
 
 

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʋʨʘʣʴʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

IX  ʈʆʉʉʀʁʉʂɸʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂɸʗ 

ʂʆʅʌɽʈɽʅʎʀʗ 

çʄɽʍɸʅʀʂɸ, ʈɽʉʋʈʉ ʀ ɼʀɸɻʅʆʉʊʀʂɸ 

ʄɸʊɽʈʀɸʃʆɺ ʀ ʂʆʅʉʊʈʋʂʎʀʁè 

IV ʈʆʉʉʀʁʉʂɸʗ ʐʂʆʃɸ-ʂʆʅʌɽʈɽʅʎʀʗ 

ʄʆʃʆɼʓʍ ʋʏɽʅʓʍ 

çɼʀɸɻʅʆʉʊʀʂɸ ʀ ʄɽʍɸʅʀʂɸ ʄɸʊɽʈʀɸʃʆɺè  

ʉʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ  

(ɽʢʘʪʝʨʠʥʙʫʨʛ, 14ï18 ʜʝʢʘʙʨʷ 2015 ʛ.) 

ɽʢʘʪʝʨʠʥʙʫʨʛ 

ʀʄɸʐ ʋʨʆ ʈɸʅ 

2016 
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ɹɹʂ 34 

ʆʨʛʢʦʤʠʪʝʪ:  
ʇʨʝʜʩʝʜʘʪʝʣʴ: ɻʦʨʢʫʥʦʚ ʕʜʫʘʨʜ ʉʪʝʧʘʥʦʚʠʯ  

ɿʘʤ. ʧʨʝʜʩʝʜʘʪʝʣʷ: ʉʤʠʨʥʦʚ ʉʝʨʛʝʡ ɺʠʪʘʣʴʝʚʠʯ  

ɹʘʪʘʝʚ ɺʣʘʜʠʤʠʨ ɸʥʜʨʝʝʚʠʯ, ɹʝʨʝʟʦʚʩʢʘʷ ɺʝʨʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ɹʦʛʘʪʦʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

ɹʫʨʦʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ɺʠʯʫʞʘʥʠʥ ɼʤʠʪʨʠʡ ʀʚʘʥʦʚʠʯ, ɻʣʘʜʢʦʚʩʢʠʡ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ, 

ɽʤʝʣʴʷʥʦʚ ʀʛʦʨʴ ɻʝʦʨʛʠʝʚʠʯ, ɿʘʜʚʦʨʢʠʥ ʉʝʨʛʝʡ ʄʠʭʘʡʣʦʚʠʯ, ɿʘʣʘʟʠʥʩʢʠʡ ɸʣʝʢʩʘʥʜʨ ɻʝʦʨʛʠʝʚʠʯ, 

ʂʦʥʦʚʘʣʦʚ ɸʥʘʪʦʣʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʂʦʩʪʠʥ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ, ʄʘʢʘʨʦʚ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ, 

ʅʠʯʠʧʫʨʫʢ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ, ʇʦʚʦʣʦʮʢʘʷ ɸʥʥʘ ʄʦʠʩʝʝʚʥʘ, ʇʫʛʘʯʝʚʘ ʅʘʪʘʣʠʷ ɹʦʨʠʩʦʚʥʘ, 

ʈʠʥʢʝʚʠʯ ɸʥʘʪʦʣʠʡ ɹʨʦʥʠʩʣʘʚʦʚʠʯ, ʉʘʚʨʘʡ ʈʦʤʘʥ ɸʥʘʪʦʣʴʝʚʠʯ, ʉʤʠʨʥʦʚ ɸʣʝʢʩʘʥʜʨ ʉʝʨʛʝʝʚʠʯ, 

ʍʫʜʦʨʦʞʢʦʚʘ ʖʣʠʷ ɺʠʢʪʦʨʦʚʥʘ, ʐʚʝʡʢʠʥ ɺʣʘʜʠʤʠʨ ʇʘʚʣʦʚʠʯ. 

IX  ʈʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʭʘʥʠʢʘ, ʨʝʩʫʨʩ ʠ ʜʠʘʛʥʦʩʪʠʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡè; IV ʈʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɼʠʘʛʥʦʩʪʠʢʘ 

ʠ ʤʝʭʘʥʠʢʘ ʤʘʪʝʨʠʘʣʦʚè ɽʢʘʪʝʨʠʥʙʫʨʛ, 14ï18 ʜʝʢʘʙʨʷ 2015 ʛ. : ʩʙ. ʜʦʢʣʘʜʦʚ. ï ɽʢʘʪʝʨʠʥʙʫʨʛ : 

ʀʄɸʐ ʋʨʆ ʈɸʅ, 2016. ï 201 ʩ. ï ISBN 978-5-76-91-2433-4 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʄʝʭʘʥʠʢʘ, ʨʝʩʫʨʩ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡè ʠ IV ʈʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ-

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɼʠʘʛʥʦʩʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘ ʤʘʪʝʨʠʘʣʦʚè, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʪʁ 

ʪʨʘʜʠʮʠʠ ʢʦʥʬʝʨʝʥʮʠʡ çʄʝʭʘʥʠʢʘ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʫʰʝʥʠʝè ʠ 

çʈʝʩʫʨʩ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡè, ʧʨʦʚʦʜʠʤʳʭ ʩ 2001 ʛʦʜʘ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ: 

ʤʝʭʘʥʠʢʦʚ, ʬʠʟʠʢʦʚ, ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʦʢʣʘʜʦʚ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʬʦʨʤʣʝʥʠʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝʩʫʪ ʘʚʪʦʨʳ 

ʜʦʢʣʘʜʦʚ. 

ʆʨʛʘʥʠʟʘʪʦʨ ʢʦʥʬʝʨʝʥʮʠʠ:  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

 É ʀʄɸʐ ʋʨʆ ʈɸʅ, 2016 
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ʇʈɸɺʀʃɸ ʇʈʆɺɽɼɽʅʀʗ ɺʀɼɽʆʂʆʅʌɽʈɽʅʎʀʀ ɺ ʉʀʉʊɽʄɽ MICROSOFT 

LYNC  

ʈ. ʅ. ʐʘʢʠʨʦʚ*, ɸ. ʃ. ʇʘʥʦʚ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

*ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʘʚʪʦʨ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: raul@imach.uran.ru ; ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʧʠʩʢʠ: 620049, 

ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʊʝʣʝʬʦʥ: +7 (343) 375ï35ï65;  

ʬʘʢʩ: +7 (343) 374ï53ï30 

ʇʨʦʚʝʜʝʥʠʝ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʬʦʨʤʘʪʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʛʝʦʛʨʘʬʠʶ 

ʫʯʘʩʪʥʠʢʦʚ ʠ ʩʦʢʨʘʪʠʪʴ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʀʄʄ ʋʨʆ ʈɸʅ ʨʘʟʚʝʨʥʫʪʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Microsoft Lync (Front End Server Skype for Business 2015), ʘ ʚ ʀʄʘʰ ʋʨʆ 

ʈɸʅ - ʦʙʦʨʫʜʦʚʘʥʠʝ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʘ (Lync Room System, ʈʠʩ. 1). ʆʙʦʨʫʜʦʚʘʥʠʝ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʢʦʤʧʴʶʪʝʨʘ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ Microsoft Office Professional 2013, 

ʜʚʝ ʚʝʙ-ʢʘʤʝʨʳ ʩʪʘʥʜʘʨʪʘ Full HD, LCD ʪʝʣʝʚʠʟʦʨ ʠ ʧʨʦʝʢʪʦʨ. 

 

ʈʠʩ. 1. Microsoft Lync 2013 Skype For Business 2016 

ʄʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʦʢʦʥʝʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʝʙ-ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʢʦʤʧʴʶʪʝʨ ʩ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Windows 7/8/10 ʠʣʠ 

ʩʦʚʨʝʤʝʥʥʳʤʠ Unix-ʘʤʠ (MacOS ʠ ʪ.ʧ.). ʂʦʤʧʴʶʪʝʨ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ 

ʦʙʦʨʫʜʦʚʘʥ ʜʠʥʘʤʠʢʘʤʠ ʠ ʤʠʢʨʦʬʦʥʦʤ ʠʣʠ ʛʘʨʥʠʪʫʨʦʡ ʩ ʤʠʢʨʦʬʦʥʦʤ. ʅʘʣʠʯʠʝ ʚʝʙ-ʢʘʤʝʨʳ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ, ʥʦ ʝʩʣʠ ʦʥʘ ʠʤʝʝʪʩʷ, ʪʦ ʝʝ ʤʦʞʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ. 

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʢʦʤʧʴʶʪʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʣʘʛʠʥ Skype for 

Business Web App. ʋʩʪʘʥʦʚʢʘ ʧʣʘʛʠʥʘ ʜʝʣʘʝʪʩʷ ʧʦ ʨʘʩʩʳʣʘʝʤʦʡ ʫʯʘʩʪʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʩʳʣʢʝ ʚʠʜʘ https://meet.uroran.ru/... 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʧʦʜʢʣʶʯʝʥʠʷ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʘ ʈʠʩ. 1 ʢʘʢ: 

¶ Desktop Client ʥʘ ʙʘʟʝ Microsoft Office Professional 2013/2016; 

¶ Mobile Client ʥʘ ʙʘʟʝ Windows Phone, iOS ʠ Android; 

¶ ʆʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ Lync Room 

System ʠ Qualified Room System.  

ɼʘʣʝʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʢʦʥʬʝʨʝʥʮʠʠ ʥʘ ʙʘʟʝ ʧʣʘʛʠʥʘ Skype 

for Business Web App. ʀʥʪʝʨʬʝʡʩ ʢʦʥʬʝʨʝʥʮʠʠ (ʈʠʩ.2) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

1. ʇʦʣʝ ʫʯʘʩʪʥʠʢʦʚ 

2. ʇʦʣʝ ʪʝʢʩʪʦʚʦʡ ʙʝʩʝʜʳ 

3. ʇʦʣʝ ʧʨʝʟʝʥʪʘʮʠʠ ʠ ʚʠʜʝʦʪʨʘʥʩʣʷʮʠʠ.  

                                                           
É ʐʘʢʠʨʦʚ ʈ. ʅ., ʇʘʥʦʚ ɸ. ʃ. 

mailto:raul@imach.uran.ru
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ʈʠʩ. 2. ʀʥʪʝʨʬʝʡʩ Skype for Business Web App 

ʉʨʘʟʫ ʧʦʩʣʝ ʚʭʦʜʘ ʚ ʢʦʥʬʝʨʝʥʮʠʶ ɺʳ ʧʦʣʫʯʘʝʪʝ ʩʪʘʪʫʩ ʝʝ ʫʯʘʩʪʥʠʢʘ. ʅʘ ʵʢʨʘʥʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʧʨʝʟʝʥʪʘʮʠʷ ʠ ʚʠʜʝʦ ʘʢʪʠʚʥʦʛʦ ʚʳʩʪʫʧʘʶʱʝʛʦ. ʀʭ ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʨʘʟʚʝʩʪʠ ʩ 

ʧʦʤʦʱʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʦʩʳ ʧʨʦʢʨʫʪʢʠ. ʉ ʧʦʤʦʱʴʶ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ 

ʫʛʣʫ ʢʥʦʧʢʠ ʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʫʙʨʘʪʴ ʚʠʜʝʦ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʝʟʝʥʪʘʮʠʠ) ʠʣʠ, ʥʘʦʙʦʨʦʪ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚʠʜʝʦ ʩʦ ʚʩʝʭ ʢʘʤʝʨ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʘʣʝʨʝʠ, ʈʠʩ. 3). 

ɺʝʙ-ʢʘʤʝʨʘ ʠ ʤʠʢʨʦʬʦʥ ʥʘ ɺʘʰʝʤ ʢʦʤʧʴʶʪʝʨʝ ʠʟʥʘʯʘʣʴʥʦ ʚʳʢʣʶʯʝʥʳ (ʠʭ ʩʦʩʪʦʷʥʠʝ 

ʦʙʦʟʥʘʯʝʥʦ ʢʨʫʛʣʳʤʠ ʩʠʥʠʤʠ ʟʥʘʯʢʘʤʠ ʧʦʜ ʧʨʝʟʝʥʪʘʮʠʝʡ). ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ɺʳ ʥʘʙʣʶʜʘʝʪʝ 

ʟʘ ʭʦʜʦʤ ʢʦʥʬʝʨʝʥʮʠʠ, ʥʦ ɺʘʩ ʚ ʥʝʡ ʥʝ ʚʠʜʥʦ ʠ ʥʝ ʩʣʳʰʥʦ. ʏʪʦʙʳ ʚʢʣʶʯʠʪʴ ʚʝʙ-ʢʘʤʝʨʫ ʠ 

ʤʠʢʨʦʬʦʥ, ʥʘʜʦ ʥʘʞʘʪʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʢʠ, ʧʨʠ ʵʪʦʤ ʚʢʣʶʯʝʥʠʝ ʤʠʢʨʦʬʦʥʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʨʘʟʫ, ʘ ʚʝʙ-ʢʘʤʝʨʳ ï ʧʦʩʣʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ɽʩʣʠ ɺʳ ʥʝ ʫʯʘʩʪʚʫʝʪʝ ʚ 

ʦʙʩʫʞʜʝʥʠʠ ʠ ʥʝ ʯʠʪʘʝʪʝ ʜʦʢʣʘʜ, ʪʦ ʤʠʢʨʦʬʦʥ ʩʣʝʜʫʝʪ ʜʝʨʞʘʪʴ ʚʳʢʣʶʯʝʥʥʳʤ, ʯʪʦʙʳ ʚ 

ʟʚʫʢʦʚʦʡ ʢʘʥʘʣ ʢʦʥʬʝʨʝʥʮʠʠ ʥʝ ʧʦʧʘʜʘʣʠ ʧʦʩʪʦʨʦʥʥʠʝ ʰʫʤʳ. 

 

ʈʠʩ. 3. ʈʝʞʠʤʳ Skype for Business Web App 

ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ɺʳ ʥʝ ʚʠʜʠʪʝ ʥʘ ʵʢʨʘʥʝ ʢʥʦʧʢʫ ʤʠʢʨʦʬʦʥʘ, ʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ɺʘʰ 

ʢʦʤʧʴʶʪʝʨ ʥʝ ʧʦʜʢʣʶʯʝʥ ʢ ʟʚʫʢʦʚʦʤʫ ʢʘʥʘʣʫ ʢʦʥʬʝʨʝʥʮʠʠ ʠʟ-ʟʘ ʘʧʧʘʨʘʪʥʳʭ ʠʣʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ɺʳ ʥʝ ʙʫʜʝʪ ʩʣʳʰʘʪʴ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ 

ʠ ʥʝ ʩʤʦʞʝʪʝ ʨʘʟʛʦʚʘʨʠʚʘʪʴ ʩ ʥʠʤʠ. ʆ ʚʦʟʥʠʢʰʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʝ ʩʣʝʜʫʝʪ ʩʦʦʙʱʠʪʴ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʧʦʣʝ ʪʝʢʩʪʦʚʦʡ ʙʝʩʝʜʳ. 



5 
  

ɼʣʷ ʯʪʝʥʠʷ ʜʦʢʣʘʜʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʟʘʛʨʫʞʘʝʪ ɺʘʰʫ ʧʨʝʟʝʥʪʘʮʠʶ ʠ ʧʝʨʝʚʦʜʠʪ ɺʘʩ ʚ 

ʨʝʞʠʤ ʚʳʩʪʫʧʘʶʱʝʛʦ. ʕʪʦʪ ʨʝʞʠʤ ʥʘʜʦ ʧʨʠʥʷʪʴ (ʈʠʩ. 4). 

 

ʈʠʩ. 4. ʇʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʚʳʩʪʫʧʘʶʱʝʛʦ 

ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʚʳʩʪʫʧʘʶʱʝʛʦ ʧʦʜ ʧʨʝʟʝʥʪʘʮʠʝʡ ʧʦʷʚʣʷʝʪʩʷ ʢʥʦʧʢʠ ʣʠʩʪʘʥʠʷ 

ʩʣʘʡʜʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ɺʳ ʫʧʨʘʚʣʷʝʪʝ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʨʝʟʝʥʪʘʮʠʠ ʥʘ ʚʩʝʭ ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʵʢʨʘʥʘʭ (ʈʠʩ. 5). ɺ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ ʧʨʝʟʝʥʪʘʮʠʠ ʥʘʭʦʜʠʪʩʷ ʩʢʨʝʧʢʘ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʚʳʟʳʚʘʝʪ ʤʝʥʶ ʠʥʩʪʨʫʤʝʥʪʦʚ. ɺ ʤʝʥʶ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ñʣʘʟʝʨʥʫʶ ʫʢʘʟʢʫò ʠ ʜʨʫʛʠʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ. ɼʣʷ ʜʦʢʣʘʜʘ ʚʢʣʶʯʠʪʝ ʩʚʦʡ ʤʠʢʨʦʬʦʥ. 

 

ʈʠʩ.5. ʏʪʝʥʠʝ ʜʦʢʣʘʜʘ 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʯʝʨʝʟ ʤʝʥʶ ʤʦʞʥʦ ʧʦʢʘʟʳʚʘʪʴ ʩʚʦʡ ʨʘʙʦʯʠʡ ʩʪʦʣ, ʦʢʥʘ 

ʧʨʦʛʨʘʤʤ ʠ ʟʘʛʨʫʞʘʪʴ ʬʘʡʣʳ ʜʣʷ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʜʦʢʣʘʜʘ ʠ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩʳ ʚʳʢʣʶʯʠʪʝ ʩʚʦʡ ʤʠʢʨʦʬʦʥ. ɽʩʣʠ 

ɺʳ ʥʝ ʙʫʜʝʪʝ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʭʦʜʝ ʢʦʥʬʝʨʝʥʮʠʠ, ʪʦ ʤʦʞʝʪʝ 

ʦʪʢʣʶʯʠʪʴʩʷ ʦʪ ʥʝʝ ʧʦ ʢʨʘʩʥʦʡ ʢʥʦʧʢʝ.  

ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʛʨʫʧʧʝ ʮʝʥʪʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʠ ʋʨʆ ʈɸʅ ʟʘ ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʢʦʥʬʝʨʝʥʮ-ʩʚʷʟʠ.   
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ʋɼʂ: 544.6:544.15:519.8 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅʀɿʂʆʊɽʄʇɽʈɸʊʋʈʅʆɻʆ ʀʆʅʅʆ-ʇʃɸɿʄɽʅʅʆɻʆ 

ɸɿʆʊʀʈʆɺɸʅʀʗ ʅɽʈɾɸɺɽʖʑɽʁ ʉʊɸʃʀ 

ʃ. ʌ. ʉʧʝʚʘʢ
1
, ʆ. ɸ. ʅʝʬʝʜʦʚʘ

1
*, ɸ. ɺ. ʄʘʢʘʨʦʚ

1,2
, ɻ. ɺ. ʉʘʤʦʡʣʦʚʘ

2 

1 
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 
2
 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʝʪʘʣʣʦʚ ʠʤʝʥʠ  

ʄ.ʅ. ʄʠʭʝʝʚʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ʉ. ʂʦʚʘʣʝʚʩʢʦʡ, 18, ɽʢʘʪʝʨʠʥʙʫʨʛ,  

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

*ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʘʚʪʦʨ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: nefedova@imach.uran.ru; ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʧʠʩʢʠ: 620049, 

ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʊʝʣʝʬʦʥ +7 (343) 375ï35ï92;  

ʬʘʢʩ: +7 (343) 374ï53ï30 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʦʧʠʩʘʥʠʶ ʠʦʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʘʫʩʪʝʥʠʪʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʚ ʧʣʘʟʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ. ɺ ʦʩʥʦʚʝ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʣʝʞʠʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʣʠʥʝʡʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʠʬʬʫʟʠʠ. ɺʪʦʨʘʷ 

ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʚʥʝʜʨʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʠʥʝʡʥʳʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʠʬʬʫʟʠʠ. 

ʇʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʝʪʦʜʝ ʛʨʘʥʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʝʰʝʥʳ ʤʦʜʝʣʴʥʳʝ ʧʨʠʤʝʨʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʠʬʬʫʟʠʷ ʘʟʦʪʘ, ʧʣʘʟʤʝʥʥʦʝ 

ʘʟʦʪʠʨʦʚʘʥʠʝ, ʤʝʪʦʜ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʝʜʤʝʪ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʨʦʚʝʜʝʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʷʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʧʦ ʛʣʫʙʠʥʝ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ 

ʜʠʬʬʫʟʠʠ ʩ ʮʝʣʴʶ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ 

ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ, ʘ ʪʘʢʞʝ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʘʥʦʚʢʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʠʬʬʫʟʠʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩ ʠʦʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ, ʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʩʦʟʜʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʘ ʧʦ ʛʣʫʙʠʥʝ ʘʟʦʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʨʝʰʘʪʴ ʦʙʨʘʪʥʳʝ ʟʘʜʘʯʠ 

ʜʠʬʬʫʟʠʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ. 

1. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦʤʝʨʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʚ ʦʙʣʘʩʪʠ [ ]hx ,0Í , ʛʜʝ h ï 

ʪʦʣʱʠʥʘ ʧʣʦʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʛʨʘʥʠʮʘ x=0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ 

ʘʟʦʪʦʤ: 

                                                           
É ʉʧʝʚʘʢ ʃ. ʌ., ʅʝʬʝʜʦʚʘ ʆ. ɸ., ʄʘʢʘʨʦʚ ɸ. ɺ., ʉʘʤʦʡʣʦʚʘ ɻ. ɺ. 

mailto:nefedova@imach.uran.ru
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 ï ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ; 

( ) 0 ,
0 
=

=t
txc  ï ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ; 

( ) ()tftxf
x

*

0 
 , =
=

, ( ) 0 ,
 
=

=hx
txf  ï ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ; 

c(x, t) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʦʙʨʘʟʮʝ; t ï ʚʨʝʤʷ ʘʟʦʪʠʨʦʚʘʥʠʷ; f(x, t) ï 

ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ. 

2. ʄʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʫʩʠʣʝʥʠʝ ʜʠʬʬʫʟʠʠ ʟʘ ʩʯʝʪ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ 
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2 s
 ï ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ; 

( ) 0 ,
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=

=t
txc  ï ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ; 

( ) ()tftxf
x

*
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, ( ) 0 ,
 
=

=hx
txf  ï ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ; 

ů ï ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʚʥʝʜʨʝʥʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ. 

3. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ, ʥʝʣʠʥʝʡʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 
ʟʘʚʠʩʠʤʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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 ï ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʠʬʬʫʟʠʠ ʚ 

ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ. 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ [t0, tM] ʨʘʟʙʠʚʘʝʤ ʪʦʯʢʘʤʠ t0=0, t1, é , tM  ʥʘ M ʰʘʛʦʚ. ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦ, k-ʷ ʠʪʝʨʘʮʠʷ ʠʤʝʝʪ ʚʠʜ:  
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ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʢʘʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʙʣʠʟʦʩʪʠ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʪʝʨʘʮʠʡ. 
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4. ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʠʬʬʫʟʠʠ, ʥʝʣʠʥʝʡʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 
ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ  

ɼʣʷ ʫʨʘʚʥʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʚʣʠʷʥʠʝ ʛʨʘʜʠʝʥʪʘ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʥʝʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ. 

ʅʘ k-ʡ ʠʪʝʨʘʮʠʠ ʛʨʘʥʠʯʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʷʪ ʥʝʠʟʚʝʩʪʥʳʝ q0
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() () ( ) () ( ) () ( ) +
ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
--= ä ñññ

=
---

n

i

t

t

n

i

h

t

t

n

i

t

t

n

in
i

i

i

i

i

i

dttthqcdtttqcdtttuqDc
1

****

0

*

111

 ,,,0 ,,0,0 ,,0,0 
2

1
 

( )( )
( )ññ µ

µ
+

-nt h

n

k

N dtdxttxu
x

txc

RT

DV
X

0 0

*
1

  ,,,0
,

; 

() () ( ) () ( ) () ( ) +
ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
--= ä ñññ

=
---

n

i

t

t

n

i

h

t

t

n

i

t

t

n

in

h

i

i

i

i

i

i

dttthhqcdttthqcdttthuqDc
1

****

0

111

 ,,, ,,0, ,,0, 
2

1
 

( )( )
( )ññ µ

µ
+

-nt h

n

k

N dtdxttxhu
x

txc

RT

DV
X

0 0

*
1

  ,,,
,

; 

k-ʷ ʠʪʝʨʘʮʠʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=tn : 
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5. ʇʨʠʤʝʨʳ 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʟʘʜʘʯ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ: 
ʩ

ʩʤ
D

2
11106 -Ö= ; ( )

4

* 1
300,0
ʩʤD

f
tq =-= ; 

.%
200
ʘʪ

ʄʇʘ
X = ; 

340ʩʤVN = ; 
ʤʦʣʴʂ

ɼʞ
R

Ö
= 314,8 ; ʂT 673= . ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2. 
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ʈʠʩ. 1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʜʠʬʬʫʟʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʠʦʜʘʭ ʘʟʦʪʠʨʦʚʘʥʠʷ 

 

ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʘʭ 

ʘʟʦʪʠʨʦʚʘʥʠʷ 

6. ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ ʘʟʦʪʘ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʤ 

ʘʟʦʪʠʨʦʚʘʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʣʘʟʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ, ʥʝʨʞʘʚʝʶʱʠʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ. 

ʆʪʤʝʯʘʝʪʩʷ ʚʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʜʠʬʬʫʟʠʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʜʠʬʬʫʟʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʛʨʘʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʠʬʬʫʟʠʠ ʘʟʦʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɸʅʆ ʈʦʩʩʠʠ (ʪʝʤʘ çʉʪʨʫʢʪʫʨʘè ˉ 

01201463331) ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 15-08-07947).  

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʝʨʣʠʥ ɽ. ɺ., ʂʦʚʘʣʴ ʅ. ʅ., ʉʝʡʜʤʘʥ ʃ. ɸ. ʇʣʘʟʤʝʥʥʘʷ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ï ʄ. : ʊʝʭʥʦʩʬʝʨʘ, 2012. ï 464 ʩ. 

2. ʉʧʦʩʦʙ ʧʣʘʟʤʝʥʥʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʠʟ ʩʪʘʣʠ ʠʣʠ ʠʟ ʮʚʝʪʥʦʛʦ ʩʧʣʘʚʘ: ʧʘʪ. 
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3. ɻʘʚʨʠʣʦʚ ʅ. ɺ., ʄʝʥʴʰʘʢʦʚ ɸ. ʀ. ʀʩʪʦʯʥʠʢ ʰʠʨʦʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʩ 
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ʩʪʘʣʠ ʚ ʧʣʘʟʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʨʠ 400Üʉ // ʌʠʟʠʢʘ ʠ ʭʠʤʠʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ. ï 
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and Performance. ï 2013. ï Vol. 22, iss. 5. ï P. 1304ï1310. 

7. ʇʦʚʳʰʝʥʠʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ 12ʍ18ʅ10ʊ 
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ʠʥʩʪʨʫʤʝʥʪʳ. ï 2015. ï T. 69, ˉ 4. ï ʉ. 80ï92. 
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ʋɼʂ: 539.8:539.537 

ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʉʊɸʃʀ ɻɸɼʌʀʃʔɼɸ ʇʆʉʃɽ ʋɼɸʈʅʆ-

ɺʆʃʅʆɺʆɻʆ ʅɸɻʈʋɾɽʅʀʗ 

ɸ. ɺ. ɻʫʩʴʢʦʚ, ɺ. ɸ. ɿʘʨʝʯʥʝʚʘ*, ʂ. ɽ. ʄʠʣʝʚʩʢʠʡ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 630073 ʧʨ-ʪ ʂ.ʄʘʨʢʩʘ 20, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

* ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʘʚʪʦʨ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: fand9v@mail.ru. ʊʝʣʝʬʦʥ: 8(383)346-25-65. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ 110ɻ13ʃ ʚ ʫʧʨʦʯʥʸʥʥʦʤ ʩʣʦʝ ʧʦʩʣʝ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ, ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʝ ʥʘʛʨʫʞʝʥʠʝ, ʪʚʸʨʜʦʩʪʴ, 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʤʢʨʦʩʪʨʫʢʪʫʨʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ ï ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ 

ɻʘʜʬʠʣʴʜʘ ʧʦʩʣʝ ʫʜʘʨʥʦ ï ʚʦʣʥʦʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʠʝ:  

ï ʧʣʦʪʥʦʩʪʠ; 

ï ʧʨʝʜʝʣʦʚ ʧʨʦʯʥʦʩʪʠ ʠ ʪʝʢʫʯʝʩʪʠ; 

ï ʪʚʝʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ; 

ï ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ. 

1. ɺʚʝʜʝʥʠʝ 

ɺ 1882 ʛʦʜʫ, ʘʥʛʣʠʡʩʢʠʡ ʤʝʪʘʣʣʫʨʛ ʈʦʙʝʨʪ ɻʘʜʬʠʣʴʜ ʚʳʧʣʘʚʠʣ ʩʪʘʣʴ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʨʛʘʥʮʘ (ʦʢʦʣʦ 13%) ʠ ʧʨʝʜʣʦʞʠʣ ʩʧʦʩʦʙ ʝʛʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʪʘʣʴ 

110ɻ13ʃ (ʩʪʘʣʴ ɻʘʜʬʠʣʴʜʘ) ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʘʤ ʫʧʨʦʯʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ: ʧʨʦʢʘʪʢʘ, ʧʨʝʩʩʦʚʘʥʠʝ, ʢʦʚʢʘ. ʇʨʠ ʵʪʠʭ ʩʧʦʩʦʙʘʭ ʦʙʨʘʙʦʪʢʠ 

ʚʝʣʠʯʠʥʘ ʫʧʨʦʯʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʦʜʥʘʢʦ 

ʫʧʨʦʯʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʘʣʫʶ ʛʣʫʙʠʥʫ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʠ. 

ʄʝʭʘʥʠʟʤʳ ʫʧʨʦʯʥʝʥʠʷ ʩʪʘʣʠ ɻʘʜʬʠʣʴʜʘ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, % 

ʫʛʣʝʨʦʜ ʤʘʨʛʘʥʝʮ ʢʨʝʤʥʠʡ 
ʥʝ ʙʦʣʝʝ % 

ʬʦʩʬʦʨ ʉʝʨʘ 

1,00ï1,30 11,50ï16,50 0,03ï0,09 0,09 0,02 

ʊʘʙʣʠʮʘ 2 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ɿʥʘʯʝʥʠʝ 

ɺʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ůɺ H/ʤʤ
2
 (ʢʛʩ/ʤʤ

2) 
735 (75) 

ʋʩʣʦʚʥʳʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ů0,2 H/ʤʤ
2
 (ʢʛʩ/ʤʤ

2
) 355 (36) 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, ŭ % 25 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ, ɣ % 22 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, KCU, ɼʞ/ʩʤ
2
 (ʢʛʩ ʭ ʤ/ʩʤ

2
) 1,7 (18,0) 

                                                           
É ɻʫʩʴʢʦʚ ɸ. ɺ., ɿʘʨʝʯʥʝʚʘ ɺ. ɸ., ʄʠʣʝʚʩʢʠʡ ʂ. ɽ. 

mailto:fand9v@mail.ru
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʟʘʛʦʪʦʚʢʝ ʧʨʠ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʤ 

ʥʘʛʨʫʞʝʥʠʠ: ʘ ï ʦʙʱʘʷ ʩʭʝʤʘ; ʙ ï ʩʭʝʤʘ ʤʦʜʝʣʠʨʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ ʩʞʘʪʠʝ; ʚ ï ʩʭʝʤʘ 

ʤʦʜʝʣʠʨʫʝʪ ʣʠʥʝʡʥʦʝ ʩʞʘʪʠʝ (ʦʩʘʜʢʫ) 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʢʨʦʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʳ: ʘ ï ʦʙʨʘʟʝʮ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ, 

 ʙ ï ʦʙʨʘʟʝʮ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ,  

ʚ ï ʦʙʨʘʟʝʮ ʥʘ ʨʘʩʪʷʞʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ 

 

ʈʠʩ. 3. ʉʭʝʤʘ ʟʘʤʝʨʘ ʪʚʸʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʥʘ ʩʝʯʝʥʠʠ: ʘ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʨʦʞʝʢ ʠ 

ʰʘʛʦʚ ʟʘʤʝʨʦʚ ʪʚʝʨʜʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʩʝʯʝʥʠʷ ʚ ʤʤ; ʙ ï ʜʦʨʦʞʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ 
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3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ 

 
ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ. 

1 ï ʫʯʘʩʪʦʢ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩ 480 ʧʦ 450 HV, 2 ï ʫʯʘʩʪʦʢ ʧʦʩʪʦʷʥʥʦʡ 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ 450 HV, 3 ï ʫʯʘʩʪʦʢ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩ 450 ʧʦ 300 HV, 4 ï 

ʫʯʘʩʪʦʢ ʧʦʩʪʦʷʥʥʦʡ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ 300 HV, 5 ï ʫʯʘʩʪʦʢ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʩ 

300 ʧʦ 230 HV, 6 ï ʫʯʘʩʪʦʢ ʩ ʥʝʠʟʤʝʥʸʥʥʦʡ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴʶ å 220ï250 HV 
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ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, ʣʠʥʠʡ ʩʢʦʣʴʞʝʥʠʷ ʠ ʠʭ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦ ʩʝʯʝʥʠʷʤ 

ʦʙʨʘʟʮʘ (1, 2, 3). 

 
ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ 
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ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ 

 
ʈʠʩ. 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ 
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ʈʠʩ. 10. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʥʘʛʨʫʞʝʥʠʷ: ʘ ï ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʩʣʦʡ, ʙ ï ʩʣʦʡ ʥʘʠʙʦʣʴʰʝʛʦ ʫʧʨʦʯʥʝʥʠʷ, ʚ ï ʩʨʝʜʥʠʡ ʩʣʦʡ, ʛ ï ʥʝʫʧʨʦʯʥʸʥʥʳʡ ʩʣʦʡ,  

1 ï ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʙʨʘʟʫʶʱʠʡ ʧʣʦʱʘʜʢʫ ʥʘʛʨʫʞʝʥʠʷ,  

2 ï ʢʦʩʦʡ ʬʨʦʥʪ ʫʜʘʨʥʦʡ ʚʦʣʥʳ 

4. ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʫʧʨʦʯʥʸʥʥʦʤ ʩʣʦʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ:  

ï ʟʥʘʯʝʥʠʝ ʪʚʸʨʜʦʩʪʠ (ʦʪ 20 HRʉ ʜʦ 40 HRC); 

ï ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ (ʦʪ 240 HV ʜʦ 480 HV); 

ï ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ (ʧʦʷʚʣʝʥʠʝ ʣʠʥʠʡ ʩʢʦʣʴʞʝʥʠʷ, ʫʚʝʣʠʯʝʥʠʝ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ); 

ï ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ (ʦʪ 7,48 ʛ/ʩʤ3 ʜʦ 7,68 ʛ/ʩʤ3) ʨʘʚʥʦʤʝʨʥʦʝ ʝʸ ʨʘʩʩʝʠʚʘʥʠʝ; 

ï ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʝʣʦʚ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ (ʦʪ450 ʄʇʘ ʠ 800 ʄʇʘ ʜʦ 860 ʄʇʘ ʠ 

1240 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 

ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ (ʦʪ 5 ʤʤ ʜʦ 40 ʤʤ). 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʝʢʘʥʫ ʬʘʢʫʣʴʪʝʪʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜ.ʪ.ʥ ʧʨʦʬʝʩʩʦʨʫ 

ʉʘʣʝʥʢʦ ʉʝʨʛʝʶ ɼʤʠʪʨʠʝʚʠʯʫ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʋɼʂ: 539.3:539.4.014.1:539.4.012.1:669.018.95 

ʈɸʉʏɪʊ ʅɸʇʈʗɾɪʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʀ 

ʇʆɺʈɽɾɼɪʅʅʆʉʊʀ ʇʈʀ ʅɸɻʈʋɾɽʅʀʀ ʇʈɽɼʉʊɸɺʀʊɽʃʔʅʆɻʆ ʆɹʒɪʄɸ 

ɺʓʉʆʂʆʅɸʇʆʃʅɽʅʅʆɻʆ SiC/Al ʄɽʊɸʃʃʆʄɸʊʈʀʏʅʆɻʆ ʂʆʄʇʆɿʀʊɸ 

ʖ. ɺ. ʍʘʣʝʚʠʮʢʠʡ*, ʄ. ɺ. ʄʷʩʥʠʢʦʚʘ, ɸ. ɺ. ʂʦʥʦʚʘʣʦʚ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

*ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʘʚʪʦʨ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: me@dijkstra.ru ; ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʧʠʩʢʠ: ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34,  

620049, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʊʝʣʝʬʦʥ: +7 (343) 375-35-89; ʬʘʢʩ: +7 (343) 374ï53ï30 

ʉʦʟʜʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʄʄʂ) 

ʩʠʩʪʝʤʳ Al/SiC ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʄʄʂ. 

ʆʩʫʱʝʩʪʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʤʘʪʨʠʮʝ ʠ ʩʪʘʥʦʚʣʝʥʳ ʦʯʘʛʠ 

ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʪʨʸʭ ʩʣʫʯʘʝʚ ʥʘʛʨʫʞʝʥʠʷ (ʨʘʩʪʷʞʝʥʠʝ, ʩʞʘʪʠʝ, ʩʜʚʠʛ). ʇʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʨʘʟʨʫʰʝʥʥʳʭ ʫʟʣʦʚ ʦʪ ʚʝʣʠʯʠʥʳ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʡ ʢʦʤʧʦʟʠʪ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʦʙʲʸʤ, 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʴ. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ: ʈʘʟʨʘʙʦʪʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ 

ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʛʦ ʢʦʤʧʦʟʠʪʘ (ʄʄʂ) ʩ ʫʯʝʪʦʤ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʄʄʂ ʧʨʠ ʧʨʦʩʪʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ʄʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʜʙʠʨʘʪʴ ʨʝʞʠʤʳ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ ʠʟ ʄʄʂ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʝʦʙʭʦʜʠʤʦʝ ʬʦʨʤʦʠʟʤʝʥʝʥʠʝ ʩ 

ʤʥʠʤʘʣʴʥʳʤʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. 

ʂʦʥʮʝʧʮʠʷ ʜʚʫʭʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

ʅʘ ʧʝʨʚʦʤ (ʤʘʢʨʦʤʘʩʰʪʘʙʥʦʤ) ʫʨʦʚʥʝ ʤʘʪʝʨʠʘʣ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʦʜʥʦʨʦʜʥʫʶ 

ʠʟʦʪʨʦʧʥʫʶ ʩʨʝʜʫ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ ʧʦ ʦʙʲʝʤʫ ʩʚʦʡʩʪʚʘʤʠ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ.  

ʅʘ ʚʪʦʨʦʤ ʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ ï ʤʝʟʦʫʨʦʚʥʝ, ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ 

ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʟʠʪʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʪʘʶʪʩʷ 

ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʚʩʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʭʘʥʠʢʠ ʢʦʥʪʠʥʫʫʤʘ. 

ʂʦʤʧʦʟʠʪ Al/SiC 

Å ʄʘʪʨʠʮʘ ʠʟ ʘʣʶʤʠʥʠʷ ʠʣʠ ʝʛʦ ʩʧʣʘʚʘ; 

Å ʋʧʨʦʯʥʠʪʝʣʴ ï ʢʘʨʙʠʜ ʢʨʝʤʥʠʷ ʚ ʚʠʜʝ ʯʘʩʪʠʮ; 

Å ʇʝʨʩʧʝʢʪʠʚʥʳʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ; 

Å ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʧʦʙʠʨʘʪʴ ʨʝʞʠʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ; 

Å ɼʣʷ ʧʦʜʙʦʨʘ ʨʝʞʠʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʯʠʪʳʚʘʪʴ ʧʦʚʨʝʞʜʸʥʥʦʩʪʴ. 

                                                           
É ʍʘʣʝʚʠʮʢʠʡ ʖ. ɺ., ʄʷʩʥʠʢʦʚʘ ʄ. ɺ., ʂʦʥʦʚʘʣʦʚ ɸ. ɺ. 

mailto:me@dijkstra.ru
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https://ceramics.ferrotec.com/products/ceramics/materials/metal-matrix/al-sic 

ʈʠʩ. 1. ʀʟʜʝʣʠʷ ʠʟ ʄʄʂ Al/SiC. ʀʟʦʙʨʘʞʝʥʠʝ ʧʨʠʥʘʜʣʝʞʠʪ 

 

ʈʠʩ. 2. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʄʄʂ 

 

ʈʠʩ. 3. ʄʦʜʝʣʴ ʜʣʷ ʬʦʨʤʳ ʯʘʩʪʠʮ ʚ ʢʦʤʧʦʟʠʪʝ 

ʉʚʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʄʄʂ 

ʄʘʪʝʨʠʘʣ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ SiC ï ʠʟʦʪʨʦʧʥʳʡ, ʧʦʜʯʠʥʷʶʱʠʤʩʷ ʟʘʢʦʥʫ 

ʣʠʥʝʡʥʦʡ ʫʧʨʫʛʦʩʪʠ: E=380 ɻʇʘ; ɜ = 0,3. 
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ʄʘʪʝʨʠʘʣ ʤʘʪʨʠʮʳ (ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸ8) ð ʠʟʦʪʨʦʧʥʘʷ ʫʧʨʫʛʦ-ʧʣʘʩʪʠʯʝʩʢʘʷ ʠ 

ʧʣʘʩʪʠʯʝʩʢʠ ʥʝʩʞʠʤʘʝʤʘʷ ʩʨʝʜʘ ʩ ʤʫʣʴʪʠʣʠʥʝʡʥʳʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ: 

E=70 ɻʇʘ; ɜ = 0,3. 

 

ʈʠʩ. 4. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ 

ʉʚʦʡʩʪʚʘ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʄʄʂ  

ʄʘʪʝʨʠʘʣ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ ï ʠʟʦʪʨʦʧʥʘʷ ʫʧʨʫʛʦ-ʚʷʟʢʦ-ʧʣʘʩʪʠʯʝʩʢʘʷ ʠ ʧʣʘʩʪʠʯʝʩʢʠ 

ʥʝʩʞʠʤʘʝʤʘʷ ʩʨʝʜʘ: E=194 ɻʇʘ; ɜ = 0,3. 

ʂʨʠʚʘʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʩʞʘʪʠʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 

1 ʩ
-1 

 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 
ʦ
ʉ. 

 

ʈʠʩ. 5. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʙʫʬʝʨʥʦʛʦ ʩʣʦʷ 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ 

ʈʘʩʪʷʞʝʥʠʝ: Uy
1
 = 18 ʤʢʤ; Uy

2
 = Ux

3
 = Uz

4
 = 0.  

ʉʜʚʠʛ: Ux
1
 = 28 ʤʢʤ; Uy

1
 = 0; Ux

2
 = Uy

2 
= 0; Uz

4
 = 0.  

ʉʞʘʪʠʝ: Uy
1
 = -15 ʤʢʤ; Uy

2
 = Ux

3
 = Uz

4
 = 0.  
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ʈʠʩ. 6. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ 

ɺ ʢʘʞʜʦʤ i-ʦʤ ʫʟʣʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʤʘʪʨʠʮʳ ʄʄʂ ʥʘ ʢʘʞʜʦʤ ʜʝʩʷʪʦʤ 

ʨʘʩʯʝʪʥʦʤ ʰʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ: Ὧ  

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʃʦʜʝ: ‘ ς ρ 

ʛʜʝ „ ï ʩʨʝʜʥʝʝ ʥʦʨʤʘʣʴʥʦʝ (ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ) ʥʘʧʨʷʞʝʥʠʝ ʚ i-ʦʤ ʫʟʣʝ ʤʘʪʨʠʮʳ; 

Ὕ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ i-ʦʤ ʫʟʣʝ ʤʘʪʨʠʮʳ; 

„ ȟ„ , „  ï ʛʣʘʚʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ i-ʦʤ ʫʟʣʝ ʤʘʪʨʠʮʳ. 

ɺʝʣʠʯʠʥʫ ʧʨʠʨʘʱʝʥʠʷ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʚ i-ʦʤ ʫʟʣʝ ʥʘ j-ʦʤ ʥʘʛʨʫʟʦʯʥʦʤ 

ʰʘʛʝ ʜʝʬʦʨʤʘʮʠʠ ʚʳʨʘʞʘʣʠ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʧʨʠʨʘʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ῳ‐ : 

ῳΏ ῳ‐ῳ‐  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʚ iïʦʤ 

ʫʟʣʝ ʤʘʪʨʠʮʳ ʚʳʯʠʩʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ώ В ῳΏ, 

ʛʜʝ n ï ʯʠʩʣʦ ʨʘʩʯʝʪʥʳʭ ʰʘʛʦʚ ʜʝʬʦʨʤʘʮʠʠ. 

ʇʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʜʦ ʨʘʟʨʫʰʝʥʠʷ Ώ  ʤʘʪʝʨʠʘʣʘ 

ʤʘʪʨʠʮʳ ʄʄʂ ï ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸ8, ʩʚʷʟʘʥʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ k ʠ ‘ ʯʝʨʝʟ ʩʣʝʜʫʶʱʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

Ώ ρȟυωÅØÐπȟυψὯ τȟυ
ȟ

σȟχυ
ȟ

‘ τȟυ
ȟ

σȟχυ
ȟ

ρȟυωÅØÐπȟυψË ‘. 

ɺ ʤʝʭʘʥʠʢʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʨʘʩʯʝʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ 

ʩʢʘʣʷʨʥʘʷ, ʨʝʞʝ ʪʝʥʟʦʨʥʘʷ, ʚʝʣʠʯʠʥʘ, ʥʘʟʳʚʘʝʤʘʷ çʧʦʚʨʝʞʜʝʥʥʦʩʪʴʶè w, ʢʦʪʦʨʘʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʘ ʠ ʠʟʚʝʩʪʥʦʡ ʠʩʪʦʨʠʠ 

ʥʘʛʨʫʞʝʥʠʷ. 

0 Ò ɤ Ò 1 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ɺ. ʃ. ʂʦʣʤʦʛʦʨʦʚʘ, 

ʫʩʣʦʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʚ ʢʘʞʜʦʤ i-ʦʤ ʫʟʣʝ ʟʘ n ʰʘʛʦʚ ʥʘʛʨʫʞʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

‫ В
ȟ

ρ, 

ʛʜʝ Ὧȟ‘  ï ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʃʦʜʝ ʚ i-ʦʤ ʫʟʣʝ 

ʥʘ j-ʦʤ ʰʘʛʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʩʦ 

ʩʪʝʧʝʥʴʶ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 4 % ï ʘ, 8 % ï ʙ ʠ 18 % ï ʚ 

 

ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʧʨʠ ʩʜʚʠʛʝ ʩʦ 

ʩʪʝʧʝʥʴʶ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 4 % ï ʘ, 8 % ï ʙ ʠ 18 % ï ʚ 
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ʈʠʩ. 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʧʦ ʩʝʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʧʨʠ ʩʞʘʪʠʠ ʩʦ 

ʩʪʝʧʝʥʴʶ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 4 % ï ʘ, 8 % ï ʙ ʠ 18 % ï ʚ 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʶ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʫʯʘʩʪʢʠ ʛʨʘʥʠʮ 

çʤʘʪʨʠʮʘ-ʚʢʣʶʯʝʥʠʝè, ʘ ʪʘʢʞʝ ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʨʠʮʳ. ʇʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʦʙʣʘʩʪʴ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʤʷʛʢʦʡ ʤʘʪʨʠʮʝ ʚʦʟʥʠʢʘʝʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ, ʚʳʩʪʫʧʘʶʱʠʭ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚ ʨʦʣʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʞʝʩʪʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʙʠʜʦʚ ʢʨʝʤʥʠʷ çʟʘʞʠʤʘʷè ʤʝʞʜʫ ʩʦʙʦʡ ʪʦʥʢʠʡ ʩʣʦʡ 

ʤʘʪʨʠʮʳ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʣʦʩ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ 

ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ, ʩʭʦʞʠʝ ʩ ʪʝʤʠ, ʯʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʳʜʘʚʣʠʚʘʥʠʠ ʪʦʥʢʦʛʦ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʩʣʦʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʤʝʞʜʫ ʜʚʫʤʷ ʞʝʩʪʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

 
ʈʠʩ. 10. ɼʠʥʘʤʠʢʘ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʤʘʪʨʠʮʝ ʄʄʂ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʩʞʘʪʠʠ ʠ 

ʩʜʚʠʛʝ 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʈʘʟʨʘʙʦʪʘʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʜʝʬʦʨʤʘʮʠʠ ʄʄʂ ʜʣʷ ʪʨʝʭ ʩʣʫʯʘʝʚ ʧʨʦʩʪʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ (ʨʘʩʪʷʞʝʥʠʝ, ʩʞʘʪʠʝ, ʩʜʚʠʛ) ʥʘ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʨʝʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦ-

ʩʢʦʨʦʩʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʄʄʂ.  
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2.  ʇʦʣʫʯʝʥʳ ʧʦʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) 

ʚʥʫʪʨʠ ʦʙʲʝʤʘ ʄʄʂ.  

3. ʆʩʫʱʝʩʪʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʚ ʤʘʪʨʠʮʝ ʄʄʂ. 

ʇʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʨʘʟʨʫʰʝʥʥʳʭ ʫʟʣʦʚ ʢʦʥʝʯʥʦ- ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʤʘʪʨʠʮʳ 

ʦʪ ʚʝʣʠʯʠʥʳ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʄʄʂ ʜʣʷ ʪʨʝʭ ʩʣʫʯʘʝʚ ʥʘʛʨʫʞʝʥʠʷ 

(ʨʘʩʪʷʞʝʥʠʝ, ʩʞʘʪʠʝ, ʩʜʚʠʛ). 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʝʜʘʢʮʠʦʥʥʦʤʫ ʢʦʤʠʪʝʪʫ ʢʦʥʬʝʨʝʥʮʠʠ ʄʈɼʄʂ 

ʟʘ ʪʷʞʸʣʳʡ ʪʨʫʜ ʧʦ ʧʝʨʝʚʦʜʫ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ ʧʨʝʟʝʥʪʘʮʠʠ ʚ ʬʦʨʤʫ ʜʦʢʣʘʜʘ ʜʣʷ ʩʙʦʨʥʠʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʢʦʥʬʝʨʝʥʮʠʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʧʨʦʝʢʪ ˉ14-19-01358). 

ʃʠʪʝʨʘʪʫʨʘ 
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ʋɼʂ: 54-31:54.116:620.182.2 

ɺʃʀʗʅʀɽ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʅɸʅʆɼʀʉʇɽʈʉʅʓʍ ʆʂʉʀɼʆɺ  

ɼʃʗ ʌʀʅʀʐʅʆɻʆ ʇʆʃʀʈʆɺɸʅʀʗ ʄɽʊɸʃʃʆɺ 

ʃ. ʌ. ʂʦʨʦʣʝʚʘ* 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʋʨʘʣʴʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʘʚʪʦʨ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: lq@imach.uran.ru ; ʘʜʨʝʩ ʜʣʷ ʧʝʨʝʧʠʩʢʠ: ʫʣ. ʂʦʤʩʦʤʦʣʴʩʢʘʷ, 34, 

620049, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʊʝʣʝʬʦʥ: +7 (343) 374-18-53; ʬʘʢʩ: +7 (343) 374ï53ï30 

ʎʝʣʴ ʨʘʙʦʪʳ: 1) ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʦʥʮʝʧʮʠʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʬʠʥʠʰʥʦʛʦ 

ʧʦʣʠʨʦʚʘʥʠʷ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʣʝʡ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʥʦʜʠʩʧʝʨʩʥʳʤʠ ʪʨʠʙʦʭʠʤʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʤʠ ʘʙʨʘʟʠʚʘʤʠ ʩ ʧʦʟʠʮʠʡ ʤʝʭʘʥʠʢʠ ʠ ʭʠʤʠʠ;  

2) ʨʘʟʨʘʙʦʪʢʘ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʢʩʠʜʦʚ 

ʘʣʶʤʠʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʬʠʥʠʰʥʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ: ʜʣʷ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦʣʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʠʟʜʝʣʠʡ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ɺ ʧʨʝʮʠʟʠʦʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʪʨʝʙʫʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʝʥʝʝ 0.005 ʤʢʤ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʙʦʨʦʚ. 

ɺ ʵʣʝʢʪʨʦʥʠʢʝ ʧʦʣʠʨʦʚʘʥʠʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʘʥʦʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ ʵʧʠʪʘʢʩʠʠ ʠ ʥʘʥʝʩʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ: 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʦʪʨʘʞʘʶʱʠʭ, ʧʨʦʧʫʩʢʘʶʱʠʭ, ʧʨʦʚʦʜʷʱʠʭ. 

ɺ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʧʝʨʝʭʦʜ ʦʪ ʩʫʙʤʠʢʨʦʥʥʳʭ ʢ ʥʘʥʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ 

ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʦʚʳʭ ʧʨʠʙʦʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʪʦʣʱʠʥʦʡ 

5-15 ʥʤ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʝʣʴʝʬʦʤ. 

 

ʈʠʩ. 1. ʇʨʠʤʝʨʳ ʧʨʦʜʫʢʮʠʠ 

ʇʨʦʮʝʩʩ ʧʦʣʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʪʦʣʝʪʠʡ ʧʨʠʚʣʝʢʘʣ ʚʥʠʤʘʥʠʝ ʠʟʚʝʩʪʥʳʭ 

ʫʯʝʥʳʭ ʤʠʨʘ: ʅʴʶʪʦʥ, ɻʫʢ, ʈʵʣʝʡ ʠ ʃʦʤʦʥʦʩʦʚ. 

ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʠʣʦʞʝʥʠʠ ʥʘʫʢʠ ʢ ʪʝʭʥʦʣʦʛʠʷʤ 

ʚʝʩʴʤʘ ʧʦʯʪʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʋʞʝ ʪʳʩʷʯʠ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʤʘʩʪʝʨʘ ʐʫʤʝʨʘ, ɽʛʠʧʪʘ, ʀʥʜʠʠ ʠ 

ʂʠʪʘʷ, ʢʘʢ ʠ ʠʭ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʝ ʝʚʨʦʧʝʡʩʢʠʝ ʠ ʘʤʝʨʠʢʘʥʩʢʠʝ ʧʦʪʦʤʢʠ, ʜʨʦʙʷʪ ʠ 

ʠʟʤʝʣʴʯʘʶʪ ʨʫʜʳ ʠ ʫʛʦʣʴ, ʤʝʣʶʪ ʟʝʨʥʦ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʤʝʪʘʣʣʳ, ʰʣʠʬʫʶʪ ʠ ʧʦʣʠʨʫʶʪ 
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ʩʪʝʢʣʘ ʠ ʢʘʤʥʠ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ɹʵʡʣʴʙʠ, 

ɻʨʝʙʝʥʱʠʢʦʚʳʤ, ʂʘʯʘʣʦʚʳʤ, ʂʨʘʛʝʣʴʩʢʠʤ, ʈʝʙʠʥʜʝʨʦʤ, ʍʦʜʘʢʦʚʳʤ. 

 

ʈʠʩ. 2. ʍʨʫʩʪʘʣʴʥʳʡ ʯʝʨʝʧ ʄʠʪʯʝʣʣʘ-ʍʝʜʞʝʩʘ (ʥʘʨʦʜʦʚ ʤʘʡʷ VIII- IX ʚʝʢ) 

ʊʝʨʤʠʥ çʤʝʭʘʥʦʭʠʤʠʷè ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ, 

ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʦʣʠʨʦʚʘʥʠʷ, ʝʩʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʷʚʣʷʶʪʩʷ 

ʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʩʦʟʜʘʥʘ ʥʘ ʩʪʳʢʝ ʥʘʫʢ: ʬʠʟʠʯʝʩʢʦʡ 

ʭʠʤʠʠ (ʢʦʣʣʦʠʜʥʦʡ), ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʠʢʠ ʤʘʪʝʨʠʘʣʦʚ (ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ 

ʇ. ɸ. ʈʝʙʠʥʜʝʨʦʤ). ʉʚʷʟʘʥʘ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʘʣʣʦʚ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ, 

ʜʘʚʣʝʥʠʷ, ʨʝʟʘʥʠʷ, ʚʦʣʦʯʝʥʠʷ, ʰʣʠʬʦʚʘʥʠʷ, ʧʦʣʠʨʦʚʘʥʠʷ - ʠ ʩʦʩʪʦʠʪ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʧʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩʘʤʠ ʜʝʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. 

 

ʈʠʩ. 3. ɹʣʦʢ-ʩʭʝʤʘ ʚʠʜʦʚ ʧʦʣʠʨʦʚʘʥʠʷ 
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ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ. 

ʄʝʭʘʥʠʯʝʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʘʥʠʝ 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʦʣʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʦʮʝʩʩʘʤ 

ʪʨʝʥʠʷ ʧʘʨʳ ʩʢʦʣʴʞʝʥʠʷ.  

ʇʨʦʮʝʩʩ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʪʨʝʥʠʠ (ɽ.ɸ. ʄʘʨʯʝʥʢʦ, 1979) ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʨʠ ʩʪʘʜʠʠ:  

ʋʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ  

ʧʣʘʩʪʠʯʝʩʢʠ-ʜʝʩʪʨʫʢʮʠʦʥʥʘʷ  

ʧʦʷʚʣʝʥʠʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʝʱʠʥ, ʚʝʜʫʱʠʭ ʢ ʨʘʟʨʫʰʝʥʠʶ  

ʆʧʨʝʜʝʣʷʶʱʠʝ ʬʘʢʪʦʨʳ: 

1) ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʦʩʥʦʚʥʦʡ ʬʨʘʢʮʠʠ ʘʙʨʘʟʠʚʘ  

2) ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʙʨʘʟʠʚʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

3) ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʘʙʨʘʟʠʚʘ ʠ ʧʦʣʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ 

4) ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

5) ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʠʨʦʚʘʣʴʥʠʢʘ;  

6) ʩʢʦʨʦʩʪʴ ʧʦʣʠʨʦʚʘʥʠʷ.  

ʉʲʝʤ ʤʝʪʘʣʣʘ: CM=cqvp
r
d

u
w

f
/S

m  

ʰʝʨʦʭʦʚʘʪʦʩʪʴ Rz=Cnd
0,5

 
cq ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʘʙʨʘʟʠʚʘ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʙʦʪʢʠ; v ï

 ʩʢʦʨʦʩʪʴ ʧʦʣʠʨʦʚʘʥʠʷ; p ï ʜʘʚʣʝʥʠʝ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; d ï ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʦʩʥʦʚʥʦʡ ʬʨʘʢʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; w ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʞʠʜʢʦʡ 

ʬʘʟʝ ʧʦ ʤʘʩʩʝ; S ï ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʥʩʪʨʫʤʝʥʪʘ; r 

=0,7ï1,0 

ʌʠʥʠʥhʦʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʠʨʦʚʘʥʠʝ 

ʈʦʣʴ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʥʘ ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʥʠʮʠʠʨʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  
ʀʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʘʣʠ: ʦʢʠʩʣʝʥʠʝ  

Fe
o 
­ Fe

2+ 
­ Fe

3+ 
  3d

6
4s

2
 ­3d

6
4s

o
 ­3d

5
4s

o
 

ʕʣʝʢʪʨʦʥʥʦ-ʩʧʠʥʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʯʘʩʪʠʯʥʦ ʟʘʧʦʣʥʝʥʥʳʭ ʦʙʦʣʦʯʢʘʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʨʝʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʩʨʝʜʳ ʠʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʤʛʥʦʚʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʘʷ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʫʜʘʣʷʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ. 

 C ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠʜʝʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʠ ʨʘʟʨʳʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ. ʂ ʭʠʤʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʠʪʩʷ ʪʨʠʙʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʢʩʠʜʦʚ. ʉʪʝʧʝʥʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʦʢʩʠʜʳ ʤʝʪʘʣʣʘ (ʩʪʝʧʝʥʴ ʧʦʣʠʨʦʚʘʥʠʷ): 

‌ Ὅ ÅØÐὯὸ  

ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ: 
1. ɸʣʤʘʟ (ʩʢʦʨʦʩʪʥʦʝ ʧʦʣʠʨʦʚʘʥʠʝ, ʧʦʣʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ).  

2. ʂʘʨʙʠʜʳ ʢʨʝʤʥʠʷ ʠ ʙʦʨʘ (ʧʦʣʠʨʦʚʘʥʠʝ ʪʠʪʘʥʘ). 

3.ʂʘʨʙʠʜ ʪʠʪʘʥʘ (ʩʪʘʣʠ ʠ ʤʝʜʥʳʝ ʩʧʣʘʚʳ).  

4. ʂʘʨʙʠʜ ʮʠʨʢʦʥʠʷ (ʥʝʨʞʘʚʝʶʱʠʝ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʣʘʚʳ).  

5. ʅʠʪʨʠʜ ʪʠʪʘʥʘ (ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ).  

6. ʂʦʨʫʥʜ (ʤʝʪʘʣʣʳ ʠ ʨʝʜʢʦ - ʩʪʝʢʣʦ).  

7.ʆʢʩʠʜ ʭʨʦʤʘ(Cr2O3) ï ʪʨʸʭ ʤʘʨʦʢ: ʆʍʄ-1 (ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ), ʆʍʇ-1 (ʧʠʛʤʝʥʪʥʘʷ) 

ʠ ʆʍʏ-1 (ʯʘʩʦʚʘʷ) (ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʮʚʝʪʥʳʭ ʠ ʯʝʨʥʳʭ ʤʝʪʘʣʣʦʚ - ʧʘʩʪʳ ɻʆʀ).  

8. ʆʢʠʩʴ ʮʝʨʠʷ ʉeO2 (ʧʦʣʠʨʦʚʘʥʠʝ ʟʝʨʢʘʣʴʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʪʝʢʦʣ).  

9. ʆʢʠʩʴ ʪʠʪʘʥʘ (ʧʦʣʠʨʦʚʘʥʠʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʪʝʢʣʘ).  

10. ʄʝʣ (ʧʦʣʠʨʦʚʘʥʠʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ) ʠ ʛʘʣʪʦʚʢʘ 
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11. ʂʨʦʢʫʩ (ʙʨʦʥʟʘ, ʣʘʪʫʥʴ, ʤʝʜʴ, ʩʝʨʝʙʨʦ, ʟʦʣʦʪʳʝ ʩʧʣʘʚʳ).  

12. ʉʫʨʠʢ (ʤʝʜʥʳʝ ʩʧʣʘʚʳ, ʤʷʛʢʠʝ ʩʪʘʣʠ).  

13. ʇʦʣʠʨʠʪ ï ʩʦʜʝʨʞʠʪ ʜʦ 97 % ʦʢʩʠʜʦʚ ʈɿʕ (ʜʣʷ ʧʦʣʠʨʦʚʢʠ ʩʪʝʢʣʘ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ).  

14. ɸʵʨʦʩʠʣ ï SiO2 ʪʨʸʭ ʤʘʨʦʢ: ɸ-175, ɸ-300 ʠ ɸ-380, ʚ ʢʦʪʦʨʳʭ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʝʥ: ʦʪ 10 ʜʦ 40 ʥʤ, ʦʪ 5 ʜʦ 20 ʥʤ ʠ ʦʪ 5 ʜʦ 15 ʥʤ.  

15. çʕʣʧʣʘʟè (SiO2) ï ʜʣʷ ʬʠʥʠʰʥʦʡ ʧʦʣʠʨʦʚʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʣʘʩʪʠʥ - ʪʨʸʭ 

ʤʘʨʦʢ: ɸ (ʜʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʣʘʩʪʠʥ ʠʟ ʢʨʝʤʥʠʷ), ɹ (ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʢʨʝʤʥʠʝʚʳʭ ʧʣʘʩʪʠʥ ʥʘ ʧʦʣʠʨʦʚʘʣʴʥʠʢʝ ʠʟ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʟʘʤʰʠ) ʠ ɺ (ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʪʠʧʘ A
III

B
V
 ʠ A

II
B

VI
).  

 

ʈʠʩ. 4. ʉʭʝʤʘ ʧʦʣʠʨʦʚʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

1 ï ʧʣʠʪʘ; 2 ï ʣʦʪʦʢ ʜʣʷ ʧʦʣʠʨʦʚʘʣʴʥʦʡ ʧʘʩʪʳ; 3 ï ʦʙʨʘʟʝʮ; 4 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 5 ï

 ʨʝʟʠʩʪʦʨ; 6 ï ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ; 7 ï ʰʧʠʥʜʝʣʴ; 8 ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ; 9 ï ʥʘʛʨʫʟʢʘ 

ʈʝʞʠʤ: ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 18ï30 ʢʇʘ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 89 ʦʙ/ʤʠʥ (1,4ï1,5 ʤ/ʩ) 

ʊʘʙʣʠʮʘ 1 ï ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʝ ʨʝʞʠʤʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ 

ʇʦʣʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʆʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ ʋʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʄʇʘ 

ʉʪʘʣʴ, ʥʠʢʝʣʴ 30ð35 1-2 

ʄʝʜʴ, ʜʨʘʛʦʮʝʥʥʳʝ ʤʝʪʘʣʣʳ 20ð30 0,3ð0,8 

ɸʣʶʤʠʥʠʡ ʠ ʝʛʦ ʩʧʣʘʚʳ 18ð22 0,1ð0,4 

ʇʣʘʩʪʠʯʝʩʢʠʝ ʤʘʩʩʳ 12ð15 0,1ð0,2 

ʄʝʪʦʜʳ ʢʦʥʪʨʦʣʷ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ: Ra ʠʣʠ Rz (ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ: ʦʧʪʠʯʝʩʢʠʡ ʧʨʦʬʠʣʦʤʝʪʨ ʬʠʨʤʳ Veeco Wyko NT 1100) ʇʘʨʘʤʝʪʨʳ Ra, Rz 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʥʶʶ ʚʳʩʦʪʫ ʥʝʨʦʚʥʦʩʪʝʡ ʧʨʦʬʠʣʷ (Ra ï ʚʩʝʭ ʥʝʨʦʚʥʦʩʪʝʡ; Rz ð 
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ʥʘʠʙʦʣʴʰʠʭ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʙʘʟʦʚʦʡ ʜʣʠʥʝ). ʄʝʪʦʜ ʘʪʦʤʥʦʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ Ra ʠ Rz ï 

ʉʢʘʥʠʨʫʶʱʠʡ ʟʦʥʜʦʚʳʡ ʤʠʢʨʦʩʢʦʧ ñʅʘʥʦʉʢʘʥò, ʨʘʙʦʪʘʶʱʠʡ ʚ ʞʝʩʪʢʦʤ ʢʦʥʪʘʢʪʥʦʤ 

ʨʝʞʠʤʝ. Ra=1/n äƅyiƅ  

 

ʈʠʩ. 5. ʉʭʝʤʘ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

 

ʈʠʩ. 6. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ (1) ʠ ʤʷʛʢʠʤʠ 

ʘʙʨʘʟʠʚʘʤʠ (2) ʊ ï ʪʚʝʨʜʦʩʪʴ ʘʙʨʘʟʠʚʘ ʚ ʙʘʣʣʘʭ ʰʢʘʣʳ ʄʦʦʩʘ 

ʇʦʣʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, P, ʤʛ/ʤʠʥ ʩʤ
2
 

)/( tSMP ÖD=  

ʅʘʰʘ ʨʘʟʨʘʙʦʪʢʘ ï ʘʙʨʘʟʠʚ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ 

ʞʝʣʝʟʘ: Al 2-ʭ FeʭO3 ʠ Fe2-yAl yO3 ï (Al 2O3 ÖFe2O3) ï ʪʨʠʙʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʘʙʨʘʟʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ. 
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ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʛʦ ʛʝʤʘʪʠʪʘ 

Fe2-yAl yO3(1) ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʛʦ ʢʦʨʫʥʜʘ Al2-ʭ FeʭO3 (2) 

ʉʭʝʤʘ ʩʠʥʪʝʟʘ: 

ὔὌὊὩὃὰὕὌ ὅὕ ϽὲὌὕᴼὃὰὊὩὕὌ ὕ ᴼὃὰὕ ϽὊὩὕ
ᴼ‌ ὃὰ ὊὩὕʢʨʠʩʪ.‌  ὊὩ ὃὰὕʢʨʠʩʪ. 

ɸʙʨʘʟʠʚʥʳʡ ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʬʠʥʠʰʥʦʛʦ ʧʦʣʠʨʦʚʘʥʠʷ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ (ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʤʝʥʝʝ 0,005 ʤʢʤ). 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʘʥʠʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʩʣʝʜʫʝʪ ʧʦʚʳʩʠʪʴ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʙʨʘʟʠʚʘ ʟʘ ʩʯʝʪ ʚʝʜʝʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʦʢʠʩʣʠʪʝʣʷ. ɼʨʫʛʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʟʘ ʩʯʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʢʩʠʜʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ ʦʢʩʠʜʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ, ʪʘʢʠʭ ʢʘʢ ʤʦʣʠʙʜʝʥ, ʤʘʨʛʘʥʝʮ (MoO2, Mn2O3) ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʘʙʨʘʟʠʚʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʧʦʣʠʨʦʚʘʥʠʠ: ʘʜʩʦʨʙʮʠʷ, ʩʤʘʯʠʚʘʥʠʝ, ʘʜʛʝʟʠʷ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʬʘʟ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ 
ʇʨʦʮʝʩʩ ʧʦʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ, 

ʦʩʣʦʞʥʝʥʦ ʪʝʤ, ʯʪʦ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʦʤ ʘʙʨʘʟʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ.  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʠʨʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʬʫʥʢʮʠʠ: 

1. ʋʜʝʨʞʘʥʠʝ ʨʝʞʫʱʠʭ ʟʝʨʝʥ (ʚ ʦʩʥʦʚʥʦʤ ʘʜʛʝʟʠʦʥʥʦʝ ʧʨʠʣʠʧʘʥʠʝ).  

2. ʆʭʣʘʞʜʝʥʠʝ.  

3.ʍʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩʥʷʪʠʝ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ).  

4. ʌʠʟʠʯʝʩʢʦʝ ʫʩʢʦʨʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ   

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ:  
1)ʦʣʝʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʚ ʩʦʩʪʘʚʝ ʧʘʩʪ);  

2)ʮʝʨʝʟʠʥ;  

3)ʩʪʝʘʨʠʥ;  

4)ʤʘʩʣʘ; 4)ʢʝʨʦʩʠʥ;  

5)ʚʦʜʘ (ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʝ ʧʦʣʠʨʦʚʘʥʠʝ);  

6)ʤʠʥʝʨʘʣʴʥʳʝ ʢʠʩʣʦʪʳ ʠ ʩʦʣʠ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʣʠʪʦʚ (ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ 

ʧʦʣʠʨʦʚʘʥʠʝ).  

ʉʦʣʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʭʠʤʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʩʫʣʴʬʘʪ ʤʝʜʠ, ʥʠʪʨʘʪʳ 

ʤʝʜʠ ʠʣʠ ʩʝʨʝʙʨʘ) 
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ɺ ʬʠʥʠʰʥʦʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʤ ʧʦʣʠʨʦʚʘʥʠʠ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ: ʯʪʦ ʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʠʟʚʝʩʪʥʳʤʠ 

ʘʙʨʘʟʠʚʘʤʠ - ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʚʦʜʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʥʘʥʦʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʘʙʨʘʟʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʪʚʝʨʜʳʭ ʬʘʟ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʟʝʨʝʥ ʘʙʨʘʟʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʘ, 

ʚʳʟʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʥʢʦʛʦ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʦʚ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʩʘ G: 

‘
Ὁ ὝὛ ὖὠ

ὔ

Ὃ

ὔ
 Ȣ 

Cʚʦʜʥʘʷ ʵʥʝʨʛʠʷ dE ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʠ dS, ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ mi ʠ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ g ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: 

dF = ïTdS + ×midNi ï gdA 

ʛʜʝ Ni ï ʯʠʩʣʦ ʯʘʩʪʠʮ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, g ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 
ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ, ɸ ï ʧʣʦʱʘʜʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɸʢʪʠʚʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠʚʦʜʠʪ ʢ 

ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ mʤ 

‘ʤ ὙὝÌÎ
”

”
ὲȢ 
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ʊʘʙʣʠʮʘ 2 ï ʂʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʦʣʠʨʦʚʘʥʠʠ 

ɺʭʦʜʥʳʝ ʬʘʢʪʦʨʳ ʌʘʢʪʦʨʳ ʢʦʥʪʨʦʣʷ ɺʳʭʦʜʥʳʝ ʬʘʢʪʦʨʳ 

1. ʇʨʠʨʦʜʘ (ʩʪʨʫʢʪʫʨʘ ʩʚʷʟʠ, 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ) ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ɼʠʩʧʝʨʩʠʦʥʥʘʷ ʩʨʝʜʘ 

(ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʞʠʜʢʦʩʪʴ) ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ 

3. ʅʘʛʨʫʟʢʘ (ʜʘʚʣʝʥʠʝ) ʥʘ 

ʧʦʣʠʨʦʚʘʣʴʥʠʢ. 

4. ʉʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

1. ʀʟʤʝʥʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

(ʤʠʢʨʦʨʝʣʴʝʬʘ) 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

2. ʀʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʘʜʩʦʨ- 

ʙʠʨʫʝʤʳʭ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ  

ʧʣʝʥʦʢ 

3. ʀʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. 

4. ʊʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʟʦʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

5. ʅʘʢʦʧʣʝʥʠʝ ʚʘʢʘʥʩʠʡ ʠ 

ʜʠʩʣʦʢʘʮʠʡ 

1. ʉʢʦʨʦʩʪʴ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ 

ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ʂʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

3. ʈʘʩʭʦʜ ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ 

 

ʈʠʩ. 8. ʉʭʝʤʘ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʨʦʚʘʥʠʷ 

ʇʨʠ ʧʦʣʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʣʝʥʢʘʭ, ʥʘʧʨʠʤʝʨ: 

1) ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ ʥʘ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʶʪ 

ʦʪʨʳʚʘʶʱʠʝ ʫʩʠʣʠʷ 

2) ʚʥʫʪʨʝʥʥʠʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʨʦʩʪʝ ʧʣʝʥʢʠ 

ɸʢʪʠʚʥʘʷ ʩʤʘʟʢʘ ʩʦʟʜʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʪʦʥʯʘʡʰʠʡ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʩʣʦʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ 

ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʤʝʪʘʣʣʘ 
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ʈʠʩ. 9. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʘʥʠʷ 

 

ʈʠʩ. 10. ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ Ra=0.002 ʤʢʤ ʚ ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ  

ʩʪʘʣʴ ʐʍ-15 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʘ ʧʨʠ ʧʦʣʠʨʦʚʘʥʠʠ ʠ 

ʩʥʠʞʝʥʠʷ ʫʩʠʣʠʷ ʦʙʨʘʙʦʪʢʠ ï ʠʟʤʝʥʷʶʪ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣ-ʠʥʩʪʨʫʤʝʥʪ ʠ ʪʝʤ ʩʘʤʳʤ ʠʟʤʝʥʷʝʤ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ. 

ɺʝʣʠʯʠʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ. ʅʝʧʨʦʪʠʚʦʨʝʯʠʚʦ ʜʣʷ ʠʟʦʪʨʦʧʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʧʨʝʜʩʪʘʚʠʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʘ 

ʶʚʝʥʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ss ʫʨʘʚʥʝʥʠʝʤ: 

„ ‎ Ў
Ὠ‎

Ὠὃ
 ȟ 

ʛʜʝ g ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ; ɸ ï ʧʣʦʱʘʜʴ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ; æ ï ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʚʦʟʨʘʩʪʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʩʦʩʪʦʠʪ ʚ ʫʚʝʣʠʯʝʥʠʠ ʵʥʪʘʣʴʧʠʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʩʪʦʤ 

ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ. 



34 
  

 

ʈʠʩ. 11. ʉʚʷʟʴ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʧʨʦʯʥʦʩʪʴʶ ʪʚʝʨʜʳʭ ʪʝʣ:  

1 ï ʘʣʤʘʟ; 2ï W; 3 ï Mo; 4 ï Fe; 5 ï Al2O3; 6 ï Cu; 7 ï Zn; 8 ï ʩʣʶʜʘ; 9 ï ʣʝʜ; 10 ï NaCl; 

11 ï ʥʘʬʪʘʣʠʥ; 12 ï ʘʨʛʦʥ [ʌʨʠʜʤʘʥ ʗ. ɹ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ, 1971] 

ʇʦʣʠʨʦʚʘʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʤʠ ʘʙʨʘʟʠʚʘʤʠ ʧʦ ʩʚʦʝʤʫ ʤʝʭʘʥʠʟʤʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʣʠʬʦʚʘʥʠʝʤ: ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʯʘʩʪʠʮʳ ʦʙʝʠʭ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʦʵʪʦʤʫ ʦʪʨʳʚ ʘʪʦʤʦʚ ʚʦʟʤʦʞʝʥ ʩ ʦʙʝʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ.  

ʍʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʝʪʘʣʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʘʙʨʘʟʠʚʦʚ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʨʦʚʘʥʠʷ ʧʝʨʝʡʪʠ ʦʪ ʛʨʫʙʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʟʝʨʢʘʣʴʥʦʡ ʟʘ 

ʦʜʥʫ ʜʦʚʦʜʦʯʥʫʶ ʦʧʝʨʘʮʠʶ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʙʫʩʣʦʚʣʝʥ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʥʝʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ.  

C ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʠʜʝʪ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʠ ʨʘʟʨʳʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ.  ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʠ ʙʳʩʪʨʳʡ ʧʝʨʝʥʦʩ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʤʝʪʘʣʣʘ ʠʜʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ. ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʚʦʟʤʦʞʥʘ ʥʘ 

ʢʦʥʪʘʢʪʥʳʭ ʪʦʯʢʘʭ, ʛʜʝ ʟʘʨʦʞʜʘʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʩ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʥʘ I ʩʪʘʜʠʠ 

ʧʨʦʮʝʩʩʘ ʫʩʢʦʨʝʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʤʝʪʘʣʣʘ ʠ ʧʝʨʝʥʦʩʦʤ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʥʘʥʦʩʣʦʡ, ʘ ʥʘ  II ʩʪʘʜʠʠ - ʫʜʘʣʝʥʠʝʤ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʘʙʨʘʟʠʚʥʳʤʠ ʟʝʨʥʘʤʠ 

ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʝ 

ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ ʧʦʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʊʘʢ ʢʘʢ ʧʦʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʥʘ ʛʨʘʥʠʮʝ ʪʚʝʨʜʳʭ ʪʝʣ, ʚʢʣʶʯʘʶʱʠʤ 

ʦʢʠʩʣʝʥʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʡ ʬʘʟʳ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʪʦ ʚʩʶ ʩʠʩʪʝʤʫ 

ʧʨʘʚʦʤʝʨʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʚʫʭʬʘʟʥʫʶ ʩ ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʤʝʞʜʫ ʦʙʲʝʤʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʘʟʘʤʠ ʤʝʪʘʣʣʘ ʩ ʦʙʤʝʥʦʤ ʠʦʥʘʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤ 

ʨʘʚʥʦʚʝʩʠʝʤ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʧʦʭʠʤʠʯʝʩʢʠʤ, ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʢʠ 

ʧʦʣʠʨʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʨʝʘʢʮʠʡ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʫʨʘʚʥʝʥʠʝ  

‌ ρ Ὡ ȟ 

ʛʜʝ a ï ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʚ ʦʢʩʠʜʳ ʠ ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʲʝʤʘ ʤʝʪʘʣʣʘ ʉi/Cmax (ʧʨʠʥʠʤʘʝʪʩʷ ʘʧʨʠʦʨʠ, ʯʪʦ ʬʘʢʪʦʨ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ); n ï ʯʠʩʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʮʝʥʪʨʘ ʥʦʚʦʡ ʬʘʟʳ ʦʢʩʠʜʦʚ; k ï ʢʦʥʩʪʘʥʪʘ ʧʨʦʮʝʩʩʘ, t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 
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ʧʨʦʮʝʩʩʘ ʧʦʣʠʨʦʚʘʥʠʷ. ʂʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʂʩʢ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: 

ὑʩʢ ὲὯ Ȣ 

ʊʘʙʣʠʮʘ 3 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʧʦʣʠʨʦʚʘʥʠʷ 

ʆʙʨʘʟʮʳ 

ʤʝʪʘʣʣʦʚ 
ɸʙʨʘʟʠʚʥʳʡ ʤʘʪʝʨʠʘʣ 

ʇʘʨʘʤʝʪʨʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ 
ɼʠʩʧʝʨʩʠʷ 

S
2
 

n k K
ʩʢ

 

ʉʪʘʣʴ ʐʍ-15 Al
2
O

3
 ÖFe

2
O

3
 1,0 0,04 0,03 0,005 

ʉʪʘʣʴ ʐʍ-15 
Al

2
O

3
 ÖFe

2
O

3
, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ MoO2 
1,54 0,005 0,05 0,003 

ʉʪʘʣʴ ʐʍ-15 ʂʘʨʙʠʜ ʙʦʨʘ ɺ
4
ʉ 1,3 0,01 0,004 0,005 

ɸʣʶʤʠʥʠʡ ɼ-16 Al
2
O

3
 ÖFe

2
O

3
 1,2 0,03 0,06 0,004 

ɸʣʶʤʠʥʠʡ ɼ-16 
Al

2
O

3
 ÖFe

2
O

3,
 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

Mn
2
O

3
 

1,0 0,05 0,04 0,005 

ʄʝʜʴ ʄ-1 Al
2
O

3
 ÖFe

2
O

3
 1,2 0,01 0,02 0,003 

ʄʝʜʴ ʄ-1 
Al

2
O

3
 ÖFe

2
O

3
 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

MoO2 
1,2 0,03 0,05 0,005 

ʊʠʪʘʥ ɺʊ1-00 
Al

2
O

3
 ÖFe

2
O

3,
 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ZrO2 
0,78 0,10 0,05 0,005 

ʊʘʙʣʠʮʘ 4 ï ʉʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ ʠ ʘʙʨʘʟʠʚʘ 

ʄʘʪʝʨʠʘʣ ɸʙʨʘʟʠʚ 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʠʢʨʦ 

ʪʚʝʨʜʦʩʪʝʡ (ʄʇʘ) Hv 

ɸʙʨʘʟʠʚ/ʧʦʣʠʨʫʝʤʳʡ ʤʘʪ. 

ʄʝʭʘʥʠʟʤ 

ʧʦʣʠʨʦʚʘʥʠʷ 

ʉʪʘʣʴ ʐʍ-15 ʂʘʨʙʠʜ ʙʦʨʘ 40000/10000=4 ɸʙʨʘʟʠʚʥʳʡ 

ʉʪʘʣʴ ʐʍ-15 ʂʦʨʫʥʜ Al 2O3 18000/10000=1,8 ɸʙʨʘʟʠʚʥʳʡ 

ʉʪʘʣʴ ʐʍ-15 
Al 2O3* Fe2O3 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ 

ʭ/10000 ¢ 1,5 

ʭ¢1650 

ʊʨʠʙʦʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʄʝʜʴ ʄ-1 ʉʫʨʠʢ Fe3O4 1100/1300 =0,85 
ʊʨʠʙʦʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʃʘʪʫʥʴ ʂʨʦʢʫʩ Fe2O3 1100/1500=0,73 
ʊʨʠʙʦʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʄʝʜʴ ʄ-1 
Al 2O3* Fe2O3 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ 

ʭ/1100¢ 1,5 

ʭ¢1650 

ʊʨʠʙʦʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ɸʣʶʤʠʥʠʡ 
Al 2O3* Fe2O3 

ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ 

ʭ/2000¢1,5 

ʭ¢1650 

ʊʨʠʙʦʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

Hva/Hvm ¢ 1,8 ï ʧʨʝʦʙʣʘʜʘʶʱʠʡ  ʤʝʭʘʥʠʟʤ ï ʪʨʠʙʦʭʠʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʨʘʟʨʫʰʝʥʠʝ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ. 

ʆʢʩʠʜʥʳʝ ʧʣʝʥʢʠ ʥʘ ʤʝʪʘʣʣʘʭ ʧʦ ʪʦʣʱʠʥʝ ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ:  

1) ʪʦʥʢʠʝ (ʥʝʚʠʜʠʤʳʝ), ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʘʥʛʩʪʨʝʤ ʜʦ 40 ʥʤ  

2) ʩʨʝʜʥʠʝ (ʜʘʶʱʠʝ ʮʚʝʪʘ ʧʦʙʝʞʘʣʦʩʪʠ), ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ 40-500 ʥʤ  

3)ʪʦʣʩʪʳʝ ʚʠʜʠʤʳʝ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʩʚʳʰʝ 500 ʥʤ 

ɸʤʦʨʬʥʳʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʩʪʘʙʠʣʴʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʙʣʘʜʘʶʪ ʣʠʙʦ 

ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʩʝʪʢʠ, ʣʠʙʦ ʙʝʩʧʦʨʷʜʦʯʥʦʡ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʕʬʬʝʢʪʠʚʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ɽ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ: 

ö
÷

õ
æ
ç

å
=

a

bC
kTE iln  

ʛʜʝ ʘ, b ï ʢʦʥʩʪʘʥʪʳ, ʉi ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ 

ʦʢʩʠʜʫ; k ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ 

ʅʘʠʙʦʣʴʰʝʡ ʩʦʭʨʘʥʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʧʣʝʥʢʠ ʩʨʝʜʥʝʡ ʪʦʣʱʠʥʳ (ʜʦʩʪʘʪʦʯʥʦ ʪʦʥʢʠʝ, 

ʯʪʦʙʳ ʥʝ ʠʤʝʪʴ ʙʦʣʴʰʠʭ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʝ, ʯʪʦʙʳ 

ʟʘʪʦʨʤʦʟʠʪʴ ʜʠʬʬʫʟʠʶ), ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ;  

ʦʥʠ ʧʨʦʯʥʳ ʠ ʧʣʘʩʪʠʯʥʳ, ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʩʮʝʧʣʝʥʠʝʤ ʩ ʤʝʪʘʣʣʦʤ ʠ ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʫʶ 

ʨʘʟʥʠʮʫ ʚ ʢʦʵʬʬʠʮʠʝʥʪʝ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʦʤ. 

 

ʈʠʩ. 12. ʊʦʥʢʠʝ ʧʣʝʥʢʠ ʤʝʥʝʝ 40 ʥʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʨʦʚʘʥʠʷ 
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ʈʠʩ. 11. ʉʨʝʜʥʠʝ ʧʣʝʥʢʠ 40-500 ʥʤ ï ʚ ʮʝʥʪʨʝ ʪʦʣʩʪʳʝ ʧʣʝʥʢʠ 

 

ʈʠʩ. 12. ʊʦʣʩʪʳʝ ʧʣʝʥʢʠ 

 

ʈʠʩ. 13. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (ʧʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ): 1, 

2 ï ʩʪʘʣʴ ʐʍ-15 ï ʩ Al 2O3 ÖFe2O3; (1ï 0,175; 2 ï 0,14 ʤʦʣ. % Fe2O3); 3 ï ʩʪʘʣʴ ʐʍ-15 

ʢʘʨʙʠʜʦʤ ʙʦʨʘ; 4 ï ʤʝʜʴ ʄ-1 ʩ Al 2O3 ÖFe2O3 (0,125 ʤʦʣ.% Fe2O3; 5 ï ʤʝʜʴ ʄ-1 ʩ Al 2O3 Fe2O3,  

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ MoO2; 6 ï ʩʪʘʣʴ ʐʍ-15 ʩ Al 2O3 Fe2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ Mn2O3; 7 ï

 ʪʠʪʘʥ ɺʊ1-00 ʩ Al 2O3 Fe2O3,  ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ  ZrO2 
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ʈʠʩ. 14. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʧʨʠ ʧʦʣʠʨʦʚʘʥʠʠ 

ʦʙʨʘʟʮʦʚ: 1 ï ʤʝʜʴ ʄ-1 Al 2O3 Fe2O3 (0,125 ʤʦʣ. % Fe2O3); 2 ï ʤʝʜʴ ʄ-1 Al 2O3 Fe2O3, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ MoO2; 3 ï ʩʪʘʣʴ ʐʍ-15 Al 2O3 ÖFe2O3 ( 0,125 ʤʦʣ.% Fe2O3); 4 ï ʩʪʘʣʴ ʐʍ-

15 ʢʘʨʙʠʜʦʤ ʙʦʨʘ; 5 ï ʤʝʜʴ ʄ-1 Al 2O3 ÖFe2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ Mn2O3; 6 ï ʪʠʪʘʥ ɺʊ1-00 ʩ 

Al 2O3 Fe2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ZrO2 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʣʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʘʙʨʘʟʠʚʘ. 

 

ʈʠʩ. 15. ʐʍ-15 ʇʦʣʠʨʦʚʘʥʠʝ Al 2O3ÖFe2O3 
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ʈʠʩ. 16. ʇʦʣʠʨʦʚʘʥʠʝ ʢʘʨʙʠʜʦʤ ʙʦʨʘ ʐʍ-15 (1 ʯʘʩ) 

 

ʈʠʩ. 17. ʇʦʣʠʨʦʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ Cr2O3 ʐʍ-15 

 

ʈʠʩ. 18. ʇʦʣʠʨʦʚʘʥʠʝ Al 2O3ÖFe2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ MoO2 ʐʍ-15 
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ʈʠʩ. 19. ʍʘʨʘʢʪʝʨʥʦʝ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʭʦʜʥʳʡ ʦʙʨʘʟʝʮ 

Ra 0,1 ʤʢʤ, ʟʘʢʘʣʝʥʥʘʷ ʩʪʘʣʴ ʐʍ-15 

 

ʈʠʩ. 20. ʍʘʨʘʢʪʝʨʥʦʝ ɸʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ. Ra 0,0022Ñ0,00002 ʤʢʤ. 

ʇʦʣʠʨʦʚʘʥʠʝ 1,0 ï 1,5 ʯ 

 

ʈʠʩ. 21. SEM ï ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ ʄ-1 (a), ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ AʉM: 

ʠʟʦʙʨʘʞʝʥʠʝ ʨʝʣʴʝʬʘ (ʙ), ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ: Ra 0,006 ʤʢʤ (ʛ);  

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ AFM ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ ʣʘʪʫʥʠ ʃ-63 (ʚ) 
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ʈʠʩ. 22. ʇʦʣʠʨʦʚʘʥʠʝ ʪʠʪʘʥʘ ɺʊ1-00 ʪʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʠʪʘʥʘ ʦʙʨʘʟʮʦʚ:  

ʘ ï ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, Ra 1.3ï1.6 ʤʢʤ; ʙ ï ʭʘʨʘʢʪʝʨʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʧʦʣʠʨʦʚʘʥʥʳʭ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, Ra 0.019 ʤʢʤ 

(ʚʳʙʦʨʢʘ 161.85 nm, S
2 
1.51, ʜʘʥʥʳʝ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʬʠʣʦʤʝʪʨʠʠ) 

 

ʈʠʩ. 23. ɿʘʚʠʩʠʤʦʩʪʴ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩʪʘʣʠ ʐʍ-15 ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʠʨʦʚʘʥʠʷ: 

1 ï ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʦʢʩʠʜʦʤ ʭʨʦʤʘ; 2 ï ʩ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʦʢʩʠʜʦʚ Al2O3ÖFe2O3 

3 ï ʪʦʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ (3000 ʦʙ.) 
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ʈʠʩ. 24. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ P ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʘ 

Mh ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʘ (mh) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʚ Al2O3ÖFe2O3  
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ʈʠʩ. 25. ʕʣʝʢʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ:  

ʘ ï Al 2O3 ÖFe2O3; ʙ ï Al2O3 ÖFe2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʦʤ ʤʦʣʠʙʜʝʥʘ; 

ʚ ï Al 2O3 ÖFe2O3 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ ʛ ï Al 2O3 ÖFe2O3 ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʢʩʠʜʦʤ ʮʠʨʢʦʥʠʷ (0,04 ʤʦʣ. % ZrO2) 
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ʈʠʩ. 26. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ 

ʞʝʣʝʟʘ (ʜʦ 10 ʥʤ ï 4-5%, ʜʦ 50 ʥʤ ï 20 %): 1 ï Al 2O3 ÖFe2O3 ; 2 ï Al 2O3 ÖFe2O3 , 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 0,005 ʤʦʣ.% MoO2; 3 ï Al2O3 ÖFe2O3 , ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 0,001 ʤʦʣ.% MoO2 

ʈʘʟʨʘʙʦʪʘʥ ʘʙʨʘʟʠʚʥʳʡ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ (ʪʨʠʙʦʭʠʤʠʯʝʩʢʠ) ʘʢʪʠʚʥʳʡ ʥʘʥʦʧʦʨʦʰʢʦʚʳʡ 

ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʞʝʣʝʟʘ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʛʠʜʨʦʢʩʦʢʘʨʙʦʥʘʪʦʚ, ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʟʘʱʠʱʝʥ ʧʘʪʝʥʪʦʤ ʈʌ ˉ 2243982 ʆʧʫʙʣ. 10.01.05 
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ɺʃʀʗʅʀɽ ʈɽɾʀʄʆɺ ʃɸɿɽʈʅʆʁ ʅɸʇʃɸɺʂʀ ʅɸ ʉʊʈʆɽʅʀɽ ʀ ʊɺɽʈɼʆʉʊʔ 

ʄɽʊɸʃʃʆʄɸʊʈʀʏʅʓʍ ʇʆʂʈʓʊʀʁ ʀɿ NiBSi-WC ʂʆʄʇʆɿʀʊɸ ʅɸ 
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ʩʪʘʙʠʣʴʥʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʭʦʨʦʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ ʩ ʦʩʥʦʚʦʡ 

ʠʤʝʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʜʚʫʭ ʪʠʧʦʚ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʧʦʨʦʰʢʦʚ (ʥʘ ʥʠʢʝʣʝʚʦʡ ʠ ʚʦʣʴʬʨʘʤʦʚʦʡ ʦʩʥʦʚʝ) ʧʦʩʣʝ ʣʘʟʝʨʥʦʡ 

ʥʘʧʣʘʚʢʠ. ʇʦʢʨʳʪʠʝ ʥʘʥʝʩʝʥʦ ʥʘ ʦʙʨʘʟʮʳ ʠʟ ʙʨʦʥʟʳ. ʉʪʨʫʢʪʫʨʫ ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ 

ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ Tescan VEGA II 

XMU. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ, ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʦʝ ʧʦʢʨʳʪʠʝ, ʢʘʨʙʦʙʦʨʠʜ 

ʚʦʣʴʬʨʘʤʘ, ʩʪʨʫʢʪʫʨʘ, ʙʨʦʥʟʘ, ʧʦʢʨʳʪʠʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʨʳʪʠʡ ʧʦʣʫʯʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʠ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʠʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚʳʧʦʣʥʝʥʳ ʚ ʎʂʇ 

çʇʣʘʩʪʦʤʝʪʨʠʷè ʀʄɸʐ ʋʨʆ ʈɸʅ. 

ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ 

ʄʘʨʢʘ 

ʧʦʨʦʰʢʘ 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ, 

ʤʢʤ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩʩ. % 

ʉ Si B Fe Ni W 

Hoganas 1559 53-150 < 0,06 3 2,9 0,2 ʆʩʥ. 
 

Hoganas 4570 53-150 6,1 
    

ʆʩʥ. 

                                                           
É ʍʫʜʦʨʦʞʢʦʚʘ ʖ. ɺ., ɹʫʨʦʚ ʉ. ɺ., ʂʦʨʦʙʦʚ ʖ. ʉ., ɺʦʧʥʝʨʫʢ ɸ. ɸ. 

mailto:khjv@mail.ru
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ʈʠʩ. 1. ɺʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʦʡ 

 

ʈʠʩ. 3. ʊʨʝʱʠʥʳ ʚ ʧʦʢʨʳʪʠʠ 
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ʈʠʩ. 4. ʏʘʩʪʠʮʳ ʢʘʨʙʦʙʦʨʠʜʘ ʚ ʤʘʪʨʠʮʝ 

ʊʘʙʣʠʮʘ 2 ï ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʚ ʪʦʯʢʘʭ 

ʉʦʜʝʨʞʘʥʠ

ʝ, ʤʘʩ. % 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʦʯʢʠ, 

 ʦʙʨʘʟʝʮ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʦʯʢʠ,  

ʦʙʨʘʟʝʮ 2 

1 2 3 4 1 2 3 4 5 

B %  1.39 1.36 6.10 5.92 1.03 6.55 0.99 1.34 1.12 

C %  5.13 4.28 3.04 2.75 5.09 - - 4.77 3.74 

Si % - - 2.14 2.09 - 3.58 1.39 - - 

Fe % - - 0.65 0.64 - 0.36 0.61 - - 

Ni %  5.28 - 76.61 76.65 2.20 89.01 71.81 15.89 - 

Cu %  - - - - - - 4.55 1.19 - 

W %  88.21 94.36 11.47 11.94 91.69 - 20.07 76.80 95.14 

  W(B,C) W(B,C)     W(B,C)     W(B,C) W(B,

C) 

HV  - 2756 667 689 2425 1635 212 1873 2757 
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ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ 

 

ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʢʨʳʪʠʠ ʦʙʨʘʟʝʮ 1 
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ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʢʨʳʪʠʠ ʦʙʨʘʟʝʮ 2 

ɿʘʢʣʶʯʝʥʠʝ 

1. ʃʘʟʝʨʥʘʷ ʥʘʧʣʘʚʢʘ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʪʦʣʱʠʥʦʡ 0,5-1,6 ʤʤ ʥʘ ʤʘʩʩʠʚʥʦʡ 

ʧʦʜʣʦʞʢʝ ʠʟ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ ʚʦʟʤʦʞʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʦʜʥʦʛʦ ʣʘʟʝʨʘ ʤʦʱʥʦʩʪʴʶ 10 ʢɺʪ 

ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʧʦʜʣʦʞʢʠ ʜʦ 200 -250 ̄ ʉ. 

2. ɺ ʧʦʢʨʳʪʠʷʭ ʠʤʝʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ. ʇʨʠ ʥʘʧʣʘʚʢʝ ʵʪʦ ʢʘʨʙʠʜʳ, ʧʨʠʯʝʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ 

ʧʦʢʨʳʪʠʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʨʳʪʠʷ, 

ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʪʨʝʱʠʥ, ʪʨʝʙʫʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʬʦʨʤʳ ʣʫʯʘ, ʨʘʟʤʝʨʘ 

ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ ʚʘʣʠʢʦʚ. 

3. ʆʙʨʘʟʮʳ 1 ʠ 2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʦʡ (ʢʘʨʙʦʙʦʨʠʜ ʚʦʣʴʬʨʘʤʘ) ʠ 

ʤʝʣʢʦʡ (ʚʳʜʝʣʠʚʰʝʡʩʷ ʠʟ ʥʠʢʝʣʝʚʦʡ ʤʘʪʨʠʮʳ) ʢʘʨʙʠʜʥʦʡ ʬʘʟʳ. ɿʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʢʘʨʙʦʙʦʨʠʜʦʚ ʚʦʣʴʬʨʘʤʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʦʢʨʳʪʠʠ ʧʨʠ ʣʘʟʝʨʥʦʡ ʥʘʧʣʘʚʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,9 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʣʠʪʳʭ ʢʘʨʙʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʚʳʰʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʘʨʙʠʜʘʤʠ ʚʦʣʴʬʨʘʤʘ ʚ ʧʦʢʨʳʪʠʠ ʧʦʩʣʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʛʘʟʦʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ. 

ʊʘʢʠʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪʨʘʞʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʣʠʷʥʠʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʘʨʙʠʜʦʚ ʧʨʠ ʣʘʟʝʨʥʦʤ ʦʩʘʞʜʝʥʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʨʠʜʥʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ ʠʟ ʤʘʪʨʠʮʳ ʧʦʨʦʰʢʘ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. Farahmand P. ʠ ʜʨ. Laser cladding assisted by induction heating of NiïWC composite 

enhanced by nano-WC and La2O3 // Ceram. Int. ï 2014. ïVol. 40, no. 10. ï P. 15421ï15438. 

2. Farahmand P., Kovacevic R. An experimentalïnumerical investigation of heat 

distribution and stress field in single- and multi-track laser cladding by a high-power direct diode 

laser // Opt. Laser Technol. ï 2014. ï Vol. 63. ï P. 154ï168. 

3. Farahmand P., Kovacevic R. Laser cladding assisted with an induction heater 

(LCAIH) of Niï60%WC coating // J. Mater. Process. Technol. ï 2015. ï Vol. 222. ï P. 244ï258. 

4. Fern§ndez M. R. ʠ ʜʨ. Effect of actual WC content on the reciprocating wear of a 

laser cladding NiCrBSi alloy reinforced with WC // Wear. ï 2015. ï Vol. 324-325. ï P. 80ï89. 
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Ni60/WC composite coating // J. Alloys Compd. ï 2009. ï Vol. 480, no. 2. ï P. 254ï258. 

8. Liu Z. ʠ ʜʨ. Improving corrosion and wear performance of HVOF-sprayed Inconel 

625 and WC-Inconel 625 coatings by high power diode laser treatments // Surf. Coatings Technol. ï 

2007. ï Vol. 201, no. 16ï17. ï P. 7149ï7158. 

9. Nurminen J., Nªkki J., Vuoristo P. Microstructure and properties of hard and wear 

resistant MMC coatings deposited by laser cladding // Int. J. Refract. Met. Hard Mater. ï 2009. ï 

Vol. 27, no. 2. ï P. 472ï478.  
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ʋɼʂ: 534.6.08:534.83:621.396 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸʂʋʉʊʀʏɽʉʂʀʍ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃɽʁ ʅɸ 

ʆʉʅʆɺɽ ɸʅɸʃʀɿɸ ɿɸʈɽɻʀʉʊʈʀʈʆɺɸʅʅʓʍ ʐʋʄʆɺʓʍ ʉʀɻʅɸʃʆɺ 

ʉ. ɸ. ɹʝʭʝʨ, ʊ. ɺ. ʉʳʯ*  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè, ʫʣ. ɼ. ʂʦʚʘʣʴʯʫʢ, 191, ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ
 

*ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʘʚʪʦʨ. ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ: tatyna979@mail.ru ; ʊʝʣʝʬʦʥ: +7-383-328-03-46 

ʈʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʢʘʣʠʙʨʦʚʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʥʪʨʦʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʢʫʩʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʘʢʫʩʪʠʯʝʩʢʦʡ 

ʵʤʠʩʩʠʠ, ʢʘʣʠʙʨʦʚʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ. 

ɿʘʜʘʯʠ: 

1) ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʰʫʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʩʧʝʢʪʨʦʤ; 

2) ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ɸʏʍ ʩ ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ 

ʵʪʘʣʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ; 

3) ʆʮʝʥʢʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʩʪʠʥʳ ʠ 

ʙʦʢʦʚʦʡ ʨʘʤʳ ʪʝʣʝʞʢʠ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ; 

1. ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʩʪʳʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʠʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ, ʪʨʝʙʫʶʱʠʝ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ, ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪ. ʝ. ʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʚ ʨʘʙʦʯʠʭ ʫʩʣʦʚʠʷʭ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ. 

ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʘʢ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʲʝʢʪʦʤ ʢʦʥʪʨʦʣʷ, ʩʠʣʳ ʧʨʠʞʘʪʠʷ, ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ʆʜʥʘʢʦ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ [1, 2] ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʦʚʝʨʢʠ ʧʘʨʘʤʝʪʨʦʚ ɸʏʍ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʢʦʥʪʨʦʣʷ. 

ʍʦʪʷ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ. 

                                                           
É ɹʝʭʝʨ ʉ. ɸ., ʉʳʯ ʊ. ɺ. 
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ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʭʝʤʘ 

ʌʦʨʤʘ, ʨʘʟʤʝʨ ʥʘʩʘʜʢʠ ʠ ʟʝʨʥʠʩʪʦʩʪʴ ʧʦ ɻʆʉʊ 3647-80 ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ɸʢʫʩʪʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʚʦʟʙʫʞʜʘʣʠʩʴ ʪʨʝʥʠʝʤ ʦʙʲʝʢʪʘ ʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ ʩ 

ʘʙʨʘʟʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 10 é 50 ɻʮ).  

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʭʝʤʘ ʨʘʩʩʪʘʥʦʚʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ. ʌʦʨʤʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 3. 


