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 ʘʤ ʙʠʣʘʥ ʨ˄ʡʭʘʪʛʘץʫʟʫʨʠʜʘʛʠ ʆʣʠʡ ʘʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʜʘ B2018.1.DSc/FM112 ʨʘ״

ʦʣʠʥʛʘʥ. 
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ɼʠʩʩʝʨʪʘʮʠʷ ʘʚʪʦʨʝʬʝʨʘʪʠ ʫʯ ʪʠʣʜʘ (˄ʟʙʝʢ, ʨʫʩ, ʠʥʛʣʠʟ (ʨʝʟʶʤʝ)) ʀʣʤʠʡ ʢʝʥʛʘʰ ʚʝʙ-

ʩʘ״ʠʬʘʩʠwww.iplt.uz ״ʘʤʜʘ çZiyoNetè ʘʭʙʦʨʦʪ-ʪʘʲʣʠʤ ʧʦʨʪʘʣʠ www.ziyonet.uz ʤʘʥʟʠʣʣʘʨʠʛʘ 

ʞʦʡʣʘʰʪʠʨʠʣʛʘʥ. 
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ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ ʬʘʥʣʘʨʠ ʜʦʢʪʦʨʠ,  

ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ 
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ɺʘʣʠʝʚ ʋʡʛʫʥ ɺʘʭʠʜʦʚʠʯ, 
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ɼʠʩʩʝʨʪʘʮʠʷ ״ʠʤʦ̫ʩʠ ʀʦʥ ʧʣʘʟʤʘ ʚʘ ʣʘʟʝʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʠʥʩʪʠʪʫʪʠ ״ʫʟʫʨʠʜʘʛʠ ʠʣʤʠʡ 

ʜʘʨʘʞʘʣʘʨ ʙʝʨʫʚʯʠ DSc.30.05.2018.FM/T.65.01 ʨʘץʘʤʣʠ ʀʣʤʠʡ ʢʝʥʛʘʰʥʠʥʛ 2018 ʡʠʣ 

ç___è________ʢʫʥʠ ʩʦʘʪ ___ ʜʘʛʠ ʤʘʞʣʠʩʠʜʘ ʙ˄ʣʠʙ ˄ʪʘʜʠ. (ʄʘʥʟʠʣ: 100125, ʊʦʰʢʝʥʪ ʰʘ״ʨʠ, 

ɼ˄ʨʤʦʥ ʡ˄ʣʠ ʢ˄ʯʘʩʠ, 33-ʫʡ. ʊʝʣ/ʬʘʢʩ: (99871) 262-32-54, e-mail: info@iplt.uz). 

ɼʦʢʪʦʨʣʠʢ ʜʠʩʩʝʨʪʘʮʠʷʩʠ ʙʠʣʘʥ ʀʦʥ ʧʣʘʟʤʘ ʚʘ ʣʘʟʝʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʠʥʩʪʠʪʫʪʠ ɸʭʙʦʨʦʪ-
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http://.uz/
http://www.ziyonet.uz/
mailto:info@iplt.uz
mailto:info@iplt.uz


5 

ʂʀʈʀʐ (ʜʦʢʪʦʨʣʠʢ (DSc) ʜʠʩʩʝʨʪʘʮʠʷʩʠʥʠʥʛ ʘʥʥʦʪʘʮʠʷʩʠ) 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ. ɾʘ״ʦʥ ʤʠץʸʩʠʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣ ʚʘ ʘʤʘʣʠʡ ʞʠ״ʘʪʜʘʥ ʘʣʦ״ʠʜʘ ʘ״ʘʤʠʷʪʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʤʘʛʥʠʪ 

ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʢʦʤʧʣʝʢʩ ʪʘʜץʠץʦʪʣʘʨʠʥʠ ʤʫʢʘʤʤʘʣʣʘʰʪʠʨʠʰ ״ʘʤʜʘ 

ʫʣʘʨʥʠʥʛ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷ ʩʦ״ʘʩʠʜʘ ʘʭʙʦʨʦʪʣʘʨʥʠ ʩʘץʣʘʰ ʚʘ ʫʟʘʪʠʰ, 

ʵʣʝʤʝʥʪ ʙʘʟʘʣʘʨʠʥʠʥʛ ʘʨʭʠʪʝʢʪʫʨʘʩʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ ʤʫ״ʠʤ 

ʤʘʩʘʣʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. ʐʫ ʞʠ״ʘʪʜʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʵʬʬʝʢʪʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʢ˄ʨʠʥʫʚʯʘʥʣʠʢ ʚʘ ʷץʠʥ ʠʥʬʨʘ ץʠʟʠʣ (ʀפ) ʩʧʝʢʪʨ 

ʩʦ״ʘʩʠʜʘ ʩʠʥʪʝʟ ץʠʣʠʥʛʘʥ ʬʝʨʨʦʜʠʵʣʝʢʪʨʠʢ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠ ʵʣʝʢʪʨ 

 ʠʜʘ״ʠʡʤʘʪʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʷʥʛʠ ʘʚʣʦʜʠʥʠ ʷʨʘʪʠʰ ʘʣʦץ ʘʨʰʠʣʠʢʣʘʨʠ ʢʘʪʪʘץ

ʘ״ʘʤʠʷʪʛʘ ʵʛʘ. ɹʫ ʙʦʨʘʜʘ, ɻʝʨʤʘʥʠʷ, ʌʨʘʥʮʠʷ, ʗʧʦʥʠʷ, ʈʦʩʩʠʷ ʚʘ ʙʦʰץʘ 

ʨʠʚʦʞʣʘʥʛʘʥ ʜʘʚʣʘʪʣʘʨʜʘ ʘʭʙʦʨʦʪʣʘʨʥʠ ʤʘʛʥʠʪ ʜʠʩʢʣʘʨʜʘ ʸʟʠʰ, ʩʘץʣʘʰ ʚʘ 

 ʣʠʢʥʠʥʛסʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʩʪʨʫʢʪʫʨʘʩʠʜʘ ʸʨʫץ-ʠʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠʛʘʥ Nץ˄

ʢ˄ʧ ʤʘʨʪʘʣʘʙ ץʘʡʪʠʰʠ ʚʘ ˄ʪʠʰʠ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʛʘ ʘʣʦ״ʠʜʘ 

ʵʲʪʠʙʦʨ ץʘʨʘʪʠʣʤʦץʜʘ. 

ɾʘ״ʦʥʜʘ ״ʘʞʤʣʠ ʘʭʙʦʨʦʪʣʘʨʥʠ ʸʟʠʰ ץʫʨʠʣʤʘʣʘʨʠʥʠ ʷʨʘʪʠʰ, 

ʘʭʙʦʨʦʪʣʘʨʥʠ ʪʘʰʫʚʯʠ ʠʢʢʠʪʘ ״ʘʨ ʭʠʣ ʙʣʦʭ ʯʠʟʠץʣʘʨʠ, ʙʣʦʭ ʥʫץʪʘʣʘʨʠʥʠʥʛ 

ʢʝʩʠʰʫʚʠ ʦʣʠʥʩʘ, ʸʟʫʚ ʟʠʯʣʠʛʠʥʠ ʙʠʨ ʥʝʯʘ ʜʘʨʘʞʘʛʘ ʦʰʠʨʠʰ, ʠʢʢʠ ʬʦʪʦʥʣʠ 

ʸʟʫʚ ʪʝʭʥʦʣʦʛʠʷʩʠ ʘʩʦʩʠʜʘ ʜʠʩʢʥʠʥʛ ״ʘʨ ʠʢʢʘʣʘ ʪʦʤʦʥʠʛʘ ʙʠʨ ʥʝʯʘ ʶʟ 

 ʘʣʠʥʣʠʛʠʜʘ ʙʠʪץ ʠʰ, ʤʘʪʝʨʠʘʣץʘʪʣʘʤʣʠ ʸʟʠʰ ʫʩʫʣʠʥʠ ʠʰʣʘʙ ʯʠץ

ʘʭʙʦʨʦʪʥʠʥʛ ʞʦʡʣʘʰʠʰ ʥʫץʪʘʩʠʥʠ ʦʩʦʥ ˄ʟʛʘʨʪʠʨʠʰʛʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ 

ʤʘץʩʘʜʣʠ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠʥʠ ʦʣʠʙ ʙʦʨʠʰ ʘʣʦ״ʠʜʘ ʢʘʩʙ ʵʪʘʜʠ. ɹʫ 

ʙʦʨʘʜʘ ʭʦʪʠʨʘ ץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʷʥʛʠ ʧʨʠʥʮʠʧʣʘʨʠʥʠ ʷʨʘʪʠʰ ʞʫʤʣʘʜʘʥ 

ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʠ ʠʥʪʝʛʨʘʣʴ ʩʭʝʤʘʣʘʨ; ˄ʪʘ ʷʨʠʤ˄ʪʢʘʟʛʠʯʣʘʨ; ʮʠʣʠʥʜʨʠʢ 

ʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨ; ʟʘʨʷʜ ʘʣʦץʘʣʠ ץʫʨʠʣʤʘʣʘʨ; ʩʧʠʥʪʨʦʥʠʢʘ; ʦʧʪʠʢ ״ʦʜʠʩʘʣʘʨ 

(ʪʝʨʤʦʧʪʠʢʘ, ʵʣʝʢʪʨʦʦʧʪʠʢʘ, ʚʘ ʙʦʰץʘ ʪʠʧ ʸʟʫʚʣʘʨʠ, ʛʦʣʦʛʨʘʬʠʷʥʠ ״ʘʤ 

 ʫʨʠʣʤʘʣʘʨʠʥʠץ ʘʤʜʘ ʥʦʥʦʩʪʨʫʢʪʫʨʘ ʘʩʦʩʠʜʘʛʠ״ (ʠʩʦʙʛʘ ʦʣʛʘʥʜʘ״

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʛʘ ץʘʨʘʪʠʣʛʘʥ ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨʥʠ ʘʤʘʣʛʘ ʦʰʠʨʠʰ 

ʤʫ״ʠʤ ʚʘʟʠʬʘʣʘʨʜʘʥ ʙʠʨʠ ״ʠʩʦʙʣʘʥʘʜʠ. 

ʈʝʩʧʫʙʣʠʢʘʤʠʟʜʘ ʦʧʪʠʢʘ, ʭʫʩʫʩʘʥ ʤʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨ ʦʧʪʠʢʘʩʠ 

ʩʦ״ʘʩʠʜʘ ʥʦʜʠʨ ʝʨ ʤʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ 

 ,ʣʘʰ, ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨץʦʜʠʩʘʣʘʨʠʥʠ ʬʠʟʠʢʘʚʠʡ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʘʥʠ״

ʢʦʥʩʪʨʫʢʮʠʷʩʠʛʘ ʙʦסʣʠ״ ץʦʣʜʘ ʪʦʣʘ ʙ˄ʡʠʯʘ ʶʙʦʨʠʣʘʸʪʛʘʥʩʠʛʥʘʣʥʠ ʢʠʨʠʪʠʰ, 

ʯʠץʘʨʠʰ ʸʢʠ ץʘʡʪʘ ʡʫʥʘʣʪʠʨʠʰ, ʙʠʨ ʥʝʯʪʘ ʸʢʠ ״ʘʤʤʘ ʩʧʝʢʪʨʘʣ ʢʘʥʘʣʣʘʨʛʘ 

ʡʫʥʘʣʪʠʨʠʰ ʚʘ ʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨʠ ʘʩʦʩʠʜʘ ʠʰʣʘʡʜʠʛʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢ 

 ʘʤʨʦʚʣʠ ʯʦʨʘ ʪʘʜʙʠʨʣʘʨ ʘʤʘʣʛʘץ ʫʨʠʣʤʘʣʘʨʥʠ ʷʨʘʪʠʰ ʙ˄ʡʠʯʘ ʢʝʥʛץ

ʦʰʠʨʠʣʤʦץʜʘ. 2017-2021 ʡʠʣʣʘʨʜʘ ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠʥʠʥʛ ʷʥʘʜʘ 

ʨʠʚʦʞʣʘʥʪʠʨʠʰ ʙ˄ʡʠʯʘ ʍʘʨʘʢʘʪʣʘʨ ʩʪʨʘʪʝʛʠʷʩʠʜʘ ʞʫʤʣʘʜʘʥ, ç...ʤʠʣʠʡ 

ʠץʪʠʩʦʜʠʸʪʥʠʥʛ ʨʘץʦʙʘʪʙʦʨʜʦʰʣʠʛʠʥʠ ʦʰʠʨʠʰ, ʠץʪʠʩʠʜʠʸʪʜʘ ʵʥʝʨʛʠʷ ʚʘ 

ʨʝʩʫʨʩʣʘʨ ʩʘʨʬʠʥʠ ʢʘʤʘʡʪʠʨʠʰ, ʠʰʣʘʙ ʯʠץʘʨʠʰʛʘ ʵʥʝʨʛʠʷ ʪʝʞʘʡʜʠʛʘʥ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ ʢʝʥʛ ʞʦʨʠʡ ʵʪʠʰ...è ʪʘʲʢʠʜʣʘʙ ˄ʪʠʣʛʘʥ. ʄʘʟʢʫʨ ʚʘʟʠʬʘʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʠʰ, ʞʫʤʣʘʜʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨ ʪʝʭʥʦʣʦʛʠʷʩʠ, ʷʲʥʠ 

ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʣʘʨʠʥʠʥʛ ʪʫʛʫʥ ʪʠʟʠʤʣʘʨʠʜʘ ʌʘʨʘʜʝʡ ʵʣʝʤʝʥʪʣʘʨʠ 
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ʠʰʣʘʪʠʣʠʰʠ ʚʘ ʙʫ ʡ˄ʥʘʣʠʰʠʜʘ ʙʘʞʘʨʠʣʘʸʪʛʘʥ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʤʫ״ʠʤ 

ʘʭʘʤʠʷʪ ʢʘʩʙ ʵʪʘʜʠ. 

ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2017 ʡʠʣ 7 ʬʝʚʨʘʣʜʘʛʠ  

ʇʌ-4947-ʩʦʥ ç2017-2021 ʡʠʣʣʘʨʜʘ ׳ʘʨʘʢʘʪʣʘʨ ʉʪʨʘʪʝʛʠʷʩʠʥʠ ʢʝʣʛʫʩʠʜʘ 

ʘʤʘʣʛʘ ʦʰʠʨʠʰ ʯʦʨʘʣʘʨʠ ʪ˄סʨʠʩʠʜʘèʛʠ ʌʘʨʤʦʥʠ, ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ʇʨʝʟʠʜʝʥʪʠʥʠʥʛ 2017 ʡʠʣ 17 ʬʝʚʨʘʣʜʘʛʠ ʇ2789-פ-ʩʦʥ çʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠ 

ʬʘʦʣʠʷʪʠ, ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠʥʠ ʪʘʰʢʠʣ ʵʪʠʰ, ʙʦʰץʘʨʠʰ ʚʘ 

ʤʦʣʠʷʣʘʰʪʠʨʠʰʥʠ ʷʥʘʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ ʪ˄סʨʠʩʠʜʘèʛʠ 

ʚʘ 2018 ʡʠʣ 20 ʠʶʣʜʘʛʠ ʇ3876-פ-ʩʦʥ çʌʘʥ ʚʘ ʦʣʠʡ ʪʘʲʣʠʤ ʩʦ״ʘʩʠ 

ʭʦʜʠʤʣʘʨʠʥʠʥʛ ʤʝ״ʥʘʪ ״ʘץʠ ʤʠץʜʦʨʠʥʠ ʷʥʘʜʘ ʦʰʠʨʠʰ, ʠʣʤʠʡ ʚʘ ʠʣʤʠʡ-

ʪʝʭʥʠʢ ʬʘʦʣʠʷʪ ʥʘʪʠʞʘʣʘʨʠ ʞʦʨʠʡ ʵʪʠʣʠʰʠʥʠ ʜʘʚʣʘʪ ʪʦʤʦʥʠʜʘʥ ץ˄ʣʣʘʙ-

 ʘʤʜʘ ʤʘʟʢʫʨ ʬʘʦʣʠʷʪʛʘ״ ,ʘʨʦʨʠפ ʨʠʩʠʜʘçʛʠס˄ʫʚʚʘʪʣʘʰ ʯʦʨʘ-ʪʘʜʙʠʨʣʘʨʠ ʪץ

ʪʝʛʠʰʣʠ ʙʦhץʘ ʤʝʲʸʨʠʡ-״ʫץʫץʠʡ ״ʫʞʞʘʪʣʘʨʜʘ ʙʝʣʛʠʣʘʥʛʘʥ ʚʘʟʠʬʘʣʘʨʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʠʰʛʘ ʫʰʙʫ ʜʠʩʩʝʨʪʘʮʠʷ ʪʘʜץʠץʦʪʠ ʤʫʘʡʷʥ ʜʘʨʘʞʘʜʘ ʭʠʟʤʘʪ 

 .ʠʣʘʜʠץ

ʊʘʜץʠץʦʪʥʠʥʛ ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠʰʠ-

ʥʠʥʛ ʫʩʪʚʦʨ ʡʫʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ. 

ʄʘʟʢʫʨʪʘʜץʠץʦʪɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʥʠ 

ʨʠʚʦʞʣʘʥʠʰʥʠʥʛ: II. çʌʠʟʠʢʘ, ʘʩʪʨʦʥʦʤʠʷ, ʵʥʝʨʛʝʪʠʢʘ ʚʘ ʤʘʰʠʥʘʩʦʟʣʠʢè 

ʫʩʪʚʦʨ ʡ˄ʥʘʣʠʰʠ ʜʦʠʨʘʩʠʜʘ ʙʘʞʘʨʠʣʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ ʙ˄ʡʠʯʘ ʭʦʨʠʞʠʡ ʠʣʤʠʡ-ʪʘʜץʠץʦʪʣʘʨ ʰʘʨ״ʠ
1
. 

ʄʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʜʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ״ʦʜʠʩʘʣʘʨ ʚʘ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ 

ʷʥʛʠ ʘʚʣʦʜʠʥʠ ʷʨʘʪʠʰʛʘ ʡ˄ʥʘʣʪʠʨʠʣʛʘʥ ʠʣʤʠʡ ʠʟʣʘʥʠʰʣʘʨ ʞʘ״ʦʥʥʠʥʛ 

ʝʪʘʢʯʠ ʠʣʤʠʡ ʤʘʨʢʘʟʣʘʨʠ ʚʘ ʦʣʠʡ ʪʘʲʣʠʤ ʤʫʘʩʩʘʩʘʣʘʨʠ ʞʫʤʣʘʜʘʥ, ʆʢ-ʈʠʜʞ 

ʤʠʣʣʠʡ ʣʘʙʦʨʘʪʦʨʠʷʩʠ ʚʘ ʇʝʨʜʴʶ ʫʥʠʚʝʨʩʠʪʝʪʠ, (ɸפʐ), Istituto elettrotecnico 

nazionale Galileo Ferraris torino (ʀʪʘʣʠʷ), University Paris-Sud Orsay 

(ʌʨʘʥʮʠʷ), ʈʦʩʩʠʷ ʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠ ɸ.ʌ.ʀʦʬʬʝ ʥʦʤʠʜʘʛʠ ʌʠʟʠʢʘ-ʪʝʭʥʠʢʘ 

ʠʥʩʪʠʪʫʪʠ, ʃ. ɺ. ʂʠʨʝʥʩʢʠʡ ʥʦʤʠʜʘʛʠ ʌʠʟʠʢʘ ʠʥʩʪʠʪʫʪʠ, ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ 

ʥʦʤʠʜʘʛʠ ʄʦʩʢʚʘ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʂʠʝʚ ʧʦʣʠʪʝʭʥʠʢʘ ʠʥʩʪʠʪʫʪʠ, 

ʋʢʨʘʠʥʘ ʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠ ʇʘʩʪ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʬʠʟʠʢʘ ʪʝʭʥʠʢʘ 

ʠʥʩʪʠʪʫʪʠ, ɹʝʣʘʨʫʩʠʷ ʈʝʩʧʫʙʣʠʢʘʩʠ ʤʠʣʣʠʡ ʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠʥʠʥʛ 

ʤʘʪʝʨʠʘʣʰʫʥʦʩʣʠʢ ʠʣʤʠʡ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʤʘʨʢʘʟʠ, ɶʟʙʝʢʠʩʪʦʥ ʌʘʥʣʘʨ 

ʘʢʘʜʝʤʠʷʩʠ ʀʦʥ-ʧʣʘʟʤʘ ʚʘ ʣʘʟʝʨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʠʥʩʪʠʪʫʪʠ, ɶʟʙʝʢʠʩʪʦʥ 

ʄʠʣʣʠʡ ʫʥʠʚʝʨʩʠʪʝʪʠ, ʊʦʰʢʝʥʪ ʜʘʚʣʘʪ ʪʝʭʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʠ (ɶʟʙʝʢʠʩʪʦʥ) 

ʪʦʤʦʥʠʜʘʥ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ.  

 ʠʰʥʠʥʛ ʟʘʤʦʥʘʚʠʡ ʫʩʫʣʣʘʨʠץ˄ ʣʘʰ ʚʘץʘʞʤʣʠ ʘʭʙʦʨʦʪʣʘʨʥʠ ʸʟʠʰ, ʩʘ׳

ʚʘ ʚʦʩʠʪʘʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ ״ʘʤʜʘ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰʛʘ ʦʠʜ ʞʘ״ʦʥʜʘ ʦʣʠʙ 

ʙʦʨʠʣʛʘʥ ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʙʠʨ ץʘʪʦʨ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨ ʦʣʠʥʛʘʥ: 

 ʠʡץʠʣʠʰʛʘ ʠʥʪʠʣʠʰ, ʭʦʪʠʨʘ ʚʘ ʤʘʥʪʠץ ʫʨʠʣʤʘʣʘʨʥʠʥʛ ʤʠʥʠʪʶʨʠʟʘʮʠʷץ

 ʠʩʤʣʘʨʠץ ʘʨʘʢʘʪʯʘʥʣʠ״ ʘʞʤʣʠ ʚʘ ʢʠʯʠʢ ʚʘʟʥʣʠ ʪʝʟ״ ʠʩʤʣʘʨʥʠ ʢʘʪʪʘץ

ʷʨʘʪʠʣʛʘʥ (ʉʸʜʞʦʥ ʫʥʠʚʝʨʩʠʪʝʪʠ, ɾʘʥʫʙʠʡ ʂʦʨʝʷ, ʗʤʘʥʘʰʠ ʫʥʠʚʝʨʩʠʪʝʪʠ, 

ʗʧʦʥʠʷ); ʭʦʪʠʨʘʜʘ ʩʘץʣʘʰ ץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʷʥʛʠ ʪʘʤʦʡʠʣʣʘʨʠ ʷʨʘʪʠʣʛʘʥ 

                                                           
1
 ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ ʙ˄ʡʠʯʘ ʭʦʨʠʞʠʡ ʠʣʤʠʡ-ʪʘʜץʠץʦʪʣʘʨ ʰʘʨ״ʠ: ʢʝʣʪʠʨʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʨ˄ʡʭʘʪʠ [1-56] 

ʚʘ ʙʦʰץʘ ʤʘʥʙʘʣʘʨ ʘʩʦʩʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʜʠ. 

http://lex.uz/ru/docs/3831267
http://lex.uz/ru/docs/3831267
http://lex.uz/ru/docs/3831267
http://lex.uz/ru/docs/3831267
https://commons.wikimedia.org/wiki/File:Istituto_elettrotecnico_nazionale_Galileo_Ferraris_torino.jpg
https://commons.wikimedia.org/wiki/File:Istituto_elettrotecnico_nazionale_Galileo_Ferraris_torino.jpg
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(ʄʦʩʢʚʘ ʜʘʚʣʘʪ ʫʥʠʚʝʨʩʠʪʝʪʠ); ʤʘʛʥʠʪʦʦʧʪʠʢ ץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʢʦʥʩʪʨʫʢ-

ʮʠʷʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ (ʂʠʝʚ ʧʦʣʠʪʝʭʥʠʢʘ ʠʥʩʪʠʪʫʪʠ); ʤʘʛʥʠʪʜʦʤʝʥʣʘʨʠ 

ʘʩʦʩʠʜʘ ʷʥʛʠ ץʫʨʠʣʤʘʣʘʨ ʷʨʘʪʠʣʛʘʥ (ʆʢ-ʈʠʜʞ ʄʠʣʣʠʡ ʣʘʙʦʨʘʪʦʨʠʷʩʠ, 

ɸפʐ). 

ɼʫʥʸʜʘ ʤʘʛʥʠʪʦʧʪʠʢ ״ʦʜʠʩʘʣʘʨ ʚʘ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʷʥʛʠ 

ʘʚʣʦʜʠʥʠ ʷʨʘʪʠʰ ʙʡ˄ʠʯʘ ץʘʪʦʨ, ʞʫʤʣʘʜʘʥ ץʫʡʠʜʘʛʠ ʫʩʪʚʦʨ ʡ˄ʥʘʣʠʰʣʘʨʜʘ 

ʪʘʜץʠץʦʪʣʘʨ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ: ʷʥʛʠ ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʩʠʥʪʝʟ ץʠʣʠʰ; ʷʥʛʠ 

ʤʘʛʥʠʪʦʦʧʪʠʢ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʭʫʩʫʩʠʷʪʠʥʠ ʘʥʠץʣʘ h ʚʘ ʠʥʪʝʨʧʨʝʪʘ-

ʮʠʷʩʠʥʠ ʠʰʣʘʙ ʯʠץʠʰ; ץʫʨʠʣʤʘʣʘʨʥʠ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ץʠʣʠʰ ʚʘ 

ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʰ; ʭʦʪʠʨʘ ʚʘ ʤʘʥʪʠץʠʡ ץʠʩʤʣʘʨʥʠ ʢʘʪʪʘ ״ʘʞʤʣʠ ʚʘ ʢʠʯʠʢ 

ʚʘʟʥʣʠ ʪʝʟ ״ʘʨʘʢʘʪʯʘʥ ץʠʩʤʣʘʨʠʥʠ ʷʨʘʪʠʰ. 

ʄʫʘʤʤʦʥʠʥʛ ˄ʨʛʘʥʠʣʛʘʥʣʠʢ ʜʘʨʘʞʘʩʠ. ɿʘʤʦʥʘʚʠʡ ʢʦʤʧʴʶʪʝʨ-

ʣʘʨʥʠʥʛ ʭʦʪʠʨʘʩʠ ״ʘʞʤʠ ʦʜʘʪʜʘ 10
8
 ʙʠʪʜʘʥ ʦʰʤʘʡʜʠ, ʙʫ ʦʜʘʤʥʠʥʛ ʭʦʪʠʨʘʩʠ 

ʘʞʤʠʜʘʥ ʞʫʜʘ ʢʘʤ (~10״
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 ʙʠʪ). 1970 ʡʠʣʣʘʨʜʘʥ ʙʦʰʣʘʙ ʜʫʥʸʥʠʥʛ ʝʪʘʢʯʠ 

ʦʣʠʤʣʘʨʠ ʭʦʪʠʨʘʜʘ ʩʘץʣʘʰ ץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʷʥʛʠ ʪʘʤʦʡʠʣʣʘʨʠʥʠ ʷʨʘʪʠʰ 

ʫʩʪʠʜʘ ʠʥʪʝʥʩʠʚ ʠʣʤʠʡ ʠʰʣʘʙ ʯʠץʘʨʠʰʣʘʨ ʦʣʠʙ ʙʦʨʤʦץʜʘʣʘʨ. ɹʫ ʡ˄ʥʘʣʠʰʜʘ 

ʨʦʩʩʠʷʣʠʢ ʦʣʠʤʣʘʨ (ɻ.ɸ.ʉʤʦʣʝʥʩʢʠʡ ʨʘ״ʙʘʨʣʠʛʠʜʘʛʠ ʤʘʛʥʝʪʠʟʤ ʚʘ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʣʘʨ ʣʘʙʦʨʘʪʦʨʠʷʩʠ) ʢʘʪʪʘ ״ʠʩʩʘ ץ˄ʰʜʠʣʘʨ. ʄʘʛʥʠʪʦʦʧʪʠʢ 

 ʘʤʜʘ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʩʘʣʘʣʘʨʠ ʚʘ״ ʠʩʦʙʣʘʰ״ ,ʫʨʠʣʤʘʣʘʨʠʥʠʥʛ ʥʘʟʘʨʠʷʩʠץ

ʫʣʘʨʥʠʥʛ ʪʠʟʠʤʠʛʘ ʙʘסʠʰʣʘʥʛʘʥ ʠʰʣʘʨʠʜʘ ʨʦʩʩʠʷʣʠʢ ʚʘ ʙʦʰץʘ ʯʝʪ ʵʣʣʠʢ 

ʈʘʥʜʦʰʢʠʥ ɺ.ɺ., ʏʝʨʚʦʥʝʥʢʠʩ ɸ.ʗ., ɹʝʨʠʢʘʰʚʠʣʠ ɺ.ʐ., ʄʠʨʦʚʠʮʢʠʡ.ɼ.ʀ., 

ʂʦʪʦʚ ɺ.ɸ., ɿʚʝʟʜʠʥ ɸ.ʂ., ʄʥʝʷʥ ʄ.ɻ., ɹʦʨʦʚʠʢ-ʈʦʤʘʥʦʚ ɸ.ʉ., ʂʨʝʡʥʝʩ ʅ.ʄ., 

ʊʠʢʘʜʟʫʤʠ ʉ. ɹʦʙʝʢ ʕ., ɼʝʣʣʘ ʊʦʨʨʝ ʕ., ʕʰʝʥʬʝʣʴʜʝʨ ɸ. ʢʘʙʠ ʦʣʠʤʣʘʨʥʠʥʛ 

 .ʠʩʩʘʣʘʨʠ ʢʘʪʪʘ״

ɸʭʙʦʨʦʪʣʘʨʥʠ ʪʝʨʤʦʤʘʛʥʠʪ ʫʩʫʣʠʜʘ ʸʟʠʰ ʚʘ ʫʣʘʨ ʫʯʫʥ ʤʘʪʝʨʠʘʣʣʘʨ 

ʨʦʩʩʠʷʣʠʢ ʦʣʠʤʣʘʨ ɻ.ʉ. ʂʨʠʥʯʠʢ ʨʘ״ʙʘʨʣʠʛʠʜʘʛʠ ʠʣʤʠʡ ʛʨʫ״,  

ɹʘʣʙʘʰʝʚ A.M. ʚʘ ɸ.ʗ.ʏʝʨʚʦʥʝʥʢʠʩ ʫʢʨʘʠʥʘʣʠʢ ʦʣʠʤʣʘʨ ɺ.ɸ ʊʨʦʥʴʢʦ ʚʘ  

ʖ ʇʣʘʢʩʠʡʣʘʨ ʙʠʣʘʥ ״ʘʤʢʦʨʣʠʢʜʘ ʵʣʝʢʪʨʦʥ ʥʫʨ ʦʨץʘʣʠ ʘʭʙʦʨʦʪʣʘʨ ʸʟʠʰʥʠ 

ʘʤʘʣʛʘ ʦʰʠʨʠʰʜʠ. d-f ʤʝʪʘʣʣʘʨʥʠʥʛ ʘʤʦʨʬ ʚʘ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʧʣʸʥʢʘʣʘʨʠʜʘ 

ʪʝʨʤʦʤʘʛʥʠʪ ʸʟʠʰʥʠ ʯʝʪ ʵʣʣʠʢ ʦʣʠʤʣʘʨ Erskine J.L., Stern E.A.,  

MacDonald R. E., Beck J. W.Krumme J.P., Werweel J., Haberkampʣʘʨ ʘʤʘʣʛʘ 

ʦʰʠʨʛʘ ʵʨʠʰʜʠʣʘʨ. ʏʝʪ ʵʣ ʚʘ ʄɼ׳ ʤʘʤʣʘʢʘʪʣʘʨʠʜʘ ʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨʠ 

ʘʩʦʩʠʜʘ ʷʥʛʠ ץʫʨʠʣʤʘʣʘʨ ʷʨʘʪʠʰ ʙ˄ʡʠʯʘ ʢʘʪʪʘ ʠʣʤʠʡ ʠʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʜʠ. 

ɸʡʥʠץʩʘ ʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨʠ ʧʘʥʞʘʨʘʩʠʜʘ, ʜʠʬʬʨʘʢʮʠʷ ״ʦʜʠʩʘʩʠ ʘʩʦʩʠʜʘ 

ʷʨʘʪʠʣʛʘʥ ץʫʨʠʣʤʘʣʘʨ ʫʩʪʠʜʘ ʠʥʪʝʥʩʠʚ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʦʣʠʙ 

ʙʦʨʠʣʤʦץʜʘ.  

ɸʩʩʦʮʠʘʪʠʚ ʪʠʟʠʤʣʘʨ ʚʘ ʛʫʨʫʭ ʥʘʟʘʨʠʷʩʠʥʠʥʛ ʨʠʚʦʞʣʘʥʠʰʠ ʊʦh ʢʝʥʪ 

ʘʭʙʦʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʫʥʠʚʝʨʩʠʪʝʪʠʜʘ ɺ.ʄ.ʉʦʥʥʠʥʛ ʠʣʤʠʡ ʠʰʣʘʨʠʜʘ 

ʷʥʘʜʘ ʨʠʚʦʞ ʪʦʧʜʠ, ʷʲʥʠ ʫ ʘʩʩʦʮʠʘʪʠʚ ʪʠʟʠʤʣʘʨʥʠʥʛ ʷʥʛʠ ʠʤʢʦʥʠʷʪʣʘʨʠʥʠ 

ʢ˄ʨʩʘʪʠʙ ʙʝʨʜʠ. ʐʫ ʤʫʥʦʩʘʙʘʪ ʙʠʣʘʥ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʚʘ ʷʥʛʠ 

ʤʦʜʝʣʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʠʰ ״ʘʤʜʘ ʶץʦʨʠ ʪʝʟʣʠʢʜʘ ʤʘʲʣʫʤʦʪʣʘʨʛʘ ʠʰʣʦʚ 

ʙʝʨʠʰʥʠ ʪʘʤʠʥʣʘʡʜʠʛʘʥ ʘʩʩʦʮʠʘʪʠʚ ʪʠʟʠʤʣʘʨʥʠ ״ʠʩʦʙʣʘʰ ʫʩʫʣʣʘʨʠʥʠ 

ʷʨʘʪʠʰ ʜʦʣʟʘʨʙ ʤʘʩʘʣʘʜʠʨ. 

ɶʟʙʝʢʠʩʪʦʥ ʄʠʣʣʠʡ ʫʥʠʚʝʨʩʠʪʝʪʠʜʘ ʤʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʭʫʩʫ-

ʩʠʷʪʣʘʨʠʥʠ ʬʫʥʜʘʤʝʥʪʘʣ ʚʘ ʘʤʘʣʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʂ.ʄ. ʄʫץʠʤʦʚ ʚʘ  
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ʋ.ɺ. ɺʘʣʠʝʚʣʘʨ ʪʦʤʦʥʠʜʘʥ ʙʦʰʣʘʥʛʘʥ. ɹʫ ʠʣʤʠʡ ʠʰʣʘʨ ʙʠʣʘʥ ʙʠʨ ץʘʪʦʨʜʘ, 

ʣʘʙʦʨʘʪʦʨʠʷʜʘ ʘʭʙʦʨʦʪʣʘʨʥʠ ʪʝʨʤʦʤʘʛʥʠʪ ʸʟʠʰ, ʠʥʪʝʛʨʘʣ ʦʧʪʠʢʘ 

ʵʣʝʤʝʥʪʣʘʨʠ, ʮʠʣʠʥʜʨʣʠ ʚʘ ʯʠʟʠץʣʠʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨ ʘʩʦʩʠʜʘ ʤʠʢʨʦʯʠʧʣʘʨ, 

ʤʘʛʥʠʪʦʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʵʣʝʤʝʥʪ ʙʘʟʘʩʠʥʠ ʷʨʘʪʠʰ ʫʩʪʠʜʘ ʠʥʪʝʥʩʠʚ 

ʨʘʚʠʰʜʘ ʠʣʤʠʡ ʠʰʣʘʨ ʦʣʠʙ ʙʦʨʠʣʤʦץʜʘ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠʥʠʥʛ ʜʠʩʩʝʨʪʘʮʠʷ ʙʘʞʘʨʠʣʛʘʥ ʦʣʠʡ ʪʘʲʣʠʤ 

ʤʫʘʩʩʘʩʘʩʠʥʠʥʛ ʠʣʤʠʡ-ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʙʠʣʘʥ ʙʦסʣʠץʣʠʛʠ. ɼʠʩʩʝʨʪʘʮʠʷ 

ʪʘʜץʠץʦʪʠ ʊʦʰʢʝʥʪ ʘʚʪʦʤʦʙʠʣ ʡ˄ʣʣʘʨʠʥʠ ʣʦʡʠ״ʘʣʘʰ, ץʫʨʠʰ ʚʘ 

ʵʢʩʧʣʫʘʪʘʮʠʷʩʠ ʠʥʩʪʠʪʫʪʠʥʠʥʛ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʠʰʣʘʨʠ ʨʝʞʘʩʠ ʜʦʠʨʘʩʠʜʘ 

ʙʘʞʘʨʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʧʣʝʥʢʘʣʘʨʠ ʚʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ 

ʘʥʠץʣʘʰ ʚʘ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʷʥʛʠ ʵʣʝʤʝʥʪ ʙʘʟʘʣʘʨʠʥʠ ʷʨʘʪʠʰʜʘʥ 

ʠʙʦʨʘʪ. 

ʊʘʜץʠץʦʪ ʚʘʟʠʬʘʣʘʨʠ: 
ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ ʛʨʘʥʘʪ ʵʧʠʪʘʢʩʠʘʣ ʧʣyʥʢʘʣʘʨʠʥʠ ʢʠʤyʚʠʡ 

ʪʘʨʢʠʙʣʘʨʠʥʠ ʚʘ ʪʝʭʥʦʣʦʛʠʢ ʨʝʞʠʤʣʘʨʠʥʠ, ʢʨʠʩʪʘʣʣ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠ ʚʘ 

ʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ; 

N-ץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʩʪʨʫʢʪʫʨʘʩʠʜʘ ʥʫʨʣʘʨʥʠʥʛ ʢ˄ʧ ʤʘʨʪʘ ץʘʡʪʠʰ 

 ʘʡʪʠʰ ʚʘ ʶʪʠʣʠʰץ ʣʠʢʥʠסʠʣʠʰ ʚʘ ʸʨʫץ ץʠץʦʥʫʥʠʷʪʠʥʠ ʪʘʜץ

ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʘʥʠץʣʘʰ; 

ʘʭʙʦʨʦʪʣʘʨʥʠ ʩʘץʣʘʰ ʚʘ ʫʟʘʪʠʰ ʵʣʝʤʝʥʪ ʙʘʟʘʩʠ ץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ 

ʘʨʭʠʪʝʢʪʫʨʘʩʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ; 

ʤʘʛʥʠʪʦʦʧʪʠʢ ʘʥʠʟʦʪʨʦʧʠʷʥʠʥʛ (ʬʦʪʦʵʣʘʩʪʠʢ-ʦʧʪʠʢʘʚʠʡ-ʢʠʨʠʪʠʣʛʘʥ 

ʜʝʬʦʨʤʘʮʠʷ) ʪʝʥʟʦʨʠ ʢʦʤʧʦʥʝʥʪʘʣʘʨʠʥʠ ʠʣʤʠʡ ʪʘʜץʠץ ץʠʣʠʰ; 

ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʵʧʠʪʘʢʩʠʘʣʴ ʧʣyʥʢʘʣʘʨʠʜʘ ˄ʩʠʰ ʦʧʪʠʢ 

ʘʥʠʟʦʪʨʦʧʠʷ ʙʦʨʣʠʛʠʜʘ ʦʧʪʠʢ ʠʥʜʠʢʘʪʨʠʩʘʥʠʥʛ ʘʡʣʘʥʠʰ ʤʝʭʘʥʠʟʤʠʥʠ 

ʘʥʠץʣʘʰ; 

ʪʝʤʠʨ ʠʪʪʨʠʡ ʛʨʘʥʘʪʠʜʘ ʥʦʞʠʥʩʣʠʣʠʢ ʚʘ ʙʝץʘʨʦʨʣʠʢ ʬʘʢʪʦʨʣʘʨʠʥʠ 

ʜʦʤʝʥ ʩʪʨʫʢʪʫʨʘʩʠʛʘ ʪʘʲʩʠʨʠʥʠʥʛ ʪʘʙʠʘʪʠ ʚʘ ʤʝʭʘʥʠʟʤʣʘʨʠʥʠ ʘʥʠץʣʘʰ; 

ʘʭʙʦʨʦʪʣʘʨʥʠ d-f ʤʝʪʘʣʣʘʨʥʠʥʛ ʘʤʦʨʬ ʧʣʝʥʢʘʣʘʨʠʛʘ ʪʝʨʤʦʤʘʛʥʠʪ 

ʫʩʫʣʠʜʘ ʸʟʠʰ ʫʯʫʥ ʫʣʘʨʥʠʥʛ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠʥʛ 

ʪʘʙʠʘʪʠʥʠ ʘʥʠץʣʘʰ; 

ʤʘʛʥʠʪ ʜʠʬʬʨʘʢʮʠʦʥ ʧʘʥʞʘʨʘʣʘʨʠ ʘʩʦʩʠʜʘ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ 

ʪʝʟʢʦʨ ʚʘ ʶץʦʨʠ ״ʘʞʤʣʠ ʷʥʛʠ ʘʚʣʦʜʠʥʠ ʷʨʘʪʠʰ ʤʘץʩʘʜʠʜʘ, ʤʘʛʥʠʪ 

ʤʘʪʝʨʠʘʣʣʘʨʥʠ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʦʧʪʠʤʘʣʣʘʰʪʠʨʠʰ 

 .ʠʰץʘʤʜʘ ʦʧʪʠʢ ʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨ ʚʘ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨʥʠ ʠʰʣʘʙ ʯʠ״

ʊʘʜץʠץʦʪʥʠʥʛ ʦʙʲʝʢʪʠ ʩʠʬʘʪʠʜʘ ὣὊὩὕ , ὙὊὩὕ  ʚʘ ʫʣʘʨʥʠʥʛ Bi, 

Ga ʘʨʘʣʘʰʤʘʣʘʨʠʥʠʥʛ ʵʧʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʠ, ״ʘʤʜʘd-f ʤʝʪʘʣʣʘʨʥʠʥʛ 

(Tb-Fe, Tb-Gd-Fe, Tb-Fe-Co ʠ Tb-Gd-Fe-Co) ʘʤʦʨʬ ʧʣʸʥʢʘʣʘʨʠ ʦʣʠʥʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʧʨʝʜʤʝʪʠ ʘʭʙʦʨʦʪʣʘʨʥʠ ʸʟʠʰ-ʩʘץʣʘʰ ʚʘ ʫʟʘʪʠʰ ʫʯʫʥ 

ʜʦʤʝʥʣʘʨ ʩʪʨʫʢʪʫʨʘʩʠʥʠʥʛ ʤʝʭʘʥʠʟʤʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʢʦʤʤʫʪʘʪʦʨʣʘʨʠʥʠʥʛ ʷʥʛʠ ʘʚʣʦʜʠʥʠ ʪʝʭʥʠʢ ʪʦʤʦʥʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʥʠ 

ʪʘʰʢʠʣ ʵʪʘʜʠ. 
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ʊʘʜץʠץʦʪʥʠʥʛ ʫʩʫʣʣʘʨʠ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ ʬʠʟʠʢ ʭʦʩʩʘʣʘʨʥʠ 

˄ʨʛʘʥʠʰʥʠʥʛ ʤʫʨʘʢʢʘʙ ʪʠʟʠʤʣʘʨʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ ʫʩʫʣʣʘʨʠʛʘ ʘʩʦʩʣʘʥʛʘʥ, 

ʡʠʣʛʘʥ ʤʘʩʘʣʘʥʠ ʝʯʠʰʛʘ ʢʦʤʧʣʝʢʩ ʪʠʟʠʤʣʠ ʸʥʜʦh˄ץ ʠ  hʷʲʥʠ ʦʧʪʠʢ ʶʪʠʣʠʰ, 

ʌʘʨʘʜʝʡ ʵʬʬʝʢʪʠ, ʤʘʛʥʠʪ ʜʦʠʨʘʚʠʡ ʚʘ ʯʠʟʠץʣʠ ʜʠʭʨʦʠʟʤʠ, ʬʦʪʦʠʥʜʫʮʠʨʣʘʰ 

ʫʩʫʣʠ, ʜʦʤʝʥʥʣʘʨʥʠʥʛ ʪʠʟʠʤʠʥʠ ʤʘʛʥʠʪʦʦʧʪʠʢ ʚʠʟʫʘʣʣʘʰʪʠʨʠʰ ʫʩʫʣʠ ״ʘʤʜʘ 

ʤʘʛʥʠʪʦʦʧʪʠʢ ץʘʙʫʣ ץʠʣʫʚʯʘʥʣʠʢʥʠ ʜʠʬʬʝʨʝʥʮʠʘʣʣʘʰ ʫʩʫʣʠ, Cameca IMS-

4F ץʫʨʠʣʤʘʩʠʜʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʩʢʦʧʥʠ ʠʢʢʠʣʘʤʯʠ ʠʦʥ ʫʩʫʣʠ, ʤʠʢʨʦʟʦʥʜ ʚʘ 

ʘʢʪʠʚʘʮʠʦʥ ʘʥʘʣʠʟ ʫʩʫʣʣʘʨʠ ץ˄ʣʣʘʥʠʣʛʘʥ. 

ʊʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʛʨʘʥʘʪʥʠʥʛ ʦʧʪʠʤʘʣ ʭʠʤʠʷʚʠʡ ʪʘʨʢʠʙʠ ʚʘ ʫʥʛʘ Tb, Yb, Dy, ʠʦʥʣʘʨʠʥʠʥʛ 

ʢʠʨʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ץʠʡʤʘʪʠʥʠʥʛ (ʭ) ʛʘ ʚʘ Ga 

ʠʦʥʣʘʨʠʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʛʘ ʙʦסʣʠץʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ; 

 ʠʥʣʘʨʠʥʠʥʛץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʩʪʨʫʢʪʫʨʘʩʠʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʪ˄ʣץ

ʪʘʨץʘʣʠʰ ʤʝʭʘʥʠʟʤʠ ʚʘ ʠʢʢʠ ץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʩʪʨʫʢʪʫʨʘʩʠʜʘ, ʥʫʨʣʘʨʥʠʥʛ 

 ʠʣʠʥʠʙ, ʌʘʨʘʜʝʡ ʚʘ ʂʝʨʨ ʵʬʬʝʢʪʣʘʨʠץ ʘʡʪʠʰ ʚʘ ˄ʪʠʰ ʬʦʨʤʫʣʘʣʘʨʠ ʪʘʢʣʠʬץ

˄ʟʘʨʦ ʙʦסʣʘʥʠʰʠ ʘʥʠץʣʘʥʛʘʥ; 

ʢʘʪʪʘ ʜʦʟʘʣʠ (ɼ>5ʭ10
19

 ʠʦʥ/ʩʤ
2
) ʚʘ ʵʥʝʨʛʠʷʩʠ ɽ=0,5-2 ʢʵɺ ʙ˄ʣʛʘʥ 

ʢʠʩʣʦʨʦʜ ʠʦʥʣʘʨ ʙʠʣʘʥ ʥʫʨʣʘʥʪʠʨʠʣʛʘʥ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʦʧʪʠʢ ʚʘ 

ʤʘʛʥʠʪʦʦʧʪʠʢʘ ʭʦʩʩʘʣʘʨʠ ʘʥʠץʣʘʥʛʘʥ; 

ʪʝʤʠʨ ʠʪʪʨʠʡ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʠ ʧʣʸʥʢʘʣʘʨʠʜʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʩʝʟʫʚʯʘʥ-

ʣʠʢʥʠ ʘʥʠץʣʘ hʰʫʥʠʥʛʜʝʢ ʬʝʨʨʦʤʘʛʥʠʪʣʘʨʜʘ ʤʘʛʥʠʪ ʥʦʞʠʥʩʣʠʛʠʥʠ ˄ʣʯʘ h

ʫʩʫʣʠ ʚʘ ʶץʦʨʠ ץʫʚʚʘʪʣʠ ʣʘʟʝʨ ʥʫʨʣʘʨʠ ʪʘʩʠʨʠʜʘ ʜʦʤʝʥ ʜʝʚʦʨʣʘʨʠʥʠʥʛ 

ʙʘʨץʘʨʦʨʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ;  

ʠʣʢ ʙʦʨ ʬʦʪʦʤʘʛʥʠʪ ʵʬʬʝʢʪʣʘʨʠʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʛʘ ʙʦסʣʠץʣʠʛʠ 

ὣὊὩὕ  ʤʦʥʦʢʨʠʩʪʘʣʣʘʨʠʜʘ ʠʤʧʫʣʴʩʣʠ ʣʘʟʝʨ ʥʫʨʣʘʨʠ ʪʘʲʩʠʨʠʜʘ ʤʘʛʥʠʪ-

ʣʘʥʠʰʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʘʥʠץʣʘʥʛʘʥ ʚʘ ὣὊὩὕ :Si ʢʨʠʩʪʘʣʣʠʜʘ ʦʧʪʠʢ-ʪʦʣʘ 

ʪʠʟʠʤʠʜʘ ʶץʦʨʠ ץʫʚʚʘʪʣʠ ʠʤʧʣʫʩʣʠ ʣʘʟʝʨʣʘʨʠ ʫʯʫʥ ʬʦʪʦʧʨʠʸʤʥʠʢʣʘʨ ʠʰʣʘʙ 

ʯʠץʠʣʛʘʥ; 

ʘʤʦʨʬ ʧʣʸʥʢʘʣʘʨʠʜʘ ʘʭʙʦʨʦʪʣʘʨʥʠ ʸʟʠʰ ʚʘ ʩʘץʣʘʰ ʫʯʫʥ ʶץʦʨʠ 

ʤʘʛʥʠʪʦʦʧʪʠʢ ʘʩʩʠʣʯʘʥʣʠʢʢʘ ʵʛʘ ʙ˄ʣʛʘʥ ʩʧʝʢʪʨ ʩʦ״ʘʩʠ ״ʘʤʜʘ d-f ʤʝʪʘʣ-

ʣʘʨʥʠʥʛ (Tb-Fe, Tb-Gd-Fe, Tb-Fe-Co ʠ Tb-Gd-Fe-Co) ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠ 

ʘʥʠץʣʘʥʛʘʥ; 

ʤʘʛʥʠʪ ʧʘʥʞʘʨʘʣʘʨʠʜʘ ʜʠʬʬʨʘʢʮʠʷ ʚʘ ʌʘʨʘʜʝʡ ״ʦʜʠʩʘʩʠ ʘʩʦʩʠʜʘ ʦʧʪʠʢ 

ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʘʩʦʩʠʡ ʤʘʛʥʠʪʦʦʧʪʠʢ ʣɻʝʤʝʥʪʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ; 

 ʦʩʣʘʰ ʫʯʫʥ ʤʠʢʨʦʩʢʦʧץץʞʠʩʤ ʩʠʨʪʠʜʘʛʠ ʪʘʩʚʠʨʣʘʨʥʠ ʪʘ ץʘʪʪʠץ

ʪʘʨʢʠʙʠʛʘ ʧʨʝʜʤʝʪ ʩʪʦʣʯʘʣʘʨʠ, ʠʢʢʠʪʘ ʩʦʣʠʰʪʠʨʠʰ ʪʘʨʤʦץʣʘʨʠ, ʪʘʩʚʠʨʣʘʨ 

ʤʘʡʜʦʥʣʘʨʠʥʠ ץ˄ʰʠʰ ʙʣʦʢʠ, ʦʙʲʝʢʪʠʚ, ˄ʪʢʘʟʫʚʯʠ ʦʡʥʘ, ʚʠʟʫʘʣ-ʪʝʣʝʚʠʟʠʦʥ 

ʢʘʥʘʣʣʘʨ ʚʘ ʢʫʟʘʪʠʰ ʙʣʦʢʣʘʨʠʜʘʥ ʠʙʦʨʘʪ ʪʘʢʦʤʠʣʣʘʰʪʠʨʠʣʛʘʥ ץʫʨʠʣʤʘ 

ʠʰʣʘʙ ʯʠץʠʣʛʘʥ; 

ʊʘʜץʠץʦʪʥʠʥʛ ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ץʫʡʠʜʘʛʠʣʘʨʜʘʥ ʠʙʦʨʘʪ: 

ʧɻʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʥʠ ˄ʩʪʠʨʠʰ ʫʩʫʣʠʥʠ ʢʝʥʛʘʡʪʠʨʠʰ, ʘʭʙʦʨʦʪʣʘʨʥʠ 

ʸʟʠʰ, ʩʘץʣʘʰ ʚʘ ʫʟʘʪʠʰ ʩʠʬʘʪʠʥʠ ʷʭʰʠʣʘʰ ʫʩʫʣʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ; 

ʙʠʨʞʠʥʩʣʠ ʙʘʨץʘʨʦʨ ʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨʥʠ ʦʣʠʰʥʠʥʛ ʦʧʪʠʤʘʣ ʰʘʨʪʠ ʚʘ 

ʫʣʘʨ ʘʩʦʩʠʜʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʢʘʣʠʪʣʘʨ ʚʘ ʢʦʤʤʫʪʘʪʦʨʣʘʨ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. 
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ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʰʦʥʯʣʠʣʠʛʠ ʦʣʠʥʛʘʥ ʥʘʟʘʨʠ ̫ʚʘ ʪʘʞʨʠʙʘ 

ʥʘʪʠʞʘʣʘʨʠ ʟʘʤʦʥʘʚʠʡ ʠʣʤʠʡ ʫʩʫʣʣʘʨ ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʪʘʞʨʠʙʘ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ, ʙʦʰץʘ ʤʫʘʣʠʬʣʘʨ ʪʘʞʨʠʙʘʩʠʜʘ ʦʣʛʘʥ ʥʘʪʠʞʘʣʘʨʠʛʘ ʤʦʩ 

ʢʝʣʠʰʠ ʚʘ ʬʠʟʠʢʘʚʠʡ ʦʧʪʠʢʘʥʠʥʛ ʟʘʤʦʥʦʚʠʡ ʪʫʰʫʥʯʘʣʘʨʠʛʘ ʤʦʩʣʠʛʠ ʙʠʣʘʥ 

ʠʟʦ״ʣʘʥʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ. ʊʘʜץʠץʦʪ 

ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘ״ʘʤʠʷʪʠ ὙὊὩὕ  ʣʘʨʠʥʠʥʛ ʵʧʠʪʘʢʩʠʘʣ 

ʧʣʸʥʢʘʣʘʨʠʥʠ ˄ʩʪʠʨʠʰ ʪʝʭʥʦʣʦʛʠʷʩʠ ʚʘ ὣὊὩὕ  ʛʨʘʥʘʪʣʘʨʜʘ ʦʧʪʠʢ ʚʘ 

ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠ ˄ʟʛʘʨʠʰʠʥʠʥʛ ʬʠʟʠʢ ʪʘʙʠʘʪʠʥʠ ʘʥʠץʣʘʰ ʚʘ ʰʫ 

ʙʠʣʘʥ ʤʘʛʥʠʪ ʭʦʪʠʨʘʣʘʨʠʥʠʥʛ ״ʘʞʤʠʥʠ ʢʝʥʛʘʡʪʠʨʠʰ ʙʠʣʘʥ ʠʟʦ״ʣʘʥʘʜʠ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʤʘʣʠʡ ʘ״ʘʤʠʷʪʠ, ʩʠʬʘʪʣʠ ʧʣʸʥʢʘʣʘʨʥʠ 

ʤʘץʩʘʜʣʠ ˄ʩʪʠʨʠʰ; ʦʧʪʠʢ ʶʪʠʣʠʰʥʠ ʞʠʜʜʠʡ ʢʘʤʘʡʪʠʨʠʰ, ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʘʩʩʠʣʣʠʢʥʠ ʦʰʠʨʠʰ; ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʷʥʛʠ ʘʚʣʦʜʠʥʠ ʷʨʘʪʠʰ, 

 ʫʚʚʘʪʣʠ ʣʘʟʝʨ ʥʫʨʣʘʨʠ ʫʯʫʥ ʬʦʪʦʧʨʠʝʤʥʠʢʣʘʨ ʚʘ ʙʫ ʣʘʟʝʨʣʘʨʜʘʥץ

ὙὊὩὕ  ʘʩʦʩʠʜʘ ʦʣʠʥʛʘʥ ʮʠʣʠʥʜʨ ʤʘʛʥʠʪ ʜʦʤʝʥ ץʫʨʠʣʤʘʣʘʨʠʥʠʥʛ 

ʜʦʤʝʥʣʘʨʠʥʠ ʩʠʣʞʠʪʠʰʜʘ ʬʦʡʜʘʣʘʥʠʰʜʘʥ ʠʙʦʨʘʪ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʞʦʨʠʡ ץʠʣʠʥʠʰʠ. ʄʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʜʘ 

ʤʘʛʥʠʪʦʦʧʪʠʢ ״ʦʜʠʩʘʣʘʨʥʠ ʚʘ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʷʥʛʠ ʘʚʣʦʜʠʥʠʥʛ 

ʵʣʝʤʝʥʪ ʙʘʟʘʣʘʨʠʥʠ ʷʨʘʪʠʰ ʘʩʦʩʠʜʘ: 

ʬʝʨʨʠʪ ʛʨʘʥʘʪʣʘʨʜʘ ʜʦʤʝʥ ʪʠʟʠʤʣʘʨʠʥʠ ʢ˄ʨʠʰ ʚʘ ʪʘʩʚʠʨʥʠʥʛ ʩʠʬʘʪʠʥʠ 

ʷʭʰʠʣʘʰ ʙ˄ʡʠʯʘ çʆʙʲʝʢʪ ʶʟʘʩʠʥʠʥʛ ʩʫʨʲʘʪʠ ʙʫʡʠʯʘ ʫʥʠ ץʠʸʩʠʡ ʘʥʘʣʠʟ ʫʯʫʥ 

 ʫʨʠʣʤʘè ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ ʀʥʪʝʣʝʢʪʫʘʣ ʤʫʣʢ ʘʛʝʥʪʣʠʛʠʥʠʥʛץ

ʠʭʪʠʨʦʛʘ ʧʘʪʝʥʪʠ ʦʣʠʥʛʘʥ (UZ  ̄ IAP 04195, 30.07.2010 ʡ). ʀʰʣʘʙ 

ʯʠץʘʨʠʣʛʘʥ ץʫʨʠʣʤʘ ʜʦʤʝʥʣʘʨʠʥʠʥʛ ʪʘʩʚʠʨʣʘʨ ʩʠʬʘʪʠʥʠ ʶץʦʨʠ ʘʥʠץʣʠʢʜʘ 

ʢʫʟʘʪʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ; 

ʜʦʟʘʩʠ ɼ>5ʭ10
19

 ʠʦʥ/ʩʤ
2
 ʵʥʝʨʛʠʷʩʠ ɽ=0,5-2 ʢʵɺ ʙ˄ʣʛʘʥ ʢʠʩʣʦʨʦʜ ʠʦʥʣʘʨ 

ʙʠʣʘʥ ʥʫʨʣʘʥʪʠʨʠʣʛʘʥʜʘ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠ 

˄ʟʛʘʨʠʰʠʥʠʥʛ ʘʥʠץʣʘʥʛʘʥ ʬʠʟʠʢʘʚʠʡ ʤʝʭʘʥʠʟʤʠ ɹʝʣʘʨʫʩʩʠʷ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ʤʘʪʝʨʠʘʣʰʫʥʦʩʣʠʢ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ʤʘʨʢʘʟʠʜʘ ʠʭʪʠʸʨʠʡ ʪʘʨʢʠʙʜʘʛʠ ʶץʦʨʠ 

ʩʠʬʘʪʣʠ ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʣʘʨʠ ʧʣʸʥʢʘʣʘʨʠʥʠ ʦʣʠʰʜʘ ץ˄ʣʣʘʥʠʣʛʘʥ 

(çɹʝʣʦʨʫʩʩʠʷ ʄʠʣʣʠʡ ʌʘʥʣʘʨ ʘʢʘʜʝʤʠʷʩʠ ʄʘʪʝʨʠʘʣʰʫʥʦʩʣʠʢ ʠʣʤʠʡ ʠʰʣʘʙ 

ʯʠץʘʨʠʰ ʤʘʨʢʘʟʠè ʜʘʚʣʘʪ ʙʠʨʣʘʰʤʘʩʠʥʠʥʛ 2018 ʡʠʣ 3 ʤʘʡʜʘʛʠ 16001-23/290-

ʩʦʥ ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʀʣʤʠʡ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ץ˄ʣʣʘʥʠʰʠ ʶץʦʨʠ ʩʠʬʘʪʣʠ 

ʠʭʪʠʸʨʠʡ ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʧʣʥyʢʘʣʘʨʠʥʠ ʦʣʠʰ ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ; 

ʄʘʭ-ʎʝʥʜʨ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠ ʙʘʟʘʩʠʜʘ Bi-ʣʠ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʧʣyʥʢʘʣʘʨʠʜʘ 

ʌʘʨʘʜʝʡ ʵʬʬʝʢʪʠ ʥʘʪʠʞʘʣʘʨʠ çUnikon.Uzè ʠʣʤʠʡ ʪʝʭʥʠʢ ʚʘ ʤʘʨʢʝʪʠʥʛ ʪʘʜ-

 ʦʪʣʘʨ ʤʘʨʢʘʟʠʜʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨ ʚʘ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨʥʠʥʛ ʵʣʝʤʝʥʪץʠץ

ʙʘʟʘʣʘʨʠ ״ʘʤʜʘ ʘʩʩʦʮʠʘʪʠʚ ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʠʜʘ ʦʧʪʠʢ ʦץʠʤ ʢʘʣʠʪʣʘʨʠʥʠ 

ʰʫʥʠʥʛʜʝʢ ʫʡ ʪʠʟʠʤʠʜʘ SOHO (small office, Home office) ʣʦʢʘʣ ʪʘʨʤʦץʣʘʨʥʠ 

ʷʨʘʪʠʰʜʘ ʦʧʪʠʢ ״ʘʤʜʘ ʘʣʦץʘʥʠʥʛ ʤʠʥʪʘץʘʚʠʡ ʚʘ ʤʘʛʠʩʪʨʘʣ ʪʘʨʤʦץʣʘʨʠ 

ʢʦʤʤʫ-ʪʘʪʦʨʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʜʘ ץ˄ʣʣʘʥʠʣʛʘʥ (ɶʟʙʝʢʠʩʪʦʥ ʈʝʩʧʫʙʣʠʢʘʩʠ 

ʘʭʙʦ-ʨʦʪ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʚʘ ʢʦʤʤʫʥʠʢʘʮʠʷʣʘʨʠʥ ʨʠʚʦʞʣʘʥʪʠʨʠʰ 

ʚʘʟʠʨʣʠʛʠʥʠʥʛ 2018 ʡʠʣ 22 ʠʶʥʜʘʛʠ 338/4556-ʩʦʥ ʤʘʲʣʫʤʦʪʥʦʤʘʩʠ). ʀʣʤʠʡ 

ʥʘʪʠʞʘʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʰ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʠʥʠʥʛ ʷʥʛʠ ʘʚʣʦʜʠʥʠʥʛ 
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ʵʣʝʤʝʥʪ ʙʘʟʘʣʘʨʠʥʠ ״ʘʤʜʘ ʤʠʥʪʘץʘʚʠʡ ʚʘ ʤʘʛʠʩʪʨʘʣ ʪʘʨʤʦץʣʘʨʠʥʠ ʷʨʘʪʠʰ 

ʠʤʢʦʥʠʥʠ ʙʝʨʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʘʧʨʦʙʘʮʠʷʩʠ. ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ 14 ʪʘ 

ʨʝʩʧʫʙʣʠʢʘ ʚʘ ʭʘʣץʘʨʦ ʠʣʤʠʡ-ʘʤʘʣʠʡ ʘʥʞʫʤʘʣʘʨʜʘ ʤʫ״ʦʢʘʤʘʜʘʥ ˄ʪʢʘʟʠʣʛʘʥ. 

ʊʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠʥʛ ʵʲʣʦʥ ץʠʣʠʥʠʰʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʤʘʚʟʫʩʠ 

ʙ˄ʡʠʯʘ ʞʘʤʠ 34 ʪʘ ʠʣʤʠʡ ʠ  h ʯʦʧ ʵʪʠʣʛʘʥ, ʰʫʣʘʨʜʘʥ, ɶʟʙʝʢʠʩʪʦʥ 

ʈʝʩʧʫʙʣʠʢʘʩʠ ʆʣʠʡ ʘʪʪʝʩʪʘʮʠʷ ʢʦʤʠʩʩʠʷʩʠʥʠʥʛ ʜʦʢʪʦʨʣʠʢ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨʠ 

ʘʩʦʩʠʡ ʠʣʤʠʡ ʥʘʪʠʞʘʣʘʨʠʥʠ ʯʦʧ ʵʪʠʰ ʪʘʚʩʠʷ ʵʪʠʣʛʘʥ ʠʣʤʠʡ ʥʘʰʨʣʘʨʜʘ 18 ʪʘ 

ʠʣʤʠʡ ʤʘץʦʣʘ ʥʘʰʨ ʵʪʠʣʛʘʥ ʚʘ 1 ʪʘ ʠʭʪʠʨʦʛʘ ʧʘʪʝʥʪ ״ʘʤʜʘ 1 ʪʘ ʬʦʡʜʘʣʠ 

ʤʦʜʝʣʛʘ ʧʘʪʝʥʪ ʦʣʠʥʛʘʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʪʫʟʠʣʠʰʠ ʚʘ ״ʘʞʤʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʪʘʨʢʠʙʠ ʢʠʨʠʰ, 

ʦʣʪʠʪʘ ʙʦʙ, ʭʫʣʦʩʘ, ʬʦʡʜʘʣʘʥʠʣʛʘʥ ʘʜʘʙʠʸʪʣʘʨ ʨ˄ʡʭʘʪʠ ʚʘ ʠʣʦʚʘʣʘʨʜʘʥ 

ʠʙʦʨʘʪ. ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ״ʘʞʤʠ 198 ʙʝʪʥʠ ʪʘʢhʠʣ ʵʪʛʘʥ. 

ɼʀʉʉɽʈʊɸʎʀʗʅʀʅɻ ɸʉʆʉʀʁ ʄɸɿʄʋʅʀ 

ʂʠʨʠʰ ץʠʩʤʠʜʘ ˄ʪʢʘʟʠʣʛʘʥ ʪʘʜץʠץʦʪʣʘʨʥʠʥʛ ʜʦʣʟʘʨʙʣʠʛʠ ʚʘ ʟʘʨʫʨʘʪʠ 

ʘʩʦʩʣʘʥʛʘʥ, ʪʘʜץʠץʦʪʥʠʥʛ ʤʘץʩʘʜʠ ʚʘ ʚʘʟʠʬʘʣʘʨʠ, ʦʙʲʝʢʪ ʚʘ ʧʨʝʜʤʝʪʣʘʨʠ 

ʪʘʚʩʠʬʣʘʥʛʘʥ, ʨʝʩʧʫʙʣʠʢʘ ʬʘʥ ʚʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʠ ʨʠʚʦʞʣʘʥʠʰʠʥʠʥʛ ʫʩʪʫʚʦʨ 

ʡ˄ʥʘʣʠʰʣʘʨʠʛʘ ʤʦʩʣʠʛʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʪʘʜץʠץʦʪʥʠʥʛ ʠʣʤʠʡ ʷʥʛʠʣʠʛʠ ʚʘ 

ʘʤʘʣʠʡ ʥʘʪʠʞʘʣʘʨʠ ʙʘʸʥ ץʠʣʠʥʛʘʥ, ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨʥʠʥʛ ʠʣʤʠʡ ʚʘ ʘʤʘʣʠʡ 

ʘ״ʘʤʠʷʪʠ ʦʯʠʙ ʙʝʨʠʣʛʘʥ, ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠʥʠ ʘʤʘʣʠʸʪʛʘ ʞʦʨʠʡ ץʠʣʠʰ, 

ʥʘʰʨ ʵʪʠʣʛʘʥ ʠʰʣʘʨ ʚʘ ʜʠʩʩʝʨʪʘʮʠʷ ʪʫʟʠʣʠʰʠ ʙ˄ʡʠʯʘ ʤʘʲʣʫʤʦʪʣʘʨ 

ʢʝʣʪʠʨʠʣʛʘʥ.  

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ çʄʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʜʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ״ʦʜʠʩʘʣʘʨ 

ʚʘ ʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠʥʛ ʷʥʛʠ ʘʚʣʦʜʠʥʠʥʛ ʵʣʝʤʝʥʪ ʙʘʟʘʣʘʨʠè ʜʝʙ 

ʥʦʤʣʘʥʛʘʥ ʙʠʨʠʥʯʠ ʙʦʙʠʜʘ ʤʫʘʤʤʦʣʘʨ ״ʦʣʘʪʠ ʙ˄ʡʠʯʘ ʤʘʚʞʫʜ 

ʘʜʘʙʠʸʪʣʘʨʜʘʛʠ ʤʘʲʣʫʤʦʪʣʘʨ ˄ʨʛʘʥʠʣʛʘʥ. ʄʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʜʘ ʤʘʛʥʠʪʦ-

ʦʧʪʠʢʘ ״ʦʜʠʩʘʣʘʨʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ ʫʩʫʣʣʘʨʠʥʠʥʛ ʪʘʩʥʠʬʠ ʚʘ ʚʦʩʠʪʘʣʘʨʠ 

ʢʝʣʪʠʨʠʣʛʘʥ.  

 ʣʠʣ״ʥʘʟʘʨʠ ̫ʚʘ ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʥʠ ʪʘ ץʩʘʜʛʘ ʤʫʚʦʬʠץʡʠʣʛʘʥ ʤʘ˄פ

-ʩʘʜ ʚʘ ʚʘʟʠʬʘʣʘʨʠ ʰʘʢʣʣʘʥʪʠʨʠʣץʠʣʠʰ ʘʩʦʩʠʜʘ ʜʠʩʩʝʨʪʘʮʠʷʥʠʥʛ ʘʩʦʩʠʡ ʤʘץ

ʛʘʥ.  

ɼʠʩʩʝʨʪʘʮʠʷʥʠʥʛ çʊʘʜץʠץʦʪ ʥʘʤʫʥʘʣʘʨʠ, ʪʘʞʨʠʙʘ ץʫʨʠʣʤʘʣʘʨʠ ʚʘ 

˄ʣʯʘʰ ʫʩʫʣʣʘʨʠè ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʠʢʢʠʥʯʠ ʙʦʙʠʜʘ ʪʘʜץʠץʦʪ ʥʘʤʫʥʘʣʘʨʠʛʘ 

ʘʣʦ״ʠʜʘ ʵʪʠʙʦʨ ʙʝʨʠʣʛʘʥ. ʌʝʨʨʠʪ ʛʨʘʥʘʪ ʧʣʸʥʢʘʣʘʨʠʥʠʥʛ ʢʠʤyʚʠʡ ʪʘʨʢʠʙʠ 

 ʠʩʦʙʣʘʥʛʘʥ. ʆʣʠʥʛʘʥ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʵʣʝʤʝʥʪ ʪʘʨʢʠʙʠ ʂʘʤʝʢʘ (ʌʨʘʥʮʠʷ)״

ʬʠʨʤʘʩʠʥʠʥʛ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ MS-46 ʜʘ ʘʥʠץʣʘʥʛʘʥ. 

ὙὊὩὕ  ʤʘʛʥʠʪ ʧʣʸʥʢʘʩʠʥʠʥʛ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠʛʘ 

ʪʝʭʥʦʣʦʛʠʢ ʞʘʨʘʸʥʣʘʨ ʪʘʲʩʠʨʠʥʠʥʛ ʘʡʨʠʤ ʫʤʫʤʠʡ ʤʫʘʤʤʦʣʘʨʠ ˄ʨʛʘʥʠʣʛʘʥ. 

ʃʝʛʠʨʣʦʚʯʠ ץ˄ʰʠʤʯʘʣʘʨ ʰʘʢʣ ʚʘ ʩʦʥʠ ʙ˄ʡʠʯʘ ʠʢʢʠʪʘ ʘʩʦʩʠʡ ʪʘʣʘʙʥʠ 

 :ʦʥʜʠʨʠʰʠ ʰʘʨʪץ

1) ˄ʩʪʠʨʠʣʘʸʪʛʘʥ ʧʣʸʥʢʘ ʧʘʥʞʘʨʘʣʘʨʠʥʠʥʛ ʢʘʪʪʘʣʠʢʣʘʨʠ ʪʘʛʣʠʢʥʠʥʛ 

ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʣʘʨʠʛʘ ʷץʠʥ ʸʢʠ ʪʝʥʛ ʙ˄ʣʠʰʠ ʰʘʨʪ, ʘʛʘʨ ʙʫ ʪʘʣʘʙ 
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 ʦʩʠʣ ʙ˄ʣʛʘʥ ʢʫʯʣʘʥʠʰ ʤʘʛʥʠʪ ʧʣʸʥʢʘʥʠʥʛ ʙʫʟʠʣʠʰʠʛʘ ʦʣʠʙ״ ,ʦʥʜʠʨʠʣʤʘʩʘץ

ʢʝʣʘʜʠ.  

2) ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʪʘʨʢʠʙʠʛʘ ʙʦסʣʠץ ʬʠʟʠʢ ʢʘʪʪʘʣʠʢʣʘʨʠ ʙʝʨʠʣʛʘʥ 

ʢʘʪʪʘʣʠʢʣʘʨʛʘ ʤʦʩ (ʤʘʩʘʣʘʥ, ʤʘʛʥʠʪʣʘʥʠʰʠ ʊʢʚʘ ʙʦʰץʘʣʘʨ) ʙ˄ʣʠʰʠ ʰʘʨʪ. 

ɹʠʨʠʥʯʠ ʪʘʣʘʙ ʣʝʛʠʨʣʦʚʯʠ ʵʣʝʤʝʥʪʥʠʥʛ ץʠʡʤʘʪʠ ὣὊὩὕ  ʘʥʜʘʡ ʪʘʲʩʠʨץ 

ʢ˄ʨʩʘʪʘʜʠ. ɹʠʨʠʥʯʠ ʪʘʣʘʙʥʠ ץʦʥʠץʪʠʨʠʰ ʪʘʛʣʠʢ ʩʠʬʘʪʠʜʘ ʢʨʠʩʪʘʣʣ 

ʧʘʥʞʘʨʘʩʠ ʜʦʠʤʠʡʩʠ ὥ  12,383 ᴠ ʙ˄ʣʛʘʥ ὋὨὋὥὕ  ɻɻɻ) ʚʘʢʨʠʩʪʘʣʣ 

ʧʘʥʞʘʨʘʩʠ ʜʦʠʤʠʡʩʠ ʘ =12,376 ᴠ ʪʝʥʛ ʙʣ˄ʛʘʥ ʘʩʦʩʠʡ ˄ʩʪʠʨʠʣʘʜʠʛʘʥ ʤʘʪʝʨʠʘʣ 

ʩʠʬʘʪʠʜʘ ὣὊὩὕ  ʥʠ ʪʘʥʣʘʰ ʦʨץʘʣʠ ʵʨʠʰʠʣʘʜʠ. 

ɻʨʘʥʘʪʥʠʥʛ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠ ʤʘʲʣʫʤʦʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʚʘ ץʘʪʦʨ 

ʥʦʜʠʨ ʝʨ ʠʦʥʣʘʨʠʥʠʥʛ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠʥʠ ˄ʟʛʘʨʪʠʨʠʰ, ״ʘʤʜʘ ὊὩ 
ʠʦʥʣʘʨʠʥʠ Ὃὥ ʠʦʥʣʘʨʠ ʙʠʣʘʥ ʘʣʤʘʰʪʠʨʠʰ ʦʨץʘʣʠ ʤʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʥʠʥʛ 

ʙʦʰץʘ ʪʘʨʢʠʙʠʥʠ ʪʘʥʣʘʰ ʤʫʤʢʠʥ. ɹʫʥʠʥʛ ʫʯʫʥ ʬʘץʘʪ ʧʣʸʥʢʘ ʚʘ ʪʘʛʣʠʢʥʠʥʛ 

ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʣʘʨʠ ʙʠʨ ʙʠʨʠʜʘʥ ʤʠʥʠʤʫʤ ʬʘʨץʣʘʥʠʰʠ ʟʘʨʫʨ. 1.ʞʘʜʚʘʣʜʘ ὣ 

ʙʠʨʦʨʪʘ ʥʦʜʠʨ ʝʨ ʠʦʥʠ ʙʠʣʘʥ ʘʣʤʘʰʪʠʨʠʰ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ 

ʢʨʠʩʪʘʣʣ ʷʯʝʡʢʘʣʘʨʠʥʠʥʛ ʢʘʪʪʘʣʠʢʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. 1-ʞʘʜʚʘʣ 

ʤʘʲʣʫʤʦʪʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ὣὊὩὕ  ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠʥʠ, ὣ ʥʠ Ὕὦȟὣὦ ʠ 
Ὀώ ʠʦʥʣʘʨʠʛʘ ʘʣ-ʤʘʰʪʠʨʠʰ ʥʘʪʠʞʘʩʠʜʘ ˄ʟʛʘʨʠʰʠ ʛʨʘʬʠʛʠʥʠ ʯʠʟʘʤʠʟ  

(1- ʨʘʩʤ 1, 2, 3 ʪ˄סʨʠ ʯʠ-ʟʠץʣʘʨ). ʍʫʜʜʠ ʰʫʥʜʘʡ ὣὊὩὕ  ʧʘʥʞʘʨʘ 

ʜʦʠʤʠʡʩʠʥʠ ὊὩ ʠʦʥʠʥʠ Ὃὥ ʛʘ ʘʣʤʘʰʪʠʨʠʣʛʘʥʜʘʛʠ ˄ʟʛʘʨʠʰ ʛʨʘʬʠʛʠʥʠ ״ʘʤ 

ʯʠʟʠʰ ʤʫʤʢʠʥ (1-ʨʘʩʤ, 4-ʪ˄סʨʠ ʯʠʟʠץ).  

1-ʞʘʜʚʘʣ 

ʅʦʜʠʨ ʝʨ ʵʣʝʤʝʥʪʣʘʨʠ ʌɻ ʘʩʦʩʠʜʘʛʠ ʛʨʘʥʘʪʣʘʨʥʠʥʛ ʭʫʩʫʩʠʷʪʣʘʨʠ 

R a0 ᴠ Da0 ᴠ 4ˊɀs(ɿ00ʂ), ɻʩ R a0 ᴠ Da0 ᴠ 4ˊɀs ɿ00ʂ), ɻʩ 

Sm 12,529 +0,051 1675 Y 12,376 0,000 1767 

Eu 12,498 +0,041 1172 Er 12,347 -0,010 1241 

Gd 12,471 +0,032 56 Tm 12,323 -0,018 1397 

Tb 12,436 +0,020 198 Yb 12,302 -0,025 1555 

Dy 12,405 +0,010 376 Lu 12,283 -0,031 1815 

Ho 12,376 0,000 882     

 

ȹa0 ï Y ʥʠ ʥʦʜʠʨ ʝʨ ʵʣʝʤʝʥʪʣʘʨʠʜʘʥ ʙʠʨʦʨʪʘʩʠʛʘ ʘʣʤʘʰʪʠʨʠʰʥʠʥʛ 

ʜʦʠʤʠʡʣʘʨʠ ʦʨʘʩʠʜʘʛʠ ʬʘʨץ -ȹa0=12,383-12,376=0,007 ᴠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ɹʫ 

ʬʘʨץʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ ʫʯʫʥ ȹa0=0,007 ᴠ ʥʠ 1. ʨʘʩʤʛʘ ʤʫʚʦʬʠץ Y 

ʠʦʥʠʥʠ ʭ=0,35 Tb ʠʦʥʠʛʘ ʘʣʤʘʰʪʠʨʠʰ ʟʘʨʫʨ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʟʘʨʫʨ ʙ˄ʣʛʘʥ 

ʧʣʸʥʢʘʥʠʥʛ ʢʠʤyʚʠʡ ʪʘʨʢʠʙʠ Y2,65Tb0,35Fe5ʆ12 ʠʬʦʜʘ ʵʪʠʣʘʜʠ, ״ʠʩʦʙʣʘʥʛʘʥ 

ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠ ʘ=12,383 ᴠY ʥʠ ʠʢʢʠʪʘ ʥʦʜʠʨ ʝʨ ʠʦʥʣʘʨʠ ʙʠʣʘʥ 

ʘʣʤʘʰʪʠʨʠʰ ץʫʡʠʜʘʛʠ ʩʭʝʤʘ ʦʨץʘʣʠ ʘʤʘʣʛʘ ʦʰʠʨʠʣʘʜʠ. Yb (ʭ=0,1) 

 ʠʡʤʘʪʠʥʠ ʪʘʥʣʘʙ ʙʫʥʜʘ ʧʣʸʥʢʘʥʠʥʛ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠʥʠ ˄ʟʛʘʨʠʰʠץ

ʥʘʪʠʞʘʩʠʜʘ, 1-ʨʘʩʤ ʤʘʲʣʫʤʦʪ-ʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʠʭʪʠʸʨʠʡ ʛʨʘʥʘʪʥʠʥʛ 

ʢʠʤyʚʠʡ ʬʦʨʤʫʣʘʩʠʥʠ ʙʝʨʠʣʛʘʥ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠ ʦʨץʘʣʠ ״ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ 
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ʚʘ ʙʫ ʢʘʪʪʘʣʠʢ ʤʠʩʦʣʜʘ ʘ=12.383ᴠ. ʄʠʩʦʣ ʪʘʨʠץʘʩʠʜʘ (ὣȟὝὦȟὣὦὊὩὕ  ʰʫ 

ʌɻ ʥʠ ʢʠʤyʚʠʡ ʬʦʨʤʫʣʘʩʠʥʠ ״ʘʨ ʭʠʣ ʥʦʜʠʨ ʝʨ Ὕὦȟὣὦ ʠʦʥʣʘʨʠ ʫʯʫʥ, 

ʪʘʛʣʠʛʠʥʠʥʛ ʢʨʠcʪʘʣʣ ʧʘʥʞʘʨʘ ʜʦʠʤʠʩʠ ʘ=12,383ᴠ ʙ˄ʣʛʘʥ ״ʦʣ ʫʯʫʥ 

ʠʩʦʙʣʘʡʤʠʟ. ὣὊὩὕ״  ̐ʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠ ὥ ρςȟσχφ B ʊʦʟʘ ʚʘ ʘʨʘʣʘʰʪʠ-

ʨʠʣʛʘʥ ὣὊὩὕ  ʛʨʘʥʘʪ ʢʨʠʩʪʘʣʣ ʧʘʞʘʨʘʣʘʨʠ ʜʦʠʤʠʡʩʠ ὣȟὣὦȟὊὩ̨  - 

1 ʨʘʩʤʛʘ ʤʫʚʦʬʠץ ʘ0=12,373 ᴠ ʙ˄ʣʘʜʠ. 

 

1-ʨʘʩʤ. ɻʨʘʥʘʪʣʘʨʥʠʥʛ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʣʘʨʠʥʠ ʥʦʜʠʨ ʝʨ ʠʦʥʣʘʨʠʥʠʥʛ 

ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠʛʘ ʙʦסʣʠץʣʠʢ ʛʨʘʬʠʛʠ  

Y3-xRxFe5O12 (R=1 -Tb; 2 -Yb; 3 -Dy) ʚʘ 4 -Y3Fe5-xGaxO12. 

ʌʘʨץʣʘʨʠʥʠ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʰ ʫʯʫʥ ʟʘʨʫʨ ʢʘʪʪʘʣʠʢ ῳὥ=(12,376-

12,373)+(12,383-12,376)=0,010ᴠ. ɹʫʥʜʘʡ ʢʘʪʪʘʣʠʢʣʘʨʥʠʥʛ ʬʘʨץʣʘʨʠʥʠ 

ʢʦʤʧʝʥʩʘʮʠʷʣʘʰ ὣ ʠʦʥʠʥʠ ʭ=0,49Ὕὦ ʠʦʥʠʛʘ ʘʣʤʘʰʪʠʨʠʰ ʙʠʣʘʥ ʵʨʠʰʠʣʘʜʠ. 

 

  
2-ʨʘʩʤ.˟ȟ˩ɣ ȟ˩╓̔  ʠʦʥʣʘʨʠʥʠʥʛ 

ʢʠʨʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ ʫʣʘʨʥʠʥʛ 

ʘʣʤʘʰʪʠʨʠʰ ʜʘʨʘʞʘʩʠʛʘ (ʭ) ʚʘ Ὃὥ ʠʦʥʠʥʠ 
ʪʝʤʧʝʨʘʪʫʨʘʩʠʛʘ ʙʦסʣʠץʣʠʛʠ. 

3-ʨʘʩʤ. ʇʣʸʥʢʘ ʪʘʛʣʠʢ ʘʨʘʣʘʰʤʘʣʠ 

ʵʨʠʪʤʘ ╨ȟ ╣╫ȟ ╕▄̨ ȹὥ = 0,005 ¡. 
ʢʨʠʩʪʘʣʣ ʪʘʨʢʠʙʠ ʢʘʪʪʘʣʠʢʣʘʨʠʥʠʥʛ 

ʥʦʤʦʩʣʠʛʠʛʘ ʙʦסʣʠץʣʠʛʠ. 

 

ʊʘʣʘʙ ץʠʣʠʥʛʘʥ ʧʣʸʥʢʘʥʠʥʛ ʢʠʤyʚʠʡ ʬʦʨʤʫʣʘʩʠ ʢʨʠʩʪʘʣʣ ʩʪʨʫʢ-

ʪʫʨʘʩʠʥʠʛ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠ ʘ0=12,383 ᴠ ʙ˄ʣʛʘʥ ὣȟὝὦȟὣὦȟὊὩ̨ . 
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ʍʫʜʜʠ ʰʫʥʜʘʡ ʙʦʰץʘ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʪʘʣʘʙ ץʠʣʠʥʛʘʥ ʢʠʤyʚʠʡ 

ʬʦʨʤʫʣʘʩʠʥʠ ״ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ, ʘʛʘʨ ʫʣʘʨʥʠʥʛ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʣʘʨʠ ʪʘʛʣʠʢ 

ɻɻɻ ʜʦʠʤʠʡʣʘʨʠʛʘ ʷץʠʥ ʸʢʠ ʪʝʥʛ ʙ˄ʣʩʘ, ʙʝʨʠʣʛʘʥ ʢʠʤyʚʠʡ ʪʘʨʢʠʙʜʘʛʠ 

ʧʣʸʥʢʘʣʘʨʥʠ ˄ʩʪʠʨʠʰʥʠʥʛ ʦʧʪʠʤʘʣ ʰʘʨʦʠʪʠʥʠ ʘʥʠץʣʘʰ ʫʯʫʥ, ʧʣʸʥʢʘʥʠʥʛ 

ʧʘʨʘʤʝʪʨʣʘʨʠʛʘ ˄ʩʪʠʨʠʰ ʞʘʨʘʸʥʠʥʠʥʛ ʪʘʲʩʠʨʠ ʠʣʤʠʡ ʪʘʜץʠץ ץʠʣʠʥʜʠ. ɹʫʥʜʘ 

 ʫʡʠʜʘʛʠ ʪʝʭʥʦʣʦʛʠʢ ʧʘʨʘʤʝʪʨʣʘʨʠ ˄ʟʛʘʨʪʠʨʠʣʜʠ ʤʘʩʘʣʘʥ; ʘʣʤʘʰʪʠʨʠʰץ

ʜʘʨʘʞʘʩʠ (ʭ) ʚʘ Ga ʠʦʥʣʘʨʠ ʢʠʨʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʛʘ 

ʙʦסʣʠץʣʠʢ ʛʨʘʬʠʛʠ 2-ʨʘʩʤʜʘ ʢʝʣʪʠʨʠʣʛʘʥ. ʂʨʠʩʪʘʣʣ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʥʦ ï 

ʤʦʩʣʠʛʠʥʠ ȹa, ˄ʪʘ ʩʦʚʫʰ ʪʝʤʧʝʨʘʪʫʨʘʛʘ ȹʊ ʙʦסʣʠץʣʠʛʠ, ʥʘʟʦʨʘʪ  

ɻɻɻ ʪʘʛʣʠʛʠʥʠʥʛ ʜʦʠʤʠʡ ˄ʩʠʰ ʯʘʩʪʦʪʘʩʠ 80 ʘʡʣʘʥʘ/ʤʠʥ ʚʘ ˄ʩʠʰ ʚʘץʪʠ 10 

ʤʠʥ ʙ˄ʣʛʘʥ ״ʦʣʜʘ ʘʥʠץʣʘʥʜʠ. ʄʠʩʦʣ ʪʘʨʠץʘʩʠʜʘ, 3-ʨʘʩʤʜʘ ʧʣʸʥʢʘ ʪʘʛʣʠʢï

ʘʨʘʣʘʰʤʘ ʚʘ ʵʨʠʪʤʘ ὣȟὝὦȟὊὩ̨ , ȹa = 0,005¡. 

ʂʨʠʩʪʘʣʣ ʩʪʨʫʢʪʫʨʘ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʥʦʤʦʩʣʠʛʠʛʘ ῳὥ = 0,005¡. 

ʙʦסʣʠץʣʠʢ ʛʨʘʬʠʛʠ ʢʝʣʪʠʨʠʣʛʘʥ. 

ʊʘʞʨʠʙʘ ץʫʨʠʣʤʘʣʘʨʠ ʚʘ ˄ʣʯʘʰ ʫʩʫʣʣʘʨʠ. ʊʘʞʨʠʙʘ ץʫʨʠʣʤʘʣʘʨ, 

ʟʘʤʦʥʘʚʠʡ ʩʧʝʢʪʨʦʤʝʪʨ ʂʉɺʋ 3 ʙʘʟʘʩʠʜʘ, ʶץʦʨʠ ʘʥʠץʣʠʢʜʘʛʠ ˄ʣʯʘʰ 

ʘʩʙʦʙʣʘʨʠʜʘʥ ʬʦʡʜʘʣʘʥʛʘʥ ״ʦʣʜʘ (ʩʝʣʝʢʪʠʚ ʢʫʯʘʡʪʠʨʛʠʯ ʩʠʥʭʨʦʥ ʜʝʪʝʢʪʦʨʠ 

ʙʠʣʘʥ ʚʘ ʚʦʣʴʪʤʝʪʨʣʘʨ ɺ7-34) ״ʘʤʜʘ ʦʧʪʠʢ ʶʪʠʣʠʰʥʠ ʤʘʭʩʫʩ ״ʠʩʦʙʣʘʰ 

 ʦʨʠ ʯʘʩʪʦʪʘʣʠץʣʠ ʜʠʭʨʦʠʟʤʤʠ ʶץʘʣʠ ʤʘʛʥʠʪ ʜʦʠʨʘʚʠʡ ʚʘ ʯʠʟʠץʫʨʠʣʤʘʩʠ ʦʨץ

ʢʚʘʨʮ ʤʦʜʫʣʷʪʦʨʠʥʠ ץ˄ʣʣʘʰ ʦʨץʘʣʠ ˄ʣʯʘʥʛʘʥ. ʏʠʟʠץʣʠ ʠʢʢʠʣʘʥʤʘ 

ʩʠʥʠʰʠʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘʛʘ ʙʦסʣʠץʣʠʛʠʥʠ ˄ʣʯʘʰ ʫʩʫʣʠ ʠʰʣʘʙ ʯʠץʠʣʜʠ. 

ʆʙʝʢʪʣʘʨʥʠʥʛ ʩʠʬʘʪʣʠ ʪʘʩʚʠʨʠʥʠ ʦʣʠʰ ״ʘʤʜʘ ʦʙʝʢʪʣʘʨʥʠ ʩʦʣʠʰʪʠʨʠʰ 

ʫʩʫʣʠ ʠʰʣʘʙ ʯʠץʠʣʜʠ ʚʘ ʠʭʪʠʨʦʛʘ ʧʘʪʝʥʪ ʦʣʠʥʜʠ. ɶץʫʚ ʞʘʨʘʸʥʠʥʠʥʛ 

ʩʠʬʘʪʠʥʠ ʦʰʠʨʠʰ ʤʘץʩʘʜʠʜʘ ˄ץʫʚ ʞʘʨʘʸʥʠʛʘ ʘʭʙʦʨʦʪ-ʢʦʤʤʫʥʠʢʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʠʥʠ ץ˄ʣʣʘʙ 4 ʢʘʥʘʣʣʠ ʜʘʩʪʫʨʣʠ ʪʝʣʝʚʠʟʠʦʥ ʤʠʢʨʦʩʢʦʧ ʠʰʣʘʙ 

ʯʠץʠʣʜʠ. ɹʫ ʤʠʢʨʦʩʢʦʧ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ״ʦʜʠʩʘʣʘʨʠʥʠ ʥʘʤʦʡʠ  hץʠʣʠʰʜʘ ʚʘ 

ʤʘʛʥʠʪ ʜʦʤʝʥʥʣʘʨʥʠ ˄ʨʛʘʥʠʰʜʘ ʬʦʡʜʘʣʘʥʠʣʘʜʠ. ʄʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʜʘ 

ʤʘʛʥʠʪ ʥʦʞʠʥʩʣʠʣʠʛʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ ʫʯʫʥ ʤʘʛʥʠʪʦʦʧʪʠʢ ʫʩʫʣ ʠʰʣʘʙ 

ʯʠץʠʣʜʠ.  

çʂ˄ʧ ʪʘʨʢʠʙʣʠ ʚʘ ץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʧʣʸʥʢʘʣʘʨʠʜʘ ʦʧʪʠʢ ʚʘ 

ʤʘʛʥʠʪʦʦʧʪʠʢ ״ʦʜʠʩʘʣʘʨʥʠ ʥʘʟʘʨʠʡ ʪʘʜץʠץ ץʠʣʠʰèʜʝʙ ʥʦʤʣʘʥʛʘʥ 

ʫʯʠʥʯʠ ʙʦʙʠʜʘ ʥʦʜʠʨ ʝʨ ʬʝʨʠʪ-ʛʨʘʥʘʪʣʘʨʠ ʵʧʠʪʘʢʩʠʘʣ ʤʘʛʥʠʪ ʧʣʸʥʢʘʣʘʨʛʘ 

ʘʣʦ״ʠʜʘ ʵʪʠʙʦʨ ץʘʨʘʪʠʣʛʘʥ, ʦʜʘʪʜʘ ʫʣʘʨ ʪʘʛʣʠʢ ʚʘ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʢʨʠʩʪʘʣ 

ʧʘʥʞʘʨʘʣʘʨʠ ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʥʦʤʦʩʣʠʛʠ ʪʫʬʘʡʣʠ ʢʫʯʣʘʥʛʘʥ ״ʦʣʘʪʜʘ 

ʙ˄ʣʘʜʠ. ʂ˄ʧ ʪʘʨʢʠʙʣʠ ʥʦʜʠʨ ʝʨ ʬʝʨʠʪ-ʛʨʘʥʘʪʣʘʨʠ ʧʣʸʥʢʘʣʘʨ ʪʘʨʢʠʙʠʥʠʥʛ 

 ʘʤ ʥʦʞʠʥʩʣʠʢʛʘ ʵʛʘ ʙ˄ʣʘʜʠ. ɹʫ ʠʦʥʣʘʨʥʠʥʛ ʜʠʘʤʝʪʨʣʘʨʠ״ ʘʣʠʥʣʠʛʠ ʙ˄ʡʠʯʘץ

 ʘʨ ʭʠʣ ˄ʣʯʘʤʛʘ ʵʛʘ ʙ˄ʣʛʘʥʣʠʛʠ ʪʫʬʘʡʣʠ, ʢʨʠʩʪʘʣ ʧʦʟʠʮʠʷʣʘʨʠʜʘ ʥʦʩʪʘʪʠʢ״

ʪʘץʩʠʤʣʘʥʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ, ʰʫʥʠʥʛ ʫʯʫʥ ʙʠʟʥʠ ‐̒ ʪʝʥʟʦʨʠʥʠʥʛ 

ʛʨʘʥʘʪʣʘʨʥʠʥʛ ʰʘʬʦʬ ʩʧʝʢʪʨʘʣ ʩʦ״ʘʩʠʜʘ, ʜʝʬʦʨʤʘʮʠʷ ʚʘ ˄ʩʠʰ ʙʠʣʘʥ ʙʦסʣʠץ 

ʘʥʠʟʦʪʨʦʧʠʷʥʠ ״ʠʩʦʙʛʘ ʦʣʛʘʥʜʘʛʠ ʢ˄ʨʠʥʠʰʠ ץʠʟʠץʪʠʨʘʜʠ. ‐̒ ̓̆̎

̈̏ ̑̋ʦʤʧʦʥʝʥʪʠ ץʫʡʠʜʘʛʠ ʢ˄ʨʠʥʠʰʛʘ ʵʛʘ 

‐̒ e d eÇ ὓ -- ‐” Ὗ ‐ὶ   (1) 
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ʙʫʥʜʘ Õe0=n0- ʛʨʘʥʘʪʥʠʥʛ ʠʟʦʪʨʦʧ ʢ˄ʨʩʘʪʛʠʯʠ ʤʘʛʥʠʪ ʪʘʨʪʠʙʠʛʘ ʙʦסʣʠץ ʵʤʘʩ; 

Ὣ , ” , ὶ  ï ʤʦʩ ״ʦʣʜʘ, ʬʦʪʦʵʣʘʩʪʠʢ, ʜʝʬʦʨʤʘʮʠ ̫ʚʘ ˄ʩʠʰ ʦʧʪʠʢ 

ʘʥʠʟʦʪʨʦʧʠʷʣʘʨʠ ʪʝʥʟʦʨʣʘʨʠʥʠʥʛ ʢʦʤʧʦʥʝʥʪʘʣʘʨʠʜʠʨ. Mk, M l, M; bk ʚʝʢʪʦʨ 

ʢʦʤʧʦʥʝʥʪʘʣʘʨʠ, bl ˄ʩʠʰ ʚʝʢʪʦʨ ʢʦʤʧʦʥʝʥʪʘʩʠ. ‐̒ ʪʝʥʟʦʨʥʠʥʛ ʬʦʪʦʵʣʘʩʪʠʢ 

 ʠʩʩʘʩʠʥʠʥʛ ʢ˄ʨʠʥʠʰʠ״

‐ɳ=‐” Ὗ .      (2) 

”  ʪʝʥʟʦʨʥʠʥʛ ʘʥʠץ ʢ˄ʨʠʥʠʰʠʜʘʥ ʚʘ 5  ʤʘʪʨʠʮʘ ʪʝʥʛʣʘʤʘʩʠʜʘʥ (2) 

ʌʦʡʜʘʣʘʥʠʙ ʥʦʜʠʨ ʝʨ ʬʝʨʠʪ-ʛʨʘʥʘʪʣʘʨʠ ʵʧʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʥʠʥʛ 

ʩʠʥʜʠʨʠ hʢ˄ʨʩʘʪʛʠʯʠ ʘʩʦʩʠʡ ץʠʡʤʘʪʠʥʠ, ʬʦʪʦʵʣʘʩʪʠʢ ʪʫʬʘʡʣʠ ״ʦʩʠʣ ʙ˄ʣʛʘʥ 

˄ʟʛʘʨʠʰʠʥʠ, ʧʣʸʥʢʘ ʪʝʢʠʩʣʠʛʠʜʘ ʫʯ ʡ˄ʥʘʣʠʰʜʘʛʠ ʢ˄ ʨʠʥʠʰʠʥʠ ʪʦʧʠʰ 

ʤʫʤʢʠʥ:  

1) ʇʣʸʥʢʘʥʠ (100) ʪʝʢʠʩʣʠʛʠʛʘ ʧʘʨʘʣʣʝʣ ʪʘʨץʘʣʘʸʪʛʘʥ ʸʨʫסʣʠʢ ʫʯʫʥ, 

ʠʢʢʠʣʘʥʤʘ ʯʠʟʠץʣʠ ʩʠʥʠʰ ץʠʡʤʘʪʠ ץʫʡʠʜʘʛʠʯʘ ʘʥʠץʣʘʥʘʜʠ 

Î= Î᷆- Î=(ρ ςÎ(ʍ -ʍ )(1+È )5᷆    (3) 

ɹʫʥʜʘ Î ̃  ́ Î᷆ ʠʢʢʠʪʘ ʯʠʟʠץʣʠ ץʫʪʫʙʣʘʥʛʘʥ ʸʨʫסʣʠʢʥʠʥʛ ʤʦʩ ״ʦʣʜʘ 

ʪʝʢʠʩʣʠʢ ʙ˄ʡʠʯʘ ʚʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʪʘʨץʘʣʠʰʠʜʘ ʩʠʥʠʰ ʢ˄ʨʩʘʪʛʠʯʠʥʠ 

˄ʟʛʘʨʠʰʠ. ʐʫʥʜʘʡ ץʠʣʠʙ, ʠʢʢʠʣʘʥʤʘ ʩʠʥʠʰ ʧʣʸʥʢʘ ʪʝʢʠʩʣʠʛʠʜʘ ʸʨʫסʣʠʢʥʠ 

ʪʘʨץʘʣʠʰ ʡ˄ʥʘʣʠʰʠʛʘ ʙʦסʣʠץ ʵʤʘʩ, ʷʲʥʠ ʢʨʠʩʪʘʣʣ ʙʠʨ ˄ץʣʠ ʦʧʪʠʢ ʢʨʠʩʪʘʣʣ 

ʙ˄ʣʠʙ ʦʧʪʠʢ ˄ץʥʠʥʛ ʡ˄ʥʘʣʠʰʠ, ʧʣʸʥʢʘ ʪʝʢʠʩʣʠʛʠʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙ˄ʣʘʜʠ. 

2) ʇʣʸʥʢʘʥʠʥʛ(111) ʪʝʢʠʩʣʠʛʠʛʘ ʧʘʨʘʣʣʝʣ ʪʘʨץʘʣʘʸʪʛʘʥ ʸʨʫסʣʠʢ ʫʯʫʥ 

ʠʢʢʠʣʘʥʤʘ ʯʠʟʠץʣʠ ʩʠʥʠʰ ץʠʡʤʘʪʠ ץʫʡʠʜʘʛʠʯʘ ʘʥʠץʣʘʥʘʜʠ 

Î Îʍ  (1+È 5᷆      (4) 

ʷʲʥʠ ʙʫ ״ʦʣʜʘ ״ʘʤ ʢʨʠʩʪʘʣʣ ʙʠʨ ˄ץʣʠ ʙʣ˄ʘʜʠ, ʫʥʠʥʛ ʦʧʪʠʢ ˄ץʠ ʧʣʸʥʢʘ 

ʪʝʢʠʩʣʠʛʠʛʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʙ˄ʣʘʜʠ. 

3) ʇʣʸʥʢʘʥʠʥʛ(110) ʪʝʢʠʩʣʠʛʠʛʘ ʧʘʨʘʣʣʝʣ ʪʘʨץʘʣʘʸʪʛʘʥ ʸʨʫסʣʠʢ ʫʯʫʥ, 

ʘʛʘʨ ʸʨʫסʣʠʢʥʠʥʛ ʪʘʨץʘʣʠʰ ʡ˄ʥʘʣʠʰʠ [110] ʙ˄ʣʩʘ ʠʢʢʠʣʘʥʤʘ ʯʠʟʠץʣʠ ʩʠʥʠʰ 

 :ʫʡʠʜʘʛʠ ʢ˄ʨʠʥʠʰʛʘ ʵʛʘ ʙ˄ʣʘʜʠץ ʠʡʤʘʪʠץ

Î Î Î Îʍ  (1+È 5᷆    (5) 

[100] ʡ˄ʥʘʣʠʰ ʙ˄ʡʠʯʘ 

Î Î Î ρ ςÎ ʍ  + ʍ ς ʍ ρ È 5᷆ (6) 

ɹʫʥʜʘʥ ʢ˄ʨʠʥʘʜʠʢʠ ʠʢʢʠʣʘʥʤʘ ʩʠʥʠʰʥʠʥʛ ץʠʡʤʘʪʠ, ʸʨʫסʣʠʢʥʠʥʛ ʪʘʨץʘʣʠʰ 

ʡ˄ ʥʘʣʠʰʠʛʘ ʙʦסʣʠץ ʚʘ ʢʨʠʩʪʘʣʣ ʢʫʙʠʢ ״ʦʣʘʪʠʜʘʥ ʠʢʢʠ ˄ץʣʠ ״ʦʣʘʪʛʘ ˄ʪʘʜʠ. 

ɹʫ ʙ˄ʣʠʤʥʠʥʛ ʭʫʣʦʩʘʩʠʜʘ ʅɽʌɻ ʵʧʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʩʠʥʜʠʨʠʰ 

ʢ˄ʨʩʘʪʛʠʯʠʥʠʥʛ ץʠʡʤʘʪʠʥʠ ʜʝʬʦʨʤʘʮʠʷ ʪʫʬʘʡʣʠ ˄ʟʛʘʨʪʠʨʠʰʥʠʥʛ ʪʘʨʪʠʙʠ 

ʢ˄ʨʩʘʪʠʣʜʠ. ɸʛʘʨ ʥʠʩʙʠʡ ʜʝʬʦʨʤʘʮʠʷ 5᷆~ρπ ʙ˄ʣʩʘ ʛʨʘʥʘʪʥʠʥʛ ʦʜʜʠʡ 

ʢʨʠʩʪʘʣʣ ʧʘʥʞʘʨʘʩʠʥʠʥʛ ʜʦʠʤʠʡʩʠ ́~12,4B ʜʝʙ ʦʣʠʥʩʘ, ʜʝʬʦʨʤʘʮʠʷ-

ʣʘʥʤʘʛʘʥ ״ʦʣʘʪʜʘʛʠ ʩʠʥʜʠʨʠʰ ʢ˄ʨʩʘʪʛʠʯʠ ʫʯʫʥ ʠʢʢʠʣʘʥʤʘ ʩʠʥʠʰ ЎÎ~10
-4
-10

-

5
 ʛʘ ʪʝʥʛ ʙ˄ʣʘʜʠ (ʷʲʥʠ ʬʦʪʦʵʣʘʩʪʠʢ ״ʠʩʩʘ ʙʠʣʘʥ ʪʝʥʛ). 
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ɪʨʫסʣʠʢʥʠʥʛ ʶʪʠʣʠʰ ʩʦ״ʘʩʠʜʘ ʦʧʪʠʢ ʠʥʜʠʢʘʪʨʠʩʘʥʠʥʛ ʘʡʣʘʥʠʰʠ ʙʠʣʘʥ 

ʙʠʨʛʘʣʠʢʜʘ, ʜʠʭʨʦʠʢ ˄ץʣʘʨ ״ʘʤ ʘʡʣʘʥʘʜʠ, ʢʨʠʩʪʘʣʣ ʡ˄ʥʘʣʠʰʣʘʨʠʜʘ ʸʨʫסʣʠʢ 

 ʣʠʢ ʶʪʠʣʠʰʠ, ʙʫ ʡʫʥʘʣʠʰʣʘʨʜʘ ʤʘʢʩʠʤʫʤסʣʘʥʘʜʠʛʘʥ ʸʨʫץʫʪʫʙʠ ʙʠʣʘʥ ʘʥʠץ

ʸʢʠ ʤʠʥʠʤʫʤ ץʠʡʤʘʪʛʘ ʵʛʘ. ʆʧʪʠʢ ʠʥʜʠʢʘʪʨʠʩʘʥʠʥʛ ʘʩʦʩʠʡ ʡ˄ʥʘʣʠʰʠʥʠ ʚʘ 

ʜʠʭʨʦʠʢ ˄ץʣʘʨʥʠʥʛ ʘʡʣʘʥʠʰʠ, ʦʧʪʠʢ ʘʥʠʟʦʪʨʦʧʠʷʥʠ, ʩʧʦʥʪʘʥ ʤʘʛʥʠʪʣʘʥʠʰ 

ʪʫʬʘʡʣʠ ʶʟʘʛʘ ʢʝʣʘʜʠ ʜʝʙ ״ʠʩʦʙʣʘʥʛʘʥ. ׳ʦʣʙʫʢʠ ʙʫ ʢʨʠʩʪʘʣʣ ʚʘ ʧʣʸʥʢʘʣʘʨʜʘ, 

ʢ˄ʧ ״ʦʣʘʪʣʘʨʜʘ ˄ʩʠʰ ʞʘʨʘʸʥʠʜʘ ʦʧʪʠʢ ʘʥʠʟʦʪʨʦʧʠʷʩʠ ʙ˄ʣʘʜʠ ʙʫ ʵʩʘ ʘʩʦʩʠʡ 

 ʣʘʨʥʠʥʛ ʤʘʛʥʠʪʣʘʥʠʰʠ ʘʡʣʘʥʠʰʠʜʘץ˄ ʣʘʨʥʠʥʛ ʙʫʨʠʣʠʰʠʜʘ ʚʘ ʜʠʭʨʦʠʢץ˄

ʢʘʪʪʘ ʪʘʲʩʠʨ ץʠʣʘʜʠ. ɹʫ ״ʦʣʥʠ ʢʫʙʠʢ ʢʨʠʩʪʘʣʣʥʠʥʛ ʠʢʢʠʪʘ (100) ʚʘ (110) 

ʘʩʦʩʠʡ ʢʨʠʩʪʘʣʣ ʪʝʢʠʩʣʠʛʠʜʘ ʘʥʘʣʠʟ ץʠʣʘʤʠʟ. ʄʘʛʥʠʪʣʘʥʠʰʥʠʥʛ 

ʘʡʣʘʥʠʰʠʜʘ ʦʧʪʠʢ ʠʥʜʠʢʘʪʨʠʩʘʥʠʥʛ ״ʘʨʘʢʘʪʠ ʠʣʤʠʡ ʘʜʘʙʠʸʪʣʘʨʜʘ ʝʪʘʨʣʠʯʘ 

ʢʝʣʪʠʨʠʣʛʘʥ, ʰʫ ʩʘʙʘʙʜʘʥ ˄ʩʠʰ ʦʧʪʠʢ ʘʥʠʟʦʪʨʦʧʠʷʩʠʥʠʥʛ ʘʩʦʩʠʡ 

 ʣʘʨʠʥʠʥʛ ʠʭʪʠʸʨʠʡ ʡʥ˄ʘʣʠʰ ʠʬʦʜʘʩʠʥʠ ʸʟʘʤʠʟ. ɶʩʠʰ ʦʧʪʠʢץ˄

ʜʠʭʨʦʠʟʤʠʥʠʥʛ ʘʩʦʩʠʡ ˄ץʣʘʨʠ, ʩʠʤʤʝʪʨʠʷ ˄ץʣʘʨʠ ʙʠʣʘʥ ʤʦʩ ʪʫʰʤʘʩʠʥ, ʫʣʘʨ 

ʧʣʸʥʢʘʥʠʥʛ (110) ʪʝʢʠʩʣʠʛʠʥʠ [100] ˄ץʠʛʘ ץʘʥʜʘʡʜʠʨ ɿ ʙʫʨʯʘʢ ʦʩʪʠʜʘ 

ʞʦʡʣʘʰʩʠʥ (4-ʨʘʩʤ). ɹʫ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʘʩʠʜʘ 1-2 ˄ʩʠʰ ʜʠʭʨʦʠʟʤʠʥʠ 

ʘʩʦʩʠʡ ʡ˄ʥʘʣʠʰʠ ʙʠʣʘʥ ʙʦסʣʠץ, ˄ʩʠʰ ʠʥʜʠʢʘʪʨʠʩʘʩʠʥʠ ״ʠʩʩʘʩʠ ץʫʡʠʜʘʛʠʯʘ 

ʠʬʦʜʘʣʘʥʘʜʠ 

˟ =
ὑ π
π ὑ

      (7) 

 ץʣʠסʫʣʘʡʣʠʢ ʙ˄ʣʠʰʠ ʫʯʫʥ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ ʡʥ˄ʘʣʠʰ ʙʠʣʘʥ ʙʦפ

ʢʦʦʨʜʠʥʘʪʘ ʩʠʩʪʝʤʘʩʠʛʘ ˄ʪʘʤʠʟ. ɹʫʥʜʘ ʙʫ ˄ץʣʘʨʜʘ ʪʝʥʛʣʘʤʘ ץʫʡʠʜʘʛʠ 

ʢ˄ʨʠʥʠʰʜʘ ʙ˄ʣʘʜʠ 

4=ÁÁ4 ,      (8) 

 
4-ʨʘʩʤ. ʄʘʛʥʠʪʣʘʥʠʰʥʠʥʛ (110) 

ʪʝʢʠʩʣʠʛʠʜʘʛʠ ʭʘʨʘʢʘʪʠʥʠ ״ʠʩʦʙ 

ʙʫʨʯʘʛʠ ʚʘ ʜʠʭʨʦʠʢ ˄ץʣʘʨʥʠ ʢʦʦʨ-

ʜʠʥʘʪ ʩʠʩʪʝʤʘʩʠ; 1, 2 - ˄ץʣʘʨ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ ʜʠʭ-ʨʦʠʟʤʘ; 3, 4 ï 

 ʠʥʜʠ ʵʬʬʝʢʪʠסʣʘʨ ʡʠץ˄

ɹʫʥʜʘ, 4 - ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʢ 

 .ʣʘʨʥʠʥʛ ʙʫʨʠʣʠʰ ʤʘʪʨʠʮʘʩʠץ˄

ʀʥʜʠʢʘʪʨʠʩʘ ʪʝʥʛʣʘʤʘʩʠ, ˄ʩʠʰ 

 ʫʡʠʜʘʛʠʯʘץ ʠʩʦʙʛʘ ʦʣʛʘʥʜʘ״ ʠʩʩʘʩʠʥʠ״

ʸʟʠʰ ʤʫʤʢʠʥ: 

" 
   
+ ˟ = " 

   
   (9) 

ʕʥʜʠ " 
   
 ʜʠʘʛʦʥʘʣ ״ʦʣʘʪʛʘ [100] 

ʸʢʠ [110] ˄ץʣʘʨ ʘʪʨʦʬʠʜʘ ʃ ʙʫʨʯʘʢʛʘ 

ʙʫʨʠʰ ʦʨץʘʣʠ ʢʝʣʪʠʨʠʰ ʤʫʤʢʠʥ, ʙʫ 

ʙʫʨʯʘʢ ʪʘʥʛʝʥʩʠ ʠʥʜʠʢʘʪʨʠʩʘʥʠʥʛ 

ʜʠʘʛʦʥʘʣ ʚʘ ʜʠʘʛʦʥʘʣ ʙ˄ʣʤʘʛʘʥ 

ʢʦʤʧʦʥʝʥʪʘʣʘʨʠ ʦʨץʘʣʠ ʘʥʠץʣʘʥʘʜʠ. 

1. Íᴆ̂ρππ, +ᴆ᷆ ρππ, 

ÔὫςʃ
 Ⱦ̠̇

Ⱦ́ Ⱦ̠̇
    (10) 

ʙʫʥʜʘ ʒ ʙʫʨʯʘʢ ʤʘʛʥʠʪʣʘʥʠʰ Íᴆ ʚʘ [001] ˄ץ ʦʨʘʩʠʜʘʛʠ ʙʫʨʯʘʢ; 

ʘ=ʍ ʍ ʍ  ϳ - ʤʘʛʥʠʪʦʦʧʪʠʢʘʥʠʟʦʪʨʦʧʠʷ ʢʦʵʬʬʠʮʠʝʥʪʠ; 
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ʍ Íᴆ- ʤʘʛʥʠʪ ״ʠʩʩʘʩʠʥʠʥʛ ץʠʡʤʘʪʠ; + ɻ ɻ  ˄ʩʠʰ 

ʜʠʭʨʦʠʟʤʠʥʠʥʛ ץʠʡʤʘʪʠ, Ä ÃÏÓʒ. ɶʩʠʰ ʜʠʭʨʦʠʟʤʠ ʙ˄ʣʤʘʛʘʥ, + π ״ʦʣʜʘ 

ʠʬʦʜʘ (10) ץʫʡʠʜʘʛʠʯʘ ʸʟʠʣʘʜʠ  

ÔÇςʃ ÁÔÇςʒ      (11) 

ɹʦʰץʘ ʵʢʩʪʨʝʤʘʣʠ ״ʦʣʘʪʜʘ - π ʜʠʭʨʦʠʢ ˄ץʣʘʨʠ˄ ʩʠʰ ʜʠʭʨʦʠʟʤʠʥʠʥʛ 

 ʣʘʨʠ ʙʠʣʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢʘʩ ʪʫʰʘʜʠ ʚʘ ʤʘʛʥʠʪʣʘʥʠʰʥʠʥʛ ʦʨʠʝʥʪʘʮʠʷʩʠʛʘץ˄

ʙʦסʣʠץ ʙ˄ʣʤʘʡʜʠ. ʆʨʘʣʠ״ ץʦʣʘʪʣʘʨʜʘ ʜʠʭʨʦʠʢ ˄ץʣʘʨ +ȟ- ̃  ́ὥ 
ʧʘʨʘʤʝʪʨʣʘʨʠʥʠʥʛ ʘʥʠץ ʤʫʥʦʩʦʙʘʪʣʘʨʠʛʘ ʙʦסʣʠץ.  

ςȢÍᴆ Ṷρρπȟ +ᴆ ᷆ ρρπ 

ʄʘʛʥʠʪʣʘʥʠʰʥʠʥʛ (110) ʪʝʢʠʩʣʠʢʜʘʛʠ ʭʘʨʘʢʘʪʠ ʃ ʙʫʨʯʘʢ ʫʯʫʥ 

 ʫʡʠʜʘʛʠʯʘ ʙ˄ʣʘʜʠץ

ÔÇςʃ  
Ⱦ

Ⱦ́ ́
́ Ⱦ

   (12) 

ʠʩʦʙʣʘʨ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ ʃʒ׳ , ʂ/ʄ ʛʘ ʢʫʯʣʠ ʙʦסʣʠץ ʙ˄ʣʠʙ ʫʥʠʥʛ 

ʢ˄ʨʠʥʠʰʠ 90 ʜʘʥ 180-ʛʨʘʜʫʩʛʘʯʘ ˄ʟʛʘʨʘʜʠ ʚʘ ʫʥʠʥʛ ʘʤʧʣʠʪʫʜʘʩʠ ʢʘʤʘʷʜʠ. 

ɹʫ ʙʦסʣʘʥʠʰʥʠʥʛ ʢ˄ʨʠʥʠʰʠ ʘ ʥʠʥʛ ץʠʡʤʘʪʠ ʚʘ ɿ ʙʫʨʯʘʢ ʙʠʣʘʥ 

ʘʥʠץʣʘʥʘʜʠ, ʙʫʥʜʘ ʜʠʭʨʦʠʢ ˄ץʣʘʨʥʠʥʛ ʙʦʰʣʘʥסʠʯ ״ʦʣʘʪʠ ʒ π Ȣ 
ɼʠʭʨʦʠʢ ˄ץʣʘʨʥʠʥʛ ʙʫʨʠʣʠʰʠ, ״ʘʨ ʭʠʣ ʪʘʨʢʠʙʣʠ  

ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʵʧʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʜʘ ὣὊὩὕ , ὣὄὭ ὊὩὋὥ ὕ , 

ὣὖὶ ὊὩὋὥ ʪʘʞʨʠʙʘ ץʠʣʠʥʛʘʥ. ʆʣʠʥʛʘʥ ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ (12) ʠʬʦʜʘ 

ʙʠʣʘʥ ʞʫʜʘ ʷʭʰʠ ʪʘʩʚʠʨʣʘʥʛʘʥ, ʘʛʘʨ ʘ ʥʠʥʛ ʪʝʛʠʰʣʠ ʧʘʨʘʤʝʪʨʠ ʚʘ  

ʂ/ʄ ʤʫʥʦʩʦʙʘʪʥʠʥʛ ץʠʡʤʘʪʣʘʨʠʛʘ ʤʦʩ ʪʘʥʣʘʥʛʘʥ ʙ˄ʣʩʘ. ʆʣʠʥʛʘʥ ʠʬʦʜʘ 

ʸʨʜʘʤʠʜʘ ʙʠʨ ץʘʥʯʘ ʙʦʰץʘ ʤʫʘʣʠʬʣʘʨʥʠʥʛ ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠ ״ʘʤ ʞʫʜʘ 

 ʘʨʣʠ ʪʘʩʚʠʨʣʘʥʛʘʥ (Lucari F., Terrenzio E., Tomasetti G., Magnetic linearץʦʥʠץ

dichroism in Sn doped YIG. J. Appl.Phys., 1981, 52 2301 ï 2303. Dorozio F., 

Luccori F., Tomassetti G., Desvignes J. Near infrared magnitooptical effects in Sb 

doped YIG. J. Magnetism. and Magnetic. Mat., 1983, 31-34, 593-594). 

ɼʠʩʩʝʨʪʘʮʠʷʜʘ ʥʫʨʣʘʨʥʠʥʛ ץʘʡʪʠʰ A ʚʘ ˄ʪʠʰ B ʤʘʪʨʠʮʘʣʘʨʠʥʠʥʛ 

ʠʬʦʜʘʩʠ ʦʣʠʥʛʘʥ 

ὃ Ὑ ὸὨ Ὅ ὙὈὶὨ ὸὝὙ ὸ Ὀ Ὑ Ὠ ὶ ὝὙ ὙὈὝ 

ὄ Ὕ I-ὈὶὨὙ Ὕ Ὀ Ὅ ὈὶὨὙ ὈὶὨὸὨὙ ὈὝ         .(13) 

ɹʫ ʤʘʪʨʠʮʘʣʘʨ ʸʨʜʘʤʠʜʘ ʥʫʨʣʘʨʥʠʥʛ ץʘʡʪʠʰ A ʚʘ ˄ʪʠʰ B 

ʤʘʪʨʠʮʘʣʘʨʠʥʠ ʠʭʪʠʸʨʠʡ (ʙʝʰ, ʦʣʪʠ ʚʘ ״ʦʢʦʟʦ)ʢ˄ʧ ץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ 

ʩʪʨʫʢʪʫʨʘʣʘʨʠ ʫʯʫʥ ״ʠʩʦʙʣʘʰ ʤʫʤʢʠʥ. 

ʀʢʢʠ ץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʩʪʨʫʢʪʫʨʘʩʠ ʫʯʫʥ ʥʫʨʣʘʨʥʠʥʛ ץʘʡʪʠʰ ʤʘʪʨʠʮʘʩʠ 

R12,r21, ʚʘ T12,t21.˄ʪʠʰ ʤʘʪʨʠʮʘʩʠʥʠʥʛ ʠʬʦʜʘʩʠ ʦʣʠʥʛʘʥ. ɹʫ ʠʬʦʜʘʣʘʨ 

ʸʨʜʘʤʠʜʘ ʵʢʚʘʪʦʨʠʘʣ ʂʝʨʨ ʵʬʬʝʢʪʠʥʠʥʛ ʠʬʦʜʘʩʠ ʦʣʠʥʛʘʥ. 

ὦ ÓÉÎς‚ὥὓ ὄ ὓὃ ÃÏÓς‚ὥὓὃ ὓ ὄ    (14) 
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çʅɽʌɻ ʵʧʠʪʘʢʮʠʘʣ ʚʘ d - f ʤʝʪʘʣʣʘʨʥʠʥʛ ʘʤʦʨʬ ʧʣʸʥʢʘʣʘʨʠʥʠʥʛ ʦʧʪʠʢ 

ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠè ʜʝʙ ʥʦʤʣʘʥʛʘʥ ʪ˄ʨʪʠʥʯʠ ʙʦʙʜʘ ʶʪʠʣʠʰ 

ʩʧʝʢʪʨʠ ʚʘ ʄɼɼ, ɼ=10
18

-10
20

 ʜʦʟʘʣʠ ɽ = 0,5-10 ʢʵɺ ʵʥʝʨʛʠʷʣʠ ʤʘʥʬʠʡ ʆ 
-2 

ʠʦʥʣʘʨʠ ʙʠʣʘʥ ʥʫʨʣʘʥʪʠʨʠʣʛʘʥ ʊʀʌɻ ʧʣʸʥʢʘʣʘʨʠʜʘ ˄ʪʢʘʟʠʣʛʘʥ ʠʣʤʠʡ 

ʪʘʜץʠץʦʪ ʥʘʪʠʞʘʣʘʨʠ ʢʝʣʪʠʨʠʣʛʘʥ. ʇʣʸʥʢʘʣʘʨʥʠ ʥʫʨʣʘʥʪʠʨʠʰ ʫʯʫʥ ɽ = 0,5-

10 ʢʵɺ ʵʥʝʨʛʠʷʣʠ, ʪʦʢ ʟʠʯʣʠʛʠ 0,6 ʤɸ/ʩʤ
2
 ʛʘʯʘ ʙ˄ʣʛʘʥ ʤʘʥʬʠʡ ʆ 

-2 

ʠʦʥʣʘʨʠʜʘʥ ʬʦʡʜʘʣʠʥʠʣʜʠ. ʇʣʸʥʢʘʣʘʨʥʠ ɼ=10
18

-10
20
ʜʦʟʘʣʠ ɽ = 0,5-10 ʢʵɺ 

ʵʥʝʨʛʠʷʩʠ ʤʘʥ-ʬʠʡ ʆ
-2 
ʠʦʥʣʘʨʠ ʙʠʣʘʥ ʥʫʨʣʘʥʪʠʨʠʣʛʘʥʜʘʥ ʩ˄ʥʛ, ʵʥʛ ʤʫʭʠʤ 

˄ʟʛʘʨʠʰʣʘʨ, ʦʧʪʠʢ ʶʪʠʣʠʰʥʠʥʛ ʩʧʝʢʪʨʠ 500-650 ʥʤ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʢʣʘʨʠʛʘ 

ʪ˄סʨʠ ʢʝʣʠʰʠ ʘʥʠץʣʘʥʜʠ. ɸʡʥʠץʩʘ ʵʥʝʨʛʠʷʩʠ ɽ=0,5-4 ʢʵɺ ʠʦʥʣʘʨ ʙʠʣʘʥ 

ʥʫʨʣʘʥʪʠʨʠʣʛʘʥʜʘ  ʥʠʥʛ ץʠʡʤʘʪʠʥʠʥʛ ʢʘʤʘʡʠʰʠ, ʥʫʨʣʘʥʪʠʨʠʰ ʜʦʟʘʩʠʥʠʥʛ 

ʦʰʠʰʠ 5x10
18

 ʠʦʥ/ʩʤ
-2
ʜʘʥ ɼ ~ 2ʭ10

19
-4x10

19
 ʠʦʥ/ʩʤ

2 
ʛʘʯʘ ʦʨʘʣʠץʜʘ 

ʢʫʟʘʪʠʣʘʜʠ. ɹʫʥʜʘʥ ʪʘʰץʘʨʠ, ʜʦʟʘ ʤʠץʜʦʨʠʥʠʥʛ ʦʰʠʨʠʣʠʰʠ, ʶʪʠʣʠʰ 

ʜʘʨʘʞʘʩʠʥʠ ˄ʟʛʘʨʪʠʨʤʘʡʜʠ. ʖʪʠʣʠʰ ʘ ʥʠʥʛ ʵʥʛ ʤʘʢʩʠʤʫʤ ʢʘʤʘʡʠʰʠ 15% 

ʛʘʯʘ ʚʘ ʙʫ ʢʘʤʘʡʠʰ ɽ=1-2 ʢʵɺ ʥʫʨʣʘʥʪʠʨʠʰ ʵʥʝʨʛʠʷ ʦʨʘʣʠסʠʜʘ (5-ʨʘʩʤ) 

ʵʨʠʰʠʣʜʠ.  

 

    ʘ      ʙ 

5- ʨʘʩʤ ὣὊὩὕ  ʧʣʝʥʢʘʩʠʥʠʥʛ ʶʪʠʣʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠ, ʘ) ʧʣʝʥʢʘ ץʘʣʠʥʣʠʛʠ 7,8 ʤʢʤ. 

(1-ʵʛʨʠ ʯʠʟʠץ) ʥʫʨʣʘʥʤʘʛʘʥ ʚʘ ʜʦʟʘʩʠ σὼρπ̒̍ ʙ˄ʣʛʘʥ ʤʘʥʬʠʡ ʆ
-2 
ʠʦʥʣʘʨ ʵʥʝʨʛʠʷʩʠ 1 

(2-ʵʛʨʠ ʯʠʟʠץ), 2 (3-ʵʛʨʠ ʯʠʟʠץ), 6 (4-ʵʛʨʠ ʯʠʟʠץ) ʚʘ 10 ʢʵɺ (5-ʵʛʨʠ ʯʠʟʠץ).6 ï ʵʛʨʠ ʯʠʟʠץ 

ʤʦʥʦʢʨʠʩʪʘʣʣ ʫʯʫʥ.ʙ) ץʘʣʠʥʣʠʛʠ 11,6 ʤʢʤ ʧʣyʥʢʘ (1-ʵʛʨʠ ʯʠʟʠץ) ʥʫʨʣʘʥʤʘʛʘʥ, ʚʘ 

ʜʦʟʘʣʘʨʠ Ὀ πȢυὼρπ(2 ), ρȢυὼρπ(3), σὼρπ̒̍(4). 

 

ʊʘʜץʠץʦʪ ץʠʣʠʥʛʘʥ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʤʘʛʥʠʪʣʠ ʜʦʠʨʘʚʠʡ ʜʠʭʨʦʠʟʤʠ 

ʩʧʝʢʪʨʠʥʠʥʛ, ʥʫʨʣʘʥʪʠʨʠʰʠʜʘʥ ʢʝʡʠʥʛʠ ˄ʟʛʘʨʠʰʠ, ʦʧʪʠʢ ʶʪʠʣʠʰ ʙʠʣʘʥ ʙʠʨ 

ʭʠʣ ʭʘʨʘʢʪʝʨʛʘ ʵʛʘ ʵʢʘʥʣʠʛʠ ʘʥʠץʣʘʥʜʠ. ʄʘʛʥʠʪʣʠ ʜʦʠʨʘʚʠʡ ʜʠʭʨʦʠʟʤʠ 

ʥʫʨʣʘʥʛʘʥʜʘʥʢʝʡʠʥʛʠ ץʠʡʤʘʪʠʥʠʥʛ ʘʙʩʦʣʶʪ ʢʘʤʘʡʠʰʠ 8% ʜʘʥ ʦʨʪʤʘʡʜʠ. ʐʫ 

ʚʘץʪʥʠʥʛ ˄ʟʠʜʘ, ʄʘʛʥʠʪʣʠ ʜʦʠʨʘʚʠʡ ʜʠʭʨʦʠʟʤʥʠʥʛ ʥʫʨʣʘʥʠʰ ʵʥʝʨʛʠʷʩʠʥʠʥʛ 

˄ʟʛʘʨʠʰʠ ʘʭʘʤʠʷʪʩʠʟ ʜʘʨʘʞʘʜʘ ʙ˄ʣʜʠ (6-ʨʘʩʤ). ʊʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠʥʠ 

ʘʥʘʣʠʟ ץʠʣʠʙ ץʫʡʠʜʘʛʠʯʘ ʭʫʣʦʩʘ ץʠʣʠʥʜʠ, ʤʘʛʥʠʪʦʦʧʪʠʢ ʘʢʪʠʚʣʠʢ, ʪʘʨʢʠʙʠʜʘ 

ʈʔ ʠʦʥʣʘʨʠ ʙ˄ʣʛʘʥ ὣὊὩὕ  ʧʣʸʥʢʘʣʘʨʠʜʘ ʫʡסʦʥʛʘʥ ὊὩ  ʠʦʥʣʘʨʠʥʠʥʛ 
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ʩʧʠʥʦʨʙʠʪʘʣ ˄ʟʘʨʦ ʪʘʲʩʠʨʣʘʨʠʥʠʥʛ ʢʫʯʘʡʠʰʠ ʙʠʣʘʥ ʙʝʣʛʠʣʘʥʘʜʠ. ˞́ ʚʘ 

3É ʠʦʥʣʘʨʠ ʢʠʨʠʪʠʣʛʘʥ ὣὊὩὕ  ʤʦʥʦʢʨʠʩʪʘʣʣʘʨʠʥʠʥʛ ʦʧʪʠʢ ʶʪʠʣʠʰʠ ʚʘ 

ʤʘʛʥʠʪʣʠ ʜʦʠʨʘʚʠʡ ʜʠʭʨʦʠʟʤʤʠ ʩʧʝʢʪʨʣʘʨʠ ʦʣʠʥʛʘʥ ʚʘ ʦʣʠʥʛʘʥ ʥʘʪʠʞʘʣʘʨ 

ʙʠʣʘʥ ὣὊὩὕ ʣʘʨʥʠ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʦʩʩʘʣʘʨʠ ʤʫʣʦ״ʦʟʘ ץʠʣʠʥʛʘʥ 

(7-ʨʘʩʤ).  

 

 

ʊʝʭʥʦʣʦʛʠʢ ʤʘʥʙʘʣʘʨʜʘʥ ὊὩ  ʚʘ ὊὩ  ʠʦʥʣʘʨʠʥʠ ˞́ ʚʘ 3É  
ʪʘʨʢʠʙʠʛʘ ʢʠʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ץ˄ʰʠʤʯʘ ʶʪʠʣʠʰʥʠ ʘʥʠץʣʘʰ 

ʫʯʫʥ  ˞́3Éʪʘʨʢʠʙʠʛʘ ˞́ ʚʘ 3É ʠʦʥʣʘʨʠ ʢʠʨʠʪʠʣʛʘʥ, ʫʣʘʨʥʠʥʛ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʛʘ ʙʦסʣʠץ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʩʧʝʢʪʨʣʘʨʠ ʠʣʤʠʡ ʪʘʜץʠץ 

 .ʠʣʠʥʛʘʥץ

 
7-ʨʘʩʤ. ʖʪʠʣʠʰ ʩʧʝʢʪʨʠ ὣὊὩὕ :ὅὥ πȠ ǒ πȟππςυȠȢ πȟππτωȠȢЎ πȟπρ̃  ́

 ὛὭƄ 0;. ǒ-0,005; ƺ-0,009. ƶ-0,025). 
 

 
6-ʨʘʩʤ. ὣὊὩὕ  ʧʣʸʥʢʘʣʘʨʠʥʠʥʛ ʄʘʛʥʠʪʣʠ ʜʦʠʨʘʚʠʡ ʜʠʭʨʦʠʟʤʠ ʩʧʝʢʪʨʠ, ʧʣʸʥʢʘ 

  ,̍̒ ʥʫʨʣʘʥʤʘʛʘʥ ʚʘ ʜʦʟʘʩʠ (D:2- 2ὼρπ (ץ1-ʵʛʨʠ ʯʠʟʠ) .ʘʣʠʥʣʠʛʠ 11,6 ʤʢʤץ

3-τὼρπ ̒̍,4-ςὼ ρπ ̒̍; ʵʥʝʨʛʠʷʩʠ ɽ: 2,3-1 ʢʵɺ,4-6 ʢʵɺ)ʆ
-2 
ʥʫʨʣʘʥʪʠʨʠʣʛʘʥ. 
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ʐʫʙ״ʘʩʠʟ, ʙʠʨ ˞́(ʜʦʥʦʨ) ʚʘ 3É(ʘʢʮʝʧʪʦʨ) ʠʦʥʣʘʨʠʥʠʥʛ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʠ ʪʝʭʥʦʣʦʛʠʢ ʤʘʥʙʘʣʘʨʜʘʥ ʢʠʨʛʘʥ ὊὩʚʘ ὊὩ  ʠʦʥʣʘʨʠʥʠʥʛ 

ʪ˄ʣʠץ ʸʢʠ ץʠʩʤʘʥ ʢʦʤʧʝʥʩʘʮʠʷ ץʠʣʠʙ ὊὩ ʦʣʘʪʛʘ ˄ʪʘʜʠ ʙʫ ὣὊὩὕ״   ʘʨ״ 

ʭʠʣ ʬʠʟʠʢ ʭʦʩʩʘʣʘʨʥʠʥʛ ˄ʟʛʘʨʠʰʠʜʘʥ ʢ˄ʨʠʥʘʜʠ. ὣὊὩὕ :˞́ ʥʠʥʛ ʶʪʠʣʠʰ 

ʩʧʝʢʪʨʠʜʘ ˄ʪʢʘʟʠʣʛʘʥ ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨ ʦʧʪʠʢ ʶʪʠʣʠʰ ˞́ (0,01 ʘʪʦʤʛʘʯʘ) 

ʜʘ 0,8-1,15 ʤʢʤ ʩʧʝʢʪʨʘʣ ʩʦ״ʘʜʘ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ 1,15 ʤʢʤʛʘ ʪʝʥʛ ʙ˄ʣʛʘʥ 

ʣʘʟʝʨ ʥʫʨʠ ʫʯʫʥ ʢʝʣʪʠʨʠʣʛʘʥ ʪʦʟʘ ὣὊὩὕ ʛʘ ʥʠʩʙʘʪʘʥ ʩʝʟʠʣʘʨʣʠ ʢʘʤʘʷʜʠ. 

ʐʫ ʙʠʣʘʥ ʙʠʨʛʘ, ʤʘʨʢʘʟʠ 0,96 ʤʢʤ ʜʘ ʙ˄ʣʛʘʥ ʶʪʠʣʠʰ ʩʦ״ʘʩʠʥʠ ץʠʩץʘ ʪ˄ʣץʠʥ 

ʫʟʫʥʣʠʛʠ ʪʦʤʦʥʛʘ ʩʠʣʞʠʰʠ ʢʫʟʘʪʠʣʘʜʠ. ʍʫʜʜʠ ʰʫʥʜʘʡ 

˄ʟʛʘʨʠʰ  ὣὊὩὕ :3É ̃  ́3É ʠʦʥʣʘʨʠʥʠʥʛ ʢʠʯʠʢ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʜʘ (0,005 

ʘʪʦʤʛʘʯʘ) 0,8-1,15 ʤʢʤ ʙ˄ʣʛʘʥ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ ʩʦ״ʘʩʠʜʘ ʶʪʠʣʠʰ ץʠʡʤʘʪʠ 

ʢʘʤʘʷʜʠ ʰʫ ʚʘץʪʜʘ 3Éʠʦʥʣʘʨʠʥʠ ʢʘʪʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʠ ʪʦʟʘ ὣὊὩὕ  ʛʘ 

ʥʠʩʙʘʪʘʥ ʶʪʠʣʠʰʥʠ ʦʰʠhʠʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. 8-ʨʘʩʤʜʘ ʶʪʠʣʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷʛʘ ʙʦסʣʠץʣʠʢ ʛʨʘʬʠʛʠ ὣὊὩὕ : ˞́ʚʘ 
3Éʣʘʟʝʨ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ l=1,15 ʤʢʤ ʫʯʫʥ ʢʝʣʪʠʨʠʣʛʘʥ. ʆʧʪʠʢ ʶʪʠʣʠ hʚʘ 

ʌʘʨʘʜʝʡ ʵʬʬʝʢʪ ʣʘʨʠ Ὠ Ὢ ʤʝʪʘʣʣʘʨʥʠʥʛ ὋὨɀὅέȟὋὨ ὊὩȟὋὨ Ὗ ʚʘ Ὗ ὅέ  

 
8-ʨʘʩʤ. ʊ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ l=1,15 ʤʢʤ 

ʙ˄ʣʛʘʥ ʣʘʟʝʨ ʥʫʨʠʥʠʥʛ Y3Fe5ðx CaxO12 ʚʘ 

Y3Fe5-xSixO12 ʛʨʘʥʘʪʣʘʨʜʘ ʶʪʠʣʠʰ 

ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ ʭ- ʢʦʥʮʝʥʪʨʘʮʠʷʛʘ, 

 ʠʩʦʙʛʘ״ ʘʡʪʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠץ

ʦʣʛʘʥʜʘʛʠ ʙʦסʣʠץʣʠʛʠ. 

ʘʤʦʨʬ ʧʣʸʥʢʘʣʘʨʠʜʘ ʠʣʤʠʡ ʪʘʜץʠץʦʪ 

˄ʪʢʘʟʠʣʜʠ ״ʘ ʘʭʙʦʨʦʪʣʘʨʥʠ ʸʟʠʰ 

ʠʤʢʦʥʠʷʪʠ ʤʘʚʞʫʜʣʠʛʠʥʠ ʘʥʠץʣʘʡ- 

ʜʠʛʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢʘ ʘʩʠʣʣʠʛʠ ʘʥʠץ- 

ʣʘʥʜʠ. ׳ʘʨ ʭʠʣ ʢʦʤʧʝʥʩʘʮʠʷ ʥʫץʪʘ- 

ʩʠʛʘ ʵʛʘ ʙ˄ʣʛʘʥ ʧʣʸʥʢʘʣʘʨʥʠ ʤʘʛʥʠʪ 

ʤʘʡʜʦʥʠʛʘ ʩʝʟʛʠʨʣʠʛʠ ʚʘ ʸʟʠh 

ʪʝʟʣʠʛʠʥʠ ʪʘʛʣʠʢʥʠʥʛ ʪʝʤʧʝʨʘʪʫʨʘ- 

ʩʠʛʘ ʙʦסʣʠץʣʠʛʠ ʪʘʞʨʠʙʘʜʘ ʘʥʠץʣʘʥ- 

ʜʠ. ʊʘʛʣʠʢ ʪʝʤʧʝʨʘʪʫʨʘʩʠʥʠʥʛ ʦʰʠʰʠ 

ʘʞʨʘʪʠʣʛʘʥ ʩʦ״ʘʜʘ ʊ = ʊʢʦʤʧ ʪʘʰץʠ 

ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ˄ʟʛʘʨʤʘʛʘʥʜʘ ʸʟʠʰ- 

ʥʠʥʛ ʯʝʛʘʨʘʩʠ ʩʝʢʠʥ ʢʘʤʘʷʜʠ ʚʘ ʸʟʠʰ 

ʪʝʟʣʠʛʠ ʦʰʘʜʠ. 

ʄʘʛʥʠʪ ʤʘʡʜʦʥʠʥʠʥʛ ʤʘʲʣʫʤ ʜʘʨʘʞʘʜʘ ʦʰʠʰʠ ״ʘʤ ʧʣʸʥʢʘʣʘʨʥʠʥʛ 

ʩʝʟʛʠʨʣʠʛʠʥʠ ʦʰʠʨʠʰʛʘ ʦʣʠʙ ʢʝʣʘʜʠ. ʆʧʪʠʤʘʣ ʰʘʨʦʠʪʜʘ ʩʝʟʛʠʨʣʠʢ 0,05 

ɾ/ʩʤ
2 
ʛʘʯʘ ʝʪʠʙ ʙʦʨʘʜʠ, ʤʠʥʠʤʫʤ ʸʟʠʰ ʚʘץʪʠ ʙʠʨ ʙʠʪ ʘʭʙʦʨʦʪʥʠ ʙʫ 

 ʪʘʩʠʜʘ ʸʟʠʰץʪʥʠ ʪʘʰʢʠʣ ʵʪʘʜʠ. ʂʦʤʧʝʥʩʘʮʠʷ ʥʫץʫʨʠʣʤʘʜʘ 2 ʤʢʩʜʘʥ ʢʘʤ ʚʘץ

ʯʝʛʘʨʘ ʵʥʝʨʛʠʷʩʠ ʞʠʜʜʠʡ ˄ʟʛʘʨʘʜʠ, ʢʦʤʧʝʥʩʘʮʠʷ ʥʫץʪʘʩʠʜʘʥ ˄ʪʠʰʜʘ ʪʘʰץʠ 

ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ʡ˄ʥʘʣʠʰʠʥʠ ץʘʨʘʤʘ ï ץʘʨʰʠ ʡʥ˄ʘʣʠʰʛʘ ˄ʟʛʘʨʪʠʨʠʰ ʟʘʨʫʨ 

ʙ˄ʣʘʜʠ. ʇʣʸʥʢʘ ʤʘʪʝʨʠʘʣʣʘʨʠʥʠʥʛ ʨʝʚʠʨʩʠʚ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ʪʘʜץʠץ ץʠʣʠʰ 

ʤʘץʩʘʜʠʜʘ ʧʣʸʥʢʘʣʘʨʜʘ ʙʠʨ ʥʝʯʘ ʤʘʨʘʪʘ ʸʟʠʰ ï ˄ʯʠʨʠʰ ʮʠʢʣʣʘʨʠ 

ʘʡʪʘʨʠʣʜʠ. ɪʟʠʰ ʵʥʝʨʛʠʷʩʠʥʠʥʛ ʟʠʯʣʠʛʠ 0,5 ɾ/ʩʤץ
2
 ʙ˄ʣʛʘʥʜʘ 104 ʮʠʢʣʜʘʥ 

ʩ˄ʥʛ ʤʘʪʝʨʠʘʣʣʘʨ ʭʫʩʫʩʠʷʪʠʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʢʫʟʘʪʠʣʤʘʜʠ. ʃʝʢʠʥ ʮʠʢʣ 105 ʪʘʛʘ 

ʝʪʛʘʥʜʘ ʪʝʤʧʝʨʘʪʫʨʘʥʠʥʛ 1,5ʂ ʛʘ ʢʘʤʘʡʰʠ ʘʥʠץʣʘʥʜʠ, ʙʠʨʦץ ʙʫʥʠ ʸʟʠʰ 

ʧʘʨʘʤʝʪʨ- ʣʘʨʠʛʘ ʪʘʲʩʠʨʠ ʙ˄ʣʤʘʡʜʠ. ɪʟʠʰ ʥɻʝʨʛʠʷʩʠʥʠʥʛ 0,5 ɾ/ʩʤ
2
 ʜʘʥ 

ʦʰʠʨʠʣʩʘ, ʤʘʪʝʨʠʘʣʥʠʥʛ ʩʪʨʫʢʪʫʨʘʩʠʥʠ ʩʝʟʠʣʘʨʣʠ ˄ʟʛʘʨʠʰʛʘ ʦʣʠʙ ʢʝʣʘʜʠ, 

 .ʘʤ״ ʘʪʪʦʢʠ ʙʠʨ ʤʘʨʪʘʣʠʢ ʪʘʲʩʠʨʜʘ״
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çʌɻ ʤʘʛʥʠʪ ʥʦʞʠʥʩʣʠʣʠʛʠ ʚʘ ʤʘʛʥʠʪʣʘʥʠʰʥʠʥʛ ʶץʦʨʠ ץʫʚʚʘʪʣʠ 

ʣʘʟʝʨ ʥʫʨʠ ʪʘʲʩʠʨʠʜʘ ˄ʟʛʘʨʠʰʠè ʜʝʙ ʥʦʤʣʘʥʛʘʥ 5-ʙʦʙʠ ʌɻ ʤʦʥʦʢʨʠʩʪʘʣʣ 

ʚʘ ʧʣʸʥʢʘʣʘʨʠʜʘ ʤʘʛʥʠʪ ʥʦʞʠʥʩʣʠʣʠʛʠʥʠ ʠʣʤʠʡ ʪʘʜץʠץ ץʠʣʠʰʛʘ 

ʙʘסʠʰʣʘʥʛʘʥ. ʇʣʸʥʢʘʣʘʨ ʫʯʫʥ 0,6328 ʤʢʤ ʚʘ 1,15 ʤʢʤ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʢʛʘ ʵʛʘ 

ʙ˄ʣʛʘʥ ʣʘʟʝʨ ʤʘʥʙʘʠʜʘʥ ʬʦʡʜʘʣʘʥʠʣʜʠ. ʄʦʥʦʢʨʠʩʪʘʣʣʘʨ ʫʯʫʥ ʵʩʘ ʪ˄ʣץʠʥ 

ʫʟʫʥʣʠʛʠ 1,06 ʤʢʤ ʚʘ 0,53ʤʢʤ ʙ˄ʣʛʘʥ ʠʤʧʣʫʩ ץʫʚʚʘʪʣʠ ʣʘʟʝʨʜʘʥ 

ʬʦʡʜʘʣʘʥʠʣʜʠ (9-ʨʘʩʤ). ὣὊὩὕ  ʤʦʥʦʢʨʠʩʪʘʣʣʠʜʘ ״ʦʩʠʣ ʙ˄ʣʛʘʥ ʕʖʂ, 

ʂʶʨʠ ʪʝʤʧʝʨʘʪʫʨʘʩʠ ʷץʠʥʠʜʘ ʢʫʟʘʪʠʣʛʘʥ ʯ˄ץץʠʯʘ ʤʘʪʝʨʠʘʣʥʠʥʛ ʤʘʛʥʠʪ 

ʪʘʨʪʠʙʠ ״ʦʣʘʪʠʜʘʥ, ʧʘʨʘʤʘʛʥʠʪ ״ʦʣʘʪʛʘ ˄ʪʛʘʥʣʠʛʠʜʘʥ ʜʘʣʦʣʘʪ ʙʝʨʘʜʠ. 

ʄʘʪʝʨʠʘʣʣʘʨ ʊ= 300 ʂ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪ˄ʡʠʥʛʘʥ ״ʦʣʘʪʜʘ, ʷʲʥʠ ʢʚʘʟʠʜʦʤʝʥ 

 ʦʣʘʪʜʘ״ ʘʪ ʰʫʥʜʘʡץʦʣʘʪʜʘ ʕʖʂ ʥʠʥʛ ˄ʟʛʘʨʠʰʠ ʬʘ״ ʦʣʘʪʠʜʘ ʙ˄ʣʘʜʠ. ɹʫ״
 

 
9-ʨʘʩʤ. ʊ˄ʣץʠʥ ʫʟʫʥʣʠʛʠ 1,06 ʤʢʤ ʙ˄ʣʛʘʥ 

ʸʨʫסʣʠʢʥʠʥʛ ״ʘʨ ʭʠʣ ץʫʪʫʙʣʘʨʠʥʠ ‐  ʚʘ 
 .ʣʠʢ ʛʨʘʬʠʛʠץʣʠסʘʨʦʨʘʪʠʛʘ ʙʦ״‐

ʶʟʘʛʘ ʢʝʣʠʰʠ ʤʫʤʢʠʥ. ʄʘʩʘʣʘʥ, 

ʤʘʪʝʨʠʘʣʜʘ ʜʦʤʝʥʣʘʨ ʤʫʟʣʘʪʠʣ-

ʛʘʥʠʜʘ ʜʝʬʝʢʪʣʘʨ ״ʦʩʠʣ ʙ˄ʣʛʘʥ 

ʙ˄ʣʩʘ. ɹʫ ʩʠʛʥʘʣʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ 

ʜʦʤʝʥʣʘʨʥʠʥʛ ״ʘʨʘʢʘʪʠ ʡ˄ʣʠʜʘ 

ʤʘʛʥʠʪ ʥʦʞʠʥʩʣʘʨʠʥʠʥʛ ʙ˄ʣʠʰʠ-ʜʠʨ. 

ʄʘʛʥʠʪʣʘʰ ʤʘʡʜʦʥʠʥʠʥʛ ʦʰʠʙ 

ʙʦʨʠʰʠ ʥʘʪʠʞʘʩʠʜʘ ʤʫʩʪʘ״ʢʘʤ 

ʜʦʤʝʥʣʘʨ ʢʘʤʘʷ ʙʦʰʣʘʡʜʠ ʚʘ 

ʥʘʪʠʞʘʜʘ ʕʖʂ ץʠʡʤʘʪʠ ʢʘʤʘʷʜʠ. 

ʕʖʂ ʪʝʤʧʝʨʘʪʫʨʘʛʘ ʙʦסʣʠץ ˄ʟʛʘ-

ʨʠʰʠ ʪʝʤʧʝʨʘʪʫʨʘʥʠʥʛ ʢ˄ʪʘʨʠʣʠʰʠ 

ʙʠʣʘʥ ʪʫʰʫʥʪʠʨʠʣʘʜʠ. ʀʩʩʠץʣʠʢ 

ʪʝʙʨʘʥʠʰʥʠʥʛ ʦʨʪʠʰʠ ʥʘʪʠʞʘʩʠʜʘ 

ʤʫʩʪʘ״ʢʘʤ ʜʦʤʝʥʣʘʨ ʢʘʤʘʷʜʠ. 

ʄʘʪʝʨʠʘʣʣʘʨʜʘ ʬʦʪʦ ʘʢʪʠʚ ʤʘʨʢʘʟ- 

ʣʘʨʥʠʥʛ ʘʨʟʠʤʘʩ ʜʘʨʘʞʘʜʘ ʙ˄ʣʠʰʠ 

 ʠʤ״ʘʤ ʬʦʪʦʤʘʛʥʠʪʣʘʥʠʰʥʠʥʛ ʤʫ״

˄ʟʛʘʨʠʰʛʘ ʦʣʠʙ ʢʝʣʠʰʠ ʤʫʤʢʠʥ  

(6-ʨʘʩʤ). ɹʫ ʵʩʘ ˄ʟ ʚʘץʪʠʜʘ ʜʦʤʝʥʣʘʨʥʠ ʣʘʟʝʨ ʥʫʨʠʣʘʨʠ ʦʨץʘʣʠ ʙʦʰץʘʨʠʰ 

ʤʫʤʢʠʥʣʠʛʠʥʠ ʢ˄ʨʩʘʪʘʜʠ ״ʘʤʜʘ ʎʄɼ ץʫʨʠʣʤʘʣʘʨʠʜʘ ץ˄ʣʣʘʰ ʠʤʢʦʥʠʥʠ 

ʙʝʨʘʜʠ, ʯʫʥʢʠ ʜʦʤʝʥʣʘʨʥʠ ʩʠʣʞʠʪʠʰ ʫʯʫʥ ץ˄ʰʠʤʯʘ ʤʘʛʥʠʪ ʤʘʡʜʦʥʠ ʚʘ 

ʤʫʨʘʢʢʘʙ ʤʘʛʥʠʪ ʘʧʣʠʢʘʮʠʷʣʘʨʛʘ ʟʘʨʫʨʘʪ ץʦʣʤʘʡʜʠ.  

çʆʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨ ʷʥʛʠ ʘʚʣʦʜʠʥʠʥʛ ʵʣʝʤʝʥʪ ʙʘʟʘʣʘʨʠè ʜʝʙ 

ʥʦʤʣʘʥʛʘʥ 6-ʙʦʙʜʘ ʤʘʛʥʠʪ ʜʦʤʝʥʣʘʨ ʘʩʦʩʠʜʘ ʷʨʘʪʠʣʛʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʸʨʫסʣʠʢ ʥʫʨʠ ʢʘʣʠʪʣʘʨʠ ʚʘ ʜʝʬʣʝʢʪʦʨʣʘʨʠ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ץʠʣʠʥʛʘʥ (10 ʚʘ 

11-ʨʘʩʤʣʘʨ). ʌʘʨʘʜʝʷ ״ʦʜʠʩʘʩʠ ʘʩʦʩʠʜʘ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʢʘʣʠʪʣʘʨ, ʦʧʪʠʢ ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʠʜʘ ʘʩʦʩʠʡ ʢʦʤʤʫʪʘʮʠʷ ʵʣʝʤʝʥʪʠ 

ʩʠʬʘʪʠʜʘ ʭʠʟʤʘʪ ץʠʣʘʜʠ. ʄʘʛʥʠʪʦʦʧʪʠʢ ʜʝʬʣʝʢʪʦʨʣʘʨʥʠʥʛ ʬʠʟʠʢ 

ʘʩʦʩʣʘʨʠʥʠʥʛ ʠʣʤʠʡ ʪʘʜץʠץʦʪʠ ʤʘʛʥʠʪʦʦʧʪʠʢ ʠʥʪʝʛʨʘʣ ʩʭʝʤʘʣʘʨʥʠ 

ʣʦʡʠ״ʘʣʘʰʪʠʨʠʰʜʘ, ʪʝʭʥʠʢ ʪʘʢʣʠʬʣʘʨʥʠ ʪʫʟʠʰʜʘ ʘʩʦʩ ʙ˄ʣʠʙ ʭʠʟʤʘʪ ץʠʣʘʜʠ 

 ʘʨʫʚ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʣʘʨʠʥʠץʫʨʠʣʤʘʣʘʨʥʠʥʛ ʙʦʰץ ʘʤʜʘ״

ʣʦʡʠ״ʘʣʘʰʪʠʨʠʰʜʘ ʚʘ ʘʤʘʣʛʘ ʦʰʠʨʠʰʜʘ, ״ʘʤʜʘ ʘʣʦץʘ ʢʦʤʤʫʪʘʮʠʷ 

ʪʠʟʠʤʣʘʨʠʥʠʥʛ ʪʫʛʫʥʣʘʨʠʜʘ ʠʰʣʘʪʠʣʘʜʠ.  
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10-ʨʘʩʤ. ɼʦʤʝʥʣʘʨʥʠ ʢʫʟʘʪʠʰ (ʘ) ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢʘ ʢʘʣʠʪʣʘʨʥʠ  

ʪʘʜץʠץ ʵʪʠʰ ץʫʨʠʣʤʘʩʠ (ʙ). 

 

11-ʨʘʩʤ. ʄʘʛʥʠʪʦʦʧʪʠʢ ʢʘʣʠʪʣʘʨʥʠʥʛ ʣʘʙʦʨʘʪʦʨʠʷ ʤʘʢʝʪʠ. 

ʄʘʛʥʠʪʦʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʘʨʠʰ ʠʰʣʘʨʠ ʙ˄ʡʠʯʘ ʦʣʠʙ 

ʙʦʨʠʣʛʘʥ ʠʰʣʘʨ, ʙʫʣʘʨ ʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨʥʠʥʛ ʣʦʛʠʢ ʩʭʝʤʘʣʘʨʠ ʚʘ 

ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨʥʠʥʛ ʦʧʪʠʢ ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʣʘʨʠʥʠʥʛ ʘʡʨʠʤ 

ʪʫʛʫʥʣʘʨʠʥʠ ʠʰʣʘʙ ʯʠץʠʰʜʘʥ ʠʙʦʨʘʪ. ʋʡ ʪʠʟʠʤʠʜʘ SOHO (small office, 

Home office) ʣʦʢʘʣ ʪʘʨʤʦץʣʘʨʥʠ ʷʨʘʪʠʰʜʘ, ʦʧʪʠʢ ʘʩʩʦʮʠʘʪʠʚ ʢʦʤʤʫʪʘʮʠʦʥ 

ʬʘʙʨʠʢʘʥʠ ʛʫʨʫ״ʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʥʘʟʘʨʠʷʩʠʥʠ ״ʘʤʜʘ ʘʣʦץʘʥʠʥʛ 

ʤʠʥʪʘץʘʚʠʡ ʚʘ ʤʘʛʠʩʪʨʘʣ ʪʘʨʦץʣʘʨʠʥʠʥʛ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʠʰʜʘ.  

ʂʦʤʤʫʪʘʮʠʷ ʤʘʡʜʦʥʠ ʰʘʨʪʣʠ ʨʘʚʠʰʜʘ 4 ʩʝʢʪʦʨʛʘ ʙ˄ʣʠʥʘʜʠ, 

ʤʦʜʫʣʣʘʨʥʠʥʛ ʫʣʘʥʠʰ ʣʠʥʠʷʩʠ ʢʦʤʤʫʪʘʮʠʷ 1 ʩʝʢʪʦʨʠ; ʪʝʨʤʠʥʘʣ ʘʙʦʥʝʥʪʣʘʨʠ 

ʣʠʥʠʷʣʘʨʠ ʙʠʣʘʥ ʫʣʘʥʠʰ ʣʠʥʠʷʩʠ ʢʦʤʤʫʪʘʮʠʷ 2 ʩʝʢʪʦʨʠ; ʫʣʘʥʠʰ ʣʠʥʠʷ 

ʤʦʜʫʣʠ ʙʠʣʘʥ ʪʝʨʤʠʥʘʣ ʣʠʥʠʷ ʢʦʤʤʫʪʘʮʠʷ 3 ʩʝʢʪʦʨʠ ʚʘ ʘʙʦʥʝʥʪ ʪʝʨʤʠʥʘʣʠ 

ʙʠʣʘʥ ʘʙʦʥʝʥʪ ʪʝʨʤʠʥʘʣʠ ʢʦʤʤʫʪʘʮʠʷʩʠ 4 ʩʝʢʪʦʨ. ʄʦʜʫʣʥʠʥʛ ʘʩʦʩʠʡ 

ʙʣʦʢʣʘʨʠ 13-ʨʘʩʤʜʘʥ ʙʣʦʢ ʠʥʪʝʨʬʝʡʩʦʚ ʢʠʨʠʰ-ʯʠץʠʰ; ʘʭʙʦʨʦʪʣʘʨʛʘ ʠʰʣʦʚ 

ʙʝʨʠʰʥʠ ʙʦʰץʘʨʠʰ ʧʘʨʘʣʣʝʣ ʧʨʦʮʝʩʩʦʨʠ; ʜʘʩʪʫʨ ʭʦʪʠʨʘʩʠ-ʇɿʋ; ʦʧʝʨʘʪʠʚ 

ʭʦʪʠʨʘ-ʆɿʋ; ʘʭʙʦʨʦʪʣʘʨʥʠʥʛ ʤʘʨʰʨʫʪʣʘʰʠʥʠ ʠʰʣʦʚ ʙʝʨʠʰ ʧʘʨʘʣʣʝʣ 

ʧʨʦʮʝʩʩʦʨʠ-ʇʇʄ ʚʘ ʤʘʛʥʠʪ ʵʣʝʤʝʥʪʣʘʨʠ ʌʘʨʘʜʝʡ ״ʦʜʠʩʘʩʠʛʘ ʘʩʦʩʣʘʥʠʙ 

 ʫʨʠʣʛʘʥ ʦʧʪʠʢ ʢʦʤʤʫʪʘʮʠʷ ʤʘʡʜʦʥ-ʄʆʕʌ. ʆʧʪʠʢ ʢʦʤʤʫʪʘʮʠʦʥ ʵʣʝʤʝʥʪץ

ʄʆʕʌ ˄ʟʠʜʘʥ ʪʘʰʢʠʣ ʪʦʧʛʘʥ; ʬʦʪʦʜʠʦʜʘ-ʌɼ; 3-ʪʘ çɺɸè ʪʠʧʜʘʛʠ ʣʦʛʠʢ 

ʩʭʝʤʘ; ɹʠʨ ʜʦʥʘ çɪʂʀè ʪʠʧʜʘʛʠ ʣʦʛʠʢ ʩʭʝʤʘ. 1 ʚʘ 2 ʩʭʝʤʘʣʘʨ ʄʆʕʌ 3-

ʪʘʩʠʛʥʘʣ ʙ˄ʣʛʘʥʜʘ ʋʋ ʜʘʥ ʠʥʪʝʨʬʝʡʩʛʘ ʚʘ ʵʨʢʠʥ ʩʠʛʥʘʣʣʘʨʥʠ ʛʦʨʠʟʦʥʪʘʣ ʚʘ 

ʚʝʨʪʠʢʘʣ ʥʫץʪʘʣʘʨʛʘ ʢʦʤʤʫʪʘʮʠʷʩʠʥʠ ʙʦʰץʘʨʘʜʠ. ʄʆʕʌ ʢʦʥʪʘʢʪʠ 

ʠʰʣʘʛʘʥʜʘ ʬʦʪʦʜʠʦʜ ʦʨץʘʣʠʩʠʛʥʘʣ ʪ˄ʭʪʘʪʠʣʘʜʠ (14-ʨʘʩʤ). ɪʨʫסʣʠʢ 
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˄ʪʢʘʟʛʠʯʜʘ ʩʠʛʥʘʣ ʪ˄ʭʪʘʛʘʥʠʜʘ ʠʰ ʪ˄ʭʪʘʡʜʠ. ɸʂʌ ʤʦʜʫʣʠʥʠʥʛ ʦʧʪʠʢ 

ʢʦʤʤʫʪʘʮʠʦʥ ʤʘʡʜʦʥʠʥʠ ʷʩʘʰ ʫʯʫʥ ʪʘʣʘʙ ץʠʣʠʥʘʜʠ: 256 ʄʆʕʌ ʵʣʝʤʝʥʪʠ, 

256 ʬʦʪʦʜʠʦʜ, 256 ʣʦʛʠʢ ʩʭʝʤʘ ʪʠʧ çɪʂʀè ʚʘ 768 ʣʦʛʠʢ ʩʭʝʤʘ çɺɸè. 

 

 

12- ʨʘʩʤ. ʉʝʪʝʚʦʡ ʚʘ ʢʘʥʘʣ ʜʘʨʘʞʘʩʠʜʘʛʠ ʢʦʤʤʫʪʘʪʦʨ ʩʭʝʤʘʩʠ,
 
ʌʘʨʘʜʝ̫ ʵʣʝʤʝʥʪʠ 

ʢʦʤʤʫʪʘʮʠʷ ʥʫץʪʘʩʠ. 

 

 

 

 

 

 

 

 

 

ʇʇ-ʧʘʨʘʣʝʣ ʧʨʦʮʝʩʩʦʨ 

L-ʤʘʥʪʠץ ʩʭʝʤʘ 

ʄ-ʤʘʨʰʨʫʪʣʘʰ 

ʄʉ-ʤʘʪʨʠʮʘʣʠ ʙʦסʣʘʥʠʰ 

ɸʂʂ-ʘʜʨʝʩ ʢʦʜ ʢʦʤʤʫʪʘʪʦʨʠ 

ʉʆ-ʩʪʘʪʠʩʪʠʢ ʘʥʠץʣʘʛʠʯ 

 
13-ʨʘʩʤ. ɸʩʩʦʩʘʪʠʚ ʢʦʤʤʫʪʘʮʠʷ  

ʌʘʙʨʠʢʘʩʠʥʠʥʛ ʤʦʜʫʣ ʩʭʝʤʘʩʠ ʟʘʥʞʠʨʠ  
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14-ʨʘʩʤ. ɿʘʥʞʠʨ ʙʠʣʘʥ ʤʘʛʥʠʪʦʦʧʪʠʢ ʢʦʥʪʘʢʪ  

ʐʫʥʜʘʡ ץʠʣʠʙ ʄʆʕʌ ʵʣʝʤʝʥʪʠ ʘʩʦʩʠʜʘ ʷʩʘʣʛʘʥ ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʠ 

ʪ˄ʣʘ ʦʧʪʠʢ ʪʠʟʠʤ ʙ˄ʣʠʙ ʨyʫסʣʠʢ ʩʠʛʥʘʣʠʥʠ ʵʣʝʢʪʨ ʩʠʛʥʘʣʠʛʘ ˄ʪʢʘʟʤʘʡʜʠ. 

ʍʋʃʆʉɸ 

ʆʣʠʙ ʙʦʨʠʣʛʘʥ ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ץʫʡʠʜʘʛʠ ʭʫʣʦʩʘʣʘʨ ʪʘץʜʠʤ 

ʵʪʠʣʜʠ: 

1. ʅʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʭʦʩʩʘʣʘʨʠʛʘ ʘʡʨʠʤ ʫʤʫʤʠʡ ʪʝʭʥʦʣʦʛʠʢ ʨʝʞʠʤʣʘʨʥʠʥʛ ʪʘʲʩʠʨʠ, ʠʥʪʝʛʨʘʣ 

ʦʧʪʠʢʘ ʵʣʝʤʝʥʪʣʘʨʠ ʚʘ ʦʧʪʠʢ ʘʣʦץʘ ʪʠʟʠʤʣʘʨʠʜʘ ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ 

ʧʣʸʥʢʘʣʘʨʜʘ ʪ˄ʣץʠʥ ʪʘʨץʘʣʠʰ ʭʫʩʫʩʠʷʪʠʜʘʥ ʬʦʡʜʘʣʘʥʠʙ ʘʤʘʣʠʡ ץ˄ʣʣʘʥʠʰʠ 

˄ʨʛʘʥʠʣʜʠ, ὝὦȟὣὦȟὈώ ʠʦʥʣʘʨʠʥʠʥʛ ʢʠʨʫʚʯʘʥʣʠʢ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠ ʫʣʘʨʥʠʥʛ 

ʘʣʤʘʰʪʠʨʠʰ ʜʘʨʘʞʘʩʠʛʘ (ʭ) ʚʘ Ὃὥ ʠʦʥʠʥʠ ״ʘʨʦʨʘʪʛʘ ʙʦסʣʠץʣʠʛʠ ʘʥʠץʣʘʥʜʠ, 

ʪʘʥʣʘʥʛʘʥ ʧʘʥʞʘʨʘ ʜʦʠʤʠʡʩʠ ʫʯʫʥ ʠʭʪʠʸʨʠʡ ʛʨʘʥʘʪʥʠʥʛ ʢʠʤyʚʠʡ 

ʬʦʨʤʫʣʘʩʠʥʠ ״ʠʩʦʙʣʘ hʫʩʫʣʠ ʘʥʠץʣʘʥʜʠ. 

2. ʌʝʨʨʠʪ ʛʨʘʥʘʪʣʘʨʜʘ ʜʦʤʝʥ ʪʠʟʠʤʣʘʨʠʥʠ ʢ˄ʨʠʰ ʚʘ ʪʘʩʚʠʨʣʘʨʥʠʥʛ 

ʩʠʬʘʪʠʥʠ ʷʭʰʠʣʘʰ ʤʘץʩʘʜʠʜʘ, ʦʙʲʝʢʪ ʶʟʘʩʠʥʠʥʛ ʩʫʨʲʘʪʠ ʙʫʡʠʯʘ ʫʥʠ ץʠʸʩʠʡ 

ʘʥʘʣʠʟ ץʠʣʠʰ ʫʯʫʥ ץʫʨʠʣʤʘ ʷʨʘʪʠʣʜʠ. 

3. ʊ˄ ʨʪ ץʘʪʣʘʤʣʠ ʤʫ״ʠʪ ʫʯʫʥ, ʠʢʢʠ ˄ʣʯʘʤʣʠ ʤʘʪʨʠʮʘ ʦʨץʘʣʠ ץʘʡʪʠʰ ʚʘ 

ʩʠʥʠʰ ʢʦʵʬʬʠʮʠʝʥʪʠʥʠʥʛ ʠʬʦʜʘʩʠ ʦʣʠʥʜʠ, ʙʫ ʪ˄ʨʪ ˄ʣʯʘʤʣʠ ʤʘʪʨʠʮʘʛʘ 

ʥʠʩʙʘʪʘʥ ״ʠʩʦʙ ʚʘץʪʠʥʠ ʩʝʟʠʣʘʨʣʠ ʢʘʤʘʡʪʠʨʘʜʠ, ץʘʡʪʠʰ ʚʘ ˄ʪʠʰ 

ʢʦʬʬʠʮʠʝʥʪʣʘʨʠ ʸʨʜʘʤʠʜʘ N-ץʘʪʣʘʤʣʠ ʤʘʛʥʠʪ ʩʪʨʫʢʪʫʨʘʩʠ ʫʯʫʥ 

ʤʘʛʥʠʪʦʦʧʪʠʢʘ ʂʝʨʨ ʵʬʬʝʢʪʠʥʠ ״ʠʩʦʙʣʘʰ ʠʬʦʜʘʩʠ ʦʣʠʥʜʠ. 

4. ὣὊὩὕ  ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʧʘʩʪ ʵʥʝʨʛʠʷʣʠ ʆ
-2 
ʠʦʥʣʘʨʠ ʙʠʣʘʥ 

ʥʫʨʣʘʥʪʠʨʠʣʛʘʥʜʘ, ʦʧʪʠʢ ʢ˄ʨʠʥʫʚʯʘʥʣʠʢ ʩʦ״ʘʩʠʜʘ ʦʧʪʠʢ ʶʪʠʣʠʰ ʩʝʟʠʣʘʨʣʠ 
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(15%) ʛʘ ʢʘʤʘʠʰʠ ץʫʡʠʜʘʛʠ ʭʫʣʦʩʘʥʠ ʷʲʥʠ ʆ
-2 
ʠʦʥʣʘʨʠ ʙʠʣʘʥ ɼ>10

19
 ʠʦʥ/ʩʤ

2 

ʚʘ ɽ=0,5-2ʢʵɺ ʨʝʞʠʤʠʜʘ ʥʫʨʣʘʥʪʠʨʠ h ʧʣʸʥʢʘʣʘʨʥʠʥʛ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʘʩʣʣʠʛʠʥʠʥʛ ʦʰʠʰʠʛʘ ʠʤʢʦʥ ʙʝʨʠʰʠ ˄ʨʛʘʥʠʣʜʠ. 

5. ˞́ʚʘὛὭ ʠʦʥʣʘʨʠ ὣὊὩὕ  ʤʦʥʦʢʨʠʩʪʘʣʣʘʨʜʘ ʫʯʨʘʡʜʠʛʘʥ ʫʯ 

ʚʘʣʝʥʪʣʠ ʙ˄ʣʤʘʛʘʥ (ὊὩ  ʚʘὊὩ ) ʪʝʤʠʨ ʠʦʥʣʘʨʠʥʠʥʛ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ 

ʟʘʨʷʜʣʠ ʢʦʤʧʝʥʩʘʮʠʷ ״ʠʩʦʙʠʛʘ ˄ʟʛʘʨʪʠʨʠʰʠ ʰʫ ʙʠʣʘʥ ʙʠʨʛʘ ʛʨʘʥʘʪʣʘʨʥʠ 

ʦʧʪʠʢ ʚʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʭʫʩʫʩʠʷʪʣʘʨʠʥʠ ˄ʟʛʘʨʪʠʨʠʰʠ ʙʠʨʠʥʯʠ ʤʘʨʪʘ 

ʘʥʠץʣʘʥʛʜʠ. ˞́ʠʦʥʣʘʨʠʥʠʥʛ ὣὊὩὕ  ʪʘʨʢʠʙʠʛʘ ~ 0,01 ʘʪʦʤ ʤʠץʜʦʨʜʘ 

ʢʠʨʠʪʠʣʠʰʠ l> 1 ʤʢʤ ʪ˄ʣץʠʥ ʫʟʫʥʣʠʛʠʜʘ ʸʨʫסʣʠʢʥʠʥʛ ʶʪʠʣʠʰʠʥʠ ʪʘʭʤʠʥʘʥ 

ʥʦʣʛʘʯʘ ʢʘʤʘʡʪʠʨʠʰʠ ʚʘ ʷץʠʥ ʀפ ʩʦ״ʘʩʠʜʘ ˞  ́ʣʠ ʛʨʘʥʘʪʣʘʨʜʘ ʤʘʛʥʠʪʦʦʧʪʠʢ 

ʘʩʣʣʠʛʠ ʪʦʟʘ ʛʨʘʥʘʪʣʘʨʛʘ ʥʠʩʙʘʪʘʥ ʩʝʟʠʣʘʨʣʠ ʜʘʨʘʞʘʜʘ ʶץʦʨʠ ʵʢʘʥʣʠʛʠ 

ʘʥʠץʣʘʥʜʠ. 

6. ɹʠʨʠʥʯʠ ʙ˄ʣʠʙ ʤʘʛʥʠʪ ʚʘ ʵʣʘʩʪʠʢʣʠ ʯʠʟʠץʣʠ ʜʠʭʨʦʠʟʤʥʠ ʘʞʨʘʪʠʰ 

ʫʩʫʣʠ ״ʘʤʜʘ ʥʦʜʠʨ ʝʨ ʬʝʨʨʠʪ-ʛʨʘʥʘʪ ʵʧʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʠʜʘ ʜʠʭʨʦʠʢ 

 ʠʣʠʥʛʘʥ, ʙʠʨʠʥʯʠ ʙ˄ʣʠʙץ ʣʘʰ ʫʩʫʣʠ ʪʘʢʣʠʬץʣʘʨʥʠʥʛ ʡʫʥʘʣʠʰʠʥʠ ʘʥʠץ˄

ʌɻɻ ʧʠʪʘʢʩʠʘʣ ʧʣʸʥʢʘʣʘʨʠʜʘ ʤʘʛʥʠʪ ʚʘ ʵʣʘʩʪʠʢ ʯʠʟʠץʣʠ ʜʠʭʨʦʠʟʤ ʩʧʝʢʪʨʣʘʨʠ 

ʦʣʠʥʜʠ. ʕʣʘʩʪʠʢ ʢʫʯʣʘʥʛʘʥʣʠʢ ʢʘʪʪʘ ʯʠʟʠץʣʠ ʵʣʘʩʪʠʢ ʜʠʭʨʦʠʟʤʠʛʘ ʦʣʠʙ 

ʢʝʣʠʰʠ ʢ˄ʨʩʘʪʠʣʛʘʥ, ʵʣʘʩʪʠʢ ʢʫʯʣʘʥʛʘʥʣʠʢ ʠʣʤʠʡ ʪʘʜץʠץʦʪ ץʠʣʠʥʛʘʥ 

ʧʣʸʥʢʘʣʘʨʜʘ ʤʘʛʥʠʪʘʚʠʡ ʯʠʟʠץʣʠ ʜʠʭʨʦʠʟʤ ʘʥʠʟʦʪʨʦʧʠʷʩʠʥʠʥʛ 

ʭʘʨʘʢʪʝʨʠʥʠʥʛ ˄ʟʛʘʨʪʠʨʤʘʩʣʠʛʠ ˄ʨʥʘʪʠʣʛʘʥ. 

7. ɹʠʨʠʥʯʠ ʙ˄ʣʠʙ, ʸʨʫסʣʠʢ ʪʘʲʩʠʨʠʜʘ ʢʨʠʩʪʘʣʣ ʠʦʥʣʘʨʠ ʦʨʘʩʠʜʘ 

ʵʣʝʢʪʨʦʥʣʘʨʥʠʥʛ ץʘʡʪʘ ʪʘץʩʠʤʣʘʥʠʰʠ ʙʫ ʵʩʘ ˄ʟ ˄ʨʥʠʜʘ, ʜʦʤʝʥʣʘʨʥʠʥʛ 

 ʘʨʘʢʘʪʠʥʠ ʪʦʨʤʦʟʣʘʡʜʠʛʘʥ ʤʘʨʢʘʟʣʘʨ ʢʦʥʮʝʥʪʨʘʮʠʷʩʠʥʠ ʢ˄ʧʘʡʪʠʨʠʰʠ״

ʙ˄ʡʠʯʘ ʪʘʞʨʠʙʘ ʥʘʪʠʞʘʣʘʨʠʥʠ ʩʠʬʘʪʣʠ ʪʫʰʫʥʪʠʨʠʰ ʫʩʫʣʠ ʪʘʢʣʠʬ ʵʪʠʣʛʘʥ. 

ὣὊὩὕ  ʢʨʠʩʪʘʣʣʘʥʠʰ ʰʘʨʪʠ ʤʘʛʥʠʪʣʠ ʩʠʥʛʜʠʨʫʚʯʘʥʣʠʢʢʘ ʞʘʚʦʙʛʘʨ 

ʤʘʨʢʘʟʣʘʨʥʠʥʛ ʩʪʨʫʢʪʫʨʘʩʠʥʠ ʢʝʩʢʠʥ ץʘʡʪʘ ʘʥʠץʣʘʰʠ ʙʝʣʛʠʣʘʥʛʘʥ. ὊὩʢʘʤ 
ʢʦʥʮʝʥʪʨʘʮʠʷʜʘ ὛὭ ʘʣʤʘʰʪʠʨʠʰ ʤʦʥʦʢʨʠʩʪʘʣʣ ʪʘʨʢʠʙʠʥʠ ʷʭʰʠʣʘʡʜʠ ʚʘ ʙʫ 

ʙʠʣʘʥ ʜʦʤʝʥʣʘʨ ʭʘʨʘʢʘʪʠʥʠ ʪʦʨʤʦʟʣʘʡʜʠʛʘʥ ʤʘʨʢʘʟʣʘʨʥʠʥʛ ʢʦʥʮʝʥ- 

ʪʨʘʮʠʷʩʠʥʠ ʢʘʤʘʡʪʠʨʘʜʠ. 

8. ɸʭʙʦʨʦʪʣʘʨʥʠ ʪʝʨʤʦʤʘʛʥʠʪ ʫʩʫʣʠʜʘ ʸʟʠʰ ʫʯʫʥ ˄ʪʘ ץʫʣʘʡ ʰʘʨʦʠʪ 

(110) ʪʝʢʠʩʣʠʢʜʘ ˄ʡ ״ʘʨʦʨʘʪʠʜʘ ʕʖʂ ʩʠʛʥʘʣʠʥʠʥʛ ʢʝʩʢʠʥ ˄ʟʛʘʨʛʘʥ ʞʦʡʠʜʘ, 

ʶץʦʨʠ ץʫʚʚʘʪʛʘ ʵʛʘ ʙ˄ʣʤʘʛʘʥ ʣʘʟʝʨ ʥʫʨʠ ʸʨʜʘʤʠʜʘ ʘʤʘʣʛʘ ʦʰʠʨʠʣʠhʠ 

ʤʫʤʢʠʥ, ʙʫʥʜʘ ʸʟʠʰ ʫʯʫʥ 1·3 ʂ ʘʪʨʦʬʠʜʘ ʪʝʤʧʝʨʘʪʫʨʘʥʠ ˄ʟʛʘʨʠʰʠ ʝʪʘʨʣʠ 

ʵʢʘʥʣʠʛʠ ʪʘʞʨʠʙʘ ʘʩʦʩʠʜʘ ʘʥʠץʣʘʥʛʘʥ, ʶץʦʨʠ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʬʦʪʦ 

ʕʖʂὣὊὩὕ ȡὛὭ ʜʘ ״ʦʩʠʣ ʙ˄ʣʠʰʠ, ʠʩʩʠץʣʠʢ ʤʝʭʘʥʠʟʤ, ʷʲʥʠ dM/dT ʙʠʣʘʥ 

ʧʘʩʪ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʵʩʘ ʬʦʪʦ ʕʖʂ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʷʲʥʠ, ʬʦʪʦ ʫʡסʦʥʫʚʯʠ 

ʤʘʚʞʫʜ ʤʘʨʢʘʟʣʘʨʥʠʥʛ ʬʘʦʣʣʘʰʠʰʠ ʫʯ ʚʘʣʝʥʪʣʠ ʙ˄ʣʤʘʛʘʥ ʪʝʤʠʨ 

ʠʦʥʣʘʨʠʥʠʥʛ ״ʦʩʠʣ ʙ˄ʣʠʰʠ ʪʘʞʨʠʙʘʜʘ ʘʥʠץʣʘʥʛʘʥ, Ὠ Ὢ ʤʝʪʘʣʣʘʨʥʠʥʛ 

ʘʤʦʨʬʧʣʸʥʢʘʣʘʨʠʜʘ ʘʭʙʦʨʦʪʣʘʨʥʠ ʯʝʛʘʨʘʣʘʥʛʘʥ ʥʫץʪʘʜʘ 0,05 ɾ/ʩʤ
2 
ʵʥʝʨʛʠʷ 

ʙʠʣʘʥ ʢ˄ʧ ʤʘʨʪʘ (10
6
ʜʘʥ ʢ˄ʧ) ץʘʡʪʘ ʸʟʠʰ ʤʫʤʢʠʥʣʠʛʠ ʘʥʠץʣʘʥʛʘʥ. 

9. ɹʠʨʠʥʯʠ ʤʘʨʪʘ ʶץʦʨʠ ʩʝʟʛʠʨʣʠʢʣʠ 10
-8
ʕ ʤʘʛʥʠʪʦʤʝʪʨ, ʄʘʭ-ʎʝʥʜʨ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠ ʘʩʦʩʠʜʘ ʚʘ ʤʘʛʥʠʪ ʤʘʪʝʨʠʘʣʣʘʨʜʘ ʌʘʨʘʜʝʡ ״ʦʜʠʩʘʩʠʜʘʥ 

ʬʦʡʜʘʣʘʥʠʙ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. ʄʘʭ-ʎʝʥʜʨ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠ ״ʘʤʜʘ ʤʘʛʥʠʪ 
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ʤʘʪʝʨʠʘʣʣʘʨʜʘ ʌʘʨʘʜʝʡ ״ʦʜʠʩʘʩʠ ʘʩʦʩʠʜʘ ʤʫʣʴʪʠʧʣʝʢʩʝʨʣʘʨ ʚʘ ʜʝʤʫʣʴʪʠ-

ʧʣʝʢʩʝʨʣʘʨʥʠʥʛ ʵʣʝʤʝʥʪ ʙʘʟʘʩʠʥʠ ʷʨʘʪʠʰ ʠʤʢʦʥʠ ʘʥʠץʣʘʥʛʘʥ. 

10. ʄʘʛʥʠʪʦʦʧʪʠʢ ʢʦʤʤʫʪʘʪʦʨʣʘʨʥʠ ʠʰʣʘʙ ʯʠץʠʰ, ʣʦʛʠʢ ʩʭʝʤʘʣʘʨ, 

ʤʝʣʴʪʠʧʣʝʢʩʦʨʣʘʨ ʚʘ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʣʘʨ ʦʧʪʠʢ ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʣʘʨʠ ʫʯʫʥ 

ʘʣʦ״ʠʜʘ ʪʫʛʫʥʣʘʨʥʠ ץʫʨʠʰ, ʫʡ ʰʘʨʦʠʪʠʜʘ SOHO (small office, Home office) 

ʣʦʢʘʣ ʪʘʨʤʦץʣʘʨʥʠ ʷʨʘʪʠʰʜʘ ʦʧʪʠʢ ʘʩʩʦʮʠʘʪʠʚ ʢʦʤʤʫʪʘʮʠʦʥ ʬʘʙʨʠʢʘʥʠʥʛ 

ʛʫʨʫ״ʠʥʠ ʰʘʢʣʣʘʥʪʠʨʠʰ ʥʘʟʘʨʠʷʩʠʥʠ ״ʘʤʜʘ ʘʣʦץʘʥʠʥʛ ʤʠʥʪʘץʘʚʠʡ ʚʘ 

ʤʘʛʠʩʪʨʘʣ ʪʘʨʤʦץʣʘʨʠʥʠʥʛ ʢʦʤʤʫʪʘʪʦʨʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ; 

11. ʄʘʛʥʠʪʦʦʧʪʠʢ ʜʝʬʣʝʢʪʦʨʣʘʨʥʠ ʬʠʟʠʢʘʚʠʡ ʘʩʦʩʣʘʨʠ ʙ˄ʡʠʯʘ 

˄ʪʢʘʟʠʣʛʘʥ ʠʣʤʠʡ ʪʘʜץʠץʦʪʣʘʨ ʥʘʪʠʞʘʩʠʜʘ ʤʘʛʥʠʪʦʦʧʪʠʢ ʠʥʪʝʛʨʘʣ ʩʭʝʤʘʣʘʨ 

 ʘʣʘʰʪʠʨʠʰ ʚʘ ʘʤʘʣʛʘ ʦʰʠʨʠʰʥʠ״ʘʤʜʘ ʧʨʠʥʮʠʧʠʘʣ ʩʭʝʤʘʣʘʨʥʠ ʣʦʡʠ״

ʙʦʰץʘʨʠ  hץʫʨʠʣʤʘʣʘʨʠ ״ʘʤʜʘ ʢʦʤʤʫʪʘʮʠʷ ʪʠʟʠʤʣʘʨʠʥʠʥʛ ʘʣʦץʘ ʪʫʛʫʥʣʘʨʠ 

ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. 
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ʅɸʋʏʅʓʁ ʉʆɺɽʊ DSc.30.05.2018.FM/T.65.01 ʇʆ ʇʈʀʉʋɾɼɽʅʀʖ 

ʋʏɽʅʓʍ ʉʊɽʇɽʅɽʁ ʇʈʀ ʀʅʉʊʀʊʋʊɽ ʀʆʅʅʆ--ʇʃɸɿʄɽʅʅʓʍ  

ʀ ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ʊɸʐʂɽʅʊʉʂʀʁ ʀʅʉʊʀʊʋʊ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ, 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ 

ʆʏʀʃʆɺ ʆɼʀʃ 

ʄɸɻʅʀʊʆʆʇʊʀʏɽʉʂʀɽ ʗɺʃɽʅʀʗ ɺ ʄɸɻʅʀʊʅʓʍ 

ʄɸʊɽʈʀɸʃɸʍ ʀ ʕʃɽʄɽʅʊʅɸʗ ɹɸɿɸ ʆʇʊʀʏɽʉʂʀʍ 

ʂʆʄʄʋʊɸʊʆʈʆɺ ʅʆɺʆɻʆ ʇʆʂʆʃɽʅʀʗ 

01.04.05 ï ʆʧʪʠʢʘ 

 

 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ ɼʀʉʉɽʈʊɸʎʀʀ  

ɼʆʂʊʆʈɸ (DSʩ) ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʅɸʋʂ  

ʊɸʐʂɽʅʊï2018  
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ʊʝʤʘ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʪʦʨʘ (DSc) ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʥʘʫʢʘʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ 

ʚ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʨʠ ʂʘʙʠʥʝʪʝ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʟʘ 

B2018.1.DSc/FM112. 

ɼʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʊʘʰʢʝʥʪʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʪʨʝʭ ʷʟʳʢʘʭ (ʫʟʙʝʢʩʢʠʡ, ʨʫʩʩʢʠʡ, ʘʥʛʣʠʡʩʢʠʡ (ʨʝʟʶʤʝ)) 

ʨʘʟʤʝɦ ʝʥ ʥʘ ʚʝʙ-ʩʪʨʘʥʠʮʝ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʘʜʨʝʩʫ (www.iplt.uz) ʠ ʀʥʬʦʨʤʘʮʠʦʥʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʦʨʪʘʣʝ çZIYONETè (www.ziyonet.uz). 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: ʄʫʢʠʤʦʚ ʂʦʤʠʣ ʄʫʢʠʤʦʚʠʯ 
ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ 
  

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ɿʚʝʟʜʠʥ ɸʥʘʪʦʣʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʧʨʦʬʝʩʩʦʨ (ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ) 
 

ɺʘʣʠʝʚ ʋʡʛʫʥ ɺʦʭʠʜʦʚʠʯ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  
 

ʂʦʜʠʨʦʚ ʄʫʤʠʥ ʂʦʜʠʨʦʚʠʯ 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 
 

ɺʝʜʫʱʘʷʦʨʛʘʥʠʟʘʮʠʷ: ʊʘʰʢʝʥʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʪʝʭʥʠʯʝʩʢʠʡ 
ʫʥʠʚʝʨʩʠʪʝʪ 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç___è _________ 2018 ʛʦʜʘ ʚ ______ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ ʅʘʫʯʥʦʛʦ  

ʩʦʚʝʪʘ DSc.30.05.2018.FM/T.65.01 ʧʦ ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ ʧʨʠ ʀʥʩʪʠʪʫʪʝ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʭ ʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʘʜʨʝʩʫ: 100125, ʛ. ʊʘʰʢʝʥʪ, ʫʣ.ɼʫʨʤʦʥ ʡʫʣʠ, 33  

ʊʝʣ/ʬʘʢʩ: (99871) 262ï32ï54, e-mail: info@iplt.uz. 

ɼʠʩʩʝʨʪʘʮʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʨʝʩʫʨʩʥʦʤ ʮʝʥʪʨʝ ʀʥʩʪʠʪʫʪʘ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʳʭ ʠ ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘ ˉ____, ʩ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦ ʘʜʨʝʩʫ: 100125, 

ʛ. ʊʘʰʢʝʥʪ, ʫʣ. ɼʫʨʤʦʥ ʡ˄ʣʠ 33. ʊʝʣ/ʬʘʢʩ: (99871) 262ï32ï54, e-mail: info@iplt.uz. 

ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʦʩʣʘʥ ç____è _______________2018 ʛʦʜʘ.  

(ʧʨʦʪʦʢʦʣ ʨʘʩʩʳʣʢʠ ˉ________ ʦʪ ç____è _______________2018 ʛʦʜʘ). 

 

 

 

ʍ.ɹ. ɸʰʫʨʦʚ 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ 

ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ ʩʪʝʧʝʡ, ʜ.ʪ.ʥ., ʩ.ʥ.ʩ. 
 

ɼ.ʊ. ʋʩʤʘʥʦʚ 

ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ʅʘʫʯʥʦʛʦ ʩʦʚʝʪʘ ʧʦ 

ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ, ʜ.ʬ.-ʤ.ʥ, 

ʩ.ʥ.ʩ. 
 

ɹ.ɽ. ʋʤʠʨʟʘʢʦʚ 

ʧʨʝʜʩʝʜʘʪʝʣʴ ʥʘʫʯʥʦʛʦ ʩʝʤʠʥʘʨʘ ʧʨʠ 

ʅʘʫʯʥʦʤ ʩʦʚʝʪʝ ʧʦ ʧʨʠʩʫʞʜʝʥʠʶ ʫʯʝʥʳʭ 

ʩʪʝʧʝʥʝʡ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 
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ɺɺɽɼɽʅʀɽ (ʘʥʥʦʪʘʮʠʷ ʜʦʢʪʦʨʩʢʦʡ (DSc) ʜʠʩʩʝʨʪʘʮʠʠ) 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʩʯʠʪʘʶʪʩʷ ʧʨʦʚʦʜʷʱʠʝʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʚ ʦʙʣʘʩʪʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʦʟʜʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʙʦʣʴʰʠʝ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚ ʚʠʜʠʤʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ 

ʩʧʝʢʪʨʘ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʬʝʨʨʦʜʠʵʣʝʢʪʨʠʢʦʚ ʩ ʙʦʣʴʰʠʤ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝʤ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ɻʝʨʤʘʥʠʠ, ʌʨʘʥʮʠʠ, ʈʦʩʩʠʠ, 

ʗʧʦʥʠʠ ʠ ʜʨʫʛʠʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʟʘʧʠʩʠï

ʭʨʘʥʝʥʠʶïʩʯʠʪʳʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʤʘʛʥʠʪʥʳʭ N-ʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, 

ʩʚʝʪ ʢʦʪʦʨʳʭ ʠʩʧʳʪʳʚʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʨʝʣʦʤʣʝʥʠʝ ʠ ʦʪʨʘʞʝʥʠʝ. 

ɺ ʤʠʨʝ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʙʲʝʤʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, ʝʩʣʠ 

ʚʟʷʪʴ ʟʘ ʦʩʥʦʚʫ ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʝ ʙʣʦʭʦʚʩʢʠʭ ʣʠʥʠʡ, ʪʦ ʤʦʞʥʦ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʫʚʝʣʠʯʠʪʴ ʧʣʦʪʥʦʩʪʴ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʝʜʝʥʠʝ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ 

ʥʘ ʥʝʩʢʦʣʢɹʦ ʩʦʪ ʩʣʦʸʚ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʬʦʪʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʜʚʫʩʪʦʨʦʥʥʝʤ 

ʜʠʩʢʝ, ʘ ʪʘʢʞʝ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʦʣʱʝ ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʯʢʝ ʙʠʪʘ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ 

ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʧʘʤʷʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ, ʟʘʨʷʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʠ, ʠʟʫʯʝʥʠʝ ʩʧʠʥʪʨʦʥʠʢʠ, ʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ (ʪʝʨʤʦʦʧʪʠʢʘ, 

ʵʣʝʢʪʨʦʦʧʪʠʢʘ, ʜʨʫʛʠʝ ʪʠʧʳ ʟʘʧʠʩʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʦʣʦʛʨʘʬʠʷ), ʘ ʪʘʢʞʝ ʥʘ 

ʦʩʥʦʚʝ ʥʘʥʦʩʪʨʫʢʪʫʨ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ ʦʧʪʠʢʠ.  

ɺ ʨʝʩʧʫʙʣʠʢʝ ʚʝʜʫʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʧʪʠʢʝ, ʦʩʦʙʝʥʦ ʚ 

ʦʙʣʘʩʪʠ ʦʧʪʠʢʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʜʘʝʪʩ ̫ ʦʧʨʝʜʝʣʝʥʠʶ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦ-

ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦ ʚʦʣʦʢʥʫ, ʚʚʦʜʫ ʠ ʚʳʚʦʜʫ ʠʣʠ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʶ ʦʜʥʦʛʦ, ʥʝʩʢʦʣʴʢʠʭ ʠʣʠ ʚʩʝʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ 

ʩʦʟʜʘʥʠʝ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ 

ʜʦʤʝʥʦʚ. ɺ 2017ï2021 ʛʛ. ʚ ʉʪʨʘʪʝʛʠʠ ʜʝʡʩʪʚʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʙʳʣʦ ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʤʝʯʝʥʦʚ çéʧʦʚʳʰʝʥʠʝ 

ʢʦʥʢʫʨʝʥʪʩʧʦʩʦʙʥʦʩʪʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʥʠʞʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʰʠʨʦʢʦ ʚʥʝʜʨʠʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʦʩʙʝʨʝ-

ʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠéè. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʣʝʥʦʡ ʟʘʜʘʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʪ.ʝ. ʚ ʪʦʯʢʘʭ ʢʦʤʤʫʪʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʌʘʨʘʜʝʷ ʠ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɼʘʥʥʦʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʯʘʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʚ ʋʢʘʟʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ  ̄ʋʇ-4947 çʆ ʉʪʨʘʪʝʛʠʠ ʜʝʡʩʪʚʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥè ʦʪ 7 ʬʝʚʨʘʣʷ 2017 ʛʦʜʘ, ʇʦʩʪʘʥʦʚʣʝʥʠʷʤ 
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ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ  ̄ ʇʇ-1442 çʆ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʠʥʜʫʩʪʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʥʘ 2011ï2015 ʛʛ.è 

ʦʪ 15 ʜʝʢʘʙʨ ̫ 2015 ʛʦʜʘ,  ̄ ʇʇ-2789 çʆ ʤʝʨʘʭ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʦʨʛʘʥʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè ʦʪ 17 ʬʝʚʨʘʣʷ 

2017 ʛʦʜʘ,  ̄ ʇʇ-3876 ʦʪ 20.07.2018 ʛ. çʆ ʤʝʨʘʭ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ 

ʧʦʚʳʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʦʧʣʘʪʳ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʩʬʝʨʳ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʚʥʝʜʨʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʫʯʥʦʡ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠç ʠ ʚ ʜʨʫʛʠʭ ʥʦʨʤʘʪʠʚʥʦ-

ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʧʨʠʥʷʪʳʭ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʝʩʧʫʙʣʠʢʠ. ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ II  çʌʠʟʠʢʘ, ʘʩʪʨʦʥʦʤʠʷ, ʵʥʝʨʛʝʪʠʢʘ ʠ ʤʘʰʠʥʦ-

ʩʪʨʦʝʥʠʝè. 

ʆʙʟʦʨ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ
1 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʧʨʦʚʦʜʷʪʩʷ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʘʭ 

ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʆʢ-ʈʠʜʞ ʥʘʮʠʦʥʘʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʨʜʴʶ (ʉʐɸ), Istituto elettrotecnico nazionale Galileo Ferraris 

torino (ʀʪʘʣʠʷ), University Paris-Sud Orsay (ʌʨʘʥʮʠʷ), ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʠ 

ʌʠʟʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʈɸʅ, ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʂʠʝʚʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʌʊʀ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʋʢʨʘʠʥʩʢʦʡ 

ɸʅ, ɻʆ çʅʇʎ ʅɸʅ ɹʝʣʘʨʫʩʠʠ ʧʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ, ʀʥʩʪʠʪʫʪʝ ʠʦʥʥʦ-

ʧʣʘʟʤʝʥʥʦʡ ʠ ʣʘʟʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʡ ɸʅ ʈʋʟ, ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʋʟʙʝʢʠʩʪʘʥʘ, ʊʘʰʢʝʥʪʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ʇʨʦʚʦʜʠʤʳʝ ʚ ʤʠʨʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʭʨʘʥʝʥʠʷ ʠ 

ʩʯʠʪʳʚʘʥʠʷ ʦʙʲʸʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʣʠ 

ʩʣʝʜʫʁ ʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʟʘʧʦʤʠʥʘʶʱʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠ ʤʘʣʦʤ ʚʝʩʝ (ʋʥʠʚʝʨʩʠʪʝʪ ʉʸʜʞʦʥ, ʖʞʥʘʷ ʂʦʨʝʷ, 

ʋʥʠʚʝʨʩʠʪʝʪ ʗʤʘʥʘʰʠ, ʗʧʦʥʠʷ); ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʧʘʤʷʪʠ 

ʭʨʘʥʝʥʠʷ ʠ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ (ʄɻʋ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ), ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ (ʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ); ʥʘ 

ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʅʘʮʠʦʥʘʣʴʥʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʆʢ-ʈʠʜʞ, ʉʐɸ). 

ɺ ʤʠʨʝ ʚʝʜʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʤ 

ʷʚʣʝʥʠʷʤ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʦ ʩʣʝʜʫ- ʶʱʠʤ ʛʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʩʠʥʪʝʟʫ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠʴ ʠʭ; ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ 

                                                           
1
 ʆʙʟʦʨ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ 

ʨʘʙʦʪ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ [1ï56]. 

http://lex.uz/ru/docs/3831270
http://lex.uz/ru/docs/3831270
http://lex.uz/ru/docs/3831270
http://lex.uz/ru/docs/3831270
https://commons.wikimedia.org/wiki/File:Istituto_elettrotecnico_nazionale_Galileo_Ferraris_torino.jpg
https://commons.wikimedia.org/wiki/File:Istituto_elettrotecnico_nazionale_Galileo_Ferraris_torino.jpg
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ʟʘʧʦʤʠʥʘʶʱʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ 

ʧʨʠ ʤʘʣʦʤ ʚʝʩʝ. 

ʉʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʧʨʦʙʣʝʤ.r ʇʘʤʷʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ 

ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 10
8
 ʙʠʪ, ʯʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʧʘʤʷʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʤʦʟʛʘ (~10
12

 ʙʠʪ). ʅʘʯʠʥʘʷ ʩ 1970 ʛʦʜʘ ʚʝʜʫʱʠʤʠ ʫʯʝʥʳʤʠ ʤʠʨʘ ʚʝʜʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʩʦʟʜʘʥʠʷ ʟʘʧʦʤʠʥʘʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʜʝʣʘʣʠ ʨʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʤʘʛʥʝʪʠʟʤʘ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʘʢʘʜʝʤʠʢʘ ɻ. ɸ. ʉʤʦʣʝʥʩʢʦʛʦ ʚ ʌʊʀ ʠʤ. ɸ. ʌ. ʀʦʬʬʝ ʈɸʅ (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ). 

ɺʦʧʨʦʩʘʤ ʪʝʦʨʠʠ, ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʫʩʪ-

ʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ ʧʦʩʚʷʱʝʥʳ ʪʨʫʜʳ ʨʦʩʩʠʡʩʢʠʭ ʠ ʜʨʫʛʠʭ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ, 

ʥʘʧʨʠʤʝʨ, ɺ. ɺ. ʈʘʥʜʦʰʢʠʥʘ, ɸ. ʗ. ʏʝʨʚʦʥʝʥʢʠʩʘ, ɺ. ʐ. ɹʝʨʠʢʘʰʚʠʣʠ,  

ɼ. ʀ. ʄʠʨʦʚʠʮʢʦʛʦ, ɺ. ɸ. ʂʦʪʦʚʘ, ɸ. ʂ. ɿʚʝʟʜʠʥʘ, ʄ. ɻ. ʄʥʝʷʥʘ,  

ɸ. ʉ. ɹʦʨʦʚʠʢ-ʈʦʤʘʥʦʚʘ, ʅ. ʄ. ʂʨʝʡʥʝʩʘ, ʉ.ʊʠʢʘʜʟʫʤʠ, ʕ. ɹʦʙʝʢʘ, ʕ. ɼʝʣʣʘ 

ʊʦʨʨʝ, ɸ. ʕʰʝʥʬʝʣʴʜʝʨʘ. ɺʦʧʨʦʩʳ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʟʘʧʠʩʠ ʠʩʩʣʝʜʦʚʘʣ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɻ.ʉ. ʂʨʠʥʯʠʢʘ ʚ ʄɻʋ. 

ʈʦʩʩʠʡʩʢʠʤʠ ʫʯʝʥʳʤʠ A. M. ɹʘʣʙʘʰʝʚʳʤ, ɸ. ʗ. ʏʝʨʚʦʥʝʥʢʠʩʦʤ ʩʦʚʤʝʩʪʥʦ ʩ 

ʫʢʨʘʠʥʩʢʠʤʠ ʫʯʝʥʳʤʠ ɺ. ɸ. ʊʨʦʥʴʢʦ ʠ ʖ. ʇʣʘʢʩʠʡ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʟʘʧʠʩʴ 

ʠʥʬʦʨʤʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʣʫʯʦʤ. ʅʝʢʦʪʦʨʳʝ ʟʘʨʫʙʝʞʥʳʝ ʘʚʪʦʨʳ ʧʨʦʚʦʜʠʣʠ 

ʪʝʨʤʦʤʘʛʥʠʪʥʫʶ ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʤʦʨʬʥʳʭ ʧʣʝʥʢʘʭ d-f-ʤʝʪʘʣʣʦʚ ʠ 

ʧʣʝʥʢʘʭ ʬʝʨʨʠʪʦʚ ʛʨʘʥʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ J. L. Erskine, 

E. A. Stern, R. E. MacDonald, J. W. Beck, J. P. Krumme, J. Werweel, J. 

Haberkamp ɹʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʙʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚ ʩʪʨʘʥʘʭ ʉʅɻ. ʆʩʦʙʝʥʥʦ ʚ 

ʦʙʣʘʩʪʠ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʚ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʥʳʭ ʨʝʰʝʪʢʘʭ. ʈʘʟʚʠʪʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʪʝʦʨʠʠ ʛʨʫʧʧ ʧʦʣʫʯʠʣʦ ʪʦʣʯʦʢ 

ʚ ʨʘʙʦʪʘʭ ɺ. ʄ. ʉʦʥʘ, ʛʜʝ ʦʪʨʘʞʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʘʩʩʦʮʠʘʪʠʚʥʳʭ 

ʩʠʩʪʝʤ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʝʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. 

ɺ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʝ ʧʨʦʚʦʜʠʣʘʩʴ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʠ 

ʧʨʠʢʣʘʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦ ʠʟʫʯʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʋʟʙʝʢʠʩʪʘʥʘ 

ʂ. ʄ. ʄʫʢʠʤʦʚʤrʠ ʋ. ɺ. ɺʘʣʠʝʚʳʤ. ʅʘʨʷʜʫ ʩ ʵʪʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʝʣʘʩʴ 

ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʧʪʠʢʠ, ʨʘʟʨʘʙʦʪʢʠ ʤʠʢʨʦʯʠʧʦʚ ʥʘ ʦʩʥʦʚʝ ʎʄɼ ʠ 

ʧʦʣʦʩʦʚʳʭ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʵʣʝʤʝʥʪʥʳʭ ʙʘʟ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ.  

ʉʚʷʟʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʩ ʥʘʫʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʩʰʝʛʦ 

ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʣʘʥʘ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʊʘʰʢʝʥʪʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 
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ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʠ ʧʨʠʨʦʜʳ ʦʧʪʠʯʝʩʢʠʭïʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʳʭ 

ʧʣʝʥʦʢ ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʠʪʦʚ ʛʨʘʥʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʦʧʪʠʤʠʟʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ 

ʈɿʌɻ. 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʭ ʣʫʯʝʡ N-ʩʣʦʡʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʥʠʷ 

ʩʚʝʪʘ ʪʘʢʠʭ ʩʠʩʪʝʤ; 

ʦʧʪʠʤʠʟʘʮʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʵʣʝʤʝʥʪʥʳʭ ʙʘʟ ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʦʚ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ 

(ʬʦʪʦʫʧʨʫʛʘʷïʦʧʪʠʯʝʩʢʘʷïʥʘʚʝʜʝʥʥʘʷ ʜʝʬʦʨʤʘʮʠʷ); 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʨʘʱʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʜʠʢʘʪʨʠʩʳ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ 

ʧʣʝʥʢʘʭ ʈɿʌɻ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʦʩʪʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʠ ʜʝʩʪʘ-

ʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʞʝʣʝʟʦ-ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ; 

ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʳ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʤʦʨʬʥʳʭ 

ʧʣʝʥʦʢ d-f-ʤʝʪʘʣʣʦʚ ʜʣʷ ʪʝʨʤʦʤʘʛʥʠʪʥʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ; 

ʦʧʪʠʤʠʟʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʛʥʠʪ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʪʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʨʝ-ʰʝʪʦʢ ʦʧʪʠʯʝʩʢʠʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʠ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ ʠ ʙʦʣʝʝ ʸʤʢʦʩʪʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ. 

ʆʙʝ̡ʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʧʣʝʥʢʠ ʞʝʣʝʟʦ-

ʠʪʪʨʠʝʚʦʛʦ ʛʨʘʥʘʪʘ, ʈɿʌɻ ʠ ʘʤʦʨʬʥʳʝ ʧʣʝʥʢʠ d-f-ʤʝʪʘʣʣʦʚ (Tb-Fe, Tb-Gd-Fe, 

Tb-Fe-Co ʠ Tb-Gd-Fe-Co) ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʢʦʤʤʫʪʘʪʦʨʳ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʤʝʥ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʟʘʧʠʩʠïʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʢʦʤʤʫʪʘʪʦʨʳ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ, ʘ ʠʤʝʥʥʦ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʵʬʬʝʢʪ 

ʌʘʨʘʜʝʷ, ʤʘʛʥʠʪʥʦʛʦ ʢʨʫʛʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ, ʤʘʛʥʠʪʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʜʠʭʨʦʠʟʤʘ, ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʦʤʝʥʥʦʡ ʩʪʨʫ-ʢʪʫʨʳ. ʊʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʤʝʪʦʜ ʤʘʩʩ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʪʦʨʠʯʥʳʭ ʠʦʥʦʚ ʥʘ ʫʩʪʘʥʦʚʢʝ Cʦmeca IMS-4F, ʤʝʪʦʜʳ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʠ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

 

 

 



33 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʭʦʞʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʛʨʘʥʘʪʘ ʠʦʥʦʚ Tb, Yb, Dy, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ (ʭ) ʠ Ga ʦʪ ʪʝʤʧʝʨʘʪʫʨ; 

ʫʩʪʘʥʦʚʣʝʥ ʤʝʭʘʥʠʟʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ 

ʩʣʦʠʩʪʳʭ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʧʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʦʪʨʘʞʝʥʠʷ ʠ 

ʧʨʦʧʫʩʢʘʥʠʷ ʩʚʝʪʘ ʥʘ ʜʚʫʭʩʣʦʡʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʩʪʘʥʦʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ ʌʘʨʘʜʝʷ ʠ ʂʝʨʨʘ; 

ʫʩʪʘʥʦʚʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʟʤʝʥʝʥʠʝ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʣʫʯʝʥʠʶ 

ʆ
-2
 ʜʦʟʦʡ ɼ>5ʭ10

19
 ʠʦʥ/ʩʤ

2
 ʧʨʠ ʵʥʝʨʛʠʠ ʧʘʜʘʶʱʠʭ ʠʦʥʦʚ ɽ=0,5-2 ʢʵɺ; 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ 

ɾʀɻ, ʧʨʦʜʝʤʦʩʪʨʠʨʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ 

ʧʦʠʩʢʘ ʠ ʠʟʫʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦʤʝʥʥʳʭ 

ʩʪʝʥʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʪʦʤʘʛʥʠʪʥʦʛʦ 

ʬɻʬʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʝʛʦʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ɾʀɻ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʚʝʪʦʚʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɾʀɻ: Si ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʝʤʥʠʢʦʚ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʩʚʷʟʠ; 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʩ ʚʳʩʦʢʦʡ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ 

ʜʦʙʨʦʪʥʦʩʪʴʶ ʜʣʷ ʟʘʧʠʩʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʘʤʦʨʬʥʳʭ ʧʣʝʥʢʘʭ  

d-f-ʤʝʪʘʣʣʦʚ (Tb-Fe, Tb-Gd-Fe, Tb-Fe-Co ʠ Tb-Gd-Fe-Co); 

ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʢʦʤʤʫʪʘʪʦʨʘ ʥʘ ʙʘʟʝ ʤʘʛ-

ʥʠʪʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘïʎʝʥʜʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʠ 

ʜʝʤʫʣʪɹʠʧʣʝʢʩʦʨʦʚ; 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʩʩʦʮʠʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʢʦʤʤʫʪʘʮʠʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ, ʧʝʨʝʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʥʘ ʙʘʟʝ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ.  

ʧʦʢʘʟʘʥʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ ʛʨʫʧʧʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʬʘʙʨʠʢʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

ʜʦʤʘʰʥʠʭ ʩʠʩʪʝʤ SOHO (small office, Home office), ʘ ʪʘʢʞʝ ʢʦʤʤʫʪʘʪʦʨʦʚ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ ʥʘ ʙʘʟʝ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ;  

ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʘ ʧʦ ʠʟʦʙʨʘ-

ʞʝʥʠʶ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʝ ʤʠʢʨʦʩʢʦʧ ʩʨʘʚʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʜʚʫʭ ʚʝʪʚʝʡ ʩʨʘʚʥʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʝʜʤʝʪʥʳʤʠ ʩʪʦʣʠʢʘʤʠ, ʙʣʦʢ 

ʩʦʚʤʝʱʝʥʠʷ ʧʦʣʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʙʣʦʢ ʥʘʙʣʶʜʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʦʙʲʝʢʪʠʚ, 

ʧʝʨʝʢʣʶʯʘʶʱʝʝ ʟʝʨʢʘʣʦ, ʚʠʟʫʘʣʴʥʳʡ ʠ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʢʘʥʘʣʳ, ʧʨʠʯʝʤ ʙʣʦʢ 

ʩʦʚʤʝʱʝʥʠʷ ʧʦʣʝʡ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʚʝʪʚʷʤʠ ʩʨʘʚʥʝʥʠʷ ʠ 

ʙʣʦʢʦʤ ʥʘʙʣʶʜʝʥʠʷ. 
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ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʚʳʨʘʱʠʚʘʥʠʷ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʨʘʩʰʠʨʷʝʪ ʠ 

ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʟʘʧʠʩʠïʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

ʧʨʝʜʣʦʞʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʦʜʥʦʨʦʜʥʳʭ 

ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʠ ʢʦʤʤʫʪʘʪʦʨʳ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʚʦʜʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʜʪʚʝʨʞʜʸʥʥʳʭ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʦʚʨʝʤʝʥʥʳʤ 

ʧʦʥʷʪʠʷʤ ʬʠʟʠʯʝʩʢʦʡ ʦʧʪʠʢʠ. 

ʅʘʫʯʥʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʝʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʟʚʦʣʷ-ʶʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʘʝʤʳʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ 

ʧʣʝʥʦʢ ʈɿʌɻ, ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʣʝʥʦʢ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʠʦʥʥʦʤʫ ʦʙʣʫʯʝʥʠʶ ʠ ʣʝʛʠʨʦʚʘʥʠʶ, ʠ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʦʩʥʦʚʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʦʧʨʝʜʝʣʷʶɦ ʠʭ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʨʝʜʳ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ N-ʩʣʦʡʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʩʪʨʫʢʪʫʨ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɾʀɻ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ 

ʬʠʟʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʠʪʴ 

ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʣʝʥʦʢ ʠ 

ʧʦʩʣʝʨʦʩʪʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ɾʀɻ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʩʫʱʝʩʪ-ʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʚʝʣʠʯʠʥʫ ʦʧʪʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʫʚʝʣʠʯʠʪʴ ʠʭ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʫʶ ʜʦʙʨʦʪʥʦʩʪʴ ʢʘʢ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ ɾʀɻ, ʪʘʢ ʠ ʚ 

ʘʤʦʨʬʥʳʭ ʧʣʝʥʢʘʭ d-f-ʤʝʪʘʣʣʦʚ; 

ʠʩʧʦʣʴʟʦʚʘʪʴ N-ʩʣʦʡʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ;  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ ʚ ʢʘʯʝʩʪʚʝ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ;  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʥʘʨʫʞʝʥʥʳʡ ʬʦʪʦʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʠʝʤʥʠʢʦʚ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʜʦʤʝʥʥʦ-ʩʜʚʠʛʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʎʄɼ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʈɿʌɻ. 

ɺʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 

ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ: 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʬʝʨʨʠʪʘʭ ʛʨʘʥʘʪʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʜʝʥʪʠʯʥʦʩʪʠ ʩʨʘʚʥʠʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʠʩʢʘʞʝʥʠʶ ʤʫʘʨʦʚʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʢʘʢ ʧʣʦʩʢʠʭ ʦʙ̡ʝʢʪʦʚ ʩ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʘʢ ʠ ʦʙʲʝʢʪʦʚ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ 
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ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ ʚ ɸʛʝʥʪʩʪʚʝ ʧʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ çʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʲʝʢʪʘ ʧʦ 

ʠʟʦʙʨʘʞʝʥʠʶ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠè, UZ  ̄IAP 04195 ʦʪ 30.07.2010; 

ʚrʷʚʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʫʣʫʯʰʠʪʴ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ 

ʨʝʜʢʦʟʝʤʝʣʥɹʳʭ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʣʫʯʝʥʠʶ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʦʥʘʤʠ ˛  ʜʦʟʦʡ ɼ>5ʭ10
19

 ʠʦʥ/ʩʤ
2
 ʧʨʠ ʵʥʝʨʛʠʠ 

ʧʘʜʘʶʱʠʭ ʠʦʥʦʚ ɽ=0,5-2 ʢʵɺ ʧʦʩʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʭʦʞʜʝʥʠʷ 

ʚ ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʧʨʦʠʟʚʦʣʥɹʦʛʦ ʛʨʘʥʘʪʘ (ʉʧʨʘʚʢʘ ɻʆ 

çʅʇʎ ʅɸʅ ɹʝʣʘʨʫʩʠ ʧʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶè  ̄ 16001-23/290 ʦʪ 3 ʤʘʷ  

2018 ʛ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣʦ ʚʳʨʘʱʠʚʘʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʣʝʥʢʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ; 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʦʩʦʚʳʭ ʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʚ Bi ʩʦʜʝʨʞʘʱʠʭ ʧʣʝʥʢʘʭ 

ʬʝʨʨʠʪʦʚ ʛʨʘʥʘʪʦʚ ʠ ʥʘ ʙʘʟʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʭʘïʎʝʥʜʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʠ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʙʘʟʝ 

ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʘʩʩʦʮʠʘʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʧʝʨʘʮʠʡ, ʧʝʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʘʣʠʟʫʝʤʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʦʨʠʠ ʛʨʫʧʧʦʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʪʠʚʥʦʡ 

ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʬʘʙʨʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʩʝʪʝʡ 

ʜʦʤʘʰʥʠʭ ʩʠʩʪʝʤ SOHO (small office, Home office), ʘ ʪʘʢʞʝ ʢʦʤʤʫʪʘʪʦʨʦʚ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ ʥʘ ʙʘʟʝ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʌʘʨʘʜʝʷ (ʉʧʨʘʚʢʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʨʘʟʚʠʪʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʡ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ˉ338/4556 ʦʪ 

22.06.2018 ʛ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʵʣʝʤʝʥʪʥʳʝ ʙʘʟʦʦʧʪʠʯʝʩʢʠʝ ʢʦʤʤʫʪʘʪʦʨʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ 14 

ʨʝʩʧʫʙʣʠʢʘʥʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ʇʫʙʣʠʢʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 34 ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʠʟ ʥʠʭ 1 ʧʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ, 1 ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ, 18 ʚ ʚʠʜʝ ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ 

ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʈʝʩʧʫʙʣʠʢʠ 

ʋʟʙʝʢʠʩʪʘʥ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʦʢʪʦʨʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʧʠʩʢʘ 

ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʠ 1 ʧʨʠʣʦʞʝʥʠʷ. ʆʥʘ ʠʟʣʦʞʝʥʘ ʥʘ 198 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ. 
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ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ɼʀʉʉɽʈʊɸʎʀʀ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʪʝʤʳ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠ̫ ʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ. 

ʇʨʠʚʝʜʝʥ ʦʙʟʦʨ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʧʦʢʘʟʘʥʘ ʩʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ, 

ʚʳʷʚʣʝʥʳ ʦʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʣʦʞʝʥʳ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʩʢʨʳʪʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʜʘʥʳ ʩʚʝʜʝʥʠʷ ʦ 

ʚʥʝʜʨʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʠ ʩʪʨʫʢʪʫʨʝ 

ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ çʄʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚ 

ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʦʧʪʠʯʝʩʢʠʝ ʢʦʤʤʫʪʘʪʦʨʳè ʧʨʠʚʝʜʝʥ ʦʙʟʦʨ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ ʧʨʦʙʣʝʤʳ. ʀʟʫʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʤʝʶʱʠʭʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʠʩʩʝʨʪʘʮʠʠ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ çʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡè ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʘʤ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚʳʭ ʧʣʝʥʦʢ. ʆʧʨʝʜʝʣʝʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ 

ʧʣʝʥʦʢ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ MS-46 ʬʠʨʤʳ ʂʦʤʝʢʘ (ʌʨʘʥʮʠʷ). 

ʈʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ ʧʨʦʙʣʝʤʳ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʤʘʛʥʠʪʥʳʭ 

ʧʣʝʥʦʢ ʈɿʌɻ. ɺʠʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ:  

1) ʧʘʨʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʥʘʨʘʱʠʚʘʝʤʦʡ ʧʣʝʥʢʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʙʣʠʟʦʢ ʠʣʠ ʨʘʚʝʥ ʧʘʨʘʤʝʪʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʦʜʣʦʞʢʠ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʤʘʛʥʠʪʥʦʡ ʧʣʝʥʢʠ;  

2) ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʣʝʥʢʠ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ (ʥʘʧʨʠʤʝʨ, ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʊʢ ʠ ʪ. ʜ.), ʦʧʨʝʜʝʣʷʝʤʳʤ ʩʦʩʪʘʚʦʤ 

ʧʣʝʥʢʠ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʚʣʠʷʝʪ ʧʝʨʚʦʝ ʪʨʝʙʦʚʘʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʝʨʚʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʜʦʣʠʥʠʡ-ʛʘʣʣʠʝʚʳʡ ʛʨʘʥʘʪ 

ὋὨὋὥὕ  (ɻɻɻ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʘ0 =12,383 ᴠ, ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʥʘʨʘʱʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʙʠʨʘʝʤ ɾʀɻ ʩ ʘ =12,376 ᴠ.  

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʧʦʩʪʦʷʥʥʳʤ ʨʝʰʝʪʢʘʤ ʛʨʘʥʘʪʦʚ ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʧʦ 

ʨʷʜʫ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ὊὩ ʥʘ Ὃὥ, ʚʳʙʠʨʘʝʤ 

ʠ ʜʨʫʛʦʡ ʩʦʩʪʘʚ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ, ʯʪʦʙʳ 

ʧʦʩʪʦʷʥʥʳʝ ʨʝʰʝʪʦʢ ʧʦʜʣʦʞʢʠ ʠ ʧʣʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦ ʨʘʟʣʠʯʘʣʠʩʴ ʤʝʞʜʫ 

ʩʦʙʦʡ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ 

ʟʘʤʝʱʝʥʠʠ Y ʥʘ ʦʜʠʥ ʠʟ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣ. 1, 



37 

ʧʦʩʪʨʦʠʤ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ὣὊὩὕ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ὣ 

ʥʘ Tὦȟὣὦ ʠ Ὀώ (ʨʠʩ. 1, ʧʨʷʤʳʝ 1, 2, 3).  

ʊʘʙʣʠʮʘ 1 

ʉʚʦʡʩʪʚʘ ʛʨʘʥʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʌɻ 

R a0 ᴠ Da0 ᴠ 
τ“ῼί(ɿ00ʂ), 

ɻʩ 
R a0 ᴠ Da0 ᴠ τ“ῼί(ɿ00ʂ), ɻʩ 

Ὓά 12,529 +0,051 1675 ὣ 12,376 0,000 1767 

Ὁό 12,498 +0,041 1172 Ὁὶ 12,347 -0,010 1241 

ὋὨ 12,471 +0,032 56 Ὕά 12,323 -0,018 1397 

Ὕὦ 12,436 +0,020 198 ὣὦ 12,302 -0,025 1555 

Ὀώ 12,405 +0,010 376 ὒό 12,283 -0,031 1815 

Ὄέ 12,376 0,000 882     

ȹ╪0 ïʠʟʤʝʥʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʧʨʠ ʟʘʤʝʱʝʥʠʠ Y ʥʘ ʦʜʠʥ ʠʟ ʨʝʜʢʦʟʝ-

ʤʝʣʴʥʳʭ ʠʦʥʦʚ. 

 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ 

ὣὊὩὕ  ʧʨʠ ʟʘʤʝʱʝʥʠʠ ὊὩ ʥʘ Ὃὥ (ʨʠʩ. 1, ʧʨʷʤʘʷ 4). ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʨʠʩ. 

1 ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʭʠʤʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ ʧʨʦʠʟʚʦʣʴ-ʥʦʛʦ ʛʨʘʥʘʪʘ ʩ 

ʟʘʜʘʥʥʳʤ ʧʘʨʘ-ʤʝʪʨʦʤ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʘ=12.383 ᴠ. ɼʣʷ 
ʧʨʠʤʝʨʘ ʨʘʩʩʯʠʪʘʝʤ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʬʝʨʨʠʪ-ʛʨʘʥʘʪʦʚ 

(ὣȟὝὦȟὣὦὊὩὕ  ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ Ὕὦ ʠ 
ὣὦ ̒ ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘ-ʤʝʪʨʦʤ ʧʦʜʣʦʞʢʠ, ʘ=12,383 ᴠ. ʇʦʩʪʦʷʥʥʘʷ 

ʨʝʰʝʪʢʠ ὣὊὩὕ  ὥ=12,376 ᴠ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʠʩʢʦʤʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʛʨʘʥʘʪʘ ʠ ʥʝʟʘʤʝʱʝʥʥʳʤ ɾʀɻ ʩʦʩʪʘʚʣʷʝʪ ȹa0=12,383-12,376=0,007 ᴠ. ɼʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʩʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ȹa0=0,007 ᴠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʚʤʝʩʪʦ 

ὣȟ ʩʦʛʣʘʩʥʦ ʨʠʩ. 1, ʭ=0,35 ʠʦʥʦʚ Ὕὦ. 
 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʥʘʪʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿ ʠʦʥʦʚ 

ὣ ὙὊὩὕ  (Ὑ=1 ï ὝὦȠ 2 ï ὣὦ; 3 ï Ὀώ) ʠ 4 ï ὣὊὩ Ὃὥὕ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʨʝʙʫʝʤʦʡ ʧʣʝʥʢʠ ʚʳʨʘʞʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ ὣȟὝὦȟ ὊὩὕ ȟ ʨʘʩʯʝʪʥʳʡ ʧʘʨʘʤʝʪʨ ʢʦʪʦʨʦʡ ʘ=12,383ᴠ. ʇʨʠ 
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ʟʘʤʝʱʝʥʠʠ Y ʜʚʫʤʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ ʨʘʩʯʝʪ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ɿʘʬʠʢʩʠʨʫʝʤ, ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ Yb 

(ʭ=0,1), ʪʦʛʜʘ ʧʦʩʪʦʷʥʥʘʷ ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʦʡ ʨʝʰʝʪʢʠ ʬʝʨʨʦʛʨʘʥʘʪʘ 

ὣȟὣὦȟὊὩὕ , ʩʦʛʣʘʩʥʦ ʨʠʩ. 1, ʘ0=12,373 ᴠ.  
ʅʝʦʙʭʦʜʠʤʘ ʢʦʤʧʝʥʩʘʮʠʷ ʨʘʩʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ȹa0=(12,376-

12,373)+(12,383-12,376)=0,010 ᴠ. ʊʘʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʘʩʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝʤ Y ʥʘ Tb ʚ ʢʦʣʠʯʝʩʪʚʝ ʭ=0,49, ʘ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʪʨʝʙʫʝʤʦʡ ʧʣʝʥʢʠ ʚʳʨʘʟʠʪʩʷ ʬʦʨʤʫʣʦʡ ὣȟὝὦȟὣὦȟὊὩὕ  ʩ 
ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʘ0=12,383 ᴠ. ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʠ ʜʨʫʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʧʣʝʥʦʢ ʪʨʝʙʫʝʤʳʭ ʌɻ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʙʣʠʟʢʠʤʠ ʠʣʠ ʨʘʚʥʳʤʠ ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 

ʧʦʜʣʦʞʢʠ ɻɻɻ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʥʘʨʘʱʠʚʘʥʠʷ ʧʣʝʥʦʢ ʩ ʟʘʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʥʘʨʘʱʠʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ 

ʧʣʝʥʦʢ. ɺʘʨʴʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠ ̫ȹʊ
ʦ 
ʉ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ w (ʦʙ/ʤʠʥ), ʚʨʝʤʷ ʨʦʩʪʘ t (ʤʠʥ).  

ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʭʦʞʜʝʥʠʷ ʠʦʥʦʚ ʊb, ɣὦȟὈ̔  ̉ Ὃὥ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ (ʭ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʨʠʩ. 2. ɹʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ῳ˟  ʥʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ȹa ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʧʦʜʣʦʞʢʠ 80 ʦʙ/ʤʠʥ ʠ ʚʨʝʤʝʥʠ ʨʦʩʪʘ 10 ʤʠʥ ʥʘ ʢʦʥʪʨʦʣʥɹʳʭ ʧʦʜʣʦʞʢʘʭ ɻɻɻ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʣʝʥʢʠïʧʦʜʣʦʞʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʨʘʱʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘïʨʘʩʧʣʘʚʘ ʜʣ ̫ὣȟὝὦȟὊὩὕ . 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ (ʂʉɺʋ 3) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ (ʩʝʣʝʢʪʠʚʥʳʡ ʫʩʠʣʠʪʝʣʴ ʩ ʩʠʥʭʨʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʚʦʣʴʪʤʝʪʨʦʤ 

ɺ7-34), ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʘ 

 
 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʭʦʞʜʝʥʠʷ 

ʠʦʥʦʚ ὝὦȟὣὦȟὈώ ʦʪ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ (ʭ) ʠ 

ʠʦʥʘ Ga ʦʪ ʪʝʤʧʝʨʘʪʫʨ  r

ʈʠʩ. 3.ɿʘʚʠʩʠʤʦʩʪ ɹʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʣʝʥʢʠïʧʦʜʣʦʞʢʠïʨʘʩʪʚʦʨʘïʨʘʩ-ʧʣʘʚʘ 

ὣȟὝὦȟὊὩὕ ȹa = 0,005 ¡ 
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ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʢʨʫʛʦʚʦʛʦ ʠ ʣʠʥʝʡʥʦʛʦ ʜʠʭʨʦʠʟʤʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʤʦʜʫʣʷʪʦʨʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʧʪʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʦʙʲʝʢʪʘ ʠ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. ɺ ʮʝʣʷʭ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥ 4-

ʢʘʥʘʣʴʥʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʪʝʣʝʚʠʟʠʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʠ ʠʟʫʯʘʪʴ 

ʤʘʛʥʠʪʥʳʝ ʜʦʤʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʈʘʟʨʘʙʦʪʘʥ ʄʆ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʠ ʩʣʦʠʩʪʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʣʝʥʢʘʭè ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʣʝʥʢʘʤ ʈɿʌɻ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʘʭʦʜʷʪʩʷ ʚ ʥʘʧʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, 

ʚʳʟʚʘʥʥʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ ʧʣʝʥʢʠ ʠ ʧʦʜʣʦʞʢʠ, ʘ 

ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʦ ʪʦʣʱʠʥʝ ʜʣʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʈɿʌɻ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʠʦʥʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʟʠʮʠʷʤ, ʥʘʩ ʙʫʜʝʪ 

ʠʥʪʝʨʝʩʦʚʘʪʴ ʚʠʜ ʪʝʥʟʦʨʘ ‐̒ ʚ ʦʙʣʘʩʪʠ ʦʢʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʛʨʘʥʘʪʦʚ ʩ ʫʯʝʪʦʤ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʨʦʩʪʦʚʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʢʨʠʩʪʘʣʣʘ. ʂʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ‐̒ ʠʤʝʝʪ 

ʚʠʜ 

‐ e d ‐Ç -- ‐” Ὗ ‐ὶ ȟ   (1) 

ʛʜʝ Õe0=n0 ï ʠʟʦʪʨʦʧʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʛʨʘʥʘʪʘ, ʥʝ ʟʘʚʠʩʷɦ ʠʡ ʦʪ 

ʤʘʛʥʠʪʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ; Ὣ , ” , ὶ  ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, ʬʦʪʦʫʧʨʫʛʦʩʪʠ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʨʦʩʪʦʚʦʡ ʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ; Mk, M l ï ʢʦʤʧʦʥʝʥʪʳ 

ʚʝʢʪʦʨʘ M; bk , bl ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʨʦʩʪʘ. 

ɺʳʧʠʰʝʤ ʬʦʪʦʫʧʨʫʛʠʡ ʚʢʣʘʜ ʚ ʪʝʥʟʦʨ ‐̒ ʚ ʚʠʜʝ 

‐ɳ=‐” Ὗ .       (2) 

ʀʩʧʦʣʴʟʫʷ ʷʚʥʳʡ ʚʠʜ ʪʝʥʟʦʨʦʚ ʍ  ʠ 5  ʤʘʪʨʠʯʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2), 

ʤʦʞʥʦ ʥʘʡʪʠ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʛʣʘʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʝʥʢʠ 

ʈɿʌɻ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʬʦʪʦʫʧʨʫʛʦʩʪʴʶ, ʜʣʷ ʪʨʝʭ ʩʣʫʯʘʝʚ ʦʨʠʝʥʪʘʮʠʠ 

ʧʣʦʩʢʦʩʪʝʡ ʧʣʝʥʢʠ:  

1) ʜʣʷ ʩʚʝʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

{100},  ʚʝʣʠʯʠʥʘ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

Î= Î᷆- Î=(ρ ςÎ(ʍ -ʍ )(1+È )5᷆,   (3) 

ʛʜʝ Î ̉ Î᷆ ɀ ʠʟʤʝʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʜʚʫʭ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ, ʧʦʣʷʨʠʟʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʜʦʣʴ ʠ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʣʠʯʠʥʘ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ, ʪ.ʝ. ʢʨʠʩʪʘʣʣ ʩʪʘʥʦʚʠʪʩʷ 

ʦʧʪʠʯʝʩʢʠ ʦʜʥʦʦʩʥʳʤ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ 

ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ; 

2) ʜʣʷ ʩʚʝʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

{111},  ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

Î Îʍ  (1+È 5᷆ȟ      (4) 

ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣ ʪʘʢʞʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʦʩʥʳʤ, 

ʧʨʠʯʝʤ ʝʛʦ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ; 

3) ʜʣʷ ʩʚʝʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ, ʧʘʨʘʣʣʝʣʴʥʦʡ 

{110},  ʚ ʩʣʫʯʘʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚʜʦʣ ɹ ʥʘʧʨʘʚʣʝʥʠʷ [110] 

ʜʚʫʧʨʝʣʦʤʣʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

Î Î Î Îʍ  (1+È 5᷆ȟ    (5) 

ʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [100] 

Î Î Î ρ ςÎ ʍ  + ʍ ς ʍ ρ È 5᷆Ȣ (6) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ, ʠ ʢʨʠʩʪʘʣʣ ʠʟ ʢʫʙʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʚʫʦʩʥʳʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʫʢʘʞʝʤ ʧʦʨʷʜʦʢ ʭʘʨʘʢʪʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʢʘʭ ʈɿʌɻ, ʚʳʟʚʘʥ-

ʥʦʛʦ ʜʝʬʦʨʤʘʮʠʝʡ. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 5᷆~ρπ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʠʧʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ ʛʨʘʥʘʪʘ ́~12,4B ʠ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʣʫʯʘʝʤ 

ʚʝʣʠʯʠʥʳ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ЎÎ~10
-4
-10

-5
(ʪ.ʝ. ʩʨʘʚʥʠʤ ʩ ʬʦʪʦʫʧʨʫʛʠʤ ʚʢʣʘʜʦʤ). 

ɺ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠ ̫ʧʨʦʠʩʭʦʜʠʪ, ʥʘʨʷʜʫ ʩ ʧʦʚʦʨʦʪʦʤ ʦʧʪʠʯʝʩʢʦʡ ʠʥ-

ʜʠʢʘʪʨʠʩʳ, ʧʦʚʦʨʦʪ ʜʠʭʨʦʠʯʥʳʭ ʦʩʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʘʢ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʧʦʛʣʦʱʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʠʣʠ ʤʠʥʠʤʘʣʴʥʦ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʚʨʘʱʝʥʠʝ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ 

ʠʥʜʠʢʘʪʨʠʩʳ ʠ ʜʠʭʨʦʠʯʥʳʭ ʦʩʝʡ ʩʦʟʜʘʝʪʩʷ ʪʦʣʴʢʦ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦ-ʩʪʴʶ. ʆʜʥʘʢʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʧʣʝʥʢʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʞʝ ʈʆɸ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʚʨʘʱʝʥʠʝ 

ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʜʠʭʨʦʠʯʥʳʭ ʦʩʝʡ ʧʨʠ ʧʦʚʦʨʦʪʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʜʣʷ ʜʚʫʭ ʛʣʘʚʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʣʦʩʢʦʩʪʝʡ ʪʠʧʘ 

(100) ʠ (110) ʢʫʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɼʚʠʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʠʥʜʠʢʘʪʨʠʩʳ ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʧʦʵʪʦʤʫ ʚʳʚʝʜʝʤ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʣʫʯʘʷ ʈʆɸ ʩ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʝʝ ʛʣʘʚʥʳʭ ʦʩʝʡ. ʇʫʩʪʴ ʛʣʘʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʦʩʪʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʷʤʠ ʩʠʤʤʝʪʨʠʠ, ʘ ʥʘʭʦʜʷʪʩʷ ʧʦʜ 

ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ɿ ʢ ʦʩʠ [100] ʚ ʧʣʦʩʢʦʩʪʠ (110) ʨʠʩ. 4. ɺ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

1, 2, ʩʚʷʟʘʥʥʳʭ ʛʣʘʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʨʦʩʪʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ, ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʠʥʜʠʢʘʪʨʠʩʳ ʨʦʩʪʦʚʦʛʦ ʚʢʣʘʜʘ ʠʤʝʝʪ ʚʠʜ 

˟ =
ὑ π
π ὑ

Ȣ      (7) 
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ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʡʜʝʤ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ. ɺ ʵʪʠʭ ʦʩʷʭ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

4=ÁÁ4 ,      (8) 

1. Íᴆ̂ ρππ, +ᴆ᷆ ρππ, 

ÔὫςʃ
 Ⱦ̠̇

Ⱦ́ Ⱦ̠̇
,    (10) 

ʛʜʝ ʒ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ Íᴆ ʠ ʦʩʴʶ [001]; ʘ=ʍ ʍ ʍ  ϳ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʘʥʠʟʦʪʨʦʧʠʠ; 

ʍ Íᴆ ï ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʚʢʣʘʜʘ; + ɻ ɻ  ï ʚʝʣʠʯʠʥʘ ʨʦʩʪʦʚʦʛʦ 

ʜʠʭʨʦʠʟʤʘ, Ä ÃÏÓʒȢ ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʦʩʪʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ + π 
ʚʳʨʘʞʝʥʠʝ (10) ʧʝʨʝʭʦʜʠʪ ʚ ʬʦʨʤʫʣʫ 

ÔÇςʃ ÁÔÁÎςʒȢ     (11) 

ɺ ʜʨʫʛʦʤ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ - π ʧʦʣʦʞʝʥʠʝ ʜʠʭʨʦʠʯʝʩʢʠʭ ʦʩʝʡ 

ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʷʤʠ ʨʦʩʪʦʚʦʛʦ ʜʠʭʨʦʠʟʤʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʣʫʯʘʷʭ ʧʦʣʦʞʝʥʠʝ ʜʠʭʨʦʠʯʥʳʭ ʦʩʝʡ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ +ȟ- ̉ ὥȢ 

ςȢÍᴆ Ṷρρπȟ +ᴆ ᷆ ρρπȢ 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ (110) ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʛʣʘ ʃ 
ʠʤʝʝʪ ʚʠʜ 

ÔÇςʃ 
Ⱦ

Ⱦ́ ́
́ Ⱦ

Ȣ   (12) 

ʈʘʩʯʝʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʃʒ ʚ ʟʘʚʠʩʠʤʦʪʠ ʦʪ ʂ/ʄ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʦʪ 90 

ʜʦ 180 ʛʨʘʜʫʩʦʚ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʘʤʧʣʠʪʫʜʘ ʃʒ . ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʧʘʨʘʤʝʪʨʘ ʘ ʠ ʫʛʣʦʤ ɿ, ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ 

ʥʘʯʘʣʴʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʜʠʭʨʦʠʯʥʳʭ ʦʩʝʡ ʧʨʠ ʒ π. ʇʦʚʦʨʦʪ ʜʠʭʨʦʠʯʥʳʭ 

ʦʩʝʡ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥ ʥʘ ʦʙʨʘʟʮʘʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ 

 

ʈʠʩ. 4. ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, ʦʪʩʯʝʪʘ ʫʛʣʦʚ ʠ 

ʧʦʚʦʨʦʪ ʜʠʭʨʦʠʯʥʳʭ ʦʩʝʡ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʣʦʩʢʦʩʪʠ (110);  

1, 2 ï ʦʩʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʜʠʭʨʦʠʟʤʘ; 3, 4 ï ʦʩʠ ʩʫʤʤʘʨʥʦʛʦ ʵʬʬʝʢʪʘ 

ʛʜʝ 4 ɀ- ʤʘʪʨʠʮʘ ʧʦʚʦʨʦʪʘ ʢ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʷʤ. 

ʉ ʫʯʝʪʦʤ ʨʦʩʪʦʚʦʛʦ ʚʢʣʘʜʘ 

ʫʨʘʚʥʝʥʠʝ ʠʥʜʠʢʘʪʨʠʩʳ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

" 
   
+ ˟ = " 

   
.  (9) 

ʊʝʧʝʨʴ ʠʥʜʠʢʘʪʨʠʩʫ " 
   
 ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢ ʜʠʘʛʦʥʘʣʴʥʦʤʫ ʚʠʜʫ 

ʧʦʚʦʨʦʪʦʤ ʚʦʢʨʫʛ ʦʩʠ [100] ʠʣʠ [110] 

ʥʘ ʫʛʦʣ ʃ, ʪʘʥʛʝʥʩ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩ ̫ ʜʠʘʛʦʥʘʣʴʥʳʤʠ ʠ 

ʥʝʜʠʘʛʦʥʘʣʴʥʤrʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʠʥʜʠʢʘʪʨʠʩʳ. 
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ʬʝʨʨʠʪʦʚ - ʛʨʘʥʘʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʠʤʝʥʥʦ 

9&Å/  , 9"É&Å'Á/ , 90Ò&Å'ÁȢˏ ʵʪʦʡ ʧʣʝʥʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʦʧʠʩʚrʘʶʪʩʷ ʢʨʠʚʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʝ (12) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ ʘ 

ʠ ʦʪʥʦʰʝʥʠʷ ʂ/ʄ. ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ (F. Lucari, E. 

Terrenzio, G. Tomasetti, Magnetic Linear Dichroism in Sn Doped YIG. J. Appl. 

Phys., 1981, 52, 2301ï2303. F. Dorozio, F. Luccori, G. Tomassetti, J. Desvignes 

Near Infrared Magnitooptical Effects in Sb Doped YIG. J. Magnetism and 

Magnetic. Mat., 1983, 31ï34, 593-594). 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʪʨʠʮʳ ʦʪʨʘʞʝʥʠʷ A ʠ 

ʧʨʦʧʫʩʢʘʥʠʷ B: 

ὃ Ὑ ὸὨ Ὅ ὙὈὶὨ ὸὝὙ ὸ Ὀ Ὑ Ὠ ὶ ὝὙ ὙὈὝȟ 

ὄ Ὕ I-ὈὶὨὙ Ὕ Ὀ Ὅ ὈὶὨὙ ὈὶὨὸὨὙ ὈὝȢ          (13) 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʤʘʪʨʠʮ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʘʪʨʠʮʳ ʦʪʨʘʞʝʥʠʷ ʠ 

ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʣʶʙʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʧʷʪʠʩʣʦʡʥʦʡ, 

ʝhʩʪʠʩʣʦʡʥʦʡ ʠ ʪ.ʜ.). 

ʇʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʚʫʭʩʣʦʡʥʦʡ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʨʠʮʳ 

ʦʪʨʘʞʝʥʠʷ R12,r21, ʧʨʦʧʫʩʢʘʥʠʷ T12,t21. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ: 

ὦ ÓÉÎς‚ὥὓ ὄ ὓὃ ÃÏÓς‚ὥὓὃ ὓ ὄ Ȣ  (14) 

ɺ ʛʣʘʚʝ 4 çʆʧʪʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʈɿʌɻ ʠ ʘʤʦʨʬʥʳʭ ʧʣʝʥʦʢ d-f-ʤʝʪʘʣʣʦʚè 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʄʂɼ 

ʧʣʝʥʦʢ ɾʀɻ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʦʙʣʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʤʠ ʜʦʟʘʤʠ Ὀ ρπ-

ρπʠʦʥ/ʩʤ2 
ʦʪʨʠʮʘʪʝʣʥɹʳʤʠ ʠʦʥʘʤʠ ˛  ʩ ʵʥʝʨʛʠʷʤʠ ɽ = 0,5-10 ʢʵɺ. ɼʣʷ 

ʦʙʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʠʩʧʦʣʟɹʦʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʠʦʥʦʚ ˛  ʩ ʵʥʝʨʛʠʷʤʠ 0,5ï10 ʢʕʚ 

ʠ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʜʦ 0,6 ʤɸ/ʩʤ
2
. ʇʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ˛  ɻʥʝʨʛʠʝʡ ʚ 

ʜʠʘʧʘʟʦʥʝ ɽ=0,5ï10 ʢʵɺ ʠ ʜʦʟʘʤʠ Ὀ ρπ ïρπ ʠʦʥ/ʩʤ
2
 ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʆʇ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 500ï650 ʥʤ (ʨʠʩ. 5).  

ʇʨʠʯʝʤ ʦʙʣʫʯʝʥʠʝ ʠʦʥʘʤʠ ʩ ʵʥʝʨʛʠʝʡ ɽ=0,5ï4 ʢʵɺ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ  ʧʦ ʤʝʨʝ ʥʘʙʦʨʘ ʜʦʟʳ ʦʪ υὼρπʠʦʥ/ʩʤ-2 ʠ ʜʦ 
ʟʥʘʯʝʥʠʡ Ὀ ςͯὼρπ-τὼρπ ʠʦʥ/ʩʤ

2
. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʟʳ 

ʦʙʣʫʯʝʥʠʷ ʦʩʪʘʚʣʷʣʦ ʫʨʦʚʝʥʴ ʧʦʛʣʦʱʝʥʠʷ ʥʝʠʟʤʝʥʥʳʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ  ʜʦʩʪʠʛʘʣʦ 15 % ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩ 

ʵʥʝʨʛʠʷʤʠ ɽ=1ï2 ʢʵɺ. ɸʥʘʣʠʟ ʩʧʝʢʪʨʦʚ ʄʂɼ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʄʂɼ ʠ ʆʇ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʠʤʝʶʪ 

ʠʜʝʥʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɸʙʩʦʣʶʪʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʄʂɼ ʧʦʩʣʝ 

ʦʙʣʫʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʣʦ 8 %. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʤʝʥʝʥʠʝ ʄʂɼ ʩ ʨʦʩʪʦʤ 

ʵʥʝʨʛʠʠ ʦʙʣʫʯʘʶʱʠʭ ʠʦʥʦʚ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ. 
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ʈʠʩ. 5. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʣʝʥʦʢ ɾʀɻ: ʘ) ʧʨʠ ʠʩʭʦʜʥʦʡ ʪʦʣʱʠʥʝ 7,8 ʤʢʤ ʜʦ (ʢʨʠʚʘʷ 1) 

ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʡ ʜʦʟʦʡ σ ρπ̒̍ ʠʦʥʘʤʠ ˛  ʵʥʝʨʛʠʷʤʠ 1 ʢʵɺ (ʢʨʠʚʘʷ 2),  

2 ʢʵɺ (ʢʨʠʚʘʷ 3), 6 ʢʵɺ (ʢʨʠʚʘʷ 4) ʠ 10 ʢʵɺ (ʢʨʠʚʘʷ 5). ʂʨʠʚʘʷ 6 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʥʦʢʨʠʩʪʘʣʣʫ ɾʀɻ; ʙ) ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʆʇ ʚ ʧʣʝʥʢʝ ʪʦʣʱʠʥʦʡ 11,6 ʤʢʤ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʦʟʘʭ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʵʥʝʨʛʠʝʡ 1 ʢʵɺ. ʂʨʠʚʘʷ 1 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ, ʢʨʠʚʳʝ 2ï4 ï ʦʙʣʫʯʝʥʥʦʤʫ ʩ Ὀ πȢυ ρπ, ρȢυ
ρπ, , σ ρπ̒̍ ͯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ 

ʨʦʩʪ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ὦ̋ ʩʦʜʝʨʞʘʱʠʭ ʧʣʝʥʢʘʭ 

ɾʀɻʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʧʠʥ-ʦʨʙʠʪʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʚ ὊὩ . 
 

 
ʈʠʩ. 6. ʉʧʝʢʪʨʳ ʄʂɼ ʚ ʧʣʝʥʢʝ ɾʀɻ ʪʦʣʱʠʥʦʡ 11,6 ʤʢʤ: ʘ) ʜʦ (ʢʨʠʚʘʷ 1) ʠ ʧʦʩʣʝ 

ʧʦʣʫʯʝʥʠʡ (D: 2 - 2Øρπ ̒̍, 3-τØρπ ̒̍ , 4 ï ςØρπ ̒̍; ɽ,: 2,3 ï 1 ʢʵɺ,4 ï6 ʢʵɺ);  

ʙ) ʜʦ (ʢʨʠʚʘʷ 1) ʠ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʢʠʩʣʦʨʦʜʘ ʜʦʟʦʡ ςØρπ̒̍  ʵʥʝʨʛʠʝʡ 2ʢʵɺ 

(ʢʨʠʚʘʷ 2). ʂʨʠʚʘʷ 3 ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʝ ɾʀɻ 

 

ʇʨʠʚʦʜʷʪʩʷ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʄʂɼ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ɾʀɻ, 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʉʘ
2+

 ʠ Si
4+
(ʨʠʩ. 6); ʧʨʦʚʝʜʝʥʦ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 
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ʨʝʟʫʣʪɹʘʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɾʀɻ. 

ɼʣʷ ʚʳʩ̫ʥʝʥʠʷ ʧʨʠʨʦʜʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠ ̫ʠʪʪʨʠʝʚʦʛʦ ʬʝʨʨʠʪʘ-

ʛʨʘʥʘʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʧʨʠʤʝʩʷʤʠ ʠʦʥʦʚ ὊὩ  ʠ ὊὩ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʄʂɼ ʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ɾʀɻ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʧʠʨʫʶʱʠʭ ʠʦʥʦʚ ˞́ʠ 
ὛὭ (ʨʠʩ. 7, 8). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʜʦʧʠʨʦʚʘʥʠʷ ɾʀɻ ʠʦʥʘʤʠ ˞́ (ʜʦʥʦʨʳ) ʠ ὛὭ (ʘʢʮʝʧʪʦʨʳ) ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʣʥʘʷ ʠʣʠ ʯʘʩʪʠʯʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ὊὩ  ʠ ὊὩ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʦ ὊὩ -ʩʦʩʪʦʷʥʠʷ, ʯʪʦ ʜʦʣʞʥʦʨʦʷʚʣʷʪʴʩʷ 

ʚ ʠʟʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭʩʚʦʡʩʪʚ ɾʀɻ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ɾʀɻ: ˞́ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ ˞́- (ʜʦ 0,01 ʘʪʦʤʘ ʥʘ ʬ.ʝʜ.) ʆʇ ʚ 

ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 0,8ï1,15 ʤʢʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʠʩʪʳʤ ʠ ɾʀɻ. 

 

 
ʈʠʩ. 7. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ὣὊὩὕ :ὅὥ; 

Ƅʭ=0; ǒ ï ʭ=0,0025;.ƺ ïʭ=0,0049;.æ ïʭ=0,01 

ʈʠʩ. 8. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ὣὊὩὕ ȡὛὭ; 
Ƅ ʭ=0;. ǒ-ʭ=0,005; ïʭ=0,009;.ƶ ïʭ=0,025 

 

ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʢʦʥʪʫʨʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʩ 

ʮʝʥʪʨʦʤ ʧʨʠ 0,96 ʤʢʤ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ. ɸʥʘʣʦʛʠʯʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ɾʀɻ: ὛὭ (ʧʨʠ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʦʥʦʚ ὛὭ (ʜʦ 0,005 ʘʪʦʤʘ ʥʘ ʬ. ʝʜ.) ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 0,8ï1,15 ʤʢʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʧʨʠʚʦʜʷʪ ʢ ʦʙɦ ʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʪʘʢʠʭ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ GdïCo, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ɾʀɻ. ʅʘ ʨʠʩ. 5 ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝ-ʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ɾʀɻ:˞́  ̉ὛὭ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʣʘʟʝʨʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ 1,15 ʤʢʤ 

(ʨʠʩ.9). 

ʇʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʆʇ ʠ ʕʌ ʚ ʘʤʦʨʬʥʳʭ ʧʣʝʥʢʘʭ d-f-ʤʝʪʘʣʣʦʚ Gd-

Fe, Gd-U, ʠ U-Co ʠ ʦʧʨʝʜʝʣʝʥʘ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʘʷ ʜʦʙʨʦʪ-ʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʥɹʦ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʠ ʦʪ 




