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BAS MAQALA  
 

ɻᴆɿɿɸʃʃʓפ ɾʆʃʓʅɼɸ ɸʐʓנʓɶ-ɹʀʁפɸʈɸʈ 
(çɹʦʟʘʪʘ˄ʣʳ ʥᴅʟʝʣʠʤè ץʦʩʳסʳʥʘ ʪʘʣץʳ) 

 ʆʨʘʟʳʤʙʝʪʦʚ - ʬʠʣʦʣʦʛʠʷ ʠʣʠʤʣʝʨʠʥʠϬ ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ.פ
ɹʝʨʜʘϨ ʘʪʳʥʜʘϤʳ ϧʘʨʘϨʘʣʧʘϨ ʤϸʤʣʝʢʝʪʣʠʢ ʫʥʠʚʝʨʩʠʪʝʪʠ 

 
ʂᴇʨʢʝʤ ᴅʜʝʙʠʷʪ ᴇʤʠʨʜʠ ʢᴇʨʢʝʤ ʦʙʨʘʟʣʘʨ ʘʨץʘʣʳ 

ʩװ˄ʨʝʪʣʝʧ ʷʢʠ ʩᴅ˄ʣʝʣʝʥʜʠʨʠʧ ʙʝʨʝʪʫסʳʥ ʘʜʘʤʟʘʪ ʪʘʨʠʡ-
ʭʳʥʜʘ ʧʘʡʜʘ ʙʦʣסʘʥ ʝש ᴅʞʘʡʳʧ ʨʫʭ˄ʳʡ ʙʘʡʣʳץʣʘʨʜʳש 
ʙʠʨʠ. ʆʥʳש ᴅʞʘʡʳʧʣʳסʳʥʳש ʪʠʡʢʘʨסʳ ʢᴇʨʠʥʠʩʠ ʜʝ ʩʦʥʜʘ, 
ʦʣ ץᴅʣʝʛʝʥ ʟʘʪ ʷʤʘʩʘ ץʫʙʳʣʳʩʪʳש ʢᴇʰʠʨʤʝ ʩᴅ˄ʣʝʩʠ ʝʤʝʩ, 
ʘʣ ʢᴇʨʢʝʤʣʝʩʢʝʥ ʦʙʨʘʟʳ. ʉʦʣʘʡ ʝʢʝʥ, ʢᴇʨʢʝʤ ʰʳסʘʨʤʘ 
ʙʠʟʠש ʜװʥʴʷ ״ʘץץʳʥʜʘ ʪװʩʠʥʠʢʣʝʨʠʤʠʟʜʠ ᴇʟʛʝʨʪʠʧ,      
ʩʫʣʳ˄ʣʳץ, ʛᴇʟʟʘʣʣʳץ, ʞʘ˄ʳʟʣʳץ, ʞʝʢʩʫʨʳʥʣʳץ, ᴅʙʝʰʝʡ-
ʣʠʢ ״ʘץץʳʥʜʘסʳ ʢᴇʟ ʘʣʜʳʤʳʟסʘ ʢʝʣʪʠʨʠ˄ʣʝʨʠʤʠʟʜʠ 
 .ʰʢʝ ʠʡʝװʳʥ ʢסʫʙʳʣʪʳʧ ʞʠʙʝʨʝ ʘʣʘʪʫץ
ɻᴇʟʟʘʣʣʳץ, ʩʫʣʳ˄ʣʳץ ʙʠʟʜʠ ᴇʟʠʥʠש ᴅʞʘʡʳʧ ʩʝʟʠʤ 

ʤʘʡʜʘʥʳ (ʘʫʨʘʩʳ) ʤʝʥʝʥ ᴇʟʠʥʝ ʪʘʨʪʘʜʳ. ʊᴅʙʠʷʪ ʩʫʣʳ˄-
ʣʳסʳ, ᴇʩʠʤʣʠʢʣʝʨ ʜװʥʴʷʩʳ, ״ʘʡ˄ʘʥʘʪʣʘʨ, ץʫʩʣʘʨ ʜװʥʴʷʩʳ 
ʩʫʣʳ˄ʣʳסʳ ï ʦʣʘʨ ʠʥʩʘʥʣʘʨʜʳש ʵʤʦʮʠʷʩʳʥ ץʳʜʳץʣʘʧ, 
ʦסʘʥ ʨʫʭ˄ʳʡ ʟʘ˄ʳץ ʙʘסʳʰʣʘʧ ץʦʡʤʘʩʪʘʥ, ʬʠʟʠʢʘʣʳץ ʩʘʣʘ-
ʤʘʪʣʳסʳʥʘ ʫʥʘʤʣʳ ʪᴅʩʠʨʠ ״ʘץץʳʥʜʘ ʢᴇʧ סʘʥʘ ʜᴅʣʠʣʣʝ˄ʣʝʨ 
ʙʘʨ. ɹʫʣ ʛᴇʟʟʘʣʣʳץ ʢᴇʨʢʝʤ ᴇʥʝʨ ʘʨץʘʣʳ ʙʝʨʠʣʩʝ ʦʥʳש ʪʠʡ-
ʛʠʟʝʪʫסʳʥ ʵʩʪʝʪʠʢʘʣʳץ ʪᴅʩʠʨʠ ʞᴅʥʝ ʜʝ ʞʦץʘʨʳʣʘʡʜʳ. ɸʣ, 
 ʢᴇʨʢʝʤ ʦʙʨʘʟʣʘʨʳ ʢᴇʨʢʝʤ שʳʥʳסʳʟʣʘʨ ʛᴇʟʟʘʣʣʳץ-ʘʷʣ״
ᴇʥʝʨʜʠש ʜʝʨʣʠʢ ״ᴅʤʤʝ ʪװʨʣʝʨʠʥʜʝ ʛʝʟʣʝʩʝʜʠ. ʄᴅʩʝʣʝʥ, 
ᴅʡʡʝʤʛʠ ʛʨʝʢʣʝʨʜʠש ɸʬʨʦʜʠʪʘ ץʫʜʘʡʳʥ ʩװ˄ʨʝʪʣʝʛʝʥ    
ɺʝʥʝʨʘ ʩʢʫʣʴʪʫʨʘʩʳ, ʆʨʪʘ ᴅʩʠʨʣʠʢ ʦʷʥʳ˄ ʜᴅ˄ʠʨʠʥʠש 
ʘʪʘץʣʳ ʭʫʜʦʞʥʠʛʠ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠʜʠש çʄʦʥʦ ʃʠʟʘè 
ʢʘʨʪʠʥʘʩʳ ʘʨʘʜʘʥ ʥʝʰʰʝ ᴅʩʠʨʣʝʨ ᴇʪʠ˄ʠʥʝ ץʘʨʘʤʘʩʪʘʥ 
ʛᴇʟʟʘʣʣʳץ ʜװʥʴʷʩʳʥʜʘ ʘʜʘʤʣʘʨʜʳ ʣʘʣ ץʘʣʜʳʨʳʧ ʢʝʣʤʝʢʪʝ. 
ʊʝʘʪʨʜʘ, ʢʠʥʦ ᴇʥʝʨʠʥʜʝ, ʭʦʨʝʦʛʨʘʬʠʷʜʘ, ʤʫʟʳʢʘ ᴇʥʝʨʠʥʜʝ 
 ʘʥʰʘץ-ʘʥʰʘʜʘʥץ ʳʥסʳʥ ʩᴅ˄ʣʝʣʝʥʜʠʨʝʪʫסʘʷʣ ʛᴇʟʟʘʣʣʳ״
ʢᴇʨʢʝʤ ʦʙʨʘʟʣʘʨ ʜᴇʨʝʪʠʣʤʝʜʠ ʜʝʡʩʝש?! 
 ,שʨʝʪʣʝ˄ʜʝ ʢᴇʨʢʝʤ ᴅʜʝʙʠʷʪʪʳ˄װʳʥ ʩסʘʷʣ ʛᴇʟʟʘʣʣʳ׳

ᴅʩʠʨʝʩʝ, ʧʦʵʟʠʷʥʳש ʦʨʥʳ ᴇʟ ʘʣʜʳʥʘ. ʇʦʵʟʠʷ ʪʠʣʠ ʛᴇʟʟʘʣ-
ʣʳץʪʳ ʞᴅʥʝ ʜʝ ʛᴇʟʟʘʣʣʘʥʜʳʨʘ ʘʣʳ˄ ʤװʤʢʠʥʰʠʣʠʛʠʥʝ ʠʡʝ. 
ʆʣ ״ᴅʨ ʙʠʨ ʤʠʣʣʝʪʪʠש ʵʩʪʝʪʠʢʘʣʳץ ʪʘʣסʘʤʳʥʘʥ ʢʝʣʠʧ 
ʰʳסʳʧ ʛᴇʟʟʘʣʣʳץ ʜװʥʴʷʩʳʥ ʞʘʨʘʪʘ ʘʣʘʜʳ (ʩʝʙʝʙʠ, ץᴅʣʝʛʝʥ 
ʧʦʟɻʠʷʣʳץ ʰʳסʘʨʤʘ ʙʠʨ ʤʠʣʣʝʪʪʠש ʰʘʡʳʨʳʥʘ ʪʠʡʠʩʣʠ). 
ɸ˄ʳʟ ʝʢʠ ᴅʜʝʙʠʷʪʪʘ ״ᴅʤ ʞʘʟʙʘ ᴅʜʝʙʠʷʪʪʘ ʛᴇʟʟʘʣʣʳץʪʳ 
ʩװ˄ʨʝʪʣʝ˄ ʫʩʳʣʳ ʝʢʠ ץʳʡʣʳ. ʌʦʣʴʢʣʦʨʜʘ ʢᴇʙʠʨʝʢ ״ʘʷʣ-
ʜʳש ʞʠʩʤʘʥʠʡ ʛᴇʟʟʘʣʣʳסʳ ʷʢʠ ʙʦʣʤʘʩʘ ʦʥʳש ʧʦʨʪʨʝʪʠ 
ʩװ˄ʨʝʪʣʝʥʝʜʠ. ɹʫʥʜʘ ʙʝʣʛʠʣʠ ʪʝשʝ˄ʣʝʨ, ʵʧʠʪʝʪʣʝʨ ץʘʪʥʘ-
ʩʘʜr. ɸʣ ʞʘʟʙʘ ᴅʜʝʙʠʷʪʪʘ ״ʘʷʣʜʳש ʩʳʨʪץʳ ʩʫʣʳ˄ʣʳסʳ 
ʤʝʥʝʥ ʠʰʢʠ ʜװʥʴʷʩʳ ʛᴇʟʟʘʣʣʳסʳ ץʦʩʘ ʞʘʨʘʪʳʣʘʜʳ. ɹʫʣ 
ʛᴇʟʟʘʣʣʳץʪʳ ʰʘʡʳʨʣʳץ ʢᴇʟ ʙʝʥʝʥ ʢᴇʨʝ ʘʣʳ˄, ʦסʘʥ ʠʥʜʠ-
ʚʠʜʫʘʣʴ ʞʘʥʪʘʩʳ˄ ʤʝʥʝʥ ʙʘʡʣʘʥʳʩʣʳ. ʉʦʥʜʘʡ-ʘץ ʞʘʩʘ˄ 
ʦʨʪʘʣʳסʳ, ʞᴅʤʠʡʝʪʣʠʢ ʢᴇʟץʘʨʘʩ ʪᴅʩʠʨʠ ʥᴅʪʠʡʞʝʩʠʥʜʝ 
ʛᴇʟʟʘʣʣʳץʪʳ ״ᴅʨ ץʳʡʣʳ ʢᴇʨʠ˄ ʜᴅʩʪװʨʠ ʜʝ ʙʘʨ. ʄᴅʩʝʣʝʥ, 
ʍתIII, ʍIʍ ᴅʩʠʨ ץʘʨʘץʘʣʧʘץ ᴅʜʝʙʠʷʪʳʥʜʘ ״ʘʷʣ ʩʫʣʳ˄-
ʣʳסʳʥ ʘ˄ʳʟ ʝʢʠ ᴅʜʝʙʠʷʪ ʫʩʳʣʳʥʜʘ ʩװ˄ʨʝʪʣʝ˄, ʘ˄ʳʟ ʝʢʠ 
ᴅʜʝʙʠʷʪץʘ ʪʠʡʠʩʣʠ ʪʝשʝ˄ ״ᴅʤ ʵʧʠʪʝʪʣʝʨʜʝʥ ʧʘʡʜʘʣʘʥʳ˄ 
ʜʘ˄ʘʤ ʝʪʪʠ. פʘʩʣʘʨʳʥ ץᴅʣʝʤʛʝ, ʝʢʠ ʙʝʪʠʥʠש ʘʣʤʘʩʳʥ ץʘʨסʘ 
ʪʘʤסʘʥ ץʘʥסʘ ʪʝשʝ˄ ʩʳʷץʣʳ. ʆʣʘʨʜʳש ʨʫʭʳʡ ʛᴇʟʟʘʣʣʳסʳ 
ʩʳʧʘʪʳʥʜʘ ᴅʜʝʧ-ʠʢʨʘʤʣʳʣʳסʳ, ץʦʥʘץ ʢװʪʠʧ ʘʙʨʦʡ ʘʣʳ˄ʳ 
ʩʳʷץʣʳ ʙʝʣʛʠʣʝʨʠ ʩʘʥʘʧ ᴇʪʠʣʜʠ. ׳ᴅʪʪʝʢʠ, çɾʠʛʠʪʪʠש 
ʘʪʳʥ ץʘʪʳʥ, ץʘʪʳʥʥʳש ʘʪʳʥ ʙʠʨ ʜᴅʩʪʝ ʦʪʳʥ ʰʳסʘʨʘʜʳè 
ʜʝʛʝʥ ʥʘץʳʣ ʜʘ ʫʩʳʥʜʘʡ ʪװʩʠʥʠʢ ʘץʳʙʝʪʠ. ɸʪʘץʣʳ 
ʄʘץʪʳʤץʫʣʳ ʜʘ çɾʠʛʠʪʪʠש ʩʦʥʳשʜʘʡ ʙʠʨ ʷʨʳ ʙʦʣʩʘ, 
 ʘʪʘʨʣʘʨʳʥץ ץʦʩʳץ ʘ ʠʩʠ ʙʦʣʤʘʩʘè ʜʝʛʝʥץʪʩʝ ʙʘʩװʢ ץʦʥʘץ
ʜᴇʨʝʪʪʠ. ɹʫʥʜʘʡ ʤʳʩʘʣʣʘʨʜʳ ʞװʜᴅ ʢᴇʧʣʝʛʝʥ ʰʘʡʳʨʣʘʨʜʳש 
ʰʳסʘʨʤʘʣʘʨʳʥʘʥ ʢʝʣʪʠʨʝ ʙʝʨʠ˄ ʤװʤʢʠʥ. 
ɹʠʨʘץ, ʍIʍ ᴅʩʠʨʜʝ ʞʘʩʘסʘʥ ᴄʞʠʥʠʷʟ ʰʘʡʳʨ ״ʘʷʣ ʛᴇʟ-

ʟʘʣʣʳסʳʥ ʞʘʨʘʪʳ˄ʜʘ ץʘʡʪʘʣʘʥʙʘʩ ʩװ˄ʨʝʪʣʝ˄ ʫʩʳʣʳʥ ʧʘʡʜʘ 
ʝʪʠʧ ʢʝʪʪʠ, ʙʫʣ ʫʩʳʣʜʳ ʠʡʝʣʝ˄ ʙʘʩץʘ ״ʝʰ ʙʠʨ ʰʘʡʳʨסʘ 
ʥʝʩʠʧ ʝʪʧʝʜʠ, ʜʝʩʝʤ ʘʩʳʨʘ ʘʡʪץʘʥ ʙʦʣʤʘʩ. ʐʘʡʳʨʜʳש 
çɹʦʟʘʪʘ˄ʣʳ ʥᴅʟʝʣʠʤè ץʦʩʳסʳ ʫʩʳʥʜʘʡ ʰʳסʘʨʤʘʣʘʨʳʥʳש 
ʙʠʨʠ. פʦʩʳץʪʘ ʩװ˄ʨʝʪʣʝʥʛʝʥ ʥᴅʟʝʣʠʤ ʪʝʢ סʘʥʘ ʞʠʛʠʪ ʢᴇʟʠ 
ʤʝʥʝʥ ץʘʨʘʧ ʦסʘʥ ʩװʡʩʠʥʠ˄, ʩװʡʠ˄ʰʠʣʠʢ ʩʝʟʠʤʣʝʨʠʥ ץʦʟ-
ʜʳʨʳʧ סʘʥʘ ץʘʣʤʘʩʪʘʥ, ץʦʩʳץץʘ ʩʠשʠʧ ʢʝʪʢʝʥ ץʘʥʜʘʡʜʫʨ 

ʪװʩʠʥʠʢʩʠʟ ץᴅʩʠʡʝʪ ʦʥʳ ʦץʳסʘʥ ״ᴅʨ ʙʠʨ ʦץʳ˄ʰʳʥʳ      
ʘʡʨʳץʰʘ ʛᴇʟʟʘʣʣʳץץʘ ʜʝʛʝʥ ʪʘשʣʘʥʳ˄ ʩʝʟʠʤʠʥʝ ʦʨʘʧ    
ʘʣʘʜʳ. פʦʩʳ6 ץ ʙᴅʥʪʪʝʥ ʠʙʘʨʘʪ, ״ᴅʨ ʙᴅʥʪʪʠש ʘץʳʨʳ     
çʙʝʟʜʠʨʝʨè ʙᴅʥʪʣʠʢ ʨʝʜʠʬʠ ʤʝʥʝʥ ʪʘʤʘʤʣʘʥʳʧ, ʦʥʳש  
ʘʣʜʳʥʜʘסʳ çʪװʥʥʝʥ, ʤʝʥʥʝʥ, ʠʥʥʝʥ, ʪᴅʥʥʝʥ, ʝʣʜʝʥ, ʜʠʥ-
ʥʝʥè ʩʳʷץʣʳ ʩᴇʟʣʝʨ ᴇʟ ʘʨʘ ʫʡץʘʩʘʜʳ. ɼʝʤʝʢ, ʰʘʡʳʨ ʥᴅʟʝ-
ʣʠʤʥʠש ʩʫʣʳ˄ʣʳסʳʥ ʩװ˄ʨʝʪʣʝ˄ ʤʝʥʝʥ ʙʠʨʛʝ ץʦʩʳץʪʳש 
ʬʦʨʤʘ ʩʫʣʳ˄ʣʳסʳʥʘ ʜʘ ʘʡʨʳץʰʘ ʠʪʠʙʘʨ ץʘʨʘʪץʘʥ. ׳ᴅʨ ʙʠʨ 
ʙᴅʥʪʪʝ װʰ ץʘʪʘʨʜʳ ʫʡץʘʩʪʳʨʳ˄ʳ, ״ᴅʨ ʙʠʨ ʙᴅʥʪʪʠש       
ʘץʳʨʳʥʜʘ ʨʝʜʠʬʣʠ ʫʡץʘʩʪʳ ʜʘ ʞʘʨʘʪʳ˄ʳ ץʦʩʳץ ʢᴇʨʢʝʤʣʠ-
ʛʠʥ ʙʘʨʳʥʰʘ ʞʦץʘʨʳʣʘʪץʘʥ. ʉʦʥʜʘʡ-ʘץ ʰʘʡʳʨ ʧʦʵʪʠʢʘ-
ʣʳץ ʩʫʣʳ˄ ʩᴇʟʣʝʨʜʠ (ʛװʣʙʠʥᴅʬʰʘ, ᴄʩʝʣʠש, ɾʫʣʜʳʟʜʳ 
ʞʘ˄ʨʘʪʳʧ, ʰʘʤʩʠ-ʢʘʤʘʨ, ʩװʞʠʢ-ʩװʞʠʢ ʪʠʣʣʝʨ, ʓʰץʳ 
ʣᴅʰʢʝʨʠʥʠש ʜᴅ״ʰᴅʪ ʩʘʨʢʘʙʳ ״.ʪ.ʙ.)  ʪʘשʣʘʧ ʘʣסʘʥ ï ʦʣʘʨ 
ʙʘʩץʘ ʰʘʡʳʨʣʘʨʜʳש ʜᴇʨʝʪʠ˄ʰʠʣʠʛʠʥʜʝ ʫʰʳʨʘʩʧʘʡʜʳ. 
ʄʘʟʤʫʥ ״ᴅʤ ʬʦʨʤʘ ʩᴅʡʢʝʩʣʠʛʠ ʜʝʧ ᴅʡʥʝ ʫʩʳʥʜʘʡ 
ʰʳסʘʨʤʘʣʘʨסʘ ʘʡʪʳʣʘʜʳ.   
ɹʦʟʘʪʘ˄ʣʳ ʛװʣʙʠʥᴅʬʰʘ ʥᴅʟʝʣʠʤ, 
ᴄʩʝʣʠ״ שᴅʨʨʝʥʠ ʛװʣʜʝʥ ʙʝʟʜʠʨʝʨ, 
ʂʠʨʧʠʢʣʝʨʠש ʩװʟʠʧ ʙʘץץʘʥ ʥᴅʟʝʨʠש, 
ɾʫʣʜʳʟʜʳ ʞʘ˄ʨʘʪʳʧ ʪװʥʥʝʥ ʙʝʟʜʠʨʝʨ. 
 ץʙʘʩʣʘʥʳ˄ʳ-ʘ שʫʩʳʣʘʡ ʙʘʩʣʘʥʘʜʳ. ʆʥʳ ץʦʩʳפ

ʦץʳ˄ʰʳʥʳש ʢʝ˄ʣʠʥʜʝ ʪʠʪʠʨʝʥʠ˄ ʧʘʡʜʘ ʝʪʝʜʠ. ɹʫʣ 
 çʄʦʥʦ שᴅ˄ʝʩʣʝʥʠ˄ ʪʠʪʠʨʝʥʠ˄ʠ. ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠʜʠ״
ʃʠʟʘè ʢʘʨʪʠʥʘʩʳʥʜʘסʳʜʘʡ ʤװʣʪʠʛʠ ʞʦץ ʩʫʣʳ˄ ʧʝʨʠʟʘʪ 
ʦץʳ˄ʰʳ ʢᴇʟ ʘʣʜʳʥʜʘ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹʫʣ ץʳʟʜʳ ʙʫʥʜʘʡ 
ʩʫʣʳ˄ ʜʝʧ ʢᴇʟ ʘʣʜʳʤʳʟסʘ ʢʝʣʪʠʨʠ˄ʠʤʠʟʛʝ ʪʠʡʢʘʨ ʙʘʨ. 
ɸʡʳʨʤʘʰʳʣʳסʳ ʄʦʥʦ ʃʠʟʘ ʙʦʷ˄ ״ᴅʤ ץʳʣ ץᴅʣʝʤʥʠװץ שʜʠ-
ʨʝʪʠʥʝʥ ʧʘʡʜʘ ʙʦʣʩʘ, ʙʦʟʘʪʘ˄ʣʳ ʥᴅʟʝʣʠʤʥʠש ʛᴇʟʟʘʣ ʢʝʣʙʝ-
ʪʠ ʢᴇʨʢʝʤ ʩᴇʟʜʠץ שʘʡʪʘʣʘʥʙʘʩ ʙʦʷ˄ʣʘʨʳ ʘʨץʘʣʳ ʧʘʡʜʘ 
ʙʦʣסʘʥ. פʳʟʜʳש ʛᴇʟʟʘʣ ʞʘʤʘʣʳʥʳש ᴅʩʝʣʠ ״ᴅʨʨʝʥʠ ʛװʣʜʝʥ 
ʙʝʟʜʠʨʩʝ, ʢʠʨʧʠʢʣʝʨʠʥ ʩװʟʠʧ ʙʘץץʘʥ ʥᴅʟʝʨʠ ʞʫʣʜʳʟʜʳ 
ʞʘ˄ʨʘʪʳʧ ʪװʥʥʝʥ ʙʝʟʜʠʨʩʝ ï ʜʝʤʝʢ, ʙʫʣ ʛᴇʟʟʘʣʣʳץʪʳ 
ʩװ˄ʨʝʪʣʝ˄ʜʠש ʰʳשʳ, ʙʫʥʥʘʥ ʢʝʡʠʥʛʠ ʙᴅʥʪʣʝʨʜʝ ץʳʟʜʳש 
ʩʫʣʳ˄ʣʳסʳʥ ʘשʣʘʪʘʪʫסʳʥ ʞᴅʥʝ ʥʝ ʪʘʙʘ ʘʣʘʨ ʝʢʝʥ ʜʝʛʝʥ 
ʦʡסʘ ʙʘʨʘʩʘש. ɹʫʣ ʙᴅʥʪʪʝ ʛᴇʟʟʘʣʣʳץ ʟʘʪʣʘʩʘʜʳ, ʦʣ ʙʠʟ   
ʙʫʨʳʥ ʢᴇʨʤʝʛʝʥ, ʙʠʣʤʝʛʝʥ ʪʠʣʩʠʤʣʠ ʛᴇʟʟʘʣʣʳץ ʜװʥʴʷʩʳʥʘ 
ʘʡʣʘʥʘʜʳ. ׳ᴅʨʨʝ, ʛװʣ, ʞʫʣʜʳʟ, ʪװʥ ʜʝʪʘʣʣʘʨʳ ʛᴇʟʟʘʣʣʳץʪʳ 
ʟʘʪʣʘʩʪʳʨʘʜʳ. ɾʦץʘʨʳʜʘ ʘʪʘʧ ᴇʪʢʝʥʠʤʠʟʜʝʡ ʞװʜᴅ ʞʦץʘʨʳ 
ʢᴇʨʢʝʤʣʠʢʪʝʛʠ ʧʦʵʪʠʢʘʣʳץ ʩᴇʟʣʝʨ ʩʫʣʳ˄ ʥᴅʟʝʣʠʤʜʠ ʞᴅʥʝ 
ʜʝ ʛᴇʟʟʘʣʣʘʥʜʳʨʘʜʳ. ʋʩʳ ʛᴇʟʟʘʣʣʳץʪʘʥ ʰʘʡʳʨʜʳש ᴇʟʠ ʜʝ 
ᴇʟʛʝʰʝ ʜװʥʴʷסʘ ʙᴇʣʝʥʠʧ ץʘʣʘʜʳ ״ᴅʤ ᴇʟʠʥʠש ʨʫʭ˄ʳʡ    
 :ʘʣʘʪʳʥ ʪᴇʤʝʥʜʝʛʠʰʝ ʩᴅ˄ʣʝʣʝʥʜʠʨʝʜʠ״
ɾʘʤʘʣʳʥ ʙʠʨ ʢᴇʨʠʧ ʢʝʪʪʠʤ ʜʠʤʘʨʜʘʥ, 
ʁʫʟʠʤʥʠ װʛʠʨʜʠʤ ʰʘʤʩʠ-ʢʘʤʘʨʜʘʥ, 
ᴆʟʠʤʜʠ ʙʝʟʜʠʨʠʧ ʩʘʙʳʨ-ץʘʨʘʨʜʘʥ, 
ʉʘʙʳʨʳ˄-ץʘʨʘʨʳʤʜʳ ʤʝʥʥʝʥ ʙʝʟʜʠʨʝʨ. 
ʐʳʥʳʥʜʘ ʜʘ ʙʫʣ ʛᴇʟʟʘʣʣʳץʪʳש ʘʣʜʳʥʜʘ ʩʘʙʳʨ-ʪʘץʘʪ, 

ʙʠʡʧʘʨ˄ʘʣʳץ ʩʝʟʠʤʣʝʨʠ ʰʳʜʘʤ ʙʝʨʝ ʘʣʤʘʡʜʳ. ʆʥʳ 
ʰʘʡʳʨʜʳש ᴇʟʠ ʜʝ ʘשʣʘʡʜʳ, ʦʥʳש ʩʦʣ ˄ʘץʳʪʣʘʨʜʘסʳ 
ʨʫ˄ʭʳʡ ʢʝʰʠʨʤʝʣʝʨʠ ʰʝʙʝʨ ʙʝʨʠʣʝʜʠ. ʐʘʡʳʨ ᴇʟʠ 
ʩװ˄ʨʝʪʣʝʛʝʥ ʩʫʣʳ˄ʣʳץ ʘʣʜʳʥʜʘ ʝʨʢʠʥ ʪʘʧʩʳʨʘʜʳ, ʝʨʢʠ 
ʰʘʡʳʨʜʳ ʪᴅʨʢ ʝʪʝʜʠ. ɹʫʣ ʙʠʨ ץʘʨʘסʘʥʜʘ ʪװʩʠʥʠʣʝʪʫסʳʥ 
ʞʝשʠʣ-ʞʝʣʧʠ ״ᴅ˄ʝʩʣʝʥʠ˄, ʞʝשʠʣʪʝʢʣʠʢ ʝʤʝʩ, ʘʣ ʛᴇʟʟʘʣʣʳץ 
ʜװʥʴʷʩʳʥʳש ʩʦʥʰʝʣʣʠ װץʜʠʨʝʪʣʠʣʠʛʠʥ ʢᴇʨʩʝʪʠʧ ʙʝʨʠ˄. 
ʉʦʥʜʘʡ-ʘץ ʙʫʣ ʢᴇʨʢʝʤ ʦʙʨʘʟ ʞʘʩʘ˄ ʰʘʨʘʷʪʳʥʜʘסʳ ʰʘʡʳʨ-
ʣʳ״ ץʘʣʘʪ. ᴆʡʪʢʝʥʠ, ʰʘʡʳʨ ʰʘʡʳʨʣʳ״ ץʘʣʘʪץʘ ʢʠʨʛʝʥ 
˄ʘץʳʪʣʘʨʳ ᴇʟʠʥʠש ʢװʥʜʝʣʠʢʣʠ ʠʥʩʘʥʣʳץ ʜᴅʨʝʞʝʩʠʥʝʥ 
ʰʳסʳʧ ʢʝʪʝʜʠ. ᴆʟʠʥʠש ʞʘʨʘʪץʘʥ ʦʙʨʘʟʣʘʨʳ ʤʝʥʝʥ ʙʠʨʛʝ 
ʞװʨʝʜʠ,  ʩᴅ˄ʙʝʪʣʝʩʝʜʠ, ʦʣʘʨʜʳש ʵʤʦʮʠʷʩʳʥ ʙᴇʣʠʩʝʜʠ. 
ᴄʩʠʨʝʩʝ, ʢᴇʨʢʝʤ ᴇʥʝʨʜʝ, ʩʦʥʳש ʠʰʠʥʜʝ ᴅʜʝʙʠʷʪʪʘ ʞʘʨʘ-
ʪʳʣʘʪʫסʳʥ ʛᴇʟʟʘʣʣʳץ, ʙʘʪʳʨʣʳץ ʩʳʷץʣʳ ʵʩʪʝʪʠʢʘʣʳץ ʢʘ-
ʪʝʛʦʨʠʷʣʘʨ ʘʣʜʳʥʜʘ ʦʥʳ ʞʘʨʘʪʳ˄ʰʳʥʳש ᴇʟʠ ʜʝ ᴅʟʟʠʣʠʢ 
ʝʪʝʜʠ, ʦʣ ᴅʧʠ˄ʘʡʳ ʘʜʘʤ ʙʦʣʳʧ ʧʠʢʠʨʣʝ˄ʜʝʥ ʪʦץʪʘʡʜʳ. ɹʫʣ 
        ʳʥʜʘ ʠʩʧʘʥʠʷʣʳ ʬʠʣʦʩʦʬ, ʧʫʙʣʠʮʠʩʪ, ʵʩʩʝʠʩʪץץʘ״
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ʆʨʪʝʛʘ-ʡ-ɻʘʩʩʝʪ: çéɽʥʜʠ ʘʜʘʤʣʘʨ ᴇʤʠʨ ʙʠʨ ʥᴅʨʩʝ, ʧʦʵ-
ʟʠʷ ʙʦʣʩʘ, ʧװʪʢʠʣʣʝʡ ʙʘʩץʘ ʥᴅʨʩʝ ʝʢʝʥʠʥ ʙʠʣʠʧ ʘʪʳʨ, 
ʙʠʣʤʝʩʝ ʜʝ ʩʝʟʠʧ ʘʪʳʨ. ɹʫʣ ʝʢʠ ʥᴅʨʩʝʥʠ ʙʠʨ-ʙʠʨʠʥʝ 
ʘʨʘʣʘʩʪʳʨʤʘסʘʥ ʤʘץʫʣ. ᴄʡʥʝ, ʘʜʘʤ ʪʘ˄ʩʳʣסʘʥ ʞʝʨʜʝʥ 
ʰʘʡʳʨ ʙʘʩʣʘʥʘʜʳéè ʜʝʧ ʘʡʪץʘʥ ʝʜʠ. ᴄʞʠʥʠʷʟ 
ʰʘʡʳʨʜʳש ʜʘ ץʦʩʳסʳʥʜʘסʳ ʞʦץʘʨʳʜʘסʳ ץʘʪʘʨʣʘʨʜʳ ʫʩʳ-
ʣʘʡ ʪװʩʠʥʠ˄ ʢʝʨʝʢʪʝʡ. 
çʐʘʤʩʠ-ʢʘʤʘʨè ʤᴅʨʪʣʠʢʪʠש, ʙʘʪʳʨʣʳץʪʳש ʥʳʰʘʥʳ 

ʙʦʣʳ˄ʳ ʤװʤʢʠʥ, ʙʠʨʘץ ʛᴇʟʟʘʣʣʳץʪʳש ʘʣʜʳʥʜʘ ʦʣ ʜʘ ᴅʟʟʠ. 
ʆʣ ʜʘ ʜʳץץʘʪʪʳ ʪʘʨʪʘ ʘʣʤʘʡʜʳ. ʉʦʥʳש ʫʰʳʥ ʜʘ ʦʣ ʦʥʥʘʥ 
ʞװʟ װʛʠʨʝʜʠ. פʘʪʘʨʣʘʨʜʳש ʢᴇʨʢʝʤ ʣʦʛʠʢʘסʘ ʙʘסʳʥʳ˄ʳ, 
ʦʣʘʨʜʳ״ שᴅʨ ʙʠʨʠ ᴇʟʠʥʝʥ ʘʣʜʳסשʳ ץʘʪʘʨʜʘ ʘʡʪʳʣסʘʥ ʧʠ-
ʢʠʨʜʠ ʜʘ˄ʘʤ ʝʪʪʠʨʠ˄ʠ ʙᴅʥʪʣʝʨʜʠש ʠʰʢʠ ʙʠʨʣʠʛʠʥ ʪᴅʤʠʡ-
ʠʥʣʝʡʜʠ. ɼʝʤʝʢ, ʣʠʨʠʢʘʣʳץ ץʘ״ʘʨʤʘʥʥʳש ʩʘʙʳʨ-ץʘʨʘʨʜʘʥ, 
ʩʘʙʳʨ-ץʘʨʘʨʜʳש ʣʠʨʠʢʘʣʳץ ץʘ״ʘʨʤʘʥʥʘʥ ʙʝʟʠ˄ʠ ᴇʟʠʥʝʥ 
ʙʫʨʳʥסʳ ץʘʪʘʨʣʘʨ ״ᴅʤ ʙᴅʥʪʣʝʨʜʝ ʠʩʝʥʠʤʣʠ ʪʠʡʢʘʨ       
ʞʘʨʘʪץʘʥ. ʐʘʡʳʨ ʙʫʣ ʥᴅʟʝʣʠʤʥʠש ʩʦʥʰʝʣʣʠ ʩʫʣʳ˄      
ʝʢʝʥʠʥʝ ʠʩʝʥʜʠʨʠ˄ ʫʰʳʥ ʞᴅʥʝ ʜʝ ʞʦʣ ʠʟʣʝʡʜʠ. 
 ,שʳʧʰʘ ʙʝʣʣʝʨʠץ-ʳʧʰʘץ ʘʜʝʢץʫʤʳʨʳʩפ
ɹʘʨʤʘץ ʪʦʣʳ ʡװʟװʢ-ʡװʟװʢ ᴅʣʣʝʨʠש, 
ᴄʩʝʣ ץʘʪץʘʥ ʩװʞʠʢ-ʩװʞʠʢ ʪʠʣʣʝʨʠש, 
ɾʳʣʘʥʜʳ ʞʳʣʞʳʪʳʧ ʠʥʥʝʥ ʙʝʟʜʠʨʝʨ. 
ɹʫʣ ʙᴅʥʪʪʠש ʜᴅʩʣʝʧʢʠ ʝʢʠ ץʘʪʘʨʳʥʜʘ ץʳʟʣʘʨʜʳש ʩʪʘʪʠ-

ʢʘʣʳץ ʧʦʨʪʨʝʪʠ ï ʦʣʘʨʜʳש ʩʳʨʪץʳ ʧʠʰʠʤʠ, ʪʘסʳʥʰʘץ-
ʣʘʨʳ ʩװ˄ʨʝʪʣʝʥʝʜʠ. ʇʦʨʪʨʝʪ ʩʫʣʳ˄ ʰʳסʳ˄ʳ ʫʰʳʥ ʩᴇʟ 
ʦʡʳʥʣʘʨʳʥʘʥ, ʦʣʘʨʜʳ ʢʦʤʙʠʥʘʮʠʷʣʘ˄ʜʘʥ ʫʪʳʤʣʳ ʧʘʡʜʘ-
ʣʘʥסʘʥ. çפʳʧʰʘ-ץʳʧʰʘ, ʡװʟװʢ-ʡװʟװʢ, ʩװʞʠʢ-ʩװʞʠʢè 
  ,שʘʩʣʘʨ (ʙʝʣʣʝʨʠץʘʨʳʩʳʧ ʢʝʪʢʝʥ ʫʡץ ʦʩʘʨʣʳ ʩᴇʟʣʝʨʠץ
ᴅʣʣʝʨʠש, ʪʠʣʣʝʨʠש) ʤʝʥʝʥ ʙʠʨʠʛʠʧ, ץʦʩʳץ ʢᴇʨʢʝʤʣʠʛʠʥ 
ʪᴅʤʠʡʠʥʣʝʛʝʥ. ɹʫʥʜʘʡ ʝʪʠʧ ʩװ˄ʨʝʪʣʝ˄ ʩʦʣ ʜᴅ˄ʠʨʜʝʛʠ ʙʘʩץʘ 
ʰʘʡʳʨʣʘʨʜʘ ʜʘ ʛʝʟʣʝʩʝʜʠ. ɹʠʨʘץ ʙᴅʥʪʪʠש ʩʦסשʳ ʝʢʠ ץʘʪʘ-
ʨʳ ʦʙʨʘʟʣʳʣʳץʪʳ ʞᴅʥʝ ʜʝ ʢװʰʝʡʪʠʧ ʞʠʙʝʨʝʜʠ. ɹʫʣ ʝʢʠ 
-ʘʥ. ʐʘʡʳʨ ʛᴇʟʟʘʣסʫʨʳʣץ ʘ ʧʠʢʠʨʛʝשʘ ʩᴇʟ, ʞʘשʘʪʘʨ ʞʘץ
ʣʳץʪʳ ʙʘʩץʘʰʘ ʢᴇʨʝ ʘʣʘʪʫסʳʥʳʥ ʢᴇʨʩʝʪʠʧ ʙʝʨʠ˄ʠʥ ʜʘ˄ʘʤ 
ʝʪʝʜʠ. ɹʫʣ ʥᴅʟʝʣʠʤ ʭʫʩʥʠ ʞʘʤʘʣʳ ʙʦʡʳʥʰʘ סʘʥʘ ʩʫʣʳ˄ 
ʝʤʝʩ, ʦʥʳש ʤᴅʤʣʝʩʠ, ʤװʥᴅʩʠʙʝʪʠ ʜʝ ʩʫʣʳ˄. ɹʫסʘʥ ʞʳʣʘʥ-
ʥʳש ʞʳʣʞʳʧ ʠʥʥʝʥ ʙʝʟʠ˄ ʪᴅʨʠʧʠ ʞװʜᴅ ʤʘʩ ʪװʩʢʝʥ. ɾʳʣʘʥ 
ʝש ʟᴅ״ᴅʨʣʠ ʞʘʥʟʘʪ ʙʦʣסʘʥʳ ʤʝʥʝʥ ʩʫʣʳ˄ ʤװʥᴅʩʠʙʝʪ, ץʘʪʥʘʩ 
ʦʥʳ ʜʘ ʞʫ˄ʘʩʳʪʘʜʳ (ʞʫ˄ʘʩʳʧ ʠʥʥʝʥ ʙʝʟʠ˄ʠ). ʃʠʨʠʢʘʣʳץ 
 ʤᴅʟʠ ʰʘʡʜʘʩʳ ʝʤʝʩ, ʫʩʳʥʜʘʡ שʪʳץʘʨʤʘʥ ʪʝʢ ʩʫʣʳ˄ʣʳ״ʘץ
ʪʠʣ ʞʝʪʧʝʩ ʥᴅʟʝʣʠʤʛʝ ʘʰʳץ ʙʦʣʤʘ˄ ʤװʤʢʠʥ ʝʤʝʩ ʝʢʝʥʠʥ 
ʢʝʡʠʥʛʠ ʙᴅʥʪ ʘʨץʘʣʳ ʘשʣʘʪʘʜʳ. 
ʌᴅʣʝʢʥʠש ʦʡʳʥʳ ï ɾʘʡ״ʫʥ ʛʠʨʜʘʙʳ, 
ɹʠʨ ʪᴅʙᴅʩʩʠʤ ʝʪʩʝש ʢᴇשʣʠʤʥʠש ʪʘʙʳ, 
ʓʰץʳ ʣᴅʰʢʝʨʠʥʠש ʜᴅ״ʰᴅʪ ʩʘʨʢʘʙʳ, 
ɹʫʣ ʘʤʘʥʘʪ ʞʘʥʜʳ ʪᴅʥʥʝʥ ʙʝʟʜʠʨʝʨ. 
ɹʫʣ ʙᴅʥʪʪʝ ʳʰץʳ-ʤʫ״ʘʙʙʘʪ ʩʝʟʠʤʣʝʨʠ ʩʦʥʰʝʣʣʠ 

ʞʦץʘʨʳ ʥʦʪʘʜʘ ʙʝʨʠʣʝʜʠ, ʦʥʳש ʠʥʩʘʥ ʪᴅסʜʠʨʠʥʜʝʛʠ ʦʨʥʳ 
ʙᴅʣʝʥʪ ʝʢʝʥʠʥ ʘשʣʘʡʩʘש. ʊᴅסʜʠʨʜʠש ʦʡʳʥʳ ʝץ שᴅ˄ʠʧʣʠ 
ʪᴅʙʠʡסʳʡ ʘʧʘʪʪʘʥ ʜʘ (ɾʘʡ״ʫʥ ʛʠʨʜʘʙʳ) ץᴅ˄ʠʧʣʠ. ɸʣ ʦʥʳש 
ʢװʣʠʧ ʙʘסʳ˄ʳ ʠʥʩʘʥ ᴇʤʠʨʠʥ ʙʘסʳ-ʙʦʩʪʘʥʣʳץץʘ ʘʡʣʘʥʜʳ-
ʨʘʜʳ. ʄʠʥʝ, ʫʩʳ ʙʠʨ-ʙʠʨʠʥʝ ʫʩʘʤʘסʘʥ ץʘʨʘʤʘ-ץʘʨʩʳʣʳ 
ʜװʥʴʷ ʞʘʨʣʳסʳʥ ʘʪʣʘʧ ᴇʪʠ˄ʛʝ ʪʝʢ ʧᴅʢ ʤʫ״ʘʙʙʘʪ, ״ʘץʳʡץʳʡ 
ʳʰץʳ ʤᴅʜʝʪ ʙʝʨʝ ʘʣʘʜʳ. ɹʫʥʜʘʡ ʳʰץʳ-ʤʫ״ʘʙʙʘʪʪʳש ʠʡʝ-
ʩʠ ʰʘʡʳʨ ʩᴅ˄ʣʝʣʝʥʜʠʨʛʝʥ ɹʦʟʘʪʘ˄ʣʳ ʥᴅʟʝʣʠʤ. ʋʩʳʥʜʘʡ 
ʳʰץʳ ʞʦʣʳʥʜʘ ᴇʟʠʥ ץʫʨʙʘʥ ʝʪʠ˄ ʐʳסʳʩ ʢʣʘʩʩʠʢ ᴅʜʝʙʠʷ-
ʪʳʥʜʘ ʙʫʨʳʥʥʘʥ ʙʘʨ ʞʦʣ. ʌʘʨʭʘʜ-ʐʠʡʨʠʥ, ʖʩʫʧ-
ɿʫʣʘʡʭʘ, ʊʘʭʠʨ-ɿʫʭʨʘ, נᴅʨʠʧ-ʐʘʭʩʘʥʝʤ ״ʘץץʳʥʜʘ 
ʰʳסʘʨʤʘʣʘʨ ʙʫʥʳש ʜᴅʣʠʣʠ. ɹʠʨʘץ, ʞʦץʘʨʳʜʘ ʘʪʘʧ ᴇʪʢʝʥ 
ʘʰʳץʣʘʨʜʳש ʘʰʳץʣʳץ ʞʦʣʳ ʵʧʠʢʘʣʳץ ʫʩʳʣ ʘʨץʘʣʳ ʘʰʳʧ 
ʙʝʨʠʣʠʧ, ʦʣʘʨʜʳ ʘʰʳץʣʳץ ʞʦʣʳʥʜʘ ʘ˄ʳʨ ʩʳʥʘ˄ʣʘʨʜʘʥ 
ᴇʪʠ˄ ʪᴅʞʠʨʠʡʙʝʩʠ ץʦʣʣʘʥʳʣסʘʥ ʙʦʣʩʘ, ᴄʞʠʥʠʷʟʜʳש 
 ʳץʘʨʘʨʳʥʘ ʳʰץʳ˄-ʙʠʡסʘʰʳ שᴇʟʠʥʠ ץʳ ʘʰʳסʳʥʜʘסʦʩʳץ
ʩʝʟʠʤʣʝʨʠʥ ʙʠʣʜʠʨʠ˄ ʤʝʥʝʥ ʰʝʢʣʝʥʝʜʠ. ɹʫʣ ʞʫ˄ʘʧʩʳʟ 
ʤʫ״ʘʙʙʘʪ ʤʦʪʠʚʠ ʩʳʷץʣʳ ʢᴇʨʠʥʛʝʥʠ ʤʝʥʝʥ ״ʘץʳʡץʳʡ 
ʤʫ״ʘʙʙʘʪʪʳש ʧᴅʢ ʩʝʟʠʤʣʝʨʠ ʘʰʳʧ ʙʝʨʠʣʝʜʠ: çʓʰץʳ 
ʣᴅʰʢʝʨʠʥʠש ʜᴅ״ʰᴅʪ ʩʘʨʢʘʙʳ, ɹʫʣ ʘʤʘʥʘʪ ʞʘʥʜʳ 
ʪᴅʥʥʝʥ ʙʝʟʜʠʨʝʨ.è ʄʫ״ʘʙʙʘʪץʘ ʪʠʡʠʩʣʠ ʙʦʣסʘʥ ʧʠʥ״ʘʤʳ-
ʣʳץ ʧʘ, ʦʥʳש ʘʟʘʧʣʳ ʞʦʣʳʥ ʙʘʩʳʧ ᴇʪʠ˄ ʫʰʳʥ ʟᴅʨװʨ 
ʙʦʣסʘʥ ץᴅʪʠʷʪʣʳʣʳץ ʧʘ, ʤᴅʨʪʣʠʢ ʧʝ ï ʫʩʳ ʝʢʠ ץʘʪʘʨסʘ 
ʞᴅʤʣʝʥʛʝʥ. ɼʝʤʝʢ, ʙʠʨ ʙʠʨʠʥ ʩװʡʝ ʘʣʘʪʫסʳʥ ʞװʨʝʢʣʝʨʜʠ 
ʩװʨ˄ʝʪʣʝ˄ ʫʰʳʥ װʣʢʝʥ ʵʧʠʢʘʣʳץ ʰʳסʘʨʤʘ ʜᴇʨʝʪʠ˄ ʟᴅʨװʨ 

ʝʤʝʩ ʝʢʝʥʠʥ ᴄʞʠʥʠʷʟʰʘ ʜᴅʣʠʣʣʝ˄ ʰʳʥʳʥʜʘ ʜʘ ״ʝʰ ʙʠʨ 
ʰʘʡʳʨסʘ ʥʝʩʠʧ ʝʪʧʝʜʠ. 
ɹʫʥʥʘʥ ʢʝʡʠʥʛʠ ʙᴅʥʪʪʝʛʠ çɽʢʢʠ ץʘʨʘ ʢᴇʟʠש ʝʢʢʠ 

ʙᴅʣʝʜʝʢ,è ץʘʪʘʨʳ ʙʠʨ ץʘʥʰʘ ʪʘʨʪʳʩʣʘʨסʘ ʩʝʙʝʧʰʠ ʙʦʣʜʳ. 
ɽʢʢʠ ʙᴅʣʝʜʝʢ ʩᴇʟʠʥ ʪʫ˄ʨʘ ʤᴅʥʠʩʠʥʜʝ ʪװʩʠʥʠ˄ʰʠʣʝʨ ʦʥʳ 
ʪʫʨʧʘʡʳ ʩᴇʟ, ʦʣ ᴄʞʠʥʠʷʟʜʳש ʩᴇʟʠ ʝʤʝʩ ʜʝʛʝʥʣʝʨ ʜʝ ʫʰʳ-
ʨʘʩʪʳ. ʅʝʛʠʟʠʥʜʝ ʦʣ ʪᴅʨʠʧʪʠש ʩʫʣʳ˄ʣʳסʳʥ ʪᴅʤʠʡʠʥʣʝ˄ʰʠ 
ʜᴇʨʝʪʠ˄ʰʠʣʠʢ ʧʝʥʝʥ ʪʘʙʳʣסʘʥ ʪʝשʝ˄. ɹʠʨʠʥʰʠʜʝʥ, çʙᴅʣʝè 
ʩᴇʟʠ ץʘʨʘץʘʣʧʘץ ʪʠʣʠʥʜʝ ʙʘʨʣʳץ ˄ʘץʳʪʪʘ ʫʥʘʤʩʳʟ 
ʤʘʟʤʫʥʜʘ ץʦʣʣʘʥʳʣʤʘʡʜʳ, ʦʣ ʝʧʰʠʣ, ʰʘץץʘʥ ʜʝʛʝʥ 
ʤʘʟʤʫʥʜʳ ʜʘ ʙʝʨʝʜʠ. ɽʢʠʥʰʠʜʝʥ, ʦʥʳ ʪʫ˄ʨʘ ʤᴅʥʠʜʝ 
ʪװʩʠʥʛʝʥʜʝ ʜʝ ʦʣ ʢʝ˄ʠʣʛʝ סʫʣ-סʫʣʘ ʩʘʣʳ˄ʰʳ, ʩʝʥʠ ʙʠʡʣʝʧ 
ʘʣʳ˄ʰʳ ʜʝʛʝʥ ʦʙʨʘʟʣʳ ʧʠʢʠʨʜʠ ʘשʣʘʪʳʧ ʪʫʨ. תʰʠʥʰʠ-
ʜʝʥ, ʦʣ ʨʝש ʤᴅʥʠʜʝ ʪװʩʠʥʠʣʛʝʥʜʝ ץʘʧ-ץʘʨʘ ʢᴇʟ ʩʫʣʳ˄ ץʳʟ-
ʣʘʨסʘ ʘʡʨʳץʰʘ ʩʫʣʳ˄ʣʳץ ʙʘסʳʰʣʘʡʪʫסʳʥ ʨʝש.             
ʉʦʥʣʳץʪʘʥʜʘ ʙʠʟʜʝ ץʳʟʣʘʨʜʳש ʢᴇʟʣʝʨʠʥʠץ שʘʨʘ ʝʢʝʥʠʥ 
ʩʫʣʳ˄ʣʳץʪʳש ʙʝʣʛʠʩʠ ʩʳʧʘʪʳʥʜʘ ʩװ˄ʨʝʪʣʝʡʜʠ. 
ʇʠʩʪʝ ʙʫʨʳʥʳשʜʘ ʪʠʣʣʘ ᴅʨʝʙʝʢ, 
ɽʢʢʠ ץʘʨʘ ʢᴇʟʠש ʝʢʢʠ ʙᴅʣʝʜʝʢ, 
ʋʨʛʝʥʠʰ ʡʫʨʪʳʥʜʘ ʙʝʛʠʤ ʊᴇʨʝʙʝʢ, 
ʊʘʭʪʳʥʘʥ ʪʘʡʜʳʨʳʧ ʝʣʜʝʥ ʙʝʟʜʠʨʝʨ. 
ɹᴅʥʪʪʝ ʩʫʣʳ˄ ץʳʟʜʳש ʧʦʨʪʨʝʪʠ ʜᴅʩʪװʨʠʡ ʫʩʳʣʜʘ 

ʩװ˄ʨʝʪʣʝʥʝʜʠ. ʋʩʳ ʞʝʨʜʝ ʰʘʡʳʨ ʊᴇʨʝʙʝʢ ʭʘʥʫʤʜʳ ʪʠʣʛʝ 
ʘʣʘʜʳ. ɶʘץʪʳʥʜʘ ʪʘʭʪ ʠʡʝʩʠ ʙʦʣסʘʥ ʊᴇʨʝʙʝʢ ʭʘʥʫʤ ʙʘʨʣʳץ 
 ʘʷʣ. ɸʣ״ ʳʥ ʤᴅʨʪʝʙʝʛʝ ʝʨʠʩʢʝʥסʳʟʣʘʨ ᴅʨʤʘʥ ʝʪʝʪʫץ-ʘʷʣ״
ʰʘʡʳʨ ʪᴅʨʠʧʣʝʛʝʥʠʥʜʝʡ ʙʦʟʘʪʘ˄ʣʳ ʥᴅʟʝʣʠʤʥʠש            
ʩʫʣʳ˄ʣʳסʳ ʘʣʜʳʥʜʘ ״ᴅʪʪʝʢʠ, ʦʥʳש ʜʘ ʪʘʭʪʳʥʘʥ ʙʝʟʠʧ  
ʢʝʪʠ˄ʠ ʤװʤʢʠʥʣʠʛʠ ʙʫʣ ʛᴇʟʟʘʣʜʳ ʞᴅʥʝ ʜʝ ʙʠʡʠʢ ʰʳסשʘ 
ʘʣʳʧ ʰʳסʘʜʳ. ʉʘʣʳʩʪʳʨʘ ʩװ˄ʨʝʪʣʝ˄ ï ʧʘʨʘʣʣʝʣʠʟʤ     
ʫʩʳʣʳʥʜʘ ʩװ˄ʨʝʪʣʝ˄ ץʦʩʳץʪʘ ץʦʣ ʢʝʣʛʝʥ. 
 ʘʥʜʘʡפ .ʘʥץץʰʣʠ ʰʳװʜᴅ ʢװʳ ʙᴅʥʪʠ ʞסʳʨץʘ שʪʳץʦʩʳפ

ʣʠʨʠʢʘʣʳץ ʰʳסʘʨʤʘ ʙʦʣʤʘʩʳʥ, ʦʥʳש ʢᴇʨʢʝʤʣʠʛʠ ʞʘשʘ 
ʧʦʵʪʠʢʘʣʳץ ʠʙʘʨʘʣʘʨ, ʞʘשʘ ʦʙʨʘʟʣʘʨ ʞʘʨʘʪʳʣʳ˄ʳ ʤʝʥʝʥ 
ᴇʣʰʝʥʝʜʠ. ʋʩʳ ʢᴇʟץʘʨʘʩʪʘʥ ʘʣʳʧ ץʘʨʘסʘʥʜʘ ץʦʩʳץ ʪʝʢ ᴇʟ 
ʜᴅ˄ʠʨʠ ʫʰʳʥ סʘʥʘ ʝʤʝʩ, ״ᴅʤʤʝ ʜᴅ˄ʠʨʣʝʨ ʫʰʳʥ ʜʘ ʞʘשʘ 
 ʣʠʤ ʩᴅʜʝʙʠʥʠ ʙʠʨ-ʙʠʨ ʷʟʜʳʨʳʧ,èשʳʨʘʥ. çʂᴇץ˄ᴅʤ ʥᴅ״
 שʘ ʩᴇʟ ï ʰʘʡʳʨʜʳשᴅʤ ʞʘ״ ʘ ʦʙʨʘʟשʘʪʘʨʳ ʩʦʥʰʝʣʣʠ ʞʘץ
ᴇʟʠ ʪᴅʨʝʧʠʥʝʥ ʘʡʪʳʣסʘʥ çɹʫʣ ʜװʥʴʷʥʳש ʢᴇʨʢʠ ʘʜʘʤ ʙʘ-
ʣʘʩʳ,è ʜʝʛʝʥ ץʘʪʘʨ ʩʳʷץʣʳ ᴅʜʝʙʠʷʪʪʳץ שʘʡʪʘʣʘʥʙʘʩ ʦʙ-
ʨʘʟʣʳ ʧʠʢʠʨʠ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʠ. ʂʝ˄ʠʣ ʠʥʩʘʥʥʳש ʠʰʢʠ 
ʜװʥʴʷʩʳ, ʢᴇʟץʘʨʘʩʳ. ʆʥʳ ʠʥʩʘʥʥʳש ʨʫʭ˄ʠʷʪʳ ʜʝʧ ʪװʩʠʥʠ˄ 
ʤװʤʢʠʥ. ᴄʥʝ ʫʩʳ ʨʫʭ˄ʠʷʪץʘ çʢʠʡʠʤ ʢʠʡʜʠʨʠʧè ʦʥʳש 
ʩᴅʜʝʧʣʝʨʠʥ ʞʘʟʜʳʨʘ ʘʣʳ˄ ʰʳʥʳʥʜʘ ʜʘ װʣʢʝʥ ʰʘʡʳʨʣʳץ. 
ᴄʞʠʥʠʷʟʜʳש ʰʘʡʳʨʣʳץ ʢᴇʟʠ ʨʝʥʪʛʝʥ ʥʫʨʣʘʨʳ ʩʳʷץʣʳ 
 ʰʠʥʝ ʠʡʝװᴅʣʝʛʝʥ ʜʝʥʝʥʠ ʪʝʩʠʧ ᴇʪʠʧ, ʦʥʳ ʪʝʢʩʝʨʝ ʘʣʳ˄ ʢץ
ʝʢʝʥʠʥ ʢᴇʨʠ˄ ʤװʤʢʠʥ. ɹʫʣ ץʘʪʘʨ ʙʠʟ ʞʦץʘʨʳʜʘ ʢᴇʨʠʧ 
ᴇʪʢʝʥ ʦʙʨʘʟʣʳ, ʢᴇʨʢʝʤ ʩװ˄ʨʝʪʣʝ˄ʣʝʨ ʤʝʥʝʥ ʙʠʨʛʝ 
 .ʦʩʳʧ ʪʫʨʘ ʙʝʨʝʜʠץ ʢᴇʨʢʠʥʝ ʢᴇʨʠʢ שʪʳץʦʩʳץ
ʂᴇשʣʠʤ ʩᴅʜʝʙʠʥʠ ʙʠʨ-ʙʠʨ ʷʟʜʳʨʳʧ, 
 ,ʦʟʜʳʨʳʧץ ʘʡʪʘ ʙʘʩʪʘʥ ʛᴇʥʝ ʜᴅʨʪʠʤפ
ʂᴅʧʠʨ ʢᴇʟʠש ʤʫʩʫʣʤʘʥʜʳ ʘʟסʳʨʳʧ, 
ɹʠʡʰʘʨʘ ɿʠʡ˄ʘʨʜʳ ʜʠʥʥʝʥ ʙʝʟʜʠʨʝʨ. 
ɹʫʣ ʙᴅʥʪʪʝ ʰʳʥʳʥʜʘ ʜʘ ᴅʜʝʪʪʝʛʠʜʝʥ ʪʳʩ ʧʠʢʠʨ         

ʘʡʪʳʣסʘʥ. çʂᴅʧʠʨ ʢᴇʟʠש ʤʫʩʫʣʤʘʥʜʳ ʘʟסʳʨʳʧ,      
ɹʠʡʰʘʨʘ ɿʠʡ˄ʘʨʜʳ ʜʠʥʥʝʥ ʙʝʟʜʠʨʝʨ.è ɹʫʣ ץʘʪʘʨʣʘʨʜʳ 
ʪʫ˄ʨʘ ʤᴅʥʠʩʠʥʜʝ ʪװʩʠʥʩʝʢ, ʦʥʳ ʘʭʫʥ ᴄʞʠʥʠʷʟ ʞʘʟסʘʥʳʥʘ 
ʠʩʝʥʛʠש ʢʝʣʤʝʡʜʠ. ɹʠʨʘץ, ʦʙʨʘʟʣʳʣʳץ ʢᴇʟץʘʨʘʩʳʥʘʥ ʘʣʳʧ 
 .ʨʠʪʠ˄ʛʝ ʙʦʣʘʜʳװʳʥʜʘ ʧʠʢʠʨ ʞץץʘ״ ʦʣ ,ץʳʥ ʙʦʣʩʘסʘʨʘʡʪʫץ
ʂᴇʟ ʠʥʩʘʥʥʳש ʠʰʢʠ ᴅʣʝʤʠʥ ʘשʣʘʪʳ˄ʰʳ ʤװʰʝʩʠ. ʉʦʥʜʘʡ-
ʘץ, ʦʣ ᴇʟʠ ʥᴅʟʝʨ ʪʠʢʢʝʥ çץʘʨʩʳʣʘʩʳʥè ʪʝש ʩʘʣʤʘץʣʳץʪʘʥ 
ʘʡʳʨʳʧ, ʧʠʢʠʨʠ-ʟʠʢʠʨʠʥ ʙʠʡʣʝʧ ʘʣʳ˄ çʢװʰʠʥʝè ʜʝ ʠʡʝ. 
ʉʦʥʳש ʫʰʳʥ ʜʘ ᴄʞʠʥʠʷʟ çʢᴅʧʠʨ ʢᴇʟʠשè ʜʝʧ ʘʪʘʡʜʳ. 
ɹʫʥʜʘʡ ʘʪʘ˄ ʙʠʟ ʞʦץʘʨʳʜʘ ʢᴇʨʠʧ ᴇʪʢʝʥ çɽʢʢʠ ץʘʨʘ ʢᴇʟʠש 
ʝʢʢʠ ʙᴅʣʝʜʝʢ,è ʜʝʛʝʥ ʦʙʨʘʟʣʳ ʧʠʢʠʨʣʝ˄ʜʠש ʜʘ˄ʘʤʳ.    
ʃʠʨʠʢʘʣʳץ ץʘ״ʘʨʤʘʥʥʳש çᴇשʤʝʥʠʥʝʥ ʪʝʩʠʧ ᴇʪʠʧ ץᴅʣʙʠʥʝ 
ʦץ ʙʦʣʳʧ ץʘʜʘʣסʘʥ çʙʫʣ ʢᴇʟʣʝʨè ɿʠʡ˄ʘʨʜʳ çʜʠʥʥʝʥ      
ʙʝʟʜʠʨʠ˄ʠè ʢᴇʨʢʝʤ ״ʘץʳʡץʘʪʣʳץ ʢᴇʟץʘʨʘʩʳʥʘʥ ʠʩʝʥʠʤʣʠ 
ʰʳץץʘʥ. 
ʋʣʳ˄ʤʘʣʘʩʪʳʨʳʧ ʘʡʪʘʪʫסʳʥ ʙʦʣʩʘץ, ᴄʞʠʥʠʷʟʜʳש  

çɹʦʟʘʪʘ˄ʣʳ ʥᴅʟʝʣʠʤè ץʦʩʳסʳ ץʘʨʘץʘʣʧʘץ ץʳʟʳʥʳש ʩʫʣʳ˄ 
ʧʦʨʪʨʝʪʠʥ, ʫʣʳ˄ʤʘ ʛᴇʟʟʘʣ ʦʙʨʘʟʳʥ ʞʘʩʘ˄ ʙʦʡʳʥʰʘ ʜʘ 
ʢᴇʨʢʝʤ ᴅʜʝʙʠʷʪ ʜᴇʨʝʪʢʝʥ ʝש ʩʝʨʝ ʰʳסʘʨʤʘʣʘʨʜʳש ʙʠʨʠ 
ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʠ. 
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ʆʎɽʅʀɺɸʅʀɽ ʋʉʃʆɺʅʆʁ ʌʋʅʂʎʀʀ ɺʓɾʀɺɸʅʀʗ ɺ ʉʇɽʎʀɸʃʔʅʆʁ ʈɽɻʈɽʉʉʀʆʅʅʆʁ 
ʄʆɼɽʃʀ ʉʃʋʏɸʁʅʆɻʆ ʎɽʅɿʋʈʀʈʆɺɸʅʀʗ ʉ ɼɺʋʍ ʉʊʆʈʆʅ 
ʌ.ɸʙʜʠʢʘʣʠʢʦʚ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʫʢʘʤ 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠʤʝʥʠ ɺ.ʀ.ʈʦʤʘʥʦʚʩʢʦʛʦ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 
ʂʘʨʘʢʘʣʧʘʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹʝʨʜʘʭʘ 

ʂ.ɹʝʛʞʘʥʦʚʘ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʠʠ ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʫʢʘʤ 
ʈ.ʉʝʡʪʘʭʦʚ ï ʩʪʘʞyʨ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʘʨʘʢʘʣʧʘʢʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɹʝʨʜʘʭʘ 
Taʷʥʯ ʩ˄ʟʣʘʨ: ʪʘʩʦʜʠʬʠʡ ʮʝʥʟʫʨʣʘʰ, ʠʥʬʦʨʤʘʪʠʚ ʤʦʜʝʣ,ɹ ʥʦʧʘʨʘʤʝʪʨʠʢ ʨʝʛʨʝʩʩʠʷ, ʫʤʨ ʜʘʚʦʤʠʡʣʠʛʠ ʬʫʥʢʮʠʷʩʠ, ʷʨʠʤ 

ʧʘʨʘʤʝʪʨʠʢ ʙʘʭʦ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʫʯʘʡʥʦʝ ʮʝʥʟʫʨʠʨʦʚʘʥʠʝ, ʠʥʬʦʨʤʘʪʠʚʥʘʷ ʤʦʜʝʣʴ, ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ, ʬʫʥʢʮʠʷ ʚʳʞʠʚʘʥʠʷ, 

ʧʦʣʫʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ. 
Key words: random censoring, informative model, nonparametrical regression, survival function, semiparametrical estimation. 

 

ʇʫʩʪʴ ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ (ʩ.ʚ.) 

Z, ʦʟʥʘʯʘʶʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʧʘʮʠʝʥʪʘ 
ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʨʫʛʦʡ ʩ.ʚ. X, ʦʟʥʘʯʘʶʱʝʡ 
ʜʦʟʫ ʣʝʢʘʨʩʪʚʘ. ɺ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʦʧʳʪʘʭ Z  ʦʟʥʘʯʘʝʪ 

ʚʨʝʤʷ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ 

X -ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʠʣʠ ʥʘʧʨʷʞʝʥʠʝ. ɺ ʪʘʢʠʭ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʷʭ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʮʝʥʢʝ ʬʫʥʢ-

ʮʠʠ ʚʳʞʠʚʘʥʠʷ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʟʘʜʘʥʥʦʤ 

ʟʥʘʯʝʥʠʠ ʬʘʢʪʦʨʘ ʚʣʠʷʥʠʷ X. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩ.ʚ. Z  ʧʦʣʥʦʩʪʴʶ ʥʝʥʘʙʣʶʜʘʝʤʘ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʮʝʥʟʫʨʠʨʦʚʘʥʘ. ʊʘʢʫʶ ʟʘʜʘʯʫ ʚʧʝʨʚʳʝ ʧʨʠ ʩʣʫ-

ʯʘʡʥʦʤ ʮʝʥʟʫʨʠʨʦʚʘʥʠʠ ʩʧʨʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʣ ɹʝʨʘʥ [2], 

ʧʨʝʜʣʦʞʠʚ ʦʮʝʥʢʫ ʤʥʦʞʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʵʪʘ ʦʮʝʥʢʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʘʢʞʝ ʠ ʚ ʨʘʙʦʪʘʭ 

[5,6]. ɸʚʪʦʨʳ [1] ʧʦʩʪʨʦʠʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʢʣʘʩʩ ʩʪʝ-

ʧʝʥʥʳʭ ʦʮʝʥʦʢ ʚ ʤʦʜʝʣʷʭ ʨʝʛʨʝʩʩʠʠ ʨʘʟʣʠʯʥʳʭ ʮʝʥʟʫ-

ʨʠʨʦʚʘʥʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʝʮʠ-

ʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠʥʬʦʨʤʘʪʠʚʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʮʝʥʟʫʨʠʨʦ-

ʚʘʥʠʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʠ ʚ ʥʝʡ ʧʦʩʪʨʦʝʥʘ ʪʘʢ ʞʝ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʈʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʩ.ʚ. 

Z  ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʣʫʯʘʡʥʦʤʫ ʮʝʥʟʫʨʠʨʦʚʘʥʠʶ ʩ ʜʚʫʭ 

ʩʪʦʨʦʥ ʩ.ʚ. 
1Y  ʠ 

2Y. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩ.ʚ. ( )1 2,,Z Y Y  - 

ʥʝʟʘʚʠʩʠʤʳ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʦʡ [0,1]X x= Í . 

ʇʫʩʪʴ ( ){ }1 2, , , 1,i i iZ Y Y i n=  - ʥʝʟʘʚʠʩʠʤʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩ.ʚ. 

( )1 2,,Z Y Y  ʚ n  ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠ 10 ... 1nx x¢ ¢ ¢ ¢
 

- 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ ʜʠʟʘʡʥʘ X. ʉʭʝʤʘ ʮʝʥʟʫʨʠʨʦʚʘ-

ʥʠʷ ʪʘʢʦʚʘ, ʯʪʦ ʚ n -ʤ ʰʘʛʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʳʙʦʨʢʘ ( ){ }( )

0 1 2
, , , , 1, ,n

i i i i
S i nx d d d= =  ʛʜʝ 

1 2
max{ ,min( , )}

i i i i
Y Z Yx= , 0 2 1

(min( , ) )
i i i i

I Z Y Yd= < , 

1 1 2
( )

i i i i
I Y Z Yd= ¢ ¢ , 

2
( )

i i i i
I L Y Zd= ¢ <  ʠ ( )I A -

ʠʥʜʠʢʘʪʦʨ ʩʦʙʳʪʠʷ A. ʇʫʩʪʴ ,
ixF  

1 ,
ixG  

2 ,
ixG  ʠ 

i
xH  - 

ʫʩʣʦʚʥʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʬ.ʨ.) ʩ.ʚ. ,iZ  
1 ,iY  

2iY  

ʠ 
ix ʧʨʠ ʟʘʜʘʥʥʦʡ 

iX x=  ʷʚʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ. ɼʘ-

ʣʝʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʧʠʩʝʡ ix  ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ x . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩ.ʚ. 
iZ  ʥʘʙʣʶʜʘʝʤʳ ʪʦʣʴʢʦ ʧʨʠ 

1
1

i
d=  ʠ 

ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʮʝʥʠʚʘʥʠʠ ʫʩʣʦʚʥʦʡ ʬʫʥʢʮʠʠ ʚʳʞʠ-

ʚʘʥʠʷ 1 xF-  ʧʦ ( )nS . ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ-

ʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʡ ʤʦʜʝʣʴ, ʪ.ʝ. ,xF
 1xG  ʠ 

2xG  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʨʠ 

ʚʩʝʭ 0t² : 

() ()( )
1

1
1 1 ,

x

x x
G t F t

q+

- = -   () ()( )2
1 1 ,

x

x x
G t F t

q

- = -        (1) 

ʛʜʝ 
xq ï ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʥʝʠʟʚʝʩʪʥʳʡ ʧʘʨʘʤʝʪʨ. ɺ ʜʘʥ-

ʥʦʡ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʚʚʠʜʫ ʫʩʣʦʚʠʡ (1) ʜʣʷ 1 xF-  

ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʚʘʞʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 

() ()( )
1 2

1 1 ,
x

x xF t H t
g

è ø= - -
ê ú 

0,t²                          (2) 

ʛʜʝ 1

1
x

x

g
q

=
+

. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʠʥʬʦʨ-

ʤʘʪʠʚʥʘʷ ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʦʨʤʫʣʘʤʠ (1), ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʬʦʨʤʫʣʳ (1) ʵʢʚʠʚʘʣʝʥʪʥʳ ʥʝʟʘʚʠ-

ʩʠʤʦʩʪʠ ʩ.ʚ 
xx ʠ ʚʝʢʪʦʨʦʚ ( )0 1 2

, ,
x x x
d d d. ʕʪʦ ʩʚʦʡʩʪʚʦ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʢʠ 1 xF- .  

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ 1 xF-  ʧʦ ʬʦʨʤʫʣʝ (2) ʩʧʝʨʚʘ ʦʮʝ-

ʥʠʤ 
xH  ʠ 

xg. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ()xH t  ʠ 

( ){ }1 , 1,2mx mxp P md= = =  ʠʩʧʦʣʴʟʫʝʤ ʘʥʘʣʦʛʠ ʩʪʘʪʠʩʪʠʢ 

ʉʪʦʫʥʘ [4] ʩ ʚʝʩʘʤʠ ʪʠʧʘ ɻʝʩʩʝʨʘ-ʄʶʣʣʝʨʘ [3]: 

() ( )( )
1

;
n

xh ni n i

i

H t x h I tw x
=

= ¢ä , 

( )( )
1

; 1 , 1,2,
n

mxh ni n mi

i

p x h I mw d
=

= = =ä  

ʛʜʝ  

1

1

0

1 1
( ; ) , 1, .

i n

i

x x

ni n

n n n nx

x y x y
x h dy dy i n

h h h h
w p p

-

-

å õå õ å õ- -
= =æ öæ ö æ öæ ö

ç ÷ ç ÷ç ÷
ñ ñ

 

ɿʜʝʩʴ 
0 0,x =  

p-ʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ʧʣʦʪʥʦʩʪʠ ʠ 

{}nh -ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʦʩʪʦʷʥʥʳʭ 

ʪʘʢʘʷ, ʯʪʦ 0nh ­  ʧʨʠ n­¤. 

ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (2), ʧʦʩʪʨʦʠʤ ʩʣʝʜʫʶʱʫʶ 

ʦʮʝʥʢʫ ʜʣʷ 1 :xF-  

() ()( )
1 2

1 1 ,
xh

xh xhF t H t
g

è ø- = -
ê ú 

0,t²    (3) 

ʛʜʝ 
12xh xhpg =  - ʦʮʝʥʢʘ ʜʣʷ 

12x xpg= . 

ʇʝʨʝʭʦʜʠʤ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʮʝʥʢʠ (3) ʧʨʠ .n­¤ 

ɼʘʣʝʝ ʥʘʤʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ: 

( )1
1
min ,n i i

i n
x x-

¢ ¢
D = -  ( )1

1
max ,n i i

i n
x x-

¢ ¢
D = -  

()
2 2

2
y dyp p

¤

-¤

=ñ
, 
() ()v

vm y y dyp p
¤

-¤

=ñ
, 1,2v= . 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʚʚʠʜʫ ʫʩʣʦʚʠʡ (1) ʚ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʤʦʜʝʣʠ  



                                                                                       Ilim hâm j§miyet. ˉ3.2024 

                                                                                                                          6 
 

{ }inf 0: ( ) 1 ,
x xF H xT T t H t= = ² = 

{ }sup 0: ( ) 0
x xF H xt H tt t= = ² =. 

ʈʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ: 

(ʋ1) ʇʨʠ n­¤, 1nx ­ , 1( )n O n-D = , 

1( )n n o n-D -D = ; 

(ʋ2) ( )yp  - ʧʣʦʪʥʦʩʪʴ ʩ ʥʦʩʠʪʝʣʝʤ [ , ]M M- , ʧʨʠ 

ʥʝʢʦʪʦʨʦʤ 0,M >  1( ) 0m p=  ʠ p ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦ-

ʚʠʶ ʃʠʧʱʠʮʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ; 

(ʋ3) 
2

2
( ) ( )x xH t H t

x

µ
=
µ

, 
2

2
( ) ( )x xH t H t

t

µ
¡¡=

µ

, 

2

( ) ( )x xH t H t
x t

µ
¡ =

µ µ

 ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʧʨʝʨʳʚʥʳ ʜʣʷ 

( , ) [ , ] [0,1]t x TtÍ ³ , ʛʜʝ 
x xH HT Tt t< < < ; 

(ʋ4) 
2

2mx mx

d
p p

dx
= , 1,2m=  ʩʫʱʝʩʪʚʫʶʪ ʠ ʥʝʧʨʝ-

ʨʳʚʥʳ ʜʣʷ [0,1]xÍ . 

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʝʤ ʪʘʢʞʝ ʦʙʦʟʥʘʯʝʥʠʝ 
1

1 1 2sup ( ( )) ( )x x
t T

r H t H t
t

-
-

¢ ¢

è ø= -ê ú
.  

ʀʤʝʝʪ ʤʝʩʪʦ ʩʚʦʡʩʪʚʦ ʦʙ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʠ ʦʮʝʥʢʠ (3) ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʩ ʦʮʝʥ-

ʢʦʡ ʦʩʪʘʪʦʯʥʦʛʦ ʯʣʝʥʘ. 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (ʋ1), (ʋ2), ʘ 

ʜʣʷ ʬʫʥʢʮʠʡ ,xH  
0xp , 

1xp  ʫʩʣʦʚʠʷ (ʋ3), (ʋ4), 0r >  ʠ 

ʧʨʠ n­¤, 0nh ­ , ln
(1),

n

n
o

nh
=

 

5

(1).
ln

nnh
O

n
=

 ʊʦʛʜʘ ʜʣʷ 

[ , ]t TtÍ : 

() () ( ) ( )1 2

1

( ; ) , , , ,
n

xh x ni n tx i i i n

i

F t F t x h r t xw x d d
=

- = Y +ä      (4) 

ʛʜʝ  

( ) ()( )
()( ) ()

( ) ()( )1
1 2 1 2

, , 1 x
tx i i i x i x

x x

p
F t I t H t

H t H t
x d d x

ë
î

Y = - ¢ - -ì
-îí

 

()( ) ( )}1 2

1 12log 1 ,x i xH t pdè ø- - -
ê ú

 

ʠ ʧʨʠ n­¤ 

( ) ( )
ʧ.ʥ.

1sup , ( ) ln .n n
t T

r t x O nh n
t

-

¢ ¢

=                        (5) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ , (0,1) :y zÍ
 

( )( )
2

1 2, 1 .
z

f y z y= -
 
ʊʦʛʜʘ 1 xF- =( )1 1, ,x xf H p f=  

( )11 , .xh xh xh hF f H p f- = = ʈʘʟʣʦʞʠʤ 
hf  ʚ ʨʷʜ ʊʝʡʣʦʨʘ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʠ ʪʦʛʜʘ ʠʤʝʝʤ 

( ) ( ) ( ) ( )1 1 2

1

; , , ; .
n

h ni n tx i i i n

i

f f x h r t xw x d d
=

- - = Y +ä
    

(6) 

ɿʜʝʩʴ ʧʨʠ ( ) ()( )1, , ,xh xhy z H t p=  

( ) ()( )0 0 1, ,x xy z H t p=  

( ) ( ) ( ) ( )( )
2 2

0 0 0 0

1
, ,

2
yy zz yzr t x f y y f z z f y y z zè ø¡¡ ¡¡ ¡¡= Ö - + Ö - + Ö - -
ê ú

 

ʛʜʝ .yz zyf f¡¡ ¡¡=  ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʯʠʩʣʝʥʳ ʚ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʝ ( ) ()( )* * * 1*, ,y z H t p=  ʠ ʧʦʩʢʦʣʴ-

ʢʫ ʦʥʠ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʠʝ ʬʦʨʤʫʣʳ, ʟʜʝʩʴ ʦʥʠ 

ʥʝ ʧʨʠʚʦʜʷʪʩʷ. ʆʮʝʥʠʚʘʷ ʚʩʝ ʵʪʠ ʧʨʦʠʟʚʦʜʥʳʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʧʨʠʤʝʥʠʚ ʥʝʨʘʚʝʥʩʪʚʦ 0 1, , 0:u a g< ¢ > 

0 log ,u u e
ag aa

g

-å õ
¢ ¢æ ö

ç ÷

 ʠʟ ʬʦʨʤʫʣʳ (6) ʙʫʜʝʤ ʠʤʝʪʴ  

( )
3ʧ.ʥ.

1

sup , ,n ln
t T l

r t x r
t¢ ¢ =

=ä                                  (7) 

ʛʜʝ  

() ()
2

1 supn xh x
t T

r O H t H t
t¢ ¢

å õå õ
= -æ öæ ö

ç ÷ç ÷

, ( )( )22 1 1n xh xr O p p= - , 

() ()3 1 1 supn xh x xh x
t T

r O p p H t H t
t¢ ¢

å õ
= - -æ ö
ç ÷

. 

ʉʦʛʣʘʩʥʦ ʣʝʤʤʝ .4A (b) ʠʟ [5]: 

() () ( )

( )

ʧ.ʥ.
1/2 1/2

ʧ.ʥ.
1/2 1/2

1 1

sup ( ) (ln ) ,

( ) (ln ) .

xh x n
t T

xh x n

H t H t O nh n

p p O nh n

t

-

¢ ¢

-

- =

- =

            (8) 

ʇʦʜʩʪʘʚʠʚ ʦʮʝʥʢʠ (8) ʚ (7), ʧʦʣʫʯʘʝʤ (5). ʊʝʦʨʝʤʘ 1 

ʜʦʢʘʟʘʥʘ. 

ʉʣʝʜʩʪʚʠʝ 1. ɺ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 1 ʩʣʝʜʫʝʪ ʨʘʚʥʦ-

ʤʝʨʥʦ ʩʠʣʴʥʘʷ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʦʮʝʥʢʠ (3) ʧʨʠ n­¤:  

( )
ʧ.ʥ.

1/2 1/2sup ( ) ( ) ( ) (ln )xh x n
t T

F t F t O nh n
t

-

¢ ¢

- =
. 

ʉʣʝʜʩʪʚʠʝ 2. ʀʟ ʪʝʦʨʝʤʳ 1 ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 

n  ʩʣʝʜʫʝʪ, ʯʪʦ ( ) () ()( )
1 2

n xh xnh F t F t-  ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ-

ʩʷ ʩʫʤʤʦʡ ʚ (4) ʫʤʥʦʞʝʥʥʦʡ ʥʘ ( )
1 2

nnh  ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʭʦʜʠʤʦʩʪʠ ( )
1 2

lnnnh n
-

.  

ʉ ʫʯʝʪʦʤ ʩʣʝʜʩʪʚʠʝ 2 ʫʩʪʘʥʦʚʠʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ 

ʥʦʨʤʘʣʴʥʦʩʪʴ ʦʮʝʥʦʢ (3).  

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (ʋ1), (ʋ2), ʘ 

ʬʫʥʢʮʠʠ ,xH  0xp , 
1xp  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ (ʋ3), 

(ʋ4) ʠ 0r > . ʊʦʛʜʘ 

()A  ɽʩʣʠ 5 (1)nnh o=  ʠ ( )
1 2

ln (1)nnh n o
-

= , ʪʦʛʜʘ ʧʨʠ 

n­¤ ʠ [ ],t TtÍ  

( ) () ()( ) ()( )
1 2 20, .

d

n xh x xnh F t F t N ts- ­
              

(9) 

()B  ɽʩʣʠ 1 5

nh Cn-=  ʧʨʠ ʥʝʢʦʪʦʨʦʤ 0C> , ʪʦʛʜʘ ʧʨʠ 

n­¤ ʠ [ ],t TtÍ  

( ) () ()( ) () ()( )
1 2 2, ,

d

n xh x x xnh F t F t N a t ts- ­  

ʛʜʝ 

() ()( ) () (){ () } () 5 2

1 2

1
1

2
x x xx x xt F t A t H t B t p ma Cp= - - , 

() { }
22 2 2 2

1 12
(1 ( )) ( ) ( )(1 ( )) ( ) (1 ) ,x x x x x x x xt F t A t H t H t B t p ps p= - - + -

 

()( ) ()
1

1 2
( ) ,x

x

x x

p
A t

H t H t
=

-
 

( )
1 2

( ) 2log 1 ( ) .x xB t H tè ø= -
ê ú

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʥʘʯʘʣʘ, ʚʳʯʠʩʣʠʤ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʝ ʦʞʠʜʘʥʠʝ ʛʣʘʚʥʦʛʦ ʯʣʝʥʘ ʚʳʨʘʞʝʥʠʷ (4) 

( )

()( )
()( ) ()

() ()( )

()( ) ( )

1 2

1

1

1 2
1

1 2

1 1

1

( ; ) , ,

1 ( ; )

2log 1 ( ; ) .

i

i

n

ni n tx i i i

i

n
x

x ni n x x

i
x x

n

x ni n x x

i

x h M

p
F t x h H t H t

H t H t

H t x h p p

w x d d

w

w

=

=

=

Y =

ë
î

= - - -ì
-îí

ûè ø- - - üê ú ý

ä

ä

ä
         

(10) 
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ʊʦʛʜʘ, ʩʦʛʣʘʩʥʦ ʣʝʤʤʝ .1A (b) ʠʟ [5], ʧʨʠ n­¤ 

( ) ( ) ( ) () ( )
1/2 5 1/2 5 1/2

1 2

1

, , , ( ) ( )
n

n ni n tx i i i x n n

i

nh x h M a t nh o nhw x d d
=

Y = + +ä

 

( ) ( )
() ()

() ()
1 1/2 1/2

5 2

1 , ʧʨʠʫʩʣʦʚʠʷʭ ,
( ) ( ) ln

,ʧʨʠʫʩʣʦʚʠʷʭ ,
n n

x

o A
O n h O nh n

a t C B

- -
ë

+ + =ì
í

 

ʪʘʢ ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ (9). ʋʯʠʪʳʚʘʷ ʥʝʟʘʚʠʩʠ-

ʤʦʩʪʴ ()xhH t  ʠ 
1 ,xhp  ʠʩʧʦʣʴʟʫʷ ʣʝʤʤʫ 3.1 ʚ [5], ʤʦʞʥʦ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ  

( )

( ) ( )

1 2

1

2

1 2

1

( ; ) , ,

; , ,

n

ni n tx i i i

i

n

ni n tx i i i

i

D x h

x h D

w x d d

w x d d

=

=

ë û
Y =ì ü

í ý

= Y =

ä

ä

 

2

2 2 2
1

(1 ( )) ( ) ( )(1 ( ))x x x x

n n

F t A t H t H t o
nh nh

pë è øå õî
= - - + +é ùì æ ö

é ùç ÷î ê úí

     (11) 

()
2 2

2 (1) (1)2
1 1

( ) (1 ) .x

x x x

n n n n

t
B t p p o o

nh nh nh nh

p sûè øå õ å õî
+ - + = +é ùüæ ö æ ö

é ùç ÷ ç ÷îê úý

 

ʇʨʦʚʝʨʠʤ ʫʩʣʦʚʠʝ ʃʷʧʫʥʦʚʘ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ( ) ( ) () ()( )
1 2

1

, ,
n

n ni n tx tx

i

nh x h Mw
=

Y Ö - Y Öä
 ʪ.ʝ. ʧʨʠ n­¤ 

ʫʩʣʦʚʠʝ  

( ) () ()

( ) ()

()3
2

33

1

1

,

1 .

,

n

ni n tx tx

i

n

ni n tx

i

x h M M

o

D x h

w

w

=

=

Y Ö - Y Ö

=
ë ûè ø

Y Öì üé ù
ê úí ý

ä

ä

                   (12) 

ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʯʠʩʣʠʪʝʣʴ ʜʨʦʙʠ (12) ʠʤʝʝʪ ʧʦ-

ʨʷʜʦʢ ( )( )2nO nh
- , ʘ ʟʥʘʤʝʥʘʪʝʣʴ ʞʝ ʩʦʛʣʘʩʥʦ (11) ʠʤʝʝʪ 
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ɺʚʝʜʝʥʠʝ. ʅʘʥʦʢʦʤʧʦʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ   
ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʦʜʥʘ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʬʘʟ ʠʤʝʶʪ 
ʨʘʟʤʝʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʜʦ   
ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ 
ʫʥʠʢʘʣʴʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʪʝʨʤʠ-
ʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ  
ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʠʣʦʞʝʥʠʡ, 
ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʦʥʠʢʫ, ʤʝʜʠʮʠʥʫ, ʵʥʝʨʛʝʪʠʢʫ ʠ ʜʨʫʛʠʝ 
ʦʪʨʘʩʣʠ. 
ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʨʘʟʚʠ-

ʪʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʢʨʳʚʘʷ ʧʝʨʝʜ ʥʘʤʠ 
ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʦʚ ʩ ʫʥʠʢʘʣʴ-
ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʘʩʧʝʢʪʦʚ ʚ ʠʟʫʯʝ-
ʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʦʥʠʤʘ-
ʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ. ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʚʢʣʶʯʘʷ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʝ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ 
ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠ-
ʯʝʩʢʠʭ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ [1, 2]. 
ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʢʦʥʪʝʢʩʪʝ, ʛʜʝ ʪʨʝ-

ʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠ-
ʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʟʘʜʘʯ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 
ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ  ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ  ʧʝʨʩʧʝʢʪʠʚ- 

ʥʦʡ ʦʙʣʘʩʪʴʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʝʜʣʦʞʝʥʦ ʤʥʦ-

ʞʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʭ 
ʩʪʨʫʢʪʫʨʫ. ʕʪʠ ʤʦʜʝʣʠ ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʘʪʨʠʮʝʡ ʠ ʧʨʝʜʩʢʘʟʘʪʴ ʩʚʦʡʩʪʚʘ 
ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [3-5]. ʉʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʣʝʢʫ-
ʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ (MD) ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʥʘʥʦ-
ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ɺ ʵʪʠʭ ʤʦʜʝʣʷʭ 
ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʤʘʪʝʨʠʘʣʘ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 
ʅʴʶʪʦʥʘ.  
ʄʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʄɼʄ) ʷʚʣʷ-

ʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 
ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʚ ʩʠʩʪʝʤʘʭ ʥʘ 
ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʇʨʠʤʝʥʝʥʠʝ ʄɼʄ ʚ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʣʝʥʥʦ ʠʟʫʯʘʪʴ ʠʭ 
ʩʪʨʫʢʪʫʨʫ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʘʟ ʠ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ. 
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɼʄ 

ʚ ʠʟʫʯʝʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ    
ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘ 
ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʧʨʝʜʩʢʘʟʘʪʴ ʠʟʤʝ-
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ʥʝʥʠʷ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠ-
ʷʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜ ʢʦʥ-
ʢʨʝʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʦʪʢʨʳʚʘʝʪ ʧʝʨʝʜ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʷʤʠ ʠ ʠʥʞʝʥʝʨʘʤʠ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʆʥʠ 
ʤʦʛʫʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, 
ʪʘʢʠʝ ʢʘʢ ʧʨʦʯʥʦʩʪʴ ʠ ʫʧʨʫʛʦʩʪʴ, ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ 
ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʊʘʢʞʝ, ʄɼʄ ʧʦʟʚʦʣʷʶʪ 
ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ, 
ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥ-
ʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʩʪʦʷʱʠʝ ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄɼʄ ʚ ʠʟʫʯʝʥʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, 
ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ, ʪʨʝʙʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʪʦʯʥʝʥʠʝ ʤʦʜʝʣʝʡ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 
ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʫʯʝʪ ʚʣʠʷʥʠʷ ʦʢʨʫ-
ʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 
ʜʘʥʥʳʭ ð ʚʩʝ ʵʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʥʘʧʨʘʚʣʝ-
ʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 
ɹʫʜʫʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ 
ʦʙʝʱʘʝʪ ʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠ-
ʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ ʘʢʪʫʘʣʴʥʳʝ 
ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 
ʥʘʫʢʠ. 
ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʦʩʪʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʤʳ ʤʦʞʝʤ ʦʞʠʜʘʪʴ ʝʱʝ 
ʙʦʣʝʝ ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʦʪʢʨʳʪʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʤʘʪʝʨʠ-
ʘʣʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʙʫʜʫʱʝʤ. 
ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʤʦʣʝʢʫ-

ʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʢʦʥʪʝʢʩʪʝ ʥʘʥʦʢʦʤʧʦ-
ʟʠʪʦʚ, ʢ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ 
ʤʦʣʝʢʫʣʷʨʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʜʝʣʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ,  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʘʪʨʠʮʝʡ ʠ 
ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  
ʂ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʦʧʠʩʘʥʠʶ MD ʤʦʜʝʣʠ ʦʪʥʦʩʷʪ  

ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʢʦʤʧʦ-
ʟʠʪʘ, ʚʢʣʶʯʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʠʭ  
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʚʠʞʝʥʠʝ. MD ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 
ʦʮʝʥʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʪʝʧʣʦ-
ʝʤʢʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʠ ʜʠʬʬʫʟʠʶ ʥʘ ʦʩʥʦʚʝ 
ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʤʘʪʨʠʮʝʡ ʥʘ ʘʪʦʤʘʨʥʦʤ 
ʫʨʦʚʥʝ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʆʥʠ 
ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʠʥʘʤʠʢʝ ʠ ʧʨʦʮʝʩʩʘʭ, 
ʪʘʢʠʭ ʢʘʢ ʜʠʬʬʫʟʠʷ ʥʘʥʦʯʘʩʪʠʮ, ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 
ʚʦ ʚʨʝʤʝʥʠ, ʠ ʨʝʘʢʮʠʠ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 
ʆʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ, ʧʨʠ 

ʦʧʠʩʘʥʠʠ ʘʪʦʤʘʨʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʫʨʦʚʥʝʡ, MD 
ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 
ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ.  
MD ʤʦʜʝʣʠ ʦʛʨʘʥʠʯʝʥʳ ʢʦʨʦʪʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 

ʰʢʘʣʘʤʠ ʠ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʦʭʚʘʪʳʚʘʪʴ ʜʦʣʛʦʩʨʦʯ-
ʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʠʩʩʣʝʜʫʶʪʩʷ ʜʠʩ-
ʧʝʨʛʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʝ ʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ 
ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʩ 

ʧʦʤʦʱʴʶ MD ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʤʘʪʝʨʠʘʣʘ. 
ɺ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ (MD) ʤʦʜʝʣʷʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ 
ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʤʥʦʞʝʩʪʚʦ 
ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʜʘʥʥʦ-
ʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. 
1. ʈʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚʥʫʪʨʠ 

ʤʘʪʨʠʮʳ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʠʤ ʩʮʝʥʘʨʠʝʤ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ, ʛʜʝ ʢʘʞʜʘʷ ʯʘʩʪʠʮʘ ʨʘʚʥʦʚʝʨʦʷʪʥʦ ʥʘʭʦʜʠʪʩʷ ʚ 
ʣʶʙʦʡ ʪʦʯʢʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 
ʥʘʯʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ MD ʤʦʜʝʣʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʟʫʯʝ-
ʥʠʠ ʵʬʬʝʢʪʦʚ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

2. ʄʦʞʥʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦ-
ʯʘʩʪʠʮ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʤʘʪʨʠʮʳ, ʯʪʦ ʠʤʠʪʠʨʫʝʪ   
ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʀʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠ-
ʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʣʘʩʪʝʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʣʠ 
ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʥʦʯʘʩʪʠʮ. 
3. ʅʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠʣʠ ʘʥʩʘʤʙʣʠ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ, ʪʘʢʠʝ ʢʘʢ 
ʮʝʧʠ, ʢʣʘʩʪʝʨʳ, ʠʣʠ ʩʣʦʞʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʥʩʘʤʙʣʝʡ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʟʫʯʝ-
ʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡ-
ʩʪʚʘ ʢʦʤʧʦʟʠʪʘ. 
4. ʄʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʛʨʘʜʠʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 
ʠʣʠ ʨʘʜʠʘʣʴʥʦ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦ-
ʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʛʨʘʜʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ. 
ɺ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ (MD) ʤʦʜʝʣʷʭ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʤʘʪʨʠʮʝʡ ʠʛʨʘʝʪ 
ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 
ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦ-
ʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʪʨʦʷʪʩʷ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʠʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ 
ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʠ ʢʣʘʩʪʝʨʦʚ ʥʘʥʦʯʘ-
ʩʪʠʮ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʦʨ-
ʬʦʣʦʛʠʠ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʠ ʚʣʠʷʥʠʷ ʥʘ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  
ʄʦʜʝʣʠ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʪʘʢʠʝ ʢʘʢ ʜʠʬʬʫʟʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʣʠ ʠʭ 
ʜʚʠʞʝʥʠʝ ʚ ʦʪʚʝʪ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 
ɺ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ (MD) ʤʦʜʝʣʷʭ ʥʘʥʦ-

ʢʦʤʧʦʟʠʪʦʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ 
ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ 
ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. ʅʘʯʘʣʴʥʳʝ 
ʫʩʣʦʚʠʷ ʜʣʷ MD ʤʦʜʝʣʠ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʧʨʝʜʝ-
ʣʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ. ʏʘʩʪʠʮʳ 
ʤʦʛʫʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ, ʯʪʦ 
ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ. ʕʪʦ ʫʧʨʦʱʝʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʫʯʝ-
ʥʠʷ ʦʙʱʠʭ ʵʬʬʝʢʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 
ʄʦʜʝʣʠ ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʯʘʩʪʠʮ ʩ ʫʯʝʪʦʤ ʛʨʘʜʠʝʥʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʣʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʚʣʠʷʥʠʝ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʟ-ʟʘ 

ʜʠʬʬʫʟʠʠ ʯʘʩʪʠʮ ʠʣʠ ʜʨʫʛʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʯʘʩʪʠʮ ʚʥʫʪʨʠ ʤʘʪʨʠʮʳ. ʊʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦ-
ʢʦʤʧʦʟʠʪʦʚ. 
ɺʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʤʘʪʨʠʮʝʡ, ʫʯʠʪʳʚʘʷ ʠʭ 
ʭʠʤʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʵʬʬʝʢʪʳ ʭʠ-
ʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘ ʫʨʦʚʥʝ 
ʘʪʦʤʦʚ. 
ɿʘʢʣʶʯʝʥʠʝ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ 
ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ,  
ʦʪʢʨʳʚʘʷ ʜʚʝʨʠ ʢ ʩʦʟʜʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ. ʕʪʠ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʛʣʫʙʣʝʥʥʦ ʘʥʘʣʠ-
ʟʠʨʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʚ ʥʘʥʦ-
ʩʪʨʫʢʪʫʨʘʭ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʛʨʝʩʩʫ ʚ 
ʧʦʥʠʤʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 
ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʠʛʥʫʪʳʝ ʫʩʧʝʭʠ, ʧʨʝʜʩʪʦʷʪ 

ʥʦʚʳʝ ʚʳʟʦʚʳ ʠ ʟʘʜʘʯʠ. ʋʪʦʯʥʝʥʠʝ ʤʦʜʝʣʝʡ, ʙʦʣʝʝ  
ʪʦʯʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʚʦʡʩʪʚ, ʫʯʝʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ï 
ʚʩʝ ʵʪʠ ʘʩʧʝʢʪʳ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 
ʠʥʥʦʚʘʮʠʡ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ 
ʜʘʥʥʳʭ ʙʫʜʝʪ ʠʛʨʘʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ 
ʥʦʚʳʭ ʚʳʩʦʪ ʚ ʩʦʟʜʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʥʦʤʘʪʝʨʠ-
ʘʣʦʚ. 
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ʉ ʫʯʪyʦʤ ʨʘʩʪʫʱʝʛʦ ʠʥʪʝʨʝʩʘ ʢ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ ʠ 

ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʄɼʄ, ʤʳ ʤʦʞʝʤ ʙʳʪʴ ʫʚʝʨʝʥʳ, ʯʪʦ 

ʙʫʜʫʱʝʝ ʧʨʠʥʝʩʪy ʝʱʝ ʙʦʣʝʝ ʫʜʠʚʠʪʝʣʴʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʝ ʦʪʢʨʳʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʚ ʩʪʨʫʢʪʫʨʝ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʥʝ ʪʦʣʴʢʦ ʨʘʩʰʠʨʷʝʪ 

ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʤʠʨʘ ʥʘ ʥʘʥʦʫʨʦʚʥʝ, ʥʦ ʠ ʦʪʢʨʳʚʘʝʪ   

ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʠʥʥʦʚʘʮʠʡ ʠ ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. Sumit Sharma. "Molecular Dynamics Simulation of Nanocomposites", Springer, 2016. 
2. Nicolas P. Allen. "Introduction to Molecular Dynamics and Chemical Kinetics", Wiley, 2007. 
3.  "Molecular Modeling of Inorganic Nanomaterials" - ʘʚʪʦʨ: Sarina Sarina, InTechOpen, 2018. 
4. "Handbook of Nanotechnology" - ʘʚʪʦʨ: Bharat Bhushan, Springer, 2010. 
5. Lyulin S.V., Larin S.V., Nazarychev V.M., Fal'kovich S.G., Kenny J.M. Multiscale computer simulation of polymer nanocompo-

sites based on thermoplastics. Polymer Science. Series C. 2016. ʊ. 58. ˉ 1. -ʈ. 2-15. 
ʈɽɿʖʄɽ. ʋʰʙʫ ʤʘץʦʣʘʜʘ ʥʘʥʦʢʦʤʧʦʟʠʪ ʧʦʣʠʤʝʨ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠ ʷʨʘʪʠʰ ʫʯʫʥ ʤʦʣʝʢʫʣʷʨ ʜʠʥʘʤʠʢʘ ʤʦʜʝʣʣʘʨʠ ʘʩʦʩʣʘʨʠ 

ʢʝʣʪʠʨʠʣʛʘʥ. ʄʦʜʝʣʣʘʨ ʸʨʜʘʤʠʜʘ ʥʘʥʦʟʘʨʨʘʯʘʣʘʨʥʠʥʛ ʧʦʣʠʤʝʨ ʤʘʪʨʠʮʘʩʠ ʙʠʣʘʥ ˄ʟʘʨʦ ʪʘʲʩʠʨʠ ˄ʨʥʘʪʠʣʘʜʠ, ʙʫ ʥʘʥʦʢʦʤʧʦʟʠʪ 
ʧʦʣʠʤʝʨ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʘʥʠץʣʘʡʜʠ. 
ʈɽɿʖʄɽ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʳ ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʦʟʜʘʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʠʤʝʨ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʩʨʝʜʩʪʚʦʤ ʤʦʜʝʣʝʡ ʧʨʝʜʩʢʘʟʳʚʘʶʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʥʦʯʘʩʪʠʮ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝ-
ʣʷʝʪ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.   

SUMMARY.  This article provides the basics of molecular dynamics models for the creation of nanocomposite polymer materials. 
Models predict the interaction of nanoparticles with a polymer matrix, which determines the properties of nanocomposite polymer     
materials. 
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Ayērēm algebralēq aŒlatpalardēŒ m§nislerin esaplawda 

berilgen aŒlatpanēŒ t¼rine qaray h§r t¼rli usēllardan payda-

lanēw m¼mkin. 

AŒlatpalardēŒ m§nislerin esaplawda aŒlatpalar koren 

t¼rinde berilgen bolsa, korenniŒ q§siyetlerinen, koren 

astēndaἆē aŒlatpalardē belgilep alēw usēllarēnan h§m qēs-

qasha k·beytiw formulalarēnan paydalanēw m¼mkin. 

AŒlatpalardēŒ m§nislerin esaplawdēŒ bir neshe usēllarēn 

mēsallar arqalē k·rsetip ·teyik: 

 

1- mēsal.  3 29 2 45 2- -  aŒlatpasēnēŒ m§nisin tabēŒ 
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( )

( )

3 3 2 2 3

3
23 2

2 3
2 3

2 22

2 3 2 32 3

2 3

29 2 45 3 3

2 3 2 29 23 29 2 2

3 45 3 45

2 3 29 92 2 3 2 29 2

3 45 3 453 45

33

3 45 2

ʠʨ ʨʘʮ ʠʨ ʨʘʮa b a a b b a b

ba b a ʘ

a b b a b b

b bb

a b b a b ba b b

bb

a b b ʘ

- = + = + + +

ëë + =+ = =î î
Ý Ýì ì

+ =-î îí + =-í

ë ë ë+ = =+ =î î î
Ý Ý Ý Ýì ì ì

+ =- + =-+ =- î îî í íí

=-=° ëë
Ý Ýì ì

+ =- =í

( )
3

3 329 2 45 2 2 3 2 2 3 2 3;

î

îí

- - = - - = - - =-

 

Juwabē. 3.-  

 

2- mēsal.  . 2019 2021 2023 2025 16Ö Ö Ö +  aŒlatpasēnēŒ 

m§nisin tabēŒ 

Sheshiw.Koren astēndaἆē sanlardēŒ arifmetikalēq ortasēn 

tabamēz: 

( )( )( )( )

( )( ) ( ) ( )

( ) ( )

( )

2 2
2 2 2 2 2 2 2

2 22 2 2 2

2

2019 2021 2023 2025 8000 88
2000 22 2022

4 4

2019 2021 2023 2025 16 2022 3 2022 1 2022 1 2022 3 16

2022 3 2022 1 16 2022 10 2022 25 2022 5 .

2022 5 2022 5 2022 5 2 1011 5 4 1011 5

4 1000 11 5

+ + + +
= = + =

Ö Ö Ö + = - - + + + =

= - - + = - Ö + = -

- = - = - = Ö - = Ö - =

= Ö + - ( )
( )

24 1000 22000 121 5

4 1000000 22000 121 5 4 1022121 5 4088484 5 4088479.

= Ö + + - =

= Ö + + - = Ö - = - =

 

Juwabē. 4088479. 
 

3- mēsal.  . 99910 999-   aŒlatpasēnēŒ m§nisin tabēŒ 

Sheshiw. 
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10 1000...0 1 1 10 999...9 1 999...9000 1 999...9001;
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4- mēsal.  .   5 24-  aŒlatpasēn §piwayēlastērēŒ 

Sheshiw. 
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( ) ( )
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2
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= + - Ö =

= - = - = - - = -
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https://elibrary.ru/contents.asp?id=34320392&selid=27093417


                                                                                       Ilim hâm j§miyet. ˉ3.2024 

                                                                                                                          10 
 

5- mēsal.  .  8 40 20 8+ + +aŒlatpasēn ¼sh kvadrat 

korenleriniŒ qosēndēsē t¼rinde jazēŒ. 

Sheshiw. 

8 40 20 8 a b c+ + + = + + t¼rinde jazēŒ. 
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Juwabē.  8 40 20 8 2 5 1.+ + + = + + 

 

6- mēsal.   
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1
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tabēŒ. 

Sheshiw. 
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-
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7- mēsal.  .  3 17 5 38+   aŒlatpasēn m§nisin tabēŒ 

Sheshiw. 
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8-mēsal. 2 3 4
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+ +

+ + + +
  aŒlatpasēnēŒ m§nisin 

tabēŒ. 

Sheshiw. 
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2 3 2 6 2 2 2

2 3 2

2 3 2 2 2 3 2

2 3 2 1

2 12 3 2 1 2

2 1 2 1
2 1.

2 12 1 2 1

+ + + +
= =

+ + + + + + + +

+ +
= =

+ + + + +

+ +
= =

+ + + + +

+ +
= = =

++ + +

- -
= = = -

-+ -

 

 

9- mēsal.  .  4433  yamasa 3344 aŒlatpalarēnēŒ qaysēsē ¼lk-

en. 

Sheshiw. 

( ) ( )

44 33

1144 33 44 3311 11 11

4 34 3

4 4 3 3 3 4 3

44 33

33 44 33 44 33 44

33 44 3 11 4 11

3 11 4 11 :11 3 11 4

81 11 64 33 44 .

Ù Ý Ù Ý Ù Ý

Ý Ù Ý Ö Ù Ö Ý

Ý Ö Ù Ö Ý Ö Ù Ý

Ý Ö > Ý >

 

 

10- mēsal. 2 2 2 22022 2022 2023 2023+ Ö +   aŒlatpasēnēŒ 

m§nisin tabēŒ. 

 

Sheshiw. 2022 , 2023 1t t= = + 

( ) ( )

( )

( )

2 22 2 2 2

2
22

2

2 2 2 2

2

2 2
2

2 2 2

2

2022 2022 2023 2023 1 1

1
1 1

1 2 1
1 2 1 1 2 1 2 1

1 1 1
2 1 1 1 .

2022 2022 202

t t t t

t
t t

t

t t t t t t
t t t

t t t t t t t
t t t

+ Ö + = + + + + =

å õ+å õ
= + + + =æ öæ öæ öç ÷ç ÷

å õå õ å õ
+ + + + + = + + + + + + =æ öæ ö æ öæ öç ÷ ç ÷ç ÷

å õå õ å õ å õ
+ + + + = + + = + +æ öæ ö æ ö æ öæ öç ÷ ç ÷ ç ÷ç ÷

+ Ö

( )

( )

( )

2

2
2 2 2

22

2

3 2023

1 1 1

2022 2022 1 2 1011 2023

4 1000 11 2023 4088484 2023 4090507.

t t t t t t

+ =

= + + = + + = + + =

+ + = Ö + =

= + + = + =

 

Juwabē.2 2 2 22022 2022 2023 2023 4090507+ Ö + =  

 

11- mēsal.  . 359951 sanēn eki §piwayē sanlardēŒ 

k·beymesi t¼rinde k·rsetiŒ 

 

Sheshiw. Berilgen mēsaldē Ferma usēlēnan paydalanēp 

t·mendegishe sheshemiz. 

( )( )2 2 2 2 2 2,n a b a b a b n a b b a n= - = - + = - Ú = -, 

bunnan 600a=  bolsa,   
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( )( )

2 2

2 2

2 2 2 2

600 360000 ,

360000 359951 49 49 7.

600 7 600 7 600 7 593 607.

a n

b a n b

n a b

= = >

= - = - = Ý = =

= - = - = - + = Ö

 

 

Juwabē. 593 607.Ö  
 

12- mēsal.    ( )6 3 35 2 6 3 2 2 3ɸ= + + + Ö -  

aŒlatpasēnēŒ m§nisin tabēŒ. 

Sheshiw.  

( )

( )

( )

6 3 3

2
3 36

3 3 3

3 3 3

5 2 6 3 2 2 3

3 2 3 2 2 3

3 2 3 2 2 3

2 3 2 2 3 2 2 3 2.

ɸ= + + + Ö - =

å õ
= + + + Ö - =æ ö
ç ÷

= + + + Ö - =

= Ö + Ö - = - =-

 

Juwabē. 2.ɸ=- 
 

13- mēsal. 3 11 6 2 5 2 5

2 6 2 5 7 2 10
ɸ

+ + - +
=

+ + - +

  aŒlatpasēnēŒ 

m§nisin tabēŒ. 

Sheshiw.  

( ) ( )

( ) ( )

2 2

2 2

3 11 6 2 5 2 6

2 6 2 5 7 2 10

3 9 2 2 3 2 3 2 2 3 2

2 5 1 2 5 1 5 2 2 5 2

3 3 2 3 2

2 5 1 5 2

3 3 2 3 2 3
3.

12 5 1 5 2

ɸ
+ + - +

= =
+ + - +

+ + + Ö - + + Ö
= =

+ + + Ö - + + Ö

+ + - +
= =

+ + - +

+ + - -
= = =

+ + - -

 

14- mēsal.  2 3 5 13 48ɸ= + - +   aŒlatpasēnēŒ m§nisin 

tabēŒ. 

Sheshiw.  

( )

( ) ( )

( )

2

2

2

2 3 5 13 48 2 3 5 12 1 2 12

2 3 5 12 1 2 12 1 2 3 5 12 1

2 3 5 12 1 2 3 4 2 3 2 3 3 1 2 3 1

2 3 3 1 2 3 3 1 2 2 3 4 2 3

8 4 3 6 2 2 6 2 6 2 6 2.

ɸ= + - + = + - + + =

= + - + + Ö = + - + =

= + - - = + - = + + - Ö =

= + - = + - = + = + =

= + = + + Ö = + = +

 

Ćdebiyatlar 
1. ɹʘʣʘʷʥ ʕ.ʅ. ʅʦʚʳʡ ʨʝʧʝʪʠʪʦʨ ʧʦ ʤʘʪʝʤʘʪʠʢʝ. ï ʈʦʩʪʦʚ ʥʘ ɼʦʥʫ: ñʌʝʥʠʢʩò, 2018.  
2. ʃʠʪʚʠʥʝʥʢʦ ɺ.ʅ., ʄʦʨʜʢʦʚʠʯ ɸ.ɻ. ʇʨʘʢʪʠʢʫʤ ʧʦ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʪʝʤʘʪʠʢʝ. ï ʄʦʩʢʚʘ: ñʇʨʦʩʚʝʱʝʥʠʝò, 1991.  
3. ɸʙʜʫʭʘʤʝʜʦʚ ɸ.ʋ, ʅʘʩʠʤʦʚ ʍ.ɸ, ʅʦʩʠʨʦʚ ʋ.ʄ, ʍʫʩʘʥʦʚ ɾ.ʅ. ɸʣʛʝʙʨʘ ״ᴅʤ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʥʘʣʠʟ ʪʠʡʢʘʨʣʘʨʳ. ï ʅᴇʢʠʩ: 

çɹʠʣʠʤè 2005. 
REZYUME.  Ushbu maqolada çayrim algebraik ifodalarni hisoblashè usullari koórsatilgan. 
ʈɽɿʖʄɽ.  ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ  çʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʝʪʦʜè ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 
SUMMARY.    This article shows methods for çcomputing some algebraicical expressionsè. 

 
UDK 004.657  

USTUNLIK INTERVALLARIGA BOóLISH ORQALI 
DON SIFATI YUQORI BUGóDOY NAVINI ANIQLASH 

E.A.Eshboyev ï dotsent  
F.Y.Shodiyev ï katta oqituvchi  

Qarshi davlat universiteti 
Tayanch soózlar: alomat, ustunlik intervallari, intellektual texnologiyalar, tanlanma, tegishlilik funksiyasi, qatôiymas toóplam. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʟʥʘʢ, ʧʨʠʦʨʠʪʝʪʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʙʦʨʢʘ, ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, 

ʥʝʯʸʪʢʠ ʤʥʦʞʝʩʪʚʘ. 
Key words: feature, priority intervals, intelligent technologies, sampling, relevance function, set fuzzy. 

 
Kirish. Hozirgi kunda qishloq xoójaligi don ekinlari, 

xususan, bugódoylarning hosildorligi va don sifatlarini 
oshirish dolzarb masalalardan hisoblanadi. Shu sababdan 
don sifati yuqori boólgan bugódoy navlarini aniqlash     
seleksioner va agronomlarning asosiy vazifalaridan biri 
hisoblanadi. Ushbu maqolada bugódoy navlarini            
alomat(parametr)lariga koóra ustunlik intervallariga boólish 
usuli koórib chiqiladi, bu esa bugódoy yetishtirishda       
intellektual texnologiyalardan foydalanib istiqbolli navlarni 
aniqlash imkonini beradi. 

Materiallar va usullar.  Ikkita oózaro kesishmaydigan 

1K  va 
2K  sinf vakillarini oóz ichiga olgan { }0 1,..., mE S S=  

obyektlar toóplami bilan tavsiflanuvchi bugódoy navlari va 

ularning alomatlarining qiymatlarini oózida aks ettirgan 

tanlanma fayli (tanlanma) berilgan boólsin. Tanlanmadagi 

navlar orasidan ustunlik intervallariga ajratish usuli bilan 

don sifatining yuqoriligi ishonchli boólgan navni ajratib 

olishni amalga oshiruvchi obrazlarni anglash masalasi qara-

ladi. Qulaylik uchun 
1K  sinf vakillarini ijobiy boólgan    

holatlar (yaôni, holatlar) va 
2K  sinf vakillarini esa ijobiy 

boólmagan holatlar (yaôni, no holatlar) deb qaraladi [1].  
Ikkita sinfli masala qaralishiga sabablardan biri - ix-

tiyoriy obyektning umumlashgan bahosi nisbiydir, chunki 
obyektlarning umumlashgan bahosi qarama-qarshi sinf 
obyektlarini oózaro qiyoslash natijasida yuzaga keladi. 
Ikkinchidan, har qanday k (k>2) ta sinfli masalani ikki sinfli 
masalalar kaskadi koórinishida yechish mumkin [2]. 

Berilgan ( )c c IÍ  alomatning qiymatlarini ustunlik in-

tervallariga ajratish uchun alomatga tegishli qiymatlar ka-

maymaydigan (oósmaydigan) ketma-ketlik koórinishida 

tartiblanadi. Yaôni, 

1 2
, ,...,

mc c cr r r                  (1) 

bu yerda m obyektlar soni [3]. 

Aytaylik, ( ) ( )1 2, , ,i id u v d u v lar mos ravishda [ , ]
u v

i

c cr r  

intervaldagi 
1K  va 

2K sinf vakillarining miqdori boólsin. 
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,
u vc cr r  qiymatlarini va { }1,2tÍ  sinf ustunligi indeksla-

rini tanlash quyidagi mezon boóyicha aniqlanadi: 

( ) ( )3

3

, ,
max

i i

t t

t t

d u v d u v

K K

-

-

- ­
                 (2) 

Ushbu mezon boóyicha (1) ketma-ketlik 
ct ta oózaro 

kesishmaydigan ,
u v

i

c cr rè ø
ê ú

, (1 , , 1, )cu u v m i t¢ ¢ ¢ =  inter-

vallarga boólinadi [4].  

 

 
1-rasm. Ustunlik intervallari. 

 

Birinchi, 
1

1,
vc cr rè ø

ê ú
, ( )v m<  intervalning chap che-

garasi (1) ketma-ketlikning birinchi elementi bilan ustma-

ust tushadi, ikkinchi 
2

,
p qc cr rè ø

ê ú
 interval 1p v= +, q m¢  

qiymatlaridan boshlanadi va hokazo. (2) mezon boóyicha 

eng kam intervallar soni 
ct (

1 mc cr r< holati uchun) 2 ga 

teng boóladi [5]. 

Har bir ,
u v

i

c cr rè ø
ê ú

, ( 1, )ci t=  interval uchun (2) 

boóyicha optimal ajratish natijalari ( )1

1

1

,i

i

d u v

K
h = , 

( )2

2

2

,i

i

d u v

K
h =  bilan belgilanadi. U holda c-alomatning 

,
u v

i

c cr rè ø
ê ú

 interval boóyicha 
1K  sinfga tegishlilik funksiyasi 

qiymatini () 1

1 2

i
c

i i

f i
h

h h
=
+

 koórinishida aniqlaymiz. Agar 

alomat nominal boólsa, ()cf i  funksiyasidagi 
1ih , 

2ih  

qiymatlari c-alomat i-gradatsiyasining mos ravishda 
1K  va 

2K  sinflardagi miqdorlari boóladi [6]. 

Natijalar va muhokama. Tanlanmadan JDITI (Janubiy 
dehqonchilik ilmiy-tadqiqot instituti) dan olingan 295 ta 
yumshoq bugódoy navlari va ularning alomatlari (miqdoriy, 
15 ta) qiymatlari joy olgan. Shuningdek, tanlanmadagi 
obyektlar soha mutaxassislarining tavsiyasiga koóra 2 ta 
sinfga ajratilgan boólib, ular don sifati yuqori deb 
hisoblangan navlar (1-sinfga tegishli obyektlar, ñholatò sinfi 
- 20 ta), hamda don sifati past deb hisoblangan navlar (2-
sinfga tegishli obyektlar, ñno holatò sinfi - 275 ta). Quyida 
har bir alomat boóyicha ñholatò sinfiga tegishlilik funksiyasi 
qiymatlarini hisoblash masalasi qaraladi.  
Tanlov boóyicha har bir miqdoriy alomatning (2) me-

zonga asosan aniqlangan optimal intervallari va ular uchun 
alomatning ñholatò sinfiga tegishlilik funksiyasi qiymatlari 
1-jadvalda keltirilgan [7]. 
1-jadval. Don sifatining yuqoriligini aniqlash boóyicha 

alomatlarning optimal intervallarga ajralishi  

va tegishlilik funksiyalarining qiymatlari:  

T/r Alomatlar Intervallar 
Tegishlilik 

funksiyasining 
qiymatlari 

  202é203 0,0 
  204é212 0,59 
  213é218 0,22 
  69,9é82,5 0,0 

  83é83 1,0 
  83,4é92,7 0,0 
  93é95 0,76 
  95,2é102,7 0,0 
  103é115 0,59 
  115,3é135 0,0 
  22é28,5 0,0 
  30é37 0,60 
  37,4é42,7 0,22 
  43é50 0,61 
  51é60 0,0 
  6é6 0,0 
  7é7 0,58 
  8é8,9 0,34 
  9é10 0,61 
  10,1é15,2 0,55 
  12é12 0,0 
  14é14 0,67 
  16é19 0,38 
  20é20 0,73 
  21é24 0,0 
  1é1 0,0 
  3é3 0,78 
  5é7 0,0 
  9é9 0,5 
  0,6é2,62 0,0 
  2,63é4,1 0,58 
  4,14é6,67 0,0 
  12é52,4 0,0 
  52,6é82,1 0,58 
  82,8é133,4 0,0 
  29,4é33,2 0,0 
  33,4é33,4 0,88 
  33,5é35,2 0,0 
  35,4é38,7 0,68 
  38,9é43,7 0,52 
  44,2é44,2 0,9 
  44,4é47,2 0,0 
  669,46é791,9 0,21 
  792,1é815,7 0,63 
  815,8é838,1 0,0 
  10,9é12,2 0,0 
  12,3 é12,5 0,9 
  12,6é13,9 0,0 
  14é15,9 0,68 
  16é18,7 0,56 
  5,3é5,7 0,0 
  5,8é6,3 0,69 
  6,4é8,8 0,59 
  20é23,3 0,0 
  23,4é24,7 0,85 
  24,8é31,7 0,78 
  12,3é89,7 0,69 
  90,1é90,9 0,96 
  91,3é116,6 0,0 
  27é41 0,0 
  42é45,1 0,88 
  45,3é98 0,73 

Yuqoridagi jadval asosida 
0 dS E KÍ Æ , 

1 2( , ,.... )nS b b b=  

obyektining ñholatò sinfiga tegishli boólishining qatôiymas 

toóplamini qurish mumkin [8].  
Masalan, S obyektni tavsiflovchi toóplam berilgan 

boólsin: {Vegetatsiya davri=211, Oósimlik boóyi=110.2, 
Oxirgi boógóin uzunligi=46.7, Boshoq uzunligi=10.8, 
Boshoqchalar soni=20, Yotib qolishga chidamliligi=9, 
Delyankadan olingan hosil=3.3, Hosildorlik=66, 1000 ta 
don vazni=40.1, Don naturasi=812, Oqsil miqdori=16.2, 
Don namligi=7.3, Kleykovina miqdori=30.2, IDK=83.1, 
Don shishasimonligi=91.5} [9]. 
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U holda S obyektning qatôiymas toóplami quyidagiga 
teng boóladi: {0.59/211, 0.59/110.2, 0.61/46.7, 0.55/10.8, 
0.73/20, 0.5/9, 0.58/3.3, 0.58/66, 0.52/40.1, 0.63/812.02, 
0.56/16.2, 0.59/7.3, 0.78/30.2, 0.69/83.1, 0.73/91.5}. Bu 
qiymatlarga mos obyekt sifatida Yaksart nomli nav 
aniqlandi. 
Olingan natijalar shuni koórsatadiki, bugódoy navlarini 

tegishlilik funksiyalari qiymatlarini aniqlash yoóli bilan 

ustunlik intervallariga ajratish usuli don sifati yuqori 
boólgan bugódoy navlarini aniqlashning samarali usullari-
dan biri ekanligi oóz tasdigóini topdi [10].  
Shunday qilib, bugódoy navlarini alomatlarining 

qiymatlariga koóra ustunlik intervallariga ajratish usuli za-
monaviy qishloq xoójaligida don sifati yuqori boólgan 
bugódoy navlarini aniqlash va hosildorlikni oshirishning 
muhim vositalaridan biri hisoblanadi. 
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REZYUME . Maqolada bugódoy navlarini tegishlilik funksiyalari qiymatlarini aniqlash yoóli bilan ustunlik intervallariga ajratish ma-
salasi qaralgan. Tanlangan obyektning ñholatò sinfiga tegishliligini anglatuvchi qatôiymas toóplamini qurish amalga oshirilgan. Natijada 
intellektual texnologiyalardan foydalanib don sifati yuqori boólgan bugódoy navini ajratib olish usulini ishlab chiqishga erishilgan. 
ʈɽɿʖʄɽ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʜʝʣʝʥʠʷ ʩʦʨʪʦʚ ʧʰʝʥʠʮʳ ʥʘ ʧʨʠʦʨʠʪʝʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʫʪʸʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʥʝʯʸʪʢʠ ʤʥʦʞʝʩʪʚʘ, ʦʟʥʘʯʘʶʱʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʳʙʨʘʥʥʦ-
ʛʦ ʦʙʲʝʢʪʘ ʢ ʢʣʘʩʩʫ çʩʦʩʪʦʷʥʠʝè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ ʚʳʜʝʣʝ-
ʥʠʷ ʩʦʨʪʘ ʧʰʝʥʠʮʳ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ. 

SUMMARY.  The article deals with the issue of dividing wheat varieties into priority intervals by determining the values of rele-
vance functions. A fuzzy set is constructed, indicating that the selected object belongs to the ñstateò class. As a result, it was possible to 
develop a method of extracting a wheat variety with high grain quality using intellectual technologies. 

 
ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʈʆʃʀ ʍʀʄʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʆɺ 

ɺ ɸɻʈʆʍʀʄʀʀ ʀ ʕʂʆʃʆɻʀʀ 
ɹ.ɸ.ʀʙʨʘʛʠʤʦʚ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹ.ɸʚʝʟʦʚ ï ʜʦʮʝʥʪ 
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ʅʘʰ ʚʝʢ ʟʥʘʤʝʥʘʪʝʣʝʥ ʪʝʤ, ʯʪʦ ʟʘ ʧʨʦʰʝʜʰʠʝ ʛʦʜʳ 

ʥʘʡʜʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʦʩʪʦʷ-
ʥʠʝʤ ʦʨʛʘʥʠʟʤʦʚ, ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʘʤʠ 
ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʕʪʠ ʧʦʣʦʞʝʥʠʷ  ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ 
ʫʯʝʥʠʷʭ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʠ ʅ.ʇ.ɺʠʥʦʛʨʘʜʦʚʘ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʭ ʫʯʝʥʠʷ ʦ ʙʠʦʩʬʝʨʝ ʠ ʙʠʦʛʝʦʭʠʤʠ-

ʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʷʭ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʚʩʝʩʪʦʨʦʥʥʝʛʦ    
ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʤʠʢʨʦ ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ 
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʦʣʦ-
ʛʠʯʝʩʢʦʡ ʠʭ ʨʦʣʠ ʙʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʠ ʩʝʣʴʩʢʦʤ    
ʭʦʟʷʡʩʪʚʝ. ʋ ʠʩʪʦʢʦʚ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʦʷʣʠ 
ʗ.ɺ.ʇʝʡʚʝ, ʅ.ʗ.ʐʢʦʣʴʥʠʢ, ɺ.ɺ.ʂʦʚʘʣʴʩʢʠʡ, 
ɸ.ʀ.ɺʦʡʥʘʨ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʫʯʝʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ 
ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʢʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ        
ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʞʠʟʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʙʥʘʨʫʞʠʣʠ ʠ 
ʜʦʢʘʟʘʣʠ ʩʚʷʟʴ ʤʝʞʜʫ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʞʠʚʳʭ      
ʦʨʛʘʥʠʟʤʦʚ ʠ ʕʉ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʩʧʝʮʠʬʠʯʝʩʢʦʝ     
ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʜʦʩʪʘʪʢʘ ʠʣʠ ʠʟʙʳʪʢʘ ʤʠʢʨʦ  ʠ           
ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ [1]. 
ɺʣʠʷʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ, ʨʘʟ-

ʚʠʪʠʝ ʨʘʩʪʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴ-
ʭʦʟʢʫʣʴʪʫʨ, ʦʩʦʙʝʥʥʦ ʥʘ ʭʣʦʧʯʘʪʥʠʢ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 
ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʘʭ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʝʭʘʥʠʟʤ  ʚʣʠʷʥʠʷ 
ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘʯʘʩʪʫʶ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʘ ʥʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 
ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 
ʵʬʬʝʢʪ çʚʤʦʥʪʠʨʦʚʘʥʥʦʩʪʠè ʧʨʦʮʝʩʩʘ ʚʦʟʜʝʡʩʪʚʠʷ 
ʦʩʪʘʚʘʣʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤ [2]. 
ɼʘʣʴʥʝʡʰʠʝ ʨʘʟʚʠʪʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ    
ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʩʰʠʨʠʪʴ ʯʠʩʣʦ      
ʦʜʥʦʚʨʝʤʝʥʥʦ  ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʟʫʯʘʝʤʳʭ 
ʦʙʲʝʢʪʘʭ. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʨʘʙʦʪʝ ʜʘʥʥʳʤ ʚ 
ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʟʤʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʦʢʦʣʦ 90 ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ. ʀʟ ʥʠʭ ʪʦʣʴʢʦ 12- O, C, H, Na, Ca, P, S, K, 
Ba, Cl, Mn, ʠ Fe ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʙʦʣʴʰʠʭ              
ʢʦʣʠʯʝʩʪʚʘʭ. ʇʝʨʚʳʝ 4 ʩʦʩʪʘʚʣʷʶʪ 96% ʚʩʝʡ ʤʘʩʩʳ  
ʦʨʛʘʥʠʟʤʘ, 9 ʧʦʩʣʝʜʫʶʱʠʭ ï 3,6%, ʘ ʥʝ ʜʦʣʶ      
ʦʩʪʘʣʴʥʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʣʝʜʦʚʳʭ (70 ʵʣʝʤʝʥʪʦʚ) 
ʧʨʠʛʦʜʠʪʩʷ ʚʩʝʛʦ 0,4%. 
ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ɸ.ʂʠʩʪʘ 11 ʵʣʝʤʝʥʪʦʚ 

(H, C, N, O, Na, K, P, Ca, S, Cl) ʷʚʣʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳ-
ʤʠ ʢʠʨʧʠʯʠʢʘʤʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʝʱʝ 11 (B, F, Mn, 
Fe, Co, Ni, Cu, Zn, Br, Mo, I) ï ʥʝʟʘʤʝʥʠʤʳʤʠ ʤʠʢʨʦ-
ʵʣʝʤʝʥʪʘʤʠ (ʵʣʝʤʝʥʪʘʤʠ ʧʠʪʘʥʠʷ). ʇʦ ʜʘʥʥʳʤ ʜʨʫʛʠʭ 
ʘʚʪʦʨʦʚ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʢʣʘʩʩʝ ʦʪʣʠ-
ʯʘʶʪʩʷ ʥʘ 2-3 ʵʣʝʤʝʥʪʘ [3]. 
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ʂ ʯʠʩʣʫ ʤʘʣʦ ʠʟʫʯʝʥʥʳʭ ʧʦ ʩʚʦʝʤʫ ʚʣʠʷʥʠʶ ʥʘ    
ʦʨʛʘʥʠʟʤʳ ʦʪʥʝʩʝʥʳ  Li, Be, Al , Si, V, Cr, Se, Rb, Sr, Ag, 
Cd, Cs, Ba, Au, Hg, Pb. 
ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʘ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ 44   

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (He, Ne, Ar, Kr, Xe, Sc, Ti, Ga, 
Ge, As, Y, Nb, Ru, Rh, Pd, In, Sn, Sb, Te, La, Ce, Pr, Nd, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tu, Yb, Lu, Hf, Ta, W, Re, 
Os, Ir, Pb, Te, Bi, Th, U ʠ ʜʨ. 
ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʠʟʫ-

ʯʝʥʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 
ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʘʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʦʪʩʫʪ-
ʩʪʚʠʝʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ 
ʦʧʨʝʜʝʣʷʪʴ ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʠ-
ʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʩ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ 
ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ. ʆʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʠ 
ʪʦʢʩʠʯʥʳʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 
ʦʨʛʘʥʠʟʤʦʚ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ As, Se, Te, Rd, Ag, 
Ca, Pt, Au, Hg, Pb, Sb, Bi, Be, Ba, Br, Co, Ni, Zn, Sn, I, 
Mn, P,Cd, Ca, V ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ, ʣʠʙʦ 
ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʚʠʩʠʪ 
ʢʘʢ ʦʪ ʧʨʠʨʦʜʳ ʩʘʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʪʘʢ ʠ ʦʪ ʫʨʦʚʥʷ ʝʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ, ʝʩʣʠ ʵʪʦʪ ʫʨʦʚʝʥʴ ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ ʥʘʪʠʚʥʦʛʦ (Fe, Co, I, Hg  ʠ ʜʨ). ʫʩʪʘʥʦʚʣʝʥʥʳʝ      
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ çʟʦʥ ʙʠʦʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷè          
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʝʡ 
ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 
ʢʦʣʠʯʝʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʣʠʟʘʪʦʨʦʚ ʧʨʦʪʝʢʘʥʠʷ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. 
ʄʠʢʨʦʵʣʝʤʝʥʪʳ ʫʯʘʩʪʚʫʶʪ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʬʝʨʤʝʥ-
ʪʦʚ, ʛʦʨʤʦʥʦʚ, ʚʠʪʘʤʠʥʦʚ, ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ 
ɼʅʂ ʠ ʈʅʂ. ɺʩʝ ʞʠʟʥʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʳ ʩ ʩʦʩʪʘ-
ʚʦʤ ʧʦʯʪʠ, ʧʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʕʉ ʧʦʯʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 
ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ           
ʨʘʟʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʚ ʘʛʨʦʭʠʤʠʠ, ʘʛʨʦʛʝʦʭʠʤʠʠ,   
ʵʢʦʣʦʛʠʠ, ʥʦ ʠ ʩʘʤʦʡ ʞʠʟʥʠ ʚʦʦʙʱʝ. 
ʆʙʥʘʨʫʞʠʚʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʣʶʙʳʭ ʩʠʩʪʝʤʘʭ (ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ, 
ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ, ʦʙʲʝʢʪʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) ʤʦʛʫʪ 
ʩʳʛʨʘʪʴ ʨʦʣʴ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ, ʪʦʢʩʠʯʥʳʭ,    
ʤʫʪʘʛʝʥʥʳʭ ʠʣʠ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʘʛʝʥʪʦʚ ʠ ʟʘʜʘʯʘ     
ʘʥʘʣʠʪʠʢʦʚ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠ ʨʘʩʯʠʩʣʝʥʠʠ ʵʪʠʭ 
ʜʘʥʥʳʭ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ [4]. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʳ: çʄʠʢʨʦʵʣʝʤʝʥʪʳ ʚ ʙʠʦʣʦʛʠʠ, 

ʤʝʜʠʮʠʥʝ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè ʚ ʀʗʌ ɸʅ ʈʫʟ ʚʝʜʝʪʩʷ 
ʜʘʚʥʦ. ɺ 60-70 ʛʛ. ʙʳʣʠ ʠʟʫʯʝʥʘ ʜʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ 
Mn, Na, P, K, Cl ʧʦʯʚʘʭ ʠ ʦʨʛʘʥʘʭ ʭʣʦʧʯʘʪʥʠʢʘ ʚ       
ʪʝʯʝʥʠʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʯʚ. 
ʄʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʯʘʩʪʠʷ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʦʚ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʛʝʥʝʟʝ ʦʪʜʝʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ 
ʧʨʠʚʦʜʷʪʩʷ ʚ ʨʘʙʦʪʝ. 
ɺʳʧʦʣʥʝʥ ʮʠʢʣ ʨʘʙʦʪ ʩʦʚʤʝʩʪʥʦ ʩ ʋʟʅʀʀʍ ʧʦ ʠʟʫ-

ʯʝʥʠʶ ʧʦʪʨʝʙʥʦʩʪʠ ʭʣʦʧʯʘʪʥʠʢʘ ʚ ʵʣʝʤʝʥʪʘʭ ʧʠʪʘʥʠʷ 
(ʙʦʣʝʝ 20 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ). ʇʦʤʠʤʦ ʵʪʦʛʦ ʧʨʦ-
ʚʦʜʠʣʘʩʴ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ, ʤʝʪʘʣʣʦʤʝʪʨʠʯʝʩʢʘʷ ʠ 
ʛʠʜʨʦ ʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʘʨʠʜʥʦʡ 
ʟʦʥʳ ʨʝʩʧʫʙʣʠʢʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʦʮʝʥʦʢ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ  
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʘʭ, ʧʨʠʯʝʤ 
ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʦʚʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚ 
ɹʝʩʘʧʷʥ-ʉʫʛʨʠʣʠʥʩʢʦʤ ʤʘʩʩʠʚʝ. 
ʈʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʷʛʢʠʭ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ      
ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʧʨʦʙ, ʦʙʣʫʯʝʥʥʳʭ        
ʥʝʡʪʨʦʥʘʤʠ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʀʥʪʝʨʝʩʥʳʤ ʠ ʧʝʨʩʧʝʢ-
ʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-
ʙʦʪʢʠ ʙʠʦʦʙʲʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ          
ʠʥʪʝʨʚʘʣʝ (100-1000Áʉ) ʩ ʤʝʪʦʜʘʤʠ ʘʢʪʠʚʘʮʠʠ, ɔ-
ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʭ 
ʧʦʪʝʨʴ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʝ 
ʚʘʣʝʥʪʥʳʝ ʬʦʨʤʳ ʠ ʚʘʣʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 
ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʠʡ ʚ       
ʩʪʝʧʝʥʠ ʣʝʪʫʯʝʩʪʠ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, (ʚ ʵʪʦʤ ʯʠʩʣʝ 
ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ) ʠʣʠ ʭʣʦʨʠʨʦʚʘʥʠʝ ʠ ʦʙʞʠʛ ʧʦʟʚʦʣʠʣʦ 
ʩʦʟʜʘʪʴ ʤʝʪʦʜʠʢʫ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ 40 ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʜʥʦʡ ʥʘʚʝʩʢʠ. 
ɺ ʨʘʙʦʪʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 
ʘʢʪʠʚʘʮʠʠ, ʘʚʪʦʨʘʜʠʦʛʨʘʬʠʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ             
ʦʙʣʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ       
ʤʘʨʛʘʥʮʘ ʚ ʥʦʨʤʝ ʠ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʠ ʭʣʦʧʯʘʪʥʠʢʘ    
ʚʝʨʪʠʮʝʣʣʝʦʟʥʳʤ ʚʠʣʪʦʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʩʝʚʥʦʡ 
ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʠʝ 
ʙʦʣʝʝ 27 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ   
ʧʨʦʮʝʩʩʘʭ. 
ʄʘʩʩʦʚʳʡ ʘʥʘʣʠʟ ʧʦʯʚ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ ʠ    

ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʙʠʦʛʝʦʭʠʤʠʯʝ-
ʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʟʘʥʷʪʳʭ ʭʣʦʧʯʘʪʥʠʢʦʤ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʭʣʦʧʢʦʩʝʶ-
ʱʠʭ ʭʦʟʷʡʩʪʚʘʭ ʧʨʠʚʝʣʦ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚ As, Sb, Br, 
I ʠ ʈɿʕ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠ       
ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚ ʦʪʜʝʣʴʥʳʭ         
ʭʦʟʷʡʩʪʚ ʨʝʩʧʫʙʣʠʢʠ. 
ʀʟʫʯʝʥʘ ʙʠʦʛʝʦʭʠʤʠʷ ʩʫʨʴʤʳ, ʩʢʘʥʜʠʷ ʠ ʈɿʕ ʚ    

ʦʩʥʦʚʥʳʭ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʟʦʥʘʭ ʨʝʩʧʫʙʣʠʢʠ. ɺ   
ʶʞʥʦʡ ʯʘʩʪʠ ʌʝʨʛʘʥʩʢʦʡ ʜʦʣʠʥʳ, ʚ ʂʘʜʦʤʞʘʝ        
(ʂʠʨʛʠʟʠʷ) ʠ ʜʦʣʠʥʝ ʨʝʢʠ ɿʘʨʘʬʰʘʥ ʥʘʡʜʝʥʳ ʨʪʫʪʥʦ-
ʩʫʨʴʤʷʥʦ ʤʳʰʴʷʢʦʚʳʝ ʩʫʙ ʨʝʛʠʦʥʳ ʠ      ʙʠʦʛʝʦʭʠʤʠ-
ʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ [5]. 
ʉʪʦʠʪ ʨʘʙʦʪʳ, ʛʜʝ ʥʘʡʜʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʚʘʣʦ-

ʚʳʤʠ ʠ ʧʦʜʚʠʞʥʳʤʠ ʬʦʨʤʘʤʠ ʙʦʣʝʝ 20 ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʵʣʝ-
ʤʝʥʪʘʤʠ, - ʦʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʘʛʨʦʛʝʦʭʠʤʠʠ ʦʩʥʦʚʥʳʭ 
ʪʠʧʦʚ ʧʦʯʚ ʭʣʦʧʢʦʩʝʶʱʠʭ ʟʦʥ ʋʟʙʝʢʠʩʪʘʥʘ. 
ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢʘʢ ʧʦ ʤʝʪʦʜʘʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, 
ʪʘʢ ʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʥ-
ʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ  
ʧʦʯʚ, ʨʘʩʪʝʥʠʡ, ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʚ 
ʮʝʣʦʤ ʨʘʟʨʘʙʦʪʘʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʤʝʝʪʩʷ ʨʷʜ ʥʝʨʝʰʝʥ-
ʥʳʭ ʟʘʜʘʯ, ʢʘʩʘʶʱʠʭʩʷ ʚʦʧʨʦʩʦʚ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʠ 
ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʥʘʣʠʟʘ. 
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ʤʫ״ʦʢʘʤʘ ץʠʣʠʥʘʜʠ. ɹʝʣʛʠʣʘʥʛʘʥ ʵʣʝʤʝʥʪʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠʥʠ ״ʠʩʦʙʣʘʰ ʤʘʭʩʫʩ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʢʦʤʧʴʶʪʝʨ ʜʘʩʪʫʨʠ ʸʨʜʘʤʠʜʘ 
ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 
ʈɽɿʖʄɽ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʤʝʪʦʜʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʥʝʡʨʦʥʥʦ ï ʘʢʪʠʚʘʮʠʦʥ ʘʥʘʣʠʟʦʤ ʧʦʯʚ ʪʨʝʭʢʨʘʪʥʦʝ ʦʙ-

ʣʫʯʝʥʠʝ ʧʨʦʙʳ. ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʡ ʦʧʨʝʜʝʣʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 
ʧʨʦʛʨʘʤʤʝ. 

SUMMARY.  The article discusses triple irradiation of a sample using instrumental neuroactivation analysis of soils. The calculation 
of the content of the determined elements was carried out using a specially developed computer program. 
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Kremniy monokristallari asosidagi fotoelementlarni 

sanoat miqiyosida ishlab chiqarishda kremniy plastinkala-
rining sirtiga teksturalarni olish juda keng tarqalgan 
texnologik jarayondir [1,2]. Teksturalarni hosil qilishda 
odatda suv, kaliy gidroksidi (KOH) va izopropil spirt (IPA) 
dan foydalaniladi hamda kimyoviy usullar bilan ham teks-
turalarni olish amalga oshiriladi. Bu usul kremniy 
plastinkasining anizotropiyasi tufayli kremniy plastinkalar 
sirtida kichik oólchamdagi teskari piramidalar (piramidasi-
mon) shakldagi teksturalarni hosil qiladi [3,4].Bu oóz 
navbatida fotoelementning qisqa tutashuv toki (Iqtt) ni or-
tishiga olib keldi. Katta yoki juda kichik oólchamdagi 
piramida shaklidagi teksturalar fotoelementning foydali ish 
koeffisentini kamaytirishi aniqlandi. Peramidalarning 
balandligi 15 ɛm dan katta oólchamdagi piramidalar hosil 
qilingan kremniy asosidagi fotoelementlarga mexanik ish-
lov berish jarayonida ulardagi p-n oôtish qatlamini yoóq 
boólishiga olib kelishi mumkin [5]. Ikkinchi tomondan, 
balandligi 0,3 ɛm dan kam boólgan juda kichik oólchamdagi 
piramidalar shaklidagi tekstura plastinka sirtiga tushayotgan 
yoruglikni aks ettirish xususiyatini ortishiga olib keladi, 
chunki yorugôlik diffraktsiyasi quyosh nurlarining katta 
toôlqin uzunligida sezilarli boóladi.[6]. Kremniy asosidagi 
fotoelementlarning sirtida piramidalarning balandligini 
oólchami 3 ɛm dan 12 ɛm gacha boólgan teksturani olish 
texnologik jarayonining vaqtiga bogóliqligi tajribalar na-
tijalari asosida aniqlandi. Kremniy plastinkalaring sirtiga 
kimyoviy ishlov berib tekstura hosil qilish jarayonidan 
soóng, yorugólik nurini aks ettirish holatini oórganish 
boóyicha tadqiqotlar oótkazildi va skanerlovchi elektron 
mikroskop (SEM) yordamida olingan fotoelementlarning 
sirtining topologiyasi tasvirlari olindi. Fotoelementlarni 
olish uchun teksturali monokristall kremniy plastinkalarga 
fosfor kirishma atomlari diffuziya qilindi. Olingan fotoele-
mentlarning qisqa tutashuv toki (Iqtt) va salt yurish 
kuchlanishlari (Us yuk) oólchanib tekstura qilinmagan foto-
elementlarning parametrlari bilan oózaro solishtirildi. 

Namunalarni olish texnologiyasi. 
Kremniy plastinkalarni kesishda hosil boôlgan mexanik 

nuqsonlarni yoóqotish uchun ularning sirti karbit kremniy 
suspenziyasida sayqallanib mexanik ishlov berildi. 
Kremniy plastinkalarning sirtini organik va texnik 
yogólardan tozalashda sovun eritmasida yuvildi. 
Plastinkalarning sirtida hosil boólgan oksid qatlamni ket-
kazish maqsadida HF kimyoviy eritmasida tozalandi [7]. 

Tajriba uchun 4x4 sm
2
 oólchamdagi (100) kristall 

yoônalishidagi boshlangôich p - turdagi kremniy 
plastinkalaridan (Cz - Si) foydalanildi, ularning solishtirma 
qarshiligi p = 0.5 õ 3 Om sm oraligôida boôldi. 
Plastinkalarning sirtini tozalash jarayoni quyidagicha amal-
ga oshirildi. Kremniy plastinkalari T=80ÁC da 10% li natriy 
gidroksidi (NaOH) eritmasida t=4 min davomida qizdirilib 
kimyoviy tozalandi. Kremniy plastinkalari deionizatsiya-
langan suv, kaliy gidroksidi (KOH) va T=100ÁC haroratdan 
yuqori haroratda qaynaydigan spirt (IPA) eritmasida T= 
80õ85ÁC haroratda kimyoviy ishlov berildi. Hosil boólgan 

piramidalarning oólchamini oózgartirishda kimyoviy ishlov 
berish vaqti t=10 dan t= 60 daqiqa oraligóida amalga 
oshirildi. 

Kremniy plastinkalar sirtida hosil qilingan piramidali 
teksturani holatini oórganish Digital mikroskopi va skaner-
lovchi elektron mikroskop (SEM) yordamida amalga 
oshirildi. Tekstura olish jarayonini fotoelementlarning el-
ektrofizik parametrlariga taôsirini oórganish maqsadida, 
teksturali hamda teksturasiz kremniy plastinkalariga fosfor 
kirishma atomlari bir xil sharoitda diffuziya qilindi. Dif-
fuziya jarayoni T=1100 ᴈ haroratda va t=1 soat davomida 
elektr pechda amalga oshirildi. Olingan fotoelementlarning 
ikki tarafidagi omik kontaktlar kimyoviy usul bilan metal 
nikel qatlamlarni kremniy plastinkalarining sirtiga 
oótqazilib soóngra haroratli ishlov berish asosida olindi 
hamda ularning elektrofizik parametrlari oólchandi. 

Tajriba natijalarini tahlili  
Digital mikroskopi yordamida olingan tasvirlar 2 va 3-

rasmlarda berildi.    
       

 
2 ï rasm. Digital mikroskopida olingan kremniy 

plastinkalarining sirtini yorugólikda olingan tasvirlar 
(rasmni chap tomonida teksturasiz, oông tomonida tekstura 
olingan kremniy plastinkalarining sirtini tasvirlari). 

 

 
3- rasm. Digital mikroskopida qorongóuligida olingan 

tasvirlari (rasmni chap tomonida teksturasiz, oóng tomonida 
tekstura qilingan kremniy plastinkalarini tasvirlari). 

Kremniy plastinkasi sirtida hosil qilingan teksturalarni 
yanada aniqroq oórganish maqsadida Coxem CX-200 
markali skanerlovchi elektron mikroskop yordamida 
tadqiqotlar amalga oshirildi.  
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4-rasm. Kremniy plastinkasi sirtida hosil qilingan 

teksturani SEM da olingan tasvirlari ( kremniy plastinkasi 
sirtida 2.5 gr KOH + 3 ml IPA + 30 mL H2O tarkibidagi 
eritmada t=10 daqiqa davomida tekstura olinganda).  

 

 
 

 
6-rasm. Kremniy plastinkasi sirtida hosil qilingan 

teksturaning SEM da olingan tasvirlari (kremniy plastinkasi 
sirtida 2.5 gr KOH + 3 ml IPA + 30 mL H2O tarkibidagi 
eritmada t=30 daqiqa davomida tekstura olinganda). 

 
 

 
9-rasm. Kremniy plastinkasi sirtida hosil qilingan 

teksturaning SEM da olingan tasvirlari (kremniy plastinkasi 
sirtida 2.5 gr KOH + 3 ml IPA + 30 mL H2O tarkibidagi 
eritmada t=60 daqiqa davomida tekstura olinganda). 

2.5 gr KOH + 3 ml IPA + 30 mL H2O tarkibidagi erit-
mada T=80ᴈõ85ᴈ haroratda turli xil vaqtda kimyoviy ish-
lov berib olingan teksturalarni balandligi 1- jadvalda 
berildi. 

1-jadval 
Eritmaning 
tarkibi  

Vaqt  Uchburchak asosdagi 
piramidaning balandligi  

 
 
2.5 gr KOH + 
3 ml IPA + 
30 mL H2O  
 

10 minut 1-3 ɛm 
20 minut 3-6 ɛm 
30 minut 5-9 ɛm 
40 minut 10-12 ɛm 
50 minut 12-15 ɛm 
60 minut 15-19 ɛm 

Yaratilgan texnologik jarayonlarda olingan fotoelement-
laring elektrofizik parametrlari 2-jadvalda keltirildi. 

2-jadval 
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1 30  480 30.8 484 
2 30  485 32.1 490 
3 32  475 33.2 479 
4 31  468 31.9 475 
5 30  483 29.2 480 
6 31  481 29.6 478 

Xulosa. Monokristall kremniy asosidagi fotoelement-
larning sirtida teksturalarni hosil qilish va ularning 
oólchamlarini boshqarish hamda teskturalarni yaratilgan 
fotoelementlarning elektrofizik parametrlariga va foydali 
ish koeffitsentiga taôsirini oórganish natijalarining tahlili  
asosida quyidagilar aniqlandi. 


