ Micromine Origin & Beyond-2024 

ʧʨʦʛʨʘʤʤʳʥ Implicit ʟʘʛʚʘʨʯʣʘʣ ʘʰʠʛʣʘʥ 

ʛװʡʮʵʪʛʵʩʵʥ. ʆʨʜʳʥ ʭʘʛʘʨʘʣ ʙʦʣʦʥ ʯʫʣʫʫʣʛʠʡʥ 

ʭʠʣ ʟʘʘʛʠʡʥ ʭװʨʵʵʛ ʮʦʦʥʦʛʪ ʦʛʪʦʣʩʦʥ ʯʫʣʫʫʣʛʠʡʥ 

ʭʠʣ ʟʘʘʛ ʙʦʣʦʥ ʦʨʜʳʥ ʛʝʦʣʦʛʠʡʥ ʟʫʨʘʛ ʜʵʵʨʪ 

ʪʫʣʛʫʫʨʣʘʥ ʛװʡʮʵʪʛʵʩʵʥ.  ɿʘʨʠʤ ʦʣʦʥ װʝʣʵʣʪʵʡ 

ʭʵʩʛʠʡʛ ʭʘʤʛʠʡʥ ʠʭ ʪʘʨʭʘʮʪʘʡ ʯʫʣʫʫʣʘʛʪ 

ʰʠʣʞװװʣʞ װװʩʛʵʩʵʥ.  ʆʨʜʳʥ ʭʵʤʞʵʵʩ 

ʟʘʛʚʘʨʯʣʘʣʘʘʨ 2 ʙʦʣʦʥ 5 ʙʠʝ ʭʵʚʪʵʵ ʜʘʚʭʘʨʛʘ 

ʭʵʣʙʵʨʠʡʥ ʪʦʛʪʦʮʪʦʡ. 3-ʨ ʙʠʝʪ ʰʦʭʦʡʥ ʯʫʣʫʫʥʳ 

  .ʝʣʵʣ ʜʘʛʫʫ ʙʦʩʦʦ ʪʦʛʪʦʮʪʦʡ ʙʘʡʥʘװ

VI.  ʀʃ ʋʋʈʍɸʁʅ ʍɸɾʋʋɻʀʁʅ 

ʊʆɻʊɺʆʈɾʀʃʊ 

ʀʣ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʣʪ ʭʠʡʭ װʝʠʡʥ 

ʭʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪ, ʜʘʣʜ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʣʪ 

ʭʠʡʭ װʝʠʡʥ ʫʫʣʳʥ ʜʘʨʘʣʪʳʛ ʦʨʜʳʥ ʛʝʦʣʦʛʠ, 

ʛʠʜʨʦʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ ʙʦʣʦʥ ʯʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ 

ʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪװװʜʵʵʩ 

ʭʘʤʘʘʨʫʫʣʘʥ ʫʨʴʜʯʠʣʩʘʥ ʙʘʡʜʣʘʘʨ ʪʦʦʮʦʦʣʩʦʥ. 

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ ʦʜʦʦʛʠʡʥ װװʩʛʵʩʵʥ ʛʫʨʚʘʥ 

ʫʭʘʰ ʜʵʵʨ Slide2 ʧʨʦʛʨʘʤʤ ʘʰʠʛʣʘʥ ʥʠʡʪ 8 ʟװʩʵʣʪ 

ʜʵʵʨ ʪʦʛʪʚʦʨʞʠʣʪʳʥ ʪʦʦʮʦʦʣʦʣ ʭʠʡʩʵʥ. 

 

 

ɿʫʨʘʛ  6. 2-ʨ ʙʠʝʪʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʦʜʦʦʛʠʡʥ ʙʘʡʜʘʣ 

 

ɿʫʨʘʛ  7. ɿϮʩʵʣʪ-1 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=2.06, FOS=3.27 

 

 

ɿʫʨʘʛ  8. ɿϮʩʵʣʪ-2 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=2.24, FOS=3.83 
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ɿʫʨʘʛ  9. ɿϮʩʵʣʪ-3 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=2.25, FOS=4.60 

 

ɿʫʨʘʛ  10. 3-ʨ ʙʠʝʪʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʦʜʦʦʛʠʡʥ ʙʘʡʜʘʣ 

 
ɿʫʨʘʛ  11. 3-ʨ ʭϮʜʨʠʡʥ ʙʠʝʪʠʡʥ ʠʣ ʫʫʨʭʘʡ ʜʵʵʨ 

ʭʠʡʩʵʥ 3 ʭʵʤʞʵʵʩʪ ʪʦʛʪʚʦʨʞʠʣʪʳʥ ʪʦʦʮʦʦʣʦʣ 

 

 

ɿʫʨʘʛ  12. ɿϮʩʵʣʪ-4 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=2.06, FOS=3.27 

 

 
ɿʫʨʘʛ  13. ɿϮʩʵʣʪ-5 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=14.06, FOS=18.93 

 
 ɿʫʨʘʛ  14. 5-ʨ ʙʠʝʪʠʡʥ ʠʣ ʫʫʨʭʘʡʥ ʦʜʦʦʛʠʡʥ 

ʙʘʡʜʘʣ 
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ɿʫʨʘʛ  15. ɿϮʩʵʣʪ-6 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=5.89, FOS=2.77 

 

 
ɿʫʨʘʛ  16. ɿϮʩʵʣʪ-7 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=4.88, FOS=2.32 

 

 
ɿʫʨʘʛ  17. ɿϮʩʵʣʪ-8 ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʭʘʞʫʫ 

FOS=6.90, FOS=2.32 

ɻʝʦʪʝʭʥʠʢʠʡʥ ʭʘʞʫʫʛʠʡʥ ʪʦʛʪʚʦʨʞʠʣʪʳʥ 

ʘʶʫʣʛװʡʥ ʠʪʛʵʣʮװװʨʠʡʥ /FoS/ ʭʷʟʛʘʘʨʳʥ 

 ʣʵʣʪʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʦʣʦʥ ʫʣʩʳʥ ʯʫʣʫʫʣʛʠʡʥװװʟװ

ʤʝʭʘʥʠʢʠʡʥ ʥʠʡʛʵʤʣʵʛ/ISRM/- ʠʡʥ ʟʘʘʚʨʳʥ ʜʘʛʫʫ 

ʠʣ ʫʫʨʭʘʡʥ ʭʘʞʫʫ ʭʘʥʘʥʳ ʪʦʛʪʚʦʨʞʠʣʪʳʥ 

ʠʪʛʵʣʮװװʨ ʥʴ ʵʨʩʜʵʣʠʡʥ ʟʵʨʵʛʣʵʣʵʵʩ ʭʘʤʘʘʨʯ ᴇʥʜᴇʨ 

 ʝʜ FOSÓ1.2 ʙʘʡʭ ʥᴇʭʮᴇʣʠʡʛװ ʝʜ FOSÓ1.3, ʙʘʛʘװ

ʭʘʥʛʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ.  

ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ ʦʜʦʦʛʠʡʥ ʫʫʨʭʘʡʥ ʘʭʠʣʪ 

ʜʵʵʨ ʪʦʦʮʦʦʣʦʣ ʭʠʡʞ װʟʭʵʜ ʭʘʞʫʫʛʠʡʥ ᴇʥʜᴇʨ 

ʭʘʤʛʠʡʥ ʠʭʜʵʵ 82ʤ, ʝʨᴇʥʭʠʡ ʭʘʞʫʫʛʠʡʥ ᴇʥʮᴇʛ 

ʭʘʤʛʠʡʥ ʠʭʜʵʵ 41ę, ʭʘʤʛʠʡʥ ʙʘʛʘ ʘʶʫʣʛװʡ ʙʘʡʜʣʳʥ 

ʢʦʵʬʬʠʮʠʝʥʪ FOS-2.06 ʛʘʨʯ ʙʘʡʛʘʘ ʥʴ ʫʫʨʭʘʡʥ 

ʦʜʦʦʛʠʡʥ ʧʘʨʘʤʝʪʨ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʛ ʭʘʥʛʘʞ 

ʙʘʡʥʘ. ʀʣ ʫʫʨʭʘʡ 2 ʙʦʣʦʥ 5 ʜʵʵʨ ʪʦʦʮʦʦʣʣʠʡʛ ʠʣװװ 

ʥʘʨʠʡʚʯʠʣʞ ʫʫʨʭʘʡʥ ʝʨᴇʥʭʠʡ ʭʘʞʫʫʛʠʡʥ ᴇʥʮᴇʛ 

ʙʦʩʛʦʭ, ʪʵʩʵʣʛʵʵʥʠʡ ʥᴇʣᴇᴇʣᴇʣ ʥʘʨʠʡʚʯʣʘʥ ʪʦʦʮʦʦ 

ʩʫʜʘʣʛʘʘʛ ʭʠʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. ʊʵʩʵʣʛʵʵʛʵʵʨ װװʩʵʭ 

ʯʠʯʠʨʭʠʡʣʣʠʡʥ ʙʦʣʦʥ ʮʦʭʠʣʪʳʥ ʜʦʣʛʠʦʥʳʛ 

ʭʵʤʞʠʣʪ ʭʠʡʥ ʪʦʦʮʦʦʞ ʥʵʛ ʘʛʰʠʥʜ ʪʵʩʨʵʭ ʪʵʩʨʵʭ 

ʙʦʜʠʩʳʥ ʭʵʤʞʵʵ, ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʩʧʦʨʪʳʛ 

ʙʘʨʠʤʪʣʘʥ ʫʫʨʭʘʡʥ ʭʘʥʘʥʳ ʪʦʛʪʦʚʦʨʞʠʣʪʳʛ 

ʭʘʥʛʘʭ, ʭʵʤʞʠʣʪʠʡʥ ʘʞʣʳʛ ʪʦʛʪʤʦʣ ʭʠʡʥ 

ʫʨʴʜʯʠʣʩʘʥ ʘʨʛʘ ʭʵʤʞʵʵʛ ʮʘʛ ʪʫʭʘʡʜ ʘʚʯ ʙʘʡʭ 

ʭʵʨʵʛʪʵʡ. 

 

ɼתɻʅʕʃʊ 

1. ʋʫʨʭʘʡʥ ʭʘʥʳʥ ʙʦʣʦʥ ʘʰʠʛʣʘʣʪʳʥ װʝʠʡʥ 

ʛʝʦʣʦʛʠʡʥ װʝʜ ᴇʨᴇʤʜʩᴇʥ ʯᴇʤʛᴇʥ ʜʵʵʞʵʵʩ 

ʘʚʯ ʯʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ ʤʝʭʘʥʠʢʠʡʥ ʰʠʥʞ 

ʯʘʥʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʩʫʜʘʣʛʘʘʛ ʐʋʊʀʉ-

ʠʡʥ ñʏʫʣʫʫʣʛʠʡʥ ʬʠʟʠʢ, ʤʝʭʘʥʠʢʠʡʥ 

ʩʫʨʛʘʣʪ, ʩʫʜʘʣʛʘʘʥʳ ʣʘʙʦʨʘʪʦʨʠò-ʜ 

ʜʵʵʞʠʡʛ ʩʪʘʥʜʘʨʪʳʥ ʜʘʛʫʫ ʙʦʣʦʚʩʨʫʫʣʘʥ 

ʪʫʨʰʠʣʪ ʩʫʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʭʠʡʞ 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ 

-51- 

ʛװʡʮʵʪʛʵʩʵʥ.  

2. ʆʨʜʳʥ ʣʠʪʦʣʦʛʠʡʥ ʪᴇʣᴇᴇʣᴇʣ ʙʦʣʛʦʥ ʘʚʩʘʥ 
ʜʵʵʞʠʡʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥʛʵʵʨ ʵʟʣʵʭװװʥ ʞʠʥʛʠʡʥ ʜʫʥʜʘʞ ʫʪʛʘ 

2.48 ʛʨ/ʩʤ3, ʥʵʛ ʪʵʥʭʣʵʛʠʡʥ ʰʘʭʘʣʪʳʥ ʙʘʪ 

ʙᴇʭʠʡʥ ʭʷʟʛʘʘʨʳʥ ʜʫʥʜʘʞ ʫʪʛʘ 97.13 ʄʇʘ, 

ʯʫʣʫʫʣʛʠʡʥ ʙʘʨʴʮʘʣʜʘʣʪʳʥ ʭװʯ 26.66 

ʄʇʘ, ʍʦʝʢ ɹʨʦʫʥʳ ʙʘʪ ʙᴇʭʠʡʥ ʘʥʛʠʣʣʘʘʨ 

R3-R4 ʙʫʶʫ ɼʫʥʜ ʟʵʨʛʠʡʥ ʭʘʪʫʫ- ʭʘʪʫʫ 

ʛʵʩʵʥ ʘʥʛʠʣʘʣʜ ʭʘʤʘʘʨʯ ʙʘʡʥʘ.  

3. ñʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ" ʦʨʜʳʥ ʪʘʣʙʘʡʜ 

ɻʘʥʪʠʛʞʩʘʥ ʰʦʭʦʡʥ ʯʫʣʫʫ, ʮʘʭʠʫʨʞʩʘʥ 

ʵʣʩʵʥ ʯʫʣʫʫ, ʟʘʥʘʨ, ʬʠʣʠʪʣʵʛ ʟʘʥʘʨ, 

ʧʦʨʬʠʨʦʠʜ ʟʵʨʵʛ 3-4  ʪᴇʨʣʠʡʥ ʯʫʣʫʫʣʘʛ 

ʜʵʵʨ ʫʫʣrʥ ʮʫʣʳʥ ʯʘʥʘʨʳʥ װʥʵʣʛʵʵ RʄR 

ʥʵʣʛɻװ ʵ ʭʠʡʩʵʥ ʙᴇʛᴇᴇʜ III ʪװʚʰʠʥ ʙʫʶʫ 

ʯʫʣʫʫʣʛʠʡʥ ʤʘʩʩʳʥ װʥʵʣʛʵʵʛʵʵʨ ñɼʫʥʜ 

ʟʵʨʵʛò װʟװװʣʵʣʪʵʜ ͻʘʤʨʘʛʜʘʞ ʙʘʡʥʘ.  

4. ʏʫʣʫʫʪ ʮʘʛʘʘʥ ʜʵʣ ʦʨʜʳʥ ʦʜʦʦʛʠʡʥ 

ʫʫʨʭʘʡʥ ʘʭʠʣʪ ʜʵʵʨ ʪʦʦʮʦʦʣʦʣ ʭʠʡʞ װʟʵʭʵʜ 

ʭʘʞʫʫʛʠʡʥ ᴇʥʜᴇʨ ʭʘʤʛʠʡʥ ʠʭʜʵʵ 82ʤ, 

ʝʨᴇʥʭʠʡ ʭʘʞʫʫʛʠʡʥ ᴇʥʮᴇʛ ʭʘʤʛʠʡʥ ʠʭʜʵʵ 

41ę, ʭʘʤʛʠʡʥ ʙʘʛʘ ʘʶʫʣʛװʡ ʙʘʡʜʣʳʥ 

ʢʦʵʬʬʠʮʠʝʥʪ FOS-2.06 ʛʘʨʯ ʙʘʡʛʘʘ ʥʴ 

ʫʫʨʭʘʡʥ ʦʜʦʦʛʠʡʥ ʧʘʨʘʤʝʪʨ ʪʦʛʪʚʦʨʪʦʡ 

ʙʘʡʜʣʳʛ ʭʘʥʛʘʞ ʙʘʡʥʘ.  
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Bayarrenchinjavzansuren@gmail.com 

Erdenechimeg.geo@must.edu.mn 

ʍʫʨʘʘʥʛʫʡ 
ɼʵʣʭʠʡʥ ʠʥʞʝʥʝʨʯʣʵʣʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʜ ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʯʠʛʣʵʣ ʤʘʰ ʭʫʨʜʘʮʪʘʡ ʭᴇʛʞʠʞ ʙʘʡʥʘ. ʄʘʥʘʡ 

ʦʨʦʥ ʛʘʟʘʨ ʥʫʪʛʠʡʥ ʭʵʤʞʵʵʛʵʵʨ ʜʵʣʭʠʡʜ ʵʭʥʵʵʩʵʵ 18-ʜ ʞʘʛʩʜʘʛ. ɻʘʟʘʨ ʥʫʪʛʠʡʥ ʠʭʵʥʭ ʭʵʩʵʛ ʥʴ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

ʟʫʨʘʛʣʘʣʘʘʨ ʙװʨʭʵʛʜʵʵʛװʡ, ᴇʨʛᴇʥ ʫʫʜʘʤ ʛʘʟʘʨ ʥʫʪʘʛʪʘʡ. ʕʥʵ ʥʴ ʥʵʛ ʪʘʣʘʘʨ ʙʠʜʵʥʜ ʮʘʘʰʠʜ ʛʝʦʜʝʟʠ, ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ, 

ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ ʯʠʛʣʵʣʜ ʭʠʡʭ ʘʞʣʫʫʜ ʘʩʘʨ ʠʭ ʙʘʡʥʘ ʛʵʩʵʥ װʛ ʶʤ. ʉʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜʘʘ ʙʘʨʠʣʛʘʞʩʘʥ 

ʦʨʯʠʥʜ ʣʠʜʘʨʳʥ ʪʝʭʥʦʣʦʛʠʡʛ ʘʰʠʛʣʘʭ ʥʴ ᴇʥʜᴇʨ װʨ ʙװʪʵʵʣʪʵʡ ʘʞʠʣ ʙʦʣʦʭ ʫʯʨʘʘʩ ʦʣʦʥ ʫʣʩʘʜ ʘʰʠʛʣʘʞ ʙʘʡʛʘʘ ʰʠʥʵ 

ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠʫʜʳʛ ʟʘʡʣʰʛװʡ ʥʵʚʪʨװװʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʦʣʦʦʜ ʙʘʡʥʘ. ʊʵʜʛʵʵʨ ʪʝʭʥʦʣʦʛʠʫʜʳʥ ʥʵʛ ʥʴ ʘʛʘʘʨʳʥ 

ʣʠʜʘʨʳʥ ʪʝʭʥʦʣʦʛʠ ʶʤ. ʊʠʡʤʵʵʩ ʵʥʵʭװװ ʩʵʜʚʠʡʛ ʩʦʥʛʦʥ ʘʚʯ, ʣʠʜʘʨʳʥ ʪᴇʭᴇᴇʨᴇʤʞʠʡʛ ʘʰʠʛʣʘʥ ʟʫʨʘʛʣʘʣ װʡʣʜʵʭ 

ʙʦʣʦʥ ʪװװʥʠʡ ᴇʛᴇʛʜʣʠʡʛ ʭʵʨʭʵʥ ʙʦʣʦʚʩʨʫʫʣʘʭ ʪʘʣʘʘʨ ʪʝʭʥʦʣʦʛʠ ʩʭʝʤ ʛʘʨʛʘʭ ʟʦʨʠʣʛʦʦʨ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ 

ʭʠʡʩʵʥ ʙʦʣʥʦ.  
.  

ʊϮʣʭϮϮʨ Ϯʛ: Ϻʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨ, ʥʘʨʠʡʚʯʣʘʣ, ʮʵʛʵʥ ϮϮʣ, ʪʦʦʥ ʟʘʛʚʘʨ, ʭʷʥʘʣʪʳʥ ʮʵʛ 
 

 

I. ʋɼʀʈʊɻɸʃ 

 

ʆʨʯʠʥ ʮʘʛʪ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʙװʭʠʡ ʣ ʩʘʣʙʘʨʪ ʰʠʥʵ 

ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠʫʜ ʘʩʘʨ ʭʫʨʜʘʮʪʘʡʛʘʘʨ ʥʵʚʪʵʨʯ 

ʙʘʡʥʘ. ʊʫʭʘʡʣʙʘʣ ʵʜʛʵʵʨʵʵʩ ʣʘʟʝʨʳʥ ʛʵʨʣʠʡʥ 

ʪʝʭʥʦʣʦʛʠʡʛ ʥʵʨʣʵʞ ʙʦʣʦʭ ʶʤ. ʃʘʟʝʨʳʥ ʛʵʨʣʠʡʛ 

ʘʥʘʛʘʘʭ ʫʭʘʘʥ, ʭʵʤʞʠʣʪ ʟʫʨʘʛʣʘʣ, ʘʞ װʡʣʜʚʵʨʣʵʣ, 

ʙʘʨʠʣʛʘ, ʭʫʜʘʣʜʘʘ ʘʨʠʣʞʘʘ, ʪᴇʣʙᴇʨ ʪʦʦʮʦʦ ʛʵʭ ʤʵʪ 

ʦʣʦʥ ʩʘʣʙʘʨʫʫʜʘʜ ᴇʨʛᴇʥᴇᴇʨ ʘʰʠʛʣʘʞ ʙʘʡʥʘ. 

ʕʜʛʵʵʨʵʵʩ ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʦʣʦʥ ʫʣʩʳʥ ʭʵʤʞʵʵʥʜ 

ʛʝʦʜʝʟʠ, ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ, ʟʘʡʥʘʘʩ ʪʘʥʜʘʥ ʩʫʜʣʘʣʳʥ 

ʩʘʣʙʘʨʪ ʠʭʵʵʨ ʘʰʠʛʣʘʞ ʵʭʣʵʵʜ ʙʘʡʛʘʘ ʛʫʨʚʘʥ 

ʭʵʤʞʵʵʩʪ ʣʘʟʝʨ ʩʢʘʡʥʝʨ ʙʫʶʫ ʣʠʜʘʨʳʥ ʪʘʣʘʘʨ ʘʚʯ 

 ʟʴʝ. LiDAR ʛʵʜʵʛ ʥʴ Light Detection and Rangingװ

ʛʵʩʵʥ װʛʥʠʡ ʪʦʚʯʣʦʣ ʙᴇʛᴇᴇʜ ʣʘʟʝʨʳʥ ʛʵʨʣʠʡʛ 

ʘʰʠʛʣʘʥ ʮʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ ʜʦʣʛʠʦʥʳ ʦʡʨʳʥ ʥʠʣ 

ʫʣʘʘʥ ʪʫʷʘ ʙʦʣʦʥ װʟʵʛʜʵʭ ʛʵʨʣʠʡʥ ʥʦʛʦʦʥ ʛʵʨʣʠʡʥ 

ʤʫʞʠʜ ʛʵʨʣʠʡʥ ʜʦʣʛʠʦʥʳʛ ʘʰʠʛʣʘʥ ʛʘʟʨʳʥ ʛʘʜʘʨʛʘ 

ʙʦʣʦʥ ʪʫʭʘʡʥ ʦʙʲʝʢʪʳʛ ʛʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʦʨʯʠʥʜ 

ʪʦʜʦʨʭʦʡʣʦʭ ʪʝʭʥʦʣʦʛʠ ʶʤ.  

ɸʰʠʛʣʘʛʜʘʭ ʟʦʨʠʫʣʘʣʪʘʘʩ ʥʴ ʭʘʤʘʘʨʫʫʣʞ 

ʛʘʟʨʳʥ ʙʫʶʫ ʛʘʟʘʨ ʜʵʵʨ ʙʘʡʨʣʘʞ ʟʫʨʘʛʣʘʣ ʭʠʡʜʵʛ, 

ʘʛʘʘʨʳʥ ʙʫʶʫ ʥʠʩʵʭ ʦʥʛʦʮ, ʥʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ 

ʪᴇʭᴇᴇʨᴇʤʞ ʟʵʨʛʠʡʛ ʘʰʠʛʣʘʥ ʘʛʘʘʨ ʤʘʥʜʣʘʘʩ ʛʘʟʨʳʥ 

ʛʘʜʘʨʛʳʥ ʟʫʨʘʛʣʘʣʳʛ ʭʠʡʜʵʛ, ʩʘʥʩʨʳʥ ʙʫʶʫ ʭʠʡʤʵʣ 

ʜʘʛʫʫʣʘʘʩ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʟʫʨʘʛʣʘʣ װʡʣʜʜʵʛ ʛʵʞ 

ʘʥʛʠʣʞ װʟʜʵʛ. ʗʣʘʥʛʫʷʘ  

 

 

 

ʥʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ ʪᴇʭᴇᴇʨᴇʤʞʠʜ ʟʦʨʠʫʣʘʥ ʙװʪʵʵʛʜʩʵʥ 

ʣʠʜʘʨʳʥ ʪᴇʭᴇᴇʨᴇʤʞװװʜ ʟʘʭ ʟʵʵʣʜ ʦʣʥʦʦʨʦʦ 

 ʡʣʜʚʵʨʣʵʛʜʵʥ, ʪʫʨʰʠʣʪʫʫʜʳʛ ʘʤʞʠʣʪʪʘʡ ʜʘʚʞװ

 ʡʣʜʚʵʨʣʵʣ ʜʵʵʨ ʛʘʨʯ ʠʨʞ ʙʘʡʥʘ.  ʄʘʥʘʡ ʦʨʥʳ ʭʫʚʴʜװ

ʵʥʵʭװװ ʪʝʭʥʦʣʦʛʠ ʥʴ װʡʣʜʚʵʨʣʵʣʜ ʥʵʚʪʨʵʵʜ ʫʜʘʘʛװʡ 

ʙʘʡʥʘ. 

 

II. ʆʅʆʃʓʅ ʍʕʉʕɻ 

 

ʃʠʜʘʨʳʥ ʪʝʭʥʦʣʦʛʠ ʛʵʞ ʶʫ ʚʵ? 

LiDAR ʛʵʜʵʛ ʥʴ Light Detection and Ranging ʛʵʩʵʥ 

 ʛʥʠʡ ʪʦʚʯʣʦʣ ʙᴇʛᴇᴇʜ ʣʘʟʝʨʳʥ ʛʵʨʣʠʡʥװ

ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʭʵʣʙʵʨ, ʭʵʤʞʵʵ 

ʙʦʣʦʥ ʩʦʥʛʦʩʦʥ ʦʙʲʝʢʪʳʥ ʭʵʣʙʵʨ ʜװʨʩʠʡʛ ʭʠʡʤʵʣ 

ʜʘʛʫʫʣ, ʥʠʩʵʭ ʦʥʛʦʮ, ʥʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ ʪᴇʭᴇᴇʨᴇʤʞ, 

ʛʘʟʘʨ ʜʵʵʨʭ ʩʫʫʨʠʥ ʣʘʟʝʨ ʩʢʘʡʥʝʨ ʟʵʨʛʠʡʛ ʘʰʠʛʣʘʥ 

ʪʦʜʦʨʭʦʡʣʦʭ ʪʝʭʥʦʣʦʛʠ ʶʤ. ɻʵʭʜʵʵ ʵʥʵʭװװ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣ ʥʴ ʥʠʩʵʭ ʦʥʛʦʮʥʦʦʩ ʣʠʜʘʨʳʥ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʛ ʘʰʠʛʣʘʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʟʫʨʘʛʣʘʣ 

 .ʡʣʜʵʭ ʯʠʛʣʵʣʵʵʨ ʭʠʡʛʜʩʵʥ ʙʦʣʥʦװ

ɸʥʭʥʳ ʣʠʜʘʨ ʙʫʶʫ 3D ʣʘʟʝʨ ʩʢʘʡʥʝʨ ʪʝʭʥʦʣʦʛʠʡʛ 

1960 ʘʘʜ  ʦʥʜ ʰʫʤʙʘʛʯ ʦʥʛʦʮʥʫʫʜʳʛ ʥʠʩʵʭ ʦʥʛʦʮʥʦʦʩ 

ʠʣʨװװʣʵʭ ʟʦʨʠʣʛʦʦʨ ʟʦʭʠʦʥ ʙװʪʵʵʩʵʥ ʙʘ ʵʥʵ ʥʴ 1970 

ʘʘʜ ʦʥʳ ʵʭʵʵʨ ɸʅʋ, ʂʘʥʘʜ, ɸʚʩʪʨʘʣʠ ʟʵʨʵʛ ʫʣʩʫʫʜʘʜ 

ʘʤʞʠʣʪʪʘʡ ʭʵʨʵʛʞʩʵʥ ʙʘʡʥʘ. 

LiDAR ï ʠʡʥ ʩʠʩʪʝʤ ʥʴ ʜʘʨʘʘʭ װʥʜʩʵʥ 5 ʭʵʩʛװװʜʵʵʩ 

ʙװʨʜʵʥʵ. װתʥʜ: 

1. ʃʘʟʝʨ ʩʝʥʩʦʨ 

2. GPS ï ʠʡʥ ʭװʣʵʵʥ ʘʚʘʛʯ 

3. IMU ʩʝʥʩʦʨ 

4. ɸʛʘʘʨʳʥ ʟʫʨʛʠʡʥ ʪʦʦʥ ʢʘʤʝʨ 
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5. ʂʦʤʧʴʶʪʝʨ ʙʫʶʫ ʭʵʤʞʠʣʪʠʡʛ ʫʜʠʨʜʘʭ 

ʪᴇʭᴇᴇʨᴇʤʞ  

ɼʵʵʨʭ װʥʜʩʵʥ ʙװʨʜʣװװʜʠʡʛ ʪʫʩ ʙװʨʪ ʥʴ ʘʚʯ װʟʴʝ. 

ʃʘʟʝʨ ʩʝʥʩʦʨ 

ʕʥʵ ʥʴ ʣʘʟʝʨʳʥ ʛʵʨʣʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʪʫʩʛʘʡ 

ʟʦʨʠʫʣʘʣʪʳʥ ʦʥʛʦʮʥʦʦʩ ʩʦʥʛʦʩʦʥ ʪʘʣʙʘʡʥ ʛʘʟʨʳʥ 

ʛʘʜʘʨʛʫʫ ʜʵʵʨ ʙʘʡʛʘʘ ʭװʥʠʡ ʛʘʨʘʘʨ ʙװʪʵʵʛʜʩʵʥ ʙʦʣʦʥ 

ʙʘʡʛʘʣʠʡʥ ʪʦʛʪʦʮʪʦʡ ʙװʭʠʡ ʣ ʦʙʲʝʢʪʫʫʜʳʛ ʟʫʨʘʛʣʘʭ 

ʪᴇʭᴇᴇʨᴇʤʞ ʶʤ.  

ʆʨʯʠʥ װʝʜ ʘʰʠʛʣʘʛʜʘʞ ʙʘʡʛʘʘ ʣʘʟʝʨʳʥ ʩʝʥʩʦʨʫʫʜ ʥʴ 

ʮʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ ʜʦʣʛʠʦʥʳ ʥʦʛʦʦʥ ʛʵʨʣʠʡʥ ʤʫʞ 

(532 nm) ʙʦʣʦʥ ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥ ʛʵʨʣʠʡʥ (1064 nm) 

ʤʫʞʠʜ ʣʘʟʝʨʳʥ ʛʵʨʣʠʡʛ ʘʰʠʛʣʘʞ ʙʘʡʥʘ. 

ɸʞʠʣʣʘʭ װʥʜʩʵʥ ʟʘʨʯʠʤ ʥʴ ʥʠʩʵʭ ʦʥʛʦʮʥʳ 

ʣʠʜʘʨʳʥ ʭʫʚʴʜ ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫ ʨʫʫ ʩʦʥʛʦʞ ʘʚʩʘʥ 

ᴇʥʮʛʠʡʥ ʭʘʨʘʭ ʪʘʣʙʘʡʜ ʎʉɼ-ʥʳ ʜʵʵʨʭ ʤʫʞʫʫʜʘʜ 

ʣʘʟʝʨʳʥ ʛʵʨʣʠʡʛ ʙʠʝʪ ʨװװ ʮʘʮʨʫʫʣʞ ʪװװʥʵʵʩ ʙʫʮʘʞ 

ʠʨʵʭ ʦʡʣʪʳʛ ʙװʨʪʛʵʞ ʪװװʥʠʡ ʪʫʫʣʩʘʥ ʭʫʛʘʮʘʘʛ 

ʪʦʦʮʦʦʣʦʥ ʙʦʜʦʭ  ʟʘʤʘʘʨ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʙʦʣʦʦʜ 

ʪװװʥ ʜʵʵʨʭ ʙװʭʠʡ ʣ ʙʘʨʠʣʛʘ, ʦʙʲʝʢʪʫʫʜʳʛ 3 ʭʵʤʞʵʵʩʪ 

ʦʨʯʠʥʜ ʮʵʛʵʥ װװʣ ʙʦʣʛʦʥ ʭʘʜʛʘʣʞ ʘʚʥʘ. 

ɿʫʨʘʛ 1. LiDAR ï ʠʡʥ ʪϺʭϺϺʨϺʤʞʠʡʥ ʘʞʠʣʣʘʛʘʘʥʳ 

ʙϮʜϮϮʚʯ 

ᴆʛᴇʛʜʣʠʡʛ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʪʘʡʛʘʘʨ 

ʩʦʣʙʠʮʦʣʞʫʫʣʘʭ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʛ ʭʠʡʭʠʡʥ ʪʫʣʜ 

ʟʫʨʘʛʣʘʣʳʥ ʥʠʩʣʵʛʠʡʥ ʷʚʮʪʘʡ ʜʘʚʭʮʘʞ ʙʘʡʭʘʘʨ GPS 

ïʠʡʥ ʩʫʫʨʠʥ ʩʪʘʥʮʫʫʜʳʛ ʛʝʦʜʝʟʠʡʥ ʩװʣʞʵʵʥʜ 

ʦʨʫʫʣʘʥ ʪʵʛʰʠʛʪʛʵʥ ʙʦʜʦʛʜʩʦʥ ʭʘʪʫʫ ʮʵʛװװʜ ʜʵʵʨ 

ʩʪʘʪʠʢ ʛʦʨʠʤʳʥ ʭʵʤʞʠʣʪʠʡʛ ʭʠʡʞ ʙʘʡʭʘʘʨ 

ʩʫʫʨʠʣʫʫʣʩʘʥ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. 

 

IMU ʩʝʥʩʦʨ 

IMU ʛʵʜʵʛ ʥʴ Inertial Measurement Unit ʛʵʩʵʥ װʛʥʠʡ 

ʪʦʚʯʣʦʣ ʙᴇʛᴇᴇʜ ʦʥʛʦʮʥʳ ʙʫʶʫ LiDAR ï ʠʡʥ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛװװʜʠʡʛ ʘʛʰʠʥ ʙװʨʪ 

ʭʵʤʞʠʞ ʙװʨʪʛʵʞ ʘʚʜʘʛ ʪᴇʭᴇᴇʨᴇʤʞ ʶʤ. 

 
ɿʫʨʘʛ 2. IMU ʩʝʥʩʦʨʳʥ ʘʞʠʣʣʘʛʘʘʥʳ ʙϮʜϮϮʚʯ 

ʕʥʵʭװװ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʜʦʦ 

ʪʵʛʰ ʭʘʚʪʛʘʡ ʛʘʟʘʨʪ ʭʠʡʩʵʥ ʣʠʜʘʨʳʥ ʭʵʤʞʠʣʪʵʵʨ 

ʪʦʦʮʦʞ ʛʘʨʛʘʥʘ. 

 

ɿʫʨʘʛ 3. IMU ʩʝʥʩʦʨʳʥ X ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ 

ʭʘʟʘʡʣʪʳʥ Ϻʥʮʛʠʡʥ ʥϺʣϺϺʣϺʣ 

ʊʵʛʰ ʛʘʜʘʨʛʫʫ ʜʵʵʨʭ ʥʵʛ ʠʞʠʣ ʮʘʛʪ ʭʠʡʩʵʥ ʣʠʜʘʨʳʥ 

ʭʵʤʞʠʣʪʠʡʥ ʍ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʭʘʟʘʡʣʪʳʛ 

ʭʘʨʫʫʣʩʘʥ ʟʫʨʘʛ  

 

  (1) 

 

ʕʥʜ:  

  

ʊʵʛʰ ʭʘʚʪʛʘʡ ʛʘʜʘʨʛʫʫ ʜʵʵʨʭ ʟװװʥ 

ʟʘʭʳʥ ʙʦʣʦʥ ʙʘʨʫʫʥ ʟʘʭʳʥ ʮʵʛʠʡʥ 

ᴇʥʜʨʠʡʥ ʟᴇʨװװ 

H  ʅʠʩʣʵʛʠʡʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ 

  
ʉʢʘʡʥ ʭʠʡʭ ʭʘʤʛʠʡʥ ʠʭ ᴇʥʮᴇʛ 

Y ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛʠʡʥ ʥᴇʣᴇᴇʣᴇʣ 

ʕʥʵʭװװ ʥᴇʣᴇᴇʣᴇʣ ʥʴ װʥʜʩʵʥʜʵʵ ʥʠʩʣʵʛʠʡʥ 

ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫ ʜʘʭʴ ʭʵʤʞʠʣʪʵʥʜ ʥᴇʣᴇᴇʣʥᴇ. ɿʫʨʘʛ 

ʜʵʵʨʭ ʫʣʘʘʥ ʙʦʣʦʥ ʭᴇʭ ᴇʥʛᴇᴇʨ ʪʵʤʜʵʛʣʵʩʵʥ ʮʵʛװװʜ ʥʴ 

ʥʠʩʣʵʛʠʡʥ ʰʫʫʜ ʙʦʣʦʥ ʫʨʚʫʫ ʯʠʛʣʵʣʜ ʭʠʡʩʵʥ Y 

ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʭʘʟʘʡʣʪʳʛ ʪʦʦʮʦʦʛװʡ װʝʠʡʥ 

ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥ. 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  
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ɿʫʨʘʛ 4. IMU ʩʝʥʩʦʨʳʥ Y ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ 

ʭʘʟʘʡʣʪʳʥ Ϻʥʮʛʠʡʥ ʥϺʣϺϺʣϺʣ 

Y ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʭʘʟʘʡʣʪ ʥʴ ʥʠʩʣʵʛʠʡʥ 

ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫ ʭʵʤʞʠʣʪʵʥʜ ʥᴇʣᴇᴇʣʥᴇ. 

 

(2) 

   

ʕʥʜ:  

D  
ʅʠʩʣʵʛʠʡʥ ʰʫʫʜ ʙʦʣʦʥ ʫʨʚʫʫ 

ʯʠʛʣʵʣʠʡʥ ʟʘʤʥʘʣ ʭʦʦʨʦʥʜʳʥ ʟʘʡ 

H  ʅʠʩʣʵʛʠʡʥ ʜʫʥʜʘʞ ᴇʥʜᴇʨ 

  
ʉʢʘʡʥ ʭʠʡʭ ʭʘʤʛʠʡʥ ʠʭ ᴇʥʮᴇʛ 

 

Z ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛʠʡʥ ʥᴇʣᴇᴇʣᴇʣ 

ʕʥʵ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʪʫʭʘʡʥ ʦʙʲʝʢʪʳʥ 

ʙʘʡʨʣʘʣ ʙʫʨʫʫ ʪʦʜʦʨʭʦʡʣʦʛʜʦʞ ʙʦʣʦʭʦʦʩ ʛʘʜʥʘ ʤᴇʥ 

ʭʵʣʙʵʨ ʜװʨʩʠʡʥ ʭʫʚʴʜ ʛʘʞʠʣʪʪʘʡ ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʥʴ 

ʵʣʙʵʛ ʙʘʡʜʘʛ. ʍʵʨʵʚ ʰʘʣʛʘʣʪ, ʪʦʭʠʨʫʫʣʛʘ ʭʠʡʭ 

ʭʵʤʞʠʣʪ ʥʴ ʭʘʥʛʘʣʪʪʘʡ ʫʨʪ ʰʫʛʘʤʳʛ ʭʘʤʘʨʯ ʯʘʜʘʘʛװʡ 

ʙʦʣ ʵʥʵ ʥʴ ʙʫʩʘʜ ʪᴇʨʣʠʡʥ ʭʘʟʘʡʣʪʳʥ ʟʘʩʚʘʨʫʫʜʘʘʩ 

ʠʣװװ ʪᴇʚᴇʛʪʵʡ ʙʦʣʜʦʛ.  

 
ɿʫʨʘʛ 5. IMU ʩʝʥʩʦʨʳʥ Z ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ 

ʭʘʟʘʡʣʪʳʥ Ϻʥʮʛʠʡʥ ʥϺʣϺϺʣϺʣ 

Z ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫʭ ʰʠʣʞʠʣʪ 

 

  (3) 

ʕʥʜ:  

S 

ʐʫʫʜ ʙʦʣʦʥ ʫʨʚʫʫ ʯʠʛʣʵʣʠʡʥ 

ʮʵʛװװʜʠʡʥ ʜʫʥʜʘʞ ʪᴇʚ ʮʵʛ ʭʦʦʨʦʥʜʳʥ 

ʟʘʡ 

D  

ʉʦʥʛʦʞ ʘʚʩʘʥ ʙʘʡʰʠʥʛʠʡʥ ʪᴇʚ ʮʵʛ ʙʘ 

ʪᴇʚ ʮʵʛʪ ʭʘʤʛʠʡʥ ʦʡʨ ʦʨʰʠʭ ʥʠʩʣʵʛʠʡʥ 

ʥʘʜʠʨʳʥ ʮʵʛ ʭʦʦʨʦʥʜʳʥ ʟʘʡ  

 

ʍʦʪ ʪᴇʣᴇʚʣᴇʣʪ ʙʦʣʦʥ ʠʥʞʝʥʝʨʠʡʥ ʜʵʜ ʙװʪʮʠʡʥ 

ʟʫʨʘʛʣʘʣʜ ʘʰʠʛʣʘʭ 

ʍʦʪ ʪᴇʣʚʣᴇʣʪ ʙʦʣʦʥ 3 ʭʵʤʞʵʵʩʪ ʙʘʨʠʣʛʘ 

ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʟʘʛʚʘʨ װװʩʛʵʭ ʟʵʨʵʛʪ ʣʠʜʘʨʳʥ 

ʭʵʤʞʠʣʪʠʡʛ ᴇʨʛᴇʥ ʘʰʠʛʣʘʜʘʛ ʙʘʡʥʘ. ʄᴇʥ ʪװװʥʵʵʩ 

ʛʘʜʥʘ ᴇʥʜᴇʨ ʭװʯʜʵʣʠʡʥ ʮʘʭʠʣʛʘʘʥ ʜʘʤʞʫʫʣʘʭ 

ʘʛʘʘʨʳʥ ʰʫʛʘʤʳʥ ʵʜ ʘʥʛʠʫʜʳʥ ʵʚʜʨʵʣ ʛʵʤʪʣװװʜ, 

ʭʦʣʙʦʣʪʳʥ ʭʵʩʛװװʜʠʡʛ ʭʷʥʘʭ ʟʦʨʠʫʣʘʣʪʘʘʨ 

ʘʠhʛʣʘʜʘʛ ʙʘʡʥʘ. 

 

 

 

ɿʫʨʘʛ 6. ʃʠʜʘʨʳʥ ʪϺʭϺϺʨϺʤʞʠʡʛ ʭʦʪ ʪϺʣϺʚʣϺʣʪ 

ʙʦʣʦʥ ʵʨʯʠʤ ʭϮʯʥʠʡ ʰʫʛʘʤ ʩϮʣʞʵʵʥʠʡ ʟʫʨʘʛʣʘʣʜ 

ʭʵʨʵʛʣʵʩʵʥ Ϯʨ ʜϮʥ 

III. ʉʋɼɸʃɻɸɸʅʓ ʍʕʉʕɻ 

 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ɹɻɼ-ʠʡʥ 16-ʨ ʭʦʨʦʦʥʜ 

ʦʨʰʠʭ ɻɸʅɼɸʅ-ʛʠʡʥ ʙʘʨʠʣʛʘ, ʙʘʡʛʫʫʣʘʤʞ ʙʦʣʦʥ 

ʪװװʥʠʡ ʦʨʯʠʤʜ 15 ʛʘ ʪʘʣʙʘʡʥ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ, 

ʪװװʥʠʡ ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʪᴇʚ ʘʡʤʛʠʡʥ ɾʘʨʛʘʣʘʥʪ 

ʩʫʤʳʥ ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡ 

 

ʍʕʄɾʀʃʊ, ɹʆʃʆɺʉʈʋʋʃɸʃʊ: 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ DJI װʡʣʜʚʵʨʠʡʥ MATRICE 300 

RTK PHANTOM 4 MULTISPECTRAL ʥʠʩʛʵʛʯʛװʡ 

ʥʠʩʵʭ ʪᴇʭᴇᴇʨᴇʤʞ, ɹʘʡʥʛʳʥ ʘʞʠʣʣʘʛʘʘʪʘʡ ʩʫʫʨʠʥ 

ʩʪʘʥʮ /ɹɸʉʉ/-ʳʥ ʙʦʜʠʪ ʘʛʰʠʥʳ ᴇʛᴇʛʜʣʠʡʛ ʭʠʡʤʵʣ 

ʜʘʛʫʫʣʳʥ ʪʝʭʥʦʣʦʛʠ ʘʰʠʛʣʘʥ [7]: 

ʘ. ɹɻɼ-ʠʡʥ 16-ʨ ʭʦʨʦʦʥʜ ʦʨʰʠʭ ɻɸʅɼɸʅ-ʛʠʡʥ 

ʙʘʨʠʣʛʘ, ʙʘʡʛʫʫʣʘʤʞ ʙʦʣʦʥ ʪϮϮʥʠʡ ʦʨʯʠʤʜ 

15 ʛʘ ʪʘʣʙʘʡʥ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ, ʪϮϮʥʠʡ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ, 

ʙ. ʊϺʚ ʘʡʤʛʠʡʥ ɾʘʨʛʘʣʘʥʪ ʩʫʤʳʥ ʛʘʟʘʨ 

ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʥ ʩʧʝʢʪʨʠʡʥ ʦʣʦʥ ʩʫʚʛʠʡʥ 

ʭʵʤʞʠʣʪ, ʙʦʣʦʚʩʨʫʫʣʘʣʪ 

ɸʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣʳʥ ʘʨʛʘʘʨ WGS-84 ʩʦʣʙʠʮʣʳʥ 

ʪʦʛʪʦʣʮʦʦ, UTM ʪʫʩʛʘʛʪ, ɹʘʣʪʠʡʥ ʪʵʥʛʠʩʠʡʥ 

ᴇʥʜʨʠʡʥ ʪʦʛʪʦʣʮʦʦʥʜ ʭʠʡʞ ʛװʡʮʵʪʛʵʥ ʭʵʤʞʠʣʪʠʡʥ 

ʥʘʨʠʡʚʯʣʘʣʳʛ ʪʦʦʮʦʞ ʛʘʨʘʩʘʥ. 

ʘ. ɹɻɼ-ʠʡʥ 16-ʨ ʭʦʨʦʦʥʜ ʦʨʰʠʭ ɻɸʅɼɸʅ-ʛʠʡʥ 

ʙʘʨʠʣʛʘ, ʙʘʡʛʫʫʣʘʤʞ ʙʦʣʦʥ ʪװװʥʠʡ ʦʨʯʠʤʜ 15 ʛʘ 

ʪʘʣʙʘʡʥ 3-ʥ ʭʵʤʞʵʵʩʪ ʟʫʨʘʛʣʘʣʳʛ DJI PILOT 

ʤʘʨʰʨʫʪ ʪᴇʣᴇʚʣᴇʣʪʠʡʥ ʧʨʦʛʨʘʤʤʘʘʨ ʛʘʟʨʳʥ 

ʪװʚʰʥʵʵʩ ʜʵʵʰ 10ʤ-ʵʵʩ ʙʘʨʠʣʛʳʥ ʦʨʦʡ ʭװʨʪʵʣ ʪʦʡʨʦʛ 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ 
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ʯʠʛʣʵʣʜ ʢʘʤʝʨʳʥ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛʠʡʛ 450, ʥʠʩʣʵʛʠʡʥ 

ᴇʥʜʨʠʡʛ 120ʤ, ʟʫʨʛʠʡʥ ʜʘʛʫʫ ʜʘʚʭʮʘʣ 80%, ʭᴇʥʜʣᴇʥ 

ʜʘʚʭʮʘʣ 70% ʙʘʡʭʘʘʨ ʪʦʭʠʨʫʫʣʘʥ ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʳʛ 

ʭʠʡʩʵʥ [5]. 

ʅʅʊ-ʠʡʥ ʣʠʜʘʨʳʥ ʤʵʜʨʵʛʯ ʙװʭʠʡ DJI 

ZENMUSE L1 ʢʘʤʝʨ ʥʴ 1 ʩʝʢʫʥʜʵʜ 240000 ʮʵʛ 

ʭʵʤʞʠʥ, ʫʨʴʜʯʠʣʩʘʥ ʮʵʛʵʥ װװʣʠʡʥ ᴇʛᴇʛʜʣʠʡʛ 

ʫʜʠʨʜʣʘʛʘ ʨʫʫ ʰʫʫʜ ʜʘʤʞʫʫʣʘʥ ʜװʨʩɻʣʜʵʛ[6].  

ʋʛ ʥʠʩʣʵʛʠʡʛ ʭʠʡʭʠʡʥ ᴇʤʥᴇ ʩʫʫʨʴ ʩʪʘʥʮ /D-

RTK/-ʳʛ UB01 ɹɸʉʉ-ʪʘʡ ʭʦʣʙʦʞ ʙʦʜʠʪ ʘʛʰʥʳ 

ʟʘʩʚʘʨʳʛ ʪʦʦʮʦʞ, ʭʷʥʘʣʪʳʥ 8 ʮʵʛʠʡʥ ʙʘʡʨʣʘʣ, 

ᴇʥʜʨʠʡʥ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. 

ʅʠʩʣʵʛ װʡʣʜʵʭ ʷʚʮʘʜ ʥʘʨ ʵʛʮ ʜʵʵʨʵʵʩ ʪʫʩʩʘʥ, 

 ʡ ʠʭ ʭʫʨʜ ʪʦʛʪʫʫʥװʥʵʤʣʵʭװ ʣʰʠʣʪ ʙʘʛʘ, ʩʘʣʭʠʥʳװװ

 .ʝʜ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣʳʥ ʘʞʣʳʛ ʭʠʡʩʵʥװ

 
ɿʫʨʘʛ 8. ʄʘʨʰʨʫʪ ʪϺʣϺʚʣϺʣʪ 

 

 
ɿʫʨʘʛ 9. ɹʦʣʦʚʩʨʫʫʣʘʣʪʳʥ Ϯʝ ʰʘʪ 

 
ɿʫʨʘʛ 10. 3-ʥ ʭʵʤʞʵʵʩʪ ʪʦʦʥ ʟʘʛʚʘʨ 

 

 
ɿʫʨʘʛ 11. 3-ʥ ʭʵʤʞʵʵʩʪ ʦʨʪʦʬʦʪʦ ʟʫʨʘʛ [7].  

 

ʙ. ʊᴇʚ ʘʡʤʛʠʡʥ ɾʘʨʛʘʣʘʥʪ ʩʫʤʳʥ 100 ʛʘ װʨ ʪʘʨʠʘʥʳ 

ʪʘʣʙʘʡʜ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ װʡʣʜʵʞ, ʩʧʝʢʪʨʠʡʥ ʦʣʦʥ 

ʩʫʚʘʛ ʙװʭʠʡ ʜʨʦʥʳ ʭʵʤʞʠʣʪ ʭʠʡʩʵʥ. ʊʘʨʠʘʣʘʥʛʠʡʥ 

ʪʘʣʙʘʡʜ 7.5ʩʤ/ʧʠʢʩʝʣʠʡʥ ʦʨʦʥ ʟʘʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ 

/GSD/ ʥʠʩʣʵʛʠʡʥ ᴇʥʜᴇʨ 130 ʤʝʪʨ, ʟʫʨʘʛ ʘʚʘʭ ʜʘʛʫʫ 

ʜʘʚʭʮʘʣ 75%, ʭᴇʥʜʣᴇʥ ʜʘʚʭʮʘʣ 70% ʙʘʡʭʘʘʨ ʥʠʩʣʵʛ 

 ʟʵʛʜʵʭ ᴇʥʛᴇʥᴇᴇʩ ʦʡʨʳʥ ʥʠʣ ʫʣʘʘʥת .ʡʣʜʩʵʥ[1]װ

ʪʫʷʘʥʳ ʤʫʞ ʭװʨʪʵʣ ʭʵʤʞʠʣʪ ʟʫʨʘʛʣʘʣ ʭʠʡʩʵʥ װʨ ʜװʥʛ 

ʜʘʨʘʘʭ ʩʵʜʵʚʯʠʣʩʵʥ ʙװʪʵʵʛʜʵʭװװʥ ʙʦʣʛʦʥ ʙʵʣʪʛʵʩʵʥ 

 :ʥʜװת .[5]

Å   ɻʘʜʘʨʛʳʥ ʦʨʪʦ ʟʫʨʘʛ (Ortho-Mosaic Photo) 

Å   ɻʘʜʘʨʛʳʥ ʥʘʣʫʫ, ʟװʛ ʟʦʚʭʠʩ 

Å ɻʘʜʘʨʛʳʥ ʩװװʜʵʨʣʵʣʪ, ʭʘʨʘʛʜʘʭ ʦʨʯʥʳ ʪʘʣʙʘʡʥ 

ʟʫʨʘʛ 

Å  ɻʘʜʘʨʛʳʥ ʛʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʟʫʨʘʛ 

Å  ʊʘʣʙʘʡʥ ʯʠʡʛʠʡʥ ʟʫʨʘʛ 

Å  ʊʘʨʠʤʣʳʥ ʫʨʛʘʤʘʣʞʠʣʪ ʙʦʣʦʥ ʭʦʛ ʫʨʛʘʤʘʣ ʷʣʛʘʩʘʥ 

ʟʫʨʘʛ 

ɻʘʜʘʨʛʳʥ ʦʨʪʦʬʦʪʦ ʟʫʨʘʛ: ʎʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ 

ʜʦʣʛʠʦʥʳ ʫʣʘʘʥ ʥʦʛʦʦʥ ʭᴇʭ ᴇʥʛʠʡʥ ʩʧʝʢʪʨʠʡʥ 

ʩʫʚʛʫʫʜʳʛ ʙʘʡʛʘʣʠʡʥ ʙʦʜʠʪ ᴇʥʛᴇʥʠʡ ʥʠʡʣʵʤʞʠʡʛ 

ʛʘʨʛʘʥ ʘʚʩʘʥ. 

 
ɿʫʨʘʛ 12. ɻʘʜʘʨʛʳʥ ʦʨʪʦʬʦʪʦ ʟʫʨʘʛ 

 

ɻʘʜʘʨʛʳʥ ʥʘʣʫʫ, ʟװʛ ʟʦʚʭʠʩ: ɻʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʥʘʣʫʫ, 

ʟװʛ ʟʦʚʭʠʩʳʛ ᴇʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨ ʘʰʠʛʣʘʥ ʛʘʨʛʘʩʘʥ. 
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ɿʫʨʘʛ 13. ɻʘʜʘʨʛʳʥ ʥʘʣʫʫ, ʟϮʛ ʟʦʚʭʠʩʳʥ ʟʫʨʘʛ 

 

ɻʘʜʘʨʛʳʥ ʩװװʜʵʨʣʵʣʪ, ʭʘʨʘʛʜʘʭ ʦʨʯʥʳ ʪʘʣʙʘʡʥ ʟʫʨʘʛ: 

ɻʘʟʨʳʥ ʛʘʜʘʨʛʘ ʩװװʜʵʨʣʵʣʪ, ʭʘʨʘʛʜʘʭ ʦʨʯʥʳ ʪʘʣʙʘʡʥ 

ʟʫʨʘʛ ʛʘʨʛʘʭʳʥ ʪʫʣʜ ʅʅʊ-ᴇᴇʨ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ 

ʭʠʡʩʵʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ ʥʘʨʥʳ ʪʫʩʛʘʣʳʥ ᴇʥʮʛᴇᴇʨ 

ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʭʵʣʙʵʨʠʡʛ ʟʫʨʘʛʣʘʥ ʛʘʨʛʘʩʘʥ. 

 
ɿʫʨʘʛ 14. ɻʘʜʘʨʛʳʥ ʩϮϮʜʵʨʣʵʣʪ, ʭʘʨʘʛʜʘʭ ʦʨʯʥʳ 

ʪʘʣʙʘʡʥ ʟʫʨʘʛ 

 

ɻʘʜʘʨʛʳʥ ʛʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʟʫʨʘʛ: ʅʅʊ-ᴇᴇʨ ʟʫʨʘʛʣʘʣ 

ʭʠʡʩʵʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ ᴇʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʳʛ 

ʛʘʨʛʘʥ ʘʚʩʘʥ ʙʘ װʨ ʜװʥʛ ʘʰʠʛʣʘʥ ʛʘʜʘʨʛʳʥ 3-ʥ 

ʭʵʤʞʵʵʩʪ ʟʫʨʘʛ ʛʘʨʛʘʩʘʥ. 

 
ɿʫʨʘʛ 15. ɻʘʜʘʨʛʳʥ 3-ʥ ʭʵʤʞʵʵʩʪ ʟʫʨʘʛ 

 

ʊʘʣʙʘʡʥ ʯʠʡʛʠʡʥ ʟʫʨʘʛ: ʊʘʣʙʘʡʥ ʛʘʜʘʨʛʳʥ ᴇʥʛᴇʥ 

ʭʵʩʛʠʡʥ ʯʠʡʛʠʡʛ ʫʩʥʳ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ NDWI 

ʘʰʠʛʣʘʥ ʪʦʦʮʩʦʥ. 

 
ɿʫʨʘʛ 16. ʊʘʣʙʘʡʥ ʯʠʡʛʠʡʥ ʟʫʨʘʛ 

 

ʊʘʨʠʤʣʳʥ ʫʨʛʘʤʘʣʞʠʣʪ ʙʦʣʦʥ ʭʦʛ ʫʨʛʘʤʘʣ ʷʣʛʘʩʘʥ 

ʟʫʨʘʛ: ʊʘʣʙʘʡʥ ʫʨʛʘʤʘʣʞʠʣʪ ʙʦʣʦʥ ʭʦʛ ʫʨʛʘʤʣʳʥ 

ʪʘʨʭʘʣʪʳʛ ʫʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI) 

ʙʦʣʦʥ ʋʨʛʘʤʣʳʥ ʥʦʨʤʯʠʣʩʦʥ ʫʣʘʘʥʳ ʟʘʭʳʥ ʠʥʜʝʢʩ 

(NDRE)-ʵʵʨ ʷʣʛʘʩʘʥ. 

 
ɿʫʨʘʛ 17. ʊʘʨʠʤʣʳʥ ʫʨʛʘʤʘʣʞʠʣʪ ʙʦʣʦʥ ʭʦʛ ʫʨʛʘʤʘʣ 

ʷʣʛʘʩʘʥ ʟʫʨʘʛ 

 

ɹʘʡʨ ʟϮʡʥ ʜʵʚʩʛʵʨ ʟʫʨʛʠʡʥ ʥʘʨʠʡʚʯʣʘʣ [2] 

1. ɹʘʡʨ ʟװʡʥ ʜʵʚʩʛʵʨ ʟʫʨʘʛ ʜʵʵʨ ʙʦʜʠʪ ʟװʡʣʩ, 

ʪʵʜʛʵʵʨʠʡʥ ʦʨʰʠʥ ʙʫʡ ʟʘʘʛ (ʢʦʥʪʫʨ)-ʠʡʥ ʙʘʡʨʣʘʣʳʥ 

ʜʫʥʜʘʞ ʘʣʜʘʘʛ ʟʫʨʘʛʣʘʣ ʘʚʘʭ ʛʝʦʜʝʟʠʡʥ װʥʜʵʩʣʵʣʠʡʥ 

ʦʡʨʦʣʮʦʦ ʮʵʛʪʵʡ ʭʘʨʴʮʫʫʣʙʘʣ 0.5 ʤʤ-ʵʵʩ, ʦʣʦʥ 

ʜʘʚʭʘʨ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʪʘʡ ʭʦʪ, ʩʫʫʨʠʥ ʛʘʟʘʨʪ 

ʪʵʜʛʵʵʨʠʡʥ ʭʦʦʨʦʥʜʦʭ ʭʘʨʠʣʮʘʥ ʙʘʡʨʣʘʣʳʥ ʜʫʥʜʘʞ 

ʘʣʜʘʘ ʥʴ ʙʘʡʨ ʟװʡʥ ʟʫʨʘʛ ʜʵʵʨ 0.4ʤʤ-ʵʵʩ ʪʫʩ ʪʫʩ ʠʭʛװʡ 

ʘʣʜʘʘʪʘʡ ʜװʨʩʣʵʛʜʵʭ ʸʩʪʦʡ. [4] 

2. ɹʘʡʨ ʟװʡʥ ʜʵʚʩʛʵʨ ʟʫʨʘʛ ʜʵʵʨ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʛ 

ʜװʨʩʣʵʭ ʜʫʥʜʘʞ ʘʣʜʘʘʛ ʛʝʦʜʝʟʠʡʥ װʥʜʵʩʣʵʣʠʡʥ 

ʮʵʛʪʵʡ ʭʘʨʴʮʫʫʣʙʘʣ ᴇʥʜʨʠʡʥ ʭʫʚʴʜ: 

- ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʥʘʣʫʫ 20 ʭװʨʪʵʣ ʙʦʣ 

ʟʫʨʘʛʣʘʣʳʥ װʝʠʡʥ ᴇʥʜʨʠʡʥ 1/4; 

- ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʥʘʣʫʫ 20-60 ʭװʨʪʵʣ ʙʦʣ 1: 5 

000, 1:2 000-ʥʳ ʤʘʩʰʪʘʙʪʘʡ ʙʘʡʨ ʟװʡʥ 

ʜʵʚʩʛʵʨ ʟʫʨʘʛʪ 1/4, ʭʘʨʠʥ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ 

ʥʘʣʫʫ 10 ʛʨʘʜʫʩ ʙʦʣ 1:1 000, 1:500-ʥʳ 

ʤʘʩʰʪʘʙʪʘʡ ʟʫʨʘʛʪ ʟʫʨʘʛʣʘʣʳʥ װʝʠʡʥ 

ᴇʥʜʨʠʡʥ 1/3; 

- 0.5 ʤ װʝʠʡʥ ᴇʥʜᴇʨʪʵʡ 1:5 000, 1:2 000-ʥʳ 

ʤʘʩʰʪʘʙʪʘʡ ʙʘʡʨ ʟװʡʥ ʟʫʨʘʛʪ װʝʠʡʥ ᴇʥʜʨʠʡʥ 

1/3-ʘʘʩ ʪʫʩ ʪʫʩ ʠʭʛװʡ ʙʘʡʥʘ. 

3. 1:5 000, 1:2 000-ʥʳ ʤʘʩʰʪʘʙʪʘʡ ʙʘʡʨ ʟװʡʥ ʜʵʚʩʛʵʨ 

ʟʫʨʛʠʡʥ 6 ʛʨʘʜʫʩʘʘʩ ʠʭ ʥʘʣʫʫʪʘʡ ʛʘʟʘʨ, ʤᴇʥ 1:500, 1:1 
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000-ʥʳ ʤʘʩʰʪʘʙʪʘʡ ʙʘʡʨ ʟװʡʥ ʜʵʚʩʛʵʨ ʟʫʨʛʠʡʥ 10 

ʛʨʘʜʫʩʘʘʩ ʠʭ ʥʘʣʫʫʪʘʡ ʛʘʟʨʳʥ ʭʘʷʣʙʘʨʳʥ ʪʦʦ ʥʴ 

ʥʘʣʫʫʛʠʡʥ ʥʫʛʘʯʘʘʥ ʜʵʵʨ ʪʦʜʦʨʭʦʡʣʩʦʥ ᴇʥʜʨʠʡʥ 

ʟᴇʨװװʪʵʡ ʟʦʭʠʮʦʞ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʭʘʨʠʥ ʛʘʟʨʳʥ 

ʛʘʜʘʨʛʳʥ ʪʦʜʦʨʭʦʡ ʮʵʛ ʜʵʵʨ ʪʦʜʦʨʭʦʡʣʩʦʥ ᴇʥʜʨʠʡʥ 

ʜʫʥʜʘʞ ʘʣʜʘʘ ʥʴ ʟʫʨʘʛʣʘʣʳʥ װʝʠʡʥ ᴇʥʜʨʠʡʥ 1/3-ʘʘʩ 

ʠʭʛװʡ ʙʘʡʥʘ. 

4. ɹʘʡʨ ʟװʡʥ ʜʵʚʩʛʵʨ ʟʫʨʛʠʡʥ ʥʘʨʠʡʚʯʣʘʣ ʙʦʜʠʪ 

ʙʠʝʪʠʡʥ ʙʘʡʨʰʣʳʥ ʟᴇʨװװʛʵʵʨ, ᴇʥʜʨʠʡʥ ʭʫʚʴʜ 

ʭʘʷʣʙʘʨʘʘʨ ʪʦʦʮʩʦʥ ᴇʥʜʨʠʡʥ ʟᴇʨװװʛɻ ʨɻ ʪʫʩ ʪʫʩ 

ʠʣʵʨʭʠʡʣʵʛʜʵʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʟᴇʨװװʛ ʛʘʟʘʨ ʜʵʵʨ ʥʴ 

ʭʠʡʩʵʥ ʭʷʥʘʣʪʳʥ ʰʫʫʜ ʭʵʤʞʠʣʪʪʵʡ ʭʘʨʴʮʫʫʣʞ 

ʪʦʛʪʦʦʥʦ. 

ɹɼ 11-106-8 ʜװʨʵʤʜ ʟʘʘʩʥʳ ʜʘʛʫʫ 1:1000-ʥʳ 

ʤʘʩʰʪʘʙʪʘʡ ʙʘʡʨ ʟװʡʥ ʟʫʨʘʛʣʘʣ װʡʣʜʵʭʵʜ ʧʠʢʝʪ 

ʭʦʦʨʦʥʜʳʥ ʟʘʡ 20-30 ʤʝʪʨ ʙʘʡʥʘ. ʍʘʨʠʥ ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʳʥ ʪʘʣʙʘʡ ʜʘʭʴ ʣʠʜʘʨʳʥ ʮʵʛʠʡʥ ʥʷʛʪʘʨʰʠʣ ʥʴ 

0.5-0.6 ʤʝʪʨ ʙʘʡʛʘʘ ʥʴ ʵʥʵʭװװ ʰʘʘʨʜʣʘʛʳʛ ʙװʨʵʥ 

ʭʘʥʛʘʞ ʙʘʡʥʘ. 

  
ɿʫʨʘʛ 18. ʃʠʜʘʨʳʥ ʭʵʤʞʠʣʪʠʡʥ ʮʵʛʠʡʥ ʥʷʛʪʘʨʰʠʣ 

(1ʤ ʍ 1ʤ ʪʦʨʣʦʣ) 

 ʥװʨ ʜת

ʄʦʥʛʦʣ ʦʨʥʳ ʭʫʚʴʜ ʵʥʵʭװװ ʦʨʯʠʥ װʝʠʡʥ ᴇʥʜᴇʨ 

ʪʝʭʥʦʣʦʛʠʡʛ ʜʘʨʘʘʭ ʩʘʣʙʘʨʫʫʜʘʜ ʥʵʚʪʨװװʣʞ ʘʰʠʛʣʘʭ 

ʥʴ װʨ ʜװʥʪʵʡ. װתʥʜ: 

- ʊʦʤʦʦʭʦʥ ʪʘʣʙʘʡʛ ʭʘʤʘʨʩʘʥ, ʫʣʘʤʞʣʘʣʪ 

ʘʨʛʘʘʨ ʛװʡʮʵʪʛʵʭʵʜ ʭװʥʜ ʛʘʟʘʨ ʦʨʥʳ ʙʘʡʨ 

ʟװʡʥ ʙʦʣʦʦʜ ʙʫʩʘʜ ʪᴇʨʣʠʡʥ ʟʫʨʘʛʣʘʣ. ᴆʪʛᴇʥ 

ʰʠʛװװ ʦʡ ʤʦʜ ʠʭʪʵʡ ʄʦʥʛʦʣ ʦʨʥʳ ʪᴇʚʠʡʥ 

ʙʦʣʦʥ, ʭʘʥʛʘʡʥ ʙװʩ ʥʫʪʛʫʫʜʘʜ ʪʦʤ ʙʦʣʦʥ 

ʜʫʥʜ ʤʘʩʰʪʘʙʳʥ ʙʘʡʨ ʟװʡʥ ʟʫʨʘʛʣʘʣ װʡʣʜʵʭ 

- ɹʘʡʛʘʣʴ ʦʨʯʠʥ, ʦʡʥ ʤʝʥʝʞʤʝʥʪʠʡʥ ʟʫʨʘʛʣʘʣ. 

ɹʘʡʛʘʣʴ ʦʨʯʥʳ ʤʝʥʝʞʤʝʥʪʠʡʥ ʙʦʣʦʥ ʦʡʥ ʩʘʥ 

ʙװʭʠʡ ʛʘʟʨʳʥ ʤʦʥʠʪʦʨʠʥʛʠʡʥ ʩʫʜʘʣʛʘʘʥʜ 

ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ. 

- ɹװʭ ʪᴇʨʣʠʡʥ ʜʵʜ ʙװʪʮʠʡʥ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ 

ʟʫʨʘʛʣʘʣ. ɸʚʪʦ ʟʘʤʳʥ ʙʦʣʦʥ ʪᴇʤᴇʨ ʟʘʤʳʥ 

ʢʦʨʠʜʦʨʳʥ ʩʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʟʫʨʘʛʣʘʣ.  

-  ʀʣ ʫʫʨʭʘʡʥ ʛװʡʮʵʪʛʵʣ, ʙװʭ ʪᴇʨʣʠʡʥ 

ʦʚʦʦʣʛʦʥʳ ʵʟʣʵʭװװʥʠʡ ʭʵʤʞʵʵʛ ʪʦʦʮʦʭ 

ʟʫʨʘʛʣʘʣ.  

- ʍɸɸ, ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʛʠʡʥ ʪʘʣʙʘʡʥ ʟʫʨʘʛʣʘʣ. 

ʗʣʘʥʛʫʷʘ ʫʩʘʣʛʘʘʪʘʡ ʛʘʟʘʨ ʪʘʨʠʘʣʘʥʛʠʡʥ 

ʭʫʚʴʜ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ ʥʘʣʫʫʛ ʪʦʦʮʦʭ ᴇʥʜᴇʨ 

ʥʷʛʪʘʨʰʠʣʪʘʡ ʮʵʛʵʥ װװʣʥʠʡ ʭʵʤʞʠʣʪ. 

ɹʘʨʠʣʛʘʞʩʘʥ ʙװʩ ʥʫʪʛʠʡʥ 3 ʭʵʤʞʵʵʩʪ ʙʘʨʠʣʛʳʥ 

ʟʘʛʚʘʨ װװʩʛʵʭ, ʙʘʨʠʣʛʘ ʙʘʡʰʠʥʛʠʡʥ ʜʵʵʚʨʠʡʥ ʭʵʣʙʵʨ 

ʭʵʤʞʵʵʛ ʪʦʜʦʨʭʦʡʣʦʭ ʛʵʭ ʤʵʪ ʙʦʣʦʥ ʙʫʩʘʜ ʩʘʣʙʘʨʪ 

ᴇʨʛᴇʥᴇᴇʨ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʙʘʡʥʘ. 

ɿʫʨʘʛ 19. ʃʠʜʘʨʳʥ 3-ʥ ʭʵʤʞʵʵʩʪ ʟʫʨʘʛʣʘʣʳʥ Ϯʨ ʜϮʥ 

 

ɼתɻʅʕʃʊ 

 

ʋʛ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʅʅʊ-ᴇᴇʨ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣ 

 ʡʣʜʵʥ ᴇʥʜᴇʨ ʥʷʛʪʘʨʰʠʣʪʘʡ, ʦʨʪʦʬʦʪʦ ʟʫʨʘʛ ʙʦʣʦʥװ

ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫʛʠʡʥ ᴇʥʜʨʠʡʥ ʪʦʦʥ ʟʘʛʚʘʨʳʛ ᴇʥʜᴇʨ 

ʥʘʨʠʡʚʯʣʘʣʪʘʡ, ʦʣʦʥ ʟʦʨʠʣʛʦʦʨ ʘʰʠʛʣʘʞ ʙʦʣʦʭʫʡʮ 

ʥʵʤʵʣʪ ʙװʪʵʵʛʜʵʭװװʥ װװʩʛʵʥ, ʙװʪʵʵʥ ʙʘʡʛʫʫʣʘʣʪʳʥ 

ʙװʭ ʩʘʣʙʘʨʪ ʩʫʫʨʴ ʤʵʜʵʵʣʵʣ ʙʦʣʛʦʥ ʘʰʠʛʣʘʭʘʜ ʫʛ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥ ʦʨʰʠʥʦ. 

ʅʅʊ-ᴇᴇʨ ʘʛʘʘʨʳʥ ʟʫʨʘʛʣʘʣʳʥ װʨ ʜװʥʜ ʜʘʨʘʘʭ 

ʜװʛʥʵʣʠʡʛ ʭʠʡʞ ʙʘʡʥʘ. 

1. ɻʘʥʜʘʥ ʦʨʯʤʳʥ ʭʵʤʞʠʣʪʠʡʥ װʨ ʜװʥʛʠʡʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʜ DJI TERRA ʧʨʦʛʨʘʤ ʭʘʥʛʘʤʞ 

ʘʰʠʛʣʘʩʘʥ ʙʘ ʙʘʡʨʣʘʣʳʥ ʭʫʚʴʜ 5.4ʤʤ, ᴇʥʜʨʠʡʥ 

ʭʫʚʴʜ 16.2ʤʤ-ʠʡʥ ʜʫʥʜʘʞ ʘʣʜʘʘʪʘʡ ʙʘʡʩʘʥ ʥʴ 

1:500-1:1000-ʥʳ ʤʘʩʰʪʘʙʳʥ ʙʘʡʨ ʟװʡʥ ʟʫʨʛʠʡʥ 

ʥʘʨʠʡʚʯʣʘʣʳʥ ʰʘʘʨʜʣʘʛʳʛ ʭʘʥʛʘʩʘʥ. 

2. ʉʧʝʢʪʨʠʡʥ ʦʣʦʥ ʩʫʚʛʠʡʥ ʅʅʊ-ʠʡʥ ʟʫʨʘʛʣʘʣʳʥ 

 ʥʛʠʡʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʘʜ DJI TERRA ʧʨʦʛʨʘʤװʨ ʜװ

ʭʘʥʛʘʤʞ ʘʰʠʛʣʘʥ ʙʦʣʦʚʩʨʫʫʣʞ ʫʣʘʘʥ, ʥʦʛʦʦʥ, 

ʭᴇʭ (RGB) ᴇʥʛᴇʥʠʡ ʥʠʡʣʵʤʞʠʜ ʩʫʫʨʠʣʩʘʥ 

ʦʨʪʦʬʦʪʦ ʙʦʣʦʥ ʙʫʩʘʜ ʪᴇʨʣʠʡʥ ʫʨʛʘʤʣʳʥ 

ʥʦʨʤʯʠʣʩʦʥ ʠʥʜʝʢʩ (NDVI), ʫʨʛʘʤʣʳʥ 

ʥʦʨʤʯʠʣʩʦʥ ʫʣʘʘʥʳ ʟʘʭʳʥ ʠʥʜʝʢʩ (NDRE) 

ʙװʪʵʵʛʜʵʭװװʥװװʜ ʛʘʨʛʘʥ ʘʚʯ ʪʘʨʠʤʣʳʥ ʦʨʯʠʥ 

ʥᴇʭʮᴇʣ ʙʦʣʦʥ ʫʨʛʘʣʪʳʥ ʷʚʮʳʛ ʪʦʛʪʤʦʣ ʭʷʥʘʭ 

ʙʦʣʦʤʞʪʦʡ. 

3. ʄᴇʥ ʛʘʜʘʨʛʳʥ ʪʦʦʥ ʟʘʛʚʘʨ (DSM) 

ʙװʪʵʵʛʜʵʭװװʥʠʡʛ ʘʰʠʛʣʘʥ ʛʘʜʘʨʛʳʥ ʥʘʣʫʫ, ʟװʛ 

ʟʦʚʭʠʩ, ʩװװʜʵʨʣʵʣʪ, ᴇʥʜᴇʨʞʠʣʪ ʟʵʨʵʛ ʛʘʟʨʳʥ 

ʛʘʜʘʨʛʘʘʩ ʭʘʤʘʘʨʯ ʪʘʨʠʤʣʳʥ ʫʨʛʘʭ ʦʨʯʠʥ 

ʥᴇʭʮᴇʣʠʡʛ ʩʫʜʣʘʭ ʙʦʣʦʤʞʪʦʡ ʥʴ ʩʫʜʘʣʛʘʘʥʳ װʨ 

ʜװʥʛʵʵʩ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 

 

ɸʰʠʛʣʘʩʘʥ ʤʘʪʝʨʠʘʣʳʥ ʞʘʛʩʘʘʣʪ 
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ʆʖʋ ʊʆʃɻʆʁʅ ɼɸʃɼ ʋʋʈʍɸʁʅ ʍʕɺʊʕʕ ʄɸʃʊɸʃʊ, ʅʕɺʊʈʕʃʊʀʁʅ 

ʊʕʉʕʃɻʕʕʅʀʁ תɿתתʃʕʃʊתתɼʀʁʅ ʆʅʆɺʏʃʆʃ 

 
ʗ.ʅʷʤʜʫʣʘʤ1, ʎ.ɸʨʠʫʥʞʘʨʛʘʣ2 

1ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ ʫʫʨʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʫʣ ʫʫʨʭʘʡʥ ʘʰʠʛʣʘʣʪʳʥ ʪʝʭʥʦʣʦʛʠ 

Nyamdulam96@gmail.com 
2 ʄʦʥʛʦʣ ʫʣʩ, ʋʣʘʘʥʙʘʘʪʘʨ, ʐʋʊʀʉ, ɻʝʦʣʦʛʠ ʫʫʣ ʫʫʨʘʡʥ ʩʫʨʛʫʫʣʴ, ʋʊʉ-ʳʥ ʜʵʜ ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ 

 

 

ʍʫʨʘʘʥʛʫʡðɼʘʣʜ ʫʫʨʭʘʡʥ ʧʨʦʮʝʩʩ ʥʴ ᴇᴇʨ ʭʦʦʨʦʥʜʦʦ ʥʷʛʪ ʫʷʣʜʘʘ ʭʦʣʙʦʦʪʦʡ ʥʘʨʠʡʥ ʥʠʡʣʤʵʣ ʘʞʠʣʣʘʛʘʘ ʶʤ. ʋʫʣ 

ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣʠʡʛ ʩʫʜʘʣʞ, ʪᴇʩʣʠʡʥ ʜʘʛʫʫʭ ʭʵʣʙʵʨ ʭʵʤʞʵʵʛ ʙʠʡ ʙʦʣʛʦʭ, ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʛ ʫʜʠʨʜʘʞ 1 ʪʫʫʰ ʤʝʪʨ 

ʘʭʠʣʪʳʥ ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ ʭʫʛʘʮʘʘʛ ʭʘʤʛʠʡʥ ʙʘʛʘ ʙʘʡʣʛʘʭ ʰʘʘʨʜʣʘʛʘ ʧʨʘʢʪʠʢ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ʥʵʥ 

ʪʵʨʛװװʥʜ ʪʘʚʠʛʜʘʞ ʙʘʡʥʘ. ʀʡʤʜ ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ װʟװװʣʵʣʪװװʜʠʡʥ ʦʥʦʚʯʪʦʡ ʭʫʚʠʣʙʘʨʳʥ ʪʦʦʮʦʦʛ 

ʭʘʨʴʮʫʫʣʘʥ ʩʫʜʘʣʣʘʘ. 

ʊϮʣʭϮϮʨ Ϯʛðʘʭʠʣʪʳʥ ʙʦʜʠʪ  ʫʨʪ, ʮϺʤʣϺʭ ʰʧʫʨʠʡʛ ϺʨϺʤʜʩϺʥ ʭʫʛʘʮʘʘ

I.  ʋɼʀʈʊɻɸʃ 

ʆʶʫʪʦʣʛʦʡʥ ʟʵʩ, ʘʣʪʥʳ ʫʫʨʭʘʡ ʥʴ ʄʦʥʛʦʣ 
ʫʣʩʳʥ ᴇʤʥᴇʜ ʛʦʚʠʡʥ ʙװʩ ʙʫʶʫ ᴆʤʥᴇʛʦʚʴ ʘʡʤʛʠʡʥ 
ʍʘʥʙʦʛʜ ʩʫʤʳʥ ʥʫʪʘʛʪ ʙʘʡʨʣʘʜʘʛ. ʋʫʨʭʘʡʥ ʪʘʣʙʘʡ 
ʥʠʡʩʣʵʣ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʦʩ ʫʨʘʛʰ 645 ʢʤ ʟʘʡʜ, 
ʄʦʥʛʦʣ ʋʣʩ ʙʘ ɹʅʍɸʋ-ʳʥ ʭʠʣʵʵʩ 80 ʢʤ ʟʘʡʪʘʡ 
ʦʨʰʜʦʛ. ʆʶʫʪʦʣʛʦʡʥ ʭװʜʨʠʡʥ ʪʘʣʙʘʡ ʥʴ ʙʘʨʫʫʥ-
ʫʨʜʘʘʩ ʟװװʥ-ʭʦʡʰ ʩʫʥʘʩʘʥ 12 ʢʤ ʫʨʪ, 4 ʢʤ ᴇʨʛᴇʥʪʵʡ 
ʙװʩʵʜ ʧʦʨʬʠʨʠʡʥ ʪᴇʨʣʠʡʥ ʟʵʩ-ʘʣʪʥʳ ʭװʜʵʨʞʠʣʪʪʵʡ 
ɹʘʨʫʫʥ ᴆʤʥᴇʜ ʆʶʫʛʠʡʥ ʙװʣʵʛ ʦʨʜ, ʍʶʛʦ 
ɼʘʤʤʝʪʪʳʥ ʙװʣʵʛ ʦʨʜ, ʍʝʨʫʛʘʛʠʡʥ ʛʵʩʵʥ ʛʫʨʚʘʥ 
ʙװʣʵʛ ʦʨʜʫʫʜʘʜ ʭʫʚʘʘʛʜʜʘʛ. ʍʶʛʦ ɼʘʤʤʝʪʪʳʥ ʙװʣʵʛ 
ʦʨʜʦʜ ᴆʤʥᴇʜ ʍʶʛʦ, ʍʦʡʜ ʍʶʛʦ, ʍʦʡʜ ʍʶʛʦʛʠʡʥ 
 ʨʛʵʣʞʣʵʣ ʦʨʜʫʫʜ ʭʘʤʘʘʨʜʘʛ. ʍʶʛʦ ɼʘʤʤʝʪʪʳʥװ
ʦʨʜʫʫʜʳʥ ʪʘʣʙʘʡʥ ʭװʜʵʨʞʠʣʪ ʥʴ ʟװװʥ ʭʦʡʜ ʟװʛ ʨװװ 
ʩʫʥʘʩʘʥ ʭʵʣʙʵʨʪʵʡ ʙʘ 3 ʢʤ ʛʘʨʫʡ ʫʨʪ װʨʛʵʣʞʠʣʜʵʛ. 
ñʆʶʫ ʪʦʣʛʦʡò ʍʍʂ ʥʴ ʍʶʛʦ ɼʘʤʤʝʪʪ ʦʨʜʳʥ ʍʦʡʜ 
ʍʶʛʦ ʭʵʩʛʠʡʥ ʟʵʩ, ʘʣʪʥʳ ʭװʜʨʠʡʥ ʙʠʝʪʠʡʛ ɼʘʣʜ 
ʫʫʨʭʘʡʥ ʧʘʥʝʣʠʫʜ (ʙʣʦʢʯʣʦʥ ʦʣʙʦʨʣʦʭ) װװʩʛʵʥ 
ᴇᴇʨᴇᴇʨ ʥʴ ʥʫʨʘʘʞ ʦʣʙʦʨʣʦʭ ʘʨʛʘʘʨ ʘʰʠʛʣʘʞ ʙʘʡʥʘ.  

ɸʣʠʚʘʘ ʦʨʜʳʛ ʜʘʣʜ ʘʨʛʘʘʨ ʘʰʠʛʣʘʭ ʥʴ ʠʭʵʵʭʵʥ 
ʭװʥ ʭװʯ, ʭᴇʨᴇʥʛᴇ ʤᴇʥʛᴇ, ʥʘʨʠʡʥ ʪʝʭʥʦʣʦʛʠ 
ʰʘʘʨʜʜʘʛ. ʀʡʤ ʫʯʨʘʘʩ ʜʘʣʜ ʫʫʨʭʘʡʥ ᴇʨᴇʤʜʣᴇʛ 
ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʠʣʜ ʫʫʣ ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣʠʡʛ 
ʩʫʜʘʣʞ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʛ ʫʜʠʨʜʘʭ, ʪᴇʩʣʠʡʥ 
ʜʘʛʫʫʭ ʭʵʣʙʵʨ ʭʵʤʞʵʵʛ ʙʠʡ ʙʦʣʛʦʭ, ʤʘʣʪʘʣʪʳʥ 
ʪᴇʩʣʠʡʥ ʜʠʟʘʡʥʘʘʩ ʛʘʜʘʛʰ ʪʵʩʨʵʣʪʠʡʛ ʭʷʥʘʭ 
ʰʘʘʨʜʣʘʛʘ ʧʨʘʢʪʠʢ װʡʣ ʘʞʠʣʣʘʛʘʘʥʜ ʥʵʥ ʪʵʨʛװװʥʜ 
ʪʘʚʠʛʜʘʞ ʙʘʡʛʘʘʛ ʩʫʜʣʘʥ ʰʠʡʜʵʭ ʥʴ ʵʥʵ ʩʫʜʘʣʛʘʘʥʳ 
ʘʞʣʳʥ װʥʜʵʩʣʵʣ ʙʦʣʥʦ. 

II.  ʎᴆʄʃᴆʍ 

ʐʇʋʈʀʁʅ ʆʅʆɺʏʊʆʁ ɼʀɸʄɽʊʈʀʁɻ 

ʊʆɼʆʈʍʆʁʃʆʍ 

ʎᴇʤʣᴇʭ ʰʧʫʨ ʙʫʶʫ ʨʠʡʤʵʨ ʥʴ ʭʘʤʛʠʡʥ ʵʭʵʥʜ 
ʪʵʩʨʵʭ 9 ʰʧʫʨʠʡʛ ʪʵʩʨʵʭʵʜ ʥʵʤʵʛʜʵʣ ʠʣ ʛʘʜʘʨʛʫʫ 
 ʩʛʵʭ ʟʦʨʠʣʛʦʪʦʡ ʙʘʡʜʘʛ. ʄʘʣʪʘʣʪʳʥ ᴇʨᴇʤʜʣᴇʛװװ
ʪʵʩʵʣʛʵʵʥʜ ʮᴇʤʣᴇʭ ʰʧʫʨʠʡʥ (reamer hole) 
ʜʠʘʤʝʪʨʠʡʛ 127 ʤʤ ʙʘʡʭʘʘʨ ʩʦʥʛʦʥ ʘʚʯ ᴇʨᴇʤʜʣᴇʛ 
ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪʳʥ ʜʘʛʫʫ ʥʵʚʪʨʵʣʪ ʷʚʫʫʣʞ 
ʙʘʡʥʘ. ʆʶʫ ʪʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ N1-9SH5-VD02-
SP04-001S ʤᴇʨʛᴇʮᴇʛʪ 102ʤʤ ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ 
ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʥ 
ʪʫʨʰʠʣʪ ʷʚʫʫʣʣʘʘ.  

 

 

2.1-ʨ ʟʫʨʘʛ. 127ʤʤ ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ 

N1-9SH5-VD02-SP04-001S, CH:6.92 ʤᴇʨʛᴇʮᴇʛʪ 127 
ʤʤ ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ ʪʵʩʣʵʭʵʜ 
ʜʘʨʘʘʭ װʨ ʜװʥ ʛʘʨʩʘʥ.  

 

2.2-ʨ ʟʫʨʘʛ. N1-9SH5-VD02-SP04-001S, CH:6.92 ʤᴇʨʛᴇʮʛʠʡʥ 
ᴇʨᴇʤʜʣᴇʛʠʡʥ ʤʵʜʵʵʣʵʣ 

1-ʨ ʭװʩʥʵʛʪ. N1-9SH5-VD02-SP04-001S CH:6.92 
ʙװʪʵʵʥ ʙʘʡʛʫʫʣʘʣʪʳʥ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪװװʜ 

 

N1-9SH5-VD02-SP04-001S, CH:6.92 ʤᴇʨʛᴇʮᴇʛʪ 127 
ʤʤ ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ ʪʵʩʣʵʭʵʜ ʥʵʛ 
ʮᴇʤʣᴇʭ ʰʧʫʨ ᴇʨᴇʤʜʩᴇʥ ʜʫʥʜʘʞ ʭʫʛʘʮʘʘ 448 cʝʢ = 
7.5ʤʠʥ, ʘʭʠʣʪʳʥ ʙʦʜʠʪ ʫʨʪ 4.6ʤ ʙʘʡʥʘ. 

ɿʫʨʘʛ ʦʨʫʫʣʘʭ  

2.3-ʨ ʟʫʨʘʛ. 102 ʤʤ ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ 
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N1-9SH5-VD02-SP04-001S, CH:11.52 ʤᴇʨʛᴇʮʛʠʡʥ 
ʜʘʨʘʘʛʠʡʥ ʘʭʠʣʪʘʜ 102ʤʤ ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ ʧʘʩʧʦʨʪ 
ʘʰʠʛʣʘʥ ʪʵʩʣʵʭʵʜ ʜʘʨʘʘʭ װʨ ʜװʥ ʛʘʨʩʘʥ.  

 

2.4-ʨ ʟʫʨʘʛ. N1-9SH5-VD02-SP04-001S, CH:11.52 ʤᴇʨʛᴇʮʛʠʡʥ 
ᴇʨᴇʤʜʣᴇʛʠʡʥ ʤʵʜʵʵʣʵʣ 

2-ʨ ʭװʩʥʵʛʪ. N1-9SH5-VD02-SP04-001S CH:11.52 
ʙװʪʵʵʥ ʙʘʡʛʫʫʣʘʣʪʳʥ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪװװʜ 

 

N1-9SH5-VD02-SP04-001S ʤᴇʨʛᴇʮᴇʛʪ 127ʤʤ 
ʮᴇʤʣᴇʭ ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ 
ᴇʨᴇʤʜᴇʞ ʪʵʩʵʣʛʵʵ ʭʠʡʭʵʜ ʘʭʠʣʪʳʥ ʙʦʜʠʪ ʫʨʪ 4.6ʤ 
ʙʘʡʩʘʥ. ʍʘʨʠʥ ʪʫʭʘʡʥ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪʳʥ 
ʮᴇʤʣᴇʭ ʰʧʫʨʠʡʥ ʜʠʘʤʝʪʨʠʡʛ 102ʤʤ ʙʦʣʛʦʞ 
ᴇᴇʨʯʣᴇʥ ᴇʨᴇʤʜᴇʞ ʪʵʩʵʣʛʵʵ ʭʠʡʭʵʜ ʘʭʠʣʪʳʥ ʙʦʜʠʪ 
ʫʨʪ 4.93ʤ ʙʦʣʞ 0.33 ʤʝʪʨʵʵʨ ʥʵʤʵʛʜʩʵʥ. ʄᴇʥ ʥʵʛ 
ʮᴇʤʣᴇʭ ʰʧʫʨ ᴇʨᴇʤʜʩᴇʥ ʜʫʥʜʘʞ ʭʫʛʘʮʘʘ 7.5-ʘʘʩ 5.8 
ʤʠʥʫʪ ʙʦʣʞ 1.7 ʤʠʥʫʪʘʘʨ ʙʫʫʨʩʘʥ. 

 

2.5-ʨ ʟʫʨʘʛ. N1-9SH5-VD02-SP04-001S ʤᴇʨʛᴇʮʛʠʡʥ ʮᴇʤʣᴇʭ 
ʰʧʫʨ ᴇʨᴇʤʜʩᴇʥ ʜʫʥʜʘʞ ʭʫʛʘʮʘʘ 

III.  ʊʕʉʕʃɻʕ

ʕʅʀʁ ʇɸʉʉʇʆʈʊʓʅ ʐʇʋʈʀʁʅ 

ʊʆʆɻ ɹɸɻɸʉɻɸʍ 

ʆʶʫ ʪʦʣʛʦʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥ N1-9SH2-VD01-009N 
ʤᴇʨʛᴇʮᴇʛʪ ʰʧʫʨʠʡʥ ʪʦʦ 74 ʙʘʡʩʥʳʛ 63 ʙʦʣʛʦʥ 
ʙʘʛʘʩʛʘʥ ʭʵʨʭʵʥ ʮʘʛ ʭʫʛʘʮʘʘ ʭʵʤʥʵʭ ʪʘʣʘʘʨ 
ʩʫʜʘʣʣʘʘ. 

3.1-ʨ ʟʫʨʘʛ. 74 ʰʧʫʨʪʵʡ ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ 

 N1-9SH2-VD01-009N CH:2029.95 ʤᴇʨʛᴇʮᴇʛʪ 74 
ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ  ᴇʨᴇʤʜʣᴇʛ 
ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʚ. 

 

3.2-ʨ ʟʫʨʘʛ. N1-9SH2-VD01-____-009N, CH:2029.95 ʤᴇʨʛᴇʮʛʠʡʥ 
ᴇʨᴇʤʜʣᴇʛʠʡʥ ʤʵʜʵʵʣʵʣ 

3-ʨ ʭװʩʥʵʛʪ. N1-9SH2-VD01-____-009N, 
CH:2029.95 ʙװʪʵʵʥ ʙʘʡʛʫʫʣʘʣʪʳʥ ʯʘʥʘʨʳʥ 

 ʜװװʣʵʣʪװװʟװ

 

N1-9SH2-VD01-____-009N, CH:2029.95 ʤᴇʨʛᴇʮᴇʛʪ 
74 ʰʧʫʨʪʵʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ ʪʵʩʣʵʭʵʜ ʥʠʡʪ 
ᴇʨᴇʤʜʩᴇʥ ʭʫʛʘʮʘʘ 106.18 cʝʢ = 1 ʮʘʛ 46 ʤʠʥʫʪ, 
ʘʭʠʣʪʳʥ ʙʦʜʠʪ ʫʨʪ 4.79ʤ ʙʘʡʥʘ. 

3.3-ʨ ʟʫʨʘʛ. 63 ʰʧʫʨʪʵʡ ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ 

N1-9SH2-VD01-009N, CH:2034.7 ʤᴇʨʛᴇʮʛʠʡʥ 
ʜʘʨʘʘʛʠʡʥ ʘʭʠʣʪʘʜ 63 ʰʧʫʨʪʵʡ ʪʵʩʵʣʛʵʵʥʠʡ 
ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ  ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʞʣʳʛ 
ʭʠʡʞ ʛװʡʮʵʪʛʵʚ.

 

3.4-ʨ ʟʫʨʘʛ. N1-9SH2-VD01-009N, CH:2034.74 ʤᴇʨʛᴇʮʛʠʡʥ 
ᴇʨᴇʤʜʣᴇʛʠʡʥ ʤʵʜʵʵʣʵʣ 
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3.4-ʨ ʭװʩʥʵʛʪ. N1-9SH2-VD01-009N, CH:2034.74 ʙװʪʵʵʥ 
ʙʘʡʛʫʫʣʘʣʪʳʥ ʯʘʥʘʨʳʥ װʟװװʣʵʣʪװװʜ 

N1-9SH2-VD01-009N ʭʵʚʪʵʵ ʤʘʣʪʘʣʪʘʜ 74 ʰʧʫʨʪʵʡ 
ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪ ʘʰʠʛʣʘʥ ʪʫʨʰʠʣʪ ʷʚʫʫʣʘʭʘʜ 
ʘʭʠʣʪʳʥ ʙʦʜʠʪ ʫʨʪ 4.79ʤ ʙʘʡʩʘʥ. ʍʘʨʠʥ ʰʧʫʨʠʡʥ 
ʪʦʦʛ 63 ʰʠʨʭʵʛ ʙʦʣʛʦʞ ʮᴇᴇʣᴇʭᴇʜ ʘʭʠʣʪʳʥ ʙʦʜʠʪ 
ʫʨʪ 4.8ʤ ʙʦʣʞ ᴇᴇʨʯʣᴇʛʜʩᴇʥ. ʄᴇʥ ʥʠʡʪ  ʰʧʫʨ 
ᴇʨᴇʤʜʩᴇʥ ʭʫʛʘʮʘʘ 30 ʤʠʥʫʪʘʘʨ ʙʫʫʨʩʘʥ. 

 

 

 

 

 

 

 

3.5-ʨ ʟʫʨʘʛ. N1-9SH2-VD01-009N ʤᴇʨʛᴇʮʛʠʡʥ ʥʠʡʪ ᴇʨᴇʤʜʩᴇʥ 
ʭʫʛʘʮʘʘ 

 

ɼתɻʅʕʃʊ  

ʆʶʫ ʪʦʣʛʦʡʥ ʍʶʛʦ ɼʘʤʤʝʪʪʳʥ ʦʨʜʳʥ ʭʵʚʪʵʵ 
ʤʘʣʪʘʣʪʳʥ ʟʫʨʘʛ ʪᴇʩʣʠʡʥ ʜʘʛʫʫ N1-9SH5-VD02-
SP04-001S ʤᴇʨʛᴇʮᴇʛʪ ʮᴇʤʣᴇʭ ʰʧʫʨʠʡʥ ʦʥʦʚʯʪʦʡ 
ʜʠʘʤʝʪʨʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʭʠʣʪʳʥ ʙʦʜʠʪ ʫʨʪ 0.33 
ʤʝʪʨʵʵʨ ʥʵʤʵʛʜʵʥ, ʥʵʛ ʮᴇʤʣᴇʭ ʰʧʫʨ ᴇʨᴇʤʜʩᴇʥ 
ʜʫʥʜʘʞ ʭʫʛʘʮʘʘ 1.7 ʤʠʥʫʪʘʘʨ ʙʫʫʨʩʘʥ. ʄᴇʥ 
ʤʘʣʪʘʣʪʳʥ ʟʫʨʘʛ ʪᴇʩʣʠʡʥ ʜʘʛʫʫ N1-9SH2-VD01-
009N ʤᴇʨʛᴇʮᴇʛʪ ʪʵʩʵʣʛʵʵʥʠʡ ʧʘʩʧʦʨʪʳʥ ʰʧʫʨʠʡʥ 
ʪʦʦʛ ʙʘʛʘʩʛʘʩʘʥ ʪʫʨʰʠʣʪ ʷʚʫʫʣʘʭʘʜ ʥʠʡʪ  ʰʧʫʨ 
ᴇʨᴇʤʜʩᴇʥ ʭʫʛʘʮʘʘ 30 ʤʠʥʫʪʘʘʨ ʙʫʫʨʩʥʘʘʨ ʜʵʵʨʭ 
ʘʨʛʫʫʜ ʥʴ ʪʝʭʥʦʣʦʛʠʡʥ ʜʘʛʫʫ ʪʵʩʵʣʛʵʵ ʭʠʡʭ ʥʴ 
ʦʥʦʚʯʪʦʡ ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʣʦʦ. 
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ɹʆʉʆʆ ʋʅɸʃʊɸʁ ʅתתʈʉʅʀʁ ʆʈɼʓɻ ɼɸʃɼ ɸʈɻɸɸʈ  

ɸʐʀɻʃɸʍ ʊɽʍʅʆʃʆɻʀ  

/ɿʘʥʛʘʪ-ʋʫʣʳʥ ʯʫʣʫʫʥ ʥװװʨʩʥʠʡ ʦʨʜʳʥ ʞʠʰʵʵʛʵʵʨ/ 

 
ʄ.ʎʦʣʤʦʥ1, ʎ.ɸʨʠʫʥʞʘʨʛʘʣ2 

1ʄʘʛʠʩʪʨʘʥʪ, ʐʋʊʀʉ, ɻʋʋʉ 
2ɼʵʜ ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ (Ph.D), ʐʋʊʀʉ, ɻʋʋʉ 

 
 

ʍʫʨʘʘʥʛʫʡ - ʋʫʣ ʛʝʦʣʦʛʠ, ʫʫʣ ʪʝʭʥʠʢʠʡʥ ʥᴇʭʮᴇʣ ʭװʥʜ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ ʭʘʨʴʮʘʥʛʫʡ ʥʠʤʛʵʥ, ʙʦʩʦʦ ʫʥʘʣʪʘʡ 

ʟʵʨʵʛ ʠʣ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʘʭʘʜ ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ʘʰʠʛʛװʡ, ʭװʥʜʨʵʣʪʵʡ ʦʨʜ ʛʘʟʨʫʫʜʳʛ ʦʨʯʠʥ 

 ʨ ʘʰʠʛʪʘʡʛʘʘʨ ʦʣʙʦʨʣʦʞ ʙʘʡʛʘʘ ʪʫʨʰʣʘʛʘ ʜʵʣʭʠʡʥװ ,ʝʠʡʥ ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠ ʘʰʠʛʣʘʥ ʜʘʣʜ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨװ

ʫʫʣ ʫʫʨʭʘʡʥ ʧʨʘʢʪʠʢʪ ʠʭʵʵʭʵʥ ʥʵʚʪʵʨʯ ʙʘʡʥʘ.  

ʄʦʥʛʦʣʳʥ ʫʫʣ ʫʫʨʭʘʡʥ ʩʘʣʙʘʨʪ ʯ ʤᴇʥ ʘʜʠʣ ʠʣ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʘʭʘʜ װʨ ʘʰʠʛʛװʡ, ʭװʥʜʨʵʣʪʵʡ 

ʥװװʨʩʥʠʡ ʦʨʜ ʛʘʟʨʫʫʜʳʛ ʘʰʠʛʣʘʭ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘ װװʩʵʞ ʙʘʡʛʘʘʪʘʡ ʭʦʣʙʦʦʪʦʡʛʦʦʨ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʘʘʨ ɿʘʥʛʘʪ-ʋʫʣ ʯʫʣʫʫʥ ʥװװʨʩʥʠʡ ʦʨʜʳʛ ʜʘʣʜ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ ʘʰʠʛʣʘʭ ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠʡʥ ʩʦʥʛʦʣʪʳʥ 

ʭʠʡʚ.  

ʊϮʣʭϮϮʨ Ϯʛ - ʜʘʣʜ ʫʫʨʭʘʡ, ʪʝʭʥʦʣʦʛʠ, ʤʘʣʪʘʣʪ ʥʵʚʪʨʵʣʪ. 

I. ʋɼʀʈʊɻɸʃ  

ɿʘʥʛʘʪ-ʋʫʣʳʥ ʯʫʣʫʫʥ ʥװװʨʩʥʠʡ ʦʨʜ ʥʴ ʟʘʩʘʛ 
ʟʘʭʠʨʛʘʘʥʳ ʭʫʚʴʜ ᴆʤʥᴇʛʦʚʴ ʘʡʤʛʠʡʥ ɻʫʨʚʘʥʪʵʩ 
ʩʫʤʳʥ ʥʫʪʘʛʪ ʦʨʰʜʦʛ ʙʘ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʦʦʩ ʟװװʥ ʫʨʜ 
ʟװʛʪ 680 ʢʤ, ɼʘʣʘʥʟʘʜʛʘʜ ʩʫʤʘʘʩ ʙʘʨʫʫʥ ʫʨʜ ʟװʛʪ 300 
ʢʤ, ɻʫʨʚʘʥʪʵʩ ʩʫʤʘʘʩ ʟװװʥ ʭʦʡʜ ʟװʛʪ 25 ʢʤ ʟʘʡʪʘʡ. 
ʆʨʜʳʥ ʥװװʨʩʥʠʡ ʜʘʚʭʨʘʛʘ ʥʴ ʟװװʥ ʫʨʜ ʟװʛʪ 40Á-65°-
ʠʡʥ ʫʥʘʣʪʘʡ, ʙʘʨʫʫʥ ʫʨʜʘʘʩ ʟװװʥ ʭʦʡʜ ʟװʛʪ 60Á-70°-
ʘʘʨ ʩʫʥʘʞ ʪʦʛʪʩʦʥ, 1.2-13.25 ʤʝʪʨ ʟʫʟʘʘʥ, ʩʫʥʘʣʳʥ 
ʜʘʛʫʫ 3.4 ʢʤ ʫʨʪ װʨʛʵʣʞʠʣʜʵʛ.  

ɿʫʨʘʛ 1. ʆʨʜʳʥ ʙʘʡʨʰʠʣ 

 

II. ʆʈɼʓʅ 

ʆɼʆʆɻʀʁʅ ʅᴆʍʎᴆʃ ɹɸʁɼɸʃ 

ʆʨʜʳʛ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫʜ 

ʦʡʨʭʦʥ, ʛʘʨʰ ʭʵʩʛʠʡʛ ʠʣ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ, 1, 2, 5-ʥ 

ʦʣʙʦʨʣʦʣʪʳʥ ʭʵʩʛʵʵʨ, ʞʠʣʜ 1.5 ʩʘʷ.ʪʥ ʥװװʨʩ 

ʦʣʙʦʨʣʦʭ ʪᴇʣᴇʚʣᴇʩᴇʥ ʭװʯʠʥ ʯʘʜʣʘʘʨ װʡʣ ʘʞʠʣʣʘʛʘʘ 

ʷʚʫʫʣʞ ʙʘʡʥʘ. װתʥʜ: ʠʣ ʫʫʨʭʘʡʥ ʥʵʛʜװʛʵʵʨ 

ʦʣʙʦʨʣʦʣʪʳʥ ʘʤʘʘʨ ʥᴇᴇʮʠʡʥ ʙװʩʠʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛʪ, 

+1435 ʤ ʪװʚʰʠʥ ʭװʨʪʵʣ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʞ, ʪʫʭʘʡʥ 

ʭʵʩʛʠʡʛ ʭʘʘʩʘʥ ʙᴇʛᴇᴇʜ ʥᴇᴇʮʠʡʥ ʟװװʥ, ʪᴇʚʠʡʥ ʭʵʩʵʛʪ 

ʪʘʚ ʙʦʣʦʥ ʭʦʸʨʜʫʛʘʘʨ ʦʣʙʦʨʣʦʣʪʳʥ ʘʤʘʘʨ ʭᴇʨʩ 

ʭʫʫʣʘʣʪ, ʥװװʨʩ ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʛ 2023 ʦʥʳ 12-ʨ 

ʩʘʨʘʘʩ ʵʭʵʣʞ ʦʜʦʦʛʦʦʨ +1530 ʤ ʭװʨʪʵʣ ʦʣʙʦʨʣʦʩʦʥ 

ʙᴇʛᴇᴇʜ 2025 ʦʥʳ ʞʠʣʠʡʥ ʵʮʵʩ ʛʵʭʵʜ +1440 ʤ ʪװʚʰʠʥ 

ʭװʨʪʵʣ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʞ ʠʣ ʫʫʨʭʘʡʛ ʭʘʘʞ, װʣʜʵʛʜʵʣ 

ʛװʥʠʡ ʭʵʩʛʠʡʥ ʥᴇᴇʮʠʡʛ ʜʘʣʜ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ 

ʘʰʠʛʣʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʥʘ. 

 

 

 

 

 

 

 

 

 

 

 
ɿʫʨʘʛ 2. ʀʣ ʫʫʨʭʘʡʥ ʵʮʩʠʡʥ ʙʘʡʜʘʣ 

 

III.  ʆʈɼʓʅ 

ʅʕʕʃʊ 

1) ʆʨʜʳʥ ʥʵʵʣʪʵʜ ʜʘʨʘʘʭ ʛʦʣ ʭϮʯʠʥ ʟϮʡʣϮϮʜ 
ʥϺʣϺϺʣʥϺ. ϭϮʥʜ:  

- ɻʘʜʘʨʛʫʫʛʠʡʥ ʥϺʭʮϺʣ 

- ɻʝʦʣʦʛʠʡʥ ʙϮʪʵʮ 

- ʅϮϮʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʠʣʨʵʣʠʡʥ ʦʥʮʣʦʛ 

- ʆʣʙʦʨʣʦʣʪʳʥ ʪʝʭʥʠʢʠʡʥ ʥϺʭʮϺʣ  

- ɻʘʜʘʨʛʫʫ ʜʵʵʨʭ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʠʡʥ 

ʥϺʭʮϺʣ ʙʘʡʜʘʣ 

- ʀʣ ʫʫʨʭʘʡʥ ʦʣʙʦʨʣʦʣʪʳʥ ʥϺʭʮϺʣ 

ɻʘʜʘʨʛʫʫʛʠʡʥ ʥϺʭʮϺʣ 

ʊʘʣʙʘʡ ʥʴ ʄʦʥʛʦʣʳʥ ᴇʤʥᴇʜ ʭʵʩʵʛʪ ʦʨʰʠʭ ᴆʤʥᴇʛʦʚʴ 

ʘʡʤʘʛʪ ʦʨʰʠʭ ʙʘ ʪʵʛʰ ᴇʥʜᴇʨʣᴇʛ ʭʵʣʙʵʨʠʡʥ ʫʫʣʘʨʭʘʛ 

ʛʘʟʨʳʥ ʛʘʜʘʨʛʘʪʘʡ. ʆʣʙʦʨʣʦʣʪʳʥ ʙʦʣʦʥ ʦʡʨ ʦʨʯʤʳʥ 

ʪʘʣʙʘʡ ʥʴ ʫʫʣʳʥ ʵʥʛʵʨʪ ʩʘʡʨ, ʭᴇʥʜʠʡʥ ʙʵʣʜ 

ʙʘʡʛʘʣʠʡʥ ʥʫʛʳʥ ʫʨʛʘʤʘʣ ʟʦʥʭʠʣʥʦ. ʋʫʨʭʘʡʥ 

ʪʘʣʙʘʡʥ ʛʘʟʨʳʥ ʛʘʜʘʨʛʘ ʥʴ ʭʘʨʴʮʘʥʛʫʡ ʵʥʛʠʡʥ, 

ʨʝʣʴʝʬ ʥʴ ʪʵʛʰ, ʷʣʘʥʛʫʷʘ ʫʫʨʭʘʡʥ ʪʘʣʙʘʡʥ ʭʦʡʜ 

ʭʵʩʛʠʡʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʛʘʨʰ ʙʘʡʨʣʘʭ ʭʵʩʛʠʡʥ 

ʙʘʡʜʘʣ ʥʴ ʪʵʛʰ, ʭʘʟʘʡʣʪ ʙʘʛʘʪʘʡ, װʡʣʜʚʵʨʣʵʣʠʡʥ 

ʀʣ ʫʫʨʭʘʡʥ 

ʭװʨʵʵ 

ɼʘʣʜ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ 

ʦʣʙʦʨʣʦʭ ʭʵʩʵʛ 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ 
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ʪʘʣʙʘʡʛ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʣʪʘʜ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ. 

ʀʡʤʜ ʛʘʟʨʳʥ ʛʘʜʘʨʛʳʥ װװʜʥʵʵʩ ʘʚʯ װʟʚʵʣ ʫʫʨʭʘʡʥ 

ʙʘʡʨʰʠʣ, ʘʰʠʛʣʘʣʪʳʥ ʘʨʛʳʛ ʩʦʥʛʦʭʦʜ װʟװװʣʵʭ 

ʥᴇʣᴇᴇʣᴇʣ ʥʴ ʙʘʛʘ ʙʘʡʥʘ.  

ɻʝʦʣʦʛʠʡʥ ʙϮʪʵʮ 

ʊʘʣʙʘʡ ʥʴ ʥװװʨʩʥʠʡ ʥᴇᴇʮᴇᴇʨ ʘʨʚʠʥ, ʵʥʛʠʡʥ ʙװʪʵʮʪʵʡ, 

ʭʘʛʘʨʣʳʥ ʙװʩ ʙʘʡʭʛװʡ, ʭʘʨʴʮʘʥʛʫʡ ʪʦʛʪʚʦʨʪʦʡ װʝ 

ʜʘʚʭʘʨʛʘʪʘʡ, 60Á-ʘʘʩ ʙʘʛʘ ʫʥʘʣʪʳʥ ᴇʥʮᴇʛʪʵʡ. 

ɹװʪʮʠʡʥ װװʜʥʵʵʩ ʘʚʯ װʟʚʵʣ ʫʫʨʭʘʡʥ ʙʘʡʨʰʠʣ, 

ʘʰʠʛʣʘʣʪʳʥ ʘʨʛʳʛ ʩʦʥʛʦʭʦʜ װʟװװʣʵʭ ʥᴇʣᴇᴇʣᴇʣ ʙʘʛʘ 

ʙʘʡʥʘ. 

ʅϮϮʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʠʣʨʵʣʠʡʥ ʦʥʮʣʦʛ 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡ ʜʘʭʴ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ ʥʴ 

ʪʦʛʪʚʦʨʪʦʡ, ʵʥʛʠʡʥ ʙװʪʵʮʪʵʡ, װʨʛʵʣʞʠʣʩʵʥ ʙʘʡʜʘʣ 

ʩʘʡʥ, ʟʫʟʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ ʙʘʛʘ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʫʥʘʣʳʥ ᴇʥʮᴇʛ 33°Ќ57Á ʭʦʦʨʦʥʜ, ʜʫʥʜʘʞ 47Á, 

ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥ 2.44 ʤ Ќ14.34 ʤ ʜʫʥʜʘʞ 

ʟʫʟʘʘʥ 4.62 ʤ. ɽʨᴇʥʭʠʡʜᴇᴇ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʟװװʥ 

ʙʦʣʦʥ ʙʘʨʫʫʥ ʞʠʛװװʨʪ ʟʫʟʘʘʥ, ʜʫʥʜ ʭʵʩʵʛʪʵʵ ʥʠʤʛʵʥ 

ʙʘʡʜʘʛ. 

ʅװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʛ ʘʛʫʫʣʘʛʯ װʥʜʩʵʥ ʯʫʣʫʫʣʘʛ ʥʴ 

ʵʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ ʶʤ. ʕʥʵ ʭʵʩʛʠʡʥ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʪʘʘʟʥʳ ʙʦʣʦʥ ʰʘʣʥʳ ʯʫʣʫʫʣʛʠʡʥ 

ʜʘʚʭʘʨʛʳʥ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʥ ʟʵʨʵʛ ʥʴ ʜʫʥʜ ʙʘʡʥʘ. 

ʋʫʨʭʘʡʥ ʙװʩ ʜʵʭ ʦʣʙʦʨʣʦʭ ʙʦʣʦʤʞʪʦʡ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʘ ʥʴ װʥʩʣʵʛ ʠʭʪʵʡ, ʜʫʥʜ ʟʵʨʛʠʡʥ ʜʵʛʜʵʤʭʠʡ 

ʯʘʥʘʨ, ʭװʭʨʠʡʥ ʭʵʤʞʵʵ ʙʘʛʘ, ʬʦʩʬʦʨʳʥ ʭʵʤʞʵʵ ʙʘʛʘ 

ʥʵʛʜװʛʵʵʨ ʟʵʨʵʛʣʵʣʠʡʥ ʭװʥʮʵʣ, ʜʫʥʜ ʟʵʨʛʠʡʥ 

ʠʣʯʣʵʛʪʵʡ ʥװװʨʩ ʙʘʡʥʘ.  

ʆʣʙʦʨʣʦʣʪʳʥ ʪʝʭʥʠʢʠʡʥ ʥϺʭʮϺʣ  

ʊʫʩ ʫʫʨʭʘʡʛ ʫʨʴʜʯʠʣʩʘʥ ʙʘʡʜʣʘʘʨ ʤʝʪʘʥ ʭʠʡʥ 

ʘʛʫʫʣʘʤʞ ʙʘʛʘʪʘʡ, ʫʫʨʭʘʡʥ ʥװװʨʩʥʠʡ ʪʦʦʩʳʛ 

ʜʵʣʙʵʨʵʭ ʵʨʩʜʵʣʪʵʡ, ʥװװʩʥʠʡ ʜʘʚʭʘʨʛʘ ʥʴ ʘʤʘʨʭʘʥ 

ᴇᴇʨʠʡʥ ʰʘʪʘʣʪ װװʩʜʵʛ, ʛʘʟʨʳʥ ʜʫʣʘʘʥ ʭʵʚʠʡʥ, ʷʤʘʨ 

ʥʵʛ ʜʫʣʘʘʥʳ ʭʦʨʛװʡ ʛʵʞ װʟʵʞ ʙʘʡʥʘ.  

ʆʣʙʦʨʣʦʣʪʳʥ ʪʝʭʥʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣᴇᴇʩ ʭʘʨʘʭʘʜ, 

ʫʫʨʭʘʡʥ ʙʘʡʨʰʠʣ ʙʦʣʦʥ ʦʣʙʦʨʣʦʣʪʳʥ ʭʵʣʙʵʨʪ 

  .ʣʵʭ ʥᴇʣᴇᴇʣᴇʣ ʥʴ ʙʘʛʘ ʙʘʡʥʘװװʟװ

ɻʘʜʘʨʛʫʫ ʜʵʵʨʭ ʙʘʨʠʣʛʘ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʥϺʭʮϺʣ 

ʙʘʡʜʘʣ 

ɼʘʣʜ ʫʫʨʭʘʡʥ ʦʣʙʦʨʣʦʣʪʳʥ ʭװʨʵʵʥʜ ʯʫʭʘʣ ʙʘʨʠʣʛʘ 

ʙʘʡʛʫʫʣʘʤʞ ʙʘʡʭʛװʡ, ʦʣʙʦʨʣʦʣʪʳʥ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʘʣʪʘʜ ʥᴇʣᴇᴇʣᴇʭʛװʡ.  

ʀʣ ʫʫʨʭʘʡʥ ʦʣʙʦʨʣʦʣʪʳʥ ʥϺʭʮϺʣ 

ʆʨʜʳʛ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʛʘʟʨʳʥ ʛʘʜʘʨʛʫʫʜ ʦʡʨʭʦʥ, 

ʛʘʨʰ ʭʵʩʛʠʡʛ ʠʣ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʞ ʙʘʡʥʘ. 

 ,ʩʠʡʥ ʙʘʨʫʫʥ ʭʵʩʵʛʪװʥʜ: ʠʣ ʫʫʨʭʘʡʥ ʥᴇᴇʮʠʡʥ ʙװת

+1435 ʤ ʪװʚʰʠʥ ʭװʨʪʵʣ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʞ, ʪʫʭʘʡʥ 

ʭʵʩʛʠʡʛ ʭʘʘʩʘʥ ʙᴇʛᴇᴇʜ ʥᴇᴇʮʠʡʥ ʟװװʥ, ʪᴇʚʠʡʥ ʭʵʩʵʛʪ 

ʭᴇʨʩ ʭʫʫʣʘʣʪ, ʥװװʨʩ ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʛ 2023 ʦʥʳ 

12-ʨ ʩʘʨʘʘʩ ʵʭʵʣʞ, ʦʜʦʦʛʦʦʨ +1530 ʤ ʭװʨʪʵʣ 

ʦʣʙʦʨʣʦʩʦʥ ʙᴇʛᴇᴇʜ 2025 ʦʥʳ ʞʠʣʠʡʥ ʵʮʵʩ ʛʵʭʵʜ 

+1440 ʤ ʪװʚʰʠʥ ʭװʨʪʵʣ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʞ ʠʣ 

ʫʫʨʭʘʡʛ ʭʘʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʥʘ. 

2) ʅʵʵʭ ʘʨʛʳʥ ʩʦʥʛʦʣʪ 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡ ʥʴ ʙʘʨʫʫʥ ʪʘʣʘʘʨʘʘ ʭʘʡʛʫʫʣʳʥ 1# 

ʰʫʛʘʤʳʥ ʦʡʨʦʣʮʦʦ, ʟװװʥ ʪʘʣʘʘʨʘʘ TR-ZU-17 ʮʦʦʥʦʛ 

ʭװʨʪʵʣ װʨʛʵʣʞʠʣʩʵʥ ʞʠʛʜ ʙʫʩ ʭʵʣʙʵʨʪʵʡ ʟʫʨʚʘʩ ʶʤ. 

ʍʦʡʜ ʪʘʣʘʘʨʘʘ ʛʘʜʘʨʛʳʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ, ʠʣ 

ʫʫʨʭʘʡʥ ʸʨʦʦʣʜ ʭʘʤʛʘʘʣʘʛʜʩʘʥ ʥװװʨʩʥʠʡ ʪʫʣʛʫʫʨ 

ʰʫʛʘʤʘʘʨ ʭʷʟʛʘʘʨʣʘʛʜʜʘʛ, ᴇʤʥᴇʜ ʭʵʩʵʛ ʥʴ ZU-06-05 

ʮʦʦʥʦʛ ʭװʨʪʵʣ ʛװʥ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʫʫʜ ʥʴ +1510 ʤ-

ʵʵʩ +1000 ʤ ʭװʨʪʵʣ, ʛװʥ ʥʴ 510 ʤ, ʟװװʥʵʵʩ ʙʘʨʫʫʥ 

ʪʠʡʰ 5.0 ʢʤ, ʭʦʡʥʦʦʩ ʫʨʘʛʰʘʘ 0.5 ʢʤ ʦʨʯʠʤ ʫʨʪʪʘʡ. 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡ ʜʘʭʴ ʄ-1 ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʛʘʜʘʨʛʳʥ ᴇʥʜᴇʨ ʥʴ +1510.0ʤ ʦʨʯʠʤ, ʛʘʜʘʨʛʫʫ ʥʴ 

ʭʘʨʴʮʘʥʛʫʡ ʪʵʛʰ, װʡʣʜʚʵʨʣʵʣʠʡʥ ʪʘʣʙʘʡʛ ʩʦʥʛʦʭʦʜ 

ʠʣװװ ʪʦʭʠʨʦʤʞʪʦʡ.  

ʆʣʙʦʨʣʦʣʪ ʷʚʫʫʣʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʞ ʙʫʡ ʭʵʩʛʠʡʥ 

ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ ʥʴ ʭʘʨʴʮʘʥʛʫʡ ʛװʝʭʵʥ ʙʫʶʫ 500-

600ʤ ʦʨʯʠʤ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʫʥʘʣʳʥ ᴇʥʮᴇʛ ʥʴ 

40-50Á ʦʨʯʠʤ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥ ʥʴ 

ʪʦʛʪʚʦʨʪʦʡ ʟʵʨʛʠʡʛ װʥʜʵʩʣʵʥ ʦʨʜʳʛ ʥʘʣʫʫ ʘʤʘʘʨ 

ʥʵʵʞ ʘʰʠʛʣʘʭʘʘʨ ʪʫʩʛʘʚ.  

 

 

 

 

 

 

ɿʫʨʘʛ 3. ʆʨʜʳʥ ʥʵʵʣʪ (ʧʣʘʥ ʟʫʨʘʛ) 

  

 

 

 

 

 

 

 

 

ɿʫʨʘʛ 4. ʆʨʜʳʥ ʥʵʵʣʪ (A-A ʜʘʛʫʫ ʟϮʩʵʣʪ) 

IV.  ɼɸʃɼ ʋʋʈʍɸʁʅ ɸʐʀɻʃɸʃʊʓʅ 

ʉʀʉʊɽʄʀʁʅ ʉʆʅɻʆʃʊ, תʅɼʕʉʃʕʃ   

 

1) ʋʫʨʭʘʡʥ ʪʘʣʙʘʡʥ ʥϮϮʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʦʣʙʦʨʣʦʣʪʳʥ ʥϺʭʮϺʣ   

ʆʨʜʳʥ ʦʣʙʦʨʣʦʭ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ ʥʴ ʪʦʛʪʚʦʨʪʦʡ 

ʙװʪʵʮʪʵʡ ʵʥʛʠʡʥ, ʟʫʟʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ ʙʘʛʘ, ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʫʥʘʣʳʥ ᴇʥʮᴇʛ ʥʴ 33°-57°-ʠʡʥ ʭʦʦʨʦʥʜ, 

ʜʫʥʜʞʘʘʨ 47Á ʦʨʯʠʤ ʙʘʡʥʘ.     



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  

-64- 

ʋʫʨʭʘʡʥ ʙװʩʵʜ ʭʘʛʘʨʘʣ װװʩʵʵʛװʡ, ʪʫʩ ʭʵʩʵʛʪ ʘʛʫʫʣʘʛʯ 

ʯʫʣʫʫʣʘʛ ʙʫʶʫ ʥװװʨʩ ʘʛʫʫʣʩʘʥ ʜʘʚʭʘʨʛʘ ʥʴ 

ʭʘʨʴʮʘʥʛʫʡ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʥʘ. ʅװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʛʘʨʰʠʡʥ ʜʘʛʫʫ ʭʘʛʘʨʘʣ, ʤʫʨʠʡʣʪ ʙʘʡʜʘʛ ʯ ʭʘʛʘʨʣʳʥ 

ʭʵʤʞʵʵ ʝʨᴇʥʭʠʡʜᴇᴇ ʙʘʛʘ, ʭʘʛʘʨʣʳʥ ʟʘʡ ʥʴ ʪʠʡʤ ʯ ʠʭ 

ʙʠʰ, ʛװʥʠʡ ʯʫʣʫʫʣʛʠʡʥ ʥᴇʣᴇᴇ ʙʘʛʘʪʘʡ, ʵʥʛʠʡʥ 

ʪᴇʨᴇʣʜ ʭʘʤʘʘʨʥʘ.  

ʅװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʪʘʘʟ, ʫʣʥʳ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʘʛ 

ʥʴ ʛʦʣʜʫʫ ʪʦʤ ʰʠʨʭʵʛʪʵʡ ʵʣʩʵʥ ʯʫʣʫʫ, ʜʫʥʜ ʟʵʨʛʠʡʥ 

ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ ʵʣʩʵʥ ʯʫʣʫʫ, ʘʣʝʚʨʦʣʠʪ, 

ʢʦʥʛʣʦʤʝʨʘʪ ʟʵʨʵʛ ʙʘʡʥʘ. 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡ ʜʘʭʴ ʠʥʞʝʥʝʨ ʛʝʦʣʦʛʠʡʥ ʭʫʚʴʜ 

ʜʘʚʭʘʨʛʘʪ ʯʫʣʫʫʣʛʠʡʥ ʪᴇʨʣʠʡʥ ʜʫʥʜ ʟʵʨʛʠʡʥ 

ʥʠʡʣʤʵʣ ʪᴇʨʣʠʡʥ ʦʨʜ ʙʘ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʦʦʜ ʫʣ 

ʥʴ ʵʣʩʵʥ ʯʫʣʫʫ ʙʘ ʜʘʚʭʘʨʛʳʥ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʥ 

ʯʘʥʘʨʳʥ ʟʵʨʵʛ ʥʴ ʜʫʥʜʘʞ, ʜʫʥʜʘʘʩ ʜʵʵʰ ʙʘʡʥʘ.  

ʊʘʣʙʘʡʥ ʛʘʜʘʨʛʳʥ ʭʘʡʛʫʫʣʳʥ ʩʫʚʘʛ, ʛװʥʠʡ 

ᴇʨᴇʤʜʣᴇʛʠʡʥ ʙʘʨʠʤʪʘʘʩ ʭʘʨʘʭʘʜ ʪʫʩ ʪʘʣʙʘʡʜ 

ʦʣʙʦʨʣʦʭ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʫʥʜʘʞ ʟʫʟʘʘʥ ʥʴ 5.85 

ʤ, ʝʨᴇʥʭʠʡ ʰʠʥʞ ʯʘʥʘʨ ʥʴ ʭʦʸʨ ʪʘʣʜʘʘ ʟʫʟʘʘʥ, ʜʫʥʜ 

ʭʵʩʵʛ ʥʴ ʥʠʤʛʵʥ ʙʘʡʥʘ. ɹʘʨʫʫʥ ᴇʤʥᴇʜ ʭʵʩʵʛ ʥʴ 4.5 ʤ-

ʵʵʩ ʠʭ, ʟʘʨʠʤ ʭʵʩʵʛʪʵʵ 10-15 ʤ ʭװʨʜʵʛ, ʷʣʘʥʛʫʷʘ 

ʭʘʡʛʫʫʣʳʥ 1-ʨ ʰʫʛʘʤ, 5-ʨ ʰʫʛʘʤ, 8-ʨ ʰʫʛʘʤʳʥ ʪᴇʚ 

ʙʦʣʦʥ ʙʘʨʫʫʥ ʭʵʩʵʛ ʥʴ ʥʠʤʛʵʥ, ʝʨᴇʥʭʠʡʜᴇᴇ 4ʤ-ʵʵʩ 

ʙʘʛʘ, ʭʘʤʛʠʡʥ ʥʠʤʛʵʥ ʭʵʩʵʛ ʥʴ 2 ʤ ʙʘʡʥʘ. ʅװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʘ ʟװװʥ ʭʦʡʰʦʦ ʟʫʟʘʘʨʯ, ʠʭʵʥʭʜʵʵ 7 ʤ-ʵʵʩ ʠʭ, 

ʟʘʨʠʤ ʭʵʩʛʵʵʨʵʵ 10 ʤ-ʵʵʩ ʠʭ ʟʫʟʘʘʥʪʘʡ ʙʘʡʥʘ.  

ʅװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘ ʥʴ ʪʦʛʪʚʦʨʪʦʡ, ʵʥʛʠʡʥ ʙװʪʵʮʪʵʡ, 

ʪʘʩʨʘʣʪʛװʡ װʨʛʵʣʞʠʣʩʵʥ, ʟʫʟʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ ʙʘʛʘ, 

ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʫʥʘʣʳʥ ᴇʥʮᴇʛ ʥʴ ʭʘʨʴʮʘʥʛʫʡ 

ʪʦʛʪʚʦʨʪʦʡ, ʥʠʡʪʵʜ ʥʴ ʦʣʙʦʨʣʦʭ ʙʦʣʦʤʞʪʦʡ. 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡʥ ʛʠʜʨʦʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ ʥʴ ʜʫʥʜ 

ʟʵʨʵʛ, ʛװʥʠʡ ʥװװʨʩʥʠʡ ʦʨʜʦʜ ʭʘʤʘʘʨʥʘ. ʄʝʪʘʥ ʭʠʡʥ 

ʘʛʫʫʣʘʤʞ ʙʘʛʘ, ʥװװʨʩʥʠʡ ʪʦʦʩ ʪʵʩʨʵʭ ʘʶʫʣʪʘʡ. 

 

2) ɸʰʠʛʣʘʣʪʳʥ ʩʠʩʪʝʤʠʡʥ ʩʦʥʛʦʣʪ 

ʆʣʙʦʨʣʦʭʦʦʨ ʪᴇʣᴇʚʣᴇʩᴇʥ ʭʵʩʛʠʡʥ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʦʣʙʦʨʣʦʣʪʳʥ ʥᴇʭʮᴇʣʠʡʛ װʥʜʵʩʣʵʞ, 

ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʘʰʠʛʣʘʣʪʳʥ ʩʠʩʪʝʤװװʜ: ʅʘʣʫʫ 

ʫʥʘʣʪʘʡ ʥװװʨʩʠʡʛ ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʘʘʨ 

ʥʫʨʘʘʥ ʦʣʙʦʨʣʦʭ ʘʨʛʘ, ɻʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨ ʘʰʠʛʣʘʥ, 

ʰʘʪʘʣʩʘʥ ʩʭʝʤʵʵʨ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ, ʕʛʮ ʥʘʣʫʫ, 

ʫʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ ʙװʨʵʥ ʤʝʭʘʥʠʢʞʩʘʥ ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʨ 

ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ, ʋʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ, ʪʘʰʫʫ ʪʫʫʟʘʥ 

ʭʵʣʙʵʨʠʡʥ װʨʛʵʣʞʠʣʩʵʥ ʦʣʙʦʨʣʦʣʪʳʥ ʘʨʛʘ ʙʘʡʥʘ. 

ʕʥʵ ʫʜʘʘʛʠʡʥ ʟʫʨʘʛ ʪᴇʩᴇʣʜ ʜʵʵʨʭ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʷʥʟ 

ʙװʨʠʡʥ ʘʨʛʫʫʜʳʥ ʭʘʨʴʮʫʫʣʩʘʥ ʜװʥ ʰʠʥʞʠʣʛʵʵ ʥʴ 

ʜʘʨʘʘʭ ʙʘʡʜʘʣʪʘʡ ʙʘʡʥʘ. װתʥʜ:  

 ʅʘʣʫʫ ʫʥʘʣʪʘʡ ʥװװʨʩʠʡʛ ᴇʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ 

ʘʨʛʘʘʨ ʥʫʨʘʘʥ ʦʣʙʦʨʣʦʭ ʘʨʛʘ. 

ᴆʨᴇʤʜʣᴇʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʘʘʨ ʩʠʡʨʵʛʞװװʣʞ ʥװװʨʩ 

ʦʣʙʦʨʣʦʭ ʷʚʮʘʜ ʥװװʨʩʥʠʡ ʭʘʷʛʜʘʣ ʠʭʪʵʡ, ʦʣʙʦʨʣʦʭ 

ʷʚʮʘʜ ʪʘʘʟʥʳ ʭʘʚʪʘʥʛ ʭʷʥʘʭʘʜ ʭװʥʜʨʵʣʪʵʡ, ʫʣ, ʪʘʘʟʥʳ 

ʥװװʨʩʠʡʛ ʦʣʙʦʨʣʦʭ װʝʜ, ʫʣ, ʪʘʘʟʥʳ ʘʛʫʫʣʘʛʯ ʯʫʣʫʫʣʘʛ 

ʙʦʣʦʥ ʦʣʙʦʨʣʦʩʦʥ ʭʵʩʛʠʡʥ ʯʫʣʫʫʣʛʘ ʥʴ ʮʫʛ ʥʫʨʘʭ 

ʥᴇʭʮᴇʣ װװʩʵʭ ʫʯʨʘʘʩ ʥװװʨʩʥʠʡ ʯʘʥʘʨ ʤʫʫʜʘʞ, 

ʦʣʙʦʨʣʦʩʦʥ ʦʨʦʥ ʟʘʡʜ ʥװװʨʩ ʙʫʫʭʛװʡ, ʙᴇʛʣᴇʨᴇʭ 

ʤʘʛʘʜʣʘʣʪʘʡ ʫʯʨʘʘʩ ʠʭ ʭʵʤʞʵʵʥʠʡ ʥװװʨʩ ʭʘʷʛʜʘʭ 

ʟʵʨʵʛ ʵʨʩʜʵʣʪʵʡ ʭװʯʠʥ ʟװʡʣ ʦʣʦʥ, ʜʘʣʜ ʫʫʨʭʘʡʥ 

ʙʵʣʪʛʵʣ, ʦʛʪʦʣʛʦʦʥʳ ʤʘʣʪʘʣʪʫʫʜ ʠʭ ʭʠʡʛʜʵʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ ʥʴ ʫʫʣʟʚʘʨ ʦʣʦʥ, ʙʵʭʵʣʛʵʵ, 

ʭʘʤʛʘʘʣʘʣʪ ʭʠʡʭʵʜ ʭװʥʜʨʵʣʪʵʡ ʤᴇʥ ʪʘʘʟ ʘʤʘʨʭʘʥ 

ʥʫʨʘʭ ʵʨʩʜʵʣʪʵʡ, ʜʘʣʜ ʫʫʨʭʘʡʜ ʤʘʣʪʘʣʜ ʥʵʚʪʨʵʣʪ 

ʭʠʡʭ ʷʚʮʘʜ ʫʨʪ ʟʘʡʜ ʘʛʘʘʨʞʫʫʣʘʣʪ ʭʠʡʭ ʭʦʸʨ ʛʘʨʘʭ 

ʛʘʨʮʪʘʡ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ ʯ, ʦʣʙʦʨʣʦʣʪʳʥ 

ʙװʩ ʜʵʭ ʘʛʘʘʨʞʫʫʣʘʣʪʳʥ ʩʠʩʪʝʤ ʥʘʨʠʡʥ ʪᴇʚᴇʛʪʵʡ, 

ʦʣʙʦʨʣʦʣʪ ʭʠʡʞ ʜʫʫʩʩʘʥ ʭʵʩʵʛʪ ʥװװʨʩʥʠʡ ʪʦʦʩ ʠʭʪʵʡ, 

ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʥ ʘʯʘʘʣʘʣ ʠʭ, ʫʫʣ ʛʝʦʣʦʛʠʡʥ 

ʥᴇʭʮᴇʣ ʥʴ ʥʘʨʠʡʥ ʪᴇʚᴇʛʪʵʡ ʟʵʨʵʛ ʰʘʣʪʛʘʘʥʳ ʫʣʤʘʘʩ 

ʪʫʭʘʡʥ ʦʨʜʦʜ ʪʫʩ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ ʘʰʠʛʣʘʭ ʥʴ 

ʪʦʭʠʨʦʤʞʛװʡ ʙʘʡʥʘ. 

ɿʫʨʘʛ 5. ʅʘʣʫʫ ʫʥʘʣʪʘʡ ʥϮϮʨʩʠʡʛ ϺʨϺʤʜʣϺʛ ʪʵʩʵʣʛʵʵʥʠʡ ʘʨʛʘʘʨ 

ʥʫʨʘʘʭ ʘʰʠʛʣʘʣʪʳʥ ʩʠʩʪʝʤ 

 ɻʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨ ʘʰʠʛʣʘʥ, ʰʘʪʘʣʩʘʥ ʩʭʝʤʵʵʨ 

ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ. 

ʐʘʪʘʣʩʘʥ ʩʭʝʤʵʵʨ ʘʰʠʛʣʘʭ ʘʨʛʳʛ ʫʨʚʫʫ ʰʘʪʣʘʣ, 

ʪʘʰʫʫ ʰʘʪʣʘʣ ʛʵʩʵʥ ʭʦʸʨ ʘʨʛʘʯʣʘʣ ʙʘʡʜʘʛ. ʋʨʚʫʫ 

ʰʘʪʣʘʣʳʥ ʦʣʙʦʨʣʦʣʪʳʥ ʘʨʛʘ ʥʴ ʪʵʩʵʣʛʵʵ ʭʠʡʞ 

ʥװװʨʩʠʡʛ ʥʫʨʘʘʜʘʛ. ʊʝʭʥʦʣʦʛʠʡʥ ʪװʚʰʠʥ ᴇʥʜᴇʨ, 

ʘʞʠʣʯʜʘʜ ʘʯʘʘʣʘʣ ʠʭʪʵʡ, ʙʵʭʵʣʛʵʵʥʠʡ ʤʦʜʥʳ 

ʟʘʨʮʫʫʣʘʣʪ ʠʭ, ʵʨʯʠʤ ʭװʯʥʠʡ ʘʯʘʘʣʘʣ ᴇʥʜᴇʨ. 

ʐʘʪʘʣʩʘʥ ʦʣʙʦʨʣʦʣʪʳʥ ʘʨʛʘ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ 

ʛʘʜʘʨʛʫʫ ʭʘʨʴʮʘʥʛʫʡ ʫʨʪ, ʦʨʦʥ ʟʘʡʛ ʪʦʛʪʦʦʥ ʙʘʨʠʭ ʥʴ 

ʥʘʨʠʡʥ ʪᴇʚᴇʛʪʵʡ, ʘʯʘʘʣʘʣ ʠʭ, ʫʫʨʭʘʡʥ ʫʩ ʟʘʡʣʫʫʣʘʭ, 

ʫʩʥʳ ʫʥʜʘʨʛʳʛ ʪʦʦʮʦʦʣʦʭʦʜ ʭװʥʜʨʵʣʪʵʡ ʟʵʨʛʵʵʩ 

ʰʘʪʘʣʩʘʥ ʭʵʣʙʵʨʠʡʥ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ ʘʰʠʛʣʘʭ ʥʴ 

ʜʘʣʜ ʫʫʨʭʘʡʥ ʘʶʫʣʛװʡ ʙʘʡʜʘʣʜ ʭװʥʜʨʵʣʪʵʡ ʫʯʨʘʘʩ 

ʪʫʩ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ ʥʴ ʪʦʭʠʨʦʤʞʛװʡ ʙʘʡʥʘ.  

 

 

 

 

 

 



ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ 

-65- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿʫʨʘʛ 6. ɻʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨ ʘʰʠʛʣʘʥ, ʰʘʪʘʣʩʘʥ ʩʭʝʤ 

 

 ʕʛʮ ʥʘʣʫʫ, ʫʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ ʙװʨʵʥ ʤʝʭʘʥʠʢʞʩʘʥ 

ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʨ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ. 

ʅװװʨʩ ʦʣʙʦʨʣʦʭ ʵʥʵʭװװ ʘʨʛʘ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ 

ʤʝʭʘʥʠʢʞʩʘʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ ʘʰʠʛʣʘʞ, ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʜʘʛʫʫ ʦʣʙʦʨʣʦʣʪʳʥ ʫʨʪ ʤᴇʨʛᴇʮʛʠʡʛ 

ʪᴇʣᴇʚʣᴇʞ, ʫʭʘʨʯ ʦʣʙʦʨʣʦʭ, ʪʘʘʟʳʛ ʪʦʛʪʦʦʥ ʙʘʨʠʭ 

ʟʵʨʵʛʪ ʙװʨʵʥ ʤʝʭʘʥʠʢʞʩʘʥ ʫʫʨʭʘʡʥ ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʛ ʘʰʠʛʣʘʜʘʛ. ʆʣʙʦʨʣʦʭ ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʭʫʚʴʜ: ʅװװʨʩ ʥʫʨʘʘʭ, ʦʣʙʦʨʣʦʭ 

ʪᴇʭᴇᴇʨᴇʤʞ, ʭʫʩʘʭ ʭʘʚʪʘʥʪʘʡ ʜʘʤʞʫʫʣʘʛʯ ʪᴇʭᴇᴇʨᴇʤʞ, 

ʛʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨ, ʙʫʪʣʘʛʯ, ʘʯʠʛʯ ʤʘʰʠʥ, ʥʘʩʦʩʳʥ 

ʩʪʘʥʮ, ʰװʨʰʠʛʯ ʥʘʩʦʩʳʥ ʩʪʘʥʮ, ʮʘʭʠʣʛʘʘʥ 

ʪᴇʭᴇᴇʨᴇʤʞ ʟʵʨʵʛ ʙʘʡʥʘ. ʊʫʩ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʳʥ 

ʜʘʚʫʫ ʪʘʣ ʥʴ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʤʝʭʘʥʠʢʞʫʫʣʘʣʪʳʥ ʪװʚʰʠʥ ᴇʥʜᴇʨ, ʦʣʙʦʨʣʦʣʪʳʥ 

ʭװʯʠʥ ʯʘʜʘʣ ʠʭ. ʉʫʣ ʪʘʣ ʥʴ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʙʦʣʦʥ 

ʛʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʭᴇʨᴇʥʛᴇ 

ʦʨʫʫʣʘʣʪ ʠʭ, װʡʣʜʚʵʨʣʵʣʠʡʥ ᴇʨʪᴇʛ ᴇʥʜᴇʨ, 

ʮʘʭʠʣʛʘʘʥʳ ʘʯʘʘʣʘʣ ʠʭ ʙʘʡʥʘ. ʄᴇʥ ʥʵʛʞ 

ʦʣʙʦʨʣʦʣʪʳʥ ʛʘʜʘʨʛʫʫ ʜʘʭʴ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʟʫʟʘʘʥʳ ᴇᴇʨʯʣᴇʣʪᴇʜ ʦʣʙʦʨʣʦʣʪʳʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ 

ʥʴ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʛ ʷʣʛʘʞ ʦʣʙʦʨʣʦʭʦʜ 

ʭװʥʜʨʵʣʪʵʡ ʫʯʨʘʘʩ ʭʘʷʛʜʘʣ, ʙʦʭʠʨʜʣʳʥ ʭʵʤʞʵʵ ʠʭ. 

ɹʅʍɸʋ-ʳʥ ʠʞʠʣ ʪᴇʨʣʠʡʥ ʜʘʣʜ ʫʫʨʭʘʡʥʫʫʜʳʥ ʙʦʜʠʪ 

ʪʫʨʰʣʘʛʘʘʩ ʭʘʨʘʭʘʜ, ʦʛʮʦʤ ʪʘʰʫʫ ʦʣʙʦʨʣʦʣʪʳʥ 

ʪʝʭʥʦʣʦʛʠʡʥ ʟʦʭʠʮʦʭ ʯʘʥʘʨ ʩʫʣ ʫʯʨʘʘʩ ʪʫʭʘʡʥ ʪᴇʩᴇʣʜ 

ʩʘʥʘʣ ʙʦʣʛʦʭʛװʡ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɿʫʨʘʛ 7. ʕʛʮ ʥʘʣʫʫ, ʫʨʪ ʤϺʨʛϺʮʛϺϺʨ ʙϮʨʵʥ ʤʝʭʘʥʠʢʞʩʘʥ 

ʪϺʭϺϺʨϺʤʞϺϺʨ ʦʣʙʦʨʣʦʭ ʘʨʛʘ 

 ʋʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ, ʪʘʰʫʫ ʪʫʫʟʘʥ ʭʵʣʙʵʨʠʡʥ 

 .ʨʛʵʣʞʠʣʩʵʥ ʦʣʙʦʨʣʦʣʪʳʥ ʘʨʛʘװ

ʆʥʮʣʦʛ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ ʤᴇʨʛᴇʮᴇʛ ʥʴ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʫʥʘʣʳʥ ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫ ʥʘʣʫʫ ʙʘʡʨʣʘʭ ʙʘ 

ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʘʛʫʫ ʫʨʘʛʰʣʘʭ ʟʦʨʠʫʣʘʣʪʪʘʡ 

ʪʫʩʛʘʡ ʤʝʪʘʣʣ ʭʘʤʛʘʘʣʘʣʪʳʥ ʛʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨʘʘʨ 

ʘʞʣʳʥ ʛʘʜʘʨʛʫʫʛ ʪʫʩʛʘʘʨʣʘʭ ʙʘ ʤᴇʥ ʘʞʠʣʯʠʜ 

ʭʘʤʛʘʘʣʘʣʪʳʥ ʛʠʜʨʘʚʣʠʢ ʪʫʣʘʛʯ ʜʦʨ ʘʞʣʳʛ 

ʛװʡʮʵʪʛʵʜʵʛ. ʅʘʣʫʫ ʥʴ 25-30Á, ʘʞʣʳʥ ʤᴇʨʛᴇʮʛʠʡʥ 

ʥʘʣʫʫʛʠʡʥ ʫʨʪ ʥʴ 100-120 ʤʝʪʨ ʙʘʡʥʘ. ɸʞʣʳʥ 

ʛʘʜʘʨʛʫʫ ʜʵʵʨ ʫʷʥ ʭʘʪʘʥ ʤʝʪʘʣʣ ʭʘʤʛʘʘʣʘʣʪʳʥ 

ʛʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨʫʫʜʳʛ ʙʘʡʨʣʫʫʣʘʭ ʩʭʝʤʠʡʛ ʜʦʦʨ 

 .ʣʵʚװװʟװ

ʕʥʵʭװװ ʘʰʠʛʣʘʭ ʘʨʛʳʥ ʜʘʚʫʫ ʪʘʣ ʥʴ ʘʛʘʘʨʞʫʫʣʘʣʪ, 

ʘʞʠʣʯʠʜ, ʥװװʨʩ ʪʵʵʚʵʨʣʵʣʪ, ʪʘʚʠʫʨʳʛ ʟʘʜʣʘʭ 

ʘʞʠʣʣʘʛʘʘ ʥʴ ʭʘʨʴʮʘʥʛʫʡ ʙʠʝ ʜʘʘʩʘʥ ʙʘʡʜʘʛ ʥʴ 

ʘʶʫʣʛװʡ ʙʘʡʜʣʳʥ ʤʝʥʝʞʤʝʥʪ ʪʘʣʘʘʩʘʘ ʪʦʭʠʨʦʤʞʪʦʡ. 

ʉʫʣ ʪʘʣ ʥʴ ʦʣʙʦʨʣʦʣʪʳʥ ʤᴇʨʛᴇʮʛʠʡʥ ʭᴇʜᴇʣʤᴇʨ 

ʟʘʨʮʫʫʣʘʣʪ, ʘʞʣʳʥ ʭʵʤʞʵʵ ʭʘʨʴʮʘʥʛʫʡ ᴇʥʜᴇʨ.  

ʕʥʵʭװװ ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʘ ʥʴ ʜʵʣʭʠʡʥ ʦʣʦʥ ʫʣʩ 

ʦʨʦʥʜ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʵʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ ʦʜʦʦʛʦʦʨ 

ɹʅʍɸʋ-ʜ ʥװװʨʩʥʠʡ ʥʘʣʫʫ ʜʘʚʭʘʨʛʳʛ ʦʣʙʦʨʣʦʞ ʙʫʡ 

ʭʘʤʛʠʡʥ ʘʤʞʠʣʪʪʘʡ ʘʨʛʘ ʙʦʣʞ ʙʘʡʛʘʘ ʙʘ ʦʣʦʥ 

ʞʠʣʠʡʥ ʪʫʨʰ ʜʘʚʪʘʥ ʪʫʨʰʩʘʥʳ ʵʮʵʩʪ ʥװװʨʩ ʦʣʙʦʨʣʦʭ 

ʵʥʵʭװװ ʘʨʛʳʥ ʭװʨʵʵʥʜ ʘʤʞʠʣʪʪʘʡ ʘʨʚʠʥ ʪʫʨʰʣʘʛʘ 

ʭʫʨʠʤʪʣʫʫʣʞ, ʵʜʠʡʥ ʟʘʩʛʠʡʥ ᴇʥʜᴇʨ װʨ ʜװʥʜ ʭװʨʩʵʥ. 

 ʨʵʥװʨʩʥʠʡ ʦʣʙʦʨʣʦʣʪʦʜ ʙװװʥʠʡ ʟʵʨʵʛʮʵʵ ʪᴇʩᴇʣʜ ʥװת

ʤʝʭʘʥʠʢʞʩʘʥ ʪᴇʭᴇᴇʨᴇʤʞ ʘʰʠʛʣʘʜʘʛ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 
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ʥװװʨʩ ʦʣʙʦʨʣʦʭ װʨ ʘʰʛʠʡʛ ʥʵʤʵʛʜװװʣʞ, ʜʘʣʜ ʫʫʨʭʘʡʥ 

ʦʣʙʦʨʣʦʣʪʳʛ ʞʠʛʜʨװװʣʞ, ʪʦʛʪʚʦʨʞʫʫʣʘʭ ʙʦʣʦʤʞʠʡʛ 

ʦʣʛʦʜʦʛ.  

ɿʫʨʘʛ 8. ʋʨʪ ʤϺʨʛϺʮʛϺϺʨ, ʪʘʰʫʫ ʪʫʫʟʘʥ ʭʵʣʙʵʨʵʵʨ ϮʨʛʵʣʞʣϮϮʣʵʥ 

ʦʣʙʦʨʣʦʭ ʘʰʠʛʣʘʣʪʳʥ ʩʠʩʪʝʤ 

ʆʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʛ ʙʵʣʪʛʵʭʜʵʵ ʵʭʣʵʵʜ ʜʦʦʜ 

ʪװʚʰʠʥʜ 1 ʪʵʵʚʨʠʡʥ ʰʪʨʝʢ /ʘʛʘʘʨ ʦʨʦʭ/, ʜʵʵʜ 

ʪװʚʰʥʠʡ 1 ʪᴇʤᴇʨ ʟʘʤʪʘʡ ʰʪʨʝʢ /ʘʛʘʘʨ ʦʨʦʭ/ ʤᴇʥ 

ʪʵʜʛʵʵʨʠʡʛ ʭʦʣʙʦʩʦʥ ʧʘʥʝʣʳʥ ʰʪʨʝʢ ʪʫʩ ʪʫʩ 

ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʘʛʫʫ ʥʵʚʪʵʨʯ ʭʦʣʙʦʥ 

ʘʛʘʘʨʞʫʫʣʘʣʪʳʥ ʩʠʩʪʝʤʠʡʛ ʙװʨʜװװʣʥʵ. ɼʵʵʜ ʙʘ ʜʦʦʜ 

ʪװʚʰʥʠʡ ʰʪʨʝʢװװʜ ʥʴ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʜʘʛʫʫ 

ʧʘʨʘʣʣʝʣʴ ʭʵʣʙʵʨʵʵʨ ʥʵʚʪʨʵʭ ʙᴇʛᴇᴇʜ ʦʣʙʦʨʣʦʣʪ ʥʴ 

ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʯʠʛʣʵʣʠʡʥ ʜʘʛʫʫ ʷʚʘʛʜʘʥʘ.  

ʊʫʩ ʥϮϮʨʩ ʦʣʙʦʨʣʦʭ ʘʨʛʳʥ ʩʫʣ ʪʘʣ ʥʴ: ʆʣʙʦʨʣʦʣʪʳʥ 

ʤᴇʨʛᴇʮʛʠʡʥ ʭʘʤʛʘʘʣʘʣʪʳʥ ʛʠʜʨʘʚʣʠʢ ʪʫʣʘʛʯʠʡʥ 

ʘʞʣʳʥ ʭʵʤʞʵʵ ʭʘʨʴʮʘʥʛʫʡ ʠʭ, ʪʫʣʘʛʯʠʡʛ ʟᴇᴇʭᴇʜ 

ʭᴇʜᴇʣʤᴇʨ ʟʘʨʮʫʫʣʘʣʪ ʠʭ, ʤᴇʥ ʥװװʨʩ ʙʫʫʣʛʫʫʨʳʛ 

ʦʣʙʦʨʣʦʣʪʳʥ ʤᴇʨʛᴇʮʛʠʡʥ ʜʦʦʨ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʘʜ 

ʫʨʴʜʯʠʣʘʥ ʥʵʚʪʵʨʯ ʙʵʣʪʛʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙᴇʛᴇᴇʜ 

ʥʵʚʪʨʵʣʪʠʡʥ ʘʞʣʳʥ ʭʵʤʞʵʵ ᴇʥʜᴇʨ.  

ɼʘʚʫʫ ʪʘʣ ʥʴ: ʆʣʙʦʨʣʦʣʪʳʥ ʤᴇʨʛᴇʮᴇʛʪ ʥװװʨʩʠʡʛ 

ʙװʨʵʥ ʤʝʭʘʥʠʢʞʩʘʥ ʪʝʭʥʠʢ ʘʰʠʛʣʘʭ ʙʘ ʘʞʠʣʯʜʘʜ 

ᴇʛᴇʭ ʘʯʘʘʣʘʣ ʙʘʛʘ, ʘʰʠʛʣʘʭ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ ʥʴ 

ʵʥʛʠʡʥ, ʥʘʣʫʫ ʠʭ, ʥʠʤʛʵʥ, ʟʫʟʘʘʥ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʛ ʦʣʙʦʨʣʦʭʦʜ ʟʦʭʠʮʦʭ ʙʦʣʦʤʞʪʦʡ, 

ʘʚʪʦʤʘʪʞʫʫʣʘʣʪ ʙʦʣʦʥ ʫʭʘʘʣʘʛ ʩʠʩʪʝʤ ʘʰʠʛʣʘʞ, 

ʘʶʫʣʛװʡ ᴇʥʜᴇʨ װʨ ʘʰʠʛʪʘʡ ʦʣʙʦʨʣʦʣʪ ʷʚʫʫʣʘʭ 

ʙʦʣʦʤʞʪʦʡ. ʄᴇʥ ʦʣʙʦʨʣʦʣʪʳʥ ʭװʯʠʥ ʯʘʜʘʣ ᴇʥʜᴇʨ, 

ʦʣʙʦʨʣʦʣʪʳʥ ʤᴇʨʛᴇʮʛʠʡʥ ʛʘʜʘʨʛʫʫʛ ʭʘʤʛʘʘʣʘʭ ʙװʨʵʥ 

ʙʦʣʦʤʞʪʦʡ, ʦʣʙʦʨʣʦʣʪʳʥ ʤᴇʨʛᴇʮʛʠʡʥ ʘʞʣʳʥ ʦʨʯʠʥ 

ʩʘʡʥ, ʘʞʣʳʥ ʘʯʘʘʣʘʣ ʙʘʛʘ ʙʘʡʥʘ.  

ʆʜʦʦʛʠʡʥ ʙʘʡʥʛʳʥ ʥᴇʭʮᴇʣ ʙʘʡʜʘʣʜ ʪʦʛʪʚʦʨʪʦʡ 

ʮʘʭʠʣʛʘʘʥ ʭʘʥʛʘʤʞʛװʡ, ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʥʘʣʫʫʛʠʡʥ ᴇʥʮᴇʛ ʠʭ, ʦʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʥ ʟʘʨʠʤ 

ʭʵʩʵʛʪ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥʳ ᴇᴇʨʯʣᴇʣʪ ʠʭ 

ʟʵʨʵʛ ʥᴇʭʮᴇʣʜ ʵʥʵ ʘʨʛʳʛ ʘʰʠʛʣʘʭ ʥʴ ʪʦʭʠʨʦʤʞʪʦʡ. 

ʀʡʤʜ ʪʫʩ ʦʨʜʳʛ ʜʘʣʜ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʭ 

ʥᴇʭʮᴇʣʜ ʫʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ, ʥʘʣʫʫ ʪʫʫʟʘʥ ʭʵʣʙʵʨʠʡʥ 

 ʨʛʵʣʞʠʣʩʵʥ ʦʣʙʦʨʣʦʣʪʳʥ ʘʨʛʘʘʨ ʘʰʠʛʣʘʭʘʘʨװ

ʩʦʥʛʦʩʦʥ. 

 

3) ʅϮϮʨʩ ʦʣʙʦʨʣʦʭ ʪʘʣʙʘʡʥ ʪʝʭʥʠʢʠʡʥ 

ϮʟϮϮʣʵʣʪ, ʪʦʜʦʨʭʦʡʣʦʣʪ 

ʋʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ, ʥʘʣʫʫ ʪʫʫʟʘʥ ʭʵʣʙʵʨʠʡʥ 

 ʨʩ ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʥ ʤᴇʨʛᴇʮᴇʛʪװװʨʛʵʣʞʠʣʩʵʥ ʥװ

ʛʠʜʨʘʚʣʠʢ ʪʫʣʛʫʫʨ ʘʰʠʛʣʘʞ ʪʘʘʟʳʛ ʪʫʣʞ ʭʘʤʛʘʘʣʘʭ 

ʙᴇʛᴇᴇʜ ʦʣʙʦʨʣʦʣʪʳʥ ʢʦʤʙʘʡʥ ʥʴ ʥװװʨʩ ʦʣʙʦʨʣʦʞ, 

ʭʫʩʘʛʯ ʪᴇʭᴇᴇʨᴇʤʞᴇᴇʨ ʜʘʤʞʫʫʣʘʥ ʪʵʵʚʵʨʣʵʞ, ʥװװʨʩ 

ʙʫʫʣʛʫʫʨʪ ʭװʨʛʵʞ, ʪװװʥʵʵʩ ʪʫʫʟʘʥ ʜʘʤʞʫʫʣʘʛʯʘʘʨ 

ʪʵʵʚʵʨʣʵʥ ʥװװʨʩʥʠʡ ʙʫʥʢʝʨʪ ʭװʨʛʵʜʵʛ. ʄᴇʨʛᴇʮʛʠʡʛ 

ʫʭʨʘʭ ʜʘʨʘʘʣʣʘʘʨ ʦʣʙʦʨʣʦʞ, ʪʘʘʟʳʛ ʘʛʫʫʣʘʛʯ 

ʯʫʣʫʫʣʛʠʡʥ ʥʫʨʘʣ ʜʦʨ ʙʫʶʫ ʜʘʨʘʘʩʘʥ ʜʦʨ ʛʠʜʨʘʚʣʠʢ 

ʪʫʣʘʛʯʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʫʜʠʨʜʜʘʛ. 

ʆʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʥ ʵʭʥʠʡ ʭʵʩʛʠʡʥ ʪʝʭʥʠʢʠʡʥ 

  .ʣʵʚװװʟװ ʣʵʣʪʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨװװʟװ

1. ʆʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʥ ʙʘʡʨʰʠʣ  

ɼʘʣʜ ʫʫʨʭʘʡʥ ʙװʪʵʵʥ ʙʘʡʛʫʫʣʘʣʪ, ʪᴇʣᴇʚʣᴇʣʪʠʡʥ 

ʜʘʛʫʫ ʫʫʨʭʘʡ ʥʴ װʥʜʩʵʥ ʭʦʸʨ ʪװʚʰʠʥʜ, ʪװʚʰʠʥ 

ʙװʨʜʵʵ 3 ʦʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʪʘʡ ʙʘʡʥʘ. ʕʭʥʠʡ 

ʵʵʣʞʠʜ ʙʫʶʫ ʵʭʥʠʡ װʝ ʰʘʪʘʥʜ ʜʵʵʜ ʪװʚʰʥʠʡ ʪᴇʚʠʡʥ 

ʙʫʶʫ ʜʫʥʜ ʭʵʩʛʠʡʥ ʪʘʣʙʘʡʥ ʙʘʨʫʫʥ ʞʠʛװװʨʵʵʩ 

ʦʣʙʦʨʣʦʣʪʳʛ ʵʭʣʵʭʵʵʨ ʪᴇʣᴇʚʣᴇʚ. ʋʛ ʭʵʩʛʠʡʥ ʜʵʵʜ 

ʪװʚʰʠʥ ʥʴ +1410ʤ, ʜʦʦʜ ʪװʚʰʠʥ ʥʴ +1360ʤ-ʪ ʙʘʡʥʘ. 

ɼʘʨʘʘʛʠʡʥ װʝ ʰʘʪʘʥʜ ʜʵʵʜ ʪװʚʰʥʠʡ 2 ʞʠʛװװʨʠʡʥ 

ʪʘʣʙʘʡʛ ʵʵʣʞ ʜʘʨʘʘʣʘʥ ʦʣʙʦʨʣʦʭʦʦʨ ʪᴇʣᴇʚʣᴇʩᴇʥ.   

2. ʅװװʨʩ ʦʣʙʦʨʣʦʭ ʪʘʣʙʘʡʥ ʪʝʭʥʠʢʠʡʥ װʟװװʣʵʣʪ, 

ʪʦʜʦʨʭʦʡʣʦʣʪ 

ɸʞʣʳʥ ʪʘʣʙʘʡʥ ϺʥʜϺʨ:  

ɸʞʣʳʥ ʪʘʣʙʘʡʥ ᴇʥʜᴇʨ ʥʴ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʟʫʟʘʘʥ, ʫʫʣ, ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ, ʥװװʨʩ ʦʣʙʦʨʣʦʭ 

ʪᴇʭᴇᴇʨᴇʤʞ, ʥװװʨʩ ʦʣʙʦʨʣʦʭ ʪʝʭʥʦʣʦʛʠ ʟʵʨʵʛʪʵʡ 

ʫʷʣʜʘʞ ʙʘʡʭ ʸʩʪʦʡ. ʋʫʨʭʘʡʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ 

ʥᴇʭʮᴇʣ, ʥװװʨʩʥʠʡ ʦʣʙʦʨʣʦʣʪʳʥ ʪʝʭʥʦʣʦʛʠʡʥ ʜʘʛʫʫ 

ʘʞʣʳʥ ʪʘʣʙʘʡʥ ᴇʥʜᴇʨʪ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʟʫʟʘʘʥ, 

ʘʰʠʛʣʘʭ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ ʛʦʣ ʥᴇʣᴇᴇʣᴇʭ ʙʘ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʜʫʥʜʘʞ ʟʫʟʘʘʥ 5.85ʤ, ʠʡʤʜ ʘʞʣʳʥ ʪʘʣʙʘʡʥ 

ʪʦʦʮʦʦʥʳ ᴇʥʜᴇʨ ʥʴ 5.85ʤ ʙʘʡʭʘʘʨ ʪᴇʣᴇʚʣᴇʚ. 

ɸʞʣʳʥ ʪʘʣʙʘʡʥ ʫʨʪ: 

ɸʞʣʳʥ ʪʘʣʙʘʡʥ ʫʨʪ ʥʴ ʫʫʣ, ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ, ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʭװʯʠʥ ʯʘʜʘʣ, ʪʘʘʟʥʳ ʯʫʣʫʫʣʛʠʡʛ 

ʪʦʛʪʦʦʥ ʙʘʨʠʭ ʘʨʛʘ ʙʦʣʦʥ ʙʫʩʘʜ ʪʝʭʥʠʢʠʡʥ ʭװʯʠʥ 

ʟװʡʣװװʜʪʵʡ ʥʷʛʪ ʭʦʣʙʦʦʪʦʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 

 ʨ ʘʰʠʛʪ ʰʫʫʜ ʥᴇʣᴇᴇʣʜᴇʛ. ʍʘʨʠʥװ ʡʣʜʚʵʨʣʵʣʠʡʥװ

ʥʘʣʫʫ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʛ ʦʣʙʦʨʣʦʭʦʜ ʘʞʣʳʥ ʪʘʣʙʘʡ 

ʭʵʪ ʫʨʪ ʙʘʡʭ ʥʴ ʘʞʣʳʥ ʪʘʣʙʘʡʥ ʘʭʠʣʪʳʥ ʭʫʨʜʘʜ 

ʥᴇʣᴇᴇʣʞ, ʪʘʣʙʘʡʜ װʣʜʩʵʥ ʥװװʨʩ ʘʤʘʨʭʘʥ ʰʘʪʘʞ, 

ʫʫʨʭʘʡʥ ʘʶʫʣʛװʡ ʙʘʡʜʘʣʜ ʩᴇʨᴇʛ ʥᴇʣᴇᴇʪʵʡ ʙʘʡʜʘʛ. 

ʋʫʨʭʘʡʥ ʙʦʜʠʪ ʥᴇʭʮᴇʣ ʙʘʡʜʘʣ, ʙʫʩʘʜ ʠʞʠʣ ʪᴇʩʪʵʡ 

ʫʫʨʭʘʡʥ ʪʫʨʰʣʘʛʘ, ʫʫʨʭʘʡʥ ʟʫʨʘʛ ʪᴇʩᴇʣ, 

 ʥʜʵʩʣʵʥ ʪᴇʩᴇʣʜװ ʯʠʥ ʯʘʜʘʣ ʟʵʨʛʠʡʛװʡʣʜʚʵʨʣʵʣʠʡʥ ʭװ
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ʤᴇʨʛᴇʮʛʠʡʥ ʘʞʣʳʥ ʪʘʣʙʘʡʥ ʫʨʪ ʥʴ 100ʤ ʦʨʯʠʤ, 

ʥʘʣʫʫ ʥʴ 25Á ʙʘʡʭʘʘʨ ʪᴇʣᴇʚʣᴇʚ.  

ɸʞʣʳʥ ʪʘʣʙʘʡʥ ʫʨʪ: 

ʆʨʜʳʥ ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʥʘʣʫʫ ʥʴ ʜʫʥʜʞʘʘʨ 470, 

ʫʫʣ, ʛʝʦʣʦʛʠʡʥ ʥᴇʭʮᴇʣ, ʘʞʣʳʥ ʪʘʣʙʘʡʥ ʫʨʪ ʥʴ 1.0 ~ 

1.5 ʢʤ, ʵʭʥʠʡ ʦʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʥ ʫʨʪ ʥʴ 1.0 ʢʤ 

ʦʨʯʠʤ ʙʘʡʥʘ.  

ʅʵʛ ʫʜʘʘʛʠʡʥ ʘʭʠʣʪʳʥ ʭʵʤʞʵʵ: 

ʋʫʨʭʘʡʥ ʪʘʣʙʘʡ ʥʴ ʛʠʜʨʘʚʣʠʢ ʤʝʪʘʣʣ ʪʫʣʛʫʫʨ ʜʵʵʨ 

ʩʫʫʨʠʣʞ ʘʣʭʤʳʥ ʟʘʡʛʘʘʨ ʪᴇʣᴇʚʣᴇʭ ʙᴇʛᴇᴇʜ ʥʵʛ 

ʫʜʘʘʛʠʡʥ ʘʭʠʣʪʳʥ ʮʠʢʣ ʥʴ 0.80ʤ ʙʘʡʥʘ 

 

 

 

 

 

 

 

 

 

 

 

 
ɿʫʨʘʛ 9. ʅʵʛ ʫʜʘʘʛʠʡʥ ʘʭʠʣʪʳʥ ʩʭʝʤ 

 

 

 

1. ʆʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʥ ʪʘʣʙʘʡʥ װʥʜʩʵʥ 

 ʯʠʥ ʯʘʜʣʳʥ ʪʦʜʦʨʭʦʡʣʦʣʪװʜ, ʭװװʣʵʣʪװװʟװ

ʋʫʨʭʘʡʥ ʵʭʥʠʡ ʘʞʣʳʥ ʪʘʣʙʘʡʜ ʦʣʙʦʨʣʦʭ ʥװװʨʩʥʠʡ 

ʜʘʚʭʘʨʛʳʥ ʜʫʥʜʘʞ ʟʫʟʘʘʥ 5.85 ʤ, ʥװװʨʩʥʠʡ ʵʟʣʵʭװװʥ 

ʞʠʥ 1.56 ʪʥ/ʤ3, ʦʣʙʦʨʣʦʣʪʳʥ ʜʫʥʜʘʞ ʟʫʟʘʘʥ 5.85 ʤ 

ʙʘʡʥʘ. ʅʵʛ ʫʜʘʘʛʠʡʥ ʘʭʠʣʪʳʥ ʭʵʤʞʵʵ 0.80 ʤ, ʥʵʛ 

ʵʵʣʞʠʜ 2 ʮʠʢʣ ʙʘʡʥʘ. ɼʘʣʜ ʫʫʨʭʘʡʥ ʘʞʠʣ ʥʴ 3 

ʵʵʣʞʵʵʨ ʥװװʨʩ ʦʣʙʦʨʣʦʞ, ʵʵʣʞʠʡʥ ʷʚʮʘʜ ʟʘʩʚʘʨ 

 ʡʣʯʠʣʛʵʵ ʭʠʡʛʜʜʵʛ. ɹʅʍɸʋ-ʳʥ ʫʫʨʭʘʡʥʫʫʜʳʥ ʦʜʦʦװ

ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ ʪʫʨʰʣʘʛʘʘʩ ʭʘʨʘʭʘʜ ʪʫʩ ʫʫʨʭʘʡʥ 

ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʥ ᴇʜʨʠʡʥ ʜʫʥʜʘʞ ʘʭʠʣʪ 4.8 ʤ, 

ʘʞʣʳʥ ʪʘʣʙʘʡʥ ʥᴇᴇʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪ 0.85, ʞʠʣʠʡʥ 

ʘʞʣʳʥ ᴇʜᴇʨ 330 ʭʦʥʦʛ ʙʘʡʭʘʘʨ ʪᴇʣᴇʚʣᴇʚ. ʅʦʨʤʦʦʨ 

ʦʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʥ ʞʠʣʠʡʥ ʘʭʠʣʪ 1346 ʤ ʙʘʡʥʘ. 

ʆʣʙʦʨʣʦʣʪʳʥ ʘʞʣʳʥ ʪʘʣʙʘʡʥ װʡʣʜʚʵʨʣʵʣʠʡʥ ʭװʯʠʥ 

ʯʘʜʘʣ:  

AϊL* S * M * ɔ* C * 10-6 ϊ100 * 1346 * 5.85 * 

1.56 * 0.90 * 10-6  ϊ1.12 ʩʘʷ.ʪʥ/ʞʠʣ 

 ʯʠʥװʡʣʜʚʵʨʣʵʣʠʡʥ ʭװ ʥʜ: Aððʘʞʣʳʥ ʪʘʣʙʘʡʥװת

ʯʘʜʘʣ, ʩʘʷ.ʪʥ/ʞʠʣ; 

L - ʘʞʣʳʥ ʪʘʣʙʘʡʥ ʫʨʪ, 100 ʤ; 

S - ʦʣʙʦʨʣʦʣʪʳʥ ʪʘʣʙʘʡʥ ʞʠʣʠʡʥ ʘʭʠʣʪʳʥ 

ʭʵʤʞʵʵ, 1346 ʤ; 

M - ʘʞʣʳʥ ᴇʥʜᴇʨ, 5.85 ʤ; 

ɔ- ʥװװʨʩʥʠʡ ʜʘʚʭʘʨʛʳʥ ʵʟʣʵʭװװʥ ʞʠʥ, 

1.56ʪʥ/ʤ3 

C - ʘʞʣʳʥ ʪʘʣʙʘʡʥ ʥװװʨʩ ʦʣʙʦʨʣʦʣʪʳʥ ʭʫʨʜ, 

0.90  

 

V. ɼɸʃɼ 

ʋʋʈʍɸʁʅ ɽʈᴆʅʍʀʁ ʊᴆʃᴆɺʃᴆʃʊ 

ɼʘʣʜ ʫʫʨʭʘʡʥ ʤʘʣʪʘʣʪ ʥʵʚʪʨʵʣʪʠʡʥ ʘʞʣʳʥ ʪʦʦ 

ʭʵʤʞʵʵ ʥʴ ʫʫʨʭʘʡʛ ʦʣʙʦʨʣʦʣʪʦʜ ʭװʣʵʵʣʛʵʥ ᴇʛᴇʭ 

 ʝʠʡʥ ʙʦʣʦʥ ʥʠʡʪ ʪᴇʣᴇʚʣᴇʩᴇʥ ʭʵʤʞʵʵʛʵʵʨװ

ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ.  

ɼʘʣʜ ʫʫʨʭʘʡʥ װʥʜʩʵʥ ʦʣʙʦʨʣʦʣʪʳʥ ʘʞʠʣ ʵʭʣʵʭ 

ʭװʨʪʵʣʭ װʝʠʡʥ ʤʘʣʪʘʣʪ ʥʵʚʪʨʵʣʪʠʡʥ ʘʞʣʳʥ ʭʵʤʞʵʵ 

9440.1 ʤ, ʵʟʣʵʭװװʥ 131178.2 ʤ3. װתʥʜ: ʯʫʣʫʫʣʘʛʪ 

2167.1 ʤ 23%, ʥװװʨʩʵʥʜ 7273.0 ʤ, 77%-ʠʡʛ ʪʫʩ ʪʫʩ 

ʵʟʵʣʥʵ.   

ʊʦʦʮʦʦʛʦʦʨ ʵʭʥʠʡ ʭʦʸʨ ʞʠʣ ʦʨʜʦʜ ʙʵʣʪʛʵʣ ʘʞʠʣ 

ʭʠʡʛʜʵʞ, ʛʫʨʘʚ ʜʘʭʴ ʞʠʣʵʵʩ װʥʜʩʵʥ ʦʣʙʦʨʣʦʣʪʳʥ 

ʘʞʠʣ ʵʭʵʣʞ, ʥʠʡʪ 13 ʞʠʣ ʜʘʣʜ ʫʫʨʭʘʡ ʘʞʠʣʣʘʭʘʘʨ 

ʙʘʡʥʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 



ʇʨʦʬʝʩʩʦʨ ʗ.ɻʦʤʙʦʩϮʨʵʥʛʠʡʥ ʥʵʨʵʤʞʠʪ  

-68- 

 

 

 

 

 
 

 
 

 

 
 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
ɿʫʨʘʛ 10. ɼʘʣʜ ʫʫʨʭʘʡʥ ʫʫʣʳʥ ʘʞʣʳʥ ʪϺʣϺʚʣϺʣʪ (ʜʘʛʫʫ ʧʨʦʝʢʮ) 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

ɿʫʨʘʛ 11. ɼʘʣʜ ʫʫʨʭʘʡʥ ʫʫʣʳʥ ʘʞʣʳʥ ʪϺʣϺʚʣϺʣʪ (ʟϮϮʥ ʫʨʜ ʪʘʣʘʘʩ 

ʭʘʨʘʛʜʘʭ ʙʘʡʜʘʣ) 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

VI.  ɼתɻʅʕʃʊ  

1. ɿʘʥʛʘʪ ʫʫʣʳʥ ʦʨʜʳʥ װʣʜʵʛʜʵʞ ʙʫʶʫ ʠʣ 

ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ ʦʣʙʦʨʣʦʭ ʙʦʣʦʤʞʛװʡ ʛװʥʠʡ ʭʵʩʛʠʡʥ 

ʥᴇᴇʮʠʡʛ ʜʘʣʜ ʫʫʨʭʘʡʥ ʘʨʛʘʘʨ, ʫʨʪ ʤᴇʨʛᴇʮʛᴇᴇʨ, 


