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ɯʚʘʥ ɸʣʧʘʪʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʧʨʦʬ. ʃʫʩʪʝ ʆ. ʗ.  
 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʽʚ 

ʋ  ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʚʘʨʽʘʥʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʫʯʘʩʥʠʭ ʥʘʜʯʫʪʣʠʚʠʭ ʧʨʠʣʘʜʽʚ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʘ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ï ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʽʚ [1-4]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʩʠʩʪʝʤʫ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʜʣʷ 

ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ʥʘʥʦʚʘʪʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʫʪʣʠʚʦʩʪʽ. ɺʦʥʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʽʟʠʯʥʠʭ ʧʨʠʥʮʠʧʘʭ ʚʠʤʽʨʶʚʘʥʴ ʪʝʧʣʦʚʠʭ ʚʝʣʠʯʠʥ 

ʽ ʚʢʣʶʯʘʻ ʪʠʧʠ ʜʘʪʯʠʢʽʚ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʘ ʡ ʝʣʝʤʝʥʪʽʚ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʩʭʝʤʘʭ. ʆʧʠʩʘʥʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʧʨʠʣʘʜʫ, ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʩʢʘʥʫʶʯʦʛʦ 

ʘʥʘʣʽʟʫ, ʽʟʦʪʝʨʤʽʯʥʦʩʪʽ, ʢʦʥʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʘʜʽʘʙʘʪʠʯʥʦʩʪʽ 

ʧʨʦʮʝʩʩʽʚ, ʜʦʜʘʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ ʪʦʱʦ. 

ʈʦʟʛʣʷʥʫʪʦ ʪʝʧʣʦʚʽ ʧʨʦʮʝʩʠ ʚ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʘʭ, ʨʽʟʥʽ 

ʚʘʨʽʘʥʪʠ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʟʦʥʽ ʨʝʘʢʮʽʾ. ɺʠʟʥʘʯʝʥʦ ʛʨʘʥʠʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʘ ʜʣʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʜʘʪʯʠʢʽʚ ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʪʘ  ʪʝʨʤʦʨʝʟʩʪʠʚʥʠʭ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʽʚ ʽ ʤʦʞʣʠʚʽʩʪʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘʧʘʩʫ ʯʫʪʣʠʚʦʩʪʽ 

ʫ ʰʚʠʜʢʦʜʽʶ ʽ ʥʘʚʧʘʢʠ. 

ɺʠʟʥʘʯʝʥʦ ʰʣʷʭʠ ʦʧʪʠʤʽʟʘʮʽʾ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʽʚ ʽʟ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ï ʚʠʭʨʦʚʠʤʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘʤʠ ʟ 

ʘʥʽʟʦʪʨʦʧʥʠʭ, ʛʽʨʦʪʨʦʧʥʠʭ  ʽ ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʝʨʝʜ 

ʥʠʭ Ƅ ʢʦʥʜʫʢʪʠʚʥʽ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠ, ʘʜʽʘʙʘʪʠʯʥʽ 

ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠ, ʧʨʦʪʦʯʥʽ ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠ, ʩʢʘʥʫʶʯʽ 

ʥʘʥʦʢʘʣʦʨʠʤʝʪʨʠ. 

ɺʠʟʥʘʯʝʥʦ ʥʘʧʨʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ 

ʬʽʟʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʫ ʭʽʤʽʾ, ʚ ʙʽʦʣʦʛʽʾ ʽ ʤʝʜʠʮʠʥʽ. 
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ɻʘʣʠʥʘ ɸʨʦʥʝʮʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʧʨʦʬ. ʄʘʢʩʠʤʷʢ ʇ.ʇ. 

 

ɻʝʥʝʨʘʮʽʷ ʪʘ ʤʘʥʽʧʫʣʷʮʽʷ ʙʫʣʴʙʘʰʢʘʤʠ ʫ ʚʦʜʽ 

 
ɺ ʫʤʦʚʘʭ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ 

ʤʽʢʨʦʙʫʣʴʙʘʰʢʠ (ʘ ʩʘʤʝ ʾʭ ʛʝʥʝʨʘʮʽʷ ʪʘ ʤʘʥʽʧʫʣʷʮʽʷ) ʥʘʙʫʚʘʶʪʴ 

ʥʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʫʞʝ ʤʘʣʝʥʴʢʽ ʙʫʣʴʙʘʰʢʠ ʛʘʟʫ (ʜʽʘʤʝʪʨʦʤ 

ʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ) ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ 

ʽ ʪʝʨʘʧʽʾ ʚ ʤʝʜʠʮʠʥʽ ʜʣʷ ʨʦʟʯʠʥʝʥʥʷ ʢʨʦʚ'ʷʥʠʭ ʟʛʫʩʪʢʽʚ, ʜʦʩʪʘʚʢʠ 
ʣʽʢʽʚ ʪʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ. ʄʘʥʽʧʫʣʶʚʘʥʥʷ 

ʤʽʢʨʦʙʫʣʴʙʘʰʢʘʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʷʢ ʧʨʠʚʦʜʠ, 

ʤʽʢʨʦʢʣʘʧʘʥʠ, ʫ ʣʽʪʦʛʨʘʬʽʾ [2]. 
ʅʘʡʧʨʦʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʫʪʚʦʨʝʥʥʷ ʤʽʢʨʦʙʫʣʴʙʘʰʦʢ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ [1]. ʄʠ ʜʦʩʣʽʜʠʣʠ ʧʨʦʮʝʩ 

ʛʝʥʝʨʘʮʽʾ ʪʘ ʤʘʥʽʧʫʣʷʮʽʶ ʤʽʢʨʦʙʫʣʴʙʘʰʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʥʝʧʝʨʝʨʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (980 ʥʤ). 

 
 

 

ʈʠʩ.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʫʩʪʘʥʦʚʢʘ: 1 ï ɯʏ-ʣʘʟʝʨ; 2 - ʦʙ'ʻʢʪʠʚ; 

3 - ʢʶʚʝʪʘ ʟ ʚʦʜʥʦʶ ʩʫʩʧʝʥʟʽʻʶ 
ʧʦʛʣʠʥʘʶʯʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ; 4 - 

ʩʧʝʢʪʨʘʣʴʥʠʡ ʬʽʣʴʪʨ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ɯʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ; 5 - CCD-

ʢʘʤʝʨʘ; 6 - ʜʞʝʨʝʣʦ ʙʽʣʦʛʦ ʩʚʽʪʣʘ 

ʜʣʷ ʧʽʜʩʚʽʯʫʚʘʥʥʷ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʭʝʤʘ 
ʛʝʥʝʨʘʮʽʾ ʪʘ ʤʘʥʽʧʫʣʷʮʽʾ 

ʙʫʣʴʙʘʰʢʘʤʠ ʧʦʜʘʥʘ ʥʘ ʨʠʩ.1. ʇʨʠ ʬʦʢʫʩʫʚʘʥʥʽ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʢʶʚʝʪʽ ʟ ʩʫʩʧʝʥʟʽʻʶ ʧʦʛʣʠʥʘʶʯʠʭ ʯʘʩʪʠʥʦʢ 

ʧʽʛʤʝʥʪʫ ʚʽʜʙʫʚʘʣʘʩʴ ʛʝʥʝʨʘʮʽʷ ʙʫʣʴʙʘʰʦʢ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ 
ʧʦʨʦʛʦʚʽ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʘ, ʧʨʠ ʷʢʠʭ: ʚʠʥʠʢʘʣʘ ʛʝʥʝʨʘʮʽʷ 

ʙʫʣʴʙʘʰʦʢ, ʚʽʜʙʫʚʘʚʩʷ ʨʽʩʪ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʨʦʟʤʽʨʫ, ʬʦʨʤʫʚʘʥʥʷ 

ʥʦʚʠʭ ʙʫʣʴʙʘʰʦʢ ʧʨʠʟʫʧʠʥʷʣʦʩʷ, ʘʣʝ ʽʩʥʫʶʯʽ ʟʘʣʠʰʘʣʠʩʷ 
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ʩʪʘʙʽʣʴʥʠʤʠ; ʚʽʜʙʫʚʘʣʦʩʷ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʣʦ 

ʨʝʛʫʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʤʽʨ ʙʫʣʴʙʘʰʦʢ. 

ɹʫʣʴʙʘʰʢʠ ʫʪʨʠʤʫʚʘʣʠʩʷ ʨʘʟʦʤ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ 
ʩʫʩʧʝʥʟʽʾ ʫ ʬʦʢʘʣʴʥʽʡ ʧʣʷʤʽ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ (ʨʠʩ.2).  

 
ʈʠʩ.2. .  ʉʢʫʧʯʝʥʥʷ ʙʫʣʴʙʘʰʦʢ, ʷʢʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʝʨʝʟ 30 ʩ ʧʽʩʣʷ 

ʧʦʯʘʪʢʫ ʫʪʚʦʨʝʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ɯʏ-ʧʫʯʢʘ ʧʦʪʫʞʥʦʩʪʽ 2,2 ɺʪ. ɿʚʝʨʥʽʪʴ 

ʫʚʘʛʫ ʥʘ ʟʘʛʘʣʴʥʝ ʟʤʽʱʝʥʥʷ ʙʫʣʴʙʘʰʦʢ ʚʽʜ ʷʩʢʨʘʚʦʾ ʧʣʷʤʠ, ʱʦ 
ʟʫʤʦʚʣʝʥʦ ʢʦʥʚʝʢʪʠʚʥʠʤ ʧʦʪʦʢʦʤ ʚʦʜʠ, ʩʭʝʤʘʪʠʯʥʦ ʚʢʘʟʘʥʠʤ 

ʩʪʨʽʣʢʦʶ. 

ʆʪʞʝ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʜʘʣʦʩʷ 

ʦʮʽʥʠʪʠ ʧʦʨʦʛʦʚʽ ʫʤʦʚʠ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʝʥʝʨʫʚʘʥʥʷ ʪʘ 

ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʤʽʢʨʦʙʫʣʴʙʘʰʢʘʤʠ.  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 
ʙʫʣʴʙʘʰʢʠ ʧʦʯʠʥʘʶʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ  ʧʨʠ ʧʦʨʦʛʦʚʽʡ ʧʦʪʫʞʥʦʩʪʽ 

ʣʘʟʝʨʘ Q0 = 2,2ɺʪ, ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 1,6-2,0 ɺʪ ʙʫʣʴʙʘʰʢʠ ʨʦʩʪʫʪʴ, 

ʧʨʠ 1,5 ɺʪ ï ʨʦʟʤʽʨʠ ʙʫʣʴʙʘʰʦʢ ʥʝʟʤʽʥʥʽ, ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ 
ʤʝʥʰʽʡ 1,5 ɺʪ ï   ʙʫʣʴʙʘʰʢʠ ʟʤʝʥʰʫʶʪʴʩʷ, ʧʨʠ 1,2 ɺʪ ï 

ʣʦʧʘʶʪʴʩʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Angelsky O.V., Bekshaev A.Ya., Maksimyak P.P., Maksimyak A.P., 

Hanson S.G., and Kontush S. M.. Controllable generation and 

manipulation of micro-bubbles in water with absorptive colloid 

particles by CW laser radiation // Optics Express, Vol. 25, pp. 5232-
5243 (2017). 

2. Zhao C., Liu Y., Zhao Y., Fang N. and Huang T.J. A reconfigurable 

plasmofluidic lens // Nat. Commun. Vol. 4. p. 2305 (2013). 
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ɹʘʙʽʡ ʆʣʝʢʩʘʥʜʨ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ -  ʘʩʠʩʪ. ʄ.ɺ. ʊʘʣʘʭ 
 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʥʦʟʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʪʨʝʙ ʫ ʢʨʦʚʽ ʪʘ ʾʾ ʢʦʤʧʦʥʝʥʪʘʭ 

 
ʇʝʨʝʣʠʚʘʥʥʷ ʢʨʦʚʽ ʨʷʪʫʻ ʞʠʪʪʷ ʽ ʧʦʣʽʧʰʫʻ ʟʜʦʨʦʚ'ʷ, ʘʣʝ 

ʙʘʛʘʪʦ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʣʠʚʘʥʥʷ, ʥʝ ʤʘʶʪʴ 
ʩʚʦʻʯʘʩʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʙʝʟʧʝʯʥʦʾ ʢʨʦʚʽ.  

ʅʘʡʯʘʩʪʽʰʝ ʢʨʦʚ ʧʝʨʝʣʠʚʘʶʪʴ ʧʘʮʽʻʥʪʘʤ ʚʽʜ 60 ʨʦʢʽʚ, 
ʤʘʡʞʝ 79% ʚʽʜ ʫʩʽʭ ʧʝʨʝʣʠʚʘʥʴ. ʊʘʢʦʞ ʧʝʨʝʣʠʚʘʶʪʴ ʢʨʦʚ ʫ 
ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽʡ ʭʽʨʫʨʛʽʾ, ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʽʾ, ʚ ʭʽʨʫʨʛʽʾ ʧʨʠ 
ʪʷʞʢʠʭ ʪʨʘʚʤʘʭ ʪʘ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʛʝʤʘʪʦʣʦʛʽʯʥʠʭ ʟʣʦʷʢʽʩʥʠʭ 
ʥʦʚʦʫʪʚʦʨʝʥʴ. ʊʘʢʦʞ ʧʝʨʝʣʠʚʘʥʥʷ ʢʨʦʚʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ 
ʣʽʢʫʚʘʥʥʽ ʫʩʢʣʘʜʥʝʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʘʛʽʪʥʽʩʪʶ, ʤʘʣʷʨʽʻʶ ʫ ʜʽʪʝʡ, 
ʚʘʞʢʦʶ ʘʥʝʤʽʻʶ ʪʘ ʪʷʞʢʠʤʠ ʪʨʘʚʤʘʤʠ. 

ʅʝʜʦʩʪʫʧʥʽʩʪʴ ʢʨʦʚʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʤʝʨʪʽ ʙʘʛʘʪʴʦʭ 
ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʭʚʦʨʦʙ. ʉʚʦʻʯʘʩʥʝ ʧʦʩʪʘʯʘʥʥʷ 
ʙʝʟʧʝʯʥʦʾ ʢʨʦʚʽ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘʚʜʷʢʠ ʦʧʪʠʤʘʣʴʥʦʤʫ 
ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʨʝʙ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʦʛʦ ʟʘʧʘʩʫ ʢʨʦʚʽ ʪʘ ʾʾ 
ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʧʦʩʪʽʡʥʽʡ ʢʽʣʴʢʦʩʪʽ ʨʝʛʫʣʷʨʥʠʭ ʜʦʥʦʨʽʚ ʢʨʦʚʽ. 
ʈʝʛʫʣʷʨʥʽ ʜʦʙʨʦʚʽʣʴʥʽ ʪʘ ʙʝʟʦʧʣʘʪʥʽ ʜʦʥʦʨʠ ʢʨʦʚʽ ʪʘʢʦʞ ʻ 
ʥʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʧʦʰʠʨʝʥʽʩʪʴ ʽʥʬʝʢʮʽʡ ʯʠ 
ʟʘʨʘʞʝʥʥʷ ʢʨʦʚʽ ʻ ʥʘʡʥʠʞʯʦʶ ʩʝʨʝʜ ʪʘʢʠʭ ʣʶʜʝʡ. 
 ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙ ʚ ʧʝʨʝʣʠʚʘʥʥʽ ʢʨʦʚʽ ʪʘ ʾʾ 
ʢʦʤʧʦʥʝʥʪʽʚ. ʎʝ ʜʦʧʦʤʦʞʝ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʧʘʩʽʚ ʢʨʦʚʽ ʜʣʷ 
ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʧʘʜʢʽʚ ʥʝʜʦʩʪʫʧʥʦʩʪʽ ʾʾ ʜʣʷ ʨʝʮʝʧʽʻʥʪʽʚ,  

ʇʣʘʥʫʚʘʥʥʷ ʤʘʡʙʫʪʥʽʭ ʟʫʩʠʣʴ ʟʽ ʟʙʦʨʫ ʢʨʦʚʽ ʤʘʻ 
ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʘʜʝʢʚʘʪʥʠʭ ʧʨʦʛʥʦʟʘʭ ʧʦʧʠʪʫ ʥʘ ʧʝʨʝʣʠʚʘʥʥʷ 
ʢʨʦʚʽ. ʋ ʩʚʦʾʡ ʩʪʘʪʪʽ ɸʨʪʫʨʦ ʇʝʨʝʡʨʘ [1] ʜʦʩʣʽʜʠʚ ʪʨʠ ʤʝʪʦʜʠ 
ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ: ARIMA-ʤʦʜʝʣʴ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʝ 
ʟʛʣʘʜʞʫʚʘʥʥʷ Holt-Winters ʽ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 
ʏʘʩʦʚʽ ʨʷʜʠ ʩʢʣʘʜʘʣʠʩʷ ʟ ʱʦʤʽʩʷʯʥʦʛʦ ʧʦʧʠʪʫ ʥʘ ʝʨʠʪʨʦʮʠʪʠ ʟ 
ʩʽʯʥʷ 1988 ʨʦʢʫ ʧʦ ʛʨʫʜʝʥʴ 2002 ʨʦʢʫ ʽ ʧʦʜʽʣʷʣʠʩʷ ʥʘ ʜʚʘ 
ʩʝʛʤʝʥʪʠ: ʦʜʠʥ - ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʘ ʽʥʰʠʡ - ʜʣʷ ʧʝʨʝʚʽʨʢʠ 
ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ. ʇʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʟ 
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ʤʝʪʦʜʘʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʢʠ 
ʜʦʮʽʣʴʥʦʩʪʽ, ʚʽʜʩʦʪʢʘ ʤʽʩʷʮʽʚ, ʚ ʷʢʠʭ ʧʨʦʧʦʟʠʮʽʷ ʥʘ ʦʩʥʦʚʽ 
ʧʨʦʛʥʦʟʫ ʚʽʜʧʦʚʽʜʘʣʘ ʙ ʨʝʘʣʴʥʦʤʫ ʧʦʧʠʪʫ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 
ʧʦʢʘʟʘʣʘ ARIMA -ʤʦʜʝʣʴ. ʈʝʘʣʴʥʽ ʟʘʧʠʪʠ ʥʘ ʧʝʨʝʣʠʚʘʥʥʷ ʢʨʦʚʽ 
ʚʽʜʨʽʟʥʷʣʠʩʷ ʚʽʜ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʥʝ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 10%. ʎʝ ʚʢʘʟʫʻ 
ʥʘ ʪʝ, ʱʦ ʯʘʩʪʦʪʘ ʧʝʨʝʣʠʚʘʥʴ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʚʽʜʨʽʟʢʫ ʯʘʩʫ  
ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʽʚ. 

ʇʦʪʨʝʙʠ ʚ ʧʝʨʝʣʠʚʘʥʥʽ ʢʨʦʚʽ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ 
ʩʫʢʫʧʥʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʙʘʛʘʪʦ ʟ ʥʠʭ ʤʘʶʪʴ ʩʝʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ. ɼʦ 
ʧʨʠʢʣʘʜʫ, ʪʘʢʽ ʷʢ ʩʧʘʣʘʭʠ ʭʚʦʨʦʙ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʧʝʚʥʦʶ 
ʮʠʢʣʽʯʥʽʩʪʶ. ʅʘ ʮʝʡ ʬʘʢʪ ʚʢʘʟʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ɽʣʽʩʦʥ ʂʦʤʬʦʨʪ ʫ 
ɿʘʤʙʽʾʾ [2]. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʨʽʚʥʷ ʧʦʪʨʝʙ ʫ ʧʝʨʝʣʠʚʘʥʥʽ 
ʢʨʦʚʽ ʟ ʯʘʩʪʦʪʦʶ ʚʠʧʘʜʢʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʘ ʤʘʣʷʨʽʶ ʧʨʦʚʝʜʝʥʦ 
ʘʥʘʣʽʟ ʧʝʨʝʨʚʘʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ 
ʘʚʪʦʨʝʛʨʝʩʽʾ.  ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʮʠʢʣʽʯʥʠʡ 
ʭʘʨʘʢʪʝʨ ʯʘʩʪʦʪʠ ʧʝʨʝʣʠʚʘʥʴ ʪʘ ʧʨʠʨʦʜʘ ʡʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ʊʘʢʠʤ 
ʯʠʥʦʤ, ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʜʦʥʦʨʩʴʢʽʡ ʢʨʦʚʽ ʤʦʞʥʘ 
ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, 
ʧʨʦʛʥʦʟʫʶʯʠ ʩʧʘʣʘʭʠ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʧʝʨʝʜʙʘʯʘʶʯʠ ʟʘʧʠʪʠ ʥʘ 
ʧʝʨʝʣʠʚʘʥʥʷ ʢʨʦʚʽ. 
 ʑʦʙ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʨʠʙʢʠ ʧʦʪʨʝʙ ʫ ʜʦʥʦʨʩʴʢʽʡ ʢʨʦʚʽ ʪʘ 
ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʟʘʧʘʩʽʚ, ʘʢʪʫʘʣʴʥʠʤ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʜʘʥʠʭ ʧʨʦ ʩʧʘʣʘʭʠ 
ʟʘʭʚʦʨʶʚʘʥʴ, ʦʧʝʨʘʮʽʾ, ʧʦʣʦʛʠ ʪʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 
ʧʝʨʝʣʠʚʘʥʥʷ ʢʨʦʚʽ. ʊʘʢʝ ʥʦʚʦʚʚʝʜʝʥʥʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʢʨʘʱʠʪʴ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʮʽʻʥʪʽʚ ʧʦʪʨʽʙʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʨʦʚʽ ʪʘ ʟʥʘʯʥʦ 
ʟʤʝʥʰʠʪʴ ʩʤʝʨʪʥʽʩʪʴ, ʧʦʚôʷʟʘʥʫ ʟ ʢʨʦʚʦʚʪʨʘʪʘʤʠ ʧʨʠ ʥʝʱʘʩʥʠʭ 
ʚʠʧʘʜʢʘʭ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Pereira A. Performance of time-series methods in forecasting the 

demand for red blood cell transfusion / Arturo Pereira. // Transfusion. 

ï 2004. ï ˉ44. 

2. Comfort A. Association between malaria control and paediatric blood 

transfusions in rural Zambia: an interrupted time-series analysis / 

Alison Comfort. // Malaria Journal. ï 2014. ï ˉ13. 
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ɯʥʥʘ ɹʘʨʘʢʦʚʘ, ɯʚʘʥ ʉʘʥʜʫʣ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ.ɻ. 

ʘʩ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 

ʈʦʟʨʦʙʢʘ ʧʘʢʝʪʫ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʤʝʪʦʜʽʚ ʧʨʦʪʠʜʽʾ ʩʦʮʽʘʣʴʥʽʡ ʽʥʞʝʥʝʨʽʾ  
ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʘʙʫʚʘʻ ʚʩʝ 

ʙʽʣʴʰʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡ, ʚ ʷʢʠʭ ʦʙʨʦʙʣʷʻʪʴʩʷ 
ʢʦʥʬʽʜʝʥʮʽʡʥʘ ʽʥʬʦʨʤʘʮʽʷ ʘʙʦ ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ʢʨʠʪʠʯʥʦʾ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʡ ʜʣʷ ʧʝʨʝʩʽʯʥʠʭ ʛʨʦʤʘʜʷʥ. ɿʘʭʠʩʪ ʧʝʨʩʦʥʘʣʴʥʠʭ 
ʜʘʥʠʭ, ʟʙʝʨʝʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ, ʢʦʨʝʢʪʥʝ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ IoT ï ʥʝʧʦʚʥʠʡ ʧʝʨʝʣʽʢ ʟʘʜʘʯ, ʷʢʽ 
ʜʦʚʦʜʠʪʴʩʷ ʨʦʟʚôʷʟʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ. ɯ ʦʩʢʽʣʴʢʠ ʪʝʭʥʽʯʥʠʤʠ ʪʘ 
ʤʝʨʝʞʝʚʠʤʠ ʟʘʩʦʙʘʤʠ ʟʘʭʠʩʪʫ ʚʜʘʻʪʴʩʷ ʨʝʘʣʽʟʫʚʘʪʠ ʜʦʩʠʪʴ ʥʘʜʽʡʥʽ 
ʩʠʩʪʝʤʠ, ʟʣʦʚʤʠʩʥʠʢʠ ʘʪʘʢʫʶʪʴ ʥʘʡʤʝʥʰ ʟʘʭʠʱʝʥʫ ʽ ʥʘʡʛʽʨʰʝ 
ʧʨʦʛʥʦʟʦʚʘʥʫ ʣʘʥʢʫ ï ʣʶʜʝʡ, ʪʦʙʪʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʠʭ 
ʢʦʨʠʩʪʫʚʘʯʽʚ. ʌʘʭʽʚʮʽ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʢʦʥʩʪʘʪʫʶʪʴ 
ʩʪʘʙʽʣʴʥʝ ʟʨʦʩʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʜʣʷ 
ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ [1]. 

ʇʽʜ ʩʦʮʽʘʣʴʥʦʶ ʽʥʞʝʥʝʨʽʻʶ ʨʦʟʫʤʽʶʪʴ ʧʽʜʭʽʜ [2], ʧʨʠ ʷʢʦʤʫ 
ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ (ʭʘʢʝʨ, ʧʦʨʫʰʥʠʢ) ʦʪʨʠʤʫʻ 
ʢʦʥʬʽʜʝʥʮʽʡʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙôʻʢʪ ʘʪʘʢʠ (ʨʦʟʚʽʜʢʠ) ʯʝʨʝʟ 
ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ 
ʮʴʦʛʦ ʥʝʢʦʤʧʝʪʝʥʪʥʽʩʪʴ, ʥʝʧʨʦʬʝʩʽʡʥʽʩʪʴ ʯʠ ʥʝʜʙʘʣʽʩʪʴ ʣʶʜʠʥʠ 
(ʛʨʫʧʠ ʣʶʜʝʡ), ʘ ʪʘʢʦʞ ʢʝʨʫʶʯʠ ʾʾ ʜʽʷʤʠ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 
ʟʘʩʦʙʦʤ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ 
ʚʚʘʞʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʧʠʪʘʥʥʷʭ ʧʨʦʪʠʜʽʾ 
ʩʦʮʽʦʪʝʭʥʽʯʥʠʤ ʘʪʘʢʘʤ. ʎʶ ʟʘʜʘʯʫ ʤʦʞʥʘ ʨʦʟʚôʷʟʘʪʠ ʚ ʨʽʟʥʠʡ ʩʧʦʩʽʙ:  

- ʩʢʦʨʠʩʪʘʪʠʩʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ 
ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ [3]; 

- ʧʨʦʡʪʠ ʦʥ-ʣʘʡʥ ʢʫʨʩ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ʢʫʨʩʠ ʤʝʨʝʞʝʚʦʾ 
ʘʢʘʜʝʤʽʾ CISCO, ʦʩʚʽʪʥʽ ʧʨʦʛʨʘʤʠ SANS Institute, ʚʽʜʝʦʢʫʨʩ 
ʫʢʨʘʾʥʩʴʢʠʭ ʨʦʟʨʦʙʥʠʢʽʚ [4] ʪʦʱʦ); 

- ʚʠʚʯʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 
ʮʝʥʪʨʽʚ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ʥʘʧʨʠʢʣʘʜ CERT-UA); 

- ʟʘʤʦʚʠʪʠ ʪʨʝʥʽʥʛʠ ʟʘ ʧʨʦʛʨʘʤʘʤʠ ʧʽʜʚʠʝɦʥʥʷ ʦʙʽʟʥʘʥʦʩʪʽ 
ʧʝʨʩʦʥʘʣʫ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʢʦʤʝʨʮʽʡʥʠʤʠ 
ʢʦʤʧʘʥʽʷʤʠ (ʟʦʢʨʝʤʘ [5]). 



10 

ʂʦʞʥʠʡ ʽʟ ʥʘʚʝʜʝʥʠʭ ʧʽʜʭʦʜʽʚ ʤʘʻ ʷʢ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ 
ʥʝʜʦʣʽʢʠ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʡʦʛʦ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ 
ʧʨʦʮʝʩʫ ʫ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ. ʎʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚʘʨʪʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʘʙʦ 
ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʾ ʬʘʭʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʧʘʢʝʪʫ 
ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ 
ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʩʦʮʽʦʪʝʭʥʽʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʧʨʦʪʠʜʽʾ ʾʭ 
ʰʢʽʜʣʠʚʦʤʫ ʚʧʣʠʚʫ, ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ.   

ʇʨʦʧʦʥʦʚʘʥʠʡ ʧʘʢʝʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ ʟʘʥʷʪʴ, ʢʦʨʦʪʢʠʡ 
ʦʧʠʩ ʷʢʠʭ ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 1. ɹʘʟʦʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ 
ʩʣʫʛʫʚʘʣʠ ʟʨʫʯʥʽʩʪʴ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʧʦʷʩʥʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʘ ʦʧʠʩʫ 
ʧʨʦʮʝʜʫʨ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʦʯʥʠʭ ʟʘʩʦʙʽʚ (ʪʘʙʣʠʮʽ ʪʘ ʨʠʩʫʥʢʠ, ʱʦ 
ʧʦʝʪʘʧʥʦ ʟʘʧʦʚʥʶʶʪʴʩʷ), ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʪʘ 
ʧʦʣʝʛʰʠʪʠ ʚʠʚʯʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʪʝʢʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʊʘʙʣʠʮʷ 1 
ˉ ʟʘʥ. ʊʝʤʘ ʟʘʥʷʪʪʷ 

1-2 ʆʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʩʪʦʩʦʚʥʦ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. 
ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʦʮʽʦʪʝʭʥʽʯʥʠʭ ʘʪʘʢ. 

3 ʈʝʢʦʤʝʥʜʘʮʽʾ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 
4-5 ʈʦʟʛʣʷʜ ʧʨʘʢʪʠʯʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʜʽʾ ʜʣʷ ʟʘ-

ʧʦʙʽʛʘʥʥʷ ʰʢʽʜʣʠʚʠʤ ʥʘʩʣʽʜʢʘʤ ʩʦʮʽʦʽʥʞʝʥʝʨʥʦʛʦ ʚʧʣʠʚʫ. 

ʄʘʪʝʨʽʘʣʠ ʢʦʞʥʦʛʦ ʟʘʥʷʪʪʷ ʧʦʜʘʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʠʤ ʧʣʘʥʦʤ ʽ 
ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʝʘʣʽʟʦʚʘʥʽ ʟʘʩʦʙʘʤʠ Microsoft Office. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Donôt Overlook the Human Element in Security Training and Awareness. 

URL: https://www.social-engineer.org/general-blog/dont-overlook-the-human-

element-in-security-training-and-awareness/  

2. ɹʫʨʷʯʦʢ ɺ.ʃ.  ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʘ: ʩʦʮʽʦʪʝʭʥʽʯʥʠʡ ʘʩʧʝʢʪ: 

ʧʽʜʨʫʯʥʠʢ / [ɺ. ʃ. ɹʫʨʷʯʦʢ, ɺ. ɹ. ʊʦʣʫʙʢʦ, ɺ. ʆ. ʍʦʨʦʰʢʦ, ʉ. ɺ. ʊʦʣʶʧʘ]; 

ʟʘ ʟʘʛ. ʨʝʜ. ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ ɺ. ɹ. ʊʦʣʫʙʢʘ.- ʂ.: ɼʋʊ, 2015.- 288 

ʩ. 

3. ɻʦʨʶʥʦʚ ʉ. ʆʙʟʦʨ ʨʳʥʢʘ ʩʝʨʚʠʩʦʚ ʧʦʚʳʰʝʥʠʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʧʦ ʀɹ. 

https://www.anti-malware.ru/analytics/Market_Analysis/Security-Awareness. 

4. https://zillya.ua/prometheus. 
5. ʊʨʝʥʽʥʛ ʟ ʧʨʦʪʠʜʽʾ ʩʦʮʽʘʣʴʥʽʡ ʽʥʞʝʥʝʨʽʾ. URL: 
https://berezhasecurity.com/files/Social_Engineering_Training_Pro mo_UKR.pdf  

https://www.social-engineer.org/general-blog/dont-overlook-the-human-element-in-security-training-and-awareness/
https://www.social-engineer.org/general-blog/dont-overlook-the-human-element-in-security-training-and-awareness/
https://www.anti-malware.ru/analytics/
https://berezhasecurity/
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ɸʥʘʩʪʘʩʽʷ ɹʝʞʥʘʨ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 

 

ʈʦʟʨʦʙʣʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʶ ʥʘ ʫʨʦʢʘʭ ʽʥʬʦʨʤʘʪʠʢʠ 

 
ʉʫʪʴ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʦʨʛʘʥʽʟʘʮʽʾ  

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʣʫʯʠʪʠ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ 
ʜʦ ʧʨʦʮʝʩʫ ʧʽʟʥʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ, ʩʪʚʦʨʝʥʥʷ ʧʝʚʥʦʛʦ 
ʨʝʟʫʣʴʪʘʪʫ, ʜʝ ʢʦʞʝʥ ʨʦʙʠʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʚʥʝʩʦʢ, 
ʦʙʤʽʥʶʻʪʴʩʷ ʟʥʘʥʥʷʤʠ, ʽʜʝʷʤʠ, ʩʧʦʩʦʙʘʤʠ ʜʽʷʣʴʥʦʩʪʽ. 
ɺʽʜʙʫʚʘʻʪʴʩʷ ʮʝʡ ʧʨʦʮʝʩ ʚ ʘʪʤʦʩʬʝʨʽ ʜʦʙʨʦʟʠʯʣʠʚʦʩʪʽ ʪʘ 
ʚʟʘʻʤʦʧʽʜʪʨʠʤʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʟʥʘʥʥʷ, ʘ 
ʡ ʨʦʟʚʠʚʘʻ ʧʽʟʥʘʚʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʧʝʨʝʚʦʜʠʪʴ ʾʾ ʚ ʙʽʣʴʰ ʚʠʩʦʢʽ 
ʬʦʨʤʠ ʢʦʦʧʝʨʘʮʽʾ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ. 
ɯʥʪʝʨʘʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʚ'ʷʟʘʪʠ ʦʜʨʘʟʫ ʢʽʣʴʢʘ 

ʟʘʚʜʘʥʴ: ʨʦʟʚʠʚʘʻ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʚʤʽʥʥʷ ʡ ʥʘʚʠʯʢʠ, ʜʦʧʦʤʘʛʘʻ 
ʚʩʪʘʥʦʚʣʝʥʥʶ ʝʤʦʮʽʡʥʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʧʨʦʮʝʩʫ, 
ʟʘʙʝʟʧʝʯʫʻ ʚʠʭʦʚʥʝ ʟʘʚʜʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʤʫʰʫʻ ʧʨʘʮʶʚʘʪʠ ʚ 
ʢʦʤʘʥʜʽ, ʧʨʠʩʣʫʭʘʪʠʩʷ ʜʦ ʜʫʤʢʠ ʢʦʞʥʦʛʦ.  
ɼʣʷ ʩʫʯʘʩʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʪʘʤʘʥʥʽ 

ʧʝʨʝʚʘʞʘʥʥʷ ʚʝʨʙʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʽ ʚʠʭʦʚʘʥʥʷ, 
ʥʝʜʦʦʮʽʥʢʘ ʟʥʘʯʝʥʥʷ ʩʧʽʣʢʫʚʘʥʥʷ ʰʢʦʣʷʨʽʚ ʜʣʷ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ 
ʧʨʦʚʽʜʥʠʭ ʟʘʜʘʯ ʽ ʟʘʚʜʘʥʴ ʥʘ ʫʨʦʢʘʭ ʽʥʬʦʨʤʘʪʠʢʠ, ʚʽʜʩʫʪʥʽʩʪʴ 
ʮʽʢʘʚʠʭ ʜʣʷ ʫʯʥʽʚ ʬʦʨʤ ʪʘ ʤʝʪʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʪʦʱʦ. ʊʦʤʫ ʥʘʛʘʣʴʥʦʶ ʧʦʪʨʝʙʦʶ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ 
ʦʩʚ̔ʪʠ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʽʥʬʦʨʤʘʪʠʢʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʬʦʨʤ 
ʪʘ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ ʽ ʚʠʭʦʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʚʠʪʦʢ 
ʦʩʦʙʠʩʪʦʩʪʽ ʢʦʞʥʦʛʦ ʰʢʦʣʷʨʘ. 
ʈʦʟʚ'ʷʟʘʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʧʨʠʷʻ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʯʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʽʥʬʦʨʤʘʪʠʢʠ. 
ʉʘʤʝ ʚʦʥʠ ʝʬʝʢʪʠʚʥʽʰʝ, ʥʽʞ ʽʥʰʽ ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, 
ʩʧʨʠʷʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ, ʩʦʮʽʘʣʴʥʦʤʫ ʡ ʜʫʭʦʚʥʦʤʫ ʨʦʟʚʠʪʢʫ 
ʰʢʦʣʷʨʘ, ʛʦʪʦʚʥʽʩʪʴ ʞʠʪʠ ʡ ʧʨʘʮʶʚʘʪʠ ʚ ʛʫʤʘʥʥʦʤʫ, 
ʜʝʤʦʢʨʘʪʠʯʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. 
ʂʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʽʥʬʦʨʤʘʪʠʢʠ ʷʢ ʥʘʫʢʠ ʻ ʥʘʚʯʘʥʥʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʚʣʘʩʥʠʭ 
ʽʥʩʪʨʫʢʮʽʡ, ʧʨʝʟʝʥʪʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ ʜʣʷ 
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ʦʩʚʦʻʥʥʷ ʦʩʥʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʪʚʦʨʝʥʥʷ 
ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ, ʚ ʭʦʜʽ ʨʦʟʨʦʙʢʠ ʷʢʠʭ ʫʯʥʽ ʧʦʚʠʥʥʽ 
ʥʘʚʯʠʪʠʩʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʬʫʥʢʮʽʾ, ʢʣʘʩʠ, ʨʦʟʨʦʙʣʷʪʠ ʨʽʟʥʽ 
ʩʧʦʩʦʙʠ ʘʥʽʤʘʮʽʾ. 
ʗʩʢʨʘʚʽ ʧʨʠʢʣʘʜʠ ʧʨʦʛʨʘʤ ʧʦʚʠʥʥʽ ʥʘʰʪʦʚʭʥʫʪʠ ʜʽʪʝʡ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʧʨʦʛʨʘʤʥʠʤ ʢʦʜʦʤ: ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʟʤʽʥʫ 
ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽ 
ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ. 
ʅʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʽʟ ʩʪʚʦʨʝʥʠʭ ʥʘʤʠ ʫʨʦʢʽʚ ʧʨʦʧʦʥʫʻ ʜʽʪʷʤ 

ʚʚʝʩʪʠ ʥʝʚʝʣʠʢʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 
ʩʧʽʨʘʣʴʥʦʛʦ ʚʽʟʝʨʫʥʢʘ. ɼʘʣʽ ʜʽʪʷʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʤʽʥʠʪʠ ʢʽʣʴʢʘ 
ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʷʢ ʧʨʠ ʮʴʦʤʫ ʟʤʽʥʶʻʪʴʩʷ 
ʨʝʟʫʣʴʪʘʪ (ʨʠʩ.1). ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʠʤʫʣʶʚʘʥʥʷ ʜʦ 
ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ, ʢʨʝʘʪʠʚʥʦʩʪʽ, ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʘ ʪʘʢʦʞ 
ʦʚʦʣʦʜʽʥʥʷ ʥʘʚʠʯʢʘʤʠ ʧʦʰʫʢʫ ʡ ʫʩʫʥʝʥʥʷ ʧʦʤʠʣʦʢ. 

 
ʈʠʩ.1 ʊʨʠ ʩʧʽʨʘʣʴʥʠʭ ʚʽʟʝʨʫʥʢʠ, ʫʪʚʦʨʝʥʽ ʚʚʝʜʝʥʥʷʤ ʨʽʟʥʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʫ ʨʷʜʢʘʭ ʢʦʜʫ ʦʜʥʽʻʾ ʧʨʦʛʨʘʤʠ 
 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʢʦʜʦʤ ï ʮʝ ʭʦʨʦʰʠʡ ʩʧʦʩʽʙ ʟʨʦʟʫʤʽʪʠ ʷʢ 
ʧʨʘʮʶʶʪʴ ʧʨʦʛʨʘʤʠ, ʦʜʥʘʢ ʱʝ ʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʠ ʩʧʽʣʴʥʽʡ ʘʢʪʠʥʽʡ ʚʟʘʻʤʦʜʽʾ ʫʯʥʽʚ ʎʝ ʩʧʽʚʥʘʚʯʘʥʥʷ, 

ʚʟʘʻʤʦʥʘʚʯʘʥʥʷ (ʢʦʣʝʢʪʠʚʥʝ, ʛʨʫʧʦʚʝ, ʥʘʚʯʘʥʥʷ ʚ ʩʧʽʚʧʨʘʮʽ), ʜʝ 

ʫʯʝʥʴ ʽ ʚʯʠʪʝʣʴ ʻ ʨʽʚʥʦʧʨʘʚʥʠʤʠ, ʨʽʚʥʦʟʥʘʯʥʠʤʠ ʩʫʙôʻʢʪʘʤʠ 
ʥʘʚʯʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ɯʥʪʝʨʘʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʚʯʘʥʥʷ: ʪʝʦʨʽʷ, ʜʦʩʚʽʜ: ʤʝʪʦʜʠʯʥʠʡ 
ʧʦʩʽʙʥʠʢ / ʘʚʪ. -ʫʢʣʘʜ. ʆ. ʇʦʤʝʪʫʥ, ʃ. ʇʠʨʦʞʝʥʢʦ. 2004. 

2. ɺʘʨʟʘʮʴʢʘ ʃ. ɯʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ: ʣʽʥʛʚʦʜʠʜʘʢʪʠʯʥʽ 
ʟʘʩʘʜʠ //ɼʠʚʦʩʣʦʚʦ. - 2005. - ˉ 2. - C. 5-19. 
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ʄʘʨʽʷ ɹʝʣʟʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 
 

ʄʝʪʦʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʠʭʦʚʘʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʟʫʘʣʴʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ  

ʪʘ ʩʪʝʛʘʥʦʛʨʘʬʽʾ  
 
ɿʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʩʪʠʤʫʣʶʻ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʥʠʢʽʚ ʜʦ ʨʦʟʚʠʪʢʫ ʚʽʟʫʘʣʴʥʦʾ 

ʢʨʠʧʪʦʛʨʘʬʽʾ ʪʘ ʩʪʝʛʘʥʦʛʨʘʬʽʾ. ɽʬʝʢʪʠʚʥʘ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʘ 
ʩʠʩʪʝʤʘ ʻ ʥʘ ʩʴʦʛʦʜʥʽ ʦʙʦʚôʷʟʢʦʚʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʙʫʜʴ-ʷʢʦʾ ʫʩʪʘʥʦʚʠ ʯʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 
ɺʽʟʫʘʣʴʥʘ ʢʨʠʧʪʦʛʨʘʬʽʷ ʻ ʦʜʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʨʦʟʚʠʪʢʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. ʆʜʠʥ ʟ ʥʘʡʚʽʜʦʤʽʰʠʭ 

ʤʝʪʦʜʽʚ ʚʽʟʫʘʣʴʥʦʾ ʢʨʠʧʪʦʛʨʘʬʽʾ ʥʘʣʝʞʠʪʴ ʄʦʥʽ ʅʘʦʨʫ ʽ ɸʜʽ 

ʐʘʤʽʨʫ, ʷʢʽ ʨʦʟʨʦʙʠʣʠ ʡʦʛʦ ʚ 1995 ʨʦʮʽ [1]. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ 
ʚʦʣʦʜʽʻ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʦʜʽʣ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʙʝʟʣʽʯ ʰʠʬʨʦʟʦʙʨʘʞʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ.  

ɿʦʙʨʘʞʝʥʥʷ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 2 ʢʦʤʧʦʥʝʥʪʠ. ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ 
ʧʘʨʫ ʧʽʢʩʝʣʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʚ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʜʦʢʫʤʝʥʪʽ. 

ʎʽ ʧʽʢʩʝʣʴʥʽ ʧʘʨʠ ʟʘʰʪʨʠʭʦʚʘʥʽ ʯʦʨʥʠʤ ʘʙʦ ʙʽʣʠʤ ʟʛʽʜʥʦ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʨʘʚʠʣʦʤ: ʷʢʱʦ ʧʽʢʩʝʣʴ ʚ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ 

ʯʦʨʥʠʡ, ʧʽʢʩʝʣʴʥʽ ʧʘʨʠ ʧʦʚʠʥʥʽ ʜʦʧʦʚʥʶʚʘʪʠ ʦʜʥʘ ʦʜʥʫ. ɿ 
ʽʥʰʦʛʦ ʙʦʢʫ, ʷʢʱʦ ʧʽʢʩʝʣʴ ʚ ʦʨʠʛʽʥʘʣʴʥʦʤʫ ʜʦʢʫʤʝʥʪʽ ʙʫʚ 

ʙʽʣʠʤ, ʡʦʛʦ ʧʘʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʜʥʘʢʦʚʠʤʠ. ʂʦʣʠ ʜʚʘ 

ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʟ'ʷʚʣʷʻʪʴʩʷ ʦʨʠʛʽʥʘʣʴʥʝ 
ʟʦʙʨʘʞʝʥʥʷ. ʆʜʥʘʢ ʨʦʟʛʣʷʥʫʪʽ ʦʢʨʝʤʦ ʢʦʤʧʦʥʝʥʪʠ ʥʝ ʧʦʢʘʟʫʶʪʴ 

ʥʽʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʜʦʢʫʤʝʥʪ; ʾʭ ʥʝʤʦʞʣʠʚʦ 

ʚʽʜʨʽʟʥʠʪʠ ʚʽʜ ʚʠʧʘʜʢʦʚʦʛʦ ʥʘʙʦʨʫ ʧʘʨ ʧʽʢʩʝʣʽʚ. 
ʄʝʪʦʜʠ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʥʝ ʪʽʣʴʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʭʦʚʘʥʦ 

ʟʙʝʨʽʛʘʪʠ ʽ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʘʣʝ ʽ ʜʦʩʠʪʴ ʫʩʧʽʰʥʦ 

ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʭʠʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʢʦʧʽʶʚʘʥʥʷ, ʚʽʜʩʪʝʞʫʚʘʥʥʷ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʤʝʨʝʞʽ 
ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʧʦʰʫʢʫ ʚ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ 

ʪʦʱʦ [2]. 
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ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʨʦʟʜʽʣʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʩʝʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʧʦʚʠʥʥʘ 

ʚʦʣʦʜʽʪʠ ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʥʝʟʘʣʝʞʥʽʩʪʴ ʰʠʬʨʫʚʘʥʥʷ 
ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ, ʧʨʦʩʪʦʪʘ ʚʠʙʦʨʫ ʤʘʪʨʠʮʴ, ʨʦʟʰʠʨʝʥʠʡ ʥʘʙʽʨ 

ʧʨʘʚʠʣ ʜʣʷ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʧʽʢʩʝʣʷ. ʊʘʢʦʞ ʢʣʶʯʦʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʾ 
ʩʠʩʪʝʤʠ, ʚ ʷʢʽʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʪʨʠ ʟʦʙʨʘʞʝʥʥʷ-

ʢʦʥʪʝʡʥʝʨʠ, ʘ ʚ ʨʦʣʽ ʩʝʢʨʝʪʥʦʛʦ ʧʨʠʭʦʚʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʙʫʜʝ ʱʝ 

ʦʜʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ.1). ʈʝʘʣʽʟʘʮʽʶ ʜʘʥʦʾ ʩʭʝʤʠ ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʰʣʷʭʦʤ ʧʨʠʭʦʚʫʚʘʥʥʷ ʦʢʨʝʤʦ R-, G-, B-ʩʢʣʘʜʦʚʦʾ 
ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʢʦʞʥʠʡ ʽʟ ʪʨʴʦʭ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ 

ʢʦʥʪʝʡʥʝʨʽʚ. ʂʦʥʪʝʡʥʝʨʠ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʨʽʟʥʠʮʷ ʚ ʢʦʣʴʦʨʘʭ ʢʦʥʪʝʡʥʝʨʘ ʽ ʢʦʣʽʨʥʦʛʦ ʧʨʠʤʽʪʠʚʫ ʩʝʢʨʝʪʥʦʛʦ 
ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʘ.  

 
ʈʠʩ.1. ʊʨʠʰʘʨʦʚʠʡ ʧʦʜʽʣ ʩʝʢʨʝʪʥʦʾ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. Naor, M. Visual cryptography, Advances in cryptology / M. Naor,  A. 

Shamir // Eurocrypt ô94 Proceeding LNCS, 1995. ï Vol. 950. ï P. 1ï
12. 

2. Gnanaguruparan, M. Recursive hiding of secrets in visual cryptography 

/ M.Gnanaguruparan, S.Kak // Cryptologia, ῐ 2002. ï Vol. 26. ï ʈ. 68-

76. 
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ʄʘʢʩʠʤ ɹʽʣʦʫʩ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʦʨʯʘ ʄ.ɼ. 

 

ʇʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʪʦʤʦʛʨʘʬʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ  

 

ɺʘʞʢʦ ʫʷʚʠʪʠ ʩʫʯʘʩʥʫ ʤʝʜʠʮʠʥʫ ʪʘ ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʍ-ʧʨʦʤʝʥʽʚ. ɰʭ ʧʦʷʚʘ ʩʧʨʠʷʣʘ ʥʠʟʮʽ ʚʘʞʣʠʚʠʭ 
ʥʘʫʢʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ, ʪʘʢʠʭ ʷʢ ʨʝʥʪʛʝʥʦʛʨʘʬʽʷ, ʬʣʶʦʨʦʛʨʘʬʽʷ, 

ʨʝʥʪʛʝʥʦʩʢʦʧʽʷ, ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ. ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ, ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ 
ʦʪʨʠʤʘʪʠ ʥʝ ʜʚʦʚʠʤʽʨʥʽ, ʘ ʪʨʠʚʠʤʽʨʥʽ ʟʦʙʨʘʞʝʥʥʷ ʫ ʨʽʟʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ɿʘ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ 

ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʜʝʪʘʣʴʥʦʛʦ 
ʜʦʩʣʽʜʞʝʥʥʷ. ʉʘʤʝ ʪʦʤʫ ʢʦʤʧôʶʪʝʨʥʘ ʪʦʤʦʛʨʘʬʽʷ ʧʦʩʽʣʘ 

ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʩʝʨʝʜ ʽʥʰʠʭ ʚʠʩʦʢʦʧʨʦʛʥʦʩʪʠʯʥʠʭ ʪʘ ʧʦʨʽʚʥʷʥʦ 

ʰʚʠʜʢʠʭ ʤʝʪʦʜʽʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʦʙôʻʢʪʘ. 

ʇʨʦʪʝ ʫ ʧʨʦʮʝʩʽ ʚʠʷʚʣʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʜʝʬʝʢʪʽʚ ʘʙʦ ʧʨʠ 
ʚʠʟʥʘʯʝʥʥʽ ʧʘʪʦʣʦʛʽʡ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, 

ʷʢʠʡ ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʤʦʛʨʘʬʽʯʥʠʭ ʟʥʽʤʢʽʚ, ʻ ʩʢʣʘʜʥʽʩʪʴ 

ʫ ʚʠʨʽʟʥʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʧʝʨʝʜʥʽʡ ʦʙʨʦʙʮʽ 
ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʫʤʦʚ ʟʘʜʘʯʽ. ʆʪʞʝ, 

ʨʦʟʚô̫ ʟʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʬʽʟʠʢʠ 

ʪʘ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠʥʠ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʧʣʠʚʫ 
ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʦʤʦʛʨʘʬʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʜʘʥʦʾ ʤʝʪʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʟ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʢʦʨʝʢʪʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ 

ʜʦʩʪʫʧʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 
ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʚʪʨʘʪʽ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ (ʟʦʢʨʝʤʘ ʟʦʙʨʘʞʝʥʴ ʜʝʬʝʢʪʽʚ ʪʘ ʧʘʪʦʣʦʛʽʡ) 

ʧʝʨʝʜʙʘʯʘʻ: ʚʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʨʽʟʽʚ, ʬʽʣʴʪʨʘʮʽʶ 
ʧʘʨʘʟʠʪʥʠʭ ʯʘʩʪʦʪ, ʧʦʣʽʧʰʝʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʩʧʦʩʦʙʠ ʚʠʜʽʣʝʥʥʷ ʤʝʞ ʦʙôʻʢʪʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʨʽʟʥʽ ʢʦʤʧʣʝʢʩʠ 
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ʤʝʪʦʜʽʚ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʦʙôʻʢʪʽʚ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʪʝʨʘʮʽʡ, ʽʥʪʝʨʧʦʣʷʮʽʡ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ʋ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʪʦʜʘʤ ʬʽʣʴʪʨʘʮʽʾ, 
ʩʧʦʩʦʙʘʤ ʚʠʜʽʣʝʥʥʷ ʬʘʟʦʚʦʛʦ (ʣʦʢʘʣʴʥʦʛʦ) ʢʦʥʪʨʘʩʪʫ ʪʘ ʧʦʰʫʢʫ 

ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʦʧʝʨʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʤ ʜʽʘʧʘʟʦʥʦʤ. 
ʊʝʩʪʦʚʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʦʙʨʘʥʦ ʢʘʨʪʠʥʠ ʂʽʢʫʯʽ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʮʽʾ ʟʚʦʨʦʪʥʴʦ ʚʽʜʙʠʪʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʨʽʟʥʠʭ 
ʟʨʘʟʢʽʚ, ʟʦʢʨʝʤʘ, ʘʣʤʘʟʫ ʪʘ ʢʨʝʤʥʽʶ. ɺʠʙʽʨ ʪʝʦʨʝʪʠʯʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 
ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ 
ʧʨʦʬʽʣʽʚ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ 
ʜʠʬʨʘʢʮʽʾ ʝʣʝʢʪʨʦʥʽʚ ʙʘʟʫʚʘʚʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ 
ʷʢ ʦʛʠʥʘʶʯʠʭ ʩʝʨʽʾ ʧʨʦʬʽʣʽʚ. ɺʠʙʽʨ ʧʨʦʬʽʣʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 
ʾʭ ʬʦʨʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 
ʧʘʨʘʤʝʪʨʽʚ ʫʩʝʨʝʜʥʝʥʠʭ ʧʨʦʬʽʣʽʚ ʙʽʣʴʰ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ, ʘ 
ʚʽʜʧʦʚʽʜʥʦ, ʫ ʩʪʽʣʴʢʠ ʞ ʨʘʟʽʚ ʟʨʦʩʪʘʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 
ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ.  

ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʙʘʛʘʪʦʨʽʚʥʝʚʦʛʦ 
ʧʽʜʭʦʜʫ ʜʦ ʦʙʨʦʙʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʤʝʜʠʯʥʦʾ 

ʪʦʤʦʛʨʘʬʽʾ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʦʙʯʠʩʣʝʥʥʽ ʡ ʘʥʘʣʽʟʽ ʜʦʜʘʪʢʦʚʠʭ ʨʽʚʥʽʚ 

ʩʠʛʥʘʣʽʚ, ʢʦʤʧʣʝʢʩʥʦʤʫ ʪʘ ʧʦʝʪʘʧʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ ʩʠʛʥʘʣʽʚ 
ʤʥʦʞʠʥʦʶ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʤʝʪʦʜʽʚ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʪʘ (ʘʙʦ) ʪʦʯʥʦʩʪʽ ʚʠʱʝʚʢʘʟʘʥʠʭ ʤʝʪʦʜʽʚ ʙʽʣʴʰ ʥʽʞ ʥʘ 

ʧʦʨʷʜʦʢ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.   ʄʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʪʦʤʦˇʨʘʬʽʾ: 

ʥʘʚʯʘʣʴʥʠʡ   ʧʦʩʽʙʥʠʢ / ɹ. ɯ. ʗʚʦʨʩʴʢʠʡ, ʊ. ʄ. ʈʘʬʘ.ðʊʝʨʥʦʧʽʣʴ: 
ʊʅʊʋ, 2010. ð ʩ. 

2.  ʂʦʤʧʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʪʘ ʧʨʦʮʝʩʽʚ. ʄʝʪʦʜʠ ʦʙʯʠʩʣʝʥʴ: 

ʥʘʚʯʘʣʴʥʠʡ  ʧʦʩʽʙʥʠʢ / ʂʚʻʪʥʠʡ ʈ.ʅ.,ɹʦʛʘʯ ɯ. ɺ., ɹʦʡʢʦ ʆ ʈ.,ʉʦʬʠʥʘ 

ʆ.ʖ., ʐʫʰʫʨʘ ʆ. ʄ.    [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

https://web.posibnyky.vntu.edu.ua/fksa/2kvetnyj_komp'yuterne_modelyuva

nnya_system_procesiv/t1/zm1..htm 

 

https://web.posibnyky.vntu.edu.ua/fksa/2kvetnyj_komp'yuterne_modelyuva

nnya_system_procesiv/t2/zm2..htm 
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ʂʘʪʝʨʠʥʘ ɹʦʙʦʰʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʄ.ɺ. ʊʢʘʯ  

 

ɺʣʘʩʪʠʚʦʩʪʽ ʧʝʨʝʥʦʨʤʦʚʘʥʦʛʦ ʜʚʦʬʦʥʦʥʥʦʛʦ 

ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ 

ʧʦʣʷʨʦʥʫ ʧʨʠ ʊ = 0 ʂ 
 

ɿʘʜʘʯʘ ʧʨʦ ʩʧʝʢʪʨ ʧʦʣʷʨʦʥʫ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ, ʷʢʽ ʧʝʨʝʚʠ-

ʱʫʶʪʴ ʧʦʨʽʛ ʥʘʨʦʜʞʝʥʥʷ ʦʜʥʦʛʦ, ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʬʦʥʦʥʽʚ, ʻ ʥʝ 

ʨʦʟʚô̫ ʟʘʥʦʶ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʽ ʪʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ. ʊʫʪ  
ʚʠʚʯʘʻʪʴʩʷ ʤʘʩʦʚʠʡ ʦʧʝʨʘʪʦʨ ʽ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ 

ʧʦʣʷʨʦʥʫ ʩʣʘʙʢʦʛʦ ʟʚô̫ ʟʢʫ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʪʨʠʬʦʥʦʥʥʽ ʝʥʝʨʛʽʾ ʚʽʜʥʦʩʥʦ ʜʥʘ ʟʦʥʠ. 

ʇʦʣʷʨʦʥ ʷʢ ʙʝʟʩʧʽʥʦʚʠʡ ʝʣʝʢʪʨʦʥ, ʱʦ ʚʟʘʻʤʦʜʽʻ ʟ ʧʦʣʷʨʠʟʘ-
ʮʽʡʥʠʤʠ ʬʦʥʦʥʘʤʠ ʡ ʦʧʠʩʫʻʪʴʩʷ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ ʌʨʝʣʽʭʘ 

),()( )
2

1
( +

-

+

+

++
Ø

+++W+= äää qqkqk
qkq

qqqk
k

kk
bbaaqbbaaEH rrrrr

rrr

rrrr
r

rr
r

j  (1) 

ʜʝ 
k

Er, W=Wq
r  ï ʟʘʢʦʥʠ ʜʠʩʧʝʨʩʽʾ ʝʣʝʢʪʨʦʥʘ ʡ ʦʧʪʠʯʥʠʭ ʬʦʥʦ-

ʥʽʚ ʚʽʜʧʦʚʽʜʥʦ ʪʘ )(q
r

j  ï ʬʫʥʢʮʽʷ ʾʭ ʟʚôʷʟʢʫ, ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ 

ʢʦʥʩʪʘʥʪʫ ʌʨʝʣʽʭʘ a, ʚʚʘʞʘʶʪʴʩʷ ʚʽʜʦʤʠʤʠ [1]. 

ʇʨʠ ʊ = 0 ʂ ʧʝʨʝʥʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʩʠʩ-

ʪʝʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ ʜʽʘʛʨʘʤʥʦʾ ʪʝʭʥʽʢʠ ʌʝʡʥʤʘʥʘï 
ʇʘʡʥʩʘ ʜʣʷ ʬʫʨôʻ-ʦʙʨʘʟʫ ʧʦʣʷʨʦʥʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ, ʷʢʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʧʦʚ-ʥʠʤ ʤʘʩʦʚʠʤ ʦʧʝʨʘʪʦʨʦʤ ʨʽʚʥʷʥʥʷʤ ɼʘʡʩʦʥʘ    

                                { } .),(),(
1-

--= www kMEkG
k

rr
r                       (2) 

ʆʜʥʦʨʘʟʦʚʦ ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ ʜʚʦʬʦʥʦʥʥʠʡ ʤʘʩʦʚʠʡ ʦʧʝʨʘʪʦʨ  

        ä
ä

W--
-W--

=

--

-

1

2 21

1 2

)(

)(
),(

2

2

2

1)1(

2

q

q qqk

qk E

q
E

q
kM

r

r rrr
rr

r

w

j
w

j
w         (3) 

ʫ ʙʝʟʨʦʟʤʽʨʥʠʭ ʟʤʽʥʥʠʭ  

             W= /),(),( wx kMKm
rr

;      W-= /)( Ewx ;   

                        W= mkK 2/
r
h

r
;         W= mqQ 2/

r
h

r
                   (4) 

ʪʘ  ʫ ʩʬʝʨʠʯʥʽʡ  ʩʠʩʪʝʤʽ  ʢʦʦʨʜʠʥʘʪ ʽʟ ʟʘʤʽʥʦʶ  x=qcos  ʤʘʪʠʤʝ 
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 ʚʠʛʣʷʜ 

                    ññ
¤

-
+

=
0

1

1

)1(

2
),,(

),(
haxp

a
x

iKf

dQ
dxKm r

r
,           (5) 

ʜʝ               
.

2

2

2

)2(1),,(

22

22

22

x

a

xax

-

+-

+-
+

++---=

QKQxK
arctg

QKQxK

QKQxKKf
r

        (6) 

ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʥʩʪʘʥʪʠ a  

ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ W+¢¢ 2EE w  ʜʣʷ 0̧K
r

 ʪʘ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ 

W+¢¢ 3EE w  ʜʣʷ  0=K
r

. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʷʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʡʩʥʦʾ 
)1(

2Rem  ʪʘ ʫʷʚʥʦʾ 

)1(

2Imm ʯʘʩʪʠʥ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ (5) ʷʢ ʬʫʥʢʮʽʡ ʝʥʝʨʛʽʾ ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʫ ʚʢʘʟʘʥʠʭ ʦʙʣʘʩʪʷʭ. 

ɿʘʣʝʞʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʚʽʜ x ʜʣʷ 0̧K
r

 ʧʨʠ 1,0=a  

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1.  
 

   

 

 

 

 

 

 

 

 

 

                                                            ʈʠʩ. 1 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʢʘʯ ʄ.ɺ., ʉʝʪʽ ʖ.ʆ., ɺʦʡʮʝʭʽʚʩʴʢʘ ʆ.ʄ. ʂʚʘʟʽʯʘʩʪʠʥʢʠ ʫ ʥʘʥʦ-

ʩʠʩʪʝʤʘʭ. ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʜʨʦʪʠ ʽ ʧʣʽʚʢʠ. ʏʝʨʥʽʚʮʽ: ʂʥʠʛʠ ï ʍʍɯ, 

2015. 
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ʆʣʝʢʩʽʡ ɹʦʥʜʘʨʝʚ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɺ.ɸʥʛʝʣʴʩʴʢʠʡ 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʄʶʣʣʝʨʘ 

 
ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘ ʧʽʜʩʪʘʚʽ ʨʷʜʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [1] ʦʧʠʩʘʥʽ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʯʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʪʣʦʨʦʟʩʽʶʶʯʠʭ 

ʯʘʩʪʠʥʦʢ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʄʶʣʣʝʨʘ. 
ʆʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

Å ʣʘʪʝʢʩʥʽ ʨʦʟʯʠʥʠ (ʩʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ); 

Å ʬʦʪʦʝʤʫʣʴʩʽʾ, ʱʦ ʤʽʩʪʷʪʴ ʥʝʩʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ AgBr; 
Å ʪʦʥʢʽ ʰʘʨʠ ʥʝʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ 

ʦʨʽʻʥʪʘʮʽʾ; 

Å ʧʦʣʽʤʝʨʥʽ ʧʣʽʚʢʠ; 
Å ʤʝʪʘʣʽʟʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ; 

Å ʪʦʥʢʽ ʰʘʨʠ ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʠʭ ʥʝʤʘʪʠʯʥʠʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ 

(ʅʈʂ). 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʝʥʪʨʽʚ 
ʨʦʟʩʽʶʚʘʥʥʷ ʜʠʩʧʝʨʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʫʤʦʚʠ: 

1) ɽʢʚʽʚʘʣʝʥʪʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʫʪʦʤ 

ʨʦʟʩʽʶʚʘʥʥʷ Ŭ , ʧʨʠ ʷʢʦʤʫ ʢʦʤʧʦʥʝʥʪʘ 33f = 0 ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ƅ 12f ƅ (ʜʣʷ ʽʟʦʪʨʦʧʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʚ ʦʙʣʘʩʪʽ ʢʫʪʽʚ, 

ʙʣʠʟʴʢʠʭ ʜʦ 90
0
-100

0
 ʛʨʘʜʫʩʽʚ. 

2) ʇʘʨʘʤʝʪʨ ʥʝʩʬʝʨʠʯʥʦʩʪʽ ʯʘʩʪʠʥʦʢ. 

ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʬʦʨʤʫ ʚʽʜʭʠʣʝʥʥʷ 

ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʙʫʜʝ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 
min

221 f-=D , 

ʷʢʝ ʚʠʤʽʨʶʻʪʴʩʷ ʧʨʠ ʢʫʪʘʭ ʨʦʟʩʽʶʚʘʥʥʷ Ŭ ʙʣʠʟʴʢʦ 100
0
-110

0
 

ʛʨʘʜʫʩʽʚ. ʍʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ ʻ ʟʙʽʣʴʰʝʥʥʷ 

ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ ʨʽʟʥʠʮʽ ʢʦʤʧʦʥʝʥʪ ƅ 33f - 44f ƅ ʧʨʠ ʢʫʪʘʭ 

ʨʦʟʩʽʷʥʥʷ Ŭ =160
0
-170

0
. ʅʝʩʬʝʨʠʯʥʽʩʪʴ ʪʘʢʦʞ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ 

ʧʦʨʫʰʝʥʥʽ ʢʦʨʝʣʷʮʽʾ ʢʦʤʧʦʥʝʥʪʘ ʩʠʤʝʪʨʽʾ 12f = 21f  ʽ 34f = 43f . 

3) ʉʪʫʧʽʥʴ ʦʨʽʻʥʪʘʮʽʾ ʯʘʩʪʠʥʦʢ (B). 
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ɭʜʠʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ, ʷʢʘ ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʢʫʪʘ ʦʨʽʻʥʪʘʮʽʾ 

ʯʘʩʪʠʥʦʢ ʽ ʚʝʣʠʯʠʥʦʶ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʨ, ʻ ʢʦʤʧʦʥʝʥʪʘ 

44f . ʊʘʙʣʠʮʷ ʤʽʩʪʠʪʴ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʽ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʤʦʜʝʣʽ ʰʘʨʽʚ ʽ ʢʫʪʘ ʨʦʟʩʽʶʚʘʥʥʷ Ŭ = 0
0
. 

4) ʄʝʪʘʣʽʟʦʚʘʥʽ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ. 

ʆʨʽʻʥʪʘʮʽʷ ʯʘʩʪʠʥʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʧʘʨʘʣʝʣʴʥʘ ʧʣʦʱʠʥʽ 
ʨʦʟʩʽʶʚʘʥʥʷ (ɗ=00, Ŭ=40

0
), ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʽ ʜʣʷ ʤʘʪʨʠʮʽ ʚʽʜʙʠʚʘʥʥʷ. ɺʽʜʤʽʥʥʦʩʪʽ ʚ 

ʟʥʘʯʝʥʥʷʭ 22f  (ɓ=20
0
, Ŭ=40

0
)  ʤʘʢʩʠʤʘʣʴʥʽ, ʢʦʣʠ ɗ=00 ʽ  Ŭ=90

0  
ʪʘ 

(
90

22

0

22 ff - ) = 0,85. 

 

f  ik 
The Orientation 

f 44, ïrandom 

value 

f13(f 31), ᴆ=45
0 

f 32(f  23),ᴆ=22,5
0
 

0,5 

  

The Form 

f 22, ᴆ = 0
0 

ȹ = (1 - f  22) 

 

  

The Orientation 

f 44, 

ᴆïrandom 

value  

The 

Absorbtion 

f 12, ᴆ = 0
0 

 

 

 

 

Anisotropy of 

the absorbtion 

f 14 (f 41),  

ᴆ = 45
0 

f 24 (f 42),  

ᴆ = 22,5
0 

 

Size on Ŭ 

at f 33 = f 44, 

ᴆ ï random 

value 

 

Anisotropy of 

the absorbtion 

 

f 14 (f 41),  

ᴆ = 45
0 

 

 

0             30 
 

 

 

-0,5 

60 90 
 

135 
Anisotropy of 

the absorbtion 

f 24 (f 42), 

ᴆ=22,5
0
 

Ŭ
0 

The 

Orientation 

f 13 (f 31), ᴆ=5
0
; 

f 32 (f 23), 

ᴆ=22,5
0 

-1,0 

 The form 

f 12 (max),  

ᴆ = 0
0 

 

 The Form 

 (f 33 - f  44),  

ᴆ = 90
0
 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Arkhelyuk A., Podkamen L. Polarization properties of volumetrical 

and surface scattering of optically heterogeneous media. SPIE. Proc. 

2007. V 6635. 
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ɼʝʥʠʩ ɹʦʥʜʘʨʝʥʢʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺ.ʄ. ʉʪʨʝʙʝʞʝʚ  

ʈʝʞʠʤʠ ʨʦʩʪʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ Cd1-xMn xTe ʪʘ CdSb, 

ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʨʦʟʧʠʣʝʥʥʷ 

 
 ʋ ʩʫʯʘʩʥʽʡ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʘʢʪʠʚʥʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘʥʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʷʢ ʩʫʮʽʣʴʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ, ʪʘʢ ʽ ʥʠʟʴʢʦʨʦʟʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʫ 
ʚʠʛʣʷʜʽ ʤʘʩʠʚʽʚ ʥʘʥʦʦʩʪʨʽʚʮʽʚ. ʇʨʠ ʤʘʣʽʡ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʧʦʩʪʽʡʥʠʭ ʛʨʘʪʢʠ ŭ Ò 2%, ʟʘ ʫʤʦʚʠ ʟʤʦʯʫʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ  

ʤʘʪʝʨʽʘʣʦʤ ʧʣʽʚʢʠ, ʥʘʨʦʱʫʻʪʴʩʷ ʩʫʮʽʣʴʥʠʡ ʰʘʨ, ʪʦʙʪʦ 
ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʝʞʠʤ ʨʦʩʪʫ ʌʨʘʥʢʘ ɺʘʥ ʜʝʨ ʄʝʨʚʝ (FM). ʇʨʠ 

ʟʥʘʯʥʽʡ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʛʨʘʪʦʢ ʥʘʨʦʱʫʶʪʴʩʷ ʤʘʩʠʚʠ 

ʪʨʠʚʠʤʽʨʥʠʭ ʦʩʪʨʽʚʮʽʚ, ʱʦ ʩʧʨʠʷʻ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʧʨʫʛ ʽ 

ʟʥʠʞʝʥʥʶ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ʝʧʽʪʘʢʩʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʋ ʨʝʞʠʤʽ 
ɺʦʣʤʝʨʘïɺʝʙʝʨʘ (V-W) ʦʩʪʨʽʚʮʽ ʨʦʩʪʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʧʽʜʢʣʘʜʮʽ, ʘ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ 

ʟʘʚʜʷʢʠ  ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʨʦʩʪʫ ʦʩʪʨʽʚʮʽʚ ʧʨʠ ʧʨʠʻʜʥʘʥʥʽ ʜʦ ʥʠʭ 
ʥʦʚʠʭ ʘʪʦʤʽʚ. ɺ ʨʝʞʠʤʽ ʨʦʩʪʫ ʉʪʨʘʥʩʴʢʦʛʦ ï ʂʨʘʩʪʘʥʦʚʘ (S-K) 

ʥʘ ʧʽʜʢʣʘʜʮʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʩʫʮʽʣʴʥʠʡ ʤʦʥʦʰʘʨ, 

ʟʚʝʨʭʫ ʥʘ ʥʴʦʤʫ ʬʦʨʤʫʶʪʴʩʷ ʪʨʠʚʠʤʽʨʥʽ ʦʩʪʨʽʚʮʽ. 
ʇʨʠ ʥʘʧʠʣʶʚʘʥʥʽ ʧʣʽʚʦʢ ʩʢʣʘʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʫ 

ʚʘʢʫʫʤʽ ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ʢʦʥʜʝʥʩʘʪʫ, 

ʦʩʢʽʣʴʢʠ ʚʠʭʽʜʥʘ ʨʝʯʦʚʠʥʘ ʜʠʩʦʮʽʶʻ ʥʘ ʢʦʤʧʦʥʝʥʪʠ. ʊʦʤʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ Cd1-xMnxTe ʽ CdSb ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ 
ʤʝʪʦʜ ɺʏ-ʢʘʪʦʜʥʦʛʦ ʨʦʟʧʦʨʦʰʝʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ Ar. ʎʝʡ ʤʝʪʦʜ 

ʤʝʥʰ ʯʫʪʣʠʚʠʡ ʜʦ ʨʽʟʥʠʮʽ ʧʘʨʮʽʘʣʴʥʠʭ ʪʠʩʢʽʚ ʧʘʨʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʢʣʘʜ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ.  ʇʨʠ ʮʴʦʤʫ 
ʤʦʨʬʦʣʦʛʽʷ ʽ ʩʪʨʫʢʪʫʨʘ ʧʣʽʚʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʨʝʞʠʤʦʤ 

ɺʏ-ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʦʙʨʘʥʦʾ ʧʽʜʢʣʘʜʢʠ. ʄʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 

Cd1-xMnxTe ʽ CdSb ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʤʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʾ 
ʝʣʝʢʪʨʦʥʥʦʾ (SEM) ʽ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ (AFM) ʤʽʢʨʦʩʢʦʧʽʾ.  

ʉʫʮʽʣʴʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʧʣʽʚʢʠ Cd1-xMnxTe (ʭ=0,05 ï 

0,35) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟʽ ʩʢʣʘ ʪʘ  ʥʘ 



22 

ʧʽʜʢʣʘʜʢʠ ʟ Cd1-xHgxTe (ʨʠʩ.1, ʘ, b; ʫʤʦʚʠ ʨʦʩʪʫ ʟʘ ʨʝʞʠʤʦʤ  

FM).  

ʉʠʩʪʝʤʠ ʦʩʪʨʽʚʮʽʚ Cd0,9Mn0,1Te ʪʘ Cd0,75Mn0,25Te ʦʪʨʠʤʫʚʘʣʠʩʷ 
ʧʨʠ ʦʩʘʜʞʝʥʥʽ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ ʰʘʨʫʚʘʪʦʛʦ ʢʨʠʩʪʘʣʘ In4Se3 (ʨʠʩ.1, 

c, d; ʫʤʦʚʠ ʨʦʩʪʫ ʟʘ ʨʝʞʠʤʦʤ V-W). ʇʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʘʭ 

ʥʘʨʦʱʫʚʘʣʠʩʷ ʚʧʦʨʷʜʢʦʚʘʥʽ ʤʘʩʠʚʠ ʦʩʪʨʽʚʮʽʚ Cd0,75Mn0,25Te ʥʘ 
ʩʢʦʣʘʭ (100) ʢʨʠʩʪʘʣʘ In4Se3. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʣʽʚʢʠ CdSb, 

ʦʩʘʜʞʝʥʽ ʥʘ ʧʽʜʢʣʘʜʢʠ ʟ In4Se3, ʥʘʨʦʱʫʚʘʣʠʩʷ ʩʫʮʽʣʴʥʠʤʠ, ʘ ʫ 

ʚʠʧʘʜʢʫ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘ ʩʢʦʣʠ (100) ʢʨʠʩʪʘʣʘ In4ʊe3 ʦʪʨʠʤʘʥʦ 

ʩʠʩʪʝʤʠ ʦʩʪʨʽʚʮʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʫ S-K.  
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
ʈʠʩ.1. ʄʦʨʬʦʣʦʛʽʷ ʩʫʮʽʣʴʥʦʾ (ʘ,b) ʪʘ ʦʩʪʨʽʚʢʦʚʦʾ (c,d) ʧʣʽʚʢʠ  

Cd1-xMnxTe: ʘ,c ï ʜʘʥʽ AFM; b,d ï ʜʘʥʽ SEM. 

 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʦʩʪʨʽʚʮʷʤʠ ʪʘ ʩʠʤʝʪʨʽʷ ʾʭ ʚʟʘʻʤʥʦʛʦ 
ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʽʞʦʩʪʨʽʚʢʦʚʦʶ ʚʟʘʻʤʦʜʽʻʶ ʟʘ 

ʨʘʭʫʥʦʢ ʧʨʦʥʠʢʥʝʥʥʷ ʫ ʧʽʜʢʣʘʜʢʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʦʣʷ ʧʨʫʞʥʠʭ 

ʥʘʧʨʫʛ, ʷʢʝ ʩʪʚʦʨʶʻʪʴʩʷ ʦʩʪʨʽʚʮʷʤʠ. ɺʧʦʨʷʜʢʦʚʘʥʽ ʤʘʩʠʚʠ 

ʦʩʪʨʽʚʮʽʚ Cd1-xHgxTe ʪʘ CdSb ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʧʨʠ 
ʩʪʚʦʨʝʥʥʽ ʤʝʪʦʜʦʤ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʘʢʪʠʚʥʠʭ ʦʩʪʨʽʚʢʦʚʠʭ 

ʦʙʣʘʩʪʝʡ ʚ ʝʣʝʤʝʥʪʘʭ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ. 

a) 

c) d) 

b) 
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ʉʪʝʧʘʥ ɹʨʠʯʢʘ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʜʝʢʦʥʚʦʣʶʮʽʾ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʩʤʫʛ 
ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʮʠʬʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʩʧʦʪʚʦʨʝʥʽ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʤʠʪʪʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʦʨʫʰʫʻʪʴʩʷ 

ʯʽʪʢʽʩʪʴ ʢʦʥʪʫʨʽʚ, ʩʤʫʛʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʯʘʩʪʢʦʚʦ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 
[1-2]. ʈʦʟʤʠʪʪʷ ʩʤʫʛ ʫʩʢʣʘʜʥʶʻ ʦʙʨʦʙʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʫʜʠʥ ʪʘ ʍ-

ʧʨʦʤʝʥʝʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʝʬʝʢʪʠʚʥʠʤ 
ʩʧʦʩʦʙʦʤ ʫʩʫʥʝʥʥʷ ʨʦʟʤʠʪʪʷ ʟʦʙʨʘʞʝʥʴ ʻ ʜʝʢʦʥʚʦʣʶʮʽʷ 

(ʦʧʝʨʘʮʽʷ, ʟʚʦʨʦʪʥʘ ʜʦ ʨʦʟʤʠʪʪʷ /ʢʦʥʚʦʣʶʮʽʾ/), ʟʦʢʨʝʤʘ 

ʤʝʪʦʜʘʤʠ ʚʽʥʝʨʽʚʩʴʢʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʤʝʪʦʜʦʤ ʈʽʯʘʨʜʩʦʥʘ-ʃʶʩʽ 

[1-2]. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʤʝʥʰʫʚʘʪʠ ʨʦʟʤʠʪʪʷ ʟʦʙʨʘʞʝʥʴ 
ʤʝʪʦʜʘʤʠ ʜʝʢʦʥʚʦʣʶʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʠʪʠ 

ʩʤʫʛʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʝʢʦʥʚʦʣʶʮʽʾ 

ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʥʘʥʘ ʚ ʩʠʩʪʝʤʽ Matlab [2]. 
ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ (ʩʧʦʪʚʦʨʝʥʝ) 

ʟʦʙʨʘʞʝʥʥʷ fn ʻ ʩʫʤʦʶ ʟʛʦʨʪʢʠ ʥʝʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ f ʟ 

ʬʫʥʢʮʽʻʶ ʨʦʟʩʽʶʚʘʥʥʷ ʪʦʯʢʠ  (ʌʈʊ) wP ʽ ʰʫʤʫ fN : 

NPn fwff +*= ,                  (1) 

ʜʝ   fn = fn (i, k), i = 1,..., M, k = 1,..., N; 

M, N ï ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʴ fn, f, fN; 

wP = wP (u, v), u = 1,..., Mw, v = 1,..., Nw; Mw, Nw ï ʨʦʟʤʽʨʠ ʌʈʊ wP. 
ʉʫʪʴ ʤʝʪʦʜʫ ʜʝʢʦʥʚʦʣʶʮʽʾ ʧʦʣʷʛʘʻ ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʟʦʙʨʘʞʝʥʥʷ 

gd, ʷʢʝ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʨʠʛʽʥʘʣʫ ʥʝʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ f, 

ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ fn. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ 
ʜʝʢʦʥʚʦʣʶʮʽʾ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʘʧʨʽʦʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ wP, ʘ 

ʪʘʢʦʞ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʰʫʤʫ fN. ɼʦ ʧʦʰʠʨʝʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʝʢʦʥʚʦʣʶʮʽʾ ʥʘʣʝʞʘʪʴ ʜʝʢʦʥʚʦʣʶʮʽʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʥʝʨʽʚʩʴʢʦʾ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʘʣʛʦʨʠʪʤ ʈʽʯʘʨʜʩʦʥʘ-ʃʶʩʽ [1]. 
ɺʽʥʝʨʽʚʩʴʢʘ ʬʽʣʴʪʨʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʤʽʥʽʤʽʟʘʮʽʾ ʩʝʨʝʜʥʴʦʾ 

ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ MSE ʤʽʞ ʦʙʯʠʩʣʝʥʠʤ gd ʪʘ ʝʪʘʣʦʥʥʠʤ f 

ʟʦʙʨʘʞʝʥʥʷʤʠ.  ʄʽʥʽʤʫʤ MSE ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʬʫʥʢʮʽʾ, ʷʢʘ ʚ 
ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ Gd: 
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ʜʝ   m, n ï ʥʦʤʝʨʠ ʧʨʦʩʪʦʨʦʚʠʭ ʯʘʩʪʦʪ; m = 1,..., M; n = 1,..., N; 
WP  ï ʬʫʥʢʮʽʷ ʨʦʟʩʽʶʚʘʥʥʷ ʪʦʯʢʠ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ; 

WP 
*
 ï ʢʦʤʧʣʝʢʩʥʝ ʩʧʨʷʞʝʥʥʷ WP; |WP|

2
 = WP

*
 Ĭ WP; 

NSR ï ʚʽʜʥʦʰʝʥʥʷ ʰʫʤʫ ʜʦ ʩʠʛʥʘʣʫ; 
Fn ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʩʧʦʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ fn. 

ɸʣʛʦʨʠʪʤ ʜʝʢʦʥʚʦʣʶʮʽʾ ʈʽʯʘʨʜʩʦʥʘ-ʃʶʩʽ ʧʦʣʷʛʘʻ ʚ 

ʽʪʝʨʘʮʽʡʥʦʤʫ ʫʪʦʯʥʝʥʥʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ gd ʟʘ ʤʝʪʦʜʦʤ 
ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. ʗʢ ʧʝʨʰʝ ʥʘʙʣʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ 

gd ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ fn, ʷʢʝ ʫʪʦʯʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ gd (t)  ï ʦʮ̔ʥʢʘ ʨʽʰʝʥʥʷ gd ʥʘ t-ʡ ʽʪʝʨʘʮʽʾ; 

wP
*
 ï ʢʦʤʧʣʝʢʩʥʝ ʩʧʨʷʞʝʥʥʷ wP; i = 1,..., M, k = 1,..., N. 

ʋ ʚʠʧʘʜʢʫ ʜʝʢʦʥʚʦʣʶʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟʽ ʩʤʫʛʦʧʦʜʽʙʥʠʤʠ 

ʦʙôʻʢʪʘʤʠ ʽʩʥʫʻ ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʘʥʽʟʦʪʨʦʧʽʶ ʪʘʢʠʭ 

ʟʦʙʨʘʞʝʥʴ. ʊʦʤʫ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʩʤʫʛ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʷʢ 
ʌʈʊ ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʦʟʧʦʜʽʣ ɻʘʫʩʘ:    
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ʜʝ u, v ï ʢʦʦʨʜʠʥʘʪʠ ʝʣʝʤʝʥʪʽʚ ʷʜʨʘ wP; u = 1,..., Mw,  v = 1,..., Nw; 
uC, vC ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʷʜʨʘ; 

ůw1 ï ʉʂɺ ʷʜʨʘ wP ʚʟʜʦʚʞ ʛʦʣʦʚʥʦʾ ʦʩʽ ʨʦʟʧʦʜʽʣʫ; 

ůw2 ï ʉʂɺ ʷʜʨʘ wP ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʛʦʣʦʚʥʦʾ ʦʩʽ; 

a, b, c, d ï ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʥʘʧʨʷʤ ʨʦʟʧʦʜʽʣʫ Ŭ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʜʣʷ 

ʜʝʢʦʥʚʦʣʶʮʽʾ ʟʦʙʨʘʞʝʥʴ ʩʤʫʛ, ʷʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʠʪʪʷ ʦʧʪʠʯʥʠʭ, ʍ-ʧʨʦʤʝʥʝʚʠʭ ʪʘ ʽʥʰʠʭ ʪʠʧʽʚ 
ʟʦʙʨʘʞʝʥʴ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ɹʝʡʪʩ ʈ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ / ʈ. ɹʝʡʪʩ, 
ʄ. ʄʘʢ-ɼʦʥʥʝʣʣ. ï ʄ.: ʄʠʨ, 1989. ï 336 ʩ. 

2. ɻʦʥʩʘʣʝʩ ʈ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʨʝʜʝ MATLAB  / 

ʈ. ɻʦʥʩʘʣʝʩ, ʈ. ɺʫʜʩ, ʉ. ʕʜʜʠʥʩ. ï ʄ. : ʊʝʭʥʦʩʬʝʨʘ, 2006. ï 616 ʩ. 
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ɸʣʦɹʥʘ ɺʘʣʷʚʩʴʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʽʡʥʠʯ-ʃʠʩʶʢ ɸ.ɺ. 

ɺʠʚʯʝʥʥʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʦʤ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ 

ɺʽʜʢʨʠʪʠʤʠ ʩʠʩʪʝʤʘʤʠ  ʥʘʟʠʚʘʶʪʴ  ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ, 

ʷʢʽ ʦʙʤʽʥʶʶʪʴʩʷ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤʠ ʪʽʣʘʤʠ (ʩʝʨʝʜʦʚʠʱʝʤ) 

ʨʝʯʦʚʠʥʦʶ, ʝʥʝʨʛʽʻʶ, ʽʤʧʫʣʴʩʦʤ ʽ, ʱʦ ʥʝ ʤʝʥʰ ʮʽʢʘʚʦ, 
ʽʥʬʦʨʤʘʮʽʻʶ [1]. ʆʙʤʽʥ ʝʥʝʨʛʽʻʶ ʥʘʟʠʚʘʶʪʴ ʜʠʩʠʧʘʮʽʻʶ. ʋ 

ʟʘʤʢʥʝʥʠʭ ʩʠʩʪʝʤʘʭ ʜʠʩʠʧʘʮʽʷ ʝʥʝʨʛʽʾ ʚʝʜʝ ʣʠʰʝ ʜʦ ʟʛʘʩʘʥʥʷ 

ʨʽʟʥʦʛʦ ʨʦʜʫ ʨʫʭʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʫ ʪʝʧʣʦʚʫ, ʚʪʨʘʪʠ  
ʽʥʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʜʦ ʜʝʛʨʘʜʘʮʽʾ. ʋ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ, ʟʘʚʜʷʢʠ 

ʾʭ ʩʢʣʘʜʥʦʩʪʽ, ʦʢʨʽʤ ʜʝʛʨʘʜʘʮʽʾ, ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥʷ ʨʽʟʥʦʛʦ ʨʦʜʫ 

ʩʪʨʫʢʪʫʨ (ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ). ɼʠʩʠʧʘʮʽʷ ʝʥʝʨʛʽʾ ʚʽʜʽʛʨʘʻ ʧʨʠ 

ʫʪʚʦʨʝʥʥʽ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʨʦʣʴ. ɯʣʣʷ ʇʨʠʛʦʞʠʥ 
ʥʘʟʚʘʚ ʾʭ "ʜʠʩʠʧʘʪʠʚʥʽ ʩʪʨʫʢʪʫʨʠ" [2, ʩʪ. 56]. ʊʘʢʝ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʻʜʥʫʻ ʚʩʽ ʚʠʜʠ ʩʪʨʫʢʪʫʨ: ʯʘʩʦʚʽ, ʧʨʦʩʪʦʨʦʚʽ ʡ, ʥʘʨʝʰʪʽ, 

ʥʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ. ʋʩʽ ʮʽ ʩʪʨʫʢʪʫʨʠ ʻ 
ʜʠʥʘʤʽʯʥʠʤʠ, ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʧʨʠʧʣʠʚʦʤ ʝʥʝʨʛʽʾ, ʨʝʯʦʚʠʥʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʾ ʟʟʦʚʥʽ, ʯʝʨʝʟ ʢʦʨʜʦʥʠ ʩʠʩʪʝʤ,  ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʣʘʩʪʠʚʠʤʠ ʾʤ ʢʦʣʝʢʪʠʚʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʨʘʜʠʢʘʣʴʥʦ 
ʟʤʽʥʶʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ  ʧʨʠ 

ʜʦʩʷʛʥʝʥʥʽ ʧʘʨʘʤʝʪʨʦʤ ʢʝʨʫʚʘʥʥʷ ʜʝʷʢʦʛʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ɼʦʩʣʽʜʞʫʚʘʪʠ ʷʚʠʱʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ ʤʦʞʥʘ ʨʽʟʥʠʤʠ 

ʤʝʪʦʜʘʤʠ: ʭʽʤʽʯʥʠʤʠ, ʬʽʟʠʯʥʠʤʠ, ʙʽʦʣʦʛʽʯʥʠʤʠ. ʆʜʥʘʢ, 

ʷʢʱʦ ʤʦʚʘ  ʡʜʝ ʧʨʦ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʪʽʣ, ʪʦ ʚ 

ʥʠʭ, ʟʘʟʚʠʯʘʡ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ (ʚʘʢʘʥʩʽʡ, ʘʪʦʤʽʚ ʜʦʤʽʰʦʢ, ʾʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʜʠʩʣʦʢʘʮʽʡ ʪʘ ʜʠʩʣʦʢʘʮʽʡʥʠʭ ʘʪʤʦʩʬʝʨ ʪʦʱʦ). 

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ ʫʪʚʦʨʝʥʥʷ ʽ 

ʝʚʦʣʶʮʽʾ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʩʪʘʚ ʤʝʪʦʜ ʜʠʩʠʧʘʮʽʾ ʧʨʫʞʥʦʾ 

ʝʥʝʨʛʽʾ (ʤʝʪʦʜ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ (ɺʊ)), ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʠʚʯʘʪʠ ʫʪʚʦʨʝʥʥʷ ʪʘ ʝʚʦʣʶʮʽʶ ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ  

ʜʝʬʝʢʪʥʠʭ ʩʪʨʫʢʪʫʨ ʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʷʢ ʫ 

ʧʨʦʩʪʦʨʽ, ʪʘʢ ʽ ʚ ʯʘʩʽ. 
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ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʚʯʘʣʠ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʽ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʪʝʨʪʷ ʥʘ ʤʦʜʝʣʴʥʠʭ ʩʧʣʘʚʘʭ Al-0,001%Cu ʟ ʤʝʪʦʶ 

ʚʩʪʘʥʦʚʣʝʥʥʷ  ʚʧʣʠʚʫ ʩʪʫʧʝʥ ̫ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʜʝʬʝʢʪʥʠʭ 

ʩʠʩʪʝʤ ʥʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ  ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ 

ʪʘʢ. 

¶ ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʦʩʮʠʣʷʮʽʡ ʥʘ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ɺʊ 
(ʏɿɺʊ) ʥʝʦʙʭʽʜʥʝ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʚ ʦʢʦʣʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʜʝʥʩʘʮʽʾ ʜʠʩʣʦʢʘʮʽʡʥʦʾ ʘʪʤʦʩʬʝʨʠ; 

¶ ʉʪʘʨʽʥʥʷ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʧʨʦʜʦʚʞ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ (ʜʦ 5Ö10
3
ʛʦʜʠʥ) ʧʨʠʚʦʜʠʪʴ ʜʦ ʦʩʽʜʘʥʥʷ 

ʜʦʤʽʰʦʢ ʥʘ  ʜʠʩʣʦʢʘʮʽʾ (ʜʦʚʞʠʥʘ ʜʠʩʣʦʢʘʮʽʡʥʠʭ 

ʚʽʜʨʽʟʢʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 9,9Ö 10
-7
ʤ ʜʦ 1,4Ö10

-7
ʤ) ʽ ʜʦ 

ʟʥʠʢʥʝʥʥʷ ʦʩʮʠʣʷʮʽʡ ʥʘ ʢʨʠʚʠʭ ʏɿɺʊ (ʨʠʩ.1, ʢʨ.3)  
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ʈʠʩ. 1. ʆʩʮʠʣʷʮʽʾ ʥʘ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ɺʊ ʫ ʩʧʣʘʚʽ Al-0,001%Cu ʧʽʩʣʷ 

ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʟʨʘʟʢʽʚ (ʮʠʬʨʠ ʙʽʣʷ ʢʨʠʚʠʭ ï ʯʘʩ ʧʽʩʣʷ ʦʩʪʘʥʥʴʦʛʦ 
ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ, ʫ ʛʦʜʠʥʘʭ) 

¶ ɺʠʟʥʘʯʝʥʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʢʝʨʫʚʘʥʥʷ ʫ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʘʭ:  gʥ = 5Ö10
-5
, ʚʧʨʦʜʦʚʞ tʥ = 3 ʭʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  ʂʣʠʤʦʥʪʦʚʠʯ ʖ.ʃ.. ɺʚʝʜʝʥʠʝ ʚ ʬʠʟʠʢʫ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ / ʖ.ʃ. 

ʂʣʠʤʦʥʪʦʚʠʯ  ʄ.: ʗʥʫʩ-ʂ, 2002. 284ʩ. 

2. ʇʨʠʛʦʞʠʥ ʀ., ʉʪʝʥʛʝʨʩ ʀ. ʇʦʨʷʜʦʢ ʠʟ ʭʘʦʩʘ: ʧʝʨ. ʩ ʘʥʛʣ. ʄ.: 

ʇʨʦʛʨʝʩʩ, 1989. 431 ʩ. 
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ɼʘʥʠʣʦ ɺʘʩʝʣʝʥʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ. ɺ. 

 

ʎʠʬʨʦʚʠʡ ʬʘʟʦʤʝʪʨ 
ʌʘʟʦʤʝʪʨʘʤʠ ʥʘʟʠʚʘʪʁʴʩʷ ʝʣʝʢʪʨʦʚʠʤʽʨʶʚʘʣʴʥ ̔ ʧʨʠʣʘʜʠ, 

ʬʫʥʢʮʽʷ ʷʢʠʭ - ʚʠʤʽʨ ʢʫʪʘ ʟʩʫʚʫ ʬʘʟ ʤʽʞ ʜʚʦʤʘ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʢʦʣʠʚʘʥʥʷʤʠ ʧʦʩʪʽʡʥʦʾ ʯʘʩʪʦʪʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʘʟʦʤʝʪʨʘ ʤʦʞʥʘ 

ʚʠʤʽʨʷʪʠ, ʥʘʧʨʠʢʣʘʜ, ʚʝʣʠʯʠʥʫ ʨʽʟʥʠʮʽ ʬʘʟ ʫ ʤʝʨʝʞʽ ʪʨʠʬʘʟʥʦʾ 
ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ. ʅʘʡʯʘʩʪʽʰʝ ʬʘʟʦʤʝʪʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʢʦʩʠʥʫʩʘ ű, ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ʊʘʢ, ʬʘʟʦʤʝʪʨʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ, ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ 

ʘʧʘʨʘʪʽʚ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʮʠʬʨʦʚʠʡ ʬʘʟʦʤʝʪʨ ʧʦʚʠʥʝʥ ʚʠʤʽʨʶʚʘʪʠ 
ʨʽʟʥʠʮʶ ʬʘʟ ʤʽʞ ʜʚʦʤʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʚʘʯ ʩʠʛʥʘʣʫ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ. ʅʘ ʨʠʩ. 

1 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʬʦʨʤʫʚʘʯʘ 

ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʧʨʠʥʮʠʧʦʚʘ ʬʦʨʤʫʚʘʯʘ ʧʨʷʤʦʢʫʪʥʠʭ 

ʽʤʧʫʣʴʩʽʚ 
ɽʣʝʤʝʥʪ R1, VD1 ʪʘ VD2 ʫʪʚʦʨʶʶʪʴ ʩʭʝʤʫ ʟʘʭʠʩʪʫ 

ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʚʝʣʠʢʠʭ 

ʨʽʚʥʷʭ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʝʣʠʯʠʥʘ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ  R1 ʤʦʞʝ 
ʙʫʪʠ ʟʥʘʡʜʝʥʘ ʟʘ ʬʦʨʤʫʣʦʶ 

ʆʧʦʨʠ ʨʝʟʠʩʪʦʨʽʚ R2 ʪʘ R3 ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ʆʩʢʽʣʴʢʠ 

ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ (AD8099) ʚʚʽʤʢʥʝʥʠʡ ʟʘ ʩʭʝʤʦʶ 
ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ, ʪʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ 
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ʧʽʜʩʠʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʚʠʨʘʟʫ ʜʣʷ ʥʝʽʥʚʝʨʪʫʶʯʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ. 

ɽʣʝʤʝʥʪʠ R4, VD3é. VD8 ʫʪʚʦʨʶʶʪʴ ʩʭʝʤʫ ʟʘʭʠʩʪʫ 
ʦʧʝʨʘʮʽʡʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚʽʜ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʘ ʩʪʨʫʤʦʤ ʧʨʠ 

ʚʝʣʠʢʠʭ ʨʽʚʥʷʭ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʢʘʟʘʥʽ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʦʨʤʦʚʘʥʫ ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʚʝʣʠʯʠʥʫ ʚʠʭʽʜʥʦʛʦ 
ʩʠʛʥʘʣʫ ʬʦʨʤʫʚʘʯʘ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ɺʝʣʠʯʠʥʘ ʦʧʦʨʫ ʨʝʟʠʩʪʦʨʘ R4 ʟʥʘʭʦʜʠʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʟ ʜʚʦʭ 

ʫʤʦʚ, ʘ ʩʘʤʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʩʪʨʫʤʽʚ ʜʣʷ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʪʘ ʜʽʦʜʽʚ ʫʚʽʤʢʥʝʥʠʭ ʫ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ. ɿ ʜʚʦʭ 
ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʚʠʙʠʨʘʻʤʦ ʙʽʣʴʰʫ 

ʋ ʩʭʝʤʽ ʬʦʨʤʫʚʘʯʘ ʚʩʽ ʜʽʦʜʠ ʤʘʨʢʠ ɼ9ʂ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʬʘʟ 
ʚ ʦʜʠʥ ʛʨʘʜʫʩ 1Á ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʬʨʦʥʪ ʪʘ ʟʨʽʟ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 

ʬʦʨʤʫʚʘʯʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʧʝʚʥʦʶ ʢʨʫʪʠʟʥʦʶ. ʄʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʦʶ ʻ ʫʤʦʚʘ, ʢʦʣʠ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʧʽʜʩʠʣʶʚʘʯʘ 

ʬʦʨʤʫʚʘʯʘ ʜʦʩʷʛʘʻ 4ɺ ʧʨʠ ɤt = ű = 1Á. ʆʪʞʝ 

 
ʆʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʶ ʦʙʨʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʬʘʟʠ ʢʦʣʠʚʘʥʥʷ ʚʽʜ ʧʨʦʤʽʞʢʫ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʚʦʥʘ ʟʜʽʡʩʥʶʻʪʴʩʷ.  

 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʮʽ ʬʘʟ                            Ñ1

0 
;
 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ                                                      Ñ 14 ɺ;  

ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʧʦʞʠʚʘʥʠʡ ʩʪʨʫʤ                           50 ʤɸ; 
ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ:                                                      4Ĭ10 ʩʤ

2
; 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ ʧʨʠʩʪʨʦʶ:                                 ~ 0,3 ʢʛ.    

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. http://electricalschool.info/spravochnik/izmeren/1764-fazometry-

naznachenie-vidy-ustrojjstvo.html 
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ɹʦʛʜʘʥ ɺʘʩʢʘʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄ.ɺ. ʊʘʣʘʭ 

 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ ʨʦʟʚô̫ ʟʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʩʠʥʪʝʟʫ ʜʘʥʠʭ 

 
ɺʘʞʢʽ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʛʝʥʝʨʫʶʪʴ ʚʝʣʠʯʝʟʥʽ ʦʙʩʷʛʠ ʜʘʥʠʭ 
ʚʽʜ  ʜʘʪʯʠʢʽʚ, ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʧʦʨʫʰʝʥʴ ʽ ʟʜʽʡʩʥʝʥʥʷ ʟʘʧʠʩʽʚ 

ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʪʘ ʩʪʘʪʠʩʪʠʢʠ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʇʨʦʪʝ ʯʝʨʝʟ ʬʽʟʠʯʥʦ ʚʽʜʦʢʨʝʤʣʝʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʪʘ, ʥʘ 

ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʥʝʩʫʤʽʩʥʝ ʨʦʟʤʘʾʪʪʷ ʜʘʥʠʭ, ʧʨʦʤʠʩʣʦʚʽ ʣʽʜʝʨʠ ʚ 
ʮʠʭ ʩʬʝʨʘʭ ʩʪʠʢʘʶʪʴʩʷ ʟ ʥʝʘʙʠʷʢʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʱʦʙ ʮʽʣʽʩʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʟʜʦʙʫʪʽ ʜʘʥʽ. ɸ ʧʨʦʧʦʟʠʮʽʾ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʠʭ ʟʘʜʘʯ 

ʥʝ ʜʘʶʪʴ ʯʽʪʢʦʛʦ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʣʽʧʰʝʥʥʷ ʩʠʪʫʘʮʽʾ. ʏʝʨʝʟ ʮʝ 
ʚʪʨʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʥʘʧʨʷʤʣʝʥʦʛʦ, ʟʨʦʟʫʤʽʣʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʧʨʦʝʢʪʽʚ. 

 
ɼʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʽ ʚ ʨʷʜʽ ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ ï 

ʘʨʭʽʚʥʠʭ ʟʘʧʠʩʽʚ , ʙʘʟ ʜʘʥʠʭ, ʣʦʢʘʣʴʥʦ ʥʘ ʥʦʫʪʙʫʢʘʭ ʽ ʥʘʚʽʪʴ ʥʘ 

ʙʦʨʪʫ ʙʫʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʘʙʦ ʢʦʨʘʙʣʷ - ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʜʣʷ 

ʯʦʛʦ ʚʦʥʠ ʪʨʘʜʠʮʽʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʎʝ ʫʩʢʣʘʜʥʶʻ 
ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʚ ʤʘʩʰʪʘʙʘʭ ʽ ʟʤʫʰʫʻ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʧʨʦʮʝʩ ʙʫʪʠ ʫʥʽʢʘʣʴʥʠʤ ʽ ʥʝʟʘʣʝʞʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʢʦʞʥʦʛʦ 

ʘʥʘʣʽʟʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʥʦʟʥʫ ʤʦʜʝʣʴ 
ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʪʦʢʽʚ ʥʘ ʢʦʤʧʨʝʩʦʨʽ, ʽʥʞʝʥʝʨʫ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʚʽʜʩʦʨʪʫʚʘʪʠ ʜʽʘʛʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʧʠʩʢʠ 

ʜʘʪʯʠʢʽʚ, ʱʦʙ ʟʥʘʡʪʠ ʚʩʽ ʚʽʜʧʦʚʽʜʥʽ ʜʘʪʯʠʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʮʠʤ 

ʢʦʤʧʨʝʩʦʨʦʤ (ʽ ʦʙʣʘʜʥʘʥʥʷ, ʨʦʟʪʘʰʦʚʘʥʝ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʠʱʝ ʽ 
ʥʠʞʯʝ). ɼʘʣʽ ʡʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʛʣʷʥʫʪʠ ʪʠʩʷʯʽ ʪʝʢʩʪʦʚʠʭ 

ʟʘʧʠʩʽʚ, ʱʦʙ ʟʥʘʡʪʠ, ʢʦʣʠ ʚʠʥʠʢʣʠ ʚʠʪʦʢʠ ʥʘ ʮʴʦʤʫ ʢʦʤʧʨʝʩʦʨʽ ʽ 

ʢʦʣʠ ʚʠʪʽʢ ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ. ʅʘ ʦʜʥʽʡ ʥʘʬʪʦʚʽʡ ʧʣʘʪʬʦʨʤʽ 
ʤʦʞʫʪʴ ʙʫʪʠ ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʧʦʪʦʢʦʚʠʭ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʨʝʛʫʣʷʨʥʦ 

ʧʨʦʪʦʢʦʣʶʶʪʴ  ʧʦʨʫʰʝʥʥʷ ʽ ʬʽʟʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʦʤʫ ʮʝʡ 

ʧʨʦʮʝʩ ʨʫʯʥʦʛʦ ʚʠʙʦʨʫ ʻ ʚʠʩʥʘʞʣʠʚʠʤ, ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʧʦʤʠʣʦʢ ʽ 
ʥʝ ʤʘʻ ʧʦʪʝʥʮ̔ ʘʣʫ. 
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ʄʦʞʣʠʚʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʜʘʥʠʭ ʟʘʜʘʯ ʻ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʪʘ ʟʚ'ʷʟʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. ʊʘʢʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʘʥʠʭ ʟʘ ʧʦʨʽʚʥʷʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ 
ʩʪʚʦʨʠʪʴ ʽʟ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ ʟʚôʷʟʘʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʙʽʥʘʮʽʶ ʟ ʥʝʢʦʥʪʨʦʣʴʚʘʥʠʭ ʪʘ 

ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʤʝʪʦʜʽʚ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ 
ʽʻʨʘʨʭʽʶ ʦʙʣʘʜʘʥʥʷ, ʽ ʧʦʟʥʘʯʠʪʠ ʚʩʽ ʜʦʚʽʣʴʥʽ ʪʝʢʩʪʦʚʽ ʧʦʜʽʾ ʚ 

ʩʧʝʮʠʬʽʯʥʠʡ ʩʧʦʩʽʙ ʷʢ ʩʠʛʥʘʣʠ ʧʨʦ ʧʦʤʠʣʢʠ ʽ ʧʨʠʡʥʷʪʽ ʜʽʾ. 

ʇʨʦʮʝʩ ʩʠʥʪʝʟʫ ʜʘʥʠʭ ʜʣʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

- PDF-mining: ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʷʢ ʦʙʣʘʜʥʘʥʥʷ ʚʟʘʻʤʦʜʽʻ ʪʘ ʩʪʚʦʨʶʻ ʟʥʘʯʫʱʽ 
ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ (ʥʘʧʨʠʢʣʘʜ, ʮʝʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʧʝʨʝʜ ʢʦʤʧʨʝʩʦʨʦʤ ʽ ʪʦʤʫ ʡʦʛʦ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʽʜʤʦʚ ʢʦʤʧʨʝʩʦʨʘ); 

- Mapping: ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʜʦʙʫʚʘʥʥʷ ʪʝʢʩʪʫ, ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ 

ʚʠʜʦʙʫʚʘʥʥʷ ʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, 

ʜʘʪʯʠʢʽʚ ʽ ʧʦʜʽʡ ʚ ʽʻʨʘʨʭʽʯʥʦʤʫ ʧʦʨʷʜʢʫ; 

- Event labeling: ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʜʦʙʫʚʘʥʥʷ ʪʝʢʩʪʫ, 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʚʠʜʦʙʫʚʘʥʥʷ ʪʝʤ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 
ʚʠʣʫʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʽʟ ʜʘʥʠʭ ʧʦʜʽʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘʙʦʨʽʚ 

ʜʘʥʠʭ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟ ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʤʝʪʦʜʽʚ 

ʥʘʚʯʘʥʥʷ ʧʽʜ ʥʘʛʣʷʜʦʤ; 

- Label prediction: ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʜʘʥʠʭ ʧʨʦ 

ʤʘʨʢʫʚʘʥʥʷ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʧʦʪʨʝʙʠ ʫ 
ʚʪʨʫʯʘʥʥʽ ʣʶʜʠʥʠ ʪʘ ʚʠʢʦʥʘʥʥʷ ʧʨʦʮʝʩʫ ʟ ʦʙʤʝʞʝʥʠʤ 

ʢʦʥʪʨʦʣʝʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɹʫʨʦʚʘ ʧʨʣʘʪʬʦʨʤʘ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://en.wikipedia.org/wiki/Oil_platform 
2. ɿʣʠʪʪʷ ʜʘʥʠʭ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://en.wikipedia.org/wiki /Data_fusion 

3. ʇʨʦʤʠʩʣʦʚʽ ʜʘʥʽ ʢʦʤʫʥʽʢʘʮʽʾ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://automation.isa.org/files/chapters/Industrial-Data-

Communications-Fifth-Edition-Chapter-2.pdf 

https://en.wikipedia.org/wiki/Oil_platform
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ʊʝʪʷʥʘ ɺʜʦʚʠʯʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʫʙʦʣʘʟʦʚ ʆ.ɺ. 
 

ɸʣʴʪʝʨʥʘʪʠʚʥʘ ʩʠʨʦʚʠʥʘ ʜʣʷ ʧʘʧʝʨʦʚʠʭ ʚʠʜʘʥʴ 
 

ɼʝʨʝʚʥʘ ʮʝʣʶʣʦʟʘ ʻ ʦʩʥʦʚʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʘʧʝʨʫ, ʭʦʯʘ ʟʘʤʽʩʪʴ ʥʝʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʽʥʰʽ 

ʚʠʜʠ ʨʦʩʣʠʥʥʦʛʦ ʚʦʣʦʢʥʘ. ʎʝʣʶʣʦʟʫ ʦʜʝʨʞʫʶʪʴ ʽʟ ʩʘʤʠʭ ʨʽʟʥʠʭ 
ʪʚʝʨʜʠʭ ʽ ʤ'ʷʢʠʭ ʣʽʩʦʚʠʭ ʧʦʨʽʜ: ʷʣʠʥʠ, ʩʦʩʥʠ, ʝʚʢʘʣʽʧʪʘ, ʪʦʧʦʣʽ, 

ʙʝʨʝʟʠ, ʢʘʰʪʘʥʘ ʪʘ ʽʥʰʠʭ ʜʝʨʝʚ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʙʫʜʝ ʥʘʚʝʜʝʥʦ 

ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʨʦʟʚôʷʟʘʥʥʷ  ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 
ʉʧʦʩʽʙ 1: ʇʝʨʝʨʦʙʢʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʘʧʝʨʫ. ʇʨʦʮʝʩ 

ʧʝʨʝʨʦʙʢʠ ʧʘʧʝʨʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘʡʯʘʩʪʽʰʝ ʚʢʣʶʯʘʻ ʟʤʽʰʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ/ʩʪʘʨʦʛʦ ʧʘʧʝʨʫ ʟ ʚʦʜʦʶ ʽ ʭʽʤʽʢʘʪʘʤʠ, ʱʦʙ 
ʧʦʜʨʽʙʥʠʪʠ ʡʦʛʦ. ɺʽʥ ʧʦʜʨʽʙʥʶʻʪʴʩʷ ʽ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʱʦʙ 

ʨʦʟʱʝʧʠʪʠ ʩʠʨʦʚʠʥʫ ʥʘ ʚʦʣʦʢʥʘ ʮʝʣʶʣʦʟʠ; ʦʪʨʠʤʘʥʘ ʩʫʤʽʰ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʫʣʴʧʦʶ ʘʙʦ ʩʫʩʧʝʥʟʽʻʶ. ɰʾ ʧʨʦʮʽʜʞʫʶʪʴ ʢʨʽʟʴ ʩʠʪʘ, 

ʷʢʽ ʚʠʜʘʣʷʶʪʴ ʟʘʣʠʰʢʠ ʢʣʝʶ ʘʙʦ ʧʣʘʩʪʤʘʩʠ (ʦʩʦʙʣʠʚʦ ʟ ʧʘʧʝʨʫ ʟ 
ʧʣʘʩʪʠʢʦʚʠʤ ʧʦʢʨʠʪʪʷʤ), ʷʢʽ ʤʦʞʫʪʴ ʟʘʣʠʰʘʪʠʩʷ ʚ ʩʫʤʽʰʽ ʧʽʩʣʷ 

ʦʯʠʱʝʥʥʷ, ʦʯʠʱʘʶʪʴ ʚʽʜ ʬʘʨʙʠ, ʙʽʣʠʣ ʽ ʜʘʣʽ ʟʤʽʰʫʶʪʴ ʟ ʚʦʜʦʶ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʚʠʨʦʙʣʷʪʠ ʥʦʚʠʡ ʧʝʨʝʨʦʙʣʝʥʠʡ ʧʘʧʽʨ. ɺʤʽʩʪ 
ʯʦʨʥʠʣ ʫ ʤʘʢʫʣʘʪʫʨʽ ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 2% ʚʽʜ ʚʘʛʠ [1]. 
ʇʝʨʝʨʦʙʢʘ ʦʜʥʽʻʾ ʪʦʥʥʠ ʛʘʟʝʪʥʦʛʦ ʧʘʧʝʨʫ ʝʢʦʥʦʤʠʪʴ ʜʦ 1 ʪʦʥʥʠ 

ʜʝʨʝʚʠʥʠ, ʧʨʠ ʧʝʨʝʨʦʙʮʽ 1 ʪʦʥʥʠ ʜʨʫʢʦʚʘʥʦʛʦ ʘʙʦ 

ʢʦʧʽʶʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ ʟʙʝʨʽʛʘʻ ʪʨʦʭʠ ʙʽʣʴʰʝ 2 ʪʦʥʥ ʜʝʨʝʚʠʥʠ. 
ʉʧʦʩʽʙ 2: ɽʚʢʘʣʽʧʪʦʚʘ ʮʝʣʶʣʦʟʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʚʢʘʣʽʧʪʦʚʦʾ 

ʮʝʣʶʣʦʟʠ, ʦʢʨʽʤ ʝʢʦʥʦʤʽʯʥʠʭ, ʤʘʻ ʪʘʢʦʞ ʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ, 

ʘʜʞʝ ʰʚʠʜʢʠʡ ʨʽʩʪ ʜʝʨʝʚ ʛʘʨʘʥʪʫʻ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ ʣʽʩʽʚ: 
ʝʚʢʘʣʽʧʪ ʥʘʣʝʞʠʪʴ ʜʦ ʰʚʠʜʢʦʨʦʩʣʠʭ, ʧʝʨʽʦʜ ʟʨʽʣʦʩʪʽ 

ʦʙʤʝʞʫʻʪʴʩʷ 5ï7 ʨʦʢʘʤʠ, ʚʽʥ ʣʝʛʢʦ ʧʨʠʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʙʫʜʴ-

ʷʢʠʭ ʚʠʜʽʚ ˇʨʫʥʪʫ ʪʘ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 
ʝʚʢʘʣʽʧʪʦʚʦʾ ʮʝʣʶʣʦʟʠ ʚ ʢʦʤʧʦʟʠʮʽʾ ʧʘʧʝʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ (ʨʫʡʥʽʚʥʦʛʦ ʟʫʩʠʣʣʷ). ʆʜʥʘʢ 

ʧʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʫʶʪʴʩʷ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʷʢ ʢʘʧʽʣʷʨʥʝ 

ʚʩʤʦʢʪʫʚʘʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟ ʜʚʦʭ ʥʘʧʨʷʤʽʚ ʽ ʧʫʭʢʽʩʪʴ ʧʘʧʝʨʫ, 
ʱʦ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʩʧʦʞʠʚʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʘʧʝʨʫ ʜʣʷ 

ɺʉɻʇ, ʘ ʩʘʤʝ ï ʡʦʛʦ ʚʙʠʨʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʤôʷʢʦʩʪʽ [2]. 

https://uk.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%81%D1%82%D0%BC%D0%B0%D1%81%D0%B8
https://uk.wikipedia.org/wiki/%D0%93%D0%B0%D0%B7%D0%B5%D1%82%D0%BD%D0%B8%D0%B9_%D0%BF%D0%B0%D0%BF%D1%96%D1%80


32 

ʉʧʦʩʽʙ 3: ʄʽʩʢʘʥʪʫʩ. ɺʯʝʥʽ ʟ ʤʽʩʪʘ ɹʽʡʩʴʢ (ɸʣʪʘʡʩʴʢʠʡ ʢʨʘʡ, 

ʈʦʩʽʷ) ʚʠʥʘʡʰʣʠ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʷʪʠ ʧʘʧʽʨ ʟ ʙʘʛʘʪʦʨʽʯʥʦʾ 

ʛʽʛʘʥʪʩʴʢʦʾ ʪʨʘʚʠ ʨʦʜʠʥʠ ʟʣʘʢʦʚʠʭ ï ʤʽʩʢʘʥʪʫʩʫ ʽ ʚʽʜʭʦʜʽʚ 
ʟʝʨʥʦʧʝʨʝʨʦʙʢʠ. ɺʠʩʦʢʘ ʚʨʦʞʘʡʥʽʩʪʴ, ʰʚʠʜʢʠʡ ʨʽʩʪ ʪʘ 

ʥʝʚʠʙʘʛʣʠʚʽʩʪʴ ʜʦ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʙʣʷʪʴ ʮʶ ʨʦʩʣʠʥʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʛʽʜʥʦʶ ʫ ʢʫʣʴʪʠʚʫʚʘʥʥʽ. ɼʦ ʪʦʛʦ ʞ ʧʨʦʪʷʛʦʤ 25 
ʨʦʢʽʚ ʟ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ ʛʽʛʘʥʪʩʴʢʦʾ ʪʨʘʚʠ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ 

ʤʘʡʞʝ 25 ʪ ʩʫʭʦʾ ʙʽʦʤʘʩʠ ʙʝʟ ʚʥʝʩʝʥʥʷ ʟʥʘʯʥʠʭ ʜʦʙʨʠʚ [3]. 

ʉʧʦʩʽʙ 4: ʇʘʧʽʨ ʟ ʦʧʘʣʦʛʦ ʣʠʩʪʷ. ɺʘʣʝʥʪʠʥ ʌʨʝʯʢʘ ʟ 

ɿʘʢʘʨʧʘʪʪʷ ʚʠʥʘʡʰʦʚ ʩʧʦʩʽʙ, ʷʢ ʧʝʨʝʨʦʙʣʷʪʠ ʦʧʘʣʝ ʣʠʩʪʷ ʚ 
ʧʘʧʽʨ. ʅʘ ʪʘʢʠʭ ʘʨʢʫʰʘʭ ʤʦʞʥʘ ʜʨʫʢʫʚʘʪʠ, ʧʠʩʘʪʠ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʧʽʨ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʢʫʚʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɿʘ ʧʽʜʨʘʭʫʥʢʘʤʠ ʭʣʦʧʮʷ, ʧʦʪʨʽʙʥʦ  1 ʪ 681 ʢʛ ʣʠʩʪʷ, ʱʦʙʠ 
ʚʠʜʽʣʠʪʠ ʯʠʩʪʫ ʮʝʣʶʣʦʟʫ. ɿ  1,681 ʪ ʚʠʭʦʜʠʪʴ 1 ʪ ʮʝʣʶʣʦʟʠ. 1 ʪ 

ʮʽʻʾ ʩʠʨʦʚʠʥʠ ʜʘʻ 20 ʪʠʩ ʘʨʢʫʰʽʚ ʧʘʧʝʨʫ ʬʦʨʤʘʪʫ ɸ4. 20 ʪʠʩ 

ʘʨʢʫʰʽʚ ð ʮʝ 40 ʫʧʘʢʦʚʦʢ ʧʦ 50 ʘʨʢʫʰʽʚ, ʷʢʽ ʟʘʟʚʠʯʘʡ 

ʧʨʦʜʘʶʪʴʩʷ ʚ ʤʘʛʘʟʠʥʽ.  
ʄʘʩʰʪʘʙʥʘ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ð ʮʝ ʣʶʜʠ 

ʥʘ ʚʘʞʢʽʡ ʪʝʭʥʽʮʽ, ʷʢʽ ʚʠʨʫʙʫʶʪʴ ʣʽʩʠ, ʚʘʥʪʘʞʘʪʴ ʪʘ ʜʦʚʦʟʷʪʴ ʜʦ 

ʬʘʙʨʠʢ [4]. 
ʋ ʥʘʰ ʯʘʩ ʻ ʙʝʟʣʽʯ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʮʝʣʶʣʦʟʠ, ʱʦ 

ʟʜʘʪʥʽ ʧʦʢʨʠʪʠ ʧʦʪʨʝʙʠ ʚʠʜʘʚʥʠʯʦ-ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʛʘʣʫʟʽ. 

ʇʨʠʚʝʨʥʝʥʥʷ ʜʦ ʥʠʭ ʫʚʘʛʠ ʧʽʜʧʨʠʻʤʮʽʚ ʤʘʻ ʩʪʘʪʠ ʦʜʥʠʤ ʽʟ 
ʧʨʽʦʨʠʪʝʪʽʚ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʰʦʾ 

ʧʣʘʥʝʪʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. McKinney  R.: Technology of Paper Recycling. 1995, p.351. 

2. ɽʚʢʘʣʽʧʪʦʚʘ ʮʝʣʶʣʦʟʘ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʩʠʨʦʚʠʥʘ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 
ʧʘʧʝʨʫ / ʃ. ɸʥʜʨʽʻʚʩʴʢʘ, ʊ. ɻʣʫʰʢʦʚʘ, ʃ. ʂʦʧʪʶʭ // ʊʦʚʘʨʠ ʽ ʨʠʥʢʠ. - 

2015.  ˉ 1. ʉ. 142ï148. 

3. https://ecotown.com.ua/news/Miskantus-mozhe-zaminyty-derevynu-u-

vyrobnytstvi-paperu/ 

4. https://nachasi.com/2018/05/23/valentyn-frechka-talk/ 
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ɺ̔ ʪʘʣʽʡ ɺʝʣʠʯʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɻ.ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʽ ʪʝʣʝʚʽʟʽʡʥʦʛʦ 

ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʨʘʥʫ ʟ ʚʽʜʝʦʢʘʤʝʨʦʶ 

     ɺʠʤʦʛʠ ʩʴʦʛʦʜʝʥʥʷ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʧʦʛʣʠʙʣʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʙʘʟʠ ʣʘʙʦʨʘʪʦʨʽʡ ʽ ʢʘʬʝʜʨ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, 
ʫʥʽʚʝʨʩʘʣʽʟʘʮʽʷ ʜʽʶʯʠʭ ʪʘ ʥʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʘʛʥʝʥʥʷ ʜʦ 

ʨʦʟʰʠʨʝʥʥʷ ʪʝʤʘʪʠʢʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ ʜʠʢʪʫʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʩʫʯʘʩʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʙ ʟʘʜʦʚʦʣʴʥʷʣʦ  ʚʢʘʟʘʥʽ ʚʠʱʝ ʚʠʤʦʛʠ. ʆʩʦʙʣʠʚʦ 

ʮʝ ʩʪʘʻ ʘʢʪʫʘʣʴʥʠʤ ʚ ʫʤʦʚʘʭ  ʦʙʤʝʞʝʥʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʧʨʠʣʘʜʽʚ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ, ʚʽʜʩʫʪʥʦʩʪʽ 
ʚʠʨʦʙʥʠʯʠʭ ʟʘʢʣʘʜʽʚ, ʷʢʽ ʙ ʟʘʡʤʘʣʠʩʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʘʦʯʥʦʛʦ 

ʧʨʠʣʘʜʜʷ ʜʣʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ.    

     ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʤʦʜʝʣʽ  

ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʨʘʥʘ. ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 
ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʨʦʟʨʦʙʣʝʥʦ. 

    ɿ ʤʝʪʦʶ ʝʢʦʥʦʤʽʾ ʤʝʪʘʣʫ, 

ʟʤʝʥʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʘʪʝʨʽʘʣʦʻʤʥʦʩʪʽ 
ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʧʽʜʭʦʜʽ ʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʦʤʠʡ 

ʧʨʠʥʮʠʧ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ [2 , ʩ. 246]. ʉʘʤʝ ʪʦʤʫ 
ʪʦʚʱʠʥʘ ʪʘ ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʧʨʦʬʽʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʧʫʩʫ ʩʪʨʽʣʠ ʢʨʘʥʘ, ʥʝ 
ʩʪʚʦʨʶʶʪʴ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʧʘʩʫ 

ʤʽʮʥʦʩʪʽ: ʟʛʽʜʥʦ ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ, 

ʢʦʨʧʫʩ ʧʦʚʠʥʝʥ ʧʨʦʛʠʥʘʪʠʩʴ ʥʘʚʽʪʴ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʚʣʘʩʥʦʾ 
ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ. ʑʦʙ ʧʦʜʦʣʘʪʠ ʮʝʡ ʥʝʜʦʣʽʢ, ʜʦ ʩʢʣʘʜʫ 

ʢʦʥʩʪʨʫʢʮʽʾ  ʚʚʝʜʝʥʦ 3 ʥʘʪʷʞʥʠʭ ʪʨʦʩʠ (ʨʠʩ.1): ʜʚʘ -  ʧʦ ʙʦʢʘʭ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʦʜʠʥ ï ʟʚʝʨʭʫ. ʅʘʪʷʛʥʝʥʥʷ ʮʠʭ ʪʨʦʩʽʚ ʤʦʞʣʠʚʦ 

ʨʝʛʫʣʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʠʤʠ  ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ 
ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚ ʢʦʨʧʫʩʽ ʢʨʘʥʫ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʘʥʥ ̫

ʪʘ ʷʢʽ ʢʦʤʧʝʥʩʫʶʪʴ ʚʠʥʠʢʘʶʯʽ ʚʥʘʩʣʽʜʦʢ ʚʣʘʩʥʦʾ ʚʘʛʠ ʪʘ 

ʈʠʩ.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʤʦʜʝʣʽ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ 

ʢʨʘʥʫ 
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ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʩʪʨʦʾʚ (ʚʽʜʝʦʢʘʤʝʨʘ, ʢʘʙʝʣʽ ʽ ʪ. ʽʥ.) ʥʘʧʨʫʞʝʥʴ 

ʟʛʠʥʫ.  ʂʨʽʤ ʪʦʛʦ, ʥʘʪʷʞʥʽ ʪʨʦʩʠ  ʟʙʽʣʴʰʫʶʪʴ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ 

ʢʦʨʧʫʩʫ ʢʨʘʥʘ ʚ ʛʦʣʦʚʥʠʭ ʮʝʥʪʨʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ ʽʥʝʨʮʽʾ, 
ʧʽʜʚʠʱʫʶʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʮʠʭ ʧʣʦʱʠʥʘʭ. ʎʽ ʪʨʦʩʠ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ çʛʘʩʠʪʠè ʢʦʣʠʚʘʥʥʷ ʩʪʨʽʣʠ ʢʦʨʧʫʩʫ ʢʨʘʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ, ʩʣʫʛʫʶʪʴ ʩʚʦʻʨʽʜʥʠʤ 
ʜʝʤʧʬʝʨʦʤ ʪʘ çʛʘʩʷʪʴè ʢʦʣʠʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 

     ʇʨʠ ʨʦʟʨʦʙʮʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʦʞ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ ʪʘʢ 

ʟʚʘʥʦʾ ʪʝʦʨʽʾ ʙʘʣʦʢ ʨʽʚʥʦʛʦ ʦʧʦʨʫ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʜʽʶʯʠʡ ʨʦʙʦʯʠʡ ʟʛʠʥʘʶʯʠʡ ʤʦʤʝʥʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜ ʢʽʥʮʷ 
ʢʦʥʩʦʣʽ ʜʦ ʾʾ ʧʝʨʝʨʽʟʫ, ʜʝ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘʢʨʽʧʣʝʥʥʷ. ʎʷ ʦʙʩʪʘʚʠʥʘ 

ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʝʨʝʨʽʟ ʢʦʨʧʫʩʫ ʢʨʘʥʘ ʥʝ ʦʜʥʘʢʦʚʠʤ ʧʦ 

ʚʩʽʡ ʜʦʚʞʠʥʽ, ʘ ʪʘʢʠʤ, ʱʦ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ʢʽʥʮʷ 
ʢʦʥʩʦʣʽ. ɺʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʦʣʝʛʰʠʪʠ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʫ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʫʩʪʘʥʦʚʢʠ, 

ʟʨʦʙʠʪʠ ʾʾ ʤʝʥʰ ʤʘʪʝʨʽʘʣʦʻʤʥʽʰʦ,ʁ ʜʝʰʝʚʦʶ.  

    ʈʦʙʦʪʘ ʤʦʜʝʣʽ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʨʘʥʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
ʥʘʷʚʥʽʩʪʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʫʚʘʪʠ 

ʧʦʚʦʨʦʪʠ ʚʽʜʝʦʢʘʤʝʨʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʠ ʥʘ Ñ90
0
, ʘ 

ʪʘʢʦʞ - ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚ ʜʽʘʧʘʟʦʥʽ 0 ï 90
0
. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ  çʥʫʣʴʦʚʦʛʦè, ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʧʦʨʥʦʾ 

ʧʣʦʱʘʜʢʠ ʚʽʜʝʦʢʘʤʝʨʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʧʘʥʪʦʛʨʘʬʘ, ʷʢʠʡ 

ʧʨʠ ʙʫʜ-ɹʷʢʠʭ ʧʦʚʦʨʦʪʘʭ ʩʪʨʽʣʠ ʢʨʘʥʘ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ 
ʩʪʘʙʽʣʽʟʫʻ ʾʾ ʧʦʣʦʞʝʥʥʷ ʯʽʪʢʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. 

    ʂʦʥʩʪʨʫʢʮʽʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʦʧʝʨʘʪʦʨʩʴʢʦʛʦ ʢʨʘʥʘ ʤʦʞʝ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʤʝʜʠʮʠʥʽ, ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʟʘ 

ʩʢʣʘʜʥʠʤʠ ʪʘ ʥʝ ʟʘʚʞʜʠ ʙʝʟʧʝʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ, 
ʘ ʪʘʢʦʞ  ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʨʠʩʫʪʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʥʝ ʻ ʙʘʞʘʥʦʶ ʘʙʦ ʚʟʘʛʘʣʽ  ʥʝʤʦʞʣʠʚʘ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʰʢʦʣʘ, 2004. 655 ʩ. 
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ɭʚʛʝʥʽʷ ɺʝʨʝʰʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

ʉʠʣʦʚʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ ʚ ʢʨʠʩʪʘʣʘʭ ʪʝʣʫʨʠʜʽʚ ʚʽʩʤʫʪʫ 

ʊʝʣʫʨʠʜ ʚʽʩʤʫʪʫ ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʤ ʩʝʨʝʜ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 
ʙʘʛʘʪʦʨʽʯʥʝ ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʨʷʜ 
ʧʠʪʘʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟôʷʩʦʚʘʥʠʤʠ, ʘ ʪʝʦʨʝʪʠʯʥʝ ʦʩʤʠʩʣʝʥʥʷ 
ʯʠʩʣʝʥʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʝʨʝʛʣʷʜʦʤ 
ʫʩʪʘʚʣʝʥʠʭ ʧʦʛʣʷʜʽʚ ʥʘ ʧʨʦʙʣʝʤʫ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ, 
ʚʽʜʢʨʠʪʠʤ, ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʨʦʟʚôʷʟʘʥʠʤʠ ʧʠʪʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 
ʟʚôʷʟʢʫ.  
ʉʘʤʝ ʪʦʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʰʣʷʭʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʩʠʣʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʽʚ 
ʚʽʩʤʫʪʫ ʻ ʘʢʪʫʘʣʴʥʠʤ. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ: ʦʩʚʦʾʪʠ 

ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʢʚʘʥʪʦʚʦ-ʭʽʤʽʯʥʠʭ ʤʦʜʝʣʝʡ ʤʽʞʘʪʦʤʥʦʾ 
ʚʟʘʻʤʦʜʽʾ ʪʘ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ 
ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ (ʅɻʆ), ʱʦ ʜʦʟʚʦʣʷʻ 
ʧʝʨʝʡʪʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ 
ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ [2]. 
ʋ ʪʘʙʣʠʮʽ ʥʘʚʝʜʝʥʦ ʝʬʝʢʪʠʚʥʽ ʨʘʜʽʫʩʠ, ʨʦʟʨʘʭʦʚʘʥʽ 

ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ. 
ʊʘʙʣʠʮʷ 

ɽʬʝʢʪʠʚʥʽ ʨʘʜʽʫʩʠ, ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ 

ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚ  Bi2Te3 

űi 

 
di, RU, Di 

ű1(Te1

-Te2) 

ű2(Bi- 

Bi) 

ű3 (Bi- 

Te1) 

ű4 (Bi-

Te2) 

ű5 (Bi-

Bi) 
ű6(Te1

-Te1) 

dj (¡) 2,88 3,1 3,12 3,22 3,5 3,57 

 (¡) - 1,55 1,847 1,906 1,75 - 

 (¡) 1,439 - 1,273 1,314 - 1,785 

Dj (eɺ) 2.393 2.577 2.27 2.198 2.283 1.929 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʫ ʅɻʆ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʨʘʟʫ 

, 

ʜʝ , ï ʨʘʜʽʫʩʠ ʘʪʦʤʽʚ ʫ ʥʝʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ;  

  ï ʩʬʝʨʠʯʥʽ ʨʘʜʽʫʩʠ; 

 ï ʪʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʣʦʛʘʨʠʬʤʘ  ʚʽʜ ʯʠʩʣʘ ʝʣʝʢʪʨʦʥʽʚ n ʥʘ ʦʨʙʽʪʘʣʷʭ ʘʪʦʤʽʚ; 

- ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ; 

C1 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʨʦʟʤʽʨʥʠʭ ʪʘ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʝʥʝʨʛʽʾ (ʝɺ);  

C2 ï ʚʽʜʦʙʨʘʞʘʻ ʪʠʧ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʽʣʴʢʽʩʥʠʡ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ( ). 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʩʧʦʯʘʪʢʫ 

ʧʦʨʽʚʥʷʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ  ʚ ʦʩʥʦʚʥʦʤʫ 

ʩʪʘʥʽ (ʝʥʝʨʛʽʶ ʌʝʨʤʽ) ʟ ʝʥʝʨʛʽʻʶ ʪʝʧʣʦʚʦʛʦ ʨʫʭʫ (KT=0,048 eɺ 

ʧʨʠ 500 K). ʊʦʤʫ ʪʝʧʣʦʚʝ ʟʙʫʜʞʝʥʥʷ ʤʦʞʝ ʣʠʰʝ ʥʝʟʥʘʯʥʦ 
ʟʤʽʥʠʪʠ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʧʦ ʝʥʝʨʛʽʷʭ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʦ 

ʤʦʞʝ ʩʫʪʪʻʚʦ  ʚʧʣʠʚʘʪʠ ʥʘ ʬʦʨʤʫ ʨʫʭʫ ʦʢʨʝʤʠʭ ʅɻʆ: ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 
ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʫʟʜʦʚʞ ʅɻʆ, ʘ ʮʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʷʚʠ ʧʨʝʮʝʩʽʡʥʦ-ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʦʢʨʝʤʠʭ ʅɻʆ ʷʢ ʮʽʣʦʛʦ ʽ 

ʧʨʠʟʚʦʜʠʪʠ ʷʢ ʜʦ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʪʘʢ ʽ ʜʦ ʬʘʟʦʚʠʭ 
ʧʝʨʝʭʦʜʽʚ.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʪʨʠʤʘʥʥʷ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ Bi-Te ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʥʘʙʦʨʦʤ 
ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʽʪʘʣʽʡ ɺʠʛʦʥʥʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʜʝʨʤʘʪʦʣʦʛʽʾ ʪʘ ʢʦʩʤʝʪʦʣʦʛʽʾ 
ʂʨʽʦʪʝʨʘʧʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʩʤʝʪʦʣʦʛʽʯʥʫ ʧʨʦʮʝʜʫʨʫ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʰʪʫʯʥʦʤʫ ʚʧʣʠʚʽ ʭʦʣʦʜʫ ʥʘ ʪʝʧʣʦʚʽ ʨʝʮʝʧʪʦʨʠ 

ʰʢʽʨʠ (ʝʧʽʜʝʨʤʽʩʫ). ʅʘʡʯʘʩʪʽʰʝ ʜʣʷ ʢʨʽʦʪʝʨʘʧʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴ 
ʨ̔ ʜʢʠʡ ʘʟʦʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʷʢʦʛʦ ʜʦʩʷʛʘʻ -196 Áʉ. ʊʘʢʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʥʘ ʰʢʽʨʫ ʣʶʜʠʥʠ ʻ ʩʚʦʻʨʽʜʥʠʤ ʩʪʨʝʩʦʤ 

ʜʣʷ ʦʨʛʘʥʽʟʤʫ, ʦʜʥʘʢ ʮʝʡ ʚʧʣʠʚ ʤʘʻ ʚʠʢʣʶʯʥʦ ʧʦʟʠʪʠʚʥʠʡ 
ʝʬʝʢʪ. ʅʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʯʘʪʢʫ ʨʽʟʢʦ ʟʚʫʞʫʶʪʴ ʩʫʜʠʥʠ, 

ʧʽʩʣʷ ʯʦʛʦ ʚʦʥʠ ʨʦʟʰʠʨʶʶʪʴʩʷ, ʱʦ ʩʧʨʠʷʻ ʥʘʩʠʯʝʥʥʶ 

ʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʧʦʞʠʚʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʢʠʩʥʝʤ, ʩʪʠʤʫʣʶʻ 

ʧʝʨʝʙʽʛ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 
ʱʦ ʙʫʜʴ-ʷʢʽ ʢʦʩʤʝʪʦʣʦʛʽʯʥʽ ʧʨʦʮʝʜʫʨʠ (ʧʽʣʽʥʛ, ʤʘʩʢʠ, 

ʦʙʛʦʨʪʘʥʥʷ, ʞʠʚʠʣʴʥʽ ʢʦʤʧʨʝʩʠ ʪʦʱʦ) ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ 

ʢʨʽʦʪʝʨʘʧʽʻʶ ʤʘʶʪʴ ʢʨʘʱʫ ʰʚʠʜʢʦʜʽʶ ʪʘ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ 
ʝʬʝʢʪ. 

ʅʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʨʽʤ ʦʟʜʦʨʦʚʯʦʛʦ ʪʘ ʪʦʥʽʟʫʶʯʦʛʦ ʝʬʝʢʪʫ, 

ʧʨʠʩʢʦʨʶʶʪʴ ʣʽʢʫʚʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ ʰʢʽʨʠ, ʩʧʨʠʷʶʪʴ ʟʘʛʦʻʥʥʶ 
ʨʫʙʮʽʚ, ʩʠʥʮʽʚ, ʧʦʨʽʟʽʚ ʽ ʟʤʽʮʥʶʶʪʴ ʦʩʣʘʙʣʝʥʝ ʚʦʣʦʩʩʷ ʪʦʱʦ. ʆʜʥʘʢ 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʢʨʽʦʪʝʨʘʧʽʾ ʥʝ ʜʦʩʢʦʥʘʣʽ ʪʘ ʤʘʶʪʴ ʧʝʚʥʽ 

ʥʝʜʦʣʽʢʠ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʜʢʦʛʦ ʘʟʦʪʫ ʘʙʦ 

ʚʽʜʭʠʣʝʥʥʽ ʚʽʜ ʤʝʪʦʜʠʢʠ ʣʽʢʫʚʘʥʥʷ ʤʦʞʣʠʚʽ ʩʝʨʡʦʟʥʽ ʫʩʢʣʘʜʥʝʥʥʷ 
(ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ, ʦʙʤʦʨʦʞʝʥʥʷ, ʘʣʝʨʛʽʯʥʘ ʨʝʘʢʮʽʷ ʪʦʱʦ). 

ʄʝʪʦʜʠ ʢʨʽʦʪʝʨʘʧʽʾ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʜʢʦʛʦ ʘʟʦʪʫ, 

ʩʥʽʛʫ ʚʫʛʣʝʢʠʩʣʦʪʠ ʪʘ ʭʣʦʨʝʪʠʣʫ. ʆʜʥʘʢ ʪʘʢʽ ʢʨʽʦʛʝʥʠ ʤʘʶʪʴ ʨʷʜ 
ʥʝʜʦʣʽʢʽʚ, ʱʦ ʥʝʩʫʪʴ ʥʝʙʝʟʧʝʢʫ ʷʢ ʜʣʷ ʧʘʮʽʻʥʪʘ, ʪʘʢ ʽ ʜʣʷ ʣʽʢʘʨʷ. 

ʆʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʦʨʦʞʝʥʥʷ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɺʢʘʟʘʥʽ ʚʠʱʝ ʥʝʜʦʣʽʢʠ ʚʽʜʩʫʪʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʝ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʝʜʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʻ 
ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʨʽʦʤʘʩʘʞʫ, ʩʪʠʤʫʣʷʮʽʾ ʦʙʤʽʥʫ 

ʨʝʯʦʚʠʥ, ʨʦʟʛʣʘʜʞʝʥʥʷ ʟʤʦʨʰʦʢ ʰʢʽʨʠ ʫ ʢʦʩʤʝʪʦʣʦʛʽʾ ʪʘ 

ʫʩʫʥʝʥʥʷ ʢʦʩʤʝʪʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʰʢʽʨʠ ʫ ʧʣʘʩʪʠʯʥʽʡ ʭʽʨʫʨʛʽʾ. 
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ʉʧʦʩʽʙ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʚʧʣʠʚʫ 

ʇʝʨʝʚʘʛʠ 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ 

ʦʭʦʣʦʜʞʝʥʥʷ 

(-80 õ 0) Áʉ 

¶ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʽʥʽʘʪʶʨʥʠʭ 

ʦʭʦʣʦʜʞʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʧʨʘʢʪʠʯʥʦ 
ʥʝʦʙʤʝʞʝʥʠʤ ʨʝʩʫʨʩʦʤ ʨʦʙʦʪʠ; 

¶ ʚʽʜʩʫʪʥʽʩʪʴ ʚ ʦʭʦʣʦʜʞʫʶʯʠʭ 

ʩʠʩʪʝʤʘʭ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʽ ʛʘʟʽʚ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʚʝʣʠʢʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʭ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʪʨʫʤʫ 

ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ 

ʇʝʣʴʪʴʻ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʧʽʜʪʨʠʤʘʥʥʷ 

ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʪʘ ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʽʜ ʯʘʩ 

ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʚʧʣʠʚʫ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ  
(-80 õ +50) Áʉ ʟʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤ ʟʘʢʦʥʦʤ 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʡʦʛʦ ʧʨʠʤʝʨʟʘʥʥʷ ʜʦ ʰʢʽʨʠ, 

ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʣʴʥʦʛʦ 
ʧʨʦʮʝʩʫ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ 

ʧʦʣʽʥʦʟʽ (ʘʣʝʨʛʽʯʥʘ ʨʝʘʢʮʽʷ ʥʘ ʭʦʣʦʜ), ʘʜʞʝ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʤʦʞʥʘ ʧʣʘʚʥʦ 
ʟʤʽʥʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ 

ʚʧʣʠʚʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʠʯʫʢ ʃ.ɯ., ɼʝʥʠʩʝʥʢʦ ʆ.ɯ., ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ., ʂʘʜʝʥʶʢ ʊ.ʗ. 

ʇʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚ ʜʝʨʤʘʪʦʣʦʛʽʾ 

ʪʘ ʢʦʩʤʝʪʦʣʦʛʽʾ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2015. ˉ 3. ʉ. 57-71. 

2. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ., ɹʝʟʧʘʣʴʯʫʢ ʆ.ʆ., ɺʠʛʦʥʥʠʡ ɺ.ʖ. ʇʨʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʢʦʩʤʝʪʦʣʦʛʽʾ // 

ʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʊ.19. 2018. ˉ 4. ʉ. 340-344. 
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ɯʛʦʨ ɺʠʰʥʷʢʦʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʈʷʙʠʡ ʇ.ɸ. 

 

ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ   

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʙʘʟʽ ʩʫʯʘʩʥʠʭ 

ʧʣʘʪʬʦʨʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ɯʟ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜ 

ʩʫʩʧʽʣʴʩʪʚʦʤ ʧʦʩʪʘʣʘ ʚʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ 

ʩʪʚʦʨʝʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ, ʷʢʘ ʤʘʻ 

ʧʽʜʛʦʪʫʚʘʪʠ ʩʫʩʧʽʣʴʩʪʚʦ ʜʦ ʞʠʪʪʷ ʚ ʥʦʚʠʭ ʫʤʦʚʘʭ 

ʮʠʚʽʣʽʟʘʮʽʾ. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʦʾ ʬʦʨʤʠ 

ʥʘʚʯʘʥʥʷ ï ʜʠʩʪʘʥʮʽʡʥʦʾ, ʧʦʨʷʜ ʽʟ ʬʦʨʤʘʤʠ ʚʞʝ ʚʽʜʦʤʠʤʠ ʽ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ï ʩʪʘʮʽʦʥʘʨʥʦʶ, ʟʘʦʯʥʦʶ, ʝʢʩʪʝʨʥʘʪʦʤ 

ʪʦʱʦ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʜʘʣʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʥʘʚʯʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʩʪʚʦʨʠʪʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʽʚ, 

ʧʨʦʚʝʩʪʠ ʧʽʜʛʦʪʦʚʢʫ ʚʠʢʣʘʜʘʯʽʚ, ʨʦʟʨʦʙʠʪʠ ʥʘʚʯʘʣʴʥʽ 

ʧʨʦʛʨʘʤʠ ʪʦʱʦ. ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʚʯʘʥʥʷʤ (ʟ ʘʥʛʣ. Learning Managment System) 

[1], ʷʢʽ ʩʪʚʦʨʝʥʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʧʦʰʠʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʥʣʘʡʥ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ ʙʘʛʘʪʴʦʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʉʴʦʛʦʜʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʢʘ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʤ ʥʘʚʯʘʥʥʷʤ ʷʢ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ 

(ʫʤʦʚʥʦ ʙʝʟʢʦʰʪʦʚʥʠʭ), ʪʘʢ ʽ ʧʣʘʪʥʠʭ, ʰʠʨʦʢʦʚʞʠʚʘʥʠʭ ʪʘ 

ʚʫʟʴʢʦʦʨʽʻʥʪʦʚʘʥʠʭ.  

ATutor ï ʤʦʜʫʣʴʥʘ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ ʥʘʚʯʘʥʥʷʤ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. ʇʦʰʠʨʶʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ GNU General Public License. ʉʠʩʪʝʤʘ ʨʦʟʨʦʙʣʝʥʘ 

ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʘʜʘʧʪʘʮʽʾ ʟʘ 
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ʙʘʞʘʥʥʷʤ ʢʦʨʠʩʪʫʚʘʯʘ.  

Claroline ï ʧʣʘʪʬʦʨʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ. ɺ ʦʩʥʦʚʫ 

ʦʨʛʘʥʽʟʘʮʽʾ Claroline LMS ʧʦʢʣʘʜʝʥʦ ʢʦʥʮʝʧʮʽʶ ʧʨʦʩʪʦʨʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʢʫʨʩʦʤ ʯʠ ʧʝʜʘʛʦʛʽʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ.  

Live@EDU ï ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʚʠʢʦʥʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ Active Server Pages 

ʥʘ ʧʣʘʪʬʦʨʤʽ Microsoft. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʫ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ, ʘʪʝʩʪʘʮʽʾ ʪʘ ʚʽʜʙʦʨʫ ʧʨʘʮʽʚʥʠʢʽʚ ʫ 

ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ. ʉʠʩʪʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʪʨʴʦʭ ʪʠʧʘʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ï ɸʜʤʽʥʽʩʪʨʘʪʦʨ, ɺʠʢʣʘʜʘʯ ʪʘ 

ʉʪʫʜʝʥʪ.  

Moodle (Modular Object-Oriented Dynamic Learning 

Environment) ï ʧʘʢʝʪ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ (ʣʽʮʝʥʟʽʷ GNU GPL), ʷʢʠʡ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʫʨʩʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʪʘ web-ʩʘʡʪʽʚ. ʎʷ ʧʨʦʛʨʘʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʤ 

ʥʘʚʯʘʥʥʷʤ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʚʠʢʣʘʜʘʯʝʤ ʪʘ 

ʩʪʫʜʝʥʪʦʤ, ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʦʯʥʠʭ 

ʢʫʨʩʽʚ.  

SharePointLMS ï ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʧʦʪʫʞʥʽʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʡ ʧʣʘʪʬʦʨʤʽ 

MS Office SharePoint Server 2007. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ Moodle, 

Claroline ʪʘ ATutor, ʩʠʩʪʝʤʘ ʻ ʧʣʘʪʥʦʶ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʝ ʣʠʰʝ ʥʘʚʯʘʣʴʥʠʤʠ ʟʘʢʣʘʜʘʤʠ ʪʘ ʮʝʥʪʨʘʤʠ ʥʘʚʯʘʥʥʷ, ʘ ʡ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʜʝʨʞʘʚʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. 

ʈʦʟʛʣʷʥʫʪʘ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴ ʜʘʥʽ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʤ 

ʥʘʚʯʘʥʥʷʤ ʪʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʩʴʦʛʦʜʥʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʘʣʻʥʽʯʝʥʢʦ ʃ.ɯ. ɿʘʦʯʥʝ ʪʘ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ: ʧʦʨʽʚʥʷʣʴʥʠʡ 
ʘʥʘʣʽʟ // ɺʽʩʥʠʢ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʚʥʫʪʨʽʰʥʽʭ ʩʧʨʘʚ. 2009. ˉ 4 (47). 
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ʖʨʽʡ ɺ̔ ʭʪʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ð ʧʨʦʬ. ʇ.ʇ.ʄʘʢʩʠʤʷʢ 

ʌʦʨʤʫʚʘʥʥʷ ʚʠʭʦʨʽʚ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʚʽʩʥʦʛʦ ʢʨʠʩʪʘʣʘ 

 
     ʇʦʧʠʪ ʥʘ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ`ʷʚʠʚʩʷ ʧʽʩʣʷ 

ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʽʥʜʫʩʪʨʽʾ, ʷʢʠʡ ʽʟ ʥʝʪʝʨʧʽʥʥʷʤ 

ʯʝʢʘʻ ʨʝʚʦʣʶʮʽʾ ʚ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʘʭ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ʊʨʘʜʠʮʽʡʥʽ ʦʧʪʠʯʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʤʝʪʦʜʠ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ 
ʨʝʩʫʨʩʽʚ, ʪʘʢʽ ʷʢ ʘʤʧʣʽʪʫʜʘ, ʬʘʟʘ, ʧʦʣʷʨʠʟʘʮʽʷ ʽ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʨʦʟʜʽʣʦʤ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʚʠʯʝʨʧʘʶʪʴʩʷ ʚ 

ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ [1-3]. ɼʦʩʣʽʜʥʠʢʠ ʧʦʤ'ʷʢʰʠʣʠ ʮʶ 
ʧʨʦʙʣʝʤʫ ʩʪʚʦʨʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʜʣʷ 

ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ. ʆʧʪʠʯʥʽ ʚʠʭʦʨʠ ð ʮʝ ʦʧʪʠʯʥʽ ʧʫʯʢʠ ʟ 

ʚʥʫʪʨʽʰʥʽʤ ʦʨʙʽʪʘʣʴʥʠʤ ʢʫʪʦʚʠʤ ʤʦʤʝʥʪʦʤ (ʆʂʄ). (ɼʚʘ) ʉʪʘʥʠ 
ʆʂʄ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʦʨʪʦʛʦʥʘʣʴʥʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʽ ʤʦʞʫʪʴ 

ʧʦʪʝʥʮʽʡʥʦ ʨʽʟʢʦ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ.  

     ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʜʝʷʢʽ ʧʦʣʽʧʰʝʥʥʷ ʽ 

ʥʦʚʦʚʚʝʜʝʥʥʷ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʫ ʩʬʝʨʽ (ʜʝ)ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ 
Oʂʄ. ʑʦʙ ʟʥʘʡʪʠ ʢʦʤʧʘʢʪʥʽ ʪʘ ʽʥʪʝʛʨʦʚʘʥʽ ʨʽʰʝʥʥʷ, ʜʦʩʣʽʜʥʠʢʠ 

ʨʦʟʨʦʙʠʣʠ ʢʽʣʴʢʘ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʧʦʚʝʨʭʦʥʴ. ʆʜʥʘʢ ʾʭ 

ʚʢʨʘʡ ʥʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʩʢʣʘʜʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 
ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʦʜʘʣʴʰʦʤʫ ʧʨʘʢʪʠʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʘʤʠ 

[1]. ɿ ʨʦʟʚʠʪʢʦʤ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ ʥʘ ʪʦʨʮʽ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ 

ʧʦʯʘʣʠ ʚʠʛʦʪʦʚʣʷʪʠ  ʜʫʞʝ ʢʦʤʧʘʢʪʥʽ ʽ ʩʢʣʘʜʥʽ ʩʪʨʫʢʪʫʨʠ, ʪʘʢʽ ʷʢ 
ʜʠʬʨʘʢʮʽʡʥʽ ʛʨʘʪʢʠ, ʪʨʠʚʠʤʽʨʥʽ (3D) ʜʘʪʯʠʢʠ ʈʘʤʘʥʘ, ʚʦʣʦʢʥʠʩʪʽ 

ʤʽʢʨʦʬʦʥʠ, ʬʦʨʤʫʚʘʯʽ ʤʽʢʨʦʧʫʯʢʽʚ, ʤʽʢʨʦʦʙ'ʻʢʪʠʚʠ. ʊʘʢʽ 

ʪʝʭʥʦʣʦʛʽʾ ʨʦʙʣʷʪʴ ʤʦʞʣʠʚʠʤʠ ʧʽʜôʻʜʥʘʥʥʷ ʆʂʄ 

(ʜʝ)ʤʫʣʴʪʠʧʣʝʢʩʦʨʽʚ [2-3]. ʆʜʥʘʢ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʙʫʣʦ 
ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ ʜʝʤʦʥʩʪʨʘʮʽʶ ʽʥʪʝʛʨʦʚʘʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ Oʂʄ 

ʥʘ ʦʩʥʦʚʽ ʚʦʣʦʢʦʥʥʠʭ ʩʠʛʥʘʣʽʚ.  

     ʄʠ ʧʨʦʧʦʥʫʻʤʦ ʩʚʦʻ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʚʚʝʜʝʥʥʷ 
ʦʧʪʠʯʥʦʛʦ ʚʠʭʦʨʫ ʫ ʚʦʣʦʢʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʚʽʩʥʠʡ 

ʢʨʠʩʪʘʣ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʤʽʞ ʜʚʦʤʘ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʣʷʨʠʟʘʪʦʨʘʤʠ 

(ʨʠʩ.1). ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʛʘʫʩʩʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʟ 

ʦʧʪʠʯʥʠʭ ʦʩʝʡ ʢʨʠʩʪʘʣʘ ʚ ʾʾ ʦʢʦʣʽ ʬʦʨʤʫʶʪʴʩʷ ʜʚʘ ʧʫʯʢʠ ʟ ʆʂʄ 
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1-ʛʦ ʧʦʨʷʜʢʫ ʟ ʧʨʦʪʠʣʝʞʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʟʘʢʨʫʪʢʠ. ʅʘ ʚʠʭʦʜʽ ʟ 

ʦʜʥʦʤʦʜʦʚʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʟʤʦʥʪʦʚʘʥʦ ʘʥʘʣʦʛʽʯʥʠʡ 

çʩʝʥʜʚʽʯè, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʧʫʯʢʠ ʟ ʆʂʄ ʥʘʟʘʜ ʫ ʛʘʫʩʩʽʚʩʴʢʽ. ʄʠ 
ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʦʜʥʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ ʽ He-Ne-ʣʘʟʝʨ ʟ ʜʦʚʞʠʥʦʶ 

ʭʚʠʣʽ 633 ʥʤ. ʋ ʦʧʪʦʚʦʣʦʢʦʥʥʦʤʫ ʟʚôʷʟʢʫ ʥʘʰʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʽʜʧʦʚʽʜʘʻ ʤʘʣʦʤʦʜʦʚʝ ʚʦʣʦʢʥʦ ʟ ʜʽʘʤʝʪʨʦʤ ʩʝʨʮʝʚʠʥʠ 20 ʤʢʤ, 
ʷʢʝ ʧʨʦʧʫʩʢʘʻ ʚʠʭʦʨʠ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʥʘ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ 1550 ʥʤ. 

     ʆʪʞʝ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ (ʜʝ)ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

ʆʂʄ ʥʘ ʦʩʥʦʚʽ ʜʚʦʚʽʩʥʦʛʦ ʢʨʠʩʪʘʣʘ. 
 

 
ʈʠʩ.1 (ɼʝ)ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʆʂʈ ʥʘ ʦʩʥʦʚʽ ʜʚʦʚʽʩʥʦʛʦ ʢʨʠʩʪʘʣʘ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Bozinovic N., Yue Y., Ren Y., Tur M., Kristensen P., Huang H., Willner 

A.E., and Ramachandran S. Terabit-scale orbital angular momentum mode 

division multiplexing in fibers, Science 340. 1545ï1548 (2013) 

2. Wang J. Advances in communications using optical vortices. Photon. Res. 

4. B14ïB28 (2016). 

3. Yu S. Potentials and challenges of using orbital angular momentum 

communications in optical interconnects. Opt. Express 23. 3075ï3087 

(2015). 
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ɼʤʠʪʨʦ ɺʣʦʜʘʨʯʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ. ɺ. 

 

LED-ʚʠʧʨʦʤʽʥʶʚʘʯ ʚ ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ 
ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ ʜʫʞʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʷʢ ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʪʘʢ ʽ ʟʘ ʪʝʭʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʦʞʥʘ ʩʠʩʪʝʤʘ ʦʭʦʨʦʥʠ ʤʘʻ ʩʚʦʾ ʥʝʜʦʣʽʢʠ ʽ 

ʧʝʨʝʚʘʛʠ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 
ʦʭʦʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʢʦʤʧʣʝʢʩʦʥʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤ ʟ ʨʽʟʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ. ʇʠʪʘʥʥʷ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʟʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤ ʻ 
ʘʢʪʫʘʣʴʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ. [1]. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʩʠʩʪʝʤʠ ʩʠʛʥʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʚʠʜʠʤʦʛʦ 

ʩʚʽʪʣʘ, ʱʦ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʦʭʦʨʦʥʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʦʙôʻʢʪʘ. 
ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. 

                                                                                                                            

ʈʠʩ.1: ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ 
 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʤʽʩʪʠʪʴ ʪʘʢʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ:

- ɻʝʥʝʨʘʪʦʨ ʽʤʧʫʣʴʩʽʚ; 

- ʇʽʜʩʠʣʶʚʘʯ; 

- ʇʦʚʪʦʨʶʚʘʯ ; 

- ʉʚʽʪʣʦʜʽʦʜʥʝ ʜʞʝʨʝʣʦ 

ʩʚʽʪʣʘ ʚʠʜʠʤʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ; 

- ʌʦʪʦʧʨʠʡʤʘʯ ; 

- ʈʦʟʜʽʣʴʥʠʡ 
ʢʦʥʜʝʥʩʘʪʦʨ ; 

- ʇʽʜʩʠʣʶʚʘʯ ; 

- ʆʙʤʝʞʫʚʘʯ 
ʘʤʧʣʽʪʫʜʠ ; 

- ʃʽʯʠʣʴʥʠʢ 
ʽʤʧʫʣʴʩʽʚ 

- ʊʘʡʤʝʨ ; 

- ʊʨʠʛʝʨ ; 

- ʇʫʣʴʪ ʢʝʨʫʚʘʥʥʷ ; 

- ɯʥʜʠʢʘʪʦʨ .



44 

ʇʨʠʥʮʠʧ ʜʽʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʤʧʫʣʴʩʠ, ʛʝʥʝʨʦʚʘʥʽ 

ʛʝʥʝʨʘʪʦʨʦʤ ʝʣʝʢʪʨʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, ʧʽʜʩʠʣʶʶʪʴʩʷ ʽ 

ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʧʦʚʪʦʨʶʚʘʯ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʝ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ 
ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʉʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ ʧʨʠʡʤʘʶʪʴʩʷ 

ʬʦʪʦʧʨʠʡʤʘʯʝʤ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʠʛʥʘʣ. ʈʦʣʴ 

ʬʦʪʦʧʨʠʡʤʘʯʘ ʚʠʢʦʥʫʻ ʣʘʚʠʥʥʠʡ ʬʦʪʦʜʽʦʜ. ʆʩʢʽʣʴʢʠ ʣʘʚʠʥʥʠʡ 
ʬʦʪʦʜʽʦʜ ʯʫʪʣʠʚʠʡ  ʷʢ ʜʦ ʧʝʨʝʤʽʥʥʦʾ, ʪʘʢ ʽ ʜʦ ʧʦʩʪʽʡʥʦʾ 

ʩʢʣʘʜʦʚʠʭ ʩʚʽʪʣʘ, ʪʦ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ  ʢʦʨʠʩʥʦʛʦ ʧʝʨʝʤʽʥʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚʽʜ ʩʠʛʥʘʣʫ ʧʝʨʝʰʢʦʜʠ ʧʦʩʪʽʡʥʦʾ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ ʽʟ ʣʘʚʠʥʥʦʛʦ ʬʦʪʦʜʽʦʜʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʧʽʜʩʠʣʴʚʘʯ ʯʝʨʝʟ 
ʨʦʟʜʽʣʴʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ 

ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ ʩʠʛʥʘʣ ʽʟ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʦʙʤʝʞʫʚʘʯ ʘʤʧʣʽʪʫʜʠ. ɿ ʚʠʭʦʜʫ ʦʙʤʝʞʫʚʘʯʘ ʽʤʧʫʣʴʩʠ 
ʧʦʜʘʶʪʴʩʷ ʥʘ ʣʽʯʠʣʴʥʠʢ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʧʽʜʨʘʭʦʚʫʻ ʢʽʣʴʢʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʽʤʧʫʣʴʩʽʚ. ɼʦ ʣʽʯʠʣʴʥʠʢʘ ʧʽʜ'ʻʜʥʘʥʠʡ ʪʘʡʤʝʨ, ʱʦ 

ʟʘʜʘʻ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜʨʘʭʫʥʦʢ 

ʽʤʧʫʣʴʩʽʚ. ʅʘ ʚʠʭʦʜʽ ʣʽʯʠʣʴʥʠʢʘ ʨʦʟʤʽʱʫʻʪʴʩʷ ʪʨʠʛʝʨ. ʗʢʱʦ ʥʘ 
ʚʠʭʦʜʽ ʣʽʯʠʣʴʥʠʢʘ ʽʤʧʫʣʴʩʽʚ ʫ ʤʦʤʝʥʪ ʡʦʛʦ ʟʫʧʠʥʢʠ ʨʽʚʝʥʴ 

ʩʠʛʥʘʣʫ ʚʠʩʦʢʠʡ, ʪʦ ʟʘ ʢʦʤʘʥʜʦʶ ʚʽʜ ʪʘʡʤʝʨʘ ʪʨʠʛʝʨ ʬʦʨʤʫʻ 

ʩʠʛʥʘʣ ʩʢʠʜʘʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʚ ʥʫʣʴ, ʘ ʷʢʱʦ ʥʘ ʚʠʭʦʜʽ ʣʽʯʠʣʴʥʠʢʘ 
ʨʽʚʝʥʴ ʩʠʛʥʘʣʫ ʥʠʟʴʢʠʡ, ʪʦ ʟʘ ʢʦʤʘʥʜʦʶ ʪʘʡʤʝʨʘ ʪʨʠʛʝʨ ʬʦʨʤʫʻ 

ʩʠʛʥʘʣ ʪʨʠʚʦʛʠ. ʎʝʡ ʩʠʛʥʘʣ ʘʢʪʠʚʫʻ ʩʠʩʪʝʤʫ ʩʧʦʚʽʱʝʥʥʷ.    
 ʉʚʽʣʦʜʽʦʜʥʘ ʦʭʦʨʦʥʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʭʦʨʦʥʥʝ ʦʩʚʽʪʣʝʥʥʷ ʷʢ ʯʘʩʪʠʥʫ ʩʠʛʥʘʣʽʟʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ɼʦ 

ʧʝʨʝʚʘʛ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʨʠʭʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, 

ʘʚʪʦʥʦʤʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʣʝʛʢʽʩʪʴ ʚ ʢʦʨʠʩʪʫʚʘʥʥʽ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʽ.  
 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ                                                     250 ɺ;  
ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ                                                 50 ʤɸ; 
ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ:                                              ~ 4Ĭ10 ʩʤ

2
; 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ ʧʨʠʩʪʨʦʶ:                                  ~ 0,3ʢʛ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. http://elektruk.info/device/1220-kak-ustroena-i-rabotaet-

ohrannaya-signalizaciya.html 
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ɺʦʣʦʜʠʤʠʨ ɺʦʚʯʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɼʝʡʙʫʢ ɺ.ɻ. 

 

ʇʦʙʫʜʦʚʘ ʚʽʜʢʨʠʪʦʾ ʤʝʨʝʞʽ @home ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

 
@home-ʦʙʯʠʩʣʝʥʥʷ ð ʨʦʟʧʦʜʽʣʝʥʽ  ʦʙʯʠʩʣʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʜʘʥʠʭ ʜʦʙʨʦʚʽʣʴʥʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʉʫʯʘʩʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʜʦʙʨʦʚʽʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ 
ʙʫʜʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʛʨʽʜ-ʩʠʩʪʝʤ.  
ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʫʯʘʩʪʽ ʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʧʨʦʝʢʪʽ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʦʙʯʠʩʣʝʥʴ ʚʠʛʣʷʜʘʻ ʪʘʢ: ʧʦʪʝʥʮʽʡʥʠʡ ʫʯʘʩʥʠʢ ʟʘʚʘʥʪʘʞʫʻ 
ʢʣʽʻʥʪʩʴʢʫ ʯʘʩʪʠʥʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜ ʩʚʦʶ 

ʦʧʝʨʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʚʩʪʘʥʦʚʣʶʻ, ʥʘʣʘʰʪʦʚʫʻ ʽ ʟʘʧʫʩʢʘʻ ʾʾ. 

ʂʣʽʻʥʪ ʧʝʨʽʦʜʠʯʥʦ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʝʨʚʝʨʘ ʧʨʦʝʢʪʫ - ʟʘʧʠʪʫʻ ʚ 

ʥʴʦʛʦ ʜʘʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʚʽʜʧʨʘʚʣʷʻ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʠ ʮʴʦʤʫ 
ʢʣʽʻʥʪ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʥʘʡʤʝʥʰʠʤ ʧʨʽʦʨʠʪʝʪʦʤ ʪʘ ʥʝ ʟʘʚʘʞʘʻ 

ʦʩʥʦʚʥʽʡ ʨʦʙʦʪʽ ʢʦʤʧ'ʶʪʝʨʘ.  

ʆʨʛʘʥʽʟʘʪʦʨʘʤʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʩʧʦʯʘʪʢʫ 
ʟʘʷʚʣʷʻʪʴʩʷ ʙʝʟʦʧʣʘʪʥʽʩʪʴ ʫʯʘʩʪʽ ʚʩʽʭ, ʭʪʦ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ ʾʭ 

ʧʨʦʝʢʪʘʤ, ʘ ʪʘʢʦʞ ʪʝ, ʱʦ ʾʭ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʦʧʫʙʣʽʢʦʚʘʥʽ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ 
ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ ʩʪʚʦʨʝʥʦ ʢʽʣʴʢʘ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢ ʢʦʤʝʨʮʽʡʥʠʭ, ʪʘʢ ʽ ʘʙʩʦʣʶʪʥʦ 

ʙʝʟʢʦʰʪʦʚʥʠʭ. 

BOINC ï ʧʨʦʛʨʘʤʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʦʨʛʘʥiʟʘʮiʾ ʨʦʟʧʦʜiʣʝʥʠʭ 
ʦʙʯʠʩʣʝʥʴ ʤʘʻ ʘʨʭiʪʝʢʪʫʨʫ ʢʣiʻʥʪ-ʩʝʨʚʝʨ ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.  

ʉʝʨʚʝʨ BOINC ʩʢʣʘʜʘʻʪʴʩʷ ʟ: Web-ʩʝʨʚʝʨʘ (ʚiʜʧʦʚiʜʘʻ ʟʘ 
ʦʙʨʦʙʢʫ ʚʭiʜʥʠʭ ʪʘ ʚʠʭiʜʥʠʭ ʧʦʚiʜʦʤʣʝʥʥʷ), ʩʝʨʚʝʨʘ ʙʘʟ ʜʘʥʠʭ 

(ʚiʜʩʪʝʞʫʻ ʩʪʘʥ ʧiʜʟʘʜʘʯ i ʚiʜʧʦʚiʜʥi ʾʤ ʨʝʟʫʣʴʪʘʪʠ, ʘ ʪʘʢʦʞ 

ʟʙʝʨiʛʘʻ iʥʬʦʨʤʘʮiʶ ʧʨʦ ʢʣiʻʥʪiʚ) ʪʘ ʩʝʨʚiʩiʚ (ʧʝʨiʦʜʠʯʥʦ 

ʧʝʨʝʚiʨʷʶʪʴ ʩʪʘʥ ʙʘʟʠ ʜʘʥʠʭ i ʚʠʢʦʥʫʶʪʴ ʥʝʦʙʭiʜʥʫ ʨʦʙʦʪʫ ʧʦ 
ʦʙʩʣʫʛʦʚʫʚʘʥʥʶ ʩʠʩʪʝʤʠ ʪʘ ʨʦʟʧʦʜiʣʫ ʧiʜʟʘʜʘʯ). ʂʣiʻʥʪʩʴʢʘ 

ʯʘʩʪʠʥʘ BOINC ʩʢʣʘʜʘʻʪʴʩʷ ʟ: ʷʜʨʘ (ʟʘʙʝʟʧʝʯʫʻ ʤʝʨʝʞʝʚʫ 

ʚʟʘʻʤʦʜiʶ ʟ ʩʝʨʚʝʨʘʤʠ ʟʘʚʜʘʥʴ ʪʘ ʜʘʥʠʭ, ʚʠʢʦʥʫʻ ʪʘ 
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ʢʝʨʫʻ ʜʦʜʘʪʢʘʤʠ), GUI (ʚiʟʫʘʣiʟʫʻ ʧʨʦʮʝʩ ʦʙʯʠʩʣʝʥʴ, ʧʝʨʝʜʘʯi 

ʬʘʡʣiʚ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʦʨʫ), API (ʩʣʫʞʠʪʴ ʜʣʷ 
ʟʜʦʙʫʪʪʷ iʥʬʦʨʤʘʮiʾ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʮʝʩʦʨʘ i ʚʠʢʦʥʘʥʫ 

ʨʦʙʦʪʫ, ʦʙʨʦʙʣʷʻ ʟʘʧʠʪʠ ʧʦ ʥʘʜʘʥʥʶ ʛʨʘʬiʢʠ) ʪʘ ʩʢʨiʥʩʝʡʚʝʨʘ 

(ʦʨʛʘʥiʟʫʻ ʚiʜʦʙʨʘʞʝʥʥʷ ʩʪʘʪʫʩʫ ʦʙʯʠʩʣʝʥʴ).  

BOINC ʜʦʟʚʦʣʷʻ ʜʦʩʣiʜʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʢʝʨʫʚʘʪʠ 
ʚʝʣʠʢʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʨʦʝʢʪʘʤʠ ʟʘ ʤiʥiʤʘʣʴʥʠʡ ʯʘʩ; ʚ 

ʷʢʦʩʪi ʩʝʨʚʝʨʫ BOINC-ʧʨʦʝʢʪʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʢʦʤʧôʶʪʝʨ ʧiʜ ʫʧʨʘʚʣiʥʥʷʤ ʚiʜʢʨʠʪʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ; BOINC-ʧʨʦʝʢʪʠ ʥʝʟʘʣʝʞʥi ʪʘ ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʮʝʥʪʨʘʣiʟʦʚʘʥʦʾ ʨʝʻʩʪʨʘʮiʾ ʘʙʦ ʣʝʛʘʣiʟʘʮiʾ; BOINC ʥʘʜʘʻ 

ʤʦʞʣʠʚiʩʪʴ ʚiʟʫʘʣiʟʫʚʘʪʠ ʜʦʜʘʪʢʦʚi ʧʨʦʛʨʘʤʠ (BOINC-ʜʦʜʘʪʢʠ). 
ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʥʝ ʽʩʥʫʻ ʦʢʨʝʤʦʾ @home-ʤʝʨʝʞʽ, ʱʦ 

ʙʫʣʘ ʙ ʜʦʩʪʫʧʥʘ ʫʢʨʘʾʥʩʴʢʠʤ ʜʦʩʣʽʜʥʠʢʘʤ, ʧʨʠ ʮʴʦʤʫ ʥʘ ʥʝʾ 

ʽʩʥʫʻ ʧʦʧʠʪ. 

ʆʪʞʝ, ʜʣʷ ʧʦʙʫʜʦʚʠ @home-ʤʝʨʝʞʽ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜ BOINC, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʮʝʡ 

ʧʨʦʮʝʩ. ʅʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʮʽʻʾ ʤʝʨʝʞʽ ʜʦʩʣʽʜʥʠʢʘʤ ʚ ʛʘʣʫʟʽ 

ʝʢʦʣʦʛʽʾ ʟʘʜʦʚʦʣʴʥʠʪʴ ʾʭ ʧʦʧʠʪ ʥʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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2) ɼʶʢ ɺ., ʉʘʤʦʡʣʝʥʢʦ ɸ. Data Mining: ʫʯʝʙʥʳʡ ʢʫʨʩ. ʉʇʙ: ʀʟʜ. ʇʠʪʝʨ, 
2011. 368 ʩ. 

3) ʗʨʯʫʢ ɻ. ɽʢʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ: ʩʫʪʥʽʩʪʴ ʪʘ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ / ɻ. 
ʗʨʯʫʢ // ɺʠʱʘ ʦʩʚʽʪʘ ʋʢʨʘʾʥʠ. ï 2008. ï ˉ 2. ï ʉ. 91ï97. 

ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ  
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ʆʣʝʢʩʘʥʜʨ ɺʦʡʮʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʝʣʴʥʠʢ ɺ.ɺ. 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  

ʜʽʦʜʥʠʭ ʩʪʨʫʢʪʫʨ ZnSe-SnO2 

ʈʦʟʚʠʪʦʢ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʧʦʩʪʽʡʥʦ ʚʠʤʘʛʘʻ 
ʧʦʣʽʧʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʬʦʪʦʧʨʠʡʤʘʯʽʚ. ɿʦʢʨʝʤʘ, ʫ ʟʚôʷʟʢʫ ʟ ʨʽʟʢʠʤ 

ʧʦʛʽʨʰʝʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʚʠʥʠʢʥʝʥʥʷʤ ʦʟʦʥʦʚʠʭ ʜʽʨʦʢ, 
ʧʽʜʚʠʱʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʉʦʥʮʷ ʚʩʝ ʛʦʩʪʨʽʰʝ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʧʨʦ 

ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, 
ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʩʝʣʝʥʽʜ ʮʠʥʢʫ (ZnSe), ʦʩʢʽʣʴʢʠ ʚʽʥ ʤʘʻ 

ʚʽʜʧʦʚʽʜʥʫ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,67 ʝɺ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ[1, 2]) ʽ ʻ ʨʘʜʽʘʮʽʡʥʦ ʩʪʽʡʢʠʤ. ʆʜʥʘʢ, ʰʠʨʦʢʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʫʮʽ ʡ ʪʝʭʥʽʮʽ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʨʠʤʫʻʪʴʩʷ 
ʥʠʟʢʦʶ ʧʨʠʯʠʥ. ʉʝʨʝʜ ʥʠʭ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʻ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʩʘʤʦʢʦʤʧʝʥʩʘʮʽʾ ʜʝʬʝʢʪʽʚ ʪʘ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʘ ʤʦʥʦʧʦʣʷʨʥʘ 

ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ. ʊʦʤʫ ʜʦ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʧʨʠ 
ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʨʠʣʘʜʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʚʝʨʭʥʝʚʦ-ʙʘʨôʻʨʥʽ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣï

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ. ɺʦʥʠ ʜʦʩʠʪʴ ʧʨʦʩʪʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʚʦʣʦʜʽʶʪʴ 
ʬʦʪʦʯʫʪʣʠʚʽʩʪʶ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (0,2-

0,47 ʤʢʤ), ʚʠʩʦʢʦʶ ʰʚʠʜʢʦʜʽʻʶ, ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʪʘ ʯʘʩʦʚʦʶ 

ʩʪʘʙʽʣʴʥʽʩʪʶ, ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʰʫʤʽʚ. ʆʜʥʘʢ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʮʠʭ ʜʽʦʜʥʠʭ ʩʪʨʫʢʪʫʨ ʚʠʥʠʢʘʶʪʴ ʜʝʷʢʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʨʫʜʥʦʱʽ, 
ʧʦʚôʷʟʘʥʽ ʟʽ ʩʢʣʘʜʥʽʩʪʶ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʪʦʥʢʠʭ 

ʥʘʧʽʚʧʨʦʟʦʨʠʭ ʧʣʽʚʦʢ ʤʝʪʘʣʫ, ʷʢʠʡ ʥʘʥʦʩʠʪʴʩʷ. ʎʝ ʤʦʞʝ 

ʧʨʠʚʦʜʠʪʠ ʜʦ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʣʘʜʽʚ, 
ʚʠʛʦʪʦʚʣʝʥʠʭ ʫ ʨʽʟʥʠʭ ʧʘʨʪʽʷʭ, ʪʘ ʜʦ ʟʥʠʞʝʥʥʷ ʾʭ ʯʘʩʦʚʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ [1]. 

ʎʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʚôʷʟʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ 

ʷʢʦʩʪʽ ʧʨʦʟʦʨʦʛʦ ʢʦʥʪʘʢʪʫ ʰʘʨʽʚ SnO2, ʷʢʽ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʝ 
ʧʨʦʧʫʩʢʘʥʥʷʤ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

(0,25-1,00 ʤʢʤ) ʪʘ ʚʠʩʦʢʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ. 

ɼʽʦʜʥʽ ʩʪʨʫʢʪʫʨʠ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʰʣʷʭʦʤ ʧʽʨʦʣʽʪʠʯʥʦʛʦ 
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ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ SnO2 ʥʘ ʧʽʜʢʣʘʜʠʥʢʠ ʩʝʣʝʥʽʜʫ ʮʠʥʢʫ. ɰʭ 

ʪʝʤʥʦʚʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʶʪʴ ʷʚʥʦ ʚʠʨʘʞʝʥʠʡ 

ʜʽʦʜʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ ʧʨʠ ʥʘʧʨʫʟʽ 2 ɺ 
ʩʪʘʥʦʚʠʪʴ 10

2
. 

ʉʧʝʢʪʨ ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ ʩʪʨʫʢʪʫʨ ʟʦʙʨʘʞʝʥʠʡ 

ʥʘ ʨʠʩʫʥʢʫ. ʅʘ ʥʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʘ ʤʘʢʩʠʤʫʤʠ ï 
ʜʦʚʛʦʭʚʠʣʴʦʚʠʡ, ʧʦʣʦʞʝʥʥʷ ʷʢʦʛʦ ʢʦʨʝʣʶʻ ʟ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg ʩʝʣʝʥʽʜʫ ʮʠʥʢʫ, ʽ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʡ ʟ 

lmaxå280 ʥʤ. ʅʘʷʚʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʩʪʚʦʨʝʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʈʠʩ. ʉʧʝʢʪʨ ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ZnSe-SnO2 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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2
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 ʠ 
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ʇʝʪʨʦ ɻʘʚʨʠʣʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺ.ɺ.ʊʦʤʘʰ  

 

ʉʢʨʘʡʙʽʥʛ ʷʢ ʩʫʯʘʩʥʘ ʬʦʨʤʘ ʧʦʜʘʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

 
ʉʢʨʘʡʙʽʥʛ (ʚʽʜ ʘʥʛʣ. scribe ð çʨʦʟʤʽʯʘʪʠè) ï ʥʦʚʘ ʪʝʭʥʽʢʘ 

ʧʨʝʟʝʥʪʘʮʽʾ, ʚʠʥʘʡʜʝʥʘ ʙʨʠʪʘʥʩʴʢʠʤ ʭʫʜʦʞʥʠʢʦʤ ɽʥʜʨʶ 
ʇʘʨʢʦʤ ʜʣʷ ʙʨʠʪʘʥʩʴʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ. 
ʇʨʦʬʝʩʽʡʥʠʡ ʩʢʨʘʡʙʝʨ ï ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʭʫʜʦʞʥʠʢ. ɺʽʥ ʧʦʚʠʥʝʥ 
ʥʝ ʩʪʽʣʴʢʠ ʚʤʽʪʠ ʤʘʣʶʚʘʪʠ, ʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʟʥʘʭʦʜʠʪʠ ʪʦʯʥʽ ʡ 
ʧʨʦʩʪʽ ʚʽʟʫʘʣʴʥʽ ʩʠʤʚʦʣʠ ʜʣʷ ʧʦʥʷʪʴ ʘʙʦ ʷʚʠʱ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʽ 
ʷʢʦʩʪʽ ï ʚʤʽʥʥʷ ʫʚʘʞʥʦ ʩʣʫʭʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʽ 
ʚʠʜʽʣʷʪʠ ʛʦʣʦʚʥʝ [1]. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʱʦ ʞ ʪʘʢʝ ʩʢʨʘʡʙʽʥʛ? ʎʝ ʥʘʩʘʤʧʝʨʝʜ 
ʤʠʩʪʝʮʪʚʦ ʚʽʜʦʙʨʘʞʘʪʠ ʩʚʦʻ ʤʦʚʣʝʥʥʷ ʚ ʤʘʣʶʥʢʘʭ, ʧʨʠʯʦʤʫ 
ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩ̔ ʧʘʨʘʣʝʣʴʥʦ ʟ ʜʦʧʦʚʽʜʜʶ 
ʤʦʚʮʷ.  

ʅʘʨʘʟʽ ʽʩʥʫʻ ʜʚʘ ʚʠʜʠ ʩʢʨʘʡʙʽʥʛʫ: ʩʢʨʘʡʙʽʥʛ-ʧʨʝʟʝʥʪʘʮʽʷ ʪʘ 
ʚʽʜʝʦʩʢʨʘʡʙʽʥʛ. ʇʝʨʰʠʡ ï ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ  ̔ ʚʽʜʦʤʠʡ, 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʧʦʚʽʜʽ ʤʦʚʮʷ. ɺʽʥ ʩʫʧʨʦʚʦʜʞʫʻ 
ʤʦʚʣʝʥʥʷ ʜʦʧʦʚʽʜʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʩʭʝʤ, ʤʘʣʶʥʢʽʚ, 
ʛʨʘʬʽʢʽʚ. ɺʽʜʝʦʩʢʨʘʡʙʽʥʛ ï ʜʠʥʘʤʽʯʥʠʡ ʚʠʜ ʩʢʨʘʡʙʽʥʛʫ, ʚ ʦʩʥʦʚʽ 
ʷʢʦʛʦ ʽʣʶʩʪʨʘʮʽʾ, ʩʭʝʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʽʜʝʦʨʷʜʽ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʨʘʡʙʽʥʛ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 
ʩʪʘʪʠʯʥʠʭ ʩʭʝʤ/ʛʨʘʬʽʢʽʚ, ʩʢʨʘʡʙ-ʤʘʣʶʥʢʽʚ, ʩʢʨʘʡʙ-ʨʦʟʧʦʚʽʜʝʡ 
(ʢʦʤʽʢʩʠ), ʧʨʦʩʪʠʭ ʥʘʧʠʩʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʚ ʦʩʦʙʣʠʚʦʤʫ ʩʪʠʣʽ[2]. 

ʉʝʨʝʜ çʧʝʨʝʚʘʛè ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ: 
ï ʘʢʪʠʚʥʘ ʫʯʘʩʪʴ ʪʘ ʫʚʘʛʘ ʘʫʜʠʪʦʨʽʾ; 
ï ʷʢʽʩʥʝ ʟʘʩʚʦʻʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ 

ʢʣʶʯʦʚʠʭ ʤʦʤʝʥʪʽʚ; 
ï ʟʨʫʯʥʝ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ; 
ï ʤʦʞʣʠʚʽʩʪʴ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ ʟʽ ʩʣʫʭʘʯʘʤʠ. 
ʑʦ ʞ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʨʘʡʙʽʥʛʫ? ʈʦʙʦʪʘ ʟ 

ʧʨʝʟʝʥʪʘʮʽʻʶ ʤʽʩʪʠʪʴ ʪʨʠ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʠ: 
ï ʥʘʚʠʯʢʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ï ʩʢʨʘʡʙʽʥʛ ʧʝʨʝʪʚʦʨʶʻ ʪʝʟʠ 

ʧʨʝʟʝʥʪʘʮʽʾ ʥʘ ʩʣʦʚʘ ʪʘ ʦʙʨʘʟʠ. ʅʝ ʦʙʦʚôʷʟʢʦʚʦ ʚʤʽʪʠ ʤʘʣʶʚʘʪʠ, 
ʛʦʣʦʚʥʝ ï ʟʨʦʟʫʤʽʪʠ, ʷʢ ʧʨʘʚʠʣʴʥʦ ʟʘʤʽʥʠʪʠ ʩʣʦʚʘ (ʽʤʝʥʥʠʢʠ ʯʠ 
ʜʽʻʩʣʦʚʘ) ʥʘ ʥʝʦʙʭʽʜʥʽ ʩʠʤʚʦʣʠ, ʦʙʨʘʟʠ; 
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ï ʚʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʟʽ ʩʭʝʤʘʤʠ ï ʩʢʨʘʡʙʝʨ ʧʦʚʠʥʝʥ ʚʤʽʪʠ 
ʥʘʦʯʥʦ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʚʦʶ ʜʫʤʢʫ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ, 
ʜʽʘʛʨʘʤ, ʩʭʝʤ, ʧʨʠ ʮʴʦʤʫ ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʩʽ ʩʭʝʤʠ ʫ ʬʦʨʤʽ 
ʮʽʣʽʩʥʦʛʦ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʦʙʨʘʟʫ; 

ï ʥʘʚʠʯʢʠ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʘʫʜʠʪʦʨʽʻʶ, ʦʩʥʦʚʥʘ ʤʝʪʘ 
ʧʨʝʟʝʥʪʘʮʽʾ ï ʜʦʥʝʩʪʠ ʛʦʣʦʚʥʫ ʜʫʤʢʫ ʜʦ ʩʣʫʭʘʯʽʚ, ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ 
ʜʦʧʦʚʽʜʘʯ ʤʘʻ ʟʘʣʫʯʠʪʠ ʾʭ ʜʦ ʧʨʦʮʝʩʫ ʦʙʛʦʚʦʨʝʥʥʷ [3]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʢʨʘʡʙʽʥʛʫ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʪʘʢʠʤʠ 
ʩʝʨʚʽʩʘʤʠ: 

GoAnimate ï ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʧʨʝʟʝʥʪʘʮʽʶ ʥʘ 
ʤʫʣʴʪʠʧʣʽʢʘʮʽʡʥʠʡ ʬʽʣʴʤ.  

PowToon ï ʚʩʷ ʘʥʽʤʘʮʽʷ ʩʪʚʦʨʶʻʪʴʩʷ ʚʽʜ ʩʣʘʡʜʘ ʜʦ ʩʣʘʡʜʘ.  
Wideo ï ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʚ ʧʨʝʟʝʥʪʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ, 

ʧʝʨʩʦʥʘʞʽ, ʪʝʢʩʪ ʪʘ ʤʫʟʠʢʫ. 
Moovly ï ʦʜʠʥ ʽʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʘʥʽʤʦʚʘʥʠʭ ʧʨʝʟʝʥʪʘʮʽʡ, ʙʘʛʘʪʦ ʝʣʝʤʝʥʪʽʚ 
ʧʨʦʤʘʣʴʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʢʠ.  

VideoScribe ï ʩʪʚʦʨʝʥʠʡ ʟʘ ʧʨʠʥʮʠʧʦʤ ï ʚʽʜ ʯʘʩʪʢʦʚʦʛʦ ʜʦ 
ʟʘʛʘʣʴʥʦʛʦ. 

ʉʫʯʘʩʥʽ ʫʯʥʽ ʻ ʫʯʘʩʥʠʢʘʤʠ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, 
ʥʝʚʽʜôʻʤʥʠʤ ʝʣʝʤʝʥʪʦʤ ʷʢʦʛʦ ʻ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 
ɯʥʪʝʨʥʝʪ. ʉʢʨʘʡʙʽʥʛ ʻ ʥʦʚʦʶ ʬʦʨʤʦʶ ʧʨʝʟʝʥʪʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ 
ʤʘʪʝʨʽʘʣʫ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʜʘʻ ʟʤʦʛʫ ʟʘʮʽʢʘʚʠʪʠ 
ʫʯʥʽʚ, ʟʘʣʫʯʠʪʠ ʾʭ ʜʦ ʦʙʛʦʚʦʨʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʾ, ʧʨʠ ʮʴʦʤʫ 
ʨʦʟʚʠʚʘʻ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʥʘʚʠʯʢʠ, ʢʨʝʘʪʠʚʥʝ ʤʠʩʣʝʥʥʷ, ʪʚʦʨʯʠʡ 
ʧʽʜʭʽʜ ʽ ʜʦʧʦʤʘʛʘʻ ʚʯʠʪʝʣʶ ʣʝʛʢʦ ʪʘ ʥʝʩʪʘʥʜʘʨʪʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ 
ʥʘʚʯʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʫʨʽʟʥʦʤʘʥʽʪʥʠʪʠ ʫʨʦʢ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʀʩʢʫʩʩʪʚʦ ʧʨʝʟʝʥʪʘʮʠʠ ʩʪʨʝʤʠʪʩʷ ʢ ʩʦʚʝʨʰʝʥʩʪʚʫ. [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://zillion.net/ru/blog/35/skraibingh-

kak-sposobvizual-nogho-myshlieniia 

2. ʈʠʩʫʝʤ ʚʠʜʝʦʨʦʣʠʢʠ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://esprezo.ru/6-servisov-dlya-videoprezentacij/ 

3. ʉʢʨʘʡʙʽʥʛ ʷʢ ʩʫʯʘʩʥʘ ʬʦʨʤʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://journal.osnova.com.ua/article/51806 
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ʖʣʽʷ ɻʘʤʘʥʞʽʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʘʩʠʩʪ. ʐʫʤʠʣʷʢ ʃ.ʄ. 

 

ʆʥʣʘʡʥ-ʰʢʦʣʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ 

 
ɿʥʘʯʝʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʘʞʢʦ 

ʧʝʨʝʦʮʽʥʠʪʠ, ʘʜʞʝ ʾʾ ʷʢ ʤʽʞʥʘʨʦʜʥʫ ʤʦʚʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ   

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʪʘ ʛʘʣʫʟʷʭ: ʧʦʣʽʪʠʢʘ, ʝʢʦʥʦʤʽʢʘ, ʥʘʫʢʘ, ʤʠʩʪʝʮʪʚʦ, 

ʤʽʞʥʘʨʦʜʥʘ ʪʦʨʛʽʚʣʷ, ʜʽʷʣʴʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʙʦʪʘ 

ʙʘʥʢʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, 

ʚʠʚʯʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ, ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ, ʪʦʱʦ. 

ʋʥʘʩʣʽʜʦʢ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʧʦʩʪʘʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʚʯʝʥʥʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʥʴ ʤʦʚʠ.  ɹʝʟʩʫʤʥʽʚʥʫ ʜʦʧʦʤʦʛʫ 

ʫ ʚʠʚʯʝʥʥʽ ʪʘ ʦʮʽʥʶʚʘʥʥʽ ʨʽʚʥʷ ʟʥʘʥʴ ʥʘʜʘʶʪʴ ʦʥʣʘʡʥ-ʰʢʦʣʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʜʠʩʪʘʥʮʽʡʥʦ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʤʘʪʝʨʽʘʣ, ʩʣʫʭʘʪʠ 

ʣʝʢʮʽʾ, ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʩʢʣʘʜʘʪʠ ʪʝʩʪʠ ʚ ʨʝʞʠʤʽ ʦʥʣʘʡʥ.  

ʆʥʣʘʡʥ-ʰʢʦʣʘ ð ʮʝ ʽʥʪʝʨʥʝʪ-ʢʫʨʩ ʟ ʽʥʪʝʨʘʢʪʠʚʥʦʶ ʫʯʘʩʪʶ 

ʪʘ ʚʽʜʢʨʠʪʠʤ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ  

ʜʠʩʪʘʥʮʽʡʥʫ ʬʦʨʤʫ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ 

ʩʚʽʪʦʚʽʡ ʦʩʚʽʪʽ.  

ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ð ʩʫʢʫʧʥʽʩʪʴ ʩʫʯʘʩʥʠʡ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʚʢʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʪʝʨʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜ ʪʠʭ, ʭʪʦ ʥʘʚʯʘʻ, ʜʦ ʪʠʭ, ʭʪʦ ʥʘʚʯʘʻʪʴʩʷ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʠʡ 

web-ʜʦʜʘʪʦʢ, ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʷʢʦʛʦ ï  ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ 
ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʩʪʫʜʝʥʪʫ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʟʨʫʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʟʚ'ʷʟʢʫ ʟ ʚʠʢʣʘʜʘʯʝʤ ʫ 

ʟʨʫʯʥʠʡ ʯʘʩ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʙʦʨʫ ʢʫʨʩʫ ʜʣʷ ʚʠʚʯʝʥʥʷ 
ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʪʘ ʚʠʜʫ ʜʽʷʣʴʥʦʩʪʽ. 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʦʾ  ʩʠʩʪʝʤʠ: 

- ʙʘʟʘ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʙʫʜʫʪʴ ʟʘʧʠʩʘʥʽ ʚʩʽ ʜʘʥʽ ʩʪʫʜʝʥʪʽʚ ʪʘ 

ʚʠʢʣʘʜʘʯʽʚ, ʢʫʨʩʽʚ ʟ ʤʦʜʫʣʷʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʪʝʤʠ ʟ ʫʨʦʢʘʤʠ ʪʘ 

ʪʝʩʪʘʤʠ; 
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- ʽʥʪʝʨʬʝʡʩʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʟʨʫʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʘʥʦʶ 

ʩʠʩʪʝʤʦʶ: ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʚʠʢʣʘʜʘʯʘ, ʩʪʫʜʝʥʪʘ ; 

- ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʟʤʽʥʠ 

(ʢʫʨʩʠ ʟ ʤʦʜʫʣʷʤʠ, ʷʢʽ ʧʦʜʽʣʝʥʦ ʥʘ ʪʝʤʠ, ʫ ʢʦʞʥʽʡ ʢʽʣʴʢʘ 

ʫʨʦʢʽʚ).  
ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ: ʢʦʨʠʩʪʫʚʘʯ ʘʚʪʦʨʠʟʫʻʪʴʩʷ ʘʙʦ 

ʨʝʻʩʪʨʫʻʪʴʩʷ; ʦʙʠʨʘʻ ʢʫʨʩ, ʷʢʠʡ ʭʦʯʝ ʧʨʦʭʦʜʠʪʠ, ʧʽʩʣʷ ʯʦʛʦ 

ʡʦʤʫ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʩʧʠʩʦʢ ʤʦʜʫʣʽʚ ʜʣʷ ʚʠʚʯʝʥʥʷ; ʧʨʠ 
ʚʽʜʢʨʠʪʪʽ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʢʫʨʩʽ, ʢʦʨʠʩʪʫʚʘʯ 

ʦʪʨʠʤʫʻ ʧʝʨʝʣʽʢ ʪʝʤ, ʷʢʽ ʤʽʩʪʷʪʴ ʫʨʦʢʠ ʪʘ ʪʝʩʪʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʘʡʪʫ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʫʜʦʩʢʦʥʘʣʠʪʠ ʩʚʦʾ ʟʥʘʥʥʷ ʟ ʛʨʘʤʘʪʠʢʠ ʪʘ ʣʝʢʩʠʢʠ 
ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʜʽʷʣʴʥʦʩʪʽ: ʯʠʪʘʥʥʷ ʣʽʪʝʨʘʪʫʨʠ, 

ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʘʫʜʽʦʟʘʧʠʩʽʚ, ʧʝʨʝʛʣʷʜ ʚʽʜʝʦ, ʩʢʣʘʜʘʥʥʷ ʪʝʩʪʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Angular [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  https://angular.io/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 06.03.2018) ï 

ʅʘʟʚʘ ʝʢʨʘʥʘ. 

2. ɺʽʢʽʧʝʜʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  [ɺʝʙ-ʩʘʡʪ]. ï ɼʠʩʪʘʥʮʽʡʥʝ 

ʥʘʚʯʘʥʥʷ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://uk.wikipedia.org/wiki/ɼʠʩʪʘʥʮʽʡʥʝ_ʥʘʚʯʘʥʥʷ/ (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ ï 06.03.2018) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

3. TypeScript  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.typescriptlang.org/docs/home.html (ʜʘʪʘ 
ʟʚʝʨʥʝʥʥʷ ï 06.03.2018) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

https://angular.io/
https://ru.wikipedia.org/wiki/Дистанционное_обучение
https://ru.wikipedia.org/wiki/Дистанционное_обучение
https://www.typescriptlang.org/docs/home.html
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ʉʪʝʧʘʥ ɻʘʤʘʣʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʖ.ɺ.ɻʫʜʠʤʘ 

 

ʊʝʭʥʦʣʦʛʽʾ ʝʣʝʢʪʨʦʥʥʝ ʥʘʚʯʘʥʥʷ ʫ ʚʠʱʽʡ ʦʩʚʽʪʽ ʋʢʨʘʾʥʠ 

ʪʘ ʩʚʽʪʫ 
ʋ ʥʘʰ ʯʘʩ ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ ʙʘʛʘʪʦ ʘʩʧʝʢʪʽʚ ʥʘʰʦʛʦ ʞʠʪʪʷ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʚ ʤʝʨʝʞʫ, ʧʨʠʩʢʦʨʶʶʯʠ ʪʠʤ ʩʘʤʠʤ ʪʝʤʧʠ 
ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʜʦʣʘʶʯʠ ʛʝʦʛʨʘʬʽʯʥʽ 

ʙʘʨôʻʨʠ. ʅʝ ʩʪʘʻ ʚʠʢʣʶʯʝʥʥʷʤ ʽ ʦʩʚʽʪʘ. ɿʘʨʘʟ ʚʞʝ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ 

ʟʥʘʭʦʜʠʪʠʩʴ ʧʦʨʫʯ ʟ ʚʠʢʣʘʜʘʯʝʤ. ɼʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ ʯʘʩ ʽʩʥʫʻ 

ʟʘʦʯʥʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ. ɸʣʝ ʾʾ ʤʦʞʣʠʚʦʩʪʽ ʜʫʞʝ 
ʦʙʤʝʞʝʥʽ. ɯʥʪʝʨʥʝʪ ʜʘʻ ʟʤʦʛʫ ʨʦʟʰʠʨʠʪʠ ʾʭ, ʟʨʦʙʠʪʠ ʟʘʦʯʥʝ 

ʥʘʚʯʘʥʥʷ ʩʧʨʘʚʜʽ ʧʦʚʥʦʮʽʥʥʠʤ ʪʘ ʚʩʝʦʭʦʧʣʶʶʯʠʤ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʦʶ ʬʦʨʤʦʶ ʦʪʨʠʤʘʥʥʷ ʟʥʘʥʴ, ʱʦ ʥʘʙʫʚʘʻ ʟʘʨʘʟ 
ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʽ ʚ ʢʨʘʾʥʘʭ ʉʅɼ, ʻ 

ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ. ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ï ʦʨʛʘʥʽʟʘʮʽʷ 

ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʷʢ ʢʨʘʱʠʭ 
ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ, ʪʘʢ ʽ ʥʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʰʠʨʦʢʠʭ ʚʝʨʩʪʚ 

ʥʘʩʝʣʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʽʩʮʷ 
ʧʨʦʞʠʚʘʥʥʷ, ʩʪʘʥʫ ʟʜʦʨʦʚôʷ. ɼʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ ʜʘʻ ʟʤʦʛʫ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʽʥʪʝʨʘʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʣʘʜʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, 

ʟʜʦʙʫʚʘʪʠ ʧʦʚʥʦʮʽʥʥʫ ʦʩʚʽʪʫ, ʧʽʜʚʠʱʫʚʘʪʠ ʢʚʘʣʽʬʽʢʘʮʽʶ 
ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʽʩʮʷʭ. ʇʨʦʮʝʩ 

ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʙʫʜʴ-ʜʝ ʽ ʙʫʜʴ-ʢʦʣʠ, ʻʜʠʥʘ ʫʤʦʚʘ ï 

ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʊʘʢʦʞ ʜʠʩʪʘʥʮʽʡʥʝ ʥʘʚʯʘʥʥʷ 

ʚʠʟʥʘʯʘʶʪʴ ʷʢ "ʪʝʭʥʦʣʦʛʽʶ ʦʪʨʠʤʘʥʥʷ ʟʥʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ, ʢʦʣʠ ʚʟʘʻʤʦʜʽʷ ʪʦʛʦ, ʢʦʛʦ ʥʘʚʯʘʶʪʴ, 

ʽ ʚʠʢʣʘʜʘʯʘ ʧʨʦʭʦʜʠʪʴ ʥʘ ʚʽʜʩʪʘʥʽ".  

ɯʜʝʷ ʦʩʚʽʪʠ ʥʘ ʚʽʜʩʪʘʥʽ ʥʝ ʻ ʥʦʚʦʶ. ɼʠʩʪʘʥʮʽʡʥʘ ʦʩʚʽʪʘ (ɼʆ) 
ʚʠʥʠʢʣʘ ʚ ʧʝʨʽʦʜ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʰʦʾ ʩʪʽʡʢʦʾ ʨʝʛʫʣʷʨʥʦʾ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ, ʷʢʘ ʙʫʣʘ ʟʚʠʯʘʡʥʦʶ ʜʣʷ ʥʘʩ 

ʧʦʰʪʦʶ. ʋ 1858 ʨʦʮʽ ʫ ʃʦʥʜʦʥʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʙʫʣʦ 
ʜʦʟʚʦʣʝʥʦ ʩʢʣʘʜʘʥʥʷ ʝʢʟʘʤʝʥʽʚ ʥʘ ʘʢʘʜʝʤʽʯʥʽ ʩʪʫʧʝʥʽ ʚʩʽʭ ʨʽʚʥʽʚ 

ʪʘ ʚʩʽʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ (ʦʢʨʽʤ ʤʝʜʠʮʠʥʠ) ʫʩʽʤ, ʭʪʦ ʙʘʞʘʻ, 
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ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʟʜʦʙʫʚʘʥʥʷ ʟʥʘʥʴ, ʚʢʣʶʯʘʶʯʠ ʥʘʚʯʘʥʥʷ ʟ 

ʧʝʨʝʧʠʩʫ ʘʙʦ ʞ ʩʘʤʦʥʘʚʯʘʥʥʷ.  

ʋ 1987 ʨʦʮʽ ʩʪʚʦʨʶʻʪʴʩʷ ɸʩʦʮʽʘʮʽʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 
ʉʐɸ (Unites States Distance Learning Association-USDLA), 

ʦʩʥʦʚʥʘ ʤʝʪʘ ʷʢʦʾ - ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʜʠʩʪʘʥʮʽʡʥʦʾ 

ʦʩʚʽʪʠ ʪʘ ʩʧʨʠʷʥʥʷ ʩʪʚʦʨʝʥʥʶ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 
ʥʘʚʯʘʥʥʷ. 

ʋ ʉʐɸ ʚ ʩʠʩʪʝʤʽ ɼʆ ʥʘʚʯʘʻʪʴʩʷ ʤʘʡʞʝ ʤʽʣʴʡʦʥ ʩʪʫʜʝʥʪʽʚ. ɿʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʩʚʽʪʠ ʧʨʘʮʶʶʪʴ ʪʘʢʽ ʘʤʝʨʠʢʘʥʩʴʢʽ 

ʫʥʽʚʝʨʩʠʪʝʪʠ: ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, ʱʦ ʻ 
ʢʦʥʩʦʨʮʽʫʤʦʤ ʽʟ 40 ʽʥʞʝʥʝʨʥʠʭ ʰʢʽʣ; ʫʥʽʚʝʨʩʠʪʝʪ ʫ ʂʝʥʥʝʜʽ-

ɺʝʩʪʝʨʥ; ʚʽʜʢʨʠʪʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʰʪʘʪʫ ʌʝʥʽʢʩ (UOP) - 

ʧʨʠʚʘʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʟʘʩʥʦʚʘʥʠʡ ʛʨʫʧʦʶ Appolo.  
ɼʠʩʪʘʥʮʽʡʥʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʪʨʴʦʭ 

ʨʝʞʠʤʘʭ: ʩʠʥʭʨʦʥʥʠʡ, ʘʩʠʥʭʨʦʥʥʠʡ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ. 

¶ ʥʘʚʯʘʥʥʷ ʚ ʩʠʥʭʨʦʥʥʦʤʫ ʨʝʞʠʤʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ 

"ʨʝʞʠʤʦʤ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ", ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʜʦʟʚʦʣʷʻ ʫʯʘʩʥʠʢʘʤ 

ʢʫʨʩʫ ʽ ʚʯʠʪʝʣʶ ʚʽʣʴʥʦ ʩʧʽʣʢʫʚʘʪʠʩʷ ʤʘʡʞʝ ʪʘʢ, ʥʽʙʠ ʚʦʥʠ 
ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ. ɿʘʥʷʪʪʷ, ʱʦ 

ʧʨʦʚʦʜʷʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʭʦʜʷʪʴ ʧʽʜ ʧʦʚʥʠʤ ʢʦʥʪʨʦʣʝʤ 

ʚʠʢʣʘʜʘʯʘ ʽ ʥʘʛʘʜʫʶʪʴ ʢʣʘʩʠʯʥʽ ʣʝʢʮʽʾ; 

¶ ʘʩʠʥʭʨʦʥʥʠʡ ʨʝʞʠʤ ʧʦʣʷʛʘʻ  ʚ ʪʦʤʫ, ʱʦ ʢʦʥʪʘʢʪ ʤʽʞ 

ʫʯʥʷʤʠ ʽ ʚʯʠʪʝʣʝʤ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ  ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʘʢʝʪ 

ʧʨʦʛʨʘʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʽʩʪʠʪʴ ʙʘʟʠ ʜʘʥʠʭ, ʚ ʷʢʠʭ ʟʙʝʨʽʛʘʶʪʴʩʷ 

ʤʘʪʝʨʽʘʣʠ ʢʦʥʢʨʝʪʥʠʭ ʢʫʨʩʽʚ; 

¶ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʨʝʞʠʤ ʥʘʚʯʘʥʥʷ - ʥʝ ʱʦ ʽʥʰʝ, ʷʢ 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʨʪʘʣ, ʱʦ ʤʽʩʪʠʪʴ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʮʝʥʪʨʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʽʭ 

ʟʘʭʦʜʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʜʠʩʪʘʥʮʽʡʥʠʤ ʥʘʚʯʘʥʥʷʤ. 

ʅʦʚʠʡ ʩʧʦʩʽʙ ʥʘʚʯʘʥʥʷ - ʜʠʥʘʤʽʯʥʠʡ, ʜʦʩʪʫʧʥʠʡ ʫ ʙʫʜʴ-
ʷʢʦʤʫ ʤʽʩʮʽ, ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ. ʇʨʦʪʝ ʮʷ ʩʠʩʪʝʤʘ, ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʽʥʥʦʚʘʮʽʡʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʶʻ ʥʦʚʽ ʚʠʤʦʛʠ ʷʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʪʘʢ ʽ 

ʜʣʷ ʣʶʜʝʡ, ʷʢʽ ʛʦʪʫʶʪʴ ʤʘʪʝʨʽʘʣʠ ʪʘ ʢʦʥʪʨʦʣʶʶʪʴ ʧʨʦʮʝʩ 
ʥʘʚʯʘʥʥʷ, ʪʘʢʽ ʷʢ ʧʦʩʪʽʡʥʠʡ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʚʤʽʥʥʷ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʥʝʦʙʭʽʜʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 
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 ʆʣʝʢʩʘʥʜʨ ɻʘʥʜʟʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

 

ʍʽʤʽʯʥʠʡ ʟʚ'ʷʟʦʢ ʫ ʢʨʠʩʪʘʣʘʭ ZnSb 

ɸʥʪʠʤʦʥʽʜ ʮʠʥʢʫ ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ              
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʘʭ [1]. ʉʧʝʮʠʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʙʫʜʦʚʫ 

ʨʽʟʥʠʭ  ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʡ ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʚʣʘʩʪʠʚʦʩʪʝʡ        

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʩʢʣʘʜʫ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 
ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʜʦʩʣʽʜʞʝʥʥʷ                 

ʚʟʘʻʤʦʟʘʣʝʞʥʦʩʪʽ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ            

ʤʘʪʝʨʽʘʣʽʚ ʟ ʾʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʧʦʟʠʮʽʡ 
ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ. ʊʦʤʫ  ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʩʚʦʻʥʥʽ ʤʝʪʦʜʽʚ ʪʘ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ 

ZnSb.  

ɼʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʧʦʚʠʥʝʥ ʚʨʘʭʦʚʫʚʘʪʠ 
ʷʢ ʢʦʦʨʜʠʥʘʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʽ ʝʣʝʢʪʨʦʥʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ     

ʘʪʦʤʽʚ, ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʢʫʪʠ ʤʽʞ ʥʘʧʨʷʤʢʘʤʠ ʟʚôʷʟʢʽʚ ʫ  

ʢʨʠʩʪʘʣʽ. 
ʋʩʽ ʮʽ ʦʩʦʙʣʠʚʦʩʪʽ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ       

ʤʝʪʦʜʠʮʽ ʨʦʟʨʘʭʫʥʢʫ ʛʽʙʨʠʜʥʠʭ ʘʪʦʤʥʠʭ ʦʨʙʽʪʘʣʝʡ, ʥʘʚʝʜʝʥʽʡ ʚ     

ʧʨʘʮʽ [2]. ʋ ʨʦʙʦʪʽ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʛʽʙʨʠʜʥʠʭ        
ʦʨʙʽʪʘʣʝʡ ʘʪʦʤʽʚ Zn  ̔Sb ʟʘ ʩʧʨʦʱʝʥʦʶ ʤʝʪʦʜʠʢʦʶ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʟʚôʷʟʢʠ ʥʘʡʙʣʠʞʯʠʭ    

ʘʪʦʤʽʚ, ʱʦ ʦʧʠʩʫʚʘʣʠʩʴ ʛʽʙʨʠʜʥʠʤʠ ʦʨʙʽʪʘʣʷʤʠ: 

ű1 ï ʦʧʠʩʫʻ ʟʚ'ʷʟʦʢ ʘʪʦʤʽʚ Zn-Sb, ʥʘ ʚʽʜʩʪʘʥʽ d1=2.64 ¡ 
ű2 ï (Zn-Sb), d2=2.645 ¡ 

ű3 ï (Zn-Sb), d3=2.76 ¡ 

ű4 ï (Sb-Sb), d4=2.76 ¡ 
ű5 ï (Zn-Zn), d5=2.82 ¡ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʪʝʦʨʽʻʶ ʧʨʫʞʥʦʩʪʽ ʪʘ ʪʝʦʨʽʻʶ ʛʨʘʪʢʠ. ɿʚ'ʷʟʦʢ 
ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʧʨʫʞʥʠʭ ʤʦʜʫʣʽʚ CI,k,mn ʽ ʩʠʣʦʚʠʤʠ 

ʢʦʥʩʪʘʥʪʘʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʾ ʪʝʦʨʽʾ, ʟʛʽʜʥʦ [2], ʤʘʻ ʚʠʛʣʷʜ: 
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,        

ʜʝ - ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʌ ʚ ʨʷʜ 

ʧʦ ʟʤʽʱʝʥʥʷʭ; 

ɸ- ʤʘʪʨʠʮʷ, ʱʦ ʟʘʜʘʻ ʧʦʣʦʞʝʥʥʷ ʷʜʨʘ ʚ ʛʨʘʪʮʽ; 

- ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. 
ʇʨʦʚʦʜʷʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʤʝʪʦʜʠʢʦʶ [1], ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʢʦʥʩʪʘʥʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ          

мҖ dʽ Ò 5. 

f1=1,5Ĭ 10
2
 H/ʤ; f2= - 2,2 Ĭ 10

2
 H/ʤ;  

f3= - 3,4 Ĭ 10
2
 H/ʤ; f4= - 8,6 Ĭ 10

2
 H/ʤ 

f5= 4,8 Ĭ 10
2
 H/ʤ. 

ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʧʨʠʯʠʥʘ ʘʥʽʟʦʪʨʦʧʥʠʭ          

ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʠʻʪʴʩʷ ʚ ʧʨʠʨʦʜʽ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʽ ʡʦʛʦ        

ʩʠʣʦʚʠʭ    ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 
ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʧʦʢʘʟʘʚ, ʱʦ ʨʽʟʥʽ ʪʠʧʠ ʟʚôʷʟʢʽʚ ʟʫʤʦʚʣʝʥʽ 

ʢʽʣʴʢʽʩʥʠʤʠ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʚ ʨʦʟʧʦʜʽʣʽ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʽ 

ʤʘʶʪʴ ʨʽʟʥʽ ʟʥʘʯʝʥʥʷ ʩʠʣʦʚʠʭ ʢʦʥʩʪʘʥʪ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ          

ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʚ ʩʪʨʫʢʪʫʨʥʽʡ ʭʽʤʽʾ, ʢʦʣʠ ʩʧʦʯʘʪʢʫ          
ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʘ ʙʫʜʦʚʘ ʘʪʦʤʽʚ ʽ ʚʠʙʠʨʘʻʪʴʩʷ ʪʠʧ     

ʛʽʙʨʠʜʠʟʘʮʽʾ, ʥʘʤʠ ʙʫʣʦ ʨʦʟʚôʷʟʘʥʦ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫ ï ʟʘ         

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʩʢʣʘʜʝʥʦ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʜʣʷ   
ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʢʣʘʜʫ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʪʘ    

ʩʠʣʦʚʠʭ ʢʦʥʩʪʘʥʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʠʨʦʜʥʠʡ ʨʦʟʧʦʜʽʣ        

ʝʣʝʢʪʨʦʥʥʦʾ   ʛʫʩʪʠʥʠ ʚ ʢʨʠʩʪʘʣʘʭ ZnSb. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Manik O.N. Zinc Antimonide 1. Physical properties crystalline 

structure. Chemical bond. // Journal of Thermoelectricity. ï 1999.  

s.5-25. 

2. ʄʘʥʠʢ ʆ.ʄ. ɹʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʽʜʭʽʜ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ // 1999. ï 432ʩ. ï (ʋʢʨʘʾʥʘ.- ʏʝʨʥʽʚʮʽ: ʇʨʫʪ). 
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ɺʦʣʦʜʠʤʠʨ ɻʝʨʘʩʠʤʯʫʢ, ʖʨʽʡ ʂʘʨʧʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯ.ɺ.ʉʦʣʪʠʩ 
 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʤʧʽʣʷʪʦʨʽʚ 

ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʚʠʜʘʥʴ  
 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʦʤʧʽʣʷʪʦʨʠ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 
ʚʠʜʘʥʴ, ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʩʧʦʩʽʙ ʧʽʜʛʦʪʦʚʢʠ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ 
ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʚʠʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʟʜʘʣʝʛʽʜʴ ʧʨʠʛʦʪʫʚʘʪʠ ʬʘʡʣʠ 
ʦʢʨʝʤʠʭ ʩʪʦʨʽʥʦʢ (ʟʜʝʙʽʣʴʰʦʛʦ HTML), ʪʝʢʩʪʦʚʽ ʬʨʘʛʤʝʥʪʠ, 
ʟʦʙʨʘʞʝʥʥʷ. ʇʨʦʘʥʘʥʘʣʽʟʫʻʤʦ ʥʘʡʚʘʛʦʤʽʰʽ ʢʦʤʧʽʣʷʪʦʨʠ 
ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ: 

eBook Maestro ï̔ ʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 
ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʛʘʣʝʨʝʡ ʟʦʙʨʘʞʝʥʴ ʟʽ ʟʤʦʛʦʶ ʢʦʤʧʽʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʽ 
ʪʠʧʠ ʮʠʬʨʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɿ ʚʠʭʽʜʥʠʭ HTML-

ʩʪʦʨʽʥʦʢ ʢʦʤʧʽʣʶʻʪʴʩʷ ʘʚʪʦʥʦʤʥʠʡ EXE ʬʘʡʣ ʘʙʦ ʞ ʧʨʦʝʢʪ 

ʟʙʝʨʝʛʘʻʪʴʩʷ ʫ ʚʣʘʩʥʦʤʫ ʬʦʨʤʘʪʽ ɽBM, ʟ ʧʦʜʘʣʴʰʠʤ ʚʥʝʩʝʥʥʷʤ 

ʟʤʽʥ. ɭ ʧʽʜʪʨʠʤʢʘ ʘʥʽʤʘʮʽʾ ʚ ʦʬʦʨʤʣʝʥʥʽ ʽʥʪʝʨʬʝʡʩʫ. ɺ ʧʫʙʣʽʢʘʮʽʶ 

ʤʦʞʥʘ ʚʙʫʜʫʚʘʪʠ ʛʨʘʬʽʯʥʽ ʬʘʡʣʠ, Java ʩʢʨʠʧʪʠ, VB ʩʢʨʠʧʪʠ, 

ʢʘʩʢʘʜʥʽ ʪʘʙʣʠʮʽ ʩʪʠʣʽʚ, ActiveX ʝʣʝʤʝʥʪʠ, Flash ʬʘʡʣʠ, ʘʫʜʽʦ- ʪʘ 

ʚʽʜʝʦʬʘʡʣʠ, Java-ʘʧʣʝʪʠ. ʇʽʜʪʨʠʤʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʨʠʧʪʦʚʠʭ ʤʦʚ 

JavaScript, ʪʘ Windows Script Host ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

HTML Executable ðʫʥʚ̔ʝʨʩʘʣʴʥʠʡ HTML-ʢʦʤʧʽʣʷʪʦʨ, ʷʢʠʡ 

ʢʦʥʚʝʨʪʫʻ ʚʝʙ-ʩʘʡʪʠ ʫ Eʍɽ-ʬʘʡʣ. ʉʪʦʨʽʥʢʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ 

ʛʨʘʬʽʢʫ, DHTML, JavaScript, Java-ʘʧʣʝʪʠ, CSS-ʬʘʡʣʠ, ʪʝʢʩʪʦʚʽ 

ʜʦʢʫʤʝʥʪʠ, ʘʥʽʤʘʮʽʡʥʽ GIF-ʬʘʡʣʠ, Flash-ʘʥʽʤʘʮʽʶ, SWF, ʬʘʡʣʠ 

PDF, ʬʘʡʣʠ ʧʨʝʟʝʥʪʘʮʽʾ PPT ʚʽʜʝʦ ʪʘ ʟʚʫʢʦʚʽ ʬʘʡʣʠ. ʅʝʜʦʣʽʢ - 

ʤʦʞʣʠʚʽʩʪʴ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ. 

ʂʦʤʧʽʣʷʪʦʨ eBookGold ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʦʥʥʽ ʧʫʙʣʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʠʭ HTML-ʬʘʡʣʽʚ. ɿʘ ʬʦʨʤʦʶ ʧʦʜʘʥʥʷ 

ʜʘʥʠʭ ʧʨʦʛʨʘʤʘ ʥʘʡʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʝʨʝʚʘʞʥʦ ʜʣʷ web-ʩʘʡʪʽʚ. 

ʉʝʨʚʽʩ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ: ʟʦʙʨʘʞʝʥʥʷ (ʫ ʬʦʨʤʘʪʘʭ GIF, JPG), ʚʽʜʝʦʬʘʡʣʠ (AVI, 

WMV), flash-ʘʥʽʤʘʮʽʾ, ʘʫʜʽʦʬʘʡʣʠ, ʚʙʫʜʦʚʫʚʘʪʠ ʰʨʠʬʪʠ, ʱʦ ʨʦʙʠʪʴ 

ʮʶ ʧʨʦʛʨʘʤʫ ʟʨʫʯʥʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʥʠʛ. ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʨʦʛʨʘʤʠ ʻ ʧʽʜʪʨʠʤʢʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʘʭʠʩʪ ʧʫʙʣʽʢʘʮʽʡ ʚʽʜ ʥʝʟʘʢʦʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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Ebook Maker ʻ ʧʨʦʛʨʘʤʦʶ-ʢʦʤʧʽʣʷʪʦʨʦʤ, ʷʢʘ ʧʨʘʮʶʻ ʟ 

ʬʘʡʣʘʤʠ ʬʦʨʤʘʪʫ HTML, ʱʦ ʤʽʩʪʷʪʠ ʚʙʫʜʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ, 

Javascript, flash-ʘʥʽʤʘʮʽʶ, ʪʘʙʣʠʮʽ ʩʪʠʣʽʚ, ʘʫʜʽʦ- ʪʘ ʚʽʜʝʦʬʨʘʛʤʝʥʪʠ, 

ʟʽʙʨʘʥʽ ʚ ʦʜʥʽʡ ʧʘʧʮʽ. ʅʘʚʽʛʘʮʽʷ ʧʦʜʽʙʥʘ ʜʦ ʥʘʚʽʛʘʮʽʾ ʫ ʚʝʙ-ʙʨʘʫʟʝʨʽ - 

ʻ ʬʫʥʢʮʽʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʟʤʽʩʪʫ ʟ ʛʽʧʝʨʧʦʩʠʣʘʥʥʷʤʠ ʥʘ 

ʩʪʦʨʽʥʢʠ ʪʘ ʬʫʥʢʮʽʷ ʟʘʭʠʩʪʫ ʚʤʽʩʪʫ. 

eɺook ʉompiler ʢʦʤʧʽʣʷʪʦʨ ʢʦʤʧʘʥʽʾ Natata, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ ʪʘ ʧʫʙʣʽʢʘʮʽʾ, ʚʝʙ-ʩʪʦʨʽʥʦʢ, ʜʦʚʽʜʢʦʚʠʭ 

ʩʠʩʪʝʤ, ʧʨʝʟʝʥʪʘʮʽʡ, ʤʝʥʶ ʘʚʪʦʟʘʧʫʩʢʫ. ɺʭʽʜʥʠʤʠ ʬʘʡʣʘʤʠ ʚ 

ʧʨʦʛʨʘʤʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘʧʝʨʝʜ ʧʽʜʛʦʪʦʚʣʝʥʽ HTML-ʩʪʦʨʽʥʢʠ ʯʠ 

ʚʝʙ-ʩʘʡʪ. ʋ ʬʘʡʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʙʫʜʦʚʘʥʽ ʪʘʙʣʠʮʽ ʩʪʠʣʽʚ CSS, 

ʘʫʜʽʦʬʘʡʣʠ (MID, WAV), ʪʝʢʩʪʦʚʽ ʬʨʘʛʤʝʥʪʠ (TXT) ʟʦʙʨʘʞʝʥʥʷ 

(GIF, JPG), ʘ ʪʘʢʦʞ JavaScript, ʜʠʥʘʤʽʯʥʽ ʦʙôʻʢʪʠ, Flash-ʘʥʽʤʘʮʽʾ ʪʘ 

PDF-ʬʘʡʣʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʛʨʘʤ-ʢʦʤʧʽʣʷʪʦʨʽʚ ʟʨʫʯʥʦ 
ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ, ʜʝ ʢʦʞʝʥ ʧʘʨʘʤʝʪʨ ʦʮʽʥʶʻʪʴʩʷ ʚʽʜ 0 ʜʦ 5 
ʙʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʟʥʘʯʘʣʴʥʦʩʪʽ a ʧʨʠ 
ʩʪʚʦʨʝʥʥʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʠʜʘʥʥʷ. 
ʇʘʨʘʤʝʪʨ a eBook 

Maestro 
HTML 
Executable 

 

eBook 
Gold 

Ebook 
Maker 

eɺook 
ʉompiler 

ʇʽʜʪʨʠʤʢʘ ʜʦʜʘʪʢʦʚʠʭ 
ʬʦʨʤʘʪʽʚ 

0,2 5 5 3 5 4 

ʇʦʪʨʝʙʘ ʙʨʘʫʟʝʨʘ 0,08 4 2 5 5 5 

ɺʠʢʦʥʘʥʥʷ ʩʮʝʥʘʨʽʾʚ 0,15 4 5 0 3 4 

ʅʘʣʘʰʪʫʚʘʥʥʷ 
ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʥʦʧʦʢ 

0,12 0 3 2 0 1 

ʉʪʚʦʨʝʥʥʷ ʤʝʥʶ 0,1 0 5 0 0 0 

ɿʘʭʠʩʪ ʚʤʽʩʪʫ ʚʠʜʘʥʥʷ 0,2 3 5 4 3 5 

ʅʘʣʘʰʪʫʚʘʥʥʷ 
ʧʘʨʘʤʝʪʨʽʚ ʽʥʪʝʨʬʝʡʩʫ 

0,15 4 4 4 3 4 

ʉʫʤʘ ʙʘʣʽʚ 1 3,12 4,37 2,64 2,9 3,52 

ɿ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʤʧʽʣʷʪʦʨ 
HTML Executable ʻ ʥʘʡʢʨʘʱʠʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʧʽʜʪʨʠʤʫʻ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʬʦʨʤʘʪʠ, ʜʘʻ 
ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʚʦʾ ʧʫʥʢʪʠ ʤʝʥʶ, ʥʘʡʢʨʘʱʝ 

ʧʽʜʪʨʠʤʫʻ ʚʠʢʦʥʘʥʥʷ ʩʮʝʥʘʨʽʾʚ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʐʘʙʘʪʫʨʘ ʄ. ʖ. ʉʧʝʮʽʘʣʽʟʦʚʘʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʾ 

ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ / ʄ. ʖ. ʐʘʙʘʪʫʨʘ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò. ï 2018. ï ̄  745 : ʉ. 185ï189. 
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ɸʥʜʨʽʡ ɻʣʫʰʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʫ ʨʦʙʦʪʽ ʚʯʠʪʝʣʷ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 
 

ʅʘʚʯʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʰʢʽʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴ-

ʩ ̫ ʙʘʟʫʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʢʦʤʧʝʪʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʭ 
ʟʘʚʜʘʥʥʷʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʦʩʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ. ɼʦ ʪʘ-

ʢʠʭ ʥʘʣʝʞʠʪʴ ʤʝʪʦʜ ʧʨʦʝʢʪʽʚ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʬʦʨʤʫ-

ʚʘʪʠ ʚ ʫʯʥʽʚ ʢʣʶʯʦʚʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ: ʚʤʽʥʥʷ ʥʘʚʯʘʪʠʩʷ, ʽʥʬʦʨ-
ʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʽ, ʟʘʛʘʣʴʥʦʢʫʣʴʪʫʨʥʽ, ʟʜʦʨʦʚôʷʟʙʝʨʽʛʘʶʯʽ, 

ʛʨʦʤʘʜʷʥʩʴʢʽ ʪʘ ʩʦʮʽʘʣʴʥʽ. ʊʘʢʦʞ ʚʽʥ ʜʘʻ ʟʤʦʛʫ ʟʘʣʫʯʘʪʠ ʫʯʥʽʚ 

ʜʦ ʧʦʰʫʢʦʚʦʾ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʚʦ-
ʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʤʦʪʠʚʘʮʽʶ ʜʦ ʥʘʚʯʘʥʥʷ, ʝʬʝʢʪʠʚʥʦ ʚʠʟʥʘʯʘʪʠ 

ʪʘ ʨʦʟʚʠʚʘʪʠ ʾʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʡ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ. 

ɿʘʚʜʘʥʥʷʤ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ  ̒ʩʪʚʦʨʝʥʥʷ ʚʯʠʪʝʣʝʤ 

ʪʘʢʠʭ ʫʤʦʚ ʧʽʜ ʯʘʩ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʘ ʷʢʠʭ ʡʦʛʦ ʨʝʟʫʣʴʪʘ-
ʪʦʤ ʙʫʜʝ ʥʘʙʫʪʪʷ ʫʯʥʝʤ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʥʦʾ ʜ-̔

ʷʣʴʥʦʩʪʽ. ʈʦʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʦʤ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʘʢʪʠʢʫ ʦʩʦʙʠʩʪʽʩ-

ʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʽʣʴʥʦʛʦ ʚʠʙʦʨʫ ʫʯʥʷ, ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʟʜʽʙʥʦʩʪʝʡ ʪʘ ʽʥʪʝʨʝʩʽʚ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʻ ʦʩʦʙ-

ʣʠʚʠʤ ʚʠʜʦʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʧʝʨʩ-

ʧʝʢʪʠʚʥʫ ʦʨʽʻʥʪʘʮʽʶ, ʧʨʘʢʪʠʯʥʦ ʩʧʨʷʤʦʚʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ [1; 2]. 

ʅʘʚʯʘʣʴʥʠʡ ʧʨʦʝʢʪ ʻ ʜʠʜʘʢʪʠʯʥʠʤ ʟʘʩʦʙʦʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʦ-
ʣʫʯʠʪʠ ʫʯʥʷ ʜʦ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ 

ʧʣʘʥʫʚʘʥʥʷ, ʫʩʚʽʜʦʤʣʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʩʧʨʘʚʠ ʜʣʷ ʥʴʦʛʦ ʦʩʦʙʠʩ-

ʪʦ, ʟʘʜʦʚʦʣʝʥʥʷ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʨʦʟ-
ʚʠʪʢʦʤ ʡʦʛʦ ʟʜʽʙʥʦʩʪʝʡ, ʥʘʙʫʪʪʷʤ ʥʦʚʠʭ ʟʥʘʥʴ ʚ ʩʠʪʫʘʮʽʾ ʽʥʪʝʣʝ-

ʢʪʫʘʣʴʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʡ ʩʘʤʦʩʪʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʏʠ ʥʝ ʥʘʡʧʨʠʨʦʜʥʽʰʠʤ ʯʠʥʦʤ ʤʝʪʦʜ ʧʨʦʝʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʪʽ-
ʣʝʥʠʡ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʡ. ʎʴʦʤʫ ʩʧʨʠ-

ʷʶʪʴ ʷʢ ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʧʨʝʜʤʝʪʽʚ ʪʘ ʟʤʽʩʪ ʾʭʥʽʭ ʧʨʦʛʨʘʤ, ʪʘʢ ʽ 

ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʥʽʢʠ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽʡ ʙʘʟʽ ʥʘʥʦ-

ʨʦʟʤʽʨʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʷʚʘ ʥʦʚʽʪʥʽʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝ-
ʨʝʞ, ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ.  
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ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʠʢʠ ʘʢʪʠʚʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦ-

ʥʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʟ ʦʩʥʦʚ ʨʦʙʦʪʦʪʝʭʥʽʢʠ ʥʘ ʫʨʦʢʘʭ ʪʝ-

ʭʥʦʣʦʛʽʡ ʪʘ ʟ ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ ʽ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʫʨʦ-
ʢʘʭ ʽʥʬʦʨʤʘʪʠʢʠ ʤʦʞʝ ʧʦʩʠʣʠʪʠ ʽʥʪʝʨʝʩ ʫʯʥʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʫʩʚʽʜʦʤʣʝʥʥʷ ʥʠʤʠ ʙʘʟʦʚʠʭ ʧʨʠʥʮʠʧʽʚ 

ʝʢʦʣʦʛʽʾ, ʝʢʦʥʦʤʽʢʠ ʡ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʊʦʞ ʫ ʤʝʞʘʭ ʧʨʦʛʨʘ-
ʤʠ ʩʪʘʨʰʦʾ ʰʢʦʣʠ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟʤʽʩʪʦ-

ʚʦ ʥʘʩʠʯʝʥʠʭ ʤʽʞʧʨʝʜʤʝʪʥʠʭ ʟʚôʷʟʢʽʚ.  

ɼʘʥʘ ʜʦʧʦʚʽʜʴ ʜʝʤʦʥʩʪʨʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʫ 

ʧʨʦʝʢʪʽʚ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʝʢʪʫ Ăʈʦʟʫʤʥʠʡ 
ʙʫʜʠʥʦʢò. ʎʷ ʨʦʟʨʦʙʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʨʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩ-

ʪʝʡ ʫʯʥʽʚ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʽʥ-

ʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʧʦʙʫʪʦʚʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʚ ʩʫʯʘʩʥʦʤʫ 
ʙʫʜʠʥʢʫ. 

ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ Ăʈʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢò ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʘʪʯʠʢʽʚ, ʚʽʜ ʷʢʠʭ ʥʘʜʭʦʜʠʪʴ ʽʥʬʦʨʤʘʮʽʷ, ʪʘ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪ-

ʨʦʾʚ. ʂʝʨʦʚʘʥʘ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʦʶ ʧʨʦʛʨʘʤʦʶ, ʚʦʥʘ ʟʜʘʪʥʘ 
ʟʜʽʡʩʥʶʚʘʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ, ʪʝʤʧʝʨʘ-

ʪʫʨʥʠʤ ʨʝʞʠʤʦʤ ʧʨʠʤʽʱʝʥʴ ʙʫʜʠʥʢʫ, ʟʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦ-

ʚʘʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʪʘ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ 
ʜʚʝʨʝʡ ʪʘ ʚʦʨʽʪ. 

ʅʘʤʠ ʩʪʚʦʨʝʥʦ ʜʽʶʯʫ ʤʦʜʝʣʴ Ăʈʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫò ʥʘ ʙʘʟʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ Arduino [3]. ʗʢ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ  
ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʙʫʜʦʚʠ ʙʫʜʠʥʢʫ ʦʙʨʘʥʦ ʧʨʦʛʨʘʤʫ Swe-et 

Home 3D, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʫʨʦʢʘʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʡ ʽʥʬʦʨʤʘʪʠʢʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʦʩʥʦʚ ʢʦʥ-

ʩʪʨʫʶʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʠʟʘʡʥʫ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 
 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ, ʪʦʙʪʦ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʰʣʷʭʽʚ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, 
ʦʩʢʽʣʴʢʠ ʽʩʥʫʻ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 
ʜʦʨʦʛʘʭ. ʊʦʯʥʠʡ ʧʨʦʛʥʦʟ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ, ʦʩʦʙʣʠʚʦ ʫ 
ʤʝʞʘʭ ʤʽʩʪ, ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʫ 
ʟʛʽʜʥʦ ʟ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʯʘʩʫ ʧʦʾʟʜʢʠ. ʉʢʣʘʜʥʽʩʪʴ 
ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʪʘ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ 
ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʥʘ ʪʘʢʠʡ ʧʨʦʛʥʦʟ ʚʧʣʠʚʘʻ 
ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ: ʛʦʜʠʥʘ ʜʦʙʠ ʽ ʜʝʥʴ ʪʠʞʥʷ, ʤʽʩʷʮʴ, 
ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʚʫʣʠʮʷ ʽ ʨʘʡʦʥ ʤʽʩʪʘ, ʩʪʘʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ 
ʽʥ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ 
ʜʣʷ ʚʠʜʽʣʝʥʠʭ ʜʽʣʷʥʦʢ ʚʫʣʠʮʴ ʜʦʩʪʫʧʥʽ ʚ ʩʝʨʚʽʩʽ Google Maps, ʘʣʝ 
Google Maps ʬʦʨʤʫʻ ʪʘʢʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʧʦʪʦʯʥʦʾ ʜʘʪʠ ʽ ʯʘʩʫ. 
ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 
ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
(ʐʅʄ) [1]. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 
ʪʨʘʬʽʢʘ ʚʠʢʦʥʘʥʘ ʚ ʩʠʩʪʝʤʽ Matlab [2]. 
ʗʢ ʐʅʄ ʚʠʢʦʨʠʩʪʘʥʦ ʪʨʠʰʘʨʦʚʠʡ ʧʝʨʩʝʧʪʨʦʥ ʟ ʥʘʚʯʘʥʥʷʤ 

ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʦʤʠʣʢʠ (ʨʠʩ. 1). ɺʭʽʜʥʽ 
ʩʠʛʥʘʣʠ ʥʝʡʨʦʤʝʨʝʞʽ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʝʢʪʦʨʽ X = (x1,é, xQX), ʘ 
ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ï ʫ ʚʝʢʪʦʨʽ Y = (y1,é, yQY). ʇʨʦʛʥʦʟʫʚʘʥʥʷ 
ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʜʣʷ ʧʝʚʥʦʾ ʚʫʣʠʮʽ ʘʙʦ ʾʾ 
ʜʽʣʷʥʢʠ. ʗʢ ʚʭʽʜʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʘʥʦ: ʜʝʥʴ ʪʠʞʥʷ, ʤʽʩʷʮʴ, ʜʝʥʴ, 
ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ (ʛʦʜʠʥʘ); ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʝʣʝʤʝʥʪʽʚ ʚʭʽʜʥʦʛʦ 
ʚʝʢʪʦʨʘ X ʥʦʨʤʫʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1. ʋ ʚʠʭʽʜʥʠʡ ʚʝʢʪʦʨ 
Y ʟʘʧʠʩʫʻʪʴʩʷ ʩʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʜʣʷ ʟʘʜʘʥʦʛʦ 
ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ (ʥʦʨʤʦʚʘʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 1).  
ʐʅʄ ʤʽʩʪʠʪʴ ʪʘʢʦʞ ʜʚʘ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʠ V1 ʽ V2. ɼʦ 

ʢʦʞʥʦʛʦ ʟ ʰʘʨʽʚ (V1, V2, Y) ʥʘʣʝʞʘʪʴ ʤʘʪʨʠʮʽ ʚʘʛʦʚʠʭ 
ʢʦʝʬʽʮʽʻʥʪʽʚ (W1, W2, W3). ʗʢ ʘʢʪʠʚʘʮʽʡʥʽ ʬʫʥʢʮʽʾ ʥʝʡʨʦʥʽʚ, ʷʢʽ 
ʦʙʤʝʞʫʶʪʴ ʚʠʭʦʜʠ ʥʝʡʨʦʥʽʚ ʫ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ, ʚʠʢʦʨʠʩʪʘʥʦ 
ʩʠʛʤʦʾʜʥʫ ʬʫʥʢʮʽʶ ʪʘ ʬʫʥʢʮʽʶ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʘʥʛʝʥʩʘ. 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʐʅʄ 

 

ʌʫʥʢʮʽʷ ʛʽʧʝʨʙʦʣʽʯʥʦʛʦ ʪʘʥʛʝʥʩʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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ʜʝ OUT ï ʚʠʭʽʜ ʰʪʫʯʥʦʛʦ ʥʝʡʨʦʥʘ, NET ï ʚʠʭʽʜ ʩʫʤʘʪʦʨʘ 

ʥʝʡʨʦʥʘ; C ï ʢʦʥʩʪʘʥʪʘ (ʉ = 1). 
ʉʠʛʤʦʾʜʥʘ (ʘʙʦ ʣʦʛʽʩʪʠʯʥʘ) ʬʫʥʢʮʽʷ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

)exp(1
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= .                    (2) 

ʅʘʚʯʘʥʥʷ ʐʅʄ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʷʢʘ 
ʤʽʩʪʠʣʘ ʜʘʥʽ ʧʨʦ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʬʽʢ ʥʘ 3-ʭ ʜʽʣʷʥʢʘʭ ʚʫʣʠʮʴ 
ʤ. ʏʝʨʥʽʚʮʽ ʜʣʷ 50-ʪʠ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. ʊʝʩʪʦʚʘ ʚʠʙʽʨʢʘ 
ʤʽʩʪʠʣʘ ʜʘʥʽ ʧʨʦ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʬʽʢ ʥʘ 3-ʭ ʜʽʣʷʥʢʘʭ ʚʫʣʠʮʴ 
(ʪʠʭ ʩʘʤʠʭ, ʱʦ ʡ ʱʦ ʡ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ) ʜʣʷ 10-ʪʠ ʽʥʰʠʭ 
ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ. ɼʘʥʽ ʧʨʦ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʬʽʢ ʦʪʨʠʤʘʥʦ 
ʟʘʩʦʙʘʤʠ ʩʝʨʚʽʩʫ Google Maps. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 
ʧʨʦʛʥʦʟʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʷʚʠʣʠʩʷ ʙʣʠʟʴʢʠʤʠ ʜʦ ʨʝʘʣʴʥʠʭ.  
ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʬʽʢʘ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʐʅʄ. ɺʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ 
ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʥʘʚʯʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʦʚʠʭ ʜʘʥʠʭ.  
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2. ʈʫʜʝʥʢʦ ʆ.ɻ. ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ : ʥʘʚʯ. ʧʦʩʽʙʥʠʢ / 

ʆ.ɻ. ʈʫʜʝʥʢʦ, ɭ.ɺ. ɹʦʜʘʥʩʴʢʠʡ. ʍʘʨʢʽʚ: ʉʅɯʊ, 2006. 404 ʩ. 
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ɯʛʦʨ ɻʥʽʜʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʖ.ʆ. ʉʝʪʽ  

ɺʣʘʩʪʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʢʘʩʢʘʜʽ 

ʢʚʘʥʪʦʚʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ  

ʜʘʣʝʢʦʛʦ ɯʏ-ʜʽʘʧʘʟʦʥʫ 
ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʧʝʨʰʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

(ʂʂɼ) [1] ʧʦʯʘʣʦʩʷ ʡ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʪʨʠʚʘʻ ʽʥʪʝʥʩʠʚʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ [2] ʡ ʪʝʦʨʝʪʠʯʥʝ [3] ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʢʘʩʢʘʜʘʭ ʮʠʭ ʥʘʥʦʧʨʠʣʘʜʽʚ, ʷʢʠʤʠ ʻ ʙʘʛʘʪʦʰʘʨʦʚʽ 
ʥʘʥʦʛʝʪʝʨʦʩʠʩʪʝʤʠ ʟ ʪʘʢʠʤ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʧʨʦʬʽʣʝʤ, ʧʨʠ ʷʢʦʤʫ 

ʝʣʝʢʪʨʦʥʠ, ʪʫʥʝʣʶʶʯʠ ʟ ʚʭʽʜʥʦʾ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ ʫ ʚʠʭʽʜʥʫ, 

ʟʜʽʡʩʥʶʶʪʴ ʢʚʘʥʪʦʚʽ ʧʝʨʝʭʦʜʠ ʤʽʞ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʤʠ ʩʪʘʥʘʤʠ 
(ʂʉʉ) ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʢʚʘʥʪʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʋ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʂʂɼ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʦʧʪʠʯʥʽ ʬʦʥʦʥʠ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʘ ʚʟʘʻʤʦʜʽʷ ʚ ʝʢʩʪʨʘʢʪʦʨʥʽʡ 

çʬʦʥʦʥʥʽʡ ʜʨʘʙʠʥʮʽè ʢʘʩʢʘʜʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʝʣʘʢʩʘʮʽʾ 
ʝʣʝʢʪʨʦʥʽʚ ʟʽ ʟʙʫʜʞʝʥʦʛʦ ʂʉʉ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʢʘʩʢʘʜʫ ʚ ʦʩʥʦʚʥʠʡ ʂʉʉ ʥʘʩʪʫʧʥʦʛʦ. 

      

 

˾͙ͫΦ 1Φ ό͊ύ ς cͭͪͯͭͯͪ͊͟ ˴˴˨; 

(b) ς ͔ͨͦͭͤͼ͊͜͡Έ͙͚ͤ ͨͪͦͺ͜͡Έ 

ͭ͊ ͻ͍͙͡Έ͍ͦ͜ ͺͯͤ͟ͼ͜͝ 

͔͔ͭͪͦͤ͊͟͡ ͍ ͔ͦͪͣͦͣͯ͟ 

͊ͫ͊͒͟͟͜ ˴˴˨Τ 

όͫύ ς ͔ͦ͋ͪ͊͗ͤͤ͘Ύ ;͙ͨ͊ ˴˴˨ ͘ 

ͨͪ͊ͼ͜ [2] 

όͫύ 
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ʄʝʪʦʶ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʦʧʪʠʯʥʠʭ ʦʙʤʝʞʝʥʠʭ ʪʘ ʽʥʪʝʨʬʝʡʩʥʠʭ ʬʦʥʦʥʽʚ, ʘ ʪʘʢʦʞ 

ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʨʝʟʦʥʘʥʩʥʦ-
ʪʫʥʝʣʴʥʽʡ ʥʘʥʦʩʠʩʪʝʤʽ ʷʢ ʦʢʨʝʤʦʤʫ ʢʘʩʢʘʜʽ ʂʂɼ [2] ʜʘʣʝʢʦʛʦ 

ɯʏ-ʜʽʘʧʘʟʦʥʫ (ʨʠʩ. 1).  

ɼʣʷ ʝʣʝʢʪʨʦʥʘ ʫ ʤʦʜʝʣʷʭ ʝʬʝʢʪʠʚʥʠʭ ʤʘʩ ʪʘ ʧʨʷʤʦʢʫʪʥʠʭ 
ʧʦʪʝʥʮʽʘʣʽʚ ʩʧʝʢʪʨ ʝʥʝʨʛʽʡ ʽ ʭʚʠʣʴʦʚʘ ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʨʦʟʚôʷʟʢʘʤʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 
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dz

d
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nnn

2

Y=Y
ö
ö

÷

õ

æ
æ

ç

å
+-

h

           

(1) 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʛʫʩʪʠʥʠ 
ʾʾ ʧʦʪʦʢʫ ʥʘ ʚʩʽʭ ʤʝʞʘʭ ʧʦʜʽʣʫ ʩʝʨʝʜʦʚʠʱ ʥʘʥʦʩʠʩʪʝʤʠ ʡ ʫʤʦʚʠ 

ʥʦʨʤʫʚʘʥʥʷ. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʽ ʧʦʪʝʥʮʽʘʣʠ ʧʦʣʷʨʠʟʘʮʽʾ ʦʙʤʝʞʝʥʠʭ 

( )r(L

r
F ) ʪʘ ʽʥʪʝʨʬʝʡʩʥʠʭ ()r(I

r
F ) ʬʦʥʦʥʽʚ ʥʘʥʦʩʠʩʪʝʤʠ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ ʤʦʜʝʣʽ ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʠʥʫʫʤʫ ʫ ʚʽʜʦʤʦʤʫ 

ʧʽʜʭʦʜʽ [4] ʨʽʚʥʷʥʥʷʤ 

.0)r()( 2
j =FÐwe

r
                                 (2) 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʫʚʘʥʥʷ ʨʽʚʥʷʥʴ (2) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʧʨʦʮʝʜʫʨʠ ʥʦʨʤʘʣʽʟʘʮʽʾ ʪʘ ʢʚʘʥʪʫʚʘʥʥʷ ʬʦʥʦʥʥʠʭ ʧʦʣʽʚ 
ʦʪʨʠʤʫʻʪʴʩʷ ʛʘʤʽʣʴʪʦʥʽʘʥ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫ 

ʟʦʙʨʘʞʝʥʥʽ ʚʪʦʨʠʥʥʦʛʦ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʬʦʥʦʥʥʠʤʠ ʟʤʽʥʥʠʤʠ 

äääää
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=+=
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ʅʘ ʦʩʥʦʚʽ ʨʦʟʚʠʥʝʥʦʾ ʪʝʦʨʽʾ ʜʦʩʣʽʜʞʝʥʽ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʬʦʥʦʥʥʽ 
ʝʥʝʨʛʝʪʠʯʥʽ ʩʧʝʢʪʨʠ, ʘ ʪʘʢʦʞ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʾʭ ʚʟʘʻʤʦʜʽʾ ʫ 

ʢʘʩʢʘʜʽ ʂʂɼ [2], ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʪʽ ʬʦʥʦʥʥʽ ʛʽʣʢʠ, ʟ 

ʷʢʠʤʠ ʚʟʘʻʤʦʜʽʷ ʥʘʡʩʫʪʪʻʚʽʰʘ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Hofstetter D. et al. Appl. Phys. Lett. 89, 061119 (2006). 

2. Junqi Liu et al. Semicond. Sci. Technol. 33, 125016 (2018). 

3. Jirauschek C., Kubis ʊ. Appl. Phys. Rev. 1, 011307 (2014). 

4. Stroscio M.A., Dutta M. Phonons in Nanostructures. Cambridge 

    University Press, 2001. 

http://www.amazon.com/Michael-A.-Stroscio/e/B001IXMSP8/ref=dp_byline_cont_book_1
http://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&field-author=Mitra+Dutta&search-alias=books&text=Mitra+Dutta&sort=relevancerank
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ɸʥʜʨʽʡ ɻʦʣʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʚ.ʦ. ʧʨʦʬ. ʏʝʨʢʝʟ ʈ.ɻ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʝʣʝʤʝʥʪ ʟ̔ ʨʦʟʚʠʥʝʥʠʤ 

ʙʽʯʥʠʤ ʪʝʧʣʦʦʙʤʽʥʦʤ 

 
ʇʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʚʽʪʦʢ ʜʣʷ ʚʽʜʙʦʨʫ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 
ʚʽʜ ʪʝʧʣʦʥʦʩʽʷ [1]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ, ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʧʣʦʥʦʩʽʷ ʟ çʭʦʣʦʜʥʠʤʠè ʯʘʩʪʠʥʘʤʠ ʚʽʪʦʢ, ʙʽʣʴʰʝ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʜʘʪʠ ʤʘʪʝʨʽʘʣʫ ʽ ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʚ ʝʣʝʢʪʨʠʯʥʫ 
ʝʥʝʨʛʽʶ. ʂʦʤʧôʶʪʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʚ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ [2] ʟʘʩʚʽʜʯʠʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʥʘ 30%.  

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʚ ʤʘʪʝʨʽʘʣʽ ʚʽʪʦʢ T ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ 

ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ksa ,, , ʷʢʝ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʧʠʰʝʪʴʩʷ ʷʢ: 

         0
2

=Ð-Ð-+ÐÐ at
s

c TiTTi
i

T
rr

r

;      (1) 

ʜʝ a,s,kï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦɽʈʉ, ʝʣʝʢʪʨʦ- ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ ʬʫʥʢʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʊ; i ï ʚʝʢʪʦʨ ʛʫʩʪʠʥʠ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ; t ï ʢʦʝʬʽʮʽʻʥʪ ʊʦʤʩʦʥʘ.  

ʈʽʚʥʷʥʥʷ ʜʣʷ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʦʪʨʠʤʫʻʤʦ ʽʟ 

ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʟʘʨʷʜʫ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ: 

           0=idiv
r

.                     (2) 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʝʣʽ ʻ ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ 

ʟ ʙʽʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʪʢʠ bS , ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘï

ʈʽʭʤʘʥʘ  
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                               )( TTq hTSb
-=a ;                        (3) 

qï ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʽʯʥʫ ʧʦʚʝʨʭʥʶ ʚʽʪʢʠ; hT  ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʫ. 

ʄʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ 
ʧʨʠʢʣʘʜʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ Comsol Multiphysics [3] 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

Bi2Te3 ʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʜʦʙʨʦʪʥʽʩʪʶ  ʥʘ ʨʽʚʥʽ 
31078.2 -*

1-ʂ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 325 ʂ. ɺʨʘʭʦʚʘʥʦ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʪʘ 
ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʦʧʦʨʫ, ʟʘʣʝʞʥʦʩʪʽ ʢʽʥʝʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʫʤʦʚ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʪʘ 

ʽʟʦʣʷʮʽʾ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ  ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɿʦʨʠʥ ʀ.ɺ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʧʫʪʝʤ ʫʣʫʯʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ: 

ɼʠʩʩ. ʢ. ʪ.ʥ., ʌʊʀ ɸʅ ʉʉʉʈ, 1986 ʛ. 

2. ɸʥʘʪʠʯʫʢ ʃ.ʀ., ʏʝʨʢʝʟ ʈ.ɻ. ʇʨʦʥʠʢʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ ʚ ʨʝʞʠʤʽ 
ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ.  2003.  ˉ2.  ʉ. 35-

46. 

3. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʤ ʧʘʢʝʪʝ COMSOL / 

FEMLAB: ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ / ɻ.ɺ. ɹʠʨʶʣʠʥ. ʉʇʙ: ʉʇʙ ɻʋ 

ʀʊʄʆ, 2006. 78 ʩ. 
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ʂʦʩʪʷʥʪʠʥ ɻʦʣʫʥʛʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ.  ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ. 
 

ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʦʛʦ ʚʝʨʩʪʘʪʘ  ʊɺ6 ʰʣʷʭʦʤ 

ʫʩʪʘʥʦʚʣʝʥʥʷ ʯʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ 
ʊʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʚʥʽʰʥʽʭ ʽ 

ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʦʥʴ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ, ʢʦʥʽʯʥʦʾ ʽ 

ʬʘʩʦʥʥʠʭ ʬʦʨʤ, ʦʙʨʦʙʢʠ ʧʣʦʩʢʠʭ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ 
ʧʽʜʨʽʟʘʥʥʷ ʪʦʨʮʽʚ, ʥʘʨʽʟʫʚʘʥʥʷ ʨʽʟʴʙʠ. 

ʊɺ-6. ʐʢʽʣʴʥʠʡ ʪʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ. ʐʢʽʣʴʥʽ ʪʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ 

- ʥʘʚʯʘʣʴʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʪʦʢʘʨʥʦ-ʛʚʠʥʪʦʨʽʟʥʽ ʚʝʨʩʪʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʙʽʪ ʫ ʤʘʡʩʪʝʨʥʷʭ ʰʢʦʣʘʭ ʜʣʷ 
ʧʦʣʽʪʝʭʥʽʯʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ. ʊʦʤʫ ʱʦ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰʫ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʦʚʪʦʨʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʧʨʠ ʩʝʨʽʡʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʧʽʜʛʦʪʦʚʮʽ 

ʬʘʭʽʚʮʽʚ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʮʠʤʠ ʚʝʨʩʪʘʪʘʤʠ, ʘʣʝ  ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʽ 
ʩʫʯʘʩʥʽ ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʚʝʨʩʪʘʪʠ ʚʘʛʦʶ ʜʦ 500 ʢʛ, ʷʢʠʭ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʘʻ ʚ ʧʨʦʜʘʞʽ. ʊʦʤʫ ʙʫʚ ʚʠʙʨʘʥʠʡ ʩʘʤʝ ʪʦʢʘʨʥʠʡ ʚʝʨʩʪʘʪ ʊɺ6 

ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ. ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʘʢʠʭ ʚʝʨʩʪʘʪʽʚ ʜʦʟʚʦʣʠʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 
ʢʦʤʧʝʪʝʥʪʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʘʙʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʜʣʷ ʩʝʨʽʡʥʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ.  

ɼʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʝʨʩʪʘʪʘ ʥʝʦʙʭʽʜʥʽ ʪʨʠ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ, ʘ 
ʩʘʤʝ: ʩʪʘʥʠʥʘ, ʢʦʨʧʫʩ ʧʝʨʝʜʥʴʦʾ ʙʘʙʢʠ ʽ ʟʘʜʥʷ ʙʘʙʢʘ. ʈʝʰʪʘ 

ʜʝʪʘʣʝʡ ʚʝʨʩʪʘʪʘ, ʪʘʢʽ ʷʢ ʰʝʩʪʝʨʥʽ, ʢʦʨʦʙʢʠ ʰʚʠʜʢʦʩʪʝʡ, 

ʢʦʨʦʙʢʘ ʧʦʜʘʯ, ʚʘʣʠ, ʥʝ ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʽ ʪʦʤʫ 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʣʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʽʜʭʦʜʠʪʴ ʚʝʨʩʪʘʪ 
ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʽ ʢʦʤʧʣʝʢʪʘʮʽʾ. 

ɻʦʣʦʚʥʝ ʚ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ï ʮʝ ʩʪʘʥʠʥʘ, ʥʘ ʷʢʽʡ 

ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʧʨʷʤʣʷʯʽ, ʘʣʝ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʠ  ʟʥʦʰʝʥʽ ʟʘ ʨʦʢʠ 
ʨʦʙʦʪʠ, ʟʘʤʽʩʪʴ ʥʠʭ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ ʩʫʯʘʩʥʽ ʨʝʣʴʩʦʚʽ 

ʥʘʧʨʷʤʣʷʯʽ. ʈʝʣʴʩʦʚʽ ʥʘʧʨʷʤʣʷʯʽ ʽ ʢʘʨʝʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʇʝʨʝʤʽʱʝʥʥʷ ʢʘʨʝʪʢʠ ʧʦ ʨʝʡʮʽ 
ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʣʴʦʢ ʘʙʦ ʨʦʣʠʢʽʚ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

https://uk.wikipedia.org/wiki/%D0%A6%D0%B8%D0%BB%D1%96%D0%BD%D0%B4%D1%80
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%83%D1%81
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ʚʠʢʦʥʘʥʥʷ ʢʘʨʝʪʢʠ. ʇʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʥʘʧʨʷʤʣʷʯʘʤʠ 

ʢʦʚʟʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʧʨʠ ʮʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 1:50 [1]. 

ʉʫʧʦʨʪ ʽʟ ʤʝʭʘʥʽʟʤʦʤ ʧʦʧʝʨʝʯʥʦʾ ʧʦʜʘʯʽ ʙʫʜʝ ʚʠʛʦʪʦʚʣʷʪʠʩʴ 
ʽʟ ʥʫʣʷ, ʘ ʢʘʨʝʪʢʘ ʧʦʧʝʨʝʯʥʦʾ ʧʦʜʘʯʽ ʙʫʜʝ ʨʫʭʘʪʠʩʴ ʧʦ ʨʦʣʠʢʦʚʠʭ 

ʣʽʥʽʡʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ [2]. 

ʈʫʭ ʧʦʚʟʜʦʞʥʴʦʾ ʽ ʧʦʧʝʨʝʯʥʦʾ ʧʦʜʘʯʽ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ 
ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ 

ʦʙʝʨʪʘʶʪʴ ʐɺʇ (ʰʘʨʠʢʦʚʽ ʛʚʠʥʪʦʚʽ ʧʘʨʠ) , ʷʢʽ ʤʘʶʪʴ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ, ʷʢ ʚʠʩʦʢʠʡ ʢ.ʢ.ʜ. (ʧʦʥʘʜ 80%) ʧʦʨʽʚʥʷʥʦ ʟʽ 

ʟʚʠʯʘʡʥʠʤʠ ʛʚʠʥʪʦʚʠʤʠ ʧʘʨʘʤʠ (ʢ.ʢ.ʜ. 15-20%); 
ʤʘʣʽ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʤʘʻ 

ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʪʝʨʤʽʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʛʚʠʥʪʘ. 

ʐʧʠʥʜʝʣʴ  ʙʫʜʝ ʟʚô̫ ʟʘʥʠʡ ʥʘʧʨʷʤʫ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ 
ʨʝʤʝʥʥʦʶ ʧʝʨʝʜʘʯʝʶ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʤʝʥʰʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ  

ʧʦʨʽʚʥʷʥʦ ʟ ʟʫʙʯʘʩʪʦʶ ʢʦʨʦʙʢʦʶ ʧʝʨʝʜʘʯ, ʜʝ ʯʘʩʪʠʥʘ ʝʥʝʨʛʽʾ 

ʚʪʨʘʯʘʻʪʴʩʷ ʥʘ ʪʝʨʪʷ ʧʽʜʰʠʧʥʠʢʽʚ ʽ ʰʝʩʪʝʨʝʥʴ. ɺʽʜʧʦʚʽʜʥʦ  ʟʤʽʥʘ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ 
ʯʘʩʪʦʪʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʭʦʜʽ ʜʚʠʛʫʥʘ  ʟʘ  ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʯʘʩʪʦʪʠ. 

ʂʝʨʫʚʘʥʥʷ ʚʝʨʩʪʘʪʦʤ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʨʘʭʫʥʦʢ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʨʦʣʝʨʘ, ʷʢʠʡ ʧʦʜʘʻ ʩʠʛʥʘʣʠ ʜʣʷ ʜʨʘʡʚʝʨʽʚ 

ʜʚʠʛʫʥʽʚ. ʂʦʥʪʨʦʣʝʨ ʢʝʨʫʻʪʴʩʷ ʢʦʤʧôʁ ʪʝʨʦʤ, ʥʘ ʷʢʦʤʫ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʠ ʚ ʷʢʠʭ ʟʘʜʘʶʪʴʩʷ ʚʩʽ 
ʥʝʦʙʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. 

      ʈʦʟʛʣʷʥʫʪʦ ʦʜʠʥ ʽʟ ʤʝʪʦʜʽʚ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤ Solid Works ʩʧʨʦʝʢʪʦʚʘʥʦ 3D- 

ʤʦʜʝʣʴ ʟ ʫʩʽʤʘ ʥʝʦʙʭʽʜʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʥʝʦʙʭʽʜʥʠʭ ʜʝʪʘʣʝʡ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://refit.com.ua/ua/hiwin-serija-rg/relsovye-napravljayushchye-y-

flantsevye-karetky--rgw.html. 
2.[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.skfmotiontechnologies.com/en/global/products/linear-

guides/precision-rail-guides/precision-rail-guides-cross-rollers-lwr-

and-lwre-series. 
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ɼʤʠʪʨʦ ɻʦʧʘʮʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʦʪʨʠʯ ɸ.ɺ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʜʘʪʯʠʢʘ 

RGB Keyence ʟ ʩʝʥʩʦʨʦʤ CZ-K1  

 
ɼʘʪʯʠʢʠ ʟ ʦʧʪʠʯʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʻ ʩʠʩʪʝʤʦʶ, ʷʢʘ 

ʤʽʩʪʠʪʴ ʦʧʪʠʯʥʠʡ ʝʣʝʤʝʥʪ, ʯʫʪʣʠʚʠʡ ʜʦ ʚʧʣʠʚʫ ʚʠʤʽʨʶʚʘʥʦʾ 
ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ, ʚʠʧʨʦʤʽʥʶʚʘʯ ʽ ʧʨʠʡʤʘʯ. ʆʧʪʠʯʥʠʡ ʝʣʝʤʝʥʪ 

(ʧʝʨʝʪʚʦʨʶʚʘʯ) ʧʦʤʽʱʝʥʠʡ ʤʽʞ ʪʦʨʮʷʤʠ ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʽ 

ʧʨʠʡʤʘʣʴʥʦʛʦ ʤʥʦʛʦʤʦʜʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʗʢ ʚʠʧʨʦʤʽʥʶʚʘʯ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʪʣʦʜʽʦʜ ʟ ʥʝʟʥʘʯʥʠʤʠ ʰʫʤʦʚʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʷʢ ʜʝʪʝʢʪʦʨ ʩʚʽʪʣʘ - p-i-n-ʬʦʪʦʜʽʦʜ. ʎʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʝʣʝʤʝʥʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʝʣʝʢʪʨʦ- ʽ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʤʠ. 
ʄʫʣʴʪʠʤʦʜʘʣʴʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ U ʟʘʣʝʞʠʪʴ, 

ʱʦʥʘʡʤʝʥʰʝ, ʚʽʜ ʜʚʦʭ ʧʘʨʘʤʝʪʨʽʚ ʜʘʪʯʠʢʘ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʜʘʪʯʠʢʘ ʥʘ ʚʦʣʦʢʦʥʥʦʤʫ ʽʥʪʝʨʬʝʨʦʤʝʪʨʽ ʌʘʙʨʽ ï ʇʝʨʦ ʚʠʭʽʜʥʠʡ 
ʩʠʛʥʘʣ Is ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʷʢ ʜʦʚʞʠʥʠ ʦʧʪʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ 

G, ʪʘʢ ʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ0: ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʽ ʜʘʪʯʠʢʠ ʜʣʷ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ ʭʚʠʣʽ ɚ0 
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ɺʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʚʥʷʥʥʷ (1) ʤʘʻ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʥʘʜʤʽʨʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʧʦʨʦʞʥʠʥʠ ʨʝʟʦʥʘʪʦʨʘ ȹG, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ 
ʪʠʩʢʦʤ, ʪʘʢ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ɚʦ ʚʠʤʽʨʶʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ 

ʦʧʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʢʘʥʘʣʫ ȹɚ0, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʝʙʫʜʦʚʫʚʘʥʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʬʽʣʴʪʨʦʤ (ʨʠʩ. 1). 
ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʡʥʘ ʥʘʜʣʠʰʢʦʚʽʩʪʴ, ʟʤʽʥʘ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ Us ʟʘʣʝʞʠʪʴ ʷʢ ʚʽʜ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ 

ʚʠʤʽʨʶʚʘʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ G, ʪʘʢ ʽ ʚʽʜ ʟʤʽʥʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 
ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚ0.  
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ʉʪʨʫʢʪʫʨʥʘ ʥʘʜʣʠʰʢʦʚʽʩʪʴ ʛʨʘʥʠʯʥʦ ʤʽʥʽʤʘʣʴʥʘ ʽ ʟʚʦʜʠʪʴʩʷ 

ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʤʽʩʪʴ ʩʪʘʙʽʣʽʟʦʚʘʥʠʭ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ (ʦʧʪʠʯʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ ʘʙʦ ʦʧʪʠʯʥʠʭ ʬʽʣʴʪʨʽʚ) 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ. 
 
 
 
 
 
 
 
 
 
 
 
 

 
ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɺʆɼ ʚʽʜ ʜʦʚʞʠʥʠ ʧʦʨʦʞʥʠʥʠ ʨʝʟʦʥʘʪʦʨʘ DG ʽ ʚʽʜ 
ʮʝʥʪʨʘʣʴʥʦʾ ʦʧʪʠʯʥʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʩʝʥʩʦʨʥʦʛʦ ʢʘʥʘʣʫ Dl0, ʱʦ 
ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʫʚʘʥʠʤ ʩʧʝʢʪʨʘʣʴʥʠʤ ʬʽʣʴʪʨʦʤ 

 

ɸʣʛʦʨʠʪʤʠ ʨʝʘʣʽʟʘʮʽʾ ʟʚʦʜʷʪʴʩʷ ʜʦ ʰʚʠʜʢʦʾ (ʤʽʢʨʦʩʝʢʫʥʜʥʦʾ) 

ʧʝʨʽʦʜʠʯʥʦʾ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 
ʫʤʦʚʠ ʪʠʤʯʘʩʦʚʦʾ ʩʪʘʣʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʾ ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʽ 

ʦʪʨʠʤʘʥʥʷ ʧʦʪʦʯʥʦʾ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʨʽʚʥʷʥʥʷ 

ʾʾ ʟʽ ʟʙʝʨʝʞʝʥʦʶ ʚ ʧʘʤ'ʷʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʢʘʣʽʙʨʫʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʪʨʠʤʘʥʦʶ ʧʨʠ ʟʘʚʦʜʩʴʢʽʡ ʧʦʚʽʨʮʽ, ʽ ʧʨʠ 
ʚʠʷʚʣʝʥʥʽ ʚʽʜʤʽʥʥʦʩʪʽ - ʜʦ ʟʤʽʥʠ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʥʪʝʨʥʝʪ ʧʦʩʠʣʘʥʥʷ:  

https://s.siteapi.org/0695404690d4569.ru/docs/1b76e528042e6fb721d1

88191d1d6123a5d1efed.pdf 

2. ɯʥʪʝʨʥʝʪ ʧʦʩʠʣʘʥʥʷ:  
https://assets.omron.eu/downloads/brochure/ru/v1/e3s-dc_e3nx-

ca_series_color_mark_senors_brochure_ru.pdf 

3. ʋʜʜ ʕ. ɺʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ / ʧʦʜ ʨʝʜ. ʕ. ʋʜʜʘ. ʄ.: 

ʊʝʭʥʦʩʬʝʨʘ, 2008. ʉ. 17. 

https://s.siteapi.org/0695404690d4569.ru/docs/1b76e528042e6fb721d188191d1d6123a5d1efed.pdf
https://s.siteapi.org/0695404690d4569.ru/docs/1b76e528042e6fb721d188191d1d6123a5d1efed.pdf
https://assets.omron.eu/downloads/brochure/ru/v1/e3s-dc_e3nx-ca_series_color_mark_senors_brochure_ru.pdf
https://assets.omron.eu/downloads/brochure/ru/v1/e3s-dc_e3nx-ca_series_color_mark_senors_brochure_ru.pdf
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ɺʘʩʠʣʴ ɻʦʨʜʝʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄ.ʆ. ʉʪʘʩʠʢ 

ʊʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʽʚ            

ʽʟ ʟʘʛʘʣʴʥʦʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ  

ɺʝʙʽʥʘʨ ʷʢ ʦʩʦʙʣʠʚʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʟ'ʷʚʠʚʩʷ ʚ ʢʽʥʮʽ 1990-ʭ 

ʨʨ., ʢʦʣʠ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʩʪʘʣʠ ʤʘʩʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʥʘʜʽʡʥʽ ʩʠʩʪʝʤʠ ʢʦʥʬʝʨʝʥʮ-ʟʚ'ʷʟʢʫ. ʊʦʨʛʦʚʠʡ ʟʥʘʢ çWebinarè 
ʙʫʚ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʚ 1998 ʨ.; ʚ ʜʘʥʠʡ ʯʘʩ ʡʦʛʦ ʚʣʘʩʥʠʢʦʤ ʻ 

ʢʦʤʧʘʥʽʷ InterCall. 

ɺʝʙ̔ʥʘӢʨ (ʘʥʛʣ. webinar) ï  ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ ʟʫʩʪʨʽʯʝʡ ʦʥʣʘʡʥ, 
ʬʦʨʤʘʪ ʧʨʦʚʝʜʝʥʥʷ ʩʝʤʽʥʘʨʽʚ, ʪʨʝʥʽʥʛʽʚ ʪʘ ʽʥʰʠʭ ʟʘʭʦʜʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ɯʥʪʝʨʥʝʪʫ [1]. 

      ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʝʙʽʥʘʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʝʦ-

ʢʦʥʬʝʨʝʥʮʽʡ, ʽʥʪʝʨʥʝʪ-ʪʝʣʝʬʦʥʽʾ ʪʘ ʽʥ. ɺʝʙʽʥʘʨʠ ʧʦʰʠʨʝʥʽ ʚ 

ʜʽʣʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʝʜʘʣʽ ʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʚʝʙʽʥʘʨʠ ʡ ʫ ʜʠʩʪʘʥʮʽʡʥʽʡ ʦʩʚʽʪʽ [2]. 
        ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʘ ʥʝʦʙʭʽʜʥʠʡ ʥʘʩʪʫʧʥʠʡ 

ʤʽʥʽʤʘʣʴʥʠʡ ʥʘʙʽʨ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ: 

- ʥʦʫʪʙʫʢ, ʩʤʘʨʪʬʦʥ, ʧʣʘʥʰʝʪ ʘʙʦ ʇʂ ʽʟ ʚʠʭʦʜʦʤ ʜʦ ʤʝʨʝʞʽ 
ɯʥʪʝʨʥʝʪ; 

- ʥʘʚʫʰʥʠʢʠ ʟ ʤʽʢʨʦʬʦʥʦʤ; 

- ʚʝʙ-ʢʘʤʝʨʘ. 
        ʊʝʭʥʽʯʥʦ ʚʝʙʽʥʘʨʠ ʥʘʜʘʶʪʴ ʪʘʢʽ ʤʦʞʣʠʚʦʩʪʽ: 

-ʧʝʨʝʜʘʚʘʪʠ ʛʦʣʦʩ ʡ ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ ʩʧʽʚʫʯʘʩʥʠʢʽʚ; 

-ʩʧʽʣʢʫʚʘʪʠʩʷ ʩʪʫʜʝʥʪʘʤ ʟ ʚʠʢʣʘʜʘʯʝʤ ʪʘ ʤʽʞ ʩʦʙʦʶ ʫ ʯʘʪʽ; 

-ʧʨʦʚʦʜʠʪʠ ʜʝʤʦʥʩʪʨʘʮʽʾ ʩʣʘʡʜʽʚ ʡ ʚʽʜʝʦʨʦʣʠʢʽʚ ʪʦʱʦ; 
-ʩʪʚʦʨʶʚʘʪʠ ʛʨʘʬʽʯʥʽ ʦʙ'ʻʢʪʠ ʧʽʜ ʯʘʩ ʩʧʽʣʢʫʚʘʥʥʷ; 

-ʨʦʟʤʽʱʫʚʘʪʠ ʬʘʡʣʠ ʜʣʷ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. 

       ʄʝʪʦʜʠʯʥʦ ʚʝʙʽʥʘʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 
ʧʨʦʚʝʜʝʥʥʷ: 

-ʣʝʢʮʽʡ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʟ ʚʠʢʣʘʜʘʯʝʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

-ʪʝʤʘʪʠʯʥʠʭ ʩʝʤʽʥʘʨʽʚ ʟ ʦʧʠʪʫʚʘʥʥʷʤ ʩʪʫʜʝʥʪʽʚ; 

-ʟʘʭʠʩʪʫ ʚʠʢʦʥʘʥʦʾ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ; 
-ʛʨʫʧʦʚʦʾ ʨʦʙʦʪʠ ʚ ʧʨʦʝʢʪʽ. 

https://uk.m.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
https://uk.m.wikipedia.org/wiki/%D0%9E%D0%BD%D0%BB%D0%B0%D0%B9%D0%BD
https://uk.m.wikipedia.org/wiki/IP-%D1%82%D0%B5%D0%BB%D0%B5%D1%84%D0%BE%D0%BD%D1%96%D1%8F
https://uk.m.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%82%D0%B0%D0%BD%D1%86%D1%96%D0%B9%D0%BD%D0%B5_%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F
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     ʑʦʙ ʚʠʙʨʘʪʠ ʟʘʩʽʙ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ, ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʩʚʦʾ ʮʽʣʽ, ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʙʘʞʘʥʥʷ, ʦʩʢʽʣʴʢʠ 

ʦʜʥʦʟʥʘʯʥʦ ʥʘʡʢʨʘʱʦʛʦ ʥʝ ʽʩʥʫʻ. 
     ʉʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʷ, ʱʦ ʩʘʤʝ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ,  

ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʟʘʭʦʜʫ. ʅʘʡʯʘʩʪʽʰʝðʮʝ ʜʝʤʦʥʩʪʨʘʮʽʷ                    

ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʝʟʝʥʪʘʮʽʾ ʘʙʦ ʚʽʜʝʦ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʝʜʝʥʥʷ 
ʜʽʘʣʦʛʫ ʤʽʞ ʚʝʜʫʯʠʤ ʽ ʩʣʫʭʘʯʘʤʠ, ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫʚʘʥʥʷ, 

ʧʝʨʝʜʘʯʘ ʬʘʡʣʽʚ, ʚʽʟʫʘʣʽʟʘʮʽʷ ʫʯʘʩʥʠʢʽʚ ʪʦʱʦ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ ʧʦʪʨʝʙ ʦʙʠʨʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ 

ɯʥʪʝʨʥʝʪ-ʧʦʩʣʫʛʘ. ʅʘʧʨʠʢʣʘʜ ʩʝʨʚʽʩ http://dimdim.com ʥʘʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʘ ʙʝʟʢʦʰʪʦʚʥʦ ʜʦ 20 ʫʯʘʩʥʠʢʽʚ, ʫ 

http://hotconference.comïʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʚʽʜʝʦ- 

ʟʘʧʠʩʫ  ʚʠʩʪʫʧʽʚ, ʘ ʦʩʦʙʣʠʚʽʩʪʴ http://wiziq.comïʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 
ʦʜʥʦʯʘʩʥʦʛʦ ʜʽʘʣʦʛʫ ʚʝʜʫʯʠʭ. ɺʠʙʠʨʘʪʠ ʧʣʘʪʬʦʨʤʫ ʥʝʦʙʭʽʜʥʦ 

ʪʘʢʦʞ ʽ ʚʠʭʦʜʷʯʠ ʟ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ 

ʫʯʘʩʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʜʘʣʝʢʦ ʥʝ ʚ ʫʩʽʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʜʝ ʚʦʥʠ 

ʧʨʦʞʠʚʘʶʪʴ, ʚʽʥ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʽʩʥʠʡ [3].                            
ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ, ʨʝʢʦʤʝʥʜʫʻʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʪʬʦʨʤʫ TeamViewer, ʦʩʢʽʣʴʢʠ ʜʘʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʚ ʘʨʩʝʥʘʣʽ ʚʩʽ ʦʩʥʦʚʥʽ ʟʘʩʦʙʠ ʜʣʷ 
ʚ̔ ʜʜʘʣʝʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʡ, ʽ, ʱʦ ʥʘʡʚʘʞʣʠʚʽʰʝ, ï ʤʘʻ 

ʙʝʟʢʦʰʪʦʚʥʫ ʥʝʢʦʤʝʨʮʽʡʥʫ ʚʝʨʩʽʶ. ʄʘʡʞʝ ʻʜʠʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ 

ʪʝ, ʱʦ ʚ ʙʝʟʢʦʰʪʦʚʥʽʡ ʚʝʨʩʽʾ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʽʜʢʣʶʯʘʪʠʩʷ ʜʦ 
ʟʘʭʦʜʫ ʥʝ ʙʽʣʴʰʝ 25 ʫʯʘʩʥʠʢʽʚ. ɸʣʝ ʚʩʝ ʦʜʥʦ ʪʘʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝ 

ʥʘʜʘʻ ʞʦʜʝʥ ʟ ʚʽʜʦʤʠʭ ʙʝʟʢʦʰʪʦʚʥʠʭ ʟʘʩʦʙʽʚ. ɸʜʨʝʩʘ ʩʘʡʪʫ ʟ 

ʧʽʜʪʨʠʤʢʦʶ ʫʢʨʘʾʥʩʴʢʦʾ ʤʦʚʠ  https://www.teamviewer.com/uk/                                             

                                             ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1,https://uk.wikipedia.org/wiki 

2.Webinar.ua [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ  

http://webinar.ua/home/1.htm.  

3. ʇʣʘʥʫʚʘʥʥʷ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʦʥʣʘʡʥ-ʢʦʥʬʝʨʝʥʮʽʡ [ɽʣʝʢʪʨʦʥʥʠʡ 
ʨʝʩʫʨʩ].ïʈʝʞʠʤʜʦʩʪʫʧʫ: 

https://www.teamviewer.com/uk/products/online-meeting.aspx 

 

http://dimdim.com/
http://hotconference.com–відсутня/
http://wiziq.com–можливість/
https://www.teamviewer.com/uk/
https://www.teamviewer.com/uk/products/online-meeting.aspx
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ɼʝʥʠʩ ɻʦʩʪʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

ʆʧʨʘʮʶʚʘʥʥʷ ʚʟʘʻʤʦʜʽʾ ʧʘʢʝʪʫ Labview   

ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʩʝʥʩʦʨʽʚ  

 
ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʽ ʪʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʙʘʟʽ ʣʘʙʦʨʘʪʦʨʽʾ ʬʦʪʦʥʽʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤ 
ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʘ ʢʦʥʮʝʧʮʽʷ ʪʘ 

ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʧʨʠʥʮʠʧʠ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʠʨʘʥʥʷ ʜʘʥʠʭ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-

ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚ ʥʘʫʢʦʚʽʡ ʣʘʙʦʨʘʪʦʨʽʾ. 
ʇʨʠʣʘʜʠ ʽ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʟʘʩʽʙ ʚʠʤʽʨʶʚʘʥʥʷ ʽ 

ʟʘʩʦʙʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʥʪʨʦʣʶ, ʨʝʛʫʣʶʚʘʥʥʷ ʽ 

ʢʝʨʫʚʘʥʥʷ. ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʢʝʨʫʶʯʦʾ 

ɽʆʄ ʻ ʮʠʬʨʦʚʠʤʠ. ʎʝ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʜʠʩʢʨʝʪʥʠʭ ʜʘʪʯʠʢʽʚ, 
ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ ñʻ ʩʠʛʥʘʣ - ʥʝʤʘʻ ʩʠʛʥʘʣʫò. ɺʠʭʽʜʥʽ 

ʮʠʬʨʦʚʽ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʚʢʣʶʯʝʥʥʷʤ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʢʦʤʫʪʘʮʽʾ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ.  
ʉʫʢʫʧʥʽʩʪʴ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʜʘʪʯʠʢ - ɸʎʇ - PC - 

ʎɸʇ - ʚʠʢʦʥʘʚʯʠʡ ʧʨʠʩʪʨʽʡ) ʫ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʂʨʦʢʦʚʽ ʜʚʠʛʫʥʠ (ʂɼ) ʟʥʘʡʰʣʠ ʥʘʡʰʠʨʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷʤ ʝʣʝʤʝʥʪʽʚ ʫʩʪʘʥʦʚʢʠ ʫ ʬʽʟʠʯʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ ʽ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ.  
ʉʪʚʦʨʝʥʥʷ ʫʤʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʩʥʫʶʯʠʭ ʘʚʪʦʥʦʤʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʷʚʥʠʭ ʚ 

ʫʯʙʦʚʦʤʫ ʪʘ ʥʘʫʢʦʚʦʤʫ ʧʘʨʢʫ ʚʫʟʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʽʣʶ ʻ 
ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ.   
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   ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʦʪʝʭʥʽʯʥʠʭ ʦʩʥʦʚ ʧʦʙʫʜʦʚʠ ʽ ʨʦʟʚʠʪʢʫ 

ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʨʠʥʮʠʧʘʭ ʽ 

ʤʝʪʦʜʘʭ [1]: 
- ʫʥʽʬʽʢʘʮʽʾ ʩʠʛʥʘʣʽʚ, ʽʥʪʝʨʬʝʡʩʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ, ʤʦʜʫʣʽʚ ʽ ʙʣʦʢʽʚ,  

- ʤʽʥʽʤʽʟʘʮʽʾ ʥʦʤʝʥʢʣʘʪʫʨʠ,  

- ʬʦʨʤʫʚʘʥʥ ̔ʛʥʫʯʢʠʭ ʧʨʦʛʨʘʤʫʚʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, 
ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ. 

ʈʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ - ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʤʽʞ ʨʽʟʥʠʤʠ ʧʦʣʴʦʚʠʤʠ ʰʠʥʘʤʠ - ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʽ 

ʜʘʪʯʠʢʘʤʠ ʪʘ ʚʠʢʦʥʘʚʯʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ - ʟ ʽʥʰʦʛʦ. ʉʫʢʫʧʥʽʩʪʴ ʤʦʜʫʣʽʚ ʚʚʦʜʫ-ʚʠʚʦʜʫ, 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʢʦʥʢʨʝʪʥʠʤ ʦʙ'ʻʢʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʫʪʚʦʨʠʪʴ ʚʫʟʦʣ 

ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʊʘʢʠʡ ʚʫʟʦʣ ʤʦʞʝ ʙʫʪʠ 
ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʦʙ'ʻʢʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʜʦʚʞʠʥʫ ʩʧʦʣʫʯʥʠʭ 

ʧʨʦʚʦʜʽʚ, ʩʧʨʦʩʪʠʪʠ ʤʦʥʪʘʞ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʪʘʢʦʞ ʫʩʫʚʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʨʦʩʧʘʥʝʣʝʡ. ɼʦ ʩʢʣʘʜʫ ʨʦʟʧʦʜʽʣʝʥʦʾ 
ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʣʶʯʝʥʽ ʢʦʥʪʨʦʣʝʨ ʚʫʟʣʘ 

ʤʝʨʝʞʽ, ʤʦʜʫʣʽ ʚʚʦʜʫ-ʚʠʚʦʜʫ, ʢʽʥʮʝʚʽ ʤʦʜʫʣʽ. 

ʉʪʚʦʨʝʥʦ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʙʘʟʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

Labview [2]. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʪʘ 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʫ 

ʄɼʈ-23, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʪʨʘʥʩʤʽʩʽʡʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʥʘ ʚʽʜʙʠʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ National Instruments ʪʘ ʩʝʨʝʜʦʚʠʱʘ 
ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabView ʚ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʙʽʦʪʢʘʥʠʥ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʦʨʠʛʽʥʘʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʘʩʧʝʢʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʜʠʬʝʨʝʥʮʽʘʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ɻʦʣʦʚʢʦ ɼ.ɹ., ʈʝʛʦ ʂ.ɻ., ʉʢʨʠʧʥʠʢ ʖ.ʆ. ɸʚʪʦʤʘʪʠʢʘ ʽ ʘʚʪʦʤʘʪʠ-

ʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʂ.: ʃʠʙʽʜʴ, 1997. ï 232ʩ. 

2. ʊʨʝʚʠʩ ɼʞ., ʂʨʠʥʛ ɼʞ. LabVIEW ʜʣʷ ʚʩʝʭ. ʄ.: ʀʟʜ. ʇʨʠʙʦʨ 

ʂʦʤʧʣʝʢʪ, 2008. 880 ʩ. 
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ɺʽʪʘʣʽʡ ɻʦʬʝʨʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʘʩʠʩ. ɺ.ɺ.ʉʣʘʚʽʥ 

 

ʈʦʟʨʦʙʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ ʟ ʨʦʟʜʽʣʽʚ ʢʫʨʩʫ 

ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ 

ʧʨʦʛʨʘʤ SolidWorks 

 

  ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʦʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʨʦʙʣʝʤ ʻ 

ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʨʦʟʨʦʙʥʠʢʽʚ ʥʦʚʠʭ 

ʚʠʨʦʙʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʽʚ.  

ʈʦʟʚô̫ ʟʘʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ (ʉɸʇʈ). ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʪʽʣʴʢʠ 

ʚʠʢʦʥʘʥʥʷ ʢʨʝʩʣʷʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʘ ʽ ʥʘʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ [1]. 

ʉʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʚʠʤʘʛʘʻ ʥʦʚʽʪʥʴʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʥʘʚʯʘʥʥʷ ʩʧʝʮʽʘʣʽʩʪʽʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʌʘʭʽʚʮʽ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʧʨʠʡʦʤʘʤʠ ʨʦʙʦʪʠ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʧôʶʪʝʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʧʨʦʬʽʣʶ,  ʚʤʽʪʠ ʚʠʟʥʘʯʘʪʠ ʟʘʚʜʘʥʥʷ,  ʟʥʘʭʦʜʠʪʠ 

ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʛʨʝʩʠʚʥʽ 

ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʽ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʉɸʇʈ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ  ð  ʦʜʠʥ ʽʟ 

ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʠ.  

ʋ ʥʘʰ ʯʘʩ ʙʘʛʘʪʦ ʉɸʇʈ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʽ ʚ 

ʥʘʚʯʘʥʥʽ, ʪʘʢ ʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʆʜʥʽʻʶ ʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʉɸʇʈ, ʷʢʘ ʰʠʨʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʽ ʧʽʜʭʦʜʠʪʴ, ʷʢ ʜʣʷ 

ʥʘʚʯʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʻ Solidworks. ɺʦʥʘ ʟʨʫʯʥʘ 

ʚ ʢʦʨʠʩʪʫʚʘʥʥʽ. ʊʝʨʤʽʥʠ ʡ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʨʤʽʥʦʣʦʛʽʾ ʚʽʪʯʠʟʥʷʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʤʘʶʪʴ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 2D- ʪʘ 3D-ʦʙôʻʢʪʽʚ, 

ʧʦʪʫʞʥʠʡ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʥʘʣʽʟʫ, ʨʦʟʨʘʭʫʥʢʫ, 
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ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʚʽʨʪʫʘʣʴʥʠʭ 

ʩʠʤʫʣʷʮʽʡ,  ʷʢʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʘʯʠʪʠ, ʷʢ ʚʠʨʽʙ ʙʫʜʝ 

ʩʝʙʝ ʧʦʚʦʜʠʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ. 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ   SolidWorks ʚ 

ʥʘʚʯʘʥʥʽ ʻ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʧʨʘʢʪʠʢʫʤʘʭ [2]. 

ʃʘʙʦʨʘʪʦʨʥʠʡ ʧʨʘʢʪʠʢʫʤ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʥʘʙʫʪʽ 

ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʥʘʥʥʷ.  

ɺʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʚ SolidWorks ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʘʥʫʚʘʪʠ ʩʪʫʜʝʥʪʘʤʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ 

ʩʪʚʦʨʝʥʥʷ 2-, 3- ʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʟ ʜʠʩʮʠʧʣʽʥʠ çʊʝʦʨʽʷ ʨʽʟʘʥʥʷè, ʟʨʦʙʠʪʠ ʾʭ ʘʥʘʣʽʟ, ʥʘ ʙʘʟʽ 

ʷʢʠʭ ʤʦʞʣʠʚʝ ʛʣʠʙʰʝ  ʚʠʚʯʝʥʥʷ ʨʦʟʜʽʣʽʚ ʢʫʨʩʫ, ʘ ʪʘʢʦʞ 

ʦʚʦʣʦʜʽʪʠ ʥʦʚʠʤʠ ʟʥʘʥʥʷʤʠ ʚ ʦʙʣʘʩʪʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ, ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ,  ʨʦʟʚʠʥʫʪʠ ʟʜʽʙʥʦʩʪʽ 

ʜʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʫʷʚʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʫ ʚʠʨʦʙʥʠʯʽʡ ʽ 

ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʟʜʘʪʥʽʩʪʴ ʚʦʣʦʜʽʪʠ 

ʦʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʩʧʦʩʦʙʘʤʠ ʽ ʟʘʩʦʙʘʤʠ ʨʦʙʦʪʠ ʟ 

ʽʥʰʠʤʠ ʛʨʘʬʽʯʥʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʟʘʩʦʙʘʤʠ ʉɸʇʈ, ʫʤʽʥʥʷ 

ʯʠʪʘʪʠ ʽ ʨʦʟʨʦʙʣʷʪʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʫ ʜʦʢʫʤʝʥʪʘʮʽʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʥʥʷ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʛʨʘʬʽʢʠ  [3]. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ SolidWorks ʫ ʛʝʦʤʝʪʨʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ ʽʟ ʜʠʩʮʠʧʣʽʥʠ çɯʥʞʝʥʝʨʥʘ ʽ 

ʢʦʤʧ¡ʁʪʝʨʥʘ ʛʨʘʬʽʢʘè ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʦʩʚʽʪʥʴʦʛʦ ʨʽʚʥʷ 
çɹʘʢʘʣʘʚʨè ʩʧʝʮʽʘʣʴʥʦʩʪʽ 131 çʇʨʠʢʣʘʜʥʘ ʤʝʭʘʥʽʢʘè. 

ɾʠʪʦʤʠʨ : ɾɼʊʋ, 2017. ï 71 ʩ.  

2. DesignTech CAD Academy - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.designtechcadacademy.com/knowledge-

base/introduction-to-cad 

3. http://journal.osnova.com.ua/article/36061 

http://journal.osnova.com.ua/article/36061
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ʋɼʂ:   685.72    

ʉʝʨʛʽʡ ɻʨʠʥʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʧʨʦʬ. 

ʆ.ɻ.ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ  
 

ɺʀɻʆʊʆɺʃɽʅʅʗ ʅɸʆʏʅʆɻʆ ʇʈʀʃɸɼɼʗ          

ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ʅɸɺʏɸʃʔʅʆɻʆ ʇʈʆʎɽʉʋ         

ɿ ɯʅɾɽʅɽʈʅʆ-ʊɽʍʅɯʏʅʀʍ ɼʀʉʎʀʇʃɯʅ 

 
ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʧʨʦʙʣʝʤ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ 

ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʤʦʞʣʠʚʦ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʥʷ ʪʘ 
ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ. ʊʫʪ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʟʘʩʪʘʨʽʣʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ 

ʢʘʬʝʜʨ ʪʘ ʣʘʙʦʨʘʪʦʨʽʡ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ, ʤʦʨʘʣʴʥʝ ʪʘ ʬʽʟʠʯʥʝ 
ʩʪʘʨʽʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʤʽʥʘ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʩʴʦʛʦ ʧʘʨʢʫ 

ʚʝʨʩʪʘʪʽʚ, ʫʩʪʘʥʦʚʦʢ ʪʘ ʧʨʠʣʘʜʽʚ ʫʧʠʨʘʻʪʴʩʷ  ʫ ʚʝʣʠʢʽ ʦʙôʻʢʪʠʚʥʽ 

ʪʨʫʜʥʦʱʽ, ʧʦʚôʷʟʘʥʽ  ʟ ʧʨʠʜʙʘʥʥʷʤ ʥʦʚʦʾ ʪʝʭʥʽʢʠ, ʚʽʜʩʫʪʥʽʩʪʶ 
ʢʦʰʪʽʚ ʥʘ ʟʘʤʽʥʫ ʩʪʘʨʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʶ ʚʽʪʯʠʟʥʷʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ, ʷʢʽ ʤʦʛʣʠ ʙ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ ʚʠʛʦʪʦʚʠʪʠ. ɺʠʭʦʚʘʥʥʷ 

ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʠʢʣʘʜʘʯʽʚ ʧʦʚôʷʟʘʥʦ ʪʘʢʦʞ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʤʦʣʦʜʦʛʦ ʧʦʢʦʣʽʥʥʷ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʫ 
ʪʘʢʽʡ ʨʦʙʦʪʽ ʚʥʘʩʣʽʜʦʢ ʥʠʟʴʢʠʭ ʟʘʨʧʣʘʪ,  ʚʽʜʩʫʪʥʽʩʪʶ 

ʟʘʮʽʢʘʚʣʝʥʦʾ ʚ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʥʘʥʥʷʭ ʩʫʯʘʩʥʦʾ ʤʦʣʦʜʽ. 

ʈʘʟʦʤ ʽʟ ʪʠʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʧʨʦʬʝʩʽʡʥʠʭ ʦʩʚʽʪʥʽʭ ʟʘʢʣʘʜʽʚ, ʜʝ ʤʦʞʫʪʴ ʛʦʪʫʚʘʪʠʩʷ ʤʘʡʙʫʪʥʽ 

ʩʧʝʮʽʘʣʽʩʪʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʧʨʦʬʝʩʽʡʥʦʾ  

ʦʩʚʽʪʠ ʚ ʮʽʣʦʤʫ.  
ʅʘ ʢʘʬʝʜʨʽ ʧʨʦʬʝʩʽʡʥʦʾ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʽ 

ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʢʠ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ ʚʞʝ ʢʽʣʴʢʘ ʨʦʢʽʚ ʷʢ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʧʽʜʭʽʜ 

ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʚʢʘʟʘʥʠʭ  ʟʘʜʘʯ ʰʣʷʭʦʤ ʧʣʘʥʫʚʘʥʥʷ ʪʝʤʘʪʠʢʠ 
ʢʫʨʩʦʚʦʛʦ ʪʘ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʪʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ 

ʪʝʤʠ ʢʫʨʩʦʚʠʭ ʨʦʙʽʪ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʘʣʠ ʪʘ ʚʽʜʧʦʚʽʜʘʣʠ 

ʟʤʽʩʪʫ ʥʘʚʯʘʣʴʥʠʭ ʧʣʘʥʽʚ ʪʘ ʧʨʦʛʨʘʤ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʛʣʠ 
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ʙʫʪʠ ʨʦʟʚʠʥʝʥʽ ʚ ʪʝʤʠ ʜʠʧʣʦʤʥʠʭ ʪʘ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ. 

ʆʪʨʠʤʫʶʯʠ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʚʠʜʘʻʪʴʩʷ ʧʽʩʣʷ ʟʘʪʚʝʨʜʞʝʥʥʷ ʥʘ 

ʟʘʩʽʜʘʥʥʽ ʢʘʬʝʜʨʠ, ʩʪʫʜʝʥʪ ʥʝ ʪʽʣʴʢʠ ʧʨʘʮʶʻ ʥʘʜ ʡʦʛʦ 
ʪʝʦʨʝʪʠʯʥʦʶ ʯʘʩʪʠʥʦʶ, ʘʣʝ ʡ ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʥʷ 

ʚʪʽʣʠʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʦʝʢʪ ʫ ʧʝʚʥʫ ʣʘʙʦʨʘʪʦʨʥʫ ʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʫʩʪʘʥʦʚʢʫ, ʧʨʠʣʘʜ, ʦʙʣʘʜʥʘʥʥʷ. ʉʪʫʜʝʥʪ-
ʜʠʧʣʦʤʥʠʢ ʧʦʚʠʥʝʥ ʧʦʩʪʽʡʥʦ ʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʧʝʨʝʜʦʚʠʤʠ 

ʟʨʘʟʢʘʤʠ ʥʦʚʦʾ ʪʝʭʥʽʢʠ, ʩʫʯʘʩʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʚ ʮʽʡ ʛʘʣʫʟʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʡʩʫʯʘʩʥʽʰʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʮʽʡ ʛʘʣʫʟʽ 

ʧʨʦʚʽʜʥʠʭ ʩʚʽʪʦʚʠʭ ʬʽʨʤ ʪʘ ʚʠʨʦʙʥʠʢʽʚ.  
ʋ ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʛʦʪʦʚʣʝʥʦ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʝʥʜʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ, ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ, ʚ ʷʢʠʭ ʟʨʦʙʣʝʥʦ 

ʚʽʜʧʦʚʽʜʥʽ ʧʝʨʝʨʽʟʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʩʪʫʜʝʥʪʠ ʤʦʞʫʪʴ 
ʟʥʘʡʦʤʠʪʠʩʴ ʟ ʙʫʜʦʚʦʶ ʮʠʭ ʚʫʟʣʽʚ, ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ ʾʭ 

ʦʢʨʝʤʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʆʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʫʪʪʻʚʝ 

ʧʦʛʣʠʙʣʝʥʥʷ ʥʘʢʦʧʠʯʝʥʠʭ ʟʥʘʥʴ ʚ ʢʫʨʩʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʧʦʥʫʢʘʻ ʩʪʫʜʝʥʪʽʚ ʜʦ ʧʦʜʘʣʴʰʦʾ 
ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʜʠʩʮʠʧʣʽʥʘʭ çʊʝʭʥʽʯʥʘ ʪʚʦʨʯʽʩʪʴè, 

çɺʝʨʩʪʘʪʠ ʪʘ ʧʨʦʤʠʩʣʦʚʽ ʨʦʙʦʪʠè ʪʦʱʦ.   

ɺʢʘʟʘʥʠʡ ʤʦʞʣʠʚʠʡ ʰʣʷʭ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʧʦʚʥʝʥʥʷ 
ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ ʢʘʬʝʜʨʠ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦ ʪʘ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʘ ʧʦʛʣʠʙʣʶʚʘʪʠ ʣʘʙʦʨʘʪʦʨʥʠʡ 

ʧʨʘʢʪʠʢʫʤ, ʨʦʙʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʮʽʢʘʚʠʤʠ ʧʨʘʢʪʠʯʥʽ ʪʘ 
ʩʝʤʽʥʘʨʩʴʢʽ ʟʘʥʷʪʪʷ, ʨʦʟʚʠʚʘʪʠ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʫ ʩʚʦʾʡ 

ʤʘʡʙʫʪʥʽʡ ʧʨʦʬʝʩʽʾ. 
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ʖʨʽʡ ɻʨʦʤʦʩʷʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʈʷʙʠʡ ʇ.ɸ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʇɿ ʜʣʷ ʨʦʙʦʪʠ ʟ SSH 
 SSH - ʮʝ ʢʦʤʝʨʮʽʡʥʠʡ ʧʨʦʜʫʢʪ, ʱʦ ʥʘʜʘʻʪʴʩʷ ʥʘ ʧʣʘʪʥʽʡ 

ʦʩʥʦʚʽ. ʇʨʠʩʫʪʥʷ ʽ ʙʝʟʢʦʰʪʦʚʥʘ ʚʝʨʩʽʷ - OpenSSH, ʷʢʫ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰʽʩʪʴ ʧʨʦʛʨʘʤʽʩʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. ɼʝʷʢʽ 

ʥʘʚʽʪʴ ʚʚʘʞʘʶʪʴ, ʱʦ ʟʘʚʜʷʢʠ  ʚʽʜʢʨʠʪʦʤʫ ʚʠʭʽʜʥʦʤʫ ʢʦʜʫ ʚʦʥʘ 

ʙʽʣʴʰ ʙʝʟʧʝʯʥʘ ʽ ʟʨʫʯʥʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʇʝʨʝʚʘʛʠ SSH ʧʨʦʪʦʢʦʣʫ: 

ü ɼʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʚʽʜʜʘʣʝʥʦ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʯʝʨʝʟ ʢʦʤʘʥʜʥʫ 
ʦʙʦʣʦʥʢʫ. 

ü ʐʠʬʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 
ü SSH ʜʦʟʚʦʣʷʻ ʙʝʟʧʝʯʥʦ ʧʝʨʝʜʘʚʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ 

ʤʝʨʝʞʝʚʠʡ ʧʨʦʪʦʢʦʣ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʧʦ 

ʰʠʬʨʦʚʘʥʦʤʫ ʢʘʥʘʣʫ ʟʚʫʢʦʚʽ ʪʘ ʚʽʜʝʦʬʘʡʣʠ. 
ü ʉʪʠʩʢʘʻ ʬʘʡʣʠ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ. 

ü ɿʘʭʠʱʘʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʧʦ ʢʘʥʘʣʫ ʽ ʧʨʘʢʪʠʯʥʦ ʟʘʧʦʙʽʛʘʻ 
ʙʫʜʴ-ʷʢʽʡ ʤʦʞʣʠʚʦʩʪʽ ʚʢʣʶʯʝʥʥʷ ʫ ʚʩʪʘʥʦʚʣʝʥʫ ʩʝʩʽʶ ʽ 
ʧʝʨʝʭʦʧʣʝʥʥʷ ʜʘʥʠʭ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ SSH ʥʝʦʙʭʽʜʥʠʡ SSH-ʩʝʨʚʝʨ ʽ SSH-ʢʣʽʻʥʪ. 

SSH-ʩʝʨʚʝʨ ʧʨʠʡʤʘʻ ʟ'ʻʜʥʘʥʥʷ ʚʽʜ ʢʣʽʻʥʪʩʴʢʠʭ ʤʘʰʠʥ ʽ ʟʜʽʡʩʥʶʻ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ [1].  
ɸʫʪʝʥʪʠʬʽʢʘʮʽʷ ʥʘ SSH ʧʨʦʚʦʜʠʪʴʩʷ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

ü ɿʘ IP-ʘʜʨʝʩʦʶ - ʥʝ ʥʘʡʙʝʟʧʝʯʥʽʰʠʡ ʩʧʦʩʽʙ, ʦʩʢʽʣʴʢʠ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʤʽʥʠ IP-ʘʜʨʝʩʠ. 
ü ɿʘ ʧʫʙʣʽʯʥʠʤ ʢʣʶʯʝʤ ʢʣʽʻʥʪʘ - ʧʨʠʥʮʠʧ ʤʘʡʞʝ ʪʘʢʠʡ ʞʝ, ʷʢ 

ʧʨʠ ʧʝʨʝʚʽʨʮʽ IP, ʪʽʣʴʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʚʽʨʷʻʪʴʩʷ 

ʢʣʶʯ ʢʣʽʻʥʪʘ ʽ ʽʤ'ʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ü ɿʘ ʧʘʨʦʣʝʤ ʢʣʽʻʥʪʘ - ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ ʧʝʨʝʚʽʨʢʠ. ʇʘʨʦʣʴ 
ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʟʘʰʠʬʨʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ. 

ʅʘʡʯʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʧʣʘʪʬʦʨʤʠ, ʱʦ 

ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ SSH-ʩʝʨʚʝʨʘ: 
ü BSD: OpenSSH 

ü Linux:  dropbear, lsh-server, openssh-server, ssh 

ü Windows: freeSSHd, copssh, WinSSHD, KpyM Telnet / SSH 
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Server, MobaSSH, OpenSSH 

SSH-ʢʣʽʻʥʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʭʦʜʫ 

ʥʘ ʚʽʜʜʘʣʝʥʠʡ ʩʝʨʚʝʨ ʽ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʢʦʤʘʥʜ: 
ü ʈʦʙʦʪʘ ʟ ʬʘʡʣʘʤʠ ʽ ʜʠʨʝʢʪʦʨʽʷʤʠ 

ü ʈʦʙʦʪʘ ʧʦ ʧʝʨʝʛʣʷʜʫ ʘʙʦ ʨʝʜʘʛʫʚʘʥʥʶ ʬʘʡʣʽʚ 

ü ɺʽʜʩʪʝʞʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ 
ü ʈʘʙʦʪʘ ʟ ʘʨʭʽʚʘʤʠ 

ü ʈʘʙʦʪʘ ʟ ʙʘʟʘʤʠ ʜʘʥʠʭ MySQL 

SSH-ʢʣʽʻʥʪʠ ʽ ʾʭ ʧʨʦʛʨʘʤʥʽ ʦʙʦʣʦʥʢʠ: 

ü GNU / Linux, BSD: kdessh, lsh-client, openssh-client, putty, ssh, 
Vinagre 

ü MS Windows ʽ Windows NT: PuTTY, SecureCRT, ShellGuard, 

Axessh, ZOC, SSHWindows, ProSSHD, XShell 
ü MS Windows Mobile: PocketPuTTy, mToken, sshCE, 

PocketTTY, OpenSSH, PocketConsole 

ü Mac OS: NiftyTelnet SSH 

ü Java: MindTerm, AppGate Security Server 
ü iPhone: i-SSH, ssh (ʫ ʢʦʤʧʣʝʢʪʽ ʟ Terminal) 

ü Android:  connectBot 

  ʆʪʞʝ, SSH - ʮʝ ʟʨʫʯʥʠʡ, ʰʚʠʜʢʠʡ ʽ, ʛʦʣʦʚʥʝ, ʙʝʟʧʝʯʥʠʡ 
ʩʧʦʩʽʙ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʘʢ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʇɿ ʜʣʷ ʨʦʙʦʪʠ ʽʟ SSH, ʱʦ ʟʘʦʱʘʜʠʪʴ ʯʘʩ 

ʽ ʫʙʝʟʧʝʯʠʪʴ ʚʽʜ ʟʘʛʨʦʟ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʰʦʛʦ ʧʨʦʪʦʢʦʣʫ 
ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Daniel Barrett and Richard E. Silverman, SSH, the Secure Shell: The 

Definitive Guide, USA: O'Reilly & Associates, (2013), C. 19-41 
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ɻʫʣʠʢ ʆʣʝʢʩʘʥʜʨ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɯ. ɺ. ʌʝʩʽʚ 
 

ʉʪʚʦʨʝʥʥʷ ʪʘ WEB-ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʢʣʘʜʘʮʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʟ ʤʝʪʦʶ ʢʦʦʨʜʠʥʫʚʘʥʥʷ 

ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ 

 
ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ WEB-  

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ. ʩʫʧʨʦʚʦʜʞʫʚʘʣʘ ʧʦʷʚʘ ʚʝʣʠʢʦʾ 
ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʽʚ, ʱʦ ʨʝʘʣʽʟʦʚʫʚʘʣʠ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʩʧʨʠʡʤʘʶʪʴ ʥʝ ʷʢ ʦʩʽʙ, ʱʦ 
ʧʦʩʣʫʛʦʚʫʶʪʴʩʷ ʾʾ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʘ ʷʢ ʦʩʽʙ, ʱʦ ʥʘʧʦʚʥʶʶʪʴ ʾʾ.  

ɺʽʜʢʨʠʪʽʩʪʴ ʽ ʙʝʟʢʦʰʪʦʚʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʚʽʣʴʥʝ 

ʧʦʰʠʨʝʥʥʷ ʇɿ ʜʘʶʪʴ ʟʤʦʛʫ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ 

ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʯʘ. ʉʪʚʦʨʶʶʪʴʩʷ ʚʩʽ ʫʤʦʚʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ 
ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʢʣʘʜʫ. ɼʦʩʪʫʧʥʽʩʪʴ ʽ 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʤʝʨʝʞʝʚʽʡ ʩʧʽʣʴʥʦʪʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʝʨʚʽʩʠ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʪʘ 
ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʦʨʜʠʥʫʚʘʥʥʷ 

ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ. ɺʜʘʣʝ ʪʘ ʚʜʫʤʣʠʚʝ ʩʪʚʦʨʝʥʥʷ, WEB- 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʢʣʘʜʘʮʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʽʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʽʡ ʪʘ ʩʧʽʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʧʝʜʘʛʦʛʽʥʦʛʦ ʢʦʣʝʢʪʠʚʫ ɺʅɿ ʱʦʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʽʣʴʥʠʭ 

ʧʠʪʘʥʴ ʧʽʜ ʯʘʩ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ. [1] 

ʉʪʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʪʘʢʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ 
ʩʪʚʦʨʶʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʩʧʽʣʴʥʦʪʠ ʣʶʜʝʡ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴʩʷ ʟʘ 

ʨʽʟʥʠʭ ʦʙʩʪʘʚʠʥ, ʧʨʠʯʠʥ ʪʘ ʫʤʦʚ, ʜʽʶʪʴ ʩʧʽʣʴʥʦ, ʧʨʘʮʶʶʯʠ ʥʘ 

ʦʜʥʽʡ ʧʣʘʪʬʦʨʤʽ ʘʙʦ ʨʦʟʚôʷʟʫʶʯʠ ʨʘʟʦʤ ʦʜʥʝ ʟʘʚʜʘʥʥʷ. ʆʜʥʽʻʶ 
ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʫ ʩʚʽʪʽ, ʷʢʘ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʪʘʢʫ ʩʧʽʣʴʥʦʪʫ ʣʶʜʝʡ, ʻ Facebook.  

ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʧʨʦʬʝʩʽʡʥʦʾ ʦʨʽʻʥʪʘʮʽʾ, ʪʦ ʚʦʥʘ ʷʚʣʷʻ ʩʦʙʦʶ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʫ ʩʠʩʪʝʤʫ ʧʽʜʛʦʪʦʚʢʠ ʦʩʦʙʠʩʪʦʩʪʽ ʜʦ 
ʩʚʽʜʦʤʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʬʝʩʽʡʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʻ ʩʬʦʨʤʦʚʘʥʽʩʪʴ ʚ 

ʦʩʦʙʠʩʪʦʩʪʽ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʧʨʦʬʝʩʽʡʥʦʛʦ 
ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ. ʇʽʜ ʪʘʢʦʶ ʛʦʪʦʚʥʽʩʪʶ ʤʠ ʨʦʟʫʤʽʻʤʦ 
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ʧʦʣʽʩʪʨʫʢʪʫʨʥʝ ʦʩʦʙʠʩʪʽʩʥʝ ʥʦʚʦʫʪʚʦʨʝʥʥʷ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʦʩʦʙʠʩʪʦʩʪʽ ʪʘ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʟ ʙʦʢʫ ʩʫʩʧʽʣʴʥʦ-
ʩʦʮʽʘʣʴʥʠʭ ʽʥʩʪʠʪʫʪʽʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʩʦʙʘʤʠ ʧʨʦʬʦʨʽʻʥʪʘʮʽʾ, ʽ 

ʷʢʘ ʚ ʻʜʥʦʩʪʽ ʨʦʟʚʠʪʢʫ ʩʚʦʾʭ ʩʢʣʘʜʦʚʠʭ ʟʘʙʝʟʧʝʯʫʻ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʝʨʚʽʩʥʠʡ ʚʠʙʽʨ ʧʨʦʬʝʩʽʾ [2]. 
ʇʨʦʬʦʨʽʻʥʪʘʮʽʡʥʽ ʟʘʭʦʜʠ ʩʪʠʤʫʣʶʶʪʴ ʧʦʰʫʢ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʩʚʦʛʦ ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʦ-

ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽʚʥʷ, ʨʦʟʚʠʪʦʢ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʾ 

ʽʥʽʮʽʘʪʠʚʠ, ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʪʘ ʪʨʫʜʦʚʦʾ ʥʝʟʘʣʝʞʥʦʩʪʽ.  
ɯʟ ʤʝʪʦʶ ʢʦʦʨʜʠʥʫʚʘʥʥʷ ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ 18 ʢʚʽʪʥʷ 

2018 ʨʦʢʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʛʨʫʧʫ ʫ ʤʝʨʝʞʽ Facebook ʧʽʜ ʥʘʟʚʦʶ 

çʉʧʽʣʴʥʦʪʘ ʚʠʢʣʘʜʘʯʽʚ ʏʅʋè. ɿʘʚʜʘʥʥʷ ʩʧʽʣʴʥʦʪʠ ï ʦʙôʻʜʥʘʪʠ 
ʣʶʜʝʡ ʫʥʽʚʝʨʩʠʪʝʪʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘʚʢʦʣʦ ʩʧʽʣʴʥʦʾ ʽʜʝʾ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʛʨʫʧʘ ʥʘʣʽʯʫʻ 771 ʫʯʘʩʥʠʢʽʚ. ʊʫʪ ʫʯʘʩʥʠʢʠ 

ʩʧʽʣʴʥʦʪʠ ʤʘʶʪʴ ʟʤʦʛʫ ʧʦʜʽʣʠʪʠʩʷ ʩʧʽʣʴʥʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ ʫ 

ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʚʣʘʩʥʠʡ ʜʦʩʚʽʜ, 
ʧʦʩʧʽʣʢʫʚʘʪʠʩʷ ʥʘ ʪʝʤʫ ʥʦʚʠʥ ʫ ʛʘʣʫʟʽ ʦʩʚʽʪʠ ʪʦʱʦ. ʉʪʘʪʠʩʪʠʢʘ 

ʛʨʫʧʠ ʜʝʤʦʥʩʪʨʫʻ ʥʘʤ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʾʾ ʫʯʘʩʥʠʢʽʚ.  

ʆʪʞʝ, ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʠ ʩʪʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 
ʦʩʦʙʠʩʪʠʭ ʧʣʘʥʽʚ ʽ ʮʽʣʝʡ ʟʘ ʫʯʘʩʪʽ ʩʧʽʣʴʥʦʪʠ ʦʜʥʦʜʫʤʮʽʚ. ʊʘʢʘ 

ʤʝʨʝʞʝʚʘ ʩʧʽʣʴʥʦʪʘ ʟʜʘʪʥʘ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ, ʥʘʧʦʚʥʶʚʘʪʠ ʽ 

ʜʦʧʦʚʥʶʚʘʪʠ ʥʘʷʚʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʨʝʞʽ, ʱʦ ʦʙôʻʜʥʫʶʪʴ 
ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘ ʟʤʽʩʪʦʤ, ʬʦʨʤʦʶ ʪʘ ʩʫʪʪʶ ʦʙôʻʢʪʠ. 

  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʅʦʩʢʦʚʘ ʄ. ʈʦʣʴ ʽʥʪʝʨʥʝʪ-ʩʝʨʚʽʩʽʚ ʫ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ - 

http://ena.lp.edu.ua/bitstream/ntb/41988/2/2017n879_Noskova_M-

The_role_of_Internet_services_76-83.pdf 

2. ɿʘʢʘʪʥʦʚ ɼ.ʆ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʬʝʩʽʡʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʜʦʨʦʩʣʠʭ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ  - 

http://lib.iitta.gov.ua/7314/1/%D0%97%D0%B0%D0%BA%D0%B0

%D1%82%D0%BD%D0%BE%D0%B2_%D0%94.pdf 

3. ʉʧʽʣʴʥʦʪʘ ʚʠʢʣʘʜʘʯʽʚ ʏʅʋ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ 
- https://www.facebook.com/groups/194687767812561/ 

 

http://lib.iitta.gov.ua/7314/1/%D0%97%D0%B0%D0%BA%D0%B0%D1%82%D0%BD%D0%BE%D0%B2_%D0%94.pdf
http://lib.iitta.gov.ua/7314/1/%D0%97%D0%B0%D0%BA%D0%B0%D1%82%D0%BD%D0%BE%D0%B2_%D0%94.pdf
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ʆʣʝʢʩʘʥʜʨ ɻʫʤʝʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʽʩʦʚʝʥʢʦ ɯ.ɼ. 
 

ɸʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ Twitter  ʥʘ 

ʧʨʝʜʤʝʪ ʚʠʷʚʣʝʥʥʷ ʘʥʪʠʩʦʮʽʘʣʴʥʠʭ ʚʠʩʣʦʚʣʶʚʘʥʴ 
 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʫ ʩʚʽʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴ ʧʽʜʞʠʚʣʶʚʘʪʠʩʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʫʤʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʘʡʪʽʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʪʘ 

ɯʥʪʝʨʥʝʪʦʤ ʨʝʯʝʡ ʟ ʙʘʛʘʪʴʤʘ ʧʨʠʩʪʨʦʷʤʠ, ʧʽʜôʻʜʥʘʥʠʤʠ ʜʦ 

ʚʩʝʩʚʽʪʥʴʦʾ ʤʝʨʝʞʽ. ʊʘʢʦʞ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʢʽʙʝʨʟʘʛʨʦʟ, 

ʚʠʢʣʠʢʘʥʠʭ ʷʢ ʦʢʨʝʤʠʤʠ ʦʩʦʙʘʤʠ, ʪʘʢ ʽ ʦʨʛʘʥʽʟʦʚʘʥʠʤʠ 

ʟʣʦʯʠʥʥʠʤʠ ʛʨʫʧʘʤʠ.  ɸʥʦʥʽʤʥʽʩʪʴ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʨʦʙʠʪʴ ʾʭ 

ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʢʽʙʝʨʟʣʦʯʠʥʮʽʚ, ʟʜʽʡʩʥʶʶʯʠ ʚʠʢʣʠʢ 

ʧʨʘʚʦʦʭʦʨʦʥʮʷʤ ʚ ʾʭ ʚʽʜʩʪʝʞʝʥʥʽ ʪʘ ʚʠʷʚʣʝʥʥʽ. ʂʽʙʝʨʟʣʦʯʠʥʮʽ 

ʟʘʣʠʰʘʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʩʣʽʜʠ ʷʢ ʯʘʩʪʠʥʫ ʩʚʦʾʭ ʚʟʘʻʤʦʜʽʡ ʫ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴʩʷ ʫ ʚʝʣʠʯʝʟʥʠʭ 

ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʷʢʽ ʚʘʞʢʦ ʬʽʣʴʪʨʫʚʘʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʽ ʧʦʚ'ʷʟʫʚʘʪʠ 

ʜʦʢʘʟʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʭ ʟʘʩʦʙʽʚ. 
ʊʘʢʽ ʩʣʽʜʠ ʯʘʩʪʦ ʥʝ ʻ ʚʠʜʠʤʠʤʠ, ʘʣʝ ʧʨʠʭʦʚʘʥʽ ʫ ʚʝʣʠʢʦʤʫ 

ʥʘʙʦʨʽ ʜʘʥʠʭ[1] ʫ ʚʠʛʣʷʜʽ ʰʘʙʣʦʥʽʚ ʽ ʢʦʨʝʣʷʮʽʡ[2]. ɸʥʘʣʽʟ 

ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʽ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʥʝʶ ʤʝʪʘʜʘʥʠʭ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 
ʢʨʠʤʽʥʘʣʽʩʪʘʤ ʨʦʟʽʙʨʘʪʠʩʷ ʽ ʨʦʟʚôʷʟʘʪʠ ʨʽʟʥʽ ʧʨʦʙʣʝʤʠ 

ʢʽʙʝʨʙʝʟʧʝʢʠ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʟʚ'ʷʟʢʽʚ ʽ ʧʦʪʦʢʽʚ 

ʜʘʥʠʭ ʤʽʞ ʽʥʜʠʚʽʜʘʤʠ ʽ ʧʦʜʽʷʤʠ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʪʘʢʠʭ 
ʷʢ Facebook, Twitter. 
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ʈʠʩ.1. ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ 

 ʉʘʡʪ Twitter ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʜʞʝʨʝʣʦ 

ʜʘʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ.  ɸʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ.1. ʇʝʨʚʠʥʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʜʘʥʽ, ʟʽʙʨʘʥʽ ʟ ʨʝʘʣʴʥʠʭ Twitter-
ʩʪʦʨʽʥʦʢ, ʚʢʣʶʯʘʶʯʠ ʪʚʽʪʠ/ʨʝʪʚʽʪʠ ʽ ʤʝʪʘʜʘʥʽ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ Twitter API, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʪʷʛʫʚʘʪʠ ʜʘʥʽ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ Spark Stream ʽ 
ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʚ MongoDB ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ  ʽ ʧʦʜʘʣʴʰʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʝʢʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

Naive Bayes[3].  
ɼʣʷ ʧʦʪʦʢʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟ Twitter ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʟʦʢʨʝʤʘ, ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʟʣʦʯʠʥʠ, ʥʝʥʘʚʠʩʪʴ ʪʘ 

ʢʽʙʝʨʟʘʣʷʢʫʚʘʥʥʷ, ʷʢ ñgunò, ñkillò, ñmurderò, ñrapeò, ñassaultò, 
ñkidnapò, ñshotò, "gun," "crime," "sinisterò ʪʘ ʽʥʰʽ. 

Apache Spark ʧʨʦʧʦʥʫʻ ʚʠʩʦʢʦʤʘʩʰʪʘʙʦʚʘʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ, 

ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʜʘʥʽ ʟ  

Twitter. ʂʨʽʤ ʪʦʛʦ, Spark ʧʨʦʧʦʥʫʻ ʤʘʩʰʪʘʙʦʚʘʥʠʡ  ʧʦʪʦʢʦʚʠʡ 
ʤʦʜʫʣʴ (Spark Streaming) ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, 

ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ Twitter API. 

MongoDB ʜʦʙʨʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ API 
ʩʦʮʽʘʣʴʥʠʭ ʤʝʜʽʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ JSON, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʪʫʞʥʽ ʦʧʝʨʘʪʦʨʠ 

ʟʘʧʠʪʽʚ ʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʜʝʢʩʫʚʘʥʥʷ. ʈʝʘʣʽʟʘʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 
ʤʦʜʫʣʷ ʧʦʪʦʢʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʙʘʟʠ ʜʘʥʠʭ MongoDb, 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ apache spark ʽ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʫ ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ 

ʽʣʶʩʪʨʘʮʽʾ. ʉʣʦʚʥʠʢ ʩʣʽʚ - ʮʝ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʥʘʙʽʨ ʜʘʥʠʭ ʧʨʦ 

ʧʦʪʝʥʮʽʡʥʽ ʟʣʦʯʠʥʥʽ ʩʣʦʚʘ, ʦʧʠʩʘʥʽ ʚʠʱʝ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 
ʷʢ ʚʠʭʽʜʥʘ ʙʘʟʘ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʟʽʙʨʘʥʠʭ ʢʨʠʤʽʥʘʣʽʩʪʠʯʥʠʭ 

ʜʘʥʠʭ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʆʣʝʢʩʘʥʜʨ ɻʫʩʣʷʢʦʚ, ɺʽʪʘʣʽʡ ɯʚʘʥʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄ.ʉ. ɻʘʚʨʠʣʷʢ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ Terrain ʚ Unity 

 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʛʣʷʜ ʽʥʩʪʨʫʤʝʥʪʫ Terrain, 
ʨʦʟʛʣʷʜ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʩʧʦʩʦʙʽʚʧʦʙʫʜʦʚʠ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ 

3D-ʤʽʩʮʝʚʦʩʪʝʡ ʚ Unity. 

Unityðʢʨʦʩʧʣʘʪʬʦʨʤʥʝʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʨʦʟʨʦʙʢʠ 2D- ʪʘ 3D- 

ʜʦʜʘʪʢʽʚ, ʨʦʟʨʦʙʣʝʥʝ UnityTechnologies. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 
ʨʦʟʚôʷʟʘʥʥʷ ʨʽʟʥʦʧʣʘʥʦʚʠʭ ʟʘʜʘʯ: ʢʦʤʧôʶʪʝʨʥʽ ʽʛʨʠ, ʜʣʷ ʙʽʟʥʝʩʫ, 

ʜʦʜʘʪʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ VR ʪʘ AR ʽ ʥʘʚʽʪʴ 

ʩʪʚʦʨʝʥʥʷ ʤʫʣʴʪʬʽʣʴʤʽʚ.ʊʘ ʚ ʦʩʥʦʚʥʦʤʫ, ʮʝ ʩʪʚʦʨʝʥʥʷ ʽʛʦʨ [1]. 
ʈʦʟʨʦʙʥʠʢʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ GameDev, ʚʠʙʠʨʘʶʪʴ 

ʜʘʥʝ ʩʝʨʝʜʦʚʠʱʝ ʯʝʨʝʟ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʙʘʛʘʪʽ ʤʦʞʣʠʚʦʩʪʽ, 

ʚʝʣʠʯʝʟʥʫ ʩʧʽʣʴʥʦʪʫ ʣʶʜʝʡ (community), ʤʘʛʘʟʠʥ 
UnityAssetStore ʽʟ ʙʝʟʢʦʰʪʦʚʥʠʤʠ ʪʘ ʧʣʘʪʥʠʤʠ ʧʣʘʛʽʥʘʤʠ, ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ#, ʜʦʙʨʝ ʦʧʠʩʘʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ, UnityAnalytics 

ʪʘ UnityAds. ʉʝʨʝʜʦʚʠʱʝ Unity ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʜʦʜʘʪʦʢ 

ʘʜʘʧʪʠʚʥʠʤ ʜʣʷ ʢʦʞʥʦʾ ʧʣʘʪʬʦʨʤʠ.ɸ ʪʘʢʦʞ Unityʤʘʻ 
ʙʝʟʢʦʰʪʦʚʥʫ ʚʝʨʩʽʶ. ʆʩʴ ʯʦʤʫ ʩʝʨʝʜʦʚʠʱʝ ʻ ʪʘʢʠʤ ʧʦʧʫʣʷʨʥʠʤ. 

ɯʥʩʪʨʫʤʝʥʪ Terrainʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʚUnity ʚʝʣʠʢʽ 

ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʨʽʚʥʠʥ, ʛʽʨ, ʜʝʨʝʚ, ʪʨʘʚʠ, ʨʽʯʦʢ, 
ʦʟʝʨ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ʆʪʞʝ, Terrain ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʧʝʡʟʘʞ 

ʜʣʷ ʛʨʠ. ɺ ʦʜʥʦʤʫ ʽʟ ʦʩʪʘʥʥʽʭ ʦʥʦʚʣʝʥʴ (Unity 2018.3) 

ʽʥʩʪʨʫʤʝʥʪTerrain ʙʫʣʦ ʩʫʪʪʻʚʦ ʧʦʣʽʧʰʝʥʦ, ʦʩʦʙʣʠʚʦ 
ʚʽʟʫʘʣʽʟʘʮʽʶ ʤʽʩʮʝʚʦʩʪʝʡ (ʨʠʩ. 1). 

ʂʦʤʧʘʥʽʷ Unity Technologies ʥʘʚʽʪʴ ʩʪʚʦʨʠʣʘ ʦʢʨʝʤʠʡ 

ʧʽʜʨʦʟʜʽʣ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ ʚʠʚʯʝʥʥʷʤ ʧʦʙʫʜʦʚʠ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ 

ʤʽʩʮʝʚʦʩʪʝʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʨʽʟʥʽ ʤʝʪʦʜʠ [2]. 
ɹʫʣʦ ʧʦʣʽʧʰʝʥʦ ʨʦʙʦʪʫ ʽʟ ʤʫʣʴʪʠʤʽʩʮʝʚʦʩʪʷʤʠ 

(Multipleterrain). ʊʝʧʝʨ ʥʝ ʧʦʪʨʽʙʥʦ ʧʠʩʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʩʢʨʠʧʪ 

ʥʘ C# ʜʣʷ ʟʚôʷʟʢʠ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʤʽʩʮʝʚʦʩʪʝʡ, ʜʣʷ ʮʴʦʛʦ ʙʫʣʘ 
ʩʪʚʦʨʝʥʘ ʚʣʘʩʪʠʚʽʩʪʴ Autoconnect. ʊʘʢʦʞ ʧʨʠ ʟô̒ ʜʥʘʥʥʽ 

ʩʪʚʦʨʠʪʴʩʷ ʛʨʫʧʘ (Grouping ID) ʟ ʦʜʥʘʢʦʚʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ 

(ʨʠʩ. 2).  
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ʈʠʩ. 1. ʉʪʘʨʽ ʥʦʨʤʘʣʽ ʜʣʷ ʢʦʞʥʦʾ ʚʝʨʰʠʥʠ (ʣʽʚʦʨʫʯ) ʽ ʥʦʚʽ ʥʦʨʤʘʣʽ ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ (ʧʨʘʚʦʨʫʯ)ð ʟ ʦʜʥʘʢʦʚʦʶ ʢʽʣʴʢʽʩʪʶ ʪʨʠʢʫʪʥʠʢʽʚ 

 

ʈʠʩ. 2. ʋʚʽʤʢʥʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʽ çAutoconnectè ʚ Terrain 

ʇʦʣʽʧʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʥʦʚʣʝʥʥʷTerrainAPI, 
ʜʦʜʘʚʘʥʥʷʜʚʦʭ ʥʦʚʠʭ ʪʠʧʽʚʦʙôʻʢʪʽʚ: TerrainLayerʪʘ Brush. 

ɿʘʛʘʣʦʤ, ʚUnityʩʪʘʣʦ ʧʨʦʩʪʽʰʝ ʩʪʚʦʨʶʚʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʚʣʘʩʥʽ 

ʢʘʨʪʠ ʜʣʷ ʽʛʦʨ. ʋʞʝ ʥʝ ʧʦʪʨʽʙʥʦ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʜʦʜʘʪʢʦʚʽʧʣʘʛʽʥʠ ʪʘ ʧʠʩʘʪʠ ʩʦʪʥʽ ʩʢʨʠʧʪʽʚ ʥʘ ʉ#. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Wikipidia [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð Unity (gameengine). 

ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://en.wikipedia.org/wiki/Unity_(game_engine) 

(ʜʘʪʘʟʚʝʨʥʝʥʥʷ 06.03.2018) ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 
2. Blogs.Unity3d [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð 

2018.3.TerrainUpdate: GettingStarted. ð ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ:https://blogs.unity3d.com/2018/10/10/2018-3-terrain-update-

getting-started/  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 06.03.2018) ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 
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ɺʘʩʠʣʴ ɻʫʪʽʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʄ.ɺ. ʊʢʘʯ  

ʇʝʨʝʥʦʨʤʦʚʘʥʠʡ ʫ ʜʨʫʛʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

 ʩʧʝʢʪʨ ʜʚʦʨʽʚʥʝʚʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, 

 ʚʟʘʻʤʦʜʽʶʯʦʾ ʟ ʬʦʥʦʥʘʤʠ ʧʨʠ ʊ=0 ʂ 

 
ɿ ʨʦʟʚʠʪʢʦʤ ʬʽʟʠʢʠ ʥʘʥʦʛʝʪʝʨʦʩʠʩʪʝʤ ʜʦ ʩʪʘʥʫ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʫʥʽʢʘʣʴʥʠʭ ʧʨʠʣʘʜʘʭ (ʢʚʘʥʪʦʚʽ 

ʢʘʩʢʘʜʥʽ ʜʝʪʝʢʪʦʨʠ, ʢʚʘʥʪʦʚʽ ʢʘʩʢʘʜʥʽ ʣʘʟʝʨʠ ʽ ʪ. ʧ.) ʚʠʷʚʠʣʠʩʷ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤʠ ʟʘʜʘʯʽ ʧʨʦ ʩʧʝʢʪʨʠ ʙʘʛʘʪʦʟʦʥʥʠʭ 

ʢʚʘʟʽʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʬʦʥʦʥʘʤʠ. 

ɿ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʦʛʣʷʜʫ, ʮʽ ʟʘʜʘʯʽ ʻ ʩʢʣʘʜʥʠʤʠ ʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʙʦ ʚʠʤʘʛʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʫ 

ʢʚʘʥʪʦʚʦʾ ʪʝʦʨʽʾ ʧʦʣʷ ʽ, ʟʦʢʨʝʤʘ, ʜʽʘʛʨʘʤʥʦʾ ʪʝʭʥʽʢʠ ʌʝʡʥʤʘʥʘ ʫ 

ʤʝʪʦʜʽ ʬʫʥʢʮʽʡ ɻʨʽʥʘ. 

ʑʦʜʦ ʟʛʘʜʘʥʦʾ ʪʝʭʥʽʢʠ, ʪʦ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʷʢʘ ʟʘʚʞʜʠ 

ʽʩʥʫʻ ʧʨʠ ʾʾ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ, ʻ ʪʘʢ ʟʚʘʥʘ çʧʨʦʙʣʝʤʘ 

ʟʥʘʢʘè, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʽ ʥʝʩʢʽʥʯʝʥʥʠʭ ʨʷʜʽʚ 

ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

ʊʫʪ ʚʠʚʯʘʻʪʴʩʷ ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ ʩʧʝʢʪʨ ʜʚʦʨʽʚʥʝʚʦʾ 

ʙʝʟʜʠʩʧʝʨʩʽʡʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʷʢʘ ʚʟʘʻʤʦʜʽʻ ʟ 

ʙʝʟʜʠʩʧʝʨʩʽʡʥʠʤʠ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʬʦʥʦʥʘʤʠ ʧʨʠ ʊ=0 ʂ. ʅʘ 

ʦʩʥʦʚʽ ʛʘʤʽʣʴʪʦʥʽʘʥʘ ʬʨʝʣʽʭʽʚʩʴʢʦʛʦ ʪʠʧʫ [1]  
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ʚʚʘʞʘʶʪʴʩʷ 

ʚʽʜʦʤʠʤʠ (ʧʘʨʘʤʝʪʨʠ ʟʘʜʘʯʽ), ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʽʘʛʨʘʤʥʦʾ 

ʪʝʭʥʽʢʠ ʌʝʡʥʤʘʥʘïʇʘʡʥʩʘ [1] ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ 

ʧʝʨʝʥʦʨʤʦʚʘʥʦʛʦ ʩʧʝʢʪʨʘ ʫ ʜʨʫʛʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʤʘʩʦʚʦʛʦ 

ʦʧʝʨʘʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʛʘʪʦʬʦʥʦʥʥʠʭ ʧʨʦʮʝʩʽʚ (ʨʠʩ. 1). 
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ʈʠʩ. 1 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ, ʢʨʽʤ ʧʝʨʝʥʦʨʤʦʚʘʥʠʭ ʛʦʣʦʚʥʠʭ ʨʽʚʥʽʚ, ʫ 

ʩʠʩʪʝʤʽ ʚʠʥʠʢʘʶʪʴ ʢʚʘʟʽʝʢʚʽʜʠʩʪʘʥʪʥʽ ʩʤʫʛʠ ʨʽʚʥʽʚ ʫ ʚʩʽʡ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ.    

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʢʘʯ ʄ.ɺ., ʉʝʪʽ ʖ.ʆ., ɺʦʡʮʝʭʽʚʩʴʢʘ ʆ.ʄ. ʂʚʘʟʽʯʘʩʪʠʥʢʠ ʫ 
ʥʘʥʦʩʠʩʪʝʤʘʭ. ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʜʨʦʪʠ ʽ ʧʣʽʚʢʠ. ʏʝʨʥʽʚʮʽ: ʂʥʠʛʠ ï 

ʍʍɯ, 2015. 
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ɺʽʢʪʦʨʽʷ ɻʫʮʫʣʷʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʘʥʘʱʠʰʝʥʘ ɯ.ɭ. 
 

ʉʪʚʦʨʝʥʥʷ SPA(Single Page Application) ʜʣʷ ʬʦʪʦʩʘʣʦʥʫ 
 
ʉʘʡʪ (ʚʽʜ ʘʥʛʣ. website: web ï çʧʘʚʫʪʠʥʘ, ʤʝʨʝʞʘè ʽ site ï 

çʤʽʩʮʝè, ʙʫʢʚʘʣʴʥʦ çʤʽʩʮʝ, ʩʝʛʤʝʥʪ, ʯʘʩʪʠʥʘ ʚ ʤʝʨʝʞʽè) ï 

ʩʫʢʫʧʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ (ʬʘʡʣʽʚ) ʧʨʠʚʘʪʥʦʾ ʦʩʦʙʠ 
ʘʙʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʢʦʤʧôʶʪʝʨʥʽʡ ʤʝʨʝʞʽ, ʦʙôʻʜʥʘʥʠʭ ʧʽʜ ʦʜʥʽʻʶ 

ʘʜʨʝʩʦʶ (ʜʦʤʝʥʥʠʤ ʽʤ'ʷʤ ʘʙʦ IP-ʘʜʨʝʩʦʶ). ɺʩʽ ʩʘʡʪʠ ʚ 

ʩʫʢʫʧʥʦʩʪʽ ʩʢʣʘʜʘʶʪʴ ʚʩʝʩʚʽʪʥʶ ʧʘʚʫʪʠʥʫ, ʜʝ ʢʦʤʫʥʽʢʘʮʽʷ 

(ʧʘʚʫʪʠʥʘ) ʦʙ'ʻʜʥʫʻ ʩʝʛʤʝʥʪʠ ʽʥʬʦʨʤʘʮʽʾ ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʚ 
ʻʜʠʥʝ ʮʽʣʝ ï ʙʘʟʫ ʜʘʥʠʭ ʽ ʢʦʤʫʥʽʢʘʮʽʾ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʫ. 

ɼʣʷ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʫ ʢʣʽʻʥʪʽʚ ʜʦ ʩʘʡʪʽʚ ʥʘ ʩʝʨʚʝʨʘʭ ʙʫʚ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʢʦʣ HTTP. ʉʪʦʨʽʥʢʠ ʩʘʡʪʽʚ ï ʮʝ 
ʥʘʙʽʨ ʪʝʢʩʪʦʚʠʭ ʬʘʡʣʽʚ, ʨʦʟʤʽʯʝʥʠʭ ʤʦʚʦʶ HTML. 

ɺʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʤʦʞʥʘ ʟʤʽʥʠʪʠ ʜʦʜʘʚʘʥʥʷʤ ʚ ʥʝʾ ʪʘʙʣʠʮʽ 

ʩʪʠʣʽʚ ʥʘ ʤʦʚʽ CSS. 

Single Page Application ï ʩʢʦʨʦʯʝʥʦ SPA, ʚ ʧʝʨʝʢʣʘʜʽ ʥʘ 
ʫʢʨʘʾʥʩʴʢʫ ʤʦʚʫ ʦʟʥʘʯʘʻ çɼʦʜʘʪʦʢ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠè. ɯʥʰʠʤʠ 

ʩʣʦʚʘʤʠ SPA ï ʮʝ web-ʜʦʜʘʪʦʢ, ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʦʜʥʽʡ web-

ʩʪʦʨʽʥʮʽ, ʷʢʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʟʘʚʘʥʪʘʞʫʻ ʚʝʩʴ 
ʥʝʦʙʭʽʜʥʠʡ ʢʦʜ ʨʘʟʦʤ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʩʘʤʦʾ ʩʪʦʨʽʥʢʠ. ɼʦʜʘʪʢʠ 

ʪʘʢʦʛʦ ʪʠʧʫ ʟ'ʷʚʠʣʠʩʷ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ, ʟ ʧʦʯʘʪʢʦʤ ʝʨʠ 

HTML5 ʽ SPA ʻ ʪʠʧʦʚʠʤ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʜʦʜʘʪʢʽʚ ʥʘ HTML5. 
ʇʝʨʝʚʘʛʠ SPA: 

1. ʧʦʚʥʘ ʧʽʜʪʨʠʤʢʘ ʨʦʙʦʪʠ ʷʢ ʥʘ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʥʘ 
ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ; 

2. ʙʘʛʘʪʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʽʥʪʝʨʬʝʡʩ, ʪʘʢ ʟʚʘʥʠʡ User 
Experience; 

3. ʽʩʪʦʪʥʦ (ʚ ʨʘʟʠ) ʩʢʦʨʦʯʫʻ ʪʘʢ ʟʚʘʥʽ çʭʦʜʽʥʥʷ ʧʦ ʢʦʣʫè, 
ʪʦʙʪʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʢʦʥʪʝʥʪʫ ʟʥʦʚʫ ʽ ʟʥʦʚʫ. 
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ʈʠʩ. 1. ɿʨʘʟʦʢ ʽʥʪʝʨʬʝʡʩʫ ʛʦʣʦʚʥʦʾ ʩʪʦʨʽʥʢʠ ʬʦʪʦʩʘʣʦʥʫ 

 

ʈʦʟʨʦʙʢʠ ʚʝʜʫʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ HTML / XHTML ʤʦʚʠ 

ʜʣʷ ʚʝʨʩʪʢʠ ʩʪʦʨʽʥʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʙʣʠʮʴ ʢʘʩʢʘʜʥʠʭ ʩʪʠʣʽʚ 
CSS ʽ ʩʮʝʥʘʨʽʾʚ JavaScript. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʚʝʙ-ʩʘʡʪʫ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʪʠʤʫʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʦʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʧʦʩʣʫʛʘʤʠ ʬʦʪʦʩʘʣʦʥʫ, ʘ 
ʟʘʤʦʚʥʠʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʢʣʽʻʥʪʩʴʢʫ ʙʘʟʫ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʄʘʢʬʘʨʣʘʥʜ ɼ. ʅʦʚʘʷ ʙʦʣʴʰʘʷ ʢʥʠʛʘ CSS. ʉʇʙ.: ʇʠʪʝʨ, 

2016. 720 ʩ. 
2. ɹʨʘʡʘʥ ʍʦʛʘʥ. HTML5 ʠ CSS3. ɺʝʙ-ʨʘʟʨʘʙʦʪʢʘ ʧʦ 

ʩʪʘʥʜʘʨʪʘʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 2-ʝ ʠʟʜ. ʉʇʙ.: ʇʠʪʝʨ, 2014. 320 ʩ. 
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ʆʣʝʢʩʘʥʜʨ ɼʘʥʽʛʝʚʠʯ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʖ.ɻ. 
 

ʂʨʝʤʥʽʻʚʠʡ ʨ- -̔nïʬʦʪʦʜʽʦʜ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʰʚʠʜʢʦʜʽʻʶ 

ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 940 ʥʤ. 
 
ɺʠʚʯʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʰʚʠʜʢʦʜʽʶ p-i-n-ʬʦʪʦʜʽʦʜʘ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʨ- 

ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʩʘʤʝ ʥʘ ʚʝʣʠʯʠʥʫ ʯʘʩʫ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʜʞʝʨʝʣ [1] ʚʠʟʥʘ-

ʯʝʥʦ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠ-

ʪʠʢʠ p-i-n-ʬʦʪʦʜʽʦʜʘ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʧʦʪʨʽʙʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ 
ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙʠ ʪʦʚʱʠʥʘ ʢʨʠʩʪʘʣʘ ʬʦʪʦʜʽ-

ʦʜʘ ʙʫʣʘ ʫ ʜʚʘ ʨʘʜʠ ʤʝʥʰʦʶ ʟʘ ʛʣʠʙʠʥʫ ʧʦʛʣʠʥʘʥʥʷ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʝʥʥʷ ʨʦʙʦʯʦʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʚ ʥʴʦʤʫ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠ-

ʯʠʥʘ ʩʪʨʫʤʦʚʦʾ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʥʘ ʨʦʙʦʯʽʡ ʜʦʚʞʠʥʽ 
ʭʚʠʣʽ ʚʜʘʩʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʚ 1,5 ï 1,8 ʨʘʟʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʚʽʡʥʦʛʦ 

ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʧʨʦʤʽʥʝʥʥʷ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 0,94 ʤʢʤ ʛʣʠʙʠʥʘ ʧʦʛʣʠʥʘʥʥʷ 
ʚʠʧʨʦʤʽʥʝʥʥʷ ʫ ʢʨʝʤʥʽʾ [2, 3] ʩʢʣʘʜʘʻ 40 ï 50 ʤʢʤ. ʆʪʞʝ, 

ʦʯʝʚʠʜʥʦ, ʱʦ ʪʦʚʱʠʥʘ ʢʨʠʩʪʘʣʘ ʚ ʦʙʣʘʩʪʽ ʬʦʪʦʯʫʪʣʠʚʦʛʦ 

ʝʣʝʤʝʥʪʘ ʤʘʻ ʙʫʪʠ ʙʣʠʟʴʢʦ 25 ʤʢʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʤʽʮʥʦʩʪʽ ʚ ʦʙôʻʤʽ 
ʢʨʠʩʪʘʣʘ ʟʽ ʟʚʦʨʦʪʥʦʛʦ ʙʦʢʫ ʚʠʪʨʘʚʣʶʻʪʴʩʷ ʤʝʟʦʩʪʨʫʢʪʫʨʘ ʥʘ 

ʥʝʦʙʭʽʜʥʫ ʛʣʠʙʠʥʫ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻʤʦ ʧʦʚʝʨʭʥʝʚʫ 

ʛʝʥʝʨʘʮʽʶ ʬʦʪʦʩʪʨʫʤʫ ʧʨʠ ʨʽʚʥʦʤʽʨʥʽʡ ʛʫʩʪʠʥʽ ʦʙ'ʻʤʥʦʛʦ ʟʘʨʷʜʫ 
ʫʩʝʨʝʜʠʥʽ ʢʨʠʩʪʘʣʘ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʧʨʠʡʤʘʥʥʽ ʧʦʨʽʚʥʷʥʦ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʬʦʪʦʜʽʦʜʦʤ ʟ ʨʽʚʥʦʤʽʨʥʦ 

ʣʝʛʦʚʘʥʦʶ ʙʘʟʦʶ ʧʨʠ ʥʘʧʨʫʟʽ ʟʤʽʱʝʥʥʷ V0, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
ʰʠʨʠʥʫ ʦʙʣʘʩʪʽ ʦʙ'ʻʤʥʦʛʦ ʟʘʨʷʜʫ ʭ0, ʱʦ ʜʦʨʽʚʥʶʻ ʪʦʚʱʠʥʽ 

ʢʨʠʩʪʘʣʘ ʧʨʠ ʜʘʥʦʤʫ ʩʪʫʧʝʥʽ ʡʦʛʦ ʣʝʛʫʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʯʘʩ ʟʨʦʩʪʘʥʥʷ t, ʙʫʜʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ [4]: 

m
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25,0= ,   (1) 

 ʜʝ ɛ ï ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ɿʘʟʚʠʯʘʡ, ʪʦʚʱʠʥʘ ʢʨʠʩʪʘʣʘ ʬʦʪʦʜʽʦʜʘ ʦʙʠʨʘʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 

300 ï 500 ʤʢʤ. ɺʽʜʧʦʚʽʜʥʦ, ʟʤʝʥʰʫʶʯʠ ʰʠʨʠʥʫ ʦʙʣʘʩʪʽ 
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ʦʙ'ʻʤʥʦʛʦ ʟʘʨʷʜʫ ʭ0, ʷʢʘ ʜʦʨʽʚʥʶʻ ʪʦʚʱʠʥʽ ʢʨʠʩʪʘʣʫ ʬʦʪʦʜʽʦʜʫ 

ʜʦ 25 ʤʢʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʨʘʚʣʝʥʥʷ ʤʝʟʦʩʪʨʫʢʪʫʨʠ, ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʜʽʦʜʫ 
ʟʛʽʜʥʦ ʟ ʬʦʨʤʫʣʦʶ (1), ʤʘʡʞʝ ʫ ʩʪʦ ʨʘʟʽʚ. 

ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʠʥʫ ʢʨʠʩʪʘʣʘ ʬʦʪʦʜʽʦʜʘ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʊʫʪ 1 ï ʦʙʣʘʩʪʽ pï ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ; 2 ï 
ʦʙʣʘʩʪʴ nï ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ; 3 ï ʟʘʭʠʩʥʠʡ ʦʢʩʠʜ ʢʨʝʤʥʽʶ; 4 ʪʘ 5 

ï ʤʝʪʘʣʝʚʽ ʢʦʥʪʘʢʪʠ ʜʦ ʬʦʪʦʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ (2) ʪʘ 

ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ (6). ʅʠʞʥʷ ʯʘʩʪʠʥʘ ʢʨʠʩʪʘʣʘ ʬʦʪʦʜʽʦʜʘ 

ʫʤʦʚʥʦ ʥʝ ʧʦʢʘʟʘʥʘ. 
 

 

 
 

 

 

 
 
ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʠʥʫ ʢʨʠʩʪʘʣʘ ʬʦʪʦʜʽʦʜʘ 

ɿʘ ʜʘʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʬʦʪʦʜʽʦʜʘ ʤʘʻ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʧʝʨʝʭʽʜʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʽʚʥʽ 
1 ʥʩ ʧʨʠ ʥʘʧʨʫʟʽ 27 ɺ, ʜʦʚʞʠʥʽ ʭʚʠʣʽ 0,94 ʤʢʤ ʪʘ ʦʧʦʨʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 100 ʆʤ, ʱʦ ʫ 50 ʨʘʟʽʚ ʤʝʥʰʝ, ʥʽʞ ʚ ʘʥʘʣʦʛʘ ʌɼ-

309. ʆʢʨʽʤ ʪʦʛʦ ʩʪʚʦʨʝʥʠʡ ʬʦʪʦʜʽʦʜ ʤʘʻ ʤʝʥʰʫ ʻʤʥʽʩʪʴ ʪʘ 
ʢʨʘʱʫ ʯʫʪʣʠʚʽʩʪʴ. 
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ɹʦʛʜʘʥ ɼʘʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

 

ɺʧʣʠʚ ʚʽʜʧʘʣʫ ʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ ï ʦʭʦʣʦʜʞʫʚʘʯʽ ʪʘ 
ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʠ ï ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ. ɸʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʦʢʨʝʤʘ ʩʪʚʦʨʝʥʥʷ ʜʣʷ ʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʜʦʙʨʦʪʥʽʩʪʶ Z.  
ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 

ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ɺʽ2ʊʝ3-ɺi2Se3 ʽ ɺi2ʊʝ3-Sb2Te3, ʱʦ ʤʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ 250 ï 
500 ʂ. 

ʊʝʭʥʦʣʦʛʽʾ ʽ ʤʝʪʦʜʠʢʠ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʊɽʄ) ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ 
ʜʦʩʠʪʴ ʚʽʜʦʤʽ ʽ ʰʠʨʦʢʦ ʟʘʩʦʚʫʶʪʴʩʷ ʙʘʛʘʪʴʤʘ ʥʘʫʢʦʚʠʤʠ 

ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʚʠʨʦʙʥʠʢʘʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʧʨʠʩʪʨʦʾʚ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʘʪʝʨʽʘʣʠ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʷʢ ʟʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʪʘʢ ʽ ʟʘ ʤʘʩʰʪʘʙʥʽʩʪʶ ʾʭ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. 

ʗʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʘʮʷʭ [1; 2], ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʦʣʽʧʰʝʥʥʷ 
ʜʦʙʨʦʪʥʦʩʪʽ ʊɽʄ ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3 ʻ ʚʽʜʧʘʣ. 

ɺʽʜʧʘʣ ï ʮʝ ʚʠʜ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʥʘʛʨʽʚʘʥʥʽ 

ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ ʬʘʟʦʚʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ, ʪʨʠʚʘʣʽʡ ʚʠʪʨʠʤʮʽ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 
ʥʘʩʪʫʧʥʦʤʫ ʧʦʚʽʣʴʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʟ ʤʝʪʦʶ ʥʘʙʣʠʞʝʥʥʷ ʜʦ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʩʪʘʥʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʘʣʶʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
ʟʤʽʥʶʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʝʬʝʢʪʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ. ʆʜʥʘʢ ʚʽʜʧʘʣ ʤʦʞʝ ʧʨʠʩʢʦʨʠʪʠ ʨʽʩʪ ʟʝʨʥʘ 

ʤʘʪʝʨʽʘʣʫ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʟʙʽʣʴʰʠʪʴʩʷ ʡʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. 
ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʧʘʣʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʙʫʣʦ 

ʚʠʨʦʱʝʥʦ ʪʨʠ ʟʣʠʪʢʠ ʊɽʄ ʥʘ ʦʩʥʦʚʽ ɺi2ʊʝ3-Sb2Te3 ʤʝʪʦʜʦʤ 
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ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ ʧʣʘʚʢʠ. ʇʽʩʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʟʣʠʪʢʠ 

ʜʽʩʪʘʚʘʣʠ ʟ ʘʤʧʫʣʠ ʪʘ ʚʠʤʽʨʶʚʘʣʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʝʨʤʦʝʨʩ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʟʜʦʚʞ ʾʭ ʦʩʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʫ 
ʩʠʥʪʝʟʥʽʡ ʧʝʯʽ ʧʨʦʚʦʜʠʚʩʷ ʚʽʜʧʘʣ ʢʦʞʥʦʛʦ ʽʟ ʟʣʠʪʢʽʚ ʦʢʨʝʤʦ ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʪʷʛʦʤ 1-72 ʛʦʜ.  

ʏʝʨʝʟ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʟʣʠʪʢʠ ʜʽʩʪʘʚʘʣʠ ʽʟ ʧʝʯʽ ʪʘ 
ʧʨʦʚʦʜʠʣʠ ʧʦʚʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʤʦʝʨʩ ʪʘ 

ʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʫ 

ʚʽʜʧʘʣʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ ʟ ʢʦʞʥʦʛʦ ʟʣʠʪʢʫ ʚʽʜʨʽʟʘʚʩʷ 

ʰʤʘʪʦʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚʠʚʯʘʣʘʩʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʽʚ 
ʰʣʷʭʦʤ ʭʽʤʽʯʥʦʛʦ ʪʨʘʚʣʝʥʥʷ ʤʽʢʨʦʰʣʽʬʽʚ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʤʽʢʨʦʩʢʦʧʘ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 

650ʍ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʘʚʣʦʚʠʯ ɯ.ɯ., ʊʦʤʘʰʠʢ ɺ.ʄ., ʊʦʤʘʰʠʢ ɿ.ʌ., ʉʪʨʘʪʽʡʯʫʢ ɯ.ɹ., 
ʂʦʧʠʣ ʆ.ɯ.. ɺʧʣʠʚ ʦʙʨʦʙʢʠ ʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3//ʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ʊ.12, ˉ1. ï 

2011. ʩ.134-137. 

2. Osamu Yamashita and Shoichi Tomiyoshi. Effect of Annealing on 

Thermoelectric Properties of Bismuth Telluride Compounds // Japanese 

Journal of Applied Physics. Vol. 42, Part 1, ˉ2A. 2003.  
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ɺʘʩʠʣʴ  ɼʘʨʽʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʃʫʩʪʝ ʆ.ʗ. 

 

ʂʨʠʪʝʨʽʾ ʷʢʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 
 
ɼʦʩʣʽʜʞʝʥʦ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ. ʋ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʽʜʭʽʜ, 

ʢʦʣʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʟʘʩʽʙ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨ, ʻ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ [1 - 3]. 
ɰʭ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʠʥʥʽ ʦʧʠʩʫʚʘʪʠʩʴ ʪʘ ʚʠʟʥʘʯʘʪʠʩʴ ʟ ʧʦʟʠʮʽʾ 

ʩʫʯʘʩʥʠʭ ʧʦʛʣʷʜʽʚ ʧʨʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ ʩʠʩʪʝʤʠ.  

ʋ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʥʷʪʴ ʻ ʢʽʣʴʢʽʩʪʴ 
ʽʥʬʦʨʤʘʮʽʾ ɯ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʜʚʘ ʧʦʥʷʪʪʷ ï ʚʠʧʘʜʢʦʚʫ 

ʚʝʣʠʯʠʥʫ ʭ ʪʘ ʾʾ ʝʥʪʨʦʧʽʶ ʅ. ʅʝʭʘʡ ʚʝʣʠʯʠʥʘ ʭ ʚ ʜʝʷʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʤʽʞ ʘ ʪʘ b ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʟ ʨʽʟʥʦʶ ʡʤʦʚʽʨʥʽʩʪʶ 
ʙʫʜʴ-ʷʢʽ ʟʥʘʯʝʥʥʷ. ʄʽʨʦʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠ 

ʻ ʾʾ ʝʥʪʨʦʧʽʷ ʅ, ʷʢʘ ʜʦʨʽʚʥʶʻ  

                            (1) 

ʜʝ f(x) ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ x. 

ɼʣʷ ʦʧʠʩʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ 

ʩʝʥʩʦʨʽʚ ʃ. ɯ. ɸʥʘʪʠʯʫʢʦʤ ʚʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨ ï ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, 
ʷʢʠʡ ʧʦʢʘʟʫʻ, ʩʢʽʣʴʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʚʽʜ ʧʨʠʩʪʨʦʶ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʦʨʽʚʥʶʻ 

 
ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʪʨʦʧʽʡʥʦʾ ʧʦʭʠʙʢʠ 

 
ʈʦʟʛʣʷʜʘʣʘʩʴ ʤʦʜʝʣʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ  ʟ ʩʝʥʩʦʨʘ, ʨʝʻʩʪʨʫʚʘʣʴʥʦʛʦ ʧʨʠʙʦʨʫ,  ʧʨʠʡʤʘʣʴʥʦʾ 
ʧʣʦʱʘʜʢʠ ʪʘ ʪʝʨʤʦʝʣʝʤʝʥʪʘ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʨʫʯʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʜʠʩʧʝʨʩʽʶ ʝʥʪʨʦʧʽʡʥʦʾ ʧʦʭʠʙʢʠ ȹ
2
(Wx), ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʥʝʩʦʢ 

ʨʽʟʥʦʛʦ ʪʠʧʫ ʰʫʤʽʚ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʰʫʤ ʪʘ 
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ʰʫʤ ɼʞʦʥʩʦʥʘ ï ʧʝʨʝʰʢʦʜʫ ʥʘ ʰʣʷʭʫ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ 

ʟʘʪʨʘʪ ʝʥʝʨʛʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʜʠʩʧʝʨʩʽʷ ʧʦʭʠʙʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʫ ʯʦʪʠʨʴʦʭ 
ʜʦʜʘʥʢʽʚ, ʷʢʫ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ:  

  

ʜʝ  ï ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ;  ï ʚʘʛʦʚʠʡ ʤʥʦʞʥʠʢ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʢʦʞʝʥ ʟ ʜʦʜʘʥʢʽʚ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʢʨʠʪʝʨʽʶ 

ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘʤʽʥʘ ʤʝʪʘʣʝʚʠʭ ʩʧʣʘʚʽʚ 

ʦʧʪʠʤʽʟʦʚʘʥʠʤʠ, ʟʘ ʨʘʭʫʥʦʢ ʚʜʘʣʦʛʦ ʧʽʜʙʦʨʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 
ʜʦʥʦʨʽʚ ʪʘ ʘʢʮʝʧʪʦʨʽʚ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʚ ʙʽʣʴʰʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʥʘ ʜʚʘ ï ʪʨʠ ʧʦʨʷʜʢʠ ʽ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ 
ʨʦʩʪʫ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʥʘʪʳʯʫʢ ʃ.ʀ., ʃʫʩʪʝ ʆ.ʗ. ʄʠʢʨʦʢʘʣʦʨʠʤʝʪʨʠʷ. ï ʃ.: ɺʠʱʘ 

ʰʢʦʣʘ., 1981. 168 ʩ 

2. ʅʦʚʠʮʢʠʡ ʇ.ɺ. ʆʩʥʦʚʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ / ʇ.ɺ. ʅʦʚʠʮʢʠʡ. ï ʃ.: ʕʥʝʨʛʠʷ, 1968. ï 248 ʩ.  

3. Anatychuk L.I., Luste O.J., Maslyanchuk E.L., Informative - 

energetic description of thermoelectric converts, Proc. XII Intarnational 
Conference on Thermoelectrics, p. 160-163, Arlington, Texas, 1992. 
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ʆʣʝʢʩʘʥʜʨ ɼʚʦʨʝʮʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʬ.-ʤ.ʥ. ɸ.ʗ.ɼʦʚʛʫʥʴ 

 

ʅʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʞʘʥʨʽʚ ʢʽʥʦʩʪʨʽʯʦʢ ʥʘ ʦʩʥʦʚʽ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 
 

ɿ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʥʷ ʧʝʨʰʦʛʦ ʬʽʣʴʤʫ ʧʨʦʡʰʣʦ ʧʦʥʘʜ ʩʪʘ 

ʨʦʢʽʚ, ʚʧʨʦʜʦʚʞ ʷʢʠʭ ʙʫʣʠ ʧʨʝʟʝʥʪʦʚʘʥʽ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ 

ʩʶʞʝʪʠ, ʤʽʣʴʡʦʥʠ ʬʽʣʴʤʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʽʥʦʽʥʜʫʩʪʨʽʷ ï 
ʨʽʟʥʦʞʘʥʨʦʚʠʡ ʚʠʜ ʤʠʩʪʝʮʪʚʘ. ʊʨʘʜʠʮʽʷ ʧʦʜʽʣʫ ʬʽʣʴʤʽʚ ʟʘ 

ʞʘʥʨʘʤʠ ʟʘʧʦʟʠʯʝʥʘ ʟ ʣʽʪʝʨʘʪʫʨʠ, ʘʣʝ ʪʨʝʙʘ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʬʽʣʴʤ ï ʮʝ ʷʢʽʩʥʦ ʽʥʰʠʡ ʟʘ ʩʚʦʻʶ ʩʫʪʪʶ ʪʝʢʩʪ. 
ɾʘʥʨʦʚʠʡ ʧʦʜʽʣ ʫ ʩʬʝʨʽ ʢʽʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʟʘʛʘʣʴʥʦʛʦ 

ʦʨʽʻʥʪʫʚʘʥʥʷ ʱʦʜʦ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʬʽʣʴʤʫ ʟʘ ʪʽʻʶ ʝʩʪʝʪʠʯʥʦʶ 

ʬʦʨʤʦʶ, ʢʦʣʦʨʠʪʦʤ, ʷʢʠʡ ʫ ʥʴʦʛʦ ʟʘʢʣʘʜʝʥʠʡ ʞʘʥʨʦʤ [1].  
ʋ ʩʚʦʾʡ ʩʫʤʽ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʽʣʴʤʽʚ ʩʪʘʥʦʚʠʪʴ 

ʥʝʧʦʤʽʨʥʫ, ʷʢ ʟʜʘʻʪʴʩʷ, ʤʥʦʞʠʥʫ. ʆʜʥʘʢ, ʚʠʟʥʘʯʠʚʰʠ ʧʝʚʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʟʚôʷʟʢʠ ʤʽʞ ʚʠʜʘʤʠ ʪʘ ʞʘʥʨʘʤʠ ʨʽʟʥʠʭ 

ʬʽʣʴʤʽʚ, ʤʦʞʥʘ ʙʫʜʝ ʧʦʜʘʪʠ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʾʭ 
ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺʽʥ ʙʫʜʝ ʩʧʨʠʷʪʠ ʙʽʣʴʰ ʰʚʠʜʢʦʤʫ ʽ ʪʦʯʥʦʤʫ 

ʧʦʰʫʢʫ ʬʽʣʴʤʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ ʛʣʷʜʘʯʘ. 

ɹʫʣʦ ʙʠ ʚʝʣʠʢʦʶ ʧʦʤʠʣʢʦʶ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʫʩʶ ʽʩʥʫʶʯʫ 
ʢʽʥʦʧʨʦʜʫʢʮʽʶ, ʧʦʜʽʣʷʶʯʠ ʾʾ ʟʘ ʟʤʽʩʪʦʤ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʽ 

ʞʘʥʨʠ. ʇʦʤʠʣʢʘ ʮʷ ʻ ʦʯʝʚʠʜʥʦʶ ʽ ʚʠʷʚʣʷʻʪʴʩʷ ʟʘ ʢʽʣʴʢʦʤʘ 

ʧʨʠʯʠʥʘʤʠ: 

1) ʻ ʬʽʣʴʤʠ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʽʩʥʫʶʯʠʤ ʚʠʜʘʤ ʽ ʞʘʥʨʘʤ, 
ʧʽʜ ʷʢʽ ʜʦʚʦʜʠʪʴʩʷ ʚʠʥʘʭʦʜʠʪʠ ʦʢʨʝʤʠʡ, ʥʝʽʩʥʫʶʯʠʡ ʜʦ ʧʦʷʚʠ 

ʬʽʣʴʤʫ ʞʘʥʨ ʯʠ ʥʘʜʘʚʘʪʠ ʾʤ ʢʽʣʴʢʘ ʞʘʥʨʽʚ; 

2) ʽʩʥʫʶʪʴ ʬʽʣʴʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʮʴʦʛʦ 
ʨʦʟʤʝʞʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʩʦʮʽʘʣʴʥʝ ʢʽʥʦ, art house, ʘʚʘʥʛʘʨʜ; 

3) ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʬʽʣʴʤʽʚ ʫ ʞʘʥʨʦʚʦʤʫ ʢʣʶʯʽ ʻ 
ʩʫʪʦ ʤʝʭʘʥʽʩʪʠʯʥʠʤ ʽ ʬʦʨʤʘʣʴʥʠʤ ʽ ʥʝ ʧʝʨʝʜʘʻ ʩʫʪʥʦʩʪʽ 
ʩʫʯʘʩʥʦʛʦ ʩʦʮʽʘʣʴʥʦʛʦ ʢʽʥʦ ʡ ʽʥʰʠʭ ʬʦʨʤ ʽʥʥʦʚʘʮʽʡʥʠʭ ʬʽʣʴʤʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʞʘʥʨʦʚʦʛʦ ʧʦʜʽʣʫ 

ʢʽʥʦ, ʚʘʨʪʦ ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʬʽʣʴʤʠ ʟʘ ʥʦʚʠʤ ʢʨʠʪʝʨʽʻʤ, 

ʚʨʘʭʦʚʫʶʯʠ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʽʞ ʢʘʪʝʛʦʨʽʾ ʝʩʪʝʪʠʢʠ [1]. 
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ɯʥʩʪʨʫʤʝʥʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʦʟʚʦʣʷʪʴ 

ʚʠʟʥʘʯʠʪʠ ʘʙʩʦʣʶʪʥʦ ʥʦʚʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʞʘʥʨʽʚ 

ʢʽʥʦʩʪʨʽʯʦʢ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʶʞʝʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʬʽʣʴʤʽʚ, ʥʘ 
ʦʩʥʦʚʽ ʷʢʦʾ ʤʦʞʥʘ ʙʫʜʝ ʢʣʘʩʪʝʨʠʟʫʚʘʪʠ ʾʭ ʫ ʥʦʚʽ ʢʘʪʝʛʦʨʽʾ. 

ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʚʽʛʘʮʽʾ ʽ ʧʦʰʫʢʫ ʚ ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʝʢʩʪʘʭ ʙʘʟʫʻʪʴʩʷ ʥʘ 
ʪʝʭʥʦʣʦʛʽʾ Text Mining, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, 

ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ ʜʦ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ 

ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʦʰʫʢʘʭ ʪʝʥʜʝʥʮʽʡ, ʰʘʙʣʦʥʽʚ ʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ, 
ʟʜʘʪʥʠʭ ʜʦʧʦʤʦʛʪʠ ʫ ʧʨʠʡʥʷʪʪʽ ʩʪʨʘʪʝʛʽʯʥʠʭ ʨʽʰʝʥʴ [2]. 

ɺʘʞʣʠʚʠʡ ʢʦʤʧʦʥʝʥʪ ʪʝʭʥʦʣʦʛʽʾ Text Mining ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

ʜʦʙʫʚʘʥʥʷʤ ʽʟ ʪʝʢʩʪʫ ʡʦʛʦ ʭʘʨʘʢʪʝʨʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʧʦʪʽʤ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʘʥʦʪʘʮʽʾ. ɯʥʰʝ ʚʘʞʣʠʚʝ 

ʟʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʽʜʥʝʩʝʥʥʽ ʩʣʽʚ ʪʝʢʩʪʫ ʜʦ ʧʝʚʥʠʭ ʢʘʪʝʛʦʨʽʡ ʽʟ 

ʟʘʜʘʥʦʾ ʩʭʝʤʠ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ [2]. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʶʞʝʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʽʥʦʩʪʨʽʯʦʢ.  
ʇʨʦʚʝʜʝʥʥʷ ʧʨʝʧʨʦʮʝʩʽʥʛʫ ʪʝʢʩʪʫ ʜʦʟʚʦʣʷʻ ʧʽʜʛʦʪʫʚʘʪʠ ʜʘʥʽ  

ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʋ ʟʘʜʘʯʘʭ data 

mining ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʚʦʨʶʻʪʴʩʷ 
ʢʦʤʧʣʝʢʩʥʝ ʟʚʝʜʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʷʚʣʝʥʥʷ ʰʘʙʣʦʥʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʝʨʝʚʽʨʢʘ ʛʽʧʦʪʝʟ. 

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʪʴ ʫʟʘʛʘʣʴʥʠʪʠ ʜʘʥʽ ʪʘ ʚʠʦʢʨʝʤʠʪʠ 
ʥʦʚʽ ʢʣʘʩʠ (ʞʘʥʨʠ), ʟʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ ʙʫʜʝ ʟʘʩʪʦʩʫʚʘʪʠ ʦʜʠʥ 

ʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʩʝʨʝʜ ʷʢʠʭ ʜʝʨʝʚʘ ʨʽʰʝʥʴ (DT), 

k-ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ (k-NN), ʥʘʾʚʥʠʡ ʤʝʪʦʜ ɹʘʡʻʩʘ (NB) ʪʦʱʦ. 

ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʤʦʛʘ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʠʪʝʨʽʾʚ ʫ 
ʩʪʚʦʨʝʥʥʽ ʢʣʘʩʠʬʽʢʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʚʠʭ 

ʞʘʥʨʽʚ ʻ ʟʘʚʜʘʥʥʷʤ ʥʝʦʙʭʽʜʥʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʱʦʜʦ ʚʠʙʦʨʫ ʬʽʣʴʤʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʫʯʘʩʥʠʡ ʢʽʥʦʤʘʪʦʛʨʘʬ: ʤʝʪʦʜʦʣʦʛʽʯʥʝ ʧʽʜʛʨʫʥʪʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

sophia.knu.ua/index.php/sophia/article/download/29/28 

2. ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ Text Mining. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://pidruchniki.com/1722020647790/informatika 

/intelektualni_tehnologiyi_text_mining. 
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ʖʣʽʷ ɼʝʥʠʩ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʚʠʱʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ 
 

ʇʽʜ ʪʝʨʤʽʥʦʤ òʧʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘò (ʇʆ) ʨʦʟʫʤʽʶʪʴ ʩʫʢʫʧʥʽʩʪʴ 

ʧʝʚʥʠʭ ʟʥʘʥʴ, ʥʘʚʠʯʦʢ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʫʤʽʥʴ, ʱʦ ʤʦ-

ʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʫ ʧʨʦʮʝʩʽ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʾʾ ʟʜʦʙʫʚʘʯʘ. 
ɺʦʥʘ ʛʘʨʘʥʪʫʻ ʛʣʠʙʦʢʝ ʪʘ ʚʩʝʙʽʯʥʝ ʚʠʚʯʝʥʥʷ ʥʘʫʢʦʚʠʭ ʧʦ-

ʣʦʞʝʥʴ ʽ ʪʝʭʥʦʣʦʛʽʡ, ʥʘ ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʦʙʨʘʥʘ ʧʨʦʬʝʩʽʷ ʯʠ 

ʩʧʝʮʽʘʣʴʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʚʠʭʦʚʫʻ ʧʝʚʥʽ ʤʦʨʘʣʴʥʽ ʪʘ ʝʩʪʝʪʠʯʥʽ ʷʢʦʩ-

ʪʽ, ʱʦ ʜʦʧʦʤʦʞʫʪʴ ʟʜʦʙʫʚʘʯʝʚʽ ʫʩʧʽʰʥʦ ʧʨʘʮʶʚʘʪʠ ʚ ʦʙʨʘʥʽʡ 
ʩʬʝʨʽ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʇʦʯʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʇʆ ʟʜʦʙʫʚʘʻʪʴʩʷ ʫ ʟʘʢʣʘʜʘʭ ʟʘʛʘʣʴʥʦʾ ʩʝ-

ʨʝʜʥʴʦʾ ʦʩʚʽʪʠ ʧʽʜ ʯʘʩ ʧʨʦʬʝʩʽʡʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʰʢʦʣʷʨʽʚ, ʘ ʪʘʢʦʞ 
ʫ ʧʨʦʮʝʩʽ ʚʽʜʚʽʜʫʚʘʥʥʷ ʬʘʢʫʣʴʪʘʪʠʚʥʠʭ ʟʘʥʷʪʴ, ʛʫʨʪʢʽʚ ʽ ʪ. ʽʥ. 

ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʜʦʙʫʪʪʷ ʨʦʙʽʪʥʠʯʦʾ ʧʨʦʬʝʩʽʾ ʻ ʥʘʚʯʘʥʥʷ ʫ 

ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʫʯʠʣʠʱʘʭ ʘʙʦ ʣʽʮʝʷʭ. ɺʠʱʘ ʇʆ ʧʝʨʝʜʙʘ-

ʯʘʻ ʧʽʜʛʦʪʦʚʢʫ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ 
ʜʣʷ ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʦʾ ʪʘ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʧʨʠʟʥʘʯʝʥ-

ʥʷʤ ʷʢʠʭ ʻ ʧʽʜʛʦʪʦʚʢʘ ʬʘʭʽʚʮʽʚ ʨʽʟʥʠʭ ʦʩʚʽʪʥʽʭ ʨʽʚʥʽʚ. 

ʇʨʦʙʣʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʘ ʚ ʛʘʣʫʟʽ ʇʆ ʚʠʚʯʘʣʠʩʷ ʙʘʛʘʪʴ-
ʤʘ ʚʯʝʥʠʤʠ, ʟʦʢʨʝʤʘ  ʆ.ɸ. ɸʙʜʫʣʽʥʠʤ, ɸ.ʄ. ɸʣʝʢʩʶʢʦʤ, ɻ.ʆ. 

ɹʘʣʣʦʤ, ʉ.ʋ. ɻʦʥʯʘʨʝʥʢʦʤ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ 

ʽʥʞʝʥʝʨʽʚ-ʧʝʜʘʛʦʛʽʚ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʩʚʽʪʣʝʥʽ ʪʘʢʦʞ ʫ ʧʨʘ-
ʮʷʭ ʖ.ɺ. ɻʨʠʱʫʢ [1], ʃ.ɽ. ɻʨʠʟʫʥ [2], ʗ.ʉ. ʌʨʫʢʪʦʚʦʾ [3] ʪʘ ʽʥ. 

ʅʠʤʠ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʚ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʦʟʚʠʪʢʫ ʧʦʩʪ-

ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ, ʥʘʧʨʠʢʣʘʜ ɯʂʊ, ʩʫʤʽʨʥʘ ʘʙʦ ʡ ʤʝʥʰʘ, ʘʥʽʞ ʪʝʨʤʽʥ ʧʨʦʬʝʩʽʡ-
ʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʬʘʭʽʚʮʷ. ʊʦʤʫ ʥʘ ʩʠʩʪʝʤʫ ʇʆ ʧʦʢʣʘʜʘʻʪʴʩʷ ʚʠʤʦ-

ʛʘ ʬʦʨʤʫʚʘʥʥʷ ʟʜʘʪʥʦʩʪʽ ʫ ʤʘʡʙʫʪʥʴʦʛʦ ʬʘʭʽʚʮʷ ʧʦʩʪʽʡʥʦ ʧʝʨʝ-

ʙʫʜʦʚʫʚʘʪʠ ʩʬʝʨʫ ʩʚʦʻʾ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʟʤʽʥ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ, ʨʦʟʚʠʪʢʫ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʦʨʤʘ-

ʪʠʚʥʠʭ ʦʙʤʝʞʝʥʴ ï ʪʦʙʪʦ ʟʜʘʪʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʠʤ ʦʩʦʙʠʩʪʽʩ-

ʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʣʶʯʥʦ ʥʘ ʦʩʥʦʚʽ 
ʙʘʟʦʚʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʥʘʥʴ. ʆʪʞʝ, ʦʩʥʦʚʦʶ ʨʦʟʚʠʪʢʫ 

ʩʫʯʘʩʥʦʾ ʇʆ ʩʪʘʻ ʾʾ ʬʫʥʜʘʤʝʥʪʘʣʽʟʘʮʽʷ.  
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ʇʽʜ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽʩʪʶ ʦʩʚʽʪʠ ʥʘʡʯʘʩʪʽʰʝ ʨʦʟʫʤʽʶʪʴ ʚʠʦʢ-

ʨʝʤʣʝʥʥʷ ʧʝʚʥʦʛʦ ʢʦʣʘ ʧʠʪʘʥʴ ʟ-ʧʦʤʽʞ ʦʩʥʦʚʦʧʦʣʦʞʥʠʭ ʛʘʣʫʟʝʡ 

ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ ʽ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʜʠʩʮʠʧʣʽʥ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 
ʬʦʨʤʫʚʘʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʬʘʭʽʚʮʷ ʽ ʚʠʩʦʢʦʦʩʚʽʯʝʥʦʾ ʣʶʜʠʥʠ. 

ɼʦ ʪʦʛʦ ʞ, ʮʝ ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ˇʨʫʥʪʦʚʥʦʛʦ ʚʠʩʚʽʪʣʝʥʥʷ ʧʝʚ-

ʥʦʛʦ ʢʦʣʘ ʩʢʣʘʜʥʠʭ ʧʠʪʘʥʴ. ʊʦʞ ʟʘʚʜʘʥʥʷ ʇʆ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟ-
ʧʝʯʝʥʥʽ ʫʤʦʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʛʥʫʯʢʦʛʦ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʦʛʦ ʤʠʩ-

ʣʝʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʫʢʦʚʦ ʜʦʚʝʜʝʥʠʭ ʬʘʢʪʘʭ ʽ ʫʷʚʣʝʥʥʷʭ, 

ʘ ʪʘʢʦʞ ʚʠʨʦʙʣʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʩʧʦʩʦʙʽʚ ʩʧʨʠʡʥʷʪʪʷ ʜʽʡʩʥʦʩʪʽ, ʚʠʨʦʙʣʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʪʨʝʙʠ 
ʚ ʩʘʤʦʨʦʟʚʠʪʢʫ ʡ ʩʘʤʦʥʘʚʯʘʥʥʽ. ʎʝ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠ-

ʩʪʝʤʠ ʪʘ ʩʪʨʫʢʪʫʨʠ ʇʆ, ʧʨʽʦʨʠʪʝʪʦʤ ʷʢʦʾ ʙʫʣʠ ʙʠ ʤʝʪʦʜʦʣʦʛʽʯʥʦ 

ʚʘʞʣʠʚʽ ʽʥʚʘʨʽʘʥʪʥʽ ʟʥʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʮʽʣʽʩʥʝ ʩʧʨʠʡʥʷʪʪʷ 
ʥʘʫʢʦʚʦʾ ʢʘʨʪʠʥʠ ʩʚʽʪʫ, ʘʜʘʧʪʘʮʽʷ ʦʩʦʙʠʩʪʦʩʪʽ ʜʦ ʰʚʠʜʢʦ ʟʤʽʥ-

ʥʠʭ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʊʦʞ ʬʫʥʜʘ-

ʤʝʥʪʘʣʽʟʘʮʽʷ ʇʆ ʤʘʻ ʩʪʘʪʠ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʦʚʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʷʚʣʝʥʥʷ ʛʣʠʙʠʥʥʠʭ ʦʩʥʦʚ ʽ 
ʟʚôʷʟʢʽʚ ʤʽʞ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʷʚʠʱʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ. 

ɻʦʣʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʠʥʮʠʧʫ ʬʫʥʜʘʤʝʥʪʘʣʽʟʘʮʽʾ 

ʚʠʱʦʾ ʇʆ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʾ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ, 
ʟʘʛʘʣʴʥʦʥʘʫʢʦʚʦʛʦ ʪʘ ʧʨʦʬʝʩʽʡʥʦʛʦ ʩʚʽʪʦʛʣʷʜʽʚ; ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ 

ʜʣʷ ʥʘʙʫʪʪʷ ʩʪʫʜʝʥʪʘʤʠ ʙʘʟʠʩʥʠʭ ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ ʱʦʜʦ ʚʦʣʦʜʽʥ-

ʥʷ ʢʦʤʧôʶʪʝʨʦʤ, ʽʥʦʟʝʤʥʠʤʠ ʤʦʚʘʤʠ, ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʘ-
ʟʘʭ ʜʘʥʠʭ, ʧʨʦʚʝʜʝʥʥʷ ʧʨʝʟʝʥʪʘʮʽʡ ʽ ʪ.ʧ.; ʬʦʨʤʫʚʘʥʥʷ ʫ ʥʠʭ ʥʘ-

ʚʠʯʦʢ ʜʦ ʩʘʤʦʩʪʽʡʥʦʛʦ ʥʘʙʫʪʪʷ ʥʦʚʠʭ ʟʥʘʥʴ, ʧʽʜʚʠʱʝʥʥʷ ʪʘ ʟʜʦ-

ʙʫʪʪʷ ʥʦʚʠʭ ʢʚʘʣʽʬʽʢʘʮʽʡ. 
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ʉʝʨʛʽʡ ɼʞʘʣ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

 

ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʜʣʷ ʝʣʝʢʪʨʦʢʘʨʜʽʦʩʪʠʤʫʣʷʪʦʨʽʚ 

 
ʉʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ (ʛʽʧʝʨʪʦʥʽʷ, ʽʰʝʤʽʯʥʘ ʭʚʦʨʦʙʘ 

ʩʝʨʮʷ, ʧʦʨʫʰʝʥʥʷ ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ, ʩʝʨʮʝʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ 

ʪʽ ʽʥʰʽ ʚʘʜʠ ʩʝʨʮʷ) ʻ ʧʨʠʯʠʥʦʶ ʪʨʝʪʠʥʠ ʩʤʝʨʪʝʡ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ.  

ɿʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʤʧʣʘʥʪʘʮʽʷ ʝʣʝʢʪʨʦʢʘʨʜʽʦʩʪʠʤʫʣʷʪʦʨʽʚ (ɽʂʉ). 
ɽʣʝʢʪʨʦʢʘʨʜʽʦʩʪʠʤʫʣʷʪʦʨ (ɽʂʉ) ï ʮʝ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ 

ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʰʪʫʯʥʦʛʦ ʚʦʜʽʷ ʨʠʪʤʫ ʩʝʨʮʷ, ʷʢʠʡ ʽʤʧʣʘʥʪʫʻʪʴʩʷ 

ʣʶʜʠʥʽ ʟ ʤʝʪʦʶ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʦʨʫʰʝʥʴ ʨʠʪʤʫ ʩʝʨʮʷ 
(ʨʠʩ.1). ʑʦʨʦʢʫ ʫ ʚʩʴʦʤʫ ʩʚʽʪʫ ʽʤʧʣʘʥʪʫʻʪʴʩʷ ʤʘʡʞʝ 700 ʪʠʩ. ɽʂʉ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʜʦʚʞʠʪʠ ʞʠʪʪʷ ʧʘʮʽʻʥʪʽʚ, ʭʚʦʨʠʭ ʥʘ ʩʤʝʨʪʝʣʴʥʽ 

ʧʦʨʫʰʝʥʥʷ ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʘ 

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽʂʉ, ʷʢʽ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʣʽʪʽʡ-ʽʦʥʥʠʭ 

ʙʘʪʘʨʝʡ, ʨʘʜʽʦʽʟʦʪʦʧʥʠʭ, ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ ʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 
ʤʽʢʨʦʛʝʥʝʨʘʪʦʨʽʚ [1], ʘ ʪʘʢʦʞ ʤʝʭʘʥʽʯʥʦ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʽʢʨʦʛʝʥʝʨʘʪʦʨʠ, ʽʤʧʣʘʥʪʦʚʘʥʽ ʚ ʦʨʛʘʥʽʟʤ 

ʣʶʜʠʥʠ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ 1 ÁC 
ʛʝʥʝʨʫʚʘʪʠ 4 ɺ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʪʘ 100 ʤʢɺʪ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʞʠʚʣʝʥʥʷ ʤʘʣʦʧʦʪʫʞʥʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʝʜʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʟʦʢʨʝʤʘ ɽʂʉ. 

ʆʜʥʘʢ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʻ 
ʚʥʫʪʨʽʰʥʴʦʩʝʨʮʝʚʽ ɽʂʉ ʽʟ ʞʠʚʣʝʥʥʷʤ ʚʽʜ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ 

(ʨʠʩ.2). ʊʘʢʽ ɽʂʉ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʪʘ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʭʽʨʫʨʛʽʯʥʦʛʦ ʚʪʨʫʯʘʥʥʷ ʜʣʷ ʽʤʧʣʘʥʪʘʮʽʾ, ʥʘ ʚʽʜʤʽʥʫ 
ʚʽʜ ɽʂʉ ʽʟ ʨʘʜʽʦʽʟʦʪʦʧʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʫʞʝ ʢʽʣʴʢʘ 

ʨʦʢʽʚ ʫʩʧʽʰʥʦ ʽʤʧʣʘʥʪʫʶʪʴʩʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʠʭ, 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʪʘʜʽʾ 
ʚʠʚʯʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʞʠʚʣʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʩʝʨʮʝʚʠʭ ɽʂʉ ʻ ʣʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ ʟ ʬʫʥʢʮʽʻʶ 

ʽʥʜʫʢʮʽʡʥʦʾ ʟʘʨʷʜʢʠ, ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʩʢʣʘʜʘʻ ʙʽʣʴʰʝ 
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10 ʨʦʢʽʚ ʽ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʠʡ ʰʣʷʭʦʤ ʜʠʩʪʘʥʮʽʡʥʦʾ ʟʘʨʷʜʢʠ 

ʙʘʪʘʨʝʾ [2]. ʅʘ ʞʘʣʴ, ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʽʢʨʦʛʝʥʝʨʘʪʦʨʠ ʜʣʷ ɽʂʉ 

ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ 
ʚʥʫʪʨʽʰʥʴʦʩʝʨʮʝʚʠʭ ɽʂʉ, ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʷʢʠʭ ʩʢʣʘʜʘʻ ʣʠʰʝ 8 ʤʢɺʪ. 
 

 
 

ʈʠʩ.1. ɽʂʉ ʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ 

ʤʽʢʨʦʛʝʥʝʨʘʪʦʨʦʤ ʚ ʪʽʣʽ ʣʶʜʠʥʠ: 

1 ï ɽʂʉ, 2 ï ʝʥʜʦʢʘʨʜʽʘʣʴʥʽ 

ʝʣʝʢʪʨʦʜʠ, 3 ï ʢʦʥʥʝʢʪʦʨʥʠʡ ʙʣʦʢ, 
4 ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʤʽʢʨʦʛʝʥʝʨʘʪʦʨ [3] 

ʈʠʩ.2. ɺʥʫʪʨʽʰʥʴʦʩʝʨʮʝʚʠʡ 

ɽʂʉ: 1 ï ɽʂʉ, 

 2 ï ʝʥʜʦʢʘʨʜʽʘʣʴʥʠʡ 
ʝʣʝʢʪʨʦʜ 
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ʊʝʪʷʥʘ ɼʽʜʠʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ʆʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ  

ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ  
  

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʝʡʤʦʚʽʨʥʠʤʠ 
ʪʝʤʧʘʤʠ, ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʨʦʟʧʦʜʽʣʝʥʽ ʩʠʩʪʝʤʠ ʟ ʙʝʟʣʽʯʯʶ 
ʦʙôʻʢʪʽʚ, ʩʫʙôʻʢʪʽʚ, ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ. 
ʅʘ ʩʴʦʛʦʜʥʽ ʙʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʻ ʚʦʣʦʜʽʪʠ ʚʤʽʥʥʷʤ 
ʘʥʘʣʽʟʫ ʡ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʝ ʪʽʣʴʢʠ 
ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ, ʘ ʡ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 
ʚʠʞʠʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʙʦʨʦʪʴʙʠ.  
ʅʘ ʩʴʦʛʦʜʥʽ ʢʦʨʧʦʨʘʪʠʚʥʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʻ ʦʩʥʦʚʥʠʤ 

ʤʝʪʦʜʦʤ ʟʙʦʨʫ, ʦʙʨʦʙʣʝʥʥʷ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ 
ʽʥʬʦʨʤʘʮʽʾ, ʚʘʞʣʠʚʠʤ ʩʢʣʘʜʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʢʦʾ ʻ ʩʠʩʪʝʤʘ 
ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʾʾ ʢʦʨʝʢʪʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʚʠʟʥʘʯʘʪʠʤʝ ʟʘʭʠʱʝʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʢʪʠʚʽʚ ʢʦʤʧʘʥʽʾ ʘʙʦ 
ʧʽʜʧʨʠʻʤʩʪʚʘ [1]. 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʨʠʟʠʢ ï ʮʝ 

ʩʪʘʥ ʚʧʣʠʚʫ ʯʠʥʥʠʢʽʚ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʜʦʩʷʛʘʥʥʷ ʤʝʪʠ, ʘ ʡʦʛʦ 
ʨʝʘʣʽʟʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 
ʜʽʷʣʴʥʦʩʪʽ ʚʽʜ ʟʘʧʣʘʥʦʚʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʠʟʠʢ ï ʮʝ 
ʜʽʷʣʴʥʽʩʪʴ, ʧʦʚôʷʟʘʥʘ ʟ ʧʦʜʦʣʘʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʩʠʪʫʘʮʽʾ 
ʥʝʤʠʥʫʯʦʛʦ ʚʠʙʦʨʫ, ʚ ʧʨʦʮʝʩʽ ʷʢʦʾ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʽ 
ʷʢʽʩʥʦ ʦʮʽʥʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ 
ʨʝʟʫʣʴʪʘʪʫ, ʥʝʚʜʘʯʽ ʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʤʝʪʠ [2]. 
ʉʘʤʝ ʪʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʰʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʢʪʠʚʽʚ ʫ 
ʧʨʦʮʝʩʽ ʜʽʷʣʴʥʦʩʪʽ ʡ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ 
ʦʨʛʘʥʽʟʘʮʽʡ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚôʷʟʘʥʦ ʟ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʪʘ 
ʨʠʟʠʢʘʤʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 
ʧʦʚʥʽʩʪʶ ʟʘʭʠʩʪʠʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʚʽʜ ʟʘʛʨʦʟ ʽ ʨʠʟʠʢʽʚ, ʘʣʝ ʾʭ 
ʤʦʞʥʘ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 
ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɯɹ). 
ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʚʢʣʶʯʘʻ ʪʨʠ ʩʢʣʘʜʦʚʽ ʫʧʨʘʚʣʽʥʥʷ: 

ʚʠʤʦʛʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ; ʧʦʣʽʪʠʢʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʪʘ 
ʤʝʭʘʥʽʟʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ; ʘʥʘʣʽʟ ʪʘ ʦʮʽʥʢʘ ʨʠʟʠʢʫ. ʇʦʣʽʪʠʢʘ 
ʫʧʨʘʚʣʽʥʥʷ ɯɹ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʚʘʛʦʤʽʩʪʶ ʪʘ ʟʥʘʯʝʥʥʷʤ ʜʣʷ 
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ʝʬʝʢʪʠʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʦʢʨʝʤʘ ʚʠʟʥʘʯʘʪʠʤʝ 
ʥʘʧʨʷʤʠ ʪʘ ʦʩʥʦʚʥʽ ʟʘʭʦʜʠ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ. 
ʄʝʪʦʜʠ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ, 
ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʻ ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʜʚʦʭ ʧʽʜʭʦʜʽʚ ʚ 
ʽʥʪʝʛʨʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
ʆʯʝʚʠʜʥʦ, ʱʦ ʫʩʢʣʘʜʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʤʥʦʞʠʥʠ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ɯɹ, 
ʧʦʷʚʘ ʥʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʩʪʘʥʽʚ ʽ ʚʘʨʽʘʥʪʽʚ ʧʦʚʝʜʽʥʢʠ ʚ ʩʠʩʪʝʤʘʭ ʪʘ 
ʧʦʟʘ ʾʭ ʤʝʞʘʤʠ. ʉʘʤʝ ʪʦʤʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʘʜʽʡʥʠʭ, ʛʥʫʯʢʠʭ 
ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʦʙʫʜʦʚʘ ʤʦʜʝʣʽ, 
ʷʢʘ ʙ ʚʨʘʭʦʚʫʚʘʣʘ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʚʧʣʠʚʦʚʠʭ ʬʘʢʪʦʨʽʚ ʽ 
ʜʦʟʚʦʣʷʣʘ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʚʨʘʟʣʠʚʦʩʪʽ ʪʘ 
ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ, ʦʙʯʠʩʣʠʪʠ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʟʘʛʨʦʟʠ ʽ ʤʦʞʣʠʚʽ 
ʟʙʠʪʢʠ, ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ 
ʪʘ ʩʪʫʧʽʥʴ ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ 
ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʟʚʦʣʠʪʴ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ɯɹ 
ʩʠʩʪʝʤʠ, ʪʦʙʪʦ ʫʧʨʘʚʣʷʪʠ ʨʠʟʠʢʘʤʠ ɯɹ ʪʦʱʦ. 
ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦʶ ʤʦʜʝʣʣʶ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʻ ʧʨʦʮʝʩʥʘ 
ʤʦʜʝʣʴ, ʷʢʘ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʩʪʘʥʜʘʨʪʽʚ ʟ ʤʝʥʝʜʞʤʝʥʪʫ ʨʠʟʠʢʽʚ ɯɹ 
ISO/IEC 27005 ʪʘ BS 7799-3 [3].  
ɼʘʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʘʻ ʧʝʨʝʣʽʢ ʪʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ɯɹ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ: ʧʣʘʥʫʚʘʥʥʷ, 
ʨʝʘʣʽʟʘʮʽʷ, ʧʝʨʝʚʽʨʢʘ ʪʘ ʜʽʷ. 
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ʆʣʝʢʩʘʥʜʨʘ ɼʤʠʪʨʽʻʚʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺ.ɺ.ʊʦʤʘʰ 

 

ʅʠʪʢʦʛʨʘʬʽʷ ʷʢ ʟʘʩʽʙ ʨʦʟʚʠʪʢʫ ʭʫʜʦʞʥʴʦ-ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ 

ʫʯʥʽʚ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 

 
 ɿʘʚʜʘʥʥʷ ʩʫʯʘʩʥʦʾ ʰʢʦʣʠ ï ʨʦʟʚʠʚʘʪʠ ʢʦʞʥʫ ʜʠʪʠʥʫ ʷʢ 

ʥʝʧʦʚʪʦʨʥʫ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʪʘ ʦʩʦʙʠʩʪʽʩʪʴ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, 
ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʘʤʦʦʩʚʽʪʥʴʦʾ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʤʽʥʥʷ 

ʩʪʘʚʠʪʠ ʽ ʨʦʟʚô̫ ʟʫʚʘʪʠ ʥʦʚʽ ʧʨʦʙʣʝʤʠ. ʇʨʦʙʣʝʤʘ ʨʦʟʚʠʪʢʫ 

ʪʚʦʨʯʦʾ ʦʩʦʙʠʩʪʦʩʪʽ ʭʚʠʣʶʚʘʣʘ ʪʘʢʠʭ ʚʠʜʘʪʥʠʭ ʧʝʜʘʛʦʛʽʚ:  
ɺ. ʉʫʭʦʤʣʠʥʩʴʢʦʛʦ, ʖ. ɹʘʙʘʥʩʴʢʦʛʦ, ʂ. ʋʰʠʥʩʴʢʦʛʦ,  

ʉ. ʃʠʩʝʥʢʦʚʫ. 

ʊʚʦʨʯʽʩʪʴ ʻ ʦʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʤʦʮʽʡʥʦʛʦ 

ʪʦʥʫʩʫ ʦʩʦʙʠʩʪʦʩʪʽ, ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʝʤʦʮʽʡʥʦ-ʚʦʣʴʦʚʦʾ 
ʨʝʛʫʣʷʮʽʾ, ʘ ʛʦʣʦʚʥʝ ï ʘʢʪʫʘʣʽʟʘʮʽʾ ʧʦʟʠʪʠʚʥʦʾ ʛʘʤʠ ʧʝʨʝʞʠʚʘʥʴ, 

ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻ ʝʬʝʢʪʠʚʥʫ ʧʨʘʮʶ, ʧʝʨʝʞʠʚʘʥʥʷ ʨʘʜʦʩʪʽ ʚʽʜ 

ʟʨʦʙʣʝʥʦʛʦ, ʜʦʩʷʛʥʫʪʦʛʦ, ʧʦʯʫʪʪʷ ʚʧʝʚʥʝʥʦʩʪʽ ʫ ʩʚʦʾʭ ʩʠʣʘʭ, ʫ 
ʩʚʦʻʤʫ ʪʚʦʨʯʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʡ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʷʭ. 

ʋ ʧʨʦʮʝʩʽ ʪʚʦʨʯʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʦʩʪʽ ʫʨʦʢʠ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʩʫʪʪʻʚʫ ʨʦʣʴ. ɼʣʷ ʘʢʪʠʚʽʟʘʮʽʾ ʨʦʟʚʠʪʢʫ 

ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʪʨʘʜʠʮʽʡʥʽ 
ʭʫʜʦʞʥʽ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʪʝʭʥʽʢ ʻ 

ʥʠʪʢʦʛʨʘʬʽʷ.  

ʅʠʪʢʦʛʨʘʬʽʷ (ʚʘʨʽʘʥʪʠ ʥʘʟʚʠ: ʥʠʪʷʥʘ ʛʨʘʬʽʢʘ, ʽʟʦʥʠʪʢʘ, 
ʟʦʙʨʘʞʝʥʥʷ ʥʠʪʢʦʶ, ʥʠʪʷʥʠʡ ʜʠʟʘʡʥ; ʘʥʛʣ. String Art) ï ʩʫʯʘʩʥʝ 

ʤʠʩʪʝʮʪʚʦ ʛʨʘʬʽʢʠ ʩʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʢʦʤʧʦʟʠʮʽʻʶ ʟ 

ʥʘʪʷʛʥʫʪʠʭ ʥʠʪʦʢ ʥʘ ʢʘʨʪʦʥʽ ʯʠ ʽʥʰʦʤʫ ʪʚʝʨʜʦʤʫ ʤʘʪʝʨʽʘʣʽ ï 
ʦʩʥʦʚʽ, ʷʢʘ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʪʣʘ. ʅʠʪʷʥʫ ʛʨʘʬʽʢʫ ʪʘʢʦʞ ʽʥʢʦʣʠ 

ʥʘʟʠʚʘʶʪʴ ʽʟʦʛʨʘʬʽʢʘ ʘʙʦ ʚʠʰʠʚʢʘ ʥʘ ʢʘʨʪʦʥʽ [1]. 

ʈʦʙʦʪʘ ʚ ʪʝʭʥʽʮʽ ʽʟʦʥʠʪʢʠ ʬʦʨʤʫʻ ʪʘʢʽ ʷʢʦʩʪʽ, ʷʢ 

ʥʘʧʦʣʝʛʣʠʚʽʩʪʴ, ʫʤʽʥʥʷ ʜʦʚʦʜʠʪʠ ʧʦʯʘʪʫ ʩʧʨʘʚʫ ʜʦ ʢʽʥʮʷ, 
ʚʠʭʦʚʫʻ ʘʢʫʨʘʪʥʽʩʪʴ, ʧʦʩʠʜʶʯʽʩʪʴ, ʪʝʨʧʽʥʥʷ, ʪʦʙʪʦ ʩʧʨʠʷʻ 

ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʦʩʪʽ ʜʠʪʠʥʠ. 

ʇʝʨʝʚʘʛʘ ʥʠʪʢʦʛʨʘʬʽʾ ʚ ʪʦʤʫ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʚʦʥʘ ʜʫʞʝ 
ʰʚʠʜʢʦ ʽ ʘʢʫʨʘʪʥʦ ʟ ʧʝʨʰʦʛʦ ʨʘʟʫ, ʪʘ ʡ ʬʘʥʪʘʟʽʾ ʪʫʪ ʻ, ʜʝ 
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ʨʦʟʛʫʣʷʪʠʩʷ. ʅʠʪʢʦʛʨʘʬʽʷ ʨʦʟʰʠʨʶʻ ʫʷʚʣʝʥʥʷ ʜʽʪʝʡ ʧʨʦ 

ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, ʚʯʠʪʴ ʾʭ ʫʚʘʞʥʦ ʚʜʠʚʣʷʪʠʩʷ ʚ ʨʽʟʥʽ ʧʨʝʜʤʝʪʠ, 

ʙʘʯʠʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʯʘʩʪʠʥʠ, ʟʙʝʨʽʛʘʪʠ ʮʽʣʽʩʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ 
ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʚʽʟʝʨʫʥʢʘ. ʊʝʭʥʽʢʘ ʥʠʪʢʦʛʨʘʬʽʾ 

ʚʠʤʘʛʘʻ ʚʽʜ ʜʠʪʠʥʠ ʩʧʨʠʪʥʠʭ ʜʽʡ, ʫ ʧʨʦʮʝʩʽ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʨʘʮʽ 

ʨʫʢʘ ʥʘʙʫʚʘʻ ʚʧʝʚʥʝʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ. ʋʯʥʽ ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʜʘʶʪʴ 
ʟʨʘʟʦʢ, ʘʥʘʣʽʟʫʶʪʴ ʡʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʫ, ʧʨʠʡʦʤʠ 

ʚʠʢʦʥʘʥʥʷ. ʇʦʪʽʤ ʟʘʚʜʘʥʥʷ ʫʩʢʣʘʜʥʶʶʪʴ, ʽ ʚʦʥʠ ʩʘʤʦʩʪʽʡʥʦ 

ʤʦʜʝʣʶʶʪʴ ʧʨʝʜʤʝʪ, ʩʘʤʦʩʪʽʡʥʦ ʦʙʠʨʘʶʪʴ ʦʩʥʦʚʫ, ʥʠʪʢʠ ʜʣʷ 

ʩʚʦʛʦ ʚʠʨʦʙʫ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʦʨʠʛʽʥʘʣʴʥʠʭ ʪʝʭʥʽʢ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʥʘ 

ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʧʦʤʦʞʝ ʚʯʠʪʝʣʝʚʽ ʫʥʠʢʘʪʠ 

ʦʜʥʦʤʘʥʽʪʥʦʩʪʽ, ʰʘʙʣʦʥʥʦʩʪʽ, ʰʠʨʰʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ 
ʤʝʪʦʜʠ ʽ ʧʨʠʡʦʤʠ ʜʣʷ ʢʨʘʱʦʛʦ ʟʘʩʚʦʻʥʥʷ ʫʯʥʷʤʠ ʥʦʚʠʭ ʟʥʘʥʴ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʯʠʪʝʣʴ, ʟʜʽʡʩʥʶʶʯʠ ʚʠʙʽʨ ʦʙô̒ ʢʪʽʚ 

ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʟ 
ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʟʤʽʩʪʽ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ: 

ï ʨʦʟʚʠʪʦʢ ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʥʘʚʠʯʦʢ; 

- ʪʚʦʨʯʠʡ ʭʘʨʘʢʪʝʨ ʪʘ ʝʤʦʮʽʡʥʽʩʪʴ ʥʘʚʯʘʥʥʷ; 

- ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʟʘʚʜʘʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ; 

- ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʪʘ ʩʪʠʤʫʣʶʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʰʣʷʭʦʤ ʧʨʦʧʦʟʠʮʽʾ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʟʘʚʜʘʥʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʽʥʪʝʨʝʩʽʚ ʫʯʥʽʚ; 

- ʨʦʟʚʠʪʦʢ ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʫʯʥʽʚ, ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦ 
ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ ʪʘ ʩʘʤʦʦʩʚʽʪʠ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʨʤ, ʤʝʪʦʜʽʚ, ʧʨʠʡʦʤʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʟʦʥʠʪʢʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
https://uk.wikipedia.org/wiki/ɯʟʦʥʠʪʢʘ 

2. ɿ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ. ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
http://klasnaocinka.com.ua/ru/article/z-dosvidu-roboti--rozvitok-

tvorchikh-zdibnostei-uc.html 

https://uk.wikipedia.org/wiki/Ізонитка
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ʄʘʢʩʠʤ ɼʤʠʪʨʦʯʝʥʢʦ, ɺʘʣʝʥʪʠʥ ʊʦʜʦʨʽʢʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɯ.ɯ.ʄʦʭʫʥʴ 

 

ʇʦʪʦʢʠ ʝʥʝʨʛʽʾ ʚ ʩʢʘʣʷʨʥʠʭ ʧʦʣʷʭ, ʫʪʚʦʨʝʥʠʭ 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʢʚʘʟʽʧʣʦʩʢʠʭ ʭʚʠʣʴ 
ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʩʫʧʝʨʧʦʟʠʮʽʾ ʢʚʘʟʽʧʣʦʩʢʠʭ ʭʚʠʣʴ, ʙʣʠʟʴʢʠʭ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚ ʤʽʥʽʤʫʤʘʭ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ ʢʘʨʪʠʥʠ, ʚʟʜʦʚʞ 

ʣʽʥʽʾ ʨʽʚʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʫʪʚʦʨʶʻʪʴʩʷ ʣʘʥʮʶʞʦʢ ʚʠʭʦʨʽʚ 

ʦʜʥʦʛʦ ʟʥʘʢʘ [1;2]. ɺʽʜʧʦʚʽʜʥʦ ʥʘʚʢʦʣʦ ʮʝʥʪʨʽʚ ʚʠʭʦʨʽʚ ʧʦʚʠʥʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʮʠʨʢʫʣʷʮʽʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ 
ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ. ʈʘʟʦʤ ʟ ʪʠʤ ʥʝʟʨʦʟʫʤʽʣʦ, ʷʢʠʤ ʯʠʥʦʤ 

ʧʘʨʘʤʝʪʨʠ ʮʽʻʾ ʢʦʤʧʦʥʝʥʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʘʨʮʽʘʣʴʥʠʭ ʧʦʣʽʚ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 
ʧʦʪʦʢʽʚ ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʭʚʠʣʴ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʩʫʧʝʨʧʦʟʠʮʽʾ. 

ɺʽʜʧʦʚʽʜʴ ʧʨʦ  ʜʫʞʝ ʚʘʞʣʠʚʘ, ʷʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʭʚʠʣʽ 
ʽʟ ʚʠʭʦʨʘʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʯʥʠʭ 

ʧʘʩʪʦʢ ʚ ʦʧʪʠʯʥʠʭ ʧʽʥʮʝʪʘʭ [3], ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʢʦʜʫʚʘʥʥʷ 

ʚ FSO-ʩʠʩʪʝʤʘʭ [4], ʪʦʱʦ. 

ɺʽʜʦʤʦ [2], ʱʦ ʫ ʚʠʧʘʜʢʫ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʾ ʭʚʠʣʽ (ʜʣʷ 
ʚʠʟʥʘʯʝʥʦʩʪʽ ʚʟʜʦʚʞ ʦʩʽ ʭ) ʤʘʻʤʦ (ʽʥʜʝʢʩ ʭ ʦʧʫʱʝʥʠʡ): 

,    (1) 

ʜʝ ; . 

ʊʦʜʽ ʜʣʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʧʦʣʷ, ʫʪʚʦʨʝʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʢʚʘʟʽʧʣʦʩʢʠʭ ʭʚʠʣʴ, ʱʦ ʩʭʦʜʷʪʴʩʷ ʫ ʧʣʦʱʠʥʽ 

x,z ʧʽʜ ʢʫʪʦʤ 2 ʪʘ ʦʜʥʘ ʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʨʘʜʽʻʥʪʦʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ  ʚ ʥʘʧʨʷʤʢʫ y ʧʦʧʝʨʝʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ 

ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 

,        (2) 

ʜʝ . 
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ʚʽʜʩʫʪʥʦʩʪʽ ʤʦʜʫʣʷʮʽʾ ʚ ʦʜʥʽʻʾ ʟ 

ʭʚʠʣʴ ʧʦʧʝʨʝʯʥʘ ʢʦʤʧʦʥʝʥʪʘ 
ʚʝʢʪʦʨʘ ʋʤʦʚʘ-ʇʦʡʥʪʽʥʛʘ ʪʦʪʦʞʥʦ 

ʜʦʨʽʚʥʶʻ 0. ʅʘ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʫ 

ʨʝʟʫʣʴʪʫʶʯʦʤʫ ʧʦʣʽ. ʃʽʚʠʡ 

ʩʪʦʚʧʯʠʢ ʨʠʩʫʥʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʧʨʘʚʠʡ ï 
ʨʦʟʧʦʜʽʣʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ. ɺʽʜʪʽʥʦʢ 

ʯʝʨʚʦʥʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʦʨʤʦʚʘʥʠʡ ʜʦ ʦʜʠʥʠʮʽ ʤʦʜʫʣʴ 
ʢʦʤʧʦʥʝʥʪʠ. ɼʦʜʘʪʢʦʚʦ ʧʦʚʝʜʽʥʢʘ ʚʝʢʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʪʨʽʣʦʯʢʘʤʠ. ɼʦʚʞʠʥʘ ʩʪʨʽʣʦʯʢʠ ʧʨʦʧʦʨʮʽʡʥʘ ʤʦʜʫʣʶ 

ʢʦʤʧʦʥʝʥʪʠ. ʆʨʽʻʥʪʘʮʽʷ ʩʪʨʽʣʦʯʢʠ ʚʽʜʧʦʚʽʜʘʻ ʘʟʠʤʫʪʫ ʚʝʢʪʦʨʘ. 

ʊʝʤʥʽ ʤʽʩʮʷ ʥʘ ʨʠʩʫʥʢʘʭ b,d ʚʽʜʧʦʚʽʜʘʶʪʴ ʇʦʡʥʪʽʥʛ-
ʩʠʥʛʫʣʷʨʥʦʩʪʷʤ. 

ʈʠʩʫʥʢʠ a,b ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʤʦʜʫʣʷʮʽʾ ʘL=0.01, 

ʪʦʙʪʦ ʧʨʦʤʦʜʫʣʴʦʚʘʥʘ ʭʚʠʣʷ ʧʨʘʢʪʠʯʥʦ ʧʣʦʩʢʘ. 
ʈʠʩʫʥʢʠ c,d ï ʘL=0.8, ʪʦʙʪʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʘʤʧʣʽʪʫʜʘ 2-ʦʾ 

ʭʚʠʣʽ ʩʫʪʪʻʚʦ ʟʤʽʥʶʻʪʴʩʷ ʫ ʧʣʦʱʠʥʽ ʘʥʘʣʽʟʫ (ʙʣʠʟʴʢʦ 10 ʨʘʟʽʚ). 
ʈʘʟʦʤ ʽʟ ʪʠʤ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʨʠʩʫʥʢʽʚ b ʽ d, ʧʦʚʝʜʽʥʢʘ 

ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ ʘʙʩʦʣʶʪʥʦ 
ʽʜʝʥʪʠʯʥʘ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Angelsky O.V. Appearance of wave front dislocations under interference 
among beams with simple wave fronts. / Angelsky O.V., Besaha R.N., 
Mokhun I.I. // Optica Aplicata. 1991. Vol. XXVII . P. 273-278. 
2. I.I. Mokhun. Introduction to linear singular optics. Chapter 1 in the book 
Optical correlation techniques and applications, ed. by O.V.Angelsky. // 
SPIE press, Bellingham, Washington, USA. 2007. P. 1-132. 
3. Matthew J.Lang. Resource Letter: LBOT-1: Laser-based optical 
tweezers. / Matthew J.Lang, Steven M. Block. // Am. J. Phys. 2003. Vol. 
71. P. 201-215. 
4. G. Gibson. Free-space information transfer using light beams carrying 
orbital angular momentum. / G. Gibson, J. Courtial, M.J. Padgett, M. 
Vasnetsov, V. Pasôko, S.M. Barnett, S. Franke-Arnold // Opt. express. 2004. 
Vol. 12, No. 22. P. 5448-5456. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʚ.ʦ. ʧʨʦʬ. ʏʝʨʢʝʟ ʈ.ɻ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʥʠʢʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

ʥʘ ʦʩʥʦʚʽ ɺi-ʊe, Pb-Te  

 
ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʚ ʷʢʠʭ ʪʝʧʣʦʦʙʤʽʥ ʽʟ 
ʜʞʝʨʝʣʦʤ ʽ ʚʠʪʦʢʦʤ ʪʝʧʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʩʧʘʾ 

ʚʽʪʦʢ, ʷʢ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʘ ʽ ʚ ʦʙ'ʻʤʽ ʚʽʪʦʢ [1]. 

ɺʘʨʽʘʥʪʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʧʨʦʥʠʢʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ, 
ʚ ʷʢʠʭ ʽʩʥʫʶʪʴ ʢʘʥʘʣʠ ʜʣʷ ʧʨʦʢʘʯʫʚʘʥʥʷ ʢʨʽʟʴ ʥʠʭ ʨʽʜʠʥʥʦʛʦ 

ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ [2]. ʂʝʨʫʶʯʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʰʚʠʜʢʽʩʪʶ ʪʝʧʣʦʥʦʩʽʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʛʫʩʪʠʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʽ ʪ.ʧ.), ʤʦʞʥʘ 
ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ ʫʤʦʚʠ ʨʦʙʦʪʠ, ʧʨʠ ʷʢʠʭ ʝʥʝʨʛʝʪʠʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʙʫʜʝ ʢʨʘʱʘ, ʥʽʞ ʫ 

ʪʨʘʜʠʮʽʡʥʠʭ. ʆʜʥʘʢ ʱʝ ʣʠʰʘʶʪʴʩʷ ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ 3D- 
ʤʦʜʝʣʽ ʧʨʦʥʠʢʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʽʟʦʪʨʦʧʥʦʛʦ ʧʨʦʥʠʢʥʦʛʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ.1), ʚ ʷʢʦʤʫ ʤʘʻ ʤʽʩʮʝ 
ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʽʢ ʪʝʧʣʘ, 

ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʝʥʝʨʛʽʾ, 

ʚʠʢʣʠʢʘʥʠʡ ʥʘʷʚʥʽʩʪʶ ʛʨʘʜʽʻʥʪʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ÐT ʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ Ðz, ʧʨʦʮʝʩʠ ʦʙʤʽʥʫ ʽ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʦʧʠʩʫʶʪʴʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʟʘʢʦʥʘʤʠ 
ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ. ʗʢʽ ʚ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ 
ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ  

2
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ʈʠʩ.1. ʇʨʦʥʠʢʥʝ      

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 
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ʜʝ T TÐ=- +q i
rr

k a ; TzÐ Ð-=-i
r
s sa  -  ʚʝʢʪʦʨʠ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ 

ʪʝʧʣʘ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ; a, s,k -  ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦʝʨʩ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 
ʅʘʷʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 

ʪʝʧʣʦʥʦʩʽʻʤ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ (1) ʩʧʨʷʞʝʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤʠ ʥʝʧʝʨʝʨʚʥʦʩʪʽ, ʨʫʭʫ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 
ʪʝʧʣʦʥʦʩʽʷ. 

ʈʦʟʚ'ʷʟʦʢ ʪʘʢʦʾ ʟʘʜʘʯʽ ʦʪʨʠʤʘʥʦ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʧʨʦʛʨʘʤʽ ʜʣʷ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʪʦʢ ʥʘ ʦʩʥʦʚʽ ɺi-ʊe,Pb-Te.  

 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʥʫʪʨʠʰʥʴʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʝ ʜʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʂʂɼ ʥʘ 20-

30% ̔  ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ 40-50%. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʊ.1: ʌʠʟʠʢʘ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʏʝʨʥʦʚʮʳ,  2008.  388c. 

2. Anatychuk L.I., Cherkez R.G. On permeable thermoelement simulation 
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ʉʝʨʛʽʡ ɼʨʘʛʦʤʘʮʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

ɻʽʨʦʪʨʦʧʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʚ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʻ ʚʠʥʘʭʽʜ ʥʦʚʠʭ ʪʠʧʽʚ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʛʽʨʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽʩʥʫʶʯʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ [1, 2].  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʛʽʨʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʄʝʪʦʶ ʻ ʨʦʟʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ (Dʊ)max ʜʣʷ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʩʧʽʨʘʣʴʥʦʾ ʬʦʨʤʠ ʟ ʢʨʫʛʣʠʤ 

ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʽʪʢʽʚ ʪʘ ʨʽʟʥʠʤʠ 

ʨʦʟʤʽʨʘʤʠ ʚʽʪʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ɿ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʚ ʧʘʢʝʪʽ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Comsol 

Multiphysics ʚʠʙʠʨʘʣʠʩʷ ʛʽʨʦʪʨʦʧʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʩʧʽʨʘʣʴʥʦʾ 

ʬʦʨʤʠ ʟ ʢʨʫʛʣʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʚʠʪʢʽʚ ʪʘ 

ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʚʠʪʢʽʚ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

(ʨʠʩ. 1). ʈʦʟʨʘʭʫʥʢʠ ʨʦʟʧʦʜʽʣʽʚ ʪʝʤʧʝʨʘʪʫʨ ʫ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʦʤ cʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ B = 1 ʊʣ.  

 

ʈʠʩ. 1. ɺʽʢʥʦ ʧʨʦʛʨʘʤʠ Comsol Multiphysics 
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ʆʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨ ʫ ʩʧʽʨʘʣʴʥʠʭ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʟ ʨʽʟʥʠʤʠ ʢʽʣʴʢʽʩʪʶ ʪʘ ʨʦʟʤʽʨʘʤʠ 

ʚʠʪʢʽʚ (ʨʠʩ. 2). 

 
 ʘ)                                      ʙ)                                     ʚ) 

ʈʠʩ. 2. ʊʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʩʧʽʨʘʣʴʥʠʭ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ 

 ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʚʠʪʢʽʚ 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ æʊmax ʜʣʷ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʩʧʽʨʘʣʴʥʦʾ 

ʬʦʨʤʠ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʚʠʪʢʽʚ  

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʛʘʨʷʯʽʡ ʩʪʦʨʦʥʽ ʚ ʩʧʽʨʘʣʴʥʠʭ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʟ ʨʽʟʥʠʤʠ ʢʽʣʴʢʽʩʪʶ ʪʘ ʨʦʟʤʽʨʘʤʠ ʚʠʪʢʽʚ. ʅʘʡʢʨʘʱʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʚʠʧʘʜʢʫ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʨʽʟʫ ʚʠʪʢʘ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
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ʆʪʪʦ ɼʨʘʛʦʤʠʨʝʮʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮʝʥʪ ɺ. ɺ. ʃʘʟʦʨʠʢ 

 

ʉʝʤʘʥʪʠʯʥʽ ʟʘʩʦʙʠ ʧʦʰʫʢʫ ʧʦʤʠʣʦʢ ʧʨʦʛʨʘʤʠ  

ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ Roslyn 

 
Roslyn ï ʧʣʘʪʬʦʨʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ, ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʨʧʦʨʘʮʽʻʶ Micrisoft, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʦʤʧʽʣʷʪʦʨʠ ʽ ʟʘʩʦʙʠ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʙʦʨʫ ʢʦʜʫ, ʥʘʧʠʩʘʥʦʛʦ ʥʘ ʤʦʚʘʭ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʪʘ Visual Basic. 
ʇʨʦʮʝʩ ʘʥʘʣʽʟʫ ʢʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ.   

ʇʝʨʰʠʡ ʝʪʘʧ - ʮʝ ʦʪʨʠʤʘʥʥʷ ʽ ʦʙʨʦʙʢʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʅʘ ʮʴʦʤʫ 

ʝʪʘʧʽ ʚʚʝʜʝʥʠʡ ʢʦʜ ʟʯʠʪʫʻʪʴʩʷ ʪʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʛʨʫʧʠ ʝʣʝʤʝʥʪʽʚ, 
ʷʢʽ ʙʫʜʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠʩʷ, ʘ ʩʘʤʝ:  

¶ ʨʦʙʦʯʠʡ ʧʨʦʩʪʽʨ; 

¶ ʨʽʰʝʥʥʷ; 

¶ ʛʨʫʧʘ ʧʨʦʝʢʪʽʚ; 

¶ ʢʦʤʧʽʣʷʮʽʷ; 

¶ ʬʘʡʣʠ; 

¶ ʩʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ; 

¶ ʩʝʤʘʥʪʠʯʥʘ ʤʦʜʝʣʴ. 

 

          
 

 

 

 

 

 

 

 
ʈʠʩ. 1. ɯʻʨʘʨʭʽʷ ʝʣʝʤʝʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ 

 

ɺʩʽ ʮʽ ʝʪʘʧʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʙʦʨʫ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 
ʧʽʜʣʷʛʘʻ ʘʥʘʣʽʟʫ ʥʘ ʝʣʝʤʝʥʪʘʨʥʽ ʙʣʦʢʠ, ʷʢʽ ʙʫʜʝ ʣʝʛʢʦ ʨʦʟʽʙʨʘʪʠ.  
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ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʮʽʡ ʩʪʨʫʢʪʫʨʽ ʻ ʢʦʤʧʽʣʷʮʽʷ, 

ʩʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ ʪʘ ʩʝʤʘʥʪʠʯʥʘ ʤʦʜʝʣʴ. 

ʂʦʤʧʽʣʷʮʽʷ ï ʧʨʦʮʝʩ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʚ 
ʧʨʦʤʽʞʥʠʡ ʘʙʦ ʬʽʥʘʣʴʥʠʡ ʢʦʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʡʦʛʦ 

ʢʦʤʧôʶʪʝʨʦʤ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʩʪʚʦʨʶʻʪʴʩʷ 

ʩʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ ʽ ʩʝʤʘʥʪʠʯʥʘ ʤʦʜʝʣʴ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 
ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫʶ. 

ʉʠʥʪʘʢʩʠʯʥʝ ʜʝʨʝʚʦ  ð ʮʝ ʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ, ʱʦ ʻ 

ʧʦʟʥʘʯʝʥʝ ʽ ʦʨʽʻʥʪʦʚʘʥʝ ʜʝʨʝʚʦ, ʚ ʷʢʦʤʫ ʚʥʫʪʨʽʰʥʽ ʚʝʨʰʠʥʠ 

ʟʽʩʪʘʚʣʝʥʽ - ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ 
ʣʠʩʪʷ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʧʝʨʘʥʜʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʠʩʪʷ ʻ 

ʧʦʨʦʞʥʽʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʪʽʣʴʢʠ ʟʤʽʥʥʽ ʽ ʩʪʘʣʽ. 

ʉʠʥʪʘʢʩʠʯʥʽ ʜʝʨʝʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʘʨʩʝʨʘʭ ʜʣʷ 
ʧʨʦʤʽʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʤʽʞ ʜʝʨʝʚʦʤ ʨʦʟʙʦʨʫ ʽ 

ʩʪʨʫʢʪʫʨʦʶ ʜʘʥʠʭ, ʷʢʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚʥʫʪʨʽʰʥʻ 

ʟʦʙʨʘʞʝʥʥʷ ʢʦʤʧʽʣʷʪʦʨʘ ʘʙʦ ʽʥʪʝʨʧʨʝʪʘʪʦʨʘ ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʧʨʦʛʨʘʤʠ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʛʝʥʝʨʘʮʽʾ ʢʦʜʫ. 
ʉʝʤʘʥʪʠʯʥʘ ʤʦʜʝʣʴ ï ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʙôʻʢʪʠ ʪʘ ʧʨʦ ʾʭ ʪʠʧʠ. 

ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʚʠʟʥʘʯʘʻ ʤʝʪʦʜʠʢʫ ʘʥʘʣʽʟʫ ʦʙôʻʢʪʘ, ʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʽʣʷʮʽʾ. 
ʗʢ ʚʠʩʥʦʚʦʢ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ Roslyn ï ʮʝ ʧʦʪʫʞʥʘ 

ʧʣʘʪʬʦʨʤʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʤʦʞʣʠʚʦ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ  - ʘʥʘʣʽʟʘʪʦʨʠ, ʽʥʩʪʨʫʤʝʥʪʠ 
ʨʝʬʘʢʪʦʨʠʥʛʘ ʽ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɺʦʥʘ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʽ ʥʘʜʘʻ  ʧʨʦʛʨʘʤʽʩʪʫ ʰʠʨʦʢʠʡ 

ʚʠʙʽʨ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ. 
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ɺʽʢʪʦʨ ɼʫʣʷʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʘʨ ʆ.ʗ. 

 

ɹʽʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ 

ʦʩʥʦʚʽ ʢʣʘʚʽʘʪʫʨʥʦʛʦ ʧʦʯʝʨʢʫ 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠʟʚʝʣʦ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ 
ʽʥʬʦʨʤʘʮʽʾ. ʋ ʟʚôʷʟʢʫ ʽʟ ʮʠʤ, ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʤʝʪʦʜʠ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʝ ʪʽʣʴʢʠ ʧʘʨʦʣʴ, ʘʣʝ ʡ ʜʦʜʘʪʢʦʚʽ ʢʣʶʯʽ. ʊʘʢʦʞ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ 
ʡ ʧʦʷʚʫ ʩʠʩʪʝʤ, ʱʦ ʘʢʪʠʚʥʦ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʠ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʷʢʽ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʥʘʜʽʡʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʙʽʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ 
ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʜʘʻʪʴʩʷ ʧʽʜʨʦʙʠʪʠ. 

ɿ ʧʦʟʠʮʽʡ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽ ʾ ʧʨʦʮʝʜʫʨʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘʣʝʞʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʽʥʬʦʨʤʘʮʽʾ ʚ 
ʩʠʩʪʝʤʽ ʥʘ ʦʩʥʦʚʽ ʧʨʝʜ'ʷʚʣʝʥʦʛʦ ʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ [1-3]. 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʢʦʤʧôʶʪʝʨʥʠʭ 
ʩʠʩʪʝʤ, ʷʢʽ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʚʽ ʛʨʫʧʠ [1, 2]: ʩʪʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ 

(ʨʠʩ. 1). 
 

 
 

ʈʠʩ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 
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ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʤʝʪʦʜ ʙʽʦʤʝʪʨʠʯʥʦʾ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʢʣʘʚʽʘʪʫʨʥʠʤ ʧʦʯʝʨʢʦʤ. ʇʦʚôʷʟʘʥʦ ʮʝ ʚ 

ʦʩʥʦʚʥʦʤʫ ʟ ʪʠʤ, ʱʦ ʢʣʘʚʽʘʪʫʨʥʠʡ ʧʦʯʝʨʢ ʢʦʨʠʩʪʫʚʘʯʘ ʤʘʻ 
ʧʝʚʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʟ ʚʠʩʦʢʦʶ ʽʤʦʚʽʨʥʽʩʪʶ 

ʧʨʘʚʠʣʴʥʦ ʘʚʪʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʧʨʘʮʶʶʯʦʛʦ ʟ 

ʢʣʘʚʽʘʪʫʨʦʶ [1].  
ʂʣʘʚʽʘʪʫʨʥʠʡ ʧʦʯʝʨʢ ʷʚʣʷʻ ʩʦʙʦʶ ʫʥʽʢʘʣʴʥʠʡ ʥʘʙʽʨ 

ʙʽʦʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʧʨʠʪʘʤʘʥʥʠʭ ʢʦʞʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʦʥʢʨʝʪʥʫ ʣʶʜʠʥʠ ʩʝʨʝʜ ʫʩʽʭ 
ʧʨʘʮʶʶʯʠʭ ʥʘ ʜʘʥʽʡ ʤʘʰʠʥʽ. ʎʝ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ: 

ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ; ʟʚʠʯʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʩʥʦʚʥʫ ʯʠ 

ʜʦʜʘʪʢʦʚʫ ʯʘʩʪʠʥʫ ʢʣʘʚʽʘʪʫʨʠ; ʭʘʨʘʢʪʝʨ "ʟʜʚʦʻʥʠʭ" ʽ "ʩʪʨʦʻʥʠʭ" 
ʥʘʪʠʩʢʘʥʴ ʢʣʘʚʽʰ; ʫʣʶʙʣʝʥʽ ʧʨʠʡʦʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʦʤ, 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʦʥʢʨʝʪʥʫ ʣʶʜʠʥʫ ʩʝʨʝʜ 

ʫʩʽʭ ʧʨʘʮʶʶʯʠʭ ʥʘ ʜʘʥʽʡ ʤʘʰʠʥʽ. 
ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʢʣʘʚʽʘʪʫʨʥʠʤ ʧʦʯʝʨʢʦʤ ʙʫʜʝ ʚʚʘʞʘʪʠʩʴ 

ʫʩʧʽʰʥʦʶ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʜʽʡ. ʂʦʨʠʩʪʫʚʘʯ ʚʚʦʜʠʪʠʤʝ 

ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʚʭʦʜʫ ʙʫʜʝ 
ʟʯʠʪʫʚʘʪʠ ʽ ʟʘʧʠʩʫʚʘʪʠ ʫ ʬʘʡʣ ʦʩʦʙʣʠʚʦʩʪʽ ʢʣʘʚʽʘʪʫʨʥʦʛʦ ʚʚʦʜʫ. 

ɼʘʣʽ ʧʝʨʝʚʽʨʷʻʤʦ, ʯʠ ʟʙʽʛʘʶʪʴʩʷ ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ. ʋ ʚʠʧʘʜʢʫ ʟʙʽʛʫ, 
ʧʝʨʝʚʽʨʷʻʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʢʣʘʚʽʘʪʫʨʥʦʛʦ ʚʚʦʜʫ ʟʽ ʟʙʝʨʝʞʝʥʠʤʠ. 

ʗʢʱʦ ʚʦʥʠ ʟʙʽʛʘʶʪʴʩʷ, ʪʦ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ ʫʩʧʽʰʥʘ. ʇʨʦʙʣʝʤʦʶ 

ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʣʘʚʽʘʪʫʨʥʦʛʦ ʧʦʯʝʨʢʫ 
ʚʠʥʠʢʘʪʠʤʫʪʴ ʯʝʨʝʟ çʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨè, ʘ ʩʘʤʝ: ʚʪʦʤʘ, ʪʨʘʚʤʘ, 

ʩʪʨʝʩ ʪʘ ʽʥʰʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ.  

ʈʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʟʘʭʠʩʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʦʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʱʦ ʩʪʘʻ ʧʦʧʫʣʷʨʥʽʰʦʶ ʱʦʜʥʷ, 
ʦʩʢʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ, ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʨʝʜʤʝʪʽʚ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʣʘʜ ɼʷʢʫʨ, ʆʣʝʢʩʘʥʜʨ ʉʘʨʘʥʯʫʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ.ɻ. 

 

ʃʘʙʦʨʘʪʦʨʥʠʡ ʩʪʝʥʜ çʊʝʧʣʦʚʽʟʦʨè 
ʊʝʧʣʦʚʽʟʦʨ - ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʣʝʤ ʥʘ ʪʽʡ ʯʠ ʽʥʰʽʡ ʧʦʚʝʨʭʥʽ ʘʙʦ ʨʽʟʥʠʮʝʶ 
ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʟʤʽʥʠ 

ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʥʘ ʜʠʩʧʣʝʾ ʫ ʚʠʛʣʷʜʽ ʪʝʨʤʦʛʨʘʤʠ - ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʦʤʫ ʧʝʚʥʠʡ ʢʦʣʽʨ ʚʽʜʧʦʚʽʜʘʻ ʜʝʷʢʦʤʫ 

ʟʥʘʯʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ. ʉʫʯʘʩʥʽ ʪʝʧʣʦʚʽʟʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 
ʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʧʦʨʪʘʪʠʚʥʽ. ʆʢʨʝʤʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʢʘʤʝʨʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʪʝʧʣʦʚʽʟʽʡʥʦʶ ʩʠʩʪʝʤʦʶ [1]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʦʨʘ ʤʦʞʥʘ ʚʝʩʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 
ʧʨʘʢʪʠʯʥʦ ʧʨʠ ʜʦʚʽʣʴʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ, ʧʝʨʝʚʽʨʷʪʠ ʷʢʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʫʪʝʧʣʝʥʥʷ ʧʨʠʤʽʱʝʥʥʷ, ʧʨʦʚʦʜʠʪʠ ʪʝʨʤʦʜʽʘʛʥʦʩʪʠʢʫ  

ʧʘʮʽʻʥʪʽʚ ʫ ʤʝʜʠʯʥʠʭ ʟʘʢʣʘʜʘʭ, ʚʠʟʥʘʯʘʪʠ ʪʝʧʣʦʚʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʙʘʯʠʪʠ ʪʘ ʨʦʟʧʽʟʥʘʚʘʪʠ 
ʦʙôʻʢʪʠ ʥʘ ʚʝʣʠʢʠʭ ʚʽʜʩʪʘʥʷʭ ʪʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʟʫʘʣʴʥʠʭ 

ʧʝʨʝʰʢʦʜ. ɿ ʦʛʣʷʜʫ ʥʘ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʝʧʣʦʚʽʟʽʡʥʠʭ 

ʢʘʤʝʨ, ʚʦʥʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʢʦʤʧʣʝʢʩʥʦʾ 
ʙʝʟʧʝʢʠ: 

- ʙʝʟʧʝʢʘ ʢʦʨʜʦʥʽʚ: ʪʝʧʣʦʚʽʟʦʨ ʟʜʘʪʥʠʡ ʚʠʷʚʠʪʠ ʣʶʜʠʥʫ, 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʘʙʦ ʤʘʣʠʡ ʦʙ'ʻʢʪ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ; 
- ʙʝʟʧʝʢʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ ʦʙ'ʻʢʪʽʚ: ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʧʝʨʠʤʝʪʨʫ ʽ ʟʘʭʠʩʪ ʧʨʦʤʠʩʣʦʚʠʭ 

ʘʢʪʠʚʽʚ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʩʦʢʽʡ ʯʫʪʣʠʚʦʩʪʽ ʢʘʤʝʨ; 

- ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞʽ: ʪʝʧʣʦʚʽʟʦʨʠ ʟʘʚʜʷʢʠ ʪʦʯʥʠʤ 
ʘʣʛʦʨʠʪʤʘʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟʜʘʪʥʽ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʽ ʪʦʯʢʠ 

ʟʘʡʤʘʥʥʷ ʥʘʚʽʪʴ ʪʦʜʽ, ʢʦʣʠ ʱʝ ʥʝ ʚʠʜʥʦ ʧʦʣʫʤôʷ; 

- ʙʝʟʧʝʢʘ ʥʘ ʟʘʣʽʟʥʠʯʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ: ʪʝʧʣʦʚʽʟʦʨʠ 
ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʣʽʩʥʠʭ ʧʘʨ ʚʘʛʦʥʽʚ, 

ʟʘʣʽʟʥʠʯʥʠʭ ʧʝʨʝʾʟʜʽʚ ʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʦʨʽʛ; 

- ʙʝʟʧʝʢʘ ʧʨʠʚʘʪʥʦʾ ʚʣʘʩʥʦʩʪʽ: ʪʝʧʣʦʚʽʟʽʡʥʽ ʢʘʤʝʨʠ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʜʝʥʥʝ ʽ ʥʽʯʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 

ʧʦʧʝʨʝʜʞʘʶʪʴ ʧʨʦ ʚʪʦʨʛʥʝʥʥʷ ʽ ʩʧʦʚʽʱʘʶʪʴ ʩʣʫʞʙʫ ʦʭʦʨʦʥʠ. 

ʊʝʧʣʦʚʽʟʦʨʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʪʘ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʨʽʟʥʠʮʽ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
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ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʥʘʚʯʘʣʴʥʠʭ ʮʽʣʝʡ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ, 
ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʟʥʘʡʦʤʠʪʠʩʴ ʽʟ ʙʫʜʦʚʦʶ ʪʘ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ 

ʪʝʧʣʦʚʽʟʦʨʘ, ʚʠʚʯʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʴʦʛʦ ʧʨʠʩʪʨʦʶ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʽʚ.  
ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʝʥʜʘ ʦʙʨʘʥʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʙʫʜʦʚʠ 

ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ [2] ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʣʦʢʘ ʞʠʚʣʝʥʥʷ, 

ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʦʜʫʣʷ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ Arduino Uno. ʆʪʨʠʤʘʥʽ ʪʝʨʤʦʛʨʘʤʠ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʝʢʨʘʥ 
ʇʂ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʨʽʰʝʥʥʷ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʝʣʝʤʝʥʪʽʚ 

ʨʦʟʛʦʨʪʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢ ʩʝʥʩʦʨ 

ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʤʘʪʨʠʮʽ Melexis MLX  90640 ʨʦʟʤʽʨʥʽʩʪʶ 32*24 
ʧʽʢʩʝʣʽ [3]. ʎʝ ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ, ʧʨʦʪʝ ʩʧʨʦʱʫʻ 

ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʝʥʜʘ. 

ʉʝʥʩʦʨ ʚʠʧʫʩʢʘʻʪʴʩʷ ʫ ʜʚʦʭ ʤʦʜʠʬʽʢʘʮʽʷʭ, ʢʦʨʧʫʩʠ ʷʢʠʭ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʫʪʦʤ ʦʛʣʷʜʫ ʤʘʪʨʠʮʽ. ʆʙʨʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ A ʟ 
ʢʫʪʘʤʠ ʦʛʣʷʜʫ 110Á (ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ) ʪʘ 75Á (ʚʝʨʪʠʢʘʣʴʥʠʡ). 

ʂʦʨʧʫʩ ʧʨʠʩʪʨʦʶ ʤʘʻ ʯʦʪʠʨʠ ʚʠʚʦʜʠ: ʜʚʘ - ʜʣʷ ʞʠʚʣʝʥʥʷ ʪʘ ʜʚʘ 

-ʜʣʷ ʦʙʤʽʥʫ ʟ ʢʝʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʧʦ I2C ʽʥʪʝʨʬʝʡʩʫ. 
ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʜʽʡʩʥʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʚʠʨʦʙʥʠʢʦʤ MLX  90640 ʤʦʜʫʣʽʚ [4] ʪʘ ʙʣʦʢʽʚ, 

ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ Python ʫ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. URL: 

https://leater.com/services/teplovizionnye-sistemy.html  
2. ʂʦʣʦʙʨʦʜʦʚ ɺ. ɻ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʪʘ ʪʝʣʝʚʽʟʽʡʥʠʭ 

ʩʠʩʪʝʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ: ʧʽʜʨʫʯʥʠʢ / ɺ. ɻ. ʂʦʣʦʙʨʦʜʦʚ, ʄ. ɯ. 

ʃʠʭʦʣʽʪ - ʂ.: ʅʊʋʋ çʂʇɯè, 2007. - 364 ʩ. 
3. 

https://www.melexis.com/en/documents/documentation/datasheets/ 

datasheet-mlx90640 
4. https://github.com/melexis/mlx90640-library 

https://leater.com/services/teplovizionnye-sistemy.html
https://www.melexis.com/en/documents/documentation/datasheets/
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ʇʝʪʨʦ ɼʷʯʫʢ  
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ʆ.ɼ.ɸʨʭʝʣʶʢ, ʜʦʮ. ʄ.ʊ.ʉʪʨʠʥʘʜʢʦ 

 

ʇʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʦʣʝʪʦʚʠʭ ʣʘʟʝʨʥʠʭ 

ʜʽʦʜʽʚ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʦʧʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ 
ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʠʩʪʝʤʠ 

ʦʧʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ (ʃɼ) ʟ ʜʦʚʞʠʥʘʤʠ 
ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɚʬ=405 ʥʤ, ɚʟ=550 ʥʤ, ɚʯ=650 ʥʤ ʥʘ 
ʧʨʝʜʤʝʪ ʽʤʧʫʣʴʩʥʦʾ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ.  
ʂʦʞʥʘ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʝʡ, ʚʠʙʨʘʥʠʭ ʥʘʤʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʜʣʷ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ (ɸʆɿ). ʊʘʢ, 
ʥʘʧʨʠʢʣʘʜ, ʬʽʦʣʝʪʦʚʘ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʫ ʚ ʦʢʦʣʽ 405 ʥʤ ʚʝʣʴʤʠ 
ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ɸʆɿ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ 
ʬʦʥʦʚʠʭ ʧʝʨʝʰʢʦʜ ʽ ʚʽʜʙʣʠʩʢʽʚ ʚʽʜ ʉʦʥʮʷ ʽ ʟʙʽʣʴʰʝʥʥʷ 
ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ.  
ʐʚʠʜʢʦʜʽʷ ʃɼ ʘʙʦ ʛʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʽʾ ʦʙʤʝʞʫʻʪʴʩʷ 

ʯʘʩʦʤ ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʪʦʤʫ ʧʨʠ ʚʠʤʢʥʝʥʥʽ ʽ 
ʚʠʤʠʢʥʝʥʥʽ ʃɼ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʟʨʦʩʪʘʻ ʜʦ ʤʘʢʩʠʤʫʤʫ ʽ ʩʧʘʜʘʻ 
ʜʦ ʤʽʥʽʤʫʤʫ ʥʝ ʤʠʪʪʻʚʦ. ɯʥʝʨʮʽʡʥʽʩʪʴ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʦʩʪʽ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʃɼ ʧʨʠ ʨʦʙʦʪʽ ʟ ʩʠʛʥʘʣʘʤʠ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ. 
ʅʘʷʚʥʽʩʪʴ ʽʥʝʨʮʽʡʥʦʩʪʽ ʫ ʃɼ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʾʭ 
ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʤʦʜʫʣʷʮʽʾ ʩʪʨʫʤʫ - ʟʽ 
ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʦʤʫ ʧʨʠ 
ʚʠʧʨʦʙʦʚʫʚʘʥʥʽ ʰʚʠʜʢʦʜʽʾ ʃɼ ʥʝʦʙʭʽʜʥʦ, ʟʙʽʣʴʰʫʶʯʠ ʯʘʩʪʦʪʫ 
ʤʦʜʫʣʷʮʽʾ, ʟʥʘʡʪʠ ʤʦʤʝʥʪ, ʢʦʣʠ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʧʦʯʥʝ 
ʟʤʝʥʰʫʚʘʪʠʩʷ.  

ʊʘʙʣʠʮʷ.  

ʇʘʩʧʦʨʪʥʽ ʜʘʥʽ  ʃɼ 

ʇʘʩʧʦʨʪʥʽ ʜʘʥʽ ʃɼ 1 2 3 

ɼʦʚʞʠʥʘ ʭʚʠʣʽ, ʥʤ 405  550 650 

ʉʝʨʝʜʥʽʡ ʩʪʨʫʤ, ʤɸ 100 100 100 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ, ɺ 5  5  5 

ʆʧʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʤɺʪ 10 10 10 

 
ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʜʽʾ ʙʫʣʘ ʟʽʙʨʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘ 

ʫʩʪʘʥʦʚʢʘ. ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʧʦʜʘʚʘʣʦʩʷ ʥʘ ʃɼ ʟ ʛʝʥʝʨʘʪʦʨʘ 
ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ ɻ5-72 ʽ ʦʜʥʦʯʘʩʥʦ - ʥʘ ʚʭʽʜ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 
ʦʩʮʠʣʦʛʨʘʬʘ ʉ1-75.  
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ɿʘʜʘʚʘʣʘʩʷ ʯʘʩʪʦʪʘ ʽ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ (ʜʦ 5 ʥʩ) 
ʤʦʜʫʣʶʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʃɼ. ʉʚʽʪʣʦʜʽʦʜ ʽ 
ʬʦʪʦʜʽʦʜ ʚʩʪʘʥʦʚʣʝʥʽ ʩʧʽʚʚʽʩʥʦ ʚ ʞʦʨʩʪʢʽʡ ʧʣʘʩʪʠʢʦʚʽʡ ʤʫʬʪʽ. 
ʌʦʪʦʜʽʦʜ ʌɼ-256 ʟ ʧʦʩʪʽʡʥʦʶ ʯʘʩʫ 2 ʥʩ ʫʚʽʤʢʥʝʥʠʡ ʫ 
ʧʽʜʩʠʣʶʚʘʯ, ʷʢʠʡ ʨʦʟʨʽʟʥʷʻ ʽʤʧʫʣʴʩʠ ʪʨʠʚʘʣʽʩʪʶ 0,5 ʥʩ. ʉʠʛʥʘʣ 
ʟ ʧʽʜʩʠʣʶʚʘʯʘ, ʯʝʨʝʟ ʫʟʛʦʜʞʫʶʯʠʡ ʢʘʙʝʣʴ ʥʘʜʭʦʜʠʪʴ ʥʘ 
ʦʩʮʠʣʦʛʨʘʬ ʉ1-75, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 
ʬʦʨʤʦʶ ʽ ʚʠʤʽʨʶʚʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 
ʪʨʠʚʘʣʽʩʪʶ ʜʦ 20 ʥʩ,  ʟ ʨʦʟʪʷʞʢʦʶ ʜʦ 2 ʥʩ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ 
ʧʦʢʘʟʘʥʽ ʥʘ ʛʨʘʬʽʢʫ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʙʫʣʠ ʪʘʢʦʞ ʧʨʦʪʝʩʪʦʚʘʥʽ 
ʥʘ ʰʚʠʜʢʦʜʽʶ ʪʨʠ ʩʚʽʪʣʦʜʽʦʜʠ ʟ ʙʣʠʟʴʢʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʚʠʙʨʘʥʠʭ ʃɼ. ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ 
ʰʚʠʜʢʦʜʽʾ ʬʽʦʣʝʪʦʚʦʛʦ ʃɼ ʣʝʞʠʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 100-300 ʥʩ, ʱʦ 
ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʝʥʰʝ ʚʝʣʠʯʠʥʠ, ʷʢʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʃɼ 
ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʘʣʝ ʙʽʣʴʰʝ ʥʽʞ ʫ ʯʝʨʚʦʥʠʭ ʽ ʽʥʬʨʘʯʝʨʚʦʥʠʭ. 
ʂʦʝʬʽʮʽʻʥʪ ʤʦʜʫʣʷʮʽʾ ʉɯɼ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʽ ʜʦʭʦʜʠʪʴ ʜʦ 
98%. 

 
ʈʠʩ. 1. ʐʚʠʜʢʦʜʽʷ ʩʚʽʪʣʦʜʽʦʜʽʚ (ʉɼ) ʽ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ (ʃɼ): 

 1 ς ˿ ˨Υ ˂Ґсрл ͤͣΣ  2 ς ˶ ˨ ς ˂Ґррл ͤͣ Σ   3 ς ˿ ˨Υ ˂Ґплл ͤͣΣ   

    4 ï ʃɼ: ɚʯ=650 ʥʤ,    5 ï ʉɼ: ɚʟ=550 ʥʤ,  6 ï ʃɼ: ɚʬ=405ʥʤ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʽʾ ʃɼ 
ʦʙʤʝʞʝʥʘ ʜʽʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ ʥʠʞʯʝ 10 ʄɻʮ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, 

ʱʦ ʮʝ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʜʦʜʘʪʢʽʚ, ʦʩʢʽʣʴʢʠ 

ʜʦʧʫʩʢʘʻ ʤʦʜʫʣʷʮʽʶ ʥʘ ʯʘʩʪʦʪʘʭ, ʷʢʽ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʧʣʦʚʽ 

ʰʫʤʠ.  
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ʊʘʨʘʩ ɼʷʯʫʢ 
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ʆ.ɼ.ɸʨʭʝʣʶʢ, ʜʦʮ. ʄ.ʊ.ʉʪʨʠʥʘʜʢʦ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʪʤʦʩʬʝʨʥʠʭ ʫʪʚʦʨʝʥʴ ʪʠʧʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʭʤʘʨ 

 
ɸʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ ʟʫʤʦʚʣʝʥʘ  ʚʠʚʯʝʥʥʷʤ ʧʨʦʙʣʝʤʠ 

ʚʧʣʠʚʫ ʘʪʤʦʩʬʝʨʥʠʭ ʫʪʚʦʨʝʥʴ ʪʠʧʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʭʤʘʨ ʥʘ ʢʣʽʤʘʪ 
ʽ ʧʦʛʦʜʫ ɿʝʤʣʽ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʛʦʩʪʨʝʥʥʷʤ ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ. 
ʇʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʥʘʪʫʨʥʠʭ 
ʫʤʦʚʘʭ ʫʩʢʣʘʜʥʝʥʘ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ, ʪʘʢʠʭ ʷʢ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ 
ʭʤʘʨ, ʩʢʣʘʜʥʽʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʽʥʰʽ.  
ʊʦʤʫ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʝʜʦʚʠʱ ʟ ʙʣʠʟʴʢʠʤʠ ʽ 
ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʨʷʜ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʪʘʢʠʭ ʩʢʣʘʜʥʠʭ 
ʩʚʽʪʣʦʨʦʟʩʽʶʶʯʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢ ʭʤʘʨʥʽ ʫʪʚʦʨʝʥʥʷ, ʦʩʦʙʣʠʚʦ 
ʪʠʭ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʨʠʩʪʘʣʽʯʥʽ ʮʝʥʪʨʠ ʨʦʟʩʽʷʥʥʷ. 
ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʩʪʦʢʩ-ʛʦʥʽʦʤʝʪʨʽ ʟʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ 
ʤʝʪʦʜʠʢʦʶ: ɽʢʩʧʝʨʠʤʝʥʪ ʧʦ ʜʦʩʣʽʜʞʝʥʥʶ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʝʜʦʚʠʱʘ, ʤʦʜʫʣʶʶʯʦʛʦ ʨʽʟʥʽ ʦʧʪʠʯʥʽ ʩʪʘʥʠ 
ʘʪʤʦʩʬʝʨʠ, ʧʨʦʚʦʜʠʚʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʤʝʪʦʜʠʢʦʶ: 
ɿʤʽʥʘ ʦʧʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʘʨʫ ʘʪʤʦʩʬʝʨʠ ʨʝʘʣʽʟʫʚʘʣʘʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʦʢʘ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ (ʟʤʽʥʘ 
ʨʦʟʩʽʶʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ) ʽ ʜʦʜʘʚʘʥʥʷʤ ʥʽʛʨʦʟʠʥʫ ʧʝʚʥʦʾ 
ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ ʚʢʘʟʘʥʦʛʦ ʨʦʟʯʠʥʫ ʤʦʣʦʢʘ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ 
ʡʦʛʦ ʦʧʪʠʯʥʦʾ ʪʦʚʱʠʥʠ (ʟʤʽʥʘ ʧʦʛʣʠʥʘʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ); 
ʅʘʷʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʚ ʘʪʤʦʩʬʝʨʽ ʤʦʜʝʣʶʚʘʣʘʩʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦ ʪʦʥʢʦʛʦ ʰʘʨʫ (1ºt ) ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʦʛʦ 
ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ (ʅʈʂ), ʦʨʽʻʥʪʘʮʽʷ ʜʦʤʝʥʽʚ ʷʢʦʛʦ 
ʟʘʜʘʚʘʣʘʩʴ ʟʤʽʥʦʶ ʥʘʧʨʫʛʠ ʢʝʨʫʶʯʠʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟ 
ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʫʪʘʤʠ ʦʨʽʻʥʪʘʮʽʾ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥʠ ʨʝʬʝʨʝʥʮʽʾ 
[1]; 
ʋ ʧʨʦʮʝʩʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥ 

ʥʝʥʫʣʴʦʚʠʭ ʥʦʨʤʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʽ ʄʶʣʣʝʨʘ 

11FFf ikik =  [2] ʚʽʜ ʦʧʪʠʯʥʦʾ ʪʦʚʱʠʥʠ ʤʦʜʝʣʴʥʦʛʦ ʦʧʪʠʯʥʦ 
ʽʟʦʪʨʦʧʥʦʛʦ ʰʘʨʫ, ʨʝʘʣʽʟʦʚʘʥʦʾ ʧʦʯʘʪʢʦʚʦ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 
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ʤʦʣʦʢʘ ʚ ʨʦʟʯʠʥʽ, ʘ ʧʦʪʽʤ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʛʨʦʟʠʥʫ ʚ 
ʥʴʦʤʫ; 
ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʥʝʥʫʣʴʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʴ ʄʶʣʣʝʨʘ ʷʢ ʚʽʜ ʢʫʪʘ ʦʨʽʻʥʪʘʮʽʾ q ʅʈʂ, ʪʘʢ ʽ 
ʚʽʜ ʢʫʪʘ  ʨʦʟʩʽʶʚʘʥʥʷ a, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ t ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʴ ʝʢʩʪʠʥʢʮʽʾ (ʨʦʟʩʽʶʚʘʥʥʷ 
ʚʧʝʨʝʜ) ʽ ʤʘʪʨʠʮʴ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʟʘʜ (ʢʫʪ ʨʦʟʩʽʶʚʘʥʥʷ 170

0
 

ʛʨʘʜ). 
ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʪʨʠʮʴ ʝʢʩʪʠʥʢʮʽʾ ʰʘʨ ʅʈʂ ʨʦʟʤʽʱʫʚʘʚʩʷ 

ʧʝʨʝʜ ʢʶʚʝʪʦʶ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʚʩʷ ʚʦʜʥʠʡ ʨʦʟʯʠʥ, ʦʧʪʠʯʥʘ 
ʪʦʚʱʠʥʘ ʷʢʦʛʦ ʟʤʽʥʶʚʘʣʘʩʴ ʟʤʽʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʦʢʘ ʪʘ 
ʥʽʛʨʦʟʠʥʫ, ʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʘʪʨʠʮʴ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʟʘʜ 
ʤʦʜʝʣʴʥʠʡ ʰʘʨ ʦʨʽʻʥʪʦʚʘʥʠʭ ʯʘʩʪʦʢ ʨʦʟʤʽʱʫʚʘʚʩʷ ʟʘ ʢʶʚʝʪʦʶ.  
ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ  

ʟʨʦʙʣʝʥʦ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 
ʆʮʽʥʶʚʘʥʥʷ ʥʘʷʚʥʦʩʪʽ ʽ ʩʪʫʧʝʥʷ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ ʦʧʪʠʯʥʠʭ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ ʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʚ ʘʪʤʦʩʬʝʨʽ ʢʦʨʝʢʪʥʦ 
ʧʨʦʚʦʜʠʪʠ ʚ ʤʝʞʘʭ ʦʧʪʠʯʥʦʾ ʪʦʚʱʠʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʰʘʨʫ t ʥʝ 
ʙʽʣʴʰʝ 7. ʅʘʷʚʥʽʩʪʴ ʧʦʛʣʠʥʘʥʥʷ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʰʘʨʽ, ʯʝʨʝʟ 
ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʦʨʽʻʥʪʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥʴ, 
ʧʨʠʚʦʜʠʪʴ ʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʦʚʽʨʥʦʾ ʾʭ ʦʮʽʥʢʠ ʜʦ ʟʥʘʯʝʥʴ t 
ʧʦʨʷʜʢʫ 12.  ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ 
ʯʘʩʪʠʥʦʢ ʢʨʠʩʪʘʣʽʯʥʠʭ ʫʪʚʦʨʝʥʴ ʚ ʘʪʤʦʩʬʝʨʽ ʜʦʮʽʣʴʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ 44f , ʷʢʝ ʚ ʤʝʞʘʭ 
ʚʢʘʟʘʥʠʭ ʚʠʱʝ t ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ ʧʘʨʘʤʝʪʨʫ ʾʭ 
ʦʨʽʻʥʪʦʚʘʥʦʩʪʽ. 
ʇʨʠ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʟʦʥʜʫʚʘʥʥʽ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʫʪʚʦʨʝʥʴ ʘʪʤʦʩʬʝʨʠ ʢʦʤʧʦʥʝʥʪʠ ʤʘʪʨʠʮʽ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘʟʘʜ 
ʙʽʣʴʰ ʯʫʪʣʠʚʽ ʜʦ ʟʤʽʥʠ ʢʫʪʘ ʦʨʽʻʥʪʘʮʽʾ ʾʭ ʨʦʟʩʽʶʶʯʠʭ ʯʘʩʪʦʢ, 
ʥʽʞ ʢʦʤʧʦʥʝʥʪʠ ʤʘʪʨʠʮʽ ʝʢʩʪʠʥʢʮʽʾ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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layer. Proc. SPIE 6254. 293-298 (2006). 
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ʈʦʩʪʠʩʣʘʚ ɼʷʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʇʨʦʭʦʨʦʚ ɻ.ɺ. 

 

ʈʦʟʚô̫ ʟʘʥʥʷ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʧʨʦ n ʬʝʨʟʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Java 

 
ɿʘʚʜʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ n ʬʝʨʟʽʚ - ʰʠʨʦʢʦ ʚʽʜʦʤʘ ʟʘʜʘʯʘ ʟ 

ʨʦʟʩʪʘʥʦʚʢʠ ʬʽʛʫʨ ʥʘ ʰʘʭʦʚʽʡ ʜʦʰʮʽ. ɺʠʭʽʜʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ: 

çʈʦʟʩʪʘʚʠʪʠ ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ n*n-ʢʣʽʪʠʥʥʽʡ ʰʘʭʦʚʽʡ ʜʦʰʮʽ n 

ʬʝʨʟʽʚ ʪʘʢ, ʱʦʙ ʞʦʜʝʥ ʟ ʥʠʭ ʥʝ ʧʝʨʝʙʫʚʘʚ ʧʽʜ ʙʦʻʤ ʽʥʰʦʛʦè. 

ʄʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ, ʱʦ ʬʝʨʟʴ ʙ'ʻ ʚʩʽ ʢʣʽʪʠʥʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʧʦ 

ʚʝʨʪʠʢʘʣʷʭ, ʛʦʨʠʟʦʥʪʘʣʷʭ ʽ ʦʙʦʭ ʜʽʘʛʦʥʘʣʷʭ. 

ʉʫʯʘʩʥʽ ʢʦʤʧ'ʶʪʝʨʠ ʚʞʝ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ (ʟʥʘʭʦʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʘʙʦ ʚʩʽʭ ʨʽʰʝʥʴ) ʰʣʷʭʦʤ 

ʧʨʷʤʦʛʦ ʧʝʨʝʙʦʨʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʤʽʱʝʥʥʷ, ʘʣʝ 

ʟʘʟʚʠʯʘʡ ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ ʚʚʘʞʘʻʪʴʩʷ ʥʝʢʦʨʝʢʪʥʠʤ, ʽ ʚʽʜ 

ʚʠʨʽʰʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʚ ʙʠ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʦʙʩʷʛ ʧʝʨʝʙʦʨʫ. 

ʋʥʘʩʣʽʜʦʢ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʨʽʘʥʪʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ 

ʟʘʜʘʯʽ ʪʘ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʟʚ'ʷʟʢʫ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

ʧʦʙʫʜʫʚʘʪʠ ʦʜʠʥ, ʙʫʜʴ-ʷʢʠʡ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ, ʘʥʘʣʽʪʠʯʥʦ 

ʜʦʚʝʩʪʠ, ʱʦ ʨʦʟʚô̫ ʟʦʢ ʽʩʥʫʻ, ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʦʟʚô̫ ʟʢʽʚ, 

ʧʦʙʫʜʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʨʦʟʚô̫ ʟʢʠ, ʦʜʥʘ ʟ ʪʠʧʦʚʠʭ ʟʘʜʘʯ ʟ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʧʝʨʝʙʦʨʫ: ʩʪʚʦʨʠʪʠ ʢʦʤʧ'ʶʪʝʨʥʫ 

ʧʨʦʛʨʘʤʫ, ʱʦ ʟʥʘʭʦʜʠʪʴ ʚʩʽ ʤʦʞʣʠʚʽ ʨʦʟʚô̫ ʟʢʠ ʟʘʜʘʯʽ. 

 ʅʘʧʨʠʢʣʘʜ, ʫʩʴʦʛʦ ʟʘʜʘʯʘ ʧʨʦ 8 ʬʝʨʟʽʚ ʤʘʻ 92 ʨʦʟʚ'ʷʟʢʠ, ʘʣʝ, 

ʚʽʜʢʠʥʫʚʰʠ ʨʦʟʚ'ʷʟʢʠ, ʷʢʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜʙʠʪʪʷʤ ʪʘ 

ʦʙʝʨʪʘʥʥʷʤ, ʟʘʣʠʰʠʪʴʩʷ 12 ʫʥʽʢʘʣʴʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ. 

 
ʈʠʩ.1. ʊʘʙʣʠʮʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ n 
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ʆʜʠʥ ʟ ʪʠʧʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ - ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʰʫʢʫ ʟ ʧʦʚʝʨʥʝʥʥʷʤ: ʧʝʨʰʠʡ ʬʝʨʟʴ ʩʪʘʚʠʪʴʩʷ ʥʘ ʧʝʨʰʫ 

ʛʦʨʠʟʦʥʪʘʣʴ, ʧʦʪʽʤ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʩʪʘʚʠʪʠ ʥʘ 

ʥʘʩʪʫʧʥʫ ʪʘʢ, ʱʦʙ ʡʦʛʦ ʥʝ ʙʠʣʠ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʽ ʬʝʨʟʽ. ʗʢʱʦ 

ʥʘ ʯʝʨʛʦʚʦʤʫ ʝʪʘʧʽ ʧʦʩʪʘʥʦʚʢʠ ʚʽʣʴʥʠʭ ʧʦʣʽʚ ʥʝ ʥʘʜʘʻʪʴʩʷ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʢʨʦʢ ʥʘʟʘʜ - ʧʝʨʝʩʪʘʚʣʷʻʪʴʩʷ ʨʘʥʽʰʝ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʬʝʨʟʴ. 

 
ʈʠʩ.2. ʆʜʥʝ ʟ ʟʦʙʨʘʞʝʥʴ ʨʦʟʢʣʘʜʘʥʥʷ ʬʽʛʫʨ ʥʘ ʜʦʰʮʽ ʜʣʷ 8 ʬʝʨʟʽʚ 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɺʽʢʽʧʝʜʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://en.wikipedia.org/wiki/Eight_queens_puzzle(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

01.03.2019) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

 

https://en.wikipedia.org/wiki/Eight_queens_puzzle
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ɸʥʘʪʦʣʽʡ ɾʤʫʨʢʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

 

ʍʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ ʫ ʢʨʠʩʪʘʣʘʭ ʘʥʪʠʤʦʥʽʜʽʚ ʢʘʜʤʽʶ    

ʪʘ ʮʠʥʢʫ 

 

ʂʨʠʩʪʘʣʽʯʥʽ ʩʪʨʫʢʪʫʨʠ Cd-Sb-Zn ï ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʮʽ [1-3]. ʆʜʥʘʢ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʘʻ ʚ ʦʩʥʦʚʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. 
ʋʪʨʫʜʥʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʨʘʢʪʫʚʘʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʠʚʝʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʨʦʟʨʦʙʢʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʾ ʪʝʦʨʽʾ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ 
ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʟ ʧʦʟʠʮʽʡ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ [1-3]. 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʠʨʦʜʠ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ 

Cd-Sb-Zn. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʨʦʙʦʪʠ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, 

ʱʦ ʨʷʜ ʧʠʪʘʥʴ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ 
ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ Cd-Sb-Zn, ʟʘʣʠʰʘʶʪʴʩʷ 

ʚʽʜʢʨʠʪʠʤʠ ʡ ʤʘʶʪʴ ʩʫʧʝʨʝʯʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ 
ʟʘʚʜʘʥʥʷ: ʦʩʚʦʾʪʠ ʤʝʪʦʜʠʢʫ, ʨʦʟʨʦʙʣʝʥʫ ʚ ʧʨʘʮʷʭ [1-3] ʽ 

ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʝʬʝʢʪʠʚʥʠʭ ʨʘʜʽʫʩʽʚ, ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ, ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ 
ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ (ʅɻʆ), ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʤ 

ʤʽʞʘʪʦʤʥʠʤ ʚʽʜʩʪʘʥʷʤ ʫ ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ Cd-Sb-Zn. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʽʾ ʟʚôʷʟʢʽʚ ʦʢʨʝʤʠʭ ʅɻʆ ʜʣʷ 

ʩʧʦʣʫʢʠ Cd0,5Zn 0,5Sb ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ. 
ʊʘʙʣʠʮʷ  

ʄʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʅɻʆ ʚ ʢʨʠʩʪʘʣʘʭ  

Cd0,5Zn 0,5Sb 

űj ű1 

(Cd-

Sb) 

ű2 

(Cd-

Sb) 

ű3 

(Cd-

Sb) 

 ű4 

(Cd-

Cd) 

 ű5 

(Cd-

Cd) 

ű6 

(Zn-

Sb) 

ű7 

(Zn-

Sb) 

ű8 

(Zn-

Sb) 

 ű9 

(Cd-

Sb) 

dj(¡)  2,72 2,73 2,84 2,81 2,91 2,73 2,84 2,81 2,91 
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1,13 1,13 1,17 - 1,45 - - - - 

(¡) - - - - - 1,02 1,05 - 1,45 

(¡) 1,59 1,6 1,67 1,40 - 1,71 1,72 1,79 1,4 

Dj (ʝɺ) 2,04 2,03 1,95 2,32 1,77 1,51 1,51 1,45 2,33 

 

ʜʝ űj (1Ò j Ò 5) ʧʦʟʥʘʯʘʶʪʴ ʥʝʝʢʚʽʚʘʣʝʥʪʥʽ ʭʽʤʽʯʥʽ ʟʚôʷʟʢʠ ʚ 
ʧʽʜʛʨʘʪʮʽ CdSb, ʘ űj (6Ò j Ò 9) ï ʚ ʧʽʜʛʨʘʪʮʽ ZnSb; 

dj ï ʤʽʞʘʪʦʤʥʽ ʚʽʜʩʪʘʥʽ; 

 ï ʝʬʝʢʪʠʚʥʽ ʨʘʜʽʫʩʠ Zn, Sb, Cd; 

Dj ï ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ ʅɻʆ. 
ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʠ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʽʘʛʨʘʤ ʩʪʘʥʫ 

ʩʪʘʙʽʣʴʥʦʾ ʽ ʤʝʪʘʩʪʘʙʽʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʨʦʟʧʣʘʚʘʭ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʩʪʨʫʢʪʫʨʠ ʨʦʟʧʣʘʚʽʚ, ʟʜʘʪʥʠʭ ʢʨʠʩʪʘʣʽʟʫʚʘʪʠʩʷ ʟʘ ʩʪʘʙʽʣʴʥʠʤ ʪʘ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʤ ʨʝʞʠʤʘʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ 
ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʦʩʥʦʚʽ Cd-Sb-Zn. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʄʘʥʠʢ ʆ.ʄ., ʄʘʥʠʢ ʊ.ʆ., ɹʽʣʠʥʩʴʢʠʡ-ʉʧʦʪʠʢʦʚ ɺ.ʈ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ  ʡ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʢʨʠʩʪʘʣʘʭ ZnSb // 

ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ 2017, ˉ4, ʉ 32-39. 

2. ʄʘʥʠʢ ʆ.ʄ., ʄʘʥʠʢ ʊ.ʆ., ɹʽʣʠʥʩʴʢʠʡ-ʉʧʦʪʠʢʦʚ ɺ.ʈ.  

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʭʽʤʽʯʥʠʡ ʟʚ'ʷʟʦʢ Cd-SbZn // 
ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ 2017, ˉ5, ʉ 16-23. 

3. ʄʘʥʠʢ ʆ.ʄ., ʄʘʥʠʢ ʊ.ʆ., ɹʽʣʠʥʩʴʢʠʡ-ʉʧʦʪʠʢʦʚ ɺ.ʈ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘ ʣʝʡ ʽ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ 
ʢʨʠʩʪʘʣʘʭ CdSb // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ 2016, ˉ5, ʉ 62-70. 
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ɺʦʣʦʜʠʤʠʨ ɿʘʣʫʮʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 
 

ɼʝʷʢʽ ʘʩʧʝʢʪʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʝʟʩʚʠʥʮʝʚʠʭ ʧʘʷʣʴʥʠʭ ʧʘʩʪ. 
ʅʘ ʜʘʥʠʡ ʯʘʩ ʙʘʛʘʪʦ ʢʨʘʾʥ ʟʘʙʦʨʦʥʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʚʠʥʮʶ, ʪʦʤʫ ʚʯʝʥʽ ʨʦʟʛʣʷʜʘʶʪʴ ʨʽʟʥʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ. ɸʢʪʫʘʣʴʥʠʤ 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʦʰʫʢ ʤʝʪʦʜʽʚ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʛʦ ʪʘ 
ʦʧʪʠʤʽʟʦʚʘʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ, ʩʝʨʝʜ 

ʷʢʠʭ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʙʝʟʩʚʠʥʮʝʚʠʭ ʧʘʷʣʴʥʠʭ ʧʘʩʪ. 
ʄʝʪʦʶ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʩʚʠʥʮʝʚʠʭ ʧʘʷʣʴʥʠʭ ʧʘʩʪ ʜʣʷ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ 
ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɭ ʜʚʽ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʧʝʨʝʭʦʜʫ ʜʦ ʙʝʟʩʚʠʥʮʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʝʨʰʘ ʧʨʠʯʠʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʚʠʥʝʮʴ ʰʢʽʜʣʠʚʦ ʚʧʣʠʚʘʻ 

ʥʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʠʥʠ. ɼʨʫʛʘ ʧʨʠʯʠʥʘ ï ʚʝʣʠʢʽ ʪʝʨʤʽʯʥʽ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʞʦʨʩʪʢʽʩʪʴ ʚʠʤʦʛ 

ʜʦ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʫʟʣʽʚ ʧʘʷʥʥʷ. 

ʉʝʨʝʜ ʧʨʠʯʠʥ ʧʝʨʝʭʦʜʫ ʜʦ ʙʝʟʩʚʠʥʮʝʚʠʭ ʧʨʠʧʦʾʚ (ʦʢʨʽʤ 
ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ) ʻ ʙʽʣʴʰ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʧʨʠʧʦʾʚ. ɸʣʝ ʽʩʥʫʻ ʨʷʜ ʧʨʠʯʠʥ, ʯʝʨʝʟ ʷʢʽ 

ʧʨʦʤʠʩʣʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʧʨʠʧʦʾʚ ʜʦʩʽ ʦʙʤʝʞʝʥʝ. 

ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʙʝʟʩʚʠʥʮʝʚʠʡ ʪʠʧ ʧʨʠʧʦʾʚ ʤʘʻ ʙʽʣʴʰ 
ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʘʷʥʥʷ, ʘ ʮʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ 

ʩʢʣʘʜʥʦʩʪʽ ʧʘʷʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.[1]. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʝʟʩʚʠʥʮʝʚʠʭ ʧʨʠʧʦʡʥʠʭ ʧʘʩʪ ʨʽʟʥʠʮʷ ʤʽʞ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʽʥʽʤʘʣʴʥʦʶ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʨʦʬʽʣʝʤ ʧʘʷʥʥʷ. 

ʑʦʙ ʧʦʣʝʛʰʠʪʠ ʟʘʜʘʯʫ ʽʥʞʝʥʝʨʽʚ-ʪʝʭʥʦʣʦʛʽʚ ʧʨʠ ʧʝʨʝʭʦʜʽ 
ʜʦ ʙʝʟʩʚʠʥʮʝʚʦʛʦ ʧʘʷʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʩʧʣʘʚ, ʢʝʨʫʶʯʠʩʴ 

ʪʠʧʦʤ ʚʠʨʦʙʥʠʮʪʚʘ, ʫʤʦʚʘʤʠ ʨʦʙʦʪʠ ʢʽʥʮʝʚʦʛʦ ʚʠʨʦʙʫ, ʪʠʧʦʤ 

ʧʦʢʨʠʪʪʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʽ ʚʠʚʦʜʽʚ ʢʦʤʧʦʥʝʥʪʽʚ, ʯʫʪʣʠʚʽʩʪʶ 

ʢʦʤʧʦʥʝʥʪʽʚ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʭʥʦʣʦʛʽʻʶ ʧʘʷʥʥʷ [2].  
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ʈʦʟʛʣʷʥʫʪʦ ʜʚʘ ʥʘʡʧʨʦʩʪʽʰʠʭ ʤʝʪʦʜʠ ʥʘʛʨʽʚʘʥʥʷ ʜʣʷ ʧʘʷʥʥʷ: 
ʮʝ ʧʦʚʽʪʨʷʥʘ ʢʦʥʚʝʢʮʽʷ ʽ ʽʥʬʨʘʯʝʨʚʦʥʝ ʥʘʛʨʽʚʘʥʥʷ. ʇʨʠ 
ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʚʽʪʨʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʪʝʧʣʘ ʢʦʥʚʝʢʮʽʷ ʽʜʝʘʣʴʥʘ ʜʣʷ 
ʥʘʛʨʽʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ çʚʠʩʪʫʧʘʶʪʴè ʟ ʧʣʘʪʠ, ʪʘʢʠʭ ʷʢ 
ʚʠʚʦʜʠ ʽ ʤʘʣʝʥʴʢʽ ʜʝʪʘʣʽ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʤʽʞ ʛʘʨʷʯʠʤ 
ʧʦʚʽʪʨʷʤ ʽ ʧʣʘʪʦʶ ʫʪʚʦʨʶʻʪʴʩʷ ʰʘʨ (ʨʠʩ. 1.), ʷʢʠʡ ʨʦʙʠʪʴ 
ʧʦʜʘʯʫ ʪʝʧʣʘ ʥʝʝʬʝʢʪʠʚʥʦʶ. 

ʇʣʘʪʘ
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʚʽʪʨʷʥʦʾ ʢʦʥʚʝʢʮʽʾ ʜʣʷ ʧʘʷʥʥʷ 

ʇʨʠ ɯʏ-ʥʘʛʨʽʚʘʥʥʽ (ʨʠʩ. 2) ʽʥʬʨʘʯʝʨʚʦʥʽ ʥʘʛʨʽʚʘʯʽ ʧʘʥʝʣʴʥʦʛʦ 

ʪʠʧʫ ʧʝʨʝʜʘʶʪʴ ʝʥʝʨʛʽʶ ʰʣʷʭʦʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʙʫʜʝ ʨʽʚʥʦʤʽʨʥʦ ʥʘʛʨʽʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠ 
ʧʨʘʚʠʣʴʥʦʤʫ ʢʝʨʫʚʘʥʥʽ. ʆʜʥʘʢ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʧʝʨʝʛʨʽʚ. 

ʅʘʛʨʽʚʘʯ ʧʘʥʝʣʴʥʦʛʦ ʪʠʧʫ

ʇʣʘʪʘ
 

ʈʠʩ. 2. ʉʭʝʤʘ ɯʏ-ʥʘʛʨʽʚʘʥʥʷ ʜʣʷ ʧʘʷʥʥʷ 

ɺʠʛʦʪʦʚʣʝʥʘ ʥʠʟʢʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʧʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʙʝʟʩʚʽʥʮʝʚʠʭ ʧʘʷʣʴʥʠʭ ʧʘʩʪ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʆʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ / ʅ. ɸ. ʂʦʣʦʙʦʢ. ï 

ʄʦʩʢʚʘ: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1980. ʉ. 300. 

2. ĂAIMò ï ʦʟʥʘʯʘʻ Ăʄʝʪʘò. ɼʘʥʘ ʧʫʙʣʽʢʘʮʽʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʛʣʷʜ 

ʧʘʷʣʴʥʠʭ ʧʘʩʪ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ AIM, ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʙʦʪʠ ʟ ʥʠʤʠ. ʇʨʦʜʦʚʞʝʥʥʷ. ʇʦʯʘʪʦʢ ʚ ˉ 6'2004. / 

ʅʘʪʘʣʷ ʃʝʙʝʜʻʚʘ,  ʆʣʝʢʩʘʥʜʨ ʇʝʨʝʷʪʝʥʝʮʴ. ï ʂʊʅ. 
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ʊʘʨʘʩ ɿʘʭʘʨʯʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʅʝʨʥʩʪʘïɽʪʪʽʥʛʩʛʘʫʟʝʥʘ  

ʪʘ ʧʨʠʣʘʜʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʪʘ ʪʝʨʤʦʤʘʛʥʽʪʥʽ ʝʬʝʢʪʠ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʜʘʚʥʦ ʚʞʝ ʚʽʜʦʤʽ [1-3]. ʈʦʟʨʦʙʣʝʥʽ ʧʨʠʣʘʜʠ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʝʬʝʢʪ ɿʝʻʙʝʢʘ 

ʘʙʦ ʇʝʣʴʪôʻ, ʘʣʝ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʝʬʝʢʪʽʚ ʫ ʛʽʨʦʪʨʦʧʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ ʪʘʢʽ ʧʨʠʣʘʜʠ ʥʝ ʨʦʟʨʦʙʣʝʥʽ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʣʘʜʫ ʜʣʷ ʥʘʦʯʥʦʾ ʜʝʤʦʥʩʪʨʘʮʽʾ ʝʬʝʢʪʘ 

ʅʝʨʥʩʪʘ-ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. 

ʄʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʣʘʜʫ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʘ ʅʝʨʥʩʪʘ-ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʂʂɼ 

ʩʧʽʨʘʣʴʥʦʛʦ ʛʽʨʦʪʨʦʧʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʛʽʨʦʪʨʦʧʥʦʛʦ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 1) ʚʠʢʦʨʠʩʪʘʥʦ ʧʘʢʝʪ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Comsol Multiphysics. 

 
ʘ)     ʙ) 

ʈʠʩ. 1. ʊʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʩʽʪʢʠ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʘ)  

ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ (ʙ) ʫ ʛʽʨʦʪʨʦʧʥʦʤʫ  

 ʪʝʨʤʦʝʣʝʤʝʥʪʽ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʂʂɼ ʛʽʨʦʪʨʦʧʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ ʟ InSb 

ʧʦʤʽʱʘʣʠ ʚ ʤʘʛʥʽʪʥʝ ʧʦʣʝ 1 ʊʣ (ʨʠʩ. 2). ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ 

ʂʦʤʧʘʩ 16 ʧʦʙʫʜʦʚʘʥʦ 3D-ʤʦʜʝʣʴ ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʫ 
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ʅʝʨʥʩʪʘ-ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ (ʨʠʩ. 3). 

 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ 

ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ 

ʛʽʨʦʪʨʦʧʥʦʛʦ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

ʩʧʽʨʘʣʴʥʦʾ ʬʦʨʤʠ. 

(1 ï InSb, 2 ï InAs) 

 

ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʮʽʷ ʧʨʠʣʘʜʫ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʘ ʅʝʨʥʩʪʘ-

ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ:  

1 ï ʛʽʨʦʪʨʦʧʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ; 

 2 ï ʩʠʩʪʝʤʘ ʤʘʛʥʽʪʽʚ. 

 3 ï ʛʘʨʷʯʘ ʜʶʨʘʣʝʚʘ ʧʣʘʩʪʠʥʘ; 

  4 ï ʨʘʜʽʘʪʦʨ;  5 ï ʭʦʣʦʜʥʘ ʜʶʨʘʣʝʚʘ 

ʧʣʘʩʪʠʥʘ; 6 ï ʚʝʥʪʠʣʷʪʦʨ;  7 ï 

ʝʣʝʢʪʨʠʯʥʽ ʣʘʤʧʠ;  8 ï ʧʝʨʝʤʠʢʘʯ;  9 

ï ʢʣʝʤʠ; 10 ï ʪʝʢʩʪʦʣʽʪʦʚʘ 

ʧʣʘʩʪʠʥʘ; 11 ï ʝʣʝʢʪʨʠʯʥʽ 

ʢʦʥʪʘʢʪʠ; 12 ï ʪʝʨʤʦʤʝʪʨ; 13 ï 
ʦʧʦʨʠ;  14 ï ʩʧʠʨʪʽʚʢʘ 

ɼʘʥʠʡ ʧʨʠʣʘʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 
ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ  ̔ʜʝʤʦʥʩʪʨʘʮʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
(ʧʦʪʫʞʥʽʩʪʴ, ʂʂɼ, ʩʠʣʘ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʘ, ʪʝʨʤʦɽʈʉ) 
ʛʽʨʦʪʨʦʧʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʥʦʛʦ 
ʧʦʣʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 
ʩʧʨʘʚʦʯʥʠʢ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 766 ʩ. 

2. ʉʘʤʦʡʣʦʚʠʯ ɸ.ɻ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ 
ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ. ʏʝʨʥʦʚʮʳ: ʈʫʪʘ, 2006. ï 226 ʩ. 

3. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ., ʈʝʥʜʠʛʝʚʠʯ ʆ.ɺ. ʇʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 
ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ // 
ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2016. ˉ1. ʉ. 66ï71.  
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ʇʘʚʣʦ ɿʽʥʯʫʢ  
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ʆ.ɼ.ɸʨʭʝʣʶʢ, ʜʦʮ. ʄ.ʊ.ʉʪʨʠʥʘʜʢʦ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ ʚ ʩʝʨʝʜʦʚʠʱʽ 

ʪʠʧʫ ʤʦʨʩʴʢʘ ʚʦʜʘ 

 
ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʦʧʪʠʯʥʦʾ ʣʽʥʽʾ ʧʽʜʚʦʜʥʦʛʦ ʦʧʪʠʯʥʦʛʦ 
ʟʚ'ʷʟʢʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʴ.  
ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʟʚ'ʷʟʢʫ ʟʽ ʟʨʦʩʪʘʶʯʠʤ ʽʥʪʝʨʝʩʦʤ ʜʦ ʨʝʩʫʨʩʽʚ 
ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʥʘʜʘʻʪʴʩʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 
ʧʽʜʚʦʜʥʦʛʦ ʟʚ'ʷʟʢʫ. 
ʉʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʧʽʜʚʦʜʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʟʚ'ʷʟʢʫ (ʇʆɿ) 
ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʽ, ʦʩʢʽʣʴʢʠ ʮʝ ʧʨʘʢʪʠʯʥʦ ʻʜʠʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ 
ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 
ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʦ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ 
ʪʘʢʦʛʦ ʩʧʦʩʦʙʫ ʟʚ'ʷʟʢʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ 
ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʭʦʚʘʥʽʩʪʴ ʽ ʤʦʙʽʣʴʥʽʩʪʴ.  
ʉʠʩʪʝʤʘ ʇʆɿ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʩʝʨʝʜʦʚʠʱʝʤ 
ʧʦʰʠʨʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʨʦʟʦʨʽʩʪʴ ʤʦʨʩʴʢʦʾ 
ʚʦʜʠ ʣʝʞʠʪʴ ʚ ʩʠʥʴʦ-ʟʝʣʝʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ [1]. ʋ ʨʘʤʢʘʭ 
ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʙʨʘʥʘ ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʣʘʟʝʨʥʦʛʦ 
ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʜʘʚʘʯʘ 455 ʥʤ ʷʢ ʥʘʡʙʽʣʴʰ 
ʙʣʠʟʴʢʘ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʩʣʘʙʣʝʥʥʷ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ 
ʫ ʚʦʜʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ɼʨʫʛʘ ʧʨʠʯʠʥʘ ʮʴʦʛʦ ʚʠʙʦʨʫ - 
ʜʦʩʪʫʧʥʽʩʪʴ ʧʦʪʫʞʥʠʭ (ʜʦ 1 ɺʪ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʣʘʟʝʨʽʚ, ʱʦ 
ʧʨʘʮʶʶʪʴ ʥʘ ʮʽʡ ʜʦʚʞʠʥʽ ʭʚʠʣʽ ʽ ʜʦʧʫʩʢʘʶʪʴ ʧʨʷʤʫ ʤʦʜʫʣʷʮʽʶ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʣʦʛʘʙʘʨʠʪʥʠʡ ʧʝʨʝʜʘʚʘʯ ʽʟ 
ʢʫʪʦʚʦʶ ʰʠʨʠʥʦʶ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 
ʨʽʚʥʝʤ ʧʦʣʦʚʠʥʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 1,5 ʤʨʘʜ ʽ ʨʝʛʫʣʴʦʚʘʥʦʶ 
ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 100 ʤɺʪ. 
ʗʢ ʧʨʠʡʤʘʯ ʙʫʚ ʦʙʨʘʥʠʡ ʢʨʝʤʥʽʻʚʠʡ ʬʦʪʦʜʽʦʜ ʌɼ-288, ʷʢʠʡ 
ʧʨʘʮʶʻ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 0,3 - 1,0 ʤʢʤ, ʤʘʻ ʨʦʟʤʽʨ 
ʬʦʪʦʯʫʪʣʠʚʦʾ ʧʣʦʱʘʜʢʠ 11.3 ʤʤ.  
ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʝʪʘ ʇʆɿ ʧʨʦʚʦʜʠʣʠʩʷ ʚ 
ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 
ʋ ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʧʫʩʢʘʣʦʩʷ ʯʝʨʝʟ ʩʢʣʷʥʫ 
ʢʶʚʝʪʫ ʜʽʘʤʝʪʨʦʤ 200 ʤʤ, ʟʘʧʦʚʥʝʥʫ ʨʽʜʠʥʦʶ ʪʠʧʫ ʤʦʨʩʴʢʝ 
ʩʝʨʝʜʦʚʠʱʝ. ʗʢ ʨʦʟʩʽʶʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʪʠʧʫ ʤʦʨʩʴʢʘ ʚʦʜʘ ʙʫʣʦ 



132 

ʚʠʢʦʨʠʩʪʘʥʦ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʧʨʝʧʘʨʘʪʫ Maalox (Aluminium 
hydroxide, Magnesium hydroxide) ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. ɼʘʥʘ 
ʨʝʯʦʚʠʥʘ ʚʦʣʦʜʽʻ ʤʘʣʝʥʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʛʣʠʥʘʥʥʷ, ʘʣʝ ʧʨʠ 
ʮʴʦʤʫ ʜʦʙʨʝ ʤʦʜʝʣʶʻ ʧʨʦʮʝʩʠ ʨʦʟʩʽʶʚʘʥʥʷ ʽ, ʷʢ ʧʦʢʘʟʘʥʦ [2], 
ʥʘʡʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʨʩʴʢʦʾ ʚʦʜʠ. 
ɼʣʷ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ Maalox (ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪʘ 
ʨʦʟʩʽʶʚʘʥʥʷ) ʙʫʣʠ ʚʠʤʽʨʷʥʽ ʢʫʪʦʚʽ ʜʽʘʛʨʘʤʠ ʩʠʛʥʘʣʫ ʥʘ 
ʧʨʠʡʤʘʯʽ (ʨʠʩ.1, ʘ), ʪʘ ʩʬʦʪʦʛʨʘʬʦʚʘʥʽ ʪʨʝʢʠ ʨʦʟʩʽʷʥʥʷ 
ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ (ʨʠʩ.1, ʙ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 
ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ Maalox ʚʠʱʝ 0,03 ʤʣ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙ'ʻʤ 
(2 ʣ) ʭʘʨʘʢʪʝʨ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʎʝ ʜʘʻ 
ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʫʟʴʢʦʧʦʣʴʦʚʫ ʩʠʩʪʝʤʫ, ʷʢʘ 
ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʊʘʢʦʞ 
ʦʮʽʥʶʚʘʣʘʩʷ ʷʢʽʩʪʴ ʬʦʨʤʦʚʘʥʦʛʦ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ 
ʟʦʙʨʘʞʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ Maalox. ʆʪʨʠʤʘʥʽ 
ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʧʫʩʪʠʤʽʩʪʴ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʇʆɿ ʦʧʪʠʯʥʠʭ ʧʨʠʡʤʘʯʽʚ ʽ ʧʝʨʝʜʘʚʘʯʽʚ ʟ ʤʘʣʠʤʠ 
ʢʫʪʦʚʠʤʠ ʧʦʣʷʤʠ ʟʦʨʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʪʨʘʪʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 
ʙʶʜʞʝʪʫ (ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʢʫʪʦʚʠʡ ʜʽʘʛʨʘʤʠ ʥʘ ʧʝʨʠʬʝʨʽʾ 
ʧʫʯʢʘ ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʨʦʟʩʽʶʚʘʥʥʷ), ʪʘʢʠʡ ʧʽʜʭʽʜ 
ʚʠʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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Sonnichsen F. ï Proceedings of the IEEE Oceans 2006, 2006.  

2. Hanson F., Stojan Radic. High bandwidth underwater optical 

communication. ï Applied Optics, 2008, vol. 47.  



133 

ʆʣʝʥʘ ɿʦʟʫʣʷ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʇʨʦʭʦʨʦʚ ɻ.ɺ. 

 

ʈʦʟʚô̫ ʟʘʥʥʷ ʢʣʘʩʠʯʥʦʾ IT-ʟʘʜʘʯʽ ʧʨʦ 8 ʬʝʨʟʽʚ 

 
ɿʘʜʘʯʘ ʧʨʦ ʚʽʩʽʤ ʬʝʨʟʽʚ ʧʦʣʷʛʘʻ ʚ ʪʘʢʦʤʫ ʨʦʟʤʽʱʝʥʥʽ ʚʦʩʴʤʠ 

ʬʝʨʟʽʚ ʥʘ ʰʘʭʦʚʽʡ ʜʦʰʮʽ, ʱʦ ʞʦʜʥʘ ʟ ʬʽʛʫʨ ʥʝ ʩʪʘʚʠʪʴ ʧʽʜ ʫʜʘʨ 

ʽʥʰʫ. ʊʦʙʪʦ, ʚʦʥʠ ʥʝ ʧʦʚʠʥʥʽ ʩʪʦʷʪʠ ʚ ʦʜʥʽʡ ʚʝʨʪʠʢʘʣʽ, 

ʛʦʨʠʟʦʥʪʘʣʽ ʯʠ ʜʽʘʛʦʥʘʣʽ. ɿʘʜʘʯʘ ʧʨʦ ʬʝʨʟʽʚ ʻ ʧʨʠʢʣʘʜʦʤ 

ʧʨʦʩʪʦʾ, ʘʣʝ ʥʝ ʪʨʠʚʽʘʣʴʥʦʾ ʟʘʜʘʯʽ, ʷʢʫ ʤʦʞʥʘ ʨʦʟʚ'ʷʟʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʢʫʨʩʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʦʩʢʽʣʴʢʠ ʟʘʜʘʯʘ ʟ n 

ʬʝʨʟʷʤʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʟʘʜʘʯʘ ʨʦʟʤʽʱʝʥʥʷ ʬʝʨʟʷ 

ʜʣʷ ʨʦʟʚ'ʷʟʢʫ ʟ n ī 1 ʬʝʨʟʷʤʠ. ʅʘʨʝʰʪʽ, ʟʘʜʘʯʫ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ 

ʟʘʜʘʯʽ ʟ 0 ʬʝʨʟʷʤʠ, ʨʦʟʚ'ʷʟʢʦʤ ʷʢʦʾ ʻ ʧʦʨʦʞʥʷ ʰʘʭʽʚʥʠʮʷ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʢʦʤʧôʶʪʝʨʠ ʚʞʝ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʠʪʠ 

ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʧʝʨʝʙʦʨʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʚʘʨʽʘʥʪʽʚ ʨʦʟʤʽʱʝʥʥʷ, ʘʣʝ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʪʘʢʠʡ ʨʦʟʚôʷʟʦʢ 

ʚʚʘʞʘʻʪʴʩʷ ʥʝʢʦʨʝʢʪʥʠʤ. ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʟ 

ʧʦʚʝʨʥʝʥʥʷʤ ʪʘ ʨʝʢʫʨʩʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʟ ʧʦʚʝʨʥʝʥʥʷʤ. 

ɺʩʴʦʛʦ ʟʘʜʘʯʘ ʧʨʦ ʚʽʩʽʤ ʬʝʨʟʽʚ ʤʘʻ 92 ʨʦʟʚ'ʷʟʢʠ, ʷʢʱʦ 

ʚʽʜʢʠʥʫʪʠ ʨʦʟʚ'ʷʟʢʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʚʽʜʙʠʪʪʷʤ ʪʘ ʦʙʝʨʪʘʥʥʷʤ 

ʟʘʣʠʰʠʪʴʩʷ 12 ʫʥʽʢʘʣʴʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ. ʆʩʢʽʣʴʢʠ ʢʦʞʝʥ 

ʫʥʽʢʘʣʴʥʠʡ ʨʦʟʚ'ʷʟʦʢ ʤʘʻ ʯʦʪʠʨʠ ʚʽʜʙʠʪʪʷ (ʯʝʨʝʟ ʜʽʘʛʦʥʘʣʴ, 

ʛʦʨʠʟʦʥʪʘʣʴ, ʚʝʨʪʠʢʘʣʴ, ʪʘ ʩʝʨʝʜʠʥʫ ʰʘʭʦʚʦʾ ʜʦʰʢʠ), ʪʘ ʯʦʪʠʨʠ 

ʧʦʚʦʨʦʪʠ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 8Ŀ12 = 96 ʨʦʟʚ'ʷʟʢʽʚ. ʆʩʢʽʣʴʢʠ ʦʜʠʥ ʟ 

ʨʦʟʚ'ʷʟʢʽʚ, ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ ʧʨʠ ʧʦʚʦʨʦʪʽ ʥʘ 180Á, ʟ ʥʴʦʛʦ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʯʦʪʠʨʠ ʨʦʟʚ'ʷʟʢʠ. ɿʘʚʜʷʢʠ ʡʦʤʫ, ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʨʦʟʚ'ʷʟʢʽʚ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ ʜʦʨʽʚʥʶʻ 92.  
ʅʘ ʨʠʩ.1 ʚʽʜʦʙʨʘʞʝʥʠʡ ʧʨʠʢʣʘʜ ʨʦʟʤʽʱʝʥʥʷ ʬʽʛʫʨ ʥʘ 

ʰʘʭʤʘʪʥʽʡ ʜʦʰʮʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʩʪʘʚʣʝʥʽʡ ʟʘʜʘʯʽ. 

https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D0%B1%D0%B8%D1%82%D1%82%D1%8F_(%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%8F)
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D0%B5%D1%80%D1%82%D0%B0%D0%BD%D0%BD%D1%8F_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)
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ʈʠʩ.1. ʆʜʥʝ ʟ ʟʦʙʨʘʞʝʥʴ ʨʦʟʢʣʘʜʘʥʥʷ ʬʽʛʫʨ ʥʘ ʜʦʰʮʽ 

 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Scala, ʘʜʞʝ ʚʦʥʘ ʻ ʣʽʜʝʨʦʤ ʟʘ ʢʽʣʴʢʽʩʪʶ ʨʷʜʢʽʚ 

ʢʦʜʫ ʨʦʟʚô̫ ʟʘʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. WebLogic API [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://docs.oracle.com/cd/E13222_01/wls/docs45/classdocs/java.sql.Conne

ction.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 03.03.2018) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

2. ɺʽʢʽʧʝʜʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://en.wikipedia.org/wiki/Eight_queens_puzzle(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

01.03.2019) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

https://docs.oracle.com/cd/E13222_01/wls/docs45/classdocs/java.sql.Connection.html
https://docs.oracle.com/cd/E13222_01/wls/docs45/classdocs/java.sql.Connection.html
https://en.wikipedia.org/wiki/Eight_queens_puzzle
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ɯʛʦʨ ɿʶʙʨʦʚʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʘʩʠʩʪ. ɻʦʨʩʴʢʠʡ ʄ. ʇ. 
 

ʆʛʣʷʜ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ bootstrap 4 

 

ɼʣʷ ʩʫʯʘʩʥʦʛʦ ʨʦʟʨʦʙʥʠʢʘʩʴʦʛʦʜʥʽʽʩʥʫʻ ʤʘʩʘ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ.  

ʋ WEBʮʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʨʝʡʤʚʦʨʢʠ ʽ ʙʽʙʣʽʦʪʝʢʠ ʜʣʷ front-end̔  
back-endʨʦʟʨʦʙʢʠ.Bootstrap 4 - ʮʝ ʦʩʪʘʥʥʷ ʚʝʨʩʽʷ ʧʦʰʠʨʝʥʦʛʦ 

ʬʨʝʡʤʚʦʨʢʫ ʜʣʷ front-end ʨʦʟʨʦʙʥʠʢʽʚ. 

ʋ Bootstrap 4 ʻ ʙʘʛʘʪʦ ʥʦʚʠʭ ʮʽʢʘʚʠʭ ʬʫʥʢʮʽʡ ʽ ʤʦʞʣʠʚʦʩʪʝʡ, 
ʷʢʽ ʩʧʨʦʱʫʶʪʴ ʧʨʦʮʝʩ ʨʦʙʦʪʠ ʧʨʦʝʢʪʫ. ʅʘʡʚʘʞʣʠʚʽʰʠʤ 

ʦʥʦʚʣʝʥʥʷʤ ʻ ʽʥʪʝʛʨʘʮʽʷ ʟ Flexbox. 

Bootstrap 4 ï ʮʝ ʣʦʛʽʯʥʝ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʧʝʨʝʜʥʽʭ 
ʧʦʢʦʣʽʥʴ, ʚ ʥʴʦʤʫ ʻ ʨʷʜ ʥʦʚʦʚʚʝʜʝʥʴ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʧʨʦʜʫʢʪʠʚʥʽʡ 

ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ.   

ʈʘʥʥʽ ʚʝʨʩʽʾ Bootstrap ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʥʘʯʝʥʥʷ border-box ʚ 

ʧʦʣʝ content-box. ɹʽʣʴʰʽʩʪʴ ʬʘʭʽʚʮʽʚ ʚʚʘʞʘʶʪʴ ʮʝ 
ʥʝʨʘʮʽʦʥʘʣʴʥʠʤ. ʊʝʧʝʨ ʮʝʡ ʥʝʜʦʣʽʢ ʙʫʚ ʫʩʫʥʝʥʠʡ. 

CSS Resets ʧʨʦʡʰʣʠ ʜʦʚʛʠʡ ʰʣʷʭ ʟʤʽʥ, ʽ ʪʝʧʝʨ ʚ ʥʦʚʽʡ ʚʝʨʩʽʾ 

Bootstrap ʤʘʶʪʴ ʥʘʟʚʫ çRebootè. çRebootè ʙʘʟʫʻʪʴʩʷ ʥʘ 
ʥʦʨʤʘʣʽʟʘʮʽʾ. ɺʽʥ ʫʥʠʢʘʻ margin-top, ʚʠʢʦʨʠʩʪʦʚʫʻ inherit, ʙʣʦʢ 

rem ʽ ʚʣʘʩʥʠʡ ʩʪʝʢ ʰʨʠʬʪʽʚ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʥʜʝʨʠʥʛʫ 

ʪʝʢʩʪʫ.  

ʄʦʞʥʘ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʝʢʩʪ ʧʨʠ 
ʚʠʢʦʨʠʩʪʘʥʥʽʬʨʝʡʤʚʦʨʢʫʤʘʻ ʘʙʩʦʣʶʪʥʦ ʽʥʰʠʡ ʰʨʠʬʪ. Bootstrap 

4 ʜʦʪʨʠʤʫʻʪʴʩʷ ʽʜʝʾ ʚʣʘʩʥʠʭ ʰʨʠʬʪʦʚʠʭ ʩʪʝʢʽʚ. ʎʝ ʜʫʞʝ ʧʨʦʩʪʦ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʨʽʟʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ ʷʢ: Android, 
MacOS, Windows ʽ Linux, ʘ ʢʦʞʥʘ ʟ ʥʠʭ ʤʘʻ ʩʚʦʾ ʚʩʪʘʥʦʚʣʝʥʽ 

ʰʨʠʬʪʠ. Bootstrap 4 ʚʩʪʘʥʦʚʣʶʻ ʩʚʽʡ ʩʪʝʢ ʰʨʠʬʪʽʚ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʰʨʠʬʪ sans-serif, ʜʦʩʪʫʧʥʠʡ ʥʘ 
ʧʦʪʦʯʥʦʤʫ ʧʨʠʩʪʨʦʾ. ʇʨʠ ʮʴʦʤʫ ʛʥʫʯʢʽʩʪʴ ʟʤʽʥʠ ʥʝ ʚʪʨʘʯʘʻʪʴʩʷ. 

ɺʠ ʤʦʞʝʪʝ ʧʝʨʝʚʠʟʥʘʯʠʪʠ ʜʝʬʦʣʪʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʣʘʩʥʠʭ ʰʨʠʬʪʽʚ. 

ɿ'ʷʚʠʚʩʷ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʡ ʢʦʤʧʦʥʝʥʪ çCardè (ʢʘʨʪʢʘ), ʷʢʠʡ 
ʟʘʤʽʥʶʻ ʚʽʜʜʘʣʝʥʽ: wells, thumbnails, panels. ʎʝ ʜʦʩʠʪʴ ʛʥʫʯʢʠʡ ʽ 

ʧʦʪʫʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʤʦʞʣʠʚʦʩʪʽ ʚʩʽʭ ʪʨʴʦʭ 
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ʚʽʜʜʘʣʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʦʞ ʢʘʨʪʢʠ ʤʦʞʥʘ ʛʨʫʧʫʚʘʪʠ ʽ ʥʘʚʽʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʩʽʪʢʫ, ʪʘʢ ʟʚʘʥʫ ʮʝʛʣʷʥʫ ʢʣʘʜʢʫ. 

Bootstrap 4 ʧʽʜʪʨʠʤʫʻ IE 10 ʽ ʚʠʱʝ, ʙʽʣʴʰ ʨʘʥʥʽ ʚʝʨʩʽʾ Internet 
Explorer ʥʝ ʧʽʜʪʨʠʤʫʶʪʴʩʷ. ʗʢʱʦ ʥʝʦʙʭʽʜʥʘ ʧʽʜʪʨʠʤʢʘ: IE8 / 

IE9, Safari 8-, iOS 8- ʽ ʪ.ʜ., ʪʦ ʩʘʤʽ ʨʦʟʨʦʙʥʠʢʠ ʬʨʝʡʤʚʦʨʢʫ 

ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ Bootstrap 3. 
ɺʽʜʙʫʣʘʩʷ ʧʦʚʥʘ ʚʽʜʤʦʚʘ ʚʽʜ çLessè, ʪʝʧʝʨ ʢʦʤʧʽʣʷʮʽʷ 

ʧʦʯʘʪʢʦʚʠʭ ʢʦʜʽʚ ʬʨʝʡʤʚʦʨʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʪʽʣʴʢʠ ʥʘ çSassè, ʜʣʷ 

ʧʨʠʩʢʦʨʝʥʥʷ ʢʦʤʧʽʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ çLibsassè. 

ʋ Bootstrap 4 ʟʘʙʝʟʧʝʯʠʣʠ ʧʦʚʥʽʩʪʶʚʠʜʘʣʝʥʠʡ ʰʨʠʬʪ 
çGlypiconsè, ʷʢʠʡ ʧʨʠʩʫʪʥʽʡ ʫ ʪʨʝʪʴʦʤʫ ʧʦʢʦʣʽʥʥʽ. ʈʦʟʨʦʙʥʠʢʠ 

ʬʨʝʡʤʚʦʨʢʫ ʨʝʢʦʤʝʥʜʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʦʨʦʥʥʽ 

ʙʽʙʣʽʦʪʝʢʠ ʽʢʦʥʦʢ, ʷʢʽ ʧʽʜʪʨʠʤʫʶʪʴ ʬʦʨʤʘʪ SVG. 
ɺʘʨʪʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʽʚʥʷʥʽ ʟ Bootstrap 3, ʜʝ ʙʫʣʦ 

ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʢʣʘʩʽʚ ʜʣʷ ʢʦʣʽʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ, ʚ 

Bootstrap 4ʪʘʢʠʭ ʢʣʘʩʽʚ ʩʪʘʣʦ ʚʽʩʽʤ. 

ʄʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʱʦ ʟʤʽʥ ʚʽʜʙʫʣʦʩʴ ʜʦʩʠʪʴ ʙʘʛʘʪʦ.ʎʝ 
ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʽ ʧʦʩʪʽʡʥʠʡ ʨʫʭ ʜʦ 

ʻʜʠʥʦʾ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʤʘʩʫ ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʥʠʡ ʬʨʝʡʤʚʦʨʢ, ʤʦʞʥʘ ʪʚʝʨʜʦ ʩʢʘʟʘʪʠ, ʱʦ ʮʝ 
ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʘ  ʽ ʫʩʧʽʰʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʙʫʜʝ ʟʘʪʨʝʙʫʚʘʥʘ 

ʱʝ ʜʦʩʠʪʴ ʜʦʚʛʠʡ ʯʘʩ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

- JakeSpurlock. Bootstrap. ResponsiveWeb-Development. ð 

O'Reilly, 2013. ð 128 ʩ. ð ISBN 978-1-4493-4460-3. 

- Bootstrap 4: ʯʪʦ ʥʦʚʦʛʦ ʠ ʦʪʣʠʯʠʝ ʦʪ Bootstrap 3 ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ:https://zyubin.ru/frameworks/bootstrap/bootstrap-4-chto-

novogo-i-otlichie-ot-bootstrap-3.html 

- Matt Lambert. Bootstrap Site Blueprints. Volume II. ð Packt, 

2016. ð 328 ʩ. ð ISBN 978-1-78528-109-9. 

https://zyubin.ru/frameworks/bootstrap/bootstrap-4-chto-novogo-i-otlichie-ot-bootstrap-3.html
https://zyubin.ru/frameworks/bootstrap/bootstrap-4-chto-novogo-i-otlichie-ot-bootstrap-3.html
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ʈʦʤʘʥ ɯʚʘʥʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʱʽʣʴʦʚʦʾ  ʣʘʤʧʠ 

  
        ʈʦʟʛʣʷʥʫʪʦ ʤʘʪʝʤʘʪʠʯʥʽ ʦʩʥʦʚʠ, ʟʘʜʘʯʽ ʪʘ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʨʦʙʢʠ 
ʙʽʦʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʦʬʪʘʣʴʤʦʣʦʛʽʯʥʠʭ ʘʧʘʨʘʪʽʚ.  

        ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠʢʣʘʜʥʠʡ ʧʘʢʝʪ Matlab ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ 

ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫ 
ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʙʽʦʪʢʘʥʠʥ (ɹʊ) ʦʢʘ.     
        ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʧʝʨʝʜʥʽʭ ʧʦʣʷʨʠʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʧʪʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʦʚʠ ɹʊ ʚ ʫʤʦʚʘʭ 

ʦʜʥʦʨʘʟʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʯʠʥʦʶ 
ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʽʚ ʩʪʘʥʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʦʙôʻʢʪʥʦʛʦ ʧʦʣʷ 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʨʽʟʥʠʭ ʙʽʦʪʢʘʥʠʥ ʻ ʬʘʟʦʚʽ ʟʩʫʚʠ ʤʽʞ ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
ʦʧʪʠʯʥʦ-ʦʜʥʦʚʽʩʥʠʤʠ ʢʨʠʩʪʘʣʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʟ ʜʚʦʤʘ 

ʨʽʚʥʷʤʠ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ - ʢʨʠʩʪʘʣʽʪʥʠʤ ʽ 

ʘʨʭʽʪʝʢʪʦʥʽʯʥʠʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 
ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙôʻʢʪʥʠʭ ʧʦʣʽʚ ʜʦʟʚʦʣʠʣʦ ʟʥʘʡʪʠ 

ʟʚôʷʟʦʢ ʤʽʞ ʥʘʙʦʨʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ 1 - 4 ʧʦʨʷʜʢʽʚ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʤʽʢʨʦʛʝʦʤʝʪʨʽʶ ʧʦʚʝʨʭʥʽ ʽ ʦʨʽʻʥʪʘʮʽʡʥʦ-ʬʘʟʦʚʫ 

ʙʫʜʦʚʫ ʘʨʭʽʪʝʢʪʦʥʽʢʠ ɹʊ, ʽ ʩʫʢʫʧʥʽʩʪʶ ʚʽʜʧʦʚʽʜʥʠʭ 
ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʤʘʧ - ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʘʟʠʤʫʪʽʚ ʽ ʝʣʽʧʪʠʯʥʦʩʪʝʡ ʧʦʣʷʨʠʟʘʮʽʾ ʛʨʘʥʠʯʥʦʛʦ 

ʧʦʣʷ ɹʊ [1]. 
      ɼʦʩʣʽʜʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʾ ʧʦʣʷʨʠʤʝʪʨʽʾ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʪʢʘʥʠʥ ʩʽʪʢʽʚʢʠ ʦʢʘ ʣʶʜʠʥʠ ʚ ʫʤʦʚʘʭ 

ʟʚʦʨʦʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ.  

       ɺ ʦʩʥʦʚʫ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʧʦʣʷʨʠʟʘʮʽʡʥʦ 
ʥʝʦʜʥʦʨʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʪʢʘʥʠʥʠ ʧʨʦʩʪʘʪʠ ʧʦʢʣʘʜʝʥʽ ʦʩʥʦʚʥʽ 

ʤʦʜʝʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʤʝʪʦʜʫ ʣʘʟʝʨʥʦʾ ʧʦʣʷʨʠʤʝʪʨʽʾ, ʟʛʽʜʥʦ ʟ  

ʷʢʠʤʠ ɹʊ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʤʦʥʦʰʘʨ, ʱʦ ʤʽʩʪʠʪʴ ʩʫʢʫʧʥʽʩʪʴ 
ʦʧʪʠʯʥʦ ʦʜʥʦʚʽʩʥʠʭ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʶʶʯʠʭ ʬʽʙʨʠʣ. 
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       ʗʢ ʦʩʥʦʚʥʠʡ ʘʥʘʣʽʪʠʯʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʩʫʢʫʧʥʦʩʪʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ z, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ (ʽʥʪʝʥʩʠʚʥʦʩʪʽ I , ʘʟʠʤʫʪʠ a 

ʪʘ ʝʣʽʧʪʠʯʥʦʩʪʽ b ʧʦʣʷʨʠʟʘʮʽʾ) ʪʘ ʡʦʛʦ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʫ 

ʩʪʨʫʢʪʫʨʫ (ʥʘʧʨʷʤʢʠ ʦʨʽʻʥʪʘʮʽʡ ʧʨʦʪʝʽʥʦʚʠʭ ʬʽʙʨʠʣ r ʪʘ 

ʧʦʢʘʟʥʠʢ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʾʭ ʨʝʯʦʚʠʥʠ nD ), 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʤʝʥʪʠ ʧʝʨʰʦʛʦ M , ʜʨʫʛʦʛʦ 

s, ʪʨʝʪʴʦʛʦ A ʽ ʯʝʪʚʝʨʪʦʛʦ E  ʧʦʨʷʜʢʽʚ ʾʭ ʚʝʣʠʯʠʥ, ʷʢʽ 

ʦʙʯʠʩʣʶʚʘʣʠʩʷ ʰʣʷʭʦʤ ʫʩʝʨʝʜʥʝʥʥʷ ʚʽʜʣʽʢʽʚ ʟʘ ʢʦʞʥʠʤ 

ʧʽʢʩʝʣʝʤ ʨʝʻʩʪʨʫʶʯʦʾ CCD - ʢʘʤʝʨʠ ( )60018001 , ·=·= nm YX  ʟʘ 

ʘʣʛʦʨʠʪʤʘʤʠ [1]. 
       ʇʨʦʚʝʜʝʥʝ ʢʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʦ ʧʨʷʤʠʡ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʪʫʧʝʥʝʤ ʩʘʤʦʧʦʜʽʙʥʦʩʪʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ 

ʦʧʪʠʢʦ-ʘʥʽʟʦʪʨʦʧʥʠʭ ʢʦʤʧʦʥʝʥʪ ʽ ʘʨʭʽʪʝʢʪʦʥʽʢʠ ʦʙ'ʻʢʪʘ ʪʘ 
ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʡʦʛʦ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ( )( )900,00 -- II .  ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ, ʜʣʷ ʨʝʘʣʴʥʠʭ ʙʽʦʪʢʘʥʠʥ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʴ 
ʧʦʻʜʥʘʥʥʷ ʷʢ ʩʪʘʪʠʩʪʠʯʥʦʾ, ʪʘʢ ʽ ʬʨʘʢʪʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʦʥʢʨʝʪʥʦʶ 

ʩʧʝʮʠʬʽʢʦʶ ʩʪʨʫʢʪʫʨʠ ʘʨʭʽʪʝʢʪʦʥʽʢʠ ʽ ʬʽʟʽʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ. 

ɺʠʙʽʨʢʦʚʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ (ʩʪʘʪʠʩʪʠʯʥʠʤ, 
ʢʦʨʝʣʷʮʽʡʥʠʤ, ʚʝʡʚʣʝʪ) ʫ  ʧʨʠʢʣʘʜʥʦʤʫ  ʧʘʢʝʪʽ  Matlab  

ʦʜʝʨʞʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʽʪʢʽʚʢʠ ʦʢʘ ʧʦʢʘʟʘʚ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ  ʘʥʘʣʽʟʫ ʜʣʷ  ʚʩʪʘʥʦʚʣʝʥʥʷ  ʜʽʘʛʥʦʩʪʠʯʥʦʾ  ʨʽʟʥʠʮʽ 
ʤʽʞ ʥʦʨʤʘʣʴʥʦʶ ʪʘ ʧʘʪʦʣʦʛʽʯʥʦ ʟʤʽʥʝʥʦʶ ʙʽʦʪʢʘʥʠʥʦʶ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʛʝʣʴʩʢʠʡ ʆ.ɺ., ʋʰʝʥʢʦ ɸ.ɻ., ɸ.ɼ.ɸʨʭʝʣʶʢ, ɽʨʤʦʣʝʥʢʦ ʉ.ɹ., 

ɹʫʨʢʦʚʝʮ ɼ.ʅ., ʋʰʝʥʢʦ ʖ.ɸ. ʃʘʟʝʨʥʘʷ ʧʦʣʷʨʠʤʝʪʨʠʷ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʙʠʦʪʢʘʥʝʡ // ʆʧʪ. ʠ ʩʧʝʢʪʨ.  2000.  ʊ. 89, ˉ 6. ʉ. 1050-1055. 
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ɺʽʢʪʦʨ ɯʣʽʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʘʥʘʱʠʰʝʥʘ ɯ.ɭ. 
 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʇɿ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʡ NUnit  ʪʘ Selenium 

 
ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ð 

ʯʘʩʪʠʥʘ ʧʨʦʮʝʩʫ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʝʪʘʧʽ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʚ ʧʨʦʮʝʩʽ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ 

ʪʝʩʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ 
ʽ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʢʦʨʦʪʠʪʠ ʯʘʩ 

ʪʝʩʪʫʚʘʥʥʷ ʽ ʩʧʨʦʩʪʠʪʠ ʡʦʛʦ ʧʨʦʮʝʩ. 

NUnit  ï ʚʽʜʢʨʠʪʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʫʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, 

ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʪʘ ʟʘʧʫʩʢʫ ʪʝʩʪʽʚ ʥʘ ʤʦʚʘʭ 
ʧʨʦʛʨʘʤʫʚʘʥʥʷ Microsoft .NET. 

ʇʝʨʝʚʘʛʠ NUnit: 

4. ʧʦʚʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ; 
5. ʤʦʞʣʠʚʽʩʪʴ ʜʽʟʥʘʪʠʩʷ ʩʪʘʪʫʩ ʪʝʩʪʫ; 

6. ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʚʣʘʩʥʦʾ ʣʦʛʽʢʠ ʜʣʷ ʩʪʘʪʫʩʫ 

(Screenshots); 
7. ʟʘʧʫʩʢ ʪʝʩʪʽʚ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

Selenium ï ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʪʠ ʚ web-

ʙʨʘʫʟʝʨʽ. Selenium ʮʝ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ Java-ʜʦʜʘʪʦʢ, ʷʢʠʡ 
ʤʦʞʝ ʘʥʘʣʽʟʫʚʘʪʠ ʬʘʡʣʠ ʧʝʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʥʘʭʦʜʠʪʠ ʚ ʥʠʭ ʢʦʤʘʥʜʠ ʜʣʷ ʤʘʥʽʧʫʣʷʮʽʾ ʙʨʘʫʟʝʨʦʤ ʽ ʢʦʤʘʥʜʠ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʝʚʥʠʭ ʜʽʡ ʽ ʧʝʨʝʚʽʨʦʢ. 
ʈʦʟʨʦʙʣʝʥʦ ʇɿ automation framework, ʷʢʝ ʧʦʢʨʠʚʘʻ ʪʝʩʪʘʤʠ 

ʚʝʙ-ʜʦʜʘʪʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ, UI ʪʘ API ʪʝʩʪʫʚʘʥʥʷ. 

ʅʘʧʠʩʘʥʠʡ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ#. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʧʘʪʝʨʥʠ, ʷʢ Page Object Model (POM), 
Extended driver. Entity Framework ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ 

Microsoft SQL ʪʘ ʧʽʜʭʽʜ ʪʝʩʪʫʚʘʥʥʷ Data Driven Testing (DDT). 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ Extent Report 
Framework. 

ʇʝʨʝʚʘʛʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ: 
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8. ʟʘʦʱʘʜʞʝʥʥʷ ʯʘʩʫ. ʈʫʯʥʝ ʪʝʩʪʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʜʦʜʘʪʢʽʚ ï 

ʜʦʚʛʠʡ ʽ ʪʨʫʜʦʤʽʩʪʢʠʡ ʧʨʦʮʝʩ, ʪʦʜʽ ʷʢ ʩʮʝʥʘʨʽʾ ʧʠʰʫʪʴʩʷ 

ʣʠʰʝ ʦʜʠʥ ʨʘʟ; 
9. ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʝʩʪʦʚʠʡ 

ʩʮʝʥʘʨʽʡ, ʥʘʧʠʩʘʥʠʡ ʦʜʠʥ ʨʘʟ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʽ 

ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʠ ʯʝʨʛʦʚʦʤʫ ʦʥʦʚʣʝʥʥʽ ʧʨʦʝʢʪʫ. 
 

 
                

ʈʠʩ. 1. ɯʥʪʝʨʬʝʡʩ ʬʨʝʡʤʚʦʨʢʫ ʜʣʷ ʨʝʧʦʨʪʽʚ 
 
ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʤʦʞʥʘ ʥʘʙʘʛʘʪʦ 

ʰʚʠʜʰʝ, ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʜʝʬʝʢʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʮʝʥʘʨʽʾʚ, ʷʢʽ ʧʠʰʫʪʴʩʷ ʣʠʰʝ ʦʜʠʥ ʨʘʟ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 
1. What Is NUnit [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ 
ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://nunit.org/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

03.03.2019). 

2. ɼʞʠʤ ʅʴʶʢʽʨʢ, ʆʣʝʢʩʽʡ ɺʦʨʦʥʮʦʚ: Test-Driven Development in 

Microsoft .NET. (ʈʦʟʨʦʙʢʘ ʯʝʨʝʟ ʪʝʩʪʫʚʘʥʥʷð ʟ 

Microsoft.NET). Microsoft Press, Redmond 2004, ISBN 0-7356-

1948-4 
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ɺʽʪʘ ʂʘʚôʁ ʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺ.ɺ.ʊʦʤʘʰ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ            

ʫ ʪʨʫʜʦʚʦʤʫ ʥʘʚʯʘʥʥʽ 

 
ɯʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʩʧʦʩʦʙʦʤ ʨʦʙʦʪʠ ʚʠʢʣʘʜʘʯʘ ʚ ʘʫʜʠʪʦʨʽʾ, ʪʨʝʥʝʨʘ ʪʘ ʧʝʜʘʛʦʛʘ ʚ 

ʙʫʜ-ʷʢʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʟʘʢʣʘʜʽ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ, 
ʽʥʪʝʨʘʢʪʠʚʥʽ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʽʡ ʚʟʘʻʤʦʜʽʾ 

ʫʯʘʩʥʠʢʽʚ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʟʘʻʤʦʜʽʾ ʩʣʫʭʘʯʽʚ ʤʽʞ ʩʦʙʦʶ. ʉʘʤʝ ʮʝʡ ʧʽʜʭʽʜ ʜʘʻ 
ʟʤʦʛʫ ʘʢʪʠʚʽʟʫʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʜʦʧʦʤʘʛʘʻ ʟʨʦʙʠʪʠ ʡʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʮʽʢʘʚʠʤ ʪʘ ʤʝʥʰ ʚʪʦʤʣʶʚʘʥʠʤ ʜʣʷ ʫʯʘʩʥʠʢʽʚ. 

çɯʥʪʝʨʘʢʪʠʚʥʠʡè ʦʟʥʘʯʘʻ: ʟʜʘʪʥʽʩʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʚ ʧʨʦʮʝʩʽ 

ʙʝʩʽʜʠ, ʜʽʘʣʦʛʫ ʟ ʯʠʤʦʩʴ (ʢʦʤʧôʶʪʝʨʦʤ) ʘʙʦ ʢʠʤʦʩʴ (ʣʶʜʠʥʦʶ). 
ʆʪʞʝ, ʽʥʪʝʨʘʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ï ʮʝ ʥʘʩʘʤʧʝʨʝʜ ʜʽʘʣʦʛʦʚʝ 

ʥʘʚʯʘʥʥʷ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʚʯʠʪʝʣʷ ʽ ʫʯʥʷ  

[1, ʩ. 4].  
ʋʯʠʪʝʣʽ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʠʣʠ ʧʨʘʮʶʚʘʪʠ ʟʘ 

ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʤʘʶʪʴ ʧʘʤôʷʪʘʪʠ ʪʘʢʽ ʧʨʘʚʠʣʘ: 

- ʚ ʨʦʙʦʪʫ ʜʦʮʽʣʴʥʦ ʚʢʣʶʯʘʪʠ ʚʩʽʭ ʫʯʥʽʚ; 

- ʚʘʨʪʦ ʧʦʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʧʩʠʭʦʣʦʛʽʯʥʫ ʧʽʜʛʦʪʦʚʢʫ 
ʫʯʘʩʥʠʢʽʚ; 

- ʚ ʛʨʫʧʘʭ ʥʝ ʧʦʚʠʥʥʦ ʙʫʪʠ ʙʘʛʘʪʦ ʫʯʥʽʚ; 

- ʨʝʪʝʣʴʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʧʨʠʤʽʱʝʥʥʷ [2]. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) ʥʘ ʫʨʦʢʘʭ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʜʦʮʽʣʴʥʠʤ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʘʜʘʶʪʴ ʫʯʥʷʤ 

ʧʝʚʥʫ ʩʘʤʦʩʪʽʡʥʽʩʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʚʯʠʪʝʣʝʤ 
ʟʘʚʜʘʥʴ. ʇʽʜʚʠʱʠʪʠ ʤʦʪʠʚʘʮʽʶ ʪʘ ʘʢʪʠʚʽʟʫʚʘʪʠ ʫʚʘʛʫ ʫʯʥʽʚ 

ʜʦʧʦʤʦʞʫʪʴ ʧʝʚʥʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʚʧʨʘʚʠ (çʈʦʙʦʪʘ ʚ ʧʘʨʘʭè, 

çʂʘʨʫʩʝʣʴè, çʄʝʪʘ ʧʣʘʥè, çʇʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾè, çʄʽʢʨʦʬʦʥè ʪʘ 

ʽʥʰʽ). 
ɿʘ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʚʯʘʣʴʥʦ-

ʪʨʫʜʦʚʠʡ ʧʨʦʮʝʩ ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʘʢʪʠʯʥʦ 

ʚʩʽ ʫʯʥʽ ʟʘʜʽʷʥʽ ʫ ʥʘʚʯʘʣʴʥʽʡ ʽ ʪʨʫʜʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʤʘʶʪʴ 
ʤʦʞʣʠʚʽʩʪʴ ʜʽʷʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʠʭ ʟʥʘʥʴ.  
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ʉʫʪʴ ɯʊ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʟʘʻʤʦʜʽʾ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʎʝ ʩʧʽʚʥʘʚʯʘʥʥʷ 

(ʢʦʣʝʢʪʠʚʥʝ, ʢʦʦʧʝʨʘʪʠʚʥʝ, ʥʘʚʯʘʥʥʷ ʫ ʩʧʽʚʧʨʘʮʽ), ʚ ʷʢʦʤʫ ʽ 
ʚʯʠʪʝʣʴ, ʽ ʫʯʝʥʴ ʻ ʩʫʙ'ʻʢʪʘʤʠ ʥʘʚʯʘʥʥʷ. ɯʊ ʥʘʚʯʘʥʥʷ ʚ ʦʜʥʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʘʚʣʷʪʴ ʫʯʥʷ ʚ ʧʦʟʠʮʽʶ ʨʝʞʠʩʝʨʘ, ʫ ʜʨʫʛʦʤʫ ï ʚ 

ʧʦʟʠʮʽʶ ʫʯʠʪʝʣʷ, ʫ ʪʨʝʪʴʦʤʫ ï ʢʦʥʩʫʣʴʪʘʥʪʘ, ʫ ʯʝʪʚʝʨʪʦʤʫ ï 
ʪʚʦʨʮʷ ʘʙʦ ʭʫʜʦʞʥʠʢʘ, ʫ ʧ'ʷʪʦʤʫ ï ʦʨʛʘʥʽʟʘʪʦʨʘ ʜʽʷʣʴʥʦʩʪʽ ʜʽʪʝʡ 

ʘʙʦ ʦʜʥʦʢʣʘʩʥʠʢʽʚ, ʫ ʰʦʩʪʦʤʫ ï ʚ ʧʦʟʠʮʽʶ ʫʯʥʷ, ʫ ʩʴʦʤʦʤʫ ï 

ʦʨʛʘʥʽʟʘʪʦʨʘ ʚʟʘʻʤʦʥʘʚʯʘʥʥʷ. [1]. 

 ɸʣʝ ʪʨʝʙʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʨʦʚʝʜʝʥʥʷ 
ʫʨʦʢʫ ʟʘ ʽʥʪʝʨʘʢʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʦʪʨʝʙʫʶʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʚ ʮʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʫʯʠʪʝʣʷ, ʡʦʛʦ ʚʤʽʥʥʷ 

ʧʝʨʝʛʣʷʥʫʪʠ ʽ ʧʝʨʝʙʫʜʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ ʟ ʫʯʥʷʤʠ. ʊʘʢʦʞ 
ʦʢʨʝʤʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʨʦʢʫ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢ ʪʝʤʘ, ʤʝʪʘ, ʘʢʪʫʘʣʽʟʘʮʽʷ ʞʠʪʪʻʚʦʛʦ 

ʜʦʩʚʽʜʫ ʫʯʥʽʚ, ʟʘʚʜʘʥʥʷ ʫʨʦʢʫ, ʤʦʪʠʚʘʮʽʷ ʪʘ ʨʝʬʣʝʢʩʽʷ ʤʘʶʪʴ 

ʩʢʣʘʜʘʪʠ ʦʩʥʦʚʫ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʽ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʪʽʩʥʦʤʫ 
ʜʠʜʘʢʪʠʯʥʦʤʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʥʪʝʨʘʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ: 

ʤʝʪʦʜʠʯʥʦ-ʧʨʘʢʪʠʯʥʠʡ ʧʦʩʽʙʥʠʢ. ʇʦʣʪʘʚʘ: ʇʆɯʇʇʆ, 2007. 120 ʩ. 
2. ʂʨʘʚʯʝʥʢʦ ʊ., ʂʦʙʝʨʥʽʢ ʆ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʤʝʪʦʜʠʢ 

ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ.// ʊʨʫʜʦʚʘ ʧʽʜʛʦʪʦʚʢʘ ʚ ʟʘʢʣʘʜʘʭ 

ʦʩʚʽʪʠ. 2003. ˉ 2. ʉ.28- 31.; 2003. ˉ 3. ʉ.9-12. 

3. ʆʩʦʙʣʠʚʦʩʪʽ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʨʦʢʫ ʟ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://naurok.com.ua/osoblivosti-metodiki-provedennya-

interaktivnogo-uroku-z-trudovogo-navchannya-1832.html 
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ʆʣʴʛʘ ʂʘʣʠʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  - ʢ. ʬ.-ʤ .ʥ. ʊʦʤʢʘ ʖ. ʗ. 
 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ 

ʟʘʜʘʯʘʭ ʨʦʟʬʘʨʙʫʚʘʥʥʷ ʯʦʨʥʦ-ʙʽʣʠʭ ʬʦʪʦʛʨʘʬʽʡ 
 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʧʠʪʘʥʥʷ 

ʢʦʣʦʨʠʟʘʮʽʾ ʯʦʨʥʦ-ʙʽʣʠʭ ʬʦʪʦʛʨʘʬʽʡ. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠʢʠ ʽ 

ʧʽʜʭʦʜʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʻ ʩʢʣʘʜʥʠʤ  ʽ ʜʦʚʛʦʪʨʠʚʘʣʠʤ 

ʧʨʦʮʝʩʦʤ. 

ɿ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʜʽʙʥʠʭ ʟʘʚʜʘʥʴ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʘʧʘʨʘʪ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ ʥʘʡʢʨʘʱʝ 

ʧ̔ ʜʭʦʜʠʪʴ ʜʣʷ ʟʘʚʜʘʥʴ ʧʦʜʽʙʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [2].  

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘʪʢʫ ʧʨʦʚʦʜʠʣʘʩʴ ʫ ʪʨʠ ʝʪʘʧʠ: 

¶ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʟʤʽʥʠ ʢʦʣʽʨʥʠʭ ʢʘʥʘʣʽʚ ʟ RGB ʥʘ 

Lab.   L ʦʟʥʘʯʘʻ ʷʩʢʨʘʚʽʩʪʴ 

(lightness), a ʽ b - ʜʝʢʘʨʪʦʚʽ 

ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʦʣʦʞʝʥʥʷ ʢʦʣʴʦʨʫ ʚ ʜʽʘʧʘʟʦʥʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜ ʟʝʣʝʥʦʛʦ ʜʦ 

ʯʝʨʚʦʥʦʛʦ ʽ ʚʽʜ ʩʠʥʴʦʛʦ ʜʦ ʞʦʚʪʦʛʦ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʜʚʦʭ ʰʘʨʽʚ ʟ 

ʦʜʥʦʛʦ ʰʘʨʫ ʚʠʢʦʨʠʩʪʘʥʦ ʟʛʦʨʪʢʦʚʽ ʬʽʣʴʪʨʠ. ɰʭ ʤʦʞʥʘ 

ʟʦʦʙʨʘʟʠʪʠ ʷʢ ʩʠʥʻ ʽ ʯʝʨʚʦʥʝ ʩʢʣʦ ʚ 3D-ʦʢʫʣʷʨʘʭ. ʌʽʣʴʪʨʠ 

ʤʦʞʫʪʴ ʧʽʜʢʨʝʩʣʶʚʘʪʠ ʘʙʦ ʧʨʠʭʦʚʫʚʘʪʠ ʷʢʫʩʴ ʯʘʩʪʠʥʫ 

ʟʦʙʨʘʞʝʥʥʷ; 

¶ ʥʝʡʨʦʤʝʨʘʞʘ ʜʽʻ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʨʦʙ ʽ ʧʦʤʠʣʦʢ. 

ʉʧʦʯʘʪʢʫ ʚʦʥʘ ʚʠʧʘʜʢʦʚʦ ʧʨʠʟʥʘʯʘʻ ʢʦʣʽʨ ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ. 

ʇʦʪʽʤ ʧʦ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʶ ʦʙʯʠʩʣʶʻ ʧʦʤʠʣʢʠ ʽ ʢʦʨʠʛʫʻ 

ʬʽʣʴʪʨʠ, ʱʦʙ ʫ ʥʘʩʪʫʧʥʽʡ ʩʧʨʦʙʽ ʧʦʣʽʧʰʠʪʠ ʨʝʟʫʣʴʪʘʪʠ. ʄʝʨʝʞʘ 

ʧʽʜʣʘʰʪʦʚʫʻ ʩʚʦʾ ʬʽʣʴʪʨʠ, ʚʽʜʰʪʦʚʭʫʶʯʠʩʴ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟ 

ʥʘʡʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʦʤʠʣʦʢ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï 

ʨʽʰʝʥʥʷ, ʯʠ ʧʦʪʨʽʙʥʦ ʨʦʟʬʘʨʙʦʚʫʚʘʪʠ ʯʠ ʥʽ, ʽ ʷʢ ʨʦʟʪʘʰʫʚʘʪʠ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʨʽʟʥʽ ʦʙ'ʻʢʪʠ. ʉʧʦʯʘʪʢʫ ʚʦʥʘ ʬʘʨʙʫʻ ʚʩʽ ʦʙ'ʻʢʪʠ ʚ 

ʢʦʨʠʯʥʝʚʠʡ. ʎʝʡ ʢʦʣʽʨ ʥʘʡʙʽʣʴʰʝ ʩʭʦʞʠʡ ʥʘ ʚʩʽ ʽʥʰʽ ʢʦʣʴʦʨʠ, 
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ʪʦʤʫ ʟ ʥʠʤ ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʭʦʜʷʪʴ ʥʘʡʤʝʥʰʽ ʧʦʤʠʣʢʠ. 

ʏʝʨʝʟ ʦʜʥʦʤʘʥʽʪʥʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʥʝʡʨʦʩʝʪʴ ʥʘʤʘʛʘʻʪʴʩʷ 

ʟʨʦʟʫʤʽʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʪʠʤʠ ʯʠ ʽʥʰʠʤʠ ʦʙ'ʻʢʪʘʤʠ. ʅʘ ʜʘʥʦʤʫ 

ʝʪʘʧʽ ʚʦʥʘ ʥʝ ʟʜʘʪʥʘ ʚʠʟʥʘʯʠʪʠ ʙʽʣʴʰ ʪʦʯʥʽ ʢʦʣʽʨʥʽ ʚʽʜʪʽʥʢʠ; 

¶ ʧʦʜʽʣ ʤʝʨʝʞʽ ʥʘ ʢʦʜʫʚʘʣʴʥʠʢ ʽʟ ʧʨʦʤʽʞʥʠʤ ʰʘʨʦʤ - ʰʘʨʦʤ 

ʟʣʠʪʪʷ (fusion layer). ɺʭʽʜʥʽ ʜʘʥʽ ʦʜʥʦʯʘʩʥʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʢʦʜʫʚʘʣʴʥʠʢ ʽ ʯʝʨʝʟ Inception ResNet v2. ɺʠʪʷʛʫʻʪʴʩʷ ʰʘʨ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʽ ʦʙ'ʻʜʥʫʻʪʴʩʷ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʢʦʜʫʚʘʣʴʥʠʢʘ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʘʚʯʘʥʥʷ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʙʽʙʣʽʦʪʝʢʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ TensorFlow ʪʘ Keras [1]. ʆʙʨʦʙʢʘ ʪʘ ʟʘʧʫʩʢ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚʽʜʙʫʚʘʣʠʩʴ ʥʘ ʭʤʘʨʥʦʤʫ ʩʝʨʚʝʨʽ FloydHub. 

ʗʢʱʦ ʧʝʨʝʥʝʩʪʠ 

ʥʘʚʯʘʥʥʷ ʟ ʢʣʘʩʠʬʽ-

ʢʘʪʦʨʘ ʚ ʨʦʟʬʘʨʙʦ-

ʚʫʶʯʫ ʤʝʨʝʞʫ, ʪʦ ʚʦʥʘ 

ʟʤʦʞʝ ʟʨʦʟʫʤʽʪʠ, ʱʦ 

ʟʦʙʨʘʞʝʥʦ, ʘ ʟʥʘʯʠʪʴ, ʽ 

ʟʽʩʪʘʚʣʷʪʠ ʟʦʙʨʘʞʝʥʥʷ 

ʦʙ'ʻʢʪʘ ʟʽ ʩʭʝʤʦʶ 

ʨʦʟʬʘʨʙʦʚʫʚʘʥʥʷ.  

ʅʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʥʘ 

ʙʽʣʴʰʽʡ ʚʠʙʽʨʮʽ ʜʘʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʧʨʦʪʝ ʧʨʠʩʫʪʥʷ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʯʥʝʚʠʭ ʢʦʣʴʦʨʽʚ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʯʽʪʢʫ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ.1 (ʘ), (ʙ)) ʨʝʟʫʣʴʪʘʪʫ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ ʥʘʚʯʘʥʥʷ. ʅʘʜʘʣʽ ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ 

ʛʽʧʝʨʧʘʨʘʤʝʪʨʽʚ ʥʝʡʨʦʤʝʨʝʞʽ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʢʦʣʦʨʠʟʘʮʽʾ. 

 

 ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

 

1. Python TensorFlow Tutorial ï Build a Neural Network [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ï 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://adventuresinmachinelearning.com/python-tensorflow- tutorial/. 

2. Neural Networks Tutorial ï A Pathway to Deep Learning [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï 2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://adventuresinmachinelearning.com/neural-networks-tutorial/. 

 

 
˾͙ͫΦ м ό͊ύ ς epochs = 

100 

 
˾͙ͫΦ м ό͋ύ ς epochs = 

3000 

 

http://adventuresinmachinelearning.com/python-tensorflow-%20tutorial/
http://adventuresinmachinelearning.com/neural-networks-tutorial/
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ʇʝʪʨʦ ʂʘʧʽʮʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

 

ɽʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ                     

ʚ ʢʨʠʩʪʘʣʘʭ ʘʥʪʠʤʦʥʽʜʽʚ ʢʘʜʤʽʶ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʞʦʨʩʪʢʦʩʪʽ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ 

ʤʽʞʘʪʦʤʥʠʤ ʚʽʜʩʪʘʥʷʤ ʫ ʢʨʠʩʪʘʣʘʭ ʘʥʪʠʤʦʥʽʜʽʚ ʢʘʜʤʽʶ. 
ɼʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʢʣʘʜʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, 
ʱʦ ʤʝʪʦʜʠ ʪʝʦʨʽʾ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ 

ʨʦʟʚʠʚʘʣʠʩʷ ʥʝʟʘʣʝʞʥʦ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ, ʥʝʦʙʭʽʜʥʦ 

ʧʦʻʜʥʘʪʠ  ʬʽʟʠʯʥʽ ʦʩʥʦʚʠ ʟ ʨʽʟʥʦʛʦ ʨʦʜʫ ʚʟʘʻʤʦʜʽʷʤʠ, ʰʣʷʭʦʤ 
ʩʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʦʜʝʣʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʫ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʪʝʦʨʽʻʶ ʧʨʫʞʥʦʩʪʽ ʪʘ ʪʝʦʨʽʻʶ ʛʨʘʪʢʠ [1, 2].  

ɿʚ'ʷʟʦʢ ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʧʨʫʞʥʠʭ ʤʦʜʫʣʽʚ  ʽ 

ʩʠʣʦʚʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʾ ʪʝʦʨʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

 

ʜʝ ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʌ ʚ ʨʷʜ 

ʧʦ ʟʤʽʱʝʥʥʷʭ; 
ɸïʤʘʪʨʠʮʷ, ʱʦ ʟʘʜʘʻ ʧʦʣʦʞʝʥʥʷ ʷʜʨʘ ʚ ʛʨʘʪʮʽ; 

ï ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. 

ɼʘʣʽ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʧʠʩʫʚʘʣʠʩʷ ʚ ʥʘʙʣʠʞʝʥʥʽ 

ʧʨʫʞʠʥʥʦʛʦ ʟʚôʷʟʢʫ. ʋ ʪʘʢʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʢʦʣʠʚʘʥʥʷ ʘʪʦʤʽʚ 

ʚʟʜʦʚʞ ʘʪʦʤʥʠʭ ʟʚôʷʟʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʨʫʞʥʦʩʪʽ f(l), ʜʝ l ʚ CdSb ʧʨʠʡʤʘʻ ʧôʷʪʴ ʟʥʘʯʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʧôʷʪʠ ʨʽʟʥʠʭ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ: 

l1,l2,l3 ï ʚʽʜʧʦʚʽʜʘʻ ʪʨʴʦʤ ʨʽʟʥʠʤ ʚʽʜʩʪʘʥʷʤ ʤʽʞ ʘʪʦʤʘʤʠ       

Cd ʽ Sb; 
l4 ï ʚʽʜʧʦʚʽʜʘʻ ʟʚôʷʟʢʘʤ Sb ï Sb; 



146 

l5 ï ʚʽʜʧʦʚʽʜʘʻ ʟʚôʷʟʢʘʤ Cd ï Cd. 

ʅʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʠʣʦʚʠʭ ʢʦʥʩʪʘʥʪ f(l) ʟʥʘʯʝʥʥʷ 

ʧʨʫʞʥʠʭ ʤʦʜʫʣʽʚ ʙʫʣʠ ʚʟʷʪʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ [2]. 
ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ f(l) ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ  

ʪʝʤʧʝʨʘʪʫʨʠ ʚʝʜʫʪʴ ʩʝʙʝ ʧʦ-ʨʽʟʥʦʤʫ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʣʦʢʘʣʴʥʽ 

ʝʢʩʪʨʝʤʫʤʠ. 
ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʩʪʦʩʫʚʘʚʩʷ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʪʦʪ ʢʦʣʠʚʘʥʴ 

ʘʪʦʤʽʚ ʦʢʨʝʤʠʭ ʭʽʤʽʯʥʠʭ ʟʚôʷʟʢʽʚ ï ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʨʦʚʦʜʷʯʠ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʤʝʪʦʜʠʢʦʶ [1], ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʯʘʩʪʦʪ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ          
ʨʽʟʥʠʤ 1Ò lʽ Ò 5. 

ɤ1=4,09 Ĭ 10
13

 ʩ
-1
; 

ɤ2=4,4 Ĭ 10
13

 ʩ
-1
 

ɤ3 = 4,75 Ĭ 10
13

 ʩ
-1
; 

ɤ4=9,63 Ĭ 10
13

 ʩ
-1
; 

ɤ5= 6 Ĭ 10
13

 ʩ
-1
.  

ʅʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʯʘʩʪʦʪ ʜʘʶʪʴ 
ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 

ʟʚôʷʟʢʫ ʚ ʢʨʠʩʪʘʣʘʭ CdSb. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ 
ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ            

ʦʩʥʦʚʽ CdSb. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʄʘʥʠʢ ʆ.ʄ., ʄʘʥʠʢ ʊ.ʆ., ɹʽʣʠʥʩʴʢʠʡ-ʉʧʦʪʠʢʦʚ ɺ.ʈ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʽ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ 

ʢʨʠʩʪʘʣʘʭ CdSb // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ 2016, ˉ5, ʉ 62-70. 

2. ɭʨʴʦʤʝʥʢʦ ʆ.ɯ., ʃʦʪʦʮʴʢʠʡ ɺ.ɹ., ʄʘʥʠʢ ʆ.ʄ.,ʇʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʚ ʢʨʠʩʪʘʣʘʭ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ CdSb-ZnSb // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ 2017, ˉ1, ʉ51-63.  
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ɸʥʜʨʽʡ ʂʘʧʨʦʰ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʧʨʦʬ. ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ. 

 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʜʽʶʯʦʾ ʜʝʤʦʥʩʪʨʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʨʝʚʠʥʠ ʨʽʟʥʠʤʠ ʬʨʝʟʘʤʠ 
        
  ɺʠʤʦʛʠ ʜʦ ʨʽʚʥʷ ʚʠʢʣʘʜʘʥʥʷ ʮʽʣʦʾ ʥʠʟʢʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʜʠʩʮʠʧʣʽʥ, ʧʽʜʛʦʪʦʚʢʠ ʩʫʯʘʩʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ 

ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʚʠʤʘʛʘʶʪʴ  ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʘʢʪʠʯʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ 
ʤʘʪʝʨʽʘʣʴʥʦʾ ʙʘʟʠ: ʚʝʨʩʪʘʪʽʚ, ʫʩʪʘʥʦʚʦʢ ʪʘ ʧʨʠʩʪʦʩʫʚʘʥʴ. ʊʘʢ, 

ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥ çʊʝʦʨʽʷ ʨʽʟʘʥʥʷè, çʈʽʞʫʯʠʡ ʽʥʩʪʨʫʤʝʥʪè 

ʧʦʚʠʥʥʦ ʧʨʦʚʦʜʠʪʠʩʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʨʩʪʘʪʽʚ,  ʟ 
ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʦʚʠʥʥʦ ʨʦʟʛʣʷʜʘʪʠʩʴ ʪʘ ʚʠʚʯʘʪʠʩʴ ʙʽʣʴʰʽʩʪʴ 

ʪʝʤ ʢʫʨʩʽʚ, ʧʨʠ ʮʴʦʤʫ ʩʪʫʜʝʥʪʠ ʚ ʭʦʜʽ ʟʘʥʷʪʴ ʦʙʦʚôʷʟʢʦʚʦ  

ʧʦʚʠʥʥʽ ʧʨʘʢʪʠʯʥʦ ʦʩʚʦʾʪʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʪʘ ʧʦʰʠʨʝʥʽ 
ʦʧʝʨʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʷʭ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʘ 

ʥʝʤʝʪʘʣʝʚʠʭ ʨʝʯʦʚʠʥ [1, ʩ.84]. ʎʝ ʪʦʢʘʨʥʽ, ʬʨʝʟʝʨʥʽ, ʩʚʝʨʜʣʠʣʴʥʽ 

ʚʝʨʩʪʘʪʠ, ʘ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʨʽʟʘʥʥʷ ʨʽʟʴʙʠ, ʰʣʽʬʫʚʘʥʥʷ, 

ʧʦʣʽʨʫʚʘʥʥʷ ʪʦʱʦ [3,ʩ.54]. 
   ɺʽʜʩʫʪʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫʩʢʣʘʜʥʶʻ ʚʠʢʦʥʘʥʥʷ 

ʮʠʭ ʟʘʜʘʯ. ʆʙʤʝʞʝʥʽʩʪʴ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʙ ʚʠʛʦʪʦʚʣʷʣʠ 
ʚʽʜʧʦʚʽʜʥʝ ʦʙʣʘʜʥʘʥʥʷ,  ʨʦʙʠʪʴ ʮʶ ʟʘʜʘʯʫ ʱʝ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʪʘ 

ʘʢʪʫʘʣʴʥʦʶ. ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʨʦʟʚô̫ ʟʘʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʫʧʥʘ ʽʜʝʷ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʤʠ 

ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʽ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ, 
ʤʦʞʝ ʙʫʪʠ ʟʘʚʜʘʥʥʷ, ʚ ʷʢʦʤʫ ʩʪʫʜʝʥʪʫ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʙˇʨʫʥʪʫʚʘʪʠ, ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʚʠʛʦʪʦʚʠʪʠ ʧʝʚʥʫ ʫʩʪʘʥʦʚʢʫ, ʷʢʘ 

ʜʦʟʚʦʣʠʪʴ ʧʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʫ ʧʝʨʝʜ ʩʪʫʜʝʥʪʦʤ 
ʪʝʤʫ,  ʧʦʙʫʜʫʚʘʪʠ, ʟʽʙʨʘʪʠ, ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʫʩʪʘʥʦʚʢʫ, ʷʢʘ, 

ʥʘʧʨʠʢʣʘʜ, ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʨʦʙʢʫ ʨʽʟʘʥʥʷʤ, ʟʦʢʨʝʤʘ 

ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʜʝʨʝʚʠʥʠ.  
    ʋ ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʬʨʝʟʝʨʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʬʨʝʟʝʨʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʜʝʨʝʚʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʩʪʨʫʢʮʽʷ 

ʫʩʪʘʥʦʚʢʠ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ ʧʦʟʜʦʚʞʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʧʘʟʠ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʨʽʟʢʫ ʧʨʦʬʽʣʽʚ ʧʽʜ ʟʘʜʘʥʠʤ ʢʫʪʦʤ. ʆʩʢʽʣʴʢʠ 
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ʧʨʦʬʽʣʽ ʜʝʨʝʚʠʥʠ ʤʦʞʫʪʴ ʦʙʨʦʙʣʷʪʠʩʴ ʪʘ ʩʪʚʦʨʶʚʘʪʠʩʴ ʨʽʟʥʽ, ʮʝ 

ʚʠʤʘʛʘʻ ʨʽʟʥʠʭ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʚʠʜʠ 

ʜʝʨʝʚʠʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ (ʪʚʝʨʜʽ ʪʘ ʤ'ʷʢʽ ʧʦʨʦʜʠ), ʮʝ 
ʦʟʥʘʯʘʻ, ʱʦ ʡ ʟʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʪʘʢʦʞ ʧʨʠ ʮʴʦʤʫ ʙʫʜʫʪʴ ʨʽʟʥʽ, ʪʘʢ 

ʩʘʤʦ, ʷʢ ʽ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʠ ʤʦʞʣʠʚʠʭ ʰʚʠʜʢʦʩʪʝʡ ʦʙʨʦʙʢʠ ï ʚ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʽʘʤʝʪʨʘ ʬʨʝʟʠ, ʾʾ ʧʨʦʬʽʣʶ, ʚʠʜʫ ʜʝʨʝʚʠʥʠ. ʋ 

ʩʧʨʦʝʢʪʦʚʘʥʽʡ ʫʩʪʘʥʦʚʮʽ ʧʝʨʝʜʙʘʯʝʥʦ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʣʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ [3,ʩ.137]. ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʟʜʽʡʩʥʠʪʠ 
ʧʦʪʨʽʙʥʫ ʟʤʽʥʫ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ, ʘʣʝ ʡ ʧʽʜʽʙʨʘʪʠ ʪʘʢʠʡ 

ʨʝʞʠʤ ʦʙʨʦʙʢʠ, ʧʨʠ ʷʢʦʤʫ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʥʘʡʢʨʘʱʫ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʠʭ ʧʨʦʬʽʣʽʚ, ʷʢʽ ʟʘʟʥʘʣʠ  ʜʽʾ ʨʽʞʫʯʦʛʦ 
ʽʥʩʪʨʫʤʝʥʪʘ. ʋʩʪʘʥʦʚʢʘ ʦʩʥʘʱʝʥʘ ʥʝʦʙʭʽʜʥʠʤʠ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷʤʠ, ʷʢʽ ʧʦʢʣʠʢʘʥʽ ʟʨʦʙʠʪʠ ʨʦʙʦʪʫ ʥʘ ʥʽʡ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʧʝʯʥʦʶ [4,ʩ.126]. ʇʨʦʪʝ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʨʦʙʦʪʘ 

ʥʘ ʪʘʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚʠʢʣʶʯʥʦ ʧʽʜ 
ʥʘʛʣʷʜʦʤ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʚʠʢʣʘʜʘʯʘ ʘʙʦ ʤʘʡʩʪʨʘ ʚʠʨʦʙʥʠʯʦʛʦ 

ʥʘʚʯʘʥʥʷ. 

   ɺʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʪʘʢʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʝʚʥʠʭ ʚʠʨʦʙʽʚ ʜʣʷ 
ʣʘʙʦʨʘʪʦʨʽʡ ʢʘʬʝʜʨʠ (ʨʘʤʦʯʦʢ, ʩʪʝʥʜʽʚ ʪʦʱʦ) ʜʦʟʚʦʣʷʻ 

ʩʪʫʜʝʥʪʘʤ ʷʢʥʘʡʙʽʣʴʰʝ ʚʽʜʯʫʪʠ ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ 

ʜʠʧʣʦʤʥʦʾ ʘʙʦ ʢʫʨʩʦʚʦʾ ʨʦʙʦʪʠ, ʚʽʜʯʫʪʠ ʚʣʘʩʥʫ ʟʥʘʯʫʱʽʩʪʴ ʪʘ 
ʨʽʚʝʥʴ ʥʘʙʫʪʠʭ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʥʘʚʠʯʦʢ ʪʘ  ʪʝʦʨʝʪʠʯʥʠʭ ʽ 

ʧʨʘʢʪʠʯʥʠʭ ʟʥʘʥʴ. ɺʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʦʙʣʘʜʥʘʥʥʷʤ,  ʧʝʨʝʢʦʥʘʪʠ ʩʪʫʜʝʥʪʽʚ ʫ 

ʚʘʞʣʠʚʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʭ ʤʘʡʙʫʪʥʴʦʾ ʧʨʦʬʝʩʽʾ. 
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ʉʝʨʛ̔ʡ ʂʘʨʧ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʫʜʠʤʘ ʖ.ɺ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʠ Corel Draw ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ 

ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ 
ʇʦʷʚʘ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ 

ʩʪʠʤʫʣʶʚʘʣʘ ʨʝʚʦʣʶʮʽʡʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʨʠʚ ʫ ʥʘʫʮʽ, 
ʤʘʨʢʝʪʠʥʛʫ ʪʘ ʢʥʠʛʦʚʠʜʘʥʥʽ, ʘʜʞʝ ʚʝʢʪʦʨʥʘ ʛʨʘʬʽʢʘ ʤʘʻ ʚʠʩʦʢʫ 
ʪʦʯʥʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʨʽʟʥʦʙʘʨʚʥʫ ʧʘʣʽʪʨʫ ʢʦʣʴʦʨʽʚ ʪʘ ʟʘʩʦʙʽʚ 
ʟʘʧʦʚʥʝʥʥʷ ʢʦʥʪʫʨʽʚ, ʟʙʝʨʝʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ 
ʚʽʜ ʤʘʩʰʪʘʙʫ. ʉʫʯʘʩʥʘ ʧʦʣʽʛʨʘʬʽʷ, ʽʥʞʝʥʝʨʥʘ ʛʨʘʬʽʢʘ, Web-ʜʠʟʘʡʥ, 
3D-ʛʨʘʬʽʢʘ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ï ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 
ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʥʦʚʣʝʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ. ɺʝʢʪʦʨʥʝ 
ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʩʫʚʝʥʽʨʥʦʾ ʪʘ ʨʝʢʣʘʤʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʽʟʠʪʦʢ, ʢʘʣʝʥʜʘʨʽʚ, ʚʠʚʽʩʦʢ, 
ʣʠʩʪʽʚʦʢ ʪʦʱʦ. ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʚʝʢʪʦʨʥʦʾ 
ʛʨʘʬʽʢʠ ʻ ʛʨʘʬʽʯʥʽ ʨʝʜʘʢʪʦʨʠ  Corel DRAW ʪʘ Adobe Illustrator ʽ 
ʚʽʣʴʥʠʡ ʨʝʜʘʢʪʦʨ ʚʝʢʪʦʨʥʦʾ ʛʨʘʬʽʢʠ Inkscape.  
ʄʝʪʘ ʨʦʙʦʪʠ ï ʚʠʚʯʠʪʠ ʥʦʚʽ ʧʦʢʨʘʱʝʥʽ ʬʫʥʢʮʽʾ ʛʨʘʬʽʯʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ Corel DRAW Graphics Suite 2018 ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʨʦʟʨʦʙʣʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʥʘʚʯʠʪʠ ʩʪʫʜʝʥʪʽʚ ʦʩʥʦʚʘʤ ʨʦʙʦʪʠ ʚ 
ʮʽʡ ʧʨʦʛʨʘʤʽ. 
ʉʫʯʘʩʥʘ ʚʝʨʩʽʷ ʛʨʘʬʽʯʥʦʛʦ ʨʝʜʘʢʪʦʨʘ Corel DRAW [1] ʜʦʟʚʦʣʷʻ 

ʨʦʟʰʠʨʶʚʘʪʠ ʪʚʦʨʯʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʫʜʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʞʠʤʫ 
ʨʠʩʫʚʘʥʥʷ çSymmetryè, ʜʝ ʨʦʟʨʦʙʥʠʢʦʤ ʜʦʜʘʥʦ ʥʦʚʽ ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡ. 
ʅʦʚʠʡ ʨʝʞʠʤ ʧʽʜʚʠʱʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘʚʜʷʢʠ 
ʟʤʝʥʰʝʥʥʶ ʯʘʩʫ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʪʘ 
ʟʜʘʪʥʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʝʢʪʠ ʩʠʤʝʪʨʽʾ ʫ ʨʝʞʠʤʽ 
ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  
ɼʦ ʧʨʦʛʨʘʤʠ Corel DRAW 2018 ʙʫʣʦ ʜʦʜʘʥʦ ʽʥʩʪʨʫʤʝʥʪ çBlock 

shadowè, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʜʦʜʘʚʘʪʠ ʩʫʮʽʣʴʥʽ ʚʝʢʪʦʨʥʽ ʪʽʥʽ ʚ ʦʙôʻʢʪʠ ʽ 
ʪʝʢʩʪ. ʊʘʢʘ ʬʫʥʢʮʽʷ ʧʦʢʨʘʱʫʻ ʨʝʟʫʣʴʪʘʪ ʪʘ ʧʨʠʰʚʠʜʰʫʻ ʨʦʙʦʯʽ 
ʧʨʦʮʝʩʠ ʢʦʧʽʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʥʘʯʥʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʣʘ ʣʽʥʽʡ 
ʪʘ ʚʫʟʣʽʚ ʫ ʪʽʥʷʭ. ʋʜʦʩʢʦʥʘʣʝʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʥʝʣʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 
ʜʦʟʚʦʣʷʻ ʚʢʘʟʘʪʠ ʪʦʯʥʫ ʛʣʠʙʠʥʫ ʪʘ ʥʘʧʨʷʤʦʢ ʪʽʥʝʡ. ʊʘʢʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʞʥʘ ʽʥʪʝʨʘʢʪʠʚʥʦ ʤʘʥʽʧʫʣʶʚʘʪʠ ʫ ʧʨʦʮʝʩʽ 
ʢʨʝʩʣʝʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʛʦ.  
ɺʝʨʩʽʷ Corel DRAW 2018 ʤʘʻ ʝʣʝʤʝʥʪʠ ʢʝʨʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʤ 

ʚʠʛʣʷʜʦʤ ʪʝʢʩʪʽʚ, ʩʠʤʚʦʣʽʚ ʽ ʢʫʪʽʚ ʦʙôʻʢʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
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ʧʫʥʢʪʠʨʥʽ ʣʽʥʽʾ: ʜʦ ʽʩʥʫʶʯʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʧʨʦʛʨʘʤʠ ʟʘ 
ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʪʝʧʝʨ ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʜʚʘ ʥʦʚʠʭ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 
ʪʦʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʫʪʽʚ. 
ʋ Corel DRAW Graphics Suite 2018 ʙʽʣʴʰ ʰʚʠʜʢʘ ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʛʣʷʜʫ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʢʨʠʚʠʭ, ʚʫʟʣʽʚ, ʤʘʨʢʝʨʽʚ, 
ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ ʝʬʝʢʪʘʤʠ ʽ ʪʝʢʩʪʦʤ. ʈʦʙʦʪʘ ʟ ʦʥʦʚʣʝʥʦʶ 
ʧʨʦʛʨʘʤʦʶ ʩʪʘʣʘ ʝʬʝʢʪʠʚʥʽʰʦʶ ʟʘʚʜʷʢʠ ʚʽʢʥʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 
ʧʝʨʝʛʣʷʜʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʦʙôʻʢʪʽʚ. ʌʫʥʢʮʽʷ ʜʚʦʣʽʥʽʡʥʦʛʦ 
ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʚ Corel PHOTO-PAINT 2018 ʟʨʦʙʠʣʘ ʤʦʞʣʠʚʠʤ ʱʝ 
ʦʜʠʥ ʧʘʨʘʤʝʪʨ ʟʙʽʣʴʰʝʥʥʷ, ʷʢʠʡ ʜʦʜʘʻ ʧʽʢʩʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʫʩʝʨʝʜʥʝʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʟʥʘʯʝʥʴ ʧʽʢʩʝʣʽʚ ʧʨʠ ʟʤʝʥʰʝʥʥʽ, ʱʦ 
ʧʦʧʝʨʝʜʞʘʻ ʧʦʷʚʫ ʥʝʨʽʚʥʠʭ ʢʨʘʾʚ ʪʘ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ 
ʨʽʟʢʠʭ ʟʦʙʨʘʞʝʥʴ ʽʟ ʚʠʩʦʢʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ. ʇʦʻʜʥʘʥʥʷ ʢʣʘʚʽʰ 
Ctrl+Shift+I ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʦʩʥʦʚʥʠʡ ʢʦʣʽʨ ʜʨʫʛʦʨʷʜʥʠʤ ʪʘ 
ʥʘʚʧʘʢʠ. çAdd Perspectiveè ð ʥʝʟʘʤʽʥʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 
ʧʨʦʬʝʩʽʦʥʘʣʽʚ ʫ ʛʘʣʫʟʽ ʛʨʘʬʽʯʥʦʛʦ ʜʠʟʘʡʥʫ, ʷʢʠʤ ʥʝʦʙʭʽʜʥʦ ʧʦʢʘʟʘʪʠ 
ʩʚʦʾ ʨʦʙʦʪʠ ʚ ʩʮʝʥʘʨʽʷʭ ʨʝʘʣʴʥʦʩʪʽ. ʅʦʚʘ ʬʫʥʢʮʽʷ ʧʨʦʛʨʘʤʠ ʜʦʟʚʦʣʷʻ 
ʧʦʙʘʯʠʪʠ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʚʠʛʣʷʜʘʪʠʤʝ ʧʨʦʝʢʪ ʥʘ ʨʝʢʣʘʤʥʽʡ ʚʠʚʽʩʮʽ ʯʠ 
ʦʙʢʣʘʜʠʥʮʽ ʢʥʠʛʠ. 
ʊʘʡʤʝʨ ʧʨʦʝʢʪʫ Corel DRAW 2018 ʤʽʩʪʠʪʴ ʥʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ, 

ʩʪʚʦʨʝʥʠʡ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʪʘ ʚʽʜʩʪʝʞʫʚʘʥʥʷ, 
ʩʢʽʣʴʢʠ ʯʘʩʫ ʙʫʣʦ ʟʘʪʨʘʯʝʥʦ ʥʘ ʨʦʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʦʤ. ʊʘʢʘ ʬʫʥʢʮʽʷ 
ʢʦʥʪʨʦʣʶ ʯʘʩʫ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʟʨʫʯʥʦʶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʧʨʘʚ ʪʘ ʟʘʚʜʘʥʴ 
ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʜʣʷ ʩʪʫʜʝʥʪʽʚ, ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʣʘʥʫʚʘʪʠ 
ʟʘʥʷʪʪʷ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʢʦʞʥʠʤ 
ʩʪʫʜʝʥʪʦʤ. ɯʥʬʦʨʤʘʮʽʷ ʢʦʥʪʨʦʣʶ ʯʘʩʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʜʦʢʫʤʝʥʪʽ, ʷʢʠʡ 
ʤʦʞʥʘ ʝʢʩʧʦʨʪʫʚʘʪʠ ʫ ʬʘʡʣʠ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ ʜʣʷ ʘʥʘʣʽʟʫ ʽ 
ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ. 
ʇʽʜ ʯʘʩ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ, ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʥʘʤʠ, ʩʪʫʜʝʥʪʠ 

ʧʦʩʪʫʧʦʚʦ ʦʪʨʠʤʫʚʘʪʠʤʫʪʴ ʙʘʟʦʚʽ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ Corel DRAW 
2018, ʦʟʥʘʡʦʤʣʶʚʘʪʠʤʫʪʴʩʷ ʟ ʧʨʦʙʣʝʤʥʠʤʠ ʟʘʜʘʯʘʤʠ ʪʘ ʚʯʠʪʠʤʫʪʴʩʷ 
ʦʧʪʠʤʘʣʴʥʠʤ ʤʝʪʦʜʘʤ ʾʭ ʨʦʟʚô̫ʟʘʥʥʷ. ʈʦʙʦʪʘ ʚ Corel DRAW 2018 
ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʪʫʜʝʥʪʽʚ, ʬʦʨʤʫʚʘʪʠʤʝ 
ʧʨʦʬʝʩʽʡʥʽ ʥʘʚʠʯʢʠ ʪʘ ʚʠʢʣʠʢʘʪʠʤʝ ʽʥʪʝʨʝʩ ʜʦ ʥʘʚʯʘʥʥʷ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.https://www.coreldraw.com 
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ɺʣʘʜʠʩʣʘʚ ʂʘʯʦʨ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʈʷʙʠʡ ʇ.ɸ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʨʦʟʨʦʙʢʠ  

ʪʘ ʧʦʙʫʜʦʚʠ ʧʣʘʪʬʦʨʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ 

 ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ (ɼʅ) ʻ 

ʥʘʜʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʟʥʘʥʴ, ʥʘʙʫʪʪʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ ʟʘ ʤʽʩʮʝʤ ʾʭ ʧʨʦʞʠʚʘʥʥʷ ʘʙʦ 

ʪʠʤʯʘʩʦʚʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ [1]. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ɼʅ ʥʘ ʝʪʘʧʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʪʘ ʚʠʚʘʞʝʥʠʡ ʚʠʙʽʨ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʤ ʥʘʚʯʘʥʥʷʤ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʠʨʦʢʘ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʷʢ ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ (ʫʤʦʚʥʦ ʙʝʟʢʦʰʪʦʚʥʠʭ), ʪʘʢ ʽ ʧʣʘʪʥʠʭ, ʷʢ 

ʰʠʨʦʢʦʚʞʠʚʘʥʠʭ ʪʘ ʩʧʝʮʠʬʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ. ʉʠʩʪʝʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʽʜʦʤʽ ʚ ʘʥʛʣʦʤʦʚʥʠʭ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣʘʭ ʷʢ Learning management systems 

(LMSs), ï ʧʨʠʢʣʘʜʥʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʯʘʣʴʥʦʶ ʜʽʷʣʴʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʣʷʪʠ ʪʘ 

ʧʦʰʠʨʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʥʘʚʯʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʧʽʣʴʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʯʘʥʥʷ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʧʘʢʝʪʫ ʚʽʜʧʦʚʽʜʥʦʾ 

ʟʚʽʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ.  

ʅʘʜʽʡʥʘ LMS ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ [2]:  

¶ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʚʯʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ;  

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʘʤʦʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ 

ʩʘʤʦʫʧʨʘʚʣʽʥʥʷ;  

¶ ʰʚʠʜʢʽʩʪʴ ʪʘ ʟʨʫʯʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʡ ʧʝʨʝʜʘʯʽ 
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ʽʥʬʦʨʤʘʮʽʾ;  

¶ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ (ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʽ 
ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʦʙʨʦʙʣʶʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ);  

¶ ɺʝʙ-ʦʨʽʻʥʪʦʚʘʥʽʩʪʴ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ɺʝʙ-

ʟʘʩʪʦʩʫʥʢʽʚ, ʢʦʣʠ ʢʣʽʻʥʪʦʤ ʚʠʩʪʫʧʘʻ ʙʨʘʫʟʝʨ, ʘ ʩʝʨʚʝʨʦʤ 

ï ʚʝʙ-ʩʝʨʚʝʨ; 

¶ ʧʽʜʪʨʠʤʢʫ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʽʤ ʽʩʥʫʶʯʠʤ 
ʩʪʘʥʜʘʨʪʘʤ. 

ʄʘʡʞʝ ʚʩʽ ʩʫʯʘʩʥʽ LMSs, ʱʦ ʧʨʦʧʦʥʫʶʪʴʩʷ 

ʢʦʤʧʘʥʽʷʤʠ-ʨʦʟʨʦʙʥʠʢʘʤʠ, ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʘʟʥʘʯʝʥʽ 

ʚʠʤʦʛʠ, ʘʣʝ ʥʝ ʚʩʽ ʟ ʥʠʭ ʻ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʯʝʨʝʟ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʪʘ/ʘʙʦ 

ʩʢʣʘʜʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʝʨʝʜʦʚʠʭ ʩʠʩʪʝʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚʠʢʣʠʢʘʻ ʩʫʧʝʨʝʯʥʦʩʪʽ ʚ ʦʙôʻʢʪʠʚʥʦʤʫ ʚʠʙʦʨʽ 

ʻʜʠʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʙʝʟʢʦʰʪʦʚʥʠʭ ʩʠʩʪʝʤ (ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ) ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ 

ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʽ ʧʦʪʨʝʙʫʶʻ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʬʘʭʽʚʮʽʚ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʩʠʩʪʝʤʠ. ʉʫʤʘ 

ʟʘʪʨʘʪ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ ʥʘ ʦʧʣʘʪʫ ʧʨʘʮʽ ʪʘʢʦʛʦ 

ʧʨʘʮʽʚʥʠʢʘ ʟʘ ʨʽʢ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʢʦʤʝʨʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʊʦʤʫ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʚʠʙʽʨ ʥʘʡʨʘʮʽʦʥʘʣʴʥʽʰʦʾ ʩʠʩʪʝʤʠ ʻ 

ʩʫʙôʻʢʪʠʚʥʦʶ ʪʘ ʚʠʤʘʛʘʻ ʚʠʟʥʘʯʝʥʥʷ ʯʽʪʢʦʛʦ ʧʝʨʝʣʽʢʫ 

ʧʦʪʨʝʙ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʛʦ ʟʘʢʣʘʜʫ. ʊʘʢʠʡ ʘʥʘʣʽʟ 

ʧʦʢʘʟʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʇɿ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɸʨʪʝʤ ʂʝʣʷ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 
 

ɹʽʣʘʪʝʨʘʣʴʥʘ ʬʽʣʴʪʨʘʮʽʷ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ  
ʅʘ ʙʽʣʴʰʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʤʽʩʪʠʪʴʩʷ ʟʥʘʯʥʠʡ 

ʨʽʚʝʥʴ ʰʫʤʫ, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʤʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜ ʣʽʥʽʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟ ʷʜʨʦʤ 
ʬʽʣʴʪʨʘ ɻʘʫʩʩʘ ʪʘ ʥʝʣʽʥʽʡʥʠʡ ʤʝʪʦʜ ʤʝʜʽʘʥʥʦʾ ʬʽʣʴʪʨʘʮʽʾ [1-3]. 
ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʣʽʥʽʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʻ ʨʦʟʤʠʪʪʷ ʢʦʥʪʫʨʽʚ. 
ɺʽʜʦʤʦ, ʱʦ ʙʽʣʽʥʽʡʥʘ ʬʽʣʴʪʨʘʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʤʘʡʞʝ ʧʦʚʥʝ 

ʚʠʜʘʣʝʥʥʷ ʰʫʤʫ ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʨʦʟʤʠʪʪʽ ʢʦʥʪʫʨʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʠ 
ʪʘʢʽʡ ʬʽʣʴʪʨʘʮʽʾ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘ ʷʜʨʘ 
ʬʽʣʴʪʨʘ ʜʦ ʧʝʚʥʦʛʦ ʧʽʢʩʝʣʷ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ, ʘʣʝ ʡ 
ʷʩʢʨʘʚʽʩʪʴ ʧʽʢʩʝʣʽʚ [3]. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ 

ʬʽʣʴʪʨʘʮʽʶ ʤʝʪʦʜʦʤ ʙʽʣʽʥʽʡʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 
ʚʽʟʫʘʣʴʥʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ-ʨʝʟʫʣʴʪʘʪʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ 
ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʩʠʩʪʝʤʽ Matlab [1]. 
ʇʨʦʩʪʦʨʦʚʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʧʦʣʷʛʘʻ ʚ ʟʛʦʨʪʮʽ 

ʟʦʙʨʘʞʝʥʥʷ fn ʟ ʷʜʨʦʤ (ʚʽʢʥʦʤ) w ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʘ  
ʨʦʟʤʽʨʦʤ  ʝʣʝʤʝʥʪʽʚ ʟʘ ʬʦʨʤʫʣʦʶ 
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),(),(),( ,  (1) 

ʜʝ  i = 1,..., M, k = 1,..., N; 
gc ï ʬʽʣʴʪʨʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʪʘʢʦʛʦ ʞ ʨʦʟʤʽʨʫ, ʱʦ ʡ fn); 
Mw = 2Mw2 + 1 ï ʚʠʩʦʪʘ ʷʜʨʘ ʬʽʣʴʪʨʘ; 

Nw = 2Nw2 + 1 ï ʰʠʨʠʥʘ ʷʜʨʘ ʬʽʣʴʪʨʘ; 
Mw2, Nw2 ï ʮʽʣʽ ʯʘʩʪʠʥʠ ʚʽʜ ʧʦʣʦʚʠʥʠ ʨʦʟʤʽʨʽʚ ʷʜʨʘ ʬʽʣʴʪʨʘ,  
mc = (Mw2 + 1) ï ʮʝʥʪʨ ʷʜʨʘ ʬʽʣʴʪʨʘ ʟʘ ʚʠʩʦʪʦʶ; 
nc = (Nw2 + 1) ï ʮʝʥʪʨ ʷʜʨʘ ʬʽʣʴʪʨʘ ʟʘ ʰʠʨʠʥʦʶ. 

ʇʨʠ ʣʽʥʽʡʥʽʡ ʬʽʣʴʪʨʘʮʽʾ ʷʜʨʦ ʬʽʣʴʪʨʘ  ʦʧʠʩʫʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, 
ʜʚʦʚʠʤʽʨʥʦʶ ʬʫʥʢʮʽʻʶ ɻʘʫʩʩʘ 
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ʜʝ ůw ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ) ʨʦʟʧʦʜʽʣʫ ɻʘʫʩʩʘ;  
m = 1,é, Mw; n = 1,é, Nw; 
mc ʪʘ nc ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʷʜʨʘ w ʟʘ ʚʠʩʦʪʦʶ ʽ ʰʠʨʠʥʦʶ. 
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ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʘʚʠʣʘ 3ů ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʦʪʨʠʤʘʻʤʦ ʪʘʢʽ ʨʦʟʤʽʨʠ ʬʽʣʴʪʨʘ: 

]6[ wwM s= , ]6[ wwN s= .                  (3) 

ʄʝʪʦʜ ʙʽʣʘʪʝʨʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʢʦʥʪʫʨʠ ʽ 

ʝʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʠ ʰʫʤ ʥʘ ʦʜʥʦʨʽʜʥʠʭ ʦʙʣʘʩʪʷʭ ʟʦʙʨʘʞʝʥʴ, 

ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻ ʧʨʦʩʪʦʨʦʚʝ ʟʚʘʞʝʥʝ 

ʫʩʝʨʝʜʥʝʥʥʷ ʙʝʟ ʟʛʣʘʜʞʫʚʘʥʥʷ ʢʨʘʾʚ. 
ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʙʽʥʫʚʘʥʥʷ ʜʚʦʭ ʛʘʫʩʽʚʩʴʢʠʭ 

ʬʽʣʴʪʨʽʚ: ʦʜʠʥ ʬʽʣʴʪʨ ʧʨʘʮʶʻ ʚ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ, ʘ ʽʥʰʠʡ ï  ʚ 

ʦʙʣʘʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʷʩʢʨʘʚʦʩʪʽ). ʊʦʤʫ ʥʝ ʪʽʣʴʢʠ ʧʨʦʩʪʦʨʦʚʘ 
ʚʽʜʩʪʘʥʴ, ʘʣʝ ʡ ʷʩʢʨʘʚʽʩʪʴ ʚʘʞʣʠʚʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʠ ʧʽʢʩʝʣʷ. 

ʗʜʨʦ  ʙʽʣʘʪʝʨʘʣʴʥʦʛʦ ʬʽʣʴʪʨʘ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 
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ʜʝ m = 1,...Mw; n = 1,.., Nw; Mw, Nw ï ʨʦʟʤʽʨʠ ʷʜʨʘ ʬʽʣʴʪʨʘ; 

ůd ï ʉʂɺ ʷʜʨʘ ʫ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ; 

ůr ï ʉʂɺ ʷʜʨʘ ʚ ʦʙʣʘʩʪʽ ʷʩʢʨʘʚʦʩʪʽ; 
mc, nc ï ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʷʜʨʘ w ʟʘ ʚʠʩʦʪʦʶ ʽ ʰʠʨʠʥʦʶ; 

fw (m, n) ï ʷʩʢʨʘʚʽʩʪʴ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ 

ʝʣʝʤʝʥʪʫ ʷʜʨʘ (m, n);  

fʩ ï ʷʩʢʨʘʚʽʩʪʴ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʝʥʪʨʫ 
ʷʜʨʘ; ʟʥʘʯʝʥʥʷ ʷʜʨʘ ʬʽʣʴʪʨʘ w ʥʦʨʤʫʶʪʴʩʷ ʜʦ 1. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ 

ʜʣʷ ʙʽʣʘʪʝʨʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʥʝʟʥʘʯʥʝ ʨʦʟʤʠʪʪʷ ʢʦʥʪʫʨʽʚ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ 

ʩʠʤʚʦʣʽʚ ʪʘ ʥʘ ʽʥʰʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʟ ʯʽʪʢʠʤʠ ʢʦʥʪʫʨʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

3. ɻʦʥʩʘʣʝʩ ʈ. ʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʩʨʝʜʝ MATLAB  / 
ʈ. ɻʦʥʩʘʣʝʩ, ʈ. ɺʫʜʩ, ʉ. ʕʜʜʠʥʩ. ʄ. : ʊʝʭʥʦʩʬʝʨʘ, 2006. 616 ʩ. 

4. ɹʽʣʠʥʩʴʢʠʡ ʁ.ʁ. ʄʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʠʭ 

ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ : ʤʦʥʦʛʨʘʬʽʷ / ʁ.ʁ. ɹʽʣʠʥʩʴʢʠʡ. 

ɺʽʥʥʠʮʷ : ɺʅʊʋ, 2010. 272 ʩ.  

5. ʂʫʣʠʢ ɸ.ʗ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʜʽʘʥʥʦʛʦ ʬʽʣʴʪʨʘ ʫ ʧʨʦʙʣʝʤʥʦ-ʦʨʽʻʥʪʦʚʘ-

ʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ / ɸ.ʗ. ʂʫʣʠʢ, ʗ.ɸ. ʂʫʣʠʢ 

// ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʂʦʤʧôʶʪʝʨʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʢʦʤʧʦʥʝʥʪʠ. 2010. ʊ. 1. ɺʠʧ. 1. ʉ. 51-54. 
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ʄʠʢʦʣʘ ʂʠʩʝʣʠʮʷ 
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ʆ.ɼ.ɸʨʭʝʣʶʢ, ʜʦʮ. ʄ.ʊ.ʉʪʨʠʥʘʜʢʦ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʥʬʦʨʤʘʮʽʡʥʠʭ ʧʝʨʝʭʦʜʽʚ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʭʽʪʦʟʘʥʘ ʫ ʚʦʜʥʦʦʮʪʦʚʦʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ 
 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ  ʽ  ʜʝʷʢʠʤ  ʧʨʘʢʪʠʯʥʠʤ      
ʨʝʟʫʣʴʪʘʪʦʤ ʚʚʘʞʘʣʦʩʴ,  ʱʦ  ʧʨʠ  ʧʽʜʚʠʱʝʥʥʽ  ʪʝʤʧʝʨʘʪʫʨʠ      

ʨʦʟʯʠʥʽʚ ʙʽʦʧʦʣʽʤʝʨʽʚ ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʜʝʥʘʪʫʨʘʮʽʾ, ʪʦʙʪʦ 

ʧʦʩʪʫʧʦʚʝ ʨʦʟʛʦʨʪʘʥʥʷ  (ʟʤʽʥʘ  ʬʦʨʤʠ)  ʤʘʢʨʦʤʦʣʝʢʫʣʠ  ʚʽʜ   
ʛʣʦʙʫʣʷʨʥʦʾ  ʜʦ  ʣʽʥʽʡʥʦʾ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʩʽʷʥʥʷ  ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ  ʩʚʽʪʣʘ      

ʨʦʟʯʠʥʘʤʠ  ʙʽʦʧʦʣʽʤʝʨʫ ʭʽʪʦʟʘʥ   ʙʫʣʽ   ʧʨʦʚʝʜʝʥʽ   ʧʨʠ   

ʢʽʤʥʘʪʥʽʡ      ʪʝʤʧʝʨʘʪʫʨʽ ʜʣʷ ʢʫʪʽʚ ʨʦʟʩʽʷʥʥʷ  1a=0Á  ʽ 2a=90Á.  

ɺʝʣʠʯʠʥʘ  ʩʪʫʧʝʥʷ    ʜʝʧʦʣʷʨʠʟʘʮʽɰ    ʧʘʜʘʶʯʦʛʦ    
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ    ʟ ʚʝʢʪʦʨ-ʧʘʨʘʤʝʪʨʦʤ ʉʪʦʢʩʘ {1, 1, 0, 0} 

ʜʦʩʷʛʘʣʘ ʟʥʘʯʝʥʥʷ ʚʽʜ 0,2 ʜʦ  0,3,   ʱʦ   ʚʽʜʧʦʚʽʜʘʻ ʥʝʟʥʘʯʥʦʤʫ   

ʚʽʜʭʠʣʝʥʥʶ ʬʦʨʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʽʦʧʦʣʽʤʝʨʽʚ ʚʽʜ ʩʬʝʨʠʯʥʦʾ.  

ʂʦʤʧʦʥʝʥʪʠ 33f   ʽ 44f   ʦʜʥʘʢʦʚʽ ʟʘ  ʚʝʣʠʯʠʥʦʶ  ʧʨʠ  

ʚʠʤʽʨʶʚʘʥʠʭ ʢʫʪʘʭ ʨʦʟʩʽʷʥʥʷ  ʽ  ʧʨʠ Ŭ=90Á ʤʘʶʪʴ  ʚʝʣʠʯʠʥʫ  
ʧʦʨʷʜʢʫ  0,1.  ʆʪʞʝ,  ʧʨʠ  ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʫʪʘ 

ʨʦʟʩʽʷʥʥʷ 33f  ʽ 44f   ʧʨʷʤʫʶʪʴ  ʜʦ  ʥʫʣʷ  ʧʨʠ Ŭ~95Á, ʱʦ  

ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ ʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʨʦʟʩʽʶʶʯʠʭ ʮʝʥʪʨʽʚ, 

ʟʛʽʜʥʦ ʟ ʪʘʙʣʠʮʝʶ ʐʠʬʨʽʥʘ, ʧʦʨʷʜʢʫ ʦʜʥʦʛʦ  ʤʽʢʨʦʤʝʪʨʘ.  

ɺʠʭʦʜʷʯʠ  ʟ  ʦʪʨʠʤʘʥʠʭ   ʨʝʟʫʣʴʪʘʪʽʚ   ʙʫʣʠ   ʧʨʦʚʝʜʝʥʽ      

ʜʦʩʣʽʜʞʝʥʥʷ ʄʈʉ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʭʽʪʦʟʘʥʘ ʫ 
ʚʦʜʥʦʦʮʪʦʚʦʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʽʥʪʝʨʚʘʣʽ 

20Áʜʦ 50 Áʉ. ʈʦʟʯʠʥʠ  ʨʦʟʤʽʱʫʚʘʣʠʩʴ  ʫ  ʧʨʷʤʦʢʫʪʥʽʡ ʢʶʚʝʪʽ ʟ 

ʤʦʞʣʠʚʽʩʪʶ  ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ   ʥʘ   ʧʝʨʽʦʜ   ʧʨʦʚʝʜʝʥʥʷ  ʚʠʤʽʨʽʚ. 
ʋ  ʨʝʟʫʣʴʪʘʪʽ  ʧʨʦʚʝʜʝʥʠʭ  ʜʦʩʣʽʜʞʝʥʴ  ʤʦʞʥʘ  ʚʠʜʽʣʠʪʠ      

ʪʘʢʽ ʦʩʦʙʣʠʚʦʩʪʽ  ʭʦʜʫ  ʥʝʥʫʣʴʦʚʠʭ  ʢʦʤʧʦʥʝʥʪ  ʄʈʉ  

ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʭʽʪʦʟʘʥʘ ʫ ʚʦʜʥʦʦʮʪʦʚʦʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ  ʫ  

ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ  ʟʤʽʥʠ  ʪʝʤʧʝʨʘʪʫʨʠ  ʧʨʠ ʢʫʪʘʭ  ʨʦʟʩʽʷʥʥʷ 1a=0Á  

ʽ 2a=90Á: 
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1. ʋ ʧʝʨʰʫ ʯʝʨʛʫ  ʩʣʽʜ  ʧʽʜʢʨʝʩʣʠʪʠ,  ʱʦ  ʧʨʠ  ʧʨʦʚʝʜʝʥʥʽ      

ʜʦʩʣʽʜʞʝʥʴ  ʢʦʤʧʦʥʝʥʪʠ 12f ( 21f )  ʧʨʠ  ʨʽʟʥʠʭ  ʪʝʤʧʝʨʘʪʫʨʘʭ  

ʧʨʠ Ŭ=0Á  ʥʝ  ʧʨʠʡʤʘʶʪʴ  ʜʦʜʘʪʥʠʭ   ʟʥʘʯʝʥʴ (ʝʬʝʢʪʠ 

ʧʦʛʣʠʥʘʥʥʷ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ  ʭʽʪʦʟʘʥʘ  ʚʠʨʘʞʝʥʽ  ʥʝʟʥʘʯʥʦ). 
ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ   ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʭʽʪʦʟʘʥʘ ʫ 

ʚʦʜʥʦʦʮʪʦʚʦʢʠʩʣʠʭ ʨʦʟʯʠʥʘʭ ʚʽʜ 20 Áʉ ʜʦ 50Áʉ  ʢʦʤʧʦʥʝʥʪʘ   ʟʘ  

ʘʙʩʦʣʶʪʥʦʶ  ʚʝʣʠʯʠʥʦʶ ʟʤʽʥʶʻʪʴʩʷ  ʚʽʜ  0,80  ʧʨʠ  20 Áʉ  ʜʦ  

0,20  ʧʨʠ   50 Áʉ,   ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʧʝʨʝʜʥʽ  ʪʝʦʨʝʪʠʯʥʽ  
ʧʨʠʧʫʱʝʥʥʷ  ʧʨʦ  ʧʦʩʪʫʧʦʚʫ ʟʤʽʥʫ ʬʦʨʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʭʽʪʦʟʘʥʘ. ʎʝ ʜʝʷʢʦʶ ʤʽʨʦʶ ʛʦʚʦʨʠʪʴ ʧʨʦ ʧʦʩʪʽʡʥʠʡ  ʧʝʨʝʭʽʜ  ʚʽʜ   

ʝʣʽʧʩʦʾʜʘʣʴʥʦʾ   ʬʦʨʤʠ,   ʧʨʠʩʫʪʥʽʡ  ʪʨʝʪʠʯʥʽʡ   ʩʪʨʫʢʪʫʨʽ,   ʜʦ   
ʩʧʽʨʘʣʝʧʦʜʽʙʥʦʾ   (ʷʢʫ   ʤʦʞʥʘ      ʟʦʙʨʘʟʠʪʠ  ʫ  ʚʠʛʣʷʜʽ  ʩʪʨʠʞʥʷ)  

ʬʦʨʤʠ  ʽ  ʪʘʢ  ʜʘʣʽ   ʜʦ ʭʘʦʪʠʯʥʦʛʦ ʢʣʫʙʢʘ.   ʇʦʜʘʣʴʰʝ   ʧʘʜʽʥʥʷ   

ʢʦʤʧʦʥʝʥʪʠ 12f ( 21f ) ʧʦʚôʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʘʪʥʦʩʪʽ 

ʨʦʟʩʽʷʥʥʷ, ʱʦ  ʧʨʠʟʚʦʜʠʪʴ ʜʦ  ʧʘʜʽʥʥʷ  ʟʘ  ʘʙʩʦʣʶʪʥʠʤ  

ʟʥʘʯʝʥʥʷʤ  ʫʩʽʭ  ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ  ʢʦʤʧʦʥʝʥʪ  ʤʘʪʨʠʮʽ. 

2. ɺʽʜʭʠʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʠ  22f   ʚʽʜ  ʦʜʠʥʠʯʥʦʛʦ  ʟʥʘʯʝʥʥʷ      

ʦʜʥʦʟʥʘʯʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʤʽʥʥʽʩʪʶ ʬʦʨʤʠ ʨʦʟʩʽʶʶʯʠʭ ʮʝʥʪʨʽʚ      

ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʩʬʝʨʠʯʥʦʾ ʽ ʬʘʢʪʦʨ ʜʝʧʦʣʷʨʠʟʘʮʽʾ ȹ= (1- 22f ) ʽ ʻ 

ʤʽʨʦʶ ʘʩʬʝʨʠʯʥʦʩʪʽ ʯʘʩʪʠʥʦʢ, ʧʨʠʯʦʤʫ  ʟ  ʨʦʩʪʦʤ  ʨʦʟʤʽʨʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʘ ʯʘʩʪʠʥʢʠ ʬʘʢʪʦʨ ȹ  ʧʦʚʠʥʝʥ ʟʤʽʥʶʚʘʪʠʩʴ ʥʝʟʥʘʯʥʦ. 

ʋ   ʥʘʰʦʤʫ  ʚʠʧʘʜʢʫ  ʚʽʜʤʽʥʥʽʩʪʴ  ʫ  ʟʥʘʯʝʥʥʽ  ȹ=(1- 22f )  ʧʨʠ 

Ŭ ~ 90Á ʩʢʘʜʘʻ ʜʣʷ  ʭʽʪʦʟʘʥʘ  ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʫ 25-35%, ʱʦ 
ʛʦʚʦʨʠʪʴ ʧʨʦ  ʥʝʟʥʘʯʥʝ  ʚʽʜʭʠʣʝʥʥʷ  ʬʦʨʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʚʽʜ 

ʩʬʝʨʠʯʥʦʾ. ɯʟ  ʟʙʽʣʴʰʝʥʥʷʤ  ʪʝʤʧʝʨʘʪʫʨʠ,  ʘ  ʟʥʘʯʠʪʴ,   ̔    ʟʤʽʥʦʶ   

ʬʦʨʤʠ    (ʚʥʘʩʣʽʜʦʢ    ʧʝʨʝʭʦʜʫ  ʫ  ʩʧʽʨʘʣʝʧʦʜʽʙʥʠʡ ʩʪʘʥ) 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ, ʤʠ  ʩʧʦʩʪʝʨʽʛʘʻʤʦ  ʟʤʽʥʫ  ʟʥʘʯʝʥʥʷ  ʢʦʤʧʦʥʝʥʪʠ  

22f   ʟʘ  ʘʙʩʦʣʶʪʥʦʶ  ʚʝʣʠʯʠʥʦʶ  ʚʽʜ  0,80  ʜʦ 0,50, ʱʦ ʛʦʚʦʨʠʪʴ 

ʧʨʦ ʟʥʘʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ  ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʚʽʜ ʩʬʝʨʠʯʥʦʾ. 

3. ɺʽʜʭʠʣʝʥʥʷ  ʚʽʜ  ʩʬʝʨʠʯʥʦʾ   ʬʦʨʤʠ   ʽʟʽ   ʟʙʽʣʴʰʝʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʪʚʝʨʞʫʻʪʴʩʷ ʱʝ ʽ ʨʽʟʥʠʤ ʨʦʩʪʦʤ ʢʦʤʧʦʥʝʥʪ 44f  

ʽ 33f , ʱʦ ʚʠʨʘʞʘʻʪʴʩʷ  ʫ  ʚʽʜʤʽʥʥʦʩʪʽ  ʚʽʜ  ʥʫʣʷ  ʨʽʟʥʠʮʽ (44f -

33f ),  ʧʨʠ  Ŭ~90Á,  ʱʦ  ʤʦʞʝ  ʪʘʢʦʞ  ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ    ʷʢ  

ʢʨʠʪʝʨʽʡ  ʥʝʩʬʝʨʠʯʥʦʩʪʽ ʬʦʨʤʠ  ʨʦʟʩʽʶʶʯʠʭ  ʯʘʩʪʠʥʦʢ. 
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ɸʥʘʪʦʣʽʡ ʂʽʙʘʢ 

                            ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʇʨʠʙʠʣʘ ɸ.ɺ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ ʜʣʷ ʦʜʷʛʫ 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʜʣʷ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʞʠʪʣʘ, ʤʽʩʮʴ ʨʦʙʦʪʠ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɽʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ ʥʘ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʢʨʠʪʠʯʥʠʭ ʧʦʛʦʜʥʠʭ ʫʤʦʚʘʭ 

(ʣʽʪʥʽʡ ʧʝʨʽʦʜ), ʥʘʩʪʽʣʴʢʠ ʚʝʣʠʢʽ, ʱʦ ʧʦʪʫʞʥʽʩʪ ɹ ʥʘʷʚʥʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʽʥʦʜʽ ʥʝ ʤʦʞʝ ʾʭ ʟʘʙʝʟʧʝʯʠʪʠ. ɿʘʛʘʣʴʥʽ 

ʚʠʪʨʘʪʠ ʥʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʜʦʩʷʛʣʠ å 

800Å10
9
 ʢɺʪÅʛʦʜ. ʫ ʨʽʢ  ̔ ʟʘ ʧʨʦʛʥʦʟʘʤʠ ʜʦ 2100 ʨʦʢʫ ʚʦʥʠ 

ʟʨʦʩʪʫʪʴ ʫ 30 ʨʘʟʽʚ [1]. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʽ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʞʠʪʣʘ, ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘʩʧʨʘʚʜʽ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʫʤʦʚ ʜʦʩʠʪʴ 

ʟʜʽʡʩʥʠʪʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʩʘʤʦʾ ʣʶʜʠʥʠ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫ 

ʜʝʩʷʪʢʠ  ̔ʩʦʪʥʽ ʨʘʟʽʚ ʟʤʝʥʰʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʝ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʡ ʚ ʫʤʦʚʘʭ ʡʦʛʦ ʟʥʠʞʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʅʘʷʚʥʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʽʧʰʠʪʠ ʽ ʚ ʮʽʣʦʤʫ ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʝʡ. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘʢʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʟʽ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʽʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ (ʫ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ) ʘʙʦ ʟʤʽʥʦʶ ʪʝʧʣʦʚʽʜʜʘʯʽ ʪʽʣʘ ʣʶʜʠʥʠ ʟʘʣʝʞʥʦ 

ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʦʨʛʘʥʽʟʤʫ (ʚʽʜ 100 ɺʪ ʫ ʩʧʦʢʽʡʥʦʤʫ 

ʩʪʘʥʽ ʜʦ 1 ʢɺʪ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʯʘʩ ʙʽʛʫ ʘʙʦ ʧʨʠ ʚʘʞʢʽʡ ʧʨʘʮʽ) [2] 

ʰʣʷʭʦʤ ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʤʽʥʠ ʜʽʾ ʥʘ ʣʶʜʠʥʫ ʪʝʧʣʦʤ ʘʙʦ ʭʦʣʦʜʦʤ.  

ʋ ʜʦʩʣʽʜʞʝʥʽ ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʫ ʜʣʷ ʦʜʷʛʫ (ʨʠʩ.1). 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʦʜʫʣʽ 3, ʱʦ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʦʜʷʟʽ ʩʠʩʪʝʤʦʶ 

ʢʨʽʧʣʝʥʴ 1, 2, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʪʨʠʤʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 
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ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙʠ ï ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ 

ʥʘʛʨʽʚʘʥʥʷ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʽʣʘ 

ʣʶʜʠʥʠ.  

 
ʈʠʩ.1 ʉʭʝʤʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʣʷ 

ʦʜʷʛʫ: 1 ï ʩʠʩʪʝʤʘ ʢʨʽʧʣʝʥʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʜʠʮʽʦʥʝʨʘ ʜʦ ʦʜʷʛʫ 

ʣʶʜʠʥʠ, 2 ï ʝʣʝʤʝʥʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʝʧʣʦʚʠʡ ʢʦʥʪʘʢʪ ʤʽʞ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʤʦʜʫʣʝʤ ʽ ʪʽʣʦʤ ʣʶʜʠʥʠ, 3 ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 
ʤʦʜʫʣʴ, 4 ï ʧʦʚʽʪʨʷʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, 5 ï ʝʣʝʢʪʨʠʯʥʠʡ ʚʝʥʪʠʣʷʪʦʨ,  

6 ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 7 ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʦʜʫʣʽʚ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʦʪʦʯʫʶʯʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʚʽʪʨʷʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 4. ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦʦʙʤʽʥʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤʠ ʤʦʜʫʣʷʤʠ ʽ ʦʪʦʯʫʶʯʠʤ ʩʝʨʝʜʦʚʠʱʝʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ 5. ɸʚʪʦʥʦʤʥʝ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 6  ʪʘ  

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ 7. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʥʠʡ ʚʘʨʽʘʥʪ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʪʝʧʣʦʚʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʨʦʙʦʪʠ ʪʘ 

ʢʦʤʬʦʨʪʥʝ ʧʝʨʝʙʫʚʘʥʥʷ  ʣʶʜʠʥʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɼʫʙʯʘʢ ʖ. ʈʦʩʪ ʧʨʦʜʘʞ ʢʦʥʜʠʮʠʦʥʝʨʦʚ ʢʘʢ ʬʘʢʪʦʨ ʛʣʦʙʘʣʴʥʦʛʦ 
ʧʦʪʝʧʣʝʥʠʷ. ï http://techhome.kiev.ua/articles.ï 2016. 

2. ɺʠʪʪʝ ʅ.ʂ. ʊʝʧʣʦʚʦʡ ʦʙʤʝʥ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 
ʂʠʝʚ: ɻʦʩʤʝʜʠʟʜʘʪ, 1956. 148 ʩ. 
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ʆʣʝʢʩʘʥʜʨ ʂʣʠʤ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ.  ɺ.ɺ. ʊʦʤʘʰ 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʟʘʚʜʘʥʴ ʟʘ ʥʘʧʨʷʤʘʤʠ 

ʚʘʨʽʘʪʠʚʥʠʭ ʤʦʜʫʣʽʚ ʥʘʚʯʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ 
 

ʊʨʫʜʦʚʘ ʧʽʜʛʦʪʦʚʢʘ ʚ ʩʫʯʘʩʥʽʡ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʡ ʰʢʦʣʽ ʤʘʻ 

ʙʫʪʠ ʛʥʫʯʢʦʶ ʽ ʧʨʠʩʪʦʩʦʚʘʥʦʶ ʜʦ ʪʝʭʥʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ, 

ʩʦʮʽʘʣʴʥʠʭ ʧʦʪʨʝʙ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʩʧʨʷʤʦʚʘʥʦʶ ʥʘ ʪʝ, ʱʦʙ 
ʜʦʧʦʤʦʛʪʠ ʚʠʧʫʩʢʥʠʢʘʤ ʩʝʨʝʜʥʽʭ ʟʘʢʣʘʜʽʚ ʫ ʧʨʦʬʝʩʽʡʥʦʤʫ 

ʩʘʤʦʚʠʟʥʘʯʝʥʥʽ, ʦʚʦʣʦʜʽʥʥʽ ʤʝʪʦʜʘʤʠ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʫʤʦʚʘʭ ʨʠʥʢʦʚʦʾ ʝʢʦʥʦʤʽʢʠ ʽ ʥʘ ʟʤʽʥʫ ʬʘʢʪʠʯʥʦ ʨʝʤʽʩʥʠʯʦʤʫ, 
ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʪʨʫʜʦʚʦʤʫ ʥʘʚʯʘʥʥʶ ʤʘʻ ʧʨʠʡʪʠ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʾ ʽʥʽʮʽʘʪʠʚʠ, ʪʚʦʨʯʦʛʦ ʧʦʰʫʢʫ, 

ʪʨʫʜʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʫʯʥʽʚ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʧʦʚʥʝʥʘ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʟʤʽʩʪʦʤ, ʫʨʦʢʠ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 

ʩʪʚʦʨʶʚʘʪʠʤʫʪʴ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʦʩʦʙʠʩʪʦʩʪʽ ʢʦʞʥʦʛʦ ʫʯʥʷ. ʋʯʥʷ ʧʦʪʨʽʙʥʦ ʚʤʽʪʠ 

ʟʘʮʽʢʘʚʠʪʠ ʪʘʢ, ʱʦʙ ʡʦʤʫ ʭʦʪʽʣʦʩʷ ʥʝ ʪʽʣʴʢʠ ʚʠʩʣʫʭʘʪʠ ʜʘʥʠʡ 
ʤʘʪʝʨʽʘʣ, ʘ ʡ ʥʘʚʯʠʪʠʩʴ ʚʠʛʦʪʦʚʠʪʠ ʜʘʥʠʡ ʧʨʝʜʤʝʪ ʪʘ ʪʚʦʨʯʦ 

ʧʽʜʽʡʪʠ ʜʦ ʨʦʙʦʪʠ [1]. 

ʇpoʙʣeʤa ï ʮe cʬopʤoʚaʥa ʫ cʚiʜoʤocʪi ʩʫʙ'ʻʢʪʘ cyʧepeʯʥicʪʴ 
ʤiʞ ʟʥʘʥʥʷʤ i ʥʝʟʥʘʥʥʷʤ, ʚʽʜʦʤʠʤ i ʥeʚiʜoʤʠʤ, peaʣʴʥʠʤ i 

iʜeaʣʴʥʠʤ, ʟpoʙʣeʥʠʤ i ʥeʟpoʙʣeʥʠʤ, ʱe ʥoʚʠʤ, ʷʢe 

ʧpeʜcʪaʚʣeʥe ʧeʚʥʠʤ ʚʠcʣoʚʣʶʚaʥʥʷʤ, ʪa cʬopʤoʚaʥʠʤʠ 

ʧoʪpeʙaʤʠ ʡoʛo ñʟʥʷʪʠò. ʋ ʧepeʢʣaʜi ʟ ʛpeʮʴʢoʾ ʮʝ oʟʥaʯaʻ 
ocoʙʠcʪe ʟaʧʠʪaʥʥʷ, ʟaʜaʯa, ʟaʛaʜʢa, ʱo ʚʠʤaʛaʻ ʥayʢoʚoʛo 

ʧiʜxoʜy ʜo poʟʚ'ʷʟaʥʥʷ [2]. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʙʣʝʤʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ 
ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʯʠʪʝʣʝʤ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʦʟʘ ʡʦʛʦ ʙʘʞʘʥʥʷʤ (ʦʙ'ʻʢʪʠʚʥʦ), ʽ ʩʠʪʫʘʮʽʡ, 

ʩʪʚʦʨʝʥʠʭ ʥʠʤ ʩʧʝʮʽʘʣʴʥʦ. 
ʇʨʦʙʣʝʤʥʘ ʩʠʪʫʘʮʽʷ ï ʮʝ ʧʩʠʭʽʯʥʠʡ ʩʪʘʥ ʫʪʨʫʜʥʝʥʥʷ, 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʦʷʩʥʠʪʠ ʬʘʢʪ ʯʠ ʨʦʟʚ'ʷʟʘʪʠ ʟʘʜʘʯʫ, ʩʧʠʨʘʶʯʠʩʴ 

ʥʘ ʥʘʷʚʥʽ ʟʥʘʥʥʷ. ɯʩʥʫʶʪʴ, ʷʢ ʧʦʢʘʟʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, 
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ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʝʜʘʛʦʛʽʯʥʦʾ ʧʨʘʢʪʠʢʠ ʪʠʧʠ ʧʨʦʙʣʝʤʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʷʢʽ ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʚʩʽʭ ʧʨʝʜʤʝʪʽʚ [3]. 

ʇpoʮec, ʚ ʷʢoʤy ʧʨʦʙʣʝʤʥʽ cʠʪyaʮiʾ ʥe ʚpaxoʚyʶʪʴcʷ, ʥe 
ʟaʚʞʜʠ ʢepoʚaʥʠʡ. Cʪʚopeʥʥʷ cʠʪyaʮiʡ ʤoʞe ʙyʪʠ cʧpʷʤoʚaʥe 

ʥa peaʣiʟaʮiʶ ʥopʤaʪʠʚʥoʾ ʪexʥoʣoʛiʾ aʙo ʥa poʟpoʙʢy ʥoʚoʾ, ʱo 

ʚeʜe ʜo oʜʥiʻʾ i ʪiʻʾ caʤoʾ ʤeʪʠ. Baʞʣʠʚʠʤ ʻ ʪe, ʱo ʧpoʙʣeʤʥa 
cʠʪyaʮiʷ ʥa ʟaʥʷʪʪʷx ʻ ʧpoʙʣeʤʥoʶ ʜʣʷ yʯʥʷ ʚ ʧiʟʥaʚaʣʴʥoʤy, a 

ʜʣʷ ʚʯʠʪeʣʷ ï ʽ ʚ ʧeʜaʛoʛiʯʥoʤy acʧeʢʪi. ʇʝʨʝʚʘʛʠ ʧʨʦʙʣʝʤʥʦʛʦ 

ʥʘʚʯʘʥʥʷ: ʫʯʥʽ ʟʘʣʫʯʘʶʪʴʩʷ ʜʦ ʘʢʪʠʚʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʯʠ 

ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʝʨʝʞʠʚʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʩʠʣʴʥʽ 
ʧʦʟʠʪʠʚʥʽ ʝʤʦʮʽʾ (ʽʥʪʝʨʝʩ, ʟʘʜʦʚʦʣʝʥʥʷ, ʨʘʜʽʩʪʴ); ʚʠʭʦʚʫʶʪʴʩʷ 

ʥʘʚʠʯʢʠ ʪʚʦʨʯʦʛʦ ʟʘʩʚʦʻʥʥʷ ʟʥʘʥʴ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʽʚ 

ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ); ʚʠʭʦʚʫʶʪʴʩʷ ʥʘʚʠʯʢʠ ʪʚʦʨʯʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʥʴ (ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʚʦʻʥʠʭ ʟʥʘʥʴ ʫ ʥʦʚʽʡ 

ʩʠʪʫʘʮʽʾ) ʽ ʚʤʽʥʥʷ ʚʠʨʽʰʫʚʘʪʠ ʥʘʚʯʘʣʴʥʽ ʧʨʦʙʣʝʤʠ; ʬʦʨʤʫʻʪʴʩʷ ʽ 

ʥʘʛʨʦʤʘʜʞʫʻʪʴʩʷ ʜʦʩʚʽʜ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ (ʦʚʦʣʦʜʽʥʥʷ 

ʤʝʪʦʜʘʤʠ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 
ʧʨʦʙʣʝʤ ʪʦʱʦ). ʉʫʪʴ ʧʨʦʙʣʝʤʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʚʯʠʪʝʣʝʤ ʩʘʤʦʩʪʽʡʥʦʾ ʧʦʰʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ, ʫ 

ʧʨʦʮʝʩʽ ʷʢʦʾ ʚʦʥʠ ʟʘʩʚʦʶʶʪʴ ʥʦʚʽ ʟʥʘʥʥʷ, ʨʦʟʚʠʚʘʶʪʴ ʟʘʛʘʣʴʥʽ 
ʟʜʽʙʥʦʩʪʽ, ʜʦʩʣʽʜʥʠʮʴʢʫ ʘʢʪʠʚʥʽʩʪʴ ʽ ʪʚʦʨʯʽ ʚʤʽʥʥʷ. ɻʦʣʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʦʙʣʝʤʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʯʠʪʝʣʝʤ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ 
ʧʦʟʘ ʡʦʛʦ ʙʘʞʘʥʥʷʤ (ʦʙ'ʻʢʪʠʚʥʦ), ʽ ʩʠʪʫʘʮʽʡ, ʩʪʚʦʨʝʥʠʭ ʥʠʤ 

ʩʧʝʮʽʘʣʴʥʦ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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1998. 204 ʩ. 
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ʇʝʪʨʦ ʂʦʣʝʱʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ð ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

 

ʈʦʟʨʦʙʢʘ ʪʝʩʪʦʚʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʽʟ ʢʫʨʩʫ 

ñʇʨʠʢʣʘʜʥʝ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦò 

 

ʋ ʥʘʰʦʤʫ ʞʠʪʪʽ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʽʛʨʘʻ ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ. ɿ 

ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʾʾ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰʝ. 

ʊʨʠʚʘʣʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮʽʶ ʦʙʨʦʙʣʷʣʠ ʚʨʫʯʥʫ: ʩʢʣʘʜʘʣʠ ʦʙôʻʤʥʽ 
ʩʧʠʩʢʠ, ʷʢʽ ʟʙʝʨʽʛʘʣʠʩʷ ʚ ʧʘʧʢʘʭ ʽ ʢʘʨʪʦʪʝʢʘʭ ʽ ʟʘʡʤʘʣʠ ʙʘʛʘʪʦ 

ʤʽʩʮʷ. ɸʣʝ ʨʫʯʥʘ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟ ʯʘʩʦʤ ʩʪʘʣʘ ʟʦʚʩʽʤ 

ʥʝʝʬʝʢʪʠʚʥʦʶ. ʇʦʷʚʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʚʽʜʢʨʠʣʘ 
ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ. 

ʂʦʤʧôʶʪʝʨʥʘ ʨʦʟʨʦʙʢʘ ʪʝʩʪʦʚʦʾ ʧʨʦʛʨʘʤʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 
ʚʠʙʦʨʫ ʪʘʢ ʟʚʘʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʙʫʜʝ ʛʦʣʦʚʥʠʤ 

ʨʦʟʫʤʦʤ ʩʠʩʪʝʤʠ. ɼʫʞʝ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʝʩʪʦʚʽ ʧʨʦʛʨʘʤʠ 

ʥʘ ʙʘʟʽ ʪʘʢʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢ ʉ++, ʉ#, Delphi, Python ʪʘ 
ʽʥʰʽ. ɸʣʝ ʨʦʟʨʦʙʥʠʢʠ ʜʦʧʫʩʢʘʶʪʴ ʦʜʥʽ ʽ ʪʽ ʞ ʧʦʤʠʣʢʠ - ʮʝ 

ʟʘʭʠʩʪ ʩʚʦʻʾ ʧʨʦʛʨʘʤʠ, ʘ ʪʘʢʦʞ ʾʾ ʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʽʥʰʠʭ. ɿʘʭʠʩʪ 

ʜʫʞʝ ʚʘʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʣʶʜʠʥʘ, ʷʢʘ ʨʦʟʫʤʽʻ ʩʪʨʫʢʪʫʨʫ 
ʧʨʦʛʨʘʤʠ, ʟʤʦʞʝ ʟ ʣʝʛʢʽʩʪʶ ʦʪʨʠʤʘʪʠ ʧʨʘʚʠʣʴʥʽ ʚʽʜʧʦʚʽʜʽ ʟ 

ʬʘʡʣʽʚ ʘʙʦ ʢʦʜʫ ʧʨʦʛʨʘʤʠ.  

ʑʦʙ ʫʥʠʢʥʫʪʠ ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʧʨʦʙʣʝʤʠ, ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ PHP [1] ʟʘ ʦʩʥʦʚʫ ʚʩʴʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʽ ʙʘʟʫ 
ʜʘʥʠʭ MySQL [2] ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʋ ʥʘʰ ʯʘʩ, ʢʦʣʠ ʣʶʜʠ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʪʝʨʥʝʪ, 

ʚʽʥ ʥʝ ʧʝʨʝʩʪʘʻ ʨʦʟʚʠʚʘʪʠʩʷ ʽ ʩʪʘʻ ʙʽʣʴʰ ʟʘʭʠʱʝʥʠʤ. ɺʝʩʴ ʟʘʭʠʩʪ 
ʚ ʽʥʪʝʨʥʝʪʽ ʧʦʣʷʛʘʻ ʥʝ ʪʽʣʴʢʠ ʚ ʜʦʙʨʝ ʧʨʦʜʫʤʘʥʦʤʫ ʧʘʨʦʣʽ, 

ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʘʢʦʞ ʻ ʰʠʬʨʫʚʘʥʥʷ ʮʴʦʛʦ ʧʘʨʦʣʷ. 

ʐʠʬʨʫʚʘʥʥʷ ð ʤʝʪʦʜ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʩʧʦʩʦʙʦʤ 
ʧʝʨʝʪʚʦʨʝʥʥʷ. ʐʠʬʨʫʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻ ʧʝʨʝʭʦʧʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʽʥʰʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʽ ʤʦʞʝ ʩʪʘʪʠ ʚʘʞʣʠʚʠʤ 

ʝʣʝʤʝʥʪʦʤ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʡʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤ ʤʝʪʦʜʦʤ ʰʠʬʨʫʚʘʥʥʷ ʫ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ PHP ʻ 
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ʪʘʢ ʟʚʘʥʘ md5() [3]. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧ ʜʘʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ, ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʢʦʜʫ, ʥʘʧʠʩʘʥʦʛʦ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ PHP ʪʘ SQL [4]. 

ɯʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ MySQL ʫ 

ʪʘʙʣʠʮʽ ñuserò 

ID | user_name | password 
1   | admin         | 21232f297a57a5a743894a0e4a801fc3 

ɺʠʢʦʨʠʩʪʘʥʥʷ PHP 

function check_pass_in_database($password,$id) { 

mysql_connect(ólocallhostô,ôusernameô,ôpasswordô); 

 $password_query = ñSELECT `password` FROM `user` 

WHERE `ID`=ôò.$id.òôò; 

 $password_result = mysql_query($password_query); 

 $current_password = mb5($password); 

 if($password_result == $current_password ) { 

 return true; 

}else { 

 return false; 

}  

}  

ʗʢ ʙʘʯʠʤʦ, ʡʜʝ ʧʝʨʝʚʽʨʢʘ ʧʘʨʦʣʷ ʘʜʤʽʥʘ, ʷʢʠʡ ʧʦʧʘʜʘʻ ʫ 

ʬʫʥʢʮʽʶ ʽ ʰʠʬʨʫʻʪʴʩʷ ʚ md5(), ʦʩʢʽʣʴʢʠ ʚ ʙʘʟʽ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʟʘʰʠʬʨʦʚʘʥʠʡ ʧʘʨʦʣʴ. ɼʘʣʽ ʜʦʩʪʘʪʥʴʦ ʧʦʨʽʚʥʷʪʠ ʚʚʝʜʝʥʠʡ 
ʧʘʨʦʣʴ, ʷʢʠʡ ʰʠʬʨʫʻʪʴʩʷ ʟ ʪʠʤ, ʷʢʠʡ ʚʞʝ ʟʘʰʠʬʨʦʚʘʥʠʡ ʫ ʙʘʟʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʽʭʪʦ ʥʝ ʜʽʟʥʘʻʪʴʩʷ ʧʘʨʦʣʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ (ʪʦʙʪʦ 

ʚʠʢʣʘʜʘʯʘ) ʪʘ ʥʝ ʟʤʦʞʝ ʚʟʣʘʤʘʪʠ ʪʝʩʪʦʚʫ ʩʠʩʪʝʤʫ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. PHP [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ.]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://uk.wikipedia.org/wiki /PHP 

2. MySQL [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ.]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://uk.wikipedia.org/wiki /MySQL 

3. Md5()[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ.]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://php.net/manual/en/function.md5.php 

4.SQL [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ.]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
https://uk.wikipedia.org/wiki /SQL 

https://uk.wikipedia.org/wiki/MySQL
https://uk.wikipedia.org/wiki/SQL
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ʍʨʠʩʪʠʥʘ ʂʦʣʦʜʥʽʮʴʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʐʘʡʢʦ-ʐʘʡʢʦʚʩʴʢʠʡ ʆ.ɻ 

ɺʀɺʏɽʅʅʗ ɿɸʃɽɾʅʆʉʊɯ ʌʆʈʄʀ ʊɸ ʈʆɿʄɯʈʋ 

ʇʆʇɽʈɽʏʅʆɻʆ ʇɽʈɽʈɯɿʋ ɹɸʃʆʂ ʅɸ ɰʍ ʄɯʎʅɯʉʊʔ ʊɸ 

ʄɽʊɸʃʆɭʄʅɯʉʊʔ  

     ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 
ʧʦʚʠʥʥʽ  ʚʨʘʭʦʚʫʚʘʪʠ ʮʽʣʫ ʥʠʟʢʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʚʠʢʦʥʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʝʢʦʥʦʤʽʢʠ, ʥʘʜʽʡʥʦʩʪʽ ʩʧʦʨʫʜ ʪʘ 
ʙʫʜʽʚʝʣʴ,  ʘʨʭʽʪʝʢʪʫʨʥʦ-ʝʩʪʝʪʠʯʥʠʭ ʯʠʥʥʠʢʽʚ. ʊʝʦʨʽʾ ʤʽʮʥʦʩʪʽ ʪʘ 

ʤʝʪʦʜʠʢʘ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʙʘʣʦʢ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ 

ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʘ ʷʢʽ ʤʘʶʪʴ 
ʨʽʟʥʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ, ʨʽʟʥʫ ʥʘʜʽʡʥʽʩʪʴ,[2]. 

 ʌʦʨʤʫʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʧʝʨʝʯʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʙʘʣʦʢ ʤʘʻ ʚʠʛʣʷʜ: 

 ʎ  

ʜʝ ů ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ;  ʄ ï ʟʛʠʥʘʶʯʠʡ ʤʦʤʝʥʪ ʫ 
ʧʝʨʝʨʽʟʽ;   ɯ ï ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ; Z  - ʚʽʜʩʪʘʥʽ ʚʽʜ ʪʦʯʢʠ, ʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʜʦ ʛʦʣʦʚʥʦʾ ʮʝʥʪʨʘʣʴʥʦʾ ʦʩʽ ʽʥʝʨʮʽʾ[1]. 

     ɿ ʚʠʨʘʟʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʫ ʬʦʨʤʫʣʽ ʻʜʠʥʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʮʝ 

ʚʨʘʭʦʚʫʻ,ï ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʦʛʦ ʤʦʤʝʥʪʫ ʽʥʝʨʮʽʾ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʟʥʘʤʝʥʥʠʢʫ. ʊʦʜʽ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʚʝʣʠʯʠʥʘ ʥʦʨʤʘʣʴʥʦʛʦ 
ʥʘʧʨʫʞʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʧʝʨʝʨʽʟʫ ʟʘʣʝʞʠʪʴ ʚʽʜ Z. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʤʘʪʝʨʽʘʣ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʨʷʤʦʢʫʪʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʥʝ ʧʦʪʨʽʙʝʥ, ʚʽʥ ʥʝ ʤʘʻ ʢʦʨʠʩʥʦʾ ʬʫʥʢʮʽʾ, ʦʩʢʽʣʴʢʠ  

ʥʘʚʘʥʪʘʞʝʥʠʡ, ʥʘʧʨʫʞʝʥʥʷ ʫ ʥʴʦʤʫ ʘʙʦ ʜʫʞʝ ʤʘʣʽ, ʘʙʦ  ʚʟʘʛʘʣʽ 
ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ ʥʘ ʥʝʡʪʨʘʣʴʥʽʡ ʣʽʥʽʾ (ʨʠʩ.1). 
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ʘ)                                           ʙ) 

ʈʠʩ.1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʧʶʨʠ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ (ʘ) ʧʨʠ ʟʛʠʥʽ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʪʘ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʨʦʬʽʣʽʚ (ʙ) 

ɺʨʘʭʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʟʛʠʥʽ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʟʨʦʙʠʪʠ ʾʭ ʙʽʣʴʰ ʣʝʛʢʠʤʠ, ʜʝʰʝʚʠʤʠ. ʎʝ ʩʫʪʪʻʚʦ ʧʦʣʝʛʰʫʻ  

ʝʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜ, ʝʢʦʥʦʤʠʪ ɹʤʘʪʝʨʽʘʣ, ʟʥʠʞʫ ̒
ʤʘʪʝʨʽʘʣʦʻʤʥʽʩʪʴ ʪʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ.  

    ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʚʠʙʦʨʫ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʚʝʩʪʠ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʷʢ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ, ʪʘʢ ʽ 

ʨʦʟʤʽʨʠ ʪʘ ʧʣʦʱʫ ʮʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ: ʂ = ɯ/ F.  ʊʦʙʪʦ ï 
ʯʠʤ ʙʽʣʴʰʠʡ ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʪʘ ʯʠʤ ʤʝʥʰʘ 

ʡʦʛʦ ʧʣʦʱʘ,  ʪʠʤ ʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʙʫʜʝ ʦʙʨʘʥʠʡ ʧʝʨʝʨʽʟ[3]. 
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ɻʫʮʫʣʷʢ ʖ. ɺ., ʖʟʴʢʽʚ ʊ.ɹ.  ʃʴʚʽʚ : ʅʦʚʠʡ ʩʚʽʪ-2000, 2006. 362 ʩ. 

3. ʇʠʩʘʨʝʥʢʦ ɻ.ʉ., ʗʢʦʚʣʝʚ ɸ.ʇ., ʄʘʪʚʝʝʚ ɺ.ɺ., ʉʧʨʘʚʦʯʥʠʢ ʧʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ / ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, ɸ.ʇ. ʗʢʦʚʣʝʚ, ɺ.ɺ. 

ʄʘʪʚʝʝʚ. 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ʂ.: .ɼʝʣʴʪʘ, 2008. 816 ʩ. 
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ɼʤʠʪʨʦ ʂʦʩʪʘ h

 ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɼʤʠʪʨʘʱʫʢ ʂ.ʄ. 

 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʚʣʘʩʥʦʛʦ API ʚ ʨʦʟʨʦʙʮʽ 

ʚʝʙ-ʩʝʨʚʽʩʽʚ 

 

ʋ ʜʘʥʠʡ ʯʘʩ ʫ ʨʦʟʨʦʙʥʠʢʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʣʝʛʢʽʡ 

ʽʥʪʝʛʨʘʮʽʾ ʩʚʦʾʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʎʝ ʤʦʞʫʪʴ 
ʙʫʪʠ ʷʢ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʧʨʦʛʨʘʤʠ ʜʣʷ ʇʂ, ʭʤʘʨʦʚʽ ʩʝʨʚʽʩʠ ʪʘ 

ʽʥʰʝ. API ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʷʢʫ ʥʘʜʘʻ ʧʨʦʛʨʘʤʘ 

(ʤʦʜʫʣʴ, ʙʽʙʣʽʦʪʝʢʘ), ʧʨʠ ʮʴʦʤʫ API ʜʦʟʚʦʣʷʻ ʘʙʩʪʨʘʛʫʚʘʪʠʩʷ ʚʽʜ 

ʪʦʛʦ, ʷʢ ʩʘʤʝ ʮʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʨʝʘʣʽʟʦʚʘʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʣʝʛʢʦ ʚʟʘʻʤʦʜʽʷʪʠ ʩʠʩʪʝʤʘʤ ʥʘ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʪʘ ʥʘʧʠʩʘʥʠʭ 

ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʦʜʠʥ ʽʟ ʦʜʥʠʤ ʟʘ 
ʜʦʧʦʤʦʛʦʶ API. ʇʨʠ ʮʴʦʤʫ ʟʘʟʚʠʯʘʡ ʢʦʤʧʦʥʝʥʪʠ ʫʪʚʦʨʶʶʪʴ 

ʽʻʨʘʨʭʽʶ ʚʠʩʦʢʦʨʽʚʥʝʚʽ ʢʦʤʧʦʥʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ API 

ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʪʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

API ʱʝ ʙʽʣʴʰ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 
ɺʝʙ-API ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʚʝʙ-ʩʪʦʨʽʥʢʠ ʽ 

ʚʝʙ-ʜʦʜʘʪʢʠ (ʷʢʽ ʪʘʢʦʞ ʚʽʜʦʤʽ ʧʽʜ ʥʘʟʚʦʶʤ çmashupsè), 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʟ ʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʚʽʜʨʘʟʫ. ʍʦʯʘ ʚʞʝ 
ʽʩʥʫʶʪʴ ʚʝʙ-API ʜʣʷ ʙʘʛʘʪʴʦʭ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʜʫʩʪʨʽʡ, ʜʝʷʢʽ ʟ ʥʠʭ 

ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʽ ʧʦʰʠʨʝʥʽ ʫ ʩʧʨʘʚʘʭ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʩʦʮʽʘʣʴʥʠʤʠ ʤʝʨʝʞʘʤʠ, ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʤʠ ʽ ʤʫʟʠʢʦʶ. 
ʍʦʯʘ ʮʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ ʚʝʙ-API ï ʮʝ ʯʘʩʪʦ ʩʧʽʣʴʥʦʪʠ ʚʝʙ-

ʨʦʟʨʦʙʥʠʢʽʚ, ʚʦʥʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʽ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ: 

- ɺʝʙ-ʨʦʟʨʦʙʥʠʢʠ: ʚʝʙ API ʜʦʟʚʦʣʷʶʪʴ ʚʙʫʜʦʚʫʚʘʪʠ ʚ ʚʝʙ-
ʩʘʡʪʠ ʨʦʟʰʠʨʝʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʽ ʧʨʦʩʫʥʫʪʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʙ-API ʨʦʟʨʦʙʥʠʢʠ ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʬʦʨʤʣʝʥʥʷʤ ʽ ʛʥʫʯʢʠʤʠ 
ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ, ʥʽʞ ʫ ʚʠʧʘʜʢʘʭ ʟ ʚʽʜʞʝʪʘʤʠ ʪʠʧʫ çʩʢʦʧʽʶʚʘʪʠ-

ʚʩʪʘʚʠʪʠè. 

- ʂʽʥʮʝʚʽ ʢʦʨʠʩʪʫʚʘʯʽ: ʭʦʨʦʰʠʡ ʚʝʙ-API ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 
ʟʙʽʣʴʰʠʪʠ ʨʽʚʝʥʴ ʢʦʨʠʩʥʦʩʪʽ ʚʝʙ-ʩʘʡʪʫ ʽ ʟʨʦʙʠʪʠ ʡʦʛʦ 

ʧʨʠʚʘʙʣʠʚʠʤ ʽ ʽʥʪʝʨʘʢʪʠʚʥʠʤ. 
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- ʈʦʟʨʦʙʥʠʢʠ API: ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʡ API ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʦʟʨʦʙʥʠʢʽʚ, ʽ ʪʘʢʠʡ API 

ʤʦʞʝ ʙʫʪʠ ʭʦʨʦʰʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʤʘʨʢʝʪʠʥʛʫ. 

 
ʈʠʩ.1. ɺʝʙ-ʢʘʪʝʛʦʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ API 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Daniel Jacabson APIs: A Strategy Guide: Creating Channels with 

Application Programming" [ɽʣʝʢʪʨʦʥʥʝ ʚʠʜʘʥʥʷ]. - 2014. 

2. Rick Strahl Introduction to ASP.NET Web API [ʊʝʢʩʪ] // Code 

Magazine. ï 2016. 
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ɯʛʦʨ ʂʨʘʡʩ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ɼ.ɸʨʭʝʣʶʢ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʪʦʥʢʠʤ ʰʘʨʦʤ ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʦʛʦ ʅʈʂ 

 
ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʢʦʤʧʦʥʝʥʪ 

ʤʘʪʨʠʮʽ ʄʶʣʝʨʘ [1,2] ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ (ʅʈʂ) ʫ 

ʧʨʦʮʝʩʽ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ. ɺʠʟʥʘʯʝʥʠʡ ʭʘʨʘʢʪʝʨ 

ʩʠʤʝʪʨʽʾ ʤʘʪʨʠʮʽ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʄʇ) ʽ ʤʘʪʨʠʮʽ ʨʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ 

(ʄʈʉ) ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʨʦʚʝʜʝʥʠʡ ʟʘʛʘʣʴʥʠʡ 
ʘʥʘʣʽʟ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʝʥʫʣʴʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʤʘʪʨʠʮʽ 

ʄʶʣʣʝʨʘ ʅʈʂ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʝʘʣʽʟʦʚʘʥʦ 
ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ ʧʠʣʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʪʘ 

ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʠʡ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʦʧʪʠʯʥʠʡ ʬʽʣʴʪʨ. ʇʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʤ ʩʚʽʪʣʦʤ ʪʦʥʢʦʛʦ ʰʘʨʫ ʅʈʂ, 
ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʦʛʦ ʧʨʷʤʦʢʫʪʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ, ʦʪʨʠʤʫʻʤʦ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʡ ʚʽʜʛʫʢ ʧʠʣʦʧʦʜʽʙʥʦʾ ʘʩʠʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, 

ʧʨʠʯʦʤʫ ʧʨʠ ʘʟʠʤʫʪʽ ʣʽʥʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʘʥʘʣʽʟʘʪʦʨʽ 0
0
 ʽ 90

0 

ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʜʟʝʨʢʘʣʴʥʦ ʩʠʤʝʪʨʠʯʥʽ, ʘ ʧʨʠ 45
0 
ï ʟʤʽʥʥʘ 

ʩʢʣʘʜʦʚʘ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʚʽʜʛʫʢʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. 

ʆʧʠʩʘʥʘ ʩʠʪʫʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʝʚʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ 

ʪʨʠʚʘʣʦʩʪʽ, ʰʧʘʨʫʚʘʪʦʩʪʽ, ʘʤʧʣʽʪʫʜʽ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ 
ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ, ʧʨʠʨʦʜʥʴʦ, ʪʝʤʧʝʨʘʪʫʨʠ ʅʈʂ. 

ʊʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʫ ʟʘʣʝʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʚʽʜʛʫʢʫ, ʚʢʘʟʘʥʠʡ ʤʦʜʫʣʷʪʦʨ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʷʢ ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʠʡ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʤʦʜʫʣʷʪʦʨ. 
 

   
00 ï 00                      00 ï 450                    00 ï 900 

ʊ = 7 ʤʩ, Ű = 2 ʤʩ 
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ʃʎ ï 00                    ʃʎ ï 450                    ʃʎ ï 900 

ʊ = 7 ʤʩ, Ű = 2 ʤʩ 

   
ʃʎ ï ʃʎ                    ʃʎ ï ʃʎ                  ʃʎ ï ʃʎ 

ʈʠʩ. 1. ʆʩʮʠʣʦʛʨʘʤʠ ʢʝʨʫʶʯʦʛʦ ʧʦʣʷ ʪʘ ʝʣʝʢʪʨʦʦʧʪʠʯʥʦʛʦ ʚʽʜʛʫʢʫ 

ʅʈʂ 
 

ɸʥʘʣʽʟʫʶʯʠ ʦʪʨʠʤʘʥʽ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ fik ʢʦʤʧʦʥʝʥʪʽʚ ʤʘʪʨʠʮʽ 

ʄʶʣʣʝʨʘ, ʝʣʝʢʪʨʦʢʝʨʦʚʘʥʦʛʦ ʅʈʂ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ ʪʘʢʽ 

ʦʩʦʙʣʠʚʦʩʪʽ [3,4]: 

1. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʽ ʄʶʣʣʝʨʘ ʅʈʂ ʚ ʮʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʘʻ 

ʦʧʪʠʯʥʦ ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, ʷʢʝ ʚʢʣʶʯʘʻ ʩʠʩʪʝʤʫ 

ʩʠʤʝʪʨʠʯʥʠʭ ʦʨʽʻʥʪʦʚʥʠʭ ʯʘʩʪʠʥʦʢ ʧʽʜ ʪʝʤʧʝʨʘʪʫʨʦʶ T=291 K ʪʘ 

ʘʤʧʣʽʪʫʜʦʶ ʽʤʧʫʣʴʩʫ A=5 ɺ. 

2. ʉʠʤʝʪʨʽʷ ʢʦʤʧʦʥʝʥʪ f12=f21, f34=f43, f33=f44 ʣʝʢʛʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʪʘ 

ʬʽʢʩʫʻʪʴʩʷ ʷʢ ʧʽʜ ʯʘʩ ʜʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʠʧʫʣʴʩʫ (ɽ=5 ɺ, Ű=0.75 

sec), ʪʘʢʽ ʧʽʜ ʯʘʩ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ.  

3. ʂʦʤʧʦʥʝʥʪʘ f12 (f21) ʫ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʤʘʻ ʥʝʛʘʪʠʚʥʝ ʽ ʙʣʠʟʴʢʝ 

ʜʦ ʦʜʠʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʝʨʝʚʘʞʥʫ ʦʨʽʻʥʪʘʮʽʶ 

ʩʚʽʪʣʦʨʦʟʩʽʶʶʯʦʛʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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2. Rozenberg G.V., Physical basics of spectroscopy of light scattering 

substances//Journ. Success of Physical Sciences. 94 No.4. pp. 569-608. 

1967. 

3. Podkamen L.I., Arkhelyuk A.D., Optical diagnostics of surface layers 

containing oriented particles//Proc. SPIE. 1723. pp.152-156. 1991.  

4. Podkamen L.I., Arkhelyuk A.D., ñSystem diagnostics of oriented 
particles in polarized light//Proc. SPIE. 2647. pp. 475-484. 1995. 



169 

 

ʈʠʩ.1. ʉʭʝʤʘ 

ʪʝʨʤʦʧʘʨʥʦʛʦ 
ʝʣʝʤʝʥʪʘ 

ʄʘʨʽʷ ʂʨʝʯʫʥ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ʃ.ɯ. ɸʥʘʪʠʯʫʢ 

ʤ.ʥ.ʩ. ɺ.ɺ. ɸʥʪʦʥʶʢ 

 

ɻʘʣʴʚʘʥʽʯʥʠʡ ʤʝʪʦʜ ʢʦʤʫʪʘʮʽʾ ʜʣʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʦʜʫʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ 

 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ (ʊɽʄ) ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ Bi0,5Sb1,5Te3 ʨ-ʪʠʧʫ ʽ Bi2Te2,7Se0,3 n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ 

ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ [1], ʦʩʦʙʣʠʚʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 
ʛʝʥʝʨʘʪʦʨʽʚ [2]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ 

ʧʦʪʨʝʙʘ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʷʭ 
ʦʭʦʣʦʜʞʝʥʥʷ (ʊɽʄʆ) ʟ ʨʦʙʦʯʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʝ ʤʝʥʰʝ 200 Áʉ. ʉʭʝʤʘ 

ʪʘʢʦʛʦ ʤʦʜʫʣʷ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 
ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦ 

ʟôʻʜʥʘʥʠʭ ʚ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 
ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʽʣʦʢ p- ʽ n-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ 3, ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʤʽʜʥʠʤʠ ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ 
2. ʅʘ ʪʦʨʮʷʭ ʛʽʣʦʢ ʥʘʥʝʩʝʥʽ 

ʘʥʪʠʜʠʬʫʟʽʡʥʽ ʰʘʨʠ 4, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ ʜʠʬʫʟʽʾ ʤʽʜʽ ʚ 

ʊɽʄ. ʊʝʨʤʦʝʣʝʤʝʥʪʠ ʨʦʟʤʽʱʫʶʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʧʣʘʩʪʠʥʘʤʠ 1 
(ʟʘʟʚʠʯʘʡ ʢʝʨʘʤʽʯʥʠʤʠ), ʷʢʽ ʜʦʙʨʝ ʧʨʦʚʦʜʷʪʴ ʪʝʧʣʦ, ʧʨʦʪʝ ʻ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʽʟʦʣʷʪʦʨʘʤʠ. 

ɸʢʪʫʘʣʴʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʻ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 
ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʜʽʡʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɽʄʆ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʦʜʫʣʽʚ ʻ 
ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʽ ʢʦʤʫʪʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʉʧʦʩʽʙ ʥʘʥʝʩʝʥʥʷ ʥʘ ʪʦʨʮʽ ʛʽʣʦʢ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʥʘʙʫʚ 
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ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʜʦʩʪʫʧʥʦʩʪʽ. ʅʘʥʝʩʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʥʘ 

ʧʦʚʝʨʭʥʶ  ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʟʜʽʡʩʥʶʶʪʴ 
ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ (ʛʘʣʴʚʘʥʽʯʥʠʤ) ʤʝʪʦʜʦʤ. ʎʝʡ ʤʝʪʦʜ ʤʘʻ ʨʷʜ 

ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ: ʣʝʛʢʘ ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʦʤ 

(ʨʝʛʫʣʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʦʛʦ ʧʦʢʨʠʪʪʷ 
ʣhʷʭʦʤ ʟʤʽʥʠ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ, 

ʪʝʤʧʝʨʘʪʫʨʠ), ʚʠʩʦʢʘ ʯʠʩʪʦʪʘ ʽ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʭʦʨʦʰʝ 

ʟʯʝʧʣʝʥʥʷ ʟ ʧʦʚʝʨʭʥʝʶ ʊɽʄ. ɼʦ ʧʝʨʝʚʘʛ ʤʝʪʦʜʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ 

ʧʨʦʩʪʦʪʫ ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʜʦʨʦʛʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 
ʆʜʥʘʢ ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʾ 

ʧʣʘʩʪʠʥʠ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʥʘʥʝʩʝʥʥʷʤ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ 

ʰʘʨʽʚ ʥʘ ʛʽʣʢʠ ʊɽʄ ʽ ʻ ʾʭ ʧʨʦʜʦʚʞʝʥʥʷʤ ʚ ʤʽʩʮʷʭ, ʜʝ ʤʘʻ ʙʫʪʠ 
ʢʦʤʫʪʘʮʽʡʥʘ ʧʣʘʩʪʠʥʘ ʷʢ ʦʢʨʝʤʘ ʜʝʪʘʣʴ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʤʫʪʘʮʽʡʥʦʾ ʧʣʘʩʪʠʥʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʤʝʪʦʜʫ. 

 ɸʚʪʦʨʦʤ [3] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʦʜʫʣʴ ʽʟ 
ʧʽʜʚʠʱʝʥʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʚ ʷʢʦʤʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʡ ʰʘʨ 

ʩʬʦʨʤʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʥʘ ʦʩʥʦʚʽ, ʷʢʝ ʤʽʩʪʠʪʴ ʘʥʪʠʜʠʬʫʟʽʡʥʽ ʽ ʤʝʪʘʣʝʚʽ ʰʘʨʠ. 
ʅʘʥʝʩʝʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʻ ʥʝʚʽʜôʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɻʘʣʴʚʘʥʽʯʥʠʡ ʤʝʪʦʜ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʽ 
ʜʦʩʪʫʧʥʠʤ ʤʝʪʦʜʦʤ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ 

ʢʦʤʫʪʘʮʽʡʥʠʭ ʰʘʨʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɭʚʛʝʥʽʡ ʂʨʝʯʫʥ, ʄʠʭʘʡʣʦ ʇʠʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʤʽʥʽʢʦʤʧôʶʪʝʨʽʚ ʚ 

ɯoT ʧʨʠʩʪʨʦʷʭ  

 

ʋ ʥʘʰʽ ʜʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʙʫʨʭʣʠʚʠʡ ʨʽʩʪ ʪʘ ʨʦʟʚʠʪʦʢ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʘ ʪʘʢʦʛʦ ʨʽʚʥʷ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ 
ʫ ʙʽʣʴʰʦʩʪʽ ʟʚʠʯʘʡʥʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ ʚʞʝ ʻ ʚʣʘʩʥʠʡ 

ʧʨʦʮʝʩʦʨ, ʱʦ ʢʝʨʫʻ ʥʠʤ ʪʘ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʨʦʙʦʪʫ. ʋ 

ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʭ ʜʦʩʷʛʥʝʥʴ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ, ʘ ʯʠ ʤʦʞʣʠʚʦ 
ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʥʘʩ ʦʪʦʯʫʶʪʴ? 

ʏʠ ʤʦʞʥʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʧʦʙʫʪʦʚʠʭ ʧʨʦʮʝʩʽʚ? 

ɺʽʜʧʦʚʽʜʜʶ ʥʘ ʮʽ ʟʘʧʠʪʘʥʥʷ ʩʪʘʣʠ ʨʦʟʨʦʙʢʠ IoT (IoT  ï Internet of 

Things, ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ) ʧʨʠʩʪʨʦʾʚ ʪʘ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʠʤʠ ʾʭ 
ʧʝʨʝʚʘʛʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʾʭ ʨʦʙʦʪʠ ʪʘ ʚʽʜʜʘʣʝʥʦʛʦ 

ʢʦʥʪʨʦʣʶ.  

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ ʢʦʥʪʨʦʣʝʨʽʚ 
ʥʘ ʙʘʟʽ ʯʽʧʽʚ Atmega328, Atmega2560, ESP ʪʘ ʤʽʥʽʢʦʤʧôʶʪʝʨʽʚ 

BCM2837 (Raspberry Pi 3B), Alwinner H2+ (Orange pi Zero), 

BCM2835 900 ʄɻʮ (Raspberry Pi B+), BCM2835 700 ʄɻʮ 
(Raspberry Pi B) [1-3]. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʦʜʘʚʘʣʠʩʷ ʝʣʝʤʝʥʪʠ 

short int ʤʘʩʠʚʫ ʪʘ ʚʠʢʦʥʫʚʘʣʠʩʷ get ʟʘʧʠʪʠ. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʬʨʝʡʤʚʦʨʢ Arduino ʪʘ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ 

PlatformIO [4]. 
ɼʽʘʛʨʘʤʠ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʟ get 

ʟʘʧʠʪʦʤ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ʇʦʨʽʚʥʷʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ: C++ ʜʣʷ 
ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʪʘ ʤʽʥʽʢʦʤʧôʶʪʝʨʽʚ, Java ʪʘ Python ʜʣʷ ʤʽʥʽ 

ʇʂ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʜʚʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʪʝʩʪʠ 

ʜʣʷ ʢʦʞʥʦʾ ʟ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʝʨʰʠʡ ʪʝʩʪ ʧʦʣʷʛʘʚ ʫ 
ʩʢʣʘʜʘʥʥʽ ʝʣʝʤʝʥʪʽʚ ʤʘʩʠʚʫ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ, ʱʦ ʜʦʟʚʦʣʠʚ 

ʦʮʽʥʠʪʠ ʰʚʠʜʢʦʜʽʶ ʧʨʠʩʪʨʦʾʚ. ʉʝʨʝʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʤʘʻ ESP32, ʜʘʣʽ ʡʜʝ ESP8266. ʉʝʨʝʜ ʤʽʥʽ 

ʇʂ Raspberry Pi 3B ʧʦʢʘʟʘʚ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʚʩʽʭ ʪʨʴʦʭ 
ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ Raspberry Pi B ʻ ʛʽʨʰʠʤʠ, ʥʽʞ 

Orange Pi Zero. 
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ʈʠʩ. 1. ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʟ get ʟʘʧʠʪʦʤ 

ɼʨʫʛʠʡ ʪʝʩʪ ʧʦʣʷʛʘʚ ʫ ʚʠʢʦʥʘʥʽ get ʟʘʧʠʪʽʚ. ʅʘʡʢʨʘʱʠʡ 

ʨʝʟʫʣʴʪʘʪ ʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ESP8266, ʘ ʩʝʨʝʜ ʤʽʥʽ ʇʂ ʩʠʪʫʘʮʽʷ 

ʩʢʣʘʣʘʩʷ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ, ʱʦ ʟ ʪʝʩʪʦʤ 1. ʊʘʢʠʤ ʯʠʥʦʤ, 

ESP8266 ʤʘʻ ʜʦʩʪʘʪʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʜʦʩʠʪʴ 
ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʘ ʚʨʘʭʦʚʫʶʯʠ ʚʙʫʜʦʚʘʥʠʡ ʤʦʜʫʣʴ Wi-Fi, ʡʦʛʦ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʦʧʪʠʤʘʣʴʥʠʤ ʨʽʰʝʥʥʷʤ ʩʝʨʝʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʜʣʷ ʦʩʥʦʚʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ. 
ʉʝʨʝʜ ʤʽʥʽʢʦʤʧôʶʪʝʨʽʚ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ 

ʙʽʣʴʰʽʩʪʶ ʪʝʩʪʽʚ ʤʘʻ Raspberry Pi 3B, ʘʣʝ ʡʦʛʦ ʚʘʨʪʽʩʪʴ ʟʥʘʯʥʦ 

ʚʠʱʝ ʨʽʰʝʥʴ ʚʽʜ Orange Pi ʪʘ ʡ ʜʦ ʪʦʛʦ ʧʨʠʩʫʪʥʽ ʜʝʷʢʽ ʧʨʦʙʣʝʤʠ 
ʟ ʧʘʨʘʣʝʣʴʥʽʩʪʶ ʥʘ ʤʦʚʽ C++. ʊʦʤʫ ʥʘʡʢʨʘʱʠʤ ʚʘʨʽʘʥʪʦʤ ʜʣʷ 

ʭʘʙʘ ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʤʽʥʽʩʝʨʚʝʨʘ ʙʫʜʫʪʴ ʨʽʰʝʥʥʷ ʚʽʜ Orange Pi ʟ 

ʙʽʣʴʰ ʧʦʪʫʞʥʠʤ ʘʧʘʨʘʪʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʥʽʞ ʤʦʜʝʣʴ Zero, ʾʭ 

ʚʘʨʪʽʩʪʴ ʚʩʝ ʦʜʥʦ ʙʫʜʝ ʥʠʞʯʝ, ʥʽʞ ʫ Raspberry. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. D1  mini  pro  ï  ʈʝʞʠʤ  ʜʦʩʪʫʧʫ  :  https://www.wemos.cc/product/d1-

mini- pro.html. 

2. SparkFun ESP32 Thing ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://www.sparkfun.com/products/13907.  

3. RASPBERRY PI 3 MODEL B ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://www.raspberrypi.org/products/raspberry-pi-3-model-b/. 

4. Arduino TITAN ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

https://www.arduino.cc/en/Main/ArduinoBoardTian. 

https://www.sparkfun.com/products/13907.%203
https://www.sparkfun.com/products/13907.%203
https://www.raspberrypi.org/products/raspberry-pi-3-model-b/
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ɸʥʪʦʥ ʂʨʦʭʪʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɺ.ɸʥʛʝʣʴʩʴʢʠʡ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʪʦʥʢʠʤʠ ʟʨʽʟʘʤʠ ʙʽʦʪʢʘʥʠʥ
 

 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 
ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ ʪʦʥʢʠʤʠ 

ʟʨʽʟʘʤʠ ʤôʷʟʦʚʦʛʦ ʚʦʣʦʢʥʘ. ʅʘ ʨʠʩ. 1 ʧʦʜʘʥʦ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ 

ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʤôʷʟʦʚʦʛʦ ʚʦʣʦʢʥʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 200
ʭ
.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘ ʙʘʟʽ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʦʢʩ-ʛʦʥʽʦʤʝʪʨʘ ʟʘ ʤʝʪʦʜʠʢʦʶ,  ʦʧʠʩʘʥʦʶ ʚ [1]. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʦʙôʻʢʪʠ ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʚ ʮʝʥʪʨʽ 

ʛʦʥʽʦʤʝʪʨʠʯʥʦʛʦ ʚʫʟʣʘ ʚ ʙʘʛʘʪʦʛʨʘʥʥʽʡ ʢʶʚʝʪʽ ʟ ʽʤʝʨʩʽʡʥʦʶ 

ʨʽʜʠʥʦʶ (n = 1,49), ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʤʝʞʽ ʧʦʜʽʣʫ ʧʦʚʽʪʨʷ - 

ʧʽʜʣʦʞʢʘ - ʧʦʢʨʠʚʥʝ ʩʢʣʦ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʙʣʘʩʪʽ 

ʢʫʪʽʚ ʨʦʟʩʽʷʥʥʷ 5 ̄· 70̄  ʟ ʜʠʩʢʨʝʪʥʽʩʪʶ 5.̄ 
 

   
              ʘ                                      ʙ                                      ʚ 

ʈʠʩ.1. ɿʨʽʟ ʤʷʟʦʚʦʛʦ ʚʦʣʦʢʥʘ: ʘ ï ʧʦʧʝʨʝʯʥʠʡ; ʙ ï ʧʦʚʟʜʦʚʞʥʽʡ; ʚ - 

ʟʽ ʟʚʠʣʠʩʪʦʶ ʩʪʨʫʢʪʫʨʦʶ 

 

ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʜʣʷ ʩʝʨʮʝʚʦʛʦ ʤô̫ ʟʘ, ʟʨʽʟ 

ʷʢʦʛʦ ʦʪʨʠʤʘʥʦ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ ʄʈʉ, ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʭʘʦʪʠʯʥʦ 
ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʝʩʬʝʨʠʯʥʠʭ, ʽʟʦʪʨʦʧʥʦ ʧʦʛʣʠʥʘʶʯʠʭ ʦʙô̒ ʢʪʽʚ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʦʣʷ ʛʽʩʪʦʣʦʛʽʯʥʠʤʠ ʟʨʽʟʘʤʠ 

ʤôʷʟʽʚ ʩʝʨʮʷ, ʱʦ ʚʠʢʦʥʘʥʽ  ʫʟʜʦʚʞ ʚʦʣʦʢʦʥ, ʚʽʜʥʦʰʝʥʥʷ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʦʨʽʻʥʪʘʮʽʷʭ 
ʤôʷʟʝʚʠʭ ʚʦʣʦʢʦʥ ʚʽʜʥʦʩʥʦ ʜʦ ʧʣʦʱʠʥʠ ʨʦʟʩʽʷʥʥʷ, ʘ ʩʘʤʝ 

090

HH HH  , 
090

VV VV , ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʪʘʢʠʭ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦ ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ. ʊʘʢ, ʚʽʜʥʦʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʨʦʟʤʽʱʝʥʥʷʭ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʙʨʝ ʦʨʽʻʥʪʦʚʘʥʠʭ 
ʚʦʣʦʢʦʥ ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 12, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʭʘʦʪʠʯʥʦ 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʨʠʙʣʠʟʥʦ 2 (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɺʽʜʥʦʰʝʥʥʷ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ ʜʣʷ  

ʛʽʩʪʦʣʦʛʽʯʥʠʠʭ ʟʨʽʟʽʚ (Vv_o ʽ Hh_o - ʟʨʘʟʦʢ 2),  (Vv_n ʽ Hh_n ʟʨʘʟʦʢ 3). 
 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʟʩʽʷʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʚʽʪʣʘ ʛʽʩʪʦʣʦʛʽʯʥʠʤʠ ʟʨʽʟʘʤʠ 

ʤô̫ ʟʦʚʦʛʦ ʚʦʣʦʢʥʘ ʚʠʷʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ:  
ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤô̫ ʟʦʚʠʭ ʚʦʣʦʢʦʥ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʨʦʟʩʽʷʥʥʷ, ʜʝ f33 = 0. 

 ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʦʨʽʻʥʪʘʮʽʾ ʤôʷʟʦʚʦʛʦ ʚʦʣʦʢʥʘ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ, ʷʢ ʢʦʤʧʣʘʥʘʨʥʦ ʽ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʦʣʷ ʪʘʢʠʤʠ ʦʙôʻʢʪʘʤʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Arkhelyuk A., Podkamen L. The propagation of polarized light in 
the biological tissues models// International Conference on Modern 

Problems of Radio Engineering, Telecommunications and 

Computer Science (TCSET), Lviv-Slavsko, (Ukraine) -2010, 

February 23-27, Proceeding, - Lviv: Publishing House of Lviv 

Politechnic, -2010. ï  4 P. 
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ɼʤʠʪʨʦ ʂʫʟʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʧʨʦʬ. ʃʫʩʪʝ ʆ. ʗ.  
 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʽʜʤʦʚ ʊɽʇ 
 

 ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ 

ʩʪʚʦʨʶʶʪʴ ʚʝʣʠʢʽ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ 

ʥʘʜʽʡʥʦʩʪʽ, ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ, ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ 
ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʙʝʟ ʨʝʤʦʥʪʫ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

 ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ  ʡʤʦʚʽʨʥʽʩʥʫ ʤʦʜʝʣʴ ʥʘʜʽʡʥʦʩʪʽ, ʟʛʽʜʥʦ ʟ 

ʷʢʠʤ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʪʝʭʥʽʯʥʦʛʦ ʚʠʨʦʙʫ ʧʦʜʽʙʥʦ ʜʦ ʣʶʜʩʴʢʦʛʦ 
ʞʠʪʪʷ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʧʝʨʽʦʜʠ, ʦʪʨʠʤʘʥʦ ʯʘʩʦʚʽ 

ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ (ʨʠʩ.1) 

 
  
ʈʠʩ 1. ʏʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʤʦʚ: 1 ï  ʜʠʪʷʯʠʡ 

ʧʝʨʽʦʜ; 2 ï   ʢʦʨʠʩʥʠʡ ʧʝʨʽʦʜ; 3 ï  ʧʝʨʽʦʜ ʚʪʦʤʠ ;ʘ ï  ʣʶʜʠʥʦʧʦʜʽʙʥʘ 

ʚʝʨʩʽʷ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʤʦʜʝʣʣʶ ʥʘʜʽʡʥʦʩʪʽ ʚ 
ʢʦʨʠʩʥʦʤʫ ʧʝʨʽʦʜʽ, b ï  ʥʝʤʦʥʦʪʦʥʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʤʦʚ, ʩ ï  ʤʦʜʝʣʴ ʟ 

ʣʘʪʝʥʪʥʠʤ ʧʝʨʽʦʜʦʤ 

 

 1) ɼʠʪʷʯʠʡ ʧʝʨʽʦʜ. ʋ ʧʝʨʽʦʜ ʨʘʥʥʽʭ ʚʽʜʤʦʚ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʽʜʤʦʚ ʚʝʣʠʢʘ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʯʘʩʦʤ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʽʦʜʫ. 
ʅʘʡʙ̔ʣʴʰ ʥʝʥʘʜʽʡʥʽ ʟʨʘʟʢʠ ʩʭʠʣʴʥʽ ʜʦ ʚʽʜʤʦʚ. 

 

 2) ʂʦʨʠʩʥʠʡ ʧʝʨʽʦʜ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʤʦʚ. ɼʦʚʛʠʡ ʽ ʥʘʡʚʘʞʯʠʡ ʧʨʦʮʝʩ ʜʣʷ ʘʥʘʣʽʟʫ 
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ʥʘʜʽʡʥʦʩʪʽ. ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʦʧʠʩʫʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʶ ʟʘʣʝʞʥʽʩʪʶ. 

 3) ʇʝʨʽʦʜ ʟʥʦʩʫ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʯʠʥʘʻ ʟʨʦʩʪʘʪʠ. 
ʇʦʯʠʥʘʶʪʴ ʧʦʟʥʘʯʘʪʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʜʝʛʨʘʜʘʮʽʾ ʧʨʦʜʫʢʪʫ, 

ʥʘʢʦʧʠʯʝʥʦʾ ʧʽʜ ʯʘʩ ʧʦʧʝʨʝʜʥʽʭ ʧʝʨʽʦʜʽʚ. 

  
ʈʦʟʛʣʷʥʫʪʦ ʢʣʘʩʠʯʥʫ ʚʝʨʩʽʶ ʩʪʘʪʠʩʪʠʢʠ ʚʽʜʤʦʚ ʟ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤ  ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ ʽʤʦʚʽʨʥʦʩʪʽ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ 
ʩʝʨʝʜʥʽʡ ʥʘʨʦʙʽʪʦʢ ʥʘ ʚʽʜʤʦʚʫ MTBF ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ɸʨʨʝʥʽʫʩʘ: 

 .               (1) 

 

 ʆʙʨʘʥʦ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʽ ʢʦʤʧôʁ ʪʝʨʥʽ ʘʣʛʦʨʠʪʤʠ 
ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʽʚ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʯʠʩʝʣ 

 

 ʂʦʤʧôʁ ʪʝʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʻ 
ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘ ʚʽʜʤʦʚʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ 

ʦʭʦʣʦʜʞʝʥʥʷ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʝʤʝʥʦʚ ɸ. ɸ., ʄʝʣʢʫʤʷʥ ɺ. ɻ. ʆʩʥʦʚʠ ʪʝʦʨʽʾ ʥʘʜʽʡʥʦʩʪʽ: 

ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ.  ʂ.: ʂʄʋʎɸ, 1998.  84 ʩ. 
2. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ: ʩʧʨʘʚʦʯʥʠʢ.  ʂ.: ʅʘʫʢ. ʜʫʤʢʘ,  1979.  768 ʩ. 

3. Anatychuk L.I. Thermoelectricity. Vol. 1. Physics of 

thermoelectricity: ITE. Kyiv, Chernivtsi, 1998. 376 p. 

http://er.nau.edu.ua/handle/NAU/526
http://er.nau.edu.ua/handle/NAU/526
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ɼʤʠʪʨʦ ʂʫʧʯʘʥʢʦ, ʌʝʜʽʨ ʉʝʤʢʦ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉʘʤʽʣʘ ɸ.ʇ. 

 

ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ  

ʜʣʷ ʽʤʧʫʣʴʩʥʦʛʦ ʬʫʨ'ʻ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʗʂʈ 
ɯʥʪʝʨʝʩ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʷʜʝʨʥʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ (ʗʂʈ) ʚʠʢʣʠʢʘʥʠʡ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ ʰʠʨʦʢʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ: ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦ, 
ʪʚʝʨʜʦʪʽʣʴʥʘ ʝʣʝʢʪʨʦʥʽʢʘ, ʽʥʬʦʨʤʽʮʽʡʥʽ ʪʘ ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ [1]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʘʣʛʦʨʠʪʤʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ çʷʜʨʦè ʽʤʧʫʣʴʩʥʦʛʦ ʬʫʨôʻ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʗʂʈ ʥʘ 
ʦʩʥʦʚʽ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʾ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʣʦʛʽʯʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʩʭʝʤʠ (ʇʃɯʉ). 

ʅʘ ʦʩʥʦʚʽ ʩʠʥʪʘʢʩʠʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʨʝʞʠʤʽʚ 
ʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ (ʨʠʩ. 1) ʪʘ 

ʘʣʛʦʨʠʪʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ 

ʽʤʧʫʣʴʩʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʗʂʈ [2]. ʆʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʻ ʇʃɯʉ 

EP1C6Q240C8 ʩʽʤʝʡʩʪʚʘ Altera Cyclone. ɺʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ 
ʜʘʥʦʾ ʇʃɯʉ ʤʽʩʪʠʪʴ ʤʘʡʞʝ 6000 ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʩʪʦʩʦʚʘʥʦʾ ʇʃɯʉ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʥʽʡ ʜʚʦʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʥʝʟʘʣʝʞʥʠʭ ʤʦʜʫʣʽʚ ʌɸʇʏ.  

ʎɸʇ13..0[ ]

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ  

ʮʠʬʨʦʚʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʷʜʨʘ 
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ʄʦʜʫʣʴ ʤʽʩʪʠʪʴ ʇʃɯʉ, ʢʦʥʬʽʛʫʨʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ, 64 ʄɹ 
ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ ʪʠʧʫ DDR SDRAM 133 ʄɻʮ, ʧʦʨʪʠ 
ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ ʪʘ ʟʘʩʦʙʠ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘʩʪʦʩʦʚʘʥʠʡ 
ʢʚʘʨʮʦʚʠʡ ʛʝʥʝʨʘʪʦʨ ʥʘ ʯʘʩʪʦʪʫ 50 ʄɻʮ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʝʞʠʤʘʭ JTAG ʽ Active Serial. 
ʋ ʮʽʣʦʤʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʧʘʨʘʪʥʦʾ ʯʘʩʪʠʥʠ ʨʘʜʽʦʩʧʝʢʪʨʦʤʝʪʨʘ 

ʗʂʈ ʜʦʩʪʫʧʥʦ 100 ʧʦʨʪʽʚ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ, ʷʢʠʤʠ ʜʘʥʠʡ 
ʤʦʜʫʣʴ ʙʫʜʝ ʟôʻʜʥʘʥʠʡ ʟ ʽʥʰʠʤʠ ʚʫʟʣʘʤʠ ʩʧʝʢʪʨʦʤʝʪʨʘ: 
ʰʚʠʜʢʦʜʽʶʯʠʤʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʤʠ ʪʘ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʤʠ 
ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ, ʮʠʬʨʦʚʠʤʠ ʢʣʶʯʘʤʠ ʪʘ ʧʦʪʝʥʮʽʦʤʝʪʨʘʤʠ, 
ʽʥʪʝʨʬʝʡʩʘʤʠ ʩʧʦʣʫʯʝʥʥʷ ʟ ʨʝʻʩʪʨʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ ʪʘ 
ʧʝʨʩʦʥʘʣʴʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ, ʩʭʝʤʦʶ ʢʝʨʫʚʘʥʥʷ 
ʨʘʜʽʦʩʧʝʢʪʨʦʤʝʪʨʘ.  
ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʨʝʘʣʽʟʦʚʘʥʦ 48-ʨʦʟʨʷʜʥʠʡ ʮʠʬʨʦʚʠʡ 

ʩʠʥʪʝʟʘʪʦʨ ʯʘʩʪʦʪ ʚ ʜʽʘʧʘʟʦʥʽ 1ï50 ʄɻʮ ʪʘ ʧʨʦʛʨʘʤʘʪʦʨ 
ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽʤʧʫʣʴʩʽʚ ʟʙʫʜʞʝʥʥʷ ʗʂʈ (ʨʠʩ. 2). ɺʠʭʽʜʥʘ 
ʯʘʩʪʦʪʘ ʟʤʽʥʶʻʪʴʩʷ ʟ ʢʨʦʢʦʤ 1 ɻʮ ʧʨʠ ʪʦʯʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 10
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ʈʠʩ. 2. ʂʦʥʬʽʛʫʨʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘʪʦʨʘ 

ʯʘʩʪʦʪ, ʨʦʟʨʦʙʣʝʥʘ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ALTERA Quartus II Web 

Edition 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Hideo Itozaki. Nuclear quadrupole resonance for explosive detection /Hideo 

Itozaki and Go Ota // International journal on smart sensing and intelligent 

systems. ï 2007. ï Vol. 1, ˉ 3. ï P. 705-715. 

2. ʍʘʥʜʦʞʢʦ ɸ.ɻ. ʀʤʧʫʣʴʩʥʳʡ ʨʘʜʠʦʩʧʝʢʪʨʦʤʝʪʨ ʗʂʈ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʜʘʚʣʝʥʠʝʤ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ /ɸ.ɻ. ʍʘʥʜʦʞʢʦ, ɺ.ɸ. ʍʘʥʜʦʞʢʦ, 

ɸ.ʇ. ʉʘʤʠʣʘ // ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʠʡ ʞʫʨʥʘʣ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 2013. 

ʊ. 6. ˉ 12(66). C. 21-25. 
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ɯʚʘʥ ʂʫʨʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʘʩʠʩʪ. ɻʦʨʩʴʢʠʡ ʄ. ʇ. 
 

Parallax-ʝʬʝʢʪʠ 

 
ɯʟ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʤʠ ʦʪʨʠʤʘʣʠ ʢʦʣʦʩʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ɿʘʚʜʷʢʠ ʘʢʪʫʘʣʴʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ, HTML5, CSS3 ʪʘ JS ʤʘʻʤʦ 
ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʨʘʩʠʚʠʡ ʪʘ ʟʨʫʯʥʠʡ front -endʫ ʚʝʙʽ ʽ ʥʝ 

ʪʽʣʴʢʠ, ʘ ʪʘʢʦʞ ʽ ʜʣʷ ʜʦʜʘʪʢʽʚ ʧʽʜ ʨʽʟʥʽ ʧʨʠʩʪʨʦʾ. 

ɸʥʽʤʘʮʽʷ ʦʪʨʠʤʘʣʘ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 
ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʽʚ ʪʘ ʜʦʜʘʪʢʽʚ. ʂʦʨʠʩʪʫʚʘʯʽ ʟʚʠʢʣʠ ʜʦ ʰʚʠʜʢʠʭ, 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. ɻʦʣʦʚʥʝ ʧʨʘʚʠʣʦ ð ʘʥʽʤʘʮʽʷ ʤʘʻ 

ʙʫʪʠ ʧʣʘʚʥʦʶ, ʥʝ ʜʨʘʪʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʥʝ ʧʝʨʝʥʘʚʘʥʪʘʞʫʚʘʪʠ 

ʧʨʠʩʪʨʽʡ ʥʘ ʷʢʦʤʫ ʚʽʜʪʚʦʨʶʻʪʴʩʷ. 
ʇʘʨʘʣʘʢʩ-ʝʬʝʢʪ ð ʢʦʣʠ ʬʦʥʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʝʨʩʧʝʢʪʠʚʽ  

ʨʫʭʘʻʪʴʩʷ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʝʣʝʤʝʥʪʠ ʧʝʨʝʜʥʴʦʛʦ 

ʧʣʘʥʫ. ɼʦʩʷʛʘʻʪʴʩʷ ʜʘʥʠʡ ʝʬʝʢʪ  3d-ʧʨʦʩʪʦʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʰʘʨʽʚ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʜʠʥ ʥʘ ʦʜʥʠʡ ʽ ʨʫʭʘʶʪʴʩʷ ʽʟ ʨʽʟʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʧʨʠ ʧʨʦʢʨʫʪʮʽ ʯʠ ʨʫʩʽ ʢʫʨʩʦʨʘ ʤʠʰʢʠ, ʘʣʝ 

ʢʦʦʨʜʠʥʘʪʠ ʙʫʜʫʪʴ ʚʽʜôʻʤʥʽ  ʚʽʜʥʦʩʥʦ ʧʨʦʢʨʫʪʢʠ ʘʙʦ ʢʫʨʩʦʨʘ[1]. 
ʗʢʱʦ ʰʘʨ ʙʫʜʝ ʦʙôʻʤʥʠʡ, ʩʢʣʘʜʥʠʡ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ 

ʙʨʘʫʟʝʨʦʤ, ʪʦ ʢʨʘʱʝ ʟʤʽʩʪʠʪʠ ʡʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʟ CPU ʥʘ GPU. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʩʧʦʩʦʙʽʚ ʨʝʘʣʽʟʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʜʘʥʥʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ GPU ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʟʤʽʱʝʥʥʷ ʧʦ ʦʩʽ z. ʗʢʱʦ ʮʝ ʙʫʜʝ 2d-ʘʥʽʤʘʮʽʷ, ʪʦ 

ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

.layer { 
 transform: translateX (-10px) translateZ (0); 

}  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ css-ʧʨʘʚʠʣʘ ʨʝʥʜʝʨ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ  

ʧʦʪʫʞʥʦʩʪʷʤʠʚʽʜʝʦʢʘʨʪʠ. 
ɺʠʜʠ ʧʘʨʘʣʘʢʩʫ: 

¶ ʇʦ ʧʨʦʢʨʫʪʮʽ ʩʪʦʨʽʥʢʠ; 

¶ ʇʦ ʟʤʽʥʽ ʧʦʟʠʮʽʾ ʤʠʰʢʠ. 

ʅʘʡʢʨʘʱʝ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʽʜʭʦʜʷʪʴ ʝʣʝʤʝʥʪʠ, ʱʦ ʤʘʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ position: absolute ʘʙʦ position: fixed. ʊʦʤʫ, ʱʦ 
relativeʚʧʣʠʚʘʻ ʥʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʽ ʧʨʠ ʧʨʦʢʨʫʪʮʽ ʧʦʩʪʽʡʥʦ 
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ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʨʝʥʜʝʨ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʣʘʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ. 

ɺ JS ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ window.onscroll, ʧʨʦʧʠʩʘʚʰʠ 
ʚʽʜʧʦʚʽʜʥʽ ʬʫʥʢʮʽʾ.ɸ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʘʨʘʣʘʢʩ ʟʘ 

ʜʦʧʦʤʦʛʦʶ CSS. ʇʨʦʧʠʩʘʚʰʠ ʚʽʜʧʦʚʽʜʥʽ ʩʪʠʣʽ, ʘ ʦʩʥʦʚʥʠʤʠ 

ʙʫʜʫʪʴ ʮʝ overflow-y: auto, ʜʣʷ ʧʨʦʢʨʫʪʢʠ, ʽ perspective: 1px, 
ʟʘʜʘʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʽʜʩʪʘʥʥʶ ʦʩʽ z=0 ʽ ʢʦʨʠʩʪʫʚʘʯʝʤ. ɸ ʜʣʷ ʬʦʥʫ 

ʧʨʦʧʠʩʫʻʤʦ ʥʘʩʪʫʧʥʝ transform: translateZ(-1px) scale(2), scale 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʣʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ[2].  

ʆʪʞʝ,ʫ ʜʘʥʠʭ ʜʚʦʭ ʤʝʪʦʜʘʭ ʙʘʛʘʪʦ ʩʪʠʣʽʚ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ, 
ʘʣʝ JS ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʫʯʥʦ ʥʘʩʪʨʦʶʚʘʪʠ ʘʥʽʤʘʮʽʶ ʽ ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʢʦʥʪʨʦʣʶ. ʋ ʪʦʡ ʞʝ ʯʘʩ, CSS3-ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʩʪʘʯʘʻ, 

ʢʦʣʠ ʘʥʽʤʘʮʽʷ ʥʝ ʩʢʣʘʜʥʘ ʽ ʥʝ ʧʦʪʨʽʙʝʥ ʢʦʥʪʨʦʣʴ.  
ʄʽʥʫʩʦʤ ʜʘʥʠʭ ʝʬʝʢʪʽʚ ʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʥʽʚʝʣʶʻʪʴʩʷ 

ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʛʨʘʤʦʪʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘʜʘʯ ʜʣʷ CPU 

ʪʘ GPU. 

ʇʘʨʘʣʘʢʩ ʤʦʞʥʘ ʧʦʻʜʥʫʚʘʪʠ ʽʟ ʽʥʰʠʤʠ ʘʥʽʤʘʮʽʷʤʠ. SVG-
ʘʥʽʤʘʮʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʘʥʽʤʘʮʽʡʥʠʡ 

preloader, ʱʦ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʜʦ ʧʦʚʥʦʾ ʟʘʛʨʫʟʢʠ ʩʘʡʪʫ. 

ɸʢʪʫʘʣʴʥʦ, ʢʦʣʠ ʫ ʚʘʩ ʢʨʘʩʠʚʠʡ ʧʨʦʝʢʪ ʽʟ ʩʢʣʘʜʥʦʶ ʛʨʘʬʽʢʦʶ ʯʠ 
ʬʫʥʢʮʽʦʥʘʣʦʤ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʨʽʟʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʪʝʭʥʦʣʦʛʽʾ. 

ʅʘʧʨʠʢʣʘʜ: WebGL, Three.js ʪʘ ʽʥʰʽ. 
ʆʪʞʝ, Parallax-ʝʬʝʢʪʠ ʚ ʧʦʻʜʥʘʥʥʽ ʽʟ ʽʥʰʦʶ ʘʥʽʤʘʮʽʻʶ 

ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʟʠʪʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʱʦ ʚʥʘʩʣʽʜʦʢ ʚʩʝ ʙʽʣʴʰʝ 

ʧʨʠʚʝʨʪʘʻ ʡʦʛʦ ʫʚʘʛʫ, ʜʘʻ ʟʤʦʛʫ ʘʢʮʝʥʪʫʚʘʪʠ ʫʚʘʛʫ ʥʘ ʧʨʦʜʫʢʪʽ ʽ 

ʥʘʚʽʪʴ ʨʦʟʢʘʟʘʪʠ ʽʩʪʦʨʽʶ ʫ ʚʠʛʣʷʜʽ ʚʽʟʫʘʣʴʥʦʾ ʥʦʚʝʣʠ ʽʟ 
ʘʚʪʦʤʘʪʠʯʥʦʶ ʧʨʦʢʨʫʪʢʦʶ ʪʘ ʤʫʟʠʢʦʶ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʘʩʧʝʨʉʠʩʪʝʤʩ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð 

ʇɸʈɸʃʃɸʂʉ-ʕʌʌɽʂʊʅɸ ʉɸʁʊɽ ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://www.kasper.by/blog/parallaks-effekt-na-saite/  (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 

06.03.2018) ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 

2. KeithClark [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð Pure CSS 

ParallaxWebsites ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://keithclark.co.uk/articles/pure-css-parallax-websites/ (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ 06.03.2018) ð ʅʘʟʚʘ ʟ ʝʢʨʘʥʘ. 
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ʉʝʨʛʽʡ ʂʫʨʠʱʫʢ, ɯʚʘʥ ʂʫʨʠʱʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n-SnS2/p-InSe, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧ̔ ʨʦʣʽʟʫ 

 
InSe ʚʦʣʦʜʽʻ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg = 1,2 ʝɺ. ɺʦʥʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʝʢʪʨʘ ʩʦʥʷʯʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʥʘʟʝʤʥʠʭ ʫʤʦʚʘʭ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʽʜʢʣʘʜʦʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʰʘʨʫʚʘʪʘ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʽʚ ʩʝʣʝʥʽʜʫ ʽʥʜʽʶ ʟʽ ʩʣʘʙʢʠʤ ʚʘʥ-ʜʝʨ-ʚʘʘʣʴʩʽʚʩʴʢʠʤ 
ʟʚôʷʟʢʦʤ ʤʽʞ ʰʘʨʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ ʽʥʰʠʤʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʤʠ ʯʝʨʝʟ ʫʥʠʢʥʝʥʥʷ ʦʧʝʨʘʮʽʡ ʨʦʟʨʽʟʫʚʘʥʥʷ 

ʟʣʠʪʢʽʚ, ʤʝʭʘʥʽʯʥʦʾ ʽ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʝʣʝʥʽʜʫ ʽʥʜʽʶ ʷʢ ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 
ʬʦʪʦʯʫʪʣʠʚʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ [1].  

ʌʦʪʦʯʫʪʣʠʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ n-SnS2/p-InSe ʚʠʛʦʪʦʚʣʷʣʠʩʷ 

ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ ʪʦʥʢʠʭ ʧʣʽʚʦʢ SnS2 [2] ʥʘ ʥʘʛʨʽʪʫ 
ʧʦʚʝʨʭʥʶ ʧʣʘʩʪʠʥ p-InSe. ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʚʦʨʝʥʠʭ  

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʤ ʙʘʨôʻʨʦʤ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ qűʢ = 0.61 ʝɺ (ʧʨʠ ʊ = 293 ʂ) ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ 
ʟʦʥʽ ʧʨʦʚʽʜʥʦʩʪʽ ʟ ʙʦʢʫ p-InSe. ʏʝʨʝʟ ʨʽʟʥʠʮʶ ʩʧʦʨʽʜʥʝʥʦʩʪʝʡ ʜʦ 

ʝʣʝʢʪʨʦʥʘ ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʛʘʣʴʥʘ ʚʠʩʦʪʘ ʙʘʨôʻʨʘ 

ʙʽʣʴʰʘ ʚʽʜ ʢʦʥʪʘʢʪʥʦʾ ʨʽʟʥʠʮʽ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘ ʚʝʣʠʯʠʥʫ 0,3 ʝɺ. 

ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n-SnS2/p-InSe ʧʦʢʘʟʘʥʘ ʥʘ 
ʨʠʩ.1. ʆʙʣʘʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ (ʆʇɿ) ʘʥʽʟʦʪʠʧʥʦʛʦ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n-SnS2/p-InSe ʫʪʚʦʨʶʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʨʦʙʽʪ 

ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʥʽʚ ʽʟ ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʫʯʘʩʪʽ ʟʘʨʷʜʞʝʥʠʭ ʩʪʘʥʽʚ ʥʘ 
ʤʝʞʽ ʧʦʜʽʣʫ. 

ʇʨʠ ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ V < 0,15 ɺ ʩʪʨʫʤ ʯʝʨʝʟ ʛʝʪʝʨʦʧʝʨʝʭʽʜ 

ʧʨʦʪʽʢʘʻ ʰʣʷʭʦʤ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʧʨʠʢʦʥʪʘʢʪʥʽʡ 

ʦʙʣʘʩʪʽ ʟʽ ʩʪʦʨʦʥʠ p-InSe. ʇʨʠ  V > 0,15 ɺ  ʤʝʭʘʥʽʟʤ 
ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʷʚʣʷʻ ʩʦʙʦʶ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫ 

ʚʘʣʝʥʪʥʫ ʟʦʥʫ p-InSe ʟ ʧʘʩʪʦʢ ʥʘ ʤʝʞʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ. 

ɿʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʫʪʚʦʨʶʻʪʴʩʷ ʪʫʥʝʣʶʚʘʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ ʽʟ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʚ ʆʇɿ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ p-InSe. 
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ʈʠʩ.1. ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n-SnS2/p-InSe (T = 300 K) 

 

ʉʧʝʢʪʨ ʢʚʘʥʪʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ n-SnS2/p-InSe 
ʦʭʦʧʣʶʻ ʜʽʘʧʘʟʦʥ ʝʥʝʨʛʽʡ 1,2 ï 3,1 ʝɺ. ɼʦʚʛʦʭʚʠʣʴʦʚʠʡ ʢʨʘʡ 

ʬʦʪʦʯʫʪʣʠʚʦʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ʝʥʝʨʛʽʾ ʢʚʘʥʪʽʚ 1,2 ʝɺ ʽ ʟʫʤʦʚʣʝʥʠʡ 

ʢʨʘʻʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʚ p-InSe. ʅʘʥʝʩʝʥʘ ʧʣʽʚʢʘ 

n-SnS2 ʧʨʦʧʫʩʢʘʻ ʩʚʽʪʣʦ ʟ ʝʥʝʨʛʽʷʤʠ ʢʚʘʥʪʽʚ, ʷʢʽ ʤʝʥʰʽ Eg        
(hɜ < 2,4 ʝɺ) ʜʦ ʧʽʜʢʣʘʜʢʠ ʩʝʣʝʥʽʜʫ ʽʥʜʽʶ. ʇʨʠ ʝʥʝʨʛʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ~ 2,8 ʝɺ ʬʦʪʦʛʝʥʝʨʘʮʽʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʟʦʩʝʨʝʜʞʝʥʘ ʫ ʧʣʽʚʮʽ SnS2. ɿʘ ʦʧʨʦʤʽʥʝʥʥʷ ʝʥʝʨʛʽʷʤʠ 
ʢʚʘʥʪʽʚ hɜ > 2,8 ʝɺ ʦʙʣʘʩʪʴ ʥʘʡʽʥʪʝʥʩʠʚʥʽʰʦʾ ʛʝʥʝʨʘʮʽʾ 

ʝʣʝʢʪʨʦʥ-ʜʽʨʢʦʚʠʭ ʧʘʨ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʬʨʦʥʪʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ 

SnS2. ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʠ n-SnS2/p-InSe ʧʝʨʩʧʝʢʪʠʚʥʽ ʷʢ 
ʬʦʪʦʧʨʠʡʤʘʯʽ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʫʤʦʚʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʛʦ ʦʧʦʨʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʨʠ: 

1. Orletsky I.G., Ilashchuk M.I., Brus V.V., Marianchuk P.D., Solovan 
M.M., Kovalyuk Z.D., Electrical and Photoelectric Properties of the 

TiN/p-InSe Heterojunction, Semiconductors. 50 (2016) 334ï338.  

2. Orletskii I.G., Maryanchuk P.D., Maistruk E.V., Solovan M.N., 

Koziarskyi D.P., Brus V.V., Modification of the properties of tin 

sulfide films grown by spray pyrolysis, Inorganic Materials. 52 (2016) 

851ï857.  
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ɼʝʥʠʩ ʂʫʮ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɾʠʭʘʨʝʚʠʯ ɺ.ɺ. 

  

ʉʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ 

 
ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʙʽʦʧʦʜʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʽʟ ʥʘʩʪʫʧʥʠʤʠ 
ʦʩʦʙʣʠʚʦʩʪʷʤʠ: 

1. ʉʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʢʣʽʪʠʥ ʪʘ ʟʘʜʘʥʥʷ ʾʭ 

ʘʣʛʦʨʠʪʤʠ ʧʦʚʝʜʽʥʢʠ. 
2. ʉʠʤʫʣʷʮʽʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. 

3. ɺʽʜʦʙʨʘʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʬʦʨʤʘʪʽ 3D. 

4. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʩʠʤʫʣʷʮʽʾ ñʥʘ ʣʴʦʪʫò. 

ʆʜʥʠʤ ʽʟ ʬʦʢʫʩʽʚ ʨʦʟʨʦʙʢʠ ʪʘʢʦʞ ʻ ʟʨʫʯʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ  ʙʝʟ ʜʦʩʚʽʜʫ ʫ ʩʬʝʨʽ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɯʩʥʫʶʪʴ ʪʘʢʽ ʘʥʘʣʦʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 
ʧʨʦʜʫʢʪʫ: Morpheus, CompuCell3D. 

Morpheus ï ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʠʤʫʣʷʮʽʾ 

ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʠʭ ʪʘ ʙʘʛʘʪʦʢʣʽʪʠʥʥʠʭ ʩʠʩʪʝʤ. 
 

 
ʈʠʩ 1. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ, ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ Morpheus 

 

CompuCell3D ï ʛʥʫʯʢʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʪʢʘʥʠʥ. ʄʦʜʝʣʽ CompuCell3D ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 
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ʨʦʟʚôʷʟʘʥʥʷ ʦʩʥʦʚʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʨʦʟʨʦʙʢʠ ʤʝʜʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ, ʦʮʽʥʶʚʘʥʥʷ ʨʝʞʠʤʽʚ ʜʽʾ ʪʦʢʩʠʢʘʥʪʽʚ ʽ 

ʨʦʟʨʦʙʢʠ ʽʥʞʝʥʝʨʥʠʭ ʪʢʘʥʠʥ. 
 

 
ʈʠʩ 2. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ, ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

CompuCell3D 

 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Kotlin. ɿʘ ʜʦʩʪʫʧ ʜʦ ʙʽʙʣʽʦʪʝʢʠ OpenGL 

ʚʽʜʧʦʚʽʜʘʻ ʬʨʝʡʤʚʦʨʢ JOGL. ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ JavaFX. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 
1. Modeling and Visualization of Biological Structures / 

Przemyslaw Prusinkiewicz, Proceeding of Graphics Interface 

ô93, 1993 ð 128ï137 ʩ. 

2. OpenGL Programming Guide Eighth Edition / Dave Shreiner, 

Addison-Wesley Professional, 2009. ð 936 ʩ. 

3. http://www.compucell3d.org/ 

4. https://morpheus.gitlab.io/ 
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ʄʠʢʦʣʘ ʂʫʰʥʽʨʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʠʨʠʯʝʥʢʦ ʆ.ʃ. 
 

ʈʝʘʣʽʟʘʮʽʷ RESTful API ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Odata (Open 

Data Protocol) ʫ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʤʫ ʜʦʜʘʪʢʫ eLibrary  

 
ʉʴʦʛʦʜʥʽ ʩʬʝʨʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰʝ ʚʽʜʯʫʣʘ ʚʧʣʠʚ 

ɯʥʪʝʨʥʝʪʫ. ʊʘʢʦʞ ɯʥʪʝʨʥʝʪ ʚʧʣʠʥʫʚ ʥʘ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ. 

ʇʦʙʘʯʠʚʰʠ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 
ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ ʧʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ ʇɿ, ʟôʷʚʠʣʦʩʴ ʙʘʛʘʪʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʉʝʨʝʜ ʷʚʥʠʭ ʧʝʨʝʚʘʛ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

- ʇʨʦʩʪʦʪʘ ʜʦʩʪʫʧʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 
- ʇʦʣʝʛʰʝʥʘ ʨʝʘʣʽʟʘʮʽʷ ʚʝʨʩʽʡʥʦʩʪʽ. 

- ʅʘʜʽʡʥʝ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʙʘʟʘʭ ʜʘʥʠʭ. 

- ʇʦʩʪʽʡʥʠʡ ʪʘ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʧʣʘʪʬʦʨʤʠ ʯʠ ʛʝʦʛʨʘʬʽʯʥʦʛʦ 
ʨʦʟʤʽʱʝʥʥʷ, ʜʦʩʪʫʧ ʜʦ ʧʨʦʛʨʘʤʠ ʪʘ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ. 

- ʇʨʦʩʪʦʪʘ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʘ ʟʘʚʜʷʢʠ ʫʥʽʚʝʨʩʘʣʽʟʦʚʘʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ, ʥʝʟʘʣʝʞʥʦʤʫ ʚʽʜ ʧʣʘʪʬʦʨʤʠ ʢʦʨʠʩʪʫʚʘʯʘ. 
ɸʣʝ ʻ ʽ ʥʝʜʦʣʽʢʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʩʽʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʡ, ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʪʘ ʙʝʟʣʽʯ ʰʘʨʽʚ 

ʘʙʩʪʨʘʢʮʽʡ ï ʮʽʥʘ, ʷʢʫ ʤʠ ʟʤʫʰʝʥʽ ʧʣʘʪʠʪʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ 

ʚʝʙ-ʧʨʦʛʨʘʤ ʟʥʘʯʥʦ ʧʘʜʘʻ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 
ʟʘʣʝʞʥʦʩʪʝʡ ʪʘ ʥʘʜʤʽʨʥʦʩʪʝʡ. ʉʴʦʛʦʜʥʽʰʥʷ ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʚʠʪʢʫ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʨʦʟʚʠʪʢʫ 
ʧʦʪʫʞʥʦʩʪʽ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ.  

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ ʻ ʪʝʧʝʨʽʰʥʷ ʨʝʘʣʽʟʘʮʽʷ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ RESTful API. ʉʣʘʙʢʦʶ ʣʘʥʢʦʶ ʻ ʩʘʤʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ 
ʤʽʞ ʩʝʨʚʝʨʦʤ ʪʘ ʢʣʽʻʥʪʦʤ. ʋ ʩʪʘʥʜʘʨʪʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ 

ʥʘ ʩʝʨʚʝʨʽ ʢʣʽʻʥʪ ʟʤʦʞʝ ʜʽʩʪʘʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ 

ʩʧʝʮʽʘʣʴʥʫ URL. ɿʘʟʚʠʯʘʡ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʝʡ 
(ʩʪʨʫʢʪʫʨ, ʢʣʘʩʽʚ, ʪʦʱʦ) ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

HTTP ʫ ʬʦʨʤʘʪʘʭ XML , JSON ʪʦʱʦ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʨʝʘʣʽʟʘʮʽʷ 

ʢʣʽʻʥʪʘ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʦʶ (ʙʨʘʫʟʝʨʥʠʡ ʢʣʽʻʥʪ, ʜʝʩʢʪʦʧʥʘ 
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ʧʨʦʛʨʘʤʘ, ʤʦʙʽʣʴʥʠʡ ʢʣʽʻʥʪ ʘʙʦ ʽʥʰʠʡ ʩʝʨʚʝʨ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʪʨʽʙʥʠʭ ʬʦʨʤʘʪʽʚ, ʱʦ ʟʘʟʚʠʯʘʡ ʨʦʟʚôʷʟʫʻʪʴʩʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʻʶ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʫ API. ʊʘ ʩʪʘʥʜʘʨʪʥʽ ʜʘʥʽ ʜʣʷ ʚʩʽʭ 
ï ʮʝ ʥʝ ʟʘʚʞʜʠ çʧʦʪʨʽʙʥʽè ʜʘʥʽ ʜʣʷ ʚʩʽʭ. ʇʦʪʨʽʙʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ 

ʩʝʨʚʝʨʘ ʥʝ ʟʘʚʞʜʠ ʪʘ ʥʝ ʧʦʚʥʽʩʪʶ ʧʦʪʨʽʙʥʘ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʢʣʽʻʥʪʘ. 

ʊʦʤʫ ʜʽʷ ʥʘʩʪʫʧʥʘ ï ʦʪʨʠʤʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ 
ʜʘʥʠʭ ʪʘ ʧʨʦʚʦʜʠʪʠ ʚʠʙʽʨʢʫ ʧʦʪʨʽʙʥʦʛʦ ʩʘʤʝ ʜʣʷ ʜʘʥʦʾ ʧʣʘʪʬʦʨʤʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦ ʤʝʨʝʞʽ ʧʨʦʡʰʦʚ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʥʝʧʦʪʨʽʙʥʠʭ, 

ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʪʘ ʤʘʨʥʦʪʨʘʪʥʠʭ ʜʘʥʠʭ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ 

ʟʨʦʩʪʘʻ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʇɿ ʧʘʜʘʻ, ʘ ʢʦʨʠʩʪʴ, ʷʢʫ 
ʧʨʠʥʦʩʠʪʴ ʜʦʜʘʪʦʢ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ [1]. 

ʈʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ Odata (Open Data 

Protocol), ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʽʻʥʪʫ ʚʢʘʟʫʚʘʪʠ, ʱʦ ʩʘʤʝ ʡʦʤʫ ʧʦʪʨʽʙʥʦ. 
ʉʝʨʚʝʨʫ ʥʝ ʧʦʪʨʽʙʥʦ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʥʝʧʦʪʨʽʙʥʽ ʜʘʥʽ, ʤʝʨʝʞʽ ʥʝ 

ʧʦʪʨʽʙʥʦ ʧʨʦʧʫʩʢʘʪʠ ʥʝʧʦʪʨʽʙʥʽ ʜʘʥʽ, ʘ ʢʣʽʻʥʪ ʦʪʨʠʤʫʻ ʪʽʣʴʢʠ 

ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ [2]. ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ Odata ʜʦʟʚʦʣʷʻ ʥʘʤ 

ʩʪʚʦʨʶʚʘʪʠ ʟʘʧʠʪʠ ʧʦ ʚʠʙʽʨʮʽ ʜʘʥʠʭ ʜʦ API ï ʧʦʜʽʙʥʽ ʟʘʧʠʪʘʤ ʜʦ 
ʙʘʟʠ ʜʘʥʠʭ [2]. ʅʘʚʝʜʝʤʦ ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ ʟʘʧʠʪʽʚ: 

1. ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʤʦʜʝʣʝʡ 

GET https:// domain.com/ api / Students  
2. ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʧʦ Id 

GET https:// domain.com/ api / Students (' mykolakushniryk ')  

3. ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʧʦ Id ʽ ʜʽʩʪʘʪʠ ʪʽʣʴʢʠ ʾʾ 
ʦʜʥʫ ʚʣʘʩʪʠʚʽʩʪʴ 

GET https:// domain.com/ api / University (' CHNU')/Name  

4. ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʢʣʘʜʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʝʣʽ ʧʦ 
ʚʢʘʟʘʥʦʤʫ Id 

GET https:// domain.com/ api / University (' CHNU')/Location  

ʆʪʞʝ, ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ Odata ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 
ʚʠʙʽʨʢʫ ʜʘʥʠʭ ʽ ʪʠʤ ʩʘʤʠʤ ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʘʧʘʨʘʪʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Robert C. Martin. Clean Code: A Handbook of Agile Software 

Craftsmanship / Robert C.Martin ï Boston: Pearson Education Inc., 2008. ï  

413 ʨ. 

2. URI Conventions (OData Version 2.0) [ɽʣʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:[ɺʝʙ-

ʩʘʡʪ].ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.odata.org/. 
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ʄʘʢʩʠʤ ʃʘʢʫʩʪʘ 

ʄʠʭʘʡʣʦ ʄʦʮʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ʃ. ʄʘʩʣʷʥʯʫʢ 

 

ɽʣʝʢʪʨʠʯʥʽ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ CdS/CdMgTe 

 
ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʪʘʢʽ ʷʢ 

ʝʥʝʨʛʽʷ ʚʽʪʨʫ ʽ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ, ʛʽʜʨʦ- ʽ ʛʝʦʪʝʨʤʘʣʴʥʘ ʝʥʝʨʛʽʷ, ʚ 
ʫʩʴʦʤʫ ʩʚʽʪʽ ʧʨʠʚʝʨʪʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʫʚʘʛʠ. ɿʨʦʩʪʘʶʯʠʡ 

ʽʥʪʝʨʝʩ ʜʦ ʥʠʭ ʚʠʢʣʠʢʘʥʠʡ ʝʢʦʣʦʛʽʯʥʠʤʠ ʤʽʨʢʫʚʘʥʥʷʤʠ, - ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʽ ʦʙʤʝʞʝʥʽʩʪʶ ʪʨʘʜʠʮʽʡʥʠʭ ʟʝʤʥʠʭ ʨʝʩʫʨʩʽʚ ï ʟ 
ʽʥʰʦʛʦ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟʘʡʤʘʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ ʧʝʨʝʪʚʦʨʠʣʦʩʷ ʚ ʦʢʨʝʤʠʡ ʥʘʧʨʷʤ ʥʘʫʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʾ ï ʬʦʪʦʚʦʣʴʪʘʾʢʫ. 
ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʬʦʪʦʚʦʣʴʪʘʾʢʠ 

ʻ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ (CdTe). ʎʝʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʤʘʻ ʽʜʝʘʣʴʥʫ ʜʣʷ 

ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (1,47-
1,48 ʝɺ) ʽ ʚʠʩʦʢʫ ʧʦʛʣʠʥʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʇʣʽʚʢʠ CdTe ʜʦʩʠʪʴ 

ʜʝʰʝʚʽ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ. ʅʘʡʢʨʘʱʽ ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ 

CdTe ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʟ CdS ʷʢ çʚʽʢʥʘè, ʘ ʦʢʩʠʜ 
ʦʣʦʚʘ (SnO2:F) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʨʦʟʦʨʠʡ ʢʦʥʪʘʢʪ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʟʨʘʟʢʽʚ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ CdS/CdTe ʥʝʚʝʣʠʢʦʾ ʧʣʦʱʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʨʦʢʫ ʚ ʨʽʢ ʽ ʥʘʨʘʟʽ ʩʢʣʘʜʘʻ 22,1% ʧʨʠ ʩʦʥʷʯʥʦʤʫ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ AM1.5 [1]. ʆʜʥʘʢ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʘʥʜʘʨʪʥʠʭ 

ʩʦʥʷʯʥʠʭ ʤʦʜʫʣʽʚ CdTe ʚʝʣʠʢʦʾ ʧʣʦʱʽ ʥʘ ʧʦʯʘʪʢʫ 2015 ʨʦʢʫ 

ʩʷʛʥʫʣʘ ʣʠʰʝ 18,6% [2], ʱʦ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ 
ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʞʽ (28-30%). ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

CdTe ʤʦʜʫʣʽʚ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ 

ʟʘʜʘʯʝʶ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʫʣʽʚ 

CdTe ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʧʝʨʝʭʽʜʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʜʝ ʬʦʪʦʜʽʦʜʥʽ 
ʩʪʨʫʢʪʫʨʠ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʟ ʨʽʟʥʠʤʠ ʟʘʙʦʨʦʥʝʥʠʤʠ ʟʦʥʘʤʠ 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʰʘʨʘʤʠ ʦʜʠʥ ʥʘ ʦʜʥʠʡ. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʚ ʥʠʞʥʴʦʤʫ ʰʘʨʽ ʤʝʥʰ, ʥʽʞ ʫ ʚʝʨʭʥʴʦʤʫ, ʪʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 
ʱʦ ʧʨʦʡʰʣʦ ʯʝʨʝʟ ʚʝʨʭʥʽʡ ʰʘʨ, ʧʦʛʣʠʥʘʻʪʴʩʷ ʚ ʥʠʞʥʴʦʤʫ ʰʘʨʽ, 
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ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʦʛʦ ʪʘʥʜʝʤʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʨʦʩʪʘʻ. ʋ 

ʨʘʟʽ ʩʦʥʷʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʽ CdTe ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ ʜʣʷ ʧʦʛʣʠʥʘʯʘ ʚʝʨʭʥʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʜʚʦʧʝʨʝʭʽʜʥʠʭ 
ʪʘʥʜʝʤʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʘʭ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 1,6-1,8 ʝɺ, 

ʪʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ CdTe ʟ Zn, Mn ʽ Mg ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʟ ʧʦʛʣʷʜʫ ʚʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʢʨʠʪʝʨʽʷ. 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʚʦʧʝʨʝʭʽʜʥʦʛʦ ʩʦʥʷʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

Cd1-xMgxTe ʟʘ ʧʨʦʛʥʦʟʘʤʠ ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 25% ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʪʝʨʽʘʣʽʚ. ʋʟʛʦʜʞʝʥʥʷ 

ʧʦʩʪʽʡʥʠʭ ʛʨʘʪʦʢ MgTe ʽ CdTe, ʚʠʩʦʢʘ ʨʦʟʯʠʥʥʽʩʪʴ MgTe ʚ CdTe 
ʽ ʰʚʠʜʢʝ ʟʙʽʣʴʰʝʥʥʷ Eg ʟʽ ʚʤʽʩʪʦʤ Mg (ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

Cd1-xMgxTe ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʟʤʽʥʝʥʘ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1,48 ʜʦ 

3,5 ʝɺ ʧʨʠ 0 < x < 1), ʚʽʜʢʨʠʚʘʶʪʴ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 
ʨʦʟʨʦʙʢʠ ʪʘʥʜʝʤʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʗʢ ʚʽʜʧʦʚʽʜʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʧʦʛʣʠʥʘʯʘ ʚ ʥʠʞʥʽʭ ʧʝʨʝʭʦʜʘʭ 

ʪʘʢʠʭ ʪʘʥʜʝʤʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʦʙʨʝ ʚʠʚʯʝʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ CuInxGa1-xSe2 ʽ 
HgxCd1-xTe ʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 1-1,1 ʝɺ. 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ CdS/ Cd1-xMgxTe ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 
ʪʘʥʜʝʤʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʘʭ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʤʨ̔ʷʥ̔ ʚʦʣʴʪ-

ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʚ̔ ʦʧʠʩʫʶʪʴʩʷ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʛʝʥʝʨʘʮʽʾ-ʨʝʢʦʤʙʥ̔ʘʮ̔ʾ ʚ ʦʙʣʘʩʪ ̔ ʧʨʦʩʪʦʨʦʚʦʛʦ 
ʟʘʨʷʜʫ ʉʘʘ-ʅʦʡʩʘ-ʐʦʢʣ̔ [3]. ʉʧʝʢʪʨ ʢʚʘʥʪʦʚʦ ʾʝʬʝʢʪʠʚʥʦʩʪ ̔ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʨʝʡʬʦʚʦʾ ʪʘ ʜʠʬʫʟʡ̔ʥʦʾ ʩʢʣʘʜʦʚʠʭ, ʨʝʢʦʤʙʥ̔ʘʮ̔ʾ 

ʥʘ ʬʨʦʥʪʘʣʴʥʡ̔ ̔ ʪʠʣʴʥʡ̔ ʧʦʚʝʨʭʥʷʭ ʰʘʨʫ ʧʦʛʣʠʥʘʯʘ Cd1-xMgxTe 

ʜʦʙʨʝ ʦʧʠʩʫ ̒ ʚʠʤ̔ʨʷʥ̔ ʩʧʝʢʪʨʠ. ɿʩ̔ʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʚ̔ 
ʨʦʟʨʘʭʫʥʢʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʦʟʚʦʣʷ ̒ʚʠʟʥʘʯʠʪʠ 

ʦʩʥʦʚʥ ̔ʧʘʨʘʤʝʪʨʠ ʰʘʨʫ Cd1-xMgxTe ̔  ʩʪʨʫʢʪʫʨʫ ʜʦ̔ʜʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. <https://www.nrel.gov/pv/assets/pdfs/pv-efficiency-

chart.20190103.pdf> 

2. <https://www.nrel.gov/pv/assets/pdfs/research-module-efficiency-

chart.20190128.pdf> 

3. Sah C., Noyse R., Shokley W. Carrier generation and recombination in 

p-n-junction and p-n-junctions characteristics // Proc. IRE.1957. Vol. 

45, ˉ9. P. 1228-1243. 
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ʆʣʝʢʩʘʥʜʨ ʃʠʩʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ 

ʫ ʪʦʥʢʠʭ ʰʘʨʘʭ ʧʥʽʢʪʦʛʝʥʽʜʽʚ ʽʥʜʽʶ 

ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʥʘ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ (ʂʊ) 
ʥʘ ʙʘʟʽ ʧʥʽʢʪʦʛʝʥʽʜʽʚ ʽʥʜʽʶ  ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʩʝʨʝʜʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ (ɯʏ) ʜʽʘʧʘʟʦʥʽ (3-5ʤʢʤ) ʜʦʚʞʠʥ ʭʚʠʣʴ, 

ʥʘʧʨʠʢʣʘʜ, ɯʏ-ʣʘʟʝʨʘʭ, ʪʝʧʣʦʚʽʟʦʨʘʭ [1]. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ 
ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʂʊ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ ʤʘʶʪʴ 

ʥʝʟʘʧʝʨʝʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, ʷʢʠʡ ʩʧʦʥʫʢʘʻ ʜʦʩʣʽʜʥʠʢʽʚ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʚʠʚʯʝʥʥʷ ʮʠʭ ʩʠʩʪʝʤ. ʊʘʢ, ʘʚʪʦʨʠ [1] ʚʠʷʚʠʣʠ, ʱʦ 

ʧʨʠ ʨʦʩʪʽ ʂʊ ʚ ʩʠʩʪʝʤʽ InSb/ InAs ʚʠʥʠʢʘʻ ʙʽʤʦʜʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ 

ʂʊ: ʤʘʣʠʭ (ʜʦ 17 ʥʤ) ʽ ʚʝʣʠʢʠʭ (ʜʦ 45 ʥʤ), ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ 

ʪʽʣʴʢʠ ʤʝʭʘʥʽʟʤʘʤʠ ʨʦʩʪʫ, ʣʘʪʝʨʘʣʴʥʠʤʠ ʨʦʟʤʽʨʘʤʠ, ʘʣʝ ʡ 

ʩʪʨʫʢʪʫʨʥʦʶ ʜʦʩʢʦʥʘʣʽʩʪʶ. ɺʝʣʠʢʽ ʂʊ ʤʽʩʪʠʣʠ ʚ ʩʦʙʽ ʜʠʩʣʦʢʘʮʽʾ 
ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ (ʨʠʩ.1,ʚ).  

 

ʘ ʙ ʚ ʛ 
ʈʠʩ.1. ɿʦʙʨʘʞʝʥʥʷ  ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʜʠʬʨʘʢʮʽʡʥʦʛʦ 

ʢʦʥʪʨʘʩʪʘ ʚʽʜ ʂʊ ʚ InSb ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ (ʘ,ʙ) ʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ  ʯʘʩʪʢʦʚʦʾ 

ʜʠʩʣʦʢʘʮʽʾ ʌʨʘʥʢʘ (ʚ,ʛ). ʉʪʨʽʣʢʦʶ ʚʢʘʟʘʥʠʡ ʥʘʧʨʷʤʦʢ ʜʠʬʨʘʢʮʽʡʥʦʛʦ 

ʚʝʢʪʦʨʘ g
r
. ʈʠʩ.ʘ,ʚ ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ; ʙ,ʛ ï ʟʤʦʜʝʣʴʦʚʘʥʽ 

ʜʠʬʨʘʢʮʽʡʥʽ ʢʦʥʪʨʘʩʪʠ. ʈʠʩʫʥʦʢ ʟʘʧʦʟʠʯʝʥʠʡ ʚ ʧʨʘʮʽ [2]. 

ɸʥʘʣʽʟ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ 
ʂʊ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʘʭʫʥʦʢ ʧʦʣʽʚ ʟʤʽʱʝʥʥʷ ʥʘʚʢʦʣʦ ʜʠʩʣʦʢʘʮʽʾ 
ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʚʪʦʨʘʤʠ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʦ 
(ʧʦʨʽʚʥʷʡʪʝ ʨʠʩ.1,ʚ ʽ ʨʠʩ. 1,ʛ). ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʣʷ ʟʤʽʱʝʥʥʷ 
ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʫ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʟʤʽʥʫ ʟʥʘʢʘ ʢʦʝʬʽʮʽʻʥʪʽʚ 
ʇʫʘʩʩʦʥʘ, ʷʢʘ, ʷʢ ʚʽʜʦʤʦ [3], ʤʦʞʝ ʥʘ ʧʦʨʷʜʢʠ ʟʤʽʥʠʪʠ ʟʥʘʯʝʥʥʷ 
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ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʫ ʪʘ ʭʘʨʘʢʪʝʨ ʧʦʣʷ 
ʟʤʽʱʝʥʥʷ ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʫ. 
ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚʧʣʠʚ ʚʝʣʠʯʠʥʠ ʪʘ ʟʥʘʢʘ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ (n) ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʦʣʽʚ 
ʥʘʧʨʫʞʝʥʴ ʪʘ ʟʤʽʱʝʥʴ ʥʘʚʢʦʣʦ ʣʽʥʽʡʥʠʭ ʪʘ ʢʚʘʟʽʪʦʯʢʦʚʠʭ 
ʜʝʬʝʢʪʽʚ (ʢʨʘʡʦʚʠʭ ʜʠʩʣʦʢʘʮʽʡ ʪʘ ʯʘʩʪʢʦʚʠʭ ʜʠʩʣʦʢʘʮʽʡ ʧʦ ʪʠʧʫ 
ʜʠʩʣʦʢʘʮʽʡ ʌʨʘʥʢʘ) ʫ ʪʦʥʢʠʭ ʰʘʨʘʭ ʽʥʜʽʶ ʪʘ ʡʦʛʦ ʩʧʣʘʚʽʚ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ: 

¶ ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʧʦʣʽʚ ʟʤʽʱʝʥʴ ʘʪʦʤʽʚ ʥʘʚʢʦʣʦ ʢʨʘʡʦʚʠʭ 
ʜʠʩʣʦʢʘʮʽʡʾ ʚ ʪʦʥʢʠʭ ʰʘʨʘʭ ʽʥʜʽʶ ʫ ʥʝʘʫʢʩʝʪʠʯʥʦʤʫ (ʨʠʩ. 2,ʘ) 
ʽ ʘʫʢʩʝʪʠʯʥʦʤʫ (ʨʠʩ. 2,ʙ) ʩʪʘʥʘʭ ʧʨʠʥʮʠʧʦʚʦ ʨʽʟʥʠʡ: ç ʜʦ ʽ ʚʽʜ 
ʜʠʩʣʦʢʘʮʽʾè ʜʣʷ ʜʦʜʘʪʥʠʭ ʟʥʘʯʝʥʴ n, ʽ  çʟʚʝʨʭʫ® ʚʥʠʟè, 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ  ʣʽʥʽʾ ʜʠʩʣʦʢʘʮʽʾ ï ʜʣʷ ʚʽʜôʻʤʥʠʭ. 

ʘ ʙ 

ʈʠʩ.2. ɺʝʢʪʦʨʠʥʽ ʧʦʣʷ ʟʤʽʱʝʥʥʷ ʥʘʚʢʦʣʦ ʢʨʘʡʦʚʦʾ ʜʠʩʣʦʢʘʮʽʾ ʫ ʪʦʥʢʠʭ 

ʰʘʨʘʭ ʽʥʜʽʶ ʫ ʟʚʠʯʘʡʥʦʤʫ (ʘ) ʽ ʘʫʢʩʝʪʠʯʥʦʤʫ (ʙ) ʩʪʘʥʘʭ 

¶ ɺʝʣʠʯʠʥʘ ʩʫʤʘʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘʚʢʦʣʦ ʜʠʩʣʦʢʘʮʽʡ ʌʨʘʥʢʘ 

ʚ ʘʫʢʩʝʪʠʯʥʦʤʫ ʩʪʘʥʽ  ʤʘʡʞʝ ʫ 1,7 ʨʘʟʫ ʙʽʣʴʰʘ, ʥʽʞ ʫ 
ʟʚʠʯʘʡʥʦʤʫ, ʱʦ ʥʝʤʠʥʫʯʝ ʚʧʣʠʥʝ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ 

ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʢʦʥʪʨʘʩʪʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʦʢʫʨʘ ʃ.ɸ., ʅʝʚʝʜʦʤʩʢʠʡ ɺ.ʅ., ɹʝʨʪ ʅ.ɸ. ʉʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʘʥʪʠʤʦʥʠʜʘ ʠʥʜʠʷ ʥʘ ʧʦʜʣʦʞʢʝ 
ʘʨʩʝʥʠʜʘ ʠʥʜʠʷ //ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʚʝʜʦʤʦʩʪʠ ʉʇʙɻʇʋ. ʌʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2015. ˉ 2(218). ʉ.11-18.  

2. ʈʘʨʘʥʩʴʢʠʡ ʄ. ɼ., ʆʣʽʡʥʠʯ-ʃʠʩʶʢ ɸ.ɺ., ʊʘʱʫʢ ʈ.ʖ.,. ʃʠʩʶʢ ʆ.ɺ, 

ʊʘʱʫʢ ʆ.ʖ. ʆʩʦʙʣʠʚʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʢʨʠʩʪʘʣʘʭ In ʫ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ // ʄʌʽʅʊ. 2018. ʊ.40,ˉ11.ʉ.1153-1163. 
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ʖʨʽʡ ʃʫʛʦʰ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʝʨʝʚʷʥʯʫʢ ʆ.ɺ. 
 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʧʦʰʫʢʦʚʦʛʦ ʨʦʙʦʪʘ  

ʜʣʷ ʧʦʙʫʜʦʚʠ ʚʝʙ-ʧʦʰʫʢʫ 

 
ʇʦʰʫʢʦʚʠʡ ʨʦʙʦʪ ð ʧʨʦʛʨʘʤʘ, ʱʦ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ 

ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʭʦʜʫ ʩʪʦʨʽʥʦʢ ʽʥʪʝʨʥʝʪʫ 
ʟ ʤʝʪʦʶ ʟʘʥʝʩʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʠʭ (ʢʣʶʯʦʚʠʭ ʩʣʽʚ) ʜʦ ʙʘʟʠ 

ʜʘʥʠʭ. 

ʇʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʟʜʽʡʩʥʶʶʪʴ ʟʘʛʘʣʴʥʠʡ ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ ʚ 
ɯʥʪʝʨʥʝʪʽ. ɺʦʥʠ ʧʦʚʽʜʦʤʣʷʶʪʴ ʧʨʦ ʟʤʽʩʪ ʟʥʘʡʜʝʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, 

ʽʥʜʝʢʩʫʶʪʴ ʡʦʛʦ ʽ ʜʦʙʫʚʘʶʪʴ ʧʽʜʩʫʤʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ. ɺʦʥʠ 

ʪʘʢʦʞ ʧʝʨʝʛʣʷʜʘʶʪʴ ʟʘʛʦʣʦʚʢʠ, ʧʦʩʠʣʘʥʥʷ ʽ ʚʽʜʧʨʘʚʣʷʶʪʴ 

ʧʨʦʽʥʜʝʢʩʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʧʦʰʫʢʦʚʦʛʦ 
ʤʝʭʘʥʽʟʤʫ.  

ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʨʦʙʦʪ ʥʘʛʘʜʫʻ ʟʚʠʯʘʡʥʠʡ ʙʨʘʫʟʝʨ. ɺʽʥ 

ʘʥʘʣʽʟʫʻ ʚʤʽʩʪ ʩʪʦʨʽʥʢʠ, ʟʙʝʨʽʛʘʻ ʡʦʛʦ ʚ ʜʝʷʢʦʤʫ ʩʧʝʮʽʘʣʴʥʦʤʫ 
ʚʠʛʣʷʜʽ ʥʘ ʩʝʨʚʝʨʽ ʧʦʰʫʢʦʚʦʾ ʤʘʰʠʥʠ ʽ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʟʘ  

ʧʦʩʠʣʘʥʥʷʤʠ ʥʘ ʥʘʩʪʫʧʥʽ ʩʪʦʨʽʥʢʠ. 
ʅʝʨʽʜʢʦ ʦʙʤʝʞʫʶʪʴʩʷ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ çʧʘʚʫʢʘè 

ʚʩʝʨʝʜʠʥʫ ʩʘʡʪʫ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʩʢʘʥʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. 

ʂʨʽʤ ʟʚʠʯʘʡʥʠʭ ʨʦʙʦʪʽʚ, ʽʩʥʫʶʪʴ ʪʘʢ ʟʚʘʥʽ çʜʷʪʣʠè - ʨʦʙʦʪʠ, ʷʢʽ 

çʧʨʦʩʪʫʢʫʶʪʴè ʧʨʦʽʥʜʝʢʩʦʚʘʥʠʡ ʩʘʡʪ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʚʽʥ 

ʜʦʩʪʫʧʥʠʡ. 
ʇʦʨʷʜʦʢ ʦʙʭʦʜʫ ʩʪʦʨʽʥʦʢ, ʯʘʩʪʦʪʘ ʚʽʟʠʪʽʚ, ʟʘʭʠʩʪ ʚʽʜ 

ʟʘʮʠʢʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʨʠʪʝʨʽʾ ʚʠʜʽʣʝʥʥʷ ʟʥʘʯʫʱʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʣʛʦʨʠʪʤʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ. ʋ 
ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʝʨʝʭʽʜ ʚʽʜ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠ ʜʦ ʽʥʰʦʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʘʜʨʝʩʘʤʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʥʘ ʧʝʨʰʽʡ ʽ 

ʥʘʩʪʫʧʥʠʭ ʩʪʦʨʽʥʢʘʭ. 
ʈʦʙʦʪ ʥʝ ʘʥʘʣʽʟʫʻ ʟʥʘʡʜʝʥʠʡ ʢʦʥʪʝʥʪ, ʚʽʥ ʪʽʣʴʢʠ ʧʝʨʝʜʘʻ ʡʦʛʦ 

ʥʘ ʩʝʨʚʝʨʘ ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʜʝ ʚʞʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ 

ʦʙʨʦʙʢʘ. ʆʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʧʦʰʫʢʦʚʦʾ 

ʩʠʩʪʝʤʠ ʻ ʨʝʣʝʚʘʥʪʥʽʩʪʴ, ʧʦʚʥʦʪʘ ʙʘʟʠ, ʚʨʘʭʫʚʘʥʥʷ ʤʦʨʬʦʣʦʛʽʾ 
ʤʦʚʠ. 
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ʇʦʰʫʢʦʚʘ ʩʠʩʪʝʤʘ ʧʝʚʥʘ ʙʘʟʘ ʜʘʥʠʭ ð ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ ʟ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʦʤ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʫʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ɯʥʪʝʨʥʝʪʽ. ʇʦʰʫʢʦʚʠʡ ʨʦʙʦʪ ʻ ʦʜʥʠʤ ʽʟ 
ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʙʦʪʠ ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ 

 
ʗʢʽʩʪʴ ʨʦʙʦʪʠ ʧʦʰʫʢʦʚʦʾ ʤʘʰʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, 

ʥʘʩʢʽʣʴʢʠ ʦʧʝʨʘʪʠʚʥʦ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ çʧʘʚʫʢʠè, ʯʝʨʝʟ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʙʘʟʠ ʜʘʥʠʭ. ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʜʦʢʫʤʝʥʪ 
ʥʝ ʧʦʪʨʘʧʠʚ ʜʦ ʙʘʟʠ ʜʘʥʠʭ, ʚʽʥ ʥʽʢʦʣʠ ʥʝ ʙʫʜʝ ʟʥʘʡʜʝʥʠʡ 

ʧʦʰʫʢʦʚʦʶ ʤʘʰʠʥʦʶ. 
ʆʪʞʝ, ʧʦʰʫʢʦʚʠʡ ʨʦʙʦʪ ð ʮʝ ʛʦʣʦʚʥʠʡ ʤʝʭʘʥʽʟʤ ʦʙʭʦʜʫ ʪʘ 

ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʤʽʩʪ ʚʝʙ-ʩʪʦʨʽʥʦʢ. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ 
ʧʦʰʫʢʦʚʦʛʦ ʨʦʙʦʪʘ ʚʠʟʥʘʯʘʻ, ʷʢʘ ʩʘʤʝ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʘʧʠʪʴ ʜʦ ɹɼ 

ʪʘ ʙʫʜʝ ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʧʦʰʫʢʫ, ʘʣʝ ʥʘ ʧʦʰʫʢʦʚʠʡ ʨʦʙʦʪ ʥʝ 

ʧʨʠʧʘʜʘʻ ʬʫʥʢʮʽʷ ʘʥʘʣʽʟʫ ʟʥʘʡʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ 
ʧʨʘʚʠʣʘ ʨʘʥʞʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʩʘʤʝ ʷʜʨʦ ʩʠʩʪʝʤʠ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʚʚʝʜʝʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʟʥʘʡʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʟ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʽʟʘʪʦʨʘ ʩʪʦʨʽʥʦʢ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1) ʆʩʥʦʚʠ ɯʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ: ʧʽʜʨʫʯʥ. / ɹʨʝʜʽʭʽʥ ɺ.ʄ., ʂʘʨʘʩʶʢ 

ɺ.ɺ., ʂʘʨʧʫʭʽʥ ʆ.ɺ., ʄʽʱʝʨʷʢʦʚ ʖ.ɺ.; ʟʘ ʨʝʜ. ʆ.ɺ. ʂʘʨʧʫʭʽʥʘ. ʍ.: 

ʂʦʤʧʘʥʽʷ ʉʄɯʊ, 2012. 384 ʩ. 

2) ʂʦʧʘʥʦʚʘ ɺ. ɹʽʙʣʽʦʪʝʢʘ ʚ ʩʠʩʪʝʤʽ ʥʘʫʢʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʦʤʫʥʽʢʘʮʽʾ // ɹʽʙʣ. ʚʽʩʥ. - 2007. - ˉ 5. - ʉ. 3-9. 

3) ʉʠʪʥʠʢ ɺ.ʌ. ʆʩʥʦʚʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ: ʥʘʚʯ. ʧʦʩʽʙ. 4-ʪʝ ʚʠʜ., 

ʧʝʨʝʨʦʙʣ. ʽ ʜʦʧʦʚ. ʂ.: ʂʅɽʋ, 2014. 420 ʩ. 
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ʈʫʩʣʘʥ ʃʫʪʘʥʶʢ, ɸʥʜʨʽʡ ɻʨʫʙʽʷʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʚ.ʦ.ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʈ.ʃ. 

 

ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ 
ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʜʝʩʷʪʢʦʚʠʭ 

ʩʠʤʚʦʣʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ 
ʛʝʥʝʨʦʚʘʥʽ ʟʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʜʠʩʢʨʝʪʥʠʤʠ ʭʘʦʪʠʯʥʠʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ - ʣʦʛʽʩʪʠʯʥʠʤ (1). ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʚʠʟʥʘʯʘʚʩʷ 
ʧʦʨʦʟʨʷʜʥʦ. 

ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʻ 
ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʪʝʩʪʠ, ʨʦʟʨʦʙʣʝʥʽ ɸʤʝʨʠʢʘʥʩʴʢʠʤ 

ʅʘʮʽʦʥʘʣʴʥʠʤ ɯʥʩʪʠʪʫʪʦʤ ʩʪʘʥʜʘʨʠʟʘʮʽʾ, ʷʢʽ ʤʘʶʪʴ ʥʘʟʚʫ NIST 

STS (2), ʘ ʪʘʢʦʞ ʨʷʜ ʩʧʦʨʽʜʥʝʥʠʭ ʽʟ ʥʠʤʠ ʪʝʩʪʽʚ. ʇʨʦʙʣʝʤʘ 
ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʮʽ ʰʠʨʦʢʦ ʚʽʜʦʤʽ ʪʝʩʪʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʪʝʩʪʫʚʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʫʪʚʦʨʝʥʠʭ 

ʜʚʽʡʢʦʚʠʤʠ ʮʠʬʨʘʤʠ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 

ʢʨʠʧʪʦʛʨʘʬʽʾ, ʱʦ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʪʘʢʠʤʠ ʨʦʟʜʽʣʘʤʠ ʤʘʪʝʤʘʪʠʢʠ, ʷʢ 
ʘʣʛʝʙʨʘ ʪʘ ʪʝʦʨʽʷ ʯʠʩʝʣ, ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ, ʱʦ 

ʛʝʥʝʨʦʚʘʥʽ ʜʝʩʷʪʢʦʚʠʤʠ ʯʠʩʣʘʤʠ. 
ʆʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʮʝʜʫʨ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʪʝʩʪʽʚ NIST STS, ʻ ʪʘʢ ʟʚʘʥʠʡ ʯʘʩʪʦʪʥʠʡ ʪʝʩʪ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʜʚʽʡʢʦʚʠʤʠ ʮʠʬʨʘʤʠ 
ʽʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ʎʝʡ ʪʝʩʪ ʤʦʞʣʠʚʦ ʟʽʩʪʘʚʠʪʠ ʽʟ ʘʥʘʣʦʛʽʯʥʠʤ 

ʪʝʩʪʦʤ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʴ ʜʝʩʷʪʢʦʚʠʭ ʩʠʤʚʦʣʽʚ ʜʦ 

ʩʢʣʘʜʫ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʜʝʩʷʪʢʦʚʠʭ 

ʩʠʤʚʦʣʽʚ ʫ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ ʉ++ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦ 
ʤʦʞʣʠʚʦʾ ʪʦʯʥʦʩʪʽ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʫ ʥʴʦʤʫ ʜʦʩʷʛʥʫʪʘ. ʇʦʧʝʨʝʜʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ, ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʩʪʘʥʦʚʠʪʴ 324 ʜʝʩʷʪʢʦʚʠʭ ʟʥʘʢʠ. 
ʇʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʻ ʚʢʨʘʡ 

ʚʘʞʣʠʚʠʤ, ʘʜʞʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʦʢʨʫʛʣʝʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 



194 

ʰʚʠʜʢʦʛʦ ʟʘʮʠʢʣʶʚʘʥʥʷ ʫʩʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʊʘʢ, ʥʘ ʨʠʩʫʥʢʘʭ 1, 

ʘ) , 1, ʙ) ʪʘ 1, ʚ) ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʣʦʛʽʩʪʠʯʥʠʤ 
ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʜʣʷ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ, ʪʘ ʯʘʩʪʠʥʘ 

ʢʦʜʫ ʧʨʦʛʨʘʤʠ 1 ʛ) , ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʦʢʨʫʛʣʝʥʥʷ. ʎʝ ʧʽʩʣʷ 

ʜʝʷʢʦʛʦ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʜʥʘʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ 
(ʨʠʩ.1, ʘ, ʙ). 

  
ʘ) ʙ) 

  
ʚ) 
ʈʠʩ.1. 

ɹʫʣʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇɺʇ ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʽʟ ʚʽʜʨʽʟʢʘ (0,1) ʪʘ ʢʨʦʢʦʤ ʟʤʽʥʠ ʚʢʘʟʘʥʦʛʦ ʟʥʘʯʝʥʥʷ 0,05 

ʜʣʷ ʪʨʴʦʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ: 0,10; 0,51 ʪʘ 0,90; ʯʘʩʪʦʪʥʠʡ 
ʨʦʟʧʦʜʽʣ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʫʩʽʭ ʨʦʟʨʷʜʽʚ ʽʟ 324 ʤʦʞʣʠʚʠʭ. ɿʙʽʛ 

ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʽʟ ʨʽʚʥʦʤʽʨʥʠʤ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ɢ
2
. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʯʘʩʪʦʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʣʷ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʣʦʛʽʩʪʠʯʥʠʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʧʦʜʽʣ ʻ ʨʽʚʥʦʤʽʨʥʠʤ ʜʣʷ 
ʨʦʟʨʷʜʽʚ, ʧʦʯʠʥʘʶʯʠ ʽʟ 3-ʛʦ, ʪʦʜʽ ʷʢ ʜʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʨʦʟʨʷʜʽʚ 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ɢ
2 
ʻ ʙʣʠʟʴʢʝ ʜʦ ʥʫʣʷ. ʊʘʢ, ʜʣʷ ʧʦʯʘʪʢʦʚʦʛʦ 

ʯʠʩʣʘ 0,01 ʟʥʘʯʝʥʥʷ ɢ
2
 ʩʪʘʥʦʚʠʣʦ 0,48*10

-56
 ʽ 0,001 ʜʣʷ ʧʝʨʰʦʛʦ 

ʪʘ ʜʨʫʛʦʛʦ ʨʦʟʨʷʜʽʚ ʚʽʜʧʦʚʽʜʥʦ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. R. Politanskyi. Statistical estimation of pseudorandom number 

sequences / R. Politanskyi, L. Politanskyi, O. Hres, V. Lesinskyi // Modern 

problems of radio engineering, telecommunications, and computer science. 

Proceedings of the InternationaL Conference TCSETô2018. Lviv, Ukraine. 

ï February, 2018. ï p. 423. 

2. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʤʘʪʝʤʘʪʠʢʝ (ʜʣʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʠ 

ʠʥʞʝʥʝʨʦʚ). ɻ. ʂʦʨʥ, ʊ. ʂʦʨʥ. 
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ʈʦʤʘʥ ʄʘʢʩʠʤʯʫʢ, ʆʣʝʢʩʘʥʜʨ ʈʘʚʯʫʢ, ɸʥʜʨʽʡ ʉʽʜʝʣʴʥʠʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʏʫʧʠʨʘ ʉ. ʄ. 

 

ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega328P  

ʟ Bluetooth-ʽʥʪʝʨʬʝʡʩʦʤ ʟʚôʷʟʢʫ 
 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʫʞʝ ʧʦʰʠʨʝʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

Bluetooth ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʦʤʫʥʽʢʘʮʽʾ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʩʧʦʞʠʚʘʯʽʚ ʜʦ 
Bluetooth-ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʟʫʤʦʚʣʝʥʠʡ ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʥʘʷʚʥʽʩʪʶ ʧʨʘʢʪʠʯʥʦ ʫ ʢʦʞʥʦʾ ʣʶʜʠʥʠ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʩʤʘʨʪʧʨʠʩʪʨʦʶ (ʩʤʘʨʪʬʦʥʘ,  ʧʣʘʥʰʝʪʘ ʯʠ ʥʝʪʙʫʢʘ) ʽʟ 

ʚʙʫʜʦʚʘʥʠʤ Bluetooth-ʤʦʜʫʣʝʤ. ʂʨʽʤ ʪʦʛʦ, ʨʘʜʽʫʩ ʜʽʾ Bluetooth-
ʧʨʠʡʤʘʯʽʚ/ʧʝʨʝʜʘʚʘʯʽʚ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 100 ʤʝʪʨʽʚ, ʘ ʜʝʷʢʽ ʬʽʨʤʠ, 

ʷʢ, ʥʘʧʨʠʢʣʘʜ, AIRcable, ʧʨʦʧʦʥʫʶʪʴ Bluetooth-ʘʜʘʧʪʝʨʠ ʟ 

ʨʘʜʽʫʩʦʤ ʜʽʾ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʢʽʣʦʤʝʪʨʽʚ ʟʘ 
ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʘʥʪʝʥʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʛʘʜʞʝʪʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʾʭ ʫ ʩʠʩʪʝʤʫ 

ʪʠʧʫ çʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè ʟʘ ʜʦʧʦʤʦʛʦʶ Bluetooth.  
ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʻ ʤʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ 

ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega328P ʟ  

Bluetooth-ʽʥʪʝʨʬʝʡʩʦʤ ʟʚôʷʟʢʫ. ʅʘʷʚʥʽʩʪʴ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʜʣʷ 
ʪʘʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʷʢ ʩʘʤʠʤ ʧʨʠʩʪʨʦʻʤ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʤʘʨʪʬʦʥʘ ʯʠ 

ʥʝʪʙʫʢʘ), ʪʘʢ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʫʣʷʤʠ, ʜʦ ʷʢʠʭ ʧʽʜôʻʜʥʫʶʪʴʩʷ 
ʩʘʤʽ ʝʣʝʢʪʨʦʙʘʪʘʨʝʾ. ʂʨʽʤ ʪʦʛʦ, ʥʘʷʚʥʽʩʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʽ ʱʝ ʨʷʜ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ. 
ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 1. ʇʨʠʩʪʨʽʡ ʤʽʩʪʠʪʴ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATmega328P, ʙʣʦʢ 
ʞʠʚʣʝʥʥʷ, ʮʠʬʨʦʚʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ, Bluetooth-ʤʦʜʫʣʴ ʪʘ 

ʜʠʩʧʣʝʡ. ɹʣʦʢ ʞʠʚʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʨʫʛʫ 5 ɺʦʣʴʪ, ʥʝʦʙʭʽʜʥʫ 

ʜʣʷ ʞʠʚʣʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʮʠʬʨʦʚʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 
ʪʘ Bluetooth-ʤʦʜʫʣʷ. ɼʠʩʧʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʪʘ 

ʘʢʪʠʚʥʠʡ ʨʝʞʠʤ ʜʘʥʦʛʦ ʤʦʜʫʣʷ ʢʝʨʫʚʘʥʥʷ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ 
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ʈʠʩ. 1. ʄʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʦʧʘʣʝʥʥʷ ʥʘ 
ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ATmega328P 
ʟ Bluetooth-ʽʥʪʝʨʬʝʡʩʦʤ ʟʚôʷʟʢʫ 

 

ʧʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ ʜʘʥʠʡ ʤʦʜʫʣʴ ʢʝʨʫʚʘʥʥʷ ʙʫʜʝ ʥʘʜʩʠʣʘʪʠ 
ʢʦʤʘʥʜʫ ʽʥʰʦʤʫ ʤʦʜʫʣʶ, ʜʦ ʷʢʦʛʦ ʧʽʜôʻʜʥʘʥʘ ʝʣʝʢʪʨʦʙʘʪʘʨʝʷ 

(ʥʘ ʚʚʽʤʢʥʝʥʥʷ/ʚʠʤʢʥʝʥʥʷ ʨʝʣʝ). 
ʇʨʦʛʨʘʤʘ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ 

ʤʦʚʽ C [1]. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʢʦʣ ʧʨʠʡʦʤʘʥʥʷ ʪʘ 

ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʦ Bluetooth ʥʘ ʢʝʨʫʶʯʠʡ ʧʨʠʩʪʨʦʻʤ ʛʘʜʞʝʪ 

(ʩʤʘʨʪʬʦʥ, ʧʣʘʥʰʝʪ, ʥʝʪʙʫʢ ʯʠ ʣʝʧʪʦʧ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ 
ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʝʨʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʤ ʝʣʝʢʪʨʦʥʥʠʤ ʧʨʠʩʪʨʦʻʤ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1) ʐʧʘʢ ʖ.ɸ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʷʟʳʢʝ ʉ ʜʣʷ AVR ʠ PIC 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ / ʖ. ɸ. ʐʧʘʢ. [2-ʝ ʠʟʜ.]. ʂ. : ʄʂ-ʇʨʝʩʩ, 

2011. 546 ʩ. 
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ɺʦʣʦʜʠʤʠʨ ʄʘʪʦʚʠʯ, ʄʠʢʦʣʘ ɹʦʡʯʫʢ  
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʃ.ʌ. 

ʘʩʠʩʪ. ʂʦʩʦʚʘʥ ɻ.ɺ. 

 

ʉʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʙʘʟʫʻʪʴʩʷ  

ʥʘ ʩʠʩʪʝʤʽ ʃʦʨʝʥʮʘ 
ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʚʽʜʢʨʠʪʠʤʠ ʢʘʥʘʣʘʤʠ. ʋ 

ʣʽʪʝʨʘʪʫʨʽ ʦʧʠʩʘʥʦ ʙʘʛʘʪʦ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʟʘʭʠʱʝʥʽʩʪʴ ʷʢʠʭ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʘʣʝ 
ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʧʨʠʧʠʥʷʶʪʴʩʷ ʩʧʨʦʙʠ ʟʣʘʤʘʪʠ ʪʘʢʽ ʰʠʬʨʠ, ʪʦʤʫ 

ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ. ʆʜʥʠʤ ʽʟ 

ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʭʠʱʝʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

ʚʽʜʢʨʠʪʠʤʠ ʢʘʥʘʣʘʤʠ ʟʚôʷʟʢʫ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ 
ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʦʧʠʩʘʥʘ ʥʠʟʢʘ ʩʭʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʭʘʦʪʠʯʥʽ ʬʫʥʢʮʽʾ ʜʣʷ ʧʨʷʤʦʛʦ ʰʠʬʨʫʚʘʥʥʷ, ʨʦʣʴ ʢʣʶʯʽʚ ʚ ʷʢʠʭ 
ʚʽʜʽʛʨʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ 

ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʜʚʘ ʝʪʘʧʠ ï 

ʧʝʨʝʩʪʘʥʦʚʢʫ ʪʘ ʟʤʽʥʫ ʨʽʚʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ ʧʽʢʩʝʣʷ ʜʣʷ 
ʜʦʩʷʛʥʝʥʥʷ ʭʦʨʦʰʦʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, 

ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ ʃʦʨʝʥʮʘ, ʚ ʷʢʽʡ ʩʧʦʯʘʪʢʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʧʽʢʩʝʣʽʚ ʫ ʟʦʙʨʘʞʝʥʥʽ ʽ ʧʦʪʽʤ 
ʟʤʽʥʶʻʪʴʩʷ ʨʽʚʝʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ ʧʽʢʩʝʣʷ. ʋ ʜʘʥʦʤʫ 

ʤʝʪʦʜʽ ʧʦʻʜʥʘʥʦ ʧʨʦʩʪʦʨʦʚʦ-ʜʦʤʝʥʥʝ ʰʠʬʨʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽ ʪʨʘʜʠʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ. 
ɿʘʤʽʩʪʴ ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʩʬʦʨʤʦʚʘʥʦʾ ʭʘʦʪʠʯʥʠʤ 

ʩʠʛʥʘʣʦʤ, ʩʭʝʤʘ ʰʠʬʨʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʝʪʘʧʽʚ. ʅʘ 

ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʩʪʚʦʨʶʻʪʴʩʷ ʤʘʪʨʠʮʷ ʧʝʨʝʩʪʘʥʦʚʢʠ, ʘ ʥʘ ʜʨʫʛʦʤʫ 
- ʜʚʽʡʢʦʚʠʡ ʧʦʪʽʢ ʜʣʷ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʷ. ʄʝʪʦʜ 

ʰʠʬʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʠʚʠʤʽʨʥʫ ʩʠʩʪʝʤʫ 

ʃʦʨʝʥʮʘ 

   (1) 
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ʋ ʜʘʥʽʡ ʩʠʩʪʝʤʽ =10; r=28; b=8/3 - ʮʝ ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʶ, ʘ 

 - ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʷʢ 

ʩʝʢʨʝʪʥʠʡ ʢʣʶʯ. ʂʣʶʯʦʚʦʶ ʽʜʝʻʶ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʟʤʽʥʥʽ 

x ʪʘ y ʩʠʩʪʝʤʠ ʃʦʨʝʥʮʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ 
ʧʝʨʝʩʪʘʥʦʚʢʠ, ʘ ʟʤʽʥʥʘ z ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʤʽʥʠ ʨʽʚʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ ʧʽʢʩʝʣʷ.  

ʇʨʠʧʫʩʪʠʚʰʠ, ʱʦ ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ ʩʪʘʥʦʚʠʪʴ M N, ʪʦʜʽ 
ʤʝʪʦʜ ʰʠʬʨʫʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

1. ɺʠʙʠʨʘʻʤʦ ʚʠʧʘʜʢʦʚʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ  ʷʢ 

ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ. ʈʝʘʣʽʟʦʚʫʻʤʦ ʩʠʩʪʝʤʫ ʃʦʨʝʥʮʘ ʟ 

ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʚʪʦʨʥʠʭ ʨʦʟʚôʷʟʢʽʚ k ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ 

ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ  ʷʢ ʢʣʶʯʽ ʰʠʬʨʫʚʘʥʥʷ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ  ʷʢ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʩʠʩʪʝʤʠ ʃʦʨʝʥʮʘ, ʬʦʨʤʫʻʤʦ x, y, z ʘʥʘʣʦʛʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽ 

ʧʝʨʝʪʚʦʨʶʻʤʦ ʾʭ ʫ ʪʨʠ ʭʘʦʪʠʯʥʽ ʣʦʛʽʯʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟ 

ʭʦʨʦʰʠʤʠ ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
3. ʂʚʘʥʪʫʻʤʦ ʦʪʨʠʤʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʟʤʽʥʥʠʭ x ʪʘ y ʜʦ 

ʮʽʣʦʛʦ ʜʽʘʧʘʟʦʥʫ ,  ʽ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ z ʜʦ ʮʽʣʦʯʠʩʝʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʫ [0, 255] ʪʘ 

ʛʝʥʝʨʫʻʤʦ ʤʘʪʨʠʮʶ ʰʠʬʨʫʚʘʥʥʷ. 
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4. ɿʦʙʨʘʞʝʥʥʷ ʰʠʬʨʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʧʨʘʚʠʣʦʤ: ʜʣʷ 

ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ () ʟ ʧʨʦʩʪʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʡʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʪʦʯʢʠ (, ), ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʘʪʨʠʮʝʶ, ʘ 

ʧʦʪʽʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʧʝʨʘʮʽʷ XOR ʪʘ ʟʤʽʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
ʢʦʣʴʦʨʫ ʧʽʢʩʝʣʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Xu Shu-Jiang An improved image encryption algorithm based on 

chaotic maps \ Xu Shu-Jiang, Wang Ji-Zhi, Yang Su-Xiang \\ Chinese 

Physics B, Vol 17 No 11, November 2008, Pp 4027-4033. 

2. Li C. M. and Hong L. X. Workshop on Anti-counterfeiting, 

Security, Identication, 2007 IEEE Int, p. 237 
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ʆʣʝʢʩʘʥʜʨ ʄʝʣʴʥʠʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄ.ʊ. ʉʪʨʠʥʘʜʢʦ 

 

ʆʨʛʘʥʽʟʘʮʽʷ ʢʦʜʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ  

ʢʘʥʘʣʫ ʟʚôʷʟʢʫ 

 
ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ P2P -

ʤʝʨʝʞ. ɯʥʬʦʨʤʘʮʽʡʥʘ P2P-ʤʝʨʝʞʘ - ʮʝ ʦʜʥʦʨʘʥʛʦʚʘ ʤʝʨʝʞʘ, ʚ 

ʷʢʽʡ ʘʙʩʦʣʶʪʥʦ ʚʩʽ ʚʫʟʣʠ ʤʝʨʝʞʽ ʚʠʢʦʥʫʶʪʴ ʦʜʥʘʢʦʚʽ ʬʫʥʢʮʽʾ 

ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʦ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʥʘʙʽʨ ʩʚʦʾʭ ʬʫʥʢʮʽʡ ʫ 
ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʪʦʯʫʶʯʠʭ ʫʤʦʚ [1]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʘʨʭʽʪʝʢʪʫʨʫ P2P-ʤʝʨʝʞ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ 

ʤʝʭʘʥʽʟʤ ʦʙʭʦʜʫ ʙʣʦʢʫʚʘʥʴ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʦʜʘʪʢʘʭ ʜʣʷ 
ʦʙʤʽʥʫ ʬʘʡʣʘʤʠ. ʅʘʩʧʨʘʚʜʽ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʚ ʮʽʣʦʤʫ ʨʷʜʽ ʽʥʰʠʭ ʜʦʜʘʪʢʽʚ, ʽ ʚʦʥʘ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʚ 

ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʧʦʚʩʷʢʜʝʥʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ 
ʜʦʢʣʘʜʥʦ ʤʦʞʣʠʚʦʩʪʽ P2P-ʤʝʨʝʞ: ʷʢʽ ʧʨʦʙʣʝʤʠ ʤʘʡʙʫʪʥʴʦʛʦ ʽ 

ʩʴʦʛʦʜʝʥʥʷ ʟʤʦʞʝ ʚʠʨʽʰʠʪʠ ʜʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʤʝʨʝʞ, ʷʢʽ ʪʝʭʥʦʣʦʛʽʾ ʙʫʜʫʪʴ ʟʘʤʽʥʝʥʽ ʧʽʩʣʷ ʰʠʨʦʢʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ P2P-ʤʝʨʝʞ. 
ʋ ʥʠʥʽʰʥʽʡ ʯʘʩ ʜʝʷʢʽ ʧʨʦʚʘʡʜʝʨʠ, ʘ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʦʧʝʨʘʪʦʨʠ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʢʝʰʫʶʪʴ ʪʨʘʬʽʢ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʜʦʩʷʛʘʻʪʴʩʷ ʝʢʦʥʦʤʽʷ ʨʝʩʫʨʩʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ 
ʧʝʨʝʜʘʯʽ ʦʜʥʘʢʦʚʦʛʦ ʪʨʘʬʽʢʘ ʯʝʨʝʟ ʤʘʛʽʩʪʨʘʣʽ. ɸʣʝ  ʷʢʱʦ 

ʢʦʥʪʝʥʪ ʧʦʪʨʘʧʠʚ ʚ ʤʝʨʝʞʫ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʧʦʚʪʦʨʥʦʤʫ ʟʘʧʠʪʽ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʝʰʫʚʘʥʥʷ ʚʽʜʧʘʜʘʻ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ, ʙʫʜʝ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʚʝʩʪʠ ʜʘʥʠʡ ʢʦʥʪʝʥʪ ʽʟ ʤʝʨʝʞʽ ʦʧʝʨʘʪʦʨʘ. ʇʨʠ 
ʮʴʦʤʫ ʥʝ ʪʨʝʙʘ ʙʫʜʫʚʘʪʠ ʥʽʷʢʦʾ ʥʦʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚʟʘʛʘʣʽ. 

ʉʴʦʛʦʜʥʽ ʧʨʦʚʘʡʜʝʨʠ ʦʩʪʘʥʥʴʦʾ ʤʠʣʽ ʛʦʪʦʚʽ ʥʘʜʘʪʠ ʢʘʥʘʣʠ ʚ 1 

ʛʽʛʘʙʽʪ/ʩ, ʤʘʛʽʩʪʨʘʣʽ ʚʩʝʨʝʜʠʥʽ ʤʽʩʪʘ ʟʤʦʞʫʪʴ ʚʠʪʨʠʤʘʪʠ ʪʘʢʝ 
ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘʣʝ ʧʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ ʚʽʜ ʤʽʩʪʘ ʡʜʝ 

ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʢʘʥʘʣ, ʷʢʠʡ ʥʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʦʜʽʙʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʴʦʛʦʜʥʽ ʜʦʩʠʪʴ ʢʦʰʪʦʨʠʩʥʝ. 
ʇʨʠʨʦʜʥʦ, ʮʶ ʧʨʦʙʣʝʤʠ ʟʥʦʚʫ ʞ ʚʠʨʽʰʫʶʪʴ P2P-ʩʝʨʚʽʩʠ, 

ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚ ʤʽʩʪʽ ʙʫʣʦ ʭʦʯʘ ʙ 1 ʜʞʝʨʝʣʦ ʢʦʥʪʝʥʪʫ 
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(ʧʦʧʝʨʝʜʥʴʦ ʩʢʘʯʘʥʦʛʦ ʯʝʨʝʟ ʤʘʛʽʩʪʨʘʣʴ) - ʚʩʽ ʤʘʪʠʤʫʪʴ ʜʦʩʪʫʧ 

ʜʦ ʢʦʥʪʝʥʪʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʰʚʠʜʢʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ 

(ʚʥʫʪʨʽʰʥʴʦ). ʆʯʝʚʠʜʥʦ, ʱʦ P2P-ʨʽʰʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
ʧʨʦʚʘʡʜʝʨʫ ʥʘʜʘʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ ʥʘ ʰʚʠʜʢʦʩʪʽ ʭʦʯ 1 TB\c, 

ʪʦʤʫ ʱʦ ʢʦʥʪʝʥʪ ʫ ʤʝʨʝʞʽ ʜʫʞʝ ʨʽʜʢʦ ʙʫʚʘʻ ʫʥʽʢʘʣʴʥʠʤ, 

ʧʨʦʚʘʡʜʝʨ (ʷʢʠʡ ʤʘʻ ʧʽʨʩʠʥʛ ʟ ʩʫʩʽʜʘʤʠ - ʧʨʦʚʘʡʜʝʨʘʤʠ ʟ ʤʽʩʪʘ) 
ʟʤʦʞʝ ʟ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʜʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʢʦʥʪʝʥʪʫ ʥʘ ʪʘʨʠʬʥʽʡ ʰʚʠʜʢʦʩʪʽ. 

P2P ʨʦʟʚôʷʟʫʻ ʧʨʦʙʣʝʤʫ ʥʘʜʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʪʨʘʜʠʮʽʡʥʦ ʮʝ ʨʘʥʢʦʚʽ ʛʦʜʠʥʠ ʽ ʚʝʯʽʨʥʽ ʛʦʜʠʥʠ, ʪʦʤʫ ʱʦ ʚʝʣʠʢʘ 
ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʢʦʥʪʝʥʪ ʻ ʚʩʝʨʝʜʠʥʽ ʤʝʨʝʞʽ ʧʨʦʚʘʡʜʝʨʘ - 

ʚʽʜʧʦʚʽʜʥʦ ʥʘʜʤʽʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʘʛʽʩʪʨʘʣʽ ʥʝ ʙʫʜʝ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʠʪʴ 
ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʣʴʦʪʠ ʚ ʜʘʣʝʢʠʡ ʢʦʩʤʦʩ ʽ ʪʨʠʚʘʣʝ ʧʝʨʝʙʫʚʘʥʥʷ 

ʣʶʜʠʥʠ ʥʘ ʽʥʰʠʭ ʧʣʘʥʝʪʘʭ. ɺʦʥʠ ʪʝʞ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʟʘʛʘʣʴʥʦʶ ʤʝʨʝʞʝʶ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʣʘʩʠʯʥʫ ʩʠʩʪʝʤʫ 

ʂʣʽʻʥʪ-ʉʝʨʚʝʨ, ʽ ʩʝʨʚʝʨʠ ʨʦʟʤʽʱʝʥʽ ʥʘ ʟʝʤʣʽ, ʘ ʢʣʽʻʥʪʠ, 
ʥʘʧʨʠʢʣʘʜ, ʥʘ ʄʘʨʩʽ - ʧʽʥʛ ʦʜʥʦʟʥʘʯʥʦ ʟʘʙʣʦʢʫʻ ʙʫʜʴ-ʷʢʫ 

ʚʟʘʻʤʦʜʽʶ, ʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʚʦʾ ʩʝʨʚʝʨʘ, ʷʢʽ ʙʫʜʫʪʴ ʘʚʪʦʥʦʤʥʦ 

ʧʨʘʮʶʚʘʪʠ ʽ ʯʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠʩʷ, ʪʘʢʦʞ ʻ 
ʥʝʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ. 

P2P-ʤʝʨʝʞʽ ʨʦʟʚôʷʟʫʶʪʴ ʽ ʮʶ ʧʨʦʙʣʝʤʫ, ʽ ʱʦ ʚʘʞʣʠʚʦ 

ʟʘʟʥʘʯʠʪʠ - ʥʝ ʙʫʜʝ ʨʦʟʩʠʥʭʨʦʥʟ̔ʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʪʨʘʧʠʪʠʩʷ ʚ 
ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʨʝʞʘʭ, ʥʝ ʪʨʝʙʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʽʷʢʠʭ ʟʘʡʚʠʭ 

ʩʝʨʚʝʨʽʚ, P2P-ʩʠʩʪʝʤʘ ʤʦʞʝ ʧʦʜʙʘʪʠ ʩʘʤʘ ʧʨʦ ʧʽʜʪʨʠʤʢʫ 

ʘʢʪʫʘʣʴʥʦʩʪʽ ʢʦʥʪʝʥʪʫ. 

ʄʦʞʥʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ P2P-ʤʝʨʝʞʽ ʜʣʷ 
ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʜʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʨʦʙʦʪʘʤʠ. 

ʋ ʮʴʦʤʫ ʘʩʧʝʢʪʽ ʚʘʞʣʠʚʠʤ ʻ ʨʦʟʚôʷʟʘʥʥʷ ʧʠʪʘʥʴ 

ʩʘʤʦʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʢʦʜʫʚʘʥʥʷ 
ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʜʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ.  

 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. John F. Buford, Heather Yu, Eng Koong Lua.  P2P 

Networking and Applications. 2010.  408 c. 
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ɸʣʽʥʘ ʄʠʭʘʡʣʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʘʩʠʩʪ. ɻʘʣʦʯʢʽʥ ʆ.ɺ. 

ʇʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʦʩʠʣʘʥʴ ʥʘ 

ʥʘʫʢʦʚʽ ʜʞʝʨʝʣʘ 
 

ʇʨʠ ʥʘʧʠʩʘʥʥʽ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʻ 

ʦʬʦʨʤʣʝʥʥʷ ʧʦʩʠʣʘʥʴ ʥʘ ʣʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ. ʎʝ ʢʨʦʧʽʪʢʘ 

ʨʦʙʦʪʘ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ 
8302:2015[1].  

ɸʚʪʦʤʘʪʠʟʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʧʝʚʥʦʶ ʤʽʨʦʶ ʜʦʟʚʦʣʷʶʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ web-ʨʝʩʫʨʩʠ, ʭʦʯʘ ʾʭ ʨʦʙʦʪʘ, ʧʦʜʝʢʫʜʠ, ʟʘʣʠʰʘʻ 
ʙʘʞʘʪʠ ʢʨʘʱʦʛʦ. ɼʦ ʪʘʢʠʭ ʨʝʩʫʨʩʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʧʦʨʪʘʣ vak.in.ua. 

ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʧʦʩʠʣʘʥʴ ʥʘ ʥʴʦʤʫ ʥʝ ʻ ʧʦʚʥʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʫʯʥʦʛʦ ʚʚʝʜʝʥʥʷ 
ʝʣʝʤʝʥʪʽʚ ʧʦʩʠʣʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʝ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʨʝʢʪʥʝ 

ʦʬʦʨʤʣʝʥʥʷ ʧʦʩʠʣʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʥʘʧʠʩʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘʪʢʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʫ ʰʚʠʜʢʦ ʪʘ ʷʢʽʩʥʦ, ʘ ʪʘʢʦʞ ʚ 
ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʦʬʦʨʤʠʪʠ ʩʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʧʦʩʠʣʘʥʴ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʩʪʚʦʨʝʥʠʡ ʥʘ ʧʣʘʪʬʦʨʤʽ ʉ# ʫ 

ʩʝʨʝʜʦʚʠʱʽ Visual Studio ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ API Google Books 
ʜʣʷ ʧʦʰʫʢʫ ʘʚʪʦʨʽʚ, ʚʤʽʩʪʫ, ʦʨʛʘʥʽʟʘʮʽʾ ʦʩʦʙʠʩʪʦʾ ʙʽʙʣʽʦʪʝʢʠ 

ʘʫʪʝʥʪʠʬʽʢʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʾʾ ʩʫʧʨʦʚʦʜʫ. ʇʨʠ ʨʦʟʨʦʙʮʽ 

ʧʨʦʛʨʘʤʠ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʪʘʢʠʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ: ʉ#, 

Newtonsoft.Json,  HtmlAgilityPack, AngleSharp, Microsoft Speech 
Platform SDK Recognition. 

ʉʪʚʦʨʝʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ 

ʷʢ ʧʦʤʽʯʥʠʢ, ʷʢʠʡ ʟʘ ʚʚʝʜʝʥʠʤ ʧʨʽʟʚʠʱʝʤ ʘʙʦ ʥʘʟʚʦʶ ʜʦʢʫʤʝʥʪʘ 
(ʢʥʠʛʘ, ʧʽʜʨʫʯʥʠʢ, ʥʘʫʢʦʚʘ ʩʪʘʪʪʷ, ʜʠʩʝʨʪʘʮʽʷ ʪʦʱʦ) 

ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫʻ ʧʦʩʠʣʘʥʥʷ ʥʘ ʣʽʪʝʨʘʪʫʨʥʝ ʜʞʝʨʝʣʦ ʽʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʫʩʽʭ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ 8302:2015. ʇʨʠ 

ʮʴʦʤʫ ʪʨʝʙʘ ʚʢʘʟʘʪʠ ʪʠʧ ʜʦʢʫʤʝʥʪʘ, ʥʘ ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʦʩʠʣʘʥʥʷ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʨʽʚ, ʱʦ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʬʦʨʤʘʪ 

ʧʦʩʠʣʘʥʥʷ.  
ʇʦʜʘʣʴʰʠʡ ʧʨʦʮʝʩ ʚʽʜʙʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ, ʟʛʽʜʥʦ ʟʽ  

ʩʪʚʦʨʝʥʠʤ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʘʣʛʦʨʠʪʤʦʤ. ʅʘ ʚʠʭʦʜʽ 
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ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʚʠʜʘʻ ʩʬʦʨʤʦʚʘʥʝ ʧʦʩʠʣʘʥʥʷ ʥʘ ʥʘʫʢʦʚʝ 

ʜʞʝʨʝʣʦ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʦʟʤʽʱʝʥʝ ʚ ʩʧʠʩʢʫ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʥʘʫʢʦʚʦʾ ʩʪʘʪʪʽ, ʪʝʟ, ʤʦʥʦʛʨʘʬʽʾ ʯʠ ʽʥʰʦʛʦ ʜʦʢʫʤʝʥʪʘ 
(ʨʠʩ.1). 

ɸʣʛʦʨʠʪʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘʪʢʫ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʧʽʜʢʣʶʯʝʥʥʽ ʢʣʽʻʥʪʩʴʢʦʾ ʙʽʙʣʽʦʪʝʢʠ Google API, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʦʾ ʬʦʨʤʫʻʪʴʩʷ ʟʘʧʠʪ ʜʦ ʜʞʝʨʝʣʘ. ʄʝʪʦʜʦʤ JSON.parse() 
ʧʨʦʚʦʜʠʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ ʜʘʥʠʭ, ʷʢʽ ʧʨʠʭʦʜʷʪʴ ʽʟ ʩʝʨʚʝʨʫ, ʟʘ 

ʰʫʢʘʥʠʤ ʢʨʠʪʝʨʽʻʤ. ɿ ʦʜʝʨʞʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʬʽʣʴʪʨʦʚʫʻʪʴʩʷ 

ʪʘ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʩʠʣʘʥʥʷ ʟʛʽʜʥʦ ʟ ɼʉʊʋ 
8302:2015. ʂʦʨʝʢʪʥʫ ʨʦʙʦʪʫ ʧʘʨʩʠʥʛʫ ʟʘʙʝʟʧʝʯʫʻ 

Newtonsoft.Json. ï ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤ ʫ ʬʦʨʤʘʪʽ Json 

ʪʘ ʢʦʥʚʝʨʪʘʮʽʾ ʮʴʦʛʦ ʪʠʧʫ ʜʘʥʠʭ ʚ ʦʙôʻʢʪʠ C#. ʊʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ 

ʽ ʬʽʣʴʪʨʘʮʽʾ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ AngleSharp - ʙʽʙʣʽʦʪʝʢʘ 
.NET, ʷʢʘ ʘʥʘʣʽʟʫʻ ʛʽʧʝʨʪʝʢʩʪʦʚʽ ʜʦʢʫʤʝʥʪʠ ʫ ʬʦʨʤʘʪʽ html. 

ʋ ʜʦʜʘʪʢʫ ʨʝʘʣʽʟʦʚʘʥʘ ʬʫʥʢʮʽʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʛʦʣʦʩʫ ʥʘ 

ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ Microsoft Speech Platform SDK Recognition. ɿʘ 
ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʣʠʚʦ ʟʘʜʘʚʘʪʠ ʢʨʠʪʝʨʽʡ ʧʦʰʫʢʫ ʛʦʣʦʩʦʚʦʶ 

ʢʦʤʘʥʜʦʶ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.ɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ : ʦʬʦʨʤʣʝʥʥʷ ʙʽʙʣʽʦʛʨʘʬʽʯʥʦʛʦ ʦʧʠʩʫ. 

URL: http://aphd.ua/pryklady-oformlennia-bibliohrafichnoho-opysu-

vidpovidno-do-dstu-83022015/(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15.02.2019).  

˾͙ͫΦ1. ɯʥʪʝʨʬʝʡʩ ʛʦʣʦʚʥʦʛʦ ʬʨʝʡʤʫ 

 

http://яваскрипт.укр/JSON.parse
http://aphd.ua/pryklady-oformlennia-bibliohrafichnoho-opysu-vidpovidno-do-dstu-83022015/
http://aphd.ua/pryklady-oformlennia-bibliohrafichnoho-opysu-vidpovidno-do-dstu-83022015/
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ʅʘʜʽʷ ʄʠʮʢʘʥʶʢ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ɸʥʘʪʠʯʫʢ ʃ.ɯ. 

ʤ.ʥ.ʩ. ɸʥʪʦʥʶʢ ɺ.ɺ. 

ʗʚʠʱʘ ʚ ʢʦʤʫʪʘʮʽʡʥʦʤʫ ʧʨʦʰʘʨʢʫ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʧʽʜ 

ʯʘʩ ʡʦʛʦ ʨʦʙʦʪʠ 

ʄʦʞʣʠʚʦʩʪʽ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʚ 
ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʝʞʘʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʤʦʜʫʣʷ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʠʭ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʽ 
ʢʦʤʫʪʘʮʽʡʥʠʭ ʩʪʨʫʢʪʫʨ.  

ʂʦʤʫʪʘʮʽʷ ʛʽʣʦʢ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʰʠʥ ʽ ʥʘʙʦʨʫ ʰʘʨʽʚ ʨʽʟʥʦʨʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 
ʤʘʪʝʨʽʘʣʫ ʟ ʢʦʤʫʪʘʮʽʡʥʠʤʠ ʰʠʥʘʤʠ, ʘ ʽʥʦʜʽ ʫʪʚʦʨʝʥʠʭ ʫ ʧʨʦʮʝʩʽ 

ʚʠʪʨʠʤʢʠ ʢʦʥʪʘʢʪʽʚ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɽʣʝʢʪʨʠʯʥʠʡ ʽ 

ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʢʦʤʫʪʘʮʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʫʪʘʮʽʡʥʠʭ 
ʰʠʥ, ʫʩʽʭ ʥʘʷʚʥʠʭ ʫ ʢʦʥʪʘʢʪʽ ʰʘʨʽʚ ʽ ʧʝʨʝʭʦʜʽʚ ʤʽʞ ʥʠʤʠ. 

ʂʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʚʠʟʥʘʯʘʻ ʚʪʨʘʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʱʦ ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʤʘʪʝʨʽʘʣʫ ʚ ʩʢʣʘʜʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ Zǋ. ɿʚôʷʟʦʢ Zǋ ʟ ʧʘʨʘʤʝʪʨʦʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʘʤʦʛʦ ʤʘʪʝʨʽʘʣʫ Z ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ   

'

1 K M

M

Z
Z

R l
=

+
r  ,

 

ʜʝ Rʢ ï ʝʣʝʢʪʨʠʯʥʠʡ ʘʙʦ ʪʝʧʣʦʚʠʡ ʦʧʽʨ; ɟʤ ï ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ 

ʘʙʦ ʪʝʧʣʦʚʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʛʽʣʢʠ ʽ ʚʠʩʦʪʦʶ lʤ. 
ʅʘ ʧʝʨʝʭʦʜʘʭ ʤʽʞ ʨʽʟʥʦʨʽʜʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʝʥʝʨʛʝʪʠʯʥʽ ʙʘʨôʻʨʠ, ʱʦ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦʣʘʶʪʴʩʷ ʥʦʩʽʷʤʠ 

ʩʪʨʫʤʫ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʤ ʪʫʥʝʣʶʚʘʥʥʷʤ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʟʘ 
ʧʽʜʚʠʱʝʥʠʭ - ʥʘʜʙʘʨôʻʨʥʠʤ ʤʝʭʘʥʽʟʤʦʤ. ɿʘʣʝʞʥʽʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ 

ʦʧʦʨʫ ʧʝʨʝʭʦʜʽʚ ʚʽʜ ʚʠʩʦʪʠ ʙʘʨôʻʨʘ űʚ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ 

n ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 
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ʜʠʬʫʟʽʾ ʽ ʩʫʙʣʽʤʘʮʽʾ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ [1]. ʊʘʢʦʞ ʟʘ ʧʽʜʚʠʱʝʥʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʷ ʤʘʪʝʨʽʘʣʫ ʢʦʥʪʘʢʪʥʠʭ 
ʩʪʨʫʢʪʫʨ ʟ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʨô̒ ʨʘ ʜʣʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 
ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʧʦʙʣʠʟʫ ʢʦʥʪʘʢʪʫ 
ʫʪʚʦʨʶʻʪʴʩʷ ʜʠʬʫʟʽʡʥʘ ʧʦʨʠʩʪʽʩʪʴ, ʱʦ ʟʙʽʣʴʰʫʻ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʽ 
ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ. 
ʈʫʡʥʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ 

ʚʠʪʨʠʤʢʠ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ. ʇʦʨʠ ʻ 
ʜʞʝʨʝʣʘʤʠ ʪʘ ʩʪʦʢʘʤʠ ʚʘʢʘʥʩʽʡ. ʅʘʚʢʦʣʦ ʧʦʨ ʬʦʨʤʫʶʪʴʩʷ ʥʘʩʠʯʝʥʽ 
ʚʘʢʘʥʩʽʷʤʠ ʦʙʣʘʩʪʽ, ʱʦ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʠʬʫʥʜʫʶʪʴ ʫ 
ʥʘʧʨʷʤʢʫ ʩʪʦʢʽʚ, ʘ ʚʠʭʦʜʷʯʠ ʥʘ ʧʦʚʝʨʭʥʶ ʤʘʪʝʨʽʘʣʫ, ʫʪʚʦʨʶʶʪʴ 
ʱʽʣʴʥʫ ʢʽʨʢʫ [2].  
ɯʥʰʦʶ ʧʨʠʯʠʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʪʘʢʪʫ ʻ ʪʝ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʝʘʢʮʽʡʥʦʾ ʜʠʬʫʟʽʾ ʫʪʚʦʨʶʻʪʴʩʷ ʰʘʨ ʩʧʦʣʫʢʠ ʟ ʥʠʟʴʢʦʶ 
ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ, ʱʦ ʥʝ ʚʠʪʨʠʤʫʻ ʥʘʧʨʫʛ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ[3;4].  
ʑʦʙ ʧʽʜʚʠʱʠʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʥʝʦʙʭʽʜʥʦ ʜʦʙʠʪʠʩʷ ʷʢʥʘʡʤʝʥʰʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʦʧʦʨʫ. 
ɼʣʷ ʮʴʦʛʦ ʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝʦʙʭʽʜʥʦ ʥʘʥʦʩʠʪʠ 
ʘʥʪʠʜʠʬʫʟʽʡʥʠʡ ʰʘʨ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʥʝʨʪʥʠʤ ʚʽʜʥʦʩʥʦ ʜʦ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʝ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʠʭ 
ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʛ ʫ ʟʦʥʽ ʢʦʤʫʪʘʮʽʾ, ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʚʠʩʦʢʠʤʠ 
ʟʥʘʯʝʥʥʷʤʠ ʪʝʧʣʦ- ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʤʘʪʠ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 
ʪʝʧʣʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʙʣʠʟʴʢʝ ʜʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʚʦʛʦ 
ʨʦʟʰʠʨʝʥʥʷ ʊɽʄ. 
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ʆʣʝʢʩʘʥʜʨ ʄʦʣʜʦʚʘʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʖ.ɻ. 

 

ɿʤʝʥʰʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʨ- -̔nïʬʦʪʦʜʽʦʜʘ ʥʘ 

ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʨ-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʧ ʦʙʣʘʩʪʽ 

 
ɼʦʩʣʽʜʞʝʥʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʝʣʠʯʠʥʫ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ (ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ) p-i-nï
ʬʦʪʦʜʽʦʜʘ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʶ ʨïʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʬʦʪʦʯʫʪʣʠ-

ʚʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʡʦʛʦ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ, ʘ ʩʘʤʝ ʾʭ ʧʦʚʝʨʭʥʝʚʦʾ 
ʩʢʣʘʜʦʚʦʾ, ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʭʦʨʦʥʥʝ ʢʽʣʴʮʝ, ʽʟʦʪʠʧʥʝ ʜʦ ʤʘʪʝʨʽʘʣʫ 

ʢʨʠʩʪʘʣʘ ʬʦʪʦʜʽʦʜʘ, ʷʢʝ ʥʘʟʠʚʘʶʪʴ ʩʪʦʧʦʨʥʠʤ ʢʽʣʴʮʝʤ [1, 2]. 

ʆʙʤʝʞʫʶʯʠ ʜʦʩʪʫʧ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʜʦ ʦʭʦʨʦʥʥʦʛʦ 
ʢʽʣʴʮʷ ʟ ʧʝʨʠʬʝʨʽʾ ʢʨʠʩʪʘʣʘ ʽʟʦʪʠʧʥʦʶ ʟ ʧʽʜʢʣʘʜʢʦʶ ʦʙʣʘʩʪʶ 

ʦʙʤʝʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʢʘʥʘʣʽʚ (ʆʆʇʂ), ʤʦʞʣʠʚʦ ʟʤʝʥʰʠʪʠ 

ʪʝʤʥʦʚʠʡ ʩʪʨʫʤ ʦʩʪʘʥʥʴʦʛʦ. 
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʨ- -̔nï 

ʬʦʪʦʜʽʦʜʽʚ, ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʢʨʝʤʥʽʾ ʤʘʨʢʠ ɹɼʄ ʀ1 ʟ ʧʠʪʦʤʠʤ 

ʦʧʦʨʦʤ ʙʣʠʟʴʢʦ 20 ʢʆʤ. ɺʽʜʩʪʘʥʴ ʟʘʭʠʩʥʦʾ ʦʙʣʘʩʪʽ ʚʽʜ 

ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʫʤʦʚ: 
1. ʆʆʇʂ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʴ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʦ ʜʦ 

ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʛʝʥʝʨʘʮʽʾ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ; 
2. ʆʆʇʂ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ ʚʽʜʩʪʘʥʽ, ʷʢʘ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʙʦʶ ʧʦ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʦʙʦʯʽʡ ʥʘʧʨʫʟʽ ʥʘ 

ʬʦʪʦʜʽʦʜʽ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʩʪʘʥʴ ʟʘʭʠʩʥʦʾ ʽʟʦʪʠʧʥʦʾ ʟ ʧʽʜʢʣʘʜʢʦʶ 

ʆʆʇʂ ʚʽʜ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ:  

         Wmin = Up / Eʧʨ,                           (1) 

ʜʝ Wmin - ʰʠʨʠʥʘ ʟʘʟʦʨʫ; 
     Up - ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ; 

     Eʧʨ - ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʨʦʙʦʶ.  
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ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʘ ʬʦʪʦʜʽʦʜʽ ʦʙʝʨʥʝʥʦʛʦ ʟʤʽʱʝʥʥʷ 

ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʨʦʟʰʠʨʶʻʪʴʩʷ ʽ 
ʜʦʩʷʛʘʻ ʆʆʇʂ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʥʽʩʪʶ ʟʙʽʜʥʶʻʪʴʩʷ ʧʨʦʩʪʽʨ ʤʽʞ 

ʦʭʦʨʦʥʥʽʤ ʢʽʣʴʮʝʤ ʽ ʢʘʥʘʣʦʤ. ʅʦʩʽʾ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʥʘ 

ʧʝʨʠʬʝʨʽʾ ʢʨʠʩʪʘʣʘ ʧʽʜ ʚʧʣʠʚʦʤ ʦʙʝʨʥʝʥʦʛʦ ʟʤʽʱʝʥʥʷ, 
ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʜʦ ʦʙʣʘʩʪʽ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʧʦ ʧʦʚʝʨʭʥʝʚʠʤ 

ʢʘʥʘʣʘʤ, ʦʩʢʽʣʴʢʠ ʥʦʩʽʷʤʠ ʟʘʨʷʜʫ ʚ ʦʩʥʦʚʥʦʤʫ ʻ ʧʦʟʠʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʽ ʽʦʥʠ. ɰʭ ʨʫʭ ʜʦ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ 

ʚʦʥʠ ʜʦʩʷʛʘʶʪʴ ʆʆʇʂ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʩʽʢʘʻʪʴʩʷ ʚʧʣʠʚ 
ʧʝʨʠʬʝʨʽʾ ʥʘ ʚʝʣʠʯʠʥʫ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʘʙʦ ʥʘʧʨʫʛʫ 

ʧʨʦʙʦʶ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ ʚʠʨʘʟʦʤ:           

         ù
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 ,            (2) 

ʜʝ NB ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʦʤʽʰʢʠ ʫ ʩʣʘʙʦʣʝʛʦʚʘʥʽʡ ʦʙʣʘʩʪʽ. 
 

ɼʣʷ ʬʦʪʦʜʽʦʜʘ, ʧʨʘʮʶʶʯʦʛʦ ʧʨʠ ʨʦʙʦʯʽʡ ʥʘʧʨʫʟʽ ʤʽʥʫʩ 250 

ɺ ʥʘʧʨʫʞʝʥʽʩʪʴ ʧʨʦʙʦʶ ʩʢʣʘʜʘʻ 1,5.10
5
 ɺ/ʩʤ, ʘ ʱʽʣʠʥʘ ʤʽʞ 

ʦʭʦʨʦʥʥʠʤ ʢʽʣʴʮʝʤ ʪʘ ʽʟʦʪʠʧʥʦʶ ʟ ʧʽʜʢʣʘʜʢʦʶ ʟʘʭʠʩʥʦʶ 

ʦʙʣʘʩʪʶ ʩʢʣʘʜʘʻ 17 ʤʢʤ.  
ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨ- -̔nïʬʦʪʦʜʽʦʜʘ  

ʧʦʢʘʟʘʣʦ, ʱʦ ʧʠʪʦʤʽ ʟʥʘʯʝʥʥʷ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʦʭʦʨʦʥʥʦʛʦ 

ʢʽʣʴʮʷ ʩʢʣʘʜʘʣʠ ʚʽʜ 1 ʜʦ 0,5 ʤʢɸ.  
ʉʝʨʽʡʥʽ ʘʥʘʣʦʛʽʯʥʽ ʬʦʪʦʜʽʦʜʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʫ ʩʚʦʾʡ ʪʦʧʦʣʦʛʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ, ʤʘʶʪʴ ʪʠʧʦʚʽ 

ʟʥʘʯʝʥʥʷ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʦʭʦʨʦʥʥʦʛʦ ʢʽʣʴʮʷ ʥʘ ʨʽʚʥʽ 100 ʤʢɸ. 
ɼʘʥʽ ʥʘʚʝʜʝʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 293 ʂ. 
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ɼʽʘʥʘ ʄʦʪʨʝʩʢʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ p-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ  

ʚʽʜ ʥʘʜʣʠʰʢʫ ʪʝʣʫʨʫ 

ʆʩʥʦʚʥʠʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 200-600 ʂ, ʻ ʩʧʣʘʚʠ ʥʘ 

ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ. ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨ-ʛʽʣʦʢ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʣʘʚʠ Bi2Te3-Sb2Te3. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʚ ʰʠʭʪʫ ʧʨʠ 
ʚʠʨʦʱʫʚʘʥʥʽ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʚʦʜʷʪʴ ʥʘʜʣʠʰʦʢ ʪʝʣʫʨʫ. 

ʇʨʠʯʦʤʫ ʢʽʣʴʢʦʩʪʽ ʥʘʜʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʪʝʣʫʨʫ ʫ ʚʠʨʦʱʝʥʠʭ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʣʠʪʢʘʭ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 1,5 ʜʦ 6 ʘʪ.% [1-3] 
ʗʢʱʦ ʚʟʷʪʠ ʮʝ ʜʦ ʫʚʘʛʠ, ʪʦ ʧʨʦʮʝʩ ʚʠʨʦʱʫʚʘʥʥʷ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʨʝʨʦʟʧʦʜʽʣ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʽ 

(Bi,Sb)2Te3+ʊʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʠ ʾʭ ʨʦʟʧʦʜʽʣʫ ʧʨʠ 
ʢʦʥʢʨʝʪʥʦʤʫ ʩʧʦʩʦʙʽ ʚʠʨʦʱʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ 

ʥʘʜʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʪʝʣʫʨʫ ʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ (Bi,Sb)2Te3 ʨ-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 
ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʚʠʨʦʱʝʥʠʭ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʊʝ ʢʨʠʩʪʘʣʽʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ Bi2Te3-Sb2Te3 ʽʟ 
ʚʘʨʽʘʮʽʻʶ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʣʫʨʫ ʚ ʤʝʞʘʭ 0,5 ï 3,0 ʚʘʛ. %. 

ʄʘʪʝʨʽʘʣʠ ʩʠʥʪʝʟʫʚʘʣʠ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ Bi, Sb, Te ʟ 

ʯʠʩʪʦʪʦʶ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʥʠʞʯʝ 99.999%. 

ɺʠʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʧʦʨʮʽʷʭ 
ʟʘʚʘʥʪʘʞʫʚʘʣʠʩʷ ʫ ʢʚʘʨʮʝʚʽ ʘʤʧʫʣʠ ʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ 23 ï 

24 ʤʤ, ʚʘʢʫʫʤʫʚʘʣʠʩʷ ʽ ʟʘʧʘʶʚʘʣʠʩʷ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʚʩʷ ʚ 

ʢʦʣʠʚʘʣʴʥʽʡ ʧʝʯʽ ʧʨʦʪʷʛʦʤ 1,5 ï 2 ʛʦʜ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ 100 ʂ 
ʚʠʱʽʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ (~700 Üʉ). 

ɺʠʨʦʱʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ ʧʣʘʚʢʠ 
ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʪʠʭ ʞʝ ʘʤʧʫʣʘʭ. ʐʚʠʜʢʽʩʪʴ ʚʠʨʦʱʫʚʘʥʥʷ 

ʩʪʘʥʦʚʠʣʘ 20 ʤʤ/ʛʦʜ. 
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ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʽʚ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʰʣʷʭʦʤ ʭʽʤʽʯʥʦʛʦ 

ʪʨʘʚʣʝʥʥʷ ʤʽʢʨʦʰʣʽʬʽʚ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʤʽʢʨʦʩʢʦʧʘ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ 350ʍ. 
ʇʨʠ ʪʨʘʚʣʝʥʥʽ ʚʠʨʦʱʝʥʠʭ ʟʨʘʟʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʚʠʜʽʣʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʬʘʟʠ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʫ ʚ ʦʙôʻʤʽ ʢʨʠʩʪʘʣʘ (ʨʠʩ.1). 

     
ʘ)    ʙ) 

ʈʠʩ. 1. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʟʨʽʟʽʚ ʟʣʠʪʢʽʚ Bi2Te3 ï Sb2Te3 + ʊʝ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʟʦʥʥʦʾ ʧʣʘʚʢʠ (Ĭ350): ʘ) Bi2Te3 ï Sb2Te3 + 4 

ʘʪ.% ʊʝ; ʙ) Bi2Te3 ï Sb2Te3 + 2,5 ʘʪ.% ʊʝ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʜʣʠʰʦʢ ʪʝʣʫʨʫ ʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ 

Bi2Te3-Sb2Te3 ʚʠʱʝ 1,5% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʚ ʨʦʟʧʣʘʚʽ ʧʦʙʣʠʟʫ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʪʘ 

ʚʠʜʽʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʬʘʟʠ ʊʝ ʽ ʟʥʘʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ 
ʤʘʪʝʨʽʘʣʫ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʦʟʜʥʷʢʦʚ ɹ.ʉ., ʂʦʧʪʝʣʦʚ ɽ.ɸ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʝʪʠʢʘ. ʄ.: ɸʪʦʤʠʟʜʘʪ, 1974. 264 ʩ. 

2. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 768 ʩ. 

3. Aivazov A.A., Anukhin A.I.. Thermoelectric properties of 

Bi2Te3-Sb2Te3 low temperature materials with hole conductivity// XII 

International Conference on Thermoelectrics -  2013. 
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ɺʦʣʦʜʠʤʠʨ ʅʠʢʠʬʦʨʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʉʣʘʚʽʥ ɺ.ɺ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʫʣʘʯʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʝʡ ʜʣʷ ʤʝʭʘʥʽʯʥʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ 
ɯʥʞʝʥʝʨʥʘ ʜʫʤʢʘ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ ʟʘ ʤʠʥʫʣʽ ʜʝʩʷʪʠʣʽʪ-

ʪʷ ʧʨʦʩʫʥʫʣʘʩʷ ʜʘʣʝʢʦ ʚʧʝʨʝʜ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʥʦʚʽ ʨʦʟʨʦʙʢʠ ʚ 

ʛʘʣʫʟʽ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʨʘʥʩʤʽʩʽʡ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʽʟʥʽ ʤʦʜʝ-ʣʽ 
ʷʢ ʮʠʚʽʣʴʥʠʭ, ʪʘʢ ʽ ʩʧʦʨʪʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ 

ʨʽʟʥʠʤʠ ʟʘ ʩʚʦʾʤ ʪʠʧʦʤ ʢʦʨʦʙʢʘʤʠ ʧʝʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ (ʂʇʇ), 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʠʭ ʢʨʫʪʥʠʭ ʤʦʤʝʥʪʽʚ. ʉʫʯʘʩʥʽ 
ʪʠʧʠ ʤʝʭʘʥʽʯʥʠʭ ʂʇʇ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʟʘ ʢʦʥʩʪʨʫʢ-

ʮʽʻʶ, ʧʨʦʪʝ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʩʝʢʚʝʥʪʘʣʴʥʽ 

[1], ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʙʘʟʽ ʟʚʠʯʘʡʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʪʨʘʥʩʤʽʩʽʾ. 

ʂʫʣʘʯʢʦʚʘ ʂʇʇ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 
ʪʠʤ, ʱʦ ʫ ʥʝʾ ʤʫʬʪʠ ʫʚʽʤʢʥʝʥʥʷ ʧʝʨʝʜʘʯ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝ ʚʽ-

ʥʝʮʴ ʟ ʙʝʟʣʽʯʯʶ ʜʨʽʙʥʠʭ ʟʫʙʮʽʚ, ʘ ʢʽʣʴʢʘ ʚʝʣʠʢʠʭ ʢʫʣʘʯʢʽʚ (ʷʢ 

ʧʨʘʚʠʣʦ, 5-7), ʷʢʽ ʚʭʦʜʷʪʴ ʫ ʟʘʯʝʧʣʝʥʥʷ ʟ ʪʘʢʠʤʠ ʩʘʤʠʤʠ, ʨʦʟʤʽ-
ʱʝʥʠʤʠ ʥʘ ʰʝʩʪʝʨʥʽ ʟ ʜʦʩʪʘʪʥʽʤ ʟʘʟʦʨʦʤ ʧʦ ʰʠʨʠʥʽ, ʱʦ ʫʤʦʞ-

ʣʠʚʣʶʻ ʤʠʪʪʻʚʝ ʫʚʽʤʢʥʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʧʝʨʝʜʘʯʽ ʙʝʟ ʞʦʜʥʠʭ ʩʠʥ-

ʭʨʦʥʽʟʘʪʦʨʽʚ. ʊʦʡ ʩʘʤʠʡ ʧʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽ ʥʘ ʙʽʣʴʰʦ-
ʩʪʽ ʤʦʪʦʮʠʢʣʝʪʥʠʭ ʂʇʇ [2]. 

ʉʝʢʚʝʥʪʘʣʴʥʽ ʂʇʇ ʩʴʦʛʦʜʥʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ 

ʩʧʦʨʪʠʚʥʽ ʘʚʪʦʤʦʙʽʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʜʦʩʠʪʴ ʜʦʨʦʛʠʤʠ, ʘ ʟʘ ʩʚʦ-

ʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʧʦʚʥʽʩʪʶ ʧʨʠʩʪʦʩʦʚʘʥʽ ʧʽʜ ʪʘʢʽ ʪʠʧʠ ʘʚʪʦ. ɿʘʚ-
ʜʷʢʠ ʪʘʢʽʡ ʂʇʇ ʚʦʜʽʡ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʫʚʘʪʠ ʰʚʠʜ-

ʢʽʩʪʴ ʽ ʧʝʨʝʤʠʢʘʪʠʩʷ ʟ ʦʜʥʽʻʾ ʧʝʨʝʜʘʯʽ ʥʘ ʽʥʰʫ ʙʝʟ ʥʘʡʤʝʥʰʦʛʦ 

ʫʧʦʚʽʣʴʥʝʥʥʷ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʽʜ ʯʘʩ ʟʤʘʛʘʥʴ [3]. 
ʆʜʥʘʢ, ʫʞʝ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ ʨʦʢʽʚ ʩʝʢʚʝʥʪʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ 

ʧʝ-ʨʝʤʠʢʘʥʥʷ ʧʝʨʝʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽ ʥʘ ʮʠʚʽʣʴʥʠʭ 

ʘʚʪʦʤʦʙʽʣʷʭ. ʉʝʨʝʜ ʩʝʨʽʡʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʥʘ ʷʢʠʭ ʙʫʣʠ 

ʚʩʪʘʥʦʚʣʝʥʽ ʪʘʢʽ ʂʇʇ, ʻ  BMW M3, BMW M5 ʪʘ Mercedes Benz 
C-Class.  

ɼʦ ʧʝʨʝʚʘʛ ʩʝʢʚʝʥʪʘʣʴʥʠʭ ʂʇʇ ʥʘʣʝʞʘʪʴ: ʤʝʥʰʽ ʛʘʙʘʨʠʪʥʽ 

ʨʦʟʤʽʨʠ ʢʦʨʧʫʩʫ ʢʦʨʦʙʢʠ; ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʚʘʪʠ ʙʽʣʴʰʠʡ ʢʨʫʪ-
ʥʠʡ ʤʦʤʝʥʪ; ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʟʤʽʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ; ʚʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ (0,1-0,2 ʩ); ʧʨʠ ʟʤʽʥʽ ʧʝʨʝʜʘʯ ʥʝ ʟʤʝʥ-

ʰʫʶʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ ʜʚʠʛʫʥʘ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʫ 
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ʪʨʘʥʩʤʽʩʽʾ, ʚʠʢʣʠʢʘʥʘ ʥʘʛʨʽʚʘʥʥʷʤ ʜʝʪʘʣʝʡ; ʤʝʥʰʝ ʥʘʚʘʥʪʘʞʝʥ-

ʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢʠ ʚʘʣʽʚ; ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [2]. 

ʈʦʟʛʣʷʥʫʪʽ ʪʠʧʠ ʂʇʇ, ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʨʦʙʦʪʠ, ʧʝʨʝʚʘʛʠ ʽ 
ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʂʇʇ ʽʟ 

ʢʫʣʘʯʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜ-ʥʠʭ 

ʧʨʦʛʨʘʤ Solid Works ʩʧʨʦʝʢʪʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʢʫʣʘʯʢʦʚʦʾ ʢʦʨʦʙʢʠ 
ʧʝʨʝʜʘʯ.  

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʨʦʟʨʦʙʣʝʥʦʾ ʥʘʤʠ 

ʤʫʬʪʠ ʪʘ ʰʝʩʪʝʨʥʽ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʦʛʦ ʧʨʦʪʦʪʠʧʫ ʩʝʢ-

ʚʝʥʪʘʣʴʥʦʾ ʂʇʇ.  

 
ʈʠʩ. 1. ɽʣʝʤʝʥʪʠ ʢʫʣʘʯʢʦʚʦʾ ʂʇʇ: 1 ï ʤʫʬʪʘ; 2 ï ʰʝʩʪʝʨʥʷ 

ʆʩʦʙʣʠʚʽʩʪʶ ʥʘʰʦʾ ʨʦʟʨʦʙʢʠ ʻ ʪʝ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶ-

ʯʦʛʦ ʧʨʦʪʦʪʠʧʫ, ʚ ʷʢʦʤʫ ʢʫʣʘʯʢʠ ʥʘ ʤʫʬʪʽ ʚʭʦʜʷʪʴ ʚ ʟʘʯʝʧʣʝʥʥʷ 
ʟ ʢʫʣʘʯʢʘʤʠ ʰʝʩʪʝʨʥʽ, ʚ ʥʘʰʦʤʫ ʚʘʨʽʘʥʪʽ ʤʫʬʪʘ ʟ ʢʫʣʘʯʢʘʤʠ 

ʚʭʦʜʠʪʴ ʫ ʧʘʟʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʰʝʩʪʝʨʥʽ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʽʚ ʫ 2 ʨʘʟʠ ʪʘ ʟʤʝʥʰʫʶ-
ʪʴʩʷ ʚʠʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʂʇʇ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʂʇʇ 

ʜʣʷ ʩʧʦʨʪʠʚʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. 
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ɸʥʥʘ ʅʠʢʫʣʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʫʜʠʤʘ ʖ.ɺ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ  

ʚ ʪʝʦʨʽʾ ʩʧʽʥïʢʨʦʩʦʚʝʨ ʤʘʪʝʨʽʘʣʽʚ 
ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʦʣʝʢʫʣʷʨʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʴʦʛʦʜʝʥʥʠʤ ʚʠʤʦʛʘʤ 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʻ ʩʧʽʥ-ʢʨʦʩʦʚʝʨ ʢʦʦʨʜʠʥʘʮʽʡʥʽ 

ʢʦʤʧʣʝʢʩʠ. ʉʧʽʥ-ʢʨʦʩʦʚʝʨ (ʉʂ) ʩʧʦʣʫʢʠ ï ʢʣʘʩ ʤʦʣʝʢʫʣʷʨʥʠʭ 

ʤʘʛʥʝʪʠʢʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʽʦʥʘ ʧʝʨʝʭʽʜʥʦʛʦ ʤʝʪʘʣʫ, ʟ  d 
4
- d

7
 

ʝʣʝʢʪʨʦʥʥʦʶ ʢʦʥʬʽʛʫʨʘʮʽʻʶ, ʨʦʟʤʽʱʝʥʦʛʦ ʚ ʥʝʤʝʪʘʣʝʚʦʤʫ 

ʣʽʛʘʥʜʦʚʦʤʫ ʦʪʦʯʝʥʥʽ, ʱʦ ʩʪʚʦʨʶʻ ʥʝʥʫʣʴʦʚʝ ʢʨʠʩʪʘʣʽʯʥʝ ʧʦʣʝ 

ʦʢʪʘʝʜʨʠʯʥʦʾ ʩʠʤʝʪʨʽʾ. ʉʂ-ʢʦʤʧʣʝʢʩʠ ʚʽʜʥʦʩʷʪʴ ʜʦ ʙʽʩʪʘʙʽʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʠʭ ʩʪʘʥʠ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʟʥʦʶ ʩʧʽʥʦʚʦʶ 
ʢʦʥʬʽʛʫʨʘʮʽʻʶ d-ʦʨʙʽʪʘʣʽ. ʎʶ ʤʦʣʝʢʫʣʷʨʥʫ ʙʽʩʪʘʙʽʣʴʥʽʩʪʴ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʣʷ ʟʘʧʠʩʫ ʜʘʥʠʭ, ʪʘʢ ʽ ʜʣʷ 

ʧʝʨʝʤʠʢʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʧʦʙʫʜʦʚʠ ʤʦʥʽʪʦʨʽʚ. 
ɼʣʷ ʢʣʘʩʫ ʉʂ-ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ ʟʘʣʽʟʘ (ɯɯ), ʱʦ ʻ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʥʘʤʠ, ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʥʠʟʴʢʦʩʧʽʥʦʚʠʡ (ʟʽ ʩʧʽʥʦʤ ʤʦʣʝʢʫʣʠ, ʱʦ ʜʦʨʽʚʥʶʻ  ʥʫʣʶ) ʪʘ 
ʚʠʩʦʢʦʩʧʽʥʦʚʠʡ (ʟʽ ʩʧʽʥʦʤ ʤʦʣʝʢʫʣʠ, ʱʦ ʜʦʨʽʚʥʶʻ  ʜʚʽʡʮʽ) 

ʩʪʘʥʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʽʘʤʘʛʥʽʪʥʠʤʠ ʪʘ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʂʦʦʧʝʨʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʩʧʦʣʫʢ 

ʧʦʷʩʥʶʶʪʴʩʷ ʝʣʘʩʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʻ 
ʧʦʣʽʤʝʨʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʘʙʦ ʩʧʦʣʫʢʘʤʠ ʟ ʧʦʜʽʙʥʠʤʠ ʜʦ 

ʧʦʣʽʤʝʨʽʚ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʂʦʦʧʝʨʘʪʠʚʥʽ ʷʚʠʱʘ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʚ ʥʠʭ, ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ɯʟʽʥʛʘ ʜʣʷ 
ʜʚʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʚ ʨʘʤʢʘʭ ʩʢʘʣʷʨʥʠʭ ʢʚʘʟʽʩʧʽʥʦʚʠʭ ʟʤʽʥʥʠʭ ʟʽ 

ʟʥʘʯʝʥʥʷʤʠ Ñ1, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʩʦʢʦʩʧʽʥʦʚʦʤʫ ʽ 

ʥʠʟʴʢʦʩʧʽʥʦʚʦʤʫ ʩʪʘʥʘʤ ʉʂ-ʤʦʣʝʢʫʣ [1]. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ 

ɯʟʽʥʛʘ - ʥʘʡʧʨʦʩʪʽʰʘ ʤʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʧʦʚʝʜʽʥʢʫ ʩʧʽʥ-
ʢʨʦʩʩʦʚʝʨ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʚʦʨʽʚʥʝʚʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ. ʄʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ɯʟʽʥʛʘ 

ʧʦʚʝʜʽʥʢʫ ʉʂ-ʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʩʦʙʣʠʚʫ ʬʦʨʤʫ 
ʛʘʤʽʣʴʪʦʥʽʘʥʘ ʜʚʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʝʥʝʨʛʽʷʤʠ ʽ 

ʩʪʫʧʝʥʝʤ ʚʠʨʦʜʞʝʥʥʷ. 
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ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʉʂ-ʢʨʠʩʪʘʣʽʚ ʜʦʪʝʧʝʨ ʨʦʟʚʠʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʽ 

ʥʘʙʣʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʧʦʣʷ ʘʙʦ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʄʦʥʪʝ 
ʂʘʨʣʦ. ʆʜʥʘʢ ʫ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʬʣʫʢʪʫʘʮʽʡʥʽ ʷʚʠʱʘ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴʩʷ ʥʘʚʽʪʴ ʫ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ. ʅʘ ʜʦʧʦʤʦʛʫ 

ʧʨʠʭʦʜʠʪʴ ʤʝʪʦʜ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ, ʟʘʧʦʟʠʯʝʥʠʡ ʫ ʢʚʘʥʪʦʚʽʡ 
ʪʝʦʨʽʾ ʧʦʣʷ ʩʧʽʥʦʚʠʭ ʩʠʩʪʝʤ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʽʢʫ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʪʘ ʫʟʘʛʘʣʴʥʝʥʽ ʪʦʪʦʞʥʦʩʪʽ ʂʘʣʣʝʥʘ 

ï ʉʫʟʫʢʽ. 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʢʫʙʽʯʥʠʡ ʢʨʠʩʪʘʣ, ʫ ʚʫʟʣʘʭ ʷʢʦʛʦ ʨʦʟʪʘʰʦʚʘʥʽ 
ʩʧʽʥ-ʢʨʦʩʦʚʝʨ ʽʦʥʠ ʧʝʨʝʭʽʜʥʦʛʦ ʤʝʪʘʣʫ, ʦʪʦʯʝʥʽ ʪʦʯʢʦʚʠʤʠ 

ʣʽʛʘʥʜʘʤʠ. ʊʝʦʨʽʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʯʝʨʝʟ ʦʜʠʥ ʧʘʨʘʤʝʪʨ ï 
ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ. ʎʝʡ ʬʘʢʪ ʻ ʟʨʫʯʥʠʤ ʟ ʧʦʛʣʷʜʫ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ. ʊʝʨʤʽʯʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʢʦʤʧʦʥʝʥʪʠ ʩʧʽʥʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʚ 

ʢʽʥʮʝʚʦʤʫ ʢʣʘʩʪʝʨʽ, ʦʪʨʠʤʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʪʦʪʦʞʥʦʩʪʽ 
ʂʘʣʣʝʥʘ ï ʉʫʟʫʢʽ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʷʢ ʩʪʘʪʠʯʥʽ, ʪʘʢ ʽ 

ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʽʥʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʋ ʨʘʤʢʘʭ ʤʝʪʦʜʫ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʣʷ ʦʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ 
ʩʧʦʥʪʘʥʥʦʾ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ ʉʂ-ʢʨʠʩʪʘʣʽʚ, ʷʢʽ ʧʦʢʘʟʫʶʪʴ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʷʢ ʧʣʘʚʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʧʝʨʝʭʦʜʠ, ʪʘʢ ʽ ʩʢʣʘʜʥʽ ʛʽʩʪʝʨʝʟʠʩʥʽ ʟʘʣʝʞʥʦʩʪʽ. ʊʦʙʪʦ 
ʨʦʟʨʘʭʫʥʢʠ ʚʽʜʦʙʨʘʟʠʣʠ ʽʩʥʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʤʽʞ 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʤ ʪʘ ʥʠʟʴʢʦʩʧʽʥʦʚʠʤʠ ʩʪʘʥʘʤʠ. ʇʦʙʫʜʦʚʘʥʦ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʬʘʟʦʚʽ ʜʽʘʛʨʘʤʠ ʜʣʷ ʉʂ-ʢʨʠʩʪʘʣʽʚ ʫ ʨʽʟʥʠʭ 

ʧʣʦʱʠʥʘʭ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʭʦʜʫ ʟʙʽʛʘʶʪʴʩʷ ʽʟ 
ʟʘʣʝʞʥʦʩʪʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʽʥʰʠʭ ʥʘʙʣʠʞʝʥʥʷʭ.  ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʙʨʝ ʚʽʜʪʚʦʨʶʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤʠ ʫ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  Gudyma Iu. Spin-crossover nanocrystals and Ising model / Iu. 
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ʂʨʽʩʪʽʥʘ ʅʦʚʽʮʴʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄ.ʉ. ɻʘʚʨʠʣʷʢ  

 

ʊʝʭʥʦʣʦʛʽʷ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ 

McWILL  
 

ʋ ʥʘʰ ʯʘʩ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʧ'ʷʪʝ ʧʦʢʦʣʽʥʥʷ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ, ʱʦ ʜʽʻ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʚ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ, 

ʥʘʩʪʫʧʥʠʭ ʟʘ ʽʩʥʫʶʯʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ 4G/IMT-Advanced. ʋ 

ʜʘʥʠʡ ʯʘʩ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞ  5G ʥʝ ʽʩʥʫʻ. 
ʊʝʭʥʦʣʦʛʽʾ 5G ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ ʙʽʣʴʰ ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʧʦʨʽʚʥʷʥʥʦ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ 4G, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʙʽʣʴʰʫ ʜʦʩʪʫʧʥʽʩʪʴ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʤʦʙʽʣʴʥʦʛʦ 
ʟʚ'ʷʟʢʫ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʽʚ device-to-device, 

ʥʘʜʥʘʜʽʡʥʽ ʤʘʩʰʪʘʙʥʽ ʩʠʩʪʝʤʠ ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʧʨʠʩʪʨʦʷʤʠ , ʘ 

ʪʘʢʦʞ ʙʽʣʴʰ ʢʦʨʦʪʢʠʡ ʯʘʩ ʟʘʪʨʠʤʢʠ, ʰʚʠʜʢʽʩʪʴ ʽʥʪʝʨʥʝʪʫ 1-2 
ɻʙʽʪ/ʩ, ʤʝʥʰʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʙʘʪʘʨʝʡ, ʥʽʞ ʫ 4G-ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʩʧʨʠʷʪʣʠʚʦ ʧʦʟʥʘʯʠʪʴʩʷ ʥʘ ʨʦʟʚʠʪʢʫ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ [1].   

ʊʝʭʥʦʣʦʛʽʶ ʚʞʝ ʪʝʩʪʫʶʪʴ ʧʨʦʚʽʜʥʽ ʢʦʤʧʘʥʽʾ ʩʚʽʪʫ, ʪʘʢʽ ʷʢ 

Google, Facebook,  Samsung ʽ Huawei, ʘ ʧʝʨʰʽ ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ 
ʟ'ʷʚʠʪʠʩʷ ʚʞʝ ʚ 2019-2020 ʨʦʢʘʭ ʚʽʜ Sptint ʽ T-Mobile. ʉʚʦʾ 

ʩʧʨʦʙʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ 5G ʨʦʙʣʷʪʴ ʢʦʤʧʘʥʽʾ AT&T ʽ 

Verizon. ʄʝʨʝʞʘ Apple ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʽʥʰʠʭ, ʦʩʢʽʣʴʢʠ 
ʚʠʨʦʙʥʠʢ ʤʘʻ ʥʘʤʽʨ ʟʤʝʥʰʠʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʴ ʽ ʧʽʜʚʠʱʠʪʠ 

ʯʘʩʪʦʪʫ [2].  

ʉʠʩʪʝʤʠ McWiLL ʜʦʟʚʦʣʷʶʪʴ ʰʚʠʜʢʦ ʨʦʟʛʦʨʥʫʪʠ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨ. ʄʠ ʤʦʞʝʤʦ ʥʘʚʽʪʴ ʨʦʟʰʠʨʠʪʠ ʩʠʩʪʝʤʠ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʟʘʩʦʙʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ: 

ʘʚʪʦʙʫʩʠ, ʪʘʢʩʽ ʽ ʧʦʾʟʜʠ, ʦʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ McWiLL ʧʽʜʪʨʠʤʫʻ 
ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʽʚ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨʽʚ ʤʝʨʝʞ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, 
ʨʽʰʝʥʥʷ McWiLL ʧʨʠʜʘʪʥʽ ʜʣʷ ʨʦʟʚʠʥʝʥʠʭ ʽ ʢʨʘʾʥ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ. ʋ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ, ʜʝ ʩʪʽʣʴʥʠʢʦʚʽ ʪʝʣʝʬʦʥʠ 

ʩʪʘʣʠ ʪʦʚʘʨʦʤ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ, McWiLL ʤʦʞʝ ʥʘʜʘʚʘʪʠ 

ʤʦʙʽʣʴʥʽ ʩʣʫʞʙʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʨʘʤʢʠ 3G, ʜʣʷ 
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ʚʝʣʠʢʠʭ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʬʽʢʩʦʚʘʥʽ ʩʣʫʞʙʠ ʧʝʨʝʜʘʯʽ ʤʦʚʠ 

ʽ ʜʘʥʠʭ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʤʘʣʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ. ʋ 

ʢʨʘʾʥʘʭ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʩʠʩʪʝʤʠ McWiLL ʟʤʦʞʫʪʴ ʙʽʣʴʰʦʶ 
ʤʽʨʦʶ ʧʨʦʧʦʥʫʚʘʪʠ ʛʦʣʦʩʦʚʽ ʩʣʫʞʙʠ, ʥʽʞ ʩʣʫʞʙʠ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʝʙʘ ʚ ʧʝʨʝʜʘʯʽ ʤʦʚʠ ʚʩʝ ʱʝ ʟʥʘʯʥʦ ʚʠʱʝ. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 
ʩʠʩʪʝʤʘ McWiLL ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʭʚʠʣʠʥ 

ʨʦʟʤʦʚʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʟʘ ʤʘʣʽ ʛʨʦʰʽ. ʎʝ ʮʽʣʢʦʤ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘʚʜʘʥʥʶ ʩʠʩʪʝʤ ʛʦʣʦʩʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʢʨʘʾʥʘʭ, ʱʦ 

ʨʦʟʚʠʚʘʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʘʙʦʥʝʥʪʠ ʚ ʮʠʭ ʢʨʘʾʥʘʭ ʥʝ ʛʝʥʝʨʫʶʪʴ 
ʚʠʩʦʢʦʛʦ ARPU. ɿ ʧʣʠʥʦʤ ʯʘʩʫ, ʚ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʧʦʪʨʝʙʠ ʚ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʦʧʝʨʘʪʦʨ ʟʤʦʞʝ ʧʨʦʩʪʦ ʟʙʽʣʴʰʠʪʠ ʯʠʩʣʦ 

ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʘʙʦ ʻʤʥʽʩʪʴ ʤʝʨʝʞʽ, ʥʝ ʚʜʘʶʯʠʩʴ ʜʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ, ʥʝʩʫʤʽʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʐʦʨʠʥ ɸ.ʆ. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʘʙʦʥʝʥʪʦʚ ʥʘ 

ʫʜʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʧʦʪʝʨʴ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʝʪʷʭ ʩ OFDM-

ʩʠʛʥʘʣʘʤʠ // ʕʣʝʢʪʨʦʩʚʷʟʴ. 2017. ˉ 1. ʉ.35ï39. 
2. ʇʘʩʪʫʭ ʉ.ʖ., ɺʦʣʦʜʠʥʘ ɽ.ɽ., ɼʝʚʷʪʢʠʥ ɽ.ɽ. ʠ ʜʨ. ʈʳʥʦʯʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ // ʕʣʝʢʪʨʦʩʚʷʟʴ. 2016. ˉ9. ʉ. 28ï32.  
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ɯʚʘʥ ʆʚʜʽʻʥʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɾʠʭʘʨʝʚʠʯ ɺ. ɺ. 

 

ʉʝʨʚʽʩ ʜʣʷ ʨʦʟʢʨʫʪʢʠ ʫ ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ Telegram 

 
ɹʦʪʠ ʚ Telegram - ʮʝ ʨʽʟʥʦʚʠʜʠ ʯʘʪ-ʙʦʪʽʚ. ɿʘ ʧʨʘʚʠʣʘʤʠ, ʚʩʽ ʾʭ 

ʽʤʝʥʘ ʧʦʚʠʥʥʽ ʟʘʢʽʥʯʫʚʘʪʠʩʷ ʩʣʦʚʦʤ çbotè. ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ - ʮʝ 

ʪʽ ʞ ʘʢʢʘʫʥʪʠ, ʷʢʠʤʠ ʟʘʤʽʩʪʴ ʣʶʜʝʡ ʢʝʨʫʶʪʴ ʧʨʦʛʨʘʤʠ. 
ɺʦʥʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʜʽʾ: ʧʝʨʝʚʦʜʠʪʠ ʽ 

ʢʦʤʝʥʪʫʚʘʪʠ, ʥʘʚʯʘʪʠ ʽ ʪʝʩʪʫʚʘʪʠ, ʰʫʢʘʪʠ ʽ ʟʥʘʭʦʜʠʪʠ, ʧʠʪʘʪʠ ʽ 

ʚʽʜʧʦʚʽʜʘʪʠ, ʛʨʘʪʠ ʽ ʨʦʟʚʘʞʘʪʠ, ʪʨʘʥʩʣʶʚʘʪʠ ʽ ʘʛʨʝʛʫʚʘʪʠ, 
ʚʙʫʜʦʚʫʚʘʪʠʩʷ ʚ ʽʥʰʽ ʩʝʨʚʽʩʠ ʽ ʧʣʘʪʬʦʨʤʠ, ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʜʘʪʯʠʢʘʤʠ ʽ ʨʝʯʘʤʠ, ʧʽʜʢʣʶʯʝʥʠʤʠ ʜʦ ʽʥʪʝʨʥʝʪʫ. ɹʦʪʽʚ Telegram 

ʤʦʞʥʘ çɼʦʜʘʪʠ ʚ ʛʨʫʧʫè (Add To Group) ʘʙʦ ʥʠʤʠ çʇʦʜʽʣʠʪʠʩʷè 
(Share). ɯ ʮʝ ʜʘʣʝʢʦ ʥʝ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʻ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʾʭ ʩʪʚʦʨʝʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʩʝʨʚʽʩʫ ʜʣʷ ʨʦʟʢʨʫʪʢʠ ʻ ʧʨʦʜʘʞ 

ʧʽʜʧʠʩʫʚʘʯʽʚ ʪʘ ʧʝʨʝʛʣʷʜʽʚ ʥʘ ʢʘʥʘʣʠ ʟʘʤʦʚʥʠʢʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʟʘʤʦʚʥʠʢ ʟʚʝʨʪʘʻʪʴʩʷ ʜʦ ʩʝʨʚʽʩʫ ʟ ʤʝʪʦʶ ʧʨʠʜʙʘʪʠ 2000 

ʧʽʜʧʠʩʥʠʢʽʚ.  ɯʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ ʩʝʨʚʽʩʦʤ ʻ ʙʦʪ ʫ 

ʩʦʮʽʘʣʴʥʽʡ ʤʝʨʝʞʽ Telegram. ɿʘʤʦʚʥʠʢ ʥʘ ʢʣʘʚʽʘʪʫʨʽ ʙʦʪʘ 

ʥʘʪʠʩʢʘʻ çɼʣʷ ʨʝʢʣʘʤʦʜʘʚʮʽʚè - çʇʨʠʜʙʘʪʠ ʧʽʜʧʠʩʫʚʘʯʽʚè, ʜʘʣʽ 

ʚʚʦʜʠʪʴ ʪʝʢʩʪʦʤ ʢʽʣʴʢʽʩʪʴ ʧʽʜʧʠʩʫʚʘʯʽʚ (2000). ʅʘʜʽʣʷʻ ʩʝʨʚʽʩ 

ʧʨʘʚʘʤʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʥʘ ʩʚʦʻʤʫ ʢʘʥʘʣʽ ʽ ʧʽʜʪʚʝʨʜʞʫʻ 

ʟʘʤʦʚʣʝʥʥʷ.  

ɯʥʰʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʩʝʨʚʽʩʫ ʻ ʣʶʜʠ, ʷʢʽ ʙʘʞʘʶʪʴ 

ʧʽʜʟʘʨʦʙʠʪʠ. ʉʝʨʚʽʩ ʚʠʜʘʻ ʾʤ ʢʘʥʘʣʠ ʟʘʤʦʚʥʠʢʽʚ, ʥʘ ʷʢʽ ʚʦʥʠ 

ʧʽʜʧʠʩʫʶʪʴʩʷ ʽ ʦʪʨʠʤʫʶʪʴ ʟʘ ʮʝ ʛʨʦʰʽ. ʉʫʤʘ ʛʨʦʰʝʡ, ʷʢʽ 

ʦʪʨʠʤʫʶʪʴ ʫʩʽ ʧʽʜʧʠʩʫʚʘʯʽ ʤʝʥʰʘ ʟʘ ʩʫʤʫ, ʷʢʫ ʧʣʘʪʠʪʴ 

ʟʘʤʦʚʥʠʢ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʩʽ ʫʯʘʩʥʠʢʠ ʉʝʨʚʽʩʫ ʪʘ ʡʦʛʦ ʚʣʘʩʥʠʢ 

ʦʪʨʠʤʫʶʪʴ ʩʚʦʶ ʚʠʛʦʜʫ. 
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ʈʠʩ.1. ɺʽʢʥʦ Telegram ʽʟ ʚʽʜʢʨʠʪʠʤ ʩʝʨʚʽʩʦʤ ʜʣʷ ʨʦʟʢʨʫʪʢʠ 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Telegram API [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://python-telegram-

bot.readthedocs.io/en/stable/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 03.03.2019) ï 

Telegram Bot Api 

https://python-telegram-bot.readthedocs.io/en/stable/
https://python-telegram-bot.readthedocs.io/en/stable/
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ʆʢʩʘʥʘ ʆʜʦʯʫʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄ.ɺ.ʊʘʣʘʭ 

 

ɯʥʪʝʨʘʢʪʠʚʥʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʷʢ ʽʥʩʪʨʫʤʝʥʪ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʪʫʨʠʩʪʦʤ ʪʘ ʩʧʝʢʪʨʦʤ ʧʦʩʣʫʛ           

ʅʇʇ çɺʠʞʥʠʮʴʢʠʡè 

 
ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʪʫʨʠʟʤʫ ʚʝʣʠʢʫ ʨʦʣʴ 

ʚʽʜʽʛʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. 
ɽʚʦʣʶʮʽʷ ʽ ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ ʧʨʦʥʠʢʘʶʪʴ ʚ ʪʫʨʠʟʤ ʽ 

ʦʨʛʘʥʽʟʘʮʽʶ ʝʢʩʢʫʨʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ: ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ 

ʧʨʦʧʦʥʫʶʪʴʩʷ ʪʫʨʠʩʪʘʤ ʫʥʽʢʘʣʴʥʽ ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʧʫʪʽʚʥʠʢʠ ʜʣʷ 
ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ GPS-

ʥʘʚʽʛʘʮʽʾ.  

ʆʜʥʽʻʶ ʽʟ ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʫʨʠʩʪʠʯʥʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 
ʧʦʪʦʢʽʚ, ʷʢʘ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʾ ʘʢʪʫʘʣʽʟʘʮʽʾ ʽ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ 

ʦʙʤʽʥʥʠʭ ʦʧʝʨʘʮʽʡ. ɯʥʬʦʨʤʘʮʽʡʥʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʽʩʥʫʶʪʴ ʤʽʞ 

ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʪʫʨʠʩʪʠʯʥʦʛʦ ʨʠʥʢʫ, ʧʨʠ ʮʴʦʤʫ ʦʩʦʙʣʠʚʝ 
ʟʥʘʯʝʥʥʷ ʧʨʠʜʽʣʷʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʢʽʥʮʝʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (ʪʫʨʠʩʪʽʚ). ʎʝ ʟʫʤʦʚʣʝʥʦ ʩʧʝʮʠʬʽʯʥʠʤʠ ʨʠʩʘʤʠ 

ʪʫʨʠʩʪʩʴʢʦʛʦ ʧʨʦʜʫʢʪʫ ʽ ʥʝʦʙʭʽʜʥʽʩʪʶ ʥʘʜʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʠʯʝʨʧʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʦʪʝʥʮʽʡʥʠʭ ʪʫʨʠʩʪʽʚ. ʗʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʫʨʠʟʤʫ ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ 

ʯʠʥʥʠʢʦʤ, ʷʢʠʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʽ ʥʘ ʷʢʽʩʪʴ ʪʫʨʠʩʪʠʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʽ ʧʦʩʣʫʛ. 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʽʡ ʧʘʨʢ çɺʠʞʥʠʮʴʢʠʡè ï ʫʩʪʘʥʦʚʘ, 

ʷʢʘ ʤʘʻ ʫ ʧʽʜʧʦʨʷʜʢʫʚʘʥʥʽ ʤʽʩʮʷ, ʷʢʽ ʧʨʠʚʘʙʣʶʶʪʴ ʪʫʨʠʩʪʽʚ 

ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʧʨʠʨʦʜʥʠʤ ʽ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʤ ʨʠʩʘʤ (ʧʨʠʨʦʜʘ, 
ʭʫʜʦʞʥʽ ʪʘ ʘʨʭʝʦʣʦʛʽʯʥʽ ʮʽʥʥʦʩʪʽ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʦʱʦ). 

ʆʪʞʝ, ʤʝʪʦʶ ʻ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʘ,  ʷʢʠʡ ʙʫʜʝ ʨʝʘʣʽʟʫʚʘʪʠ 

ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ: 

Å ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʛʨʘʬʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦʪʦʯʥʦʛʦ 
ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ; 

Å ʧʦʰʫʢ ʚ ʙʘʟʽ ʜʘʥʠʭ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʥʘ ʢʘʨʪʘʭ OSM ʦʙ'ʻʢʪʽʚ 

ʚʠʙʨʘʥʦʾ ʢʘʪʝʛʦʨʽʾ, ʱʦ ʧʨʝʜôʷʚʣʷʶʪʴ ʪʫʨʠʩʪʠʯʥʠʡ ʽʥʪʝʨʝʩ; 
Å ʽʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʧʦ ʚʠʙʨʘʥʠʭ ʦʙ'ʻʢʪʘʭ; 
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Å ʥʘʚʽʛʘʮʽʷ ʜʦ ʚʠʙʨʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʽʛʘʪʦʨʘ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ 

ʧʨʠʩʪʨʦʾ ʥʘ ʙʘʟʽ ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʧʦʪʨʝʙʦʶ 
ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ ʙʫʪʠ ʟʘʚʞʜʠ ʥʘ ʟʚ'ʷʟʢʫ. OC Android ʤʘʻ 

ʰʠʨʦʢʫ ʧʽʜʪʨʠʤʢʫ ʚʩʽʭ ʚʠʜʽʚ ʨʦʟʨʦʙʢʠ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ 

ʛʝʦʣʦʢʘʮʽʻʶ, ʱʦ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʘʥʦʛʦ ʜʦʜʘʪʢʘ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ 
ʟʥʘʯʝʥʥʷ. GPS ʻ ʟʨʫʯʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʩʦʙʦʤ ʘʥʘʣʽʟʫ 

ʧʦʚʝʜʽʥʢʠ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʥʘʜʘʥʥʷ ʙʽʣʴʰ 

ʷʢʽʩʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʣʦʢʘʮʽʾ ï ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʦʛʦ 
ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʷʢʦʛʦʩʴ ʦʙ'ʻʢʪʘ. 

ʈʦʟʨʦʙʣʝʥʠʡ Android-ʜʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ 

ʜʦ ʚʠʯʝʨʧʥʦʾ ʪʫʨʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʦʙôʻʢʪʽʚ                
ʅʇʇ ñɺʠʞʥʠʮʴʢʠʡè ʫ ʜʦʚʽʣʴʥʦʤʫ ʤʽʩʮʽ ʧʝʨʝʙʫʚʘʥʥʷ ʽ ʚ 

ʜʦʚʽʣʴʥʠʡ ʯʘʩ ʜʦʩʪʫʧʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʦʩʪʝʡ 

ʧʨʦ ʧʦʪʦʯʥʝ ʛʝʦʛʨʘʬʽʯʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ 
ʜʦʜʘʪʢʘ ʫ ʨʝʢʨʝʘʮʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ ʧʘʨʢʫ ʻ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʝʢʨʝʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟ ʜʦʜʝʨʞʘʥʥʷʤ ʨʝʞʠʤʫ 

ʦʭʦʨʦʥʠ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʦʙôʻʢʪʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʧʠʪʫ 
ʨʝʢʨʝʘʥʪʽʚ ʥʘ ʚʽʜʧʦʯʠʥʦʢ, ʪʫʨʠʟʤ ʪʘ ʽʥ. ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʞʠʤʫ 

ʪʝʨʠʪʦʨʽʾ ʧʘʨʢʫ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʦʙʣʘʰʪʫʚʘʥʥʷ ʪʫʨʠʩʪʠʯʥʠʭ ʪʘ 

ʝʢʩʢʫʨʩʽʡʥʠʭ ʤʘʨʰʨʫʪʽʚ. 
ʄʦʞʣʠʚʠʤʠ ʰʣʷʭʘʤʠ ʨʦʟʚʠʪʢʫ ʜʦʜʘʪʢʘ ʻ ʽʥʪʝʛʨʘʮʽʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʨʝʘʣʽʟʘʮʽʷ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʙʘʟʠ ʜʘʥʠʭ (ʣʦʢʘʣʴʥʘ ʪʘ ʭʤʘʨʘ). 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ ɺʠʞʥʠʮʴʢʠʡ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.npp.cv.ua/  

2.  ɻʦʣʦʱʘʧʦʚ ɸ.ʃ. Google Android. ʉʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 

ʩʤʘʨʪʬʦʥʦʚ ʠ ʧʣʘʥʰʝʪʥʳʭ ʇʂ. ɺʠʜʘʚʥʠʮʪʚʦ ʇʠʪʝʨ 2012. 448ʩ. 

3.  ʉʘʚʯʫʢ ɺ. ɺ. ʄʦʙʽʣʴʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʙʝʟʧʝʯʥʦʾ 

ʧʦʜʦʨʦʞʽ / ʉʘʚʯʫʢ ɺ. ɺ., ɺʠʢʣʶʢ ʗ. ɯ.//ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ çɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʝʢʦʥʦʤʽʢʘ ʪʘ ʧʨʘʚʦ: ʩʪʘʥ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫè (ɯʊɽʇ-2017) 27-28 ʢʚʽʪʥʷ 2017ʨ. ʏʝʨʥʽʚʮʽ. ʉ169-

170. 
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ʄʘʢʩʠʤ ʆʢʦʣʽʪʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮ. ɹʦʨʯʘ ʄ.ɼ. 

ɹʘʛʘʪʦʭʚʠʣʴʦʚʘ ʜʠʬʨʘʢʮʽʷ ʍ-ʭʚʠʣʴ  

ʫ ʧʣʽʚʢʘʭ InSb, ʣʝʛʦʚʘʥʠʭ Mg 

ɼʝʬʦʨʤʘʮʽʾ ʫ ʧʩʝʚʜʦʤʦʨʬʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʫʪʴ ʟʫʤʦʚʠʪʠ 

ʟʥʘʯʥʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʟʦʢʨʝʤʘ, ʟʤʽʥʫ ʨʽʚʥʽʚ 

ʝʥʝʨʛʽʾ ʫ ʢʚʘʥʪʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ʪʘ ʢʝʨʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʤʠ 
ʤʘʩʘʤʠ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʄʦʞʣʠʚʽʩʪʴ ʤʘʥʽʧʫʣʷʮʽʾ ʮʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʦʧʪʠʯʥʠʤʠ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚ-
ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. ʆʜʥʘʢ ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʫʪʪʻʚʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ ʤʝʞʽ ʤʽʞ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ ʟʘʙʝʟʧʝʯʫʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ 

ʩʚʦʙʦʜʫ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ 
ʥʝʦʙʭʽʜʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʗʢʱʦ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʢʠ ʤʽʞ ʢʦʥʪʘʢʪʥʠʤ ʰʘʨʦʤ ʽ 

ʧʽʜʢʣʘʜʢʦʶ ʥʝʚʝʣʠʢʘ ʽ ʰʘʨ ʪʦʥʢʠʡ, ʪʦ ʜʝʬʦʨʤʘʮʽʷ ʚʠʥʠʢʘʻ ʚ 
ʰʘʨʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʠʤʝʪʨʽʷ ʛʨʘʪʢʠ ʢʦʥʪʘʢʪʥʦʛʦ ʰʘʨʫ 

ʟʤʽʥʶʻʪʴʻʪʴʩʷ ʚʽʜ ʢʫʙʽʯʥʦʾ ʜʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʾ (ʝʬʝʢʪ ʇʫʘʩʩʦʥʘ). 

ɼʦʩʣʽʜʠʪʠ ʮʝʡ ʝʬʝʢʪ ʜʦʟʚʦʣʷʶʪʴ ʍ-ʭʚʠʣʴʦʚʽ ʤʝʪʦʜʠ, ʟʦʢʨʝʤʘ 
ʜʚʦ- ʪʘ ʪʨʠʢʨʠʩʪʘʣʴʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽʷ, ʘ ʙʘʛʘʪʦʭʚʠʣʴʦʚʘ 

ʜʠʬʨʘʢʮʽʷ ʍ-ʭʚʠʣʴ (XRMD) ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʘʣʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ʂʦʥʪʘʢʪʥʽ ʰʘʨʠ In1-xGaxP ʚʠʨʦʱʝʥʽ ʭʽʤʽʦʧʨʦʤʝʥʝʚʦʶ 
ʝʧʽʪʘʢʩʽʻʶ ʥʘ ʥʘʧʽʚʽʟʦʣʶʶʯʽʡ ʧʽʜʢʣʘʜʮʽ GaAs (001). ʌʦʨʤʫʚʘʥʥʷ 

ʧʨʦʰʘʨʢʫ GaAs ʪʦʚʱʠʥʦʶ 300 ʥʤ (ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ 0,72 ʤʢʤ ʥʘ 

ʛʦʜʠʥʫ) ʧʝʨʝʜʫʚʘʣʦ ʨʦʩʪʫ ʢʦʥʪʘʢʪʥʦʛʦ ʰʘʨʫ In1-xGaxP, ʷʢʠʡ 
ʚʠʨʦʱʫʚʘʚʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ 0,95 ʤʢʤ/ʛʦʜ ʚ ʦʙʦʭ ʟʨʘʟʢʘʭ. 

ʇʘʨʘʤʝʪʨʠ ʟʨʘʟʢʽʚ, ʜʦʩʣʽʜʞʝʥʠʭ ʚ ʨʦʙʦʪʽ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.1.  
ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨʠ ʛʨʘʪʢʠ, ʪʦʚʱʠʥʘ, ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʩʪʫʧʽʥʴ ʨʝʣʘʢʩʘʮʽʾ, 

ʦʪʨʠʤʘʥʽ ʟ ʢʨʠʚʦʾ ʛʦʡʜʘʥʥʷ ʪʘ ʟ ʙʘʛʘʪʦʭʚʠʣʴʦʚʦʾ ʜʠʬʨʘʢʪʦʛʨʘʤʠ 

 Tʥ(nm) Tʢ(nm) ɢ(Ga) a a1 ŮĬ10-3 Ů1Ĭ10
-3 R(%) 

#A 400 370 0.434 5.6535 5.6863 -2.88 2.9 0.9 
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#B 800 800 0.417 5.6536 5.6943 -3.57 3.61 1.0 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ MXRD (ʨʠʩ.1,ʘ) ʦʪʨʠʤʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʚʠʥʥʦʛʦ ʚʽʜʙʠʪʪʷ (004) CuKa-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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ʈʠʩ. 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʙʘʛʘʪʦʭʚʠʣʴʦʚʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ (ʘ) ʪʘ 

ʨʦʟʨʘʭʦʚʘʥʘ ʜʠʥʘʤʽʢʘ ʟʤʽʱʝʥʴ ʧʽʢʽʚ ʚʠʜʽʣʝʥʦʾ ʜʽʣʷʥʢʠ ʧʨʠ ʨʽʟʥʠʭ 

ʜʝʬʦʨʤʘʮʽʷʭ (ʨʦʟʱʝʧʣʝʥʥʷ ʯʦʪʠʨʠʭʚʠʣʴʦʚʦʛʦ ʧʽʢʫ (022, 220 )) (ʙ)  

ɺʠʷʚʣʝʥʦ ʨʦʟʱʝʧʣʝʥʥʷ ʯʦʪʠʨʠʭʚʠʣʴʦʚʦʛʦ ʧʽʢʫ (022, 220 ), 

ʩʧʨʠʯʠʥʝʥʝ ʪʝʪʨʘʛʦʥʘʣʴʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʚʠʨʦʱʫʚʘʥʥʽ ʰʘʨʫ ʥʘ ʧʽʜʢʣʘʜʮʽ ʟ ʜʝʱʦ ʚʽʜʤʽʥʥʠʤ ʟʥʘʯʝʥʥʷʤ 
ʧʘʨʘʤʝʪʨʘ ʛʨʘʪʢʠ. ʉʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʢʫʪʦʚʦʶ 

ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʫʪʚʦʨʝʥʠʤʠ ʜʚʦʤʘ ʧʽʢʘʤʠ. ʉʝʨʽʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤ XRMD ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʝʬʦʨʤʘʮʽʾ 

(ʨʠʩ.1.ʙ), ʘʥʘʣʽʟ ʟʤʽʱʝʥʴ ʽ ʨʦʟʱʝʧʣʝʥʥʷ ʦʢʨʝʤʠʭ ʧʽʢʽʚ, 
ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʧʽʜʢʣʘʜʢʘ-ʰʘʨ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Direct Observation of Tetragonal Distortion in Epitaxial Structures 

through Secondary Peak Split in a Synchrotron Radiation 

Renninger Scan / [A. Menezes, A. Santos, J. Almeida ʪʘ ʽʥ.]. // 

Crystal Growth & Design. ï 2010. ï ˉ10. ï ʉ. 3436ï3441. 

2. Interaction of Mn with GaAs and InSb: incorporation, surface 

reconstruction and nanocluster formation / C W Burrows, S A 

Hatfield, F Bastiman, G R Bell. // Journal of Physics: Condensed 

Matter. ï 2014. ï ˉ26. ï ʉ. 14. 
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ʇʘʚʣʦ ʆʣʽʡʥʠʢ, ɺʦʣʦʜʠʤʠʨ ʏʝʨʢʘʩ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʟʷʨʩʴʢʠʡ ɯ.ʇ. 

 

ʆʪʨʠʤʘʥʥʷ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ ʉu2O 
 
ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʨʝʞʠʤʠ ʥʘʧʠʣʝʥʥʷ, ʪʦʙʪʦ ʟʤʽʥʶʶʯʠ 

ʯʘʩ ʥʘʧʠʣʝʥʥʷ (t, ʭʚ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ (ʊʧʽʜ, Üʉ), ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʙʫʣʦ 
ʦʪʨʠʤʘʥʦ ʧʣʽʚʢʠ ʉu2O. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʚʽʜʙʫʚʘʚʩʷ ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ ʋɺʅ-70 ʚ ʘʪʤʦʩʬʝʨʽ ʛʘʟʫ 

ʘʨʛʦʥʫ. ɼʣʷ ʮʴʦʛʦ ʾʾ ʦʙʣʘʜʥʘʣʠ ʤʘʛʥʝʪʨʦʥʦʤ. ʗʢ 
ʚʠʩʦʢʦʚʘʢʫʫʤʥʠʡ ʥʘʩʦʩ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʫʨʙʦʤʦʣʝʢʫʣʷʨʥʠʡ 

ʥʘʩʦʩ ʊʄʅ-500. 

ɿ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʦʥʢʽ ʧʣʽʚʢʠ ʉu2O ʥʘʥʦʩʠʣʠ ʥʘ ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ (ʷʢ ʧʽʜʢʣʘʜʢʠ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʢʨʠʚʥʝ ʩʢʣʦ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʤʽʨʽʚ). ɼʣʷ 

ʫʪʚʦʨʝʥʥʷ ʤʽʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʦʰʦʢ ʦʢʩʠʜʫ ʤʽʜʽ ɯɯ, 

ʟʘʧʨʝʩʦʚʘʥʠʡ ʚ ʘʣʶʤʽʥʽʻʚʠʡ ʩʪʘʢʘʥ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʷʢʦʛʦ 
ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʜʽʘʤʝʪʨ ʟʦʥʠ ʝʨʦʟʽʾ (ʟʦʥʘ ʨʦʟʧʠʣʝʥʥʷ) 

ʤʘʛʥʝʪʨʦʥʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʧʠʣʝʥʥʶ ʤʘʪʝʨʽʘʣʫ ʩʪʘʢʘʥʘ. 

ɺʩʽ ʧʣʽʚʢʠ ʉu2O ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʝʪʨʦʥʫ 
180 ɺʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʍɸ-ʪʝʨʤʦʧʘʨʠ ʽ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʥʘ ʨʽʚʥʽ 

270 Üʉ, 315 Üʉ ʪʘ 375 Üʉ. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʧʣʽʚʦʢ ʪʨʠʚʘʚ 30 ʪʘ 

60 ʭʚʠʣʠʥ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʪʨʠʚʘʣʦʩʪʽ 
ʥʘʧʠʣʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʢʣʘʜʢʠ ʥʘ ʪʦʚʱʠʥʫ ʦʪʨʠʤʘʥʠʭ 

ʧʣʽʚʦʢ, ʥʘ ʟʥʘʯʝʥʥʷ ʾʭ ʦʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʦʧʪʠʯʥʦʾ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉʌ2000 ʽʟ ʟʘʛʘʣʴʥʠʤ ʜʽʘʧʘʟʦʥʦʤ ʚʽʜ 0,2 ʜʦ 

1,1 ʤʢʤ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 
ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʝʟʘʣʝʞʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʽʜʙʠʚʘʥʥʷ ʪʘ ʧʨʦʧʫʩʢʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ (Ŭ) ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʨʦʚʝʩʪʠ 
ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʫʩʢʘʥʥʷ (ʊ) i ʚʽʜʙʠʚʘʥʥʷ (R) (ʜʣʷ 



222 

ʚʠʤʽʨʶʚʘʥʥʷ R ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʧʨʠʩʪʘʚʢʘ Pike ʚ ʽʥʪʝʨʚʘʣʽ 

ʜʦʚʞʠʥ ʭʚʠʣʴ ɚ = 0,4 ï 1,1 ʤʢʤ).  

ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʥʘ ʚʠʨʘʭʦʚʫʚʘʪʠ ʟʘ 
ʬʦʨʤʫʣʦʶ [1] 
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ʆʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ Ŭ=f(hɜ) ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ Ŭ
2
=f(hɜ) ʽ 

ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʉu2O 

(ʨʠʩ. 1). 

 
ʈʠʩ. 1. ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ Cu2O: 1 ï t = 60 ʭʚ,  

ʊʧʽʜ = 315 Áʉ; 2 ï t = 30 ʭʚ, ʊʧʽʜ = 270 Áʉ; 3 ï t = 30 ʭʚ, ʊʧʽʜ = 375 Áʉ 
 

ɺʠʩʥʦʚʦʢ, ʱʦ ʦʪʨʠʤʘʥʽ ʧʣʽʚʢʠ ʩʘʤʝ ʉu2O, ʘ ʥʝ ʉuO 

ʜʦʟʚʦʣʠʣʦ ʟʨʦʙʠʪʠ ʪʝ, ʱʦ ʦʧʪʠʯʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 
ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʩʷʛʘʣʘ 2,5 ï 2,58 ʝɺ, ʱʦ ʧʨʠʪʘʤʘʥʥʦ ʉu2O, ʫ 

ʪʦʡ ʯʘʩ ʷʢ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʣʷ ʉuO ï 1,4 ï 1,7 ʝɺ. ʊʘʢʘ 

ʩʠʪʫʘʮʽʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʨʠ ʨʦʟʧʠʣʝʥʥʽ ʉuO ʫ ʧʣʘʟʤʽ 
ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʽ ʯʘʩʪʠʥʘ ʢʠʩʥʶ ʚʽʜʢʘʯʫʻʪʴʩʷ ʚʘʢʫʫʤʥʠʤʠ 

ʥʘʩʦʩʘʤʠ. ʇʨʠʯʦʤʫ, ʦʩʢʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʤʘʻ 

ʩʠʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʣʽʚʢʠ, ʪʦ, ʡʤʦʚʽʨʥʽʰʝ ʟʘ ʚʩʝ, ʧʨʠ 
ɺʏ-ʤʘʛʥʝʪʨʦʥʥʦʤʫ ʨʦʟʧʠʣʝʥʥʽ ʉuO ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʩʘʜʞʫʶʪʴʩʷ 

ʧʣʽʚʢʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʉuOʭ (0,5 Ò ʭ Ò 1). 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʋʭʘʥʦʚ ʖ. ʀ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʄ.: 
ʅʘʫʢʘ, 1978. 342 ʩ. 
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ʈʦʤʘʥ ʆʣʽʡʥʠʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʈʷʙʠʡ ʇ.ɸ. 

 

ɸʢʪʫʘʣʴʥʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʘʢ DNS Rebinding 

 ʆʩʥʦʚʦʶ ʤʦʜʝʣʽ ʙʝʟʧʝʢʠ, ʟʘʢʣʘʜʝʥʦʾ ʚ ʩʫʯʘʩʥʠʭ 

ʙʨʘʫʟʝʨʘʭ, ʻ ʤʝʭʘʥʽʟʤ çSame origin policyè. ʉʫʪʴ ʡʦʛʦ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʨʘʫʟʝʨʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʩʮʝʥʘʨʽʷʤ 

ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʜʘʥʠʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʩʪʦʨʦʥʥʽʭ ʜʦʤʝʥʘʭ. 

ɺʠʥʷʪʦʢ ʩʪʘʥʦʚʣʷʪʴ ʣʠʰʝ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʜʘʚʘʪʠ POST-

ʟʘʧʠʪʠ ʽ ʧʽʜʢʣʶʯʘʪʠ ʜʦ ʩʪʦʨʽʥʦʢ ʬʘʡʣʠ javascript ʽ css. ʇʨʠ 

ʮʴʦʤʫ ʥʝ ʽʩʥʫʻ ʞʦʜʥʠʭ ʣʝʛʘʣʴʥʠʭ ʩʧʦʩʦʙʽʚ ʟʯʠʪʫʚʘʪʠ ʜʘʥʽ, 

ʦʜʝʨʞʫʚʘʥʽ ʟ ʽʥʰʦʛʦ ʜʦʤʝʥʫ. 

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʱʦ ʢʦʥʢʨʝʪʥʦ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʧʨʠ ʚʽʜʤʽʥʽ ʦʙʤʝʞʝʥʴ ʥʘ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʽʥʰʠʭ ʜʦʤʝʥʽʚ, ʪʦ ʚʠʧʣʠʚʘʶʪʴ ʘʢʪʫʘʣʴʥʽ ʟʘʜʘʯʽ ʟʘʭʠʩʪʫ 

ʥʘʚʽʪʴ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʨʥʝʪ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʤʠ ʦʪʨʠʤʘʣʠ ʙ ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜʧʨʘʚʠʪʠ ʟʘʧʠʪ ʥʘ 

ʩʪʦʨʦʥʫ ʨʝʩʫʨʩʽʚ (ʷʢ ʫ ʩʪʘʥʜʘʨʪʥʠʭ CSRF-ʘʪʘʢ), ʘʣʝ ʽ 

ʦʙʨʦʙʣʷʪʠ ʚʽʜʧʦʚʽʜʽ, ʦʪʨʠʤʘʥʽ ʚʽʜ ʩʝʨʚʝʨʘ. ʄʠ ʤʦʛʣʠ ʙ 

ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʤʝʨʝʞʽ, ʧʨʠ ʮʴʦʤʫ ʙʨʘʫʟʝʨ ʢʦʨʠʩʪʫʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʷʢ ʧʨʦʢʩʽ. ʊʘʢʦʞ ʤʦʞʥʘ ʙʫʣʦ ʙ ʦʪʨʠʤʫʚʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʽ 

ʜʘʥʽ ʟ ʨʝʩʫʨʩʘʤʠ, ʥʘ ʷʢʠʭ ʢʦʨʠʩʪʫʚʘʯ ʧʨʦʭʦʜʠʪʴ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʪʠʬʽʢʘʪʽʚ. ʍʦʨʦʰʠʤ 

ʧʨʠʢʣʘʜʦʤ ʧʦʜʽʙʥʦʛʦ ʚʝʙ-ʜʦʜʘʪʢʘ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʻ ʧʦʰʪʦʚʠʡ ʩʝʨʚʝʨ Outlook Web Access [1].  

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʦʙʤʝʞʝʥʥʷ çSame origin policyè ʽ 

ʙʫʣʦ ʧʨʠʜʫʤʘʥʦ ʩʽʤʝʡʩʪʚʦ ʘʪʘʢ Anti DNS pinning, ʪʘʢʦʞ 

ʚʽʜʦʤʝ ʷʢ DNS rebinding. ɸʪʘʢʘʤ ʪʠʧʫ Anti DNS pinning 

ʧʽʜʜʘʶʪʴʩʷ ʚʝʙ-ʩʝʨʚʝʨʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘ HTTP-ʟʘʧʠʪʠ 

ʟ ʜʦʚʽʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʟʘʛʦʣʦʚʢʘ Host. ɿʦʢʨʝʤʘ, ʚʨʘʟʣʠʚʽ 

ʚʩʽ web-ʩʝʨʚʝʨʠ Apache ʽ IIS ʟ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʟʘ 

ʫʤʦʚʯʘʥʥʷʤ. ʊʘʢʦʞ ʫʨʘʟʣʠʚʽ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʚʽʜʜʘʣʝʥʽ 

ʩʝʨʚʽʩʠ, ʢʝʨʦʚʘʥʽ ʧʦ HTTP, ʘʣʝ ʥʝ ʤʘʶʪʴ web-ʽʥʪʝʨʬʝʡʩʫ. 
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ʅʘʧʨʠʢʣʘʜ, ʫʨʘʟʣʠʚʽ ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʩʝʨʚʽʩʠ, ʱʦ ʥʘʜʘʶʪʴ 

ʚʽʜʜʘʣʝʥʽ API ʟ ʢʝʨʫʚʘʥʥʷʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʦʢʦʣʽʚ 

SOAP, XML-RPC ʽ ʧʦʜʽʙʥʠʭ. ɼʘʥʠʡ ʧʝʨʝʣʽʢ ʧʦʢʘʟʫʻ 

ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʦʜʽʚ 

ʟʘʭʠʩʪʫ ʚʽʜ ʘʪʘʢ DNS rebinding [2]. 

ʄʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʟʘʭʠʩʪʠʪʠʩʷ ʚʽʜ 

ʜʘʥʦʛʦ ʚʠʜʫ ʘʪʘʢ, ʥʘʧʨʠʢʣʘʜ: 

1) ʇʨʘʚʠʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʇʆ ʩʝʨʚʝʨʘ (ʚʠʜʘʣʠʪʠ 
ʥʘ ʚʝʙ-ʩʝʨʚʝʨʘʭ ʧʘʨʘʤʝʪʨ VirtualHost ʟʽ 

ʟʥʘʯʝʥʥʷʤ _default_, ʘʙʦ *: 80 ʽ ʧʨʦʧʠʩʘʪʠ ʽʤʝʥʘ 

ʭʦʩʪʽʚ); 

2) ɿʘʭʠʩʪ ʟ ʙʦʢʫ ʨʦʟʨʦʙʥʠʢʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ 

(ʦʙʨʦʙʣʷʪʠ ʟʘʧʠʪʠ ʚʽʜ ʢʣʽʻʥʪʘ ʪʽʣʴʢʠ ʚ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʘʨʘʤʝʪʨ Host ʟʘʧʠʪʫ HTTP 

ʚʽʜʧʦʚʽʜʘʻ ʽʤʝʥʽ ʜʦʤʝʥʫ, ʚʢʘʟʘʥʦʛʦ ʧʨʠ 

ʚʩʪʘʥʦʚʣʝʥʥʽ); 

3) ʋ ʙʨʘʫʟʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʣʘʛʽʥ NOSCRIPT 
ʘʙʦ ʘʥʘʣʦʛʠ, ʟʘʙʦʨʦʥʠʪʠ ʚʠʢʦʥʘʥʥʷ ʩʢʨʠʧʪʽʚ 

JavaScript, Java-ʘʧʣʝʪʽʚ ʘʙʦ Flash-ʜʦʜʘʪʢʽʚ. 

4) ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʜʽʣ ʟʦʥ, ʧʨʠ ʷʢʦʤʫ ʩʢʨʠʧʪʫ, 
ʦʪʨʠʤʘʥʦʤʫ ʟ ʟʦʚʥʽʰʥʴʦʛʦ ʨʝʩʫʨʩʫ, ʙʫʜʝ 

ʦʜʥʦʟʥʘʯʥʦ ʟʘʙʦʨʦʥʝʥʦ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʨʝʩʫʨʩʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʜʥʘʢ, ʧʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʦʜʥʦʟʥʘʯʥʦ ʫʨʘʟʣʠʚʠʤʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʪʽʣʴʢʠ ʚʽʜʜʘʣʝʥʽ ʩʝʨʚʽʩʠ, ʱʦ ʥʘʜʘʶʪʴ API, 

ʜʣʷ ʷʢʠʭ ʽʤ'ʷ ʭʦʩʪʘ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ ʚ ʧʨʠʥʮʠʧʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Wong M. and Schlitt W., Sender Policy Framework (SPF) for 

Authorizing Use of Domains in E-Mail. IETF RFC 4408, April 2006. 

2. Jackson C., Bortz A., Boneh D., and Mitchell J., Protecting browser 
state from web privacy attacks. In Proc. WWW, 2006. 
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ʉʪʝʧʘʥ ʆʣʽʡʥʠʢ 

 ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʠʨʦʥʽʚ ɯ.ɺ. 
 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʝʜʝʥʥʷ  

ʩʧʦʨʪʠʚʥʦʾ ʩʪʘʪʠʩʪʠʢʠ 

 

ʋ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʩʧʦʨʪʠʚʥʠʭ ʘʥʘʣʽʪʠʢʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʧʦʨʪʫ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ ʻ ʧʨʦʙʣʝʤʘ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʝʦʙʭʽʜʥʽ 
ʩʧʦʨʪʠʚʥʽ ʢʣʫʙʠ ʘʙʦ ʥʘʚʽʪʴ ʩʪʘʪʠʩʪʠʢʠ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʛʨʘʚʮʽʚ. 

ɹʝʟʩʫʤʥʽʚʥʫ ʜʦʧʦʤʦʛʫ ʚ ʦʮʽʥʶʚʘʥʥʽ ʩʪʘʥʫ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʛʨʘʚʮʷ 

ʘʙʦ ʢʣʫʙʫ ʥʘʜʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʽ ʩʧʦʨʪʠʚʥʽ ʘʥʘʣʽʪʠʢʠ, 
ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʤʘʪʯʽʚ, ʚʠʟʥʘʯʘʶʪʴ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ.   

ʉʠʩʪʝʤʘ ʚʝʜʝʥʥʷ ʩʧʦʨʪʠʚʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ï ʧʨʦʛʨʘʤʥʦ-
ʪʝʭʥʽʯʥʠʡ ʟʘʩʽʙ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ 

ʜʽʟʥʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʘʪʯʫ, ʘʢʪʫʘʣʴʥʽ ʪʘʙʣʠʮʽ 

ʩʧʦʨʪʠʚʥʠʭ ʣʽʛ, ʩʧʠʩʢʠ ʙʦʤʙʘʨʜʠʨʽʚ ʯʠ ʘʩʠʩʪʝʥʪʽʚ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʩʧʦʨʪʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʨʦʛʨʘʤ, ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʟʽʙʨʘʥʘ ʚ 
ʦʜʥʦʤʫ ʜʦʜʘʪʢʫ ʪʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʘʪʠ ʽʩʪʦʨʽʶ ʧʝʨʝʭʦʜʫ 

ʛʨʘʚʮʽʚ ʤʽʞ ʢʣʫʙʘʤʠ, ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʽʭ ʤʘʪʯʽʚ ʢʦʤʘʥʜ,   ʷʢʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʟʘʨʘʟ, ʬʽʣʴʪʨʘʮʽʷ ʪʘ ʘʥʘʣʽʟ ʪʠʭ ʣʽʛ, ʷʢʽ ʚʘʞʣʠʚʽ 
ʢʦʨʠʩʪʫʚʘʯʫ. 

ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ïʥʘʜʘʥʥʷ ʘʢʪʫʘʣʴʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʨʪʠʚʥʠʭ ʧʦʜʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʜʘʥʦʾ ʩʠʩʪʝʤʠ: 

- ʙʘʟʘ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʙʫʜʫʪʴ ʟʘʧʠʩʘʥʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ; 

- ̔ ʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʟʨʫʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʘʥʦʶ 
ʩʠʩʪʝʤʦʶ; 

- ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʩʧʦʚʽʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʧʨʦ ʟʤʽʥʠ; 

- ʥʘʣʘʰʪʫʚʘʥʥʷ ʫʣʶʙʣʝʥʠʭ ʢʦʤʘʥʜ ʪʘ ʩʧʦʚʽʱʝʥʴ. 

  

 ʋ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚ ʩʠʩʪʝʤʽ ʤʽʩʪʠʪʴʩʷ ʘʢʪʫʘʣʴʥʘ 
ʽʥʬʦʨʤʘʮʽʷ. ʎʝ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʘʥʽ ʦʥʦʚʣʶʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʝʨʚʽʩʫ ʦʙʨʦʙʣʝʥʥʷ ʧʦʜʽʡ. 

 ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ: ʢʦʨʠʩʪʫʚʘʯ ʦʙʠʨʘʻ ʚʠʜ ʩʧʦʨʪʫ, ʦʙʠʨʘʻ 
ʢʦʤʘʥʜʠ, ʟʘ ʷʢʠʤʠ ʭʦʯʝ ʩʪʝʞʠʪʠ, ʧʽʩʣʷ ʯʦʛʦ ʡʦʤʫ ʙʫʜʫʪʴ 

ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʤʘʪʯʽ ʪʠʭ ʢʦʤʘʥʜ, ʷʢʽ ʚʽʜʙʫʜʫʪʴʩʷ ʥʘʡʙʣʠʞʯʠʤ 
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ʯʘʩʦʤ, ʪʘʢʦʞ ʧʨʠ ʚʽʜʢʨʠʪʪʽ ʜʽʘʣʦʛʦʚʦʛʦ  ʚʽʢʥʘ ʢʦʤʘʥʜʠ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʘʢʪʫʘʣʴʥʝ ʤʽʩʮʝ ʫ ʣʽʟʽ, ʩʧʠʩʦʢ ʥʘʡʢʨʘʱʠʭ ʙʦʤʙʘʨʜʠʨʽʚ, 

ʪʘ ʽʥʰʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʩʧʦʨʪʫ. 
 ʇʝʨʝʚʘʛʠ: ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʧʦʨʪʠʚʥʽ ʧʦʜʽʾ. 

 ʅʝʜʦʣʽʢʠ: ʥʝ ʚʠʷʚʣʝʥʦ. 
 ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ 

ʟʘʩʦʙʠ: 

1. ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java. 

2. ɹʘʟʘ ʜʘʥʠʭ PostgreSQL. 
 ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ 

ʟʘʚʞʜʠ ʤʘʪʠ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʪʯʽʚ ʦʥʣʘʡʥ. 
 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʐʽʜʣʪ, ɻʝʨʙʝʨʪ - Java 8.  ʂʝʨʽʚʥʠʮʪʚʦ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ, 2015.  

2. ɽʢʢʝʣʴ, ɹʨʶʩ ï ʌʽʣʦʩʦʬʽʷ JAVA, 2016. 

3. ʂʨʝʡʛ ɺʦʣʩ ï Spring in action, 2018. 
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ɺʘʩʠʣʴ ʆʩʝʧʯʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɼʝʡʙʫʢ ɺ.ɻ. 
 

ɸʥʘʣʽʟʘʪʦʨ ʟʚʦʨʦʪʥʠʭ/ʢʚʘʥʪʦʚʠʭ ʩʠʩʪʝʤ 
ɿʚʦʨʦʪʥʘ ʩʠʩʪʝʤʘ ð ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʙʫʜʴ-ʷʢʘ ʦʧʝʨʘʮʽʷ ʤʦʞʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʚʦʨʦʪʥʦ. 
ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʩʝ ʙʽʣʴʰʝ ʡ ʙʽʣʴʰʝ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʤʽʩʪʠʪʠ ʥʘ ʤʝʥʰʫ ʧʣʦʱʫ ʪʘ ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʽʛʘʪʠ 
ʚʠʩʦʢʫ ʯʘʩʪʦʪʫ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ.  
ʎʝ ʩʪʚʦʨʶʻ ʧʝʚʥʽ ʧʨʦʙʣʝʤʠ: 
4) ʚʝʣʠʢʽ ʟʘʪʨʘʪʠ ʝʥʝʨʛʽʾ; 
5) ʧʦʨʪʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʚʠʩʥʘʞʫʶʪʴ ʚʣʘʩʥʽ ʙʘʪʘʨʝʾ; 
6) ʧʝʨʝʛʨʽʚ ʩʠʩʪʝʤ. 
ʊʠʤ ʙʽʣʴʰʝ, ʧʽʜ ʯʘʩ ʩʪʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʠʜʽʣʷʻʪʴʩʷ ʧʝʚʥʘ 

ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ (ln 2* kT), ʷʢʘ ʥʘ ʥʠʞʥʽʭ ʨʽʚʥʷʭ ʤʦʞʝ ʙʫʪʠ 
ʢʨʠʪʠʯʥʦʶ. ʇʨʠ ʮʴʦʤʫ ʩʪʠʨʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ 
ʟʘʤʽʥʠ ʙʽʪʽʚ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʠʭ ʧʨʦʩʪʠʭ ʦʧʝʨʘʮʽʡ. 
ʗʢʱʦ ʧʨʦʜʦʚʞʠʪʴʩʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʘʧʘʨʘʪʽʚ, ʥʝʦʙʭʽʜʥʦ ʟʤʝʥʰʫʚʘʪʠ ʝʥʝʨʛʽʶ, ʱʦ 
ʨʦʟʩʽʶʻʪʴʩʷ ʢʦʞʥʦʶ ʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ. ʉʴʦʛʦʜʥʽ, ʦʩʢʽʣʴʢʠ 
ʨʦʟʩʽʶʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ, ʥʽʞ kT, ʮʝ ʤʦʞʣʠʚʦ 
ʟʨʦʙʠʪʠ, ʧʦʣʽʧʰʠʚʰʠ ʟʚʠʯʘʡʥʽ ʤʝʪʦʜʠ, ʪʦʙʪʦ ʧʽʜʚʠʱʠʚʰʠ 
ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟ ʷʢʦʶ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʜʘʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 
ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʥʝ 

ʚʠʜʘʣʷʶʪʴ ʽʥʬʦʨʤʘʮʽʶ. ɺʦʥʠ ʥʘʟʠʚʘʶʪʴʩʷ ʟʚʦʨʦʪʥʠʤʠ 
ʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ, ʽ ʚ ʧʨʠʥʮʠʧʽ ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʟʩʽʶʚʘʪʠ 
ʜʦʚʦʣʽ ʤʘʣʦ ʪʝʧʣʘ. ʆʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ, ʨʦʟʩʽʷʥʘ ʟʘ ʥʝʟʚʦʨʦʪʥʫ 
ʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ, ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʤʝʞʽ ln 2 x 
kT, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʦʨʦʪʥʠʭ ʦʧʝʨʘʮʽʡ, ʡʤʦʚʽʨʥʦ, ʩʪʘʥʝ ʙʽʣʴʰ 
ʧʨʠʚʘʙʣʠʚʠʤ. ʗʢʱʦ ʤʠ ʭʦʯʝʤʦ ʟʥʠʟʠʪʠ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 
ʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ ʥʠʞʯʝ ln 2 x kT, ʪʦ ʙʫʜʝʤʦ ʟʤʫʰʝʥʽ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʚʝʨʩʠʚʥʫ ʣʦʛʽʢʫ. 
ɺʟʘʛʘʣʽ ʢʘʞʫʯʠ, ʽʩʥʫʶʪʴ ʜʚʘ ʨʽʟʥʠʭ ʨʽʚʥʷ ʟʚʦʨʦʪʥʠʭ 

ʦʙʯʠʩʣʝʥʴ: ʃʦʛʽʯʥʦ ʟʚʦʨʦʪʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʩʦʙʠ ʦʙʯʠʩʣʶʶʪʴ 
ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʟʘʚʞʜʠ ʟʘʣʠʰʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʝʬʝʢʪʠʚʥʦ 
ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʧʦʧʝʨʝʜʥʽʡ ʩʪʘʥ ʦʙʯʠʩʣʝʥʥʷ ʟ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. 
ʎʝ ʜʘʻ ʨʫʭ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʟʚʦʨʦʪʥʦʤʫ ʦʙʯʠʩʣʝʥʥʶ, ʷʢʝ ʥʝ 
ʛʝʥʝʨʫʻ ʘʙʦ ʜʫʞʝ ʤʘʣʫ ʥʦʚʫ ʬʽʟʠʯʥʫ ʝʥʪʨʦʧʽʶ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 
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ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ. 
ʆʩʥʦʚʥʠʤʠ ʩʬʝʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʪʽ, ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ 

ʬʘʢʪʦʨʠ: 
- ʥʝʦʙʭʽʜʥʽ ʰʚʠʜʢʽ ʪʘ ʪʦʯʥʽ ʦʙʯʠʩʣʝʥʥʷ; 
- ʥʝʜʦʧʫʩʪʠʤʝ ʚʠʜʽʣʝʥʥʷ ʪʝʧʣʘ; 
- ʥʝʦʙʭʽʜʥʝ ʟʙʝʨʝʞʝʥʥʷ ʚʩʽʭ ʙʽʪʽʚ ʽʥʬʦʨʤʘʮʽʾ. 
ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʟʚʦʨʦʪʥʠʭ ʩʠʩʪʝʤ ʽ ʥʝʦʙʭʽʜʥʠʡ 

ʘʥʘʣʽʟʘʪʦʨ ʜʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʠʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ. 
ʁʦʛʦ ʨʦʙʦʪʘ ʚʠʩʚʽʪʣʝʥʘ ʟ ʜʦʧʦʤʦʛʦʶ ʨʠʩ.1. 
 

 
ʈʠʩ. 1. ɹʣʦʢïʩʭʝʤʘ ʘʥʘʣʽʟʘʪʦʨʘ 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Reversible computation: http://strangepaths.com/reversible-

computation/2008/01/20/en/ 

2. RevComp: https://www.cise.ufl.edu/research/revcomp/ 
3. The Future of Computing Depends on Making It Reversible: 

https://spectrum.ieee.org/computing/hardware/the-future-of-

computing-depends-on-making-it-reversible 

4. ReversibleLogic: http://www.zyvex.com/nanotech/reversible.htm 
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ɸʜʘʤ ʇʘʚʣʽʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʝʨʝʚʷʥʯʫʢ ʆ.ɺ. 

 

ʇʦʙʫʜʦʚʘ ʟʘʭʠʱʝʥʦʾ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ OpenVPN 

 
ʂʦʨʧʦʨʘʪʠʚʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʤʝʨʝʞʘ ð ʩʠʩʪʝʤʘ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʜʚʦʤʘ ʯʠ ʙʽʣʴʰʝ ʢʦʤʧ'ʶʪʝʨʘʤʠ ʯʝʨʝʟ ʢʘʙʝʣʴʥʝ ʯʠ ʙʝʟʜʨʦʪʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʩʘʤʽ ʢʦʤʧ'ʶʪʝʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʤʝʨʝʞʝʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠ 
ʮʴʦʤʫ ʚʩʽ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʜʦ ʦʜʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʘʮʶʶʪʴ ʟ 

ʦʜʥʠʤʠ ʽ ʪʠʤʠ ʩʘʤʠʤ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʨʝʩʫʨʩʘʤʠ [1]. 

ɹʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ ʧʝʨʝʜʙʘʯʘʻ ʟʘʭʠʩʪ ʦʙʣʘʜʥʘʥʥʷ, 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʜʘʥʠʭ ʽ ʧʝʨʩʦʥʘʣʫ. ʄʝʨʝʞʝʚʘ 
ʙʝʟʧʝʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʣʦʞʝʥʴ ʽ ʧʦʣʽʪʠʢʠ, ʧʨʠʡʥʷʪʦʾ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʤʝʨʝʞʽ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ ʜʦʩʪʫʧ, ʥʝʧʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʤʽʥʠ ʘʙʦ 
ʚʽʜʤʦʚʠ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ ʪʘ ʤʝʨʝʞʽ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʄʝʨʝʞʝʚʘ ʙʝʟʧʝʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʦʟʚʽʣ ʥʘ ʜʦʩʪʫʧ ʜʦ ʜʘʥʠʭ ʫ 

ʤʝʨʝʞʽ, ʷʢʠʡ ʥʘʜʘʻʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʤʝʨʝʞʽ. ʂʦʨʠʩʪʫʚʘʯʽ 
ʚʠʙʠʨʘʶʪʴ ʘʙʦ ʾʤ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ID ʽ ʧʘʨʦʣʴ ʘʙʦ ʽʥʰʽ ʧʝʨʝʚʽʨʢʠ 

ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʤ ʟʜʽʡʩʥʠʪʠ ʜʦʩʪʫʧ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʧʨʦʛʨʘʤ ʫ ʨʘʤʢʘʭ ʩʚʦʾʭ ʧʦʚʥʦʚʘʞʝʥʴ. ʆʜʥʠʤ ʽʟ 

ʩʧʦʧʦʙʽʚ ʧʦʣʽʧʰʝʥʥʷ ʙʝʟʧʝʢʠ ʚ ʤʝʨʝʞʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ VPN. 
VPN ð ʫʟʘʛʘʣʴʥʶʶʯʘ ʥʘʟʚʘ ʤʝʨʝʞ, ʱʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʦʚʝʨʭ 

ʽʥʰʠʭ ʤʝʨʝʞ, ʷʢʽ ʤʘʶʪʴ ʤʝʥʰʠʡ ʨʽʚʝʥʴ ʜʦʚʽʨʠ. VPN-ʪʫʥʝʣʴ, 

ʷʢʠʡ ʩʪʚʦʨʶʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʚʫʟʣʘʤʠ, ʜʦʟʚʦʣʷʻ ʧʨʠʻʜʥʘʥʦʤʫ 
ʢʣ̔ʻʥʪʫ ʙʫʪʠ ʧʦʚʥʦʮʽʥʥʠʤ ʫʯʘʩʥʠʢʦʤ ʚʽʜʜʘʣʝʥʦʾ ʤʝʨʝʞʽ ʽ 

ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʾʾ ʩʝʨʚʽʩʘʤʠ ð ʚʥʫʪʨʽʰʥʽʤʠ ʩʘʡʪʘʤʠ, ʙʘʟʘʤʠ, 

ʧʨʠʥʪʝʨʘʤʠ, ʧʦʣʽʪʠʢʘʤʠ ʚʠʭʦʜʫ ʚ ɯʥʪʝʨʥʝʪ. ɹʝʟʧʝʢʘ ʧʝʨʝʜʘʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʽ ʤʝʨʝʞʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʰʠʬʨʫʚʘʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʢʨʠʪʠʡ 

ʜʣʷ ʩʪʦʨʦʥʥʽʭ ʢʘʥʘʣ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ʊʝʭʥʦʣʦʛʽʷ VPN 

ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʜʝʢʽʣʴʢʘ ʛʝʦʛʨʘʬʽʯʥʦ ʚʽʜʜʘʣʝʥʠʭ ʤʝʨʝʞ (ʘʙʦ 
ʦʢʨʝʤʠʭ ʢʣʽʻʥʪʽʚ) ʚ ʻʜʠʥʫ ʤʝʨʝʞʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʣʷ ʟʚ'ʷʟʢʫ 

ʤʽʞ ʥʠʤʠ ʥʝʧʽʜʢʦʥʪʨʦʣʴʥʠʭ ʢʘʥʘʣʽʚ. ɹʘʛʘʪʦ ʧʨʦʚʘʡʜʝʨʽʚ 

ʧʨʦʧʦʥʫʶʪʴ ʩʚʦʾ ʧʦʩʣʫʛʠ ʷʢ ʟ ʦʨʛʘʥʽʟʘʮʽʾ VPN-ʤʝʨʝʞ ʜʣʷ ʙʽʟʥʝʩ-
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ʢʣʽʻʥʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʚʠʭʦʜʫ ʚ ʤʝʨʝʞʫ ɯʥʪʝʨʥʝʪ. VPN ʻ ʢʣʽʻʥʪ-

ʩʝʨʚʝʨʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 
ʇʨʠʢʣʘʜʦʤ ʩʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʾ ʤʝʨʝʞʽ ʻ ʽʥʢʘʧʩʫʣʷʮʽʷ 

ʧʨʦʪʦʢʦʣʫ PPP ʚ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʧʨʦʪʦʢʦʣ ð IP (ʮʷ ʨʝʘʣʽʟʘʮʽʷ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʘʢʦʞ PPTP ð Point-to-Point Tunneling Protocol) ʘʙʦ 

Ethernet (PPPoE). ɼʝʷʢʽ ʽʥʰʽ ʧʨʦʪʦʢʦʣʠ ʪʘʢ ʩʘʤʦ ʥʘʜʘʶʪʴ 
ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʱʝʥʠʭ ʢʘʥʘʣʽʚ (SSH). 
OpenVPN ʟʜʽʡʩʥʶʻ ʚʩʽ ʤʝʨʝʞʝʚʽ ʦʧʝʨʘʮʽʾ ʯʝʨʝʟ TCP- ʘʙʦ 

UDP-ʧʦʨʪ. ʊʘʢʦʞ ʤʦʞʣʠʚʘ ʨʦʙʦʪʘ ʯʝʨʝʟ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʧʨʦʢʩʽ-

ʩʝʨʚʝʨʽʚ, ʚʢʣʶʯʥʦ ʟ HTTP, NAT ʽ ʤʝʨʝʞʝʚʽ ʬʽʣʴʪʨʠ. ʉʝʨʚʝʨ 
ʤʦʞʝ ʙʫʪʠ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʥʘʣʘʰʪʫʚʘʥʴ ʢʣʽʻʥʪʫ. ʅʘʧʨʠʢʣʘʜ: IP-ʘʜʨʝʩʘ, ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ ʟ'ʻʜʥʘʥʥʷ. OpenVPN ʧʨʦʧʦʥʫʻ ʜʚʘ 
ʨ̔ ʟʥʠʭ ʚʘʨʽʘʥʪʠ ʤʝʨʝʞʝʚʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʨʘʡʚʝʨ TUN/TAP[ru]. ʄʦʞʣʠʚʦ ʩʪʚʦʨʠʪʠ Layer 3-based IP 

ʪʫʥʝʣʴ, ʟʚʘʥʠʡ TUN, ʽ Layer 2-based Ethernet - TAP, ʟʜʘʪʥʠʡ 

ʧʝʨʝʜʘʚʘʪʠ Ethernet-ʪʨʘʬʽʢ. ʊʘʢʦʞ ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʙʽʙʣʽʦʪʝʢʠ LZO ʜʣʷ ʩʪʠʩʥʝʥʥʷ ʧʦʪʦʢʫ ʜʘʥʠʭ. ɼʣʷ ʨʦʙʦʪʠ ʮʽʻʾ 

ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʨʪ 1194, ʚʠʜʽʣʝʥʠʡ Internet 

Assigned Numbers Authority. ɺʝʨʩʽʷ 2.0 ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ 
ʜʝʢʽʣʴʢʘ ʦʜʥʦʯʘʩʥʠʭ ʪʫʥʝʣʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʝʨʩʽʾ 1.0, ʱʦ 

ʜʦʟʚʦʣʷʣʘ ʩʪʚʦʨʶʚʘʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʪʫʥʝʣʴ ʥʘ ʢʦʞʥʠʡ ʧʨʦʮʝʩ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ OpenVPN ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʪʦʢʦʣʽʚ TCP ʽ 

UDP ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʩʪʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ IPsec ʚ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ 

ɯʥʪʝʨʥʝʪ-ʧʨʦʚʘʡʜʝʨ ʙʣʦʢʫʻ ʜʝʷʢʽ VPN ʧʨʦʪʦʢʦʣʠ. 
ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ VPN ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ ʚ ʤʝʨʝʞʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ 
ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ OpenVPN.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1) ɹʦʣʽʣʠʡ ɺ.ʆ., ʂʦʪʷʢ ɺ.ɺ. ʂʦʤʧ'ʶʪʝʨʥʽ ʤʝʨʝʞʽ: ʥʘʚʯʘʣʴʥʠʡ 
ʧʦʩʽʙʥʠʢ. ʂʽʨʦʚʦʛʨʘʜ: ʎʆʇ ɸʚʘʥʛʘʨʜ, 2008. 146ʩ. 

2) ʆʣʠʬʝʨ ɺ.ɻ., ʆʣʠʬʝʨ ʅ.ɸ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ ʧʨʠʥʮʠʧʳ, 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʪʦʢʦʣʳ. ʉʇʙ: ʇʠʪʝʨ, 2000. 672ʩ. 
3) ʂʫʣʘʢʦʚ ʖ.ɸ., ʆʤʝʣʴʷʥʩʢʠʡ ʉ.ɺ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ. ɺʳʙʦʨ, 
ʫʩʪʘʥʦʚʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ. ʂ.: ʖʥʠʦʨ, 2018. 

544ʩ. 
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ɸʥʜʨʽʡ ʇʘʡʣʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ.ɺ. 
 

Web-ʜʦʜʘʪʦʢ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʟʫʤʥʠʤ ʙʫʜʠʥʢʦʤ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ 
ʈʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢ (smart house) ï ʮʝ ʙʫʜʠʥʦʢ ʘʙʦ ʧʨʠʤʽʱʝʥʥʷ, 

ʚ ʷʢʦʤʫ ʚʩʽ ʝʣʝʢʪʨʦʧʨʠʣʘʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚôʷʟʫʶʪʴʩʷ, ʟʘʚʜʷʢʠ 
ʯʦʤʫ ʥʠʤʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʯʝʨʝʟ ʢʦʤʧôʶʪʝʨʥʫ ʤʝʨʝʞʫ. ʉʫʯʘʩʥʠʡ 
ʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢ ʤʽʩʪʠʪʴ ʜʝʩʷʪʢʠ ʧʨʠʣʘʜʽʚ ʽ ʩʝʥʩʦʨʽʚ, ʘ ʟʘʚʜʘʥʥʷ 
ʢʝʨʫʚʘʥʥʷ ʪʘʢʠʤ ʙʫʜʠʥʢʦʤ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ [1]. 
ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʧʨʦʛʨʘʤʫ ʢʝʨʫʚʘʥʥʷ ʨʦʟʫʤʥʠʤ 
ʙʫʜʠʥʢʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Python-ʬʨʝʡʤʚʦʨʢʫ Django, ʷʢʠʡ 
ʤʽʩʪʠʪʴ ʰʠʨʦʢʠʡ ʥʘʙʽʨ ʤʝʪʦʜʽʚ ʽ ʻ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ 
Web-ʜʦʜʘʪʢʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʩʧʨʦʱʫʻ ʚʠʙʽʨ 
ʧʘʨʘʤʝʪʨʽʚ ʢʝʨʫʚʘʥʥʷ ʙʫʜʠʥʢʦʤ. ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʦʟʫʤʥʦʛʦ 
ʙʫʜʠʥʢʫ ʥʘʣʝʞʘʪʴ ʧʦʰʠʨʝʥʽ ʧʦʙʫʪʦʚʽ ʧʨʠʣʘʜʠ, ʥʘʧʨʠʢʣʘʜ: 
- ʂʦʥʜʠʮʽʦʥʝʨ çair_conditionerè, ̫ʢʠʡ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ 
ʜʚʦʭ ʩʪʘʥʘʭ (ʚʚʽʤʢʥʝʥʦ/ʚʠʤʢʥʝʥʦ) ʽ ʧʨʠ ʚʚʽʤʢʥʝʥʥʽ ʟʥʠʞʫʻ 
ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ. 

- ʆʩʚʽʪʣʶʚʘʣʴʥʽ ʣʘʤʧʠ (ʚ ʩʧʘʣʴʥʽ çbedroom_lightè ʪʘ ʽʥ.), ʷʢʽ 
ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʚʦʭ ʩʪʘʥʘʭ (ʚʚʽʤʢʥʝʥʦ/ʚʠʤʢʥʝʥʦ). 

- ʌʽʨʘʥʢʠ çcurtainsè, ̫ʢʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʚʦʭ ʩʪʘʥʘʭ 
(ʚʽʜʯʠʥʝʥʦ/ ʟʘʯʠʥʝʥʦ). 

- ɹʦʡʣʝʨ çboilerè, ̫ʢʠʡ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʚʦʭ ʩʪʘʥʘʭ 
(ʚʚʽʤʢʥʝʥʦ/ʚʠʤʢʥʝʥʦ). 

- ɺʭʽʜʥʽ ʢʨʘʥʠ ʭʦʣʦʜʥʦʾ ʚʦʜʠ çcold_waterè ʪʘ ʛʘʨʷʯʦʾ ʚʦʜʠ 
çhot_waterè, ̫ʢʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʷ ʫ ʜʚʦʭ ʩʪʘʥʘʭ 
(ʚʽʜʯʠʥʝʥʦ/ ʟʘʯʠʥʝʥʦ). 

- ʇʨʘʣʴʥʘ ʤʘʰʠʥʘ çwashing_machineè, ʷʢʘ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ 
ʫ ʜʚʦʭ ʩʪʘʥʘʭ (ʚʚʽʤʢʥʝʥʦ/ʚʠʤʢʥʝʥʦ). 
ʄʝʪʦʜʠ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠʩʪʨʦʾʚ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ, 
ʱʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. 
ʅʘʧʨʠʢʣʘʜ, ʟʘʤʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ñ+20Áʉò ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 
ʚʠʙʨʘʪʠ ʥʝʯʽʪʢʝ ʟʥʘʯʝʥʥʷ ñʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘò (ʨʠʩ. 1), ʘ 
ʟʘʤʽʩʪʴ ʦʩʚʽʪʣʝʥʦʩʪʽ ʧʨʠʤʽʱʝʥʥʷ ñ100 ʣʶʢʩò ʚʠʙʨʘʪʠ ʥʝʯʽʪʢʝ 
ʟʥʘʯʝʥʥʷ ñʩʝʨʝʜʥʷ ʦʩʚʽʪʣʝʥʽʩʪʴò. ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ 
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[2] ʨʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʮʴʦʛʦ 
ʚʠʜʽʣʠʤʦ ʪʨʠ ʽʥʪʝʨʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨ x (ʨʠʩ. 1): 

¶ ɺʽʜ 0 ʜʦ x1 (ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ). 
¶ ɺʽʜ x1 ʜʦ x2 (ʩʝʨʝʜʥʽ ʪʝʤʧʝʨʘʪʫʨʠ). 
¶ ɺʽʜ x2 ʽ ʙʽʣʴʰʝ (ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ). 

ʂʦʞʥʠʡ ʟ ʽʥʪʝʨʚʘʣʽʚ ʦʧʠʰʝʤʦ ʥʝʯʽʪʢʦʶ ʤʥʦʞʠʥʦʶ Ti ʟ 
ʥʝʯʽʪʢʦʶ ʬʫʥʢʮʽʻʶ ʥʘʣʝʞʥʦʩʪʽ ɛTi ʢʣʘʩʫ ɔ [2]. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 
ʽʥʪʝʨʚʘʣʫ ˉ2 (ʥʝʯʽʪʢʘ ʤʥʦʞʠʥʘ T2): ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʠʟʴʢʘ 
ʜʦ x1, ʪʦ ʚʦʥʘ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʻ ʩʝʨʝʜʥʴʦʶ (ɛT2  å 0), ʷʢʱʦ 
ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʚʥʘ ʩʝʨʝʜʠʥʽ ʽʥʪʝʨʚʘʣʫ, ʪʦ ʚʦʥʘ ʥʘʧʦʣʦʚʠʥʫ ʻ 
ʩʝʨʝʜʥʴʦʶ (ɛT2 = 0.5), ʷʢʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʨʽʚʥʶʻ x2, ʪʦ ʚʦʥʘ 
ʧʦʚʥʽʩʪʶ ʻ ʩʝʨʝʜʥʴʦʶ (ɛT2 = 1). ʅʦʩʽʻʤ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ Ti ʻ 
ʧʘʨʘʤʝʪʨ x (ʪʝʤʧʝʨʘʪʫʨʘ ʚ Áʉ). ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ 
ʚʨʘʭʦʚʫʶʪʴʩʷ ʚʠʤʦʛʠ ʽ ʧʦʙʘʞʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 
ʈʠʩ. 2. ʅʝʯʽʪʢʽ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ɛTi (x) 

 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʤʦʞʣʠʚʦ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 
ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ Web-ʩʘʡʪʽ ʟʘ ʨʝʘʢʮʽʻʶ ʧʨʠʣʘʜʽʚ ʨʦʟʫʤʥʦʛʦ 

ʙʫʜʠʥʢʫ ʥʘ ʟʦʚʥʽʰʥʽ ʜʽʾ, ʘ ʪʘʢʦʞ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʦʢʘʟʥʠʢʠ ʩʝʥʩʦʨʽʚ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʽʟʥʠʭ 
ʩʠʪʫʘʮʽʡ. ɿʘʪʚʝʨʜʞʝʥʥʷ ʜʘʥʠʭ ʨʝʘʣʽʟʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʙʣʽʦʪʝʢ ñmarshmallowò ʪʘ ñjsonschemaò ʘʙʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʫ 
Forms. ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʬʨʝʡʤʚʦʨʢ py.test. ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʦʪʝʩʪʦʚʘʥʦ Web-ʜʦʜʘʪʦʢ, 

ʷʢʠʡ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʦʚʫʻ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʨʦʟʫʤʥʠʤ 
ʙʫʜʠʥʢʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ʂʘhʢʘʨʦʚ ɸ.ʇ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ ʜʣʷ "ʫʤʥʦʛʦ ʜʦʤʘ" / 

ɸ.ʇ. ʂʘʰʢʘʨʦʚ.  ʅʊ ʇʨʝʩʩ, 2007.  256 ʩ. 

2. ɻʣʠʙʦʚʝʮʴ ʄ.ʄ. ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ / ʄ.ʄ. ɻʣʠʙʦʚʝʮʴ, 

ʆ.ɺ. ʆʣʝʮʴʢʠʡ.  ʂ.:  ʂʄ  ɸʢʘʜʝʤʽʷ, 2002.  336 ʩ. 
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ʆʣʝʢʩʘʥʜʨ ʇʘʣʽʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄ.ʆ. ʉʪʘʩʠʢ 
 

ɺʝʙʽʥʘʨʠ ʷʢ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʚʠʢʣʘʜʘʥʥʷ 

ʢʫʨʩʫ çɽʣʝʢʪʨʦʪʝʭʥʽʢʘè 

  
ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʚʽ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ: ʧʝʨʰʫ ï ʦʯʥʫ, ʢʦʣʠ ʚʠʢʣʘʜʘʯ, 

ʧʨʷʤʦ ʚʟʘʻʤʦʜʽʻ ʚ ʘʫʜʠʪʦʨʽʾ ʟ ʫʯʘʩʥʠʢʘʤʠ ʣʝʢʮʽʾ, ʧʨʘʢʪʠʢʫʤʫ, 
ʩʝʤʽʥʘʨʫ, ʜʘʻ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ, ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʟʘʧʠʪʘʥʥʷ ʪʦʱʦ; 

ʜʨʫʛʫ ï ʜʠʩʪʘʥʮʽʡʥʫ ʬʦʨʤʫ ï ʚʽʜʢʨʠʪʫ ʩʠʩʪʝʤʫ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʘʢʪʠʚʥʝ ʩʧʽʣʢʫʚʘʥʥʷ ʤʽʞ ʚʠʢʣʘʜʘʯʝʤ ʽ ʩʪʫʜʝʥʪʦʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʤʫʣʴʪʠʤʝʜʽʘ; ʪʘʢʘ 
ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ ʜʘʻ ʩʚʦʙʦʜʫ ʚʠʙʦʨʫ ʤʽʩʮʷ, ʯʘʩʫ ʽ ʪʝʤʧʫ 

ʥʘʚʯʘʥʥʷ [1].  

ʋ ʮʝʡ ʯʘʩ ʩʪʘʻ ʧʦʧʫʣʷʨʥʦʶ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ, ʱʦ ʦʙôʻʜʥʫʻ 
ʦʙʠʜʚʽ ʟʘʟʥʘʯʝʥʽ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ, ï ʚʝʙʽʥʘʨ.  

ɺʝʙʽʥʘʨ ï ʮʝ ʬʦʨʤʘ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʨʽʟʥʦʚʠʜ ʚʝʙ-

ʢʦʥʬʝʨʝʥʮʽʡ, ʧʨʠ ʷʢʽʡ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʚʠʢʣʘʜʘʯʝʤ ʽ ʫʯʘʩʥʠʢʘʤʠ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ web-ʪʝʭʥʦʣʦʛʽʡ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ 

ʯʘʩʫ; ʚʟʷʪʠ ʫʯʘʩʪʴ ʫ ʚʝʙʽʥʘʨʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʦ ʢʽʣʴʢʦʭ 

ʩʦʪʝʥʴ ʩʣʫʭʘʯʽʚ ʦʜʥʦʯʘʩʥʦ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʽʚ ʥʘ ʩʝʨʚʝʨʽ ʥʘʚʯʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 
ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʧʝʮʽʘʣʴʥʝ ʘʧʘʨʘʪʥʝ ʽ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʘʙʦ ʦʨʝʥʜʫʶʪʴ ʤʘʡʜʘʥʯʠʢ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʫ ʚ ʤʝʨʝʞʽ 

ɯʥʪʝʨʥʝʪ.  
ɯʥʩʪʨʫʤʝʥʪʠ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʝʙʽʥʘʨʘʭ: 

1. ʇʨʝʟʝʥʪʘʮʽʷ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʡ ʤʝʪʦʜ ʥʘʚʯʘʥʥʷ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʩʣʘʡʜʽʚ, ʟʦʙʨʘʞʝʥʴ, ʩʭʝʤ ʪʦʱʦ.  

2. ɽʣʝʢʪʨʦʥʥʘ ʜʦʰʢʘ. ɯʥʩʪʨʫʤʝʥʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ 
ʟʘʧʠʩʠ, ʧʦʟʥʘʯʢʠ, ʤʘʣʶʥʢʠ, ʧʦʜʘʚʘʪʠ ʢʦʤʝʥʪʘʨʽ ʽ ʧʦʷʩʥʝʥʥʷ.  

3. ɺʽʜʝʦ- ʽ ʘʫʜʽʦʤʘʪʝʨʽʘʣʠ. ɼʦʟʚʦʣʷʶʪʴ ʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʬʨʘʛʤʝʥʪʠ ʤʝʜʽʘ ʟ ʤʝʪʦʶ ʥʘʩʪʫʧʥʠʭ ʢʦʤʝʥʪʘʨʽʚ ʘʙʦ 
ʦʙʛʦʚʦʨʝʥʥʷ.  

4. ʆʥʣʘʡʥ ʩʧʽʣʢʫʚʘʥʥʷ ʽʟ ʩʣʫʭʘʯʘʤʠ ʯʝʨʝʟ: 

 ï ʦʧʠʪʫʚʘʥʥʷ ʽ ʛʦʣʦʩʫʚʘʥʥʷ; ʚʝʜʫʯʠʡ ʚʝʙʽʥʘʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 
ʜʘʥʠʡ ʬʫʥʢʮʽʦʥʘʣ, ʱʦʙ ʜʽʟʥʘʪʠʩʷ ʜʫʤʢʫ ʩʚʦʾʭ ʩʣʫʭʘʯʽʚ;  
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ï ʪʝʢʩʪʦʚʠʡ, ʛʦʣʦʩʦʚʠʡ ʽ ʚʽʜʝʦʯʘʪ; ʣʝʢʪʦʨ ʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʩʧʽʣʢʫʶʪʴʩʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʦʪʢʠʭ 

ʧʠʩʴʤʦʚʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʘ ʪʘʢʦʞ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʝʦʢʘʤʝʨ, 
ʤʽʢʨʦʬʦʥʽʚ, ʥʘʚʫʰʥʠʢʽʚ / ʢʦʣʦʥʦʢ; ʮʝ ʜʘʻ ʩʣʫʭʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʘʚʠʪʠ ʟʘʧʠʪʘʥʥʷ ʽ ʦʜʝʨʞʫʚʘʪʠ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ.  

ʇʝʨʝʚʘʛʠ ʚʝʙʽʥʘʨʽʚ ʷʢ ʬʦʨʤʠ ʦʜʝʨʞʘʥʥʷ ʟʥʘʥʴ.  

¶ ɿʨʫʯʥʽʩʪʴ.  

¶ ʉʢʦʥʮʝʥʪʨʦʚʘʥʽʩʪʴ ʥʘ ʧʨʝʜʤʝʪʽ ʥʘʚʯʘʥʥʷ.  

¶ ʆʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʢʨʘʱʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ.  

¶ ɿʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ. 

¶ ʄʦʙʽʣʴʥʽʩʪʴ. 

¶ ʇʦʨʽʚʥʷʣʴʥʘ ʥʝʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ.  

¶ ʗʢʽʩʪʴ ʥʘʚʯʘʥʥʷ. 

¶ ʂʦʣʝʢʪʠʚʽʟʤ.  

¶ ɸʥʦʥʽʤʥʽʩʪʴ.  

ʇʨʦʪʝ ʪʘʢʘ ʬʦʨʤʘ ʥʘʚʯʘʥʥʷ, ʷʢ ʚʝʙʽʥʘʨ, ʤʘʻ ʽ ʩʚʦʾ ʥʝʜʦʣʽʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʩʝʨʚʝʨʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʘʙʦ ʦʨʝʥʜʘ ʤʘʡʜʘʥʯʠʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʝʙʽʥʘʨʘ ʥʘ 

ʩʪʦʨʦʥʥʽʭ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʘʭ ʧʦʪʨʝʙʫʶʪʴ ʧʝʚʥʠʭ ʢʦʰʪʽʚ.  
ʗʢ ʧʨʘʚʠʣʦ, ʫʯʘʩʥʠʢʠ ʚʝʙʽʥʘʨʘ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʨʽʟʥʠʭ 

ʛʦʜʠʥʥʠʭ ʧʦʷʩʘʭ, ʱʦ ʻ ʥʝ ʟʦʚʩʽʤ ʟʨʫʯʥʠʤ [2]. 

ʅʘʤʠ ʙʫʜʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʝʙʽʥʘʨʠ ʟ ʢʫʨʩʫ 
çɽʣʝʢʪʨʦʪʝʭʥʽʢʘè, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʛʨʘʤʽ ʢʫʨʩʫ 

çɽʣʝʢʪʨʦʪʝʭʥʽʢʘè ʩʧʝʮʽʘʣʴʥʦʩʪʽ çʇʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘ 

(ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ)è. 
ʇʣʘʥ-ʢʦʥʩʧʝʢʪ ʪʘʢʠʭ ʟʘʥʷʪʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʪʝʢʩʪʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʩʣʫʭʘʯʘʤ ʷʢ ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʠʭ 

ʬʘʡʣʽʚ, ʘ ʪʘʢʦʞ ʚ ʫʩʥʽʡ ʬʦʨʤʽ. ʏʘʩʪʠʥʘ ʮʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ï ʣʝʢʮʽʷ, 

ʘ ʽʥʰʘ ʯʘʩʪʠʥʘ ï ʧʨʘʢʪʠʯʥʝ ʟʘʥʷʪʪʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʚʷʮʴʢʠʡ ɺ.ɺ., ʉʢʨʠʧʥʽʢ ʆ.ɺ. ʂʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʟʘʩʦʙʽʚ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ï ʈ. 53 ï 55. 

2. ʌʨʦʣʦʚ ʖ.ɺ. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʚʝʙʠʥʘʨʦʚ: ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʩʪʫʜʝʥʪʦʚ ʠ ʩʣʫʰʘʪʝʣʝʡ 

ʩʠʩʪʝʤʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ / ʖ.ɺ. ʌʨʦʣʦʚ. ʄ. : ʄɻʇʋ, 2011.  30 ʩ. 
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ɯʛʦʨ ʇʘʣʽʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʘʩʠʩʪ. ʂʦʤʽʩʘʨʯʫʢ ɺ.ɺ. 

 

ɸʥʘʣʽʟʘʪʦʨ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʤʦʚʠ ʩʣʽʚ 

ʜʣʷ ʩʘʡʪʫ ñʆʥʣʘʡʥ-ʰʢʦʣʘ ʟ ʚʠʚʯʝʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠò 
 

ɼʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʛʣʽʡʩʴʢʦʾ ʤʦʚʠ ʽʟ ʤʦʞʣʠʚʽʩʪʶ 

ʚʝʜʝʥʥʷ ʜʽʘʣʦʛʽʚ  ʥʝʦʙʭʽʜʥʝ ʥʝ ʪʽʣʴʢʠ ʚʠʚʯʝʥʥʷ ʛʨʘʤʘʪʠʢʠ  ʪʘ 

ʣʝʢʩʠʢʠ, ʘ ʱʝ ʡ ʚʤʽʥʥʷ ʧʨʘʚʠʣʴʥʦ ʨʦʟʤʦʚʣʷʪʠ. ɼʣʷ ʮʴʦʛʦ 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʩʧʽʣʢʫʚʘʪʠʩʷ ʽʟ ʥʦʩʽʻʤ ʤʦʚʠ ʘʙʦ ʽʟ 
ʣʶʜʠʥʦʶ ʽʟ ʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ ʚʦʣʦʜʽʥʥʷ ʮʽʻʶ ʤʦʚʦʶ. ʗʢʱʦ  ʮʽʻʾ 

ʤʦʞʣʠʚʦʩʪʽ ʥʝʤʘʻ, ʪʦ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʤʦʞʝ ʩʪʘʪʠ ʘʥʘʣʽʟʘʪʦʨ 

ʚʠʤʦʚʠ, ʷʢʠʡ ʜʦʧʦʤʦʞʝ ʫ ʮʴʦʤʫ ʙʫʜʴ-ʷʢʦʾ ʤʠʪʽ.  
ɸʥʘʣʽʟʘʪʦʨ ʚʠʤʦʚʠ ï  ʮʝ ʜʦʜʘʪʦʢ ʜʣʷ ʩʣʦʚʥʠʢʘ ʥʘ ʩʘʡʪʽ, ʷʢʠʡ 

ʤʦʞʝ ʟʘʤʽʥʷʪʠ ʪʨʘʥʩʢʨʠʧʮʽʶ ʩʧʦʩʦʙʦʤ ʦʟʚʫʯʝʥʥʷ ʽ ʧʝʨʝʚʽʨʢʠ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ.  
ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʜʘʥʦʛʦ ʜʦʜʘʪʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʽʣʴʢʦʭ 

ʝʪʘʧʽʚ: 
1. ɺʽʜʪʚʦʨʝʥʥʷ ʝʪʘʣʦʥʥʦʛʦ ʟʨʘʟʢʘ ʚʠʤʦʚʠ, ʷʢʠʡ ʟʘʧʠʩʘʥʠʡ 

ʢʽʣʴʢʦʤʘ ʥʦʩʽʷʤʠ ʤʦʚʠ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʩʧʝʮʽʘʣʴʥʠʤ 
ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʝʪʘʣʦʥʫ. 
2. ɿʘʧʠʩ ʝʢʟʝʤʧʣʷʨʘ, ʷʢʠʡ ʙʫʜʝ ʚʽʜʧʨʘʚʣʷʪʠʩʷ ʥʘ ʩʝʨʚʝʨ 

ʜʣʷ ʧʝʨʝʚʽʨʢʠ. 
3. ʇʦʙʫʜʦʚʘ ʛʨʘʬʽʢʘ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʽʟ ʟʘʜʘʥʦʛʦ ʝʪʘʣʦʥʘ 

ʪʘ ʝʢʟʝʤʧʣʷʨʘ ʚʽʜ ʫʯʥʷ. 

4. ɺʠʨʽʚʥʶʚʘʥʥʷ ʜʚʦʭ ʛʨʘʬʽʢʽʚ ʚʽʜʥʦʩʥʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʙʽʛʫ 

ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʘʤʧʣʽʪʫʜʥʠʭ ʢʦʣʠʚʘʥʴ. 
5. ɿʥʘʭʦʜʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʦʜʘʥʦʛʦ 

ʝʢʟʝʤʧʣʷʨʘ ʚʽʜʥʦʩʥʦ ʝʪʘʣʦʥʘ. 

6. ɼʝʤʦʥʩʪʨʘʮʽʷ ʜʚʦʭ ʥʘʢʣʘʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ 
ʚʽʜʧʦʚʽʜʥʦʩʪʽ  ʫʯʥʶ. 

 
ʈʝʘʣʽʟʘʮʽʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ django-

ʜʦʜʘʪʢʘ, ʷʢʠʡ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʩʘʡʪ (P.S. ʉʘʡʪ ʩʪʚʦʨʝʥʠʡ ʽʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ Django). ʊʘʢʘ ʨʝʘʣʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ 
ʜʦʜʘʪʢʫ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʙʘʟʠ ʜʘʥʠʡ ʩʘʡʪʫ, ʚ ʷʢʦʤʫ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. Cʚʽʡ ʬʫʥʢʮʽʦʥʘʣ ʩʘʡʪʫ ʜʦʜʘʪʦʢ ʥʘʜʘʻ 
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ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʯʝʨʝʟ REST API. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʜʦʜʘʪʢʘ ʥʝ ʪʽʣʴʢʠ ʥʘ ʩʘʡʪʽ, ʘʣʝ ʽ ʯʝʨʝʟ ʩʪʦʨʦʥʥʻ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ.  
     ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʦʜʘʪʢʘ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʽʥʩʪʨʫʤʝʥʪʠ: 

1. PyAudio ð ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʘʫʜʽʦ; 
2. TensorFlow ð ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʫʟʘʛʘʣʴʥʝʥʥʷ 
ʝʪʘʣʦʥʥʦʾ ʟʚʫʢʦʚʦʾ ʜʦʨʽʞʢʠ; 

3. NumPy ð ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʚʝʣʠʢʠʤʠ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ; 
4. Matplotlib ð ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʽʚ ʥʘ ʙʘʟʽ ʟʚʫʢʦʚʠʭ 

ʜʦʨʽʞʦʢ. 
ʉʪʨʫʢʪʫʨʘ ʜʘʥʦʾ  ʩʠʩʪʝʤʠ: 
- ʙʘʟʘ ʜʘʥʠʭ, ʚ ʷʢʽʡ ʙʫʜʫʪʴ ʟʘʧʠʩʘʥʽ ʚʩʽ ʜʘʥʽ ʩʪʫʜʝʥʪʽʚ ʪʘ 

ʚʠʢʣʘʜʘʯʽʚ, ʥʘʚʯʘʣʴʥʽ ʢʫʨʩʠ ʟ ʤʦʜʫʣʷʤʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʪʝʤʠ ʟ 

ʫʨʦʢʘʤʠ ʪʘ ʪʝʩʪʘʤʠ; 
- ʩʪʦʨʦʥʥʻ ʩʭʦʚʠʱʝ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʝʪʘʣʦʥʥʠʭ 

ʟʚʫʢʦʚʠʭ ʜʦʨʽʞʦʢ; 
- ̔ ʥʪʝʨʬʝʡʩʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʟʨʫʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʘʥʦʶ 

ʩʠʩʪʝʤʦʶ: ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʚʠʢʣʘʜʘʯʘ, ʩʪʫʜʝʥʪʘ ; 
- ʚʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. DjangoDocumentation [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  

[ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://docs.djangoproject.com/en/2.1/  
(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 06.03.2019). 

2. TensorFlow [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  
[ɺʝʙ-ʩʘʡʪ]. ï  ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.tensorflow.org/overview/  
(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 06.03.2019). 

3. PyAudio  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  
[ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
https://www.typescriptlang.org/docs/home.html  
(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 06.03.2019) . 

https://docs.djangoproject.com/en/2.1/
https://www.tensorflow.org/overview/
https://www.typescriptlang.org/docs/home.html
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ʆʣʝʢʩʘʥʜʨ ʇʘʥʘʩʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉ.ɺ. ʅʽʯʠʡ 

 

ʇʨʦʛʨʘʤʦʚʘʥʠʡ  ʧʨʠʩʪʨʽʡ ʜʣʷ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʨʽʜʠʥʥʦ-ʬʘʟʥʦʾ ʝʧʽʪʘʢʩʽʾ 
 

ɽʧʽʪʘʢʩʽʷ ï ʮʝ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘ 
ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜʢʣʘʜʢʫ ʪʦʥʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʰʘʨʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʠʪʦʤʦʛʦ 

ʦʧʦʨʫ, ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʘ ʦʨʽʻʥʪʘʮʽʷ ʷʢʠʭ ʧʦʚʪʦʨʶʻ 
ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʫ ʦʨʽʻʥʪʘʮʽʶ ʧʽʜʢʣʘʜʢʠ. ʋ ʧʨʦʮʝʩʽ ʝʧʽʪʘʢʩʽʾ 

ʤʦʞʥʘ ʬʦʨʤʫʚʘʪʠ ʰʘʨʠ ʟ ʟʘʜʘʥʠʤʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ. ʈʽʜʠʥʥʦ-ʬʘʟʥʫ 

ʝʧʽʪʘʢʩʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʧʽʪʘʢʩʽʘʣʴʥʠʭ ʰʘʨʽʚ, 
ʛʦʤʦʩʪʨʫʢʪʫʨ ʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ. 

ʋ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʩʪʨʫʢʪʫʨ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ 
ʜʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʠʭ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ. 

ʅʘʡʢʨʘʱʝ ʜʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ. 

ʇɯɼ - ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʩʪʨʽʡ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 
ʢʦʥʪʫʨʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʥʘʱʝʥʠʭ ʣʘʥʢʦʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ɼʘʥʽ ʨʝʛʫʣʷʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʘʚʪʦʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʝ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʽ ʪʦʯʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ. 
ʂʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʚʠʭʦʜʠʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʜʦʜʘʚʘʥʥʷ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: ʧʝʨʰʘ - ʧʨʦʧʦʨʮʽʡʥʘ ʚʝʣʠʯʠʥʽ 

ʩʠʛʥʘʣʫ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ, ʜʨʫʛʘ - ʽʥʪʝʛʨʘʣʫ ʩʠʛʥʘʣʫ 
ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ, ʪʨʝʪʷ - ʡʦʛʦ ʧʦʭʽʜʥʦʾ. ʇʨʦʧʦʨʮʽʡʥʘ ʩʢʣʘʜʦʚʘ 

ʚʠʨʦʙʣʷʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʨʦʪʠʜʽʻ ʚʽʜʭʠʣʝʥʥʶ 

ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʚʽʜ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. ɺʽʥ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ 
ʙʽʣʴʰʝ ʮʝ ʚʽʜʭʠʣʝʥʥʷ. ʗʢʱʦ ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʜʦʨʽʚʥʶʻ ʟʘʜʘʥʦʤʫ 

ʟʥʘʯʝʥʥʶ, ʪʦ ʚʠʭʽʜʥʠʡ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ɯʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 

ʧʨʦʧʦʨʮʽʡʥʘ ʽʥʪʝʛʨʘʣʫ ʚʽʜ ʚʽʜʭʠʣʝʥʥʷ ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ. ɰʾ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʫʩʫʥʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ. ɺʦʥʘ 

ʜʦʟʚʦʣʷʻ ʨʝʛʫʣʷʪʦʨʫ ʟʛʦʜʦʤ ʚʨʘʭʫʚʘʪʠ ʩʪʘʪʠʯʥʫ ʧʦʤʠʣʢʫ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʧʨʦʧʦʨʮʽʡʥʘ ʪʝʤʧʫ ʟʤʽʥʠ ʚʽʜʭʠʣʝʥʥʷ 
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ʨʝʛʫʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʪʠʜʽʾ ʚʽʜʭʠʣʝʥʴ ʚʽʜ 

ʮʽʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɺʽʜʭʠʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʣʠʢʘʥʽ ʟʦʚʥʽʰʥʽʤʠ ʟʙʫʨʝʥʥʷʤʠ ʘʙʦ 
ʟʘʧʽʟʥʝʥʥʷʤ ʚʧʣʠʚʫ ʨʝʛʫʣʷʪʦʨʘ ʥʘ ʩʠʩʪʝʤʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʙʣʦʢ ʜʣʷ ʇɯɼ-ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʦʭʦʣʦʜʞʝʥʥʷ 
ʰʘʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʜʠʥʥʦ-ʬʘʟʥʦʾ ʝʧʽʪʘʢʩʽʾ. ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ 

ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʊʈʄ 251. 

ʉʪʚʦʨʝʥʠʡ ʧʨʠʩʪʨʽʡ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇʂ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ 

RS-485 ʟʘʜʘʚʘʪʠ ʘʣʛʦʨʠʪʤ ʷʢ ʧʽʜʚʠʱʝʥʥʷ, ʪʘʢ ʽ ʟʥʠʞʝʥʥʷ 
ʪʝʤʧʝʨʘʪʫʨʠ. ɹʣʦʢ-ʩʭʝʤʘ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʷʢʠʡ ʧʽʜ'ʻʜʥʫʻʪʴʩʷ 

ʜʦ ʦʙôʻʢʪʘ ʚ ʷʢʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʨʦʱʫʻʪʴʩʷ ʝʧʽʪʘʢʩʽʡʥʠʡ 

ʰʘʨ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 
 

 
 

ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ. 

 

ʇʨʠʯʦʤʫ ʜʣʷ ʢʦʞʥʠʭ ʝʪʘʧʽʚ ʦʢʨʝʤʦ ʤʦʞʥʘ ʟʘʜʘʚʘʪʠ ʯʘʩʦʚʽ 

ʽʥʪʝʨʚʘʣʠ ʟ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʻ ʩʫʪʪʻʚʦʶ 

ʧʝʨʝʚʘʛʦʶ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ 
ʩʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ ʰʘʨʽʚ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. 

1. ɼʝʥʠʩʝʥʢʦ ɺ. ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ: ʧʨʠʥʮʳʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ 
ʤʦʜʠʬʠʢʘʮʠʠ/ɺ. ɼʝʥʠʩʝʥʢʦ //ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ï2006.ï̄ 1 ïʉ.66-77. 



239 

ʉʪʘʥʽʩʣʘʚ ʇʘʥʽʤʘʨʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʫʟʴ ʈ. ɺ. 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʦʪʨʠʤʘʣʦ ʰʠʨʦʢʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ ʻ ʢʦʤʧʘʢʪʥʠʤʠ ʪʘ 
ʥʘʜʽʡʥʠʤʠ ʟʘʚʜʷʢʠ ʧʨʷʤʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʶ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 
ʪʝʧʣʦʚʫ ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʇʝʣʴʪʴʻ [1]. ʆʩʦʙʣʠʚʦ ʮʽʢʘʚʠʤ ʻ 
ʚʠʧʘʜʦʢ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ ʦʭʦʣʦʜʞʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ 
ʢʦʨʦʪʢʦ ʬʽʟʠʯʥʫ ʢʘʨʪʠʥʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʝʞʠʤʫ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ [2]. ɺʽʜʦʤʦ, ʱʦ ʝʬʝʢʪ ʇʝʣʴʪʴʻ 
ʤʘʻ ʤʽʩʮʝ ʥʘ ʢʦʥʪʘʢʪʽ ʨʽʟʥʦʨʽʜʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʩʪʨʫʤʫ, ʪʦʙʪʦ ʮʝ 
ʧʦʚʝʨʭʥʝʚʠʡ ʝʬʝʢʪ. ɽʬʝʢʪ ɼʞʦʫʣʷ ï ʮʝ ʪʝʧʣʦʚʠʡ ʝʬʝʢʪ ʚ ʦʙôʻʤʽ 
ʧʨʦʚʽʜʥʠʢʘ ʩʪʨʫʤʫ. ʂʦʣʠ ʚ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʽ ʭʦʣʦʜʥʦʛʦ ʩʧʘʶ 
ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʤʠ ʟʘʧʠʩʫʻʤʦ ʧʦʣʦʚʠʥʫ ʪʝʧʣʦʪʠ ɼʞʦʫʣʷ, ʱʦ 
ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʧʘʡ ʷʢ ʥʝʛʘʪʠʚʥʠʡ ʝʬʝʢʪ, ʤʠ ʤʘʻʤʦ ʥʘ ʫʚʘʟʽ 
ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʟʘ ʷʢʠʡ ʪʝʧʣʦ ɼʞʦʫʣʷ ʟ ʮʝʥʪʨʘʣʴʥʠʭ 
ʦʙʣʘʩʪʝʡ ʛʽʣʢʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʜʦʩʷʛʘʻ ʭʦʣʦʜʥʦʛʦ ʩʧʘʶ. 
ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʯʘʩʫ ʝʬʝʢʪ ʇʝʣʴʪʴʻ ʟʙʝʨʽʛʘʻ ʩʚʦʶ ʧʝʨʝʚʘʛʫ 
ʧʝʨʝʜ ʝʬʝʢʪʦʤ ɼʞʦʫʣʷ. ɯ ʷʢʱʦ ʚ ʧʦʯʘʪʢʦʚʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʯʝʨʝʟ 
ʛʽʣʢʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʧʨʦʧʫʩʪʠʪʠ ʙʽʣʴʰʠʡ ʩʪʨʫʤ, ʪʦ ʚʠʥʠʢʥʝ 
ʝʬʝʢʪ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ ʨʽʚʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʝ 
ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʦʛʦ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ 
ʨʝʞʠʤʽ. 
ʅʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʦʭʦʣʦʜʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

, 

, 

, 

, 

, 

ʜʝ  ï ʛʫʩʪʠʥʘ ʩʝʨʝʜʦʚʠʱʘ;  ï ʪʝʧʣʦʻʤʥʽʩʪʴ; ʊ ïʪʝʤʧʝʨʘʪʫʨʘ 

ʩʝʨʝʜʦʚʠʱʘ;  ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ;  ï ʢʦʝʬʽʮʽʻʥʪ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ; -ʢʦʝʬʽʮʽʻʥʪ ɿʝʻʙʝʢʘ. 
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ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ 

ʤʦʜʝʣʴ  ʫ ʩʝʨʝʜʦʚʠʱʽ Comsol Multiphysics ʪʘ ʦʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʚʽʜ ʯʘʩʫ ʜʣʷ 
ʨʽʟʥʠʭ ʩʪʨʫʤʽʚ ʞʠʚʣʝʥʥʷ ʤʦʜʫʣʷ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ʯʘʩʫ ʜʣʷ ʨʽʟʥʠʭ 

ʩʪʨʫʤʽʚ ʞʠʚʣʝʥʥʷ ʤʦʜʫʣʷ. 
 
ʉʪʚʦʨʝʥʘ ʢʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʟʫʚʘʪʠ ʨʦʙʦʪʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʨʦʙʦʪʠ ʪʘ ʟʥʘʭʦʜʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʦʭʦʣʦʜʞʝʥʥʷ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 
ʩʧʨʘʚʦʯʥʠʢ / ʃ. ʀ. ɸʥʘʪʳʯʫʢ. ʂʠʝʚ: ʅʘʫʢ. ʜʫʤʢʘ, 1979. 766 ʩ. 

2. ɹʫʣʘʪ ʃ.ʇ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʪʝʢʩʪ ʣʝʢʮʠʡ. ʇʦʜ 
ʦʙʱʝʡ ʨʝʜʘʢʮʠʝʡ ʃ.ʇ. ɹʫʣʘʪʘ. (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʉʇʙɻʋʅʠʇʊ, 

2002. 
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ɸʥʜʨʽʡ ʇʘʨʘʱʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʨʘʪʘʚʯʘʥ ɺ. ɻ. 

 

ɺʝʡʚʣʝʪïʥʝʡʨʦʤʝʨʝʞʝʚʠʡ ʦʧʝʨʘʪʦʨ ʧʦʣʽʧʰʝʥʥʷ 

ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

 

ɹʫʜʴ-ʷʢʠʡ ʜʠʩʢʨʝʪʥʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʙʫʪʠ ʘʧʨʦʢʩʠʤʦʚʘʥʠʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʌʫʨôʻ ʘʙʦ ʚʝʡʚʣʝʪïʧʝʨʝʪʚʦʨʝʥʥʷʤ. ɺʝʡʚʣʝʪï 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʩʠʛʥʘʣʫ 

ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʜʝʷʢʦʛʦ ʦʢʦʣʫ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʪʦʯʢʠ. ɿʥʘʯʝʥʥʷ 

ʩʠʛʥʘʣʫ ʚ ʪʦʯʮʽ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

 , 

 

ʜʝ ; ʚʽʜʣʽʢ ʩʠʛʥʘʣʫ 

 

 

 
 

ʜʝ ʦʢʽʣ ʘʧʨʦʢʩʠʤʦʚʘʥʦʾ ʪʦʯʢʠ. 

 

ʇʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʦʧʪʠʯʥʠʡ ʝʬʝʢʪ ñʨʦʟʤʘʟʫʚʘʥʥʷò 

ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ 

ʘʧʨʦʢʩʠʤʘʮʽʾ, ʪʦʙʪʦ ʧʨʠ , . 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʤʽʞ ʘʤʧʣʽʪʫʜʥʠʤʠ ʚʝʡʚʣʝʪï

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽʩʥʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ, 

ʪʦ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʝʥʥʷ ñʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾò, ʪʦʙʪʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʘ 
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ʚʽʜʦʤʠʤʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 

ʦʧʝʨʘʪʦʨ, ʷʢʠʡ ʧʦʣʽʧʰʫʻ ñʢʦʥʪʨʘʩʪʥʽʩʪʴò ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ 

ʟʤʝʥʰʫʻ ʟʦʥʠ ʨʦʟʤʠʪʪʷ ʥʘ ʤʝʞʘʭ ʦʙʣʘʩʪʝʡ ʦʜʥʦʨʽʜʥʦʩʪʽ 

ʢʦʣʴʦʨʽʚ. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʪʨʠʰʘʨʦʚʫ ʣʽʥʽʡʥʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, 

ʥʘ ʚʭʽʜ ʷʢʦʾ ʧʦʜʘʶʪʴʩʷ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʢʣʘʜʫ, ʘ 

ʥʘ ʚʠʭʦʜʽ ʦʪʨʠʤʫʶʪʴʩʷ ñʚʽʜʥʦʚʣʝʥʽò ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʩʢʣʘʜʦʚʽ. 

 

 

       

 
 

 

ʅʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʢʣʘʜʠ 

ʚʝʡʚʣʝʪïʨʷʜʽʚ ʷʢʽʩʥʠʭ ʟʦʙʨʘʞʝʥʴ ʟ ʥʦʚʠʤ ʥʘʙʦʨʦʤ ʯʘʩʪʦʪʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʟ ʷʢʦʶ ʧʝʨʰʽ  ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʚʘʞʘʶʪʴʩʷ 

ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, ʘ ʜʨʫʛʘ ʯʘʩʪʠʥʘ ï ʚʠʭʽʜʥʠʤʠ. 

ʅʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʧʦʭʠʙʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʥʝ 

ʧʦʚʥʽʩʪʶ ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ, ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʦʞʫʪʴ ʟôʷʚʠʪʠʩʷ ʥʦʚʽ ʤʘʣʦʧʦʤʽʪʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʫ ʟʦʥʘʭ ʢʦʣʴʦʨʦʚʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʅʘʛʦʨʥʦʚ ʆ.ɺ., ʅʽʢʽʪʘʻʚ ɺ.ɻ., ɺʝʡʚʣʝʪ-ʘʥʘʣʠʟ ʚ ʧʨʠʤʝʨʘʭ: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ. ʄ.:ʅʀʗʋ ʄʀʌʀ, 2010.  120 ʩ. 

2. ɹʫʨʥʘʝʚ ɽ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʚʝʡʚʣʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʦʚ: ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ.  ʄ.: ʄʌʊʀ, 2007. 138 ʩ. 

3. ʋʦʩʩʝʨʤʝʥ ʌ., ʅʝʡʨʦʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ: ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ.  

ʄ.: ʄʌʊʀ, 1992.  184 ʩ. 

4. ɻʦʣʴʜʝʥʙʝʨʛ   ʃ.ʄ.   ʎʠʬʨʦʚʘʷ   ʦʙʨʘʙʦʪʢʘ   ʩʠʛʥʘʣʦʚ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ/ ɻʦʣʴʜʝʥʙʝʨʛ ʃ.ʄ., ʄʘʪʶʰʢʠʥ 

ɹ.ɼ., ʇʦʣʷʢ ʄ.ʅ. ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1990. 256 ʩ. 
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ʃʶʙʦʤʠʨ ʇʘʩʘʡʣʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʦʪʨʠʯ ɸ.ɺ. 
 

ɼʚʦʧʨʦʤʝʥʝʚʝ ʤʦʜʝʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʤʽʥ ʚʝʣʠʯʠʥʠ 

ʧʦʢʘʟʥʠʢʘ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʜʣʷ ʧʨʦʪʝʾʥʦʚʠʭ 

ʢʨʠʩʪʘʣʽʚ  
  ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʦʧʪʠʢʦ-

ʘʥʽʟʦʪʨʦʧʥʦʶ ʩʢʣʘʜʦʚʦʶ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ, ʚ ʨʽʟʥʠʭ 
ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ.  

Cʢʦʨʠʩʪʘʻʤʦʩʷ ʜʚʦʭʚʠʣʴʦʚʠʤ (ñʯʝʨʚʦʥʦïʩʠʥʽʤò) 

ʥʘʙʣʠʞʝʥʥʷʤ ï ʰʘʨ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʦʧʨʦʤʽʥʶʻʪʴʩʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ He-Ne-ʣʘʟʝʨʘ (mml 63,01= ) ʽ He-Cd-ʣʘʟʝʨʘ 

( mml 41,01= ).  

ɼʣʷ ʦʧʠʩʫ ʤʝʭʘʥʽʟʤʽʚ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʝʥʥʷ ʨʝʯʦʚʠʥʠ 

ʪʢʘʥʠʥʠ ʷʢ ʩʫʢʫʧʥʦʩʪʽ ʦʧʪʠʯʥʦ ʦʜʥʦʦʩʥʠʭ 

ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʶʶʯʠʭ ʧʨʦʪʝʾʥʦʚʠʭ ʢʨʠʩʪʘʣʽʚ ʚʠʢʦʨʠʩʪʘʻʤʦ 
ʨʽʚʥʷʥʥʷ ʝʣʽʧʩʫ ʧʦʣʷʨʠʟʘʮʽʾ ʣʘʟʝʨʥʦʾ ʭʚʠʣʽ, ʱʦ ʧʨʦʡʰʣʘ ʢʨʽʟʴ 

ʥʠʭ, ʫ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ɿʥʘʡʜʝʥʦ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʩʪʘʥʘʤʠ ʧʦʣʷʨʠʟʘʮʽʾ ʦʙôʻʢʪʥʦʛʦ 
ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʜʽʘʧʘʟʦʥʘʭ. 
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ɿ ʘʥʘʣʽʟʫ ʨʽʚʥʷʥʴ (3) ʚʠʧʣʠʚʘʻ, ʱʦ ʫ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʽʡ 

ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ ʝʣʽʧʪʠʯʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʟʤʽʥʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʘʤʧʣʽʪʫʜʠ yx AA ,  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʣʴʰʠʤ 

ʝʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ.  

ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ 

() ()1
2

1
11 coscos l

l

l
l D²D . ʊʦʤʫ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (3) 

ʙʽʣʴʰʝ ʧʦʨʽʚʥʷʥʦ ʟ ʧʝʨʰʠʤ ñʧʨʷʤʫʻò ʜʦ ʨʽʚʥʷʥʥʷ ʢʦʣʘ 
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.                                           (4) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʧʦʣʷʨʠʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʷʚʠʚ 
ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʘ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ 

nL  ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʢʣʘʜʦʚʦʾ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ ʚʠʷʚʣʷʪʴʩʷ ʫ 

ʨʽʟʥʽʡ ʩʧʝʢʪʨʘʣʴʥʽʡ ʟʤʽʥʽ ʩʪʘʥʽʚ ʧʦʣʷʨʠʟʘʮʽʾ. ʇʨʠʯʦʤʫ, ʯʠʤ 

ʙʽʣʴʰʘ ʨʽʟʥʠʮʷ ʤʽʞ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 1l ʽ 2l, ʪʠʤ ʙʽʣʴʰ 

ʩʫʪʪʻʚʦ ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʩʧʝʢʪʨʘʣʴʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ 

ʟʦʙʨʘʞʝʥʥʷ. 
 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Angelsky O.V., Ushenko A.G., Burcovets D.N., Ushenko Yu.A. 

Polarization visualization and selection of biotissue image two-layer 

scattering medium// J. Biomed. Opt. 10. No.1. 014010. 2005. 

2. ʄʦʪʨʠʯ ɸ.ɺ., ʊʦʤʘ ʆ-ʊ. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʜʚʦʚʠʤʽʨʥʦʾ 
ʩʧʝʢʪʨʦʧʦʣʷʨʠʤʝʪʨʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ// ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʏʅʋ. 

ɺʠʧ. 344: ʌʽʟʠʢʘ. ɽʣʝʢʪʨʦʥʽʢʘ. ʏʝʨʥʽʚʮʽ: ʏʅʋ, 2007. ʉ. 84-93. 
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ʇʘʚʣʦ ʇʦʚʭ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

 ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʥʘʫʢʦʚʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ Labview 

 
      ʉʪʚʦʨʝʥʥʷ ʫʤʦʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʦʜʝʨʞʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʩʥʫʶʯʠʭ ʘʚʪʦʥʦʤʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʷʚʥʠʭ ʚ 

ʫʯʙʦʚʦʤʫ ʪʘ ʥʘʫʢʦʚʦʤʫ ʧʘʨʢʫ ʚʫʟʽʚ ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʬʽʣʶ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ 
ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʪʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʙʘʟʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʫ ʄɼʈ-23, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ 
ʪʨʘʥʩʤʽʩʽʡʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʥʘ ʚʽʜʙʠʚʘʥʥʷ.  

      ʋʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ ʄɼʈ-23 ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʣʦʢʦʤ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʨʠʣʘʜʫ 
(ʚʠʙʽʨ ʥʘʧʨʷʤʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ). ɹʣʦʢ ʢʝʨʫʚʘʥʥʷ ʤʦʞʝ 

ʧʨʘʮʶʚʘʪʠ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʨʫʯʥʦʤʫ - ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʢʥʦʧʢʘʤʠ ʥʘ ʧʝʨʝʜʥʽʡ ʧʘʥʝʣʽ ʙʣʦʢʘ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ - 

ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʇʂ, ʱʦ ʧʽʜôʻʜʥʘʥʠʡ ʜʦ ʨʦʟôʻʤʫ ʥʘ ʙʣʦʮʽ 
ʢʝʨʫʚʘʥʥʷ. 

       ʃʘʥʢʘ ʚʟʘʻʤʦʜʽʾ ʇʂ ʪʘ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ ʄɼʈ-23 ʥʘ 

ʘʧʘʨʘʪʥʦʤʫ ʨʽʚʥʽ ʩʢʣʘʜʘʣʘʩʷ ʽʟ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʣʝʨʽʚ ɯ-
7050D ʪʘ ɯ-7520 ʪʘ ʜʚʫʭ ʨʝʣʝ.  

        ʇʝʨʝʤʠʢʘʥʥʷ ʚʢʘʟʘʥʠʭ ʨʝʣʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨ ʥʘʧʨʷʤʢʫ 

ʨʫʭʫ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ, ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʟʘʧʫʩʢ ʪʘ 

ʟʫʧʠʥʢʫ. ʂʝʨʫʚʘʥʥʷ ʨʝʣʝ ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʦʤ 
ʜʠʩʢʨʝʪʥʦʛʦ ɺ/ɺ ɯ-7050D, ʷʢʠʡ ʧʽʜôʻʜʥʘʥʠʡ ʜʦ COM-ʧʦʨʪʫ  ʇʂ 

ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʠʢ  ʟ RS-485 ʥʘ RS-232 (ɯ-7520).  

         ʆʪʨʠʤʘʥʥʷ ʧʦʢʘʟʽʚ ʟ ʬʦʪʦʧʨʠʡʤʘʯʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 
ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: ʩʠʛʥʘʣ ʽʟ ʬʦʪʦʧʨʠʡʤʘʯʘ ʧʦʩʪʫʧʘʻ ʥʘ 

ʦʧʝʨʘʮʽʡʥʠʡ ʧʽʜʩʠʣʶʚʘʯ, ʷʢʠʡ ʧʽʜôʻʜʥʘʥʠʡ ʜʦ ʢʦʥʪʨʦʣʣʝʨʘ ɯ-

7018, ʱʦ ʟʜʽʡʩʥʶʻ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʧʝʨʝʜʘʻ 
ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʠʢ ʟ RS-485 ʥʘ RS-232 (i-7520) ʜʘʥʥʽ ʥʘ ʇʂ. 

         ʇʨʦʛʨʘʤʥʘ ʣʘʥʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʛʨʘʤʠ, ʩʪʚʦʨʝʥʦʾ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabView [1]. ʎʷ 

ʧʨʦʛʨʘʤʘ ʥʘʜʘʻ ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʠʣʘʜʦʤ.  



246 

      ʃʦʛʽʢʘ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʭ ʢʨʦʢʽʚ: 

1. ɺʚʝʜʝʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʤʽʥʠ 

ʜʠʬʨʘʢʮʽʡʥʦʾ ʛʨʘʪʢʠ ʄɼʈ-23. 
2. ʇʝʨʝʤʽʱʝʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʢʨʦʢʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʧʦʯʘʪʢʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʧʦʣʦʞʝʥʥʷ ñʧʦʯʘʪʦʢ 

ʚʠʤʽʨʶʚʘʥʴò. 
3. ʇʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ɿʘʧʠʩ ʜʘʥʠʭ ʫ ʬʘʡʣ (ʬʦʨʤʘʪʫ 

*.txt). 

      ʈʦʟʰʠʨʝʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʢʝʨʫʚʘʥʥʷ  ʄɼʈ-23  ʙʫʣʘ 
ʨʦʟʨʦʙʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ 

WinCon W-8337 ʪʘ 
ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ PC-ʢʦʥʪʨʦʣʝʨʽʚ 

- ISaGRAF Workbench. 

ʇʨʦʛʨʘʤʘ, ʨʦʟʨʦʙʣʝʥʘ ʚ ISaGRAF, ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ 
ʢʨʦʢʦʚʠʤ ʜʚʠʛʫʥʦʤ  ʯʝʨʝʟ ʤʝʨʝʞʫ Ethernet, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

Internet Explorer. 

       ɼʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ PC-ʢʣʽʻʥʪʦʤ ʽ WinCon W-8337 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ Web-ʩʝʨʚʝʨ, ʨʦʟʤʽʱʝʥʠʡ ʥʘ WinCon. ʅʘ ʧʦʨʪ 

COM3, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʦʙʤʽʥ ʧʦ RS-485, ʧʽʜôʻʜʥʘʥʽ ʢʦʥʪʨʦʣʣʝʨʠ  

ɯ-7050D ʪʘ ɯ-7018. ʂʦʥʪʨʦʣʝʨ ɯ-7050D ʢʝʨʫʻ ʨʝʣʝ, ʱʦ 
ʧʽʜôʻʜʥʘʥʠʡ ʜʦ ʙʣʦʢʘ ʢʝʨʫʚʘʥʥʷ ʄɼʈ-23, ʘ ɯ-7018 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʜʘʥʠʭ ʟ ʬʦʪʦʧʨʠʡʤʘʯʘ. 

       ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ National Instruments ʪʘ 

ʩʝʨʝʜʦʚʠʱʘ ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ LabView ʫ ʩʧʝʢʪʨʘʣʴʥʠʭ 
ʚʠʤʽʨʶʚʘʥʥʷʭ ʙʽʦʪʢʘʥʠʥ ʜʦʟʚʦʣʠʣʦ ʦʜʝʨʞʘʪʠ ʦʨʠʛʽʥʘʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʘʩʧʝʢʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʜʠʬʝʨʝʥʮʽʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ,  ʧʣʘʥʫʻʪʴʩʷ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ  ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʧʨʘʢʪʠʢʫʤʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʜʠʩʪʘʥʮʽʡʥʦʾ ʦʩʚʽʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ   Web-ʜʦʩʪʫʧʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
1. LabVIEW 7 Express. ɺʚʦʜʥʳʡ ʢʫʨʩ. ʄ.: ʀʟʜ-ʚʦ çʇʨʠʙʦʨʂʦʤʧʣʝʢʪè, 

2003. 
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ɻʘʥʥʘ ʇʦʚʰʠʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʋʰʝʥʢʦ ʆ.ɻ. 

 

ʄʶʣʣʝʨ-ʤʘʪʨʠʯʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʙʽʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ 

 
ʆʩʪʘʥʥʽ ʨʦʢʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʦʚʦʛʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʙʘʟʠʩʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷ ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʦʧʪʠʯʥʦ 
ʘʢʪʠʚʥʠʤʠ ʩʝʨʝʜʦʚʠʱʘʤʠ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʚ ʨʘʤʢʘʭ 

ʥʘʧʨʷʤʫ ʦʧʪʠʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨʠ ʬʘʟʦʚʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʩʬʦʨʤʫʚʘʚʩʷ ʥʦʚʠʡ ʥʘʧʨʷʤ ï 
ʣʘʟʝʨʥʘ ʧʦʣʷʨʠʤʝʪʨʽʷ ʦʧʪʠʢʦ-ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʢʣʘʜʦʚʦʾ ʪʦʥʢʠʭ 

ʰʘʨʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ. [2] 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʽʦʣʦʛʽʾ ʪʘ 

ʤʝʜʠʮʠʥʽ ʥʘʙʫʣʠ ʤʘʪʨʠʯʥʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ. ɺʦʥʠ 
ʥʘʡʧʦʚʥʽʰʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʧʪʠʯʥʫ ʘʥʽʟʦʪʨʦʧʽʶ ʬʘʟʦʚʦ-

ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙôʻʢʪʽʚ. ʇʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʙʽʦʣʦʛʽʯʥʘ ʪʢʘʥʠʥʘ 

ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʽʯʥʦʾ 
ʩʪʨʫʢʪʫʨʠ. ʂʨʠʩʪʘʣʽʯʥʘ ʢʦʤʧʦʥʝʥʪʘ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʥʝ ʯʠʤ 

ʽʥʰʠʤ, ʷʢ ʘʨʭʽʪʝʢʪʦʥʽʯʥʦʶ ʩʽʪʢʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʦʘʢʩʽʘʣʴʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʨʦʪʝʾʥʦʚʠʭ ʬʽʙʨʠʣ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʦʜʥʦʦʩʥʠʭ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʶʶʯʠʭ 

ʢʨʠʩʪʘʣʽʚ.[1] 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʣʘʟʝʨʥʦʾ ʧʦʣʷʨʠʤʝʪʨʽʾ ʩʪʘʣʦ 

ʫʨʘʭʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʙʫʜʦʚʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 
ʤʝʨʝʞ ʽ ʘʥʘʣʽʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ  ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ 

ʤʽʞ ʫʟʘʛʘʣʴʥʝʥʦʶ ʤʘʪʨʠʮʝʶ ʄʶʣʣʝʨʘ ʽ ʥʘʙʦʨʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ, 

ʢʦʨʝʣʷʮʽʡʥʠʭ ʽ ʬʨʘʢʪʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 
ʩʫʧʝʨʧʦʟʠʮʽʶ ʨʦʟʧʦʜʽʣʽʚ  ʥʘʧʨʷʤʢʽʚ ʦʧʪʠʯʥʠʭ ʦʩʝʡ ʪʘ 

ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʢʨʠʩʪʘʣʽʚ.[2] 

ʆʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤʜʦʩʣʽʜʞʝʥʴ ʻ ʧʦʰʫʢ ʪʘ ʘʥʘʣʽʪʠʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʩʪʘʪʠʩʪʠʯʥʠʤʠ, 
ʢʦʨʝʣʷʮʽʡʥʠʤʠ ʽ ʬʨʘʢʪʘʣʴʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʜʦ ʤʶʣʣʝʨ-

ʤʘʪʨʠʯʥʦʛʦʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ ʩʚʽʪʣʦʨʦʟʩʽʶʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʤʠ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʥʦʚʽ ʤʝʪʦʜʠ ʽ ʩʠʩʪʝʤʠ 
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ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʨʫʢʪʫʨʠ ʩʢʣʘʜʥʠʭ ʩʽʪʦʢ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʶʶʯʠʭ 

ʙʽʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ. 

ʄʦʜʝʣʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ, ʩʬʦʨʤʦʚʘʥʦʾ 
ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʢʨʠʩʪʘʣʽʯʥʘ ʢʦʤʧʦʥʝʥʪʘ 

ʷʢʦʾ ʷʚʣʷʻ ʩʦʙʦʶ ʘʨʭʽʪʝʢʪʦʥʽʯʥʫ ʩʽʪʢʫ, ʻ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʦʶ ʚ 

ʟʥʘʭʦʜʞʝʥʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ ʤʽʞ ʥʘʙʦʨʦʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʤʝʥʪʽʚ 
1-4 ʧʦʨʷʜʢʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʧʦʜʽʣʠ ʥʘʧʨʷʤʢʽʚ ʦʧʪʠʯʥʠʭ 

ʦʩʝʡ ʪʘ ʬʘʟʦʚʠʡ ʟʩʫʚ ʧʨʦʪʝʾʥʦʚʠʭ ʬʽʙʨʠʣ ʦʧʪʠʯʥʦ ʪʦʥʢʦʛʦ ʰʘʨʫ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʽ ʩʫʢʫʧʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʦʤʝʥʪʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʦʟʧʦʜʽʣʠ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ 
ʄʶʣʣʝʨʘ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʚʠʚʯʝʥʥʷ ʟʤʽʥ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʽ ʣʦʢʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʽʪʦʢ ʦʨʛʘʥʽʯʥʠʭ  

ʢʨʠʩʪʘʣʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʨʽʟʥʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ 

ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʽ ʪʦʧʦʣʦʛʽʯʥʦʛʦ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʽ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ ʤʶʣʣʝʨ-ʤʘʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ.[2] 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɿʘʙʦʣʦʪʥʘ ʅ.ɯ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʤʶʣʣʝʨ-ʤʘʪʨʠʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʤʝʨʝʞ ʟ 

ʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ ʦʨʽʻʥʪʘʮʽʡʥʠʭ ʪʘ ʬʘʟʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ / ʅ.ɯ. ɿʘʙʦʣʦʪʥʘ, ɺ.ɺ. ʐʦʣʦʪʘ, ʖ.ʖ. ʃʝʚʘʥʜʦʚʩʴʢʘ [ ʪʘ 

ʽʥ.] // ʆʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʥʝʨʛʝʪʠʯʥʽ ʪʝʭʥʦʣʦʛʽʾ. ï 

2011. - ˉ1(21). ï ʉ. 82 ï 92. 

2. ɿʘʙʦʣʦʪʥʘʅ.ɯ., ʋʰʝʥʢʦʆ.ɻ. ʇʨʠʥʮʠʧʠ ʽ ʤʝʪʦʜʠ ʤʶʣʣʝʨ-ʤʘʪʨʠʯʥʦʾ 

ʪʦʤʦʛʨʘʬʽʾ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʦʧʪʠʯʥʦ ʪʦʚʩʪʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

// ɺʠʤʽʨʶʚʘʣʴʥʘ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ. ï 2012. - ˉ1. ï ʉ. 113-120. 



249 

ɽʨʽʢʘ ʇʦʞʘʨ  

 ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʚ.ʦ. ʧʨʦʬ. ʏʝʨʢʝʟ ʈ.ɻ.  

 

ʇʨʦʥʠʢʥʠʡ ʩʝʛʤʝʥʪʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ  

ʥʘ ʦʩʥʦʚʽ ɺʽ-ʊʝ, Pb-Te, Si-Ge 

   ʅʘʧʨʷʤʦʤ ʧʦʣʽʧʰʝʥʥʷ ʂʂɼ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʽʪʢʘʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ 
ʤʘʪʝʨʽʘʣʽʚ [1].  ɯʥʰʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʥʠʢʥʠʭ ʚʽʪʦʢ ʜʣʷ 

ʧʦʪʦʢʽʚ ʪʝʧʣʦʥʦʩʽʷ (ʨʽʜʠʥʠ ʘʙʦ ʛʘʟʫ). ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʫʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʧʣʦʥʦʩʽʷ ʟ çʭʦʣʦʜʥʠʤʠè 

ʯʘʩʪʠʥʘʤʠ ʚʽʪʦʢ ʙʽʣʴʰʝ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜʜʘʪʠ ʤʘʪʝʨʽʘʣʫ ʽ 

ʧʝʨʝʪʚʦʨʠʪʠ ʾʾ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ  [2]. 

    ʄʦʜʝʣʴ ʧʨʦʥʠʢʥʦʛʦ ʩʝʛʤʝʥʪʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʚ ʨʝʞʠʤʽ 
ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1. ʊʝʨʤʦʝʣʝʤʝʥʪ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʪʦʢ n- ʪʘ p-ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʘʨʘʤʝʪʨʠ 

ʤʘʪʝʨʽʘʣʽʚ ʷʢʠʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ 
ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ   ʪʝʧʣʦʥʦʩʽʷ ʚʟʜʦʚʞ ʚʽʪʢʠ ʯʝʨʝʟ ʢʘʥʘʣʠ 

(ʧʦʨʠ). ɺʽʪʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʝʛʤʝʥʪʽʚ, ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʟôʻʜʥʘʥʥʷ 

r0. ɹʽʯʥʽ ʧʦʚʝʨʭʥʽ ʚʽʪʦʢ ʘʜʽʘʙʘʪʥʦ ʽʟʦʣʴʦʚʘʥʽ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʪʝʧʣʦʥʦʩʽʷ ʥʘ ʚʭʦʜʽ ʚ ʪʝʨʤʦʝʣʝʤʝʥʪ Tm. ʊʝʤʧʝʨʘʪʫʨʘ ʭʦʣʦʜʥʠʭ 
ʩʧʘʾʚ Tc. 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʨʦʥʠʢʥʦʛʦ ʩʝʛʤʝʥʪʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ. 

1, 8, 9 ï ʢʦʤʫʪʘʮʽʡʥʽ ʧʣʘʩʪʠʥʠ; 2, 10 ï ʢʦʤʫʪʘʮʽʡʥʽ ʰʘʨʠ;  

 3, 5, 6, 7 ï ʩʝʛʤʝʥʪʠ  ʚʽʪʢʠ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ; 

 4,14 ï  ʪʝʧʣʦʥʦʩʽʡ; 11, 12, 13 ï ʩʝʛʤʝʥʪʠ  ʚʽʪʢʠ p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ  
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ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʽʡ ʯʘʩʪʠʥʽ dx ʢʦʞʥʦʛʦ k-ʦʛʦ ʩʝʛʤʝʥʪʘ ʚʽʪʦʢ n- ʽ 
p- ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ:  

  

( )
( )

( )

2 1 2
,

1

1

,

 
-  - ,

1,...,   
- ,

-

- ,

k

k k

n pk k T K K K
k

k kk k ʂ

T K K k

P n p

jdT j
T q

dx

k Nj j ʇ N ldq
T q j t T

x x xdx S S j

ʇ N ldt
t T

dx Gc

-

ûa
= î
k k î

î =a a a î
= + + r + ü

¢ ¢k k î
îa
î=
îý

                 (1) 

ʜʝ 1

ʂʇ  ï ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʫ; NK ï  ʯʠʩʣʦ ʢʘʥʘʣʽʚ; SK ï ʧʣʦʱʘ 

ʧʝʨʝʨʽʟʫ ʚʩʽʭ ʢʘʥʘʣʽʚ; S ï ʧʝʨʝʨʽʟ ʚʽʪʢʠ ʨʘʟʦʤ ʽʟ ʢʘʥʘʣʘʤʠ; G ï 

ʚʠʪʨʘʪʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʘʥʘʣʘʭ;
Pc ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ 

ʪʝʧʣʦʥʦʩʽʷ; t ï ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʦʯʮʽ x; T ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʪʢʠ ʚ ʪʦʯʮʽ x; a
T 
ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ; a, k, r 

ï ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦɽʈʉ, ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʧʠʪʦʤʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ ʚʽʪʢʠ.  
   ʅʘ ʦʩʥʦʚʽ  ʩʧʽʚʚʽʜʥʦʰʝʥʴ (1) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʪʝʦʨʽʾ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʽ ʢʦʤʧôʶʪʝʨʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ  ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʂʂɼ ʽ ʧʦʪʫʞʥʦʩʪʽ [3], ʷʢʽ 
ʨʝʘʣʽʟʫʶʪʴʩʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʛʫʩʪʠʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʧʨʦʧʫʩʢʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ  ʧʨʦʥʠʢʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

ʟ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɺʽ-ʊʝ, ʈb-Te, Si-Ge. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 
ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʜʘʪʠ ʩʫʪʪʻʚʝ ʧʦʣʽʧʰʝʥʥʷ ʂʂɼ ʽ ʧʦʪʫʞʥʦʩʪʽ . 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ., ɺʠʭʦʨ ʃ.ʅ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʊ. 4: 

ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʛʨʘʜʠʝʥʪʥʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ.  
ʏʝʨʥʦʚʮʳ: ɹʫʢʨʝʢ, 2012. 180 ʩ. 

2. ɸʥʘʪʠʯʫʢ ʃ.ʀ., ʏʝʨʢʝʟ ʈ.ɻ. ʇʨʦʥʠʢʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ ʚ ʨʝʞʠʤʽ 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2003. ˉ2. ʉ. 35-46. 

3. ʏʝʨʢʝʟ ʈ.ɻ. ʇʨʦʥʠʢʥʽ ʛʝʥʝʨʘʪʦʨʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʟ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ Co-Sb // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2014.  ˉ3.   

ʉ.5-12. 
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ʉʝʨʛʽʡ ʇʦʣʷʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʚ.ʦ. ʧʨʦʬ.. ʏʝʨʢʝʟ ʈ.ɻ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʥʠʢʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

 
ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʚ ʷʢʠʭ ʪʝʧʣʦʦʙʤʽʥ ʟ 

ʜʞʝʨʝʣʦʤ ʽ ʚʠʪʦʢʦʤ ʪʝʧʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʩʧʘʾ 

ʚʽʪʦʢ, ʷʢ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʘ ʽ ʚ ʦʙ'ʻʤʽ ʚʽʪʦʢ [1]. 
ɺʘʨʽʘʥʪʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʧʨʦʥʠʢʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ, 

ʚ ʷʢʠʭ ʽʩʥʫʶʪʴ ʢʘʥʘʣʠ ʜʣʷ ʧʨʦʢʘʯʫʚʘʥʥʷ ʢʨʽʟʴ ʥʠʭ ʨʽʜʠʥʥʦʛʦ 

ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ [2]. ʂʝʨʫʶʯʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ (ʰʚʠʜʢʽʩʪʶ ʪʝʧʣʦʥʦʩʽʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʛʫʩʪʠʥʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʽ ʪ.ʧ.), ʤʦʞʥʘ 

ʨʝʘʣʽʟʫʚʘʪʠ ʪʘʢʽ ʫʤʦʚʠ ʨʦʙʦʪʠ, ʧʨʠ ʷʢʠʭ ʝʥʝʨʛʝʪʠʯʥʘ 
ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʙʫʜʝ ʢʨʘʱʘ, ʥʽʞ ʫ 

ʪʨʘʜʠʮʽʡʥʠʭ. ʆʜʥʘʢ ʱʝ ʣʠʰʘʶʪʴʩʷ ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ 3D- 

ʤʦʜʝʣʽ ʧʨʦʥʠʢʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʽʟʦʪʨʦʧʥʦʛʦ ʧʨʦʥʠʢʥʦʛʦ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʨʠʩ.1), ʚ ʷʢʽʡ ʤʘʻ ʤʽʩʮʝ 

ʩʪʘʮʽʦʥʘʨʥʠʡ ʧʦʪʽʢ ʪʝʧʣʘ, 

ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʝʥʝʨʛʽʾ, 
ʚʠʢʣʠʢʘʥʠʡ ʥʘʷʚʥʽʩʪʶ ʛʨʘʜʽʻʥʪʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ÐT ʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ Ðz, ʧʨʦʮʝʩʠ ʦʙʤʽʥʫ ʽ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʦʧʠʩʫʶʪʴʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤʠ ʟʘʢʦʥʘʤʠ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ, ʷʢʽ ʚ 
ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ  
2
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( ) 0,
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Ð Ð
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Ð Ð + - Ð - Ð =î

üµ
îÐ - - = ý

i
i i
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z

,

  

(1) 

 
ʈʠʩ.1. ʇʨʦʥʠʢʥʝ      

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 
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ʜʝ T TÐ=- +q i
rr

k a , TzÐ Ð-=-i
r
s sa  - ʚʝʢʪʦʨʠ ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ 

ʪʝʧʣʘ ʪʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ; a, s,k  - ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦʝʨʩ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ʅʘʷʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 
ʪʝʧʣʦʥʦʩʽʻʤ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʫʚʘʪʠ (1) ʩʧʨʷʞʝʥʦ ʟ 

ʨʽʚʥʷʥʥʷʤʠ ʥʝʧʝʨʝʨʚʥʦʩʪʽ, ʨʫʭʫ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʪʝʧʣʦʥʦʩʽʷ: 

2

V

div( ) 0,

1
(div( )) 0,

3

div( ) div( ) 0,

t

t

t t t

p

t q

û=
î
î

-Ð + Ð + Ð =ü
î
î+ L + Ð + =ý

V

F V V

FV V

r

r r r r

r r r

r

r m m

r k r

  (2) 

ʜʝ 
tr -  ʛʫʩʪʥʘ ʪʝʧʣʦʥʦʩʽʷ V

r
 - ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; F

r
- ʤʘʩʦʚʘ 

ʩʠʣʘ; p  - ʪʠʩʢ; L - ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʥʷ; 
tk - ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ; Vq  - ʚʥʫʪʨʽʰʥʽ ʜʞʝʨʝʣ ʪʝʧʣʘ; U  - 

ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ. 

ʈʦʟʚ'ʷʟʦʢ  ʪʘʢʦʾ ʟʘʜʘʯʽ ʦʪʨʠʤʘʥʦ ʚ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʧʨʦʛʨʘʤʽ 

COMSOL Multiphysics ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʪʦʢ ʥʘ ʦʩʥʦʚʽ ɺi-ʊe. 
ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʦʢʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʝ ʜʘʪʠ ʧʦʣʽʧʰʝʥʥʷ ʂʂɼ ʥʘ 20-30% ʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 30-40%. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʊ.1: ʌʠʟʠʢʘ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʏʝʨʥʦʚʮʳ,  2008.  388c. 

2. Anatychuk L.I., Cherkez R.G. On permeable thermoelement simulation 

/Proc. 11th ɽʉT, 2013, Noordwijk, Netherlands. P. 102 
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ɺʦʣʦʜʠʤʠʨ ʇʦʮʽʣʫʡʢʦ-ɻʨʠʛʦʨʷʢ, ɯʚʘʥ ʐʧʠʥʪʶʢ, 

ʄʠʭʘʡʣʦ ɻʨʠʛʦʨʠʰʘʢ  

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ʄʘʡʩʪʨʫʢ ɽ.ɺ., 

ʘʩʠʩʪ. ʂʦʟʷʨʩʴʢʠʡ ɼ. ʇ. 

 

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ p-Cu2O/n-Cd1-xZnxTe 

 
ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ 

ʩʬʦʨʤʦʚʘʥʠʭ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʦ ʧʣʽʚʢʦʚʦʛʦ Cu2O p-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜʢʣʘʜʢʫ Cd1-xZnxTe n-ʪʠʧʫ 
ʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʦʜʦʤ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ. 

ʇʣʽʚʢʠ Cu2O ʥʘʧʠʣʶʚʘʣʠ ʥʘ ʧʽʜʢʣʘʜʢʠ Cd1-xZnxTe ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ ʋɺʅ-70. ʄʽʰʝʥʴ Cu2O 
ʨʦʟʧʠʣʶʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʽ Ar ʟʘ ʜʦʧʦʤʦʛʦʶ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ 

ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ ʟʤʽʥʥʽʡ ʥʘʧʨʫʟʽ. ʇʽʜʢʣʘʜʢʘ Cd1-xZnxTe 

ʨʦʟʤʽʱʘʣʘʩʷ ʥʘ ʧʽʯʮʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʽʜʪʨʠʤʫʚʘʣʠ 
ʪʝʤʧʝʨʘʪʫʨʫ 300 Üʉ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʢʠ.  

ʈʠʩ. 1 ʇʨʷʤʽ ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ p-Cu2O/n-Cd1-xZnxTe:  

1 ï 23 Üʉ, 2 ï 31 Üʉ; 3 ï 39 Üʉ; 4 ï 49 ÜC; 5 ï 59 Üʉ; 6 ï 71 Üʉ; 7 ï 80 ÜC  
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ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ 

ʚʽʜʢʘʯʫʚʘʣʘʩʷ ʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 5Ŀ10
-5 
ʤʤ.ʨʪ.ʩʪ. ʇʨʦʮʝʩ 

ʥʘʧʠʣʝʥʥʷ ʧʣʽʚʢʠ Cu2O ʪʨʠʚʘʚ ʜʦ 30 ʭʚ. ʇʨʠ ʧʦʪʫʞʥʦʩʪʽ 
ʤʘʛʥʝʪʨʦʥʘ 150 ɺʘʪ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 1) ʦʜʝʨʞʘʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 23-80 Áʉ. 
ɿʘ ʜʦʧʦʤʦʛʦʶ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ɺɸʍ ʜʦ 

ʦʩʽ ʥʘʧʨʫʛ ʚʠʟʥʘʯʠʣʠ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʘ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʷʢʦʾ ʧʦʜʘʥʘ ʥʘ ʨʠʩ.2. 

 
ʈʠʩ. 2 ʊʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ p-Cu2O/n-Cd1-xZnxTe. 

 

ʆʪʞʝ, ʚʠʩʦʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʘʥʦʚʠʪʴ 0,78 ʝɺ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʩʦʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ ʩʧʘʜʘʻ. ɯʟ ʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʚʠʟʥʘʯʠʣʠ ű0(0)= 1,49 eB ʪʘ ɓű = -2,41Ŀ10
-3 
eBĿK

-1
. 

ɯʟ ʟʘʣʝʞʥʦʩʪʽ ʥʘʭʠʣʫ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʚʦʣʴʪ-
ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʚʠʟʥʘʯʠʣʠ ʢʦʝʬʽʮʽʻʥʪ ʥʝʽʜʝʘʣʴʥʦʩʪʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʦʥʢʽ ʧʣʽʚʢʠ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ ʪʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 

/ʄʘʨ'ʷʥʯʫʢ ʇ.ɼ., ɹʨʫʩ ɺ.ɺ. ˤ̨̨̗̆̑̎̃ȡ ˝˛ˑ˛ˏ˴ˑȟ ςπρτȢ 292 ʩ. 
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ɸʥʘʩʪʘʩʽʷ ʇʨʦʭʦʨʦʚʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆʩʪʘʧʦʚ ʉ.ɽ. 

 

RDD ð ʥʦʚʠʡ ʪʠʧ ʜʘʥʠʭ ʜʣʷ ʨʦʙʦʪʠ  

ʚ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ 
 
   RDD (Resilient Distributed Dataset) ʷʚʣʷʻ ʩʦʙʦʶ Dataset, ʥʘʜ 
ʷʢʠʤ ʤʦʞʥʘ ʨʦʙʠʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʦʭ ʪʠʧʽʚ (ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʩʷ 
ʨʦʙʦʪʘ ʟ ʮʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʮʠʭ ʜʚʦʭ 
ʧʝʨʝʪʚʦʨʝʥʴ). ɸ ʩʘʤʝ:  
   ʊʨʘʥʩʬʦʨʤʘʮʽʾ 
   ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʦʧʝʨʘʮʽʾ ʜʦ RDD ʻ ʥʦʚʠʡ 
RDD. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʙʫʜʴ-ʷʢʠʤ ʯʠʥʦʤ 
ʧʝʨʝʪʚʦʨʶʶʪʴ ʝʣʝʤʝʥʪʠ ʜʘʥʦʛʦ ʜʘʪʘʩʝʪʘ. ʆʩʴ ʥʝʧʦʚʥʠʡ ʩʧʠʩʦʢ 
ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ ʧʦʚʝʨʪʘʻ ʥʦʚʠʡ 
ʜʘʪʘʩʝʪ (RDD):  

.map (function) - ʟʘʩʪʦʩʦʚʫʻ ʬʫʥʢʮʽʶ function ʜʦ ʢʦʞʥʦʛʦ 
ʝʣʝʤʝʥʪʫ ʜʘʪʘʩʝʪʘ . 

filter (function) - ʧʦʚʝʨʪʘʻ ʚʩʽ ʝʣʝʤʝʥʪʠ ʜʘʪʘʩʝʪʘ, ʥʘ ʷʢʠʭ 
ʬʫʥʢʮʽʷ function ʧʦʚʝʨʥʫʣʘ ʩʧʨʘʚʞʥʻ ʟʥʘʯʝʥʥʷ  

.distinct ([numTasks]) - ʧʦʚʝʨʪʘʻ ʜʘʪʘʩʝʪʘ, ʷʢʠʡ ʤʘʻ ʫʥʽʢʘʣʴʥʽ 
ʝʣʝʤʝʥʪʠ ʚʠʭʽʜʥʦʛʦ ʜʘʪʘʩʝʪʘ.  
ɼʽʾ 
ɼʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʤʘʪʝʨʽʘʣʽʟʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪ, ʷʢ ʧʨʘʚʠʣʦ, ʟʙʝʨʝʛʪʠ ʜʘʥʽ ʥʘ ʜʠʩʢʫ, ʘʙʦ ʚʠʚʝʩʪʠ 
ʯʘʩʪʠʥʫ ʜʘʥʠʭ ʫ ʢʦʥʩʦʣʴ. ʆʩʴ ʩʧʠʩʦʢ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʜʽʡ, ʷʢʽ 
ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʜ RDD: 

.saveAsTextFile (path) - ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʚ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ (ʚ hdfs, 
ʥʘ ʣʦʢʘʣʴʥʫ ʤʘʰʠʥʫ ʘʙʦ ʚ ʙʫʜʴ-ʷʢʫ ʽʥʰʫ ʧʽʜʪʨʠʤʫʚʘʥʫ ʬʘʡʣʦʚʫ 
ʩʠʩʪʝʤʫ - ʧʦʚʥʠʡ ʩʧʠʩʦʢ ʤʦʞʥʘ ʧʦʜʠʚʠʪʠʩʷ ʚ ʜʦʢʫʤʝʥʪʘʮʽʾ) 

.collect () - ʧʦʚʝʨʪʘʻ ʝʣʝʤʝʥʪʠ ʜʘʪʘʩʝʪʘ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ. ʗʢ 
ʧʨʘʚʠʣʦ, ʮʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʜʘʥʠʭ ʚ ʜʘʪʘʩʝʪʘ 
ʚʞʝ ʤʘʣʦ (ʟʘʩʪʦʩʦʚʘʥʽ ʨʽʟʥʽ ʬʽʣʴʪʨʠ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ) - ʽ ʥʝʦʙʭʽʜʥʘ 
ʚʽʟʫʘʣʽʟʘʮʽʷ ʘʙʦ ʜʦʜʘʪʢʦʚʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ ʟʘʩʦʙʘʤʠ 
ʧʘʢʝʪʘ Pandas 

.take (n) - ʧʦʚʝʨʪʘʻ ʫ ʚʠʛʣʷʜʽ ʤʘʩʠʚʫ ʧʝʨʰʽ n ʝʣʝʤʝʥʪʽʚ 
ʜʘʪʘʩʝʪʘ 

.count () - ʧʦʚʝʨʪʘʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʚ ʜʘʪʘʩʝʪ 
ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ RDDs 
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ɿʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʚ RDD 
ɿʘʚʘʥʪʘʞʫʚʘʪʠ ʜʘʥʽ ʚ RDD ʤʦʞʥʘ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: 
ʘ) ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʣʦʢʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ 

.parallelize (data) 
localData = [5,7,1,12,10,25] 
ourFirstRDD = sc.parallelize (localData) 
ʙ) ɿ ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʩʭʦʚʠʱ (ʥʘʧʨʠʢʣʘʜ, hdfs) ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʫʥʢʮʽʾ .textFile (path) 
ourSecondRDD = sc.textFile ( "path to some data on the cluster") 

ʈʦʙʦʪʘ ʟ ʜʘʥʠʤʠ 
ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʚ RDD ʤʠ ʤʦʞʝʤʦ ʨʦʙʠʪʠ ʥʘʜ ʥʠʤʠ 

ʨʽʟʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʽ ʜʽʾ, ʧʨʦ ʷʢʽ ʛʦʚʦʨʠʣʦʩʷ ʚʠʱʝ. 

 
ʈʠʩ.1. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʟ RDDs 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

2. WebLogic API [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ 

ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://docs.oracle.com/cd/E13222_01/wls/docs45/classdocs/java.sql.Conne

ction.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 03.03.2018) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

3.  ɺʽʢʽʧʝʜʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] :  [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ 

ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://ru.wikipedia.org/wiki/ʉʧʝʢʪʨʦʤʝʪʨ/ (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ ï 03.03.2018) ï ʅʘʟʚʘ ʝʢʨʘʥʘ. 

https://docs.oracle.com/cd/E13222_01/wls/docs45/classdocs/java.sql.Connection.html
https://docs.oracle.com/cd/E13222_01/wls/docs45/classdocs/java.sql.Connection.html
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80
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ʉʪʘʥʽʩʣʘʚ ʇʩʘʨʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ ʩʠʤʚʦʣʽʚ  

ʟʘʩʦʙʘʤʠ ʤʝʩʝʥʜʞʝʨʘ Telegram 
ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʢʦʧʠʩʥʦʛʦ çʜʨʫʢʦʚʘʥʦʛʦè ʪʝʢʩʪʫ 

(ʨʫʢʦʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʚ ʷʢʦʤʫ ʜʘʥʽ ʟʘʧʠʩʫʶʪʴʩʷ 
ʜʨʫʢʦʚʘʥʠʤʠ ʣʽʪʝʨʘʤʠ ʚʽʜ ʨʫʢʠ), ʘ ʪʘʢʦʞ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ 
ʽʥʰʠʭ ʬʦʨʤʘʪʽʚ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ ʧʨʝʜʤʝʪʦʤ ʘʢʪʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
ʅʘʜ ʨʦʟʧʽʟʥʘʥʠʤ ʪʝʢʩʪʦʤ ʤʦʞʣʠʚʦ ʚʠʢʦʥʫʚʘʪʠ ʨʷʜ ʚʘʞʣʠʚʠʭ 
ʦʧʝʨʘʮʽʡ, ʪʘʢʠʭ ʷʢ ʨʝʜʘʛʫʚʘʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʧʦʰʫʢ ʩʣʦʚʘ 
ʘʙʦ ʬʨʘʟʠ, ʘʥʘʣʽʟ ʽ ʩʝʣʝʢʮʽʷ (ʬʽʣʴʪʨʘʮʽʷ) ʪʝʢʩʪʫ ʟʘ ʢʣʶʯʦʚʠʤʠ 
ʩʣʦʚʘʤʠ, ʟʤʽʥʘ ʬʦʨʤʘʪʫʚʘʥʥʷ ʪʝʩʪʫ ʽ ʧʝʨʝʢʣʘʜ ʡʦʛʦ ʥʘ ʽʥʰʫ 
ʤʦʚʫ, ʦʟʚʫʯʫʚʘʥʥʷ ʪʝʢʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ ʩʠʥʪʝʟʫ 
ʤʦʚʣʝʥʥʷ. ʂʨʽʤ ʮʴʦʛʦ, ʨʦʟʤʽʨ ʨʦʟʧʽʟʥʘʥʦʛʦ ʪʝʢʩʪʫ ʥʘ ʧʦʨʷʜʢʠ 
ʤʝʥʰʠʡ, ʥʽʞ ʨʦʟʤʽʨ ʮʴʦʛʦ ʞ ʪʝʢʩʪʫ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʛʦ ʬʘʡʣʘ, 
ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʘʨʭʽʚʫʚʘʥʥʽ ʜʘʥʠʭ. ʇʨʦʪʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 
ʪʝʢʩʪʫ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ 
ʯʝʨʝʟ ʚʝʣʠʢʫ ʤʥʦʞʠʥʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 
ʟʦʙʨʘʞʝʥʥʷ (ʦʩʚʽʪʣʝʥʥʷ, ʨʘʢʫʨʩ, ʩʪʠʣʴ ʽ ʨʦʟʤʽʨ ʰʨʠʬʪʫ ʪʘ ʽʥ) [1].  
ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʧʣʘʪʬʦʨʤʠ Telegram ʪʘ ʙʽʙʣʽʦʪʝʢʠ pyTelegramBotAPI [2]. ɼʦ 
ʧʝʨʝʚʘʛ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʫʢʦʧʠʩʥʦʛʦ çʜʨʫʢʦʚʘʥʦʛʦè 
ʪʝʢʩʪʫ ʥʘʣʝʞʘʪʴ ʥʘʩʪʫʧʥʽ:  ʟʙʝʨʝʞʝʥʥʷ ʨʦʟʧʽʟʥʘʥʠʭ ʪʝʢʩʪʽʚ ʫ 
ʬʦʨʤʘʪʽ ʜʦʢʫʤʝʥʪʽʚ MS Office, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʽʚ ʥʘ 190 
ʤʦʚʘʭ, ʧʽʜʪʨʠʤʢʘ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 
ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ, ʘ ʪʘʢʦʞ ʢʦʤʧʘʢʪʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 
ʤʝʩʝʥʜʞʝʨʘ Telegram. 
ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʩʠʤʚʦʣʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʩʝʥʜʞʝʨʘ 

Telegram ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ (ʨʠʩ. 1). ʉʧʦʯʘʪʢʫ ʬʦʨʤʫʻʪʴʩʷ 
ʧʦʯʘʪʢʦʚʝ ʮʠʬʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʢʩʪʫ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʬʦʪʦʢʘʤʝʨʠ ʤʦʙʽʣʴʥʦʛʦ ʪʝʣʝʬʦʥʫ) ʽ ʥʘʜʩʠʣʘʻʪʴʩʷ Telegram-ʙʦʪʦʚʽ 
ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʪʝʨʬʝʡʩ Telegram (ʝʪʘʧ 1). ɼʣʷ ʥʘʜʽʩʣʘʥʦʛʦ 
ʟʦʙʨʘʞʝʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʢʦʨʝʢʮʽʾ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʫ 
ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʷʭ. 
ʄʝʪʦʜʠ ʢʦʨʝʢʮʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʜʘʣʠʪʠ ʰʫʤ, ʧʦʟʙʫʪʠʩʴ ʜʝʬʝʢʪʽʚ 
ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʟʤʽʥʠʪʠ ʨʘʢʫʨʩ ʪʘ ʽʥ. 
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ʈʠʩ. 1. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʙʽʙʣʽʦʪʝʢʠ pyTelegramBotAPI 
 

ʇʽʩʣʷ ʢʦʨʝʢʮʽʾ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʥʫʻʪʴʩʷ ʾʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ (ʘʥʛʣ. 

Optical Character Recognition ï OCR) (ʨʠʩ. 1, ʝʪʘʧ 2). ʆʙʨʦʙʣʝʥʥʷ 

ʧʦʣʷʛʘʻ ʚ ʧʦʜʽʣʽ ʟʦʙʨʘʞʝʥʥʷ ʪʝʢʩʪʫ ʥʘ ʨʷʜʢʠ, ʧʽʩʣʷ ʯʦʛʦ 
ʟʦʙʨʘʞʝʥʥʷ ʨʷʜʢʽʚ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʬʨʘʛʤʝʥʪʠ ʩʠʤʚʦʣʽʚ, ʘ ʜʣʷ 

ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʬʨʘʛʤʝʥʪʫ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʶʥʽʢʦʜʽʚ 

ʩʠʤʚʦʣʫ ʽ ʢʣʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʣʘʩ ʩʠʤʚʦʣʫ (ʚʠʢʦʥʫʻʪʴʩʷ ʡʦʛʦ 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ). ʈʦʟʧʽʟʥʘʥʠʡ ʪʝʢʩʪ ʥʘʜʩʠʣʘʻʪʴʩʷ Telegram-ʙʦʪʦʚʽ 

(ʝʪʘʧ 3) ʪʘ ʢʦʨʠʩʪʫʚʘʯʝʚʽ (ʝʪʘʧ 4). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʦʙʣʝʥʦ Web-ʜʦʜʘʪʦʢ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʴ ʨʫʢʦʜʨʫʢʦʚʘʥʠʭ ʩʠʤʚʦʣʽʚ ʟʘʩʦʙʘʤʠ ʤʝʩʝʥʜʞʝʨʘ 
Telegram. ʗʢ ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʟʦʙʨʘʞʝʥʴ ʜʨʫʢʦʚʘʥʠʭ ʪʝʢʩʪʽʚ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦʢʘʤʝʨ ʩʤʘʨʪʬʦʥʽʚ. ʋ 

ʨʦʟʨʦʙʣʝʥʽʡ ʧʨʦʛʨʘʤʽ ʧʝʨʝʜʙʘʯʝʥʦ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ 
ʟʦʙʨʘʞʝʥʴ, ʷʢ ʥʝʨʽʚʥʦʤʽʨʥʝ ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ 

ʩʧʦʪʚʦʨʝʥʥʷ (ʟʦʢʨʝʤʘ ʥʘʭʠʣ ʟʦʙʨʘʞʝʥʴ). ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ 

ʚʠʢʦʥʫʻʪʴʩʷ ʷʢ ʜʣʷ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʡʦʛʦ ʚʠʜʽʣʝʥʠʭ 
ʬʨʘʛʤʝʥʪʽʚ. ɼʣʷ ʨʦʟʧʽʟʥʘʥʠʭ ʪʝʢʩʪʽʚ ʧʝʨʝʜʙʘʯʝʥʦ ʢʦʨʝʢʪʥʠʡ 

ʘʥʘʣʽʟ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʚ ʾʭ ʨʽʟʥʠʭ ʩʣʦʚʦʬʦʨʤʘʭ. 
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Programming Languages using the Telegram Bot API / N. Modrzyk. ï 

Apress, 2019. ï 277 ʩ. 



259 

ɺʽʦʨʝʣ ʈʘʡʣʷʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʉʣʴʦʪʦʚ ʄ.ʄ. 

 

ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  ʛʝʪʝʨʦʰʘʨʽʚ Ŭ-ZnSe  
ʉʫʯʘʩʥʘ ʦʧʪʦʪʝʭʥʽʢʘ ʧʦʪʨʝʙʫʻ ʧʦʰʫʢʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤ ʟ ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʝʨʝʜʘʯ ̔ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʥʠʭ ʚʝʣʠʢʝ 

ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ 
ʧʨʠʣʘʜʠ ʨʽʟʥʦʛʦ ʪʠʧʫ. ɼʣʷ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʧʦʩʪʘʻ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ  ʦʪʨʠʤʘʥʥʷ  ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʦʥʢʠʭ ʰʘʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ 
ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʝʣʝʥʽʜʫ ʮʠʥʢʫ, ʰʠʨʠʥʘ  ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ   ʷʢʦʛʦ 

ʦʭʦʧʣʶʻ ʤʘʣʦ ʦʧʘʥʦʚʘʥʠʡ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʡ ʜʽʘʧʘʟʦʥ ʦʧʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘ. ɼʦ ʪʦʛʦ ʞ, ʡʦʛʦ ʧʨʷʤʦʟʦʥʥʽʩʪʴ  ʻ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ 

ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʦʾ ʨʝʢʦʤʙʽʥʘʮʽʾ. 
ʈʘʟʦʤ ʽʟ ʪʠʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ  ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ  ʰʘʨʽʚ ZnSe  

ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ  ʥʘ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 
ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʝʥʥʷ  ʚʠʩʦʢʦʾ ʚʘʨʪʦʩʪʽ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʝ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ  ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʤʝʪʦʜʽʚ 

ʦʪʨʠʤʘʥʥʷ ʰʘʨʽʚ ʩʝʣʝʥʽʜʫ ʮʠʥʢʫ, ʧʨʦʪʝ ʟ ʚʠʩʦʢʦʶ ʢʚʘʥʪʦʚʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  
ɼʦʩʣʽʜʞʫʚʘʥʽ ʛʝʪʝʨʦʰʘʨʠ Ŭ-ZnSe ʦʪʨʠʤʫʚʘʣʠʩʷ ʤʝʪʦʜʦʤ 

ʽʟʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʱʝʥʥʷ (ɯɺɿ) [1]. ɺʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ 

ʨʝʞʠʤʠ  ʚʽʜʧʘʣʫ ʛʝʢʩʘʛʦʥʘʣʴʥʠʭ ʧʣʘʩʪʠʥʦʢ (Ŭ-CdSe) 

ʪʠʧʦʨʦʟʤʽʨʦʤ 4ʭ4ʭ1 ʤʤ ʫ ʥʘʩʠʯʝʥʽʡ ʧʘʨʽ Zn. ʅʘ ʧʦʚʝʨʭʥʽ ʙʘʟʦʚʠʭ 
ʧʣʘʩʪʠʥʦʢ Ŭ-CdSe  ʦʪʨʠʤʫʶʪʴʩʷ ʛʝʪʝʨʦʰʘʨʠ Ŭ-ZnSe ʟ 

ʭʘʨʘʢʪʝʨʥʠʤ ʞʦʚʪʦ-ʟʝʣʝʥʠʤ ʢʦʣʴʦʨʦʤ. ʇʨʦʚʦʜʠʣʠʩʴ ʢʦʤʧʣʝʢʩʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʛʝʪʝʨʦʰʘʨʽʚ ʥʝʨʫʡʥʽʚʥʠʤʠ ʦʧʪʠʯʥʠʤʠ 
ʤʝʪʦʜʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʷʢ ʟʘ ʢʣʘʩʠʯʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ, ʪʘʢ ʽ  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷʮʽʡʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʦʧʪʠʯʥʽʡ ʫʩʪʘʥʦʚʮʽ. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 
ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʄɼʈ-23, ʬʦʪʦʧʨʠʡʤʘʯʘ ʌɽʇ-79, 

ʩʠʩʪʝʤʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʛʘʣʦʛʝʥʥʦʾ ʣʘʤʧʠ ʟ 

ʥʝʧʝʨʝʨʚʥʠʤ ʤʦʥʦʪʦʥʥʠʤ ʩʧʝʢʪʨʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ  ʣʘʟʝʨʘ 
ʃɻʅ-21. ʊʘʢʽ ʢʦʤʧʣʝʢʩʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʦʟʚʦʣʷʣʠ ʟʘ ʦʜʥʘʢʦʚʠʭ 

ʫʤʦʚ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʩʧʝʢʪʨʽʚ 
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ʚʽʜʙʠʚʘʥʥʷ R'ɤ , ʣʶʤʽʥʝʩʮʝʥʮʽʾ, Nǋɤ  ʽ ʟʽʩʪʘʚʣʷʪʠ ʾʭ ʟ ʟʚʠʯʘʡʥʠʤʠ 

Nɤ. 

ɺʠʟʥʘʯʝʥʦ ʛʦʣʦʚʥʽ ʦʧʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʟʦʥʠ 
ʛʝʪʝʨʦʰʘʨʽʚ Ŭ-ZnSe. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʩʪʘʥʦʚʠʪʴ 

Eg = 2,89 ʝɺ, ʘ ʦʪʨʠʤʘʥʝ ʟʥʘʯʝʥʥʷ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ 2,88 ʝɺ. ɿʘ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʧʝʢʪʨʽʚ R'ɤ 
ʦʪʨʠʤʘʥʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʋʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʠ ʨʦʟʱʝʧʣʝʥʥʷ ʫʥʘʩʣʽʜʦʢ ʩʧʽʥ-

ʦʨʙʽʪʘʣʴʥʦʾ ʚʟʘʻʤʦʜʽʾ ȹSO = 0,37 ʝɺ ʽ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʦʣʷ 

ȹCR = 0,07 ʝɺ . ʇʦʢʘʟʘʥʦ, ʱʦ ʦʪʨʠʤʘʥʠʤ ʛʝʪʝʨʦʰʘʨʘʤ ʚʣʘʩʪʠʚʘ 
ʽʥʪʝʥʩʠʚʥʘ ʬʦʪʦʣʶʤʽʥʝʩʮʝʥʮʽʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʥʝʣʝʛʦʚʘʥʠʭ 

ʛʝʪʝʨʦʰʘʨʘʭ Ŭ-ZnSe ʜʦʤʽʥʫʶʯʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʊÓ300ʂ ʬʦʨʤʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʘʥʽʛʽʣʷʮʽʾ ʟʚôʷʟʘʥʠʭ 
ʥʘ ʽʟʦʚʘʣʝʥʪʥʠʭ ʜʦʤʽʰʢʘʭ ʝʢʩʠʪʦʥʽʚ. ʋ ʜʽʘʧʘʟʦʥʽ  ʝʥʝʨʛʽʡ ʬʦʪʦʥʽʚ 

hwÓEg  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʨʫʛʘ ʩʤʫʛʘ ʣʶʤʽʥʝʩʮʝʥʮʽʾ, ʷʢʘ 
ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʞʟʦʥʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʌʦʨʤʘ ʩʢʣʘʜʦʚʦʾ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤ ʚʠʨʘʟʦʤ, ʱʦ 

ʦʧʠʩʫʻ ʤʽʞʟʦʥʥʫ ʨʝʢʦʤʙʽʥʘʮʽʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʫʤʦʚ 
ʚʠʨʦʱʫʚʘʥʥʷ ʽ ʜʦʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʬʽʦʣʝʪʦʚʝ, ʩʠʥʻ ʽ ʟʝʣʝʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʫ 

ʤʘʢʩʠʤʫʤʽ 0,44 ʤʢʤ, 0,47 ʤʢʤ ʽ 0,517 ʤʢʤ ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʚʽʜʦʤʦʶ 
ʤʝʪʦʜʠʢʦʶ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʶʚʘʥʥʷ ʥʘʩʠʯʝʥʦʩʪʽ ʢʦʣʴʦʨʫ,  ʷʢʘ 

ʩʢʣʘʜʘʻ 92,3% -ʜʣʷ ʟʝʣʝʥʦʛʦ, 97,6%-ʜʣʷ ʩʠʥʴʦʛʦ ʪʘ 98% -ʜʣʷ 

ʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʨʠʨʦʜʠ 

ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʚʠʷʚʠʣʦ ʚʧʣʠʚ  ʜʦʤʽʥʫʶʯʦʾ ʨʦʣʽ ʚʣʘʩʥʠʭ 
ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ V'Zn  V'Se ʽ Zn. ʋʪʚʦʨʝʥʽ 

ʥʠʤʠ ʚʽʜʧʦʚʽʜʥʽ ʜʦʥʝʨʥʽ ʽ ʘʢʮʝʧʪʦʨʥʽ ʩʪʘʥʠ ʚʠʟʥʘʯʘʶʪʴ ʧʨʦʮʝʩʠ 

ʨʝʢʦʤʙʽʥʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ  
ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʚʠʷʚʠʣʠ ʾʾ ʩʣʘʙʢʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʠ 

ʊ=300õ500 ʂ. ɺʩʪʘʥʦʚʣʝʥʘ ʯʘʩʦʚʘ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʤʽʥʽʩʮʝʥʮʽʾ.          

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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                                  ɸʥʪʦʥ ʈʠʙʘʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɸ. ʇʘʨʬʝʥʶʢ 

 

ɺʧʣʠʚ ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ ʛʣʠʙʦʢʦʛʦ ʨʽʚʥʷ ʫ CdTʝ:Ge 

ʥʘ ʡʦʛʦ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ  

 
ʏʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʬʘʟʦʚʦʾ ʜʽʘʛʨʘʤʠ ʚʠʨʦʱʝʥʠʡ ʽʟ ʨʦʟʧʣʘʚʫ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ ʤʽʩʪʠʪʴ ʟʥʘʯʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʣʘʩʥʠʭ ʜʝʬʝʢʪʽʚ ʘʢʮʝʧʪʦʨʥʦʛʦ ʪʠʧʫ (ʧʝʨʝʚʘʞʥʦ 

VCd ʽ ʘʩʦʮʽʘʪʠ ʟʘ ʾʭ ʫʯʘʩʪʶ),  ̔ʪʦʤʫ ʥʝʣʝʛʦʚʘʥʠʡ CdTe ʻ ʟʘʚʞʜʠ 

ʥʠʟʴʢʦʦʤʥʠʤ ʨ-ʪʠʧʫ: ɟº (10
1
-10

3
) ʆʤÖʩʤ [1]. ʊʘʢʦʤʫ ʤʘʪʝʨʽʘʣʫ  

ʚʣʘʩʪʠʚʘ  ʪʝʤʧʝʨʘʪʫʨʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʫʞʝ ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʪʝʤ-

ʧʝʨʘʪʫʨʘʭ ʊº(330-350) ʂ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʪʽʡ-
ʢʦʩʪʽ CdTe ʽ ʟʙʽʣʴʰʝʥʥʷ ʡʦʛʦ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʧʝʮʽʘʣʴʥʝ ʣʝʛʫʚʘʥʥʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʝʣʝʢʪ-

ʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ CdTe:Ge. 

ʂʨʠʩʪʘʣʠ ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʚʝʨʪʠʢʘʣʴʥʠʤ ʤʝʪʦʜʦʤ ɹʨʽʜʞʤʝʥʘ. 
ɼʦʤʽʰʢʘ Ge ʜʦʜʘʚʘʣʘʩʷ ʚ ʧʦʧʝʨʝʜʥʴʦ ʩʠʥʪʝʟʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʫ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 2Ö10
18

cʤ
-3
¢ CGe

0
¢ 1Ö10

19
ʩʤ

-3
 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʣʝʛʫʚʘʥʥʽ CdTe ʜʦʤʽʰʢʦʶ Ge ʫ ʢʨʠʩʪʘʣʽ  

ʚʠʥʠʢʘʶʪʴ ʜʝʬʝʢʪʠ, ʷʢʠʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʽ ʚ ʦʢʦʣʽ ʩʝʨʝʜʠʥʠ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʩʪʘʥ ʽ 
ʚʠʩʦʢʫ ʬʦʪʦʯʫʪʣʠʚʽʩʪʴ.  ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʨʽʚʥʦʚʘʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ CdTe:Ge ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ  ʟʘʧʦʚʥʝʥʥʷ ʪʘʢʠʭ 

ʨʽʚʥʽʚ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʷʛʘʣʠ ʫ ʚʠʤʽ-  

ʨʶʚʘʥʥʽ  ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʢʦʝʬʽʮʽʻʥʪʘ ʍʦʣʣʘ (RH) ʽ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (s) ʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 290¢ ʊ ¢  
430 ʂ. ʈʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʨʦʙʦʯʠʭ ʨʽʚʥʽʚ ʽ 

ʩʪʫʧʝʥʷ ʾʭ ʢʦʤʧʝʥʩʘʮʽʾ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ 
ʚʠʨʘʟʽʚ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʚʠʧʘʜʢʫ ʥʝʚʠʨʦʜʞʝʥʦʾ ʩʪʘʪʠʩʪʠʢʠ [2]. 

ɺʠʤʽʨʷʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ lg(RH)=f(10
3
/T) ʟʨʘʟʢʽʚ  

ʽ ʜʝʷʢʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʚ CdTe:Ge ʧʨʠ 295ʂ ʥʘʚʝʜʝʥʽ ʥʘ 
ʨʠʩʫʥʢʫ 1 ʽ ʫ ʪʘʙʣʠʮʽ 1. ʋʩʽ ʟʨʘʟʢʠ ʤʘʣʠ ʜʽʨʢʦʚʠʡ ʪʠʧ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʢʦʥʮʝʥʪʨʘʮʽʷ ʜʽʨʦʢ  ʙʫ-

ʣʘ ʚ ʤʝʞʘʭ ʨ=(3,6Ö109- 4,7Ö107)ʩʤ
-3
, ʧʨʠʯʦʤʫ ʦʧʽʨ ʢʨʠʩʪʘʣʽʚ 

ʟʨʦʩʪʘʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʦʙʦʯʦʛʦ ʨʽʚʥʷ. 
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ʊʘʙʣʠʮʷ 1 

       
ɺʝʣʠʯʠʥʘ ʭʦʣʣʽʚʩʴʢʦʾ ʨʫʭʣʠʚʦʩʪʽ (Õʅ) ʫ ʢʨʠʩʪʘʣʘʭ CdTe:Ge 

ʧʦʤʽʪʥʦ ʤʝʥʰʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ. ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢ-

ʣʠʢʘʥʝ ʧʨʠʩʫʪʥʽʩʪʶ ʫ ʢʨʠʩʪʘʣʘʭ ʦʙʣʘʩʪʝʡ ʥʝʦʜʥʦʨʽʜʥʦʩʪʝʡ, ʷʢʽ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ ʧʦʪʝʥʮʽʘʣʴʥʦ-

ʛʦ ʨʝʣʴʻʬʫ. ʅʝ ʧʦʤʽʯʝʥʦ ʟʚôʷʟʢʫ ʤʽʞ Õʅ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ ʨ.  

ʇʦʚʪʦʨʥʽ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ lg(RH)=f(10
3
/T) 

ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʢʨʠʩʪʘʣʽʚ CdTe:Ge, ʷʢʘ ʟʨʦʩʪʘʣʘ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʟʨʘʟʢʽʚ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Zanio K. Cadmium telluride // New-York-London: Academic 
Press. ï1978. ï 235p. 

2. ʂʠʨʝʝʚ ʇ.ʉ. ʌʠʟʠʢʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. - ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 

1968. -    590 ʩ. 

 

ʈʠʩ.1 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞ-
ʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʍʦʣʣʘ ʟʨʘʟʢʽʚ 

CdTe:Ge. ʅʫʤʝʨʘʮʽʷ 
ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣ1. 

ʐʪʨʠʭʦʚʘ ʣʽʥʽʷ - 
ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥ-

ʥʷ ʚʣʘʩʥʦʾ ʧʨʦʚʽʜʥʦ-

ʩʪʽ R ̔

ˉ 
ʟʨʘʟʢʘ 

ɽʥʝʨʛʽʷ 
ʽʦʥʽʟʘʮʽʾ 
ʨʽʚʥʷ, ʝɺ 

ʂʦʥʮʝʥʪ. 
ʜʽʨʦʢ ʨ, 
ʩʤ

-3 

ʍʦʣ. 

ʨʫʭʣʠʚ. 
ʥʦʩʽʾʚ Õʅ, 
ʩʤ

2
/ɺĿʩ 

ʉʪʫʧʽʥʴ 

ʢʦʤʧʝʥʩ. 
ʨʽʚʥʷ, 

k,  % 

1 0,62 3,57Ö10
9 46 10 

2 0,63 1,40Ö10
9 54 25 

3 0,60 1,95Ö10
8 51 60 

4 0,64 6,78Ö10
7
 32 80 

5 0,64 4,67Ö10
7 64 90 
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ɼʽʘʥʘ ʈʠʙʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ʄ. ɺʦʡʮʝʭʽʚʩʴʢʘ  

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʫ ʧô̫ ʪʠʬʦʥʦʥʥʦʤʫ 

 ʥʘʙʣʠʞʝʥʥʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ ʩʧʝʢʪʨ 

ʜʚʦʨʽʚʥʝʚʦʾ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ 

  
ɺʠʚʯʘʻʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʨʽʚʥʝʚʦʾ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʷʢʘ ʚʟʘʻʤʦʜʽʻ ʟ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʬʦʥʦʥʘʤʠ ʡ ʦʧʠʩʫʻʪʴʩʷ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ 
ʬʨʝʣʽʭʽʚʩʴʢʦʛʦ ʪʠʧʫ   

),()
2

1
(

21

21

21

2

1,,

2

1

+
-

+

=

+

=

+ +++W+= äää
Ø

qq

qq

qq bbaabbaaEH rr

rr

rr
mm

mm

mmm

m

mm j   (1) 

ʜʝ ɽɛ=1,2 ï ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʢʚʘʟʽʯʘʩʪʠʥʢʠ; ɋ ï ʝʥʝʨʛʽʷ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʬʦʥʦʥʘ; 
21mm

j ï ʢʦʥʩʪʘʥʪʠ ʟʚôʷʟʢʫ, ʷʢʽ 

ʚʚʘʞʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʜʘʯʽ. 
 ɺʽʜʦʤʦ, ʱʦ ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ 

ʧʨʠ ʊ=0 ʂ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʶʩʘʤʠ ʬʫʨôʻ-ʦʙʨʘʟʫ ʬʫʥʢʮʽʾ ɻʨʽʥʘ 

ʢʚʘʟʽʯʘʩʪʠʥʢʠ )(wmmG , ʷʢʘ ʫ ʟʥʝʨʦʟʤʽʨʝʥʠʭ ʬʫʥʢʮʽʷʭ, ʢʦʥʩʪʘʥʪʘʭ 

ʽ ʟʤʽʥʥʠʭ  

( ) 1
12

11

1

,,)(

,)(,)(

2121

---

-

W-=W=W-=

W=W=

EEE

MmGg

djawx

xx

mmmmmm

mmmmmmmm
     (2) 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɼʘʡʩʦʥʘ ( 1=h ) 

 1)}({)( --= xxx mmm mg
  
            (3) 

ʯʝʨʝʟ ʧʦʚʥʠʡ ʤʘʩʦʚʠʡ ʦʧʝʨʘʪʦʨ )(wmm , ʷʢʠʡ ʟʨʫʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ 

ʫ ʚʠʛʣʷʜʽ 

),()()()( xxxx mmmmmmm
gd mmmm D+D+=  (4) 

ʜʝ )(xmm
dm  ï ʜʽʘʛʦʥʘʣʴʥʘ ʩʢʣʘʜʦʚʘ, ʷʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʤʽʞʨʽʚʥʝʚʫ 

ʚʟʘʻʤʦʜʽʶ ʟ ʬʦʥʦʥʘʤʠ; )(xmmmD  ï ʧʦʧʨʘʚʢʘ ʚʽʜ ʥʝʜʽʘʛʦʥʘʣʴʥʠʭ 
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ʝʣʝʤʝʥʪʽʚ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ  ʪʘ )(xmm
gmD

 

ï ʧʦʧʨʘʚʢʘ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʜʽʘʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ɻʨʽʥʘ.  

 ʑʦʙ ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʠʪʠ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ ʟʽ ʩʣʘʙʢʠʤ ʟʚôʷʟʢʦʤ ʚ 

ʦʙʣʘʩʪʽ, ʷʢʘ ʤʽʩʪʠʪʴ ʧʝʨʝʥʦʨʤʦʚʘʥʽ ʚʟʘʻʤʦʜʽʻʶ ʦʙʠʜʚʘ ʛʦʣʦʚʥʽ ʡ 
ʯʦʪʠʨʠ ʛʨʫʧʠ ʢʦʤʧʣʝʢʩʥʠʭ ʟʚôʷʟʘʥʠʭ ʽʟ ʬʦʥʦʥʘʤʠ ʩʪʘʥʽʚ 

ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʚʠʢʦʥʫʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʫ 

ʧôʷʪʠʬʦʥʦʥʥʦʤʫ ʥʘʙʣʠʞʝʥʥʽ 

ä
=

¡=++++=
5

1

)()5()4()3()2()1( )()()()()()()( ''''''

l

lmmmmmmm xxxxxxx mmmmmmmmmmmmmm
,    (6) 

ʩʢʣʘʜʦʚʽ ʷʢʦʛʦ ʧʦʩʣʽʜʦʚʥʦ ʦʧʠʩʫʶʪʴ ʚʥʝʩʢʠ ʚʽʜ ʦʜʥʦ- ʜʦ 

ʧôʷʪʠʬʦʥʦʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚʢʣʶʯʥʦ.  

ʇʝʨʝʥʦʨʤʦʚʘʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʶʪʴ 
ʧʦʣʶʩʠ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʟ ʨʽʚʥʷʥʥʷ ɼʘʡʩʦʥʘ (2), ʘ ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʷ 

ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʢʚʘʟʽʽʤʧʫʣʴʩʘ, ʪʦ ʟʛʘʩʘʥʥʷ ʚʽʜʩʫʪʥʻ 

ʽ ʩʧʝʢʪʨ ʦʪʨʠʤʫʻʪʴʩʷ ʟ ʨʽʚʥʷʥʴ 

)2,1();( == mxx mm .                             (7) 

ɼʣʷ ʩʪʨʫʢʪʫʨʠ ʟ ʪʠʧʦʚʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ ʚʥʫʪʨʽʰʥʴʦʨʽʚʥʝʚʦʾ 

ʪʘ ʤʽʞʨʽʚʥʝʚʦʾ ʚʟʘʻʤʦʜʽʡ (ʥʘʧʨʠʢʣʘʜ )2,0;4,0;5,0 122211 === aaa  
ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 5,0,0 21 == dd ʚʠʢʦʥʫʚʘʣʠʩʴ 

ʨʦʟʨʘʭʫʥʢʠ ʯʘʩʪʦʪʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʚʥʦʛʦ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʫ ʧôʷʪʠ ʧʦʩʣʽʜʦʚʥʠʭ ʥʘʙʣʠʞʝʥʥʷʭ.  
ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʧʦʚʥʦʛʦ 

ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʤʽʥʠ ʝʥʝʨʛʝʪʠʯʥʦʾ ʚʽʜʩʪʘʥʽ 

ʤʽʞ ʦʙʦʤʘ ʧʦʯʘʪʢʦʚʠʤʠ ʩʪʘʥʘʤʠ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʚʽʜ ʚʝʣʠʯʠʥ 
ʢʦʥʩʪʘʥʪ ʚʥʫʪʨʽʰʥʴʦʨʽʚʥʝʚʦʾ ʪʘ ʤʽʞʨʽʚʥʝʚʦʾ ʚʟʘʻʤʦʜʽʡ ʪʘ ʚʽʜ 

ʚʨʘʭʦʚʘʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʟʘ ʢʽʣʴʢʽʩʪʶ ʬʦʥʦʥʥʠʭ ʧʨʦʮʝʩʽʚ.  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʚʨʘʭʫʚʘʥʥʷ ʧôʷʪʠʬʦʥʦʥʥʦʛʦ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ 

ʜʘʻ ʟʤʦʛʫ ʪʦʯʥʽʰʝ ʦʪʨʠʤʘʪʠ ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ ʩʧʝʢʪʨ ʝʥʝʨʛʽʡ 
ʜʚʦʨʽʚʥʝʚʦʾ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʢʘʯ ʄ.ɺ., ʉʝʪʽ ʖ.ʆ., ɺʦʡʮʝʭʽʚʩʴʢʘ ʆ.ʄ. ʂʚʘʟʽʯʘʩʪʠʥʢʠ ʫ 

ʥʘʥʦ-ʩʠʩʪʝʤʘʭ. ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʜʨʦʪʠ ʽ ʧʣʽʚʢʠ. ʏʝʨʥʽʚʮʽ: ʂʥʠʛʠ ï ʍʍɯ, 

2015. 
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ʆʣʝʛ ʈʠʥʜʠʯ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ɭʤʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ  

n-SnS2/CdTeO3/p-CdZnTe 

 
ʊʦʥʢʽ ʧʣʽʚʢʠ ʩʫʣʴʬʽʜʽʚ ʦʣʦʚʘ ʨʽʟʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʤʽʪʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
ʄʦʥʦʩʫʣʴʬʽʜ ʦʣʦʚʘ SnS ʤʘʻ ʟʘʜʦʚʽʣʴʥʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʰʘʨʫ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʰʠʨʠʥʫ ʟʘʙʦʨʦʥʝʥʦʾ 
ʟʦʥʠ Eg å 1,3 ʝɺ, ʘ ʜʠʩʫʣʴʬʽʜ ʦʣʦʚʘ SnS2 Eg å 2,45 ʝɺ ʽ ʩʧʦʣʫʢʘ 
Sn2S3 ʽʟ Eg å 1,9 ʝɺ ʻ ʧʨʠʜʘʪʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʬʨʦʥʪʘʣʴʥʠʡ 
ʰʘʨ ʫ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʘʭ. ʇʣʽʚʢʠ ʩʫʣʴʬʽʜʽʚ ʫʪʚʦʨʶʶʪʴ ʭʽʤʽʯʥʽ 
ʝʣʝʤʝʥʪʠ Sn ʽ S, ʷʢʽ ʤʘʣʦʪʦʢʩʠʯʥʽ, ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʪʘ 
ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ. ʇʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 
ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʽʟ ʰʠʨʦʢʦʟʦʥʥʠʤ 
ʬʨʦʥʪʘʣʴʥʠʤ ʰʘʨʦʤ ʧʣʽʚʢʠ SnS2 ʚʥʘʩʣʽʜʦʢ  ʙʽʣʴʰʦʾ ʰʠʨʠʥʠ 
ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʦʤʫ ʧʦʛʣʠʥʘʥʥʶ ʩʚʽʪʣʘ ʽ 
ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʘ ʬʨʦʥʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ) ʤʘʶʪʴ ʧʝʨʝʚʘʛʫ ʧʝʨʝʜ 
ʩʧʦʣʫʢʦʶ Sn2S3.   
ʄʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ [1] 0.1 ʄ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ 

SnCl4Ŀ5H2O ʽ (NH2)2CS ʥʘ ʥʘʛʨʽʪʽʡ ʜʦ TS = 350 Áʉ ʧʦʚʝʨʭʥʽ 
ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʘʩʪʠʥ p-Cd1-ʭZnʭTe ʚʠʛʦʪʦʚʣʝʥʽ ʚʠʧʨʷʤʣʷʶʯʽ 
ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ n-SnS2/CdTeO3/p-Cd1-xZnxTe ʽʟ ʚʙʫʜʦʚʘʥʦʶ 
ʢʦʥʪʘʢʪʥʦʶ ʨʽʟʥʠʮʝʶ ʧʦʪʝʥʮʽʘʣʽʚ jk  å 0,7 ʝɺ. ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ 
ʢʦʥʪʘʢʪʫ ʨʦʟʧʦʜʽʣʝʥʝ ʤʽʞ ʟʙʽʜʥʝʥʦʶ ʥʘ ʦʩʥʦʚʥʽ ʥʦʩʽʾ ʟʘʨʷʜʫ 
ʦʙʣʘʩʪʶ p-Cd1-xZnxTe ʽ ʪʫʥʝʣʴʥʦ-ʪʦʥʢʠʤ ʜʽʝʣʝʢʪʨʠʯʥʠʤ ʰʘʨʦʤ 
CdTeO3. ɿʘ ʫʤʦʚ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ ʧʣʽʚʦʢ SnS2 ʧʨʠ TS = 350 Áʉ ʥʘ 
ʧʦʚʝʨʭʥʽ  p-Cd1-xZnxTe ʬʦʨʤʫʻʪʴʩʷ ʦʢʩʠʜ CdTeO3 [2] ʪʦʚʱʠʥʦʶ 
ʜʦ ~ 50 ʥʤ. ɺ ʦʙʣʘʩʪʽ ʧʨʷʤʠʭ ʟʤʽʱʝʥʴ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ               
n-SnS2/CdTeO3/p-Cd1-xZnxTe ʧʨʠ ʥʘʧʨʫʛʘʭ ʜʦ 0,15 ɺ ʩʪʨʫʤ 
ʧʨʦʪʽʢʘʻ ʰʣʷʭʦʤ ʨʝʢʦʤʙʽʥʘʮʽʾ ʚ ʆʇɿ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ 
ʧʨʠʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ p-Cd1-xZnxTe. ʇʨʠ ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ V > 
0,15 ɺ ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʨʦʭʦʜʞʝʥʥʷ ʩʪʨʫʤʫ ʻ ʟʘʭʦʧʣʝʥʥʷ 
ʝʣʝʢʪʨʦʥʽʚ ʧʘʩʪʢʘʤʠ ʥʘ ʤʝʞʽ CdTeO3/p-Cd1-xZnxTe (ʝʥʝʨʛʝʪʠʯʥʽ 
ʩʪʘʥʠ ʥʘ 0,06 ʝɺ ʚʠʱʝ ʧʽʢʘ ʚʘʣʝʥʪʥʦʾ ʟʦʥʠ) ʟ ʧʦʜʘʣʴʰʠʤ 
ʪʫʥʝʣʶʚʘʥʥʷʤ ʫ ʚʘʣʝʥʪʥʫ ʟʦʥʫ p-Cd1-xZnxTe. ɿʚʦʨʦʪʥʠʡ ʩʪʨʫʤ 
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ʧʨʠ ʥʘʧʨʫʛʘʭ ʜʦ 0,3 ɺ ʦʙʤʝʞʝʥʠʡ ʦʙʣʘʩʪʶ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ 
ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ɿʨʦʩʪʘʥʥʷ ʟʚʦʨʦʪʥʦʾ ʥʘʧʨʫʛʠ ʚʠʱʝ 0,3 ɺ 
ʧʨʠʟʚʦʜʠʪʴ ʪʦ ʪʫʥʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ   
EV + 0,48 ʝɺ  ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ p-Cd1-xZnxTe ʫ ʟʦʥʫ ʧʨʦʚʽʜʥʦʩʪʽ 
n-SnS2.  

 
 

ʈʠʩ.1. ɽʥʝʨʛʝʪʠʯʥʘ ʜʽʘʛʨʘʤʘ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ  

n-SnS2/CdTeO3/p-Cd1-xZnxTe ʚ ʨʝʞʠʤʘʭ ʽʥʚʝʨʩʽʾ (ʘ) ʪʘ ʘʢʫʤʫʣʷʮʽʾ (b) 

 

C-V-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ-

ʜʽʝʣʝʢʪʨʠʢ-ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ (ʅɼʅ) n-SnS2/CdTeO3/p-Cd1-xZnxTe 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤʠ ʘʢʫʤʫʣʷʮʽʽ, ʟʙʽʜʥʝʥʥʷ ʪʘ ʽʥʚʝʨʩʽʾ ʥʦʩʽʾʚ 
ʟʘʨʷʜʫ [3] ʫ ʧʨʠʢʦʥʪʘʢʪʥʽʡ ʦʙʣʘʩʪʽ p-Cd1-xZnxTe (ʨʠʩ.1) ʟ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ( > 1 ʄɻʮ). ʎʝ ʩʧʨʠʷʻ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʜʦʩʣʽʜʞʝʥʠʭ ʅɼʅ-ʩʪʨʫʢʪʫʨ ʫ ʰʚʠʜʢʦʜʽʶʯʠʭ 
ʧʨʠʣʘʜʘʭ ʝʣʝʢʪʨʦʥʽʢʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʨʠ: 
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ʂʦʩʪʷʥʪʠʥ ʈʦʞʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ʃ. ʄʘʩʣʷʥʯʫʢ 

 

ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʍ- ʽ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ ITO /CdZnTʝ 

 
ʈʝʻʩʪʨʘʮʽʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʢʚʘʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʟ ʯʘʩʫ ʚʽʜʢʨʠʪʪʷ X- ʡ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ɼʝʪʝʢʪʦʨʠ ʮʠʭ ʚʠʜʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʞʝ ʜʘʚʥʦ ʚʠʡʰʣʠ ʟʘ ʤʝʞʽ 
ʣʘʙʦʨʘʪʦʨʽʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ʽ ʜʦʟʠʤʝʪʨʽʾ ʡ ʟʘʨʘʟ 

ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʜʠʮʠʥʽ, ʙʽʦʣʦʛʽʾ, 

ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʝʥʝʨʛʝʪʠʮʽ, ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ, 
ʢʨʠʤʽʥʘʣʽʩʪʠʮʽ. ɼʦ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʪʘʢʠʭ 

ʧʨʠʣʘʜʘʭ, ʚʠʩʫʚʘʶʪʴʩʷ ʪʘʢʽ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ: (ʽ) ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʟʘʙʦʨʦʥʝʥʘ ʟʦʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 
ʰʠʨʰʦʶ, ʘʣʝ ʚʦʜʥʦʯʘʩ ʮʝ ʥʝ ʧʦʚʠʥʥʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʘʜʤʽʨʥʦʛʦ 

ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʧʘʨʠ; (ʽʽ) ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʢʚʘʥʪʽʚ ʘʪʦʤʥʠʡ ʥʦʤʝʨ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʽ ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ, ʧʦʚʠʥʥʽ ʙʫʪʠ 
ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʤʠ; (ʽʽʽ) ʯʘʩ ʞʠʪʪʷ ʽ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʦʙʦʭ ʟʥʘʢʽʚ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʾʭ ʟʙʠʨʘʥʥʷ. ʊʝʣʫʨʠʜ 

ʢʘʜʤʽʶ (CdTe) ʪʘ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ (Cd1-xZnxTe) 
ʮʽʣʢʦʤ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʮʽʤ ʚʠʤʦʛʠ. ʎʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʧʦʣʫʢʠ 

ʜʘʚʥʦ ʚʚʘʞʘʶʪʴʩʷ ʦʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ 

[1]. ʆʜʥʠʤ ʽʟ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʾʭ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʪʨʫʤ, ʱʦ ʟʫʤʦʚʣʝʥʝ ʤʘʡʞʝ ʽʜʝʘʣʴʥʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

(Eg º 1,5-1,55 ʝɺ ʧʨʠ ʊ = 295 ʂ) ʪʘ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʧʦʛʣʠʥʘʥʥʷ (Ŭ º 10
5
 ʩʤ

-1
 ʧʨʠ hɜ Ó Eg). ɿʘʩʪʦʩʫʚʘʥʥʷ CdTe ʜʣʷ 

ʨʝʻʩʪʨʘʮiʾ i ʩʧʝʢʪʨʦʩʢʦʧiʾ ɔ-ʢʚʘʥʪiʚ (ʘ ʪʘʢʦʞ Ŭ- i ɓ-ʯʘcʪʠʥʦʢ) ʙʫʣʦ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʱʝ ʚ ʩʝʨʝʜʠʥi 1960-ʭ ʨʦʢiʚ [2]. ɹʫʣʦ ʜʦʚʝʜʝʥʦ, 
ʱʦ CdTe ʽ Cd1-xZnxTe ʤʘʶʪʴ ʚʘʞʣʠʚʽ ʧʝʨʝʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʛʝʨʤʘʥʽʻʤ (Ge) ʽ ʢʨʝʤʥʽʻʤ (Si), ʷʢʽ ʩʣʫʛʫʚʘʣʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ 

ʧʝʨʰʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ: ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 
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ʧʦʛʣʠʥʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʪʦʚʱʠʥʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠ ʪʽʡ ʩʘʤʽʡ ʯʫʪʣʠʚʦʩʪʽ 

ʧʨʠʩʪʨʦʶ; ʚʝʣʠʢʠʡ ʜʦʙʫʪʦʢ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʥʘ ʯʘʩ ʞʠʪʪʷ ʥʦʩʽʾʚ, 
ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʥʘʧʨʫʛʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʝ ʟʙʠʨʘʥʥʷ 

ʟʘʨʷʜʫ; ʩʝʨʝʜʥʶ ʝʥʝʨʛʽʶ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʦʾ ʧʘʨʠ 

ʙʣʠʟʴʢʦ 4,5 ʝɺ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʯʫʪʣʠʚʽʩʪʴ ʜʝʪʝʢʪʦʨʽʚ ʜʦ ʍ- ʡ g-
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʋ ʨʦʙʦʪʽ ʘʥʘʣʽʟʫʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʍ- ʽ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 
ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ n-ITO/p-Cd1-ʭZnʭTʝ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʧʨʠ ʧʨʷʤʠʭ ʥʘʧʨʫʛʘʭ ʪʘ ʚ 

ʦʙʣʘʩʪʽ ʟʚʦʨʦʪʥʠʭ ʥʘʧʨʫʛ  3kT < V < 0,5 ɺ ʻ ʪʫʥʝʣʶʚʘʥʥʷ ʥʦʩʽʾʚ 
ʟʘʨʷʜʫ ʢʨʽʟʴ ʪʦʥʢʠʡ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʙʘʨôʻʨ ʟ ʥʘʩʪʫʧʥʦʶ 

ʨʝʢʦʤʙʽʥʘʮʽʻʶ ʯʝʨʝʟ ʧʦʚʝʨʭʥʝʚʽ ʝʥʝʨʛʝʪʠʯʥʽ ʩʪʘʥʠ. ʇʨʠ ʙʽʣʴʰʠʭ 
ʟʚʦʨʦʪʥʠʭ ʥʘʧʨʫʛʘʭ (V ι 0,5 ɺ) ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ ʚʽʜ ʥʘʧʨʫʛʠ 
ʦʧʠʩʫʻʪʴʩʷ ʩʪʝʧʝʥʝʚʠʤ ʟʘʢʦʥʦʤ I ~ V

n
, ʜʝ n = 1, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʩʪʨʫʤʘʤ, ʦʙʤʝʞʝʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʟʘʨʷʜʦʤ. ɸʥʘʣʽʟ ʨʽʚʥʷʥʥʷ ɻʝʭʪʘ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʙʠʨʘʥʥʷ ʟʘʨʷʜʫ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʽ n-

ITO/p-Cd1-ʭZnʭTʝ ʟʘ ʪʠʧʦʚʠʭ ʟʥʘʯʝʥʴ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʯʘʩʫ 
ʞʠʪʪʷ ʡ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʚ ʟʘʨʷʜʫ, ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨóʻʨʘ, 

ʰʠʨʠʥʠ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʧʦʚʥʝ 

ʟʙʠʨʘʥʥʷ ʛʝʥʝʨʦʚʘʥʠʭ ʧʦʛʣʠʥʫʪʠʤ ʢʚʘʥʪʦʤ ʥʦʩʽʾʚ ʯʝʨʝʟ ʤʘʣʠʡ ʯʘʩ 
ʞʠʪʪʷ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ. ɸʥʘʣʽʟ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʜʝʪʝʢʪʫʶʯʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ n-ITO/p-Cd1-ʭZnʭTʝ 

(ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʘ ʥʘʡʧʦʚʥʽʰʝ ʦʧʠʩʫʻ ʨʦʙʦʪʫ ʜʝʪʝʢʪʦʨʘ) 
ʧʦʢʘʟʫʻ, ʱʦ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ n-ITO/p-Cd1-ʭZnʭTʝ ʥʘ ʚʽʜʥʦʩʥʦ 

ʥʠʟʴʢʦʦʤʥʦʤʫ ʨ-CdZnTe ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʥʝ 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʫ ʜʝʪʝʢʪʦʨʘʭ ʜʽʦʜʘʤ ʐʦʪʪʢʽ ʥʘ 

ʚʠʩʦʢʦʦʤʥʦʤʫ CdTe ʽ CdZnTe. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Zanio K.R. Cadmium Telluride / Zanio K.R.ï Semiconductors and 

semʽmetals.ï New York, San Francisʩo, London: Acad. Press. 

1978. Vol.13. 256 p. 

2. ɸʨʢʘʜʴʝʚʘ ɽ.ʅ., ʄʘʪʚʝʝʚ ʆ.ɸ., ʈʳʚʢʠʥ ʉ.ʄ., ʈʫʜʴ ʖ.ɺ. 
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ʆʣʝʢʩʘʥʜʨ ʈʦʤʘʥʦʚ, ɯʚʘʥ ɹʫʨʣʘʢʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʟʜʦʨʦʚôʷ  
  

ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ, ʱʦʨʽʯʥʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʤʝʨʪʝʡ ʧʨʠʧʘʜʘʻ 

ʥʘ ʟʘʭʚʦʨʶʚʘʥʥʷ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʧʦʣʦʚʠʥʘ ʟ 

ʥʠʭ ʪʨʘʧʣʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʘʧʪʦʚʦʾ ʩʝʨʜʝʯʥʦʾ ʩʤʝʨʪʽ, ʙʽʣʴʰʝ 

80 % ʷʢʠʭ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʘʨʠʪʤʽʾ ʩʝʨʮʷ. ʅʘ ʞʘʣʴ, ʚʠʞʠʚʘʥʥʷ ʚʽʜ 
ʨʘʧʪʦʚʦʾ ʩʝʨʮʝʚʦʾ ʩʤʝʨʪʽ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 1 %. ʉʝʨʮʝʚʦ-

ʩʫʜʠʥʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʤʦʞʫʪʴ ʧʨʦʪʽʢʘʪʠ ʙʝʟʩʠʤʧʪʦʤʥʦ, ʧʨʠ 

ʮʴʦʤʫ ʯʘʩʪʦ ʣʶʜʠʥʘ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʛʨʫʧʽ ʨʠʟʠʢʫ ʽ ʥʘʚʽʪʴ ʥʝ 
ʧʽʜʦʟʨʶʚʘʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʦʨʫʰʝʥʴ. ʉʝʨʝʜ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʨʽʰʝʥʥʷʤ 

ʚʠʱʝʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ ï ʧʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʫ, ʷʢʠʡ ʻ 

ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 
ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʩʝʨʮʷ.  

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤ ʩʧʦʩʦʙʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʫʣʴʩʫ ʫ ʢʣʽʥʽʮʽ ʽ 

ʧʦʙʫʪʽ ʻ ʤʝʪʦʜ ʧʣʝʪʠʟʤʦʛʨʘʬʽʾ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʨʝʻʩʪʨʘʮʽʷ 
ʟʤʽʥʠ ʦʙʩʷʛʽʚ ʢʨʦʚʦʥʘʧʦʚʥʝʥʥʷ ʦʨʛʘʥʫ, ʘ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʧʫʣʴʩʦʚʘ 

ʭʚʠʣʷ. ʐʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʘ ʦʧʪʠʯʥʘ 

ʧʣʝʪʠʟʤʦʛʨʘʬʽʷ (ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʽʷ), ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 
ʜʦʩʣʽʜʞʝʥʥʽ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʜʦʩʣʽʜʞʫʚʘʥʫ ʜʽʣʷʥʢʫ ʪʢʘʥʠʥʠ ʟ ʧʫʣʴʩʫʶʯʦʶ ʢʨʦʚ'ʶ [1]. 

ʋ ʟʘʛʘʣʴʥʦʢʣʽʥʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʻ  

ʤʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʠʬʝʨʠʯʥʦʛʦ ʢʘʧʽʣʷʨʥʦʛʦ ʢʨʦʚʦʪʦʢʫ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʧʘʣʴʮʝʚʦʾ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʽʾ [2]. ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʜʘʪʯʠʢ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʢʽʥʮʝʚʫ ʬʘʣʘʥʛʫ ʧʘʣʴʮʷ ʢʠʩʪʽ ʘʙʦ 

ʩʪʦʧʠ. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 
ʩʣʫʞʘʪʴ ʜʘʚʘʯʽ, ʷʢʽ ʤʽʩʪʷʪʴ ʯʫʪʣʠʚʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʧʘʨʘʤʝʪʨ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʚʢʣʶʯʘʻ ʧʝʨʚʠʥʥʫ ʦʙʨʦʙʢʫ ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ 
ʜʘʪʯʠʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʽʜʩʠʣʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʬʽʣʴʪʨʘʮʽʶ ʧʝʨʝʰʢʦʜ, 

ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʩʪʘʥʦʚʣʷʪʴ ʜʽʘʛʥʦʩʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 
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ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

(ʨʠʩ. 1) ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʘ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ATmega48, ʷʢʠʡ 

ʤʘʪʠʤʝ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʽ ʚ ʧʦʙʫʪʽ. 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʘ 

 

ʇʨʠʥʮʠʧ ʜʽʾ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʚ ʨʝʻʩʪʨʘʮʽʾ ʩʠʛʥʘʣʽʚ 
ʦʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʘ ʩʘʤʝ: ʬʦʪʦʜʽʦʜ ʨʝʻʩʪʨʫʻ ʟʤʽʥʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ (ʜʞʝʨʝʣʦʤ ʻ ʩʚʽʪʣʦʜʽʦʜ), ʱʦ ʧʨʦʡʰʣʦ ʯʝʨʝʟ 

ʧʘʣʝʮʴ (ʘʙʦ ʨʦʟʩʽʷʥʦʛʦ ʥʠʤ ï ʜʣʷ ʜʘʚʘʯʘ "ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ") ʪʘ 
ʚʠʢʣʠʢʘʥʝ ʥʘʩʦʩʥʦʶ ʨʦʙʦʪʦʶ ʩʝʨʮʷ, ʪʦʙʪʦ ʧʝʨʽʦʜʠʯʥʠʤ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʨʦʚʦʥʘʧʦʚʥʝʥʥʷ ʪʢʘʥʠʥ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʧʨʠʣʘʜʫ ʜʦ ʟʘʩʚʽʯʝʥʥʷ ʩʪʦʨʦʥʥʽʭ 

ʜʞʝʨʝʣ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠʥʮʠʧ ʤʦʜʫʣʷʮʽʾ ï ʜʝʤʦʜʫʣʷʮʽʾ 
ʧʽʜʩʠʣʝʥʥʷ ʢʦʨʠʩʥʦʛʦ ʩʠʛʥʘʣʫ (ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʤʠ). 

ɸʚʪʦʤʘʪʠʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʽ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʢʘʩʢʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʟ 
ʤʝʪʦʶ ʚʨʘʭʫʚʘʥʥʷ ʪʦʚʱʠʥʠ ʰʢʽʨʥʠʭ ʧʦʢʨʠʚʽʚ ʧʘʣʴʮʷ, ʨʽʟʥʝ 

ʢʨʦʚʦʥʘʧʦʚʥʝʥʥʷ ʪʘ ʽʥʰʝ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  ʌʝʜʦʪʦʚ ɸ.ɸ., ɸʢʫʣʦʚ ʉ.ɸ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩʠʩʪʝʤ ʢʣʠʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʄ.: ʈʘʜʠʦ ʠ 

ʩʚʷʟʴ, 2013. 248 ʩ. 
2.  ʄʘʣʠʥʦʚʩʢʠʡ ɽ.ʃ. ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʘʣʴʮʝʚʦʡ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʠ. ï URL: 

http://www.tokranmed.ru/metod/fpg.htm (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ 25.04.2017). 
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ɯʚʘʥ ʈʦʤʘʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʇʨʠʙʠʣʘ ɸ.ɺ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ 

ʽʟ ʘʚʪʦʥʦʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ 

 
ʐʚʠʜʢʦ ʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʨʽʚʝʥʴ ʞʠʪʪʷ ʣʶʜʝʡ 

ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʦʙʫʪʦʚʦʾ 

ʪʝʭʥʽʢʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ, ʘʣʝ ʽ ʜʦ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʚʠʤʦʛ ʱʦʜʦ 
ʾʾ ʷʢʦʩʪʽ [1]. ʉʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʭʦʣʦʜʠʣʴʥʦʶ ʪʝʭʥʽʢʦʶ 

ʩʷʛʘʻ 15% ʚʽʜ ʫʩʽʻʾ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ [2].  

ʋ ʢʽʥʮʽ 80-ʛʦ - ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʩʢʣʘʣʘʩʷ 
ʚʠʢʣʶʯʥʦ ʩʧʨʠʷʪʣʠʚʘ ʩʠʪʫʘʮʽʷ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ (ʊɽʆ) ʽ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ 

ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʦʥʘ ʙʫʣʘ ʚʠʢʣʠʢʘʥʘ ʦʜʥʦʯʘʩʥʦʶ ʜʽʻʶ 

ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 
Å ʚʠʚʝʜʝʥʥʷʤ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʭʣʦʨ - ʽ ʬʪʦʨʭʦʣʦʜʦʘʛʝʥʪʽʚ, ʱʦ 

ʧʝʨʝʜʙʘʯʝʥʦ ʄʦʥʨʝʘʣʴʩʴʢʠʤ ʧʨʦʪʦʢʦʣʦʤ. ʎʝʡ ʬʘʢʪ ʟʤʫʩʠʚ 

ʬʘʭʽʚʮʽʚ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʫ ʢʦʤʧʨʝʩʦʨʥʦʤʫ 
ʦʭʦʣʦʜʞʝʥʥʶ; 

Å ʜʦʩʪʫʧʥʽʩʪʶ ʽ ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʟʥʠʞʝʥʥʶ ʮʽʥʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʭʦʣʦʜʠʣʴʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʧʦʚ'ʷʟʘʥʝ ʟ 
ʦʩʚʦʻʥʥʷʤ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʣʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʠ ʨʦʟʨʦʙʠʣʠ 

ʢʦʥʩʪʨʫʢʮʽʶ ʧʦʙʫʪʦʚʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ɺʦʥʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɽʣʝʤʝʥʪʠ ʇʝʣʴʪʴʻ 3, ʱʦ 
ʟʘʢʨʽʧʣʝʥʽ ʤʽʞ ʪʝʧʣʦʨʦʟʩʽʶʚʘʣʴʥʠʤ ʨʘʜʽʘʪʦʨʦʤ ʪʘ 

ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʤ ʬʫʪʣʷʨʦʤ ʟ ʧʣʷʰʢʘʤʠ 2, 4, ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʪʨʠʤʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ (ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 
ʧʦʪʨʝʙʠ ï ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚʘʥʥʷ), ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʫ ʽʥʦʜʽ ʚʘʞʢʦ ʜʦʩʷʛʥʫʪʠ ʣʠʰʝ 

ʟʘʚʜʷʢʠ ʝʣʝʢʪʨʦʨʝʣʝ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʥʘʷʚʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 
ʜʘʪʯʠʢʽʚ ʽʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ, ʱʦ ʩʧʨʠʷʶʪʴ ʜʦʩʷʛʥʝʥʥʶ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ 
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ʪʘ ʥʘʛʨʽʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʨʦʜʫʢʪʽʚ ʪʝʤʧʝʨʘʪʫʨʫ. 

 

ʊʝʧʣʦʚʠʡ ʧʦʪʽʢ ʽʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 
ʤʦʜʫʣʽʚ ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʧʣʦʨʦʟʩʽʶʚʘʣʴʥʦʛʦ ʨʘʜʽʘʪʦʨʘ 2. ɾʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ 

ʟʘʙʝʟʧʝʯʫʻ ʙʣʦʢ ʞʠʚʣʝʥʥʷ 5, ʷʢʠʡ ʝʣʝʢʪʨʠʯʥʦ ʟʚôʷʟʘʥʠʡ ʽʟ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ 7. ɸʚʪʦʥʦʤʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 
ʦʭʦʣʦʜʞʝʥʥʷ ʯʠ ʥʘʛʨʽʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʘʪʯʠʢʘʤʠ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 6 ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ 7. 

ʊʝʦʨʝʪʠʯʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʪʯʠʢʽʚ 
ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʧʨʠʚʝʜʝ ʜʦ 

ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. 

ɿʦʢʨʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘʥʠʭ ʧʦʣʽʧʰʝʥʴ ʫ 
ʩʫʢʫʧʥʦʩʪʽ ʽʟ ʪʝʭʥʦʣʦʛʽʻʶ çʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʈʠʩ.1. ʉʭʝʤʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ: 1 ï ʢʦʨʧʫʩ ʫ 

ʚʠʛʣʷʜʽ ʧʨʠʣʽʞʢʦʚʦʾ ʪʫʤʙʦʯʢʠ ʟ ʰʫʭʣʷʜʢʘʤʠ ʽ ʧʦʣʠʯʢʘʤʠ, 2 ï 

ʪʝʧʣʦʨʦʟʩʽʶʚʘʣʴʥʠʡ ʨʘʜʽʘʪʦʨ, 3 ï ʝʣʝʤʝʥʪʠ ʇʝʣʴʪʴʻ, 4 ï 

ʪʝʨʤʦʩʪʘʪʦʚʘʥʠʡ ʬʫʪʣʷʨ ʟ ʧʣʷʰʢʘʤʠ, 5 ï ʙʣʦʢ ʞʠʚʣʝʥʥʷ ʟ 
ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʠ, 6 ï ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, 7 ï ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʽʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 
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ʅʘʟʘʨ ʈʦʤʘʰʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʖ.ʆ. ʉʝʪʽ  

 

ɺʣʘʩʪʠʚʦʩʪʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ  

ʩʠʤʝʪʨʠʯʥʦʾ ʜʚʦʙʘʨôʻʨʥʦʾ ʥʘʥʦʩʠʩʪʝʤʠ 

ʫ ʤʦʜʝʣʷʭ ʧʨʦʩʪʦʨʦʚʦ-ʟʘʣʝʞʥʠʭ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ 

  ̔ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ  

 

ʄʝʪʦʶ ʻ ʧʦʙʫʜʦʚʘ ʪʝʦʨʽʾ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ 

ʫ ʤʦʜʝʣʷʭ ʥʝʧʝʨʝʨʚʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʟʘʣʝʞʥʠʭ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ 
ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʫ ʚʽʜʢʨʠʪʽʡ ʩʠʤʝʪʨʠʯʥʽʡ ʜʚʦʙʘʨôʻʨʥʽʡ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʽʡ ʥʘʥʦʩʠʩʪʝʤʽ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʟʠʯʥʦ 

ʢʦʨʝʢʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ 
ʢʦʦʨʜʠʥʘʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʰʘʨʫ ʤʽʞ 

ʧʦʪʝʥʮʽʘʣʴʥʠʤʠ ʷʤʘʤʠ ʽ ʙʘʨôʻʨʘʤʠ ʥʘʥʦʩʠʩʪʝʤʠ, ʜʝ ʡ ʝʬʝʢʪʠʚʥʘ 

ʤʘʩʘ (ʨʠʩ. 1, ʘ), ʽ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ (ʨʠʩ. 1, b) ʝʣʝʢʪʨʦʥʘ ʻ 

ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʢʦʦʨʜʠʥʘʪʠ. 

    
ʈʠʩ.1. ɿʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ z ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ (ʘ) ʪʘ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ (b) ʝʣʝʢʪʨʦʥʘ ʫ ʜʚʦʙʘʨôʻʨʥʽʡ ʥʘʥʦʩʠʩʪʝʤʽ. 

 
ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʝʦʨʽʾ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ ʥʘ 

ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 
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ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʟʦʨʦʩʪʽ 

ʥʘʥʦʩʠʩʪʝʤʠ D(ɽ). ʎʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ [1] ʨʝʟʦʥʘʥʩʥʽ 
ʝʥʝʨʛʽʾ ʪʘ ʨʝʟʦʥʘʥʩʥʽ ʰʠʨʠʥʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʦʥʘ ʡ ʜʦʩʣʽʜʠʪʠ ʾʭ ʝʚʦʣʶʮʽʶ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ 

ʧʨʠʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʚʦʙʘʨôʻʨʥʦʾ ʥʘʥʦʩʠʩʪʝʤʠ ʟ In0,53Ga0,47As ʷʤʘʤʠ 
ʪʘ In0,52Al 0,48As ʙʘʨôʻʨʘʤʠ, ʷʢʘ ʻ ʪʠʧʦʚʠʤ ʨʦʙʦʯʠʤ ʝʣʝʤʝʥʪʦʤ 

ʢʚʘʥʪʦʚʠʭ ʢʘʩʢʘʜʥʠʭ ʣʘʟʝʨʽʚ ʪʘ ʜʝʪʝʢʪʦʨʽʚ [2] ʩʝʨʝʜʥʴʦʛʦ ɯʏ- 

ʜʽʘʧʘʟʦʥʫ, ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʦʟʤʽʨʽʚ ʧʨʠʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ ʥʘ 
ʧʨʦʟʦʨʽʩʪʴ ʥʘʥʦʩʠʩʪʝʤʠ ʚʽʜʥʦʩʥʦ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʧʦʪʦʢʫ 

ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʨʝʟʦʥʘʥʩʥʽ ʝʥʝʨʛʽʾ ʡ ʰʠʨʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ. ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 
ʨʝʟʫʣʴʪʘʪʽʚ ʨʝʘʣʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʦʭ ʩʧʨʦʱʝʥʠʭ 

ʤʦʜʝʣʝʡ: (ʘ) ʥʝʧʝʨʝʨʚʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʟʘʣʝʞʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ 

ʪʘ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, (ʙ) ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʭ ʽ 

ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ, ʽ ʧʦʪʝʥʮʽʘʣʫ. 
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2. Schwarz B. et al. High performance bi-functional quantum cascade laser 

and detector // Appl. Phys. Lett. ï 107. ï  071104 (2015). 

 



275 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺ.ɺ. ʊʦʤʘʰ 

 

ʌʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʥʘʥʴ 

ʪʘ ʫʤʽʥʴ ʫʯʥʽʚ 

 
ʂʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʜʘʯʽ ʻ ʥʝʚʽʜôʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʫʨʦʢʽʚ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʜʝ ʰʢʦʣʷʨʽ ʧʦʚʠʥʥʽ 

ʦʚʦʣʦʜʽʪʠ ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʥʘʥʥʷʤʠ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʪʝʭʥʽʢʠ, ʽ 

ʟʥʘʥʥʷʤʠ ʦʩʥʦʚ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʩʢʽʣʴʢʠ ʙʝʟ ʮʴʦʛʦ ʥʝ 

ʤʦʞʥʘ ʚʠʚʯʠʪʠ ʧʨʠʥʮʠʧʠ ʙʫʜʦʚʠ ʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 
ʦʙôʻʢʪʽʚ, ʟʨʦʟʫʤʽʪʠ ʩʫʪʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [1]. 

ʄʦʪʠʚʘʮʽʷ ï ʦʜʠʥ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʟʥʘʥʴ ʫʯʥʽʚ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ 
ʤʦʪʠʚʘʮʽʡʥʦʾ ʩʬʝʨʠ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜoʚʦʛo ʥʘʚʯʘʥʥʷ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʟʤʽʩʪ ʢʦʞʥʦʛʦ ʥʘʚʯʘʣʴʥʦ-ʪʨʫʜʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʚʽʜʧʦʚʽʜʘʚ 

ʨʽʚʥʶ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ, ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ ʫʯʥʽʚ; ʟʘʚʜʘʥʥʷ 
ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʞʝ ʚʽʜʦʤʠʭ 

ʩʧʦʩʦʙʽʚ ʨʦʟʚôʷʟʘʥʥʷ, ʥʝʦʨʜʠʥʘʨʥʦʛʦ ʧʽʜʭʦʜʫ; ʧʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ 

ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʙʘʞʘʥʥʷ ʫʯʥʽʚ, ʚʢʣʶʯʘʪʠ ʾʭ ʜʦ ʪʚʦʨʯʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʩʪʠʤʫʣʶʚʘʪʠ ʧʨʦʷʚʠ ʥʘʧʦʣʝʛʣʠʚʦʩʪʽ, 
ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʩʘʤʦʩʪʽʡʥʦʩʪʽ. ʊʦʙʪʦ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʤʦʪʠʚʘʮʽʾ ʥʘʚʯʘʥʥʷ ʚʠʩʪʫʧʘʻ ʚ ʻʜʥʦʩʪʽ ʟ ʧʨʦʙʣʝʤʦʶ ʩʪʚʦʨʝʥʥʷ 

ʥʘ ʫʨʦʢʘʭ ʫʤʦʚ ʜʣʷ ʧʨʦʷʚʫ ʫʯʥʝʤ ʩʚʦʻʾ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ. 
ʉʠʪʫʘʮʽʷ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʫ ʰʢoʣʷʨʽʚ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʦʷʚʠʪʠ 

ʩʚʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ ʫ ʥaʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʘʛʦʩʪʨʝʥʥʷ ʧʨʦʪʠʨʽʯʯʷ ʤʽʞ ʧʨʘʛʥʝʥʥʷʤ ʫʯʥʷ ʜʦ ʩʘʤoʚʠʨʘʞʝʥʥʷ 

ʡ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʷʢʽ ʻ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʘʤʦʩʪʽʡʥʦʩʪʽ ʚ ʩʫʯʘʩʥʽʡ 
ʰʢʦʣʽ. 80% ʫʯʠʪʝʣʽʚ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʩʚʦʾʭ ʫʨʦʢʘʭ ʚ 

ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʧʨoʜʫʢʪʠʚʥʽ ʤʝʪʦʜʠ, ʧʨʠ ʮʴʦʤʫ 

ʾʭʥʽ ʟʫʩʠʣʣʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ ʧʨʘʢʪʠʯʥʠʭ 
ʫʤʽʥʴ, ʥʘʚʠʯʦʢ ʢʫʣʴʪʫʨʠ ʧʨʘʮʽ.[2] 

 ʄʦʞʣʠʚʠʤ ʚʠʭoʜʦʤ ʟ ʮʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʻ ʦʨʛʘʥʽʟʘʮʽʷ ʙʨʠʛʘʜ ʟ 2-3 

ʦʩʽʙ. ɰʭ ʤʦʞʝ ʦʙôʻʜʥʫʚʘʪʠ ʩʧʽʣʴʥʠʡ ʽʥʪʝʨʝʩ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʜʨʫʟʽ, 
ʦʜʥʦʢʣʘʩʥʠʢʠ, ʘʙʦ ʧʨʦʩʪʦ ʛʫʨʪʢʽʚʮʽ, ʷʢʽ ʙʘʞʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʦʜʥʽʻʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ. ʊʫʪ ʚʦʥʠ ʧʨʘʮʶʶʪʴ ʥʘ ʨʽʚʥʠʭ ʫʤʦʚʘʭ, ʤʦʞʫʪʴ 
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ʧʦʨʘʜʠʪʠʩʴ ʽ ʧʦʩʧʝʨʝʯʘʪʠʩʴ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʚʟʘʻʤʥʦ ʜʦʧʦʚʥʶʶʯʠ 

ʧʨʦʧʦʟʠʮʽʾ oʜʠʥ ʦʜʥʦʛʦ ʩʚʦʾʤʠ ʟʥʘʥʥʷʤʠ ʪʘ ʜoʩʚʽʜʦʤ. ʇʦʪʨʽʙʥʦ ʜʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʫʯʥʷʤ ʩʘʤʠʤ ʚʠʙʠʨʘʪʠ ʪʝ, ʱʦ ʙ ʚʦʥʠ ʭʦʪʽʣʠ ʚʠʛʦʪʦʚʠʪʠ. 
ʅʝʭʘʡ ʩʘʤʽ ʤʽʨʢʫʶʪʴ, ʟʘʤʘʣʶʶʪʴ ʩʚʦʶ ʤʘʡʙʫʪʥʶ ʢʦʥʩʪʨʫʢʮʽʶ, 

ʟʥʘʡʜʫʪʴ ʰʣʷʭʠ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʧʽʜʙʝʨʫʪʴ ʚʽʜʧʦʚʽʜʥʫ ʣʽʪʝʨʘʪʫʨʫ.  

ʇʽʜ ʯaʩ ʟʘʥʷʪʴ ʥʝ ʧʦʚʠʥʥʦ ʟʘʦʭʦʯʫʚʘʪʠʩʴ ʙʘʞʘʥʥʷ 
ʚʠʛʦʪʦʚʣʷʪʠ ʚʠʨʦʙʠ ʟʘ ʥʘʷʚʥʠʤʠ ʢʨʝʩʣʝʥʥʷʤʠ ʪʘ ʝʩʢʽʟʘʤʠ. 

ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʦʶ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʶ ʙʫʜʝ ʪʚʦʨʯʽʩʪʴ, ʢʦʣʠ ʫ 

ʚʠʨʦʙʽ ʻ ʝʣʝʤʝʥʪʠ ʥʦʚʠʟʥʠ, ʘ ʪʠʤ ʙʽʣʴʰʝ, ʢʦʣʠ ʩʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ. 
Oʜʥʘʢ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʬʘʢʪʦʨ, ʥʘ ʷʢʠʡ 

ʚʢʘʟʫʶʪʴ ʧʩʠʭʦʣʦʛʠ. ʗʢʱʦ ʧʦʜʠʚʠʪʠʩʴ ʚʠʨʦʙʠ ʛʫʨʪʢʽʚʮʽʚ, ʪʦ 

ʟʜʘʻʪʴʩʷ, ʱʦ ʾʭ ʢʦʣʠʩʴ ʭʪʦʩʴ ʫʞʝ ʚʠʛʦʪʦʚʣʷʚ, ʽ ʚʦʥʠ ʦʧʠʩʘʥʽ ʪʘ 
ʚʽʜʦʤʽ; ʘʣʝ ʥʝ ʩʣʽʜ ʟaʙʫʚʘʪʠ, ʱʦ ʚ ʛʫʨʪʢʫ ʢʦʞʥʠʡ ʦʙôʻʢʪ 

ʢʦʥʩʪʨʫʶʶʪʴ ʪʘ ʚʠʛʦʪʦʚʣʷʶʪʴ ʧʽʜʣʽʪʢʠ. ʄoʞʣʠʚʦ, ʭʪʦʩʴ ʫʞʝ 

ʚʠʛʦʪʦʚʣʷʚ ʱʦʩʴ ʧʦʜʽʙʥʝ, ʘʣʝ ʜʣʷ ʢʦʞʥʦʛʦ ʛʫʨʪʢʽʚʮʷ ʮʝ ʚʧʝʨʰʝ. 

ʅʝʭʘʡ ʰʢʦʣʷʨʽ ʦʜʝʨʞʫʶʪʴ ʟʘʜʦʚʦʣʝʥʥʷ ʚʽʜ ʩʘʤʦʛʦ ʧʨʦʮʝʩʫ 
ʢʦʥʩʪʨʫʶʚʘʥʥʷ. ʋʯʥʝʚʽ ʧʨʠʻʤʥʦ ʙʫʜʝ ʟʥʘʡʪʠ ʡ ʨʝʘʣʽʟʫʚʘʪʠ ʙʫʜʴ-

ʷʢʝ ʩʚʦʻ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ. ʗʢʱʦ, ʥʘʚʽʪʴ ʩʧʦʯʘʪʢʫ, ʚʽʥ ʧʨʠʡʰʦʚ 

ʟ ʙaʞʘʥʥʷʤ ʟʨʦʙʠʪʠ ʱʦ-ʥʝʙʫʜʴ, ʥʘ ʯʦʤʫ ʤʦʞʥʘ ʧʦʢʘʪʘʪʠʩʷ, ʪʦ ʚ 
ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʮʝ ʙaʞʘʥʥʷ ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʚ ʥʦʚʝ, ʥʝʚʽʜʦʤʝ 

ʧʽʜʣʽʪʢʫ ʥʘʧʝʨʝʜʦʜʥʽ ï ʢʦʥʩʪʨʫʶʚʘʪʠ ʪʘ ʚʪʽʣʶʚaʪʠ ʩʚʦʾ ʽʜʝʾ ʚ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ. 
ʆʪʞʝ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʥʘʥʥʷ ʚʽʜʽʛʨʘʶʪʴ 

ʚʝʣʠʢʫ ʨʦʣʴ ʫ ʞʠʪʪʽ ʰʢʦʣʷʨʽʚ, ʦʩʢʽʣʴʢʠ ʮʽ ʟʥʘʥʥʷ ʜʦʟʚʦʣʷʪʴ ʾʤ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʧʨʦʷʚʣʷʪʠ ʥʝʩʪʘʥʜʘʨʪʥʝ ʤʠʩʣʝʥʥʷ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ 

ʩʫʯʘʩʥʦʶ ʪʝʭʥʽʢʦʶ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʦʪʶʢ ɸ.ʌ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʫ 

ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ : ʘʚʪʦʨʝʬ. ʜʠʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ ʥʘʫʯ. ʩʪʝʧʝʥʠ 

ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ / ɸ.ʌ. ɹʦʪʶʢ.  ʂ., 1985.  17 ʩ. 

2. ʊʭʦʨʞʝʚʩʴʢʠʡ ɼ.ʆ. ʉʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ / ɼ.ʆ. 

ʊʭʦʨʞʝʚʩʴʢʠʡ.  ʂ.: ʈʘʜ. ʰʢ., 1989.  198 ʩ. 
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ɸʛʥʝʪʘ ʉʘʙʦʚ, ɺʘʣʝʥʪʠʥ ɻʣʘʟʢʦʚ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʃ.ʌ. 

 

ɸʜʘʧʪʠʚʥʠʡ ʤʝʨʝʞʝʚʠʡ ʬʽʣʴʪʨ ʜʣʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʟʘʩʦʙʘʭ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 
 

ʇʨʦʙʣʝʤʘ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʇɽʄɺ (ʧʦʙʽʯʥʽ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʽʩʥʫʚʘʣʘ ʱʝ ʥʘ ʧʦʯʘʪʢʫ ʍʍ 

ʩʪʦʣʽʪʪʷ, ʘʣʝ ʩʝʨʡʦʟʥʠʤ ʚʠʚʯʝʥʥʷʤ ʜʘʥʦʛʦ ʬʝʥʦʤʝʥʘ ʨʦʟʧʦʯʘʣʠ 

ʟʘʡʤʘʪʠʩʷ ʚ ʢʽʥʮʽ 1940-1950-ʭ ʨ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʤʘʣʠ 
ʟʘʢʨʠʪʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʥʝ ʜʠʚʥʦ, ʪʦʤʫ ʱʦ ʚʩʽ ʪʝʭʥʽʯʥʽ ʥʦʫ-ʭʘʫ 

ʟʘʚʞʜʠ ʧʨʷʤʠʤ ʘʙʦ ʜʨʫʛʦʨʷʜʥʠʤ ʧʦʨʷʜʢʦʤ ʟʘʮʽʢʘʚʣʶʚʘʣʠ 

ʚʽʡʩʴʢʦʚʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʇɽʄɺ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʨʦʙʦʪʽ 

ʙʫʜʴ-ʷʢʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʟʫʤʦʚʣʝʥʽ ʧʨʦʪʽʢʘʥʥʷʤ 
ʩʪʨʫʤʫ ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʘʭ. ʅʘʡʧʨʦʩʪʽʰʠʤ ʧʨʠʢʣʘʜʦʤ ʇɽʄɺ 

ʥʘ ʧʦʙʫʪʦʚʦʤʫ ʨʽʚʥʽ (ʜʫʞʝ ʩʧʨʦʱʝʥʦ) ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʚʠʥʠʢʥʝʥʥʷ ʽʥʜʫʢʮʽʡʥʠʭ ʩʪʨʫʤʽʚ ʫ ʪʝʣʝʬʦʥʥʠʭ ʣʽʥʽʷʭ. 
ʇʨʠʩʪʨʦʻʤ ʧʝʨʝʭʦʧʣʝʥʥʷ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʙʫʪʠ 

ʽʥʜʫʢʮʽʡʥʠʡ ʜʘʚʘʯ (ʥʘʧʨʠʢʣʘʜ ʜʘʪʯʠʢ ʍʦʣʣʘ). ʉʧʝʢʪʨ ʯʘʩʪʦʪ 

ʇɽʄɺ ʇʂ  ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʢʦʣʠʚʘʥʥʷʤʠ ʚ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦʤʫ 
ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ ʦʜʠʥʠʮʴ ʄɻʮ ʜʦ ʜʝʢʽʣʴʢʦʭ ɻɻʮ. ʇʦʙʽʯʥʽ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʨʘʜʽʦʪʝʭʥʽʯʥʽ ʧʨʦʮʝʩʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʽʥʜʠʢʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʚʩʽ ʮʽ 
ʧʨʦʮʝʩʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʚʠʥʠʢʥʝʥʥʷʤ ʢʦʣʠʚʘʥʴ ʥʘ 

ʢʦʤʙʽʥʘʮʽʡʥʠʭ ʯʘʩʪʦʪʘʭ ʽ ʨʽʟʥʦʛʦ ʨʦʜʫ ʰʫʤʘʤʠ. 

ɸʜʘʧʪʠʚʥʠʡ ʬʽʣʴʪʨ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʯʘʩʪʦʪʫ ʧʝʚʥʦʛʦ 
ʩʠʥʫʩʦʾʜʥʦʛʦ ʩʠʛʥʘʣʫ ʪʦʜʽ, ʢʦʣʠ ʡʦʛʦ ʯʘʩʪʦʪʘ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʟʤʽʥʥʦʶ. ʇʨʦʪʝ, ʢʦʣʠ ʯʘʩʪʦʪʘ ʟʤʽʥʶʻʪʴʩʷ, ʻʜʠʥʠʤ ʩʧʦʩʦʙʦʤ 

ʚʠʟʥʘʯʠʪʠ ʩʠʥʫʩʦʾʜʥʠʡ ʩʠʛʥʘʣ ʻ ʬʽʣʴʪʨ, ʟʜʘʪʥʠʡ ʚʽʜʧʦʚʽʜʥʦ 

ʟʤʽʥʶʚʘʪʠ ʨʝʞʝʢʪʦʨʥʫ ʯʘʩʪʦʪʫ ʽ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʾʾ ʟʤʽʥʘʤʠ. 
ʗʢʱʦ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n ʯʘʩʪʦʪʥʠʭ ʢʘʥʘʣʽʚ, ʩʫʤʘ 

ʛʘʨʤʦʥʽʡʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʢʣʘʜʘʻ ʙʘʟʦʚʠʡ ʩʠʛʥʘʣ ʢʦʤʧʝʥʩʘʮʽʾ 

ʜʣʷ ʬʽʣʴʪʨʘ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ: 

 

(1) 
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ʜʝ xk(t) ï ʩʠʛʥʘʣ ʨʝʛʨʝʩʽʾ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ k-ʤʫ ʯʘʩʪʦʪʦʥʦʤʫ ʢʘʥʘʣʽ 

[1].  

ʏʘʩʪʦʪʥʠʡ ʢʘʥʘʣ ʛʽʙʨʠʜʥʦʛʦ ʬʽʣʴʪʨʘ ʘʢʪʠʚʥʦʾ 
ʧʦʪʫʞʥʦʩʪʽ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʘʩʠʚʥʦʛʦ 

ʬʽʣʴʪʨf R1, C3, ʜʽʦʜʥʦʛʦ ʤʦʩʪʘ VD5-VD8, ʟ ʥʝʣʽʥʽʡʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ R2, L1 ʪʘ ʧʦʩʣʽʜʦʚʥʦʛʦ ʬʽʣʴʪʨʘ ʘʢʪʠʚʥʦʾ 
ʧʦʪʫʞʥʦʩʪʽ VD1-VD4, VT1-VT4, C1, C2. 

 
ʈʠʩ. 1. ʏʘʩʪʦʪʥʠʡ ʢʘʥʘʣ ʛʽʙʨʠʜʥʦʛʦ ʬʽʣʴʪʨf ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 

ʇʦʩʣʽʜʦʚʥʠʡ ʬʽʣʴʪʨ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ S1-S4 ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ (1) ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ xk(t), ʬʦʨʤʫʻ ʽ ʯʝʨʝʟ 
ʪʨʘʥʩʬʦʨʤʘʪʦʨ ST ʚʚʦʜʠʪʴ ʢʦʤʧʝʥʩʘʮʽʡʥʫ ʛʘʨʤʦʥʽʢʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʧʦʩʣʽʜʦʚʥʠʡ ʬʽʣʴʪʨ ʩʪʚʦʨʶʻ ʚʠʩʦʢʠʡ ʦʧʽʨ ʫ ʣʽʥʽʾ 

ʛʘʨʤʦʥʽʡʥʦʛʦ ʩʪʨʫʤʫ. ʄʘʶʯʠ ʚʠʩʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʟ ʙʦʢʫ ʜʞʝʨʝʣʘ, 
ʧʘʩʠʚʥʠʡ ʬʽʣʴʪʨ ʧʦʛʣʠʥʘʻ ʛʘʨʤʦʥʽʡʥʠʡ ʩʪʨʫʤ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ 

ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʦ ʤʘʻ ʚʥʫʪʨʽʰʥʽʡ 

ʦʧʽʨ, ʷʢʠʡ ʥʝ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʠʚʥʠʡ 
ʝʞʝʢʪʦʨʥʠʡ ʬʽʣʴʪʨ ʧʦʛʣʠʥʘʻ ʧʦʙʽʯʥʝ k-ʪʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ 

ʩʠʩʪʝʤʘ ʟ n ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʠʭ ʬʽʣʴʪʨʽʚ ʜʦʟʚʦʣʷʻ ʧʦʟʙʫʪʠʩʷ 

ʚʽʜ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʠʪʦʢʫ ʩʠʛʥʘʣʽʚ ʟ ʇɽʆʄ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɭʚʛʨʘʬʦʚ ɼ.ɺ. ʌʽʟʠʯʥʽ ʦʩʥʦʚʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʽʡ ʘʧʘʨʘʪʫʨʽ: ʥʘʚʯ. ʧʦʩʽʙ. / ɼ.ɺ.ɭʚʛʨʘʬʦʚ. ʂ.: ʅʊʋʋ 

"ʂʇɯ", 2014. ï 176 ʩ. 
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ʆʣʝʢʩʘʥʜʨ ʉʘʚʢʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʖ. ɺ. ɻʫʜʠʤʘ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʫ ʚʠʢʣʘʜʘʥʥʽ 

ʽʥʬʦʨʤʘʪʠʢʠ ʚ ʰʢʦʣʽ 
 

ɯʥʥʦʚʘʮʽʡʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 
ʨʝʘʣʽʟʫʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʤʝʪʦʜʽʚ ʪʘ ʬʦʨʤ ʦʨʛʘʥʽʟʘʮʽʾ 

ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ. ɸ ʦʩʢʽʣʴʢʠ ʫ ʩʚʽʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʟʤʽʥʠ, ʫ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʚʠʥʠʢʘʻ 
ʧʦʪʨʝʙʘ ʚ ʘʢʪʠʚʥʠʭ ʣʶʜʷʭ, ʷʢʽ ʙ ʤʦʛʣʠ ʰʚʠʜʢʦ ʧʨʠʩʪʦʩʫʚʘʪʠʩʷ ʜʦ 

ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʟʤʽʥ ʪʘ ʤʽʥʣʠʚʠʭ ʫʤʦʚ, ʷʢʽ ʟʜʘʪʥʽ ʩʘʤʦʩʪʽʡʥʦ 

ʚʯʠʪʠʩʷ ʪʘ ʨʦʟʚʠʚʘʪʠʩʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʝʦʙʭʽʜʥʦ ʟʘʣʫʯʠʪʠ ʫʩʽʭ ʫʯʘʩʥʠʢʽʚ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ 
ʜʦ ʘʢʪʠʚʥʦʾ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʧʨʘʢʪʠʯʥʦ ʽ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʇʽʩʣʷ 

ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʩʫʯʘʩʥʠʤʠ ʧʝʜʘʛʦʛʽʯʥʠʤʠ ʪʝʦʨʽʷʤʠ ʦʨʛʘʥʽʟʘʮʽʾ 
ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʦʩʦʙʠʩʪʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʝ 

ʥʘʚʯʘʥʥʷ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʪʦʜ ʧʨʦʝʢʪʽʚ. ɻʦʣʦʚʥʘ 

ʽʜʝʷ ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ  
ʦʨʽʻʥʪʫʻ ʫʯʥʽʚ ʥʘ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʘʙʦ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʧʨʦʜʫʢʪʫ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʪʴ ʧʨʦʝʢʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ï ʩʪʠʤʫʣʶʚʘʪʠ 

ʽʥʪʝʨʝʩ ʫʯʥʽʚ ʜʦ ʧʝʚʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʚʦʣʦʜʽʥʥʷ 
ʥʝʦʙʭʽʜʥʠʤʠ ʟʥʘʥʥʷʤʠ ʪʘ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʷʢʠʡ 

ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʚôʷʟʘʥʥʷ ʦʜʥʽʻʾ ʘʙʦ ʢʽʣʴʢʦʭ ʧʨʦʙʣʝʤʥʠʭ ʟʘʜʘʯ, 

ʧʦʢʘʟʘʪʠ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʜʙʘʥʠʭ ʟʥʘʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʫ ʚʠʢʣʘʜʘʥʥʽ ʽʥʬʦʨʤʘʪʠʢʠ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʚʠʚʯʝʥʥʷ ʪʝʤʠ çʂʦʥʩʪʨʫʶʚʘʥʥʷ ʩʘʡʪʽʚè. 

ɺʯʠʪʝʣʴ ʤʘʻ ʦʟʥʘʡʦʤʠʪʠ ʰʢʦʣʷʨʽʚ ʽʟ ʨʦʟʤʽʪʢʦʶ ʪʝʢʩʪʫ 

ʟʘʩʦʙʘʤʠ HTML ʪʘ ʢʘʩʢʘʜʥʠʤʠ ʪʘʙʣʠʮʷʤʠ ʩʪʠʣʶ CSS. ʇʽʩʣʷ 
ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ ʙʘʟʦʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʥʘʚʠʯʦʢ ʜʠʟʘʡʥʫ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʾʤ ʧʨʦʧʦʥʫʶʪʴ ʩʪʚʦʨʠʪʠ ʚʣʘʩʥʠʡ ʧʨʦʝʢʪ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʯʢʠ, ʥʘʙʫʪʽ ʧʽʜ ʯʘʩ ʫʨʦʢʽʚ. ʇʨʦʝʢʪ 
ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʢʽʣʴʢʘ ʝʪʘʧʽʚ: ʧʦʯʘʪʦʢ ʚʠʢʦʥʘʥʥʷ ʘʙʦ ʧʽʜʛʦʪʦʚʯʠʡ 

ʝʪʘʧ ï ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʘ, ʬʦʨʤʫʻʪʴʩʷ ʧʨʦʙʣʝʤʘ ʪʘ ʚʠʩʫʚʘʻʪʴʩʷ 

ʛʽʧʦʪʝʟʘ ʱʦʜʦ ʾʾ ʨʦʟʚôʷʟʘʥʥʷ; ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʝʢʪʫ ʘʙʦ 
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ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʝʪʘʧ ï ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ, ʫ ʚʠʧʘʜʢʫ ʛʨʫʧʦʚʦʛʦ ʘʙʦ ʧʘʨʥʦʛʦ ʧʨʦʝʢʪʫ, 

ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʦʙʦʚôʷʟʢʠ ʫ ʛʨʫʧʽ; ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʘʙʦ ʝʪʘʧ 
ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʟʘʭʠʩʪ ʧʨʦʝʢʪʫ ï ʜʝʤʦʥʩʪʨʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 

ʥʘʜ ʧʨʦʝʢʪʦʤ ʫ ʚʠʛʣʷʜʽ ʜʦʧʦʚʽʜʽ ʪʘ ʧʨʝʟʝʥʪʘʮʽʾ. 

ʆʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʤʦʤʝʥʪʽʚ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʽʚ 
ʻ ʚʠʙʽʨ ʪʝʤʠ, ʪʦʤʫ ʫʯʥʷʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʨʦʙʠʪʠ ʚʣʘʩʥʠʡ 

ʰʘʙʣʦʥ ʚʝʙ-ʩʘʡʪʫ, ʽʜʝʶ ʷʢʦʾ ʰʢʦʣʷʨʽ ʦʙʠʨʘʶʪʴ ʟʘ ʚʣʘʩʥʠʤ 

ʽʥʪʝʨʝʩʦʤ ʘʙʦ ʙʝʨʫʪʴ ʟʘ ʦʩʥʦʚʫ ʚʞʝ ʽʩʥʫʶʯʽ ʚʝʙ-ʩʘʡʪʠ ʪʘ 

ʧʝʨʝʨʦʙʣʷʶʪʴ ʾʭ. ʉʧʦʯʘʪʢʫ ʫʯʥʽ ʧʨʘʮʶʶʪʴ ʥʘʜ ʨʦʟʨʦʙʢʦʶ 
ʜʠʟʘʡʥʫ ʤʘʡʙʫʪʥʴʦʾ ʩʪʦʨʽʥʢʠ ʫ ʪʘʢʠʭ ʧʨʦʛʨʘʤʘʭ, ʷʢ Adobe 

Photoshop, Inkscape ʪʘ ʽʥ. ʅʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʜʠʟʘʡʥʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʟ ʤʠʥʫʣʠʭ ʨʦʢʽʚ ʥʘʚʯʘʥʥʷ. 
ɼʘʣʽ ʫʯʥʽ ʧʨʠʩʪʫʧʘʶʪʴ ʜʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʂʦʞʝʥ ʟ ʝʪʘʧʽʚ ʧʨʦʝʢʪʫ 

ʻ ʚʘʞʣʠʚʠʤ, ʰʢʦʣʷʨʽ ʟʘʢʨʽʧʣʶʶʪʴ ʩʚʦʾ ʟʥʘʥʥʷ ʪʘ ʚʤʽʥʥʷ, 

ʥʘʙʫʚʘʶʪʴ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ. ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʝʢʪʦʤ 

ʫʯʥʽ ʚʯʘʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʫ ʢʦʤʘʥʜʽ, ʨʦʟʚʠʚʘʶʪʴ ʩʚʦʾ ʢʦʤʫʥʽʢʘʪʠʚʥʽ 
ʥʘʚʠʯʢʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʥʘ ʫʨʦʢʘʭ ʽʥʬʦʨʤʘʪʠʢʠ ʻ 

ʧʝʜʘʛʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʥʘʚʯʠʪʠ ʫʯʥʽʚ 
ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʘʤʦʩʪʽʡʥʠʤʠ, ʰʫʢʘʪʠ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʧʽʜʚʠʱʫʻ ʤʦʪʠʚʘʮʽʶ, ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʢʦʞʥʦʛʦ ʫʯʘʩʥʠʢʘ ʧʨʦʝʢʪʫ ʪʘ ʩʧʨʷʤʦʚʫʻ ʰʢʦʣʷʨʽʚ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 
ʫʩʧʽʭʽʚ. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʟʚʠʚʘʣʴʥʽ ʪʘ 

ʚʠʭʦʚʥʽ ʟʘʚʜʘʥʥʷ: ʬʦʨʤʫʶʪʴʩʷ ʜʦʩʣʽʜʥʠʮʴʢʽ ʽ ʪʚʦʨʯʽ ʷʢʦʩʪʽ 

ʦʩʦʙʠʩʪʦʩʪʽ; ʨʦʟʚʠʚʘʻʪʴʩʷ ʢʦʤʫʥʽʢʘʪʠʚʥʽʩʪʴ, ʚʤʽʥʥʷ ʧʨʘʮʶʚʘʪʠ ʫ 

ʢʦʤʘʥʜʽ ʪʘ ʢʨʠʪʠʯʥʦ ʤʠʩʣʠʪʠ; ʨʦʟʚʠʚʘʶʪʴʩʷ ʩʧʦʩʪʝʨʝʞʣʠʚʽʩʪʴ ʽ 
ʚʤʽʥʥʷ ʚʠʩʫʚʘʪʠ ʛʽʧʦʪʝʟʠ. ʇʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ 

ʫʯʥʽ ʢʨʝʘʪʠʚʥʦ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʦ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, 

ʫʤʽʣʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʙʫʪʽ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ, ʚʯʘʪʴʩʷ 
ʫʟʘʛʘʣʴʥʶʚʘʪʠ ʪʘ ʦʙôʻʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʩʚʦʾ ʨʝʟʫʣʴʪʘʪʠ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʝʣʦʚʽʥʮʝʚʘ, ʄ. ʄʽʡ ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʥʘ ʫʨʦʢʘʭ 

ʽʥʬʦʨʤʘʪʠʢʠ / ʄ. ɹʝʣʦʚʽʥʮʝʚʘ // ɯʥʬʦʨʤʘʪʠʢʘ.  2008. ˉ3. ʉ. 16ï21. 
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ʄʠʢʦʣʘ ʉʚʠʱ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʫʜʠʤʘ ʖ.ɺ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ AutoCAD ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ  

 
ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʉɸʇʈ) ʚ ʥʘʰ ʯʘʩ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʘʡʞʝ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʨʽʟʥʦʛʦ ʚʠʜʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʉɸʇʈ ʚ ʘʨʭʽʪʝʢʪʫʨʽ, ʢʽʥʦ, ʛʝʦʛʨʘʬʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 
ʩʠʩʪʝʤʘʭ, ʢʘʨʪʦʛʨʘʬʽʾ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʝʣʝʢʪʨʦʪʝʭʥʽʮʽ, 

ʩʪʚʦʨʝʥʥʽ WEB-ʩʪʦʨʽʥʦʢ ʟʫʤʦʚʠʣʦ ʧʦʷʚʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʛʨʘʤʥʦ-ʤʝʪʦʜʠʯʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʨʦʙʦʪʠ ʽʟ ʩʠʩʪʝʤʘʤʠ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ 

ʧʨʠʢʣʘʜʥʦʶ ʦʨʽʻʥʪʘʮʽʻʶ ʪʘ ʟʘ ʩʪʫʧʝʥʷʤʠ ʩʧʝʮʽʘʣʽʟʘʮʽʾ, ʘ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤʠ ʻ ʧʨʦʛʨʘʤʠ AutoCAD, 3ds Max, SolidWorks, 

Inventor, CATIA, COMPAS [1].   
AutoCAD - ʫʥʽʚʝʨʩʘʣʴʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʘ ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʾ ʜʚʦʚʠʤʽʨʥʦʛʦ ʢʨʝʩʣʝʥʥʷ ʡ  

ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʜʫʢʪ ʢʦʤʧʘʥʽʾ Autodesk ʟ'ʷʚʠʚʩʷ 
ʚ 1982 ʨʦʮʽ ʽ ʻ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʉɸʇʈ, ʩʪʚʦʨʝʥʠʭ ʜʣʷ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ. ɿʘʚʜʷʢʠ ʜʝʤʦʢʨʘʪʠʯʥʽʡ ʮʽʥʽ ʪʘ 

ʣʝʛʢʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʘ ʰʚʠʜʢʦ ʟʘʚʦʶʚʘʣʘ  
ʧʦʧʫʣʷʨʥʽʩʪʴ ʩʝʨʝʜ ʽʥʞʝʥʝʨʽʚ, ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʽ ʢʦʥʩʪʨʫʢʪʦʨʽʚ 

ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʣʫʟʝʡ. AutoCAD ʧʦʣʝʛʰʫʻ ʪʘ 

ʧʨʠʰʚʠʜʰʫʻ ʨʫʪʠʥʥʫ ʨʦʙʦʪʫ ʟʽ ʩʪʚʦʨʝʥʥʷ ʢʨʝʩʣʝʥʴ, ʟʘʙʝʟʧʝʯʫʻ 

ʪʦʯʥʽʩʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ 
ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʧʨʦʩʪʦ ʡ ʽʥʪʫʾʪʠʚʥʦ 

ʨʝʜʘʛʫʚʘʪʠ ʽ ʩʪʚʦʨʶʚʘʪʠ ʧʨʦʝʢʮʽʾ ʪʚʝʨʜʠʭ ʪʽʣ ʽ ʧʦʚʝʨʭʦʥʴ; 

ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʡ ʰʚʠʜʢʦ ʩʪʚʦʨʶʚʘʪʠ ʨʦʟʨʽʟʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʪʘ 
ʝʬʝʢʪʠʚʥʦ ʬʦʨʤʫʚʘʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʪʠ ʢʨʝʩʣʝʥʴ: 

ʛʨʫʧʫʚʘʪʠ ʟʘ ʨʦʟʜʽʣʘʤʠ ʧʨʦʝʢʪʫ ʪʘ ʽʥʰʠʤʠ ʣʦʛʽʯʥʠʤʠ 

ʢʘʪʝʛʦʨʽʷʤʠ, ʩʪʚʦʨʶʚʘʪʠ ʧʝʨʝʣʽʢʠ ʘʨʢʫʰʽʚ, ʘʨʭʽʚʫʚʘʪʠ 
ʢʦʤʧʣʝʢʪʠ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʢʦʣʝʢʪʠʚʥʫ 

ʨʦʙʦʪʫ ʬʘʭʽʚʮʽʚ ʥʘʜ ʧʨʦʝʢʪʦʤ. ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʠʷʚʠʪʠ ʙʫʜʴ-ʷʢʽ ʧʦʤʠʣʢʠ ʯʠ ʥʝʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʫ AutoCAD 
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ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ï ʨʝʘʣʽʩʪʠʯʥʝ ʪʦʥʫʚʘʥʥʷ ʪʘ 

ʘʥʽʤʘʮʽʷ [2].  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʠʭ 
ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ ʉɸʇʈ ʻ ʥʝʦʙʭʽʜʥʦʶ ʯʘʩʪʠʥʦʶ ʧʽʜʛʦʪʦʚʢʠ 

ʽʥʞʝʥʝʨʽʚ ʨʽʟʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ. ʆʩʢʽʣʴʢʠ ʧʨʦʛʨʘʤʘ AutoCAD 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʘʢ ʩʘʤʦ ʩʪʨʽʤʢʦ, ʷʢ ʽ ʪʝʭʥʽʢʘ, ʟôʷʚʣʷʻʪʴʩʷ ʧʦʪʨʝʙʘ 
ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ, ʥʘʮʽʣʝʥʦʛʦ ʥʘ 

ʚʠʚʯʝʥʥʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ [3]. 

ʃʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʧʨʘʢʪʠʢʫʤʫ ʤʽʩʪʷʪʴ ʥʝʦʙʭʽʜʥʠʡ 

ʪʝʦʨʝʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʪʘ ʧʨʘʢʪʠʯʥʽ ʟʘʚʜʘʥʥʷ, ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 
ʷʢʠʭ ʩʪʫʜʝʥʪʠ ʥʘʚʯʘʪʠʤʫʪʴʩʷ ʨʦʙʦʪʽ ʟʽ ʚʩʽʤʘ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

ʧʨʦʛʨʘʤʠ. ɿʘʚʜʘʥʥʷ ʧʨʘʢʪʠʢʫʤʫ ʥʘʧʠʩʘʥʽ ʚʽʜ ʥʘʡʣʝʛʰʦʛʦ ʜʦ 

ʥʘʡʩʢʣʘʜʥʽʰʦʛʦ: ʚʽʜ ʩʪʚʦʨʝʥʥʷ ʪʦʯʢʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 3D-
ʚʠʨʦʙʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʩʪʫʜʝʥʪʘʤ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʪʘ 

ʟʘʢʨʽʧʣʶʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʥʘʥʥʷ. ʋ ʨʦʙʦʪʘʭ ʟʥʘʯʥʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʝʥʦ ʨʝʜʘʛʫʚʘʥʥʶ ʯʘʩʪʠʥ ʚʠʨʦʙʫ, ʘʜʞʝ ʩʘʤʝ ʮʽ ʥʘʚʠʯʢʠ 

ʨʦʙʦʪʠ ʚ ʉɸʇʈ ʥʘʡʯʘʩʪʽʰʝ ʥʝʦʙʭʽʜʥʽ ʚ ʧʨʦʮʝʩʽ ʨʝʘʣʴʥʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʫ 

ʻ ʪʝ, ʱʦ ʩʪʫʜʝʥʪ ʤʦʞʝ ʚʠʙʨʘʪʠ ʩʚʽʡ ʰʣʷʭ ʢʦʞʥʦʾ ʜʽʾ (ʜʣʷ ʮʴʦʛʦ 

ʧʦʜʘʥʦ ʜʦ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ). ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʨʦʟʨʦʙʮʽ 
ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʥʘ ʙʘʟʽ AutoCAD ʻ ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʰʠʨʦʢʝ 

ʨʦʟʫʤʽʥʥʷ ʫʩʽʭ ʧʨʦʛʨʘʤ ʉɸʇʈ, ʦʩʢʽʣʴʢʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʾʭ ʤʽʞ 

ʩʦʙʦʶ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ.  
ɺʠʢʦʥʘʥʥʷ ʦʥʦʚʣʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʩʧʨʠʷʪʠʤʝ ʬʦʨʤʫʚʘʥʥʶ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ 

ʪʘ ʪʨʠʚʠʤʽʨʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ. ʆʪʨʠʤʘʥʽ ʟʘ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʢʫʤʫ ʟʥʘʥʥʷ ʩʪʫʜʝʥʪʠ ʟʤʦʞʫʪʴ 
ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʚʠʚʯʝʥʥʽ ʩʫʤʽʞʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʥʘʧʠʩʘʥʥʽ 

ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʫ ʤʘʡʙʫʪʥʽʡ ʧʨʦʬʝʩʽʡʥʽʡ 

ʜʽʷʣʴʥʦʩʪʽ.  
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ. ɺ. 

 

LED-ʪʨʘʥʩʣʷʪʦʨ ʟʚʫʢʫ 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ɯʏ-ʧʨʦʤʝʥʽ 

ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʽ ʜʠʩʪʘʥʮʽʡʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ. ʋ ʙʘʛʘʪʴʦʭ 

ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʘʭ ʻ ɯʏ-ʧʦʨʪʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʦʙʤʽʥʫ 
ʬʘʡʣʘʤʠ ʤʽʞ ʥʠʤʠ. ʋ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʘʭ, ʦʭʦʨʦʥʥʠʭ 
ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʚʩʽ ʧʫʣʴʪʠ ʚʽʜ ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʤʫʟʠʯʥʠʭ 

ʮʝʥʪʨʽʚ, ʪʝʣʝʚʽʟʦʨʽʚ, ʜʝʷʢʠʭ ʢʝʨʦʚʘʥʠʭ ʜʠʪʷʯʠʭ ʽʛʨʘʰʦʢ ʪʘʢʦʞ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʨʦʤʝʥʽ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʧʨʠʣʘʜʽʚ ï ɯʏ-ʪʨʘʥʩʣʷʪʦʨ ʟʚʫʢʫ çʂʚʘʨʮ-

ʀʂʊè, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʩʚʽʪʣʦʜʽʦʜʘ ʽ ʬʦʪʦʜʽʦʜʘ [1]. 
 ɯʥʬʨʘʯʝʨʚʦʥʽ ʭʚʠʣʽ ʥʝ ʩʧʨʠʡʤʘʶʪʴʩʷ ʣʶʜʩʴʢʠʤ ʦʢʦʤ, ʱʦ 

ʷʚʣʷʻʪʴʩʷ ʚʝʣʠʢʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘʢ ʽ ʥʝʜʦʣʽʢʦʤ. ɺʦʥʠ ʥʝ 

ʚʽʜʚʦʣʽʢʘʶʪʴ ʫʚʘʛʫ ʣʶʜʠʥʠ ʯʝʨʝʟ ʩʚʦʶ ʥʝʚʠʜʠʤʽʩʪʴ, ʘʣʝ ʡ ʥʝ 
ʦʩʚʽʪʣʶʶʪʴ ʪʝʤʥʝ ʧʨʠʤʽʱʝʥʥʷ. ʗʢʱʦ ʧʦʜʫʤʘʪʠ, ʩʢʽʣʴʢʠ ʜʞʝʨʝʣ 

ʩʚʽʪʣʘ ʻ ʥʘʚʢʦʣʦ ʥʘʩ ʽ ʫʷʚʠʪʠ, ʱʦ ʢʦʞʥʝ ʜʞʝʨʝʣʦ ʪʘʢʦʞ ʤʦʞʝ 

ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʪʦ ʩʪʘʻ ʟʨʦʟʫʤʽʣʦ ʥʘʩʢʽʣʴʢʠ ʚʝʣʠʢʽ 
ʚʽʜʢʨʠʚʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ [2]. 

ɼʘʥʠʡ ʚʠʛʦʪʦʚʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʪʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʟʚʫʢʦʚʠʭ 

ʧʨʦʛʨʘʤ ʥʘ ʜʠʥʘʤʽʢʠ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʜʞʝʨʝʣʦ 
ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʩʪʨʽʡ ʤʽʩʪʠʪʴ ʪʘʢʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ: 

1. ʄʽʢʨʦʬʦʥ; 
2,5,8,11. ʇʽʜʩʠʣʶʚʘʯʽ; 

3. ʄʦʜʫʣʷʪʦʨ; 

4. ɻʝʥʝʨʘʪʦʨ ʥʝʩʫʯʠʭ ʢʦʣʠʚʘʥʴ; 
6. ʉʚʽʪʣʦʜʽʦʜ; 

7. ʌʦʪʦʧʨʠʡʤʘʯ; 

9. ɼʝʤʦʜʫʣʷʪʦʨ; 
10. ʆʧʦʨʥʠʡ ʛʝʥʝʨʘʪʦʨ; 

12. ɼʠʥʘʤʽʢ. 
ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ ʚ ʯʘʩʪʦʪʥʦ-
ʤʦʜʫʣʴʦʚʘʥʽ ʩʚʽʪʣʦʚʽ ʽʤʧʫʣʴʩʠ. ʎʽ ʽʤʧʫʣʴʩʠ ʩʪʚʦʨʝʥʽ 

ʩʚʽʪʣʦʜʽʦʜʦʤ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ, ʧʦʧʘʜʘʶʪʴ ʥʘ ʬʦʪʦʜʽʦʜ 

ʧʨʠʡʤʘʯʘ ʥʘ ʧʨʷʤʫ. ʇʦʪʫʞʥʽʩʪʴ ʩʚʽʪʦʜʽʦʜʘ ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢʘ, 
ʱʦʙ ʧʽʩʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʩʪʽʥ ʩʪʝʣʴ ʽ ʽʥʰʠʭ ʧʨʝʜʤʝʪʽʚ ʧʦʪʫʞʥʽʩʪʴ 

ʧʨʦʤʝʥʷ ʙʫʣʘ ʜʦʩʪʘʪʥʷ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʬʫʥʢʮʽʶʥʫʚʘʥʥʷ 

ʧʨʠʣʘʜʘ. ʋ ʧʨʠʡʤʘʯʽ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣ ʟʥʦʚʫ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ, 
ʧʽʜʩʠʣʶʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʢʦʣʦʥʢʠ ʘʙʦ ʥʘʚʫʰʥʠʢʠ. 

ʇʨʠʩʪʨʽʡ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʷʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ 

ʤʘʢʝʪ ʫ ʣʘʙʦʨʘʪʦʨʽʷʭ. 
 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 
ʅʦʤʽʥʘʣʴʥʘ ɽʈʉ ʜʞʝʨʝʣʘ:                                     250 ʤɺ; 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʧʨʠʡʤʘʯʘ:                                   7,5 ɺ; 

ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ:                                               10Ĭ5 ʩʤ; 

ɺʘʛʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ:                                   0,7 ʢʛ; 
ɺʘʛʘ ʧʨʠʡʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ:                                      0,3 ʢʛ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ʂʝʨʽʚʥʠʮʪʚʦ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ɯʏ- ʪʨʘʥʩʣʷʪʦʨʘ ʟʚʫʢʫ  ñʂʚʘʨʮ-ʀʂʊò. 

2. https;//www.dw.com/uk/ʩʚʽʪʣʦ-ʱʦ-ʛʦʚʦʨʠʪʴ-ʘʙʦ-ʽʥʪʝʨʥʝʪ-ʚʽʜ-

ʣʘʤʧʦʯʢʠ/a-14874919 
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ʄʠʢʦʣʘ ʉʝʤʝʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʨʘʪʘʚʯʘʥ ɺ. ɻ.  

 

ɸʜʘʧʪʠʚʥʠʡ  ʬʫʨôʻ ï ʦʧʝʨʘʪʦʨ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

 

 ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʚʚʘʞʘʶʪʴʩʷ 

ʤʘʣʦʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʾʭ ʜʦʩʠʪʴ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʬʽʣʴʪʨʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʚʽʜ ʚʠʧʘʜʢʦʚʠʭ 

ʟʙʫʨʝʥʴ ʪʘ ʧʝʨʝʰʢʦʜ. ʇʨʠ ʮʴʦʤʫ ʟʜʝʙʽʣʴʰʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʛʥʘʣʽʚ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʙʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʽʚ çʚʪʨʘʪʘè ʘʤʧʣʽʪʫʜʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʙʽʯʥʦʛʦ ʝʬʝʢʪʫ ʚʪʨʘʪʠ ʯʽʪʢʦʩʪʽ ʪʘ 

ʢʦʥʪʨʘʩʪʥʦʩʪʽ. 

 ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌʫʨôʻ ʜʝʷʢʦʛʦ 

ʩʠʛʥʘʣʫ, ʤʽʞ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʤʠ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʷʢʽʩʥʦʛʦ ʩʠʛʥʘʣʫ ʽʩʥʫʻ  ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʟʘʣʝʞʥʽʩʪʴ, ʘ ʚʧʣʠʚ çʟʙʫʨʝʥʴè ʚʚʘʞʘʻʪʴʩʷ çʘʥʦʤʘʣʽʻʶè, ʪʦ 

ʬʫʨôʻï ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ. 

 ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʧʽʜʤʥʦʞʠʥʘʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝ ʤʦʞʝ ʤʘʪʠ ʘʙʩʦʣʶʪʥʫ ʬʦʨʤʫ, ʘ ʪʽʣʴʢʠ ʚʠʟʥʘʯʘʪʠ 

ʜʝʷʢʫ çʪʝʥʜʝʥʮʽʶè. ʎʶ ʪʝʥʜʝʥʮʽʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʽ ʟʚʦʨʦʪʥʠʤ ʧʦʰʠʨʝʥʥʷʤ 

ʧʦʭʠʙʢʠ. 

 ɼʣʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʷʢʽʩʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʯʽʪʢʠʤʠ ʢʦʥʪʫʨʘʤʠ ʙʝʟ ʪʦʯʢʦʚʠʭ ʟʙʫʨʝʥʴ ʪʘ 

ʟʘʚʘʜ. ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʦʚʠʥʥʘ ʟʘʧʘʤôʷʪʘʪʠ ʟʥʘʯʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʥʪʫʨʘʤ 

ʬʨʘʛʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʝʬʝʢʪʦʤ 

çʨʦʟʤʠʪʪʷè, ʪʦʙʪʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ (ʨʠʩ.1): 
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ʈʠʩ.1. ʉʭʝʤʘ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 

- ʇʨʦʩʢʘʥʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʘʙʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ; 

- ɼʣʷ ʢʦʞʥʦʛʦ ʨʷʜʢʘ ʟʦʙʨʘʞʝʥʥʷ ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʘʤʧʣʽʪʫʜʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʬʫʨôʻïʧʝʨʝʪʚʦʨʝʥʥʷ; 

- ʅʠʟʴʢʦʯʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʦʙʯʠʩʣʶʶʪʴʩʷ çʩʪʝʨʝʦʪʠʧʥʽè 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʟʘʤʽʥʶʶʪʴ ʧʦʯʘʪʢʦʚʽ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʝʬʽʮʽʻʥʪʠ; 

- ɿʘʩʪʦʩʦʚʫʶʯʠ ʦʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʧʦʪʦʯʥʠʡ ʨʷʜʦʢ ʟʦʙʨʘʞʝʥʥʷ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʪʨʝʥʛ ɻ., ʅʛʫʝʥ ʊ.  ɺʝʡʚʣʝʪʠ ʽ ʙaʥʢʠ ʬʽʣʴʪʨʽʚ. 2001.// 

http://www.autex.spb.ru/wavelet/books/books2.htm 

2. ʉʝʨʛʠʝʥʢʦ ɸ.ɹ. ʎʠʬʨʦʚʘʷ ʦʙʨʦʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. ʉʇʙ., 2011. 

768ʩ. 

3. ʃʘʡʦʥʩ ʈ. ʎʠʬʨʦʚʘ ʦʙʨʦʙʦʪʢʘ ʩʠʛʥʘʣʦʚ. ʄ.:ɹʠʥʦʤ-ʇʨʝʩʩ. 

2007. 656ʩ. 

4. ɻʦʣʴʜʝʥʙʝʨʛ   ʃ.ʄ.   ʎʠʬʨʦʚʘʷ   ʦʙʨʘʙʦʪʢʘ   ʩʠʛʥʘʣʦʚ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ/ ɻʦʣʴʜʝʥʙʝʨʛ ʃ.ʄ., ʄʘʪʶʰʢʠʥ ɹ.ɼ., 

ʇʦʣʷʢ ʄ.ʅ. ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1990. 256 ʩ. 

5. ʅʦʚʽʢʦʚ ʃ.ɺ. ʆʩʥʦʚʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ ʩʠʛʥʘʣʽʚ. ʅʘʚʯʘʣʴʥʠʡ 

ʧʦʩʽʙʥʠʢ. 1999.152 ʩ. 

6. ɹʣaʪʪʝʨ ʂ.  ɺʝʡʚʣʝʪ-aʥaʣʠʟ. ʆʩʥʦʚ r ʪʝʦʨʠʠ. ʄ.: ʈʀʎ 

ʊʝʭʥʦʩʬʝʨʘ, 2004.  280 ʩ. 
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ɺ̔ ʪʘʣʽʡ ʉʝʤʝʰʢʽʥ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ., 

ʘʩʠʩʪ. ʈʘʟʽʥʴʢʦʚ ɺ.ɺ. 
 

ɺʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3 

ʫ ʪʦʥʢʠʭ ʱʽʣʠʥʘʭ 
 

ʋʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɺ̔2ʊʝ3 ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʘʛʘʪʦ ʫʚʘʛʠ ʫ ʟʚ'ʷʟʢʫ ʟ 
ʪʠʤ, ʱʦ ʮʠʤ ʤʘʪʝʨʽʘʣʘʤ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ [1-2]. 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʦʪʨʠʤʘʥʥʷ 
ʦʜʥʦʨʽʜʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʽʟ ʜʦʩʢʦʥʘʣʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ 

ʟʘʜʘʥʠʤʠ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʆʜʠʥ ʽʟ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ - 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʱʽʣʠʥ, ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʘʩʪʠʥ ʽʟ ʚʠʩʦʢʦʶ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʽ ʤʝʭʘʥʽʯʥʦʶ ʤʽʮʥʽʩʪʶ.  

ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ ʧʦʧʝʨʝʜʥʴʦ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 
ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ Sb2ʊʝ3-Bi2ʊʝ3, ʤʝʪʦʜʦʤ 

ʩʧʨʷʤʦʚʘʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʤʝʪʦʜʦʤ ɹʨʽʜʞʤʝʥʘ, 

ʚʠʨʦʱʫʶʪʴ ʪʦʥʢʽ ʢʨʠʩʪʘʣʽʯʥʽ ʧʣʘʩʪʠʥʠ ʪʦʚʱʠʥʦʶ 0,25 ï 1,5 ʤʤ. 
ʂʨʠʩʪʘʣʽʯʥʽ ʧʣʘʩʪʠʥʠ ʦʜʝʨʞʫʶʪʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʨʘʬʽʪʦʚʦʛʦ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ (ʨʠʩ.1). ʇʦʨʦʞʥʠʥʠ, ʚ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʩʧʨʷʤʦʚʘʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʬʦʨʤʫʶʪʴʩʷ 

ʱʽʣʴʥʦ ʩʪʠʩʥʝʥʠʤʠ ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ 1. ʅʘ ʚʝʨʭʥʽʡ 
ʪʦʨʝʮʴ ʩʬʦʨʤʦʚʘʥʦʛʦ ʚʢʘʟʘʥʠʤ ʯʠʥʦʤ ʧʘʢʝʪʫ ʧʨʦʬʽʣʴʦʚʘʥʠʭ 

ʧʣʘʩʪʠʥ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʟô̒ ʤʥʠʡ ʢʦʥʪʝʡʥʝʨ 2 ʟ ʚʝʨʭʥʴʦʶ 

ʢʨʠʰʢʦʶ 3. ɺʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʢʦʥʪʝʡʥʝʨʘ 2 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 
ʟʘʧʦʚʥʝʥʥʷ ʰʠʭʪʦʶ ʧʦʧʝʨʝʜʥʴʦ ʩʠʥʪʝʟʦʚʘʥʦʛʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ɺʽ-ʊʝ. ʋ ʜʥʽ ʢʦʥʪʝʡʥʝʨʘ 

2 ʟʨʦʙʣʝʥʽ ʦʪʚʦʨʠ, ʯʝʨʝʟ ʷʢʽ ʨʦʟʧʣʘʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 
ʤʘʪʝʨʽʘʣʫ ʚʠʪʽʢʘʻ ʟ ʢʦʥʪʝʡʥʝʨʘ ʽ ʟʘʧʦʚʥʶʻ ʧʦʨʦʞʥʠʥʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥ ʱʽʣʠʥʥʠʭ ʧʦʨʦʞʥʠʥ 

ʚʠʤʽʨʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʪʝʨʤʦʧʘʨʘʤʠ 6 ʪʘ 7. ɽʣʝʢʪʨʦʜʠ 

ʪʝʨʤʦʧʘʨ 6, 7 ʯʝʨʝʟ ʛʝʨʤʝʪʠʯʥʠʡ ʧʝʨʝʭʽʜ 11 ʚʚʦʜʠʪʴʩʷ ʜʦ 
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˾͙ͫΦмΦ ˿ͻ͔͙ͣ͊ͭ;͔ͤ 

͔ͦ͋ͪ͊͗ͤͤ͘Ύ 

͎ͪ͊ͺ͍͎ͭͦͦͦ͜ 

͙ͪͫͭ͊͊ͭͦͪ͊͘͟͜͡ 

 

ʟʦʚʥʽʰʥʽʭ ʧʨʠʣʘʜʽʚ. ʅʠʞʥʽʡ ʪʦʨʝʮʴ ʧʘʢʝʪʫ ʧʨʦʬʽʣʴʦʚʘʥʠʭ 

ʧʣʘʩʪʠʥ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʯʘʰʢʫ 8, ʷʢʘ ʯʝʨʝʟ ʰʪʦʢ 9 ʟôʻʜʥʘʥʘ ʟ 

ʦʩʥʦʚʦʶ 12, ʷʢʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ɿʤʦʥʪʦʚʘʥʠʡ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ 
ʚʫʟʦʣ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʢʨʠʚʘʻʪʴʩʷ ʟô̒ ʤʥʦʶ ʘʤʧʫʣʦʶ 4 ʟ 

ʢʚʘʨʮʦʚʦʛʦ ʩʢʣʘ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 
ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʛʨʽʚʥʠʢ 5, 

ʷʢʠʡ ʦʭʦʧʣʶʻ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ 
ʘʤʧʫʣʠ. ʉʧʨʷʤʦʚʘʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ 

ʽʟ ʨʦʟʧʣʘʚʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 
ʧʝʨʝʤʽʱʝʥʥʽ ʥʘʛʨʽʚʥʠʢʘ 5 ʚʚʝʨʭ. 

ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ 

ʱʽʣʠʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʨʝʛʫʣʴʦ-

ʚʘʥʘ ʽ ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ 
ʜʽʘʧʘʟʦʥʽ 4-30,0 ʤʤ/ʛʦʜ. 

ɺʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʘʤʧʫʣʠ 4 

ʟʘʧʦʚʥʶʻʪʴʩʷ ʘʨʛʦʥʦʤ ʯʝʨʝʟ 
ʢʣʘʧʘʥ 13. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʠʩʘʥʫ 

ʫʩʪʘʥʦʚʢʫ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʚʠʨʦ-ʱʫʚʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺʽ2ʊʝ3-

Sb2ʊʝ3 ʫ ʛʨʘʬʽʪʦʚʠʭ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘʭ. ɺʠʟʥʘʯʝʥʦ ʚʧʣʠʚ 
ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʝʣʫʨʫ ʥʘ ʧʘʨʘʤʝʪʨʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʨʤʦʝʨʩ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʠʨʦʱʝʥʠʭ ʟʨʘʟʢʽʚ ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʾʭ 
ʨʦʩʪʫ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʆʣʝʢʩʘʥʜʨ ʉʝʥʯʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 
 

ʄʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʧʨʠʭʦʚʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ  

ʫ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʭ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ 
 

ʉʪʝʛʘʥʦʛʨʘʬʽʯʥʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ï ʮʝ ʢʘʥʘʣ 

ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ, ʚ ʷʢʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʝ 
ʢʦʜʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʝʪʦʜʘʤʠ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʪʘ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʟʘʧʠʩ 

ʧʨʠʭʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ (ʯʘʩʦʚʦʛʦ, ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʘʙʦ 
ʧʨʦʩʪʦʨʦʚʦʛʦ) ʫ ʚʠʛʣʷʜʽ ʟʚʫʢʫ, ʪʝʢʩʪʫ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʮʠʬʨʦʚʽ ʬʦʪʦʘʧʘʨʘʪʠ, 

ʚʽʜʝʦ- ʽ ʘʫʜʽʦʘʧʘʨʘʪʫʨʘ.  

ɯʥʪʝʨʝʩ ʜʦ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʚʠʢʣʠʢʘʥʠʡ ʧʦʰʠʨʝʥʥʷʤ 
ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʄʝʪʦʜʠ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʥʝ ʪʽʣʴʢʠ ʧʨʠʭʦʚʘʥʦ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ, ʘʣʝ ʽ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ 

ʟʘʚʘʜʦʩʪʽʡʢʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ 
ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʝʨʝʞ ʟʚ'ʷʟʢʫ, ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ [1]. 
ʉʪʝʛʘʥʦʛʨʘʬʽʷ ʻ ʥʘʫʢʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʧʨʠʭʦʚʫʻʪʴʩʷ ʩʘʤ ʬʘʢʪ ʽʩʥʫʚʘʥʥʷ ʩʝʢʨʝʪʥʦʛʦ 

ʟʚ'ʷʟʢʫ. ɺʦʥʘ ʥʝ ʟʘʤʽʥʶʻ ʢʨʠʧʪʦʛʨʘʬʽʶ (ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ), ʘ 

ʜʦʧʦʚʥʶʻ ʾʾ ʱʝ ʦʜʥʠʤ ʨʽʚʥʝʤ ʙʝʟʧʝʢʠ. ʇʨʠ ʦʙʨʦʙʮʽ ʜʘʥʠʭ 
ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʽʥʰʠʭ ʦʙ'ʻʢʪʘʭ (ʬʘʡʣʘʭ, ʜʠʩʢʘʭ ʽ ʪ.ʧ.) 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʩʪʦʨʦʥʥʷ ʦʩʦʙʘ ʥʝ ʟʜʦʛʘʜʫʚʘʣʠʩʷ ʧʨʦ 
ʽʩʥʫʚʘʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʩʝʢʨʝʪʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, 

ʚʠʷʚʠʪʠ ʪʘʢʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, ʘʣʝ ʷʢʱʦ ʮʝ ʽ 

ʩʪʘʥʝʪʴʩʷ, ʪʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʜʦ ʪʦʛʦ ʞ ʱʝ ʡ ʥʘʜʽʡʥʦ 
ʟʘʰʠʬʨʦʚʘʥʦ. 

ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʢʦʤʧôʶʪʝʨʥʦʾ ʩʝʛʘʥʦʛʨʘʬʽʾ 

ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʮʠʬʨʦʚʦʶ ʦʙʨʦʙʢʦʶ ʟʦʙʨʘʞʝʥʴ, ʘ ʩʘʤʝ 

ʧʨʠʭʦʚʫʚʘʥʥʷʤ ʪʝʢʩʪʫ ʚ ʧʝʚʥʠʡ ʢʦʥʪʝʡʥʝʨ, ʨʦʣʴ ʷʢʦʛʦ ʚʽʜʽʛʨʘʻ 
ʧʝʚʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʟʙʝʨʝʞʝʥʝ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʬʦʨʤʘʪʽ [2]. 
ʇʨʠʭʦʚʫʚʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʟʦʙʨʘʞʝʥʥʷʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʡʦʛʦ ʢʦʣʴʦʨʦʚʦʾ ʢʘʨʪʠ. ɺʧʨʦʚʘʜʞʝʥʥʷ 
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ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʠʬʨʦʚʽ ʦʙ'ʻʢʪʠ ʚʠʢʣʠʢʘʻ ʧʨʠ ʮʴʦʤʫ 
ʜʝʷʢʽ ʩʧʦʪʚʦʨʝʥʥʷ ʮʠʭ ʦʙ'ʻʢʪʽʚ. ɸʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʮʽ ʩʧʦʪʚʦʨʝʥʥʷ 
ʟʥʘʭʦʜʷʪʴʩʷ ʥʠʞʯʝ ʤʝʞʽ ʯʫʪʣʠʚʦʩʪʽ ʩʝʨʝʜʥʴʦʩʪʘʪʠʩʪʠʯʥʦʾ 
ʣʶʜʠʥʠ, ʪʦʤʫ ʥʝ ʧʨʠʚʦʜʷʪʴ ʜʦ ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʮʠʭ ʦʙ'ʻʢʪʽʚ. 
ʆʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠʭʦʚʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʤʝʪʦʜ LSB (Least 
Significant Bit, ʥʘʡʤʝʥʰʠʡ ʟʥʘʯʫʱʠʡ ʙʽʪ), ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ 
ʟʘʤʽʥʽ ʦʩʪʘʥʥʽʭ ʟʥʘʯʫʱʠʭ ʙʽʪʽʚ ʫ ʢʦʥʪʝʡʥʝʨʽ ʥʘ ʙʽʪʠ 
ʧʨʠʭʦʚʫʚʘʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪ ʚʽʟʫʘʣʴʥʦ ʥʝ 
ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʨʠʛʽʥʘʣʫ (ʨʠʩ.1). 

 
ʈʠʩ.1. ʇʦʨʽʚʥʷʥʥʷ ʧʦʨʦʞʥʴʦʛʦ ʪʘ ʟʘʧʦʚʥʝʥʦʛʦ ʢʦʥʪʝʡʥʝʨʽʚ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʛʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ 

 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʾ 
ʩʪʝʛʘʥʦʛʨʘʬʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʪʠʤʝ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ 

ʘʣʛʦʨʠʪʤʫ LSB. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ 

ʟʦʙʨʘʞʝʥʥʷ-ʢʦʥʪʝʡʥʝʨʘ ï ʧʦʰʫʢ ʧʽʢʩʝʣʽʚ, ʫ ʷʢʽ 
ʟʘʧʠʩʫʚʘʪʠʤʝʪʴʩʷ ʧʨʠʭʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ (ʜʣʷ ʷʢʠʭ ʟʤʽʥʘ 

ʥʘʡʤʦʣʦʜʰʠʭ ʨʦʟʨʷʜʽʚ ʙʫʜʝ ʥʘʡʤʝʥʰ ʧʦʤʽʪʥʦʶ ʜʣʷ ʦʢʘ 

ʣʶʜʠʥʠ). ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʫ 
ʢʦʥʪʝʡʥʝʨʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤ ʯʠʥʦʤ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʘʨʦʣʴ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
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ʄʘʨʽʯʢʘ ʉʝʨʙʠʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 
 

ʌʨʘʛʤʝʥʪʠ ʟ ʽʩʪʦʨʽʾ ʚʠʥʘʡʜʝʥʥʷ ɺʽ2ʊʝ3 ʪʘ ʡʦʛʦ ʧʝʨʰʠʭ 

ʧʨʘʢʪʠʯʥʠʭ ʚʠʢʦʨʠʩʪʘʥʴ 

ʋ ʜʘʥʠʡ ʯʘʩ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ 
ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʪʨʴʦʤʘ ʥʘʧʨʷʤʘʤʠ: ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ, 
ʧʨʠʣʘʜʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ. ɼʣʷ ʚʩʽʭ ʮʠʭ 
ʥʘʧʨʷʤʽʚ ʦʩʥʦʚʥʠʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʻ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ɺʽ-ʊʝ, ʷʢʽ ʤʘʶʪʴ 
ʥʘʡʢʨʘʱʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 200 
ï 400 ʂ. 
ʇʝʨʰʽ ʚʽʜʦʤʽ ʧʨʠʨʦʜʥʽ ʩʧʦʣʫʢʠ ʪʝʣʫʨʫ ʪʘ ʚʽʩʤʫʪʫ ʙʫʣʠ 

ʩʧʨʠʡʥʷʪʽ ɯʛʥʘʮʦʤ ʬʦʥ ɹʦʨʥʦʤ ʫ 1790 ʨ. ʟʘ ʩʧʦʣʫʢʠ ʩʨʽʙʣʘ ʟ 
ʤʦʣʽʙʜʝʥʦʤ. ʇʨʘʚʠʣʴʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʙʫʣʦ 
ʚʠʟʥʘʯʝʥʦ ʫ 1822 ʨ. ɻ. ʈʦʫʟʦʤ ʽ ʤʘʡʞʝ ʦʜʥʦʯʘʩʥʦ ʟ ʥʠʤ ʁ. 
ɹʝʨʮʝʣʽʫʩʦʤ [1]. 
ʉʝʨʝʜ ʙʝʟʣʽʯʽ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʽʚ, ʜʦʩʣʽʜʞʫʚʘʥʠʭ ɿʝʻʙʝʢʦʤ ʚ 

1895 ʨ., ʙʫʣʠ ʽ ʟʨʘʟʢʠ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʁ.ɹʝʨʮʝʣʽʫʩʦʤ. ʋ ʡʦʛʦ 
ʧʨʘʮʷʭ ʚʦʥʠ ʤʘʣʠ ʥʘʟʚʫ ɺʽʩʤʫʪʠʥ (ʥʽʤ. Wismuthglanzes), ʜʦ ʾʭ 
ʩʢʣʘʜʫ ʚʭʦʜʠʣʠ ʟôʻʜʥʘʥʥʷ ʚʽʩʤʫʪ-ʪʝʣʫʨ, ʟ ʥʝʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ 
ʩʝʣʝʥʫ, ʩʽʨʢʠ, ʩʫʨʤʠ, ʩʨʽʙʣʘ [2]. ʊʘʢʠʤ ʯʠʥʦʤ, ʊ. ɿʝʻʙʝʢ ʙʫʚ 
ʧʝʨʰʠʤ, ʭʪʦ ʜʦʩʣʽʜʞʫʚʘʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ ʥʘ 
ʦʩʥʦʚʽ ɺʽ-ʊʝ. 
ɯʥʪʝʥʩʠʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʽ2ʊʝ3 ʪʘ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʧʦʯʘʣʦʩʷ ʟʘ ʽʥʽʮʽʘʪʠʚʠ ʪʘ ʧʽʜ 
ʢʝʨʽʚʥʠʮʪʚʦʤ ɸ.ʌ. ʁʦʬʬʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʷʢʦʛʦ 
ʩʧʨʠʷʣʠ ʧʦʷʚʽ ʧʝʨʰʠʭ ʢʦʤʝʨʮʽʡʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ 
ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ. ʋ 
ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʩʠʣʴʥʦ ʣʝʛʦʚʘʥʽ 
ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʠ, ʥʘʡʚʽʜʦʤʽʰʠʤʠ ʟ ʷʢʠʭ ʻ ʪʝʣʫʨʠʜʠ ʩʫʨʤʠ, 
ʚʽʩʤʫʪʫ ʪʘ ʩʚʠʥʮʶ.  
ʋ 1954 ʨ. ʩʪʚʦʨʝʥʦ ʭʦʣʦʜʠʣʴʥʫ ʰʘʬʫ ʟ ʦʙôʻʤʦʤ ʢʘʤʝʨʠ 55 ʣ. 

ʊʫʪ ʜʣʷ n-ʛʽʣʢʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ 
PbTe-PbSe, ʘ ʨ-ʛʽʣʢʘ ʚʠʛʦʪʦʚʣʷʣʘʩʷ ʽʟ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3-
Sb2Te3, ʚʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ɻ.ɯ. ʐʤʝʣʴʦʚʠʤ ʫ 1949 ʨ.  
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ʋ 1955 ʨ. ɼʞ.ɻʦʣʜʩʤʽʜʫ ʚʜʘʣʦʩʷ ʩʪʚʦʨʠʪʠ ʤʘʪʝʨʽʘʣ n-ʪʠʧʫ 
ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ Bi2Te3, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʧʝʨʝʧʘʜ 
ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʝʨʤʦʝʣʝʤʝʥʪʽ ȹὝάὥὼ=40Áὅ [3].  
ʋ 1956 ʨ. ʉʽʥʘʥʽ ʟ ʢʦʣʝʛʘʤʠ [4] ʩʠʥʪʝʟʫʚʘʚ ʪʘ ʜʦʩʣʽʜʠʚ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ n-ʛʽʣʢʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʽ 
ɺ2̔ʊʝ3-Bi2Se3. ʅʘʡʢʨʘʱʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʘʟʫʚʘʚ 
ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ 80 ʤʦʣ.% ɺʽ2ʊʝ3+ 20 ʤʦʣ.% Bi2Se3.  

 ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʯʠʥʘʶʯʠ ʟ 1956 ʨ., ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ɺʽ2ʊʝ3-
Sb2Te3 ʪʘ ɺʽ2ʊʝ3-Bi2Se3 ʩʪʘʶʪʴ ʦʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʭʦʣʦʜʞʫʶʯʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ.  
ʋ 1957 ʨ. ʚ ɯʥʩʪʠʪʫʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ ɸʅ ʉʉʉʈ, ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ɸ. ʁʦʬʬʝ ʩʪʚʦʨʝʥʦ ʜʦʤʘʰʥʽʡ ʭʦʣʦʜʠʣʴʥʠʢ ʦʙ'ʻʤʦʤ 
91 ʣ. ʋ ʚʝʨʭʥʽʡ ʢʘʤʝʨʽ ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʘʥʦʚʠʣʘ + 5 ... + 6 Üʉ ʽ ʚ 
ʥʠʞʥʽʡ -4 ... -6 Üʉ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʽʣʦʢ ʢʘʩʢʘʜʥʦʾ ʪʝʨʤʦʙʘʪʘʨʝʾ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ Bi2Te3-Bi2Se3 ʪʘ Bi2Te3-
Sb2Te3. 
ʐʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Bi2Te3, 

ʧʽʜʙʦʨʫ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ ʜʣʷ n-ʛʽʣʦʢ, ʘ ʪʘʢʦʞ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 
ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʜʘʣʦʩʷ ʧʽʜʥʷʪʠ ʾʭ 
ʙʝʟʨʦʟʤʽʨʥʫ ʜʦʙʨʦʪʥʽʩʪʴ ZT ʜʦ ʨʽʚʥʷ 1,2 [5]. ʇʨʠʯʦʤʫ æὝάὥὼ ʜʣʷ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
ʥʝ ʧʝʨʝʚʠʱʫʻ 75 Áὅ. 
ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʚôʷʟʫʶʪʴ ʽʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʘʢ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 
ʜʦʩʣʽʜʞʝʥʴ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʛʥʦʟʫʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ZT ~10 ʪʘ 
ʙʽʣʴʰʝ, ʘʣʝ ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ ʨʝʘʣʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 
ʧʦʢʘʟʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ZT~ 2-2,5. 
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1956. ʊ.26. ˉ10. ʉ. 2398-2399. 
5. ɸʥʘʪʠʯʫʢ ʃ.ɯ. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʜʝʷʢʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ. ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2007. ˉ2. ʉ.7 - 20. 
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ɺʽʢʪʦʨ ʉʠʟʦʥʝʥʢʦ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

ʌʣʫʦʨʝʩʮʝʥʪʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ ʚ ʜʽʘʛʥʦʩʪʠʮʽ 

ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʙʽʦʪʢʘʥʠʥ 

 

ɼʽʘʛʥʦʩʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ 

ʧʦʣʷʛʘʻ ʚ ʾʾ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ 

ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 

ʧʝʨʝʭʽʜ ʚʽʜ ʥʦʨʤʘʣʴʥʦʾ ʪʢʘʥʠʥʠ ʜʦ ʨʘʢʫ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʦʥʢʦʣʦʛʽʯʥʦ ʟʤʽʥʝʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ 

ʪʠʧʫ çʝʧʽʪʝʣʽʡ-ʩʪʨʦʤʘè ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʢʨʠʪʝʨʽʾʚ 

ʜʠʬʝʨʝʥʮʽʡʥʦʾ  ʜʽʘʛʥʦʩʪʠʢʠ ʟʘ ʩʧʝʢʪʨʘʤʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʫ 

ʩʢʘʣʷʨʥʦʤʫ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʤʫ ʥʘʙʣʠʞʝʥʥʷʭ. 

ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ  ʬʫʦʨʝʩʮʝʥʪʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʫ 

ʜʽʘʛʥʦʩʪʠʮʽ ʦʥʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʪʢʘʥʠʥ ʰʠʡʢʠ 

ʤʘʪʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʝʥʜʦʛʝʥʥʠʭ ʬʣʫʦʨʦʬʦʨʽʚ, ʷʢʽ 

ʤʽʩʪʷʪʴʩʷ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥʘʭ ʚ ʥʦʨʤʽ ʪʘ ʧʨʠ 

ʧʘʪʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʦʥʢʦʫʪʚʦʨʝʥʥʷ, ʥʘ ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʷʚʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʧʨʠ ʟʙʫʜʞʝʥʥʽ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʠʤ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ɺʠʜʽʣʝʥʦ 

ʜʝʢʽʣʴʢʘ ʦʥʢʦʤʘʨʢʝʨʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʢʘʟʘʥʠʡ ʧʨʦʮʝʩʝ: 

ʦʢʠʩʣʝʥʽ ʬʦʨʤʠ ʧʽʨʠʜʠʥ-ʥʫʢʣʝʦʪʠʜʽʚ, ʅɸɼʅ ʪʘ ʅɸɼʌʅ, 

ʦʢʠʩʣʝʥʽ ʬʣʘʚʘʧʨʦʪʝʾʜʠ (ʬʣʘʚʽʥʦʚʘ ʛʨʫʧʘ), ʧʦʨʬʽʨʠʥʦʚʘ 

ʛʨʫʧʘ ʪʘ ʢʦʣʘʛʝʥ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʚ 

ʥʝʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʪʘ ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʚʠʧʘʜʢʘʭ [1] ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʷʢ ʟʙʫʜʞʫʁ ʯʦʾ ʭʚʠʣʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ 

ʣʘʟʝʨʘ ʟ  = 405 ʥʤ, ʪʘʢ ʽ ʩʧʝʢʪʨʦʤʝʪʨʘ OCEAN 2000. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚ ʪʢʘʥʠʥʘʭ 

ʟ ʦʥʢʦʫʪʚʦʨʝʥʥʷʤ ʫ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʴʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʧʦʪʦʢʫ ʝʤʽʩʽʾ  ʧʦʣʷ (ʨʠʩ.1) ʚ 

ʥʦʨʤʘʣʴʥʽʡ ʝʧʽʪʝʣʽʘʣʴʥʽʡ ʪʢʘʥʠʥʽ, ʷʢʘ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʥʝ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʙʫʜʞʝʥʦʛʦ ʧʦʪʦʢʫ ʜʦ ʟʙʫʜʞʫʶʯʦʛʦ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʧʦʣʷ ʫ ʚʠʛʣʷʜʽ ʚʫʟʴʢʦʛʦ ʪʘ 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʽʢʫ. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʧʽʪʝʣʽʘʣʴʥʦʛʦ ʰʘʨʫ ʚ 

ʩʪʘʥʽ ʚʠʩʦʢʦʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʾ ʜʠʩʧʣʘʟʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʟʩʽʷʥʦʛʦ ʧʫʯʢʘ ʝʤʽʩʽʾ ʽʟ 

ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʚʽʜʥʦʰʝʥʥʷ ʝʤʽʪʦʚʘʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʧʘʜʘʶʯʦʛʦ. 

 
ʈʠʩ. 1. ʈʦʟʧʦʜʽʣʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʜʣʷ ʤʦʜʝʣʴʦʚʘʥʠʭ 

ʩʪʘʥʽʚ G1 ʪʘ G2 ʽʟ ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʚ ʦʙôʻʤʽ ʥʝʦʜʥʦʨʽʜʥʦʩʪʷʤʠ, 

ʽʜʝʥʪʠʯʥʠʤʠ ʦʥʢʦʫʪʚʦʨʝʥʥʷʤ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ n̔ vitro 

ʬʣʫʦʨʝʩʮʝʥʮʽʶ ʜʠʩʧʣʘʟʽʡʥʠʭ ʪʘ ʤʘʣʽʛʥʘʮʽʡʥʠʭ ʟʨʘʟʢʽʚ 

ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʧʨʠ ʨʘʢʫ ʰʠʡʢʠ ʤʘʪʢʠ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʜʝʨʞʘʥʦ ʩʧʝʢʪʨʠ ʬʣʫʦʨʝʩʮʝʥʮʽʾ 

ʙʽʦʪʢʘʥʠʥ ʰʠʡʢʠ ʤʘʪʢʠ ʧʨʠ ʾʭ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ, ʩʪʘʜʽʷʭ 

ʜʠʩʧʣʘʟʽʾ ʪʘ ʧʨʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʽ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʚʽʜʥʦʩʥʽ 

ʨʽʚʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʮʽʾ, ʪʘʢ ʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʤʝʪʦʜʦʤ (ʧʝʨʰʘ ʧʦʭʽʜʥʘ) ʚʽʜʧʦʚʽʜʥʽ 

ʩʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ.   
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  Ushenko A.G. Stokes-correlometry of biotissues // Laser Physics. ï 

2000. ï Vol.10, No.6. ï P.1-7. 
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ɺʘʩʠʣʴ ʉʣʠʚʢʘ, ɯʛʦʨ ɹʦʣʝʜʟʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮ. ʉ.ɺ ɹʽʣʽʯʫʢ 

 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʭʠʩʪʫ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ ʘʚʪʦ ʚʽʜ 

ʧʝʨʝʥʘʧʨʫʛʠ 

 
ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʘʚʪʦʤʦʙʽʣʷ, 

ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʽ ʧʦʪʫʞʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ  
ʚʠʟʥʘʯʘʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʙʦʨʪʦʚʠʡ ʤʝʨʝʞʽ. ʅʦʨʤʘʣʴʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ - ʮʝ ʢʦʣʠ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʜʦʨʽʚʥʶʻ ʾʾ ʧʦʩʪʘʯʘʥʥʶ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ. ɺ ʦʩʥʦʚʥʦʤʫ ʜʦ 
ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʧʨʠʟʚʦʜʠʪʴ 

ʧʽʜôʻʜʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʘʙʦ 

ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʨʝʞʠʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ. ʆʜʥʘʢ ʫ ʨʷʜʽ 
ʚʠʧʘʜʢʽʚ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʟʥʘʯʥʠʭ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ. ɹʽʣʴʰʽʩʪʴ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʪʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚ ʘʚʪʦʤʦʙʽʣʽ 

ʧʽʜôʻʜʥʘʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ ʽ ʟʥʘʯʥʝ 
ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʦʨʦʛʠʭ ʩʠʩʪʝʤ. ʆʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʘʢʫʤʫʣʷʪʦʨʥʦʾ 

ʙʘʪʘʨʝʾ ʻ ʟʘʭʠʩʪ ʤʝʨʝʞʽ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ ʪʘ ʟʛʣʘʜʞʫʚʘʥʥʷ 
ʧʫʣʴʩʘʮʽʡ ʧʨʠ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʘʭ, ʧʨʦʪʝ ʧʨʠ ʩʝʨʡʦʟʥʠʭ 

ʧʦʣʦʤʢʘʭ, ʥʘʧʨʠʢʣʘʜ ʧʨʦʙʽʡ ʨʝʣʝ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʛʝʥʝʨʘʪʦʨʽ, 

ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ ʜʦʚʛʦ ʥʝ ʟʤʦʞʝ ʩʪʨʠʤʫʚʘʪʠ ʨʽʟʢʝ 

ʟʨʦʩʪʘʥʥʷ ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ ʷʢʘ ʤʦʞʝ ʜʦʩʷʛʥʫʪʠ ʟʥʘʯʝʥʴ 20 ɺ 
ʽ ʙʽʣʴʰʝ ʫ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʙʘʛʘʪʴʦʭ 

ʩʠʩʪʝʤ. ʉʪʘʥʜʘʨʪʥʘ ʘʚʪʦʤʦʙʽʣʴʥʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʢʘ ʧʝʨʝʜʙʘʯʘʻ 

ʧʨʷʤʝ ʧʽʜôʻʜʥʘʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʣʦʚʠʭ ʢʣʝʤ ʛʝʥʝʨʘʪʦʨʘ ʜʦ 
ʘʢʫʤʫʣʷʪʦʨʘ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʽ ʪʦʤʫ 

ʦʙʤʝʞʠʪʠ ʥʘʧʨʫʛʫ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ. 
ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ  ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʙʦʨʪʦʚʦʾ 

ʥʘʧʨʫʛʠ ʪʘ ʟʘʭʠʩʪʫ ʙʦʨʪʦʚʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʾʾ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ.  
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ʈʠʩ.1 ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʭʠʩʪʫ 

ʙʦʨʪʦʚʦʾ ʤʝʨʝʞʽ ʘʚʪʦ ʚʽʜ ʧʝʨʝʥʘʧʨʫʛʠ 
 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʉʂ 

ʚʠʤʽʨʶʻ ʥʘʧʨʫʛʫ ʚ ʤʝʨʝʞʽ ʽ ʧʨʠ ʜʦʩʷʥʝʥʥʽ ʟʥʘʯʝʥʴ 15 ɺ (ʜʣʷ 

12 ɺ ʤʝʨʝʞʽ) ʧʦʜʘʻ ʩʚʽʪʣʦʚʠʡ ʩʠʛʥʘʣ, ʘ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ 16 ɺ 
ʚʢʣʶʯʘʻ ʨʝʣʝ ʨʦʟʨʠʚʫ ʢʦʣʘ ʞʠʚʣʝʥʥʷ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʘ ɻ. ɼʘʣʽ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶʻ, ʯʠ ʟʤʝʥʰʠʣʘʩʷ ʥʘʧʨʫʛʘ ʚ 

ʤʝʨʝʞʽ ʜʦ ʧʨʠʡʥʷʪʥʠʭ ʟʥʘʯʝʥʴ 13-14 ɺ, ʷʢʱʦ ʪʘʢ, ʪʦ ʧʝʨʽʦʜʠʯʥʦ 
ʙʫʜʝ ʧʽʜôʻʜʥʘʥʥʷ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʨʦʟʨʷʜʽ ʘʢʫʤʫʣʷʪʦʨʥʦʾ 

ʙʘʪʘʨʝʾ ɸɹ ʜʦ 12 ɺ. ʗʢʱʦ ʞ ʥʘʧʨʫʛʘ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʧʨʦʙʦʶ ʢʝʨʫʶʯʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʨʝʣʝ ʨʝʛʫʣʷʪʦʨʘ 
ʽ ʞʠʚʣʝʥʥʷ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʥʘʧʨʷʤʫ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ, 

ʟʘʜʽʶʻʪʴʩʷ ʘʚʘʨʽʡʥʘ ʟʫʧʠʥʢʘ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʰʣʷʭʦʤ ʨʦʟʨʠʚʫ ʢʦʣʘ ʞʠʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʧʘʣʶʚʘʥʥʷ ʪʘ 

ʚʤʠʢʘʻʪʴʩʷ ʩʚʽʪʣʦʜʽʦʜʥʘ ʩʠʛʥʘʣʽʟʘʮʽʷ ʥʝʩʧʨʘʚʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ.  
ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ 

ʥʘ ʙʘʛʘʪʴʦʭ ʘʚʪʦʤʦʙʽʣʷʭ ʽ ʜʦʟʚʦʣʠʪʴ ʟʘʚʯʘʩʥʦ ʦʙʤʝʞʠʪʠ 

ʥʝʜʦʧʫʩʪʠʤʦ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʫ ʙʦʨʪʦʚʽʡ ʤʝʨʝʞʽ ʽ 
ʟʘʧʦʙʽʛʪʠ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʙʦʨʪʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

  1. ɸʢʠʤʦʚ ʉ.ɺ., ʏʠʞʢʦʚ ʖ.ʇ. ʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʋʯʝʙʥʠʢ ʜʣʷ ɺʋɿʦʚ. ʄ.: ʆʆʆ ñʂʥʠʞʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ɿʘ ʨʫʣʝʤò, 2005. 
336 ʩ. 



297 

 ɸʥʜʨʽʡ ʉʤʦʣʷʨʦʚ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʫʙʦʣʘʟʦʚ ʆ.ɺ. 
 

ʈʦʟʨʦʙʢʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʦʩʽʙʥʠʢʘ ñɺʠʜʘʚʥʠʯʽ ʧʨʦʮʝʩʠò 

 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 
ʪʝʭʥʦʣʦʛʽʡ ʫ ʩʚʽʪʽ ʟʤʽʥʶʻʪʴʩʷ ʡ ʩʘʤ ʦʩʚʽʪʥʽʡ ʨʠʥʦʢ, ʦʩʚʽʪʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʚ ʤʝʞʘʭ ʷʢʦʛʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ.    

     ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʘʡʙʫʪʥʻ ʟʘ ʥʦʚʠʤʠ, 
ʛʥʫʯʢʠʤʠ ʤʦʜʝʣʷʤʠ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʚ ʷʢʦʤʫ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʟʘʩʦʙʠ, ʤʝʪʦʜʠ ʡ ʪʝʭʥʦʣʦʛʽʾ. 

     ɽʣʝʢʪʨʦʥʥʝ ʚʠʜʘʥʥʷ - ʷʚʠʱʝ ʙʘʛʘʪʦʚʠʤʽʨʥʝ, ʷʢʝ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʯʘʩʽ, ʪʝʭʥʦʣʦʛʽʾ ʷʢʦʛʦ ʦʥʦʚʣʶʶʪʴʩʷ ʪʘ ʫʜʦʩʢʦʥʘʣʶʶʪʴʩʷ.  
     ɽʣʝʢʪʨʦʥʥʽ ʚʠʜʘʥʥʷ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʜʘʶʪʴ ʟʤʦʛʫ: ʽʥʜʠʚʽʜʫʘʣʽʟʫʚʘʪʠ ʪʘ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ 

ʧʨʦʮʝʩ ʥʘʚʯʘʥʥʷ; ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ ʜʽʘʛʥʦʩʪʠʢʦʶ 
ʧʦʤʠʣʦʢ ʡ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ; ʩʘʤʦʢʦʥʪʨʦʣʴ ʽ ʩʘʤʦʢʦʨʝʢʮʽʶ 

ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʥʘʚʯʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ; 

ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʽʤʽʪʫʚʘʪʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʨʦʮʝʩʠ ʯʠ ʷʚʠʱʘ; 

ʚʠʢʦʥʫʚʘʪʠ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʚ ʫʤʦʚʘʭ ʽʤʽʪʘʮʽʾ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ 
ʨʝʘʣʴʥʦʛʦ ʜʦʩʚʽʜʫ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʫ; ʬʦʨʤʫʚʘʪʠ ʚʤʽʥʥʷ 

ʧʨʠʡʤʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʚ ʨʽʟʥʠʭ ʩʠʪʫʘʮʽʷʭ; ʨʦʟʚʠʚʘʪʠ 

ʧʝʚʥʠʡ ʚʠʜ ʤʠʩʣʝʥʥʷ (ʧʨʠʤʽʨʦʤ, ʥʘʦʯʥʦ-ʦʙʨʘʟʥʠʡ, 
ʪʝʦʨʝʪʠʯʥʠʡ); ʧʦʩʠʣʠʪʠ ʤʦʪʠʚʘʮʽʶ ʥʘʚʯʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʨʘʭʫʥʦʢ ʦʙʨʘʟʦʪʚʦʨʯʠʭ ʟʘʩʦʙʽʚ ʘʙʦ ʽʛʨʦʚʠʭ ʩʠʪʫʘʮʽʡ); 

ʬʦʨʤʫʚʘʪʠ ʢʫʣʴʪʫʨʫ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʽʥ. [1]. 
      ʄʝʪʘ ʨʦʙʦʪʠ - ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ. ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʣʝʥʥʷ ʚʠʜʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ: Adobe Photoshop 

CS3, Adobe Acrobat X Pro, AutoPlay Media Studio 8, Flip Book 
Maker 3. 

     ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʟʘʩʦʙʠ ʧʦʩʽʙʥʠʢʘ ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ 

ʜʦʢʫʤʝʥʪʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʜʥʦʯʘʩʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʚʽʜʝʦʬʘʡʣʽʚ. 
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ʈʠʩ. 1. ɿʘʩʦʙʠ ʧʝʨʝʛʣʷʜʫ ʪʝʢʩʪʦʚʦʾ ʡ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʩʽʙʥʠʢʘ 

 

      ʊʝʢʩʪ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ *.pdf 

ʜʦʢʫʤʝʥʪʽʚ. ʅʘʚʽʛʘʮʽʷ ʧʦ ʢʦʤʧʣʝʢʩʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʟʨʫʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ɿ ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ ʩʪʫʜʝʥʪ 

ʤʦʞʝ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʭʽʜ ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ. ʋʩʽ ʩʢʣʘʜʦʚʽ ʢʦʤʧʣʝʢʩʫ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ 

ʩʦʙʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ 
ʛʦʣʦʚʥʦʛʦ ʚʽʢʥʘ ʘʙʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʩʪʦʨʽʥʢʠ ʥʘʚʯʘʣʴʥʦʛʦ ʪʝʢʩʪʫ 

ʜʠʩʮʠʧʣʽʥʠ. 

      ʆʪʞʝ, ʝʣʝʢʪʨʦʥʥʝ ʚʠʜʘʥʥʷ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ 
ʩʠʩʪʝʤʫ, ʱʦ ʤʽʩʪʠʪʴ ʜʠʜʘʢʪʠʯʥʽ, ʤʝʪʦʜʠʯʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʜʦʚʽʜʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɽʨʞʘʥʦʚ ʅ. ʊ. ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ ʢʘʢ ʵʣʝʤʝʥʪ 

ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʫʯʝʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʦʙʨʘʟʦʚʘʥʠʠ / ʅ. ʊ. ɽʨʞʘʥʦʚ, 

ʀ. ʅ. ʐʝʛʘʡ //ʆʪʢʨʳʪʦʝ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ð 

2011.  ˉ 8. ʉ. 65-68. 
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ʆʛʣʷʜ JQuery - ʙʽʙʣʽʦʪʝʢʘ JavaScript 

 
ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʪʝʨʥʝʪʫ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʚʽʚ ʜʦ 

ʢʦʣʦʩʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʥʦʚʠʭ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽʚ. ʈʦʟʚʠʪʦʢ 

ʽʥʪʝʨʥʝʪʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
ʨʽʚʝʥʴ ʩʪʘʚ ʤʽʩʮʝʤ, ʜʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʙʽʟʥʝʩ-

ʦʨʛʘʥʽʟʘʮʽʾ ʚʩʴʦʛʦ ʩʚʽʪʫ. 

ʅʘʩʘʤʧʝʨʝʜ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʤʧʘʥʽʡ, 
ʷʢʽ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʙʽʟʥʝʩ. ɺʦʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʩʚʦʾ 

ʢʦʨʧʦʨʘʪʠʚʥʽ ʜʦʤʝʥʠ, ʩʪʚʦʨʶʶʪʴ ʩʚʦʾ ʚʝʙ-ʩʘʡʪʠ, ʨʝʢʣʘʤʫʶʪʴ 

ʩʚʦʾ ʧʦʩʣʫʛʠ ʪʘ ʪʦʚʘʨʠ ʚ ʽʥʪʝʨʥʝʪʽ, ʧʦʯʠʥʘʶʪʴ ʧʨʦʜʘʚʘʪʠ 
ʦʥʣʘʡʥ. 

      ʆʩʥʦʚʥʘ ʨʦʣʴ ʫ ʪʝʭʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʙʫʜʝ ʥʘʣʝʞʠʪʠ ʩʘʤʝ ʚʝʙ-

ʧʨʦʛʨʘʤʽʩʪʘʤ ʽ ʨʦʟʨʦʙʥʠʢʘʤ. ɰʭ ʟʘʚʜʘʥʥʷ: ʩʪʚʦʨʶʚʘʪʠ ʚʝʙ-ʩʘʡʪʠ, 

ʚʝʨʩʪʢʘ ʩʘʡʪʽʚ, ʟôʻʜʥʫʚʘʥʥʷ ʾʭ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ, 
ʩʪʚʦʨʶʚʘʪʠ ʚʝʙ-ʜʦʜʘʪʢʠ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ, ʜʙʘʪʠ  ʧʨʦ ʙʝʟʧʝʢʫ 

ʚʝʙ-ʩʘʡʪʽʚ ʽ ʚʝʙ-ʩʝʨʚʽʩʽʚ, ʦʧʪʠʤʽʟʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʚʝʙ-ʜʦʜʘʪʢʠ 

ʢʣʽʻʥʪʽʚ. 
ʆʜʥʽʻʶ ʟ ʪʝʭʥʦʣʦʛʽʡ ʚʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʩʧʨʦʱʫʻ ʨʦʙʦʪʫ 

ʨʦʟʨʦʙʥʠʢʫ, ʻ JQuery- ʙʽʙʣʽʦʪʝʢʘ JavaScript. JQuery ʙʫʣʘ 

ʩʪʚʦʨʝʥʘ ɼʞʦʥʦʤ ʈʝʟʟʠʥʦʤ ʫ 2004 ʨʦʮʽ.  ʎʷ ʙʽʙʣʽʦʪʝʢʘ 

ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʚʟʘʻʤʦʜʽʾ JavaScript ʽ  HTML. ɺʦʥʘ ʜʦʧʦʤʘʛʘʻ 
ʟʣʝʛʢʽʩʪʶ ʦʪʨʠʤʫʚʘʪʠ  ʜʦʩʪʫʧ ʜʦ ʝʣʝʤʝʥʪʘ DOM, ʟʚʝʨʪʘʪʠʩʷ ʜʦ 

ʘʪʨʠʙʫʪʽʚ  ʽ  ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ DOM, ʧʝʨʝʤʽʱʫʚʘʪʠ  ʽ 

ʤʦʜʠʬʽʢʫʚʘʪʠ DOM, ʨʦʙʠʪʠ ʚʽʟʫʘʣʴʥʽ ʝʬʝʢʪʠ ʽ ʘʥʽʤʘʮʽʶ, 
ʦʙʨʦʙʣʷʪʠ ʧʦʜʽʾ. 

ʇʣʶʩʠ ʪʘ ʤʽʥʫʩʠ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

- ʅʝ ʪʨʝʙʘ ʩʘʤʦʤʫ ʧʠʩʘʪʠ ʩʧʨʦʱʝʥʠʡ ʢʦʜ 

- ʇʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʚʯʝʥʥʷ 

- ʂʨʦʩʩ-ʙʨʘʫʟʝʨʥʽʩʪʴ 

- ɺʽʜʤʦʚʘ ʚʽʜ ʜʦʚʛʠʭ ʢʦʥʩʪʨʫʢʮʽʡ JS. 
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ʈʠʩ. 1. ʇʽʜʢʣʶʯʝʥʥʷ JQuery 
 

ʗʢʱʦ ʧʽʜʩʫʤʫʚʘʪʠ ʩʢʘʟʘʥʝ ʚʠʱʝ, ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ JQuery 

ï ʷʢʽʩʥʠʡ ʩʧʨʦʱʫʚʘʯ JavaScriptôa, ʷʢʠʡ ʧʨʠʰʚʠʜʰʫʻ ʨʦʙʦʪʠ 
ʢʦʨʠʩʪʫʚʘʯʽʚ. JQuery ʜʦʩʪʫʧʥʠʡ, ʢʨʦʩʩ-ʙʨʘʫʟʝʨʥʠʡ, ʱʦ ʜʦʚʦʣʽ 

ʚʘʞʣʠʚʦ ʧʨʠ ʨʦʙʦʪʽ.  

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɼʦʢʫʤʝʥʪʘʮʽʷ ʧʦ JQuery [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: www.myshared.ru 
2. ɼʦʢʫʤʝʥʪʘʮʽʷ ʧʦ JQuery [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http://apeps.kpi.ua/web-programuvania 

file:///D:/Тези/www.myshared.ru
http://apeps.kpi.ua/web-programuvania
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ɺʘʜʠʤ ʉʦʙʢʦ, ɯʣʣʷ ʐʝʣʝʧʥʽʮʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

 

ʊʝʨʤʦʩʪʘʪ ʜʣʷ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ 
  

ʇʨʠ ʦʧʘʣʶʚʘʥʥʽ ʙʫʜʠʥʢʫ ʛʘʟʦʚʠʤ ʢʦʪʣʦʤ ʟʘʚʞʜʠ 
ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ 
ʛʘʟ, ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʦʙʣʘʜʥʘʥʥʷ, 
ʧʽʜʪʨʠʤʘʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʨʤʦʩʪʘʪ ʜʣʷ ʛʘʟʦʚʦʛʦ 
ʢʦʪʣʘ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ ʦʙʽʛʨʽʚʫ, 
ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʚ ʦʩʝʣʽ [1].  
ɻʘʟʦʚʽ ʢʦʪʣʠ ʧʨʘʮʶʶʪʴ ʮʠʢʣʽʯʥʦ, ʪʦʤʫ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʦʜʘʯʽ ʛʘʟʫ ʡ ʫʚʽʤʢʥʝʥʥʷ ʟʘʧʘʣʶʚʘʥʥʷ 
ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 
ʪʝʧʣʦʥʦʩʽʷ ʜʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʩʧʦʞʠʚʘʯʝʤ ʟʥʘʯʝʥʥʷ. ʋ ʚʠʧʘʜʢʫ, 
ʷʢʦɦ ʜʘʪʯʠʢʠ ʚʽʜʩʫʪʥʽ ʘʙʦ ʥʝʩʧʨʘʚʥʽ, ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 
ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʧʘʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʚʨʫʯʥʫ, ʟʤʽʥʶʶʯʠ ʾʾ 
ʧʘʨʘʤʝʪʨʠ ʚ ʪʫ ʯʠ ʽʥʰʫ ʩʪʦʨʦʥʫ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʦʧʘʣʶʚʘʣʴʥʦʛʦ 
ʧʝʨʽʦʜʫ. ʇʨʦʪʝ ʥʘʚʽʪʴ ʧʨʠ ʱʦʜʝʥʥʦʤʫ ʨʫʯʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ 
ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʠʥʢʫ 
ʛʘʨʘʥʪʫʚʘʪʠ ʥʝ ʤʦʞʥʘ. 
ʉʘʤʝ ʪʦʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʢʽʤʥʘʪʥʠʡ ʪʝʨʤʦʩʪʘʪ ʜʣʷ ʛʘʟʦʚʦʛʦ 

ʢʦʪʣʘ, ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʦʛʦ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʘ 
ʟʘʜʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ ʨʝʞʠʤʫ [2]. ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʟʘ 
ʥʘʩʪʫʧʥʠʤ ʧʨʠʥʮʠʧʦʤ: ʜʘʚʘʯ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʷʻ 
ʥʘʣʘʰʪʫʚʘʪʠ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʛʘʟʦʚʠʡ 
ʦʙʽʛʨʽʚʘʯ ʚʤʠʢʘʚʩʷ ʣʠʰʝ ʫ ʤʦʤʝʥʪ ʟʤʽʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ 
ʘʙʦ ʚʠʱʝ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʝʤ ʨʽʚʥʷ ʡ ʪʽʣʴʢʠ ʥʘ ʟʘʜʘʥʠʡ 
ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʗʢʱʦ ʜʣʷ ʢʦʪʣʘ ʛʦʣʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ 
ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ, ʪʦ ʜʣʷ ʪʝʨʤʦʩʪʘʪʘ ï ʪʝʤʧʝʨʘʪʫʨʘ 
ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ, ʚ ʷʢʦʤʫ ʚʽʥ ʚʩʪʘʥʦʚʣʝʥʠʡ.  
ɿʘʜʘʚʰʠ ʤʽʥʽʤʘʣʴʥʦ ʢʦʤʬʦʨʪʥʫ ʜʣʷ ʩʝʙʝ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʤʦʞʥʘ ʙʽʣʴʰʝ ʥʝ ʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʢʦʥʪʨʦʣʴ ʟʘ ʨʦʙʦʪʦʶ ʢʦʪʣʘ. 
ʗʢ ʪʽʣʴʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʯʝ ʟʘʜʘʥʦʾ ʤʝʞʽ, 
ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ ʛʘʟʦʚʦʛʦ ʢʦʪʣʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʧʫʩʢʘʻ ʦʙʽʛʨʽʚʘʯ 
ʪʘ ʥʘʩʦʩ. ɸʥʘʣʦʛʽʯʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽ ʧʨʠ 
ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ ʢʽʤʥʘʪʽ ï ʢʦʪʝʣ ʘʚʪʦʤʘʪʠʯʥʦ 
ʚʠʤʠʢʘʻʪʴʩʷ. 
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ʅʘ ʦʩʥʦʚʽ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 
(ʨʠʩ. 1) ʪʝʨʤʦʩʪʘʪʘ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ATmega168, ʷʢʠʡ ʤʘʪʠʤʝ 
ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʫ ʧʦʙʫʪʽ. 

ˣͦ͟͡ ͔͍ͪͯ͊ͤͤ͟Ύ

͔͙̅ͦͭͦͪͫͭͦͪ͘

˽͔͔͍ͪͭͦͪΌ͍͊;
͎͙ͤ͊ͨͪͯ

˨͍͊͊; ͔͔͙ͭͣͨͪ͊ͭͯͪ
͍ ͙ͨͪͣ͜΅͔ͤͤ͜

˨͍͊͊; ͔͔͙ͭͣͨͪ͊ͭͯͪ
ͤ͊ ͍͙ͯ͡ͼ͜

͙̇ͪͯ͟͡Ύͼ͚͙͚ͤ͜ 
ͤ͊ͫͦͫ

˴͔ͦͭ͡

˭͍͙͚ͫͯͤ ͔͎ͪͫͭͪ͜ 1

˸͔ͪͦͦͤͭͪͦͪ͜͟͟͡˭͍͙͚ͫͯͤ ͔͎ͪͫͭͪ͜ 2

˨͙͔͚ͫͨ͡

˨͍͊͊; ͔͔͙ͭͣͨͪ͊ͭͯͪ
͔͚ͭͨͦͤͦͫ͜͡

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʝʨʤʦʩʪʘʪʘ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ 

ʥʘʛʨʽʚʦʤ ʚʦʜʠ ʫ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ ʪʘ ʾʾ ʮʠʨʢʫʣʷʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʽ ʨʝʛʫʣʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ. 
ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʬʦʨʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʠ ʜʘʚʘʯʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢʽ ʤʦʞʥʘ 

ʟʘʧʨʦʛʨʘʤʫʚʘʪʠ ʥʘ ʨʽʟʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʘ ʬʦʪʦʨʝʟʠʩʪʦʨ ʜʣʷ 
ʚʠʟʥʘʯʝʥʥʷ ʩʭʝʤʦʶ ʯʘʩʫ ʜʦʙʠ, ʽ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʙʫʜʝ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟʤʽʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 2 Áʉ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʩʪʝʥʥʳʝ ʛʘʟʦʚʳʝ ʢʦʪʣʳ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï URL: https://ariston.uno/files/ uploads/manual-ariston-uno.pdf. 

2. ʎʠʬʨʦʚʠʡ ʢʽʤʥʘʪʥʠʡ ʪʝʨʤʦʩʪʘʪ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ï

URL: http://computherm.com.ua/files/ upload/ 

Manual_Computherm_Q7_2013_UA.pdf. 

 

https://ariston.uno/files/
http://computherm.com.ua/files/
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ʇʝʪʨʦ ʉʦʣʦʚʘʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ  

Zn1-xCoxO/n-GaP 

 
     ʌʦʩʬʽʜ  ʛʘʣʽʶ (GaP)  ʽʟ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ               

Eg   =  2,26  ʝɺ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʬʦʪʦʜʽʦʜʽʚ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʦʥʠ ʚʦʣʦʜʽʶʪʴ 
ʚʠʱʦʶ, ʧʦʨʽʚʥʦ ʟ ʬʦʪʦʜʽʦʜʘʤʠ  ʥʘ  ʦʩʥʦʚʽ  ʢʨʝʤʥʽʶ,  

ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʶ,  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ  ʤʘʣʠʤʠ ʟʚʦʨʦʪʥʠʤʠ  

ʩʪʨʫʤʘʤʠ.  ɽʣʝʢʪʨʠʯʥʽ  ʧʝʨʝʭʦʜʠ  ʟ  GaP  ʤʦʞʫʪʴ ʙʫʪʠ  
ʩʢʣʘʜʦʚʦʶ  ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʩʢʘʜʥʠʭ ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. Oʢʩʠʜ 

ʮʠʥʢʫ ZnO ʟ Eg  = 3,3 ʝɺ, ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʦʢʩʠʜʘʤʠ 

(ITO, SnO2), ʰʠʨʦʢʦ  ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʷʢ  ʬʨʦʥʪʘʣʴʥʠʡ  ʰʘʨ  

ʬʦʪʦʧʨʠʡʤʘʯʽʚ  ʥʘ  ʦʩʥʦʚʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ. ʄʦʜʠʬʽʢʘʮʽʷ ZnO 
ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦʤʽʰʢʠ ʢʦʙʘʣʴʪʫ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʷʢ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʧʦʣʽʧʰʫʚʘʪʠ ʫʤʦʚʠ 

ʬʦʨʤʫʚʘʥʥʷ ʧʣʽʚʦʢ ʫ ʧʨʦʮʝʩʽ ʚʠʨʦʱʫʚʘʥʥʷ [1].   
     ʄʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ (0.1 ʄ) ʘʮʝʪʘʪʫ 

ʮʠʥʢʫ (CH3COO)2ZnĀ2ʅ2ʆ ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʩʦʣʽ ʉʦʉl3 ʥʘ 

ʧʽʜʢʣʘʜʢʘʭ ʬʦʩʬʽʜʫ ʛʘʣʽʶ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʽʟ ʧʠʪʦʤʠʤ 
ʝʣʝʢʪʨʦʦʧʦʨʦʤ ɟ = 4 OʤĿʩʤ ʬʦʨʤʫʚʘʣʠʩʷ ʪʦʥʢʽ ʧʣʽʚʢʠ Zn1-xCoxO 

ʪʦʚʱʠʥʦʶ ~ 0,15 ï 0,20 ʤʢʤ ʪʘ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ɟ =10
5
 - 10

6
 

OʤĿʩʤ. ʆʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʽʚʦʢ Zn1-xCoxO ʽʟ 

ʚʠʩʦʢʦʶ ʘʜʛʝʟʽʻʶ ʜʦ GaP: ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʨʦʣʽʟʫ ʊ = 390 ÜC; 
ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʨʦʰʫʚʘʥʥʷ ʘʝʨʦʟʦʣʶ V = 5 ʤʣ/ʭʚ;  ʢʦʥʮʝʥʪʨʘʮʽʷ  

ʩʦʣʽ ʉʦʉl3 ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʚʽʜʧʦʚʽʜʘʻ 4 ʘʪ.%. ʉʦ (ʭ = 0,04) ʫ       

Zn1-xCoxO. 
     ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ Zn1-xCoxO/n-GaP ʚʦʣʦʜʽʻ ʚʠʧʨʷʤʣʷʶʯʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺʠʩʦʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨôʻʨʘ qűk =1,4 ʝɺ. ʋ ʜʽʘʧʘʟʦʥʽ ʧʨʷʤʠʭ ʥʘʧʨʫʛ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʫʥʝʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʫ. ʇʨʠ ʟʚʦʨʦʪʥʠʭ 
ʟʤʽʱʝʥʥʷʭ ʜʦ ï 0,25 ɺ ʧʨʦʪʽʢʘʻ ʛʝʥʝʨʘʮʽʡʥʠʡ ʩʪʨʫʤ, ʘ ʫ 

ʜʽʘʧʘʟʦʥʽ ʥʘʧʨʫʛ -10 ɺ < V < -0,25 ɺ ï ʪʫʥʝʣʴʥʠʡ ʩʪʨʫʤ. ʇʨʠ 

ʧʨʷʤʠʭ ʥʘʧʨʫʛʘʭ V > 2,5 ɺ ʚʠʥʠʢʘʻ ʦʙʤʝʞʝʥʥʷ ʩʪʨʫʤʫ ʦʙʣʘʩʪʶ 
ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ (SCL) ʫ ʧʣʽʚʮʽ Zn1-xCoxO (ʨʠʩ.1). 
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ʈʠʩ.1.ɺʠʥʠʢʥʝʥʥʷ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ (SCL) ʫ Zn1-xCoxO  

 

  ɻʝʪʝʨʦʩʪʨʫʢʪʫʨʘ Zn1-xCoxO/n-GaP ʬʦʪʦʯʫʪʣʠʚʘ ʜʦ ʩʦʥʷʯʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ  ʟʘ ʫʤʦʚ ɸʄ1.5. (ʨʠʩ.2)  

 
ʈʠʩ.2. ʉʚʽʪʣʦʚʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ɺɸʍ ʩʪʨʫʢʪʫʨ Zn1-xCoxO/n-GaP 

 

ɿʘ ʦʩʚʽʪʣʝʥʥʷ L =  90 000 ʣʢ ʛʝʥʝʨʫʻʪʴʩʷ ʬʦʪʦʩʪʨʫʤ ʛʫʩʪʠʥʦʶ 

jsc = 480 ʤʢɸ/ʩʤ
2
 ʪʘ ʬʦʪʦʝʨʩ VOʉ = 1,33 ɺ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ 

ɺɸʍ ʩʪʘʥʦʚʠʪʴ FF = 0,71. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʨʠ: 

1. Bacaksiz E., Aksu S., Basol B.M., Altunbaĸ M., Parlak M., 
Yanmaz E., Structural, optical and magnetic properties of 

Zn1īxCoxO thin films prepared by spray pyrolysis. Thin Solid 

Films. 516 (2008) 7899ï7902.  
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ʄʘʢcʠʤ ʉʦʨʦʢʽʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆʩʪʘʧʦʚ ʉ.ɽ. 

 
ʈʝʘʣʽʟʘʮʽʷ RESTful API  ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GraphQL  ʫ ʢʣʽʻʥʪ-

ʩʝʨʚʝʨʥʦʤʫ ʜʦʜʘʪʢʫ StarService  
 

ʋ ʩʴʦʛʦʜʥʽʰʥʽʭ ʨʝʘʣʽʷʭ ʤʘʡʞʝ ʥʽʭʪʦ ʥʝ ʤʦʞʝ ʫʷʚʠʪʠ ʩʚʦʛʦ 

ʞʠʪʪʷ ʙʝʟ ɯʥʪʝʨʥʝʪʫ. ɯʥʪʝʨʥʝʪ ʜʦʟʚʦʣʷʻ ʢʦʤʫʥʽʢʫʚʘʪʠ ʣʶʜʷʤ, 
ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʷ ʟʥʘʭʦʜʞʝʥʥʷ. 

ɯʥʪʝʨʥʝʪ ʚʧʣʠʥʫʚ ʥʘ ʩʬʝʨʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʨʦʛʨʘʤʽʩʪʠ 

ʜʽʣʷʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʧʨʘʮʶʶʪʴ ʨʘʟʦʤ, ʭʦʯʘ ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ 

ʨʽʟʥʠʭ ʢʫʪʦʯʢʘʭ ʧʣʘʥʝʪʠ. ʊʘʢʦʞ ɯʥʪʝʨʥʝʪ ʚʧʣʠʥʫʚ ʥʝ ʪʘʢ ʥʘ ʩʘʤʠʭ 
ʧʨʦʛʨʘʤʽʩʪʽʚ, ʘ ʡ ʥʘ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʥʠʤʠ. ʇʦʙʘʯʠʚʰʠ 

ʧʝʨʝʚʘʛʠ, ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʛʦ ʧʦ 

ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʇɿ ʟôʷʚʠʣʦʩʴ ʙʘʛʘʪʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʨʦʛʨʘʤ 
ʧʨʘʮʶʶʯʠʭ ʫ ʮʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʊʘ ʧʦʧʨʠ ʚʩʽ ʧʝʨʝʚʘʛʠ ʥʝʤʦʞʣʠʚʦ ʦʙʽʡʪʠʩʴ ʙʝʟ ʥʝʜʦʣʽʢʽʚ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʝʨʩʽʡ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʡ, 

ʥʘʛʨʦʤʘʜʞʝʥʥʷ ʪʘ ʙʝʟʣʽʯ ʰʘʨʽʚ ʘʙʩʪʨʘʢʮʽʡ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʷʢʽʩʪʴ 
ʚʝʙ-ʜʦʜʘʪʢʽʚ ʟʥʘʯʥʦ ʟʤʝʥʱʫʶʪʴʩʷ ʯʝʨʝʟ ʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʪʘ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʟʘʣʝʞʥʦʩʪʝʡ. ʅʝʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʘʨʘʪʥʠʭ 

ʨʝʩʫʨʩʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʚʽʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. 
ɯʥʪʝʨʥʝʪ çʩʪʨʘʞʜʘʻè ʚʽʜ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʟʘʣʝʞʥʦʛʦ ʢʦʜʫ. 

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ 

ʨʝʩʫʨʩʽʚ ʻ ʨʝʘʣʽʟʘʮʽʷ ʢʣʽʻʥʪ-ʩʝʨʚʝʨʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
RESTful API. ʉʣʘʙʢʠʤ ʤʽʩʮʝʤ ʮʴʦʛʦ API ʻ ʩʘʤʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ 

ʤʽʞ ʩʝʨʚʝʨʦʤ ʪʘ ʢʣʽʻʥʪʦʤ. ʋ ʩʪʘʥʜʘʨʪʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʢʽʥʮʝʚʦʛʦ ʚʫʟʣʘ 

ʥʘ ʩʝʨʚʝʨʽ ʢʣʽʻʥʪ ʟʤʦʞʝ ʜʽʩʪʘʚʘʪʠ ʚʽʜʧʦʚʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ 

ʩʧʝʮʽʘʣʴʥʠʡ URL. ɿʘʟʚʠʯʘʡ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʝʡ 
(ʩʪʨʫʢʪʫʨ, ʢʣʘʩʽʚ ʪʦʱʦ) ʪʘ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʤʝʨʝʞʽ ʟʘ ʧʨʦʪʦʢʦʣʦʤ 

HTTP ʫ ʬʦʨʤʘʪʘʭ XML, JSON ʘʙʦ HTML. ɺ ʪʦʡ ʯʘʩ ʷʢ ʨʝʘʣʽʟʘʮʽʷ 

ʩʝʨʚʝʨʘ ʻ ʟʨʦʟʫʤʽʣʦʶ ʪʘ ʦʜʠʥʘʨʥʦʶ, ʨʝʘʣʽʟʘʮʽʷ ʢʣʽʻʥʪʥʦʾ ʯʘʩʪʠʥʠ 
ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʦʶ (ʙʨʘʫʟʝʨʥʠʡ ʢʣʽʻʥʪ, ʜʝʩʢʪʦʧʥʘ ʧʨʦʛʨʘʤʘ, 

ʤʦʙʽʣʴʥʠʡ ʢʣʽʻʥʪ). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʧʦʪʨʽʙʥʠʭ 

ʬʦʨʤʘʪʽʚ, ʱʦ ʟʘʟʚʠʯʘʡ ʚʠʨʽʰʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʻʶ ʚʠʭʽʜʥʠʭ 
ʜʘʥʠʭ. ʊʘ ʩʪʘʥʜʘʨʪʥʽ ʜʘʥʽ ʜʣʷ ʦʜʥʠʭ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ ï ʮʝ ʥʝ ʟʘʚʞʜʠ 

ʧʦʪʨʽʙʥʽ ʜʘʥʽ ʜʣʷ ʽʥʰʠʭ ʚʫʟʣʽʚ. ɯʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 
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ʚʝʙ-ʜʦʜʘʪʢʘʭ, ʤʦʞʝ ʙʫʪʠ ʚʟʛʘʣʽ ʥʝ ʧʦʪʨʽʙʥʘ ʜʣʷ ʤʦʙʽʣʴʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ. 

 ʑʦʙ ʨʦʟʚô̫ ʟʘʪʠ ʮʶ ʧʨʦʙʣʝʤʫ, ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ ʚʠʙʽʨʢʫ 
ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʜʘʥʦʾ ʧʣʘʪʬʦʨʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʯʝʨʝʟ 

ʤʝʨʝʞʫ ʤʦʞʝ ʧʦʪʨʘʧʠʪʴ ʚʝʣʠʡ ʦʙô̒ ʤ ʥʝʧʦʪʨʽʙʥʠʭ ʜʘʥʠʭ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʨʝʞʫ ʚʧʘʜʝ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ 
ʇɿ ʩʪʘʥʝ ʥʘʙʘʛʘʪʦ ʢʨʘʱʠʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ  GraphQL ʚʽʜ Facebook ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʥʘʪʠ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ. ʉʝʨʚʝʨʫ ʥʝ ʪʨʝʙʘ ʦʧʨʘʮʴʦʚʫʚʘʪʠ 

ʥʝʧʦʪʨʽʙʥʽ ʜʘʥʽ , ʘ ʢʣʽʻʥʪ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ 
ʜʣʷ ʩʠʩʪʝʤʠ, ʷʢʫ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ. ʊʝʭʥʽʯʥʘ ʨʝʘʣʽʟʘʮʽʷ GraphQL 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʟʘʧʠʪʠ ʧʦ ʚʠʙʽʨʮʽ ʜʘʥʠʭ ʜʦ API ï ʧʦʜʽʙʥʽ 

ʟʘʧʠʪʘʤ ʜʦ ʙʘʟʠ ʜʘʥʠʭ. 
 

ʇʨʠʢʣʘʜʠ: 

 

ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʩʧʠʩʢʫ ʤʦʜʝʣʝʡ 

POST https:// starservice.com / api / People  

 

ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʧʦ Id 

POST https:// starservice.com / api / Person (' msorokin ')  

 

ɿʘʧʠʪ ʥʘ ʦʪʨʠʤʘʥʥʷ ʦʜʥʽʻʾ ʤʦʜʝʣʽ ʧʦ Id ʽ ʜʽʩʪʘʪʠ ʪʽʣʴʢʠ ʾʾ ʦʜʥʫ 
ʚʣʘʩʪʠʚʽʩʪʴ 

POST 
https:// starservice.com / api / Company( ' Google')/ Location  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Robert C. Martin Clean Code: A Handbook of Agile 

Software Craftsmanship / Robert C.Martin ï Boston: 
Pearson Education Inc., 2008. ï P. 413. 

2. https://www.graphql.org/. 

3. Dino Esposito: Programming ASP.NET Core Web Application 

https://www.graphql.org/
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ɯʛʦʨ ʉʪʘʥʯʫ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʫʨʢʦʚʝʮʴ ɼ.ʄ. 

 

ʇʝʨʩʧʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ  

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ 
 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ 
ʚʠʤʘʛʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʥʦʚʠʭ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ. ʉʫʯʘʩʥʘ 
ʢʦʨʧʦʨʘʪʠʚʥʘ ʤʝʨʝʞʘ ï ʮʝ ʥʝ ʧʨʦʩʪʦ ʦʙôʻʜʥʘʥʥʷ 
ʢʦʤʧôʶʪʝʨʽʚ ʚ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ, ʘ ʩʢʣʘʜʥʘ ʜʠʥʘʤʽʯʥʘ 
ʩʪʨʫʢʪʫʨʘ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʝʨʝʞʽ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʪʨʠ 
ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ: ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ ʪʘ 
ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 
ʇʨʠʥʮʠʧ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʤʝʨʝʞʘ 

ʤʘʻ ʥʘʜʘʚʘʪʠ ʷʢʦʤʦʛʘ ʰʠʨʰʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠ 
ʤʽʥʽʤʘʣʴʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʟʘʪʨʘʪʘʭ. 
ʇʨʠʥʮʠʧ ʛʥʫʯʢʦʩʪʽ ʦʟʥʘʯʘʻ, ʱʦ ʜʘʥʘ ʤʝʨʝʞʘ ʤʦʞʝ ʣʝʛʢʦ 

ʧʝʨʝʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʥʦʚʽ ʧʦʪʨʝʙʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʙʝʟ 
ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʯʘʩʫ ʪʘ ʢʦʰʪʽʚ. 
ʇʨʠʥʮʠʧ ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʤʝʨʝʞʽ ʦʟʥʘʯʘʻ, ʱʦ ʤʦʞʥʘ 

ʣʝʛʢʦ ʟʙʽʣʴʰʫʚʘʪʠ ʾʾ ʨʦʟʤʽʨʠ, ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʾʾ 
ʩʢʣʘʜʫ ʪʘ ʪʦʧʦʣʦʛʽʾ. 

 ʉʫʯʘʩʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ 
ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʝʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 
[1]. 
ʎʝʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʦʚʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʠʨʽʚʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ, ʧʨʠ ʷʢʽʡ ʚʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 
ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʨʽʚʥʽʚ: ʜʦʩʪʫʧʫ, ʨʦʟʧʦʜʽʣʫ ʪʘ  ʷʜʨʘ. ʊʘʢʘ 
ʩʪʨʫʢʪʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʪʨʠʤʘʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʱʝ 
ʧʨʠʥʮʠʧʽʚ, ʦʩʢʽʣʴʢʠ ʰʚʠʜʢʦ ʟʤʽʥʶʻ ʪʘ ʥʘʨʦʱʫʻ ʤʝʨʝʞʫ. 
ʆʜʥʽʻʶ ʟ ʪʝʥʜʝʥʮʽʾ ʚ ʧʦʙʫʜʦʚʽ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʻ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʫʪʘʪʦʨʽʚ ʪʨʝʪʴʦʛʦ ʨʽʚʥʷ, ʥʘ ʨʽʚʥʽ 
ʨʦʟʧʦʜʽʣʫ, ʽ ʥʘ ʨʽʚʥʽ ʷʜʨʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ ʙʽʣʴʰ 
ʧʨʦʜʫʢʪʠʚʥʠʤʠ, ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ 
ʛʥʫʯʢʽʩʪʴ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʠʯʘʡʥʠʭ 
ʢʦʤʫʪʘʪʦʨʽʚ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʪʘ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ. 
ɼʣʷ ʟôʻʜʥʘʥʥʷ  ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞ 

ʧʽʜʧʨʠʻʤʩʪʚ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 
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ʧʨʠʚʘʪʥʠʭ ʤʝʨʝʞ (VPN). ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ 
ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ MPLS [2]. ɼʘʥʘ 
ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʤʝʨʝʞʽ VPN, 
ʘʣʝ ʡ ʥʘʜʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʬʫʥʢʮʽʡ QoS, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʫ ʩʫʯʘʩʥʠʭ 
ʪʝʥʜʝʥʮʽʷʭ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʪʨʘʬʽʢʘ 
[3]. 
ʆʪʞʝ, ʟʚʘʞʘʶʯʠ ʥʘ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʜʠʟʘʡʥʫ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ MPLS ʚ 
ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙôʻʜʥʘʥʥʷ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʚʽʜʜʘʣʝʥʠʭ 
ʚʽʜʜʽʣʝʥʴ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, 
ʪʘʢʠʭ ʷʢ ATM ʪʘ Frame Relay, ʥʘʜʘʻ ʨʷʜ ʧʝʨʝʚʘʛ [3] ʪʘʢʠʭ 
ʷʢ: 
¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʢʦʤʫʪʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ;  
¶ ʐʚʠʜʢʝ ʨʦʟʛʦʨʪʘʥʥʷ ʤʝʨʝʞ VPN; 
¶ ɸʚʪʦʤʘʪʠʯʥʝ ʧʨʦʢʣʘʜʘʥʥʷ ʪʫʥʝʣʽʚ ʤʽʞ ʩʘʡʪʘʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ; 
¶ ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ QoS, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ, ʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʶʯʫ ʢʽʣʴʢʽʩʪʴ 
ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʦʜʘʪʢʽʚ 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʆʣʠʬʝʨ ɺ., ʆʣʠʬʝʨ ʅ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ. ʇʨʠʥʮʠʧʳ, 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʪʦʢʦʣʳ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. 5-ʝ ʠʟʜ. ï ʉʇʙ.: ʇʠʪʝʨ, 

2016. ï 992 ʩ.: ʠʣ ï (ʉʝʨʠʷ çʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚè). 

2. ʆʣʚʝʡʥ ɺ. ʉʪʨʫʢʪʫʨʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ MPLS. : 

ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ. : ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çɺʠʣʴʷʤʩè, 2004 ï 480 ʩ.: ʠʣ. ï 

ʇʘʨʘʣ. ʪʠʪ. ʘʥʛʣ  

3. ʉʪʝʧʘʥʦʚʘ ʀ.ɺ., ʄʦʭʘʤʤʝʜ ʆʤʘʨ ɸ.ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʩʚʷʟʠ // T-Comm: ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ 

ʪʨʘʥʩʧʦʨʪ. 2017. ʊʦʤ 11. ˉ6. ʉ. 10-15. 
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ʄʘʢʩʠʤ ʉʪʫʜʝʥʝʮʴ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʠʨʠʯʝʥʢʦ ʆ.ʃ. 

 

ɺʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʴʢʠʭ ʪʨʘʥʟʘʢʮʽʡ ʟʘʩʦʙʘʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 
ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʫ ʧʣʘʪʝʞʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʯʝʨʝʟ 

ɯʥʪʝʨʥʝʪ, ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ ʰʘʭʨʘʡʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʙʘʥʢʽʚʩʴʢʠʭ ʢʘʨʪʦʢ. ɿʛʽʜʥʦ ʟ ʦʩʪʘʥʥʽʤʠ ʦʮʽʥʢʘʤʠ, ʫ 2019 ʨ. 
ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʧʨʷʤʠʭ ʛʣʦʙʘʣʴʥʠʭ ʟʙʠʪʢʽʚ ʫ ʨʝʟʫʣʴʪʘʪʽ 
ʰʘʭʨʘʡʩʴʢʠʭ ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ ʩʪʘʥʦʚʠʪʠʤʝ 32,8 ʤʣʨʜ. ʜʦʣ. 
ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʠʩʪʝʤʠ ʪʘ ʩʝʨʚʽʩʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʩʬʝʨʽ 
ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ, ʽʥʚʝʩʪʫʶʪʴ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʢʦʰʪʽʚ ʪʘ ʟʫʩʠʣʴ 
ʜʣʷ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʴʢʠʭ 
ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʾʭ ʙʣʦʢʫʚʘʥʥʷ. 
ɺʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ 

ʰʘʭʨʘʡʩʴʢʠʭ ʪʨʘʥʟʘʢʮʽʡ ʻ ʤʝʪʦʜʠ Data Science [1]. ɼʣʷ ʮʴʦʛʦ 
ʧʦʪʨʽʙʥʦ ʨʦʟʚôʷʟʘʪʠ ʟʘʜʘʯʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʘʥʟʘʢʮʽʡ. ɿʘʜʘʯʘ 
ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʢʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʜʘʯʽ Data Science ʽʟ 
ʫʯʠʪʝʣʝʤ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ 
ʢʣʘʩʠʬʽʢʘʮʽʡʥʫ ʤʦʜʝʣʴ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 
ʽʩʥʫʶʯʠʡ ʥʘʙʽʨ ʜʘʥʠʭ, ʷʢʠʡ ʤʽʩʪʠʪʠʤʝ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʪʨʘʥʟʘʢʮʽʾ 
ʟʘ ʧʝʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʘ ʪʘʢʦʞ ʚʢʘʟʫʚʘʪʠʤʝ, ʯʠ ʻ ʜʘʥʘ 
ʪʨʘʥʟʘʢʮʽʷ ʰʘʭʨʘʡʩʴʢʦʶ. 
ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʙʽʨ ʜʘʥʠʭ ʧʨʦ 

ʬʽʥʘʥʩʦʚʽ ʪʨʘʥʟʘʢʮʽʾ, ʧʨʦʚʝʜʝʥʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʜʥʽʚ ʫ ʚʝʨʝʩʥʽ 
2013 ʨ. ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʥʢʽʚʩʴʢʠʭ ʢʘʨʪʦʢ, ʚʠʧʫʱʝʥʠʭ ʚ 
ɭʚʨʦʧʽ. ʅʘʙʽʨ ʜʘʥʠʭ ʤʽʩʪʠʪʴ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 
ʦʧʝʨʘʮʽʾ, ʩʫʤʫ ʪʨʘʥʟʘʢʮʽʾ, ʘ ʪʘʢʦʞ 20 ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʟʤʽʩʪ ʪʘ 
ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʙʫʣʠ ʟʤʽʥʝʥʽ ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ 
ʽʥʬʦʨʤʘʮʽʾ ʢʣʽʻʥʪʽʚ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʚʠʙʽʨʢʠ ʩʪʘʥʦʚʠʪʴ 284807 
ʟʥʘʯʝʥʴ, ʟ ʷʢʠʭ ʪʽʣʴʢʠ 492 ʚʠʟʥʘʯʝʥʽ ʷʢ ʰʘʭʨʘʡʩʴʢʽ, ʱʦ 
ʩʪʘʥʦʚʠʪʴ ʫʩʴʦʛʦ 0,17% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʠʙʽʨʢʠ, ʪʦʙʪʦ ʥʘʚʯʘʣʴʥʘ 
ʚʠʙʽʨʢʘ ʻ ʥʝʟʙʘʣʘʥʩʦʚʘʥʦʶ. 
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʙʽʥʘʨʥʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʥʘʙʽʨ ʜʘʥʠʭ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ 
ʥʘ 2 ʢʣʘʩʠ ï ñʰʘʭʨʘʡʩʴʢʽò ʪʘ ñʥʝʰʘʭʨʘʡʩʴʢʽò ʪʨʘʥʟʘʢʮʽʾ. ɯʩʥʫʻ 
ʨʷʜ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʄʠ ʨʦʟʛʣʷʥʫʣʠ ʥʘʾʚʥʠʡ 
ʙʘʡʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʪʘ ʤʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ. 
ʆʩʥʦʚʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʥʘʾʚʥʦʛʦ ʙʘʡʻʩʽʚʩʴʢʦʛʦ 
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ʢʣʘʩʠʬʽʢʘʪʦʨʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʦʨʝʤʠ ɹʘʡʻʩʘ. 
ʅʘʾʚʥʠʤ ʡʦʛʦ ʥʘʟʠʚʘʶʪʴ ʪʦʤʫ, ʱʦ ʮʝʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ 
ʩʪʨʦʛʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ. ʅʘʚʽʪʴ ʷʢʱʦ ʦʟʥʘʢʠ 
ʟʘʣʝʞʘʪʴ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ ʯʠ ʚʽʜ ʽʥʰʠʭ ʦʟʥʘʢ, ʫ ʙʫʜʴ-ʷʢʦʤʫ 
ʚʠʧʘʜʢʫ ʚʦʥʠ ʨʦʙʣʷʪʴ ʥʝʟʘʣʝʞʥʠʡ ʚʥʝʩʦʢ ʚ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʯʠ 
ʪʨʘʥʟʘʢʮʽʷ ʻ ʰʘʭʨʘʡʩʴʢʦʶ [2]. 
ʇʝʨʝʚʘʛʘʤʠ ʥʘʾʚʥʦʛʦ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʻ ʡʦʛʦ 

ʧʨʦʩʪʦʪʘ. ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʡʦʛʦ ʪʦʯʥʽʩʪʴ ʤʦʞʝ 
ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ. 
ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʝʟʘʣʝʞʥʽʩʪʴ 
ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʦʟʥʘʢ ʪʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 
ʢʣʘʩʠʬʽʢʘʮʽʾ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʫ ʪʝʩʪʦʚʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʧʨʠʩʫʪʥʻ 
ʟʥʘʯʝʥʥʷ, ʷʢʝ ʥʝ ʟʫʩʪʨʽʯʘʣʦʩʴ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʥʘʙʦʨʽ. 
ʄʝʪʦʜ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ï ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽʟ ʫʯʠʪʝʣʝʤ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ 
ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘ ʚʭʽʜ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʜʘʻʪʴʩʷ ʥʘʙʽʨ 
ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʦʜʥʦʛʦ ʽʟ 
ʜʚʦʭ ʢʣʘʩʽʚ (ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ - ñʰʘʭʨʘʡʩʴʢʽò ʪʘ 
ñʥʝʰʘʭʨʘʡʩʴʢʽò ʪʨʘʥʟʘʢʮʽʾ). ʋ ʭʦʜʽ ʥʘʚʯʘʥʥʷ ʙʫʜʫʻʪʴʩʷ ʤʦʜʝʣʴ, 
ʷʢʘ ʚʽʜʥʦʩʠʪʴ ʥʦʚʽ ʟʨʘʟʢʠ ʜʦ ʦʜʥʦʛʦ ʯʠ ʽʥʰʦʛʦ ʢʣʘʩʫ. 
ɻʝʦʤʝʪʨʠʯʥʦ ʤʦʜʝʣʴ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ, ʻ 
ʧʣʦʱʠʥʘ, ʷʢʘ ʧʦʜʽʣʝʥʘ ʧʨʷʤʦʶ ʥʘ ʜʚʽ ʧʽʚʧʣʦʱʠʥʠ ʪʘʢ, ʱʦ ʟʥʘ-
ʯʝʥʥʷ ʦʢʨʝʤʠʭ ʢʣʘʩʽʚ ʧʦʜʽʣʝʥʽ ʛʽʧʝʨʧʣʦʱʠʥʦʶ ʽʟ ʤʘʢʩʠʤʽʟʘʮʽʻʶ 
ʚʽʜʩʪʘʥʽ ʚʽʜ ʟʥʘʯʝʥʴ ʢʣʘʩʫ ʜʦ ʧʦʜʽʣʷʶʯʦʾ ʛʽʧʝʨʧʣʦʱʠʥʠ. 
ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python, ʷʢʝ ʨʝʘʣʽʟʫʻ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ ʘʣʛʦʨʠʪʤʠ. ʋ 
ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʣʠ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 
ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʥʘʾʚʥʦʛʦ ʙʘʡʻʩʽʚʩʴʢʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 
ʩʪʘʥʦʚʠʣʘ 94%, ʘ ʤʝʪʦʜʫ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ ï 92,5%. ʆʪʞʝ, 
ʥʘʾʚʥʠʡ ʙʘʡʻʩʽʚʩʴʢʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 
ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ ʰʘʭʨʘʡʩʴʢʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Ong Shu Yee et al. Credit Card Fraud Detection Using Machine Learning 

As Data Mining Technique / Journal of Telecommunication, Electronic and 

Computer Engineering, Vol. 10, No. 1 ð 4, 2018. 

2. Clifron Phua et al. A Comprehensive Survey of Data Mining-based Fraud 

Detection Research / Monash University, 2017. 
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ɹʦʛʜʘʥ ʉʫʤʘʨʶʢ 

ʅʘʫʢʦʚʠʡ  ʢʝʨʽʚʥʠʢðʧʨʦʬ. ʆ.ɻ.ʋʰʝʥʢʦ  

 
ʄʶʣʣʝʨ-ʤʘʪʨʠʯʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʯʥʦʾ 

ʘʥʽʟʦʪʨʦʧʽʾ ʯʘʩʪʢʦʚʦ-ʜʝʧʦʣʷʨʠʟʦʚʘʥʠʭ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʢʨʦʚʽ 

 
ɿʘ ʫʤʦʚ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʨʦʟʩʽʷʥʥʷ ʤʘʪʨʠʮʷ ʄʶʣʣʝʨʘ 

ʜʝʧʦʣʷʨʠʟʫʶʯʦʛʦ ʰʘʨʫ ʟʤʽʥʶʻʪʴʩʷ ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ 
ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʚʽʪʣʘ z. ɸʥʘʣʽʪʠʯʥʦ ʪʘʢʫ ʟʘʣʝʞʥʽʩʪʴ ʽʣʶʩʪʨʫʻ 

ʨʽʚʥʷʥʥʷ [1;2] 

 
{ }()
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= ,                                             (1) 

 
ʜʝ { }()zM ðʤʘʪʨʠʮʷ ʄʶʣʣʝʨʘ ʦʙôʻʢʪʘ ʫ ʧʣʦʱʠʥʽ z ;{}()zm ð 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʤʘʪʨʠʮʷ 
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ʊʫʪ LD , LB ,
/LD  ʽ 

/LB ðʣʽʥʽʡʥʠʡ ʜʠʭʨʦʾʟʤ ʽ 

ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʜʣʷ ʥʘʧʨʷʤʢʽʚ ʦʧʪʠʯʥʦʾ ʦʩʽ 
00=g  ʽ 

045=g ; CD  ʽ CBðʮʠʨʢʫʣʷʨʥʠʡ ʜʠʭʨʦʾʟʤ ʽ 

ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ. 
ʅʘ ʨʠʩ. 1 ʽ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʽʚ 

ʧʘʨʘʤʝʪʨʽʚ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʪʘ ʜʠʭʨʦʾʟʤʫ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʮʽʣʴʥʦʾ ʢʨʦʚʽ ʜʦʥʦʨʽʚ (ʬʨʘʛʤʝʥʪʠ (1)-
(3)) ʽ ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ. 
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ʈʠʩ. 1. ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʦʛʦ (ʬʨʘʛʤʝʥʪʠ 

(1),(3),(4),(6)) ʽ ʮʠʨʢʫʣʷʨʥʦʛʦ (ʬʨʘʛʤʝʥʪʠ (2),(5)) 

ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʮʽʣʴʥʦʾ ʢʨʦʚʽ ʜʦʥʦʨʽʚ 

( %34;42,0 =L=t , ʬʨʘʛʤʝʥʪʠ (1)-(3)) ʽ ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʤʦʣʦʯʥʦʾ 

ʟʘʣʦʟʠ ( %39;47,0 =L=t , ʬʨʘʛʤʝʥʪʠ (4)-(6)). 

 
ʈʠʩ. 2. ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʦʛʦ (ʬʨʘʛʤʝʥʪʠ 

(1),(3),(4),(6)) ʽ ʮʠʨʢʫʣʷʨʥʦʛʦ (ʬʨʘʛʤʝʥʪʠ (2),(5)) ʜʠʭʨʦʾʟʤʫ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʮʽʣʴʥʦʾ ʢʨʦʚʽ ʜʦʥʦʨʽʚ (%34;42,0 =L=t , 

ʬʨʘʛʤʝʥʪʠ (1)-(3)) ʽ ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ 

( %39;47,0 =L=t , ʬʨʘʛʤʝʥʪʠ (4)-(6)). 

ɼʦʩʷʛʥʫʪʦ ʭʦʨʦʰʦʾ ( ( ) %80,,4;3;2 fAcDLCDLDZ Ý¡D ) ʪʘ 

ʚʽʜʤʽʥʥʦʾ (( ) %90,, /

4;3;2;1 fAcLBCBLBZ ÝD ) ʷʢʦʩʪʽ 

ʜʽʘʛʥʦʩʪʠʢʠ ʨʘʢʫ ʤʦʣʦʯʥʦʾ  ʟʘʣʦʟʠ ʤʝʪʦʜʦʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʤʶʣʣʝʨ-ʤʘʪʨʠʯʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʯʘʩʪʢʦʚʦ-ʜʝʧʦʣʷʨʠʟʫʶʯʠʭ 
ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʧʣʽʚʦʢ ʢʨʦʚʽ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1) R.Ossikovski, V.Devlaminck, General criterion for the physical 

realizability of the differential Mueller matrix. Opt. Lett. 39. 1216-
1219 (2014). 

2) V.Devlaminck and R.Ossikovski, Uniqueness of the differential 

Mueller matrix of uniform homogeneous media. Opt. Lett. 39. 3149-3152 

(2014).  
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ʖʨʽʡ ʉʫʨʤʘʯʝʚʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ -  ʧʨʦʬ. ʇ.ʇ. ʄʘʢʩʠʤʷʢ 

ʌʦʨʤʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʫʯʢʽʚ  

 
ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʫʯʢʘ ʚ ʦʧʪʠʯʥʦʤʫ ʚʦʣʦʢʥʽ  ʚ ʦʧʪʠʢʦ-

ʚʦʣʦʢʦʥʥʽʡ ʩʠʩʪʝʤʽ ʟʚôʷʟʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʥʝ ʚʥʫʪʨʽʰʥʻ 

ʚʽʜʙʠʚʘʥʥʷ (ʇɺɺ) ʧʫʯʢʘ ʚʽʜ ʤʝʞʽ ʷʜʨʘ ʽ ʦʧʪʠʯʥʦʾ ʦʙʦʣʦʥʢʠ 
ʚʦʣʦʢʥʘ. 

ɻʫʩ ʪʘ ʍʘʥʭʝʥ (1947)  ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʇɺɺ ʣʽʥʽʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʧʫʯʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʟʜʦʚʞʥʽʡ ʟʩʫʚ ʧʫʯʢʘ, ʨʽʟʥʠʡ 
ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡ (ʨʠʩ.1,ʘ) [1]. 

ʌʝʜʦʨʦʚ (1955) ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʇɺɺ ʮʠʨʢʫʣʷʨʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʫʯʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʧʝʨʝʯʥʠʡ ʟʩʫʚ (ʦʨʪʦʛʦʥʘʣʴʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʽ ʧʫʯʢʠ ʟʩʫʚʘʶʪʴʩʷ ʫ ʧʨʦʪʠʣʝʞʥʽ ʩʪʦʨʦʥʠ) (ʨʠʩ.1,ʙ) 
[2]. 

 
                              ʘ)                                                 ʙ) 

 
ʈʠʩ.1 ʇʦʧʝʨʝʯʥʝ (ʘ) ʽ ʧʦʟʜʦʚʞʥʻ (ʙ) ʟʤʽʱʝʥʥʷ ʧʫʯʢʘ 

 
ʆʪʞʝ, ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʧʫʯʢʘ ʜʦʚʽʣʴʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʦʧʪʠʯʥʦʤʫ 

ʚʦʣʦʢʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷ, ʜʠʩʧʝʨʩʽʷ, ʨʦʟʤʠʪʪʷ ʮʴʦʛʦ ʧʫʯʢʘ. 

ʇʨʦʩʪʦʨʦʚʽ ʟʩʫʚʠ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤʫ ʇɺɺ ʧʫʯʢʽʚ ʜʫʞʝ ʤʘʣʽ ï 

ʧʦʨʷʜʢʫ 100 ʥʤ. ɰʭ ʚʘʞʢʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʤʽʨʷʪʠ, ʪʦʤʫ ʱʦ 
ʧʨʠ ʟʤʽʥʽ ʧʘʨʘʤʝʪʨʽʚ ʧʫʯʢʘ (ʧʦʣʷʨʠʟʘʮʽʾ) ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʡʦʛʦ 

ʟʤʽʱʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʚʦʨʦʪʫ ʥʝʜʦʩʢʦʥʘʣʠʭ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʊʦʤʫ, ʷʢʱʦ ʩʪʚʦʨʠʪʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʡ ʧʫʯʦʢ ʽ 

ʦʮʽʥʶʚʘʪʠ ʚʽʜʥʦʩʥʝ ʟʤʽʱʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʫʯʢʘ, ʪʦ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʟʤʽʱʝʥʥʷ ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʧʫʯʢʽʚ ʧʨʠ ʇɺɺ 
ʟʨʦʩʪʘʻ.  

ʄʠ ʩʪʚʦʨʠʣʠ ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʡ ʧʫʯʦʢ ʥʘ ʦʩʥʦʚʽ 

ʜʚʦʚʽʩʥʦʛʦ ʢʨʠʩʪʘʣʘ. ʗʢʱʦ ʣʽʥʽʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʧʫʯʦʢ 
ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚʟʜʦʚʞ ʦʜʥʽʻʾ ʟ ʦʧʪʠʯʥʠʭ ʦʩʝʡ ʢʨʠʩʪʘʣʘ ʽ 

ʘʟʠʤʫʪ ʧʦʣʷʨʠʟʘʮʽʾ ʮʴʦʛʦ ʧʫʯʢʘ ʩʢʣʘʜʘʻ ʢʫʪ 45
0
 ʟ  ʛʦʣʦʚʥʦʶ 

ʦʧʪʠʯʥʦʶ ʚʽʩʩʶ ʢʨʠʩʪʘʣʘ, ʪʦ ʥʘ ʚʠʭʦʜʽ ʢʨʠʩʪʘʣʘ ʤʠ ʦʪʨʠʤʫʻʤʦ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦ-ʥʝʦʜʥʦʨʽʜʥʝ ʧʦʣʝ, ʘʣʝ ʦʜʥʦʨʽʜʥʝ ʟʘ 
ʽʥʪʝʥʩʠʚʥʽʩʪʶ (ʨʠʩ.2). ʎʝ ʧʦʣʝ ʤʽʩʪʠʪʴ ʫʩʽ ʤʦʞʣʠʚʽ ʝʣʽʧʪʠʯʥʽ 

ʧʦʣʷʨʠʟʘʮʽʾ (ʚʽʜ ʣʽʥʽʡʥʦʾ ʜʦ ʮʠʨʢʫʣʷʨʥʦʾ) ʽ ʜʚʘ ʚʠʭʨʦʚʠʭ ʧʫʯʢʠ ʟ 

ʨʽʟʥʠʤʠ ʟʥʘʢʘʤʠ. 
 

 
 

ʈʠʩ. 2. ʈʦʟʧʦʜʽʣ ʧʦʣʷʨʠʟʘʮʽʾ  ʫ ʧʫʯʢʫ ʥʘ ʚʠʭʦʜʽ ʜʚʦʚʽʩʥʦʛʦ ʢʨʠʩʪʘʣʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Goos, F. & Hʘnchen, H. L. Ein neuer und fundamentaler 

Versuch zur Totalreflexion // Annalen der Physik 436, 333ï346 (1947).            
2. ʌʝʜʦʨʦʚ ʌ. ʀ. ɻʨʘʚʠʪʘʮʠʷ ʠ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ, 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʠʥʩʢ, (1981), 164 ʩ. 
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ɺʘʩʠʣʴ ʊʘʥʘʩʽʡʯʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  ï  ʘʩʠʩʪ. ʈʘʟʽʥʴʢʦʚ ɺ.ɺ. 
 

ʄʝʪʦʜʠʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ 

ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ 

ʚʽʩʤʫʪʫ 
 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʥʘ ʛʽʣʢʠ 

ʧʦʚʠʥʥʽ ʥʘʥʦʩʠʪʠʩʴ ʘʥʪʠʜʠʬʫʟʽʡʥʽ ʰʘʨʠ Ni. ʎʽ ʰʘʨʠ 

ʟʘʧʦʙʽʛʘʶʪʴ ʜʠʬʫʟʽʾ ʤʽʜʽ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ʊʦʚʱʠʥʘ 
ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʘʜʪʦ ʤʘʣʦʶ ʯʠ ʥʘʜʪʦ 

ʚʝʣʠʢʦʶ. ʗʢʱʦ ʪʦʚʱʠʥʘ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʙʫʜʝ ʥʘʜʪʦ 

ʤʘʣʦʶ, ʚʽʥ ʥʝ ʟʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʜʠʬʫʟʽʾ 
ʤʽʜʽ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ. ʋ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʘʥʪʠʜʠʬʫʟʽʡʥʠʡ ʰʘʨ ʙʫʜʝ ʥʘʜʪʦ ʪʦʚʩʪʠʡ, ʚʪʨʘʯʘʻʪʴʩʷ 

ʘʜʛʝʟʽʷ. ɸʥʪʠʜʠʬʫʟʽʡʥʽ ʰʘʨʠ ʥʘʜʪʦ ʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ ʤʦʞʫʪʴ 
ʚʽʜʰʘʨʦʚʫʚʘʪʠʩʴ ʚʽʜ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫ ʩʚʦʶ 

ʯʝʨʛʫ ʧʦʛʽʨʰʫʻ ʥʘʜʽʡʥʽʩʪʴ ʤʦʜʫʣʷ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʚʠʱʝʚʢʘʟʘʥʠʤ ʬʘʢʪʦʨʘʤ, ʧʦʪʨʽʙʥʦ 

ʱʦʙʠ ʪʦʚʱʠʥʘ ʥʽʢʝʣʝʚʦʛʦ ʰʘʨʫ ʙʫʣʘ ʦʧʪʠʤʘʣʴʥʦʶ. ɿ ʜʦʩʚʽʜʫ 
ʚʽʜʦʤʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ Ni ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ ʤʝʞʘʭ 8 ï 12 

ʤʢʤ. ʊʦʤʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ 

ʥʝʦʙʭʽʜʥʦ ʪʦʯʥʦ ʚʠʤʽʨʶʚʘʪʠ ʪʦʚʱʠʥʫ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʥʘ 
ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. 

ʆʪʞʝ, ʤʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 
ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚ ʤʝʞʘʭ 600 ï 1000 ʢʨʘʪ. 

ʇʝʨʰʦʯʝʨʛʦʚʦ ʧʦʪʨʽʙʥʦ ʨʝʪʝʣʴʥʦ ʚʽʜʰʣʽʬʫʚʘʪʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ, ʱʦʙ ʧʨʠ ʡʦʛʦ ʦʛʣʷʜʽ ʪʘ ʚʠʤʽʨʶʚʘʥʥʽ 
ʪʦʚʱʠʥʠ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʟʦʙʨʘʞʝʥʥʷ ʚ ʤʽʢʨʦʩʢʦʧʽ ʧʨʠ 

ʚʠʩʦʢʠʭ ʢʦʝʬʽʮʽʻʥʪʘʭ ʟʙʽʣʴʰʝʥʥʷ ʙʫʣʦ ʯʽʪʢʠʤ ʪʘ ʙʝʟ ʟʘʡʚʠʭ 

ʧʦʰʢʦʜʞʝʥʴ. 
ʇʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ ʧʽʜ ʣʝʛʢʠʤ 

ʧʦʪʦʢʦʤ ʚʦʜʠ.  
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ʂʦʣʠ ʤʘʪʝʨʽʘʣ ʛʦʪʦʚʠʡ ʜʦ ʚʠʤʽʨʶʚʘʥʴ, ʡʦʛʦ ʧʦʪʨʽʙʥʦ 

ʚʩʪʘʥʦʚʠʪʠ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʥʝʨʫʭʦʤʽʩʪʴ, ʥʘ ʧʣʘʪʬʦʨʤʽ ʦʧʪʠʯʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ. ʅʘʜʘʣʽ ʧʦʪʨʽʙʥʦ ʚʽʜʨʝʛʫʣʶʚʘʪʠ ʚʽʜʩʪʘʥʴ ʚʽʜ ʣʽʥʟʠ ʜʦ 

ʝʣʝʤʝʥʪʘ ʪʘ ʦʙʨʘʪʠ ʧʦʪʨʽʙʥʝ ʦʧʪʠʯʥʝ ʟʙʽʣʴʰʝʥʥʷ (ʦʙʠʨʘʻʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ). ʋʚʽʤʢʥʫʚʰʠ 

ʤʽʢʨʦʩʢʦʧ, ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʧʦʪʨʽʙʥʫ ʣʽʥʟʫ ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʧʽʜôʻʜʥʘʪʠ ʡʦʛʦ ʜʦ ʢʦʤʧôʶʪʝʨʘ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʽʭ 

ʧʽʜʛʦʪʫʚʘʥʴ ʥʘ ʜʠʩʧʣʝʡ ʢʦʤʧôʶʪʝʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʾ 

ʧʨʦʛʨʘʤʠ ʚʠʚʦʜʠʪʴʩʷ ʜʝʪʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʪʦʚʱʠʥʫ ʘʥʪʠʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ (ʙʘʨôʻʨʥʦʛʦ 

ʧʨʦʰʘʨʢʫ) ʷʢʦʛʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʷʪʠ (ʈʠʩ. 1). 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʰʘʨʽʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʯʽʪʢʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʜʠʩʧʣʝʾ ʢʦʤʧôʶʪʝʨʘ 

ʧʦʪʨʽʙʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʫ ʧʨʦʛʨʘʤʫ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʚʠʤʽʨʷʪʠ ʪʦʚʱʠʥʫ ʰʘʨʫ. 
ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʤʦʞʣʠʚʦ ʚʠʤʽʨʶʚʘʪʠ 

ʪʦʚʱʠʥʠ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ 

ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ 
ʟʥʘʯʝʥʴ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 

 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʌʨʝʾʢ ɼ. ʄ. ,ʅʠʢʠʨʫʡ ʃ. ɯ., ʂʨʠʥʠʮʴʢʠʡ ʆ. ʉ.  // ʌʽʟʠʢʘ ʽ ʭʽʤʽʷ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ.  2012.  ʊ. 13.  ̄2. 

2.  ɻʦʨʩʴʢʠʡ ʇ. ɺ. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʢʦʥʪʘʢʪʫʶʯʠʭ ʯʘʩʪʠʥʦʢ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ / ʇ. ɺ. ɻʦʨʩʴʢʠʡ, ɺ. ʇ. 

ʄʠʭʘʣʴʯʝʥʢʦ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ.  2013. ˉ 2. 
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ʄʠʢʦʣʘ ʊʘʥʘʩʽʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʦʪʨʠʯ ɸ.ɺ. 
 

ɺʠʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʽʚ ʚʽʜʙʠʚʘʥʥʷ ʩʚʽʪʣʦʨʦʟʩʽʶʶʯʠʭ 

ʟʨʘʟʢʽʚ ʤʝʪʦʜʘʤʠ  ʬʦʪʦʤʝʪʨʽʾ 
  ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʦʟʩʽʶʶʯʠʭ ʦʙôʻʢʪʽʚ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʦʩʢʽ 

ʟʨʘʟʢʠ ʨʽʟʥʦʾ ʪʦʚʱʠʥʠ.  
ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ʡ ʧʨʦʧʫʩʢʘʥʥʷ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʣʦʩʢʠʤ ʟʨʘʟʢʦʤ ʨʦʟʩʽʶʶʯʦʾ ʨʝʯʦʚʠʥʠ, 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʚʱʠʥʠ l ʽ ʦʧʪʠʯʥʦʾ t. 

ʗʢ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʞʠʣʠ ʤʦʜʝʣʴʥʽ ʥʝʧʨʦʧʫʩʢʘʶʯʽ 
ʟʨʘʟʢʠ ʜʠʬʫʟʥʦ ʚʽʜʙʠʚʘʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʘʣʶʤʽʥʽʶ. ʇʣʦʩʢʠʡ 

ʨʦʟʩʽʶʶʯʠʡ ʟʨʘʟʦʢ ʦʩʚʽʪʣʶʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʢʚʘʟʽʜʠʬʫʟʥʠʤ 

ʧʫʯʢʦʤ. ɿʘ ʫʤʦʚʠ ʤʘʣʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʘ ʚʝʣʠʢʦʛʦ ʨʦʟʩʽʷʥʥʷ, 

ʪʦʙʪʦ a<<s ʘʙʦ b<<1, ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʠʬʫʟʽʡʥʝ 

ʦʧʨʦʤʽʥʶʚʘʥʥʷ.  
ɿʘ ʮʠʭ ʫʤʦʚ ʽʟ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʦʜʝʨʞʘʥʦ ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʬʫʟʥʦʛʦ ʚʽʜʙʠʚʘʥʥʷ R ʽ 

ʧʨʦʧʫʩʢʘʥʥʷ ʊ ʧʣʦʩʢʦʛʦ ʟʨʘʟʢʘ  

)(

)(

yxSh

ySh
R

+
=  ,                                   (1) 

ʜʝ SÖÖÖ= alx 2 ; 
S

Ö=
a

2y ; 
qÖ

=S
4

s
; 

ʊʝʧʝʨ ʧʣʦʩʢʠʡ ʨʦʟʩʽʶʶʯʠʡ ʟʨʘʟʦʢ ʦʧʨʦʤʽʥʶʻʪʴʩʷ 

ʩʧʨʷʤʦʚʘʥʠʤ ʧʫʯʢʦʤ, ʷʢʠʡ ʧʘʜʘʻ  ̂ʜʦ ʧʣʦʱʠʥʠ ʟʨʘʟʢʘ. 
 ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʫʪʦʚʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʨʦʟʩʽʷʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʣʷʨʥʦʛʦ ʢʫʪʘ q 
ʜʣʷ ʚʽʜʙʠʪʦʛʦ ʧʫʯʢʘ ʙʫʜʝ ʪʘʢʠʤ: 

ù
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ø
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ê
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--Ö

+
Ö-Ö-ÖÖ= )exp(

)(

)(
)())(exp()(

0

yx
yxSh

ySh
gySh

E

E
I R qqq ,   (2) 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʬʦʨʤʫʣʠ (2) ʜʘʻ ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʡʥʦʛʦ 

ʚʽʜʙʠʚʘʥʥʷ R. 
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ʋ ʚʠʧʘʜʢʫ ʥʝʩʢʽʥʯʝʥʥʦ ʪʦʚʩʪʦʛʦ ʰʘʨʫ, ʪʦʙʪʦ l ­ ¤, exp(-x) ʽ 

exp(-x-y) ­ 0, ʪʦʤʫ ʽʟ (1) ʚʠʧʣʠʚʘʻ 

)exp( yR -=¤  ,                                               (3) 
ʘ ʽʟ (2) ʚʠʧʣʠʚʘʻ 

 

         

))(exp()(
0

ySh
E

E
I R Ö-ÖÖ=¤ qq

.                                     (4) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ 
S

Ö=
a

2y  ʦʪʨʠʤʫʻʤʦ: 

2))(ln(
4

¤Ö
S
= Ra

.                                            (5) 

ʈʦʟʢʣʘʚʰʠ ¤R  ʟʘ y, ʦʪʨʠʤʫʻʤʦ: 

[ ]2

)1(211
4

¤-Ö--Ö
S
= Ra .                                      (6) 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʚʦʧʦʪʦʢʦʚʝ ʥʘʙʣʠʞʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ: 

¤

¤-Ö
S
=

R

R 2)1(

4
a .                                                     (7) 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ¤R  ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʦʩʪʦ: ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ ʰʘʨʫ ʪʘʢʦʾ ʪʦʚʱʠʥʠ l, 

ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʫʩʢʘʥʥʷ ʚʞʝ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ.  

ʆʪʞʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʨʝʘʣʽʟʘʮʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘ ʬʦʪʦʤʝʪʨʠʯʥʽʡ ʩʬʝʨʽ ʟ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ɹʫʛʝʨʘ, ʃʘʤʙʝʨʪʘ ʪʘ ɹʫʛʝʨʘ ï ɹʝʨʘ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʘʭʥʦʚʩʴʢʠʡ ʄ.ʖ. ʆ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʰʘʨʦʚʦʛʦ ʬʦʪʦʤʝʪʨʘ ʚ ʠʟʤʝʨʝʥʠʷʭ  ʜʠʬʫʟʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʤʝʪʦʜʠʢʝ// ʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

V.62 (1987). C.692ï697. 

2. ɻʫʤʠʥʝʮʢʠʡ ʉ.ɻ. ʆ ʤʝʪʦʜʝ ʠʟʤʝʨʝʥʠʡ ʢʦʵʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʚ ʚʠʜʝ ʩʧʘʨʝʥʥʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʰʘʨʦʚ// ʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. V.78 (1995). C. 496-501. 
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ɹʦʛʜʘʥ ʊʘʨʘʥʛʫʣ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʧʨʦʬ. ʌʦʜʯʫʢ ɯ.ʄ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʽʥʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ ʤʫʘʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ  

ʋʩʧʽʭʠ ʫ ʨʦʟʚʠʪʢʫ ʜʠʥʘʤʽʯʥʦʾ ʪʝʦʨʽʾ ʨʦʟʩʽʷʥʥʷ ʍ-

ʧʨʦʤʝʥʽʚ ʩʪʘʣʠ ʚʘʞʣʠʚʠʤʠ ʧʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ 
ʚʠʩʦʢʦʯʫʪʣʠʚʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ 

ʢʨʠʩʪʘʣʽʚ. ʎʽ ʤʝʪʦʜʠ ʥʝ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʤʽʨʘʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʩʽʷʥʥʷ ʍ-ʧʨʦʤʝʥʽʚ, ʪʦʙʪʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʜʠʩʧʝʨʩʽʡʥʽ ʧʦʧʨʘʚʢʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ 
ʘʤʧʣʽʪʫʜ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʾ 

ʢʘʨʪʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʜʝʬʝʢʪʠ ʩʪʨʫʢʪʫʨʠ ʽ ʤʘʢʨʦʜʝʬʦʨʤʘʮʽʾ ʫ 

ʧʣʘʩʪʠʥʘʭ ʽʥʪʝʨʬʝʨʦʤʝʪʨʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʦʟʧʦʜʽʣ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. ʊʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʬʦʨʤʫʚʘʥʥʷ 

ʤʫʘʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʻ ʚʘʞʣʠʚʝ ʥʘʫʢʦʚʝ ʽ 
ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʘʪʠ ʧʦʤʠʣʢʦʚʠʭ 

ʪʣʫʤʘʯʝʥʴ ʦʪʨʠʤʘʥʠʭ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʠʭ ʢʘʨʪʠʥ ʽ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʧʨʠʯʠʥ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʠʭ ʤʫʘʨʦʚʠʭ ʢʘʨʪʠʥ.  

 

ʈʠʩ.1. ɺʠʭ̔ʜʥʝ ʤʫʘʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ 
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ʈʠʩ.2. (ʘ) - ʨʘʜʽʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ,  

(ʙ) - ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʝʡʨʦʤʝʨʝʞʫ, 

ʥʘʧʠʩʘʥʫ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Matlab ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʩʫʤʘʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʤʫʘʨʦʚʦʛʦ 
ʟʦʙʨʘʞʝʥʥʷ ʩʠʩʪʝʤʠ. ʇʨʦʛʥʦʟ ʥʝʡʨʦʤʝʨʝʞʽ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟ 12-ʪʠ ʤʫʘʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʟ 

ʚʢʘʟʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘʚʘʥʪʘʞʝʥʴ.  

ʆʢʨʽʤ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʘʨʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ, 

ʤʦʞʥʘ ʪʘʢʦʞ ʜʦʜʘʪʠ ʱʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 
ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʜʽʘʧʘʟʦʥʠ ʤʦʞʣʠʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ, ʘʜʞʝ ʤʦʞʝ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʘʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ 

ʪʘʢʦʛʦ ʘʥʘʣʽʟʫ. 
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ɺô̫ ʯʝʩʣʘʚ ʊʘʨʙʽʥʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʢ.ʬ.-ʤ.ʥ. ʄ.ʃ.ʂʦʚʘʣʴʯʫʢ 

 

ɸʚʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʣʠʯʯʷ ʥʘ ʦʩʥʦʚʽ 

ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ 

 
ʅʝʚʧʠʥʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʽ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ ʟʘʣʫʯʘʶʪʴ ʜʦ ʩʬʝʨʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʚʩʝ ʙʽʣʴʰʝ ʢʦʣʦ ʣʶʜʝʡ, ʱʦ ʧʽʜʚʠʱʫʻ ʨʠʟʠʢʠ ʚʠʥʠʢʥʝʥʥʷ 
ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ ʪʘ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ, ʢʽʣʴʢʽʩʪʴ ʟʣʦʯʠʥʽʚ ʪʘ ʰʘʭʨʘʡʩʪʚʘ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʦʶ 
ʭʚʠʣʠʥʦʶ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʻ 

ʙʽʦʤʝʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ. ɺʦʥʠ ʻ ʥʘʡʟʨʫʯʥʽʰʠʤʠ, ʦʩʢʽʣʴʢʠ 
ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʙʝʨʽʛʘʥʥʷ ʫ ʧʘʤôʷʪʽ ʩʢʣʘʜʥʠʭ ʧʘʨʦʣʽʚ ʯʠ ʥʦʩʽʥʥʷ 

ʟ ʩʦʙʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ, ʘ ʜʦʩʪʘʪʥʴʦ ʙʫʜʝ ʪʽʣʴʢʠ 

ʩʢʘʟʘʪʠ ʢʦʜʦʚʝ ʩʣʦʚʦ, ʧʨʠʢʣʘʩʪʠ ʧʘʣʝʮʴ ʯʠ ʢʠʩʪʴ ʨʫʢʠ ʘʙʦ 

ʧʽʜʩʪʘʚʠʪʠ ʣʠʮʝ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ[2]. 
ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʙʽʦʤʝʪʨʠʯʥʦʾ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ 

ʩʪʘʪʠʯʥʽ ʤʝʪʦʜʠ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʣʶʜʠʥʠ, 

ʪʦʙʪʦ ʫʥʽʢʘʣʴʥʽʡ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʘʥʽʡ ʡʦʤʫ ʚʽʜ ʥʘʨʦʜʞʝʥʥʷ ʽ 
ʥʝʚʽʜôʻʤʥʦʤʫ ʚʽʜ ʥʴʦʛʦ, ʨʘʟʦʤ ʟ ʜʦʩʪʦʾʥʩʪʚʘʤʠ (ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ, ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ ʪʘ ʽʥ.) ʤʘʶʪʴ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ (ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚʠʪʨʘʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ)[2].  
ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ - ʥʘʡʙʽʣʴʰ ʜʘʚʥʽʡ ʽ ʧʦʰʠʨʝʥʠʡ ʩʧʦʩʽʙ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʨʠʩʠ ʦʙʣʠʯʯʷ ʽ ʬʦʨʤʘ 

ʯʝʨʝʧʘ ʢʦʞʥʦʾ ʣʶʜʠʥʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ. ʂʦʤʧ'ʶʪʝʨ ʣʠʰʝ 
ʘʚʪʦʤʘʪʠʟʫʻ ʧʨʦʮʝʜʫʨʫ, ʚʠʢʦʥʫʶʯʠ ʘʥʘʣʦʛʽʯʥʫ ʧʨʦʮʝʜʫʨʫ, ʟ 

ʪʽʻʶ ʨʽʟʥʠʮʝʶ, ʱʦ ʟʘʤʽʩʪʴ ʬʦʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʽʦʤʝʪʨʠʯʥʽ 

ʜʘʥʽ, ʟʘʧʠʩʘʥʽ ʚ ʝʪʘʣʦʥʥʦʤʫ ʦʙʨʘʟʽ. ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 
ʬʽʟʽʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʶʜʠʥʠ, ʮʝʡ ʤʝʪʦʜ ʥʘʣʝʞʠʪʴ ʜʦ 

ʩʪʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʙʽʦʤʝʪʨʽʾ. ʎʝ ʥʘʡʙʽʣʴʰ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ 

ʤʝʪʦʜ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʠʡ ʜʦ ʪʦʛʦ, ʷʢ ʣʶʜʠ 

ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ[1].  
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ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʨʠʩʘʤʠ ʦʙʣʠʯʯʷ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʙʽʦʤʝʪʨʠʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ:  

Å ʅʝ ʧʦʪʨʽʙʥʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʣʶʜʠʥʠ, ʦʙʣʠʯʯʷ 
ʷʢʦʾ ʚʩʪʘʥʦʚʣʶʶʪʴ, ʟʽ ʩʢʘʥʝʨʦʤ, ʟʘ ʚʠʥʷʪʢʦʤ ʩʠʩʪʝʤ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ ʫ ʩʢʣʘʜʽ ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʦʭʦʨʦʥʥʠʭ ʩʠʩʪʝʤ, ʜʝ ʣʶʜʠʥʘ ʧʨʠ ʚʝʨʠʬʽʢʘʮʽʾ ʜʠʚʠʪʴʩʷ ʧʨʷʤʦ ʚ 
ʢʘʤʝʨʫ;  

Å ʇʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʘ ʨʠʩʘʤʠ 

ʦʙʣʠʯʯʷ ʤʦʞʣʠʚʦ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ, ʚ ʛʨʫʧʽ ʣʶʜʝʡ, ʥʝ 

ʧʨʠʚʝʨʪʘʶʯʠ ʫʚʘʛʠ;  
Å ʎʝ ʻʜʠʥʠʡ ʙʽʦʤʝʪʨʠʯʥʠʡ ʩʧʦʩʽʙ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟ ʧʦʛʣʷʜʫ 

ʤʦʞʣʠʚʦʩʪʽ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʥʝ ʚʠʤʘʛʘʻ 

ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʭʥʽʢʠ;  
Å ʇʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʘ 

ʙʽʦʤʝʪʨʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʟʘʟʚʠʯʘʡ ʥʝ ʧʨʠʭʦʚʫʚʘʥʘ 

ʣʶʜʠʥʦʶ. 

ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʟʘʜʘʯʽ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʧʦʚ'ʷʟʘʥʠʡ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʤʝʨʝʞ. ɺʽʜʦʤʠʡ ʨʷʜ ʘʨʭʽʪʝʢʪʫʨ, ʱʦ ʚʞʝ 

ʩʪʘʣʠ ʢʣʘʩʠʯʥʠʤʠ - ʤʝʨʝʞʘ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ, ʚʭʽʜʥʘ ʪʘ 

ʚʠʭʽʜʥʘ ʟʽʨʢʘ, ʦʜʥʦʰʘʨʦʚʠʡ ʧʝʨʩʧʝʪʨʦʥ, ɹʐʇ, ʤʝʨʝʞʘ ʟ 
ʨʘʜʽʘʣʴʥʦʶ ʙʘʟʠʩʥʦʶ ʬʫʥʢʮʽʻʶ (ʈɹʌ), ʤʝʨʝʞʽ ʍʦʧʬʽʣʜʘ, 

ʍʝʤʤʽʥʛʘ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʘ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʠʬʽʯʥʠʭ 

ʘʨʭʽʪʝʢʪʫʨ - ʨʝʢʫʨʩʠʚʥʘ ʘʚʪʦʘʩʦʮʽʘʪʠʚʥʘ ʧʘʤ'ʷʪʴ, ʤʦʜʫʣʴʥʽ ʅʄ, 
ʢʦʛʥʽʪʨʦʥ, ʥʝʦʢʦʛʥʽʪʨʦʥ, ʤʝʨʝʞʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʧʘʨʘʪ 

ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ, ʩʪʦʭʘʩʪʠʯʥʽ ʤʝʨʝʞʽ (ʉʄ), ʨʽʟʥʽ ʪʠʧʠ 

ʨʝʢʫʨʝʥʪʥʠʭ ʤʝʨʝʞ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ ʢʦʞʥʦʛʦ 

ʢʣʘʩʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʚʦʷ ʘʨʭʽʪʝʢʪʫʨʘ ʅʄ. 
ʆʪʞʝ, ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ 

ʨʠʥʢʫ ʙʽʦʤʝʪʨʽʾ ʻ ʧʦʷʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ ʚʽʜʝʦʢʘʤʝʨ, 

ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʬʫʥʢʮʽʶ ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʦʩʥʦʚʽ 
ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ ʚʽʜʩʦʪʦʢ ʟʙʽʛʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʽʦʤʝʪʨʠʯʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http://uadoc.zavantag.com/text/23710/index-1.html 

2. ɹʽʦʤʝʪʨʠʯʥʘ ʘʚʪʝʥʪʠʬʽʢʘʮʽʷ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 
ʜʦʩʪʫʧʫ: http://ukrdoc.com.ua/text/5859/index-11.html 
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ɼʝʥʠʩ ʊʘʨʥʘʚʩʴʢʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʈ.ʃ. 

 

ʇʨʦʙʣʝʤʠ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʦʧʪʦʚʦʣʦʢʦʥʥʠʭ ʩʠʩʪʝʤ 
ʅʘʤʠ ʥʘʚʝʜʝʥʠʡ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʚʠʜʽʚ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ 

ʦʧʪʠʯʥʠʤʠ ʢʘʥʘʣʘʤʠ ʟʚôʷʟʢʫ. ʈʦʟʛʣʷʥʫʪʽ ʥʘʡʥʦʚʽʰʽ ʧʫʙʣʽʢʘʮʽʾ 

ʧʨʦʚʽʜʥʠʭ ʫʩʪʘʥʦʚ ʫ ʛʘʣʫʟʽ ʢʽʙʝʨʙʝʟʧʝʢʠ, ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ, 

ʟʘʭʠʩʪʫ ʪʘ ʟʘʧʦʙʽʛʘʥʥʶ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʦʧʪʠʯʥʠʤʠ ʢʘʥʘʣʘʤʠ 
ʟʚôʷʟʢʫ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʬʽʟʠʯʥʠʤ 

ʢʘʥʘʣʘʤ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʙʣʝʤʘ ʚʠʪʦʢʫ ʯʝʨʝʟ 
ʦʧʪʠʯʥʽ ʢʘʥʘʣʠ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ɻʦʣʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʭ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʪʘ ʚʠʟʥʘʥʠʭ ʢʦʨʠʬʝʾʚ 
ʥʘʫʢʦʚʦʾ ʩʧʽʣʴʥʦʪʠ, ʷʢʘ ʧʨʦʚʦʜʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʥʘʚʽʪʴ ʜʝʷʢʽ ʢʣʘʩʠʯʥʽ ʧʨʘʮʽ ʟʘʭʽʜʥʠʭ ʘʚʪʦʨʽʚ, ʱʦ 

ʧʨʠʩʚʷʯʝʥʽ ʧʨʦʙʣʝʤʘʤ ʢʽʙʝʨʙʝʟʧʝʢʠ. ɸʣʝ ʜʝʷʢʽ ʘʚʪʦʨʠ ʢʘʞʫʪʴ 

ʽʥʘʢʰʝ: çThe risk is realè [1]. ʊʦʤʫ ʥʝʭʪʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʦʶ 
ʤʦʞʣʠʚʽʩʪʶ ʪʘʢʦʛʦ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʩʣʽʜ. 

ʅʘʚʝʜʝʤʦ ʢʦʨʦʪʢʦ ʦʩʥʦʚʥʽ ʚʠʜʠ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ (ʟʘ 

ʬʽʟʠʯʥʠʤ ʟʤʽʩʪʦʤ) ʽʟ ʦʧʪʠʯʥʠʭ ʢʘʥʘʣʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [1]. 
ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʽʥʚʘʟʠʚʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦhʢʦʜʞʝʥʥʷ ʢʘʙʝʣʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʝʷʢʦʛʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʨʠʩ.1, ʘ). 

ʇʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʯʠʪʫʚʘʥʥʷ ʦʧʪʠʯʥʦʛʦ 
ʩʠʛʥʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʚ ʦʧʪʠʯʥʦʤʫ 

ʢʘʥʘʣʽ. ɸʣʝ ʷʢʱʦ ʮʝ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ 

ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ, ʪʦ ʟʤʽʥʠ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʧʝʨʝʩʪʘʥʫʪʴ 
ʩʧʨʠʡʤʘʪʠʩʴ ʷʢ ʦʧʪʠʯʥʠʡ ʰʫʤ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʚʠʷʚʣʝʥʽ ʥʘ 

ʧʨʠʡʤʘʣʴʥʦʤʫ ʙʦʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʜʘʥʠʡ ʤʝʪʦʜ 

ʰʚʠʜʢʦ ʧʦʯʘʚ ʚʪʨʘʯʘʪʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ. 
ɯʥʰʠʡ ʽʥʚʘʟʠʚʥʠʡ ʤʝʪʦʜ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʠʥʠʢʥʝʥʥʷʤ 

ʢʨʠʪʠʯʥʦʛʦ ʢʫʪʘ ʟʛʠʥʫ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʚʥʘʩʣʽʜʦʢ ʷʢʦʛʦ 

ʚʪʨʘʯʘʻʪʴʩʷ ʫʤʦʚʘ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʙʠʚʘʥʥʷ ʜʣʷ 

ʩʚʽʪʦʚʦʛʦ ʧʨʦʤʝʥʷ (ʨʠʩ.1, ʙ).  



324 

 
ʈʠʩ.1, ʘ 

 
ʈʠʩ.1, ʙ 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʧʨʦʢʣʘʜʘʥʥʷ ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʄʦʞʣʠʚʽʩʪʴ ʫʨʘʟʣʠʚʦʩʪʽ 

ʚʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʚʠʪʦʢʫ ʟʫʤʦʚʣʝʥʘ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʜʝʪʝʢʪʦʨʽʚ 
ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʧʦʚʥʝ 

ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘʚʽʪʴ ʧʨʠ 2% ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʝʬʦʨʤʫʚʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʚʦʣʦʢʥʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʪʘʢʦʞ ʰʪʫʯʥʦ ʰʣʷʭʦʤ 
ʤʝʭʘʥʽʯʥʦʛʦ ʢʦʥʪʘʢʪʫ ʽʟ ʧʦʚʝʨʭʥʝʶ ʦʧʪʦʚʦʣʦʢʥʘ, ʱʦ ʤʦʞʝ ʤʘʪʠ 

ʤʽʩʮʝ ʫ ʜʝʷʢʽʡ ʣʦʢʘʣʴʥʽʡ ʪʦʯʮʽ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɿʘʭʠʩʪʦʤ ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʙʫʜʴ-ʷʢʘ ʥʝʧʨʦʟʦʨʘ ʦʙʦʣʦʥʢʘ. 
ʆʪʞʝ, ʚʠʥʠʢʘʻ ʨʝʘʣʴʥʘ ʟʘʛʨʦʟʘ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ ʦʧʪʠʯʥʠʤ 

ʢʘʥʘʣʦʤ. ɯ ʮʝ ʚʠʢʣʠʢʘʥʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʽʢʠ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʫʤʦʚʘʭ 
ʟʘʰʫʤʣʝʥʠʭ ʢʘʥʘʣʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. https://www.infoguard.com 

2. Kimberlie Witcher. Fiber Optics and its Security 
Vulnerabilities / Kimberlie Witcher // SANS Ins 

https://www.sans.org/reading-room/whitepapers/physical/fiber-

optics-security-vulnerabilities-1648 
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ʈʦʤʘʥ ʊʘʱʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

 

ʊʝʨʤʦʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ ʢʚʘʟʽʽʟʦʪʨʦʧʥʠʭ ʰʘʨʽʚ  ʽʥʜʽʶ 

ʧʨʠ ʞʦʨʩʪʢʦʤʫ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ 

ʐʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʽʶ ʪʘ ʡʦʛʦ ʩʧʣʘʚʽʚ ʫ 
ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʫ ʨʽʟʥʠʭ 
ʩʪʨʫʢʪʫʨʥʠʭ ʚʠʜʘʭ (ʚʽʜ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʜʦ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ) 
ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʥʘʫʢʦʚʮʷʤʠ ʟʘʜʘʯʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 
ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʽʥʜʽʻʚʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʡʥʽ 
ʚʣʘʩʪʠʚʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʞʦʨʩʪʢʦʛʦ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ (0-
300ʂ) [1]. ɸʥʦʤʘʣʴʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 
(aij), ʨʽʟʥʽ ʟʥʘʢʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʇʫʘʩʩʦʥʘ (nij) ʫ ʨʽʟʥʠʭ 
ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʘʭ ʫ ʚʢʘʟʘʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 
ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʶʪʴ ʟʘʜʘʯʫ ʱʝ ʡ ʪʦʤʫ, ʱʦ ʧʨʠʨʦʜʘ ʮʠʭ ʷʚʠʱ 
ʚʠʚʯʝʥʘ ʥʝ ʜʦ ʢʽʥʮʷ [2]. 
ɺʽʜʦʤʦ, ʱʦ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʠʡ In ʻ ʥʝʘʢʩʽʘʣʴʥʠʤ ʘʫʢʩʝʪʠʢʦʤ 

[3] ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ (nij) ʚʽʜ 0,9 ʜʦ -0,7 ʫ ʨʽʟʥʠʭ 
ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʡ 
ʽʥʜʽʡ ʥʝ ʻ ʘʫʢʩʝʪʠʢʦʤ ʫ ʚʩʽʡ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʽʩʥʫʚʘʥʥʷ. 
ʇʝʨʝʭʽʜ ʚʽʜ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʪʦʥʢʠʭ 2D-ʰʘʨʽʚ 
ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ ʦʢʨʝʤʠʭ ʢʨʠʩʪʘʣʽʚ ʫ ʰʘʨʽ, ʪʦʙʪʦ ʜʦ 
ʧʽʜʩʠʣʝʥʥʷ ʘʥʽʟʦʪʨʦʧʽʾ ʧʨʫʞʥʠʭ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʘʫʢʩʝʪʠʯʥʠʭ 
ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʥʽʚʝʣʶʚʘʣʠʩʴ ʫ ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʠʭ 
(ʽʟʦʪʨʦʧʥʠʭ) ʰʘʨʘʭ. 
ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʦʩʦʙʣʠʚʦʩʪʽ 

ʪʝʨʤʦʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʫ ʪʦʥʢʠʭ 2D-ʰʘʨʘʭ In ʫ ʰʠʨʦʢʦʤʫ 
ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ aij, nij ʽ ʤʦʜʫʣʷ ʖʥʛʘ (ɽ).  
ʄʦʜʝʣʶʚʘʥʥʷ ʧʦʣʽʚ ʜʝʬʦʨʤʘʮʽʡ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʰʘʨʽʚ, ʚ ʷʢʠʭ 

ʩʫʪʪʻʚʽ ʜʝʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʶʪʴ ʫ ʧʣʦʱʠʥʽ ʰʘʨʫ, ʚʨʘʭʦʚʫʶʯʠ ʪʝ, 
ʱʦ ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʘʢʪʠʚʫʻ ʣʠʰʝ ʥʦʨʤʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ 
ʪʝʥʟʦʨʘ iie ʽ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʟʩʫʚʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ije  [4]. 
ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʢ ʪʝʨʤʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʪʘʢ ʽ ʥʘʧʨʫʞʝʥʴ, ʟʫʤʦʚʣʝʥʠʭ  ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ 
ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʦʢ ʛʝʪʝʨʦʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ, ʟʘ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1): 
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ʜʝ 
zzyyxxii eeee ++=ä ï ʥʦʨʤʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʝʬʦʨʤʘʮʽʾ, 

zzyyxxii ssss ++=ä  ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ (ʨʠʩ.1). 

 

ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʨʤʦʧʨʫʞʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 2D-ʢʚʘʟʽ-

ʽʟʦʪʨʦʧʥʠʭ ʰʘʨʽʚ ʽʥʜʽʶ 

ʗʢ ʙʘʯʠʤʦ, ʚ ʽʥʪʝʨʚʘʣʽ 0-100ʂ ʫ ʰʘʨʘʭ ʽʥʜʽʶ ʫ ʥʘʧʨʷʤʢʫ ʦʩʽ 

OZ  ʫ ʧʣʦʱʠʥʽ XOY ʚʠʥʠʢʘʶʪʴ ʩʫʤʘʨʥʽ ʚʽʜôʻʤʥʽ ʜʝʬʦʨʤʘʮʽʾ 
ʩʪʠʩʥʝʥʥʷ, ʷʢʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʽʥʶʶʪʴʩʷ ʥʘ 

ʜʦʜʘʪʥʽ, ʧʨʠ ʮʴʦʤʫ  zze - ʢʦʤʧʦʥʝʥʪ ʜʝʬʦʨʤʘʮʽʾ, ʧʨʦʭʦʜʷʯʠ 

ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ ʧʨʠ 130 ʂ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜô̒ ʤʥʠʤ ʫ ʚʩʽʡ 

ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ 

MathCAD  ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ  

 
ʅʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʠʡ ʧʨʦʮʝʩ ʜʝʜʘʣʽ ʚʘʞʯʝ ʫʷʚʠʪʠ ʙʝʟ 

ʘʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʟʦʢʨʝʤʘ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ, ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʚʜʦʩʢʦʥʘʣʶʻ ʷʢʽʩʪʴ ʦʩʚʽʪʠ, ʟʙʽʣʴʰʫʻ ʾʾ 
ʝʬʝʢʪʠʚʥʽʩʪʴ, ʨʦʟʰʠʨʶʻ ʤʝʞʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ, 

ʪʦʤʫ ʚʦʥʠ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ.  

ʋ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʢʦʤʧôʶʪʝʨʥʘ ʛʨʘʤʦʪʥʽʩʪʴ ʻ ʦʜʥʽʻʶ 
ʽʟ ʦʙʦʚôʷʟʢʦʚʠʭ ʫʤʦʚ ʢʚʘʣʽʬʽʢʦʚʘʥʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʙʫʜʴ-

ʷʢʽʡ ʛʘʣʫʟʽ, ʪʦʤʫ ʧʦʻʜʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʘ 

ʪʝʭʥʽʯʥʠʭ ʽʥʥʦʚʘʮʽʡ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʨʦʟʚôʷʟʢʫ ʙʘʛʘʪʴʦʭ 
ʟʘʜʘʯ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʩʪʘʻ ʧʨʽʦʨʠʪʝʪʥʠʤ ʥʘʧʨʷʤʦʤ 

ʫʩʧʽʰʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʬʘʭʽʚʮʽʚ [1].  
ʇʨʦʛʨʘʤʘ MathCAD, ʨʦʟʨʦʙʣʝʥʘ ʥʘʧʨʠʢʽʥʮʽ 1980-ʭ ʨʦʢʽʚ 

ʬʽʨʤʦʶ MathSoft, ʦʜʥʽʻʶ ʽʟ ʧʝʨʰʠʭ ʥʘʜʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʚʚʝʜʝʥʥʷ 

ʜʘʥʠʭ ʜʣʷ ʩʠʤʚʦʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʥʦʪʘʮʽʾ. 
ɯʥʪʝʛʨʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʘ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʩʪʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʩʪʘʣʘ 

ʣʽʜʝʨʦʤ ʩʝʨʝʜ ʽʥʰʠʭ ʩʠʩʪʝʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʽ ʥʘʚʯʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. MathCAD ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʟ ʪʘʢʠʤʠ 
ʧʨʦʛʨʘʤʘʤʠ, ʷʢ AutoCAD, MS Excel ʽ Visio, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʪʚʦʨʝʥʽ ʥʠʤʠ ʜʦʢʫʤʝʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʣʘʩʥʠʭ ʧʨʦʝʢʪʽʚ; 

ʧʽʜʪʨʠʤʫʻ ʽʥʪʝʛʨʘʮʽʶ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ ʪʘ ʙʘʟ ʜʘʥʠʭ. ʆʧʠʩ 
ʨʦʟʚ'ʷʟʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʜʘʯ ʫ MathCAD ʟʘʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣ, ʩʠʤʚʦʣʽʚ ʽ ʟʥʘʢʽʚ, ʘ 

ʪʘʢʦʞ ʰʣʷʭʦʤ ʟʚʝʨʥʝʥʥʷ ʜʦ ʩʧʝʮʽʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ʇʘʢʝʪ ʤʘʻ 

ʟʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʚʠʨʽʟʥʷʻʪʴʩʷ ʷʢʽʩʥʦʶ ʛʨʘʬʽʢʦʶ ʽ ʚʽʟʫʘʣʽʟʘʮʽʻʶ 
ʧʨʠ ʦʙʯʠʩʣʝʥʥʷʭ, ʥʘʜʘʻ ʚʝʣʠʢʠʡ ʚʠʙʽʨ ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ, ʙʽʙʣʽʦʪʝʢ, 

ʦʧʝʨʘʪʦʨʽʚ ʽ ʬʫʥʢʮʽʡ. ɼʣʷ ʟʨʫʯʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʽ 

ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʩʠʩʪʝʤʫ ʜʦʜʘʥʦ ʝʣʝʢʪʨʦʥʥʠʡ ʜʦʚʽʜʥʠʢ 

ʬʦʨʤʫʣ [2]. 
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ʨʦʙʦʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ MathCAD ʜʣʷ ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ. ʈʦʟʨʦʙʣʝʥʫ 

ʩʝʨʽʶ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʥʘʮʽʣʝʥʦ ʥʘ ʝʬʝʢʪʠʚʥʝ ʟʘʩʚʦʻʥʥʷ ʪʘ 
ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʙʘʟʦʚʠʭ ʟʥʘʥʴ, ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

MathCAD, ʩʧʨʷʤʦʚʘʥʦ ʥʘ ʨʦʟʚʠʪʦʢ ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ ʩʪʫʜʝʥʪʽʚ, 

ʟʨʦʩʪʘʥʥʷ ʾʭʥʴʦʾ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʜʦ ʚʠʚʯʝʥʥʷ ʜʠʩʮʠʧʣʽʥʠ ʪʘ 
ʤʦʪʠʚʘʮʽʾ ʜʦ ʥʘʚʯʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʫ ʩʪʫʜʝʥʪʽʚ ʧʨʦʬʝʩʽʡʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʫ ʛʘʣʫʟʽ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥʞʝʥʝʨʽʾ. 

ʇʨʠ ʥʘʧʠʩʘʥʥʽ ʟʘʚʜʘʥʴ ʜʦ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʙʫʣʦ ʧʦʻʜʥʘʥʦ 

ʪʝʦʨʝʪʠʯʥʠʡ ʪʘ ʧʨʠʢʣʘʜʥʠʡ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʚ ʩʠʩʪʝʤʽ 
ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʘʢʪʠʚʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦ-

ʧʽʟʥʘʚʘʣʴʥʦʾ ʪʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʪʫʜʝʥʪʽʚ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘʤʠ, ʩʪʫʜʝʥʪʠ 
ʤʘʪʠʤʫʪʴ ʟʤʦʛʫ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʚʦʾ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʟ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ, ʦʟʥʘʡʦʤʣʷʪʴʩʷ ʟ ʪʝʨʤʽʥʦʣʦʛʽʻʶ, ʥʘ ʦʩʥʦʚʽ 

ʙʘʟʦʚʠʭ ʫʤʽʥʴ ʥʘʚʯʘʪʠʤʫʪʴʩʷ ʛʨʘʬʽʯʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʩʝʨʝʜʦʚʠʱʽ MathCAD, ʦʧʘʥʫʶʪʴ ʤʝʪʦʜʠ ʨʦʟʚôʷʟʘʥʥʷ 
ʥʝʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʽ ʾʭ ʩʠʩʪʝʤ, ʦʪʨʠʤʘʶʪʴ ʥʘʚʠʯʢʠ 

ʥʝʦʙʭʽʜʥʠʭ ʦʙʯʠʩʣʝʥʴ ʪʘ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ 

ʨʽʚʥʷʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʠ, ʘ 
ʪʘʢʦʞ ʤʘʪʠʤʫʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ ʥʘ ʤʦʜʝʣʽ 

ʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ. ʉʪʫʜʝʥʪʠ ʧʦʩʪʫʧʦʚʦ ʦʟʥʘʡʦʤʣʷʪʴʩʷ ʟ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʧʨʦʙʣʝʤʥʠʤʠ ʟʘʜʘʯʘʤʠ ʪʘ 
ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʾʭ ʨʦʟʚôʷʟʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ MathCAD. 

ɺʠʚʯʝʥʥʷ ʧʨʦʛʨʘʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʘʣʛʝʙʨʠ ʻ ʚʘʞʣʠʚʦʶ 

ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʾ ʦʩʚʽʪʠ. ʈʦʙʦʪʘ ʚ MathCAD ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʩʪʫʜʝʥʪʽʚ, ʬʦʨʤʫʻ ʥʘʚʠʯʢʠ ʥʘʫʢʦʚʦ-
ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʢʣʠʢʘʻ ʧʨʦʬʝʩʽʡʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ 

ʽʥʪʝʨʝʩʽʚ ʪʘ ʩʧʦʥʫʢʘʻ ʜʦ ʫʩʧʽʰʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʦʛʦ 

ʟʥʘʭʦʜʠʪʠʤʫʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʬʘʭʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɭʬʠʤʝʥʢʦ ʉ.ʄ. ɿʘʩʦʙʠ Mathcad ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʬʽʟʠʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 
/ʉ.ʄ. ɭʬʠʤʝʥʢʦ// ʌʽʟ.-ʤʘʪ. ʦʩʚʽʪʘ. 2018. 1(15). ʉ. 195-199. 

2.  Etcuban J. O. The Use of Mathcad in the Achievement of Education Students 

in Teaching College Algebra in a University /J.O. Etcuban// Intern. el. Journ. ʦf 

math.education. 2019. 149 (2).  ʈ. 341-351 



329 

ʋʣʷʥʘ ʊʢʘʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄ.ɺ.ʊʘʣʘʭ 

 

ɸʥʘʣʽʟ ʜʘʥʠʭ ʫ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʤʫ ʬʦʥʜʽ 
ʊʝʨʠʪʦʨʽʾ ʪʘ ʦʙôʻʢʪʠ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʻ 

ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʩʚʽʪʦʚʦʾ ʩʠʩʪʝʤʠ ʧʨʠʨʦʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ 

ʦʙôʻʢʪʽʚ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʧʽʜ ʦʩʦʙʣʠʚʦʶ ʦʭʦʨʦʥʦʶ. ɺʽʜʧʦʚʽʜʥʦ 

ʜʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ç ʇʨʦ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠè, 
ʇɿʌ ʻ ʦʩʥʦʚʥʦʶ ʬʦʨʤʦʶ ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʦʾ ʩʧʘʜʱʠʥʠ ʽ ʦʭʦʨʦʥʷʻʪʴʩʷ ʷʢ ʥʘʮʽʦʥʘʣʴʥʝ ʥʘʜʙʘʥʥʷ, 

ʱʦʜʦ ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʩʦʙʣʠʚʠʡ ʨʝʞʠʤ ʦʭʦʨʦʥʠ, 
ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ[1]. 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ï ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ 

ʚʠʷʚʣʝʥʥʷ ʚ ʜʘʥʠʭ ʨʘʥʽʰʝ ʥʝʚʽʜʦʤʠʭ, ʧʨʘʢʪʠʯʥʦ ʢʦʨʠʩʥʠʭ ʽ 
ʜʦʩʪʫʧʥʠʭ ʽʥʪʝʨʧʨʝʪʘʮʽʡ ʟʥʘʥʴ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɯʥʪʝʨʝʩ ʜʦ ʩʬʝʨʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʨʦʩʪʘʻ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ, 

ʦʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʦ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʜʘʥʽ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ.  
ʈʦʟʚʠʪʦʢ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ ʻ ʪʘʢʦʞ ʚʘʞʣʠʚʦʶ 

ʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥʠ ʪʘ ʦʜʥʠʤ ʽʟ 

ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʨʝʘʣʽʟʘʮʽʾ ʜʝʨʞʘʚʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ. ʋ 
ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʠʭ ʬʦʥʜʘʭ ʧʨʦʚʦʜʷʪʴ ʦʮʽʥʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʫ ʤʝʞʘʭ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʦʜʠʥʠʮʴ, 

ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ ʽ 

ʪʝʨʠʪʦʨʽʡ ʽʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. 
ɼʣʷ ʧʨʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦ-ʦʭʦʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘʡʙʽʣʴʰ 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʣʷ ʨʝʢʣʘʤʠ (ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ, ʚʝʙ-ʩʘʡʪʠ, ʧʦʨʪʘʣʠ), ʢʦʤʫʥʽʢʘʮʽʡ 
(ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʽʥʪʝʨʥʝʪ-ʧʝʡʜʞʠʥʛ) ʽ ʩʠʩʪʝʤʠ ʙʨʦʥʶʚʘʥʥʷ 

ʤʽʩʮʴ [2]. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʻ ʩʪʚʦʨʝʥʥʷ ʽ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ 
ʜʘʥʠʭ, ʢʽʣʴʢʽʩʥʝ ʪʘ ʷʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʇɿʌ ʪʘ 

ʧʝʨʩʧʝʢʪʠʚʠ ʡʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʦʩʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʩʦʙʽʚ ɻɯʉ ʪʘ 

ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʚʦʨʝʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʠ ʦʢʨʝʤʠʭ ʥʘʧʨʷʤʽʚ 
ʜʽʷʣʴʥʦʩʪʽ ʫʩʪʘʥʦʚ ʇɿʌ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ (ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ, 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ, ʤʦʥʽʪʦʨʠʥʛʦʚʦʾ, ʪʫʨʠʩʪʠʯʥʦʾ, ʝʢʦʣʦʛʦ-
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ʧʨʦʩʚʽʪʥʠʮʴʢʦʾ ʪʦʱʦ) ʥʘʚʝʜʝʥʦ, ʟʦʢʨʝʤʘ, ʚ ʧʫʙʣʽʢʘʮʽʷʭ, ʪʘʢʦʞ 

ʚʠʩʚʽʪʣʝʥʽ ʧʨʦʙʣʝʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʬʽʥʘʥʩʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ, 

ʱʦ ʛʘʣʴʤʫʶʪʴ ʾʭ ʧʦʚʥʦʮʽʥʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʮʽʡ ʛʘʣʫʟʽ ʚ ʋʢʨʘʾʥʽ 
[3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʻ ʟʨʫʯʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʪʦʤʫ ʱʦ ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʩʧʨʦʱʫʻ ʚʽʟʫʘʣʽʟʘʮʽʶ ʽ ʥʘʜʘʥʥʷ ʜʘʥʠʭ. ɿ'ʷʚʣʷʻʪʴʩʷ 
ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦ ʽ ʦʙ'ʻʢʪʠʚʥʦ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 

ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ ʟʘʧʦʚʽʜʥʠʢʘ ʪʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʦʙ'ʻʢʪʠ ʇɿʌ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʙʽʣʴʰ ʧʠʣʴʥʦʾ ʫʚʘʛʠ ʟ ʧʦʟʠʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʽ 
ʨʦʟʰʠʨʝʥʥʷ. ʎʝ ʜʘʩʪʴ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʟʘʧʦʚʽʜʥʦʩʪʽ. 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʙʘʟʦʚʠʭ ʟʘʜʘʯ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ ʨʘʭʫʥʦʢ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʆʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʣʷ 

ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʥʘʙʫʚʘʻ ʧʦʻʜʥʘʥʥʷ ʮʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʛʝʦʛʨʘʬʽʯʥʠʭ ʚʽʟʫʘʣʽʟʘʮʽʡ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʘʛʘʪʦʚʠʤʽʨʥʽʩʪʴ ʧʨʦʛʥʦʟʫ ï ʪʦʙʪʦ 
ʚʠʟʥʘʯʝʥʥʷ ʧʘʥʫʶʯʠʭ ʪʝʥʜʝʥʮʽʡ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʜʥʦʯʘʩʥʦ ʽ 

ʚ ʧʨʦʩʪʦʨʽ ʽ ʚ ʯʘʩʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʤʦʞʥʘ ʚʠʨʘʭʫʚʘʪʠ 
ʤʘʡʙʫʪʥʶ ʯʠʩʝʣʴʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʯʠ ʷʚʠʱ, ʧʦʨʽʚʥʷʪʠ ʾʾ ʟ 

ʙʘʞʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʧʨʦ ʧʦʛʦʜʫ 

ʜʦʟʚʦʣʠʪʴ  ʧʝʨʝʜʘʚʘʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʢʘʨʪʠ, ʘ ʪʘʢʦʞ ʢʘʨʪʠ ʽʥʰʠʭ 
ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʽ ʚʟʘʻʤʦʜʽʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʭʤʘʨʥʦʩʪʽ ʪʘ ʽʥ.  

ʜʦʟʚʦʣʷʶʪʴ ʢʨʘʱʝ ʧʽʟʥʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʆʪʞʝ, ʘʥʘʣʽʟ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ ʨʦʟʚʠʪʢʫ ʪʘ 
ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʨʦʜʥʦ-ʦʭʦʨʦʥʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʘʜʞʝ ʚ ʥʘʰ ʯʘʩ 

ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʦʮʽʥʶʚʘʥʥʽ, ʚʩʝʙʽʯʥʦʤʫ ʨʦʟʛʣʷʜʽ ʪʘ 

ʨʦʟʰʠʨʝʥʥʽ ʟʥʘʥʴ.  
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ʄʠʭʘʡʣʦ ʋʥʛʫʨʷʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 
 

ɸʥʽʟʦʪʨʦʧʽʷ ʪʚʝʨʜʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 
ʊʚʝʨʜʽʩʪʴ ʚ ʽʥʪʝʛʨʘʣʴʥʽʡ ʬʦʨʤʽ ʚʽʜʪʚʦʨʶʻ ʟʜʘʪʥʽʩʪʴ ʫ 

ʢʨʠʩʪʘʣʽʚ ʯʠʥʠʪʠ ʦʧʽʨ ʧʨʫʞʥʽʡ ʽ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʭʨʫʧʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ɺʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʚʜʘʚʣʶʚʘʥʥʷ 
ʽʥʜʝʥʪʦʨʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ (ʤʝʪʦʜ ʈʦʢʚʝʣʣʘ, ɹʨʽʥʝʣʣʷ, 

ɺʽʢʢʝʨʩʘ) ʘʙʦ ʩʢʨʘʡʙʫʚʘʥʥʽ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. ɺʝʣʠʯʠʥʘ ʽ ʨʦʟʤʽʨʥʽʩʪʴ 

ʪʚʝʨʜʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ. 
ɺʩʪʘʥʦʚʣʝʥʽ ʢʦʨʝʣʷʮʽʾ ʪʚʝʨʜʦʩʪʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʘʢʠʤʠ ʷʢ ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʽ ʧʽʜʜʘʪʣʠʚʦʩʪʽ, ʤʝʞʘʤʠ 

ʤʽʮʥʦʩʪʽ ʽ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɼʣʷ ʝʢʩʧʨʝʩʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʪʚʝʨʜʦʩʪʽ  
ʤʽʥʝʨʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʩʷʪʠʙʘʣʴʥʘ ʰʢʘʣʘ ʄʦʦʩʘ. 

ɺʝʣʠʯʠʥʘ ʪʚʝʨʜʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʩʢʨʘʡʙʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʢʨʠʩʪʘʣʽʚ ʝʪʘʣʦʥʥʠʤʠ ʤʽʥʝʨʘʣʘʤʠ (ʪʘʣʴʢ, ʛʽʧʩ, ʢʘʣʴʮʠʪ, ʬʣʶʦʨʠʪ, 

ʘʧʘʪʠʪ, ʦʨʪʦʢʣʘʟ, ʢʚʘʨʮ, ʪʦʧʘʟ, ʢʦʨʫʥʜ, ʘʣʤʘʟ). ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ 
ʦʮʽʥʢʠ ʪʚʝʨʜʦʩʪʽ ʩʢʨʘʡʙʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʘʣʤʘʟʥʠʤ ʽʥʜʝʥʪʦʨʦʤ ʽ 

ʚʝʣʠʯʠʥʘ ʪʚʝʨʜʦʩʪʽ ʜʦʨʽʚʥʶʻ  
2

708,3
d

P
H = , ʜʝ P ï ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʽʥʜʝʥʪʦʨ, d ï ʰʠʨʠʥʘ ʧʦʜʨʷʧʠʥʠ. ʆʜʥʘʢ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʪʚʝʨʜʽʩʪʴ ʻ ʘʥʽʟʦʪʨʦʧʥʦʶ ʚʝʣʠʯʠʥʦʶ. ʅʘʚʽʪʴ ʥʘ ʦʜʥʽʡ ʧʦʚʝʨʭʥʽ 

ʤʦʥʦʢʨʠʩʪʘʣʘ ʪʚʝʨʜʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ 
ʥʘʧʨʷʤʢʫ (ʨʠʩ. 1).  

    

 
 

ʈʠʩ. 1. ʇʦʜʨʷʧʠʥʠ ʥʘʥʝʩʝʥʽ ʘʣʤʘʟʥʠʤ ʽʥʜʝʥʪʦʨʦʤ ʥʘ ʧʦʚʝʨʭʥʶ (010) 

ʢʨʠʩʪʘʣʘ ʘʥʪʠʤʦʥʽʪʫ Sb2S3 ʫ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ 
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ʇʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʘʧʨʷʤʢʫ ʧʦʜʨʷʧʠʥʠ ʜʦ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʥʘʧʨʷʤʢʫ [001] ʟʤʝʥʰʫʻʪʴʩʷ ʰʠʨʠʥʘ 

ʧʦʜʨʷʧʠʥʠ d ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʪʨʽʱʠʥ. ʆʪʞʝ, 
ʪʚʝʨʜʽʩʪʴ ʽ ʭʨʫʧʢʽʩʪʴ ʢʨʠʩʪʘʣʘ Sb2 S3 ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ [1]. 

ʅʘ ʨʠʩ. 2 ʘ,ʙ ʥʘʚʝʜʝʥʽ ʤʫʘʨʦʚʽ ʢʘʨʪʠʥʠ ʧʦʣʽʚ ʜʝʬʦʨʤʘʮʽʡ 

ʥʘʚʢʦʣʦ ʧʦʜʨʷʧʠʥ, ʥʘʥʝʩʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʶ (111) ʤʦʥʦʢʨʠʩʪʘʣʘ Si ʫ 
ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ: ʧʘʨʘʣʝʣʴʥʦ (ʚʚʝʨʭʫ) ʪʘ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʘʪʦʤʥʠʤ ʧʣʦʱʠʥʘʤ( )011 (ʨʠʩ.2, ʘ) ʪʘ ʧʘʨʘʣʝʣʴʥʦ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤ ʧʣʦʱʠʥʘʤ ( )101  ʽ ( )101   (ʨʠʩ.2, ʙ) 
 

                          
        ʘ)                                  ʙ) 
ʈʠʩ. 2. ʄʫʘʨʦʚʽ ʢʘʨʪʠʥʠ ʧʦʣʽʚ ʜʝʬʦʨʤʘʮʽʡ ʥʘʚʢʦʣʦ ʧʦʜʨʷʧʠʥ, 

ʥʘʥʝʩʝʥʠʭ ʘʣʤʘʟʥʠʤ ʽʥʜʝʥʪʦʨʦʤ ʥʘ ʧʦʚʝʨʭʥʶ (111) ʤʦʥʦʢʨʠʩʪʘʣʘ Si ʚ 

ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ 

ʋ ʜʘʥʽʡ ʧʣʦʱʠʥʽ (111) ʰʠʨʠʥʘ ʧʦʜʨʷʧʠʥ ʫ ʨʽʟʥʠʭ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʨʽʟʥʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʥʽʟʦʪʨʦʧʽʶ 

ʪʚʝʨʜʦʩʪʽ ʫ ʤʦʥʦʢʨʠʩʪʘʣʽ Si. ʅʘʷʚʥʽʩʪʴ ʤʫʘʨʦʚʠʭ ʩʤʫʛ ʜʦʟʚʦʣʷʻ ʟ 
ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʴʶ ʚʠʟʥʘʯʠʪʠ ʚʽʜʥʦʩʥʫ ʜʝʬʦʨʤʘʮʽʶ ʥʘʚʢʦʣʦ 

ʧʦʜʨʷʧʠʥ ʚ ʤʦʥʦʢʨʠʩʪʘʣʽ Si 
ö
÷

õ
æ
ç

å
=

D -810
d

d . 

ʇʨʠ ʚʜʘʚʣʶʚʘʥʥʽ ʽ ʩʢʣʝʨʦʤʝʪʨʽʾ ʘʣʤʘʟʥʠʤ ʽʥʜʝʥʪʦʨʦʤ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʽʢʨʦʧʣʘʩʪʠʯʥʽʩʴ ʭʨʫʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʨʠ ʤʽʢʨʦʩʢʦʧʽʯʥʽʡ ʦʙʨʦʙʮʽ ʧʦʚʝʨʭʥʽ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʢʨʦʩʢʦʧʽʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʘʚʽʪʴ 
ʽʜʝʘʣʴʥʦ ʭʨʫʧʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ, ʢʫʙʽʯʥʠʡ 
ʥʽʪʨʠʜ ʙʦʨʫ ʽ ʘʣʤʘʟ [2]. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʋʨʫʩʦʚʩʢʘʷ ɸ.ɸ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. ʉʦʚʨʝʤʝʥʥʘʷ 
ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ. ʊ.4. ʄ., 1981. ʉ. 47-109. 

2. ʉʷʜʨʠʩʪʳʡ ʅ.ʉ. ʊʘʡʥʳ ʤʠʢʨʦʤʠʨʘ ʀʟʜ-ʚʦ ñʂʘʨʧʘʪʳò, 1969. 154ʩ. 
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ɸʣʽʥʘ ʌʘʨʙʘʪʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

ʅʘʚʯʘʣʴʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ  

ʝʬʝʢʪʘ ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ 

ɭ ʮʽʣʘ ʥʠʟʢʘ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʚ ʷʢʠʭ ʦʧʠʩʫʶʪʴʩʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʪʘ ʪʝʨʤʦʤʘʛʥʽʪʥʽ ʝʬʝʢʪʠ ʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨʘʭ [1-3]. ɯʩʥʫʶʪʴ ʧʨʠʣʘʜʠ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʝʬʝʢʪ ɿʝʻʙʝʢʘ ʘʙʦ ʇʝʣʴʪʴʻ, ʘʣʝ 

ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʝʬʝʢʪʽʚ ʫ ʛʽʨʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘʢʽ ʧʨʠʣʘʜʠ 

ʥʝ ʨʦʟʨʦʙʣʝʥʽ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʛʽʨʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. 

ʄʝʪʦʶ ʻ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʛʽʨʦʪʨʦʧʥʦʤʫ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽ ʪʘ ʨʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʥʘ 

ʦʩʥʦʚʽ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ.  

ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ ʫ ʛʽʨʦʪʨʦʧʥʦʤʫ ʪʝʨʤʦʝʣʝʤʝʥʪʽ 
ʧʨʦʚʦʜʠʚʩʷ ʤʝʪʦʜʦʤ cʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ 

ʽʥʜʫʢʮʽʻʶ B = 1 ʊʣ (ʨʠʩ. 1).  
ʊ, ʂ     

     

300

295

285

275

290

280

270

 
ʘ)    ʙ) 

ʈʠʩ. 2. ʊʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʩʽʪʢʠ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʘ) ʽ 

ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨ (ʙ) ʫ ʛʽʨʦʪʨʦʧʥʦʤʫ ʪʝʨʤʦʝʣʝʤʝʥʪʽ [3] 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ ʂʦʤʧʘʩ 16 ʧʦʙʫʜʦʚʘʥʦ 3D-ʤʦʜʝʣʴ 

ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʫ ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ (ʨʠʩ. 2). 

 

ʈʠʩ. 2. ʅʘʚʯʘʣʴʥʠʡ  ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ  

ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ɽʪʪʽʥʩʛʘʫʟʝʥʘ  

1 ï ʪʝʧʣʦʚʽʜʚʽʜʥʠʡ ʩʪʦʣʠʢ; 2 ï ʨʘʜʽʘʪʦʨ; 3 ï ʤʘʛʥʽʪ;  

4 ï ʛʽʨʦʪʨʦʧʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ; 5 ï ʭʦʣʦʜʥʘ ʧʣʘʩʪʠʥʘ; 6 ï ʢʶʚʝʪʘ;  

7 ï ʪʝʨʤʦʤʝʪʨ ʭʦʣʦʜʥʦʾ ʩʪʦʨʦʥʠ; 8 ï ʪʝʨʤʦʤʝʪʨ ʪʝʧʣʦʾ ʩʪʦʨʦʥʠ;  
9 ï ʧʝʨʝʤʠʢʘʯ; 10 ï ʢʣʝʤʠ 

ɼʘʥʠʡ ʧʨʠʣʘʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʽ ʜʝʤʦʥʩʪʨʘʮʽʡ, ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʽʨʦʪʨʦʧʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʟʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʥʦʛʦ 
ʧʦʣʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 

ʩʧʨʘʚʦʯʥʠʢ. ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. 766 ʩ. 

2. ʉʘʤʦʡʣʦʚʠʯ ɸ.ɻ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ 

ʧʨʝʚʨʘʱʝʥʠʷ ʵʥʝʨʛʠʠ. ʏʝʨʥʦʚʮʳ: ʈʫʪʘ, 2006. 226 ʩ. 

3. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. ʇʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ 

ʫ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2016. ˉ3. ʉ. 48ï53. 



335 

ʆʣʝʢʩʘʥʜʨ ʌʠʩʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʉʦʣʦʚʘʥ ʄ.ʄ. 

 

ɺʧʣʠʚ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ Si ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʡ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʄʦN/n-Si 

 
ʊʦʥʢʽ ʧʣʽʚʢʠ ʥʽʪʨʠʜʫ ʤʦʣʽʙʜʝʥʫ (ʄʦN), ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʝʣʝʢʪʨʠʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʽ 

ʭʦʨʦʰʫ ʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ, ʟʥʘʡʰʣʠ ʫʩʧʽʰʥʝ ʧʨʘʢʪʠʯʥʝ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʜʠʬʫʟʽʡʥʠʡ ʙʘʨ'ʻʨ ʤʽʞ ʢʨʝʤʥʽʻʤ ʽ ʤʽʜʥʠʤʠ 

ʝʣʝʢʪʨʦʜʘʤʠ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ, ʘ ʪʘʢʦʞ ʟʘʚʜʷʢʠ ʩʚʦʾʤ 

ʬʽʟʠʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʧʦʚʝʨʭʥʝʚʦ-ʙʘʨôʻʨʥʠʭ ʩʪʨʫʢʪʫʨ. 

ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʧʨʠʣʘʜʠ ʥʘ ʦʩʥʦʚʽ 

ʥʽʪʨʠʜʽʚ ʤʝʪʘʣʽʚ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ, ʘ 

ʪʘʢʦʞ, ʱʦ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʽʪʨʠʜʽʚ ʤʝʪʘʣʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ 
ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʦʪʨʠʤʘʥʥʷ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʩʪʘʙʽʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘ ʦʩʥʦʚʽ ʥʽʪʨʠʜʽʚ ʤʝʪʘʣʽʚ, 
ʜʦʩʣʽʜʞʝʥʥʶ ʾʭ ʝʣʝʢʪʨʠʯʥʠʭ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʨʠʜʽʣʷʶʪʴ ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʽʩʪʶ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ 
ʝʣʝʢʪʨʠʯʥʦʘʢʪʠʚʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ 

ʛʝʪʝʨʦʤʝʞʽ, ʛʫʩʪʠʥʘ ʷʢʠʭ ʟʤʽʥʶʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʜʘʣʴʰʝ 

ʧʦʣʽʧʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʽ ʾʭ 
ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʊʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦ-ʙʘʨôʻʨʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ 
ʦʩʥʦʚʽ ʥʽʪʨʠʜʽʚ ʤʝʪʘʣʽʚ ʷʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ. 

ɼʣʷ ʟʥʷʪʪʷ  ʚʣʘʩʥʦʛʦ ʦʢʩʠʜʫ ʪʘ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʽ ʢʨʝʤʥʽʶ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʴ ʧʨʦʚʦʜʠʣʠ ʭʽʤʽʯʥʝ ʪʨʘʚʣʝʥʥʷ ʢʨʝʤʥʽʻʚʠʭ ʧʣʘʩʪʠʥ ʫ 

5 % -ʤʫ ʨʦʟʯʠʥʽ ʅF ʚ ʙʽʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʧʨʦʪʷʛʦʤ 5ʭʚ. ʅʘ 
ʧʦʯʘʪʢʫ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘʥʦʜʨʦʪʽʚ ʢʨʝʤʥʽʻʚʽ ʧʽʜʢʣʘʜʢʠ 

ʧʨʦʤʠʚʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ ʚ ʙʽʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʽ ʚ 

ʘʮʝʪʦʥʽ, ʧʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʧʽʜʢʣʘʜʢʠ ʧʨʦʪʨʘʚʣʶʚʘʣʠʩʷ ʚ ʨʦʟʯʠʥʽ 
ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʪʘ 30% - ʤʫ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ (H2O2) ʫ 
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ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (3:1), ʱʦʙ ʚʠʜʘʣʠʪʠ ʦʨʛʘʥʽʯʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ. ʇʽʩʣʷ ʦʯʠʩʪʢʠ ʟʨʘʟʢʠ  ʟʘʥʫʨʶʚʘʣʠʩʷ ʫ ʨʘʥʽʰʝ 

ʧʽʜʛʦʪʦʚʣʝʥʽ ʚʦʜʥʽ ʨʦʟʯʠʥʠ 0,02ʄ, AgNO3 ʽ 5ʄ ʧʣʘʚʠʢʦʚʦʾ 
ʢʠʩʣʦʪʠ (HF) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (1:1)  ʥʘ 5 -10 ʩ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ ʦʩʽʣʠ ʥʘ ʧʽʜʢʣʘʜʢʠ . 

ʇʽʩʣʷ ʦʩʘʜʞʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʯʘʩʪʠʥʘ ʧʽʜʢʣʘʜʦʢ 
ʚʜ̔ʙʠʨʘʣʘʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʘ ʽʥʰʽ ʜʣʷ ʥʘʩʪʫʧʥʠʭ 

ʢʨʦʢʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʜʨʦʪʽʚ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ 

ʪʨʘʚʣʝʥʥʷ ʢʨʝʤʥʽʻʚʠʭ ʧʽʜʢʣʘʜʦʢ ʽʟ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʩʨʽʙʣʘ ʚ 

ʨʦʟʯʠʥʽ 5ʄ, HF ʽ 30% H2O2 ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ (10:1) ʜʣʷ 
ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʜʨʦʪʽʚ. ʊʘʢʦʞ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʜʨʦʪʽʚ ʥʘ 

ʧʽʜʢʣʘʜʢʘʭ ʢʨʝʤʥʽʶ ʟ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʩʨʽʙʣʘ 

ʯʘʩʪʠʥʘ ʧʽʜʢʣʘʜʦʢ ʚʽʜʙʠʨʘʣʘʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ.  
ʅʘ ʦʩʪʘʥʦʢ ʚʠʪʨʘʚʣʷʣʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ ʟ ʩʘʤʦʾ ʧʽʜʢʣʘʜʢʠ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ. 

ʉʪʨʫʢʪʫʨʠ ʚʠʛʦʪʦʚʣʷʣʠ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ MoN ʥʘ 

ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʫ ʧʦʚʝʨʭʥʶ ʧʣʘʩʪʠʥʠ Si (5 Ĭ 5 Ĭ 0,33 
ʤʤ

3
) ʫ  ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ Lʝybold - Heraeus L560 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʤʽʰʝʥʽ 

ʯʠʩʪʦʛʦ ʤʦʣʽʙʜʝʥʫ ʚ ʘʪʤʦʩʬʝʨʽ ʩʫʤʽʰʽ ʘʨʛʦʥʫ ʽ ʘʟʦʪʫ ʧʨʠ 
ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ. ʌʦʨʤʫʚʘʥʥʷ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ ʘʨʛʦʥʫ ʽ ʘʟʦʪʫ ʚ 

ʥʝʦʙʭʽʜʥʽʡ ʧʨʦʧʦʨʮʽʾ ʚʽʜʙʫʚʘʣʦʩʷ ʟ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʜʞʝʨʝʣ 

ʧʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ. 
ʇʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʫ ʚʘʢʫʫʤʥʽʡ 

ʢʘʤʝʨʽ ʩʪʘʥʦʚʠʣʠ 0,3 ʇʘ - ʜʣʷ ʘʨʛʦʥʫ ʽ 0,3 ʇʘ - ʜʣʷ ʘʟʦʪʫ. 

ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʘʛʥʝʪʨʦʥʘ 30 ɺʪ. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ 

ʪʨʠʚʘʚ 1,5 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʢʠ 200 Áʉ. 
ʇʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʪʠʩʢ ʘʨʛʦʥʫ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ 

ʩʪʘʥʦʚʠʚ ~ 0,4 ʇʘ. ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʘʛʥʝʪʨʦʥʘ ~ 30 ɺʪ. 

ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʪʨʠʚʘʚ ~ 5 ʭʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʦʢ ~ 420 ʂ. 
ʆʪʨʠʤʘʥʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ʚʦʣʦʜʽʣʠ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʤʠ 

ʜʽʦʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʠʟʥʘʯʝʥʘ ʚʠʩʦʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ 

ʙʘʨ'ʻʨʘ ʜʣʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ MoN/n-Si ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 
ʜʦʨʽʚʥʶʻű0 = 0.37 ʝɺ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

[1]. Solovan M.M., Brus V.V., Mostovyi A.I., Maryanchuk P.D., 

OrletskyiI.G., KovaliukT.T., &AbashinS.L. // Semiconductors, (2017). 

51(4), 542-548. 
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ʊʘʨʘʩ ʌʽʷʚʯʫʢ, ɼʝʥʠʩ ʉʪʨʝʣʢʽʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ 

 

ʌʨʘʟʘ çʽʥʪʝʨʥʝʪ ʨʝʯʝʡè (ʜʘʣʽ IoT) ʚʧʝʨʰʝ ʙʫʣʘ 
ʚʠʢʦʨʠʩʪʘʥʘ ʂʝʚʽʥʦʤ ɽʰʪʦʥʦʤ ʫ 1999 ʨʦʮʽ (Ashton, 2009), ʢʦʣʠ 

ʚʽʥ ʚʠʩʪʫʧʠʚ ʟ ʜʦʧʦʚʽʜʜʶ ʥʘ Procter & Gamble. ʋ ʩʚʦʻʤʫ ʚʠʩʪʫʧʽ 

ʚʽʥ ʩʪʚʝʨʜʞʫʚʘʚ, ʱʦ ʥʝ ʪʽʣʴʢʠ ʣʶʜʠ ʧʦʚʠʥʥʽ ʛʝʥʝʨʫʚʘʪʠ ʪʘ 

ʩʪʚʦʨʶʚʘʪʠ ʜʘʥʽ, ʘʣʝ ʢʦʤʧ'ʶʪʝʨʠ ʪʘ ʽʥʰʽ ʚʙʫʜʦʚʘʥʽ ʧʨʠʩʪʨʦʾ 
ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʙʠʨʘʪʠ ʚʣʘʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʰʣʷʭʦʤ 

ʚʽʜʩʪʝʞʝʥʥʷ ʘʙʦ ʚʟʘʻʤʦʜʽʾ ʟ ʾʭ ʚʥʫʪʨʽʰʥʽʤʠ ʩʪʘʥʘʤʠ ʘʙʦ 

ʟʦʚʥʽʰʥʽʤʠ ʦʪʦʯʝʥʥʷʤʠ. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ð ʮʝ ʽʜʝʷ ʟʨʦʙʠʪʠ 
ʬʽʟʠʯʥʽ ʦʙ'ʻʢʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ, ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ 

ʪʘ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. IoT ʟʘʙʝʟʧʝʯʫʻ 

ʘʚʪʦʤʘʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ð ʮʝ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 
ʧʝʨʠʬʝʨʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟ ʤʘʣʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʧʦʪʫʞʥʦʩʪʷʤʠ, ʥʠʟʴʢʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ ʨʝʘʢʮʽʾ ʥʘ ʧʦʜʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʝ ʭʤʘʨʥʽ ʩʝʨʚʝʨʠ ʟ 
ʚʠʩʦʢʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʯʘʩʪʦ ʟ ʝʣʝʤʝʥʪʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʘʥʘʣʽʪʠʢʽʚ.  
ʗʢ ʜʝʤʦʥʩʪʨʘʮʽʶ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʾʚ ʧʦʙʫʜʫʻʤʦ ʥʝʚʝʣʠʢʫ 

ʩʠʩʪʝʤʫ, ʷʢʘ ʙʫʜʝ ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʣʦʛʽʩʪʴ ʪʘ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʫ ʜʚʦʭ ʧʨʠʤʽʱʝʥʥʷʭ, ʘ ʪʘʢʦʞ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ IoT ʧʨʠʩʪʨʦʾʚ ʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʥʘʩʪʫʧʥʫ 
ʢʦʥʮʝʧʮʽʶ: ʜʘʚʘʯʽ ʙʫʜʫʶʪʴʩʷ ʥʘ ESP8266 ʽ ʧʽʜôʻʜʥʫʶʪʴʩʷ ʜʦ 

ʤʝʨʝʞʽ ʧʦ Wi-Fi; ʷʢ ʇɿ ʜʣʷ ʚʟʘʻʤʦʜʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ MQTT 

ʙʨʦʢʝʨ; ʚ ʷʢʦʩʪʽ ʇɿ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʻʤʦ Node-Red ʟ 
ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ; MQTT ʙʨʦʢʝʨ ʪʘ Node-Red 

ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʷʢ docker ʢʦʥʪʝʡʥʝʨʠ ʯʝʨʝʟ docker compose ʥʘ 

Orange Pi Zero; ʜʦʩʪʫʧ  ʜʦ  ʩʠʩʪʝʤʠ  ʟʘ  ʤʝʞʘʤʠ  ʣʦʢʘʣʴʥʦʾ  
ʤʝʨʝʞʽ  ʚʽʜʙʫʚʘʻʪʴʩʷ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜôʻʜʥʘʥʥʷ ʯʝʨʝʟ VPN. 

ʉʭʝʤʫ ʪʝʩʪʦʚʦʾ ʤʝʨʝʞʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʫ ʪʘ 

ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʙʫʜʝʤʦ ʚʠʤʽʨʶʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʚʘʯʽʚ 
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DHT22, ʦʩʚʽʪʣʝʥʽʩʪʴ ï BH1750FVI, ʘ ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ï 

BMP280.  

 

ʈʠʩ. 1. ʉʭʝʤʘ ʪʝʩʪʦʚʦʾ IoT ʩʠʩʪʝʤʠ 

ʑʦʜʦ ʙʝʟʧʝʢʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʧʨʠ 

ʥʘʣʝʞʥʽʡ ʦʨʛʘʥʽʟʘʮʽʡ ʩʠʩʪʝʤ ʟʘʭʠʩʪʫ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ 
ʧʘʨʦʣʽʚ) Wi-Fi ʧʽʜôʻʜʥʘʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʙʝʟʧʝʯʥʠʤ, ʘ 

ʧʦʙʫʜʦʚʫ ʛʝʦʛʨʘʬʽʯʥʦ ʚʽʜʜʘʣʝʥʠʭ ʩʠʩʪʝʤ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ VPN ʪʘ SSH. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. IoT ʘʨʭʠʪʝʢʪʫʨʘ ð ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʦʜ ʢʘʧʦʪ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 

ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://habr.com/post/420173/ 
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ʂʘʪʝʨʠʥʘ ʌʣʦʨʝʩʢʫʣ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʩʪʫ 

ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʫʯʥʽʚ ʫ ʟʘʢʣʘʜʘʭ 

ʧʦʟʘʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʚʽʪʦʚʠʭ ʛʣʦʙʘʣʽʟʘʮʽʡʥʠʭ ʪʘ ʽʥʪʝʛʨʘʮʽʡʥʠʭ ʚʠ-
ʢʣʠʢʽʚ ʩʴʦʛʦʜʝʥʥʷ ʯʠʥʥʠʡ ʟʘʢʦʥ Ăʇʨʦ ʟʘʛʘʣʴʥʫ ʩʝʨʝʜʥʶ ʦʩʚʽʪʫò 
ʟʦʙʦʚôʷʟʫʻ ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʦʬʽʣʴʥʝ ʥʘʚʯʘʥʥʷ ʫ ʩʪʘʨʰʽʡ ʰʢʦ-
ʣʽ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʧʨʦʬʽʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 
ʨʽʚʥʦʛʦ ʜʦʩʪʫʧʫ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ ʜʦ ʟʜʦʙʫʪʪʷ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʴʦʾ 
ʪʘ ʧʦʯʘʪʢʦʚʦʾ ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ ʦʩ-
ʚʽʪʥʽʭ ʧʦʪʨʝʙ, ʥʘʭʠʣʽʚ ʽ ʟʜʽʙʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʣʘʩʥʦʛʦ ʧʨʦ-
ʬʝʩʽʡʥʦʛʦ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ. ɻʦʣʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʜʦʧʨʦʬʝʩʽʡ-
ʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʻ ʩʠʩʪʝʤʘ ʧʨʦʬʦʨʽʻʥʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʪʘ ʟʘʣʫʯʝʥʥʷ 
ʫʯʥʽʚ ʜʦ ʧʽʟʥʘʚʘʣʴʥʦʾ ʪʘ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʨʦʜʦʚʞʝʥʥʷʤ ʷʢʦʾ 
ʙʫʜʝ ʧʨʦʬʝʩʽʡʥʝ ʥʘʚʯʘʥʥʷ [1]. 
ʇʨʦʙʣʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʦʬʝʩʽʡ-

ʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʙʫʣʠ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟ ʦʪʨʠʤʘʥʥʷʤ ʋʢʨʘ-
ʾʥʦʶ ʥʝʟʘʣʝʞʥʦʩʪʽ ʪʘ ʾʾ ʽʥʪʝʛʨʘʮʽʻʶ ʚ ɭʉ. ɿʘ ʮʠʭ ʫʤʦʚ ʚ ʫʩʽʭ 
ʩʬʝʨʘʭ ʩʫʩʧʽʣʴʥʦʛʦ ʞʠʪʪʷ ʩʪʘʣʠʩʷ ʟʤʽʥʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʧʽʜʛʦ-
ʪʦʚʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʬʘʭʽʚʮʽʚ, ʟʜʘʪʥʠʭ ʘʢʫʤʫʣʶʚʘʪʠ 
ʽʥʥʦʚʘʮʽʡʥʽ ʽʜʝʾ ʪʘ ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠʩʷ ʚ ʫʤʦʚʘʭ ʨʠʥʢʫ ʧʨʘʮʽ.  
ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʟʘʩʘʜʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡ-

ʥʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ ʜʦʢʫʤʝʥʪʽ Ăʉʫʯʘʩʥʘ ʧʨʦ-
ʬʝʩʽʡʥʘ ʦʩʚʽʪʘò [2], ʜʝ ʚʠʟʥʘʯʝʥʽ ʟʘʚʜʘʥʥʷ ʪʘ ʥʘʤʽʯʝʥʽ ʰʣʷʭʠ ʟʘ-
ʙʝʟʧʝʯʝʥʥʷ ʥʝʧʝʨʝʨʚʥʦʛʦ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʠ ʚʧʨʦ-
ʜʦʚʞ ʞʠʪʪʷ, ʾʾ ʧʨʦʬʝʩʽʡʥʦʾ ʩʘʤʦʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʦʩʦʙʠʩʪʠʭ ʽʥʪʝʨʝʩʽʚ ʽ ʧʦʪʨʝʙ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ. ɺʠʨʽʰʝʥʥʷ ʮʠʭ 
ʧʠʪʘʥʴ ʚʠ-ʤʘʛʘʻ ʪʘʢʦʞ ʟʤʽʥ ʫ ʧʽʜʭʦʜʘʭ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ 
ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜ-ʛʦʪʦʚʢʠ ʫʯʥʽʚ.  
ɿ ʤʝʪʦʶ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʤʝʪʦʜʠʢʦʶ ʬʦʨʤʫʚʘʥʥʷ ʟʤʽʩʪʫ ʡ ʦʨ-

ʛʘʥʽʟʘʮʽʾ ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʫ ɿʇʆ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝ-
ʤʠ ʽ ʢʨʠʪʝʨʽʾʚ ʾʾ ʦʮʽʥʶʚʘʥʥʷ ʥʘʤʠ ʟʜʽʡʩʥʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨ-
ʥʠʭ ʜʞʝʨʝʣ, ʚ ʷʢʠʭ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʧʨʦʬʽʣʴ-
ʥʠʤ ʥʘʚʯʘʥʥʷʤ ʪʘ ʜʦʧʨʦʬʝʩʽʡʥʦʶ ʧʽʜʛʦʪʦʚʢʦʶ. ɼʦ ʪʘʢʠʭ ʤʦʞʥʘ 
ʚʽʜʥʝʩʪʠ ʥʘʩʪʫʧʥʽ.        



340 

ʋ ʧʨʘʮʷʭ ʊ. ɸʬʘʥʘʩʴʻʚʦʾ, ɺ. ɭʨʦʰʠʥʘ, ʅ. ʅʝʤʦʚʦʾ, ʊ. ʇʫʜʝʥ-
ʢʦ,  ʉ. ʂʨʘʚʮʦʚʦʾ, ʇ. ʃʝʨʥʝʨʘ, ʆ. ʆʚʯʘʨʫʢ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠ ʪʘ 
ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʬʽʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫʯʥʽʚ. ʇʨʦʙʣʝʤʠ ʜʦʧʨʦʬʝʩʽʡ-
ʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʰʢʦʣʷʨʽʚ ʚʠʩʚʽʪʣʝʥʽ ʫ ʧʨʘʮʷʭ ɯ. ɹʝʭ, ɯ. ɻʣʘʜʢʦʾ, ʅ. 
ʅʽʢʽʪʽʥʦʾ, ʅ. ʅʠʯʢʘʣʦ, ʉ. ʉʠʩʦʻʚʦʾ, ʅ. ʖʞʘʥʽʥʦʾ. ʇʨʦʪʝ ʧʨʦʙʣʝ-
ʤʠ ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʨʦʬʝʩʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʫ ʟʘʢ-
ʣʘʜʘʭ ʧʦʟʘʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ (ɿʇʆ) ʚʠʩʚʽʪʣʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ [3]. 

 ɸʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʣʦʞʝʥʴ, ʚʠʢʣʘʜʝʥʠʭ ʫ ʮʠʭ ʧʨʘʮʷʭ, ʜʦ-
ʟʚʦʣʷʻ ʩʬʦʨʤʫʣʶʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʜʦʧʨʦ-
ʬʝʩʽʡʥʘ ʧʽʜʛʦʪʦʚʢʘ ʻ ʦʜʥʠʤ ʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ ʥʝʧʝʨʝʨʚʥʦʾ 
ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ, ʤʝʪʘ ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʦʩʦʙʠʩʪʽʩʥʦʾ 
ʤʦʪʠʚʘʮʽʾ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ ʜʦ ʟʜʦʙʫʪʪʷ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʪʘ 
ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʽʩʥʠʭ ʷʢʦʩʪʝʡ, ʚʣʘʩʪʠʚʠʭ ʧʨʝʜʩʪʘʚʥʠʢʘʤ ʦʙʨʘ-
ʥʦʾ ʧʨʦʬʝʩʽʾ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ɿʇʆ ʰʣʷʭʦʤ 
ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʤʽʩʪʫ ʦʩʚʽʪʠ ʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ 
ʧʨʘʢʪʠʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ, ʘ ʪʘʢʦʞ ʚʠʭʦʚʥʦʶ, ʤʦʪʠʚʫʶʯʦʛʦ 
ʭʘʨʘʢʪʝʨʫ, ʨʦʙʦʪʦʶ ʧʝʜʘʛʦʛʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 
ʫʤʦʚʠ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ 
ʮʽʣʽʩʥʽʩʪʴ, ʩʠʩʪʝʤʥʽʩʪʴ, ʥʘʩʪʫʧʥʽʩʪʴ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʽʩʪʴ. 
ɿʤʽʩʪ ʜʦʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʫ ɿʇʆ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʜʠʜʘʢʪʠʯʥʦʛʦ ʪʘ ʤʝʪʦʜʠʯʥʦ ʩʬʦʨʤʦ-
ʚʘʥʦʛʦ  ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʢʦʤ-
ʧʝʪʝʥʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʩʪʘʥʜʘʨʪʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʧʨʦʬʝʩʽʾ. ʎʴʦʛʦ 
ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ 
ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʝʪʝʥʪʥʣ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.    

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʋʢʨʘʾʥʩʴʢʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʩʣʦʚʥʠʢ / ʫʢʣ. ʉ.ʋ. ɻʦʥʯʘʨʝʥʢʦ. ʂ. : 

ʃʠʙʽʜʴ, 1997. 376 ʩ.   

2. ʉʫʯʘʩʥʘ ʧʨʦʬʝʩʽʡʥʘ ʦʩʚʽʪʘ: ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʟʘʩʘʜʠ 

ʨʝʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ (ʧʨʦʝʢʪ) [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] ʂ.: ʄʆʅʋ, 2018. 18 ʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://mon.gov.ua/ua/news/mon-rozrobilo-proekt-konceptualnih-zasad-

reformuvannya-profesijnoyi-osviti-ukrayini-suchasna-profesijna-osvita.  

3. ʄʘʯʫʩʴʢʠʡ ɺ.ɺ. ɼʦʧʨʦʬʝʩʽʡʥʘ ʧʽʜʛʦʪʦʚʢʘ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ: 
ʪʝʦʨʝ-ʪʠʯʥʠʡ ʘʩʧʝʢʪ // ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʠʯʥʽ ʧʨʦʙʣʝʤʠ ʚʠʭʦʚʘʥʥʷ ʜʽʪʝʡ 

ʪʘ ʫʯʥʽʚʩʴʢʦʾ ʤʦʣʦʜʽ: ʟʙʽʨʥʠʢ ʥʘʫʢ. ʧʨʘʮʴ. 2009. ɺʠʧ. 13, ʢʥʠʛʘ 2. ʉ. 

317-321. 

https://mon.gov.ua/ua/news/mon-rozrobilo-proekt-konceptualnih-zasad-reformuvannya-profesijnoyi-osviti-ukrayini-suchasna-profesijna-osvita
https://mon.gov.ua/ua/news/mon-rozrobilo-proekt-konceptualnih-zasad-reformuvannya-profesijnoyi-osviti-ukrayini-suchasna-profesijna-osvita
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ɭʚʛʝʥ ʍʘʚʨʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɻʦʨʩʴʢʠʡ ʄ. ʇ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʽ ʨʽʟʥʠʮʷ ʤʽʞ ʧʨʦʛʨʘʤʥʦ-

ʘʨʭʽʪʝʢʪʫʨʥʠʤʠ ʨʽʰʝʥʥʷʤʠ MVC, MVP ʪʘ MVVM 

 
ɿ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʪʨʫʜʦʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ ʩʢʣʘʜʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʧʫʩʪʠʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ 

ʫʥʽʬʽʢʦʚʘʥʽ ʨʽʰʝʥʥʷ. ɸʜʞʝ ʰʘʙʣʦʥʥʽʩʪʴ ʜʽʡ ʧʦʣʝʛʰʫʻ 
ʢʦʤʫʥʽʢʘʮʽʶ ʤʽʞ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʜʦʟʚʦʣʷʻ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʚʽʜʦʤʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ. ʇʘʪʝʨʥ (ʘʥʛʣ. Design 

pattern) -  ʘʨʭʽʪʝʢʪʫʨʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʰʝʥʥʷ 
ʧʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʜʝʷʢʦʛʦ ʯʘʩʪʦ ʚʠʥʠʢʘʶʯʦʛʦ 

ʢʦʥʪʝʢʩʪʫ. 

ʇʦʯʥʝʤʦ ʟ ʧʝʨʰʦʛʦ - Model-View-Controller. MVC - ʮʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʡ ʧʘʪʝʨʥ, ʷʢʠʡ ʟʥʘʡʰʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ 
ʪʝʭʥʦʣʦʛʽʷʭ, ʜʘʚ ʨʦʟʚʠʪʦʢ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʢʦʞʝʥ ʜʝʥʴ 

ʧʦʣʝʛʰʫʻ ʞʠʪʪʷ ʨʦʟʨʦʙʥʠʢʘʤ. ɺʧʝʨʰʝ ʧʘʪʝʨʥ MVC ʟ'ʷʚʠʚʩʷ ʚ 

ʤʦʚʽ SmallTalk. ʈʦʟʨʦʙʥʠʢʠ ʧʦʚʠʥʥʽ ʙʫʣʠ ʧʨʠʜʫʤʘʪʠ 
ʘʨʭʽʪʝʢʪʫʨʥʝ ʨʽʰʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʣʦ ʙ ʚʽʜʦʢʨʝʤʠʪʠ ʛʨʘʬʽʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʚʽʜ ʙʽʟʥʝʩ-ʣʦʛʽʢʠ, ʘ ʙʽʟʥʝʩ ʣʦʛʽʢʫ ʚʽʜ ʜʘʥʠʭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʫ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ MVC ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ, 
ʷʢʽ ʽ ʜʘʣʠ ʡʦʤʫ ʥʘʟʚʫ. ʈʦʟʛʣʷʥʝʤʦ ʾʭ: 

ʄʦʜʝʣʴ 

ʇʽʜ ʤʦʜʝʣʣʶ, ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʻʪʴʩʷ ʯʘʩʪʠʥʘ, ʤʽʩʪʠʪʴ ʫ 

ʩʦʙʽ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ ʧʨʦʛʨʘʤʠ. ʄʦʜʝʣʴ ʧʦʚʠʥʥʘ 
ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʥʝʟʘʣʝʞʥʘ ʚʽʜ ʽʥʰʠʭ ʯʘʩʪʠʥ ʧʨʦʜʫʢʪʫ. 

ʄʦʜʝʣʴʥʠʡ ʰʘʨ ʥʽʯʦʛʦ ʥʝ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʧʨʦ ʝʣʝʤʝʥʪʠ ʜʠʟʘʡʥʫ ʽ 

ʷʢʠʤ ʯʠʥʦʤ ʚʽʥ ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠʩʷ. ɼʦʩʷʛʘʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ, ʱʦ 
ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʧʦʜʘʥʥʷ ʜʘʥʠʭ ʪʘ ʷʢ ʚʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ, 

ʥʝ ʯʽʧʘʶʯʠ ʩʘʤʫ ʄʦʜʝʣʴ. 

ʇʦʜʘʥʥʷ (View) 

ʌʫʥʢʮʽʾ ʧʦʜʘʥʥʷ ʚʭʦʜʠʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ 
ʚʽʜ ʄʦʜʝʣʽ. ʆʜʥʘʢ, ʫʷʚʣʝʥʥʷ ʥʝ ʤʦʞʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʪʠ 

ʥʘ ʤʦʜʝʣʴ. ʄʦʞʥʘ ʛʦʚʦʨʠʪʠ, ʱʦ ʫʷʚʣʝʥʥʷ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ 

çʪʽʣʴʢʠ ʥʘ ʯʠʪʘʥʥʷè ʜʦ ʜʘʥʠʭ. 
ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʚʠʜʠ MVC-ʧʘʪʝʨʥʫ, ʮʝ: 
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¶ Modal-View-Controller  

¶ Model-View-Presenter (MVP) 

¶ Model-View-View Model (MVVM)  

ʇʽʜʭʽʜ MVP  ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʘʙʩʪʨʘʢʮʽʶ ʫʷʚʣʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʽʥʪʝʨʬʝʡʩ ʧʦʜʘʥʥʷ ʟ ʧʝʚʥʠʤ 

ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʤʝʪʦʜʽʚ. ʇʨʝʟʝʥʪʝʨ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 
ʦʪʨʠʤʫʻ ʧʦʩʠʣʘʥʥʷ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʽʥʪʝʨʬʝʡʩʫ, ʧʽʜʧʠʩʫʻʪʴʩʷ ʥʘ 

ʧʦʜʽʾ ʚʠʩʪʘʚʠ ʽ ʟʘ ʟʘʧʠʪʦʤ ʟʤʽʥʶʻ ʤʦʜʝʣʴ. 

 
ʇʽʜʭʽʜ MVVM  ʜʦʟʚʦʣʷʻ ʧʦʚ'ʷʟʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʫʷʚʣʝʥʥʷ ʟ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʧʦʜʽʷʤʠ View-ʤʦʜʝʣʽ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʢʦʞʝʥ ʰʘʨ ʮʴʦʛʦ ʧʘʪʝʨʥʫ ʥʝ ʟʥʘʻ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʽʥʰʦʛʦ ʰʘʨʫ. 
ʆʩʥʦʚʥʘ ʽʜʝʷ ʮʴʦʛʦ ʧʘʪʝʨʥʫ ʚ ʪʦʤʫ, ʱʦ ʽ ʢʦʥʪʨʦʣʝʨ ʽ 

ʫʷʚʣʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʜʝʣʽ, ʘʣʝ ʤʦʜʝʣʴ ʥʽʷʢ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʮʠʭ ʜʚʦʭ ʢʦʤʧʦʥʝʥʪ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Software design pattern - Wikipedia, the free encyclopedia. 

ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://en.wikipedia.org/wiki/Software_design_pattern 
 

https://en.wikipedia.org/wiki/Software_design_pattern
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ɺʽʪʘʣʽʡ ʍʘʩʘʥʦʚ 

ʄʘʢʩʠʤ ʂʦʚʘʣʝʚʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ʃ. ʄʘʩʣʷʥʯʫʢ 

 

ʄʝʭʘʥʽʟʤʠ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ 

In/CdTe/MoO 

 
ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʣʽʪʴ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ (CdTe) ʻ 

ʚʘʞʣʠʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʍ- ʽ ɔ-
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʥʘʫʮʽ, ʪʝʭʥʽʮʽ, 
ʤʝʜʠʮʠʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ɺʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʛʦ ʘʪʦʤʥʦʛʦ 
ʥʦʤʝʨʘ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (48 ʜʣʷ Cd ʽ 52 ʜʣʷ Te), ʨʦʙʦʯʠʡ 
ʜʽʘʧʘʟʦʥ CdTe ʜʝʪʝʢʪʦʨʽʚ ʨʦʟʰʠʨʶʻʪʴʩʷ ʚ ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ 
ʝʥʝʨʛʽʡ ʬʦʪʦʥʽʚ (ʜʦ 1 ʄʝɺ) ʧʦʨʽʚʥʷʥʦ ʟ Si-ʜʝʪʝʢʪʦʨʘʤʠ, ʘ 
ʚʝʣʠʢʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (1,47-1,48 ʝɺ ʧʨʠ 300 ʂ) 
ʟʘʙʝʟʧʝʯʫʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ CdTe-ʜʝʪʝʢʪʦʨʽʚ ʙʝʟ ʢʨʽʦʛʝʥʥʦʛʦ 
ʦʭʦʣʦʜʞʝʥʥʷ. 
ɼʣʷ ʧʦʚʥʦʛʦ ʟʙʠʨʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʣʠʥʘʥʥʷ ʍ- ʽ ɔ-ʢʚʘʥʪʽʚ, ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ 
ʫʤʦʚ: (i) ʥʘʧʨʫʛʘ ʟʤʽʱʝʥʥʷ, ʧʨʠʢʣʘʜʝʥʘ ʜʦ ʤʦʥʦʢʨʠʩʪʘʣʘ CdTe 
ʪʦʚʱʠʥʦʶ ʢʽʣʴʢʘ ʤʽʣʽʤʝʪʨʽʚ, ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ ʥʝ ʤʝʥʰʝ ʢʽʣʴʢʦʭ 
ʜʝʩʷʪʢʽʚ ʚʦʣʴʪ (ʜʣʷ ʮʴʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʦʚʠʥʥʘ 
ʙʫʪʠ ʙʣʠʟʴʢʦʶ ʜʦ ʚʣʘʩʥʦʾ); (ii) ʯʘʩ ʞʠʪʪʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʥʝ ʧʦʚʠʥʝʥ 
ʙʫʪʠ ʤʝʥʰʝ ʢʽʣʴʢʦʭ ʤʽʢʨʦʩʝʢʫʥʜ. ʄʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ CdTe 
ʜʝʪʝʢʪʦʨʽʚ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʦʛʦ ʪʠʧʫ ʟ ʧʦʚʝʨʭʥʝʚʠʤ ʙʘʨ'ʻʨʦʤ, ʱʦ 
ʧʨʘʮʶʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʱʝ ʫ 1960-ʠʭ 
ʨʦʢʘʭ [1; 2]. ʅʘʧʨʠʢʽʥʮʽ 1990-ʭ ʨʦʢʽʚ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʧʝʨʰʽ Pt/p-
CdTe/Pt ʪʘ In/p-CdTe/Pt ʜʝʪʝʢʪʦʨʠ ʥʘ ʥʘʧʽʚʽʟʦʣʶʶʯʦʤʫ CdTe 
(ɟ ~ 10

9
 ʆʤȚʩʤ) ʟ ʚʽʜʤʽʪʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

[3]. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʦʙʣʝʤʠ ʟʙʠʨʘʥʥʷ ʟʘʨʷʜʫ ʽ 
ʥʠʟʴʢʦʛʦ ʪʝʤʥʦʚʦʛʦ ʩʪʨʫʤʫ ʚ CdTe-ʜʝʪʝʢʪʦʨʽ ʤʦʞʫʪʴ ʙʫʪʠ 
ʧʦʜʦʣʘʥʽ, ʷʢʱʦ ʦʜʠʥ ʟ ʢʦʥʪʘʢʪʽʚ ʟʘʤʽʥʠʪʠ ʢʦʥʪʘʢʪʦʤ ʐʦʪʪʢʽ. 
ʅʘʨʘʟʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʦʤʽʯʥʠʭ ʢʦʥʪʘʢʪʽʚ ʚ ʢʦʤʝʨʮʽʡʥʠʭ CdTe-
ʜʝʪʝʢʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʘʣʠ ʟ ʚʝʣʠʢʦʶ ʨʦʙʦʪʦʶ ʚʠʭʦʜʫ, 
ʪʘʢʽ ʷʢ Au ʘʙʦ Pt, ʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʛʦ ʙʘʨôʻʨʘ ʐʦʪʪʢʽ - 
ʤʝʪʘʣʠ ʟ ʤʘʣʦʶ ʨʦʙʦʪʦʶ ʚʠʭʦʜʫ, ʪʘʢʽ ʷʢ In ʘʙʦ Al. 
ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʛʨʝʩ ʫ ʪʝʭʥʦʣʦʛʽʾ, ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʟôʷʩʦʚʘʥʠʤʠ ʜʝʷʢʽ ʧʠʪʘʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʬʽʟʠʢʠ ʧʨʦʮʝʩʽʚ, ʱʦ 
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ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʝʪʝʢʪʦʨʽʚ ʥʘ 
ʥʘʧʽʚʽʟʦʣʶʶʯʦʤʫ CdTe ʟ ʜʽʦʜʦʤ ʐʦʪʪʢʽ. ɿʦʢʨʝʤʘ, CdTe-ʜʝʪʝʢʪʦʨʠ 
ʟ ʚʠʩʦʢʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʝʤʦʥʩʪʨʫʶʪʴ 
ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʯʘʩʽ, ʚʽʜʦʤʫ ʷʢ ʝʬʝʢʪ ʧʦʣʷʨʠʟʘʮʽʾ, ʷʢʘ ʧʦʚ'ʷʟʘʥʘ ʟ 
ʥʘʢʦʧʠʯʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʛʣʠʙʦʢʠʭ ʘʢʮʝʧʪʦʨʥʠʭ 
ʨʽʚʥʷʭ ʧʽʜ ʯʘʩ ʧʨʠʢʣʘʜʘʥʥʷ ʥʘʧʨʫʛʠ ʟʤʽʱʝʥʥʷ [4]. ʎʝ ʻ ʧʨʠʯʠʥʦʶ 
ʪʦʛʦ, ʱʦ ʧʦʰʫʢ ʥʦʚʠʭ ʢʦʥʪʘʢʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʽʚ 
ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ ʜʝʪʝʢʪʦʨʘʭ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-
ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ. 
ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʘʥʘʣʽʟ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ In/ʨ-CdTe 
ʜʝʪʝʢʪʦʨʘʭ ʍ- ʽ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʜʝ ʢʦʥʪʘʢʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 
ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʠʣʝʥʥʷ ʽʥʜʽʶ ʪʘ ʦʢʩʠʜʫ ʤʦʣʽʙʜʝʥʫ. 
ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʧʨʠ 
ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʥʘʧʨʫʛʠ 
ʟʤʽʱʝʥʥʷ. ɼʦʚʝʜʝʥʦ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ 
ʻ ʛʝʥʝʨʘʮʽʷ-ʨʝʢʦʤʙʽʥʘʮʽʷ ʚ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʟʛʽʜʥʦ ʟ 
ʪʝʦʨʽʻʶ ʉʘʘ-ʅʦʡʩʘ-ʐʦʢʣʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠʯʠʥʠ ʥʝʙʘʞʘʥʦʛʦ 
ʟʨʦʩʪʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʧʨʫʛʘʭ ʪʘ 
ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʰʣʷʭʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 
ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ In/CdTe/MoOx ʟ 
ʧʦʛʣʷʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʷʢ ʜʝʪʝʢʪʦʨʽʚ ʍ- ʽ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 
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ɺʣʘʜʠʩʣʘʚ ʍʨʠʢʦʚ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ɸʥʘʪʠʯʫʢ ʃ.ɯ. 

ʘʩʠʩʪ. ʇʨʠʙʠʣʘ ɸ.ɺ. 
 

ʊʝʧʣʦʦʙʤʽʥʥʠʢ ʜʣʷ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʨʦʚʽ 

 ʧʨʠ ʦʧʝʨʘʮʽʷʭ ʥʘ ʩʝʨʮʽ 
 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ ʨʦʙʦʪʠ 

ʙʘʛʘʪʴʦʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ ʤʝʜʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, 

ʱʦ ʤʘʶʪʴ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ [1]. 
ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠ ʪʨʠʚʘʣʠʭ ʦʧʝʨʘʮʽʷʭ ʟʥʠʟʠʪʠ ʧʦʪʨʝʙʫ 

ʪʢʘʥʠʥ ʦʨʛʘʥʽʟʤʫ ʚ ʢʠʩʥʽ, ʚʜʘʶʪʴʩʷ ʜʦ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʢʨʦʚʽ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘʭ. ʇʨʠ ʦʭʦʣʦʜʞʝʥʥʽ 
ʦʨʛʘʥʽʟʤʫ (ʛʽʧʦʪʝʨʤʽʾ) ʟʥʠʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ 

ʫ ʪʢʘʥʠʥʘʭ ʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʤʦʟʢʦʤ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʧʝʚʥʠʡ ʯʘʩ ʟʤʝʥʰʠʪʠ ʾʭ ʧʦʩʪʘʯʘʥʥʷ ʢʨʦʚ'ʶ. 
ɻʦʣʦʚʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤ 

ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʙʫʜʦʚʫ ʝʢʦʥʦʤʽʯʥʠʭ, ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ 
ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʰʠʨʦʢʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʱʦʜʦ ʧʽʜʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ. 
ʆʩʥʦʚʥʠʡ ʩʧʦʞʠʚʘʯ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ - ʮʝ 
ʢʘʨʜʽʦʭʽʨʫʨʛʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʩʚʽʪʽ ʙʽʣʴʰʝ 600000 ʰʪʫʢ ʥʘ 

ʨʽʢ [2]. 

 

 

ʈʠʩ.1. ʉʭʝʤʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 
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ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʟ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʙʘʪʘʨʝʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʘʥʘ ʩʝʢʮʽʡʥʦ, 
ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʩʝʢʮʽʷ ʧʽʜôʻʜʥʘʥʘ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ 

ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʨʠʩʪʨʽʡ ʷʚʣʷʻ ʩʦʙʦʶ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʚ ʷʢʦʤʫ ʪʝʧʣʦʦʙʤʽʥ 
ʤʽʞ ʧʦʪʦʢʘʤʠ ʪʝʧʣʦʥʦʩʽʾʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʯʝʨʝʟ ʨʦʟʜʽʣʝʥʽ 

ʧʦʪʦʢʠ ʩʪʽʥʢʠ 1 ʟ ʚʠʩʦʢʦʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢ ʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʩʝʢʮʽʾ ʙʘʪʘʨʝʾ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ 2. ʉʝʢʮʽʾ ʧʽʜôʻʜʥʘʥʥʽ ʜʦ ʙʣʦʢʘ 
ʫʧʨʘʚʣʽʥʥʷ 3, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʚʫʟʦʣ ʞʠʚʣʝʥʥʷ ʨʘʟʦʤ ʟ ʚʫʟʣʦʤ 

ʘʚʪʦʤʘʪʠʢʠ.  

ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʮʴʦʤʫ ʘʥʘʣʽʟʫʻ ʚʝʣʠʯʠʥʫ ʛʝʥʝʨʦʚʘʥʦʾ 
ʢʦʞʥʦʶ ʩʝʢʮʽʻʶ ʙʘʪʘʨʝʾ ɽʈʉ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʪʦʢʽʚ ʪʝʧʣʦʥʦʩʽʾʚ ʚ ʤʽʩʮʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʥʦʾ 

ʩʝʢʮʽʾ, ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ɽʈʉ (ʦʪʞʝ, ʽ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ) ʜʘʥʘ ʩʝʢʮʽʷ ʘʙʦ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʚʠʤʽʨʶʚʘʥʥʷ, 
ʘʙʦ ʧʽʜôʻʜʥʫʻʪʴʩʷ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʇʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ ʤʦʞʣʠʚʝ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʝʢʮʽʡ 
ʙʘʪʘʨʝʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʘʢʦʞ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 
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ʊʝʪʷʥʘ ʎʘʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  ʘʩʠʩʪ. ʄ.ɺ.ʊʘʣʘʭ 

 

ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

çʅʘʮʽʦʥʘʣʴʥʠʡ ʧʘʨʢ ɺʠʞʥʠʮʴʢʠʡè 
 

ɽʢʦʣʦʛʦ-ʦʩʚʽʪʥʷ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʚʜʘʥʴ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ 

çɺʠʞʥʠʮʴʢʠʡè, ʚʠʢʦʥʘʥʥʷ ʷʢʦʾ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
ʟʘʚʜʷʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʶ ʝʢʦʣʦʛʦ-ʧʨʦʩʚʽʪʥʠʮʴʢʦʛʦ ʮʝʥʪʨʫ ʷʢ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʘʨʢʫ[1].  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʾ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʰʠʨʦʢʦ ʚʦʥʘ ʦʭʦʧʣʶʻ ʫʩʽ ʩʬʝʨʠ 

ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʪʫʪ ʤʘʶʪʴ ʜʘʥʽ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʘʨʢʫ. ʇʨʦʪʝ ʧʨʦʙʣʝʤʦʶ ʥʝ ʣʠʰʝ ɺʠʞʥʠʮʴʢʦʛʦ 
ʧʘʨʢʫ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʻ ʥʝʩʧʨʦʤʦʞʥʽʩʪʴ 

ʩʧʨʘʚʣʷʪʠʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʦʙʩʷʛʘʤʠ ʚʣʘʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʟʥʘʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʫʪʠʥʥʠʭ ʦʧʝʨʘʮʽʡ ʟ ʾʾ ʦʙʨʦʙʢʠ, ʱʦ ʚʨʝʰʪʽ-ʨʝʰʪ 

ʚʧʣʠʚʘʻ ʥʘ ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ [2]. ʊʦʤʫ ʧʦʩʪʘʻ ʟʘʚʜʘʥʥʷ 
ʟʤʝʥʰʝʥʥʷ ʪʘ ʩʧʨʦʱʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʨʫʪʠʥʥʠʭ 

ʦʧʝʨʘʮʽʡ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʨʽʟʥʠʭ ʚʽʜʜʽʣʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʦʬʦʨʤʣʝʥʥʷʤ ʽ ʦʙʨʦʙʢʦʶ ʽʥʬʦʨʤʘʮʽʾ. 
ʆʜʥʽʻʶ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʽʷʣʴʥʦʩʪʽ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʘʨʢʫ ʻ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʱʦ 

ʟʙʠʨʘʶʪʴʩʷ ʜʣʷ ʱʦʨʽʯʥʠʭ ʟʚʽʪʽʚ (ʣʽʪʦʧʠʩʽʚ ʧʨʠʨʦʜʠ), ʷʢʽ, ʥʘʨʘʟʽ, 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʝʚʧʦʨʷʜʢʦʚʘʥʦ. ʈʦʟʨʦʙʣʝʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ 
ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 

ʛʦʣʦʚʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ, ʥʘʜʘʻ ʟʨʫʯʥʫ ʦʙʦʣʦʥʢʫ ʜʣʷ 

ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ, ʾʭ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ, ʧʝʨʝʜʙʘʯʘʻ 
ʘʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʽʚ ʪʘ ʧʨʦʛʥʦʟ ʜʘʥʠʭ ʥʘ ʟʘʜʘʥʠʡ 

ʧʝʨʽʦʜ. 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʅʇʇ 
çɺʠʞʥʠʮʴʢʠʡè ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ ERP [3] ʩʠʩʪʝʤ, ʪʦʤʫ ʱʦ 

ʮʷ ʢʦʥʮʝʧʮʽʷ ʜʦʟʚʦʣʷʻ ʧʣʘʥʫʚʘʪʠ  ʜʽʷʣʴʥʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ, 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʩʽ ʧʽʜʨʦʟʜʽʣʠ ʩʠʩʪʝʤʠ. 
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ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʜʽʷʣʴʥʽʩʪʶ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʨʦʟʧʦʜʽʣ ʯʘʩʫ, ʷʢʠʡ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘ ʧʦʩʪʘʚʣʝʥʽ 

ʟʘʜʘʯʽ. ʗʢʱʦ ʢʝʨʽʚʥʠʢ ʙʘʞʘʻ ʨʦʟʜʽʣʠʪʠ ʥʘʙʽʨ ʟʘʜʘʯ ʜʣʷ 
ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ, ʥʘʡʟʨʫʯʥʽʰʝ ʡʦʤʫ ʙʫʜʝ ʮʝ ʟʨʦʙʠʪʠ ʚ 

ʨʦʙʦʯʦʤʫ ʢʘʣʝʥʜʘʨʽ. ʆʩʢʽʣʴʢʠ ʮʝʡ ʢʘʣʝʥʜʘʨ ʙʫʜʝ ʜʠʥʘʤʽʯʥʠʡ ʽ 

ʜʦʩʪʫʧʥʠʡ ʫ Web-ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʜʦʜʘʪʢʫ ʢʦʞʥʦʤʫ 
ʘʚʪʦʨʠʟʦʚʘʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʪʦ ʢʝʨʽʚʥʠʢ ʧʽʜʨʦʟʜʽʣʫ ʣʝʛʢʦ 

ʦʜʨʘʟʫ ʟʤʦʞʝ ʧʦʤʽʪʠʪʠ ʟʘʚʜʘʥʥʷ ʜʣʷ ʩʚʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʪʘ 

ʚʠʢʦʥʘʪʠ ʡʦʛʦ.  

ʉʪʨʫʢʪʫʨʘ ʧʽʜʧʨʠʻʤʩʪʚʘ çʅʇʇ ɺʠʞʥʠʮʴʢʠʡè ʤʽʩʪʠʪʴ 5 
ʧʽʜʨʦʟʜʽʣʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʦʣʦʜʽʻ ʩʚʦʾʤ ʝʣʝʢʪʨʦʥʥʠʡ ʢʘʙʽʥʝʪʦʤ 

ʪʘ ʤʘʻ ʟʤʦʛʫ ʚʥʦʩʠʪʠ ʥʦʚʽ ʜʘʥʽ ʫ ʩʚʦʾ ʧʽʜʨʦʟʜʽʣʠ ʜʣʷ ʾʭ ʘʥʘʣʽʟʫ. 

ʋ ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ ʟʥʘʯʥʝ ʤʽʩʮʝ ʥʘʣʝʞʠʪʴ ʨʽʜʢʽʩʥʠʤ ʚʠʜʘʤ 
ʨʦʩʣʠʥʥʦʩʪʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʟʥʠʢʥʝʥʥʷ ʚʠʜʽʚ ʨʦʩʣʠʥ ʪʘ 

ʟʜʽʡʩʥʠʪʠ ʧʨʦʛʥʦʟ ʯʠʩʝʣʴʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʢʽʣʴʢʠ ʚ ʤʝʞʘʭ ʅʇʇ ʷʢ ʚ ʦʙôʻʢʪʽ ʧʨʠʨʦʜʥʦ-
ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʧʝʨʝʜʙʘʯʝʥʘ ʘʢʪʠʚʥʘ ʥʘʫʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ, 

ʣʦʛʽʯʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʻ ʽʥʪʝʛʨʘʮʽʷ 

ʧʨʠʥʮʠʧʽʚ ERP ʚ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʪʘ ʤʝʪʦʜʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 
ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʪʘ OLAP.  ʉʫʤʽʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʢʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ERP ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʧʨʠʭʦʚʘʥʠʭ ʟʥʘʥʴ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. 
ʍʦʯʘ OLAP ʪʘ Data Mining ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʽʟʥʽ ʟʘʜʘʯʽ ʟ 

ʜʘʥʠʤʠ ERP, ʘʣʝ ʩʘʤʝ ʾʭ ʧʦʻʜʥʘʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʥʦʚʠʭ ʟʘʜʘʯ. ʆʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʽʥʪʝʛʨʘʮʽʾ ʻ ʮʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʧʝʨʘʮʽʡ OLAP ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ.  ɯʥʰʠʤ ï 
ʟʘʧʠʩ ʨʝʟʫʣʴʪʘʪʽʚ Data Mining ʚ ʙʘʛʘʪʦʤʽʨʥʫ ʙʘʟʫ ʜʘʥʠʭ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ ʘʥʘʣʽʟʫ. 
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ʖʨʽʡ ʏʝʨʚʽʥʯʘʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʝʨʝʚʷʥʯʫʢ ʆ.ɺ. 
 

ʇʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ çʤʘʡʥʽʥʛʫè ʢʨʠʧʪʦʚʘʣʶʪʠ 

Bitcoin ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

 
ʂʨʠʧʪʦʚʘʣʶʪʘ ð ʚʠʜ ʮʠʬʨʦʚʦʾ ʚʘʣʶʪʠ, ʝʤʽʩʽʷ ʪʘ ʦʙʣʽʢ ʷʢʦʾ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʩʠʤʝʪʨʠʯʥʦʤʫ ʰʠʬʨʫʚʘʥʥʽ ʽ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʽʟʥʠʭ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ, ʪʘʢʠʭ ʷʢ Proof-of-work ʪʘ/ʘʙʦ 

Proof-of-stake. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 
ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʚ ʨʦʟʧʦʜʽʣʝʥʽʡ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʝʨʝʞʽ. ɭ ʚʝʨʭʥʷ 

ʤʝʞʘ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʝʤʽʩʽʾ.  

ɼʽʷʣʴʥʽʩʪʴ ʟʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʣʦʢʽʚ ʟʘʨʘʜʠ ʤʦʞʣʠʚʦʩʪʽ 
ʦʪʨʠʤʘʪʠ ʚʠʥʘʛʦʨʦʜʫ ʚ ʬʦʨʤʽ ʝʤʽʪʦʚʘʥʠʭ ʙʽʪʢʦʾʥʽʚ ʽ ʢʦʤʽʩʽʡʥʠʭ 

ʟʙʦʨʽʚ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʤʘʡʥʽʥʛè (ʚʽʜ ʘʥʛʣ. mining ð ʚʠʜʦʙʫʪʦʢ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ). ɺʠʧʫʩʢ ʥʦʚʠʭ ʙʽʪʢʦʾʥʽʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ, 
ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʫʜʴ-ʷʢʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʦʨʛʘʥʫ, ʦʙʩʷʛ ʝʤʽʩʽʾ 

ʚʽʜʦʤʠʡ ʟʘʟʜʘʣʝʛʽʜʴ. ʉʪʘʥʜʘʨʪʥʘ ʧʦʨʮʽʷ ʥʦʚʠʭ ʙʽʪʢʦʾʥʽʚ 

ʜʦʜʘʻʪʴʩʷ ʜʦ ʩʫʤʠ ʢʦʤʽʩʽʡ ʟ ʪʨʘʥʟʘʢʮʽʡ, ʚʢʣʶʯʝʥʠʭ ʚ ʯʝʨʛʦʚʠʡ 

ʙʣʦʢ. ɿʘʛʘʣʴʥʫ ʩʫʤʫ ʚʠʥʘʛʦʨʦʜʠ ʦʪʨʠʤʫʻ ʪʦʡ, ʭʪʦ ʜʦʜʘʚ 
ʯʝʨʛʦʚʠʡ ʙʣʦʢ ʚ ʙʘʟʫ ʪʨʘʥʟʘʢʮʽʡ. ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʞʥʠʭ 210 

000 ʙʣʦʢʽʚ (ʧʨʠʙʣʠʟʥʦ ʨʘʟ ʥʘ 4 ʨʦʢʠ) ʟʘʧʨʦʛʨʘʤʦʚʘʥʦ ʨʦʟʤʽʨ 

ʚʠʥʘʛʦʨʦʜʠ ʥʦʚʠʤʠ ʙʽʪʢʦʾʥʘʤʠ ʟʤʝʥʰʫʚʘʪʠ ʚʜʚʽʯʽ, ʪʦʙʪʦ ʮʝ 
ʟʥʘʯʝʥʥʷ ʻ ʩʧʘʜʥʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ ʧʨʦʛʨʝʩʽʻʶ. ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 

ʝʤʽʩʽʾ ʙʽʪʢʦʾʥʽʚ ʦʙʤʝʞʝʥʠʡ ʘʥʘʣʦʛʽʯʥʦ ʩʫʤʽ ʯʣʝʥʽʚ ʩʧʘʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ ʽ ʥʝ ʧʝʨʝʚʠʱʠʪʴ 21 ʤʣʥ. ʅʘ ʪʨʘʚʝʥʴ 2014 

ʨʦʢʫ ʚ ʦʙʽʛʫ ʧʝʨʝʙʫʚʘʣʦ 12,7 ʤʽʣʴʡʦʥʘ ʙʽʪʢʦʾʥʽʚ. ʉʧʦʯʘʪʢʫ 
ʨʦʟʤʽʨ ʝʤʽʩʽʾ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʙʣʦʢʫ ʩʪʘʥʦʚʠʚ 50 ʙʽʪʢʦʾʥʽʚ. 28 

ʣʠʩʪʦʧʘʜʘ 2012 ʚʽʜʙʫʣʦʩʷ ʧʝʨʰʝ ʟʤʝʥʰʝʥʥʷ ʝʤʽʩʽʡʥʦʾ ʥʘʛʦʨʦʜʠ 

ʟ 50 ʜʦ 25 ʙʽʪʢʦʾʥʽʚ. ʅʘʩʪʫʧʥʘ ʟʤʽʥʘ ʚʽʜʙʫʣʘʩʴ ʧʨʠʙʣʠʟʥʦ 
ʥʘʧʨʠʢʽʥʮʽ ʣʠʧʥʷ 2016 ʨʦʢʫ. 
ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʫʩʧʽʭʫ ʽ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦʛʦ ʽ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʙʽʪʢʦʾʥʽʚ ʤʘʡʥʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 
ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʚʝʙ-ʩʣʫʞʙʠ ð ʧʫʣʠ. ʂʦʨʠʩʪʫʚʘʯʽ ʥʘʜʘʶʪʴ ʧʫʣʫ 

ʩʚʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʧʦʪʫʞʥʦʩʪʽ. ʆʩʦʙʣʠʚʽʩʪʴ ʟʘʜʘʯʽ ʜʦʟʚʦʣʷʻ 



350 

ʟʘʩʪʦʩʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʦʙʯʠʩʣʝʥʴ, ʢʦʣʠ 

ʢʦʞʝʥ ʫʯʘʩʥʠʢ ʰʫʢʘʻ ʩʚʽʡ ʚʘʨʽʘʥʪ ʨʦʟʚ'ʷʟʘʥʥʷ ʙʝʟ ʫʚ'ʷʟʢʠ ʡʦʛʦ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʨʽʰʝʥʥʷʤʠ ʽʥʰʠʭ. ʇʫʣ ʦʪʨʠʤʫʻ ʚʠʥʘʛʦʨʦʜʫ ʷʢ 
ʷʢʠʡʩʴ ʧʦʪʫʞʥʠʡ ʩʦʣʦ-ʤʘʡʥʝʨ. ʆʪʨʠʤʘʥʽ ʙʽʪʢʦʾʥʠ ʧʫʣ 

ʨʦʟʧʦʜʽʣʷʻ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʚʣʘʩʥʠʢʦʤ ʧʫʣʫ ʧʨʘʚʠʣʘʤʠ. 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʦʙʩʷʛ ʨʝʩʫʨʩʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʝʨʝʜʘʥʽ ʚ ʧʫʣ, ʘʙʦ ʚʟʘʛʘʣʽ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʱʦ ʟʙʽʣʴʰʠʪʴ ʬʽʥʘʥʩʦʚʫ ʚʠʥʘʛʦʨʦʜʫ ʟʘ ʧʨʦʮʝʩ çʤʘʡʥʽʥʛʫè. 
ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʚʽʨʢʠ çʭʝʰʽʚè ʥʘ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʽ 1. 
ʊʘʙʣʠʮʷ 1 

ˉ ʊʝʭʥʦʣʦʛʽʷ ʐʚʠʜʢʽʩʪʴ 

1 ɺʝʙ-ʙʨʘʫʟʝʨ 17 kH/s 

2 CPU, Core i7-870 (ʇʆ) 35 kH/s 

3 GPU, GTX 780 Ti, GV-N78TD5-3GD-B 430 kH/s 

4 FPGA, Kintex 7 K325T 400 kH/s 

 
ʊʦʙʪʦ ʜʣʷ ʪʽʻʾ ʞ ʰʚʠʜʢʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʜʦʙʫʚʘʶʪʴ ʢʨʠʧʪʦʚʘʣʶʪʫ ʯʝʨʝʟ ʚʝʙ-ʙʨʘʫʟʝʨ, 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʚ 25 ʨʘʟʽʚ ʙʽʣʴʰʘ, ʥʽʞ ʜʦʙʫʚʘʯʽʚ ʯʝʨʝʟ GPU.  
ʆʪʞʝ, ʧʨʦʮʝʩ ʜʦʙʫʚʘʥʥʷ ʢʨʠʧʪʦʚʘʣʶʪʠ Bitcoin ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʥʘ ʦʜʥʦʤʫ CPU ʥʝ ʤʘʻ ʞʦʜʥʦʛʦ ʩʝʥʩʫ. ɸʢʪʫʘʣʴʥʠʤ ʻ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ FPGA ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʥʷ ʧʨʦʮʝʩʫ 

ʚʠʜʦʙʫʚʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-ʙʨʘʫʟʝʨʘ ʜʣʷ çʤʘʡʥʽʥʛʫè 

ʝʬʝʢʪʠʚʥʝ ʣʠʰʝ ʧʨʠ ʦʜʥʦʯʘʩʥʽʡ ʨʦʙʦʪʽ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʨʦʙʦʯʠʭ 

ʩʪʘʥʮʽʡ ʦʜʥʦʯʘʩʥʦ ʥʘ ʢʦʞʥʫ ʦʜʠʥʠʮʶ FPGA. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1) World Wide Web: ɹʽʪʢʦʽʥ ï ʈ2ʈ ʛʨʦʱʽ ʟ ʚʽʜʢʨʠʪʠʤ ʧʦʯʘʪʢʦʚʠʤ ʢʦʜʦʤ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://bitcoin.org/ - ɼʘʪʘ 

ʜʦʩʪʫʧʫ: 07.03.2019. 
2) Melanie Swan Blockchain: Blueprint for a New Economy / Melanie Swan 

- K. : Economic, 2015 ï C. 30 ï 47 
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ʅʘʟʘʨ ʏʝʨʥʝʮʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄ.ʊ. ʉʪʨʠʥʘʜʢʦ 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ADPCM  ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʛʥʘʣʽʚ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

 

ʈʦʟʚʠʪʦʢ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ 

ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʎɸʇ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʚʠʪʽʩʥʝʥʥʷ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʘʥʘʣʦʛʦʚʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ. ɰʤ ʥʘ ʟʤʽʥʫ ʧʨʠʭʦʜʷʪʴ ʮʠʬʨʦʚʽ ʛʝʥʝʨʘʪʦʨʠ ʥʘ 

ʦʩʥʦʚʽ ʎɸʇ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʎɸʇ ʜʘʻ ʟʥʘʯʥʽ ʧʝʨʝʚʘʛʠ ʦʩʦʙʣʠʚʦ 
ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʜʣʷ 

ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ. 

ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʛʥʘʣ, ʬʦʨʤʘ ʷʢʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʧʠʩʘʥʘ ʚ ʎɸʇ ʫ ʚʠʛʣʷʜʽ 
ʮʠʬʨʦʚʠʭ ʚʽʜʣʽʢʽʚ. ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʟʘʧʠʩʫ, ʚʽʜʪʚʦʨʝʥʥʷ ʪʘ 

ʧʝʨʝʜʘʯʽ ʛʦʣʦʩʫ ʥʘʡʯʘʩʪʽʰʝ ʥʝʦʙʭʽʜʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ʎʝ 
ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʨʦʟʤʽʨʽʚ.  ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʛʦʣʦʩʫ ʽʟ ʩʝʨʝʜʥʴʦʶ ʷʢʽʩʪʶ ʪʘ 

ʥʝʚʝʣʠʢʦʶ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 8-

ʨʦʟʨʷʜʥʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ [1].    

ɸʣʛʦʨʠʪʤ ADPCM (Adaptive Difference Pulse Code Modulation 
ʘʙʦ ɸɼɯʂʄ, ʘʜʘʧʪʠʚʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʘ ʽʤʧʫʣʴʩʥʦ-ʢʦʜʦʚʘ 

ʤʦʜʫʣʷʮʽʷ), ʷʢ ʽ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ ʘʣʛʦʨʠʪʤ ʢʦʜʫʚʘʥʥʷ ʤʦʚʠ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʟʽ 
ʟʙʝʨʝʞʝʥʥʷʤ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʽ ʟʤʝʥʰʠʪʠ ʪʨʘʬʽʢ ʧʝʨʝʜʘʯʽ 

[2].   

ʅʘ ʧʨʘʢʪʠʮʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʠʛʥʘʣʠ, ʩʧʝʢʪʨ 
ʷʢʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʡ, ʪʦʤʫ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʚʽʜʣʽʢʘʤʠ ʥʝ ʜʦʨʽʚʥʶʻ 

ʥʫʣʶ. ʇʨʠ ʮʴʦʤʫ ʩʪʫʧʽʥʴ ʢʦʨʝʣʷʮʽʾ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʯʘʩʪʦʪʠ ʜʠʩʢʨʝʪʠʟʘʮʽʾ.  
ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʪʘʢʠʭ ʩʠʛʥʘʣʽʚ ʻ ʤʦʚʘ, ʜʝ ʢʦʨʝʣʷʮʽʷ ʤʽʞ 

ʩʫʩʽʜʥʽʤʠ ʚʽʜʣʽʢʘʤʠ ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʪʝʦʨʝʤʠ 

ʂʦʪʝʣʴʥʠʢʦʚʘ ʚ ʧʨʦʮʝʩʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ. ʅʘ ʮʴʦʤʫ ʬʘʢʪʽ ʙʘʟʫʻʪʴʩʷ 
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ʧʨʠʥʮʠʧ ʧʝʨʝʜʘʯʽ, ʟʚʘʥʠʡ çʢʦʜʫʚʘʥʥʷ ʟ ʧʨʦʨʦʢʫʚʘʥʥʷʤè. 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʨʝʣʴʦʚʘʥʠʭ ʚʽʜʣʽʢʽʚ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ɺ(ʢ) 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʜʠʥ ʽʟ ʚʭʦʜʽʚ ʧʨʠʩʪʨʦʶ, ʘ ʥʘ ʽʥʰʽʡ ʡʦʛʦ ʚʭʽʜ 
ʥʘʜʭʦʜʠʪʴ ʩʠʛʥʘʣ ʧʝʨʝʜʙʘʯʝʥʥʷ ɺ'(ʢ), ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʧʦʧʝʨʝʜʥʽʭ 

ʚʽʜʣʽʢʽʚ. 

ʆʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ ʧʦʤʠʣʢʠ ʝ(ʢ) ʧʝʨʝʜʙʘʯʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʫ 
ʣʽʥʽʶ ʧʝʨʝʜʘʯʽ. ʅʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʢʽʥʮʽ ʻ ʽʜʝʥʪʠʯʥʠʡ 

ʧʝʨʝʜʘʚʘʣʴʥʦʤʫ ʧʨʦʚʽʩʥʠʢ. ʆʩʢʽʣʴʢʠ ʚʽʥ ʦʧʝʨʫʻ ʟ ʪʠʤʠ ʞ 

ʧʦʧʝʨʝʜʥʽʤʠ ʚʽʜʣʽʢʘʤʠ, ʧʝʨʝʜʙʘʯʝʥʝ ʥʠʤ ʟʥʘʯʝʥʥʷ ʥʦʚʦʛʦ 

ʚʽʜʣʽʢʫ ɺ''(ʢ) ʙʫʜʝ ʪʘʢʠʤ ʞʝ, ʷʢ ʚ ʧʝʨʝʜʘʚʘʯʽ. ɼʦʜʘʚʰʠ ʜʦ ʥʴʦʛʦ 
ʧʨʠʡʥʷʪʝ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʝ'(ʢ), ʤʦʞʥʘ ʚʽʜʥʦʚʠʪʠ ʩʧʨʘʚʞʥʽʡ 

ʚʽʜʣʽʢ ɺ'(ʢ). ʇʨʠ ʮʴʦʤʫ, ʯʠʤ ʩʠʣʴʥʽʰʝ ʢʦʨʝʣʷʮʽʡʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʚʽʜʣʽʢʘʤʠ ʩʠʛʥʘʣʫ, ʪʠʤ ʪʦʯʥʽʰʝ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʩʠʛʥʘʣ 
ʧʝʨʝʜʙʘʯʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʫ ʩʧʨʦʱʝʥʦʛʦ ʢʦʜʝʨʘ. ɺʭʽʜʥʠʡ ʩʠʛʥʘʣ 

ʢʦʜʝʨʘ ð ʮʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʣʽʥʽʡʥʦ ʢʚʘʥʪʦʚʘʥʠʭ ʚʽʜʣʽʢʽʚ ʤʦʚʥʦʛʦ 

ʩʠʛʥʘʣʫ ʟ ʨʦʟʨʷʜʥʽʩʪʶ 16 ʙʽʪ, ʢʦʜʦʚʘʥʠʭ ʜʦʜʘʪʢʦʚʠʤ ʢʦʜʦʤ. 
ɺʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʢʦʜʝʨʘ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʘʜʘʧʪʠʚʥʦ ʢʦʜʦʚʘʥʠʭ 

ʯʦʪʠʨʠʨʦʟʨʷʜʥʠʭ ʚʽʜʣʽʢʽʚ ʧʦʤʠʣʢʠ ʧʝʨʝʜʙʘʯʝʥʥʷ t, ʧʦʩʪʫʧʘʶʯʠʭ 

ʽʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʭʽʜʥʽʡ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʜʝʨ ADPCM ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʪʦʢʫ ʚ 4 ʨʘʟʠ ʧʨʠ ʢʦʜʫʚʘʥʥʽ 16-ʨʦʟʨʷʜʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʚ 2 

ʨʘʟʠ ð ʧʨʠ ʢʦʜʫʚʘʥʥʽ 8-ʨʦʟʨʷʜʥʠʭ ʜʘʥʠʭ. ɿʛʽʜʥʦ ʟ 
ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ITU G.721, ʫ ʤʦʚʥʠʭ ʩʠʩʪʝʤʘʭ ADPCM ʷʢ 

ʚʭʽʜʥʠʡ ʩʠʛʥʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 16-ʨʦʟʨʷʜʥʠʡ ʮʠʬʨʦʚʠʡ ʧʦʪʽʢ 

ʽʟ ʯʘʩʪʦʪʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 8 ʢɻʮ. ʐʚʠʜʢʽʩʪʴ ʪʘʢʦʛʦ ʧʦʪʦʢʫ 

ʜʦʨʽʚʥʶʻ 168000 = 128 ʢʙʽʪ / ʩ. ʐʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʥʘ ʚʠʭʦʜʽ 
ʢʦʜʝʨʘ ʩʪʘʥʦʚʠʪʴ 48000 = 32 ʢʙʽʪ / ʩ. ɸʜʘʧʪʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʢʦʜʝʨʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʘʙʩʦʣʶʪʥʝ 

ʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʽʜʣʽʢʫ ʧʦʤʠʣʢʠ ʧʝʨʝʜʙʘʯʝʥʥʷ. 
 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʂʝʥ. ʂ. ʇʦʣʤʘʥʥ. Principles of Digital Audio. ð McGraw-Hill 

Professional, 2005. P. 342-359. 

2. ʂʘʤʤʠʩʢʠ ʇ., ɼʞʘʷʥʪ ʅ. ʉ., ʌʣʘʥʘʛʘʥ ɼʞʝʡʤʩ ʃ. Adaptive 
quantization in differential PCM coding of speech. Bell Syst. Tech. 

J., 1973. Vol. 52. P. 1105-1118. 
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ɺʘʩʠʣʴ ʏʠʞʝʚʩʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɾʠʭʘʨʝʚʠʯ ɺ.ɺ. 
 

ʉʠʩʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨ 

 
ɸʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ 

ʘʥʘʣʦʛʽʯʥʠʭ ʧʨʦʛʨʘʤ, ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʤʘʻ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ 
ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ. ʇʦ-ʧʝʨʰʝ, ʚʦʥʠ ʥʝ ʟʜʽʡʩʥʶʶʪʴ ʩʠʤʫʣʷʮʽʶ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʽ ʨʝʟʫʣʴʪʘʪ ʩʠʤʫʣʷʮʽʾ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʦ-ʜʨʫʛʝ, ʧʨʦʛʨʘʤʠ ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ 

ʟʥʘʥʥʷ ʧʝʚʥʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ 
ʙʽʙʣʽʦʪʝʢʘʤʠ, ʥʘʧʠʩʘʥʠʤʠ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ. ʇʦ-

ʪʨʝʪʻ, ʩʠʤʫʣʷʮʽʷ ʥʝ ʧʽʜʪʨʠʤʫʻ ʪʨʠʚʠʤʽʨʥʠʡ ʬʦʨʤʘʪ. ʇʦ-

ʯʝʪʚʝʨʪʝ, ʜʝʷʢʽ ʩʠʩʪʝʤʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 
ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ, ʪʦʤʫ ʢʦʨʠʩʪʫʚʘʯ ʧʨʘʮʶʻ ʟ ʛʨʫʧʘʤʠ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʫ ʩʪʨʫʢʪʫʨʫ. ʇʦ-ʧôʷʪʝ, ʜʝʷʢʽ 

ʧʨʦʛʨʘʤʠ ʥʝ ʤʘʶʪʴ ʧʽʜʪʨʠʤʢʠ ʧʦʰʠʨʝʥʠʭ ʤʦʚ, ʟʦʢʨʝʤʘ 

ʘʥʛʣʽʡʩʴʢʦʾ. ʈʦʟʨʦʙʣʶʚʘʥʘ ʧʨʦʛʨʘʤʘ ʥʝ ʤʽʩʪʠʪʠʤʝ 
ʚʠʱʝʥʘʟʚʘʥʠʭ ʥʝʜʦʣʽʢʽʚ. 

ʉʝʨʝʜ ʘʥʘʣʦʛʽʚ ʥʘʰʦʾ ʧʨʦʛʨʘʤʠ ʥʘʡʢʨʘʱʠʤʠ ʻ Ascalaph 

Designer  ʪʘ LAMMPS. 
Ascalaph Designer ï ʧʨʦʛʨʘʤʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʘ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʦʜʝʣʝʡ, ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 
ʤʦʣʝʢʫʣʷʨʥʦʾ ʜʠʥʘʤʽʢʠ. 

 

 
ʈʠʩ 1. ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ, ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Ascalaph Designer 
 

LAMMPS(ʘʥʛʣ. Large-scale Atomic/Molecular Massively 

Parallel Simulator) ï ʧʘʢʝʪ ʧʨʦʛʨʘʤ ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʤʦʣʝʢʫʣʷʨʥʦʾ 
ʜʠʥʘʤʽʢʠ, ʥʘʧʠʩʘʥʠʡ ʛʨʫʧʦʶ ʚʯʝʥʠʭ ʟʽ ʉʘʥʜʽʡʩʴʢʠʭ 


