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ʌʠʟʠʢʘ 
ʋɼʂ 538.935 

ʄɽʄʈʀʉʊʆʈʅʓɽ ʉɺʆʁʉʊɺɸ ʊʆʅʂʆʇʃɽʅʆʏʅʓʍ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ 
Cox(TiO2)100-x, (Co41Fe39B20)x(TiO2)100-x  

ʖ.ɽ. ʂʘʣʠʥʠʥ, ɸ.ɺ. ʉʠʪʥʠʢʦʚ, ɺ.ɺ. ʈʳʣʴʢʦʚ, ʂ.ɻ. ʂʦʨʦʣʝʚ, ɻ.ʉ. ʈʳʞʢʦʚʘ 

ʄʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʣʝʥʢʠ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ (Co41Fe39B20)ʭ(TiO2)100-ʭ ʠ 
Coʭ(TiO2)100-ʭ ʪʦʣʱʠʥʦʡ 4-5 ʤʢʤ. ʆʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʩʠʪʘʣʣʦʚʳʝ ʧʦʜʣʦʞʢʠ ʚ ʘʪ-
ʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚ ʨʘʙʦʯʠʡ ʛʘʟ ʢʠʩʣʦʨʦʜʘ ʩ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ 2,2 %. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʥʝʚʳʭ 
ʤʘʩʦʢ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣ-ʥʘʥʦʢʦʤʧʦʟʠʪ-ʤʝʪʘʣʣ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʚ ʩʠʣʴʥʳʭ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ (>104 ɺ/ʩʤ) ʚ ʧʦʧʝʨʝʯʥʦʡ (ʚʝʨʪʠʢʘʣʴʥʦʡ) ʛʝʦʤʝʪʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘʙʣʶ-
ʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ. ɺʚʝʜʝʥʠʝ ʢʠʩʣʦʨʦʜʘ 2,2 ʧʘʨ. % ʢ ʜʘʚʣʝʥʠʶ ʨʘ-
ʙʦʯʝʛʦ ʛʘʟʘ (ʘʨʛʦʥʘ) ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʘ Coʭ(TiO2)100-ʭ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪ ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ 
ʜʦ 4000 % ʠ ʩʤʝʱʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʪʢʣʠʢʫ ʩʠʩʪʝʤʳ, ʚ ʦʙ-
ʣʘʩʪʴ ʙ·ʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʭ º 60õ75 ʘʪ. % 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʤʨʠʩʪʦʨ, ʥʘʥʦʢʦʤʧʦʟʠʪ, ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʩʠʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 
 

ɺʚʝʜʝʥʠʝ 
ʕʬʬʝʢʪ ʧʝʨʝʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʚ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ 
ʚ ʦʙʨʘʪʠʤʦʤ ʧʝʨʝʭʦʜʝ ʤʝʞʜʫ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʦʤ-
ʥʳʤ ʩʦʩʪʦʷʥʠʷʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠ-
ʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʧʨʦʪʝʢʘʶʱʝʛʦ ʟʘʨʷʜʘ ʥʘʟʳʚʘʝʪʩʷ 
ʤʝʤʨʠʩʪʦʨʥʳʤ, ʘ ʵʣʝʤʝʥʪ ʩ ʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
ʤʝʤʨʠʩʪʦʨʦʤ (ʩʦʢʨ. ʦʪ çmemory resistorè - ʨʝʟʠʩʪʦʨ 
ʩ ʧʘʤʷʪʴʶ) [1-3]. ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʥʘʣʠʯʠʷ ʫ 
ʤʘʪʝʨʠʘʣʘ ʤʝʤʨʠʩʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʙʥʘʨʫ-
ʞʝʥʠʝ ʚ ʥʝʤ ʥʝʣʠʥʝʡʥʳʭ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ (ɺɸʍ), ʦʙʣʘʜʘʶʱʠʭ ʛʠʩʪʝʨʝʟʠʩʦʤ. ʍʦʪʷ ʪʘʢʦʛʦ 
ʨʦʜʘ ɺɸʍ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ 
ʙʦʣʝʝ 50 ʣʝʪ ʥʘʟʘʜ [1-3], ʘ ʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʤʝʪʘʣʣ-
ʜʠʵʣʝʢʪʨʠʢ ʙʦʣʝʝ 10 ʣʝʪ [4-7], ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʝʤʨʠʩʪʦʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʚʳʯʠʩʣʠ-
ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʠʣʠ ʙʠʦ-ʧʦʜʦʙʥʳʭ ï çbio-
inspiredè), ʘ ʪʘʢʞʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷ-
ʪʠ, ʚʦʟʥʠʢʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ [8-10].  

ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʚʳʙʠʨʘ-
ʶʪ ʛʝʦʤʝʪʨʠʶ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ-
ʤʝʪʘʣʣ (ʄʆʄ) [11]. ɼʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʦʡ ʚ ʄʆʄ 
ʩʪʨʫʢʪʫʨʘʭ ʚʳʩʪʫʧʘʶʪ ʪʘʢʠʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʢʘʢ 
NiO [12], TiO2 [13-16], BiFeO3 [17,18], Cr2O3 [19] ʠ 
ʜʨ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ (ʦʙʳʯʥʦ ʪʦʣ-
ʱʠʥʦʡ 10-50 ʥʤ) ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʫʭʩʣʦʡʥʳʤʠ: ʦʜʠʥ 
ʠʟ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʦʢʩʠʜʦʤ, ʘ ʜʨʫʛʦʡ ï 
ʩʦʝʜʠʥʝʥʠʝʤ ʩ ʥʝʜʦʩʪʘʪʢʦʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ [1-3, 

                                                
ʂʘʣʠʥʠʥ ʖʨʠʡ ɽʛʦʨʦʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, e-mail: kalinin48@mail.ru  
ʉʠʪʥʠʢʦʚ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ ï ɺɻʊʋ,  
ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, e-mail: sitnikov04@mail.ru 
ʈʳʣʴʢʦʚ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï ʅʀʎ  
çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ,  
ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, e-mail: vvrylkov@mail.ru 
ʂʦʨʦʣʝʚ ʂʦʥʩʪʘʥʪʠʥ ɻʝʥʥʘʜʴʝʚʠʯ - ɺɻʊʋ,  
ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, e-mail: korolev.kg@mail.ru  
ʈʳʞʢʦʚʘ ɻʘʣʠʥʘ ʉʝʨʛʝʝʚʥʘ ï ɺɻʊʋ, ʩʪʫʜʝʥʪ,  
e-mail: sitnikov04@mail.ru 
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20]. ʆʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʘʢʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘ-
ʣʦʚ ʧʨʠ ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʚ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʨʝʜʝ [1-3]. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʄʆʄ 
ʩʪʨʫʢʪʫʨʘʭ ʠʛʨʘʶʪ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦ-
ʦʢʠʩʣʠʪʝʣʴʥʳʝ (çredoxè) ʨʝʘʢʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 
ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʦʙʳʯʥʦ ʠʩ-
ʧʦʣʴʟʫʶʪ ʠʥʝʨʪʥʳʝ ʤʝʪʘʣʣʳ (Au ʠʣʠ Pt) [1-3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʤʝʤʨʠʩʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʩʪʨʫʢʪʫʨ ʪʠʧʘ 
ʄʆʄ, ʚ ʢʦʪʦʨʳʭ ʦʢʩʠʜ ʟʘʤʝʥʝʥ ʢʦʤʧʦʟʠʪʦʤ 
Coʭ(TiO2)100-ʭ ʠʣʠ (Co41Fe39B20)ʭ(TiO2)100-ʭ ʪʦʣʱʠʥʦʡ 
4-5 ʤʢʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʘʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʜʴ. 
ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʘʢʦʛʦ ʨʦʜʘ ʩʪʨʫʢʪʫʨʳ ʜʝʤʦʥʩʪʨʠ-
ʨʫʶʪ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʵʬʬʝʢʪ ʨʝʟʠ-
ʩʪʠʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʜʦ 4000 %.  

ɺʳʙʦʨ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 
ʩʠʩʪʝʤ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ. 
ɺʦ-ʧʝʨʚʳʭ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʜʠʵʣʝʢʪʨʠ-
ʢʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʨʫʢʪʫʨ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ 
ʟʥʘʯʝʥʠʷʤʠ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ, ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ 
ʪʠʪʘʥʘ. ʕʣʝʢʪʨʦʤʠʛʨʘʮʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦ-
ʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ ʚ TiO2, ʘ ʠʩʪʦʯʥʠʢʦʤ ʵʪʠʭ ʜʝʬʝʢ-
ʪʦʚ ʚʳʩʪʫʧʘʝʪ ʩʣʦʡ ʥʝʧʨʝʜʝʣʴʥʦʛʦ ʦʢʩʠʜʘ TiO2-ʭ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʜʠʵʣʝʢ-
ʪʨʠʯʝʩʢʦʡ ʬʘʟʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʩʠʩʪʝʤ 
ʜʦʣʞʥʘ ʷʚʣʷʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶ-
ʱʠʤ ʥʘ ʥʝʣʠʥʝʡʥʳʝ ʠ ʛʠʩʪʝʨʝʟʠʩʥʳʝ ʵʬʬʝʢʪʳ ʚ 
ʢʦʤʧʦʟʠʪʝ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 
ʥʘʥʦʢʦʤʧʦʟʠʪʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝʤ O2 ʚ 
ʠʥʝʨʪʥʫʶ ʨʘʙʦʯʫʶ ʘʪʤʦʩʬʝʨʫ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʠʩ-
ʪʦʯʥʠʢʘ ʨʘʩʧʳʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʛʝʪʝʨʦ-
ʛʝʥʥʦʡ ʧʣʝʥʢʠ. ʉʣʝʜʫʶʱʠʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʚ 
ʨʘʙʦʪʝ, ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʘʪʦʤʦʚ ʙʦʨʘ. 
ɸʪʦʤʳ B ʠʤʝʶʪ ʤʘʣʳʡ ʨʘʟʤʝʨ ʠ ʚʳʩʦʢʫʶ ʜʠʬʬʫʟʠ-
ʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 
ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʘʭ 
ʵʣʝʢʪʨʦʤʠʛʨʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 
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ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʝʡʰʝʛʦ ʦʢʩʠʜʘ BO 
ʧʦʟʚʦʣʷʶʪ ʘʪʦʤʘʤ ʙʦʨʘ ʩʚʷʟʳʚʘʪʴ ʢʠʩʣʦʨʦʜ ʧʨʠ ʝʛʦ 
ʜʠʬʬʫʟʠʠ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ, ʯʪʦ ʜʦʣʞʥʦ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʜʝʬʝʢʪʦʚ 
ʪʠʧʘ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʨ, 
ʷʚʣʷʷʩʴ ʵʣʝʤʝʥʪʦʤ ʩ ʧʨʝʜʝʣʴʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ B+3 ʠ 
ʟʘʤʝʱʘʷ ʚ ʫʟʣʝ ʦʢʩʠʜʥʦʡ ʤʘʪʨʠʮʳ Ti+4, ʙʫʜʝʪ ʧʨʠ-
ʚʦʜʠʪʴ ʢ ʜʝʬʝʢʪʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ (ʦʪʨʠʮʘ-
ʪʝʣʴʥʦʛʦ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʩʣʦʨʦʜʥʦʡ ʚʘʢʘʥʩʠʠ. 
ɺʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʙʦʨʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʢʦʤʧʦʟʠʪʦʚ ʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʪʘʢʞʝ 
ʷʚʣʷʣʦʩʴ ʮʝʣʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʠʞʝ ʠʩʩʣʝʜʦʚʘ-
ʥʠʡ. 
 

ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʧʣʝʥʦʢ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ ʩʠʪʘʣʣʦʚʦʡ 
ʧʦʜʣʦʞʢʝ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣ ï ʥʘʥʦʢʦʤʧʦʟʠʪ - ʤʝ-
ʪʘʣʣ. ɺʥʘʯʘʣʝ ʥʘ ʧʦʜʣʦʞʢʫ ʥʘʥʦʩʠʣʠ ʥʠʞʥʠʡ ʤʝ-
ʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ, ʢʦʪʦʨʳʤ ʷʚʣʷʣʘʩʴ ʧʣʝʥʢʘ ʤʝ-
ʜʠ ʪʦʣʱʠʥʦʡ 1 ʤʢʤ. ʏʝʨʝʟ ʪʝʥʝʚʫʶ ʤʘʩʢʫ ʤʝʪʦʜʦʤ 
ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩʦʩʪʘʚʥʦʡ ʤʠʰʝʥʠ 
ʦʩʘʞʜʘʣʠ ʢʦʤʧʦʟʠʪ [21]. ʄʠʰʝʥʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʠʟ 
ʩʝʙʷ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ ʣʠʙʦ Co, ʣʠʙʦ ʩʧʣʘʚʘ 
Co41Fe39B20 ʨʘʟʤʝʨʦʤ 280ʭ80ʭ15 ʤʤ3 ʩ ʟʘʢʨʝʧʣʝʥ-
ʥʳʤʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ 13 ʧʣʘʩʪʠʥʘʤʠ ʢʝʨʘʤʠʢʠ 
TiO2 ʨʘʟʤʝʨʦʤ 80ʭ10ʭ3 ʤʤ3, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʨʘʚ-
ʥʦʤʝʨʥʦ. ʉʦʩʪʘʚʥʘʷ ʤʠʰʝʥʴ ʢʨʝʧʠʣʘʩʴ ʥʘ ʚʦʜʦ-
ʦʭʣʘʞʜʘʝʤʦʝ ʤʝʜʥʦʝ ʦʩʥʦʚʘʥʠʝ. ɺ ʦʜʥʦʤ ʮʠʢʣʝ 
ʥʘʧʳʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 4 ʩʠ-
ʪʘʣʣʦʚʳʭ ʧʣʘʩʪʠʥʳ ʨʘʟʤʝʨʦʤ 60ʭ48ʭ0,6 ʤʤ3, ʢʦʪʦ-
ʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʚʠʜʝ ʧʦʣʦʩʢʠ ʨʘʟʤʝʨʦʤ 240ʭ80 
ʤʤ2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~70 ʤʤ. ɼʣʠʥʥʳʝ ʦʩʠ ʧʦʜʣʦʞʢʠ ʠ 
ʤʠʰʝʥʠ ʩʦʚʧʘʜʘʣʠ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ TiO2 ʥʘʚʝʩʦʢ ʠ ʩʦʦʩʥʦʝ 
ʨʘʟʤʝʱʝʥʠʝ ʤʠʰʝʥʠ ʠ ʧʦʜʣʦʞʢʠ ʧʦʟʚʦʣʠʣʦ ʚ ʝʜʠ-
ʥʦʤ ʮʠʢʣʝ ʥʘʥʝʩʝʥʠʷ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʦʟʠʪ ʩ ʨʘʟ-
ʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ ʜʠʵʣʝʢʪʨʠ-
ʯʝʩʢʦʡ ʬʘʟ ʧʦ ʜʣʠʥʝ ʧʦʜʣʦʞʢʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʩʢʠ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʢʦʤʧʦʟʠʪʥʦʛʦ 
ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʫ ʨʘʟʤʝ-
ʨʦʤ 240ʭ48 ʤʤ2 ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʢʦ-
ʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ 24 ʨʷʜʘʤʠ ʧʦ 6 ʦʪʚʝʨʩʪʠʡ ʚ 
ʨʷʜʫ. ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʪʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ ʨʷʜʘ ʢ ʨʷʜʫ 
ʠ ʠʤʝʣ 24 ʛʨʘʜʘʮʠʠ. ʊʦʣʱʠʥʘ ʢʦʤʧʦʟʠʪʘ ʩʦʩʪʘʚʣʷʣʘ 
4-5 ʤʢʤ. ɺʝʨʭʥʠʝ ʢʦʥʪʘʢʪʥʳʝ ʧʣʦʱʘʜʢʠ ʥʘʥʦʩʠʣʠ 
ʪʘʢʞʝ ʯʝʨʝʟ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʘʩʢʫ ʩ ʨʘʟʤʝʨʦʤ ʦʪ-
ʚʝʨʩʪʠʡ 0,5ʭ0,2 ʤʤ2. ʊʦʣʱʠʥʘ ʚʝʨʭʥʝʛʦ ʤʝʜʥʦʛʦ 
ʢʦʥʪʘʢʪʘ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 1 ʤʢʤ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ 
ɺɸʍ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʦʥʜʦʚʘʷ ʩʪʘʥʮʠʷ ʩ ʤʠʢʨʦʤʝʪʨʠ-
ʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʝʨʝʤʝʱʝʥʠʷ ʟʦʥʜʦʚ. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦ-
ʤʦʱʴʶ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʨʠ-
ʩʪʘʚʢʠ Oxford INCA Energy 250 ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 
ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-6380 LV. ʕʣʝ-
ʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 
ʬʘʟʳ ʢʦʤʧʦʟʠʪʘ ʠ ʨʝʞʠʤʳ ʨʘʩʧʳʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝ-
ʥʳ ʚ ʪʘʙʣ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ 
ʢʦʤʧʦʟʠʪʦʚ ʚ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʙʘʟʝ 
ʠʩʪʦʯʥʠʢʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʧʠʪʘʥʠʷ MOTECH.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʠ ʩʙʦʨʘ 
ʜʘʥʥʳʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʳ LabVIEW. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 
ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʨʝʞʠʤʳ ʨʘʩʧʳʣʝʥʠʷ ʥʘʥʦʢʦʤ-

ʧʦʟʠʪʦʚ 
ʇʘʨʪʠʷ 1473 1479 1503 
ʌʦʨʤʫʣʴʥʦʝ 
ʦʙʦʟʥʘʯʝʥʠʝ 

Cox(TiO2)100-x Cox(TiO2)100-x+O2 (Co40Fe40B20)x 

(TiO2)100-x 
ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ 
ʭ, ʘʪ. % 37,9õ76,8 37,9õ76,8 15,3õ71,0 
ʈʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ 
PAr, ʊʦʨʨ 7.4Ā10-4, 7.4Ā10-4 8.4Ā10-4 
PO2, ʊʦʨʨ 10-5 1.6Ā10-5 10-5 
d, ʤʢʤ 5 5 4 
U, ʢɺ 2.4 2.0 2.4, 
I, ʤɸ 100 130 90 
Iʢʦʤ, ɸ 2,7 2,7 4.0 
PAr ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʘʨʛʦʥʘ, PO2 ï ʜʘʚʣʝʥʠʝ ʢʠʩ-
ʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ, d ï ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 
ʥʘʥʦʢʦʤʧʦʟʠʪʘ, U ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʘʥʦʜʝ, I ï ʪʦʢ 
ʧʣʘʟʤʳ, Iʢʦʤ ï ʪʦʢ ʢʦʤʧʝʥʩʘʪʦʨʘ ʟʘʨʷʜʘ ʥʘ ʤʠʰʝʥʠ. 

 
ɺ ʵʪʦʡ ʩʨʝʜʝ ʩʦʜʝʨʞʠʪʩʷ ʧʦʣʥʳʡ ʥʘʙʦʨ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʙʦʨʘ, ʦʙʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ 
ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦ-
ʛʨʘʤʤʘ ʨʝʘʣʠʟʫʝʪ ʜʚʘ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʷ ɺɸʍ. ɺ 
ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 
ʩʤʝʱʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʝ, ʰʘʛ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 
ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʚ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʦʛʨʘʤʤʳ. ɺʨʝ-
ʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʝ ʩʤʝʱʝʥʠʷ ʥʘ 
ʩʪʨʫʢʪʫʨʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

ʈʠʩ. 1. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝ-
ʥʠʷ ʩʤʝʱʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ (ʨʝʞʠʤ 1) 

 
ʀʟʤʝʨʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʪʝʢʫʱʝʤ 

ʟʥʘʯʝʥʠʠ ʧʨʦʚʦʜʠʣʠ ʚ ʢʦʥʮʝ ʮʠʢʣʘ ʧʦʣʝʚʦʛʦ ʚʦʟʜʝʡ-
ʩʪʚʠʷ ʚ ʢʘʞʜʦʤ ʰʘʛʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙ-
ʨʘʟʮʝ. ʊʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ Ui(Ii) ʦʪʦʙʨʘʞʘʣʠ ʚ ʚʠʜʝ 
ʛʨʘʬʠʢʘ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ ʠ ʟʘʧʠʩʳʚʘʣʠ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʬʘʡʣ ʜʘʥ-
ʥʳʭ. 

ɼʨʫʛʦʡ ʨʝʞʠʤ ʠʟʤʝʨʝʥʠʷ ɺɸʍ ʟʘʜʘʝʪ ʙʦʣʝʝ 
ʩʣʦʞʥʳʡ ʘʣʛʦʨʠʪʤ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʩʩʣʝ-
ʜʫʝʤʦʤ ʦʙʨʘʟʮʝ (ʩʤ. ʨʠʩ.2). ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʪʘʢʞʝ 
ʬʠʢʩʠʨʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ Ui ʠ Ii ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʰʘʛʘ 
ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ, ʥʦ ʢʨʦʤʝ ʪʦʛʦ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʦʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʪʦʢʘ Imini ʧʨʠ ʥʝʙʦʣʴʰʦʤ 
ʥʘʧʨʷʞʝʥʠʠ ʩʤʝʱʝʥʠʷ Ñ Umin. ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝ-

Ui(Ii)

Dt

t, c

U, ɺ

DU

Umax
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ʥʠʷ Umin ʟʘʜʘʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ ʠ ʚʳʙʠʨʘʝʪʩʷ ʠʟ 
ʫʩʣʦʚʠʡ ʣʠʥʝʡʥʦʩʪʠ ɺɸʍ ʚ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʨʠ ʜʘʥʥʦʤ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʡ 
ʚʳʚʦʜʷʪʩʷ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ Ui(Ii) ʠ Rmini= 
Umini/Imini ʦʪ Ui. ʇʦʩʣʝʜʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪ-
ʩʷ ʤʝʨʦʡ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʧʨʠ ʚʳʩʦʢʦʧʦʣʝʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʙʨʘʟʝʮ. ʂʨʦʤʝ 
ʪʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ 
ʪʦʢʫ (Imax), ʧʨʦʪʝʢʘʶʱʝʤʫ ʯʝʨʝʟ ʦʙʨʘʟʝʮ.  

ʈʠʩ. 2. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ  
ʩʤʝʱʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ (ʨʝʞʠʤ 2) 

 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ Imax ʥʘʧʨʷʞʝ-

ʥʠʝ ʥʘ ʦʙʨʘʟʮʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʭʨʘʥʷʝʪ ʧʦʩʪʦʷʥ-
ʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʧʦʢʘ Ui ʥʝ ʩʪʘʥʝʪ 
ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʳ U=RʦʙʨĀImax.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬ-
ʬʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, 
ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʤʝʨʷʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟ-
ʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ ʧʨʠ 
ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʝʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɺʨʝʤʝʥʥʘʷ 
ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʨʘʟʝʮ ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝ-

ʥʠʷ ʩʤʝʱʝʥʠʷ ʥʘ ʦʙʨʘʟʮʝ (ʨʝʞʠʤ 3) 
 
ɺ ʧʨʦʛʨʘʤʤʝ ʟʘʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʧʦʣʝ-

ʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ Umax ʠ ʥʘʧʨʷʞʝʥʠʝ ʠʟʤʝʨʝʥʠʷ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ Umin. ɺʳ-
ʙʠʨʘʝʪʩʷ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ æt ʚʳʩʦʢʦʧʦʣʝʚʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʧʨʠʣʦʞʝʥ-
ʥʦʛʦ ʢ ʦʙʨʘʟʮʫ ʥʘʧʨʷʞʝʥʠʷ. ɺʥʫʪʨʠ ʜʘʥʥʦʛʦ ʠʥʪʝʨ-
ʚʘʣʘ ʟʘʜʘʝʪʩʷ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ æt1 ʥʘʧʨʷʞʝʥʠʝʤ 

Umax ʠ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ æt2 ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ Umin. 
ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʠʟʤʝʨʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʨʦ-
ʮʝʩʩ ʨʝʣʘʢʩʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙ-
ʨʘʟʮʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʥʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ɺʩʝ ʠʟʤʝʨʷʝʤʳʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ  
(t, Ui, Ii, Umini, Imini ʠ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʚʘʝʤʦʝ ʥʘ 
ʨʝʣʝ) ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʬʘʡʣʝ ʜʘʥʥʳʭ. ʅʘ ʤʦʥʠʪʦʨ 
ʢʦʤʧʴʶʪʝʨʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʚʦʜʠʪʩʷ 
ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Rmini= Umini/Imini. 

 
ɺʣʠʷʥʠʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ 
ɻʠʩʪʝʨʝʟʠʩʥʳʡ ʭʘʨʘʢʪʝʨ ɺɸʍ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ, ʫʢʘʟʳ-
ʚʘʶʱʠʤ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ. 
ʇʨʠ ʠʟʤʝʨʝʥʠʠ ɺɸʍ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʞʠʤ 1 ʩʪʫ-
ʧʝʥʯʘʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʦʙʨʘʟʮʝ, ʧʦʢʘ-
ʟʘʥʥʳʡ ʥʘ ʨʠʩ. 1. ʀʟʤʝʨʝʥʠʷ ʚʳʷʚʠʣʠ ʥʘʣʠʯʠʝ ʧʝʪʣʠ 
ʛʠʩʪʝʨʝʟʠʩʘ ɺɸʍ ʚʦ ʚʩʝʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʩʠʩʪʝ-
ʤʘʭ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠ-
ʤʝʨʘ ʥʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ɺɸʍ ʢʦʤʧʦʟʠʪʘ 
Co69,2(TiO2)30,8, ʧʦʣʫʯʝʥʥʦʛʦ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʠʩʣʦ-
ʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʷ ʧʣʝʥʢʠ ʠʟʤʝʥʷʝʪʩʷ ʦʙʨʘʪʠʤʦ (ʩʤ. ʨʠʩ. 5). 
ʂʨʠʚʘʷ ʨʠʩ. 5 ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚ ʨʝʞʠʤʝ 2, ʠʩʧʦʣʴʟʫʷ 
ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦ-
ʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 2 

ʈʠʩ. 4. ɺɸʍ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʘ Co69,2(TiO2)30,8, ʧʦʣʫ-
ʯʝʥʥʳʭ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ Pʆ2=1,6Ā10-5 ʊʦʨʨ 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʘ Co69,2(TiO2)30,8, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʦʙʘʚ-
ʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ Pʆ2=1,6Ā10-5 ʊʦʨʨ, ʦʪ ʚʝʣʠʯʠʥʳ ʚʳʩʦʢʦ-

ʧʦʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʥʘʯʝʥʠʡ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠ-
ʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʦʢ ʨʘʟ-
ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʨʝʞʠʤʝ 3 
(ʩʤ. ʨʠʩ. 3). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚʳʙʠʨʘʣʠʩʴ 
ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ Umax, ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘ-
ʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʧʦʣʫ-
ʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʀʩʧʦʣʴʟʫʷ ʧʦʜʦʙʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʧʣʝʥʦʢ 
ʢʦʤʧʦʟʠʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝ-
ʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʦʪ-
ʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʚʳʨʘʞʝʥʠʝ  

 
Ў Ͻ ρππ Ϸ,   

 
ʛʜʝ Rmax ʠ Rmin ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 
ʥʘʙʣʶʜʘʝʤʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʢʠ 
ʧʦʩʣʝ ʧʦʣʝʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘ-
ʪʳ ʩʚʝʜʝʥʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 7. 
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ʈʠʩ. 6. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʘ Co69,2(TiO2)30,8, ʧʦʣʫ-
ʯʝʥʥʦʛʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ Pʆ2=1,6Ā10-5 ʊʦʨʨ. 

ʀʟʤʝʨʝʥʥʳʝ R ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ Umin=0,1 ɺ, Umax=1 ɺ 
 
ɸʥʘʣʠʟ ʢʨʠʚʳʭ ЎὙȾὙ ὼ  ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬ-

ʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘ-
ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ʆʪʥʦʩʠ-
ʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʘʭ ʢʦʤʧʦʟʠʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ 
ʧʦʩʣʝ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ. ʕʪʦ ʦʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴ-
ʪʘʪ, ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩ ʚ ʪʘʢʠʭ ʢʦʤʧʦʟʠʪʘʭ 
ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʙʝʩʢʦʥʝʯʥʦʤʫ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʢʣʘ-
ʩʪʝʨʫ ʠʟ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʛʨʘʥʫʣ ʠ ʜʠʵʣʝʢʪʨʠʯʝ-
ʩʢʘʷ ʤʘʪʨʠʮʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʘʥʥʳʡ ʧʨʦ-
ʮʝʩʩ. ɺ ʢʦʤʧʦʟʠʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʦ ʧʦʨʦʛʘ ʧʝʨ-
ʢʦʣʷʮʠʠ, ʣʠʤʠʪʠʨʫʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦʜʠ-
ʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʬʘʟʘ. ɺʦʟʤʦʞʥʦʩʪʴ 
ʩʦʟʜʘʚʘʪʴ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʦʛʦ ʚʦʟ-
ʜʝʡʩʪʚʠʷ ʦʙʨʘʪʠʤʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦ-
ʨʳʝ ʚʣʠʷʶʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʫʥʥʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢ-
ʪʨʦʥʦʚ ʤʝʞʜʫ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʛʨʘʥʫʣʘʤʠ, ʦʧʨʝʜʝ-
ʣʷʶʪ ʥʘʣʠʯʠʝ ʠ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝ-
ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ. ʉ 
ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨ-
ʞʜʘʶʪ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʤʝʤʨʠʩʪʦʨ-
ʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʢʦʤʧʦʟʠʪʘʭ ʜʦ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ 

(ʨʠʩ. 7 a, b), ʘ ʩ ʜʨʫʛʦʡ ï ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ 
ЎὙȾὙ ὼ  ʧʨʠ 45 < x < 60 ʘʪ. % (ʨʠʩ. 7 ʩ) ʥʘ ʧʝʨʚʳʡ 
ʚʟʛʣʷʜ ʥʝ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʦ. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 
ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʨʘʙʦʯʠʡ ʛʘʟ 
ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʝʥʢʠ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʨʝʘʢ-
ʪʠʚʥʦʛʦ ʛʘʟʘ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʧʨʦʮʝʩʩʘ. ɺʦ-ʧʝʨʚʳʭ, 
ʜʦ-ʦʢʠʩʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ, ʠ 
ʚʦ-ʚʪʦʨʳʭ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʛʨʘʥʫʣʳ 
ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʩʠʜʥʘʷ ʦʙʦʣʦʯʢʘ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʝ-
ʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ʉʭʝʤʘʪʠʯʥʦ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 
ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 8. ɽʩʣʠ ʢʦʤʧʦʟʠʪ 
ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʘʪʤʦʩʬʝʨʝ Ar (ʨʠʩ. 8 ʘ), ʪʦ ʤʘʪʨʠʮʘ 
ʦʢʩʠʜʘ ʪʠʪʘʥʘ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʡ ʜʝʬʠʮʠʪ ʧʦ ʢʠʩʣʦ-
ʨʦʜʫ ʠ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ TiOn ʩ 
n < 2. 
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ʈʠʩ. 7. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʦʚ a ï 
Cox(TiO2)100-x, b ï Cox(TiO2)100-x + O2, c ï 

(Co40Fe40B20)x(TiO2)100-x ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʣʴʥʳʭ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ 

 
ʆʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʥʝʧʨʝʜʝʣʴʥʦ-

ʛʦ ʦʢʩʠʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʩʦ-
ʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʞʛʨʘ-
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ʥʫʣʴʥʦʡ ʩʨʝʜʳ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʤʘʪʨʠʮʘ 
ʜʦʦʢʠʩʣʷʝʪʩʷ ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʦʢʩʠʜʘ TiO2 
(ʨʠʩ. 8 b) ʠ ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʤʦʞʝʪ ʠʟ-
ʤʝʥʠʪʴ ʚʳʩʦʢʦʦʤʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʠʵʣʝʢʪʨʠʢʘ.  

 

 
ʘ) 
 

 
b) 
 

 
c) 
 

ʈʠʩ. 8. ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ 
ʢʦʤʧʦʟʠʪʘ Cox(TiO2)100-x, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝʨʝ  

a ï Ar, b ï Ar+O2, c ï Ar+O2 
 

ʂʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ ʩʪʘʥʦʚʠʪ-
ʩʷ ʪʘʢʦʡ, ʯʪʦ ʤʝʞʜʫ ʛʨʘʥʫʣʘʤʠ ʦʩʪʘʝʪʩʷ ʧʨʦʩʣʦʡʢʘ 

ʠʟ ʦʢʩʠʜʘ ʢʦʙʘʣʴʪʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʯʘʩʪʠʮʳ (ʨʠʩ. 8 ʩ), ʧʨʠʣʦʞʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ 
ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʚʦ-
ʜʠʤʦʩʪʴ ʤʝʞʛʨʘʥʫʣʴʥʦʡ ʩʨʝʜʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ-
ʚʝʩʪʥʦ, ʯʪʦ ʥʝʧʨʝʜʝʣʴʥʳʝ ʦʢʩʠʜʳ ʧʝʨʝʭʦʜʥʳʭ ʤʝ-
ʪʘʣʣʦʚ (FeOx, CoOx, NiOx) ʦʙʣʘʜʘʶʪ ʟʘʤʝʪʥʳʤʠ 
ʤʝʤʨʠʩʪʦʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [22]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦ ʧʨʠʯʠʥʝ ʠʟ-
ʙʳʪʢʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʪʦʤʦʚ ʦʢʠʩʣʝʥʥʳʡ ʩʣʦʡ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ Co ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʝʣʴ-
ʥʳʤ. ɺʠʜʥʦ, ʯʪʦ ʚ ʢʦʤʧʦʟʠʪʝ (Co40Fe40B20)ʭ(TiO2)100-ʭ 
ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ 
ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʯʝʤ ʚ ʢʦʤʧʦʟʠ-
ʪʝ Coʭ(TiO2)100-ʭ, ʧʦʣʫʯʝʥʥʦʤ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠ-
ʷʭ (ʨʠʩ. 7 a ʠ 7 c). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʤʝʤʨʠʩʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 
ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʳʣʝʥʠ-
ʝʤ ʚ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ, ʤʦʞʝʪ 
ʚʣʠʷʪʴ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ, 
ʥʦ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʨʘʥʫʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ 
ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

 
 

ɿʘʢʣʶʯʝʥʠʝ 
ʄʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʳ ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘʥʦʯʘʩʪʠʮ ʢʦʙʘʣʴʪʘ ʠ 
ʩʧʣʘʚʘ Co41Fe39B20 ʚ ʤʘʪʨʠʮʝ ʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʇʨʦʚʝ-
ʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 
ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʢʘʭ Cox(TiO2)100-x,  
Cox(TiO2)100-x+O2 ʠ (Co40Fe40B20)x(TiO2)100-x ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʦʙʨʘʪʠʤʦʝ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚ-
ʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʭ ʧʦʣʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝ-
ʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʜʦ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ. ɺʚʝʜʝʥʠʝ 
ʢʠʩʣʦʨʦʜʘ 2,2 ʧʘʨ. % ʢ ʜʘʚʣʝʥʠʶ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʘʨ-
ʛʦʥʘ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʘ Cox(TiO2)100-x 
ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʤʨʠʩʪʦʨʥʳʡ ʵʬʬʝʢʪ ʜʦ 4000 % ʠ 
ʩʤʝʱʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʪʢʣʠʢʫ ʩʠʩʪʝʤʳ, ʚ 
ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʭ = 60õ75 ʘʪ. %. ɺ 
ʢʦʤʧʦʟʠʪʝ (Co40Fe40B20)x(TiO2)100-x ʠʟʤʝʥʝʥʠʝ ʵʣʝʢ-
ʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠ ʚʦʟʜʝʡ-
ʩʪʚʠʠ ʩʠʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʦʣʝʝ ʟʥʘʯʠ-
ʪʝʣʴʥʦʝ, ʯʝʤ ʚ ʢʦʤʧʦʟʠʪʝ Cox(TiO2)100-x, ʢʦʪʦʨʳʡ 
ʧʦʣʫʯʝʥ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ 

(ʧʨʦʝʢʪ ˉ 16-19-10233). 
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Nanocomposite Coʭ(TiO2)100-ʭ and (Co40Fe40B20)ʭ(TiO2)100-ʭ films with the thickness of 4-5 ɛm have been deposited by 
the method of ion-beam sputter deposition. The film deposition has been performed on the glassceramic substrates at the room 
temperature in the argon atmosphere with addition of oxygen with the partial pressure of 2.2 %. The met-
al/nanocomposite/metal structures for study of the film transport properties in strong electric fields (>104 V/cm) have been 
formed in transverse geometry using shadow masks. Reversible change of the sample resistance at the electric field action has 
been observed at the metal phase concentration bellow the percolation threshold. Addition of oxygen with the partial pressure 
of 2.2 % at the composite Coʭ(TiO2)100-ʭ film deposition increases effect of resistive switching up to 4000% and shifts the metal 
phase concentration appropriate for the system maximum response to the region of grater ʭ º60õ75 at. % 

Key words: memristor, nanocomposite, electrical resistivity, strong electric field 
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ʋɼʂ 539.3 
 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʌʆʈʄʆɺɸʅʀʗ ʂʆʄʇʆɿʀʊʆɺ ʅɸ ʆʉʅʆɺɽ 
ʊɽʈʄʆʈɽɸʂʊʀɺʅʓʍ ʄɸʊʈʀʎ 

 
ʄ.ɺ. ʂʦʟʣʦʚ, ʉ.ɺ. ʐʝʰʝʥʠʥ, ɸ.ɺ. ɹʘʙʢʠʥ, ɸ.ɺ. ʂʝʧʤʘʥ, ɸ.ʄ. ʂʫʜʨʠʥ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʢʦʨʦʙʣʝʥʠʷ ʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʟʜʝʣʠʷʭ ʠʟ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʇʂʄ), ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʨʦʚʝʜʝʥ 
ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʪʚʝʨʞʜʝʥʠ ,̫ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʣʝʞʘʱʠʝ 
ʚ ʦʩʥʦʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʝʡ, ʜʦʧʦʣʥʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ ʦ ʥʘʯʘʣʝ ʫʯʝʪʘ ʜʝʬʦʨʤʘʮʠʡ ʥʝʤʝʭʘʥʠʯʝʩʢʦʡ 
ʧʨʠʨʦʜʳ ʩ ʤʦʤʝʥʪʘ ʛʝʣʠʨʦʚʘʥʠ  ̫ ʩʚʷʟʫʶʱʝʛʦ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ ʠʟʜʝʣʠʝʤ ʠ ʦʩʥʘʩʪʢʦʡ, 
ʤʝʥʷʶʱʝʤ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ 
ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʠʪʴ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ 
ʠʩʢʘʞʝʥʥʫʶ ʬʦʨʤʫ ʠʟʜʝʣʠʷ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʨʘʟʮʦʚ ʇ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ. ʅʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠ 
ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʘ ʠ ʦʙʲʷʩʥʝʥʘ ʨʘʟʥʠʮʘ ʚ ʚʝʣʠʯʠʥʘʭ ʫʛʣʦʚʳʭ ʦʪʢʣʦʥʝʥʠʡ, 
ʧʦʣʫʯʘʝʤʳʭ ʚ ʨʘʩʯʝʪʝ ʧʦ ʜʚʫʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʤʦʜʝʣʷʤ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʪ, ʦʪʚʝʨʞʜʝʥʠʝ, ʠʩʢʘʞʝʥʠʝ ʬʦʨʤʳ, ʢʦʨʦʙʣʝʥʠʝ 
 

ɺʚʝʜʝʥʠʝ1 
 

ʆʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 
ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʩ ʪʝʨʤʦʨʝʘʢʪʠʚʥʦʡ ʤʘʪʨʠʮʝʡ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ 
ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤʳ, ʢʘʢ 
ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʷ, ʪʘʢ ʠ ʝʛʦ 
ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 
ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 
ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʠʩʢʘʞʝʥʠʶ ʬʦʨʤʳ 
ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʦʤʧʦʟʠʪʘ, ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʘʷ 
ʫʩʘʜʢʘ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʤʘʪʝʨʠʘʣ 
ʦʭʣʘʞʜʘʶʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʬʦʨʤʦʚʘʥʠʷ ʜʦ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʨʫʛʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 
ʭʠʤʠʯʝʩʢʘʷ ʫʩʘʜʢʘ ʪʝʨʤʦʨʝʘʢʪʠʚʥʦʡ ʤʘʪʨʠʮʳ, 
ʧʨʦʠʩʭʦʜʷʱʘʷ ʧʨʠ ʧʨʝʚʨʘʱʝʥʠʠ ʩʤʦʣʳ ʠʟ ʚʷʟʢʦʡ 
ʞʠʜʢʦʩʪʠ ʚ ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʧʦʧʳʪʦʢ ʨʘʩʯʝʪʘ ʢʦʨʦʙʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʤ 
ʦʙʟʦʨʝ ʩʪʘʪʝʡ ʟʘ ʧʝʨʠʦʜ ʩ 1985 ʧʦ 2003 ʛʦʜ [1], 
ʧʦʩʚʷʱʝʥʥʳʭ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤʫ ʘʥʘʣʠʟʫ ʧʨʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʮʝʥʢʝ 
ʧʨʠʦʙʨʝʪʘʝʤʳʭ ʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʘʤʘʷ 
ʨʘʥʥʷʷ ʧʫʙʣʠʢʘʮʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʪʝʤʫ 
ʜʘʪʠʨʫʝʪʩʷ 1989 ʛʦʜʦʤ. 

                                                        
ʂʦʟʣʦʚ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʘʩʧʠʨʘʥʪ, e-mail: my_skyline@mail.ru 
ʐʝʰʝʥʠʥ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 
e-mail: sheshenin@mech.math.msu.su 
ɹʘʙʢʠʥ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, 
e-mail: Alexandr.Babkin@gmail.com 
ʂʝʧʤʘʥ ɸʣʝʢʩʝʡ ɺʘʣʝʨʴʝʚʠʯ ï ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ, ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 
ʩʦʪʨʫʜʥʠʢ, e-mail: alexkep@mail.ru 
ʂʫʜʨʠʥ ɸʣʝʢʩʝʡ ʄʠʭʘʡʣʦʚʠʯ ï ʅɺʃ çʂʦʤʧʦʟʠʮʠʦʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳè ʅʆʎ çʀʊɸè ɺɻʊʋ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. 
ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ, ʪʝʣ. 8(951)5569251 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 
ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʦʙʨʘʟʮʦʚ ʩ 
ʧʨʦʩʪʦʡ ʛʝʦʤʝʪʨʠʝʡ ʩ ʮʝʣʴʶ ʩʨʘʚʥʝʥʠʷ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 
ʦʪʚʝʨʞʜʝʥʠʷ. 
 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
 

ʆʧʠʩʘʥʠʝ ʤʦʜʝʣʝʡ ʦʪʚʝʨʞʜʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʝ 
ʥʠʞʝ, ʚʟʷʪʦ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʠʟ ʠʭ 
ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʳ [2]. ʇʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ 
ʢʦʤʧʦʟʠʪʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʨʝʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʝʡ 

( ) : 0 ( ) 1X t X t¢ ¢  ʥʘʟʳʚʘʝʤʦʡ ʩʪʝʧʝʥʴʶ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ. ɿʥʘʯʝʥʠʝ 0X =  ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʥʝʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʤʫ ʩʚʷʟʫʶʱʝʤʫ, ʘ ʟʥʘʯʝʥʠʝ 

1X =  ð ʧʦʣʥʦʩʪʴʶ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʤʫ. 
ɿʘʚʠʩʠʤʦʩʪʴ ( )X t  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

 ( ), ( )dX f X T t
dt
= , (1) 

ʥʘʟʳʚʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʝʤ ʢʠʥʝʪʠʢʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 
ɺ ʥʝʤ ʯʝʨʝʟ T ʦʙʦʟʥʘʯʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʪʝʢʫʱʠʡ 
ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʯʝʨʝʟ t  ð ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ 
ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʝ (1) ʤʦʞʝʪ 
ʙʳʪʴ ʚʳʙʨʘʥʦ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ɸʨʨʝʥʠʫʩʘ 

 ( )
E

RTdX Ae f X
dt

-
= , (2) 

ʛʜʝ A ʠ E  ð ʧʘʨʘʤʝʪʨʳ, R  ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ 
ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʘ ( )f X  ð ʬʫʥʢʮʠʷ, 
ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʝ 
ʥʘʭʦʜʠʪʩʷ ʠʟ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

 ( ) divcT q q
t

µ
r = - +
µ

d
, (3) 
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ʛʜʝ r  ð ʧʣʦʪʥʦʩʪʴ, c  ð ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ 
ʤʘʪʝʨʠʘʣʘ, q  ð ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. ɺʝʢʪʦʨ ʧʦʪʦʢʘ ʪʝʧʣʘ qd  ʩʚʷʟʘʥ ʩ 
ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʢʦʥʦʤ ʌʫʨʴʝ 

 i ij
j

Tq k
x
µ

= -
µ

, (4) 

ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʚʳʨʘʞʝʥʠʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ 
ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ijk . 

ɺʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ 
ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ ʚ ʩʚʷʟʫʶʱʝʤ ʧʨʦʠʩʭʦʜʠʪ 
ʚʳʨʘʙʦʪʢʘ ʪʝʧʣʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʠ 
ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʯʠʩʪʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 
ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʦʦʪʥʦʰʝʥʠʝʤ 

 m tot
dXq H
dt

= r , (5) 

ʛʜʝ mr  ð ʧʣʦʪʥʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ, ʘ totH  ð 
ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʧʦʣʥʦʡ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʦʩʨʝʜʥʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 

 m m tot
dXq V H
dt

= r , (6) 

ʛʜʝ mV  ð ʦʙʲʝʤʥʘʷ ʜʦʣʷ ʩʚʷʟʫʶʱʝʛʦ. 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ M

ije  ʨʘʚʥʳ ʨʘʟʥʦʩʪʠ 
ʧʦʣʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ije  ʠ ʜʝʬʦʨʤʘʮʠʡ 
ʥʝʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ijx : 

 M
ij i ijje = e - x . (7) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷ ʂʦʰʠ: 

 
1
2

ji
ij

j i

uu
x x

å õµµ
e = +æ öæ öµ µç ÷

. (8) 

ɼʝʬʦʨʤʘʮʠʠ ʥʝʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 
ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʜʝʬʦʨʤʘʮʠʡ ʪʝʧʣʦʚʦʛʦ 
ʨʘʩʰʠʨʝʥʠʷ T

ijx  ʠ ʭʠʤʠʯʝʩʢʦʡ ʫʩʘʜʢʠ C
ijx : 

 T C
ij ij ijx = x + x . (9) 

ʅʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʠʩʪʦʨʠʠ ʧʨʦʮʝʩʩʘ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʠʜ 
ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʠʭ ʥʘʭʦʞʜʝʥʠʷ 

 ( )T ( '), ( ') '
'

gel

t

ij ij
t

TT t X t dt
t
µ

x = a
µñ , (10) 

 ( )C ( ') '
'

gel

t

ij ij
t

XX t dt
t
µ

x = b
µñ . (11) 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʡ 
ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʥʝʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʩ 
ʤʦʤʝʥʪʘ ʛʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʫʶʱʝʛʦ gelt , ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʠ ʚʘʢʫʫʤʥʦʛʦ ʬʦʨʤʦʚʘʥʠʷ 
ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʤʧʦʟʠʪʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
ʩʚʷʟʫʶʱʝʝ ʩʯʠʪʘʝʪʩʷ ʞʠʜʢʠʤ ʠ ʩʧʦʩʦʙʥʳʤ 
ʧʨʦʪʝʢʘʪʴ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʜʦ ʥʘʯʘʣʘ ʛʝʣʠʨʦʚʘʥʠʷ, 
ʧʨʠ ʵʪʦʤ ʝʛʦ ʫʩʘʜʢʘ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʤʧʦʟʠʪʝ. 

ɺ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 
ʥʝʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚʭʦʜʷʪ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ija  ʠ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʠʤʠʯʝʩʢʦʡ ʫʩʘʜʢʠ ʤʘʪʝʨʠʘʣʘ ijb , 
ʟʘʚʠʩʷʱʠʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʢʦʥʢʨʝʪʠʟʘʮʠʠ ʵʪʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

 
R

G

, , ( )
( , )

, , ( )
ij gel g

ij
ij gel g

X X T T X
X T

X X T T X
ëa ² >îa = ìa ² ¢îí

, (12) 

 
R

G

, , ( )
( , )

, , ( )
ij gel g

ij
ij gel g

X X T T X
X T

X X T T X
ëb ² >îb = ìb ² ¢îí

. (13) 

ɿʜʝʩʴ ʠʥʜʝʢʩʘʤʠ R ʠ G ʦʙʦʟʥʘʯʝʥʳ 
ʧʦʩʪʦʷʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠ 
ʭʠʤʠʯʝʩʢʦʡ ʫʩʘʜʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʨʝʟʠʥʦʧʦʜʦʙʥʦʤʫ (R) ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤʫ (G) 
ʩʦʩʪʦʷʥʠʷʤ. ɺʝʣʠʯʠʥʘ gelX  ʨʘʚʥʘ ʪʘʢʦʡ ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 
ʛʝʣʠʨʦʚʘʥʠʝ ʩʚʷʟʫʶʱʝʛʦ, ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʚʷʟʢʦʩʪʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ 
ʩʪʝʢʣʦʚʘʥʠʷ gT  ʦʪ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʦʞʝʪ 
ʙʳʪʴ ʟʘʜʘʥʘ ʢʘʢ ʷʚʥʦ, ʪʘʢ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ 
ʣʶʙʳʤ ʧʦʜʭʦʜʷʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʵʪʠʭ 
ʮʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʠʧʝʨʙʦʣʘ, 
ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʜʚʫʤ ʭʘʨʘʢʪʝʨʥʳʤ ʟʥʘʯʝʥʠʷʤ ʠ 
ʧʘʨʘʤʝʪʨʫ l , ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʝʝ ʚʠʜ [3]: 

 
0

g g
1 0
g g 1 (1 )

T T X
XT T

- l
=
- -l-

, (14) 

ʛʜʝ 0
gT  ð ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ 

ʥʝʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, 1
gT  ð 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʧʦʣʥʦʩʪʴʶ 
ʧʦʣʠʤʝʨʠʟʦʚʘʚʰʝʡʩʷ ʤʘʪʨʠʮʳ. 

ʆʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʫʧʨʫʛʦʡ ʤʦʜʝʣʠ, 
ʚ ʢʦʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ 
ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳ, ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 
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, (15) 

ʛʜʝ R
ijklC  ʠ G

ijklC  ð ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʤʦʜʫʣʝʡ 
ʫʧʨʫʛʦʩʪʠ ʚ ʨʝʟʠʥʦʧʦʜʦʙʥʦʤ ʠ ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ 
ʩʦʩʪʦʷʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʄʦʜʝʣʴ ʩ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤʠ ʤʦʜʫʣʷʤʠ, 
ʥʘʟʳʚʘʝʤʘʷ ʪʘʢʞʝ CHILE (ʩʦʢʨʘʱʝʥʠʝ ʦʪ 
CureHardeningInstantaneousLinearElastic), 
ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 
ʩʪʝʢʣʦʚʘʥʠʷ ʫʧʨʫʛʠʝ ʤʦʜʫʣʠ ʠʟʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʦ, ʚ 
ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʦʣʥʦʩʪʴʶ ʨʝʟʠʥʦʧʦʜʦʙʥʦʤ ʠ 
ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʷʭ ʦʥʠ ʧʦʩʪʦʷʥʥʳ [4ï6]. ɺ 
ʥʘʟʚʘʥʥʳʭ ʨʘʙʦʪʘʭ ʧʨʠʚʝʜʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 
ʤʦʜʫʣʷ ʖʥʛʘ ʩʚʷʟʫʶʱʝʛʦ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 
ʦʙʦʙʱʘʶʪʩʷ ʥʘ ʚʝʩʴ ʪʝʥʟʦʨ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ. 
ʇʦʣʫʯʝʥʥʳʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʶʪ 
ʚʠʜ 

 M( , )ij ijkl klC X Ts e= , (16) 
ʛʜʝ 
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 R( , )ijkl ijklC X T C= , ʝʩʣʠ ( )g RT T X T> + ; (17) 

( )R G R( )
( , ) g R

ijkl ijkl ijkl ijkl
R L

T X T T
C X T C C C

T T
+ -

= + -
-

, 
(18) 

 ʝʩʣʠ ( ) ( )g L g RT X T T T X T+ ¢ ¢ + ; 

 G( , )ijkl ijklC X T C= , ʝʩʣʠ ( )g LT T X T< + . (19) 
ɿʜʝʩʴ ʢʦʥʩʪʘʥʪʳ LT  ʠ RT  ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 
ʤʘʪʝʨʠʘʣʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʚʠʜ 
ʥʘʢʣʦʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 
ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʷʟʢʦʫʧʨʫʛʦʡ 
ʤʦʜʝʣʠ [7ï9] ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ 

 
0

( , , ) ( )
t

ij ijkl klR t X T ds t e t= -ñ , (20) 

ʛʜʝ ijklR ð ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʬʫʥʢʮʠʡ 
ʨʝʣʘʢʩʘʮʠʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ, ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, t ð ʚʨʝʤʷ ʩ 
ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʄʦʜʝʣʴ ʉʚʘʥʙʝʨʛʘ [10] ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 
ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʫʧʨʫʛʦʡ ʠ ʚʷʟʢʦʫʧʨʫʛʦʡ 
ʤʦʜʝʣʷʤʠ. ɽʝ ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʤʝʶʪ 
ʚʠʜ: 

( )
R M

g

G M M
tr tr g

, ( )

( ) ( ), ( )
ijkl kl

ij
ijkl kl kl ij

C T T X

C t t T T X

ë e ²îs = ì
e - e + s <îí

, (21) 

ʛʜʝ ʯʝʨʝʟ trt  ʦʙʦʟʥʘʯʝʥʦ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʧʝʨʝʭʦʜʘ 
ʠʟ ʨʝʟʠʥʦʧʦʜʦʙʥʦʛʦ ʚ ʩʪʝʢʣʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ʇʨʠʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʟʥʘʯʘʶʪ, ʯʪʦ 
ʧʨʠʨʘʱʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʦʝ ʤʘʪʝʨʠʘʣʦʤ ʚ 
ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʠʩʯʝʟʘʝʪ ʧʨʠ 
ʨʘʩʩʪʝʢʣʦʚʳʚʘʥʠʠ. ʇʦʵʪʦʤʫ ʚ ʦʙʣʘʩʪʠ 
ʨʝʟʠʥʦʧʦʜʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ g ( )T T X²  ʠʤʝʝʪ ʤʝʩʪʦ 
ʟʘʢʦʥ ʫʧʨʫʛʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʠʤ ʧʫʪʝʤ 
ʧʦʧʘʩʪʴ ʚ ʵʪʫ ʦʙʣʘʩʪʴ. ʇʨʠ ʥʦʚʦʤ ʩʪʝʢʣʦʚʘʥʠʠ 
ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʚʝʨʜʦʤʫ ʩʦʩʪʦʷʥʠʶ, 
ʥʘʯʥʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʟʘʥʦʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʫʧʨʦʱʝʥʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʪʦʨʠʠ 
ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʂʘʨʪʠʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʚʦʡʩʪʚ ʩʚʷʟʫʶʱʝʛʦ ʚ 
ʤʦʜʝʣʷʭ CHILE ʠ ʉʚʘʥʙʝʨʛʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ LT  ʠ RT  
ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 1. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 
ʩʚʷʟʫʶʱʝʛʦ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ʠ 

ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ 
ʢʦʤʧʦʟʠʪʘ ʥʘʨʷʜʫ ʩ ʷʚʣʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ 
ʠʟʜʝʣʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʝ 
ʧʦʚʝʜʝʥʠʝ ʦʩʥʘʩʪʢʠ ʠ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʠʟʜʝʣʠʝʤ 
ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪʳ [2] ʷʚʠʣʦʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 
ʪʦʤ, ʯʪʦ ʜʦ ʤʦʤʝʥʪʘ ʛʝʣʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʝ ʤʦʞʝʪ ʙʝʟ 
ʪʨʝʥʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ ʧʦ ʦʩʥʘʩʪʢʝ, ʘ ʧʦʩʣʝ ʵʪʦʛʦ 
ʤʦʤʝʥʪʘ ð ʧʨʠʣʠʧʘʝʪ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʊʝ ʞʝ ʢʦʥʪʘʢʪʥʳʝ 
ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʨʠʥʷʪʳ ʠ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 
ʤʦʜʝʣʠ. ʄʝʞʜʫ ʠʟʜʝʣʠʝʤ ʠ ʦʩʥʘʩʪʢʦʡ ʚ ʧʨʦʮʝʩʩʝ 
ʦʪʚʝʨʞʜʝʥʠʷ ʪʘʢʞʝ ʚʚʦʜʠʪʩʷ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ. 

ɼʣʷ ʟʘʜʘʯ ʦʪʚʝʨʞʜʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʩ 
ʫʨʘʚʥʝʥʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ 

 0ij

jx
µs
=

µ
. (22) 

ɻʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʷ 
ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʘ 
ʪʘʢʞʝ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʦʪʦʢʦʚ ʪʝʧʣʘ. ʅʘʯʘʣʴʥʳʝ 
ʫʩʣʦʚʠʷ ð ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ 
ʩʪʝʧʝʥʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʪʝʣʝ ʚ 
ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 
 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ 
 

ɺ ʪʘʙʣ. 1 ʠ ʪʘʙʣ. 2 ʧʨʠʚʦʜʷʪʩʷ ʩʚʦʡʩʪʚʘ ʩʣʦʷ 
ʫʛʣʝʪʢʘʥʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʧʣʦʚʦʡ ʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʪʝʨʠʘʣʴʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʢʘʢ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʧʦʜʭʦʜʦʚ 
ʦʩʨʝʜʥʝʥʠʷ [4,6]. ɼʣʷ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʨʘʙʦʪʝ 
ʩʚʷʟʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʢʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
ʙʳʣʦ ʚʟʷʪʦ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʷ ʇʨʘʫʪʘ-ʊʦʤʧʢʠʥʩʘ n-ʛʦ 
ʧʦʨʷʜʢʘ ʩ ʘʚʪʦʢʘʪʘʣʠʟʦʤ 

 ( )1
E

n aRTdX Ae X X
dt

-
= - , (23) 

ʛʜʝ A , E , n , a  ð ʧʘʨʘʤʝʪʨʳ, R  ð ʫʥʠʚʝʨʩʘʣʴʥʘʷ 
ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

 
ʊʘʙʣʠʮʘ 1  

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʣʦʷ ʜʣʷ ʪʝʧʣʦʚʦʡ ʟʘʜʘʯʠ 
 

ʆʙʦʟʥʘʯʝʥʠʝ ɺʝʣʠʯʠʥʘ ɽʜʠʥʠʮʳ 

mV  0,43 ð 

totH  480 ʢɼʞ/ʢʛ 

mr  1,17 ʛ/ʩʤ3 
A  708 1/ʩ 
E  64 ʢɼʞ/ʤʦʣʴ 
R  8,31 ɼʞ/(ʤʦʣʴ ʂ) 
n  0,93 ð 
a  0,68 ð 

11k  2,69 ɺʪ/(ʤ ʂ) 

22k  2,69 ɺʪ/(ʤ ʂ) 

33k  0,52 ɺʪ/(ʤ ʂ) 
r  1,51 ʛ/ʩʤ3 

pC  881 ɼʞ/(ʢʛ ʂ) 
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ʊʘʙʣʠʮʘ 2  
ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʩʣʦʷ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

 

ʆʙʦʟʥʘʯʝʥʠʝ ɺʝʣʠʯʠʥʘ ɽʜʠʥʠʮʳ 

1
RE , 2

RE  58,7 ɻʇʘ 

3
RE  0,12 ɻʇʘ 

12
RG  0,03 ɻʇʘ 

23
RG , 13

RG  0,04 ɻʇʘ 

12
Rn  0 ð 

23
Rn , 13

Rn  0,49 ð 

1
GE , 2

GE  65 ɻʇʘ 

3
GE  13 ɻʇʘ 

12
GG  4,5 ɻʇʘ 

23
GG , 13

GG  5 ɻʇʘ 

12
Gn  0,03 ð 

23
Gn , 13

Gn  0,3 ð 

11
Ra , 22

Ra  -7,63Ā10-8 1/ʂ 

33
Ra  1,53Ā10-4 1/ʂ 

11
Ga , 22

Ga  2,5Ā10-6 1/ʂ 

33
Ga  7,2Ā10-5 1/ʂ 

11
Rb , 22

Rb  -2.93Ā10-6 ð 

33
Rb  -8,9Ā10-3 ð 

11
Gb , 22

Gb  -3,14Ā10-4 ð 

33
Gb  -8,9Ā10-3 ð 
0

gT  -11 ÁC 
1
gT  210 ÁC 
l  0.48 ð 

LT  -21 ʂ 

RT  9 ʂ 
 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
 

ʈʝʰʘʝʤʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʥʝʩʚʷʟʘʥʥʦʡ. ʕʪʦ 
ʟʥʘʯʠʪ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 
ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ 
ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʧʝʨʝʥʦʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʝ 
ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʥʘʡʪʠ 
ʦʪʜʝʣʴʥʦ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʰʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ. 
ʋʨʘʚʥʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ, ʙʳʣʠ 
ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʤʦʜʫʣʷ ʜʣʷ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 
ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʝʯʥʫʶ ʬʦʨʤʫ ʠʟʜʝʣʠʷ, 
ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʢʦʤʧʦʟʠʪʘ ʩ ʪʝʨʤʦʨʝʘʢʪʠʚʥʦʡ 
ʤʘʪʨʠʮʝʡ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ 
ʦʙʨʘʟʮʳ ʇ-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʥʘ 
ʘʣʶʤʠʥʠʝʚʦʡ ʦʩʥʘʩʪʢʝ. ʆʙʨʘʟʝʮ ˉ1 ʧʨʝʜʧʦʣʘʛʘʣʩʷ 
ʚʳʧʦʣʥʝʥʥʳʤ ʠʟ 50 ʩʣʦʝʚ ʫʛʣʝʪʢʘʥʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʦʙʨʘʟʝʮ ˉ2 ʩʦʩʪʦʷʣ ʠʟ 16 ʩʣʦʝʚ. ɺ ʩʦʩʪʘʚ ʢʦʥʝʯʥʦ-
ʵʣʝʤʝʥʪʥʳʭʤʦʜʝʣʝʡ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ 
(ʨʠʩ. 2ʘ) ʚʭʦʜʷʪ ʪʝʣʘ ʦʩʥʘʩʪʦʢ ʠ ʠʟʜʝʣʠʡʩ ʫʯʝʪʦʤ 
ʦʙʨʝʟʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʧʫʩʢʦʚ. ɺ ʤʦʜʝʣʠ ʜʣʷ 
ʪʝʧʣʦʚʦʛʦ ʨʘʩʯʝʪʘ (ʨʠʩ. 2ʙ), ʧʦʤʠʤʦ ʦʩʥʘʩʪʦʢ ʠ 

ʠʟʜʝʣʠʡ, ʚʭʦʜʷʪ ʙʣʦʢʠ ʠʟ ʧʝʥʦʩʪʝʢʣʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ 
ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʩʥʘʩʪʦʢ, ʘ ʪʘʢʞʝ 
ʥʘʢʣʘʜʢʠ ʠʟ ʩʠʣʠʢʦʥʦʚʦʡ ʨʝʟʠʥʳ, ʢʦʪʦʨʳʝ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʧʨʠʞʘʪʠʝ ʧʨʝʬʦʨʤʳ ʥʘ 
ʵʪʘʧʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. 
 

 
(ʘ)    (ʙ) 

 

ʈʠʩ. 2.  ʄʦʜʝʣʠ ʦʙʨʘʟʮʘ ʥʘ ʘʣʶʤʠʥʠʝʚʦʡ ʦʩʥʘʩʪʢʝ ʜʣʷ 
ʪʝʧʣʦʚʦʛʦ (ʘ) ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ (ʙ) ʨʘʩʯʝʪʦʚ 

 
ʈʝʰʝʥʠʝ ʪʝʧʣʦʚʦʡ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 

ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʧʨʦʧʠʪʢʠ, ʧʨʦʠʩʭʦʜʠʚʰʝʡ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 100 ÁC. ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʜʚʝʨʛʘʣʘʩʴ 
ʥʘʛʨʝʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 180 ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ 
2ÁC/ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʦʚʘʥʠʷ 3 ʯʘʩʘ. ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥ 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʮʠʢʣ ʦʪʚʝʨʞʜʝʥʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
ʥʘʭʦʞʜʝʥʠʷ ʠʟʜʝʣʠʷ ʚ ʧʝʯʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 
ʟʘʜʘʥʠʝʤ ʫʩʣʦʚʠʡ ʢʦʥʚʝʢʮʠʠ ʥʘ ʩʫʤʤʘʨʥʦʡ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠʟʜʝʣʠʝ-ʦʩʥʘʩʪʢʘ. 
ʄʝʞʜʫ ʦʩʥʘʩʪʢʦʡ ʠ ʠʟʜʝʣʠʝʤ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ 
ʠʜʝʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʢʦʥʪʘʢʪ. 
 

ʊʘʙʣʠʮʘ 3 
 ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʝʯʠ ʦʪ ʚʨʝʤʝʥʠ ʩ 

ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʧʨʦʧʠʪʢʠ 
 

ɺʨʝʤʷ, ʤʠʥ ʊʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ, ÁC 

0 100 
40 180 
220 180 
300 26 

 
ʈʝʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 

ʤʦʤʝʥʪʘ ʚʢʣʶʯʝʥʠʷ ʧʝʯʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʯʝʩʪʴ 
ʜʝʬʦʨʤʘʮʠʠ ʦʩʥʘʩʪʢʠ ʟʘ ʚʨʝʤʷ ʥʘʛʨʝʚʘ ʜʦ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʧʠʪʢʠ, ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʨʝʰʝʥʠʷ 
ʚʩʝʡ ʩʠʩʪʝʤʝ ʙʳʣʦ ʟʘʜʘʥʦ ʧʨʠʨʘʱʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʨʘʚʥʦʝ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʧʠʪʢʠ ʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ. ʋʞʝ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʣʝ ʪʝʤʧʝʨʘʪʫʨ, 
ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʤʝʭʘʥʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ, ʙʨʘʣʦʩʴ ʠʟ ʨʝʰʝʥʠʷ ʪʝʧʣʦʚʦʡ ʟʘʜʘʯʠ. 
ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʠʟʜʝʣʠʷ ʠ ʦʩʥʘʩʪʢʠ 
ʧʨʠʤʝʥʷʣʦʩʴ ʜʚʘ ʪʠʧʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 
ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʜʦ ʤʦʤʝʥʪʘ ʛʝʣʠʨʦʚʘʥʠʷ 
ʩʚʷʟʫʶʱʝʛʦ ʠʟʜʝʣʠʝ ʤʦʞʝʪ ʙʝʟ ʪʨʝʥʠʷ 
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ʧʨʦʩʢʘʣʴʟʳʚʘʪʴ ʧʦ ʦʩʥʘʩʪʢʝ, ʘ ʧʦʩʣʝ ʵʪʦʛʦ ʤʦʤʝʥʪʘ 
ʧʨʠʣʠʧʘʝʪ ʙʝʟ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 
ʦʪʜʝʣʝʥʠʷ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʟʜʝʣʝʥʠʝ 
ʠʟʜʝʣʠʷ ʠ ʦʩʥʘʩʪʢʠ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʠʟ ʢʦʥʝʯʥʦ-
ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʪʝʣʘ ʦʩʥʘʩʪʢʠ. ʅʘʢʦʧʣʝʥʥʳʝ ʚ 
ʠʟʜʝʣʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʪʦʪ ʤʦʤʝʥʪ 
ʚʳʩʚʦʙʦʞʜʘʣʠʩʴ, ʚʳʟʳʚʘʷ ʠʩʢʘʞʝʥʠʷ ʝʛʦ ʬʦʨʤʳ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʨʦʙʥʦ 
ʠʟʣʦʞʝʥʳʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʮʘ ʠʟ 50 ʩʣʦʝʚ. ʅʘ ʨʠʩ. 3 
ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 
ʚʦ ʚʨʝʤʷ ʢʣʶʯʝʚʳʭ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ. 
ʇʝʥʦʩʪʝʢʣʦ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 
ʥʝʤ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʚ ʥʘʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ 
(ʨʠʩ. 3ʘ, ʨʠʩ. 3ʚ). ɺʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʢʦʤʧʦʟʠʪʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ 
ʪʝʧʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢʝʛʦ ʣʦʢʘʣʴʥʦʤʫ ʧʝʨʝʛʨʝʚʫ 
(ʨʠʩ. 3ʙ). 
 

 
(ʘ)   (ʙ) 

 
(ʚ) 

 

ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʦʥʩʪʨʫʢʮʠʠ (ÁC) ʚʦ 
ʚʨʝʤ  ̫ʥʘʛʨʝʚʘ (ʘ), ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʩʚʷʟʫʶʱʝʛʦ (ʙ) ʠ ʦʭʣʘʞʜʝʥʠ  ̫(ʚ) 
 

ʂʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʠʟʜʝʣʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 
ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4. ʇʦʣʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 
ʩʚʷʟʫʶʱʝʛʦ ʥʘʩʪʫʧʠʣʘ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ 
3 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʦʚʘʥʠʷ. 

 
(ʘ)   (ʙ) 

 
(ʚ) 

 

ʈʠʩ. 4.  ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʠʟʜʝʣʠʠ: 
(ʘ) ï ʚʳʜʝʨʞʢʘ 1ʯ 15 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʦʚʘʥʠʷ, 
(ʙ) ï ʚʳʜʝʨʞʢʘ 1ʯ 45 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʦʚʘʥʠʷ, 
(ʚ) ï ʚʳʜʝʨʞʢʘ 2ʯ 25 ʤʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʦʚʘʥʠʷ 

 
ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʢʘʨʪʠʥʘʭ ʟʘʤʝʪʥʦ, ʯʪʦ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʳʩʪʨʝʝ ʚ ʫʛʣʘʭ ʠʟʜʝʣʠʷ ʚ 
ʩʠʣʫ ʠʭ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʛʨʝʚʘ ʚʦ ʚʨʝʤʷ 
ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʝʯʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦ ʪʦʣʱʠʥʝ ʜʝʪʘʣʠ ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ 
ʤʝʜʣʝʥʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʚ ʩʣʦʷʭ, 
ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʦʩʥʘʩʪʢʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 
ʩʚʦʙʦʜʥʦʡ ʩʪʦʨʦʥʦʡ ʠʟʜʝʣʠʷ. 
 

 
 

ʈʠʩ. 5. ʂʘʯʝʩʪʚʝʥʥʘʷ ʢʘʨʪʠʥʘ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʦʙʨʘʟʮʘ ʠ 
ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʡ (ʤʤ) 

 
ʇʦʩʣʝ ʩʥʷʪʠʷ ʩ ʦʩʥʘʩʪʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʨʦʙʣʝʥʠʝ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ 
ʫʤʝʥʴʰʝʥʠʠ ʝʛʦ ʠʟʥʘʯʘʣʴʥʦ ʧʨʷʤʳʭ ʫʛʣʦʚ. 
ʂʘʯʝʩʪʚʝʥʥʳʡ ʚʠʜ ʠʩʢʘʞʝʥʥʦʡ ʬʦʨʤʳ ʦʙʨʘʟʮʘ, ʘ 
ʪʘʢʞʝ ʧʝʨʝʤʝʱʝʥʠʷ ʝʛʦ ʩʪʝʥʦʢ, ʧʦʣʫʯʝʥʥʳʝ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʢʦʨʦʙʣʝʥʠʷ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 5. 
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ɺ ʭʦʜʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʙʳʣʠ 
ʠʟʤʝʨʝʥʳ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʦʨʦʙʣʝʥʠʝ 
ʦʙʨʘʟʮʦʚ. ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚʳʭ 
ʦʪʢʣʦʥʝʥʠʡ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣ. 4. 
 

ʊʘʙʣʠʮʘ 4  
ʋʛʣʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ, Á 

 

ʅʦʤʝʨ ʦʙʨʘʟʮʘ ʏʠʩʣʦ ʩʣʦʝʚ ʈʘʩʯʝʪ ʧʦ ʤʦʜʝʣʠ 
ʉʚʘʥʙʝʨʛʘ CHILE 

1 50 1,195 1,415 
2 16 1,323 1,398 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʜʥʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʪʢʣʦʥʝʥʠʷ, 
ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʤʦʜʝʣʠ ʉʚʘʥʙʝʨʛʘ, 
ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ, ʯʝʤ ʦʪʢʣʦʥʝʥʠʷ, 
ʧʦʣʫʯʘʝʤʳʝ ʧʦ ʤʦʜʝʣʠ CHILE. ʊʘʢ, ʠʟʤʝʥʝʥʠʷ 
ʫʛʣʦʚ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʤʦʜʝʣʠ ʉʚʘʥʙʝʨʛʘ, 
ʦʢʘʟʘʣʠʩʴ, ʚ ʩʨʝʜʥʝʤ, ʥʘ 12 % ʤʝʥʴʰʝ, ʯʝʤ ʚ ʤʦʜʝʣʠ 
CHILE. ʈʘʟʥʠʮʘ ʚ ʚʝʣʠʯʠʥʘʭ ʠʩʢʘʞʝʥʠʷ ʬʦʨʤʳ ʚ 
ʵʪʠʭ ʤʦʜʝʣʷʭ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʠʟʜʝʣʠʠ, ʧʦʣʫʯʝʥʥʳʭ ʢ ʤʦʤʝʥʪʫ 
ʩʥʷʪʠʷ ʩ ʦʩʥʘʩʪʢʠ. ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡʵʪʦʛʦ ʷʚʣʷʝʪʩʷ 
ʤʝʭʘʥʠʟʤ ʥʘʢʦʧʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʟʘʣʦʞʝʥʥʳʡ ʚ 
ʤʦʜʝʣʴ ʉʚʘʥʙʝʨʛʘ. ʉʦʛʣʘʩʥʦ ʥʝʤʫ ʥʘʧʨʷʞʝʥʠʷ, 
ʥʘʙʨʘʥʥʳʝ ʢʦʤʧʦʟʠʪʦʤ ʚ ʨʝʟʠʥʦʧʦʜʦʙʥʦʤ 
ʩʦʩʪʦʷʥʠʠ, çʟʘʤʦʨʘʞʠʚʘʶʪʩʷè ʧʨʠ ʟʘʩʪʝʢʣʦʚʳʚʘʥʠʠ 
(21). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʚ 
ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʫʞʝ 
ʧʦʩʣʝ ʩʪʝʢʣʦʚʘʥʠʷ. ɺ ʤʦʜʝʣʠ CHILE ʪʘʢʦʝ 
ʨʘʟʜʝʣʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʦʪ 
ʩʫʤʤʘʨʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ 
ʩ ʥʘʯʘʣʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝʩʨʘʚʥʝʥʠʝ 
ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʜʝʣʝʡ ʦʪʚʝʨʞʜʝʥʠʷ 
ʢʦʤʧʦʟʠʪʘ ʩ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤ ʩʚʷʟʫʶʱʠʤ. 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʜʝʠ ʦʙʦʙʱʝʥʳ 
ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ 
ʢʦʤʧʦʟʠʪʘ ʩ ʫʯʝʪʦʤ ʦʩʥʘʩʪʢʠ. ʅʘʫʯʥʦʡ ʥʦʚʠʟʥʦʡ 
ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʫʣʫʯʰʝʥʠʷ, ʢ 
ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʥʘʯʘʣʦ ʫʯʝʪʘ ʜʝʬʦʨʤʘʮʠʡ 
ʥʝʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ ʩ ʤʦʤʝʥʪʘ ʛʝʣʠʨʦʚʘʥʠʷ 
ʩʚʷʟʫʶʱʝʛʦ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʤʝʞʜʫ 
ʠʟʜʝʣʠʝʤ ʠ ʦʩʥʘʩʪʢʦʡ, ʢʦʪʦʨʳʡ ʤʝʥʷʝʪ ʩʚʦʝ 
ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʧʦʩʪʨʦʝʥʥʫʶ ʤʦʜʝʣʴ, 
ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʚʠʜʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʤʦʜʫʣʷ ʜʣʷ ʩʠʩʪʝʤʳ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 
ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʝʯʥʫʶ ʬʦʨʤʫ ʠʟʜʝʣʠʷ, 
ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʢʦʤʧʦʟʠʪʘ ʩ ʪʝʨʤʦʨʝʘʢʪʠʚʥʦʡ 
ʤʘʪʨʠʮʝʡ. ʇʨʦʠʟʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʦʪʚʝʨʞʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, 
ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ 
ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʪʝʧʣʦʚʫʶ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ 
ʩʦʩʪʘʚʣʷʶʱʠʝ, ʧʦʣʥʦʮʝʥʥʳʡ ʫʯʝʪ ʦʩʥʘʩʪʢʠ ʥʘ ʚʩʝʭ 
ʵʪʘʧʘʭ ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʡ, ʦʪʩʣʝʞʠʚʘʥʠʝ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʤʦʤʝʥʪʘ ʚʢʣʶʯʝʥʠʷ ʧʝʯʠ 

ʠ ʪʝʧʣʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ 
ʧʨʦʧʠʪʢʠ, ʧʨʦʠʩʭʦʜʠʚʰʝʡ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ. 

ʅʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʵʚʦʣʶʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʧʦʣʷ ʠ ʩʪʝʧʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʜʝʣʠʷ ʚ ʧʨʦʮʝʩʩʝ 
ʦʪʚʝʨʞʜʝʥʠʷ. ʋʛʣʦʚʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ 
ʨʘʩʯʝʪʝ ʧʦ ʤʦʜʝʣʠ ʉʚʘʥʙʝʨʛʘ, ʦʢʘʟʘʣʠʩʴ, ʚ ʩʨʝʜʥʝʤ, 
ʥʘ 12 % ʤʝʥʴʰʝ, ʯʝʤ ʚ ʤʦʜʝʣʠ CHILE, ʯʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʝʭʘʥʠʟʤʝ ʥʘʢʦʧʣʝʥʠʷ 
ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʝʣʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 
ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ (ʜʦʛʦʚʦʨ ˉ 
02.G25.31.0114 ʦʪ 14 ʘʚʛʫʩʪʘ 2014 ʛ. ʚ ʩʦʩʪʘʚʝ 
ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʇʦʩʪʘʥʦʚʣʝʥʠʷ 
ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ 218, ʰʠʬʨ 2014-218-05-8228). 
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The paper discusses the main causes of warpage and residual stresses in structural parts made of polymeric composite 
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ʄʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʦʢʩʠʜʥʦʡ (Nb-O) ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ (Mg) ʤʠʰʝʥʝʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘ-
ʞʜʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʜʣʦʞʢʠ, ʚʨʘʱʘʶʱʠʝʩʷ ʚʦʢʨʫʛ ʤʠʰʝʥʝʡ, ʧʦʣʫʯʝʥʳ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʤʘʛʥʠʷ, ʦʢʩʠʜʘ ʥʠʦʙʠʷ, ʘ 
ʪʘʢʞʝ ʧʣʝʥʢʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ (Mg/NbO)82, ʩʦʜʝʨʞʘʱʝʡ 82 ʙʠʩʣʦʷ (Mg+NbO). ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ, 
ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʫʛʣʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʧʦʢʘʟʘ-
ʥʦ, ʯʪʦ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʧʣʝʥʦʢ ʤʘʛʥʠʷ ʚ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʩʣʦʠ ʤʘʛʥʠʷ ʨʘʟʜʝʣʝʥʳ ʦʢʩʠ-
ʜʦʤ ʤʘʛʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʤʩʷ ʟʘ ʪʦ ʚʨʝʤ ,̫ ʢʦʛʜʘ ʧʦʜʣʦʞʢʘ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʧʦʪʦʢʘ ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʘʪʦʤʦʚ. ʉʪʨʫʢ-
ʪʫʨʘ ʥʘʧʳʣʝʥʥʳʭ ʧʣʝʥʦʢ ʤʘʛʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ, ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʥʠʦʙʠʷ 
ʘʤʦʨʬʥʘʷ ʠ ʛʦʤʦʛʝʥʥʘ .̫  ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ V-ʦʙʨʘʟʥʦʛʦ ʵʢʨʘʥʘ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ (Mg/NbO)82 ʩ 
ʠʟʤʝʥʷʶʱʝʡʩʷ ʪʦʣʱʠʥʦʡ ʧʨʦʩʣʦʡʢʠ ʤʘʛʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪ 
ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʙʠʩʣʦʷ, ʤʝʥʷʶʱʝʡʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ 2.2 ï 6.2 ʥʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝ-
ʩʢʦʛʦ ʧʝʨʢʦʣʷʮʠʦʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʙʠʩʣʦʷ  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʦʥʥʦ-ʣʫʯʝʚʦʝ ʥʘʧʳʣʝʥʠʝ, ʤʘʣʦʫʛʣʦʚʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ, ʤʥʦʛʦʩʣʦʡʥʘʷ  

ʥʘʥʦʩʪʨʫʢʪʫʨʘ, ʤʝʭʘʥʠʟʤ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ 
 

ɺʚʝʜʝʥʠʝ1 
 

ʍʨʘʥʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʚʠʜʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʛʠʜ-
ʨʠʜʦʚ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʭ ʠ ʙʝʟ-
ʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ 
ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʦʙʨʘʪʠʤʦ ʧʦʛʣʦʱʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʦʜʘ. ʉʠʩʪʝʤʘ çʤʝʪʘʣʣ-ʚʦʜʦʨʦʜè 
ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʷ 
ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʦʙʲʝʤʥʳʭ ʧʣʦʪ-
ʥʦʩʪʝʡ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣʝ, ʰʠʨʦʢʠʡ ʜʠʘʧʘ-
ʟʦʥ ʨʘʙʦʯʠʭ ʜʘʚʣʝʥʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ 
ʧʨʦʮʝʩʩʦʚ ʧʦʛʣʦʱʝʥʠʷ/ʚʳʜʝʣʝʥʠʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʩʦ-
ʙʝʥʥʦʩʪʝʡ [1]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʨʦʩ ʠʥʪʝʨʝʩ ʢ 
ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʠ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚ 
ʢʘʯʝʩʪʚʝ ʩʨʝʜ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʦʩʢʦʣʴʢʫ 
ʥʘʥʦʨʘʟʤʝʨʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʤʦʞʝʪ ʦʙʝʩ-
ʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʨʝʘʢʮʠ-
ʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 
ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ 
[2]. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʩʯʠ-
ʪʘʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 
ʤʘʛʥʠʷ (ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʠʜʦʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥ-
ʪʘ) ʠ ʦʢʩʠʜʘ ʥʠʦʙʠʷ (ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 
ʢʦʤʧʦʥʝʥʪʘ) [3,4]. ʆʜʥʘʢʦ ʵʪʫ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʩʠ-
ʩʪʝʤʫ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʩʣʝʜʩʪʚʠʝ 
ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʛʥʠʷ ʠ ʙʦʣʝʝ 
ʚʳʩʦʢʦʡ ʩʢʣʦʥʥʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʥʠʦʙʠʝʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʜʝʨ-
ʞʘʱʝʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʘʛʥʠʡ ʚ ʦʙʲʸʤʝ ʦʢʩʠʜʘ ʥʠʦ-
ʙʠʷ.   
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ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

ʇʦʣʫʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʤʝʪʘʣʣ-
ʜʠʵʣʝʢʪʨʠʢ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-
ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʜʚʫʭ ʤʠʰʝʥʝʡ (ʤʝʪʘʣʣʠʯʝ-
ʩʢʦʡ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠ-
ʝʤ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʜʣʦʞʢʠ, ʩʦʚʝʨʰʘʶʱʠʝ ʢʨʫʛʦʚʦʝ 
ʜʚʠʞʝʥʠʝ ʚʦʢʨʫʛ ʤʠʰʝʥʝʡ ʩʦ ʩʢʦʨʦʩʪʴʶ 
0,18 ʦʙ./ʤʠʥ. ʈʘʩʧʳʣʝʥʠʝ ʤʠʰʝʥʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 
ʩʨʝʜʝ ʘʨʛʦʥʘ ʩ ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ 7ǈ10-4 ʊʦʨʨ. ʉʭʝ-
ʤʘ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.   

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ (ʚʠʜ ʩʚʝʨʭʫ).  
1 - ʚʨʘʱʘʶʱʝʝʩʷ ʦʩʥʦʚʘʥʠʝ ʜʝʨʞʘʪʝʣʝʡ ʧʦʜʣʦʞʝʢ;  

2 - ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʠ; 3 - ʤʠʰʝʥʴ ʠʟ Nb2O5; 4 - ʤʠʰʝʥʴ 
ʠʟ Mg; 5 - ʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʨʘʩʧʳʣʷʶʱʠʝ ʤʠʰʝʥʠ;  

6 - ʠʦʥʥʳʡ ʠʩʪʦʯʥʠʢ ʜʣ  ̫ʦʯʠʩʪʢʠ ʧʦʜʣʦʞʝʢ; 7 - ʧʦʪʦʢ ʘʪʦʤʦʚ, 
ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩ  ̫ʥʘ ʧʦʜʣʦʞʢʫ, 8 - V - ʦʙʨʘʟʥʳʡ ʵʢʨʘʥ 

 

ʅʘʧʳʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʧʦʜʣʦʞʢʠ ʪʨʝʭ 
ʪʠʧʦʚ: ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʢʨʝʤʥʠʷ, 
ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʠ ʩʠʪʘʣʣʦʚʳʝ ʧʦʣʦʩʢʠ. 2ʆʙʨʘʟʮʳ 
ʥʘ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʝʥʪ-
ʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʦʙʨʘʟʮʳ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ 
ʩʪʝʢʣʦ, ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʥʪʛʝ-
ʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʦʙʨʘʟʮʳ ʥʘ ʩʠʪʘʣʣʝ ʩʣʫʞʠʣʠ 
ʜʣʷ ʨʝʟʠʩʪʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦ-
ʤʝʪʨʝ D2 Phazer ʚ ʛʝʦʤʝʪʨʠʠ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ,  ʚ 

                                                
2ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 
(ʧʨʦʝʢʪ 15-02-05920). 
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ʠʟʣʫʯʝʥʠʠ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ l=1,541 ɸ. ʕʣʝʢʪʨʠʯʝ-
ʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝ-
ʨʷʣʦʩʴ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʜʚʫʭʟʦʥ-
ʜʦʚʦʡ ʩʭʝʤʝ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʚʜʦʣʴ ʩʬʦʨʤʠʨʦ-
ʚʘʥʥʳʭ ʩʣʦʝʚ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ ʩʦʟʜʘʚʘʣʠʩʴ 
ʥʘ ʚʥʝʰʥʝʡ (ʚʝʨʭʥʝʡ) ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʩʪʨʫʢʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

 ʇʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʧʳʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ (ʪʦ 
ʝʩʪʴ ʯʠʩʪʦʛʦ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʠ ʯʠʩʪʦʛʦ ʤʘʛʥʠʷ) ʥʘ 
ʧʦʜʣʦʞʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʧʦʜ-
ʣʦʞʢʦʜʝʨʞʘʪʝʣʝ (ʧʦʟ. 2, ʨʠʩ. 1). ʕʪʦ ʜʝʣʘʣʦʩʴ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʷ ʢʘʞʜʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʧʦʜʣʦʞ-
ʢʦʜʝʨʞʘʪʝʣʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠ-
ʚʘʪʴ ʪʦʣʱʠʥʳ ʙʠʩʣʦʝʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʤʥʦʛʦʩʣʦʡ-
ʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʜʣʦʞʢʠ 
ʧʨʦʠʩʭʦʜʠʣʦ ʯʝʨʝʟ V-ʦʙʨʘʟʥʳʡ ʵʢʨʘʥ (ʧʦʟ.8, ʨʠʩ 1), 
ʨʘʟʜʝʣʷʶʱʠʡ ʤʠʰʝʥʴ ʠ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʴ, ʯʪʦ 
ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʦʜʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ 
ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʝʥʢʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. ʇʦʜʣʦʞ-
ʢʠ ʨʘʟʤʝʱʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʜ-
ʣʦʞʢʦʜʝʨʞʘʪʝʣʷ ʠʤʝʶʱʝʛʦ ʚʳʩʦʪʫ 280 ʤʤ. ɺ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ  ʧʦʜʣʦʞʢʠ ʥʘ ʜʝʨʞʘʪʝ-
ʣʝ ʧʣʦʪʥʦʩʪʴ ʘʪʦʤʥʦʛʦ ʧʦʪʦʢʘ (ʧʦʟ.7 ʥʘ ʨʠʩ. 1), ʧʨʦ-
ʭʦʜʷʱʝʛʦ ʯʝʨʝʟ V-ʦʙʨʘʟʥʳʡ ʵʢʨʘʥ, ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ, 
ʧʦʵʪʦʤʫ ʪʦʣʱʠʥʘ ʥʘʧʳʣʷʝʤʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʙʳʣʘ 
ʨʘʟʥʦʡ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʜʣʦʞʢʠ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ 
ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ, ʚ ʥʠʞʥʝʡ - ʤʘʢʩʠʤʘʣʴʥʦʡ. 
ʆʮʝʥʢʘ ʪʦʣʱʠʥʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʤʘʛʥʠʷ ʠ ʦʢ-
ʩʠʜʘ ʥʠʦʙʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʨʝʥʪ-
ʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʦʙʨʘʟʮʦʚ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ 
ʧʦʜʣʦʞʢʠ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ.  
 ʅʘ ʨʠʩ. 2 ʠ 3 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʣʝʥʦʢ 
ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʠ ʤʘʛʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝ ʪʦʣʱʠʥʘ 
ʧʣʝʥʢʠ ʤʝʥʷʝʪʩʷ, ʯʪʦ ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʠʟ-
ʤʝʥʝʥʠʠ ʰʘʛʘ ʦʩʮʠʣʣʷʮʠʠ ʠ ʝʸ ʘʤʧʣʠʪʫʜʳ.  
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ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʤʘʣʦʫʛʣʦʚʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠ  ̫ʦʙʨʘʟ-
ʮʦʚ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʥʠʦʙʠʷ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʚʨʘʱʘ-
ʶʱʠʝʩʷ ʧʦʜʣʦʞʢʠ ʯʝʨʝʟ V-ʦʙʨʘʟʥʳʡ ʵʢʨʘʥ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʬʣʝʢʪʦʛʨʘʤʤʳ ʜʣʷ ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ 
 

ʏʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʥʠʦ-
ʙʠʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (1), ʦʧʠʩʳ-

ʚʘʶʱʝʛʦ ʜʚʦʡʥʦʝ ʦʪʨʘʞʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʦʪ 
ʜʚʫʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ) ʪʦʥʢʦʡ ʧʣʝʥʢʠ, 
ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʡ ʧʦʜʣʦʞʢʝ [5] 
 

)sin(sin2 12 qq
l
-

=h ,  (1) 

 

ʛʜʝ h ï ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ, l - ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚ-
ʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, q1 ʠ q2 ʫʛʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʤʘʢʩʠʤʫʤʘʤ ʥʘ ʦʩʮʠʣʣʠʨʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ. ɺ 
ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʙʣʠʞʘʡʰʠʭ 
ʤʘʢʩʠʤʫʤʘ.  ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ ʧʣʝʥʦʢ 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝ 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ 68 ʦʙʦʨʦ-
ʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʘʧʳʣʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʪʦʣʱʠ-
ʥʦʡ ʦʪ 16 ʜʦ 66 ʥʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ 
ʧʦʜʣʦʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ V-ʦʙʨʘʟʥʦʛʦ ʵʢʨʘʥʘ.   
 ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʧʨʠ 
ʥʘʧʳʣʝʥʠʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʚʨʘʱʘʶʱʫʶ-
ʩʷ ʧʦʜʣʦʞʢʫ. ʈʘʟʜʝʣʠʚ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʣʱʠ-
ʥʳ ʧʣʝʥʢʠ ʥʘ ʯʠʩʣʦ ʧʦʣʥʳʭ ʦʙʦʨʦʪʦʚ ʧʦʜʣʦʞʢʦ-
ʜʝʨʞʘʪʝʣʷ ʚʦʢʨʫʛ ʤʠʰʝʥʠ, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʥʦʤʠ-
ʥʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʩʣʦʷ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʚ ʪʝʯʝʥʠʝ 
ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʷ (ʪʦ ʝʩʪʴ ʪʦʣʱʠ-
ʥʫ ʦʜʥʦʛʦ ʩʣʦʷ ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ). ʉʣʝʜʫʝʪ 
ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʪʦ ʥʦʤʠʥʘʣʴʥʘʷ ʪʦʣʱʠʥʘ, ʢʦʪʦʨʘʷ 
ʧʦʣʫʯʝʥʘ ʠʩʭʦʜʷ ʠʟ ʩʢʦʨʦʩʪʠ ʥʘʧʳʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 
ʠ ʦʥʘ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʬʦʨʤʠʨʫʝʪʩʷ 
ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʦʢʩʠʜʘ. ʅʦʤʠʥʘʣʴʥʘʷ 
ʪʦʣʱʠʥʘ ʦʜʥʦʛʦ ʩʣʦʷ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʜʣʞʢʦʜʝʨʞʘʪʝʣʝ ʧʨʠ-
ʚʝʜʝʥʘ ʚ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʪʘʙʣ. 1. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 
ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʚʩʶ ʜʣʠʥʫ ʧʦʜʣʦʞʢʦʜʝʨ-
ʞʘʪʝʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʣʱʠʥʘ ʦʜʥʦʛʦ 
ʩʣʦʷ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝ-
ʥʠʡ 0,24 - 0,97 ʥʤ. 

ʊʘʙʣʠʮʘ 1 
ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ Nb-O ʚ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝ ʠ ʪʦʣʱʠʥʳ 
ʩʣʦʷ, ʥʘʥʦʩʠʤʦʛʦ ʟʘ ʦʜʠʥ ʦʙʦʨʦʪ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣ  ̫

 
ʆʙʨʘʟʝʮ 

Nb-O 

ʈʘʩʩʪʦʷʥʠʝ  
ʦʪ ʢʨʘʷ ʧʦʜ-

ʣʦʞʢʦ-
ʜʝʨʞʘʪʝʣ ,̫ 

ʤʤ 

ʈʘʩʩʯ.  
ʪʦʣʱ. 

ʧʣʸʥʢʠ, 
h, ʥʤ 

ʏʠʩʣʦ 
ʦʙʦʨʦ-

ʪʦʚ 

ʊʦʣʱ. 
ʩʣʦʷ, 
ʥʤ 

 

ˉ 1 35 24 68 0,35 
ˉ 2 100 45 68 0,66 
ˉ 3 150 66 68 0,97 
ˉ 4 223 65 68 0,96 

 
 ʄʘʣʦʫʛʣʦʚʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ ʧʣʝʥʦʢ ʤʘʛ-

ʥʠʷ ʜʘʸʪ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʨʝʟʫʣʴʪʘʪ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝ-
ʜʝʥʳ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʤʘʛʥʠʷ, 
ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʪʦʣʱʠʥʫ (ʧʝʨʚʳʡ - ʥʘʠʙʦʣʝʝ ʪʦʥ-
ʢʠʡ, ʪʨʝʪʠʡ - ʥʘʠʙʦʣʝʝ ʪʦʣʩʪʳʡ). ʈʝʬʣʝʢʪʦʛʨʘʤʤʘ ʦʪ 
ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʤʘʢʩʠʤʫʤʦʚ ʠʥ-
ʪʝʥʩʠʚʥʦʩʪʠ ʠʣʠ ʨʝʛʫʣʷʨʥʳʭ ʦʩʮʠʣʣʷʮʠʡ. ʕʪʦ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʟʦ-
ʰʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʦʡ ʧʣʝʥʢʠ ʤʘʛʥʠʷ ʠ ʦʙ-
ʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʪʨʦʚʢʦʚʦʝ ʧʦʢʨʳʪʠʝ. 
ʈʝʬʣʝʢʪʦʛʨʘʤʤʳ ʦʪ ʦʙʨʘʟʮʦʚ ˉ 2 ʠ ˉ 3  ʧʦʜʦʙʥʳ 
ʟʘʚʠʩʠʤʦʩʪʷʤ, ʥʘʙʣʶʜʘʝʤʳʤ ʧʨʠ ʤʘʣʦʫʛʣʦʚʦʡ ʜʠ-



20 
 

ʬʨʘʢʮʠʠ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ ʪʦʣʱʠʥʦʡ 
ʙʠʩʣʦʸʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ 
[5, 6]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʜʠʬʨʘʢʮʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʝʞʬʘʟʥʳʭ ʛʨʘʥʠʮʘʭ, ʨʘʟʜʝʣʷʶʱʠʭ 
ʩʦʩʝʜʥʠʝ ʩʣʦʠ. 
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ʈʠʩ. 3. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʤʘʣʦʫʛʣʦʚʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠ  ̫ʦʙʨʘʟ-
ʮʦʚ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʤʘʛʥʠʷ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ 
ʧʦʜʣʦʞʢʠ ʯʝʨʝʟ V-ʦʙʨʘʟʥʳʡ ʵʢʨʘʥ. ʇʨʠʚʝʜʝʥʳ ʨʝʬʣʝʢʪʦ-

ʛʨʘʤʤʳ ʜʣ  ̫ʧʣʝʥʦʢ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ. 
 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦ-
ʞʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʤʘʛʥʠʷ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ 
ʧʦʜʣʦʞʢʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʛʦʤʦʛʝʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ (ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʣʫʯʘʝ ʩ ʦʢʩʠʜʦʤ 
ʥʠʦʙʠʷ), ʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʆʙʫʩʣʦʚʣʝʥʦ 
ʵʪʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʧʦʜ-
ʣʦʞʢʠ ʬʘʢʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦ-
ʜʠʪ ʥʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʘ ʥʘʧʳʣʝʥʠʷ, ʘ ʣʠʰʴ ʚ 
ʪʝʯʝʥʠʝ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʧʦʜʣʦʞʢʠ ʧʨʦʭʦʜʷʪ 
ʤʠʤʦ ʨʘʩʧʳʣʷʝʤʦʡ ʤʠʰʝʥʠ. ɺ ʪʝʯʝʥʠʝ ʦʩʪʘʣʴʥʦʛʦ 
ʮʠʢʣʘ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʠ, ʦʩʘʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʝ 
ʧʨʦʠʩʭʦʜʠʪ, ʧʦʵʪʦʤʫ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʤʘʛʥʠʷ 
ʤʦʞʝʪ ʦʢʠʩʣʷʪʴʩʷ ʢʠʩʣʦʨʦʜʦʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ 
ʦʩʪʘʪʦʯʥʦʤ ʛʘʟʝ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʫ-
ʧʘʶʱʠʤ ʚ ʥʝʸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʳʣʝʥʠʷ ʦʢʩʠʜʥʦʡ 
ʤʠʰʝʥʠ (Nb2O5). ɺ ʩʣʝʜʫʶʱʠʡ ʮʠʢʣ ʧʨʦʭʦʞʜʝʥʠʷ 
ʧʦʜʣʦʞʢʠ ʤʠʤʦ ʤʠʰʝʥʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʤʘʛʥʠʷ, 
ʘ ʟʘ ʧʝʨʠʦʜ ʜʚʠʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʚʥʝ ʤʠʰʝʥʠ ʧʦ-
ʚʝʨʭʥʦʩʪʴ ʥʘʧʳʣʝʥʥʦʡ ʧʣʸʥʢʠ ʚʥʦʚʴ ʦʢʠʩʣʷʝʪʩʷ.   
 ʉ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʟʘʚʠʩʠ-
ʤʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʤʘʛʥʠʷ ˉ2 ʠ ˉ3 
(ʨʠʩ. 3), ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʧʦʣʫ-
ʯʝʥʥʳʭ ʩʣʦʝʚ. ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ 
ɺʫʣʴʬʘ-ɹʨʵʛʛʘ  
 

lq nd =sin2 ,    (2) 
 

ʛʜʝ d - ʵʪʦ ʪʦʣʱʠʥʘ ʙʠʩʣʦʷ (ʤʘʛʥʠʡ + ʦʢʩʠʜ ʤʘʛʥʠʷ), 
q - ʫʛʦʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʢʩʠʤʫʤʫ ʥʘ ʨʝʬʣʝʢʪʦ-
ʛʨʘʤʤʝ, n - ʧʦʨʷʜʦʢ ʤʘʢʩʠʤʫʤʘ.  ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢ-
ʥʫʪʴ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (2) ʢʦʨʨʝʢʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʘʥʘʣʠʟʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 
ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪ-
ʨʦʚ [5,7], ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷʝʪʩʷ. 
ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʦʣʱʠʥʳ ʙʠʩʣʦʷ 
ʤʘʛʥʠʷ (ʤʘʛʥʠʡ + ʦʢʩʠʜ ʤʘʛʥʠʷ).  

 ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘʧʳʣʝʥʠʝ ʤʘʛʥʠʷ ʦʩʫʱʝʩʪʚʣʷ-
ʣʦʩʴ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʧʦʜʣʦʞʢʠ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ  
ʯʠʩʣʦ ʧʦʣʥʳʭ ʦʙʦʨʦʪʦʚ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʷ ʙʳʣʦ 
ʨʘʚʥʦ 85, ʩʫʤʤʘʨʥʘʷ ʪʦʣʱʠʥʘ ʦʙʨʘʟʮʘ ʤʘʛʥʠʷ ˉ 2 
ʩʦʩʪʘʚʠʣʘ ʧʨʠʤʝʨʥʦ 393 ʥʤ, ʘ ʦʙʨʘʟʮʘ ˉ 3 - 560 ʥʤ, 
ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʦʢʩʠ-
ʜʘ ʥʠʦʙʠʷ (45 ʠ 66 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦ ʚʧʦʣʥʝ 
ʦʙʲʷʩʥʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʳʣʝʥʠʷ 
ʤʘʛʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʵʬʬʠʮʠʝʥʪ 
ʨʘʩʧʳʣʝʥʠʷ ʦʢʩʠʜʘ ʥʠʦʙʠʷ [8,9]. ɸʧʧʨʦʢʩʠʤʘʮʠʷ 
ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʡ ʜʣʠʥʳ ʧʦʜʣʦʞʢʦ-
ʜʝʨʞʘʪʝʣʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʘʛʥʠʷ, 
ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʧʦʜʣʦʞʝʢ ʤʠʤʦ ʨʘʩ-
ʧʳʣʷʝʤʦʡ ʤʠʰʝʥʠ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 7 ʥʤ ʚ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʧʦʜʣʦʞʢʠ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨ-
ʞʘʪʝʣʝ. 

ʊʘʙʣʠʮʘ 2 
ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ Mg   

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝ 
 

 
ʆʙʨʘʟʝʮ 

Mg, 
ˉ 

ʈʘʩʩʪʦʷʥʠʝ  
ʦʪ ʢʨʘʷ ʧʦʜ-

ʣʦʞʢʦ-
ʜʝʨʞʘʪʝʣ ,̫ ʤ 

ʇʦʨʷ-
ʜʦʢ 

ʤʘʢʩʠ
ʩʠ-

ʤʫʤʘ, 
n 

ʈʘʩʩʯ.  
ʪʦʣʱ. 
ʙʠʩʣʦʷ 
d, ʥʤ 

1 35 - - 
2 100 1 4,5 
2 100 2 4,3 
2 100 3 4,6 
2 100 4 4,7 

  

 

 

3 150 1 5,0 
3 150 2 5,9 
3 150 3 6,7 
3 150 4 6,6 

 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʯʠ-

ʩʪʳʭ ʧʣʝʥʦʢ, ʥʘʥʦʩʠʤʳʭ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʧʦʜʣʦʞ-
ʢʠ, ʧʨʦʚʝʜʝʥʘ ʦʙʳʯʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ 
ʦʙʨʘʟʮʦʚ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʠ ʤʘʛʥʠʷ, ʥʘʧʳʣʝʥʥʳʭ ʥʘ 
ʩʪʝʢʣʷʥʥʳʝ ʧʦʜʣʦʞʢʠ.  
 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʥʠʦ-
ʙʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ 
ʢʘʢ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ, ʪʘʢ 
ʠ ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ ʧʦʜʣʦʞʢʫ: ʥʘ 
ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʛʘʣʦ ʦʪ 
ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ 
ʧʣʝʥʢʠ ʤʘʛʥʠʷ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜ-
ʣʦʞʢʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ  ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ 
ʤʘʩʩʠʚʥʦʛʦ ʦʙʨʘʟʮʘ ʤʘʛʥʠʷ ʩ ʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫ-
ʨʦʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʬʨʘʛʤʝʥʪ ʤʠʰʝʥʠ, ʩʤ. ʨʠʩ. 
4). ʅʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʥʘ 
ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʦʪ ʧʣʝʥʢʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʚʘ 
ʠʥʪʝʥʩʠʚʥʳʭ ʤʘʢʩʠʤʫʤʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪ ʨʘʚʥʦ-
ʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʧʠʢʦʚ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʧʠ-
ʢʦʚ ʥʝ ʦʜʥʦʟʥʘʯʥʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦ-
ʞʠʪʴ, ʯʪʦ ʦʥʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʷ ʦʪ 
ʩʠʣʴʥʦ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʪ ʜʠʬʨʘʢʮʠʠ ʥʘ ʩʝʤʝʡʩʪʚʝ ʧʣʦʩʢʦʩʪʝʡ (002) 
ʠ (004), ʭʦʪʷ ʠ ʩʤʝʱʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʚʝʩ-
ʥʳʭ ʧʦʣʦʞʝʥʠʡ ʥʘ ʧʦʣ-ʛʨʘʜʫʩʘ. ɺʦ-ʚʪʦʨʳʭ, ʧʝʨʚʳʡ  
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ʧʠʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, 
ʩʘʪʝʣʣʠʪʦʚ (ʚʩʪʘʚʢʘ ʥʘ ʨʠʩ. 4), ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʝʤʳʭ 
ʩ ʤʥʦʛʦʩʣʦʡʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ [6,7]. ʅʘʣʠʯʠʝ ʩʘʪʝʣ-
ʣʠʪʦʚ ʚʦʢʨʫʛ ʛʣʘʚʥʦʛʦ ʧʠʢʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʧʦ-
ʣʦʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʧʣʝʥʢʘ ʤʘʛʥʠʷ, ʥʘʧʳʣʷʝʤʘʷ ʥʘ 
ʚʨʘʱʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, 
ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʤʘʛʥʠʷ ʠ ʦʢʩʠʜʘ 
ʤʘʛʥʠʷ.  
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ʈʠʩ. 4. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʦʪ ʧʣʝʥʢʠ ʤʘʛʥʠ ,̫ ʥʘʥʝ-
ʩʝʥʥʦʡ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ, ʘ ʪʘʢʞʝ ʦʪ ʤʘʪʝʨʠʘʣʘ  

ʤʠʰʝʥʠ 
 

 ʅʘʣʠʯʠʝ ʧʨʦʩʣʦʝʢ ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʧʦʜʪʚʝʨʞʜʘ-
ʝʪʩʷ ʜʚʫʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʩʣʝ ʦʪ-
ʞʠʛʘ ʧʣʝʥʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450 ʦʉ ʚ ʚʘʢʫʫʤʝ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʦʜʘ (ʈʅ2 
º 1/3 ʘʪʤ.) ʩʘʪʝʣʣʠʪʳ ʚʦʢʨʫʛ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʧʨʦʧʘ-
ʜʘʶʪ (ʨʠʩ. 5, ʘ). ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟ-
ʨʫʰʝʥʠʝʤ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʠ-
ʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʠʬʬʫʟʠʠ, ʘ ʪʘʢʞʝ 
ʚʦʟʤʦʞʥʦʤ ʯʘʩʪʠʯʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʩʠʜʘ ʤʘʛ-
ʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʢʠ ʤʘʛʥʠʷ, ʥʘʧʳʣʝʥ-
ʥʦʡ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ ʧʦʜʣʦʞʢʫ, ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʪʨʫʢ-
ʪʫʨʦʡ ʦʪʦʞʞʝʥʥʦʡ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʧʝʨʠʦ-
ʜʠʯʝʩʢʦʤ ʦʩʘʞʜʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʜʣʦʞʢʫ, ʪʦ 
ʝʩʪʴ - ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ (ʨʠʩ. 5. ʙ), ʥʘ ʥʝʡ 
ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʘʪʝʣʣʠʪʥʳʝ ʧʠʢʠ. ʉʣʝʜʫʝʪ ʧʦʜ-
ʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʥʘʧʳʣʝʥʠʷ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ 
ʧʦʜʣʦʞʢʫ ʦʩʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 
ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘʧʳʣʝʥʠʷ ʠ ʦʢʩʠʜʥʳʭ ʩʣʦ-
ʝʚ ʥʝ ʚʦʟʥʠʢʘʝʪ.  

30 32 34 36 38 40

0

600

1200

1800

32 34 36 38

0

500

1000

1500

2000

2500 ʪʦʥʢʘ  ̫ʧʣʝʥʢʘ Mg
 450 0ʉ

 

 

ʀ
ʥʪ

ʝʥ
ʩʠ

ʚʥ
ʦʩ

ʪʴ
, ʦ

ʪʥ
. ʝ

ʜ.

2Q, ʛʨʘʜ

a b  ʪʦʣʩʪʘʷ ʧʣʝʥʢʘ Mg
 450 0ʉ

 

 

ʀ
ʥʪ

ʝʥ
ʩʠ

ʚʥ
ʦʩ

ʪʴ
, ʦ

ʪʥ
. ʝ

ʜ.

2Q, ʛʨʘʜ

I *0,1

 
ʈʠʩ. 5. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ (ʦʩʥʦʚʥʦʡ ʤʘʢʩʠʤʫʤ) 

ʧʣʝʥʦʢ ʤʘʛʥʠ ,̫ ʥʘʧʳʣʝʥʥʳʭ ʥʘ ʚʨʘʱʝʥʠʝ ʚ ʠʩʭʦʜʥʦʤ ʩʦ-
ʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ (ʘ), ʘ ʪʘʢʞʝ ʦʪʦʞʞʝʥʥʦʡ ʧʣʝʥʢʠ 
ʤʘʛʥʠ  ̫ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʜʣʦʞʢʝ ʠ ʧʣʝʥʢʝ 

ʤʘʛʥʠ ,̫ ʥʘʧʳʣʝʥʥʦʡ ʥʘ ʥʝʧʦʜʚʠʞʥʫʶ ʧʦʜʣʦʞʢʫ (ʙ) 
 

ʄʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ (Mg/NbO)82 (ʠʥʜʝʢʩ 
82 ʦʟʥʘʯʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʙʠʩʣʦʸʚ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ 
ʦʩʘʞʜʝʥʠʠ ʤʘʛʥʠʷ ʥʘ ʧʦʜʣʦʞʢʫ ʯʝʨʝʟ V-ʦʙʨʘʟʥʳʡ 

ʵʢʨʘʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʘʞʜʝʥʠʝ ʦʢʩʠʜʘ ʥʠʦʙʠʷ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʨʘʥʘ. ʇʦʵʪʦʤʫ 
ʧʦʣʫʯʝʥʥʳʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʦʙʨʘʟʮʳ ʦʪʣʠʯʘʣʠʩʴ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʣʱʠʥʦʡ ʤʘʛʥʠʝʚʦʡ ʧʨʦʩʣʦʡʢʠ. 
ʊʦʣʱʠʥʘ ʩʣʦʝʚ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦ-
ʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 0,96 ʥʤ. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʳ ʨʝ-
ʟʫʣʴʪʘʪʳ ʤʘʣʦʫʛʣʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪ-
ʨʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ (Mg/NbO)82 ʜʣʷ ʨʘʟʣʠʯ-
ʥʦʡ ʪʦʣʱʠʥʳ ʤʘʛʥʠʝʚʳʭ ʩʣʦʝʚ. ʍʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦ-
ʩʪʝʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʳʭ ʜʣʷ ʯʠʩʪʳʭ ʧʣʝʥʦʢ ʤʘʛ-
ʥʠʷ ʠ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ï ʦʩʮʠʣʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʚʤʝʩʪʦ ʥʠʭ ʥʘʙʣʶʜʘʶʪ-
ʩʷ ʝʜʠʥʠʯʥʳʝ ʧʠʢʠ, ʢʦʪʦʨʳʝ ʚ ʩʣʫʯʘʝ ʤʘʣʦʫʛʣʦʚʦʛʦ 
ʨʘʩʩʝʷʥʠʷ ʦʙʳʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ 
ʜʠʬʨʘʢʮʠʠ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʦʩʪʦʷʱʝʡ 
ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʠʩʣʦʝʚ [5]. 
ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʧʝʨʝʩʯʠʪʳʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (2), ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣ. 3.  
 

1 2 3 4 5 6 7 8 9 10
101

102

103

104

105

ʀ
ʥʪ

ʝʥ
ʩʠ

ʚʥ
ʦʩ

ʪʴ
, ʠ

ʤʧ
.

2Q, ʛʨʘʜ

 N3

1 2 3 4 5 6 7 8 9 10
101

102

103

104

105
ʀ

ʥʪ
ʝʥ

ʩʠ
ʚʥ

ʦʩ
ʪʴ

, ʠ
ʤʧ

.

2Q, ʛʨʘʜ

 N1

1 2 3 4 5 6 7 8 9 10
101

102

103

104

105

ʀ
ʥʪ

ʝʥ
ʩʠ

ʚʥ
ʦʩ

ʪʴ
, ʠ

ʤʧ
.

2Q, ʛʨʘʜ

 N2

1 2 3 4 5 6 7 8 9 10
101

102

103

104

105

ʀ
ʥʪ

ʝʥ
ʩʠ

ʚʥ
ʦʩ

ʪʴ
, ʠ

ʤʧ
.

2Q, ʛʨʘʜ

 N4

 

ʈʠʩ. 6. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʤʘʣʦʫʛʣʦʚʘʷ ʨʝʬʣʝʢʪʦʤʝʪʨʠ  ̫ʦʙʨʘʟ-
ʮʦʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ (Mg/NbO)82, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʪʦʣʱʠʥʦʡ ʦʜʥʦʛʦ ʙʠʩʣʦʷ 
ʊʘʙʣʠʮʘ 3 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʙʠʩʣʦʷ Mg/NbO    
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ  
ʧʣʝʥʢʠ (Mg/NbO)82  ʥʘ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʝ 

 
 

ʆʙʨʘʟʝʮ 
Mg, ˉ 

ʈʘʩʩʪʦʷʥʠʝ  
ʦʪ ʢʨʘʷ ʧʦʜ-

ʣʦʞʢʦ-
ʜʝʨʞʘʪʝʣ ,̫ ʤʤ 

ʈʘʩʩʯ.  
ʪʦʣʱ. 
ʙʠʩʣʦʷ  
d, ʥʤ 

1 42 2,9 
2 93 3,1 
3 150 4,5 
4 192 5,0 

 
ʂʘʯʝʩʪʚʝʥʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʦʣʱʠʥʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʜʣʷ ʦʪ-
ʜʝʣʴʥʳʭ ʩʣʦʸʚ ʧʣʝʥʦʢ ʤʘʛʥʠʷ ʠ ʦʢʩʠʜʘ ʥʠʦʙʠʷ. ʂʦ-
ʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ (ʩʫʤʤʘ ʪʦʣʱʠʥ ʩʣʦʝʚ 
ʤʘʛʥʠʷ ʠ ʦʢʩʠʜʘ ʥʠʦʙʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʪʦʣʱʠʥʝ 
ʙʠʩʣʦʷ Mg/Nb-O ʚ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ) ʥʝ ʘʙ-
ʩʦʣʶʪʥʦʝ, ʧʦʛʨʝʰʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 30 %. ʆʜʥʘʢʦ ʵʪʦʪ 
ʨʝʟʫʣʴʪʘʪ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤ, ʧʦʩʢʦʣʴʢʫ ʪʦʯʥʦʩʪʴ 
ʨʘʩʯʝʪʦʚ ʨʝʬʣʝʢʪʦʛʨʘʤʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
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ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʝʞʬʘʟʥʦʡ 
ʛʨʘʥʠʮʳ [6].  
 ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʤʘʛʥʠʷ ʚ ʤʥʦʛʦ-
ʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʝ (Mg/NbO)82 ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠ-
ʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʷ ʧʣʝʥʦʢ. ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢ-
ʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ (Mg/NbO)82 ʦʪ 
ʥʦʤʠʥʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʦʜʥʦʛʦ ʙʠʩʣʦʷ (Mg+NbO). 
ʊʦʣʱʠʥʘ ʙʠʩʣʦʷ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʧʨʦʢʩʠʤʘ-
ʮʠʠ ʟʥʘʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 3, ʥʘ ʚʩʶ ʜʣʠʥʫ 
ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʷ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʚʝ-
ʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʙʠʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠ-
ʯʝʥʠʷ ʪʦʣʱʠʥʳ ʩʣʦʷ ʤʘʛʥʠʷ, ʧʨʦʩʣʦʡʢʘ ʠʟ ʦʢʩʠʜʘ 
ʥʠʦʙʠʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ 
(~0,96 ʥʤ).  
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ʊʦʣʱʠʥʘ ʙʠʩʣʦʷ, ʥʤ  
ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ (Mg/NbO)82 ʦʪ ʥʦʤʠʥʘʣʴ-

ʥʦʡ ʪʦʣʱʠʥʳ ʦʜʥʦʛʦ ʙʠʩʣʦʷ  
 
ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʥʦʛʦ-
ʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ (Mg/NbO)82 ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ, 
ʭʘʨʘʢʪʝʨ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʦʜʥʦʛʦ ʙʠʩʣʦʷ ʚ ʜʚʘ 
ʨʘʟʘ (ʩ 2,2 ʜʦ 4,4 ʥʤ) ʫʤʝʥʴʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʥʘ ʰʝʩʪʴ ʧʦʨʷʜʢʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦ-
ʩʪʝ ʪʦʣʱʠʥʳ (ʦʪ 5 ʥʤ) ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʥʷʝʪʩʷ ʩʣʘ-
ʙʦ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪʷʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʦʚ Ni-NbO ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ [10,11]. ɺ ʢʦʤʧʦʟʠʪʘʭ ʧʦʜʦʙ-
ʥʳʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʤʝ-
ʭʘʥʠʟʤʘ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʯʝʨʝʟ ʧʦʨʦʛ ʧʝʨʢʦʣʷʮʠʠ 
[11]. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʤʥʦʛʦ-
ʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ Mg/NbO ʧʨʦʠʩʭʦʜʠʪ ʥʝʯʪʦ ʘʥʘ-
ʣʦʛʠʯʥʦʝ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʪʦʣʱʠ-
ʥʘ ʙʠʩʣʦʸʚ ʩʦʩʪʘʚʣʷʝʪ 5 ʠ ʙʦʣʝʝ ʥʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʥʦʩʦʤ 
ʵʣʝʢʪʨʦʥʦʚ ʚʜʦʣʴ ʩʣʦʝʚ ʤʘʛʥʠʷ. ʊʦʥʢʠʝ ʩʣʦʠ ʦʢʩʠʜʘ 
ʥʠʦʙʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʝʤ, ʥʝ ʚʥʦʩʷʪ ʦʧʨʝ-
ʜʝʣʷʶʱʠʡ ʚʢʣʘʜ ʚ ʧʨʦʚʦʜʠʤʦʩʪʴ ï ʩʣʦʠ ʤʘʛʥʠʷ 
ʰʫʥʪʠʨʫʶʪ ʠʭ. ʇʨʠ ʪʦʣʱʠʥʘʭ ʙʠʩʣʦʷ ʤʝʥʝʝ 4 ʥʤ 
(ʪ.ʝ. ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʪʦʣʱʠʥʘʭ ʤʘʛʥʠʷ ʤʝʥʝʝ 3 ʥʤ) 
ʩʣʦʠ ʤʘʛʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʩʧʣʦʰʥʳʤʠ. ʕʪʦ ʢʦʩʚʝʥ-
ʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʤʘʣʦʫʛʣʦʚʦʡ ʨʝʬʣʝʢ-
ʪʦʤʝʪʨʠʠ (ʩʤ. ʨʠʩ. 3, ʦʙʨʘʟʝʮ 1). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨ-
ʤʠʨʫʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʦʙʥʘ ʢʦʤʧʦʟʠ-
ʪʫ: ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ 
ʩʧʣʦʰʥʳʝ ʩʣʦʠ, ʘ ʥʘʥʦʤʝʪʨʦʚʳʝ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦ-
ʞʝʥʥʳʝ ʚ ʦʙʲʝʤʝ ʜʠʵʣʝʢʪʨʠʢʘ. ʕʣʝʢʪʨʦʧʝʨʝʥʦʩ ʪʘ-
ʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʳʞʢʦʚʦʡ ʧʨʦʚʦʜʠ-
ʤʦʩʪʴʶ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 
ʵʣʝʪʢʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ [10,11]. 

ɺʳʚʦʜʳ 
 

ʇʨʠ ʥʘʧʳʣʝʥʠʠ ʧʣʝʥʢʠ ʤʘʛʥʠʷ ʚ ʨʝʞʠʤʝ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʦʩʘ-
ʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʝʨʠʦʜ ʥʘʭʦʞʜʝʥʠʷ 
ʧʦʣʫʯʝʥʥʦʛʦ ʩʣʦʷ ʚ ʨʘʟʨʷʞʝʥʥʦʤ ʘʨʛʦʥʝ (7Ț10-4 ʊʦʨʨ) 
ʙʝʟ ʢʦʥʜʝʥʩʘʮʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘ-
ʥʠʝ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʣʦʠ ʤʘʛʥʠʷ ʦʢʘʟʳʚʘʶʪʩʷ 
ʨʘʟʜʝʣʝʥʥʳʤʠ ʩʣʦʷʤʠ ʦʢʩʠʜʘ ʤʘʛʥʠʷ, ʬʦʨʤʠʨʫʶ-
ʱʠʤʠʩʷ ʟʘ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʧʦʜʣʦʞʢʘ ʥʘʭʦʜʠʪʩʷ ʚʥʝ 
ʧʦʪʦʢʘ ʢʦʥʜʝʥʩʠʨʫʶʱʠʭʩʷ ʘʪʦʤʦʚ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ V-ʦʙʨʘʟʥʦʛʦ ʵʢʨʘʥʘ, ʨʘʟʤʝʱʝʥ-
ʥʦʛʦ ʤʝʞʜʫ ʤʠʰʝʥʴʶ ʠ ʧʦʜʣʦʞʢʦʡ, ʧʦʟʚʦʣʷʝʪ ʬʦʨ-
ʤʠʨʦʚʘʪʴ ʥʘ ʧʦʜʣʦʞʢʝ ʧʦʢʨʳʪʠʝ ʩ ʛʨʘʜʠʝʥʪʦʤ ʪʦʣ-
ʱʠʥʳ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʇʨʠ ʥʘʧʳʣʝʥʠʠ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʤʘʛʥʠʷ ʥʘ 
ʘʤʦʨʬʥʳʝ ʠʣʠ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʥʝʤʝʪʘʣʣʠʯʝ-
ʩʢʠʝ ʧʦʜʣʦʞʢʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʢʩʪʫ-
ʨʠʨʦʚʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʢʨʳʪʠʷ.   

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʩʘʞʜʝʥʠʝ ʤʘʛʥʠʷ ʠ ʦʢʩʠʜʘ 
ʥʠʦʙʠʷ ʥʘ ʚʨʘʱʘʶʱʠʝʩʷ ʧʦʜʣʦʞʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-
ʯʠʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʥʘʥʦʩʪʨʫʢʪʫʨʫ ʩ ʪʦʣʱʠʥʘʤʠ 
ʙʠʩʣʦʸʚ (Mg+NbO) ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ (Mg/NbO)82  ʦʪ ʪʦʣ-
ʱʠʥʳ ʙʠʩʣʦʷ ʘʥʘʣʦʛʠʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʦʤʧʦʟʠʪʘʭ Ni-NbO, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʩʤʝʥʳ ʤʝʭʘʥʠʟʤʘ 
ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ (ʧʝʨʝʭʦʜ ʦʪ 
ʢʦʤʧʦʟʠʪʥʦʡ ʢ ʤʥʦʛʦʩʣʦʡʥʦʡ) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʦ-
ʤʠʥʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩʣʦʸʚ ʤʘʛʥʠʷ. 
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The magnesium thin films, niobium oxide thin films, and multilayered (Mg/NbO)82 thin films nanostructures containing 

82 bilayer (Mg + NbO) have been prepared by ion beam sputtering of oxide (Nb-O) and metal (Mg) targets with subsequent 
deposition of the material on the substrate rotating around the  targets. Based on the results obtained by small-angle X-ray re-
flectometry and x- ray diffractometry it has been shown that a layered structure where Mg layers are separated by the magnesi-
um oxide, formed during the time when the substrate is located outside of the condensable atoms flow, presence in the Mg thin 
films. The structure of the deposited magnesium films is crystalline with a pronounced texture, structure of niobium oxide films 
is amorphous and homogeneous. Using the V-shaped shield the (Mg/NbO)82 multilayer nanostructures with varying thickness 
of the magnesium layer have been obtained. The dependence of the resistance of the multilayer structure on the nominal thick-
ness of the bilayer, varying in the range of 2.2 - 6.2 nm has been investigated. It is assumed the presence of electrical percola-
tion transition in the multilayer system with an increase of the bilayer thickness 

Key words: ion beam deposition, small-angle X-ray reflectometry, multilayer nanostructure, electrotransport mechanism 
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ʉʊʈʋʂʊʋʈʅʓɽ ʀ ʆʇʊʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ CdS, ʃɽɻʀʈʆɺɸʅʅʓʍ 
ʀʆʅɸʄʀ ʄɽɼʀ ʀ ʅɸʊʈʀʗ 

 
ɸ.ʅ. ʅʠʪʫʪʘ, ɺ.ʅ. ʉʝʤʝʥʦʚ, ʃ.ʅ. ʅʠʢʠʪʠʥ, ɸ.ʅ. ʃʫʢʠʥ, ɼ.ɸ. ʄʠʥʘʢʦʚ, ʆ.ɺ. ʈʝʙʝʥʦʢ  

 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ CdS, ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10-3 ï 10-7 ʘʪ. %. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 ¯ʉ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ 
ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʘʞʜʝʥʥʳʝ ʧʣʝʥʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʚʠʜʝ ʚʶʨʪʮʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʠʣʴʥʦ ʪʝʢʩʪʫʨʠʨʦʚʘʥʳ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ (002). ʉ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘ 
ʨʘʟʨʫʰʘʝʪʩʷ, ʠ ʦʙʨʘʟʝʮ ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʩʪʫʨʠʨʦʚʘʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ (101). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʥʝʙʦʣʴʰʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʣʝʥʦʢ. 
ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ. 
ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʨʠʤʝʩʠ ʥʦʚʳʝ ʜʝʬʝʢʪʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʥʪʨʦʚ ʠʟʣʫʯʘʪʝʣʴʥʦʡ 
ʨʝʢʦʤʙʠʥʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʨʦʣʠ ʮʝʥʪʨʦʚ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. ɸʢʪʠʚʥʳʝ ʧʨʠʤʝʩʠ Na+ ʠ Cu2+ 
ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʘʢʪʠʚʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ CdS. ʊʘʢʞʝ ʠʦʥʳ ʥʘʪʨʠʷ ʙʣʦʢʠʨʫʶʪ ʯʘʩʪʴ ʢʘʥʘʣʦʚ ʢʦʥʢʫʨʠʨʫʶʱʝʡ 
ʨʝʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʮʝʥʪʨʳ ʪʠʧʘ VCd, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 
ʩʦʙʩʪʚʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʧʣʝʥʦʢ, ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Cu2+ ʠ Na+, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʜʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ ʤʝʜʠ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ ʘʵʨʦʟʦʣʷ, ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʩʫʣʴʬʠʜ ʢʘʜʤʠʷ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, 

ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ, ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
    

ɺɺɽɼɽʅʀɽ 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ɸIIBVI ʠ ʠʭ 
ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʧʪʠʯʝʩʢʠʤ, 
ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 
ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 
ʜʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. [1]. 

ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ 
ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʧʠʨʦʣʠʟʘ ʘʵʨʦʟʦʣʷ ʪʠʦʤʦʯʝʚʠʥʥʳʭ 
ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʊʂʉ), ʪʘʢ ʢʘʢ 
ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʝʥʠʷ 1ʤʝʭʘʥʠʟʤʦʤ ʦʩʘʞʜʝʥʠʷ 
ʧʦʟʚʦʣʷʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚʘʨʴʠʨʦʚʘʪʴ ʩʦʩʪʘʚ 
ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʘ ʪʘʢʞʝ ʚʚʦʜʠʪʴ 
ʘʢʪʠʚʠʨʫʶʱʠʝ ʧʨʠʤʝʩʠ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʩʣʦʝʚ 
ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʵʪʦ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʧʣʝʥʢʠ ʩ 
ʟʘʜʘʥʥʦʡ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [2]. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʠ 
ʩʪʨʫʢʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʣʝʛʠʨʦʚʘʥʥʳʭ 
ʦʪʜʝʣʴʥʦ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ [3-5], ʧʦʣʫʯʝʥʥʳʭ 
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ʠʟ ʢʦʤʧʣʝʢʩʦʚ [Cd(N2H4CS)2Cl2] ʠ 
[Cd(N2H4CS)2Br2]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʠ ʠʦʥʦʚ 
ʤʝʜʠ ʠ ʥʘʪʨʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʦʧʪʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ CdS, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 
ʨʘʩʪʚʦʨʦʚ ʪʠʦʤʦʯʝʚʠʥʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ ʭʣʦʨʠʜʘ ʢʘʜʤʠʷ.  

ʉʠʥʪʝʟ ʧʣʝʥʦʢ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ ʧʨʦʚʦʜʠʣʠ 
ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʘ [Cd(N2H4CS)2Cl2]. 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʣʦʨʠʜ 
ʢʘʜʤʠʷ CdCl2Ĭ2,5H2O ʤʘʨʢʠ ñʭ.ʯ.ò ʠ ʪʠʦʤʦʯʝʚʠʥʫ 
N2H4CS (thio) ʤʘʨʢʠ ñʭ.ʯ.ò, ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.1 
ʤʦʣʴ/ʣ ʠ 0.2 ʤʦʣʴ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ 
ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ CuCl2 ʠ NaCl, 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ ʨʘʩʧʳʣʷʝʤʦʤ ʨʘʩʪʚʦʨʝ 
ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 10-3 ï 10-7 ʤʦʣʴ/ʣ. 
ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ [6, 7], 
ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ ʚ 
ʨʘʩʪʚʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʝʥʢʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʚʘʨʮ ʠ 
ʩʠʪʘʣʣ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʭʦʜʠʣʠ 
ʥʝʦʙʭʦʜʠʤʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʆʩʘʞʜʝʥʠʝ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ 
400¯ʉ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʤʠʥʫʪʳ. ʊʦʣʱʠʥʘ 
ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ 500 ʥʤ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ CdS ʙʳʣʠ 
ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ SHIMADZU. 

ʆʧʪʠʯʝʩʢʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg 
ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʢʨʘʶ 
ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ D = f (hv) (D ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ). 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ), 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʙʦʪʝ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ 
CdS. ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʢʚʘʨʮʝʚʳʭ 
ʧʦʜʣʦʞʢʘʭ, ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 
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ʜʠʬʨʘʢʪʦʤʝʪʨʝ PANalytical EMPYREAN 
(ʠʟʣʫʯʝʥʠʝ CuKŬ1). 

ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʠʟʤʝʨʷʣʠ 
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 
ʩʦʟʜʘʥʥʦʡ ʥʘ ʙʘʟʝ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 
ʩʧʝʢʪʨʦʤʝʪʨʘ USB4000-VIS-NIR (350 - 1000 ʥʤ) 
ʬʠʨʤʳ Ocean Optics. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 
ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʣʘʟʝʨʥʳʡ ʜʠʦʜ, ʠʟʣʫʯʘʶʱʠʡ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 405 
ʥʤ [8]. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʩʠʪʘʣʣʦʚʘʷ ʧʦʜʣʦʞʢʘ ʩʠʣʴʥʦ ʣʶʤʠʥʝʩʮʠʨʫʝʪ ʚ 
ʦʙʣʘʩʪʠ 525 ʥʤ, ʯʪʦ ʙʳʣʦ ʫʯʪʝʥʦ ʧʨʠ ʦʧʠʩʘʥʠʠ 
ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʌʃ. 

 
ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 
ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ CdS ʠʤʝʶʪ 
ʩʪʨʫʢʪʫʨʫ ʚʶʨʪʮʠʪʘ (ʪʘʙʣ. 1). ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ 
ʧʣʝʥʦʢ ʩ ʩʦʚʤʝʩʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʤʝʜʠ ʠ 
ʥʘʪʨʠʷ 10-3 ï 10 -7 ʘʪ. % ʥʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʝʬʣʝʢʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʭ 
ʩʦʝʜʠʥʝʥʠʷʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ, ʘ ʚʩʪʨʘʠʚʘʶʪʩʷ ʚ ʨʝʰʝʪʢʫ 
ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ (ʨʠʩ. 1).  

 

 
 

 
 

 
 

ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʣʝʥʦʢ CdS, ʧʦʣʫʯʝʥʥʳʭ 
ʠʟ [Cd(N2H4CS)2Cl2] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 0C: ʘ - ʯʠʩʪʳʝ; 
ʙ, ʚ ï ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠ  ̫
ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10-6, 10-3 ʘʪ. % Cu2+ ʠ Na+ (CCu

2+ = CNa
+), 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
 
ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ 

ʥʝʣʝʛʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ 10-4 ï 10-7 ʘʪ. % ʷʚʣʷʶʪʩʷ 
ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩ ʩʘʤʦʡ ʠʥʪʝʥʩʠʚʥʦʡ 
ʣʠʥʠʝʡ, ʠʤʝʶʱʝʡ ʠʥʜʝʢʩ (002). ʕʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʣʝʥʢʠ ʩʠʣʴʥʦ 
ʪʝʢʩʪʫʨʠʨʦʚʘʥʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ.  

ʅʘ ʨʠʩ. 1 ʚ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ 10-3 ʘʪ. %, 

ʩʦʜʝʨʞʘʱʘʷ ʣʠʥʠʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ 
ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟ ʙʘʟʳ 
ʜʘʥʥʳʭ, ʢʘʢ ʠ ʜʦʣʞʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
ʠʩʯʝʟʥʦʚʝʥʠʠ ʪʝʢʩʪʫʨʳ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘ 
ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʦʙʨʘʟʝʮ ʩʪʘʥʦʚʠʪʩʷ ʩʠʣʴʥʦ 
ʪʝʢʩʪʫʨʠʨʦʚʘʥ ʚ ʥʘʧʨʘʚʣʝʥʠʠ (101). 

 
ʊʘʙʣʠʮʘ 1 

ʄʝʞʧʣʦʩʢʦʩʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʣʝʥʢʘʭ CdS, 
ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ 
(CCu

2+ = CNa
+) 

 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʜʠ ʠ ʥʘʪʨʠʷ, ʘʪ. % ʆʪ-

ʥʝ-
ʩʝ-
ʥʠʝ 
10-6 
d, 
ʥʤ 

0 10-6 0 10-6 0 

d, 
ʥʤ 

I, 
% 

d, 
ʥʤ 

I, 
% 

d, 
ʥʤ 

I, 
% 

d, 
ʥʤ 

I, 
% 

d, 
ʥʤ 

I, 
% 

0.
33
57 

1
0
0 

0.
33
57 

1
0
0 

0.
33
57 

1
0
0 

0.
33
57 

1
0
0 

0.
33
57 

10
0 

0.3
35
7 

0.
31
62 

2
5.
3
4 

0.
31
62 

2
5.
3
4 

0.
31
62 

2
5.
3
4 

0.
31
62 

2
5.
3
4 

0.
31
62 

25
.3
4 

0.3
16
2 

0.
20
69 

6.
9
5 

0.
20
69 

6.
9
5 

0.
20
69 

6.
9
5 

0.
20
69 

6.
9
5 

0.
20
69 

6.
95 

0.2
06
9 

ʆʙʦʟʥʘʯʝʥʠʷ: d ï ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 
ʚ ʧʣʝʥʢʘʭ, ʥʤ;  I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 
ʤʘʢʩʠʤʫʤʘ, % 

ʆʧʪʠʯʝʩʢʫʶ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Eg 
ʦʧʨʝʜʝʣʷʣʠ ʠʟ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʢʨʘʶ 
ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟ ʩʧʝʢʪʨʘʣʴʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ D = f (hv) (D ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ). 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ 
ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

  
ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʜʣʷ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ 

ʧʣʝʥʦʢ CdS, ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʠ 
ʥʘʪʨʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ: 1 ï 0, 2 - 10-6, 3 ï 10-5, 4 ï 10-4, 5.- 
10-3 ʘʪ. % Cu2+ ʠ Na+ (CCu

2+ = CNa
+) 

 
ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʣʠʥʝʡʥʳʭ 

ʫʯʘʩʪʢʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʪʝʧʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʜʣʷ 
ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ (ʈʠʩ. 3). 

 
ʘ 

ʙ 

ʚ 
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ʈʠʩ. 3. ʉʪʝʧʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ ʜʣʷ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ 
ʧʣʝʥʦʢ CdS, ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʠ 
ʥʘʪʨʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ: 1 ï 0, 2 - 10-6, 3 ï 10-5, 4 ï 10-4, 5 - 
10-3 ʘʪ. % Cu2+ ʠ Na+ (CCu

2+ = CNa
+) 

 
ʀʟ ʛʨʘʬʠʢʦʚ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʣʠʥʝʡʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʦʣʫʯʠʤ ʰʠʨʠʥʫ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ 
ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 2 

 ʆʧʪʠʯʝʩʢʘʷ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 
ʧʣʝʥʦʢ CdS, ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ 
ʠ ʥʘʪʨʠʷ (CCu

2+ = CNa
+) 

 
ʉʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ 

ʤʝʜʠ ʠ ʥʘʪʨʠʷ, ʤʦʣʴ/ʣ Eg, ʵɺ 

0 2.40 
10-6 2.40 
10-5 2.48 
10-4 2.48 
10-3 2.36 

 
ɺʚʝʜʝʥʠʝ ʧʨʠʤʝʩʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-7-10-3 ʘʪ. % ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʫʶ ʰʠʨʠʥʫ 
ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʣʝʥʦʢ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 
ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʩʫʣʴʬʠʜʘ ʢʘʜʤʠʷ, ʩʦʚʤʝʩʪʥʦ 
ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ. ʉʧʝʢʪʨʳ ʌʃ 
ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʰʠʨʦʢʠʝ ʩʣʦʞʥʳʝ ʧʦʣʦʩʳ, ʣʝʞʘʱʠʝ ʚ ʦʙʣʘʩʪʠ ʦʪ 
600 ʥʤ ʜʦ 900 ʥʤ (ʨʠʩ. 4).  

 
ʈʠʩ. 4. ʉʧʝʢʪʨʳ ʌʃ ʧʣʝʥʦʢ CdS, ʩʦʚʤʝʩʪʥʦ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ: 1 ï 
0, 2 ï 10-7, 3 ï 10-6, 4 ï 10-5,  5 ï 10-4, 6 ï 10-3  ʘʪ. % Cu2+ ʠ 
Na+ (CCu

2+ = CNa
+) 

 
ɺ ʨʘʙʦʪʘʭ [9-11]  ʦʧʠʩʘʥʘ ʚʦʟʤʦʞʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʮʝʥʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʧʣʝʥʢʘʭ CdS. 
ʉʦʛʣʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʨʘʟʚʠʪʳʤ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ 
ʮʝʥʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʢʦʤʧʣʝʢʩʳ ʪʠʧʘ (VMe, Mei), (ClSĘ) ʠ (VCd, VS), 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʥʦʤ ʟʘʨʷʜʦʚʦʤ 
ʩʦʩʪʦʷʥʠʠ, ʦʙʨʘʟʫʷ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʈʦʣʴ Mei ʚʳʧʦʣʥʷʶʪ ʠʦʥʳ Cdi.  

ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʩʦʚʤʝʩʪʥʦ 
ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʦʥʳ 
Cu2+ ʠ Na+ ʩʥʠʞʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 
ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ. 
ʉʦʛʣʘʩʥʦ [12] ʧʨʠʤʝʩʴ ʠʦʥʘ ʥʘʪʨʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ, ʘ ʧʨʠʤʝʩʴ 
ʠʦʥʘ ʤʝʜʠ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩʳ (Os

*.Cui
2+.V2-

Me)x, 
(Os

*.Cui
2+.V-

Me)ǋ, (Os
*.Cui

+.V2-
Me)Ę [13], ʢʦʪʦʨʳʝ 

ʜʦʙʘʚʣʷʶʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʜʝʬʝʢʪʘʤ ({ClSĘ}, 
{VMe, Mei}, {VCd, VS}), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪʩʷ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ 
ʠʟʣʫʯʘʪʝʣʴʥʫʶ ʨʝʢʦʤʙʠʥʘʮʠʶ. ʈʦʣʴ ʢʠʩʣʦʨʦʜʘ 
ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʧʣʝʥʦʢ 
ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʦʟʜʫʭʝ.   

ʀʟ ʨʠʩ. 4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 
ʣʝʛʠʨʦʚʘʥʠʠ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
ʌʃ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʜʣʷ CCu, Na =10-6 
ʘʪ. %.  

ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʜʦ 10-7 
ʘʪ. % ʚ ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʣʝʥʢʘʭ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ. ɺ 
ʧʣʝʥʢʘʭ ʩʦʜʝʨʞʘʱʠʭ ʦʪʜʝʣʴʥʦ ʠʦʥʳ ʤʝʜʠ ʜʣʷ 
ʢʦʥʮʝʥʪʨʘʮʠʠ 10-7 ʘʪ. % ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ, ʘ ʝʝ ʩʥʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 
ʧʨʠ CCu = 10-8 ʘʪ. %.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʚ 
ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʣʝʥʢʘʭ ʜʦ 10-3 ʘʪ. % (ʈʠʩ. 
4, ʢʨʠʚʘʷ 6) ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʩʚʝʯʝʥʠʷ 
ʦʙʨʘʟʮʦʚ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʤʝʜʠ Cun, 
ʛʜʝ n = 2, 3, é, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ 
ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʚʝʯʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʜʣʠʥʳ 
ʚʦʣʥʳ ɚ = 518 ʥʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʜʦ 10-3 ʘʪ. % ʩʚʷʟʘʥʦ ʩ 
ʚʣʠʷʥʠʝʤ ʧʦʜʣʦʞʢʠ, ʢʦʪʦʨʦʝ ʝʩʪʴ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ 
(ʨʠʩ. 5). 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ ʦʪ 
10-7 ʜʦ 10-4 ʘʪ. % ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʜʣʠʥʥʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ ɚ = 733 
ʥʤ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʬʝʢʪʦʚ (CuCd, 
Cui)x, (CuCd, Cls)ǋ (ʨʠʩ. 5, ʢʨʠʚʳʝ 2, 3, 4, 5). 
ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʜʣʷ 
ʦʪʜʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʧʣʝʥʦʢ CdS.  

 
ʈʠʩ. 5. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʌʃ ʧʣʝʥʦʢ CdS, 

ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʤʝʜʠ ʠ ʥʘʪʨʠ  ̫
ʢʦʥʮʝʥʪʨʘʮʠʝʡ: 1 ï 0, 2 ï 10-7, 3 ï 10-6, 4 ï 10-5,  5 ï 10-4, 6 
ï 10-3  ʘʪ. % Cu2+ ʠ Na+ (CCu

2+ = CNa
+) 

 
 ɼʘʣʴʥʝʡʰʝʝ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʜʦ 10-3 ʘʪ. % ʧʨʠʚʦʜʠʪ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ (VCd, Os)x, (VCd, Oi)x ɚ = 815 
ʥʤ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʨʫʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ 
ʧʣʝʥʢʠ ʟʘ ʩʯʝʪ ʣʝʛʠʨʦʚʘʥʠʷ ʝʝ ʤʝʜʴʶ ʠ 
ʢʦʤʧʝʥʩʘʮʠʝʡ ʦʙʨʘʟʫʝʤʳʭ ʥʘʨʫʰʝʥʠʡ ʢʠʩʣʦʨʦʜʦʤ 
(ʨʠʩ. 5, ʢʨʠʚʘʷ 6). ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʣʝʥʢʠ 
ʢʠʩʣʦʨʦʜ ʟʘʥʠʤʘʝʪ ʚʘʢʘʥʩʠʠ ʩʝʨʳ, ʩʦʩʪʘʚʣʷʷ 
ʢʦʥʢʫʨʝʥʮʠʶ ʭʣʦʨʫ, ʦʩʪʘʚʰʝʤʫʩʷ ʚ ʧʣʝʥʢʝ ʧʦʩʣʝ 
ʨʘʟʣʦʞʝʥʠʷ ʪʠʦʤʦʯʝʚʠʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʧʨʦʮʝʩʩʝ 
ʞʝ ʟʘʣʝʯʠʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʙʦʣʴʰʠʥʩʪʚʦ ʚʘʢʘʥʩʠʡ 
ʫʞʝ ʟʘʥʷʪʳ, ʠ ʥʘʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ ʧʨʠ 
ʚʥʝʜʨʝʥʠʠ ʤʝʜʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʢʠʩʣʦʨʦʜ ʚ 
ʤʝʞʜʦʫʟʣʠʷʭ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʝʥʩʘʮʠʷ 
ʦʙʲʝʤʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʩʫʣʴʬʠʜʝ ʢʘʜʤʠʷ 
ʢʠʩʣʦʨʦʜʦʤ ʧʫʪʝʤ ʩʦʘʢʪʠʚʘʮʠʠ [14]. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʤʝʜʠ 
ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ Oi

x ʠ CuiĘ. ʂʦʛʜʘ 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʝʬʝʢʪʘʤʠ ʩʪʘʥʦʚʠʪʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ, ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦ 
ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ [6]: 

Oi
 x + CuiĘ + e = CuO               

ʉʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
(ʈʠʩ. 6) ʧʣʝʥʦʢ ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʪʜʝʣʴʥʦ ʠʦʥʘʤʠ 
ʤʝʜʠ CMe = 10-6 ʘʪ. % ʩ ʦʙʨʘʟʮʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ 
ʩʨʘʟʫ ʜʚʝ ʘʢʪʠʚʠʨʫʶʱʠʝ ʧʨʠʤʝʩʠ CCu,Na = 10-6 ʘʪ. %, 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʦʥʳ ʥʘʪʨʠʷ ʙʣʦʢʠʨʫʶʪ ʯʘʩʪʴ 
ʢʘʥʘʣʦʚ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʢʦʪʦʨʳʤʠ 
ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʮʝʥʪʨʳ ʪʠʧʘ VCd, ʪʘʢ ʢʘʢ 
ʧʨʠ ʩʠʥʪʝʟʝ ʧʣʝʥʦʢ ʠʦʥʳ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ 
ʚʘʢʘʥʪʥʳʝ ʤʝʩʪʘ ʚ ʨʝʰʝʪʢʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʥʠʞʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʩʪʚʝʥʥʳʭ, ʘ ʪʘʢʞʝ 
ʧʨʠʤʝʩʥʳʭ ʜʝʬʝʢʪʦʚ, ʠʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 
ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʧʣʝʥʦʢ ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Cu2+ ʠ Na+, 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʪʜʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ 
ʤʝʜʠ [5, 12].  

 
 
ʈʠʩ. 6. ʉʧʝʢʪʨʳ ʌʃ ʧʣʝʥʦʢ CdS: 1 ï ʯʠʩʪʳʡ 

ʦʙʨʘʟʝʮ, 2 - ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʤʝʜʠ, 3 ï ʠʦʥʘʤʠ 
ʥʘʪʨʠʷ, 4 ï ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʤʝʜʠ ʠ 
ʥʘʪʨʠʷ (CMe = 10-6 ʘʪ. % ʜʣʷ ʢʨʠʚʳʭ 2-4) 

 
ɿɸʂʃʖʏɽʅʀɽ 

 
ʇʣʝʥʢʠ CdS, ʦʩʘʞʜʝʥʥʳʝ ʠʟ ʪʠʦʤʦʯʝʚʠʥʥʦ-

ʭʣʦʨʠʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 400 Üʉ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʚʶʨʪʮʠʪʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʠ ʩʠʣʴʥʦ ʪʝʢʩʪʫʨʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
(002). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʘ 
ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʦʙʨʘʟʝʮ ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʩʪʫʨʠʨʦʚʘʥ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ (101). 

ɺʚʝʜʝʥʠʝ ʧʨʠʤʝʩʠ ʠʦʥʦʚ ʤʝʜʠ ʠ ʥʘʪʨʠʷ ʚ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-7-10-3 ʘʪ. % ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʧʪʠʯʝʩʢʫʶ ʰʠʨʠʥʫ 
ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʣʝʥʦʢ, ʚʚʠʜʫ ʥʝʙʦʣʴʰʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Cu2+ ʠ Na+.  

ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʌʃ ʩʦʚʤʝʩʪʥʦ 
ʣʝʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ Cu2+ ʠ Na+. 
ʆʙʥʘʨʫʞʝʥʳ ʤʘʢʩʠʤʫʤʳ ʧʦʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 
ʦʪʚʝʯʘʶʱʠʝ ʢʦʤʧʣʝʢʩʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ 
ʜʝʬʝʢʪʦʚ: (ClSĘ), (VMe, Mei), (VCd, VS), (CuCd, Cui)x, 
(CuCd, Cls)ǋ, (VCd, Os)x, (VCd, Oi)x, (Os

*.Cui
2+.V2-

Me)x, 
(Os

*.Cui
2+.V-

Me)ǋ, (Os
*.Cui

+.V2-
Me)Ę. ɺʚʝʜʝʥʠʝ 

ʣʝʛʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠʦʥʘ ʥʘʪʨʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ ʚ ʩʫʣʴʬʠʜʝ 
ʢʘʜʤʠʷ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʥʘʙʣʶʜʘʝʤʳʝ ʤʘʢʩʠʤʫʤʳ. 
ʋʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʦʙʨʘʟʮʦʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʱʝʣʦʯʥʳʭ 
ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʦ ʩ ʙʣʦʢʠʨʦʚʢʦʡ ʢʘʥʘʣʦʚ 
ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ, ʢʦʥʢʫʨʠʨʫʶʱʠʭ 
ʩ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʥʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʮʝʥʪʨʘʭ 
ʩʚʝʯʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 
ʠʟʣʫʯʘʪʝʣʴʥʫʶ ʨʝʢʦʤʙʠʥʘʮʠʶ. ɸʢʪʠʚʥʘʷ ʧʨʠʤʝʩʴ 
Na+ ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 
ʢ ʨʘʟʨʫʰʝʥʠʶ ʩʣʦʞʥʳʭ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʘʢʪʠʚʥʳʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ ʚ 
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ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʧʣʝʥʢʘʭ. 
ʇʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʦʚ CdS ʩʦʚʤʝʩʪʥʦ 
ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ ʥʘʪʨʠʷ ʠ ʤʝʜʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʦʪʜʝʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʤʠ ʠʦʥʘʤʠ Cu2+. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʧʨʠʤʝʩʠ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʰʴ ʠʦʥʳ ʤʝʜʠ, ʢʦʪʦʨʳʝ, ʧʦ-
ʩʨʘʚʥʝʥʠʶ ʩ ʠʦʥʘʤʠ ʥʘʪʨʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʚʝʣʠʯʠʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʣʠ 
ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʢʪʠʚʘʪʦʨʦʚ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʷʪ ʎʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ 
ʧʦʣʴʟʦʚʘʥʠʷ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʝ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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Presents results of a study of CdS thin films, doped together with copper ions and sodium concentration of 10-3 ï 10-7 at. 
%. The synthesized samples were obtained at a temperature of 400 0C. X-ray analysis showed that the precipitated film formed 
as wurtzite structure and strong are textured in the direction (002). With increasing of impurity concentration the preferred 



29 
 

orientation of the microchip is destroyed and the sample is textured in the direction (101). The introduction of a small 
concentration of impurity has no significant effect on the optical band gap of films. The change in the concentration of dopants 
leads to an increase of the photoluminescence intensity of the samples. This is due to the fact that with the introduction of new 
impurity defects lead to the formation of centers of radiative recombination, and also due to the reduction of the role of centers 
of nonradiative recombination. Active impurities Na+ and Cu2+ at high concentrations can lead to the formation of inactive 
defects, so there is a reduction in the intensity of luminescence of samples of CdS. Also, the sodium ions block some of the 
competing recombination channels, which can be, for example, centres like VCd, resulting in a decrease in the number of own 
and impurity defects, in consequence of this, there is a decrease in the intensity of luminescence of the films in conjunction 
doped with ions Cu2+ and Na+, compared with the separately doped with copper ions  

Key words: method of aerosol pyrolysis, thin films, cadmium sulfide, x-ray diffraction, optical transmission spectra, the 
photoluminescence spectra 
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ʋɼʂ 538.9 
ʄɸɻʅʀʊʆʉʊɸʊʀʏɽʉʂʀɽ ʀ ʄɸɻʅʀʊʆɼʀʅɸʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ  

ʄʅʆɻʆʉʃʆʁʅʓʍ ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɽ ʅɸʅʆʂʆʄʇʆɿʀʊʆɺ (Co40Fe40B20)X(SiO2)100-X  
 

ɸ.ɹ. ɻʨʘʥʦʚʩʢʠʡ, ʖ.ɽ. ʂʘʣʠʥʠʥ, ɸ.ɺ. ʉʠʪʥʠʢʦʚ, ʆ.ʉ. ʊʘʨʘʩʦʚʘ, ɺ.ɺ. ʌʠʣʠʧʧʦʚ  
 

ʄʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʦʩʘʞʜʝʥʳ ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʘ (Co41Fe39B20)65(SiO2)35 ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ ʚ 
ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʜʦʙʘʚʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ. ɸʥʘʣʠʟ ʢʨʠʚʳʭ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʜʣʦʞʢʠ ʦʧʨʝʜʝʣʷʝʪ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʢʠ. ɺ ʯʘʩʪ-
ʥʦʩʪʠ, ʚʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (~ 500 ʕ) ʧʣʝʥʢʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ ʪʢʘʥʠ ʟʘʜʘʝʪʩʷ ʬʦʨʤʦʡ ʩʪʝʢʣʦʥʠ-
ʪʠ, ʠʤʝʶʱʝʡ ʜʣʠʥʫ ʜʦ 500 ʤʢʤ ʧʨʠ ʜʠʘʤʝʪʨʝ ʥʠʪʠ 7 ʤʢʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʛ-
ʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʪʢʘʥʠ ʧʣʝʥʢʠ ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʘʥʠʟʦʪʨʦʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʣʝʥʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɸʧʨʦʙʠ-
ʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ɛ// ʦʙʨʘʟʮʦʚ ʚʧʣʦʪʴ ʜʦ ʯʘʩʪʦʪʳ 6-7 ɻɻʮ. ʀʟʤʝ-
ʨʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʠʟʛʦʪʦʚ-
ʣʝʥʥʦʛʦ ʠʟ ʩʪʝʢʣʦʪʢʘʥʠ ʩ ʥʘʧʳʣʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʣʝʥʢʦʡ, ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ L ʚ ʯʘ-
ʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 15 ʜʦ 37 ɻɻʮ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ L(f) ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʞʜʝʥʥʦʡ ʛʝʪʝʨʦ-
ʛʝʥʥʦʡ ʧʣʝʥʢʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʢʦʤʧʦʟʠʪʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʤʥʦʛʦʩʣʦʡʥʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʫʜʝʣʴʥʦʝ 
ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

 

1. ɺʚʝʜʝʥʠʝ1 
ʅʘʥʦʛʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʟʠʪʳ ʬʝʨʨʦ-

ʤʘʛʥʠʪʥʳʡ ʤʝʪʘʣʣ-ʜʠʵʣʝʢʪʨʠʢ ʷʚʣʷʶʪʩʷ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʣʘʥʝ 
ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʝʛʘʮʝʨʮʦʚʳʭ ʯʘʩʪʦʪ 
ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ [1-5]. ʕʪʦ 
ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 
ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʝʪʝʨʛʝʥʥʳʭ ʩʪʨʫʢ-
ʪʫʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʤʦʛʝʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʤʘʛʥʝʪʠʢʦʚ [6-8]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʝʥʳ 
ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʤʝʪʘʣ-
ʣʠʯʝʩʢʦʡ ʠ ʞʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟ. ɺ ʢʘʯʝʩʪʚʝ 
ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʬʘʟʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʝ-
ʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ Co, Fe, Ni ʠʣʠ ʩʧʣʘʚʳ ʥʘ ʠʭ 
ʦʩʥʦʚʝ [9-14], ʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʷʚʣʷ-
ʝʪʩʷ ʦʢʩʠʜʥʳʤʠ ʠʣʠ ʬʪʦʨʠʜʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 
ʤʝʪʘʣʣʦʚ [15-20], ʘ ʪʘʢʞʝ ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ ʩ 
ʘʣʤʘʟʦʧʦʜʦʙʥʳʤ ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ [21].  

ʆʜʥʘʢʦ, ʥʝ ʚʩʝ ʢʦʤʧʦʟʠʪʳ ʧʦʩʣʝ ʧʦʨʦʛʘ 
ʧʝʨʢʦʣʷʮʠʠ ʠʤʝʶʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʥʝʦʙ-
ʭʦʜʠʤʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʚʳʩʦʢʦʯʘ-
ʩʪʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʂ ʪʘʢʦʤʫ ʩʚʦʡʩʪʚʫ, ʦʛʨʘ-
ʥʠʯʠʚʘʶʱʠʤ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝ-
ʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʤʘʛ-
ʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʣʠʯʠʠ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʤʘʛʥʠʪʥʦʡ 

                    
ɻʨʘʥʦʚʩʢʠʡ ɸʣʝʢʩʘʥʜʨ ɹʦʨʠʩʦʚʠʯ ï ʄɻʋ,  ʜ-ʨ ʬʠʟ.-ʤʘʪ. 
ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, e-mail: gran60@mail.ru 
ʂʘʣʠʥʠʥ ʖʨʠʡ ɽʛʦʨʦʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, e-mail: Kalinin48@mail.ru  
ʉʠʪʥʠʢʦʚ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. 
ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, e-mail: sitnikov04@mail.ru  
ʊʘʨʘʩʦʚʘ ʆʢʩʘʥʘ ʉʝʨʛʝʝʚʥʘ ï ɺɻʊʋ, ʘʩʧʠʨʘʥʪ, e-mail: 
oksanchik2603@mail.ru 
ʌʠʣʠʧʧʦʚ ɺʘʩʠʣʠʡ ɺʠʢʪʦʨʦʚʠʯ ï ɺɻʊʋ, ʤʘʛʠʩʪʨ, e-mail: 
lonesomewolf1994@mail.ru  

ʘʥʠʟʦʪʨʦʧʠʠ, ʦ ʯʝʤ ʩʦʦʙʱʘʣʦʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ [9, 
16, 22-24]. ʊʘʢʞʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʩʦʛʣʘ-
ʩʦʚʘʥʠʷ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʡ ʩʨʝʜʳ ʠ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʂʘʢ 
ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ ʧʝʨʚʫʶ ʟʘʜʘʯʫ 
ʤʦʞʥʦ ʨʝʰʠʪʴ, ʩʦʟʜʘʚʘʷ ʤʥʦʛʦʩʣʦʡʥʫʶ ʩʪʨʫʢ-
ʪʫʨʫ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪʘ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦ-
ʝʚ ʩʦʠʟʤʝʨʠʤʳʭ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʤʝʪʘʣ-
ʣʠʯʝʩʢʠʭ ʛʨʘʥʫʣ (4-6 ʥʤ) [25-28]. ɽʩʣʠ ʨʘʟʜʝʣʠ-
ʪʝʣʴʥʳʝ ʧʨʦʩʣʦʡʢʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʦʤʥʳʤʠ, 
ʪ.ʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʣʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 
ʦʩʘʞʜʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʪʦ ʫʚʝ-
ʣʠʯʠʚʘʝʪʩʷ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʥʦʛʦ-
ʩʣʦʡʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʚʣʠʯʠʥʘ ʤʥʠʤʦʡ ʯʘʩʪʠ ʜʠ-
ʵʣʝʢʪʨʠʯʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʚʦʣʥʦʚʦʝ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʝ ʧʣʝʥʢʠ. ʅʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʟʤʝʨʝ-
ʥʠʷ, ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʦʣ-
ʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʣʝʥʢʠ ʠ ʩʚʦʙʦʜʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʚ ʟʥʘʯʠ-
ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 
ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʦʙʨʘʟʮʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 
ʝʩʣʠ ʧʣʝʥʢʘ ʥʘʥʝʩʝʥʘ ʥʘ ʨʘʟʚʠʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 
ʪʦ ʦʙʲʝʤ ʟʘʥʠʤʘʝʤʳʡ ʤʘʛʥʠʪʦʘʢʪʠʚʥʳʤ ʚʝʱʝ-
ʩʪʚʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʪʦʣʱʠʥʘ ʧʦ-
ʢʨʳʪʠʷ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʧʨʠʚʝʜʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ. ʊʦʛʜʘ ʚ ʩʣʫʯʘʝ 
ʝʩʣʠ Ů >> Õ ʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʧʨʠ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʠ ʝʛʦ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʤʳ ʠʤʝʝʤ:  
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ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʙʳʣʘ 
ʩʬʦʨʤʠʨʦʚʘʥʳ ʮʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ. 
ʀʩʩʣʝʜʦʚʘʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʤʘʛʥʠʪʥʳʝ 
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ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝ-
ʥʦʢ, ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʦʜʣʦʞ-
ʢʫ ʩ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʝʥʢʠ 
ʙʳʣ ʚʳʙʨʘʥ ʢʦʤʧʦʟʠʪ (Co41Fe39B20)ʍ(SiO2)100-ʍ 
ʦʩʘʞʜʝʥʥʳʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʢʠʩʣʦʨʦ-
ʜʘ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝ-
ʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʩʣʝ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ, 
ʢʘʢ ʤʘʪʝʨʠʘʣʣ ʧʦʢʘʟʘʚʰʠʡ ʥʘʠʙʦʣʝʝ ʭʦʨʦʰʠʝ 
ʤʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [27]. ʇʦʜʣʦʞ-
ʢʦʡ ʚʳʩʪʫʧʘʣʦ ʧʦʣʦʪʥʦ ʩʪʝʢʣʦʪʢʘʥʠ. ʉʪʝʢʣʦʪ-
ʢʘʥʴ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʦʥ-
ʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʭʦʨʦʰʠʝ 
ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩ-
ʩʣʝʜʫʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʩʚʦʡʩʪʚʘ. 

 
2. ʆʙʨʘʟʮʳ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʪʦʥʢʦʧʣʝʥʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʦʤʧʦʟʠʪ-ʢʦʤʧʦʟʠʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʦʥʥʦʣʫʯʝʚʦʛʦ 
ʨʘʩʧʳʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʥʘ ʙʘʟʝ ʚʘʢʫʫʤʥʦʛʦ 
ʥʘʧʳʣʠʪʝʣʴʥʦʛʦ ʧʦʩʪʘ ʋɺʅ-2ʄ [29]. ɺ ʨʝʟʫʣʴ-
ʪʘʪʝ ʛʣʫʙʦʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʢʘʤʝʨʝ ʙʳʣʦ 
ʨʘʟʤʝʱʝʥʦ 7 ʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʨʠʛʠʥʘʣʴʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳ ʜʣʷ ʥʝ-
ʟʘʚʠʩʠʤʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʪʨʝʭ ʤʠʰʝʥʝʡ ʠ ʧʨʦʚʝ-
ʜʝʥʠʷ ʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ 
ʧʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ. ɼʣʷ ʦʩʘʞʜʝʥʠʷ ʢʦʤʧʦʟʠʪʘ 
ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʠʰʝʥʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʝʪʘʣ-
ʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʩʧʣʘʚʘ Co40Fe40B20 ʨʘʟʤʝ-
ʨʦʤ 280ʭ80ʭ20 ʤʤ3 ʩ ʨʘʚʥʦʤʨʥʦ ʟʘʢʨʝʧʣʝʥʥʳ-
ʤʠ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ 12 ʢʚʘʨʮʠʚʳʤʠ ʧʣʘʩʪʠʥ-
ʢʘʤʠ ʨʘʟʤʝʨʦʤ 80ʭ10ʭ2 ʤʤ3. ʉʦʨʘʩʧʳʣʝʥʠʝ ʤʝ-
ʪʘʣʣʘ ʠ ʜʠʵʣʝʢʪʨʠʢʘ ʢʦʪʦʨʳʝ ʥʝ ʦʙʨʟʫʶʪ ʤʝʞʜʫ 
ʩʦʙʦʡ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʚʝʨʜʳʭ ʨʘʩ-
ʪʚʦʨʦʚ ʧʫʪʝʤ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʠʟ ʧʘ-
ʨʦʚʦʡ ʬʘʟʳ ʬʦʨʤʠʨʫʶʪ ʥʘʥʦʨʘʟʤʝʨʥʫʶ ʛʝʪʝʨʦ-
ʛʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʪʘ ʤʝʪʘʣʣ-
ʜʠʵʣʝʢʪʨʠʢ. ʄʘʪʝʨʠʘʣʦʤ ʧʦʜʣʦʞʢʠ ʙʳʣʘ ʩʪʝʢ-
ʣʦʪʢʘʥʴ, ʢʦʪʦʨʘʷ ʧʦʣʦʪʥʦʤ ʨʘʟʤʝʨʘ 1200ʭ250 
ʤʤ2 ʟʘʢʨʝʧʣʷʣʘʩʴ ʥʘ ʢʘʨʫʩʝʣʠ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ 
ʫʩʪʘʥʦʚʢʠ. ʇʝʨʝʜ ʥʘʧʳʣʝʥʠʝʤ ʧʨʦʚʦʜʠʣʘʩʴ 
ʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. ʇʘʨʘ-
ʤʝʪʨʳ ʩʧʳʣʠʚʘʥʠʷ ʧʦʜʣʦʞʢʠ ʩʦʩʪʘʚʣʷʣʠ: ʚʨʝʤʷ 
ʧʨʦʮʝʩʩʘ 30 ʤʠʥʫʪ, ʪʦʢ ʧʣʘʟʤʳ 50 ʤɸ, ʥʘʧʨʷ-
ʞʝʥʠʝ ʥʘ ʘʥʦʜʝ 2 ʢɺ, ʜʘʚʣʝʥʠʝ Ar 5ʭ10-4 ʊʦʨʨ, 
ʪʦʢ ʢʦʤʧʝʥʩʘʪʦʨʘ 3ɸ, ʢʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜ-
ʣʦʞʢʠ 0,2 ʦʙ/ʤʠʥ. ʇʨʦʮʝʩʩ ʥʘʧʳʣʝʥʠʷ ʬʫʥʢʮʠ-
ʦʥʘʣʴʥʦʛʦ ʩʣʦʷ ʧʨʦʭʦʜʠʣ ʚ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʦʤ 
ʨʝʞʠʤ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʧʦʜʣʦʞʢʦʜʝʨʞʘʪʝʣʷ 
ʟʘʜʘʚʘʣʩʷ, ʢʘʢ 16 ʯʘʩʦʚ ʦʜʠʥ ʦʙʦʨʦʪ. ʇʨʠ ʦʩʘ-
ʞʜʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʣʦʷ ʚ ʚʘʢʫʫʤʥʫʶ 
ʢʘʤʝʨʫ ʮʠʢʣʠʯʝʩʢʠ ʯʝʨʝʟ 45 ʩʝʢʫʥʜ ʚ ʪʝʯʝʥʠʠ 
15 ʩʝʢʫʥʜ ʧʦʜʘʚʘʣʩʷ ʢʠʩʣʦʨʦʜ. ʇʨʠʥʷʪʳʝ ʩʧʝ-
ʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʠʣʠ ʜʦʙʠʪʴʩʷ ʚʨʝʤʝʥʠ ʫʩʪʘ-
ʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʧʦʩʣʝ ʚʢʣʶ-
ʯʝʥʠʷ ʢʣʘʧʘʥʘ 4 ʩʝʢʫʥʜʳ ʠ ʚʨʝʤʝʥʠ ʦʪʢʘʯʢʠ 
ʢʘʤʝʨʳ ʧʨʠ ʚʳʢʣʶʯʝʥʠʠ ʢʣʘʧʘʥʘ 8 ʩʝʢʫʥʜ, ʯʪʦ 
ʫʜʦʚʣʝʪʚʦʨʷʣʦ ʫʩʣʦʚʠʷʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 
ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʧʣʝʥʢʫ ʢʦʤʧʦʟʠ-
ʪʘ, ʛʜʝ ʩʣʦʡ (Co41Fe39B20)ʍ(SiO2)100-ʍ ʧʦʣʫʯʝʥ-
ʥʳʡ ʚ ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʯʝʨʝʜʦʚʘʣʩʷ ʩ 
ʧʨʦʩʣʦʡʢʦʡ ʦʩʘʞʜʝʥʥʦʡ ʚ ʩʨʝʜʝ Ar+O2 (ʩʤ. ʨʠʩ. 
1). ʇʦ ʩʢʦʨʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʥʘʧʳʣʝʥʠʷ ʢʦʤʧʦʟʠ-
ʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʤʥʦ-
ʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ʜʣʷ 
ʧʨʦʩʣʦʡʢʠ ʢʦʤʧʦʟʠʪʦʚ, ʦʩʘʞʜʝʥʥʳʭ ʚ ʘʪʤʦʩʬʝ-
ʨʝ ʘʨʛʦʥʘ   8 - 14 ʥʤ ʠ ʚ ʩʤʝʰʘʥʥʦʡ ʘʪʤʦʩʬʝʨʝ 
ʘʨʛʦʥʘ + ʢʠʩʣʦʨʦʜʘ 3 - 5 ʥʤ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʘ ʧʦʜʣʦʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʤʠʰʝʥʠ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʦʢʠʩʣʝʥʥʳʭ ʧʨʦ-
ʩʣʦʝʢ ʥʘ ʤʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʘ-
ʞʜʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʥʳ ʦʙ-
ʨʘʟʮʘ ʢʦʤʧʦʟʠʪʦʚ ʩ ʦʜʥʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 
(ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ). 

ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʟʨʝʟʘ ʧʣʝʥ-
ʢʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ 
{[(Co40Fe40B20)60(SiO2)40]/[(Co40Fe40B20)60(SiO2)40+O2]}176, 
ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʧʳʣʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ Ar 
ʩ ʜʘʚʣʝʥʠʝʤ 6Ö10-4 ʊʦʨʨ ʚ ʪʝʯʝʥʠʝ 47ʩʝʢ ʠ ʩʤʝʰʘʥʥʦʡ ʘʪ-
ʤʦʩʬʝʨʝ (Ar ʩ ʜʘʚʣʝʥʠʝʤ 6Ö10-4 ʊʦʨʨ ʠ ʆ2 ʩ ʜʘʚʣʝʥʠʝʤ 
2,4Ö10-5 ʊʦʨʨ) ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢ 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʘ 
(Co41Fe39B20)67,4(SiO2)32,6 ʠʣʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 
ʩʪʨʫʢʪʫʨ 
{[(Co41Fe39B20)67,4(SiO2)32,6]/[(Co41Fe39B20)67,4(SiO
2)32,6+O2]}178 ʩʪʝʢʣʦʪʢʘʥʥʦʝ ʧʦʣʦʪʥʦ ʨʘʩʢʨʘʠʚʘ-
ʣʦʩʴ ʥʘ 4 ʟʘʛʦʪʦʚʢʠ ʨʘʟʤʝʨʦʤ 220ʭ220 ʤʤ2 ʠʟ 
ʢʦʪʦʨʳʭ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʩʷ ʦʙʨʘʟʝʮ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ 4 ʩʣʦʡʥʦʛʦ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠ-
ʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʝʤ-
ʧʝʨʘʪʫʨʫ ʠ ʚʨʤʷ ʧʦʣʠʤʨʠʟʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ 
ʩʦʩʪʘʚʣʷʶʱʠʝ 160 0ʉ ʠ 6 ʯʘʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ʠ ʠʩʧʦʣʴʟʫʝʤʦʝ ʵʧʦʢʩʠʪʥʦʝ ʩʚʷʟʫʶʱʝʝ ʤʘʨʢʠ 
ʕʅʌɹ. ʉʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʝʢʣʦʪ-
ʢʘʥʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʤʘʛʥʠʪ-
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ʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʢʠ ʷʚʣʷʶʪʩʷ ʪʦʣʱʠʥʘ ʩʪʝʢ-
ʣʦʥʠʪʝʡ ʠ ʰʘʛ ʧʣʝʪʝʥʠʷ ʪʢʘʥʠ, ʢʦʪʦʨʳʝ ʧʦ 
ʥʘʰʠʤ ʦʮʝʥʢʘʤ (ʩʤ. ʨʠʩ.2) ʩʦʩʪʘʚʠʣʠ 7 ʠ 500 
ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʩʚʝʜʝʥʳ 
ʚ ʪʘʙʣʠʮʝ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʧʨʦʚʦʜʠ-
ʣʠ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʨʠ-
ʩʪʘʚʢʦʡ Oxford INCA Energy 250 ʥʘ ʩʢʘʥʠʨʫʶ-
ʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ JEOL JSM-6380 
LV. 

 

 
 

ʈʠʩ. 2. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʷ ʧʦʜʣʦʞʢʠ ʠʟ 
ʩʪʝʢʣʦʪʢʘʥʠ 

ʇʘʨʘʤʝʪʨʳ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ  
ˉ ʇʣʝʥʢʘ ʈʆ2,  

ʊʦʨ. 
ʈAr, 
ʊʦʨ. 

tʥʘʧ, 
ʤʠʥ 

tʚʢʣ 
ʆ2, 
ʩʝʢ 

tʚʳʢʣ 

ʆ2, 
ʩʝʢ 

ʚʨʘ
ʱ. 

hʩʣʦʷ
, 

ʤʢʤ 

n 

1 {[(Co41Fe39B20)67,4(SiO2)32,6]/ 
[(Co41Fe39B20)67,4(SiO2)32,6+O2

]}178 

6Ā10-5 7Ā10-4 600 15 45 16 
ʯʘʩ/
ʦʙʨ 

2,3 4 

2 {[(Co41Fe39B20)67,4(SiO2)32,6]/ 
[(Co41Fe39B20)67,4(SiO2)32,6+O2

]}178 

3,5Ā10-5 7Ā10-4 600 15 45 16 
ʯʘʩ/
ʦʙʨ 

1,69 4 

3 (Co41Fe39B20)67,4(SiO2)32,6  6Ā10-4 630   16 
ʯʘʩ/
ʦʙʨ 

1,96 4 

hʩʣʦʷ, ʤʢʤ ï ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ, n ï ʯʠʩʣʦ ʩʣʦ-
ʝʚ ʩʪʝʢʣʦʪʢʘʥʠ ʚ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʝ. 

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʤʘʛʥʠʪʦʤʝʪʨʝ. ʀʟʤʝʨʝʥʠʝ 
ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʩʫ-
ʱʝʩʪʚʣʷʣʦʩʴ ʨʝʟʦʥʘʥʩʥʳʤ ʥʘ ʯʘʩʪʦʪʝ 0,2-10 
ɻɻʮ ʚ ʧʦʣʫʚʦʣʥʦʚʦʤ ʢʦʦʢʩʠʘʣʴʥʦʤ ʨʝʟʦʥʘʪʦʨʝ. 
ʇʦʛʣʦʱʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (L) 
ʚ ʉɺʏ-ʜʠʘʧʘʟʦʥʝ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʨʫʧʦʨʥʳʤ 
ʤʝʪʦʜʦʤ ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 37 ɻɻʮ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʭ ʦʙʩʫʞ-
ʜʝʥʠʝ 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʜ-
ʣʦʞʢʠ ʥʘ ʧʨʦʮʝʩʩʳ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʧʣʝʥʢʠ 
ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʢʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʦʤʧʦ-

ʟʠʪʘ (Co41Fe39B20)67,4(SiO2)32,6. ʀʟʤʝʨʝʥʠʷ ʧʨʦ-
ʚʦʜʠʣʠʩʴ ʚ ʜʚʫʭ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ 
ʧʣʦʩʢʦʩʪʠ ʧʦʜʣʦʞʢʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʦʤ-
ʧʦʟʠʪ (Co41Fe39B20)65(SiO2)35 ʷʚʣʷʝʪʩʷ ʬʝʨʨʦ-
ʤʘʛʥʠʪʥʳʤ ʛʝʪʝʨʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʟʥʘʯʝ-
ʥʠʝʤ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ~ 16 ʕ. ʇʦʣʝ ʚʳʭʦ ʜʘ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʘʩʳʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
ʚʥʝʰʥʠʭ ʧʦʣʷʭ ~ 500ʕ. ʂʨʠʚʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʪʘʢʞʝ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠ-
ʮʘʝʤʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʚ 
ʧʨʦʮʝʩʩʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ ʦʩʫʪʩʪʚʠʝʤ ʟʘʤʝʪ-
ʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʧʣʦʩʦʩʪʠ ʧʣʝʥʢʠ. 
ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʬʦʨʤʳ 
ʚʥʝʩʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʪʢʘ-
ʥʠ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ 

(Co41Fe39B20)65(SiO2)35, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ ʠ ʠʟ-
ʤʝʨʝʥʥʳʝ ʚ ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ 1ï ʚʜʦʣʴ ʦʩʠ ʦʙʨʘʟʮʘ; 2 ï 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʰʝʛʦ ʧʨʝʜʧʦʣʦʞʝ-
ʥʠʷ ʩʪʝʢʣʦʪʢʘʥʴ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʦʪʜʝʣʴʥʳʝ 
ʚʦʣʦʢʥʘ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʠʟʤʝʨʷʣʘʩʴ ʚʜʦʣʴ ʠ 
ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ (ʨʠʩ. 4). 
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ʈʠʩ. 4. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʢʦʤʧʦʟʠʪʘ 

(Co41Fe39B20)65(SiO2)35 1 ï ʚʜʦʣʴ ʩʪʝʢʣʦʚʦʣʦʢʥʘ; 2 ï ʧʝʨ-
ʧʝʥʜʠʢʫʣʷʨʥʦ ʩʪʝʢʣʦʚʦʣʦʢʥʫ 

ɺʠʜʥʦ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʥʦʡ 
ʘʥʠʟʦʪʨʦʧʠʠ. ʆʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ 
ʧʣʝʥʢʠ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʥʠʪʷʭ ʜʣʠʥʥʦʡ 500 ʤʢʤ 
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ʠ ʜʠʘʤʝʪʨʦʤ 7 ʤʢʤ. ʇʦʣʝ ʚʳʭʦʜʘ ʥʘʤʘʛʥʠʯʝʥ-
ʥʦʩʪʠ ʚ ʥʘʩʳʱʝʥʠʝ ʚʜʦʣʴ ʚʦʣʦʢʦʥ ~ 39 ʕ, ʧʦ-
ʧʝʨʝʢ ~ 500 ʕ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ 
ʩʧʣʘʚʘ Co41Fe39B20 ʢʘʢ 1,6 ʊ [30], ʪʦ SMp4  

ʢʦʤʧʦʟʠʪʘ (Co41Fe39B20)65(SiO2)35 ~ 0,8 ʊ, ʪʦʛʜʘ 
ʠʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʧʦʣʝʡ ʘʥʠʟʦʪʨʦ-
ʧʠʠ ʯʘʩʪʦʪʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥ-
ʩʘ ʜʣʷ ʧʣʝʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʠʟ ʚʳʨʘʞʝ-
ʥʠʷ 2 

 

Sʨʝʟ MHaf ppn 42= ,         (2) 
 

ʛʜʝ ɜ - ʛʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ (2ˊɜ = 2.8 
Mɻʮ/ʕ); Hʘ - ʧʦʣʝ ʧʣʦʩʢʦʩʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Ms - ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝ-
ʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʘʶʪ ʜʣʷ Hʘ=39 ʕ 
ʨʝʟf =1,5 ɻɻʮ, ʘ ʜʣʷ Hʘ=500ʕ ʨʝʟf =5,6 ɻɻʮ.  
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ʈʠʩ. 5. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɛ/

 (ʢʨʠʚʘʷ 1) ʠ ɛ// 
(ʢʨʠʚʘʷ 2) ʜʣʷ ʢʦʤʧʦʟʠʪʘ (Co41Fe39B20)65(SiO2)35   ʥʘʥʝʩʝʥ-
ʛʦ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ (a), ʩʪʝʢʣʦʥʠʪʠ ʚʜʦʣʴ ʚʦʣʦʢʥʘ (b) ʠ 
ʩʪʝʢʣʦʥʠʪʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʥʘ (c) 

ʅʘ ʨʠʩ. 5 ʧʨʝʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ɛ/) ʠ ʤʥʠʤʦʡ (ɛ//) 
ʯʘʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʘ ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ.  

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ 
ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʣʦʪʥʝ ʠ ʥʘ ʩʪʝʢʣʦʥʠʪʷʭ 
ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʥʘ. ɺʠʜʥʦ, ʯʪʦ ʦʮʝʥʢʠ 
ʯʘʩʪʦʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘ-
ʥʘʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʡ 
ʧʣʝʥʢʠ ʥʘ ʩʪʝʢʣʦʚʦʣʦʢʥʘʭ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ (ʨʠʩ.5).  

ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʣʝʥʦʢ ʤʥʦʛʦ-
ʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʦʟʠʪ ï ʢʦʤʧʦʟʠʪ ʥʘʥʝ-
ʩʝʥʥʳʝ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ (ʨʠʩ. 6 ʠ 7) ʧʦ ʦʩʥʦʚʥʳʤ 
ʧʘʨʘʤʝʪʨʘʤ ʧʦʭʦʞʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦ-
ʩʣʦʡʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʦʢʨʳʪʠʠ (ʨʠʩ.3). 

-500 -400 -300 -200 -100 0 100 200 300 400 500

-4

-2

0

2

4

2

1
ʅ

ʘʤ
ʘʛ

ʥʠ
ʯʝ

ʥʥ
ʦʩ

ʪʴ
, ʦ

ʪʥ
. ʝ

ʜ.

ʅ, ʕ
 

ʈʠʩ. 6. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ˉ 1 ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ ʠ ʠʟʤʝʨʝʥʥʳʝ ʚ 
ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ 1 ï ʚʜʦʣʴ ʦʩʠ ʦʙʨʘʟʮʘ; 2 ï ʧʝʨʧʝʥʜʠʢʫ-
ʣʷʨʥʦ ʦʩʠ ʦʙʨʘʟʮʘ 
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ʈʠʩ. 7. ʂʨʠʚʳʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ˉ 2 ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ ʠ ʠʟʤʝʨʝʥʥʳʝ ʚ 
ʧʣʦʩʢʦʩʪʠ ʧʣʝʥʢʠ 1 ï ʚʜʦʣʴ ʦʩʠ ʦʙʨʘʟʮʘ; 2 ï ʧʝʨʧʝʥʜʠʢʫ-
ʣʷʨʥʦ ʦʩʠ ʦʙʨʘʟʮʘ  

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʪ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 
ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʦʤʷʛʢʠʭ 
ʛʦʤʦʛʝʥʥʳʭ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʪʦʥʢʦʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʩʣʫʯʘʝ ʥʘʥʝʩʝʥʠʷ 
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ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ.  

ʄʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ 
ʧʦʢʨʳʪʠʡ ʪʘʢʞʝ ʚ ʦʩʥʦʚʥʳʭ ʯʝʨʪʘʭ ʥʝ ʟʘʠʩʷʪ ʦʪ 
ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʝ ʫʜʦʚʣʝ-
ʪʚʦʨʷʶʪ ʢʦʤʧʣʝʢʩʫ ʪʨʝʙʦʚʘʥʠʡ ʨʘʙʦʪʳ ʥʘ ʜʘʥ-
ʥʳʭ ʯʘʩʪʦʪʘʭ, ʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʜ-
ʣʦʞʢʠ ʨʠʩ. 8-9.  
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ʈʠʩ. 8. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɛ/

 (ʢʨʠʚʘʷ 1) ʠ ɛ// 
(ʢʨʠʚʘʷ 2) ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ˉ 1 ʥʘʥʝʩʝʥʥʦʡ ʥʘ 
ʩʪʝʢʣʦʪʢʘʥʴ 
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ʈʠʩ. 9. ʏʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɛ/

 (ʢʨʠʚʘʷ 1) ʠ ɛ// 
(ʢʨʠʚʘʷ 2) ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ˉ 2 ʥʘʥʝʩʝʥʥʦʡ ʥʘ 
ʩʪʝʢʣʦʪʢʘʥʴ 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʡ 
ʢʘʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 
ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟ-
ʣʫʯʝʥʠʷ (L). ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 
ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ-
ʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʫ-
ʧʦʨʥʳʤ ʤʝʪʦʜʦʤ (ʨʠʩ. 10) ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 
ʦʪ 2 ʜʦ 37 ɻɻʮ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ L ʨʘʟʣʠʯʥʳʭ ʦʙ-
ʨʘʟʮʦʚ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 11. ɸʥʘʣʠʟ ʧʨʠʚʝ-
ʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʘ, 
ʛʜʝ ʥʘʥʦʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʧʣʝʥʢʘ, ʨʘʩʧʨʝʜʝʣʝʥ-
ʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʪʢʘʥʠ ʥʝ ʠʤʝʝʪ ʚʳʩʦ-
ʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ (R), ʚ 
ʦʣʠʯʘʠ ʦʪ ʧʣʝʥʢʠ ʥʘ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 
 

ʈʠʩ. 10. ʈʫʧʦʨʥʳʡ ʤʝʪʦʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚ ʯʘʩʪʦʪʥʳʭ ʜʠʘ-
ʧʘʟʦʥʘʭ 2ï37 ɻɻʮ 

ʆʙʨʘʟʮʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʦʝ ʧʦʛʣʦʱʝ-
ʥʠʝ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 15 ɻɻʮ. ʕʪʦ ʥʘʭʦʜʠʪʩʷ ʚ 
ʷʚʥʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʤʘʛʥʠʪʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʨʘʙʦʪʝ. 
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ʈʠʩ. 11. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ-
ʛʣʦʱʝʥʠʷ ʢʨʠʚʘʷ 1 - ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪ, ʢʨʠʚʘʷ 2 ï ʦʙʨʘʟʝʮ 
ˉ 3, ʢʨʠʚʘʷ 3 ï ʦʙʨʘʟʝʮ ˉ 2, ʢʨʠʚʘʷ 4 ï ʦʙʨʘʟʝʮ ˉ 1 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʬʘʢʪ 
ʷʚʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢ-
ʣʦʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳ-
ʰʝ 25 ɻɻʮ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜ-
ʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʨʘʙʦʯʝʤ ʛʘʟʝ ʧʨʠ ʥʘʧʳʣʝʥʠʠ 
ʦʢʠʩʣʝʥʥʳʭ ʧʨʦʩʣʦʝʢ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʨʦʩ-
ʪʘʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪʩʷ ʯʘʩʪʦʪʘ 
ʤʘʢʩʠʤʫʤʘ ʥʘ ʢʨʠʚʦʡ L(f). ʀʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ ʤʦʞʥʦ ʧʨʝʜʘʧʦʣʦʞʠʪʴ, ʯʪʦ 
ʚ ʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʥʦʚʥʳʤ ʤʝʭʘ-
ʥʠʟʤʦʤ ʧʦʛʣʘʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝ-
ʥʠʡ ʜʣʷ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʘ 
(Co41Fe39B20)65(SiO2)35 ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ 
ʢʦʤʧʦʟʠʪ-ʢʦʤʧʦʟʠʪ ʷʚʣʷʝʪʩʷ ʤʥʠʤʘʷ ʯʘʩʪʴ 
ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ.  

 
4. ɿʘʢʣʶʯʝʥʠʝ 
ʄʝʪʦʜʦʤ ʠʦʥʥʦʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʦʩʘ-

ʞʜʝʥʳ ʧʣʝʥʢʠ ʢʦʤʧʦʟʠʪʘ (Co41Fe39B20)65(SiO2)35 
ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʠ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʜʦʙʘʚʣʝ-
ʥʠʠ ʢʠʩʣʦʨʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʧʦʨʮʠʘʣʴʥʳʤ ʜʘʚ-
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ʣʝʥʠʝʤ ʥʘ ʩʪʝʢʣʦʪʢʘʥʴ. ɸʥʘʣʠʟ ʢʨʠʚʳʭ ʥʘʤʘʛ-
ʥʠʯʝʥʥʦʩʪʠ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʧʦʜ-
ʣʦʞʢʠ ʦʧʨʝʜʝʣʷʝʪ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ ʧʣʝʥʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʩʦʢʘʷ ʚʝʣʠʯʠʥʘ 
ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʘʪʨʦʧʠʠ (~ 500 ʕ) ʧʣʝʥʢʠ ʧʦʧʝ-
ʨʝʢ ʚʦʣʦʢʦʥ ʪʢʘʥʠ ʟʘʜʘʝʪʩʷ ʬʦʨʤʦʡ ʩʪʝʢʣʦʥʠʪʠ, 
ʠʤʝʶʱʝʡ ʜʣʠʥʫ ʜʦ 500 ʤʢʤ ʧʨʠ ʜʠʘʤʝʪʨʝ ʥʠʪʠ 
7 ʤʢʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 
ʢʦʤʧʣʝʢʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʬʨʘʛ-
ʤʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʢʣʦʪʢʘʥʠ 
ʧʣʝʥʢʠ ʷʚʣʷʶʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʘʥʠʟʘʪʨʦʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʣʝʥʢʠ, ʨʘʩʧʦʣʦ-
ʞʝʥʥʳʭ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʘʛ-
ʥʠʪʥʦʛʦ ʧʦʣʷ. ɸʧʨʦʙʠʨʦʚʘʥʥʳʡ ʚ ʨʘʙʦʪʝ ʧʦʜ-
ʭʦʜ ʧʦʟʚʦʣʠʣ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ɛ// 
ʦʙʨʘʟʮʦʚ ʚʧʣʦʪʴ ʜʦ ʯʘʩʪʦʪʳ 6-7 ɻɻʮ. ʀʟʤʝʨʝʥ-
ʥʳʝ ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ-
ʛʣʘʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʪʝʢ-
ʣʦʪʝʢʩʪʦʣʠʪʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʩʪʝʢʣʦʪʢʘʥʠ ʩ 
ʥʘʧʳʣʝʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʡ 
ʧʣʝʥʢʦʡ, ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ L ʚ 
ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 15 ʜʦ 37 ɻɻʮ. ɺʳʷʚʣʝ-
ʥʦ, ʯʪʦ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ L(f) ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘ-
ʤʝʪʨʦʚ ʦʩʘʞʜʝʥʥʦʡ ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʣʝʥʢʠ. 
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The films of composites (Co41Fe39B20)65(SiO2)35 were obtained  by ion-beam sputtering method on the fiberglass, in an 

inert atmosphere and adding cyclic oxygen with different portsialnym pressure. Analysis of the magnetization films showed 
that the structure of the substrate determines the magnetostatic properties of the film. Particularly, a high value of magnetic ani-
zatropy of films (~ 500 Oe) is given across the fabric fibers form glass fiber having a length of up to 500 microns in diameter 
yarns 7 microns. It was revealed that the frequency dependence of complex magnetic permeability of the fragmented glass on 
the surface of the film are a superposition of the characteristics of the anisotropic film fragments along and across the meas-
urement of the magnetic field. Approved in the work approach allowed to have a significant amount ɛ// samples up to a fre-
quency of 6-7 GHz. The measured frequency dependence of the absorption of electromagnetic radiation fiberglass, with a 
sprayed on the surface of a heterogeneous film, showed a considerable amount of L in the frequency range from 15 to 37 GHz. 
It was revealed that the dependence of L (f) depends on the parameters of the deposited heterogeneous films 
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ʋɼʂ 539.216.2 
ɺʃʀʗʅʀɽ ɼʆɹɸɺʆʂ Si, Zr ʀ Y ʅɸ ʉʊʈʋʂʊʋʈʋ, ʕʃɽʂʊʈʀʏɽʉʂʀɽ 

ʀ ɻɸɿʆʉɽʅʉʆʈʅʓɽ ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ SnO2 

ʆ.ʀ. ʈʝʤʠʟʦʚʘ, ʀ.ɺ. ɹʘʙʢʠʥʘ, ɸ.ɺ. ʉʠʪʥʠʢʦʚ, ʃ.ʀ. ʗʥʯʝʥʢʦ  
ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʘʟʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ SnO2, ʣʝʛʠʨʦʚʘʥ-

ʥʳʭ Si, Zr ʠ Y. ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʨʝʘʢʪʠʚʥʦʛʦ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ Si, Zr 
ʠ Y ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠ  ʁʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ. ʅʘʛʨʝʚ ʧʣʝʥʦʢ ʜʦ 600 0ʉ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʦʙʨʘʟʮʦʚ. ʅʘʣʠʯʠʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠ-
ʟʘʮʠʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘ-
ʱʝʡ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ, ʧʦʢʘʟʘʣʠ ʧʣʝʥʢʠ SnO2, ʣʝʛʠʨʦʚʘʥʥʳʝ Y ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʴʰʝ, ʯʝʤ 2 ʘʪ. %. ʅʘʣʠʯʠʝ ʪʚʝʨʜʳʭ 
ʨʘʩʪʚʦʨʦʚ SnO2 - Zrʆ2 ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʣʝʥʢʘʭ Sn ï 
Zr - ʆ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ (Sn ï Si - O, 3,9 ʘʪ. % Si Ea å 0.05 ʵɺ, 
Sn ï Zr - O, 3,9 ʘʪ. % Zr Ea å 0.5 ʵɺ ʠ Sn ï Y - O, 4,8 ʘʪ. % Y Ea å 0.11ʵɺ). ɺʩʝ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʦʣʦʚʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
ʢʨʝʤʥʠʷ, ʮʠʨʢʦʥʠʷ ʠ ʠʪʪʨʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʘʟʦʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʜʦʨʦʜʫ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʦʢʩʠʜ ʦʣʦʚʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʛʘʟʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ 
 

ɺʚʝʜʝʥʠʝ 
ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʜʣʷ ʨʝʟʠʩʪʠʚʥʳʭ ʛʘʟʦʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 
ʠʩʧʦʣʴʟʫʶʪ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʟʦʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ 
SnO2 [1-9]. ʕʪʦʪ ʦʢʩʠʜ ʠʤʝʝʪ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ 
ʟʦʥʳ (~3,5 ʵɺ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 
ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʝʜʠʥʝ-
ʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ (300 õ 400 0ʉ) 
ʜʘʪʯʠʢʘ. 1ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʥʳʭ 
ʫʩʪʨʦʡʩʪʚʘʭ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʝʛʠʨʦʚʘʥʥʳʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 
SnO2, ʚ ʢʦʪʦʨʦʤ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʳʩʦʢʦʜʝʬʝʢʪʥʦʤʫ ʟʝʨʥʦʛʨʘʥʠʯʥʦ-
ʤʫ ʩʣʦʶ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʢʦʤ-
ʧʣʝʢʩ ʬʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʪʘʢʠʭ ʢʘʢ 
ʩʪʘʙʠʣʠʟʘʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʫʚʝʣʠ-
ʯʝʥʠʝ ʚ ʦʙʲʝʤʝ ʤʘʪʝʨʠʘʣʘ ʜʦʣʠ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘ-
ʥʠʮ, ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦ-
ʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʢʨʠʩʪʘʣʣʠʪʦʚ ʣʝʛʠʨʫ-
ʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʜʨ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ ʧʝ-
ʨʝʭʦʜ ʦʪ ʦʙʲʝʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʪʦʥʢʦʧʣʝʥʦʯʥʳʤ 
ʦʙʨʘʟʮʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʢʣʘʜ ʚ ʧʨʦʚʦ-
ʜʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ 
ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʧʦʜʣʦʞʢʘ-ʧʣʝʥʢʘ ʠ ʧʣʝʥʢʘ ï 
ʛʘʟʦʚʘʷ ʩʨʝʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʯʝʨʝʟ ʫʧʨʘʚʣʷʝʤʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʘʤʦʨʬʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ ʦʣʦʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʤʦʨʬʠʟʠʨʫʶʱʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʜʦʩʪʠʯʴ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ 
ʟʝʨʝʥ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʅʝʢʦʪʦʨʳʝ ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ 
ʩʧʦʩʦʙʥʳ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʟʘ-
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ʠʤʦʜʝʡʩʪʚʠʷ SnO2 ʩ ʘʢʪʠʚʥʳʤʠ ʛʘʟʘʤʠ, ʚʣʠʷʪʴ ʥʘ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ SnO2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 
ʥʦʚʳʭ ʬʘʟ ʠʣʠ ʧʦʣʥʦʡ ʥʝʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʪʦʤʦʚ ʚ 
ʦʢʩʠʜʝ ʦʣʦʚʘ. 

ʀʩʧʦʣʴʟʫʷ Si, Zr ʠ Y, ʤʳ ʚʳʷʚʠʣʠ ʚʣʠʷʥʠʝ 
ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʩʚʦʡʩʪʚʘ ʦʢʩʠʜʘ ʦʣʦʚʘ. ʊʘʢ ʢʨʝʤʥʠʡ ʷʚʣʷʝʪʩʷ 
çʢʣʘʩʩʠʯʝʩʢʠʤè ʘʤʦʨʬʠʟʘʪʦʨʦʤ ʠ SiO2 ʥʝ ʦʙʨʘʟʫʝʪ 
ʩ ʦʢʩʠʜʦʤ ʦʣʦʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ [10]. ʎʠʨʢʦʥʠʡ, 
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 
ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʩ ʦʢʩʠʜʦʤ ʦʣʦʚʘ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʤʦʨʬʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ SiO2, ZrO2 ʚ SnO2 ʦʙʨʘʟʫʝʪ ʪʚʝʨʜʳʝ 
ʨʘʩʪʚʦʨʳ [10]. ʆʢʠʩʴ ʮʠʨʢʦʥʠʷ, ʷʚʣʷʷʩʴ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ 
ʟʝʨʝʥ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʤʝʣʢʦ-
ʜʠʩʧʝʨʩʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʀʪʪʨʠʡ, 
ʢʘʢ ʠ ʮʠʨʢʦʥʠʡ, ʩʧʦʩʦʙʝʥ ʙʳʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ 
ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʦʩʪʫ ʨʘʟʤʝʨʘ ʟʝʨʝʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 
ʩʠʩʪʝʤʝ Y-Sn-O ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʦʝʜʠʥʝʥʠʝ 
Y2Sn2O7 [10]. ɺʘʣʝʥʪʥʦʩʪʴ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ, 
ʢʦʛʜʘ ʧʦʩʣʝʜʥʷʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʟʠʮʠʠ ʟʘʤʝʱʝʥʠʷ, 
ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢ-
ʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ. ʉ ʵʪʦʡ ʪʦʯ-
ʢʠ ʟʨʝʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʳʡ Y ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴ-
ʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 

1. ʉʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘ 

ʄʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ [2] 
ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʣʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
ʆʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟ ʩʦʩʪʘʚʥʦʡ ʤʠʰʝʥʠ ʥʘ 
ʩʠʪʘʣʣʦʚʳʝ ʧʦʜʣʦʞʢʠ. ʄʠʰʝʥʴ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 
ʧʣʘʩʪʠʥʫ ʦʣʦʚʘ ʨʘʟʤʝʨʦʤ 280ʭ80 ʤʤ ʩ ʥʘʚʝʩʢʘʤʠ ʠʟ 
ʣʝʛʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʤʝʨʦʤ 80ʭ10 ʤʤ. ɹʣʘ-
ʛʦʜʘʨʷ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʥʘʚʝʩʦʢ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʰʝʥʠ, ʚ ʦʜʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 
ʮʠʢʣʝ ʧʦʣʫʯʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʠʟʤʝʥʝ-
ʥʠʝʤ ʩʦʩʪʘʚʘ ʧʣʝʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʧʦʜʣʦʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʰʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ 
ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʛʦʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 
ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʚʚʦʜʠʣʩʷ ʢʠʩʣʦʨʦʜ ʧʨʠ ʨʘʟʣʠʯ-
ʥʳʭ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʢ ʨʘʙʦʯʝʤʫ ʛʘʟʫ ʜʣʷ 
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ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠ-
ʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ.  ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʠʩ-
ʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,15 ʜʦ 
0,5 ʤʢʤ. 

ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʊʝʤ-
ʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 
ʦʪ 300 ʜʦ 900 ʂ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʝ ʧʨʠ ʜʘʚ-
ʣʝʥʠʠ ʦʩʪʘʪʦʯʥʳʭ ʛʘʟʦʚ ʥʝ ʭʫʞʝ   10-4 ʊʦʨʨ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 
ʧʣʝʥʦʢ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʟʦʥʜʦʚʦʛʦ 
ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ. ʉʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ 
ʜʣʷ ʧʷʪʠ ʦʙʨʘʟʮʦʚ, ʚʟʷʪʳʭ ʩ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ 
ʧʣʝʥʢʠ. ɿʘʪʝʤ ʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʠʥʦʤʥʦʡ ʵʢʩʪʨʘʧʦ-
ʣʷʮʠʝʡ ʩʦʩʪʘʚʘ ʧʦ ʜʣʠʥʝ ʧʦʜʣʦʞʢʠ. ʕʣʝʢʪʨʦʥʥʦ-
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦ-
ʜʘʤʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʝ-
ʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ 
ʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ. 
ʇʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʊ = 600 ʦʉ ʚ ʪʝʯʝʥʠʝ 
30 ʤʠʥ ʧʣʝʥʢʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ. ɺʦ ʚʩʝʤ ʜʠʘʧʘ-
ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩ-
ʥʦʚʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ SnO2. 

ʅʘ ʨʠʩ. 1 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʜʠ-
ʬʨʘʢʪʦʛʨʘʤʤʘ ʧʣʝʥʦʢ ʦʢʠʩʠ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʳʭ 
ʢʨʝʤʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3,9 ʘʪ. %, ʚ ʠʩʭʦʜʥʦʤ ʩʦ-
ʩʪʦʷʥʠʠ (1) ʠ ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʊ = 600 ʦʉ ʚ ʪʝʯʝ-
ʥʠʝ 30 ʤʠʥ (2).  
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ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʧʣʝʥʢʘʭ ʦʢʠʩʠ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʝʤ ʢʦʥ-
ʮʝʥʪʨʘʮʠʝʡ 3,9 ʘʪ. %, ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ (1) ʠ 
ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʊ = 600 ʦʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ (2). 

 
ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦ-

ʷʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʰʠʨʦʢʠʭ 
ʜʠʬʬʫʟʠʦʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʨʠ 2Ū å 29 ʠ 58 ʛʨʘʜ., 
ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʝ 
ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʝʥʢʠ. ɺʩʝ ʚʳʷʚʣʝʥʥʳʝ ʧʠʢʠ ʥʘ ʜʠ-
ʬʨʘʢʪʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪ-
ʢʠ ʧʨʠʥʘʜʣʝʞʘʪ SnO2. ɸʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʠʩ-
ʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʝʜʠʥʝʥʠʷ Sn-Si-O ʧʦʜʪʚʝʨʞʜʘ-
ʝʪʩʷ ʪʘʢʞʝ ʵʣʝʢʨʦʥʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ-
ʤʠ [3, 4].  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ ʜʦ-
ʙʘʚʦʢ ʥʘ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʦʢʩʠʜʘ ʦʣʦʚʘ ʧʦʩʣʝ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʣʝʥʢʠ ʦʢʠʩʠ 
ʦʣʦʚʘ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʨʝʤʥʠʷ. ʂʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʦʪʞʠ-
ʛʘ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ 600 ¯ʉ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ, 
ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 100 ʥʤ, ʥʘʙʣʶ-
ʜʘʶʪʩʷ ʚ ʩʧʣʘʚʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʢʨʝʤʥʠʷ (ʨʠʩ. 2,ʘ). 

 
ʈʠʩ. 2. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ ʦʢʠʩʠ ʦʣʦ-

ʚʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ: ʘ ï 0,6; ʙ - 
2.6; ʚ ï 3,0; ʛ ï 3,9 ʘʪ. %, ʧʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ ʊ = 600 
ʦʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ 
 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʠʷ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʚ ʦʙʨʘʟ-
ʮʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʦʙ-
ʨʘʟʮʘʭ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ ʬʦʨ-
ʤʠʨʫʶʪʩʷ ʩʘʤʳʝ ʤʝʣʢʠʝ (ʤʝʥʝʝ 5 ʥʤ) ʟʝʨʥʘ (ʨʠʩ. 
2,ʛ). 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ Sn-
Zr-O ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [12]. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʢʠʩʠ ʦʣʦʚʘ ʮʠʨʢʦ-
ʥʠʷ ʦʪ 0,5 ʜʦ 4,6 ʘʪ. % ʫʩʪʘʥʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʟ-
ʤʝʨʘ ʟʝʨʝʥ ʦʪ 40 ʜʦ 10 ʥʤ.  

2. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʣʝʛʠʨʫʶʱʠʭ 

ʜʦʙʘʚʦʢ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ SnO2 ʠ 
ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝʥʦʢ ʩ ʨʘʟʣʠʯʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʠʷ, ʮʠʨʢʦʥʠʷ ʠ ʠʪʪʨʠʷ. ʅʘ ʨʠʩ. 
3 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʜʣʷ ʦʢʠʩʠ ʦʣʦʚʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ ʧʨʠʤʝʩʝʡ. 

ɺ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙ-
ʨʘʟʮʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʣʘʜʘʣʠ ʚʳʩʦ-
ʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʤʝʩʥʳʝ ʫʨʦʚʥʠ 
ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʩ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʩʧʦ-
ʣʦʞʝʥʳ ʚ ʩʝʨʝʜʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ.  
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ʅʘʙʣʶʜʘʝʤʳʝ ʥʘ ʨʠʩ. 3 ʨʘʟʣʠʯʠʷ ʚ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʠ ʘʤʦʨʬʥʳʭ ʦʙʨʘʟʮʦʚ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʳ ʩ 
ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 
ʵʣʝʢʪʨʦʥʦʚ ʚʙʣʠʟʠ ʫʨʦʚʥʷ ʌʝʨʤʠ ʠʣʠ ʩ ʠʟʤʝʥʝʥʠʝʤ 
ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ. ʅʘʣʠʯʠʝ ʩʦʝʜʠʥʝʥʠʷ 
Y2Sn2O7 ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʣʠʞʥʝʛʦ 
ʘʪʦʤʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʦʢʠʩʠ ʦʣʦʚʘ 
ʚʙʣʠʟʠ ʘʪʦʤʘ Y, ʤʝʥʝʝ ʜʝʬʝʢʪʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 
ʩʪʨʫʢʪʫʨʦʡ ʚʦʢʨʫʛ ʘʪʦʤʦʚ Si, ʦʢʠʩʣʳ ʢʦʪʦʨʦʛʦ ʥʝ 
ʦʙʨʘʟʫʶʪ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʢʩʠʜʦʤ ʦʣʦʚʘ. ʕʪʦ 
ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʙʦʣʝʝ ʥʠʟʢʦʤʫ ʫʜʝʣʴʥʦʤʫ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʶ ʚ ʧʣʝʥʢʘʭ Y-Sn-O.  

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ: ʘ - Sn-Si-ʆ , 3,9 ʘʪ.% Si, b - Sn-Zr-ʆ, 3,9 
ʘʪ.% Zr ʠ ʩ - Sn-Y-ʆ , 4,8 ʘʪ.% Y 

 
ʄʘʢʩʠʤʫʤ ʥʘ ʢʨʠʚʳʭ R(T) ʚ ʦʙʨʘʟʮʘʭ, ʣʝʛʠ-

ʨʦʚʘʥʥʳʭ Zr, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝ-
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʝʜʝʣʘʭ 
ʘʤʦʨʬʥʦʡ ʬʘʟʳ Zr-Sn-O. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʦ-
ʛʣʘʩʫʝʪʩʷ ʩ ʩʦʦʙʱʝʥʠʝʤ [12], ʛʜʝ ʥʘʙʣʶʜʘʣʠ ʧʨʠ 
300 0ʉ ʨʘʟʨʫʰʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʮʠʨʢʦʥʠʷ, ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣ ʘʢʪʠʚʥʦ ʚʟʘ-
ʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʦʙʨʘʟʫʷ ʦʙʲʝʤʥʳʡ 
ʦʢʩʠʜ ʮʠʨʢʦʥʠʷ 

ʇʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫ-
ʨʳ ʧʣʝʥʦʢ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʦʥʠʞʝʥʠʶ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ R(T). ɼʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫ-
ʝʤʳʭ ʧʣʝʥʦʢ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʝʛʠʨʫʶʱʝʡ 
ʧʨʠʤʝʩʠ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʢʠʩʠ ʦʣʦʚʘ ʦʢʘʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ 
ʩʦʜʝʨʞʘʥʠʷ ʠʪʪʨʠʷ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘ-
ʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʢʩʠʜʦʤ ʦʣʦ-
ʚʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʦʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦ-
ʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠ-
ʟʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʧʨʠʤʝʩʥʳʭ 
ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ, ʛʨʘʥʠ-
ʮʘʭ ʨʘʟʜʝʣʘ ʠ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʠʪʦʚ SnO2. ʕʥʝʨ-
ʛʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ ʚ ʠʩʩʣʝ-
ʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʦʪʞʠʛʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʪʝʤ-
ʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʢʦʦʨʜʠ-
ʥʘʪʘʭ lnR - 1/T. ɼʣʷ ʦʢʠʩʠ ʦʣʦʚʘ ʩ 3,9 ʘʪ.% ʢʨʝʤʥʠʷ 
Eaº0.05 ʵɺ, ʜʣʷ ʦʢʠʩʠ ʦʣʦʚʘ ʩ, 3,9 ʘʪ.% ʮʠʨʢʦʥʠʷ 
Eaº0.5 ʵɺ ʠ ʜʣʷ ʦʢʠʩʠ ʦʣʦʚʘ ʩ 4,8 ʘʪ.% ʠʪʪʨʠʷ 
Eaº0.11 ʵɺ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ 
ʵʣʝʢʪʨʦʧʝʨʝʥʦʩʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʢʘʭ, ʪʘʢ ʞʝ 
ʢʘʢ ʠ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ SnO2, ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʤʝʞʟʝʨʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʅʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ 
ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʩ ʮʠʨʢʦʥʠʝʤ, ʚʦʟ-
ʤʦʞʥʦ, ʩʚʷʟʘʥʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ Sn-Zr-O ʪʚʝʨʜʦʛʦ 
ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʨʝʧʣʝʥʠʶ 
ʘʪʦʤʦʚ ʮʠʨʢʦʥʠʷ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʂʨʝʤʥʠʡ 
ʠ ʠʪʪʨʠʡ ʥʝ ʦʙʨʘʟʫʶʪ ʩ ʦʢʠʩʴʶ ʦʣʦʚʘ ʪʚʝʨʜʳʭ ʨʘʩ-
ʪʚʦʨʦʚ ʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʝʬʝʢʪʳ, ʢʦʥʮʝʥʪʨʠ-
ʨʫʷʩʴ  ʚ ʤʝʞʟʝʨʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

3. ɻʘʟʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʢʠʭ 
ʦʙʨʘʟʮʦʚ ʦʢʘʟʳʚʘʣ ʩʦʩʪʘʚ ʛʘʟʦʚʦʡ ʩʨʝʜʳ. ʇʨʦʚʦʜʠ-
ʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝʥʦʢ Sn-Si-O, Sn-Zr-O ʠ Sn-Y-O ʚ 
ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʜʘʚʣʝʥʠʝʤ ʈ = 380 ʊʦʨʨ ʠ ʧʨʠ 
ʜʦʙʘʚʣʝʥʠʠ ʚ ʠʥʝʨʪʥʫʶ ʩʨʝʜʫ ʚʦʜʦʨʦʜʘ ʈ = 7,6 
ʊʦʨʨ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝ-
ʥʦʢ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ:  ʘ  - Sn31Si3,9ʆ67,5, b - 
Sn31Zr3,9ʆ67,5 ʠ ʩ - Sn31Y4,7ʆ67,5 (ʩ). ʊ = 350 ¯ʉ: 1) ʧʨʠ 
ʥʘʧʫʩʢʝ ʘʨʛʦʥʘ ʩ ʜʘʚʣʝʥʠʝʤ ʈ = 380 ʊoʨʨ (ʫʯʘʩʪʢʠ 
1, 3, 5); 2) ʧʨʠ ʥʘʧʫʩʢʝ ʘʨʛʦʥʘ (ʈ = 380 ʊoʨʨ) ʠ ʚʦ-
ʜʦʨʦʜʘ (ʈ = 7,6 ʊoʨʨ) (ʫʯʘʩʪʢʠ 2 ʠ 4) 
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 ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʥʦʢʨʠ-
ʩʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ Sn31Si3,9ʆ67,5, Sn31Zr3,9ʆ67,5 ʠ 
Sn31Y4,7ʆ67,5. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʨʝ-
ʜʳ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʊ = 350 ¯ʉ ʚ ʘʪʤʦ-
ʩʬʝʨʝ Ar ʠ Ar + H2. 

ʇʨʠ ʥʘʧʫʩʢʝ ʚʦʜʦʨʦʜʘ ʚ ʘʨʛʦʥʦʚʫʶ ʩʨʝʜʫ 
ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ (< 1 ʤʠʥ) ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ-
ʩʫʪʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʩʣʘʙʦ ʤʝʥʷʝʪ ʚʝʣʠʯʠʥʫ ʫʜʝʣʴʥʦ-
ʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʫʜʘʣʝʥʠʠ 
ʚʦʜʦʨʦʜʘ ʠʟ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ 
ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʣʝʢ-
ʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʧʦ-
ʚʪʦʨʝʥʠʠ ʧʦʜʦʙʥʳʭ ʮʠʢʣʦʚ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʥʦʩʪʴʶ 
ʧʦʚʪʦʨʷʣʠʩʴ. 

ɼʘʥʥʳʝ ʧʦ ʛʘʟʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʨʝʤʥʠʷ, ʮʠʨʢʦʥʠʷ ʠ ʠʪ-
ʪʨʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. ɺʠʜʥʦ, ʯʪʦ Dr/r(ʭ) ʟʘʚʠ-
ʩʠʪ ʦʪ ʚʠʜʘ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ. ʊʘʢ ʜʣʷ ʦʢʩʠʜʘ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʨʝʤ-
ʥʠʝʤ, ʟʘʚʠʩʠʤʦʩʪʴ Dr/r(ʭ) ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ 
ʩʦʜʝʨʞʘʥʠʠ ʢʨʝʤʥʠʷ º 2,5 ʘʪ. %. ɺʦʟʤʦʞʥʦ, ʵʪʦ 
ʩʚʷʟʘʥʦ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʦʢʩʠʜʘ 
ʢʨʝʤʥʠʷ. ʇʨʠ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʝʤʥʠʡ ʩʧʦ-
ʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʝʬʝʢʪʥʦʩʪʠ ʤʝʞʛʨʘʥʫʣʴʥʦ-
ʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʮʝʥ-
ʪʨʦʚ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠ-
ʯʝʩʢʠʭ ʧʣʝʥʦʢ ʦʢʠʩʠ ʦʣʦʚʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠ-
ʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 1 - Sn-Si-ʆ, 2 - Sn-Zr-ʆ  ʠ 3 - 
Sn-Y-ʆ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʩ ʜʘʚʣʝʥʠʝʤ ʈ = 380 
ʊʦʨʨ ʠ ʚʦʜʦʨʦʜʘ ʈ = 7,6 ʊʦʨʨ ʧʨʠ ʊ =      350 ¯ʉ  

 
ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Si ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʟʝʨʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟ-ʟʘ 
ʩʢʦʧʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ SiO2 ʠ, ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʢʣʘʜʘ ʚ ʵʣʝʢʪʨʦʧʝʨʝʥʦʩ 
ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʛʨʘʥʠʮ.  

ɺ ʩʣʫʯʘʝ ʣʝʛʠʨʦʚʘʥʠʷ ʦʢʠʩʠ ʦʣʦʚʘ ʮʠʨʢʦʥʠ-
ʝʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʛʘʟʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʪ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 2,2 ʘʪ. % ʮʠʨʢʦʥʠʷ ʠʤʝ-
ʝʪ ʤʠʥʠʤʫʤ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ SnO2-Zrʆ2. ʇʦʩʢʦʣʴʢʫ ʰʠʨʠʥʘ 
ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ Zrʆ2 ʨʘʚʥʘ ~ 4,7ʵɺ, ʫʚʝʣʠʯʝʥʠʝ 
ʩʦʜʝʨʞʘʥʠʷ ʮʠʨʢʦʥʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝ-

ʥʠʶ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢ-
ʩʠʜʘ Sn-Zr-O, ʯʪʦ ʩʥʠʞʘʝʪ ʛʘʟʦʚʫʶ ʯʫʚʩʪʚʠʪʝʣʴ-
ʥʦʩʪʴ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ 
ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʧʣʝʥʢʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 
ʚʢʣʘʜʘ ʚ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʤʝʞʢʨʠʩʪʘʣʣʠ-
ʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ Dr/r. ɺʝʨʦ-
ʷʪʥʦ, ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ Dr/r(ʭ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʪʠʤʠ 
ʜʚʫʤʷ ʧʨʦʮʝʩʩʘʤʠ. 

ʅʘʠʙʦʣʴʰʝʡ ʛʘʟʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʦʙ-
ʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʩʠʩʪʝʤʳ Sn-Y-O. ʋʚʝʣʠʯʝʥʠʝ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ ʧʣʝʥʢʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʤʘ-
ʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʪʪʨʠʷ (~1 ʘʪ. %) ʤʦʞʝʪ ʙʳʪʴ 
ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʪʪʨʠʡ ʤʦʞʝʪ ʠʤʝʪʴ ʧʝʨʝʤʝʥʥʫʶ 
ʚʘʣʝʥʪʥʦʩʪʴ, ʠ ʧʨʠ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʩʪʫʧʘʪʴ 
ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʚ ʦʢʩʠʜʝ ʦʣʦʚʘ. ʇʨʠ ʫʚʝʣʠʯʝ-
ʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠʪʪʨʠʷ ʚ ʦʢʩʠʜʝ ʦʙʨʘʟʫʝʪʩʷ ʩʦʝʜʠ-
ʥʝʥʠʝ Y2Sn2O7, ʢʦʪʦʨʦʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʠʧ ʥʦʩʠʪʝʣʝʡ 
ʟʘʨʷʜʘ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʷʚʣʷʷʩʴ ʦʪʜʝʣʴʥʦʡ ʬʘʟʦʡ.  

 
ɺʳʚʦʜʳ 
 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʘʟʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 
ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʦʣʦʚʘ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʝʤ-
ʥʠʝʤ, ʮʠʨʢʦʥʠʝʤ ʠ ʠʪʪʨʠʝʤ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ 
ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʊʘʢ ʜʦʙʘʚʣʝʥʠʝ ʢ SnO2 
ʘʪʦʤʦʚ Si, Zr ʠ Y ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʦʣʦʚʘ. ʇʨʠ 
ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊʢ) ʧʦʚʳʰʘʝʪʩʷ 
ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʘʪʦʤʦʚ ʠ 
Y ʧʦʚʳʰʘʝʪ ʊʢ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʜʨʫʛʠʝ ʜʦ-
ʙʘʚʢʠ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʝ-
ʜʝʣʘʭ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʚ ʧʣʝʥʢʘʭ ʦʢʩʠʜʘ ʦʣʦʚʘ, ʣʝ-
ʛʠʨʦʚʘʥʥʳʭ ʠʪʪʨʠʝʤ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠ-
ʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ R(T) ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ 400 0ʉ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ. ʅʘʣʠ-
ʯʠʝ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ SnO2-Zrʆ2 ʚʦʟʤʦʞʥʦ ʩʪʘʣʦ 
ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠ-
ʚʘʮʠʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʦʢ Sn-Zr-ʆ ʧʦʩʣʝ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʥʘʛʨʝʚʫ ʜʦ 
600 0ʉ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʣʝʥʦʢ 
(Sn-Si-O , 3,9 ʘʪ. % Si Ea º 0.05 ʵɺ, Sn-Zr-O, 3,9 ʘʪ.% 
Zr Ea º 0.5 ʵɺ ʠ Sn-Y-O , 4,8 ʘʪ. % Y Ea º 0.11 ʵɺ). 
ɺʩʝ ʧʣʝʥʢʠ ʦʢʩʠʜʘ ʦʣʦʚʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʨʝʤʥʠʷ, 
ʮʠʨʢʦʥʠʷ ʠ ʠʪʪʨʠʷ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʘʟʦʚʫʶ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʦʜʦʨʦʜʫ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝ-
ʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 
ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ, ʧʦʢʘʟʘʣʠ 
ʧʣʝʥʢʠ SnO2, ʣʝʛʠʨʦʚʘʥʥʳʝ Y ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʴʰʝ 
2 ʘʪ. %. 
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The work presents the study of the structure, electrical and gas-sensing properties of SnO2 films doped by Si, Zr, and 
Y. The samples were obtained by reactive ion-beam sputtering. It is shown that the addition of Si, Zr, and Y leads to the for-
mation of amorphous structure in the films. Heating the films up to 600 0C leads to the samples crystallization. The presence of 
the doped elements reduces crystallites size of the investigated films after crystallization down to a few nanometers. The high-
est value of the relative change of electrical resistance in hydrogen containing environment has been showed by the SnO2 film 
containing more than 2 at. % of Y. The presence of solid solutions SnO2 - ZrO2 was the reason for the higher values of the ac-
tivation energy of the charge carriers in the films of Sn - Zr - O after crystallization of samples studied in relation to other films 
(Sn - Si - O, 3,9 atomic % Si Ea å 0.05 eV, Sn. - Zr - O, 3,9 atomic % Zr Ea å 0.5 eV, and Sn - Y - O, 4,8 atomic% Y Ea å 
0.11eV). All the tin oxide film with the addition of silicon, zirconium and yttrium showed significant sensitivity to hydrogen 
gas 
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ʠ ʫʧʨʘʚʣʝʥʠʝ 

ʋɼʂ 519.6+517.977.56 
 

ʇʆʉʊʈʆɽʅʀɽ ʄʆɼɽʃɽʁ ʂʆʉɺɽʅʅʆɻʆ ʂʆʅʊʈʆʃʗ ɺ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-
ʋʇʈɸɺʃʗʖʑʀʍ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʉʀʉʊɽʄɸʍ 

 
ʉ.ʃ. ʇʦʜʚʘʣʴʥʳʡ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ  ʢʘʯʝʩʪʚʘ ʥʘ 

ʚʳʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʚ ʪʠʧʠʯʥʦʡ ʧʦʩʪʘʥʦʚʢʝ: ʠʩʢʦʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʠʟʤʝʨʝʥʠ ,̫  ʥʦ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʨʷʝʤʳʭ ʢʦʩʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʦʩʪʘʚʝ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ (ʀʋʉ). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʩʣʝ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʝʜʫʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ  ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ  ʠ ʬʦʨʤʘʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. 
ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʟʜʝʩʴ ʦʢʘʟʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ 
ʜʚʦʡʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʠʣʴʪʨʳ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʝʡ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʭʝʤʳ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ. ʉʪʨʫʢʪʫʨʘ ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʘʜʜʠʪʠʚʥʘʷ ʩʚʝʨʪʢʘ ʧʦ ʩʠʩʪʝʤʝ ʤʦʜʝʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, 
ʚʭʦʜʷʱʠʤʠ ʚ ʤʦʜʝʣʴ ʣʠʥʝʡʥʦ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 
ʫʨʘʚʥʝʥʠʡ (ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʢʨʠʪʝʨʠʷ) ʣʠʙʦ ʢ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʜʣʷ ʤʦʜʫʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ). 
ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʛʨʝʰʥʦʩʪʪʠ ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ. ʀʪʦʛʦʚʘʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʠʥʝʡʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ  ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʝʡ ʚ 
ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ ʩʪʨʫʢʪʫʨʝ ʩ ʥʘʙʣʶʜʘʪʝʣʝʤ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʤʘʪʨʠʮʳ ʨʝʛʨʝʩʩʠʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠ  ̫
 

 
1. ɺʚʝʜʝʥʠʝ 
ʇʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʢʦʩʚʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʚʘʞʥʝʡ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʘʭ (ʀʋʉ), ʧʦʩʢʦʣʴʢʦ ʙʝʟ 
ʦʮʝʥʢʠ ʩʦʩʪʘʚʘ ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ 
ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʪʠʤʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ ʩʣʦʞʥʳʤ 
ʦʙʲʝʢʪʦʤ (ʠʤʝʥʥʦ ʜʣʷ ʥʝʛʦ ʩʪʨʦʷʪʩʷ ʀʋʉ) ʥʘ ʚʩʝʭ 
ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʠʷ: ʦʧʝʨʘʪʠʚʥʦʤ, ʪʘʢʪʠʯʝʩʢʦʤ ʠʣʠ 
ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ [1] . 

ʌʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʦʜʩʠʩʪʝʤʳ ʦʙʱʝʡ ʀʋʉ  
ʪʨʝʙʫʶʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʦʙʲʝʢʪʘ ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ, ʧʦʣʥʦʩʪʴʶ ʣʠʙʦ ʯʘʩʪʠʯʥʦ 
ʥʝʜʦʩʪʫʧʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. ʂ ʩʯʘʩʪʴʶ ʤʳ ʧʨʠ ʵʪʦʤ 
ʠʟʤʝʨʷʝʤ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʥʳʭ 
ʪʦʯʢʘʭ ʦʙʲʝʢʪʘ (ʚʭʦʜ, ʚʳʭʦʜ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ) 
ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ [2]. ʚʦʟʥʠʢʣʘ ʠʜʝʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʢʦʩʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 
ʦʮʝʥʢʠ ʥʝ ʠʟʤʝʨʷʝʤʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʦʚ. 
ʈʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ 
ʩʪʘʪʴʷ. 

2. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
ɹʫʜʝʤ, ʙʝʟ ʧʦʪʝʨʠ ʦʙʱʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 
ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ (ʩʤ.[1-2] ). 

 
 
 
 

                                                
ʇʦʜʚʘʣʴʥʳʡ ʉʝʤʸʥ ʃʝʦʥʠʜʦʚʠʯ ï ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, ʪʝʣ. 8(473) 243-77-18 
e-mail: spodvalny@yandex.ru 

 
 
 
 
 
 
 
 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. 
 
ɿʜʝʩʴ ʥʘʤ ʯʝʨʝʟ ʀʉ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʯʘʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʚʭʦʜʝ, ʚʳʭʦʜʝ ʠ ʚ 
ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʦʯʢʘʭ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ, ʪ.ʝ. 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ  

)}(),(),({)( tUtYtxtV = .                 (1) 
ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʩ 

ʧʦʟʠʮʠʡ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʝʨʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠʜJ  
ʙʳʣʘ ʙʳ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ ʥʝʜʦʩʪʫʧʥʦʤʫ ʜʣʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʝʢʪʦʨʫ ʩʦʩʪʦʷʥʠʡ 

)(tZʠʩʪ . ɺ ʯʘʩʪʥʦʩʪʠ ʵʪʦ ʤʦʛʫʪ ʥʝʢʦʪʦʨʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ [Z] 
ʦʙʳʯʥʦ ʥʝʚʝʣʠʢʦ ï ʦʪ 1 ʜʦ 5.  

ʊʦʛʜʘ ʠʩʢʦʤʘʷ ʤʦʜʝʣʴ )(tZm  ʜʦʣʞʥʘ ʜʘʚʘʪʴ 
ʦʮʝʥʢʫ ʠʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʠʷ )(tZ  ʩ ʥʝʢʦʪʦʨʦʡ 
ʧʦʛʨʝʰʥʦʩʪʴʶ [ 2]: 

22 ))(( tZZM Mz -=d                  (2) 
ʠʣʠ ʠʥʘʯʝ 
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ʤʦʜVz ddd += ,                         (3) 
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 ʛʜʝ 22222 )( ʜʠʥUYXV ddddd +++=  ï ʩʫʤʤʘʨʥʘʷ 
ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʦʛʨʝʰ-
ʥʦʩʪʴʶ ʚʝʢʪʦʨʘ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʩʚʷʟʘʥ-
ʥʦʡ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʲʝʢʪʘ: 2

ʜʠʥd . 
 
 2.1. ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 
 
ɼʣʷ ʚʳʙʦʨʘ ʠʟʤʝʨʷʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʝʦʙʭʦʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ  
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ.  

ɿʜʝʩʴ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʙʳʪʴ 
ʯʘʩʪʠʯʥʦ ʫʤʝʥʴʰʝʥʦ (ʜʦ 25-30) ʣʠʙʦ ʠʟʤʝʥʝʥʦ ʟʘ 
ʩʯʝʪ ʵʢʩʧʝʨʪʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ 
(ʪʝʭʥʦʣʦʛʘ, ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ, 
ʤʝʥʝʜʞʝʨʦʚ ʩʨʝʜʥʝʛʦ ʟʚʝʥʘ). 

ʈʝʜʫʢʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ 
ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʘ ʧʦʜʭʦʜʘ: 1) 

ʥʝʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ; 2) 
ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʣʠʥʝʘʨʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʠʟʤʝʨʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʠ ʧʦʜʭʦʜʳ ʦʪʜʝʣʴʥʦ, ʭʦʪʷ, 
ʢʦʥʝʯʥʦ, ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʀʜʝʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 
ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʶʪʩʷ 
ʥʝʢʦʪʦʨʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʦʜʝʣʠ. 
ʌʦʨʤʘʣʴʥʦ, ʤʦʜʝʣʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʪʘʢʠʭ 
ñʦʙʦʙʱʝʥʥʳʭò ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʤʝʥʴʰʝ 
ʧʝʨʝʤʝʥʥʳʭ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ  
ʩʦʦʪʥʦʰʝʥʠʡ: 

iiiiz xbxczxcxczxxz ä ä=== /;/;/ 32211221  
ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʪ.ʥ. 

ʠʥʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʚ ʜʘʥʥʦʡ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ Re 
ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ:  

m
nd

=Re  

ʛʜʝ n  ï ʩʢʦʨʦʩʪʴ, d - ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ, m  - ʚʷʟʢʦʩʪʴ 
(ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ). 

ʇʦʜʦʙʥʳʝ ʠʥʚʘʨʠʘʥʪʳ ʠʟʚʝʩʪʥʳ ʚ ʨʘʟʥʳʭ 
ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ (ʪʝʧʣʦʪʝʭʥʠʢʝ, ʭʠʤʠʯʝʩʢʦʡ 
ʪʝʭʥʦʣʦʛʠʠ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʝ): Nu,Pe,Prl,Da é ʠ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʳʣʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 
ñʜʦʢʦʤʧʴʶʪʝʨʥʦʡò ʵʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ ʧʦʠʩʢʦʤ ʪʘʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʘʣʠ ʚʥʦʚʴ 
ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʪʴʩʷ (ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ) [ 3]. 

 
2.2.  ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʲʝʢʪʘ 
ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʚ 

ʦʜʥʦʡ ʠʟ ʬʦʨʤ: - ʘʢʪʠʚʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ 
ʚʳʷʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ 
ʠʩʢʦʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 
ʟʥʘʯʝʥʠʷ; 

 - ʧʘʩʩʠʚʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
ʭʘʨʘʢʪʝʨʥʦ ʜʣʠʪʝʣʴʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʠʩʪʝʤʦʡ 
(ʦʙʲʝʢʪʦʤ) ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʥʦʨʤʘʣʴʥʳʡ ʭʦʜ ʝʛʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʅʘ ʚʨʝʤʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦʝ 

ʠʟʤʝʨʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ. (ʏʘʱʝ ʯʝʤ ʦʙʳʯʥʦ 
ʚ 4-5 ʨʘʟ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʦʣʫʯʘʶʪʩʷ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ, ʜʠʩʧʝʨʩʠʠ ʠ ʜʨʫʛʠʝ 
ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ 
ʚʳʙʨʘʪʴ ʦʙʱʝʝ ʚʨʝʤʷ T ʠ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʡ: 

tNTʥʘʙʣ D= *  
ʆʙʳʯʥʦ ʧʨʠ ʧʘʩʩʠʚʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʪʦ [2], 
ʯʪʦʙʳ ʨʘʟʤʝʨʥʦʩʪʴ [N]=200-300 ʥʘʙʣʶʜʝʥʠʡ. 

ʀʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʡ tD  ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʠʟ 
ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʚʳʭʦʜʥʳʭ ʢʦʦʨʜʠʥʘʪ. 

ʇʫʩʪʴ ]][],[],[[][ kUkYkXkVʠʟʤ Í  ï ʵʪʦ ʪʦ, ʯʪʦ 
ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʚ k-ʪʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʝʥʥʳʭ ʚʦ ʚʨʝʤʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ][kZ  ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩ ʪʦʡ ʞʝ 
ʯʘʩʪʦʪʦʡ ʠʟʤʝʨʝʥʠʷ, ʚʳʯʠʩʣʷʝʤ ʜʣʷ ʚʩʝʛʦ 
ʤʥʦʞʝʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ k=1,N ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɽʩʣʠ ʠʟʤʝʨʷʝʪʩʷ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ 

][kZ , ʪʦ ʪʦʛʜʘ: 
1) ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ Z 

ʠ V  ʩʦʩʪʘʚʣʷʶʪ ʚʝʢʪʦʨ: 
T

ZZZ
T

ZVZVZVz mm
RRRRRRR },...,,{},...,,{

21121
==n (4) 

 
2) ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ 

jiVVR  ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʨʠʮʫ 

ijVV RR
ji

= : 

1 1 1 2 1

2 1 2 2 2

1 2

11 12 1

21 22 2

1 2

... ...

... ...
|| ||

... ... ... ...... ... ... ...
......

m

m

m m m m

VV VV VV m

V V V V V V m
VV

m m mmV V V V V V

R R R R R R
R R R R R R

R

R R RR R R

= =

(5) 
 
ʈʝʜʫʢʮʠʷ ʩʚʦʜʠʪʩʷ ʢ ʨʘʙʦʪʝ ʜʚʫʭ ʬʠʣʴʪʨʦʚ: 
1-ʳʡ ʬʠʣʴʪʨ (ʫʙʠʨʘʝʪ ʧʘʨʘʤʝʪʨʳ iV , ʩʣʘʙʦ 

ʚʣʠʷʶʱʠʝ ʥʘ ʠʩʢʦʤʳʡ z) ʨʘʙʦʪʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 
ʧʨʠʥʮʠʧʫ: 

- ʝʩʣʠ ZVZV RR
j

min¢ , ʪʦ ʦʪʙʨʘʩʳʚʘʝʪʩʷ 

ʠʟʤʝʨʷʝʤʳʡ ʧʘʨʘʤʝʪʨ iV . ʆʙʳʯʥʦ ʚʳʙʠʨʘʶʪ 
25.015.0min -=

jVR  

2-ʦʡ ʬʠʣʴʪʨ (ʫʙʠʨʘʝʪ ʜʫʙʣʠʨʫʶʱʠʝ, ʩʠʣʴʥʦ 
ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʘʨʘʤʝʪʨʳ) ʧʫʪʝʤ 
ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʨʦʛʦʤ *

ijR : 

- ʝʩʣʠ  *max
ijij VVVV RR ¢ , ʪʦ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʪʦʪ 

ʠʟ ʵʪʦʡ ʧʘʨʳ, ʢʦʪʦʨʳʡ ʩʣʘʙʝʝ ʚʣʠʷʝʪ ʥʘ z, ʪ.ʝ. ʪʦʪ 
ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

jZViZV
RR < . 

ʆʙʳʯʥʦ  9,08,0max -=
iVjV

R . 
ʕʪʫ ʧʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʷʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, 

ʚʘʨʴʠʨʫʷ ʟʥʘʯʝʥʠʷʤʠ ʧʦʨʦʛʦʚ ʦʙʦʠʭ ʬʠʣʴʪʨʦʚ 
( ZVRmin  ʠ 

iVjV
Rmax ) ʜʦ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ: ʩʦʢʨʘʱʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ [v] ʜʦ 10-15. 
ɼʘʣʝʝ ʧʝʨʝʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʤʫ ʵʪʘʧʫ - ʧʦʩʪʨʦʝʥʠʶ 
ʤʦʜʝʣʠ. 
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2.3. ʌʦʨʤʘ ʤʦʜʝʣʠ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 
 
ʉʬʦʨʤʠʨʫʝʤ ʩʣʝʜʫʶʱʫʶ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ. 
ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʟʤʝʨʷʝʤʳʭ ʀʉ ʧʘʨʘʤʝʪʨʦʚ ][kVx  ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ][kZ m  ʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʵʪʦʡ 
ʧʨʦʮʝʜʫʨʳ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 
ʚʦʧʨʦʩʘ: ʚʳʙʦʨ ʩʪʨʫʢʪʫʨʳ (ʬʦʨʤʳ) ʤʦʜʝʣʠ 

]][[][ kVkZ xn j=   
ʠ ʢʨʠʪʝʨʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʜJ . 
ʂʘʢʠʤ ʙʳ ʥʠ ʙʳʣ ʚʠʜ ʬʫʥʢʮʠʠ j , ʝʸ ʥʫʞʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝʠʟʚʝʩʪʥʳʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʪʦʡ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ min 
ʢʨʠʪʝʨʠʝʚ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 
ʧʨʦʩʪʳʤ ʧʫʪʝʤ.  

ʠʜmʠʜjj JzzJmm
a

ayjaj min]),[(//)()( Ý-== ä        (6) 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ 
ʩʫʧʝʨʧʦʟʠʮʠʶ ʪʠʧʦʚʳʭ ʬʫʥʢʮʠʡ, ʥʘʧʨʠʤʝʨ 
ʩʪʝʧʝʥʥʳʭ: 

...3210 ++++= ääää
j

jii
ii

ii
i

iim VVdVdVddZ  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʧʦʭʦʜʦʚ ʢ 
ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʪʠʧʘ ʢʨʠʪʝʨʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ: 

ä -=
=

N

k
m

ʵʢʩ
ʠʜ kZkZJ

1

2** ])[][(              (7) 

ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 
ʢʚʘʜʨʘʪʦʚ;- ʥʝʠʟʚʝʩʪʥʳʡ ʚʝʢʪʦʨ a  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 
ʨʝʰʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ 
ʫʨʘʚʥʝʥʠʡ.ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ [8-9]ʠʩʧʦʣʴʟʫʝʪʩʷ: 

ä -=
=

N

k
m

ʵʢʩ
ʠʜ kZkZJ

1

** ][][                (8) 

ʕʪʦ ʪ.ʥ. ʤʦʜʫʣʴʥʳʡ ʢʨʠʪʝʨʠʡ; - ʥʝʠʟʚʝʩʪʥʳʡ 
ʚʝʢʪʦʨ a  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʢʨʠʪʝʨʠʷ ʠʜJ  ʠ ʬʦʨʤʳ 
ʤʦʜʝʣʠ (...)j  ʧʦ ʩʫʱʝʩʪʚʫ ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ 
ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 
ɿʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʮʠʢʣʝ: 
ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ (...)j , ʢʚʘʜʨʘʪʠʯʥʘʷ, ʢʫʙʠʯʝʩʢʘʷ ʠ 
ʪ.ʜ., ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʥʝʤ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ: 

ʟʘʜʠʜ JJ ¢)(min a                    (9) 
ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʥʘ ʧʨʦʩʪʦʤ ʧʨʠʤʝʨʝ. ʇʫʩʪʴ ʠʱʝʪʩʷ 
ʤʦʜʝʣʴ ʪʠʧʘ ʧʦʣʠʥʦʤʘ ʩʪʝʧʝʥʠ m. 

ä==
=

m

i

i
iʤʦʜ VVZ

1
)( aj                  (10) 

ä -=
=

N

k
ʤʦʜ

ʵʢʩ
iʠʜ i

ZZJ
1

2)(                  (11) 

ʀʩʢʦʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ: 

îý

î
ü
û

îí

î
ì
ë

ä öö
÷

õ
ææ
ç

å
ä-

= =

2

1 1
min

N

i

m

j

j
j

ʵʢʩ
i VZ a

a
               (12) 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʧʦ a  ʠ ʧʨʠʨʘʚʥʠʚʘʷ ʟʥʘʯʝʥʠʷ 
ʚʩʝʭ ʧʨʦʠʟʚʦʜʥʳʭ ʥʫʣʶ, ʧʦʣʫʯʠʤ ʧʨʠʚʝʜʝʥʥʫʶ 
ʥʠʞʝ  ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ (13) 
(ʧʝʨʝʦʙʦʟʥʘʯʠʤ iitt

ʟʘʜ xVyZ == ; ): 

2 0
1

1
1

2 3 1

1 2 2

1

...

... .
.

............................ .

.
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N
N

m i
i i i i

i i i
m i i

i i i i
i i i

N mm m m m
i ii i i i

mi i i

yN x x x

y xx x x x

y xx x x x

a
a

a

=
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+

+ +

=

¶ =

ää ä ä
ää ä ä ä

ää ä ä ä
(13) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʢʦʤʦʛʦ ʚʝʢʪʦʨʘ a  
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʦʙʨʘʱʝʥʠʝ ʤʘʪʨʠʮʳ ʦʜʥʠʤ 
ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʩʧʦʩʦʙʦʚ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʜʨʫʛʦʡ ʬʦʨʤʝ ʤʦʜʝʣʠ ʟʘʜʘʯʫ 
ʤʠʥʠʤʠʟʘʮʠʠ  ʠʜJ  ʠ ʧʦʠʩʢʘ ʚʝʢʪʦʨʘ a  ʧʨʠʭʦʜʠʪʩʷ 
ʨʝʰʘʪʴ ʧʦʠʩʢʦʚʳʤ ʤʝʪʦʜʦʤ ʯʠʩʣʝʥʥʦʡ 
ʦʧʪʠʤʠʟʘʮʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ. ʇʦʵʪʦʤʫ ʝʸ 
ʦʙʳʯʥʦ ʨʝʰʘʶʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ 
ʧʦʣʴʟʦʚʘʪʝʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʪʴ 
ʬʦʨʤʫ ʤʦʜʝʣʠ, ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʪʠʧʳ ʢʨʠʪʝʨʠʝʚ, 
ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʪ.ʜ. 

 ʇʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 
ʠʤʝʝʪ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ: 

2222
ʜʠʥʘʤʠʯʠʟʤʝʨʝʥʠʡʤʦʜʝʣʠʯ dddd ++=           (14) 

ʉʦʩʪʘʚʣʷʶʱʘʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ  2
ʠʟʤd  

ʷʚʣʷʝʪʩʷ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʦʡ ʧʦʛʨʝʰʥʦʩʪʝʡ 
ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʚʢʣʘʜʘ ʚ ʤʦʜʝʣʴ Vµµ /j  

ä öö
÷

õ
ææ
ç

å

µ
µ

= 2
2

2
iV

i
ʠʟʤ V

d
j

d                       (15) 

 
2.4. ʂʦʤʧʝʥʩʘʮʠʷ ʠ ʫʯʸʪ ʜʠʥʘʤʠʢʠ ʚ 

ʩʠʩʪʝʤʘʭ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 
 
ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ  

2
ʜʠʥd  ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʢʦʤʳʡ ʧʦʢʘʟʘʪʝʣʴ ʠ 

ʠʟʤʝʨʝʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ 
ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠʟʤʝʨʝʥʠʡ. 

ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ: 

1) ʋʯʝʪ ʟʘʧʘʟʜʳʚʘʥʠʷ 
- ɺʚʝʜʝʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ VZʵʢʚ Rmax=t  , ʛʜʝ 
)(tRVZ  ï ʚʟʘʠʤʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ: 
 

 
ʈʠʩ. 2.  ʊʠʧʠʯʥʘʷ ʚʟʘʠʤʥʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʬʫʥʢʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʧʘʟʜʳʚʘʥʠʷ 
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ɼʣʷ ʟʘʜʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ tD  
ʠʤʝʝʤ ʩʦʦʪʚʝʪʩʪʚʠʝ: ][ dkʵʢʚ -Ýt  .ʊʦʛʜʘ, ʜʣʷ 
ʢʘʞʜʦʛʦ )( ʵʢʚiV tt -  ʠʩʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʝ ][ ii dkV - , 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ.  

- ʢʦʨʨʝʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʟʘʧʘʟʜʳʚʘʥʠʷ ʟʘ ʩʯʝʪ 
ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʘ ),( 10 bb  ʣʠʥʝʡʥʦʡ 
ʬʦʨʤʳ: ][)( 10 iiʵʢʚi dkVtV -+Ý- bbt  

2) ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 
- ʟʘʤʝʥʘ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ )(tVi  ʝʛʦ ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ (ʠʥʪʝʛʨʘʣʦʤ) ʥʘ ʠʥʪʝʨʚʘʣʝ ),( Qtt + , 
ʯʘʱʝ ʚʩʝʛʦ ʚʳʙʠʨʘʝʪʩʷ ʧʨʦʩʪʝʡʰʘʷ ʬʦʨʤʘ ï 
ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ 
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][1)(1)(~            (16) 

- ʢʦʨʨʝʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʛʨʘʪʦʨʘ ʚ 
ʣʠʥʝʡʥʦʡ ʬʦʨʤʝ 

)][1()( 10 ä+= kV
N

tV ii
q

bb            (17) 

3) ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ 
ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ: 

ñ -=
+Qt

t
ʵʢʚii dttVtV )(1)(~ t

q
          (18) 

ʂʘʢ ʠ ʨʘʥʝʝ, ʨʝʟʫʣʴʪʘʪ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʥʘʤʠʢʠ 
ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥ ʚ ʣʠʥʝʡʥʦʡ ʬʦʨʤʝ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟʤʝʨʝʥʠʡ: 
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ɿʘʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʵʢʚt  ʠ Q ʷʚʣʷʶʪʩʷ 
ʨʘʟʥʳʤʠ ʜʣʷ ʨʘʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ iV  ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʳʭ 
ʬʦʨʤ )( 1,0 bb . ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʵʪʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʥʘʤʠʢʠ 
ʩʪʨʝʤʷʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʠ ʫʧʨʦʩʪʠʪʴ ʨʘʟʥʳʤʠ 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʧʨʠʝʤʘʤʠ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 
ʦʥʠ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ: ʟʘʧʘʟʜʳʚʘʥʠʝ, 
ʫʩʨʝʜʥʝʥʠʝ, ʣʠʥʝʡʥʳʝ ʬʦʨʤʳ [6]. 

 
2.5. ʉʚʦʡʩʪʚʘ ʣʠʥʝʡʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ. 
  
ʈʘʩʩʤʦʪʨʝʥʠʝ ʩʚʦʡʩʪʚ ʣʠʥʝʡʥʦʩʪʠ ʠ ʘʜʘʧʪʘʮʠʠ 

ʚʝʜʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ: 
1) ʥʝʧʦʣʥʦʡ ʥʘʙʣʶʜʘʝʤʦʩʪʠ; 
2) ʥʝʩʦʚʧʘʜʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ. 
ɺʚʦʜʷʪʩʷ ʛʠʧʦʪʝʟʳ: 
ɽʩʣʠ ʥʝʧʦʣʥʘʷ ʥʘʙʣʶʜʘʝʤʦʩʪʴ ʠ ʥʝʩʦʚʧʘʜʝʥʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘʙʣʶʜʝʥʠʡ 
ʠʤʝʶʪ ʤʝʩʪʦ, ʪʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ 
ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ 
ʣʠʥʝʡʥʦʩʪʠ [4]. 

ɻʠʧʦʪʝʟʘ ʣʠʥʝʡʥʦʩʪʠ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʥʘ 
ʥʝʢʦʪʦʨʦʤ ʦʛʨʘʥʠʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ  ],[ 21 tt  
ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ **22*2

VVV ddd ¢¢  ï 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ 
ʩʚʷʟʘʥʳ ʣʠʥʝʡʥʦ. ʕʪʦ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʬʦʨʤʫʣʦʡ: 

ʠʟʤs vBv =                       (20) 

ɻʜʝ B  ï ʧʦʜʣʝʞʠʪ ʢʦʨʨʝʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 
ʘʜʘʧʪʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ ʥʘ ʠʥʪʝʨʚʘʣʝ ],[ 31 tt  (ʥʘ 
ʠʥʪʝʨʚʘʣʝ ʙʦʣʴʰʝʤ, ʯʝʤ ],[ 21 tt ) 

                    ],[ 31 ttadaptB ­   
],[ 31 tt  - ʚʨʝʤʷ ʘʜʘʧʪʘʮʠʠ )( ʘʜʘʧʪT  

],[ 21 tt  - ʚʨʝʤʷ, ʢʦʛʜʘ ʚʝʨʥʘ ʛʠʧʦʪʝʟʘ ʣʠʥʝʡʥʦʩʪʠ 
)( ʣʠʥT  
ʀʟ ʵʪʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʨʘʟʚʠʪʦʡ ʧʨʦʮʝʜʫʨʝ ʘʜʘʧʪʘʮʠʠ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ 
ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʴʶ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʘ ʧʨʠ 
ʦʪʩʫʪʩʪʚʠʠ ʘʜʘʧʪʠʚʥʳʭ ʢʦʥʪʫʨʦʚ ï ʥʫʞʥʘ ʙʦʣʝʝ 
ʩʣʦʞʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ. ɽʸ ʢʦʨʨʝʢʮʠʷ ʚʝʜʝʪʩʷ 
ʣʠʰʴ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʠʥʪʝʨʚʘʣʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 
(ʤʝʩʷʮ, ʢʚʘʨʪʘʣé), ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʟʤʝʥʝʥʠʶ 
ʩʚʦʡʩʪʚ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʦʙʲʝʢʪʘ. ɻʠʧʦʪʝʟʘ 
ʣʠʥʝʡʥʦʩʪʠ ʠʤʝʝʪ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʚʳʨʘʞʘʶʪ ʪʝʨʤʠʥʦʤ ñʥʘʙʣʶʜʘʝʤʦʩʪʴò [4] ʠ 
ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʥʛʘ ʤʘʪʨʠʮʳ B . 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʚʩʝ ʦʮʝʥʢʠ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ ʢʦʩʚʝʥʥʦʛʦ 
ʢʦʥʪʨʦʣʷ: ),,( 222

ʜʠʥʠʟʤʤʦʜ ddd  ʧʨʦʮʝʜʫʨʳ ʢʦʨʨʝʢʮʠʠ 
ʤʦʜʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʘʤʦʡ 
ʙʦʣʴʰʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʣʠʙʦ ʠʟʤʝʥʷʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʠʟʤʝʨʝʥʠʡ, ʣʠʙʦ ʠʟʤʝʥʷʶʪ ʬʦʨʤʫ ʤʦʜʝʣʠ, ʣʠʙʦ 
ʫʣʫʯʰʘʶʪ ʧʨʦʮʝʜʫʨʳ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʥʘʤʠʢʠ. 

 
3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʜʠʩʢʨʝʪʥʳʭ 

ʩʠʩʪʝʤ  
 
ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʜʚʘ 
ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ:ʜʠʩʢʨʝʪʥʩʪʴ ʤʦʜʝʣʝʡ ʠ ʟʘʢʦʥʦʚ 
ʫʧʨʘʚʣʝʥʠʷ. ʘ ʪʘʢʞʝ ʘʜʘʧʪʠʚʥʦʩʪʴ ʧʨʦʮʝʜʫʨʳ 
ʢʦʨʨʝʢʮʠʠ ʤʦʜʝʣʠ. 

3.1. ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʇʫʩʪʴ ʟʘʜʘʥ ʤʥʦʛʦʤʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʦʙʲʝʢʪ ʚ 
ʚʠʜʝ: 
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                  (21) 

ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ 
ʂʦʰʠ. 

ɻʜʝ ɸ,ɺ ʤʘʪʨʠʮʳ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ 
(ʩʦʩʪʦʷʥʠʡ) ʍ(t);  

)(tU - ʚʝʢʪʦʨ ʫʧʨʘʚʣʝʥʠʡ; 
)(tY - ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ. 

C,D ï ʤʘʪʨʠʮʳ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʠʟʤʝʨʝʥʠʡ. (ɿʘʤʝʪʠʤ, ʯʪʦ X(t) ʠ Y(t) ʧʝʨʝʩʪʘʚʠʤʳ ʧʦ 
ʩʤʳʩʣʫ ʟʘʜʘʯʠ). 

ɸʥʘʣʦʛʦʤ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦ-
ʨʘʟʥʦʩʪʥʘʷ  ʩʠʩʪʝʤʘ [5-6]: 
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kDUkCxkY
kBUkAXkX         (22) 

ʠ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʝʸ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ. 

 

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʦ (22) 

 
ɺʩʧʦʤʥʠʤ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʤʝʥʪʳ ʟʢʚʠʚʘʣʝʥʪʥʦʛʦ 
ʟʘʧʘʟʜʳʚʘʥʠʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʜʠʥʘʤʠʯʝʝʩʢʠʭ 
ʧʦʛʨʝʰʥʦʩʪʝʡ. ʆʙʲʝʢʪʳ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ z-d 
ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʮʝʧʦʯʢʦʡ  ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʝʜʠʥʠʯʥʳʤʠ 
1z-  ʟʘʧʘʟʜʳʚʘʥʠʷʤʠ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯʘʶʪ ʦʙʲʝʢʪʳ ʩ 
ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʧʦ ʫʧʨʘʚʣʝʥʠʶ, ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʧʦ 
ʠʟʤʝʨʝʥʠʶ ʠ ʜʨ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ: 
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kCxdkY
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                (23)                   

(ʟʘʜʝʨʞʢʘ ʥʘ ʚʳʭʦʜʝ) 
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][][
][][]1[

kCxkY
dkBUkAXkX         (24)  

(ʟʘʜʝʨʞʢʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ) 
ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʘ ʩʭʝʤʳ  ʘʥʘʣʦ-

ʛʠʯʥʘ, ʥʦ ʧʦʷʚʣʷʝʪʩʷ ʟʘʧʘʟʜʳʚʘʥʠʝ ʚ ʢʘʥʘʣʝ 
ʫʧʨʘʚʣʝʥʠʷ (ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʦʝ 
ʚʳʨʘʞʝʥʠʝ ʜʣʷ Y[k])-ʪ.ʝ. ʠʤʠʪʠʨʫʝʪ ʩʢʦʨʦʩʪʴ 
ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ:  

 

 
ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʧʘʟʜʳʚʘʥʠʷ 

ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʦʞʥʦ ʚʚʦʜʠʪʩʷ ʚʥʫʪʨʝʥʥʷʷ 
ʟʘʜʝʨʞʢʘ [5]. ɽʱʸ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʧʦʥʷʪʠʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʩʪʦʷʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʩʪʘʚʠʤʳ 
ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ.  

ʆʙʳʯʥʦ [7-9] ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʡ 
ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʪʠʧʘ [10-12]: 

ä ++=
x

rrr kRUkUkQxkXxSxNXI ]][][][][[][][ ,  (25) 

ʚ ʢʦʪʦʨʦʤ ʫʯʪʝʥʳ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʍ[N], 
ʪʝʢʫʱʠʝ ʩʦʩʪʦʷʥʠʷ ʍ[k] ʠ ʟʘʪʨʘʪʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʩ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʘʪʨʠʮʘʤ S,Q,R, 
ʚʢʣʶʯʘʷ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ min I, ʦʩʦʙʝʥʥʦ  
ʤʝʪʦʜʳ ʛʨʘʜʠʝʥʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʦʧʨʷʞʝʥʥʳʭ ʩʠʩʪʝʤ [7-12], ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 
[13] ʠ ʜʨ.  

ʇʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʠʩʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩ 
ñʥʘʙʣʶʜʘʪʝʣʝʤò, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʵʪʦʪ ʢʣʘʩʩ 
ʤʦʜʝʣʝʡ ï ʣʠʥʝʡʥʳʡ, ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ 
ʢʦʨʨʝʢʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ï ʪ.ʝ. 
ʜʠʩʢʨʝʪʥʘʷ ʘʜʘʧʪʘʮʠʷ. 

]...[)(],[)( kBtBkAtA ­­  
ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʪ.ʢ. ʤʳ 

ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜʠʤ ʢ ʘʜʘʧʪʠʚʥʳʤ ʩʠʩʪʝʤʘʤ (ʩʤ. 
[5-7;14-17]) ʠʣʠ ʠʭ ʨʘʟʣʠʯʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ 
(ʥʘʙʣʶʜʘʪʝʣʠ, ʫʧʨʝʜʠʪʝʣʠ) 

 

 
ʈʠʩ. 5.  ʉʪʨʫʢʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʘʙʣʶʜʘʪʝʣʝʤ 
 
ʈʘʥʝʝ [4-5] ʙʳʣʦ ʫʢʘʟʘʥʦ ʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʀɼ-ʟʘʢʦʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 
ʦʙʲʝʢʪʦʚ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʟʜʳʚʘʥʠʝʤ, ʩʠʩʪʝʤʳ ʩ 
ñʥʘʙʣʶʜʘʪʝʣʝʤò ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦ 
ʦʛʨʘʥʠʯʝʥʠʝ. ʇʨʠʤʝʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ 
ʧʨʠʚʝʜʝʥ ʚ ʨʷʜʝ ʨʘʙʦʪ, ʥʘʧʨʠʤʝʨ, ʫʧʨʝʜʠʪʝʣʴ ʉʤʠʪʘ 
[5]. 

3.2. ʆʩʦʙʝʥʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʢʦʩʚʝʥʥʳʤ 
ʠʟʤʝʨʝʥʠʷʤ 

ä --+-+=
=

k

i
D ikekeTTieTTkeKkU

0
010 ]][][[/]1[/]][[][     (26) 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʫʨʘʚʥʝʥʠʠ (26) ʜʣʷ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʘ ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ: 

K - ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 
ʮʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ; 

tT D=0 - ʪʘʢʪ ʢʚʘʥʪʦʚʘʥʠʷ; 

1T  - ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ; 

DT  - ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (ʧʦʩʪʦʷʥʥʘʷ 
ʚʨʝʤʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ). 

 
ʌʦʨʩʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʉʪʨʝʤʷʩʴ ʫʧʨʦʩʪʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ U[k], 
ʧʦʩʪʫʧʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʘʧʠʰʝʤ ʫʧʨʘʚʣʝʥʠʝ 
ʜʣʷ U[k-1] ʠ ʥʘʡʜʝʤ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʠʨʘʱʝʥʠʷ 
ʫʧʨʘʚʣʝʥʠʷ ][kUD ; ʪʦʛʜʘ ʧʦʣʫʯʠʤ: 
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 ï ʬʦʨʤʫʣʘ ʬʦʨʩʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ][kUD  (ʧʨʠʨʘʱʝʥʠʝ 
ʫʧʨʘʚʣʝʥʠʷ) ï ʵʪʦ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʦʰʠʙʦʢ 
e[k] ʥʘ ʜʘʥʥʦʤ ʠ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ 
ʫʧʨʘʚʣʝʥʠʷ; ʚ ʙʦʣʝʝ ʦʙʱʝʤ ʚʠʜʝ: 
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* ][][
k

i
i ikeqkU                    (28) 

ʛʜʝ i ï ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ ñʥʘʟʘʜò ʟʘʚʠʩʠʪ ʦʪ 
ʧʨʠʥʷʪʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ (ʠʟʚʝʩʪʥʳ ʤʦʜʠʬʠʢʘʮʠʠ ʜʦ 4-ʭ 
ʰʘʛʦʚ ʥʘʟʘʜ), ʥʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 
ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʨʘʞʝʥʠʷ (26). 

ɿʘʤʝʯʘʥʠʝ ï ʥʫʞʥʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 
ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʠʩʪʠʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ 
ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʬʦʨʩʠʨʦʚʘʥʥʦʤ 
ʫʧʨʘʚʣʝʥʠʠ ʟʥʘʯʝʥʠʝ ]1[* -D kU  ʜʦʣʞʥʦ ʩʪʨʦʛʦ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

0 1 2, ,q q q  ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ [1,4-5].  

ʏʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʥʘʩʪʨʦʡʢʫ ʜʣʷ ijïʦʛʦ 
ʢʦʥʪʫʨʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʦʙʲʝʢʪʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʧʦʜʘʯʠ ʥʘ 
ʚʭʦʜ ʪʝʩʪʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʳʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 
ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ. 

ʊʝʩʪʦʚʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʤʦʛʫʪ 
ʙʳʪʴ ʨʘʟʥʳʭ ʪʠʧʦʚ: 

a) ʠʤʧʫʣʴʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ; 
b) ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ (ʩʪʫʧʝʥʯʘʪʦʝ); 
c) ʯʘʩʪʦʪʥʦʝ (ʦʙʳʯʥʦ ʵʪʦ ʩʠʥʫʩʦʠʜʘ ʩ 

ʧʦʧʝʨʝʤʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
0w  ʜʦ µʪ~w ). 

 ʈʝʘʢʮʠʷ ʥʘ ʯʘʩʪʦʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʯʘʩʪʦʪʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɸʏʍ, ʌʏʍ, ɸʌʏʍ), ʠʥʪʝʨʝʩʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʧʝʢʪʨʘʣʴʥʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ [14]. ʂʦʥʝʯʥʦ, ʩʚʦʷ 
ʩʧʝʮʠʬʠʢʘ ʫ ʦʙʲʝʢʪʦʚ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ [10,16] ʧʨʠ ʠʭ ʧʨʠʚʝʜʝʥʠʠ ʢ 
ʦʙʳʢʥʦʚʝʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ.  

ɿʘʤʝʯʘʥʠʝ: ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ 
ʩʠʩʪʝʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʦʙʲʝʢʪ ʷʚʣʷʝʪʩʷ 
ʥʝʧʨʝʨʳʚʥʳʤ ʩʦ ʩʚʦʝʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ 

)(SWij  ʣʠʙʦ ʤʘʪʨʠʮʝʡ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ 

ʦʙʲʝʢʪʘ ʚ ʮʝʣʦʤ W . 
ɽʩʣʠ ʪʨʝʙʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʦʙʲʝʢʪʘ ʥʝ 

ʩʦʙʣʶʜʘʶʪʩʷ, ʤʳ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ 
ʜʠʩʢʨʝʪʥʳʡ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʥʝʩʪʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʨʨʝʢʪʠʚʳ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʦʥʷʪʠʷʭ ʜʠʩʢʨʝʪʥʳʭ ʠʣʠ ʠʤʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ. 
ʊʘʢʦʡ ʫʯʸʪ ʜʠʩʢʨʝʪʥʦʩʪʠ ʥʫʞʝʥ ʜʣʷ ñʙʳʩʪʨʳʭò 
ʦʙʲʝʢʪʦʚ, ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʪʦʨʳʭ 
ʩʦʠʟʤʝʨʠʤʳ ʩʦ ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʦʭʦʞʜʝʥʠʷ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʕɺʄ ʠ ʜʨʫʛʠʭ 
ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ (ʎɸʇ, ɸʎʇ, ʢʘʥʘʣʳ ʩʚʷʟʠ ʩʦ 
ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ) ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ 
ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʅʘʢʦʥʝʮ, ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ 
ʦʙʲʝʢʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 
ʩʦʝʜʠʥʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʠ ʥʝʧʨʝʨʳʚʥʦʡ 
(ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ) ʯʘʩʪʝʡ. ɼʠʩʢʨʝʪʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ 
ʬʫʥʛʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ nm ¢ . 

ɺ ʠʟʚʝʩʪʥʳʭ ʧʦʩʦʙʠʷʭ ʧʦ ʠʤʧʫʣʴʩʥʳʤ ʩʠʩʪʝʤʘʤ 
[1,4,5] ʧʨʠʚʦʜʷʪʩʷ  ʪʘʙʣʠʮʳ ʧʝʨʝʭʦʜʘ ʦʪ 
ʥʝʧʨʝʨʳʚʥʳʭ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʢ ʜʠʩʢʨʝʪʥʳʤ, 
ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʠʧʦʚʳʭ ʟʚʝʥʴʝʚ: 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʘʥʥʳʤ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ 

ʚʚʦʜʷʪʩʷ ʢʦʨʨʝʢʪʠʚʳ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʨʠʩ. 3-5. 
          

4. ɿʘʢʣʶʯʝʥʠʝ 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʚʩʝ ʵʪʘʧʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ: 



50 
 

ʦʪ ʚʳʙʦʨʘ ʧʦʦʩʪʨʘʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʜʦ 
ʧʦʩʪʨʦʝʥʠʷ ʘʜʝʢʚʘʪʥʦʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʦʡ 
ʤʦʜʝʣʠ. 

ɼʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ 
ʤʦʜʝʣʝʡ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ 
ʷʚʣʷʝʪʩʷ ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʬʦʨʤʘ ʩʠʩʪʝʤʳ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʝ 
ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʘʜʘʧʪʠʚʥʦʡ ʢʦʨʨʝʢʮʠʝʡ. 
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CREATION OF INDIRECT CONTROL MODELS IN INFORMATION COMPUTER SYSTEMS 
 

S.L. Podvalny, Doctor of technical sciences, Full professor, Head of department, Voronezh state technical University, 
Voronezh, Russian Federation, e-mail:spodvalny@yandex.ru  

 
In this paper we examined general problems of creation of modeling for some quality parameters  on the  technological 

object output in typical variant: needed parameter is not automatic measured-but we have much ones which may to be 
measured in information and control system ( ICS). We need to build the indirect model after preliminary reduction the space 
of measure as professional so formal computer methods. Statistics regression double filters are used for reduction. Also we use 
schemes of smooth integrate and delay for improving the model. Structure of the indirect model is introduce as additive sum on 
the systems of typical functions with unknown parameters. Additional identification task is a problem to solve a system of 
linear equations  (for square criteria ) or typical task of linear programming (for module criteria).The structure of estimation of 
indirect model was used in detail. At last the control system is build as linear digital scheme with adaptive correction in real 
time 
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ʊɽʍʅʆʃʆɻʀʗ ʈɸɿʈɸɹʆʊʂʀ ʉʃʆɾʅʓʍ ʇʈʆɻʈɸʄʄʅʓʍ ʉʀʉʊɽʄ ʋʇʈɸɺʃɽʅʀʗ 
ʇʈɽɼʇʈʀʗʊʀɽʄ ʅɸ ʆʉʅʆɺɽ ʄɽʊʆɼʆɺ ʄʅʆɻʆɺɸʈʀɸʅʊʅʆʁ ʀʅʊɽɻʈɸʎʀʀ 

ɸ.ɸ. ʈʳʥʜʠʥ, ʉ.ɺ. ʉʘʧʝʛʠʥ  
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, 
ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʬʝʨʝ ʘʛʨʦʪʝʭʥʠʢʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʘ ʩ 
ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʩʣʦʞʥʳʭ 
ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨ ʠ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʇʆ. ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 
ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʧʨʝʩʣʝʜʫʷ ʮʝʣʠ ʢʘʯʝʩʪʚʘ, ʧʨʠʚʦʜʷʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʠʟʙʳʪʦʯʥʦʩʪʠ ʪʨʫʜʦʟʘʪʨʘʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠ  ̫
ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʝʝ 
ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʨʦʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʛʠʙʢʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 
ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʳ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʤʝʥʠʤʳ 
ʢʘʢ ʥʘ ʫʨʦʚʥʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʛʨʫʧʧ ʘʨʭʠʪʝʢʪʫʨʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, 
ʪʘʢ ʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ 
ʀʉ. ɺʥʝʜʨʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʉ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 
ʩʝʢʪʦʨʘ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ - ʦʮʝʥʢʘʤʠ, ʧʨʦʛʥʦʟʘʤʠ ʠ 
ʪ.ʜ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠ ,̫ ʤʥʦʛʦʚʘʨʠʘʥʪʥʘʷ ʠʥʪʝʛʨʘʮʠʷ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʝʜʧʨʠʷʪʠʝʤ 
 

 
ɺɺɽɼɽʅʀɽ 
 
ʇʨʦʙʣʝʤʳ1 ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 
ʵʬʬʝʢʪʠʚʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʠ ʚʳʙʦʨʘ ʧʨʦʝʢʪʥʳʭ 
ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʚ 
ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʆ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʧʦʧʳʪʦʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘ ʧʨʘʢʪʠʢʝ ʣʠʰʴ ʥʝʤʥʦʛʠʝ ʠʟ ʥʠʭ 
ʤʦʛʫʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 
ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʕʪʦ, ʚʦ ʤʥʦʛʦʤ, 
ʦʙʫʩʣʦʚʣʝʥʦ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʇʆ, 
ʩʚʷʟʘʥʥʳʤ ʩ ʪʝʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
ʚʠʜʘʤʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ 
ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠ 
ʤʝʪʦʜʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ, ʪʚʦʨʯʝʩʢʦʡ 
ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʦʯʝʚʠʜʥʦ 
ʠ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ 
ʨʝʟʫʣʴʪʘʪʘʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʧʦʧʳʪʦʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 
ʠ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʘ ʧʨʘʢʪʠʢʝ 
ʣʠʰʴ ʥʝʤʥʦʛʠʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. ʕʪʦ 
ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
ʚʠʜʘʤʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʇʆ, ʧʨʝʜʩʪʘʚʣʷʶʪ 
                                                             
˾ʳʥʜʠʥ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ - ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, 
ʧʨʦʬʝʩʩʦʨ, e-mail:  alexandr.a.ryndin@me.com 
ʉʘʧʝʛʠʥ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ɺɻʋ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 
ʜʦʮʝʥʪ, e-mail:  svsapegin@mail.ru 

ʩʦʙʦʡ ʩʣʦʞʥʳʝ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʩ 
ʜʠʥʘʤʠʯʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʪʨʫʢʪʫʨʦʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʇʆ ʩʚʷʟʘʥʦ ʩ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʇʨʠ ʵʪʦʤ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ 
ʧʣʦʪʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩʦʚʤʝʩʪʥʦ 
ʠʩʧʦʣʴʟʫʶʪ ʘʧʧʘʨʘʪʥʳʝ ʠ ʩʝʪʝʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 
ʨʝʩʫʨʩʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʘ ʪʘʢʞʝ ʟʘʜʝʡʩʪʚʫʶʪ ʚ ʩʚʦʝʡ 
ʨʘʙʦʪʝ, ʢʘʢ ʤʠʥʠʤʫʤ, ʢʣʶʯʝʚʳʭ ʩʦʪʨʫʜʥʠʢʦʚ. 

 
ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ 
 
ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʩʣʝʜʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʛʠʙʢʠʭ, ʥʘʩʪʨʘʠʚʘʝʤʳʭ 
ʘʨʭʠʪʝʢʪʫʨ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʙʲʝʢʪʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʆʆʇ) ʠ 
ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʤʥʦʛʦʧʣʘʪʬʦʨʤʝʥʥʦʡ 
ʨʝʘʣʠʟʘʮʠʠ, ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʘʙʦʩʚʷʟʥʳʭ 
ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʪʠʧʦʚ, 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʦʙʱʝʥʠʡ ʠ çʤʷʛʢʠʭè ʩʪʘʥʜʘʨʪʦʚ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʆ. 

2. ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʧʦʧʫʣʷʨʥʳʭ 
ʰʘʙʣʦʥʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ ʠʭ ʨʘʟʨʘʙʦʪʢʠ. ʋʚʝʣʠʯʝʥʠʝ 
ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʨʘʢʪʠʢ 
ʩʢʦʨʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʣʝʛʢʦʩʪʠ 
ʧʦʜʜʝʨʞʢʠ, ʠʟʤʝʥʝʥʠʷ ʠ ʜʦʨʘʙʦʪʢʠ, ʩʦʦʪʚʝʪʩʪʚʠʷ 
ʧʦʧʫʣʷʨʥʳʤ ʧʘʪʪʝʨʥʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

3. ʇʦʩʪʨʦʝʥʠʝ ʠ ʦʪʣʘʜʢʘ ʛʠʙʢʦʛʦ ʧʨʦʮʝʩʩʘ 
ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʥʝʧʨʝʨʳʚʥʦʝ 
ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʠʥʪʝʛʨʘʮʠʶ, ʤʘʢʩʠʤʘʣʴʥʦ 
ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʯʝʣʦʚʝʯʝʩʢʠʝ ʨʝʩʫʨʩʳ. 

ʎʝʣʷʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʦʚ ʢʘʞʜʦʛʦ ʠʟ 
ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ 
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ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ, ʙʦʨʴʙʘ ʩ 
ʧʨʦʷʚʣʝʥʠʝʤ ʩʣʝʜʩʪʚʠʡ ʚʩʝ ʙʦʣʝʝ 
ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʩʣʦʞʥʦʩʪʠ ʇʆ, ʜʦʩʪʠʞʝʥʠʝ 
ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʘʯʝʩʪʚʘ ʇʆ ʚ ʧʨʦʮʝʩʩʝ 
ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ, 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʡ 
ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʥʘ ʥʘʯʘʣʴʥʳʭ 
ʩʪʘʜʠʷʭ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʩʪʫʱʘʷ ʩʣʦʞʥʦʩʪʴ 
ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ ʢʦ ʚʩʝ 
ʙʦʣʴʰʠʤ ʪʨʫʜʥʦʩʪʷʤ ʨʘʟʨʘʙʦʪʢʠ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ 
ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 
ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʧʨʦʛʥʦʟ ʟʘʪʨʘʪ 
ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʤʝʥʝʝ ʧʨʝʜʩʢʘʟʫʝʤʳʤʠ ʥʘ 
ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʘ. ʕʪʦ ʚʳʥʫʞʜʘʝʪ 
ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠʙʝʛʘʪʴ ʢ ʧʦʩʪʦʷʥʥʦʤʫ ʧʦʠʩʢʫ ʠ 
ʨʘʟʚʠʪʠʶ ʥʦʚʳʭ ʤʝʪʦʜʦʣʦʛʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʤʝʝʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʩʣʝʜʫʶʱʠʤ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʦʙʣʝʤʘʤ: 

1. ʀʟʙʳʪʦʯʥʦʩʪʴ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 
ʧʣʘʪʬʦʨʤʝʥʥʳʝ ʧʨʦʜʫʢʪʳ, ʚʳʟʚʘʥʥʘʷ 
ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ ʧʦʚʝʜʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʚ 
ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʧʨʠʷʪʠʷ; 

2. ʀʟʙʳʪʦʯʥʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʇʆ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯ ʥʘ ʢʦʨʦʪʢʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ; 

3. ʀʟʙʳʪʦʯʥʦʩʪʴ ʪʨʫʜʦʟʘʪʨʘʪ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʠʥʪʝʛʨʘʮʠʝʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʦʪ ʨʘʟʣʠʯʥʳʭ 
ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʢʦʤʘʥʜ ʨʘʟʨʘʙʦʪʯʠʢʦʚ; 

4. ʀʟʙʳʪʦʯʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝ-
ʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʪʩʫʪʩʪʚʠʝ 
ʛʣʫʙʦʢʦʡ ʠʥʪʝʛʨʘʮʠʠ ʤʝʞʜʫ ʠʭ ʢʦʤʧʦʥʝʥʪʘʤʠ; 

5. ʅʝʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ 
ʢʘʯʝʩʪʚʘ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, 
ʚʳʟʚʘʥʥʘʷ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ 
ʀʉ 

 
ʉʊʈʋʂʊʋʈɸ  ɿɸɼɸʏʀ 
 
ʅʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʩʨʝʜʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʘʢʪʠʢ 
ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 
ʛʨʫʧʧʳ ʧʦʜʭʦʜʦʚ: 

1. ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʧʦʜʭʦʜʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 
ʣʝʞʠʪ ʠʜʝʷ ʦ ʚʘʞʥʦʩʪʠ ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʥʦʡ, 
ʝʜʠʥʦʦʙʨʘʟʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʯʝʪʢʠʤ ʜʝʣʝʥʠʝʤ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʧʦʜʩʠʩʪʝʤʳ ʠ 
ʢʦʤʧʦʥʝʥʪʳ.  

2. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ 
ʥʘʧʠʩʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʝ 
ʧʘʨʘʜʠʛʤʳ, ʷʟʳʢʠ ʠ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 
ʧʦʩʪʨʦʝʥʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʆ. 

3. ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 
ʧʦʜʭʦʜʳ, ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʝ ʧʨʦʙʣʝʤʫ ʧʦʩʪʨʦʝʥʠʷ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʩ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢʘʭ 
ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʩʥʦʚʝ ʦʜʥʦʡ ʠʟ ʛʨʫʧʧ 
ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʚ ʩʣʫʯʘʝ 
ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʇʂ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ: 

1. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʠʩʢʦʚ ʚʩʣʝʜʩʪʚʠʝ 
ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʩʢʘʟʘʪʴ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʦʚ ʩ 
ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 
ʢʦʤʧʣʝʢʩ ʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʠʭ ʫʩʧʝʰʥʦʩʪʴ. 

2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 
ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʇʆ ʚ ʨʘʤʢʘʭ 
ʦʜʥʦʡ ʧʘʨʘʜʠʛʤʳ. ʈʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʠʢʠ 
ʦʙʳʯʥʦ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʘʙʦʨ ʵʤʧʠʨʠʯʝʩʢʠʭ 
ʧʨʘʚʠʣ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 
ʫʩʧʝʭʘ, ʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ ʚ 
ʨʘʤʢʘʭ ʛʦʩʧʦʜʩʪʚʫʶʱʝʡ ʧʘʨʘʜʠʛʤʳ. ɺ ʧʦʜʦʙʥʳʭ 
ʩʣʫʯʘʷʭ ʧʦʧʳʪʢʘ ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 
ʨʘʟʨʘʙʦʪʢʠ ʇʆ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʝʜʝʪ ʢ ʬʦʨʤʘʣʴʥʦ 
ʫʩʧʝʰʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʪʦʣʴʢʦ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʡ 
ʧʘʨʘʜʠʛʤʳ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ - ʢ ʩʝʨʴʝʟʥʦʤʫ ʧʦʚʳʰʝʥʠʶ 
ʚʝʨʦʷʪʥʦʩʪʠ ʥʝʫʩʧʝʰʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʩʠʩʪʝʤʥʳʭ ʩʚʷʟʝʡ, ʘ 
ʪʘʢʞʝ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʥʘʭʦʞʜʝʥʠʷ 
ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 
ʤʦʜʝʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 
ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʚ ʭʦʜʝ ʧʦʠʩʢʘ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʪʝʨʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʘʥʘʣʠʟʘ ʛʨʫʧʧʳ ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʘʨʠʘʥʪʦʚ 
ʨʝʰʝʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 
ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʫʜʘʝʪʩʷ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥâʥʫʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ï ʵʥʪʨʦʧʠʶ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ 
ʠʥʪʝʛʨʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʩʪʝʧʝʥʴ ʨʘʟʥʦʦʙʨʘʟʠʷ 
ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʥʪʝʛʨʘʮʠʠ. ɺ 
ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʠʟʤʝʥʝʥʠʷ 
ʩʪʨʫʢʪʫʨʳ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʟʘʯʘʩʪʫʶ 
ʠʤʝʥʥʦ ʵʥʪʨʦʧʠʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 
ʧʦʢʘʟʘʪʝʣʝʤ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʚʦʟʤʦʞʥʳʤ ʩʜʝʣʘʪʴ ʚʳʙʦʨ ʨʝʰʝʥʠʷ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʣʦʞʥʳʭ 
ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʚ ʫʩʣʦʚʠʷʭ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

 
ʄɽʊʆɼʆʃʆɻʀʗ 
 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ ʤʘʨʰʨʫʪʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʜʘʯ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ 
ʚʳʙʦʨʘ, ʧʨʠʯʝʤ ʨʝʟʫʣʴʪʘʪ ʢʘʞʜʦʛʦ ʚʳʙʦʨʘ ʚʣʠʷʝʪ 
ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ. 
ʕʣʝʤʝʥʪʘʤʠ ʚʳʙʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʉ ʷʚʣʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʚʝʢʪʦʨʘ ὡ , 
ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʜʝʨʞʠʪ ʚ 
ʩʝʙʝ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ 
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ʩʠʩʪʝʤʘ. ʕʣʝʤʝʥʪʳ ʚʳʙʦʨʘ ύ ρȟ ὡ   ʚ ʮʝʣʦʤ 
ʟʘʜʘʶʪ ʚʘʨʠʘʥʪ  

 
Ὓ ύ ȟ ύ ȟ Ȣ Ȣ ȟ ύ ȟ Ȣ Ȣ ȟ ύ ᶰ Ὓ           (1) 

 
ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ Ὢ . 
ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ύ ρȟ ὡ   

ʢ ʜʨʫʛʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ Ὢ  ʤʝʥʷʶʪʩʷ 
ʜʠʩʢʨʝʪʥʳʤ ʦʙʨʘʟʦʤ. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʩʣʦʞʥʦʩʪʠ ʚʦʧʣʦʱʝʥʠʷ ʚʘʨʠʘʥʪʘ ʤʘʨʰʨʫʪʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʫʶʱʠʭ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʨʝʜʩʪʚ, ʩ ʫʯʝʪʦʤ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʠ ʟʘʜʘʥʠʷ 
ʘʨʭʠʪʝʢʪʫʨʳ ʀʉ ʠ ʧʨʠʥʮʠʧʦʚ ʠʥʪʝʛʨʘʮʠʠ, 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʪʝʭʥʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɺʳʙʨʘʥʥʳʡ ʤʘʨʰʨʫʪ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʇʆ ʩ ʟʘʜʘʥʥʳʤʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʥʘʜʝʞ-
ʥʦʩʪʴʶ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ 
ʪ.ʜ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʆ 
ʦʙʨʘʟʫʶʪ ʧʦʜʤʥʦʞʝʩʪʚʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʳʙʦʨ 
ʚʘʨʴʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ 
ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʠʩʩʣʝʜʫʝʤ ʧʨʠʨʦʜʫ 
ʟʘʜʘʯʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ. ɿʘʜʘʯʘ 
ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʚ 
ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ί ᶰ Ὓ, ʛʜʝ S ï ʦʙʱʝʝ 
ʤʥʦʞʝʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʵʣʝʤʝʥʪʦʚ. 
ɺʳʙʦʨ S ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʵʪʘʧʥʦʛʦ 
ʠʩʢʣʶʯʝʥʠʷ ʚʘʨʠʘʥʪʦʚ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʪ.ʝ. ʦʛʨʘʥʠʯʝʥʠʷ 
ʨʘʟʥʦʦʙʨʘʟʠʷ, ʚʳʨʘʞʘʶʱʝʛʦ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 
ʜʚʫʤʷ ʧʦʜʤʥʦʞʝʩʪʚʘʤʠ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʠʟ ʥʠʭ 
ʨʘʟʥʦʦʙʨʘʟʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʦʞʝʥʠʷ 
ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ. ʀʟʚʝʩʪʥʳʝ ʥʘ ʥʘʩʪʦʷʱʠʡ 
ʤʦʤʝʥʪ ʤʝʪʦʜʳ ʧʝʨʝʙʦʨʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 
ʨʝʜʫʢʮʠʶ ʨʘʟʥʦʦʙʨʘʟʠʷ ʤʥʦʞʝʩʪʚʘ S, ʧʦʟʚʦʣʷʶʪ 
ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʚ ʧʨʠʝʤʣʝʤʳʡ ʧʝʨʠʦʜ ʨʘʩʯʝʪʘ 
ʪʦʣʴʢʦ ʜʣʷ ʟʘʜʘʯ ʩʠʥʪʝʟʘ, ʦʛʨʘʥʠʯʝʥʥʳʭ 
ʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʩʚʷʟʠ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʥʪʦʚ 
ʩʠʩʪʝʤ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ Ὂ ρ ρȟ Ὅ , ʘ ʪʘʢʞʝ 
ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʚʠʜʝ 
ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥ 
ʢʨʠʪʝʨʠʡ, ʚ ʮʝʣʦʤ ʦʮʝʥʠʚʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʩʠʩʪʝʤʳ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚ ʮʝʣʦʤ ʩʪʝʧʝʥʠ ʨʘʟʥʦʦʙʨʘʟʠʷ 
ʚʘʨʠʘʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ 
ʩʦʦʪʥʦʰʝʥʠʷʤʠ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʪʨʦʧʠʶ, ʢʦʪʦʨʘʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 
ʤʥʦʞʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ‌ ʠʤʝʝʪ ʚʠʜ 

 
Ὄ ‌ В ὖ ὰὫὖ    (2) 

               
ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʷʜʦʤ ʩʚʦʡʩʪʚ: 
ʦʥʘ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʘʪ 

ʚʝʢʪʦʨʘ ὖ , ʪ.ʝ. ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʥʦʛʦ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ὖ ; 

ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʥʘ ʚʝʢʪʦʨʝ 
ὖ  ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ὖ =1/N, ᶪ ὲ ρȟ ὔ, ʪ.ʝ. ʢʦʛʜʘ 
ʚʩʝ ʚʘʨʠʘʥʪʳ ʨʘʚʥʦʟʥʘʯʥʳ; 

ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʠʥʠʤʫʤʘ ʥʘ ʚʝʢʪʦʨʝ ὖ , 
ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ὖ =1, ὖ πȟ 
ᶪ ὲ ὺ, ʪ.ʝ. ʢʦʛʜʘ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 
ʦʢʘʟʳʚʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʘʨʠʘʥʪ ʠʥʪʝʛʨʘʮʠʠ.  

ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ 
ʧʨʠʥʮʠʧʦʚ ʣʦʢʘʣʴʥʦʡ ʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ 
ʠʥʪʝʛʨʘʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ 
ʘʜʝʢʚʘʪʥʦʩʪʠ. 

 
ɺ ʩʣʫʯʘʝ ʦʙʱʝʛʦ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʛʨʫʧʧ ʘʨʭʠʪʝʢʪʫʨʥʳʭ, 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʇʦʩʪʘʚʠʤ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʧʦʜʭʦʜʦʚ ʤʥʦʞʝʩʪʚʘ 
ʚʘʨʠʘʥʪʦʚ-ʢʘʥʜʠʜʘʪʦʚ 

{ } { }N=n,A=A,,A,,A=Ŭ nNn 1,......1 ,    

{ } { }M=m,B=B,,B,,B=ɓ mMm 1,......1 ,     (3) 

{ } { }L=l,C=C,,C,,C=ɔ lLl 1,......1 , 
ʛʜʝ N, M, L ï ʢʦʣʠʯʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ, 

ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʤʥʦʞʝʩʪʚʦ ʥʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 
ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ 
ʚʘʨʠʘʥʪʦʚ ʙʝʟ ʫʯʝʪʘ ʩʚʷʟʠ ʩ ʦʩʪʘʣʴʥʳʤʠ 
ʚʘʨʠʘʥʪʘʤʠ ʚʳʨʘʟʠʤ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʠʭ ʚʝʢʪʦʨʦʚ 
ʚʝʨʦʷʪʥʦʩʪʝʡ: 
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ʉʦʯʝʪʘʝʤʦʩʪʴ ʚʘʨʠʘʥʪʦʚ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʚʠʜʝ ʫʩʣʦʚʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ 
ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

 
ʉʇʆʉʆɹʓ ʇʈʀʄɽʅɽʅʀʗ 
 
ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʫʨʘ ʨʘʙʦʪ 
ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɸʛʨʦʪʝʭʥʠʯʝʩʢʦʝ 
ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚ ʮʝʣʦʤ ʜʦʩʪʘʪʦʯʥʦ 
ʩʣʦʞʥʫʶ, ʨʘʟʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʙʦʣʴʰʠʤ 
ʦʙʲʝʤʦʤ ʩʧʝʮʠʬʠʯʥʳʭ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʚʦʢʫʧʥʘʷ 
ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ 
ʧʨʝʜʧʨʠʷʪʠʷ. ʂʘʞʜʳʡ ʠʟ ʧʨʦʮʝʩʩʦʚ ʦʙʣʘʜʘʝʪ 
ʫʥʠʢʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ (ʮʠʢʣʠʯʥʳʤ, 
ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʣʠʙʦ ʣʠʥʝʡʥʳʤ), ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ 
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ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʀʊ ʚ ʘʛʨʦʙʠʟʥʝʩʝ ʤʦʞʥʦ 
ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ 
- ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʤʦʥʪʘ ʪʝʭʥʠʢʠ 
- ʫʯʝʪ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʠʢʠ 
- ʫʧʨʘʚʣʝʥʠʝ ʤʦʪʠʚʘʮʠʝʡ ʩʦʪʨʫʜʥʠʢʦʚ, 
- ʫʯʝʪ ʫʨʦʞʘʷ 
ʠ ʜʨ. ʇʨʠ ʵʪʦʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʦʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 
ʧʦʚʳʰʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 
ʢʨʠʪʝʨʠʝʚ ʨʘʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʦʙʱʘʷ 
ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʧʨʠʷʪʠʷ, 
ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʩʫʱʥʦʩʪʠ, ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ, 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʧʦʪʦʢʠ. ɺ ʨʘʤʢʘʭ 
ʧʨʦʝʢʪʘ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʝʨʘʨʭʠʯʝʩʢʘʷ 
ʜʝʢʦʤʧʦʟʠʮʠʷ ʤʦʜʝʣʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʥʳʝ 
ʝʜʠʥʠʮʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ.  

 

 
 
 ʉʪʘʨʪʦʚʘʷ ʩʪʨʘʥʠʮʘ ʇʂ çɸʛʨʦʧʦʣʝè 

 
ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʩʦʩʪʘʚ 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʇʂ, ʩʝʪʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʚʠʜʳ ʆʉ (ʢʨʦʤʝ ʩʝʨʚʝʨʦʚ ï 
ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ Windows), ʇʆ ʦʙʱʝʛʦ 
ʥʘʟʥʘʯʝʥʠʷ (MS Office, ʧʘʢʝʪʳ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 
ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ), ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʝʩʷ 
ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ (ʇʆ ʥʘ ʧʣʘʪʬʦʨʤʝ 1ʉ, SCADA-ʩʠʩʪʝʤʳ, 
ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʪ.ʜ.) ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʧʘʢʝʪʘ ʙʳʣ 
ʩʬʦʨʤʠʨʦʚʘʥ ʥʘʙʦʨ ʩʝʨʚʠʩʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ 
ʟʘʜʘʯʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʠʯʝʤ ʦʩʫʱʝʩʪʚʣʝʥʦ 
ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʘʚʪʦʥʦʤʥʦ. ʈʝʟʫʣʴʪʘʪʦʤ 
ʨʘʙʦʪʳ ʩʪʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 
ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʀʉ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ 
ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʦʮʝʩʩ ʜʝʪʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʳʣ 
ʨʘʟʙʠʪ ʥʘ ʬʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʜʘʯʘʤ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ (ʩʤ. 
ʨʠʩ.1). ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʟʘʜʘʯ 
ʧʨʦʮʝʩʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ 
ʠʪʝʨʘʪʠʚʥʳʤ ʦʙʨʘʟʦʤ ï ʨʘʟʙʠʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʬʘʟ, 
ʧʨʠʯʝʤ ʚ ʪʝʯʝʥʠʠ ʢʘʞʜʦʡ ʬʘʟʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 
ʨʘʟʨʘʙʦʪʢʘ ʚʝʨʩʠʠ ʇʆ, ʧʦʩʣʝ ʯʝʛʦ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

 
ɿɸʂʃʖʏɽʅʀɽ 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ 
ʦʮʝʥʢʠ ʪʨʘʝʢʪʦʨʠʡ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʵʢʦʩʠʩʪʝʤ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʙʦʨʘ 
ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʇʆ ʚ ʨʘʤʢʘʭ 
ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʀʉ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ 
ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 
ʪʝʢʫʱʠʭ ʫʩʣʦʚʠʷʭ. 
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The article deals with the problem of designing complex software systems for companies working in the field of farming 

and agriculture. Development of modern software systems related to the automation of various aspects of human activity, 
which, in turn, is connected with the solution of complex, non-standard tasks in building architectures and software 
development technologies. Modern directions of development of the software development methodologies in pursuit of quality 
objectives, in many cases, lead to significant labor redundancy. The use of technology in developing complex software 
enterprise management systems through the use of multivariate methods of integration allows you to make better design 
decisions, while ensuring an acceptable level of flexibility, functionality and performance of modern software applications. At 
the same time, methods of multivariate integration apply at the level of groups combining architectural, technological and 
organizational-oriented approaches, as well as in the framework of one of these approaches for the rationalization of decisions 
arising in the process of building the IS. Implementation of the results obtained in the process of corporate development of IS 
for the crop sector enterprises has allowed to achieve significant results in comparison with the original data - estimates, 
forecasts, etc. 

 
Key words: software engineering, multivariant integration, corporate systems, enterprise management 

 
 

References 
 
1. Proektirovanie korporativnyh informacionnyh system [Design of corporate information systems] /A.A.Ryndin, 

A.V.Haustovich, D.V. Dolgih, A.I. Mugalev, S.V. Sapegin / pod red. A.A. Ryndina, Voronezh, Izd-vo Kvarta, 2003, 
447 p. 

2. Sistemnaja inzhenerija. Principy i praktika [Systems engineering. Principles and practice]. Kosjakov A, Svit U. i 
dr. .M.:DMK-Press, 2014 

3. Tel'nov Ju. F. Intellektual'nye informacionnye sistemy v jekonomike [Intelligent information systems in 
economy].- M.: SINTEG, 1998, 216 p. 

4. Jakobson I., Booch G., Rumbaugh j.  Unificirovannyj process razrabotki programmnogo obespechenija [a 
Unified process of software development]. ï Spb.: Piter, 2002. ï 496 p. 

5. Executing SOA: A Practical Guide for the Service-Oriented Architect: Norbert Bieberstein, Robert G. Laird, 
Keith Jones, Tilak Mitra, IBM Press, 2008, P. 240 

6. Manifesto for Agile Software Development, http://agilemanifesto.org 



57 
 

ʋɼʂ 658.512.001.572 
ɸɼɸʇʊʀɺʅʆɽ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ  

ʈɸɼʀʆʕʃɽʂʊʈʆʅʅʓʍ ʉʈɽɼʉʊɺ 
 

ɺ.ɺ. ʂʦʣʫʢʦʚ, ʖ.ʉ. ʉʘʭʘʨʦʚ, ɺ.ʅ. ʂʦʩʪʨʦʚʘ 
 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʉɸʇʈ (ʀʉɸʇʈ) ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʕʉ), 
ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ 
ʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʝʝ ʛʨʘʬʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥʘ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ 
ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʦʙ ʦʙʲʝʢʪʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʚʳʨʘʙʦʪʢʦʡ ʤʘʨʰʨʫʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 
ʩʨʝʜʩʪʚ. ʇʨʝʜʣʘʛʘʝʪʩʷ  ʧʦʜʭʦʜ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʧʨʦʪʦʪʠʧʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʉʕʉ) 
ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʕʉ ʚ ʀʉɸʇʈ - ʧʦʠʩʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ  ʚʘʨʠʘʥʪʘ       
ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʕʉ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʜʣʷ ʦʙʫʯʝʥʠʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʠ ʚʳʷʚʣʷʪʴ ʥʦʚʳʝ ʟʥʘʥʠ ,̫  
ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʦʩʪʘʚʥʳʤ ʯʘʩʪʷʤ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʘʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʕʉ ʠ 
ʩʥʠʟʠʪʴ  ʟʘʪʨʘʪʳ  ʥʘ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʉɸʇʈ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʵʢʩʧʝʨʪ-

ʥʳʝ ʩʠʩʪʝʤʳ 

 
ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ (ʕʉ) 
ʘʢʪʫʘʣʴʥʳʤ 1ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʠʩʢʘ, ʩʠʩʪʝ-
ʤʘʪʠʟʘʮʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ    ʠ, ʚ ʜʘʣʴ-
ʥʝʡʰʝʤ, ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʪʦʪʠʧʦʚ  ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʳʭ      ʉɸʇʈ (ʀʉɸʇʈ) ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘ-
ʥʠʷ ʕʉ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ  ʤʦʜʝʣʠ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

ɺʩʝ ʟʥʘʥʠʷ ʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷ-
ʶʪʩʷ ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʢʣʘʩʩʦʚ:   

- ʊʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ï ʩʪʨʦʛʦ ʦʧʨʝʜʝ-
ʣʸʥʥʳʡ ʥʘʙʦʨ ʪʨʝʙʦʚʘʥʠʡ. 

-ʇʨʦʮʝʩʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ï ʜʝʡʩʪʚʠʷ, 
ʧʨʦʚʦʜʠʤʳʝ ʚ ʭʦʜʝ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ. 

-ʆʙʲʝʢʪ ï ʢʦʥʩʪʨʫʢʮʠʷ ʕʉ, ʨʝʟʫʣʴʪʘʪ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʷ. 

-ɿʥʘʥʠʷ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 
ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɼʘʣʝʝ ʬʦʨʤʠʨʫʶʪʩʷ ʤʦʜʝʣʠ ʜʣʷ ʫʢʘʟʘʥʥʳʭ 
ʢʣʘʩʩʦʚ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

 
ʉɹʆʈ ʀ ʉʀʉʊɽʄɸʊʀɿɸʎʀʗ ɿʅɸʅʀʁ 

ʇʈɽɼʄɽʊʅʆʁ ʆɹʃɸʉʊʀ 
ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ 

ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠʭ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ 

                                                
1ʂʦʣʫʢʦʚ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï ʄʊʋ-ʄɻʋʇʀ, ʢʘʥʜ. 
ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, e-mail: vvkolukov@mail.ru 
ʉʘʭʘʨʦʚ ʖʨʠʡ ʉʝʨʘʬʠʤʦʚʠʯ ï ʄʊʋ-ʄɻʋʇʀ, ʜ-ʨ ʪʝʭʥ. 
ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, e-mail: sakharovu@yandex.ru  
ʂʦʩʪʨʦʚʘ ɺʝʨʘ ʅʠʢʦʣʘʝʚʥʘ ï ɺɻʊʋ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦ-
ʬʝʩʩʦʨ, e-mail: kostrova_v@mail.ru 
 

ʩʫʱʥʦʩʪʝʡ ʩʦ ʚʩʝʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʩ ʧʦʩʣʝʜʫʶ-
ʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʤʦʜʝʣʠ (ʨʠʩ. 1).  

ʀɼ (ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ) ï ʛʜʝ a, b, e ʠ ʪ.ʜ ï ʵʣʝʤʝʥʪʳ ʀɼ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 
ʨʘʙʦʪʳ ʬʦʨʤʘʣʴʥʳʭ ʤʝʪʦʜʠʢ.

ʀʩʧʦʣʴʟʫʝʤʳʝ ʟʥʘʥʠʷ ï ʛʜʝ ʟ1, ʟ2, ʟ3,éʟi,éʟʢ ï ʵʣʝʤʝʥʪʳ ʟʥʘʥʠʡ, 
ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʀɼ, ʥʦ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʙʦʪʳ ʬʦʨʤʘʣʴʥʳʭ ʤʝʪʦʜʠʢ.

ʈʝʟʫʣʴʪʘʪ ï ʛʜʝ P,E,G,C ï ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ï ʨʝʟʫʣʴʪʘʪʘ.
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ʈʠʩ. 1. ʄʝʪʦʜʠʢʘ ʩʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ ʟʥʘʥʠʡ 
 
ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʘʡʜʝʥ-

ʥʳʭ  ʵʣʝʤʝʥʪʦʚ ʟʥʘʥʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ ʛʨʫʧʧʘʤ  
(ʤʝʪʘʧʦʥʷʪʠʷ): ʜʘʥʥʳʝ ʊɿ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝ-
ʟʫʣʴʪʘʪʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʟʥʘ-
ʥʠʷ, ʟʥʘʥʠʷ ʦ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʛʨʫʧʧʠʨʦʚʘʥʠʝ 
ʵʣʝʤʝʥʪʦʚ ʟʥʘʥʠʡ ʚʥʫʪʨʠ ʤʝʪʘʧʦʥʷʪʠʡ ï ʧʦ-
ʩʪʨʦʝʥʠʝ ʠʝʨʘʨʭʠʠ ʟʥʘʥʠʡ ʠ ʧʦʣʷ ʟʥʘʥʠʡ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʪʘʙʣʠʮ, ʜʠʘʛʨʘʤʤ, 
ʛʨʘʬʦʚ, ʨʠʩʫʥʢʦʚ ʠ ʪ.ʜ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʪʝʭʥʦʣʦʛʠʡ  ʚʠʟʫʘʣʠʟʘʮʠʠ ERD, SADT, 
DFD, UML ʠ ʪ.ʜ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʇʆ ʧʦ ʟʘʜʘʯʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ 
ʢʦʥʩʪʨʫʢʮʠʠ ʕʉ ʠʩʧʦʣʴʟʦʚʘʥʘ DFD-
ʪʝʭʥʦʣʦʛʠʷ. ɼʘʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥ-
ʥʳʝ ʤʦʜʝʣʠ ʦʩʥʦʚʥʳʭ ʩʫʱʥʦʩʪʝʡ ʇʆ.  
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ʈɸɿʈɸɹʆʊʂɸ ʄʆɼɽʃʀ ʆɹʒɽʂʊɸ  
ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʚʦ-
ʜʠʪʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʫʢʘʟʘʥʠʝ ʥʘ ʦʩʥʦʚʥʫʶ ʦʩʦ-
ʙʝʥʥʦʩʪʴ (ʠʣʠ ʩʚʦʡʩʪʚʦ) ʦʨʛʘʥʠʟʘʮʠʠ (ʠʣʠ ʜʝʡ-
ʩʪʚʠʷ) ʊʉ - ʧʨʠʥʮʠʧ  ʜʝʡʩʪʚʠʷ. ɺ  ʦʙʱʝʤ  ʩʣʫ-
ʯʘʝ  ʠʭ  ʤʦʞʝʪ  ʙʳʪʴ  ʥʝʩʢʦʣʴʢʦ,                           
ʈ = {ʨ1, ʨ2, é ʨʂ}. ʊʦʛʜʘ ʤʦʜʝʣʴ ʊʉ ʙʫʜʝʪ ʚʳ-
ʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 
                    S = {ʈ, E, g, C},                             (1) 
  
ʛʜʝ ʈ ï ʤʥʦʞʝʩʪʚʦ ʧʨʠʥʮʠʧʦʚ, ɽ ï ʵʣʝʤʝʥʪʳ 
(ʯʘʩʪʠ)  ʊʉ, g ï ʩʪʨʫʢʪʫʨʘ (ʩʭʝʤʘ),  ʉ ï 
ʤʥʦʞʝʩʪʚʦ  ʧʘʨʘʤʝʪʨʦʚ  ʊʉ. 

ʆʯʝʚʠʜʥʦ, ʕʉ  ʷʚʣʷʝʪʩʷ  ʯʘʩʪʥʳʤ  ʩʣʫʯʘʝʤ  
ʊʉ  ʠ  ʦʥʦ  ʤʦʞʝʪ  ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ  ʫʢʘʟʘʥʥʳʤ  
ʚʳʰʝ  ʩʧʦʩʦʙʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʷ  ʦʩʦʙʝʥʥʦʩʪʠ  
ʕʉ, ʧʨʝʜʣʦʞʝʥʦ [1]  ʤʥʦʞʝʩʪʚʦ  ʦʪʥʦʰʝʥʠʡ  R  
ʤʝʞʜʫ  ʵʣʝʤʝʥʪʘʤʠ  ɽ  ʨʘʟʜʝʣʠʪʴ  ʧʦ  ʠʭ  ʧʨʠ-
ʨʦʜʝ  ʥʘ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ  Rʕʄ, ʤʝʭʘʥʠʯʝʩʢʠʝ  
Rʄ, ʪʝʧʣʦʚʳʝ  Rʊ  ʠ  ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ (ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʳʝ, ʢʦʤʧʦʥʦʚʦʯʥʳʝ)  Rʂ, ʪ.ʝ. R ={Rʕʄ, 
Rʄ, Rʊ, Rʂ}, ʩʦ  ʩʚʦʠʤʠ  ʩʪʨʫʢʪʫʨʘʤʠ  gʕʄ, gʄ, 
gʊ, gʂ  ʠ  ʢʦʥʩʪʠʪʫʵʥʪʘʤʠ  ʉʕʄ, ʉʄ, ʉʊ, ʉʂ. ʊʦ-
ʛʜʘ  ʕʉ  ʤʦʞʝʪ  ʙʳʪʴ  ʧʨʝʜʩʪʘʚʣʝʥʦ  ʚ  ʚʠʜʝ 

 
S = {ʈ, ɽ, G, ʉ},                      (2)                                                                                

 
ʛʜʝ S ï ʵʣʝʢʪʨʦʥʥʦʝ  ʩʨʝʜʩʪʚʦ, ʈ ï ʧʨʠʥʮʠʧʳ  
ʦʨʛʘʥʠʟʘʮʠʠ  ʕʉ, ʈ = {ʨ1, ʨ2, é ʨʂ};                   
ɽ ï ʵʣʝʤʝʥʪʳ ʕʉ, ɽ = {ʝ1, ʝ2, é ʝm}; G ï ʤʥʦ-
ʞʝʩʪʚʦ  ʩʪʨʫʢʪʫʨ, G = {gʕʄ, gʄ, gʊ, gʂ}; ʉ ï 
ʤʥʦʞʝʩʪʚʦ  ʧʘʨʘʤʝʪʨʦʚ, ʉ =  {ʉʕʄ, ʉʄ, ʉʊ, ʉʂ}.
  

ʂʘʯʝʩʪʚʝʥʥʦʝ  ʨʘʟʣʠʯʠʝ  ʦʪʥʦʰʝʥʠʡ  R  
ʦʧʨʝʜʝʣʷʝʪ  ʚ  ʩʠʩʪʝʤʝ S  ʩʫʱʝʩʪʚʦʚʘʥʠʝ  ʨʷʜʘ  
ʧʨʠʨʦʜʥʦʨʘʟʣʠʯʥʳʭ  ʧʦʜʩʠʩʪʝʤ: ʵʣʝʢʪʨʦʤʘʛ-
ʥʠʪʥʦʡ Sʕʄ, ʤʝʭʘʥʠʯʝʩʢʦʡ Sʄ, ʪʝʧʣʦʚʦʡ Sʊ, 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ  (ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ, ʢʦʤʧʦʥʦ-
ʚʦʯʥʦʡ)  Sʂ. ɺ  ʦʙʱʝʤ  ʩʣʫʯʘʝ  ʫʢʘʟʘʥʥʳʝ  ʧʦʜ-
ʩʠʩʪʝʤʳ  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ  ʤʝʞʜʫ  ʩʦʙʦʡ  ʠ  
ʕʉ  ʤʦʞʥʦ  ʧʨʝʜʩʪʘʚʠʪʴ  ʢʘʢ  (ʨʠʩ. 2) 

 
                       S = {SS, RS},                             (3)                                                                               
 
ʛʜʝ  SS ï ʤʥʦʞʝʩʪʚʦ  ʧʦʜʩʠʩʪʝʤ, SS = {Sʕʄ, Sʊ, 
Sʄ, Sʂ}; RS ï ʩʝʤʝʡʩʪʚʦ  ʦʪʥʦʰʝʥʠʡ  ʤʝʞʜʫ  
ʧʦʜʩʠʩʪʝʤʘʤʠ. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʕʉ, S = {Sʕʄ, Sʊ, Sʄ, Sʂ, RS}: Sʕʄ, 
Sʊ, Sʄ, Sʂ ï ʧʦʜʩʠʩʪʝʤʳ, ʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʫ S 
ï ʕʉ; RS ï ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʜʩʠʩʪʝʤʘʤʠ 

 
ʇʨʠ  ʛʨʘʬʠʯʝʩʢʦʡ  ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʫʢʘʟʘʥ-

ʥʳʭ  ʤʦʜʝʣʝʡ, ʫʜʘʝʪʩʷ  ʩʚʝʩʪʠ  ʥʝʦʙʭʦʜʠʤʳʝ  
ʟʥʘʥʠʷ  ʦ  ʚʩʸʤ  ʨʘʟʥʦʦʙʨʘʟʠʠ  ʕʉ  ʢ  ʧʨʦʩʪʦʤʫ  
ʤʦʜʝʣʴʥʦʤʫ  ʧʨʝʜʩʪʘʚʣʝʥʠʶ  ʚ  ʚʠʜʝ  ʛʨʘʬʘ  
(ʨʠʩ. 3), ʢʦʪʦʨʳʡ ʵʬʬʝʢʪʠʚʥʦ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟ-
ʤʝʱʝʥ ʚ ʙʘʟʝ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʕʉ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʥʮʠʧʦʚ P, ʵʣʝ-
ʤʝʥʪʦʚ E, ʩʪʨʫʢʪʫʨ G  ʠ ʧʘʨʘʤʝʪʨʦʚ C ʨʝʘʣʠʟʘ-
ʮʠʡ. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 
ʈʠʩ. 3. ʄʦʜʝʣʴ ʕʉ ʚ ʚʠʜʝ ʛʨʘʬʘ 

 
ʊʘʢʠʤ  ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʝʤʘʷ  ʤʦʜʝʣʴ  

ʧʦʟʚʦʣʷʝʪ: 
- ʦʧʠʩʳʚʘʪʴ  ʣʶʙʳʝ  ʦʙʲʝʢʪʳ  ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ  ʩ  ʫʯʝʪʦʤ ʠʭ  ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ  ʭʘʨʘʢʪʝʨʘ  

 Ƀȷ 

Sʕʄ 

Sʂ Sʊ 

Sʄ 

é é 

é é 

é é 

p1 p2 pk pm 

en ei e4 e3 e2 e1 

g1 

c1 c2 ce ct 
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ʠ  ʨʘʟʣʠʯʥʳʭ  ʚʠʜʦʚ  ʩʚʷʟʝʡ  ʤʝʞʜʫ  ʵʣʝʤʝʥʪʘ-
ʤʠ; 

- ʵʬʬʝʢʪʠʚʥʦ  ʬʦʨʤʠʨʦʚʘʪʴ, ʭʨʘʥʠʪʴ  ʠ  
ʨʝʜʘʢʪʠʨʦʚʘʪʴ  ʦʧʠʩʘʥʠʝ  ʘʥʩʘʤʙʣʷ  ʚʘʨʠʘʥʪʦʚ  
ʚ  ʵʣʝʢʪʨʦʥʥʳʭ  ʙʘʟʘʭ; 

- ʦʨʛʘʥʠʟʦʚʘʪʴ  ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ  ʧʨʦ-
ʮʝʜʫʨʫ  ʩʠʥʪʝʟʘ  (ʚ  ʪʦʤ  ʯʠʩʣʝ, ʠ  ʩʪʨʫʢʪʫʨʳ) 
ʦʙʲʝʢʪʘ. 
 

ʇʈʆʎɽʉʉ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 
ɼʨʫʛʦʡ  ʚʘʞʥʦʡ  ʯʘʩʪʴʶ  ʟʥʘʥʠʡ  ʇʆ  

ʷʚʣʷʝʪʩʷ  ʩʦʚʦʢʫʧʥʦʩʪʴ  ʟʥʘʥʠʡ  ʦ  ʧʨʦʮʝʩʩʝ  
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 
ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ  ʧʨʦʮʝʩʩʘ. ʅʘʠʙʦʣʝʝ  
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ  ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ 
ʤʦʜʝʣʴ, ʨʝʘʣʠʟʫʶʱʘʷ ʧʨʠʥʮʠʧ ʜʝʢʦʤʧʦʟʠʮʠʠ, 
ʢʦʛʜʘ ʝʜʠʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ˊ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ {ɸi} 
ʯʘʩʪʥʳʭ  ʟʘʜʘʯ  ɸ1, ɸ2, é ɸi, é ɸʤ, 
ʦʙʲʝʜʠʥʝʥʥʳʭ  ʠʟʚʝʩʪʥʳʤ  ʤʘʨʰʨʫʪʦʤ  ʄ,  
                          ˊ=<{ɸi},ʄ >.                         (4) 

ʆʜʥʘʢʦ  ʫʢʘʟʘʥʥʘʷ  ʪʨʘʢʪʦʚʢʘ  ʧʨʦʮʝʩʩʘ ˊ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟ-ʟʘ ʨʷʜʘ ʥʝʜʦʩʪʘʪʢʦʚ 
(ʥʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ) ʥʝ 
ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ 
ʧʦʩʪʨʦʝʥʠʠ ʀʉɸʇʈ. ʅʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ  
ʥʘʠʙʦʣʝʝ  ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  ʦ ʧʨʦʮʝʩʩʝ ˊ, 
ʢʦʪʦʨʦʝ, ʥʘ  ʥʘʰ  ʚʟʛʣʷʜ, ʜʦʣʞʥʦ ʦʧʠʩʳʚʘʪʴ 
ʚʥʫʪʨʝʥʥʶʶ  ʩʫʱʥʦʩʪʴ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  ʢʘʢ  
ʚʠʜʘ  ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʩʭʦʜʷ ʠʟ ʫʢʘʟʘʥʥʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 
ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ˊ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 
ʀʀʉʇ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʘʠʙʦʣʝʝ ʦʙʱʘʷ ʤʦʜʝʣʴ, 
ʪʨʘʢʪʫʶʱʘʷ ʧʨʦʮʝʩʩ ʢʘʢ ʤʥʦʛʦʢʨʘʪʥʦ 
ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ: 
ʩʠʥʪʝʟ, ʘʥʘʣʠʟ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ, ʥʘʟʚʘʥʥʘʷ 
ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ [2]. 

ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʡ  ʨʘʥʝʝ ʩʠʩʪʝʤʥʦʡ 
ʤʦʜʝʣʠ ʕʉ, ʜʘʣʝʝ  ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ  ʤʥʦʞʝʩʪʚʦ 
ʪʠʧʦʚʳʭ ʧʨʦʮʝʜʫʨ, ʩʦʩʪʘʚʣʷʶʱʠʭ  ʧʨʦʮʝʩʩ  
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ:  

- ʩʠʥʪʝʟ ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʧʦʜʩʠʩʪʝʤʳ Sʂ, 
ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʩʧʘʜʘʶʱʠʡʩʷ ʥʘ ʧʨʦʮʝʜʫʨʳ 
ʩʠʥʪʝʟʘ ʧʨʠʥʮʠʧʦʚ ʈʂ, ʩʦʩʪʘʚʘ ʵʣʝʤʝʥʪʦʚ ɽʂ, 
ʩʠʥʪʝʟ ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʩʭʝʤʳ gʂ, ʩʠʥʪʝʟ 
ʧʘʨʘʤʝʪʨʦʚ ʉʂ ʢʦʤʧʦʥʦʚʢʠ;   

- ʩʠʥʪʝʟ  ʤʝʭʘʥʠʯʝʩʢʦʡ  ʧʦʜʩʠʩʪʝʤʳ  SM  
ʠ  ʪ.ʜ. ʆʜʥʘʢʦ ʚʚʝʜʝʥʥʳʝ ʤʦʜʝʣʠ  ʕʉ ʠ  
ʧʨʦʮʝʩʩʘ    ʥʝ  ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʤʘʨʰʨʫʪ ʄ ʚʳʧʦʣʥʝʥʠʷ   
ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ  ʥʘʙʦʨʘ  ʪʠʧʦʚʳʭ  ʧʨʦʮʝʜʫʨ. 

ʀʟ-ʟʘ  ʩʣʦʞʥʦʩʪʠ  ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ  ʧʨʦʝʢ-
ʪʠʨʦʚʘʥʠʷ  ʧʦʜʩʠʩʪʝʤ  Sʕʄ, Sʊ, Sʄ, Sʂ ʨʝʘʣʴʥʦ  
ʚʦʟʤʦʞʥʦ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ  ʠʣʠ  ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. ɼʘʣʝʝ 
ʩʜʝʣʘʥ  ʚʳʚʦʜ  ʦ  ʪʦʤ, ʯʪʦ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  

ʄ  ʚʳʧʦʣʥʝʥʠʷ  ʧʨʦʮʝʜʫʨ  ʜʦʣʞʥʘ  ʦʧʨʝʜʝʣʷʪʴ-
ʩʷ ʫʩʣʦʚʠʝʤ ʤʠʥʠʤʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ  
ʠʥʬʦʨʤʘʮʠʠ (ʠʩʭʦʜʥʳʭ  ʜʘʥʥʳʭ)  ʜʣʷ  ʨʝʘʣʠʟʘ-
ʮʠʠ  ʦʯʝʨʝʜʥʦʡ  ʪʠʧʦʚʦʡ  ʧʨʦʮʝʜʫʨʳ  ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ. ʀʩʭʦʜʷ  ʠʟ  ʧʨʠʥʷʪʦʛʦ  ʫʩʣʦʚʠʷ  ʚʳʷʚ-
ʣʷʝʪʩʷ  ʪʠʧʦʚʘʷ  ʧʨʘʢʪʠʯʝʩʢʘʷ  ʩʪʨʘʪʝʛʠʷ  ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʷ  ʕʉ  , ʢʦʪʦʨʘʷ, ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪ-
ʥʦʤ ʩʣʫʯʘʝ, ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʚ  ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ  
ʩʦʚʦʢʫʧʥʦʩʪʠ  ʠʤʝʶʱʠʭʩʷ  ʠʩʭʦʜʥʳʭ  ʜʘʥʥʳʭ  
ɿʀɼ  ʦ  ʧʨʦʝʢʪʥʦʡ ʩʠʪʫʘʮʠʠ  ʩ  ʧʦʣʫʯʝʥʠʝʤ  ʩʦʙ-
ʩʪʚʝʥʥʦʛʦ  ʨʘʙʦʯʝʛʦ  ʧʝʨʝʯʥʷ  ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ 
ɸ = {ɸi} ʠ ʩʚʦʝʛʦ ʤʘʨʰʨʫʪʘ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  
ʄ 

        ˊ = {ɿʀɼ, {ɸi}, ʄ}.                       (5)                                         
ʊʘʢʠʤ  ʦʙʨʘʟʦʤ,  ʩʝʤʘʥʪʠʯʝʩʢʘʷ  ʤʦʜʝʣʴ  

ʦʪʣʠʯʘʝʪʩʷ  ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ  ʠ  ʚʦʟʤʦʞʥʦ-
ʩʪʴʶ  ʚʳʷʚʠʪʴ  ʩʫʱʥʦʩʪʴ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʩ-
ʧʦʣʴʟʦʚʘʥʠʝ  ʤʦʜʝʣʠ  ʚ  ʩʦʯʝʪʘʥʠʠ  ʩ  ʚʚʝʜʝʥ-
ʥʳʤ  ʩʠʩʪʝʤʥʳʤ  ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ  ʦʙ  ʦʙʲʝʢʪʝ  
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  ʧʦʟʚʦʣʷʝʪ  ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ  
ʟʥʘʥʠʷ  ʦ  ʧʨʦʮʝʩʩʝ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  ʩ  ʚʳʨʘ-
ʙʦʪʢʦʡ  ʤʘʨʰʨʫʪʦʚ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  ʣʶʙʳʭ  
ʦʙʲʝʢʪʦʚ  [3]  ʠ, ʢʨʦʤʝ  ʪʦʛʦ, ʧʦʣʫʯʠʪʴ  ʤʝ-
ʪʘʟʥʘʥʠʷ  ʜʣʷ  ʧʦʩʪʨʦʝʥʠʷ  ʀʉɸʇʈ. 

ʇʨʠ  ʨʘʟʨʘʙʦʪʢʝ  ʧʨʦʪʦʪʠʧʘ  ʵʣʝʢʪʨʦʥʥʦʡ  
ʚʝʨʩʠʠ  ʀʉɸʇʈ    ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʨʝʘʣʠʟʦʚʳʚʘ-
ʝʪʩʷ  ʤʦʜʝʣʴ  ʟʥʘʥʠʡ  ʵʢʩʧʝʨʪʘ [4]  ʚ  ʚʠʜʝ  ʩʦ-
ʚʦʢʫʧʥʦʩʪʠ  ʌ  ʬʘʢʪʦʚ  ʠ  ʧʨʘʚʠʣ  ʇ ʧʨʦʜʫʢʮʠʠ  
ʪʠʧʘ 
  ñɽʉʃʀ  ʬʘʢʪ  <ʬi>, ʪʦ  ʬʘʢʪ  <ʬj>ò,          (6) 
ʢʘʢ  ʥʘʠʙʦʣʝʝ  ʧʦʣʥʦ  ʦʪʚʝʯʘʶʱʘʷ  ʫʩʣʦʚʠʷʤ  
ʟʘʜʘʯʠ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʟʥʘʥʠʡ  ʧʨʦʝʢʪʠʨʦʚʱʠ-
ʢʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʙʘʟʳ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʥʦʡ 
ʩʠʩʪʝʤʳ. 

ʆʩʦʙʝʥʥʦʩʪʴ  ʨʝʘʣʠʟʘʮʠʠ  ʦʙʱʝʛʦ  ʧʦʜʭʦʜʘ 
ʚ  ʜʘʥʥʦʤ  ʩʣʫʯʘʝ  ʩʦʩʪʦʠʪ  ʚ  ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʫʯʝʪʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʤʥʦʛʠʭ ʬʘʢʪʦʚ ʠ  ʠʝʨʘʨ-
ʭʠʯʝʩʢʦʡ  ʩʪʨʫʢʪʫʨʳ  ʧʦʨʮʠʡ  ʟʥʘʥʠʡ. ʇʦʵʪʦʤʫ  
ʚ  ʢʘʯʝʩʪʚʝ  ʬʘʢʪʦʚ  ʚʳʩʪʫʧʘʶʪ  ʠʝʨʘʨʭʠʯʝʩʢʠʝ  
ʢʚʘʟʠʬʨʝʡʤʦʚʳʝ  ʦʙʨʘʟʦʚʘʥʠʷ  (ʨʠʩ. 4). 

  
 
 
 
 
 
 
 
 
ʈʠʩ. 4.  ʌʨʝʡʤ  çʇʨʠʥʮʠʧʳ  ʟʘʱʠʪʳ  ʕʉ ʦʪ  

ʧʦʤʝʭʠè: P1 ï ʧʨʠʥʮʠʧʳ ʠʟʦʣʷʮʠʠ; P1 = {ʨ1
1, 
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2, ʨ1

3}; ʨ1
1 ï ʦʪʨʘʞʝʥʠʝ; ʨ1

2 ï ʧʦʛʣʦʱʝʥʠʝ; ʨ1
3 

ï ʢʦʤʧʝʥʩʘʮʠʷ; ʈ2 ï ʧʨʠʥʮʠʧ  ʧʦʚʳʰʝʥʠʷ  
ʫʩʪʦʡʯʠʚʦʩʪʠ  ʕʉ;    ʨ2

1 ï ʠʟʤʝʥʝʥʠʝ  ʛʝʦʤʝʪʨʠʠ  
ʕʉ;  ʨ2

2 ï ʚʳʙʦʨ  ʤʘʪʝʨʠʘʣʘ  ʕʉ;  ʠ  ʪ. ʜ. 
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ɼʨʫʛʦʡ  ʦʩʦʙʝʥʥʦʩʪʴʶ  ʤʦʜʝʣʠʨʫʝʤʳʭ  
ʟʥʘʥʠʡ  ʩʫʙʲʝʢʪʘ  ʷʚʣʷʝʪʩʷ  ʥʝʦʙʭʦʜʠʤʦʩʪʴ  
ʫʯʝʪʘ  ʩʪʝʧʝʥʠ  ʠʭ  ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ɺ  ʨʝʘʣʠ-
ʟʫʝʤʦʡ  ʚʝʨʩʠʠ  ʀʉɸʇʈ  ʵʪʦ  ʜʦʩʪʠʛʘʝʪʩʷ  ʚʚʝ-
ʜʝʥʠʝʤ  ʚʝʨʦʷʪʥʦʩʪʠ  W  ʩʫʱʝʩʪʚʦʚʘʥʠʷ  ʬʘʢ-
ʪʦʚ  ʌ  ʠ  ʧʨʘʚʠʣ  ʇ. 

ʊʘʢʠʤ  ʦʙʨʘʟʦʤ, ʫʯʝʪ  ʩʫʙʲʝʢʪʘ  ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʷ    ʨʝʘʣʠʟʦʚʘʥ, ʚʦ-ʧʝʨʚʳʭ, ʚ  ʚʠʜʝ  
ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ  ʵʢʩʧʝʨʪʦʤ  ʤʥʦʞʝʩʪʚʘ  
ʬʘʢʪʦʚïʫʩʣʦʚʠʡ ʋʕ, ʬʘʢʪʦʚ-ʦʛʨʘʥʠʯʝʥʠʡ ʆʕ, 
ʧʨʘʚʠʣ ʇʕ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ  
ʧʦʨʮʠʡ  ʠʥʬʦʨʤʘʮʠʠ  (ʟʥʘʥʠʡ)  ʙʘʟʳ  ʟʥʘʥʠʡ,  
ʚʦ-ʚʪʦʨʳʭ, ʚ  ʚʠʜʝ  ʫʯʝʪʘ  ʟʥʘʥʠʡ  ʧʨʦʝʢʪʠʨʦʚ-
ʱʠʢʘ-ʧʦʣʴʟʦʚʘʪʝʣʷ  ɿʇ  ʧʨʠ  ʚʳʙʦʨʝ  ʦʧʪʠʤʘʣʴ-
ʥʦʛʦ  ʤʘʨʰʨʫʪʘ  ʄ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʩʣʝʜʥʝʝ  
ʚʳʧʦʣʥʷʝʪʩʷ  ʟʘ  ʩʯʝʪ  ʜʚʫʭʵʪʘʧʥʦʡ  ʧʨʦʮʝʜʫʨʳ  
ʧʦʠʩʢʘ  ʨʝʰʝʥʠʡ; ʧʨʠʯʝʤ  ʥʘ  ʦʜʥʦʤ  ʠʟ  ʥʠʭ ï 
ʩʮʝʥʘʨʠʠ ï ʨʝʘʣʠʟʫʝʪʩʷ  ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ  
ʚʚʦʜ  ʥʝʦʙʭʦʜʠʤʦʡ  ʠ  ʜʦʩʪʘʪʦʯʥʦʡ  ʜʣʷ  ʨʘʙʦʪʳ  
ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʧʦʨʮʠʠ  ʟʥʘʥʠʡ  ɿʇ  ʩʫʙʲ-
ʝʢʪʘ-ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ  ʠʪʦʛʝ, ʚʚʝʜʝʥʥʦʝ  ʤʦʜʝʣʴʥʦʝ  ʧʨʝʜʩʪʘʚ-
ʣʝʥʠʝ  ʦ  ʩʫʙʲʝʢʪʝ  ʧʦʟʚʦʣʷʝʪ  ʩʠʩʪʝʤʘʪʠʟʠʨʦ-
ʚʘʥʦ  ʫʯʠʪʳʚʘʪʴ  ʧʨʠ  ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ,  ʢʘʢ  
ʩʦʚʦʢʫʧʥʦʩʪʴ  ʵʚʨʠʩʪʠʯʝʩʢʠʭ  ʟʥʘʥʠʡ  ʦʧʳʪʥʳʭ  
ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʘʢ  ʠ  ʢʦʥʢʨʝʪʥʳʭ  ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ. ʂʨʦʤʝ  ʪʦʛʦ, ʫʢʘʟʘʥʥʳʝ  ʟʥʘʥʠʷ  ʤʦʛʫʪ  
ʭʨʘʥʠʪʴʩʷ, ʧʦʧʦʣʥʷʪʴʩʷ, ʨʝʜʘʢʪʠʨʦʚʘʪʴʩʷ  ʠ  
ʪʠʨʘʞʠʨʦʚʘʪʴʩʷ. ʆʩʦʙʦ  ʥʫʞʥʦ  ʦʪʤʝʪʠʪʴ  ʪʦ, 
ʯʪʦ  ʵʚʨʠʩʪʠʯʝʩʢʠʝ  ʟʥʘʥʠʷ  ʦʧʳʪʥʳʭ  ʨʘʟʨʘ-
ʙʦʪʯʠʢʦʚ  ʤʦʛʫʪ  ʙʳʪʴ  ʠʩʧʦʣʴʟʦʚʘʥʳ  ʧʨʠ  ʦʙʫ-
ʯʝʥʠʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʟ-
ʨʘʙʦʪʘʪʴ ʙʘʟʳ ʟʥʘʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ 
ʪʠʧʦʚʳʭ ʟʘʜʘʯ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʕʉ. ɹʘʟʳ ʩʦʜʝʨʞʘʪ ʙʣʦʢʠ  ʟʥʘʥʠʡ çʊɿè, 
çʈʝʟʫʣʴʪʘʪè, çɿʥʘʥʠʷ ʵʢʩʧʝʨʪʘè. ɿʥʘʥʠʷ ʦ çʈʝ-
ʟʫʣʴʪʘʪʝè ʩʦʜʝʨʞʘʪ ʠʥʬʦʨʤʘʮʠʶ ʦ çʇʨʠʥʮʠ-
ʧʘʭè, çʕʣʝʤʝʥʪʘʭè, çʉʭʝʤʘʭè ʠ çʇʘʨʘʤʝʪʨʘʭè 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ  ʨʝʘʣʠʟʘʮʠʷ  ʢʦʥʮʝʧʮʠʠ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʘ  
ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʧʨʦʪʦʪʠʧʘʤʠ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ 
(ʉʕʉ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʨʠ ʨʝʰʝʥʠʠ 
ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʟʘʜʘʯ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʩʝʪʝʚʳʭ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʕʉ. 

ʇʦʩʪʨʦʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʪʦʪʠʧʦʚ ʉʕʉ, ʩ 
ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʧʦʠʩʢʘ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ      ʚʘʨʠʘʥʪʘ       ʢʦʥʩʪʨʫʢʮʠʠ,  
ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʕʉ ʦʪ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʜʣʷ 
ʦʙʫʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. 

 
ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʝʜʣʦʞʝʥ  ʥʦʚʳʡ  ʧʦʜʭʦʜ  ʢ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʶ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʕʉ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʀʉɸʇʈ, ʦʩʥʦʚʘʥʥʳʡ  
ʥʘ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʫʯʝʪʘ ʟʥʘʥʠʡ 
ʦʧʳʪʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  
ʇʨʝʜʣʘʛʘʶʪʩʷ  ʧʦʜʭʦʜ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ 
ʧʨʦʪʦʪʠʧʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʵʢʩʧʝʨʪʥʳʭ 
ʩʠʩʪʝʤ (ʉʕʉ) ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʟʘʜʘʯ 
ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʕʉ ʚ 
ʀʉɸʇʈ.  

ʇʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʠ 
ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʳʝ ʠ ʚʳʷʚʣʷʪʴ ʥʦʚʳʝ 
ʟʥʘʥʠʷ,  ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʦʩʪʘʚʥʳʤ ʯʘʩʪʷʤ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ 
ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʘʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 
ʦʙʫʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, 
ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʕʉ ʠ ʩʥʠʟʠʪʴ  ʟʘʪʨʘʪʳ  ʥʘ  
ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 
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The approach to the creation of intelligent CAD (ISAPR) electronic means (ES), is to develop a model of the domain 
knowledge, based on the formation of a plurality of elements of the relationship and its graph representation. Also offered a 
semantic model that allows to systematize the knowledge of the object of design with the development of routes designing 
electronic means. The approach and its implementation in the form of prototypes of specialized expert systems (SES) to solve 
problems in construction engineering ES ISAPR - preliminary design options Search, providing ES protection against me-
chanical and thermal influences and learning design. This approach allows you to combine and organize well-known and to 
identify new knowledge, both in the individual components of the subject area, and the whole design methodology, to im-
prove the efficiency of the design process and training design, and ultimately, improve the quality of the ES and reduce the 
cost of the design 

 
Key words: Intelligent CAD, design, modeling, electronic means, expert systems 
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