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ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʫʭʚʘʣʦʶ ɺʯʝʥʦʾ ʨʘʜʠ  

ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  

ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 
 

 
ʄʘʪʝʨʽʘʣʠ ʩʪʫʜʝʥʪʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (22ï23 ʢʚʽʪʥʷ 

2020 ʨʦʢʫ). ɯʥʩʪʠʪʫʪ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʥʘʫʢ. ï ʏʝʨʥʽʚʮʽ : ʏʝʨʥʽʚʝʮ. ʥʘʮ. ʫʥ-ʪ ʽʤ. ʖ. ʌʝʜʴʢʦʚʠʯʘ, 

2020. ï 369 ʩ.  

ɼʦ ʟʙʽʨʥʠʢʘ ʫʚʽʡʰʣʠ ʤʘʪʝʨʽʘʣʠ ʩʪʫʜʝʥʪʽʚ ʽʥʩʪʠʪʫʪʫ 

ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ, ʧʽʜʛʦʪʦʚʣʝʥʽ ʜʦ 

ʱʦʨʽʯʥʦʾ ʩʪʫʜʝʥʪʩʴʢʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʫʥʽʚʝʨʩʠʪʝʪʫ.  

ʄʦʣʦʜʽ ʘʚʪʦʨʠ ʨʦʙʣʷʪʴ ʩʧʨʦʙʫ ʟʥʘʡʪʠ ʧʽʜʭʽʜ ʜʦ 

ʚʠʩʚʽʪʣʝʥʥʷ ʡ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʝʚʥʠʭ ʥʘʫʢʦʚʠʭ ʧʠʪʘʥʴ, 

ʧʦʜʘʪʠ ʩʚʦʻ ʙʘʯʝʥʥʷ ʧʨʦʙʣʝʤ.  
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ʉʝʨʦʧ ɸʛʘʨʦʥʷʥ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ.ɻ. 
 

ʈʝʚʝʨʩʥʠʡ ʘʥʘʣʽʟ ʷʢ ʤʝʪʦʜ ʧʨʦʪʠʜʽʾ ʰʢʽʜʣʠʚʦʤʫ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥ ʁ 
ʐʢʽʜʣʠʚʠʡ ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʡ ʢʦʜ ï ʽʥʩʪʨʫʤʝʥʪ ʙʽʣʴʰʦʩʪʽ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʚʪʦʨʛʥʝʥʴ ʽ ʧʦʨʫʰʝʥʴ ʙʝʟʧʝʢʠ. ɹʫʜʴ-ʷʢʘ 

ʧʨʦʛʨʘʤʘ, ʱʦ ʰʢʦʜʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʢʦʤʧ'ʶʪʝʨʫ ʘʙʦ ʤʝʨʝʞʽ, 

ʤʦʞʝ ʚʚʘʞʘʪʠʩʷ ʰʢʽʜʣʠʚʦʶ: ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʚʽʨʫʩʽʚ, ʪʨʦʷʥʽʚ, 

ʭʨʦʙʘʢʽʚ, ʨʫʪʢʽʪʽʚ ʽ ʰʧʠʛʫʥʩʴʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

(ʇɿ) [1].  

ʐʢʽʜʣʠʚʠʡ ʢʦʜ ʙʫʚʘʻ ʥʝ ʪʽʣʴʢʠ ʧʨʦʛʨʘʤʥʠʤ, ʘ ʡ ʘʧʘʨʘʪʥʠʤ, 

ʦʩʢʽʣʴʢʠ ʧʣʘʪʘ ʤʦʞʝ ʙʫʪʠ ʟʘʧʨʦʛʨʘʤʦʚʘʥʘ ʥʘ ʚʠʢʦʥʘʥʥʷ 

ʰʢʽʜʣʠʚʠʭ ʢʦʤʘʥʜ. ʅʘʧʨʠʢʣʘʜ, ʬʣʝʰ-ʥʘʢʦʧʠʯʫʚʘʯ ʤʦʞʝ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜôʻʜʥʫʚʘʪʠʩʴ ʜʦ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʽ ʦʜʥʦʯʘʩʥʦ 

ʤʽʩʪʠʪʠ ʢʝʡʣʦʛʝʨ, ʟʙʠʨʘʪʠ ʧʘʨʦʣʽ ʽ ʙʫʪʠ ʭʨʦʙʘʢʦʤ ʜʣʷ ʨʦʟʩʠʣʢʠ 

ʩʧʘʤʫ (ʟʛʘʜʘʻʤʦ çUSB Rubber Duckyè, çPower Unlockerè, 

çBadUSBè  ʪʘ ʽʥʰʽ) [2]. 

ɿʘʟʚʠʯʘʡ ʰʢʽʜʣʠʚʝ ʘʧʘʨʘʪʥʝ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʧʝʨʝʭʦʧʣʝʥʥʷ ʪʨʘʬʽʢʘ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ ʘʙʦ 

ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ ʚʩʽʭ ʢʦʤʧôʶʪʝʨʽʚ ʢʦʨʧʦʨʘʮʽʾ. ʊʘʢʽ ʜʽʾ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʥʘ ʤʝʪʽ ʰʧʠʛʫʥʩʪʚʦ ʟ ʙʦʢʫ ʢʦʥʢʫʨʝʥʪʽʚ ʘʙʦ 

ʥʘʥʝʩʝʥʥʷ ʟʙʠʪʢʽʚ. ɸʥʘʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʢʦʤʧʘʥʽʾ ʤʘʶʪʴ ʚʤʽʪʠ 

ʰʚʠʜʢʦ ʧʨʦʪʠʜʽʷʪʠ ʪʘʢʠʤ ʘʧʘʨʘʪʥʠʤ ʨʽʰʝʥʥʷʤ, ʘʜʞʝ ʟʘʨʘʞʝʥʥʷ 

ʚʩʽʻʾ ʤʝʨʝʞʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʢʦʤʧʘʥʽʾ [3]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ 

ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʚ ʘʧʘʨʘʪʥʦʤʫ ʪʘ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʛʤʝʥʪʘʭ ʥʘ 

ʦʩʥʦʚʽ ʨʝʚʝʨʩʥʦʛʦ ʘʥʘʣʽʟʫ.  

ʌʘʭʽʚʮʷʤʠ ʟ ʢʽʙʝʨʙʝʟʧʝʢʠ ʨʦʟʨʦʙʣʝʥʦ ʥʠʟʢʫ ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʘʨʽʘʮʽʡ ʚʽʨʫʩʽʚ ʽ ʾʭ 

ʬʫʥʢʮʽʡ (ʨʠʩ. 1). ʉʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʣʷʛʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʙʝʟ ʡʦʛʦ ʟʘʧʫʩʢʫ, ʘ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ 

ʰʢʽʜʣʠʚʠʡ ʢʦʜ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʧʫʱʝʥʠʡ [4]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦ ʤʦʞʥʘ ʧʨʠʩʢʦʨʠʪʠ, ʷʢʱʦ ʟʨʦʙʠʪʠ 

ʦʙʛʨʫʥʪʦʚʘʥʝ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʧʨʠʟʥʘʯʝʥʥʷ ʰʢʽʜʣʠʚʦʛʦ ʢʦʜʫ ʽ 

ʥʘ 
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ʈʠʩ. 1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ  ʘʥʘʣʽʟʫ ʰʢʽʜʣʠʚʦʛʦ ʇɿ 

 

ʮʽʡ ʧʽʜʩʪʘʚʽ ʧʨʦʚʦʜʠʪʠ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʘʥʘʣʽʟʫ. ɼʦ ʥʠʭ, 

ʟʦʢʨʝʤʘ, ʩʣʽʜ ʚʽʜʥʝʩʪʠ: 

- ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʽʜʦʟʨʽʣʦʛʦ 

ʢʦʜʫ; 

- ʧʨʦʚʝʜʝʥʥʷ çʟʚʦʨʦʪʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷè ʇɿ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʜʠʟʘʩʝʤʙʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʥʦʛʦ ʬʘʡʣʘ ʪʘ ʨʝʪʝʣʴʥʠʡ ʨʦʟʛʣʷʜ 

ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ; 

- ʫ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʦʚʘʥʠʭ ʟʘʩʦʙʽʚ 

ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʣʘʛʦʜʞʫʚʘʯʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥ ʟʘʧʫʱʝʥʦʛʦ ʰʢʽʜʣʠʚʦʛʦ ʇɿ; 

- ʨʦʟʨʦʙʢʘ ʽʥʜʠʢʘʪʦʨʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʤʽʥʝʥʠʭ/ʟʘʨʘʞʝʥʠʭ 

ʬʘʡʣʽʚ ʪʘ ʽʥʰʠʭ ʥʘʩʣʽʜʢʽʚ ʜʽʾ ʰʢʽʜʣʠʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ [5]. 

ɺʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʘ ʧʦʩʪʽʡʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

ʰʢʽʜʣʠʚʦʛʦ ʇɿ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʝʪʦʜʠʢʫ ʧʦʰʫʢʫ ʽ 

ʧʨʦʪʠʜʽʾ ʡʦʛʦ ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʢʦʤʙʽʥʫʚʘʪʠ ʚʽʜʦʤʽ ʧʽʜʭʦʜʠ [1]. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʠʢʦʨʩʢʠ ʄ., ʍʦʥʠʛ ɽ. ɺʩʢʨʳʪʠʝ ʧʦʢʘʞʝʪ! ʇʨʘʢʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʚʨʝʜʦʥʦʩʥʦʛʦ ʇʆ. - ʉʧʙ: çʇʠʪʝʨè. - 2018. - 768 ʩ. 

2. https://www.ukrinform.ua/rubric-technology/2330724-kiberataka-

2410-hakeri-zapustili-skidlivij -kod-na-komputerah.html 

3. Moʥaʧʧa K. A. ɸʥʘʣʠʟ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ. ï ʄ.: çɼʄʂ-

ʇʨʝʩʩè. - 2019. - 452 ʩ. 
4. ʍʦʚʘʨʜ ʄ., ʃʝʙʣʘʥʢ ɼ., ɺʴʝʛʘ ɼʞ. 24 ʩʤʝʨʪʥʳʭ ʛʨʝʭʘ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. - ʉʧʙ.: çʇʠʪʝʨè.- 2010. - 400 ʩ. 

5. http://www.telesphera.net/blog/protect-your-corporate-network.html 

https://www.ukrinform.ua/rubric-technology/2330724-kiberataka-2410-hakeri-zapustili-skidlivij-kod-na-komputerah.html
https://www.ukrinform.ua/rubric-technology/2330724-kiberataka-2410-hakeri-zapustili-skidlivij-kod-na-komputerah.html
http://www.telesphera.net/blog/protect-your-corporate-network.html
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ɸʥʜʨʽʡ ɸʣʝʢʩʻʻʚ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɻ.ɯ. ʃʘʩʪʽʚʢʘ 

 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʬʽʥʘʥʩʦʚʠʭ ʩʪʨʫʢʪʫʨ 
ʋʧʨʦʜʦʚʞ ʤʠʥʫʣʠʭ ʨʦʢʽʚ ʫʩʽ ʬʽʥʘʥʩʦʚʽ ʩʪʨʫʢʪʫʨʠ, ʟʦʢʨʝʤʘ 

ʙʘʥʢʽʚʩʴʢʘ ʩʠʩʪʝʤʘ, ʚʽʜʯʫʣʠ ʟʥʘʯʥʽ ʟʤʽʥʠ ʚʥʘʩʣʽʜʦʢ ʛʣʦʙʘʣʽʟʘʮʽʾ 

ʬʽʥʘʥʩʦʚʠʭ ʨʠʥʢʽʚ ʽʟ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʨʦʟʰʠʨʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʙʘʥʢʽʚʩʴʢʠʭ ʧʦʩʣʫʛ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʫʧʨʘʚʣʽʥʥʽ ʙʘʥʢʘʤʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʩʝ 

ʮʝ ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʣʦ ʩʠʪʫʘʮʽʶ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʘʜʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʬʽʥʘʥʩʦʚʽ ʩʪʨʫʢʪʫʨʠ ʪʽʩʥʦ 

ʧʝʨʝʧʣʝʪʝʥʽ ʟ ʫʩʽʤʘ ʽʩʥʫʶʯʠʤʠ ʚʠʜʘʤʠ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ 

ʦʪʞʝ, ʚʽʜ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʙʘʥʢʽʚ 

ʟʘʣʝʞʘʪʠʤʝ ʙʣʘʛʦʧʦʣʫʯʯʷ ʷʢ ʦʢʨʝʤʦʾ ʦʩʦʙʠ, ʪʘʢ ʡ ʨʽʟʥʠʭ ʛʨʫʧ 

ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʽʪʴ ʢʨʘʾʥʠ. 

ʇʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʟʘʭʠʩʪʦʤ ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʙʘʥʢʽʚ, 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʚʘʶʪʴ ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ 

ʙʘʥʢʠ ʻ ʥʘʡʙʽʣʴʰ ʫʨʘʟʣʠʚʠʤʠ ʜʦ ʪʘʢʦʛʦ ʚʠʜʫ ʟʘʛʨʦʟ, ʷʢ 

ʥʘʷʚʥʽʩʪʴ ʚʠʪʦʢʫ ʽʥʬʦʨʤʘʮʽʾ. ʋʩʝ ʮʝ ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʛʣʷʜʫ ʧʽʜʭʦʜʽʚ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʙʘʥʢʫ ʪʘ 

ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʾʾ 

ʟʘʭʠʩʪʫ [1]. 

ʇʽʜ ʪʝʨʤʽʥʦʤ ñʽʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘò ʨʦʟʫʤʽʶʪʴ ʩʪʘʥ 

ʟʘʭʠʱʝʥʦʩʪʽ ʧʦʪʨʝʙ ʚ ʽʥʬʦʨʤʘʮʽʾ ʦʩʦʙʠ, ʩʫʩʧʽʣʴʩʪʚʘ ʡ ʜʝʨʞʘʚʠ, 

ʧʨʠ ʷʢʦʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʾʭʥʻ ʽʩʥʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʝʩʠʚʥʠʡ 

ʨʦʟʚʠʪʦʢ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʛʨʦʟ [2]. ʉʝʨʝʜ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʭ ʟʘʛʨʦʟ 

ʚʥʫʪʨʽʰʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ ʚʠʟʥʘʯʘʶʪʴ: ʢʨʘʜʽʞʢʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʩʘʙʦʪʘʞ, ʰʘʭʨʘʡʩʪʚʦ, ʚʠʢʨʠʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʟʙʦʾ 

ʚ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ, ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʾ, ʧʦʨʫʰʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ. ʅʘʩʣʽʜʢʦʤ ʚʠʪʦʢʫ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʪʨʘʪʘ ʢʣʽʻʥʪʽʚ, 

ʧʦʛʽʨʰʝʥʥʷ ʽʤʽʜʞʫ ʬʽʥʘʥʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʥʠʞʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʩʪʽ ʪʘ ʧʨʷʤʽ ʬʽʥʘʥʩʦʚʽ ʟʙʠʪʢʠ ʙʘʥʢʽʚ. ʉʘʤʝ 

ʪʦʤʫ ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʚôʷʟʘʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʙʝʟʧʝʨʝʨʚʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʬʽʥʘʥʩʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʘ 

ʪʘʢʦʞ ʧʨʠʱʝʧʣʝʥʥʷ ʢʫʣʴʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʩʧʦʞʠʚʘʯʽʚ ʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ. ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʟʘʭʦʜʠ ʽʟ ʟʘʭʠʩʪʫ 
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ʽʥʬʦʨʤʘʮʽʾ ʤʽʩʪʷʪʴ ʩʫʢʫʧʥʽʩʪʴ ʜʽʡ ʟ ʜʦʙʦʨʫ ʪʘ ʧʝʨʝʚʽʨʢʠ 

ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʽʜʛʦʪʦʚʮʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʛʨʘʤ 

ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʯʽʪʢʝ ʨʝʛʣʘʤʝʥʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʨʦʟʨʦʙʢʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɹʝʟʧʝʨʝʨʚʥʘ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʾ ʬʽʥʘʥʩʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 

ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʫ 

ñʯʦʪʠʨʴʦʭ ʦʯʝʡò, ʘ ʩʘʤʝ: ʦʙʦʚôʷʟʢʦʚʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʘʙʦ ʽʥʰʠʭ ʬʽʥʘʥʩʦʚʠʭ ʜʽʡ ʤʽʥʽʤʫʤ ʜʚʦʤʘ 

ʫʧʦʚʥʦʚʘʞʝʥʠʤʠ ʦʩʦʙʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʢʝʨʽʚʥʦʛʦ ʩʢʣʘʜʫ 

ʬʽʥʘʥʩʦʚʦʾ ʫʩʪʘʥʦʚʠ ʡ ʥʝʟʘʣʝʞʥʠʤʠ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ [3]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʪʘʢʠʡ ʧʨʠʥʮʠʧ ʻ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʭʠʩʪʫ ʬʽʥʘʥʩʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʙʣʝʤ 

ʚʣʘʩʥʦʾ ʙʝʟʧʝʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʨʘʚʯʝʥʢʦ ɸ.ʄ. ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʫ 

ʙʘʥʢʽʚʩʴʢʠʭ ʫʩʪʘʥʦʚʘʭ / ɸ.ʄ. ʂʨʘʚʯʝʥʢʦ, ɸ.ɸ. ʆʨʻʭʦʚ, ɸ.ɻ. ɻʘʨʢʫʥʦʚ // 

ʉʫʯʘʩʥʠʡ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ, 2013. ï ̄  2. ï ʉ. 53-55. 

2. ɿʘʢʦʥ ʋʢʨʘʾʥʠ ñʇʨʦ ʙʘʥʢʠ ʽ ʙʘʥʢʽʚʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴò ʚʽʜ 17.01.2001 // 

ɺʽʜʦʤʦʩʪʽ ɺʝʨʭʦʚʥʦʾ ʈʘʜʠ ʋʢʨʘʾʥʠ, 2001. ï ̄ 4. 

3. ɸʚʘʥʝʩʦʚʘ ɯ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʫ ʩʠʩʪʝʤʽ ʟʘʭʠʩʪʫ ʧʨʘʚ 

ʩʧʦʞʠʚʘʯʽʚ ʬʽʥʘʥʩʦʚʠʭ ʧʦʩʣʫʛ / ɯʨʠʥʘ ɸʚʘʥʝʩʦʚʘ // ɺʽʩʥʠʢ ʂʅʊɽʋ, 2018. ï 

 ̄2. ï ʉ. 55-67. 
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ʊʘʨʘʩ ɸʥʜʨʫʩʽʚ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ. ʄ. 

ʂʦʤʧʨʝʩʽʷ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʴ 
ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʧʨʠ ʨʦʙʦʪʽ ʟ ʢʦʤʧ'ʶʪʝʨʥʦʶ 

ʛʨʘʬʽʢʦʶ ʪʘ ʟʽ ʩʪʘʪʠʯʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ ʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʝ ʽ 
ʯʽʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʦʙ'ʻʢʪʘ (ʮʠʬʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ) 
ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʘʧʘʨʘʪʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʮʝ 
ʧʨʝʜʩʪʘʚʣʝʥʥʷ. ʅʘ ʧʝʨʰʠʡ ʧʣʘʥ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ 
ʚʠʭʦʜʠʪʴ ʧʦʰʫʢ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽ ʤʝʪʦʜʽʚ ʧʦ 
ʢʦʤʧʨʝʩʽʾ ʽ ʜʝʢʦʤʧʨʝʩʽʾ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʾʭ ʧʨʦʛʨʘʤʥʦʾ 
ʨʝʘʣʽʟʘʮʽʾ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. ʂʨʽʤ ʮʴʦʛʦ ʪʘʢʽ 
ʘʣʛʦʨʠʪʤʠ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʜʦʩʪʘʪʥʴʦʶ ʛʥʫʯʢʽʩʪʶ ʽ 
ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ, ʱʦʙ ʽʩʥʫʚʘʣʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʫʧʝʥʷ 
ʩʪʠʩʥʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚʝʡʚʣʝʪʠ, ʷʢʽ ʟʘ 
ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʤʧʨʝʩʽʾ 
ʟʦʙʨʘʞʝʥʴ (ʩʠʛʥʘʣʽʚ). 
ɺʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (ɺʇ) ï ʟʘʛʘʣʴʥʘ ʥʘʟʚʘ ʢʣʘʩʫ ʤʝʪʦʜʽʚ 

ʢʦʜʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʦʚʠʤʽʨʥʝ ʚʝʡʚʣʝʪ-
ʨʦʟʢʣʘʜʘʥʥʷ ʢʦʜʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥ. ʋʩʽ 
ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴ ʬʫʥʢʮʽʶ (ʚʟʷʪʫ ʷʢ ʬʫʥʢʮʽʶ 
ʚʽʜ ʯʘʩʫ) ʫ ʪʝʨʤʽʥʘʭ ʢʦʣʠʚʘʥʴ, ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʟʘ ʯʘʩʦʤ 
(ʧʨʦʩʪʦʨʦʤ) ʽ ʯʘʩʪʦʪʦʶ. ʃʦʢʘʣʴʥʽʩʪʴ ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʯʘʻ, ʱʦ 
ʝʥʝʨʛʽʷ ʭʚʠʣʴʦʢ (ʚʝʡʚʣʝʪʽʚ) ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʥʘ ʩʢʽʥʯʝʥʥʦʤʫ 
ʽʥʪʝʨʚʘʣʽ, ʪʘʢ ʟʚʘʥʘ ʬʫʥʢʮʽʷ ʥʘ ʢʦʤʧʘʢʪʥʦʤʫ ʥʦʩʽʾ. ʏʘʩʪʦʪʥʘ 
ʣʦʢʘʣʽʟʘʮʽʷ ʦʟʥʘʯʘʻ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʭʚʠʣʴʢʠ 
ʣʦʢʘʣʽʟʦʚʘʥʝ. ʏʘʩʪʦʪʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʬʫʥʢʮʽʾ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʦʥʷʪʴ 
ʛʣʘʜʢʦʩʪʽ ʪʘ ʢʽʣʴʢʦʩʪʽ ʟʥʠʢʘʶʯʠʭ ʤʦʤʝʥʪʽʚ. ɺʝʡʚʣʝʪ-
ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʠʯʘʡʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʜʠʩʢʨʝʪʥʝ ʚʝʡʚʣʝʪ-
ʧʝʨʝʪʚʦʨʝʥʥʷ (ɼɺʇ) ʪʘ ʥʝʧʝʨʝʨʚʥʝ ʚʝʡʚʣʝʪ-
ʧʝʨʝʪʚʦʨʝʥʥʷ (ʅɺʇ). 
ʇʝʨʰʠʤ ɼɺʇ ʚʠʥʘʡʰʦʚ ʫʛʦʨʩʴʢʠʡ ʤʘʪʝʤʘʪʠʢ ɸʣʴʬʨʝʜ ʍʘʘʨ. 

ɼʣʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʤʘʩʠʚʦʤ 2n ʯʠʩʝʣ, 
ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʘʨʘ ʧʨʦʩʪʦ ʛʨʫʧʫʻ ʝʣʝʤʝʥʪʠ ʧʦ 2 ʽ 
ʫʪʚʦʨʶʻ ʚʽʜ ʥʠʭ ʩʫʤʠ ʽ ʨʽʟʥʠʮʽ. ɻʨʫʧʫʶʪʴ ʩʫʤʠ ʨʝʢʫʨʩʠʚʥʦ (ʫ 
ʨʘʟʽ ʧʘʨʥʦʾ ʜʦʚʞʠʥʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʫʤ) ʜʣʷ ʫʪʚʦʨʝʥʥʷ 
ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ ʨʦʟʢʣʘʜʘʥʥʷ. ʋ ʧʽʜʩʫʤʢʫ ʚʠʭʦʜʠʪʴ 2n ï 1 
ʨʽʟʥʠʮʷ ʽ 1 ʟʘʛʘʣʴʥʘ ʩʫʤʘ [1]. 
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ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʚʝʡʚʣʝʪʽʚ ʫ ʩʪʝʛʘʥʦʛʨʘʬʽʾ ʟ ʧʦʜʘʣʴʰʠʤ ʬʦʨʤʫʣʶʚʘʥʥʷʤ 
ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʚʙʫʜʦʚʫʚʘʥʥʷ. ɼʣʷ 
ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚôʷʟʘʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 
1. ɼʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʛʘʥʦʩʠʩʪʝʤ ʚʽʜ 
ʜʦʚʞʠʥʠ ʧʦʚʽʜʦʤʣʝʥʥʷ. 
2. ɼʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ɼɺʇ. 
3. ɼʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʝʡʚʣʝʪʽʚ. 
4. ɺʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʚʝʡʚʣʝʪ-
ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʘʥʘʣʦʛʘʤʠ. 
5. ɼʦʩʣʽʜʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʠʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ 
ʚʙʫʜʦʚʫʚʘʥʥʷ.  
ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 

ɯʜʝʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʝʨʝʪʚʦʨʠʪʠ ʜʘʥʽ ʟʦʙʨʘʞʝʥʥʷ 
ʜʦ ʽʥʰʦʛʦ ʚʠʜʫ, ʜʝ ʣʝʛʰʝ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʠʥʫ ʜʘʥʠʭ, ʷʢʫ ʤʦʞʥʘ 
ʙʫʣʦ ʙ ʙʝʟʙʦʣʽʩʥʦ ʚʠʜʘʣʠʪʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʽʜʢʠʥʫʪʠ ʟʥʘʯʥʫ 
ʯʘʩʪʠʥʫ ʜʘʥʠʭ ʟ ʥʝʚʝʣʠʢʦʶ ʚʪʨʘʪʦʶ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ 
ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʝ ʜʘʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʨʽʙʥʠʤ 
ʜʝʪʘʣʷʤ. ʈʝʟʫʣʴʪʘʪ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʪʽʤ 
ʩʪʠʩʥʫʪʠʡ ʰʣʷʭʦʤ ʢʦʤʧʘʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʟʘʢʦʜʦʚʘʥʠʭ 
ʯʠʩʝʣ [2].  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʩʪʠʩʥʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ : 

1. Wavelet compression. [Electronic resource]. ï Access mode: 

http://science.lpnu.ua/sites/default/journal-paper/2018/jun/12922/3-9-

17.pdf 

2. Wavelet transform. [Electronic resource]. ï Access 

mode:https://habr.com/ru/post/168517/ 

  

http://science.lpnu.ua/sites/default/journal-paper/2018/jun/12922/3-9-17.pdf
http://science.lpnu.ua/sites/default/journal-paper/2018/jun/12922/3-9-17.pdf
https://habr.com/ru/post/168517/
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ʄʠʭʘʡʣʦ ɹʘʢʘʡ, ʊʘʨʘʩ ʑʝʨʙʘʥʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ n-Fe2O3, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ 
     ʆʢʩʠʜʠ ʟʘʣʽʟʘ Fe3O4, ɔ -Fe2O3, Ŭ-Fe2O3 ʽ Fe1-xO ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʽ ʥʝʪʦʢʩʠʯʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʾʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʘʞʣʠʚʝ ʜʣʷ ʢʦʨʦʟʽʡʥʠʭ ʪʘ ʛʝʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʊʦʥʢʽ ʧʣʽʚʢʠ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʛʘʟʦʚʠʭ ʩʝʥʩʦʨʽʚ, ʬʦʪʦʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ ʨʦʟʯʝʧʣʝʥʥʷ ʚʦʜʠ 

ʟ ʤʝʪʦʶ ʦʜʝʨʞʘʥʥʷ ʚʦʜʥʶ,  ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʩʦʥʷʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɻʝʤʘʪʠʪ (Ŭ-Fe2O3) ʻ ʥʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ 

ʦʢʩʠʜʦʤ ʟʘʣʽʟʘ ʚ ʘʪʤʦʩʬʝʨʥʠʭ ʫʤʦʚʘʭ.     ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʪʦʥʢʠʭ ʧʣʽʚʦʢ n-Fe2O3 ʚʽʜʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʥʝʚʘʢʫʫʤʥʠʤ ʤʝʪʦʜʘʤ 

ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ ʭʽʤʽʯʥʠʭ ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ ʟʘʣʽʟʘ. ʅʝʩʢʣʘʜʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ ʢʦʨʝʛʫʚʘʪʠ ʨʝʞʠʤʠ 

ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʦʢ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ n-Fe2O3 ʤʝʪʦʜʦʤ ʩʧʨʝʡ- 

ʧʽʨʦʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 0,1 ʄ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʩʦʣʽ 

ʛʝʢʩʘʛʽʜʨʘʪʫ ʭʣʦʨʠʜʘ ʟʘʣʽʟʘ FeCl3Ŀ6H2O ʫ ʙʽʜʠʩʪʠʣʴʚʘʥʽʡ ʚʦʜʽ. 

ʈʦʟʧʦʨʦʰʫʚʘʥʥʷ ʨʦʟʯʠʥʫ  ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʽʟ ʰʚʠʜʢʽʩʪʶ 2-3 ʤʣ/ʭʚ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ ʪʘ ʥʘ 

ʩʢʦʣʦʪʫ ʧʦʚʝʨʭʥʶ ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʠʧʫ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʟʯʠʥʫ ʦʙôʻʤʦʤ 25 ʤʣ  

ʦʪʨʠʤʫʚʘʣʠʩʷ ʧʣʽʚʢʠ ʦʢʩʠʜʫ ʟʘʣʽʟʘ ʪʦʚʱʠʥʦʶ d = 0,3 ʤʢʤ. 

ɹʽʥʘʨʥʘ ʩʧʦʣʫʢʘ ʛʝʤʘʪʠʪʫ Ŭ-Fe2O3 ʚʦʣʦʜʽʻ n-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ɟ å 2,5Ā10
6 
ʆʤĀʩʤ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʴʢʦʾ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʣʽʚʢʘʭ ɛ = 0,01 ʩʤ
2 
Āɺ

-1
Āʩ

-1
 ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʧʣʽʚʢʘʭ 

n-Fe2O3 ʩʪʘʥʦʚʠʪʴ  n å 2,5Ŀ10
14 
ʩʤ

-3
. 

ʉʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ ʧʨʦʧʫʩʢʘʥʥʷ ʩʚʽʪʣʘ T 

ʜʣʷ ʧʣʽʚʦʢ n-Fe2O3 ʪʦʚʱʠʥʦʶ d = 0,3 ʤʢʤ ʧʦʢʘʟʘʥʘ ʥʘ ʚʩʪʘʚʮʽ 

ʨʠʩ.1. ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Ŭ ʪʘ ʡʦʛʦ ʩʧʝʢʪʨʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ 

Ŭ = f(hɡ) (ʨʠʩ.1)  ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ 

ʚʽʜʙʠʚʘʥʥʷ R å 12 % [1], ʷʢʝ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʛʝʤʘʪʠʪʫ, 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ. 
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ʈʠʩ.1. ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʧʫʩʢʘʥʥʷ ʊ (ʚʩʪʘʚʢʘ) 

ʽ ʧʦʛʣʠʥʘʥʥʷ Ŭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ Fe2O3 

     ɺʠʛʦʪʦʚʣʝʥʽ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ ʪʦʥʢʽ ʧʣʽʚʢʠ n-Fe2O3 

ʧʨʠ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ ɚ > 0,65 ɛm ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʊ > 60 %. ʆʧʪʠʯʥʘ ʰʠʨʠʥʘ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ, ʷʢʘ ʚʠʟʥʘʯʘʣʘʩʷ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʟʘʣʝʞʥʦʩʪʽ (Ŭhɜ)
2
 = f(hɜ) ʜʦ ʥʫʣʴʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ, ʩʪʘʥʦʚʠʪʴ Eg = 2,23 ʝɺ 

(ʨʠʩ.1), ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʽʜʦʤʦʶ ʫ ʣʽʪʝʨʘʪʫʨʽ 

ʚʝʣʠʯʠʥʦʶ Eg ʜʣʷ Ŭ-Fe2O3 [1,2]. 

     ʇʨʠ ʧʽʨʦʣʽʟʽ ʧʣʽʚʦʢ n-Fe2O3 ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʧʽʜʢʣʘʜʦʢ n-CdTe ʦʪʨʠʤʘʥʽ ʚʠʧʨʷʤʣʷʶʯʽ ʽʟʦʪʠʧʥʽ ʛʝʪʝʨʦ- 

ʩʪʨʫʢʪʫʨʠ n-Fe2O3/n-CdTe ʟ ʚʠʩʦʪʦʶ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ qjb  

å 1,11 eV, 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʨʠ: 

1. Akl A.A. Optical properties of crystalline and non-crystalline iron 

oxide thin films deposited by spray pyrolysis, Applied Surface Science. 233 

(2004) 307ï319. 

2. Shinde S.S., Bansode R.A., Bhosale C.H., Rajpure K.Y. Physical 

properties of hematite Ŭ-Fe2O3 thin films: application to 

photoelectrochemical solar cells, Journal of Semiconductors. 32 (2011) 

013001. 
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ɸʥʜʨʽʡ ɹʘʣʘʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʧʨʦʬ. ʄʘʢʩʠʤʷʢ ʇ.ʇ. 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʙʝʪʦʥʫ  

 

ʎʝʤʝʥʪ - ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. 

ʁʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʝʪʦʥʽʚ, ʙʝʪʦʥʥʠʭ ʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ, ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ, 

ʘʟʙʝʩʪʦʮʝʤʝʥʪʥʠʭ ʚʠʨʦʙʽʚ. ɺʠʛʦʪʦʚʣʷʶʪʴ ʡʦʛʦ ʥʘ ʚʝʣʠʢʠʭ 

ʤʝʭʘʥʽʟʦʚʘʥʠʭ ʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʟʘʚʦʜʘʭ. ʎʝʤʝʥʪ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʨʫʧʠ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʝʨʧʢʠʭ ʨʝʯʦʚʠʥ, 

ʛʦʣʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʷʢʠʭ ʻ ʩʠʣʽʢʘʪʠ ʡ 

ʘʣʶʤʽʥʘʪʠ ʢʘʣʴʮʽʶ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʚʠʩʦʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʨʦʙʮʽ ʩʠʨʦʚʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʚʝʜʝʥʠʭ 

ʜʦ ʯʘʩʪʢʦʚʦʛʦ ʘʙʦ ʧʦʚʥʦʛʦ ʧʣʘʚʣʝʥʥʷ. ʊʦʤʫ ʚʘʞʣʠʚʦ 

ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʙʝʪʦʥʫ, ʡʦʛʦ ʩʢʣʘʜ 

ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. ɸʜʞʝ ʤʽʮʥʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʙʫʜʴ-ʷʢʦʾ ʙʝʪʦʥʥʦʾ ʩʧʦʨʫʜʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʝʪʦʥʫ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʫʣʴʪʨʘʟʚʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ 

ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʪʘʪʠʚʥʦʛʦ 

ʤʝʜʠʯʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʨʠʩ.1). 

 

 
ʈʠʩʫʥʦʢ 1.  ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʙʫʣʦ ʟʘʜʽʷʥʦ ʜʚʘ 

ʪʠʧʠ ʜʘʪʯʠʢʽʚ - ʣʽʥʽʡʥʠʡ ʽ ʩʝʢʪʦʨʥʠʡ [2] . 
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ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ 

ʟʨʘʟʦʢ ʮʝʤʝʥʪʥʦʛʦ ʪʽʩʪʘ, ʚ ʷʢʦʤʫ ʙʫʣʠ ʟʘʥʫʨʝʥʽ 

ʫʣʴʪʨʘʟʚʫʢʦʚʽ  ʜʘʪʯʠʢʠ ʜʣʷ ʬʽʢʩʫʚʘʥʥʷ ʟʤʽʥʠ ʘʢʫʩʪʠʯʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʃʽʥʽʡʥʠʡ ʜʘʪʯʠʢ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ (ʩʦʥʥʦʾ ʘʨʪʝʨʽʾ) 

ʟ ʯʘʩʪʦʪʦʶ 9 ʄʛ. ʉʝʢʪʦʨʥʠʡ ʜʘʪʯʠʢ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

(ʢʘʨʜʽʦʣʦʛʽʾ) ʟ  ʯʘʩʪʦʪʦʶ 3 ʄʛ. 

ɿʘ ʯʘʩ ʛʽʜʨʘʪʘʮʽʾ ʮʝʤʝʥʪʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ 46 ʟʥʽʤʢʽʚ ʟ 

ʽʥʪʝʨʚʘʣʦʤ ʫ 5 ʭʚ., ʥʘ ʷʢʠʭ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ 

ʟʤʽʥʫ  ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʘʢʫʩʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʑʦʙ ʦʪʨʠʤʘʪʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʟʛʘʩʘʥʥʷ ʋɿɺ ʚʽʜ ʯʘʩʫ 

ʛʽʜʨʘʪʘʮʽʾ, ʦʪʨʠʤʘʥʽ ʢʘʨʪʠʥʢʠ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʝʩʪʠ ʚ 

ʮʠʬʨʦʚʝ ʟʥʘʯʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʠ ʩʢʦʨʠʩʪʘʣʠʩʷ ʧʨʦʛʨʘʤʦʶ 

ʄɸʊʃɸɹ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʢʦʥʚʝʨʪʫʚʘʣʠ ʦʪʨʠʤʘʥʽ 

ʢʘʨʪʠʥʢʠ ʚ ʩʽʨʦ-ʰʢʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʶ 

ʩʚʽʪʥʽʩʪʴ   ʢʦʞʥʦʾ ʢʘʨʪʠʥʢʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʯʘʩ ʩʭʦʧʣʶʚʘʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ, 

ʷʢʠʡ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ 

ɺʽʢʘ. ʅʘʰ ʤʝʪʦʜ ʜʦʜʘʪʢʦʚʦ ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʙʽʣʴʰ ʨʘʥʥʽ 

ʝʪʘʧʠ ʛʽʜʨʘʪʘʮʽʾ, ʪʘʢʽ ʷʢ ʨʦʟʯʠʥʝʥʥʷ ʮʝʤʝʥʪʫ ʪʘ ʧʦʯʘʪʦʢ 

ʧʝʨʝʩʠʯʝʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʨʦʟʯʠʥʫ ʡʦʥʘʤʠ ʢʘʣʴʮʽʶ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʨʳʢʦʚ, ɸ.ʉ. ɻʠʜʨʘʪʘʮʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ɸ.ʉ. ɹʨʳʢʦʚ. ï ʉʇʙ.: ʉʇʙɻʊʀ(ʊʋ), 2008. ï 30 ʩ. 

2. ʌʠʟʠʢʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʤʝʜʠʮʠʥʝ: ʚ 2-ʭ 

ʪʦʤʘʭ. ʊʦʤ 2. ɻʣ. 7. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʠʘʛʥʦʩʪʠʢʘ: ʧʝʨ. ʩ ʘʥʛʣ./ʧʦʜ 

ʨʝʜ. ʉ. ʋʵʙʙʘ. - ʄ.: ʄʠʨ, 1991. - ʩ. 5-104. 
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ɺʦʣʦʜʠʤʠʨ ɹʘʩʴʢʦʚ 

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

ɺʠʛʦʪʦʚʣʝʥʥʷ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʽʜʚʽʩʥʦʛʦ 

ʤʦʩʪʘ 
ʇʨʠ ʚʠʚʯʝʥʥʽ ʽʥʞʝʥʝʨʥʠʭ ʜʠʩʮʠʧʣʽʥ ʪʘ ʟʦʢʨʝʤʘ ʦʧʦʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʷʩʢʨʘʚʽ ʧʝʨʝʢʦʥʣʠʚʽ ʧʨʠʢʣʘʜʠ ʜʣʷ 
ʧʦʷʩʥʝʥʴ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʪʝʤ ʧʨʠ 
ʚʠʚʯʝʥʥʽ ʮʴʦʛʦ ʢʫʨʩʫ ʻ ʟʛʠʥ, ʷʢʠʡ ʢʨʘʱʝ ʪʘ ʜʦʮʽʣʴʥʽʰʝ ʟʘ ʚʩʝ 
ʧʦʷʩʥʶʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʤʦʩʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɺʘʥʪʦʚʘ 
ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʩʪʘ ï ʦʜʥʘ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʫ ʩʚʽʪʽ. ɼʣʷ 
ʟʙʽʣʴʰʝʥʥʷ ʜʝʤʦʥʩʪʨʘʪʠʚʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʙʘʟʠ ʢʘʬʝʜʨʠ ʙʫʣʦ 
ʚʠʨʽʰʝʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʪʘ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
ʇʽʜʚʽʩʥʠʡ ʤʽʩʪ ï ʤʽʩʪ, ʚ ʷʢʦʤʫ ʦʩʥʦʚʥʘ ʡʦʛʦ ʥʝʩʫʯʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʢʦʥʘʥʘ ʟ ʛʥʫʯʢʠʭ ʝʣʝʤʝʥʪʽʚ (ʢʘʙʝʣʽʚ, ʢʘʥʘʪʽʚ, 
ʣʘʥʮʶʛʽʚ ʪʘ ʽʥ.), ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʦʟʪʷʛ, ʘ ʧʨʦʾʞʜʞʘ ʯʘʩʪʠʥʘ 
ʧʽʜʚʽʰʝʥʘ. ʋ ʩʫʯʘʩʥʠʭ ʚʠʩʷʯʠʭ ʤʦʩʪʘʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 
ʜʨʦʪʦʚʽ ʢʘʙʝʣʽ  ʬ ʢʘʥʘʪʠ ʟ ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʪʘʣʽ ʟ ʤʝʞʝʶ ʤʽʮʥʦʩʪʽ 

2-2,5 ɻʥ/̍  (200-250 ʢʛ/̍ )̍, ʱʦ ʧʦʤʽʪʥʦ ʟʤʝʥʰʫʻ ʚʘʛʫ ʩʘʤʦʛʦ 
ʤʦʩʪʫ ʽ ʜʦʟʚʦʣʷʻ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʜʦʚʛʽ ʧʨʦʣʴʦʪʠ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ 
ʧʽʜʧʦʨ. ʊʘʢʽ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʫʜʝʥʪʘʤ ʧʦʙʘʯʠʪʠ ʜʘʥʫ 
ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʚʜʦʩʢʦʥʘʣʠʪʠ ʾʾ [1]. 

 

 
ʈʠʩ 1. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʚʘʥʪʦʚʠʭ ʤʦʩʪʽʚ [3]. 

 ʅʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʫ ʪʠʧ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʩʪʘ, 
ʡʦʛʦ ʨʦʟʤʽʨʠ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʽʘʣ ʢʦʞʥʦʾ ʜʝʪʘʣʽ ʪʘ ʝʣʝʤʝʥʪʘ 
ʤʦʜʝʣʽ. ʄʘʪʝʨʽʘʣ ʽʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʣʘʩʷ ʤʦʜʝʣʴ: ʨʘʤʘ ʤʦʩʪʘ, 
ʙʘʣʢʠ, ʧʽʣʦʥʠ, ʦʧʦʨʠ ʽʟ ʩʪʘʣʽ ɿʉʇ/ʇʉ. ɼʦʨʽʞʢʘ ʤʦʩʪʘ ʪʦʚʱʠʥʦʶ 
0,5 ʤʤ ʚʠʛʦʪʦʚʣʝʥʘ ʽʟ ʦʮʠʥʢʦʚʘʥʦʛʦ ʣʠʩʪʘ ʩʪʘʣʽ ʤʘʨʢʠ 0,8 ʂʇ. 
ʊʨʘʩʠ ʽʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ɸ2. 
ʊʦʤʫ ʢʦʞʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʯʠ ʥʘʚʽʪʴ ʤʦʜʝʣʴ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʨʦʝʢʪʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 
ʟʨʫʯʥʽʰʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ 



14 

çSolidworks 2018è, ʟʘ ʾʾ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʦ ʛʦʪʦʚʫ 3D-ʤʦʜʝʣʴ 
ʥʘ ʢʦʤʧôʶʪʝʨʽ. ʊʘʢʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʢʨʝʩʣʝʥʥʷ 
3D-ʤʦʜʝʣʽ ʪʘ ʧʨʘʮʶʚʘʪʠ ʟ ʥʠʤʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʾ 
ʢʦʥʩʪʨʫʢʮʽʾ.  
ʑʦʙ ʩʢʦʥʩʪʨʫʶʚʘʪʠ ʪʘʢʠʡ ʤʽʩʪ ʫ ʧʦʚʥʦʤʫ ʤʘʩʰʪʘʙʽ, 

ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʯʠʤʘʣʦ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ, ʛʥʫʯʢʽʩʪʴ, 
ʨʦʟʪʷʛ ʪʘ ʩʪʠʩʢ. ʅʘʡʤʝʥʰʘ ʧʦʤʠʣʢʘ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʤʦʞʝ 
ʧʨʠʟʚʝʩʪʠ ʜʦ ʩʝʨʡʦʟʥʠʭ ʥʘʩʣʽʜʢʽʚ ï ʚʽʜ ʚʝʣʠʢʠʭ ʬʽʥʘʥʩʦʚʠʭ 
ʚʠʪʨʘʪ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ʊʦʤʫ ʚ ʪʘʢʠʭ ʦʙʨʘʭʫʥʢʘʭ ʥʝ 
ʜʦʧʫʩʢʘʻʪʴʩʷ ʞʦʜʥʦʾ ʧʦʤʠʣʢʠ. ɿ ʢʫʨʩʫ çʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚè ʽ 
çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè ʚʽʜʦʤʦ, ʷʢʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʪʨʽʙʥʦ 
ʧʨʦʚʦʜʠʪʠ, ʱʦʙ ʢʦʥʩʪʨʫʢʮʽʷ ʚʠʪʨʠʤʫʚʘʣʘ ʥʝʦʙʭʽʜʥʽ 
ʥʘʚʘʥʪʘʞʝʥʥʷ. ɸʣʝ ʥʘʡʙʽʣʴʰʝ ʥʘʧʨʫʞʝʥʥʷ ʧʨʠʧʘʜʘʻ ʥʘ ʧʽʣʦʥʠ 
ʤʦʩʪʫ, ʷʢʽ ʜʽʶʪʴ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ. ʊʨʦʩʠ ʧʦʪʨʽʙʥʦ ʟʙʘʣʘʥʩʫʚʘʪʠ 
ʪʘʢ, ʱʦʙ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʣʦʥʠ ʙʫʣʦ ʚʠʢʣʶʯʥʦ ʚʝʨʪʠʢʘʣʴʥʦ 
ʜʦʥʠʟʫ, ʽʥʘʢʰʝ ʚʩʷ ʢʦʥʩʪʨʫʢʮʽʷ ʥʝ ʚʠʪʨʠʤʘʻ ʽ ʟʨʫʡʥʫʻʪʴʩʷ.  
ʇʝʨʝʚʘʛʦʶ ʚʠʩʷʯʠʭ ʤʦʩʪʽʚ ʻ ʪʝ, ʱʦ ʦʩʥʦʚʥʠʡ ʧʨʦʣʴʦʪ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʜʫʞʝ ʜʦʚʛʠʤ ʧʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʑʝ 
ʦʜʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʘʢʠʭ ʤʦʩʪʽʚ ï ʥʝʧʦʪʨʽʙʥʦ ʩʪʘʚʠʪʠ ʧʨʦʤʽʞʥʽ 
ʦʧʦʨʠ ʱʦ ʜʘʻ ʚʝʣʠʢʽ ʧʝʨʝʚʘʛʠ ʫ ʚʠʧʘʜʢʫ ʛʽʨʩʴʢʠʭ ʨʦʟʣʦʤʽʚ ʘʙʦ 
ʨʽʯʦʢ ʽʟ ʩʠʣʴʥʦʶ ʪʝʯʽʻʶ. ɯʟ ʥʝʜʦʣʽʢʽʚ ʻ ʪʝ, ʱʦ ʧʽʜ ʯʘʩ ʰʪʦʨʤʽʚ 
ʪʘʢʠʡ ʤʽʩʪ ʩʪʘʻ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʧʝʨʝʩʫʚʘʥʥʷ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ 
ʞʦʨʩʪʢʽʩʪʴ. ʇʨʦʛʠʥʠ ʤʦʩʪʫ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʪʦʯʢʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʨʦʙʣʷʪʴ ʚʠʩʷʯʽ ʤʦʩʪʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʟʘʣʽʟʥʠʮʽ, ʦʩʢʽʣʴʢʠ ʚ 
ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʨʦʣʴ ʦʩʥʦʚʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠ 
ʣʦʢʦʤʦʪʠʚ [2].    

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʤʠʨʥʦʚ ɺ.ɸ. ɺʠʩʷʯʽ ʤʦʩʪʠ ʚʝʣʠʢʠʭ ʧʨʦʣʴʦʪʽʚ. 1970. 408 ʩ. 

2. ɺʽʢʽʧʝʜʽʷ http://ru.wikipedia.org 

3. ʈʠʩʫʥʦʢ. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.google.com/imgres 
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ʆʣʴʛʘ ɹʝʟʧʘʣʴʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʦʯʝʡ 

 
ʆʮʽʥʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦʦʙʤʽʥʫ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʥʫ ʩʪʦʨʦʥʫ ʪʝʧʣʦʚʦʛʦ ʷʚʠʱʘ, ʘ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ ï ʢʽʣʴʢʽʩʥʫ [1]. ʆʙʣʘʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʦʬʪʘʣʴʤʦʣʦʛʽʾ, ʪʨʘʜʠʮʽʡʥʦ ʜʦʙʨʝ 

ʟʘʙʝʟʧʝʯʝʥʘ ʘʧʘʨʘʪʫʨʦʶ ʽ ʤʝʪʨʦʣʦʛʽʻʶ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʨʽʟʥʠʭ 

ʚʽʜʜʽʣʘʭ ʦʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ ʘʙʦ 

ʢʦʥʪʘʢʪʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʎʽ ʤʝʪʦʜʠ ʪʝʨʤʦʤʝʪʨʽʾ ʤʘʶʪʴ ʷʢ 

ʧʝʨʝʚʘʛʠ, ʪʘʢ ʽ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʣʦʢʘʣʴʥʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʣʶʜʠʥʠ, ʪʦ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʦʩʷʛʥʫʪʦ ʚʽʜʯʫʪʥʠʡ ʫʩʧʽʭ ʫ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ 

ʟʘʩʦʙʽʚ ʡʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʣʦʢʘʣʴʥʦʛʦ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʫ 

ʩʦʙʽ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ, ʪʦʯʥʽʩʪʴ, ʰʚʠʜʢʦʜʽʶ, ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʩʫʯʘʩʥʦʶ ʨʝʻʩʪʨʘʮʽʡʥʦʶ ʘʧʘʨʘʪʫʨʦʶ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʩʝʥʩʦʨʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʪʝʧʣʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʫ ʩʚʽʪʽ ʜʦʩʽ ʥʝ ʽʩʥʫʻ ʞʦʜʥʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʣʘʜʫ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʦʯʝʡ [1]. 

ɺ ɯʥʩʪʠʪʫʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʅɸʅ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ 

ʜʦʛʦʚʦʨʫ ʧʨʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟ ɼʋ "ɯʥʩʪʠʪʫʪ ʦʯʥʠʭ ʭʚʦʨʦʙ ʪʘ 

ʪʢʘʥʠʥʥʦʾ ʪʝʨʘʧʽʾ ʽʤ. ɺ.ʇ. ʌʽʣʘʪʦʚʘ ʅɸʄʅ ʋʢʨʘʾʥʠ" ʚʧʝʨʰʝ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʦʯʝʡ [2]. ʇʨʠʣʘʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʦʬʪʘʣʴʤʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʘʥʥʴʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʧʘʪʦʣʦʛʽʾ ʦʨʛʘʥʫ ʟʦʨʫ, ʩʧʦʩʪʝʨʽʛʘʪʠ ʚ ʜʠʥʘʤʽʮʽ ʟʘ ʨʦʟʚʠʪʢʦʤ 

ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʩʪʨʫʢʪʫʨʘʭ ʦʢʘ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʥʥʷ ʛʦʩʪʨʠʭ ʽ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʦʢʘ. 



16 

ʈʦʟʨʦʙʣʝʥʠʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ ʻ ʦʨʠʛʽʥʘʣʴʥʠʤ ʪʘ ʥʝ 

ʤʘʻ ʩʚʽʪʦʚʠʭ ʘʥʘʣʦʛʽʚ.  

 
ʈʠʩ.1. ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ 

ʟ ʧʦʚʝʨʭʥʽ ʦʯʝʡ: 1 ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʩʝʥʩʦʨ; 2 ï ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ; 3 ï ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʢʝʨʫʚʘʥʥʷ 
ʊʘʙʣʠʮʷ 1.ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ 

ˉ ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʣʘʜʫ 
ɿʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ 

1.  
ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, 

ʤɺʪ/ʩʤ
2
 

0,01õ50 

2.  ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, % Ñ 5 

3.  ɼʽʘʧʘʟʦʥ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, Áʉ 0õ50 

4.  ɼʠʩʢʨʝʪʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨ, Áʉ Ñ 0,01 

5.  ɻʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʩʝʥʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʤʤ Ï3³0,7 

6.  ʈʦʟʤʽʨʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ, ʤʤ 
90Ĭ140Ĭ18

0 

7.  ɺʘʛʘ ʧʨʠʣʘʜʫ, ʢʛ 0,6 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʠʯʫʢ ʃ.ɯ., ʇʘʩʻʯʥʽʢʦʚʘ ʅ.ɺ., ʅʘʫʤʝʥʢʦ ɺ.ʆ., ɿʘʜʦʨʦʞʥʠʡ ʆ.ʉ., 

ɻʘʚʨʠʣʶʢ ʄ.ɺ., ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʦʯʝʡ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ī ˉ 5. ï 

2018. ï ʉ.52-67. 

2. ʇʘʪʝʥʪ UA 136185. ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʟ ʧʦʚʝʨʭʥʽ ʦʯʝʡ // ɸʥʘʪʠʯʫʢ ʃ.ɯ., 

ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ., ɹʫʭʘʨʘʻʚʘ ʅ.ʈ., ɻʘʚʨʠʣʶʢ ʄ.ɺ., ʊʶʤʝʥʮʝʚ ɺ.ɸ. ï 2019. 
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ɯʚʘʥ ɹʦʜʥʘʨʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

ʉʪʨʫʢʪʫʨʘ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʨʦʩʪʠʰʽʚʩʴʢʠʭ ʛʨʘʥʽʪʽʚ 

ɻʨʘʥʽʪ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʝʨʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʩʢʣʘʜʥʠʭ 
ʝʣʝʤʝʥʪʽʚ ʛʣʠʙʠʥʥʠʭ ʧʦʨʽʜ ʟʝʤʥʦʾ ʢʦʨʠ. ʄʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ 
ʡʦʛʦ ʥʘʩʪʫʧʥʠʡ [1]: 
1. ʇʣʘʛʽʦʢʣʘʟ  ï 36%. ʍʽʤʽʯʥʘ ʬʦʨʤʫʣʘ (Na,Ca)Al(Al,Si2O8), 

ʪʨʠʢʣʠʥʥʘ ʩʠʥʛʦʥʽʷ, ʧʝʨʽʦʜʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ: ʘ=8,144 Ȕ, 
ʚ=12,787 Ȕ,ʩ=7,160 Ȕ; ʩʧʘʡʥʽʩʪʴ ï (001), ʪʚʝʨʜʽʩʪʴ ʟʘ ʰʢʘʣʦʶ 
ʄʦʦʩʘ 6,0, ʧʠʪʦʤʘ ʚʘʛʘ 2,62 -2,76 ʛ/ʩʤ

3
. 

2. ʂʘʣʽʰʧʘʪ ï 30%, ʭʽʤʽʯʥʘ ʬʦʨʤʫʣʘ ï KalSi3O8, ʤʦʥʦʢʣʽʥʥʘ 
ʩʠʥʛʦʥʽʷ, ʧʝʨʽʦʜ ʛʨʘʪʢʠ: ʘ=8,56 Ȕ, ʚ=13,0 Ȕ, ʩ=7,19 Ȕ, ʩʧʘʡʥʽʩʪʴ 
(001), ʪʚʝʨʜʽʩʪʴ ï 6,0, ʧʠʪʦʤʘ ʚʘʛʘ 2,56 ʛ/ʩʤ

3
. 

3. ʂʚʘʨʮ ï 26%, SiO2, ʪʨʠʛʦʥʘʣʴʥʘ ʩʠʥʛʦʥʽʷ, ʧʝʨʽʦʜʠ ʛʨʘʪʢʠ 
ʘ=4,912 Ȕ, ʩ=5,4052 Ȕ, ʩʧʘʡʥʽʩʪʴ ʚʽʜʩʫʪʥʷ, ʪʚʝʨʜʽʩʪʴ ï 7,0, 
ʧʠʪʦʤʘ ʚʘʛʘ 2,65 ʛ/ʩʤ

3
. 

4. ɹʽʦʪʠʪ ï 7,0%, (Mg,Fe)(Al,Fe)Si3O10(F,OH); ʤʦʥʦʢʣʽʥʥʘ 
ʩʠʥʛʦʥʽʷ, ʧʝʨʽʦʜʠ ʛʨʘʪʢʠ: ʘ=5,3 Ȕ, ʚ=9,2 Ȕ, ʩ=10,0 Ȕ, ʩʧʘʡʥʽʩʪʴ 
(001), ʪʚʝʨʜʽʩʪʴ ʘʥʽʟʦʪʨʦʧʥʘ 2,5-4,0, ʧʠʪʦʤʘ ʚʘʛʘ 2,8-3,4 ʛ/ʩʤ

3
. 

5. ʄʫʩʢʦʚʽʪ ï 0,5%, KAl2(Al,Si3O10)(OH)2 ; ʤʦʥʦʢʣʽʥʥʘ 
ʩʠʥʛʦʥʽʷ; ʧʝʨʽʦʜʠ ʛʨʘʪʢʠ ʘ=5,3 Ȕ, ʚ=9,2 Ȕ, ʩ=20 Ȕ, ʩʧʘʡʥʽʩʪʴ 
(001), ʘʥʽʟʦʪʨʦʧʽʷ ʪʚʝʨʜʦʩʪʽ 2,5 - 4,0; ʛʫʩʪʠʥʘ 2,8 ï 2,9 ʛ/ʩʤ

3
. 

6. ɸʧʘʪʠʪ ï 0,5%, Ca2(PO4)3(F,OH), ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʩʠʥʛʦʥʽʷ, 
ʧʝʨʽʦʜʠ ʛʨʘʪʢʠ ʘ=9,37 Ȕ, ʩ=6,38 Ȕ, ʪʚʝʨʜʽʩʪʴ ï 5,0, ʛʫʩʪʠʥʘ 3,14 
ï 3,23 ʛ/ʩʤ

3
. 

ʋ ʨʝʘʣʴʥʦʤʫ ʢʨʠʩʪʘʣʽ ʛʨʘʥʽʪʫ ʚʩʽ ʚʢʘʟʘʥʽ ʩʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ 
ʨʝʪʝʣʴʥʦ ʧʝʨʝʤʽʰʘʥʽ. ʈʦʟʤʽʨʠ ʦʢʨʝʤʠʭ ʟʝʨʝʥ (ʢʚʘʨʮʠʪʫ, 
ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ) ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ 5-7 ʤʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 
ʚʠʟʥʘʯʠʪʠ ʾʭ ʪʚʝʨʜʽʩʪʴ. 
ʆʩʥʦʚʥʫ ʩʪʨʫʢʪʫʨʥʫ ʯʘʩʪʠʥʫ ʛʨʘʥʽʪʽʚ ʩʢʣʘʜʘʶʪʴ ʧʣʘʛʽʦʢʣʘʟʠ 

ï ʮʝ ʢʘʣʴʮʽʡ-ʥʘʪʨʽʻʚʽ ʧʦʣʴʦʚʽ ʰʧʘʪʠ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦʙʨʝ 
ʚʽʜʦʤʽ ʢʦʣʝʢʮʽʡʥʽ ʤʽʥʝʨʘʣʠ: ʦʣʽʛʦʢʣʘʟ, ʘʣʴʙʽʪ, ʣʘʙʨʘʜʦʨʠʪ. 
ʊʫʨʯʠʥʩʴʢʘ ʛʨʫʧʘ ʨʦʜʦʚʠʱ ʂʦʨʦʩʪʠʰʽʚʩʴʢʦʛʦ ʤʘʩʠʚʘ 
ɾʠʪʦʤʠʨʩʴʢʦʾ ʦʙʣʘʩʪʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʩʽʨʦ-
ʛʦʣʫʙʦʛʦ ʛʨʘʥʽʪʫ. ʗʢ ʚʽʜʟʥʘʯʠʚ ʚʽʜʦʤʠʡ ʥʽʤʝʮʴʢʠʡ ʧʨʦʬʝʩʦʨ-
ʤʽʥʝʨʘʣʦʛ ɺʘʣʴʪʝʨ ʐʫʤʘʥ: çʇʨʝʢʨʘʩʥʽ ʃʘʙʨʘʜʦʨʠʪʠ ʋʢʨʘʾʥʠ 
ʢʦʨʠʩʪʫʶʪʴʩʷ ʟʘʩʣʫʞʝʥʦʶ ʩʣʘʚʦʶ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽè [2]. 
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ɼʨʫʛʝ ʤʽʩʮʝ ʧʦʩʽʜʘʻ ʢʘʣʽʰʧʘʪ ï ʢʘʣʽʻʚʠʡ ʧʦʣʴʦʚʠʡ ʰʧʘʪ. 
ʄʽʥʝʨʘʣʠ ʢʘʣʽʻʚʠʭ ʧʦʣʴʦʚʠʭ ʰʧʘʪʽʚ ʪʘʢʦʞ ʜʦʙʨʝ ʚʽʜʦʤʽ: 
ʦʨʪʦʢʣʘʟ, ʤʽʢʨʦʢʣʽʥ, ʘʤʘʟʦʥʽʪ ʪʘ ʽʥʰʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʩʚʽʪʣʦʚʘ 
ʦʢʨʘʩʢʘ ʛʨʘʥʽʪʫ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʘʤʠ ʢʦʣʴʦʨʽʚ ʦʢʨʝʤʠʭ 
ʟʝʨʝʥ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ. ʅʘ ʪʨʝʪʴʦʤʫ ʤʽʩʮʽ ʢʚʘʨʮ, ʢʨʠʩʪʘʣʽʯʥʽ 
ʨʽʟʥʦʚʠʜʥʦʩʪʽ ʷʢʦʛʦ: ʘʤʝʪʠʩʪ, ʮʠʪʨʠʥ, ʭʘʣʮʝʜʦʥ, ʷʰʤʘ, ʘʛʘʪ, 
ʭʨʠʟʦʧʨʘʟ  ʪʘ ʽʥʰʽ. 
ʗʢ ʧʦʢʘʟʘʣʠ ʩʪʨʫʢʪʫʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʢʨʦʰʣʽʬʽʚ 

ʢʦʨʦʩʪʠʰʽʚʩʴʢʦʛʦ ʛʨʘʥʽʪʫ ʦʩʥʦʚʥʦʶ ʩʪʨʫʢʪʫʨʥʦʶ ʩʢʣʘʜʦʚʦʶ ʻ 
ʧʦʣʴʦʚʠʡ ʰʧʘʪ (å70%). ɿʝʨʥʘ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ ʨʦʟʤʽʨʦʤ å5 ï 
3,5 ʤʤ, ʟʝʨʥʘ ʢʚʘʨʮʫ ï ʥʘʡʙʽʣʴʰʽ ï 5-7 ʤʤ. ɿʝʨʥʘ ʩʣʶʜʷʥʠʭ 
ʫʪʚʦʨʝʥʴ ʙʽʦʪʠʪʫ ʽ ʤʫʩʢʦʚʽʪʫ ʨʦʟʤʽʨʦʤ 10 ï 15 ʤʢʤ ʨʦʟʧʦʜʽʣʝʥʽ ʚ 
ʛʨʘʥʽʪʽ ʨʽʚʥʦʤʽʨʥʦ. ɺʠʟʥʘʯʠʪʠ ʾʭ ʤʦʞʥʘ ʪʽʣʴʢʠ ʧʨʠ 
ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨ. 
ʊʚʝʨʜʽʩʪʴ ʦʢʨʝʤʠʭ ʟʝʨʝʥ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʚʜʘʚʣʶʚʘʥʥʷ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʠ ʫ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʘ 
(ʤʝʪʦʜ ʈʦʢʚʝʣʣʘ). ʅʘ ʛʨʘʬʽʢʫ ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʟʘ 
ʰʢʘʣʦʶ HRC ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨ ʛʨʘʥʽʪʫ ʪʘ ʾʭ ʧʨʦʮʝʥʪʥʠʡ ʚʤʽʩʪ.  

ʈʠʩ 1. ʊʚʝʨʜʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʬʘʟ ʛʨʘʥʽʪʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
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ʄ.:ʄʠʨ,1987. ï 592ʩ. 

2. ɺ. ʐʫʤʘʥ. ʄʠʨ ʢʘʤʥʷ. ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʤʠʥʝʨʘʣʳ. 
ʄ.:ʄʠʨ,1986. ï 215 ʩ. 
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ʆʣʝʢʩʘʥʜʨ ɹʦʥʪʫʰ 

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

 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʩʢʣʘʜʘʥʥʷ ʜʝʨʝʚôʷʥʦʾ 

ʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ çʊʘʡʤʝʨè ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ  ʾʾ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

  
ʇʨʦʚʽʜʥʝ ʤʽʩʮʝ ʚ ʟʨʦʩʪʘʥʥʽ ʝʢʦʥʦʤʽʢʠ ʥʘʰʦʾ ʜʝʨʞʘʚʠ 

ʥʘʣʝʞʠʪʴ ʛʘʣʫʟʷʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʤʘʪʝʨʽʘʣʴʥʫ ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚʩʽʭ ʛʘʣʫʟʝʡ 
ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʡʦʛʦ 
ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʷʢʽʩʪʴ ʚʠʨʦʙʣʝʥʦʾ ʧʨʦʜʫʢʮʽʾ ʩʫʪʪʻʚʦ 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥ, ʚʝʨʩʪʘʪʽʚ ʘʧʘʨʘʪʽʚ ʪʘ ʚʽʜ ʚʪʽʣʝʥʥʷ 
ʤʝʪʦʜʽʚ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʰʝʥʴ 
ʪʝʭʥʽʯʥʠʭ ʧʠʪʘʥʴ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 
ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʟʨʦʙʦʢ. ʋ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʩʣʽʜ ʟʜʽʡʩʥʠʪʠ 
ʨʦʙʦʪʠ ʧʦ ʩʪʚʦʨʝʥʥʶ ʪʘ ʚʠʨʦʙʥʠʮʪʚʫ ʢʦʤʧʣʝʢʩʽʚ ʽ ʩʠʩʪʝʤ 
ʤʘʰʠʥ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʧʝʨʝʭʽʜ ʜʦ ʧʦʚʥʦʾ ʤʝʭʘʥʽʟʘʮʽʾ ʪʘ 
ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 
ʨʦʟʰʠʨʠʪʠ ʚʠʧʫʩʢ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʘʰʠʥ ʽ ʦʙʣʘʜʥʘʥʴ, ʷʢʽ 
ʦʩʥʘʱʝʥʽ ʨʦʙʦʪʠʟʦʚʘʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘʤʠ, 
ʚʜʦʩʢʦʥʘʣʠʪʠ ʩʪʨʫʢʪʫʨʫ ʚʝʨʩʪʘʪʥʦʛʦ ʧʘʨʢʫ, ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʽ 
ʥʘʜʽʡʥʽʩʪʴ ʪʝʭʥʽʢʠ, ʧʦʣʽʧʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
ɺʘʞʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʧʨʠʩʢʦʨʝʥʥʷ ʅʊʇ ʻ ʟʨʦʩʪʘʥʥʷ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ, ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʫʩʧʽʣʴʥʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ. 
ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʰʠʥ ʤʘʻ 
ʧʨʠ ʮʴʦʤʫ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʥʘʯʝʥʥʷ. ʗʢʽʩʪʴ ʤʘʰʠʥ, ʥʘʜʽʡʥʽʩʪʴ, 
ʜʦʚʛʦʣʽʪʪʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʾʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʘʢʦʞ 
ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʰʠʥ [1;2]. 
ɯʥʦʜʽ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ ʩʪʫʜʝʥʪʘʤ ʧʝʚʥʠʡ 

ʤʝʭʘʥʽʟʤ ʯʝʨʝʟ ʡʦʛʦ ʩʢʣʘʜʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʚʝʣʠʢʫ ʚʘʛʫ ʯʠ 
ʚʟʘʛʘʣʽ ʡʦʛʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʘ ʽʥʰʠʭ ʧʨʦʙʣʝʤ. ʋ ʨʦʙʦʪʽ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʥʽʩʪʶ ʜʝʨʝʚôʷʥʘ ʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ, ʷʢʫ ʤʦʞʥʘ 
ʚʚʘʞʘʪʠ ʥʦʚʠʤ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʟʦʙʨʘʞʝʥʥʷ ʨʦʙʦʪʠ ʪʦʛʦ ʯʠ 
ʽʥʰʦʛʦ ʩʢʣʘʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 
ʄʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ çʊʘʡʤʝʨè - ʮʝ ʤʝʭʘʥʽʯʥʠʡ ʭʨʦʥʦʤʝʪʨ, 

ʷʢʠʡ ʤʦʞʥʘ ʚʠʩʪʘʚʠʪʠ ʥʘ ʧʦʪʨʽʙʥʠʡ ʯʘʩ (ʧʦʪʨʽʙʥʠʡ 
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ʢʦʨʠʩʪʫʚʘʯʫ). ʗʢʱʦ ʟʘʧʫʩʪʠʪʠ ʤʝʭʘʥʽʟʤ ʩʧʦʚʽʱʝʥʥʷ, ʪʦ ʧʽʩʣʷ 
ʟʘʚʝʨʰʝʥʥʷ ʚʽʜʣʽʢʫ ʧʨʦʣʫʥʘʻ ʩʠʛʥʘʣ. 
ʊʘʡʤʝʨ ʤʘʻ ʥʝʟʚʠʯʘʡʥʠʡ ʨʦʣʠʢʦʚʠʡ ʤʘʷʪʥʠʢ ʽ ʨʫʯʢʫ 

ʨʝʛʫʣʶʚʘʥʥʷ ʘʤʧʣʽʪʫʜʠ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʟʘʜʥʽʡ ʩʪʽʥʮʽ. 
ʇʨʘʮʶʻ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʢʘʥʮʝʣʷʨʩʴʢʦʾ ʛʫʤʢʠ. 
ʉʢʦʥʩʪʨʫʶʚʘʚʰʠ ʤʦʜʝʣʴ, ʤʦʞʥʘ ʧʽʜʥʷʪʠ ʚʘʞʽʣʴ ʽ ʟʘʚʝʩʪʠ 

ʪʘʡʤʝʨ ʥʘ ʙʘʞʘʥʠʡ ʯʘʩ. ʗʢʱʦ ʧʦʚʝʨʥʫʪʠ ʩʪʨʽʣʢʫ ʪʘ ʦʧʫʩʪʠʪʠ 
ʚʘʞʽʣʴ, ʧʦʯʥʝʪʴʩʷ ʚʽʜʣʽʢ. ʇʨʘʮʶʶʪʴ ʩʝʢʫʥʜʥʘ ʪʘ ʭʚʠʣʠʥʥʘ 
ʩʪʨʽʣʢʠ. ɿʫʩʠʣʣʷ ʧʝʨʝʜʘʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʾ ʛʫʤʢʠ. 
ɼʘʥʫ ʤʦʜʝʣʴ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʛʦʜʠʥʥʠʢʘ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʜʘʯ, 
ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʮʽʻʾ ʤʦʜʝʣʽ, ʪʘ ʦʙʝʨʥʝʥʽ ʜʦ ʥʠʭ, ʧʦʙʫʜʦʚʘ 
ʢʨʝʩʣʝʥʴ ʜʝʪʘʣʝʡ ʪʘ ʤʝʭʘʥʽʟʤʫ ʚ ʮʽʣʦʤʫ. 
ʇʦʢʘʟʘʥʦ, ʷʢ ʤʝʭʘʥʽʯʥʘ ʤʦʜʝʣʴ ʪʘʡʤʝʨ ʥʘ 20 ʭʚʠʣʠʥ ʩʣʫʛʫʻ 

ʧʨʦʩʪʠʤ ʧʨʠʢʣʘʜʦʤ ʟʦʙʨʘʞʝʥʥʷ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʛʦʜʠʥʥʠʢʘ, 
ʟʘʚʜʷʢʠ ʷʢʽʡ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ  
ʨʦʙʦʪʠ ʟʚʠʯʘʡʥʦʛʦ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. 
ɼʘʥʠʡ ʤʝʭʘʥʽʟʤ ʻ ʧʨʦʜʫʤʘʥʦʶ ʟ ʽʥʞʝʥʝʨʥʦʛʦ ʧʦʛʣʷʜʫ 

ʤʝʭʘʥʽʯʥʦʶ ʤʦʜʝʣʣʶ. ɼʘʥʘ ʤʦʜʝʣʴ ʥʝ ʪʽʣʴʢʠ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ ʚ 
ʥʘʚʯʘʣʴʥʦʤʫ ʧʣʘʥʽ, ʘ ʪʘʢʦʞ ʩʪʘʥʝ ʚ ʧʨʠʛʦʜʽ ʜʣʷ ʪʦʛʦ, ʭʪʦ ʭʦʯʝ 
ʟʨʦʟʫʤʽʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʛʦʜʠʥʥʠʢʘ. ɿʘʧʣʘʥʦʚʘʥʦ 
ʚʠʢʦʥʘʪʠ ʢʨʝʩʣʝʥʥʷ ʚʩʽʭ ʜʝʪʘʣʝʡ ʤʝʭʘʥʽʯʥʦʾ ʤʦʜʝʣʽ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ ʂʆʄʇɸʉ 3D ʪʘ AutoCAD 3D, ʜʦʩʣʽʜʠʪʠ 
ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʩʢʣʘʜʘʥʥʷ ʤʦʜʝʣʽ ʪʘʡʤʝʨʘ, 
ʨʦʟʚôʷʟʘʪʠ ʧʨʦʙʣʝʤʫ, ʷʢʽ ʚʠʥʠʢʣʠ ʧʽʜ ʯʘʩ ʟʙʠʨʘʥʥʷ ʜʘʥʦʛʦ 
ʤʝʭʘʥʽʟʤʫ, ʫ ʧʨʘʢʪʠʯʥʽ ʯʘʩʪʠʥʽ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʠʪʠ ʜʝʪʘʣʴʥʦ 
ʽʥʩʪʨʫʢʮʽʶ ʪʘ ʧʦʨʘʜʠ ʱʦʜʦ ʩʢʣʘʜʘʥʥʷ ʤʝʭʘʥʽʟʤʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʂʽʥʠʮʴʢʠʡ ʗ.ʊ. ʊʝʦʨʽʷ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ. ï ʂʠʾʚ, ʅʘʫʢʦʚʘ 

ʜʫʤʢʘ, 2002.- 3 ʩ. 

2. ɼʝʪʘʣʠ ʤʘʰʠʥ. ɸʪʣʘʩ ʢʦʥʩʪʨʫʢʮʠʡ/ ʧʦʜ. ʨʝʜ. ɼ.ʅ.ʈʝʰʝʪʦʚʘ.-

ʄ.:ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1968- 4 ʩ. 
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ɯʚʘʥ ɹʦʨʪʥʠʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ ʆ.ɼ. 

 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʩʠʛʥʘʣʽʚ LTE ʚ ʤ. ʏʝʨʥʽʚʮʽ  

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤʠ RTL-SDR  
LTE - ʘʙʨʝʚʽʘʪʫʨʘ ʟ ʘʥʛʣʽʡʩʴʢʦʾ Long-Term Evolution [1], ʱʦ 

ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ ʷʢ ʜʦʚʛʦʩʪʨʦʢʦʚʠʡ ʨʦʟʚʠʪʦʢ. ʎʝ ʩʪʘʥʜʘʨʪ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʽʷʭ GSM / EDGE ʽ UMTS / HSPA ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʣʽʧʰʝʥʦʛʦ ʷʜʨʘ ʤʝʨʝʞʽ ʪʘ ʽʥʰʦʛʦ ʨʘʜʽʦʽʥʪʝʨʬʝʡʩʫ 

ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ. 

ʋ ʤʦʙʽʣʴʥʠʭ ʤʝʨʝʞʘʭ ʨʽʟʥʠʭ ʢʨʘʾʥ ʜʣʷ LTE ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʩʤʫʛʠ ʽ ʨʦʜʶʯʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʽʣʴʢʠ ʙʘʛʘʪʦʜʽʘʧʘʟʦʥʥʠʭ ʪʝʣʝʬʦʥʽʚ, 4G-ʨʦʫʪʝʨʽʚ, 4G-ʤʦʜʝʤʽʚ. 

ɿʛʽʜʥʦ ʟʽ ʩʧʝʮʠʬʽʢʘʮʽʻʶ, LTE-ʤʝʨʝʞʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʚʭʽʜʥʦʛʦ ʪʨʘʬʽʢʘ ʜʦ 326,4 ʄʙʽʪ/ʩ, ʘ ʚʠʭʽʜʥʦʛʦ - ʜʦ 

172,8 ʄʙʽʪ/ʩ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ LTE, ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ 
ʜʝʤʦʜʫʣʷʪʦʨʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʩʭʝʤʠ RTL2832U. 

ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʠʩʪʨʦʶ, ʥʘʩʪʫʧʥʽ. ɼʽʘʧʘʟʦʥ ʧʨʠʡʤʘʥʥʷ: 24 

ï 1766 ʄɻʮ 

ɼʽʘʧʘʟʦʥ ʧʨʠʡʤʘʥʥʷ: 500 ʢɻʮ ï 28,8 ʄɻʮ ʫ ʨʝʞʠʤʽ Direct 

Sampling Mode (Q-branch) 

ʉʤʫʛʘ ʧʘʥʦʨʘʤʥʦʛʦ ʦʛʣʷʜʫ: 3,2ʄɻʮ, ʩʪʘʙʽʣʴʥʦ ʜʦ 2,4 ʄɻʮ 

ɸʎʇ: RTL2832U 8 ʙʽʪ 

ʊʶʥʝʨ: R820T2 

ʆʧʦʨʥʠʡ ʛʝʥʝʨʘʪʦʨ: TCXO 1PPM 

Bias-Tee: 4.5V 100mA 

ɿʘʭʠʩʪ ʚʽʜ ʩʪʘʪʠʢʠ: BAV99 

ɺʏ-ʨʦʟ'ʻʤ: SMA-F  

ɺʭʽʜʥʠʡ ʦʧʽʨ: 50 ʆʤ 

ʉʧʦʞʠʚʘʥʥʷ ʩʪʨʫʤʫ: 270 - 280 ʤɸ 

ɸʣʶʤʽʥʽʻʚʠʡ ʢʦʨʧʫʩ 

ʄʦʜʫʣʷʮʽʷ: ɸʄ, FM, NFM, LSB, USB, SSB, CW, DSB, (ADS-

B, D-STAR, AIS ʽ ʽʥʰʽ). 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʣʘʪʬʦʨʤʠ SDR 

ʧʽʜ ʥʘʟʚʦʶ "RTL-SDR" ʤʠ ʥʘʣʘʰʪʫʚʘʣʠ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪ ʜʣʷ 

ʢʦʞʥʦʾ ʥʝʩʫʯʦʾ ʪʘ ʟʘʬʽʢʩʫʚʘʣʠ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʠʧʽʚ 
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ʟʥʘʡʜʝʥʠʭ ʩʠʛʥʘʣʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʪʘ 

ʩʧʝʢʪʨʦʛʨʘʤʠ (ʨʠʩ.1) ʪʘ ʡʦʛʦ ʨʦʟʰʠʨʝʥʫ ʯʘʩʪʠʥʫ ʩʧʝʢʪʨʘ 

(ʨʠʩ.2), ʤʠ ʚʠʟʥʘʯʠʣʠ ʪʠʧ ʩʠʛʥʘʣʫ ï LTE ʽ, ʢʦʨʠʩʪʫʶʯʠʩʴ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʪʘʙʣʠʮʷʤʠ ʨʦʟʧʦʜʽʣʫ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʜʣʷ 

ʩʪʘʥʜʘʨʪʫ LTE,  ʽʜʝʥʪʠʬʽʢʫʚʘʣʠ ʜʞʝʨʝʣʦ ʩʠʛʥʘʣʫ, ʷʢʝ ʧʨʘʮʶʻ ʚ 

ʜʽʘʧʘʟʦʥʽ Band 13 (700ʄɻʮ), ʦʧʝʨʘʪʦʨ Vodafone.  

 

          
ʈʠʩ. 1. ʉʧʝʢʪʨ ʽ ʩʧʝʢʪʨʦʛʨʘʤʘ ʩʠʛʥʘʣʫ ʚʽʜ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ LTE 

 

 
ʈʠʩ. 2. ʈʦʟʰʠʨʝʥʘ ʯʘʩʪʠʥʘ ʩʠʛʥʘʣʫ LTE 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
1. ITU-R Confers IMT-Advanced (4G) Status to 3GPP LTE. (Press 

release). 3GPP. October 20, 2010. Retrieved May 18, 2012. 
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ɼʽʘʥʘ ɹʨʘʩʣʘʚʝʮʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʊʢʘʯ ʄ.ɺ. 

 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, 

ʚʟʘʻʤʦʜʽʶʯʦʾ ʟ ʜʚʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ  

ʬʦʥʦʥʥʠʤʠ ʤʦʜʘʤʠ ʧʨʠ ʊ=0 ʂ 
 

ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʧʨʘʮʴ, ʚ ʷʢʠʭ ʚʠʚʯʘʶʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʛʝʪʝʨʦʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʴ 

ʩʠʩʪʝʤʠ, ʜʝ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʢʚʘʟʽʯʘʩʪʠʥʢʘ ʚʟʘʻʤʦʜʽʻ ʟ 

ʬʦʥʦʥʘʤʠ ʦʜʥʽʻʾ ʤʦʜʠ, ʥʘʧʨʠʢʣʘʜ ʽʟ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ 

ʬʦʥʦʥʘʤʠ. ɺʦʜʥʦʯʘʩ, ʫ ʨʝʘʣʴʥʠʭ ʥʘʥʦʛʝʪʝʨʦʩʠʩʪʝʤʘʭ 

ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʫʩʽʜʥʽʭ ʰʘʨʽʚ ʢʚʘʥʪʦʚʠʭ ʷʤ ʽ ʙʘʨôʻʨʽʚ ʚʠʥʠʢʘʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʦʥʦʥʥʠʭ ʤʦʜ (ʦʙʤʝʞʝʥʽ ʦʧʪʠʯʥʽ, 

ʥʘʧʽʚʦʙʤʝʞʝʥʽ ʦʧʪʠʯʥʽ, ʽʥʪʝʨʬʝʡʩʥʽ, ʘʢʫʩʪʠʯʥʽ ʽ ʪ. ʜ.). 

ʇʦʩʣʽʜʦʚʥʦʾ ʪʝʦʨʽʾ ʚʟʘʻʤʦʜʽʾ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʽʟ ʬʦʥʦʥʘʤʠ 

ʙʘʛʘʪʴʦʭ ʤʦʜ ʧʦʢʠ ʱʦ ʥʝʤʘʻ ʯʝʨʝʟ ʩʢʣʘʜʥʦʩʪʽ ʢʚʘʥʪʦʚʦʾ 

ʪʝʦʨʽʾ ʧʦʣʷ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʟʘʜʘʯ ʢʦʥʜʝʥʩʦʚʘʥʦʾ ʤʘʪʝʨʽʾ. 

ɿʘʛʘʣʴʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʪʘʢʦʾ ʪʝʦʨʽʾ 

ʨʦʟʚʠʥʝʥʠʡ ʫ ʧʨʘʮʽ [1] ʥʘ ʦʩʥʦʚʽ ʜʽʘʛʨʘʤʥʦʾ ʪʝʭʥʽʢʠ 

ʌʝʡʥʤʘʥʘïʇʘʡʥʩʘ ʧʨʠ ʊ=0 ʂ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʝʦʨʽʾ ʧʝʨʝʥʦʨʤʦʚʘʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʦʜʥʦʨʽʚʥʝʚʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʟ ʜʚʦʤʘ 

ʥʝʟʘʣʝʞʥʠʤʠ ʬʦʥʦʥʥʠʤʠ ʤʦʜʘʤʠ ʧʨʠ ʊ=0 ʂ ʨʦʟʛʣʷʜʘʻʤʦ 

ʪʠʧʦʚʠʡ [1] ʛʘʤʽʣʴʪʦʥʽʘʥ ʩʠʩʪʝʤʠ ʬʨʝʣʽʭʽʚʩʴʢʦʛʦ ʪʠʧʫ: 
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(1) 

ʊʫʪ ɽ ï ʝʥʝʨʛʽʷ ʥʝʚʟʘʻʤʦʜʽʶʯʦʾ ʟ ʬʦʥʦʥʘʤʠ ʢʚʘʟʽʯʘʩʪʠʥʢʠ;  
+a ,a  ï ʦʧʝʨʘʪʦʨʠ ʾʾ ʥʘʨʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ; 2,1=Wl  ï ʝʥʝʨʛʽʾ 

ʦʙʦʭ ʬʦʥʦʥʥʠʭ ʤʦʜ; 
+

lb , lb  ï ʦʧʝʨʘʪʦʨʠ ʾʭ ʥʘʨʦʜʞʝʥʥʷ ʪʘ 
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ʟʥʠʱʝʥʥʷ; lj  ï ʢʦʥʩʪʘʥʪʘ ʚʟʘʻʤʦʜʽʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʟ ʬʦʥʦʥʘʤʠ 

ʦʾlʤʦʜʠ . 

    ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʥʦʨʤʦʚʘʥʦʛʦ ʚʟʘʻʤʦʜʽʻʶ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʜʽʘʛʨʘʤʥʦʾ 

ʪʝʭʥʽʢʠ ʌʝʡʥʤʘʥʘïʇʘʡʥʩʘ ʧʨʠ ʊ=0 ʂ. ʊʫʪ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʩʫʪʥʻ ʟʛʘʩʘʥʥʷ, ʪʦʤʫ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɼʘʡʩʦʥʘ 

                                              )(ww ʄ= ,                                                   

(2) 

ʜʝ ʤʘʩʦʚʠʡ ʦʧʝʨʘʪʦʨ (ʄ) ʫ ʚʢʘʟʘʥʦʤʫ  ʥʘʙʣʠʞʝʥʥʽ 

ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
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    ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ 

ʚʠʷʚʠʣʦʩʴ, ʱʦ ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʫʧʝʨʧʦʟʠʮʽʻʶ ʜʚʦʭ ʙʝʟʤʝʞʥʠʭ 

ʢʚʘʟʽʝʢʚʽʜʠʩʪʘʥʪʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʧʝʢʪʨʽʚ ʟ 

ʦʙʦʤʘ ʬʦʥʦʥʥʠʤʠ ʤʦʜʘʤʠ (1W  ʽ 2W ). 

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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ʉʪʝʧʘʥ ɹʫʞʥʷʢ, ɼʝʥʠʩ ɹʽʻʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺ.ɯ. ɻʦʨʙʫʣʠʢ 

 

ɸʚʪʦʤʘʪ ʩʭʦʜʦʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

 
ʅʘ ʥʽʯʥʝ ʦʩʚʽʪʣʝʥʥʷ ʧʽʜôʾʟʜʽʚ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʨʠʯʦʤʫ 

ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʯʘʩʫ ʩʚʽʪʣʦ ʛʦʨʠʪʴ ʜʘʨʝʤʥʦ. ʑʦʙ ʫʥʠʢʥʫʪʠ 

ʥʝʧʦʪʨʽʙʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦ ʦʙʣʘʜʥʘʪʠ ʧʽʜôʾʟʜʠ 

ʙʫʜʠʥʢʽʚ ʘʚʪʦʤʘʪʘʤʠ, ʱʦ ʚʤʠʢʘʶʪʴ ʥʘ ʥʝʪʨʠʚʘʣʠʡ ʯʘʩ ʩʚʽʪʣʦ 

ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ ʚ ʮʴʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ. 

ʉʭʦʜʦʚʠʡ ʘʚʪʦʤʘʪ (ʚʠʤʠʢʘʯ) ï ʮʝ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʽʟ 

ʚʙʫʜʦʚʘʥʠʤ ʪʘʡʤʝʨʦʤ, ʷʢʠʡ ʩʧʨʘʮʴʦʚʫʻ ʚʽʜ ʩʠʛʥʘʣʫ, ʱʦ 

ʧʦʩʪʫʧʘʻ, ʪʦʙʪʦ ʟʘʤʠʢʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʦʩʚʽʪʣʝʥʥʷ ʥʘ 

ʧʝʚʥʠʡ ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʘʩ [1]. 

ʉʭʦʜʦʚʽ ʘʚʪʦʤʘʪʠ (ʩʭʦʜʦʚʽ ʪʘʡʤʝʨʠ, ʩʭʦʜʦʚʽ ʨʝʣʝ) ʧʨʠʟʥʘʯʝʥʽ 

ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʤʢʥʝʥʥʷ ʦʩʚʽʪʣʝʥʥʷ (ʥʘʚʘʥʪʘʞʝʥʥʷ) ʯʝʨʝʟ 

ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʽʩʣʷ ʡʦʛʦ ʚʚʽʤʢʥʝʥʥʷ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ ʥʘ ʩʭʦʜʦʚʠʭ ʤʘʡʜʘʥʯʠʢʘʭ, 

ʢʦʨʠʜʦʨʘʭ, ʫ ʧʝʨʝʜʧʦʢʦʷʭ, ʪʘʤʙʫʨʘʭ, ʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʧʽʜʚʘʣʘʭ, ʩʣʫʞʙʦʚʠʭ ʧʨʠʤʽʱʝʥʥʷʭ. ɸʚʪʦʤʘʪʠ 

ʚʠʤʠʢʘʶʪʴ ʦʩʚʽʪʣʝʥʥʷ ʯʝʨʝʟ ʟʘʜʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʽʩʣʷ ʡʦʛʦ 

ʚʚʽʤʢʥʝʥʥʷ. ʎʝʡ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨʦʤ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 

ʜʦ 10 ʭʚʠʣʠʥ [2]. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʩʭʦʜʦʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʫʭʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʦ 

ʟʘʤʢʥʝʥʠʡ ʢʦʥʪʘʢʪ S1. ʎʝ ʤʦʞʝ ʙʫʪʠ ʤʽʢʨʦʚʠʤʠʢʘʯ, ʟʘʢʨʽʧʣʝʥʠʡ 

ʥʘ ʜʚʝʨʷʭ ʪʘʢ, ʱʦʙ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʜʚʝʨʝʡ ʚʽʥ ʨʦʟʤʠʢʘʚʩʷ, ʘʣʝ, 

ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʚʦʜʯʠʢʘ ʜʚʝʨʝʡ ʚʽʥ ʧʦʪʽʤ 

ʟʘʢʨʠʚʘʚʩʷ, ʟʘʤʠʢʘʶʯʠ ʢʦʥʪʘʢʪʠ. ɸʣʝ, ʙʝʟ ʩʫʤʥʽʚʫ, ʧʨʦʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʦʭʦʨʦʥʥʽ ʜʘʪʯʠʢʠ ʨʫʭʫ 

ʧʘʩʠʚʥʦʛʦ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʪʠʧʫ ʚʠʷʚʣʝʥʥʷ. ʇʘʩʠʚʥʠʤʠ ʚʦʥʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʪʦʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʤʽʥʫ ʚʣʘʩʥʦʛʦ ɯʏ-ʬʦʥʫ 

ʚ ʧʨʠʤʽʱʝʥʥʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʨʫʭʫ. 

ɼʘʪʯʠʢ ʞʠʚʠʪʴʩʷ ʚʽʜ 12 ɺ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʽ ʤʘʻ ʚʩʝʨʝʜʠʥʽ 

ʨʝʣʝʡʥʠʡ ʢʦʥʪʘʢʪ, ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʝʥʠʡ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʫʭʫ ʽ 

ʢʦʨʦʪʢʦʯʘʩʥʦ ʨʦʟʤʠʢʘʻʪʴʩʷ ʧʨʠ ʚʠʷʚʣʝʥʥʽ ʨʫʭʫ. ɸʣʝ ʧʨʦʩʪʦ 



26 

ʧʦʩʪʽʡʥʦ ʙʣʠʤʘʪʠ ʩʚʽʪʣʦʤ ʚ ʪʘʢʪ ʨʫʭʫ ʙʫʣʦ ʙ ʷʢʦʩʴ ʥʝʜʦʙʨʝ, 

ʪʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʽʟ ʜʘʪʯʠʢʘ ʟʘʧʫʩʢʘʻ ʦʜʥʦʚʽʙʨʘʪʦʨ. 

ʆʜʥʦʚʽʙʨʘʪʦʨʦʤ ʫ ʪʝʭʥʽʮʽ ʥʘʟʠʚʘʶʪʴ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʧʦ ʚʭʽʜʥʦʤʫ 

ʟʘʧʫʩʢʘʶʯʦʤʫ ʽʤʧʫʣʴʩʫ ʬʦʨʤʫʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʟʘʜʘʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʊ. ɼʣʷ ʥʘʰʠʭ ʮʽʣʝʡ ʦʩʚʽʪʣʝʥʥʷ ʦʜʥʦʚʽʙʨʘʪʦʨ 

ʢʣʘʩʠʯʥʦʛʦ ʪʠʧʫ ʜʦʧʦʚʥʝʥʠʡ ʜʦʜʘʪʢʦʚʠʤ ʢʘʩʢʘʜʦʤ, ʱʦ 

ʧʝʨʝʪʚʦʨʶʻ ʡʦʛʦ ʚ ʦʜʥʦʚʽʙʨʘʪʦʨ ʽʟ ʧʝʨʝʟʘʧʫʩʢʦʤ. ʊʦʙʪʦ ʢʦʞʥʠʡ 

ʥʘʩʪʫʧʥʠʡ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʧʝʨʝʟʘʧʫʩʢʘʻ ʧʨʠʩʪʨʽʡ ʪʘʢ, ʱʦ 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʪʨʴʦʭ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʘʭ ɯ, 

ʽʥʪʝʨʚʘʣ ʤʽʞ ʷʢʠʤʠ ʤʝʥʰʠʡ, ʥʽʞ ʚʩʪʘʥʦʚʣʝʥʘ ʚʠʭʽʜʥʘ ʪʨʠʚʘʣʽʩʪʴ 

ʽʤʧʫʣʴʩʫ ʊ (ɯ1, ɯ2 ʪʘ ɯ3), ʚʠʭʽʜʥʘ ʪʨʠʚʘʣʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʊ1 + ʊ2 + ʊ3 + ʊ. ʊʫʪ ʊ1, ʊ2, ʊ3 ï ʮʝ ʚʽʜʧʨʘʮʴʦʚʘʥʽ 
ʟʘʪʨʠʤʢʠ ʜʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʽʤʧʫʣʴʩʫ ʧʦ ʚʭʦʜʫ. ʊʦʙʪʦ, 

ʧʦʢʠ ʻ ʧʝʚʥʠʡ ʨʫʭ, ʩʚʽʪʣʦ ʙʫʜʝ ʛʦʨʽʪʠ ʙʝʟʧʝʨʝʨʚʥʦ, ʘ ʧʽʩʣʷ 

ʦʩʪʘʥʥʴʦʛʦ ʨʫʭʫ ʩʚʽʪʣʦ ʙʫʜʝ ʛʦʨʽʪʠ ʱʝ ʚʩʪʘʥʦʚʣʝʥʠʡ ʯʘʩ ʊ ʽ 

ʧʦʪʽʤ ʟʛʘʩʥʝ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʘʚʪʦʤʘʪʘ ʩʭʦʜʦʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. https://shema.info/uk/osvitlennya/8022-avtomati-

shodovogo-osvitlennia.html 

2. http://ua.nauchebe.net/2010/06/tiristornij-avtomat-

sxodovogo-osvitlennya/ 
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ɼʦʨʽʩ ɹʫʢʦʚʝʮʴʢʘ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  - ʘʩ. ʄ.ɺ. ʊʘʣʘʭ  

 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʽʥʣʠʚʦʩʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʩʝʟʦʥʽʚ ʜʣʷ 

ʪʝʨʠʪʦʨʽʾ ʤ. ʏʝʨʥʽʚʮʽ 
 

ɿʤʽʥʘ ʢʣʽʤʘʪʫ ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ 
ʥʘʩʝʣʝʥʥʷ ʪʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ʅʝ ʻ 
ʚʠʥʷʪʢʦʤ ʽ ʏʝʨʥʽʚʝʮʴʢʘ ʦʙʣʘʩʪʴ.  
ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʧʨʦʮʝʩʫ ʯʠ ʷʚʠʱʘ. ʇʦʢʘʟʥʠʢʦʤ, ʱʦ ʤʘʻ 
ʥʘʡʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʣʽʤʘʪʫ 
ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ [1]. ʆʜʥʘʢ ʩʫʪʦ ʾʾ ʯʘʩʦʚʦʾ 
ʜʠʥʘʤʽʢʠ, ʟʘʟʚʠʯʘʡ, ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 
ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ʋ ʙʘʛʘʪʴʦʭ ʧʨʘʮʷʭ ʷʢ ʧʦʢʘʟʥʠʢ ʟʘʩʪʦʩʦʚʫʶʪʴ 
ʪʝʨʤʽʥʠ ʥʘʩʪʘʥʥʷ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʢʣʽʤʘʪʠʯʥʠʭ ʩʝʟʦʥʽʚ [2;3]. ʇʨʦʪʝ 
ʨʦʟʙʽʞʥʽʩʪʴ ʢʘʣʝʥʜʘʨʥʠʭ ʪʝʨʤʽʥʽʚ ʩʝʟʦʥʽʚ ʟ ʾʭ ʢʣʽʤʘʪʠʯʥʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʤʫʰʫʻ ʰʫʢʘʪʠ ʢʨʠʪʝʨʽʾ ʾʭ ʚʠʜʽʣʝʥʥʷ, ʱʦ 
ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʢʫ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ [3]. ʋ ʨʷʜʽ ʧʨʘʮʴ 
ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʟʥʘʯʝʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʟʠʤʠ ʷʢ ʧʝʨʽʦʜʫ ʯʘʩʫ ʟʽ 
ʩʪʽʡʢʦʶ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʠʞʯʝ ʥʫʣʷ ʻ 
ʩʧʨʘʚʝʜʣʠʚʠʤ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ʄʝʞʽ ʣʽʪʥʴʦʛʦ ʩʝʟʦʥʫ, 
ʟʘʟʚʠʯʘʡ, ʚʠʟʥʘʯʘʶʪʴ ʩʪʽʡʢʠʤ ʧʝʨʝʭʦʜʦʤ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʯʝʨʝʟ ʚʽʜʤʽʪʢʫ 10 (ʽʥʦʜʽ 15) Áʉ [1;4].  
ʅʘʤʠ ʷʢ ʤʝʞʽ ʩʝʟʦʥʽʚ ʙʫʣʠ ʦʙʨʘʥʽ ʩʪʽʡʢʽ (ʧʨʦʪʷʛʦʤ 5 ʜʥʽʚ) 

ʧʝʨʝʭʦʜʠ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʯʝʨʝʟ 0 ʪʘ 10 Áʉ 
ʚʽʜʧʦʚʽʜʥʦ. 
ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʩʣʫʛʫʚʘʣʠ ʜʘʥʽ ʤʝʪʝʦʩʪʘʥʮʽʾ ʏʝʨʥʽʚʝʮʴʦʛʦ 

ʘʝʨʦʧʦʨʪʫ ʟʘ 2006-2019 ʨʦʢʠ. ʄʘʩʠʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 
ʩʬʦʨʤʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. 
ɼʣʷ ʦʪʨʠʤʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ 
ʜʝʢʦʤʧʦʟʠʮʽʶ. ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʡʦʛʦ ʪʨʝʥʜʦʚʠʡ ʢʦʤʧʦʥʝʥʪ. 
ʏʽʪʢʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚ ʜʠʥʘʤʽʮʽ ʧʦʢʘʟʥʠʢʘ ʧʨʦʪʷʛʦʤ 
ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʝʨʽʦʜʫ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ.  
ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʩʪʘʣʦ ʚʠʷʚʣʝʥʥʷ ʤʝʞ ʢʣʽʤʘʪʠʯʥʠʭ ʩʝʟʦʥʽʚ. 

ʗʢ ʧʨʠʢʣʘʜ (ʨʠʩ. 2) ʥʘʚʝʜʝʥʦ ʪʝʨʤʽʥʠ ʧʦʯʘʪʢʫ ʢʣʽʤʘʪʠʯʥʦʾ ʚʝʩʥʠ 
(ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʥʷ ʫ ʨʦʮʽ) ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɼʘʥʠʡ 
ʧʽʜʭʽʜ ʪʘʢʦʞ ʥʝ ʚʠʷʚʠʚ ʟʩʫʚʫ ʧʦʯʘʪʢʫ ʜʘʥʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʧʝʨʽʦʜʫ. 
ʊʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʥʘʙʽʨ 
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ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʢʣʽʤʘʪʠʯʥʠʭ ʩʝʟʦʥʽʚ ʪʘ ʷʢ ʨʝʟʫʣʴʪʫʶʯʽ 
ʧʦʢʘʟʥʠʢʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʜʘʪʫ ʧʦʯʘʪʢʫ ʩʝʟʦʥʫ, ʘʣʝ ʽ ʡʦʛʦ 
ʪʨʠʚʘʣʽʩʪʴ, ʘ ʪʘʢʦʞ ʧʦʨʽʚʥʶʚʘʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 
ʢʣʽʤʘʪʠʯʥʦʶ ʥʦʨʤʦʶ. 

ʈʠʩʫʥʦʢ 1. ï ʊʨʝʥʜ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʜʣʷ 
ʤ. ʏʝʨʥʽʚʮʽ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʽʦʜ 

 
ʈʠʩʫʥʦʢ 2. ʊʝʨʤʽʥʠ ʥʘʩʪʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʚʝʩʥʠ ʜʣʷ ʤ. ʏʝʨʥʽʚʮʽ ʟʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʝʨʽʦʜ: ˉ - ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʜʥʷ ʫ ʨʦʮʽ 
 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 
ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ 
ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʝʨʠʪʦʨʠʪʦʨʽʾ, ʟʦʢʨʝʤʘ 
ʚʽʜʙʦʨʫ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʪʘ 
ʪʨʠʚʘʣʦʩʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʩʝʟʦʥʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʨʪʘʤʦʥʦʚ ɹ. ɹ. ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅʃʊʋ ʋʢʨʘʾʥʠ. ʇʨʦʛʥʦʟ ʚʧʣʠʚʫ 

ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʫ ʍʤʝʣʴʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ ʥʘʩʝʣʝʥʥʷ./ ɹ. 
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 ʈʦʟʨʦʙʢʘ ʪʘ ʧʦʙʫʜʦʚʘ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʷʪʥʠʢʦʚʦʛʦ ʢʦʧʨʘ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʦʩʪʨʘ ʥʝʩʪʘʯʘ ʪʘ 

ʜʝʬʽʮʠʪ ʥʘʚʯʘʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ ʚʩʽʭ ʨʽʚʥʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʰʠʨʶʚʘʪʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʣʘʙʦʨʘʪʦʨʥʫ 

ʥʘʚʯʘʣʴʥʫ ʙʘʟʫ ʧʨʠʨʦʜʥʠʯʠʭ ʢʘʬʝʜʨ. ʉʫʯʘʩʥʽ ʽʥʞʝʥʝʨʠ, 

ʩʧʝʮʽʘʣʽʩʪʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚ ʢʫʨʩʽ 

ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ, ʥʝʩʧʦʜʽʚʘʥʠʭ ʧʨʦʨʠʚʽʚ ʪʘ 

ʥʦʚʠʥʦʢ ʫ ʮʽʡ ʛʘʣʫʟʽ, ʨʦʟʨʦʙʦʢ ʧʨʦʚʽʜʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ 

ʥʘʫʢʦʚʠʭ ʟʘʢʣʘʜʽʚ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʨʦʚʽʜʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ. 

ʎʝ ʧʠʪʘʥʥʷ ʩʪʘʣʦ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʪʘ ʚʘʞʣʠʚʠʤ ʫ ʟʚôʷʟʢʫ ʽʟ 

ʪʠʤ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʫʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʫʩʪʘʥʦʚʠ, ʷʢʽ ʙ 

ʟʘʡʤʘʣʠʩʴ ʨʦʟʨʦʙʢʦʶ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʩʫʯʘʩʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʙ ʙʫʣʦ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ. ʎʝ ʚʩʝ ʥʘʙʫʚʘʻ ʱʝ ʙʽʣʴʰʦʾ ʩʢʣʘʜʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʫʥʽʚʝʨʩʠʪʝʪʽ ʥʝʤʘʻ ʥʘʣʝʞʥʦʛʦ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʠʜʙʘʪʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʽʡ. ʃʘʙʦʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ ʧʦʪʨʽʙʥʦ ʟʘʢʫʧʣʷʪʠ ʟʘ 

ʢʦʨʜʦʥʦʤ, ʚʦʥʠ ʪʘʤ ʢʦʰʪʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʜʦʨʦʛʦ. ɯʩʥʫʶʯʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʻ ʚ ʥʘʩ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʤʦʨʘʣʴʥʦ ʪʘ ʬʽʟʠʯʥʦ 

ʟʘʩʪʘʨʽʣʦ ʪʘ ʧʦʪʨʝʙʫʻ ʟʘʤʽʥʠ ʥʘ ʙʽʣʴʰ ʥʦʚʝ, ʘʙʦ ʧʦʪʨʝʙʫʻ 

ʦʥʦʚʣʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ. 

ʊʦʤʫ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʏʅʋ ʽʤʝʥʽ ʖʨʽʷ 

ʌʝʜʴʢʦʚʠʯʘ ʧʨʘʢʪʠʢʫʻʪʴʩʷ ʰʣʷʭ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʦ-ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʢʘʬʝʜʨʠ ʚ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʢʫʨʩʦʚʠʭ, ʜʠʧʣʦʤʥʠʭ ʪʘ ʤʘʛʽʩʪʝʨʩʴʢʠʭ ʨʦʙʽʪ ʽʟ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʤʘʪʠʢʠ. ʇʨʠ ʮʴʦʤʫ, ʧʝʨʰ ʟʘ ʚʩʝ, ʨʦʙʠʪʴʩʷ ʘʢʮʝʥʪ 

ʥʝ ʪʽʣʴʢʠ ʥʘ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʽ ʥʘ ʧʨʘʢʪʠʯʥʽ. 

ɺʠʢʦʥʫʶʪʴʩʷ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ ʜʣʷ ʚʩʽʭ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʧʦʯʠʥʘʶʯʠ ʟ ʨʦʟʨʦʙʢʠ ʢʨʝʩʣʝʥʴ ʽ ʜʦ 

ʟʙʠʨʘʥʥʷ, ʦʟʜʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʪʨʠʤʘʥʽ ʪʘʢʠʤ ʰʣʷʭʦʤ 

ʨʦʙʦʯʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʩʧʦʨʫʜʠ, ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʩʪʫʜʝʥʪʘʤʠ ʫ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʘʢʪʠʢʫʤʽʚ ʽʟ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʪʠ ʪʝʤʘʪʠʢʫ 
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ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ, ʾʭ ʧʝʨʝʣʽʢ, ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʩʪʫʜʝʥʪʽʚ ʥʘ 

ʥʝʩʧʦʜʽʚʘʥʽ ʘʩʧʝʢʪʠ ʷʚʠʱ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ ʚʠʚʯʘʶʪʴʩʷ. 

ɿ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʣʘʙʦʨʘʪʦʨʽʾ 

ʨʦʟʨʦʙʣʝʥʘ, ʩʧʨʦʝʢʪʦʚʘʥʘ ʪʘ ʚʠʛʦʪʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʤʘʷʪʥʠʢʦʚʦʛʦ ʢʦʧʨʘ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʱʝ ʦʜʥʫ ʪʝʤʫ 

ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ʜʠʩʮʠʧʣʽʥʠ 

çʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚè, ʘ ʪʘʢʦʞ - çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè. ʋʩʪʘʥʦʚʢʘ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ ʥʘ 

ʫʜʘʨʥʫ ʚôʷʟʢʽʩʪʴ. ɻʘʙʘʨʠʪʠ ʪʘ ʧʨʠʥʮʠʧ ʜʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʦʾ ʫʩʪʘʥʦʚʢʠ  ʙʣʠʟʴʢʽ ʜʦ ʪʠʭ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ 

ʽʩʥʫʶʯʠʤʠ ʧʦʜʽʙʥʠʤʠ ʩʝʨʽʡʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʇʨʦʪʝ  ʬʽʟʠʯʥʘ 

ʪʘ ʤʦʨʘʣʴʥʘ ʟʘʩʪʘʨʽʣʽʩʪʴ ʦʩʪʘʥʥʽʭ, ʟʥʦʰʝʥʽʩʪʴ ʦʩʥʦʚʥʠʭ ʾʭ 

ʝʣʝʤʝʥʪʽʚ ʽ ʚʫʟʣʽʚ ʚʠʤʘʛʘʶʪʴ ʦʥʦʚʣʝʥʥʷ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ, ʙʝʟʧʝʯʥʦʩʪʽ ʨʦʙʦʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʢʦʣʠʚʘʥʴ, ʚʽʙʨʘʮʽʡ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʪʘ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʟʘʢʦʨʜʦʥʥʠʭ ʘʥʘʣʦʛʽʚ 

ʨʦʙʣʷʪʴ ʦʙʨʘʥʠʡ ʰʣʷʭ ʧʦʧʦʚʥʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʙʘʟʠ ʚʘʞʣʠʚʠʤ ʪʘ ʘʢʪʫʘʣʴʥʠʤ, ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʨʘʢʪʠʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ. 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ, ʩʧʨʦʝʢʪʦʚʘʥʦʾ ʪʘ ʚʠʛʦʪʦʚʣʝʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʦʨʷʜʢʠ ʥʠʞʯʝ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ɯʥʪʝʨʥʝʪʽ ʟʘʢʦʨʜʦʥʥʠʤʠ ʬʽʨʤʘʤʠ-ʚʠʨʦʙʥʠʢʘʤʠ. 

ʇʨʦʪʝ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʨʝʘʣʴʥʠʤ ʧʨʘʢʪʠʯʥʠʤ ʧʨʦʝʢʪʦʤ 

ʩʪʫʜʝʥʪ ʥʘʙʫʚʘʻ ʚʘʞʣʠʚʽ ʥʘʚʠʯʢʠ, ʷʢʽ ʡʦʤʫ ʙʫʜʫʪʴ ʚʢʨʘʡ 

ʧʦʪʨʽʙʥʽ ʫ ʧʨʦʮʝʩʽ ʫ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʾ ʧʨʘʢʪʠʯʥʦʾ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʦʾ ʘʙʦ ʚʠʢʣʘʜʘʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʰʣʷʭ ʧʦʢʘʟʘʚ ʢʦʨʠʩʥʽʩʪʴ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʡʦʛʦ ʚʠʩʦʢʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ 

ʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʽʚ ʪʘ ʩʧʝʮʽʘʣʽʩʪʽʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʧʨʦʬʽʣʶ. 
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ɿʘʚʜʘʥʥʷ ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ 

ʋʢʨʘʾʥʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ ʦʩʚʽʪʠ ʚ 

ʢʨʘʾʥʘʭ ɭʉ 
ʇʨʠʻʜʥʘʥʥʷ ʋʢʨʘʾʥʠ ʜʦ ʦʩʚʽʪʥʽʭ ʧʨʦʮʝʩʽʚ ʫ ʢʨʘʾʥʘʭ ɭʉ ʧʝ-

ʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʥʠʭ ʟʤʽʥ ʫ ʚʽʪʯʠʟʥʷ-

ʥʽʡ ʩʠʩʪʝʤʽ ʦʩʚʽʪʠ. ɿʦʢʨʝʤʘ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʡ ʩʠʩʪʝʤʠ ʧʨʦʬʝʩʽʡ-

ʥʦ-ʪʝʭʥʽʯʥʦʾ ʦʩʚʽʪʠ (ʇʊʆ), ʾʾ ʘʜʘʧʪʘʮʽʾ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʮʽʥʥʦʩ-

ʪʝʡ ʽ ʦʩʚʽʪʥʽʭ ʩʪʘʥʜʘʨʪʽʚ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʥʝʘʙʠʷʢʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ  ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʽʪʯʠʟʥʷ-

ʥʦʾ ʩʠʩʪʝʤʠ ʇʊʆ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʣʷ ʾʾ 

ʩʪʘʣʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ  ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʦ ʷʢʽʩʥʦʾ 

ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʜʣʷ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʡ ʝʢʦʥʦʤʽʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʨʝʙ ʩʫʯʘʩʥʦʛʦ ʨʠʥʢʫ ʧʨʘʮʽ 

ʢ̫ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʟʘʢʣʘʜʽʚ ʇʊʆ, ʪʘʢ ʽ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʚ ʷʢʠʭ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʨʽʟʥʽ 

ʘʩʧʝʢʪʠ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ, ʧʦʢʘʟʘʚ ʥʘʩʪʫʧʥʝ. 

ʅʘʡʧʝʨʰʝ, ʚʠʟʥʘʻʪʴʩʷ, ʱʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʇʊʆ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʝ ʪʽʣʴʢʠ ʟʘ 

ʫʤʦʚʠ, ʱʦ ʚʦʥʘ ʩʪʘʥʝ ʯʘʩʪʠʥʦʶ ʧʦʩʣʽʜʦʚʥʦʾ ʚʩʝʦʩʷʞʥʦʾ  

ʩʪʨʘʪʝʛʽʾ ʦʩʚʽʪʠ ʫʧʨʦʜʦʚʞ ʞʠʪʪʷ [1].  

ʌʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʾ ɭʉ ʫ ʩʬʝʨʽ ʇʊʆ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  

ʨʷʜʦʤ  ʚʘʞʣʠʚʠʭ  ʝʪʘʧʽʚ,  ʥʘ ̫ʢʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʢʣʶʯʦʚʽ  

ʧʨʠʥʮʠʧʠ ʪʘ ʤʝʭʘʥʽʟʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʦʶ ʛʘʣʫʟʟʶ ʦʩʚʽʪʠ [2].  

ʃ̔ ʩʘʙʦʥʩʴʢʘ ʩʪʨʘʪʝʛʽʷ (2000  ʨ.), ʷʢʦʶ ʟʘʧʨʦʚʘʜʞʝʥʦ ʨʘʤʢʦʚʫ 

ʧʨʦʛʨʘʤʫ çʆʩʚʽʪʘ ʽ ʧʨʦʬʝʩʽʡʥʝ ʥʘʚʯʘʥʥʷ 2020è, ʦʢʨʝʩʣʠʣʘ ʙʘʟʦ-

ʚʽ ʚʤʽʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʬʦʨʤʫʚʘʪʠʩʷ ʚ ʨʘʤʢʘʭ ʥʝʧʝʨʝʨʚʥʦʛʦ ʥʘʚ-

ʯʘʥʥʷ: ʟʥʘʥʥʷ ʽʥʬʦʨʤʘʪʠʢʠ, ʚʦʣʦʜʽʥʥʷ ʽʥʦʟʝʤʥʠʤʠ ʤʦʚʘʤʠ, ʪʝʭ-

ʥʦʣʦʛʽʯʥʘ ʢʫʣʴʪʫʨʘ, ʧʽʜʧʨʠʻʤʣʠʚʽʩʪʴ, ʘ ʪʘʢʦʞ ʷʢʦʩʪʽ ʡ ʫʤʽʥʥʷ, 

ʥʝʦʙʭʽʜʥʽ  ʜʣʷ  ʩʫʩʧʽʣʴʥʦʛʦ  ʞʠʪʪʷ. ʅʘʩʝʣʝʥʥʶ  ʤʘʻ  ʥʘʜʘʚʘʪʠʩʴ  

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʥʦʚʽ ʟʥʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʢʚʘʣʽʬʽʢʘ-

ʮʽʶ ʷʢ ʯʝʨʝʟ ʦʩʚʽʪʷʥʩʴʢʽ ʦʩʝʨʝʜʢʠ ʘʙʦ ʟʘʢʣʘʜʠ ʧʨʦʬʝʩʽʡʥʦʾ ʧʽʜ-

ʛʦʪʦʚʢʠ, ʪʘʢ ʽ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ. 

ʉʪʦʢʛʦʣʴʤʩʴʢʘ ʜʦʧʦʚʽʜʴ ɭʚʨʦʧʝʡʩʴʢʦʾ ʂʦʤʽʩʽʾ (ɭʂ) ñʇʨʦ 

ʢʦʥʢʨʝʪʥʽ  ʤʘʡʙʫʪʥʽ ʟʘʚʜʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʦʩʚʽʪʠ ʪʘ ʧʨʦʬʝʩʽʡʥʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʚ ɭʚʨʦʧʽò (ʉʪʦʢʛʦʣʴʤ, 2001 ʨ.) ʻ ʧʝʨʰʠʤ  ʜʦʢʫʤʝʥʪ-



32 

ʪʦʤ, ʱʦ ʧʨʦʧʦʥʫʻ ʫʥʽʬʽʢʦʚʘʥʫ ʩʪʨʘʪʝʛʽʶ ʨʦʟʚʠʪʢʫ ʥʘʮʽʦʥʘʣʴʥʠʭ 

ʦʩʚʽʪʥʽʭ ʧʦʣʽʪʠʢ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʽ ʢʘʨʜʠʥʘʣʴʥʽ ʟʤʽʥʠ:  

1) ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ  ̔ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʦʩʚʽʪʠ ʪʘ ʧʽʜʛʦ-

ʪʦʚʢʠ ʚ ʢʨʘʾʥʘʭ ɭʉ;  

2) ʩʧʨʦʱʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʚʩʽʭ ʬʦʨʤ ʦʩʚʽʪʠ ʫʧʨʦʜʦʚʞ ʞʠʪʪʷ;  

3) ʧʦʩʠʣʝʥʥʷ ʚʽʜʢʨʠʪʦʩʪʽ ʩʠʩʪʝʤ ʦʩʚʽʪʠ ʪʘ ʧʽʜʛʦʪʦʚʢʠ 

ʬʘʭʽʚʮʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. 

ʇʨʠʡʥʷʪʪʷʤ ɼʝʢʣʘʨʘʮʽ ʾɭʂ  ̔ʤʽʥʽʩʪʨʽʚ ʦʩʚʽʪʠ ʢʨʘʾʥ-ʯʣʝʥʽʚ ɭʉ 

ʟ ʨʦʟʚʠʪʢʫ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʚ ʛʘʣʫʟʽ ʇʊʆ (ʂʦʧʝʥʛʘʛʝʥ, 2002 ʨ.) ʫ 

ɭʉ ʨʦʟʧʦʯʘʪʦ ʪʘʢ ʟʚʘʥʠʡ ʂʦʧʝʥʛʘʛʝʥʩʴʢʠʡ ʧʨʦʮʝʩ, ʩʧʨʷʤʦʚʘʥʠʡ 

ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʥʠʟʢʠ ʟʘʚʜʘʥʴ ʟʽ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ 

ʧʨʦʩʪʦʨʫ ʚ ʛʘʣʫʟʽ ʇʊʆ. 

ʋ 2009 ʨ. ʩʪʚʦʨʝʥʦ ɭʚʨʦʧʝʡʩʴʢʫ ʨʝʬʝʨʝʥʮʽʡʥʫ ʨʘʤʢʫ  

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʇʊʆ (EQAVET) ʟ ʤʝʪʦʶ ʧʽʜʪʨʠʤʢʠ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʩʪʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʇʊʆ ̔ ʥʘʚʯʘʥʥʷ. 

ɭʚʨʦʧʝʡʩʴʢʠʤ ʬʦʥʜʦʤ ʦʩʚʽʪʠ ʫ 2010 ʨ. ʽʥʽʮʽʡʦʚʘʥʠʡ  ʊʫʨʠʥ-

ʩʴʢʠʡ ʧʨʦʮʝʩ, ʦʩʥʦʚʥʘ ʤʝʪʘ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠʨʦʙʣʝʥʥʽ ʻʜʠʥʦʾ 

ʧʦʟʠʮʽʾ ʟʘ ʩʪʨʘʪʝʛʽʷʤʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʝʨʞʘʚʥʠʭ ʩʠʩʪʝʤ 

ʇʊʆ ʪʘ ʥʘʚʯʘʥʥʷ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʦʣʴ ʦʩʪʘʥʥʽʭ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʝʥʥʽ ʩʪʽʡʢʦʛʦ ʡ 

ʽʥʢʣʶʟʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ.     

ʋ ʜʘʥʦʤʫ ʧʦʚʽʜʦʤʣʝʥʥʽ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ 

ʥʘʟʚʘʥʠʭ ʝʪʘʧʽʚ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʽʪʯʠʟʥʷʥʦʾ ʩʠʩ-

ʪʝʤʠ ʇʊʆ ʚʠʤʦʛʘʤ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʽ ʥʘʚʯʘʥʥʷ ʫ 

ʢʨʘʾʥʘʭ ɭʉ.  
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ʆʣʝʢʩʘʥʜʨ ɺʘʢʘʨʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɸ.ʇʘʨʬʝʥʶʢ  

 

ɺʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʥʘ ʧʨʦʮʝʩʠ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ CdTe:Cl 

 

ʅʘʧʽʚʽʟʦʣʶʶʯʠʡ CdTe  ʟʥʘʭʦʜʠʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʧʨʘʢʪʠʯʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʝʨʝʟ ʩʫʢʫʧʥʽʩʪʴ ʚʣʘʩʪʠʚʠʭ ʡʦʤʫ ʦʩʦʙʣʠʚʦʩʪʝʡ 

(ʚʠʩʦʢʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʛʣʠʥʘʥʥʷ ɔ- ʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶ-

ʚʘʥʥʷ, ʭʦʨʦʰʘ ʨʘʜʽʘʮʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʽ ʪ. ʽʥ.) ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʥʦʩʥʦ ʣʝʛʢʦ ʦʪʨʠʤʫʚʘʪʠ  ʤʘʪʝʨʽʘʣ ʟ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʚʥʦʚʘʞʥʠʭ ʥʦʩʽʾʚ: nḙ(10
9
 - 10

6
)cʤ

-3
 [1] ʅʘʡʯʘʩ-

ʪʽʰʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʽʟ ʪʘʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʢʦʨʠʩ-

ʪʦʚʫʶʪʴ ʣʝʛʫʚʘʥʥʷ ʜʦʤʽʰʢʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʤʽʣʢʽ (In, Al, Cl) 

ʯʠ ʛʣʠʙʦʢʽ (Ge, Sn, Pb, V, Ti, Ni) ʨ̔ ʚʥʽ ʫ ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ [2] 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʚʠʚʯʝʥʥʶ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ CdTe, ʣʝʛʦʚʘʥʠʭ ʜʦʤʽʰʢʦʶ ʭʣʦʨʫ, ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 

ʂʨʠʩʪʘʣʠ ʛʨʫʧʠ ɸ ʦʪʨʠʤʘʥʽ ʚʝʨʪʠʢʘʣʴʥʠʤ ʤʝʪʦʜʦʤ 

ɹʨʽʜʞʤʝʥʘ ʟ ʨʦʟʧʣʘʚʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʠ ʨʽʟʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʚʠʨʦʱʫʚʘʥʥʷ (vʦʭʦʣʦʜ): ʛʘʨʪʦʚʘʥʽ 

vʦʭʦʣʦʜ å150ʂ/ʛʦʜ ʽ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʝʥʽ vʦʭʦʣʦʜ å25ʂ/ʛʦʜ. 

ʂʨʠʩʪʘʣʠ ʛʨʫʧʠ ɺ ʦʪʨʠʤʘʥʽ ʟ ʨʦʟʯʠʥʫ-ʨʦʟʧʣʘʚʫ ʫ ʊʝ 

(ʊ=1073ʂ) ʧʨʠ vʦʭʦʣʦʜ  0,6 ʩʤ/ʜʝʥʴ.  

ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ Cl ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ʙʫʣʘ ʚ 

ʤʝʞʘʭ N
o
Cl = (5Ö10

17
 ï 5Ö10

18
 ʩʤ

-3
). ɺʠʤʽʨʶʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʍʦʣʣʘ RH ʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʎ. ɼʝʷʢʽ 
ʧʘʨʘʤʝʪʨʠ ʟʨʘʟʢʽʚ ʧʨʠ 300 ʂ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 
ʊʠʧ 

n,p 

ʂʦʥʮ.. 

ʥʦʩʽʾʽ 

n,(p), 

ʩʤ
-3
 

ȹɽ, 

ʝɺ 

ʈʫʭʣʠʚ. 

ʥʦʩʽʾʚ 

ɛH, 

ʩʤ
2
/ɺÖʩ 

ʆʩʦʙʣʠʚʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ 

ɸ1 n 3,7Ö10
16

 0,01 940 ʛʘʨʪʫʚʘʥʥʷ 

ɸ2 ʨ 2,5Ö10
9
 0,63 85 ʧʦʚʽʣʴʥʝ ʦʭʦʣʦʜʞ.  

ɸ3 n 3,2Ö10
6
 0,76 520 ʧʦʚʽʣʴʥʝ ʦʭʦʣʦʜʞ. 

ɺ ʨ 1.1Ö10
8
 0,62 40 ʨʦʟʯʠʥ-ʨʦʟʧʣʘʚ  
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ɻʘʨʪʦʚʘʥʠʡ ʤʘʪʝʨʽʘʣ (ʟʨʘʟʦʢ ɸ1, ʪʘʙʣ.). ɿʨʘʟʢʠ ʙʫʣʠ 

ʥʠʟʴʢʦʦʤʥʠʤʠ, n-ʪʠʧʫ. ɰʭ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʣʘʩʷ ʨʽʚʥʝʤ ʟ̔ ʛʣʠ-

ʙʠʥʦʶ ʟʘʣʷʛʘʥʥʷ EC ï 0,01ʝɺ, ʷʢʠʡ ʙʫʚ ʧʦʚʥʽʩʪʶ ʚʠʩʥʘʞʝʥʠʤ ʜʦ 

ʘʟʦʪʥʠʭ ʊ. ɺʠʭʦʜʷʯʠ ʟ ʫʤʦʚ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ, ʤʦʞʥʘ ʩʪʚʝʨʜ-

ʞʫʚʘʪʠ, ʱʦ ʪʘʢʠʤʠ ʜʦʥʦʨʥʠʤʠ ʜʝʬʝʢʪʘʤʠ ʻ ʘʪʦʤʠ Cl ʫ ʪʝʣʫʨʦʚʠʭ 

ʚʫʟʣʘʭ: (ClTe). ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʘʣʝʞʥʦʩʪʽ lgʈH=f(lgT) ʚʠʟʥʘʯʝʥʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʥʦʨʠʭ ʨʽʚʥʽʚ (ND) ʽ ʢʦʤʧʝʥʩʫʶʯʠʭ ʾʭ ʘʢʮʝʧʪʦʨʥʠʭ 

(NA), ʩʤ
-3
: ND 6,8Ŀ10

16
;               NA  3,2Ŀ10

16
. 

ʇʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʝʥʠʡ CdTeCl (ʟʨʘʟʢʠ ɸ2, ɸ3, ʪʘʙʣ.). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʤʘʪʝ-

ʨʽʘʣ p- i n-ʪʠʧʫ, ʧʠʪʦʤʠʡ ʦʧʽʨ ʷʢʦʛʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʨʦʙʦʯʦʛʦ ʨʽʚʥʷ. ʁʦʛʦ ʛʣʠʙʠʥʘ  ʟʘʣʷʛʘʥʥʷ 

ʜʦʨʽʚʥʶʚʘʣʘ  ȹɽ=ɽV+(0,62 - 0,65) ʝɺ. ʂʨʠʩʪʘʣʠ n-ʪʠʧʫ ʟʘʚʞʜʠ 

ʚʠʩʦʢʦʦʤʥʽʰʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʨʘʟʢʘʤʠ ʨ-ʪʠʧʫ ʽ ʚʦʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʨʽʜʰʝ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʥʠʭ ʽʥʚʝʨʩʽʷ ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʙʫʣʘʩʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʠʞʯʠʭ ʟʘ ʢʽʤʥʘʪʥʫ 

ʂʨʠʩʪʘʣʠ, ʦʪʨʠʤʘʥʽ ʟ ʨʦʟʯʠʥʫ-ʨʦʟʧʣʘʚʫ ʫ ʊʝ   (ʟʨʘʟʦʢ ɺ, 

ʪʘʙʣ.). ɿʨʘʟʢʠ ʻ ʥʘʧʽʚʽʟʦʣʶʶʯʠʤʠ ʨ-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʙʣʠʟʴʢʽ ʜʦ ʧʦʚʽʣʴʥʦ ʦʭʦʣʦʜʞʝʥʠʭ, ʚʠʨʦʱʝʥʠʭ 

ʤʝʪʦʜʦʤ ɹʨʽʜʞʤʝʥʘ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʷʩʥʶʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʽ, ʚ ʷʢʽʡ 

ʚʣʘʩʪʠʚʦʩʪʽ CdTe:Cl ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ 3 

ʪʠʧʘʤʠ ʜʝʬʝʢʪʽʚ: ʪʦʯʢʦʚʠʭ ClTe ʽ VCd, ʽ ʘʩʦʮʽʘʪʽʚ ACl, ʘ ʪʘʢʦʞ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɼʝʬʝʢʪʠ ACl ʫʪʚʦ-ʨʶʶʪʴʩʷ 

ʟʛʽʜʥʦ ʟ  ʨʝʘʢʮʽʻʶ: Cl
+

Te+ V
-2

Cd  ª  (Cl
+

TeV
-2

Cd )
-

 ¹ ɸʉl
-
. 

ʋ ʛʘʨʪʦʚʘʥʦʤʫ ʟʨʘʟʢʫ ʟʘʬʽʢʩʦʚʘʥʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʨʽʚʥʦʚʘʛʘ, ʧʨʠ ʷʢʽʡ [Cl
+

Te ] >> [A
-
Cl ] + [V

-

Cd ], ʘ  ʜʣʷ ʧʦʚʽʣʴʥʦ ʦʭʦ-

ʣʦʜʞʝʥʠʭ ʙʫʜʝ ʩʧʨʘʚʝʜʣʠʚʠʤ: [Cl
+

Te ] º [A
-
Cl ] + [V

-

Cd ]. 

ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʚʽʜʧʘʣʝʥʠʭ ʢʨʠʩʪʘʣʽʚ, 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʙʨʘʥʦʾ ʤʦʜʝʣʽ. 
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ʆʣʝʢʩʘʥʜʨ ɺʝʨʙʦʚʩʴʢʠʡ 
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ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʦʭʦʣʦʜʞʫʚʘʯʽ ʜʣʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ    

ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

 
ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʬʦʪʦʧʨʠʡʤʘʯʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʦʙʦʯʠʤ 

ʜʽʘʧʘʟʦʥʦʤ ʜʦʚʞʠʥ ʭʚʠʣʴ ɯʏ-ʜʝʪʝʢʪʦʨʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ 

ʡ ʪʝʭʥʦʣʦʛʽʾ ʬʦʪʦʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ. ʉʫʯʘʩʥʽ ʦʭʦʣʦʜʞʫʚʘʥʽ 

ʽʥʬʨʘʯʝʨʚʦʥʽ ʩʝʥʩʦʨʠ ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨ, 

ʥʠʞʯʠʭ 200 ʂ [1]. ɼʣʷ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ 

ʩʧʝʮʽʘʣʴʥʽ ʤʽʢʨʦʢʨʽʦʛʝʥʥʽ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʛʘʟʦʚʦʾ ʢʨʽʦʛʝʥʥʦʾ 

ʤʘʰʠʥʠ ʉʪʠʨʣʽʥʛʘ, ʷʢʘ ʩʧʦʣʫʯʘʻʪʴʩʷ ʟ ʢʨʽʦʩʪʘʪʦʚʘʥʠʤ 

ʬʦʪʦʧʨʠʡʤʘʯʝʤ ʚ ʻʜʠʥʫ ʢʦʥʩʪʨʫʢʮʽʶ [2-5]. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʦʣʦʜʞʝʥʥʷ ʬʦʪʦʧʨʠʡʤʘʯʘ ʥʘ ʨʽʚʥʽ 75 ï 150 ʂ. 

ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʾʭ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. ʊʘʢʽ 

ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʨʦʙʣʷʪʴ ɯʏ ʩʝʥʩʦʨʥʽ ʦʙʣʘʜʥʘʥʥʷ 

ʛʨʦʤʽʟʜʢʠʤʠ, ʜʦʨʦʛʠʤʠ ʡ ʤʘʣʦʥʘʜʽʡʥʠʤʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ 

ʰʠʨʦʢʦʤʫ ʧʨʘʢʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ɯʏ-ʧʨʠʣʘʜʽʚ. 

ʉʝʨʝʜʥʴʦʭʚʠʣʴʦʚʽ (3 ï 5 ʤʢʤ) ʽ ʜʦʚʛʦʭʚʠʣʴʦʚʽ (5 ï 30 ʤʢʤ) 

ɯʏ-ʩʝʥʩʦʨʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʙʝʟ ʢʨʽʦʦʭʦʣʦʜʞʝʥʥʷ, ʧʦʪʨʽʙʥʽ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʚʘʞʣʠʚʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʦʙʨʽ 

ʛʨʘʥʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ ʩʝʨʝʜʥʴʦ- ʽ ʜʦʚʛʦʭʚʠʣʴʦʚʦʛʦ 

ɯʏ-ʜʽʘʧʘʟʦʥʫ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ ʟʘ ʨʦʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʬʦʪʦʧʨʠʡʤʘʯʽʚ ʩʫʪʪʻʚʦ ʚʠʱʠʭ ʚʽʜ ʢʨʽʦʛʝʥʥʠʭ. ʎʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʣʝʛʢʦ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʷʢʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʨʘʮʽʦʥʘʣʴʥʽʰʠʤ ʧʦʨʽʚʥʷʥʦ 

ʟ ʤʘʰʠʥʥʠʤ ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʥʥʷ ʭʦʣʦʜʫ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʦʭʦʣʦʜʞʫʚʘʯʽ ʚ ʥʘʰ ʯʘʩ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʭʦʣʦʜʞʝʥʥʷ ɯʏ-ʩʝʥʩʦʨʽʚ ʜʦ 190 ʂ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʤʘʣʦʛʘʙʘʨʠʪʥʽ, 

ʤʽʮʥʽ, ʚʠʩʦʢʦʥʘʜʽʡʥʽ ʡ ʤʘʶʪʴ ʨʦʙʦʯʠʡ ʨʝʩʫʨʩ ʜʦ 20 ʨʦʢʽʚ. 

ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ï ʥʠʟʴʢʘ 

ʝʥʝʨʛʝʪʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʨʦʙʦʯʦʾ 
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ʪʝʤʧʝʨʘʪʫʨʠ ɯʏ-ʜʝʪʝʢʪʦʨʽʚ [1]. ʌʦʪʦʧʨʠʡʤʘʯ, ʨʦʟʤʽʱʝʥʠʡ ʥʘ 

ʪʝʧʣʦʧʦʛʣʠʥʘʣʴʥʽʡ ʛʨʘʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʫʶʯʦʛʦ 

ʤʦʜʫʣʷ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʥʪʫʻʪʴʩʷ ʚ ʛʝʨʤʝʪʠʯʥʠʡ ʢʦʨʧʫʩ, ʦʩʥʦʚʘ 

ʷʢʦʛʦ ʧʝʨʝʙʫʚʘʻ ʚ ʜʦʙʨʦʤʫ ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ. ɼʣʷ ʢʨʘʱʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʫ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʝʨʤʦʧʘʩʪʠ. 

ɸʣʝ ʟ ʨʦʟʚʠʪʢʦʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʽ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʜʝʪʝʢʪʦʨʽʚ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʤʘʣʠʭ 

ʨʦʟʤʽʨʽʚ ʽ ʙʽʣʴʰʦʶ ʧʦʪʫʞʥʽʩʪʶ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʜʝʪʝʢʪʦʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

ʅʘ ʩʦʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʬʽʟʠʯʥʫ, ʤʘʪʝʤʘʪʠʯʥʫ ʽ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʫʚʘʯʘ ʜʝʪʝʢʪʦʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʱʦ ʩʪʘʥʫʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ. 
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ɺʽʪʘʣʽʡ ɺʠʛʦʥʥʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʚ ʜʝʨʤʘʪʦʣʦʛʽʾ 

 
ɿʘʛʘʣʴʥʦʚʽʜʦʤʠʤ ʫ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʚʧʣʠʚ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʣʽʢʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʝʥʜʝʥʮʽʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ 

ʟʘʭʚʦʨʶʚʘʥʴ ʰʢʽʨʠ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʻ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʷ ï ʤʝʪʦʜ ʚʠʜʘʣʝʥʥʷ ʨʽʟʥʠʭ ʫʪʚʦʨʝʥʴ ʰʢʽʨʠ 

ʰʣʷʭʦʤ ʛʣʠʙʦʢʦʛʦ ʚʠʤʦʨʦʞʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. ɼʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʦʭʦʣʦʜʠʪʠ ʧʝʚʥʫ ʜʽʣʷʥʢʫ 

ʪʽʣʘ ʣʶʜʠʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ -50 Áʉ. ʅʘ ʩʴʦʛʦʜʥʽ ʪʘʢʝ 

ʦʭʦʣʦʜʞʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ 

ʢʨʽʦʽʥʩʪʨʫʤʝʥʪʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʟʦʪʫ. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʟʦʪʫ ʤʘʻ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ, ʮʝ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ, ʷʢʠʤ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ (0 õ -80) Áʉ. 

ɺʧʣʠʚ ʭʦʣʦʜʫ ʥʘ ʙʽʦʣʦʛʽʯʥʫ ʪʢʘʥʠʥʫ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʫ ʜʚʦʭ 

ʨʽʟʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ: ʚʠʱʦʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʘʤʝʨʟʘʥʥʷ ʪʢʘʥʠʥʥʦʾ ʨʽʜʠʥʠ ʪʘ ʥʠʞʯʦʾ ʚʽʜ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʚʘ ʡʜʝ ʧʨʦ ʬʽʟʽʦʣʦʛʽʯʥʫ ʨʝʘʢʮʽʶ ʙʽʦʣʦʛʽʯʥʦʾ 

ʪʢʘʥʠʥʠ ʥʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʘ ʚ ʜʨʫʛʦʤʫ ï ʧʨʦ ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʚʥʘʩʣʽʜʦʢ 

ʨʦʟʰʠʨʝʥʥʷ ʪʢʘʥʠʥʥʦʾ ʨʽʜʠʥʠ ʟʘ ʾʾ ʟʘʤʝʨʟʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʣʴʦʜʫ). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʩʪʨʫʢʮʽʾ ʢʣʽʪʠʥ ʫ ʚʦʛʥʠʱʽ ʟʘʤʦʨʦʞʫʚʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʦʛʥʠʱʽ, ʘʣʝ ʡ 

ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ. ʆʧʪʠʤʘʣʴʥʠʤ ʻ 

ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʝ ʟʘʤʦʨʦʞʫʚʘʥʥʷ ï (40ï50) Áʉ/ʭʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʢʣʽʪʠʥʠ ʚʠʩʦʢʘ, ʷʢʱʦ ʚʦʥʘ ʥʝ ʚʩʪʠʛʘʻ ʚʠʪʽʩʥʠʪʠ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʫ ʨʽʜʠʥʫ ʚ ʧʨʦʮʝʩʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʢʘʥʠʥʠ ʧʝʨʝʜ ʟʘʤʦʨʦʞʫʚʘʥʥʷʤ. 
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ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ʫ ʜʝʨʤʘʪʦʣʦʛʽʾ ʟʫʤʦʚʣʝʥʽ ʮʽʣʠʤ ʨʷʜʦʤ ʧʝʨʝʚʘʛ: ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʪʝʧʣʦʚʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʰʢʽʨʫ ʣʶʜʠʥʠ; ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʮʠʢʣʽʯʥʦʾ 

ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʰʣʷʭʦʤ ʟʤʽʥʠ ʩʪʨʫʤʫ 

ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʫ ʤʦʜʝʣʴ ʇʝʣʴʪʴʻ; ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʟʫʘʣʽʟʘʮʽʾ, ʧʽʜʪʨʠʤʘʥʥʷ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥʽ ʪʘ ʢʦʥʪʨʦʣʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʧʽʜ ʯʘʩ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ 

ʚʧʣʠʚʫ. 

ɿ ʧʨʘʢʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʜʝʩʪʨʫʢʮʽʾ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʻ ʪʝʤʧʝʨʘʪʫʨʘ 

-50 Áʉ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʻ ʟʥʘʭʦʜʠʪʠʩʴ ʚ 

ʽʥʪʝʨʚʘʣʽ ï (40ï50) Áʉ/ʭʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʩʪʨʫʢʮʽʾ ʟʨʦʩʪʘʻ ʟʘ 

ʮʠʢʣʽʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʥʘʛʨʽʚʘʥʥʷ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʥʘʜ 

ʘʟʦʪʥʠʤ. ʅʘʷʚʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʣʘʜʠ ʜʣʷ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʾʭ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʤʝʜʠʮʠʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʜʝʨʤʘʪʦʣʦʛʽʾ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʰʢʽʨʠ (ʨʦʞʝʚʠʭ ʚʫʛʨʽʚ (ʨʦʟʘʮʝʘ), 

ʚʫʛʨʽʚ ʟʚʠʯʘʡʥʠʭ (ʘʢʥʝ), ʧʩʦʨʽʘʟʫ, ʥʝʡʨʦʜʝʨʤʽʪʫ, ʧʨʫʨʠʛʦ, 

ʚʘʨʠʢʦʟʥʠʭ ʬʦʨʤ ʯʝʨʚʦʥʦʛʦ ʧʣʦʩʢʦʛʦ ʣʠʰʘʶ ʪʦʱʦ), ʧʨʦʚʝʜʝʥʥʷ 

ʢʨʽʦʤʘʩʘʞʫ, ʩʪʠʤʫʣʷʮʽʾ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ, ʨʦʟʛʣʘʜʞʝʥʥʷ ʟʤʦʨʰʦʢ 

ʪʘ ʫʩʫʥʝʥʥʷ ʢʦʩʤʝʪʦʣʦʛʽʯʥʠʭ ʜʝʬʝʢʪʽʚ ʰʢʽʨʠ ʰʣʷʭʦʤ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ. 
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ɹʦʛʜʘʥ ɺʽʪʚʽʮʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʌʦʜʯʫʢ ɯ.ʄ. 

ɼʝʬʝʢʪʥʘ ʩʪʨʫʢʪʫʨʘ ʚʠʩʦʢʦʦʤʥʠʭ ʢʨʠʩʪʘʣʽʚ CdTe:Cl 

ʟʘ ʜʘʥʠʤʠ ʚʠʩʦʢʦʨʦʟʜʽʣʴʥʦʾ ʍ-ʧʨʦʤʝʥʝʚʦʾ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ   

ɼʦʩʣʽʜʞʫʚʘʣʘʩʴ ʩʝʨʽʷ ʟʨʘʟʢʽʚ ʚʠʩʦʢʦʦʤʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

(111) CdTe, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ɼʠʩʣʦʢʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ ʚ ʦʙôʻʤʥʠʭ ʟʨʘʟʢʘʭ CdTe 

ʚʠʚʯʘʣʘʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʚʠʩʦʢʦʨʦʟʜʽʣʴʥʦʾ ʍ-

ʧʨʦʤʝʥʝʚʦʾ ʜʠʬʨʘʢʪʦʤʝʪʨʽʾ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜ 

ʨʽʟʥʠʭ ʨʝʬʣʝʢʩʽʚ (ʩʠʤʝʪʨʠʯʥʠʭ ï 111, 333, 444; 

ʢʚʘʟʽʟʘʙʦʨʦʥʝʥʦʤʫ ï 222, ʘ ʪʘʢʦʞ ʘʩʠʤʝʪʨʠʯʥʦʤʫ ï 331 

ʚʽʜʙʠʚʘʥʥʷʭ CuKŬ1) ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ Philips X'Pert 

PRO. ʅʘ ʦʩʥʦʚʽ ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʝʦʨʽʾ ʂʨʠʚʦʛʣʘʟʘ ʪʘ ʤʝʪʦʜʫ 

ʄʦʥʪʝ-ʂʘʨʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʤʦʞʣʠʚʦʾ ʜʠʩʣʦʢʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʚ CdTe ʥʘ ʨʦʟʧʦʜʽʣʠ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʜʠʬʨʘʛʦʚʘʥʦʛʦ ʧʫʯʢʘ ʍ-ʧʨʦʤʝʥʽʚ ʫ ʨʽʟʥʠʭ ʩʭʝʤʘʭ ʜʠʬʨʘʢʮʽʾ. 

ɼʣʷ ʟʨʘʟʢʽʚ ʭʘʨʘʢʪʝʨʥʽ ʨʽʟʥʽ ʪʠʧʠ ʜʝʬʝʢʪʽʚ, ʟʦʢʨʝʤʘ 

ʜʠʩʣʦʢʘʮʽʡʥʽ ʧʝʪʣʽ, ʙʘʨôʻʨʠ ʃʦʤʝʨʘ-ʂʦʪʨʝʣʣʘ, ʚʢʣʶʯʝʥʥʷ ʽʥʰʦʾ 

ʬʘʟʠ. ʐʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʧʦʚʥʠʭ ʪʘ 

ʯʘʩʪʢʦʚʠʭ ʜʠʩʣʦʢʘʮʽʡ ʫ ʨʽʟʥʠʭ ʜʝʬʝʢʪʥʠʭ ʤʦʜʝʣʷʭ ʥʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʨʘʛʦʚʘʥʦʛʦ ʧʫʯʢʘ. ɺ ʦʙôʻʤʥʠʭ ʢʨʠʩʪʘʣʘʭ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʽʰʝ ʧʦʚʥʽʡ ʜʠʩʣʦʢʘʮʽʾ ʜʠʩʦʮʽʶʚʘʪʠ ʥʘ 

ʯʘʩʪʢʦʚʽ. ʊʦʤʫ ʨʦʟʛʣʷʥʫʪʦ ʜʠʩʦʮʽʘʮʽʶ ʧʦʚʥʠʭ 60
0
 ʜʠʩʣʦʢʘʮʽʡ ʥʘ 

ʯʘʩʪʢʦʚʽ 30
0
 ʪʘ 90

0
 ʜʠʩʣʦʢʘʮʽʾ ʐʦʢʣʽ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʨʦʟʧʦʜʽʣʽʚ Ih(ɤ,ɤ- 2Ū)  ʚʠʙʨʘʥʦ ʜʚʽ ʤʦʜʝʣʴʥʽ 

ʩʠʩʪʝʤʠ ʽʟ ʜʚʦʭ ʩʠʩʪʝʤ ʜʠʩʣʦʢʘʮʽʡ: ʘ) ʧʦʚʥʠʭ 60-ʪʠ ʛʨʘʜʫʩʥʠʭ 

ʜʠʩʣʦʢʘʮʽʡ ʟ ʚʝʢʪʦʨʘʤʠ ɹʶʨʛʝʨʩʘ Âᴆ Áςϳ ρρπ ʪʘ Âᴆ

Áςϳ πρρ; ʙ) ʯʘʩʪʠʥʥʠʭ ʜʠʩʣʦʢʘʮʽʡ ʌʨʘʥʢʘ Âᴆ Á
σ ρρρ . 

ʊʘʢʽ ʜʠʩʣʦʢʘʮʽʾ ʪʘʢʦʞ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʫ ʤʘʣʦʢʫʪʦʚʠʭ ʛʨʘʥʠʮʷʭ 

ʤʽʞ ʙʣʦʢʘʤʠ [1].  

ʋ ʚʠʧʘʜʢʫ ʭʘʦʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʠʩʣʦʢʘʮiʡ, ʷʢʠʡ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ ʢʨʠʩʪʘʣʘʭ, ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʾʭ ʩʝʨʝʜʥʶ 

ʛʫʩʪʠʥʫ ʧʦ ʧʽʚʰʠʨʠʥʽ ʨʦʟʧʦʜʽʣʽʚ Ih(ɤ) (ɤ ï ʢʫʪ ʩʢʘʥʫʚʘʥʥʷ 

ʟʨʘʟʢʘ) (ʨʠʩ.1ʘ) [2]: 
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 .
ᴆ

,    (1) 

ʜʝ Âᴆ ï ʚʝʢʪʦʨ ɹʶʨʛʝʨʩʘ ʭʘʨʘʢʪʝʨʥʠʭ ʜʠʩʣʦʢʘʮʽʡ, 

 7  7 7 , 7
ȿ ȿ
, ɢh ï ʌʫʨ'ʻ-ʢʦʤʧʦʥʝʥʪʘ 

ʧʦʣʷʨʠʟʫʻʤʦʩʪʽ ʢʨʠʩʪʘʣʫ, ʉ ï ʬʘʢʪʦʨ ʧʦʣʷʨʠʟʫʻʤʦʩʪʽ, q - ʢʫʪ 

ɹʨʝʛʛʘ. ɿʦʢʨʝʤʘ, ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ 333 ʨʝʬʣʝʢʩʫ Wteor=4
''
, 

ʘʩʠʤʝʪʨʠʯʥʦʛʦ 331 ï Wteor=6
''
. 

 
ʘ)                                        ʙ) 

ʈʠʩ. 1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʟʧʦʜʽʣʠ Ih(ɤ) ï (ʘ), ʟʨʘʟʢʠ ˉ1 ʪʘ ˉ2; 

Ih(ɤ,ɤ-2Ū) ʜʣʷ ʟʨʘʟʢʘ ˉ1ï (ʙ); ʚʽʜʙʠʚʘʥʥʷ 333; CuKŬ1. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦ ʩʧʽʚʧʘʜʘʥʥʷ ʧʽʚʰʠʨʠʥ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ Ih(ɤ,ɤ-2Ū) 

ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʽʚ Qx ʪʘ Qz ʜʣʷ ʩʠʤʝʪʨʠʯʥʠʭ ʽ ʘʩʠʤʝʪʨʠʯʥʠʭ ʨʝʬʣʝʢʩʽʚ. 

ɺʠʟʥʘʯʝʥʽ ʫ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʧʦʚʥʠʭ Nʄ ʪʘ ʯʘʩʪʠʥʥʠʭ NF 

ʜʠʩʣʦʢʘʮʽʡ ʜʣʷ ʜʚʦʭ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʦ ʚʠʙʦʨʦʤ ʛʝʦʤʝʪʨʽʾ ʜʠʩʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʽ, ʦʯʝʚʠʜʥʦ, 

ʨʽʟʥʠʤ ʚʧʣʠʚʦʤ ʛʚʠʥʪʦʚʠʭ ʪʘ ʢʨʘʡʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʧʦʚʥʠʭ ʪʘ 

ʯʘʩʪʠʥʥʠʭ ʜʠʩʣʦʢʘʮʽʡ. 

ɺʠʟʥʘʯʝʥʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʫ ʜʠʩʣʦʢʘʮʽʡʥʫ ʤʦʜʝʣʴ, ʧʨʠ ʷʢʽʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦ-ʨʝʪʠʯʥʦ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ Ih(ɤ,ɤ-2Ū). ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʜʘʥʦʾ 

ʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Y.T. Zhu, X.L. Wu, X.Z. Liao, J. Narayan, L.J. Kecsk®s, 

S.N. Mathaudhu, Dislocationïtwin interactions in nanocrystalline 

fcc metals // Acta Materialia. ï 2011. ï Vol.59, ˉ2. ï p. 812-821. 

2. ʍʠʨʪ ʇ.ɹ. ʄʦʟʘʾʯʥʘ ʩʪʨʫʢʪʫʨʘ // ʄ.: ʄʝʪʘʣʫʨʛiʷ, 1960. 
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ʄʘʢʩʠʤ ɺʽʪʢʦʚʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʉʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ  

ʚ ʤʽʢʨʦʩʝʨʚʽʩʘʭ 
 

ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʻ ʩʫʯʘʩʥʠʤ ʽ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ, ʮʝ ʨʦʙʠʪʴ ʮʶ ʘʨʭʽʪʝʢʪʫʨʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʧʫʣʷʨʥʦʶ ʚ ʩʠʩʪʝʤʘʭ ʽʟ ʚʠʩʦʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʘʙʦ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʜʥʦʯʘʩʥʠʭ ʟʘʧʠʪʽʚ. 

ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʽʜʭʽʜ, ʚ ʷʢʦʤʫ ʻʜʠʥʘ 

ʩʠʩʪʝʤʘ ʙʫʜʫʻʪʴʩʷ ʷʢ ʥʘʙʽʨ ʥʝʚʝʣʠʢʠʭ ʩʝʨʚʽʩʽʚ, ʱʦ ʜʣʷ ʟʘʧʠʪʽʚ 

ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʝʛʢʦʚʽʩʥʽ ʤʝʭʘʥʽʟʤʠ, ʪʘʢʽ ʷʢ 

HTTP, ʽ ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʊʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʤʘʩʰʪʘʙʫʚʘʪʠ ʩʠʩʪʝʤʫ, ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʚ ʢʦʥʢʨʝʪʥʠʡ 

ʩʝʨʚʽʩ ʙʝʟ ʧʝʨʝʟʘʧʫʩʢʫ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʽ ʧʨʠʙʠʨʘʻ ʤʝʞʽ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʤʦʥʦʣʽʪʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ [1]. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʚʞʝ ʚʽʜʦʤʽ ʧʨʠʯʠʥʠ ʚʠʢʨʘʜʝʥʥʷ, ʟʤʽʥʠ ʘʙʦ 

ʟʥʠʱʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʤʠ ʦʪʨʠʤʫʻʤʦ ʧʨʠʙʣʠʟʥʦ ʪʘʢʽ ʨʝʟʫʣʴʪʘʪʠ: 

[2] 

 
 
ʗʢ ʤʠ ʙʘʯʠʤʦ ʟ ʜʽʘʛʨʘʤʠ, ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ  ̒ ʟʙʽʡ 

ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʢʦʨʠʩʪʫʚʘʯ. ʈʦʟʨʦʙʠʤʦ ʩʠʩʪʝʤʠ 

ʟʘʭʠʩʪʫ ʚʽʜ ʥʘʡʥʝʙʝʟʧʝʯʥʽʰʠʭ ʪʘ ʥʘʡʽʤʦʚʽʨʥʽʰʠʭ ʬʘʢʪʦʨʽʚ ʮʠʭ 

ʟʘʛʨʦʟ. ʊʫʪ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʜʣʷ ʥʘʩ ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ  ̒ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʙʘʟʘʭ ʜʘʥʠʭ. 
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ʇʝʨʝʧʘʜ ʥʘʧʨʫʛʠ - ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʞʝʨʝʣʘ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ 

ʞʠʚʣʝʥʥʷ. 

ɺʠʭʽʜ ʽʟ ʣʘʜʫ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʜʘʥʠʭ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ RAID 5. 

ɺʠʭʽʜ ʟ ʣʘʜʫ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʧʦʚʽʱʝʥʥʷ ʧʝʨʩʦʥʘʣʫ ʪʘ ñʧʽʜʡʦʤʫò ʩʝʨʚʽʩʽʚ, ʱʦ 

ʚʠʡʰʣʠ ʟ ʣʘʜʫ, ʥʘ ʽʥʰʽʡ ʤʘʰʠʥʽ. 

ʇʦʞʝʞʘ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʪʠʧʦʞʝʞʥʦʾ ʩʠʩʪʝʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʞʢʦʟʘʡʤʠʩʪʠʭ ʤʝʙʣʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʢʫʨʩʽʚ 

ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ ʜʣʷ ʧʝʨʩʦʥʘʣʫ. 

ʇʦʤʠʣʢʘ ʢʦʨʠʩʪʫʚʘʯʘ ï ʧʝʨʽʦʜʠʯʥʽ ʢʫʨʩʠ ʟ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʙʝʟʧʝʢʠ ʪʘ ʧʨʠ ʧʨʠʡʦʤʽ ʥʘ ʨʦʙʦʪʫ, ʦʙʤʝʞʝʥʥʷ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ, 

ʧʨʘʚ ʜʦʩʪʫʧʫ ʧʝʨʩʦʥʘʣʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʨʝʞʝʚʠʭ ʬʽʣʴʪʨʽʚ ʪʘ 

ʇɿ ʟ ʤʦʞʣʠʚʽʩʪʶ ʽʟʦʣʷʮʽʾ ʜʘʥʠʭ ʥʘ ʨʽʚʥʽ ʧʨʦʮʝʩʽʚ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ 

ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʮʽʣʠʡ ʢʦʤʧʣʝʢʩ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʚʭʦʜʷʪʴ:  

- ʉʠʩʪʝʤʘ ʟʘʭʠʩʪʫ ʚʽʜ DDOS-ʘʪʘʢ ï ʤ̔ ʥʽʤʽʟʘʮʽʷ 

ʜʦʩʪʫʧʥʠʭ ʟʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʪʘʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

firewallôa. 

- VPN (Virtual Private Network) ï ʰʠʬʨʫʚʘʥʥʷ 

ʢʘʥʘʣʽʚ ʟʚô̫ ʟʢʫ.  

- ɸʥʪʠʚʽʨʫʩʥʘ ʧʨʦʛʨʘʤʠ ï ʧʨʦʛʨʘʤʘ ʧʦʰʫʢʫ 

ʚʽʨʫʩʽʚ ʜʣʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʟʥʠʱʝʥʥʷ. 

- DataDog -  ʩʝʨʚʽʩ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʙʘʟ ʜʘʥʠʭ ʪʘ 

ʩʝʨʚʽʩʽʚ. 

- ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʽʤʧʦʨʪʫ ʙʘʟ ʜʘʥʠʭ ï 

ʜʫʙʣʶʚʘʥʥʷ ʜʘʥʠʭ ʥʘ ʣʦʢʘʣʴʥʽ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ. 

- ʉʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ. 

- ʉʠʩʪʝʤʘ ʜʚʫʭʝʪʘʧʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʄʽʢʨʦʩʝʨʚʽʩʥʘ ʘʨʭʽʪʝʢʪʫʨʘ URL : 

https://martinfowler.com/articles/microservices.html 

2. ʆʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ URL : 

https://www.r-explorer.com/uk/blog/general-issues/data-loss-

reasons.php 

  

https://martinfowler.com/articles/microservices.html
https://www.r-explorer.com/uk/blog/general-issues/data-loss-reasons.php
https://www.r-explorer.com/uk/blog/general-issues/data-loss-reasons.php
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ɺʦʣʦʜʠʤʠʨ ɺʦʣʦʚʠʯ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʠʩɹʢʦ ɺ.ɺ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ  

ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ 

ʘʙʩʦʣʶʪʥʠʤ ʤʝʪʦʜʦʤ 

 
ʉʝʨʝʜ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ 

ʻ ʤʝʪʦʜ ʍʘʨʤʘʥʘ ʪʘ ʘʙʩʦʣʶʪʥʠʡ ʤʝʪʦʜ [1; 2]. ʗʢ ʧʦʢʘʟʫʶʪʴ 

ʦʮʽʥʢʠ, ʟʘʛʘʣʴʥʠʡ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʭʠʙʦʢ ʫ 

ʤʝʪʦʜʽ ʍʘʨʤʘʥʘ, ʤʦʞʝ ʜʦʩʷʛʘʪʠ 60-70%. ɯ ʥʘʚʽʪʴ ʾʭ ʚʨʘʭʫʚʘʥʥʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʚʝʜʝʥʥʷ ʧʦʧʨʘʚʦʢ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʠ 

ʪʽʣʴʢʠ ʜʦ 10-15%. 

ɹʽʣʴʰ ʥʘʜʽʡʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥ ̫ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʘ  

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʢʦʣʠ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʦʜʫʣʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ï ʤʽʞ ʦʩʥʦʚʦʶ ʪʝʨʤʦʩʪʘʪʘ ʪʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʥʘʛʨʽʚʥʠʢʦʤ (ʨʠʩ. 1).  

ʇʦʭʠʙʢʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʭʦʣʦʜʠʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʟʫʤʦʚʣʝʥʽ ʜʚʦʤʘ 

ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʇʝʨʰʘ ʻ ʥʘʩʣʽʜʢʦʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʴ ʚʝʣʠʯʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʬʦʨʤʫʣʠ ï ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʥʘʛʨʽʚʥʠʢʘ, ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ 

ʤʦʜʫʣʷ, ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʷʯʦʾ ʪʘ ʭʦʣʦʜʥʦʾ ʩʪʦʨʦʥʠ ʤʦʜʫʣʷ. 

ɼʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʭʠʙʦʢ ʻ ʤʝʪʦʜʠʯʥʽ ʧʦʭʠʙʢʠ. ɺʦʥʠ ʻ 

ʥʘʩʣʽʜʢʦʤ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ï ʫʤʦʚ 

ʘʜʽʘʙʘʪʠʯʥʦʩʪʽ ʽ ʦʜʥʦʤʽʨʥʦʩʪʽ ʧʦʪʦʢʽʚ ʪʝʧʣʘ ʯʝʨʝʟ ʤʦʜʫʣʴ. ɼʣʷ 

ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʚʝʣʠʯʠʥ ʧʦʭʠʙʦʢ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ 

ʨʝʘʣʴʥʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ ʚʠʤʽʨʶʚʘʥʴ.  

ʅʘʡʙʽʣʴʰʽ ʧʦʭʠʙʢʠ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʘ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʦʜʫʣʴ, ʪʘ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʥʴʦʤʫ. ʅʘ çʭʦʣʦʜʥʫè ʩʪʦʨʦʥʫ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʦʜʫʣʷ ʧʦʪʨʘʧʣʷʻ 

ʥʝ ʪʽʣʴʢʠ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʘʛʨʽʚʥʠʢʦʤ. ʄʘʻ ʤʽʩʮʝ ʪʘʢʦʞ 

ʪʝʧʣʦʦʙʤʽʥ ʟ̔ ʪʝʨʤʦʩʪʘʪʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʢʦʥʚʝʢʮʽʻʶ ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʯʝʨʝʟ ʧʨʦʚʽʜʥʠʢʠ ʪʘ ʧʨʠʪʠʩʢʥʠʡ ʤʝʭʘʥʽʟʤ.  
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ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʦʭʠʙʦʢ 

ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʰʣʷʭʠ ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʦʭʦʣʦʜʞʝʥʥʷ. 

1 ï ʪʝʨʤʦʩʪʘʪ; 2 ï ʽʟʦʪʝʨʤʽʯʥʠʡ ʝʢʨʘʥ; 3 ï çʛʘʨʷʯʘè 

ʪʝʧʣʦʚʠʨʽʚʥʶʶʯʘ ʧʣʘʩʪʠʥʘ; 4, 15 ï ʩʪʨʫʤʦʚʽ ʧʨʦʚʽʜʥʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʦʜʫʣʷ; 5 ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʦʜʫʣʴ; 6 ï çʭʦʣʦʜʥʘè 

ʪʝʧʣʦʚʠʨʽʚʥʶʶʯʘ ʧʣʘʩʪʠʥʘ, 7, 13 ï ʩʪʨʫʤʦʚʽ ʧʨʦʚʽʜʥʠʢʠ ʥʘʛʨʽʚʥʠʢʘ;  

8, 12 ï ʧʦʪʝʥʮʽʘʣʴʥʽ ʧʨʦʚʽʜʥʠʢʠ ʥʘʛʨʽʚʥʠʢʘ; 9 ï ʥʘʛʨʽʚʥʠʢ; 10 ïʧʣʘʥʢʘ 

ʧʨʠʪʠʩʢʥʦʛʦ ʤʝʭʘʥʽʟʤʫ; 11 ïʧʨʠʪʠʩʢʥʠʡ ʛʚʠʥʪ; 14, 16 ï ʪʝʨʤʦʧʘʨʠ; 

17 ï ʢʦʚʧʘʢ ʚʘʢʫʫʤʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ: ʩʧʨʘʚʦʯʥʠʢ / ʃ. ʀ. ɸʥʘʪʳʯʫʢ. ï ʂʠʝʚ: ʅʘʫʢ. ʜʫʤʢʘ, 1979. ï 

769 ʩ. 

2. Kolodner P. High-precision thermal and electrical characterization of 

thermoelectric modules / Paul Kolodner // Rev. Sci. Instrum. ï 2014. ï  

Vol. 85. ï ʈ. 05490101 ï 05490111. 
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ɼʤʠʪʨʦ ɺʦʨʥʽʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ 

ɺʽʜʦʤʦ, ʱʦ ʜʞʝʨʝʣʘ ʦʧʘʣʝʥʥʷ ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ, ʟʦʢʨʝʤʘ ʥʘ 

ʜʨʦʚʘʭ ʪʘ ʧʨʝʩʦʚʘʥʠʭ ʙʨʠʢʝʪʘʭ, ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʙʽʛʨʽʚʫ ʧʨʠʤʽʱʝʥʴ ʪʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ, ʦʩʦʙʣʠʚʦ ʫ ʩʽʣʴʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ [1; 2]. 

ʇʦʧʫʣʷʨʥʽʩʪʴ ʪʘʢʠʭ ʦʙʽʛʨʽʚʘʯʽʚ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʚʥʘʩʣʽʜʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʛʘʟʦʚʦʛʦ ʪʘ ʨʽʜʢʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ. ʉʝʨʝʜ 

ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʜʨʦʚ'ʷʥʦʤʫ ʧʘʣʠʚʽ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ 

ʻ ʤʦʙʽʣʴʥʽ ʧʝʯʽ, ʷʢʽ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʥʝʚʝʣʠʢʠʤ ʤʘʩʦʛʘʙʘʨʠʪʥʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʠʭ 

ʪʘ ʙʦʡʦʚʠʭ ʫʤʦʚʘʭ. ɺʘʞʣʠʚʠʤ ʧʨʠ ʮʴʦʤʫ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʪʘʢʽ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʤʦʞʥʘ ʢʦʤʧʣʝʢʪʫʚʘʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤʠ ʟʘʩʦʙʘʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʘ ʚ ʝʣʝʢʪʨʠʢʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʞʠʚʣʝʥʥʷ ʟʘʩʦʙʽʚ ʤʦʙʽʣʴʥʦʛʦ ʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʘʜʽʦʟʚ'ʷʟʢʫ, ʟʘʨʷʜʢʫ 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʨʘʜʽʦʩʪʘʥʮʽʡ ʪʘ ʽʥʰʦʾ ʧʦʨʪʘʪʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚ ʫʤʦʚʘʭ, 

ʢʦʣʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʢʠ ʻ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ. ʊʦʤʫ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʘ 

ʝʣʝʢʪʨʠʢʠ, ʘ ʩʘʤʝ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ (ʊɽɻ) ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ ʚʽʜʦʤʠʭ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʩʪʚʦʨʝʥʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɽɻ ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊɽɻ: 1 ï ʪʚʝʨʜʦʧʘʣʠʚʥʘ ʧʽʯʢʘ; 2 ï ʊɽɻ; 3 ï ʪʝʨʤʦʧʘʨʠ; 

4 ï ʤʫʣʴʪʠʤʝʪʨ; 5 ï ʮʠʬʨʦʚʠʡ ʚʦʣʴʪʤʝʪʨ; 6 ï ʘʤʧʝʨʤʝʪʨ; 

7 ï ʨʝʦʩʪʘʪ; 8 ï ʜʶʘʨ ʟ ʣʴʦʜʦʤ  
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ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʊɽɻ ʧʦʙʫʜʦʚʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʪʠʭ ʧʦʚʝʨʭʦʥʴ 

ʧʽʯʢʠ ʚʽʜ ʯʘʩʫ ( ʨʠʩ. 2). 

 
ʈʠʩ.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʛʨʽʪʠʭ ʧʦʚʝʨʭʦʥʴ 

ʧʽʯʢʠ ʚʽʜ ʯʘʩʫ: 1, 2 ï ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʽʯʢʠ; 

 3 ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʽʯʢʠ 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʦʤʽʥʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʊɽɻ ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ ʟ ʛʝʥʝʨʘʪʦʨʥʠʤ ʜʚʦʢʘʩʢʘʜʥʠʤ ʤʦʜʫʣʝʤ 

ʩʢʣʘʜʘʻ ~15 ɺʪ, ʱʦ ʻ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʞʠʚʣʝʥʥʷ ʤʘʣʦʧʦʪʫʞʥʦʾ 

ʧʦʨʪʘʪʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʬʦʥʽʚ, ʧʣʘʥʰʝʪʽʚ ʪʘ 

ʟʘʩʦʙʽʚ ʣʦʢʘʣʴʥʦʛʦ ʦʩʚʽʪʣʝʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʂʂɼ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʊɽɻ ʥʘ ʪʚʝʨʜʦʤʫ ʧʘʣʠʚʽ ʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʜʚʦʢʘʩʢʘʜʥʠʤ 

ʤʦʜʫʣʝʤ, ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʥʘ ʨʦʙʦʯʽ ʪʝʤʧʝʨʘʪʫʨʠ (30-600) Áʉ, 

ʜʦʩʷʛʘʻ ʨʽʚʥʷ 4 %, ʱʦ ʚ (1,5-2) ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʥʘʡʢʨʘʱʠʭ ʩʚʽʪʦʚʠʭ ʘʥʘʣʦʛʽʚ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʨʘʜʠʮʽʡʥʽ 

ʦʜʥʦʢʘʩʢʘʜʥʽ ʛʝʥʝʨʘʪʦʨʥʽ ʤʦʜʫʣʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ʇʘʪʝʥʪ UA 101649. ʄʇʂ F24B 1/00, F24B 1/26. ʇʽʯ 

ʪʫʨʠʩʪʠʯʥʘ / ʇʘʧʣʽʥʩʴʢʠʡ ɺ.ɺ. ʆʧʫʙʣ. 25.09.2015. ɹʶʣ. ˉ 18. 

2. Pat. CA. 2906745 Generateur thermoelectrique pasiff employant 

une combinaison novatrice de thermosiphon et de puits thermique/ 

G.R. Campeau ï Filled. 02.04.2017. 
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ɼʤʠʪʨʦ ɻʘʚʨʠʣʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʍ. ɺ. ʌʝʣʴʜʝ 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ʚ ʧʦʣʽʛʨʘʬʽʯʥʽʡ ʧʨʦʜʫʢʮʽʾ 

 

ʆʜʥʠʤ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʥʘʧʨʷʤʽʚ ɯʊ-ʨʦʟʨʦʙʦʢ 

ʩʴʦʛʦʜʥʽ ʻ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ. ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ 

(Augmented reality, AR) ð ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʥʘʢʣʘʜʝʥʥʷ 

ʜʦʜʘʪʢʦʚʦʾ ʪʝʢʩʪʦʚʦʾ, ʛʨʘʬʽʯʥʦʾ, ʘʫʜʽʦ- ʯʠ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ 

ʥʘ ʨʝʘʣʴʥʽ ʦʙôʻʢʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ [1].   

ʊʝʭʥʦʣʦʛʽʷ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʟʥʘʡʰʣʘ ʩʚʦʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʚ ʧʦʣʽʛʨʘʬʽʾ. ɿʘʨʘʟ ʤʦʞʥʘ ʧʨʘʢʪʠʯʥʦ 

ʦʞʠʚʠʪʠ ʨʝʢʣʘʤʥʫ ʪʘ ʧʦʣʽʛʨʘʬʽʯʥʫ ʧʨʦʜʫʢʮʽʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ ʥʘ ʩʤʘʨʪʬʦʥʽ ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ. ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʯʫʜʦʚʦ 

ʽʥʪʝʛʨʫʚʘʪʠ ʮʠʬʨʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʢʥʠʛʠ, ʛʘʟʝʪʠ, ʣʠʩʪʽʚʢʠ, 

ʚʽʟʠʪʢʠ, ʫʧʘʢʦʚʢʠ, ʙʘʥʝʨʠ ʪʦʱʦ.  

ʊʘʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ AR-ʪʝʭʥʦʣʦʛʽʡ ʙʨʝʥʜʠ ʤʦʞʫʪʴ 

ʧʨʦʚʦʜʠʪʠ ʙʽʣʴʰ ʢʨʝʘʪʠʚʥʽ ʽʥʪʝʨʘʢʪʠʚʥʽ ʨʝʢʣʘʤʥʽ 

ʢʦʤʧʘʥʽʾ, ʪʠʤ ʩʘʤʠʤ ʧʨʠʚʝʨʪʘʶʯʠ ʜʦʜʘʪʢʦʚʫ ʫʚʘʛʫ ʜʦ 

ʩʚʦʾʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʠ ʥʘʚʝʜʝʥʥʽ ʢʘʤʝʨʠ ʥʘ ʣʠʩʪʽʚʢʫ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʙʘʯʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜʝʦ ʟ ʧʨʠʚʽʪʘʥʥʷʤ. 

ɸʙʦ ʞ, ʯʠʪʘʶʯʠ ʢʥʠʛʫ, ʜʽʪʠ ʟ ʨʘʜʽʩʪʶ ʩʧʦʩʪʝʨʽʛʘʪʠʤʫʪʴ ʟʘ 

ʘʥʽʤʦʚʘʥʠʤ ʤʫʣʴʪʬʽʣʴʤʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʣʽʛʨʘʬʽʯʥʘ 

ʧʨʦʜʫʢʮʽʷ ʧʣʘʚʥʦ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʧʨʦʩʪʦ ʽʣʶʩʪʨʘʮʽʻʶ ʽ 

ʧʦʯʠʥʘʻ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʛʣʷʜʘʯʝʤ [2]. 

ʊʦʤʫ ʟʘʨʘʟ ʥʘʙʫʚʘʶʪʴ ʧʦʧʫʣʷʨʥʦʩʪʽ ʩʘʤʝ ʚʠʜʘʥʥʷ ʟ 

ʜʦʧʦʚʥʝʥʦʶ ʨʝʘʣʴʥʽʩʪʶ ʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʚʠʜʘʥʴ, ʚʦʥʠ 

ʙʫʚʘʶʪʴ: 

Å ʧʝʨʽʦʜʠʯʥʽ ʚʠʜʘʥʥʷ ð ʚʽʟʫʘʣʽʟʘʮʽʷ ʧʦʜʽʡ, ʱʦ 

ʚʽʜʙʫʣʠʩʷ, ʚʠʧʫʩʢʠ ʥʦʚʠʥ; 

Å ʣʽʪʝʨʘʪʫʨʥʽ ʚʠʜʘʥʥʷ ð ʚʽʜʝʦʽʥʪʝʨʚôʶ ʟ ʘʚʪʦʨʘʤʠ 

ʦʧʦʚʽʜʘʥʴ, ʜʦʩʪʫʧ ʜʦ ʨʝʮʝʥʟʽʡ, ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʢʘʯʫʚʘʥʥʷ 

ʘʙʦ ʧʦʢʫʧʢʫ ʝʣʝʢʪʨʦʥʥʠʭ ʚʝʨʩʽʡ ʢʥʠʛ; 
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Å ʜʠʪʷʯʽ ʚʠʜʘʥʥʷ ð ʜʦʜʘʚʘʥʥʷ ʚ ʪʝʢʩʪ ʦʨʠʛʽʥʘʣʴʥʠʭ 

ʚʽʨʪʫʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦʞʚʘʚʣʝʥʥʷ ʧʝʨʩʦʥʘʞʽʚ ʽ ʩʮʝʥ; 

Å ʥʘʫʢʦʚʦ-ʧʦʧʫʣʷʨʥʽ ʚʠʜʘʥʥʷ ð ʥʘʦʯʥʘ ʜʝʤʦʥʩʪʨʘʮʽʷ 

ʥʦʚʽʪʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, ʨʦʟʨʦʙʦʢ, ʚʽʜʢʨʠʪʪʽʚ; 

Å ʢʘʪʘʣʦʛʠ ð ʨʦʟʤʽʱʝʥʥʷ 3D-ʤʦʜʝʣʝʡ ʪʦʚʘʨʽʚ ʜʣʷ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʟʥʘʡʦʤʩʪʚʘ ʟ ʥʠʤʠ ʧʝʨʝʜ ʧʦʢʫʧʢʦʶ [1]. 

ʉʪʚʦʨʠʪʠ ʜʦʜʘʪʦʢ ʽʟ ʜʦʧʦʚʥʝʥʦʶ ʨʝʘʣʴʥʽʩʪʶ ʜʣʷ 

ʩʤʘʨʪʬʦʥʽʚ ʟ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ Android ʯʠ iOS 

ʜʦʟʚʦʣʷʻ ʨʷʜ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʆʜʠʥ ʟ ʷʢʠʭ ð Unity ð ʮʝ ʙʘʛʘʪʦʧʣʘʪʬʦʨʤʦʚʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʚʦ- ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ 

ʽʛʦʨ. ʉʘʤʝ ʮʝʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʧʨʦʧʦʥʫʻ ʧʦʪʫʞʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘʡʩʫʯʘʩʥʽʰʠʭ AR-ʜʦʜʘʪʢʽʚ ʟ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʢʦʨʠʩʪʫʚʘʯʘ [3]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʫ ʧʦʣʽʛʨʘʬʽʯʥʽʡ ʧʨʦʜʫʢʮʽʾ, ʤʦʞʥʘ 

ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʟʥʘʯʥʦ ʙʽʣʴʰʦʾ ʘʫʜʠʪʦʨʽʾ ʯʠʪʘʯʽʚ, 

ʟʨʦʙʠʪʠ ʧʦʣʽʛʨʘʬʽʯʥʫ ʧʨʦʜʫʢʮʽʶ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʽ 

ʟʘʪʨʝʙʫʚʘʥʦʶ, ʱʦ ʜʦʧʦʤʦʞʝ ʯʠʪʘʯʫ ʛʣʠʙʰʝ ʟʘʥʫʨʠʪʠʩʷ ʚ 

ʽʥʬʦʨʤʘʮʽʶ, ʢʨʘʱʝ ʟʘʩʚʦʾʪʠ ʾʾ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Areal [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð ɼʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴ ʚ ʧʝʯʘʪʥʳʭ ʉʄʀ. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://blog.arealidea.ru/articles/mobile/tekhnologiya-dopolnennoy-

realnosti-v-pechatnykh-smi/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 27.02.2020). 

2. Futurio [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð ɼʦʧʦʚʥʝʥʘ 

ʨʝʘʣʴʥʽʩʪʴ, ʘʙʦ AR-ʪʝʭʥʦʣʦʛʽʾ. ʗʢ ʮʝ ʧʨʘʮʶʻ? ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://thefuture.news/page1837780.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 27.02.2020). 

3. Unity [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ð ɼʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴ. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://unity.com/ru/unity/features/ar 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 27.02.2020). 
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ʈʦʤʘʥ ɻʘʣʠʮʴ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯʚʘʥʫʱʘʢ ʅ.ʄ. 

ʆʪʨʠʤʘʥʥʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦʛʨʘʤʥʠʤ ʟʘʩʦʙʦʤ ʪʠʧʫ çKeyLoggerè 
Keylogger ï (ʘʥʛʣ. key ï ʢʣʘʚʽʰa logger ï ʨʝʻʩʪʨʫʶʯʠʡ 

ʧʨʠʩʪʨʽʡ) ï ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ (ʤʦʜʫʣʴ) ʘʙʦ ʘʧʘʨʘʪʥʠʡ 

ʧʨʠʩʪʨʽʡ, ʱʦ ʨʝʻʩʪʨʫʻ ʢʦʞʥʝ ʥʘʪʠʩʥʝʥʥʷ ʥʘ ʢʣʘʚʽʰʫ ʢʣʘʚʽʘʪʫʨʠ 

ʢʦʤʧ'ʶʪʝʨʘ. ɿ ʚʠʟʥʘʯʝʥʥʷ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʜʘʥʽ ʟʘʩʦʙʠ ʮʝ 

ʢʣʘʚʽʘʪʫʨʥʽ ʨʝʻʩʪʨʘʪʦʨʠ, ʦʜʥʘʢ ʦʬʽʮʽʡʥʘ ʾʭ ʥʘʟʚʘ ï ʢʣʘʚʽʘʪʫʨʥʽ 

ʰʧʠʛʫʥʠ. ʇʨʦʛʨʘʤʥʽ keylogger-ʠ ʚʽʜʥʦʩʷʪʴ ʜʦ ʢʣʘʩʫ spyware - 

ʧʨʦʛʨʘʤ-ʰʧʠʛʫʥʽʚ,ʪʦʙʪʦ ʪʠʭ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʯʠ ʥʘ ʇʂ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʧʦʯʠʥʘʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ ʙʝʟ ʡʦʛʦ 

ʚʽʜʦʤʘ  ̔ʟʛʦʜʠ. 

ʉʫʯʘʩʥʽ ʢʣʘʚʽʘʪʫʨʥʽ ʰʧʠʛʫʥʠ ʥʝ ʧʨʦʩʪʦ ʟʘʧʠʩʫʶʪʴ ʢʦʜʠ 

ʚʚʽʜʥʠʭ ʢʣʘʚʽʰ, ʘ ʤʦʞʫʪʴ ʪʘʢʦʞ ʧʨʠʚôʷʟʫʚʘʪʠ ʢʣʘʚʽʘʪʫʨʥʠʡ ʚʚʽʜ 

ʜʦ ʧʦʪʦʯʥʦʛʦ ʚʽʢʥʘ ʪʘ ʧʦʣʷ ʚʚʦʜʫ. ʊʘʢʦʞ ʙʘʛʘʪʦ ʧʦʜʽʙʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʩʣʽʜʢʦʚʫʶʪʴ ʩʧʠʩʦʢ ʟʘʧʫʱʝʥʠʭ ʜʦʜʘʪʢʽʚ, 

ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʟʥʽʤʢʠ ʝʢʨʘʥʽʚ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʙʫʬʝʨ ʦʙʤʽʥʫ  ̔

ʨʦʟʚôʷʟʫʚʘʪʠ ʨʷʜ ʟʘʜʘʯ, ʥʘʮʽʣʝʥʠʭ ʥʘ ʧʨʠʭʦʚʘʥʝ ʩʣʽʜʢʫʚʘʥʥʷ ʟʘ 

ʢʦʨʠʩʪʫʚʘʯʝʤ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʢʣʘʚʽʘʪʫʨʥʦʛʦ ʰʧʠʛʫʥʘ, ʷʢʠʡ ʩʣʽʜʢʫʻ ʟʘ ʢʣʘʚʽʘʪʫʨʥʠʤ ʚʚʦʜʦʤ 

ʟʘʩʦʙʦʤ ʧʦʩʪʽʡʥʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʢʣʘʚʽʘʪʫʨʠ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ ʙʫʚ ʚʠʙʨʘʥʠʡ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: 

1. ɺ ʦʩʪʘʥʥʽʭ ʚʝʨʩʽʷʭ ʆʉ Windows 10 API-ʬʫʥʢʮʽʷ 

SetWindowsHookEx ʜʫʞʝ ʫʚʘʞʥʦ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʘʥʪʠʚʽʨʫʩʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ. 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʠʭ çʧʘʩʪʦʢè ʘʙʦ hook-ʽʚ 

ʧʦʪʨʝʙʫʻ ʨʦʟʪʘʰʫʚʘʥʥʷ ʾʭ ʚ dll-ʬʘʡʣʘʭ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʦʰʫʢ 

ʪʘ ʟʥʝʰʢʦʜʞʝʥʥʷ ʰʧʠʛʫʥʘ 

3. ɼʣʷ ʟʘʧʫʩʢʫ ʧʦʜʽʙʥʦʛʦ ʟʘʩʦʙʫ ʧʦʙʫʜʦʚʘʥʦʛʦ ʥʘ 

ʧʝʨʝʭʦʧʣʝʥʥʽ API-ʬʫʥʢʮʽʡ ʧʦʪʨʽʙʥʘ ʧʨʷʤʘ ʟʛʦʜʘ ʩʘʤʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘʡʝʬʝʢʪʠʚʥʽʰʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʢʣʘʚʽʘʪʫʨʥʠʤʠ ʰʧʠʛʫʥʘʤʠ 

 ̒ ʰʧʠʛʫʥʠ ʥʘ ʙʘʟʽ ʜʨʘʡʚʝʨʽʚ, ʘ ʩʘʤʝ ʪʽ, ʱʦ ʽʥʩʪʘʣʶʶʪʴʩʷ ʚ 

ʩʠʩʪʝʤʫ ʥʘ ʤʽʩʮʝ ʰʪʘʪʥʦʛʦ ʜʨʘʡʚʝʨʘ, ʪʠʤ ʩʘʤʠʤ ʥʝʧʦʤʽʪʥʦ 

ʟʘʤʽʥʷʶʯʠ ʡʦʛʦ, ʘʙʦ ʽʥʩʪʘʣʶʶʯʠ ʜʨʘʡʚʝʨ-ʬʽʣʴʪʨ [1]. 
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ʈʠʩ.1 ʄʦʜʝʣʴ ʘʧʘʨʘʪʥʦʛʦ ʚʚʦʜʫ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

Windows 

ʄʝʪʦʜʠ ʧʦʰʫʢʫ ʢʣʘʚʽʘʪʫʨʥʠʭ ʰʧʠʛʫʥʽʚ ʙʘʞʘʥʦ ʧʨʦʚʦʜʠʪʠ ʟ 

ʧʝʚʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʘʣʝ ʥʘʙʘʛʘʪʦ ʢʨʘʱʝ ʙʫʜʝ ʚʞʠʚʘʥʥʷ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ. ɯʥʩʪʘʣʷʮʽʷ ʘʥʪʠʚʽʨʫʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʩʪʘʥʫ ʙʘʟ ʜʘʥʠʭ  ̒ ʦʜʥʠʤ ʟ 

ʥʘʡʧʨʦʩʪʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʟʘʭʠʩʪʫ. ʆʜʥʘʢ, ʮʝ ʥʝ ʻ 

ʛʘʨʘʥʪʽʻʶ ʘʙʩʦʣʶʪʥʦʾ ʙʝʟʧʝʢʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʢʝʡʣʦʛʝʨʽʚ ʚʽʜʥʦʩʷʪʴ ʜʦ ʢʣʘʩʫ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʟʘʟʚʠʯʘʡ ʜʣʷ ʡʦʛʦ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʠʩʪʘʚʠʪʠ ʥʝʦʙʭʽʜʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʥʪʠʚʽʨʫʩʫ ʚʨʫʯʥʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʢʣʘʚʽʘʪʫʨʥʦʛʦ ʰʧʠʛʫʥʘ, ʷʢʠʡ 

ʥʝ ʙʫʜʝ ʨʝʻʩʪʨʚʫʚʘʪʠʩʷ ʙʽʣʴʰʽʩʪʶ ʘʥʪʠʚʽʨʫʩʽʚ, ʘʣʝ ʥʝ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʢʠʤ ʚ ʧʦʰʫʢʫ ʪʘ ʜʝʘʢʪʠʚʘʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. ɼʞ. ʈʠʭʪʝʨ. Windows ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. ʉʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ WIN32-ʧʨʠʣʦʞʝʥʠʡ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 64-

ʨʘʟʨʷʜʥʦʡ ʚʝʨʩʠʠ Windows: ʠʟʜʘʥʠʝ 4, ʇʠʪʝʨ, ʈʫʩʩʢʘʷ ʈʝʜʘʢʮʠʷ, 

2008 ʨ., 671-697 ʩʪ. ISBN 5-272-00384-5. 

https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/5272003845
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ʋʣʷʥʘ ɻʘʣʴʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʜʦʮ. ʉʪʨʫʢ ʗ.ʄ. 

ʉʪʚʦʨʝʥʥʷ ʽʥʢʣʶʟʠʚʥʦʛʦ ʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  

ʚ ʢʘʙʽʥʝʪʽ ʬʽʟʠʢʠ 

ʆʨʛʘʥʽʟʘʮʽʷ ʽʥʢʣʶʟʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʟʘʢʣʘʜʽ ʦʩʚʽʪʠ ï ʮʝ 
ʩʫʯʘʩʥʠʡ, ʽʥʥʦʚʘʮʽʡʥʠʡ ʥʘʧʨʷʤʦʢ ʚ ʨʝʬʦʨʤʦʚʘʥʽʡ ʦʩʚʽʪʽ 
ʋʢʨʘʾʥʠ. ʊʦʙʪʦ ʮʝ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʦʩʚʽʪʠ, ʢʦʣʠ ʫʯʥʷʤ ʟ 
ʦʩʦʙʣʠʚʠʤʠ ʦʩʚʽʪʥʽʤʠ ʧʦʪʨʝʙʘʤʠ ʩʪʚʦʨʶʶʪʴʩʷ ʫʤʦʚʠ, ʜʣʷ 
ʩʧʽʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʠʭʦʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭʥʽʭ 
ʧʦʪʨʝʙ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ [1] ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 
ʟʘ ʤʽʩʮʝʤ ʩʚʦʛʦ ʧʨʦʞʠʚʘʥʥʷ.  
ɼʦʩʣʽʜʠʚʰʠ ʫʧʨʦʚʘʜʞʝʥʥʷ ʽʥʢʣʶʟʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʫʨʦʢʘʭ 

ʬʽʟʠʢʠ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʥʘʧʨʘʮʶʚʘʥʥʷ ʪʘʢʠʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ 
ʽ ʥʘʫʢʦʚʮʽʚ ʷʢ: ɸ. ʂʦʣʫʧʘʻʚʘ, ʅ. ʉʦʬʽʡ, ʅ. ʅʘʡʜʘ, ʉ. ʄʽʨʦʥʦʚʘ 
ʚʠʷʚʣʝʥʦ, ʱʦ ʜʘʥʠʡ ʧʨʦʮʝʩ ʤʘʻ ʽʥʥʦʚʘʮʽʡʥʠʡ ʽ ʪʚʦʨʯʠʡ 
ʭʘʨʘʢʪʝʨ,[2] ʦʩʢʽʣʴʢʠ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʧʦʩʪʽʡʥʠʤ ʧʦʰʫʢʦʤ ʙʽʣʴʰ 
ʜʦʩʢʦʥʘʣʠʭ ʽ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ, ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʩʚʽʪʥʽʭ ʧʦʪʨʝʙ ʡʦʛʦ ʫʯʘʩʥʠʢʽʚ. 
ʆʨʛʘʥʽʟʦʚʫʶʯʠ ʽʥʢʣʶʟʠʚʥʝ ʥʘʚʯʘʥʥʷ ʫ ʢʘʙʽʥʝʪʽ ʬʽʟʠʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ˉ 588 ʚʽʜ 
09.08.2017ʨ ç˽ ͦͪΎ͒ͦ͟ ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͤ͜͟͡Ό͙͍͎ͤͦͦ͘ ͍ͤ͊;͊ͤͤΎ ͯ 
͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ ͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻè, ʜʣʷ ʜʽʪʝʡ ʚʨʘʭʦʚʫʶʯʠ 
ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ̔ʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʤʦʞʝ ʨʦʟʨʦʙʣʷʪʠʩʷ 
ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʧʣʘʥ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʥʘʚʯʘʣʴʥʘ 
ʧʨʦʛʨʘʤʘ,[3] ʪʘʢʦʞ ʩʪʚʦʨʶʻʪʴʩʷ ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ ʟ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ, ʩʝʨʝʜʦʚʠʱʝ, ʜʝ ʢʦʞʥʦʛʦ 
ʜʥʷ ʚʧʨʦʜʦʚʞ ʫʩʴʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʨʦʢʫ ʚʠʢʣʘʜʘʥʥʷ ʙʫʣʦ ʙ 
ʛʥʫʯʢʠʤ, ʥʝʫʧʝʨʝʜʞʝʥʠʤ ʽ ʜʦʩʪʫʧʥʠʤ ʜʣʷ ʢʦʞʥʦʛʦ ʫʯʥʷ. ʊʘʢʝ 
ʦʩʚʽʪʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʙʘʯʘʻ ʧʝʚʥʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʚ ʜʠʟʘʡʥʽ 
ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʮʠʬʨʦʚʠʡ ʢʫʨʠʢʫʣʫʤ, ʜʦʧʦʤʽʞʥʽ 
ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥ. ɯʩʥʫʶʪʴ ʚʘʨʽʘʮʽʾ ʚʽʜ ʧʨʦʩʪʦʾ ʜʦʰʢʠ ʜʣʷ ʥʘʧʠʩʽʚ 
ʜʦ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʩʠʥʪʝʟʫʻ ʛʦʣʦʩ ʟ ʪʝʢʩʪʫ; ʛʦʣʦʩ ʟ 
ʞʝʩʪʽʚ (Deaf Assistant) ʽ ʥʘʚʧʘʢʠ. ʅʘʨʘʟʽ ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʚʠʙʽʨ 
ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʟʚʠʯʘʡʥʦʾ ʢʣʘʚʽʘʪʫʨʠ, ʫ 
ʪʦʤʫ ʯʠʩʣʽ: ʩʝʥʩʦʨʥʽ ʧʘʥʝʣʽ, ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʚʢʘʟʫʚʘʥʥʷ, 
ʜʞʦʡʩʪʠʢʠ, ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʢ ʪʦʱʦ, ʱʦ 
ʜʘʶʪʴ ʟʤʦʛʫ ʟʤʽʥʶʚʘʪʠ ʤʘʨʢʫʚʘʥʥʷ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʥʦʧʦʢ; 
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ʚʪʽʣʶʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʜʠʟʘʡʥʝʨʩʴʢʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʦʙʦʪʠ ʟʘʣʝʞʥʦ 
ʚʽʜ ʦʩʦʙʣʠʚʠʭ ʦʩʚʽʪʥʽʭ ʧʦʪʨʝʙ(ʆʆʇ).  
ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʽʚ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ, ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 
ʜʦʩʪʫʧʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʟ ʬʽʟʠʢʠ ʜʣʷ ʚʩʽʭ ʫʯʥʽʚ ʫ 
ʙʝʟʙʘʨôʻʨʥʦʤʫ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʩʪʦʨʽ. ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʜʠʟʘʡʥ [4] 
ʦʭʦʧʣʶʻ ʪʘʢʽ ʘʩʧʝʢʪʠ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ, ʷʢ:  

¶ ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʠ ʪʘ ʧʨʦʛʨʘʤʠ; 

¶ ʤʝʪʦʜʠ ʚʠʢʣʘʜʘʥʥʷ; 

¶ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʷʛʥʝʥʴ ʜʽʪʝʡ. 
ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘʢʦʞ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ 

ʚʯʠʪʝʣʷ ʜʦ ʫʨʦʢʫ ʬʽʟʠʢʠ ʚ ʽʥʢʣʶʟʠʚʥʦʤʫ ʢʣʘʩʽ, ʷʢʠʡ ʩʢʣʘʜʘʻ 
ʧʣʘʥ-ʢʦʥʩʧʝʢʪ ʫʨʦʢʫ, ʚ ʷʢʦʤʫ ʽʥʪʝʛʨʫʶʪʴʩʷ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ 
ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ (ʢʦʨʝʢʮʽʡʥʠʭ) ʧʨʦʛʨʘʤ ʪʘʢ, ʱʦʙ 
ʥʘ ʦʜʥʦʤʫ ʫʨʦʮʽ ʜʽʪʠ ʟ ʨʽʟʥʠʤ ʩʪʘʥʦʤ ʧʩʠʭʦʬʽʟʠʯʥʦʛʦ ʽ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʚʯʘʣʠ ʙʣʠʟʴʢʫ ʟʘ ʟʤʽʩʪʦʤ ʪʝʤʫ, ʘʣʝ 
ʥʘ ʪʦʤʫ ʨʽʚʥʽ ʟʘʩʚʦʻʥʥʷ, ʷʢʠʡ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʢʦʞʥʦʛʦ ʫʯʥʷ.  
ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʚôʷʟʦʢ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʜʠʟʘʡʥʫ ʟ 

ʨʽʟʥʠʤʠ ʩʪʨʘʪʝʛʽʷʤʠ ʥʘʚʯʘʥʥʷ ʥʘ ʫʨʦʮʽ ʬʽʟʠʢʠ: 

¶ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʝ ʚʠʢʣʘʜʘʥʥʷ 

¶ ʢʦʦʧʝʨʘʪʠʚʥʝ ʥʘʚʯʘʥʥʷ 

¶ ʪʝʤʘʪʠʯʥʝ ʥʘʚʯʘʥʥʷ .  

¶  ʧʨʦʝʢʪʥʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʫʨʦʢʘʭ ʬʽʟʠʢʠ 
 ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢ 

ʱʦ ʦʨʛʘʥʽʟʘʮʽʷ ʽʥʢʣʶʟʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʬʽʟʠʢʠ ʚʠʤʘʛʘʻ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ 
ʧʝʚʥʦʾ ʘʜʘʧʪʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʫʯʥʽʚ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʚʽʪʫè ʚʽʜ 05.09.2017 ˉ 2145-VIII   
2. ʉʦʬʽʡ ʅ.ɿ., ʅʘʡʜʘ ʖ.ʄ. ʂʦʥʮʝʧʪʫʘʣʴʥʽ ʘʩʧʝʢʪʠ ʽʥʢʣʶʟʠʚʥʦʾ 

ʦʩʚʽʪʠ / ɯʥʢʣʶʟʠʚʥʘ ʰʢʦʣʘ: ʦʩʦʙʣʠʚʦʩʪʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ : 
[ʥʘʚʯ.-ʤʝʪʦʜ. ʧʦʩʽʙ.] / [ɸ.ɸ. ʂʦʣʫʧʘʻʚʘ, ʖ.ʄ. ʅʘʡʜʘ, ʅ.ɿ. ʉʦʬʽʡ ʪʘ 
ʽʥ.] ; ʟʘ ʟʘʛ. ʨʝʜ. ʃ.ɯ. ɼʘʥʠʣʝʥʢʦ. ï ʂ., 2007. ï 128 

3. ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 9 ʩʝʨʧʥʷ 2017 ʨ. ˉ 

588 ç˽ͦͪΎ͒ͦ͟  ͎ͦͪ͊ͤ͊͘͜ͼ͜͝ ͤ͜͟͡Ό͙͍͎ͤͦͦ͘ ͍ͤ͊;͊ͤͤΎ ͯ ͎͊͊͘͡Έ͍ͤͦͦͫͭͤ͜͜ͻ 
͍ͤ͊;͊͡Έ͙ͤͻ ͊͊͒͊͘͟͡ͻè 

4. ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʜʠʟʘʡʥ ʚ ʦʩʚʽʪʽ: ʧʦʩʽʙʥʠʢ / ʇʽʜ ʟʘʛ. ʨʝʜ.ʉʦʬʽʡ ʅ. 
ɿ., ï ʂ.: ʊʆɺ çɺʠʜʘʚʥʠʯʠʡ ʜʽʤ çʇʣʝʷʜʠè, 2015. ï 76 ʩ. 
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ʖʣʽʷ ɻʘʤʘʥʞʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʘʩʠʩʪ. ʄʠʨʦʥʽʚ ɯ.ɺ. 

 

ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʪʝʢʩʪʫ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ ʪʘ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦʤʘʪʽʚ 

 
ɸʢʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ  ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʩʧʨʠʯʠʥʠʣʠ ʤʘʩʰʪʘʙʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ. ʑʦʜʥʷ ʢʦʞʥʘ ʣʶʜʠʥʘ ʦʪʨʠʤʫʻ ʫ 

20 ʨʘʟʽʚ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ, ʥʽʞ ʯʚʝʨʪʴ ʩʪʦʣʽʪʪʷ ʪʦʤʫ. ʆʙʨʦʙʢʘ, 

ʧʝʨʝʜʘʚʘʥʥʷ ʯʠ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʩʪʘʣʠ ʟʚʠʯʥʠʤʠ ʷʚʠʱʘʤʠ 

ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. ɼʦʩʠʪʴ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʚʠʜʽʣʝʥʥʷ ʢʦʨʠʩʥʦʾ ʜʣʷ ʦʢʨʝʤʦʾ ʣʶʜʠʥʠ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʠʭ ʟʤʽʥ. ɿʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʮʽ ʟʘʚʜʘʥʥʷ ʽ ʜʦʟʚʦʣʷʻ 

ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ, ʧʝʨʝʜʘʚʰʠ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

ʢʦʤʧôʶʪʝʨʥʠʤ ʧʨʦʛʨʘʤʘʤ. ʆʩʢʽʣʴʢʠ ʣʶʜʠʥʘ ʥʝ ʟʜʘʪʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʫ ʦʙʨʦʙʢʫ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʚʠʜʽʣʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʪʘ ʛʝʥʝʨʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ, ʪʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʘʢʩʠʯʥʠʭ ʪʘ 

ʣʝʢʩʠʯʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʪʝʢʩʪʫ. 

ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ð ʮʝ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʷʢʠʡ 

ʧʨʠʡʤʘʻ ʚʭʽʜʥʽ ʜʘʥʽ ʽ ʩʪʚʦʨʶʻ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ðʜʝʨʝʚʦ 

ʨʦʟʙʦʨʫ, ʘʙʩʪʨʘʢʪʥʝ ʜʝʨʝʚʦ ʩʠʥʪʘʢʩʠʩʫ ʘʙʦ ʽʥʰʫ ʽʻʨʘʨʭʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ð ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʫʢʪʫʨʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʚʦʜʫ, 

ʧʝʨʝʚʽʨʷʻ ʧʨʘʚʠʣʴʥʽʩʪʴ ʩʠʥʪʘʢʩʠʩʫ ʚ ʧʨʦʮʝʩʽ [1]. ʆʧʪʠʤʘʣʴʥʠʤ 

ʚʘʨʽʘʥʪʦʤ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ, ʱʦ 

ʚʠʢʦʥʫʚʘʪʠʤʝ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ ʰʚʠʜʢʦ ʪʘ ʷʢʽʩʥʦ, ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʢʣʽʪʠʥʥʠʭ 

ʘʚʪʦʤʘʪʽʚ. 

ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʘ ʧʨʦʛʨʘʤʥʘ 

ʤʦʜʝʣʴ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ï ʤʝʨʝʞ ʥʝʨʚʦʚʠʭ ʢʣʽʪʠʥ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ. 

ʄʦʞʣʠʚʽʩʪʴ ʥʘʚʯʘʥʥʷ ð ʦʜʥʘ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʚʘʛ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʧʝʨʝʜ ʪʨʘʜʠʮʽʡʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ [2].  

ʂʣ̔ʪʠӢʥʥʠʡ ʘʚʪʦʤʘӢʪ ð ʜʠʩʢʨʝʪʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʩʫʢʫʧʥʽʩʪʴ ʪʘ ʦʧʠʩʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʢʣʽʪʠʥʦʢ, ʱʦ 
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ʫʪʚʦʨʶʶʪʴ ʧʝʨʽʦʜʠʯʥʫ ʨʝʰʽʪʢʫ, ʪʘ ʟʘʜʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ 

ʧʝʨʝʭʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ ʢʣʽʪʠʥʠ ʟʘ ʪʝʧʝʨʽʰʥʽʤ ʩʪʘʥʦʤ 

ʩʘʤʦʾ ʢʣʽʪʠʥʢʠ ʪʘ ʪʠʭ ʾʾ ʩʫʩʽʜʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʜ ʥʝʾ ʥʘ ʧʝʚʥʽʡ 

ʚʽʜʩʪʘʥʽ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʤʘʢʩʠʤʘʣʴʥʫ [3]. 

ʉʠʥʪʘʢʩʠʯʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʪʝʢʩʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʪʨʝʙʫʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʟʥʘʯʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʧʨʘʮʶʚʘʥʥʷ ʪʝʢʩʪʫ ʽ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʚʠʜʽʣʝʥʥʷ ʪʘ ʛʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ  

ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘ ʦʧʨʘʮʴʦʚʫʻ 

ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʢʦʨʝʢʪʥʦ ʘʥʘʣʽʟʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ, 

ʛʝʥʝʨʫʶʯʠ ʥʝʦʙʭʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦʤʘʪʽʚ, ʧʨʠ ʯʦʤʫ ʘʣʛʦʨʠʪʤ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʪʝʢʩʪʫ ʚʜʦʩʢʦʥʘʣʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ  

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ ʩʠʩʪʝʤʠ ʪʘ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʟʜʘʪʥʘ ʚʠʷʚʣʷʪʠ ʩʢʣʘʜʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʡ ʚʠʭʽʜʥʠʤʠ, ʘ ʪʘʢʦʞ 

ʟʜʽʡʩʥʶʚʘʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɺʽʢʽʧʝʜʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ï 

ʉʠʥʪʘʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

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

ʟʚʝʨʥʝʥʥʷ ï 04.03.2020). 

2. Futurum [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]:  [ɺʝʙ-ʩʘʡʪ]. ï ʐʪʫʯʥʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ: ʱʦʮʝ ʪʘʢʝ? ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://futurum.today/shtuchni-neironni-merezhi-shcho-tse-take/  (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ ï 04.03.2020). 

3. ɺʽʢʽʧʝʜʽʷ  [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ï ʂʣʽʪʠʥʥʽ 

ʘʚʪʦʤʘʪʠ  ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

https://uk.wikipedia.org/wiki/ʂʣʽʪʠʥʥʽ_ʘʚʪʦʤʘʪʠ/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

04.03.2020). 
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ʆʣʝʢʩʘʥʜʨ ɻʘʥʜʟʶʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʪʘ ʤʽʞʘʪʦʤʥʦʾ  

ʚʟʘʻʤʦʜʽʾ ʚ ʢʨʠʩʪʘʣʘʭ ʘʥʪʠʤʦʥʽʜʫ ʢʘʜʤʽʶ 

 

ɸʥʪʠʤʦʥʽʜ ʢʘʜʤʽʶ ï ʜʦʙʨʝ ʚʠʚʯʝʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʘ 

ʩʧʦʣʫʢʘ, ʷʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʪʝʭʥʽʮʽ, ʘ 

ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʤʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʮʽ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʱʦ ʚʧʣʠʚ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʥʘ 

ʜʠʥʘʤʽʢʫ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʠʭ 

ʢʨʠʩʪʘʣʘʭ ʨʦʤʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʦ [1]. ʊʦʤʫ ʰʣʷʭ 

ʜʦ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʣʝʞʠʪʴ ʯʝʨʝʟ ʘʥʘʣʽʟ ʝʤʧʽʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡ 

ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʦʧʠʩʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʝʣʝʤʝʥʪʽʚ ʽ ʫʪʚʦʨʝʥʠʭ ʥʠʤʠ ʩʧʦʣʫʢ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʚʨʘʭʫʚʘʥʥʷ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ 

ʝʤʧʽʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʢʦʤʙʽʥʘʮʽʾ ʧʨʠʥʮʠʧʽʚ ʨʽʟʥʠʭ 

ʧʽʜʭʦʜʽʚ ï ʣʦʛʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ï ʚ 

ʻʜʠʥʦʤʫ ʢʽʣʴʢʽʩʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʥʥʦʾ 

ʙʫʜʦʚʠ ʨʝʯʦʚʠʥʠ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʡ 

ʟʚ'ʷʟʢʽʚ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ (ʅɻʆ) ʚʽʜ ʾʭʥʽʭ 

ʜʦʚʞʠʥ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʚʟʘʻʤʦʜʽʶʯʠʭ ʘʪʦʤʽʚ ʫ 

ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ ʘʥʪʠʤʦʥʽʜʫ ʢʘʜʤʽʶ ʦʜʥʠʤ 

ʟʘʛʘʣʴʥʠʤ ʚʠʨʘʟʦʤ: 

$ -
ȟ

ȟ

- -

      , 

ʜʝ ʧʦʩʪʽʡʥʽ C1 ʽ C2 ʚʠʙʠʨʘʶʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ: C2 ï 

ʢʦʝʬʽʮʽʻʥʪ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʪʠʧʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʡ 

ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʢʦʝʬʽʮʽʻʥʪʘʤʠ tgŬA,B ʽ 

ʚʝʣʠʯʠʥʘʤʠ (RuA/RuB) [2]. ʊʦʤʫ ʧʨʠ ʨʦʟʚ'ʷʟʢʫ ʩʘʤʦʫʟʛʦʜʞʝʥʦʾ 

ʚʘʨʽʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʦʨʽʚʥʶʻ C2 å 0,5 ʽ ʜʣʷ 

ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ ʤʝʞʘʭ 0᾽C2᾽1. C1 ï 

ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʨʦʟʤʽʨʥʠʭ ʽ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʪʘʢʠʭ ʷʢ 

ʧʦʪʝʥʮʽʘʣʠ ʽʦʥʽʟʘʮʽʾ, ʝʬʝʢʪʠ ʝʢʨʘʥʫʚʘʥʥʷ, ʝʣʝʢʪʨʦʚʽʜôʻʤʥʦʩʪʽ ʟ 



56 

ʝʬʝʢʪʠʚʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʡ ʤʽʞʘʪʦʤʥʠʤʠ ʚʽʜʩʪʘʥʷʤʠ. ʋ ʚʠʧʘʜʢʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʠʩʪʝʤʥʠʭ ʦʜʠʥʠʮʴ, ʢʦʣʠ ʝʥʝʨʛʽʷ ʚʠʤʽʨʶʻʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʥʚʦʣʴʪʘʭ, ʘ ʚʽʜʩʪʘʥʴ ï ʚ ʘʥʛʩʪʨʝʤʘʭ (¡) ʜʣʷ ʚʩʽʭ ʅɻʆ 

CdSb, C1 ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ï C1=0,046 eɺ /(¡)
2
 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʨʦʟʨʘʭʫʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʚ ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ 

ʟʘ ʧʨʦʧʦʥʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 

ʩʫʯʘʩʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ ʪʝʦʨʽʷʤʠ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ. ɽʥʝʨʛʽʷ 

ʜʠʩʦʮʽʘʮʽʾ ʅɻʆ ʚ ʢʨʠʩʪʘʣʘʭ CdSb ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʞʘʪʦʤʥʠʭ 

ʚʽʜʩʪʘʥʝʡ. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ ʝʥʝʨʛʽʷ ʚʟʘʻʤʦʜʽʾ 

ʘʪʦʤʽʚ ʧʦʚʠʥʥʘ ʟʤʝʥʰʫʚʘʪʠʩʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ ʮʴʦʤʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʥʘ ʟʚ'ʷʟʢʘʭ, ʷʢʘ ʤʦʞʝ ʷʢ 

ʧʽʜʩʠʣʶʚʘʪʠ ʮʝʡ ʝʬʝʢʪ, ʪʘʢ ʽ ʧʦʩʣʘʙʣʷʪʠ. 

ʄʦʚʘ ʡʜʝ ʥʝ ʧʨʦ ʫʪʦʯʥʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʦʮʽʥʦʢ, ʘ ʧʨʦ ʷʢʽʩʥʫ 

ʟʤʽʥʫ ʩʠʩʪʝʤʠ ʧʦʛʣʷʜʽʚ ʥʘ ʧʨʠʨʦʜʫ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʡ ʧʦʚ'ʷʟʘʥʫ 

ʟ ʚʽʜʤʦʚʦʶ ʚʽʜ ʦʜʥʽʻʾ ʽʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʢʦʥʮʝʧʮʽʡ (ZA =  -ZB) 

ʽ ʧʦʩʠʣʝʥʥʷʤ ʫʚʘʛʠ ʜʦ ʥʘʧʨʷʤʣʝʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʭʽʤʽʯʥʦʛʦ 

ʟʚ'ʷʟʢʫ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʦʜʝʨʞʫʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʘʤʝʪʨʠ 

ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ (zʝʬ, RU, q) ʽ ʟʽʩʪʘʚʣʝʥʥʷ ʾʾ ʟ ʢʦʤʧʣʝʢʩʦʤ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ï ʟ ʝʥʝʨʛʽʻʶ 

ʜʠʩʦʮʽʘʮʽʾ ʅɻʆ ʚ CdSb) ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, 

ʟʚʝʩʪʠ ʷʢʽ ʚ ʣʦʛʽʯʥʦ ʧʦʩʣʽʜʦʚʥʫ ʡ ʩʪʨʫʢʪʫʨʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʚʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʪʽʣʴʢʠ ʧʨʠ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʤʫ ʧʽʜʭʦʜʽ. 

ʊʘʢʠʡ ʰʣʷʭ ʨʦʟʚ'ʷʟʢʫ ʟʘʜʘʯʽ ʜʦʟʚʦʣʷʻ ʩʧʦʜʽʚʘʪʠʩʷ, ʱʦ 

ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʪʨʘʢʪʫʚʘʥʥʷ ʩʪʘʥʫʪʴ ʩʪʠʤʫʣʦʤ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʙʣʝʤ ʢʽʣʴʢʽʩʥʦʛʦ ʦʧʠʩʫ ʤʽʞʘʪʦʤʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚ ʥʠʟʴʢʦʩʠʤʝʪʨʠʯʥʠʭ ʢʨʠʩʪʘʣʘʭ ʽ ʥʘʜʛʨʘʪʢʘʭ ʥʘ ʾʭʥʽʡ 

ʦʩʥʦʚʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Belotskii D.P., Manik O.N., On the Relation of Structure of Melts 

to the Diagrams of State in Thermoelectric Material. 2. Phase Changes and 

Electronic Properties of Melts, J.Thermoelectricity 2, 23 ï 57 (1996). 

2. ɹʝʣʦʮʢʠʡ ɼ.ʇ., ʄʘʥʠʢ ʆ.ʄ. ʆ ʚʟʘʠʤʦʩʚʷʟʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʣʘʚʦʚ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʜʠʘʛʨʘʤʤʘʤʠ ʩʦʩʪʦʷʥʠʷ // ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ï 2001. - ˉ3. ï ʉ. 3 ï  
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʘʩʠʩʪ. ʊʢʘʯ ʆ.ʆ. 

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʽʜʭʦʜʫ  

ʫ ʥʘʚʯʘʥʥʽ ʰʢʦʣʷʨʽʚ 
ʆʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʩ3ʫʯʘʩʥʦʾ ʰʢʦʣʠ ʻ ʧʦʰʫʢ 

ʦʧʪʠʤʘʣʴʥʠʭ ʰʣʷʭʽʚ ʟʘʮʽʢʘʚʣʝʥʥʷ ʫʯʥʽʚ ʥʘʚʯʘʥʥʷʤ, 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʨʦʟʫʤʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʩʧʦʥʫʢʘʥʥʷ ʜʦ ʪʚʦʨʯʦʩʪʽ, 

ʥʘʙʫʪʪʷ ʚʤʽʥʴ ʧʨʘʢʪʠʯʥʦʛʦ ʽ ʪʚʦʨʯʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʜʦʙʫʪʠʭ 

ʟʥʘʥʴ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʽʜʭʦʜʫ ʚ ʥʘʚʯʘʥʥʽ ʰʢʦʣʷʨʽʚ 

ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʩʘʤʦʩʪʽʡʥʠʡ ʧʦʰʫʢ ʥʦʚʠʭ ʟʥʘʥʴ, ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʟʙʘʛʘʯʝʥʥʷ ʥʦʚʠʭ ʧʽʟʥʘʚʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ. ʊʦʤʫ ʥʘʚʯʘʥʥʷ ʚ 

ʟʥʘʯʥʽʡ ʤʽʨʽ ʩʪʘʻ ʪʘʢʠʤ, ʱʦ ʽʥʽʮʽʶʻʪʴʩʷ ʫʯʥʷʤʠ, ʷʢʽ ʟʘʩʚʦʶʶʪʴ 

ʥʦʚʠʡ ʜʦʩʚʽʜ, ʫ ʪ. ʯ. ʽ ʜʦʩʣʽʜʥʠʮʴʢʦ-ʧʽʟʥʘʚʘʣʴʥʠʡ. 

ɼʦʩʣʽʜʥʠʮʴʢʘ ʧʨʘʢʪʠʢʘ ʰʢʦʣʷʨʽʚ ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ 

ʥʘʫʢʦʚʠʤ ʤʝʪʦʜʘʤ ʥʘʚʯʘʥʥʷ, ʨʦʟʰʠʨʶʚʘʪʠ ʟʤʽʩʪ ʾʭʥʴʦʾ ʦʩʚʽʪʠ 

ʡ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠ ʧʽʜʛʦʪʦʚʢʫ ʜʦ ʤʘʡʙʫʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ [1]. 

ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʧʨʘʢʪʠʢ ʻ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-

ʛʨʦʤʘʜʩʴʢʠʡ ʧʨʦʝʢʪ - ɺʩʝʫʢʨʘʾʥʩʴʢʠʡ ʢʦʥʢʫʨʩ-ʟʘʭʠʩʪ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʫʯʥʽʚ-ʯʣʝʥʽʚ ʄʘʣʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

ʋʢʨʘʾʥʠ.  

ʎʝʡ ʧʨʦʝʢʪ ʽ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʚʠʷʚʣʝʥʥʷ, ʨʦʟʚʠʪʦʢ ʪʘ 

ʩʦʮʽʘʣʴʥʫ ʧʽʜʪʨʠʤʢʫ ʪʘʣʘʥʦʚʠʪʠʭ ʫʯʥʽʚ; ʟʘʣʫʯʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦ ʽ ʪʚʦʨʯʦ ʦʙʜʘʨʦʚʘʥʦʾ ʤʦʣʦʜʽ ʜʦ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʦʾ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʧʦʰʫʢʦʚʦʾ, ʪʚʦʨʯʦʾ 

ʜʽʷʣʴʥʦʩʪʽ [2].  

ʊʘʢ ʷʢ ʥʘʧʠʩʘʥʥʷ ʫʯʥʷʤʠ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʰʢʽʣʴʥʠʭ ʟʘʥʷʪʴ, ʪʦ ʥʘ ʢʦʞʥʦʤʫ 

ʝʪʘʧʽ ʥʘʧʠʩʘʥʥʷ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʚʠʤʘʛʘʻʪʴʩʷ ʜʦʧʦʤʦʛʘ 

ʚʯʠʪʝʣʷ. 

ʊʦʤʫ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʝʜʘʛʦʛʘ-ʢʝʨʽʚʥʠʢʘ ʫ ʧʨʦʮʝʩʽ 

ʥʘʧʠʩʘʥʥʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʻ: 

- ʧʦʰʫʢ ʮʽʢʘʚʦʾ ʪʝʤʠ; 

- ʦʨʛʘʥʽʟʘʮʽʷ ʪʚʦʨʯʦʛʦ ʧʨʦʮʝʩʫ; 

- ʦʟʥʘʡʦʤʣʝʥʥʷ ʫʯʥʷ ʟ ʧʨʘʚʠʣʘʤʠ ʚʠʢʦʥʘʥʥʷ ʡ ʥʘʧʠʩʘʥʥʷ 

ʚʣʘʩʥʦʾ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ; 

- ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʤʝʪʦʜʘʤʠ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ; 
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- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪ.ʧ. [2]  

ɸʣʝ, ʮʽʢʘʚʦ ʙʫʣʦ ʚʟʥʘʪʠ ʜʫʤʢʫ ʩʘʤʠʭ ʫʯʥʽʚ, ʱʦ ʜʦ 

ʥʘʧʠʩʘʥʥʷ ʪʘʢʠʭ ʨʦʙʽʪ ʽ ʨʦʣʴ ʚʯʠʪʝʣʷ . 

ʊʦʤʫ ʫʯʥʷʤ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʨʷʜ ʟʘʧʠʪʘʥʴ ʱʦʜʦ ʚʘʞʣʠʚʦʩʪʽ 

ʥʘʧʠʩʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʨʦʙʽʪ, ʦʩʦʙʣʠʚʦ ʨʦʙʽʪ ʧʨʠʨʦʜʥʠʯʦʛʦ 

ʮʠʢʣʫ.  

ʆʧʠʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʩʝʨʝʜ ʫʯʥʽʚ 7-10 ʢʣʘʩʽʚ. ɿ 20 

ʦʧʠʪʘʥʠʭ ʫʯʥʽʚ 10 ʢʣʘʩʫ ʙʽʣʴʰʽʩʪʴ ʚʚʘʞʘʻ, ʱʦ ʚʦʥʠ ʙʠ ʭʦʪʽʣʠ 

ʟʘʡʤʘʪʠʩʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʨʦʙʦʪʦʶ ʟ ʬʽʟʠʢʠ. ɹʽʣʴʰʽʩʪʴ 

ʫʯʥʽʚ ʚʚʘʞʘʻ, ʱʦ ʧʦʯʠʥʘʪʠ ʚʠʚʯʘʪʠ ʬʽʟʠʢʫ ʤʦʞʥʘ ʚ ʙʽʣʴʰ 

ʨʘʥʽʰʥʴʦʤʫ ʚʽʮʽ, ʘʣʝ ʫ ʽʛʨʦʚʽʡ ʬʦʨʤʽ.  

ʅʘ ʟʘʧʠʪʘʥʥʷ çʑʦ ʩʪʘʣʦ ʙ ʜʣʷ ʚʘʩ ʩʪʠʤʫʣʦʤ ʜʣʷ ʪʦʛʦ, ʱʦ 

ʙʠ ʚʠ ʧʦʯʘʣʠ ʚʠʚʯʘʪʠ ʬʽʟʠʢʫ?è ʚʽʜʧʦʚʽʜʽ ʙʫʣʠ ʨʽʟʥʽ. ʎʝ - 

ʮʽʢʘʚʽʩʪʴ ʽ ʨʦʟʫʤʽʥʥʷ ʜʝʷʢʠʭ ʷʚʠʱ ʫ ʧʨʠʨʦʜʽ ʪʘ ʫ ʙʫʜʝʥʥʦʤʫ 

ʞʠʪʪʽ; ʮʝ - ʨʦʟʫʤʽʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʥʴ ʚ 

ʧʦʜʘʣʴʰʦʤʫ; ʮʝ - ʧʨʠʢʣʘʜʠ ʟ ʨʝʘʣʴʥʦʛʦ ʞʠʪʪʷ, ʘ ʥʝ ʪʽʣʴʢʠ 

ʚʠʚʯʝʥʥʷ ʬʦʨʤʫʣ; ʮʝ - ʤʦʞʣʠʚʽʩʪʴ ʟʘʨʦʙʣʷʪʠ ʩʚʦʾʤʠ ʟʥʘʥʥʷʤʠ. 

ɸʣʝ ʙʽʣʴʰʽʩʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ ʚʽʜʧʦʚʽʣʠ ʱʦ ʮʝ - çʮʽʢʘʚʠʡè ʚʯʠʪʝʣʴ! 

çʎʽʢʘʚʠʡè ʚʯʠʪʝʣʴ ʥʘ ʜʫʤʢʫ ʫʯʥʽʚ ʮʝ ʥʝ ʪʽʣʴʢʠ ʪʦʡ ʚʯʠʪʝʣʴ, 

ʷʢʠʡ ʰʚʠʜʢʦ ʽ ʮʽʢʘʚʦ ʚ ʜʝʪʘʣʷʭ ʧʦʜʘʻ ʽʥʬʦʨʤʘʮʽʶ, ʩʧʨʘʚʝʜʣʠʚʦ 

ʦʮʽʥʶʻ, ʘʣʝ ʽ ʚʯʠʪʝʣʴ, ʷʢʠʡ ʨʦʟʫʤʽʻ ʫʯʥʷ; ʷʢʠʡ ʤʦʞʝ ʟʥʘʡʪʠ 

ʧʽʜʭʽʜ ʜʦ ʢʦʞʥʦʾ ʜʠʪʠʥʠ; ʷʢʠʡ ʚʯʠʪʴ ʤʠʩʣʠʪʠ ʡ ʨʦʟʫʤʽʪʠ ʩʚʽʪ, 

ʥʘʚʯʘʻ ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʩʧʽʚʧʨʘʮʽ ʥʘ ʦʩʥʦʚʽ ʚʟʘʻʤʥʦʾ ʜʦʚʽʨʠ ʽ 

ʨʦʟʫʤʽʥʥʷ,  ʛʦʪʫʻ ʜʦ ʤʘʡʙʫʪʥʴʦʛʦ. 

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʯʠʪʝʣʴ ʤʘʻ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘʢʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʥʘʚʠʢʽʚ, ʟ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʥʝ 

ʪʽʣʴʢʠ ʙ ʦʪʨʠʤʫʚʘʣʠʩʷ ʙʘʟʦʚʽ ʟʥʘʥʥʷ ʟ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʫ, 

ʘʣʝ ʡ ʨʦʟʚʠʚʘʣʠʩʷ ʪʘʢʽ ʷʢʦʩʪʽ ʫʯʥʷ, ʷʢ ʧʽʟʥʘʚʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ, 

ʩʘʤʦʩʪʽʡʥʽʩʪʴ, ʫʤʽʥʥʷ ʪʚʦʨʯʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ. ʆʩʦʙʣʠʚʦ 

ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʨʝʜʤʝʪʽʚ ʧʨʠʨʦʜʥʠʯʦʛʦ ʮʠʢʣʫ[1]. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. https://osvita.ua/school/lessons_summary/upbring/27192/ 

2. ɺʩʪʫʧ ʜʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ: ʤʝʪ. ʚʢʘʟʽʚʢʠ / ɸ. ɺ. 

ʄʝʣʴʥʠʯʠʥ, ɯ. ɸ. ʃʝʤʘ: ʃʴʚʽʚ ï 2014. 
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ɸʥʜʨʽʡ ɻʣʫʰʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

ʄʝʪʦʜ ʧʨʦʝʢʪʽʚ ʷʢ ʟʘʩʽʙ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ 

ʫʯʥʽʚ ʫ ʧʨʦʮʝʩʽ ʚʠʚʯʝʥʥʷ ʧʨʝʜʤʝʪʘ ñʊʝʭʥʦʣʦʛʽʾò 
  ʄʝʪʦʶ ʦʩʚʽʪʥʴʦʾ ʛʘʣʫʟʽ "ʊʝʭʥʦʣʦʛʽ"ʾ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʙʘʟʠʩ-

ʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟʘʢʣʘʜʽʚ ʟʘʛʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʾ ʦʩʚʽʪʠ, ʻ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦ ʦʩʚʽʯʝʥʦʾ ʣʶʜʠʥʠ, ʧʽʜʛʦ-

ʪʦʚʣʝʥʦʾ ʜʦ ʞʠʪʪʷ  ̔ʘʢʪʠʚʥʦʾ ʧʨʝʜʤʝʪʥʦ-ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʜʽ-

ʷʣʴʥʦʩʪʽ. ʆʯʽʢʫʚʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʥʘʙʫʪʪʷ ʫʯʥʷʤʠ ʞʠʪʪʻʚʦ ʥʝ-

ʦʙʭʽʜʥʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʫ ʩʬʝʨʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʟʜʘʪ-

ʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʫ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ [1].  

ɼʦʩʷʛʥʝʥʥʷ ʮʴʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʚʦʣʦʜʽʥʥʷ ʚʯʠ-

ʪʝʣʝʤ ʬʘʭʦʚʠʤʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʤʠ ʱʦʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯ-

ʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʫʯʥʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʠʤ ʥʦʚʠʭ, ʩʫʯʘʩʥʠʭ ʧʝʜʘʛʦ-

ʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʝʪʦʜʽʚ ʥʘʚʯʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʬʦʨʤʫ-

ʚʘʥʥʷ ʚ ʫʯʥʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʚʦʨʯʦʛʦ ʤʠʩʣʝʥʥʷ  ̔ʫʩʚʽʜʦʤʣʝʥʥʷ 

ʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠʥʠ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. 

ʆʩʦʙʣʠʚʘ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʴʦʛʦ ʚʯʠʪʝʣʷ ʜʦ 

ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘʣʝʞʠʪʴ ʦʧʘʥʫʚʘʥʥʶ ʥʠʤ ʧʨʦʝʢʪʥʠʭ ʪʝʭʥʦʣʦ-

ʛʡ̔ ʥʘʚʯʘʥʥʷ. ʉʘʤʝ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʨʦʙʣʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʟʤʽʩʪ ʽ ʟʥʘʯʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʘʢʪʠʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʣʘʥʮʶʞʢʘ ï ʚʽʜ ʬʦʨʤʫ-

ʣʶʚʘʥʥʷ ʽʜʝʾ ʜʦ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. ʄʝʪʦʜ ʧʨʦʝʢʪʽʚ ʜʘʻ ʟʤʦʛʫ ʝʬʝʢʪʠʚ-

ʥʦ ʬʦʨʤʫʚʘʪʠ ʚ ʫʯʥʽʚ ʫʤʽʥʥʷ ʩʘʤʦʩʪʽʡʥʦ ʟʜʦʙʫʚʘʪʠ ʟʥʘʥʥʷ ʪʘ ʽʥ-

ʰ ̔ʢʣʶʯʦʚʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʟʘʣʫʯʘʪʠ ʾʭ ʜʦ ʧʦʰʫʢʦʚʦʾ, ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʫ ʤʦʪʠʚʘʮʽʶ ʜʦ 

ʥʘʚʯʘʥʥʷ, ʝʬʝʢʪʠʚʥʦ ʚʠʟʥʘʯʘʪʠ ʪʘ ʨʦʟʚʠʚʘʪʠ ʾʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʡ 

ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ.  

ɿʘʚʜʘʥʥʷ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʣʷʛʘ ̒ ʫ ʩʪʚʦʨʝʥʥ ̔

ʚʯʠʪʝʣʝʤ ʫ ʭʦʜʽ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʣʷ 

ʥʘʙʫʪʪʷ ʫʯʥ̫ʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʦʥʘ  ̒ ʧʨʘʢʪʠʢʦ  ʁ ʦʩʦʙʠʩʪʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʚʽʣʴʥʦʛʦ ʚʠʙʦʨʫ ʫʯʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʟʜʽʙʥʦʩʪʝʡ ʪʘ 

ʽʥʪʝʨʝʩʽʚ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʫ ʦʨʽʻʥʪʘʮʽʶ, ʧʨʘʢʪʠʯʥʦ 

ʩʧʨʷʤʦʚʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ [2]. 

ʋ ʟʚôʷʟʢʫ ʽʟ ʨʦʟʚʠʪʢʦʤ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʦʚʽʪ-

ʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʜʦʩʷʛʥʝʥʥʷʭ ʥʘʥʦʝʣʝʢʪʨʦʥʽ-
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ʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʦʚʽʪʥʽʭ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ, ʟʘʩʦʙʽʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ ʧʽʜʛʦʪʦʚʢʠ ʚʯʠʪʝʣʽʚ ʪʝʭʥʦʣʦʛʽʡ, ʦʙʽʟʥʘʥʠʭ ʫ 

ʩʬʝʨʽ ʝʣʝ-ʢʪʨʦʥʽʢʠ, ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ 

ʢʝʨʫʚʘʥʥʷ ʘʚʪʦ-ʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ʇʨʦʛʨʘʤʠ ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ ñʊʨʫʜʦʚʝ ʥʘʚʯʘʥʥʷò ʪʘ ñʊʝʭ-

ʥʦʣʦʛʽʾò ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʠʢ ʘʢ-

ʪʠʚʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ. ʇʨʦ-

ʧʦʥʫʶʯʠ ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʠ ʨʦʙʦʪʦʪʝʭʥʽʢʠ, ʥʦʚʽʪʥʽʭ ʤʝʪʦʜʽʚ 

ʽ ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ, ʤʦʞʥʘ ʧʦʩʠʣʠʪʠ 

ʽʥʪʝʨʝʩ ʫʯʥʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʠʩʮʠʧʣʽʥ.  

ʋ ʮʽʡ ʨʦʙʦʪʽ ʚʠʩʚʽʪʣʶʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʪʦʜʫ ʧʨʦʝʢʪʽʚ ʫ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʦʙʢʠ 

ĂRoboCarò, ʨʦʟʨʘʭʦʚʘʥʦʾ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʫʯʥʽʚ ʩʪʘʨʰʦʾ ʰʢʦʣʠ. 

ʈʦʟʨʦʙʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʧʨʦʝʢʪ ʽʟ ʩʪʚʦʨʝʥʥʷ 

ʩʘʤʦʢʝʨʦʚʘʥʦʾ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʷ.  

ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʘʪʯʠʢʽʚ, ʚʽʜ ʷʢʠʭ 

ʥʘʜʭʦʜʠʪʴ ʽʥʬʦʨʤʘʮʽʷ, ʪʘ ʚʠʢʦʥʘʚʯʠʭ ʧʨʠʩʪʨʦʾʚ. ʂʝʨʦʚʘʥʘ  ʩʧʝ-

ʮ̔ ʘʣʴʥʦ ʩʪʚʦʨʝʥʦʶ ʧʨʦʛʨʘʤʦʶ, ʚʦʥʘ ʟʜʘʪʥʘ ʨʫʭʘʪʠʩʷ, ʢʝʨʫʶʯʠʩʴ 

ʤʘʨʢʝʨʥʦʶ ʣʽʥʽʻʶ, ʫʥʠʢʘʪʠ ʧʝʨʝʰʢʦʜ ʥʘ ʜʦʨʦʟʽ, ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʩʠʛʥʘʣʠ ʩʚʽʪʣʦʬʦʨʘ ʪʘ ʧʦʷʚʫ ʧʽʰʦʭʦʜʽʚ ʥʘ ʧʨʦʾʟʥʽʡ ʯʘʩʪʠʥʽ. 

ʄʦʜʝʣʴ  ʩʪʚʦʨʝʥʦ ʥʘ ʙʘʟʽ ʢʦʥʪʨʦʣʝʨʘ Atmega 328, ʚʟʷʪʦʛʦ ʟ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ Arduino [3]. ʗʢ ʢʝʨʫʶʯʫ ʧʨʦʛʨʘʤʫ  

ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʙʫʜʦʚʠ ʽʥʞʝʥʝʨʥʠʭ ʚʫʟʣʽʚ ʚʠʙʨʘʥʦ 

SolidWorks 3D, ʘ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʨʫʢʦʚʘʥʠʭ ʧʣʘʪ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʢʦʤʧôʁ ʪʝʨʥʘ ʧʨʦʛʨʘʤʘ Eagle.  
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ʉʪʝʧʘʥ ɻʥʘʪʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ  

 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʥʷ 

ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʦʥʜʽʚ ʜʣʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʜʝʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʩʪʘʥʜʘʨʪʥʠʤʠ. 

ʈʦʙʦʪʘ ʤʽʩʪʠʪʴ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʮʠʭ ʤʝʪʦʜʽʚ.   

ɼʦʩʣʽʜʞʝʥʽ ʟʨʘʟʢʠ ʪʘ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʷʢ ʝʣʝʢʪʨʠʯʥʠʭ, ʪʘʢ ʽ ʘʢʫʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʘʥʪʦʤʽʚ ʪʘ ʫʩʪʘʥʦʚʢʠ First Call. ʄʝʪʨʦʣʦʛʽʯʥʘ 

ʧʝʨʝʚʽʨʢʘ ʘʢʫʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʟʦʥʜʽʚ 

ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʬʘʥʪʦʤʘ.   

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʧʦʩʦʙʠ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʧʝʨʝʚʽʨʢʠ   

ʧʘʨʘʤʝʪʨʽʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʘʪʯʠʢʽʚ ʢʽʣʴʢʦʤʘ ʩʧʦʩʦʙʘʤʠ: 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʬʘʥʪʦʤʽʚ, 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ñFirst call testò. 

ʌʘʥʪʦʤ  ̒ʰʪʫʯʥʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʚʠʨʽʙ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ 

ʜʣʷ ʥʘʜʽʡʥʦʾ ʽ ʪʦʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ  

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʩʠʩʪʝʤ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ 

ʯʠ ʽʥʰʠʭ ʚʠʧʘʜʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ, ʬʘʥʪʦʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʦʨʽʜʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʤ̔ʩʪʠʪʴ ʧʦʧʝʨʝʜʥʴʦ 

ʨʦʟʤʽʱʝʥʽ ʝʣʝʤʝʥʪʠ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʭʦʛʝʥʥʦʩʪʽ, 

ʨʦʟʤʽʨʘʤʠ ʪʘ ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʥʠʤʠ. ʄʦʜʝʣʣʶ ʬʘʥʪʦʤʘ, ʥʘ 

ʷʢʦʤʫ  ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʻ CIRSÈModel 054GS, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ISO 9001:2008. 
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʙʫʣʦ ʚʠʙʨʘʥʦ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʩʠʩʪʝʤʫ 

ʝʢʩʧʝʨʪʥʦʛʦ ʢʣʘʩʫ Siemens Acuson S2000 ʪʘ ʜʚʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʜʘʪʯʠʢʠ: ʣʽʥʽʡʥʠʡ 9L4 ʪʘ ʢʦʥʚʝʢʩʥʠʡ 6C2. 

ʈʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʽʨʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʙʠʜʚʘ ʜʘʪʯʠʢʠ  

ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʜʘʨʪʘʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ. ɿʘ ʜʘʥʠʤʠ ʦʮʽʥʁʚʘʥʥʷ ʋɿ-ʩʠʩʪʝʤʦʶ ʨʦʟʤʽʨʽʚ 

ʦʙôʻʢʪʽʚ,  ʾʭ ʚʽʜʩʪʘʥʝʡ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʝʭʦʛʝʥʥʦʩʪʽ, ʦʙʠʜʚʘ 

ʜʘʪʯʠʢʠ ʽ ʩʠʩʪʝʤʘ ʚ ʮʽʣʦʤʫ ʤʘʻ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʜʦʩʪʘʪʥʴʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʨʽʙʥʠʭ ʩʪʨʫʢʪʫʨ ʨʦʟʤʽʨʘʤʠ 

ʤʘʡʞʝ               0,25 ʤʤ ʪʘ ʪʘʢʠʭ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʥʦʨʤʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʘʤ  ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʆʩʢʽʣʴʢʠ ʦʜʽʻʶ ʟ ʥʘʡʯʘʩʪʽʰʠʭ ʧʨʠʯʠʥ ʟʘʭʚʦʨʶʚʘʥʴ 

ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ ʻ ʥʝʧʨʘʚʠʣʴʥʘ ʨʦʙʦʪʘ ʱʠʪʦʧʦʜʽʙʥʦʾ ʟʘʣʦʟʠ 

ʪʘ ʧʝʯʽʥʢʠ, ʤʠ ʚʠʙʨʘʣʠ ʾʭ ʦʙôʻʢʪʘʤʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʃʽʢʘʨʽ-ʜʽʘʛʥʦʩʪʠ, ʷʢʽ ʧʨʘʢʪʠʢʫʶʪʴ ʋɿ-ʜʽʘʛʥʦʩʪʠʢʫ ʩʘʤʝ ʮʠʭ 

ʦʨʛʘʥʽʚ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ 

ʥʘ ʪʘʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤ, ʷʢ ʨʦʟʤʽʨʠ, ʫʪʚʦʨʝʥʥʷ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʢʘʥʠʥʘʤ ʦʨʛʘʥʫ, ʟʘʢʫʧʦʨʢʠ ʩʫʜʠʥ,  ʟʘʧʘʣʝʥʥʷ, 

ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʬʦʨʤʘ. 

ɼʚʘ ʚʠʙʨʘʥʠʭ ʜʘʪʯʠʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʱʠʪʦʧʦʜʽʙʥʦʾ ʟʘʣʦʟʠ (ʣʽʥʽʡʥʠʡ) ʪʘ ʧʝʯʽʥʢʠ 

(ʢʦʥʚʝʢʩʥʠʡ ) ʟʘ ʨʘʭʫʥʦʢ ʾʭʥʴʦʾ ʬʦʨʤʠ ʪʘ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ. 

ʇʨʦʚʝʜʝʥʥ ̫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʙʨʘʥʠʭ 

ʦʨʛʘʥʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʽʟ ʥʝʭʘʨʘʢʪʝʨʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ, ʚʠʷʚʠʣʦ  ʥʦʚʽ ʝʬʝʢʪʠʚʥʽ ʘʧʘʨʘʪʥʽ ʤʦʞʣʠʚʦʩʪʽ   

ʋɿ-ʩʠʩʪʝʤʠ (ʝʣʘʩʪʦʛʨʘʬʽʷ ʟʩʫʚʥʦʾ ʭʚʠʣʽ, ʢʦʣʴʦʨʦʚʠʡ 

ʜʦʧʣʝʨ). 
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ɸʥʜʨʽʡ ɻʦʣʠʢ  

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

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʝʣʝʤʝʥʪ  

ʟ 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 

ʧʦʣʽʧʰʝʥʥʷ ʂʂɼ ʥʘ 30%.  

ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ʤʘʪʝʨʽʘʣʽ ʚʽʪʦʢ T ʤʦʞʥʘ ʟʥʘʡʪʠ ʟ 

ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ksa ,, , ʷʢʝ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʧʠʰʝʪʴʩʷ ʪʘʢ: 

         0
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ʜʝ a,s,k- ʢʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦʝʨʩ, ʝʣʝʢʪʨʦ- ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʻ ʬʫʥʢʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʊ; i ï ʚʝʢʪʦʨ 

ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ; t - ʢʦʝʬʽʮʽʻʥʪ ʊʦʤʩʦʥʘ.  

ʈʽʚʥʷʥʥʷ ʜʣʷ ʛʫʩʪʠʥʠ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʦʪʨʠʤʫʻʤʦ 

ʽʟ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʟʘʨʷʜʫ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʚʠʧʘʜʢʫ 

           0=idiv
C

.                     (2) 

ʆʩʦʙʣʠʚʽʩʪʶ ʤʦʜʝʣʽ ʻ ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʙʽʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʪʢʠ bS , ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ - ʈʽʭʤʘʥʘ  

                               )( TTq hTSb
-=a ,                        (3) 
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ʜʝ q - ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʙʽʯʥʫ ʧʦʚʝʨʭʥʶ 

ʚʽʪʢʠ; hT - 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.  
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ɯʚʘʥ ɻʦʣʽʥʝʡ 

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

ʊʫʥʝʣʶʚʘʥʥʷ, ʷʢ ʤʦʞʣʠʚʠʡ ʤʝʭʘʥʽʟʤ ʢʨʽʦʨʝʣʘʢʩʘʮʽʾ 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʫ ʢʨʠʩʪʘʣʘʭ ʟ ʥʝʣʽʥʽʡʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʞʦʨʩʪʢʦʤʫ 

ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ (0 ï 300ʂ), ʥʘʧʨʠʢʣʘʜ, ʚ ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʦʛʦ 

ʢʦʩʤʦʩʫ, ʚʠʤʘʛʘʻ ʪʦʯʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʽʰʝʥʴ ʥʝ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʙʦʨʽ ʤʘʪʝʨʽʘʣʽʚ (ʟ ʛʘʨʘʥʪʦʚʘʥʠʤ ʢʨʘʪʥʠʤ ʟʘʧʘʩʦʤ ʤʽʮʥʦʩʪʽ), ʘ ʽ 

ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʤʽʥʠ ʾʭ ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʘ ʚʝʣʠʢʘ ʽ ʰʚʠʜʢʘ ʟʤʽʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ 

ʟʥʘʯʥʠʭ ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ɿʘ ʫʤʦʚ ʦʙʤʝʞʝʥʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʨʝʣʘʢʩʘʮʽʾ ʚʦʥʠ  ʤʦʞʫʪʴ ʩʷʛʘʪʠ ůʚ ï ʤʝʞʽ ʤʽʮʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʚʝʜʽʥʢʫ ʚʩʽʭ 

ʜʝʬʝʢʪʽʚ ʫ ʢʨʠʩʪʘʣʽ: ʽ ʪʦʯʢʦʚʠʭ, ʽ ʜʠʩʣʦʢʘʮʽʡ, ʽ ʤʝʞ ʨʦʟʜʽʣʫ, ʙʦ 

ʩʘʤʝ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʫ ʤʘʪʝʨʽʘʣʽ. ʇʨʠ 

ʢʨʽʦʛʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʦʙʤʝʞʝʥʽʡ ʜʠʬʫʟʽʡʥʽʡ ʘʢʪʠʚʥʦʩʪʽ 

ʘʪʦʤʽʚ) ʥʘʡʙʽʣʴʰ ʨʫʭʣʠʚʠʤʠ ʙʫʜʫʪʴ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʽ ʧʝʨʝʛʠʥʠ 

ʥʘ ʜʠʩʣʦʢʘʮʽʷʭ (ʢʽʥʢʠ), ʷʢʽ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ ʤʦʞʫʪʴ ʜʦʣʘʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʙʘʨ'ʻʨʠ ʷʢ ʜʝʬʝʢʪʦʥʠ, ʰʣʷʭʦʤ ʪʫʥʝʣʶʚʘʥʥʷ [1]. 

ʉʪʫʧʽʥʴ "ʢʚʘʥʪʦʚʦʩʪʽ" ʢʨʠʩʪʘʣʘ ʤʦʞʥʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷʤ ʪʘʢ ʟʚʘʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʝ ɹʫʨʘ: 

L ~ (h/a)/(mE)
1/2

 ~ (a0/ʘ)
2
,                          (1) 

ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʨʦʩʪʝ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʤʘʩʠ m ʯʘʩʪʠʥʦʢ ʪʘ 

ʝʥʝʨʛʽʾ ʾʭ ʚʟʘʻʤʦʜʽʾ E. ʅʘʡʙʽʣʴʰʦʛʦ ʟʥʘʯʝʥʥʷ L ʜʦʩʷʛʘʻ ʜʣʷ 

ʢʨʠʩʪʘʣʽʚ 
3
ʅʝ (L~0,5); 

4
ʅʝ (0,4); ʅ2(0,3), Ne (0,l).  

ʁʤʦʚʽʨʥʽʩʪʴ ʧʽʜ ʙʘʨôʻʨʥʦʛʦ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ 

ʜʝʬʝʢʪʽʚ (ʪʫʥʝʣʶʚʘʥʥʷ ʯʘʩʪʠʥʦʢ)  w  ʨʦʩʪʝ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ L ʟʘ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʟʘʢʦʥʦʤ:  

w ~ ʝʭʨ (-1/L).                                   (2) 

ʄʝʪʦʶ  ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʦʮʽʥʠʪʠ  w ʜʣʷ ʤʝʪʘʣʽʚ ʟ ʥʝʣʽʥʽʡʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʢʚʘʥʪʦʚʠʭ 
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ʢʨʠʩʪʘʣʽʚ, ʘʣʝ ʜʝʬʝʢʪʥʽ ʧʽʜʩʠʩʪʝʤʠ ʷʢʠʭ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠ 

ʢʚʘʥʪʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘʛʘʜʘʻʤʦ, ʱʦ ʤʘʪʝʨʽʘʣʘʤʠ ʽʟ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʠʤʠ 

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʩʪʘʣʠ, ʫ ʷʢʠʭ 

ʢʦʝʬʽʮʽʻʥʪʠ ʇʫʘʩʩʦʥʘ ’ ʟʤʽʥʶʶʪʴʩʷ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʚʽʜ 1 ʜʦ - 

2 [2]. ʇʦʣʷ ʥʘʧʨʫʛ ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʽʚ ʫ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʫ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʽ ʟʥʘʢʫ ’ [3] ʪʦʙʪʦ ʚ 

ʢʨʠʩʪʘʣʘʭ ʽʩʥʫʶʪʴ ʥʘʧʨʷʤʠ, ʜʝ ʝʥʝʨʛʽʷ ʾʭ ʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ  E 

ʟʥʘʯʥʦ ʤʝʥʰʘ, ʥʽʞ ʚ ʽʥʰʠʭ, ʱʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʾʭ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʯʝʨʝʟ ʧʦʪʝʥʮʽʡʥʽ ʙʘʨôʻʨʠ ʩʘʤʝ ʚ ʮʠʭ 

ʥʘʧʨʷʤʘʭ.  

ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʧʘʨʘʤʝʪʨʘ L  ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ 

ʪʫʥʝʣʶʚʘʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʢʽʥʢʽʚ ʥʘ ʜʠʩʣʦʢʘʮʽʷʭ ʜʣʷ 

ʥʝʣʽʥʽʡʥʠʭ ʤʝʪʘʣʽʚ ʟ ʨʽʟʥʠʤ ʪʠʧʦʤ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʇʦʢʘʟʘʥʦ, ʱʦ 

¶ ʇʘʨʘʤʝʪʨ ʜʝ ɹʫʨʘ ʜʣʷ ʚʫʛʣʝʮʝʚʠʭ ʜʠʩʣʦʢʘʮʽʡʥʠʭ 

ʘʪʤʦʩʬʝʨ ʚ ɺʝ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʝʨʝʛʠʥʽʚ ʥʘ ʜʠʩʣʦʢʘʮʽʷʭ ʚ In 

ʩʷʛʘʻ 0,17 ʽ 0,2, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʮʽ ʜʝʬʝʢʪʥʽ 

ʧʽʜʩʠʩʪʝʤʠ ʜʦ ʜʝʬʝʢʪʦʥʽʚ. 

¶ ʁʤʦʚʽʨʥʽʩʪʴ ʪʫʥʝʣʶʚʘʥʥʷ ʧʝʨʝʛʠʥʽʚ ʥʘ 

ʜʠʩʣʦʢʘʮʽʷʭ ʚ In ʚ ʘʫʢʩʝʪʠʯʥʠʭ ʥʘʧʨʷʤʢʘʭ ʤʘʡʞʝ ʚʜʚʽʯʽ 

ʤʝʥʰʘ ʥʽʞ ʫ ʥʘʧʨʷʤʢʘʭ, ʜʝ ’ij Ó0,5, ʱʦ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ ʮʽ 

ʥʘʧʨʷʤʠ ʢʘʥʘʣʘʤʠ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʚ ʮʴʦʤʫ ʤʝʪʘʣʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
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2. ʄ. ʈʘʨʘʥʩʴʢʠʡ, ɺ. ɹʘʣʘʟʶʢ, ʄ. ɻʫʥʴʢʦ. ʗʚʠʱʝ ʘʫʢʩʝʪʠʯʥʦʩʪʽ 

ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ. ʏʝʨʥʽʚʮʽ: ɼʨʫʢ ɸʨʪ, 2016. ï ʉ.116 ï 121. 

3. M. D. Raransky, A. V. Oliynych-Lysyuk, R. Yu Tashchuk, O. Yu. 
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ʗʥʘ ɻʦʣʦʚʘʮʴʢʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʣʦʚʘʮʴʢʠʡ ɺ.ɸ. 

ʄʘʛʥʽʪʥʘ ʧʨʫʞʠʥʘ ʥʘ ʦʩʥʦʚʽ ʢʽʣʴʮʝʚʦʛʦ 

ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʫʞʠʥʠ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʽʚ ʤʝʪʦʜʦʤ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʛʥʽʪʥʠʭ ʟʘʨʷʜʽʚ 

ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʘ 

ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʽʚ. ʇʦʙʫʜʦʚʘʥʦ ʢʘʨʪʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ (ʨʠʩ.1). ʆʪʨʠʤʘʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʨʘʟ ʜʣʷ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʽ 

ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ ʡ ʜʦʚʝʜʝʥʦ ʽʩʥʫʚʘʥʥʷ ʪʦʯʦʢ ʥʫʣʴʦʚʦʛʦ ʧʦʣʷ, 

ʚ ʷʢʠʭ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʟʤʽʥʶʻ ʥʘʧʨʷʤʦʢ.  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʾ ʬʦʨʤʫʣʠ ʜʣʷ ʽʥʜʫʢʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ ʦʪʨʠʤʘʥʦ ʧʨʦʩʪʠʡ ʚʠʨʘʟ ʜʣʷ ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ 

ʤʘʛʥʽʪʫ ʟ ʪʦʯʢʦʚʠʤ ʤʘʛʥʽʪʥʠʤ ʜʠʧʦʣʝʤ. ɿʥʘʡʜʝʥʦ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ, ʧʨʠ ʷʢʠʭ ʩʠʣʘ ʚʟʘʻʤʦʜʽʾ ʤʘʻ 

ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʷʢ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʧʨʫʞʠʥʠ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʝʣʠʢʠʭ ʜʦʚʞʠʥʘʭ ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ (L>R) 

ʽʩʥʫʶʪʴ ʜʚʽ ʪʦʯʢʠ ʩʪʽʡʢʦʾ ʨʽʚʥʦʚʘʛʠ ʤʘʛʥʽʪʥʦʛʦ ʜʠʧʦʣʷ. 

  

ʘ)       ʙ)  

ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʢʽʣʴʮʝʚʦʛʦ 

ʤʘʛʥʽʪʫ: ʘ) R=10 ʩʤ; r=5 ʩʤ; L=2b=20 ʩʤ;    ʙ) R=8 ʩʤ; r=1 ʩʤ; 

L=2b=4 ʩʤ 
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ʏʠʩʣʦʚʠʤ ʽʥʪʝʛʨʫʚʘʥʥʷʤ ʨʦʟʨʘʭʦʚʘʥʦ ʩʠʣʫ ʚʟʘʻʤʦʜʽʾ 

ʪʨʫʙʯʘʩʪʦʛʦ ʪʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʤʘʛʥʽʪʫ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʾʾ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ ʪʘ ʚʟʘʻʤʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʤʘʛʥʽʪʽʚ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʧʨʫʞʠʥʠ ʟ 

ʧʦʩʪʽʡʥʦʶ, ʥʝ ʟʘʣʝʞʥʦʶ ʚʽʜ ʟʤʽʱʝʥʥʷ, ʩʠʣʦʶ ʚʟʘʻʤʦʜʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʚʽʜʦʤʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʤʘʛʥʽʪʽʚ ʨʽʟʥʦʾ 

ʜʦʚʞʠʥʠ, ʱʦ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ [1-2].  

 

ʈʠʩ. 2. ʉʠʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʛʥʽʪʥʦʾ ʧʨʫʞʠʥʠ:  

ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ ï ʪʝʦʨʽʷ; ʰʪʨʠʭʦʚʘ ʣʽʥʽʷ ï  ʝʢʩʧʝʨʠʤʝʥʪ [1] 

ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʧʦʜʽʣʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʪʘ ʩʠʣʠ ʚʟʘʻʤʦʜʽʾ ʤʘʛʥʽʪʽʚ ʩʪʚʦʨʝʥʦ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ, ʷʢʽ 

ʦʧʫʙʣʽʢʦʚʘʥʽ ʥʘ ʩʘʡʪʽ Wolfram Mathematica [3-4]. ɺʦʥʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ, ʪʘʢ ʽ ʜʣʷ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʛʥʽʪʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ.  
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ɸʥʨʜʽʡ ɻʦʨʜʝʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʩʪʽʚʢʘ ɻ.ɯ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʨʤʽʥʦʚʘʥʦʛʦ ʭʘʦʩʫ 

 ʚ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʽ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 
  

ʅʝʡʤʦʚʽʨʥʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʠʟʚʝʣʠ 

ʜʦ ʪʦʛʦ, ʱʦ ʦʩʪʘʥʥʽ ʻ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʟ ʙʝʟʣʽʯʯʶ 

ʦʙôʻʢʪʽʚ, ʩʫʙôʻʢʪʽʚ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ 

ʧʦʪʦʢʘʤʠ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʦ ʚʤʽʥʥʷ ʘʥʘʣʽʟʫ ʡ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʥʝ ʪʽʣʴʢʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ, ʘ ʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʞʠʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʞʦʨʩʪʢʦʾ ʢʦʥʢʫʨʝʥʪʥʦʾ ʙʦʨʦʪʴʙʠ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ 

ʢʦʨʧʦʨʘʪʠʚʥʽ ʤʝʨʝʞʽ ʟʚôʷʟʢʫ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʚʘʞʣʠʚʠʤ 

ʩʢʣʘʜʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʢʦʾ ʻ ʩʠʩʪʝʤʘ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ 

(ʉɿɯ), ʘ ʢʦʨʝʢʪʥʽʩʪʴ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝ ʟʘʭʠʱʝʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʘʢʪʠʚʽʚ ʢʦʤʧʘʥʽʾ ʘʙʦ ʧʽʜʧʨʠʻʤʩʪʚʘ [1].  

ʆʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʟʘʚʜʘʥʴ ʉɿɯ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ 

ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʫ ï ʩʠʩʪʝʤʘ ʟʘʭʦʜʽʚ ʱʦʜʦ ʚʠʷʚʣʝʥʥʷ, 

ʦʮʽʥʶʚʘʥʥʷ ʪʘ ʧʨʦʬʽʣʘʢʪʠʢʠ ʨʠʟʠʢʽʚ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ 

ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʢʦʣʠ ʧʦʜʘʣʴʰʝ ʫʪʦʯʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʥʝʤʦʞʣʠʚʝ ʘʙʦ ʽʩʥʫʻ ʦʙʤʝʞʝʥʽʩʪʴ ʫ ʬʽʥʘʥʩʫʚʘʥʥʽ, ʥʘʷʚʥʦʩʪʽ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʜʠʥʘʤʽʯʥʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʘʪʘʢ ʪʦʱʦ. 

ʇʽʜʭʽʜ ʙʦʨʦʪʴʙʠ ʟ ʥʘʩʣʽʜʢʘʤʠ ʚʞʝ ʨʝʘʣʽʟʦʚʘʥʠʭ ʟʘʛʨʦʟ ʻ 

ʟʘʩʪʘʨʽʣʠʤ ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʅʘʪʦʤʽʩʪʴ 

ʩʫʯʘʩʥʽ ʟʘʭʦʜʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ (ɯɹ) ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ 

ʥʘ ʫʧʝʨʝʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʫ ʧʦʜʘʣʴʰʦʤʫ ʟʘʭʠʱʘʪʠ ʚʽʜ ʥʦʚʠʭ, ʱʝ 

ʥʝ ʨʝʘʣʽʟʦʚʘʥʠʭ, ʥʝʚʽʜʦʤʠʭ ʩʴʦʛʦʜʥʽ ʟʘʛʨʦʟ [1].  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʝʢʚʘʪʥʽ ʢʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ 

ʨʠʟʠʢʽʚ ɯɹ. ʆʯʝʚʠʜʥʦ, ʱʦ ʝʢʩʧʝʨʪʘʤ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ 

ʥʘʚʠʯʦʢ, ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ, ʤʝʪʦʜʠʢ ʟʜʽʡʩʥʝʥʥʷ ʨʠʟʠʢ-

ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ ʢʦʥʩʘʣʪʠʥʛʦʚʘ ʧʽʜʪʨʠʤʢʘ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʽʚ. ʊʘʢʠʡ ʤʝʪʦʜ ʚʠʤʘʛʘʻ 

ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʽ ʥʘʚʽʪʴ ʧʨʠ ʾʭ ʥʘʷʚʥʦʩʪʽ ʜʘʻ 

ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʯʥʽ ʧʨʦʛʥʦʟʠ ʟʽ ʟʥʘʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ. ɺ 
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ʫʤʦʚʘʭ ʭʘʦʪʠʯʥʦʾ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ ʧʦʜʽʡ ʫ ʛʘʣʫʟʽ 

ɯɹ ʟʥʠʢʘʻ ʤʦʞʣʠʚʽʩʪʴ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʫ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʩʠʩʪʝʤʘ 

ʟʥʘʭʦʜʠʪʠʤʝʪʴʩʷ ʫ ʧʝʚʥʦʤʫ ʩʪʘʥʽ (ʨʦʙʦʯʠʡ, ʥʝʨʦʙʦʯʠʡ, 

ʘʚʘʨʽʡʥʠʡ), ʥʝʤʦʞʣʠʚʦ ʘʜʝʢʚʘʪʥʦ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ 

ʟʣʦʚʤʠʩʥʠʢʘ, ʥʘʧʨʷʤʢʠ ʘʪʘʢ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʥʦʚʠʭ ʟʘʛʨʦʟ 

ʪʦʱʦ [2]. 

ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʠʩʪʝʤʠ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʫ 

ʢʦʤʧʘʥʽʾ ʻ ʟʜʽʡʩʥʝʥʥʷ ʩʚʦʻʯʘʩʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ 

ʟʘʛʨʦʟ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

(ʙʽʟʥʝʩ) ʧʨʦʮʝʩʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʘʚʪʦʤʘʪʠʯʥʝ ʘʙʦ 

ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʝ ʢʦʨʝʛʫʚʘʥʥʷ ʚʣʘʩʥʦʾ ʨʦʙʦʪʠ. ʉʘʤʝ ʪʘʢʽ ʜʽʾ 

ʤʦʞʫʪʴ ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ ʪʘ ʚʠʪʨʘʪʠ, ʷʢʽ ʤʦʛʣʠ ʙ ʟôʷʚʠʪʠʩʷ ʯʝʨʝʟ 

ʟʤʽʥʠ ʚ ʧʨʦʝʢʪʽ ʥʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʘʙʦ ʧʽʩʣʷ 

ʧʦʯʘʪʢʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʊʝʦʨʽʷ ʭʘʦʩʫ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʛʣʷʜʘʪʠ ʭʘʦʪʠʯʥʫ ʩʠʩʪʝʤʫ 

ʷʢ ʚʧʦʨʷʜʢʦʚʘʥʫ ʚ ʢʦʨʦʪʢʦʪʨʠʚʘʣʦʤʫ ʧʝʨʽʦʜʽ ʽ ʚʠʟʥʘʯʠʪʠ ʾʾ ʤʝʞʽ 

ʚ ʜʦʚʛʦʪʨʠʚʘʣʦʤʫ ʧʝʨʽʦʜʽ. ʋ ʮʴʦʤʫ ʨʦʟʫʤʽʥʥ ̔ ʣʠʰʝ ʜʝʷʢʽ 

ʘʩʧʝʢʪʠ ʭʘʦʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʪʝʦʨʽʶ ʭʘʦʩʫ ʜʦ ʛʘʣʫʟʽ ɯɹ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ 

(ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʧʦʜʽʾ ʘʙʦ ʽʥʮʠʜʝʥʪʠ ɯɹ ʷʢ ʧʨʘʮʽʚʥʠʢʘʤʠ 

ʢʦʤʧʘʥʽʾ, ʪʘʢ ʽ ʪʝʭʥʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ: ʘʥʪʠʚʽʨʫʩʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʤʽʞʤʝʨʝʞʝʚʠʡ ʝʢʨʘʥ, ʚʝʙ-ʬʽʣʴʪʨ, 

ʚʠʷʚʣʝʥʥʷ/ʟʘʧʦʙʽʛʘʥʥʷ ʘʪʘʢʘʤ, ʟʘʧʦʙʽʛʘʥʥʷ ʚʠʪʦʢʫ ʜʘʥʠʭ ʪʦʱʦ) ʽ 

ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʭʘʦʩʫ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʴ ɯɹ ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʧʽʜʭʦʜʠ ʜʣʷ ʘʥʘʣʽʟʫ ʉɿɯ, ʦʮʽʥʶʚʘʪʠ 

ʨʠʟʠʢʠ, ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʧʣʠʚ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʯʠʥʥʠʢʽʚ, 

ʫʧʨʘʚʣʷʪʠ ʨʠʟʠʢʘʤʠ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʉɿɯ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʈʦʜʽʥ ɭ.ʉ. ʇʨʦʮʝʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ / ɭ.ʉ. ʈʦʜʽʥ // ʄʘʪ. ʤʘʰʠʥʠ ʽ ʩʠʩʪʝʤʠ, 2012. 

- ̄  4. ï ʉ. 142-148. 

2. ɻʘʨʘʩʠʤ ʆ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ ʭʘʦʩʫ ʚ ʨʠʟʠʢ-ʤʝʥʝʜʞʤʝʥʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ / ʆ. ɻʘʨʘʩʠʤ, ʖ. ɻʘʨʘʩʠʤ, ʇ. ɻʘʨʘʥʶʢ, ɯ. ɻʘʨʘʥʶʢ 

// ʂʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʨʫʢʘʨʩʪʚʘ, 2013. ï ̄ 29. ï ʉ. 99-111. 

http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?Z21ID=&I21DBN=UJRN&P21DBN=UJRN&S21STN=1&S21REF=10&S21FMT=JUU_all&C21COM=S&S21CNR=20&S21P01=0&S21P02=0&S21P03=IJ=&S21COLORTERMS=1&S21STR=%D0%9670428
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ʄʘʨʽʷ ɻʦʨʢʫʥ, ɼʤʠʪʨʦ ɺʦʣʴʥʠʮʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ ʟ ʜʠʥʘʤʽʯʥʠʤ 

ʢʣʶʯʝʤ  

 
ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʢʣʶʯʘ 

ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʟ̔ ʤʝʭʘʥʽʟʤʦʤ ʟʚʦʨʦʪʥʦʛʦ 

ʟʚôʷʟʢʫ. ʂʦʞʝʥ ʙʣʦʢ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʫ ʘʙʦ ʯʘʩʪʠʥʠ (ʢʨʽʤ 

ʧʝʨʰʦʛʦ) ʧʦʙʽʪʦʚʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟʘ ʤʦʜʫʣʝʤ 2 (ʦʧʝʨʘʮʽʷ XOR) ʟ 

ʧʦʧʝʨʝʜʥʽʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʰʠʬʨʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʘʥʽ 

ʙʫʜʫʪʴ ʟʘʰʠʬʨʦʚʘʥʽ ʧʦ-ʨʽʟʥʦʤʫ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ, ʘ ʜʣʷ 

ʨʦʟhʠʬʨʫʚʘʥʥʷ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ ʟ ʧʦʧʝʨʝʜʥʴʦʾ 

ʽʪʝʨʘʮʽʾ. ʇʨʦʮʝʩ ʰʠʬʨʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

ὅ0 = ὠ     (1) 

ὅi = Ὁk (ὖiἅὖi-1),    (2)  
ʜʝ i - ʥʦʤʝʨ ʙʣʦʢʫ; V - ʚʝʢʪʦʨ ʽʥʽʮʽʘʣʽʟʘʮʽʾ; Ci ʽ Pi - ʙʣʦʢʠ 

ʟʘʰʠʬʨʦʚʘʥʦʛʦ ʽ ʚʽʜʢʨʠʪʦʛʦ ʪʝʢʩʪʽʚ ʚʽʜʧʦʚʽʜʥʦ, ʘ Ek - ʬʫʥʢʮʽʷ 

ʙʣʦʯʥʦʛʦ ʰʠʬʨʫʚʘʥʥʷ. 

ʇʨʦʮʝʩ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 

ὖi = ὅi-1ἅὈk (ὅi),   (3) 

ʜʝ Dk - ʬʫʥʢʮʽʷ ʙʣʦʯʥʦʛʦ ʨʦʟʰʠʬʨʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʚʦʨʶʻʪʴʩʷ ʜʝʷʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʢʣʶʯ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʽʩʪʦʨʽʾ ʙʣʦʢʽʚ. ʐʚʠʜʢʽʩʪʴ ʦʧʝʨʘʮʽʾ XOR ʻ 

ʥʘʩʪʽʣʴʢʠ ʤʘʣʦʶ, ʱʦ ʥʝʶ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʟʘʭʠʩʪʫ ʦʧʝʨʘʮʽʶ XOR ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ 

ʬʫʥʢʮʽʻʶ, ʘʣʝ ʮʝ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʽ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʦʧʝʨʘʮʽʾ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʘʣʛʦʨʠʪʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʛʽʙʨʠʜʥʦʤʫ ʧʦʻʜʥʘʥʥʽ 

ʩʠʤʝʪʨʠʯʥʦʛʦ, ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʘʣʛʦʨʠʪʤʫ ʟ 

ʤʝʭʘʥʽʟʤʦʤ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ʗʢ ʩʠʤʝʪʨʠʯʥʠʡ ʘʣʛʦʨʠʪʤ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ AES, ʷʢ ʘʩʠʤʝʪʨʠʯʥʠʡ ï RSA. 

ʉʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1, 2. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ 

ʩʢʣʘʜʥʽʩʪʴ ʟʣʘʤʫ ʪʘ ʟʘʭʠʱʝʥʽʩʪʴ ʢʘʥʘʣʫ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 
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ʈʠʩ. 1. ʂʦʤʧʣʝʢʩʥʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʫʚʘʥʥʷ 

 
ʈʠʩ. 2. ʂʦʤʧʣʝʢʩʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʰʠʬʨʫʚʘʥʥʷ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʛʽʙʨʠʜʥʫ ʢʨʠʧʪʦʩʠʩʪʝʤʫ / 
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ʆʣʝʢʩʘʥʜʨ ɻʦʩʧʦʜʘʨʶʢ, ʉʝʨʛʽʡ ɻʦʩʧʦʜʘʨʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʜʦʮ. ɻʘʚʨʠʣʷʢ ʄ. ʉ. 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ 

ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ 

 

 
ʐʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ - ʮʝ ʚʟʘʻʤʦʟʚ'ʷʟʘʥʘ ʤʝʨʝʞʘ ʚʫʟʣʽʚ, 

ʫʧʦʜʽʙʥʝʥʘ ʜʦ ʙʝʟʢʨʘʡʥʴʦʾ ʤʝʨʝʞʽ ʥʝʡʨʦʥʽʚ ʫ ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ,  

 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

 

ʚ ʷʢʽʡ ʢʦʞʥʠʤ ʢʨʫʛʦʚʠʤ ʚʫʟʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʪʫʯʥʠʡ 

ʥʝʡʨʦʥ, ʘ ʩʪʨʽʣʢʦʶ - ʟ'ʻʜʥʘʥʥʷ ʚʠʭʦʜʫ ʦʜʥʦʛʦ ʰʪʫʯʥʦʛʦ ʥʝʡʨʦʥʘ 

ʽʟ ʚʭʦʜʦʤ ʽʥʰʦʛʦ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʛʘʣʫʟʽ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʚʦʥʠ ʦʪʨʠʤʘʣʠ ʚ ʛʘʣʫʟʷʭ ʽ ʟʘʚʜʘʥʥʷʭ, ʜʝ ʟʚʠʯʘʡʥʽ 

ʘʣʛʦʨʠʪʤʽʯʥʽ ʨʽʰʝʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʘʙʦ ʟʦʚʩʽʤ 

ʥʝʤʦʞʣʠʚʠʤʠ. 

ɼʦ ʪʘʢʠʭ ʟʘʜʘʯ ʚʽʜʥʦʩʷʪʴʩʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ 

ʩʠʤʚʦʣʽʚ ʪʝʢʩʪʽʚ, ʢʦʤʧ'ʶʪʝʨʥʠʡ ʩʫʧʨʦʚʽʜ ʫʛʦʜ ʫʯʘʩʥʠʢʽʚ ʙʽʨʞ, 

ʮʽʣʴʦʚʘ ʨʝʢʣʘʤʘ ʚ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ, ʬʽʣʴʪʨʘʮʽʷ ʥʝʙʘʞʘʥʦʛʦ 

ʚʤʽʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ, ʧʝʨʝʚʽʨʢʘ ʧʨʦʚʝʜʝʥʥʷ 
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ʧʽʜʦʟʨʽʣʠʭ ʦʧʝʨʘʮʽʡ ʧʦ ʙʘʥʢʽʚʩʴʢʠʭ ʢʘʨʪʘʭ, ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʽ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʤʝʜʠʮʠʥʽ 

ʪʦʱʦ. 

ʆʩʥʦʚʥʠʤʠ ʩʚʽʪʦʚʠʤʠ ʣʽʜʝʨʘʤʠ ʚ ʛʘʣʫʟʽ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʣʽʜ ʚʚʘʞʘʪʠ Google ʽ ʾʾ ʧʽʜʨʦʟʜʽʣʠ (DeepMind, 

AlphaGo, ʽ Google Brain), Microsoft (Microsoft Research), IBM, 

Facebook (ʧʽʜʨʦʟʜʽʣ Facebook AI Research). ɹʝʟʣʽʯ ʨʦʟʨʦʙʦʢ 

ʪʘʢʦʞ ʚʝʜʝʪʴʩʷ ʚ ʪʝʭʥʽʯʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

ʎʽʢʘʚʽ ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʽ 

ʩʝʨʝʜ ʩʪʘʨʪʘʧʽʚ. ʅʘʡʙʽʣʴʰ ʫʩʧʽʰʥʠʤʠ ʩʝʨʝʜ ʪʘʢʠʭ ʩʪʘʨʪʘʧʽʚ ʻ  

MSQRD, Prisma, ʢʦʤʧʘʥʽʷ ClarifAI ʪʘ ʽʥʰʽ. 

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʤʝʪʦʜʦʤ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ 

ʤʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤ 

ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ, ʪʦʙʪʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʭʫ ʫʟʜʦʚʞ ʛʨʘʜʽʻʥʪʘ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʡ ʤʽʥʽʤʫʤ ʽ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ. 

ɸ ʥʘʡʙʽʣʴʰ ʚʞʠʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʻ ʙʽʥʘʨʥʠʡ ʩʠʛʤʦʾʜ: 

 
ʪʘ ʙʽʧʦʣʷʨʥʠʡ ʩʠʛʤʦʾʜ: 

 
ʇʨʠ ʜʦʪʨʠʤʘʥʥʽ ʪʘʢʦʾ ʪʝʥʜʝʥʮʽʾ ʚ ʨʦʟʚʠʪʢʫ ʪʘ ʧʦʚʩʶʜʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ 

ʩʬʝʨʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʧʠʪʘʥʥʷʤ ʯʘʩʫ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʜʘʪʥʽ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʤʝʨʝʞ. ʆʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚ'ʷʟʘʥʽ  

ʟ ʢʝʨʫʚʘʥʥʷʤ ʢʦʤʫʪʘʮʽʻʶ, ʘʜʘʧʪʠʚʥʦʶ ʤʘʨʰʨʫʪʠʟʘʮʽʻʶ, 

ʢʝʨʫʚʘʥʥʷʤ ʪʨʘʬʽʢʦʤ, ʧʣʘʥʫʚʘʥʥʷʤ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ, 

ʧʝʨʝʩʫʚʥʠʤ ʨʘʜʽʦʟʚ'ʷʟʢʦʤ, ʦʧʪʠʤʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ ʫ 

ʩʪʽʣʴʥʠʢʦʚʠʭ ʨʘʜʽʦʤʝʨʝʞʘʭ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʦʛʦʩʣʘʚʩʴʢʠʡ ʉ.ʅ. ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʨʦʟʚʠʪʢʫ /  

ʉ. ʅ. ɹʦʛʦʩʣʘʚʩʴʢʠʡ // ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ ʂʫʙɻɸʋ. - 2007. 
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ɺʽʪʘʣʽʡ ɻʨʝʙʝʥʦʞʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʫʨʢʦʚʝʮʴ ɼ.ʄ. 

 

ʄʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ʤʝʨʝʞʘʤʠ 
 ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ 

ʚʠʤʘʛʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʥʦʚʠʭ ʪʘ ʨʘʮʽʦʥʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʤʠ ʤʝʨʝʞʘʤʠ. ʉʫʯʘʩʥʘ ʢʦʨʧʦʨʘʪʠʚʥʘ ʤʝʨʝʞʘ - ʮʝ 

ʥʝ ʧʨʦʩʪʦ ʦʙôʻʜʥʘʥʥʷ ʢʦʤʧôʶʪʝʨʽʚ ʫ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ, ʘ ʩʢʣʘʜʥʘ 

ʜʠʥʘʤʽʯʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ [1]. 

ʉʫʯʘʩʥʽ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʝʢʦʤʧʦʟʠʮʽʡʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʎʝʡ ʧʽʜʭʽʜ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʨʽʚʥʝʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ: ʜʦʩʪʫʧʫ, ʨʦʟʧʦʜʽʣʫ ʪʘ  ʷʜʨʘ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ 

ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʪʠ ʪʘ ʥʘʨʦʱʫʚʘʪʠ ʤʝʨʝʞʫ, ʘ ʡ 

ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ ʘʜʤʽʥʽʩʪʨʫʚʘʪʠ ʾʾ ʪʘ ʢʝʨʫʚʘʪʠ 

ʧʦʣʽʪʠʢʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʫʛ ʫ ʥʽʡ [2]. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʛʥʫʯʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʤʥʦʞʠʥʦʶ ʦʙôʻʢʪʽʚ ʤʝʨʝʞʽ (ʩʝʨʚʝʨʠ, ʙʘʟʠ ʜʘʥʠʭ, ʜʦʜʘʪʢʠ, 

ʧʨʠʥʪʝʨʠ ʪʦʱʦ) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʣʫʞʙʠ ʢʘʪʘʣʦʛʽʚ 

(directory service). ʉʣʫʞʙʘ ʢʘʪʘʣʦʛʽʚ ï ʮʝ ʤʝʨʝʞʝʚʘ ʧʦʩʣʫʛʘ, ʱʦ 

ʽʜʝʥʪʠʬʽʢʫʻ ʚʩʽ ʨʝʩʫʨʩʠ ʤʝʨʝʞʽ ʡ ʨʦʙʠʪʴ ʾʭ ʜʦʩʪʫʧʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ [3; 4]. 

ʋ ʩʫʯʘʩʥʠʭ ʤʝʨʝʞʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʽʣʴʢʘ ʩʣʫʞʙ 

ʢʘʪʘʣʦʛʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ (X.500 ʪʘ DAP - ISO; LDAP - IETF, NDS 

- Novell). Active Directory (AD) ʻ ʧʨʠʢʣʘʜʦʤ ʩʣʫʞʙʠ ʢʘʪʘʣʦʛʽʚ, 

ʱʦ ʥʘʜʘʻʪʴʩʷ Microsoft Windows, ʧʦʯʠʥʘʶʯʠ ʟ Windows 2000 

server. ʉʣʫʞʙʘ AD ʻ ʟʘʭʠʱʝʥʦʶ, ʨʦʟʧʦʜʽʣʝʥʦʶ, ʩʝʛʤʝʥʪʦʚʘʥʦʶ 

ʪʘ ʨʝʧʣʽʢʦʚʘʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ: 

- ʩʧʨʦʱʝʥʝ ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ; 

- ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

- ʧʽʜʪʨʠʤʘʥʥʷ ʚʽʜʢʨʠʪʠʭ ʩʪʘʥʜʘʨʪʽʚ; 

- ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤʘʪʽʚ ʽʤʝʥ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ AD ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ 
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ʫʧʨʘʚʣʽʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʛʨʫʧʘʤʠ, ʩʧʽʣʴʥʠʤʠ ʧʘʧʢʘʤʠ, 

ʤʝʨʝʞʝʚʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʘʜʤʽʥʽʩʪʨʫʚʘʥʥʷ ʩʝʨʝʜʦʚʠʱʘ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʩʦʙʘʤʠ ʛʨʫʧʦʚʦʾ 

ʧʦʣ̔ʪʠʢʠ. ʄʝʭʘʥʽʟʤ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʰʘʙʣʦʥʽʚ ʜʦʟʚʦʣʷʻ 

ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʫʧʦʚʦʾ ʧʦʣʽʪʠʢʠ ʢʦʥʬʽʛʫʨʫʚʘʪʠ 

ʩʠʩʪʝʤʥʠʡ ʨʝʻʩʪʨ ʢʣʽʻʥʪʩʴʢʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ. ɼʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʨʦʙʦʯʦʾ ʩʪʘʥʮʽʾ, ʷʢʘ ʧʽʜʧʘʜʘʻ ʧʽʜ ʜʽʶ ʜʝʷʢʦʛʦ ʦʙ'ʻʢʪʫ ʛʨʫʧʦʚʦʾ 

ʧʦʣʽʪʠʢʠ, ʩʠʩʪʝʤʥʠʡ ʨʝʻʩʪʨ ʙʫʜʝ ʥʘʣʘʰʪʦʚʘʥʠʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʰʘʙʣʦʥʦʤ, ʚʠʟʥʘʯʝʥʠʤ ʫ ʨʘʤʢʘʭ ʜʘʥʦʛʦ 

ʦʙ'ʻʢʪʘ. ɸʜʤʽʥʽʩʪʨʘʪʠʚʥʽ ʰʘʙʣʦʥʠ ʅɽ ʟʘʜʽʶʶʪʴ ʚʝʩʴ ʨʝʻʩʪʨ 

ʮʽʣʢʦʤ, ʘ ʪʽʣʴʢʠ ʜʚʘ ʡʦʛʦ ʢʣʶʯʘ: HKEY_LOCAL_MACHINE ʽ 

HKEY_CURRENT_USER. 

ʉʣʫʞʙʫ ʢʘʪʘʣʦʛʽʚ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʚʪʨʫʯʘʥʥʷ 

ʩʪʦʨʦʥʥʽʭ ʦʩʽʙ ʫ ʨʘʤʢʘʭ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʘʜʤʽʥʽʩʪʨʘʪʦʨʦʤ ʩʠʩʪʝʤʠ, 

ʧʦʰʠʨʶʚʘʪʠ ʢʘʪʘʣʦʛ ʩʝʨʝʜ ʽʥʰʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʫ ʤʝʨʝʞʽ, 

ʧʨʦʚʦʜʠʪʠ ʨʝʧʣʽʢʘʮʽʶ ʢʘʪʘʣʦʛʫ, ʨʦʙʣʷʯʠ ʡʦʛʦ ʜʦʩʪʫʧʥʠʤ ʜʣʷ 

ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʙʽʣʴʰ ʟʘʭʠʱʝʥʠʤ ʚʽʜ ʚʪʨʘʪʠ 

ʜʘʥʠʭ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʨʝʞʽ : 

ʇʽʜʨʫʯʥʠʢ [ʜʣʷ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ] / ʇ.ʇ. ɺʦʨʦʙʽʻʥʢʦ, 

ʃ.ɸ. ʅʽʢʽʪʶʢ, ʇ.ɯ. ʈʝʟʥʽʯʝʥʢʦ. ï ʂ.: ʉɸʄʄɯʊ-ʂʥʠʛʘ, 2010. ï 708 ʩ. 

2. 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). 

3. ʏʠʞʠʢʦʚ ɼ.ɺ. ʄʝʪʦʜʦʣʦʛʠʷ ʚʥʝʜʨʝʥʠʷ Microsoft 

Active Directory. ï ʄ.: çʀʅʊʋʀʊè, 2016.  

4. 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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ʆʣʝʢʩʘʥʜʨʘ ɻʨʠʤʘʣʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ɸʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʮʠʬʨʦʚʠʭ ʚʽʜʝʦʢʘʤʝʨ  
ʊʦʯʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ çʗʩʢʨʘʚʽʩʪʴè ʽ 

çʂʦʥʪʨʘʩʪè ʮʠʬʨʦʚʠʭ ʚʽʜʝʦʢʘʤʝʨ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻ ʷʢʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ [1]. ʇʨʦʪʝ, ʧʘʨʘʤʝʪʨʠ ʚʽʜʝʦʢʘʤʝʨʠ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʜʝʷʢʫ ʩʝʨʝʜʥʶ ʦʩʚʽʪʣʝʥʽʩʪʴ 

ʩʮʝʥʠ, ʘ ʜʽʡʩʥʘ ʦʩʚʽʪʣʝʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ ʤʽʥʽʤʘʣʴʥʦʾ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʷʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʥʠʟʴʢʦʾ ʪʘ ʚʠʩʦʢʦʾ ʦʩʚʽʪʣʝʥʦʩʪʝʡ ʙʫʜʝ 

ʟʥʠʞʫʚʘʪʠʩʷ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʟʯʠʪʘʥʠʭ ʟ ʚʽʜʝʦʢʘʤʝʨʠ ʟʦʙʨʘʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ 

ʦʩʚʽʪʣʝʥʽʩʪʴ ʩʮʝʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʯʫʪʣʠʚʦʛʦ ʩʝʥʩʦʨʘ ʪʘ 

ʢʦʨʝʢʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ çʗʩʢʨʘʚʽʩʪʴè ʽ çʂʦʥʪʨʘʩʪè ʚʽʜʝʦʢʘʤʝʨʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ. ʗʢ ʬʦʪʦʯʫʪʣʠʚʠʡ ʩʝʥʩʦʨ 

ʟʘʩʪʦʩʦʚʘʥʦ ʬʦʪʦʨʝʟʠʩʪʦʨ. ɿʯʠʪʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʦʩʚʽʪʣʝʥʦʩʪʽ ʟ 

ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ Arduino UNO.  

ʗʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʦʧʠʩʫʚʘʣʘʩʷ ʦʙôʻʢʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ SNR 

(ʚʽʜʥʦʰʝʥʥʷʤ ʩʠʛʥʘʣ/ʰʫʤ ï ɺʉʐ) ʽ ʩʫʙôʻʢʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ 

(ʚʽʟʫʘʣʴʥʦʶ ʷʢʽʩʪʶ). ɺʉʐ SNR ʦʙʯʠʩʣʝʥʦ ʷʢ ʚʽʜʥʦʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʜʦ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ  

2

2

N

S
NRS

s

s
= ,                   (1) 

ʜʝ ůS ï ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ (ʉʂɺ) ʢʦʨʠʩʥʦʛʦ 

ʩʠʛʥʘʣʫ; ůN ï ʉʂɺ ʰʫʤʫ, ʷʢʝ ʦʙʯʠʩʣʝʥʦ ʤʝʪʦʜʦʤ ʬʽʣʴʪʨʘʮʽʾ [2].  

ɿʯʠʪʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ ʩʮʝʥʠ LB ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʨʝʟʠʩʪʦʨʘ A9050 14 ʯʝʨʝʟ ʘʥʘʣʦʛʦʚʠʡ ʚʭʽʜ ɸ0 

ʧʨʠʩʪʨʦʶ Arduino UNO [3]. ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ +5 ɺ ʧʦʜʘʻʪʴʩʷ 

ʟʘ ʬʦʪʦʨʝʟʠʩʪʦʨ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʜʽʣʴʥʠʢʘ ʥʘʧʨʫʛʠ. ɼʘʣʽ ʚ 

Arduino UNO ʘʥʘʣʦʛʦʚʘ ʥʘʧʨʫʛʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ɸʎʇ ʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 10-ʙʽʪʥʠʡ ʮʠʬʨʦʚʠʡ ʢʦʜ DP, ʷʢʠʡ ʟʯʠʪʫʻʪʴʩʷ ʚ 

ʢʦʤʧôʶʪʝʨ ʯʝʨʝʟ USB-ʧʦʨʪ. ʇʨʠ ʮʴʦʤʫ ʧʽʜôʻʜʥʘʥʥʷ 

Arduino UNO ʜʦ ʢʦʤʧôʶʪʝʨʘ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʚʠʢʦʥʫʻʪʴʩʷ 

ʯʝʨʝʟ ʚʽʨʪʫʘʣʴʥʠʡ COM-ʧʦʨʪ.  
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ʟʘ ʬʦʨʤʫʣʦʶ: 
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0

-
Ö=

nPP
U

DU ,                  (2) 

ʜʝ n = 10 ï ʨʦʟʨʷʜʥʽʩʪʴ ɸʎʇ; 

U0 ï ʦʧʦʨʥʘ ʥʘʧʨʫʛʘ (U0 = 5 ɺ). 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʚʽʜʝʦʢʘʤʝʨʠ ʨʦʟʨʦʙʣʝʥʦ ʚ ʩʠʩʪʝʤʽ MATLAB  ̔  ʚʠʢʦʥʫʻ ʜʚʽ ʬʫʥʢʮʽʾ:  

1. ɿʯʠʪʫʚʘʥʥʷ ʟ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ UP, 

ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʾʾ ʦʩʥʦʚʽ ʦʧʦʨʫ ʬʦʪʦʨʝʟʠʩʪʦʨʘ RP ʪʘ ʚʝʣʠʯʠʥʠ 

ʦʩʚʽʪʣʝʥʦʩʪʽ LB.  

2. ɺʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ çʗʩʢʨʘʚʽʩʪʴè ʽ çʂʦʥʪʨʘʩʪè 

ʚʽʜʝʦʢʘʤʝʨʠ ʟʘ ʦʩʥʦʚʽ ʟʥʘʯʝʥʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ LB.   

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʦʩʚʽʪʣʝʥʦʩʪʽ LB ʥʘ ʦʩʥʦʚʽ ʦʧʦʨʫ 

ʬʦʪʦʨʝʟʠʩʪʦʨʘ RP ʚʨʘʭʦʚʘʥʦ, ʱʦ ʧʨʠ LB = 100 ʣʢ ʦʧʽʨ RP = 20 ʢʆʤ, 

ʧʨʠ LB = 10 ʣʢ ʦʧʽʨ RP = 140 ʢʆʤ, ʧʨʠ LB = 1 ʣʢ ʦʧʽʨ RP = 1200 ʢʆʤ. 

ɿôʻʜʥʘʥʥʷ ʚʽʜʝʦʢʘʤʝʨʠ ʟ ʢʦʤʧôʶʪʝʨʦʤ ʚʠʢʦʥʘʥʦ ʯʝʨʝʟ USB-

ʧʦʨʪ. ʇʨʠ ʮʴʦʤʫ ʚ ʨʝʞʠʤʽ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ çʗʩʢʨʘʚʽʩʪʴè ʽ çʂʦʥʪʨʘʩʪè ʚʽʜʝʦʢʘʤʝʨ 

(ʜʣʷ ʚʽʜʝʦʢʘʤʝʨʠ çLogitech C270è ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʟʤʽʥʶʚʘʣʠʩʷ ʚ ʜʦʧʫʩʪʠʤʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ 0 ʜʦ 255).  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʽ  ʟʘʩʦʙʠ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʝʦʢʘʤʝʨʠ. 

ɸʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʠʩʪʨʦʶ Arduino UNO ʽ 

ʬʦʪʦʯʫʪʣʠʚʠʭ ʩʝʥʩʦʨʽʚ, ʧʽʜôʻʜʥʘʥʠʭ ʜʦ ʢʦʤʧôʶʪʝʨʘ. ʇʨʦʛʨʘʤʥʽ 

ʟʘʩʦʙʠ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʽʜʝʦʢʘʤʝʨʠ ʨʦʟʨʦʙʣʝʥʦ ʚ 

ʩʠʩʪʝʤʽ MATLAB. ɿʘʚʜʷʢʠ ʨʦʟʨʦʙʣʝʥʠʤ ʟʘʩʦʙʘʤ ʤʦʞʣʠʚʦ 

ʘʜʘʧʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ çʗʩʢʨʘʚʽʩʪʴè ʽ çʂʦʥʪʨʘʩʪè ʚʽʜʝʦʢʘʤʝʨʠ ʜʦ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʩʮʝʥʠ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʥʠʟʴʢʠʭ, ʩʝʨʝʜʥʽʭ ʽ ʚʠʩʦʢʠʭ ʦʩʚʽʪʣʝʥʦʩʪʝʡ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ : 
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2. ɹʘʣʦʚʩʷʢ ʉ.ɺ. ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʛʘʫʩʦʚʦʛʦ ʰʫʤʫ ʥʘ 
ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʤʝʪʦʜʦʤ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ 
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ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ɺ.ɺ. ɹʨʘʾʣʦʚʩʴʢʠʡ 

ʘʩʠʩʪ. ɺ.ɹ. ʈʫʩʠʥ 

ʆʜʦʤʝʪʨ ʥʘ ʦʩʥʦʚʽ Arduino 

 
ʆʜʦʤʝʪʨ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʭʘʥʽʯʥʠʡ ʘʙʦ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ, 

ʱʦ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʦʙʦʨʦʪʽʚ, ʱʦ ʟʜʽʡʩʥʶʶʪʴʩʷ ʢʦʣʝʩʦʤ, 

ʪʦʙʪʦ, ʣʽʯʠʣʴʥʠʢ. ɿʘʚʜʷʢʠ ʮʽʡ ʽʥʬʦʨʤʘʮʽʾ ʚʣʘʩʥʠʢ ʘʚʪʦʤʦʙʽʣʷ 

ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭ, ʷʢʠʡ ʧʨʦʡʜʝʥʦ ʘʚʪʦʤʦʙʽʣʝʤ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

ʊʦʙʪʦ, ʽʥʬʦʨʤʘʮʽʷ, ʦʜʝʨʞʫʚʘʥʘ ʧʨʠʣʘʜʦʤ, ʜʦʚʦʜʠʪʴʩʷ ʜʦ ʚʦʜʽʷ ʚ 

ʯʠʩʣʦʚʽʡ ʬʦʨʤʽ, ʘ ʢʦʥʢʨʝʪʥʦ ï ʢʽʣʦʤʝʪʨʘʭ ʧʨʦʡʜʝʥʦʛʦ ʰʣʷʭʫ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʠʣʘʜʫ ʪʘʢʠʡ: ʟʘ ʦʜʠʥ ʧʨʦʡʜʝʥʠʡ ʘʚʪʦʤʦʙʽʣʝʤ 

ʢʽʣʦʤʝʪʨ ʢʦʣʝʩʦ ʟʜʽʡʩʥʶʻ ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ ʦʙʝʨʪʽʚ. ɿʥʘʶʯʠ, 

ʩʢʽʣʴʢʠ ʦʙʦʨʦʪʽʚ ʧʨʦʡʜʝʥʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʟʘ ʪʦʡ ʯʠ ʽʥʰʠʡ ʰʣʷʭ, 

ʣʝʛʢʦ ʚʠʨʘʭʫʚʘʪʠ ʧʨʦʡʜʝʥʫ ʚʽʜʩʪʘʥʴ ʚ ʢʽʣʦʤʝʪʨʘʭ, ʽ ʩʘʤʝ ʚʦʥʘ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʣʽʯʠʣʴʥʠʢʫ ʧʨʦʙʽʛʫ. 

ʅʘ ʧʘʥʝʣʽ ʘʚʪʦʤʦʙʽʣʷ ʚʠʩʚʽʯʫʶʪʴʩʷ ʜʚʘ ʧʦʢʘʟʥʠʢʠ ʜʘʥʦʛʦ 

ʧʨʠʩʪʨʦʶ. ʆʜʠʥ ï ʮʝ ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʢʽʣʦʤʝʪʨʽʚ, ʱʦ ʧʨʦʡʰʦʚ 

ʜʘʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʜʨʫʛʠʡ, ʪʘʢ ʟʚʘʥʠʡ ʜʦʙʦʚʠʡ ʦʜʦʤʝʪʨ. 

ʂʦʞʝʥ ʟ ʥʠʭ ʤʘʻ ʩʚʦʻ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʦʢʘʟʥʠʢʠ ʦʜʦʤʝʪʨʘ, ʱʦ 

ʧʦʢʘʟʫʶʪʴ ʟʘʛʘʣʴʥʠʡ ʢʽʣʦʤʝʪʨʘʞ, ʟʥʽʤʘʶʪʴ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ: 

¶ ʢʫʧʽʚʣʷ ʘʚʪʦʤʦʙʽʣʷ: ʯʠʩʣʦʚʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʡʜʝʥʠʭ 

ʢʽʣʦʤʝʪʨʽʚ ʩʣʫʛʫʶʪʴ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʭʦʜʦʚʦʾ 

ʯʘʩʪʠʥʠ ʪʘ ʘʚʪʦʤʦʙʽʣʷ ʚ ʮʽʣʦʤʫ; 

¶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ: ʦʙʥʫʣʠʚʰʠ ʧʦʢʘʟʠ ʦʜʦʤʝʪʨʘ ʽ 

ʟʘʧʨʘʚʠʚʰʠ ʙʘʢ ʤʘʰʠʥʠ, ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ 

ʥʘ 100 ʢʤ ʧʨʦʙʽʛʫ; 

¶ ʪʦʯʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʙʦʚʦʛʦ ʦʜʦʤʝʪʨʘ, ʪʦ ʡʦʛʦ 

ʧʦʢʘʟʥʠʢʠ ʙʫʜʫʪʴ ʢʦʨʠʩʥʽ ʜʣʷ ʚʦʜʽʾʚ, ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʙʽʛʫ ʪʨʘʥʩʧʦʨʪʫ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʦʜʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʽ 

Arduino. ɿʘ ʦʩʥʦʚʫ ʙʫʣʦ ʚʠʙʨʘʥʦ Arduino Nano ʥʘ ʦʩʥʦʚʽ 

ʧʦʰʠʨʝʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ AVR ATmega328 [1]. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʢʨʘʥ LCD1602, ʱʦ ʤʽʩʪʠʪʴ 2 ʨʷʜʢʠ ʧʦ 16 
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ʩʠʤʚʦʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʘ HD44780. ʉʭʝʤʘ ʞʠʚʠʪʴʩʷ ʚʽʜ 

ʤʦʜʫʣʷ LM2596 ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ  ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ 4,7 

ɺ [2]. ɺʘʞʣʠʚʦ, ʱʦ ʞʠʚʣʝʥʥʷ ʤʦʜʫʣʷ Arduino Nano ʤʦʞʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʽ ʚʽʜ ʟʘʤʢʘ ʟʘʧʘʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʦʜʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʽ Arduino Nano 

 

ʅʘ ʪʨʘʥʟʠʩʪʦʨʽ 2N4401 ʟʽʙʨʘʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʤʦʜʫʣʝʤ LM2596. ɺ ʷʢʦʩʪʽ ʜʘʚʘʯʘ ʰʚʠʜʢʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʝʨʽʡʥʠʡ VS-SP 0111.ʉʢʝʪʯ ʜʣʷ 

ʦʜʦʤʝʪʨʘ ʥʘ ʦʩʥʦʚʽ Arduino Nano ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʝʢʨʘʥʫ LCD1602 ʙʫʚ ʥʘʧʠʩʘʥʠʡ ʟ 

ʨʦʟʰʠʨʝʥʥʷʤ ʬʘʡʣʫ flp, ʷʢʠʡ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Flprog. 

 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. https://arduino.ua/prod2432-arduino-nano-v3-atmega328-ch340g-

neraspayannaya-micro-usb-ot-robotdyn 

2. https://arduino.ua/prod650-DC-DC-ponijaushhii-konverter-c-4-5-

60V-do-3-35V 
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ɽʜʚʽʥ-ɺʘʣʝʥʪʠʥ ɻʨʠʰʢʦ, ʄʠʢʠʪʘ ʗʛʦʚʜʽʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʟʷʨʩʴʢʠʡ ɯ.ʇ. 

 

ʆʪʨʠʤʘʥʥʷ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ ʉʦO 
 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʨʝʞʠʤʠ ʥʘʧʠʣʝʥʥʷ, ʪʦʙʪʦ ʟʤʽʥʶʶʯʠ 

ʯʘʩ ʥʘʧʠʣʝʥʥʷ (t, ʭʚ) ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʢʣʘʜʢʠ (ʊʧʽʜ, Üʉ), ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʧʣʽʚʢʠ ʉʦO. 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 ʉʦO ʥʘʥʦʩʠʣʠ ʥʘ ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ (ʷʢ ʧʽʜʢʣʘʜʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʢʨʠʚʥʝ ʩʢʣʦ ʩʪʘʥʜʘʨʪʥʠʭ ʨʦʟʤʽʨʽʚ). ɼʣʷ 

ʫʪʚʦʨʝʥʥʷ ʤʽʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʨʦʰʦʢ ʦʢʩʠʜʫ ʢʦʙʘʣʴʪʫ, 

ʟʘʧʨʝʩʦʚʘʥʠʡ ʚ ʘʣʶʤʽʥʽʻʚʠʡ ʩʪʘʢʘʥ, ʚʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʷʢʦʛʦ 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʜʽʘʤʝʪʨ ʟʦʥʠ ʝʨʦʟʽʾ (ʟʦʥʘ ʨʦʟʧʠʣʝʥʥʷ) 

ʤʘʛʥʝʪʨʦʥʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʧʠʣʝʥʥʶ ʤʘʪʝʨʽʘʣʫ ʩʪʘʢʘʥʘ. 

ʇʣʽʚʢʠ ʉʦO ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʝʪʨʦʥʫ  

180 ï 200 ɺʪ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʜʢʣʘʜʢʠ ʢʦʥʪʨʦʣʶʚʘʣʘʩʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʍɸ-ʪʝʨʤʦʧʘʨʠ ʽ ʜʣʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ 

ʥʘ ʨʽʚʥʽ 200 ï 250 Üʉ. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʧʣʽʚʦʢ ʪʨʠʚʘʚ  

10 ï 30 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 ʟ̔ 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 
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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 ʉʦO 

(ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ Ŭ

2
=f(hɜ) ʜʣʷ ʧʣʽʚʢʠ ʉʦʆ (ʊʧʽʜ = 150 Üʉ,  

t = 10 ʭʚ, ʈ = 200 ɺʪ) 
 

ɯʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʦʧʪʠʯʥʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ ʜʦʨʽʚʥʶʻ 2,45 ʝɺ, ʱʦ ʧʨʠʪʘʤʘʥʥʦ ʜʣʷ 

ʘʥʘʣʦʛʽʯʥʠʭ ʧʣʽʚʦʢ ʦʢʩʠʜʽʚ ʢʦʙʘʣʴʪʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʋʭʘʥʦʚ ʖ. ʀ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ʄ.: 

ʅʘʫʢʘ, 1978. 342 ʩ. 
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ɻʫʣʠʢ ʉʝʨʛʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

ʇʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʟ ˇʨʘʪʢʘʤʠ ɻʎʂ 

ʪʘ  ʪʠʧʫ ʘʣʤʘʟʘ. 

ɽʣʝʤʝʥʪʠ Cu, Ag, Au, ʥʘʣʝʞʘʪʴ ʜʦ I-B ʧʽʜʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʄʝʥʜʝʣʻʻʚʘ. ɰʭʥʽ ʝʣʝʢʪʨʦʥʥʽ ʦʙʦʣʦʥʢʠ 3d(Cu), 4d(Ag) ʪʘ 

5d(Au) ʧʦʚʥʽʩʪʶ ʟʘʧʦʚʥʝʥʽ, ʪʦʙʪʦ ʚʠʥʠʢʘʻ ʩʪʽʡʢʘ ʝʣʝʢʪʨʦʥʥʘ 

ʢʦʥʬʽʛʫʨʘʮʽʷ ï d
10
. ɿʘʚʝʨʰʝʥʽʩʪʴ d-ʦʙʦʣʦʥʦʢ ʫʪʚʦʨʶʻ 

çʧʩʝʚʜʦʩʬʝʨʠʯʥʽè ʽʦʥʠ, ʷʢʽ ʧʨʠ ʘʩʦʮʽʘʮʽʾ ʫ ʢʨʠʩʪʘʣ ʫʪʚʦʨʶʶʪʴ 

ʥʘʡʙʽʣʴʰ ʱʽʣʴʥʦ ʫʧʘʢʦʚʘʥʫ ɻʎʂ ˇʨʘʪʢʫ, ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ï 

12, ʢʦʝʬʽʮʽʻʥʪ ʢʦʤʧʘʢʪʥʦʩʪʽ ʧʘʢʫʚʘʥʥʷ f=0,74. ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ 

ʩʠʤʝʪʨʽʾ ʜʘʥʠʭ ʢʨʠʩʪʘʣʽʚ Fm3m, Oh
5
. 

 ɸʪʦʤʠ C, Si, Ge ʥʘʣʝʞʘʪʴ ʜʦ IV-A ʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ ʄʝʥʜʝʣʻʻʚʘ. ɺʦʣʦʜʽʶʯʠ ʯʦʪʠʨʤʘ ʚʘʣʝʥʪʥʠʤʠ 

ʝʣʝʢʪʨʦʥʘʤʠ ʚʦʥʠ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʯʦʪʠʨʤʘ ʩʫʩʽʜʥʽʤʠ ʘʪʦʤʘʤʠ, 

ʫʪʚʦʨʶʶʯʠ ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ ʪʠʧʫ ʘʣʤʘʟʘ. ʎʶ ˇʨʘʪʢʫ ʤʦʞʥʘ 

ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʜʚʽ ɻʎʂ ʛʨʘʪʢʠ ʚʩʪʘʚʣʝʥʽ ʦʜʥʘ ʚ ʦʜʥʫ ʽ ʟʤʽʱʝʥʽ 

ʚʟʜʦʚʞ ʧʨʦʩʪʦʨʦʚʦʾ ʜʽʘʛʦʥʘʣʽ ʥʘ ı ʾʾ ʜʦʚʞʠʥʠ. ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ 

ʩʠʤʝʪʨʽʾ ʜʘʥʦʾ ˇʨʘʪʢʠ ï Fd3m, Oh
7
 , ʢʦʝʬʽʮʽʻʥʪ ʢʦʤʧʘʢʪʥʦʩʪʽ 

ʧʘʢʫʚʘʥʥʷ ʘʪʦʤʽʚ f=0,34, ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʪʦ ï 4. ʅʝʱʽʣʴʥʽʩʪʴ 

ʧʘʢʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʘʣʤʘʟʘ ʟʫʤʦʚʣʝʥʦ ʥʘʧʨʘʚʣʝʥʽʩʪʶ 

ʢʦʚʘʣʝʥʪʥʠʭ ʟʚôʷʟʢʽʚ. ɺ ʪʘʙʣʠʮʽ 1. ʥʘʚʝʜʝʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ.  

ʊʘʙʣʠʮʷ 1. 

 
 

ɺʽʜʟʥʘʯʠʤʦ ʜʝʷʢʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ. ʇʦ-ʧʝʨʰʝ, ʧʨʠ ʟʤʽʥʽ ʪʠʧʫ 
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ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ (ʪʠʧ ʘʣʤʘʟʘ - ɻʎʂ ˇʨʘʪʢʘ) ʪʘ ʭʘʨʘʢʪʝʨʘ 

ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ (ʢʦʚʘʣʝʥʪʥʠʡ-ʤʝʪʘʣʝʚʠʡ) ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ a, ɟ, Tʧʣ ʪʘ ʘʥʽʟʦʪʨʦʧʽʾ ʢʨʠʩʪʘʣʽʚ. ʇʦ-

ʜʨʫʛʝ, ʪʚʝʨʜʽʩʪʴ ʥʝʜʦʩʢʦʥʘʣʠʭ ʤʝʪʘʣʝʚʠʭ ʢʨʠʩʪʘʣʽʚ Cu, Ag, Au 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ Z ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʘʭ ʙʣʠʟʴʢʦ 3, ʪʦʜʽ ʷʢ ʪʚʝʨʜʽʩʪʴ ʤʦʥʦʢʨʠʩʪʘʣʽʚ C, Si, Ge 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 10,0 ʜʦ 6,0 ʦʜʠʥʠʮʴ ʟʘ ʰʢʘʣʦʶ ʄʦʦʩʘ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʷʢ ʽ ʟ ʛʦʤʝʦʧʦʣʷʨʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ, 

ʪʘʢ ʽ ʜʦʩʢʦʥʘʣʽʩʪʶ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʤʽʥʫ ʪʠʧʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʪʘ ʭʘʨʘʢʪʝʨʫ 

ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ 

ʚʝʣʠʯʠʥʘʤʠ ri ï ʽʦʥʥʠʤ ʨʘʜʽʫʩʦʤ ʪʘ ʪʚʝʨʜʽʩʪʶ ï Hʤ (ʈʠʩ. 1). 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ Hʤ ʚʽʜ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʘ ri 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʖ. ʀ. ʉʠʨʦʪʠʥ, ʄ.ʇ. ʄʦʩʢʘʣʴʩʢʘʷ. ʆʩʥʦʚʳ 

ʢʨʠʩʪʘʣʣʦʬʠʟʠʢʠ. ʄ.: çʅʘʫʢʘè 1975. ï 680 ʩ 

2. ʄ.ɼ. ʈʘʨʘʥʩʴʢʠʡ, ɺ.ʅ. ɹʘʣʘʟʶʢ, ɿ.ɼ. ʂʦʚʘʣʶʢ. ʇʨʫʞʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʜʠʥʘʤʽʢʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʜʝʷʢʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ. 2012ʨ. - 200 ʩ. 
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ɺʽʪʘʣʽʡ ɻʫʤʝʥʶʢ, ɼʽʘʥʘ ʄʦʪʨʝʩʢʫ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

ʄʝʪʦʜʠʢʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ 

ʚʠʨʦʱʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ɺ2̔ʊʝ3ʽʟ ʧʨʦʧʫʩʢʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʝʥʝʨʛʽʾ ï ʦʭʦʣʦʜʞʫʚʘʯʽ ʪʘ 

ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʠ ï ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʾ ʪʝʭʥʽʢʠ. ɸʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʧʨʠʩʪʨʦʾʚ, ʟʦʢʨʝʤʘ ʩʪʚʦʨʝʥʥʷ ʜʣʷ ʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʜʦʙʨʦʪʥʽʩʪʶ Z.  

ʋ ʧʨʘʮʷʭ [1;2] ʨʦʟʛʣʷʜʘʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʦʱʫʚʘʥʥʷ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ ʧʣʘʚʢʠ (ɺɿʇ) ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʩʪʨʫʤʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʟʣʠʪʦʢ. ɺʽʜʦʤʦ, ʱʦ ʤʝʞʘ ʧʦʜʽʣʫ 

ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ ʻ ʪʠʤ ʤʽʩʮʝʤ, ʜʝ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʦʝʨʩ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘ 

ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʟʤʽʥʶʻʪʴʩʷ ʽ ʢʘʨʪʠʥʘ ʟʘʧʦʚʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʥʘʤʠ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʝʬʝʢʪʽ ʇʝʣʴʪʴʝ, ʱʦ 

ʚʠʥʠʢʘʻ ʥʘ ʬʨʦʥʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʯʝʨʝʟ 

ʚʠʨʦʱʫʚʘʥʠʡ ʢʨʠʩʪʘʣ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. ʊʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, 

ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʯʠ ʧʦʛʣʠʥʘʻʪʴʩʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʤʽʞ ʨʽʜʢʦʶ ʪʘ 

ʪʚʝʨʜʦʶ ʬʘʟʘʤʠ, ʤʦʞʝ ʚʧʣʠʥʫʪʠ ʥʘ ʭʽʜ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʚʠʨʦʱʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʟʦʥʥʦʾ ʧʣʘʚʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʇʝʣʴʪʴʻ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʤʝʞʽ 

ʧʦʜʽʣʫ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ ʚʠʨʦʱʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ɺɿʇ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ 

COMSOL Multiphysics ʨʦʟʚôʷʟʫʻʪʴʩʷ ʢʣʘʩʠʯʥʘ ʩʠʩʪʝʤʘ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʜʦʧʦʚʥʝʥʘ ʟʘʣʝʞʥʦʩʪʷʤʠ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʷʢ ʬʫʥʢʮʽʾ ʚʽʜ ʬʘʟʦʚʦʛʦ ʩʪʘʥʫ ʚ 

ʜʘʥʽʡ ʪʦʯʮʽ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʘ 

ɼʞʦʫʣʷïʃʝʥʮʘ ʪʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʬʝʢʪʽʚ [3]:  

” ὅ  ” ὅό ɳὝ ήɳ ὗ ὗ   (1) 

ή ‖ɳὝ ὖὮ,    (2) 

ὗ ὮὉ     (3) 
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ʪʫʪ  

Ὦ „Ὁ Ὦ,     (4) 

Ὦ „‌ɳὝ,     (5) 

ὖ ‌Ὕ,           (6) 

Ὁ Ὗɳ,             (7) 

” —” ρ —” ,   (8) 

ὅ  —”  ὅ ρ —”  ὅ

ὒ  ,   (9) 

‌ Ͻ
  

  
 ,   (10) 

‖ —‖ ρ —‖ .   (11) 

ʜʝ ɟ ï ʛʫʩʪʠʥʘ, ʢʛ/ʤ
3
; ὅ ï ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʪʠʩʢʫ, ɼʞ/(ʤʦʣʴĿʂ); ə ï ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ɺʪ/(ʩʤĿʂ); ό ï ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʩʝʨʝʜʦʚʠʱʘ, ʤ/ʩ, ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʟʘʜʘʯʽ ʜʦʨʽʚʥʶʻ ʥʫʣʶ; T ð ʪʝʤʧʝʨʘʪʫʨʘ, ʂ; Ὗ ï ʝʣʝʢʪʨʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ, ɺ;  ˒ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ɺ/ʤ; ‌ ï 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʦʝʨʩ, ʤʢɺ/ʂ; „ ï ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, (ʆʤĿʩʤ)
-1
; t 

ð ʯʘʩ, ʩ; — ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʬʘʟ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ; ‌  ï 

ʤʘʩʦʚʝ ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʬʘʟʘʤʠ; ὒ ï ʧʨʠʭʦʚʘʥʘ ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ 
ʧʝʨʝʭʦʜʫ, ɼʞ/ʢʛ; ὗ ï ʟʦʚʥʽʰʥʽʡ ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ɺʪ. ɯʥʜʝʢʩʠ 

ὴὬὥίὩρ ʪʘ ὴὬὥίὩς ʧʦʢʘʟʫʶʪʴ, ʜʦ ʷʢʦʾ ʬʘʟʠ ʚʽʜʥʦʩʷʪʴʩʷ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʪʚʝʨʜʘ ʬʘʟʘ ʯʠ ʨʽʜʢʘ ʚʽʜʧʦʚʽʜʥʦ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʄʠʨ, 1970. ï 336 ʩ. 
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1986. 
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Liaschenok V.I., Strekopytova N.I. // XIV International Conference of 
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ɻʫʤʝʥʶʢ ʉʪʘʥʽʩʣʘʚ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʘʩʠʩʪ. ʐʫʤʠʣʷʢ ʃ.ʄ. 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʦʩʪʽ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ 

ʙʽʥʘʨʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʜʚʦʚʠʤʽʨʥʠʭ ʂɸ 
 
ʂʣʽʪʠʥʥʠʡ ʘʚʪʦʤʘʪ (ʂɸ) - ʮʝ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʙʦʨʦʤ ʢʣʽʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʝʨʽʦʜʠʯʥʫ 

ʨʝʰʽʪʢʫ ʽʟ ʟʘʜʘʥʠʤʠ ʧʨʘʚʠʣʘʤʠ ʧʝʨʝʭʦʜʫ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʩʪʘʥ 

ʢʣʽʪʠʥʠ ʟʘ ʾʾ ʪʝʧʝʨʝʰʥʽʤ ʩʪʘʥʦʤ ʪʘ ʩʪʘʥʦʤ ʾʾ ʩʫʩʽʜʽʚ.  ɼʦ ʫʚʘʛʠ 

ʙʝʨʫʪʴʩʷ ʣʠʰʝ ʩʫʩʽʜʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʧʦʪʦʯʥʦʾ ʢʣʽʪʠʥʠ.  

ʉʪʘʥʜʘʨʪ ñʉʪʨʫʤʦʢò - ʰʠʬʨ, ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʢʣʘʩʠʯʥʘ 

ʩʭʝʤʘ ʧʽʜʩʫʤʦʚʫʶʯʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ɿʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ 

ʧʦʜʽʙʥʠʡ ʜʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʛʦ ʫ ISO/IEC 18033-4 ʘʣʛʦʨʠʪʤʫ 

ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ çSNOW 2.0è. ʂʨʠʧʪʦʘʣʛʦʨʠʪʤ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ 64-ʨʦʟʨʷʜʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʤʽʨ ʩʣʦʚʘ ʚ ʰʠʬʨʽ ʚʠʟʥʘʯʝʥʦ ʨʽʚʥʠʤ 64 ʙʽʪʘʤ. ʗʢ 

ʚʭʽʜʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 512 (ʘʙʦ 1024)-ʙʽʪʥʠʡ ʩʝʢʨʝʪʥʠʡ 

ʢʣʶʯ K ʪʘ 512-ʙʽʪʥʠʡ ʚʝʢʪʦʨ ʽʥʽʮʽʘʣʽʟʘʮʽʾ IV.  

ʆʩʥʦʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʰʠʬʨʫ ʻ ʨʝʛʽʩʪʨ 

ʟʩʫʚʫ ʟ ʣʽʥʽʡʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʪʘ ʢʽʥʮʝʚʠʡ ʘʚʪʦʤʘʪ, ʚ 

ʷʢʦʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺʭʽʜʥʽ ʜʘʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʟʤʽʥʥʦʾ ʩʪʘʥʫ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʩʽʤʥʘʜʮʷʪʠ 64-ʙʽʪʦʚʠʭ ʙʣʦʢʽʚ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ 

ʚʭʦʜʠʪʴ ʜʚʽ ʢʦʤʧʦʥʝʥʪʠ: 16 ʢʦʤʽʨʦʢ ʨʝʛʽʩʪʨʘ ʟʩʫʚʫ ʟ ʣʽʥʽʡʥʠʤ 

ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʽ ʜʚʦʭ ʨʝʛʽʩʪʨʽʚ ʢʽʥʮʝʚʦʛʦ ʘʚʪʦʤʘʪʫ. ʅʘ 

ʚʠʭʦʜʽ ʦʪʨʠʤʫʻʤʦ ʢʣʶʯʦʚʠʡ ʧʦʪʽʢ (ʛʘʤʫ ʰʠʬʨʫʚʘʣʴʥʫ), ʷʢʠʡ 

ʬʦʨʤʫʻʪʴʩʷ ʟ 64-ʙʽʪʦʚʠʭ ʩʣʽʚ Zi . 

 ʇʨʠʤʽʪʠʚʥʠʡ(ʦʜʥʦʚʠʤʽʨʥʠʡ) ʢʣʽʪʥʥʠʡ ʘʚʪʦʤʘʪ - 

ʦʜʥʦʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʟ n ʢʦʤʽʨʦʢ, ʢʦʞʥʘ ʢʦʤʽʨʢʘ ʷʢʦʛʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʩʪʘʥʽʚ, 0 ʘʙʦ 1.  ʋ ʢʦʞʥʽʡ ʢʦʤʽʨʮʽ ʻ 

ʤʝʨʝʞʝʚʝ ʦʪʦʯʝʥʥʷ ʟ ʪʨʴʦʤʘ ʢʦʤʽʨʢʘʤʠ: ʢʦʤʽʨʢʘ ʟʣʽʚʘ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʘʤʘ ʢʦʤʽʨʢʘ ʪʘ ʢʦʤʽʨʢʘ ʩʧʨʘʚʘ. 

ɭ ʬʫʥʢʮʽʷ ʩʪʘʥʫ, ʚʚʝʜʝʥʥʷ ʷʢʦʾ - ʮʝ ʪʨʠ ʩʪʘʥʠ ʢʦʤʽʨʦʢ 

ʤʝʨʝʞʝʚʦʛʦ ʦʪʦʯʝʥʥʷ, ʘ ʚʠʚʝʜʝʥʥʷ - ʥʘʩʪʫʧʥʠʡ ʩʪʘʥ ʢʦʤʽʨʢʠ. 
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ʌʦʨʤʫʣʘ ʛʝʥʝʨʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʣʽʪʠʥʥʦʛʦ ʘʚʪʦʤʘʪʫ ʟʘ 

ʧʨʘʚʠʣʦʤ ç30è: 

Ὢὼ ὼ ἅὼ ὼ᷉ ,                         (1) 

ʜʝ x_i ï ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʢʣʽʪʠʥʠ, x_(i-1) ï ʧʦʧʝʨʝʜʥʽʡ, ʘ x_(i+1) 

ï ʥʘʩʪʫʧʥʠʡ ʩʪʘʥ ʢʣʽʪʠʥʠ, ἅ - ʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷ XOR. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦʤʘʪʽʚ ʙʫʜʫʶʪʴʩʷ ʛʝʥʝʨʘʪʦʨʠ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʙʽʥʘʨʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʪʦʙʪʦ ʥʘʙʽʨ 

ʦʜʠʥʠʮʴ ʪʘ ʥʫʣʽʚ). ɼʘʥʽ ʛʝʥʝʨʘʪʦʨʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ 

ʢʨʠʧʪʦʛʨʘʬʽʾ, ʟʦʢʨʝʤʘ ʫ ʰʠʬʨʫʚʘʥʥʽ ʜʘʥʠʭ. ɿʛʝʥʝʨʦʚʘʥʠʡ ʥʘʙʽʨ 

ʦʜʠʥʠʮʴ ʪʘ ʥʫʣʽʚ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʠʡ ʪʝʢʩʪ ʫʪʚʦʨʶʶʯʠ 

ʰʠʬʨʦʪʝʢʩʪ, ʷʢʠʡ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʢʘʥʘʣʘʤʠ ʟʚôʷʟʢʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦʤʘʪʽʚ ʚ ʮʽʣʷʭ 

ʢʨʠʧʪʦʛʨʘʬʽʾ. 

ɼʚʦʚʠʤʽʨʥʠʡ ʢʣʽʪʠʥʥʠʡ ʘʚʪʦʤʘʪ - ʢʣʽʪʠʥʥʠʡ ʘʚʪʦʤʘʪ, ʚ 

ʷʢʦʤʫ  ʨʝʰʽʪʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʠʤ ʤʘʩʠʚʦʤ. ʊʘʢ, ʢʦʞʥʘ 

ʢʣʽʪʠʥʘ ʫ ʥʴʦʤʫ ʤʘʻ ʚʽʩʽʤ ʩʫʩʽʜʽʚ, ʘ ʥʝ ʜʚʘ. ɼʣʷ ʫʩʫʥʝʥʥʷ 

ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʨʝʰʽʪʢʘ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʚʠʧʘʜʢʫ, çʟʘʛʦʨʪʘʻʪʴʩʷè ʫ ʪʦʨ. ʇʨʠ ʨʦʙʦʪʽ ʟ ʜʚʦʚʠʤʽʨʥʠʤʠ 

ʢʣʽʪʠʥʥʠʤʠ ʘʚʪʦʤʘʪʠ ʨʦʟʛʣʷʜʘʶʪʴ, ʧʝʨʝʚʘʞʥʦ, ʜʚʘ ʪʠʧʠ ʦʢʦʣʽʚ: 

ʦʢʽʣ ʄʫʨʘ ʪʘ ʦʢʽʣ ʬʦʥ ʅʝʡʤʘʥʘ. ʆʢʽʣ ʄʫʨʘ - ʩʫʢʫʧʥʽʩʪʴ ʚʦʩʴʤʠ 

ʢʣʽʪʠʥ, ʱʦ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʚʝʨʰʠʥʫ ʟ ʜʘʥʦʶ ʢʣʽʪʠʥʦʶ. ʆʢʽʣ ʬʦʥ 

ʅʝʡʤʘʥʘ - ʩʫʢʫʧʥʽʩʪʴ ʯʦʪʠʨʴʦʭ ʢʣʽʪʠʥ, ʱʦ ʤʘʶʪʴ ʩʧʽʣʴʥʫ 

ʩʪʦʨʦʥʫ ʟ ʜʘʥʦʶ ʢʣʽʪʠʥʦʶ. ʗʢ ʚʽʜʦʤʦ, ʨʦʟʤʽʨ ʦʢʦʣʽʚ ʚ 

ʜʚʦʚʠʤʽʨʥʦʤʫ ʢʣʽʪʠʥʥʦʤʫ ʘʚʪʦʤʘʪʽ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʚ 

ʦʜʥʦʚʠʤʽʨʥʦʤʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʪʘʢʠʭ ʢʣʽʪʠʥʥʠʭ ʘʚʪʦʤʘʪʽʚ 

ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʥʘʙʦʨʽʚ ʧʨʘʚʠʣ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʜʣʷ 

ʦʜʥʦʚʠʤʽʨʥʠʭ (2
8
 - ʚ ʦʜʥʦʚʠʤʽʨʥʠʭ, 2

32
 - ʜʣʷ ʦʢʦʣʫ ʬʦʥ 

ʅʝʡʤʘʥʘ, 2
512 

- ʜʣʷ ʦʢʦʣʫ ʄʫʨʘ) 
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ɺʽʪʘʣʽʡ ɻʫʥʴʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʜʦʮ. ɾʠʭʘʨʝʚʠʯ ɺ.ɺ. 

 

ɽʚʦʣʶʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʩʠʥʪʝʟʫ ʤʫʟʠʢʠ 

 
ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʙʣʘʩʪʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʻ ʧʦʰʫʢ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʚʦʨʽʚ ʤʠʩʪʝʮʪʚʘ (Artificial  Art). ʇʝʨʰʽ ʩʧʨʦʙʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʙʦʪʠ ʤʠʪʮʽʚ ʨʦʟʧʦʯʘʣʠʩʷ ʽʟ ʧʦʷʚʦʶ ʧʝʨʰʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʙʘʛʘʪʦ 

ʫʩʧʽʰʥʠʭ ʧʨʠʢʣʘʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʷʢ ʚʽʟʫʘʣʴʥʠʭ, ʪʘʢ ʽ ʟʚʫʢʦʚʠʭ ʪʚʦʨʯʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ʅʘʡʙʽʣʴʰ ʚʜʘʣʠʤʠ, ʥʘ ʜʫʤʢʫ ʽʪʘʣʽʡʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ Floreano D. 

ʪʘ Mattiussi C. [1], ʻ ʧʨʠʢʣʘʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢ ʟʚʘʥʽ 

çʙʽʦʽʥʩʧʽʨʦʚʘʥʽè ʘʣʛʦʨʠʪʤʠ, ʪʦʙʪʦ ʧʽʜʭʦʜʠ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤ.  

ʗʢ ʚʽʜʦʤʦ, ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʙʫʜʴ-ʷʢʦʾ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʻ ʟʜʘʪʥʽʩʪʴ ʝʚʦʣʶʮʽʦʥʫʚʘʪʠ, ʪʦʙʪʦ ʩʘʤʦʚʽʣʴʥʦ ʫʩʢʣʘʜʥʶʚʘʪʠʩʴ. 

ɽʚʦʣʶʮʽʦʥʫʻ ʥʝ ʪʽʣʴʢʠ ʤʦʨʬʦʣʦʛʽʷ ʙʽʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʘʣʝ ʡ 

ʩʧʨʠʡʥʷʪʪʷ ʥʠʤʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʢʦʛʥʽʪʠʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ), ʘ ʪʘʢʦʞ ʾʭ ʢʦʣʝʢʪʠʚʥʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ 

(ʬʦʨʤʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʝʚʦʣʶʮʽʡʥʠʭ ʤʝʪʦʜʽʚ, ʟʦʢʨʝʤʘ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʤʫʟʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫ ʨʦʙʦʪʘʭ [2, 3]. 

ʆʩʥʦʚʥʦʶ ʽʜʝʻʶ ʧʨʠ ʮʴʦʤʫ ʻ ʬʦʨʤʫʚʘʥʥʷ ʬʽʪʥʝʩ-ʬʫʥʢʮʽʡ ʜʣʷ 

ʦʮʽʥʢʠ ʛʝʥʝʨʦʚʘʥʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ ʤʫʟʠʯʥʠʭ ʬʨʘʛʤʝʥʪʽʚ, ʾʭ 

ʢʦʤʙʽʥʘʮʽʡ ʪʘ ʚʽʜʙʦʨʫ ʥʘʡʢʨʘʱʠʭ ʟ ʥʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʮʽʥʦʯʥʦʾ 

ʬʽʪʥʝʩ-ʬʫʥʢʮʽʾ). ɺ ʷʢʦʩʪʽ ʛʝʥʝʨʘʪʦʨʽʚ ʤʫʟʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʘʙʦ ʩʪʦʭʘʩʪʠʯʥʽ 

ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ 

ʬʨʘʢʪʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ, ʢʣʽʪʠʥʥʽ ʘʚʪʦʤʘʪʠ ʘʙʦ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ 

ʤʦʜʝʣʽ ʙʘʛʘʪʦʘʛʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʪʦʱʦ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʪʘ ʢʦʨʝʛʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʧʦʚʠʥʥʘ 

ʣʶʜʠʥʘ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʻ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʠʤ, ʘʣʝ ʧʦ ʩʫʪʽ ʚʽʥ ʻ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʤ, ʘ ʥʝ ʝʚʦʣʶʮʽʡʥʠʤ, ʦʩʢʽʣʴʢʠ ʞʦʜʥʘ ʬʽʪʥʝʩ-

ʬʫʥʢʮʽʷ ʥʝ ʤʦʞʝ ʩʘʤʦʚʽʣʴʥʦ ʫʩʢʣʘʜʥʶʚʘʪʠʩʷ. 
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ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʟʘʜʽʷʪʠ ʤʦʜʝʣʴ ʚʦʽʩʪʠʥʫ 

ʝʚʦʣʶʮʽʦʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʫʟʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ʄʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʽ ʚʟʘʻʤʦʧʽʜʪʨʠʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ï 

ʤʥʦʞʠʥʠ ʜʠʩʢʨʝʪʥʠʭ ʩʪʨʫʢʪʫʨ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟʽ ʩʚʦʾʤ 

ʦʪʦʯʝʥʥʷʤ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. 

ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʥʘ 

ʜʦʚʽʣʴʥʫ ʜʠʩʢʨʝʪʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʙʦʢʫ ʡʦʛʦ ʦʪʦʯʝʥʥʷ ʧʦʚʠʥʝʥ 

ʚʦʣʦʜʽʪʠ ʚʣʘʩʪʠʚʽʩʪʶ ʧʨʠʨʦʜʥʦʛʦ ʜʦʙʦʨʫ. ʇʨʠ ʪʘʢʽʡ ʚʟʘʻʤʦʜʽʾ ʚ 

ʩʠʩʪʝʤʽ ʤʘʻ ʤʽʩʮʝ ʪʘ ʧʦʩʪʽʡʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʦʙʝʨʥʝʥʠʭ 

ʟʚ'ʷʟʢʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʙʫʜʴ-ʷʢʘ ʧʦʯʘʪʢʦʚʘ ʭʘʦʪʠʯʥʘ ʜʠʥʘʤʽʢʘ 

ʝʣʝʤʝʥʪʽʚ ʧʨʷʤʫʻ ʜʦ ʚʧʦʨʷʜʢʫʚʘʥʥʷ. ʆʪʦʯʝʥʥʷ ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ 

ʷʢ ʟ ʘʥʘʣʦʛʽʯʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʽ ʟ ʜʝʷʢʦʛʦ ʩʧʝʢʪʨʫ 

ʥʝʧʝʨʝʨʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ, ʥʘʧʨʠʢʣʘʜ, 

ʧʝʚʥʽ ʨʝʩʫʨʩʠ ʘʙʦ ʧʨʦʜʫʢʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ɿʘ 

ʨʘʭʫʥʦʢ ʧʦʜʽʙʥʦʾ ʚʟʘʻʤʦʧʽʜʪʨʠʤʢʠ ʚ ʩʠʩʪʝʤʽ ʬʦʨʤʫʻʪʴʩʷ 

ʥʘʜʣʠʰʢʦʚʽʩʪʴ, ʘ ʦʪʞʝ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʫʡʥʘʮʽʾ ʚʽʜ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʚʽʜʭʠʣʝʥʴ (ʬʣʫʢʪʫʘʮʽʡ). ɸʣʝ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʮʝ ʻ ʨʫʰʽʻʤ 

ʩʘʤʦʚʽʣʴʥʦʛʦ ʧʨʷʤʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚ ʥʘʧʨʷʤʢʫ 

ʟʨʦʩʪʘʥʥʷ ʩʪʝʧʝʥʷ ʚʟʘʻʤʦʧʽʜʪʨʠʤʢʠ, ʘ ʦʪʞʝ ʽ ʙʽʣʴʰʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʘʤʦʫʩʢʣʘʜʥʝʥʥʷ (ʝʚʦʣʶʮʽʷ) ʻ ʘʪʨʘʢʪʦʨʦʤ ʫ 

ʬʘʟʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʜʠʥʘʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʩʪʝʤʠ. 

ʇʨʦʮʝʩ ʩʘʤʦʫʩʢʣʘʜʥʝʥʥʷ ʩʠʩʪʝʤ, ʱʦ ʤʦʜʝʣʶʶʪʴʩʷ ʤʝʪʦʜʦʤ 

ʚʟʘʻʤʦʧʽʜʪʨʠʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʛʘʨʤʦʥʽʯʥʠʤ 

(ʩʠʤʙʽʦʪʠʯʥʠʤ) ʨʦʟʚʠʪʢʦʤ ʦʢʨʝʤʠʭ ʾʭ ʩʢʣʘʜʦʚʠʭ, ʘ ʪʘʢʦʞ 

ʮʽʣʽʩʥʦʶ ʥʝʩʫʧʝʨʝʯʣʠʚʦʶ ʜʠʥʘʤʽʢʦʶ ʧʦʚʝʜʽʥʢʠ. ɿʘʚʜʷʢʠ ʮʽʡ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʜʽʙʥʽ ʤʦʜʝʣʽ ʮʽʣʢʦʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʤʝʪʦʜʘʭ 

ʛʝʥʝʨʘʮʽʾ ʤʫʟʠʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠʩʴ ʢʦʨʠʩʥʠʤʠ 

ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʭ ʤʫʟʠʯʥʠʭ ʩʪʠʣʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʖʣ̔  ̫ɻʫʨʘʣʴʩʴʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʈʷʙʠʡ ʇ.ɸ.  

 

ɸʥʘʣʽʟ ʧʽʜʭʦʜʽʚ ʚʽʜʪʚʦʨʝʥʥʷ ʩʢʝʣʝʪʦʥʘ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ 

 

ʇʦʰʫʢ ʧʽʜʭʦʜʽʚ ʚʽʜʪʚʦʨʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʥʫʣʽʚ ʘʤʧʣʽʪʫʜʠ 

ʧʦʣʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʛʦ ʨʝʻʩʪʨʫʻʪʴʩʷ CCD-ʢʘʤʝʨʦʶ, ʜʦʟʚʦʣʠʚ 

ʚʠʦʢʨʝʤʠʪʠ ʡʤʦʚʽʨʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʦʢ 

ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ.  

ʇʝʨʰʠʡ ʘʣʛʦʨʠʪʤ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʭʽʜ, ʟʛʽʜʥʦ ʟ ʷʢʠʤ 

ʜʦʚʽʣʴʥʘ ʪʦʯʢʘ ʥʘ ʩʧʝʢʣʢʘʨʪʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʧʦʪʝʥʮʽʡʥʘ 

ʪʦʯʢʘ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʬʘʟʠ ʚ ʦʧʪʠʯʥʦʤʫ ʧʦʣʽ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʚ ʾʾ ʦʢʦʣʽ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʜʚʘ ʚʝʢʪʦʨʘ ʛʨʘʜʽʻʥʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʢʫʪ ʤʽʞ ʷʢʠʤʠ ʩʪʘʥʦʚʠʪʴ 180Á.  

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʪʦʯʦʢ 

ʥʫʣʽʚ ʘʤʧʣʽʪʫʜʠ ʚ ʦʧʪʠʯʥʦʤʫ ʧʦʣʽ, ʟʦʢʨʝʤʘ ʟʘ ʚʽʜʩʫʪʥʽʩʪʶ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ.   

ɼʨʫʛʠʡ ʘʣʛʦʨʠʪʤ ʻ ʣʦʛʽʯʥʠʤ ʧʨʦʜʦʚʞʝʥʥʷʤ ʪʘ ʜʦʧʦʚʥʝʥʥʷʤ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʘʣʛʦʨʠʪʤʫ. ʗʢ ʟʘʟʥʘʯʘʣʦʩʴ ʨʘʥʽʰʝ, ʟʦʙʨʘʞʝʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ CCD-ʢʘʤʝʨʠ 

ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʙʽʨ ʧʽʢʩʝʣʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʧʽʢʩʝʣʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʧʨʷʤʠ ʚʝʢʪʦʨʽʚ 

ʛʨʘʜʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʻ ʦʨʽʻʥʪʦʚʘʥʠʤʠ ʧʽʜ ʧʝʚʥʠʤʠ 

ʢʫʪʘʤʠ.   

 

                                                               (1) 

ʜʝ ï ʦʜʠʥʠʯʥʽ ʚʝʢʪʦʨʠ 

ʧʦ ʦʩʽ x ʪʘ y ʚʽʜʧʦʚʽʜʥʦ, I - ʽʥʪʝʥʩʠʚʥʽʩʪʴ.  

ʊʦʜʽ, ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʧʦʪʝʥʮʽʡʥʦʾ ʩʠʥʛʫʣʷʨʥʦʩʪʽ (ʤʽʥʽʤʫʤʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ) ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʩʫʤʠ ʢʫʪʽʚ ʚʝʢʪʦʨʽʚ 

ʛʨʘʜʽʻʥʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʽ ʾʾ ʦʪʦʯʫʶʪʴ. ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʙʫʜʦʚʘ ʣʽʥʽʡ, ʱʦ ʟôʻʜʥʫʶʪʴ ʪʦʯʢʠ ʚ ʷʢʠʭ ʟʥʘʢʠ ʦʪʨʠʤʘʥʦʛʦ 

ʩʫʤʘʨʥʦʛʦ ʢʫʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ, ʪʘʢ ʟʚʘʥʽ çʣʽʥʽʾ ʟʤʽʥʠ ʟʥʘʢʘ 

çʩʫʤʘʨʥʦʛʦè ʢʫʪʘè, ʪʘ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʪʦʯʢʠ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ, 

ʤʘʢʩʠʤʫʤʠ ʽ ʩʽʜʣʦʚʽ ʪʦʯʢʠ.  
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʣʦʢʘʣʽʟʘʮʽʶ 

ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʣʠʰʝ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʯʝʨʝʟ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ çʟʘʡʚʠʭè ʪʦʯʦʢ, ʱʦ ʻ 

ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʚ ʧʝʨʰʦʤʫ ʘʣʛʦʨʠʪʤʽ  

ʊʨʝʪʽʡ ʘʣʛʦʨʠʪʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʧʣʠʚ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ 

ʟʦʙʨʘʞʝʥʥʷ (200ʭ200, 400ʭ400, 600ʭ600) ʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ (256, 500 ʪʘ 1000) ʥʘ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʨʦʟʧʦʜʽʣ ʥʫʣʽʚ ʘʤʧʣʽʪʫʜʠ.  

ʁʤʦʚʽʨʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʩʠʥʛʫʣʷʨʥʠʭ ʪʦʯʦʢ ʻ 

ʦʜʥʘʢʦʚʦʶ, ʘʣʝ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʨʘʥʦʾ ʜʠʩʢʨʝʪʠʟʘʮʽʾ 

ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʠʟʥʘʯʘʻ ʪʦʯʥʽʩʪʴ 

ʚʽʜʪʚʦʨʝʥʥʷ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʜʦ ʟʥʘʯʝʥʴ ʧʦʨʷʜʢʘ 80%.  

ʇʦʪʝʥʮʽʡʥʘ ʪʦʯʢʘ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʫ ʪʦʤʫ 

ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚ ʾʾ ʦʢʦʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʜʚʘ ʚʝʢʪʦʨʘ ʛʨʘʜʽʻʥʪʘ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʢʫʪ ʤʽʞ ʷʢʠʤʠ ʩʪʘʥʦʚʠʪʴ 180Á ʽ ʪʦʯʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʥʫʣʴʦʚʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʟʙʽʣʴʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʩʠʥʛʫʣʷʨʥʠʭ ʪʦʯʦʢ ʜʣʷ 

ʜʠʩʢʨʝʪʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʧʨʠ ʟʛʣʘʜʞʫʚʘʥʥʽ ʧʦ 10 ʪʦʯʢʘʭ 

çʢʦʣʦʤè. ʊʦʯʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʩʠʥʛʫʣʷʨʥʠʭ ʪʦʯʦʢ ʜʦʩʷʛʘʻ 

ʧʦʨʷʜʢʫ 81%.  

 
ʈʠʩ.1. ʇʨʠʢʣʘʜ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ çʨʝʧʝʨʥʠʭè 

ʪʦʯʦʢ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʙʽʢʫʙʽʯʥʠʤʠ 

ʩʧʣʘʡʥʘʤʠ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Freund I. Vortices in random wave fields: nearest neighbor 

anticorrelations/ I. Freund and N. Shvartsman// Phys. Rev. Lett. ï 1994. ïV. 

72. ï P.1008ï1011.  
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ɺʽʪʘʣʽʡ ɼʘʙʠʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ  
ʇʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʨʦʙʦʯʠʭ ʤʘʰʠʥ, ʨʞ̔ʫʯʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʘ,  ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ  ʦʙʣʘʜʥʘʥʥʷ ʡ  ʫʩʪʘʪʢʫʚʘʥʥʷ ï ʘʢʪʫ-

ʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʩʫʯʘʩʥʦʛʦ  ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.  ʅʘ ʾʭ  ʚʠʛʦʪʦʚʣʝʥ-

ʥʷ, ʨʝʤʦʥʪ ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʥʽ ʤʘʪʝʨʽʘʣʴʥʽ, 

ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʣʶʜʩʴʢʽ ʨʝʩʫʨʩʠ. ɺʦʜʥʦʯʘʩ ʩʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʫ-

ʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʨʦ-

ʙʦʯʠʭ ʤʘʰʠʥ  ̔ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʾʭ ʚʫʟʣʽʚ ʚʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʪʘ ʧʨʠʩʢʦʨʝʥʴ ʨʫʭʫ ʜʝʪʘʣʝʡ, ʧʝʨʝʜʘʯʽ ʚʩʝ 

ʙʽʣʴʰʠʭ  ʟʫʩʠʣʴ  ʪʘ ʦʙʝʨʪʦʚʠʭ  ʤʦʤʝʥʪʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʽʩʪʦʪʥʝ ʧʽʜ-

ʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʾʭ ʥʘʜʽʡʥʦʩʪʽ.  

ɺʪʨʘʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʘ ʚʽʜʤʦʚʠ ʚʫʟʣʽʚ ʤʝʭʘʥʽʟʤʽʚ ʽ ʤʘʰʠʥ ʧʽʜ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʥʘʩʣʽʜʢʦʤ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʧʨʠʧʦ-

ʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʩʘʤʝ: ʪʝʨʪʷ ʪʘ  

ʟʥʦʰʫʚʘʥʥʷ, ʧʝʨʝʨʦʟʧʦʜʽʣ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʾʭ ʥʘʜʤʽʨʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ, ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʪʨʽʱʠʥ, ʟʥʝʤʽʮʥʝʥʥʷ ʪʘ ʽʥ. 

ɺʠʚʯʝʥʥʷʤ ʧʨʠʨʦʜʠ ʷʚʠʱ ʽ ʟʥʦʰʫʚʘʥʥʷ, ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ ʟʘʡʤʘ-

ʻʪʴʩʷ ʥʘʫʢʘ ʪʨʠʙʦʣʦʛʽʷ. ʇʦʧʨʠ ʟʥʘʯʥʽ ʟʜʦʙʫʪʢʠ ʽ ʧʨʦʛʨʝʩ ʚ ʾʾ ʨʦʟ-

ʚʠʪʢʫ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʣʠʰʘʶʪʴʩʷ ʙʘʛʘʪʦ ʥʝʨʦʟʚôʷʟʘʥʠʭ ʧʨʦʙʣʝʤ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʶ ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʚ 

ʪʦʥʢʠʭ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʾʭ ʚʠʚʯʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʪʝʦʨʽʾ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʬʦʨʤʠ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ, ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ  ʟʘʙʝʟʧʝʯʠʣʦ ʙ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʜʦʚʛʦʚʽʯʥʩ̔ʪɹ ʨʦʙʦʯʠʭ ʤʘʰʠʥ, ʽʥʩʪʨʫʤʝʥʪʘ, 

ʦʙʣʘʜʥʘʥʥʷ ʡ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʾʭ 

ʧʦʚʝʨʭʦʥʴ.  

ʇʝʨʩʧʝʢʪʠʚʘ ʨʦʟʚôʷʟʘʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ ̔ ʟ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʽ ʧʦʰʫʢʦʤ 

ʤʝʪʦʜʽʚ ʮ̔ ʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪ ̔ʧʦʚʝʨʭʥʝʚʠʭ ʰʘ-

ʨʽʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ [3].  

ʇʨʠ ʪʦʤʫ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪ̔ ʣʴʢʠ ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʦʥʴ ʚʽʜʦʤʦ ʧʦʥʘʜ ʩʦʪʥʶ, ʾʭ ʚʠʙʽʨ ʜʣʷ ʚʠʛʦʪʦʚ-
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ʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ ʪʝʨʪ ̫ʩʫʯʘʩʥʠʭ ʤʘʰʠʥ ʟʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜ-

ʥʦʶ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦ  ʁʟʘʜʘʯʝʶ. ʊʦʤʫ ʥʘ ʥʘʡʙʣʠʞʯʠʡ ʯʘʩ ʧʨʦʛ-

ʥʦʟʫʻʪʴʩʷ ʱʝ ʙʽʣʴʰ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʞʝʥʝʨʽʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʪʠ-

ʤʫʣʶʚʘʪʠʤʝ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 

ʉʝʨʝʜ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʽ ʟʤʽʮʥʝʥʥʷ ʧʦ-

ʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʞʦʨʩʪʢʠʭ ʫʤʦʚʘʭ 

ʪʝʨʪʷ, ʥʘ ʩʴʦʛʦʜʥʽ ʯʽʪʢʦ ʚʠʨʽʟʥʷʶʪʴʩʷ ʜʚʽ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʽ ʽʥʥʦ-

ʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ.  

ʇʝʨʰʦʶ ʟ ʥʠʭ ʻ ʪʝʭʥʦʣʦʛʽʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʱʦ ʜʘ̒ 

ʟʤʦʛʫ ʢʝʨʫʚʘʪʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʦʥʴ (ʤʽʢʨʦ- ʽ ʤʘʢʨʦʚʽʜ-

ʭʠʣʝʥʥʷ), ʬʦʨʤʫʚʘʪʠ ʡ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ (ʤʽʢʨʦʪʚʝʨʜʽʩʪ,ɹ ʛʣʠʙʠʥʘ ʪʘ ʟʥʘʢ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ) ʽ 

ʟʤʝʥʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʫ 1,5ï5 ʨʘʟʽʚ. ʎʴʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛ-

ʪʠ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ ʚʚʘʞʘʶʪʴ-

ʩʷ ʪʘʢʽ: ʬʽʟʠʢʦ-ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʘʙʦ 

ʩʪʨʫʤʝʥʝʤ ʧʣʘʟʤʠ; ʝʣʝʢʪʨʦʬʽʟʠʯʥʘ (ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʘ, ʝʣʝʢʪʨʦʝʨʦ-

ʟʽʡʥʘ ʘʙʦ ʫʣʴʪʨʘʟʚʫʢʦʚʘ) ʦʙʨʦʙʢʘ; ʤʝʭʘʥʽʯʥʝ (ʚʽʙʨʘʮʽʡʥʝ, ʚʽʙʨʘʮʽʡ-

ʥʦ-ʚʽʜʮʝʥʪʨʦʚʝ, ʩʪʨʫʤʝʥʝʚʝ, ʚʠʙʫʭʦʚʝ ʪʘ ʽʥ.) ʦʙʨʦʙʣʝʥʥʷ [1], ʘ 

ʪʘʢʦʞ ʤʝʪʦʜ ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ [2]. 

ɼʨʫʛʘ ï ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʫʪʴ ʷʢʦʾ 

ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʫʮʽʣʴʥʦʛʦ ʰʘʨʫ ʧʦʚʝʨʭʥʽ ʥʘ 

ʧʝʨʝʨʠʚʯʘʩʪʫ ʤʦʟʘʾʯʥʦ-ʜʠʩʢʨʝʪʥʫ ʩʪʨʫʢʪʫʨʫ. ɼʠʩʢʨʝʪʥʽ ʧʦʚʝʨʭʥʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʱʫ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʨʠʙʦʩʧʦʣʫʯʝʥʴ ʚ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʝ ʩʫʮʽʣʴʥʽ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ 

ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ [3].  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
 1. Hutchings I., Shipway Ph. Tribology: Friction and Wear of 
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nd
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p. URL:   
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-info. 

2. ɼʝʨʝʬʽʥʢʘ ɯ.ʉ. ʉʪʘʥ  ̔ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ 
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ʆʪʨʠʤʘʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʛʨʘʬʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʣʝʥʜʝʨʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ  
ɻʨʘʬʝʥ ʻ ʜʚʦʚʠʤʽʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʚʦʣʦʜʽʻ ʫʥʽʢʘʣʴʥʠʤʠ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʛʨʘʬʝʥʫ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʣʘʩʪʽʚʮʷʭ 

ʨʦʟʤʽʨʦʤ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ [1-3]. ʋ ʪʘʢʠʭ ʤʘʣʠʭ 

ʧʣʘʩʪʠʥʘʭ ʛʨʘʬʝʥʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʙʘʣʽʩʪʠʯʥʠʡ ʪʨʘʩʧʦʨʪ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʟ ʨʫʭʣʠʚʽʩʪʶ 44000 ʩʤ
2
/ɺʩ. ʇʝʨʰʽ ʰʘʨʠ ʛʨʘʬʝʥʫ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʦʪʯʫ, ʷʢʠʡ ʧʨʠʢʣʝʶʚʘʣʠ ʜʦ ʧʦʚʝʨʭʥʽ 

ʛʨʘʬʽʪʫ, ʱʦʙ ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʥʴʦʛʦ ʪʦʥʢʽ ʰʘʨʠ ʛʨʘʬʝʥʫ. 

ʇʨʦʜʦʚʞʫʶʯʠ ʪʨʘʜʠʮʽʾ çʥʠʟʴʢʠʭ ʪʝʭʥʦʣʦʛʽʡè ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʮʴʦʛʦ ʫʥʽʢʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʜʦʩʣʽʜʥʠʢʠ ʟ ʊʨʽʥʽʪʽ-ʢʦʣʝʜʞʫ ʚ 

ɼʫʙʣʽʥʽ ʧʨʠʜʫʤʘʣʠ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ 

ʛʨʘʬʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʝʥʜʝʨʘ. ʆʜʥʘʢ ʷʢʽʩʪʴ ʛʨʘʬʝʥʫ 

ʦʪʨʠʤʘʥʦʛʦ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʠʧʫ ʨʦʟʯʠʥʥʠʢʘ, ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 

ʙʣʝʥʜʝʨʘ ʪʘ ʯʘʩʫ ʟʙʠʚʘʥʥʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʜʝʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʫʤʦʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʛʨʘʬʝʥʫ ʥʘ ʾʭ 

ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʩʪʽʚʮʽʚ ʛʨʘʬʝʥʫ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʢʽʣʴʢʦʭ ʰʘʨʽʚ, ʤʠ ʨʦʟʱʝʧʣʶʚʘʣʠ ʧʣʘʩʪʽʚʮʽ ʛʨʘʬʽʪʫ ʚ ʨʦʟʯʠʥʥʠʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʫʭʦʥʥʦʛʦ ʙʣʝʥʜʝʨʘ. ʗʢ ʚʠʭʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʣʘʩʪʽʚʮʽ ʯʠʩʪʦʛʦ ʛʨʘʬʽʪʫ (99,99%), ʘ ʷʢ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʫ ʨʝʯʦʚʠʥʫ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʨʽʜʠʥʠ ʜʣʷ ʤʠʪʪʷ 

ʧʦʩʫʜʫ Fairy ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʽ 3 ʤʛ/ʤʣ. ʐʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʙʣʝʥʜʝʨʘ ʩʪʘʥʦʚʠʣʘ ~ 30000 ʦʙ/ʭʚ. ʏʘʩ ʟʙʠʚʘʥʥʷ ʪʨʠʚʘʚ 1 ʛʦʜ. 

ʇʨʦʪʷʛʦʤ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʢʽʣʴʢʘ ʨʘʟʽʚ (15, 30, 45 ʭʚ. ʪʘ 1ʛʦʜ) ʤʠ 

ʚʽʜʙʠʨʘʣʠ ʯʦʪʠʨʠ ʧʨʦʙʠ ʧʦ 6 ʤʣ ʜʠʩʧʝʨʩʽʾ ʢʦʞʥʘ, ʘ ʧʦʪʽʤ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʾʭ ʧʨʦʪʷʛʦʤ 45 ʭʚ. ʧʨʠ 500 ʦʙ/ʭʚ. ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʠʩʧʝʨʩʽʾ ʛʨʘʬʝʥʫ. 

ʆʪʨʠʤʘʥʽ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʩʠʣʠ ʥʘ ʩʢʣʷʥʽ ʪʘ ʩʠʪʘʣʦʚʽ ʧʽʜʢʣʘʜʢʠ 

ʤʝʪʦʜʦʤ ʩʧʽʥ-ʢʦʫʪʠʥʛʫ ʧʨʠ 2500 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 60 ʩ ʽ 

ʚʠʩʫʰʫʚʘʣʠʩʷ ʧʨʠ 80 ÁC ʥʘ ʧʦʚʽʪʨʽ ʧʨʦʪʷʛʦʤ 30 ʭʚ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʨʦʟʯʠʥʥʠʢʘ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ 

ʷʢʽʩʥʠʡ ʦʧʪʠʯʥʠʡ ʢʦʥʪʘʢʪ ʟ̔ ʛʣʘʜʢʦʶ ʧʦʚʝʨʭʥʝʶ ʧʽʜʢʣʘʜʢʠ. 
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ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʰʘʨʽʚ ʛʨʘʬʝʥʫ ʚʠʤʽʨʷʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉʌ-2000. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʪʦʯʢʠ ʟʥʽʤʘʣʠʩʷ ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 200 ï 1100 ʥʤ ʟ ʢʨʦʢʦʤ 

1 ʥʤ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʧʦʨʫ R = f(T) 

ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ ʩʪʚʦʨʶʚʘʣʠ ʣʠʰʝ ʥʘ 

ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʧʣʽʚʢʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʨʽʙʥʦʾ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʧʘʩʪʠ. ɺʠʤʽʨʷʥʦ ʟʘʣʝʞʥʽʩʪʴ 
ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ R = 

f(T) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 295 < ʊ < 400 ʂ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʣʘʩʪʽʚʮʽ ʛʨʘʬʝʥʫ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʽ ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʥ̒ʪʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʫ ʚʠʜʠʤʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʘ ʾʭ ʩʝʨʝʜʥʷ ʪʦʚʠɦʥʘ ʩʪʘʥʦʚʠʪʴ ~ 1,5 ʥʤ. 

ɿ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʪʨʠʤʘʥʠʭ ʧʣʘʩʪʽʚʮʽʚ ʛʨʘʬʝʥʫ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʧʨʦ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ 

ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ. 
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ʉʝʨʛʽʡ ɼʞʘʣ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ  

ʜʣʷ ʝʣʝʢʪʨʦʢʘʨʜʽʦʩʪʠʤʫʣʷʪʦʨʽʚ 

 
ʉʝʨʮʝʚʦ-ʩʫʜʠʥʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʩʤʝʨʪʥʦʩʪʽ ʷʢ ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʫ ʩʚʽʪʽ ʟʘʛʘʣʦʤ. ɯʰʝʤʽʯʥʘ ʭʚʦʨʦʙʘ 

ʩʝʨʮʷ ï ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʣʝʪʘʣʴʥʦʩʪʽ ʚʽʜ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. 

ɿʥʠʟʠʪʠ ʨʽʚʝʥʴ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʽʤʧʣʘʥʪʘʮʽʷ ʝʣʝʢʪʨʦʢʘʨʜʽʦ-

ʩʪʠʤʫʣʷʪʦʨʽʚ (ɽʂʉ) ï ʰʪʫʯʥʠʭ ʚʦʜʽʾʚ ʨʠʪʤʫ ʩʝʨʮʷ. ʑʦʨʦʢʫ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ ʽʤʧʣʘʥʪʫʻʪʴʩʷ ʤʘʡʞʝ 600000 ɽʂʉ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʜʦʚʞʠʪʠ ʞʠʪʪʷ ʧʘʮʽʻʥʪʽʚ, ʭʚʦʨʠʭ ʥʘ ʪʷʞʢʽ ʧʦʨʫʰʝʥʥʷ 

ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʋ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ɽʂʉ 

(ʦʜʥʦʢʘʤʝʨʥʽ, ʜʚʦʢʘʤʝʨʥʽ, ʪʨʠʢʘʤʝʨʥʽ ʪʘ ʰʚʠʜʢʽʩʥʦ-ʯʫʪʣʠʚʽ ʪʘ 

ʽʥ.), ʩʧʦʞʠʚʘʥʘ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʷʢʠʭ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 10 ʤʢɺʪ ʜʦ 370 ʤɺʪ. ɼʣʷ 

ʞʠʚʣʝʥʥʷ ʪʘʢʠʭ ɽʂʉ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʛʘʣʴʚʘʥʽʯʥʽ ʙʘʪʘʨʝʾ, ʨʘʜʽʦʽʟʦʪʦʧʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ, ʘ 

ʪʘʢʦʞ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʽ ʧôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʤʽʢʨʦʛʝʥʝʨʘʪʦʨʠ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ɽʂʉ 

ʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʛʘʣʴʚʘʥʽʯʥʽ ʙʘʪʘʨʝʾ, ʩʪʨʦʢ ʩʣʫʞʙʠ ʷʢʠʭ ʩʢʣʘʜʘʻ 

ʤʘʡʞʝ 10 ʨʦʢʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʘ ʟʘʤʽʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʙʘʪʘʨʝʾ, ʪʦʙʪʦ ʧʦʚʪʦʨʥʘ ʦʧʝʨʘʮʽʷ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʧʨʦʙʣʝʤʘ 

ʟʘʤʽʥʠ ʛʘʣʴʚʘʥʽʯʥʠʭ ʙʘʪʘʨʝʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 

ʞʠʚʣʝʥʥʷ ʟ ʪʨʠʚʘʣʠʤ ʨʝʩʫʨʩʦʤ ʨʦʙʦʪʠ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ 

ʜʣʷ ʽʤʧʣʘʥʪʦʚʘʥʠʭ ɽʂʉ, ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʥʘʚʝʜʝʥʦ 

ʫ ʪʘʙʣʠʮʽ [1; 2]. 

ɿ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʢʠ ʜʣʷ ʞʠʚʣʝʥʥʷ ɽʂʉ ʻ 

ʝʬʝʢʪʠʚʥʠʤ. ʊʘʢʽ ʜʞʝʨʝʣʘ ʥʝʪʦʢʩʠʯʥʽ, ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʦ 

ʥʝʦʙʤʝʞʝʥʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ ʽ, ʦʪʞʝ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʘʤʽʥʠ ʘʙʦ 

ʟʘʨʷʜʢʠ, ʟʘ ʦʮʽʥʢʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʜʝʰʝʚʰʠʤʠ ʚʽʜ 
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ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ, ʟ ʧʨʘʢʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ 

ʙʽʣʴʰ ʥʘʜʽʡʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʣʝʢʪʨʠʢʠ. 

ʇʘʨʘʤʝʪʨ 

ɽʣʝʢʪʨʦ

ʭʽʤʽʯʥʘ 

ʙʘʪʘʨʝʷ 

ʜʣʷ 

ɽʂʉ 

ɽʣʝʢʪʨʦʭʽ

ʤʽʯʥʘ 

ʙʘʪʘʨʝʷ 

ʜʣʷ 

ʚʥʫʪʨʽʰʥ

ʴʦ-

ʩʝʨʜʝʯʥʦ

ʛʦ ɽʂʉ 

ʈɯʊɽɻ 

ʇôʻʟʦ-

ʝʣʝʢʪʨʠ

ʯʥʠʡ 

ʛʝʥʝʨʘʪ

ʦʨ 

ʄʝʭʘʥ

ʽʟʤ 

ʘʚʪʦʟʘ

ʚʦʜʫ 

ʜʣʷ 

ɽʂʉ 

ʊɽɻ 

ʄʘʩʘ, ʛ 20-30 2-5 20-50 10-14 12 2-5 

ʈʦʙʦʯʘ 

ʥʘʧʨʫʛʘ, ɺ 
1.5-2.8 1.5-2.0 4-4.7 1.5-2 3 1.5-2 

ɽʣʝʢʪʨʠʯʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, 

ʤɺʪ 

25 0.070 370 7 0.09 0.1 

ɭʤʥʽʩʪʴ 

ʙʘʪʘʨʝʾ, ʤɸ 
2000 140 ï ï ï ï 

ʊʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʨʦʢʽʚ 

8-10 15 Ó30 Ó30 Ó30 30-50 

ɻʘʙʘʨʠʪʠ, ʤʤ 
49Ĭ46Ĭ

6 
Ï6x4 

30Ĭ60

Ĭ40 

20Ĭ20Ĭ

10
-4
 

8.3-27 5-20 

ʊʦʢʩʠʯʥʽʩʪʴ ʊʘʢ ʊʘʢ ʊʘʢ ʅ ̔ ʅ ̔ ʅ ̔

ɻʦʪʦʚʥʽʩʪʴ 

ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥ

 ̫

ʉʝʨʽʡʥʝ 

ʚʠʨʦʙʥ. 

ʉʝʨʽʡʥʝ 

ʚʠʨʦʙʥ. 

ɿʥʷʪʠ

ʡ ʟ 

ʚʠʨʦʙ

ʥʠʮʪ. 

ʈʦʟʨʦʙʢ

ʘ 

ʈʦʟʨʦʙ

ʢʘ 

ʈʦʟʨʦʙ

ʢʘ 
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ɯʨʠʥʘ ɼʽʜʠʯʫʢ 

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

 

ɸʧʘʨʘʪʥʘ ʯʘʩʪʠʥʘ ʧʣʘʪʬʦʨʤ Arduino 

 
ɼʝʜʘʣʽ ʙʽʣʴʰʝ ʫʢʨʘʾʥʩʴʢʽ ʚʠʨʦʙʥʠʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ,  ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʨʠʣʘʜʽʚ, 

ʷʢʽ ʩʪʘʶʪʴ ʫ ʥʘʛʦʜʽ  ʩʫʯʘʩʥʠʤ ʛʘʣʫʟʷʤ, ʘ ʩʘʤʝ: ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ 

ʪʘ ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʽʡ. ʊʘʢ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʚʠʯʘʡʥʦʛʦ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʤʦʞʝ ʟʤʽʥʠʪʠ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʙʘʛʘʪʴʦʭ 

ʤʝʭʘʥʽʟʤʽʚ. ʉʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʥʝ ʦʙʤʝʞʝʥʽ 

ï ʮʝ ʟʚʠʯʘʡʥʝ ʧʝʨʝʤʠʢʘʥʥʷ ʢʦʣʴʦʨʫ  ʫ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʪʘʢ ʽ ʚ 
ʘʚʪʦʤʦʙʽʣʴʥʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. 

Arduino ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʚʪʽʣʝʥʥʷ ʚ ʞʠʪʪʷ ʨʽʟʥʠʭ ʽʜʝʡ. 

ɺʽʥ ʚʢʣʶʯʘʻ ʧʦʧʫʣʷʨʥʽ ʪʘ ʜʦʩʪʫʧʥʽ ʢʦʤʧʣʝʢʪʫʶʯʽ, ʱʦ 

ʚʠʧʫʩʢʘʶʪʴʩʷ ʩʝʨʽʡʥʦ, ʪʦʤʫ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʟʨʦʟʫʤʽʣʠʡ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʭʝʤʠ ʧʽʜ ʚʠʤʦʛʠ ʨʦʟʨʦʙʥʠʢʘ ʧʨʦʩʪʝ 

ʽ ʟʘʙʝʟʧʝʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʾ ʤʦʜʠʬʽʢʘʮʽʾ [1]. 

ʇʣʘʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Atmel AVR 

(ATmega328 ʽ ATmega168 - ʫ ʥʦʚʠʭ ʚʝʨʩʽʷʭ ʽ ATmega8 - ʫ 

ʩʪʘʨʠʭ) ʪʘ ʝʣʝʤʝʥʪʥʦʾ ʦʙʚ'ʷʟʢʠ ʜʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ 

ʽʥʰʠʤʠ ʩʭʝʤʘʤʠ. ʅʘ ʢʦʞʥʽʡ ʧʣʘʪʽ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʠʩʫʪʥʽ ʣʽʥʽʡʥʠʡ 

ʩʪʘʙʽʣʽʟʘʪʦʨ ʥʘʧʨʫʛʠ 5 ɺ (ʫ ʜʝʷʢʠʭ ʤʦʜʝʣʝʡ 3,3 ɺ) ʽ ʢʚʘʨʮʦʚʠʡ 

ʨʝʟʦʥʘʪʦʨ 16 ʄɻʮ. ʋ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʰʠʪʠʡ 

ʟʘʚʘʥʪʘʞʫʚʘʯ, ʪʦʤʫ ʟʦʚʥʽʰʥʽʡ ʧʨʦʛʨʘʤʘʪʦʨ ʥʝ ʧʦʪʨʽʙʝʥ. ʅʘ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʤʫ ʨʽʚʥʽ ʚʩʽ ʧʣʘʪʠ ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʯʝʨʝʟ 

ʽʥʪʝʨʬʝʡʩ RS-232 (ʧʦʩʣʽʜʦʚʥʝ ʟ'ʻʜʥʘʥʥʷ), ʘʣʝ ʨʝʘʣʽʟʘʮʽʷ ʮʴʦʛʦ 

ʩʧʦʩʦʙʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʝʨʩʽʾ ʜʦ ʚʝʨʩʽʾ. ʇʣʘʪʘ Serial Arduino 

ʤʽʩʪʠʪʴ ʧʨʦʩʪʫ ʽʥʚʝʨʪʫʶʯʫ ʩʭʝʤʫ ʜʣʷ ʢʦʥʚʝʨʪʘʮʽʾ ʨʽʚʥʽʚ 

ʩʠʛʥʘʣʽʚ RS-232 ʫ ʨʽʚʥʽ ʊʊʃ ʽ ʥʘʚʧʘʢʠ. ɸʢʪʫʘʣʴʥʽ ʥʘ ʩʴʦʛʦʜʥʽ 

ʧʣʘʪʠ, ʥʘ ʟʨʘʟʦʢ Diecimila, ʧʨʦʛʨʘʤʫʶʪʴʩʷ ʯʝʨʝʟ USB, ʱʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʤʽʢʨʦʩʭʝʤʫ ʢʦʥʚʝʨʪʝʨʘ USB-to-serial, 

ʥʘʧʨʠʢʣʘʜ FTDI FT232  ʘʙʦ Prolific PL2303. ʋ ʜʝʷʢʠʭ ʚʘʨʽʘʥʪʘʭ, 

ʪʘʢʠʭ ʷʢ Arduino Mini ʘʙʦ ʥʝʦʬʽʮʽʡʥʾ Boarduino, ʜʣʷ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʪʨʽʙʥʝ ʧʽʜôʻʜʥʘʥʥʷ ʦʢʨʝʤʦʾ ʧʣʘʪʠ ʘʙʦ ʢʘʙʝʣʷ 

USB-to-serial [2]. 
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ʇʣʘʪʠ Arduino ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

I/O ʚʠʚʦʜʽʚ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʚ ʟʦʚʥʽʰʥʽʭ ʩʭʝʤʘʭ. ʅʘʧʨʠʢʣʘʜ, ʚ 

ʧʣʘʪʽ Diecimila ʜʦʩʪʫʧʥʦ 14 ʮʠʬʨʦʚʠʭ ʚʚʦʜʽʚ / ʚʠʚʦʜʽʚ (ʨʽʚʥʽ 

çLOWè ï 0ɺ ʽ çHIGHè  ï5ɺ), 6 ʟ ʷʢʠʭ ʤʦʞʫʪʴ ʚʠʜʘʚʘʪʠ ʐɯʄ 

ʩʠʛʥʘʣ, ʽ 6 ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ (0-5ɺ). ʎʽ ʚʠʚʦʜʠ ʜʦʩʪʫʧʥʽ ʥʘ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʣʘʪʠ ʯʝʨʝʟ 0,1 ʜʶʡʤʦʚʽ ʨʦʟ'ʻʤʠ ʪʠʧʫ çʤʘʤʘè.    

ʅʘ ʨʠʥʢʫ ʜʦʩʪʫʧʥʽ ʢʽʣʴʢʘ ʟʦʚʥʽʰʥʽʭ ʧʣʘʪ ʨʦʟʰʠʨʝʥʥʷ, ʚʽʜʦʤʠʭ 

ʷʢ çshieldsè[2]. 

ʇʝʨʽʦʜʠʯʥʦ ʢʦʤʘʥʜʘ ʨʦʟʨʦʙʥʠʢʽʚ Arduino ʚʠʧʫʩʢʘʻ ʥʦʚʽ 

ʧʣʘʪʠ, ʪʘʢʦʞ ʩʚʽʪʦʚʦʶ ʩʧʽʣʴʥʦʪʦʶ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʢʣʦʥʦʚʘʥʦ ʱʝ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʣʘʪ [1].  

ɼʣʷ ʧʦʯʘʪʢʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʩʽ çʨʦʟʤʽʨʠè ʽ ʨʽʟʥʦʚʠʜʠ 

Arduino-ʧʣʘʪ ʘʙʩʦʣʶʪʥʦ ʩʫʤʽʩʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ. ʇʨʦʝʢʪ ʥʘ 

Arduino Nano ʟ ʣʝʛʢʽʩʪʶ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘ Arduino Uno ʘʙʦ 

Arduino Mega, ʧʨʠʯʦʤʫ ʥʽ ʚ ʢʦʜʽ, ʥʽ ʚ ʩʭʝʤʽ ʧʝʨʝʨʦʙʣʷʪʠ ʥʽʯʦʛʦ 

ʥʝ ʜʦʚʝʜʝʪʴʩʷ. ʄʦʞʥʘ ʽ ʥʘʚʧʘʢʠ, ʥʘʧʨʠʢʣʘʜ, ʟ Arduino Mega ʥʘ 

Arduino Mini ï ʣʠʰʝ ʙ ʚʠʚʦʜʽʚ ʪʘ ʧʘʤ'ʷʪʽ ʚʠʩʪʘʯʠʣʦ. ʊʘʢ ʩʘʤʦ 

ʥʽʷʢʦʾ ʨʽʟʥʠʮʽ ʥʝʤʘʻ ʫ ʚʠʙʦʨʽ ʢʦʥʢʨʝʪʥʦʾ ʧʣʘʪʠ ʚʩʝʨʝʜʠʥʽ 

ʨʦʟʤʽʨʥʦʛʦ ʨʷʜʫ ï ʤʦʞʥʘ ʚʟʷʪʠ ʧʨʦʝʢʪ ʜʣʷ Arduino Diecimila ʽ 

ʩʧʦʢʽʡʥʦ ʧʦʨʪʫʚʘʪʠ ʡʦʛʦ ʥʘ UNO ʽ ʥʘʚʧʘʢʠ. ʅʝʤʘʻ ʥʽʷʢʦʾ 

ʧʨʠʥʮʠʧʦʚʦʾ ʨʽʟʥʠʮʽ, ʭʪʦ ʟʨʦʙʠʚ ʮʶ ʧʣʘʪʫ ʽ ʷʢ ʚʦʥʘ ʥʘʟʠʚʘʻʪʴʩʷ, 

ʦʩʥʦʚʦʶ ʙʫʜʝ ʚʩʝ ʪʦʡ ʞʝ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ATMega [1]. 

Arduino ʥʘʜʘʻ ʨʷʜ ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʟʚôʷʟʢʫ ʟ 

ʢʦʤʧôʶʪʝʨʦʤ, ʱʝ ʦʜʥʠʤ Arduino ʘʙʦ ʽʥʰʠʤʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘʤʠ. ʋ ATMega328 ʻ ʫʥʽʚʝʨʩʘʣʴʥʠʡ 

ʘʩʠʥʭʨʦʥʥʠʡ ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ (UART), ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʩʣʽʜʦʚʥʫ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʬʨʦʚʠʭ ʚʠʚʦʜʽʚ 0(RX)  ʽ 1 (TX) ʪʘ ʧʝʨʝʪʚʦʨʶʚʘʯʘ USB-UART. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ATmega16U2 ʥʘ ʧʣʘʪʽ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʪʘʢʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ, ʽ ʧʨʠ ʧʽʜôʻʜʥʘʥʥʽ ʜʦ ʇʂ  ʜʦʟʚʦʣʷʻ Arduino 

ʚʤʠʢʘʪʠʩʷ, ʷʢ ʚʽʨʪʫʘʣʴʥʠʡ COM-ʧʦʨʪ [2].  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʘʨʘʥ ɺ.ʉ., ɺʣʘʩʶʢ ɻ.ɻ., ʆʥʠʢʽʻʥʢʦ ʖ.ʆ., ʉʤʦʣʝʥʩʴʢʘ ʆ.ɯ.. 

ʆʩʥʦʚʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʪʝʭʥʽʢʠ. - 2019. ï 140 ʩ. 

2. ʊʠʱʝʥʢʦ ʂ.ɺ., ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ʇʨʦʛʨʘʤʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʟʘʙʦʨʫ ʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ.  ï 75 ʩ. 
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ɻʘʣʠʥʘ ɼʦʙʨʷʥʩʴʢʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮ. ɹʦʨʯʘ ʄ.ɼ. 

ʂʝʨʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʶ ʨʦʙʦʪʦʶ ʫʯʥʷ ʚ ʨʘʤʢʘʭ 

ʄʘʣʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ 

ʄʘʣʘ ʘʢʘʜʝʤʽʷ ʥʘʫʢ ʪʨʠʚʘʣʠʡ ʯʘʩ ʻ ʧʣʘʪʬʦʨʤʦʶ, ʷʢʘ 

ʟʘʦʭʦʯʫʻ ʫʯʥʽʚʩʴʢʫ ʤʦʣʦʜʴ ʜʦ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʨʦʙʦʪʠ ʽ ʩʪʚʦʨʶʻ 

ʜʣʷ ʮʴʦʛʦ ʚʽʜʧʦʚʽʜʥʽ ʫʤʦʚʠ,  ʟʦʢʨʝʤʘ, ʟʘʧʨʦʚʘʜʞʫʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʟʘʭʦʜʠ ʪʘ ʢʦʥʢʫʨʩʠ. ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʘ ʨʦʙʦʪʘ ʚ ʄɸʅ 

ʦʨʛʘʥʽʟʦʚʘʥʘ ʟʘ ʥʘʫʢʦʚʠʤʠ ʚʽʜʜʽʣʝʥʥʷʤʠ ʪʘ ʩʝʢʮʽʷʤʠ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʩʪʨʫʢʪʫʨʠ, ʟʘʪʚʝʨʜʞʝʥʦʾ ʇʨʝʟʠʜʽʻʶ ʄɸʅ [1]. ʆʢʨʤ̔ 

ʱʦʨʽʯʥʦʛʦ ɺʩʝʫʢʨʘʾʥʩʴʢʦʛʦ ʢʦʥʢʫʨʩʫ-ʟʘʭʠʩʪʫ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʫʯʥʽʚïʯʣʝʥʽʚ ʄɸʅ, ʄɸʅ ʧʨʦʧʦʥʫʻ ʫʯʥʷʤ 

ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʨʦʙʦʪʽ STEM-ʣʘʙʦʨʘʪʦʨʽ ʾ ʄɸʅʃʘʙ ï ʮʝʥʪʨ ̔

ʨʝʘʣʴʥʠʭ ʽ ʚʽʨʪʫʘʣʴʥʠʭ ʥʘʚʯʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʽʚ çʃʘʙʦʨʘʪʦʨʽʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ çEx Labè ʪʘ çʄʦʙʽʣʴʥʘ ʩʪʫʜʽʷ 

ʧʦʧʫʣʷʨʥʦʾ ʥʘʫʢʠè; ʚ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʦʥʢʫʨʩʘʭ çʄɸʅ-ʖʥʽʦʨ 

ɼʦʩʣʽʜʥʠʢè ʪʘ çʄɸʅ-ʖʥʽʦʨ ɽʨʫʜʠʪè; ʪʦʱʦ. 

ʄʦʶ ʫʚʘʛʫ ʧʨʠʚʝʨʥʫʚ ʱʦʨʽʯʥʠʡ ʢʦʥʢʫʨʩ ʄɸʅ çʂʨʠʩʪʘʣʠè. 

ʋ 2020 ʨʦʮʽ ʫʯʘʩʥʠʢʘʤ ʩʪʘʨʰʦʾ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʜʽʡʩʥʠʪʠ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥ ̫ʥʘ ʪʝʤʫ çʂʨʠʩʪʘʣʠ ʪʘ ʛʘʜʞʝʪʠè 

[2]. ʇʽʜ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʝʜʘʛʦʛʽʯʥʦʾ ʧʨʘʢʪʠʢʠ ʚ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʟʘʢʣʘʩʥʦʛʦ ʟʘʭʦʜʫ ʫ 7 ʢʣʘʩʽ, ʧʨʠʩʚʷʯʝʥʦʛʦ ʬʽʟʠʮʽ, ʙʘʛʘʪʦ ʫʯʥʽʚ 

ʟʘʮʽʢʘʚʠʣʠʩʴ ʪʝʤʦʶ çʂʨʠʩʪʘʣʠè: ʾʭ ʙʫʜʦʚʦʶ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʚʠʨʦʱʫʚʘʥʥʷʤ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ. ʇʽʩʣʷ ʦʟʥʘʡʦʤʣʝʥʥʷ ʾʭ ʟ 

ʢʦʥʢʫʨʩʦʤ çʂʨʠʩʪʘʣʠè ʪʘ ʡʦʛʦ ʫʤʦʚʘʤʠ ʦʜʥʘ ʟ ʫʯʝʥʠʮʴ ʚʠʷʚʠʣʘ 

ʙʘʞʘʥʥʷ ʚʟʷʪʠ ʚ ʥʴʦʤʫ ʫʯʘʩʪʴ. 

ɼʣʷ ʧʦʯʘʪʢʫ ʤʠ ʧʽʜʽʙʨʘʣʠ ʽ ʦʧʨʘʮʶʚʘʣʠ ʙʘʛʘʪʦ ʧʫʙʣʽʢʘʮʽʡ 

ʧʨʦ ʢʨʠʩʪʘʣʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʛʘʜʞʝʪʽʚ. ɺʠʷʚʠʣʠ, ʱʦ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʟʘʜʘʯ ʻ ʧʦʪʨʝʙʘ 

ʰʚʠʜʢʦ ʦʪʨʠʤʫʚʘʪʠ, ʟʙʝʨʽʛʘʪʠ ʪʘ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʚʝʣʠʯʝʟʥʫ 
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ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʝʥʝʨʛʽʾ ʫ 

ʩʫʯʘʩʥʠʭ ʧʨʠʩʪʨʦʷʭ. ɿ ʮʽʻʶ ʟʘʜʘʯʝʶ ʤʦʞʝ ʩʧʨʘʚʠʪʠʩʷ 

ʜʚʦʚʠʤʽʨʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʫʢʣʘʜʘʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʰʘʨʽʚ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʢʦʤʽʨʢʠ ʧʘʤ'ʷʪʽ [3, 4]. ʋ ʨʦʙʦʪʽ [4] ʚʽʜʢʨʠʪʦ 

ʥʘʜʟʚʠʯʘʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʪʝʣʫʨʠʜʫ ʤʦʣʽʙʜʝʥʫ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʶ ʰʚʠʜʢʦʩʪʽ ʪʘ ʝʥʝʨʛʽʾ ʢʦʤʽʨʦʢ ʧʘʤôʷʪʽ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ, ʽ ʷʢʽ ʥʝ ʙʫʣʠ ʨʘʥʽʰʝ ʚʠʷʚʣʝʥʠʤʠ. 

ʄʠ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻ ʙʫʜʦʚʫ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ ʰʣʷʭʦʤ ʫʢʣʘʜʘʥʥʷ ʢʽʣʴʢʦʭ 

ʰʘʨʽʚ ʜʚʦʚʠʤʽʨʥʠʭ Mo1īxWxTe2. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʤʦʜʝʣʽ 

ʚʜʘʣʦʩʷ ʧʦʷʩʥʠʪʠ ʷʢ ʜʠʪʝʣʫʨʠʜ ʤʦʣʽʙʜʝʥʫ ʜʦʟʚʦʣʷʻ ʩʠʩʪʝʤʽ 

ʰʚʠʜʰʝ ʧʝʨʝʤʠʢʘʪʠʩʷ ʤʽʞ 0 ʽ 1, ʧʦʪʝʥʮʽʡʥʦ ʟʙʽʣʴʰʫʶʯʠ 

ʰʚʠʜʢʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʪʦʤʫ, ʱʦ ʧʨʠ 

ʧʨʠʢʣʘʜʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʜʦ ʪʘʢʦʾ ʢʦʤʽʨʢʠ ʧʘʤôʷʪʽ ʘʪʦʤʠ 

ʟʤʽʱʫʶʪʴʩʷ ʥʘ ʥʝʚʝʣʠʢʫ ʚʽʜʩʪʘʥʴ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʤʽʱʝʥʥʷ ʦʪʨʠʤʫʻʤʦ ʘʙʦ ʩʪʘʥ ʚʠʩʦʢʦʛʦ ʦʧʦʨʫ, ʧʦʟʥʘʯʝʥʦʛʦ ʷʢ 0, 

ʘʙʦ ʩʪʘʥ ʥʠʟʴʢʦʛʦ ʦʧʦʨʫ, ʧʦʟʥʘʯʝʥʦʛʦ ʷʢ 1. ɿʤʽʥʘ ʦʧʦʨʫ ʤʽʞ 

ʮʠʤʠ ʩʪʘʥʘʤʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ 

ʧʝʨʝʤʠʢʘʥʥʷ ʚ ʟʚʠʯʘʡʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʫʯʝʥʠʮʷ ʧʨʦʚʝʣʘ ʟ ʽʥʪʝʨʝʩʦʤ, ʧʽʜ ʤʦʾʤ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʽʜʛʦʪʫʚʘʣʘ ʪʝʟʠ ʨʦʙʦʪʠ ʪʘ ʥʘʧʨʘʚʠʣʠ ʾʭ ʜʣʷ 

ʫʯʘʩʪʽ ʫ ʢʦʥʢʫʨʩʽ ʄɸʅ çʂʨʠʩʪʘʣʠè. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. http://man.gov.ua/ua/about_the_academy/jasu 

2. http://man.gov.ua/ua/activities/vseukrayinskyy_konk

urs_krystaly_2020 

3. https://www.sciencedaily.com/releases/2018/12/1812

13132509.htm 

4. Zhang, F., Zhang, H., Krylyuk, S. et al. Electric-field 

induced structural transition in vertical MoTe2- and Mo1ï

xWxTe2-based resistive memories. Nature Mater 18, 55ï61 

(2019) 

http://man.gov.ua/ua/about_the_academy/jasu
http://man.gov.ua/ua/activities/vseukrayinskyy_konkurs_krystaly_2020
http://man.gov.ua/ua/activities/vseukrayinskyy_konkurs_krystaly_2020
https://www.sciencedaily.com/releases/2018/12/181213132509.htm
https://www.sciencedaily.com/releases/2018/12/181213132509.htm
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ɸʥʜʨʽʡ ɼʦʚʛʘʥʶʢ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ - ʧʨʦʬ. ʄʘʨôʷʥʯʫʢ ʇ.ɼ. 

ʘʩʠʩʪ. ʂʦʚʘʣʶʢ ʊ.ʊ. 
ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ 

ITO /MoN/n-CdTe 

ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʶʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʛʨʫʧʠ ɸ
2
ɺ

6
 , ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʆʜʥʠʤ ʽʟ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʮʽʻʾ ʛʨʫʧʠ 

ʻ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ. ɺʦʣʦʜʽʶʯʠ ʦʧʪʠʤʘʣʴʥʦʶ ʰʠʨʠʥʦʶ 

ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜʥʦʩʥʦ ʩʦʥʷʯʥʦʛʦ ʩʧʝʢʪʨʘ ʢʘʜʤʽʡ ʪʝʣʫʨ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʚ 

ʝʣʝʢʪʨʠʯʥʫ [1]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʜʤʽʡ ʪʝʣʫʨʫ ʫ ʬʦʪʦʝʣʝʢʪʨʦʥʽʮʽ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʦʩʢʽʣʴʢʠ CdTe  ̒ʚʽʜʥʦʩʥʦ 

ʜʝʰʝʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽ ʪʦʤʫ ʤʘʻ ʤʘʣʠʡ ʯʘʩ ʦʢʫʧʥʦʩʪʽ ʚʽʜʥʦʩʥʦ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) 

ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-CdTe ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʤʝʪʦʜʦʤ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʽʟʦʪʠʧʥʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ʚʦʣʦʜʽʶʪʴ 

ʚʠʧʨʷʤʣʷʶʯʠʤʠ (ʜʽʦʜʥʠʤʠ) ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 
ʈʠʩ. 1 ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ 

ITO/MoN/n-CdTe ʧʨʠ ʊ = 298 ʂ. 

ʐʣʷʭʦʤ  ʝʢʩʪʨʘʧʦʣʷʮʽʾ  ʧʨʷʤʦʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʚʦʣʴʪ-

ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) ʜʦ ʧʝʨʝʪʠʥʫ ʟ ʚʽʩʩʶ ʥʘʧʨʫʛ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʘ ű0 

ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-CdTe ʧʨʠ ʢʽʤʥʘʪʥʽʡ  

ʪʝʤʧʝʨʘʪʫʨʽ (ű0 = 0,33 ʝɺ). 

ʇʨʷʤʽ ʛʽʣʢʠ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ɺɸʍ) ʽʟʦʪʠʧʥʠʭ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-CdTe ʫ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ 
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ʢʦʦʨʜʠʥʘʪʘʭ (ʜʣʷ ʧʨʦʩʪʦʪʠ ʘʥʘʣʽʟʫ ʜʦʤʽʥʫʶʯʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ) ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩ.2. 

 
ʈʠʩ.2 ʇʨʤ̫ʽ ʛʽʣʢʠ ɺɸʍ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-

CdTe ʫ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʠ ʊ = 298 ʂ. 

ɿ ʘʥʘʣʽʟʫ ɺɸʍ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ lnI = f(V) ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-CdTe 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʝʢʩʧʦʥʝʥʮʽʡʥʫ ʟʘʣʝʞʥʩ̔ʪʴ ʩʪʨʫʤʫ ʚʽʜ ʥʘʧʨʫʛʠ ʽ ʥʘʷʚʥʩ̔ʪɹ ʜʚʦʭ 

ʤʝʭʘʥʽʟʤʽʚ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ, ʱʦ ʧʝʨʝʚʘʞʘʁ ʪʴ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʽʥʪʝʨʚʘʣʘʭ ʥʘʧʨʫʛ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʥʝʽʜʝʘʣʴʥʦʩʪʽ n, (ȹln(I)/ȹV=e/nkT), ʘ ʩʘʤʝ 

ʜʣʷ  ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-CdTe ʜʣʷ ʜʚʦʭ 

ʜʽʣʷʥʦʢ ʥʘʧʨʫʛ: n = 3,3 (0<V<0.25 ɺ)  ̔n = 7 (0.25<V<0,6 ɺ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʥʝʚʝʣʠʢʠʭ ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ (ʨʠʩ.2) ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʟʦʪʠʧʥʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ITO/MoN/n-CdTe 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʥʝʽʜʝʘʣʴʥʦʩʪʽ > 2, ʘ ʮʝ ʚʢʘʟʫʻ ʥʘ 

ʧʝʨʝʚʘʞʘʥʥʷ ʪʫʥʝʣʴʥʦʾ ʤʦʜʝʣʽ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ. ɸʣʝ ʚʨʘʭʦʚʫʶʯʠ 

ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ n ï ʧʦʢʘʟʥʠʢʘ ʥʝʽʜʝʘʣʴʥʦʩʪʽ, ʷʢʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʜʦʩʠʪʴ ʤʘʣʠʭ ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ, ʢʦʣʠ 

ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʱʝ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʪʦʥʢʦʶ ʜʣʷ 

ʧʨʷʤʦʛʦ ʪʫʥʝʣʶʚʘʥʥʷ, ʪʦ ʤʘʙʫʪʴ ʻʜʠʥʠʤ ʬʽʟʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ ʻ ʪʫʥʝʣʴʥʦ-ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʡ 

ʤʝʭʘʥʽʟʤ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ ʧʨʠ (0<V<0.25 ɺ) ʽ ʪʫʥʝʣʶʚʘʥʥʷ ʧʨʠ 

(0.25<V<0,6 ɺ). 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
[1] Aven M. Physics and Chemistry of II-VI Compaunds. / M. Aven, 

J.S. Prener. ī Amsterdam, North-Holland, 1967, ī 580 p. 
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ɸʨʪʫʨ ɼʦʣʛʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʘʣʦʚʩʷʢ ʉ. ɺ. 

 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʣʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʾ ʚʽʜʝʦʢʘʤʝʨʠ 
ɿʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʞʝʨʝʣ ʩʚʽʪʣʘ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʘʢʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʫʤʦʚʠ ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʣʶʜʝʡ [1]. ʂʦʞʥʝ ʟ 

ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʥʘʧʨʠʢʣʘʜ, ʣʘʤʧʠ ʨʦʟʞʘʨʶʚʘʥʥʷ, ʣʶʤʽʥʝʩʮʝʥʪʥʽ 

ʪʘ ʩʚʽʪʣʦʜʽʦʜʥʽ ʣʘʤʧʠ ʤʘʶʪʴ ʧʝʚʥʫ ʢʦʣʽʨʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʊ, ʷʢʘ 

ʟʚʠʯʘʡʥʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1000 ʂ ʜʦ 10000 ʂ. ʂʦʞʥʽʡ 

ʢʦʣʽʨʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʞʠʥʘ ʭʚʠʣʽ ɚmax ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ, ʪʦʙʪʦ ʧʝʚʥʠʡ ʢʦʣʽʨ ʩʚʽʪʣʘ. 

ʅʘʧʨʠʢʣʘʜ, ʩʚʽʪʣʦ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊ = 2000 ʂ ʥʘʟʠʚʘʻʪʴʩʷ 

ʪʝʧʣʠʤ (ʞʦʚʪʝ ʩʚʽʪʣʦ), ʟ ʊ = 6000 ʂ ï ʭʦʣʦʜʥʠʤ (ʙʽʣʝ). ʅʘ 

ʧʨʘʢʪʠʮʽ ʥʦʤʽʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʢʦʣʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʜʞʝʨʝʣ 

ʩʚʽʪʣʘ ʥʝ ʟʘʚʞʜʠ ʚʽʜʦʤʽ ʘʙʦ ʞ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʝʚʽʨʢʠ, ʪʦʤʫ ʚ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʊ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ 

ʧʨʠʣʘʜʠ, ʥʘʧʨʠʢʣʘʜ, ʧʽʨʦʤʝʪʨʠ. ʊʘʢʽ ʧʨʠʣʘʜʠ ʻ ʜʦʩʠʪʴ 

ʩʢʣʘʜʥʠʤʠ ʽ ʚʘʨʪʽʩʥʠʤʠ, ʪʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʣʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʣʴʦʨʦʚʽ 

ʮʠʬʨʦʚʽ ʚʽʜʝʦʢʘʤʝʨʠ. ʎʝ ʤʦʞʣʠʚʦ ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʣʴʦʨʦʚʘ 

ʚʽʜʝʦʢʘʤʝʨʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʢʦʣʽʨ ʩʚʽʪʣʘ, ʘ ʥʘ ʦʩʥʦʚʽ 

ʢʦʣʴʦʨʫ ʤʦʞʣʠʚʦ  ʦʙʯʠʩʣʠʪʠ ʢʦʣʽʨʥʫ ʪʝʤʧʝʨʘʪʫʨʫ.  

ɺʠʟʥʘʯʠʪʠ ʢʦʣʽʨʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʩʧʝʢʪʨʫ 

ʩʚʽʪʣʘ ʘʙʦ ʞ ʥʘ ʦʩʥʦʚʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚmax ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ 
ʽʥʪʝʥʩʠʚʥʽʩʪʶ. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʢʦʣʽʨʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊ ʩʚʽʪʣʘ 

ʽ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚmax ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʦʧʠʩʫʻʪʴʩʷ ʟʘʢʦʥʦʤ ʟʤʽʱʝʥʥʷ ɺʽʥʘ  

T

002898.0
max=l ,     (1) 

ʜʝ T ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʝʣʴʚʽʥʘʭ, ʘ ɚmax ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʚ 

ʤʝʪʨʘʭ. 

ʆʩʢʽʣʴʢʠ  ʚʽʜʝʦʢʘʤʝʨʠ ʬʦʨʤʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʫ RGB ʤʦʜʝʣʽ, 

ʪʦʤʫ ʥʘ ʦʩʥʦʚʽ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʝʨʚʦʥʦʾ R, ʟʝʣʝʥʦʾ G ʽ ʩʠʥʴʦʾ B ʩʢʣʘʜʦʚʠʭ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʢʦʣʴʦʨʫ R, G ʪʘ B ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʪʘʢʠʤʠ ʛʨʘʬʽʢʘʤʠ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʢʦʣʴʦʨʫ R, G ʪʘ B ʚʽʜ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ ɚ [2] 

ʐʣʷʭʦʤ ʢʫʩʢʦʚʦ-ʣʽʥʽʡʥʦʾ ʘʧʨʦʢʩʠʤʘʮʽʾ ʟʘʣʝʞʥʦʩʪʝʡ R(ɚ), 

G(ɚ) ʪʘ B(ɚ) (ʨʠʩ. 1) ʥʘ ʦʩʥʦʚʽ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʴ RGB ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ɚ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʟʘ ʬʦʨʤʫʣʦʶ (1) 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʢʦʣʽʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʊ. 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ USB-ʚʽʜʝʦʢʘʤʝʨʫ çLogitech C270è, 

ʟʯʠʪʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʷʢʦʾ ʚʠʢʦʥʘʥʦ ʟʘʩʦʙʘʤʠ ʩʠʩʪʝʤʠ 

MATLAB  [3]. ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʣʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ 4 ʪʝʩʪʦʚʠʭ ʩʚʽʪʣʦʜʽʦʜʠ 

(ʯʝʨʚʦʥʠʡ, ʟʝʣʝʥʠʡ, ʩʠʥʽʡ ʪʘ ʙʽʣʠʡ) ʟ ʚʽʜʦʤʠʤʠ ʩʧʝʢʪʨʘʤʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʂʝʨʫʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʘʤʠ ʚʠʢʦʥʘʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ Arduino UNO [4].  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ 

ʩʠʩʪʝʤʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʽʨʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙôʻʢʪʽʚ. ɸʧʘʨʘʪʥʽ 

ʟʘʩʦʙʠ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʽʜʝʦʢʘʤʝʨʠ ʪʘ ʧʨʠʩʪʨʦʶ 

Arduino UNO ʟ ʩʚʽʪʣʦʜʽʦʜʘʤʠ, ʧʽʜôʻʜʥʘʥʠʤʠ ʜʦ ʢʦʤʧôʶʪʝʨʘ. 

ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʟʯʠʪʫʚʘʥʥʷ ʡ ʘʥʘʣʽʟʫ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʟ ʚʽʜʝʦʢʘʤʝʨʠ ʨʦʟʨʦʙʣʝʥʦ ʚ ʩʠʩʪʝʤʽ MATLAB. ɿʘʚʜʷʢʠ 

ʨʦʟʨʦʙʣʝʥʠʤ ʟʘʩʦʙʘʤ ʤʦʞʣʠʚʦ ʚʠʟʥʘʯʘʪʠ ʩʝʨʝʜʥʶ ʜʦʚʞʠʥʫ 

ʭʚʠʣʽ ʪʘ ʢʦʣʽʨʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʜʞʝʨʝʣ ʩʚʽʪʣʘ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ : 
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107 

ʇʝʨʩʧʝʢʪʠʚʠ Li -Fi ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 
ɹʘʛʘʪʦ ʝʢʩʧʝʨʪʽʚ ʚʚʘʞʘʶʪʴ (ʽ ʷ ʟʤʫʰʝʥʠʡ ʟ ʥʠʤʠ ʧʦʛʦʜʠʪʠʩʷ), 

ʱʦ ʣʶʜʩʪʚʦ ʚʭʦʜʠʪʴ ʚ ʥʦʚʫ ʝʧʦʭʫ ʢʽʙʝʨʥʝʪʠʯʥʦʾ ʨʝʚʦʣʶʮʽʾ. ɹʝʟ 

ʩʫʤʥʽʚʫ, ʟʦʚʩʽʤ ʩʢʦʨʦ ʥʘʚʢʦʣʦ ʥʘʩ ʟ'ʷʚʠʪʴʩʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ 

ʚʩʽʣʷʢʠʭ çʨʦʟʫʤʥʠʭè ʧʨʠʩʪʨʦʾʚ: ʥʝ ʪʽʣʴʢʠ ʪʝʣʝʬʦʥʠ, ʧʣʘʥʰʝʪʠ ʽ 

ʛʦʜʠʥʥʠʢ, ʘʣʝ ʪʘʢʦʞ ʦʢʫʣʷʨʠ, ʢʽʣʴʮʷ, ʙʨʘʩʣʝʪʠ, ʢʦʣʦʥʢʠ, 

ʽʛʨʘʰʢʠ ʪʘ ʽʥʰʽ ʘʢʩʝʩʫʘʨʠ. ʉʣʽʜʫʶʯʠ ʧʦʪʨʝʙʘʤ ʩʫʩʧʽʣʴʩʪʚʘ, 

ʧʦʨʦʟʫʤʥʽʰʘʻ ʧʦʙʫʪʦʚʘ ʪʝʭʥʽʢʘ, ʤʝʙʣʽ ʪʘ ʟʘʩʦʙʠ ʧʝʨʝʩʫʚʘʥʥʷ. 

ɺʩʽ ʮʽ ʧʨʠʩʪʨʦʾ ʙʫʜʫʪʴ ʩʣʫʞʠʪʠ ʪʦʯʢʘʤʠ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʚʦʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʝʨʝʜʘʶʯʠ ʟʽʙʨʘʥʽ ʜʘʥʽ ʚ ʣʦʛʽʯʥʽ ʮʝʥʪʨʠ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ çʨʦʟʫʤʥʘè ʪʝʭʥʽʢʘ 

ʟʤʦʞʝ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠ ʩʚʦʶ ʨʦʙʦʪʫ ʧʽʜ ʧʦʚʝʜʽʥʢʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʣʘʩʥʠʢʘ. ɼʘʥʠʡ ʢʦʥʮʝʧʪ ʥʦʩʠʪʴ ʥʘʟʚʫ 

çɯʥʪʝʨʥʝʪ ʨʝʯʝʡè (Internet of Things, IoT), ʽ ʚʽʥ ʮʽʣʢʦʤ ʨʝʘʣʴʥʠʡ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʚ ʪʘʢʦʤʫ ʢʽʙʝʨʥʝʪʠʯʥʦʤʫ ʩʚʽʪʽ ʙʫʜʝ ʧʦʪʨʽʙʥʦ 

ʜʫʞʝ ʰʠʨʦʢʠʡ ʽ ʥʘʜʽʡʥʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʷʢʠʡ ʟʤʦʞʝ 

çʧʦʜʫʞʘʪʠè ʚʝʩʴ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ. ʅʝ 

ʚʠʢʣʶʯʝʥʦ, ʱʦ ʚ ʥʘʡʙʣʠʞʯʽ 10 ʨʦʢʽʚ ʥʘ ʢʦʞʥʦʛʦ çʧʨʦʩʫʥʫʪʦʛʦè 

ʢʦʨʠʩʪʫʚʘʯʘ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʚʠʜʽʣʠʪʠ ʰʚʠʜʢʽʩʪʴ, ʚʠʤʽʨʶʚʘʥʫ 

ʜʝʩʷʪʢʘʤʠ ɻʙʽʪ / ʩ. ɯʩʥʫʶʯʽ ʤʝʨʝʞʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʩʧʨʘʚʞʥʽʤ 

çʧʣʷʰʢʦʚʠʤ ʛʦʨʣʝʯʢʦʤè ʨʦʟʚʠʪʢʫ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʑʦʙ ʷʢʽʩʥʦ 

ʟʙʽʣʴʰʠʪʠ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʥʘʚʯʠʪʠ ʧʨʠʩʪʨʦʾʚ ʩʧʽʣʢʫʚʘʪʠʩʷ ʦʜʠʥ ʟ ʦʜʥʠʤ ʙʝʟ ʫʯʘʩʪʽ 

ʩʝʨʚʝʨʽʚ, ʙʘʛʘʪʦ ʚʯʝʥʠʭ ʚʞʝ ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ ʥʘʜ 

ʪʝʭʥʦʣʦʛʽʻʶ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʘ. ɿ ʥʝʜʘʚʥʽʭ ʧʽʨ 

ʮʝ ʩʪʘʣʦ ʨʝʘʣʴʥʠʤ ʟʘʚʜʷʢʠ ʤʘʩʦʚʦʤʫ ʚʧʨʦʚʘʜʞʝʥʥʶ ʩʚʽʪʣʦʜʽʦʜʽʚ 

[1]. 

Li -Fi (ʥʘʟʚʘʥʘ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟ Wi-Fi) - ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʷʢʦʩʪʽ ʢʘʥʘʣʫ ʩʚʽʪʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɺʽʜʤʽʥʥʽʩʪʴ ʾʾ ʚʽʜ ɯʏ-ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʚ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ, ʘ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. ʗʢʱʦ ʚ 

ʽʥʬʨʘʯʝʨʚʦʥʠʭʾ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʭʚʠʣʽ 

ʜʦʚʞʠʥʦʶ 800-2000 ʥʤ, ʪʦ ʚ Li-Fi - 400-800 ʥʤ, ʧʦʤʽʪʥʽ ʜʣʷ 

ʣʶʜʩʴʢʦʛʦ ʟʦʨʫ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʜʦʚʞʠʥʘ ʨʘʜʽʦʭʚʠʣʽ Wi-Fi - 6-

12 ʩʤ, ʪʦʙʪʦ ʚ ʪʠʩʷʯʽ ʨʘʟʽʚ ʙʽʣʴʰʝ. ʏʠʤ ʢʦʨʦʪʰʝ ʭʚʠʣʷ - ʪʠʤ 

ʚʠʱʝ ʯʘʩʪʦʪʘ, ʘ ʯʠʤ ʚʠʱʝ ʯʘʩʪʦʪʘ - ʪʠʤ ʙʽʣʴʰʝ ʜʘʥʠʭ ʤʦʞʥʘ 

ʧʝʨʝʜʘʪʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʊʦʤʫ Li-Fi ʪʝʦʨʝʪʠʯʥʦ ʟʤʦʞʝ 
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ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʜʦ ʜʝʩʷʪʢʽʚ ʽ ʩʦʪʝʥʴ ʛʽʛʘʙʽʪ ʥʘ ʩʝʢʫʥʜʫ 

[2].  

ʊʝʭʥʦʣʦʛʽʷ Li-Fi ʧʨʘʮʶʻ ʤʦʜʫʣʶʚʘʥʥʷʤ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ 

ʧʦʪʦʢʫ ʩʚʽʪʣʘ ʚʽʜ ʩʧʝʮʽʘʣʴʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʜʞʝʨʝʣʘ. ʉʘʤʝ 

ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ ʥʽʯʠʤ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ.  ʇʨʠʡʤʘʣʴʥʽ 

ʜʘʪʯʠʢʠ, ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʯʠ ʽʥʰʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʣʠʰʝ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʥʘ ʥʠʭ ʧʘʜʘʻ ʩʚʽʪʣʦ ʚʽʜ ʜʞʝʨʝʣʘ Li-Fi. 

ʇʨʠʨʦʜʥʦ, ʱʦ ʮʝ ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʧʨʦʪʝ ʪʘʢʠʡ ʦʧʪʠʯʥʠʡ ʟʚ'ʷʟʦʢ ʥʘ 

ʧʦʨ̫ʜʦʢ ʙʝʟʧʝʯʥʽʰʝ ʪʨʘʜʠʮʽʡʥʦʛʦ Wi-Fi. ʉʠʛʥʘʣʠ ʦʩʪʘʥʥʴʦʾ 

ʤʦʞʥʘ ʧʝʨʝʭʦʧʠʪʠ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʜʽʫʩʽ 

ʜʽʾ ʦʙʣʘʜʥʘʥʥʷ. ɼʦ ʪʦʛʦ ʞ ʪʝʭʥʦʣʦʛʽʶ Li-Fi ʤʦʞʥʘ ʙʫʜʝ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʽʩʮʷʭ, ʚ ʷʢʠʭ ʥʝ ʙʘʞʘʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʻ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʭʚʠʣʴ [3].  

ʊʝʭʥʦʣʦʛʽʷ Li-Fi ʩʴʦʛʦʜʥʽ ʟʥʘʭʦʜʠʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʯʠʩʣʝʥʥʠʭ ʦʙʣʘʩʪʷʭ: ʩʤʘʨʪ-ʦʩʚʽʪʣʝʥʥʷ, ʤʦʙʽʣʴʥʽ ʧʽʜʢʣʶʯʝʥʥʷ, 

ʤʝʜʠʮʠʥʘ ʽ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ, ʥʘ ʥʝʙʝʟʧʝʯʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ, 

ʢʦʤʫʥʽʢʘʮʽʾ ʧʽʜ ʚʦʜʦʶ, ʘʚʽʘʮʽʷ, ʪʨʘʥʩʧʦʪʥʽ ʟʘʩʦʙʠ, ʜʝʨʞʘʚʥʽ 

ʫʩʪʘʥʦʚʠ, ʙʘʥʢʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʧʦʙʫʪʫ [4]. 

ɿ ʚʠʱʝ ʧʝʨʝʯʠʩʣʝʥʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ Li-Fi 

ʪʝʭʥʦʣʦʛʽʷ, ʷʢʘ ʤʘʻ ʚʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ, ʙʫʜʝ ʨʦʟʚʠʚʘʪʠʩʷ ʽ 

ʤʦʜʠʬʽʢʦʚʫʚʘʪʠʩʷ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʉʢʦʨʽʰ ʟʘ ʚʩʝ ʚʦʥʘ ʥʝ 

ʚʠʪʽʩʥʠʪʴ ʥʽʢʦʣʠ ʧʦʚʥʽʩʪʶ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʘʣʝ ʷʢʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʪʝʭʥʦʣʦʛʽʾ ʨʘʟʦʤ, ʮʝ ʧʽʜʚʠʱʠʪʴ ʾʭʥʶ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʟʤʝʥʰʠʪʴ ʢʽʣʴʢʽʩʪʴ ʧʨʦʙʣʝʤ ʷʢʽ ʚʠʥʠʢʣʠ ʫ ʟʚʷʟʢʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʘʧʘʨʘʪʫʨʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. https://abclight.ru/blog/li-fi-theory/ 

2. https://hype.tech/@na100gramm/chto-takoe-li-fi-principy-raboty-

vozmozhnosti-i-perspektivy-7elmskyk  

3. https://electrosam.ru/glavnaja/slabotochnye-seti/tekhnologiia-li-fi/ 

4. https://shopcarry.ru/top/editorial/li-fi-texnologiy-internet-na-svetodiodah/ 

  

https://abclight.ru/blog/li-fi-theory/
https://hype.tech/@na100gramm/chto-takoe-li-fi-principy-raboty-vozmozhnosti-i-perspektivy-7elmskyk
https://hype.tech/@na100gramm/chto-takoe-li-fi-principy-raboty-vozmozhnosti-i-perspektivy-7elmskyk
https://electrosam.ru/glavnaja/slabotochnye-seti/tekhnologiia-li-fi/
https://shopcarry.ru/top/editorial/li-fi-texnologiy-internet-na-svetodiodah/
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ɺʘʩʠʣʴ ɼʫʙʝʮʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʃʽʪʚʽʥʯʫʢ ʖ. ɸ. 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʝʜʝʥʥʷ 

ʦʙʣʽʢʦʚʦ-ʬʽʥʘʥʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ 
ɯʩʥʫʶʪʴ ʩʦʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ 

ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ.  ʋ ʟʚôʷʟʢʫ ʟ ʚʠʭʦʜʦʤ ʋʢʨʘʾʥʠ ʥʘ 

ʤʽʞʥʘʨʦʜʥʫ ʘʨʝʥʫ ʢʦʞʥʝ ʟ ʮʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʪʨʝʙʫʻ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʨʦʙʦʪʠ, ʟʦʢʨʝʤʘ ʽ ʧʨʦʛʨʘʤʥʠʭ. ʎʽ ʟʘʩʦʙʠ 

ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʜʘʯ ʪʘ ʨʝʟʫʣʴʪʘʪ ʬʽʥʘʥʩʦʚʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ [1]. 

ʗʢʱʦ ʢʦʤʧʘʥʽʷ ʧʨʘʮʶʻ ʟ ʧʨʠʙʫʪʢʦʤ (ʟʘ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ 

ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ), ʪʦ ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʣʽʻʥʪ ʩʢʦʨʠʩʪʘʻʪʴʩʷ 

ʧʦʩʣʫʛʘʤʠ ʩʘʤʝ ʮʽʻʾ ʢʦʤʧʘʥʽʾ, ʦʜʝʨʞʠʪʴ ʟʘʜʦʚʦʣʝʥʥʷ ʚʽʜ ʾʭ 

ʚʠʢʦʥʘʥʥʷ, ʘ ʜʝʨʞʘʚʘ (ʩʫʩʧʽʣʴʩʪʚʦ) ʤʦʞʝ, ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʪʢʽʚ, 

ʚʠʨʽʰʫʚʘʪʠ ʧʨʽʦʨʠʪʝʪʥʽ ʩʦʮʽʘʣʴʥʽ ʧʨʦʙʣʝʤʠ [2].  

ɿ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʱʦ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʪʨʽʙʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ (ʇɿ). ʉʧʝʮʽʘʣʽʟʦʚʘʥʝ ʇɿ ʤʦʞʝ ʦʪʨʠʤʫʚʘʪʠ, 

ʟʙʝʨʽʛʘʪʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʪʨʫʜʦʚʽ ʨʝʩʫʨʩʠ, ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ ʦʧʝʨʘʮʽʾ ʪʦʱʦ (ʨʠʩ. 1). 

ʋ ʜʠʧʣʦʤʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʜʣʷ ʦʙʨʦʙʢʠ ʚʩʽʭ 

ʬʽʥʘʥʩʦʚʠʭ ʦʧʝʨʘʮʽʡ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʩʪʚʦʨʝʥʥʷ ʟʚʽʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʛʦʜ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʝʨʽʛʘʻ ʚʩʶ ʽʥʬʦʨʤʘʮʽʶ ʚ ʙʘʟʽ 

ʜʘʥʠʭ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʘʙʣʠʮʽ, ʷʢʽ ʤʦʞʫʪʴ 

ʟʘʧʦʚʥʶʚʘʪʠʩʷ ʷʢ ʢʝʨʽʚʥʠʮʪʚʦʤ, ʪʘʢ ʽ ʧʨʘʮʽʚʥʠʢʘʤʠ. ʋʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʚ ʙʘʟʽ ʜʘʥʠʭ ʧʽʜʜʘʻʪʴʩʷ ʨʝʜʘʛʫʚʘʥʥʶ ʪʘ ʚʠʜʘʣʝʥʥʶ, 

ʟʘ ʫʤʦʚʠ, ʱʦ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʚʽʜʧʦʚʽʜʥʠʡ ʨʽʚʝʥʴ ʜʦʩʪʫʧʫ [3, ʩ. 

356]. 

 ʈʽʚʥʽ ʜʦʩʪʫʧʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʧʽʩʣʷ ʯʦʛʦ ʢʦʨʠʩʪʫʚʘʯʽ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʩʠʩʪʝʤʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʟ ʥʝʶ. 

ɿʚʽʪʠ ʚ ʜʘʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʜʦʢʫʤʝʥʪʠ, ʚ ʷʢʠʭ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ, ʟʘʧʠʪʫʚʘʥʘ 

ʢʦʨʠʩʪʫʚʘʯʝʤ. 
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ɿʨʫʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʇɿ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ, ʟʙʝʨʽʛʘʪʠ 

ʪʘ ʦʙʨʦʙʣʷʪʠ ʝʢʦʥʦʤʽʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʘ ʪʘʢʦʞ 

ʩʪʚʦʨʶʚʘʪʠ ʟʚʽʪʠ [4, ʩ. 638]. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ 

  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʋʢʨʘʾʥʘ ʥʘ ʤʽʞʥʘʨʦʜʥʽʡ ʘʨʝʥʽ (ʨʝʬʝʨʘʪʠʚʥʠʡ ʦʛʣʷʜ ʜʦʚʽʜʢʦʚʠʭ 

ʚʠʜʘʥʴ) [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://www.nbuv.gov.ua/node/3033. 

2. ʉʫʪʥʽʩʪʴ, ʚʠʜʠ, ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʧʨʠʙʫʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://pidruchniki.com/82247/ekonomika/sutnist_vidi_formuvannya_rozpo

dil_pributku_pidpriyemstva. 

3. ʈʽʭʪʝʨ ɼ. CLR via C# ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʧʣʘʪʬʦʨʤʝ Microsoft 

.NET FRAMEWORK 4.5 ʥʘ ʷʟʳʢʝ C# / ɼʞʝʬʬʨʽ ʈʽʭʪʝʨ. ï ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ: ʇʠʪʝʨ, 2013. ï 896 ʩ. ï (4). ï ("ʄʘʩʪʝʨ-ʢʣʘʩʩ"). 

4. ʐʠʣʜʪ ɻ. C# 4.0: ʇʦʣʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ / ɻʝʨʙʝʨʪ ʐʠʣʜʪ. ï ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ: ɺʠʣʴʷʤʩ, 2011. ï 1056 ʩ. 

  

https://pidruchniki.com/82247/ekonomika/sutnist_vidi_formuvannya_rozpodil_pributku_pidpriyemstva
https://pidruchniki.com/82247/ekonomika/sutnist_vidi_formuvannya_rozpodil_pributku_pidpriyemstva
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ɸʥʜʨʽʡ ɭʩʠʧʯʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʤʽʩʘʨʯʫʢ ɺ.ɺ. 

 

ʈʦʟʨʦʙʢʘ AR-ʜʦʜʘʪʢʫ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ 

ʤʫʟʝʾʚ ʪʘ ʚʠʩʪʘʚʦʢ 

 
ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ (ʘʥʛʣ. augmented reality  ʘʙʦ AR) ð 

ʮʝ ʜʦʧʦʚʥʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ, 

ʷʢʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʩʤʘʨʪʬʦʥʘʤʠ, 

ʧʣʘʥʰʝʪʘʤʠ ʘʙʦ ʞ ʦʢʫʣʷʨʘʤʠ AR) ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ɼʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ ʻ ʩʢʣʘʜʦʚʦʶ ʟʤʽʰʘʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʘʥʛʣ. 

mixed reality) ʽ ʻ ʧʦʻʜʥʘʥʥʷʤ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʟ ʚʽʨʪʫʘʣʴʥʠʤ ï 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʢʣʘʜʘʥʥʷ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʥʘʚʢʦʣʦ ʥʘʩ ʧʝʚʥʦʾ 

ʯʘʩʪʠʥʢʠ ʚʽʨʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʛʨʘʬʽʢʫ, ʟʚʫʢʽʚ, 

ʘʥʽʤʘʮʽʾ ʪʦʱʦ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ñʙʝʟʤʘʨʢʝʨʥʫò ʪʝʭʥʦʣʦʛʽʶ: ʨʦʟʧʽʟʥʘʻʪʴʩʷ ʥʘʚʢʦʣʠʰʥʽʡ ʩʚʽʪ, ʥʘ 

ʷʢʠʡ ʥʘʢʣʘʜʘʻʪʴʩʷ ʚʽʨʪʫʘʣʴʥʘ ʩʽʪʢʘ. ʅʘ ʮʽʡ ʩʽʪʮʽ ʟʥʘʭʦʜʷʪʴ 

ʦʧʦʨʥʽ ʪʦʯʢʠ, ʧʦ ʷʢʠʤ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʥʝ ʤʽʩʮʝ, ʜʦ ʷʢʦʛʦ ʙʫʜʝ 

çʧʨʠʚ'ʷʟʘʥʘè ʚʽʨʪʫʘʣʴʥʘ ʤʦʜʝʣʴ. ʇʨʠʢʣʘʜ ʥʘʢʣʘʜʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʥʘʚʽʛʘʮʽʾ ʥʘ ʨʝʘʣʴʥʠʡ ʩʚʽʪ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 
 

 
                

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ. 
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ARKit  ï ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʧʘʥʽʾ Apple, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʠ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʜʣʷ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ Apple. 

ʇʝʨʝʚʘʛʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ARKit, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʨʦʙʦʪʽ: 

- ʉʪʝʞʝʥʥʷ ʟʘ ʨʝʘʣʴʥʠʤ ʩʚʽʪʦʤ. ARKit ʚʽʜʩʪʝʞʫʻ 

ʧʦʣʦʞʝʥʥʷ ʪʘ ʦʨʽʻʥʪʘʮʽʶ ʧʨʠʩʪʨʦʶ ʚ ʩʚʽʪʽ ʚ ʨʝʘʣʴʥʦʤʫ 

ʯʘʩʽ, ʦʮʽʥʶʻ ʩʚʽʪʣʦʚʽ ʫʤʦʚʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ 

ʧʨʠʩʪʨʦʶ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ 

ʦʙôʻʢʪʽʚ. 

- ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʦʙôʻʢʪʽʚ. ARKit 

ʨʦʟʧʽʟʥʘʻ ʪʘ ʩʪʝʞʠʪʴ ʟʘ 2D ʟʦʙʨʘʞʝʥʥʷʤʠ, 

ʧʨʷʤʦʢʫʪʥʠʤʠ ʬʦʨʤʘʤʠ, ʦʙôʻʢʪʘʤʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʪʘ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʣʘʜʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʦʙôʻʢʪʠ. 

- ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʴ, ʟʘʭʦʧʣʝʥʥʷ ʨʫʭʫ (Motion 

Capture), ʦʢʣʶʟʽʷ ʣʶʜʝʡ (People occlusion). 

- ʄʫʣʴʪʠʧʣʝʻʨ ʙʝʟ ʽʥʪʝʨʥʝʪʫ.  ARKit  ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʜʝʢʽʣʴʢʦʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʦʜʥʘʢʦʚʫ ʢʘʨʪʠʥʫ 

ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʥʝʪʫ. 

 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 
1. ʑʦ ʪʘʢʝ ʜʦʧʦʚʥʝʥʘ ʨʝʘʣʴʥʽʩʪʴ? [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

: [ɺʝʙ-ʩʘʡʪ]. ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://teach-

hub.com/scho-take-dopovnena-realnist/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

27.02.2020). 

2. ʂʨʽʩ ʃʝʥʛʚʽʜʞ, ʅʘʤʨʘʪʘ ɹʘʥʜʝʢʘʨ, ɸʥʪʦʥʽʦ ɹʝʣʣʦ, 

ʊʘʤʤʽ ʂʦʨʦʥ: ARKit by tutorials. 2019 Razeware LLC. 
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ɯʛʦʨ ɾʘʜʘʥ  
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʃ.ʌ., 

ʘʩʠʩʪ. ɺʦʚʯʫʢ ɼ. ɸ. 

 

ʄʝʪʝʦʩʪʘʥʮʽʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʷ ESP 8266 
ɼʦʤʘʰʥʷ ʤʝʪʝʦʩʪʘʥʮʽʷ ï ʮʝ, ʷʢ ʧʨʘʚʠʣʦ, ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʣʘʜ, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʣʦʛʽʩʪʴ, ʘʪʤʦʩʬʝʨʥʠʡ ʪʠʩʢ ʪʦʱʦ), ʘ ʪʘʢʦʞ 

ʩʢʣʘʜʘʥʥʷ ʧʨʦʛʥʦʟʫ ʧʦʛʦʜʠ ʥʘ ʧʽʜʩʪʘʚʽ ʮʠʭ ʜʘʥʠʭ. ʉʣʽʜ 

ʚʽʜʨʽʟʥʷʪʠ ʜʦʤʘʰʥʶ ʤʝʪʝʦʩʪʘʥʮʽʶ ʚʽʜ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʪʝʨʤʦʛʽʛʨʦʤʝʪʨʘ. ɿʦʚʥʽ ʧʨʠʣʘʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʩʭʦʞʠʤʠ, ʘʣʝ 

ʪʝʨʤʦʛʽʛʨʦʤʝʪʨ ʣʠʰʝ ʚʠʚʦʜʠʪʴ ʧʦʢʘʟʥʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ 

ʚʦʣʦʛʦʩʪʽ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʫ ʜʦʤʘʰʥʽʡ ʤʝʪʝʦʩʪʘʥʮʽʾ ʜʦʜʘʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ, ʽ ʚʦʥʘ ʩʢʣʘʜʘʻ ʧʨʦʛʥʦʟ ʧʦʛʦʜʠ ʥʘ ʥʘʡʙʣʠʞʯʽ 12/24 

ʛʦʜʠʥʠ [1]. ʆʩʥʦʚʥʠʡ ʙʣʦʢ ʦʩʥʘʱʝʥʠʡ ʜʠʩʧʣʝʻʤ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʦʨʠʩʪʫʚʘʯʝʚʽ. 

ʅʘʡʯʘʩʪʽʰʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʦʤʠʣʢʘ ī ʥʝʧʨʘʚʠʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʪʠʩʢ ʽ ʪʝʤʧʝʨʘʪʫʨʫ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʽʜ 

ʨʝʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʩʪʘʻ ʥʝʧʨʘʚʠʣʴʥʝ 

ʧʽʜôʻʜʥʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʫ ʙʽʙʣʽʦʪʝʮʽ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʧʦʪʨʽʙʥʦ 

ʧʽʜôʻʜʥʫʚʘʪʠ ʧʦ I2C, ʘ ʜʘʪʯʠʢ ʧʽʜôʻʜʥʘʥʠʡ ʧʦ SPI. ʊʘʢʦʞ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʷʢʽʩʥʠʭ ʜʘʪʯʠʢʽʚ ʤʦʞʥʘ ʟʽʪʢʥʫʪʠʩʷ ʟ 

ʥʝʩʪʘʥʜʘʨʪʥʠʤʠ I2C ʘʙʦ SPI ʘʜʨʝʩʘʤʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʧʨʦʩʢʘʥʫʚʘʪʠ ʚʩʽ ʧʨʠʻʜʥʘʥʽ ʧʨʠʩʪʨʦʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʢʦʜʽʚ ʽ ʟ'ʷʩʫʚʘʪʠ, ʟʘ ʷʢʦʶ 

ʘʜʨʝʩʦʶ ʚʽʜʛʫʢʫʻʪʴʩʷ ʜʘʪʯʠʢ ʪʠʩʢʫ. ʑʝ ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ 

ʤʦʞʝ ʩʪʘʪʠ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʙʘʟʦʚʦʛʦ 

ʤʦʜʫʣʷ ʥʘʧʨʫʟʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ. ʊʘʢ, ʜʣʷ ʨʦʙʦʪʠ 

ʟ ʜʘʪʯʠʢʦʤ ʥʘ 3,3 ɺ ʥʘʤ ʧʦʪʨʽʙʥʦ ʩʪʚʦʨʠʪʠ ʜʽʣʴʥʠʢ ʥʘʧʨʫʛʠ ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʟ ʽʩʥʫʶʯʠʭ ʛʦʪʦʚʠʭ ʤʦʜʫʣʽʚ ʫʟʛʦʜʞʝʥʥʷ 

ʨʽʚʥʽʚ. 

ʇʨʠʣʘʜ ʟʽʙʨʘʥʠʡ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ESP8266. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʚʠʭʦʜʠ D5 ʪʘ D6 ʟôʻʜʥʘʥʽ ʟ ʚʠʭʦʜʘʤʠ ʜʘʪʯʠʢʘ 

bme280 ʪʘ OLED Display White 128X64 (I2C). ɾʠʚʣʝʥʷ ʤʦʞʥʘ 

ʧʦʜʘʚʘʪʠ ʷʢ ʟ ʤʦʜʫʣʷ ʞʠʚʣʝʥʥʷ Breadboard Power Supply 

MB102 [2], ʪʘʢ ʽ ʧʦʜʘʪʠ ʥʘ ʧʨʷʤʫ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ʇʣʘʪʘ ESP8266 ʞʠʚʠʪʴʩʷ ʚʽʜ 5 ɺ, ʜʘʪʯʠʢ bme280 ʪʘ OLED 

https://opticalmarket.com.ua/meteopribory/meteostancyi/
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Display White 128X64 (I2C) ʞʠʚʣʷʪʴʩʷ ʚʽʜ 3,3 ɺ [3]. 

ʄʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʫ ʥʘʧʨʫʛʫ, ʱʦ ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʥʘ 

ʤʦʜʫʣʴ ʞʠʚʣʝʥʥʷ Breadboard Power Supply MB102 - 9 ɺ. 

ɼʘʪʯʠʢ ʚʠʤʽʨʶʻ ʚʩʽ ʜʦʩʪʫʧʥʽ ʡʦʤʫ ʧʦʢʘʟʥʠʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ, 

ʚʦʣʦʛʽʩʪʴ, ʪʠʩʢ), ʽ ʚʦʥʠ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʝʢʨʘʥ. ʇʦʢʘʟʥʠʢʠ 

ʦʥʦʚʣʶʶʪʴʩʷ, ʦʥʦʚʣʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʝʢʨʘʥʽ. ʈʝʛʫʣʷʨʥʝ 

ʚʽʜʩʪʝʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʽ ʤʦʞʝ ʩʪʘʪʠ 

ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʜʦ ʡʦʛʦ ʦʟʜʦʨʦʚʣʝʥʥʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʟʚʦʣʦʞʫʚʘʯʽʚ ʧʦʚʽʪʨʷ, ʪʝʨʤʦʩʪʘʪʽʚ ʽ ʘʚʪʦʤʘʪʠʯʥʠʭ 

ʧʨʦʚʽʪʨʶʚʘʯʽʚ. 

 
ʈʠʩ. 1. ɽʣʝʢʪʨʠʯʥʘ ī ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʤʝʪʝʦʩʪʘʥʮʽʾ 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʦʩʥʦʚʽ ESP8266 ʤʦʞʥʘ ʟʽʙʨʘʪʠ ʤʝʪʝʦʩʪʘʥʮʽʶ 

ʜʣʷ ʜʦʤʘʰʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʄʦʞʥʘ ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʩʭʝʤʫ, 

ʜʦʜʘʚʰʠ ʫ ʥʝʾ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ ʽ ʜʘʪʯʠʢ CO2, ʧʝʨʝʪʚʦʨʠʚʰʠ ʪʠʤ 

ʩʘʤʠʤ ʧʨʠʩʪʨʽʡ ʫ ʧʦʚʥʦʮʽʥʥʠʡ ʤʦʥʽʪʦʨ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ, ʪʦʯʥʦʩʪʽ 

ʷʢʦʛʦ ʙʫʜʝ ʙʽʣʴʰ ʥʽʞ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʦʤʘʰʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʆʜʠʥ ʚʘʨʽʘʥʪ ʨʦʟʚʠʪʢʫ ʽʜʝʾ - ʥʘʣʘʰʪʫʚʘʪʠ ʚʽʜʩʠʣʘʥʥʷ ʜʘʥʠʭ ʟ 

ʜʘʪʯʠʢʽʚ ʧʦ MQTT ī ʧʨʦʪʦʢʦʣʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʨʠʩʪʨʽʡ ʤʦʞʥʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʙʫʜʴ-ʷʢʫ ʧʣʘʪʬʦʨʤʫ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʽ ʜʘʥʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʽʥʰʠʤʠ ʨʦʟʫʤʥʠʤʠ 

ʜʝʚʘʡʩʘʤʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. http://greenchip.com.ua/23-0-741-0.html 

2. http://we.easyelectronics.ru/part/modul-pitaniya-ywrobot-

breadboard-power-supply-mb-v2-mb102.html 

3. http://robotchip.ru/obzor-oled-displey-na-ssd1306/ 

  

http://greenchip.com.ua/23-0-741-0.html
http://we.easyelectronics.ru/part/modul-pitaniya-ywrobot-breadboard-power-supply-mb-v2-mb102.html
http://we.easyelectronics.ru/part/modul-pitaniya-ywrobot-breadboard-power-supply-mb-v2-mb102.html
http://robotchip.ru/obzor-oled-displey-na-ssd1306/
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ɸʥʜʨʽʡ ɾʤʝʥʜʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʽʢʪʦʨʦʚʩʴʢʘ ʖ.ʖ. 

ɸʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʟôʻʜʥʘʥʥʷ ʟ ʬʘʣʴʰʠʚʦʶ 

ʪʦʯʢʦʶ ʜʦʩʪʫʧʫ ʫ Wi-Fi-ʤʝʨʝʞʘʭ 
ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʝʨʽʜʢʽ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʟʣʦʚʤʠʩʥʠʢʠ ʘʪʘʢʫʶʪʴ 

ʙʝʟʜʨʦʪʦʚʽ ʤʝʨʝʞʽ ʦʨʛʘʥʽʟʘʮʽʡ, ʛʦʪʝʣʽʚ, ʢʘʬʝ, ʜʦʤʘʰʥʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʧʦʪʽʤ ʘʙʦ ʢʨʘʜʫʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʘʙʦ ʧʨʦʥʠʢʘʶʪʴ ʫ 

ʚʥʫʪʨʽʰʥʶ ʤʝʨʝʞʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʽ ʟʘʣʠʰʘʶʪʴʩʷ ʪʘʤ 

ʥʝʧʦʤʽʯʝʥʠʤʠ ʥʘʜʦʚʛʦ, ʟʙʠʨʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ, ʧʝʨʝʭʦʧʣʶʶʯʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʤʽʥʷʶʯʠ ʜʦʢʫʤʝʥʪʠ ʽ ʪ. ʧ [1]. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʧʠʪʫʚʘʥʥʷ Crowd Research Partners [2] 

ʟ'ʷʩʫʚʘʣʦʩʷ, ʱʦ ʤʘʡʞʝ 20% ʦʧʠʪʘʥʠʭ ʧʽʜʜʘʚʘʣʠʩʷ ʟʣʦʤʫ ʩʠʩʪʝʤʠ 

ʙʝʟʧʝʢʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ 

ʧʨʠ ʧʽʜôʻʜʥʘʥʥʽ ʜʦ ʰʢʽʜʣʠʚʠʭ ʪʦʯʦʢ ʜʦʩʪʫʧʫ Wi-Fi. 

ʇʨʠ ʮʴʦʤʫ ʧʦʜʽʙʥʽ ʟʣʦʤʠ ʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʪʦʨʢʥʫʪʠʩʷ 

ʦʩʦʙʠʩʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʣʝ ʽ ʧʦʩʪʘʚʠʪʠ 

ʧʽʜ ʟʘʛʨʦʟʫ ʙʝʟʧʝʢʫ ʚʩʽʻʾ ʢʦʤʧʘʥʽʾ, ʷʢʱʦ ʧʨʘʮʽʚʥʠʢ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʢʦʨʧʦʨʘʪʠʚʥʠʤ ʧʨʠʩʪʨʦʻʤ. ʂʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ ʟʚʽʣʴʥʝʥʥʷ 

ʧʨʘʮʽʚʥʠʢʽʚ ʣʠʰʝ 34% ʨʦʙʦʪʦʜʘʚʮʽʚ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʚ 

ʦʧʠʪʫʚʘʥʥʽ, ʚʠʜʘʣʷʣʠ ʚʘʞʣʠʚʽ ʜʘʥʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʝʙʝʟʧʝʢʘ 

ʚʪʨʘʪʠ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʽʣʴʢʠ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʐʘʭʨʘʾ ʷʢ ʦʜʥʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʯʘʩʪʦ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʥʝʫʚʘʞʥʽʩʪʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ ʩʪʚʦʨʶʶʪʴ çʢʣʦʥʠè ʘʙʦ ʩʭʦʞʽ ʥʘ 

ʛʨʦʤʘʜʩʴʢʽ ʪʦʯʢʠ Wi-Fi. ʉʚʦʶ ʰʢʽʜʣʠʚʫ ʪʦʯʢʫ ʭʘʢʝʨʠ 

ʨʦʟʤʽʱʫʶʪʴ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʣʝʛʽʪʠʤʥʦʾ ʪʦʯʢʠ 

ʜʦʩʪʫʧʫ. ʗʢ ʧʽʜʨʦʙʣʝʥʽ ʽʤʝʥʘ ʟʣʦʚʤʠʩʥʠʢʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʪʨʶʢʠ: 

- ʥʘʟʚʘ ʽ/ʘʙʦ ʤʦʜʝʣʴ ʨʦʫʪʝʨʘ: DIR-300, ASUS; 

- ʧʦʧʫʣʷʨʥʽ ʥʘʟʚʠ ʙʝʟʢʦʰʪʦʚʥʠʭ Wi-Fi, ʘʣʝ ʟ ʥʝʟʥʘʯʥʠʤʠ 

ʟʤʽʥʘʤʠ ʚ ʽʤʝʥʽ; 

- ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʟʘʢʣʘʜʽʚ ʪʘ ʙʫʜʠʥʢʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʘʭʠʱʝʥʽ ʧʘʨʦʣʝʤ, ʥʘʧʨʠʢʣʘʜ McDonalds_WiFi_Free ʘʙʦ ʥʘʟʚʘ 

ʘʝʨʦʧʦʨʪʫ; 

- ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʟ ʢʫʤʝʜʥʠʤʠ ʥʘʟʚʘʤʠ, ʨʦʟʨʘʭʦʚʫʶʯʠ ʥʘ 

ʮʽʢʘʚʽʩʪʴ ʚʣʘʩʥʠʢʽʚ ʛʘʜʞʝʪʽʚ: h0lyava, MaminHackir, blondinka. 

ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʛʨʦʤʘʜʩʴʢʽ ʤʽʩʮʷ, ʚ 

ʷʢʠʭ ʣʶʜʠ ʯʘʩʪʦ ʚʜʘʶʪʴʩʷ ʜʦ ʜʦʧʦʤʦʛʠ ʙʝʟʢʦʰʪʦʚʥʦʛʦ Wi-Fi. 
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ʇʨʠ ʮʴʦʤʫ ʘʪʘʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʦʨʛʘʥʽʟʦʚʘʥʽ ʟ ʢʽʣʴʢʦʭ ʧʨʠʯʠʥ: 

ʟʣʦʚʤʠʩʥʠʢʠ ʭʦʯʫʪʴ ʟʘʚʦʣʦʜʽʪʠ ʢʦʥʢʨʝʪʥʦʶ ʢʦʥʬʽʜʝʥʮʽʡʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʟʘʨʘʞʘʶʪʴ ʧʨʠʩʪʨʦʾ, ʚʧʨʦʚʘʜʞʫʶʯʠ 

ʰʢʽʜʣʠʚʝ ʇʆ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛ ʧʫʙʣʽʯʥʦʾ ʪʦʯʢʠ ʜʣʷ 

ʧʨʦʧʘʛʘʥʜʠ. ʂʨʽʤ ʢʦʥʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʤʽʩʪʠʪʠʩʷ ʚ 

ʧʨʠʩʪʨʦʾ, ʭʘʢʝʨʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʛʨʦʰʝʡ, ʷʢʱʦ ʜʦ 

ʪʝʣʝʬʦʥʫ ʧʨʠʚ'ʷʟʘʥʽ ʙʘʥʢʽʚʩʴʢʽ ʢʘʨʪʠ ʘʙʦ ʝʣʝʢʪʨʦʥʥʽ ʛʘʤʘʥʮʽ. ʂʨʽʤ 

ʪʦʛʦ, ʜʠʩʪʘʥʮʽʡʥʘ ʚʽʜʧʨʘʚʢʘ SMS ʟ ʪʝʣʝʬʦʥʫ ʚʣʘʩʥʠʢʘ, ʷʢʠʡ ʥʽʯʦʛʦ ʥʝ 

ʧʽʜʦʟʨʶʻ, ʪʘʢʦʞ ʟʘʛʨʦʞʫʻ ʚʪʨʘʪʦʶ ʢʦʰʪʽʚ.  

ʅʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʟʘʭʠʩʪʠʪʠʩʷ ï ʧʽʜʽʡʪʠ ʜʦ ʟʘʭʠʩʪʫ ʢʦʤʧʣʝʢʩʥʦ ʽ 

ʧʦʝʪʘʧʥʦ [3]. ʋʙʝʨʝʛʪʠ ʚʽʜ ʰʢʽʜʣʠʚʠʭ ʚʪʦʨʛʥʝʥʴ ʤʦʞʝ ʢʦʤʧʣʝʢʩ 

ʟʘʭʦʜʽʚ: ʚʽʜ ʧʝʨʩʦʥʘʣʴʥʠʭ ʬʘʻʨʚʦʣʽʚ ʽ ʘʥʪʠʚʽʨʫʩʽʚ ʥʘ ʥʦʫʪʙʫʢʘʭ ʜʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʩʢʘʥʫʶʪʴ ʘʥʦʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʩʝʨʝʜʠʥʽ 

ʤʝʨʝʞʽ ʪʘ ʚʠʷʚʣʷʶʪʴ ʦʟʥʘʢʠ ʟʣʦʤʫ ʢʣʶʯʦʚʠʭ ʢʦʨʧʦʨʘʪʠʚʥʠʭ IT-

ʩʠʩʪʝʤ. ʇʨʠ ʧʽʜôʻʜʥʘʥʘʥʥʽ ʜʦ ʥʝʚʽʜʦʤʠʭ Wi-Fi-ʤʝʨʝʞ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʩʪʘʥʜʘʨʪʥʠʭ ʽ ʰʠʨʦʢʦ ʚʽʜʦʤʠʭ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʚ 

ʤʝʨʝʞʽ: 

1. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ VPN ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʪʨʘʬʽʢʘ. 

2. ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʥʝʜʞʝʨʠ ʧʘʨʦʣʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʚʚʝʜʝʥʥʷ 

ʩʚʦʾʭ ʦʙʣʽʢʦʚʠʭ ʜʘʥʠʭ ʥʘ ʬʽʰʠʥʛʦʚʠʭ ʩʘʡʪʘʭ. 

3. ʉʢʨʽʟʴ, ʜʝ ʮʝ ʤʦʞʣʠʚʦ, ʧʽʜʢʣʶʯʠʪʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʘʨʦʣʷ ʧʦ 

SMS ʘʙʦ ʽʥʰʽ ʤʝʪʦʜʠ ʜʚʦʝʪʘʧʥʦʾ ʘʚʪʦʨʠʟʘʮʽʾ. 

4. ʋʥʠʢʘʪʠ ʩʢʘʯʫʚʘʥʥʷ ʧʽʜʦʟʨʽʣʠʭ ʬʘʡʣʽʚ/ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʘʥʪʠʚʽʨʫʩ. 

5. ɺʠʤʢʥʫʪʠ ʥʘ ʚʩʽʭ ʩʚʦʾʭ ʧʨʠʩʪʨʦʷʭ ʘʚʪʦʤʘʪʠʯʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

Wi-Fi-ʤʝʨʝʞ. 

ʅʘʡʙʽʣʴʰ ʦʙʝʨʝʞʥʠʤʠ ʩʣʽʜ ʙʫʪʠ ʚ ʘʝʨʦʧʦʨʪʘʭ, ʥʘ ʚʦʢʟʘʣʘʭ ʽ ʽʥʰʠʭ 

ʤʽʩʮʷʭ ʩʢʫʧʯʝʥʥʷ ʪʫʨʠʩʪʽʚ. ɸʣʝ ʩʣʽʜ ʧʘʤ'ʷʪʘʪʠ ʧʨʦ ʪʝ, ʱʦ çʜʦ ʨʫʢ 

ʭʘʢʝʨʽʚè ʤʦʞʝ ʧʦʪʨʘʧʠʪʠ ʽ ʨʦʫʪʝʨ ʚʘʰʦʛʦ ʩʫʩʽʜʘ. 
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ɸʥʘʪʦʣʽʡ ɾʤʫʨʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ZnSb 
ɸʥʪʠʤʦʥʽʜ ʮʠʥʢʫ ï ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʘʭ. ʉʧʝʮʠʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʨʘʟʦʤ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʠʚʯʝʥʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʧʦʙʫʜʦʚʫ ʨʽʟʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʰʣʷʭʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ ʦʙʝʨʥʝʥʠʭ ʟʘʜʘʯ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʠʨʦʜʫ 

ʨʝʯʦʚʠʥʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʥʷ [1].  

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʚʠʢʦʥʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʪʠ 

ʚʟʘʻʤʦʟʘʣʝʞʥʽʩʪʴ ʤʘʢʨʦʩʢʦʧʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʾʭʥʽʤʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʂʦʤʙʽʥʘʮʽʷ ʧʨʠʥʮʠʧʽʚ ʜʚʦʭ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ï ʪʝʦʨʝʪʠʯʥʦʛʦ ʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ï ʥʝ ʻ ʤʝʭʘʥʽʯʥʠʤ ʦʙôʻʜʥʘʥʥʷʤ ʷʢʠʭ-

ʥʝʙʫʜʴ ʧʦʥʷʪʴ ʘʙʦ ʧʨʠʡʦʤʽʚ ʨʦʟʨʘʭʫʥʢʫ. ʊʝʦʨʝʪʠʯʥʝ 

ʦʩʤʠʩʣʝʥʥʷ ʯʠʩʣʝʥʥʠʭ ʝʤʧʽʨʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʚ'ʷʟʘʥʝ ʟ 

ʧʝʨʝʛʣʷʜʦʤ ʩʠʩʪʝʤʠ ʫʩʪʘʣʝʥʠʭ ʧʦʛʣʷʜʽʚ ʥʘ ʧʨʦʙʣʝʤʫ 

ʤʽʞʘʪʦʤʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʟ ʧʦʷʚʦʶ ʷʢʽʩʥʦ ʥʦʚʠʭ, ʥʝʩʪʘʥʜʘʨʪʥʠʭ 

ʫʷʚʣʝʥʴ, ʷʢʽ ʥʝ ʣʠʰʝ ʥʝ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʨʽʟʥʠʭ ʥʘʧʨʷʤʽʚ ʽʩʥʫʶʯʠʭ ʪʝʦʨʽʡ, ʘʣʝ ʡ ʟʘʧʝʨʝʯʫʶʪʴ ʜʝʷʢʽ ʟ ʥʠʭ. 

ʊʦʤʫ ʰʣʷʭ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʣʝʞʠʪʴ ʯʝʨʝʟ ʘʥʘʣʽʟ 

ʝʤʧʽʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʡ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ 

ʦʧʠʩ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʪʘ ʫʪʚʦʨʝʥʠʭ ʩʧʦʣʫʢ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʭʽʤʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʢʨʠʩʪʘʣʘʭ ZnSb ʻ ʪʝ, ʱʦ 

ʢʦʞʝʥ ʘʪʦʤ Zn ʫ ʩʚʦʻʤʫ ʥʘʡʙʣʠʞʯʦʤʫ ʦʪʦʯʝʥʥʽ ʤʘʻ ʪʨʠ ʘʪʦʤʠ 

Sb ʽ ʦʜʠʥ ʘʪʦʤ Zn, ʘ ʢʦʞʝʥ ʘʪʦʤ Sb ʤʘʻ ʪʨʠ ʥʘʡʙʣʠʞʯʽ ʘʪʦʤʠ Zn ̔  

ʦʜʠʥ ʘʪʦʤ Sb. ʋʩʴʦʛʦ ʻ ʧ'ʷʪʴ ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ 

ʦʨʙʽʪʘʣʝʡ (ʅɻʆ), ʨʽʟʥʠʭ ʷʢ ʟʘ ʤʽʞʘʪʦʤʥʠʤʠ ʚʽʜʩʪʘʥʷʤʠ, ʪʘʢ ʽ ʟʘ 

ʩʢʣʘʜʦʤ ʢʦʤʧʦʥʝʥʪʽʚ (ű1, ű2, ű3 ï ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʚôʷʟʢʘʤ Zn-

Sb ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ ʪʘ ű4(Sb- Sb) ʽ ű5(Zn- Zn)) [2]. 

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ 

ʟʘʧʠʩʫʚʘʣʘʩʷ ʜʣʷ ʢʦʞʥʦʾ -̔ʾ ʅɻʆ, ʘ ʧʦʪʽʤ ʰʣʷʭʦʤ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʦʙʝʨʥʝʥʦʾ ʟʘʜʘʯʽ ʟʘ ʚʽʜʦʤʠʤʠ ʤʽʞʘʪʦʤʥʠʤʠ ʚʽʜʩʪʘʥʷʤʠ d1(1Ò i 

Ò5) ʚʠʟʥʘʯʘʣʠʩʴ R
(i)

uZn R
(i)

uSb, æq. ʇʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ 

ʦʙʤʝʞʫʚʘʣʘʩʷ ʪʦʯʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʽʞʘʪʦʤʥʠʭ ʚʽʜʩʪʘʥʝʡ [3].  
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ, ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ.  

ʊʘʙʣ.1. ɽʬʝʢʪʠʚʥʽ ʟʘʨʷʜʠ, ʝʬʝʢʪʠʚʥʽ ʨʘʜʽʫʩʠ ʪʘ ʝʥʝʨʛʽʾ ʜʠʩʦʮʽʘʮʽʾ 

ʥʝʝʢʚʽʚʘʣʝʥʪʥʠʭ ʛʽʙʨʠʜʥʠʭ ʦʨʙʽʪʘʣʝʡ ʫ ʢʨʠʩʪʘʣʘʭ ZnSb 

 

ű1 (Zn-

Sb) 

ű2 (Zn-

Sb) 

ű3 (Zn-

Sb) 

ű4 (Sb-

Sb) 

ű5 (Zn-

Zn) 

d 
e
j
ʢʩʧ

 (¡) 2,64 2,64 2,76 2,80 2,82 

d 
ʪʝʦʨ

j (¡) 2,6455 2,644 2,766 2,7943 2,8203 

R
Zn

U (¡) 0,98 0,975 1,021 ï 1,41 

R
Sb

U (¡) 1,664 1,669 1,745 1,3975 ï 

R
Zn

U/ R
Sb

U 0,589 0,585 0,585 ï ï 

æq ʟʚ'ʷʟʢʫ űj 0,0874 0,0279 -0,0169 0,0345 0,029 

Dj (ʝɺ) 1,5544 1,5526 1,4808 2,3327 1,1955 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʚʝʜʝʥʽ 

ʥʘʧʽʚʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʽʚ ʦʢʨʝʤʠʭ ʅɻʆ ʚ ʢʨʠʩʪʘʣʘʭ ZnSb, 

ʘʣʝ ʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ZnSb ʟ ʧʝʚʥʠʤ ʪʠʧʦʤ 

ʧʨʦʚʽʜʥʦʩʪʽ ʡ ʥʘʙʦʨʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʄʦʞʣʠʚʦʩʪʽ ʻʜʠʥʦʾ ʬʽʟʠʯʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʚ ʦʧʠʩʽ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʪʦʤʽʚ ʧʨʠ ʚʠʚʯʝʥʥʽ ʤʽʞʘʪʦʤʥʦʾ 

ʚʟʘʻʤʦʜʽʾ ʚ ʩʧʦʣʫʢʘʭ, ʱʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʩʪʝʭʽʦʤʝʪʨʽʻʶ, 

ʩʪʨʫʢʪʫʨʦʶ, ʪʠʧʦʤ ʭʽʤʽʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɺ. ɹ.ʃʘʟʘʨʝʚ ɹ., ɺ. ʗ. ʐʝʚʯʝʥʢʦ, ʗ.ʍ. ɻʨʠʥʙʝʨʛ, ɺ.ɺ. 

ʉʦʙʦʣʝʚ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʛʨʫʧʧʳ ɸIIBV  . ï ʄ.: 

ʅʘʫʢʘ, 1978. ï 256 ʩ. 

2. Manik O.N. Zinc Antimonide 2. Investigation of 

Chemical Bond by Vibration Theory Methods / O.N. Manik // Journal of 

Thermoelectricity. ï 2000. ï ʉ. 38ï49. 

3. ʄʘʥʠʢ ʆ.ʄ. ʄʦʣʝʢʫʣʷʨʥʘ ʤʦʜʝʣʴ ʪʘ ʭʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ 

ʫ ʢʨʠʩʪʘʣʘʭ ZnSb / ʆ.ʄ. ʄʘʥʠʢ // ɺʽʩʥʠʢ ʏʝʨʥʽʚʝʮʴʢʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʌʽʟʠʢʘ. ï 1999. ï ʉ. 70ï71. 
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ʅʽʢʽʪʘ ɿʘʧʦʪʽʥʩʴʢʠʡ 
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʜʦʮ. ɺ.ɺ. ɹʨʘʾʣʦʚʩʴʢʠʡ 

ʘʩʠʩʪ. ɺ.ɹ. ʈʫʩʠʥ 

 

ʋʣʴʪʨʘʟʚʫʢʦʚʠʡ ʜʘʣʝʢʦʤʽʨ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 
ɼʘʣʝʢʦʤʽʨ ï ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ 

ʚʽʜ ʩʧʦʩʪʝʨʽʛʘʯʘ ʜʦ ʧʝʚʥʦʛʦ ʦʙôʻʢʪʘ. ɯʩʥʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ 

ʘʩʦʨʪʠʤʝʥʪ ʜʘʣʝʢʦʤʽʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ [1, 2]. ɼʘʣʝʢʦʤʽʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʘʢʪʠʚʥʽ ʽ 

ʧʘʩʠʚʥʽ. ɼʦ ʘʢʪʠʚʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

¶ ʟʚʫʢʦʚʠʡ ʜʘʣʝʢʦʤʽʨ; 

¶ ʩʚʽʪʣʦʚʠʡ ʜʘʣʝʢʦʤʽʨ; 

¶ ʣʘʟʝʨʥʠʡ ʜʘʣʝʢʦʤʽʨ. 

ɺʽʜʧʦʚʽʜʥʦ, ʜʦ ʧʘʩʠʚʥʠʭ: 

¶ ʜʘʣʝʢʦʤʽʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʪʠʯʥʠʡ 

ʧʘʨʘʣʘʢʩ (ʥʘʧʨ. ʜʘʣʝʢʦʤʽʨʥʠʡ ʬʦʪʦʘʧʘʨʘʪ); 

¶ ʜʘʣʝʢʦʤʽʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʽʩʪʘʚʣʝʥʥʷ 

ʦʙôʻʢʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʟʨʘʟʢʫ (ʥʠʪʢʦʚʠʡ ʜʘʣʝʢʦʤʽʨ). 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʝʢʦʤʽʨʘ ʟ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʘʥʘ ʩʭʝʤʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʰʠʨʝʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ AVR ATmega8 ʪʘ ʜʘʚʘʯʘ US-100 

[3]. 

ʉʭʝʤʘ ʞʠʚʠʪʴʩʷ ʚʽʜ ʣʽʥʽʡʥʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʥʘʧʨʫʛʠ L7805. 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʤʽʨʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ 

(ʈʂ ʘʙʦ ʧʦ ʽʥʰʦʤʫ LCD) ʝʢʨʘʥ SC1602, ʱʦ ʤʽʩʪʠʪʴ 2 ʨʷʜʢʠ ʧʦ 

16 ʩʠʤʚʦʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʘ HD44780. 

ʋ ʧʨʦʰʠʚʢʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʟʘʢʣʘʜʝʥʠʡ ʧʘʨʘʤʝʪʨ, ʧʨʠ 

ʷʢʦʤʫ ʧʨʠ ʧʝʨʝʚʠʱʝʥʥʽ ʚʠʟʥʘʯʝʥʦʛʦ ʣʽʤʽʪʫ ʚʽʜʩʪʘʥʽ ʥʘ ʚʠʚʽʜ 

PB0 ʙʫʜʝ ʧʦʜʘʚʘʪʠʩʷ ʚʠʩʦʢʠʡ ʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʛʠ. ɺ ʜʘʥʽʡ 

ʩʭʝʤʽ ʩʚʽʪʣʦʜʽʦʜ ʧʨʦʩʪʦ ʩʠʛʥʘʣʽʟʫʻ ʧʨʦ ʧʝʨʝʚʠʱʝʥʥʷ. ʉʠʛʥʘʣ 

ʧʝʨʝʚʠʱʝʥʥʷ ʜʫʙʣʶʻʪʴʩʷ ʥʘ LCD-ʜʠʩʧʣʝʾ. ʎʝʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ 

ʨʝʛʫʣʶʚʘʪʠ ʢʥʦʧʢʘʤʠ S1, S2. ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʽʜʩʪʘʥʽ ʥʘ 10 ʤʤ. 
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ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʤʽʨʷʥʽ ʚʽʜʩʪʘʥʽ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʜʠʩʧʣʝʡ ʚ 

ʤʽʣʽʤʝʪʨʘʭ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʜʠʩʧʣʝʾ ʚ ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʽʷ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʩʪʘʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʽ ʛʦʣʦʚʢʠ, ʱʦ 

ʥʘʛʘʜʫʶʪʴ ʚʝʣʠʢʠʡ ʤʽʢʨʦʬʦʥ ʘʙʦ ʤʘʣʝʥʴʢʠʡ ʜʠʥʘʤʽʢ. ʇʦ ʩʫʪʽ ʮʝ 

ʽ ʪʝ, ʽ ʪʝ. ʆʜʥʘ ʟ ʛʦʣʦʚʦʢ ʚʠʧʨʦʤʽʥʶʻ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʭʚʠʣʶ, 

ʜʨʫʛʘ ʧʨʠʡʤʘʻ ʚʽʜʙʠʪʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ. ʇʦ ʯʘʩʫ 

ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʡʜʝʥʘ ʚʽʜʩʪʘʥʴ. ʇʝʚʥʝ 

ʦʙʤʝʞʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʽʜʩʪʘʥʽ ʚ 4,5 ʤʝʪʨʘ ʦʙʫʤʦʚʣʝʥʘ 

ʧʦʪʫʞʥʽʩʪʶ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʝʢʦʤʽʨʘ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. https://vdd.sm.ua/p228863094-vimiryuvach-vidstani-lazernij.html 

2. https://chernovtsy.prom.ua/ua/p228863101-vimiryuvach-vidstani-

ultrazvukovij.html 

3. https://www.mini-tech.com.ua/datchik-rasstoyaniya-

ultrazvukovoy-us-100 
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ʊʘʨʘʩ ɿʘʭʘʨʯʫʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

ɻʽʨʦʪʨʦʧʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʦʭʦʣʦʜʞʝʥʥʷ  

ʅʠʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʦʟʚʠʪʢʫ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʻ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ [1-3]. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʤʘʡʞʝ ʥʝ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ, ʪʦʤʫ ʾʭ ʨʦʟʨʦʙʢʘ ʜʦʟʚʦʣʠʪʴ ʟʙʽʣʴʰʠʪʠ ʝʣʝʤʝʥʪʥʫ 

ʙʘʟʫ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ, ʧʦʣʽʧʰʠʪʠ ʢʦʥʢʫʨʝʥʪʥʫ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʪʘ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʥʪʽʚ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʫ ʧʨʦʜʫʢʮʽʶ 

ʥʘ ʾʭ ʦʩʥʦʚʽ ʪʘ ʧʽʜʚʠʱʠʪʠ ʾʾ ʷʢʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥʽ 

ʜʦʩʪʘʪʥʴʦ ʛʣʠʙʦʢʦ ʨʦʟʛʣʷʥʫʪʦ ʧʨʷʤʦʢʫʪʥʽ ʛʽʨʦʪʨʦʧʥʽ 

ʦʭʦʣʦʜʞʫʚʘʯʽ, ʨʦʙʦʪʘ ʷʢʠʭ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʬʝʢʪʽ ɽʪʪʽʥʛʩʛʘʫʟʝʥʘ, 

ʚʦʥʠ ʫʤʦʞʣʠʚʣʶʶʪʴ ʜʦʩʷʛʥʝʥʥʷ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʨʷʜʢʫ  

5ï7 ʂ. ʅʝʜʦʣʽʢʦʤ ʧʨʷʤʦʢʫʪʥʠʭ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʻ 

ʥʝʟʨʫʯʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʝʚʥʠʭ ʩʠʪʫʘʮʽʷʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʦʭʦʣʦʜʠʪʠ ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʘʣʽ, ʘ ʪʘʢʦʞ ʜʝʪʘʣʽ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʜʘʥʠʭ ʪʨʫʜʥʦʱʽʚ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʛʽʨʦʪʨʦʧʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʽʥʰʠʭ ʬʦʨʤ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ 

ʨʦʟʨʽʟʘʥʦʛʦ ʢʽʣʴʮʷ, ʮʠʣʽʥʜʨʘ ʪʦʱʦ. ʊʘ ʜʦʩʣʽʜʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʤʝʪʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ. ɸʢʪʫʘʣʴʥʠʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʣʽʧʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ. ʊʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʚʘʙʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʦʙʪʦ 

ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʢʦʤʫʪʘʮʽʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʩʪʦʨʦʚʫ 

ʩʪʨʫʢʪʫʨʫ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʰʫʢ ʪʘ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʨʦʚʝʜʝʥʦ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ 
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ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ 

ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʦ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ 

ʫ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤ ʫ ʨʝʞʠʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ (ʨʠʩ.1). 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʾ  

ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ æʊ ʚʽʜ  ʊʛ 

 1-BiSb , 2-Ag2Te, 3-InSb 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ Ag2Tʝ ʜʦʮʽʣʴʥʝ ʚ ʜʽʘʧʘʟʦʥʽ 

ʪʝʤʧʝʨʘʪʫʨ 150 ï 300 ʂ, ʧʨʠ ʮʴʦʤʫ æʊ å 38 ʂ, ʘ ʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 80 ï 120 ʂ ʢʨʘʱʝ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

BiSb ï æʊ å 18 ʂ. 

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. ʇʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 2016. ˉ3. 

ʉ. 48ï53. 
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ʆʣʝʛ ɿʝʣʽʥʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  ï ʜʦʮ. ɸ.ʗ. ɼʦʚʛʫʥʴ  

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ ʚ ʟʘʜʘʯʘʭ 

ʧʦʰʫʢʫ ʘʥʘʣʦʛʽʚ ʤʝʜʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ 
 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʜʠʯʥʠʭ 
ʧʨʝʧʘʨʘʪʽʚ. ɹʘʛʘʪʦ ʟ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʘʢʦʚʠʭ  
ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʛʨʫʧ ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʙʨʝʥʜʦʤ ʪʘ 
ʮʽʥʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʉʢʣʘʜʥʠʢʠ ʞ ʟʘʣʠʰʘʶʪʴʩʷ 
ʽʜʝʥʪʠʯʥʠʤʠ ʘʙʦ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʑʦʙ ʚʠʢʦʥʘʪʠ ʧʦʰʫʢ 
ʘʥʘʣʦʛʽʚ ʤʝʜʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʜʽʟʥʘʪʠʩʷ ʯʠ 
ʽʩʥʫʻ ʟʚô̫ ʟʦʢ ʤʽʞ ʧʝʚʥʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʠʭ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ 
ʟʚô̫ ʟʦʢ ʤʽʞ ʩʢʣʘʜʥʠʢʘʤʠ ʧʨʝʧʘʨʘʪʫ, ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʶ ʛʨʫʧʦʶ 
ʪʦʱʦ). ɼʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʤʽʞ ʧʝʚʥʠʤʠ 
ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʜʽʷʤʠ ʟʘʟʚʠʯʘʡ ʧʨʦʚʦʜʷʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ. 
ɸʩʦʮʽʘʪʠʚʥʽ ʧʨʘʚʠʣʘ (ɸʇ) ï ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʚ ʤʘʰʠʥʥʦʤʫ 

ʥʘʚʯʘʥʥʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʦʚô̫ ʟʘʥʠʤʠ ʧʦʜʽʷʤʠ [1]. 

ʅʝʭʘʡ ʽʩʥʫʻ ʙʘʟʘ ʜʘʥʠʭ ʽʟ ʟʘʧʠʩʘʤʠ Ὀ, ʱʦ ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ 
ʩʢʣʘʜʥʠʢʠ ʤʝʜʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʜʣʷ ʯʦʛʦ ʚʦʥʠ 
ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. ʂʦʞʥʦʤʫ ʨʷʜʢʫ ʟ ʙʘʟʠ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʘʻ ʪʨʘʥʟʘʢʮʽʷ 

Ὕ , ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʤʥʦʞʠʥʠ Ὅ (Ὕ Ṗ Ὅ). ʇʽʜʤʥʦʞʠʥʘ Ὅ, ʫ ʩʚʦʶ 
ʯʝʨʛʫ, ï ʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ʩʢʣʘʜʥʠʢʽʚ ʧʨʝʧʘʨʘʪʽʚ ʪʘ 
ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʛʨʫʧ. ʅʘ ʦʩʥʦʚʽ ʨʽʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʡ (ʽʟ ʤʥʦʞʠʥʠ 

Ὅ) ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ (ʪʨʘʥʟʘʢʮʽʾ ʚ ɹɼ), ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʇ ʬʦʨʤʫʶʪʴʩʷ 

ʘʩʦʮʽʘʪʠʚʥʽ ʧʨʘʚʠʣʘ óʩʠʤʧʪʦʤʠô ᵼ óʩʢʣʘʜʥʠʢʠ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʘ 
ʛʨʫʧʘô. ʅʘʧʨʠʢʣʘʜ, ʘʩʦʮʽʘʪʠʚʥʝ ʧʨʘʚʠʣʦ, ʷʢʱʦ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʪʦ ï ʧʘʨʘʮʝʪʘʤʦʣ, ʘʥʘʣʴʛʝʪʠʢʠ.  ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟ ʪʘʢʠʤ ʩʠʤʧʪʦʤʦʤ 
ʧʨʝʧʘʨʘʪ ʥʘʡʽʤʦʚʽʨʥʽʰʝ ʙʫʜʝ ʤʽʩʪʠʪʠ ʧʘʨʘʮʝʪʘʤʦʣ ʽ ʥʘʣʝʞʘʪʠ ʜʦ 
ʛʨʫʧʠ ʘʥʘʣʴʛʝʪʠʢʽʚ.  
ʗʢʽʩʪʴ ʩʬʦʨʤʦʚʘʥʠʭ ʧʨʘʚʠʣ ʦʮʽʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢ ʧʽʜʪʨʠʤʢʘ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ. ʊʨʘʥʟʘʢʮʽʷ Ὕ ʤʽʩʪʠʪʴ 
ὢ, ʜʝʷʢʫ ʧʽʜʤʥʦʞʠʥʫ ʝʣʝʤʝʥʪʽʚ Ὅ, ʷʢʱʦ ὢṖ Ὕ. 
ʇʦʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʛʨʫʧ ʪʘ ʩʢʣʘʜʥʠʢʽʚ ʷʢ Q, ʘ 

ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʟʘʢʮʽʡ ʷʢ ὔ. 
ʊʘʙʣʠʮʷ 1. 
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ʌʨʘʛʤʝʥʪ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ˉ ʉʢʣʘʜʥʠʢʠ, ὢ 
ʌʘʨʤʘʢʦʣʦʛʽ
ʯʥʘ ʛʨʫʧʘ, ὢ 

ʉʠʤʧʪʦʤ, 
ὣ 

1 ʇʘʨʘʮʝʪʘʤʦʣ, ʘʥʘʣʴʛʝʪʠʢʠ ɻʦʣʦʚʥʠʡ 
ʙʽʣʴ 

2 ʇʘʨʘʮʝʪʘʤʦʣ, ʢʦʬʝʾʥ  ʘʥʘʣʴʛʝʪʠʢʠ ɻʦʣʦʚʥʠʡ 
ʙʽʣʴ 

3 ʄʝʪʘʤʠʟʦʣ ʩʦʜʽʫʤ ʘʥʘʣʴʛʝʪʠʢʠ ɻʦʣʦʚʥʠʡ 
ʙʽʣʴ 

4 ʍʣʦʨʬʝʥʘʤʽʥ, ʢʦʬʝʾʥ, 
ʬʝʥʽʣʝʬʨʠʥ,  ʧʘʨʘʮʝʪʘʤʦʣ 

ʘʥʘʣʴʛʝʪʠʢʠ ɻʦʣʦʚʥʠʡ 
ʙʽʣʴ 

5 ʇʘʨʘʮʝʪʘʤʦʣ, ʢʦʬʝʾʥ, 
ʭʣʦʨʬʝʥʘʤʽʥ 

ʘʥʘʣʴʛʝʪʠʢʠ ɻʦʣʦʚʥʠʡ 
ʙʽʣʴ 

 

ʇʽʜʪʨʠʤʢʦʶ ʧʨʘʚʠʣʘ ὢᵼὣ ʥʘʟʠʚʘʻʪʴʩʷ ʯʘʩʪʢʘ ί, ʷʢʱʦ ί Ϸ 
ʪʨʘʥʟʘʢʮʽʡ ʟ Ὀ ʤʽʩʪʷʪʴ ὢ᷾ὣ, ίόὴὴὢᵼὣ  ίόὴὴ ὢ᷾ὣ.  
ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʘ ʧʦʢʘʟʫʻ, ʷʢʘ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟ ὢ ʚʠʧʣʠʚʘʻ 
ὣ[2]. ʇʨʘʚʠʣʦ ὢÝ ὣ ʩʧʨʘʚʝʜʣʠʚʝ ʟ ʜʦʩʪʦʚʽʨʥʽʩʪʶ ὧ, ʷʢʱʦ ὧ Ϸ 
ʪʨʘʥʟʘʢʮʽʡ ʟ D, ɦʦ ʤʽʩʪʷʪʴ ὢ, ʪʘʢʦʞ ʤʽʩʪʷʪʴ ὣ. 

ίόὴὴὢ᷾ὣ  
ὔ

ὗ
ϽρππϷ (1) 

ὧέὲὪὢᵼὣ

 
ίόὴὴὢ ᷾  ὣ

ίόὴὴὢ
 ϽρππϷ 

(2) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʩʬʦʨʤʦʚʘʥʦʛʦ ʥʘ ʙʘʟʽ ʧʘʨʩʠʥʛʫ ʟ 
ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʩʘʡʪʽʚ ʤʘʩʠʚʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʚʯʘʥʥʷ 
ʤʦʜʝʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɸʇ. ʉʪʚʦʨʝʥʽ ʧʨʘʚʠʣʘ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʚ'ʷʟʦʢ 
ʩʠʤʧʪʦʤʽʚ, ʱʦ ʚʚʦʜʠʪʴ ʢʦʨʠʩʪʫʚʘʯ, ʟ ʦʩʥʦʚʥʠʤʠ ʜʽʶʯʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 
ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʶ ʛʨʫʧʦʶ ʤʝʜʠʯʥʦʛʦ ʧʨʝʧʘʨʘʪʫ. ʋʩʽ ʩʬʦʨʤʦʚʘʥʽ 
ʧʨʘʚʠʣʘ ʚʽʜʩʦʨʪʦʚʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ɸʇ. 
ʅʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʧʨʘʚʠʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 
ʟʘʧʠʪʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʩʧʠʩʢʫ ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ 
ʢʦʨʠʩʪʫʚʘʯʘ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 
1. ɼʶʢ ɺ., ʉʘʤʦʡʣʝʥʢʦ ɸ. Data Mining: ʫʯʝʙʥʳʡ ʢʫʨʩ. ï ʉʇʙ: ʇʠʪʝʨ, 2001. ï 
368 ʩ.  

2. ʉʘʤʦʥʘʚʯʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ɼʝʨʞʘʚʥʠʡ 
ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ ñʅʘʮʽʦʥʘʣʴʥʠʡ ʛʽʨʥʠʯʠʡ ʫʥʽʚʝʨʩʠʪʝʪò, 2011 
ï. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://sau.nmu.org.ua/ua/osvita/metod/magistr/, 
ʚʽʣʴʥʠʡ.  
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ʆʣʝʥʘ ɿʦʟʫʣʷ 

ɸʥʜʨʽʡ ʉʥʦʟʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɼʫʙʦʣʘʟʦʚ ʆ.ɺ. 

ʈʦʟʨʦʙʢʘ ʚʝʙ-ʛʘʣʝʨʝʾ ʟ ʝʬʝʢʪʦʤ Lightbox 

ʥʘ ʦʩʥʦʚʽ HTML 5 ʪʘ CSS 3 
ɺʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʚʝʙ-ʩʘʡʪʠ ʦʪʨʠʤʫʶʪʴ ʫʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʥʦʚʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʩʪʘʶʪʴ ʙʽʣʴʰ ʟʨʫʯʥʠʤʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. HTML 

5 ʽ CSS 3 ï ʮʝ ʥʦʚʽ çʩʭʦʜʠʥʢʠè ʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʚʝʙ-

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʑʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ HTML 5 ʽ CSS 3? ʗʢʽ 

ʧʝʨʝʚʘʛʠ HTML 5 ʽ CSS 3? ʏʦʤʫ HTML 5 ʽ CSS 3 ʟʨʫʯʥʽ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʚʝʙ-ʨʦʟʨʦʙʮʽ? 

HTML 5 ï ʥʦʚʘ, ʧ'ʷʪʘ ʚʝʨʩʽʷ ʤʦʚʠ ʛʽʧʝʨʪʝʢʩʪʦʚʦʾ ʨʦʟʤʽʪʢʠ 

HTML. ʇʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʚʝʨʩʽʷʤʠ HTML 5 ʚʽʜʢʨʠʚʘʻ 

ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʚ 

HTML 5 ʚʚʝʜʝʥʽ ʥʦʚʽ ʝʣʝʤʝʥʪʠ ʡ ʘʪʨʠʙʫʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʣʝʛʰʠʪʠ ʚʟʘʻʤʦʜʽʶ ʩʘʡʪʽʚ ʽʟ ʧʦʰʫʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ 

ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʧʦʰʫʢʦʚʦʤʫ ʧʨʦʩʫʚʘʥʥʽ ʪʘʢʠʭ ʩʘʡʪʽʚ 

[1; 2].  

ʂʨʽʤ ʪʦʛʦ, ʨʷʜ ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ HTML 5 ʜʦʟʚʦʣʷʻ ʧʦʟʙʫʪʠʩʷ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʘʡʪʫ ʚ ʙʨʘʫʟʝʨʽ 

ʩʪʦʨʦʥʥʽʭ ʨʦʟʰʠʨʝʥʴ. ɼʦ ʪʘʢʠʭ ʥʘʣʝʞʘʪʴ ʝʣʝʤʝʥʪʠ audio ʽ video, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʛʨʘʮʽʶ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʜʘʥʠʭ ʽ 

ʟʜʽʡʩʥʶʶʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ ʚ ʙʨʘʫʟʝʨʽ, 

ʥʘʧʨʠʢʣʘʜ ʙʝʟ ʧʨʦʛʨʘʚʘʯʘ Flash Player. 

ɹʘʛʘʪʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ HTML 5 ʫ ʩʚʽʞʠʭ 

ʚʝʨʩʽʷʭ ʙʨʘʫʟʝʨʽʚ ʧʽʜʪʨʠʤʫʶʪʴʩʷ ʚʞʝ ʟʘʨʘʟ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

HTML 5 ʜʦʟʚʦʣʷʻ ʧʨʠʩʢʦʨʠʪʠ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʦʢ ʩʘʡʪʫ, 

ʜʦʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ. ʗʢʱʦ ʞ ʷʢʘʩʴ ʽʟ ʬʫʥʢʮʽʡ HTML 5 ʥʝ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʙʨʘʫʟʝʨʦʤ, ʪʦ ʮʝ ʥʝ ʟʘʚʜʘʻ ʞʦʜʥʦʾ ʰʢʦʜʠ ʩʘʡʪʫ, 

ʘʜʞʝ HTML 5 ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ HTML 4 ʡ ʥʝ ʧʽʜʪʨʠʤʫʚʘʥʽ 

ʝʣʝʤʝʥʪʠ ʧʨʦʩʪʦ ʽʛʥʦʨʫʶʪʴʩʷ [1; 3]. 

CSS 3 ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʝʨʩʪʢʠ 

ʩʘʡʪʽʚ, ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʦʨʦʥʥʽʭ ʪʝʭʥʦʣʦʛʽʡ. ɹʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʠʡ ʜʠʟʘʡʥ ʩʘʡʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʜʫ - ʦʩʴ ʨʝʟʫʣʴʪʘʪ, ʦʜʝʨʞʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ CSS 

3. ʗʢ ʽ HTML 5, CSS 3 ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʙʨʘʫʟʝʨʘʤʠ 
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ʯʘʩʪʢʦʚʦ, ʘʣʝ ʧʨʦʪʷʛʦʤ ʥʘʡʙʣʠʞʯʠʭ ʨʦʢʽʚ ʦʯʽʢʫʻʪʴʩʷ ʧʦʚʥʘ 

ʧʽʜʪʨʠʤʢʘ ʙʨʘʫʟʝʨʘʤʠ HTML 5 ʽ CSS 3 [2]. 

ʗʢʽ ʞ ʧʝʨʝʚʘʛʠ ʜʘʻ ʚʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

HTML 5 ʽ CSS 3? 

ʆʪʨʠʤʘʥʥʷ ʩʫʯʘʩʥʦʛʦ, ʧʨʠʚʘʙʣʠʚʦʛʦ, ʟʨʫʯʥʦʛʦ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʘʡʪʫ, ʱʦ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʻ ʩʚʦʾ ʟʘʚʜʘʥʥʷ - 

ʦʩʴ ʦʩʥʦʚʥʘ ʤʝʪʘ, ʷʢʘ ʩʪʘʚʠʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʘʡʪʽʚ. ɺʝʙ-

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ HTML 5 ʽ CSS 3 ʜʦʧʦʤʘʛʘʻ ʚ 

ʜʦʩʷʛʥʝʥʥʽ ʮʽʻʾ ʤʝʪʠ. 

ɿʘ ʨʘʭʫʥʦʢ ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʣʽʯʽ ʟʦʙʨʘʞʝʥʴ, ʱʦ 

ʬʦʨʤʫʶʪʴ ʜʝʷʢʽ ʝʣʝʤʝʥʪʠ ʜʠʟʘʡʥʫ ʩʪʦʨʽʥʢʠ, ʪʘʢʽ ʷʢ ʟʘʢʨʫʛʣʝʥʽ 

ʢʫʪʠ, ʪʽʥʽ, ʛʨʘʜʽʻʥʪʠ, ʩʪʦʨʽʥʢʠ ʩʘʡʪʫ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʟʥʘʯʥʦ 

ʰʚʠʜʰʝ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʠʪʠ ʧʦʟʠʪʠʚʥʝ ʚʨʘʞʝʥʥʷ ʧʨʦ ʩʘʡʪ ʫ 

ʚʽʜʚʽʜʫʚʘʯʽʚ. 

ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ HTML 5 ʽ CSS 3 ʚʽʜʪʚʦʨʝʥʥʷ ʥʘ 

ʩʘʡʪʽ ʘʥʽʤʘʮʽʾ, ʚʽʜʝʦ, ʘʫʜʽʦ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʧʽʜôʻʜʥʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʦʟʰʠʨʝʥʴ ʜʦ ʙʨʘʫʟʝʨʘ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

flash-ʝʣʝʤʝʥʪʽʚ, ʜʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʙʨʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʧʦʰʫʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʽ ʥʝ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʦʰʫʢʦʚʦʤʫ 

ʧʨʦʩʫʚʘʥʥʶ ʩʘʡʪʽʚ [3]. 

ɺʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʮʝ ʟʘʚʞʜʠ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ, ʧʦʩʪʘʚʣʝʥʠʭ ʧʝʨʝʜ ʩʘʡʪʘʤʠ, ʷʢʽ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ. HTML 5 ʽ CSS 3 ʩʧʨʠʷʶʪʴ ʟʥʘʭʦʜʞʝʥʥʶ ʪʘʢʠʭ 

ʨʽʰʝʥʴ, ʘ ʪʦʤʫ ʧʨʦʬʝʩʽʡʥʽ ʚʝʙ-ʧʨʦʛʨʘʤʽʩʪʠ ʚʩʝ ʘʢʪʠʚʥʽʰʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʩʘʡʪʽʚ.  
ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

1. ʍʦʛʘʥ ɹ. HTML5 ʠ CSS3. ɺʝʙ-ʨʘʟʨʘʙʦʪʢʘ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ï ʉʇʙ.: ʇʠʪʝʨ, 2012. ï ʉ. 15, 37. 

2. ʃʦʫʩʦʥ ɹ., ʐʘʨʧ ʈ. ʀʟʫʯʘʝʤ HTML5. ɹʠʙʣʠʦʪʝʢʘ ʩʧʝʮʠʘʣʠʩʪʘ. ï 

ʉʇʙ.: ʇʠʪʝʨ, 2012. ï ʉ. 56. 

3. ɼʨʦʥʦʚ ɺ. ɸ. HTML 5, CSS 3 ʠ Web 2.0. ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ 

Web-ʩʘʡʪʦʚ. ï ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2011. ï ʉ. 48, 72. 

ʆʣʝʛ ɿʫʻʚ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮ. ʈʫʩʥʘʢ ʄ.ɸ. 
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ʉʪʚʦʨʝʥʥʷ ʪʘ ʟʘʧʫʩʢ ʦʩʦʙʠʩʪʦʛʦ DNS-ʩʝʨʚʝʨʘ 

 ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ  

ʧʨʠ ɯʥʪʝʨʥʝʪ-ʩʝʨʬʽʥʛʫ 

 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʘʞʢʦ ʫʷʚʠʪʠ ʤʽʩʮʝ ʥʘ ʧʣʘʥʝʪʽ, ʜʝ ʥʝ 

ʙʫʣʦ ʙʠ ʧʦʢʨʠʪʪʷ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʇʨʦʪʝ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʝʦʣʦʢʘʮʽʡʥʦʛʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟôʻʜʥʘʥʥʷ ʟ ʤʝʨʝʞʝʶ, ʟʘʣʝʞʠʪʴ 

ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʫʧʫ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ 

ʘʩʧʝʢʪʦʤ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ. ʆʜʥʠʤ ʽʟ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʫʧʫ ð ʻ DNS-ʪʘʙʣʠʮʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ IP-ʘʜʨʝʩ ɺʝʙ-ʨʝʩʫʨʩʫ, ʱʦʙ ʟʜʽʡʩʥʠʪʠ ʜʦ 

ʥʴʦʛʦ ʜʦʩʪʫʧ.  

ɯʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʚʘʡʜʝʨʽʚ DNS-

ʪʘʙʣʠʮʴ, ʪʘʢʠʭ ʷʢ:  

- OpenDNS 

- Cloudflare   

- Oracle 

- ɯ ʪ.ʜ. 

ʋʩʽ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʠʪʴ ʩʪʘʙʽʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʚʽʜʜʘʯʽ 

ʟʽʩʪʘʚʣʝʥʥʷ IP-ʘʜʨʝʩʫ ʤʝʨʝʞʝʚʦʛʦ ʨʝʩʫʨʩʫ ʡʦʛʦ ʚʝʨʙʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥ.̫ ɸʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʢʦʨʠʩʪʴ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʞʝʨʪʚʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʚʽʜʛʫʢʫ. ʑʦʙ ʚʠʛʨʘʪʠ ʫ ʰʚʠʜʢʦʩʪʽ, 

ʽʩʥʫʶʪʴ ʜʨʽʙʥʽ ʨʝʛʽʦʥʘʣʴʥʽ ʧʨʦʚʘʡʜʝʨʠ, ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʦʚʘʡʜʝʨʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʥʝ ʚʝʣʠʢʽ ɯʊ-ʢʦʨʧʦʨʘʮʽʾ, ʷʢʽ 

ʚʠʪʨʘʯʘʶʪʴ ʚʝʣʠʢʽ ʢʦʰʪʠ ʜʣʷ ʷʢʽʩʥʦʾ ʧʽʜʪʨʠʤʢʠ ʩʚʦʾʭ ʩʝʨʚʝʨʽʚ, ʘ 

ʜʨʽʙʥʽ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʥʝʷʢʽʩʥʽ ʪʘ 

ʟʘʩʪʘʨʽʣʽ ʪʘʙʣʠʮʽ, ʘʣʝ ʡ ʤʦʞʫʪʴ ʟʣʦʚʞʠʚʘʪʠ ʧʦʜʘʥʥʷ ʨʝʢʣʘʤʠ ʥʘ 

ɺʝʙ-ʩʪʦʨʽʥʢʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʦʾʭ ʟʘʧʠʩʽʚ ʫ DNS-ʪʘʙʣʠʮʷʭ. 

ɿʨʦʙʠʚ ʩʧʨʦʙʫ ʩʪʚʦʨʠʪʠ ʢʝʰʫʶʯʠʡ DNS-ʩʝʨʚʝʨ, ʪʘ ʧʦʨʽʚʥʷʪʠ 

ʟʘʪʨʠʤʢʫ ʟ ʽʥʰʠʤʠ ʩʝʨʚʝʨʘʤʠ - ʷʢ ʚʽʜʦʤʠʤʠ, ʪʘʢ ʽ 

ʨʝʛʽʦʥʘʣʴʥʠʤʠ. ʋ ʧʨʦʮʝʩʽ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʚʣʘʩʥʠʡ DNS-ʩʝʨʚʝʨ, 

ʥʘʧʠʩʘʥʠʡ ʩʢʨʠʧʪ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʨʦʙʦʪʠ ʮʠʭ ʩʝʨʚʝʨʽʚ, ʪʘ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʩʘʤʽ ʪʝʩʪʠ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʩʚʦʛʦ DNS-ʩʝʨʚʝʨʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʪʝʭʥʦʣʦʛʽʷ BIND. ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ 
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ʢʦʥʬʽʛʫʨʘʮʽʡ ʙʫʚ ʟʘʧʫʱʝʥʠʡ ʩʝʨʚʝʨ ʪʘ ʧʝʨʝʚʽʨʝʥʠʡ ʥʘ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ɿʘʧʫʩʪʠʚʰʠ ʪʝʩʪʦʚʠʡ ʩʢʨʠʧʪ, ʦʪʨʠʤʘʥʦ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ 

ʧʦʚʥʽʩʪʶ ʟʘʜʦʚʦʣʴʥʠʣʠ ʩʧʦʜʽʚʘʥʥʷ.  

 

ʊʘʙʣʠʮʷ 1. ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʫ DNS-

ʩʝʨʚʝʨʫ ʚʽʜ ʧʨʦʚʘʡʜʝʨʘ 

ʇʨʦʚʘʡʜʝ

ʨ  

ʊʝ

ʩʪ 1 

ʊʝ

ʩʪ 2 

é ʊʝ

ʩʪ n -

1 

ʊʝ

ʩʪ n 

ʉʝʨʝʜ

ʥʽ 

ʟʥʘʯʝʥʥʷ 

OpenDNS 51 

ʤʩ 

59 

ʤʩ 

é 49 

ʤʩ 

55 

ʤʩ 

53 ʤʩ 

Cloudfire 47 

ʤʩ 

51 

ʤʩ 

é 61 

ʤʩ 

59 

ʤʩ 

56 ʤʩ 

ʈʝʛʽʦʥʘʣʴ

ʥʠʡ 

ʧʨʦʚʘʡʜʝʨ 

24 

ʤʩ 

49 

ʤʩ 

é 81 

ʤʩ 

31 

ʤʩ 

51 ʤʩ 

ɺʣʘʩʥʠʡ 

DNS-ʩʝʨʚʝʨ 

15 

ʤʩ 

19 

ʤʩ 

é 19 

ʤʩ 

17 

ʤʩ 

18 ʤʩ 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʚ ʟʘʧʫʱʝʥʠʡ DNS-ʩʝʨʚʝʨ ʪʘ ʙʫʣʘ 

ʧʨʦʪʝʩʪʦʚʘʥʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʚʯʘʩʥʦ 

ʩʪʚʦʨʝʥʦʛʦ ʩʢʨʠʧʪʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʰʚʠʜʢʦʩʪʽ ʚʠʜʘʯʽ ʨʝʟʫʣʴʪʘʪʫ 

DNS-ʩʝʨʚʝʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʠʣʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʦʛʦ DNS-ʩʝʨʚʝʨʘ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʂʨʠʢʝʪ ʃʠ, ʇʦʣ ɸʣʴʙʠʪʮ, DNS ʠ BIND. ʉʠʤʚʦʣ, 2016ʛ., 

ï 712 ʩ. 

2. BIND 9 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] URL: 

https://www.isc.org/bind/ 

 

ʇʘʚʣʦ ɯʚʘʩʶʪʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʠʨʠʯʝʥʢʦ ʆ.ʃ. 

ʈʝʘʣʽʟʘʮʽʷ ʚʝʙ-ʩʝʨʚʽʩʫ ʜʣʷ ʨʦʟʩʠʣʢʠ SMS ʪʘ E-mail 

ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ ASP.Net MVC  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʤʘʩʦʚʦʾ ʨʦʟʩʠʣʢʠ ʧʦʚʽʜʦʤʣʝʥʴ ʟʨʦʩʪʘʻ ʟ 
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ʢʦʞʥʠʤ ʜʥʝʤ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ 

ʧʨʦʮʝʩʽʚ ʻ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʽ ʜʣʷ ʮʴʦʛʦ ʥʘʤ ʧʦʪʨʽʙʥʽ 

ʜʽʻʚʽ ʟʘʩʦʙʠ ʾʾ ʧʦʜʘʥʥʷ. ʗʢ ʧʦʢʘʟʫʶʪʴ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʘʡʙʽʣʴʰʝ ʤʠ ʟʚʝʨʪʘʻʤʦ ʫʚʘʛʫ ʥʘ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ 

ʥʘ ʥʘʰ ʪʝʣʝʬʦʥ ʘʙʦ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʧʦʰʪʫ. ʇʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ 

ʧʦʚʽʜʦʤʣʝʥʴ ʤʦʞʣʠʚʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ, ʱʦ ʟʝʢʦʥʦʤʠʪʴ ʙʘʛʘʪʦ 

ʯʘʩʫ. ʉʘʤʝ ʜʣʷ ʮʴʦʛʦ ʽ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʜʘʥʠʡ ʚʝʙ-ʩʝʨʚʽʩ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʨʚʽʩʫ ʙʫʣʦ ʦʙʨʘʥʦ ʧʣʘʪʬʦʨʤʫ ASP.Net MVC 

Core. ʎʷ ʧʣʘʪʬʦʨʤʘ ʥʘʜʘʻ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʰʘʙʣʦʥʘʭ ʩʧʦʩʽʙ 

ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʟ ʯʽʪʢʠʤ ʧʦʜʽʣʦʤ ʟʘʚʜʘʥʴ. 

ʄʦʜʝʣʴ MVC (Model-View-Controller) ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʥʠʡ 

ʢʦʥʪʨʦʣʴ ʨʦʟʤʽʪʢʠ, ʧʽʜʪʨʠʤʫʻ ʫʟʛʦʜʞʝʥʫ ʟ Test Driven 

Development (TDD) ʨʦʟʨʦʙʢʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʦʚʽʪʥʽ ʚʝʙ-

ʩʪʘʥʜʘʨʪʠ [1]. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʨʦʙʮʽ ʩʝʨʚʽʩʫ ʚʽʜʽʛʨʘʻ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʶ ʪʘ ʧʽʜʪʨʠʤʢʫ. ɺʠʭʦʜʷʯʠ ʟ ʦʙʨʘʥʦʾ ʧʣʘʪʬʦʨʤʠ 

ʩʝʨʚʽʩʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ, ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ORM Entity Framework Core. 

Entity Framework ʻ ʦʙ'ʻʢʪʥʦ-ʨʝʣʷʮʽʡʥʠʤ ʤʦʜʫʣʝʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷ (ORM) ʚʽʜ ʢʦʤʧʘʥʽʾ Microsoft, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ .NET ʧʨʘʮʶʚʘʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʦʙ'ʻʢʪʠ .NET. ʎʝ ʫʩʫʚʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʢʦʜʫ ʜʣʷ 

ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʷʢʠʡ ʨʦʟʨʦʙʥʠʢʘʤ ʟʘʟʚʠʯʘʡ ʜʦʚʦʜʠʪʴʩʷ 

ʧʠʩʘʪʠ ʩʘʤʦʩʪʽʡʥʦ. ɼʣʷ ʧʨʦʝʢʪʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʣʘʪʬʦʨʤʽ 

ASP.Net MVC Core, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʨʩʽʷ Entity Framework 

Core (EF Core). EF Core ʜʦʟʚʦʣʷʻ ʘʙʩʪʨʘʛʫʚʘʪʠʩʷ ʚʽʜ ʩʘʤʦʾ ʙʘʟʠ 

ʜʘʥʠʭ ʽ ʾʾ ʪʘʙʣʠʮʴ ʽ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ 

ʩʭʦʚʠʱʘ [2]. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʩʪʚʦʨʝʥʦʛʦ ʚʝʙ-ʩʝʨʚʽʩʫ ʻ ʚʽʜʧʨʘʚʢʠ 

ʧʦʚʽʜʦʤʣʝʥʴ ʥʘ ʪʝʣʝʬʦʥ ʦʜʥʦʯʘʩʥʦ ʪʘ ʜʣʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʦʪʨʠʤʫʚʘʯʽʚ. ʇʦʚʽʜʦʤʣʝʥʥʷ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ ʨʘʟʦʤ ʟʽ 

ʩʧʠʩʢʦʤ ʪʝʣʝʬʦʥʽʚ, ʥʘ ʷʢʽ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʽʜʧʨʘʚʣʝʥʽ. 

ʇʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʪʝʢʩʪʫ ʧʦʚʽʜʦʤʣʝʥʴ ʫ 

ʚʠʛʣʷʜʽ ʰʘʙʣʦʥʽʚ, ʷʢʽ ʧʽʜ ʯʘʩ ʚʽʜʧʨʘʚʢʠ ʧʦʚʽʜʦʤʣʝʥʥʷ 

ʟʘʧʦʚʥʶʶʪʴʩʷ ʫʥʽʢʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʢʦʥʪʘʢʪʫ (ʥʘʧʨʠʢʣʘʜ: ʽʤôʷ, 

ʜʘʪʘ ʥʘʨʦʜʞʝʥʥʷ). ʂʦʞʝʥ ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ ʤʘʻ ʩʚʽʡ ʩʧʠʩʦʢ 

ʢʦʥʪʘʢʪʽʚ ʽ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʩʪʚʦʨʝʥʠʭ ʥʠʤ ʨʦʟʩʠʣʦʢ. ʇʨʠ 

ʨʝʻʩʪʨʘʮʽʾ, ʘ ʪʘʢʦʞ ʚ ʦʩʦʙʠʩʪʦʤʫ ʢʘʙʽʥʝʪʽ ʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʚʦʻʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʰʪʠ. ʇʝʨʝʜʙʘʯʝʥʦ ʚʠʙʽʨ 

ʪʘʨʠʬʫ, ʟʛʽʜʥʦ ʟ ̫ ʢʠʤ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʦʪʨʠʤʫʚʘʯʽʚ ʪʘ ʮʽʥʫ. ʈʝʛʫʣʶʚʘʥʥʷʤ ʫʤʦʚ ʪʘʨʠʬʥʠʭ ʧʣʘʥʽʚ 

ʟʘʡʤʘʻʪʴʩʷ ʘʜʤʽʥʽʩʪʨʘʪʦʨ ʩʘʡʪʫ. 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ 

ʘʜʘʧʪʠʚʥʠʡ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʨʝʡʤʚʦʨʢʫ 

Bootstrap[3]. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʩʝʨʚʽʩʦʤ ʟ̔ ʥʦʫʪʙʫʢʘ, 

ʧʣʘʥʰʝʪʘ ʘʙʦ ʪʝʣʝʬʦʥʘ.  

 
ʈʠʩ. 1. ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʩʝʨʚʽʩʫ ʧʨʠ ʚʭʦʜʽ ʟ ʧʨʘʚʘʤʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ 

ʋ ʩʪʚʦʨʝʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʝʨʝʜʙʘʯʝʥʦ ʜʚʽ 

ʨʦʣʽ (ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ʪʘ ʢʦʨʠʩʪʫʚʘʯʘ) ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, 

ʘ ʩʘʤʝ: ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ ï ʚʩʪʘʥʦʚʣʝʥʥʷ, ʟʤʽʥʘ, ʜʦʜʘʚʘʥʥʷ  

ʪʘʨʠʬʥʦʛʦ ʧʣʘʥʫ; ʢʦʨʠʩʪʫʚʘʯʘ ï ʟʤʽʥʘ ʧʘʨʦʣʷ, ʥʦʤʝʨʘ ʪʝʣʝʬʦʥʫ, 

ʚʢʣʶʯʝʥʥʷ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʩʧʦʚʽʱʝʥʴ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʜʘʥʥʷ ʪʘ 

ʜʦʜʘʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʜʘʥʠʭ ʨʦʟʩʠʣʢʠ ʪʘ ʽʥ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʌʨʠʤʝʥ ɸʜʘʤ. ASP.NET Core MVC ʩ ʧʨʠʤʝʨʘʤʠ ʥʘ C# ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ / ʧʝʨ. ʩ ʘʥʛʣ. ʠ ʨʝʜ. ʖ.ʅ. ɸʨʪʝʤʝʥʢʦ. 6-ʝ ʠʟʜ., ʉʇʙ.: 

ɸʣʴʬʘ-ʢʥʠʛʘ, 2017.  992 ʩ. 

2. ʌʨʠʤʝʥ ɸ. Entity Framework Core 2 ʜʣʷ ASP.NET Core MVC ʜʣʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ / ʧʝʨ. ʩ ʘʥʛʣ. ʠ ʨʝʜ. ʖ.ʅ. ɸʨʪʝʤʝʥʢʦ. ʄ.: ɼʠʘʣʝʢʪʠʢʘ, 

2019. 624 ʩ. 

3. Bootstrap [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. URL: 

 https://uk.wikipedia.org/wiki/Bootstrap (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 20.02.19). 

  

https://uk.wikipedia.org/wiki/Bootstrap
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ʅʘʟʘʨ ɯʚʘʯʫʢ, ʈʫʩʣʘʥ ʄʝʜʚʽʜʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɯ.ɯ.ʄʦʭʫʥʴ 

 

ʇʦʪʦʢʠ ʝʥʝʨʛʽʾ ʚ ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʭ ʧʦʣʷʭ, ʫʪʚʦʨʝʥʠʭ 

ʷʢ ʩʫʧʝʨʧʦʟʠʮʽʷ ʭʚʠʣʴ ʽʟ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʪʘ 

ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤʠ ʭʚʠʣʴʦʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ  
ɺʽʜʦʤʦ, ʱʦ çʜʝʪʝʨʤʽʥʦʚʘʥʘè ʩʫʧʝʨʧʦʟʠʮʽʷ ʭʚʠʣʴ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʛʣʷʥʫʪʘ ʥʝ ʣʠʰʝ ʚ ʨʘʤʢʘʭ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʢʦʛʝʨʝʥʪʥʦʩʪʽ 

(ʢʦʛʝʨʝʥʪʥʽ ʭʚʠʣʽ), ʘ ʡ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʙʫʜʴ-ʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʭʚʠʣʴ (ʥʘʧʨʠʢʣʘʜ ʯʘʩʪʦʪʠ) ʧʦʚôʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ [1]. ʗʩʢʨʘʚʠʤ 

ʧʨʠʢʣʘʜʦʤ ʪʘʢʦʾ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʻ ʽʥʪʝʨʬʝʨʝʥʮʽʷ ʜʚʦʭ ʩʢʘʣʷʨʥʠʭ 

ʭʚʠʣʴ ʽʟ ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʪʘʢ ʟʚʘʥʝ ʷʚʠʱʝ ʙʠʪʪʷ ʨʝʟʫʣʴʪʫʶʯʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ [1]. 

ɹʫʜʝʤʦ ʥʘʟʠʚʘʪʠ ʪʘʢʫ ʩʫʧʝʨʧʦʟʠʮʽʶ çʩʫʧʝʨʧʦʟʠʮʽʻʶ 

ʟʚôʷʟʘʥʠʭ ʭʚʠʣʴè, ʘʙʦ, ʷʢ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʚ [1], çʥʝʩʪʘʣʦʶè 
ʩʫʧʝʨʧʦʟʠʮʽʻʶ. 

ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʩʬʦʨʤʦʚʘʥʝ 

ʥʝʟʘʣʝʞʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʪʦ, ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʪʘʢʫ ʽʥʪʝʨʬʝʨʝʥʮʽʶ ʥʝ ʢʦʨʝʢʪʥʦ. 

ɺʦʜʥʦʯʘʩ ʧʦʜʽʙʥʘ ʩʫʧʝʨʧʦʟʠʮʽʷ ʤʦʞʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ: 

1. ʆʩʢʽʣʴʢʠ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʽ ʣʘʟʝʨʠ ʟ ʜʦʚʞʠʥʦʶ ʢʦʛʝʨʝʥʪʥʦʩʪʽ 

ʜʝʩʷʪʢʠ ʘʙʦ ʥʘʚʽʪʴ ʩʦʪʥʽ ʢʽʣʦʤʝʪʨʽʚ [1]. 

2. ʇʦʜʽʙʥʽ ʝʬʝʢʪʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʚʽʪʣʘ 

ʯʝʨʝʟ ʜʝʷʢʽ ʢʨʠʩʪʘʣʠ ʪʘ ʧʦʜʚʦʻʥʥʽ ʯʘʩʪʦʪʠ ʩʚʽʪʣʦʚʦʾ ʭʚʠʣʽ [2]. 

3. ɺʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʤʽʞ ʟʚôʷʟʘʥʠʤʠ ʭʚʠʣʷʤʠ ʚ ʢʽʣʴʮʝʚʠʭ 

ʨʝʟʦʥʘʪʦʨʘʭ ʟʘʚʜʷʢʠ ʝʬʝʢʪʫ ʉʘʥʴʷʢʘ [3]. 

ɺʽʜʦʤʦ [4], ʱʦ ʧʨʠ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʢʦʛʝʨʝʥʪʥʠʭ ʭʚʠʣʴ ʽʟ 

ʙʣʠʟʴʢʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʪʘ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤʠ ʭʚʠʣʴʦʚʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʚʟʜʦʚʞ ʣʽʥʽʾ ʨʽʚʥʠʭ ʘʤʧʣʽʪʫʜ ʫʪʚʦʨʶʻʪʴʩʷ 

ʣʘʥʮʶʞʦʢ ʚʠʭʦʨʽʚ ʦʜʥʦʛʦ ʟʥʘʢʘ. ʗʢ ʥʘʩʣʽʜʦʢ, ʥʘʚʢʦʣʦ ʢʦʞʥʦʛʦ 

ʚʠʭʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʠʨʢʫʣʷʮʽʷ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ 

ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʽ ʫ ʚʠʧʘʜʢʫ ʨʽʟʥʦʯʘʩʪʦʪʥʦʾ 

ʥ̔ʪʝʨʬʝʨʝʥʮʽʾ ʧʦʚʠʥʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʝʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʪʦʢʽʚ 

ʝʥʝʨʛʽʾ ʚ ʟʦʥʽ ʪʘʢʠʭ ʪʦʯʦʢ. 

ɺʦʜʥʦʯʘʩ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʧʨʠ ʫʩʝʨʝʜʥʝʥʥʽ ʧʦ ʪʨʠʚʘʣʦʤʫ, 

ʟʥʘʯʥʦ ʙʽʣʴʰʦʤʫ, ʥʽʞ ʯʘʩ ʢʦʛʝʨʝʥʪʥʦʩʪʽ, ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ, 

ʨʝʟʫʣʴʪʫʶʯʠʡ ʚʝʢʪʦʨ ʧʦʧʝʨʝʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʝʢʪʦʨʘ ʋʤʦʚʘ ï 
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ʇʦʡʥʪʽʥʛʘ ʧʨʦʩʪʘ ʩʫʤʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʝʢʪʦʨʽʚ: 

ὖᴆ ὖᴆ ὖᴆ.          (1) 

ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʧʨʦʩʪʠʡ ʚʠʩʥʦʚʦʢ ï ʥʽʷʢʦʾ ʮʠʨʢʫʣʷʮʽʾ 

ʚʝʢʪʦʨʘ ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʚ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʯʘʩ 

ʫʩʝʨʝʜʥʝʥʥʷ ʩʫʤʽʨʥʠʡ ʽʟ çʯʘʩʦʤ ʙʠʪʪʷè, ʷʢʠʡ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘʤʠ, 

ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʯʘʩʫ ʬʦʨʤʘʣʴʥʦ 

ʚʚʝʜʝʥʦʛʦ ʯʘʩʫ ʢʦʛʝʨʝʥʪʥʦʩʪʽ 

Ὕ Ὕ                 (2) 

ʜʝ Ὕ  ï ʯʘʩ ʢʦʛʝʨʝʥʪʥʦʩʪʽ; ‗ ï ʩʝʨʝʜʥʷ ʜʦʚʞʠʥʘ ʭʚʠʣʽ; ɝ‗ ï 
ʨʽʟʥʠʮʷ ʜʦʚʞʠʥ ʭʚʠʣʴ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʮʠʨʢʫʣʷʮʽʷ ʫʩʝʨʝʜʥʝʥʦʾ 

ʟʘ ʯʘʩʦʤ ʧʦʧʝʨʝʯʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ. 

ʅʘ ʨʠʩ 1 ʥʘʚʝʜʝʥʽ ʨʦʟʧʦʜʽʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʧʝʨʝʯʥʦʾ 

ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ ʨʽʟʥʠʭ ʯʘʩʽʚ ʫʩʝʨʝʜʥʝʥʥʷ  

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʠ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʢʚʘʟʽʧʣʦʩʢʠʭ ʭʚʠʣʴ ʽʟ ʨʽʟʥʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʫʩʝʨʝʜʥʝʥʥʷ. 

ʘ-ʚ ï ʨʦʟʧʦʜʽʣʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ; ʛ-ʝ ï ʨʦʟʧʦʜʽʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʧʝʨʝʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʝʢʪʦʨʘ ʋʤʦʚʘ ï ʇʦʡʥʪʽʥʛʘ. 
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ɯʣʴʯʫʢ ɼʤʠʪʨʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʫʩʥʘʢ ʄ.ɸ. 

 

ʂʝʨʫʚʘʥʥʷ ʟʦʚʥʽʰʥʽʤʠ ʧʨʠʩʪʨʦʷʤʠ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʶ 

IʦT ʪʘ  ʆʉ Android  

 

 ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʫʞʝ ʩʢʣʘʜʥʦ ʫʷʚʠʪʠ ʩʦʙʽ ʞʠʪʪʷ ʽ 

ʧʦʙʫʪ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ   

ʧʨʠʩʪʨʦʾʚ. ʅʘʧʨʠʢʣʘʜ ʤʦʙʽʣʴʥʠʡ ʪʝʣʝʬʦʥ ʩʪʘʚ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʶʜʠʥʽ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʘʢʪʠʯʥʦ ʚʩʽʤʘ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. 

ɿʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʫ ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ 

ʥʦʫʪʙʫʢʦʤ ʪʘ ʆʉ Android ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʶ IoT. ʗʢ 

ʦʩʥʦʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ  ʨʦʟʨʦʙʢʠ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʦ Android 

Studio, Fritzing, Arduino+ ʪʘ .NET Visual Studio . ʄʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ:Kotlin,Java,.NET ʪʘ ʉ++.   

 ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ Android 

ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ.ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧʠ ʟʻʜʥʘʥʥʷ 
ʧʨʦʛʨʘʤʠ ʪʘ ʧʨʠʩʪʨʦʶ.ɿ'ʻʜʥʘʥʥʷ IOT ʽʥʢʘʧʩʫʣʴʦʚʘʥʝ ʚ 

Android-ʩʝʨʚʽʩ, ʷʢʠʡ ʧʨʘʮʶʻ ʫ ʬʦʥʦʚʦʤʫ ʨʝʞʠʤʽ ʜʦʜʘʪʢʠ 

Android, ʧʽʜʪʨʠʤʫʶʯʠ ʡʦʛʦ, ʢʦʣʠ ʜʦʜʘʪʦʢ Android 

ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʤʽʞ ʨʽʟʥʠʤʠ ʜʽʷʤʠ. ʎʝʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʧʨʠʡʦʤʫ ʧʦʚʽʜʦʤʣʝʥʴ IoT. 

ʆʩʢʽʣʴʢʠ ʩʣʫʞʙʘ Android Paho ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʣʽʻʥʪʩʴʢʦʾ 

ʙʽʙʣʽʦʪʝʮʽ Paho Java, ʾʾ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʘʙʽʣʴʥʦʶ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ.ɸ ʪʘʢʦʞ, ʱʦ ʤʝʪʦʜʠ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʝʨʚʝʨʥʠʭ ʨʽʰʝʥʥʷʭ 

ʜʣʷ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ,  ̒ʧʦʰʠʨʝʥʠʤʠ ʪʘ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘ-

ʪʠʩʷ  ̔ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʽ ʦʙʨʦʙʣʷʶʪʴ ʚʝʣʠʢʽ 

ʦʙʩʷʛʠ ʜʘʥʠʭ. ʊʘʢʠʤʠ ʩʬʝʨʘʤʠ ʻ: ʘʥʘʣʽʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, 

ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽ ʚʝʙ ʩʘʡʪʽʚ,ʘʥʘʣʽʟ ʩʪʘʥʫ ʽʥʬʨʘ

ʩʪʨʫʢʪʫʨʠ ʜʘʪʘ ʮʝʥʪʨʽʚ. 



134 

 
ʈʠʩ. 1 ï ʊʠʧʦʚʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

 

ʗʢ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʱʦ ʥʘ ʈʠʩ.1  ̒ʜʝʢʽʣʴʢʘ ʧʨʠʩʪʨʦʾʚ ʥ

ʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʷʢʽ ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʥʘʜʩʠʣʘʶʪʴ ʜʘʥʽ ʜʦ ʩʝʨʚʝʨʫ. ʏʘʩʪʠʥʘ ʧʨʠʩʪʨʦʾʚ ʤʘʶʪʴ 

ʚʙʫʜʦʚʘʥʽ ʧʣʘʪʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʥʘʜʩʠʣʘʪʠ ʜʘʥʽ ʙʝʟʧʦʩʝʨʝʜ

ʥʴʦ ʜʦ ʩʝʨʚʝʨʘ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʩʪʨʽʡ ʤʦʞʝ ʤʘʪʠ ʜʨʦʪʦʚʝ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ ʯʝʨʝʟ Ethernet, ʘʙʦ ʜʦʩʪʫʧ ʜʦ 

ʪʦʯʢʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ (Wi-Fi), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʙ-

ʜʦʩʪʫʧ.ʏʘʩʪʦ, ʷʢʱʦ ʥʘ ʧʝʚʥʽʡ ʪʝʨʠʪʦʨʽʾ ʯʠ ʚ ʙʫʜʽʚʣʽ ʥʘ 

ʥʝʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʨʦʟʪʘʰʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʧʨʠʩʪʨʦʾʚ, ʪʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʦʥʠ ʟ'ʻʜʥʫʶʪʴʩ ̫ʟʽ ʰʣʶʟʦʤ (ʢʽʣʴʢʽʩʪʴ ʰʣʶ

ʟʽʚ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʟʘ ʢʽʣʴʢʽʩʪʴ ʩʝʥʩʦʨʽʚ), ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛ

ʫ, ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʜʘʥʠʭ ʜʦ ʩʝʨʚʝʨʘ ʯʝʨʝʟ ɯʥʪʝʨʥʝʪ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʣʘʪʬʦʨʤʫ AWS IoT. ï

https://aws.amazon.com/iot/ 

2. Robert C. Martin. Clean Code: A Handbook of Agile 

Software Craftsmanship 
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ɺʽʪʘʣʽʡ ʂʘʟʘʯʝʥʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʖ.ʂ. ɻʘʣʫʰʢʦ 

 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʙʝʟʧʝʢʠ ʫ ʩʬʝʨʽ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ 
ʅʘʧʘʜʠ ʥʘ ʚʝʙ-ʜʦʜʘʪʢʠ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ ʪʨʠʚʘʶʪʴ, ʽ 

ʤʦʞʥʘ ʥʘʚʽʪʴ ʩʢʘʟʘʪʠ, ʱʦ ʚʦʥʠ ʚʽʜʨʦʜʞʫʶʪʴʩʷ [1]. ʇʨʦ ʮʝ 

ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1,ʘ ʪʘ ʨʠʩʫʥʦʢʫ 1,ʙ. ʑʦʙ 

ʜʽʟʥʘʪʠʩʷ ʙʽʣʴʰʝ ʧʨʦ ʪʝ, ʷʢʽ ʪʘʢʪʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʪʘʢʘʭ 

ʧʨʦʪʠ ʧʣʘʪʽʞʥʠʭ ʜʦʜʘʪʢʽʚ, ʥʘʤ ʧʦʪʨʽʙʥʦ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʧʘʨʠ 

ʟʘʛʨʦʟʘ - ʧʦʩʪʨʘʞʜʘʣʽ ʘʢʪʠʚʠ. 

 
ʈʠʩ.1 ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʰʘʭʨʘʡʩʪʚʘ ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʢʦʤʝʨʮʽʾ: 

ʘ) ʩʪʘʪʠʩʪʠʢʘ ʽʥʮʠʜʝʥʪʽʚ ʰʘʭʨʘʡʩʪʚʘ ʟ ʢʘʨʪʢʘʤʠ ʪʘ ʙʝʟ ʢʘʨʪʦʢ; 

ʙ) ʩʪʘʪʠʩʪʠʢʘ ʧʦʨʫʰʝʥʥʴ ʜʘʥʠʭ ʧʨʦ ʦʧʣʘʪʫ ʚ ʯʘʩʽ ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʪʘ ʙʝʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɿʘʛʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʜʽʡ ʟʣʦʚʤʠʩʥʠʢʽʚ (1) ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿʣʦʚʤʠʩʥʠʢ ʢʦʤʧʨʦʤʝʪʫʻ ʚʝʙ-ʜʦʜʘʪʦʢ ʽ 

ʚʩʪʘʥʦʚʣʶʻ ʢʦʜ ʫ ʧʣʘʪʽʞʥʫ ʧʨʦʛʨʘʤʫ, ʷʢʠʡ ʙʫʜʝ ʟʘʭʦʧʣʶʚʘʪʠ 

ʨʝʢʚʽʟʠʪʠ ʧʣʘʪʽʞʥʦʾ ʢʘʨʪʢʠ ʢʣʽʻʥʪʘ, ʢʦʣʠ ʚʽʥ ʟʘʚʝʨʰʠʪʴ ʩʚʦʾ 

ʧʦʢʫʧʢʠ. ɼʝʷʢʽ ʧʦʨʫʰʝʥʥʷ ʤʘʣʠ ʜʝʪʘʣʽ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʬʦʨʤʫ-

ʛʨʘʙʽʞ, ʽ ʤʦʞʥʘ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʷʢ Spyware/Keylogger ʤʝʪʦʜ 

ʟʙʦʨʫ ʜʘʥʠʭ, ʷʢʽ ʚʚʦʜʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʦʜʥʦʯʘʩ ʦʙʤʝʞʝʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ çʰʢʽʜʣʠʚʠʡ ʢʦʜè, ʷʢʠʡ ʟʙʠʨʘʚ ʜʘʥʽ ʧʣʘʪʽʞʥʠʭ 

ʢʘʨʪ [2]. 

ʊʘʢʦʞ ʥʝʤʘʻ ʯʽʪʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʪʝ, ʷʢ ʙʫʚ 

ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʠʡ ʩʘʤ ʚʝʙ-ʜʦʜʘʪʦʢ. ʋ ʥʘʰʠʭ ʜʘʥʠʭ ʧʨʠʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʘʢʠʡ ʤʝʪʦʜ, ʷʢ RFI. ɸʣʝ ʯʘʩʪʦ ʮʝ ʤʦʞʝ ʙʫʪʠ 

Exploit Vuln ʘʙʦ ʡʦʛʦ ʚʘʨʽʘʮʽʾ (ʦʩʪʘʥʥʷ ʚʝʨʩʽʷ ʷʢʦʛʦ VERIS!). 

ʆʪʞʝ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʡ ʟʘʛʘʣʴʥʠʡ ʣʘʥʮʶʞʦʢ 
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ʜʽʡ ʟʣʦʚʤʠʩʥʠʢʽʚ [3]: ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʫʨʘʟʣʠʚʦʩʪʝʡ 

ʚʝʙ-ʜʦʜʘʪʢʽʚ >> ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʽ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ >> ʩʢʠʥʫʪʠ 

ʟʣʦʚʤʠʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ >> ʧʨʦʚʝʩʪʠ ʦʧʣʘʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʢʘʨʪʢʠ >> ʧʨʠʙʫʪʦʢ. 

ɿ ʘʥʘʣʽʟʫ ʮʠʭ ʜʘʥʠʭ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ 

ʢʦʤʝʨʮʽʷ ʚʨʘʟʣʠʚʘ. ʉʧʨʷʤʦʚʘʥʽ ʥʘ ʚʝʙ-ʜʦʜʘʪʢʠ ʨʦʟʛʣʷʥʫʪʦʾ 

ʩʬʝʨʠ ʧʨʦʛʨʘʤʠ ʟʣʦʚʤʠʩʥʠʢʽʚ ʚ ɯʥʪʝʨʥʝʪʽ ʥʘʜʘʶʪʴ ʧʨʦʩʪʽʨ ʜʣʷ 

ʝʬʝʢʪʠʚʥʠʭ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʘ ʤʘʩʰʪʘʙʥʠʭ ʘʪʘʢ. ɯʩʥʫʶʪʴ 

ʢʨʠʤʽʥʘʣʴʥʽ ʛʨʫʧʠ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʪʘʢʠʭ ʪʠʧʘʭ ʘʪʘʢ, ʷʢʽ 

ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ çʙʝʥʢʝʪʫʶʪʴ ʥʠʟʴʢʦ ʚʠʩʷʯʠʤʠ ʬʨʫʢʪʘʤʠè. 
ʊʘʙʣʠʮʷ 1 

ʂʦʤʙʽʥʘʮʽʾ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʟʘʛʨʦʟ ʪʘ ʘʢʪʠʚʽʚ ʫ ʤʝʞʘʭ ʧʦʨʫʰʝʥʴ ʫ 

ʩʬʝʨʽ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ, (n = 139) 
ʊʠʧ ʘʪʘʢʠ (ʟʘʛʨʦʟʘ)  ʎʽʣʴ ʘʪʘʢʠ (ʘʢʪʠʚ) ʢ-ʪ ɹ

Hacking - Use of stolen creds  Server ï Mail  43 

Social ï Phishing  Server ï Mail  41 

Hacking - Use of backdoor or 

C2 

 User Dev ï Desktop  17 

Malware - C2  User Dev ï Desktop  16 

Physical ï Skimmer  Kiosk |Term ï ATM  16 

Misuse - Privilege abuse  Server ï Database  14 

Hacking - Use of stolen creds  Server - Web 

application 

 10 

Social ï Phishing  User Dev ï Desktop  10 

Error ï Misdelivery  User Dev ï Desktop  9 

Malware ï Backdoor  User Dev ï Desktop  9 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʪʝʯʝʢ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʟ ʦʨʛʘʥʠʟʘʮʠʡ ʬʠʥʘʥʩʦʚʦʛʦ ʩʝʛʤʝʥʪʘ ʚ 2019 ʛ. [ɽʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ïʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.infowatch.ru/resources/ 

analytics/reports/21649 

2. 2019 Data Breach Investigations Report [ɽʣʝʢʪʨʦʥʥrʡ 

ʨʝʩʫʨʩ]. ïʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.securityweek.com/verizon-

publishes-2019-data-breach-investigations-report-dbir 
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ɭʚʛʝʥ ʂʘʨʬʽʢ 

 ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ʄʘʨôʷʥʯʫʢ ʇ. ɼ. 

ʘʩʠʩʪ. ʇʘʨʭʦʤʝʥʢʦ ɻ.ʇ. 

 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ W2N/CdTe 
ʊʝʣʫʨʠʜ ʢʘʜʤʽʶ (CdTe) ð ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʽʟ ʢʨʠʩʪʘʣʽʯʥʦʶ 

ʛʨʘʪʢʦʶ ʪʠʧʫ ʮʠʥʢʦʚʦʾ ʦʙʤʘʥʢʠ (ZnS). ɺʠʢʦʨʠʩʪʘʥʥʷ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ ʨʝʯʦʚʠʥʠ. 

ʊʝʣʫʨʠʜ ʢʘʜʤʽʶ ʚ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽʡ ʬʦʨʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʝʢʪʦʨʽʚ ʛʘʤʤʘ ʪʘ ʞʦʨʩʪʢʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʷʢ ɯʏ-ʬʽʣʴʪʨ. ʊʦʥʢʽ ʧʣʽʚʢʠ CdTe 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ. ɿʨʦʩʪʘʻ 

ʽʥʪʝʨʝʩ ʜʦ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʥʘ ʦʩʥʦʚʽ CdTe [1]. 

ʅʽʪʨʠʜʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʚʦʛʥʝʪʨʠʚʢʠʭ ʥʽʪʨʠʜʽʚ ʤʝʪʘʣʽʚ, ʷʢʽ ʙʫʣʠ ʧʨʝʜʤʝʪʦʤ ʽʥʪʝʥʩʠʚʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʘʢʠʤ ʷʢ ʚʠʩʦʢʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ, ʚʠʩʦʢʘ ʪʚʝʨʜʽʩʪʴ, ʭʽʤʽʯʥʘ ʽʥʝʨʪʥʽʩʪʴ, 

ʭʦʨʦʰʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ, ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʦ 

ʤʘʣʘ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (2,2 ʝɺ)[2]. 

ʅʽʪʨʠʜ ʚʦʣʴʬʨʘʤʫ W2N - ʥʝʦʨʛʘʥʽʯʥʘ ʩʧʦʣʫʢʘ ʤʝʪʘʣʫ 

ʚʦʣʴʬʨʘʤʫ ʽ ʘʟʦʪʫ, ʯʦʨʥʦ-ʢʦʨʠʯʥʝʚʽ ʢʨʠʩʪʘʣʠ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʘ, 

ʨʝʘʛʫʻ ʟ ʚʦʜʦʶ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʷʢ 

ʢʦʥʪʘʢʪʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʨʦʚʽʜʥʠʭ ʰʘʨʽʚ ʽ ʙʘʨ'ʻʨʥʠʭ ʰʘʨʽʚ ʤʽʞ 

ʢʨʝʤʥʽʻʤ ʪʘ ʽʥʰʠʤʠ ʤʝʪʘʣʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʚʦʣʴʬʨʘʤ ʘʙʦ ʤʽʜʴ. 

ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʜʰʝ, ʥʽʞ ʥʽʪʨʠʜ ʪʠʪʘʥʫ ʘʙʦ ʚʦʣʴʬʨʘʤʦʚʽ 

ʧʣʽʚʢʠ. 

ɿʘʚʜʷʢʠ ʮʠʤ ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʧʣʽʚʢʠ W2N ʦʪʨʠʤʘʣʠ 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʪʚʝʨʜʽ ʧʦʢʨʠʪʪʷ ʚ ʤʝʭʘʥʽʯʥʠʭ ʘʧʘʨʘʪʘʭ, 

ʜʠʬʫʟʽʡʥʽ ʙʘʨ'ʻʨʠ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʢʘʪʦʜʥʽ 

ʢʘʪʘʣʽʟʘʪʦʨʠ ʜʣʷ ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʪʚʦʨʥʽ ʝʣʝʢʪʨʦʜʠ ʚ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʫ ʜʘʪʯʠʢʘʭ, ʫ ʚʫʟʣʘʭ ʟʙʝʨʽʛʘʥʥʷ ʬʣʝʰ-

ʧʘʤôʷʪʽ, ʦʧʪʠʯʥʽ ʧʦʢʨʠʪʪʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʚʝʨʜʽ ʟʥʦʩʦʩʪʽʡʢʽ 

ʧʦʢʨʠʪʪʷ ʥʘ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʘʭ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʽʜʢʣʘʜʢʠ 

ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʥʝʩʝʥʥʷ ʧʣʽʚʦʢ W2N 

ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʧʽʜʢʣʘʜʢʠ (ʪʠʧʦʨʦʟʤʽʨʦʤ 5 ³ 5 ³ 1 ʤʤ) ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ Leybold-Heraeus L560 ʟʘ 
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ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʪʠʚʥʦʛʦ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʤʽʰʝʥʽ 

ʯʠʩʪʦʛʦ ʚʦʣʴʬʨʘʤʫ ʚ ʘʪʤʦʩʬʝʨʽ ʩʫʤʽʰʽ ʘʨʛʦʥʫ ʽ ʘʟʦʪʫ ʧʨʠ 

ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ. 

ʇʽʜʢʣʘʜʢʠ ʨʦʟʤʽʱʫʚʘʣʠʩʷ ʥʘʜ ʤʘʛʥʝʪʨʦʥʦʤ ʽʟ ʧʦʜʘʣʴʰʠʤ 

ʦʙʝʨʪʘʥʥʷʤ ʩʪʦʣʠʢʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʣʽʚʦʢ ʧʦ 

ʪʦʚʱʠʥʽ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ 

ʚʽʜʢʘʯʫʚʘʣʘʩʷ ʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 5Ā10
-5
 mbar. 

ɼʣʷ ʥʘʧʠʣʝʥʥʷ ʧʣʽʚʦʢ W2N ʚʦʣʴʬʨʘʤʦʚʘ ʤʽʰʝʥʴ (99,99) 

(ʰʘʡʙʘ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 1 ʤʤ) ʨʦʟʤʽʱʫʚʘʣʘʩʷ ʥʘ 

ʩʪʦʣʠʢʫ ʤʘʛʥʝʪʨʦʥʘ ʟ ʚʦʜʷʥʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘ ʚʽʜʩʪʘʥʽ 7 ʩʤ 

ʚʽʜ ʧʽʜʢʣʘʜʦʢ.  

ʇʨʦʪʷʛʦʤ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʧʘʨʮʽʘʣʴʥʽ ʪʠʩʢʠ ʫ ʚʘʢʫʫʤʥʽʡ 

ʢʘʤʝʨʽ ʩʢʣʘʜʘʣʠ ~ 3 Ā 10
-3
 mbar ʜʣʷ ʘʨʛʦʥʫ ʽ ~ 3 Ā 10

-3
 mbar ʜʣʷ 

ʘʟʦʪʫ. ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʤʘʛʥʝʪʨʦʥʘ ~ 100 ɺʪ. ʇʨʦʮʝʩ 

ʥʘʧʠʣʝʥʥʷ ʪʨʠʚʘʚ ~ 30 ʭʚʠʣʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʦʢ ~ 

373 ʂ. 

ʌʨʦʥʪʘʣʴʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʜʦ ʪʦʥʢʦʾ ʧʣʽʚʢʠ W2N 

ʬʦʨʤʫʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʧʘʩʪʠ. 

ʆʤʽʯʥʽ ʢʦʥʪʘʢʪʠ ʜʦ n-CdTe ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ 

ʰʘʨʫ ʤʽʜʽ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʥʝʩʝʥʥʷʤ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʧʘʩʪʠ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʚʠʤʽʨʶʚʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʯʥʦʛʦ ʬʝʤʪʦ/ʧʽʢʦ - ʘʤʧʝʨʤʝʪʨʘ Keysight 

B2985A ʟ ʚʙʫʜʦʚʘʥʠʤ ʜʞʝʨʝʣʦʤ (Ñ 1000 ɺ), ʘ ʷʢ ʚʦʣʴʪʤʝʪʨ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ Agilent 34410A. ɼʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ W2N/n-CdTe ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʠʟʥʘʯʝʥʦ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ, 

ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʤʽʥʫʶʯʽ ʤʝʭʘʥʽʟʤʠ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɸʨʪʝʤ ʂʘʩʴʷʥʯʫʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɻ.ɯ. ʃʘʩʪʽʚʢʘ 

ʊʝʭʥʦʣʦʛʽʷ honeypot ʷʢ ʟʘʩʽʙ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ  
ʇʦʨʷʜ ʽʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʭʠʩʪʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 

ʤʝʨʝʞ ʚʽʜ ʚʪʦʨʛʥʝʥʴ, ʟʦʢʨʝʤʘ ʩʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ 

(IDS) ʪʘ ʩʠʩʪʝʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʦʨʛʥʝʥʴ (IPS), ʪʘʢʦʞ ʽʩʥʫʶʪʴ 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʽʜʭʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʽʜʭʦʜʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

honeypot [1], ʷʢʘ ʥʝ ʻ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʦʶ ʪʘ ʜʦʢʫʤʝʥʪʦʚʘʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ.  

ʆʩʦʙʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ honeypot ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞʝʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʥʘʚʤʠʩʥʦʛʦ ʩʪʚʦʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʟʣʦʚʤʠʩʥʠʢʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʧʝʚʥʦʛʦ ʨʝʩʫʨʩʫ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʟʦʣʴʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʟ ʧʦʩʪʽʡʥʠʤ ʞʦʨʩʪʢʠʤ 

ʤʦʥʽʪʦʨʠʥʛʦʤ [2]. ɿʘʟʚʠʯʘʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʧʠʩ ʪʨʘʬʽʢʘ ʤʽʞ 

ʟʣʦʚʤʠʩʥʠʢʦʤ ʪʘ ʩʠʩʪʝʤʦʶ. ɿ ʥʘʩʪʫʧʥʦʛʦ ʘʥʘʣʽʟʫ ʜʽʡ ʧʦʨʫʰʥʠʢʘ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ: ʩʪʘʥ ʟʘʭʠʱʝʥʦʩʪʽ 

ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʘʢʪʫʘʣʴʥʽ ʤʝʪʦʜʠ ʚʟʣʦʤʫ, ʫʨʘʟʣʠʚʦʩʪʽ ʪʘ 

ʟʘʩʦʙʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʻ ʟʣʦʚʤʠʩʥʠʢ, ʮʽʣʽ ʧʦʨʫʰʥʠʢʘ ʪʦʱʦ. 

ʆʪʨʠʤʘʥʘ ʫ ʪʘʢʠʡ ʩʧʦʩʽʙ ʽʥʬʦʨʤʘʮʽʷ ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʪʘʢ ʥʘ ʨʝʘʣʴʥʽ ʨʝʩʫʨʩʠ ʦʨʛʘʥʽʟʘʮʽʾ.  

Honeypot-ʩʠʩʪʝʤʠ ʯʘʩʪʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʘ ʙʘʟʽ ʦʜʥʦʛʦ ʬʽʟʠʯʥʦʛʦ (ʘʙʦ 

ʚʽʨʪʫʘʣʴʥʦʛʦ) ʢʦʤʧôʶʪʝʨʘ ʨʦʟʛʦʨʥʫʪʠ ʢʽʣʴʢʘ honeypot-ʩʠʩʪʝʤ ʽʟ 

ʥʘʩʪʫʧʥʠʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʥʠʤʠ. ʊʝʭʥʦʣʦʛʽʷ 

ʢʦʥʪʝʡʥʝʨʥʦʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ ʚ ʜʝʷʢʦʤʫ ʩʝʥʩʽ ʧʝʨʝʛʣʷʥʫʪʠ 

ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʚʽʨʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʽ ʟʦʢʨʝʤʘ honeypot-

ʩʠʩʪʝʤ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʢʦʥʪʝʡʥʝʨʥʘ ʚʽʨʪʫʘʣʽʟʘʮʽʷ ʚʞʝ ʘʢʪʠʚʥʦ 

ʟʘʤʽʱʫʻ ʢʣʘʩʠʯʥʫ ʚʽʨʪʫʘʣʽʟʘʮʽʶ ʚ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʜʘʥʥʷ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ 

ʚʽʜʢʨʠʣʦ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʚʽʨʪʫʘʣʽʟʘʮʽʾ: ʢʦʥʪʝʡʥʝʨʠ, ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʦʟʛʦʨʪʘʥʥʷ ʡ 

ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ. 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʢʦʥʪʝʡʥʝʨʥʦʾ ʚʽʨʪʫʘʣʽʟʘʮʽʾ ʥʘʜ 

ʢʣʘʩʠʯʥʦʶ ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʟʘʧʫʩʢʫ ʢʦʥʪʝʡʥʝʨʽʚ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʚʥʦʮʽʥʥʠʤʠ ʚʽʨʪʫʘʣʴʥʠʤʠ ʤʘʰʠʥʘʤʠ ʙʝʟ ʚʪʨʘʪʠ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ. ɯʩʥʫʻ ʦʢʨʝʤʠʡ ʢʣʘʩ honeypot-ʩʠʩʪʝʤ ï 

ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʩʪʘʥ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʟ 

ʢʦʨʠʩʪʫʚʘʯʝʤ, ʪʦʯʥʽʰʝ, ʽʟ ʟʣʦʚʤʠʩʥʠʢʦʤ, ʷʢʠʡ ʦʪʨʠʤʘʚ ʜʦʩʪʫʧ 

ʜʦ ʩʠʩʪʝʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ 

ʨʦʟʛʦʨʪʘʪʠ ʩʠʩʪʝʤʫ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ. ʉʘʤʝ ʮʷ ʦʩʦʙʣʠʚʽʩʪʴ 

ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ honeypot-ʩʠʩʪʝʤʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʭʦʩʪʽʚ, ʱʦ ʚʠʛʣʷʜʘʶʪʴ ʜʣʷ ʟʣʦʚʤʠʩʥʠʢʘ ʧʦʚʥʦʮʽʥʥʦʶ 

ʢʦʨʧʦʨʘʪʠʚʥʦʶ ʤʝʨʝʞʝʶ, ʙʝʟ ʧʦʪʨʝʙʠ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʘʢʪʠʚʥʠʤʠ ʚʩʽ ʾʾ ʝʣʝʤʝʥʪʠ [3]. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ 

ʚʠʩʦʢʦʽʥʪʝʨʘʢʪʠʚʥʽ ʜʠʥʘʤʽʯʥʽ honeypot-ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ ʟʘʜʘʯʽ 

ʥʠʟʴʢʦʽʥʪʝʨʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʫʶʪʴ ʡ 

ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ, ʥʘʧʨʠʢʣʘʜ, ʟʘʧʦʙʽʛʪʠ 

ʤʝʨʝʞʝʚʦʤʫ ʩʢʘʥʫʚʘʥʥʶ ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʞʤʝʨʝʞʝʚʠʭ 

ʝʢʨʘʥʽʚ ʪʘ ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʡ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʪʦʨʛʥʝʥʴ, ʘ ʪʘʢʦʞ 

ʧʨʘʚʠʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʝʨʝʞʽ. ʇʨʦʪʝ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʢʦʥʢʨʝʪʥʽ ʜʽʾ, ʟʜʽʡʩʥʝʥʽ ʟʣʦʚʤʠʩʥʠʢʦʤ ʧʨʠ ʧʨʦʥʠʢʥʝʥʥʽ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʫ ʤʝʨʝʞʫ, ʚʩʝ ʞ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʫ ʮʽʥʥʽʩʪʴ, 

ʥʽʞ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʬʘʢʪ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʤʝʨʝʞʫ, ʷʢʘ 

ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʤʽʞʤʝʨʝʞʝʚʠʭ ʝʢʨʘʥʽʚ ʽ ʟʘʩʦʙʽʚ ʚʠʷʚʣʝʥʥʷ 

ʚʪʦʨʛʥʝʥʴ ʟʦʢʨʝʤʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʥʘʤʽʯʥʽ honeypot-ʩʠʩʪʝʤʠ ʻ ʛʥʫʯʢʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʽʟ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʜʦʜʘʪʢʦʚʠʡ ʟʘʩʽʙ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ 

(ʚʠʷʚʣʝʥʥʷ, ʧʦʧʝʨʝʜʞʝʥʥʷ ʽ ʧʨʦʪʠʜʽʷ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽʡ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʤʝʨʝʞʽ), ʪʘʢ ʽ ʟʘʩʽʙ ʜʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, 

ʟʘʩʦʙʽʚ ʡ ʤʦʪʠʚʘʮʽʡ ʟʣʦʚʤʠʩʥʠʢʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʘʜʠʤ ʂʘʯʫʣʘ, ʇʝʪʨʦ ʇʨʦʢʦʧʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɯ.ʄ. ʖʨʽʡʯʫʢ 

 

ɽʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ ʢʦʨʦʪʢʦʧʝʨʽʦʜʠʯʥʠʭ ʥʘʜʛʨʘʪʦʢ 
[001] (CdTe)n/(Cd1-ʭHgʭTe)m  

ʅʘʜʛʨʘʪʢʦʚʽ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ 

ɸ
2
ɺ

6
 ʻ ʚʘʞʣʠʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʽ 

ʽʥʪʝʥʩʠʚʥʦ ʚʠʚʯʘʶʪʴʩʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ [1].  ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ 

ʢʝʨʫʚʘʪʠ ʩʢʣʘʜʦʤ ʽ ʨʦʟʤʽʨʘʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʰʘʨʽʚ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʩʪʨʫʢʪʫʨʫ,  ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʽʚ ʽ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣ ʽʟ ʧʦʪʨʽʙʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɺ ʜʘʥ̔ʡ ʨʦʙʦʪ ̔ʨʦʟʨʘʭʦʚʘʥʦ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʝʣʝʢʪʨʦʥʽʚ ʚ ʥʘʜʛʨʘʪʢʘʭ (CdTe)n/(Cd1-ʭHgʭTe)m ʟ ʥʘʧʨʷʤʢʦʤ 

ʨʦʩʪʫ [001] ʜʣʷ ʮʽʣʦʛʦ ʥʘʙʦʨʫ ʪʦʚʱʠʥ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʰʘʨʽʚ.  

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʜʛʨʘʪʦʢ (CdTe)n/(Cd1-ʭHgʭTe)m ʻ 

ʽʩʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘʜʛʨʘʪʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ 

ʰʘʨʽʚ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ HgTe ʻ 

ʙʝʟʱʽʣʠʥʥʠʤ, ʧʨʦʪʝ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʰʘʨʽʚ HgTe ʫ 

ʟʦʥʥʽʡ ʩʪʨʫʢʪʫʨʽ ʥʘʜʛʨʘʪʢʠ ʟôʷʚʣʷʻʪʴʩʷ ʱʽʣʠʥʘ ʽ ʥʘʜʛʨʘʪʢʘ 

ʟʤʽʥʶʻ ʩʚʽʡ ʪʠʧ. ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʛʣʷʜ ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ 

ʝʤʧʽʨʠʯʥʦʛʦ ʩʠʣʴʥʦʛʦ ʟʚôʷʟʢʫ. ʉʫʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʣʽʥʽʡʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʘʪʦʤʥʠʭ ʦʨʙʽʪʘʣʝʡ, ʷʢʽ ʮʝʥʪʨʦʚʘʥʽ ʥʘ 

ʦʢʨʝʤʠʭ ʘʪʦʤʘʭ [2]. ʄʘʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ ʛʘʤʽʣʴʪʦʥʽʘʥʫ 

ʙʫʜʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʨʘʤʝʪʨʽʚ, ʧʽʜʙʽʨ 

ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʫ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʦʥʥʫ ʩʪʨʫʢʪʫʨʫ ʦʙôʻʤʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ 

CdTe ʽ HgTe.  

ɺʠʚʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʜʛʨʘʪʦʢ [001] (CdTe)n/(HgTe)m ʚʽʜ ʪʦʚʱʠʥʠ ʥʘʧʽʚʧʨʦʚʽʜ-

ʥʠʢʦʚʠʭ ʰʘʨʽʚ CdTe ʽ HgTe. ɺʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ n ʽ m, ʜʣʷ ʷʢʠʭ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ ʙʝʟʱʽʣʠʥʥʦʛʦ ʜʦ ʟʚʠʯʘʡʥʦʛʦ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɿʥʘʯʝʥʥʷ m, ʜʣʷ ̫ʢʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʪʠʧ 

ʥʘʜʛʨʘʪʢʠ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ n ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ CdTe. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʙʽʣʴʰ ʤʘʩʠʚʥʦʛʦ ʰʘʨʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ 

CdTe ʧʦʪʨʽʙʥ ̔ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ m, ʱʦʙ ʚʽʜʙʫʚʩʷ ʧʝʨʝʭʽʜ (ʨʠʩ. 1). 
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ɿ ʘʥʘʣʽʟʫ ʨʠʩʫʥʢʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʜʛʨʘʪʢʠ ʩʠʣʴʥʽʰʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʰʘʨʽʚ HgTe, ʥʽʞ ʚʽʜ 

ʢʽʣɹʢʦʩʪʽ ʰʘʨʽʚ CdTe.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 1. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʜʛʨʘʪʢʠ  (CdTe)n/(HgTe)m ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ m ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ n 

ʇʨʦʚʝʜʝʥʦ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʜʛʨʘʪʦʢ (CdTe)n/(Cd1-ʭHgʭTe)m ʚʽʜ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʭ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʝʨʝʭʽʜ ʟʚʠʯʘʡʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ - ʙʝʟʱʽʣʠʥʥʠʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʜʣʷ ʜʘʥʦʾ ʥʘʜʛʨʘʪʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʥʘʯʥʦ 

ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʭ, ʥʽʞ ʮʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ 

Cd1-ʭHgʭTe (ʭ=0.17). ʅʘʜʛʨʘʪʢʘ (CdTe)n/(Cd1-ʭHgʭTe)m, ʜʣʷ 

ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʟʥʘʯʝʥʴ n, m i x ʻ ʙʝʟʱʽʣʠʥʥʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ, ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʷʢʦʛʦ ʟʥʘʯʥʦ 

ʙʽʣʴʰʘ, ʥʽʞ ʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟ ʪʠʤ ʞʝ ʩʢʣʘʜʦʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɿʘʷʯʫʢ ɼ.ʄ. ʅʠʟʴʢʦʨʦʟʤʽʨʥʽ ʩʪʨʫʢʪʫʨʠ ʽ ʥʘʜʛʨʘʪʢʠ / 

ɼ.ʄ. ɿʘʷʯʫʢ. ï ʃʴʚʽʚ:ɺʠʜ-ʚʦ ʥʘʮ. ʫʥ-ʪʫ ñʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò, 

2006. ï 219 ʩ. 

2. Delerue C. Tight binding for complex semiconductor 

systems / C. Delerue, M. Lannoo, G. Allan // Phys. Stat. Sol. ï 2001. ï 

V.227, N 1. ï P. 115-149. 
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ɸʥʘʪʦʣʽʡ ʂʽʙʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʇʨʠʙʠʣʘ ɸ.ɺ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʜʠʮʽʦʥʝʨ ʜʣʷ ʦʜʷʛʫ 

 
ɽʢʦʥʦʤʽʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ï ʦʜʥʘ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʜʘʯ 

ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ. ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʪʘʢʦʾ ʝʢʦʥʦʤʽʾ ï ʟʤʝʥʰʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ [1]. ɿʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʜʣʷ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʞʠʪʣʘ, ʤʽʩʮʴ ʨʦʙʦʪʠ ʪʘ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʢʽʥʦʪʝʘʪʨʠ, ʪʝʘʪʨʘʣʴʥʽ ʟʘʣʠ, ʤʽʩʮʷ 

ʢʦʣʝʢʪʠʚʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʽʥ.) ʦʮʽʥʶʶʪʴʩʷ ʫ 800*10
9 ʢɺʪ*ʛʦʜ 

ʥʘ ʨʽʢ [2]. ɼʣʷ ʾʭ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʥʝ ʫʩʴʦʛʦ ʦʙôʻʤʫ ʧʨʠʤʽʱʝʥʴ, ʘ ʣʠʰʝ ʣʦʢʘʣʴʥʝ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʩʘʤʦʾ ʣʶʜʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʧʦʪʨʽʙʥʦ 

ʢʦʥʜʠʮʽʦʥʫʚʘʪʠ ʚʝʩʴ ʢʦʨʧʫʩ ʣʶʜʠʥʠ, ʜʦʩʠʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʧʝʚʥʽ 

ʜʽʣʷʥʢʠ ʦʨʛʘʥʽʟʤʫ [3], ʥʘʧʨʠʢʣʘʜ, ʥʘ ʛʦʣʦʚʫ ʚ ʫʤʦʚʘʭ 

ʧʝʨʝʛʨʽʚʘʥʥʷ ʘʙʦ ʥʘ ʢʽʥʮʽʚʢʠ ʚ ʫʤʦʚʘʭ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ. 

ɯʥʜʠʚʽʜʫʘʣʴʥʝ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʝ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʡ ʚ ʫʤʦʚʘʭ ʡʦʛʦ ʧʦʥʠʞʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʅʘʷʚʥʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʣʽʧʰʠʪʠ ʽ ʚ ʮʽʣʦʤʫ ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʝʡ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʰʽʩʪʴ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ, 

ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʘʢʝ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ. ʉʝʨʝʜ ʥʠʭ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʫ. ʆʩʥʦʚʥʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ ʷʢʦʛʦ ʻ: ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʷʢ ʫ ʨʝʞʠʤʽ ʥʘʛʨʽʚʘʥʥʷ, 

ʪʘʢ ʽ ʦʭʦʣʦʜʞʝʥʥʷ; ʢʦʤʧʘʢʪʥʽʩʪʴ; ʥʝʟʘʣʝʞʥʽʩʪʴ ʦʨʽʻʥʪʘʮʽʾ ʚʽʜ 

ʧʨʦʩʪʦʨʫ; ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʽʥ. ʊʘʢʦʞ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ 

ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʫ ʢʦʤʙʽʥʘʮʽʷʭ ʽʟ 

ʽʥʰʠʤʠ ʚʠʜʘʤʠ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʧʽʜʙʦʨʽ ʷʢʠʭ 

ʤʦʞʣʠʚʝ ʟʘʛʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʢʦʥʜʠʮʽʦʥʝʨʘ. 

ʅʘʚʝʜʝʤʦ ʫʩʽ ʤʦʞʣʠʚʽ ʢʦʤʙʽʥʘʮʽʾ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʽʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ (ʪʘʙʣ. 1).  
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1 ï ʘʢʫʤʫʣʷʪʦʨʠ ʪʝʧʣʘ ʘʙʦ ʭʦʣʦʜʫ (ʟʦʢʨʝʤʘ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʘʥʦ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʨʝʯʦʚʠʥʠ); 2 ï ʥʘʚʢʦʣʠʰʥʻ 

ʧʦʚʽʪʨʷ; 3 ï ʝʣʝʢʪʨʠʯʥʠʡ ʥʘʛʨʽʚʥʠʢ; 4 ï ʢʘʪʘʣʽʪʠʯʥʠʡ 

ʥʘʛʨʽʚʥʠʢ; 5 ï ʢʦʤʧʨʝʩʽʡʥʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ; 6 ï 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ. 

ʊʘʙʣʠʮʷ 1. ʂʦʤʙʽʥʘʮʽʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʪʝʧʣʦʚʠʭ  ʥʘʩʦʩʽʚ ʟ 

ʽʥʰʠʤʠ ʪʠʧʘʤʠ ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʘ ʭʦʣʦʜʫ 

 
ɼʣʷ ʨʦʟʛʣʷʜʫ ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʪʘʙʣʠʮʷ ʤʽʩʪʠʪʴ ʷʢ ʚʽʜʦʤʽ 

ʚʘʨʽʘʥʪʠ ʢʦʥʜʠʮʽʦʥʝʨʽʚ (6 - ʥʘʡʧʨʦʩʪʽʰʠʡ ʚʘʨʽʘʥʪ ʟ ʦʜʥʠʤ ʪʠʧʦʤ 

ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʘʙʦ ʭʦʣʦʜʫ, 2.6 ï ʢʦʤʙʽʥʘʮʽʷ ʟ ʥʘʚʢʦʣʠʰʥʽʤ 

ʧʦʚʽʪʨʷʤ), ʷʢ ʽ ʪʘʢʽ, ʱʦ ʥʝʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʘʥʠʡ ʯʘʩ. 

ʇʨʦʪʝ ʚʦʥʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ  ʚʠʦʢʨʝʤʠʪʠ ʥʦʚʽ ʬʽʟʠʯʥʽ ʤʦʜʝʣʽ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʥʠʭ ʚʠʱʝ ʢʦʤʙʽʥʘʮʽʡ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʢʦʥʜʠʮʽʦʥʝʨʽʚ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʬʽʟʠʯʥʫ ʤʦʜʝʣʴ 

ʢʦʥʜʠʮʽʦʥʝʨʘ ʽʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʪʝʧʣʦʚʠʤ ʥʘʩʦʩʦʤ, ʱʦ 

ʢʦʤʙʽʥʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʪʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 
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3. ɺʠʪʪʝ ʅ.ʂ. ʊʝʧʣʦʚʦʡ ʦʙʤʝʥ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ 

ʛʠʛʠʝʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ / ʂʠʝʚ: ɻʦʩʤʝʜʠʟʜʘʪ, 1956. ï 148 ʩ. 
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ɼʤʠʪʨʦ  ʂʽʥʜʟʝʨʩʴʢʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉ.ɺ. ʅʽʯʠʡ 

ɿʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ 

 ʫ ʙʝʟʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤʘʭ  
ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʟʘʜʘʯʘ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 

ʙʣʠʞʥʴʦʤʫ ʧʦʣʽ ʷʚʣʷʣʘ ʟʥʘʯʥʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ 

ʤʝʜʠʯʥʠʭ ʜʘʪʯʠʢʽʚ. ʋ ʜʘʥʽʡ ʛʘʣʫʟʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʜʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ  ʚʠʤʽʨʶʚʘʪʠ 

ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʮʽʻʥʪʘ, ʷʢ ɽʂɻ, ʨʽʚʝʥʴ ʥʘʩʠʱʝʥʥʷ ʢʨʦʚʽ 

ʢʠʩʥʝʤ, ʨʽʚʝʥʴ ʢʨʦʚ'ʷʥʦʛʦ ʪʠʩʢʫ, ʚʘʛʘ, ʨʽʚʝʥʴ ʚʤʽʩʪʫ ʛʣʶʢʦʟʠ ʚ 

ʢʨʦʚʽ ʽ ʪ. ʧ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʤʝʜʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʰʠʨʦʢʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʩʽʭ ʩʬʝʨʘʭ 

ʤʝʜʠʮʠʥʠ, ʜʝ ʢʘʙʝʣʴʥʽ ʟ'ʻʜʥʘʥʥʷ ʧʨʠʣʘʜʽʚ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʚʝʣʠʢʫ 

ʥʝʟʨʫʯʥʽʩʪʴ ʜʣʷ ʣʽʢʘʨʽʚ, ʧʘʮʽʻʥʪʽʚ ʽ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. 

ɹʝʟʜʨʦʪʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʟʚ'ʷʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʛʦʨʪʘʪʠ ʷʢ 

ʛʣʦʙʘʣʴʥʽ ʽ ʨʝʛʽʦʥʘʣʴʥʽ (WWAN ʽ WMAN), ʪʘʢ ʽ ʧʝʨʩʦʥʘʣʴʥʽ 

(WLAN) ʤʝʨʝʞʽ - ʦʜʥʘ ʟ ʚʽʪʦʢ IT-ʩʬʝʨʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʦ ʽ 

ʝʬʝʢʪʠʚʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʙʝʟʜʨʦʪʦʚʠʭ 

ʤʝʨʝʞ ʻ: ʛʥʫʯʢʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʠ, ʟʥʘʯʥʘ ʟʦʥʘ ʧʦʢʨʠʪʪʷ, 

ʤʦʙʽʣʴʥʽʩʪʴ. ʆʜʥʘʢ ʤʦʙʽʣʴʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ ʟʚ'ʷʟʢʫ ʪʘ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʧʝʨʝʜʘʯʽ ʩʪʚʦʨʶʻ ʜʦʜʘʪʢʦʚʽ 

ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʦʩʪʽ ʢʦʤʫʥʽʢʘʮʽʡ (ʚʠʩʦʢʦʾ 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ), ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ 

ʟʨʦʩʪʘʥʥʷ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʟʘʚʘʜ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʘʜʝʢʚʘʪʥʝ 

ʦʮʽʥʶʚʘʥʥʷ ʝʬʽʨʥʠʭ ʟʘʚʘʜ ʽ ʧʨʦʛʥʦʟ ʾʭ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ 

ʧʨʠʡʦʤʫ/ʧʝʨʝʜʘʯʽ. 

ɺʠʨʦʙʥʠʢʘʤʠ ʚʠʧʫʩʢʘʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʜʠʯʥʽ ʧʨʠʩʪʨʦʾ 

ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ  Wi-Fiï ʘʙʦ Bluetoothïʤʝʨʝʞʘʭ. ʆʜʥʦʯʘʩʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʦʜʥʦʤʫ ʦʙʤʝʞʝʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʚʘʨʽʘʪʠʚʥʠʭ ʟʘʚʘʜ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ -

ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʜʦ 

ʚʪʨʘʪʠ ʟʚôʷʟʢʫ. ʄʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʦʩʥʘʱʝʥʽ ʙʣʦʢʘʤʠ Wi-Fi 

(ʩʪʘʥʜʘʨʪ IEEE 802.11)  ʽ Bluetooth (ʩʪʘʥʜʘʨʪ IEEE 802.15) [2] 

ʧʨʘʮʶʶʪʴ ʫ ʙʣʠʟʴʢʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ: ʜʣʷ ʩʪʘʥʜʘʨʪʽʚ 

IEEE 802.11-0,9; 2,4; 3,6 ʽ 5 ɻɻʮ (ʜʣʷ IEEE 802.11b) [1]; ʜʣʷ IEEE 
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802.15 - 2,4-2,4835 ɻɻʮ [2], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʚʟʘʻʤʥʠʭ ʧʝʨʝʰʢʦʜ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʙʽʣʴʰʦʾ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʩʠʣʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʚʞʠʚʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʭʦʜʠ. 

ʇʨʠʩʪʨʦʾ Wi-Fi ʥʝʦʙʭʽʜʥʦ ʨʦʟʤʽʱʫʚʘʪʠ ʙʣʠʞʯʝ ʜʦ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ Wi-Fi. ʇʨʠʩʪʨʦʾ Bluetooth, ʤʽʞ ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʙʣʠʞʯʝ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. 

ʅʝʦʙʭʽʜʥʦ ʫʥʠʢʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʧʨʠʩʪʨʦʾʚ 

ʧʦʙʣʠʟʫ ʟʚʠʯʘʡʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ.  

 
ʈʠʩ. 1. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʢʘʥʘʣʽʚ 

 Wi-Fi. ʽ Bluetooth 

ʆʜʥʠʤ ʽʟ ʜʽʻʚʠʭ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠʩʪʨʦʾʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ ʧʝʨʝʜʘʯʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʤʝʜʠʯʥʽ ʧʨʠʩʪʨʦʾ ʽʟ Wi-Fi ʧʝʨʝʜʘʚʘʯʘʤʠ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʰʦʛʦ ʢʘʥʘʣʫ Wi-Fi ʘʙʦ ʚʠʢʦʥʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʚʠʙʦʨʫ ʢʘʥʘʣʫ ʟ 

ʥʘʡʤʝʥʰʠʤ ʨʽʚʥʝʤ ʧʝʨʝʰʢʦʜ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ  Wi-Fi 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʦʛʦ ʢʘʥʘʣʫ ʧʽʩʣʷ ʩʢʘʥʫʚʘʥʥʷ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ 

ʨʽʚʥʷ ʟʘʚʘʜ ʚ ʯʘʩʪʦʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 2,4 ɻɻʮ ʚ ʷʢʦʤʫ ʧʨʘʮʶʶʪʴ ʽʥʰʽ 

ʤʝʜʠʯʥʽ ʧʨʠʩʪʨʦʾ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ. 

1.http://ec.europa.eu/health/medical-devices/dialogue-parties/working-

groups/index_en.htm 

 2  ɹʣʠʥʥʠʢʦʚ ʄ. ɸ., ʇʠʨʤʘʛʦʤʝʜʦʚ ʈ. ʗ. ʆʧʪʠʤʠʟʘʮʠʷ ʥʘʛʨʫʟʢʠ ʥʘ 

ʩʝʪʠ ʩʚʷʟʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʦʡ ʪʨʘʬʠʢʦʤ ʤʝʜʠʮʠʥʩʢʠʭ 

ʥʘʥʦʩʝʪʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  ʠ  

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ. 2016.  ʊ. 4. ˉ 3.  ʉ. 22ï30. 

  



147 

ʆʣʝʛ ʂʣʶʩʠʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʈʙ̫ʠʡ ʇ.ɸ.  

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʽʣʴʙʝʨʪʘ ʜʣʷ ʨʦʟʚôʷʟʢʫ 

ʦʙʝʨʥʝʥʦʾ ʬʘʟʦʚʦʾ ʟʘʜʘʯʽ ʚ ʦʧʪʠʮʽ 

 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʽʣʴʙʝʨʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ɻʘʙʦʨʘ ʙʫʜʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʛʥʘʣ, 

ʰʣʷʭʦʤ ʚʽʜʜʽʣʝʥʥʷ ʚʩʽʭ ʚʽʜôʻʤʥʠʭ ʯʘʩʪʦʪ ʚʠʭʽʜʥʦʛʦ ʜʽʡʩʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʊʘʢʠʡ ʩʠʛʥʘʣ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ ʩʫʤʫ ʜʘʥʦʛʦ 

ʦʜʥʦʤʽʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʢʦʤʧʣʝʢʩʥʦʾ ʩʢʣʘʜʦʚʦʾ - ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɻʽʣʴʙʝʨʪʘ ʧʦʯʘʪʢʦʚʦʛʦ ʩʠʛʥʘʣʫ (ʥʘ ʩʴʦʛʦʜʥʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʨʤʽʥ çʘʥʘʣʽʪʠʯʥʠʡ ʩʠʛʥʘʣè, ʟʘʤʽʩʪʴ ʪʝʨʤʽʥʘ 

çʢʦʤʧʣʝʢʩʥʠʡ ʩʠʛʥʘʣè, ʷʢʠʡ ʩʧʦʯʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ɻʘʙʦʨ. 

ʊʝʦʨʝʪʠʯʥʦʶ ʦʩʥʦʚʦʶ ʨʝʘʣʽʟʘʮʽʾ çʚʽʢʦʥʥʦʛʦè ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɻʽʣʴʙʝʨʪʘ ʻ ʩʢʘʥʫʚʘʥʥʷ ʩʧʝʢʣ-ʢʘʨʪʠʥʠ ʚʽʢʥʦʤ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ, 

ʱʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʚʠʧʘʜʢʦʚʠʭ  ʩʠʛʥʘʣʽʚ ʥʘ ʚʽʜʥʦʚʣʝʥʫ 

ʽʥʬʦʨʤʘʮʽʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʽʣʴʙʝʨʪʘ ʜʦ 

ʚʠʧʘʜʢʦʚʦʾ ʩʧʝʢʣ-ʢʘʨʪʠʥʠ ʟ ʨʦʟʚôʷʟʢʦʤ ʦʙʝʨʥʝʥʦʾ ʬʘʟʦʚʦʾ ʟʘʜʘʯʽ 

ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʬʘʟʠ ʪʘ ʬʘʟʦʚʠʭ ʣʽʥʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʝʢʚʽʬʘʟʥʠʭ ʣʽʥʽʡ, ʱʦ ʟʘʜʘʶʪʴ ʦʙʣʘʩʪʽ ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ; 

2) ʚʠʟʥʘʯʝʥʥʷ ʤʽʩʮʴ ʣʦʢʘʣʽʟʘʮʽʾ ʪʦʯʦʢ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʪʘ 

ʩʽʜʣʦʚʠʭ ʪʦʯʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʬʦʨʤʫʶʪʴ ʨʝʧʝʨʥʽ ʪʦʯʢʠ 

ʬʘʟʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ (ʩʢʝʣʝʪʦʥ ʧʦʣʷ) ʽ ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʙʫʜʴ-ʷʢʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʦʙ'ʻʢʪʘ; 

3) ʨʦʟʨʘʭʫʥʦʢ ʪʦʯʥʦʩʪʽ ʚʽʜʪʚʦʨʝʥʥʷ ʬʘʟʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʪʘ 

ʘʥʘʣʽʟ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʱʦʜʦ ʦʨʽʻʥʪʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚʽʢʦʥ ʩʢʘʥʫʚʘʥʥʷ.  

ʇʝʨʰʠʤ ʢʨʦʢʦʤ ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʪʚʦʨʝʥʥʷ ʬʘʟʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʤʽʨʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ɻʽʣʴʙʝʨʪʘ ʻ ʟʘʧʠʩ ʩʧʝʢʣ-ʢʘʨʪʠʥʠ ʧʦʧʽʢʩʝʣʴʥʦ ʪʘ ʧʝʨʝʪʚʦʨʝʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʟʦʙʨʘʞʝʥʥʷ ʟ 256 ʛʨʘʜʘʮʽʷʤʠ ʩʽʨʦʛʦ. 

ɼʘʣʽ, ʦʪʨʠʤʘʥʘ ʢʘʨʪʠʥʘ ʩʢʘʥʫʻʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ, ʷʢ 

ʮʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 (ʘ). çɺʽʢʦʥʥʝè ʩʢʘʥʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʤʘʪʨʠʮʽ ὃ , ʜʝʤʘʪʨʠʯʥʠʤʠ ʝʣʝʤʘʥʪʘʤʠ ʻ ʟʥʘʯʝʥʥʷ 
ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʧʽʢʩʝʣʽ. 
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 ʈʠʩ.1 ʘ) ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ὃ , ʙ) ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ 

ʤʘʪʨʠʮʴ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʢʥʘ ʩʢʘʥʫʚʘʥʥʷ 

ʈʦʟʤʽʨ ʤʘʪʨʠʮʽ ʟʘʜʘʻʪʴʩʷ ʨʦʟʤʽʨʦʤ ʷʜʨʘ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʝ 

ʜʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʙʫʚʘʻ ʤʘʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʘ 

ʧʦʨʷʜʦʢ ʤʘʪʨʠʮʽ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʻʪʴʩʷ ʚʽʜʩʪʘʥʥʶ ʤʽʞ 

ʩʠʥʛʫʣʷʨʥʦʩʪʷʤʠ ʩʧʝʢʣ-ʧʦʣʷ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ɼʘʣʽ ʚʽʢʥʦ ʩʢʘʥʫʚʘʥʥʷ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʟ ʦʜʥʘʢʦʚʠʤ ʢʨʦʢʦʤ ʚ 1 ʧʽʢʩʝʣʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʡ 

ʚʝʨʪʠʢʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʘʙʦʨʫ ʤʘʪʨʠʮʴ  (ʙ). 

ɺʘʞʣʠʚʠʤ ʥʦʚʠʤ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʦʪʨʠʤʘʥʠʤ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ çʚʽʢʦʥʥʦʛʦè ʧʝʨʝʪʚʦʨʝʥʥʷ ɻʽʣʴʙʝʨʪʘ, ʻ 

ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʨʽʻʥʪʘʮʽʾ ʚʽʢʥʘ ʩʢʘʥʫʚʘʥʥʷ, ʪʘ 

ʛʥʫʯʢʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ 

ʬʘʟʦʚʦʾ ʢʘʨʪʠ ʟʽ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʚʽʢʥʘ ʩʢʘʥʫʚʘʥʥʷ. 

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʨʝʪʥʦʛʦ çʚʽʢʦʥʥʦʛʦè ʜʚʦʤʽʨʥʦʛʦ 

ɻʽʣʴʙʝʨʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʥʫʪʠ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʚʽʬʘʟʥʠʭ ʣʽʥʽʡ, ʪʦʯʦʢ 

ʩʠʥʛʫʣʷʨʥʦʩʪʽ ʪʘ ʩʽʜʣʦʚʠʭ ʪʦʯʦʢ, ʟ ʦʪʨʠʤʘʥʥʷʤ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʬʘʟʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ, ʱʦ ʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1.Nye J. Dislocations in wave trains/ J. F. Nye, M. V. Berry// Proc. R. 

Soc. A. ï 1974. ï V. 336. ï P. 165-190.  

2.Freund I. Vortices in random wave fields: nearest neighbor 

anticorrelations/ I. Freund and N. Shvartsman// Phys. Rev. Lett. ï 1994. ïV. 

72. ï P.1008ï1011.  
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ʆʣʴʛʘ ʂʦʚʘʣʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɻʦʨʩʴʢʠʡ ʇ.ɺ. 
 

ɺʧʣʠʚ ʥʝʧʘʨʘʙʦʣʽʯʥʦʩʪʽ, ʦʧʠʩʫʚʘʥʦʾ ʤʦʜʝʣʣʶ 

ʌʽʚʘʟʘ, ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ-ʤʝʪʘʣ 
 

ɺʽʜʦʤʦ, ʱʦ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʦʧʽʨ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ-ʤʝʪʘʣ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ [1]. 

ɯʩʥʫʻ ʨʷʜ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʮʴʦʛʦ ʦʧʦʨʫ. ʆʜʥʠʤ ʽʟ ʥʠʭ ʻ 

ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʥʘ 

ʦʩʥʦʚʽ ʥʘʜʛʨʘʪʦʢ. ɰʭ ʝʥʝʨʛʝʪʠʯʥʠʡ ʟʦʥʥʠʡ ʩʧʝʢʪʨ ʦʧʠʩʫʻʪʴʩʷ ʪʘʢ 

ʟʚʘʥʦʶ ʤʦʜʝʣʣʶ ʌʽʚʘʟʘ ʽ ʤʘʻ ʚʠʛʣʷʜ: 

( ) ( ) ( )zyxzyx akkk
m

kkk cos1
2

,, 22
2

-D++=
*

>
e ,      (1) 

ʜʝ  -*m  ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʧʣʦʱʠʥʽ ʰʘʨʽʚ; -D
ʥʘ- ʧʽʚʰʠʨʠʥʘ ʤʽʥʽʟʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʘ ʦʧʠʩʫʻ ʨʫʭ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʰʘʨʽʚ; -a  ʚʽʜʜʘʣʴ ʤʽʞ 

ʪʨʘʥʩʣʷʮʽʡʥʦ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʰʘʨʘʤʠ.  

ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʦʜʫʣʽʚ ʧʣʦʱʠʥʠ ʤʝʪʘʣʝʚʠʭ ʢʦʤʫʪʘʮʽʡʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʘ ʦʪʞʝ, ʽ 

ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ, ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʰʘʨʽʚ ʥʘʜʛʨʘʪʢʠ, ʟʥʘʡʜʝʤʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʰʘʨʫʚʘʪʦʛʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʧʣʦʱʠʥʽ ʰʘʨʽʚ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ, 

ʱʦ ʚ ʘʢʪʫʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʜʝʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʽʚ 

ʽʟ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʝʥʝʨʛʽʾ, ʘʣʝ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʚʞʠʥʦʶ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ, ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ 

ʚʠʨʘʟ ʜʣʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʰʘʨʫʚʘʪʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ: 

   ( )[ ]{ }ññ ³--+=
¤
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0 0
2
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0 cos1exp
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gss Dls txKyy  

    ( )[ ]{ }{ }³+--+³
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2
1 1cos1exp DtxKy g      ,                   (2) 
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           ( ) dxdyxanKy
5.023

0
2 sin42

--+³ p     

ʜʝ )(8 20
225

0 Dl ahtanleps = ; -l ʜʦʚʞʠʥʘ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ 

ʝʣʝʢʪʨʦʥʽʚ (ʜʽʨʦʢ); -0n ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ (ʜʽʨʦʢ); 

DD kTt 022 z= , -= *manhD pz 40
2

02 ʝʥʝʨʛʽʷ ʌʝʨʤʽ ʽʜʝʘʣʴʥʦʛʦ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʌʝʨʤʽ-ʛʘʟʫ ʟ ʢʚʘʜʨʘʪʠʯʥʠʤ ʟʘʢʦʥʦʤ ʜʠʩʧʝʨʩʽʾ ʟʘ 

ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ ʪʝʤʧʝʨʘʪʫʨʠ; D= DK 02z , D02zzg=* ; -z

ʭʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʝʣʝʢʪʨʦʥʥʦʛʦ (ʜʽʨʢʦʚʦʛʦ) ʛʘʟʫ ʚ ʅɻʊɽʄ. 

ʇʘʨʘʤʝʪʨ K  ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʦʩʪʽ ʅɻʊɽʄ, 

ʘʙʦ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ, ʩʪʫʧʽʥʴ ʚʽʜʢʨʠʪʦʩʪʽ ʡʦʛʦ ʝʣʝʢʪʨʦʥʥʦʾ 

(ʜʽʨʢʦʚʦʾ) ʧʦʚʝʨʭʥʽ ʌʝʨʤʽ. 

ʍʽʤʽʯʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʪʘʢʦʛʦ ʨʽʚʥʷʥʥʷ: 
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ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

ʧʝʨʝʭʽʜʥʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʰʘʨʫ, ʩʪʚʦʨʝʥʦʛʦ ʚ ʧʨʦʮʝʩʽ 

ʩʪʘʮʽʦʥʘʨʥʦʾ ʜʠʬʫʟʽʾ ʥʽʢʝʣʶ ʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʟ 

ʥʘʜʛʨʘʪʢʦʶ ʟʘ ʪʦʚʱʠʥʠ ʰʘʨʫ 20 ʤʢʤ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. ʂʨʠʚʽ 

1-5 ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʫʧʝʥʷʤ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʦʩʪʽ 0,1; 0,5; 1; 5; 10 

ʚʽʜʧʦʚʽʜʥʦ.  

                       

ɿ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʱʦ, ʟʘʙʝʟʧʝʯʠʚʰʠ ʜʦʩʪʘʪʥʽʡ ʩʪʫʧʽʥʴ 

ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʦʩʪʽ ʰʣʷʭʦʤ ʣʝʛʫʚʘʥʥʷ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʚʽʪʴ 

ʢʦʥʪʘʢʪʥʽ ʦʧʦʨʠ, ʤʝʥʰʽ ʟʘ 10
-8
 ʆʤĿʩʤ

2
.  

 ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʫʩʪʨʦʡʩʪʚʘ: ʩʧʨʘʚʦʯʥʠʢ.  ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. ï 770 ʩ.   
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ʄʠʢʦʣʘ ʂʦʟʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯ.ɼ. ʃʽʩʦʚʝʥʢʦ 

ʄʫʟʠʯʥʠʡ ʧʣʝʻʨ ʜʣʷ Linux-ʧʦʜʽʙʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ 
ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ Linux-ʧʦʜʽʙʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

(ʆʉ)[1,2], ʚʠʙʽʨ ʧʨʦʛʨʘʤʠ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʤʫʟʠʢʠ ʻ ʧʨʦʙʣʝʤʦʶ. 

ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʣʝʚʦʚʫ ʯʘʩʪʢʫ ʨʠʥʢʫ ʪʘʢʠʭ ʜʦʜʘʪʢʽʚ ʟʘʡʤʘʶʪʴ 

ʪʘʢʽ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʠ, ʷʢ YouTube ʪʘ Spotify. ɼʣʷ ʢʦʨʠʩʪʫʚʘʥʥʷ 

YouTube ʥʝʦʙʭʽʜʥʠʡ ʙʨʘʫʟʝʨ ʪʘ ɯʥʪʝʨʥʝʪ. ɸʣʝ ʽʩʥʫʶʪʴ ʚʠʧʘʜʢʠ, 

ʢʦʣʠ ɯʥʪʝʨʥʝʪ ʻ ʥʝʜʦʩʪʫʧʥʠʤ (ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʧʦʣʴʦʪʘʭ ʚ ʣʽʪʘʢʫ) 

ʘʙʦ ʞ, ʚʽʜʢʨʠʪʪʷ ʜʦʜʘʪʢʦʚʦʾ ʚʢʣʘʜʢʠ ʙʨʘʫʟʝʨʘ ʟʘʡʤʘʻ ʧʦʪʨʽʙʥʽ 

ʨʦʟʨʦʙʥʠʢʘʤ ʨʝʩʫʨʩʠ ʢʦʤʧôʶʪʝʨʘ. ʆʩʦʙʣʠʚʦ ʮʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ Linux.  
ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʧʠʩ ʜʦʜʘʪʢʫ, ʷʢʠʡ ʚʠʨʽʰʫʻ 

ʟʘʟʥʘʯʝʥʫ ʚʠʱʝ ʧʨʦʙʣʝʤʫ. ɺʽʥ ʜʦʟʚʦʣʠʪʴ ʪʨʠʤʘʪʠ ʽ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʚʩʶ ʤʫʟʠʢʫ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʽ ʦʥʣʘʡʥ ʽ ʦʬʬʣʘʡʥ, ʽ 

ʧʨʠ ʮʴʦʤʫ ʥʝ ʥʘʚʘʥʪʘʞʫʚʘʪʠ ʩʠʩʪʝʤʫ. 
ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʚʠʱʝʦʧʠʩʘʥʦʛʦ ʜʦʜʘʪʢʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʥʣʘʡʥ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʤʦʞʥʘ ʙʫʜʝ ʧʽʜʢʣʶʯʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʽ ʟ ʣʝʛʢʽʩʪʶ ʟʙʝʨʽʛʘʪʠ ʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʩʝ ʚ 

ʦʜʥʦʤʫ ʤʽʩʮʽ. 
ʊʘʢʦʞ ʚ ʜʦʜʘʪʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʤʫʟʠʢʠ ʟ 

ʣʦʢʘʣʴʥʦʾ ʤʘʰʠʥʠ (ʦʬʬʣʘʡʥ ʨʝʞʠʤ), ʩʪʚʦʨʝʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʷ 

ʧʣʝʡʣʠʩʪʽʚ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʫʜʽʦ-ʬʘʡʣʽʚ ʟ YouTube. 
ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʣʝʻʨʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Rust[3,4], ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ GTK+[5] ʽ ʚʽʜʧʦʚʽʜʥʽ ʙʽʙʣʽʦʪʝʢʠ. ʄʦʚʘ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Rust ʨʦʟʨʦʙʣʷʻʪʴʩʷ Mozilla Research, ʘʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. Rust -  

ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʘ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʽʥʰʠʤʠ ʤʦʚʘʤʠ. GTK+ - ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʯʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ Linux-

ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ. ʉʘʤʝ ʮʝ ʽ ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ 

ʜʦʜʘʪʢʫ. 
ʊʘʢʦʞ, ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʫʜʽʦʧʣʝʻʨʫ, ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ YouTube 

API[6]. API  ð ʮʝ ʥʘʙʽʨ ʛʦʪʦʚʠʭ ʢʣʘʩʽʚ, ʧʨʦʮʝʜʫʨ, ʬʫʥʢʮʽʡ, 

ʩʪʨʫʢʪʫʨ ʽ ʢʦʥʩʪʘʥʪ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʤ (ʙʽʙʣʽʦʪʝʢʦʶ, 
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ʩʝʨʚʽʩʦʤ) ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʟʦʚʥʽʰʥʽʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʘʭ.  

ʊʘʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ YouTube API ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʩʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʛʦ ʩʘʡʪʫ (ʚʽʜʪʚʦʨʝʥʥʷ ʘʫʜʽʦ, ʧʦʰʫʢ, ʩʪʚʦʨʝʥʥʷ 

ʧʣʝʡʣʠʩʪʽʚ ʽ ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʠʭ ʧʽʩʝʥʴ, ʽ, ʥʘʚʽʪʴ, ʟʘʚʘʥʪʘʞʝʥʥʷ 

ʤʫʟʠʢʠ ʥʘ ʣʦʢʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ).   

ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ API ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1.ʇʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ API 

 

ʈʦʟʨʦʙʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʚ ʨʦʙʦʪʽ ʤʫʟʠʯʥʦʛʦ ʧʣʝʻʨʘ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʦʙʣʠʚʦ ʜʣʷ Linux-ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ, ʷʢʝ 

ʟʥʘʡʜʝ ʩʚʦʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʝʨʝʚʘʛʘʤʠ  ʜʦʜʘʪʢʫ ʻ ʥʘʷʚʥʽʩʪʴ 

ʦʬʬʣʘʡʥ ʨʝʞʠʤʫ ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʚʩʽʻʾ ʘʫʜʽʦʪʝʢʠ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Eric Harlow. Developing Linux Applications; Sams 

Publishing. ʃʘʙʦʨʘʪʦʨʽʷ ʟʥʘʥʴ, 1999. - 512ʩ.  
2. Linux Application Development, Michael K. Johnson, 

Erik W. Troan, 2004. - 736c. 
3. Steve Klabnik, Carol Nichols. The Rust Programming 

Language (Covers Rust 2018): No Starch Press, 2019. ï ʉ. 561. 
4. Programming Rust: Fast, Safe Systems Development, Jim 

Blandy, Jason Orendorff, 2017. - 622c.  
5. Foundations of GTK+ development, Andrew Krause, 

2008.- 656c.  
6. YouTube Data API. [Electronic resource]. ï Access mode: 

https://developers.google.com/youtube/v3  

  

https://developers.google.com/youtube/v3
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ʇʝʪʨʦ ʂʦʣʝʱʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3 ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ 

ʧʣʘʚʢʠ 

ɺʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʊɽʄ) ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3 ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʘʛʘʪʦ ʫʚʘʛʠ ʫ 

ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʮʠʤ ʤʘʪʝʨʽʘʣʘʤ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ 

ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʜʣʷ 

ʽʥʪʝʨʚʘʣʫ ʪʝʤʧʝʨʘʪʫʨ 200-400 ʂ. ʄʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ 

ʧʣʘʚʢʠ (ɺɿʇ) ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʪʦʜʽʚ 

ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺʽ2ʊʝ3ïSb2Te3 ʪʘ 

ɺ2̔ʊʝ3ï ɺ2̔Sʝ3. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʊɽʄ ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʚʝʣʠʢʠʡ 

ʚʧʣʠʚ ʥʘ ʩʪʽʡʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʘ ʽ ʡʦʛʦ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʤʘʻ ʢʨʠʚʠʟʥʘ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʘ ʻ ʦʩʥʦʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʦʩʪʫ [1-2]. 

ʌʦʨʤʫ ʬʨʦʥʪʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʦʧʫʢʣʠʤ ʫ 

ʨʽʜʢʫ ʬʘʟʫ, ʧʣʦʩʢʠʤ ʘʙʦ ʫʚʽʛʥʫʪʠʤ ʫ ʪʚʝʨʜʫ ʬʘʟʫ, ʚʠʟʥʘʯʘʶʪʴ 

ʚʝʣʠʯʠʥʠ ʨʘʜʽʘʣʴʥʦʛʦ ʽ ʦʩʴʦʚʦʛʦ ʛʨʘʜʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʢʨʠʩʪʘʣʽ ʧʽʜ ʯʘʩ ʚʠʨʦʱʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ ʜʣʷ 

ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʨʫʢʪʫʨʥʠʭ 

ʜʝʬʝʢʪʽʚ ʻ ʧʣʦʩʢʠʡ ʬʨʦʥʪ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʥʘ ʦʧʫʢʣʦʤʫ ʚ 

ʨʦʟʧʣʘʚ ʘʙʦ ʫʚʽʛʥʫʪʦʤʫ ʚ ʢʨʠʩʪʘʣ ʬʨʦʥʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʠʧʘʜʢʦʚʽ 

ʢʨʠʩʪʘʣʽʯʥʽ ʟʘʨʦʜʢʠ (ʜʦʤʽʰʢʦʚʽ ʟʘʨʦʜʢʠ) ʙʫʜʫʪʴ ʨʦʩʪʠ ʩʫʤʽʩʥʦ ʟ 

ʦʩʥʦʚʥʠʤ, ʘ ʥʘ ʧʣʦʩʢʦʤʫ ʬʨʦʥʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʦʥʠ ʙʫʜʫʪʴ 

ʚʽʜʪʽʩʥʷʪʠʩʷ ʜʦ ʧʝʨʠʬʝʨʽʾ ʽ ʚʠʨʦʜʞʫʚʘʪʠʩʷ (ʨʠʩ.1).  

ʈʠʩ. 1.  ʈʦʟʧʦʜʽʣ ʜʦʤʽʰʦʢ ʫ ʢʨʠʩʪʘʣʽ ʚʽʜʥʦʩʥʦ ʬʦʨʤʠ ʬʨʦʥʪʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ 
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ʆʪʞʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʨʦʱʫʚʘʥʥʷ 

ʊɽʄ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʬʦʨʤʠ ʬʨʦʥʪʫ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɺɿʇ, ʧʨʠ ʮʴʦʤʫ 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʚʰʠ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ ʽ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, 

ʟʘʙʝʟʧʝʯʠʚʰʠ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ.  

ʅʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ ʧʣʘʚʢʠ (ʨʠʩ.2), ʷʢʘ ʜʦʟʚʦʣʷʻ ʚ ʰʠʨʦʢʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʟʤʽʥʶʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ 

ʫʩʪʘʥʦʚʢʠ ʨʦʩʪʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʽ 

ʚ ʨʦʟʧʣʘʚʽ. 

 
ʈʠʩ.2. ɺʠʛʣʷʜ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ 

ʧʣʘʚʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ Comsol Multiphysics 

 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʫʤʦʚʠ ʨʦʩʪʫ ʜʣʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3 ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʠʭ 

ʙʘʛʘʪʦʛʦʜʠʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

 
  ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1.  ʄʶʣʣʝʨ ɻ. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ. ʂʦʥʚʝʢʮʠʷ 

ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ / ʄʶʣʣʝʨ ɻ. ï ʄ.: ʄʠʨ, 1991. ï 150 ʩ. 

2. ɻʦʣʴʮʤʘʥ ɺ.ɸ., ʂʫʜʠʥʦʚ ɺ.ɸ, ʉʤʠʨʥʦʚ ʀ.ɸ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ Bi2Te3. 

- ʄ.: ʅʘʫʢʘ, 1972. ï 320 ʩ. 
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ʖʣʽʷ ʂʦʣʦʪʠʣʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï  ʧʨʦʬ. ʖ.ɺ.ɻʫʜʠʤʘ 

 

ʄʦʞʣʠʚʦʩʪʽ ʚʽʣʴʥʦ ʧʦʰʠʨʶʚʘʥʦʛʦ ʨʝʜʘʢʪʦʨʘ GIMP  

ʜʣʷ ʥʘʚʯʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ 

 
ɼʣʷ ʨʦʙʦʪʠ ʽʟ ʮʠʬʨʦʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʨʽʟʥʽ ʛʨʘʬʽʯʥʽ ʨʝʜʘʢʪʦʨʠ ï ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʈʝʜʘʢʪʦʨʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʧʫʣʷʨʥʽ ʩʝʨʝʜ ʭʫʜʦʞʥʠʢʽʚ-ʽʣʶʩʪʨʘʪʦʨʽʚ, ʘ ʪʘʢʦʞ 

ʩʪʘʣʠ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʟʦʙʨʘʞʝʥʴ ʜʦ ʜʨʫʢʫ ʯʠ 

ʧʫʙʣʽʢʘʮʽʾ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʘʜʞʝ ʜʦʟʚʦʣʷʶʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʩʪʚʦʨʶʚʘʪʠ ʽ ʨʝʜʘʛʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʢʦʤʧ'ʶʪʝʨʘ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʩʪʠʨʘʥʥʷ, ʢʦʧʽʶʚʘʪʠ ʦʙ'ʻʢʪʠ, ʜʦʜʘʚʘʪʠ ʪʝʢʩʪ, 

ʟʤʽʥʶʚʘʪʠ ʟʘʧʦʚʥʝʥʥʷ ʢʦʣʴʦʨʫ ʬʦʥʫ ʪʦʱʦ. ʂʦʞʥʘ ʟ ʪʘʢʠʭ 

ʧʨʦʛʨʘʤ ʥʘʜʽʣʝʥʘ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽʟ ʨʽʟʥʠʤ ʨʽʚʥʝʤ ʥʘʚʠʯʦʢ ʫ ʮʽʡ ʩʬʝʨʽ 

ï ʨʝʜʘʢʪʦʨʠ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʧʨʦʬʝʩʽʡʥʦʛʦ ʨʽʚʥʷ. ʋ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ ʛʨʘʬʽʯʥʽ ʨʝʜʘʢʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟʢʦʰʪʦʚʥʽ, ʘ 

ʤʦʞʫʪʴ ʽ ʢʦʰʪʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥʴ ʜʦʣʘʨʽʚ [1]. 

ʅʘʡʧʦʧʫʣʷʨʥʽʰʠʤ ʧʨʦʜʫʢʪʦʤ ʩʝʨʝʜ ʨʘʩʪʨʦʚʠʭ ʛʨʘʬʽʯʥʠʭ 

ʨʝʜʘʢʪʦʨʽʚ ʻ ʧʨʦʛʨʘʤʘ Photoshop, ʨʦʟʨʦʙʣʝʥʘ ʘʤʝʨʠʢʘʥʩʴʢʦʶ 

ʢʦʤʧʘʥʽʻʶ Adobe. ɺʘʨʪʽʩʪʴ ʨʝʜʘʢʪʦʨʘ Photoshop ʜʦʩʠʪʴ ʚʠʩʦʢʘ. 

ɺʽʥ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʧʨʦʬʝʩʽʦʥʘʣʽʚ ʽ ʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʬʫʥʢʮʽʡ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʡ ʥʘ ʪʨʝʪʠʥʫ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʦʯʘʪʢʽʚʮʷʤʠ, ʪʦʤʫ ʜʣʷ ʰʢʦʣʷʨʽʚ ʥʝ ʜʫʞʝ ʧʽʜʭʦʜʠʪʴ. ɼʣʷ 

ʥʘʚʯʘʥʥʷ ʚ ʰʢʦʣʽ ʧʦʪʨʽʙʝʥ ʨʝʜʘʢʪʦʨ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ 

ʦʟʥʘʡʦʤʠʪʠ ʫʯʥʽʚ ʽʟ ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʨʝʜʘʢʪʦʨʽʚ ʪʘ 

ʥʘʚʯʠʪʠ ʙʘʟʦʚʠʭ ʥʘʚʠʯʦʢ ʨʝʜʘʛʫʚʘʥʥʷ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ.  

ɯʩʥʫʻ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ GIMP, ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʷʢ 

ʜʦʜʘʪʦʢ ʽʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʧʽʣʴʥʦʪʦʶ 

ʧʨʦʛʨʘʤʽʩʪʽʚ. ɻʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ Gimp ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʫ 1995 

ʨʦʮʽ. ʇʨʦʻʢʪ ʥʝ ʤʘʻ ʦʬʽʮʽʡʥʦʾ ʢʦʤʧʘʥʽʾ, ʷʢʘ ʙ ʚʽʜʧʦʚʽʜʘʣʘ ʟʘ 

ʚʠʧʫʩʢ ʥʦʚʠʭ ʚʝʨʩʽʡ ʽ ʧʽʜʪʨʠʤʢʫ ʩʪʘʨʠʭ. ʎʽ ʬʫʥʢʮʽʾ ʚʠʢʦʥʫʻ 

ʩʧʽʣʴʥʦʪʘ ʨʦʟʨʦʙʥʠʢʽʚ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʨʫʧʠ ʜʦʙʨʦʚʦʣʴʮʽʚ. ʋ 

ʧʝʨʰʽ ʜʝʩʷʪʴ ʨʦʢʽʚ ʩʚʦʛʦ ʽʩʥʫʚʘʥʥʷ ʧʨʦʻʢʪ ʥʝ ʤʘʚ ʻʜʠʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʠʤ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʣʷ ʢʽʥʮʝʚʦʛʦ 
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ʩʧʦʞʠʚʘʯʘ. ʃʠʰʝ ʫ 2005 ʨʦʮʽ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʻʜʠʥʠʡ ʩʪʘʥʜʘʨʪ 

ʽ ʩʢʣʘʜʝʥʽ ʧʨʠʥʮʠʧʠ, ʷʢʠʭ ʨʦʟʨʦʙʥʠʢʠ ʜʦʪʨʠʤʫʶʪʴʩʷ ʽ ʩʴʦʛʦʜʥʽ. 

ʇʨʠ ʙʘʞʘʥʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʯʘʩʪʠʥʦʶ ʩʧʽʣʴʥʦʪʠ 

ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʚʠʧʫʩʢʘʪʠ ʚʣʘʩʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʙʝʟ ʧʦʨʫʰʝʥʥʷ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. ʈʝʜʘʢʪʦʨ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʙʝʟʢʦʰʪʦʚʥʦ, ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʦʙʤʝʞʝʥʴ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʧʝʨʝʚʘʛ 

ʛʨʘʬʽʯʥʦʛʦ ʨʝʜʘʢʪʦʨʘ GIMP ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʩʝʨʽʾ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤʫ ʧʽʜʭʦʜʽ 

GIMP ʩʪʘʥʝ ʧʦʚʥʦʮʽʥʥʦʶ ʟʘʤʽʥʦʶ Photoshop, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʦ 

ʬʫʥʢʮʽʡ ʧʦʚʪʦʨʶʶʪʴ ʢʦʥʢʫʨʝʥʪʘ, ʻ ʧʽʜʪʨʠʤʢʘ ʡʦʛʦ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʬʦʨʤʘʪʫ PSD. ʅʘʡʤʝʥʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʪʘ ʜʦʩʪʫʧʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʪʘʢʦʞ ʤʘʶʪʴ ʙʘʛʘʪʦ ʩʭʦʞʦʛʦ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ GIMP ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʙʣʽʦʪʝʢʫ GTK
+
, 

ʷʢʝ ʧʽʜʪʨʠʤʫʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʚ ʜʣʷ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʟʦʢʨʝʤʘ ʻ ʽ ʫʢʨʘʾʥʩʴʢʘ ʚʝʨʩʽʷ. 

ʇʨʦʛʨʘʤʘ GIMP ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ. ɰʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʧʨʦʩʪʠʡ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ, ʪʘʢ ʽ 

ʧʨʦʬʝʩʽʡʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʨʝʪʫʰʽ ʬʦʪʦʛʨʘʬʽʡ, ʘ ʪʘʢʦʞ ʷʢ 

ʧʨʦʛʨʘʤʫ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʎʽʢʘʚʦʶ ʪʘ 

ʢʦʨʠʩʥʦʶ ʻ ʬʫʥʢʮʽʷ ʩʪʚʦʨʝʥʥʷ ʽ ʦʙʨʦʙʢʠ ʘʥʽʤʘʮʽʡʥʠʭ ʨʦʣʠʢʽʚ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʥʘʢʣʘʜʘʪʠ ʘʥʽʤʘʮʽʶ ʥʘ ʦʙôʻʢʪʠ. ʋ ʤʘʡʙʫʪʥʽʭ 

ʚʝʨʩʽʷʭ GIMP ʦʯʽʢʫʻʪʴʩʷ ʧʦʛʣʠʙʣʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟ ʙʽʙʣʽʦʪʝʢʦʶ 

GEGL, ʱʦ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʜʣʷ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʛʨʘʬʽʯʥʠʭ 

ʦʙʨʘʭʫʥʢʽʚ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʥʝʜʝʩʪʨʫʢʪʠʚʥʝ ʨʝʜʘʛʫʚʘʥʥʷ ï 

ʥʘʢʣʘʜʘʥʥʷ ʟʤʽʥ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʨʝʜʘʛʫʚʘʥʥʷ 

ʧʝʨʚʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʪʞʝ, GIMP ï ʷʢʽʩʥʠʡ ʙʝʟʢʦʰʪʦʚʥʠʡ ʨʝʜʘʢʪʦʨ, ʱʦ ʧʨʦʧʦʥʫʻ 

ʚʝʣʠʯʝʟʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ. ʈʦʟʨʦʙʣʝʥʘ ʩʝʨʽʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʜʦʧʦʤʦʞʝ ʦʩʚʦʾʪʠ ʦʩʥʦʚʠ ʨʦʙʦʪʠ ʚ ʧʨʦʛʨʘʤʽ 

ʪʘ ʩʪʘʥʝ ʥʝʟʘʤʽʥʥʠʤ ʧʦʤʽʯʥʠʢʦʤ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʛʨʘʬʽʢʠ ʜʣʷ 

Web-ʩʪʦʨʽʥʦʢ ʽ ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʦʬʦʨʤʣʝʥʥʷ ʧʨʦʛʨʘʤ, 

ʩʪʚʦʨʝʥʥʷ ʘʥʽʤʘʮʽʡʥʠʭ ʨʦʣʠʢʽʚ, ʦʙʨʦʙʢʠ ʢʘʜʨʽʚ ʜʣʷ ʚʽʜʝʦ-

ʬʨʘʛʤʝʥʪʽʚ ʽ ʧʦʙʫʜʦʚʠ ʪʝʢʩʪʫʨ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʾ ʘʥʽʤʘʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. http://www.gimp.org/ 

ʉʝʨʛʽʡ ʂʦʥʷʛʘ 

http://www.gimp.org/
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ ʆ.ɼ. 

 

ʆʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʟʦʚʘʥʦʛʦ  

ʩʢʣʘʜʥʦʛʦ ʧʦʣʽʤʝʨʫ 
ɺʩʽ ʧʦʣʽʤʝʨʠ ʧʦʜʽʣʷʪʁʴʩʷ ʥʘ ʘʤʦʨʬʥʽ ʪʘ ʢʨʠʩʪʘʣʽʯʥʽ. 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʦʣʽʤʝʨʽʚ ʻ ʥʘʷʚʥʽʩʪʴ 

ʜʘʣʝʢʦʛʦ ʧʦʨʷʜʢʫ ʚ ʨʦʟʪʘʰʫʚʘʥʥʽ ʣʘʥʦʢ ʣʘʥʮʶʛʘ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʩʪʝʨʝʦʨʝʛʫʣʷʨʥʠʭ ʧʦʣʽʤʝʨʽʚ. ɼʘʣʽ 

ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ  ʦʩʥʦʚʥʦʾ  ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ   

ʫʤʦʚʠ   ʩʘʤʦʜʦʚʽʣʴʥʦʛʦ   ʧʨʦʮʝʩʫ ȹG<0 [1].  

ʆʩʢʽʣʴʢʠ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʘʻ ʤʽʩʮʝ ʨʦʟʧʨʷʤʣʝʥʥʷ 

ʜʽʣʷʥʦʢ ʣʘʥʮʶʛʘ, ʚʦʥʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ 

ʝʥʪʨʦʧʽʾ, ʪʦʙʪʦ ȹS<0. ʊʦʤʫ ʝʥʪʘʣʴʧʽʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟʘʚʞʜʠ 

ʥʝʛʘʪʠʚʥʘ, ȹH<0.  

ʂʨʠʩʪʘʣʽʯʥʽ ʧʦʣʽʤʝʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝ ʦʜʥʦʨʽʜʥʽ ʽ ʤʽʩʪʷʪʴ, 

ʧʦʨʷʜ ʟ̔ ʢʨʠʩʪʘʣʽʯʥʦʶ, ʘʤʦʨʬʥʫ ʬʘʟʫ. ʊʦʤʫ ʜʣʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʢʠʭ ʧʦʣʽʤʝʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ 

ʩʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ 

ʦʙʩʷʛʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ʽ ʘʤʦʨʬʥʦʾ ʬʘʟ. ʉʪʫʧʽʥʴ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ 

ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʧʦʣʽʤʝʨʽʚ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 20 ʜʦ 80%; ʚʽʥ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʙʫʜʴ-ʷʢʦʾ ʬʽʟʠʯʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʣʽʤʝʨʫ, ʨʽʟʥʦʛʦ ʜʣʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʪʘ ʘʤʦʨʬʥʦʾ ʬʘʟ. 

ʇʨʠʥʮʠʧʦʚʠʤ ʻ ʪʘ ʦʙʩʪʘʚʠʥʘ, ʱʦ ʢʨʠʩʪʘʣʽʯʥʫ ʽ ʘʤʦʨʬʥʫ 

ʬʘʟʠ ʧʦʣʽʤʝʨʫ ʥʽʢʦʣʠ ʥʝ ʚʜʘʻʪʴʩʷ ʨʦʟʜʽʣʠʪʠ ʧʦʚʥʽʩʪʶ, ʮʶ 

ʚʢʘʟʫʻ ʥʘ ʜʚʦʬʘʟʥʫ ʙʫʜʦʚʫ ʢʨʠʩʪʘʣʽʚ ʧʦʣʽʤʝʨʽʚ. 

ʗʢ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʨʠʩʪʘʣʠ 

ʩʢʣʘʜʥʦʛʦ ʧʦʣʽʤʝʨʫ, 9-(1-R1-3-R2-4-ʧʽʨʘʟʦʣʽʣ)-3,3,6,6-

ʪʝʪʨʘʤʝʪʠʣ-1,2,3,4,5,6,7,8,9,10-ʜʝʢʘʛʽʜʨʦʘʢʨʠʜʠʥʜʽʦʥʠ-1,8, 

ʩʠʥʪʝʟʦʚʘʥʽ ʢʦʥʜʝʥʩʘʮʽʻʶ 1,3-ʜʠʟʘʤʽʱʝʥʠʭ 4-

ʬʦʨʤʽʣʧʽʨʘʟʦʣʽʚ ʟ̔ ʜʠʤʝʜʦʥʦʤ ʪʘ ʘʮʝʪʘʪʦʤ ʘʤʦʥʽʶ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʽ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʘ ʄʇ-2. ʗʢ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʣʘʟʝʨ ʟ̔ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 405ʥʤ ʪʘ ʧʨʠʨʦʜʥʝ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ.  

ʈʦʟʛʣʷʥʝʤʦ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʢʨʠʩʪʘʣʽʚ ʧʦʣʽʤʝʨʽʚ ʫ ʙʽʣʦʤʫ 

ʧʦʣʷʨʠʟʦʚʘʥʦʤʫ ʩʚʽʪʣʽ (ʨʠʩ. 1). 
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                             ʘ)                                    ʙ) 
ʈʠʩ. 1. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʢʨʠʩʪʘʣʽʚ ʧʦʣʽʤʝʨʫ ʫ ʙʽʣʦʤʫ ʩʚʽʪʣʽ ʧʨʠ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦʣʷʨʠʟʘʪʦʨʘ ʽ ʘʥʘʣʽʟʘʪʦʨʘ: (ʘ) - ʢʦʣʽʥʝʘʨʥʦʤʫ, (ʙ) -   

ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ 
 

ʉʠʥʪʝʟʦʚʘʥʽ ʧʦʣʽʤʝʨʥʽ ʩʧʦʣʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʅʘ ʨʠʩ. 2  ʟʦʙʨʘʞʝʥʦ ʤʽʢʨʦʢʨʠʩʪʘʣʠ ʧʦʣʽʤʝʨʫ ʧʨʠ 

ʦʩʚʽʪʣʝʥʥʽ ʬʽʦʣʝʪʦʚʠʤ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ.  

 

          
                              ʘ)                                  ʙ) 
ʈʠʩ. 2. ʄʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʧʦʣʽʤʝʨʫ ʧʨʠ 

ʦʩʚʽʪʣʝʥʥʽ ʬʽʦʣʝʪʦʚʠʤ ʣʘʟʝʨʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ ɚ = 405 ʥʤ, 

ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦʣʷʨʠʟʘʪʦʨʘ ʽ ʘʥʘʣʽʟʘʪʦʨʘ: (ʘ) - ʢʦʣʽʥʝʘʨʥʦʤʫ, 

(ʙ) -   ʦʨʪʦʛʦʥʘʣʴʥʦʤʫ. 
 

ʅʘʤʠ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʦʧʪʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ 

ʩʢʣʘʜʥʦʛʦ ʧʦʣʽʤʝʨʫ. ɹʫʣʠ ʦʪʨʠʤʘʥʽ ʬʣʫʦʨʝʩʮʝʥʪʥʽ 

ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʟʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ ʫ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʚʽʜ 440 ʥʤ ʜʦ 550 ʥʤ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦ ʦʪʨʠʤʘʥʠʤʠ ʩʧʝʢʪʨʘʤʠ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʩʢʣʘʜʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɹʘʨʪʝʥʝʚ ɻ.ʄ. ʌʠʟʠʢʘ ʠ ʤʝʭʘʥʠʢʘ ʧʦʣʠʤʝʨʦʚ. 1983. 392 ʩ. 
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ʊʝʪʷʥʘ ʂʦʧʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʠʨʠʯʝʥʢʦ ʆ.ʃ. 

 

ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ Apriori  ʷʢ ʤʝʪʦʜ ʧʦʰʫʢʫ 

ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ  

ʅʘʢʦʧʠʯʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʟʥʘʥʴ ʽ ʤʦʞʝ ʥʘʜʘʚʘʪʠ ʙʘʛʘʪʦ ʥʦʚʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ɺ ʫʤʦʚʘʭ ʢʦʥʢʫʨʝʥʮʽʾ 

ʢʦʤʧʘʥʽʷʤ ʚʘʞʣʠʚʦ ʟʥʘʡʪʠ ʥʘʡʢʨʘʱʠʡ ʩʧʦʩʽʙ ʥʝ ʧʨʦʩʪʦ 

ʚʠʷʚʣʷʪʠ ʧʨʠʭʦʚʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʚ ʥʠʭ, ʘʣʝ ʡ 

ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʯʦʛʦ ʰʚʠʜʢʦ ʧʨʠʡʤʘʪʠ ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʷʢʽʩʥʠʭ ʜʘʥʠʭ [1]. 

ɸʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ ʩʪʘʣʠ ʟʘʨʘʟ ʦʜʥʠʤ ʟ̔ 

ʧʦʧʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ ʚʠʷʚʣʝʥʥʷ ʧʨʠʭʦʚʘʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʘ 

ʧʦʙʫʜʦʚʠ ʟʥʘʥʴ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʭ: ʧʨʠ ʧʝʨʝʛʣʷʜʽ ʦʜʥʦʛʦ ʪʦʚʘʨʫ ʢʦʨʠʩʪʫʚʘʯʝʚʽ 

ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʽʥʰʽ ʪʦʚʘʨʠ, ʟ ʷʢʠʤʠ ʥʘʡʯʘʩʪʽʰʝ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʢʫʧʢʘ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʋ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʥ 

ʥʝʦʙʭʽʜʥʠʡ ʤʘʨʢʝʪʦʣʦʛʘʤ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʽʚ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʟʚʘʞʝʥʠʭ ʨʽʰʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʧʨʘʮʶʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ɺʘʨʪʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʠʡ 

ʘʥʘʣʽʟ ʙʫʜʝ ʢʦʨʠʩʥʠʡ ʚ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʘʭ, ʜʝ ʚ çʯʝʢʫè, ʷʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʦʜʠʥ ʪʦʚʘʨ, ʘ ʥʘʙʽʨ ʨʽʟʥʠʭ ʪʦʚʘʨʽʚ.  

ɺ ʫʤʦʚʘʭ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʘʥʘʣʽʟ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽʥʞʝʥʝʨʽʾ 

ʜʘʥʠʭ [1]. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʦʙʫʜʦʚʠ ʘʩʦʮʽʘʪʠʚʥʦʛʦ ʧʦʰʫʢʫ ʚ 

ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ Apriori. 

Apriori ï ʮʝ ʘʣʛʦʨʠʪʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʘʙʦʨʫ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ,  ʜʣʷ ʣʦʛʽʯʥʠʭ ʧʨʘʚʠʣ 

ʘʩʦʮʽʘʮʽʾ. ɸʣʛʦʨʠʪʤ ʽʜʝʥʪʠʬʽʢʫʻ ʝʣʝʤʝʥʪʠ, ʱʦ ʯʘʩʪʦ 

ʧʦʚʪʦʨʶʶʪʴʩʷ ʚ ʙʘʟʽ ʽ ʨʦʟʰʠʨʶʁ ʪ ɹʾʭ ʩʧʠʩʦʢ ʜʦ ʚʩʝ ʙʽʣʴʰʠʭ 

ʤʥʦʞʠʥ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʘʚʠʣʘ ʜʦʩʪʘʪʥʴʦʾ ʯʘʩʪʦʪʥʦʩʪʽ. 

ɸʣʛʦʨʠʪʤ Apriori ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʰʫʢ ʚ ʰʠʨʠʥʫ ʪʘ ʩʪʨʫʢʪʫʨʫ 

ʭʝ-hʜʝʨʝʚʘ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ-ʢʘʥʜʠʜʘʪʽʚ ʤʥʦʞʠʥʠ [2].  

ɸʣʛʦʨʠʪʤ Apriori ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ: 

1. ʌʦʨʤʘʣʽʟʘʮʽʷ ʜʘʥʠʭ. 
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2. ʇʦʰʫʢ ʦʜʥʦʝʣʝʤʝʥʪʥʠʭ ʥʘʙʦʨʽʚ, ʱʦ ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ. 

3. ʇʦʰʫʢ k+1 ï ʝʣʝʤʝʥʪʥʠʭ ʥʘʙʦʨʽʚ, ʱʦ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ. 

4. ʇʦʙʫʜʦʚʘ ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ ʟ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ Apriori, ʜʦʟʚʦʣʠʪʴ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʣʝʛʢʦ ʽ ʧʨʦʩʪʦ ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʠʡ ʧʦʰʫʢ ʫ 

ʙʫʜʴ-ʷʢʽʡ ʙʘʟʽ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ Apriori ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʘʩʦʮʽʘʪʠʚʥʠʭ ʧʨʘʚʠʣ ʟ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʟʘʪʨʘʯʝʥʠʭ 

ʦʙʯʠʩʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ 

ʚʝʣʠʢʠʭ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ. ɯʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʫ ʩʬʝʨʽ 

Big Data ʧʨʦʚʽʜʥʠʭ ʢʦʤʧʘʥʽʡ ʻ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ 

ʧʦʪʫʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʻ ʧʣʘʪʥʠʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʚʠʢʦʥʘʥʦ ʜʣʷ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ʉʠʩʪʝʤʘ ʦʧʨʘʮʴʦʚʫʻ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ ʧʨʦʜʘʞʫ ʪʦʚʘʨʽʚ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʫ Apriori. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ 

ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʤʦʚʦʶ Java. ʄʝʪʘ ʧʦʣʷʛʘʣʘ ʚ 

ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ Apriori ʥʘ ʚʝʣʠʢʠʭ 

ʦʙʩʷʛʘʭ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʪʘ ʧʦʙʫʜʦʚʠ ʘʩʦʮʽʘʪʠʚʥʠʭ 

ʧʨʘʚʠʣ ʜʣʷ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʟ 

ʤʝʪʦʶ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʜʘʞʽʚ ʪʦʚʘʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ 

ʦʧʨʘʮʴʦʚʘʥʦ ʤʘʩʠʚʠ ʜʘʥʠʭ ʚʢʘʟʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʪʘ 

ʦʮʽʥʝʥʦ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ, ʧʦʙʫʜʦʚʘʥʽ ʘʩʦʮʽʘʪʠʚʥʽ ʧʨʘʚʠʣʘ 

ʥʘ ʟʘʜʘʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʥʘʜʘʪʠ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʘʞʽʚ ʪʦʚʘʨʽʚ ʚ ʽʥʪʝʨʥʝʪ-

ʤʘʛʘʟʠʥʽ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Montgomery Karen. Big Data Now: 2014 Edition. OôReilly Media. 

ï Junuary, 2015. ï 165 p. 

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

Apriori ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://uk.wikipedia.org/wiki/ɸʣʛʦʨʠʪʤ_Apriori  

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 01.03.2020). 

  

https://uk.wikipedia.org/wiki/Алгоритм_Apriori
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ɽʣʝʦʥʦʨʘ ʂʦʨʤʠʰ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʠʨʠʯʝʥʢʦ ʆ.ʃ. 

ʉʝʨʚʽʩ ʜʣʷ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʪʝʢʩʪʦʚʠʭ ʪʘ ʛʨʘʬʽʯʥʠʭ ʬʘʡʣʽʚ 

ʫ PDF-ʬʦʨʤʘʪ 
ɿ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʽʣʴʢʽʩʪʴ ʬʦʨʤʘʪʽʚ 

ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʪʨʽʤʢʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʤʫ ʟʘʚʞʜʠ 
ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʧʽʜ ʨʫʢʦʶ ʟʨʫʯʥʠʡ ʪʘ ʧʨʦʩʪʠʡ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ 
ʩʝʨʚʽʩ ʜʣʷ ʢʦʥʚʝʨʪʘʮʽʾ ʜʘʥʠʭ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʽʣʴʥʦ 
ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ 
ʣʝʛʢʦ ʢʦʥʚʝʨʪʫʚʘʪʠ ʾʭ ʚ ʽʥʰʠʡ ʬʦʨʤʘʪ.  
ɺʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʬʘʡʣʽʚ ʻ 

ʙʽʙʣʽʦʪʝʢʘ PDF.js, ʥʘʧʠʩʘʥʘ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript. ʅʘ 
ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʶʶʪʴʩʷ ʪʘʢʽ ʜʽʾ: ʟʯʠʪʫʚʘʥʥʷ ʬʘʡʣʘ 
ʟʘʜʘʥʦʛʦ ʬʦʨʤʘʪʫ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʫ Base64-ʩʪʨʽʯʢʫ, 
ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʩʪʨʽʯʢʠ ʫ ʥʝʦʙʭʽʜʥʠʡ ʬʦʨʤʘʪ ʪʘ ʣʦʢʘʣʴʥʝ 
ʟʙʝʨʝʞʝʥʥʷ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʶ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʬʘʡʣʘ ʫ 
Base64-ʩʪʨʽʯʢʫ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʣʷʪʠ ʩʘʤʦʩʪʽʡʥʦ. ɼʘʣʽ ʨʦʙʦʪʘ ʟ 
ʪʝʢʩʪʦʚʠʤʠ ʬʘʡʣʘʤʠ ʽ ʛʨʘʬʽʯʥʠʤʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. 
ʉʝʨʝʜ ʪʝʢʩʪʦʚʠʭ ʬʦʨʤʘʪʽʚ ʙʫʣʦ ʦʙʨʘʥʦ txtïʬʦʨʤʘʪ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʩʪʚʦʨʝʥʠʡ, ʚʽʜʢʨʠʪʠʡ ʪʘ ʚʽʜʨʝʜʘʛʦʚʘʥʠʡ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʠʭ ʧʨʦʛʨʘʤ ʥʘ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ 
ʧʣʘʪʬʦʨʤʘʭ (Linux, Microsoft Windows, Mac) ʪʘ ʥʘ ʙʽʣʴʰʦʩʪʽ 
ʩʫʯʘʩʥʠʭ ʩʤʘʨʪʬʦʥʽʚ. ʆʩʢʽʣʴʢʠ txtïʬʦʨʤʘʪ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ pdfï
ʬʦʨʤʘʪʫ, ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʬʽʢʩʦʚʘʥʠʭ ʧʦʣʽʚ, ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ 
çʚʪʨʘʪʠè ʜʘʥʠʭ.  
ʇʽʜ ʯʘʩ ʢʦʥʚʝʨʪʫʚʘʥʥʷ txt-ʬʘʡʣʘ ʚ pdf-ʬʘʡʣ ʫʩʽ ʩʠʤʚʦʣʠ, ʷʢʽ 

ʥʝ ʚʤʽʱʘʣʠʩʴ ʫ ʨʷʜʦʢ .pdf-ʬʘʡʣʘ ʧʨʦʩʪʦ ʟʥʠʢʘʣʠ. ɼʣʷ ʮʴʦʛʦ 
ʨʦʟʨʦʙʣʝʥʦ ʬʫʥʢʮʽʶ, ʷʢʘ ʢʦʨʝʛʫʻ ʨʦʟʤʽʨ ʢʦʞʥʦʛʦ ʨʷʜʢʘ, ʱʦ 
ʬʦʨʤʫʻ ʨʽʚʥʽ ʧʦʣʷ ʟ ʫʩʽʭ ʩʪʦʨʽʥ ʦʪʨʠʤʘʥʦʛʦ ʬʘʡʣʘ, ʥʝ 
ʨʦʟʨʠʚʘʶʯʠ ʩʣʦʚʘ (ʧʦʯʘʪʢʦʚʠʡ txt ʬʘʡʣ ʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ). 
ɯʥʰʦʶ ʧʝʨʝʰʢʦʜʦʶ ʙʫʣʦ ʪʝ, ʱʦ txt-ʬʘʡʣ ʪʘʢʦʞ ʥʝ ʧʝʨʝʜʙʘʯʘʻ 

ʧʦʜʽʣʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʩʪʦʨʽʥʢʠ. ʊʦʙʪʦ ʧʽʜ ʯʘʩ ʢʦʥʚʝʨʪʘʮʽʾ ʚʝʩʴ 
ʪʝʢʩʪ, ʱʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʧʝʨʰʦʾ ʩʪʦʨʽʥʢʠ, ʘʚʪʦʤʘʪʠʯʥʦ 
ʟʥʠʢʘʚ. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ  ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʣʝʥʦ ʜʦʜʘʪʢʦʚʠʡ 
ʬʫʥʢʮʽʦʥʘʣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʡ ʙʽʙʣʽʦʪʝʢʠ addPage(), ʱʦ 
ʜʽʣʠʪʴ ʢʦʥʚʝʨʪʦʚʘʥʠʡ ʪʝʢʩʪ, ʟʙʝʨʽʛʘʶʯʠ ʚʽʜʩʪʫʧʠ ʪʘ ʘʙʟʘʮʠ. 
ʉʝʨʝʜ ʛʨʘʬʽʯʥʠʭ ʬʦʨʤʘʪʽʚ ʥʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ jpg (jpeg) ʪʘ png 

ï ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʬʦʨʤʘʪʠ, ʱʦ ʥʘʡʢʨʘʱʝ ʟʙʝʨʽʛʘʶʪʴ 
ʢʨʝʩʣʝʥʥʷ, ʪʝʢʩʪ, ʬʦʪʦ ʪʘ ʣʦʛʦʪʠʧʠ.  
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ɹʽʙʣʽʦʪʝʢʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ, ʥʝ ʧʝʨʝʜʙʘʯʘʻ 
ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʤʽʨʽʚ ʦʙʨʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʬʘʡʣʘ[1]. ʉʪʚʦʨʝʥʦ 
ʬʫʥʢʮʽʶ, ʷʢʘ ʬʽʢʩʫʻ ʥʝʦʙʭʽʜʥʽ ʨʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 
ʧʽʜʣʘʰʪʦʚʫʻ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʭ. 

ʊʘʙʣʠʮʷ 1.  

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟ ʽʩʥʫʶʯʠʤʠ ʩʝʨʚʽʩʘʤʠ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʘʰ ʩʝʨʚʽʩ Smallpdf [2] 

ɺʘʨʪʽʩʪʴ ʇʦʚʥʽʩʪʶ ʙʝʟʢʦʰʪʦʚʥʘ 

ʢʦʥʚʝʨʪʘʮʽʷ ʬʘʡʣʽʚ 

ʇʝʨʰʽ 2 

ʢʦʥʚʝʨʪʘʮʽʾ 

ʙʝʟʢʦʰʪʦʚʥʦ 

ʈʝʢʣʘʤʘ ɾʦʜʥʦʾ ʨʝʢʣʘʤʠ ʇʨʠʩʫʪʥʷ ʨʝʢʣʘʤʘ 

ʆʙʨʦʙʢʘ ʃʦʢʘʣʴʥʘ (ɺʘʰʽ ʜʘʥʽ ʥʝ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʘ ʽʥʰʠʭ 

ʩʝʨʚʝʨʘʭ, ʧʦʚʥʘ 

ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ) 

ʅʘ ʩʝʨʚʝʨʽ 

ʐʚʠʜʢʦʜʽʷ  3 ʩʝʢʫʥʜʠ (ʫ ʩʝʨʝʜʥʴʦʤʫ)  5 ʩʝʢʫʥʜ (ʫ 

ʩʝʨʝʜʥʴʦʤʫ) 

ɼʦʜʘʪʢʦʚʽ 

ʬʫʥʢʮʽʾ 

ʆʙʨʦʙʢʘ ʬʘʡʣʽʚ, 

ʢʦʥʚʝʨʪʘʮʽʷ Youtube 

ʧʦʩʠʣʘʥʴ 

ʊʽʣʴʢʠ ʦʙʨʦʙʢʘ 

ʬʘʡʣʽʚ 

ʂʽʣʴʢʽʩʪʴ 

ʤʦʞʣʠʚʠʭ 

ʬʦʨʤʘʪʽʚ ʜʣʷ 

ʢʦʥʚʝʨʪʘʮʽʾ 

4 8 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʦ ʩʝʨʚʽʩ ʜʣʷ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʬʘʡʣʽʚ ʤʦʚʦʶ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ JavaScript. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʩʪʚʦʨʝʥʦʛʦ 

ʩʝʨʚʽʩʫ ʟ ʚʠʱʝ ʦʘʟʥʘʯʝʥʠʤ (ʪʘʙʣ. 1) ʤʦʞʥʘ ʧʝʨʝʢʦʥʘʪʠʩʷ ʫ ʡʦʛʦ 

ʰʚʠʜʢʦʜʽʾ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʨʫʯʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʜʘʣʦʩʷ 

ʩʪʚʦʨʠʪʠ ʩʝʨʚʽʩ ʜʣʷ ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʥʘʤ 

ʧʝʨʝʚʘʛʘʤʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʽʙʣʽʦʪʝʢʘ ʛʝʥʝʨʘʮʽʾ ʧʦʨʪʘʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ (pdf): ʚʝʙ-ʩʘʡʪ. 

URL: https://www.npmjs.com/package/pdfjs (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 03.03.2020). 

2. ʋʥʽʚʝʨʩʘʣʴʥʽ ʽ ʧʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʙʦʪʠ ʟ 

pdf-ʬʘʡʣʘʤʠ: ʚʝʙ-ʩʘʡʪ. URL:https://smallpdf.com (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

03.03.2020). 
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ʖʨʽʡ ʂʦʩʪʘʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʣʽʡʥʠʯ-ʃʠʩʢʁ ɸ.ɺ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 
ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʘʣʽʚ  

ʋ ʢʫʨʩʽ ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʢʠ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 
ʤʝʪʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, ʘʙʦ 
ʤʦʜʝʣʴ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ [1]. 
ʊʝʦʨʽʷ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ ʥʝ ʟʤʦʛʣʘ ʧʦʷʩʥʠʪʠ ʮʽʣʫ ʥʠʟʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʣʷ ʤʝʪʘʣʽʚ. 
ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʤʦʜʝʣʽ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ R ʻ ʪʝ, 

ʱʦ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ R ~. ʋ ʪʦʡ ʞʝ 
ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʫʻ, ʱʦ R ~ T [2]. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʧʝʚʥʘ ʧʨʦʙʣʝʤʘ ʤʝʪʦʜʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʢʦʣʠ ʮʽʥʥʽʩʪʴ ʤʦʜʝʣʽ ʽʟ ʪʦʯʢʠ ʟʦʨʫ ʫʯʥʽʚ, ʟʥʠʞʫʻʪʴʩʷ 
ʾʾ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ. ʇʦʷʩʥʝʥʥʷ 
ʘʜʝʢʚʘʪʥʦʾ ʪʝʦʨʽʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʧʦʟʠʮʽʡ ʢʚʘʥʪʦʚʦʾ 
ʤʝʭʘʥʽʢʠ ʥʘ ʝʪʘʧʽ ʚʠʚʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʢʠ ʫ 9 ʢʣʘʩʽ ɿʆʐ 
ʥʦʩʠʪʴ ʜʝʢʣʘʨʘʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʥʝ ʨʦʟʚôʷʟʫʻ ʧʨʦʙʣʝʤʠ. ʊʦʤʫ 
ʚʠʜʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʨʦʟʨʦʙʠʪʠ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʫ ʤʝʭʘʥʽʯʥʫ 
ʤʦʜʝʣʴ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʝʪʘʣʽʚ ʜʣʷ ʤʝʪʦʜʠʯʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʚʠʢʣʘʜʘʥʥʽ ʢʫʨʩʫ ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʢʠ ʚ ʰʢʦʣʽ. 
ɺ ʦʩʥʦʚʫ ʮʽʻʾ ʤʦʜʝʣʽ ʤʠ ʧʦʢʣʘʜʘʻʤʦ ʪʝʦʨʽʶ ʧʨʦ ʪʝ, ʱʦ 

ʧʨʦʚʽʜʥʠʢ ʟʽ ʩʪʨʫʤʦʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʫʤʦʚʘʭ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 
ʊ. ɿôʷʩʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ï R(T), ʚʚʘʞʘʶʯʠ, 
ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ T0 ʦʧʽʨ ʧʨʦʚʽʜʥʠʢʘ ʜʦʨʽʚʥʶʻ R0. ʇʽʜʨʘʭʫʻʤʦ 
ʝʥʝʨʛʽʶ, ʷʢʫ ʟʘ ʛʦʜʠʥʫ ʚʠʜʽʣʷʻ ʧʨʦʚʽʜʥʠʢ: W = Pæt; Pæt = I

2
Ræt = 

(U
2
/R)æt, ʜʝ P ï ʧʦʪʫʞʥʽʩʪʴ, I ï ʩʠʣʘ ʩʪʨʫʤʫ, U ï ʥʘʧʨʫʛʘ. 
ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʮʷ ʝʥʝʨʛʽʷ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ ʝʥʝʨʛʽʾ, ʷʢʫ 

ʝʣʝʢʪʨʦʥʠ ʧʨʦʚʽʜʥʦʩʪʽ ʧʝʨʝʜʘʶʪʴ ʽʦʥʘʤ ʨʝʰʽʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 
ʥʝʧʨʫʞʥʠʭ ʟʽʪʢʥʝʥʴ: W = NæW, æW = (meɡm

2
)/2, ʜʝ æW ï 

ʝʥʝʨʛʽʷ, ʷʢʫ ʧʝʨʝʜʘʻ ʝʣʝʢʪʨʦʥ ʫ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʥʷ ʟ ʽʦʥʦʤ, N ï 
ʢʽʣʴʢʽʩʪʴ ʟʽʪʢʥʝʥʴ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, me ï ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ, ɡm ï 
ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʧʨʷʤʣʝʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʘ ʚ ʢʽʥʮʽ 
ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ. ʇʨʠʩʢʦʨʝʥʥʷ, ʷʢʝ ʚʽʥ ʥʘʙʫʚʘʻ ʧʽʜ ʚʧʣʠʚʦʤ 
ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ: a = F/me = eU/meL. ɿʥʘʡʜʝʤʦ 
ʜʦʚʞʠʥʫ ǎ ʪʘ ʯʘʩ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ: ǎ = aŰ

2
/2; Ű = (2ǎmeL/eU)

1/2
. 

ʄʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʫʧʦʨʷʜʢʦʚʘʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ ʫ ʢʽʥʮʽ 
ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʙʫʜʝ: ɡm = aŰ = (2ǎeU/meL)

1/2
. ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, 

ʱʦ ʝʣʝʢʪʨʦʥ ʤʽʞ ʟʽʪʢʥʝʥʥʷʤʠ ʨʫʭʘʻʪʴʩʷ ʨʽʚʥʦʧʨʠʩʢʦʨʝʥʦ, 
ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʾʾ 
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ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ: ɜʜ = 1/2Ĭ(eE/me)ĬŰ = (ǎeU/2meL)
1/2 
ï

 
 

ʰʚʠʜʢʽʩʪʴ ʜʨʝʡʬʫ. ʆʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʟʽʪʢʥʝʥʴ, ʷʢʠʭ ʟʘʟʥʘʻ ʝʣʝʢʪʨʦʥ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ: N = 
neNiˊA

2
ɜʜæt, ne = zNi, ʜʝ ne ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, z ï 

ʚʘʣʝʥʪʥʽʩʪʴ. ʂʽʣʴʢʽʩʪʴ ʽʦʥʽʚ ʜʦʨʽʚʥʶʻ Ni = mNA/M = ɟSLNA/M, ʜʝ 
ɟ ï ʛʫʩʪʠʥʘ ʧʨʦʚʽʜʥʠʢʘ, S - ʧʣʦʱʘ ʧʝʨʝʨʽʟʫ, M - ʤʦʣʷʨʥʘ ʤʘʩʘ, 
NA - ʩʪʘʣʘ ɸʚʦʛʘʜʨʦ. ɿʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ 
ʽʦʥʘ A, ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʠʡ ʛʘʟ ʧʝʨʝʙʫʚʘʻ ʫ 
ʪʝʨʤʦʜʠʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ ʟ ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʰʽʪʢʦʶ, ʪʘ ʚʽʣʴʥʠʡ 
ʝʣʝʢʪʨʦʥ ʤʘʻ ʪʨʠ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ: ɔA

2
/2 = 3kT/2; A = (3kT/ɔ)

1/2
, k 

ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ, ɔ ï ʤʦʜʝʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʫʞʥʦʩʪʽ ʜʣʷ 
ʢʦʣʠʚʘʥʴ ʽʦʥʘ. ʄʦʞʝʤʦ ʟʘʧʠʩʘʪʠ:  

N = zĬ(ɟSLNA/M)
2
ĬˊĬ3kT/ɔĬ(ǎeU/2meL)

1/2
Ĭæt. 

ʆʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
ʟʥʘʡʜʝʥʠʭ ʚʝʣʠʯʠʥ. æW = (meɡm

2
)/2 = me/2Ĭ2ǎeU/meL = ǎeU/L. 

ɺʠʭʦʜʷʯʠ ʟ ʥʴʦʛʦ ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ 
R = z/I

2
Ĭ(ɟSLNA/M)

2
ĬˊĬ3kT/ɔĬ(ǎeU/2meL)

1/2
ĬǎeU/L, 

R = 1/ɔĬ6ˊkme/ zS
2
e

2
Ĭ(ǎeU/2meL)

1/2
ĬT. 

ɿʥʘʡʜʝʤʦ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟ 
ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

R0 = 1/ɔĬ6ˊkme / zS
2
e

2
Ĭ(ǎeU/2meL)

1/2
ĬT0, 

ũ= 1/R0Ĭ6ˊkme / zS
2
e

2
Ĭ(ǎeU/2meL)

1/2
ĬT0. 

ɺ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʦʪʦʨʠʤʘʻʤʦ ʟʘʣʝʞʥʽʩʪʴ ʦʧʦʨʫ ʚʽʜ 
ʪʝʤʧʝʨʘʪʫʨʠ 

R = R0ĬT/T0; R =  R0/T0ĬT = ŬT; R = ŬT; R ~ T. 
ʆʩʦʙʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ R ʽ T ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʧʨʫʛʠ. ɿ 
ʽʥʰʦʛʦ ʙʦʢʫ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʮʶ 
ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʞʥʘ ʫʩʫʥʫʪʠ.  
ɺ ʪʘʢʽʡ ʤʦʜʝʣʽ R ~ T ʟʘ ʨʘʭʫʥʦʢ ʟʘʣʝʞʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʚʟʘʻʤʦʜʽʾ 

ʝʣʝʢʪʨʦʥʘ ʪʘ ʽʦʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʧʣʦʚʠʭ ʢʦʣʠʚʘʥʴ ʽʦʥʘ ʧʦʙʣʠʟʫ ʚʫʟʣʘ 
ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ 
ʤʝʪʦʜʠʯʥʫ ʧʨʦʙʣʝʤʫ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʦʜʝʣʽ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ 
ʝʢʩʧʝʨʠʤʝʥʪʫ.  ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʮʽʣʢʦʤ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʚʯʝʥʥʷ 
ʷʚʠʱ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʙʝʟ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ 
ʧʨʠʥʮʠʧʽʚ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1.  ʉʘʚʝʣʴʝʚ ʀ.ɺ. ʂʫʨʩ ʦʙʱʝʡ ʬʠʟʠʢʠ. ï ʊ.2. ï ʄ.: ʅʘʫʢʘ, 1977. ï 

376 ʩ. 

2.  ʊʘʤʤ ʀ.ɽ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ï ʄ.,1966. ï 624 ʩ. 
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ɺʣʘʜʠʩʣʘʚ ʂʦʪʣʘ, ʅʘʟʘʨ ɿʣʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʡʩʪʨʫʢ ɽ.ɺ. 

ɺʧʣʠʚ ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ZnO:Al /Si 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦ ʩʪʨʫʢʪʫʨ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ZnO:Al  n-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜʢʣʘʜʢʫ Si p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ. 

ʇʣʽʚʢʠ ZnO:Al  ʥʘʧʠʣʶʚʘʣʠ ʥʘ ʧʽʜʢʣʘʜʢʠ Si ʚ ʫʥʽʚʝʨʩʘʣʴʥʽʡ 

ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ ʋɺʅ-70. ʄʽʰʝʥʴ ZnO:Al  ʨʦʟʧʠʣʶʚʘʣʠ ʚ 

ʘʪʤʦʩʬʝʨʽ Ar ʟʘ ʜʦʧʦʤʦʛʦʶ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ 

ʟʤʽʥʥʽʡ ʥʘʧʨʫʟʽ. ɼʣʷ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʢʠ ʧʽʜʢʣʘʜʢʘ Si ʨʦʟʤʽʱʘʣʘʩʷ ʥʘ 

ʧʽʯʮʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʧʽʜʪʨʠʤʫʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ 300 Üʉ.  

 

ʈʠʩ. 1. ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ n- ZnO:Al  /p- Si:(ʜʦ ʪʘ ʧʽʩʣʷ ʦʩʚʽʪʣʝʥʥʷ) 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ ʙʫʣʦ 

ʚʽʜʢʘʯʘʥʦ ʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 5Ā10
-5 
ʤʤ.ʨʪ.ʩʪ. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ 

ʧʣʽʚʢʠ ZnO:Al  ʪʨʠʚʘʚ 30 ʭʚ. ʇʨʠ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʝʪʨʦʥʘ 200 ɺʪ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʨʠʩ. 1) ʦʜʝʨʞʘʥʦʾ ʩʪʨʫʢʪʫʨʠ  

n-ZnO:Al /p-Si ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 23Áʉ. 
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ʆʩʚʽʪʣʝʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʤʽʨʶʚʘʣʘʩʷ ʧʨʠ ʙʽʣʦʤʫ 

ʦʩʚʽʪʣʝʥʥʽ (80 ʤɺm/ʩʤ
2
). 

ɽʢʩʪʨʘʧʦʣʷʮʽʻʶ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʧʨʷʤʠʭ ʛʽʣʦʢ ʜʦ ʦʩʽ ʥʘʧʨʫʛ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʷʢʘ 

ʩʪʘʥʦʚʠʪʴ 1,4 ʝɺ ʜʦ ʪʘ ʧʽʩʣʷ ʦʩʚʽʪʣʝʥʥʷ. 

ɼʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ  ʷʢ ʬʦʪʦʜʽʦʜ ʪʦʤʫ, ʱʦ ʧʨʠ 

ʦʩʚʽʪʣʝʥʥʽ ʩʪʨʫʤ ʟʨʦʩʪʘʻ. ɯʟ ʪʝʤʥʦʚʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ, ʷʢʠʡ ʧʨʠ |U|=2,5 ɺ ʪʘ T=296 

ʂ ʤʘʻ ʟʥʘʯʝʥʥʷ RR~14,3 [1]. 

ὲ  
Ў

Ў
    (1) 

 

ʈʠʩ.2. ʇʨʷʤʽ ʛʽʣʢʠ ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʚ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ  

ɯʟ ʨʠʩ.2, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤʫʣʫ 1, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ 

ʥʝʽʜʝʘʣʴʥʦʩʪʽ n=6,7 (0 <V< 1,4). ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʩʪʨʫʤʦʧʝʨʝʥʝʩʝʥʥʷ ʯʝʨʝʟ ʛʝʪʝʨʦʧʝʨʝʭʽʜ ʻ 

ʪʫʥʝʣʶʚʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʦʥʢʽ ʧʣʽʚʢʠ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ ʪʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ʥʘ ʾʭ ʦʩʥʦʚʽ /ʄʘʨ'ʷʥʯʫʢ 

ʇ.ɼ., ɹʨʫʩ ɺ.ɺ. ʏʝʨʥʽʚʮʽ: ʈʆɼʆɺɯɼ, 2014. 292 ʩ. 
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ɯʚʘʥ ʂʨʘʚʝʮʴ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʠʢʠʪʶʢ ʇ.ɼ. 

 

ʉʝʡʩʤʦʜʘʪʯʠʢ ʽʟ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ 

 ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ 

 
ɿʘ ʽʩʪʦʨʠʯʥʠʡ ʧʝʨʽʦʜ ʟʝʤʣʝʪʨʫʩʠ ʥʝ ʨʘʟ ʚʠʢʣʠʢʘʣʠ 

ʨʫʡʥʫʚʘʥʥʷ ʽ ʞʝʨʪʚʠ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʜʥʠʤ ʟ ʘʢʪʫʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʩʮʷ ʽ ʩʠʣʠ ʟʝʤʣʝʪʨʫʩʫ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʟʘ ʢʦʣʠʚʘʥʥʷʤʠ ʢʦʨʠ ɿʝʤʣʽ. 

ʇʜ̔ʪʨʠʤʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʨʽʟʥʠʭ ʘʚʪʦʥʦʤʥʠʭ 

ʩʝʡʩʤʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʪʨʠʚʘʣʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʝʤʦʞʣʠʚʘ ʙʝʟ 

ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ. ʉʫʯʘʩʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʚʥʷʤʠ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʚʽʜ ʜʝʩʷʪʢʽʚ ʤʽʣʽʚʘʪ ʜʦ ʜʝʢʽʣʴʢʦʭ ʚʘʪ. 

ʐʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʣʠ ʤʽʢʨʦʩʠʩʪʝʤʠ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʫ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ ʩʪʚʦʨʶʶʪʴʩʷ ʨʽʟʥʽ 

ʟʘʩʦʙʠ ʚʠʷʚʣʝʥʥʷ ʡ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ. ɺ ʦʩʥʦʚʽ ʟʘʩʦʙʽʚ 

ʚʠʷʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʝʡʩʤʽʯʥʠʡ ʧʨʠʥʮʠʧ, ʩʫʪʴ ʷʢʦʛʦ ï 

ʘʥʘʣʽʟ ʩʝʡʩʤʽʯʥʠʭ ʟʙʫʨʝʥʴ ˇʨʫʥʪʫ, ʚʠʢʣʠʢʘʥʠʭ ʨʫʭʦʤ ʟʝʤʥʦʾ 

ʢʦʨʠ. ɺʠʷʚʣʝʥʥʷ ʩʝʡʩʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʝʡʩʤʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʩʪʽʡʥʦʛʦ 

ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʽ ʯʘʩʪʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʷʭ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʨʦʙʦʪʠ ʩʝʡʩʤʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ ï ˇʨʫʥʪʦʚʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ (ɻʊɽɻ), ʩʪʚʦʨʝʥʠʭ ʚ ɯʥʩʪʠʪʫʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ [1]. 

ʐʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʊɽɻ ʟʫʤʦʚʣʝʥʽ 

ʥʘʩʘʤʧʝʨʝʜ ʪʠʤ, ʱʦ ʩʫʯʘʩʥʽ ʩʝʡʩʤʦʜʘʪʯʠʢʠ ʤʘʶʪʴ ʥʠʟʴʢʠʡ 

ʨʽʚʝʥʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʩʫʤʽʩʥʠʡ ʽʟ ʧʦʪʫʞʥʽʩʪʶ, ʷʢʫ ʚʠʨʦʙʣʷʻ 

ɻʊɽɻ. ʑʝ ʦʜʥʽʻʶ ʧʝʨʝʚʘʛʦʶ ɻʊɽɻ ʻ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʥʘʙʣʠʞʝʥʽʩʪʴ ʜʦ ʩʧʦʞʠʚʘʯʘ, ʘʜʞʝ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ 

ˇʨʫʥʪ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʥʝʦʙʭʽʜʥʦʤʫ ʤʽʩʮʽ. ʇʦʚʥʘ ʘʚʪʦʥʦʤʥʽʩʪʴ, 

ʝʢʦʣʦʛʽʯʥʘ ʯʠʩʪʦʪʘ, ʨʝʩʫʨʩ ʨʦʙʦʪʠ 25-30 ʨʦʢʽʚ ʩʫʪʪʻʚʦ 

ʨʦʟʰʠʨʶʶʪʴ ʩʬʝʨʫ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ɻʊɽɻ. 
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ʋ ʥʘʰ ʯʘʩ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʽʢʨʦʩʭʝʤʠ, ʱʦ 

ʟʜʽʡʩʥʶʶʪʴ ʦʙʨʦʙʢʫ ʩʠʛʥʘʣʫ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʬʽʟʠʯʥʠʭ 

ʚʝʣʠʯʠʥ. ʉʝʡʩʤʦʜʘʪʯʠʢʠ ʟ ʪʘʢʠʤʠ ʤʽʢʨʦʩʭʝʤʘʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʽʥʽʘʪʶʨʥʠʤ ʚʠʢʦʥʘʥʥʷʤ, ʤʘʣʠʤʠ ʨʽʚʥʷʤʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʨʦʙʦʪʦʶ ʚ ʨʝʞʠʤʽ ʦʯʽʢʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʩʝʡʩʤʦʜʘʪʯʠʢʠ ʩʝʨʽʡ 

ʉɼ ʽ ʉɼɻ ʩʧʦʞʠʚʘʶʪʴ ʫʩʴʦʛʦ 0,4 ʤɸ ʟʘ ʥʘʧʨʫʛʠ 5 ɺ. ʊʦʯʢʦʚʠʡ 

ʚʽʙʨʦʜʘʪʯʠʢ ʩʝʨʽʾ ɺɼ ʩʧʦʞʠʚʘʻ ʚʩʴʦʛʦ 0,11 ʤɸ ʟʘ ʥʘʧʨʫʛʠ 5 ɺ. 

ɺ ɯʥʩʪʠʪʫʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʝʡʩʤʦʜʘʪʯʠʢ 

ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʩʭʝʤʠ Arduno UNO ʪʘ ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʥʝʾ 

ʜʘʪʯʠʢʘ ʚʽʙʨʘʮʽʡ (ʨʠʩ.1). 

 

 
ʈʠʩ.1. ʉʝʡʩʤʦʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʩʭʝʤʠ Arduno UNO 

 

ʊʘʢʠʡ ʩʝʡʩʤʦʜʘʪʯʠʢ ʫ ʨʝʞʠʤʽ ʦʯʽʢʫʚʘʥʥʷ ʩʧʦʞʠʚʘʻ 3,5 ɺ ʪʘ 

5 ɺ ʚ ʘʢʪʠʚʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʩʪʨʫʤʽ ʚʝʣʠʯʠʥʦʶ ʚʩʴʦʛʦ ʚ 0,15 ʤɸ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘʢʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʝʡʩʤʦʜʘʪʯʠʢʘ 

ʥʝʦʙʭʽʜʥʘ ʩʠʩʪʝʤʘ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ 

ʛʝʥʝʨʫʻʪʴʩʷ ɻʊɽɻ, ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʊɽɻ ʨʘʟʦʤ ʽʟ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʶ ʧʘʥʝʣʣʶ, ʱʦ ʟʙʽʣʴʰʫʚʘʪʠʤʝ ʛʝʥʝʨʘʮʽʶ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʜʝʥʥʠʡ ʯʘʩ. 

ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ɻʊɽɻ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʣʝʥʥʷ 

ʩʝʡʩʤʦʜʘʪʯʠʢʽʚ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ɼʦʮʽʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʞʠʚʣʝʥʥʷ ʩʝʡʩʤʦʜʘʪʯʠʢʽʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʟ 

ɻʊɽɻ ʽ ʬʦʪʦʝʣʝʢʪʨʠʯʥʦʾ ʧʘʥʝʣʽ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ. ʃ.ʀ. ʄʠʢʠʪʶʢ ʇ.ɼ. ʊʝʨʤʦʛʝʥʝʨʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʪʝʧʣʦʚʳʝ ʧʨʮʝʩʩʳ ʚ ʧʦʯʚʘʭ //ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. - ˉ 3. ï 2003. ï 

ʉ. 91-100. 
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ɯʚʘʥ ʂʨʫʣʠʢ 

ɸʥʜʨʽʡ ʄʫʰʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʦʪʨʠʯ ɸ.ɺ. 

 

ɸʟʠʤʫʪʘʣʴʥʦ-ʽʥʚʘʨʽʘʥʪʥʘ ʩʪʦʢʩ-ʧʦʣʷʨʠʤʝʪʨʽʷ 

ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʽʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ 
ɺʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ ʻ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʟʘ 

ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʘʥʽʟʦʪʨʦʧʥʦʾ ʩʢʣʘʜʦʚʦʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ ʫ ʧʣʦʱʠʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʦʙʝʨʪʘʥʥʷ ʧʦʣʷʨʠʟʘʪʦʨʘ ï ʘʥʘʣʽʟʘʪʦʨʘ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʬʨʦʚʦʾ ʢʘʤʝʨʠ ʚʠʤʽʨʶʶʪʴ ʧʘʨʘʤʝʪʨʠ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ 

ʟʦʙʨʘʞʝʥʴ ʦʧʪʠʢʦ-ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʨʭʽʪʝʢʪʦʥʽʯʥʦʾ ʩʽʪʢʠ 

ʩʧʦʣʫʯʥʦʾ ʽ ʤôʷʟʦʚʦʾ ʙʽʦʣʦʛʽʯʥʠʭ ʪʢʘʥʠʥ. ʅʝʜʦʣʽʢʦʤ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʽʚ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʘʟʠʤʫʪʘʣʴʥʦ-ʽʥʚʘʨʽʘʥʪʥʠʭ ʢʦʦʨʜʠʥʘʪʥʠʭ 

ʨʦʟʧʦʜʽʣʽʚ ʧʘʨʘʤʝʪʨʽʚ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʢʦʛʝʨʝʥʪʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʣʘʟʝʨʥʠʡ ʜʽʦʜ ʽʟ 

ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ 0,405 ʤʢʤ. ʌʦʨʤʫʶʪʴ ʧʘʨʘʣʝʣʴʥʠʡ ʧʨʘʚʦ 

ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʠʡ ʣʘʟʝʨʥʠʡ ʧʫʯʦʢ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʦʙôʻʢʪʠʚʘ, ʢʫʪʦʚʘ ʘʧʝʨʪʫʨʘ ʷʢʦʛʦ ʫʟʛʦʜʞʝʥʘ ʽʟ 

ʽʥʜʠʢʘʪʨʠʩʦʶ ʨʦʟʩʽʷʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ. ʆʪʨʠʤʫʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʦʧʪʠʢʦ-ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʰʘʨʫ ʚ ʧʣʦʱʠʥʽ ʮʠʬʨʦʚʦʾ 

ʩʚʽʪʣʦʯʫʪʣʠʚʦʾ ʢʘʤʝʨʠ, ʱʦ ʥʘʣʽʯʫʻ pixpixnm 600800 ³=³ , 

ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʚʦʣʦʜʽʻ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ mm2

. ɺʠʤʽʨʶʶʪʴ ʰʽʩʪʴ ʢʦʦʨʜʠʥʘʪʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʣʘʟʝʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʪʠʢʦ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʰʘʨʫ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʝʩʪʠ ʧʘʨʘʣʝʣʴʥʠʭ ʢʘʥʘʣʽʚ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ (ñ
00 ò; ñ090 ò; ñ045 ò;ñ0135 ò ñʧʨʘʚʘ ʮʠʨʢʫʣʷʮʽʷò ʽ ñʣʽʚʘ 

ʮʠʨʢʫʣʷʮʽʷò). ʆʙʯʠʩʣʶʶʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ, 

ʷʢʽ ʚʠʯʝʨʧʥʦ ʧʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʥʠʡ ʨʦʟʧʦʜʽʣ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʷʨʠʟʘʮʽʾ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʪʠʢʦ-

ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʰʘʨʫ.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʘʚʦ-ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ (Ã) 

ʟʦʥʜʫʚʘʥʥʷ ʽ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʣʠʩʷ ʧʘʨʘʤʝʪʨʠ 

ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ ʟʦʙʨʘʞʝʥʥʷ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʰʘʨʫ { }Ã

= 4;3;2;1i
V  ʟʘ 
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ɯʥʜʝʢʩʠ 4;3;2;1=q  ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʪʘʥʘʤ ʧʦʣʷʨʠʟʘʮʽʾ 

ʦʩʚʽʪʣʶʶʯʦʛʦ ʧʫʯʢʘ: 1 ï 0
0
; 2 ï 90

0
; 3 ï +45

0
; 4 ï Ã (ʧʨʘʚʘ 

ʮʠʨʢʫʣʷʮʽʷ). 

ʈʝʟʫʣʴʪʘʪ ʟʦʙʨʘʞʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʘʟʠʤʫʪʘʣʴʥʦ-ʽʥʚʘʨʽʘʥʪʥʦʛʦ 

ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ ʟʦʙʨʘʞʝʥʥʷ 

ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʰʘʨʫ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ(ʨʠʩ. 1). 

ʈʠʩ. 1. ɿʦʙʨʘʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʘʨʘʤʝʪʨʽʚ ʚʝʢʪʦʨʘ 

ʉʪʦʢʩʘ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʰʘʨʫ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ 

ɿʤʽʥʘ ʩʝʨʝʜʥʴʦʾ ʚʝʣʠʯʠʥʠ ʨʦʟʧʦʜʽʣʽʚ ʧʘʨʘʤʝʪʨʽʚ ʚʝʢʪʦʨʘ 

ʉʪʦʢʩʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 3%-5%. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. ʋʰʝʥʢʦ ʆ. ɻ. ʃʘʟʝʨʥʘ ʧʦʣʷʨʠʤʝʪʨʽʷ ʬʘʟʦʚʦ-

ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʩʝʨʝʜʦʚʠʱ / ʋʰʝʥʢʦ ʆʣʝʢʩʘʥʜʨ 

ɻʨʠʛʦʨʦʚʠʯ. ï ʏʝʨʥʽʚʮʽ.: ʄʝʜʘʢʘʜʝʤʽʷ, 2000. ï 251ʩ. 

2. Angelsky O.V., Pishak V.P., Ushenko A.G. and Ushenko 

Yu.A., Statistical and fractal structure of biological tissue Mueller 

matrix images in Optical correlation techniques and applications / 

ed. by O. Angelsky, SPIE Press:Bellingham, 213-266, 2007. 
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ɹʦʛʜʘʥ ʂʨʶʯʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʖ.ʂ. ɻʘʣʫʰʢʦ 

 

ʄʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʢʚʘʟʽʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʛʘʫʩʩʦʚʦʛʦ 

ʧʫʯʢʘ 
ɺʝʣʠʯʠʥʘ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʧʫʯʢʘ ʘʙʦ ʜʝʷʢʦʾ ʦʙʣʘʩʪʽ ʧʦʣʷ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʢʦʛʝʨʝʥʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ 

ʧʨʠʢʣʘʜʫ, ʫ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʘʙʩʦʣʶʪʥʦ 

ʜʝʧʦʣʷʨʠʟʦʚʘʥʦʾ ʭʚʠʣʽ ʩʧʽʥʦʚʠʡ ʤʦʤʝʥʪ ʜʦʨʽʚʥʶʻ ʥʫʣʶ [1]. 

 ȷʧʽʥʦʚʽ ʧʦʪʦʢʠ ʪʘ ʩʧʽʥʦʚʠʡ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʧʦʚôʷʟʘʥʽ ʟ 

ʢʦʛʝʨʝʥʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʭʚʠʣʽ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ 

ʬʘʢʪʦʤ, ʱʦ ʨʽʟʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʨʦʙʣʷʪʴ ʨʽʟʥʠʡ ʚʥʝʩʦʢ 

ʫ ʨʝʟʫʣʴʪʫʶʯʠʡ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʧʦʣʷ. 

ʊʘʢʘ ʩʠʪʫʘʮʽʷ ʦʙʦʚôʷʟʢʦʚʦ ʚʠʥʠʢʘʻ, ʷʢʱʦ ʘʥʘʣʽʟʦʚʘʥʝ ʧʦʣʝ 

ʜʦʜʘʪʢʦʚʦ ʧʨʦʧʫʩʪʠʪʠ ʯʝʨʝʟ ʮʠʨʢʫʣʷʨʥʠʡ ʧʦʣʷʨʠʟʘʪʦʨ 

(ʧʦʣʷʨʠʟʘʪʦʨ ʪʘ ʯʚʝʨʪʴʭʚʠʣʴʦʚʫ ʧʣʘʩʪʠʥʢʫ). ʗʢʱʦ ʪʦʚʱʠʥʘ 

ʧʣʘʩʪʠʥʢʠ ʧʽʜʽʙʨʘʥʘ ʪʘʢ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʘ ʢʦʤʧʦʥʝʥʪʘ ʟ ʯʘʩʪʦʪʦʶ 

n  ʩʪʘʻ ʮʠʨʢʫʣʷʨʥʦ ʧʦʣʷʨʠʟʦʚʘʥʦʶ ʧʽʩʣʷ ʥʝʾ, ʪʦʜʽ ʜʣʷ 

ʛʘʫʩʩʦʚʦʛʦ ʧʫʯʢʘ ʚ ʷʢʦʛʦ ʯʘʩʪʦʪʠ ʩʧʝʢʪʨʘ ʨʦʟʧʦʜʽʣʝʥʽ ʟʘ 

ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ, ʜʝʢʘʨʪʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʭʚʠʣʽ, ʥʦʨʤʦʚʘʥʦʾ 

ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʜʦ ʦʜʠʥʠʮʽ, ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʘʥʽ ʫ ʚʠʛʣʷʜʽ: 
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ʜʝ s ï çʧʨʦʩʪʦʨʦʚʘè ʰʠʨʠʥʘ ʧʫʯʢʘ; ns  ï çʩʧʝʢʪʨʘʣʴʥʘè ʰʠʨʠʥʘ 

ʧʫʯʢʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʦʶ ʰʠʨʠʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ nD ; n0F  ï ʩʪʘʣʘ ʬʘʟʘ, ʷʢʘ ʘʩʦʮʽʶʻʪʴʩʷ ʟ ʢʦʞʥʦʶ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʢʦʤʧʦʥʝʥʪʦʶ; nD  ï ʬʘʟʦʚʠʡ ʟʩʫʚ ʤʽʞ 

ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʷʢʠʡ ʚʥʦʩʠʪʴʩʷ ʯʚʝʨʪʴʭʚʠ-

ʣʴʦʚʦʶ ʧʣʘʩʪʠʥʢʦʶ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʷʢ:  
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ɼʣʷ ʪʘʢʦʛʦ ʧʫʯʢʘ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʇʦʡʥʪʽʥʛʘ (ʦʩʢʽʣʴʢʠ ʬʘʟʘ 

 ʢʦʞʥʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʧʨʘʢʪʠʯʥʦ ʩʪʘʣʘ) ʟʘʧʠʩʫʶʪʴʩʷ 
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 ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʧʝʨʝʯʥʽ ʧʦʪʦʢʠ ʪʘ 

ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʟʘʣʝʞʘʪʴ ʣʠʰʝ ʚʽʜ 4-ʛʦ 

ʧʘʨʘʤʝʪʨʘ ʉʪʦʢʩʘ. ʗʢ ʧʦʢʘʟʘʥʦ ʫ [2], 

ʨʝʟʫʣʴʪʫʶʯʽ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʢʦʛʝʨʝʥʪʥʦʩʪʽ 

ʻ ʧʨʦʩʪʦʶ ʩʫʤʦʶ ʧʘʨʮʽʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʠʤ ʯʘʩʪʦʪʘʤ . ɿʘʚʜʷʢʠ ʮʴʦʤʫ 

4-ʡ ʧʘʨʘʤʝʪʨ ʉʪʦʢʩʘ   ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

)
16

exp(}exp{
1

)(
2

22

2

22

23
n

sp

sps

n-
+

--=-=
yx

JJjs xyyx
. 

ʊʦʜʽ ʧʦʧʝʨʝʯʥʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʇʦʡʥʪʽʥʛʘ ʟʘʧʠʰʫʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ 

î
î

í

î
î

ì

ë

+
--º

+
---º

x
yx

P

y
yx

P

y

x

}exp{)
16

exp(
16

1

}exp{)
16

exp(
16

1

2

22

2

22

42

2

22

2

22

42

sn

sp

swp

sn

sp

swp

n

n . 
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ʧʦʜʽʙʥʽ ʜʦ ʢʦʤʧʦʥʝʥʪ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʛʘʫʩʩʦʚʦʛʦ ʧʫʯʢʘ [3]. 

ʗʢ ʥʘʩʣʽʜʦʢ, ʧʦʚʟʜʦʚʞʥʷ ʩʢʣʘʜʦʚʘ ʛʫʩʪʠʥʠ ʤʦʤʝʥʪʫ 

ʽʤʧʫʣʴʩʫ, ʩʘʤ ʤʦʤʝʥʪ ʽʤʧʫʣʴʩʫ ʧʦʣʷ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʚʠʧʘʜʢʫ ʥʘ ʮʝʡ ʬʘʢʪʦʨ. ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʬʘʢʪʦʨʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʦʶ ʰʠʨʠʥʦʶ ʪʘ ʛʦʣʦʚʥʦʶ ʯʘʩʪʦʪʦʶ 

ʧʫʯʢʘ. ʎʝʡ ʬʘʢʪʦʨ ʚʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʧʦʨʽʚʥʷʥʥʦ ʟ ʢʦʛʝʨʝʥʪʥʠʤ ʚʠʧʘʜʢʦʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɹʦʨʥ ʄ. ʆʩʥʦʚʳ ʦʧʪʠʢʠ./ ɹʦʨʥ ʄ., ɺʦʣʴʬ ʕ.  ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: 

ʅʘʫʢʘ. ï 1973. ï 719 c. 

2. ʈʳʪʦʚ ʉ.ʄ. ɺʚʝʜʝʥʠʝ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʨʘʜʠʦʬʠʟʠʢʫ. ʏʘʩʪʴ II. 

ʉʣʫʯʘʡʥʳʝ ʧʦʣʷ./ ʈʳʪʦʚ ʉ.ʄ., ʂʨʘʚʮʦʚ ʖ.ɸ, ʊʘʪʘʨʩʢʠʡ ɺ.ʀ. ï ʄ.: 

ʅʘʫʢʘ. ï 1978. ï 463 c.. 

3. Mokhun I. Experimental analysis of the Poynting vector characteristics 

/, Arkhelyuk A., Galushko Yu., Kharytonova K., Viktorovskaya Ju. // Applied 

Optics, Vol. 51, No. 10, pp. C158-C162, 2012. 
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ʇʝʪʨʦ ʂʫʜʨʷʰʦʚ  

 ɺʣʘʜʠʩʣʘʚ ʅʽʢʦʣʘʻʚ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʋʰʝʥʢʦ ʆ.ɻ. 

 

ʄʶʣʣʝʨ-ʤʘʪʨʠʯʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʣʽʥʽʡʥʦʛʦ  

ʪʘ ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʰʘʨʽʚ 
ɺʠʤʽʨʶʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ 

ʄʶʣʣʝʨʘ ʬʘʟʦʚʦïʥʝʦʜʥʦʨʽʜʥʠʭ ʰʘʨʽʚ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʤʘʪʨʠʮʴ ʄʶʣʣʝʨʘ ʻ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʟʘ ʩʚʦʻʶ 

ʧʨʠʨʦʜʦʶ ʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʟʤʽʥ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʫ 

ʜʘʣʝʢʽʡ ʟʦʥʽ ʜʠʬʨʘʢʮʽʾ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʦʟʩʽʷʥʦʛʦ ʦʧʪʠʯʥʦï

ʥʝʦʜʥʦʨʽʜʥʠʤʠ ʰʘʨʘʤʠ. ʅʝʜʦʣʽʢʦʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʜʘʥʠʭ ʧʨʦ 

ʢʦʦʨʜʠʥʘʪʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʢʦ-

ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʨʭʽʪʝʢʪʦʥʽʯʥʦʾ ʩʽʪʢʠ. 

ʄʶʣʣʝʨ-ʤʘʪʨʠʯʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʣʽʥʽʡʥʦʛʦ ʪʘ ʮʠʨʢʫʣʷʨʥʦʛʦ 

ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʰʘʨʽʚ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʶʶʪʴ 

ʜʚʘ ʘʟʠʤʫʪʘʣʴʥʦ-ʽʥʚʘʨʽʘʥʪʥʽ ʄʶʣʣʝʨïʤʘʪʨʠʯʥʠʭ ʟʦʙʨʘʞʝʥʥʷ, 

ʷʢʽ ʚʠʯʝʨʧʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʦʦʨʜʠʥʘʪʥʠʡ ʨʦʟʧʦʜʽʣ ʣʽʥʽʡʥʦʛʦ ʽ 

ʮʠʨʢʫʣʷʨʥʦʛʦ ʜʚʦʧʨʦʤʝʥʝʟʘʣʦʤʣʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʰʘʨʫ.  

ɸʟʠʤʫʪʘʣʴʥʦ-ʥʝʟʘʣʝʞʥʠʤʠ ʻ ʥʘʩʪʫʧʥʽ ʤʘʪʨʠʯʥʽ ʝʣʝʤʝʥʪʠ:  
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ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʄʶʣʣʝʨʘ ʜʣʷ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʘʧʠʩʫʶʪʴʩʷ ʪʘʢ: 
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ʇʘʨʘʤʝʪʨʠ ʚʝʢʪʦʨʘ ʉʪʦʢʩʘ ʟʦʙʨʘʞʝʥʥʷ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʰʘʨʫ 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʣʛʦʨʠʪʤʽʚ (1) ï (6) ʚʠʟʥʘʯʝʥʽ ʄʶʣʣʝʨï

ʤʘʪʨʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 
44

f  (ʣʽʚʘ ʯʘʩʪʠʥʘ) ʽ fD  (ʧʨʘʚʘ ʯʘʩʪʠʥʘ) 

ʜʣʷ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʰʘʨʫ ʤôʷʟʦʚʦʾ ʪʢʘʥʠʥʠ(ʨʠʩ.1).  

     
ʈʠʩ.1

. 

ʄʶʣ

ʣʝʨï

ʤʘʪʨ

ʠʯʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʰʘʨʫ 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. ʋʰʝʥʢʦ ʆ. ɻ. ʃʘʟʝʨʥʘ ʧʦʣʷʨʠʤʝʪʨʽʷ ʬʘʟʦʚʦ-

ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʩʝʨʝʜʦʚʠʱ / ʋʰʝʥʢʦ ʆ. ɻ. ï ʏʝʨʥʽʚʮʽ.: 

ʄʝʜʘʢʘʜʝʤʽʷ, 2000. ï 251ʩ. 

2. Ushenko A. Mueller-matrixes tomography of phase 

inhomogeneous layers / A. Ushenko, I. Misevich, A. Karachevtsev, Yu. 
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ʆʣʝʢʩʘʥʜʨ ʂʫʣʝʰ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʫʩʥʘʢ ʄ.ɸ. 

 

ɿʘʜʘʯʘ ʖʥʛʘ ʪʘ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ 

 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʟ ʤʦʙʽʣʴʥʠʤʠ 

ʤʝʨʝʞʘʤʠ ʧʨʘʮʶʶʪʴ ʤʽʣʴʡʦʥʠ ʢʦʤʧôʶʪʝʨʽʚ, ʪʝʣʝʬʦʥʽʚ, 

ʧʣʘʥʰʝʪʽʚ ʪʘ ʽʥʰʠʭ ʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ. ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʣʘʜʽʚ ʷʢʽʩʥʠʤ, ʰʚʠʜʢʠʤ, ʩʪʘʙʽʣʴʥʠʤ ʪʘ 

ʥʝʜʦʨʦʛʠʤ ʟʚôʷʟʢʦʤ ʩʪʦʾʪʴ ʧʨʘʢʪʠʯʥʦ ʥʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚôʷʟʘʥʥʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚʽʜʽʛʨʘʻ ʟʘʜʘʯʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ, ʫ ʧʝʚʥʦʤʫ ʨʦʟʫʤʽʥʥʽ, ʨʦʟʤʽʱʝʥʥʷ ʧʨʠʡʤʘʣʴʥʦ-

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʩʪʘʥʮʽʡ ï ʚʫʟʣʽʚ ʤʦʙʽʣʴʥʦʾ ʤʝʨʝʞʽ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʨʦʙʣʝʥʘ ʩʧʨʦʙʘ ʧʨʠʩʪʦʩʫʚʘʪʠ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ 

ʪʘʢʠʭ ʟʘʜʘʯ ʜʦʙʨʝ ʚʽʜʦʤʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ ʦʭʦʧʣʶʶʯʦʛʦ ʢʦʣʘ 

ʪʦʯʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ ʥʘ ʧʣʦʱʠʥʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ [1;2;3]. 

ʇʦʙʫʜʦʚʘʥʦ ʘʣʛʦʨʠʪʤ, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʪʘ ʟʜʽʡʩʥʝʥʦ 

ʪʝʩʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʾʾ ʨʦʙʦʪʠ.  

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʩʪʘʣʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʢʣʘʩʠʯʥʦʾ ʟʘʜʘʯʽ 

ʖʥʛʘ ï ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ ʟʜʽʡʩʥʠʪʠ ʧʦʜʽʣ ʪʦʯʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ ʥʘ 

ʧʽʜʤʥʦʞʠʥʠ ʪʘʢ, ʱʦʙ ʜʽʘʤʝʪʨʠ ʦʭʦʧʣʶʶʯʠʭ ʢʽʣ ʟʘʜʦʚʦʣʴʥʷʣʠ 

ʧʝʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ï ʥʘʧʨʠʢʣʘʜ, ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ ʟʘʜʘʥʦʛʦ 

ʯʠʩʣʘ ʘʙʦ ʞ ʧʝʨʝʢʨʠʚʘʣʠʩʷ ʧʝʚʥʠʤ ʯʠʥʦʤ. ʈʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ 

ʨʦʟʚôʷʟʫʚʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ, ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʫ ʪʘ ʧʝʨʝʚʽʨʝʥʦ ʾʾ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. 

ʆʧʠʰʝʤʦ ʜʝʷʢʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʛʨʘʤʘ ʪʘ ʾʾ ʬʫʥʢʮʽʾ, ʷʢʽ ʚʦʥʘ ʚʠʢʦʥʫʻ: 

1. ʋʚʝʜʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʩʫʢʫʧʥʦʩʪʽ ï 

ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʣʦʱʠʥʫ ʚ ʛʨʘʬʽʯʥʦʤʫ ʨʝʞʠʤʽ ʘʙʦ ʽʤʧʦʨʪ 

ʢʦʦʨʜʠʥʘʪ ʽʟ ʬʘʡʣʘ. 

2. ʈʝʜʘʛʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ï ʤʦʞʣʠʚʽʩʪʴ 

ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʘ ʧʘʨʘʤʝʪʨʠ ʚʫʟʣʽʚ 

ʤʝʨʝʞʽ. 

3. ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʦʭʦʧʣʶʶʯʠʭ 

ʢʦʣʘ ʘʙʦ ʢʽʣ ï ʟʘʜʘʥʥʷ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʧʨʠʥʮʠʧʽʚ ʨʦʟʤʽʱʝʥʥʷ 

ʢʽʣ, ʟʘʟʥʘʯʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ. 
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4. ɺʽʟʫʘʣʽʟʘʮʽʷ ʧʦʙʫʜʦʚʘʥʠʭ ʦʭʦʧʣʶʶʯʠʭ ʢʽʣ (ʪʫʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʝʤʘ ʖʥʛʘ). 

5. ɺʠʚʝʜʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʯʠʩʣʝʥʴ ʥʘ ʝʢʨʘʥ ʪʘ 

ʟʙʝʨʝʞʝʥʥʷ ʾʭ ʚ ʦʢʨʝʤʦʤʫ ʬʘʡʣʽ. 

ʋ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʘʣʛʦʨʠʪʤ 

ʧʦʙʫʜʦʚʠ ʦʭʦʧʣʶʶʯʠʭ ʢʽʣ ʪʦʯʢʦʚʦʾ ʩʫʢʫʧʥʦʩʪʽ ʥʘ ʧʣʦʱʠʥʽ 

ʤʦʞʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʜʚʦʭ ʝʪʘʧʽʚ:  

ï ʧʦʙʫʜʦʚʠ ʦʭʦʧʣʶʶʯʦʛʦ ʢʦʣʘ ʟʘ ʚʩʽʤʘ ʤʦʞʣʠʚʠʤʠ 

ʢʦʤʙʽʥʘʮʽʷʤʠ ʜʚʦʭ ʪʦʯʦʢ (ʚʽʜʩʪʘʥʴ ʤʽʞ ʷʢʠʤʠ ʻ ʡʦʛʦ ʜʽʘʤʝʪʨʦʤ); 

ï ʧʦʙʫʜʦʚʠ ʦʭʦʧʣʶʶʯʦʛʦ ʢʦʣʘ ʟʘ ʚʩʽʤʘ ʤʦʞʣʠʚʠʤʠ 

ʢʦʤʙʽʥʘʮʽʷʤʠ ʪʨʴʦʭ ʪʦʯʦʢ (ʷʢ ʜʽʘʤʝʪʨ ʦʧʠʩʘʥʦʛʦ ʥʘʚʢʦʣʦ 

ʪʨʠʢʫʪʥʠʢʘ ʢʦʣʘ). 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʫ ʧʨʦʩʪʦʨʽ ʜʦ ʮʠʭ ʝʪʘʧʽʚ ʩʣʽʜ ʜʦʜʘʪʠ ʽʱʝ 

ʦʜʠʥ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤʠ ʪʘ ʾʭ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʖʥʛʘ ʥʘ ʧʣʦʱʠʥʽ ʽʟ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ʋ  ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʚʩʷ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ  ʪʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʤʝʨʝʞ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ.  

ʑʦʜʦ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʦʜʦʚʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟʘʟʥʘʯʠʤʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʛʦ ʨʦʜʫ ʟʘʜʘʯ ʥʘ ʧʦʚʝʨʭʥʷʭ ʽʟ 

ʟʘʜʘʥʠʤ ʨʝʣʴʻʬʦʤ (ʢʘʨʪʘʭ), ʫʨʘʭʫʚʘʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʧʝʨʝʰʢʦʜ 

ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʰʪʫʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʆʢʨʝʤʦ ʚʠʜʽʣʠʤʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʨʠʚʠʤʽʨʥʠʡ ʧʨʦʩʪʽʨ ï ʟʘʜʘʯʘ 

ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʩʬʝʨʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʜʽʘʤʝʪʨʘ, ʷʢʘ ʦʭʦʧʣʶʻ 

ʟʘʜʘʥʫ ʪʦʯʢʦʚʫ ʩʫʢʫʧʥʽʩʪʴ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʘʣʝʥʪʠʥʘ ʂʫʨʠʰ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ɯʥʪʝʨʥʝʪ-ʨʘʜʽʦʧʨʠʡʤʘʯ ʥʘ ESP8266 

ʄʘʩʦʚʘ ʢʦʤʫʥʽʢʘʮʽʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʧʦʩʝʨʝʜʢʦʚʫʻ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʩʠʤʚʦʣʽʯʥʦʾ ʢʫʣʴʪʫʨʠ, ʧʝʚʥʠʤ ʯʠʥʦʤ 

ʾʾ ʜʠʬʝʨʝʥʮʽʶʶʯʠ, ʧʦʚʽʜʦʤʣʷʶʯʠ ʾʡ ʦʩʦʙʣʠʚʽ ʧʨʠʥʮʠʧʠ ʪʘ 

ʟʨʘʟʢʠ ʚʟʘʻʤʦʜʽʾ ʟʥʘʯʝʥʴ ʪʘ ʟʥʘʢʽʚ, ʮʽʥʥʦʩʪʝʡ ʪʘ ʩʠʤʚʦʣʽʚ, 

ʧʨʠʧʫʩʢʘʶʯʠ ʽʩʥʫʚʘʥʥʷ ʜʦʩʠʪʴ ʨʽʟʥʠʭ ʟʘ ʩʢʣʘʜʦʤ ʪʝʢʩʪʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʚ ʜʦʩʠʪʴ ʟʘʧʣʫʪʘʥʠʭ ʚʽʜʥʦʩʠʥʘʭ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʽʩʥʫʚʘʥʥʷ. ɸʣʝ  mass-media ʻ ʥʝʚʽʜôʻʤʥʠʤ 

ʯʠʥʥʠʢʦʤ ʩʫʯʘʩʥʦʛʦ ʣʶʜʩʴʢʦʛʦ ʽʩʥʫʚʘʥʥʷ ʚʟʘʛʘʣʽ ʪʘ ʢʫʣʴʪʫʨʠ 

ʟʦʢʨʝʤʘ. ʄʘʩʦʚʘ ʢʦʤʫʥʽʢʘʮʽʷ ʥʝ ʪʽʣʴʢʠ ʫʚʽʡʰʣʘ ʫ ʣʶʜʩʴʢʝ 

ʩʫʩʧʽʣʴʩʪʚʦ, ʟʘʡʥʷʚʰʠ ʜʦʩʠʪʴ ʟʥʘʯʥʝ ʤʽʩʮʝ ʚ ʩʪʨʫʢʪʫʨʽ 

ʢʫʣʴʪʫʨʠ, ʘʣʝ ʡ ʧʨʠʟʚʝʣʘ ʜʦ ʪʦʛʦ ʰʣʷʭʫ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ, 

ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʩʴʦʛʦʜʥʽ. 

ʋ ʨʽʟʥʠʭ ʩʫʩʧʽʣʴʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʠʡ ʽ ʥʘʙʽʨ ʟʘʩʦʙʽʚ, ʢʘʥʘʣʽʚ ʽ 

ʤʝʪʦʜʽʚ ʜʫʭʦʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʦʩʦʙʠ. ɹʫʜʴ-ʷʢʝ 

ʩʫʩʧʽʣʴʩʪʚʦ ʩʪʚʦʨʶʻ ʚʽʜʧʦʚʽʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʩʣʫʞʙʠ ʽ ʮʝʥʪʨʠ. 

ɿ'ʷʚʣʷʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʢʘʥʘʣʠ, ʧʦ ʷʢʠʭ ʮʽʥʥʽʩʥʽ ʫʩʪʘʥʦʚʢʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʥʝʩʝʥʽ ʜʦ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʨʝʮʠʧʽʻʥʪʽʚ. ɺʠʙʽʨ ʾʭ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʠ, ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʘ ʩʫʪʽ ʩʫʩʧʽʣʴʥʦʛʦ ʚʠʭʦʚʘʥʥʷ. 

ɸʣʝ ʥʘʡʙʽʣʴʰ ʦʧʝʨʘʪʠʚʥʠʤ, ʜʦʭʽʜʣʠʚʠʤ ʽ ʜʽʡʦʚʠʤ ʢʘʥʘʣʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʾ ʜʫʤʢʠ (ʷʢ ʬʫʥʜʘʤʝʥʪʫ ʜʫʭʦʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʩʚʽʜʦʤʽʩʪʴ ʤʘʩ) ʻ ʩʠʩʪʝʤʘ ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ - 

ʧʨʝʩʘ, ʪʝʣʝʙʘʯʝʥʥʷ, ʨʘʜʽʦ, ʥʦʚʽ ʚʠʜʠ ʘʫʜʽʦʚʽʟʫʘʣʴʥʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʪʦʱʦ. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʽʥʪʝʨʥʝʪ-ʨʘʜʽʦʧʨʠʡʤʘʯʘ ʥʘ ʙʘʟʽ 

ESP8266 ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʮʠʬʨʦ-ʘʥʘʣʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

(ʎɸʇ). ʌʦʨʤʫʚʘʥʥʷ ʟʚʫʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʰʠʨʦʪʥʦ-

ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ). ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ 

ʨʘʜʽʦʧʨʠʡʤʘʯʘ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʤʦʜʫʣʽʚ: ʄ1 ï 

ʤʦʜʫʣʴ ESP8266; ʄ2 ï ʤʦʜʫʣʴ ʞʠʚʣʝʥʥʷ; ʄ3 ï ʤʦʜʫʣʴ ʨʝʣʝ; ʄ4 

ï ʤʦʜʫʣʴ ʧʽʜʩʠʣʶʚʘʯʘ. ʈʝʟʠʩʪʦʨʠ R1 ï R4 ʪʘ ʢʦʥʜʝʥʩʘʪʦʨʠ C1, 

C2 ʫʪʚʦʨʶʶʪʴ ʬʽʣʴʪʨʠ ʅʏ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʐɯʄ ʫ 

ʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ. ʄʦʜʫʣʴ ʄ3 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ 

ʢʦʤʫʪʘʮʽʾ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ ʟʛʽʜʥʦ ʟ ʨʦʟʢʣʘʜʦʤ, ʟʘʧʠʩʘʥʠʤ ʫ 
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ʧʘʤôʷʪʴ ʤʦʜʫʣʷ ESP8266. ʊʘʢʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ, ʜʦʜʘʪʢʦʚʝ ʦʩʚʽʪʣʝʥʥʷ, ʧʦʜʘʯʘ ʜʟʚʽʥʢʽʚ 

ʜʣʷ ʥʘʚʯʘʣʴʥʠʡ ʘʫʜʠʪʦʨʽʡ ʪʦʱʦ. ʆʩʢʽʣʴʢʠ ʨʘʜʽʦʧʨʠʡʤʘʯ ʤʘʻ 

ʟôʻʜʥʘʥʥʷ ʟ ʤʝʨʝʞʝʶ WiFi, ʪʦ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʯʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ. 

 

ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʽʥʪʝʨʥʝʪ-ʨʘʜʽʦʧʠʡʤʘʯʘ 

ʇʨʠ ʧʝʨʰʦʤʫ ʚʚʽʤʢʥʝʥʽ ʧʽʩʣʷ ʧʨʠʰʠʚʘʥʥʷ ʤʦʜʫʣʷ ESP8266 

ʧʨʠʡʤʘʯ ʟʘʧʫʩʢʘʻʪʴʩʷ ʚ ʨʝʞʠʤʽ ʪʦʯʢʠ ʜʦʩʪʫʧʫ ʟ ʽʤʝʥʝʤ 

çESPradioè, ʤʝʨʝʞʘ ʚʽʜʢʨʠʪʘ ʙʝʟ ʧʘʨʦʣʷ. 

ʇʽʩʣʷ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʤʝʨʝʞʽ çESPradioè ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʩʪʦʨʽʥʢʘ ʢʦʥʬʽʛʫʨʘʮʽʾ ʧʨʠʡʤʘʯʘ. ʗʢʱʦ ʩʪʦʨʽʥʢʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʥʝ ʚʽʜʢʨʠʣʘʩʷ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʢʨʠʪʠ ʙʨʘʫʟʝʨ ʽ ʚ 

ʘʜʨʝʩʥʦʤʫ ʨʷʜʢʫ ʥʘʙʨʘʪʠ 192.168.4.1, ʚʽʜʢʨʠʻʪʴʩʷ ʚʝʙ-ʽʥʪʝʨʬʝʡʩ 

ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʠʡʤʘʯʘ. ʋ ʢʦʥʬʽʛʫʨʘʮʽʾ ʤʦʞʥʘ ʥʘʣʘʛʦʜʠʪʠ 

ʩʧʠʩʦʢ ʨʘʜʽʦʩʪʘʥʮʽʡ, ʧʽʜôʻʜʥʘʥʥʷ ʜʦ ʤʝʨʝʞʽ WiFi, ʨʦʟʢʣʘʜ 

ʜʦʜʘʪʢʦʚʠʭ ʢʦʤʫʪʘʮʽʡ. ʇʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ çɿʙʝʨʝʛʪʠè 

ʚʚʝʜʝʥʽ ʜʘʥʽ ʟʙʝʨʽʛʘʶʪʴʩʷ, ʨʘʜʽʦʧʨʠʡʤʘʯ ʚʠʭʦʜʠʪʴ ʟ ʪʦʯʢʠ 

ʜʦʩʪʫʧʫ çESPradioè ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʦʚʣʝʥʥʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. https://www.pinterest.com/pin/408420259942948683/. 

2. https://community.alexgyver.ru/threads/wifi-internet-

radio-za-3.628/. 
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ɯʚʘʥ ʂʫʨʠʰ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

ʉʠʩʪʝʤʘ ʣʦʢʘʣʽʟʘʮʽʾ ʚ ʧʨʠʤʽʱʝʥʥʽ ʥʘ ʦʩʥʦʚʽ  

ʤʦʜʫʣʽʚ BLUETOOTH 

ʋ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ ʟʥʘʥʥʷ ʧʦʟʠʮʽʾ ʣʶʜʝʡ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʙʘʛʘʪʦ ʥʦʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʚʠʟʥʘʯʘʻ, ʷʢʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʜʘʥʠʡ ʯʘʩ ʟʜʽʡʩʥʶʻ 

ʣʶʜʠʥʘ, ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʩʠʩʪʝʤʘ ʚʠʨʽʰʫʻ, ʷʢ  ʟʘʙʝʟʧʝʯʠʪʠ 

ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ, ʱʦʙ ʧʽʜʪʨʠʤʘʪʠ ʮʶ ʜʽʷʣʴʥʽʩʪʴ. ʆʢʨʽʤ 

ʧʨʦʛʨʘʤʠ ʨʦʟʫʤʥʦʛʦ ʙʫʜʠʥʢʫ, ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʚʽʛʘʮʽʾ ʚ ʤʘʛʘʟʠʥʘʭ [1] ʘʙʦ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʢʝʨʫʚʘʥʥʷ ʧʨʠʩʪʨʦʷʤʠ [2]. ɼʝʪʝʢʪʦʨʠ ʨʫʭʫ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʦʟʫʤʥʦʤʫ ʙʫʜʠʥʢʫ ʜʣʷ ʧʝʨʝʤʠʢʘʥʥʷ ʩʚʽʪʣʘ 

ʚ ʢʽʤʥʘʪʽ. ʆʜʥʘʢ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʧʦʚʥʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʠʤʽʱʝʥʥʷ ʽ 

ʤʦʞʫʪʴ ʚʠʷʚʣʷʪʠ ʣʠʰʝ ʨʫʭʠ. ʉʠʩʪʝʤʘ ʣʦʢʘʣʽʟʘʮʽʾ ʜʦʟʚʦʣʷʻ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʪʠ ʣʶʜʝʡ, ʷʢʽ ʩʠʜʷʪʴ ʥʝʨʫʭʦʤʦ, ʪʘ 

ʫʪʨʠʤʫʚʘʪʠ ʩʚʽʪʣʦ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʢʽʤʥʘʪʽ. ʇʨʦʪʷʛʦʤ ʜʥʷ ʦʙʠʜʚʘ 

ʤʝʰʢʘʥʮʽ ʭʦʯʫʪʴ ʩʣʫʭʘʪʠ ʨʽʟʥʫ ʤʫʟʠʢʫ, ʧʦʢʠ ʚʦʥʠ ʦʜʥʽ ʚ 

ʢʽʤʥʘʪʽ. ʗʢʱʦ ʟʤʽʥʠʪʠ ʢʽʤʥʘʪʫ, ʤʫʟʠʢʘ ʤʦʞʝ ʧʝʨʝʡʪʠ ʫ 

ʚʽʜʧʦʚʽʜʥʫ ʢʽʤʥʘʪʫ. ʗʢʱʦ ʦʙʦʻ ʣʶʜʝʡ ʟʫʩʪʨʽʯʘʶʪʴʩʷ, ʤʫʟʠʢʫ 

ʤʦʞʥʘ ʟʫʧʠʥʠʪʠ. ʇʦʟʠʮʽʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʚʠʩʥʦʚʢʫ 

ʧʨʦ ʜʽʷʣʴʥʽʩʪʴ. ʊʦʤʫ ʤʦʞʥʘ ʨʦʟʨʽʟʥʠʪʠ, ʯʠ ʩʪʦʾʪʴ ʣʶʜʠʥʘ ʙʽʣʷ 

ʧʣʠʪʠ, ʛʦʪʫʻ ʾʞʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʝʙʫʻ ʷʩʢʨʘʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʘʙʦ ʚʞʝ ʾʩʪʴ ʽ ʚʽʜʜʘʻ ʧʝʨʝʚʘʛʫ ʥʝʧʨʷʤʦʤʫ ʦʩʚʽʪʣʝʥʥʶ. ɿʘʣʝʞʥʦ 

ʚʽʜ ʩʠʪʫʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʘʢʪʠʚʦʚʘʥʦ ʽʥʰʠʡ ʦʩʚʽʪʣʶʚʘʣʴʥʠʡ 

ʧʨʠʣʘʜ. ʊʘʢʦʞ ʤʦʞʥʘ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʤʢʥʫʪʠ ʪʝʣʝʬʦʥʥʽ 

ʜʟʚʽʥʢʠ ʪʘ ʜʚʝʨʥʠʡ ʜʟʚʽʥʦʢ, ʢʦʣʠ ʤʝʰʢʘʥʝʮʴ ʩʧʠʪʴ, ʘʙʦ ʣʠʰʝ 

ʥʘʧʨʘʚʣʷʪʠ ʩʧʦʚʽʱʝʥʥʷ ʜʦ ʧʨʠʤʽʱʝʥʴ, ʜʝ ʟʥʘʭʦʜʷʪʴʩʷ ʣʶʜʠ ʚ 

ʘʢʪʠʚʥʦʤʫ ʩʪʘʥʽ. BLE - ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʦʩʢʽʣʴʢʠ 

ʙʘʛʘʪʦ ʟʘʩʦʙʽʚ ʜʣʷ ʥʦʩʽʥʥʷ ʚʞʝ ʦʩʥʘʱʝʥʽ Bluetooth. ʊʦʤʫ 

ʩʧʝʮʽʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ, ʷʢʫ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʤʘʪʠ ʽʟ ʩʦʙʦʶ, ʥʝ 

ʻ ʥʝʦʙʭʽʜʥʦʶ.  

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1. ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʩʝʨʚʝʨʘ (D) ʪʘ ʢʽʣʴʢʦʭ ʩʢʘʥʝʨʽʚ BLE (B). ʇʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ ʪʘ 

ʨʦʟʤʽʱʫʻʪʴʩʷ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ (E). ʉʢʘʥʝʨʠ ʦʪʨʠʤʫʶʪʴ 

ʚʩʽ ʨʝʢʣʘʤʥʽ ʧʘʢʝʪʠ BLE ʚʽʜ ʤʘʷʢʽʚ (A) ʽ ʧʝʨʝʜʘʶʪʴ ʾʭ ʥʘ ʩʝʨʚʝʨ 
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ʯʝʨʝʟ ʤʘʨʰʨʫʪʠʟʘʪʦʨ (C). ɼʘʥʽ ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʩʝʨʚʝʨʽ ʽ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʧʦʟʠʮʽʷ. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ 

ʉʢʘʥʝʨʠ ʧ̔ ʜôʻʜʥʫʶʪʴʩʷ ʜʦ ʩʝʨʚʝʨʘ ʯʝʨʝʟ WLAN ʘʙʦ Ethernet 

(ʨʠʩ. 1, ʪʠʧ 2). ʌʘʢʪʠʯʥʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʤʘʷʢʘʤʠ ʪʘ ʩʢʘʥʝʨʘʤʠ 

ʥʝʤʘʻ, ʦʮʽʥʶʻʪʴʩʷ ʣʠʰʝ ʩʠʣʘ ʩʠʛʥʘʣʫ ʨʝʢʣʘʤʥʠʭ ʧʘʢʝʪʽʚ (ʨʠʩ. 1, 

ʪʠʧ  1). ʉʢʘʥʝʨ ʩʧʽʣʢʫʻʪʴʩʷ ʟ ʩʝʨʚʝʨʦʤ ʯʝʨʝʟ UDP. ʇʘʢʝʪʠ UDP 

ʟʘʟʚʠʯʘʡ ʚʪʨʘʯʘʶʪʴʩʷ ʯʝʨʝʟ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʦʢʨʝʤʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʤʝʨʝʞʽ. ʆʩʢʽʣʴʢʠ ʚʥʫʪʨʽʰʥʷ ʩʠʩʪʝʤʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʨʘʮʶʻ ʣʠʰʝ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʘ ʦʙʩʷʛ ʜʘʥʠʭ 

ʥʝʚʝʣʠʢʠʡ, ʚʝʣʠʢʠʭ ʚʪʨʘʪ ʥʝ ʦʯʽʢʫʻʪʴʩʷ. ʉʣʫʞʙʠ MDNS ʪʘ DNS 

ʚʠʢʦʨʠʩʪʦʚʫʪʁʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʢʨʝʤʽ ʩʢʘʥʝʨʠ ʟʥʘʭʦʜʠʣʠ 

ʩʝʨʚʝʨ, ʥʘ ʷʢʦʤʫ ʧʨʘʮʶʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʣʦʢʘʣʽʟʘʮʽʾ. ʉʝʨʚʝʨ ʦʪʨʠʤʫʻ IP-ʘʜʨʝʩʫ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʭʦʩʪʘ (DHCP) ʽ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ 

ʩʢʘʥʝʨʘʤʠ ʙʝʟ ʜʦʜʘʪʢʦʚʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʝʤ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Philips Indoor Positioning System. 

http://www.lighting.philips.com /main/systems/themes/led-based-

indoor-positioning.html. ï 2016. 

2. Hospital Navigation - Indoor Navigation for healthcare 

facilities.https://indoo.rs/industries/healthcare/. ï 2017. 

  



181 

ɺʦʣʦʜʠʤʠʨ ʃʘʢʫʩʪʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʗʥʫʰʝʚʩʴʢʠʡ ʉ. ɺ. 

 

ʈʝʘʣʽʟʘʮʽʷ ʜʚʦʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʩʧʦʩʦʙʦʤ 

ʥʝʧʽʜʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ 

 
ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʝʡʨʦʥʽʚ ʟôʻʜʥʘʥʠʭ ʤʽʞ 

ʩʦʙʦʶ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ: ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʾʭ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʘ ʽʥʰʠʭ. 

ʅʝʡʨʦʥ ï ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʦʜʠʥʠʮʷ, ʷʢʘ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦʚʦʜʠʪʴ ʥʘʜ ʥʝʶ ʧʨʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʽ ʧʝʨʝʜʘʻ ʾʾ ʜʘʣʽ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʥʘʩʪʫʧʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: 

- ʚʭʽʜʥʠʡ ʰʘʨ; 

- ʜʦʚʽʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ; 

- ʥʘʙʽʨ ʚʘʛ ʽ ʟʤʽʱʝʥʴ ʤʽʞ ʢʦʞʥʠʤ ʰʘʨʦʤ; 

- ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʘ. 

 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʜʚʦʰʘʨʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

 

ʇʨʘʚʠʣʴʥʽ ʟʥʘʯʝʥʥʷ ʚʘʛ ʽ ʟʤʽʱʝʥʴ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʥʽʩʪʴ 

ʤʝʨʝʞʽ. ʇʨʦʮʝʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʘʛ ʽ ʟʤʽʱʝʥʴ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʅʘʚʯʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʝʪʘʧʽʚ: ʦʙʯʠʩʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ, 

ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʷʤʠʤ ʧʦʰʠʨʝʥʥʷʤ ʽ ʦʥʦʚʣʝʥʥʷ ʚʘʛ, ʷʢʠʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʟʚʦʨʦʪʥʽʤ ʧʦʰʠʨʝʥʥʷʤ. 
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ʌʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ - ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʰʪʫʯʥʦʛʦ 

ʥʝʡʨʦʥʘ ʚʽʜ ʚʭʽʜʥʦʛʦ. ɿʘʟʚʠʯʘʡ ʧʝʨʝʜʘʚʘʣʴʥʘ ʬʫʥʢʮʽʷ 

ʚʽʜʦʙʨʘʞʘʻ ʜʽʡʩʥʽ ʯʠʩʣʘ ʥʘ ʽʥʪʝʨʚʘʣ (-1,1)  ʘʙʦ (0,1). 

ɹʽʣʴʰʽʩʪʴ ʚʠʜʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʣʷ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʛʤʦʾʜʠ. ʄʝʪʦʜ ʟʚʦʨʦʪʥʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʧʦʤʠʣʢʠ ʚʠʤʘʛʘʻ, ʱʦʙ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ʙʫʣʘ ʥʝʧʝʨʝʨʚʥʦʶ, 

ʥʝʣʽʥʽʡʥʦʶ, ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʦʶ ʽ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʶ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʥʘʜ ʟʚʠʯʘʡʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʚʯʘʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʦ ʪʨʠ 

ʧʘʨʘʜʠʛʤʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ:  - ʥʘʚʯʘʥʥʷ ʟ ʚʯʠʪʝʣʝʤ 

(supervised learning); - ʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ (unsupervised); - 

ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. 

ʅʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ (unsupervised), ʷʢʝ ʱʝ ʚʽʜʦʤʝ ʧʽʜ 

ʥʘʟʚʦʶ ʥʝʧʽʜʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʻ ʦʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʷʢʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʘ 

ʩʠʩʪʝʤʘ ʩʧʦʥʪʘʥʥʦ ʥʘʚʯʘʻʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ, 

ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʟ ʙʦʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ 

ʧʽʜʭʦʜʠʪʴ ʪʽʣʴʢʠ ʜʣʷ ʟʘʜʘʯ, ʚ ʷʢʠʭ ʚʽʜʦʤʠʡ ʦʧʠʩ ʤʥʦʞʠʥʠ 

ʦʙ'ʻʢʪʽʚ (ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ), ʽ ʥʝʦʙʭʽʜʥʦ ʚʠʷʚʠʪʠ ʚʥʫʪʨʽʰʥʽ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ, ʟʘʣʝʞʥʦʩʪʽ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʽʩʥʫʶʪʴ ʤʽʞ 

ʦʙ'ʻʢʪʘʤʠ.                

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 
1. Neurohive [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. ï 

ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://neurohive.io (ʜʘʪʘ 

ʟʚʝʨʥʝʥʥʷ ï 25.02.2020). 

2. A. Baraldi and E. Alpaydin, ñConstructive feedforward 

ART clustering networksðPart I and II,ò IEEE Trans. Neural 

Netw., vol. 13, no. 3, pp. 645ï677, May 2002. 

3. "UCI Machine Learning Repository: Connectionist Bench 

(Sonar, Mines vs. Rocks) Data Set." UCI Machine Learning 

Repository: Connectionist Bench (Sonar, Mines vs. Rocks) Data 

Set. N.p., n.d. Web. 07 Nov. 2015.  
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ɺʘʩʠʣʴ ʃʝʚʢʦ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʆʜʘʡʩʴʢʘ ʍ.ʉ. 

 

ʇʨʦʛʨʘʤʘ ʪʘ ʧʨʠʩʪʨʽʡ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ ʪʝʤʧʝʨʘʪʫʨʠ  
ʉʫʯʘʩʥʽ ʩʝʥʩʦʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʣʦʜʽʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ 

ʯʫʪʣʠʚʽʩʪʶ kT (å 10 ʤɺ/Áʉ), ʧʨʦʪʝ ʜʣʷ ʟʥʘʯʝʥʴ kT ʻ ʭʘʨʘʢʪʝʨʥʠʤ 

ʟʥʘʯʥʠʡ ʨʦʟʢʠʜ ʧʘʨʘʤʝʪʨʽʚ [1], ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʦʙôʻʢʪʽʚ. 

ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʧʦʢʘʟʽʚ ʟ ʜʘʥʠʤʠ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. ɿʯʠʪʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ 

ʩʝʥʩʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʤʧôʶʪʝʨ ʚʠʢʦʥʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʠʩʪʨʦʶ Arduino UNO.  

ʗʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʩʝʥʩʦʨ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʩʪʘʙʽʣʽʪʨʦʥ ʟ̔ ʥʦʨʤʦʚʘʥʠʤ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʥʘʧʨʫʛʠ, ʘ ʩʘʤʝ ʪʝʨʤʦʩʝʥʩʦʨ LM335M. ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʥʘ 

ʪʝʨʤʦʩʝʥʩʦʨ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʭʝʤʠ 

ʚʚʽʤʢʥʝʥʥʷ ʩʪʘʙʽʣʽʪʨʦʥʘ (ʨʠʩ. 1). 

 
ʈʠʩ.1. ʉʭʝʤʘ ʚʚʽʤʢʥʝʥʥʷ ʪʝʨʤʦʩʝʥʩʦʨʘ LM335M 

 

ʏʫʪʣʠʚʽʩʪʴ ʪʝʨʤʦʩʝʥʩʦʨʘ kT ʱʝ ʥʘʟʠʚʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʥʘʧʨʫʛʠ. ɼʦʧʫʩʪʠʤ ̔ ʪʝʤʧʝʨʘʪʫʨʠ ʩʝʥʩʦʨʘ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -40Üʉ ʜʦ 100Üʉ, ʧʨʠ ʮʴʦʤʫ ʥʫʣʴʦʚʘ 

ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ 0Üʂ  

(-273Üʉ), ʘ ʪʝʤʧʝʨʘʪʫʨʽ 100Üʉ (373Üʂ) ʚʽʜʧʦʚʽʜʘʻ ʥʘʧʨʫʛʘ 3,73 ɺ. 

ʊʦʙʪʦ ʥʘʧʨʫʛʘ ʥʘ ʪʝʨʤʦʩʝʥʩʦʨʽ: 

TkU TT Ö=  ,                                       (1) 

ʜʝ ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ɿʯʠʪʫʚʘʥʥʷ ʥʘʧʨʫʛʠ UT ʟ ʚʠʭʦʜʫ ʪʝʨʤʦʩʝʥʩʦʨʘ ʚʠʢʦʥʫʻʪʴʩʷ 

ʯʝʨʝʟ ʦʜʠʥ ʟ ʘʥʘʣʦʛʦʚʠʭ ʚʭʦʜʽʚ ɸ0-ɸ5 ʧʨʠʩʪʨʦʶ Arduino UNO, 

ʪʦʙʪʦ ʤʦʞʣʠʚʝ ʦʜʥʦʯʘʩʥʝ ʧʽʜôʻʜʥʘʥʥʷ 6-ʪʠ ʩʝʥʩʦʨʽʚ [2]. ɺ 

Arduino UNO ʘʥʘʣʦʛʦʚʘ ʥʘʧʨʫʛʘ UT ʧʦʜʘʻʪʴʩʷ ʥʘ 10-ʨʦʟʨʷʜʥʠʡ 

ɸʎʇ (ʟ ʦʧʦʨʥʦʶ ʥʘʧʨʫʛʦʶ U0 = 5 ɺ) ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 
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ʮʠʬʨʦʚʠʡ ʢʦʜ DP, ʷʢʠʡ ʟʯʠʪʫʻʪʴʩʷ ʚ ʢʦʤʧôʶʪʝʨ ʯʝʨʝʟ USB-ʧʦʨʪ. 

ɸʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʥʩʦʨʘ ʊ ʚʠʟʥʘʯʘʣʘʩʷ ʟʛʽʜʥʦ ʟ (1) ʯʝʨʝʟ 

ʟʯʠʪʘʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ UT, ʚʽʜʧʦʚʽʜʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʝʥʩʦʨʘ ʚ 

ʛʨʘʜʫʩʘʭ ʎʝʣʴʩʽʷ 

15.273-=TTC
.                                       (2) 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʽʚ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʯʠʪʫʚʘʣʠʩʷ ʟ ʩʝʥʩʦʨʘ Q ʨʘʟʽʚ (ʥʘʧʨʠʢʣʘʜ, Q = 20), ʘ ʨʝʟʫʣʴʪʘʪ 

ʚʠʤʽʨʽʚ TCQ ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʩʝʨʽʾ TC (i), ʜʝ 

i = 1,é,Q. ʆʩʢʽʣʴʢʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ TCQ  ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ Q ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʚʟʘʻʤʥʦ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʫʩʝʨʝʜʥʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ Q  ʨʘʟʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

TCQ (ʦʪʨʠʤʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʩʝʥʩʦʨʘ) ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ TE 

(ʦʪʨʠʤʘʥʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʪʘʣʦʥʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ) ʜʣʷ 

ʪʝʨʤʦʩʝʥʩʦʨʘ ʦʙʯʠʩʣʝʥʦ ʫʪʦʯʥʝʥʝ ʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ kT. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʨʦʙʣʝʥʦ ʚ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱ ̔ ʨʦʟʨʦʙʢʠ 

Arduino ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Processing, ʟʚôʷʟʦʢ ʢʦʤʧôʶʪʝʨʘ ʟ 

ʧʨʠʩʪʨʦʻʤ Arduino ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʚʠʢʦʥʘʥʦ ʯʝʨʝʟ 

ʚʽʨʪʫʘʣʴʥʠʡ COM-ʧʦʨʪ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʨʽʡ ʪʘ 

ʧʨʦʛʨʘʤʫ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʝʥʩʦʨʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɸʧʘʨʘʪʥʽ ʟʘʩʦʙʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʨʠʩʪʨʦʶ 

Arduino UNO ʽ ʧʽʜôʻʜʥʘʥʠʭ ʪʝʨʤʦʩʝʥʩʦʨʽʚ LM335M. ʇʨʦʛʨʘʤʘ 

ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʦʩʝʥʩʦʨʽʚ 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Processing. ɿʘʚʜʷʢʠ 

ʨʦʟʨʦʙʣʝʥʠʤ ʟʘʩʦʙʘʤ ʤʦʞʣʠʚʦ ʫʪʦʯʥʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʩʝʥʩʦʨʽʚ ʽ ʟʤʝʥʰʫʚʘʪʠ ʩʠʩʪʝʤʘʪʠʯʥʫ ʧʦʭʠʙʢʫ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʥʠʢ ʆ.ʄ. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʦʜʝʣʝʡ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ 

Bi2Te3 

ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʚʽʩʤʫʪʫ ʡ ʪʝʣʫʨʫ ʰʣʷʭʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʾʭ 

ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʣʠʢʘʥʘ ʪʠʤ, ʱʦ ʨʽʟʥʽ ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽ ʧʽʜʭʦʜʠ 

ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʩʪʦʩʫʚʘʥʥʽ ʧʝʚʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʧʦʻʜʥʘʪʠ ʯʠʩʣʝʥʥʽ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʜʝʨʞʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɹʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ: ʥʘ ʦʩʥʦʚʽ ʢʚʘʥʪʦʚʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʡ 

ʢʚʘʥʪʦʚʦ-ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʧʽʜʭʦʜʽʚ ʨʦʟʨʦʙʠʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ 

ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʙʫʜʦʚʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʅɻʆ ʜʣʷ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʚ ʩʧʦʣʫʢʘʭ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʩʪʝʭʽʦʤʝʪʨʽʻʶ, ʩʪʨʫʢʪʫʨʦʶ, ʪʠʧʦʤ ʭʽʤʽʯʥʦʛʦ 

ʟʚ'ʷʟʢʫ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʘʪʠ 

ʟʘʜʘʯʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ. ʉʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʦʧʠʩʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʅɻʆ ʚʽʜ ʤʽʞʘʪʦʤʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʚʟʘʻʤʦʜʽʶʯʠʭ ʘʪʦʤʽʚ 

ʦʜʥʠʤ ʟʘʛʘʣʴʥʠʤ ʚʠʨʘʟʦʤ: 

Ὀ , 

ʜʝ R
0
uA, di, tgŬA,B ï ʢʦʝʬʽʮʽʻʥʪʠ; C1 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʨʦʟʤʽʨʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʤʘʻ ʨʦʟʤʽʨʥʽʩʪʴ ʝʥʝʨʛʽʾ (ʝɺ); C2 ï ʚʽʜʦʙʨʘʞʘʻ 

ʪʠʧ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʢʽʣʴʢʽʩʥʠʡ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ tgŬBi, tgŬTe ʪʘ ʚʝʣʠʯʠʥʘʤʠ (RuBi/RuTe) [2].  

ɼʣʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʬʘʟʦʚʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʦʜʝʨʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʡ ʜʠʩʦʮʽʘʮʽʾ ʚʽʜ ʘʪʦʤʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚʽʜʦʙʨʘʞʝʥʠʭ ʫ ʢʦʝʬʽʮʽʻʥʪʽ C1, 
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ʨʠʩ. 1) ʽ ʧʘʨʘʤʝʪʨʽʚ ʯʠʩʝʣ ʧʦʜʽʙʥʦʩʪʽ (ʚʽʜʦʙʨʘʞʝʥʠʭ ʫ 

ʢʦʝʬʽʮʽʻʥʪʽ C2, ʨʠʩ. 2). 

ɸʥʘʣʽʟ ʮʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ Bi-Te ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʤ 

ʥʘʙʦʨʦʤ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʥʘʚʝʜʝʥʠʤʠ ʚ [1] ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʽʘʛʨʘʤ ʩʪʘʥʫ 

ʩʪʘʙʽʣʴʥʦʾ ʪʘ ʤʝʪʘʩʪʘʙʽʣʴʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʫʪʦʯʥʶʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ï 2016. ï ˉ5. ï ʉ. 63ï71. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

ʇʨʦ ʤʦʜʝʣʶʚʘʥʥʷ  ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ 

ʘʫʢʩʝʪʠʢʘʭ 
ɼʦʙʨʝ ʚʽʜʦʤʦ, ʱʦ ʘʫʢʩʝʪʠʢʠ ï ʤʘʪʝʨʽʘʣʠ ʽʟ ʟʥʘʯʥʦʶ 

ʥʝʣʽʥʽʡʥʽʩʪʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚʠʢʣʠʢʘʶʪʴ ʚʩʝ ʙʽʣʴʰʠʡ 

ʽʥʪʝʨʝʩ ʷʢ ʥʘʫʢʦʚʮʽʚ, ʪʘʢ ʽ ʧʨʘʢʪʠʢʽʚ ʯʝʨʝʟ ʾʭ ʫʥʽʢʘʣʴʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ [1,2]. ʅʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʧʨʠʨʦʜʥʽ [1], 

ʪʘʢ ʽ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʽ ʤʘʪʝʨʽʘʣʠ  (ʘʫʢʩʝʪʠʯʥʽ ʧʽʥʠ, ʬʦʥʦʥʥʽ 

ʘʫʢʩʝʪʠʢʠ ʪʦʱʦ) [2]. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʫ ʘʫʢʩʝʪʠʢʘʭ 

ʦʙʦʭ ʪʠʧʽʚ ʨʦʟʛʣʷʜʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙʣʘʩʪʴ ʧʨʫʞʥʠʭ  

ʜʝʬʦʨʤʘʮʽʡ  ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ 

ʟʥʘʯʥʠʭ ʥʘʧʨʫʞʝʥʥʷʭ, ʱʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʤʝʞʽ ʤʽʮʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ [3]. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ, 

ʤʦʜʝʣʝʡ, ʷʢʽ ʙ ʦʧʠʩʫʚʘʣʠ ʧʦʚʝʜʽʥʢʫ ʘʫʢʩʝʪʠʢʽʚ ʧʨʠ ʪʘʢʠʭ 

ʥʘʧʨʫʛʘʭ, ʦʙʤʘʣʴ [4]. ʊʘʢ, ʎʽʘʤʙʝʣʣʘ (Ciambella) ʪʘ ʉʘʢʢʦʤʘʥʜʽ 

Saccomandi (2014) ʟʤʦʜʝʣʶʚʘʣʠ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʇʫʘʩʩʦʥʘ ’ ʚʽʜ ʩʪʫʧʝʥʶ ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ, ʱʦ 
ʜʦʟʚʦʣʠʣʦ ʾʤ ʧʦʷʩʥʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ 

ʧʨʠ  ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʘʫʢʩʝʪʠʯʥʠʭ ʧʽʥ,  ʽʥʚʝʨʩʽʻʶ ʟʥʘʢʫ ’ 
ʧʨʠ ʥʘʨʦʩʪʘʥʥʽ ʜʝʬʦʨʤʘʮʽʾ ʨʦʟʪʷʛʫ ʽ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ 

ʘʫʢʩʝʪʠʯʥʦʾ ʢʦʤʽʨʢʠ [4]. ʆʜʥʘʢ  ʮʷ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ 

ʘʫʢʩʝʪʠʯʥʠʭ ʧʽʥ ʽ ʥʝ ʚʨʘʭʦʚʫʻ  ʨʝʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʫ 

ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʘʭ ʧʨʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ, ʽ  ʧʦʚôʷʟʘʥʽ ʽʟ 

ʟʘʨʦʜʞʝʥʥʷʤ, ʨʫʭʦʤ  ʽ ʚʟʘʻʤʦʜʽʻʶ ʜʝʬʝʢʪʽʚ, ʱʦ ʨʦʙʠʪʴ ʾʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʠʤ.  

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʷʢʘ ʻ  ʧʨʦʜʦʚʞʝʥʥʷʤ  ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʚʠʚʯʘʚʩʷ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʧʦʣʽʚ ʜʝʬʦʨʤʘʮʽʾ ʧʦʙʣʠʟʫ ʜʠʩʣʦʢʘʮʽʡ ʚ 

ʢʨʠʩʪʘʣʘʭ ʧʨʠ ʟʤʽʥʽ ’, ʜʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʫ 
ʢʨʠʩʪʘʣʘʭ, ʪʘ ʝʥʝʨʛʽʶ ʚʟʘʻʤʦʜʽʾ ʜʠʩʣʦʢʘʮʽʡʥʠʭ ʩʝʛʤʝʥʪʽʚ 

(ɽɺɼʉ) ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʘʫʢʩʝʪʠʯʥʠʭ  ʜʦ ʟʚʠʯʘʡʥʠʭ ʬʘʟ.  

ʇʦʢʘʟʘʥʦ, ʱʦ 

¶ ɿʤʽʥʘ ʟʥʘʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ’ ʟ ʚʽʜôʻʤʥʦʛʦ ʥʘ ʜʦʜʘʪʥʠʡ ʥʝ 
ʟʙʽʛʘʻʪʴʩʷ ʟʽ ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʫ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʥʘʚʢʦʣʦ 

ʜʠʩʣʦʢʘʮʽʡ. ʆʩʪʘʥʥʷ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ’>0,2, ʘ 

ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʦʶ ʩʪʘʻ ʧʨʠ ’Ó0,5  (ʨʠʩ.1). 
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ʈʠʩ.1. ɺʝʢʪʦʨʥʽ ʧʦʣʷ ʥʘʧʨʫʛ ʧʦʙʣʠʟʫ ʢʨʘʡʦʚʦʾ ʜʠʩʣʦʢʘʮʽʡ ʚ ʽʥʜʽʾ 

ʧʨʠ ʟʤʽʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʟ ̨̃̅ȭ̤̍̎̏̄̏ ʥʘ ʜʦʜʘʪʥʠʡ  

¶ ʅʘʨʦʩʪʘʥʥʷ ʟʦʚʥʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ ʧʨʠ ʚʩʽʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʚʝʨʩʽʾ ʟʥʘʢʫ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʪʠʭ 

ʥʘʧʨʷʤʢʽʚ ʫ ʢʨʠʩʪʘʣʽ, ʟʥʘʯʝʥʥʷ ’ ̠ ̖̋̉ πȟυȢ 
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ʈʠʩ.2. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ  ɽɺɼʉ ʜʣʷ ʨʽʟʥʠʭ ’ ʚ ʽʥʜʽʾ 

¶ ɽʥʝʨʛʽʷ ʧʨʫʞʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʜʠʩʣʦʢʘʮʽʡʥʠʤʠ 

ʧʝʨʝʛʠʥʘʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ’ ̨ ̤̈́̈̎́ 
̨̨̩̎̃̆̑̒ ̓́̋̏̇ ̐̑̉   ’ πȟυ  ˝̉̒Ȣς Ȣ  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʄ. ʈʘʨʘʥʩʴʢʠʡ, ɺ. ɹʘʣʘʟʶʢ, ʄ. ɻʫʥʴʢʦ. ʗʚʠʱʝ ʘʫʢʩʝʪʠʯʥʦʩʪʽ ʚ 
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ʄʠʭʘʡʣʦ ʃʠʪʚʠʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʠʢʠʪʶʢ ʇ.ɼ. 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʦʜʥʦʨʘʟʦʚʦʾ ʜʽʾ 

ʉʪʚʦʨʝʥʥʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʝʬʝʢʪʠʚʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʜʣʷ 

ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʩʦʢʦʥʘʜʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʚʝʣʠʢʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ, ʟʜʘʪʥʽʩʪʴ ʚʠʪʨʠʤʫʚʘʪʠ ʜʦʩʠʪʴ ʞʦʨʩʪʢʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʫʤʦʚʠ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʬʫʥʢʮʽʶʚʘʥʥʷ ʟʛʘʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʦʩʥʦʚʥʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʭʽʤʽʯʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ, ʷʢʽ ʜʞʝʨʝʣʘ 

ʤʘʶʪʴ ʨʷʜ ʭʘʨʘʢʪʝʨʥʠʭ ʥʝʜʦʣʽʢʽʚ: ʤʘʣʠʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ, ʚʝʣʠʢʠʡ 

ʩʘʤʦʨʦʟʨʷʜ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʷʨʥʦʾ ʟʘʤʽʥʠ ʘʙʦ 

ʧʝʨʝʟʘʨʷʜʞʘʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ, ʪʦʱʦ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʟʽ ʩʪʚʦʨʝʥʥʷ 

ʘʚʪʦʥʦʤʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ (ʊɽɼɾ), 

ʟʜʘʪʥʠʭ ʚʠʪʨʠʤʫʚʘʪʠ ʛʨʘʥʠʯʥʦ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʽ ʊɽɼɾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʥʘʜʽʡʥʽʩʪʶ, ʨʝʩʫʨʩʦʤ ʨʦʙʦʪʠ, ʱʦ ʫ 2-3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʨʝʩʫʨʩ 

ʨʦʙʦʪʠ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʽ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ. ʊɽɼɾ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʜʣʷ ʩʚʦʛʦ ʬʫʥʢʮʽʶʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʣʝʛʢʦ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʝʣʝʢʪʨʦʥʥʫ ʩʭʝʤʫ ʩʧʦʞʠʚʘʯʘ, ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʯʫʪʣʠʚʽ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ,ʩʪʽʡʢʽʩʪʶʜʦ ʤʝʭʘʥʽʯʥʠʭ ʽ ʢʣʽʤʘʪʠʯʥʠʭ 

ʚʧʣʠʚʽʚ, ʚʠʩʦʢʦʶ ʨʘʜʽʘʮʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ. ʄʦʞʫʪʴ 

ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʚ ʰʠʨʦʢʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʚʽʜ ï 60 

Áʉ ʜʦ +300 Áʉ), ʤʦʞʫʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʟʙʝʨʽʛʘʪʠʩʷ ʙʝʟ ʩʫʪʪʻʚʦʾ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʥʝ ʧʦʪʨʝʙʫʶʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʛʣʘʤʝʥʪʥʠʭ ʧʝʨʝʚʽʨʦʢ. ʊʘʢʽ ʊɽɼɾ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʤʧʘʢʪʥʽʩʪʶ, ʥʝʚʝʣʠʢʦʶ ʚʘʛʦʶ ʪʘ ʚʽʜʥʦʩʥʦʶ 

ʜʝʰʝʚʠʟʥʦʶ. 

ɿʥʘʯʥʠʡ ʜʦʩʚʽʜ ʫ ʩʪʚʦʨʝʥʥʽ ʊɽɼɾ ʟ ʧʽʨʦʪʝʭʥʽʯʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʪʝʧʣʘ ʤʘʻ ɯʥʩʪʠʪʫʪ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʅɸʅ ʪʘ ʄʆʅ 

ʋʢʨʘʾʥʠ, ʜʝ ʧʨʦʚʦʜʷʪʴʩʷ ʢʦʤʧôʶʪʝʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʊɽɹ ʜʣʷ 

ʊɽɼɾ. 
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ʈʠʩ 1. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʊɽɹ. 1, 2 ï ʚʽʪʢʠ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʧ- ʽ ʨ-ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ; 3 -ʤʽʜʥʽ ʢʦʤʫʪʘʮʽʡʥʽ 

ʧʣʘʩʪʠʥʠ;4 - ʥʠʞʥʷ ʢʝʨʘʤʽʯʥʘ ʧʣʘʩʪʠʥʘ; 5 - ʚʝʨʭʥʷ ʢʝʨʘʤʽʯʥʘ 

ʧʣʘʩʪʠʥʘ 

ʊʘʙʣʠʮʷ 1. ʇʘʨʘʤʝʪʨʠ ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

æT,ÁCU,B P, ɺʪἯ,%

200 0,035 0,1 5,8

250 0,045 0,16 6,7

300 0,05 0,18 6,9  
ɿ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʊɽɹ 

ʜʣʷ ʊɽɼɾ (ʨʠʩ.2).  

 

 ʘ) ʙ) 

ʈʠʩ 2. ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ U(a) ʽ ʧʦʪʫʞʥʽʩʪʴ P(ʙ) 

ʤʘʢʝʪʥʦʛʦ ʟʨʘʟʢʘ ʊɽɼɾ ʚʽʜ ʨʦʙʦʯʦʛʦ ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ æʊ 

ʆʪʞʝ,  ʊɽɼɾ ʽʟ ʧʽʨʦʪʝʭʥʽʯʥʠʤ ʜʞʝʨʝʣʦʤ ʪʝʧʣʘ ʥʘʡʢʨʘʱʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ 

ʦʜʥʦʨʘʟʦʚʦʾ ʜʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1.ɸʥʘʪʳʯʫʢ ʃ.ʀ., ʄʠʢʠʪʶʢ ʇ.ɼ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝʢʦʣʴʮʝʚʦʡʪʝʨʤʦʙʘʪʘʨʝʠ ʜʣʷ ʠʩʪʦʯʥʠʢʘʪʦʢʘ 

ʦʜʥʦʨʘʟʦʚʦʛʦ ʜʝʡʩʪʚʠʷ // ʊʝʨʤʦʝʣʝʢʪʨʠʯʝʩʪʚʦ, 2019. - ˉ 3. 

2. ʂʽʣʴʮʝʚʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʙʘʪʘʨʝʷ. ʈʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ʟʘʷʚʢʠ 

u2019 08682. ɼʘʪʘ ʧʦʜʘʯʽ ʟʘʷʚʢʠ 18.07.2019. 
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ʄʠʭʘʡʣʦ ʃʽʪʚʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʉ.ɺ.ʅʽʯʠʡ 

 

ɹʝʟʜʨʦʪʦʚʝ ʫʧʨʘʚʣʽʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ 

ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ 
ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʦʪʨʠʤʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʽ ʩʠʩʪʝʤ ʟʘʚʞʜʠ ʚʠʤʘʛʘʶʪʴ 

ʜʦʪʨʠʤʘʥʥʷ ʧʝʚʥʠʭ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʨʝʞʠʤʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ 

ʫʧʨʘʚʣʽʥʥʷ, ʟʦʢʨʝʤʘ ʽ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʇɯɼ-ʨʝʛʫʣʷʪʦʨʠ [1]. ʇɯɼ - ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʠʩʪʨʽʡ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʣʘʥʢʘʭ ʫʧʨʘʚʣʽʥʥʷ, ʦʩʥʘʱʝʥʠʭ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ. ɼʘʥʽ ʨʝʛʫʣʷʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ, ʚ 

ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʚʠʤʦʛʠ ʜʦ 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 

ʥʝʨʝʛʫʣʴʦʚʘʥʦʾ 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. 

ʄʠ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʚʠʛʦʪʦʚʣʝʥʠʡ ʧʨʠʩʪʨʽʡ  

ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ, ʷʢʠʡ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʤʝʪʦʜʦʤ ʟʦʥʥʦʾ ʧʣʘʚʢʠ. 

ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʙʫʚ ʚʠʛʦʪʦʚʣʝʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʘ ʊʈʄ 251. ʋ ʥʴʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʦʫʪʙʫʢʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʥʘ ʢʨʠʩʪʘʣʽ  ESP8266 ʽʟ ʤʦʜʫʣʝʤ Wi-Fi 

ʤʦʞʣʠʚʦ ʟʘʜʘʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʫ 

ʟʦʥʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫʩʪʘʥʦʚʦʢ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ, 

ʩʪʨʫʢʪʫʨ, ʧʨʠʣʘʜʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʤʽʢʨʦʩʠʩʪʝʤʥʦʾ ʪʝʭʥʽʢʠ. 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. 

 
ʈʠʩ. 1. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʠʩʪʨʦʶ ʟ ʇɯɼ-ʨʝʛʫʣʷʪʦʨʦʤ 

 

ɹʣʦʢ-ʩʭʝʤʘ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʽ Wi-Fi [2] ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. ʅʘ 

ʥʦʫʪʙʫʮʽ ʬʦʨʤʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʩʠʚ ʜʘʥʠʭ ʜʣʷ ʇɯɼ-

ʨʝʛʫʣʷʪʦʨʘ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʫʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ 

ʧʦʪʨʽʙʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʥʘ ʫʩʪʘʥʦʚʮʽ, 

ʱʦ ʢʝʨʫʻ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ. ʊʘʢʦʞ ʥʘ ʥʦʫʪʙʫʮʽ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚʩʷ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʝʪʽʢʘʥʥʷ 

ʧʨʦʮʝʩʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʱʦ ʩʪʚʦʨʶʻ ʤʝʭʘʥʽʟʤ 

ʝʬʝʢʪʠʚʥʦʛʦ  ʢʦʥʪʨʦʣʶ ʪʘ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɹʝʟʜʨʦʪʦʚʠʡ ʟʚ'ʷʟʦʢ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʧʨʠʩʪʨʦʷʤʠ ʟʘʜʽʷʥʠʭ ʫ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʫ ʥʝʙʝʟʧʝʯʥʠʭ ʽ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ, ʧʽʜʚʠʱʫʶʯʠ ʙʝʟʧʝʢʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɼʝʥʠʩʝʥʢʦ ɺ. ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ: ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ/ɺ. ɼʝʥʠʩʝʥʢʦ //ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ï2006.ï̄ 1  

 2.  ʇʨʦʣʝʪʘʨʩʢʠʡ  ɸ. ɺ. ʊʝʭʥʦʣʦʛʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ 
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ʉʪʝʧʘʥ ʃʦʤʧʘʩ, ɺʣʘʜʠʩʣʘʚ ʄʘʻʨ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ɸ.ʇʘʨʬʝʥʶʢ  

 

ʈʽʚʥʦʚʘʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ CdTe:Sn,Ge, 

ʦʪʨʠʤʘʥʦʛʦ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

 

ʊʝʣʫʨʠʜ ʢʘʜʤʽʶ ʚʦʣʦʜʽʻ ʫʥʽʢʘʣʴʥʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʨʠʣʘʜʠ ʪʘ ʧʨʠʩʪʨʦʾ. ɿ ʫʩʽʭ ʩʧʦʣʫʢ ɸ
2
ɺ

6
 ʣʠʰʝ 

CdTe ʤʦʞʥʘ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦ ʦʪʨʠʤʘʪʠ n- ʯʠ ʨ-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ 

ʟʤʽʥʦʶ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʯʠ ʣʝʛʫʚʘʥʥʷʤ ʪʘ ʦʪʨʠʤʫʚʘʪʠ 

ʢʨʠʩʪʘʣʠ ʟ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʢʦʤʧʝʥʩʫʶʯʦʾ ʽ ʩʪʘʙʽʣʽʟʫʶʯʦʾ ʜʽʾ 

ʝʣʝʤʝʥʪʽʚ IV ʛʨʫʧʠ (Sn, Ge) ʫ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ  ʪʝʣʫʨʠʜʽ 

ʢʘʜʤʽʶ, ʦʪʨʠʤʘʥʦʤʫ ʤʝʪʦʜʦʤ ɹʨʽʜʞʤʝʥʘ (ʛʨʫʧʘ ɸ)  ʪʘ ʟ ʨʦʟʯʠʥʫ 

ï ʨʦʟʧʣʘʚʫ ʫ ʪʝʣʫʨʽ (ʛʨʫʧʘ ɺ). ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʣʷʛʘʣʠ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ (ʊ) ʟʘʣʝʞʥʦʩʪʝʡ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʎ) ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʍʦʣʣʘ (RH) ʚ ʽʥʪʝʨʚʘʣʽ 

295ʂʊ 430ʂ ʷʢ ʚʠʭʽʜʥʠʭ ʢʨʠʩʪʘʣʽʚ, ʪʘʢ ʽ ʚʽʜʧʘʣʝʥʠʭ ʧʨʠ 

ʨʽʟʥʠʭ ʊ (900ʂ - 1170ʂ) ʽ ʪʠʩʢʘʭ ʧʘʨʠ ʉd. ʂʦʥʮʝʥʪʨʘʮʽʾ 

ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ ʫ ʨʽʜʢʽʡ ʬʘʟʽ (C
0
Sn,Ge) ʙʫʣʠ ʪʘʢʠʤʠ:             

C
0
Sn  (1 - 4)Ö10

18
ʩʤ

-3
; C

0
Ge  (2 - 8)Ö10

18
ʩʤ

-3
. 

ɻʨʫʧʘ ɸ. ɼʝʷʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʚ CdTe:Ge i CdTe:Sn ʧʨʠ ʊ=300ʂ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ. 

 

 

ʇʦʨʽʚʥʶʶʯʠ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʚ CdTe:Ge i CdTe:Sn, 

ʙʘʯʠʤʦ, ʱʦ ʦʙʠʜʚʘ ʪʠʧʠ ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ ʧʨʠʚʦʜʷʪʴ ʜʦ 

O

ʜʦʤN , 

ʩʤ
-3 

ɼʦ- 

ʤʽʰʢʘ 

ʊʠʧ 

ʧʨʦʚ. 

 

ʇʠʪʦʤʠʡ 

ʦʧʽʨ 

ɟ, ʆʤÖʩʤ 

ɽʥʝʨʛʽʷ 

ʘʢʪʠʚʘʮʽʾ 

ʨʽʚʥʷ, ʝɺ 

ʈʫʭʣʠʚʽʩʪʴ 

ɛʅ, ʩʤ
2
/ɺÖʩ 

2,2Ö10
18 Ge ʨ 1.31Ö10

9
 0.60 51 

5,4Ö10
18 Ge ʨ 4,01Ö10

9
 0.64 64 

7,6Ö10
18 Ge n 4,06Ö10

9
 0.76 744 

3,2Ö10
18

 Sn n 1.07Ö10
8 0.62; 0,87 318 

1,5Ö10
18

 Sn n 1,1Ö10
10 0,7; 0,82 186 

3,5Ö10
18

 Sn n 1,5Ö10
10

 0,84 407 
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ʩʠʣʴʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʢʨʠʩʪʘʣʽʚ CdTe ʽ ʫʪʚʦʨʝʥʥʷ 

ʥʘʧʽʚʽʟʦʣʶʶʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʩʽ ʢʨʠʩʪʘʣʠ ʣʝʛʦʚʘʥʦʛʦ Sn 

ʪʝʣʫʨʠʜʫ ʢʘʜʤʽʶ ʙʫʣʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʟʨʘʟʢʠ 

CdTe:Ge ʤʦʛʣʠ ʙʫʪʠ ʷʢ ʨ-ʪʠʧʫ (ʯʠʩʪʦ ʜʦʤʽʰʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ 

ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʨʽʚʝʥʴ EV +( 0,60-0,64)ʝɺ, ʪʘʢ ʽ n-ʪʠʧʫ ʧʨʠ ʚʣʘʩʥʽʡ 

ʧʨʦʚʽʜʥʦʩʪʽ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ  ʟʨʘʟʢʽʚ CdTe:Sn i CdTe:Ge  ʈH  

ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʧʦʤʽʪʥʦ ʤʝʥʰʘ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʽ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʊ ʚ ʽʥʪʝʨʚʘʣʽ ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ ʪʨʦʭʠ ʟʨʦʩʪʘʻ ʧʨʠ 

ʥʘʛʨʽʚʘʥʥʽ (ʜʠʚ ʨʠʩ.). ʎʝ ʚʢʘʟʫʻ ʥʘ ʽʩʥʫʚʘʥʥʷ ʫ ʟʨʘʟʢʘʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʨʝʣʴʻʬʫ [1].  

ɻʨʫʧʘ ɺ. ɿ ʚʠʤʽʨʶʚʘʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽ ʧʨʠ ʥʠʟʴʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʦʤʫ ʤʝʪʦʜʽ ʚʠʨʦʱʫʚʘʥʥʷ CdTe:Sn,Ge ʫʪʚʦʨʶʻʪʴʩʷ 

ʥʘʧʽʚʽʟʦʣʶʶʯʠʡ ʤʘʪʝʨʽʘʣ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ ʙʣʠʟʴʢʽ ʜʦ  

ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʚ  ʛʨʫʧʠ ɸ, ʪʦʙʪʦ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʱʠʭ ʊ.  

ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʥʘ ʚʽʜʧʘʣʝʥʠʭ ʢʨʠʩʪʘʣʘʭ CdTe:Sn,Ge 

ʛʨʫʧ ɸ ʽ ɺ, ʚʢʘʟʫʶʪʴ ʥʘ ʚʠʩʦʢʫ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʪʘʢʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɼʝʷʢʽ ʟʤʽʥʠ ʤʦʞʣʠʚʽ ʣʠʰʝ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʘʭ ʚʽʜʧʘʣʝʥʠʭ ʟʨʘʟʢʽʚ. 

ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʟ ʨʽʜʢʦʾ ʬʘʟʠ CdTe, 

ʣʝʛʦʚʘʥʦʛʦ ʜʦʤʽʰʢʘʤʠ Ge ʽ Sn, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʘ 

ʪʠʧʫ ʬʦʥʦʚʠʭ ʜʦʤʽʰʦʢ, ʟʘʚʞʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʜʝʬʝʢʪʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʦʤʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʐʝʡʥʢʤʘʥ ʄ.ʂ., ʐʠʢ ɸ.ʗ. ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ 

ʨʝʣʘʢʩʘʮʠʷ ʠ ʦʩʪʘʪʦʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ // 

ʌʊʇ. - 1976. - ʊ10,ˉ2. - ʉ.209-233. 

  

 

 

 

ɿʘʣʝʞʥʦʩʪʽ mH(ʊ) 

ʝʣʝʢ-ʪʨʦʥʽʚ ʜʣʷ 

ʢʨʠʩʪʘʣʽʚ  CdTe:Sn ʛʨʫʧʠ 

ɸ. ɺʝʨʭʥʷ ʣʽʥʽʷ -  ʈ ʧʨʠ 
ʨʦʟʩʽʶʚʘʥ-ʥʽ ʪʽʣʴʢʠ ʥʘ 

ʢʦʣʠʚʘʥʥʷʭ ʛʨʘʪʢʠ 
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ʃʫʞʝʮʴʢʠʡ ʂʠʨʠʣ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ.ɺ. 

 

ʌʽʰʠʥʛ, ʪʘ ʤʝʪʦʜʠ ʧʨʦʪʠʜʽʾ  

 
ʌʽʰʠʥʛ (ʘʥʛʣ. Phishing ʚʽʜ fishing çʨʠʙʥʘ ʣʦʚʣʷ, 

ʚʠʜʦʙʫʚʘʥʥʷè) - ʚʠʜ ʽʥʪʝʨʥʝʪ-ʰʘʭʨʘʡʩʪʚʘ, ʤʝʪʦʶ ʷʢʦʛʦ ʻ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʬʽʜʝʥʮʽʡʥʠʭ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ - 

ʣʦʛʽʥʽʚ ʽ ʧʘʨʦʣʽʚ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʤʘʩʦʚʠʭ 

ʨʦʟʩʠʣʦʢ ʝʣʝʢʪʨʦʥʥʠʭ ʣʠʩʪʽʚ ʚʽʜ ʽʤʝʥʽ ʧʦʧʫʣʷʨʥʠʭ ʙʨʝʥʜʽʚ, ʘ 

ʪʘʢʦʞ ʦʩʦʙʠʩʪʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚʩʝʨʝʜʠʥʽ ʨʽʟʥʠʭ ʩʝʨʚʽʩʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʽʤʝʥʽ ʙʘʥʢʽʚ ʘʙʦ ʚʩʝʨʝʜʠʥʽ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ. 

ʋ ʣʠʩʪʽ ʯʘʩʪʦ ʤʽʩʪʠʪʴʩʷ ʧʨʷʤʝ ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʘʡʪ, ʷʢʠʡ ʟʦʚʥʽ 

ʚʽʜʨʽʟʥʠʪʠ ʚʽʜ ʩʧʨʘʚʞʥʴʦʛʦ ʧʨʦʙʣʝʤʘʪʠʯʥʦ, ʘʙʦ ʥʘ ʩʘʡʪ ʟ 

ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷʤ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʢʦʨʠʩʪʫʚʘʯ ʧʦʪʨʘʧʣʷʻ ʥʘ 

ʩʪʦʨʽʥʢʫ-ʧʘʩʪʢʫ, ʰʘʭʨʘʾ ʥʘʤʘʛʘʶʪʴʩʷ ʨʽʟʥʠʤʠ 

ʧʩʠʭʦʣʦʛʽʯʥʠʤʠ ʧʨʠʡʦʤʘʤʠ ʩʧʦʥʫʢʘʪʠ ʢʦʨʠʩʪʫʚʘʯʘ ʚʚʝʩʪʠ ʥʘ 

ʩʪʦʨʽʥʢʫ-ʧʘʩʪʢʫ ʩʚʦʾ ʣʦʛʽʥ ʽ ʧʘʨʦʣʴ. ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʥʘʤʠ 

ʰʘʭʨʘʾ   ʦʪʨʠʤʫʶʪʴ ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʘʡʪʫ. ɺ 

ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʜʦʟʚʦʣʷʻ ʰʘʭʨʘʷʤ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʘʢʘʫʥʪʽʚ ʽ ʙʘʥʢʽʚʩʴʢʠʭ ʨʘʭʫʥʢʽʚ.  
ʆʩʦʙʣʠʚʽʩʪʶ ʬʽʰʠʥʛʫ ʷʢ ʤʝʪʦʜʫ ʭʘʢʽʥʛʫ, ʻ ʪʝ, ʱʦ ʚ ʡʦʛʦ 

ʦʩʥʦʚʽ ʣʝʞʘʪʴ ʥʝ ʧʦʰʫʢ ʚʨʘʟʣʠʚʦʩʪʝʡ ʫ ʢʦʜʽ ʧʨʦʛʨʘʤʠ, ʘ 

ʩʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʟʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʦʩʥʦʚ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ [1]. 

ɹʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʬʽʰʠʥʛʫ ʟʚʦʜʠʪʴʩʷ ʜʦ ʪʦʛʦ, ʱʦʙ 

ʟʘʤʘʩʢʫʚʘʪʠ ʧʽʜʨʦʙʣʝʥʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʬʽʰʠʥʛʦʚʽ ʩʘʡʪʠ ʧʽʜ 

ʧʦʩʠʣʘʥʥʷ ʩʧʨʘʚʞʥʽʭ ʦʨʛʘʥʽʟʘʮʽʡ. ɸʜʨʝʩʠ ʟ ʧʦʤʠʣʢʘʤʠ ʘʙʦ 

ʩʫʙʜʦʤʝʥʠ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʰʘʭʨʘʷʤʠ. 

ɼʝʷʢʽ ʬʽʰʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ JavaScript ʜʣʷ ʟʤʽʥʠ 

ʘʜʨʝʩʥʦʛʦ ʨʷʜʢʘ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʘʙʦ ʰʣʷʭʦʤ ʨʦʟʤʽʱʝʥʥʷ 

ʤʘʣʶʥʢʫ ʟ ʧʽʜʨʦʙʣʝʥʠʤ URL (Uniform Resource Locator) 

ʧʦʚʝʨʭ ʘʜʨʝʩʥʦʛʦ ʨʷʜʢʘ ʘʙʦ ʟʘʢʨʠʪʪʷʤ ʩʧʨʘʚʞʥʴʦʶ ʘʜʨʝʩʥʦʛʦ 

ʨʷʜʢʘ ʽ ʚʽʜʢʨʠʪʪʷʤ ʥʦʚʦʾ ʟ ʧʽʜʨʦʙʣʝʥʠʤ URL.[4] 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʬʽʰʠʥʛʦʤ, 

ʚʢʣʶʯʘʶʯʠ ʟʘʢʦʥʦʜʘʚʯʽ ʟʘʭʦʜʠ ʽ ʩʧʝʮʽʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʩʪʚʦʨʝʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʬʽʰʠʥʛʫ. 
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ʆʜʠʥ ʟ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ ʬʽʰʠʥʛʦʤ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ 

ʥʘʚʯʠʪʠ ʣʶʜʝʡ ʨʦʟʨʽʟʥʷʪʠ ʬʽʰʠʥʛ ʽ ʙʦʨʦʪʠʩʷ ʟ ʥʠʤ. ʃʶʜʠ 

ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʟʘʛʨʦʟʫ ʬʽʰʠʥʛʫ, ʪʨʦʭʠ ʟʤʽʥʠʚʰʠ ʩʚʦʶ 

ʧʦʚʝʜʽʥʢʫ.[2] ʊʘʢ, ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʣʠʩʪ ʟ ʧʨʦʭʘʥʥʷʤ 

çʧʽʜʪʚʝʨʜʞʝʥʥʷè ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ (ʘʙʦ ʙʫʜʴ-ʷʢʠʡ ʽʥʰʠʡ 

ʟʚʠʯʘʡʥʦʾ ʧʨʦʭʘʥʥʷʤ ʬʽʰʝʨʽʚ) ʬʘʭʽʚʮʽ ʨʘʜʷʪʴ ʟʚ'ʷʟʘʪʠʩʷ ʟ 

ʢʦʤʧʘʥʽʻʶ, ʚʽʜ ʽʤʝʥʽ ʷʢʦʾ ʚʽʜʧʨʘʚʣʝʥʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ ʡʦʛʦ ʩʧʨʘʚʞʥʦʩʪʽ. 

ɯʥʰʠʤ ʥʘʧʨʷʤʢʦʤ ʙʦʨʦʪʴʙʠ ʟ ʬʽʰʠʥʛʦʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʩʧʠʩʢʫ ʬʽʰʠʥʛʦʚʠʭ ʩʘʡʪʽʚ ʽ ʧʦʜʘʣʴʰʘ ʟʚʽʨʢʘ ʟ ʥʠʤ. ʇʦʜʽʙʥʘ 

ʩʠʩʪʝʤʘ ʽʩʥʫʻ ʚ ʙʨʘʫʟʝʨʘʭ Internet Explorer, Mozilla Firefox, 

Google Chrome, Safari ʽ Opera. Firefox ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʥʪʠʬʽʰʠʥʛʦʚʠʡ ʩʠʩʪʝʤʫ Google. Opera ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʦʨʥʽ 

ʩʧʠʩʢʠ PhishTank ʽ GeoTrust ʽ ʩʧʠʩʢʠ ʚʠʥʷʪʢʽʚ GeoTrust.[3] 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʩʧʘʤ-ʬʽʣʴʪʨʠ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʯʠʩʣʦ 

ʬʽʰʠʥʛʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʦʜʝʨʞʫʚʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʎʷ ʤʝʪʦʜʠʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʰʠʥʥʦʤʫ 

ʥʘʚʯʘʥʥʽ ʪʘ ʦʙʨʦʙʮʽ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʧʨʠ ʘʥʘʣʽʟʽ ʬʽʰʠʥʛʦʚʠʭ 

ʣʠʩʪʽʚ. ʎʝ ʙʫʜʫʪʴ ʽ ʯʦʨʥʽ ʩʧʠʩʢʠ IP (RBL), ʽ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʤʘʩʦʚʠʭ ʨʦʟʩʠʣʦʢ (DCC), ʽ ʣʽʥʛʚʽʩʪʠʯʥʠʡ ʘʥʘʣʽʟ, ʽ ʤʝʪʦʜʠ 

ʟʚʽʨʝʥʥʷ ʟʽ ʟʨʘʟʢʘʤʠ. [5] 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɼʞʦʨʜʞ ɸʢʨʣʦʬ. ʌʽʰʠʥʛ. ʍʪʦ ʽ ʷʢ ʤʘʥʽʧʫʣʶʻ ʚʘʰʠʤ 

ʚʠʙʦʨʦʤ.., 2017. 17 ï 49 ʩ. 

2. ʈʦʙʝʨʪ ɼʞ. ʐʠʣʣʝʨ. ʇʦʣʶʚʘʥʥʷ ʥʘ ʧʨʦʩʪʘʢʘ. 

ɽʢʦʥʦʤʽʢʘ ʤʘʥʽʧʫʣʷʮʽʡ ʪʘ ʦʙʤʘʥʫ. 2013. 25-37 ʩ. 

3. https://securelist.ru/bor-ba-s-fishingom-i-

moshennicheskimi-ra/801/ 

4. https://habr.com/ru/post/446962/ 

5. https://habr.com/ru/company/cisco/blog/465085/ 

  



197 

       ʄʘʨʽʷ ʃʫʥʠʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʃʘʟʦʨʠʢ ɺ.ɺ 

 

ʉʪʚʦʨʝʥʥʷ ʚʝʙ-ʩʘʡʪʫ ʪʘ ʡʦʛʦ ʧʨʦʩʫʚʘʥʥʷ 
 

ʆʧʠʩʫʻʪʴʩʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-ʩʘʡʪʽʚ ʽ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʪʘ ʦʜʠʥ ʟ ʚʠʜʽʚ ʧʨʦʩʫʚʘʥʥʷ ʩʘʡʪʽʚ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ 

 

ʌʨʝʡʤʚʦʨʢ .NET Core ï ʮʝ ʫʥʽʚʝʨʩʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʨʦʟʨʦʙʢʠ 

ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʫ ʧʽʜʪʨʠʤʫʻ ʢʦʨʧʦʨʘʮʽʷ ʄʘʡʢʨʦʩʦʬʪ. ɼʘʥʘ 

ʧʣʘʪʬʦʨʤʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʧʽʚʪʦʚʘʨʠʩʪʚʦʤ ʥʘ ʩʘʡʪʽ GitHub.  

ʆʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʝʪʘʧʽʚ ʧʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʘʡʪʫ ʚ 

ʧʦʰʫʢʦʚʫ ʩʠʩʪʝʤʫ ʻ ʡʦʛʦ ʧʦʰʫʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ. 

ʇʨʦʩʫʚʘʥʥʷ ʩʘʡʪʫ. ʇʨʦʩʫʚʘʥʥʷ ʩʘʡʪʫ ð ʢʦʤʧʣʝʢʩ ʜʽʡ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʟʠʮʽʡ ʨʝʩʫʨʩʫ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ ʩʘʡʪʫ ʮʽʣʴʦʚʦʶ ʘʫʜʠʪʦʨʽʻʶ.  

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ ʩʘʡʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʦʜʠ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ï ʣʽʥʢʙʽʣʜʠʥʛ ï (ʚʽʜ ʘʥʛʣ. Link- 

ʧʦʩʠʣʘʥʥʷ, building - ʙʫʜʽʚʥʠʮʪʚʦ) ï ʩʧʦʩʽʙ ʧʦʩʠʣʘʣʴʥʦʛʦ 

ʧʨʦʩʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʥʘʙʠʨʘʻʪʴʩʷ ʙʝʟʣʽʯ ʟʦʚʥʽʰʥʽʭ ʧʦʩʠʣʘʥʴ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʫ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʜʚʘ ʘʣʛʦʨʠʪʤʠ ʧʨʦʩʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʟ 

ʜʦʧʦʤʦʛʦʶ ʧʦʩʠʣʘʥʴ: ʙʽʣʠʡ ʪʘ ʯʦʨʥʠʡ ʣʽʥʢʙʽʣʜʠʥʛ.  

ɹʽʣʠʡ ʣʽʥʢʙʽʣʜʠʥʛ(White hat linkbuilding) ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʨʘʪʝʛʽʡ, ʷʢʽ ʜʦʜʘʶʪʴ ʮʽʥʥʦʩʪʽ ʢʽʥʮʝʚʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ, 

ʜʦʪʨʠʤʫʶʪʴʩʷ ʫʤʦʚ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʢʦʤʧʘʥʽʾ Google (ʘʣʛʦʨʠʪʤ 

Pinguine) ʽ ʜʘʶʪʴ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ, ʷʢʽ ʤʦʞʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ ʧʦʩʠʣʘʥʴ ʥʘʡʙʽʣʴʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ  ʩʪʨʘʪʝʛʽʾ ʙʽʣʦʛʦ ʣʽʥʢʙʽʣʜʠʥʛʫ: 

           1. ɻʦʩʪʴʦʚʽ ʧʦʩʪʠ ï ʩʪʨʘʪʝʛʽʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʧʠʩʘʥʥʽ 

ʷʢʽʩʥʦʛʦ ʢʦʥʪʝʥʪʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʩʠʣʘʥʥʷ ʥʘ ʧʦʪʨʽʙʥʠʡ ʩʘʡʪ ʪʘ 

ʜʦʤʦʚʣʝʥʽʩʪʶ ʟ ʽʥʰʠʤʠ ʩʘʡʪʘʤʠ (ʧʝʨʝʚʘʞʥʦ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

Domain Authority(DA)). 

  2. ʉʪʨʘʪʝʛʽʷ ʩʠʥʜʠʢʘʮʽʾ ʢʦʥʪʝʥʪʫ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʤʽʱʝʥʥʷ 

ʯʘʩʪʠʥʠ ʢʦʥʪʝʥʪʫ ʥʘ ʽʥʰʠʭ ʩʪʦʨʦʥʥʽʭ ʩʘʡʪʘʭ, ʷʢʽ ʡʦʛʦ ʟʘʥʦʚʦ 

ʧʫʙʣʽʢʫʶʪʴ ʯʝʨʝʟ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʜʣʷ ʩʚʦʻʾ ʘʫʜʠʪʦʨʽʾ. 
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  3. ʄʝʪʦʜ ʣʽʥʢʙʽʣʜʠʥʛʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʰʫʢʫ ʙʽʪʠʭ ʧʦʩʠʣʘʥʴ 

ï ʮʝ ʪʘʢʪʠʢʘ ʄʠʢʦʣʠ ʉʪʦʷʥʦʚʘ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʰʫʢʫ 

ʧʦʩʠʣʘʥʴ, ʷʢʽ ʥʝ ʧʨʘʮʶʶʪʴ.  

ʏʦʨʥʠʡ ʣʽʥʢʙʽʣʜʠʥʛ(Black hat linkbuilding) ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʘʟʽʚʦʢ ʥʘ ʚʝʙ-ʩʘʡʪʘʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʡʦʤʫ ʟʘʡʤʘʪʠ ʚʠʱʫ 

ʧʦʟʠʮʽʶ, ʥʽʞ ʩʣʽʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ çʦʨʛʘʥʽʯʥʠʭè ʟʘʩʦʙʽʚ ʧʦʰʫʢʫ. 

ɯʩʥʫʻ ʙʝʟʣʽʯ ʯʦʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʩʠʣʘʣʴʥʦʾ 

ʤʘʩʠ. ɼʦ ʥʘʡʙʽʣʴʰ ʧʨʠʤʽʪʠʚʥʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʧʣʘʪʥʝ ʨʦʟʤʽʱʝʥʥʷ 

ʥʘ ʨʝʣʝʚʘʥʪʥʠʭ ʩʘʡʪʘʭ ʘʙʦ ʚ ʧʘʙʣʽʢ. ɼʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʽ 

ʚʠʪʨʘʪʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ ʙʣʦʛʽʚ: 

  1. ɺʠʢʫʧʦʚʫʶʪʴʩʷ ʜʦʤʝʥʠ ʪʝʤʘʪʠʯʥʠʭ ʦʥʣʘʡʥ ʞʫʨʥʘʣʽʚ ʽʟ 

ʧʨʦʩʪʨʦʯʝʥʥʷʤ ʧʦ ʦʧʣʘʪʽ ʭʦʩʪʠʥʛʫ. 

  2. ʇʦʯʠʥʘʻʪʴʩʷ ʥʘʧʦʚʥʝʥʥʷ ʫʥʽʢʘʣʴʥʠʤ ʢʦʥʪʝʥʪʦʤ. 

           3. ʋ ʪʝʢʩʪʘʭ ʧʨʦʩʪʘʚʣʷʶʪʴʩʷ ʧʦʩʠʣʘʥʥʷ ʥʘ ʩʘʡʪʠ. 

           4. ʈʝʩʫʨʩ ʦʪʨʠʤʫʻ ʧʨʠʨʦʜʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʩʠʣʘʥʴ. 

ʃ̔ ʥʢʙʽʣʜʠʥʛ ʜʦʧʦʤʘʛʘʻ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʧʦʩʠʣʘʥʴ, ʫ ʩʚʦʶ ʯʝʨʛʫ ʟʙʽʣʴʰʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʩʦʢʦʛʦ 

ʨʝʡʪʠʥʛʫ ʚʝʙ-ʩʘʡʪʫ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤ.  

 
ʉʧʠʩʦʢ  ʣʽʪʝʨʘʪʫʨʠ: 

1. .NET Core guide [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] Microsoft 

Documentation ï 2019. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://docs.microsoft.com/uk-ua/dotnet/core/. 25.01.2020 

2. Black hat SEO linkbuilding techniques [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ:  https://seo-gold.com/black-hat-seo-link-

building-techniques/ 25.01.2020. 

3. The best white hat linkbuilding techniques and tools 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ 

https://www.crazyegg.com/blog/guides/white-hat-link-building/ 

25.01.2020. 

4. WHITE HAT SEO:The Definitive Guide [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ:  https://backlinko.com/white-

hat-seo. 25.01.2020. 

  

https://docs.microsoft.com/uk-ua/dotnet/core/
https://seo-gold.com/black-hat-seo-link-building-techniques/
https://seo-gold.com/black-hat-seo-link-building-techniques/
https://www.crazyegg.com/blog/guides/white-hat-link-building/
https://netpeaksoftware.com/ru/blog/beliy-linkbilding-pravila-mehanika-avtomatizatsiya.
https://netpeaksoftware.com/ru/blog/beliy-linkbilding-pravila-mehanika-avtomatizatsiya.
https://netpeaksoftware.com/ru/blog/beliy-linkbilding-pravila-mehanika-avtomatizatsiya.


199 

ɸʥʘʩʪʘʩʽʷ ʄʘʟʫʨ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʫʜʠʤʘ ʖ.ɺ. 

ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʥʘ ʫʨʦʢʘʭ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ (ʪʝʭʥʦʣʦʛʽʡ) ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ 

ʪʝʭʥʽʢʠ ʚʠʰʠʚʢʠ 
ʉʢʣʘʜʥʦ ʟʥʘʡʪʠ ʚʯʠʪʝʣʷ, ʷʢʠʡ ʥʝ ʧʨʘʛʥʫʚ ʙʠ ʩʬʦʨʤʫʚʘʪʠ ʚ 

ʫʯʥʽʚ ʥʝ ʣʠʰʝ ʧʝʚʥʽ ʟʥʘʥʥʷ, ʫʤʽʥʥʷ ʡ ʥʘʚʠʯʢʠ, ʘʣʝ ʡ ʟʜʘʪʥʽʩʪʴ 
ʩʘʤʦʩʪʽʡʥʦ ʚʯʠʪʠʩʷ, ʟʜʦʙʫʚʘʪʠ ʟʥʘʥʥʷ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʫʚʘʪʠ 
ʪʚʦʨʯʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʩʪʘʚʠʪʴ ʞʠʪʪʷ. 
ʇʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʩʪʘʣʦ ʥʠʥʽ 

ʥʘʩʪʽʣʴʢʠ ʘʢʪʫʘʣʴʥʠʤ, ʱʦ ʡʦʛʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʧʨʦʙʣʝʤʠ 
ʩʪʦʣʽʪʪʷ. ʉʴʦʛʦʜʥʽ ʧʨʦʜʫʢʪʠʚʥʦ, ʧʦʚʥʦʮʽʥʥʦ ʪʘ ʱʘʩʣʠʚʦ ʤʦʞʝ 
ʚʠʙʫʜʫʚʘʪʠ ʚʣʘʩʥʝ ʞʠʪʪʷ ʣʠʰʝ ʪʚʦʨʯʦ ʨʦʟʚʠʥʝʥʘ ʦʩʦʙʠʩʪʽʩʪʴ. 
ʐʢʽʣʴʥʘ ʦʩʚʽʪʘ ʧʦʩʪʽʡʥʦ ʨʫʭʘʻʪʴʩʷ ʚʧʝʨʝʜ, ʽ ʪʝʧʝʨ ʾʾ 

ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʚʠʷʚʣʝʥʥʷ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʜʽʪʝʡ ʽ 
ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʾʭ ʨʦʟʚʠʪʢʫ. ʊʦʤʫ ʧʝʨʝʜ ʫʯʠʪʝʣʝʤ ʩʪʦʾʪʴ 
ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʽ ʩʧʦʩʦʙʽʚ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʩʪʽ ʫ 
ʰʢʦʣʷʨʽʚ, ʟʘʮʽʢʘʚʣʝʥʥʷ ʾʭ ʫ ʥʘʚʯʘʥʥʽ. ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʬʦʨʤ ʫʨʦʢʽʚ (ʫʨʦʢ-ʧʨʝʟʝʥʪʘʮʽʷ, ʟʘʭʠʩʪ ʪʚʦʨʯʠʭ 
ʧʨʦʻʢʪʽʚ, ʫʨʦʢ-ʢʦʥʢʫʨʩ, ʫʨʦʢ-ʢʚʝʩʪ ʪʦʱʦ) ʧʽʜʚʠʱʫʻ ʚ ʫʯʥʽʚ  
ʘʢʪʠʚʥʽʩʪʴ, ʮʽʢʘʚʽʩʪʴ ʜʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʪʠʤʫʣʶʻ 
ʾʭ ʨʦʟʫʤʦʚʫ ʪʘ ʪʚʦʨʯʫ ʜʽʷʣʴʥʽʩʪʴ [1]. 
ɻʦʣʦʚʥʦʶ ʫʤʦʚʦʶ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʫʯʥʽʚ ʥʘ 

ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʥʘʩʠʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 
ʩʧʝʮʽʘʣʴʥʠʤʠ ʟʥʘʥʥʷʤʠ, ʱʦ ʨʦʟʰʠʨʶʶʪʴ ʩʚʽʪʦʛʣʷʜ, ʬʦʨʤʫʶʪʴ 
ʩʚʽʪʦʩʧʨʠʡʥʷʪʪʷ ʪʘ ʧʨʦʙʫʜʞʫʶʪʴ ʫʷʚʫ. ʆʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ 
ʟʘʮʽʢʘʚʠʪʠ ʰʢʦʣʷʨʽʚ ʫ ʪʚʦʨʯʦʩʪʽ ï ʥʘʚʯʠʪʠ ʩʪʚʦʨʝʥʥʶ ʢʨʘʩʠʚʠʭ 
ʨʝʯʝʡ, ʥʘʜʘʚʰʠ ʜʠʪʠʥʽ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʯʫʪʠ ʩʝʙʝ ʘʚʪʦʨʦʤ. 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʝʨʽʾ ʪʚʦʨʯʠʭ ʫʨʦʢʽʚ ʜʣʷ 

ʦʟʥʘʡʦʤʣʝʥʥʷ ʽʟ ʘʩʦʨʪʠʤʝʥʪʦʤ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʰʠʪʠʭ ʚʠʨʦʙʽʚ ʪʘ 
ʥʘʚʯʘʥʥʷ ʫʯʥʽʚ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʢ ʚʠʰʠʚʘʥʥʷ. 
ʆʟʥʘʡʦʤʣʝʥʥʷ ʫʯʥʽʚ ʟ ʜʝʢʦʨʘʪʠʚʥʦ-ʫʞʠʪʢʦʚʠʤ ʤʠʩʪʝʮʪʚʦʤ 

ʚʠʭʦʚʫʚʘʪʠʤʝ ʚ ʫʯʥʽʚ ʧʦʚʘʛʫ ʜʦ ʫʢʨʘʾʥʩʴʢʦʾ ʩʪʘʨʦʜʘʚʥʴʦʾ 
ʢʫʣʴʪʫʨʠ, ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʦʚʽ ʝʩʪʝʪʠʯʥʠʭ ʩʤʘʢʽʚ, 
ʬʦʨʤʫʚʘʥʥʶ ʥʘʚʠʯʦʢ ʢʫʣʴʪʫʨʠ ʧʨʘʮʽ, ʨʦʟʚʠʚʘʪʠʤʝ ʰʘʥʦʙʣʠʚʝ 
ʩʪʘʚʣʝʥʥʷ ʜʦ ʪʨʘʜʠʮʽʡ. ʊʘʢʽ ʟʘʥʷʪʪʷ ʩʬʦʨʤʫʶʪʴ ʫʷʚʣʝʥʥʷ ʧʨʦ 
ʪʨʘʜʠʮʽʡʥʽ ʫʢʨʘʾʥʩʴʢʽ ʦʨʥʘʤʝʥʪʠ, ʭʘʨʘʢʪʝʨʥʽ ʨʽʟʥʠʤ ʨʝʛʽʦʥʘʤ 
ʋʢʨʘʾʥʠ, ʥʘʚʯʘʪʴ ʦʩʥʦʚ ʩʪʚʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ, ʱʦ ʜʦʟʚʦʣʠʪʴ 
ʨʦʟʚʠʥʫʪʠ ʜʠʪʷʯʫ ʬʘʥʪʘʟʽʶ ʪʘ ʫʷʚʫ, ʧʦʣʽʧʰʠʪʴ ʜʨʽʙʥʫ ʤʦʪʦʨʠʢʫ 
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ʨʫʢ ʪʘ ʦʢʦʤʽʨ ʰʢʦʣʷʨʽʚ; ʨʦʟʰʠʨʠʪʴ ʾʭ ʩʚʽʪʦʛʣʷʜ. ʇʽʜ ʯʘʩ ʫʨʦʢʽʚ 
ʰʢʦʣʷʨʽ ʦʟʥʘʡʦʤʣʷʪʴʩʷ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʤʧʦʟʠʮʽʾ ʭʫʜʦʞʥʴʦʾ 
ʚʠʰʠʚʢʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ, 
ʨʦʩʣʠʥʥʦʛʦ, ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʥʘʚʯʘʪʴʩʷ ʪʘʢʠʭ ʪʝʭʥʽʢ 
ʚʠʰʠʚʘʥʥʷ, ʷʢ ʛʣʘʜʴ, ʭʨʝʩʪʠʢ, ʤʝʨʝʞʢʠ, ʚʠʢʦʣʶʚʘʥʥʷ, 
ʨʫʰʥʠʢʦʚʠʡ ʰʦʚ ʪʦʱʦ. 
ʋʯʥʽ ʥʘʚʯʘʪʴʩʷ ʝʩʪʝʪʠʯʥʦ ʦʬʦʨʤʣʶʚʘʪʠ ʩʚʦʶ ʧʨʘʮʶ, 

ʚʨʘʭʦʚʫʶʯʠ ʢʦʣʴʦʨʦʚʽ ʧʦʻʜʥʘʥʥʷ ʚʠʰʠʚʢʠ ï ʢʦʥʪʨʘʩʪʥʽ ʯʠ 
ʪʦʥʘʣʴʥʽ, ʘʣʝ ʦʙʦʚôʷʟʢʦʚʦ ʛʘʨʤʦʥʽʡʥʽ ʤʽʞ ʩʦʙʦʶ ʪʘ ʟʘʛʘʣʴʥʠʤ 
ʢʦʣʦʨʠʪʦʤ ʧʨʝʜʤʝʪʘ, ʥʘ ʷʢʦʤʫ ʟʨʦʙʣʝʥʦ ʚʠʰʠʚʢʫ. 
ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʽʢʠ ʚʠʰʠʚʘʥʥʷ ʢʦʞʥʦʤʫ ʚʠʨʦʙʫ 

ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ: ʚʽʥ ʤʘʻ ʩʪʘʪʠ 
ʚʠʩʪʘʚʢʦʚʠʤ ʝʢʩʧʦʥʘʪʦʤ, ʘʢʩʝʩʫʘʨʦʤ, ʧʦʜʘʨʫʥʢʦʤ ʜʦ ʩʚʷʪʘ ʯʠ 
ʜʝʢʦʨʘʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʪʦʜʽ ʥʘʚʯʘʥʥʷ ʦʩʥʦʚ ʚʠʰʠʚʢʠ 
ʚʠʭʦʚʫʚʘʪʠʤʝ ʚ ʰʢʦʣʷʨʽʚ ʣʶʙʦʚ ʜʦ ʧʨʘʮʽ, ʪʝʨʧʽʥʥʷ ʽ 
ʘʢʫʨʘʪʥʽʩʪʴ.  
ʋ ʪʚʦʨʯʽʡ ʘʪʤʦʩʬʝʨʽ ʟʘʚʞʜʠ ʥʘʨʦʜʞʫʶʪʴʩʷ ʥʦʚʽ ʽʜʝʾ, ʟʘʜʫʤʠ, 

ʚʠʥʠʢʘʻ ʜʫʭ ʩʧʽʚʧʨʘʮʽ, ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʩʧʦʥʫʢʘʻ ʜʦ ʪʚʦʨʯʦʩʪʽ. 
ʂʦʞʝʥ ʨʦʟʨʦʙʣʝʥʠʡ ʫʨʦʢ ï ʜʦʩʣʽʜʞʝʥʥʷ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʜʽʪʠ 
ʚʯʘʪʴʩʷ ʘʥʘʣʽʟʫʚʘʪʠ, ʤʽʨʢʫʚʘʪʠ, ʚʽʜʩʪʦʶʚʘʪʠ ʩʚʦʶ ʪʦʯʢʫ ʟʦʨʫ. 
ʋʯʥʽ ʟʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʦʨʠʛʽʥʘʣʴʥʽ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʠʪʠ ʚʣʘʩʥʽ 
ʩʭʝʤʠ ʚʠʰʠʚʦʢ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʚʦʾ ʽʜʝʾ ʪʘ ʧʽʜʙʠʨʘʶʯʠ 
ʢʦʣʴʦʨʦʚʽ ʢʦʤʧʦʟʠʮʽʾ ʟʘ ʚʣʘʩʥʠʤ ʩʤʘʢʦʤ. ʊʘʢʽ ʟʘʥʷʪʪʷ 
ʚʠʷʚʣʷʶʪʴ ʪʚʦʨʯʠʡ ʧʦʪʝʥʮʽʘʣ ʫʯʥʽʚ, ʥʘʚʯʘʶʪʴ ʦʙʨʘʟʥʦʛʦ 
ʤʠʩʣʝʥʥʷ, ʬʦʨʤʫʶʪʴ ʽʥʪʝʨʝʩ ʜʦ ʨʫʢʦʜʽʣʣʷ, ʤʠʩʪʝʮʪʚʘ 
ʚʠʰʠʚʘʥʥʷ, ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ  ʮʽʢʘʚʦʾ, ʢʨʝʘʪʠʚʥʦʾ 
ʦʩʦʙʠʩʪʦʩʪʽ. 
ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʽ ʚʧʨʘʚʠ ʪʘ ʟʘʚʜʘʥʥʷ ʪʚʦʨʯʠʭ ʫʨʦʢʽʚ ʥʘʚʯʘʪʴ 

ʰʢʦʣʷʨʽʚ ʩʪʚʦʨʶʚʘʪʠ ʪʨʘʜʠʮʽʡʥʽ ʪʘ ʚʣʘʩʥʽ ʦʨʥʘʤʝʥʪʠ, ʦʟʥʘʡʦʤʣʷʪʴ ʟ 
ʨʽʟʥʠʤʠ ʪʝʭʥʽʢʘʤʠ ʚʠʰʠʚʘʥʥʷ, ʥʘʚʯʘʪʴ ʢʫʣʴʪʫʨʠ ʧʨʘʮʽ, ʪʚʦʨʯʦʛʦ 
ʧʽʜʭʦʜʫ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ, ʧʽʜʛʦʪʫʶʪʴ ʫʯʥʽʚ ʜʦ 
ʤʘʡʙʫʪʥʴʦʾ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ. 
ʆʪʨʠʤʘʥʽ ʟʥʘʥʥʷ ʪʘ ʥʘʙʫʪʽ ʥʘʚʠʯʢʠ ʫʯʥʽ ʟʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ 

ʚʽʣʴʥʠʡ ʯʘʩ, ʨʦʟʚʠʚʘʶʯʠ ʩʚʦʶ ʪʚʦʨʯʽʩʪʴ ʪʘ ʚʪʽʣʶʶʯʠ ʥʝʧʦʚʪʦʨʥʽ ʽʜʝʾ ʫ 

ʤʠʩʪʝʮʪʚʽ ʚʠʰʠʚʘʥʦʢ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʰʢʦʣʷʨʽʚ - ʘʢʪʫʘʣʴʥʝ 

ʩʦʮʽʘʣʴʥʝ ʟʘʤʦʚʣʝʥʥʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://ru.osvita.ua/school/lessons_summary/edu_technology/15954/ 

ɺʽʪʘʣʽʡ ʄʘʢʘʨʦʚʩʴʢʠʡ 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ʃ. ʄʘʩʣʷʥʯʫʢ 

ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʪʘʢʪʽʚ 

ʛʨʘʬʽʪ/CdMnTe 

 
CdTe ʻ ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ X- ʽ ɔ-ʧʨʦʤʝʥʽʚ, 

ʱʦ ʧʨʘʮʶʶʪʴ ʙʝʟ ʢʨʽʦʛʝʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʥʘʫʮʽ, ʪʝʭʥʽʮʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. ʈʦʟʨʦʙʣʝʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ CdTe ʟ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ 

ʦʧʦʨʦʤ r > 10
9
 ʆʤÖʩʤ ʧʨʠ 300 ʂ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʟ ʦʤʽʯʥʠʤʠ 

ʢʦʥʪʘʢʪʘʤʠ. ʇʨʦʪʝ ʪʝʤʥʦʚʠʡ ʩʪʨʫʤ ʫ ʮʠʭ ʜʝʪʝʢʪʦʨʘʭ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʻ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʤ, ʱʦ ʚʠʢʣʶʯʘʻ ʚʠʩʦʢʫ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʫ ʩʧʝʢʪʨʘʭ X- ʽ ɔ-ʧʨʦʤʝʥʽʚ. ʅʘ ʧʦʯʘʪʢʫ 

1990-ʭ ʨʦʢʽʚ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʝʪʝʢʪʦʨʘʭ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ Cd1ïxZnxTe ʟ ʰʠʨʰʦʶ ʟʘʙʦʨʦʥʝʥʦʶ ʟʦʥʦʶ ʽ 

r > 10
10

-10
11

 ʆʤÖʩʤ (ʭ = 0,1-0,2). ʅʘ ʞʘʣʴ, ʥʘʜʽʾ ʥʘ Cd1ïxZnxTe ʥʝ 

ʙʫʣʠ ʧʦʚʥʽʩʪʶ ʚʠʧʨʘʚʜʘʥʽ. ʇʦʰʫʢ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ ʜʣʷ ʍ- ʽ g-ʧʨʦʤʝʥʽʚ ʪʨʠʚʘʻ. ʉʝʨʝʜ 

ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʥʰʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ Cd1ïxMnxTe ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ. ʇʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʢʨʠʩʪʘʣʽʚ Cd1-xMnxTe ʷʚʠʱʝ ʩʝʛʨʝʛʘʮʽʾ (ʩʝʨʡʦʟʥʘ ʧʨʦʙʣʝʤʘ ʚ 

ʪʝʭʥʦʣʦʛʽʾ Cd1-xZnxTe) ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʩʣʘʙʰʝ. ʂʨʽʤ ʪʦʛʦ, 

ʥʝʦʙʭʽʜʥʝ ʨʦʟʰʠʨʝʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʤʝʥʰʦʤʫ 

ʚʤʽʩʪʽ Mn. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʪʝʭʥʦʣʦʛʽʷ ʚʠʨʦʱʫʚʘʥʥʷ ʦʜʥʦʨʽʜʥʠʭ 

ʢʨʠʩʪʘʣʽʚ Cd1ïxʄnxTe ʩʧʨʦʱʫʻʪʴʩʷ ʽ ʩʪʘʻ ʜʝʰʝʚʰʦʶ. 

ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ Cd1-xMnxTe ʷʢ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ  

ʍ- ʽ g-ʧʨʦʤʝʥʽʚ ʟ ʦʤʽʯʥʠʤʠ ʢʦʥʪʘʢʪʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʥʘʧʨʠʢʽʥʮʽ 

1990-ʭ ʨʦʢʽʚ [1]. ɺʩʪʘʥʦʚʣʝʥʦ ʽ ʟʛʦʜʦʤ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʜʘʣʴʰʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʱʦ ʜʦʙʫʪʦʢ ʨʫʭʣʠʚʦʩʪʽ m ʥʘ ʯʘʩ ʞʠʪʪʷ ʝʣʝʢʪʨʦʥʽʚ 

t ʚ ʢʨʠʩʪʘʣʘʭ Cd0.87Mn0.13Te ʙʣʠʟʴʢʠʡ ʜʦ ʚʝʣʠʯʠʥʠ ʚ ʢʨʘʱʠʭ 

ʜʝʪʝʢʪʦʨʘʭ ʥʘ ʦʩʥʦʚʽ CdTe (~10
ï3

 ʩʤ
2
/ɺ). ʆʜʥʘʢ ʧʠʪʦʤʠʡ ʦʧʽʨ 

ʢʨʠʩʪʘʣʽʚ Cd1-xMnxTe ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʱʠʡ ʟʘ 10
10

 ʆʤÖʩʤ ʧʨʠ 

ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʦʙʪʦ ʟʦʚʩʽʤ ʤʘʣʦ ʧʝʨʝʚʠʱʫʻ ʧʠʪʦʤʠʡ 

ʦʧʽʨ CdTe, ʘ ʝʥʝʨʛʝʪʠʯʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʩʧʝʢʪʨʘʭ ʽʟʦʪʦʧʽʚ ʻ 

ʜʦʚʦʣʽ ʥʠʟʴʢʦʶ (ʥʘʧʨʠʢʣʘʜ 12,5% ʜʣʷ ʽʟʦʪʦʧʫ 
241

Am). 

ʇʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʤ ʜʽʦʜʘʤ ʥʘ ʦʩʥʦʚʽ Cd1-xMnxTe, ʜʫʞʝ 

ʤʘʣʦ. ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 15 ʨʦʢʽʚ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʜʽʦʜʠ 

ʐʦʪʪʢʽ ʥʘ ʧʣʽʚʢʘʭ n-ʪʠʧʫ CdMnTe ʽ ʪʦʥʢʦʧʣʽʚʢʦʚʽ  
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p-n-ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʽʟ ʟʘʣʫʯʝʥʥʷʤ CdMnTe, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ [2-3]. ʊʘʢʽ ʩʪʨʫʢʪʫʨʠ ʤʘʣʦ 

ʧʨʠʚʘʙʣʠʚʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʜʝʪʝʢʪʦʨʘʭ ʯʝʨʝʟ ʤʘʣʫ ʪʦʚʱʠʥʫ 

ʧʣʽʚʦʢ CdMnTe, ʘʜʞʝ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

g-ʢʚʘʥʪʽʚ ʧʦʪʨʽʙʥʽ ʢʨʠʩʪʘʣʠ Cd(Mn)Te ʪʦʚʱʠʥʦʶ 1-5 ʤʤ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʚ p-CdMnTe 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʨʦʙʦʪʽ, ʦʧʫʙʣʽʢʦʚʘʥʽʡ ʫ 2008 ʨʦʮʽ [4]. 

ɽʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʦʜʽʚ ʫ ʮʽʡ ʩʪʘʪʪʽ ʦʧʠʩʘʥʽ ʢʦʨʦʪʢʦ ʽ 

ʘʚʪʦʨʘʤʠ ʟʘʫʚʘʞʝʥʦ, ʱʦ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʽʦʜʽʚ 

Al/p-CdMnTe ʧʦʪʨʽʙʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʷʜ ʧʨʘʮʴ, ʚ ʷʢʠʭ 

ʦʧʠʩʘʥʽ ʜʽʦʜʽ ʐʦʪʪʢʽ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʦʛʦ ʪʠʧʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, 

ʦʪʨʠʤʘʥʠʭ ʦʩʘʜʞʝʥʥʷʤ ʢʦʣʦʾʜʥʦʛʦ ʛʨʘʬʽʪʫ [5]. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʪʘʢʦʛʦ ʪʠʧʫ, ʪʦʙʪʦ 

ʟ ʢʦʥʪʘʢʪʦʤ ʛʨʘʬʽʪ/n-CdMnTe. ɼʽʦʜʠ ʤʘʶʪʴ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʽ 

ʚʠʧʨʷʤʣʷʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʤʘʣʽ ʟʚʦʨʦʪʥʽ ʩʪʨʫʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʾʭ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʪʝʦʨʽʾ ʛʝʥʝʨʘʮʽʾ-ʨʝʢʦʤʙʽʥʘʮʽʾ ʚ 

ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʨʦʟʨʦʙʣʝʥʦʾ ʜʣʷ ʢʨʝʤʥʽʻʚʠʭ  

p-n-ʧʝʨʝʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʢʠ ʐʦʢʣʽ-ʈʽʜʘ-ʍʦʣʣʘ. ɸʥʘʣʽʟ 

ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʦʜʽʚ ʜʦʟʚʦʣʷʻ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʚʘʞʣʠʚʽ ʟ ʥʘʫʢʦʚʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʦʢ ʟʦʨʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Burger A, Chattopadhyay K, Chen H, Ndap J O, Ma X, Trivedi S, 

Crystal growth, fabrication and evaluation of cadmium manganese telluride 

gamma ray detectors. J. Crystal Growth 198/199, 872-876 (1999). 

2. Dreifus D L, Kolbas R M, Harper R L, Tassitino J R, Hwang S and 

Schetzina J F Diluted magnetic semiconductor (Cd1īxMnxTe) Schottky diodes 

and fieldȤeffect transistors. Appl. Phys. Lett. 53, 1279-81 (1988). 

3. Yahia I S, Yakuphanoglu F, Chusnutdinow S, Wojtowicz T and 

Karczewski G Photovoltaic characterization of n-CdTe/p-CdMnTe/GaAs 

diluted magnetic diode. Current Applied Physics 13 537-543 (2013). 

4. Zhang J, Jie W, Hao Y, Wang X Investigation on gold and aluminum 

contacts for Cd0.8Mn0.2Te crystals. Semicond. Sci. Techn. 23 075010 (2008). 

5. Yatskiv R and Grym J Thermal stability study of semimetal graphite 

n-InP and n-GaN Schottky diodes Semicond. Sci. Technol. 28 055009 (2013). 

ɼʝʥʠʩ ʄʘʢʦʪʷʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʢʘʯ ʆ.ʆ 

http://www.sciencedirect.com/science/article/pii/S1567173912003963
http://www.sciencedirect.com/science/article/pii/S1567173912003963
http://www.sciencedirect.com/science/article/pii/S1567173912003963
http://www.sciencedirect.com/science/article/pii/S1567173912003963
http://www.sciencedirect.com/science/article/pii/S1567173912003963
http://www.sciencedirect.com/science/article/pii/S1567173912003963
http://www.sciencedirect.com/science/journal/15671739
http://www.sciencedirect.com/science/journal/15671739/13/3
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ɺʧʣʠʚ ʚʦʜʠ ʥʘ ʦʨʛʘʥʽʯʥʦ-ʥʝʦʨʛʘʥʽʯʥʽ ʛʽʙʨʠʜʥʽ 

ʧʝʨʦʚʩʢʽʪʥʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ 

ʆʨʛʘʥʽʯʥʦ-ʥʝʦʨʛʘʥʽʯʥʽ ʛʘʣʦʛʝʥʽʜʥʽ ʧʝʨʦʚʩʢʠʪʠ (organic-

inorganic halide perovskites - OIHP) ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʚʝʨʥʫʣʠ 

ʟʥʘʯʥʫ ʫʚʘʛʫ ʷʢ ʟ ʙʦʢʫ ʥʘʫʢʦʚʠʭ, ʪʘʢ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʩʧʽʣʴʥʦʪ. ɰʭ 

ʫʥʽʢʘʣʴʥʽ ʦʧʪʦʝʣʝʢʪʨʦʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʨʦʙʠʣʠ ʾʭ ʚʠʥʷʪʢʦʚʠʤ 

ʢʣʘʩʦʤ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, ʪʘʢʠʭ ʷʢ ʩʚʽʪʣʦʜʽʦʜʠ 

(LED), ʬʦʪʦʜʝʪʝʢʪʦʨʠ, ʧʦʣʴʦʚʽ ʪʨʘʥʟʠʩʪʦʨʠ ʪʘ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. 

ʎʝ ʥʦʚʝ ʩʽʤʝʡʩʪʚʦ ʤʘʪʝʨʽʘʣʽʚ ʚʠʷʚʠʣʦʩʷ ʣʝʛʢʝ ʫ ʚʠʛʦʪʦʚʣʝʥʽ, ʤʘʻ 

ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ ʽ ʧʝʨʝʚʘʛʠ ʥʘʜ ʧʨʦʤʠʩʣʦʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʚ 

ʦʩʥʦʚʽ ʷʢʠʭ ʻ GaAs ʪʘ Si [1].  

ɿʘʚʜʷʢʠ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʤʽʥʽ ʦʩʥʦʚʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʦʢʨʘʱʝʥʥʶ ʩʪʨʫʢʪʫʨʠ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʣʠʰʝ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʝʨʦʚʩʢʪ̔ʥʠʭ 

ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ (PSCs) ʟʨʦʩʣʘ ʟ 3,9% ʜʦ 25,2%. ʎʝ ʟʨʦʙʠʣʦ 

PSCs ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʨʛʘʥʽʯʥʦ-ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʛʽʙʨʠʜʥʠʭ ʧʝʨʦʚʩʢʽʪʥʠʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʦʜʠ ʪʘ 

ʚʦʣʦʛʠ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʗʢ ʧʨʘʚʠʣʦ, ʚʦʜʘ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ PSCs.  

ɸʣʝ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟô̫ ʚʠʣʦʩʷ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʧʦ 

ʚʠʷʚʣʝʥʥʶ ʩʧʨʠʷʪʣʠʚʦʛʦ ʚʧʣʠʚʫ ʚʦʜʠ ʥʘ ʧʝʨʦʚʩʢʪ̔ʠ ʪʘ PSCs, ʘ 

ʩʘʤʝ ʧʦʣʽʧʰʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ  ʩʪʨʫʢʪʫʨʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʧʦʤʽʨʥʦ ʾʢʽʣʴʢʦʩʪ̔ ʚʦʜʠ (ʚʤʽʩʪ 

ʢʦʥʪʨʦʣʶʚʘʣʠ ʥʘ ʨʽʚʥʽ 2% ʚ ʦʙ'ʻʤʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ) ʚ 

ʧʝʨʦʚʩʢʽʪʥʫ ʦʩʥʦʚʫ ʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʟʘʨʦʜʞʝʥʥʷ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʶ 

ʧʝʨʦʚʩʢʪ̔ʥʦʾ ʧʣʽʚʢʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʢʨʘʱʦʾ ʷʢʦʩʪʽ 

ʧʣʽʚʢʠ ʧʝʨʦʚʩʢʠʪʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ PSCs, ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʩʠʣʝʥʥʷ ʧʨʦʮʝʩʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʧʦʚʝʨʭʥʽ. ʆʜʥʘʢ ʧʽʩʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʦʜʠ ʚʦʥʠ ʨʫʡʥʫʶʪʴʩʷ. 

ʇʝʚʥʘ ʩʪʫʧʽʥʴ ʚʦʣʦʛʠ ʩʧʦʚʽʣʴʥʶʻ ʢʽʥʝʪʠʯʥʠʡ ʧʨʦʮʝʩ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʾʾ ʚʧʣʠʚʫ ʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʽ 

ʧʝʨʝʥʘʩʠʯʝʥʥʷ ʧʝʨʦʚʩʢʽʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʙʣʦʢʫʶʪʴ ʧʨʦʥʠʢʥʝʥʥʷ ʚʦʜʷʥʦʾ 

ʧʘʨʠ ʫ ʚʦʣʦʛʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʘʢʠʭ ʛʽʜʨʘʜʥʠʭ ʧʝʨʦʚʩʢʽʪʥʠʭ ʧʣʽʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʚʦʩʪʫʧʝʥʝʚʠʡ ʤʝʪʦʜ ʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ. 

ʇʝʨʰʠʡ ʚʽʜʧʘʣ (1-ɸ) ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 40 ʜʦ 100
0
ʉ. 

ɺʠʷʚʠʣʠ, ʱʦ ʚʽʜʧʘʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 60
0
ʉ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ 

ʛʽʜʨʘʪʥʦʛʦ ʧʝʨʦʚʩʢʠʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʨʠʩʪʘʣʽʚ; 

ʜʨʫʛʘ ʩʪʘʜʽʷ ʚʽʜʧʘʣʫ (2-ɸ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʠʣʝʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʧʝʨʦʚʩʢʽʪʫ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ ʚʠʱʝ 

20%. 

  

  
ʈʠʩ1. XPS-ʩʧʝʢʪʨʠ ʜʘʥʠʭ O 1s ʜʣʷ ʟʨʘʟʢʽʚ (a) A1, (b) B1, (c) C1 ʽ (d) 

ʟ ʚʦʜʦʶ ʪʘ ʙʝʟ ʚʦʜʠ. (A1(40
0
ʉ), B1(60

0
ʉ), C1 (80

0
ʉ),  D1 (100

0
ʉ)). 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. W. Zhang, J.Xiong, J.Li, Walid A. Daoud  Impact of temperature 

dependent hydration water on ,perovskite solar cells.- 

2. J. Huang, Sh. Tan, Peter D. Lund and H. Zhou Impact of H2O on 

organic-inorganic hybrid perovskite solar cells // Energy environ.Sci, 2017, 10.- 

2284. 

ʖʨʽʡ ʄʘʣʠʰ, ɺʘʩʠʣʴ ɺʠʰʠʥʩʴʢʠʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʚ.ʦ.ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʈ.ʃ. 
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ʐʠʬʨʫʚʘʥʥʷ ʤʦʚʥʦʛʦ ʩʠʛʥʘʣʫ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʥʥʷ 

ʧʩʝʚʜʦ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ 

 
ɺ ʨʦʙʦʪʽ ʧʨʠʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʜʝʩʷʪʢʦʚʠʭ ʩʠʤʚʦʣʽʚ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʛʝʥʝʨʦʚʘʥʽ ʟʘ 

ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʜʠʩʢʨʝʪʥʠʤʠ ʭʘʦʪʠʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ: 

ʣʦʛʽʩʪʠʯʥʠʤ (1). ʈʦʟʧʦʜʽʣ ʯʘʩʪʦʪ ʚʠʟʥʘʯʘʚʩʷ ʧʦʨʦʟʨʷʜʥʦ. 

ʐʠʨʦʢʦ ʧʦʰʠʨʝʥʠʤʠ 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. ʎʴʦʤʫ ʪʝʩʪʫ ʤʦʞʣʠʚʦ ʩʧʽʚʩʪʘʚʠʪʠ ʘʥʘʣʦʛʽʯʥʠʡ 

ʪʝʩʪ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʴ ʜʝʩʷʪʢʦʚʠʭ ʩʠʤʚʦʣʽʚ ʜʦ ʩʢʣʘʜʫ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʯʘʩʪʦʪ ʚʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʜʝʩʷʪʢʦʚʠʭ ʩʠʤʚʦʣʽʚ ʫ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘʤʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʨʦʟʨʦʙʢʠ ʉ++ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʪʦʯʥʦʩʪʽ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʫ ʥʴʦʤʫ ʜʦʩʷʛʥʫʪʘ. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʽ ʥʘʤʠ, ʧʦʢʘʟʘʣʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ 

ʩʪʘʥʦʚʠʪʴ 324 ʜʝʩʷʪʢʦʚʠʭ ʟʥʘʢʠ. 

ʇʠʪʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʯʠʩʣʝʥʴ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ, 

ʘʜʞʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʦʢʨʫʛʣʝʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʰʚʠʜʢʦʛʦ 

ʟʘʮʠʢʣʶʚʘʥʥʷ ʫʩʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʊʘʢ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʘ), 1 ʙ) ʪʘ 1 ʚ) 

ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʣʦʛʽʩʪʠʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʜʣʷ 

ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʪʘ ʯʘʩʪʠʥʘ ʢʦʜʫ ʧʨʦʛʨʘʤʠ 1 ʛ) , ʜʝ 
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ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʦʢʨʫʛʣʝʥʥʷ., ʱʦ ʧʽʩʣʷ ʜʝʷʢʦʛʦ ʯʠʩʣʘ ʽʪʝʨʘʮʽʡ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʜʥʘʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ (ʨʠʩ.1). 

 
ʈʠʩ.1. ʏʘʩʦʚʘ ʟʘʣʝʞʥʽʩʪʴ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ ʟʘʤʘʩʢʦʚʘʥʦʛʦ 

ʜʠʩʢʨʝʪʥʠʤʠ ʚʽʜʣʽʢʘʤʠ ʧʩʝʚʜʦ-ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʫ 

 

ʅʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʣʘʩʪʠʚʦʩʪʽ ʇɺʇ ʜʣʷ ʧʦʯʘʪʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʽʟ ʚʽʜʨʽʟʢʫ (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. 

ʉʧʽʚʧʘʜʘʥʥʷ 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 ʙʣʠʟʴʢʠʤ 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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ɹʦʛʜʘʥ ʄʘʨʪʠʥʶʢ, ʄʠʢʦʣʘ ʉʦʯʦʚʘʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸ.ʇ. ʉʘʤʽʣʘ 

ʂʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʩʠʤʝʪʨʠʯʥʦʛʦ ʩʧʽʥʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 
ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ ʨʘʜʽʦʩʧʝʢʪʨʦʤʝʪʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʽʤʧʫʣʴʩʥʫ ʤʝʪʦʜʠʢʫ ʨʝʻʩʪʨʘʮʽʾ ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʛʥʘʣʽʚ, ʧʨʦʪʝ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʤʝʪʦʜ ʘʚʪʦʜʠʥʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʻ ʜʦʩʠʪʴ 

ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʚ ʪʝʭʥʽʮʽ ʩʪʘʮʽʦʥʘʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [1]. ʎʝ 

ʟʫʤʦʚʣʝʥʦ ʧʨʦʩʪʦʪʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʜʠʥʥʠʭ ʜʘʪʯʠʢʽʚ, 

ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʧʨʠ ʩʢʘʥʫʚʘʥʥʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ. ʂʨʽʤ ʪʦʛʦ, ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ 

ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʘʚʪʦʜʠʥʥʠʭ 

ʨʘʜʽʦʩʧʝʢʪʨʦʤʝʪʨʽʚ.  

ɸʩʠʤʝʪʨʠʯʥʽ ʩʭʝʤʠ ʘʚʪʦʜʠʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʧʨʠ ʚʽʜʥʦʩʥʽʡ 

ʧʨʦʩʪʦʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʦʜʥʠʤ ʟ ʷʢʠʭ  ̒ʾʭ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʪʦʨʦʥʥʽʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ ʪʘ 

ʚʽʙʨʦʘʢʫʩʪʠʯʥʠʭ ʰʫʤʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʯʫʪʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʝʢʪʨʽʚ ʗʂʈ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʠ ʩʠʤʝʪʨʠʯʥʦ 

ʧʦʙʫʜʦʚʘʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ.  

ɿ ʤʝʪʦʶ ʦʮʽʥʶʚʘʥʥʷ ʦʯʽʢʫʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʚʪʦʜʠʥʫ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʥʫʪʨʽʰʥʽʭ ʜʞʝʨʝʣ 

ʰʫʤʦʚʠʭ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ.  

ʗʢʱʦ ʬʫʥʢʮʽʶ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʙʝʟʧʦʩʝʨʝʜʥʽʭ ʰʫʤʽʚ 

ʢʦʪʫʰʢʠ ʧʦʟʥʘʯʠʪʠ Sʢ(f0), ʪʦ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʜʦʨʽʚʥʶʻ 

ʂh=St(fm)/Sʢ(f0), ʜʝ St(fm) ï ʧʦʚʥʘ ʩʧʝʢʪʨʘʣʴʥʘ ʛʫʩʪʠʥʘ ʚʭʽʜʥʠʭ 

ʰʫʤʽʚ [2]. ʂʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʚʪʦʜʠʥʫ 

ʰʫʥʪʫʻʪʴʩʷ ʜʚʦʪʘʢʪʥʠʤ ʢʘʩʢʘʜʦʤ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, 

ʚʢʣʶʯʝʥʠʭ ʫ ʨʝʞʠʤʽ çʻʤʥʽʩʥʦʾ ʪʨʠʪʦʯʢʠè. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʚʥʝʩʢʫ ʜʞʝʨʝʣ ʰʫʤʦʚʠʭ ʥʘʧʨʫʛ ʪʘ ʩʪʨʫʤʽʚ ʚ St(fm) ʧʦʣʴʦʚʽ 

ʪʨʘʥʟʠʩʪʦʨʠ ʨʦʟʛʣʷʥʫʪʦ ʟ ʧʦʛʣʷʜʫ ʾʭ ʤʘʣʦʩʠʛʥʘʣʴʥʠʭ 

ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ. ʐʫʤʦʚʠʡ ʩʪʨʫʤ ʟʫʤʦʚʣʝʥʠʡ ʢʽʥʮʝʚʠʤ 

ʦʧʦʨʦʤ ʢʘʥʘʣʫ ʪʨʘʥʟʠʩʪʦʨʘ |iʰʂ|
2
 ʪʘ ʩʪʨʫʤ ʪʝʧʣʦʚʦʛʦ ʰʫʤʫ 

ʢʘʥʘʣʫ, ʚʠʢʣʠʢʘʥʠʡ ʬʣʫʢʪʫʘʮʽʷʤʠ ʟʘʨʷʜʫ ʚ ʟʙʽʜʥʝʥʽʡ ʦʙʣʘʩʪʽ 

ʟʘʪʚʦʨ-ʢʘʥʘʣ |iʰɿ|
2
, ʯʘʩʪʢʦʚʦ ʢʦʨʝʣʴʦʚʘʥʽ [3]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʛʫʩʪʠʥ ʜʞʝʨʝʣ ʰʫʤʦʚʠʭ ʥʘʧʨʫʛ ʚʨʘʭʦʚʘʥʦ 

ʥʘʧʨʫʛʫ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʩʪʦʢʦʚʦʛʦ 
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ʜʝʪʝʢʪʫʚʘʥʥʷ. ɼʣʷ ʩʠʤʝʪʨʠʯʥʦʾ ʩʭʝʤʠ ʤʘʻ ʤʽʩʮʝ ʢʦʨʝʣʷʮʽʷ 

ʰʫʤʦʚʠʭ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ ʦʢʨʝʤʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ [3].  

ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʢʦʝʬʽʮʽʻʥʪʘ ʰʫʤʫ ʩʠʤʝʪʨʠʯʥʦʛʦ ʘʚʪʦʜʠʥʥʦʛʦ ʜʘʪʯʠʢʘ ʚʽʜ 

ʘʤʧʣʽʪʫʜʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ ɽ  ̔ʜʦʙʨʦʪʥʦʩʪʽ ʢʦʥʪʫʨʫ Q 

(ʨʠʩ. 1), ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ  ɢ" ʚʽʜ ʯʘʩʪʦʪʠ ʤʦʜʫʣʷʮʽʾ 

(ʨʠʩ. 2). ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʠʤʝʪʨʠʯʥʽ ʘʚʪʦʜʠʥʠ ʜʘʶʪʴ ʧʝʚʥʠʡ 

ʚʠʛʨʘʰ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʦʜʥʦʪʘʢʪʥʠʤʠ ʩʭʝʤʘʤʠ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʪʨʘʥʟʠʩʪʦʨʽʚ BF245C ʧʨʠ ʥʝʩʫʯʽʡ f0=28 ʄɻʮ, ʤʦʜʫʣʷʮʽʾ fM=100 

ɻʮ, Q=200 ʪʘ ɽå800 ʤɺ ʢʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʾ ʩʭʝʤʠ 

ʟʤʝʥʰʠʚʩʷ ʥʘ 8,5%. 
 

  
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʘ 

ʰʫʤʫ ʽ ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ ʚʽʜ 

ʥʘʧʨʫʛʠ ɺʏ ʥʘ ʢʦʥʪʫʨʽ 

ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ 

ʩʧʨʠʡʥʷʪʣʠʚʦʩʪʽ  ɢ" ʚʽʜ ʯʘʩʪʦʪʠ 

ʤʦʜʫʣʷʮʽʾ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Makarov B., Ryzhov V. Advance of marginal oscillator // 

Proceedings of XXII Russian Particle Accelerator Conference RuPAC-

2010. ï Protvino, Russia. ï 2010. ï P.122-124. 

2. ʇʦʣʠʪʘʥʩʢʠʡ ʃ. ʌ., ʍʘʥʜʦʞʢʦ ɺ. ɸ., ʉʘʤʠʣʘ ɸ. ʇ. ɸʥʘʣʠʟ 

ʰʫʤʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʠʥ-ʜʝʪʝʢʪʦʨʘ. 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ "ʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ": ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ʊʝʤʘʪʠʯʥʠʡ 

ʚʠʧʫʩʢ: ʅʦʚʽ ʨʽʰʝʥʥʷ ʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ï ʍʘʨʢʽʚ: ʅʊʋ "ʍʇɯ". 

2012. ˉ 68. ʉ. 104ï110. 

3. ʉʘʤʽʣʘ ɸ. ʇ., ʍʘʥʜʦʞʢʦ ɺ. ʆ. ʂʦʝʬʽʮʽʻʥʪ ʰʫʤʫ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʩʧʽʥʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ: ʊʨʫʜʳ 12-ʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʛ. ʆʜʝʩʩʘ, 

23-27 ʤʘʷ 2011 ʛ. ʆʜʝʩʩʘ, 2011. ʉ. 215. 
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ʅʘʪʘʣʽʷ ʄʝʣʴʥʠʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʖ.ɺ.ɻʫʜʠʤʘ 

 

ʄʝʪʦʜ ʧʨʦʻʢʪʽʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ 

ʫʯʥʽʚ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 
ɯʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʪʘ ʪʚʦʨʯʠʡ ʨʦʟʚʠʪʦʢ ʫʯʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʰʣʷʭʦʤ ʦʚʦʣʦʜʽʥʥʷ ʥʦʚʠʤʠ ʟʥʘʥʥʷʤʠ, ʫʤʽʥʥʷʤʠ, ʥʘʚʠʯʢʘʤʠ ʧʽʜ 
ʯʘʩ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʪʘ ʢʦʣʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʚʠʚʯʝʥʥʽ ʨʽʟʥʠʭ 
ʜʠʩʮʠʧʣʽʥ, ʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʝʪʦʜʽʚ ʽ ʩʧʦʩʦʙʽʚ 
ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʡ ʚʠʭʦʚʘʥʥʷ ʚʯʠʪʝʣʝʤ. ʅʘʫʢʦʚʦ-
ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʷʢʠʡ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʘʨʘʟ, ʻ ʨʝʟʫʣʴʪʘʪʦʤ 
ʪʝʭʥʽʯʥʦʾ ʪʚʦʨʯʦʩʪʽ ʬʘʭʽʚʮʽʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʝʡ 
ʚʠʨʦʙʥʠʮʪʚʘ, ʪʦʤʫ ʟʘʦʭʦʯʝʥʥʷ ʰʢʦʣʷʨʽʚ ʜʦ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ 
ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʧʝʜʘʛʦʛʽʯʥʠʤ 
ʟʘʚʜʘʥʥʷʤ.  
ʇʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʽʥʪʝʛʨʫʻ ʚʩʽ ʚʠʜʠ ʩʫʯʘʩʥʦʾ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ï ʚʽʜ 
ʩʪʚʦʨʝʥʥʷ ʪʚʦʨʯʦʛʦ ʟʘʜʫʤʫ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʛʦ ʛʦʪʦʚʦʛʦ 
ʧʨʦʜʫʢʪʫ, ʘ ʪʘʢʦʞ ʟʘ ʫʤʦʚ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 
ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʦʩʦʙʠʩʪʽʩʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 
ʰʢʦʣʷʨʽʚ [1]. 
ʄʝʪʦ  ʁ ʨʦʙʦʪʠ  ̒ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʽʜʭʦʜʫ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ 
ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ. 
ʇʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʚ ʦʩʚʽʪʽ ï ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʩʧʣʘʥʦʚʘʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʽʩʥʦʾ 
ʩʠʩʪʝʤʠ ʪʚʦʨʯʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ ʧʨʝʜʤʝʪʥʦ-ʧʝʨʝʪʚʦʨʶʶʯʠʭ 
ʟʥʘʥʴ ʪʘ ʚʤʽʥʴ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 
ʨʝʘʣʽʟʘʮʽʶ ʟʘʧʣʘʥʦʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ.  
ɼʣʷ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʘ ʯʽʪʢʘ 

ʩʪʨʫʢʪʫʨʘ: ʤʝʪʘ, ʤʦʪʠʚʠ, ʟʤʽʩʪ, ʤʝʪʦʜʠ, ʟʘʩʦʙʠ, ʧʨʝʜʤʝʪ, ʝʪʘʧʠ 
ʚʠʢʦʥʘʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪ. ʄʝʪʦʶ ʧʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʫ ʰʢʦʣʽ ʻ ʩʪʚʦʨʝʥʥʷ ʫʯʥʷʤʠ ʽʜʝʾ ʪʘ ʚʪʽʣʝʥʥʷ ʾʾ ʫ 
ʥʘʚʯʘʣʴʥʦʤʫ ʪʚʦʨʯʦʤʫ ʧʨʦʻʢʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 
ʩʫʙ'ʻʢʪʠʚʥʦʶ ʯʠ ʦʙ'ʻʢʪʠʚʥʦʶ ʥʦʚʠʟʥʦʶ ʽ ʤʘʻ ʦʩʦʙʠʩʪʽʩʥʝ ʯʠ 
ʩʦʮʽʘʣʴʥʝ ʟʥʘʯʝʥʥʷ. 
ʇʨʦʻʢʪʥʘ ʤʝʪʦʜʠʢʘ ʚʘʞʣʠʚʘ ʜʣʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʜʽʪʝʡ, ʘʣʝ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫʯʠʪʝʣʷ ʪʨʫʜʦʚʦʛʦ 
ʥʘʚʯʘʥʥʷ ʧʽʜ ʯʘʩ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 
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ʥʘ ʫʨʦʢʘʭ ʻ ʨʦʟʚʠʪʦʢ ʫʯʥʽʚʩʴʢʦʾ ʪʚʦʨʯʦʩʪʽ ʪʘ ʣʶʙʦʚʽ ʜʦ ʧʨʘʮʽ 
ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 
ʢʫʣʴʪʫʨʠ, ʙʘʞʘʥʥʷ ʛʝʥʝʨʫʚʘʪʠ ʚʣʘʩʥʽ ʽʜʝʾ, ʫʤʽʥʥʷ ʩʘʤʦʩʪʽʡʥʦ 
ʬʦʨʤʫʣʶʚʘʪʠ ʜʫʤʢʠ, ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ, ʘʥʘʣʽʟʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 
ʨʦʙʦʪʠ, ʨʦʟʚôʷʟʫʚʘʪʠ ʩʧʽʣʴʥʽ ʟʘʚʜʘʥʥʷ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʩʚʦʾʤʠ 
ʟʥʘʥʥʷʤʠ.  
ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʝʢʪʘʤʠ çɼʠʟʘʡʥ ʧʨʝʜʤʝʪʽʚ ʽʥʪʝʨôʻʨʫè, 

çɼʠʟʘʡʥ ʩʫʯʘʩʥʦʛʦ ʦʜʷʛʫè, çʊʝʭʥʽʢʘ ʜʝʢʦʨʘʪʠʚʥʦ-ʫʞʠʪʢʦʚʦʛʦ 
ʤʠʩʪʝʮʪʚʘè, çʂʫʣʽʥʘʨʽʷè ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 
ʢʦʤʧʣʝʢʩ ʟʘʚʜʘʥʴ ʧʦʩʪʫʧʦʚʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʪʝʤʧ 
ʨʦʙʦʪʠ, ʱʦ ʩʪʚʦʨʶʻ ʚ ʫʯʥʽʚ ʚʽʜʯʫʪʪʷ ʫʩʧʽʭʫ, ʟʘʦʭʦʯʫʻ ʜʦ 
ʥʘʚʯʘʥʥʷ, ʟʙʽʣʴʰʫʻ ʪʚʦʨʯʠʡ ʧʦʪʝʥʮʽʘʣ.  
ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʻʢʪʽʚ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʥʘ ʫʨʦʢʘʭ 

ʪʚʦʨʯʫ ʘʪʤʦʩʬʝʨʫ, ʜʝ ʢʦʞʝʥ ʟʘʣʫʯʝʥʠʡ ʚ ʘʢʪʠʚʥʠʡ ʧʽʟʥʘʚʘʣʴʥʠʡ 
ʧʨʦʮʝʩ ʩʧʽʚʧʨʘʮʽ, ʱʦ ʜʦʧʦʤʘʛʘʻ ʩʬʦʨʤʫʚʘʪʠ ʫ ʰʢʦʣʷʨʽʚ ʚʠʩʦʢʠʡ 
ʨʽʚʝʥʴ ʤʦʪʠʚʘʮʽʾ ʱʦʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ, ʩʧʦʥʫʢʘʻ 
ʾʭ ʜʦ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʦʧʠʪʣʠʚʽʩʪʶ, 
ʫʤʽʥʥʷʤ ʢʨʝʘʪʠʚʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʦʚʽ ʟʘʚʜʘʥʥʷ, ʨʦʟʚʠʪʢʦʤ 
ʟʘʛʘʣʴʥʠʭ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ, ʧʨʘʛʥʝʥʥʷʤ ʟʜʦʙʫʚʘʪʠ ʡ 
ʟʙʘʛʘʯʫʚʘʪʠ ʩʚʦʾ ʟʥʘʥʥʷ.  
ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤʠ ʻ ʦʨʛʘʥʽʟʘʮʽʷ ʚʯʠʪʝʣʝʤ ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʝʪʘʧʥʠʭ ʦʙʛʦʚʦʨʝʥʴ ʧʨʦʝʢʪʽʚ ʪʘ ʧʨʝʟʝʥʪʘʮʽʷ 
ʫʯʥʷʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʦʻʾ ʨʦʙʦʪʠ, ʪʦʜʽ ʫ ʧʨʦʮʝʩʽ ʧʨʦʻʢʪʥʦ-
ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫ ʰʢʦʣʷʨʽʚ ʬʦʨʤʫʚʘʪʠʤʫʪʴʩʷ ʪʘʢʽ ʨʠʩʠ 
ʷʢ ʧʨʘʮʴʦʚʠʪʽʩʪʴ, ʩʘʤʦʩʪʽʡʥʽʩʪʴ, ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ 
ʥʘʚʯʘʥʥʷ ʽ ʧʨʘʮʽ, ʧʨʘʛʥʝʥʥʷ ʜʦ ʩʘʤʦʦʩʚʽʪʠ. ɺ ʫʯʥʽʚ 
ʨʦʟʚʠʚʘʪʠʤʝʪʴʩʷ ʢʤʽʪʣʠʚʽʩʪʴ, ʬʘʥʪʘʟʽʷ, ʟôʷʚʣʷʪʴʩʷ ʝʩʪʝʪʠʯʥʽ 
ʽʜʝʘʣʠ ʽ ʩʤʘʢʠ, ʧʦʢʨʘʱʘʪʴʩʷ ʢʦʤʫʥʽʢʘʪʠʚʥʽ ʟʜʽʙʥʦʩʪʽ, ʘ ʪʘʢʦʞ 
ʩʘʤʦʦʮʽʥʢʘ ʩʚʦʾʭ ʤʦʞʣʠʚʦʩʪʝʡ.  
ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʨʦʻʢʪʽʚ ʜʦʟʚʦʣʷʻ ʦʙôʻʜʥʫʚʘʪʠ ʪʘ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʪʚʦʨʯʽ, ʜʦʩʣʽʜʥʠʮʴʢʽ, 
ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʪʘ ʟʘʚʜʘʥʥʷ.  
ʇʨʦʻʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʯʠʪʴ ʨʦʟʤʽʨʢʦʚʫʚʘʪʠ, ʘʨʛʫʤʝʥʪʫʚʘʪʠ, ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʪʘ 
ʟʘʢʨʽʧʣʝʥʥʶ ʚ ʫʯʥʽʚ ʥʘʚʠʯʦʢ ʩʘʤʦʩʪʽʡʥʦʾ ʧʨʘʮʽ,  ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 
ʫ ʰʢʦʣʷʨʽʚ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʦʪʠʚʘʮʽʾ ʜʦ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Kolodziejski M., Przybysz-Zaremba Project method in 

educational practice. University Review, Vol. 11, 2017, No. 4, p. 26-32 

ɹʦʛʜʘʥ ʄʠʥʜʶʢ, ɸʥʜʨʽʡ ʃʦʛʦʡʜʘ, ʉʝʨʛʽʡ ɹʦʜʥʘʨʶʢ  
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʏʫʧʠʨʘ ʉ. ʄ. 

 

ɺʘʨʽʦʤʝʪʨ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Atmega 328 

ɼʣʷ ʩʫʯʘʩʥʠʭ ʜʝʣʴʪʘʧʣʘʥʝʨʠʩʪʽʚ, ʧʽʣʦʪʽʚ-ʣʶʙʠʪʝʣʽʚ 

ʣʝʛʢʦʤʦʪʦʨʥʦʾ ʘʚʽʘʮʽʾ ʚʘʨʽʦʤʝʪʨ ʩʪʘʚ ʪʘʢʠʤ ʞʝ ʚʘʞʣʠʚʠʤ ʽ 

ʥʝʚʽʜ'ʻʤʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʷʢ ʽ ʜʣʷ ʢʣʘʩʠʯʥʦʾ ʘʚʽʘʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʮʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ʥʝʚʝʣʠʢʽ ʨʦʟʤʽʨʠ, ʻʜʠʥʠʡ 

ʧʽʣʦʪ-ʧʘʩʘʞʠʨ), ʮʽʥʫʶʪʴʩʷ ʧʨʠʩʪʨʦʾ, ʱʦ ʟʜʘʪʥʽ ʟʜʽʡʩʥʶʚʘʪʠ 

ʟʚʫʢʦʚʝ ʩʧʦʚʽʱʝʥʥʷ, ʘ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠ ʽʜʝʥʪʠʬʽʢʫʶʯʠʡ ʟʚʫʢ. 

ʊʘʢʦʞ ʫ ʩʫʯʘʩʥʠʭ ʚʘʨʽʦʤʝʪʨʘʭ ʧʨʠʡʥʷʪʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʫ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʣʴʦʪʫ ʪʘ  

ʮʠʢʣʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʟʘʧʠʩʫ ʧʦʣʴʦʪʫ. 

ɽʣʝʤʝʥʪʥʘ ʙʘʟʘ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ 

ʮʠʬʨʦʚʽ ʚʘʨʽʦʤʝʪʨʠ ʧʦʨʪʘʪʠʚʥʠʤʠ, ʘ ʻʤʥʽʩʪʴ ʣʽʪʽʻʚʠʭ 

ʘʢʫʤʫʣʷʪʦʨʽʚ ʜʦʟʚʦʣʷʻ ʝʢʩʧʣʫʘʪʫʚʘʪʠ ʪʘʢʠʡ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʧʨʠʩʪʨʽʡ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ-ʜʚʦʭ ʜʝʩʷʪʢʽʚ ʛʦʜʠʥ, ʯʦʛʦ ʙʽʣʴʰ ʥʽʞ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʦʣʴʦʪʫ ʥʘ ʩʫʯʘʩʥʦʤʫ ʜʝʣʴʪʘʧʣʘʥʝʨʽ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩ. 1. ɻʦʣʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫ ʩʭʝʤʽ ʻ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

Atmega 328, ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʚʫʟʣʽʚ 

ʚʘʨʽʦʤʝʪʨʘ. ɾʠʚʣʝʥʥʷ ʧʨʠʩʪʨʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʛʦ ʣʽʪʽʡ-ʽʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ ʷʢʦʛʦ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʜʚʘ ʚʠʜʠ ʥʘʧʨʫʛ (3.3 ʪʘ 5 ɺ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

LD1117A5 ʪʘ LD1117A33), ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʞʠʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʚʫʟʣʽʚ ʧʨʠʩʪʨʦʶ. ʇʝʨʝʜʙʘʯʝʥʘ ʪʘʢʦʞ ʩʭʝʤʘ ʢʦʥʪʨʦʣʶ ʟʘʨʷʜʫ 

ʮʴʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. ʎʠʬʨʦʚʠʤ ʙʘʨʦʜʘʪʯʠʢʦʤ ʫ ʩʭʝʤʽ ʻ BMP085, 

ʱʦ ʞʠʚʠʪʴʩʷ ʥʘʧʨʫʛʦʶ 5 ɺ ʪʘ ʧʽʜô̒ ʜʥʫʻʪʴʩʷ ʜʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 

Atmega 328 ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʫ I
2
C . 

ɿʚʫʢʦʚʠʡ ʜʠʥʘʤʽʢ ʪʘʢʦʞ ʞʠʚʠʪʴʩʷ ʥʘʧʨʫʛʦʶ 5 ɺ ʽ ʧʨʘʮʶʻ ʚ 

ʧʘʨʽ ʟ ʤʦʜʫʣʝʤ microSD-ʢʘʨʪʠ, ʧʽʜô̒ ʜʥʘʥʠʤʠ ʜʦ Atmega 328   

ʪʘʢʦʞ ʧʦ ʰʠʥʽ I
2
C. 

ʊʘʢʦʞ ʫ ʧʨʠʩʪʨʦʾ ʻ ʪʨʠ ʢʥʦʧʢʠ ʢʝʨʫʚʘʥʥʷ: 

Å SB1- ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʝʩʪʦʚʦʾ ʟʚʫʢʦʚʦʾ ʜʦʨʽʞʢʠ, 
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Å SB2-3 - ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʥʷ ʤʽʞ ʜʘʥʠʤʠ ʪʨʝʢ-ʜʦʨʽʞʢʘʤʠ. 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʘʨʽʦʤʝʪʨʘ 
 

ʇʨʦʛʨʘʤʘ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʘʣʛʦʨʠʪʤʽʯʥʽʡ 

ʤʦʚʽ C [1]. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʪʦʢʦʣ ʧʨʠʡʤʘʥʥʷ 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 ï [2-ʝ ʠʟʜ.]. 

ï ʂ. : ʄʂ-ʇʨʝʩʩ, 2011. ï 546 ʩ. 
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ɸʥʜʨʽʡ ʄʠʨʯʠʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺʝʨʠʛʘ ɸ.ɼ.  

 

ʉʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʽʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʢʦʜʫ RFID ʚ ʊʄ 

 
RFID ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʨʷʜʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʫ ʨʽʟʥʠʭ 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʧʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʚʦʢ, ʚʽʜʩʪʝʞʝʥʥʷ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ, ʜʦʩʪʫʧ ʜʦ 

ʦʬʽʩʥʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʧʨʠʩʢʦʨʝʥʥʷ ʟʙʦʨʫ ʧʣʘʪʠ ʟʘ ʧʨʦʾʟʜ ʥʘ 

ʜʦʨʦʛʘʭ. RFID ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʣʶʜʝʡ, ʧʨʝʜʤʝʪʽʚ ʪʘ ʪʚʘʨʠʥ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʘʜʽʦʪʝʭʥʽʯʥʫ 

ʪʝʭʥʦʣʦʛʽʶ ʢʦʨʦʪʢʦ ʾ ʜʘʣʴʥʦʩʪʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʮʠʬʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʥʝʨʫʭʦʤʠʤ ʤʽʩʮʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʟʯʠʪʫʚʘʯʝʤ) 

ʪʘ ʨʫʭʦʤʠʤ ʦʙ'ʻʢʪʦʤ (ʪʝʛʦʤ) [1]. 

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʇʆ ʽ ʨʷʜʫ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ: ʢʦʥʪʨʦʣʝʨʽʚ, ʟʘʤʢʽʚ, ʟʯʠʪʫʚʘʯʽʚ, ʢʥʦʧʦʢ 

ʚʠʭʦʜʫ, ʜʦʚʦʜʯʠʢʽʚ, ʽʥʦʜʽ - ʪʫʨʥʽʢʝʪʽʚ ʽ ʰʣʘʛʙʘʫʤʽʚ, ʬʽʢʩʘʪʦʨʽʚ 

ʜʚʝʨʽ, ʛʥʫʯʢʠʭ ʧʨʦʚʦʜʽʚ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʽʜʚʽʜʫʚʘʯʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʢʘʨʪʢʠ, ʙʨʘʩʣʝʪʠ ʘʙʦ ʙʨʝʣʦʢʠ 

[2]. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʣʘʜ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʪʦʢʦʣʫ RFID ʚ 

TM, ʘ ʪʘʢʦʞ ʟʘʭʠʩʪʫ ʚʽʜ çʯʫʞʠʭè ʢʣʶʯʽʚ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʾ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʨʦʟʚʠʚʘʶʪʴʩʷ ʩʪʨʽʤʢʦ, ʧʨʠ 

ʮʴʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʽʟʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʚʽʜʜʘʣʝʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʜʦʩʪʫʧʦʤ, ʪʘʢʠʤ ʯʠʥʦʤ ʚʠʢʣʶʯʘʶʪʴʩʷ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ, ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʥʘʡʤʽ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ. 

ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʦʪʦʢʦʣʫ RFID ʚ TM 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ 130 ʢɻʮ 

(ɸ1), ʘʤʧʽʣʽʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ɸ2), ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ (D1) ʪʘ 

ʢʦʪʫʰʢʠ ʽʥʜʫʪʢʠʚʥʦʩʪʽ (L1) (ʨʠʩ. 1). 

ɻʝʥʝʨʘʪʦʨ ʛʝʥʝʨʫʻ ʩʠʛʥʘʣ ʯʘʩʪʦʪʦʶ 130 ʢɻʮ, ʥʘ ʪʘʢʽʡ ʯʘʩʪʦʪʽ 

ʧʨʘʮʶʻ RFID-ʢʣʶʯ. ʂʦʣʠ ʧʽʜʥʦʩʠʤʦ ʢʣʶʯ ʜʦ ʢʦʪʫʰʢʠ L1 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ ʥʘʚʦʜʷʪʴʩʷ ʚ ʢʦʪʫʢhʫ ʢʣʶʯʘ, ʜʝ 

ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʥʷ, ʽ ʤʽʢʨʦʩʭʝʤʘ ʢʣʯʁʘ 

ʧʦʯʠʥʘʻ ʢʝʨʫʚʘʪʠ ʘʢʪʠʚʥʠʤ ʦʧʦʨʦʤ ʩʚʦʻʾ ʢʦʪʫʰʢʠ 
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ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚ ʢʦʪʫʰʮ̔ L1, ʟʛʽʜʥʦ ʟ 

ʢʦʜʦʤ ʟʘʧʠʩʘʥʠʤ ʫ ʢʣʶʯʽ, ʟʤʽʥʶʻʪʴʩʷ ʘʤʧʣʽʪʫʜʘ ʛʝʥʝʨʦʚʘʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʤʦʜʫʣʷʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʜʦʧʦʤʦʛʦʶ 

ʤʘʥʯʝʩʪʝʨʩʴʢʦʛʦ ʢʦʜʫ. ɺʽʜʧʦʚʽʜʥʦ ʘʤʧʣʽʪʫʜʥʦ-ʤʦʜʫʣʴʦʚʘʥʽ 

ʢʦʣʠʚʘʥʥʷ ʜʝʪʝʢʪʫʶʪʴʩʷ ʘʤʧʣʽʪʫʜʥʠʤ ʜʝʪʝʢʪʦʨʦʤ A2. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʂʦʣʠ ʢʣʶʯ ʥʘʜʭʦʜʠʪʴ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, RFID-ʟʯʠʪʫʚʘʯ  

ʚʽʥ ʦʪʨʠʤʫʻ ʩʠʛʥʘʣ ʟ ʧʦʣʷ ʽ ʧʦʯʠʥʘʻ ʧʝʨʝʜʘʚʘʪʠ ʩʚʦʾ ʜʘʥʽ [3]. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʷ ʢʦʜʫ ʢʣʶʯʘ ʽ 

ʧʝʨʝʜʘʚʘʥʥʷ ʮʴʦʛʦ ʟʘ ʧʨʦʪʦʢʦʣʦʣ ʊʄ. 
ɿʘʭʠʩʪ ʚʽʜ çʯʫʞʠʭ ʢʣʶʯʽʚè ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ 

ʟʘʧʠʩʫʚʘʥʥʷ ʚ ʧʝʨʰʽ 2 ʙʘʡʪʠ ʢʣʶʯʘ ʚʣʘʩʥʦʛʦ ʽʜʝʥʪʠʬʽʢʘʪʦʨʘ, 

ʦʩʢʽʣʴʢʠ ʚ ʙʽʣʴʰʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘʧʘʤôʷʪʦʚʫʶʪʴ ʦʩʪʘʥʥʽ 3 ʙʘʡʪʠ. 

ɼʣʷ ʟʘʧʠʩʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘʪʦʨ ʢʣʶʯʽʚ, ʷʢʠʡ ʫ 

ʧʝʨʰʽ 2 ʙʘʡʪʠ ʟʘʧʠʩʫʻ ʭʘʨʘʢʪʝʨʥʠʡ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʥʘʰʦʾ 

ʩʠʩʪʝʤʠ, ʘ ʚ ʽʥʰʽ 3 ʙʘʡʪʠ ï ʦʩʥʦʚʥʠʡ ʢʣʶʯ ʢʣʶʯʘ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. ʂʦʨʦʪʦʚʩʢʠʡ ʆ. RFID ʯʘʩʪʦʪʳ, ɺʥʝʜʨʝʥʠʝ RFID, ʇʨʠʤʝʥʝʥʠʝ 
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ʅʘʜʽʷ ʄʠʮʢʘʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɻʦʨʩʴʢʠʡ ʇ.ɺ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ  ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ 

ʤʘʪʝʨʽʘʣ ï ʤʝʪʘʣ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʷʚʠʱʘ ʧʝʨʢʦʣʷʮʽʾ  

ʪʘ ʙʝʟ ʥʴʦʛʦ 

 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʟʘ ʾʭ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʨʦʪʥʽʩʪʶ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʛʽʣʦʢ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. ʆʜʥʘʢ ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʽʣʦʢ ʫ ʥʘʧʨʷʤʢʫ 

ʛʨʘʜʽʻʥʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʮʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʯʠʥʘʻ ʜʝʜʘʣʽ ʽʩʪʦʪʥʽʰʝ 

ʟʘʣʝʞʘʪʠ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʥʠʭ ʦʧʦʨʽʚ ʊɽʄï

ʤʝʪʘʣ. ʎʽ ʦʧʦʨʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʽʩʪʦʪʥʦ ʤʝʥʰʠʤʠ ʟʘ ʦʧʦʨʠ ʚʣʘʩʥʝ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʛʽʣʦʢ [1,2]. ʎʷ ʦʙʩʪʘʚʠʥʘ ʦʙʤʝʞʫʻ 

ʤʽʥʽʘʪʶʨʠʟʘʮʽʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. 

ʅʘ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ ʚʧʣʠʚʘʶʪʴ ʡʦʛʦ ʩʢʣʘʜ 

ʽ ʩʪʨʫʢʪʫʨʘ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʪʘʢʪʫ 

ʊɽʄ ï ʤʝʪʘʣ. ʉʪʨʫʢʪʫʨʫ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ ʟʫʤʦʚʣʶʶʪʴ ʜʚʘ 

ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ. ʎʝ ʚʟʘʻʤʥʘ ʜʠʬʫʟʽʷ ʘʪʦʤʽʚ (ʤʦʣʝʢʫʣ) 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʭʽʤʽʯʥʘ ʚʟʘʻʤʦ-ʜʽʷ [3]. 

ʊʨʘʜʠʮʽʡʥʦ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʥʽʢʝʣʶ ʥʘ 

ʧʦʚʝʨʭʥʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ 

ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ [3-5], ʟʘ ʫʤʦʚ ʪʘʢʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʩʪʨʫʢʪʫʨʘ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʽʜʩʫʪʥʽʩʪʶ ʙʫʜʴ-ʷʢʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʟ ʘʪʦʤʘʤʠ 

(ʤʦʣʝʢʫʣʘʤʠ) ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʷʢʠʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ, ʚʚʘʞʘʻʪʴʩʷ ʝʬʝʢʪ ʣʝʛʫʚʘʥʥʷ ʤʝʪʘʣʦʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʚʥʘʩʣʽʜʦʢ ʚʟʘʻʤʥʦʾ ʜʠʬʫʟʽʾ [3], ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚ ʫʤʦʚʘʭ ʨʦʙʦʯʠʭ ʨʝʞʠʤʽʚ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʭʽʜʥʠʡ ʰʘʨ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʦʙôʻʤʥʦʛʦ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝʦʜʥʦʨʽʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʜʦʤʽʰʢʦʚʠʭ ʘʪʦʤʽʚ ʤʝʪʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ. 
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ʈʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʷʢ ʙʝʟ, ʪʘʢ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʦʨʽʾ 

ʧʨʦʪʽʢʘʥʥʷ ʦʪʨʠʤʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ 

ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʥʠʭ ʦʧʦʨʽʚ, ʪʝʨʤʦʝʨʩ, ʬʘʢʪʦʨʫ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʰʘʨʽʚ 

ʪʝʣʫʨʠʜ ʚʽʩʤʫʪʫ ï ʥʽʢʝʣʴ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʦʩʽʾʚ 

ʟʘʨ̫ʜʫ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʽ ʤʝʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʜʝʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʪʝʥʮʽʘʣʽ ʘʢʫʩʪʠʯʥʠʭ ʬʦʥʦʥʽʚ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʝʪʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ ʛʘʟʦʤ, ʘ 

ʛʨʘʪʢʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ï ʨʦʟʩʽʶʚʘʥʥʷʤ 

ʬʦʥʦʥʽʚ ʦʜʥʦʛʦ ʥʘ ʦʜʥʦʤʫ ʟ ʧʝʨʝʢʠʜʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ 

ʚʚʘʞʘʣʦʩʴ, ʱʦ ʥʽʢʝʣʴ ʥʝ ʫʪʚʦʨʶʻ ʥʦʚʠʭ ʬʘʟ ʽʟ ʪʝʣʫʨʠʜʦʤ 

ʚʽʩʤʫʪʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʷʢ ʟʘ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʪʘʢ ʽ ʟʘ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʘʪʦʤʽʚ ʤʝʪʘʣʫ ʚ ʧʝʨʝʭʽʜʥʦʤʫ ʰʘʨʽ ʝʣʝʢʪʨʠʯʥʠʡ ʪʘ 

ʪʝʧʣʦʚʠʡ ʢʦʥʪʘʢʪʥʽ ʦʧʦʨʠ, ʪʝʨʤʦʝʨʩ ʪʘ ʙʝʟʨʦʟʤʽʨʥʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʰʘʨʫ ʻ ʟʨʦʩʪʘʶʯʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʘʪʦʤʽʚ 

ʤʝʪʘʣʫ ʚ ʧʝʨʝʭʽʜʥʠʡ ʰʘʨ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʢʦʥʪʘʢʪʫ. 
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ʄʘʢʩʠʤ ʄʦʨʦʟ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯ.ɼ. ʃʽʩʦʚʝʥʢʦ 

ʆʨʛʘʥʽʟʘʮʽʷ MPI-ʢʣʘʩʪʝʨʘ ʥʘ ʙʘʟʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʢʣʘʩʫ 
ʉʫʯʘʩʥʝ ʞʠʪʪʷ ʜʠʢʪʫʻ ʩʚʦʾ ʚʠʤʦʛʠ ʜʦ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ (ʆʙʯʉ)[1]: ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʤʘʩʰʪʘʙʦʚʘʥʠʤʠ, 

ʧʦʪʫʞʥʠʤʠ ʽ ʟʜʘʪʥʠʤʠ ʜʦ ʨʦʟʚôʷʟʢʫ ʚʝʣʠʢʠʭ ʪʘ ʥʘʜʚʝʣʠʢʠʭ 

ʟʘʜʘʯ. ɸʣʝ, ʪʘʢʽ ʆʙʯʉ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʘʨʪʫʶʪʴ 

ʜʦʨʦʛʦ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʦʩʚʽʪʥʽʭ ʽ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, 

ʚ ʨʝʘʣʽʷʭ ʩʫʯʘʩʥʦʾ ʋʢʨʘʾʥʠ, ʪʘʢʘ ʮʽʥʘ ʥʝʜʦʩʪʫʧʥʘ. ʆʜʥʘʢ ʽʩʥʫʻ 

ʧʨʠʧʫʩʪʠʤʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ï ʢʣʘʩʪʝʨ[1]. 

ʆʜʥʠʤ ʟ ʢʨʘʱʠʭ, ʥʘ ʤʦʶ ʜʫʤʢʫ, ʚʠʟʥʘʯʝʥʴ ʧʦʥʷʪʪʷ "ʢʣʘʩʪʝʨ" 

ʻ ʚʠʩʣʦʚʣʶʚʘʥʥʷ ɻʨʝʛʦʨʽ ʇʬʽʩʪʝʨʘ ʚ [2]:  "ʂʣʘʩʪʝʨ ï ʮʝ ʨʽʟʥʦʚʠʜ 

ʧʘʨʘʣʝʣʴʥʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ, ʧʦ-ʧʝʨʰʝ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʧʦʚ'ʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʇʂ, ʘ, ʧʦ-ʜʨʫʛʝ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʻʜʠʥʠʡ ʢʦʤʧ'ʶʪʝʨʥʠʡ ʨʝʩʫʨʩ". 

ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʢʣʘʩʪʝʨ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʥʮʝʧʮʽʶ MPI[3] (Message Passing Interface) ï ʧʦʧʫʣʷʨʥʠʡ 

ʩʪʘʥʜʘʨʪ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʛʨʘʤ ʟʘ ʤʦʜʝʣʣʶ ʦʙʤʽʥʫ 

ʧʦʚʽʜʦʤʣʝʥʥʷʤʠ. ɺ ʨʘʤʢʘʭ MPI ʧʨʠʡʥʷʪʠʡ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʧʽʜʭʽʜ 

ʜʦ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʝʥʴ ï ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʦʜʥʘ ʧʨʦʛʨʘʤʘ ʽ ʮʷ ʻʜʠʥʘ ʧʨʦʛʨʘʤʘ ʟʘʧʫʩʢʘʻʪʴʩʷ 

ʦʜʥʦʯʘʩʥʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʥʘ ʚʩʽʭ ʥʘʷʚʥʠʭ ʧʨʦʮʝʩʦʨʘʭ. MPI 

ʧʨʘʮʶʻ ʧʦ ʤʦʜʝʣʽ "ʦʜʥʘ ʧʨʦʛʨʘʤʘ ʙʝʟʣʽʯ ʧʨʦʮʝʩʽʚ" (SPMP) [3]. 

ʉʪʨʫʢʪʫʨʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʥʘ ʙʘʟʽ ʆʉ Linux 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1: 

 

 
ʈʠʩ. 1. ʆʙʯʠʩʣʶʚʘʣʴʥʠʡ ʢʣʘʩʪʝʨ ʥʘ ʙʘʟʽ ʆʉ Linux 

ʅʘʩʪʫʧʥʽ ʩʠʩʪʝʤʥʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ 
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ʦʩʥʦʚʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʣʘʩʪʝʨʘ: 

¶ ʆʉ Linux ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ ʢʣʘʩʪʝʨʘ. 

¶ ʆʉ Windows 10 ʜʣʷ ʇʂ ʟ ʚʽʜʜʘʣʝʥʠʤ ʜʦʩʪʫʧʦʤ. 

¶ MPI ʧʘʢʝʪ ï MPICH. 

ɼʣʷ ʟʘʧʫʩʢʫ MPI-ʧʨʦʛʨʘʤ ʥʘ ʛʦʤʦʛʝʥʥʦʤʫ ʢʣʘʩʪʝʨʽ (ʪʦʙʪʦ ʥʘ 

ʪʘʢʦʤʫ ʢʣʘʩʪʝʨʽ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʘʢʦʚʠʭ ʚʫʟʣʽʚ, ʷʢʽ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʨʘʮʶʶʪʴ ʧʽʜ ʦʜʥʘʢʦʚʦʶ ʆʉ) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ 

ʪʘʢʽ ʢʨʦʢʠ[1,4]: 

¶ ɯʥʩʪʘʣʶʚʘʪʠ MPICH ʥʘ ʛʦʣʦʚʥʦʤʫ ʚʫʟʣʽ ʢʣʘʩʪʝʨʘ. 

¶ ʆʩʢʽʣʴʢʠ MPICH ʚʠʢʦʨʠʩʪʦʚʫʻ rsh (remote shell) 

ʜʣʷ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʽʚ ʥʘ ʚʫʟʣʘʭ ʢʣʘʩʪʝʨʘ, ʪʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʧʫʩʪʠʪʠ ʥʘ ʢʦʞʥʦʤʫ ʚʫʟʣʽ rshd (remote shell server) ʽ 

ʫʟʛʦʜʠʪʠ ʧʨʘʚʘ ʜʦʩʪʫʧʫ. 

¶ ʇʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ MPI-ʧʨʦʛʨʘʤʠ, ʨʦʟʽʩʣʘʪʠ 

ʦʪʨʠʤʘʥʠʡ ʚʠʢʦʥʫʚʘʥʠʡ ʬʘʡʣ ʥʘ ʚʩʽ ʚʫʟʣʠ ʢʣʘʩʪʝʨʘ. 

¶ ʇʽʜ ʯʘʩ ʟʘʧʫʩʢʫ MPI-ʧʨʦʛʨʘʤʠ ʥʘ ʢʣʘʩʪʝʨʽ 

ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʧʘʨʘʤʝʪʨ ʢʦʤʘʥʜʠ mpirun ï 

çmachinefile machinesè, ʜʝ machines ï ʬʘʡʣ, ʱʦ ʤʽʩʪʠʪʴ 

ʩʧʠʩʦʢ ʚʫʟʣʽʚ ʢʣʘʩʪʝʨʘ. 

ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʤʘʥʜʠ ʟʘʧʫʩʢʫ ʧʘʨʘʣʝʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, 

MPICH, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ rsh, ʟʘʧʫʩʢʘʻ n-ʨʘʟ ʧʨʦʛʨʘʤʫ ʥʘ 

ʤʘʰʠʥʘʭ, ʚʢʘʟʘʥʠʭ ʚ ʬʘʡʣʽ machines. ʇʨʠ ʟʘʧʫʩʢʫ ʢʦʞʥʦʤʫ 

ʧʨʦʮʝʩʫ ʧʨʠʩʚʦʶʻʪʴʩʷ ʫʥʽʢʘʣʴʥʠʡ ʥʦʤʝʨ ï ʨʘʥʛ ʧʨʦʮʝʩʫ, ʩʘʤʝ ʟʘ 

ʷʢʠʤ ʤʦʞʥʘ ʨʽʟʥʠʤ ʧʨʦʮʝʩʘʤ ʧʨʠʟʥʘʯʠʪʠ ʨʽʟʥʽ ʟʘʜʘʯʽ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʚ ʨʘʤʢʘʭ ʦʜʥʽʻʾ ʧʨʦʛʨʘʤʠ. ʇʽʩʣʷ ʢʦʤʧʽʣʷʮʽʾ ʨʝʟʫʣʴʪʘʪ 

ʨʦʙʦʪʠ ʢʣʘʩʪʝʨʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʛʦʣʦʚʥʦʤʫ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ 

ʚʫʟʣʽ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʦʛʣʷʜ ʧʦʙʫʜʦʚʠ ʢʣʘʩʪʝʨʫ ʧʨʦʚʦʜʠʪʴʩʷ ʽʟ ʤʝʪʦʶ 

ʡʦʛʦ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘ ʙʘʟʽ ʣʘʙʦʨʘʪʦʨʽʾ ʢʘʬʝʜʨʠ ʂʉʄ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. MPI. [Electronic resource]. ï Access mode: 

http://mechanoid.kiev.ua/parallel-cluster-mpi.html 

2. Cluster. [Electronic resource]. ï Access mode: 

http://samag.ru/archive/article/2035 

3. ʅ.ʆʣʝʥʝʚ. ʆʩʥʦʚʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʚ ʩʠʩʪʝʤʝ MPI. ɺʎ ʠʤ. ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ ʈɸʅ, 2005. 

ɼʽʘʥʘ ʄʦʪʨʝʩʢʫ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

http://mechanoid.kiev.ua/parallel-cluster-mpi.html
http://samag.ru/archive/article/2035
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ɺʧʣʠʚ ʚʽʜʧʘʣʫ ʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Bi2Te3 - Sb2Te3 - 

Sb2Se3 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ - ʮʝ ʫʥʽʢʘʣʴʥʽ 

ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ (ʊɽʄ) ʜʣʷ 

ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʮʠʤ ʤʘʪʝʨʽʘʣʘʤ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ ʷʢ ʟʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 150-

350 ʂ, ʪʘʢ ʽ ʟʘ ʤʘʩʰʪʘʙʥʽʩʪʶ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʝʥʝʨʛʽʾ. 

ʉʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʣʘʜʽʚ 

ʤʦʞʣʠʚʝ ʣʠʰʝ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʥʝʦʙʭʽʜʥʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ 

ʚʽʜ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ, ʯʠʩʪʦʪʠ, ʩʪʨʫʢʪʫʨʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʚʽʜ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʚʠʨʦʱʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ. ʊʦʤʫ 

ʚʘʞʣʠʚʦʶ ʻ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʆʧʪʠʤʽʟʦʚʘʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʤʘʶʪʴ ʚʠʩʦʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ɿʝʻʙʝʢʘ Ŭ, ʥʠʟʴʢʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ɟ ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ə, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ 

ʜʦʙʨʦʪʥʦʩʪʽ Z. ʎʴʦʛʦ ʚʘʞʢʦ ʜʦʩʷʛʥʫʪʠ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʪʨʠ 

ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ. ʊʠʤ ʥʝ ʤʝʥʰʝ, 

ʟʘʚʜʷʢʠ ʦʙʝʨʝʞʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʤʦʞʥʘ 

ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʫ.  

ʊʘʢʦʞ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʊɽʄ) ʻ ʜʦʚʛʦʩʪʨʦʢʦʚʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠʣʘʜʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʊɽʄ ʥʘ ʦʩʥʦʚʽ ʭʘʣʴʢʦʛʝʥʽʜʽʚ ʚʽʩʤʫʪʫ ʽ ʩʫʨʤʠ ʜʣʷ 

ʪʝʨʤʦʝʣʝʢʪʨʦʦʭʦʣʦʜʞʫʚʘʯʽʚ ʧʨʦʙʣʝʤʘ ʜʝʛʨʘʜʘʮʽʾ ʤʘʪʝʨʽʘʣʫ ʥʝ ʻ 

ʥʘʩʪʽʣʴʢʠ ʚʧʣʠʚʦʚʦʶ, ʷʢ ʜʣʷ ʪʝʨʤʦʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʽʚ, ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʊɽʄ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʝ 

ʢʽʤʥʘʪʥʦʾ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ, 

ʱʦ ʥʘʧʨʷʤʫ ʚʧʣʠʚʘʻ ʥʘ ʜʝʛʨʘʜʘʮʽʶ ʊɽʄ. 

ʗʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʚ ʧʨʘʮʷʭ [1-2], ʦʜʥʠʤ ʽʟ ʤʝʪʦʜʽʚ ʧʦʣʽʧʰʝʥʥʷ 

ʜʦʙʨʦʪʥʦʩʪʽ ʊɽʄ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʧʨʠʣʘʜʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ ʻ 

ʚʽʜʧʘʣ. ʊʦʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʧʘʣʫ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʊɽʄ ʥʘ ʦʩʥʦʚʽ Bi2Te3-Sb2Te3-Sb2Se3, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ 

ʥʘʡʢʨʘʱʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʨ-ʪʠʧʫ. 
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ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ ʧʣʘʚʢʠ 

ʚʠʨʦʱʫʚʘʣʠʩʷ ʟʨʘʟʢʠ ʩʢʣʘʜʫ (Bi2Te3)70(Sb2Te3)25(Sb2Se3)5. ɺʽʜʧʘʣ 

ʧʨʦʚʦʜʠʚʩʷ ʫ ʚʘʢʫʫʤʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 613 ʂ ʧʨʦʪʷʛʦʤ 2-

128 ʛʦʜ.  

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʜʦʙʨʦʪʥʦʩʪʽ ʊɽʄ. (Bi2Te3)70(Sb2Te3)25(Sb2Se3)5 

ʚʽʜ ʯʘʩʫ ʚʽʜʧʘʣʫ 

ʆʪʞʝ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʚʽʜʧʘʣʫ ʜʦʙʨʦʪʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʮʝ ʟʘ 

ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʦʝʨʩ.  

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. ï ʊ. 12, ˉ 1. ï 2011. ï C.134-137. 

2. ɻʦʣʴʮʤʘʥ ɹ.ʄ., ʂʫʜʠʥʦʚ ɹ.ɸ., ʉʤʠʨʥʦʚ ʀ.ɸ. 

ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ Bi2Te3. 

ï ʄ.: ʅʘʫʢʘ, 1972. ï 320 ʩ. 
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ʄʠʭʘʡʣʦ ʄʦʮʘʢ, ʗʨʦʩʣʘʚ ɹʠʮʢʘʣʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʉʦʣʦʚʘʥ ʄ.ʄ. 

 

ʆʧʪʠʯʥʽ ʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 

ʛʨʘʬʽʪʠʟʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ ʚʫʛʣʝʮʶ  

 
ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʪʦʥʢʠʭ ʛʨʘʬʽʪʦʚʠʭ ʧʣʽʚʦʢ (ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʽ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʧʨʦʟʦʨʽʩʪʴ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʥʝʨʪʥʽʩʪʴ ʜʦ ʭʽʤʽʯʥʦʾ ʜʽʾ) ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʚʫʛʣʝʮʶ ʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʟʚôʷʟʢʠ ʟ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ: sp, sp
2
 ʽ sp

3
. ʅʘ 

ʡʦʛʦ ʦʩʥʦʚʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʷʜ ʢʨʠʩʪʘʣʽʯʥʠʭ ʽ ʥʝʢʨʠʩʪʘʣʽʯʥʠʭ 

ʪʚʝʨʜʠʭ ʪʽʣ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʚʽʜ ʘʣʤʘʟʫ ʜʦ 

ʧʦʣʽʤʝʨʥʦʛʦ ʚʫʛʣʝʮʶ ʽ ʛʨʘʬʽʪʫ. ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʽ 

ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʚʠʢʣʠʢʘʶʪʴ ʪʦʥʢʽ ʧʣʽʚʢʠ ʛʨʘʬʽʪʫ ʚʥʘʩʣʽʜʦʢ 

ʛʦʣʦʚʥʦʾ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ ï ʧʨʠ ʟʤʽʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʪʨʫʢʪʫʨʥʠʭ ʦʜʠʥʠʮʴ sp
2
 ʽ sp

3
 ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʧʣʽʚʢʠ ʟ 

ʥʦʚʠʤʠ ʝʣʝʢʪʨʦʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 
ɼʝʰʝʚʽ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, ʱʦ ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʢʫʫʤʫ (ʩʧʽʥ ï ʢʦʫʪʠʥʛ, ʟʦʣʴ-ʛʝʣʴ, ʩʧʨʝʡ-ʧʽʨʦʣʽʟ, 

ʤʘʣʶʚʘʥʥʷ ʪʘ ʽʥ.) ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʚʯʝʥʠʭ 

ʚʠʚʯʝʥʥʷ ʦʧʪʠʯʥʠʭ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ, 

ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ ʚʫʛʣʝʮʶ 

ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʪʘ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʟʘʚʜʷʢʠ ʾʭ 

ʫʥʽʢʘʣʴʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʭʦʨʦʰʽʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, 

ʧʨʦʟʦʨʦʩʪʽ, ʚʠʩʦʢʠʤ ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʚʠʩʦʢʽʡ 

ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ [1;2].  

ʊʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʛʨʘʬʽʪʫ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ 

ʥʘʫʢʦʚʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. 

ʊʦʥʢʽ ʧʣʽʚʢʠ ʛʨʘʬʽʪʠʟʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ ʚʫʛʣʝʮʶ ʥʘ 

ʢʚʘʨʮʦʚʦʤʫ ʩʢʣʽ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʥʘ 

ʢʠʩʥʝʚʦ-ʛʘʟʦʚʦʤʫ ʧʘʣʴʥʠʢʫ ʆʉʏ ʘʮʝʪʦʥʫ ((CH3)2CO).  
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ɺʠʛʦʪʦʚʣʝʥʽ ʪʦʥʢʽ ʧʣʽʚʢʠ ʛʨʘʬʽʪʠʟʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ 

ʚʫʛʣʝʮʶ ʪʘʢʦʞ ʙʫʣʠ ʚʽʜʧʘʣʝʥʽ. ɺʽʜʧʘʣ ʦʪʨʠʤʘʥʠʭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ 

ʛʨʘʬʽʪʠʟʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ ʚʫʛʣʝʮʶ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʷʛʦʤ 5 

ʛʦʜʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 920 ʂ ʫ ʚʘʢʫʫʤʽ ʚ ʝʣʝʢʪʨʦʧʝʯʽ ʉʅʆʃ 

15/1300 ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ʪʠʧʫ 

RT26-S765.  

ʉʧʝʢʪʨʠ ʧʨʦʧʫʩʢʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʚʠʤʽʨʷʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉʌ-2000. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʪʦʯʢʠ ʟʥʽʤʘʣʠʩʷ ʚ ʦʙʣʘʩʪʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 200 ï 1100 ʥʤ ʟ ʢʨʦʢʦʤ 

1 ʥʤ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʧʦʨʫ R = f(T)  

ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʝʣʝʢʪʨʠʯʥʽ ʢʦʥʪʘʢʪʠ ʩʪʚʦʨʶʚʘʣʠ ʣʠʰʝ ʥʘ 

ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ ʧʣʽʚʢʠ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʨʽʙʥʦʾ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʧʘʩʪʠ. ɺʠʤʽʨʷʥʦ ʟʘʣʝʞʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ R = 

f(T) ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 295 < ʊ < 400 ʂ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʦʥʢʽ ʧʣʽʚʢʠ ʛʨʘʬʽʪʠʟʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ 

ʚʫʛʣʠʮʶ ʚʦʣʦʜʽʶʪʴ ʥʠʟʴʢʠʤ ʧʦʚʝʨʭʥʝʚʠʤ ʦʧʦʨʦʤ ~ 400 ʆʤ/Ǐ ʽ 

ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʘ 

ʾʭ ʩʝʨʝʜʥʷ ʪʦʚʱʠʥʘ ʩʪʘʥʦʚʠʪʴ ~ 30 ʥʤ. 

ɿ ʜʦʩʣʽʜʞʝʥʴ ʦʧʪʠʯʥʠʭ ʽ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʦʪʨʠʤʘʥʠʭ ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʛʨʘʬʽʪʠʟʦʚʘʥʦʛʦ ʧʽʨʦʣʽʪʠʯʥʦʛʦ 

ʚʫʛʣʝʮʶ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʠʣʘʜʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  Wang Y. To draw an air electrode of a Li-air battery by pencil/ Y. 

Wang, H. Zhou // Energy Environ. Sci. ï 2011. ï Vol. 4. ï p. 17046ï17049. 

2. Zhao L. Surface State Mediated Interlayer Excitons in a 2D 

NonlayeredïLayered Semiconductor Heterojunction / L. Zhao, X. Wang, Z. 

Zhang //  Advanced Electronic Materials ï 2017. ï Vol. 3. ï 1700373.  
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ʁʦʩʠʧ ʅʘʣʠʚʘʡʢʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʄʠʢʠʪʶʢ ʇ.ɼ. 

ʊʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯ  

ʜʣʷ ʜʝʨʞʘʚʥʦʛʦ ʝʪʘʣʦʥʘ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ 
 

ʐʠʨʦʢʝ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʫʩʽʭ 

ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʤʘʛʘʻ ʚʩʝ ʷʢʽʩʥʽʰʦʛʦ 

ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʝʣʠʯʠʥ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʨʽʟʥʦʾ ʯʘʩʪʦʪʠ 

ʽ ʬʦʨʤʠ ʩʠʛʥʘʣʫ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʽʥʰʠʭ ʧʨʠʥʮʠʧʘʭ, ʧʨʠʣʘʜʠ ʥʘ ʦʩʥʦʚʽ 

ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʦʩʽʜʘʶʪʴ ʯʽʣʴʥʝ ʤʽʩʮʝ, ʽ ʧʨʦʚʽʜʥʽ 

ʤʝʪʨʦʣʦʛʽʯʥʽ ʮʝʥʪʨʠ ʨʽʟʥʠʭ ʢʨʘʾʥ [1], [2], [3]  ʧʨʦʚʦʜʷʪʴ ʨʦʙʦʪʠ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʜʣʷ ʜʝʨʞʘʚʥʠʭ ʝʪʘʣʦʥʽʚ ʪʘ ʟʨʘʟʢʦʚʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣʠ 

ʩʪʨʫʤʫ, ʥʘʧʨʫʛʠ, ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʚ ʋʢʨʘʾʥʽ ʧʝʨʚʠʥʥʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʝʪʘʣʦʥʘ 

ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 1 ʄɻʮ ʜʦ 30 ʄɻʮ 

ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʝʪʘʣʦʥʘʤʠ ʽʥʰʠʭ ʢʨʘʾʥ 

(ʈʦʩʽʾ) ʜʣʷ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʠʥʠʮʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʥʘʧʨʫʛʠ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ ɿʙʨʦʡʥʠʭ ʩʠʣ ʋʢʨʘʾʥʠ ʧʨʘʮʶʻ ʚ ʟʘʟʥʘʯʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʝʨʚʠʥʥʦʛʦ ʝʪʘʣʦʥʘ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʪʘʢʦʾ ʪʝʭʥʽʢʠ. ʊʘʢʠʡ ʝʪʘʣʦʥ ʧʣʘʥʫʻʪʴʩʷ ʩʪʚʦʨʠʪʠ ʚ 

ʅʊʋʋ"ʂʇɯ". ɺʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʪʘʣʦʥʘ ʻ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ʊʇ) ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʽʜ ʷʢʦʩʪʽ ʷʢʦʛʦ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ 

ʷʢʽʩʪʴ ʝʪʘʣʦʥʘ ʚ ʮʽʣʦʤʫ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʊʇ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʜʣʷ ʧʝʨʚʠʥʥʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʝʪʘʣʦʥʘ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʚ ʨʘʜʽʦʪʝʭʥʽʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʻ ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʦʶ, ʦʩʢʽʣʴʢʠ ʾʾ ʨʦʟʚ'ʷʟʦʢ 

ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʟʘʣʝʞʥʽʩʪʴ ʋʢʨʘʾʥʠ ʚ ʤʝʪʨʦʣʦʛʽʯʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʦʜʠʥʠʮʽ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʯʘʩʪʦʪ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʚʽʡʩʴʢʦʚʦʾ ʨʘʜʽʦʪʝʭʥʽʢʠ. 

ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʪʠʧʫ ɼʊʅʇ-6 ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 
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ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʝʪʘʣʦʥʘ 

ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ, ʨʦʟʨʦʙʣʝʥʦ ʚ ɯʥʩʪʠʪʫʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ, ʷʢʠʡ ʻ 

ʩʚʽʪʦʚʠʤ ʣʽʜʝʨʦʤ ʟ ʨʦʟʨʦʙʢʠ ʊʇ ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɺ ɯʥʩʪʠʪʫʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʱʝ ʚ 1991-1992 ʨʨ. ʚʠʛʦʪʦʚʣʝʥʦ 

128 ʰʪ. ɼʊʇʊ-6, ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʠʭ ʙʫʣʦ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ. ʂʨʽʤ ʪʦʛʦ, 

ʧʝʨʝʚʽʨʷʣʠʩʴ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ɼʊʅʊ-6 (ʦʧʦʨʠ ʥʘʛʨʽʚʥʠʢʽʚ R1, 

R2 ʽ ʪʝʨʤʦʧʘʨʠ Rʊ). 
ʊʘʙʣʠʮʷ 1. ʊʠʧʦʚʽ ʧʘʨʘʤʝʪʨʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʊʅʇ-6    
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ʜʝ Iʥ ï ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ; ɽ ï ʪʝʨʤʦʝʨʩ ʪʝʨʤʦʧʘʨʠ;  ɯʧʝʨ. ï 

ʩʪʨʫʤ ʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ; ʉ ï ʧʝʨʝʭʽʜʥʘ ʻʤʥʽʩʪʴ ʤʽʞ 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʚʠʚʦʜʘʤʠ ɼʊʅʇ-6 ʽ ʡʦʛʦ ʢʦʨʧʫʩʦʤ. 

ʇʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʊʅʇ-

6 ʻ ʧʽʜʛʦʪʦʚʯʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘ  

ʯʘʩʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɯʚʘʥ ʅʠʢʠʨʩʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʦʤʘʰ ɺ.ɺ. 

ʄʝʪʦʜʠʢʘ ʘʢʪʠʚʽʟʘʮʽʾ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ 

ʟʘʩʦʙʘʤʠ ʩʫʯʘʩʥʠʭ ʧʝʜʘʛʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
ɻʦʣʦʚʥʠʤ ʨʫʰʽʻʤ ʨʦʟʚʠʪʢʫ ʦʩʚʽʪʥʴʦʾ ʛʘʣʫʟʽ ʚʠʩʪʫʧʘʶʪʴ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʩʪʘʨʠʤʠ ʽ ʥʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʚʯʘʣʴʥʦ-

ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʦʷʚʘ ʮʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʟʫʤʦʚʣʝʥʘ 

ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʩʬʦʨʤʫʚʘʚ ʥʦʚʠʡ 

ʚʝʢʪʦʨ ʩʫʩʧʽʣʴʥʦʛʦ ʫʩʪʨʦʶ. 

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʜʣʷ ʧʝʜʘʛʦʛʽʢʠ ʷʢ ʥʘʫʢʠ ʚʠʟʥʘʯʥʠʤ ʢʨʠʪʝʨʽʻʤ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʻ ʽʥʥʦʚʘʮʽʡʥʽʩʪʴ ʷʢ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʧʠʪʘʤ 

ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ.  

ʊʝʭʥʦʣʦʛʽʾ ʥʘʚʯʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʫʢʨʘʾʥʩʴʢʽʡ ʰʢʦʣʽ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʘʜʠʮʽʡʥʽ ʪʘ ʥʦʚʽ. ʊʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʟʜʝʙʽʣʴʰʦʛʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʚʪʦʨʠʪʘʨʥʽʡ ʧʝʜʘʛʦʛʽʮʽ ʚʠʤʦʛ, ʜʝ 

ʥʘʚʯʘʥʥʷ ʤʘʣʦ ʧʦʚôʷʟʘʥʝ ʟ ʯʠʩʣʝʥʥʠʤʠ ʧʦʪʨʝʙʘʤʠ ʫʯʥʷ, ʥʝ 

ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʨʦʟʢʨʠʪʪʷ ʡʦʛʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʪʘ 

ʚʤʽʥʥʶ ʤʠʩʣʠʪʠ ʢʨʠʪʠʯʥʦ. ʅʦʚʽ ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʦʪʠʣʝʞʥʽ ʪʨʘʜʠʮʽʡʥʠʤ, ʚʦʥʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʨʦʟʚʠʪʦʢ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʦʩʦʙʠʩʪʦʩʪʽ ʫʯʥʷ, ʡʦʛʦ ʚʩʝʙʽʯʥʠʡ ʨʦʟʚʠʪʦʢ, 

ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [1]. 

ɺʽʜʦʤʦ, ʱʦ ʫʯʥʽ ʜʦ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʚʣʷʪʴʩʷ ʝʤʦʮʽʡʥʦ. 

ɰʭ ʝʤʦʮʽʾ ï ʮʝ ʨʝʘʢʮʽʷ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʷʢʠʡ, ʟʘʟʚʠʯʘʡ, ʩʫʭʠʡ ʪʘ ʧʝʨʝʧʦʚʥʝʥʠʡ ʬʘʢʪʘʤʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ 

ʪʽʣʴʢʠ ʧʝʨʰʦʯʝʨʛʦʚʝ ʟʘʮʽʢʘʚʣʝʥʥʷ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʦʯʥʠʭ 

ʜʠʩʮʠʧʣʽʥ, ʪʦ ʾʭ ʫʯʥʽ ʥʝ ʩʭʠʣʴʥʽ ʚʠʚʯʘʪʠ ʱʝ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ 

ʝʪʘʧʽ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʨʦʟʚôʷʟʘʪʠ ʷʢʽ 

ʧʦʢʣʠʢʘʥʽ ʩʫʯʘʩʥʽ ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʪʘʢʽ ʷʢ: 

- ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʚʠʚʘʣʴʥʦʛʦ ʥʘʚʯʘʥʥʷ; 
- ʧʘʨʘʮʝʥʪʨʠʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʚʯʘʥʥʷ; 
- ʦʩʦʙʠʩʪʽʩʥʦ-ʟʦʨʽʻʥʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ; 
- ʪʝʭʥʦʣʦʛʽʷ ʧʨʦʝʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ; 
- ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ [2]. 

ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʧʨʝʜʤʝʪ çʪʨʫʜʦʚʝ ʥʘʚʯʘʥʥʷè, ʦʩʥʦʚʥʦʶ ʡʦʛʦ 

ʩʢʣʘʜʦʚʦʶ ʻ ʤʝʪʦʜ ʪʚʦʨʯʠʭ ʧʨʦʝʢʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʨʘʢʪʠʯʥʝ 

ʩʧʨʷʤʫʚʘʥʥʷ ʦʩʦʙʠʩʪʽʩʥʦ-ʟʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʧʨʦʮʝʩʽ 
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ʢʦʥʢʨʝʪʥʦʾ ʥʘʚʯʘʣʴʥʦ-ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʷ, ʥʘ ʦʩʥʦʚʽ ʡʦʛʦ 

ʚʽʣʴʥʦʛʦ ʚʠʙʦʨʫ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʦʩʦʙʠʩʪʠʭ ʽʥʪʝʨʝʩʽʚ. ʋ 

ʩʚʽʜʦʤʦʩʪʽ ʫʯʥʷ ʩʫʪʴ ʧʨʦʝʢʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʪʘʢ:  

çʗ ʟʥʘʶ, ʜʣʷ ʯʦʛʦ ʤʝʥʽ ʧʦʪʨʽʙʥʦ ʪʝ, ʱʦ ʷ ʧʽʟʥʘʶ, ʽ ʜʝ ʷ ʤʦʞʫ 

ʮʽ ʟʥʘʥʥʷ ʟʘʩʪʦʩʫʚʘʪʠè. 

ʂʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʩʫʪʴ ʧʨʦʝʢʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʫʨʦʢʘʭ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʧʦʤʦʞʫʪʴ ʢʚʝʩʪʠ, ʜʝ ʫʯʝʥʴ ʧʦʩʣʽʜʦʚʥʦ 

ʚʠʢʦʥʫʚʘʪʠʤʝ ʟʘʚʜʘʥʥ ̫ ʩʘʤʦʩʪʽʡʥʦ ʘʙʦ ʫ ʩʢʣʘʜʽ ʛʨʫʧʠ ʟʘ 

ʪʝʤʘʪʠʯʥʠʤ ʩʶʞʝʪʦʤ. ʉʘʤʝ ʢʚʝʩʪʠ ʜʦʧʦʤʘʛʘʶʪʴ ʝʬʝʢʪʠʚʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʾʾ ʪʘ ʨʦʟʚôʷʟʘʪʠ 

ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʚʝʩʪʽʚ ʥʘ ʫʨʦʮʽ ʘʢʪʠʚʽʟʫʻ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ, 

ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʾ ʥʘʚʯʘʥʥʷ ʽ ʡʦʛʦ ʷʢʦʩʪʽ. ʎʝ 

ʬʦʨʤʘʪ ʫʨʦʢʫ, ʟʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʨʦʟʚʠʪʦʢ ʧʽʟʥʘʚʘʣʴʥʦʾ, 

ʧʦʰʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ, ʥʘ ʷʢʦʤʫ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʽʥʬʦʨʤʘʮʽʾ 

ʟʜʦʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʽʩʥʫ ʩʧʽʚʧʨʘʮʶ ʛʨʫʧʠ [3].  

ʂʚʝʩʪ ï ʮʝ ʜʠʜʘʢʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʫ ʨʘʤʢʘʭ ʷʢʦʾ 

ʚʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʧʦʰʫʢʦʚʘ ʜʽʷʣʴʥʽʩʪʴ ʫʯʥʽʚ, ʟʘʜʘʻ ʾʤ ʧʘʨʘʤʝʪʨʠ 

ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ʡ ʚʠʟʥʘʯʘʻ ʾʾ ʯʘʩ. ɺʯʠʪʝʣʴ ʧʝʨʝʩʪʘʻ ʙʫʪʠ ʻʜʠʥʠʤ 

ʜʞʝʨʝʣʦʤ ʟʥʘʥʴ, ʘ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʧʦʰʫʢʫ ʽ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʘ ʜʽʷʣʴʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʻ ʫʯʥʽʚ ʥʘ 

ʘʢʪʠʚʥʠʭ ʩʫʙ'ʻʢʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʧʽʜʚʠʱʫʶʯʠ ʥʝ ʣʠʰʝ 

ʤʦʪʠʚʘʮʽʶ ʜʦ ʧʨʦʮʝʩʫ ʟʜʦʙʫʪʪʷ ʟʥʘʥʴ, ʘʣʝ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʨʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʫʩʧʽʰʥʫ ʾʭ ʧʨʝʟʝʥʪʘʮʽʶ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɹʘʛʘʡ ɹ. ʄ. ɯʥʥʦʚʘʮʽʡʥʽ ʧʝʜʘʛʦʛʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ 

ʩʫʯʘʩʥʽʡ ʰʢʦʣʽ  ɹʨʦʜʠ, 2016. C. 2-4. 

2. ʉʤʠʨʥʦʚʘ ʀ.ʕ. ʄʦʜʝʣʠ ʦʙʫʯʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ // ʀʥʥʦʚʘʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. - 2010. ï ˉ1. ï ʉ.5-15. 

3. ʄʽʰʘʛʽʥ ʆ.ɼ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʚʝʩʪʽʚ ʷʢ ʟʘʩʦʙʫ 

ʘʢʪʠʚʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  

http://ru.osvita.ua/school/lessons_summary/edu_technology/34730/   
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ʄʘʢʩʠʤ ʆʢʦʣʽʪʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ - ʜʦʮ. ɹʦʨʯʘ ʄ.ɼ. 

 

ɹʘʛʘʪʦʭʚʠʣʴʦʚʘ ʜʠʬʨʘʢʮʽʷ ʍ-ʭʚʠʣʴ  

ʫ ʧʣʽʚʢʘʭ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʥʘ ʧʽʜʢʣʘʜʮʽ BaF2 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʟʫʤʦʚʣʝʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʡʦʛʦ 

ʫ ʩʧʽʥʪʨʦʥʽʮʽ ʪʘ ʢʚʘʥʪʦʚʽʡ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʾ. ʉʠʩʪʝʤʘ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʰʘʨʽʚ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʥʘ ʧʽʜʢʣʘʜʮʽ BaF2, 

ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʽʚʩʴʢʦʾ ʝʧʽʪʘʢʩʽʾ, ʜʝ 

ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʧʣʽʚʢʦʶ ʽ ʧʽʜʢʣʘʜʢʦʶ ʬʦʨʤʫʻʪʴʩʷ ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʽʚʩʴʢʠʤʠ (ʚʜʚ) ʟʚ'ʷʟʢʘʤʠ, ʘ ʥʝ ʩʠʣʴʥʠʤʠ ʽʦʥʥʠʤʠ ʯʠ 

ʢʦʚʘʣʝʥʪʥʠʤʠ. ʏʝʨʝʟ ʧʦʨʽʚʥʷʥʫ ʩʣʘʙʢʽʩʪʴ ʪʘʢʠʭ ʚʜʚ-ʟʚ'ʷʟʢʽʚ 

ʷʢʽʩʪʴ ʝʧʽʪʘʢʩʽʡʥʠʭ ʧʣʽʚʦʢ ʜʦʩʠʪʴ ʚʘʞʢʦ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʦʩʢʽʣʴʢʠ 

ʚ ʥʠʭ ʣʝʛʢʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ. ʅʘʚʽʪʴ ʫ ʚʠʧʘʜʢʫ 

ʩʠʩʪʝʤ ʟ ʽʜʝʘʣʴʥʠʤ ʩʧʽʚʧʘʜʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʛʨʘʪʦʢ, ʷʢʦʶ ʻ 

ʪʝʣʫʨʠʜ ʚʽʩʤʫʪʫ ʥʘ ʧʽʜʢʣʘʜʮʽ BaF2, ʩʪʨʫʢʪʫʨʥʽ ʜʝʬʝʢʪʠ 

ʚʠʷʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʬʘʟʦʚʫ ʜʽʘʛʨʘʤʫ 

ʧʣʽʚʦʢ. 

ʋ ʨʦʙʦʪʽ [1] ʩʢʦʤʙʽʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʍ-ʭʚʠʣʴʦʚʠʭ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚ ʧʣʽʚʢʘʭ 

ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ, ʚʠʨʦʱʝʥʠʭ ʥʘ ʧʽʜʢʣʘʜʮʽ BaF2 (111) ʰʣʷʭʦʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ ʝʧʽʪʘʢʩʽʾ. ʌʘʟʘ ɺʽ2ʊʝ3 ʬʦʨʤʫʻʪʴʩʷ 

ʩʢʣʘʜʘʥʥʷʤ 5-ʢʨʘʪʥʠʭ ʰʘʨʽʚ, ʩʧʘʨʝʥʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʚ ʥʘʧʨʷʤʢʫ 

ʨʦʩʪʫ ʩʣʘʙʢʦʶ ʚʜʚ-ʚʟʘʻʤʦʜʽʻʶ, ʨʠʩ.1ʘ. 

ʋ ʤʦʾʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽ ʩʪʨʫʢʪʫʨʥʽ ʧʦʨʫʰʝʥʥʷ 

ʫ ʩʠʩʪʝʤʽ çʪʝʣʫʨʠʜ ʚʽʩʤʫʪʫ ʥʘ ʧʽʜʢʣʘʜʮʽ BaF2è: ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʬʣʫʢʪʫʘʮʽʾ, ʜʚʽʡʥʠʢʦʚʽ ʜʦʤʝʥʠ ʪʘ ʚʽʣʴʥʽ ʥʦʩʽʾ ʚ ʦʙ'ʻʤʽ, ʪʦʱʦ. 

ɼʝʩʦʨʙʮʽʷ ʪʝʣʫʨʫ - ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʬʣʫʢʪʫʘʮʽʡ. 

ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʬʘʟʠ ʟ ʚʘʢʘʥʩʽʷʤʠ ʪʝʣʫʨʫ ʜʦ ʬʘʟʠ, 

çʟʙʘʛʘʯʝʥʦʾè ʚʽʩʤʫʪʦʤ, ʣʝʞʠʪʴ ʮʽʣʘ ʛʘʤʘ ʤʦʞʣʠʚʠʭ ʧʨʦʮʝʩʽʚ. 

ɺʪʽʣʝʥʥʷ ʘʪʦʤʽʚ ʩʣʽʜʫʻ ʟʘ ʧʦʷʚʦʶ ʚʘʢʘʥʩʽʡ ʚ ʨʦʟʨʠʚʘʭ ʚʜʚ-

ʟʚ'ʷʟʢʽʚ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʣʽʚʦʢ ʟʽ ʟʥʘʯʥʠʤʠ 

ʧʦʨʫʰʝʥʥʷʤʠ ʛʨʘʪʢʠ. ɺ ʧʝʚʥʠʡ ʤʦʤʝʥʪ, ʝʥʝʨʛʽʷ ʛʨʘʪʢʠ 

ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʚ 2-

ʢʨʘʪʥʽ ʰʘʨʠ ʚʽʩʤʫʪʫ (BLs). ʎʝ ʢʨʠʪʠʯʥʠʡ ʘʩʧʝʢʪ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ, ʦʩʢʽʣʴʢʠ ʧʣʽʚʢʠ ʪʽʣʴʢʠ ʟ ʪʦʯʢʦʚʠʤʠ ʜʝʬʝʢʪʘʤʠ, 

ʘʙʦ ʪʽʣʴʢʠ ʟ BLs, ʘʙʦ ʽʟ ʩʧʽʚʽʩʥʫʶʯʠʤʠ BLs ʪʘ ʪʦʯʢʦʚʠʤʠ 
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ʜʝʬʝʢʪʘʤʠ ʙʫʜʫʪʴ ʧʦʚʦʜʠʪʠʩʴ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦ-ʨʽʟʥʦʤʫ. 

ɼʚʽʡʥʠʢʦʚʽ ʜʦʤʝʥʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʥʠʟʴʢʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʚ ʛʨʘʪʮʽ ʧʨʠ ʚʜʚ-

ʝʧʽʪʘʢʩʽʾ. ɹʽʣʴʰʝ ʪʦʛʦ, ʧʘʨʘʤʝʪʨ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʛʨʘʪʦʢ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʧʣʽʚʦʢ, ʟʙʘʛʘʯʝʥʠʭ ʚʽʩʤʫʪʦʤ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʦʜʥʦʯʘʩʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʟʨʘʟʢʘ ʧʦ ʢʫʪʘʤ j ʪʘ 2q. q - 

ʢʫʪ ɹʨʝʛʛʘ. 

ɯʩʥʫʻ ʣʠʰʝ ʦʜʠʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʧʦʩʽʙ, ʷʢʠʤ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ ʥʝʟʥʘʯʥʫ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʛʨʘʪʦʢ, ʪʠʧʦʚʫ ʜʣʷ ʪʘʢʠʭ 

ʩʠʩʪʝʤ, - ʮʝ ʙʘʛʘʪʦʭʚʠʣʴʦʚʘ ʍ-ʧʨʦʤʝʥʝʚʘ ʜʠʬʨʘʢʮʽʷ [2]. ʊʘʢʽ 

ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʝʜʝʥʽ ʚ [1], ʘ ʚ ʤʦʾʡ ʨʦʙʦʪʽ ʟʤʦʜʝʣʴʦʚʘʥʦ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʙʘʛʘʪʦʭʚʠʣʴʦʚʽ  

ʍ-ʧʨʦʤʝʥʝʚʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʧʣʽʚʦʢ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʥʘ 

ʧʽʜʢʣʘʜʮʽ BaF2. ɺʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʚʝʜʽʥʢʠ ʩʪʨʫʢʪʫʨʥʦ 

ʯʫʪʣʠʚʠʭ ʤʘʢʩʠʤʫʤʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʚʽʡʥʠʢʦʚʠʭ ʜʦʤʝʥʽʚ ʪʘ 

ʧʝʚʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ  ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʠʟʥʘʯʝʥʦ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʢʦʤʧʣʝʢʩ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʦʨʫʰʝʥʴ, ʧʨʠ ʷʢʦʤʫ ʦʪʨʠʤʘʥʦ ʟʘʜʦʚʽʣʴʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʟʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʙʘʛʘʪʦʭʚʠʣʴʦʚʠʭ ʍ-ʧʨʦʤʝʥʝʚʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Morelh«o S. L., Kycia S. W., Netzke S., Fornari C. I., Rappl P. H. 

O., Abramof E. Dynamics of Defects in van der Waals Epitaxy of 

Bismuth Telluride Topological Insulators // J. Phys. Chem. 

C 2019, 123, 40, 24818-24825 

2. Authier, A. Dynamical  Theory  of  X-Ray  Diffraction; Oxford 

University Press, Oxford, 2003 
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ʆʥʠʱʫʢ ɸʥʜʨʽʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʘʣʴ ʆ. ɼ. 

 

ʉʠʩʪʝʤʘ ʚʟʘʻʤʦʜʽʾ ʟ ʨʠʥʢʦʤ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʙʘʟʽ  
Django Framework 

 

ɯʜʝʷ ʧʝʨʝʥʝʩʝʥʥʷ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʽʚ ʞʠʪʪʷ ʚ ʽʥʪʝʨʥʝʪ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʚ ʥʘʰ ʯʘʩ. ɺ ʩʴʦʛʦʜʥʽʰʥʽʭ ʨʝʘʣʽʷʭ 

ʚʘʞʢʦ ʧʨʝʜʩʪʘʚʠʪʠ ʩʚʦʻ ʞʠʪʪʷ ʙʝʟ ʦʥʣʘʡʥ ʨʝʩʫʨʩʽʚ. ɹʘʛʘʪʦ 

ʧʨʦʬʝʩʽʡ ʧʦʯʘʣʠ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʦʥʣʘʡʥ. ʎʝ ʩʪʘʣʦ 

ʢʦʨʠʩʥʠʤ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ, ʘʣʝ ʽ ʜʣʷ ʨʦʙʦʪʦʜʘʚʮʽʚ. 
ʋ ʟʚ'ʷʟʢʫ ʯʦʛʦ ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʢʦʤʫʥʽʢʘʮʽʾ ʢʣʽʻʥʪʘ ʟ 

ʚʠʢʦʥʘʚʮʝʤ. ɼʣʷ ʟʨʫʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʪʘʢ ʟʚʘʥʽ 

ʬʨʽʣʘʥʩ ʙʽʨʞʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʠʣʠ ʥʝ ʪʽʣʴʢʠ ʟʨʫʯʥʠʡ ʟʚ'ʷʟʦʢ ʧʽʜ ʯʘʩ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ, ʘʣʝ ʽ ʧʦʰʫʢ ʧʦʪʨʽʙʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ 

ʥʘʡʢʦʨʦʪʰʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 
ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʙʽʨʞʽ-

ʬʨʠʣʘʥʩʫ: 
¶ Upwork.com ʦʩʥʦʚʥʠʤ ʤʽʥʫʩʦʤ ʷʚʣʷʻʪʴʩʷ ʪʝ ʱʦ ʩʠʩʪʝʤʘ 

ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʘʥʛʣʦʤʦʚʥʫ ʘʫʜʠʪʦʨʽʶ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʦ 

ʧʨʦʡʪʠ ʧʝʨʝʚʽʨʢʫ ʬʨʠʣʘʥʩʝʨʘ. 

¶ Freelance.ua ʥʝʟʨʫʯʥʘ ʩʠʩʪʝʤʘ ʦʧʦʚʽʱʝʥʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʝʨʝʚʽʨʢʠ  ʬʨʠʣʘʥʩʝʨʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ MyFl ʚʨʘʭʦʚʫʻ ʥʝʜʦʣʽʢʠ ʘʥʘʣʦʛʽʚ ʪʘ 

ʚʠʜʘʻ ʨʝʣʝʚʘʥʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʫ ʜʣʷ ʬʨʠʣʘʥʩʝʨʽʚ. ɸ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʻ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʘʢʪʫʘʣʴʥʠʭ ʨʦʙʽʪ  ʚ ʦʥʣʘʡʥ 

ʨʝʞʠʤʽ. 
ɼʘʥʘ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ Django ʫ ʟʚ'ʷʟʢʫ ʟʽ ʟʨʫʯʥʦʶ 

ʽʥʪʝʛʨʦʚʘʥʦʶ ʧʘʥʝʣʣʶ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ. ɸ ʪʘʢʦʞ ʧʦʪʫʞʥʦʶ 

ʯʘʩʪʠʥʦʶ ʜʣʷ ʥʘʧʠʩʘʥʥʷ API. 
ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʬʨʠʣʘʥʩʝʨʠ ʟʘʚʞʜʠ 

ʧʦʚʠʥʥʽ ʦʪʨʠʤʫʚʘʪʠ ʧʦʪʨʽʙʥʫ ʨʝʣʝʚʘʥʪʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʩʚʦʾʡ 

ʩʧʝʮʽʘʣʽʟʘʮʽʾ, ʷʢʘ ʩʬʦʨʤʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʧʨʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʟʨʫʯʥʝ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʦʚʠʭ 

ʨʦʙʽʪ. 
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ʆʩʥʦʚʥʘ ʽʜʝʷ ʮʴʦʛʦ ʧʨʦʝʢʪʫ ï ʩʪʚʦʨʠʪʠ ʪʘ ʥʘʜʘʪʠ ʽʥʩʪʨʫʤʝʥʪ 

ʜʣʷ ʟʨʫʯʥʦʾ ʩʧʽʚʧʨʘʮʽ ʢʣʽʻʥʪʽʚ ʪʘ ʚʠʢʦʥʘʚʮʽʚ. ɺʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʘ ʪʘʢʦʞ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ ʜʣʷ ʫʩʽʭ 

ʦʭʦʯʠʭ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʽʥʰʠʤ ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ API 

ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ.  
ʈʦʟʚʠʪʦʢ ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʢʽ ʨʦʟʰʠʨʶʚʘʪʠʤʫʪʴ ʬʫʥʢʮʽʦʥʘʣ 

ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʠʪʴ ʟʙʝʨʽʛʘʥʥʷ ʚʩʽʻʾ ʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʥʘ ʦʜʥʦʤʫ ʨʝʩʫʨʩʽ. ɸ ʢʦʨʠʩʪʫʚʘʯʽ ʙʫʜʫʪʴ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʪʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʷʢʽ ʾʤ ʟʨʫʯʥʽ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
 

1. Django-rest-framework [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ]. 

ï django rest framework ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.django-rest-framework.org/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ ï 

27.02.2020). 

2. ʃʫʪʮ, ʄ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ Python, II ʪʦʤ / ʄ. ʃʫʪʮ. 

- ʉʇʙ.: ʉʠʤʚʦʣ-ʧʣʶʩ, 2015. - 992 c. 
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ʆʣʝʢʩʘʥʜʨ ʆʨʣʝʮʴʢʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʘʪʝʨʠʥʯʫʢ ɺ. ʄ. 

 

ɸʥʘʣʽʟ ʜʝʷʢʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ  ʦʩʫʰʫʚʘʯʽʚ ʧʦʚʽʪʨʷ 
ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʦʩʫʰʫʚʘʯ ʧʦʚʽʪʨʷ [1] ʻ ʧʨʠʩʪʨʦʻʤ, ʱʦ 

ʟʤʝʥʰʫʻ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʤʝʥʪʘ ʇʝʣʴʪʴʻ. 

ʇʨʠʥʮʠʧ ʡʦʛʦ ʜʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʙʫʜʦʚʘʥʠʡ ʚʝʥʪʠʣʷʪʦʨ 

ʚʩʤʦʢʪʫʻ ʧʦʚʽʪʨʷ ʟ ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʩʧʨʷʤʦʚʫʻ ʥʘ ʭʦʣʦʜʥʫ ʩʪʦʨʦʥʫ 

ʝʣʝʤʝʥʪʘ, ʜʝ ʚʦʥʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʥʠʞʯʝ ʪʦʯʢʠ ʨʦʩʠ, 

ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʩʪʽʢʘʻ ʫ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʢʦʥʜʝʥʩʘʪʫ. 

ʇʦʪʽʤ ʩʫʭʝ ʧʦʚʽʪʨʷ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʛʘʨʷʯʫ ʩʪʦʨʦʥʫ ʝʣʝʤʝʥʪʘ, 

ʧʦʛʣʠʥʘʻ ʾʾ ʪʝʧʣʦ ʪʘ ʟʥʦʚʫ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʧʨʠʤʽʱʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʪʝʧʣʦʛʦ ʩʫʭʦʛʦ ʧʦʚʽʪʨʷ.  

ʈʠʩ.1. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʩʫʰʫʚʘʯʘ ʧʦʚʽʪʨʷ 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʧʨʠʥʮʠʧ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʦʩʫʰʫʚʘʯʘʭ ʥʝ ʧʦʪʨʽʙʥʦ ʚʙʫʜʦʚʫʚʘʪʠ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʚʽʜʪʘʶʚʘʥʥʷ. ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʦʩʫʰʫʚʘʯʽ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʦʤʧʨʝʩʽʡʥʠʤʠ ʩʧʦʞʠʚʘʶʪʴ ʤʝʥʰʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʪʘʢʦʞ ʚʦʥʠ 

ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʤʧʘʢʪʥʽ ʪʘ ʤʘʣʦʰʫʤʥʽ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʢʦʤʧʨʝʩʦʨʘ. ʆʜʥʘʢ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʦʩʫʰʫʚʘʯʽ ʧʦʚʽʪʨʷ ʤʘʶʪʴ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʫʤ 

ʦʜʥʫ ʪʨʝʪʠʥʫ ʚʽʜ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʢʦʤʧʨʝʩʽʡʥʠʭ ʦʩʫʰʫʚʘʯʽʚ. 
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ʊʦʤʫ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʩʫʰʫʚʘʯʽʚ 

ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʚʽʜʢʨʠʪʦʶ ʪʝʤʦʶ. ɺ ʦʜʥʦʤʫ ʽʟ 

ʚʘʨʽʘʥʪʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʦʩʫʰʫʚʘʯʘ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʥʘʚʝʜʝʥʠʡ ʚ [2], ʟʘʚʜʷʢʠ ʧʦʢʨʘʱʝʥʽʡ 

ʢʦʥʩʪʨʫʢʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʩʫʰʫʚʘʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤʠ 

ʦʩʫʰʫʚʘʯʘʤʠ, ʷʢʽ ʦʧʠʩʘʥʽ ʚ [3]. 

ɺ ʦʩʫʰʫʚʘʯʽ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʦʧʠʩʘʥʠʡ ʚ [3], ʚʽʜʙʫʚʘʣʘʩʴ ʟʥʘʯʥʘ 

ʚʪʨʘʪʘ ʪʝʧʣʘ ʯʝʨʝʟ ʽʟʦʣʷʮʽʶ, ʷʢʘ ʚʽʜʦʢʨʝʤʣʶʻ ʛʘʨʷʯʫ ʩʪʦʨʦʥʫ ʚʽʜ 

ʭʦʣʦʜʥʦʾ ʩʪʦʨʦʥʠ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ 

ʛʘʨʷʯʦʶ ʽ ʭʦʣʦʜʥʦʶ ʩʪʦʨʦʥʘʤʠ ʙʫʚ ʥʝʜʦʩʪʘʪʥʽʡ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʅʘʪʦʤʽʩʪʴ ʚ ʘʛʨʝʛʘʪʘʭ, ʷʢʽ ʦʧʠʩʘʥʽ ʚ 

[2], ʛʘʨʷʯʘ ʩʪʦʨʦʥʘ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʚʽʜʧʦʚʽʜʥʽʡ 

ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʷʤʠʡ ʧʦʪʽʢ ʦʭʦʣʦʜʞʝʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʣʽʧʰʫʻ ʾʭ ʽʥʜʠʚʽʜʫʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʧʦʚʽʪʨʦʧʨʦʚʽʜ ʧʨʦʭʦʜʠʪʴ ʧʨʷʤʦ 

ʯʝʨʝʟ ʧʨʠʩʪʨʽʡ ʽʟ ʭʦʣʦʜʥʦʾ ʩʪʦʨʦʥʠ ʥʘ ʛʘʨʷʯʫ ʩʪʦʨʦʥʫ, 

ʦʪʨʠʤʫʶʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʤʝʥʰʘ ʰʚʠʜʢʽʩʪʴ ʧʦʚʽʪʨʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʦʩʫʰʫʚʘʯ, ʷʢʠʡ ʦʧʠʩʘʥʠʡ ʫ ʚʠʥʘʭʦʜʽ [2], ʧʦʪʨʝʙʫʻ ʤʝʥʰʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʚʝʥʪʠʣʷʪʦʨʘ ʽ ʪʦʤʫ ʧʨʘʮʶʻ ʙʽʣʴʰ ʪʠʭʦ, ʥʽʞ 

ʧʦʧʝʨʝʜʥʽʡ ʦʩʫʰʫʚʘʯ [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʩʫʰʫʚʘʯʽʚ ʧʦʚʽʪʨʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʻ ʨʦʟʨʦʙʢʘ 

ʝʬʝʢʪʠʚʥʽʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʩʫʰʫʚʘʯʽʚ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʖʣʽʷ ʇʘʚʣʦʚʩʴʢʘ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺ. ɺ. ʊʦʤʘʰ  
 

ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʫ ʧʨʦʮʝʩʽ 

ʚʠʚʯʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ  

ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 
 

ʈʝʬʦʨʤʫʚʘʥʥʷ ʚʽʪʯʠʟʥʷʥʦʾ ʦʩʚʽʪʠ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʫ ʟʤʽʩʪʽ 

ʚʩʽʭ, ʙʝʟ ʚʠʥʷʪʢʫ, ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ. ʎʝ ʪʘʢ ʩʘʤʦ ʩʪʦʩʫʻʪʴʩʷ 

ʧʨʦʮʝʩʫ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ. ʅʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ 

ʧʨʝʚʘʣʶʚʘʥʥʷ ʘʢʘʜʝʤʽʯʥʦʛʦ ʚʝʢʪʦʨʘ ʚ ʦʩʚʽʪʽ ʜʘʥʠʡ ʧʨʝʜʤʝʪ 

ʩʧʨʠʡʤʘʚʩʷ ʷʢ çʜʨʫʛʦʨʷʜʥʠʡè, ʧʨʦʪʝ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ, 

ʧʦʙʫʜʦʚʘʥʦʤʫ ʥʘ ʨʦʟʚʠʪʢʫ ʚ ʫʯʥʽʚ ʥʠʟʢʠ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʩʘʤʝ ʪʨʫʜʦʚʝ ʥʘʚʯʘʥʥʷ ʥʘʜʘʻ ʨʝʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʜʽʡʩʥʦ ʚʩʝʙʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫʯʥʽʚ, ʜʣʷ ʥʘʙʫʪʪʷ 

ʥʠʤʠ ʚʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʦʟʚʠʪʢʫ ʾʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʟʜʽʙʥʦʩʪʝʡ ʫ ʪʨʫʜʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʘ ʤʘʻ ʧʨʘʢʪʠʯʥʠʡ ʪʘ 

ʪʚʦʨʯʠʡ ʭʘʨʘʢʪʝʨ.  

ʈʽʟʥʽ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ ʨʦʟʚʠʪʢʫ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʠʚʯʘʣʠ ʚʽʪʯʠʟʥʷʥʽ ʪʘ ʟʘʨʫʙʽʞʥʽ ʚʯʝʥʽ. ɸ. ʉ. ʄʘʢʘʨʝʥʢʦ, 

ɺ. ʂ. ʉʠʜʦʨʝʥʢʦ, ɺ. ʆ. ʉʫʭʦʤʣʠʥʩʴʢʠʡ, ɼ. ʆ. ʊʭʦʨʞʝʚʩʴʢʠʡ, 

ʂ. ɼ. ʋʰʠʥʩʴʢʠʡ ʪʘ ʽʥʰʽ ʚʠʜʘʪʥʽ ʧʝʜʘʛʦʛʠ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʥʘʛʦʣʦʰʫʚʘʣʠ ʥʘ ʟʥʘʯʝʥʥʽ ʨʦʟʚʠʪʢʫ ʦʩʦʙʠʩʪʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ 

ʪʘ ʥʘ ʧʨʦʚʽʜʥʽʡ ʨʦʣʽ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʽ 

ʚʠʭʦʚʘʥʥʷ.  

ɺʝʣʠʯʝʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʢʨʠʪʪʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʫʯʥʽʚ ʫ ʧʨʦʮʝʩʽ ʪʚʦʨʯʦʾ ʪʨʫʜʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʘʻ 

ʚʠʚʯʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ, ʷʢʝ ʦʨʛʘʥʽʯʥʦ 

ʧʦʻʜʥʫʻ ʛʣʠʙʠʥʥʽ ʽʩʪʦʨʠʯʥʽ ʥʘʨʦʜʥʽ ʪʨʘʜʠʮʽʾ, ʤʘʻ ʰʠʨʦʢʝ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʷʢʠʡ ʦʪʦʯʫʻ ʫʯʥʷ ʪʘ 

ʚʠʩʪʫʧʘʻ ʷʢ ʧʽʜˇʨʫʥʪʷ ʜʣʷ ʚʪʽʣʝʥʥʷ ʥʘʡʩʤʽʣʠʚʽʰʠʭ ʪʚʦʨʯʠʭ 

ʟʘʜʫʤʽʚ ʽ ʨʦʟʚʠʪʢʫ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʟʜʽʙʥʦʩʪʝʡ. 

çʊʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ ʫʯʥʷ ï ʮʝ ʩʠʥʪʝʟ ʷʢʦʩʪʝʡ ʦʩʦʙʠʩʪʦʩʪʽ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʧʝʚʥʦʾ 
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ʥʘʚʯʘʣʴʥʦ-ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ʽ ʟʫʤʦʚʣʶʶʪʴ ʨʽʚʝʥʴ ʾʾ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽè [1, ʩ. 4].  

ɺʽʜʦʤʦ, ʱʦ ʪʚʦʨʯʽʩʪʴ ʫʯʥʽʚ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʫ ʭʦʜʽ ʧʨʦʜʫʢʪʠʚʥʦʾ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʫ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʤʘʻ ʟʘʮʽʢʘʚʣʝʥʥʷ 

ʩʘʤʦʛʦ ʧʝʜʘʛʦʛʘ ʚ ʾʾ ʦʨʛʘʥʽʟʘʮʽʾ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʨʘʤʠ ʟ 

ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ, ʧʨʦʚʽʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʫʯʠʪʝʣʷ ʻ ʨʝʘʣʽʟʘʮʽʷ 

ʦʯʽʢʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʣʴʥʦ-ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ. 

ʐʣʷʭ ʜʦʩʷʛʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʟʥʘʯʘʻ ʫʯʠʪʝʣʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʰʢʽʣʴʥʦʾ ʤʘʡʩʪʝʨʥʽ, 

ʽʥʪʝʨʝʩʽʚ ʽ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ, ʬʘʭʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʩʘʤʦʛʦ ʫʯʠʪʝʣʷ 

[2]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʩʦʙʽʚ 

ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ 

ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʜʣʷ ʦʩʤʠʩʣʝʥʥʷ ʫʯʥʷʤʠ ʪʚʦʨʯʦʛʦ ʛʝʥʽʶ 

ʥʘʨʦʜʫ. ʇʽʟʥʘʶʯʠ ʽ ʧʨʦʜʦʚʞʫʶʯʠ ʪʨʘʜʠʮʽʾ ʩʚʦʛʦ ʥʘʨʦʜʫ, ʫʯʥʽ 

ʟʘʩʚʦʶʶʪʴ ʤʘʪʝʨʽʘʣʽʟʦʚʘʥʝ ʚ ʥʠʭ ʥʘʨʦʜʥʝ ʪʚʦʨʯʝ ʤʠʩʣʝʥʥʷ. 

çʆʚʦʣʦʜʽʚʘʶʯʠ ʤʠʩʪʝʮʪʚʦʤ ʯʠ ʨʝʤʝʩʣʦʤ, ʜʽʪʠ ʦʧʘʥʦʚʫʶʪʴ 

ʪʚʦʨʯʠʡ ʜʦʩʚʽʜ ʙʘʪʴʢʽʚ ʽ ʜʽʜʽʚ. ɿʜʦʙʫʪʽ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʫʤʽʥʥʷ 

ʧʝʨʝʥʦʩʷʪʴʩʷ ʽ ʥʘ ʽʥʰʽ ʩʬʝʨʠ ʞʠʪʪʷ (ʥʘʚʯʘʥʥʷ, ʧʨʦʬʝʩʽʶ, 

ʫʣʶʙʣʝʥʽ ʟʘʥʷʪʪʷ ʪʦʱʦ). ʇʝʨʝʙʫʚʘʶʯʠ ʚ Ăʧʦʣʦʥʽ" ʪʚʦʨʯʦʩʪʽ, 

ʫʯʥʽ ʩʪʘʶʪʴ ʜʦʧʠʪʣʠʚʠʤʠ, ʽʥʽʮʽʘʪʠʚʥʠʤʠ, ʚʠʥʘʭʽʜʣʠʚʠʤʠè [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ ʚ 

ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʫʯʥʽʚ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʥʘʮʽʦʥʘʣʴʥʦ ʟʦʨʽʻʥʪʦʚʘʥʦʾ, ʪʚʦʨʯʦ 

ʟʙʘʛʘʯʝʥʦʾ ʪʘ ʭʫʜʦʞʥʴʦ ʘʢʪʠʚʥʦʾ ʦʩʦʙʠʩʪʦʩʪʽ.  
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2. ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-

ʩʘʡʪ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://mon.gov.ua/ua/osvita/zagalna-

serednya-osvita/navchalni-programi/navchalni-programi-5-9-klas  

3. ʌʦʨʤʫʚʘʥʥʷ ʦʩʦʙʠʩʪʦʩʪʽ ʫʯʥʷ ʟʘʩʦʙʘʤʠ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ 

ʤʠʩʪʝʮʪʚʘ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://multiurok.ru/files/formuvannia-

osobistosti-uchnia-zasobami-diekorativ.html.  
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ɯʛʦʨ ʇʘʣʽʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɾʠʭʘʨʝʚʠʯ ɺ.ɺ. 

 

ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʠʤ 

ʧʨʦʮʝʩʦʤ 

 
ʉʴʦʛʦʜʥʽ ʙʘʛʘʪʦ ʫʚʘʛʠ ʚʽʜ ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʘʜʤʽʥʽʩʪʨʘʪʦʨʽʚ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʠʢʣʘʜʘʥʥʶ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʚʽʜ ʢʫʨʩʫ ʜʦ ʢʫʨʩʫ, ʪʘ ʨʫʯʥʦʤʫ ʟʘʧʦʚʥʝʥʥʶ ʟʚʽʪʽʚ 

ʽ ʥʘ ʮʝ ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʯʘʩʫ. ʊʦʜʽ ʷʢ ʮʝʡ ʯʘʩ ʤʽʛ ʙʠ 

ʙʫʪʠ ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʽ ʩʪʦʨʦʥʠ ʩʪʫʜʝʥʪʽʚ ʮʝ ʪʘʢʦʞ ʩʪʚʦʨʶʻ 

ʥʝʟʨʫʯʥʦʩʪʽ, ʪʘʢ ʷʢ, ʜʣʷ ʟʘʩʚʦʻʥʥʷ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʫʜʝʥʪʫ 

ʧʦʪʨʽʙʥʦ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʥʘ ʣʝʢʮʽʷʭ, ʘ ʩʪʫʜʝʥʪ ʷʢʠʡ ʧʨʦʧʫʩʪʠʚ 

ʣʝʢʮʽʶ ʨʠʟʠʢʫʻ ʥʝ ʟʘʩʚʦʾʪʠ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ. 

ʎʽ ʪʘ ʽʥʰʽ ʧʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ ʟʘ ʜʦʧʦʤʦʛʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ(ɸʉʂ). ɸʉʂ ʥʘʜʘʶʪʴ ʪʘʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʷʢ: 

- ʝʣʝʢʪʨʦʥʥʫ ʨʝʻʩʪʨʘʮʽʶ, ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʪʘ ʜʦʢʫʤʝʥʪʦʦʙʽʛ 

ʚ ʻʜʠʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʢʦʞʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʽʜʨʦʟʜʽʣʫ ʦʢʨʝʤʦ ʽ ʫʩʪʘʥʦʚʠ ʚ ʮʽʣʦʤʫ; 

- ʧʣʘʥʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ ʘʥʘʣʽʟ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

- ʦʧʝʨʘʪʠʚʥʠʡ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ; 

- ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʟʚʽʪʽʚ, ʷʢ ʚʥʫʪʨʽʰʥʽʭ ʪʘʢ ʽ ʟʘ ʚʠʤʦʛʘʤʠ 

ʄʆʅ ʋʢʨʘʾʥʠ; 

- ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ 

ʟʘʢʦʥʦʜʘʚʩʪʚʘ. 

ʆʩʥʦʚʥʠʤʠ ʘʢʪʦʨʘʤʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ɸʜʤʽʥʽʩʪʨʘʪʦʨ, 

ɺʠʢʣʘʜʘʯ ʪʘ ʉʪʫʜʝʥʪ. ʈʦʣʴ ʩʪʫʜʝʥʪʘ ʚ ʮʽʡ ʩʠʩʪʝʤʽ, ʦʪʨʠʤʘʪʠ 

ʟʨʫʯʥʠʡ ʜʦʩʪʫʧ ʜʦ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʦʡʪʠ ʢʦʥʪʨʦʣʴ 

ʟʥʘʥʴ. ʈʦʣʴ ʚʠʢʣʘʜʘʯʘ, ʮʝ ʩʪʚʦʨʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʪʘ ʚʽʜʧʦʚʽʜʴ ʥʘ ʟʘʧʠʪʘʥʥʷ ʷʢʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚ 

ʩʪʫʜʝʥʪʘ. ɸʜʤʽʥʽʩʪʨʘʪʦʨ ʟʘʡʤʘʻʪʴʩʷ ʧʣʘʥʫʚʘʥʥʷʤ, ʚʝʜʝʥʥʷʤ 

ʟʚʽʪʥʦʩʪʽ ʪʘ ʢʦʥʪʨʦʣʝʤ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘʛʘʣʦʤ. ʉʠʩʪʝʤʘ ʚ 
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ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʩʝ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ, ʟʤʝʥʰʠʪʠ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʘʢʪʦʨʘʤʠ  ʩʠʩʪʝʤʠ, ʪʘ 

ʟʙʽʣʴʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ʆʩʥʦʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʘʢʪʦʨʽʚ ʟʦʙʨʘʞʝʥʽ ʥʘ ʜʽʘʛʨʘʤʽ ʚʟʘʻʤʦʜʽʾ (ʈʠʩ. 1). 

 

 

ʈʠʩ. 1. ɼʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʩʠʩʪʝʤʦʶ 

 

ʇɽʈɽʃɯʂ ʃɯʊɽʈɸʊʋʈʀ 

1. Resarchgate [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://www.researchgate.net/publication/329642752. 

2. ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʽʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://ndipit.com.ua/ua/rozrobky/asu-vnz. 

 

  

https://www.researchgate.net/publication/329642752
http://ndipit.com.ua/ua/rozrobky/asu-vnz
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ʉʪʘʥʽʩʣʘʚ ʇʘʥʽʤʘʨʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʫʟʴ ʈ. ɺ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʦʨʘ 
ʄʽʢʨʦʧʨʦʮʝʩʦʨʠ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚ ʫʩʽ ʩʫʯʘʩʥʽ 

ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ. ʊʝʥʜʝʥʮʽʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʦʨʽʚ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ (ʇʇʂ) ʚʝʜʝ ʜʦ ʧʦʩʪʽʡʥʦʛʦ 

ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʨʘʥʟʠʩʪʦʨʽʚ ʚ ʾʭʥʴʦʤʫ ʷʜʨʽ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʷʜʨʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʽʘʧʘʟʦʥʫ ʧʦʪʫʞʥʦʩʪʽ 

ʇʇʂ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʩʪʚʦʨʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʦʭʦʣʦʜʞʫʚʘʯʽʚ (ʊɽʆ), ʩʫʤʽʩʥʠʭ ʟ ʇʇʂ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽ ʱʽʣʴʥʽʩʪʶ 

ʧʦʪʦʢʽʚ ʪʝʧʣʘ ʻ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ 

Intel Core i7-2600 ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɽʆ. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʇʇʂ 

 

ʇʨʠ ʧʨʦʧʫʩʢʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʊɽʆ ʥʘ ʡʦʛʦ 

ʭʦʣʦʜʥʽʡ ʪʘ ʛʘʨʷʯʽʡ ʩʪʦʨʦʥʘʭ ʚʠʥʠʢʘʶʪʴ ʧʦʪʦʢʠ ʪʝʧʣʘ Q0 ʽ Qh ʽ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʠ T0 ʽ Th ʚʽʜʧʦʚʽʜʥʦ. ɺʟʘʻʤʦʟʚ'ʷʟʦʢ 

ʮʠʭ ʚʝʣʠʯʠʥ ʦʧʠʩʫʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʨʽʚʥʷʥʴ 
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ʜʝ F ï ʩʫʤʘʨʥʘ ʧʣʦʱʘ ʭʦʣʦʜʥʠʭ / ʛʘʨʷʯʠʭ ʩʧʘʾʚ ʊɽʆ; l ï ʚʠʩʦʪʘ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ; i ï ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ; a, r, k ï 

ʆʭʦʣʦʜʞʫʚʘʥʠʡ
ʦʙôʻʢʪ

ʊʝʧʣʦʦʙʤʽʥʥʠʢ
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ʫʩʝʨʝʜʥʝʥʽ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ P- ʽ N-ʪʠʧʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪ 

ɿʝʻʙʝʢʘ, ʧʠʪʦʤʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ; Rh ʽ R0 ï ʪʝʨʤʽʯʥʽ ʦʧʦʨʠ ʥʘ ʛʘʨʷʯʽʡ 

ʪʘ ʭʦʣʦʜʥʽʡ ʩʪʦʨʦʥʘʭ ʊɽʆ ʚʽʜʧʦʚʽʜʥʦ; T0 ʽ Th  ï ʪʝʤʧʝʨʘʪʫʨʠ 

ʭʦʣʦʜʥʦʛʦ ʪʘ ʛʘʨʷʯʦʛʦ ʩʧʘʾʚ; Tʩ ʽ Ta ï ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʭʦʣʦʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʦʨʘ ʩʪʘʻ ʤʦʞʣʠʚʠʤ 

ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʇʨʠʢʣʘʜ ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʊɽʆ (Altec-CM-1-S-SQ-127) ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 2. 
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ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʊɽʆ 

ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʻ 

ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʦʨʘ ʥʘ 

~15%. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 

ʩʧʨʘʚʦʯʥʠʢ / ʃ. ʀ. ɸʥʘʪʳʯʫʢ. ï ʂʠʝʚ: ʅʘʫʢ. ʜʫʤʢʘ, 1979. ï 766 ʩ. 

2. ɹʫʣʘʪ ʃ.ʇ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʪʝʢʩʪ ʣʝʢʮʠʡ /ʧʦʜ 

ʦʙɦʝʡ ʨʝʜ. ʃ.ʇ. ɹʫʣʘʪʘ.ʉ.-ʇ.: ʉʇʙɻʋʅʠʇʊ, 2002. 

3. ɼʝʭʪʷʨʫʢ ʈ. ɯ. ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʦʧʪʦʝʣʝʢʪʨʦʥʽʢʠ: ʘʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ: ʩʧʝʮ. 05.05.14 "ʍʦʣʦʜʠʣʴʥʘ, ʚʘʢʫʫʤʥʘ ʪʘ ʢʦʤʧʨʝʩʦʨʥʘ ʪʝʭʥʽʢʘ, 

ʩʠʩʪʝʤʠ ʢʦʥʜʠʮʽʶʚʘʥʥʷ" / ɼʝʭʪʷʨʫʢ ʈʦʤʘʥ ɯʚʘʥʦʚʠʯ; ʥʘʫʢ. ʢʝʨ. ɺ. ʆ. 

ʉʝʤʝʥʶʢ; ʆʜʝʩ. ʥʘʮ. ʘʢʘʜ. ʭʘʨʯ. ʪʝʭʥʦʣʦʛʽʡ. - ʆʜʝʩʘ: ʆʅɸʍʊ, 2012. ï 

20 ʩ. 
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ɭʚʛʝʥʽʡ ʇʝʣʠʧʝʥʢʦ, ʄʠʢʦʣʘ ʐʠʨʷʻʚ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆʨʣʝʮʴʢʠʡ ɯ.ɻ. 

 

ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ FTO/ZnSe, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ  
 

ʌʦʪʦʧʨʠʡʤʘʯʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʜʽʘʧʘʟʦʥʫ [1], ʷʢʽ 

ʩʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʙʘʨôʻʨʫ ʐʦʪʪʢʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʰʠʨʦʢʦʟʦʥʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʧʦʣʫʢ ɸ
3
ɺ

5
 ʽ ɸ

2
ɺ

6
, ʟʘ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʤʽʪʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ 

ʽʩʥʫʶʯʠʤ ʚʘʢʫʫʤʥʠʤ ʧʨʠʣʘʜʘʤ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʛʽʨʰʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ. 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʪʚʝʨʜʦʪʽʣʴʥʽ ʽʥʞʝʢʮʽʡʥʽ ʬʦʪʦʜʽʦʜʠ [2] 

ʧʦʟʙʘʚʣʝʥʽ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ. ʋ ʥʠʭ ʚʥʫʪʨʽʰʥʻ ʧʦʩʠʣʝʥʥʷ ʩʪʨʫʤʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʽʥʞʝʢʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʢʨʽʟʴ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʬʦʪʦʜʝʪʝʢʪʦʨʘ ʧʨʠ ʦʩʚʽʪʣʝʥʥʽ. 

ʌʦʪʦʯʫʪʣʠʚʽ ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ  FTO/ZnSe ʚʠʛʦʪʦʚʣʷʣʠʩʷ 

ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ 1,43 ʄ ʩʧʠʨʪʦʚʦʛʦ ʨʦʟʯʠʥʫ ʩʪʘʥʘʪʫ 

ʦʣʦʚʘ SnCl4Ŀ5H2O ʟ ʜʦʤʽʰʢʦʶ ʬʪʦʨʠʜʫ ʘʤʦʥʽʶ NH4F
  
ʥʘ 

ʥʘʛʨʽʪʠʭ ʜʦ ʊS = 430 
ʦ
ʉ ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʽʜʢʣʘʜʢʘʭ n-ZnSe. 

ɯʟʦʪʠʧʥʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ Snʆ2:F/n-ZnSe ʚʦʣʦʜʽʣʠ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʚʠʧʨʷʤʣʝʥʥʷ ʩʪʨʫʤʫ ʧʨʠ |V| = 3ɺ ʙʽʣʴʰʠʤ 10
7
 ʧʨʠ 300 ʂ ʪʘ 

ʥʘʧʨʫʛʦʶ ʚʽʜʩʽʯʢʠ  V0 å 2,25 ɺ (ʨʠʩ.1). 

 
ʈʠʩ.1. ʇʨʷʤʘ ʛʽʣʢʘ ʚʦʣʴʪ- ʘʤʧʝʨʥʦ ʾʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ 

Snʆ2:F/n-ZnSe 



240 

ɽʢʚʽʚʘʣʝʥʪ ʧʦʩʣʽʜʦʚʥʦʛʦ  ʦʧʦʨʫ RS ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ Snʆ2:F/n-

ZnSe ʜʦʨʽʚʥʶʻ ~ 560 ʆʤ. ɿʚʦʨʦʪʥʘ ʥʘʧʨʫʛʘ ʧʨʦʙʦʶ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ Vʧʨ > 42 ɺ. ʇʨʠ ʧʨʷʤʠʭ ʥʘʧʨʫʛʘʭ ʚʽʜ 0 ʜʦ 0,5 ɺ 

ʢʦʝʬʽʮʽʻʥʪ ʥʝʽʜʝʘʣʴʥʦʩʪʽ ɺɸʍ ɸ = 2,4 (ʨʠʩ.2) ʚʢʘʟʫʻ ʥʘ 

ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʤʫ. ʇʨʠ V > 0,5 ɺ 

ʟʨʦʩʪʘʥʥʷ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ ʫʧʦʚʽʣʴʥʶʻʪʴʩʷ (ɸ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ 

29) ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʚʠʩʦʢʦʦʤʥʦʛʦ ʰʘʨʫ ʥʘ ʤʝʞʽ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ. ʇʨʠ ʚʽʜôʻʤʥʠʭ ʥʘʧʨʫʛʘʭ ʜʦ ï 3 ɺ ʟʚʦʨʦʪʥʠʡ 

ʩʪʨʫʤ ʫʪʚʦʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʛʝʥʝʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʆʇɿ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʧʨʠ ʙʽʣʴʰʠʭ ʟʤʽʱʝʥʥʷʭ ʜʦ ï 10 ɺ ʧʨʠʩʫʪʥʽʡ 

ʪʫʥʝʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʩʪʨʫʤʦʫʪʚʦʨʝʥʥʷ. 

 
ʈʠʩ.2. ɺɸʍ ʧʨʷʤʦʾ ʛʽʣʢʠ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ SnO2:F/ZnSe  

ʫ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ  

ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʜʞʝʨʝʣʦʤ ʩʚʽʪʣʘ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ Snʆ2:F/n-ZnSe ʤʘʻ ʬʦʪʦʜʽʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʛʝʥʝʨʫʻ ʬʦʪʦʩʪʨʫʤ ISC = 3 ʤʢɸ. ɿʥʘʯʝʥʥʷ ʬʦʪʦʝʨʩ VOC = 1 ɺ. ʇʨʠ 

ʧʨʷʤʠʭ ʟʤʽʱʝʥʥʷʭ V > 1 ɺ ʫ ʩʪʨʫʢʪʫʨʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʨʝʞʠʤ 

ʽʥʞʝʢʮʽʡʥʦʛʦ ʬʦʪʦʜʽʦʜʘ (ʟʙʽʣʴʰʝʥʥʷ ʩʪʨʫʤʫ ʽʥʞʝʢʮʽʾ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ).  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʨʠ: 

1. Blank T.V., Golôdberg Yu.A. Semiconductor photoelectric converters 

for the ultraviolet region of the spectrum, Semiconductors. 37 (2003) 

999ï1030.  

2. Vikulin  I.M., Kurmashev Sh.D., Stafeev V.I. Injection-based 

photodetectors, Semiconductors. 42 (2008) 112ï127.  
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ɺôʷʯʝʩʣʘʚ ʇʝʨʢʦ, ɺʘʜʠʤ ʇʝʨʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺ.ʄ. ʉʪʨʝʙʝʞʝʚ 

 

ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʣʘʟʝʨʥʦ-ʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʥʘ ʢʨʠʩʪʘʣʘʭ CdTe ʪʘ Cd1-xMn xTe 

 
ɸʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʝʣʝʢʪʨʦʥʽʢʠ ʻ ʩʪʚʦʨʝʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʥʠʭ ʩʪʨʫʢʪʫʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ [1]. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 

ʟʘʜʘʥʦʶ ʢʨʠʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦʶ 

ʣʘʟʝʨʥʘ ʨʽʜʠʥʥʦ-ʬʘʟʥʘ ʝʧʽʪʘʢʩʽʷ ʰʘʨʽʚ ʥʘ ʙʘʟʦʚʦʤʫ ʢʨʠʩʪʘʣʽ. 

ʎʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʤʘʣʦ ʜʦʩʣʽʜʞʝʥʠʡ ʱʦʜʦ ʢʨʠʩʪʘʣʽʚ 

CdTe ʪʘ Cd1-xMnxTe, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʩʝʥʩʦʨʽʚ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ. 

ʆʪʨʠʤʘʥʥʷ ʝʧʽʪʘʢʩʽʡʥʠʭ ʤʦʥʦʰʘʨʽʚ, ʘ ʪʘʢʦʞ ʩʢʣʘʜʥʠʭ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʟ ʢʽʣʴʢʦʤʘ ʨ-ʧ-ʧʝʨʝʭʦʜʘʤʠ ʥʘ ʙʘʟʦʚʠʭ ʢʨʠʩʪʘʣʘʭ 

CdTe ʪʘ Cd1-xMnxTe ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʣʘʟʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʝʥʩʦʨʽʚ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʣʘʟʝʨʥʦ-ʝʧʽʪʘʢʩʽʡʥʽ ʰʘʨʠ ʩʪʚʦʨʶʚʘʣʠʩʷ ʥʘ 

ʢʨʠʩʪʘʣʘʭ CdTe ʪʘ Cd1-xMnxTe ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʣʽʩʝʢʫʥʜʥʠʭ 

ʢʚʘʥʪʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʨʫʙʽʥʽ ʪʘ ʥʘ ʽʪʨʽʡ-ʘʣʶʤʽʥʽʻʚʦʤʫ 

ʛʨʘʥʘʪʽ, ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚʽʜʧʦʚʽʜʥʦ ɚ= 0,694ʤʢʤ ʪʘ ɚ= 

1,06ʤʢʤ.  

 

       
 

ʈʠʩ.1. ʂʨʠʩʪʘʣʠ Cd1-xMnxTe ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʤʽʣʽʩʝʢʫʥʜʥʠʤ ʣʘʟʝʨʦʤ 

ʟ ʝʥʝʨʛʽʻʶ 12,5 ɼʞ/ʩʤ
2
: ʘ) ʭ=0,2; ʤʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ; ʙ) ʭ=0,3; 

ʧʦʧʝʨʝʯʥʠʡ ʩʢʦʣ (ʨʘʩʪʨʦʚʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ) 
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ʂʦʤʙʽʥʦʚʘʥʦʶ ʜʽʻʶ ʽʤʧʫʣʴʩʥʠʭ ʣʘʟʝʨʽʚ ʥʘ ʢʨʠʩʪʘʣʠ CdTe 

ʪʘ Cd1-xMnxTe, ʷʢ ʫ ʩʧʝʢʪʨʘʣʴʥʽʡ ʦʙʣʘʩʪʽ ʾʭ ʧʨʦʟʦʨʦʩʪʽ, ʪʘʢ ʽ ʚ 

ʦʙʣʘʩʪʽ ʧʦʛʣʠʥʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʦʪʨʠʤʘʥʦ 

ʝʧʽʪʘʢʩʽʡʥʽ ʰʘʨʠ, ʘ ʪʘʢʦʞ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ [2]. ɼʦʩʣʽʜʞʝʥʦ 

ʩʪʨʫʢʪʫʨʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ ʣʘʟʝʨʥʦ-ʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ, 

ʧʝʨʝʭʽʜʥʠʭ ʦʙʣʘʩʪʝʡ ʪʘ ʨʦʟʧʦʜʽʣ ʚʢʣʶʯʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ Te ʪʘ Cd 

ʚ ʦʙʣʘʩʪʷʭ ʣʘʟʝʨʥʦʛʦ ʚʧʣʠʚʫ (ʨʠʩ.1).   

ɺʠʚʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ ʤʝʪʦʜʦʤ 

ʨʘʩʪʨʦʚʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʣʦ ʾʭ ʩʪʨʫʢʪʫʨʥʫ 

ʜʦʩʢʦʥʘʣʽʩʪʴ, ʷʢʘ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʢʘʨʪʠʥʘʤʠ 

ʢʘʥʘʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ.  ʇʦʜʽʙʥʽ ʢʘʨʪʠʥʠ  ʥʘ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʪʘ ʤʦʟʘʾʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. ɼʦʩʣʽʜʞʝʥʥʷʤ 

ʧʦʧʝʨʝʯʥʠʭ ʩʢʦʣʽʚ ʟʨʘʟʢʽʚ ʚʠʟʥʘʯʝʥʦ ʪʦʚʱʠʥʠ ʣʘʟʝʨʥʦ-

ʝʧʽʪʘʢʩʽʡʥʠʭ ʰʘʨʽʚ, ʜʦʩʢʦʥʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʠʭ ʦʙʣʘʩʪʝʡ ʪʘ  

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʦʟʧʦʜʽʣ ʚʢʣʶʯʝʥʴ ʢʦʤʧʦʥʝʥʪʽʚ Te ʪʘ Cd. 

ʄʦʨʬʦʣʦʛʽʶ ʧʦʚʝʨʭʥʽ ʪʘ ʣʘʪʝʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʜʝʬʝʢʪʽʚ 

ʜʦʩʣʽʜʞʝʥʦ ʪʘʢʦʞ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʧʨʦʩʪʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʪʘʢ ʽ 

ʝʧʽʪʘʢʩʽʡʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʟ ʢʽʣʴʢʦʤʘ ʨ-ʧ-

ʧʝʨʝʭʦʜʘʤʠ ʙʫʣʦ  ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤʠ U-V ʪʘ C-V 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʝʥʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʘʥʽʚ ʥʘ ʛʝʪʝʨʦʤʝʞʘʭ ʫ ʨʝʟʫʣʴʪʘʪʽ ʣʘʟʝʨʥʦʾ 

ʦʙʨʦʙʢʠ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʪʝʤʥʦʚʠʭ 

ʦʙʝʨʥʝʥʠʭ ʩʪʨʫʤʽʚ ʪʘ ʩʪʨʫʤʽʚ ʚʪʨʘʪʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʫʪʣʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʽʚ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ CdTe ʪʘ Cd1-xMnxTe. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʇʝʨʦʥ ɺʦʣʦʜʠʤʠʨ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʗʥʫʰʝʚʩʴʢʠʡ ʉ. ɺ. 

 

ʉʠʩʪʝʤʘ ʦʧʣʘʪʠ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ çEasyPayè 

 
ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʦʧʣʘʪʠ ï ʦʧʣʘʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ 

ʽʥʪʝʨʥʝʪ, ʜʝ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʦʧʣʘʪʫ, ʷʢ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ 

ʪʘʢ ʽ ʧʦʢʫʧʦʢ ʚ ʤʘʛʘʟʠʥʽ ʪʘ ʽʥʰʠʭ ʦʥʣʘʡʥ-ʧʦʩʣʫʛ.  

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʽʩʥʫʻ 2 ʚʽʜʦʤʽ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʠ, ʥʘ 

ʷʢʠʭ ʤʦʞʥʘ ʦʧʣʘʪʠʪʠ ʢʦʤʫʥʘʣʴʥʽ ʪʘ ʽʥʰʽ ʧʦʩʣʫʛʠ.  

- portmone.com.ua - ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ ʢʣʽʻʥʪʘʤ 

ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʱʦʤʽʩʷʯʥʘ ʘʙʦʥʝʥʪʩʴʢʘ ʧʣʘʪʘ ʚ ʨʦʟʤʽʨʽ 9,90 ʛʨʥ. 

ɸʙʦʥʝʥʪʩʴʢʘ ʧʣʘʪʘ ʦʧʣʘʯʫʻʪʴʩʷ ʢʣʽʻʥʪʦʤ, ʷʢʠʡ ʧʨʦʡʰʦʚ 

ʨʝʻʩʪʨʘʮʽʶ, ʦʟʥʘʡʦʤʠʚʩʷ ʟ ʪʘʨʠʬʥʠʤ ʧʣʘʥʦʤ, ʧʨʠʡʥʷʚ ʡʦʛʦ 

ʫʤʦʚʠ ʽ ʚʠʢʦʥʘʚ ʭʦʯʘ ʙ ʦʜʥʫ ʧʣʘʪʽʞʥʫ ʦʧʝʨʘʮʽʶ. ɼʣʷ ʧʦʯʘʪʢʫ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʧʦʪʨʽʙʥʦ ʧʨʦʡʪʠ ʨʝʻʩʪʨʘʮʽʶ ʪʘ 

ʧʨʠʚôʷʟʘʪʠ ʜʦ ʦʙʣʽʢʦʚʦʛʦ ʟʘʧʠʩʫ ʢʨʝʜʠʪʥʫ, ʘʙʦ ʜʝʙʝʪʥʫ ʢʘʨʪʢʫ.  

- ipay.ua ï ʮʝʡ ʩʝʨʚʽʩ ʜʦʟʚʦʣʷʻ ʦʧʣʘʪʠʪʠ ʢʦʤʫʥʘʣʴʥʽ 

ʧʦʩʣʫʛʠ ʙʝʟ ʨʝʻʩʪʨʘʮʽʾ. ɼʣʷ ʦʧʣʘʪʠ ʧʦʪʨʽʙʥʦ ʚʠʙʨʘʪʠ ʧʦʩʣʫʛʫ 

ʜʣʷ ʦʧʣʘʪʠ, ʚʚʝʩʪʠ ʜʘʥʥʽ ʢʘʨʪʢʠ ʪʘ ʦʧʣʘʪʠʪʠ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ 

ʧʦʩʣʫʛ ʟʥʽʤʘʻʪʴʩʷ ʢʦʤʽʩʽʷ ʚ ʨʦʟʤʽʨʽ ʜʝʢʽʣʴʢʦʭ ʚʽʜʩʦʪʢʽʚ ʚʽʜ 

ʨʘʭʫʥʢʫ. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʧʦʣʫʯʘʶʪʴ ʟʥʠʞʢʫ ʚ 10% ʥʘ 

ʢʦʤʽʩʽʶ. 

ɯʩʥʫʶʯʽ ʧʣʘʪʽʞʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʥʝʜʦʣʽʢʠ ʪʘʢʽ, ʷʢ ʣʽʤʽʪʠ 

ʱʦʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʫʤʠ ʥʘ ʨʘʭʫʥʢʫ, ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʟʘʢʮʽʡ ʽ ʩʫʤʠ 

ʚʠʚʝʜʝʥʥʷ, ʘ ʪʘʢʦʞ ʢʦʤʽʩʽʡ ʟʘ ʦʧʣʘʪʠ. 

EasyPay ï ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʝʣʝʢʪʨʦʥʥʘ ʩʠʩʪʝʤʘ ʧʨʠʡʦʤʫ 

ʧʣʘʪʝʞʽʚ. ɿʘʨʝʻʩʪʨʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʧʣʘʯʫʚʘʪʠ ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ, ʱʦ ʻ ʥʘʷʚʥʽ ʚ ʜʦʜʘʪʢʫ. 

ʇʨʠʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʽʩʪʦʨʽʾ ʧʣʘʪʽʞʦʢ, ʘ ʪʘʢʦʞ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʚʠʪʘʥʮʽʡ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ 

ʽʥʩʧʝʢʪʦʨʘ ï ʩʧʝʮʽʘʣʽʩʪʘ ʟ ʢʦʥʢʨʝʪʥʦʾ ʧʦʩʣʫʛʠ, ʟʘ ʧʝʚʥʦʶ 

ʘʜʨʝʩʦʶ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʣʽʯʠʣʴʥʠʢʘ, ʘʙʦ ʞ ʚʩʪʘʥʦʚʣʶʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʩʘʤʦʩʪʽʡʥʦ. ɼʦʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʮʽʥ ʥʘ ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ ʜʣʷ ʢʦʤʧʘʥʽʡ, ʷʢʽ 
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ʧʦʩʪʘʚʣʷʶʪʴ ʮʽ ʧʦʩʣʫʛʠ ʢʽʥʮʝʚʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ. ɼʦʩʪʫʧʥʘ ʘʜʤʽʥ 

ʧʘʥʝʣʴ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʢʦʤʫʥʘʣʴʥʠʭ ʧʦʩʣʫʛ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ 

ʪʘʢʦʞ ʟʘʥʝʩʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ ʯʦʨʥʠʡ ʩʧʠʩʦʢ. 

ɼʘʥʘ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʬʨʝʡʤʚʦʨʢʫ Java Spring 

Framework, ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʬʨʝʡʤʦʨʢ ʚʦʣʦʜʽʻ ʧʦʪʫʞʥʠʤʠ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʤʧʣʝʢʩʥʠʭ 

ʨʽʰʝʥʴ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʣʷʪʠ ʩʢʣʘʜʥʽ ʧʨʦʜʫʢʪʠ, ʪʘʢʽ ʷʢ 

ʧʣʘʪʽʞʥʽ ʩʠʩʪʝʤʠ. ʋ ʭʦʜʽ ʨʦʟʨʦʙʢʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ, ʷʢʘ ʧʨʘʮʶʻ ʟ ʨʝʣʷʮʽʡʥʠʤʠ ɹɼ ʥʘ Java-

ʧʣʘʪʬʦʨʤʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ JDBC, ʪʝʭʥʦʣʦʛʽʾ ʢʝʨʫʚʘʥʥʷ 

ʪʨʘʥʟʘʢʮʽʡ ʫ ʚʠʛʣʷʜʽ ʢʦʦʨʜʠʥʘʮʽʾ API ï ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ 

ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʟʘʢʮʽʷʤʠ ʜʣʷ ʦʙôʻʢʪʽʚ Java, MVC-

ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʢʘʩʪʦʤʽʟʘʮʽʾ ʤʦʞʣʠʚʦʩʪʝʡ. ʋʟʘʛʘʣʴʥʶʶʯʠ 

ʚʠʱʝʦʧʠʩʘʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʦʞʥʘ ʜʦʜʘʪʠ 

ʥʘʩʪʫʧʥʽ: Hibernate, Google Maps API, Stripe API, Liquibase, 

Maven. 

ʉʠʩʪʝʤʘ EasyPay ʚʨʘʭʦʚʫʻ ʥʝʜʦʣʽʢʠ ʘʥʘʣʦʛʽʚ, ʪʘ ʥʘʜʘʻ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ, ʷʢ ʧʨʦʩʪʦʪʘ ʫ ʢʦʨʠʩʪʫʚʘʥʥʽ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʠʢʫ 

ʽʥʩʧʝʢʪʦʨʘ ʥʘ ʜʽʤ, ʘ ʪʘʢʦʞ ʾʭ ʦʮʽʥʶʚʘʥʥʷ. 
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Spring ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. ï ɺʠʣʴʷʤʩ. Expert's Voice, 

2016. 1120 ʩ. 

  

https://www.baeldung.com/
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ʂʨʽʩʪʽʘʥ-ɺʘʩʠʣʴ ʇʣʝʚʘʥ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸʨʭʝʣʶʢ ʆ.ɼ. 

 ʉʧʝʢʪʨ ʽ ʩʧʝʢʪʨʦʛʨʘʤʘ ʩʠʛʥʘʣʫ ʚʽʜ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ 

GSM-900 ʚ ʤ. ʏʝʨʥʽʚʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ RTL-

SDR  
ɽʬʝʢʪʠʚʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʻ ʨʘʜʽʦʩʠʩʪʝʤʘ 

(Software-Defined Radio, SDR), ʷʢʘ ʟʘʙʝʟʧʝʯʝʥʘ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ. 

ʋ ʨʦʙʦʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʩʠʩʪʝʤʠ SDR ʦʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʚ 

ʜʽʘʧʘʟʦʥʽ R-GSM-900 (ʨʠʩ.1-4).  

       
ʈʠʩ. 1. ʉʧʝʢʪʨ ʽ ʩʧʝʢʪʨʦʛʨʘʤʘ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʽʜʥʽʡ ʣʽʥʽʾ (ʤʦʙʽʣʴʥʘ 

ʩʪʘʥʮʽʷ ï ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ), ʚ ʜʽʘʧʘʟʦʥʽ R-GSM-900, (876,0 - 915,0 ʄɻʮ) 

 
ʈʠʩ. 2. ʈʦʟʰʠʨʝʥʘ ʯʘʩʪʠʥʘ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʽʜʥʽʡ ʣʽʥʽʾ (ʤʦʙʽʣʴʥʘ 

ʩʪʘʥʮʽʷ ï ʙʘʟʦʚʘ ʩʪʘʥʮʽʷ) ʫ ʜʽʘʧʘʟʦʥʽ R-GSM-900, (876,0 - 915,0 
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ʄɻʮ)GSM 

ʉʠʛʥʘʣ ʚʽʜ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ GSM ʜʝʤʦʥʩʪʨʫʻ ʧʨʠʥʮʠʧ ʧʦʜʽʣʫ 

ʢʘʥʘʣʽʚ ʯʘʩʦʚʦʾ ʯʘʩʪʦʪʠ (ʨʠʩ. 1). ʂʨʽʤ ʪʦʛʦ, ʮʽ ʚʽʜʥʦʩʥʦ 

ʚʫʟʴʢʦʩʤʫʛʦʚʽ ʩʠʛʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʢʘʟʫ 

ʯʘʩʦʚʦʾ ʜʠʥʘʤʽʢʠ ʟʛʘʩʘʥʥʷ (ʨʠʩ. 4). ʎʝʡ ʛʨʘʬʽʢ ʯʽʪʢʦ ʧʦʢʘʟʫʻ 

ʤʝʞʽ ʤʽʞ ʟʛʘʩʘʥʥʷʤ ʩʠʛʥʘʣʫ ʪʘ ʧʘʢʝʪʘʤʠ GSM. 

 
ʈʠʩ. 3. ʉʧʝʢʪʨ ʽ ʩʧʝʢʪʨʦʛʨʘʤʘ ʩʠʛʥʘʣʫ ʥʘ ʥʠʟʭʽʜʥʽʡ ʣʽʥʽʾ (ʙʘʟʦʚʘ 

ʩʪʘʥʮʽʷ ï ʤʦʙʽʣʴʥʘ ʩʪʘʥʮʽʷ) ʫ ʜʽʘʧʘʟʦʥʽ R-GSM-900 (921,0 - 960,0 ʄɻʮ) 

 
ʈʠʩ. 4. ʈʦʟʰʠʨʝʥʘ ʯʘʩʪʠʥʘ ʩʠʛʥʘʣʫ ʥʘ ʥʠʟʭʽʜʥʽʡ ʣʽʥʽʾ (ʙʘʟʦʚʘ 

ʩʪʘʥʮʽʷ ï ʤʦʙʽʣʴʥʘ ʩʪʘʥʮʽʷ) ʫ ʜʽʘʧʘʟʦʥʽ R-GSM-900 (921,0 - 960,0 ʄɻʮ) 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Press release - Commission Decisions on Mobile Communication 

Services on Aircraft - Frequently Asked Questions. Europa.eu. Retrieved on 

2013-09-18. 
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ɺʘʣʝʥʪʠʥ ʇʦʜʦʣʴʯʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ɺ. ɼʝʨʝʚʷʥʯʫʢ 

 

ɺʽʨʪʫʘʣʴʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʩʪʝʥʜ çɼʝʨʝʚʦʦʙʨʦʙʥʽ 

ʚʝʨʩʪʘʪʠè 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʚʠʨʦʙʣʝʥʥʷ ʫ ʩʪʫʜʝʥʪʽʚ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ 

ʜʝʨʝʚʦʦʙʨʦʙʥʠʤʠ ʚʝʨʩʪʘʪʘʤʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʩʪʝʥʜʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʤʘʣʦʧʦʪʫʞʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ 

ʟʨʘʟʢʽʚ ʘʙʦ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʧʨʠʩʪʨʦʾʚ, ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʠʭ ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ 

ʚʠʷʚʣʷʶʪʴʩʷ ʟʥʘʯʥʦ ʚʠʱʝ ʬʽʥʘʥʩʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʚʯʘʣʴʥʦʛʦ 

ʟʘʢʣʘʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧ'ʶʪʝʨʽʚ ʪʘ ʧʨʦʛʨʘʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʥʽ 

ʩʪʝʥʜʠ, ʷʢʽʩʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʤʦʞʣʠʚʽʩʪʶ 

ʦʙʣʽʢʫ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʟʤʽʥʶʚʘʪʠ ʚ 

ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʙʫʜʴ-ʷʢʽ ʧʘʨʘʤʝʪʨʠ ʽ ʨʝʞʠʤʠ ʨʦʙʦʪʠ [1]. 

ɺʽʨʪʫʘʣʴʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʩʪʝʥʜ ð ʮʝ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʡ 

ʢʦʤʧʣʝʢʩ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʫʜʝʥʪʘʤ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʥʘʡʩʫʯʘʩʥʽʰʦʛʦ ʽ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʽʡ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʻ ʥʘʡʙʽʣʴʰ 

ʚʠʛʽʜʥʠʤ ʽ ʜʦʩʪʫʧʥʠʤ ʚʘʨʽʘʥʪʦʤ. 

ʗʢ ʦʩʥʦʚʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʟʘʩʽʙ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʪʝʥʜʫ ʙʫʚ 

ʦʙʨʘʥʠʡ ʛʨʘʬʽʯʥʠʡ ʧʘʢʝʪ Macromedia Flash, ʦʩʢʽʣʴʢʠ ʚʽʥ 

ʧʨʦʧʦʥʫʻ ʙʽʣʴʰ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. Flash ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʽʥʪʝʛʨʫʚʘʪʠ ʚ ʦʜʥʦʤʫ ʜʦʢʫʤʝʥʪʽ 

ʨʽʟʥʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʾ: ʛʨʘʬʽʯʥʽ, ʪʝʢʩʪʦʚʽ ʽ ʟʚʫʢʦʚʽ ʜʘʥʽ; ʧʨʦʧʦʥʫʻ 

ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʩʪʚʦʨʝʥʥʶ ʘʥʽʤʘʮʽʾ. ɼʦ ʧʝʨʝʚʘʛ Flash-

ʪʝʭʥʦʣʦʛʽʾ ʪʘʢʦʞ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʤʘʣʠʡ ʧʽʜʩʫʤʢʦʚʠʡ ʦʙʩʷʛ ʬʘʡʣʽʚ 

ʽ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʜʦʟʚʦʣʫ ʤʦʥʽʪʦʨʘ ʢʦʤʧ'ʶʪʝʨʘ ʢʦʨʠʩʪʫʚʘʯʘ. ʎʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʚʠʪʢʦʤ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʨʝʞʽ Internet ʷʢ 

ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʧʦʰʠʨʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʜʦʟʚʦʣʷʶʪʴ ʫʩʫʥʫʪʠ ʥʝʜʦʣʽʢ 

ʪʨʘʜʠʮʽʡʥʦʛʦ ʩʧʦʩʦʙʫ ʥʘʚʯʘʥʥʷ - ʮʝ ʦʢʨʝʤʝ ʧʨʦʚʘʜʞʝʥʥʷ 
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ʣʝʢʮʽʡʥʠʭ ʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʷʢ ʟʘ ʯʘʩʦʤ, ʪʘʢ ʽ ʟʘ ʪʝʤʦʶ. 

ɸʜʞʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʣʘʙʦʨʘʪʦʨʥʽ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʥʝ ʟ 

ʧʦʟʠʮʽʾ ʟʙʝʨʝʞʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʣʘʜʫ ʪʝʤ ʣʝʢʮʽʡʥʠʭ ʟʘʥʷʪʴ, 

ʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʪʫʧʥʦʩʪʽ (ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʘʙʦ ʥʝʟʘʡʥʷʪʽʩʪʴ) 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ; 

¶ ɺʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʠʜʙʘʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʦʨʦʛʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; 

¶ ʉʠʩʪʝʤʘ ʟʘʟʜʘʣʝʛʽʜʴ ʥʘʣʘʰʪʦʚʘʥʘ ʽ ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ; 

¶ ɼʣʷ ʜʦʩʪʫʧʫ ʫ ʚʽʨʪʫʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʥʝ ʧʦʪʨʽʙʥʦ ʥʽʷʢʦʛʦ 

ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

¶ ʋʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; 

¶ ʇʨʦʩʪʽʰʝ ʽ ʜʝʰʝʚʰʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

¶ ʇʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʥʘʚʯʘʥʥʷ; 

¶ ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ; 

ɯʩʪʦʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʽʨʪʫʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʻ ʾʭ 

ʚʘʨʪʽʩʪʴ ʧʦʨʽʚʥʷʥʥʦ ʟ ʚʘʨʪʽʩʪʶ ʨʝʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘʢ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʚʽʨʪʫʘʣʴʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʚʠʥʝʥ ʜʦʧʦʚʥʶʚʘʪʠ ʥʘʪʫʨʥʠʡ, ʘʣʝ ʥʽ ʚ ʷʢʦʤʫ ʨʘʟʽ 

ʥʝ ʟʘʤʽʥʶʚʘʪʠ ʡʦʛʦ. 

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʥʘʚʯʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ, ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʩʪʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʡ ʦʮʽʥʢʠ 

ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʻ ʥʦʚʽʪʥʽʤ, ʧʨʦʛʨʝʩʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʩʪʚʦʨʶʻ 

ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʥʘʚʯʘʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʽ 

ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʾʾ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɸʤʘʥʜʽʢʦʚ ʄ.ɸ. ʉʪʚʦʨʝʥʥʷ ʚʽʨʪʫʘʣʴʥʠʭ ʩʪʝʥʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 
ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ // ʅʘʫʢʦʚʠʡ ʦʛʣʷʜ. 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. - 2016. - ˉ 1. - ʉ. 5-8;  
2. ɾʫʢʦʚ, ɯ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʩʠʩʪʝʤ ʪʘ ʤʝʨʝʞ. ʅʘʚʯʘʣʴʥʠʡ 

ʧʦʩʽʙʥʠʢ [ʊʝʢʩʪ] / ɯ. ɸ. ɾʫʢʦʚ, ɺ.ɯ. ɼʨʦʚʦʚʦʟʦʚ, ɹ.ɻ. ʄʘʭʥʦʚʩʴʢʠʡ. - ʂ.: 

ʅɸʋ, 2007. - 361 ʩ. 
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ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʚ. ʦ. ʧʨʦʬ. ʏʝʨʢʝʟ ʈ. ɻ. 

 

ʉʧʝʮʠʬʽʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʝʛʤʝʥʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʨʦʥʠʢʥʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ 

 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʛʝʥʝʨʘʪʦʨʠ (ʊɽɻ) ʻ ʧʨʠʩʪʨʦʷʤʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʠʯʥʫ. 

ʇʨʠʥʮʠʧʦʚʽ ʧʝʨʝʚʘʛʠ ʊɽɻ ʧʦʣʷʛʘʶʪʴ ʫ ʪʨʠʚʘʣʦʤʫ ʪʝʨʤʽʥʽ 

ʩʣʫʞʙʠ, ʥʝ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʤʘʶʪʴ 

ʥʝʦʙʤʝʞʝʥʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠ ʧʦʚʥʽʡ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʨʦʙʦʪʠ 

ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩĚ ʩʪʽʡʢʽʩʪʴ ʪʘ ʧʦʚʥʫ ʙʝʟʰʫʤʥʽʩʪʴ ʫ ʨʦʙʦʪʽ [1]. 

ɼʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʊɽʄ) ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʘʣʝʚʽ 

ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʧʣʘʚʠ ʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʩʫʯʘʩʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʷʭ [2]. 

ɼʦ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʊɽɻ ʚʽʜʥʦʩʷʪʴʩʷ ʪʝʣʫʨʠʜʠ ʙʽʩʤʫʪʫ, 

ʧʣʶʤʙʫʤʫ, ʩʪʠʙʽʶ ʽ ʾʭ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ; ʩʝʣʝʥʽʜʠ ʙʽʩʤʫʪʫ ʽ 

ʩʪʠʙʽʶ; ʪʝʣʫʨʠʜ ʛʝʨʤʘʥʽʶ, ʤʦʥʦʩʫʣʴʬʽʜ ʩʘʤʘʨʽʶ, ʩʝʣʝʥʽʜ 

ʛʘʜʦʣʽʥʽʶ, ʩʪʘʥʥʽʜ ʽ ʩʠʣʽʮʠʜ ʤʘʛʥʽʶ. ʋ ʊɽɻ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʣʫʨʠʜ ʚʽʩʤʫʪʫ [3]. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʚʩʷ ʽʥʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʧʽʜʚʝʜʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚ ʷʢʠʭ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʽ ʩʧʘʾʚ, ʘʣʝ ʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʚʠʥʝʥʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʦʙʩʷʟʽ 

ʤʘʪʝʨʽʘʣʫ ʛʽʣʦʢ ʪʝʨʤʦʝʣʝʤʝʥʪʘ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʩʪʘʶʪʴ ʧʨʦʥʠʢʥʠʤʠ ʜʣʷ ʧʦʪʦʢʽʚ ʛʘʟʽʚ ʘʙʦ ʨʽʜʠʥ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ 30% ʚʞʝ ʜʣʷ ʽʩʥʫʶʯʠʭ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʛʝʥʝʨʘʪʦʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ Bi2Te3 

[1]. 
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ʈʠʩ. 1. ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʩʝʛʤʝʥʪʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ 

1, 8, 9 ï ʢʦʤʫʪʘʮʽʡʥʽ ʧʣʘʩʪʠʥʠ; 2, 10 ï ʢʦʤʫʪʘʮʽʡʥʽ ʰʘʨʠ; 3, 

5, 6, 7 ï ʩʝʛʤʝʥʪʠ (ʩʝʢʮʽʾ) ʛʽʣʢʠ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ; 4 ï ʧʦʪʽʢ 

ʪʝʧʣʦʥʦʩʽʷ; 11, 12, 13 ï ʩʝʛʤʝʥʪʠ (ʩʝʢʮʽʾ) ʛʽʣʢʠ p-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ; 14 ï ʚʠʩʦʢʦʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʜʽʝʣʝʢʪʨʠʢ 

 

ʇʨʦʪ̫ʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʨʽʯʯʷ ʚʩʝ ʙʽʣʴʰʫ ʫʚʘʛʫ 

ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʠʚʝʨʪʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ Co-Sb, Pb-Te, Si-Ge. ɺʦʥʠ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʽ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʤʦʝʨʩ ʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ 

ʜʦʙʨʦʪʥʦʩʪʽ ZT ʥʘ ʨʽʚʥʽ 1ï1,1 ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 700ï750 ʂ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʠʯʫʢ ʃ. ɯ. ʇʨʦʥʠʢʥʠʡ ʩʝʛʤʝʥʪʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ ʫ ʨʝʞʠʤʽ 
ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ / ʃ. ɯ. ɸʥʘʪʠʯʫʢ, ʈ. ɻ. ʏʝʨʢʝʟ // 

ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2010. ï ˉ3. ï ʉ. 5ï12. 

2. ʏʝʨʢʝʟ ʈ.ɻ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʦʥʠʢʥʠʭ ʩʪʨʫʢʪʫʨ 
ʥʘ ʦʩʥʦʚʽ ʩʠʣʽʮʠʜʽʚ Mg ʽ Mn / ʏʝʨʢʝʟ ʈ.ɻ. // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2013. 

ï ˉ6. ï ʉ. 62-70. 

3. ʏʝʨʢʝʟ ʈ. ɻ. ʇʨʦʥʠʢʥʠʡ ʩʝʛʤʝʥʪʥʠʡ ʛʝʥʝʨʘʪʦʨʥʠʡ ʪʝʨʤʦʝʣʝʤʝʥʪ / 

ʈ. ɻ. ʏʝʨʢʝʟ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʌʽʟʠʢʘ, ʝʣʝʢʪʨʦʥʽʢʘ. - 2011. - ʊ. 1, ɺʠʧ. 2. - ʉ. 81-84. 
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ʂʘʨʽʥʘ ʇʦʪʝʨʝʡʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɺ. ɺ. ʊʦʤʘʰ 

 

ʄʝʪʦʜʠʢʘ ʨʦʟʚʠʪʢʫ ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʤʠʩʣʝʥʥʷ ʫʯʥʽʚ  

ʫ ʧʨʦʮʝʩʽ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ 

 
ɼʠʚʝʨʛʝʥʪʥʝ ʤʠʩʣʝʥʥʷ ï ʮʝ ʪʚʦʨʯʝ ʤʠʩʣʝʥʥʷ. ʎʝʡ ʤʝʪʦʜ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ ʤʦʞʥʘ ʥʘʟʚʘʪʠ çʨʽʟʥʦʩʪʦʨʦʥʥʽʤè. ʇʨʠ 

ʘʥʘʣʽʟʽ ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚ ʚʽʜʩʫʪʥʽʡ ʥʝʧʦʭʠʪʥʠʡ ʟʚôʷʟʦʢ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʦʚʠʭ ʢʦʤʙʽʥʘʮʽʡ, ʥʦʚʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʝʣʝʤʝʥʪʘʤʠ. ʆʪʞʝ, ʟôʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ ʰʣʷʭʽʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʧʨʦʙʣʝʤʠ. ɼʠʚʝʨʛʝʥʪʥʝ ʤʠʩʣʝʥʥʷ ʧʨʘʮʶʻ ʥʘ ʧʦʰʫʢ 

ʥʝʦʨʜʠʥʘʨʥʠʭ ʽʜʝʡ, ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʬʦʨʤ 

ʜʽʷʣʴʥʦʩʪʽ, ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʽʥʪʝʨʝʩʫ [1]. 

ʈʦʟʚʠʪʦʢ ʜʠʚʝʨʛʝʥʪʥʦʛʦ ʤʠʩʣʝʥʥʷ ʤʦʞʥʘ ʟ ʣʝʛʢʽʩʪʶ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ 

ʥʘʚʯʘʣʴʥʠʤ ʧʨʦʝʢʪʦʤ ʥʘ ʝʪʘʧʽ ʜʦʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʫʯʥʷʤ ʦʙʨʘʪʠ ʜʣʷ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʫ ʷʢʠʡʩʴ 

ʥʝʩʪʘʥʜʘʨʪʥʠʡ ʤʘʪʝʨʽʘʣ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʚʽʟʴʤʝʤʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʘʥʥʦ ʟ ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ. ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ 

ʥʝ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʘʢʠʭ ʮʽʣʝʡ, ʧʨʦʪʝ ʚʽʥ ʜʦʩʪʫʧʥʠʡ, 

ʨʽʟʥʦʤʘʥʽʪʥʠʡ, ʤʽʮʥʠʡ ʪʘ ʥʝ ʧʩʫʻʪʴʩʷ ʟ ʯʘʩʦʤ. ʋ ʧʨʦʮʝʩʽ 

ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʫ ʫʯʝʥʴ ʥʘʚʯʠʪʴʩʷ ʥʝʦʨʜʠʥʘʨʥʦ ʧʦʻʜʥʫʚʘʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ. ɸ ʛʦʣʦʚʥʝ, ʱʦ ʚʽʥʧʦʯʥʝ ʜʠʚʠʪʠʩʷ ʥʘ 

ʨʝʯʽ, ʷʢʽ ʡʦʛʦ ʦʪʦʯʫʶʪʴ, ʟ ʽʥʰʦʾ ʩʪʦʨʦʥʠ. ɼʣʷ ʫʯʥʽʚ ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʜʘʩʪʴ ʟʤʦʛʫ ʛʝʥʝʨʫʚʘʪʠ ʥʦʚʽ ʽʜʝʾ ʪʘ 

ʟʥʘʭʦʜʠʪʠ ʰʣʷʭʠ ʜʣʷ ʾʭ ʚʪʽʣʝʥʥʷ. 

ʊʚʦʨʯʽʩʪʴ ʩʴʦʛʦʜʥʽ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʘ ʚ ʦʩʚʽʪʽ, ʪʦʤʫ ʟʥʷʪʪʷ ʪʘʢ 

ʟʚʘʥʦʛʦ çʙʘʨô̒ ʨʘè ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʯʦʛʦʩʴ ʥʦʚʦʛʦ ʪʘ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ, ʜʘʩʪʴ ʟʤʦʛʫ ʧʨʦʷʚʠʪʠ ʩʚʦʶ ʦʩʦʙʠʩʪʽʩʪʴ ʪʘ 

ʫʥʽʢʘʣʴʥʽʩʪʴ. 

ʇʨʦ ʤʦʞʣʠʚʽʩʪʴ ʫʩʧʽʰʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʯʥʽʚ ʷʢʦʩʪʝʡ 

ʪʚʦʨʯʦʾ ʦʩʦʙʠʩʪʦʩʪʽ ʩʚʽʜʯʠʪʴ ʜʦʩʚʽʜ ʙʘʛʘʪʴʦʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ 

ʟʘʢʦʨʜʦʥʥʠʭ ʧʝʜʘʛʦʛʽʚ. çʇʨʠʨʦʜʘ ʱʝʜʨʦ ʥʘʜʽʣʠʣʘ ʢʦʞʥʫ 

ʟʜʦʨʦʚʫ ʜʠʪʠʥʫ ʤʦʞʣʠʚʦʩʪʷʤʠ ʨʦʟʚʠʚʘʪʠʩʷ, ʽ ʧʦʪʨʽʙʥʦ ʣʠʰʝ 

ʟʥʘʡʪʠ, ʷʢ ʨʝʘʣʽʟʫʚʘʪʠ ʮʽ ʤʦʞʣʠʚʦʩʪʽ, ʽ ʪʦʜʽ ʢʦʞʝʥ ʫʯʝʥʴ ʟʤʦʞʝ 

ʧʽʜʥʷʪʠʩʷ ʥʘ ʥʘʡʙʽʣʴʰʽ ʚʠʩʦʪʠ ʪʚʦʨʯʦʾ ʜʽʷʣʴʥʦʩʪʽè [2]. ɼʣʷ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ ʚʘʨʪʦ ʥʘʜʘʚʘʪʠ ʫʯʥʷʤ ʤʘʢʩʠʤʫʤ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʝʙʝ ʫ ʪʚʦʨʯʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʧʨʠʯʦʤʫ 

ʨʦʟʧʦʯʠʥʘʪʠ ʜʦʮʽʣʴʥʦ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʟʘʚʜʘʥʴ. ʇʨʦʛʨʘʤʥʠʡ 

ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʽʟ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʯʠʪʝʣʶ 

ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʩʧʦʩʦʙʠ ʪʘ ʧʨʠʡʦʤʠ 

ʟʘʣʫʯʝʥʥʷ ʫʯʥʽʚ ʜʦ ʪʚʦʨʯʦʩʪʽ. ʇʨʘʮʶʶʯʠ ʥʘʜ ʪʚʦʨʯʠʤʠ, 

ʧʨʦʙʣʝʤʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʫʯʥʽ ʟʘʩʚʦʶʶʪʴ ʜʦʩʚʽʜ ʪʚʦʨʯʦʾ 

ʜʽʷʣʴʥʦʩʪʽ, ʦʢʨʝʤʽ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʝʾ ʧʨʦʮʝʜʫʨʠ, ʥʘʙʫʚʘʶʪʴ 

ʥʘʚʠʯʦʢ ʚʠʜʦʟʤʽʥʶʚʘʪʠ ʩʪʘʥʜʘʨʪʥʽ ʩʧʦʩʦʙʠ ʤʠʩʣʝʥʥʷ, ʷʢʠʤ 

ʚʦʥʠ ʚʞʝ ʥʘʚʯʠʣʠʩʷ, ʚʯʘʪʴʩʷ ʢʦʥʩʪʨʫʶʚʘʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ 

ʦʩʤʠʩʣʝʥʥʷ ʨʘʥʽʰʝ ʟʘʩʚʦʻʥʦʛʦ ʘʙʦ ʥʦʚʦʛʦ ʟʤʽʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʅʘ ʞʘʣʴ, ʪʨʘʜʠʮʽʡʥʘ ʰʢʽʣʴʥʘ ʩʠʩʪʝʤʘ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʚ 

ʫʯʥʽʚ ʢʦʥʚʝʨʛʝʥʪʥʦʛʦ ʤʠʩʣʝʥʥʷ ʪʘ ʧʨʠʛʥʽʯʫʻ ʟʘʜʘʪʢʠ 

ʜʠʚʝʨʛʝʥʪʥʦʛʦ. ɼʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ 

ʜʽʪʝʡ ʥʝʦʙʭʽʜʥʝ ʨʘʮʽʦʥʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʨʝʧʨʦʜʫʢʪʠʚʥʠʭ, 

ʯʘʩʪʢʦʚʦ-ʧʦʰʫʢʦʚʠʭ ʪʘ ʪʚʦʨʯʠʭ ʟʘʚʜʘʥʴ. ɼʣʷ ʜʦʨʦʩʣʠʭ ʧʦʯʘʪʦʢ 

ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʧʨʦʙʣʝʤʠ ï ʧʨʦʮʝʩ ʚʘʞʢʠʡ. ɼʠʪʠʥʘ ʞ ʥʝ ʚʽʜʯʫʚʘʻ 

ʪʘʢʠʭ ʪʨʫʜʥʦʱʽʚ. ɺʦʥʘ ʣʝʛʢʦ ʡ ʧʝʨʝʜʫʩʽʤ ʧʨʘʢʪʠʯʥʦ ʧʦʯʠʥʘʻ 

ʜʽʷʪʠ, ʽʥʢʦʣʠ ʥʝ ʟʦʚʩʽʤ ʦʩʤʠʩʣʝʥʦ ʽ ʮʷ ʜʽʷʣʴʥʽʩʪʴ, ʧʦʩʪʫʧʦʚʦ 

ʥʘʙʫʚʘʻ ʙʽʣʴʰʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʟʘʭʦʧʣʶʻ ʾʾ ʧʦʰʫʢʦʤ ʪʘ ʥʘʚʽʪʴ 

ʜʘʻ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ [3]. 

ʆʪʞʝ, ʜʠʚʝʨʛʝʥʪʥʝ ʤʠʩʣʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʜʽʪʝʡ. ɺʽʜ ʨʽʚʥʷ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ 

ʤʠʩʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʤʘʡʙʫʪʥʽʡ ʪʚʦʨʯʠʡ ʧʦʪʝʥʮʽʘʣ ʫʯʥʽʚ. 

ʈʦʟʧʦʯʘʚʰʠ ʬʦʨʤʫʚʘʪʠ ʡʦʛʦ ʱʝ ʟ ʜʦʰʢʽʣʴʥʦʛʦ ʚʽʢʫ ʽ 

ʧʨʦʜʦʚʞʠʚʰʠ ʚ ʰʢʦʣʽ, ʤʠ ʩʧʨʠʷʻʤʦ ʬʦʨʤʫʚʘʥʥʶ ʦʩʦʙʠʩʪʦʩʪʝʡ, 

ʷʢʽ ʩʧʨʦʤʦʞʥʽ ʫʥʽʢʘʣʴʥʦ ʤʠʩʣʠʪʠ. 
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ɯʚʘʥʥʘ ʇʨʫʩ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʦʤʘʰ ɺ.ɺ. 

 

ʅʝʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʫʨʦʢʽʚ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʚ ʩʪʘʨʰʠʭ ʢʣʘʩʘʭ 
 

ʊʨʫʜʦʚʝ ʥʘʚʯʘʥʥʷ ʷʢ ʥʘʚʯʘʣʴʥʠʡ ʧʨʝʜʤʝʪ ʤʘʻ ʚʝʣʠʢʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʽ 

ʦʩʦʙʠʩʪʽʩʥʦʛʦ ʩʪʘʥʦʚʣʝʥʥʷ ʫʯʥʽʚ. ʉʫʯʘʩʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʚʠʩʫʚʘʻ 

ʜʦ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: ʨʦʟʚʠʪʦʢ ʦʩʦʙʠʩʪʦʩʪʽ 

ʫʯʥʽʚ, ʧʦʩʠʣʝʥʥʷ ʛʫʤʘʥʽʩʪʠʯʥʦʛʦ ʟʤʽʩʪʫ ʥʘʚʯʘʥʥʷ, ʧʦʚʥʽʰʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʭʦʚʥʦʛʦ, ʦʩʚʽʪʥʴʦʛʦ ʽ ʨʦʟʚʠʚʘʶʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ʩʪʦʩʦʚʥʦ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ ʢʦʞʥʦʛʦ ʫʯʥʷ. 

ʈʝʘʣʽʟʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰ 

ʪʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʫʨʦʢʽʚ ʟ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʜʦʩʠʪʴ ʚʘʞʢʦ.  

ʅʝʪʨʘʜʠʮʽʡʥʠʡ ʫʨʦʢ ï ʮʝ ʽʤʧʨʦʚʽʟʦʚʘʥʝ ʥʘʯʘʣʴʥʝ ʟʘʥʷʪʪʷ, ʱʦ 

ʤʘʻ ʥʝʪʨʘʜʠʮʽʡʥʫ ʩʪʨʫʢʪʫʨʫ [1]. 

ʎʝʡ ʫʨʦʢ ʭʘʨʘʢʪʝʨʥʠʡ ʪʠʤ, ʱʦ ʚ ʡʦʛʦ ʧʽʜʛʦʪʦʚʮʽ ʪʘ 

ʧʨʦʚʝʜʝʥʥʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʥʝ ʪʽʣʴʢʠ ʫʯʠʪʝʣʽ, ʘ ʡ ʫʯʥʽ, ʷʢʽ ʤʘʶʪʴ 

ʟʤʦʛʫ ʧʨʦʷʚʣʷʪʠ ʩʝʙʝ ʩʘʤʦʩʪʽʡʥʦʶ, ʽʥʽʮʽʘʪʠʚʥʦʶ ʦʩʦʙʠʩʪʽʩʪʶ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦ-ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʫʯʥʽʚ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʩʧʦʩʦʙʠ ʚʟʘʻʤʦʜʽʾ ʩʫʙôʻʢʪʽʚ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʠʜʽʣʷʻ ʪʘʢʽ ʤʦʜʝʣʽ ʥʝʪʨʘʜʠʮʽʡʥʠʭ 

ʬʦʨʤ ʥʘʚʯʘʥʥʷ: 

ʄʦʜʝʣʴ ɸ. ʅʝʪʨʘʜʠʮʽʡʥʽ ʬʦʨʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʦʙʽʯʥʫ 

ʜʽʶ ʥʘ ʫʯʥʷ (ʫʯʠʪʝʣʴ-ʫʯʝʥʴ, ʫʯʝʥʴ-ʫʯʝʥʴ). ʆʨʛʘʥʽʟʘʮʽʷ 

ʩʧʽʣʢʫʚʘʥʥʷ ʟʘ ʜʘʥʠʤʠ ʩʭʝʤʘʤʠ ʨʦʙʠʪʴ ʜʠʪʠʥʫ ʩʫʙôʻʢʪʦʤ ʜʽʾ, ʘ 

ʚʯʠʪʝʣʝʚʽ ʥʘʣʝʞʠʪʴ ʧʨʦʚʽʜʥʘ ʨʦʣʴ. ɼʘʥʘ ʤʦʜʝʣʴ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʪʦʜʽ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʦʾ ʥʝʤʘʻ ʚ 

ʥʘʚʯʘʣʴʥʠʭ ʧʦʩʽʙʥʠʢʘʭ, ʜʣʷ ʾʾ ʥʘʩʪʫʧʥʦʾ ʧʦʛʣʠʙʣʝʥʦʾ ʧʝʨʝʨʦʙʢʠ. 

( ɯʥʪʝʛʨʦʚʘʥʠʡ ʫʨʦʢ, ʫʨʦʢ-ʣʝʢʮʽʷ, ʫʨʦʢ-ʤʘʥʜʨʽʚʢʘ, ʫʨʦʢ-ʩʝʤʽʥʘʨ, 

ʪʘ ʽʥ.). 

ʄʦʜʝʣʴ ɺ. ʅʝʪʨʘʜʠʮʽʡʥʽ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʟʘʻʤʦʜʽʶ ʚ ʧʨʦʮʝʩʽ ʩʧʽʣʢʫʚʘʥʥʷ ʩʫʙôʻʢʪʽʚ ʥʘʚʯʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʧʘʨʥʦʾ ʨʦʙʦʪʠ, ʨʦʙʦʪʠ ʤʘʣʠʭ ʛʨʫʧ, ʤʽʞʛʨʫʧʦʚʦʾ ʨʦʙʦʪʠ. ʋ ʜʘʥʽʡ 

ʤʦʜʝʣʽ ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʽʣʢʫʚʘʥʥʷ ʫʯʝʥʴ ʻ ʦʜʥʠʤ ʽʟ ʨʽʚʥʦʧʨʘʚʥʠʭ 
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ʩʫʙôʻʢʪʽʚ. ʄʽʞ ʫʯʠʪʝʣʝʤ ʽ ʫʯʥʝʤ (ʫʯʥʝʤ ʽ ʫʯʥʝʤ) ʚʠʥʠʢʘʻ 

ʩʧʽʚʪʚʦʨʯʽʩʪʴ. ʆʨʛʘʥʽʟʦʚʫʶʯʠ ʚʟʘʻʤʦʜʽʶ, ʫʯʠʪʝʣʴ ʢʝʨʫʻ 

ʧʽʟʥʘʚʘʣʴʥʦʶ ʜʽʷʣʴʥʽʩʪʶ, ʪʚʦʨʯʠʤ ʧʦʰʫʢʦʤ ʜʽʪʝʡ. ( ʋʨʦʢ-ʣʦʪʦ, 

ʫʨʦʢ-ʢʦʤʧʦʟʠʮʽʷ, ʫʨʦʢ-ʘʫʢʮʽʦʥ, ʫʨʦʢ-ʜʠʩʧʫʪ, ʫʨʦʢ çʑʦ? ɼʝ? 

ʂʦʣʠ?è, ʫʨʦʢ-ʬʦʨʫʤ ʪʘ ʽʥ.). 

ʄʦʜʝʣʴ ʉ. ʅʝʪʨʘʜʠʮʽʡʥʽ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ, 

ʷʢ ʦʜʥʦʙʽʯʥʫ ʜʽʶ, ʪʘʢ ʽ ʚʟʘʻʤʦʜʽʶ ʩʫʙôʻʢʪʽʚ ʥʘʚʯʘʥʥʷ. (ɿʘʣʝʞʥʦ 

ʚʽʜ ʟʤʽʩʪʫ, ʬʦʨʤ ʽ ʤʝʪʦʜʽʚ, ʪʦʙʪʦ ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʤʦʜʝʣʴ ɸ, ʘʙʦ 

ʤʦʜʝʣʴ ɺ, ʘʙʦ ʦʙʠʜʚʽ ʤʦʜʝʣʽ ʨʘʟʦʤ) [2]. 

ʋ ʧʨʦʮʝʩʽ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ 

ʤʦʜʝʣʽ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʫʨʦʢʽʚ, ʷʢ: 

- ʫʨʦʢʠ-ʧʦʜʦʨʦʞʽ ʯʠ ʫʨʦʢʠ-ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʩʧʨʠʷʶʪʴ 

ʧʽʜʚʠʱʝʥʥʶ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʫʯʥʽʚ, ʯʠʾ ʽʥʪʝʨʝʩʠ ʤʘʶʪʴ 

ʨʦʤʘʥʪʠʯʥʫ, ʬʘʥʪʘʩʪʠʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʪʘ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʚʠʢʦʥʘʥʥʷʤ ʨʦʣʝʡ, ʚʽʜʧʦʚʽʜʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ, ʫʤʦʚʘʤʠ 

ʧʨʦʚʝʜʝʥʥʷ;  

- ʫʨʦʢʠ ʟʤʽʩʪʦʚʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʾʭ ʦʩʥʦʚʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʻ ʚʟʘʻʤʠʥʠ ʤʽʞ ʫʯʥʷʤʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʤʽʩʪʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʫʨʦʢʠ-ʩʝʤʽʥʘʨʠ, ʫʨʦʢʠ-ʢʦʥʬʝʨʝʥʮʽʾ, 

ʫʨʦʢʠ-ʣʝʢʮʽʾ; 

- ʫʨʦʢʠ ʩʫʩʧʽʣʴʥʦʛʦ ʦʛʣʷʜʫ ʟʥʘʥʴ (ʫʨʦʢʠ-ʪʚʦʨʯʽ ʟʚʽʪʠ, 

ʫʨʦʢʠ-ʟʘʣʽʢʠ, ʫʨʦʢʠ-ʝʢʩʧʨʦʤʪ-ʝʢʟʘʤʝʥʠ, ʫʨʦʢʠ-ʢʦʥʩʫʣʴʪʘʮʽʾ, 

ʫʨʦʢʠ-ʚʟʘʻʤʦʥʘʚʯʘʥʥʷ, ʫʨʦʢʠ-ʢʦʥʩʠʣʽʫʤʠ), ʦʩʦʙʣʠʚʽʩʪʴ ʮʠʭ 

ʫʨʦʢʽʚ ʧʦʣʷʛʘʻ ʚ ʦʧʨʘʮʶʚʘʥʥʽ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʨʦʟʜʽʣʽʚ 

ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ, ʚʽʜʩʫʪʥʦʩʪʽ ʩʫʙ'ʻʢʪʠʚʽʟʤʫ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ 

(ʝʢʩʧʝʨʪʘʤʠ ʚʠʩʪʫʧʘʶʪʴ ʫʯʥʽ, ʜʦʨʦʩʣʽ, ʙʘʪʴʢʠ). ɺʦʥʠ 

ʩʧʦʥʫʢʘʶʪʴ ʜʦ ʘʢʪʠʚʥʦʾ ʩʘʤʦʩʪʽʡʥʦʾ ʧʽʟʥʘʚʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, 

ʚʠʚʯʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ. ʇʨʦʚʦʜʷʪʴ ʾʭ ʥʘʧʨʠʢʽʥʮʽ ʯʚʝʨʪʽ, 

ʩʝʤʝʩʪʨʫ, ʨʦʢʫ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʅʝʪʨʘʜʠʮʽʡʥʠʡ ʫʨʦʢ ʷʢ ʨʦʟʚʠʪʦʢ ʩʪʨʫʢʪʫʨʠ ʪʨʘʜʠʮʽʡʥʦʛʦ ʫʨʦʢʫ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.info-

library.com.ua/books-text-4319.html 

2. ʇʽʜʣʘʩʠʡ ɯ.ʇ. ʇʨʦʜʫʢʪʠʚʥʠʡ ʧʝʜʘʛʦʛ. ʅʘʩʪʽʣʴʥʘ ʢʥʠʛʘ ʚʯʠʪʝʣʷ. ï

Xʘʨʢʽʚ: ʆʩʥʦʚʘ, 2010. ï 360 ʩ. 
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ɯʚʘʥ ʈʦʤʘʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʇʨʠʙʠʣʘ ɸ.ɺ. 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʭʦʣʦʜʠʣʴʥʠʢ ʫ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʨʝʞʠʤʽ 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ ʧʨʠ 

ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺʝʣʠʯʠʥʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʩʪʨʦʶ (ʊɽʇ), ʻ ʡʦʛʦ 

ʭʦʣʦʜʠʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ 

ʭʦʣʦʜʦʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʪʘ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, ʻ ʟʘʜʘʥʠʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʦʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʊɽʇ, ʻ ʡʦʛʦ ʭʦʣʦʜʠʣʴʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʙʨʦʪʥʽʩʪʶ. 

ʇʨʦʪʝ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʘʨʘʤʝʪʨ ʜʦʙʨʦʪʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʫʪʪʻʚʦ ʥʝ ʟʨʦʩʪʘʻ, ʘ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ[1]. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʰʫʢ 

ʽʥʰʠʭ ʚʘʨʽʘʥʪʽʚ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊɽʇ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ 

ʚʘʨʽʘʥʪʽʚ ʻ ʥʝʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʘʙʦ ʥʝʩʪʘʮʽʦʥʘʨʥʝ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʦʭʦʣʦʜʞʝʥʥʷ 

(ʅʊɽʆ).  

ɺʧʝʨʰʝ ʷʚʠʱʘ ʙʽʣʴʰ ʛʣʠʙʦʢʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʩʪʘʮʽʦʥʘʨʥʠʤ, ʙʫʣʦ ʪʝʦʨʝʪʠʯʥʦ ʜʦʚʝʜʝʥʦ ʫ ʧʨʘʮʽ ʉʪʽʣʴʙʘʥʩʘ ʽ 

ʌʝʜʦʨʦʚʠʯʘ [2]. ʇʦʜʘʣʴʰʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʣʠʰʝ ʧʽʜʪʚʝʨʜʠʣʠ ʮʝʡ ʬʘʢʪ.  

ɿʘʛʘʣʦʤ, ʅʊɽʆ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ, ʘ ʘʥʘʣʽʪʠʯʥʠʡ ʚʠʛʣʷʜ 

ʨʦʟʚôʷʟʢʫ ʪʘʢʦʾ ʟʘʜʘʯʽ ʦʪʨʠʤʘʥʠʡ ʪʽʣʴʢʠ ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʠʭ 

ʤʦʜʝʣʝʡ ʧʽʚʧʨʦʩʪʦʨʫ ʪʘ ʙʝʟʤʝʞʥʦ ʜʦʚʛʦʾ ʚʽʪʢʠ, ʚʥʘʩʣʽʜʦʢ ʜʦʩʠʪʴ 

ʛʨʦʤʽʟʜʢʠʭ ʨʽʚʥʷʥʴ ʅʊɽʆ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʢʽʥʮʷʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʊɽʆ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʩʧʨʦʱʝʥʠʭ ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʣʠʞʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ. 

ʆʜʥʽʻʶ ʽʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʤʦʜʝʣʴ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ. ʉʫʪʴ ʮʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ ʟʥʘʯʥʦ ʤʝʥʰʘ ʟʘ 
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ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʦʙôʻʢʪʘ, ʘ ʧʨʦʮʝʩ ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʘʩʪʽʣʴʢʠ ʧʦʚʽʣʴʥʠʡ, ʱʦ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʦʙôʻʢʪʘ ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʟʘ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʦʜʫʣʷ 

(ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʝ ʥʘʙʣʠʞʝʥʥʷ).  

ɿʫʧʠʥʠʤʦʩʴ ʜʝʪʘʣʴʥʽʰʝ ʥʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʥʘʙʣʠʞʝʥʥʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʘʙʦ ʤʽʥʽʤʫʤʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʄʝʪʦʶ ʤʦʜʝʣʽ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ,ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʥʘʭʦʜʞʝʥʥʷʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʞʠʚʣʝʥʥʷ ʚʽʜ ʯʘʩʫ ʦʭʦʣʦʜʞʝʥʥʷ. ʆʩʥʦʚʥʘ 

ʽʜʝʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʭʦʣʦʜʠʣʴʥʠʢʘ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ЎὝʪʝʤʧʝʨʘʪʫʨʠ ʤʠ 
ʜʽʣʠʤʦ ʥʘM ʧʨʦʤʽʞʢʽʚ. ʂʨʦʢ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʶ ʧʨʦʤʽʞʢʽʚ M. ʂʨʦʢ  ʧʦʚôʷʟʘʥʠʡ ʽʟ ʄ ʥʘʩʪʫʧʥʠʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

◕˟  
˟ ˟

, (1) 

ʜʝ ʊ0 ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ ʭʦʣʦʜʠʣʴʥʠʢʘ; ʊc ï 

ʢʽʥʮʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʘʤʝʨʽ ʭʦʣʦʜʠʣʴʥʠʢʘ. ɺʘʞʣʠʚʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ, ʚʠʙʠʨʘʶʯʠ ʢʨʦʢ ῳ˟ȟ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʪʠʤ 
ʪʦʯʥʽʰʠʤʠ, ʯʠʤ ʤʝʥʰʠʡ ʢʨʦʢ. ʇʨʦʪʝ ʻ ʜʝʷʢʝ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ῳ˟ min, ʥʠʞʯʝ ʷʢʦʛʦ ʨʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ ʥʝʢʦʨʝʢʪʥʠʤʠ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʫʤʦʚʘ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ.ɿʨʦʟʫʤʽʣʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʮʠʭ ʧʨʦʤʽʞʢʽʚ 

ʤʦʞʥʘ ʧʽʜʽʙʨʘʪʠ ʩʚʽʡ ʦʧʪʠʤʘʣʴʥʠʡ ʩʪʨʫʤ I(t), ʧʨʠ ʷʢʦʤʫ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʭʦʣʦʜʠʣʴʥʠʢʘ ʙʫʜʝ ʤʽʥʽʤʘʣʴʥʠʤ. 

ʊʦʙʪʦ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʫ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, 

ʤʠ ʤʦʞʝʤʦ ʜʦʩʷʛʥʫʪʠ ʤʽʥʽʤʫʤʫ ʡʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʁʦʬʬʝ ɸ.ʌ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʙʘʪʘʨʝʡ 

ʠʟ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ï ʄ.-ʃ.; ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ, 1950. ï 51ʩ. 

2. ʉʪʠʣʴʙʘʥʩ ʃ. ʉ., ʌʝʜʦʨʦʚʠʯ ʅ. ɸ. ʆ ʨʘʙʦʪʝ ʦʭʣʘʞʜʘʶʱʠʭ 

ʪʝʨʤʦʵʣʝʤʝʥʪʦʚ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ // ɾʫʨʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ, 1958.  ï ʊ. 28, ˉ 3. ï ʉ. 12ï15. 

  



257 

ʅʘʟʘʨ ʈʦʤʘʰʫʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʉʝʪʽ ʖ.ʆ. 

 

ɺʣʘʩʪʠʚʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʢʪʨʦʥʘ 

ʫ ʜʚʦʙʘʨôʻʨʥʽʡ ʥʘʥʦʩʠʩʪʝʤʽ ʚ ʤʦʜʝʣʷʭ ʧʨʦʩʪʦʨʦʚʦ-

ʟʘʣʝʞʥʠʭ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ  
 

ʋ ʤʦʜʝʣʷʭ ʥʝʧʝʨʝʨʚʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʟʘʣʝʞʥʠʭ ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʩʠ (ʨʠʩ. 1, ʘ) ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ (ʨʠʩ. 1, b), ʷʢʽ ʣʽʥʽʡʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ ʫ ʧʨʠʛʨʘʥʠʯʥʠʭ ʰʘʨʘʭ ʚʽʜʢʨʠʪʦʾ 

ʜʚʦʙʘʨôʻʨʥʦʾ ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʝʣʴʥʦʾ ʥʘʥʦʩʠʩʪʝʤʠ, ʨʦʟʚʠʥʝʥʘ 

ʪʝʦʨʽʷ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʟʦʨʦʩʪʽ ʡ ʩʧʝʢʪʨʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ. 

    
ʈʠʩ. 1. ɿʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʦʨʜʠʥʘʪʠ z ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ (ʘ) ʪʘ 

ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʝʥʝʨʛʽʾ (b) ʝʣʝʢʪʨʦʥʘ ʫ ʜʚʦʙʘʨôʻʨʥʽʡ ʥʘʥʦʩʠʩʪʝʤʽ 
 

ʊʝʦʨʽʷ ʨʦʟʚʠʥʝʥʘ ʥʘ ʦʩʥʦʚʽ ʨʦʟʚôʷʟʢʽʚ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ, 

ʟʘʧʠʩʘʥʦʛʦ ʫ ʪʠʧʦʚʽʡ ʬʦʨʤʽ ɹʝʥ ɼʝʥʽʝʣ-ɼʴʶʢʘ 
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, (1) 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʪʘ 

ʧʦʪʦʢʽʚ ʛʫʩʪʠʥ ʡʤʦʚʽʨʥʦʩʪʝʡ ʥʘ ʚʩʽʭ ʤʝʞʘʭ ʥʘʥʦʩʠʩʪʝʤʠ:  
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ɺ ʦʙʣʘʩʪʷʭ ʥʘʥʦʩʠʩʪʝʤʠ, ʜʝ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʘ 

ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʘ ʧʦʩʪʽʡʥʽ, ʪʦʯʥʽ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʴ (1) ʚʽʜʦʤʽ: 
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hh
h jj iK

j

iK

jj
eBeA
-

+=Y )(      ( 21 ,9 ,6 ,3 ,0=j ),       (3) 

ʘ ʚ ʦʙʣʘʩʪʷʭ, ʜʝ ʝʬʝʢʪʠʚʥʘ ʤʘʩʘ ʪʘ ʧʦʪʝʥʮʽʘʣʴʥʘ ʝʥʝʨʛʽʷ ʻ 

ʣʽʥʽʡʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʢʦʦʨʜʠʥʘʪʠ, ʨʽʚʥʷʥʥʷ (1) ʥʝ ʤʘʻ ʪʦʯʥʦʛʦ 

ʨʦʟʚôʷʟʢʫ. ʊʦʤʫ ʜʣʷ ʡʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʥʝʧʝʨʝʨʚʥʘ ʢʦʦʨʜʠʥʘʪʦ-

ʟʘʣʝʞʥʘ ʬʫʥʢʮʽʷ U(z) ʟʘʜʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʤʠ N ʢʫʩʢʦʚʦ-

ʥʝʧʝʨʝʨʚʥʠʭ ʬʫʥʢʮʽʡ: 
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9 ,6 ,3 ,0=j . ʊʫʪ 
0
D=

j
d  ʧʨʠ 6 ,3=j  ʪʘ 

1
D=

j
d  ʧʨʠ 9 ,0=j . 

ʊʝʧʝʨ ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʨʽʚʥʷʥʴ ʥʝʧʝʨʝʨʚʥʦʩʪʽ ʪʠʧʫ (2), 

ʨʽʚʥʷʥʥʷ (1) ʫʞʝ ʨʦʟʚôʷʟʫʻʪʴʩʷ. ʁʦʛʦ ʨʦʟʚôʷʟʢʠ ʤʘʶʪʴ ʚʠʛʣʷʜ 
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ʏʝʨʝʟ ʟʥʘʡʜʝʥʽ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ, ʟʛʽʜʥʦ ʟ ʢʚʘʥʪʦʚʦʶ 

ʤʝʭʘʥʽʢʦʶ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʧʨʦʟʦʨʦʩʪʽ ʥʘʥʦʩʠʩʪʝʤʠ, 

ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ [1], ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʨʝʟʦʥʘʥʩʥʽ ʝʥʝʨʛʽʾ 
n

E  ʪʘ 

ʨʝʟʦʥʘʥʩʥʽ ʰʠʨʠʥʠ 
n
G ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ. 

ʅʘ ʧʨʠʢʣʘʜʽ ʜʚʦʙʘʨôʻʨʥʦʾ ʥʘʥʦʩʠʩʪʝʤʠ ʟ In0.53Ga0.47As ï 

ʷʤʘʤʠ ʪʘ In0.52Al 0.48As ï ʙʘʨôʻʨʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ  ʟʦʚʥʽʰʥʽʭ 

ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʧʨʠʛʨʘʥʠʯʥʠʭ ʰʘʨʽʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ ʥʘ ʧʨʦʟʦʨʽʩʪʴ 

ʥʘʥʦʩʠʩʪʝʤʠ, ʨʝʟʦʥʘʥʩʥʽ ʝʥʝʨʛʽʾ ʪʘ ʰʠʨʠʥʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʪʘʥʽʚ. 

ɿʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʚʠʥʝʥʦʾ 

ʨʝʘʣʽʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʚʦʭ ʩʧʨʦʱʝʥʠʭ ʤʦʜʝʣʝʡ: (ʘ) 

ʥʝʧʝʨʝʨʚʥʦʾ ʧʨʦʩʪʦʨʦʚʦ-ʟʘʣʝʞʥʦʾ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʪʘ 

ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, (ʙ) ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʭ ʽ ʝʬʝʢʪʠʚʥʦʾ 

ʤʘʩʠ ʽ ʧʦʪʝʥʮʽʘʣʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʢʘʯ ʅ.ɺ., ʉʝʪʠ ʖ.ɸ.  ʕʚʦʣʶʮʠʷ ʠ ʢʦʣʣʘʧʩ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʵʣʝʢʪʨʦʥʘ ʚ ʧʣʦʩʢʠʭ ʩʠʤʤʝʪʨʠʯʥʳʭ ʪʨʝʭʙʘʨʲʝʨʥʳʭ 

ʨʝʟʦʥʘʥʩʥʦ-ʪʫʥʥʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʌʠʟʠʢʘ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 35. 

710 (2009). 
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ɺʦʣʦʜʠʤʠʨ ʈʦʩʪʦʮʴʢʠʡ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɭʨʤʦʣʝʥʢʦ ʉ.ɹ. 

 

ʎʠʬʨʦʚʽ ʤʝʪʦʜʠ ʧʦʣʽʧʰʝʥʥʷ ʦʬʪʘʣʴʤʦʣʦʛʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʦʬʪʘʣʴʤʦʣʦʛʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʯʽʪʢʦʾ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ   ʉ-ʩʝʨʝʜʥʽʭ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʽʥʰʠʤʠ 

ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʜʠʥ ʷʢ ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ 

ʩʽʪʢʽʚʢʠ. ʋʜʦʩʢʦʥʘʣʝʥʦ ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʩʽʪʢʽʚʢʠ, ʱʦ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʩʝʛʤʝʥʪʦʚʘʥʝ ʩʫʜʠʥʥʝ ʜʝʨʝʚʦ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʜʽʘʤʝʪʨʘ ʩʫʜʠʥʠ ʪʘ ʟʚʠʚʠʩʪʦʩʪʽ, ʨʦʟʨʽʟʥʝʥʥʷ ʚʝʥ ʪʘ ʘʨʪʝʨʽʡ 

ʨʘʟʦʤ ʽʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʘʨʪʝʨʽʦʚʝʥʦʟʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʜʠʥ ʩʽʪʢʽʚʢʠ ʥʘ 

ʦʩʥʦʚʽ ʥʝʯʽʪʢʠʭ ʢʣʘʩʪʝʨʠʟʘʮʽʡ c-ʟʘʩʦʙʽʚ ʪʘ ʤʝʪʦʜʫ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʽʚʥʷ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʦʨʬʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, CLAHE ʪʘ ʚʽʜʧʦʚʽʜʥʽ 

ʤʝʪʦʜʠ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʢʘʨʪʠʥʠ ʧʝʨʝʜ 

ʥʝʯʽʪʢʦʶ ʢʣʘʩʪʝʨʠʟʘʮʽʻʶ ʩʫʜʠʥʥʠʭ ʧʽʢʩʝʣʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʽʾ ʥʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʛʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʚʘʣʽʜʘʮʽʾ ʚ ʩʝʛʤʝʥʪʘʮʽʾ 

ʩʫʜʠʥ ʩʽʪʢʽʚʢʠ.  
ʆʧʪʠʯʥʠʡ ʜʠʩʢ ʷʚʣʷʻ ʩʦʙʦʶ ʷʩʢʨʘʚʫ ʜʽʣʷʥʢʫ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʟʦʙʨʘʞʝʥʥʷ ʦʯʥʦʛʦ ʜʥʘ ʽ ʻ ʟʦʙʨʘʞʝʥʥʷʤ 

ʦʧʪʠʯʥʦʛʦ ʥʝʨʚʘ. ʉʝʛʤʝʥʪʘʮʽʷ ʦʧʪʠʯʥʦʛʦ ʜʠʩʢʘ ʚʘʞʣʠʚʘ ʜʣʷ 

ʜʽʘʛʥʦʩʪʠʢʠ ʦʯʥʠʭ ʭʚʦʨʦʙ. ɿʦʢʨʝʤʘ, ʛʣʘʫʢʦʤʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʦʟʰʠʨʝʥʥʷʤ ʦʧʪʠʯʥʦʛʦ ʜʠʩʢʘ [1]. 

ʅʘʚʝʜʝʤʦ ʦʧʠʩ ʧʨʦʮʝʜʫʨʠ Region growing. ʇʨʦʮʝʜʫʨʘ 

Region growing ʘʥʘʣʦʛʽʯʥʘ ʘʣʛʦʨʠʪʤʫ BPS ʦʙʭʦʜʫ ʛʨʘʬʘ ʚ 

ʰʠʨʠʥʫ, ʘʣʝ ʤʘʻ ʧʝʚʥʽ ʤʦʜʠʬʽʢʘʮʽʾ. ɺʽʜ ʢʦʞʥʦʾ ʪʦʯʢʠ, ʟʘʟʥʘʯʝʥʦʾ 

ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ ʚ ʢʘʨʪʽ Iseeds, ʧʨʦʮʝʜʫʨʘ ʙʫʜʫʻ ʟʚ'ʷʟʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ʧʨʠʙʣʠʟʥʦ ʪʽʻʾ ʞ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʽ ʧʦʯʘʪʢʦʚʘ 

ʪʦʯʢʘ. ɿʘʚʦʜʠʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʯʝʨʛʘ, ʩʧʦʯʘʪʢʫ ʧʦʨʦʞʥʷ. ʇʽʩʣʷ 

ʪʦʛʦ, ʷʢ ʙʫʣʘ ʦʙʨʘʥʘ ʪʦʯʢʘ, ʟʘʟʥʘʯʝʥʘ ʙʽʣʠʤ ʢʦʣʴʦʨʦʤ ʚ Iseeds, 
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ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʩʽʜʥʽ ʜʦ ʥʝʾ ʪʦʯʢʠ. ʋ ʢʽʥʝʮʴ ʯʝʨʛʠ ʜʦʜʘʶʪʴʩʷ ʪʽ 

ʩʫʩʽʜʥʽ ʪʦʯʢʠ, ʜʣʷ ʷʢʠʭ ʚʠʢʦʥʫʻʪʴʩʷ ʦʜʥʘ ʟ 3 ʫʤʦʚ: 

1.ʋ ʩʫʩʽʜʥʽʡ ʪʦʯʮʽ ʥʝʤʘʻ ʨʽʟʢʦʾ ʟʤʽʥʠ ʢʦʣʴʦʨʫ (ʤʦʞʥʘ 

ʧʝʨʝʚʽʨʠʪʠ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʟʥʘʯʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ ʚ ʜʘʥʽʡ 

ʪʦʯʮʽ ʤʝʥʰʝ ʧʦʨʦʛʘ ʊ1); 

2.ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʩʽʜʥʴʦʾ ʪʦʯʢʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ ʊ2; 

3.ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʩʽʜʥʴʦʾ ʪʦʯʢʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʦʯʢʠ, ʚʽʜ ʷʢʦʾ ʧʦʯʘʣʘʩʷ ʧʦʙʫʜʦʚʘ ʢʦʤʧʦʥʝʥʪʘ, ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 

ʊ3. 

ɼʘʣʽ ʚʠʪʷʛʫʻʪʴʩʷ ʪʦʯʢʘ ʟ ʧʦʯʘʪʢʫ ʯʝʨʛʠ, ʜʣʷ ʾʾ ʥʝʟʘʡʥʷʪʠʭ 

ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ ʧʨʦʚʦʜʷʪʴʩʷ ʪʽ ʞ ʜʽʾ. ʎʠʢʣ ʪʨʠʚʘʻ, ʧʦʢʠ ʯʝʨʛʘ ʥʝ 

ʩʪʘʥʝ ʧʦʨʦʞʥʴʦʶ. ʇʦʙʫʜʦʚʘ ʢʦʤʧʦʥʝʥʪʘ ʧʦʚʪʦʨʶʻʪʴʩʷ, ʧʦʢʠ ʻ 

ʥʝʨʦʟʛʣʷʥʫʪʽ ʙʽʣʽ ʪʦʯʢʠ. 

 

 
ʈʠʩ. 1. 

 

ʉʝʛʤʝʥʪʦʚʘʥʽ ʩʫʜʠʥʠ ʩʽʪʢʽʚʢʠ (ʨʠʩ.1) ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘʭʚʦʨʶʚʘʥʴ ʩʽʪʢʽʚʢʠ ʪʘ 

ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʭʚʦʨʦʙ, ʪʘʢʠʭ ʷʢ ʜʽʘʙʝʪ, ʽʥʩʫʣʴʪ ʘʙʦ 

ʛʽʧʝʨʪʦʥʽʷ [1]. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʜʠʥ 

ʩʽʪʢʽʚʢʠ ʥʘ ʦʩʥʦʚʽ ʥʝʯʽʪʢʠʭ ʢʣʘʩʪʝʨʠʟʘʮʽʡ c-ʟʘʩʦʙʽʚ ʪʘ ʤʝʪʦʜʫ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  

1. Krinidis, S., & Chatzis, V. (2010). A robust fuzzy local 

information C-means  clustering algorithm. IEEE 

Transactions on Image Processing, 19(5), 1328ï1337. 
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ʅʘʪʘʣʽʷ ʈʫʜʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʖ.ɺ. ɻʫʜʠʤʘ  

 

ʄʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʠʩʪʝʮʪʚʘ ʧʠʩʘʥʢʘʨʩʪʚʘ 

ʜʣʷ ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ 
 

ʊʘʨʘʩ ʐʝʚʯʝʥʢʦ ʧʠʩʘʚ: ñʉʝʣʦ ʥʘ ʥʘʰʽʡ ʋʢʨʘʾʥʽ, ʥʝʥʘʯʝ 

ʧʠʩʘʥʢʘ ʩʝʣʦò. ɺʝʣʠʯʥʽʩʪʴ  ̔ ʢʨʘʩʫ ʭʫʪʦʨʫ ʧʦʝʪ ʧʦʨʽʚʥʶʚʘʚ ʟ 

ʧʠʩʘʥʢʦʶ ï ʪʨʘʜʠʮʽʡʥʠʤ ʩʠʤʚʦʣʦʤ ʋʢʨʘʾʥʠ. ʇʠʩʘʥʢʘ ï ʮʝ 

ʩʠʤʚʦʣ ʚʝʩʥʠ, ʩʦʥʮʷ, ʧʦʚʝʨʥʝʥʥʷ ʧʨʠʨʦʜʠ ʜʦ ʞʠʪʪʷ. ʋ ʙʘʛʘʪʴʦʭ 

ʩʪʘʨʦʜʘʚʥʽʭ ʥʘʨʦʜʽʚ ʟʙʝʨʝʛʣʠʩʷ ʧʝʨʝʢʘʟʠ, ʚ ʷʢʠʭ ʷʡʮʝ ʚʠʩʪʫʧʘʻ 

ʜʞʝʨʝʣʦʤ ʞʠʪʪʷ, ʩʚʽʪʣʘ, ʪʝʧʣʘ, ʥʘʚʽʪʴ ʟʘʨʦʜʢʦʤ ʫʩʴʦʛʦ ʚʩʝʩʚʽʪʫ. 

ʅʘʟʚʘ ñʧʠʩʘʥʢʘò ʧʦʭʦʜʠʪʴ ʚʽʜ ʩʣʦʚʘ ñʧʠʩʘʪʠò, ʪʦʙʪʦ ʧʨʠʢʨʘʰʘʪʠ 

ʦʨʥʘʤʝʥʪʦʤ [1;2].  

ʇʠʩʘʥʢʘ ï ʦʜʥʘ ʟʽ ʩʪʘʨʦʜʘʚʥʽʭ ʬʦʨʤ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʥʘʨʦʜʥʦʛʦ ʨʦʟʧʠʩʫ, ʚ ʷʢʦʤʫ ʥʘʰʽ ʧʨʝʜʢʠ ʚʪʽʣʶʚʘʣʠ ʩʚʦʾ 

ʧʨʘʛʥʝʥʥʷ ʪʘ ʚʽʨʫ. ʇʠʩʘʥʢʠ ʧʠʰʫʪʴ ʡ ʽʥʰʽ ʥʘʨʦʜʠ, ʟʦʢʨʝʤʘ 

ʩʣʦʚʘʢʠ, ʙʦʣʛʘʨʠ, ʧʦʣʷʢʠ, ʩʣʦʚʝʥʠ, ʫʛʦʨʮʽ, ʯʝʭʠ, ʘ ʪʘʢʦʞ 

ʨʫʤʫʥʠ, ʛʨʝʢʠ, ʥʽʤʮʽ, ʣʠʪʦʚʮʽ, ʘʥʛʣʽʡʮʽ. ɿʫʩʪʨʽʯʘʚʩʷ ʪʘʢʠʡ ʚʠʜ 

ʨʦʟʧʠʩʫ ʱʝ ʟʘ ʜʘʚʥʽʭ, ʜʦʭʨʠʩʪʠʷʥʩʴʢʠʭ ʯʘʩʽʚ ʫ ʢʠʪʘʡʮʽʚ, 

ʨʠʤʣʷʥ, ʛʨʝʢʽʚ, ʻʚʨʝʾʚ ʽ ʟʘʛʘʣʦʤ ʫ ʚʩʽʭ ʥʘʨʦʜʽʚ [3;4]. 
ȳɆ ɘɋɖɎɘɔɖɫɬ ȹɐɖɆɬɓɎ ɕɎɗɆɓɐɆɖɗɘɈɔ ɓɆɇəɑɔ ɓɆɏɇɫɑɢɞɔɉɔ 

ɕɔɞɎɖɋɓɓɥ ɍɆ ɝɆɗɫɈ ȰɎɬɈɗɢɐɔɬ ȶəɗɫ, Ɉ X-XIII ɗɘɔɑɫɘɘɥɛ. ɿʘ ʯʘʩʽʚ 

ʨʘʜʷʥʩʴʢʦʾ ʚʣʘʜʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʠʩʘʥʦʢ ʟʘʟʥʘʣʦ ʧʝʚʥʦʛʦ 

ʟʘʥʝʧʘʜʫ. ʇʠʩʘʥʥʷ ʧʠʩʘʥʦʢ ʥʘ ɺʝʣʠʢʜʝʥʴ ʩʫʚʦʨʦ ʟʘʙʦʨʦʥʷʣʦʩʷ ʽ 

ʧʝʨʝʩʣʽʜʫʚʘʣʦʩʷ, ʧʨʦʪʝ ʟʙʝʨʽʛʘʣʦʩʷ ʷʢ ʫʥʽʢʘʣʴʥʝ ʤʠʩʪʝʮʪʚʦ ʚ 

ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝˇʽʦʥʽ ʪʘ ʚ ʜʽʘʩʧʦʨʽ. 

ʉʴʦʛʦʜʥʽ ʧʠʪʘʥʥʷ ʚʽʜʨʦʜʞʝʥʥʷ ʧʠʩʘʥʢʘʨʩʪʚʘ ʩʪʦʾʪʴ 

ʦʩʦʙʣʠʚʦ ʛʦʩʪʨʦ. ɺʦʥʦ ʟʥʦʚʫ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ: 

ʚʽʜʨʦʜʞʫʶʪʴʩʷ ʟʘʙʫʪʽ ʪʝʭʥʽʢʠ, ʟôʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʤʘʡʩʪʨʠ. ʎʝ 

ʟʘʧʦʨʫʢʘ ʥʝʚʤʠʨʫʱʦʩʪʽ ʥʘʨʦʜʫ, ʩʠʣʠ ʡʦʛʦ ʜʫʭʫ ʽ ʪʘʣʘʥʪʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʥʘʚʯʘʥʥʷ ʫʤʽʥʴ ʪʘ ʟʘʩʚʦʻʥʥʷ ʥʘʚʠʯʦʢ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʠʩʘʥʦʢ ʫʯʥʷʤʠ ʪʘ ʦʟʥʘʡʦʤʣʝʥʥʷ ʰʢʦʣʷʨʽʚ ʽʟ 

ʽʩʪʦʨʠʯʥʠʤʠ ʘʩʧʝʢʪʘʤʠ ʨʦʟʚʠʪʢʫ ʤʠʩʪʝʮʪʚʘ ʨʦʟʧʠʩʫ ʥʘ 

ʧʠʩʘʥʢʘʭ. 

ʅʘʚʯʘʥʥʷ ʧʠʩʘʥʢʘʨʩʪʚʘ ʫ ʰʢʦʣʘʭ ʩʧʨʠʷʪʠʤʝ ʟʘʣʫʯʝʥʥʶ 

ʫʯʥʽʚ ʜʦ ʜʫʭʦʚʥʦʾ ʢʫʣʴʪʫʨʠ ʯʝʨʝʟ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʽʩʪʦʨʠʯʥʠʤʠ 
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ʘʩʧʝʢʪʘʤʠ ʽ ʨʦʟʚʠʪʢʦʤ ʤʠʩʪʝʮʪʚʘ ʨʦʟʧʠʩʫ ʥʘ ʧʠʩʘʥʢʘʭ, 

ʟʘʩʚʦʻʥʥʷ ʥʘʚʠʯʦʢ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʠʩʘʥʦʢ, ʘ ʪʘʢʦʞ ʝʩʪʝʪʠʯʥʝ 

ʚʠʭʦʚʘʥʥʷ ʰʢʦʣʷʨʽʚ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʚʦʣʦʜʽʪʠ ʮʠʤ ʤʠʩʪʝʮʪʚʦʤ, 

ʜʽʪʠ ʚʠʚʯʘʶʪʴ ʽʩʪʦʨʽʶ ʚʠʥʠʢʥʝʥʥʷ ʧʠʩʘʥʢʠ, ʪʨʘʜʠʮʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʠʩʘʥʦʢ. 

ʊʨʘʜʠʮʽʷ ʧʠʩʘʥʢʘʨʩʪʚʘ ʩʷʛʘʻ ʩʚʦʾʤ ʢʦʨʽʥʥʷʤ ʫ ʩʠʚʫ 

ʜʘʚʥʠʥʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʘʨʭʝʦʣʦʛʽʯʥʽ ʘʨʪʝʬʘʢʪʠ. ʇʠʩʘʥʢʘ ʫ 

ʩʚʦʾʡ ʩʠʤʚʦʣʽʮʽ ʥʝ ʣʠʰʝ ʟʙʝʨʽʛʘʻ ʧʘʤôʷʪʴ ʥʘʨʦʜʫ, ʘ ʡ ʩʣʫʞʠʪʴ 

ʜʞʝʨʝʣʦʤ ʪʚʦʨʯʠʭ ʽʜʝʡ. ʆʟʜʦʙʣʶʶʪʴʩʷ ʧʠʩʘʥʢʠ ʛʝʦʤʝʪʨʠʯʥʠʤ, 

ʨʦʩʣʠʥʥʠʤ, ʟʦʦʤʦʨʬʥʠʤ (ʨʠʙʠ, ʧʪʘʭʠ, ʟʚʽʨʽ, ʣʶʜʠʥʘ), 

ʧʝʡʟʘʞʥʠʤ ʦʨʥʘʤʝʥʪʘʤʠ, ʭʨʠʩʪʠʷʥʩʴʢʠʤʠ ʩʠʤʚʦʣʘʤʠ.  

ʅʘʚʯʘʥʥʷ ʪʝʭʥʽʮʽ ʚʦʩʢʦʚʦʛʦ ʧʠʩʴʤʘ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʧʠʩʘʥʦʢ ʜʘʻ ʟʤʦʛʫ ʨʦʟʚʠʚʘʪʠ ʤʦʪʦʨʠʢʫ ʨʫʢ ʰʢʦʣʷʨʽʚ, 

ʩʪʠʤʫʣʶʚʘʪʠ ʾʭ ʬʘʥʪʘʟʽʶ ʪʘ ʬʦʨʤʫʚʘʪʠ ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ, 

ʩʪʚʦʨʶʶʯʠ ʩʢʣʘʜʥʽ ʟʘ ʤʘʣʶʥʢʦʤ, ʙʘʛʘʪʽ ʟʘ ʢʦʣʴʦʨʦʤ, ʥʝʧʦʚʪʦʨʥʽ 

ʦʨʥʘʤʝʥʪʘʣʴʥʽ ʢʦʤʧʦʟʠʮʽʾ.  

ʇʠʩʘʥʢʘʨʩʪʚʦ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʮʽʢʘʚʽʰʠʭ ʨʽʟʥʦʚʠʜʽʚ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʨʦʟʧʠʩʫ, ʱʦ ʟʙʝʨʽʛʘʻ ʜʘʚʥʽ ʪʨʘʜʠʮʽʾ 

ʪʘ ʩʪʘʨʦʜʘʚʥʽ ʬʦʨʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʥʦʛʦ ʦʨʥʘʤʝʥʪʫ. ʇʽʜ ʯʘʩ 

ʟʘʥʷʪʴ ʫʯʥʽ ʦʟʥʘʡʦʤʣʷʪʴʩʷ ʟ ʽʩʪʦʨʽʻʶ ʧʠʩʘʥʢʘʨʩʪʚʘ, ʚʠʜʘʤʠ ʪʘ 

ʩʠʤʚʦʣʽʢʦʶ ʧʠʩʘʥʦʢ, ʪʝʭʥʦʣʦʛʽʷʤʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ; ʦʩʚʦʷʪʴ 

ʝʣʝʤʝʥʪʠ ʨʦʟʧʠʩʫ ʚʦʩʢʦʤ, ʥʘʚʯʘʪʴʩʷ ʩʪʚʦʨʶʚʘʪʠ ʫʥʽʢʘʣʴʥʽ 

ʦʨʥʘʤʝʥʪʠ ʧʠʩʘʥʢʠ ʪʘ ʟʘʩʪʦʩʫʶʪʴ ʩʚʦʾ ʟʥʘʥʥʷ ʚ ʥʘʧʠʩʘʥʥʽ 

ʚʣʘʩʥʠʭ, ʩʬʦʨʤʫʚʘʚʰʠ ʰʘʥʦʙʣʠʚʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʭʫʜʦʞʥʴʦʾ 

ʩʧʘʜʱʠʥʠ ʥʘʰʦʛʦ ʥʘʨʦʜʫ ʪʘ ʡʦʛʦ ʽʩʪʦʨʽʾ. ʅʘʙʫʪʽ ʥʘʚʠʢʠ ʫʯʥʽ 

ʟʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʦʙʨʘʟʦʪʚʦʨʯʦʤʫ ʤʠʩʪʝʮʪʚʽ ʪʘ 

ʨʫʢʦʜʽʣʣʽ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʆʢʩʘʥʘ ɹʽʣʦʫʩ ʄʠʩʪʝʮʪʚʦ ʧʠʩʘʥʢʘʨʩʪʚʘ 2018. 1(15). ʉ. 195-

199. 

2. ɻʫʮʫʣʷʢ ʆ. ʇʨʦ ʪʘʻʤʥʠʯʫ ʩʠʤʚʦʣʽʢʫ ʧʠʩʘʥʢʠ / ʆ. ɻʫʮʫʣʷʢ // 

ʇʠʩʘʥʢʘ. ï 1994. ï ˉ 3. ï ʉ. 12 

3. Vira Manko. The ukrainian folk pysanka. ð Svichado; First 

Edition edition (2005). ð 80 ʨ.  

4. ʉʝʣʽʚʘʯʦʚ ʄ. ʃʝʢʩʠʢʦʥ ʫʢʨʘʾʥʩʴʢʦʾ ʦʨʥʘʤʝʥʪʠʢʠ (ʽʢʦʥʦʛʨʘ- 

ʬʽʷ, ʥʦʤʽʥʘʮʽʷ, ʩʪʠʣʽʩʪʠʢʘ, ʪʠʧʦʣʦʛʽʷ). ð ʂ. : ñɸʥʪò, 2005. ð 399 ʩ. 
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ʈʦʤʘʥ ʈʫʜʠʡ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯ.ɼ. ʃʽʩʦʚʝʥʢʦ 

 

ʅʝʛʨʘʬʽʯʥʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ CUDA 
ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʟʫʤʦʚʣʶʻʪʴʩʷ ʨʷʜʦʤ 

ʧʨʠʯʠʥ[1]: 

¶ ʗʚʠʱʘ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ: ʪʦʤʫ 
ʧʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʦʙôʻʢʪʽʚ, ʷʚʠʱ, 

ʩʠʩʪʝʤ ʪʘ ʧʨʦʮʝʩʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʦʩʣʽʜʦʚʥʠʤʠ 

ʦʙʯʠʩʣʝʥʥʷʤʠ. 

¶ ɽʢʦʥʦʤʽʷ ʯʘʩʫ ʪʘ ʛʨʦʰʝʡ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʯʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʧʨʠʰʚʠʜʰʠʪʠ ʧʨʦʮʝʩ 

ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ, ʧʨʠʯʦʤʫ ʚʠʛʨʘʰ 

ʚʽʜ ʦʧʝʨʘʪʠʚʥʦʩʪʽ ʯʘʩʪʦ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʨʝʩʫʨʩʽʚ 

¶ ʇʦʪʨʝʙʘ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʨʦʟʚôʷʟʢʽʚ ʩʢʣʘʜʥʠʭ ʧʨʘʢʪʠʯʥʠʭ 
ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʟʘʜʘʯ. 

ɸ ʧʘʨʘʣʝʣʴʥʽ ʧʨʦʛʨʘʤʠ ʧʦʪʨʝʙʫʶʪʴ ʧʘʨʘʣʝʣʴʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʾʭ ʩʪʚʦʨʝʥʥʷ ʚ ʭʽʜ ʽʜʫʪʴ ʚʩʽ 

ʜʦʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ ï ʽ ʦʨʛʘʥʽʟʘʮʽʷ ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʽ ʟʘʜʽʷʥʥʷ ʢʣʘʩʪʝʨʽʚ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʷʜʝʨ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʫ(ʎʇ) ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʜʦʩʪʫʧʥʠʭ ʤʘʰʠʥ. ɯ 

ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ, ʘ ʯʠ ʥʝ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʨʘʬʽʯʥʽ 

ʚʽʜʝʦʢʘʨʪʠ (GPU) ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʝʛʨʘʬʽʯʥʠʭ ʦʙʯʠʩʣʝʥʴ? 

ʆʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʢʦʥʮʝʧʮʽʶ ʨʦʙʦʪʠ ʽʟ ʚʽʜʝʦʢʘʨʪʘʤʠ ʻ CUDA[2,3]. ɺʦʥʘ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʜʘʯʽ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʦʙôʻʤʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ 

ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʘʭ. 

ɸʨʭʽʪʝʢʪʫʨʘ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1  

ʊʘʢʘ ʙʫʜʦʚʘ ʚʽʜʝʦʧʨʠʩʢʦʨʶʚʘʯʽʚ ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʟʘʜʘʯʽ, 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʭ. ʊʘʢ, ʧʽʜʭʦʜʷʪʴ 

ʟʘʜʘʯʽ ʽʟ ʚʝʣʠʢʠʤ ʤʘʩʠʚʘʤʠ ʜʘʥʠʭ, ʥʘʜ ʷʢʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʙʽʨ 

ʽʜʝʥʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɺʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ CUDA ʻ ʜʚʘ ʧʦʥʷʪʪʷ: ʣʘʪʝʥʪʥʽʩʪʴ 

ʪʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ. ʗʢʱʦ ʟʘʚʜʘʥʥʷ ʦʧʝʨʫʻ ʟʘʜʘʯʘʤʠ ʽʟ 
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ʯʘʩʪʠʤʠ ʧʝʨʝʩʠʣʘʥʥʷʤʠ ʜʘʥʠʭ ʤʽʞ ʎʇ ʽ ʧʨʠʩʢʦʨʶʚʘʯʝʤ, ʪʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ GPU  ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʝʥʴ 

ʟʥʘʯʥʦ ʩʧʘʜʘʻ.  

 

 
ʈʠʩ. 1 ɸʨʽʭʝʢʪʫʨʘ CUDA 

 

ʇʘʨʘʣʝʣʴʥʽ ʦʙʯʠʩʣʝʥʥʷ ʥʘ GPU ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ  ʜʣʷ 

ʩʠʤʫʣʷʮʽʾ ʧʨʦʮʝʩʽʚ ʬʽʟʠʢʠ, ʢʨʠʧʪʦʛʨʘʬʽʾ, ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʤʘʪʝʤʘʪʠʢʠ ʪʘ ʽʥ. ʊʘʢʦʞ, ʧʦʢʘʟʥʠʢʦʤ ʟʨʦʩʪʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 

CUDA ʻ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ 

NVIDIA ʚ GPU ʦʙʯʠʩʣʝʥʥʷʭ: ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʙʽʣʴʰʝ 700 GPU-

ʢʣʘʩʪʝʨʽʚ ʚʩʪʘʥʦʚʣʝʥʽ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. ɺʦʝʚʦʜʠʥ ɺ. ɺ. ʇʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ / ɺʦʝʚʦʜʠʥ ɺ. ɺ. ɹʍɺ-

ʇʝʪʝʨʙʫʨʛ, 2004 ï 608 ʩ. 

2. ɻʨʝʙʥʦʚ ʀ.ɺ  ʇʨʠʤʝʥʝʥʠʝ GPU NVIDIA ʜʣʷ ʥʝʛʨʘʬʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ / ɻʨʝʙʥʦʚ ʀ.ɺ  ï ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: www.cyberleninka.ru/article/n/primenenie-gpu-nvidia-dlya-

negraficheskih-raschetov (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 01.03.2020 ʨ.). 

3. ʅʝʛʨʘʬʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʥʘ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ 

ʚʠʜʝʦʢʘʨʪ, ʪʝʭʥʦʣʦʛʠʠ nVidia CUDA ʠ AMD Stream ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ:  http://veb.name/index.php?document=negraficheskievichislen

iyanagr (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 01.03.2020 ʨ.) 

  

http://www.cyberleninka.ru/article/n/primenenie-gpu-nvidia-dlya-negraficheskih-raschetov
http://www.cyberleninka.ru/article/n/primenenie-gpu-nvidia-dlya-negraficheskih-raschetov
http://veb.name/index.php?document=negraficheskievichisleniyanagr
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ɺʘʣʝʥʪʠʥʘ ʈʫʩʥʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ïʜʦʮ. ɻʘʚʨʠʣʷʢ ʄ. ʉ. 

 

ʉʫʯʘʩʥʽ WEB-ʪʝʭʥʦʣʦʛʽʾ 
 

ʅʘ ʩʴʦʛʦʜʥʽ ʛʘʣʫʟʴ ʚʝʙ-ʨʦʟʨʦʙʦʢ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʨʠʙʫʪʢʦʚʽʰʠʭ ʫ 

ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. ɺʝʙ-ʨʦʟʨʦʙʢʘ ʚʢʣʶʯʘʻ ʚʝʙ-ʜʠʟʘʡʥ, ʨʦʟʨʦʙʢʫ 

ʚʝʙ-ʢʦʥʪʝʥʪʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʝʙ-ʩʝʨʚʝʨʘ ʪʘ ʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʢʠ, ʽ, 

ʟʚʠʯʘʡʥʦ,  ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ. ɺʝʙ-ʨʦʟʨʦʙʢʘ ʤʘʻ 

ʚʝʣʠʯʝʟʥʠʡ ʥʘʙʽʨ ʧʨʘʚʠʣ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦ ʷʢʽ ʧʦʚʠʥʝʥ ʟʥʘʪʠ 

ʢʦʞʝʥ ʨʦʟʨʦʙʥʠʢ ʚʝʙ-ʩʘʡʪʫ.  

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʠ ʘʙʦ ʚʝʙ-ʩʘʡʪʫ ʟʘʟʚʠʯʘʡ ʟʚʦʜʠʪʴʩʷ ʥʝ ʧʨʦʩʪʦ 

ʜʦ ʟʥʘʥʥʷ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘ ʜʦ ʚʤʽʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʥʘʧʠʩʘʥʽ ʥʘ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

Angular  - ʦʜʥʘ ʟ ʥʘʡʥʦʚʽʰʠʭ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ, ʨʦʟʨʦʙʣʝʥʘ 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʣʝʛʢʦ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʧʨʦʛʨʘʤʠ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʯʠ ʧʣʘʛʽʥʽʚ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʜʦʙʨʝ ʟʨʦʙʣʝʥʽ ʰʘʙʣʦʥʠ, ʘʨʭʽʪʝʢʪʫʨʫ MVC, 

ʛʝʥʝʨʘʮʽʶ ʢʦʜʫ, ʨʦʟʙʠʪʪʷ ʢʦʜʫ ʽ ʪ. ʽʥ. ʋʩʽ ʚʠʨʘʟʠ ʩʭʦʞʽ ʥʘ 

ʬʨʘʛʤʝʥʪʠ ʢʦʜʫ, ʷʢʽ ʫʢʣʘʜʝʥʽ ʫ ʬʽʛʫʨʥʽ ʜʫʞʢʠ ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʞʦʜʥʠʭ ʮʠʢʣʽʚ ʘʙʦ ʫʤʦʚʥʠʭ ʦʧʝʨʘʪʦʨʽʚ [1]. 

Ruby on Rails - ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʚʝʙ-ʩʘʡʪʽʚ  ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ, ʷʢʘ 

ʨʦʙʠʪʴ ʨʦʟʨʦʙʢʫ ʜʦʜʘʪʢʽʚ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʦʶ ʪʘ ʰʚʠʜʰʦʶ. ʊʝ, ʱʦ 

ʜʽʡʩʥʦ ʨʦʟʤʝʞʦʚʫʻ ʮʶ ʪʝʭʥʦʣʦʛʽʶ, - ʮʝ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʜʫ, ʘ ʪʘʢʦʞ ʜʝʷʢʽ ʽʥʰʽ ʮʽʢʘʚʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ  ʚʠʢʦʥʘʪʠ 

ʨʦʙʦʪʫ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ. ʇʦʧʫʣʷʨʥʽ ʚʝʙ-ʩʘʡʪʠ, ʥʘʧʠʩʘʥʽ ʟ Ruby, 

ʚʢʣʶʯʘʶʪʴ Basecamp , Ask.fm , GitHub , 500px ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ [2]. 

Yii  - ʮʝ ʧʨʦʛʨʘʤʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʟ ʚʽʜʢʨʠʪʠʤ 

ʢʦʜʦʤ, ʧʦʙʫʜʦʚʘʥʘ ʚ PHP5. ʎʝ ʦʧʪʠʤʽʟʦʚʘʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ 

ʧʦʩʪʘʯʘʻʪʴʩʷ ʟ ʥʠʟʢʦʶ ʯʫʜʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʥʘʣʘʛʦʜʞʝʥʥʷ 

ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ . ʑʝ ʦʜʠʥ ʧʣʶʩ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ 

ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʽ ʧʨʦʩʪʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ [1]. 

Meteor JS ʥʘʧʠʩʘʥʠʡ ʥʘ Node.js, ʽ ʮʝ ʜʦʟʚʦʣʷʻ  ʩʪʚʦʨʶʚʘʪʠ ʚʝʙ-

ʜʦʜʘʪʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʜʣʷ ʨʽʟʥʠʭ ʧʣʘʪʬʦʨʤ.  ʄʝʪʝʦʨ JS ʜʽʡʩʥʦ 
ʚʠʜʽʣʷʻʪʴʩʷ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʨʦʩʪʠʭ ʚʝʙ-ʩʘʡʪʽʚ ʜʣʷ 

ʦʩʦʙʠʩʪʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. ʎʝ ʽʟʦʤʦʨʬʥʘ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʷ JavaScript ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʪʘ ʰʚʠʜʢʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷʤ ʚʝʙ-ʩʪʦʨʽʥʢʠ. ʉʪʝʢ 

https://www.eyerys.com/articles/news/web-development-industry-modern-world
https://basecamp.com/
https://ask.fm/
https://github.com/
https://500px.com/
https://tms-outsource.com/blog/posts/web-application-development/
https://tms-outsource.com/blog/posts/web-application-testing/
https://tms-outsource.com/blog/posts/app-ideas/
https://tms-outsource.com/blog/posts/app-ideas/
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JavaScript ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʽ ʩʘʤʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʤʝʥʰʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʷʜʢʽʚ ʢʦʜʫ, ʥʽʞ ʟʘʟʚʠʯʘʡ. 

Express.js - ʮʝ ʤʝʨʝʞʘ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʷʢʘ ʧʽʜʭʦʜʠʪʴ ʜʣʷ 

ʪʠʭ, ʢʦʤʫ ʧʦʪʨʽʙʥʦ ʷʢʦʤʦʛʘ ʰʚʠʜʰʝ ʨʦʟʨʦʙʣʷʪʠ ʜʦʜʘʪʢʠ ʪʘ 

API. ɹʘʛʘʪʦ ʬʫʥʢʮʽʡ ʥʘʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʛʽʥʽʚ. ʈʦʟʨʦʙʣʝʥʘ 

ʚ Node.js. 

Zend - ʮʝ ʧʨʦʛʨʘʤʘ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʟʘʩʥʦʚʘʥʘ ʥʘ PHP, 

ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʭ ʪʘ ʥʘʜʽʡʥʠʭ ʚʝʙ-

ʜʦʜʘʪʢʽʚ ʪʘ ʩʣʫʞʙ. ʎʝ ʦʜʠʥ ʽʟ ʧʝʨʰʠʭ ʢʘʨʢʘʩʽʚ MVC 

ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʨʽʚʥʷ, ʷʢʘ ʚʠʡʰʣʘ ʧʝʨʝʜ ʥʠʥʽʰʥʽʤʠ ʩʫʧʝʨʛʽʪʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ Laravel ʘʙʦ Symfony, ʽ ʙʘʛʘʪʦ ʧʦʧʫʣʷʨʥʠʭ ʜʚʠʛʫʥʽʚ PHP, 

ʪʘʢʠʭ ʷʢ Magento, ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʚ Zend. ʉʴʦʛʦʜʥʽ Zend ʚʩʝ ʱʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʢʪʠʚʥʦʤʫ ʨʦʟʚʠʪʢʫ, ʽ ʭʦʯʘ ʚʽʥ ʻ ʤʝʥʰ ʧʦʧʫʣʷʨʥʠʡ, 

ʥʽʞ ʡʦʛʦ ʙʨʘʪʠ ʟ ʧʦʙʨʘʪʠʤʘʤʠ, ʮʝ ʯʫʜʦʚʝ ʨʽʰʝʥʥʷ ʜʣʷ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʜʦʜʘʪʢʘ PHP [3]. 

Django - ʦʜʥʘ ʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʬʨʝʡʤʚʦʨʢʽʚ, ʥʘʧʠʩʘʥʠʡ ʥʘ 

Python ʽ ʚʽʜʧʦʚʽʜʘʻ ʘʨʭʽʪʝʢʪʫʨʽ MVC. ʎʝ ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ ʧʨʦʮʝʩ 

ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʨʦʩʪʦʪʽ. Django ʟʥʘʯʥʦ ʩʧʨʦʱʫʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ Python ʪʘ ʥʘʜʘʻ ʙʝʟʣʽʯ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʧʦʣʝʛʰʫʶʪʴ 

ʞʠʪʪʷ ʨʦʟʨʦʙʥʠʢʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ - ʥʘʧʨʠʢʣʘʜ, ORM, ʤʦʜʝʣʽ, 

ʘʜʤʽʥʽʩʪʨʘʪʦʨ Django, ʰʘʙʣʦʥʠ ʪʦʱʦ. 

Laravel ï ʮʝ ʽʜʝʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ PHP ʜʣʷ ʥʝʚʝʣʠʢʠʭ 

ʚʝʙ-ʩʘʡʪʽʚ. ɺʽʥ ʦʩʥʘʱʝʥʠʡ ʥʠʟʢʦʶ ʢʦʨʠʩʥʠʭ ʬʫʥʢʮʽʡ, ʚʢʣʶʯʘʶʯʠ 

ʧʽʜʪʨʠʤʢʫ MVC, ʦʙ'ʻʢʪʥʦ-ʟʦʨʽʻʥʪʦʚʘʥʽ ʙʽʙʣʽʦʪʝʢʠ, Artisan, ʪʝʭʥʽʢʫ 

ʘʚʪʦʨʠʟʘʮʽʾ, ʤʽʛʨʘʮʽʶ ʙʘʟ ʜʘʥʠʭ ʪʦʱʦ. ʋ ʜʘʥʠʡ ʯʘʩ ʮʝ ʦʜʥʘ ʟ 

ʥʘʡʙʽʣʴʰ ʧʽʜʪʨʠʤʫʚʘʥʠʭ ʪʘ ʨʦʟʨʦʙʣʝʥʠʭ ʩʧʽʣʴʥʦʪʦʶ ʩʪʨʫʢʪʫʨ. 

Laravel - ʮʝ ʯʫʜʦʚʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʪʫʞʥʽʩʪʴ ʷʢ 

ʥʝʚʝʣʠʢʠʭ ʚʝʙ-ʩʘʡʪʽʚ, ʪʘʢ ʽ ʤʘʩʰʪʘʙʥʠʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ B2B, ʱʦ 

ʢʝʨʫʶʪʴ ʤʽʣʴʡʦʥʘʤʠ ʪʨʘʥʟʘʢʮʽʡ ʱʦʜʥʷ [4]. 
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ɯʛʦʨ ʉʘʬʨʦʥʦʚ, ʆʣʝʢʩʘʥʜʨ ʄʦʡʩʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɸ.ʇ. ʉʘʤʽʣʘ 

 

SPICE-ʤʦʜʝʣʴ ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʽʥ-ʜʝʪʝʢʪʦʨʘ ʷʜʝʨʥʦʛʦ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 
ɸʚʪʦʜʠʥʥʽ ʩʧʽʥ-ʜʝʪʝʢʪʦʨʠ ʥʘ ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʷʢ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʷʜʝʨʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ 

ʩʠʛʥʘʣʽʚ, ʪʘʢ ʽ ʚ ʛʘʣʫʟʽ ʪʝʨʤʦʤʝʪʨʽʾ ʷʜʝʨʥʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ (ʗʂʈ), ʱʦ ʟʫʤʦʚʣʝʥʦ ʾʭ ʧʨʦʩʪʦʪʦʶ, ʥʘʜʽʡʥʽʩʪʶ ʪʘ 

ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ [1]. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʩʭʝʤ ʘʚʪʦʜʠʥʽʚ ʽʩʥʫʻ 

ʜʝʢʽʣʴʢʘ ʥʘʧʨʷʤʽʚ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ, ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʷʢʠʤʠ 

ʧʦʣʷʛʘʻ ʫ ʩʧʦʩʦʙʽ ʨʝʘʣʽʟʘʮʽʾ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. ʋ ʢʦʞʥʦʤʫ 

ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʚʜʘʣʽʡ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʝʪʝʣʴʥʦʤʫ 

ʚʠʙʦʨʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʥʘʣʝʞʥʦʤʫ ʧʽʜʙʦʨʽ ʨʝʞʠʤʽʚ 

ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʫ ʜʝʪʝʢʪʫʚʘʥʥʽ 

ʨʝʟʦʥʘʥʩʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʣʘʩʥʠʭ ʰʫʤʽʚ ʪʘ 

ʧʦʩʣʘʙʣʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʥʘʚʝʜʝʥʴ.  

ɼʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʰʫʤʽʚ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʽʥ-ʜʝʪʝʢʪʦʨʘ 

ʨʦʟʨʦʙʣʝʥʘ ʡʦʛʦ SPICE(Simulation Program with Integrated Circuit 

Emphasis)-ʤʦʜʝʣʴ, ʷʢʘ ʧʦʜʽʣʝʥʘ ʥʘ ʪʨʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʫʟʣʠ: ʘ) ï 

ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ, ʙ) ï ʚʭʽʜʥʝ ʢʦʣʦ, ʚ) ï ʢʦʣʦ ʦʙʝʨʥʝʥʦʛʦ 

ʟʚôʷʟʢʫ. 
 

 
ʈʠʩ. 1. SPICE-ʤʦʜʝʣʴ ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʽʥʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ 

 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʫʤʦʚ ʨʝʟʦʥʘʥʩʫ ʤʘʻ ʤʽʩʮʝ ʟʤʽʥʘ ʦʧʦʨʫ ZD  ʽ 

ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʚʪʨʘʪ ʧʘʨʘʣʝʣʴʥʦʛʦ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ LC 

ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʽʥ-ʜʝʪʝʢʪʦʨʘ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʤʽʥʫ ʘʤʧʣʽʪʫʜʠ ʪʘ 

ʯʘʩʪʦʪʠ ʛʝʥʝʨʦʚʘʥʠʭ ʚ ʥʴʦʤʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ. ɿʤʽʥʫ 

ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ ʥʘ LC-ʢʦʥʪʫʨʽ ʩʧʽʥ-ʜʝʪʝʢʪʦʨʘ ʟʘ ʨʘʭʫʥʦʢ 
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ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )
mg

mg
mg

U

USS
QU

28
2

-¡¡
¡¡-=D cph ,   (1) 

ʜʝ S ï ʢʨʫʪʠʟʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʟʠʩʪʦʨʘ; S¡¡ï ʜʨʫʛʘ ʧʦʭʽʜʥʘ 

ʢʨʫʪʠʟʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʥʟʠʩʪʦʨʘ; h ï ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʦʙ'ʻʤʫ ʢʦʪʫʰʢʠ ʟʨʘʟʢʦʤ; Q ï ʜʦʙʨʦʪʥʽʩʪʴ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ; c¡¡ ï ʷʜʝʨʥʘ ʤʘʛʥʽʪʥʘ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ. 

ʇʘʨʘʣʝʣʴʥʠʡ ʢʦʣʠʚʘʣʴʥʠʡ LC ʢʦʥʪʫʨ ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʽʥ-

ʜʝʪʝʢʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʧʘʨʘʣʝʣʴʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ G0 ʽ ʧʦʚ'ʷʟʘʥʠʤ ʟ ʥʝʶ ʰʫʤʦʤ i0. ɼʦʜʘʪʢʦʚʘ 

ʧʨʦʚʽʜʥʽʩʪʴ DG ʚʽʜʧʦʚʽʜʘʻ ʨʝʟʦʥʘʥʩʥʦʤʫ ʧʦʛʣʠʥʘʥʥʶ. ɭʤʥʽʩʥʘ 

ʩʢʣʘʜʦʚʘ ʧʦʚʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʨʘʭʦʚʘʥʘ ʫ ʚʝʣʠʯʠʥʽ C, ʪʦʜʽ ʷʢ 

ʘʢʪʠʚʥʽ ʩʢʣʘʜʦʚʽ ʦʧʦʨʫ ʚʭʦʜʷʪʴ ʚ Gi. ɻʝʥʝʨʘʪʦʨ ʩʪʨʫʤʫ ʚʭʽʜʥʠʭ 

ʰʫʤʽʚ i i ʬʦʨʤʫʻʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ ʢʚʘʜʨʘʪʠʯʥʠʭ ʢʦʤʙʽʥʘʮʽʡ 

ʪʝʧʣʦʚʠʭ ʰʫʤʽʚ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʰʫʥʪʫʚʘʥʥʷ ʪʘ ʰʫʤʦʤ, 

ʟʫʤʦʚʣʝʥʠʤ ʚʭʽʜʥʠʤ ʩʪʨʫʤʦʤ ʧʽʜʩʠʣʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. 

ʇʦʩʣʽʜʦʚʥʦ ʚʚʽʤʢʥʝʥʠʡ ʛʝʥʝʨʘʪʦʨ ʰʫʤʦʚʦʾ ʥʘʧʨʫʛʠ nn  

ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ ʧʨʠʚʝʜʝʥʦʛʦ ʜʦ ʚʭʦʜʫ ʜʨʦʙʦʚʦʛʦ ʰʫʤʫ. ʎʝ 

ʜʞʝʨʝʣʦ ʤʦʜʝʣʶʻ ʪʘʢʦʞ ʧʨʦʧʦʨʮʽʡʥʽ 1/f ʰʫʤʠ ʧʨʠʩʪʨʦʶ. ʂʦʣʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʚʢʣʶʯʘʻ ʛʝʥʝʨʘʪʦʨ 1nmG  ʟ ʥʝʣʽʥʽʡʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ: 

Gmɡ1=aɡ1+bɡ1
2
+gɡ1

3
.                               (2) 

ɿʘʟʚʠʯʘʡ Ŭ ʻ ʜʦʜʘʪʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʘ ɔ ï ʚʽʜôʻʤʥʦʶ. ɿʥʘʢ ɓ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʜʽʥʢʫ ʜʝʪʝʢʪʦʨʘ. ɸʢʪʠʚʥʫ ʯʘʩʪʠʥʫ ʧʦʚʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʦʚʽʜʥʽʩʪʴ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ Gj, 

ʻʤʥʽʩʥʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʚʢʣʶʯʝʥʘ ʚ ʉ. ʉʫʤʘʨʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʩʭʝʤʠ 

ji GGGG -+= 0 .                       (3) 

ʈʦʟʛʣʷʥʫʪʦ SPICE-ʤʦʜʝʣʴ, ʷʢʘ ʤʦʞʝ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ 

ʦʮʽʥʶʚʘʥʥʽ ʨʽʚʥʷ ʰʫʤʽʚ, ʯʫʪʣʠʚʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʨʝʞʠʤʽʚ 

ʨʦʙʦʪʠ ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʘʚʪʦʜʠʥʥʦʛʦ ʩʧʽʥ-ʜʝʪʝʢʪʦʨʘ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʘʤʠʣʘ ɸ. ʇ., ʍʘʥʜʦʞʢʦ ɸ. ɻ., ʍʘʥʜʦʞʢʦ ɺ. ɸ. ɸʚʪʦʜʠʥʥʳʡ 

ʩʧʝʢʪʨʦʤʝʪʨ ʷʜʝʨʥʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ 

ʯʘʩʪʦʪʥʦʡ ʰʢʘʣʦʡ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʝ. 2010. ˉ 5ï6. ʉ. 17ï22. 
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ʄʠʢʦʣʘ ʉʚʠʱ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʫʜʠʤʘ ʖ.ɺ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ AutoCAD ʫ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ  

 
ʉʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ (ʉɸʇʈ) ʫ 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 ʻ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʦʻʜʥʘʣʘ ʫ ʩʦʙʽ ʬʫʥʢʮʽʾ ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʜʚʦʚʠʤʽʨʥʦʛʦ ʢʨʝʩʣʝʥʥʷ. ʇʨʦʜʫʢʪ ʢʦʤʧʘʥʽʾ 

Autodesk ʟ'ʷʚʠʚʩʷ ʚ 1982 ʨʦʮʽ, ʪʘ ʻ ʦʜʥʠʤ ʽʟ ʧʝʨʰʠʭ, ʩʪʚʦʨʝʥʠʭ 

ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ. ɿʘʚʜʷʢʠ ʜʝʤʦʢʨʘʪʠʯʥʽʡ ʮʽʥʽ ʪʘ 

ʣʝʛʢʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʘ ʰʚʠʜʢʦ ʟʘʚʦʶʚʘʣʘ ʧʝʨʰʽʩʪʴ ʽ 

ʜʦʩʽ ʻ ʧʦʧʫʣʷʨʥʦʶ ʩʝʨʝʜ ʽʥʞʝʥʝʨʽʚ, ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʽ 

ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʨʽʟʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʛʘʣʫʟʝʡ.  
ʇʨʦʛʨʘʤʘ 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; ʝʬʝʢʪʠʚʥʦ ʬʦʨʤʫʚʘʪʠ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʪʠ ʢʨʝʩʣʝʥʴ: ʛʨʫʧʫʚʘʪʠ ʾʭ ʟʘ ʨʦʟʜʽʣʘʤʠ 

ʧʨʦʝʢʪʫ ʘʙʦ ʽʥʰʠʤʠ ʣʦʛʽʯʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ, ʩʪʚʦʨʶʚʘʪʠ 

ʧʝʨʝʣʽʢʠ ʘʨʢʫʰʽʚ, ʘʨʭʽʚʫʚʘʪʠ ʧʨʦʝʢʪʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʪʘ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʢʦʣʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʬʘʭʽʚʮʽʚ ʥʘʜ ʧʨʦʝʢʪʦʤ. ʅʘ 

ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʷʚʠʪʠ ʙʫʜʴ-ʷʢʽ ʧʦʤʠʣʢʠ ʯʠ 

ʥʝʪʦʯʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʫ AutoCAD ʜʦʧʦʤʘʛʘʶʪʴ ʟʘʩʦʙʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ï ʨʝʘʣʽʩʪʠʯʥʝ ʪʦʥʫʚʘʥʥʷ ʪʘ ʘʥ̔ʤʘʮʽʷ [1;2].  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘʙʫʪʪʷ ʧʨʘʢʪʠʯʥʠʭ 

ʥʘʚʠʢʽʚ 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 [2]. 

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 ʥʘʚʠʢʠ 

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 

ʜʦ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ). ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʨʦʟʨʦʙʮʽ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʨʦʙʽʪ ʥʘ ʙʘʟʽ AutoCAD  ̒ʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘ ʰʠʨʦʢʝ ʨʦʟʫʤʽʥʥʷ ʫʩʽʭ 

ʧʨʦʛʨʘʤ ʉɸʇʈ, ʦʩʢʽʣʴʢʠ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʾʭ ʤʽʞ ʩʦʙʦʶ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʽ. ɿʤʽʩʪ ʧʠʩʴʤʦʚʠʭ ʽʥʩʪʨʫʢʮʽʡ ʧʦʙʫʜʦʚʘʥʠʡ ʪʘʢ, ʱʦʙ 

ʫʨʘʭʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʧʽʟʥʘʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʫʜʝʥʪʽʚ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʥʦʚʣʝʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʫ ʥʘʚʯʘʣʴʥʦʤʫ 

ʧʨʦʮʝʩʽ ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʧʨʘʢʪʠʯʥʠʭ 

ʫʤʽʥʴ ʪʘ ʟʥʘʥʴ ʫ ʩʪʫʜʝʥʪʽʚ, ʩʧʨʠʷʪʠʤʝ ʦʩʚʦʻʥʥʶ ʥʠʤʠ ʥʘʚʠʢʽʚ 

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.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ɺʽʪʘʣʽʡ ʉʝʤʝʰʢʽʥ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ɸʥʘʪʠʯʫʢ ʃ.ɯ.,  

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. 

ʆʜʥʠʤ ʽʟ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʨʦʱʫʚʘʥʥʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʻ ʤʝʪʦʜ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 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. ʇʦʨʦʞʥʠʥʠ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʮʝʩ ʩʧʨʷʤʦʚʘʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʬʦʨʤʫʶʪʴʩʷ ʱʽʣʴʥʦ 

ʩʪʠʩʥʝʥʠʤʠ ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ. ʅʘ ʚʝʨʭʥʽʡ ʪʦʨʝʮʴ 

ʩʬʦʨʤʦʚʘʥʦʛʦ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ ʧʘʢʝʪʘ ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʧʣʘʩʪʠʥ 

ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʟô̒ ʤʥʠʡ ʢʦʥʪʝʡʥʝʨ ʽʟ ʚʝʨʭʥʴʦʶ ʢʨʠʰʢʦʶ. 

ɺʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʢʦʥʪʝʡʥʝʨʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʧʦʚʥʝʥʥʷ 

ʰʠʭʪʦʶ ʧʦʧʝʨʝʜʥʴʦ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ ɺʽ-ʊʝ. ʋ ʜʥʽ ʢʦʥʪʝʡʥʝʨʘ ʟʨʦʙʣʝʥʽ ʦʪʚʦʨʠ, 

ʯʝʨʝʟ ʷʢʽ ʨʦʟʧʣʘʚ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʪʽʢʘʻ ʟ 

ʢʦʥʪʝʡʥʝʨʘ ʽ ʟʘʧʦʚʥʶʻ ʧʦʨʦʞʥʠʥʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥ ʱʽʣʠʥʥʠʭ ʧʦʨʦʞʥʠʥ 

ʚʠʤʽʨʶʻʪʴʩʷ. ɽʣʝʢʪʨʦʜʠ ʪʝʨʤʦʧʘʨ ʯʝʨʝʟ ʛʝʨʤʝʪʠʯʥʠʡ ʧʝʨʝʭʽʜ  

ʚʚʦʜʷʪʴʩʷ ʜʦ ʟʦʚʥʽʰʥʽʭ ʧʨʠʣʘʜʽʚ. ʅʠʞʥʽʡ ʪʦʨʝʮʴ ʧʘʢʝʪʘ 

ʧʨʦʬʽʣʴʦʚʘʥʠʭ ʧʣʘʩʪʠʥ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʯʘʰʢʫ, ʷʢʘ ʯʝʨʝʟ ʰʪʦʢ 
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ʈʠʩ.1.ʂʦʝʬʽʮʽʻʥʪʠ ʪʝʨʤʦʝʨʩ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʣʘʩʪʠʥʠ 

ʊɽʄ, ʚʠʨʦʱʝʥʦʛʦ ʚ ʱʽʣʠʥʥʦʤʫ ʢʨʠʩʪʘʣʽʟʘʪʦʨʽ 

 

ʟôʻʜʥʘʥʘ ʟ ʦʩʥʦʚʦʶ, ʷʢʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ. ɿʤʦʥʪʦʚʘʥʠʡ ʫ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʚʫʟʦʣ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʢʨʠʚʘʻʪʴʩʷ ʟô̒ ʤʥʦʶ ʘʤʧʫʣʦʶ ʟ 

ʢʚʘʨʮʦʚʦʛʦ ʩʢʣʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʛʨʽʚʥʠʢ, ʷʢʠʡ ʦʭʦʧʣʶʻ ʚʝʨʭʥʶ ʯʘʩʪʠʥʫ 

ʘʤʧʫʣʠ. ʉʧʨʷʤʦʚʘʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʽʟ ʨʦʟʧʣʘʚʫ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʥʘʛʨʽʚʥʠʢʘ ʚʚʝʨʭ. ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʚʽʜʥʦʩʥʦ ʱʽʣʠʥʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ ʨʝʛʫʣʴʦʚʘʥʘ ʽ ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 4-

30,0 ʤʤ/ʛʦʜ. 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʧʠʩʘʥʫ ʫʩʪʘʥʦʚʢʫ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʚʠʨʦʱʫʚʘʥʥʷ 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 ʚʠʨʦʱʝʥʦʾ ʧʣʘʩʪʠʥʢʠ ʊɽʄ 

ʫʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʨʦʩʪʫ.  
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ʄʘʨʽʯʢʘ ʉʝʨʙʠʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʅʽʮʦʚʠʯ ʆ.ɺ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʥʝʣʝʛʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ  

ʥʘ ʦʩʥʦʚʽ ɺʽ2ʊʝ3 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʠʩʪʝʤ Bi2Te3-Sb2Te3 p-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ 

ʪʘ Bi2Te3-Bi2Se3 n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ 

ʜʦʩʣʽʜʥʠʢʽʚ ʫʞʝ ʧʦʥʘʜ 60 ʨʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʻ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 150-350 ʂ 

[1; 2].  

ɺʽʜʦʤʦ, ʱʦ ʛʦʣʦʚʥʠʡ ʩʧʦʩʽʙ ʧʦʣʽʧʰʝʥʥʷ ʂʂɼ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ï ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ï 

ʧʦʣʷʛʘʻ ʫ ʟʙʽʣʴʰʝʥʥʽ ʜʦʙʨʦʪʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

(ʊɽʄ): ὤ ‌„‖ϳ, ʜʝ Ŭ ï ʪʝʨʤʦʝʨʩ, ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ɿʝʻʙʝʢʘ; ů ï 

ʢʦʝʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ; ə - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɿʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ Z ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ Ŭ ʪʘ 

ʟʤʝʥʰʝʥʥʷʤ ə.  

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʥʝʣʝʛʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Bi2Te3-

Bi2Se3 ʪʘ Bi2Te3-Sb2Te3 ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ [2-4]. 

ɼʣʷ ʩʧʦʣʫʢ Bi2Te3-Sb2Te3 ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʛʨʘʪʢʦʚʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʽ ʟ ʨʽʟʥʠʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʚʢʘʟʫʶʪʴ ʥʘ ʤʽʥʽʤʫʤ ʛʨʘʪʢʦʚʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ 65-75 ʤʦʣ.% Sb2Te3. ʋ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ Bi2Te3-Bi2Se3, ʟʘ ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ, ʽʩʥʫʻ ʜʚʘ ʤʽʥʽʤʫʤʠ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ - ʧʦʙʣʠʟʫ 10-20 ʤʦʣ.% Bi2Se3 ʪʘ 70-80 ʤʦʣ.% 

Bi2Se3. 

ɺʽʜʦʤʦ, ʱʦ ʦʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʘʛʘʪʦʢʘʩʢʘʜʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʪʘʢʦʞ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʩʢʘʜʫ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʧʝʨʝʚʽʨʢʘ 

ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʊɽʄ ʥʘ ʦʩʥʦʚʽ Bi2Te3-

Bi2Se3 ʥʘ ʡʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʤʝʪʦʜʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʾ ʟʦʥʥʦʾ ʧʣʘʚʢʠ ʙʫʣʦ ʚʠʨʦʱʝʥʦ 7 ʟʣʠʪʢʽʚ ʊɽʄ ʥʘ 

ʦʩʥʦʚʽ Bi2Te3-Bi2Se3 ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ. ɯʟ ʦʪʨʠʤʘʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʚʠʨʽʟʘʣʠʩʷ ʟʨʘʟʢʠ ʨʦʟʤʽʨʘʤʠ 8ʤʤĬ13ʤʤ ʟʘʚʞʜʠ ʟ ʦʜʥʽʻʾ ʡ ʪʽʻʾ ʞ 
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ʯʘʩʪʠʥʠ ʟʣʠʪʢʘ. ʅʘ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʘʭ 

ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʝʨʤʦʝʨʩ ʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ, ʨʦʟʨʦʙʣʝʥʠʤ ʚ 

ɯʥʩʪʠʪʫʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʅɸʅ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ ñɸʃʊɽʂ-

10001ò, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʊɽʄ ʜʣʷ ʜʽʘʧʘʟʦʥʫ 

ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 500 
ʦ
ʉ.  

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʪʢʦʚʦʾ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ Bi2Te3-Bi2Se3 ʚʽʜ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɻʨʘʪʢʦʚʘ ʩʢʣʘʜʦʚʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʷ ʽʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘ 

ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ [2, ʩ.79].  

 

ʈʠʩ.1. ɿʘʣʝʞʥʽʩʪʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ 

Bi2Te3-Bi2Se3 ʚʽʜ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʨʽʟʥʠʭ ʊ: 1 ï 210 
ʦ
ʉ; 2 ï 

164 
ʦ
ʉ; 3 ï 119 

ʦ
ʉ; 4 ï 306 

ʦ
ʉ; 5 ï 74 

ʦ
ʉ; 6 ï 257 

ʦ
ʉ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʥʽʤʫʤ ʛʨʘʪʢʦʚʦʾ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ 

ʊɽʄ n-ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ Bi2Te3-Bi2Se3  ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 60 ï 

70 ʤʦʣ.% Bi2Se3. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʅʽʮʦʚʠʯ ʆ.ɺ., ʉʝʨʙʠʥ ʄ.ɺ. ʌʨʘʛʤʝʥʪʠ ʟ ʽʩʪʦʨʽʾ ʚʠʥʘʡʜʝʥʥʷ ɺʽ2ʊʝ3 ʪʘ ʡʦʛʦ 

ʧʝʨʰʠʭ ʧʨʘʢʪʠʯʥʠʭ ʚʠʢʦʨʠʩʪʘʥʴ // ʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ. ï ʊ.19, ˉ4. ï
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ɸʨʪʝʤ ʉʽʤʦʯʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʈʷʙʠʡ ʇ.ɸ. 

 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ 

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʧʪʠʯʥʝ ʧʦʣʝ ʟʘ ʚʽʜʦʤʠʤ ʚʠʤʽʨʷʥʠʤ 

ʨʦʟʧʦʜʽʣʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʙʽʢʫʙʽʯʥʠʤʠ ʩʧʣʘʡʥʘʤʠ, ʱʦ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ:  

¶ ʤʘʪʝʤʘʪʠʯʥʽ ʧʽʜʭʦʜʠ ʽʥʪʝʨʧʦʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ;  

¶ ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʩʽʜʣʦʚʠʭ ʪʦʯʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ;  

¶ ʦʪʨʠʤʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʛʨʘʜʽʻʥʪʥʠʭ ʣʽʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʰʣʷʭʦʤ ʟ'ʻʜʥʘʥʥʷ ʤʥʦʞʠʥʠ ʩʽʜʣʦʚʠʭ ʪʦʯʦʢ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ 

ʨʦʟʩʽʶʚʘʥʥʽ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘ ʰʦʨʩʪʢʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʦʙôʻʢʪʘʭ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜʜʘʣʝʥʠʭ,  ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʙʣʠʞʝʥʴ 

ʪʝʦʨʽʾ ʜʠʬʨʘʢʮʽʡ. ɿʦʢʨʝʤʘ, ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʟʘʛʘʣʴʥʦʾ 

ʨʝʟʫʣʴʪʫʶʯʦʾ ʢʘʨʪʠʥʠ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʟʤʽʥʠ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ, ʷʢʽ ʙʫʣʠ ʩʧʨʠʯʠʥʝʥʽ ʚʧʣʠʚʦʤ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʘʪʤʦʩʬʝʨʠ ʘʙʦ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʜʠʬʨʘʢʮʽʡʥʽ ʽʥʪʝʛʨʘʣʠ ʈʝʣʝʷ ï ɿʦʤʝʨʬʝʣʴʜʘ, ʙʫʣʦ 

ʧʨʦʤʦʜʝʣʴʦʚʘʥʝ ʚʠʧʘʜʢʦʚʝ ʩʧʝʢʣ-ʧʦʣʝ ʚʽʜʜʘʣʝʥʦʛʦ ʦʙôʻʢʪʫ, ʟ 

ʥʘʩʪʫʧʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʣʦʢʘʣʽʟʘʮʽʾ ʩʽʜʣʦʚʠʭ ʪʦʯʦʢ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʣʷ. 

ʉʽʜʣʦʚʘ ʪʦʯʢʘ ʚ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ - ʪʘʢʘ ʪʦʯʢʘ ʟ ʦʙʣʘʩʪʽ 

ʽʩʥʫʚʘʥʥʷ ʬʫʥʢʮʽʾ, ʷʢʘ ʻ ʩʪʘʮʽʦʥʘʨʥʦʶ ʜʣʷ ʜʘʥʦʾ ʬʫʥʢʮʽʾ, ʦʜʥʘʢ 

ʥʝ ʻ ʾʾ ʣʦʢʘʣʴʥʠʤ ʝʢʩʪʨʝʤʫʤʦʤ. ʋ ʪʘʢʽʡ ʪʦʯʮʽ, ʷʢʱʦ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʬʫʥʢʮʽʷ ʜʚʦʭ ʟʤʽʥʥʠʭ, ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ, ʟʘʟʚʠʯʘʡ, 

ʥʘʛʘʜʫʻ ʟʘ ʩʚʦʻʶ ʬʦʨʤʦʶ ʩʽʜʣʦ - ʦʧʫʢʣʘ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ 

ʫʚʽʛʥʫʪʘ ʚ ʽʥʰʦʤʫ. 

ɺʽʜʪʚʦʨʝʥʥʷ ʛʨʘʜʽʻʥʪʥʠʭ ʣʽʥʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ʟ ʩʽʜʣʦʚʦʾ ʪʦʯʢʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ S, ʧʨʦʚʦʜʠʤʦ ʣʽʥʽʶ, ʱʦ 

ʩʧʦʣʫʯʘʻ ʪʦʯʢʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ  

ʟʥʘʯʝʥʥʷʤ ʛʨʘʜʽʻʥʪʘ, ʩʧʨʷʤʦʚʘʥʠʤ ʜʦ ʟʘʟʥʘʯʝʥʦʾ ʩʽʜʣʦʚʦʾ ʪʦʯʢʠ. 

ʅʘ ʬʘʟʦʚʽʡ ʢʘʨʪʽ, ʮʷ ʣʽʥʽʷ ʚʽʜʧʦʚʽʜʘʻ ʦʙʣʘʩʪʽ ʨʽʚʥʦʤʽʨʥʦʾ 
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ʧʨʦʩʪʦʨʦʚʦʾ ʟʤʽʥʠ ʬʘʟʠ. ʇʨʠ ʦʙʭʦʜʽ ʩʽʜʣʦʚʦʾ ʪʦʯʢʠ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʘʚʞʜʠ ʦʪʨʠʤʫʶʪʴʩʷ ʜʚʘ ʤʽʥʽʤʫʤʠ, ʪʦʙʪʦ, ʩʽʜʣʦʚʘ 

ʪʦʯʢʘ ʻ ʧʦʯʘʪʢʦʚʦʶ ʜʣʷ ʜʚʦʭ ʛʨʘʜʽʻʥʪʥʠʭ ʣʽʥʽʡ. ɺʢʘʟʘʥʽ ʣʽʥʽʾ 

ʦʙʤʝʞʫʪʶʪʴ ʧʨʦʩʪʦʨʦʚʽ  ʦʙʣʘʩʪʽ, ʜʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

 ʅʘ ʈʠʩ. 1 (ʘ, b) ʟʦʙʨʘʞʝʥʦ ʚʽʟʫʘʣʽʟʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʦʰʫʢʫ ʩʢʝʣʝʪʦʥʫ ʚʠʧʘʜʢʦʚʦʛʦ 

ʩʧʝʢʣ-ʧʦʣʷ. 

ʅʘ ʨʠʩʫʥʢʫ b ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʬʘʟʠ, 

ʦʪʨʠʤʘʥʠʡ ʟ ʫʤʦʚʠ ʟʤʽʥʠ ʬʘʟʠ ʚ ʤʝʞʘʭ ʚʠʙʨʘʥʠʭ ʦʙʣʘʩʪʝʡ ʥʘ 

ˊ/2. 

 

 
ʈʠʩ.1 ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʦʰʫʢʫ 

ʩʢʝʣʝʪʦʥʫ ʚʠʧʘʜʢʦʚʦʛʦ ʩʧʝʢʣ-ʧʦʣʷ. 

 

ʉʽʜʣʦʚʽ ʪʦʯʢʠ ʽ ʤʘʢʩʠʤʫʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʽ 

ʙʽʣʠʤʠ ʪʨʠʢʫʪʥʠʢʘʤʠ ʪʘ ʨʦʤʙʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ; ʩʠʥʛʫʣʷʨʥʦʩʪʽ 

ʬʘʟʠ (ʥʫʣʽ ʘʤʧʣʽʪʫʜʠ) ʧʨʦʪʠʣʝʞʥʠʭ ʟʥʘʢʽʚ ʟʦʙʨʘʞʝʥʽ ʙʽʣʠʤʠ 

ʢʦʣʘʤʠ ʪʘ ʢʚʘʜʨʘʪʘʤʠ. ɺʽʜʥʦʚʣʝʥʽ ʛʨʘʜʽʻʥʪʥʽ ʣʽʥʽʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʫʮʽʣʴʥʠʤʠ ʙʽʣʠʤʠ ʣʽʥʽʷʤʠ. ʅʫʣʴʦʚʽ ʣʽʥʽʾ ʜʣʷ 

ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʥʦʾ ʘʤʧʣʽʪʫʜʠ ʧʦʣʷ ʟʦʙʨʘʞʝʥʽ 

ʧʫʥʢʪʠʨʥʠʤʠ ʪʘ ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʠʤʠ ʣʽʥʽʷʤʠ, ʚʽʜʧʦʚʽʜʥʦ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʄʦʭʫʥʴ ʀ.ʀ. ɺʚʝʜʝʥʠʝ ʚ ʣʠʥʝʡʥʫʶ ʩʠʥʛʫʣʷʨʥʫʶ ʦʧʪʠʢʫ/ ʀ. ʀ. 

ʄʦʭʫʥʴ//  ʏʝʨʥʦʚʮʳ, ʏʝʨʥʦʚʠʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

ï   2012. ï   215ʩ. 
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ɺʘʜʠʤ ʉʢʠʮʴʢʦ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʊʦʤʘʰ ɺ.ɺ. 

ʈʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʟʘʩʦʙʘʤʠ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʘ ʢʦʤʧôʶʪʝʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʩʝ ʙʽʣʴʰʝ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʩʫʩʧʽʣʴʩʪʚʘ. ɰʭ 

ʨʝʚʦʣʶʮʽʡʥʠʡ ʚʧʣʠʚ ʩʪʦʩʫʻʪʴʩʷ ʩʧʦʩʦʙʫ ʞʠʪʪʷ ʣʶʜʝʡ, ʾʭʥʴʦʾ 

ʦʩʚʽʪʠ ʡ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʻ ʚʘʞʣʠʚʠʤ ʩʪʠʤʫʣʦʤ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ 

ʝʢʦʥʦʤʽʢʠ. ɯʥʪʝʥʩʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʽ 

ʥʘʜʘʣʽ ʙʫʜʝ ʟʨʦʩʪʘʪʠ ʽ ʥʘʙʫʚʘʪʠ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʽʷʣʴʥʽʩʪʴ 

ʫʯʘʩʥʠʢʽʚ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʛʦ ʧʨʦʮʝʩʫ [1]. ʏʝʨʝʟ ʮʝ ʩʪʘʻ 

ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷ ʧʨʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʦʩʚʽʪʽ 

ʋʢʨʘʾʥʠ. 

ʈʘʟʦʤ ʽʟ ʮʠʤʠ ʦʩʥʦʚʥʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟʤʽʩʪʫ 

ʰʢʽʣʴʥʦʾ ʦʩʚʽʪʠ ʚ ʋʢʨʘʾʥʽ ʻ ʛʫʤʘʥʽʪʘʨʠʟʘʮʽʷ, ʜʠʬʝʨʝʥʮʽʘʮʽʷ ʪʘ 

ʽʥʪʝʛʨʘʮʽʷ, ʱʦ ʤʘʻ ʥʘ ʤʝʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʚʦʨʯʦʾ ʦʩʦʙʠʩʪʦʩʪʽ. 

çɼʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʥʘʜʪʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʠʪʘʥʥʷ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ  ʚʠʨʦʙʥʠʮʪʚʘ  ʪʘ ʩʫʩʧʽʣʴʥʦ-ʚʠʨʦʙʥʠʯʠʭ 

ʚʽʜʥʦʩʠʥ.  ɯʥʬʦʨʤʘʮʽʡʥʝ ʩʫʩʧʽʣʴʩʪʚʦ ʚʠʩʪʫʧʘʻ ʢʣʶʯʦʚʠʤ 

ʧʦʥʷʪʪʷʤ, ʷʢʝ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʟʤʽʥʫ 

ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʦʩʚʽʪʽ ʧʽʜʨʦʩʪʘʶʯʦʛʦ 

ʧʦʢʦʣʽʥʥʷè [2, c.135]. 

ʈʦʣʴ ʪʚʦʨʯʦʩʪʽ ʚ ʥʘʚʯʘʣʴʥʦ-ʚʠʭʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ʟʫʤʦʚʣʶʻʪʴʩʷ 

ʥʠʟʢʦʶ ʚʘʞʣʠʚʠʭ ʤʽʨʢʫʚʘʥʴ. ʇʦ-ʧʝʨʰʝ, ʪʚʦʨʯʽʩʪʴ ʜʦʧʦʤʘʛʘʻ 

ʚʠʨʦʙʣʷʪʠ ʚʤʽʥʥʷ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʦʚʽ ʟʘʚʜʘʥʥʷ, ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ 

ʥʦʚʠʭ ʫʤʦʚʘʭ, ʜʦʣʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʨʫʜʥʦʱʽ. ʇʦ-ʜʨʫʛʝ, 

ʪʚʦʨʯʽʩʪʴ ʧʨʦʙʫʜʞʫʻ ʪʘ ʩʪʠʤʫʣʶʻ ʨʦʟʚʠʪʦʢ ʽʥʪʝʨʝʩʽʚ ʜʦ 

ʜʽʷʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʟʘʚʞʜʠ ʧʦʚôʷʟʘʥʘ ʟ ʚʽʜʢʨʠʪʪʷʤ ʥʦʚʦʛʦ, 

ʟʥʘʭʦʜʞʝʥʥʷʤ ʯʦʛʦʩʴ ʨʘʥʽʰʝ ʥʝʚʽʜʦʤʦʛʦ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʪʨʫʜʦʚʦʛʦ ʥʘʚʯʘʥʥʷ ʷʢ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʝʜʤʝʪʘ ʻ 

ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʭʦʜʽ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦʟʚʦʣʷʻ 

ʫʯʥʷʤ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʧʨʦʛʨʘʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʩʬʦʨʤʫʚʘʪʠ 

ʥʘʚʠʯʢʠ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʾ 

ʦʩʥʦʚʽ ʥʦʚʠʭ ʦʙʨʘʟʽʚ, ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʜʽʾ, ʟʥʘʭʦʜʞʝʥʥʷ ʰʣʷʭʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʧʦ-ʥʦʚʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 
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çʇʨʠʯʦʤʫ ʧʽʜ ʩʪʚʦʨʝʥʥʷʤ ʧʨʦʜʫʢʪʫ ʨʦʟʫʤʽʶʪʴ ʥʝ ʣʠʰʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʦʙôʻʢʪʘ ʘ ʡ ʩʪʚʦʨʝʥʥʷ ʛʽʧʦʪʝʟʠ ʜʣʷ 

ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʥʦʛʦ ʟʘʚʜʘʥʥʷ, ʧʨʝʟʝʥʪʘʮʽʾ ʥʘʫʢʦʚʦʾ ʯʠ 

ʪʝʭʥʽʯʥʦʾ ʽʜʝʾ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʧʦʰʫʢʫ ʚʽʜʧʦʚʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʯʠ 

ʪʚʦʨʯʦʛʦ ʧʨʦʝʢʪʫè [2, c.136]. 

ʅʘ ʞʘʣʴ, ʽʥʬʦʨʤʘʮʽʷ, ʧʦʜʘʥʘ ʚ ʧʽʜʨʫʯʥʠʢʫ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʟʘʩʪʘʨʽʣʫ ʱʝ ʧʽʜ ʯʘʩ ʚʠʜʘʥʥʷ ʧʽʜʨʫʯʥʠʢʘ. ɺʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʤ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʢʦʤʧ'ʶʪʝʨʥʦʾ 

ʪʝʭʥʽʢʠ ʪʘ ʥʘʡʩʚʽʞʽʰʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚʟʷʪʦʾ ʟ ʤʝʨʝʞʽ Internet, ï 

ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʫʨʽʟʥʦʤʘʥʽʪʥʝʥʥʷ ʥʘʚʯʘʣʴʥʦ-

ʚʠʭʦʚʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʫʨʦʢʘʭ ʪʨʫʜʦʚʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʯʦʪʠʨʠ ʝʪʘʧʠ: ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʧʽʜʛʦʪʦʚʯʠʡ, 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʡ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʘ ʟʘʚʝʨʰʘʣʴʥʠʡ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʟ ʤʝʪʦʶ 

ʬʦʨʤʫʚʘʥʥʷ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ ʫʯʥʽʚ ʥʘ ʢʦʞʥʦʤʫ ʟ ʮʠʭ ʝʪʘʧʽʚ 

ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʦʪʦʚʥʦʩʪʽ ʫʯʠʪʝʣʷ. ʊʦʤʫ ʥʘ 

ʜʘʥʦʤʫ ʝʪʘʧʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʩʚʽʪʠ ʟʥʘʯʥʘ ʨʦʣʴ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʥʘʜʘʥʘ ʧʽʜʛʦʪʦʚʮʽ ʚʯʠʪʝʣʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʥʘʚʯʘʣʴʥʦ-

ʚʠʭʦʚʥʦʤʫ ʧʨʦʮʝʩʽ ʜʦʟʚʦʣʠʪʴ ʚʯʠʪʝʣʷʤ ʨʝʘʣʽʟʫʚʘʪʠ ʩʚʦʾ 

ʧʝʜʘʛʦʛʽʯʥʽ ʽʜʝʾ, ʘ ʫʯʥʷʤ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʘʤʦʩʪʽʡʥʦ ʚʠʙʠʨʘʪʠ 

ʦʩʚʽʪʥʶ ʪʨʘʻʢʪʦʨʽʶ ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽ  ʪʝʤʧ ʚʠʚʯʝʥʥʷ ʪʝʤ, 

ʩʠʩʪʝʤʫ ʪʨʝʥʫʚʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʽ ʟʘʜʘʯ, ʩʧʦʩʦʙʠ ʢʦʥʪʨʦʣʶ ʽ 

ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ. ʎʝ ʙʫʜʝ ʩʧʨʠʷʪʠ ʚʠʨʦʙʣʝʥʥʶ ʚ ʫʯʥʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʪʠʣʶ ʜʽʷʣʴʥʦʩʪʽ, ʢʫʣʴʪʫʨʠ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ ʪʘ 

ʨʦʟʚʠʪʢʫ ʾʭ ʪʚʦʨʯʠʭ ʟʜʽʙʥʦʩʪʝʡ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ï ʤʘʡʙʫʪʥʻ ʋʢʨʘʾʥʠ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://dt.ua/EDUCATION/informatsiyni_tehnologiyi_maybutne_ukrayini.h

tml. 

2. ʊʝʨʝʱʫʢ ɸ. ɯ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ. // 
ʅʘʫʢʦʚʽ  ʟʘʧʠʩʢʠ  ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨ.: ʧʝʜʘʛʦʛʽʢʘ. 2008. ˉ 3. ʉ. 134ï138.  
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ʄʘʨʢʦ ʉʣʽʧʝʥʶʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʨʘʾʣʦʚʩʴʢʠʡ ɺ. ɺ. 

 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʥʘʧʨʫʛʘ-ʯʘʩʪʦʪʘ 
 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʥʘʧʨʫʛʘ-ʯʘʩʪʦʪʘ (ʇʅʏ ʘʙʦ Voltage-to-

Frequency Converters VFC) ʻ ʦʜʥʠʤ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʚ 

ʯʘʩʪʦʪʫ. ʊʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʝ ʚ ʛʝʥʝʨʘʪʦʨʘʭ 

ʢʦʣʠʚʘʣʴʥʦʾ ʯʘʩʪʦʪʠ (ʩʚʽʧ-ʛʝʥʝʨʘʪʦʨʠ), ʧʨʠ ʯʘʩʪʦʪʥʦʤʫ 

ʤʝʪʦʜʽ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ. ʇʅʏ ï 

ʭʦʨʦʰʝ ʨʽʰʝʥʥʷ ʜʣʷ ʟʘʜʘʯ ʚʠʤʽʨʽʚ ʫʩʝʨʝʜʥʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʪʘ ʟʘʜʘʯ ʤʦʜʫʣʷʮʽʾ ʯʘʩʪʦʪʠ. ʇʅʏ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʽʥʪʝʛʨʫʶʯʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ʪʦʤʫ ʚʦʣʦʜʽʶʪʴ ʨʷʜʦʤ ʧʝʨʝʚʘʛ 

[1]: 

- ʧʨʠʡʥʷʪʥʘ ʪʦʯʥʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʯʠʩʣʽ ʧʨʝʮʠʟʽʡʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ;  

- ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ; 

- ʚʠʩʦʢʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ; 

- ʤʘʣʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʥʝʣʽʥʽʡʥʦʩʪʽ. 

ʇʅʏ ʧʝʨʝʪʚʦʨʶʻ ʚʭʽʜʥʫ ʥʘʧʨʫʛʫ ʚ ʯʘʩʪʦʪʫ ʚʠʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠʩʴ ʥʘ ʚʝʣʠʢʫ ʚʽʜʩʪʘʥʴ ʙʝʟ 

ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʯʘʩʪʦʪʠ. ɼʨʫʛʠʡ 

ʘʩʧʝʢʪ ʇʅʏ ʮʝ ʨʽʟʥʦʚʠʜ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʘ ʩʘʤʝ ʧʝʨʝʪʚʦʨʝʥʥʷ çʯʘʩʪʦʪʘ-ʢʦʜè ʷʢʝ  ʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʟʘ ʬʽʢʩʦʚʘʥʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. 

ʗʢʱʦ ʮʝʡ ʽʥʪʝʨʚʘʣ ʟʨʦʙʠʪʠ ʢʨʘʪʥʠʤ ʧʝʨʽʦʜʫ ʟʘʚʘʜʠ, 

ʥʘʧʨʠʢʣʘʜ 20ʤʩ, ʪʦ ʟʘʚʘʜʘ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʧʦʚʥʽʩʪʶ. ʎʷ 

ʚʣʘʩʪʠʚʽʩʪʴ  ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʘ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʟʘʰʫʤʣʝʥʠʭ 

ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʩʠʛʥʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʝʨʤʦʝʣʝʢʪʨʦʨʫʰʽʡʥʘ 

ʩʠʣʘ ʪʝʨʤʦʧʘʨʠ. 

ʇʨʠʡʥʷʪʦ ʧʦʜʽʣʷʪʠ ʇʅʏ ʥʘ ʥʝʩʠʥʭʨʦʥʽʟʦʚʫʚʘʥʽ ʪʘ 

ʩʠʥʭʨʦʥʽʟʦʚʫʚʘʥʽ. 

ɺ ʽʥʪʝʛʨʘʣʴʥʠʭ ʤʽʢʨʦʩʭʝʤʘʭ ʇʅʏ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ 

ʽʥʪʝʛʨʫʚʘʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʽʤʧʫʣʴʩʥʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ 

ʟʘʨʷʜʫ ʽʥʪʝʛʨʫʶʯʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʘʣʽʩʪʴ ʚʦʣʴʪ-

ʩʝʢʫʥʜʥʦʾ ʧʣʦʱʽ ʽʤʧʫʣʴʩʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ. ʅʘʡʢʨʘʱʦʶ 

ʪʦʯʥʽʩʪʶ ʽ ʩʪʘʙʽʣʴʥʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʩʠʥʭʨʦʥʽʟʦʚʫʚʘʥʽ ʇʅʏ, ʚ 

ʷʢʠʭ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ  ʩʪʘʙʽʣʽʟʫʻ 

ʢʚʘʨʮʝʚʠʡ ʨʝʟʦʥʘʪʦʨ 

ʇʨʠ ʚʠʙʦʨʽ ʇʅʏ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʬʘʢʪʦʨʠ ʷʢ [2]: 

- ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʤʦʛʠ ʜʦ ʾʭ ʷʢʦʩʪʽ, ʪʘ ʮʽʥʠ; 

- ʪʦʯʥʽʩʪʴ ʇʅʏ (ʮʝʡ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʽʥʪʝʛʨʘʣʴʥʦʶ ʥʝʣʽʥʽʡʥʽʩʪʶ, ʟʤʽʱʝʥʥʷʤ ʽ ʜʨʝʡʬʦʤ ʥʫʣʷ, 

ʟʤʽʱʝʥʥʷʤ ʽ ʜʨʝʡʬʦʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ); 

-ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ( fmax ʥʝ 

ʤʝʥʰʝ 100ʄɻʮ, ʘ fmin ʥʝ ʚʠʱʝ 10ʢɻʮ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʥʝʦʙʭʽʜʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ; 

-ʚʝʣʠʯʠʥʘ ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʫʟʛʦʜʞʝʥʘ ʟ ʦʧʦʨʦʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʢʽʣʴʢʽʩʪʴ ʽ ʨʽʚʥʽ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ); 

 
ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʅʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ                                                       10 ɺ;  

ʄʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ                                               30 ʤɸ; 

ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʯʘʩʪʦʪ                                   40ɻʮõ100ʄɻʮ; 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʘʛʘ ʧʨʠʩʪʨʦʶ                                  ~ 0,3ʢʛ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. http://www.compitech.ru çʇʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʝ ï ʯʘʩʪʦʪʘè 

2. ɻʫʪʥʠʢʦʚ ɺ. ʉ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ. 2-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ʃ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ. ʃʝʥʠʥʛʨ. 

ʦʪʜ-ʥʠʝ, 1988. 

  

http://www.compitech.ru/
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ʆʣʝʥʘ ʉʦʙʽʣʴ   

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

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʥʠʢʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʚ ʨʝʞʠʤʽ 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

 
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

( ) ( ) (  ) 0,   

( ) 0,

T const
T T T T

T

T

a
k a

s sa 

=

Ð Ð

ûµ
Ð Ð + - Ð - Ð =î

üµ
îÐ - - = ý

i
i i

s

z
  

(1) 

 
ʈʠʩ.1. ʇʨʦʥʠʢʥʝ      

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ 
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ʜʝ T TÐ=- +q ik a ; TzÐ Ð-=-i 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) ʨʘʟʦʤ ʽʟ 

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 m m

r k r

  (2) 

ʜʝ tr - ʛʫʩʪʠʥʘ ʪʝʧʣʦʥʦʩʽʷ; V  - ʰʚʠʜʢʽʩʪʴ ʪʝʧʣʦʥʦʩʽʷ; 

F - ʤʘʩʦʚʘ ʩʠʣʘ; p - ʪʠʩʢ; L - ʪʝʥʟʦʨ ʥʘʧʨʫʞʝʥʥʷ; 

tk - ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ; Vq   - ʚʥʫʪʨʽʰʥʽ 

ʜʞʝʨʝʣ ʪʝʧʣʘ; U   - ʚʥʫʪʨʽʰʥʷ ʝʥʝʨʛʽʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʦʢʦʚʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʂʂɼ ʥʘ 20-30% ʽ 

ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʥʘ 30-40%. ʑʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʴ ʫ ʨʝʢʫʧʝʨʘʪʦʨʘʭ ʪʝʧʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʪʝʭʥʽʢʠ, ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʪ.ʜ.  

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʊ.1. ʌʠʟʠʢʘ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʏʝʨʥʦʚʮʳ,  2008. ï 388 c. 

2. Anatychuk L.I., Cherkez R.G. On permeable thermoelement simulation 

/Proc. 11th ɽʉT, 2013, Noordwijk, Netherlands. P. 102 
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ʖʨʽʡ ʉʦʡʤʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʆ.ʃ. ʄʘʩʣʷʥʯʫʢ 

 

ɽʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ CdHgTe ʷʢ ʤʘʪʝʨʽʘʣʫ  

ʜʣʷ ʜʝʪʝʢʪʦʨʽʚ ʍ- ʽ ʛʘʤʤʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

 
ɺʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ ʪʝʣʫʨʠʜ ʢʘʜʤʽʶ ʻ ʦʩʥʦʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʝʪʝʢʪʦʨʽʚ X- ʽ  

ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʦʟʰʠʨʝʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʢʨʝʤʥʽʻʚʠʤʠ 

ʜʝʪʝʢʪʦʨʘʤʠ ʜʽʘʧʘʟʦʥʦʤ ʝʥʝʨʛʽʾ ʢʚʘʥʪʽʚ ʘʞ ʜʦ ~1 ʄʝɺ [1]. ɼʦ 

ʪʦʛʦ ʞ, ʨʦʟʨʦʙʣʝʥʽ ʱʝ ʚ 1950-ʭ ʨʦʢʘʭ ʜʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ 

ʢʨʝʤʥʽʶ, ʣʝʛʦʚʘʥʦʛʦ ʣʽʪʽʻʤ, ʧʦʪʨʝʙʫʶʪʴ ʢʨʽʦʛʝʥʥʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʭ ʰʫʤʽʚ. ʋ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʦʛʦ ʘʟʦʪʫ ʻ ʥʝʟʨʫʯʥʠʤ, ʘ ʯʘʩʦʤ ʽ 

ʥʝʤʦʞʣʠʚʠʤ. ɼʝʪʝʢʪʦʨʠ ʥʘ ʦʩʥʦʚʽ CdTe ʧʨʘʮʶʶʪʴ ʙʝʟ 

ʢʨʠʦʛʝʥʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ, ʘ ʨʦʟʰʠʨʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʚ ʦʙʣʘʩʪʴ 

ʙʽʣʴʰʦʾ ʝʥʝʨʛʽʾ ʢʚʘʥʪʽʚ ʟʫʤʦʚʠʣʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ CdTe-

ʜʝʪʝʢʪʦʨʽʚ ʫ ʮʽʣʦʤʫ ʨʷʜʽ ʛʘʣʫʟʝʡ ï ʚʽʜ ʧʨʦʩʪʠʭ ʢʠʰʝʥʴʢʦʚʠʭ 

ʜʦʟʠʤʝʪʨʽʚ ʜʦ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʅʘʧʨʠʢʽʥʮʽ 1990-ʭ ʨʦʢʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

CdTe ʜʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Cd1-xZnxTe (x º 0,1) ʜʝʬʝʢʪʥʽʩʪʴ 

ʢʨʠʩʪʘʣʘ ʟʤʝʥʰʫʻʪʴʩʷ [2] ʽ ʪʦʤʫ ʧʨʦʚʽʜʥʽ ʬʽʨʤʠ ʧʝʨʝʡʰʣʠ ʜʦ 

ʚʠʧʫʩʢʫ ʩʘʤʝ Cd1-xZnxTe-ʜʝʪʝʢʪʦʨʽʚ. ʇʨʦʪʝ ʥʘʜʽʾ ʥʘ ʧʦʜʦʣʘʥʥʷ 

ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʧʦʚʥʦʶ ʤʽʨʦʶ ʥʝ ʚʠʧʨʘʚʜʘʣʠʩʷ.  

ʇʝʨʝʚʘʛʦʶ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Cd1-xHgxTe ʧʦʨʽʚʥʷʥʦ ʟ CdTe ʻ 

ʟʚʫʞʝʥʥʷ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʚʝʜʝʥʥʷ ʨʪʫʪʽ ʚ 

ʢʨʠʩʪʘʣʽʯʥʫ ʛʨʘʪʢʫ CdTe, ʘ ʥʝ ʾʾ ʨʦʟʰʠʨʝʥʥʷ, ʷʢ ʚ Cd1-xZnxTe ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʮʠʥʢʫ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʝʥʝʨʛʽʾ 

ʽʦʥʽʟʘʮʽʾ ʘʪʦʤʽʚ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʤ ʢʚʘʥʪʦʤ, ʘ ʦʪʞʝ, ï ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʝʥʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʜʽʨʢʦʚʠʭ ʧʘʨ, ʱʦ 

ʧʦʢʨʘʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʜʝʪʝʢʪʦʨʘ. 

ɿʤʝʥʰʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʟʫʤʦʚʣʝʥʝ ʟʚʫʞʝʥʥʷʤ ʟʘʙʦʨʦʥʝʥʦʾ 

ʟʦʥʠ, ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ, ʷʢ ʽ ʚ CdTe ʽ  

Cd1-xZnxTe-ʜʝʪʝʢʪʦʨʘʭ, ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ [4]. 

ʑʝ ʦʜʥʘ ʧʝʨʝʚʘʛʘ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

Cd1-xHgxTe ʧʦʨʽʚʥʷʥʦ ʟ CdTe ï ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ 

(ʩʝʨʝʜʥʴʦʛʦ) ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
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ʟʙʽʣʴʰʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ, ʘ ʦʪʞʝ, ʯʫʪʣʠʚʦʩʪʽ ʜʝʪʝʢʪʦʨʘ ʫ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ ɔ-ʢʚʘʥʪʽʚ. 
ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ ʢʨʠʩʪʘʣʘʭ 
Cd0.95Hg0.05Te ʟ ʪʦʯʢʠ ʟ ʧʦʛʣʷʜʫ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʜʝʪʝʢʪʦʨʘʭ X- ʽ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʨʠʩʪʘʣʘʭ 
Cd0.95Hg0.05Te ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʟʥʘʯʥʽ, ʽ ʪʦʤʫ ʚ ʨʽʚʥʷʥʥʽ 
ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ n + Na

-
 = p + Nd

+
 ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚʽʣʴʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ n ʽ p. ʗʢʱʦ ʨʽʚʝʥʴ 
ʢʦʤʧʝʥʩʫʶʯʦʛʦ ʜʦʥʦʨʘ ʜʦʩʪʘʪʥʴʦ ʤʽʣʢʠʡ, ʪʦʙʪʦ ʚʽʜʜʘʣʝʥʠʡ 

ʚʽʜ ʘʢʮʝʧʪʦʨʥʦʛʦ ʨʽʚʥʷ ʭʦʯʘ ʙ ʥʘ ~ 5kT, ʜʦʥʦʨʠ ʤʦʞʥʘ 
ʚʚʘʞʘʪʠ ʧʦʚʥʽʩʪʶ ʽʦʥʽʟʦʚʘʥʠʤʠ. ʊʦʜʽ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ 
ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʚ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʽ ʚʽʜʥʦʩʥʦ ʝʥʝʨʛʽʾ 

ʨʽʚʥʷ ʌʝʨʤʽ Dm ʤʘʻ ʚʠʛʣʷʜ 

ö
÷

õ
æ
ç

å-
-=D

x

x
m

1
lna kTE ,    (1) 

ʜʝ Ea ï ʝʥʝʨʛʽʷ ʽʦʥʽʟʘʮʽʾ ʘʢʮʝʧʪʦʨʽʚ; ɝ = Nd/Na ï ʩʪʫʧʽʥʴ 
ʢʦʤʧʝʥʩʘʮʽʾ ʘʢʮʝʧʪʦʨʽʚ ʜʦʥʦʨʘʤʠ. ɿʽʩʪʘʚʣʷʶʯʠ ʨʝʟʫʣʴʪʘʪʠ 
ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʬʦʨʤʫʣʦʶ (1) ʟ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʨʽʚʥʷ 
ʌʝʨʤʽ, ʦʪʨʠʤʘʥʦʶ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 
ʟʘʣʝʞʥʦʩʪʽ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦʣʦʞʝʥʥʷ ʚ 
ʟʘʙʦʨʦʥʝʥʽʡ ʟʦʥʽ ʨʽʚʥʷ ʜʦʤʽʰʢʠ (ʜʝʬʝʢʪʫ), ʚʽʜʧʦʚʽʜʘʣʴʥʦʾ ʟʘ 
ʝʣʝʢʪʨʠʯʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʢʨʠʩʪʘʣʘ ʪʘ ʩʪʫʧʽʥʴ ʡʦʛʦ ʢʦʤʧʝʥʩʘʮʽʾ. 
ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʚʘʞʣʠʚʽ ʟ 
ʥʘʫʢʦʚʦʾ ʪʘ ʧʨʘʢʪʠʯʥʦʾ ʪʦʯʦʢ ʟʦʨʫ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʊʝʪʷʥʘ ʉʦʢʦʣ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʊʢʘʯ ʄ.ɺ. 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʩʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʽ ʚʠʨʦʜʞʝʥʠʡ ʩʧʝʢʪʨ 

ʜʚʦʨʽʚʥʝʚʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ, ʚʟʘʻʤʦʜʽʶʯʦʾ ʟ ʬʦʥʦʥʘʤʠ 

ʋ ʬʽʟʠʮʽ ʥʘʥʦʛʝʪʝʨʦʩʠʩʪʝʤ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʧʝʢʪʨʽʚ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʻ ʚʠʨʦʜʞʝʥʠʤʠ ʯʝʨʝʟ 

ʦʜʥʘʢʦʚʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʚʘʥʪʦʚʠʭ ʷʤ ʽ ʤʘʣʽ ʨʦʟʤʽʨʠ 

ʨʦʟʜʽʣʷʶʯʠʭ ʾʭ ʧʦʪʝʥʮʽʘʣʴʥʠʭ ʙʘʨôʻʨʽʚ. ʊʝʦʨʽʾ, ʷʢʘ ʧʦʩʣʽʜʦʚʥʦ 

ʚʨʘʭʦʚʫʻ ʚʠʨʦʜʞʝʥʽʩʪʴ ʩʧʝʢʪʨʽʚ ʢʚʘʟʽʯʘʩʪʠʥʦʢ, ʚʟʘʻʤʦʜʽʶʯʠʭ ʟ 

ʬʦʥʦʥʘʤʠ (ʭʦʯʘ ʙ ʧʨʠ ʊ=0 ʂ), ʧʦʢʠ ʱʦ ʥʝʤʘʻ. ʇʨʠʯʠʥʘ ʚ ʪʦʤʫ, 

ʱʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʘʢʦʾ ʪʝʦʨʽʾ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʽ, ʷʢ 

ʤʽʥʽʤʫʤ, ʥʘʜʪʦ ʛʨʦʤʽʟʜʢʠʡ ʥʘʚʽʪʴ ʜʣʷ ʢʦʤʧôʁ ʪʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʝʦʨʽʾ ʧʝʨʝʥʦʨʤʦʚʘʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚʟʘʻʤʦʜʽʶʯʦʾ ʟ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʬʦʥʦʥʘʤʠ 

ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʟ ʜʚʽʯʽ ʚʠʨʦʜʞʝʥʠʤ ʟʙʫʜʞʝʥʠʤ 

ʨʽʚʥʝʤ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʨʦʟʚʠʥʝʥʠʤ ʫ ʧʨʘʮʽ [1] ʧʽʜʭʦʜʦʤ ʽ ʪʦʤʫ 

ʨʦʟʛʣʷʥʝʤʦ ʛʘʤʽʣʴʪʦʥʽʘʥ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ: 
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ʊʫʪ ɽɛ ï ʝʥʝʨʛʝʪʠʯʥʽ ʨʽʚʥʽ ʥʝʚʟʘʻʤʦʜʽʶʯʦʾ ʟ ʬʦʥʦʥʘʤʠ 

ʢʚʘʟʽʯʘʩʪʠʥʢʠ. ɺʥʘʩʣʽʜʦʢ ʪʠʧʦʚʦ ʩʣʘʙʢʦʾ ʟʘʣʝʞʥʦʩʪʽ ʝʥʝʨʛʽʾ 

ʦʧʪʠʯʥʦʛʦ ʬʦʥʦʥʘ ʚʽʜ ʡʦʛʦ ʢʚʘʟʽʽʤʫʣʴʩʘ )(q
C

 ʜʘʣʽ ʙʫʜʝʤʦ 

ʥʝʭʪʫʚʘʪʠ ʜʠʩʧʝʨʩʽʻʶ, ʚʚʘʞʘʶʯʠ W=W )(q
C

. ʂʦʥʩʪʘʥʪʠ ʟʚôʷʟʢʫ 

ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʟ ʬʦʥʦʥʘʤʠ )(
21mm

j  ʚʚʘʞʘʶʪʴʩʷ ʚʽʜʦʤʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʜʘʯʽ ʡ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʽʥʜʝʢʩʘʭ )( 21 mm=  

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʥʫʪʨʽʰʥʴʦʨʽʚʥʝʚʫ, ʘ ʧʨʠ ʨʽʟʥʠʭ ʽʥʜʝʢʩʘʭ 

)( 21 mm¸ ï ʤʽʞʨʽʚʥʝʚʫ ʚʟʘʻʤʦʜʽʾ. 

ʗʢ ʚʽʜʦʤʦ ʽʟ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʬʫʥʢʮʽʡ ɻʨʽʥʘ [1], ʧʨʠ 

ʥʠʟʴʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʬʦʨʤʘʣʴʥʦ ʊ=0 ʂ) ʧʝʨʝʥʦʨʤʦʚʘʥʠʡ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʩʠʩʪʝʤʠ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ (1) 
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ʫ ʜʽʘʛʨʘʤʥʽʡ ʪʝʭʥʽʮʽ ʌʝʡʥʤʘʥʘïʇʘʡʥʩʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜ̔ ʘʛʦʥʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ )()( ww mmm GG =  ʬʫʨôʻ-ʦʙʨʘʟʫ 

ʤʘʪʨʠʯʥʦʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ ʢʚʘʟʽʯʘʩʪʠʥʢʠ )(' wmmG , ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ 

ʪʦʯʥʽʡ ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ 

,0;3,2,1,,)()()()(
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1
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1

1 ­=¡
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é
é
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è
++-= ¡

=

¡
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¡ ä hmmwwdhww mm
m

mmmmmmm GMiEG
  (2) 

ʜʝ )(
1
wmmM  ï ʧʦʚʥʠʡ ʤʘʪʨʠʯʥʠʡ ʤʘʩʦʚʠʡ ʦʧʝʨʘʪʦʨ (ʄʆ), ̫ ʢʠʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʦʯʥʦ. 

ʋʟʘʛʘʣʴʥʝʥʠʡ ʤʝʪʦʜ ʜʽʘʛʨʘʤʥʦʾ ʪʝʭʥʽʢʠ ʌʝʡʥʤʘʥʘï

ʇʘʡʥʩʘ ʧʨʠ ʊ=0 ʂ ʤʦʜʠʬʽʢʦʚʘʥʦ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʝʨʝʥʦʨʤʦʚʘʥʦʛʦ ʚʟʘʻʤʦʜʽʻʶ ʟ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ ʬʦʥʦʥʘʤʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʣʦʢʘʣʽʟʦʚʘʥʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ ʟ 

ʚʠʨʦʜʞʝʥʠʤ ʟʙʫʜʞʝʥʠʤ ʨʽʚʥʝʤ.  

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʥʦʨʤʦʚʘʥʠʭ 

ʚʟʘʻʤʦʜʽʻʶ ʟ ʬʦʥʦʥʘʤʠ ʩʧʝʢʪʨʽʚ ʜʚʦʨʽʚʥʝʚʠʭ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʽʟ 

ʥʝʚʠʨʦʜʞʝʥʠʤ ʽ ʚʠʨʦʜʞʝʥʠʤ ʟʙʫʜʞʝʥʠʤ ʨʽʚʥʝʤ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʮʠʭ ʩʠʩʪʝʤ 

ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʟʥʠʮʽ ʝʥʝʨʛʽʡ ʤʽʞ ʟʙʫʜʞʝʥʠʤ ʽ ʦʩʥʦʚʥʠʤ 

ʩʪʘʥʦʤ ʥʝʚʟʘʻʤʦʜʽʶʯʦʾ ʢʚʘʟʽʯʘʩʪʠʥʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʥʦʨʤʦʚʘʥʽ ʩʧʝʢʪʨʠ ʦʙʦʭ ʩʠʩʪʝʤ 

ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʽ ʤʽʞ ʩʦʙʦʶ ʽ, ʢʨʽʤ ʛʦʣʦʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʽʚʥʽʚ, ʤʽʩʪʷʪʴ ʾʭ ʬʦʥʦʥʥʽ ʩʘʪʝʣʽʪʥʽ ʩʤʫʛʠ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ 

ʟʚôʷʟʘʥʠʤʠ ʩʪʘʥʘʤʠ ʢʚʘʟʽʯʘʩʪʠʥʦʢ ʽʟ ʙʘʛʘʪʴʤʘ ʬʦʥʦʥʘʤʠ ʚ 

ʦʙʣʘʩʪʷʭ ʧʦʨʦʛʦʚʠʭ ʝʥʝʨʛʽʡ ʾʭ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

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. 

  



287 

ɯʛʦʨ ʉʦʣʦʚʦʥʶʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʈʦʞʜʝʩʪʚʝʥʩʴʢʘ ʄ.ɻ. 

 

ʈʦʟʚʠʪʦʢ ʙʝʟʜʨʦʪʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚʠʜʠʤʠʤ ʩʚʽʪʣʦʤ 
 

ʐʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʫʤʥʠʭ ʧʨʠʩʪʨʦʾʚ, ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ 

ʪʘ ʟʘʩʦʙʽʚ ʧʨʦʤʠʩʣʦʚʦʾ ʘʚʪʦʤʘʪʠʢʠ ʟʫʤʦʚʣʶʻ ʧʽʜʚʠʱʝʥʠʡ ʧʦʧʠʪ 

ʥʘ ʙʝʟʜʨʦʪʦʚʠʡ ʟʚ'ʷʟʦʢ [1; 2]. ʇʨʦʪʝ ʽʩʥʫʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʠʣʠ 

ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʤʝʞʝʥʽʩʪʶ ʯʘʩʪʦʪʥʦʛʦ ʨʝʩʫʨʩʫ ʜʣʷ 

ʢʦʤʫʥʽʢʘʮʽʾ ʤʽʞ ʙʘʛʘʪʴʤʘ ʢʦʨʠʩʪʫʚʘʯʘʤʠ: ʾʭ ʦʜʥʦʯʘʩʥʘ ʨʦʙʦʪʘ ʫ 

ʩʧʽʣʴʥʦʤʫ ʨʘʜʽʦʯʘʩʪʦʪʥʦʤʫ (radio frequency, RF) ʩʝʨʝʜʦʚʠʱʽ 

ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʨʝʞʽ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʟ ʽʥʰʠʤʠ 

ʥʦʩʽʷʤʠ.  

ɼʦ ʪʘʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʟʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʙʝʟʜʨʦʪʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʣʝʞʘʪʴ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ (visible light communication, VLC), ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʪʣʦ ʚʠʜʠʤʦʛʦ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʜʽʘʧʘʟʦʥʫ 

ʜʦʚʞʠʥ ʭʚʠʣʴ (ʚʽʜ 390 ʥʤ ʜʦ 750 ʥʤ) [3]. ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘʢʠʭ 

ʩʠʩʪʝʤ: ʟʥʘʯʥʦ ʚʠʱʠʡ ʨʽʚʝʥʴ ʟʘʭʠʱʝʥʦʩʪʽ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ, ʥʝʩʧʨʠʡʥʷʪʣʠʚʽʩʪʴ ʜʦ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʽ ʤʽʢʨʦʭʚʠʣʴʦʚʠʭ 

ʰʫʤʽʚ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʫ ʧʨʦʩʪʦʨʦʚʦ ʦʙʤʝʞʝʥʠʭ 

ʩʠʩʪʝʤʘʭ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʛʽʛʘʙʽʪʥʫ ʰʚʠʜʢʽʩʪʴ ʦʙʤʽʥʫ 

ʜʘʥʠʤʠ, ʥʝʨʝʛʫʣʴʦʚʘʥʠʡ ʩʧʝʢʪʨ, ʚʝʣʠʯʝʟʥʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ 

(400 ʊɻʮ) ʪʘ ʥʘʷʚʥʽʩʪʴ ʤʝʨʝʞʝʚʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [1]. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤ ʨʝʛʣʘʤʝʥ-

ʪʫʻʪʴʩʷ ʩʪʘʥʜʘʨʪʦʤ  IEEE Standard 802.15.7-2018 (Revision of 

IEEE Std 802.15.7-2011), ʟʛʽʜʥʦ ʟ ʷʢʠʤ VLC-ʩʠʩʪʝʤʠ ʧʦʜʽʣʷʶʪʴ 

ʥʘ 3 ʢʘʪʝʛʦʨʽʾ [3]: 

- ʟʚ'ʷʟʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʘʚʘʯʽʚ ʟʦʙʨʘʞʝʥʥʷ (ISC); 

- ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʦʪʦʜʽʦʜʥʠʭ 

ʧʨʠʡʤʘʯʽʚ (LR-PC); 

- ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʡ ʟʚ'ʷʟʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʦʪʦʜʽʦʜʥʠʭ 

ʧʨʠʡʤʘʯʽʚ (HR-PC). 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʘʪʝʛʦʨʽʾ, ʜʦ ʷʢʦʾ ʥʘʣʝʞʠʪʴ ʜʘʥʘ ʩʠʩʪʝʤʘ 

ʟʚ'ʷʟʢʫ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʧʦʨʽʛ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ, ʱʦ 

ʚʠʤʽʨʶʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʧʨʠʡʤʘʯʘ, ʚ 1 ʄʙʽʪ/ʩ. 

https://ieeexplore.ieee.org/servlet/opac?punumber=8697196
https://ieeexplore.ieee.org/servlet/opac?punumber=8697196
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ʐʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʤʝʥʰʝ 1 ʄʙʽʪ/ʩ ʚʚʘʞʘʻʪʴʩʷ 

ʥʠʟʴʢʦʶ, ʘ ʙʽʣʴʰʝ 1 ʄʙʽʪ/ʩ - ʚʠʩʦʢʦʶ. 

ʉʪʘʥʜʘʨʪ IEEE 802.15.7 ʚʠʟʥʘʯʘʻ ʜʣʷ VLC-ʩʠʩʪʝʤ ʬʽʟʠʯʥʠʡ 

ʨʽʚʝʥʴ ʤʝʨʝʞʝʚʦʾ ʤʦʜʝʣʽ OSI PHY (Physical layer), ʘ ʪʘʢʦʞ ʨʽʚʝʥʴ 

ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʫʧʦʤ ʜʦ ʩʝʨʝʜʦʚʠʱʘ ʄɸʉ (Media Access 

Control). ʈʦʙʦʯʘ ʚʝʨʩʽʷ IEEE 802.15.7 ʚʠʜʽʣʷʻ ʪʨʠ PHY, 

ʚʽʜʤʽʥʥʠʭ ʟʘ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʟʠʯʥʠʭ ʨʽʚʥʽʚ ʩʪʘʥʜʘʨʪʫ IEEE 802.15.7 [4] 

  PHY I PHY II PHY III  

ʆʙʣʘʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ɿʦʚʥʽʰʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ 

ʥʝʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ 

ɺʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʴ 

ʄʥʦʞʠʥʥʽ 

ʜʞʝʨʝʣʘ  ̔  

ʧʨʠʡʤʘʯʽ RGB 

ʐʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʚʘʥʥʷ, 

ʄʙ̔ʪ/ʩ 

0,012 õ 0,268 1,25 õ 96 12 õ 96 

ʄʝʪʦʜ 

ʤʦʜʫʣʷʮʽʾ 

OOK (On-off keying). 

VPPM (Variable pulse 

position modulation) 

OOK (On-off 

keying). 

VPPM  

CSK (Colour 

shift keying) 

ʗʢ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʽ (ʥʘʧʨʠʢʣʘʜ Li-Fi [4]), ʪʘʢ ʽ 

ʥʠʟʴʢʦʰʚʠʜʢʽʩʥʽ ʩʠʩʪʝʤʠ (ʟʦʢʨʝʤʘ ʩʠʩʪʝʤʠ ʧʨʠʭʦʚʘʥʦʛʦ 

ʧʝʨʝʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ [5]) ʟʥʘʭʦʜʷʪʴ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʢʦʤʝʨʮʽʡʥʫ ʮʽʥʥʽʩʪʴ.  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Saadi M. Visible light communication ï An architectural perspective on 

the applications and data rate improvement strategies / Saadi M., Ahmad T.,  

Saleem M.K., Wuttisittikulkij L. // Trans. Emerging Tel. Tech. 2018; e3436. 

https://doi.org/10.1002/ett.3436 
2. Ghassemlooy Z. Visible Light Communications: Theory and 

Applications./ Zabih Ghassemlooy, Luis Nero Alves, Stanislav Zvanovec, 

Mohammad-Ali Khalighi.- NY: CRC Press, 2017 . - 568 ʨ. 

3. Visible light for broadband communications. Report  ITU-R  SM.2422-1 

(06/2019). URL: http://www.itu.int/pub/R -REP-SM.2422-1-20193  

4. ʊʝʭʥʦʣʦʛʠʷ Li -Fi: ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʦʣʦʛʠʠ, ʩʨʘʚʥʝʥʠʝ ʩ Wi-Fi ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ. URL:  http://1234g.ru/novosti/li -fi  

5. ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ 

ʩʠʩʪʝʤʘʭ ʩʢʨʳʪʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ / ʀ. ɺ. ʇʠʩʣʘʨ, ɺ. ɺ. ɹʨʘʠ-

ʣʦʚʩʢʠʡ, ʄ. ɻ. ʈʦʞʜʝʩʪʚʝʥʩʢʘʷ, ʄ. ʄ. ʀʚʘʥʯʫʢ // ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ 

ʧʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ. ï 2018. ï ˉ1. ï ʉ.27-36 

https://doi.org/10.1002/ett.3436
http://www.itu.int/pub/R-REP-SM.2422-1-20193
http://1234g.ru/novosti/li-fi
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ɹʦʛʜʘʥ ʉʦʧʝʣʴ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɺʽʢʪʦʨʦʚʩʴʢʘ ʖ.ʖ. 
ʆʧʪʠʯʥʽ ʧʘʩʪʢʠ, ʩʬʦʨʤʦʚʘʥʽ ʜʚʦʤʘ ʭʚʠʣʷʤʠ ʟ 

ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 
ʂʝʨʫʚʘʥʥʷ ʪʘ ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʦʙ'ʻʢʪʽʚ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ 

ʯʘʩʪʠʥʦʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʛʘʣʫʟʝʡ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ʆʧʪʠʯʥʝ 
ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ 
ʦʙ'ʻʢʪʽʚ ʚʽʜ ʘʪʦʤʽʚ ʜʦ ʚʝʣʠʢʠʭ ʤʦʣʝʢʫʣ ʽ ʥʝʚʝʣʠʢʠʭ 
ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʚʘʨʽʶʶʪʴʩʷ ʚ ʨʦʟʤʽʨʽ ʚʽʜ ʜʝʩʷʪʢʽʚ 
ʥʘʥʦʤʝʪʨʽʚ ʜʦ ʜʝʩʷʪʢʽʚ ʽ ʩʦʪʝʥʴ ʤʽʢʨʦʤʝʪʨʽʚ, ʪʘʢʦʞ ʟ ʪʘʢʠʤʠ 
ʙʽʦʣʦʛʽʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʷʢ ʚʽʨʫʩʠ, ʦʢʨʝʤʽ ʞʠʚʽ ʢʣʽʪʠʥʠ ʽ 
ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʽ ʚʢʣʶʯʝʥʥʷ [1,2]. 
ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʧʪʠʯʥʠʭ ʧʽʥʮʝʪʽʚ ʻ ʪʝ, ʱʦ ʜʣʷ 

ʟʘʭʦʧʣʝʥʥʷ ʤʽʢʨʦʦʙ'ʻʢʪʽʚ ʽʟ ʨʽʟʥʠʤʠ ʦʧʪʠʯʥʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʪʨʽʙʥʽ ʦʧʪʠʯʥʽ ʧʘʩʪʢʠ ʨʽʟʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢ 
ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʧʨʦʟʦʨʠʭ ʤʽʢʨʦʦʙ'ʻʢʪʽʚ ʧʦʪʨʽʙʥʦ ʩʚʽʪʣʘ ʦʧʪʠʯʥʘ 
ʧʘʩʪʢʘ ʟ ʤʘʢʩʠʤʫʤʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʾʾ ʮʝʥʪʨʽ. ɼʣʷ ʟʘʭʦʧʣʝʥʥʷ 
ʧʦʛʣʠʥʘʶʯʠʭ ʤʽʢʨʦʦʙ'ʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʤʥʽ 
ʧʘʩʪʢʠ ʟ ʥʫʣʝʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʮʝʥʪʨʽ ʩʬʦʢʫʩʦʚʘʥʦʾ ʧʣʷʤʠ [3]. 
ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʟʽ ʩʧʝʢʪʨʘʣʴʥʠʤ 

ʩʢʣʘʜʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʬʦʨʤʫʻ ʧʘʩʪʢʫ. ɸʙʩʦʣʶʪʥʦ 
ʧʨʠʨʦʜʥʠʤ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʤʽʢʨʦʦʙ'ʻʢʪ ʻ 
ʧʨʦʟʦʨʠʤ ʜʣʷ ʦʜʥʽʻʾ ʜʦʚʞʠʥʠ ʭʚʠʣʽ ʽ ʧʦʛʣʠʥʘʶʯʠʤ ʜʣʷ ʽʥʰʦʾ. 
ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʨʦʚʝʜʝʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʠʩʚʷʯʝʥʘ ʧʘʩʪʢʘʤ ʥʘ ʦʩʥʦʚʽ ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [1]. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚʠʚʯʝʥʥʷ ʤʦʤʝʥʪʫ 
ʽʤʧʫʣʴʩʫ, ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʨʫʤʽʚ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʡʦʛʦ ʚ 
ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʭ ʭʚʠʣʷʭ, ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ. ʋ 
ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʪʘʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʜʦʩʠʪʴ ʭʦʨʦʰʽ ʧʝʨʩʧʝʢʪʠʚʠ, 
ʥʘʩʘʤʧʝʨʝʜ, ʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʘʩʧʝʢʪʘʭ. ʆʜʥʘ ʟ ʥʠʭ ʧʦʚôʷʟʘʥʘ 
ʟ ʪʚʝʨʜʞʝʥʥʷʤ, ʱʦ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʧʦʚʠʥʥʦ ʙʫʪʠ 
ʧʦʚ'ʷʟʘʥʝ ʟ ʢʦʛʝʨʝʥʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʽʭʨʦʤʘʪʠʯʥʦʾ 
ʭʚʠʣʽ. 
ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʨʠ ʩʫʧʝʨʧʦʟʠʮʽʾ ʜʚʦʭ ʭʚʠʣʴ ʽʟ 

ʨʽʟʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʫʩʝʨʝʜʥʝʥʠʡ ʚʝʢʪʦʨ ï ʧʨʦʩʪʘ 
ʩʫʤʘ ʚʝʢʪʦʨʽʚ, ʤʘʻʤʦ ʜʣʷ ʜʚʦʭ ʚʠʭʦʨʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ 
ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ ɚ1 ʪʘ ɚ2, ʱʦ ʨʽʟʥʷʪʴʩʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘ 
ʢʦʝʬʽʮʽʻʥʪ ɔ: 
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ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʙʦʨʽ 
ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʟʘʻʤʦʜʽʶʯʠʭ ʚʠʭʦʨʽʚ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʢʘʭ ʟʘʨʷʜʽʚ 
ʤʦʞʥʘ ʚʟʘʛʘʣʽ çʧʦʛʘʩʠʪʠè ʧʦʧʝʨʝʯʥʫ ʩʢʣʘʜʦʚʫ ʚʝʢʪʦʨʘ ʋʤʦʚʘï
ʇʦʡʥʪʽʥʛʘ. ʇʨʠ ʮʴʦʤʫ ʚ ʨʦʟʧʦʜʽʣʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʫʶʯʦʾ 
ʭʚʠʣʽ ʚ ʮʝʥʪʨʽ ʧʦʣʷ ʟʘʣʠʰʘʻʪʴʩʷ ʪʦʯʥʠʡ ʥʫʣʴ, ʪʦʙʪʦ ʷʢʱʦ 
ʩʬʦʢʫʩʫʚʘʪʠ ʪʘʢʠʡ ʧʫʯʦʢ, ʪʦ ʩʬʦʨʤʫʻʪʴʩʷ ʙʝʟʚʠʭʨʦʚʘ (ʚʽʜʩʫʪʥʽʡ 
ʦʨʙʽʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʧʦʣʷ, ʧʨʠʪʘʤʘʥʥʠʡ ʚʠʭʦʨʫ) ʪʝʤʥʘ 
ʧʦʣʽʭʨʦʤʘʪʠʯʥʘ ʦʧʪʠʯʥʘ ʧʘʩʪʢʘ. 
ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʚʝʜʽʥʢʫ ʛʽʛʘʥʪʩʴʢʦʾ ʯʘʩʪʠʥʢʠ (ʩʘʞʘ), 

ʟʘʭʦʧʣʝʥʦʾ ʪʝʤʥʦʶ ʚʠʭʨʦʚʦʶ 
ʧʘʩʪʢʦʶ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʘ 
ʷʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʦʜʥʽʻʾ ʜʦʚʞʠʥʠ 
ʭʚʠʣʽ, ʪʘʢ ʽ ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʤ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. ʅʘ ʨʠʩʫʥʢʫ 
ʟʦʙʨʘʞʝʥʘ ʜʽʷ ʦʧʪʠʯʥʦʾ ʧʘʩʪʢʠ, ʢʦʣʠ 
ʚʦʥʘ ʩʬʦʨʤʦʚʘʥʘ ʣʠʰʝ ʟʝʣʝʥʠʤ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʣʠʰʝ ʯʝʨʚʦʥʠʤ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʘ 
ʧʦʣʽʭʨʦʤʘʪʠʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ. 
ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʟʘʭʦʧʣʝʥʘ 

ʯʘʩʪʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 
ʦʨʙʽʪʘʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ. ʇʨʠ 

ʦʜʥʦʯʘʩʥʽʡ ʜʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʽʟʥʠʤʠ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 
ʯʘʩʪʠʥʢʠ ʩʘʞʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. McGloin D. ñOptical tweezers: 20 years on. Phil. Trans. R. Soc. A, 

364, ï 2006. ï 3521ï3537. 
2. Mokhun I., Arkhelyuk A., Brandel R., Viktorovskaya Ju. Angular 

momentum of electromagnetic field in areas of optical singularities. Proc. 
SPIE, 5477, ï 2004. ï 47-54. 

3. Mokhun I. Introduction to linear singular optics. Chapter 1 in the 
book Optical correlation techniques and applications, edited by 
O.V.Angelsky, SPIE press. Bellingham. Washington. USA.  (2007). 
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ʖʨʽʡ ʉʪʦʣʷʨ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɹʫʨʢʦʚʝʮʴ ɼ.ʄ. 

 

QoS-ʤʘʨʰʨʫʪʠʟʘʮʽʷ ʚ ʤʫʣʴʪʠʩʝʨʚʽʩʥʠʭ ʤʝʨʝʞʘʭ 
 ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʦʩʣʫʛ, ʱʦ ʥʘʜʘʶʪʴʩʷ, ʽ 

ʨʦʟʰʠʨʝʥʥʷʤ ʛʝʦʛʨʘʬʽʾ ʩʚʦʻʾ ʧʨʠʩʫʪʥʦʩʪʽ ʚʩʝ ʙʽʣʴʰʝ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʧʨʠʭʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʫ ʧʝʨʝʜʘʥʠʭ ʜʘʥʠʭ ʚʩʝʨʝʜʠʥʽ 

ʚʣʘʩʥʦʾ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʤʝʨʝʞʽ. ʉʪʚʦʨʝʥʥʷ ʤʫʣʴʪʠʩʝʨʚʽʩʥʦʾ 

(ʛʦʣʦʩ, ʚʽʜʝʦ, ʜʘʥʽ) ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʩʴ ʧʦʪʝʥʮʽʘʣ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʣʘʛʦʜʠʪʠ 

ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʤʧʘʥʽʾ ʽ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʥʫʪʨʽʰʥʽ 

ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʉʫʯʘʩʥʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʧʦʩʣʫʛʠ, ʦʩʦʙʣʠʚʦ ʧʦʩʣʫʛʠ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ (ʚʽʜʝʦʢʦʥʬʝʨʝʥʮʽʾ, 

VoIP), ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʟ'ʻʜʥʘʥʥʷ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, 

ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʠʟʥʘʯʘʻ ʦʜʥʝ ʟ ʢʣʶʯʦʚʠʭ ʟʘʚʜʘʥʴ - ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʬʽʢʦʤ [1]. ʇʽʜ ʫʧʨʘʚʣʽʥʥʷʤ ʪʨʘʬʽʢʦʤ ʨʦʟʫʤʽʻʪʴʩʷ ʩʫʢʫʧʥʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʷʢ ʘʧʘʨʘʪʥʦ, ʪʘʢ ʽ 

ʧʨʦʛʨʘʤʥʦ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʘʥʦʾ 

ʤʝʨʝʞʽ ʟ ʥʝʦʙʭʽʜʥʦʶ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʝʬʝʢʪʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʫʨʩʽʚ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʪʦʧʦʣʦʛʽʶ ʤʽʞʤʝʨʝʞʝʚʠʭ ʟ'ʻʜʥʘʥʴ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʪʨʠʤʫʶʪʴ 

ʨʦʟʚʠʪʦʢ ʘʣʛʦʨʠʪʤʠ ʤʫʣʴʪʠʭʦʫʤʽʥʛʘ (multihoming), ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʦʜʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʢʽʣʴʢʦʤʘ ʬʽʟʠʯʥʠʤʠ ʢʘʥʘʣʘʤʠ. ɰʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʘʥʘʣʴʥʽ 

ʨʝʩʫʨʩʠ ʧʨʠ ʧʝʨʝʜʘʯʽ ʚʝʣʠʢʠʭ ʧʦʪʦʢʽʚ ʜʘʥʠʭ[2]. 

ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʤʫʣʴʪʠʭʦʫʤʽʥʛʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʘʭ 

QoS-ʤʘʨʰʨʫʪʠʟʘʮʽʾ, ʩʪʘʻ ʚʝʣʴʤʠ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʤʝʨʝʞ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ [3]. 

ɿʘʚʜʘʥʥʷʤ QoS-ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘʢʦʛʦ ʰʣʷʭʫ 
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ʤʽʞ ʧʘʨʦʶ ʚʫʟʣʽʚ, ʜʣʷ ʷʢʦʛʦ ʧʨʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʥʘʯʝʥʥʷ ʨʷʜʫ 

ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʷʢʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʝʷʢʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʟʘʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʝʤ ʘʙʦ ʧʨʦʚʘʡʜʝʨʦʤ, ʥʝ ʙʫʜʫʪʴ ʧʦʨʫʰʝʥʽ. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʤʫʣʴʪʠʭʦʫʤʽʥʛʘ (multihoming). 

 

ʄʫʣʴʪʠʭʦʫʤʽʥʛ [4] - ʚʣʘʩʪʠʚʽʩʪʴ ʦʢʨʝʤʦʾ SCTP-ʢʽʥʮʝʚʦʾ 

ʪʦʯʢʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʝʟʣʽʯ IP-ʘʜʨʝʩ (ʨʠʩ.1). ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʜʣʠʰʢʦʚʽ ʤʝʨʝʞʽ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ. ɺʣʘʩʪʠʚʽʩʪʴ ʤʫʣʴʪʠʭʦʫʤʽʥʛʘ ʤʦʞʝ 

ʧʦʣʝʛʰʠʪʠ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʷʚʽ ʧʦʤʠʣʦʢ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʚ ʧʦʚʽʣʴʥʠʭ ʤʝʨʝʞʘʭ TCP / IP. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʊʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʝʨʝʞʽ : ʧʽʜʨʫʯʥʠʢ [ʜʣʷ 

ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ] / ʇ.ʇ. ɺʦʨʦʙʽʻʥʢʦ, ʃ.ɸ. ʅʽʢʽʪʶʢ, ʇ.ɯ. 

ʈʝʟʥʽʯʝʥʢʦ. ï ʂ.: ʉɸʄʄɯʊ-ʂʥʠʛʘ, 2010. ï 708 ʩ. 

2. 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. 

3. Montavont, N., et al.: Analysis of Multihoming in Mobile IPv6. 

draft-ietf-monami6-mipv6-analysis-01 (June 26, 2006). 

4. Dae Sun Kim, Choong Seon Hong. The Primary Path Selection 

Algorithm for Ubiquitous Multihoming Environments/ Department of 

Computer Engineering, Kyung Hee University. ï 2008. 
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ɯʚʘʥ ʉʫʛʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʨʘʪʘʚʯʘʥ ɺ. ɻ.  

 

ɸʣʛʝʙʨʘʾʯʥʘ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʚ ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʧʨʦʩʪʦʨʽ 

ʦʟʥʘʢ ʽʟ ʧʝʨʝʪʠʥʦʤ ʦʙʣʘʩʪʝʡ ʨʦʟʤʽʱʝʥʥʷ  

 

 ʋ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯʘʭ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʦʙôʻʢʪʠ 

ʟʘʜʘʶʪʴʩʷ ʚʝʢʪʦʨʘʤʠ ʯʠʩʣʦʚʠʭ ʦʟʥʘʢ ʽʟ ʚʠʧʘʜʢʦʚʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. ʅʘʚʯʘʣʴʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʧʨʦʮʝʜʫʨ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʛʣʷʜʘʶʪʴ ʷʢ ʜʝʷʢʽ 

çʟʛʫʩʪʢʠè ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ, ʧʨʠʯʦʤʫ ʮʽ ʦʙʣʘʩʪʽ ʤʦʞʫʪʴ 

ʧʝʨʝʪʠʥʘʪʠʩʷ. ʋ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʪʨʠʤʫʻ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʡ ʟʤʽʩʪ ï ʧʦʪʨʽʙʥʦ ʧʦʜʽʣʠʪʠ ʧʨʦʩʪʽʨ ʦʟʥʘʢ ʥʘ 

ʢʣʘʩʪʝʨʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʜʣʷ ʟʨʘʟʢʽʚ ʥʘʚʯʘʣʴʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ.  

ʇʨʠ ʘʣʛʝʙʨʘʾʯʥʽʡ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʢʦʞʥʠʡ ʢʣʘʩʪʝʨ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʥʝʨʽʚʥʦʩʪʝʡ, ʜʝ ʢʦʞʥʘ ʥʝʨʽʚʥʽʩʪʴ 

ʚʽʜʦʢʨʝʤʣʶʻ ʧʦʪʦʯʥʠʡ ʢʣʘʩʪʝʨ ʚʽʜ ʽʥʰʦʛʦ ʢʣʘʩʪʝʨʫ ʚ ʧʨʦʩʪʦʨʽ 

ʦʟʥʘʢ. ʇʦʣʦʞʝʥʥʷ ʧʦʜʽʣʷʶʯʦʾ ʛʽʧʝʨʧʣʦʱʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
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ɼʣʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʚʠʧʘʜʢʫ ʜʦ ʦʜʥʦʚʠʤʽʨʥʦʛʦ 

ʚʩʽ ʪʦʯʢʠ ʥʘʚʯʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʪʨʽʙʥʦ ʧʨʦʝʢʪʫʚʘʪʠ ʥʘ 

ʦʪʨʠʤʘʥʫ ʛʽʧʝʨʧʣʦʱʠʥʫ. ʂʫʪ ʤʽʞ ʜʚʦʤʘ ʚʝʢʪʦʨʘʤʠ ʚ 

ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʇʦʧʘʨʥʠʡ ʘʥʘʣʽʟ ʤʥʦʞʠʥ ʥʘʚʯʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ 

ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʫ ʢʣʘʩʪʝʨʠʟʘʮʽʶ ʚʩʴʦʛʦ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ. 

  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɯʚʘʥʯʝʥʢʦ ɻ. ʌ. ʉʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʂʠʾʚ: ʂʅɽʋ, 

2011, 382 ʩ. 

2.ʉʦʰʥʠʢʦʚʘ ʃ.ɸ. ʄʥʦʛʦʤʝʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ 

ʵʢʦʥʦ-ʤʠʢʝ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ.ʄ.:ʖʅʀʊʀ-ɼɸʅɸ, 

1999,-598 ʩ. 
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ʊʘʨʘʩ ʊʘʱʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

ɸʥʽʟʦʪʨʦʧʽʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ 

ʃʫʞʥʽ ʤʝʪʘʣʠ Li, Na, K, Rb, Cs ʨʦʟʪʘʰʦʚʘʥʽ ʚ Iɸ ʧʽʜʛʨʫʧʽ 

ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʤʝʥʪʽʚ. ʄʦʥʦʢʨʠʩʪʘʣʠ ʜʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʻ ʜʦʩʠʪʴ ʜʦʩʢʦʥʘʣʠʤʠ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʤʦʜʝʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ 

ʪʽʣ. ɺʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʾ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ 

ʙʝʟʣʽʯ ʩʧʦʣʫʢ ʷʢʽ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʘʢʫʩʪʦʦʧʪʦʝʣʝʢʪʨʦʥʽʮʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʧʪʠʯʥʠʭ 

ʩʭʝʤ, ʜʝʪʝʢʪʦʨʽʚ ʭ- ʽ ‎ ï ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʱʦ. 

ʇʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʣʫʞʥʽ ʤʝʪʘʣʠ ʫʪʚʦʨʶʶʪʴ ʆʎʂ ˇʨʘʪʢʫ, 

ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ ʩʠʤʝʪʨʽʾ Im3m, Oh
9
. ʇʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʦʧʠʩʫʶʪʴʩʷ ʪʨʴʦʤʘ ʥʝʟʘʣʝʞʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʥʟʦʨʘ ʤʦʜʫʣʽʚ 

ʧʨʫʞʥʦʩʪʽ C11, C12 ʪʘ C44. ɼʣʷ ʦʧʠʩʫ ʘʥʽʟʦʪʨʦʧʽʾ ʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʧʦʙʫʜʫʚʘʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʽʚ ʖʥʛʘ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ [1]: 

Ὁ Ὓ ςὛ ςὛ Ὓ ὲὲ ὲὲ ὲὲ      
(1), 

ʜʝ Sij  ï ʤʦʜʫʣʽ ʧʨʫʞʥʦʾ ʧʦʜʘʪʣʠʚʦʩʪʽ; n1, n2, n3 - ʥʘʧʨʷʤʥʽ 

ʢʦʩʠʥʫʩʠ. 
ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (1) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʤʦʜʫʣʽ ʖʥʛʘ ʚ 

ʦʩʥʦʚʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʢʘʭ [2]: 

Ὁ Ƞ Ὁ Ƞ Ὁ  (2), 

ʜʝ ʤʥʦʞʥʠʢ ʧʨʫʞʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ ʨʽʚʥʠʡ: 

ὃ                                               (3) 

ʇʦʙʫʜʦʚʘʥʽ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1) ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʧʦʚʝʨʭʥʽ 

ʤʦʜʫʣʽʚ ʖʥʛʘ ʜʣʷ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʟʙʝʨʽʛʘʶʪʴ ʫʩʽ ʝʣʝʤʝʥʪʠ 

ʩʠʤʝʪʨʽʾ ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ 

ʖʥʛʘ ʟʦʩʝʨʝʜʞʝʥʽ ʚ ʥʘʧʨʷʤʢʘʭ <111>, ʘ ʤʽʥʽʤʘʣʴʥʽ ʫ ʥʘʧʨʷʤʢʘʭ 

<100>. ɯʟ ʨʦʩʪʦʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʝʣʝʤʝʥʪʽʚ Z ʧʝʨʽʦʜ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʟʨʦʩʪʘʻ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ 

ʽʦʥʥʠʡ ʨʘʜʽʫʩ ʪʘ ʛʫʩʪʠʥʘ ʢʨʠʩʪʘʣʽʚ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
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ʟʤʝʥʰʝʥʥʷ ʫʩʽʭ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʤʦʜʫʣʷ ʖʥʛʘ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦ ʪʚʝʨʜʦʩʪʽ ʢʨʠʩʪʘʣʽʚ. 

 

ʗʢ ʩʣʽʜʫʻ ʟ ʘʥʘʣʽʟʫ ʪʘʙʣʠʮʽ ʣʫʞʥʦʛʘʣʦʾʜʥʠʭ ʤʝʪʘʣʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʚʝʣʠʯʠʥʘʤʠ ʪʘ 

ʪʚʝʨʜʽʩʪʶ ʢʨʠʩʪʘʣʽʚ ʷʢ ʟʘ ʰʢʘʣʦʶ ɹʨʽʥʝʣʣʷ ʪʘʢ ʽ ʄʦʦʩʘ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʚʢʘʟʘʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ.  

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʘʥʽʟʦʪʨʦʧʽʾ ʧʨʫʞʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʥʘʧʨʷʤʢʫ <111>  ʚʽʜ ʪʚʝʨʜʦʩʪʽ ʟʘ ʰʢʘʣʦʶ ʄʦʦʩʘ. 

 

ɿ ʘʥʘʣʽʟʫ ʨʠʩʫʥʢʫ ʚʠʜʥʦ, ʱʦ ʘʥʽʟʦʪʨʦʧʽʷ ʧʨʫʞʥʽʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʧʘʜʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʽʦʥʥʦʛʦ ʨʘʜʽʫʩʘ ri. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʖ.ʀ. ʉʠʨʦʪʠʥ, ʄ. ʇ. ʐʘʩʢʦʣʴʩʢʘʷ. ʆʩʥʦʚʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ. 

ʄʦʩʢʚʘ, ʅʘʫʢʘ, 1975. ï 680ʩ 

2. ʄ.ɼ. ʈʘʨʘʥʩʴʢʠʡ, ɺ. ʅ. ɹʘʣʘʟʶʢ, ʄ.ʄ. ɻʫʥʴʢʦ  ʗʚʠʱʝ 

ʘʫʢʩʝʪʠʯʥʦʩʪʽ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ. ʏʝʨʥʽʚʮʽ, ɼʨʫʢɸʨʪ, 2016. ï 178ʩ 
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ʄʘʨʽʷ ʊʠʧʫʩʷʢ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ  ï ʘʩʠʩʪ. ʃʠʩʴʢʦ ɺ.ɺ. 
 

ɺʧʣʠʚ ʨʦʟʤʽʨʽʚ ʪʘ ʛʝʦʤʝʪʨʽ ʾʟʨʘʟʢʽʚ  

ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ  

ʘʙʩʦʣʶʪʥʠʤ ʤʝʪʦʜʦʤ 

 
ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ ʘʙʩʦʣʶʪʥʠʡ ʤʝʪʦʜ [1; 2] ʚʦʣʦʜʽʻ ʢʽʣʴʢʦʤʘ ʚʘʞʣʠʚʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ: 

- ʜʣʷ ʚʠʤʽʨʶʚʘʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʨʘʟʢʠ 

ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ;  

- ʦʜʥʦʯʘʩʥʦ ʥʘ ʦʜʥʦʤʫ ʟʨʘʟʢʫ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ 
ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ï ů, Ŭ, ə, Z, ʱʦ ʟʥʠʞʫʻ ʧʦʭʠʙʢʠ;  

- ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʢʣʘʩʠʯʥʠʭ 

ʬʦʨʤʫʣ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʧʨʘʚʦʢ. 

ʊʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʟʨʘʟʢʫ, ʚʠʤʽʨʷʥʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʪʝʨʤʦʧʘʨ, ʽ ʝʣʝʢʪʨʠʯʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ʥʘʛʨʽʚʘʯʘ: 

, 

ʜʝ Q - ʪʝʧʣʦ ɼʞʦʫʣʷ, ʷʢʝ ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʘʛʨʽʚʘʯʝʤ; l2 - ʚʽʜʩʪʘʥʴ 

ʤʽʞ ʪʝʨʤʦʧʘʨʘʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʊ1 ʽ ʊ2; S - ʧʣʦʱʘ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʘ. 

ʇʝʨʝʚʘʛʘ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ 

ʧʝʨʝʜʙʘʯʘʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝ ʨʦʟʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʠʣʦʢ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʙʫʜ-ɹʷʢʠʡ ʧʨʦʮʝʩ ʚʠʤʽʨʶʚʘʥʴ, ʘ 

ʧʦʰʫʢ ʰʣʷʭʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʮʽ ʧʦʭʠʙʢʠ ʫʩʫʥʫʪʠ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʨʘʜʽʘʮʽʡʥʠʭ ʚʪʨʘʪ ʪʝʧʣʘ ʟ 

ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʽ ʥʘʛʨʽʚʘʯʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʠʡ 

ʛʨʘʜʽʻʥʪʥʠʡ ʝʢʨʘʥ, ʥʘ ʷʢʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦ  ʁʟʘʭʠʩʥʦʛʦ ʥʘʛʨʽʚʘʯʘ 

ʩʪʚʦʨʶʶʪʴ ʪʘʢʠʡ ʞʝ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ, ʷʢ ʽ ʥʘ ʟʨʘʟʢʫ [3]. 

ʆʜʥʘʢ ʯʘʩʪʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʽʟ ʢʨʫʛʣʠʤ ʧʝʨʝʨʽʟʦʤ ʻ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ. ʊʦʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʨʘʜʽʻʥʪʥʠʭ ʨʘʜʽʘʮʽʡʥʠʭ ʝʢʨʘʥʽʚ ʜʣʷ 

2

1 2

 
Q l

T T S
k=
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ʚʠʧʘʜʢʫ ʟʨʘʟʢʽʚ ʽʟ ʢʚʘʜʨʘʪʥʠʤ ʧʝʨʝʨʽʟʦʤ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ 

ʧʦʙʫʜʦʚʘʥʦ ʢʦʤʧ'ʶʪʝʨʥʫ 3D-ʤʦʜʝʣ ɹ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ COMSOL Multiphysics (ʨʠʩ.1). 

 

ʈʠʩ. 1. ʂʦʤʧôʶʪʝʨʥʘ ʤʦʜʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ ʤʝʪʦʜʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ʟ ʢʚʘʜʨʘʪʥʠʤ ʧʝʨʝʨʽʟʦʤ 

1-ʥʘʛʨʽʚʥʠʢ ʝʢʨʘʥʘ;  2-ʥʘʛʨʽʚʥʠʢ ʟʨʘʟʢʘ;  3-ʝʢʨʘʥ; 4-ʟʨʘʟʦʢ; 

5-ʪʝʨʤʦʩʪʘʪ 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʦʪʨʠʤʘʥʦ 

ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʟʨʘʟʢʫ ʪʘ ʥʘ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 300 ï 1100 ʂ, 

ʚʠʟʥʘʯʝʥʦ ʤʦʞʣʠʚʽ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʫʤʦʚʠ 

ʾʭ ʤʽʥʽʤʽʟʘʮʽʾ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʳʯʫʢ ʃ.ʀ. ʊʝʨʤʦʵʣʝʤʝʥʪʳ ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʉʧʨʘʚʦʯʥʠʢ / ʃ. ʀ. ɸʥʘʪʳʯʫʢ. ï ʂʠʝʚ: ʅʘʫʢ. ʜʫʤʢʘ, 1979. ï 769 ʩ. 

2. ɺʘʡʥʝʨ ɸ.ʃ. ʀʟʤʝʨʝʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ.ʃ. ɺʘʡʥʝʨ, ʕ.ʄ. ʃʫʢʠʰʢʝʨ, 

ʄ.ʅ. ʉʦʤʢʠʥ // ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. ï 1972. ï ˉ4. 

3. ɸʥʘʪʠʯʫʢ ʃ.ɯ. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ / ʃ.ɯ. ɸʥʘʪʠʯʫʢ, 

ʄ.ɺ. ɻʘʚʨʠʣʶʢ, ɺ.ɺ. ʃʠʩʴʢʦ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï 2010. ï ˉ3. 
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ɸʣ̔ ʥʘ ʊʠʱʝʥʢʦ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɯ.ɺ.ʉʦʣʪʠʩ 

ɯʥʪʝʨʘʢʪʠʚʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʷʢ ʝʣʝʤʝʥʪ 

ʦʩʚʽʪʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 
ʈʦʟʨʦʙʣʝʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʨʫʯʥʠʢʽʚ ʥʠʥʽ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʴ ʫ ʧʝʜʘʛʦʛʽʮʽ. ɺʽʪʯʠʟʥʷʥʽ ʪʘ 

ʟʘʨʫʙʽʞʥʽ ʚʯʝʥʽ ʨʦʟʨʦʙʣʷʣʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʧʨʦʙʣʝʤʠ ʪʝʦʨʽʾ ʽ 

ʧʨʘʢʪʠʢʠ ʩʪʚʦʨʶʚʘʥʥʷ ʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʽʜʨʫʯʥʠʢʽʚ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʚʠʢʦʥʫʻ ʽʥʬʦʨʤʘʮʽʡʥʫ, ʤʦʪʠʚʘʮʽʡʥʫ 

ʽ ʢʦʥʪʨʦʣʴʥʦ-ʢʦʨʝʢʮʽʡʥʫ ʜʠʜʘʢʪʠʯʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʧʦʣʷʛʘʶʪʴ ʫ 

ʩʪʚʦʨʶʚʘʥʥʽ ʩʪʠʤʫʣʽʚ ʜʦ ʚʠʚʯʝʥʥʷ ʜʘʥʦʾ ʜʠʩʮʠʧʣʽʥʠ, ʬʦʨʤʫʶʪʴ 

ʫ ʩʪʫʜʝʥʪʽʚ ʽʥʪʝʨʝʩ ʽ ʧʦʟʠʪʠʚʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʨʦʙʦʪʠ, ʜʘʶʪʴ 

ʟʤʦʛʫ ʨʦʟʰʠʨʠʪʠ ʦʙʩʷʛ ʟʥʘʥʴ ʫʩʽʤʘ ʜʦʩʪʫʧʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʧʦʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʚʽʨʢʠ, ʩʘʤʦʧʝʨʝʚʽʨʢʠ, ʢʦʨʝʢʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ, 

ʚʠʢʦʥʘʥʥʷ ʪʨʝʥʫʚʘʣʴʥʠʭ ʚʧʨʘʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʠʭ 

ʥʘʚʠʯʦʢ [1]. 

ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʫ ʜʚʦʭ 

ʚʘʨʽʘʥʪʘʭ: 

- ʜʣʷ ʚʽʜʢʨʠʪʦʛʦ ʜʦʩʪʫʧʫ ʯʝʨʝʟ ʛʣʦʙʘʣʴʥʫ ʢʦʤʧ'ʶʪʝʨʥʫ ʤʝʨʝʞʫ 

ɯnternet; 

- ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʘʫʜʠʪʦʨʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʜʣʷ 

ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ).  

ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʧʦʚʠʥʝʥ ʨʦʟʨʦʙʣʷʪʠʩʷ ʜʣʷ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʘʭ ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ. ʇʦʪʨʽʙʥʦ 

ʪʽʣʴʢʠ, ʱʦʙ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʙʫʚ ʫʩʪʘʥʦʚʣʝʥʠʡ MS Word ʽ Power 

Poʽnt. ɽʣʝʢʪʨʦʥʥʽ ʧʽʜʨʫʯʥʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʫ ʜʝʢʽʣʴʢʦʭ 

ʬʦʨʤʘʪʘʭ. 
ɽʣʝʢʪʨʦʥʥʽ ʧʽʜʨʫʯʥʠʢʠ ʫ ʬʦʨʤʘʪʽ Word, PowerPoʽnt. 

ʅʝʤʘʻ ʧʦʪʨʝʙʠ ʧʨʝʜʩʪʘʚʣʷʪʠ ʜʦʢʫʤʝʥʪʠ ʚ ʮʠʭ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ 

ʬʦʨʤʘʪʘʭ. ɿ ʾʭʥʴʦʶ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʣʝʛʢʦ ʽ ʰʚʠʜʢʦ 

ʧʽʜʛʦʪʫʚʘʪʠ ʷʢʽʩʥʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ ʽʟ 

ʚʙʫʜʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ ʩʘʤʦʢʦʥʪʨʦʣʶ. 

ɽʣʝʢʪʨʦʥʥʽ ʧʽʜʨʫʯʥʠʢʠ ʫ ʬʦʨʤʘʪʽ Acrobat. ɼʫʞʝ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʬʦʨʤʘʪ PDF ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʚʽʜ 

ʢʦʤʧʘʥʽʾ ʟʽ ʩʚʽʪʦʚʠʤ ʽʤ'ʷʤ Adobe Systems. ɼʣʷ ʯʠʪʘʥʥʷ 
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ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʨʫʯʥʠʢʽʚ ʫ ʮʴʦʤʫ ʬʦʨʤʘʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʽʣʴʥʦ 

ʨʦʟʧʦʚʩʶʜʞʫʚʘʥʘ ʧʨʦʛʨʘʤʘ Acrobat Reader. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʞ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʨʫʯʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʛʨʘʤʘ Acrobat ʟ 

ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. ɹʘʛʘʪʦ ʤʽʣʴʡʦʥʽʚ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫ-

ʤʝʥʪʽʚ ʫ ʩʚʽʪʽ ʚʠʢʦʥʘʥʽ ʩʘʤʝ ʫ ʬʦʨʤʘʪʽ PDF. 

ɽʣʝʢʪʨʦʥʥʽ ʧʽʜʨʫʯʥʠʢʠ ʚ ʧʨʦʛʨʘʤʽ Flash MX. 

ɹʘʛʘʪʦ ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʨʫʯʥʠʢʽʚ ʤʘʶʪʴ ʦʩʥʦʚʫ - ʧʨʦʛʨʘʤʫ Flash 

MX, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʦʪʫʞʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʘʥʽʤʘʮʽʡʥʠʭ ʬʘʡʣʽʚ ʜʣʷ Web. ʄʘʡʙʫʪʥʻ ʟʘ ʜʠʩʪʘʥʮʽʡʥʠʤ 

ʥʘʚʯʘʥʥʷʤ, ʪʦʞ ʚʠʚʯʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʧʨʦʛʨʘʤʠ ʥʝ 

ʚʠʧʘʜʢʦʚʝ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʫ ʧʨʦʛʨʘʤʽ 3D Studʽo MAX. 

ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʧʨʦʛʨʘʤ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʩʠʪʴ ʙʘʛʘʪʦ, 

ʦʜʥʘʢ ʦʜʥʘ ʽʟ ʢʨʘʱʠʭ ʧʨʦʛʨʘʤ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʤʠʩʪʝʮʪʚʘ ʘʥʽʤʘʮʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʧʨʦʛʨʘʤʘ - 

3D Studʽo MAX. 3D MAX ʜʦʟʚʦʣʷʻ ʟʤʦʜʝʣʶʚʘʪʠ ʙʘʛʘʪʦ ʯʦʛʦ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʘʟʦʚʠʭ ʦʙ'ʻʢʪʽʚ [2]. 

ʆʪʞʝ, ʝʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʤʽʩʪʠʪʴ ʨʝʪʝʣʴʥʦ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʥʘʜʘʥʦ ʩʪʫʜʝʥʪʦʚʽ ʫ 

ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʜʨʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʪʝʢʩʪ ʪʘ 

ʤʫʣʴʪʠʤʝʜʽʡʥʽ ʜʦʜʘʪʢʠ. ɻʽʧʝʨʪʝʢʩʪʦʚʘ ʩʪʨʫʢʪʫʨʘ ʜʘʻ ʟʤʦʛʫ 

ʩʪʫʜʝʥʪʦʚʽ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʪʨʘʻʢʪʦʨʽʶ ʚʠʚʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʽ ʟʨʫʯʥʠʡ ʪʝʤʧ ʨʦʙʦʪʠ. ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ ʤʘʻ 

ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ ʧʘʧʝʨʦʚʠʤ. ɺ ʟʤʽʩʪ ʟ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʽʜʨʫʯʥʠʢʘ ʚʠʢʣʘʜʘʯ ʤʦʞʝ ʟʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʥʦʩʠʪʠ ʜʦʧʦʚʥʝʥʥʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʴʦʛʦ ʥʦʚʦʛʦ, ʱʦ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʢʦʥʢʨʝʪʥʽʡ 

ʧʨʝʜʤʝʪʥʽʡ ʛʘʣʫʟʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʽʜʨʫʯʥʠʢʽʚ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʦʩʚʽʪʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʩʪʫʜʝʥʪʠ ʙʫʜʫʪʴ ʝʬʝʢʪʠʚʥʦ ʥʘʚʯʘʪʠʩʷ ʥʘ 

ʘʫʜʠʪʦʨʥʠʭ ʟʘʥʷʪʪʷʭ ʽ ʩʘʤʦʩʪʽʡʥʦ ï ʧʽʩʣʷ ʟʘʥʷʪʴ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ɹʫʛʘʡʯʫʢ ʂ.ʃ. ɽʣʝʢʪʨʦʥʥʠʡ ʧʽʜʨʫʯʥʠʢ: ʧʦʥʷʪʪʷ, ʩʪʨʫʢʪʫʨʘ, 

ʚʠʤʦʛʠ . ɯʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ. 2011. ʉ. 65-68. 

2. ʂʦʨʙʫʪ ʆ.ɻ. ʊʝʭʥʦʣʦʛʽʾ ʪʘ ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʦʩʽʙʥʠʢʽʚ  / ɯ. ʉʪʨʦʤʠʣʦ // ʅʦʚʘ ʧʝʜ. ʜʫʤʢʘ. 2013. ˉ 

2.   ʉ. 182ï185. 
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ɺʣʘʜʠʩʣʘʚ ʊʢʘʯ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ɸ.ɼ. ɺʝʨʠʛʘ 

 

ɽʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ ʽʟ ʬʨʘʢʪʘʣʴʥʠʤ ʢʦʜʦʤ ʜʦʩʪʫʧʫ 

 
ʈʘʜʽʦʯʘʩʪʦʪʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ (Radio-frequency identification ï 

RFID) ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ɺʨʘʭʦʚʫʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽ ʜʦʩʪʫʧʥʽʩʪʴ 

ʤʽʢʨʦʩʭʝʤ, ʧʦʧʫʣʷʨʥʠʭ ʧʨʦʪʦʢʦʣʽʚ RFID ʽ ʜʝʰʝʚʠʭ ʨʠʜʝʨʽʚ, 

ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʠʧʫ ʮʠʬʨʦʚʠʭ 

ʦʩʮʠʣʦʛʨʘʬʽʚ, ʩʥʠʬʝʨʽʚ ʽ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʽʚ, ʧʠʪʘʥʥʷ 

ʧʜ̔ʚʠʱʝʥʥʷ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʦʪʨʠʤʘʥʥʷ 

ʜʘʥʠʭ ʢʣʶʯʘ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ:  ʨʦʟʨʦʙʢʘ ʪʨʘʥʩʧʦʥʜʝʨʘ ʪʘ ʪʨʘʥʩʤʽʪʝʨʘ ʟ ʥʦʚʦʶ 

ʩʠʩʪʝʤʦʶ ʛʝʥʝʨʫʚʘʥʥʷ ʢʦʜʽʚ ʢʣʶʯʘ ʪʘ ʩʧʦʩʦʙʦʤ ʾʭ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʭʠʱʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ ʚʽʜ 

ʟʣʦʚʤʠʩʥʠʭ ʚʪʨʫʯʘʥʴ. 

ɼʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʽʟ ʟʤʽʥʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʚʠʢʦʨʠʩʪʘʥʦ ʛʝʥʝʨʘʪʦʨ ʬʨʘʢʪʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ.  

ɿʘʤʦʢ ʩʢʘʥʫʻ ʢʣʶʯ ʥʘ ʚʩʽʡ ʤʥʦʞʠʥʽ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʢʦʜʽʚ 

ï ʧʨʠ ʟʙʽʛʫ ʚʠʜʘʻ ʩʠʛʥʘʣ ʜʦʟʚʦʣʫ ʥʘ ʚʽʜʢʨʠʚʘʥʥʷ ʜʚʝʨʝʡ. ʊʘʢʦʞ 

ʟʘʤʦʢ ʟʘʧʘʤôʷʪʦʚʫʻ ʧʦʟʠʮʽʶ ʢʣʶʯʘ ʥʘ ʤʥʦʞʠʥʽ ʚʽʜʣʽʢʽʚ 

ʬʨʘʢʪʘʣʴʥʦʛʦ ʢʦʜʫ. ʗʢʱʦ ʧʦʟʠʮʽʷ ʥʝ ʟʙʽʛʘʻʪʴʩʷ, ʪʦ ʚʠʜʘʪʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷ. ʗʢʱʦ ʧʦʟʠʮʽʷ ʢʣʶʯʘ ʚʠʧʝʨʝʜʞʘʻ ʧʦʟʠʮʽʶ, 

ʟʘʧʠʩʘʥʫ ʚ ʟʘʤʢʫ, ʪʦ ʻ ʧʽʜʦʟʨʘ, ʱʦ ʧʨʦʚʦʜʠʣʠ ʤʘʥʽʧʫʣʷʮʽʾ ʟ 

ʢʣʶʯʝʤ, ʷʢʱʦ ʚʠʧʝʨʝʜʞʘʻ ʧʦʟʠʮʽʷ ʟʘʤʢʘ ï ʧʨʦʚʦʜʠʣʠʩʷ 

ʤʘʥʽʧʫʣʷʮʽʾ ʽʟ ʟʘʤʢʦʤ. ʗʢʱʦ ʨʽʟʥʠʮʷ ʚ ʧʦʟʠʮʽʷʭ ʚʝʣʠʢʘ 

(ʥʘʧʨʠʢʣʘʜ, 5 ï ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʦʛʨʘʤʥʦ) ʟʘʙʦʨʦʥʠʪʠ 

ʚʽʜʢʨʠʚʘʥʥʷ ʽ ʚʠʜʘʪʠ ʩʠʛʥʘʣ "ʪʨʠʚʦʛʘ". ʇʦʟʠʮʽʷ ʢʣʶʯʘ 

ʟʤʽʥʶʻʪʴʩʷ ʷʢ ʫ ʟʘʤʢʫ, ʪʘʢ ʽ ʚ ʢʣʶʯʽ ʧʽʜ ʯʘʩ ʦʧʠʪʫʚʘʥʥʷ ʢʣʶʯʘ 

ʩʠʥʭʨʦʥʥʦ. 

ʉʭʝʤʫ ʢʣʶʯʘ (ʪʨʘʥʩʧʦʥʜʝʨʘ) ʩʧʨʦʝʢʪʦʚʘʥʦ ʥʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ PIC12F629 [1] ʤʦʣʦʜʰʦʛʦ ʩʽʤʝʡʩʪʚʘ, RISC- 

ʘʨʭʽʪʝʢʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ 

ʩʭʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʘʤʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ʉʭʝʤʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʤʢʘ ʜʣʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʪʨʘʥʩʧʦʥʜʝʨʘ 

ʩʧʨʦʝʢʪʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʰʠʨʝʥʠʭ ʩʭʝʤʦʪʝʭʥʽʯʥʠʭ 
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ʨʽʰʝʥʴ [2; 3] ʽ ʘʜʘʧʪʦʚʘʥʘ ʜʣʷ ʜʘʥʦʾ ʨʦʟʨʦʙʢʠ. ʉʭʝʤʘ ʤʘʻ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʫ ʧʨʦʩʪʦʪʫ ʽ ʜʦʟʚʦʣʷʻ ʟʯʠʪʫʚʘʪʠ ʜʘʥʽ 

ʪʨʘʥʩʧʦʥʜʝʨʘ ʥʘ ʚʽʜʩʪʘʥʽ 2 ï 5 ʩʤ ʧʨʠ ʜʦʙʨʝ ʥʘʣʘʛʦʜʞʝʥʠʭ 

ʢʦʥʪʫʨʘʭ. 

ʊʨʘʥʩʠʚʝʨ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʤʽʢʨʦʩʭʝʤʽ 

EM4095 [4], ʷʢʘ ʤʽʩʪʠʪʴ  ʥʝʦʙʭʽʜʥʽ ʙʣʦʢʠ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʟ 

ʪʨʘʥʩʧʦʥʜʝʨʦʤ. ʈʦʙʦʯʘ ʯʘʩʪʦʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʜʫʢʪʠʚʥʽʩʪʶ ʪʘ 

ʻʤʥʽʩʪʶ ʽ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ 130 ʂɻʮ. 

ʉʭʝʤʘ ʚʠʢʦʥʘʚʯʦʾ ʯʘʩʪʠʥʠ ʧʨʠʩʪʨʦʶ ʟʽʙʨʘʥʘ ʥʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ PIC16F73 [5]. ɺʽʥ ʧʨʦʚʦʜʠʪʴ ʦʙʨʦʙʢʫ ʜʘʥʠʭ, 

ʟʯʠʪʫʚʘʥʥʷ ʢʣʶʯʽʚ, ʚʟʘʻʤʦʜʽʶ ʟ ʢʣʘʚʽʘʪʫʨʦʶ, ʦʙʤʽʥ ʜʘʥʠʤʠ 

ʯʝʨʝʟ USART- ʧʨʦʪʦʢʦʣ, ʚʠʜʘʻ ʩʠʛʥʘʣ ʥʘ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʟʘʤʢʦʤ, ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʜʠʩʧʣʝʡ (OPEN ï 

ʚʽʜʢʨʠʪʦ, ATEN ï ʫʚʘʛʘ, ALRT ï ʪʨʠʚʦʛʘ, ʥʦʤʝʨ ʢʣʶʯʘ ʪʘ ʽʥ.) 

ʆʪʞʝ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʘʧʘʨʘʪʥʘ ʨʝʘʣʽʟʘʮʽʷ 

ʧʨʠʩʪʨʦʶ ʩʠʩʪʝʤʠ ʜʦʩʪʫʧʫ ʟ ʢʣʶʯʝʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʬʨʘʢʪʘʣʴʥʠʡ ʢʦʜ. ɿʘʩʪʦʩʦʚʘʥʠʡ ʥʦʚʠʡ ʩʧʦʩʽʙ ʬʦʨʤʫʚʘʥʥʷ ʢʦʜʫ 

ʢʣʶʯʘ ʪʘ ʘʣʛʦʨʠʪʤ ʡʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ 

ʧʦʢʨʘʱʠʪʠ ʟʘʭʠʱʝʥʽʩʪʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ. 

ɼʣʷ ʧʨʦʪʠʜʽʾ ʧʽʜʙʦʨʫ ʢʣʶʯʘ ʚ ʩʭʝʤʫ ʤʦʞʥʘ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ 

ʟʘʧʦʙʽʞʥʽ ʟʘʭʦʜʠ. ɿʨʦʙʠʪʠ ʧʨʠʚôʷʟʢʫ ʜʦ ʯʘʩʦʚʦʛʦ ʟʩʫʚʫ ʧʽʩʣʷ 

ʢʦʞʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʪʦʜʽ ʟʣʦʚʤʠʩʥʠʢʫ ʙʫʜʝ ʥʝʚʽʜʦʤʦ, ʟ ʷʢʦʛʦ 

ʤʦʤʝʥʪʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʤʥʦʞʠʥʘ ʚʽʜʣʽʢʽʫ ʢʣʶʯʘ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. DS41190G. PIC12F629/675 8-Pin, Flash-Based 8-Bit CMOS 

Microcontrollers, 2010 Microchip Technology Inc. .ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://ww1.microchip.com/downloads/en/devicedoc/41190c.pdf 

2. PicNic - emulator/spyware for HF RFID// ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.cnblogs.com/shangdawei/p/4834188.html 

3. Sound card based RFID sniffer/emulator.ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.cnblogs.com/shangdawei/p/4834188.html 

4. M4095. Read/Write analog front end for 125 kHz RFID.  ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: 

https://www.emmicroelectronic.com/sites/default/files/products/datasheets/em4

095_ds.pdf 

5. 18. DS30325B. PIC16F7X 28/40-Pin 8-Bit CMOS FLASH 

Microcontrollers// 2002 Microchip Technology Inc. .ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://ww1.microchip.com/downloads/en/DeviceDoc/30325b.pdf 
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https://ww1.microchip.com/downloads/en/DeviceDoc/30325b.pdf
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ʆʣʝʥʘ ʊʢʘʯ 

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

ʊʝʤʘʪʠʯʥʽ ʢʚʝʩʪʠ ʷʢ ʬʦʨʤʘ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ 

ʦʢʨʝʤʠʭ ʪʝʤ ʟ ʬʽʟʠʢʠ ʚ ɿʆʐ 
ʋʷʚʣʝʥʥʷ ʧʨʦ ʩʫʯʘʩʥʦʛʦ ʚʯʠʪʝʣʷ ʧʝʨʝʜʙʘʯʘʻ ʛʦʪʦʚʥʽʩʪʴ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʦʩʚʽʪʷʥʩʴʢʠʭ ʽʜʝʡ, ʟʜʘʪʥʽʩʪʴ ʧʦʩʪʽʡʥʦ 
ʥʘʚʯʘʪʠʩʷ, ʙʫʪʠ ʫ ʧʦʩʪʽʡʥʦʛʦ ʪʚʦʨʯʦʤʫ ʪʘ ʧʝʜʘʛʦʛʽʯʥʦʤʫ 
ʧʦʰʫʢʫ, ʟʨʦʩʪʘʥʥʽ, ʨʦʟʚʠʪʢʫ. ʉʫʯʘʩʥʽʩʪʴ ʚʠʤʘʛʘʻ ʚʽʜ ʚʯʠʪʝʣʷ ʥʝ 
ʣʠʰʝ ʚʠʩʦʢʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʘʣʝ ʽ ʚʤʽʥʥʷ ʾʭ 
ʨʝʧʨʦʜʫʢʫʚʘʪʠ ʫ ʧʝʚʥʦʤʫ ʦʙʩʷʟʽ, ʘ ʪʘʢʦʞ ʚʠʩʪʫʧʘʪʠ ʟʘʩʦʙʦʤ 
ʨʦʟʚʠʪʢʫ ʥʘʚʠʯʦʢ ʧʨʘʢʪʠʯʥʠʭ ʜʽʡ ʫ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. 
ʄʦʞʣʠʚʽʩʪʴ ʨʽʟʥʦʙʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʫʯʥʷ ʧʨʦʧʦʥʫʶʪʴ ʩʫʯʘʩʥʽ 
ʤʝʪʦʜʠʢʠ ʥʘʚʯʘʥʥʷ ʽ ʥʦʚʽʪʥʽ ʪʝʭʥʽʯʥʽ ʟʜʦʙʫʪʢʠ [1].  
ɽʬʝʢʪʠʚʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʠʢ ʥʘʚʯʘʥʥʷ ʩʧʨʠʷʻ 

ʧʽʜʚʠʱʝʥʥʶ ʡʦʛʦ ʷʢʦʩʪʽ, ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʫʯʥʽʚ ʽ ʚʯʠʪʝʣʽʚ, ʘ ʪʘʢʦʞ 
ʘʢʪʫʘʣʽʟʘʮʽʾ, ʟʥʘʥʥʷ, ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ, ʨʦʟʚʠʪʢʫ ʽʥʪʝʨʘʢʪʠʚʥʠʭ 
ʟʜʽʙʥʦʩʪʝʡ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʤʝʪʦʜʠʢ, ʷʢʘ ʚʯʠʪʴ ʟʥʘʭʦʜʠʪʠ ʥʝʦʙʭʽʜʥʫ 
ʽʥʬʦʨʤʘʮʽʶ, ʘʥʘʣʽʟʫʚʘʪʠ, ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʪʘ ʚʠʨʽʰʫʚʘʪʠ ʧʦʩʪʘʚʣʝʥʽ 
ʟʘʜʘʯʽ, ʧʦʻʜʥʫʚʘʪʠ ʥʦʚʽʪʥʽ ʪʘ ʪʨʘʜʠʮʽʡʥʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ ʻ ʢʚʝʩʪ [2]. 
ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʫʯʥʽʚ ʧʨʦʙʣʝʤʥʠʤ ʻ ʟʜʽʡʩʥʝʥʥʷ ʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʟʘʩʚʦʻʥʥʷ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ, ʥʘ ʾʭʥʶ 
ʜʫʤʢʫ, ʥʝ ʟʘʚʞʜʠ ʾʤ ʧʦʪʨʽʙʥʘ . 
ʂʚʝʩʪ ʜʦʟʚʦʣʷʻ: ʨʦʟʚʠʚʘʪʠ ʘʢʪʠʚʥʝ ʧʽʟʥʘʥʥʷ ʥʘ ʫʨʦʢʘʭ; 

ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʤʠʩʣʝʥʥʷ. ɺʽʥ ʜʦʧʦʤʘʛʘʻ ʚʠʨʽʰʫʚʘʪʠ, 
ʨʦʟʧʣʫʪʫʚʘʪʠ ʩʢʣʘʜʥʽ ʟʘʚʜʘʥʥʷ, ʧʨʠʜʫʤʫʚʘʪʠ ʾʭ ʨʦʟʚô̫ ʟʢʠ, ʫʤʽʪʠ 
ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʚʦʾ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʫ ʥʝʩʪʘʥʜʘʨʪʥʠʭ 
ʩʠʪʫʘʮʽʷʭ. 
ʌʦʨʤ ʧʨʦʚʝʜʝʥʥʷ ʢʚʝʩʪʽʚ ʻ ʙʘʛʘʪʦ. ʄʠ ʨʦʟʛʣʷʥʝʤʦ ʦʜʥʫ ʟ ʥʠʭ 

- ʪʝʤʘʪʠʯʥʠʡ ʢʚʝʩʪ ʷʢ ʬʦʨʤʘ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ 
ʪʝʤ ʟ ʬʽʟʠʢʠ ʚ ɿʆʐ. 
ʆʙʠʨʘʶʯʠ ʪʝʤʫ ʜʣʷ ʢʚʝʩʪʫ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʙʫʜʝ 

ʦʙʨʘʪʠ ʪʫ ʪʝʤʫ, ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʷʢʦʾ ʚ ʫʯʥʽʚ ʚʠʥʠʢʘʶʪʴ 
ʪʨʫʜʥʦʱʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚ ʽʛʨʦʚʽʡ ʬʦʨʤʽ, ʤʦʞʥʘ ʤʦʪʠʚʫʚʘʪʠ 
ʫʯʥʽʚ ʜʦ ʾʾ ʚʠʚʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʧʦʚʪʦʨʝʥʥʷ 
ʚʠʚʯʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʥʘʚʯʘʣʴʥʦʾ ʪʝʤʠ ʘʙʦ ʟʘ ʨʽʢ. 
ʉʶʞʝʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʽʛʨʦʚʠʡ, ʽʥʪʨʠʛʫʶʯʠʡ, ʮʽʢʘʚʠʡ, 

ʟʨʦʟʫʤʽʣʠʡ ʫʯʥʷʤ, ʧʝʚʥʦʾ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ, ʙʫʪʠ ʜʦʤʽʥʫʶʯʦʶ 
ʪʝʤʦʶ ʫʩʽʭ ʟʘʚʜʘʥʴ. 
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ʅʘ ʧʝʨʝʜʦʜʥʽ ʢʚʝʩʪʫ ʫʯʘʩʥʠʢʘʤ ʛʨʠ ʦʛʦʣʦʰʫʶʪʴ ʪʝʤʫ, ʟ ʷʢʦʾ 
ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʢʚʝʩʪ. ɼʘʶʪʴ ʾʤ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʛʦʪʫʚʘʪʠʩʷ ʪʘ 
ʟʛʘʜʘʪʠ ʦʩʥʦʚʥʽ ʬʽʟʠʯʥʽ ʟʘʢʦʥʠ. ʆʛʦʣʦʰʫʶʪʴʩʷ ʧʨʘʚʠʣʘ ʛʨʠ, 
ʧʨʦʚʦʜʠʪʴʩʷ ʞʝʨʝʙʢʫʚʘʥʥʷ.  
ʂʚʝʩʪ, ʷʢʠʡ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʢʘʬʝʜʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 
ʢʦʤʧôʁ ʪʝʨʥʦʾ ʬʽʟʠʢʠ ʙʫʚ ʧʨʠʩʚʷʯʝʥʠʡ çɻʽʜʨʦʩʪʘʪʠʮʽè. ɺʽʥ 
ʧʨʦʚʦʜʠʚʩʷ ʫ ʽʛʨʦʚʽʡ ʬʦʨʤʽ ʧʽʜ ʥʘʟʚʦʶ çʆʩʪʨʽʚ ʩʢʘʨʙʽʚè. ɹʨʘʣʠ 
ʫʯʘʩʪʴ 6 ʢʦʤʘʥʜ ʟ ʨʽʟʥʠʭ ʰʢʽʣ, ʨʽʟʥʦʾ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ. ʉʢʣʘʜ 
ʫʯʘʩʥʠʢʽʚ ʢʦʞʥʦʾ ʢʦʤʘʥʜʠ ʚʘʨʽʶʚʘʚʩʷ: ʚʽʜ 7 ʜʦ 10 ʢʣʘʩʫ. ɹʫʣʘ 
ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʘʨʪʘ ʧʨʠʛʦʜ. ʂʦʞʥʽʡ ʢʦʤʘʥʜʽ ʩʚʦʷ. ʂʦʞʥʘ 
ʩʪʘʥʮʽʷ ʩʢʣʘʜʘʣʘʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ çʧʨʠʛʦʜè, ʷʢʽ ʙʫʣʠ 
ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʜʘʯ, ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʪʘ ʽʥʰʠʭ 
ʚʠʜʽʚ ʟʘʚʜʘʥʴ, ʷʢʽ ʤʘʣʠ ʦʙʤʝʞʝʥʥʷ ʚ ʯʘʩʽ. ʊʘʢʠʭ ʩʪʘʥʮʽʡ ʙʫʣʦ 7. 
ɿʘ ʢʦʞʥʝ ʚʠʢʦʥʘʥʝ ʟʘʚʜʘʥʥʷ ʢʦʤʘʥʜʘ ʥʘʛʦʨʦʜʞʫʚʘʣʘʩʷ 
çʧʽʘʩʪʨʘʤʠè. ʂʨʽʤ ʪʦʛʦ, ʫ ʢʦʞʥʦʾ ʢʦʤʘʥʜʠ ʥʘ ʢʦʞʥʽʡ ʩʪʘʥʮʽʾ 
ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʨʦʙʠʪʠ ʜʦʜʘʪʢʦʚʽ ʙʘʣʠ. ɺ ʢʽʥʮʽ ʛʨʠ ʢʦʞʥʘ 
ʢʦʤʘʥʜʘ ʨʘʭʫʚʘʣʘ ʧʽʘʩʪʨʠ. ɺʠʟʥʘʯʘʚʩʷ ʧʝʨʝʤʦʞʝʮʴ. 

  
ʈʠʩ.1. ʇʨʠʢʣʘʜʠ ʢʘʨʪʠ ʪʘ ʦʜʥʦʛʦ ʽʟ ʟʘʚʜʘʥʴ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʢʚʝʩʪʫ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ: 

1. ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ ʫ ʫʯʥʽʚ ʦʜʥʦʯʘʩʥʦ ʘʢʪʠʚʽʟʫʻʪʴʩʷ 

ʧʽʟʥʘʚʘʣʴʥʘ, ʨʦʟʫʤʦʚʘ ʽ ʤʦʚʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʟ'ʷʚʣʷʻʪʴʩʷ ʘʟʘʨʪ, ʽ 

ʫʯʝʥʴ, ʩʘʤ ʪʦʛʦ ʥʝ ʫʩʚʽʜʦʤʣʶʶʯʠ, ʟʘʛʣʠʙʣʶʻʪʴʩʷ ʫ ʚʠʚʯʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʟ ʜʘʥʦʾ ʪʝʤʠ. 

2. ɯʛʦʨʦʚʘ ʬʦʨʤʘ ʚʠʚʯʝʥʥʷ ʪʘ ʧʦʛʣʠʙʣʝʥʥʷ ʟʥʘʥʴ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʽʪʷʤ ʙʽʣʴʰʝ ʩʧʽʣʢʫʚʘʪʠʩʷ, ʚʠʩʣʦʚʣʶʚʘʪʠ ʚʣʘʩʥʫ 

ʜʫʤʢʫ, ʧʨʘʮʶʚʘʪʠ ʫ ʢʦʤʘʥʜʽ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. https://vseosvita.ua/library/kvesti-na-uroci-fiziki -123781.html. 

2. https://sopinairina.wixsite.com/quests/trening 

  

https://vseosvita.ua/library/kvesti-na-uroci-fiziki-123781.html
https://sopinairina.wixsite.com/quests/trening
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ɺʽʪʘʣʽʡ ʊʦʜʝʨʷʥ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʊʘʥʘʩʶʢ ʖ. ɺ. 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʫ Tensorflow 
ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʙʫʚʘʶʪʴ ʜʝʜʘʣʽ ʙʽʣʴʰʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʝʢʦʥʦʤʽʮʽ, ʤʝʜʠʮʠʥʽ, ʨʦʙʦʪʦʪʝʭʥʽʮʽ. 

ʆʢʨʽʤ ʪʝʭʥʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ, ʥʝʡʨʦʤʝʨʝʞʽ ʪʘʢʦʞ ʤʘʣʶʶʪʴ 

ʢʘʨʪʠʥʠ ʽ ʧʠʰʫʪʴ ʣʽʪʝʨʘʪʫʨʥʽ ʪʚʦʨʠ. 

ɿʛʽʜʥʦ [1], ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ - ʮʝ ʚʝʣʠʯʝʟʥʠʡ ʨʦʟʧʦʜʽʣʝʥʠʡ 

ʧʘʨʘʣʝʣʴʥʠʡ ʧʨʦʮʝʩʦʨ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʜʠʥʠʮʴ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʥʥʷ ʽ 

ʥʘʜʘʶʪʴ ʾʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʥʘʚʯʘʶʪʴʩʷ 

ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʽʟ ʧʦʩʪʫʧʦʚʠʤ ʧʦʢʨʘʱʝʥʥʷʤ ʚʣʘʩʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʥʠʭ, ʨʦʟʛʣʷʜʘʶʯʠ ʧʨʠʢʣʘʜʠ, ʟʘʛʘʣʦʤ ʙʝʟ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜ ʟʘʜʘʯʫ.  

ʅʘʧʨʠʢʣʘʜ, ʥʝʡʨʦʤʝʨʝʞʽ ʤʦʞʫʪʴ ʥʘʚʯʘʪʠʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ 

ʧʨʝʜʤʝʪʠ ʽ ʪʚʘʨʠʥ, ʘʥʘʣʽʟʫʶʯʠ ʥʘʙʦʨʠ ʪʠʧʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʇʨʠ 

ʮʴʦʤʫ ʚʦʥʠ ʨʦʙʣʷʪʴ ʮʝ ʙʝʟ ʞʦʜʥʦʛʦ ʘʧʨʽʦʨʥʦʛʦ ʟʥʘʥʥʷ ʧʨʦ 

ʦʙôʻʢʪ, ʧʨʦ ʡʦʛʦ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʢʦʣʴʦʨʠ, ʪʦʱʦ. ʅʘʪʦʤʽʩʪʴ, 

ʚʦʥʠ ʨʦʟʚʠʚʘʶʪʴ ʩʚʽʡ ʚʣʘʩʥʠʡ ʥʘʙʽʨ ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʟ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʦʥʠ ʦʙʨʦʙʣʶʶʪʴ [2]. 

ʄʝʪʦʶ ʥʘʰʦʛʦ ʧʨʦʝʢʪʫ ʻ ʩʪʚʦʨʝʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ, ʷʢʘ 

ʩʘʤʦʩʪʽʡʥʦ ʙʫʜʝ ʚʠʷʚʣʷʪʠ ʦʩʽʙ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʠʤʽʱʝʥʥʽ. ɺ 

ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʤʠ ʭʦʯʝʤʦ ʫʩʫʥʫʪʠ ʛʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ ʫʩʽʭ 

ʚʝʣʠʢʠʭ ʥʝʡʨʦʤʝʨʝʞ ï ʥʘʜʩʠʣʘʥʥʷ ʜʘʥʠʭ ʥʘ ʩʝʨʚʝʨ, ʚʠʢʦʥʫʶʯʠ 

ʥʝʦʙʭʽʜʥʠʡ ʘʥʘʣʽʟ ʥʘ ʣʦʢʘʣʴʥʽʡ ʤʘʰʠʥʽ. 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʜʥʦʧʣʘʪʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ 

Raspberry Pi 4. ʂʦʤʧôʶʪʝʨ ʪʘʢʦʞ ʙʫʜʝ ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ ʩʝʨʚʝʨʘ, 

ʧʽʜʢʣʶʯʠʚʰʠʩʴ ʜʦ ʷʢʦʛʦ ʤʦʞʥʘ ʙʫʜʝ ʧʦʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ. 

ɿʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʦʾ ʚʝʙ-

ʢʘʤʝʨʠ, ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʷʢʦʾ ʚʠʩʪʘʯʠʪʴ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʨʘʟʽʚ ʣʶʜʝʡ. ɼʣʷ ʦʙʨʦʙʢʠ ʚʽʜʝʦʧʦʪʦʢʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʧʨʦʮʝʩʦʨ ʜʣʷ ʥʝʡʨʦʤʝʨʝʞ 

Intel Neural Compute Stick [3].  

ʇʨʦʛʨʘʤʥʘ ʨʦʟʨʦʙʢʘ ʚʠʢʦʥʘʥʘ ʤʦʚʦʶ ʈython ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʙʣʽʦʪʝʢʠ Tensorflow ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. 
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TensorFlow ï ʮʝ ʚʽʜʢʨʠʪʘ ʧʨʦʛʨʘʤʥʘ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʟʘʜʘʯ, ʨʦʟʨʦʙʣʝʥʘ 

ʢʦʤʧʘʥʽʻʶ Google ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʪʨʝʙ ʫ ʩʠʩʪʝʤʘʭ, ʟʜʘʪʥʠʭ 

ʩʪʚʦʨʶʚʘʪʠ ʽ ʥʘʚʯʘʪʠ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʚʠʷʚʣʝʥʥʷ, 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ ʢʦʨʝʣʷʮʽʾ ʦʙʨʘʟʽʚ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʥʘʚʯʘʥʥʷ 

ʣʶʜʠʥʠ. TensorFlow ʥʘʜʘʻ ʥʘʙʽʨ ʛʦʪʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʯʠʩʣʦʚʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʨʝʘʣʽʟʦʚʘʥʠʭ ʯʝʨʝʟ ʛʨʘʬʠ ʧʦʪʦʢʽʚ ʜʘʥʠʭ. ʋ ʪʘʢʠʭ 

ʛʨʘʬʘʭ ʚʫʟʣʠ ʨʝʘʣʽʟʫʶʪʴ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ ʘʙʦ ʪʦʯʢʠ 

ʚʚʝʜʝʥʥʷ/ʚʠʚʝʜʝʥʥʷ, ʪʦʜʽ ʷʢ ʨʝʙʨʘ ʛʨʘʬʘ ʩʢʣʘʜʘʶʪʴ 

ʙʘʛʘʪʦʚʠʤʽʨʥʽ ʤʘʩʠʚʠ ʜʘʥʠʭ (ʪʝʥʟʦʨʠ), ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʤʽʞ 

ʚʫʟʣʘʤʠ [4, 5].  ɺʫʟʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʨʽʧʣʝʥʽ ʟʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʘʩʠʥʭʨʦʥʥʦ, 

ʩʧʽʣʴʥʦ ʦʙʨʦʙʣʷʶʯʠ ʚʽʜʧʦʚʽʜʥʽ ʪʝʥʟʦʨʠ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʦʨʛʘʥʽʟʫʚʘʪʠ ʦʜʥʦʯʘʩʥʫ ʨʦʙʦʪʫ ʚʫʟʣʽʚ ʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘ 

ʘʥʘʣʦʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʥʝʡʨʦʥʽʚ ʫ ʤʦʟʢʫ.  

 ʅʘʰʘ ʩʠʩʪʝʤʘ ʟʤʦʞʝ ʚʠʟʥʘʯʘʪʠ ʢʽʣʴʢʽʩʪʴ ʦʩʽʙ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʧʨʠʤʽʱʝʥʥʽ, ʘ ʪʘʢʦʞ ʬʽʢʩʫʚʘʪʠ ʥʦʚʠʭ ʣʶʜʝʡ, ʱʦ 

ʜʦ ʥʴʦʛʦ ʟʘʭʦʜʠʪʠʤʫʪʴ. 

 ɻʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ʥʘʰʦʾ ʨʦʟʨʦʙʢʠ ï ʮʝ ʧʦʨʪʘʪʠʚʥʽʩʪʴ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ. ɰʾ ʤʦʞʥʘ ʙʫʜʝ ʨʦʟʤʽʩʪʠʪʠ ʫ ʜʦʚʽʣʴʥʦʤʫ 

ʤʽʩʮʽ ʚ ʢʽʤʥʘʪʽ. ɼʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʨʪʘʪʠʚʥʠʡ 

ʘʢʫʤʫʣʷʪʦʨ ʘʙʦ ʨʦʟʝʪʢʘ.  

 ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʙʫʜʝ ʧʦʙʘʯʠʪʠ 

ʧʽʜʢʣʶʯʠʚʰʠʩʴ ʜʦ ʙʝʟʧʨʦʚʽʜʥʦʾ ʪʦʯʢʠ ʜʦʩʪʫʧʫ, ʭʦʩʪʦʤ ʷʢʦʾ ʙʫʜʝ 

ʢʦʤʧôʶʪʝʨ Raspberry Pi. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʉʘʡʤʦʥ ʍʘʡʢʠʥ, ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʇʦʣʥʳʡ ʢʫʨʩ. ɺʪʦʨʦʝ ʠʟʜʘʥʠʝ, 

2016 ï 1102 ʩ.  

2. Samuel Burns, Python Deep learning: Develop your first Neural 

Network in Python Using TensorFlow, Keras, and PyTorch, 2019. -  170 

p. 

3. Aur®lien G®ron, Hands-On Machine Learning with Scikit-Learn, Keras, 

and TensorFlow: Concepts, Tools, and Techniques to Build Intelligent 

Systems 2nd Edition, 2019. - 865p. 

4. ɼʦʢʫʤʝʥʪʘʮʽʷ Intel Neural Compute Stick. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 
ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://software.intel.com/en-us/neural-compute-stick 

5. ɼʦʢʫʤʝʥʪʘʮʽʷ Tensorflow [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
https://github.com/tensorflow. 

  

https://software.intel.com/en-us/neural-compute-stick
https://github.com/tensorflow


307 

ɯʚʘʥ ʊʦʜʦʨʦʚʠʯ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʆ.ɺ. ɼʝʨʝʚʷʥʯʫʢ 

 

ʅʘʚʯʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ çʄʦʚʘ ʨʦʟʤʽʪʢʠ 

HTML ʪʘ CSSè 

 
ʅʘʚʯʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ï  ʮʝ ʩʫʢʫʧʥʽʩʪʴ 

ʥʦʨʤʘʪʠʚʥʠʭ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʤʝʪʦʜʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʠʭ  

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʨʦʙʦʯʦʾ ʧʨʦʛʨʘʤʠ 

ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ ʯʠ ʾʾ ʩʢʣʘʜʦʚʠʭ. [1]. ʅʘʚʯʘʣʴʥʦ- 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʚʩʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ 

ʧʨʦʮʝʩʫ ï ʦʧʘʥʫʚʘʥʥʷ ʥʘʚʯʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʾʾ ʩʧʨʠʡʥʷʪʪʷ, 

ʟʘʢʨʽʧʣʝʥʥʷ ʡ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟʥʘʥʴ, ʫʤʽʥʴ ʽ ʥʘʚʠʯʦʢ, ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡ ʢʦʥʪʨʦʣʴ, ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʘʣʽʟʘʮʽʶ ʦʩʥʦʚʥʠʭ 

ʬʫʥʢʮʽʡ ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʚ ʫʤʦʚʘʭ ʚʽʜʢʨʠʪʦʾ ʝʢʦʥʦʤʽʢʠ ð ʙʫʜʴ ʪʦ ʦʢʨʝʤʘ 

ʣʶʜʠʥʘ, ʥʝʚʝʣʠʢʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʘʙʦ ʚʝʣʠʢʘ ʢʦʤʧʘʥʽʷ ð ʟʤʫʰʝʥʽ 

ʟʚʽʨʷʪʠ ʩʚʦʶ ʜʽʷʣʴʥʽʩʪʴ ʟʽ ʩʚʽʪʦʚʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ. ʊʦʤʫ 

ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʩʫʯʘʩʥʽʡ ʪʝʭʥʽʯʥʽʡ ʙʘʟʽ ʪʘ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ʗʢʫ ʙ 

ʩʬʝʨʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʤʠ ʥʝ ʚʟʷʣʠ: ʤʝʜʠʮʠʥʫ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴ, ʤʘʰʠʥ, ʦʩʚʽʪʫ, - ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʽʜʝ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʥʝ ʦʙʭʦʜʠʪʴʩʷ. 

ɼʣʷ ʢʦʞʥʦʾ ʟ ʮʠʭ ʛʘʟʫʣʝʡ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʠ. 

ʆʪʞʝ, ʩʴʦʛʦʜʥʽ ʻ ʟʘʪʨʝʙʫʚʘʥʦʶ ʪʘʢʘ ʧʨʦʬʝʩʽʷ, ʷʢ ʧʨʦʛʨʘʤʽʩʪ: 

ʥʘʚʠʯʢʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʢʦʨʠʩʪʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʧʦʧʠʪʦʤ, ʨʦʙʦʪʘ 

ʧʨʦʛʨʘʤʽʩʪʘ ʜʦʙʨʝ ʦʧʣʘʯʫʻʪʴʩʷ. ʅʘʚʽʪʴ ʟʘ ʤʝʞʘʤʠ IT-ʩʚʽʪʫ 

ʟʥʘʥʥʷ ʭʦʯʘ ʙ ʦʜʥʽʻʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ - ʮʝ ʩʝʨʡʦʟʥʠʡ ʧʣʶʩ ʫ 

ʨʝʟʶʤʝ.  
ʈʦʟʨʦʙʣʝʥʠʡ ʥʘʚʯʘʣʴʥʦ-ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʜʚʘ ʦʩʥʦʚʥʠʭ ʨʦʟʜʽʣʠ ʽ ʰʽʩʪʴ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ.  
ʇʝʨʰʠʡ ʨʦʟʜʽʣ çʈʦʙʦʪʘ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪè. ʎʝʡ 

ʨʦʟʜʽʣ ʧʝʨʝʜʙʘʯʘʻ ʥʘʚʯʘʥʥʷ ʫ ʛʣʦʙʘʣʴʥʽʡ ʤʝʨʝʞʽ çʟ ʥʫʣʷè ʽ 

ʟʘʩʚʦʻʥʥʷ ʥʘʚʠʯʦʢ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ɯʥʪʝʨʥʝʪʽ. ʉʣʫʭʘʯʽ ʟʥʘʡʦʤʣʷʪʴʩʷ ʟ ʧʨʠʩʪʨʦʻʤ ɯʥʪʝʨʥʝʪʫ, 

ʙʨʘʫʟʝʨʘʤʠ, ʚʠʜʘʤʠ ʩʘʡʪʽʚ ʽ ʧʨʠʥʮʠʧʘʤʠ ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʽʚ, ʙʣʦʛʘ 
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ʽ ʤʽʢʨʦʙʣʦʛʘ, ʨʦʙʦʪʦʶ ʚ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʤʦʙʽʣʴʥʠʤʠ ʚʝʙ-

ʜʦʜʘʪʢʘʤʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʟʘʨʦʙʣʷʪʠ ʚ ɯʥʪʝʨʥʝʪʽ. ɼʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʩʥʫʶʯʽ ʢʦʥʩʪʨʫʢʪʦʨʠ ʽ 

CMS. 
ɼʨʫʛʠʡ ʨʦʟʜʽʣ çɼʠʟʘʡʥ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʘʡʪʽʚ. ʊʝʭʥʦʣʦʛʽʾ ʚʝʙ-

ʜʠʟʘʡʥʫ è. ʈʦʟʜʽʣ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʚʯʘʥʥʽ ʩʣʫʭʘʯʽʚ ʧʦʙʫʜʦʚʠ 

ʢʣʽʻʥʪʩʴʢʠʭ ʩʘʡʪʽʚ. ɼʦ ʥʘʚʯʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʚʭʦʜʠʪʴ ʚʠʚʯʝʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʩʘʡʪʽʚ, 

ʦʩʥʦʚ ʚʝʙ-ʜʠʟʘʡʥʫ. ʊʘʢʦʞ ʜʦ ʧʨʦʛʨʘʤʠ ʚʢʣʶʯʝʥʽ ʧʠʪʘʥʥʷ 

ʧʨʦʩʫʚʘʥʥʷ ʚʝʙ-ʩʪʦʨʽʥʦʢ ʽ ʭʦʩʪʠʥʛ ʾʭ ʚ ʽʥʪʝʨʥʝʪʽ. ʋ ʨʘʤʢʘʭ 

ʜʨʫʛʦʛʦ ʨʦʟʜʽʣʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʥʦʚʥʽ ʪʝʛʠ HTML ʽ CSS, 

ʚʝʨʩʪʢʘ ʩʘʡʪʽʚ, ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ ʘʥʽʤʘʮʽʾ ʚʝʙ-ʩʘʡʪʽʚ ʪʘ ʽʥ. 
ʇʨʠ ʚʝʨʩʪʮʽ ʩʪʦʨʽʥʦʢ ʩʘʡʪʫ ʥʘ HTML ʽ CSS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʝʪʦʜʦʣʦʛʽʷ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʝʙ-ʨʦʟʨʦʙʢʠ ɂ ɹʣʦʢ, 

ɽʣʝʤʝʥʪ, ʄʦʜʠʬʽʢʘʪʦʨ (ɹɽʄ), ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʧʨʠʥʮʠʧ 

ʧʦʜʽʣʫ ʽʥʪʝʨʬʝʡʩʫ ʥʘ ʥʝʟʘʣʝʞʥʽ ʙʣʦʢʠ, ʱʦ ʧʦʣʝʛʰʫʻ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ, ʩʧʨʦʱʫʻ ʧʽʜʪʨʠʤʢʫ ʽ ʟʤʽʥʫ ʡʦʛʦ ʧʨʠ 

ʨʦʟʰʠʨʝʥʥʽ ʧʨʦʝʢʪʫ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʪʴ ʧʦʣʽʧʰʠʪʠ 

ʽʥʜʝʢʩʫʚʘʥʥʷ ʩʘʡʪʫ ʧʦʰʫʢʦʚʠʤʠ ʤʘʰʠʥʘʤʠ.  
ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʥʘʚʯʘʣʴʥʦ-ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ð 

ʘʢʪʫʘʣʴʥʝ, ʦʩʢʽʣʴʢʠ ʟʜʘʪʥʘ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʚʠʚʯʝʥʥʷ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɺʠʚʯʝʥʥʷ ʤʦʚ ʨʦʟʤʽʪʢʠ html ʪʘ css ʚʽʜʢʨʠʚʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʝʚʣʘʰʪʫʚʘʥʥʷ ʚ ɯʊ-ʛʘʣʫʟʴ, ʷʢʘ, ʻ ʬʣʘʛʤʘʥʦʤ ʚ 

ʝʢʦʥʦʤʽʮʽ ʋʢʨʘʾʥʠ. ʇʦʜʽʙʥʽ ʨʝʩʫʨʩʠ ʩʴʦʛʦʜʥʽ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ ʚ ʩʫʯʘʩʥʽʡ ʦʩʚʽʪʽ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. ʅʦʚʠʢʦʚ ɺ.ɸ., ʅʦʚʽʢʦʚ ʆ.ɺ., ʄʘʪʚʝʝʥʢʦ ɺ.ɺ. ɯʥʬʦʨʤʘʮʽʡʥʽ 
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2014 , 448 ʩ. 
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ʄʠʢʦʣʘ ʊʫʨʢʝʚʠʯ 

ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ʄʘʨôʷʥʯʫʢ  ʇ.ɼ., 

ʘʩʠʩʪ. ʄʦʩʪʦʚʠʡ ɸ.ɯ. 

ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʦʜʽʚ ʐʦʪʪʢʽ Mo/n-Si 

ɼʽʦʜʠ ʟ ʙʘʨ'ʻʨʦʤ ʐʦʪʪʢʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ, ʷʢʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʥʪʝʛʨʘʣʴʥʠʭ 

ʤʽʢʨʦʩʭʝʤʘʭ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʥʪʝʥʩʠʚʥʦ ʡʜʝ ʧʨʦʮʝʩ 

ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʩʭʝʤ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʬʦʪʦʜʽʦʜʽʚ ʐʦʪʪʢʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʥʦʩʪʫʢʪʫʨʦʚʘʥʦʛʦ ʙʘʟʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘʥʦʩʪʨʫʢʪʫʨʠʟʘʮʽʷ 

ʜʽʦʜʽʚ ʐʦʪʪʢʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʠʚʘʥʥʷ ʩʚʽʪʣʘ ʪʘ 

ʟʙʽʣʴʰʫʻ ʘʢʪʠʚʥʫ ʧʣʦʱʫ ʛʝʪʝʨʦʤʝʞʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʟʜʽʣʝʥʥʷ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ [1]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʣʘʥʘʨʥʠʭ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʽʦʜʽʚ ʐʦʪʪʢʽ 

Mo/n-Si. ʅʘʥʦʜʨʦʪʠ ʚʠʨʦʱʫʚʘʣʠʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʪʦʚʱʠʥʦʶ 330 

ʤʢʤ. ʇʝʨʝʜ ʚʠʨʦʱʫʚʘʥʥʷʤ ʥʘʥʦʜʨʦʪʽʚ ʢʨʝʤʥʽʻʚʽ ʧʽʜʢʣʘʜʢʠ 

ʧʨʦʤʠʚʘʣʠʩʴ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʽʡ ʚʘʥʥʽ ʚ ʙʽʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʪʘ ʚ 

ʘʮʝʪʦʥʽ. ʇʽʩʣʷ ʮʴʦʛʦ ʢʨʝʤʥʽʻʚʽ ʧʽʜʢʣʘʜʢʠ ʧʨʦʤʠʚʘʣʠʩʴ ʫ ʨʦʟʯʠʥʽ 

ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ (H2SO4) ʪʘ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ 30% (H2O2) ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʽ 3:1, ʱʦʙ ʧʦʟʙʫʪʠʩʴ ʦʨʛʘʥʽʯʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. ʇʽʩʣʷ 

ʦʯʠʩʪʢʠ ʢʨʝʤʥʽʻʚʽ ʟʨʘʟʢʠ ʟʘʥʫʨʶʚʘʣʠʩʷ ʫ 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. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʙʫʣʦ ʪʨʘʚʣʝʥʥʷ ʢʨʝʤʥʽʻʚʠʭ ʧʽʜʢʣʘʜʦʢ ʟ 

ʥʘʥʦʯʘʩʪʢʘʤʠ ʩʨʽʙʣʘ ʚ ʨʦʟʯʠʥʽ 5ʄ HF ʽ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ 30% 

(H2O2) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 10:1 ʜʣʷ ʩʚʦʨʝʥʥʷ ʥʘʥʦʜʨʦʪʽʚ. ʆʩʪʘʥʥʽʡ 

ʝʪʘʧ ï ʮʝ ʚʠʪʨʘʚʣʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʟ ʧʽʜʢʣʘʜʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ. 

ʅʘʧʠʣʝʥʥʷ ʧʣʽʚʦʢ Mo ʥʘ ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʪʘ 

ʧʣʘʥʘʨʥʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʫʥʽʚʝʨʩʘʣʴʥʽʡ ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ Leybold-Heraeus L560 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʤʽʰʝʥʽ ʯʠʩʪʦʛʦ Mo ʚ 
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ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʥʘʧʨʫʟʽ. ʋ ʧʨʦʮʝʩʽ ʥʘʧʠʣʝʥʥʷ 

ʪʠʩʢ ʘʨʛʦʥʫ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʩʪʘʥʦʚʠʚ 0,4 ʇʘ. ʇʦʪʫʞʥʽʩʪʴ 

ʤʘʛʥʝʪʨʦʥʘ ʩʪʘʥʦʚʠʣʘ 30 ɺʪ. ʇʨʦʮʝʩ ʥʘʧʠʣʝʥʥʷ ʩʢʣʘʜʘʚ 5 ʭʚ. 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʢʣʘʜʦʢ ~ 430 ʂ. 

ʊʠʣʦʚʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʢʦʥʪʘʢʪ ʽʟ ʪʦʥʢʦʶ ʧʣʽʚʢʦʶ Mo 

ʬʦʨʤʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ ʧʘʩʪʠ. ʑʦʙ ʫʥʠʢʥʫʪʠ 

ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʘ ʪʠʣʦʚʽʡ ʩʪʦʨʦʥʽ ʢʨʝʤʥʽʶ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʭʦʨʦʰʝ 

ʟʙʠʨʘʥʥʷ ʬʦʪʦʛʝʥʝʨʦʚʘʥʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʧʽʜʢʣʘʜʢʠ, ʷʢʽ ʚʞʝ ʤʘʣʠ ʪʠʣʦʚʠʡ ʢʦʥʪʘʢʪ ʽʟ ʚʙʫʜʦʚʘʥʠʤ 

ʚʥʫʪʨʽʰʥʽʤ ʧʦʣʝʤ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʣʘʥʘʨʥʠʭ ʪʘ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʽʦʜʽʚ ʐʦʪʪʢʽ Mo/n-Si. ʋ 

ʪʘʙʣʠʮʽ ʥʘ ʨʠʩʫʥʢʫ ʥʘʚʝʜʝʥʽ ʚʠʟʥʘʯʝʥʽ ʟ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʽʦʜʽʚ ʐʦʪʪʢʽ. 

 
ʈʠʩ. 1. ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʥʘʨʥʠʭ ʪʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʽʦʜʽʚ ʐʦʪʪʢʽ Mo/n-Si 

ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʥʘʥʦʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʽʦʜʽʚ 

ʐʦʪʪʢʽ Mo/n-Si ʚ ʦʙʣʘʩʪʽ ʧʨʷʤʠʭ ʟʤʽʱʝʥʴ ʜʦʤʽʥʫʶʯʠʤ ʻ 

ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ ʪʫʥʝʣʴʥʦ-ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ 

ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ ʟʘ ʫʯʘʩʪʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʪʘʥʽʚ, ʨʦʟʤʽʱʝʥʠʭ ʚ 

ʦʢʦʣʽ ʛʝʪʝʨʦʤʝʞʽ. ʇʨʠ ʟʚʦʨʦʪʥʠʭ ʟʤʽʱʝʥʥʷʭ ʜʦʤʽʥʫʶʯʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʩʪʨʫʤʦʧʝʨʝʥʦʩʫ ʻ ʪʫʥʝʣʶʚʘʥʥʷ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʉʦʣʦʚʘʥ ʄ.ʄ. ɺʧʣʠʚ ʥʘʥʦʩʪʨʫʢʪʫʨʠʟʘʮʽʾ ʢʨʝʤʥʽʶ ʥʘ ʝʣʝʢʪʨʠʯʥʽ ʽ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʽʦʜʽʚ ʐʦʪʪʢʽ Ni/n-Si / ʄ.ʄ. ʉʦʣʦʚʘʥ,  

ɸ.ɯ. ʄʦʩʪʦʚʠʡ, ɺ.ɺ. ɹʨʫʩ, ʇ.ɼ. ʄʘʨôʷʥʯʫʢ // ʅʘʥʦʩʠʩʪʝʤʠ, 

ʥʘʥʦʤʘʪʝʨʽʘʣʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ. ï 2019. ï ʊ.17(3). ï ʈ. 491-506. 



311 

ʄʠʭʘʡʣʦ ʋʥʛʫʨʷʥ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʈʘʨʘʥʩʴʢʠʡ ʄ.ɼ. 

 

ɸʥʽʟʦʪʨʦʧʽʷ ʪʚʝʨʜʦʩʪʽ ʨʝʘʣʴʥʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʌʽʟʠʢʦïʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʽʥʝʨʘʣʽʚ ʧʨʠʨʦʜʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʰʢʘʣʘ ʪʚʝʨʜʦʩʪʽ ʄʦʦʩʘ, 

ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʩʮʷ ʽ ʫʤʦʚ ʾʭ ʛʝʥʝʟʠʩʫ ʪʘ ʜʝʬʝʢʪʽʚ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʙʫʜʦʚʠ. ʊʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʥʝʜʦʮʽʣʴʥʦ. ɺ ʨʦʙʦʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʦʚʘ ʰʢʘʣʘ ʪʚʝʨʜʦʩʪʽ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʚʠʩʦʢʦ ʜʦʩʢʦʥʘʣʠʭ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʢʫʙʽʯʥʦʾ 

ʩʠʥʛʦʥʽʾ (ʜʠʚ.ʊʘʙʣ.1). 

ʊʘʙʣʠʮʷ 1. 

ʅʘʟʚʘ  

ʤʦʥʦ - 

ʢʨʠʩʪʘʣʫ 

ʉʠʥʛʦʥʽ

ʷ, ʢʣʘʩ 

ʩʠʤʝʪʨʽʾ 

ɻʫʩʪʠʥʘ

,ɟ ʛ/ʩʤ
3
 

ʊʝʤʧʝʨʘ - 

ʪʫʨʘ 

ɼʝʙʘʷ,ʊɼ 

ʂ 

ʊʚʝʨʜʽʩʪ

ʴ ʟʘ 

ʰʢʘʣʦʶ 

ʄʦʦʩʘ, 

ʅʄ 

ʇʣʦʱʠʥʘ 

ʩʧʘʡʥʦʩʪʽ 

(hkl) 

ʊʝʤʧʝʨʘ - 

ʪʫʨʘ 

ʧʣʘʚʣʝʥʥʷ

, ʊʧʣ 

KI  
ʢʫʙʽʯʥʘ, 

mσm 
3.129 131 1.0-1.5 (100) 969 

NaCl 
ʢʫʙʽʯʥʘ,  

mσm 
2.1678 286 2.0-2.5 (100) 1081.8 

BaF2 
ʢʫʙʽʯʥʘ,  

mσm 
7.893 288 3.0 (111) 1627 

GaAs 
ʢʫʙʽʯʥʘ,  

dσm 
5.316 344 4.0-4.5 

(011) 

(111) 
1511 

GaP 
ʢʫʙʽʯʥʘ,  

dσm 
4.18 446 5.0 (111) 1738 

Ge 
ʢʫʙʽʯʥʘ,  

dσm 
5.326 406 6.0 (111) 1209 

Si 
ʢʫʙʽʯʥʘ,  

dσm 
2.3286 689 7.0 (111) 1685 

Y3Ga5O12 
ʢʫʙʽʯʥʘ,  

mσm 
5.78 585 7.5 (100) 1547 

Y3Al 5O12 
ʢʫʙʽʯʥʘ,  

mσm 
4.552 750 8.5 (100) 2243 
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ɓ-BN 
ʢʫʙʽʯʥʘ, 

dσm 
3.51 1720 9.5-9.7 (111) 3245 

ɼʘʥʽ ʢʨʠʩʪʘʣʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʫʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ ʪʘ ʜʚʦʭ 

ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʦʩʠʤʝʪʨʠʯʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʛʨʫʧ Fm3m ʪʘ 

Fd3m. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʪʚʝʨʜʽʩʪʶ ʟʘ ʰʢʘʣʦʶ 

ʄʦʦʩʘ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ɼʝʙʘʷ ʊɼ, ʷʢʘ ʻ ʫʩʝʨʝʜʥʝʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʧʝʢʪʨʘ ʢʦʣʠʚʘʥʴ ʘʪʦʤʽʚ ʽ ʚʠʟʥʘʯʘʻ 

ʭʘʨʘʢʪʝʨ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ. 

ɸʥʽʟʦʪʨʦʧʽʶ ʪʚʝʨʜʦʩʪʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʥʘʚʝʜʝʥʠʭ ʚ 

ʪʘʙʣʠʮʽ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʧʦʙʫʜʫʚʘʚʰʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ 

ʧʦʚʝʨʭʥʽ ʤʦʜʫʣʽʚ ʖʥʛʘ. ɼʣʷ ʢʨʠʩʪʘʣʽʚ ʢʫʙʽʯʥʦʾ ʩʠʥʛʦʥʽʾ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʜʫʣʶ ʖʥʛʘ ɽ ̔ʚʽʜ ʧʨʫʞʥʠʭ ʧʦʜʘʪʣʠʚʦʩʪʝʡ 

ʢʨʠʩʪʘʣʘ Sij ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [1] 

Ὁ Ὓ ςὛ ςὛ Ὓ ὲὲ ὲὲ ὲὲ   (1) 
ʜʝ ὲȟὲȟὲ ï ʥʘʧʨʷʤʥʽ ʢʦʩʠʥʫʩʠ. 
ɽʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʖʥʛʘ ʨʽʚʥʽ 

 Ὁ Ƞ Ὁ
ˍ
Ƞ Ὁ

ˍ
  

(2) 

ʜʝ ˍ  ï ʤʥʦʞʥʠʢ ʧʨʫʞʥʦʾ ʘʥʽʟʦʪʨʦʧʽʾ. 

 
ʈʠʩ.1. ʟʘʣʝʞʥʽʩʪʴ ʅʄ ʚʽʜ ʊɼ 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʉʠʨʦʪʠʥ ʖ.ʀ., ʐʘʩʢʦʣʴʩʢʘʷ ʄ.ʇ. ʆʩʥʦʚʳ ʢʨʠʩʪʘʣʦʬʠʟʠʢʠ 

ʄ:ʅʘʫʢʘ, 1975. ï 680 ʩ. 
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ɸʣʽʥʘ ʌʘʨʙʘʪʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ ɯ.ɸ. 

ɻʨ̔ʦʪʨʦʧʥʠʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ɺʽʜʦʤʦ, ʱʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʨʠʣʘʜʠ ʪʘ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʽ ʥʘ 

ʾʭ ʦʩʥʦʚʽ, ʜʦʚʦʣʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʝʥʝʨʛʝʪʠʮʽ, ʭʦʣʦʜʠʣʴʥʽʡ 

ʽ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ [1ï3]. ʆʩʥʦʚʥʽ ʜʦʩʷʛʥʝʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ 

ʚ ʛʘʣʫʟʽ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʟʜʦʙʫʪʦ ʩʘʤʝ ʥʘ ʙʘʟʽ ʬʽʟʠʢʠ 

ʪʝʨʤʦʧʘʨʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. ʆʜʥʘʢ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ 

ʨʦʟʚʠʪʢʫ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʥʘʡʜʝʥʥʷ ʥʦʚʠʭ ʪʠʧʽʚ 

ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʥʘ ʦʩʥʦʚʽ ʛʽʨʦʪʨʦʧʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ 

ʧʦʣʽʧʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʩʥʫʶʯʠʭ. ɼʦʩʣʽʜʞʝʥʥʶ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʧʨʘʮʴ. 

ɻʽʨʦʪʨʦʧʥʽ ʪʝʨʤʦʝʣʝʤʝʥʪʠ ʤʘʶʪʴ ʨʷʜ ʧʨʠʚʘʙʣʠʚʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ: 

Å ʚʽʜʩʫʪʥʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʩʧʘʾʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ; 

Å ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʩʧʘʡʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʫ ʧʨʦʩʪʦʨʦʚʫ ʩʧʽʨʘʣʴʥʫ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʥʘʨʦʱʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʥʘʧʨʫʛ; 

Å ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜ ʜʽʻʶ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʽ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫ 

ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ. ɸʢʪʫʘʣʴʥʠʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

ʝʥʝʨʛʽʾ ʥʘ ʦʩʥʦʚʽ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʪʘ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ. 

ʇʨʦʚʝʜʝʥʦ ʣʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ ʤʘʪʝʨʽʘʣʽʚ, ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ 

ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʽʩʥʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ. ʆʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʦʩʪʽ ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʊ ʜʣʷ ʨʽʟʥʠʭ ʛʽʨʦʪʨʦʧʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʇʦʙʫʜʦʚʘʥʦ ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨ ʫ ʛʽʨʦʪʨʦʧʥʠʭ 

ʪʝʨʤʦʝʣʝʤʝʥʪʘʭ ʨʽʟʥʦʾ ʛʝʦʤʝʪʨʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʘʱʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʛʝʥʝʨʘʪʦʨʥʠʭ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʻ InSb, ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʜʦʙʨʦʪʥʦʩʪʽ ʷʢʦʛʦ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400 ï 700 ʂ ʩʪʘʥʦʚʠʪʴ 

4
.
10

4
 ʂ

-1
. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʟʥʘʯʝʥʦ 
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ʨʦʟʧʦʜʽʣʠ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨʦʙʦʯʦʤʫ ʪʽʣʽ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ 

ʧʨʷʤʦʢʫʪʥʦʾ, ʩʧʽʨʘʣʴʥʦʾ ʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤ ʜʣʷ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ InSb. ʆʪʨʠʤʘʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʂʂɼ ʜʣʷ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ 

(ʨʠʩ. 1).  

 

ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʂʂɼ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ  

ʜʣʷ ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʨʽʟʥʦʾ ʬʦʨʤʠ  

(1 ï ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ; 2 ï ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ;  

3 ï ʩʧʽʨʘʣʴʥʦʾ ʢʽʣʴʮʝʚʦʾ ʬʦʨʤʠ; 

4 ï ʩʧʽʨʘʣʴʥʦʾ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ) 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʤʘʪʝʨʽʘʣʫ InSb ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʂʂɼ ʛʽʨʦʪʨʦʧʥʦʛʦ ʪʝʨʤʦʝʣʝʤʝʥʪʘ ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ ʩʪʘʥʦʚʠʪʴ 

2,9% ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 300 ï 700 ʂ ʧʨʠ ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ 1 ʊʣ. 

 

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., ʈʝʥʜʠʛʝʚʠʯ ʆ.ɺ. ʇʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʛʽʨʦʪʨʦʧʥʠʭ ʪʝʨʤʦʝʣʝʤʝʥʪʽʚ ʫ ʨʝʞʠʤʽ ʛʝʥʝʨʘʮʽʾ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. 

2016. ˉ1. ʉ. 66ï71. 
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ʈʦʤʘʥ ʌʝʜʦʨʽʚ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ. 

 

ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ 

ʰʢʽʨʠ ʣʶʜʠʥʠ ʧʨʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

 
ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʦʝʣʝʢʪʨʠʢʠ ʚ 

ʤʝʜʠʮʠʥʽ ʻ ʢʨʽʦʜʝʩʪʨʫʢʮʽʷ ï ʩʫʢʫʧʥʽʩʪʴ ʭʽʨʫʨʛʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʣʽʢʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʟʘʤʦʨʦʞʫʚʘʥʥʽ ʙʽʦʣʦʛʽʯʥʦʾ 

ʪʢʘʥʠʥʠ ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ 

ʥʝʦʙʭʽʜʥʦ ʦʭʦʣʦʜʠʪʠ ʜʽʣʷʥʢʫ ʪʽʣʘ ʣʶʜʠʥʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ -50 Áʉ. 

ʉʪʚʦʨʝʥʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʜʝʣʽ ʰʢʽʨʠ ʣʶʜʠʥʠ, 

ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʦʭʦʣʦʜʞʫʶʯʠʡ ʝʣʝʤʝʥʪ, ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʦʚʦʦʙʽʛʫ, ʪʝʧʣʦʦʙʤʽʥʫ ʪʘ ʧʨʦʮʝʩʽʚ ʤʝʪʘʙʦʣʽʟʤʫ, 

ʦʜʥʘʢ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʫ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʧʨʠ 

ʾʾ ʦʭʦʣʦʜʞʝʥʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʭʠʙʢʠ ʧʨʠ ʢʦʤʧôʶʪʝʨʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʪʝʧʣʦʚʠʭ ʧʦʪʦʢʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Comsol 

Multiphysics ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʦʤʧôʶʪʝʨʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʰʢʽʨʠ ʣʶʜʠʥʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 

ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ ʰʢʽʨʠ ʧʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʾʾ ʧʦʚʝʨʭʥʽ ʦʭʦʣʦʜʞʫʶʯʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊ = -50 Áʉ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 

 
ʈʠʩ.1. ʈʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʦʙôʻʤʽ ʰʢʽʨʠ ʣʶʜʠʥʠ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʦʭʦʣʦʜʞʫʶʯʠʡ ʝʣʝʤʝʥʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ = -50 Áʉ 
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ʅʘ ʨʠʩ.2 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʨʫʭʫ ʟʦʥʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚʽʜ 

ʯʘʩʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ. ʆʪʞʝ, ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ 

ʧʨʦʤʝʨʟʘʥʥʷ ʰʢʽʨʠ ʣʶʜʠʥʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ 

ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ l å 10 ʤʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʦʭʦʣʦʜʞʫʶʯʦʛʦ 

ʝʣʝʤʝʥʪʘ ʊ = -50 ÁC. 

 
ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʨʫʭʫ ʟʦʥʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʟʦʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ) ʚʽʜ ʯʘʩʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʊ = -50 Áʉ:  l1 ï ʨʽʚʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ  

ʊ = -8 Áʉ ʪʘ l2 ï ʨʽʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʊ = -1 Áʉ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ 

ʛʣʠʙʠʥʫ ʧʨʦʤʝʨʟʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦʾ ʪʢʘʥʠʥʠ ʧʨʠ ʟʘʜʘʥʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʚʧʣʠʚʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʰʢʽʨʠ ʣʶʜʠʥʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ɸʥʘʪʠʯʫʢ ʃ.ɯ., ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ., ʌʝʜʦʨʽʚ ʈ.ɺ. ʄʝʪʦʜʠʢʘ 

ʚʨʘʭʫʚʘʥʥʷ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʪʢʘʥʠʥʽ ʧʨʠ 

ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ // 

ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ï ˉ1. ï 2019. 

2. ɸʥʘʪʠʯʫʢ ʃ.ɯ., ʂʦʙʠʣʷʥʩʴʢʠʡ ʈ.ʈ., ʌʝʜʦʨʽʚ ʈ.ɺ. ʂʦʤʧôʶʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʨʽʦʜʝʩʪʨʫʢʮʽʾ ʰʢʽʨʠ ʣʶʜʠʥʠ ʧʨʠ 

ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ // ʊʝʨʤʦʝʣʝʢʪʨʠʢʘ. ī ˉ 2. ï 2019. 
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ʇʝʪʨʦ ʌʝʜʦʨʫʢ, ɺʘʣʝʥʪʠʥ ɺʘʩʠʣʴʯʘʢ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʐʧʘʪʘʨ ʇ.ʄ. 

 

ʄʝʪʦʜʠ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʚ ʟʘʭʠʩʪʽ ʽʥʬʦʨʤʘʮʽʾ 

 

ʅʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʙʝʟʧʝʮʽ ʷʢ ʚʝʣʠʢʠʭ 

ʢʦʤʧʘʥʽʡ, ʪʘʢ ʽ ʟʚʠʯʘʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ,  ʷʚʣʷʶʪʴ ʤʝʪʦʜʠ 

ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʟʣʦʤʫ ʽʩʥʫʶʯʠʭ 

ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʥʝ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʽ ʜʦʩʢʦʥʘʣʦʛʦ ʟʥʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. 

ʉʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ ï ʤʝʪʦʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ 

ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʜʦ ʩʠʩʪʝʤ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʣʘʙʢʦʩʪʝʡ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʘ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʣʶʜʷʤ ʧʨʠʪʘʤʘʥʥʽ ʜʝʷʢʽ ʧʦʚʝʜʽʥʢʦʚʽ ʩʭʠʣʴʥʦʩʪʽ, 

ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ. ɹʽʣʴʰʽʩʪʴ ʟʣʦʤʽʚ 

ʩʠʩʪʝʤ ʙʝʟʧʝʢʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʦʮʽʘʣʴʥʦʾ 

ʽʥʞʝʥʝʨʽʾ, ʘ ʥʝ ʝʣʝʢʪʨʦʥʥʦʤʫ ʟʣʦʤʫ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʙʫʜʴ-ʷʢʦʾ ʘʪʘʢʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʉʦʮʽʦʽʥʞʝʥʝʨ ʧʦʚʠʥʝʥ ʟʥʘʪʠ ʭʪʦ ʟ ʧʨʘʮʽʚʥʠʢʽʚ ʢʦʤʧʘʥʽʾ ʤʘʻ 

ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʡʦʛʦ ʮʽʢʘʚʠʪʴ, ʭʪʦ ʚ ʷʢʦʤʫ ʧʽʜʨʦʟʜʽʣʽ 

ʧʨʘʮʶʻ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜʨʦʟʜʽʣʠ, ʷʢʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧ`ʶʪʝʨʘʭ ʽ ʪ.ʜ. ʉʦʮʽʘʣʴʥʠʡ 

ʭʘʢʝʨ ʧʦʚʠʥʝʥ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʚʦʣʦʜʽʪʠ 

ʧʨʦʬʝʩʽʡʥʠʤ ʞʘʨʛʦʥʦʤ, ʟʥʘʪʠ ʚʥʫʪʨʽʰʥʽ ʧʦʨʷʜʢʠ ʢʦʤʧʘʥʽʾ-

ʞʝʨʪʚʠ.  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʚ ʜʽʷʣʴʥʦʩʪʽ ʩʦʮʽʦʽʥʞʝʥʝʨʘ ʻ ʨʦʟʨʦʙʢʘ 

ʧʣʘʥʫ ʘʪʘʢʠ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʤʝʪʦʜʘʤʠ ʘʪʘʢ ʻ: ʦʪʨʠʤʘʥʥʷ, 

ʧʝʨʝʜʘʯʘ ʘʙʦ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʘ ʟʤʽʥʘ ʧʘʨʦʣʽʚ; ʩʪʚʦʨʝʥʥʷ 

ʦʙʣʽʢʦʚʠʭ ʟʘʧʠʩʽʚ (ʟ ʧʨʘʚʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ); 

ʟʘʧʫʩʢ ʰʢʽʜʣʠʚʦʛʦ ʇɿ; ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʧʦʩʦʙʠ 

ʚʽʜʜʘʣʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʨʧʦʨʘʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʝʨʝʞʽ; 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʝ ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʘʚ ʽ ʤʦʞʣʠʚʦʩʪʝʡ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʩʠʩʪʝʤʠ; ʧʝʨʝʜʘʯʘ ʘʙʦ ʧʦʰʠʨʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ʉʭʝʤʘ ʜʽʾ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ: ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʚʧʣʠʚʫ 

ʥʘ ʦʙ`ʻʢʪ; ʟʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʙ`ʻʢʪ; ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ 

ʟʨʫʯʥʦʾ ʤʽʰʝʥʽ ʚʧʣʠʚʫ; ʩʪʚʦʨʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʜʣʷ ʚʧʣʠʚʫ; 

ʧʨʠʤʫʩ ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʪʨʽʙʥʦʾ ʜʽʾ; ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. 

ɺʠʜʠ ʰʘʭʨʘʡʩʪʚʘ, ʩʢʣʘʜʦʚʦʶ ʷʢʠʭ ʻ ʩʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ. 

ʌʽʰʠʥʛ ï ʧʨʦʮʝʩ ʚʽʜʧʨʘʚʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʘʙʦ ʧʘʧʝʨʦʚʠʭ  

ʣʠʩʪʽʚ, ʷʢʽ ʥʘʯʝʙʪʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʜʦʩʪʦʚʽʨʥʦʛʦ ʜʞʝʨʝʣʘ. ʄʝʪʘ ï 

ʦʪʨʠʤʘʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʘʜʨʝʩʘʪʘ.  

ʌʘʨʤʽʥʛ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʘ ʢʦʤʧ`ʶʪʝʨʠ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʰʢʽʜʣʠʚʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ ʧʽʩʣʷ ʟʘʧʫʩʢʫ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʣʘʪʽʞʥʠʭ 

ʩʘʡʪʽʚ ʽ ʥʘʜʩʠʣʘʶʪʴ ʾʭ ʟʣʦʚʤʠʩʥʠʢʫ. 

ɺʽʰʠʥʛ ï ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʣʝʬʦʥʫ. ɿʣʦʚʤʠʩʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʤʽʥʫ ʪʝʣʝʬʦʥʥʦʛʦ 

ʥʦʤʝʨʘ.  

ʋʦʩʦʙʣʝʥʥʷ ï ʚʠʜ ʰʘʭʨʘʡʩʪʚʘ, ʚ ʷʢʦʤʫ ʩʦʮʽʘʣʴʥʠʡ ʭʘʢʝʨ 

ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʽʥʰʦʾ ʣʶʜʠʥʠ. 

ɿʚʦʨʦʪʥʘ ʩʦʮʽʘʣʴʥʘ ʽʥʞʝʥʝʨʽʷ. ʄʝʪʘ ʩʦʮʽʦʽʥʞʝʥʝʨʘ ï 

ʟʤʫʩʠʪʠ ʞʝʨʪʚʫ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʥʴʦʛʦ ʟʘ çʜʦʧʦʤʦʛʦʶè.  

ʆʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘʭʠʩʪʫ ʚʽʜ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ ʻ 

ʥʘʚʯʘʥʥʷ.  ʇʝʨʩʦʥʘʣ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʝʥ ʤʘʪʠ ʯʽʪʢʽ ʽʥʩʪʨʫʢʮʽʾ 

ʱʦʜʦ ʩʧʽʣʢʫʚʘʥʥʷ ʟʽ ʩʪʦʨʦʥʥʽʤʠ ʣʶʜʴʤʠ. ɺʩʽʤ ʧʨʘʮʽʚʥʠʢʘʤ ʫ 

ʜʝʥʴ ʧʨʠʡʦʤʫ ʥʘ ʨʦʙʦʪʫ ʥʝʦʙʭʽʜʥʦ ʧʦʚʽʜʦʤʠʪʠ, ʱʦ ʚʠʜʘʥʽ ʾʤ 

ʧʘʨʦʣʽ ʻ ʚʣʘʩʥʽʩʪʶ ʢʦʤʧʘʥʽʾ ʽ ʾʭ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ 

ʚʣʘʩʥʠʭ ʮʽʣʷʭ. ʇʦʚʠʥʝʥ ʽʩʥʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʦʩʦʙʠ ʚʽʜʚʽʜʫʚʘʯʘ. ʂʦʤʧʘʥʽʷ ʤʦʞʝ ʚʠʪʨʘʯʘʪʠ ʟʥʘʯʥʽ ʢʦʰʪʠ ʥʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ, ʘʣʝ ʚʦʥʠ ʙʫʜʫʪʴ ʤʘʨʥʠʤʠ, ʷʢʱʦ ʧʝʨʩʦʥʘʣ ʙʫʜʝ 

ʥʝʭʪʫʚʘʪʠ ʟʘʭʦʜʘʤʠ ʟ ʧʨʦʪʠʜʽʾ ʩʦʮʽʘʣʴʥʠʤ ʭʘʢʝʨʘʤ. ʈʦʙʦʪʘ ʟ 

ʧʝʨʩʦʥʘʣʦʤ ʪʘ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʦʣʽʪʠʢʠ 

ʙʝʟʧʝʢʠ ʽ ʪʝʭʥʽʢʘʤ ʧʨʦʪʠʩʪʦʷʥʥʷ ʩʦʮʽʘʣʴʥʠʤ ʭʘʢʝʨʘʤ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Natalia P. Koptzeva. Cultural and Anthropological Project at 

Social Engineering (Methodological Problem at Modern Applied 

Culture Studies) // Journal of Siberian Federal University. 

Humanities & Social Sciences . ï 2009. ï ˉ 3. ï P. 22-34. 

  



319 

ɼʝʥʠʩ ʍʘʨʠʥʘ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʣʦʚʘʮʴʢʠʡ ɺ.ɸ. 

ɺʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʜʽʣʝʥʥʷ 

ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʫ ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ ʜʨʫʛʦʛʦ ʪʠʧʫ 

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʚʞʝ ʜʦʚʛʠʡ ʯʘʩ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʮʝʥʪʨʽ ʫʚʘʛʠ 

ʥʘʫʢʦʚʮʽʚ, ʷʢ ʪʝʦʨʝʪʠʢʽʚ ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʪʦʨʽʚ. ʅʘ ʜʘʥʠʡ ʯʘʩ 

ʨʦʟʨʦʙʣʝʥʦ ʰʠʨʦʢʦʜʦʩʪʫʧʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʱʫʚʘʥʥʷ ʢʚʘʥʪʦʚʠʭ 

ʪʦʯʦʢ (ʂʊ) ʟ ʨʽʟʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʾʭ ʦʩʥʦʚʽ 

ʚʞʝ ʧʨʘʮʶʶʪʴ ʨʽʟʥʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ: ʩʚʽʪʣʦʜʽʦʜʠ, 

ʣʘʟʝʨʠ, ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʤʽʪʢʠ, ʩʦʥʷʯʥʽ ʝʣʝʤʝʥʪʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ 

ʫʥʽʢʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʚʽ-

ʪʣʦʜʽʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʂʊ ʜʦʩʷʛʘʻ 90% ʟʘ ʨʘʭʫʥʦʢ ʢʨʘʱʦʛʦ ʧʝʨʝ-

ʢʨʠʪʪʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʾ ʧʨʦʩʪʦʨʦʚʦ ʦʙʤʝʞʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʪʘ 

ʜʽʨʦʢ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʩʚʽʪʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʤʽʨʫ ʂʊ ʽ ʤʝʥʰʘ ʚʽʜ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ 

ʤʘʩʠʚʥʠʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʤ. ɹʽʣʴʰʽʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʂʊ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʫ ʚʠʜʠʤʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ. ɼʣʷ 

ʟʤʽʱʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʰʠʭ ʝʥʝʨʛʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʤʽʰʢʠ. ɸʣʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ  ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ (ɯʏ) ʦʙʣʘʩʪʽ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ. ɯʥʰʠʡ ʩʧʦʩʽʙ 

ʜʦʩʷʛʥʫʪʠ ɯʏ-ʦʙʣʘʩʪʽ ï ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʷʜʨʦ-

ʦʙʦʣʦʥʢʘ ʜʨʫʛʦʛʦ ʪʠʧʫ, ʚ ʷʢʠʭ ʝʣʝʢʪʨʦʥ ʽ ʜʽʨʢʘ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ 

ʨʽʟʥʠʭ ʰʘʨʘʭ ʥʘʥʦʩʠʩʪʝʤʠ (ʨʠʩ. 1).  

ʋ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʨʝʢʦʤʙʽʥʘʮʽʾ ʧʨʦʩʪʦʨʦʚʦ ʨʦʟʜʽʣʝʥʠʭ 

ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʭʚʠʣʷ 

ʙʽʣʴʰʦʾ ʜʦʚʞʠʥʠ, ʥʽʞ ʮʝ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚ ʦʢʨʝʤʦ ʚʟʷʪʠʭ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ, ʟ ʷʢʠʭ ʚʠʨʦʱʝʥʘ ʂʊ [1].  

ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʷʜʨʦ-ʦʙʦʣʦʥʢʘ ʜʨʫʛʦʛʦ ʪʠʧʫ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʙʘʛʘʪʴʤʘ ʘʚʪʦʨʘʤʠ [2-3] ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʜʣʷ ʷʢʠʭ ʚʥʘʩʣʽʜʦʢ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ 

ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʝʨʝʢʨʠʪʪʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʝʣʝʢʪʨʦʥʘ 

ʪʘ ʜʽʨʢʠ, ʘ ʟʥʘʯʠʪʴ, ʟʤʝʥʰʫʶʪʴʩʷ ʨʝʢʦʤʙʽʥʘʮʽʡʥʽ ʚʪʨʘʪʠ. 

ʊʫʪ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʧʦʣʷ ʥʘ ʧʝʨʝʢʨʠʪʪʷ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʾ ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ ʫ 

ʢʚʘʥʪʦʚʠʭ ʪʦʯʢʘʭ ʜʨʫʛʦʛʦ ʪʠʧʫ CdSe/ZnTe ʪʘ ZnTe/CdSe. 
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ʘ)    ʙ) 

ʈʠʩ. 1. ʇʦʪʝʥʮʽʘʣʴʥʘ ʩʭʝʤʘ ʂʊ ʪʠʧʫ II : ʘ) ZnTe/CdSe; ʙ) CdSe/ZnTe 

ɽʥʝʨʛʽʾ he
lnE ,  ʪʘ ʭʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ )(, rhe

lmn

C
F  ʢʚʘʟʽʯʘʩʪʠʥʦʢ, ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʾʭ ʚʟʘʻʤʦʜʽʾ ʪʘ ʚʧʣʠʚʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, 

ʦʪʨʠʤʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʦʯʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʷʥʴ 

ʐʨʝʜʽʥʛʝʨʘ.  

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ ʧʦʨʫʰʫʻ ʩʬʝʨʠʯʥʫ ʩʠʤʝʪʨʽʶ ʟʘʜʘʯʽ ʡ ʟʥʽʤʘʻ 

ʚʠʨʦʜʞʝʥʥʷ ʟʘ ʤʦʜʫʣʝʤ ʤʘʛʥʽʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ.  

ʍʚʠʣʴʦʚʽ ʬʫʥʢʮʽʾ )(rmj

C
y  ʪʘ ʝʥʝʨʛʽʾ ʩʪʘʥʽʚ ʝʣʝʢʪʨʦʥʘ ʪʘ ʜʽʨʢʠ 

ʫ ʥʘʥʦʩʠʩʪʝʤʽ, ʧʦʤʽʱʝʥʽʡ ʫ ʟʦʚʥʽʰʥ ̒ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, 

ʨʦʟʨʘʭʦʚʘʥʦ ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ [4] 

ää F=

n l

he
lmn

jm
nl

he
mj rcr )()( ,, CC

y . 

ʆʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʧʝʨʝʢʨʠʪʪʷ ʍʌ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠ 

ʨʟ̔ʥʠʭ ʨʦʟʤʽʨʘʭ ʷʜʨʘ ʪʘ ʦʙʦʣʦʥʢʠ ʥʘʥʦʩʠʩʪʝʤʠ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Abou-Elhamd A., Al-Sallal K., Hassan A. Energies 2019, 12, (1058). 

2. Chafai A., Dujardin F., Essaoudi I., Ainane A. Superlattices and 

Microstructures. 2017, 101, 40-48. 

3. Karatum O., Bahmani Jalali H., Sadeghi S., Melikov R., Srivastava S., 

& Nizamoĵlu S. (2019). Light-Emitting Devices Based on Type-II InP/ZnO 

Quantum Dots. ACS Photonics. 

4. Holovatsky V., Bernik I., Voitsekhivska O. Cond. Matt. Phys. 2014, 17 

(13702). 
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ɼʤʠʪʨʦ ʍʠʪʠʢ, ʊʘʨʘʩ ʄʘʨʠʢ  
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ɻ.ɯ. ʃʘʩʪʽʚʢʘ 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʙʝʟʧʝʢʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ 

ʟʙʠʨʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 
˱͔͙͍͙͚ͤͭͤͫͤ ͍͙ͪͦͭͦ͘͟ ͔͔͙ͭͪͦͤ͟͜͟͡ ͭ͊ ͔͔ͭͦͣͯͤ͊͟͜͟͡ͼ͚͙ͤ͜ͻ 

͔ͭͻ͎͚ͤͦͦ͜͡ ͊͘ ͦͫͭ͊ͤͤ͜ ͔͒ͫΎ͙ͭ͟ ͍ͪͦ͟͜ ͙͍͍ͨͪ͘͜ ͒ͦ ͎ͭͦͦΣ ΅ͦ ͍ 
͋͜͡Έ΄ͦͫͭ͜ ͎͊ͯ͘͡Ύͻ ͒͜Ύ͡Έͤͦͫͭ͜ ͡Ό͙͙͒ͤ ͨͦ;͙͊͡ ͪͦͪͦ͋͘͡Ύ͙ͭͫΎ ͭ͊ 
͍͍͍͙ͨͪͦ͊͒͗ͯ͊ͭͫΎ ͔͔ͭͪͦͤͤ͟͜͡ ͙͔͙ͫͫͭͣ ͋ͦͪͯ͘ ͤ͜ͺͦͪͣ͊ͼ͜͝ ͘ 
͙͒ͫͭ͊ͤͼ͚͙ͤͣ͜ ͤ͘ΎͭͭΎͣ ͍͙ͣͪ͜Ύ͙ͤͻ ͙͒͊ͤͻΦ ˨ͦ ͫ͊͒ͯ͟͡ ͙ͭ͊͟ͻ ͙͔ͫͫͭͣ 
ͣ͊ΌͭΈ ͍ͻ͙͙ͦ͒ͭ ͔͔ͤͭͭͯ͊͜͟͡͡Έͤ͜ ͔͙ͫͤͫͦͪΣ ͤ͜͜͡͝ ͍͘ϥΎͯ͘͟Σ ͊ͨ͊ͪ͊ͭͯͪ͊ 
͔͔͍ͨͪ͒͊͊ͤͤΎ ͭ͊ ͙͚ͨͪͣ͊ͤͤΎ ͤ͜ͺͦͪͣ͊ͼ͜͝Σ ͼ͔ͤͭͪ͊͡Έ͙͚ͤ 
͙͔͒ͫͨͭ;͔ͪͫΈ͙͚͟ ͨͯͤͭ͟Σ ͍ Ύͦͣͯ͟ ͚͒ͫͤ͘͜ΌΊͭΈͫΎ ͋ͪ͘͜ ͜ ͙ͤ͊ͦͨ͟;͔ͤͤΎ 
ͤ͜ͺͦͪͣ͊ͼ͜͝ ͭͦ΅ͦ ό͙ͪͫΦ мύΦ  

 
ʈʠʩ.1 ʉʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

 

ʈʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʨʦʟʧʦʜʽʣʝʥʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʧʦʪʨʝʙʫʶʪʴ ʥʘʜʽʡʥʦʛʦ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. ɺʠʤʽʨʶʚʘʥʥʷ ʽ ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʧʦʨʪʘʪʠʚʥʠʤʠ ʧʨʠʣʘʜʘʤʠ 

ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʧʝʨʘʪʦʨʘ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʰʚʠʜʢʘ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝʤʦʞʣʠʚʘ. 

ʇʨʦʢʣʘʜʘʥʥʷ ʢʘʙʝʣʴʥʠʭ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝʜʦʮʽʣʴʥʝ ʽ ʜʦʩʠʪʴ ʯʘʩʪʦ ʥʝʤʦʞʣʠʚʝ. 
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ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʚ ʪʘʢʠʭ ʪʠʧʘʭ ʤʝʨʝʞ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʭʠʩʪʫ ʧʝʨʝʜʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʘʭʠʩʪʫ ʪʘ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ 

ʟʘʛʨʦʟʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʨʝʩʫʨʩʘʤ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʠʟʥʘʯʥʠʤʠ. ʉʘʤʝ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ.  

ɼʦ ʦʩʥʦʚʥʠʭ ʧʨʦʪʦʢʦʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ, ʚʽʜʥʦʩʷʪʴ: WEP (Wired Equivalent 

Privacy), WPA (Wi-Fi Protected Access), WPA2 (Wi-Fi Protected 

Access II), ʘ ʪʘʢʦʞ ʩʪʘʥʜʘʨʪ IEEE 802.1X, ʱʦ ʦʧʠʩʫʻ ʧʨʦʮʝʩ 

ʽʥʢʘʧʩʫʣʷʮʽʾ ʜʘʥʠʭ EAP (Extensible Authentication Protocol). 

ʅʘʡʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʟʘʭʠʩʪʫ ʚʽʜ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʘʪʘʢ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʦʢʦʣʫ WPA2. ʅʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ WPA ʘʪʘʢʠ 

ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: ʘʪʘʢʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʪʘʢʠ 

ʰʠʬʨʫʚʘʥʥʷ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʢʠ ʤʝʨʝʞ ʨʘʟʦʤ ʽʟ 

ʨʝʘʣʽʟʘʮʽʻʶ WPA2 ʩʣʽʜ ʜʦʜʘʪʢʦʚʦ ʟʘʩʪʦʩʫʚʘʪʠ ʽ ʽʥʰʽ ʜʦʜʘʪʢʦʚʽ 

ʨʝʢʦʤʝʥʜʘʮʽʾ, ʟʦʢʨʝʤʘ: ʧʨʠʭʦʚʫʚʘʥʥʷ ʧʘʨʦʣʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

MAC - ʬʽʣʴʪʨʘʮʽʾ ʜʣʷ ʧʽʜô̒ ʜʥʘʥʥʷ ʧʨʠʩʪʨʦʾʚ ʪʘ ʧʦʙʫʜʦʚʠ 

ʩʢʣʘʜʥʠʭ ʧʘʨʦʣʽʚ ʪʦʱʦ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʥʘʯʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʙʝʟʧʝʢʠ, ʱʦ 

ʚʢʣʶʯʘʶʪʴ ʢʦʤʧʣʝʢʩʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʚʜʘʥʥʷ ʟʘʭʠʩʪʫ ʪʘʢʠʭ 

ʤʝʨʝʞ. ʅʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʚ ʫʩʽʭ ʪʠʧʘʭ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ 

ʚʠʷʚʠʣʦʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽ ʾ WPA2 ʟ̔ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʝʪʦʜʦʣʦʛʽʾ, ʱʦ ʚʢʣʶʯʘʻ ʩʪʚʦʨʝʥʥʷ ʧʘʨʦʣʷ, ʧʣʘʥʫ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʡ ʟʘʭʠʩʪʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʫʩʢʣʘʜʥʶʻ ʩʘʤʫ ʤʝʨʝʞʫ, ʘ ʟ ʽʥʰʦʛʦ, ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʾʾ ʙʝʟʧʝʢʫ. 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1.  Palagin, O. Smart portable sensor for bird blue express-diagnostics: principles 

of design / O. Palagin, V. Romanov, M. Starodub, I. Galelyuka, O. Skrypnyk, K. 

Skyba // Intelligent Technologies and Applications: Intern. book series çInformation 

Science and Computingè. Supplement to International Journal çInformation 

Technologies and Knowledgeè. ï 2008. ï No5ïP. 80ï84. 

2. ʖʜʽʥ ʆ., ʂʦʥʘʭʦʚʠʯ ɻ., ʂʦʨʯʝʥʢʦ ʆ. ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʚ ʤʝʨʝʞʘʭ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ: ʧʽʜʨʫʯ. ʂ.: ɺʠʜ-ʚʦ ʊʆɺ ʅɺʇ ñɯʅʊɽʈʉɽʈɺɯʉò, 2009. ï 714 ʩ. 
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ɸʥʘʩʪʘʩʽʷ ʍʤʝʣʻʚʩʴʢʘ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʌʨʘʪʘʚʯʘʥ ɺ. ɻ.  

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʰʪʫʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʂʦʭʦʥʝʥʘ  

ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚ ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ 

 
ʄʝʨʝʞʽ ʪʘ ʢʘʨʪʠ ʂʦʭʦʥʝʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʤʥʦʞʠʥ ʪʘ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʝʨʝʞʘ ʂʦʭʦʥʝʥʘ (ʨʠʩ. 1) - ʮʝ ʦʜʥʦʰʘʨʦʚʘ ʤʝʨʝʞʘ, ʧʦʙʫʜʦʚʘʥʘ 

ʟ ʥʝʡʨʦʥʽʚ ʪʠʧʫ WTA (çWinner Takes Allè). ʆʩʢʽʣʴʢʠ ʥʝʡʨʦʥʠ 

ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ ʜʽʶʪʴ ʟʘ ʧʨʠʥʮʠʧʦʤ çʧʝʨʝʤʦʞʝʮʴ ʦʪʨʠʤʫʻ ʚʩʝè, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʝ ʚʽʜʥʝʩʝʥʥʷ ʧʦʪʦʯʥʦʛʦ ʦʙʨʘʟʫ ʜʦ ʜʝʷʢʦʾ 

ʧʽʜʤʥʦʞʠʥʠ. ʂʨʠʪʝʨʽʾ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʨʝʞʠʤʽ 

ʚʽʜʥʦʩʥʦʛʦ ʩʘʤʦʥʘʚʯʘʥʥʷ, ʢʦʣʠ çʽʥʩʪʨʫʢʪʦʨè ʟʘʜʘʻ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ, ʘ ʩʠʩʪʝʤʘ ʫʪʦʯʥʶʻ ʮʽ ʫʤʦʚʠ ʚ 

ʨʝʞʠʤʽ ʧʝʨʝʛʣʷʜʫ ʥʘʚʯʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʥʝ ʤʘʶʯʠ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʾʭ ʥʘʣʝʞʥʽʩʪʴ ʜʦ ʢʣʘʩʽʚ. 

ʄʝʨʝʞʽ (ʰʘʨʠ) ʂʦʭʦʥʝʥʘ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʩʘʤʦʦʨʛʘʥʽʟʦʚʘʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʉʘʤʦʦʨʛʘʥʽʟʦʚʘʥʘ ʤʝʨʝʞʘ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʢʣʘʩʪʝʨʠ (ʛʨʫʧʠ) ʚʭʽʜʥʠʭ ʚʝʢʪʦʨʽʚ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʜʝʷʢʠʤʠ ʟʘʛʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʤʝʨʝʞʽ ʂʦʭʦʥʝʥʘ 
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ʂʣʘʩʪʝʨʠʟʘʮʽʷ - ʮʝ ʧʦʜʽʣ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʤʥʦʞʠʥʠ 

ʦʙ'ʻʢʪʽʚ ʥʘ ʛʨʫʧʠ "ʩʭʦʞʠʭ", ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʣʘʩʪʝʨʘʤʠ. 

ɿʘʚʜʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʚʜʘʥʥʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʈʦʟʚôʷʟʢʦʤ ʟʘʜʘʯʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʻ ʚʽʜʥʝʩʝʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʦʙ'ʻʢʪʽʚ ʜʦ ʦʜʥʦʛʦ ʟ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ, ʘ ʫ 

ʟʘʜʘʯʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʥʝʩʝʥʥʷ ʦʙ'ʻʢʪʘ ʜʦ ʦʜʥʦʛʦ ʟ 

ʥʘʧʝʨʝʜ ʥʝʚʠʟʥʘʯʝʥʠʭ ʢʣʘʩʽʚ. 

 ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʨʝʞ ʂʦʭʦʥʝʥʘ ʧʨʦʚʦʜʠʪʴʩʷ 

ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʦʙ'ʻʢʪʽʚ, ʦʧʠʩʘʥʠʭ ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʢʽʣʴʢʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʌʦʨʤʘʣʴʥʦ ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʦʧʠʩʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʘʥʦ ʤʥʦʞʠʥʫ ʦʙôʻʢʪʽʚ  Ὅ ὭȟὭȟȣȟὭȟ 
ʢʦʞʝʥ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʢʪʦʨʦʤ ὼȟ Ὦ ρȟςȟȣȟὲ 

ʘʪʨʠʙʫʪʽʚ (ʧʘʨʘʤʝʪʨʽʚ): ὼ ὼȟὼȟȣȟὼ Ȣ ʇʦʪʨʽʙʥʦ 
ʧʦʙʫʜʫʚʘʪʠ ʜʝʷʢʫ ʤʥʦʞʠʥʫ ʢʣʘʩʪʝʨʽʚ C ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ F 

ʤʥʦʞʠʥʠ I ʥʘ ʤʥʦʞʠʥʫ C, ʪʦʙʪʦ ὊȡὍO ὅȡ  
ὧ ὭȟὭὭᶰὍȟὭᶰὍ ̓  ́ὨὭȟὭ  „ȟ         

ʜʝ „ ï ʚʝʣʠʯʠʥʘ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʤʽʨʫ ʙʣʠʟʴʢʦʩʪʽ ʜʣʷ 

ʚʢʣʶʯʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʚ ʦʜʠʥ ʢʣʘʩʪʝʨ; ὨὭȟὭ  ï ʤʽʨʘ ʙʣʠʟʴʢʦʩʪʽ  

(ʚʽʜʩʪʘʥʴ) ʤʽʞ ʦʙ'ʻʢʪʘʤʠ. ʋ ʤʝʨʝʞʘʭ ʂʦʭʦʥʝʥʘ ʟʘʟʚʠʯʘʡ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʴ. ʇʽʩʣʷ ʧʦʜʽʣʫ ʥʘʚʯʘʣʴʥʦʾ 

ʤʥʦʞʠʥʠ ʥʘ ʢʣʘʩʪʝʨʥʽ ʧʽʜʤʥʦʞʠʥʠ ʜʣʷ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʘʩʪʝʨʽʟʘʮʽʾ ʫ ʢʦʞʥʦʤʫ ʢʣʘʩʪʝʨʽ 

ʦʙʯʠʩʣʶʶʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʽ ʘʙʦ ʘʣʛʝʙʨʘʾʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ. 
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ʄʠʢʦʣʘ ʍʦʙʟʝʡ 
ʅʘʫʢʦʚʽ ʢʝʨʽʚʥʠʢʠ ï ʧʨʦʬ. ʇʦʣʽʪʘʥʩʴʢʠʡ ʃ.ʌ., 

ʘʩʠʩʪ. ɺʦʚʯʫʢ ɼ.ɸ. 

 

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʯʝʨʝʟ 

ʩʪʨʫʢʪʫʨʫ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʟʽ ʟʤʽʥʥʠʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

 
ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʚʠʤʘʛʘʻ 

ʥʦʚʠʭ ʧʦʛʣʷʜʽʚ ʥʘ ʨʦʟʚʠʪʦʢ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʧʨʠʡʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʇʦʨʷʜ ʽʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʟʘʜʘʥʽʡ ʩʤʫʟʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ, 

ʰʠʨʠʥʫ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʞʠʚʣʝʥʥʷ, ʧʨʦʩʪʦʪʫ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʪʘ ʧʨʦʩʪʦʪʫ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʨʫʢʪʫʨʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʨʠʩʪʨʦʶ ʪʦʱʦ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʮʴʦʤʫ 

ʥʘʧʨʷʤʽ ʻ ʨʦʟʨʦʙʢʘ ʘʥʪʝʥ ʪʘ ʧʨʦʚʽʜʥʠʭ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ. ɺʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʰʪʫʯʥʦ ʩʬʦʨʤʦʚʘʥʽ ʡ 

ʦʩʦʙʣʠʚʠʤ ʯʠʥʦʤ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʠʭ ʩʢʣʘʜʥʦ ʜʦʩʷʛʥʫʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʘʙʦ ʪʘʢʠʤʠ, ʷʢʽ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʽ, ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʟʚʠʯʘʡʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1]. ɺʘʞʣʠʚʦʶ ʛʨʫʧʦʶ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʻ ʩʪʨʫʢʪʫʨʠ ʟ 

ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ (ʉʇʇ), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜôʻʤʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ [2]. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʘʥʪʝʥ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʨʫʢʪʫʨ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʧʨʦʤʽʥʶʚʘʪʠ ɽʄ-ʭʚʠʣʽ ʥʘ ʯʘʩʪʦʪʘʭ, ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ ʥʝʤʦʜʠʬʽʢʦʚʘʥʦʾ ʘʥʪʝʥʠ, ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʪʨʦʣʴ 

ʟʥʘʯʝʥʥʷʤʠ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʪʘ ʩʤʫʛʦʶ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʤʘʪʨʠʮʷ ʤʘʪʨʠʮʷ 17Ĭ7 

ʤʝʪʘʣʝʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʜʦʚʞʠʥʦʶ L=100ʤʤ. ʄʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʫ CST Studio Suite, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʫʣʴ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʚʠʣʝʚʽʜʥʦʛʦ ʧʦʨʪʫ ʪʘ ʉʇʇ (ʨʠʩ. 1,ʘ). ʋ ʧʨʦʮʝʩʽ 
ʤʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥʶʚʘʣʦʩʴ ʟʥʘʯʝʥʥʷ ʨʘʜʽʫʩʘ ʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜ   0,01 

é 1 ʤʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʟʤʽʥʽ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʘ ʟʘʧʦʚʥʝʥʥʷ 
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ʤʝʪʘʣʦʤ. ɿʙʽʣʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʤʝʪʘʣʦʤ ʧʨʠʟʚʝʣʦ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʫ ʚ ʜʽʘʧʘʟʦʥʽ ʧʨʠʙʣʠʟʥʦ 40 ʄɻʮ. 

ʘ) ʙ) 
ʈʠʩ. 1. CST-ʤʦʜʫʣʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʘ) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʟʨʘʟʦʢ (ʙ) 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʜʚʘ 

ʉʇʇ (ʨʠʩ. 1,ʙ) ʟ ʜʽʘʤʝʪʨʦʤ ʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʧʝʨʽʦʜʦʤ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ 1 ʤʤ ʪʘ 10 ʤʤ ʽ 1,5 ʤʤ ʪʘ 6 ʤʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʽʜʪʚʝʨʜʠʚ ʪʝ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʧʨʦʚʽʜʥʠʢʽʚ 

ʚʝʜʝ ʜʦ ʟʩʫʚʫ ʨʝʟʦʥʘʥʩʫ ʷʢ ʽ ʚ ʤʦʜʝʣʶʚʘʥʥʽ[3]. ʇʨʦʪʝ, ʜʦʩʠʪʴ 

ʮʽʢʘʚʠʤ ʚʠʷʚʠʚʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʤʽʥʘ ʚʽʜʩʪʘʥʽ ʤʽʞ ʧʨʦʚʽʜʥʠʢʘʤʠ 

ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ ʜʦ ʰʠʨʠʥʠ ʩʤʫʛʠ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ʅʘ 

ʨʽʚʥʽ -10 ʜɹ ʩʤʫʛʘ ʯʘʩʪʦʪ ʨʦʟʰʠʨʶʻʪʴʩʷ ʜʦ 80 ʄɻʮ. 

ʆʪʞʝ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʝʥʰʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʨʦʚʽʜʥʠʢʽʚ ʉʇʇ ʚʽʜ 

10 ʜʦ 6 ʤʤ ʚʝʜʝ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʜʦ 80 ʄɻʮ, 

ʘ ʟʤʽʥʘ ʨʘʜʽʫʩʘ ʧʨʦʚʽʜʥʠʢʽʚ ʚʽʜ 0,01ʤʤ ʜʦ 1 ʤʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʽʜʙʠʨʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʉʇʇ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʤʫʛʦʶ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʘʥʪʝʥʠ 

ʪʘ ʟʥʘʯʝʥʥʷʤ ʨʝʟʦʥʘʥʩʫ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. Sihvola A. Metamaterials in electromagnetic, Physical Review Letters.- 

Oct. 2000.- Vol. 85.- ˉ18.- P. 3966-3069. 

2. Mykola Khobzei, Dmytro Vovchuk, Magdalena Michalska ñOverview of 
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ˉ4/2018, Pp. 32-35 (December, 2018). 

3. ʍʦʙʟʝʡ ʄ. ʄ. ʉʪʨʫʢʪʫʨʘ ʽʟ ʧʘʨʘʣʝʣʴʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʷʢ ʘʥʪʝʥʘ 
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ʥʘʫʢʦʚʦ-ʤʦʣʦʜʽʞʥʦʛʦ ʬʦʨʫʤʫ ñʈʘʜʽʦʝʣʝʢʪʨʦʥʽʢʘ ʪʘ ʤʦʣʦʜʴ ʫ ʍʍɯ 

ʩʪʦʣʽʪʪʽò (ɯʥʬʦʨʤʘʮʽʡʥʽ ʨʘʜʽʦʪʝʭʥʦʣʦʛʽʾ ʪʘ ʪʝʭʥʽʯʥʠʡ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾʾ), 17-19 ʢʚʽʪʥʷ 2018, ʍʘʨʢʽʚ, ʊ. 3, ʩ. 7-9. 
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ɺʣʘʜʠʩʣʘʚ ʍʨʠʢʦʚ 

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

ʄʦʜʝʣʶʚʘʥʥʷ ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 
 

ʊʝʨʤʦʝʣʝʢʪʨʠʯʥʝ ʨʽʜʠʥʥʝ 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 ʚ 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 

ʨʽʜʠʥʥʦʛʦ 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 ʨʽʜʠʥʥʠʭ 

ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ï ʮʝ ʢʘʨʜʽʦʭʽʨʫʨʛʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʩʚʽʪʽ 

ʙʽʣʴʰʝ 600000 ʝʢʟʝʤʧʣʷʨʽʚ ʥʘ ʨʽʢ [2]. 

 

 
ʈʠʩ.1 ʉʭʝʤʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʨʽʜʠʥʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 
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ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʱʦʜʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ 

ʙʘʪʘʨʝʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʢʦʥʘʥʘ ʩʝʢʮʽʡʥʦʶ, 

ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʩʝʢʮʽʷ ʧʽʜôʻʜʥʘʥʘ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ 

ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ. 

ʇʨʠʩʪʨʽʡ ʷʚʣʷʻ ʩʦʙʦʶ ʨʽʜʠʥʥʠʡ 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 ʧʽʜôʻʜʥʘʥʽ ʜʦ ʙʣʦʢʫ 

ʫʧʨʘʚʣʽʥʥʷ 3, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʚʫʟʦʣ ʞʠʚʣʝʥʥʷ ʟʘʤʽʩʪʴ ʚʫʟʣʘ 

ʘʚʪʦʤʘʪʠʢʠ.  

ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠ ʮʴʦʤʫ ʘʥʘʣʽʟʫʻ ʚʝʣʠʯʠʥʫ ʛʝʥʝʨʦʚʘʥʦʾ 

ʢʦʞʥʦʶ ʩʝʢʮʽʻʶ ʙʘʪʘʨʝʾ ɽʈʉ, ʷʢʘ ʧʨʦʧʦʨʮʽʡʥʘ ʨʽʟʥʠʮʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʦʪʦʢʽʚ ʪʝʧʣʦʥʦʩʽʾʚ ʫ ʜʽʣʷʥʮʽ 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. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʉʧʨʘʚʦʯʥʠʢ /ʃ.ʀ. ɸʥʘʪʳʯʫʢ. - ʂ.: ʅʘʫʢ. ʜʫʤʢʘ, 1979, - 769ʩ . 

2. ʀʩʤʘʠʣʦʚ ʊ.ɸ, ʄʘʛʦʤʝʜʦʚ ʂ.ɸ, ɻʘʜʞʠʝʚʘ ʉ.ʄ, ʄʫʨʘʜʦʚʘ ʄ.ʄ. 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʇʘʪʝʥʪ 
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ɼʝʥʠʩ ʏʝʨʚʝʥʶʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ð ʘʩʠʩʪ. ʆʣʘʨ ʆ.ɺ 

ɸʜʘʧʪʘʮʽʷ ʚʝʙ-ʩʘʡʪʽʚ ʧʽʜ ʚʽʨʪʫʘʣʴʥʫ ʨʝʘʣʴʥʽʩʪʴ (VR) 

ɺʽʨʪʫʘʣʴʥʘ ʨʝʘʣʴʥʽʩʪʴ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ 

ʩʪʨʽʤʢʦ, ʧʦʩʪʽʡʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʥʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʣʷ ʚʭʦʜʞʝʥʥʷ ʫ ʚʽʨʪʫʘʣʴʥʠʡ ʩʚʽʪ. ɸʣʝ ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʤʧʘʥʽʡ 

VRʚ ʽʥʪʝʨʥʝʪʽ ʥʝ ʧʨʠʥʦʩʠʪʴ ʧʨʷʤʠʭ ʚʠʛʦʜ, ʟʘʛʘʣʦʤ ʮʝ ʚʠʥʠʢʘʻ 

ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʠʣʘʜʜʷ ʽ ʚʝʣʠʢʠʭ ʮʽʥ ʥʘ 

ʥʠʭ. ʊʦʙʪʦ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʘʥʫʨʠʪʠʩʴ ʫ ʚʽʨʪʫʘʣʴʥʠʡ ʩʚʽʪ, 

ʧʦʪʨʽʙʥʦ ʢʫʧʠʪʠ ʩʧʝʮʽʘʣʴʥʽ ʦʢʫʣʷʨʠ, ʰʦʣʦʤ, ʟʘʙʝʟʧʝʯʠʪʠ ʩʝʙʝ 

ʧʨʦʛʨʘʤʥʠʭ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʶ ʤʦʞʝ ʩʪʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʙ-VR. ɺʝʙ-VRð 

ʮʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ JavaScriptʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʪʨʠʤʢʫ ʧʨʠʩʪʨʦʾʚ ʚʽʨʪʫʘʣʴʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ OculusRift, GoogleCardboardʫ ʚʝʙ-ʙʨʘʫʟʝʨʽ. 

ʇʦʢʠ ʚʝʙ-VRʜʦʩʠʪʴ ʧʨʠʤʽʪʠʚʥʠʡ. ʅʝʤʘʻ ʪʠʭ ʬʫʥʢʮʽʡ ʷʢʽ ʻ ʚ 

ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʘʭ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʛʦ ʟʘʥʫʨʝʥʥʷ.ʊʝ 

ʞ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ  ̔ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ ð AR. ɺʝʙ-AR ʪʘʢʦʞ 

ʜʫʞʝ ʟʚʠʯʘʡʥʠʡ  ̔ ʥʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʤʘʩʫ ʬʫʥʢʮʽʡ, 

ʜʦʩʪʫʧʥʠʭ ʚ ʜʦʜʘʪʢʘʭ.ɺʩʝ, ʱʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ð ʮʝ ʨʘʭʫʚʘʪʠ 

ʩʪʘʥʜʘʨʪʥʽ ʢʦʣʴʦʨʠ  ̔ ʜʠʚʠʪʠʩʴ, ʥʘ ʩʪʘʥʜʘʨʪʥʽ ʝʬʝʢʪʠ, ʷʢʽ  ̒ ʚ 

ʛʘʣʝʨʝʾ. ɸʣʝ ʪʠʤ ʥʝ ʤʝʥʰ, ʤʦʞʥʘ ʯʫʪʠ ʟʚʫʢʠ, ʭʦʜʠʪʠ ʧʦ 3D-

ʢʽʤʥʘʪʽ, ʧʝʨʝʛʣʷʜʘʪʠ ʚʽʜʝʦ. ɺʝʙ-VRʚʠʢʦʥʫʻ ʤʽʥʽʤʘʣʴʥʽ ʬʫʥʢʮʽʾ 

ʩʘʡʪʫ, ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʚʽʜʯʫʪʪʷ ʥʽʙʠ ʧʝʨʝʙʫʚʘʻʰ ʫʞʝ ʪʘʤ [1]. 

ʊʘʢʦʞ ʙʨʘʫʟʝʨʠ ʚʞʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʶ ʪʘ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʫ ʦʨʽʻʥʪʘʮʽʶ. ɯʜʝʶ ʩʪʚʦʨʝʥʥʷ 

ʽʥʪʝʨʬʝʡʩʫ ʚ 3D-ʧʨʠʩʪʦʨʽ ʮʽʣʢʦʤ ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʩʴʦʛʦʜʥʽ. 

ʇʨʠʥʘʡʤʽ ʥʘ ʨʦʙʦʯʦʤʫ ʩʪʦʣʽ ʚʞʝ ʪʦʯʥʦ ʤʦʞʥʘ ʪʘʢʝ ʟʘʩʪʦʩʫʚʘʪʠ. 

ʗʢʱʦ ʟʘʤʽʥʠʪʠ ʩʪʝʨʝʦʨʝʥʜʝʨ ʥʘ ʟʚʠʯʘʡʥʠʡ, ʘ ʢʘʤʝʨʫ ʧʦʚʝʨʪʘʪʠ 

ʧʨʦʩʪʦ ʨʫʭʦʤ ʤʠʰʽ, ʪʦ ʦʪʨʠʤʘʻʤʦ ʱʦʩʴ ʩʭʦʞʝ ʥʘ ʟʚʠʯʘʡʥʫ 

ʪʨʠʚʠʤʽʨʥʫ ʽʛʨʘʰʢʫ, ʪʽʣʴʢʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʩʽ 

ʫʣʶʙʣʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʚʝʨʩʪʘʣʴʥʠʢʘ. ɸʣʝ ʪʘʢʦʞ ʻ ʽ ʥʝʜʦʣʽʢʠ ð ʫ 

ʪʠʭ ʧʨʠʩʪʨʦʾʚ, ʷʢʽ ʻ ʥʘ ʨʠʥʢʫ, ʻ ʧʨʦʙʣʝʤʘ ʽʟ ʚʪʦʤʣʝʥʥʷʤ 

ʦʯʝʡ ð ʯʠʪʘʪʠ ʥʘʧʽʚʧʨʦʟʦʨʠʡ ʪʝʢʩʪ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ 

ʤʦʞʥʘ, ʪʽʣʴʢʠ ʷʢʱʦ ʥʘ ʪʣʽ ʙʽʣʴʰ-ʤʝʥʰ ʦʜʥʦʪʦʥʥʝ ʽ ʥʝʨʫʭʦʤʝ. 



330 

ʇʦʚʽʜʦʤʣʝʥʥʷ ʧʦʜʠʚʠʪʠʩʷ ʤʦʞʥʘ, ʘʣʝ ʯʠʪʘʪʠ ʥʘ ʧʦʩʪʽʡʥʽʡ 

ʦʩʥʦʚʽ ð ʥʝ ʙʘʞʘʥʦ [2]. 

ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʦʚʠʡ ʙʨʘʫʟʝʨ ð FirefoxReality. 

ʂʦʤʘʥʜʘ Mozillaʨʦʟʨʦʙʠʣʘ ʡʦʛʦ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ 

ʛʘʨʥʽʪʫʨ ʚʽʨʪʫʘʣʴʥʦʾ ʪʘ ʜʦʧʦʚʥʝʥʦʾ ʨʝʘʣʴʥʦʩʪʽ (ʘʙʦ ʟʤʽʰʘʥʦʾ 

ʨʝʘʣʴʥʦʩʪʽ). ʋ ʙʨʘʫʟʝʨʽ ʻ ʯʠʩʝʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʩʦʙʣʠʚʦʩʪʝʡ. 

ʉʝʨʝʜ ʷʢʠʭ ʻ ð ʤʦʞʣʠʚʽʩʪʴ ʧʦʰʫʢʫ ʚ ɯʥʪʝʨʥʝʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʦʣʦʩʫ. ʊʘʢʦʞ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʠ Quantum, 

ʙʨʘʫʟʝʨ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʧʣʘʚʥʠʤ ʪʘ ʧʦʪʫʞʥʠʤ. ʄʦʞʥʘ ʧʣʘʚʥʦ 

ʧʝʨʝʤʠʢʘʪʠʩʷ ʤʽʞ 2Dʽ 3Dʪʘ ʧʝʨʝʛʣʷʜʘʪʠ ʚʽʜʝʦ ʫ 360Ü. ʂʦʤʧʘʥʽʷ 

ʩʝʨʡʦʟʥʦ ʩʧʨʠʡʤʘʻ ʪʘʢʽ ʨʝʯʽ, ʷʢ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ ʪʘ ʧʨʦʟʦʨʽʩʪʴ. 

ʊʦʤʫ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʙʨʘʫʟʝʨʦʤ, ʤʦʞʥʘ ʥʝ ʭʚʠʣʶʚʘʪʠʩʴ ʟʘ ʩʚʦʶ 

ʧʨʠʚʘʪʥʽʩʪʴ[3].  

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʯʠʥ ʟʫʤʦʚʣʶʶʪʴ ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ VR-

ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʽʻʶ ʟ ʷʢʠʭ ʻ ʩʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʦʥʣʘʡʥ-ʚʽʜʝʦʽʛʨ. ʊʘʢʦʞ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʦʚʠʡ ʙʨʘʫʟʝʨ ʜʣʷ ʨʦʙʦʪʠ 

Firefox, ʷʢʠʡ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʙ-VR. 

ɿʘ ʚʽʨʪʫʘʣʴʥʦʶʨʝʘʣʴʥʽʩʪʶʚʝʣʠʢʝʤʘʡʙʫʪʥʻ. ɺʝʙ-VRʤʦʞʝ 

ʙʫʪʠ ʥʘʡʢʨʘʱʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʽʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛʦʚʠʭ 

ʢʘʤʧʘʥʽʡ, ʜʣʷ ʘʨʭʽʪʝʢʪʦʨʽʚ, ʜʣʷ ʪʠʭ, ʭʪʦ ʟʘʡʤʘʻʪʴʩʷ 3D-

ʤʦʜʝʣʶʚʘʥʥʷʤ ð ʜʣʷ ʚʩʽʭ, ʢʦʤʫ ʧʦʪʨʽʙʥʽ ʧʝʨʝʜʘʪʠ ʞʠʚʽ 

ʚʽʜʯʫʪʪʷ ʯʝʨʝʟ 3D-ʧʨʦʩʪʽʨ.  
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ  
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available/. 
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ʆʣʝʢʩʽʡ ʏʦʨʥʽʻʚʠʯ 

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

 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟʤʽʥʝʥʥʷ ʤʽʮʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʟ ʥʦʚʠʭ ʜʝʨʝʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 
ʇʨʠ ʽʩʥʫʶʯʠʭ ʩʧʦʩʦʙʘʭ ʧʝʨʝʨʦʙʢʠ ʜʝʨʝʚʥʦʾ ʩʠʨʦʚʠʥʠ ʚ 

ʮʽʣʦʤʫ ʧʦ ʋʢʨʘʾʥʽ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ, 

ʘ ʪʝ ʽ ʣʠʰʝ ʪʨʝʪʷ ʯʘʩʪʠʥʘ ʙʽʦʤʘʩʠ ʜʝʨʝʚʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ ʛʘʣʫʟʽ. ʆʩʥʦʚʥʽ ʚʠʪʨʘʪʠ ʧʨʠʧʘʜʘʶʪʴ ʥʘ 

ʜʝʨʝʚʥʫ ʟʝʣʝʥʴ (ʣʽʩʦʩʽʯʥʽ ʚʽʜʭʦʜʠ), ʢʦʨʫ (ʚʽʜʭʦʜʠ 

ʜʝʨʝʚʦʦʙʨʦʙʢʠ), ʪʠʨʩʫ ʽ ʩʪʨʫʞʢʠ (ʚʽʜʭʦʜʠ ʣʽʩʦʧʠʣʷʥʥʷ), ʥʘ 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʨʠʧʘʜʘʻ 20-25% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ. ɿʘʧʘʩʠ 

ʚʽʜʭʦʜʽʚ ʫ ʢʨʘʾʥʽ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʽ. ʋ ʟʚôʷʟʢʫ ʟ 

ʚʠʱʝʟʘʟʥʘʯʝʥʠʤ ʘʢʪʫʘʣʴʥʽʩʪʴ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʚʠʷʚʣʝʥʥʽ ʪʘ ʜʦʩʣʽʜʞʝʥʥʽ ʥʦʚʽʪʥʽʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʨʦʙʢʠ ʜʝʨʝʚʥʦʾ 

ʩʠʨʦʚʠʥʠ. ʗʢ ʚʽʜʦʤʦ, ʜʝʨʝʚʠʥʘ ʻ ʜʦʩʠʪʴ ʜʝʰʝʚʠʤ ʪʘ ʜʦʩʪʫʧʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʦʩʦʙʣʠʚʦ ʚ ʋʢʨʘʾʥʽ, ʷʢʠʡ ʤʘʻ ʜʦʩʠʪʴ ʧʨʠʚʘʙʣʠʚʽ ʪʘ 

ʮʽʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ: ʣʝʛʢʽʩʪʴ, ʚʠʩʦʢʘ ʧʠʪʦʤʘ ʤʽʮʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ 

ʜʦʙʨʝ ʦʙʨʦʙʣʷʪʠʩʴ, ʤʦʞʣʠʚʽʩʪʴ ʩʢʨʽʧʣʶʚʘʪʠʩʴ ʮʚʷʭʘʤʠ, 

ʰʫʨʫʧʘʤʠ, ʙʦʣʪʘʤʠ, ʢʣʝʷʤʠ ʪʦʱʦ, ʟʜʘʪʥʽʩʪʴ ʧʦʛʣʠʥʘʪʠ ʫʜʘʨʠ ʪʘ 

ʧʦʰʪʦʚʭʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʨʫʞʥʦʩʪʽ, ʩʪʽʡʢʽʩʪʴ ʚʽʜʥʦʩʥʦ ʜʝʷʢʠʭ 

ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ (ʩʣʘʙʢʠʤ ʩʦʣʷʤ, ʢʠʩʣʦʪʘ ʪʦʱʦ), ʥʠʟʴʢʘ 

ʪʝʧʣʦ-, ʟʚʫʢʦ-ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ. ɼʦ ʥʝʜʦʣʽʢʽʚ ʜʝʨʝʚʠʥʠ ʪʘ 

ʙʘʛʘʪʴʦʭ ʜʝʨʝʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʦʛʥʝʥʝʙʝʟʧʝʯʥʽʩʪʴ, 

ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ 

ʨʽʟʥʠʭ ʥʘʧʨʷʤʘʭ, ʜʝʬʝʢʪʠ ʙʫʜʦʚʠ, ʤʦʞʣʠʚʽʩʪʴ ʛʨʠʙʢʦʚʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ. 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʠʤ ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ, ʟʜʘʪʥʦʩʪʽ ʜʦʙʨʝ 

ʦʙʨʦʙʣʷʪʠʩʴ, ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʠʭ ʩʠʨʦʚʠʥʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘʡʙʽʣʴʰ 

ʧʨʠʜʘʪʥʽ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘʢʽ ʧʦʨʦʜʠ: ʩʦʩʥʘ, ʷʣʠʥʘ, 

ʤʦʜʨʠʥʘ, ʷʨʠʮʷ, ʻʚʨʦʧʝʡʩʴʢʠʡ ʷʩʝʥ, ʜʫʙ, ʙʫʢ, ʙʝʨʝʟʠʥʘ, ʣʠʧʘ, 

ʜʠʢʘ ʛʨʫʰʘ. ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʨʝʚʠʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʠ, ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʦʣʦʛʦʩʪʽ, ʚʽʢʫ, ʥʘʧʨʘʚʣʝʥʥʷ 

ʧʨʠʢʣʘʜʝʥʠʭ ʟʫʩʠʣʴ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʨʽʟʥʷʶʪʴ ʥʘʩʪʫʧʥʽ ʢʘʪʝʛʦʨʽʾ 

ʚʦʣʦʛʦʩʪʽ ʜʝʨʝʚʠʥʠ, ʷʢʽ ʜʦʩʠʪʴ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ 

ʚʣʘʩʪʠʚʦʩʪʽ [1;2]: 
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- ʩʚʽʞʝʟʨʫʙʘʥʘ ʜʝʨʝʚʠʥʘ ï ʚʦʣʦʛʽʩʪʴ 35% ʽ ʙʽʣʴʰʝ; 

- ʩʠʨʘ ʜʝʨʝʚʠʥʘ ï ʧʦʥʘʜ 23%; 

- ʧʦʚʽʪʨʷʥʦ ʩʫʭʘ ï ʚʦʣʦʛʽʩʪʴ 15-18%; 

ʈʘʟʦʤ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ ʤʽʮʥʽʩʪʴ ʜʝʨʝʚʠʥʠ ʟʨʦʩʪʘʻ. 

ʆʧʽʨ ʩʪʠʩʢʘʥʥʶ ʚʟʜʦʚʞ ʚʦʣʦʢʦʥ ʜʝʨʝʚʠʥʠ ʙʽʣʴʰʠʡ, ʥʽʞ ʫ 

ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚ 5-12 ʨʘʟʽʚ. ɿ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʚʢʘʟʘʥʠʭ 

ʚʠʱʝ ʥʝʜʦʣʽʢʽʚ ʚʝʩʴ ʯʘʩ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʜʝʨʝʚʠʥʠ: ʬʽʙʨʦʣʽʪ, ʤʽʢʨʦʜʝʨʝʚʥʘ ʬʽʙʨʘ (ʄɼʌ), 

ʜʝʨʝʚʦʚʦʣʦʢʥʠʩʪʽ ʧʣʠʪʠ, ʬʘʥʝʨʘ, ʘʨʙʦʣʽʪ, ʪʠʨʩʦʙʝʪʦʥ, ʰʧʦʥ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ ʱʦ ʚ ʥʘʰ ʯʘʩ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʩʠʪʫʘʮʽʷ: ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʷʚʠ 

ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʝʱʦ ʚʠʧʝʨʝʜʞʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ ʫ ʜʨʫʢʦʚʘʥʠʭ ʚʠʜʘʥʥʷʭ. ʎʝ 

ʩʪʚʦʨʶʻ ʧʝʚʥʽ ʥʝʟʨʫʯʥʦʩʪʽ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫ 

ʣʘʙʦʨʘʪʦʨʽʾ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʢʘʬʝʜʨʠ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʽ ʟʘʛʘʣʴʥʦʾ ʬʽʟʠʢʠ ʏʅʋ ʽʤ. ʖ.ʌʝʜʴʢʦʚʠʯʘ 

ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʟʤʽʥʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʚʦʭ ʟʽ ʚʢʘʟʘʥʠʭ ʚʠʱʝ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʚʦʣʦʛʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʝʥʥʷ ʤʽʮʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʨʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʘʛʦʪʦʚʣʝʥʦ 300 ʦʜʠʥʘʢʦʚʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʟʨʘʟʢʽʚ 

ʽ ʢʦʞʥʦʛʦ ʟʽ ʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʙʝʨʽʛʘʣʠʩʷ ʧʨʠ ʦʜʥʘʢʦʚʽʡ 

ʘʪʤʦʩʬʝʨʽ ʧʽʜʚʠʱʝʥʦʾ ʚʦʣʦʛʦʩʪʽ. ʂʦʞʥʠʡ ʤʽʩʷʮʴ ʧʦ 30 ʟʨʘʟʢʽʚ ʟ 

ʢʦʞʥʦʾ ʧʘʨʪʽʾ ʟʘʟʥʘʚʘʣʠ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʩʪʠʩʢ.  

ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʩʢʣʘʩʪʠ ʫʷʚʫ ʧʨʦ ʰʚʠʜʢʽʩʪʴ 

ʜʝʛʨʘʜʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʽʮʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʚʠʷʚʠʪʠ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ, ʢʦʣʠ ʮʷ ʜʝʛʨʘʜʘʮʽʷ ʥʘʡʙʽʣʴʰʝ 

ʧʦʤʽʪʥʘ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘʢʦʞ ʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ 

ʱʦʜʦ ʜʦʧʫʩʪʠʤʠʭ ʪʝʨʤʽʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚ ʫʤʦʚʘʭ ʩʝʨʝʜʦʚʠʱʘ ʟ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ.   

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʠʩʘʨʝʥʢʦ ɻ.ʉ. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ: ʧʽʜʨʫʯ. ʜʣʷ ʩʪʫʜ. ʤʝʭ. ʩʧʝʮ. 

ʚʠʱ. ʥʘʚʯ. ʟʘʢʣ./ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, ʆ.ʃ. ʂʚʽʪʢʘ, ɭ.ʉ. ʋʤʘʥʩʴʢʠʡ; 

ʟʘ ʨʝʜ. ɻ.ʉ ʇʠʩʘʨʝʥʢʘ. ï 2 ʚʠʜ. ïʂ.: ɺʠʱʘ ʰʢ.,2004.  -654 ʩ. 

2. ʆʧʽʨ ʤʘʪʝʨʽʘʣʽʚ: ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʤʝʭʘʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ʚʠʱ. ʥʘʚʯ. ʟʘʢʣ./ɻ.ʉ. ʇʠʩʘʨʝʥʢʦ, ʆ.ʃ. ʂʚʽʪʢʘ. ïʂ:ɺʠʱʘ ʰʢ., 

2004. -655 ʩ. 
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ʄʘʨʠʥʘ ʏʫʙʨʝʡ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ɻʦʣʦʚʘʮʴʢʠʡ ɺ.ɸ. 

ɺʧʣʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʝʨʛʽʶ ʟʚôʷʟʢʫ ʪʘ ʧʝʨʝʨʽʟ 

ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʜʦʤʽʰʢʠ ʫ ʩʬʝʨʠʯʥʽʡ ʥʘʥʦʩʠʩʪʝʤʽ  

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʩʪʽʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʝʥʝʨʛʽʶ 

ʟʚôʷʟʢʫ ʪʘ ʧʝʨʝʨʽʟ ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʜʦʤʽʰʢʠ (ʇʌɼ) ʧʨʠ ʨʽʟʥʦʤʫ ʾʾ 

ʧʦʣʦʞʝʥʥʽ ʚ ʥʘʥʦʩʠʩʪʝʤʽ Al xGa1-xAs/GaAs/AlAs/Al yGa1-yAs. ʋ 

ʥʘʙʣʠʞʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʤʘʩʠ ʪʘ ʤʦʜʝʣʽ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʩʬʝʨʠʯʥʦʾ ʧʣʽʚʢʠ ʟʥʘʡʜʝʥʦ ʨʦʟʚôʷʟʢʠ ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ 

ʤʘʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ.  

ʉʬʝʨʠʯʥʘ ʙʘʛʘʪʦʰʘʨʦʚʘ ʢʚʘʥʪʦʚʘ ʪʦʯʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʷʜʨʘ - ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʻʨʘ Al xGa1-xAs (r<r0), ʩʬʝʨʠʯʥʦʾ 

ʦʙʦʣʦʥʢʠ GaAs ï ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ (r0<r<r1) ʪʘ ʟʦʚʥʽʰʥʴʦ ʾ

ʦʙʦʣʦʥʢʠ Al yGa1-yAs (r1<r<r2). ʅʘʥʦʩʠʩʪʝʤʘ ʧʦʤʽʱʝʥʘ ʫ 

ʟʦʚʥʽʰʥʻ ʥʝʧʨʦʥʠʢʥʝ ʜʣʷ ʝʣʝʢʪʨʦʥʘ ʩʝʨʝʜʦʚʠʱʝ (ʤʘʪʨʠʮʶ) 

(r>r2). 

ɻʘʤʽʣʴʪʦʥʽʘʥ ʟʘʜʘʯʽ ʤʘʻ ʚʠʛʣʷʜ 
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ʋ ʚʠʧʘʜʢʫ F=0 ʪʘ Z=0 ʨʽʚʥʷʥʥʷ ʐʨʝʜʽʥʛʝʨʘ ʟ ʛʘʤʽʣʴʪʦʥʽʘʥʦʤ 

(1) ʤʘʻ ʪʦʯʥʽ ʨʦʟʚôʷʟʢʠ [1], ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʪʨʠʤʘʥʦ ʭʚʠʣʴʦʚʽ 

ʬʫʥʢʮʽʾ (ʍʌ) ʝʣʝʢʪʨʦʥʘ ʚ ʥʘʥʦʩʠʩʪʝʤʽ ʟ ʜʦʤʽʰʢʦʶ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ  

ää F=
n l

lmn
jm
nlmj rcr )()(

CC
y .   (3) 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ jmE  ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ cnl ʦʪʨʠʤʘʻʤʦ ʟ 

ʩʝʢʫʣʷʨʥʦʛʦ ʨʽʚʥʷʥʥʷ [1-2] 

0',','', =- llnnjmlnln EH dd .   (4) 
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ʅʘ ʦʩʥʦʚ̔ ʍʌ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʨʦʟʨʘʭʦʚʘʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʝʥʝʨʛʽʾ ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʦʥʘ ʟ ʜʦʤʽʰʢʦʶ ʚʽʜ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʪʘ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʜʦʤʽʰʢʠ. 

ʇʝʨʝʨʟ̔ ʬʦʪʦʽʦʥʽʟʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [2] 
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. (5) 

ɿ ʨʠʩ. 1-2 ʚʠʜʥʦ, ʱʦ ʧʨʠ F=0 ʇʌɼ ʤʘʢʩʠʤʘʣʴʥʠʡ ʫ ʚʠʧʘʜʢʫ, 

ʢʦʣʠ ʜʦʤʽʰʢʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʚ ʮʝʥʪʨʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. 

ɽʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʷʢʝ ʥʘʧʨʷʤʣʝʥʝ ʧʨʦʪʠʣʝʞʥʦ ʜʦ ʥʘʧʨʷʤʢʫ 

ʟʤʽʱʝʥʥʷ ʜʦʤʽʰʢʠ, ʟʙʽʣʴʰʫʻ ʇʌɼ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʥʘʧʨʷʤʦʢ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʟʙʽʛʘʻʪʴʩʷ ʟ ʥʘʧʨʷʤʢʦʤ ʟʤʽʱʝʥʥʷ ʜʦʤʽʰʢʠ, 

ʇʌɼ ʥʝʮʝʥʪʨʘʣʴʥʦʾ ʜʦʤʽʰʢʠ ʩʧʘʜʘʻ, ʘ ʮʝʥʪʨʘʣʴʥʦʾ ï ʟʨʦʩʪʘʻ. 

ʇʨʠ F>5ʢɺ/ʩʤ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʇʌɼ ʦʪʨʠʤʫʻʪʴʩʷ ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʦʾ ʜʦʤʽʰʢʠ.  
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʇʌɼ ʚʽʜ 

ʝʥʝʨʛʽʾ ʧʘʜʘʶʯʦʛʦ ʬʦʪʦʥʘ ʧʨʠ 

ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʜʦʤʽʰʢʠ 

ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʇʌɼ ʚʽʜ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 
 

ʇʦʣʦʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʇʌɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ 

ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʦʥʘ ʟ ʜʦʤʽʰʢʦʶ, ʷʢʘ ʥʘʡʙʽʣʴʰʘ ʧʨʠ ʨʦʟʤʽʱʝʥʥʽ 

ʜʦʤʽʰʢʠ ʚ ʮʝʥʪʨʽ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ. ʇʨʠ ʥʘʢʣʘʜʘʥʥʽ ʧʦʩʪʽʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʱʦ ʟʤʽʱʫʻ ʝʣʝʢʪʨʦʥ ʚʽʜ ʜʦʤʽʰʢʠ, ʝʥʝʨʛʽʷ 

ʟʚôʷʟʢʫ ʟʤʝʥʰʫʻʪʴʩʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
 

1. Holovatsky V., Bernik I., Voitsekhivska O. Condens. Matter. Phys. 

2014, 17 (13702). 

2. Môzerd S., El-Haouari M. et. al. J. Appl. Phys. 2018, 124, 164303. 
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ʊʘʨʘʩ ʐʠʡʯʫʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ. ʂʨʘʤʘʨ ɺ.ʄ. 

 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ 

ʫ ʟʘʢʣʘʜʘʭ ʧʨʦʬʝʩʽʡʥʦʾ ʦʩʚʽʪʠ 
 

ɿʘʧʨʦʚʘʜʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʮʽʥʥʦʩʪʝʡ ʽ ʩʪʘʥʜʘʨ-

ʪʽʚ ʚʠʤʘʛʘʻ ʚʽʜʧʦʚʽʜʥʠʭ ʩʠʩʪʝʤʥʠʭ ʟʤʽʥ ʫ ʩʠʩʪʝʤʽ ʦʩʚʽʪʠ. ʅʝʦʙ-

ʭʽʜʥʦʶ ʫʤʦʚʦʶ ʫʩʧʽʰʥʦʩʪʽ ʪʘʢʠʭ ʟʤʽʥ ʻ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʦʩ-

ʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʚ ʟʘʢʣʘʜʘʭ ʦʩʚʽʪʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʧʝʜʘʛʦʛʽʯʥʠʭ ʢʘʜʨʽʚ.  

ɭʚʨʦʧʝʡʩʴʢʘ ʂʦʤʽʩʽʷ ʚʠʟʥʘʯʠʣʘ ʟʘʚʜʘʥʥʷ ʪʘ ʩʪʨʘʪʝʛʽʾ ʨʦʟʚʠʪ-

ʢʫ ʻʚʨʦʧʝʡʩʴʢʦʾ ʦʩʚʽʪʠ ʪʘ ʟʘʧʨʦʚʘʜʠʣʘ ʦʨʽʻʥʪʠʨʠ ʱʦʜʦ ʬʦʨʤʫ-

ʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʢʦʤʧʝʪʝʥʮʽʡ ʧʝʜʘʛʦʛʽʚ ʚ ɭʚʨʦʧʽ ɿʥʘʥʴ: ʧʨʘʮʶ-

ʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʟʥʘʥʴ, ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʻʶ; ʩʧʽ-

ʚʧʨʘʮʶʚʘʪʠ ʟ ʽʥʰʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ; ʜʽʷʪʠ ʥʘ 

ʤʽʩʮʝʚʦʤʫ, ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʥʘʮʽʦʥʘʣʴʥʦʤʫ, ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʪʘ 

ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʷʭ [1]. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʪʘʢʦʞ ʢʝʨʽʚʥʠʡ ʧʨʠʥ-

ʮʠʧ ʨʦʟʚʠʪʢʫ ʧʝʜʘʛʦʛʽʯʥʦʾ ʧʨʦʬʝʩʽʾ ʚ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʦʩʚʽʪʥʴʦʤʫ 

ʧʨʦʩʪʦʨʽ  ï  ʚʠʩʦʢʘ ʢʚʘʣʽʬʽʢʘʮʽʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʘʨʪʥʝʨʩʪʚʽ ʽ 

ʚʠʤʘʛʘʻ ʥʝʧʝʨʝʨʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʤʦʙʽʣʴʥʦʩʪʽ [1; 2].  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʷʪʢʦʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʻ ʧʨʦʙʣʝʤʘ 

ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʧʝʜʘʛʦʛʽʚ, ʦʜʥʠʤ ʟ ʝʣʝ- 

ʤʝʥʪʽʚ ʷʢʦʾ ʻ ʦʟʥʘʡʦʤʣʝʥʥʷ ʾʭ ʟ ʧʽʜʭʦʜʘʤʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢ-

ʪʫʨʠ ʪʘ ʟʤʽʩʪʫ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ 

ʧʨʦʬʝʩʽʡʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʘ ʪʘʢʦʞ ʥʘʙʫʪʪʷ ʥʠʤʠ 

ʥʘʚʠʯʦʢ ʜʣʷ ʾʭ ʧʨʦʬʝʩʽʡʥʦʛʦ ʪʘ ʦʩʦʙʠʩʪʽʩʥʦʛʦ ʨʦʟʚʠʪʢʫ [3].  

ɻʦʣʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʧʨʦʙʣʝʤʘ ʟʤʽʩʪʫ ʦʩ-

ʚʽʪʠ, ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʽʥ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʠʭ ʟʤʽʥ ʽ ʜʦʧʦʚʥʝʥʴ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ï ʧʦʪʨʽʙʥʦ ʚʽʜ-

ʭʦʜʠʪʠ ʚʽʜ ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥʪʦʤ ʛʦʪʦʚʦʾ ʩʫʤʠ ʟʥʘʥʴ ʽ ʬʦʨʤʫʚʘʪʠ 

ʡʦʛʦ ʚ ʥʘʧʨʷʤʽ ʦʩʦʙʠʩʪʽʩʥʦ-ʟʦʨʽʻʥʪʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʥʘʚʯʘʥʥʷ. ʎʝ 

ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʫʤʦʚ, ʢʦʣʠ ʚʠʚʯʝʥʥʷ ʪʝʦ-

ʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʤʽʥʴ ʚʽʜʭʦʜʠʪʴ ʥʘ ʜʨʫʛʠʡ 

ʧʣʘʥ, ʧʦʩʪʫʧʘʶʯʠʩʴ ʤʽʩʮʝʤ ʫʩʚʽʜʦʤʣʝʥʽʡ ʥʘʚʯʘʣʴʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, 

ʬʦʨʤʫʚʘʥʥʶ ʟʜʘʪʥʦʩʪʽ ʜʦ ʩʘʤʦʥʘʚʯʘʥʥʷ ʪʘ ʞʠʪʪʻʚʦʛʦ ʩʘʤʦ ʚʠʟ-

ʥʘʯʝʥʥʷ. ʎʝ ʤʦʞʣʠʚʦ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 
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ʜʦʟʚʦʣʷʶʪʴ ʩʪʫʜʝʥʪʘʤ ʩʘʤʦʩʪʽʡʥʦ ʢʦʥʩʪʨʫʶʚʘʪʠ, ʘ ʥʝ 

ʟʘʧʘʤôʷʪʦʚʫʚʘʪʠ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʡ ʟʤʽʩʪ ʦʩʚʽʪʠ.   

ɿʤʽʩʪ ʧʨʦʬʝʩʽʡʥʦʾ (ʧʨʦʬʝʩʽʡʥʦ-ʪʝʭʥʽʯʥʦʾ) ʦʩʚʽʪʠ ʟʫʤʦʚʣʶʻʪʴ-

ʩʷ ʩʫʩʧʽʣʴʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʨʽʚʥʷ ʢʚʘʣʽʬʽʢʘʮʽʾ ʨʦʙʽʪʥʠʯʠʭ ʢʘʜ-

ʨʽʚ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʥʘ ʦʩ-

ʥʦʚʽ ʷʢʠʭ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʦʩʚʽʪʥʴʦ-ʢʚʘʣʽʬʽʢʘʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʠʧʫʩʢʥʠʢʘ ʟʘʢʣʘʜʫ.  

  ɼʦʢʫʤʝʥʪʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʩʚʽʪʥʽʡ ʨʽʚʝʥʴ ʚʩʪʫʧʥʠʢʘ, ʮʽʣʽ 

ʥʘʚʯʘʥʥʷ, ʧʝʨʝʣʽʢ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʥʘʚʯʘʣʴʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʤʝʭʘʥʽʟʤ 

ʤʽʞʧʨʝʜʤʝʪʥʠʭ ʟʚ'ʷʟʢʽʚ, ʬʦʨʤʠ ʪʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʪʝʨʤʽʥʠ ʢʦʥ-

ʪʨʦʣʶ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʥʥʷ ʽ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʘʪʝʩʪʘʮʽʾ ʟʜʦʙʫʚʘ-

ʯʽʚ ʦʩʚʽʪʠ, ʚʠʤʦʛʠ ʜʦ ʦʩʥʦʚʥʠʭ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ ʪʘ 

ʧʣʘʥʦʚʘʥʠʡ ʨʽʚʝʥʴ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʠʧʫʩʢʥʠʢʘ, ʻ ʥʘʚʯʘʣʴʥʠʡ ʧʣʘʥ. 

ʆʯʽʢʫʚʘʥʽ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʟʜʦʙʫʚʘʯʘ ʟ ʢʦʞʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠ-

ʧʣʽʥʠ ʚʠʟʥʘʯʘʻ ʦʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ. 

ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʦʩʚʽʪʥʴʦʾ ʧʨʦʛʨʘʤʠ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʩʠʩ-

ʪʝʤʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ ʪʘ ʟʤʽʩʪʫ ʥʘʚʯʘʣʴʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʱʦʜʦ ʾʭ 

ʥʘʙʫʪʪʷ. ɺʦʥʦ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʚʘ ʝʪʘʧʠ: ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʽ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʡ. ʋ ʮʽʡ ʜʦʧʦʚʽʜʽ ʨʦʟʢʨʠʚʘʶʪʴʩʷ ʦʩʥʦʚʥʽ 

ʚʠʤʦʛʠ ʜʦ ʦʙʦʭ ʝʪʘʧʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ 

ʜʠʩʮʠʧʣʽʥ ʟʘʛʘʣʴʥʦʪʝʭʥʽʯʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʟʜʦʙʫʚʘʯʽʚ ʦʩʚʽʪʥʴʦʛʦ ʨʽʚʥʷ ñʤʦʣʦʜʰʠʡ ʙʘʢʘʣʘʚʨò ʫ ʟʘʢʣʘʜʘʭ 

ʬʘʭʦʚʦʾ ʧʝʨʝʜʚʠʱʦʾ ʦʩʚʽʪʠ.  
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ɯʚʘʥ ʐʧʠʥʪʶʢ, ʄʠʢʦʣʘ ɹʽʣʦʰʠʮʴʢʠʡ  

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜʦʮ. ʄʘʡʩʪʨʫʢ ɽ.ɺ. 

ɺʧʣʠʚ ʦʩʚʽʪʣʝʥʥʷ ʥʘ ʬʦʪʦʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʠ p-Cu2O/n-CdTe 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ Cu2O p-ʪʠʧʫ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʫ ʧʽʜʢʣʘʜʢʫ CdTe n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ 

ʤʝʪʦʜʦʤ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ. 

ʇʣʽʚʢʠ Cu2O ʥʘʧʠʣʶʚʘʣʠ ʥʘ ʧʽʜʢʣʘʜʢʠ CdTe ʚ ʫʥʽʚʝʨʩʘʣʴʥʽʡ 

ʚʘʢʫʫʤʥʽʡ ʫʩʪʘʥʦʚʮʽ ʋɺʅ-70. ʄʽʰʝʥʴ Cu2O ʨʦʟʧʠʣʶʚʘʣʠ ʚ ʘʪʤʦʩʬʝʨʽ 

Ar ʟʘ ʜʦʧʦʤʦʛʦʶ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ ʧʨʠ ʟʤʽʥʥʽʡ ʥʘʧʨʫʟʽ. 

ʇʽʜʢʣʘʜʢʘ CdTe ʨʦʟʤʽʱʘʣʘʩʷ ʥʘ ʧʽʯʮʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ 

ʧʽʜʪʨʠʤʫʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ 200 Üʉ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʧʣʽʚʢʠ.  

 

ʈʠʩ. 1. ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ p-Cu2O/n-CdTe:(ʜʦ ʪʘ ʧʽʩʣʷ ʦʩʚʽʪʣʝʥʥʷ) 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʧʨʦʮʝʩʫ ʥʘʧʠʣʝʥʥʷ ʚʘʢʫʫʤʥʘ ʢʘʤʝʨʘ 

ʚʽʜʢʘʯʫʚʘʣʘʩʷ ʜʦ ʟʘʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ 5Ŀ10
-5 
ʤʤ.ʨʪ.ʩʪ. ʇʨʦʮʝʩ 

ʥʘʧʠʣʝʥʥʷ ʧʣʽʚʢʠ Cu2O ʪʨʠʚʘʚ 10 ʭʚ. ʧʨʠ ʧʦʪʫʞʥʦʩʪʽ ʤʘʛʥʝʪʨʦʥʘ 200 

ɺʪ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʨʠʩ. 1) ʦʜʝʨʞʘʥʦʾ ʩʪʨʫʢʪʫʨʠ p-

Cu2O/n-CdTe ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 23Áʉ. 
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ʆʩʚʽʪʣʝʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʤʽʨʶʚʘʣʘʩʷ ʧʨʠ ʙʽʣʦʤʫ 

ʦʩʚʽʪʣʝʥʥʽ (ψπ ʤɺʪȾʩʤ). 
ɯʟ ʦʜʝʨʞʘʥʠʭ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ 

ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʧʨʷʤʠʭ ʛʽʣʦʢ ʜʦ ʦʩʽ ʥʘʧʨʫʛ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʚʠʩʦʪʫ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨ'ʻʨʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ, ʷʢʘ ʩʪʘʥʦʚʠʪʴ ʜʦ ʪʘ 

ʧʽʩʣʷ ʦʩʚʽʪʣʝʥʥʷ 1,8 ʝɺ. 

ɿ ʦʩʚʽʪʣʝʥʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ɯʢʟ πȟππρ mA ʪʘ Ὗ πȟσ ɺ. ɯʟ ʪʝʤʥʦʚʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʢʦʝʬʽʮʽʻʥʪ ʚʠʧʨʷʤʣʝʥʥʷ, ʷʢʠʡ ʧʨʠ 

ȿ᷾ȿ σ ɺ ʪʘ ʊ ςωφʂ ʤʘʻ ʟʥʘʯʝʥʥʷ RRͯ ςχς [1]. 

ὲ  
Ў

Ў
    (1) 

 

 

ʈʠʩ.2.ʇʨʷʤʽ ʛʽʣʢʠ ɺɸʍ ʛʝʪʝʨʦʧʝʨʝʭʦʜʫ ʚ ʥʘʧʽʚʣʦʛʘʨʠʬʤʽʯʥʦʤʫ ʤʘʩʰʪʘʙʽ  

ɿʘʚʜʷʢʠ ʜʘʥʠʤ ʨʠʩ.2. ʪʘ ʬʦʨʤʫʣʽ 1 ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʥʝʽʜʝʘʣʴʥʦʩʪʽ ʜʣʷ ʦʙʦʭ ʜʽʣʷʥʦʢ ʥʘʧʨʫʛ 0,1<V<0,7 (n=6,8) ʪʘ  

0,7<V<1,8 (n=14,6). ʆʪʞʝ, ʟ ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʜʦʤʽʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʦʤ ʩʪʨʫʤʦʧʝʨʝʥʦʩʝʥʥʷ ʻ 

ʪʫʥʝʣʶʚʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʊʦʥʢʽ ʧʣʽʚʢʠ ʦʢʩʠʜʽʚ ʤʝʪʘʣʽʚ ʪʘ ʛʝʪʝʨʦʧʝʨʝʭʦʜʠ ʥʘ ʾʭ ʦʩʥʦʚʽ /ʄʘʨ'ʷʥʯʫʢ 

ʇ.ɼ., ɹʨʫʩ ɺ.ɺ. ʏʝʨʥʽʚʮʽ: ʈʆɼʆɺɯɼ, 2014. 292 ʩ. 
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ʉʝʨʛ̔ʡ ʐʫʤʩʴʢʠʡ, ɯʛʦʨ ɻʥʽʜʢʦ 
ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʧʨʦʬ.ʇʦʣʽʪʘʥʩʴʢʠʡ ʃ.ʌ. 

ʘʩʠʩʪ. ʃʝʩʽʥʩʴʢʠʡ ɺ.ɺ. 

 

DDoS-ʘʪʘʢʠ ʪʘ ʤʝʪʦʜʠ ʾʭ ʧʨʦʪʠʜʽʾ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʘʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʰʫʶʯʦʛʦ ʧʨʦʢʩʽ NGINX  

 
ʈʦʟʧʦʜʽʣʝʥʘ ʘʪʘʢʘ ʪʠʧʫ çʚʽʜʤʦʚʘ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽè ï ʘʙʦ 

DDoS (Distributed Denial of Service) ï ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʦʯʘʩʥʫ 

ʤʘʩʦʚʫ ʚʽʜʧʨʘʚʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʧʠʪʽʚ ʥʘ ʮʝʥʪʨʘʣʴʥʠʡ ʩʝʨʚʝʨ. 

ɿʣʦʚʤʠʩʥʠʢ ʬʦʨʤʫʻ ʪʘʢʽ ʟʘʧʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʘʨʘʞʝʥʠʭ ʩʠʩʪʝʤ (ʙʦʪ-ʥʝʪ̔ʚ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʣʦʚʤʠʩʥʠʢ ʧʨʘʛʥʝ ʚʠʪʨʘʪʠʪʠ ʨʝʩʫʨʩʠ 

ʽʥʪʝʨʥʝʪ-ʟôʻʜʥʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʘʪʘʢʫʻʪʴʩʷ, ʽ ʦʧʝʨʘʪʠʚʥʫ 

ʧʘʤ'ʷʪʴ. ʂʽʥʮʝʚʦʶ ʤʝʪʦʶ ʻ ʚʠʚʝʜʝʥʥʷ ʟ ʣʘʜʫ ʮʽʣʴʦʚʦʾ ʩʠʩʪʝʤʠ ʽ 

ʟʘʚʜʘʥʥʷ ʟʙʠʪʢʽʚ ʢʦʤʧʘʥʽʾ. 

ɯʩʥʫʻ ʜʚʘ ʪʠʧʠ ʙʦʪ-ʥʝʪʽʚ. ʇʝʨʰʠʡ ʪʠʧ ʜʽʻ ʤʘʢʩʠʤʘʣʴʥʦ 

ʰʚʠʜʢʦ, ʧʝʨʝʚʘʛʦʶ ʡʦʛʦ ʻ ʪʝ, ʱʦ ʟʘ ʢʦʨʦʪʢʠʡ ʪʝʨʤʽʥ ʚʽʥ 

ʧʝʨʝʚʘʥʪʘʞʫʻ ʩʠʩʪʝʤʫ ʟʘʧʠʪʘʤʠ, ʦʜʥʘʢ ʫ ʩʠʩʪʝʤʥʠʭ ʣʦʛʘʭ 

ʟôʷʚʣʷʻʪʴʩʷ ʦʜʨʘʟʫ ʧʦʚʥʽʩʪʶ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʦʚʥʽʩʪʶ 

ʟʘʙʣʦʢʫʚʘʪʠ ʚʩʽ ʰʢʽʜʣʠʚʽ IP-ʘʜʨʝʩʠ. ɼʨʫʛʠʡ ʪʠʧ ʜʽʻ ʧʦʩʪʫʧʦʚʦ, 

ʥʘʧʘʜʠ ʧʨʦʚʦʜʷʪʴʩʷ ʭʚʠʣʷʤʠ, ʪʦʤʫ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʪʘʢʠʤ ʪʠʧʦʤ 

ʘʪʘʢʠ ʜʦʚʦʜʠʪʴʩʷ ʚʠʪʨʘʯʘʪʠ ʢʽʣʴʢʘ ʜʥʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ 

ʪʠʞʥʽʚ. 

ʇʨʠ ʙʦʨʦʪʴʙʽ ʟ DDoS-ʘʪʘʢʦʶ ʚʘʨʪʦ ʟʥʘʪʠ ʱʦ ʟʣʦʯʠʥʝʮʴ ʙʫʜʝ 

ʟʚʝʨʪʘʪʠʩʴ ʜʦ ʥʘʡʙʽʣʴʰ ʨʝʩʫʨʩʦʻʤʥʦʾ ʯʘʩʪʠʥʠ ʩʠʩʪʝʤʠ, 

ʥʘʧʨʠʢʣʘʜ ʧʦʰʫʢʦʚʦʾ ʩʪʨʦʢʠ ʩʘʡʪʘ, ʱʦ ʧʨʦʚʦʜʠʪʴ ʟʘʧʠʪʠ ʜʦ 

ʙʘʟʠ ʜʘʥʠʭ. ʈʽʰʝʥʥʷʤ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ ʪʠʤʯʘʩʦʚʝ 

ʚʽʜʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʰʫʢʫ.  

NGINX ʧʽʜʪʨʠʤʫʻ ʥʝʩʪʘʥʜʘʨʪʠʡ ʢʦʜ 444, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʟʘʢʨʠʪʠ ʟôʻʜʥʘʥʥʷ ʪʘ ʥʝ ʜʘʚʘʪʠ ʚʽʜʧʦʚʽʜʽ. 

ʗʢʱʦ ʟʘʧʠʪʠ ʥʘʜʭʦʜʷʪʴ ʪʽʣʴʢʠ ʚʽʜ ʙʦʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʦʤʫ ʱʦ 

ʥʘ ʚʝʙ-ʨʝʩʫʨʩʽ ʥʝʤʘʻ ʧʦʰʫʢʫ, ʘ ʟʘʧʠʪʠ ʜʦ location /search 

ʧʨʦʜʦʚʞʫʶʪʴ ʥʘʜʭʦʜʠʪʠ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʚʝʙ-ʩʝʨʚʝʨ ʧʘʢʝʪ 

ipst ʪʘʢ ʟʘʙʣʦʢʫʚʘʪʠ ʙʦʪʽʚ shell-ʩʢʨʠʧʪʦʤ: 
ipset -N ban iphash 

tail -f access.log | while read LINE; do echo "$LINE" | \ 
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    cut -d'"' -f3 | cut -d' ' -f2 | grep -q 444 && ipset -A  

    ban "${L%% *}"; done 

 

ɺʘʨʪʦ ʪʘʢʦʞ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʽ ʥʘ ʛʝʦʣʦʢʘʮʽʶ ʢʣʽʻʥʪʘ. ʊʘʢʠʡ 

ʩʧʦʩʽʙ ʙʦʨʦʪʴʙʠ ʟ DDoS-ʘʪʘʢʫʶ ʥʝ ʻ ʙʘʞʘʥʠʤ, ʘʜʞʝ ʚʽʜʩʽʷʪʠ 

ʤʦʞʥʘ ʽ ʣʝʛʽʪʠʤʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʘʣʝ ʚ ʢʨʠʪʠʯʥʫ ʩʠʪʫʘʮʽʶ 

ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʴ ʫʩʽ ʤʦʞʣʠʚʽ ʨʝʩʫʨʩʠ. NGINX ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʽʜôʻʜʥʘʥʥʷ ʛʝʦʤʦʜʫʣʷ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʽʜʩʽʢʘʪʠ 

ʪʨʘʬʽʢ ʽʟ ʦʢʨʝʤʠʭ ʢʨʘʾʥ.  

ʅʝʦʙʭʽʜʥʦ ʘʥʘʣʽʟʫʚʘʪʠ ʦʙôʻʤ ʪʨʘʬʽʢʫ, ʯʘʩ ʚʽʜʢʣʠʢʘʥʥʷ 

ʩʝʨʚʝʨʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ. ʋ NGINX ʯʘʩ ʚʽʜʢʣʠʢʘʥʥʷ ʩʝʨʚʝʨʘ 

ʬʽʢʩʫʻʪʴʩʷ ʜʚʦʤʘ ʟʤʽʥʥʠʤʠ request_time ʠ 

upstream_response_time. ʇʝʨʰʘ ï ʧʦʚʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʧʠʪʫ, 

ʚʢʣʶʯʘʶʯʠ ʟʘʪʨʠʤʢʠ ʚ ʤʝʨʝʞʽ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʩʝʨʚʝʨʦʤ, 

ʜʨʫʛʘ ï ʧʦʚʥʠʝ ʚʠʢʦʥʥʘʥʥʷ ʟʘʧʠʪʫ, ʚʢʣʶʯʘʶʯʠ ʟʘʪʨʠʤʢʠ ʚ 

ʤʝʨʝʞʽ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʝʤ ʪʘ ʩʝʨʚʝʨʦʤ.  
log_format xakep_log '$remote_addr - $remote_user [$time_local]  ' 

  '"$request" $status $body_bytes_sent ' 

  '"$http_referer" "$http_user_agent" $request_time \ 

      $upstream_response_time'; 

 

NGINX ʜʦʟʚʦʣʷʻ ʧʨʠʙʣʠʟʥʦ ʦʮʽʥʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ ʟʘ 

ʩʝʢʫʥʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ: 
echo $(($(fgrep -c "$(env LC_ALL=C date --date=@$(($(date \ 

    +%s)-60)) +%d/%b/%Y:%H:%M)" "$ACCESS_LOG")/60)) 

 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʪʽʚ 

ʤʦʞʝ ʷʢ ʧʘʜʘʪʠ ʪʘʢ ʽ ʟʨʦʩʪʘʪʠ. ɿʨʽʩʪ ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʷʢʱʦ ʙʦʪ-

ʥʝʪ ʧʦʯʘʚ ʩʚʦʶ ʘʪʘʢʫ, ʘ ʩʧʘʜ, ʷʢʱʦ ʙʦʪ-ʥʝʪʫ ʚʜʘʣʦʩʴ ʩʧʨʠʯʠʥʠʪʠ 

ʦʙʚʘʣ ʚʝʙ-ʨʝʩʫʨʩʫ. 
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ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʟ ʥʠʤʠ [ɽʣʝʢʪʨʦʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.nbuv.gov.ua/ 
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ʇʝʪʨʦ ʐʫʪʘʢ 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʘʩʠʩʪ. ʂʦʟʷʨʩʴʢʠʡ ɯ.ʇ. 

 

ʆʪʨʠʤʘʥʥʷ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʽʚʦʢ  

ʉu2Zn1-xMn xSnS4 
 

ʊʦʥʢʽ ʧʣʽʚʢʠ Cu2Zn1-xMnxSnS4  ʨ-ʪʠʧʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʪʦʚʱʠʥʦʶ ʜʦ 1 ʤʢʤ ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʤʝʪʦʜʦʤ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ  

0,1 ʄ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʜʚʦʭʣʦʨʠʩʪʠʭ ʩʦʣʝʡ ʤʽʜʽ CuCl2Ā2H2O, 

ʮʠʥʢʫ ZnCl2Ā2H2O ʽ ʤʘʨʛʘʥʮʶ MnCl2Ā2H2O, ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ 

ʦʣʦʚʘ SnCl4Ā5H2O ʽ ʪʽʦʩʝʯʦʚʠʥʠ (NH2)2CS. ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʨʦʟʯʠʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʙʽʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ. ɿ ʤʝʪʦʶ 

ʦʜʝʨʞʘʥʥʷ ʜʽʨʢʦʚʦʛʦ ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʧʣʽʚʦʢ Cu2Zn1-xMnxSnS4, 

ʷʢʠʡ ʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʜʣʷ ʩʦʥʷʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʟʙʽʣʴʰʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʽʜʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʮʠʥʢʫ, ʤʘʨʛʘʥʮʶ  ʽ ʦʣʦʚʘ [Cu]:[Zn(Mn)]:[Sn]:[S] = 2,1:1:1:10. 

ɼʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʟʘʙʝʟʧʝʯʫʚʘʣʦʩʷ ʚʽʜʧʦʚʽʜʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʤʦʣʷʨʥʠʭ ʤʘʩ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. ɿʙʽʣʴʰʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʪʽʦʩʝʯʦʚʠʥʠ ([Zn(Mn)]:[S] = [Sn]:[S] = 1:10) 

ʧʦʚôʷʟʘʥʘ ʟ ʚʠʩʦʢʦʶ ʣʝʪʫʯʽʩʪʶ ʩʽʨʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʽʨʦʣʽʟʫ 

ʪʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʣʘʜʫ ʧʣʽʚʦʢ ʙʣʠʟʴʢʦʛʦ ʜʦ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʽʨʢʠ. ʊʘʢʦʞ 

ʚʨʘʭʦʚʫʚʘʣʦʩʷ, ʱʦ ʧʨʠ ʥʝʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ (NH2)2CS 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʝʨʦʟʯʠʥʥʽ ʢʦʤʧʣʝʢʩʠ ʤʝʪʘʣʽʚ [1], ʷʢʽ ʨʦʙʣʷʪʴ 

ʨʦʟʯʠʥ ʤʫʪʥʠʤ ʽ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʩʧʨʝʡ-ʧʽʨʦʣʽʟʫ.  

ʊʝʤʧʝʨʘʪʫʨʘ ʧʽʨʦʣʽʟʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʧʣʽʚʦʢ ʥʘ 

ʧʽʜʢʣʘʜʢʘʭ ʩʢʣʘ ʽ ʩʠʪʘʣʫ ʩʪʘʥʦʚʠʣʘ TS = 290 
o
C. ʇʽʜʢʣʘʜʢʠ ʧʝʨʝʜ 

ʥʘʥʝʩʝʥʥʷʤ ʧʣʽʚʦʢ ʟʥʝʞʠʨʶʚʘʣʠʩʷ ʚ ʘʤʽʘʯʥʦ-ʧʝʨʝʢʠʩʥʦʤʫ 

ʨʦʟʯʠʥʽ H2O2:(NH2)OH:H2O, ʦʙʨʦʙʣʷʣʠʩʷ ʫ ʨʦʟʯʠʥʽ 

ʜʚʦʭʨʦʤʦʢʠʩʣʦʛʦ ʢʘʣʽʶ ʂ2ʉr2ʆ7 ʽ ʧʨʦʤʠʚʘʣʠʩʷ ʚ 

ʙʽʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʧʪʠʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʉʌ2000 ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʽʜ 0,2 ʜʦ 

1,1 ʤʢʤ. 

ʆʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ Ŭ=f(hɜ) ʙʫʣʠ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ Ŭ
2
=f(hɜ) ʽ 

ʧʦʙʫʜʦʚʘʥʽ ʚʽʜʧʦʚʽʜʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʧʣʽʚʦʢ  

Cu2Zn1-xMnxSnS4 (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ Ŭ

2
=f(hɜ) ʜʣʷ ʧʣʽʚʦʢ ʉu2Zn1-xMnxSnS4  

(0,25 Ò x Ò 0,75)  
 

ʉʧʝʢʪʨʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ Ŭ
2
 = f(hɜ) ʜʣʷ ʧʣʽʚʦʢ Cu2Zn1-xMnxSnS4 

(ʨʠʩ. 1) ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʫʯʘʩʪʴ ʧʨʷʤʠʭ ʦʧʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʨʠ 

ʧʦʛʣʠʥʘʥʥʽ ʢʚʘʥʪʽʚ ʩʚʽʪʣʘ ʧʨʠ ʨʽʟʥʦʤʫ ʩʢʣʘʜʽ 0,25 Ò x Ò 0,75. 

ɽʢʩʪʨʘʧʦʣʷʮʽʷ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʜʦ Ŭ
2
 = 0 ʝʥʝʨʛʽʾ ʬʦʪʦʥʽʚ 

hɜ ʚʢʘʟʫʻ ʚʝʣʠʯʠʥʫ ʦʧʪʠʯʥʦʾ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ Eg ʜʣʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʣʽʚʦʢ. ʐʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ Cu2Zn1-xMnxSnS4 ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʚʤʽʩʪʦʤ ʫ ʧʣʽʚʢʘʭ 

ʤʘʨʛʘʥʮʶ ʚʽʜ Eg = 2,23 ʝɺ (ʭ = 0,25) ʜʦ Eg = 2,26 ʝɺ (ʭ = 0,75) 

(ʨʠʩ. 1). 

ʄʘʪʝʨʽʘʣʠ ʟ ʪʘʢʠʤʠ ʦʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ  ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʬʨʦʥʪʘʣʴʥʦʛʦ ʰʘʨʫ ʜʣʷ 

ʬʦʪʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʩʧʦʣʫʢ Cu2ZnSnS4. 
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