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ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʫʜʘʣʝʥʥʳʭ ʦʪ ʩʪʘʮʠʦʥʘʨʦʚ ʤʝʩʪ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʠ 

ʫʩʢʦʨʠʪʴ ʨʘʙʦʪʫ ʙʨʠʛʘʜ ʩʢʦʨʦʡ ʧʦʤʦʱʠ (ʵʢʩʪʨʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʤʝʜʠʮʠʥʳ 

ʢʘʪʘʩʪʨʦʬ), ʙʨʠʛʘʜʘʤ ʚʳʝʟʜʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʡʜʦʚ, ʚʦʝʥʥʦ-ʧʦʣʝʚʳʤ 

ʤʝʜʠʢʘʤ ʠ ʤʝʜʠʢʘʤ ʜʘʣʴʥʠʭ ʵʢʩʧʝʜʠʮʠʡ ʩʦʙʠʨʘʪʴ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩ ʮʝʣʴʶ 

ʫʣʫʯʰʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʢʦʥʪʨʦʣʷ ʜʝʡʩʪʚʠʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʟʜʦʨʦʚʳʭ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʜʛʦʪʦʚʢʫ ʧʦʯʚʳ ʜʣʷ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʝʜʠʮʠʥʝ, ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ 

ʵʣʝʢʪʨʦʥʠʢʝ [1]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʝʨʝʜʘʯʠ 
ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʪʦʥʦ- ʠ ʧʫʣʴʩʤʝʪʨʠʠ, ʩʥʷʪʳʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʦʥʦʤʝʪʨʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʅʘ ʩʤʝʥʫ ʨʪʫʪʥʦʤʫ ʤʘʥʦʤʝʪʨʫ ʈʠʚʘ-ʈʦʯʯʠ ʠ ʪʦʥʦʤʝʪʨʫ 

ʅ.ʉ. ʂʦʨʦʪʢʦʚʘ, ʩʦʟʜʘʥʥʦʤʫ ʚ 1905 ʛ., ʚ ʥʘʰʝ ʚʨʝʤʷ ʧʨʠʰʣʠ ʵʣʝʢʪʨʦʥʥʳʝ 

ʪʦʥʦʤʝʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʝʥʳ ʧʨʠʥʮʠʧʳ ʫʨʘʚʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʤʘʥʞʝʪʝ ʩ ʜʘʚʣʝʥʠʝʤ ʘʨʪʝʨʠʘʣʴʥʦʡ ʢʨʦʚʠ ʚ ʧʣʝʯʝʚʦʡ ʘʨʪʝʨʠʠ ʦʙʩʣʝʜʫʝʤʦʛʦ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʢʩʘʮʠʝʡ ʜʘʥʥʳʭ ɸɼ ʠ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ ʥʘ ʜʠʩʧʣʝʝ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʦ ʟʘʥʠʤʘʪʴʩʷ ʜʠʘʛʥʦʩʪʠʢʦʡ ʠ ʣʝʯʝʥʠʝʤ 

ʙʦʣʴʥʳʭ ʠ ʫʣʫʯʰʝʥʠʷ ʩʘʤʦʢʦʥʪʨʦʣʷ, ʪʘʢ ʢʘʢ ʫʞʝ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʪʴ 

ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʠʟʤʝʨʷʪʴ ʜʘʚʣʝʥʠʝ ʠ ʧʫʣʴʩ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʳʭ ʪʦʥʦʤʝʪʨʦʚ: ʢʦʤʧʘʢʪʥʦʩʪʴ, ʘʚʪʦʥʦʤʥʦʩʪʴ, 

ʪʦʯʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʠ ʥʘ ʥʦʩʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʣʝʢʪʨʦʥʥʳʝ ʪʦʥʦʤʝʪʨʳ ʩʪʘʥʦʚʷʪʩʷ 

ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʩʝʭ ʧʘʮʠʝʥʪʦʚ, ʙʫʜʫʯʠ ʩʥʘʙʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʦʡ ʛʦʣʦʩʦʚʦʛʦ ʩʦʦʙʱʝʥʠʷ ʜʘʥʥʳʭ, ʠ ʩʦʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚ 

ʧʘʤʷʪʠ ʩʘʤʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʬʠʢʩʘʮʠʝʡ ʜʘʪʳ ʠ ʚʨʝʤʝʥʠ [2]. 

mailto:oxsana_17@mail.ru
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɺ 

ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 

ʅʊʋ ʍʇʀ ʥʘʤʠ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʧʝʨʝʜʘʯʠ ʜʦʩʪʦʚʝʨʥʳʭ ʜʘʥʥʳʭ ʪʦʥʦ- ʠ 

ʧʫʣʴʩʤʝʪʨʠʠ, ʩʥʷʪʳʭ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʪʦʥʦʤʝʪʨʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʪʝʥʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ Arduino Mega2560 

ʩ GSM- ʤʦʜʫʣʝʤ ʠ ʧʣʘʪʳ ʦʙʨʘʙʦʪʢʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʜʘʥʥʳʭ e-Health ʬʠʨʤʳ 

Cooking Hacks (ʈʠʩ. 1). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʩʦʩʪʦʷʣ ʠʟ 

ʪʨʝʭ ʧʣʘʪ: ʤʦʜʫʣʷ ʢʦʥʪʨʦʣʣʝʨʘ Arduino Mega2560, ʤʦʜʫʣʷ ʩʦʧʨʷʞʝʥʠʷ e-Health ʠ 

ʤʦʜʫʣʷ GSM-ʘʜʘʧʪʝʨʘ. 

ɺʩʝ ʪʨʠ ʧʣʘʪʳ ʠʤʝʶʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʟʲʸʤʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʠʥʪʝʨʬʝʡʩʦʤ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʤʦʥʪʘʞʘ ʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ. 

ʄʦʜʫʣʴ e-Health ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʫ ʩʦʧʨʷʞʝʥʠʷ ʜʘʪʯʠʢʦʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʩ ʧʣʘʪʬʦʨʤʦʡ Arduino, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʪʘʢʞʝ ʠ ʜʘʪʯʠʢ ʧʫʣʴʩʘ 

ʠ SPO2 (ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʷ). [3] 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʧʝʨʝʜʘʥʥʳʝ 

ʥʘ ʫʜʘʣʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʚʨʘʯʘ-

ʢʦʥʩʫʣʴʪʘʥʪʘ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʘ ʈʠʩ. 2, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʠʤʝʪʴ 

ʜʦʩʪʦʚʝʨʥʫʶ ʙʠʦʤʝʪʨʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʮʠʝʥʪʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʢʘʟʳʚʘʪʴ 

ʪʝʣʝʢʦʥʩʫʣʴʪʘʪʠʚʥʳʝ ʤʝʜʠʮʠʥʩʢʠʝ ʫʩʣʫʛʠ. 

ɺʳʚʦʜʳ: ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʘ ʩ ʛʠʧʝʨʪʦʥʠʯʝʩʢʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ, ʢʦʥʪʨʦʣʷ 

ʦʩʥʦʚʥʳʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʝ ʢʦʥʩʫʣʴʪʠʨʦʚʘʥʠʝ 

ʧʘʮʠʝʥʪʘ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. http://www.finehealth.ru/istorija-vozniknovenija-tonometrov/ 

2. https://medtehnika.ua/kak-vybrat-tonometr 

3. ʐʠʰʢʠʥ ʄ.ɸ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ Arduino ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʤʝʥʘ ʪʝʣʝʤʝʜʠʮʠʥʩʢʠʤʠ ʜʘʥʥʷʤʠ / ʄ.ɸ. ʐʠʰʢʠʥ, ʂ.ɺ. ʂʦʣʝʩʥʠʢ // ʊʨʫʜʳ ʍVɯ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ 

ʵʣʝʢʪʨʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʉʀʕʊ-2015è. 23-27 ʤʘʷ 2015 ʛ. ï ʋʢʨʘʠʥʘ, ʆʜʝʩʩʘ, ï2016. ï ʉ. 116-

117.  

 

ʈʠʩ.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ 

ʪʝʣʝʤʝʜʠʮʠʥʩʢʦʛʦ ʪʦʥʦʤʝʪʨʘ 

 

ʈʠʩ.2. ʈʝʟʫʣʴʪʘʪʠ ʠʟʤʝʨʝʥʠʡ 
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ɺ.ɺ. ɸʂʉɪʅɽʅʂʆ
1*

,   ʃ.ɺ ɸʂʀʄʆɺ
2 

 
1
 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ɸʕʄʉ,  ʅʊʋ  çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2
  ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʠ ɸʕʄʉ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ,  ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

*
email: aksenenko2893@gmail.com 

 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, 

ʧʠʱʝʚʦʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʠʨʘʣʴʥʦ-ʚʠʥʪʦʚʳʝ ʪʨʘʥʩʧʦʨʪʝʨʳ (ʉɺʊ). ʀʜʝʷ ʪʘʢʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʨʠʥʘʜʣʝʞʠʪ ɻ. ʇʣʶʩʪʫ ʠ ʌ. ɸʨʝʥʩʫ, ʧʦʣʫʯʠʚʰʠʤʠ ʚ 1928 ʛ. 

ʧʘʪʝʥʪ ʥʘ ʫʢʘʟʘʥʥʳʡ ʚʠʜ ʚʠʥʪʦʚʦʛʦ ʢʦʥʚʝʡʝʨʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʨʠʚʦʜʘ ʉɺʊ ʚʳʟʚʘʣʦ ʮʝʣʳʡ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʩʢʦʨʦʩʪʷʭ ʩʧʠʨʘʣʠ 

20-30 % ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚ ʕʇ ʚʦʟʥʠʢʘʝʪ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉɺʊ ʥʝʣʠʥʝʡʥʘʷ. 

ʆʥʘ ʠʤʝʝʪ ʫʯʘʩʪʦʢ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. 

ʇʨʠ ɻʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʜʘʚʣʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. 

 

 
 

ʈʠʩ. 1 ï ʄʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ ʉɺʊ 

(ʩʧʣʦʰʥʘʷ) ʠ ʝʝ ʣʠʥʝʘʨʠʟʘʮʠʷ (ʧʫʥʢʪʠʨʥʘʷ) 
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ʇʨʦʬ. ʂʣʝʧʠʢʦʚʳʤ ɺ.ɹ. ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʩʣʦʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ ʧʘʜʘʶʱʝʤ 

ʫʯʘʩʪʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʛʨʫʧʧʝ 

ʥʝʤʠʥʠʤʘʣʴʥʦ-ʬʘʟʦʚʳʭ, ʠʤʝʶʱʠʭ ʧʨʘʚʳʝ ʥʫʣʠ ʠ ʧʦʣʶʩʳ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ 

ʞʝʩʪʢʦʩʪʴ ʧʘʜʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʥʝʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʛʨʫʟʢʠ ʧʦ ʢʘʢʦʡ-

ʣʠʙʦ ʧʨʠʯʠʥʝ, ʟʘʯʘʩʪʫʶ ʥʦʩʷʱʝʡ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʨʠʦʙʨʝʪʘʝʪ ʚʝʣʠʯʠʥʫ, 

ʙʦʣʴʰʫʶ ʞʝʩʪʢʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʦʥ 

ʩʪʘʥʦʚʠʪʩʷ ʩʪʘʪʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʧʦʜʯʠʥʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

(ʉʇʈ), ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʯʠʩʣʝ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʪʨʝʙʫʝʤʘʷ ʜʠʥʘʤʠʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʫʧʨʘʚʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ 

ʥʝʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ. 

ʅʝʣʠʥʝʡʥʘʷ ʥʘʛʨʫʟʢʘ ʕʇ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʉɺʊ ʠ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ ʜʦʟʘʪʦʨʘ ʩʳʧʫʯʠʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʥʘ ʙʘʟʝ ʉɺʊ, ʘ ʪʘʢʞʝ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʝʡʰʠʡ ʧʦʠʩʢ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʙʦʨʴʙʳ 

ʩ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʨʝʞʠʤʘʤʠ ʦʩʦʙʝʥʥʦ ʜʣʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʪʝʭ ʤʘʰʠʥ ʠ 

ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʥʘ ʧʘʜʘʶʱʝʤ ʫʯʘʩʪʢʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʨʘʙʦʯʠʤ ʨʝʞʠʤʦʤ, ʘ ʤʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʕʇ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʚʫʭʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʦʡ ʩ ʫʧʨʫʛʦʡ ʩʚʷʟʴʶ.   

ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʤʘʛʠʩʪʝʨʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʭ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʜʣʷ ʉɺʊ: ʊʇ-

ɼ, ʊʇʅ-ɸɼ ʠ ʇʏ-ɸɼ, ʥʦ ʠ ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʕʇ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʜʦʧʫʩʪʠʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʕʇ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʠʥʪʝʟ ʤʝʪʦʜʦʤ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʕʇ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ 

ʫʧʨʦʱʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʅʝʫʭʠʣʴʥʦ ʟʥʠʞʫʻʪʴʩʷ ʯʘʩʪʢʘ ʩʠʩʪʝʤ ʧʨʠʚʦʜʫ ʟ ʜʚʠʛʫʥʘʤʠ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ, ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʢʘ ʩʠʩʪʝʤ ʧʨʠʚʦʜʫ ʟ ʜʚʠʛʫʥʘʤʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟ ʥʠʟʴʢʦʶ ʥʘʜʽʡʥʽʩʪʶ ʤʝʭʘʥʽʯʥʦʛʦ ʢʦʣʝʢʪʦʨʘ ʽ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʚʘʨʪʽʩʪʶ ʢʦʣʝʢʪʦʨʥʠʭ ʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʠʛʫʥʘʤʠ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ʇʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʥʪʠʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʜʦ ʥʝʜʘʚʥʴʦʛʦ 

ʯʘʩʫ ʧʦʣʷʛʘʣʘ ʚ ʪʦʤʫ, ʱʦ ʪʝʭʥʽʯʥʦ ʜʫʞʝ ʩʢʣʘʜʥʦ ʚʠʢʦʥʘʪʠ ʜʘʪʯʠʢ, ʱʦ ʚʦʣʦʜʽʻ 

ʤʘʣʦʶ ʽʥʝʨʮʽʡʥʽʩʪʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʯʘʩʥʦ ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʤʠʢʘʥʥʷ ʽʥʚʝʨʪʦʨʘ ʧʨʠ 

ʰʚʠʜʢʦʤʫ ʦʙʝʨʪʘʥʥʽ ʨʦʪʦʨʘ. 

ʉʴʦʛʦʜʥʽ ʧʦʜʽʙʥʽ ʜʘʪʯʠʢʠ ʨʦʟʨʦʙʣʝʥʽ, ʽ ʚ ʩʚʦʾʡ ʨʦʙʦʪʽ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʡ ʝʬʝʢʪ, ʘʙʦ ʝʬʝʢʪ ʍʦʣʘ. ʅʘʜʽʡʥʽʩʪʴ ʮʠʭ ʜʘʪʯʠʢʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʚʝʥʪʠʣʴʥʠʤ ʜʚʠʛʫʥʘʤ ʦʧʪʠʤʘʣʴʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚ ʨʦʙʦʪʽ. 

ʉʝʨʝʜ ʽʥʰʠʭ ʜʦʩʪʦʾʥʩʪʚ ʧʨʠʚʦʜʫ ʟ ʚʝʥʪʠʣʴʥʠʤ ʙʝʟʢʦʣʝʢʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ 

ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʜʫʞʝ ʚʠʩʦʢʫ ʥʘʜʽʡʥʽʩʪʴ ʚ ʨʦʙʦʪʽ, ʷʢʫ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ 

ʥʘʜʽʡʥʽʩʪʶ ʘʩʠʥʭʨʦʥʥʠʭ ʧʨʠʚʦʜʽʚ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ. 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʙʝʟʢʦʣʝʢʪʦʨʥʠʤʠ ʜʚʠʛʫʥʘʤʠ ʽ ʧʦʜʘʣʴʰʽʡ ʨʦʟʨʦʙʮʽ ʧʨʠʩʪʨʦʶ ʢʝʨʫʚʘʥʥʷ 

ʙʝʟʢʦʣʝʢʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ ʟ ʜʘʪʯʠʢʘʤʠ ʧʦʣʦʞʝʥʥʷ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʧʣʘʥʫʻʪʴʩʷ 

ʥʘʧʠʩʘʪʠ ʘʣʛʦʨʠʪʤ ʽ ʧʨʦʛʨʘʤʫ ʢʝʨʫʚʘʥʥʷ ʙʝʟʢʦʣʝʢʪʦʨʥʠʤ ʜʚʠʛʫʥʦʤ ʟ 

ʜʘʪʯʠʢʘʤʠ ʧʦʣʦʞʝʥʥʷ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʈʦʟʨʘʭʫʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʠʣʘʜʫ 

ʪʘ ʨʦʟʛʣʷʥʫʪʠ ʥʝʛʘʪʠʚʥʽ ʬʘʢʪʦʨʠ ʩʪʦʩʦʚʥʦ ʡʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  
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According to the World Health Organization (WHO) about 100 million people 

are need of dynamic monitoring of diagnostic indicators. Due to this the leaders of 

medical manufactures are equip their devices wireless and radio modules, such as 

wireless spirometers. The level of financial and technical support of medicine in low- 

and middle-income countries, including Ukraine, is very low. However, detection of 

diseases, dynamic monitoring of patients leads to the correct formulation of diagnosis 

and treatment promotes productive. [1] 

The aim of the work is verification low cost radio module NRF24L01 to use in 

spirometers as wireless module according to IEEE basic standards: IEEE 802.15 ï IEEE 

Standard for Local and Metropolitan Area Networks: Overview, Architecture and IEEE 

802.15g ï IEEE Standard for Local and metropolitan area networksïPart 15.4: Low-Rate 

Wireless Personal Area Networks (LR-WPANs) Amendment 3: Physical Layer (PHY) 

Specifications for Low-Data-Rate, Wireless, Smart Metering Utility Networks. [2] 

This radio module is a highly integrated with ultra-low-power transceiver with a 

frequency of 2,4 GHz and the transmission rate with microcontroller reaches up to 

2Mbit/s. The supply voltage range is from 1.9V to 3.6V, low cost and high speed SPI 

interface with the controller allows using it in medical technology. 

There are next advantages of this module low cost, accuracy, reliability, energy 

efficiency, energy security. Figure 1 shows this radio module. 

 
Fig. 1 ï NRF24L01 

 

For the testing the radio module NRF24L01 was created working model. 

This working model included two microcontrollers STM32F411RE and two 

radio modules NRF24L01 and it simulates the transfer data from spirometer via 

wireless. 

mailto:batachenko9443@gmail.com
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The following parameters was changed during the test:  

Å The data size transferred (8 kBit, 16 kBit, 32 kBit); 

Å Transmission and receive signal power (0 dBm, -6 dBm, -12dBm, -18dBm); 

Å Data transfer speed (250 kBit / s, 1 Mbit / s, 2 Mbit / s); 

Å Distance. 

As results were obtained distance, which passed 100% of the information. The 

results are shows in Figure 2. 

 
   a       b 

 

       c 

Figure 2 ï Results of tests: a ï 8 Byte; b ï 16 byte; c ï 32 byte 

 

The analysis of test results showed that radio module NRF24L01 meets to the 

standards of IEEE 802.15 ï IEEE Standard for Local and Metropolitan Area 

Networks: Overview and Architecture and IEEE 802.15g ï IEEE Standard for Local 

and metropolitan area networks--Part 15.4: Low-Rate Wireless Personal Area 

Networks (LR-WPANs) Amendment 3: Physical Layer (PHY) Specifications for 

Low-Data-Rate, Wireless, Smart Metering Utility and can be used in portable 

spirometers as module of transmission data by wireless communication and can be 

used in screening diagnostic system for chronic obstructive pulmonary disease. 
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ʅɸʇʈʋɻʀ 

 

ʆ.ɺ. ɹʋɻʈɯʁ
1
, ɺ.ɺ. ʐɽɺʏɽʅʂʆ

2 

 
1
 ʤʘʛʠʩʪʨ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʅʊʋ çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

2 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʅʊʋ çʍʇʀè, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʍʘʨʴʢʦʚ, 

ʋʢʨʘʠʥʘ 

 
ɺʩʪʫʧ. ɿʤʽʥʘ ʢʦʞʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ, ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʠʥʥʘ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʤʦʞʣʠʚʦʩʪʷʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʙʫʪʠ ʜʦʩʪʫʧʥʦʶ 
ʜʣʷ ʚʪʽʣʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʫ ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʛʘʣʫʟʽ. ʅʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠ 
ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ - ʮʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʤʘʨʦʢ 
ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ ʩʪʘʣʝʡ, ʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 
ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ʉʫʯʘʩʥʽ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ 
(ɸɼ) ʥʝ ʥʦʩʷʪʴ ʧʨʠʥʮʠʧʦʚʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʩʪʦʩʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʧʽʜʚʠʱʝʥʥʷ 
ʥʘʜʽʡʥʦʩʪʽ ʘʛʨʝʛʘʪʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʠʭ ʜʚʠʛʫʥʽʚ, ʜʝ ʚʠʭʽʜ ʟ 
ʣʘʜʫ ʧʨʠʟʚʦʜʝ ʣʠʰʝ ʜʦ ʧʦʟʘʧʣʘʥʦʚʽʡ ʟʫʧʠʥʢʠ ʚʝʨʩʪʘʪʘ ʘʙʦ ʤʝʭʘʥʽʟʤʫ, ʚʽʜʤʦʚʠ 
ɸɼ ʚ ʘʚʽʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʢʫ ʧʦʣʴʦʪʫ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ, ʚʽʜ ʥʘʜʽʡʥʦʩʪʽ ʾʭ 
ʨʦʙʦʪʠ ʟʘʣʝʞʠʪʴ ʞʠʪʪʷ ʣʶʜʝʡ. ɸɼ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʚʩʽʭ ʚʠʜʘʭ ʦʙʣʘʜʥʘʥʥʷ 
ʣʽʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ (ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʘ ʤʝʭʘʥʽʟʤʠ, ʧʘʣʠʚʥʽ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ ʥʘʩʦʩʠ, 
ʘʛʨʝʛʘʪʠ ʟʘʧʫʩʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʽʘʜʚʠʛʫʥʽʚ, ʘʛʨʝʛʘʪʠ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ 
ʧʦʣʴʦʪʦʤ, ʚʪʫʣʢʠ, ʧʘʥʝʣʽ ʽ ʟʘʩʣʽʥʢʠ, ʚʝʥʪʠʣʷʪʦʨʠ ʽ ʥʘʛʥʽʪʘʯʽ...). ɿʙʽʣʴʰʝʥʥʷ 
ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʫʚʘʪʠ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʫ ʜʚʠʛʫʥʽʚ, ʘʣʝ ʧʨʠ 
ʮɹ ʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʨʝʩʫʨʩ, ʷʢʠʡ ʚ ʦʩʥʦʚʥʦʤʫ ʣʽʤʽʪʫʻʪʴʩʷ ʧʽʜʰʠʧʥʠʢʘʤʠ. ɺʩʽ 
ʘʚʽʘʮʽʡʥʽ ɽɼ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʝʣʠʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʦʙʝʨʪʘʥʥʷ (ʜʦ 8-12 ʪʠʩʷʯ 
ʦʙ/ʭʚ.) ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʤʘʩʠ. ɺʽʜʧʦʚʽʜʘʣʴʥʽ ʝʣʝʢʪʨʦʧʨʠʚʽʜʥʽ ʘʛʨʝʛʘʪʠ ʤʦʞʫʪʴ 
ʤʘʪʠ ʧʦ ʜʚʽ ʦʜʠʥʠʮʽ, ʧʨʘʮʶʶʪʴ ʥʘ ʟʘʛʘʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʧʽʜʩʫʤʦʚʫʻ 
ʜʠʬʝʨʝʥʮʽʘʣʴʥʫ ʧʝʨʝʜʘʯʫ. ʂʦʞʝʥ ʟ ʤʦʪʦʨʽʚ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʨʝʜʫʢʪʦʨʘ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʤʫʬʪʦʶ ʟʯʝʧʣʝʥʥʷ-ʛʘʣʴʤʫʚʘʥʥʷ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʣʦʤʢʠ 
ʨʝʜʫʢʪʦʨʘ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʤʝʭʘʥʽʯʥʦʛʦ ʫʧʦʨʫ ʝʣʝʢʪʨʦʤʦʪʦʨʠ ʟ'ʻʜʥʫʶʪʴʩʷ ʟ 
ʨʝʜʫʢʪʦʨʦʤ ʯʝʨʝʟ ʩʘʤʦʨʝʛʫʣʶʶʯʽ ʬʨʠʢʮʽʡʥʽ ʤʫʬʪʠ. ʇʝʨʝʤʽʱʝʥʥʷ ʚʘʣʘ ʘʙʦ 
ʰʪʦʢʘ ʦʙʤʝʞʫʻʪʴʩʷ ʢʽʥʮʝʚʠʤʠ ʚʠʤʠʢʘʯʘʤʠ ʘʙʦ ʜʘʪʯʠʢʘʤʠ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 
ʊʘʢ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʟʤ ʄʂʉ-3ʇʊɺ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʚʦʜʫ 
ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʣʽʪʘʢʽʚ ɯʣ-62, ɯʣ-76, ʊʫ-154, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʪʨʠʬʘʟʥʠʭ ɸɼ 
ɸɼʇ-1000 (ʥʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ 115 ɺ, ʯʘʩʪʦʪʘ 400 ɻʮ, ʧʦʪʫʞʥʽʩʪʴ 1 ʢɺʪ) ʪʘ ʟ 
ʚʙʫʜʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʫʬʪʠ ʟʯʝʧʣʝʥʥʷ-ʛʘʣʴʤʫʚʘʥʥʷ, ʨʝʜʫʢʪʦʨʘ ʽ 
ʢʽʥʮʝʚʠʭ ʚʠʤʠʢʘʯʽʚ. ɾʠʚʣʷʪʴʩʷ ʜʚʠʛʫʥʠ ʯʝʨʝʟ ʢʦʨʦʙʢʠ ʟʘʭʠʩʪʫ ʜʚʠʛʫʥʽʚ, ʷʢʽ 
ʚʢʣʶʯʘʶʪʴ ʤʫʬʪʫ ʪʽʣʴʢʠ ʧʨʠ ʧʨʠʭʦʜʽ ʥʘ ʜʚʠʛʫʥ ʚʩʽʭ ʪʨʴʦʭ ʬʘʟ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʟʘʪʨʠʤʢʫ ʾʾ ʚʢʣʶʯʝʥʥʷ 0,5 ʩ, ʱʦʙ ʜʚʠʛʫʥ ʥʘʚʘʥʪʘʞʫʚʘʚʩʷ, ʚʞʝ ʥʘʙʨʘʚʰʠ ʦʙʝʨʪʽʚ 
ʥʘ ʥʝʨʦʙʦʯʦʤʫ ʭʦʜʫ ʽ ʤʠʥʫʚʰʠ ʟʦʥʫ ʧʝʨʝʢʠʜʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʨʠʩ. 1.  

ɸʚʽʘʮʽʡʥʽ ɸɼ ʞʠʚʣʷʪʴʩʷ ʥʘʧʨʫʛʦʶ ʚʽʜ ʙʦʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 
ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 
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ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ ʧʨʷʤʦ 
ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʽʥʜʫʢʪʠʚʥʽ ʦʧʦʨʠ ʽ 
ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʘʢʪʠʚʥʽ ʦʧʦʨʠ. ʇʨʠ 
ʚʠʢʦʥʘʥʥʽ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ɸɼ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 
ʯʘʩʪʦʪʽ 50 ɻʮ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ ʯʘʩʪʦʪʽ ʟʙʽʣʴʰʫʶʪʴ 
ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ 
ʯʘʩʪʦʪʠ ʟʤʝʥʰʫʶʪʴ ʯʠʩʣʦ ʚʠʪʢʽʚ ʦʙʤʦʪʢʠ. ʎʝ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʘʢʪʠʚʥʽ ʽ ʽʥʜʫʢʪʠʚʥʽ ʦʧʦʨʠ 
ʟʤʝʥʰʫʶʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʦ ʢʚʘʜʨʘʪʫ 
ʢʽʣʴʢʦʩʪʽ ʚʠʪʢʽʚ, ʘʣʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʘʢʪʠʚʥʠʤʠ ʽ 
ʽʥʜʫʢʪʠʚʥʠʤʠ ʦʧʦʨʘʤʠ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʣʠʰʥʽʤ, ʘʣʝ 
ʟʤʝʥʰʝʥʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʘʯʝʥʥʷʤ ʧʨʠ ʯʘʩʪʦʪʽ 
50 ɻʮ ʚ 8 ʨʘʟʽʚ.  ʈʠʩ. 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 

ʝʣʝʢʪʨʦʧʨʦʚʦʜʫ ʣʽʪʘʣʴʥʦʛʦ 
ʘʛʨʝʛʘʪʫ 

ɿʙʽʣʴʰʝʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ ʦʧʦʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ 
ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʦʛʦ ʽ ʘʚʽʘʮʽʡʥʦʛʦ ɸɼ ʤʝʭʘʥʽʯʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʪʘʥʥʴʦʛʦ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ ʽ ʟʥʘʯʝʥʥʷ ʢʨʘʪʥʦʩʪʽ ʤʦʤʝʥʪʽʚ ʥʝ 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʘʚʽʘʮʽʡʥʠʤ ɸɼ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʚʽʘʮʽʡʥʠʭ ɸɼ ʪʨʝʙʘ ʟʙʽʣʴʰʠʪʠ ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʪʘ 
ʟʦʚʥʽʰʥʽ ʜʽʘʤʝʪʨʠ ʩʪʘʪʦʨʘ ʽ ʨʦʪʦʨʘ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʜʦʚʞʠʥʠ 
ʧʘʢʝʪʘ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʠʩʦʪʫ ʧʘʟʘ ʨʦʪʦʨʘ ʽ ʜʦʤʦʛʪʠʩʷ 
ʟʙʽʣʴʰʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʽ ʟʤʝʥʰʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʛʦ ʦʧʦʨʽʚ ʨʦʪʦʨʘ ʚ ʧʫʩʢʦʚʦʤʫ 
ʨʝʞʠʤʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʪʽʩʥʝʥʥʷ ʩʪʨʫʤʫ ʽ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ 
ʨʦʟʩʽʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʉʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʫ ʢʦʥʬʽʛʫʨʘʮʽʶ ʧʘʟʽʚ, ʱʦ 
ʧʨʦʩʠʣʽʪʴ ʩʢʽʥ-ʝʬʝʢʪ ʽ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ ʨʦʟʩʽʶʚʘʥʥʷ, 
ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʦʜʚʽʡʥʫ ʙʽʣʷʯʫ ʢʣʽʪʠʥʫ ʨʦʪʦʨʘ, ʟʤʝʥʰʫʚʘʪʠ ʧʝʨʝʨʽʟ 
ʢʦʨʦʪʢʦʟʘʤʠʢʘʶʯʦʛʦ ʢʽʣʴʮʷ. 

ɺʠʩʥʦʚʢʠ. ʋ ɸɼ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʯʘʩʪʦʪʽ 400 ɻʮ: 
1) ʣʽʥʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʮʽ ʩʪʘʪʦʨʘ ʟʨʦʩʣʦ, ʘʣʝ 

ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʟʘʣʠʰʠʣʘʩʷ ʙʝʟ ʟʤʽʥʠ ʽ ʥʘʚʽʪʴ ʪʨʦʭʠ ʟʤʝʥʰʠʣʘʩʷ; 
2) ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʘʚʽʘʮʽʡʥʦʛʦ ɸɼ ʟʤʝʥʰʠʣʠʩʷ ʙʽʣʴʰ, ʥʽʞ ʚ 2 ʨʘʟʠ, ʘ 

ʤʘʩʘ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʟʘʛʘʣʴʥʘ ʤʘʩʘ ʟʤʝʥʰʠʣʠʩʷ ʙʽʣʴʰ, ʥʽʞ ʚ 8 ʨʘʟʽʚ; 
3) ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʢʨʘʪʥʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ, ʟʘʛʘʣʴʥʽ 

ʚʪʨʘʪʠ ʽ ʂʂɼ ʟʘʣʠʰʠʣʠʩʷ ʙʝʟ ʟʤʽʥ, ʢʨʘʪʥʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʩʪʨʫʤʫ ʟʤʝʥʰʠʣʘʩʷ; 
4) ʪʝʧʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʦʩʣʘ ʧʨʠʙʣʠʟʥʦ ʚ 3 ʨʘʟʠ, ʧʨʦʪʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʠʰʠʣʦʩʷ ʧʨʘʢʪʠʯʥʦ ʙʝʟ ʟʤʽʥʠ, ʪʦʤʫ ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʪʦʪʠ 
ʦʙʝʨʪʘʥʥʷ ʧʦʢʨʘʱʠʣʠʩʷ ʫʤʦʚʠ ʦʭʦʣʦʜʞʝʥʥʷ. 
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ɺʘʣʴʮʝʰʣʠʬʦʚʘʣʴʥʳʝ ʩʪʘʥʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʰʣʠʬʦʚʢʠ ʠ ʧʝʨʝʰʣʠʬʦʚʢʠ 

ʚʘʣʢʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ. ɺʘʣʢʠ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʜʦ 2,4 ʤ ʠ ʜʣʠʥʫ ʜʦ 6 ʤ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʘʣʢʦʚ ʚ ʪʦʤ ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʚʳʧʫʢʣʫʶ ʠʣʠ ʚʦʛʥʫʪʫʶ ʬʦʨʤʫ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʡ ʪʦʣʱʠʥʳ ʧʨʦʢʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʩʧʦʣʴʟʫʶʪ ʨʫʯʥʳʝ, ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ, ʧʦʪʦʤʫ ʯʪʦ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠ. 

ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʩʢʦʙʘ ʚʘʣʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ. 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʢʦʙʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʚʘʣʢʦʚ. 

 

 
 

ʈʠʩ. 1 ï ʉʢʦʙʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

 

ʉʢʦʙʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ.1 ʩʦʩʪʦʠʪ ʠʟ ʛʦʣʦʚʢʠ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ ʥʦʞʝʢ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʘʚʦʡ 3 ʠ ʣʝʚʦʡ 4. ɺ ʩʦʩʪʘʚ ʛʦʣʦʚʢʠ 
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ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʚʭʦʜʷʪ ʢʘʩʩʝʪʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʧʨʘʚʘʷ 1, ʢʘʩʩʝʪʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʣʝʚʘʷ 2. 

ɺ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʩʩʝʪʳ ʚʭʦʜʠʪ ʧʦʜʚʠʞʥʘʷ ʢʘʨʝʪʢʘ, ʰʘʛʦʚʳʡ 

ʜʚʠʛʘʪʝʣʴ, ʰʘʨʠʢʦʚʳʝ ʨʝʣʴʩʦʚʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ, ʠʥʢʨʝʤʝʥʪʥʳʡ ʣʠʥʝʡʥʳʡ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʙʣʦʢʠ ʢʦʥʝʯʥʠʢʦʚ  

ʢʦʪʦʨʳʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʛʨʘʥʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʘʨʝʪʢʠ. ʂʘʩʩʝʪʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ 

ʧʨʘʚʘʷ 1 ʠ ʢʘʩʩʝʪʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʣʝʚʘʷ 2, ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʙʦʨʢʦʡ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ʂ ʢʘʞʜʦʡ ʢʘʨʝʪʢʝ ʢʨʝʧʠʪʩʷ ʥʦʞʢʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ 

ʠʥʢʨʝʤʝʥʪʥʳʡ ʣʠʥʝʡʥʳʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦ 

ʰʪʦʢʦʤ 10 ʤʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʧʝʨʝʤʝʱʝʥʠʷ ʢʘʞʜʦʡ 

ʥʦʞʢʠ. ʅʦʞʢʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʧʨʘʚʘʷ 3 ʠ ʥʦʞʢʘ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʣʝʚʘʷ 4 

ʠʜʝʥʪʠʯʥʳ, ʪʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʟʝʨʢʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʢʦʨʧʫʩʘ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʤ ʠ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ɺʩʝ ʠʥʢʨʝʤʝʥʪʥʳʝ ʣʠʥʝʡʥʳʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʩʢʦʙʳ 

ʩʦʝʜʠʥʝʥʳ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʠʘʤʝʪʨʘ ʚʘʣʢʘ ʩʫʤʤʠʨʫʶʪ 

ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʩʦʩʪʘʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʩʩʝʪʝ 1 ʠ 2.  

ʆʧʠʩʘʥʥʘʷ ʩʢʦʙʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʠʟʤʝʨʷʪʴ ʬʦʨʤʫ ʠ ʜʠʘʤʝʪʨ ʚʘʣʢʘ ʜʦ ʦʙʨʘʙʦʪʢʠ, ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʜʘʚʘʪʴ ʚ ʩʠʩʪʝʤʫ ʏʇʋ ʩʪʘʥʢʘ ʧʦ ʰʠʥʝ 

Profibus ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ   ʨʘʟʤʝʨʝ ʠ ʬʦʨʤʝ  ʚʘʣʢʘ  ʚ ʧʦʧʝʨʝʯʥʦʤ  

ʩʝʯʝʥʠʠ. 

ʊʝʤ ʩʘʤʳʤ ʤʳ ʧʦʣʫʯʘʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʢʦʙʳ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʢʘ 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʇʨʝʜʝʣʳ 

ʠʟʤʝʨʝʥʠʡ, 

ʤʤ 

ʊʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ, 

ʤʤ 

ʇʦʚʪʦʨʷʝʤʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ, 

ʤʤ 

1. ɼʠʘʤʝʪʨ ʙʦʯʢʠ 2000é2400 Ñ0,01 Ñ0,003 

2. ʆʪʢʣʦʥʝʥʠʝ ʧʨʦʬʠʣʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

2000é2400 Ñ0,005 Ñ0,003 

3. ɹʠʝʥʠʝ ʙʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʙʘʟʦʚʳʭ ʰʝʝʢ 

2000é2400 Ñ0,005 Ñ0,003 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ:r 

1. ʉʦʙʦʣʝʚ ʄ.ʇ., ʕʪʠʥʛʦʬ ʄ.ʀ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʘʭ. ʉʤʦʣʝʥʩʢ, çʆʡʢʫʤʝʥʘè, 2005. - ʉ. 300. 

2. ʗʥʫʰʢʠʥ ɺ.ʅ. ʎʠʬʨʦʚʦʡ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʣʠʥʥʦʤʝʨ/ ʗʥʫʰʢʠʥ ɺ. ʅ., ʂʦʣʷʜʘ ʖ. 

ɹ., // ʀʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. - 2013. - ˉ 10. - ʉ. 23-24. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʉʀʄʋʃʗʎɯʗ ʌʋʅʂʎɯʆʅʋɺɸʅʅʗ ʃɯʊɯʁ-

ɯʆʅʅʆɻʆ ɸʂʋʄʋʃʗʊʆʈɸ ʋ ʉʍɽʄɯ ɻɯɹʈʀɼʅʆɻʆ ʇʈʀɺʆɼʋ 

 

 A.ʄ. ɻʈʀɼɯʅ 
1
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1 
ʤʘʛ̔ʩʪʨʘʥʪ ʢʘʬʝʜʨʠ çʇʨʦʤʠʩʣʦʚʘ  ̔ʙ̔ ʦʤʝʜʠʯʥʘ ʝʣʝʢʪʨʦʥʢ̔ʘè,  ʅʊʋ  çʍʇɯè, ʍʘʨʢʚ̔, 
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2
 ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ çʇʨʦʤʠʩʣʦʚʘ ʽ ʙʽʦʤʝʜʠʯʥʘ ʝʣʝʢʪʨʦʥʽʢʘè, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ 

çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

 
*
email: tomwinter945@gmail.com 

  

ʅʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʩʫʯʘʩʥʠʡ ʩʚʽʪ ʙʝʟ ʧʦʩʪʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʠʛʫʥʽʚ ʫ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʧʦʙʫʪʽ. ʊʦʤʫ ʧʦʪʨʽʙʝʥ ʧʦʩʪʽʡʥʠʡ ʚʠʜʦʙʫʪʦʢ 

ʧʨʠʨʦʜʥʠʭ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʱʦ ʥʘʥʦʩʠʪʴ ʰʢʦʜʫ ʝʢʦʩʠʩʪʝʤʽ ɿʝʤʣʽ. ʎʝʡ ʬʘʢʪ 

ʩʪʠʤʫʣʶʻ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʪʝʭʥʦʣʦʛʽʡ. 

ʐʚʠʜʢʦ ʧʝʨʝʡʪʠ ʚʽʜ ʚʠʢʦʧʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ (ʚʽʜʥʦʚʣʶʚʘʥʠʭ) ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʞʝʨʝʣ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ. 

ɻʽʙʨʠʜʥʽ ʧʨʠʚʦʜʠ ʜʦʟʚʦʣʷʶʪʴ ʧʦʻʜʥʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʠʭ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʽʜ ʨʝʛʝʥʝʨʘʪʠʚʥʠʭ ʝʥʝʨʛʦʜʞʝʨʝʣ. ʊʘʢʘ 

ʩʠʩʪʝʤʘ ʪʘ ʾʾ ʩʪʘʙʽʣʴʥʝ ʽ ʝʬʝʢʪʠʚʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʞʣʠʚʝ ʣʠʰʝ ʟʘ ʥʘʷʚʥʽʩʪʶ 

ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʭʝʤ ʛʽʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʫ ʩʠʤʫʣʷʮʽʷ ʧʦʪʨʝʙʫʻ ʧʦʪʫʞʥʽ 

ʮʠʬʨʦʚʽ ʧʨʠʣʘʜʠ ʪʘ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ. ʎʝ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ 

ʤʦʜʝʣʽ ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ. ɯʩʥʫʶʪʴ ʜʚʘ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʘ. ɹʽʣʴʰ ʩʢʣʘʜʥʠʡ ʩʧʦʩʽʙ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ) ʪʘ ʩʧʨʦʱʝʥʠʡ (ʣʽʥʽʡʥʠʡ). 

 ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʛʽʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʫ, 

ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʩʠʤʫʣʷʮʽʾ ʛʽʙʨʠʜʥʠʭ ʧʨʠʚʦʜʽʚ ʪʘ 

ʧʦʜʘʣʴʰʽʡ ʨʦʟʨʦʙʮʽ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ ʤʦʜʝʣʶʚʘʥʥʷ SIMULINK  

(MATLAB). ʇʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʾ ʪʘ 

ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʝʡ ʣʽʪʽʡ-ʽʦʥʥʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʫ ʩʢʣʘʜʽ ʛʽʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʫ ʪʘ 

ʚʠʟʥʘʯʠʪʠ ʾʭ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ.  
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318. 

2. Tremblay, O. Experimental Validation of a Battery Dynamic Model for EV 

Applications. Tremblay, O., Dessaint, L.-A. World Electric Vehicle Journal. Vol. 3 - 2009. 
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ɺ ʟʚôʷʟʢʫ ʟ ʤʦʨʘʣʴʥʠʤ ʪʘ ʬʽʟʠʯʥʠʤ ʩʪʘʨʽʥʥʷʤ ʧʘʨʢʫ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ ʚʽʪʯʠʟʥʷʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ 

ʨʫʜʥʠʯʥʠʭ ʢʦʥʪʘʢʪʥʠʭ ʝʣʝʢʪʨʦʚʦʟʽʚ.  

ɿʘ ʢʦʨʜʦʥʦʤ ʦʩʥʦʚʥʫ ʤʘʩʫ ʩʢʣʘʜʘʶʪʴ ʝʣʝʢʪʨʦʚʦʟʠ ʟ ʧʨʠʚʦʜʦʤ ʚʽʜ 

ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ, ʘʣʝ ʚ ʋʢʨʘʾʥʽ ʮʽ ʝʣʝʢʪʨʦʚʦʟʠ ʤʘʶʪʴ ʪʷʛʦʚʽ ʜʚʠʛʫʥʠ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. ɹʫʣʦ ʙ ʜʦʮʽʣʴʥʦ ʧʨʦʚʝʩʪʠ ʟʘʤʽʥʫ ʚʩʴʦʛʦ ʩʢʣʘʜʫ ʥʘ 

ʝʣʝʢʪʨʦʚʦʟʠ ʟ ʘʩʠʥʭʨʦʥʥʠʤ ʧʨʠʚʦʜʦʤ. ʏʝʨʝʟ ʙʨʘʢ ʢʦʰʪʽʚ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ 

ʢʘʧʽʪʘʣʴʥʫ ʟʘʤʽʥʫ ʚʩʴʦʛʦ ʧʘʨʢʫ ʝʣʝʢʪʨʦʚʦʟʽʚ, ʷʢʠʡ ʥʘʣʽʯʫʻ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ 

ʤʘʰʠʥ [1]. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ ʨʫʜʥʠʯʥʠʡ ʝʣʝʢʪʨʦʚʦʟ ʂ14 (ʂ14ʋ, ʂ14ʄ, 

ʂ14ʅ, 14ʂʈ, ʂʊ14, ʂ14ɸ), ʟʦʚʥʽʰʥʽʡ  ʚʠʜ ʷʢʦʛʦ ʧʦʢʘʟʘʥʦ ʨʠʩ. 1, ʱʦ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʧʦ ʧʽʜʟʝʤʥʠʭ ʚʠʨʦʙʢʘʤ 

ʰʘʭʪ ʽ ʢʦʧʘʣʴʥʷʤ.  

 
ʈʠʩ. 1 ï ɽʣʝʢʪʨʦʚʦʟ ʪʠʧʫ ʂ14ɸ 

 

ɼʣʷ ʧʨʠʚʦʜʘ ʝʣʝʢʪʨʦʚʦʟʘ ʂ14 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʷʛʦʚʠʭ ʜʚʠʛʫʥʘ ʪʠʧʘ 

ɼʊʅï45/27 ʚʠʨʦʙʥʠʮʪʚʘ ʇɸʊ çɽʣʝʢʪʨʦʤʘʰʠʥʘè (ʤ. ʍʘʨʢʽʚ). ʎʝ ʜʚʠʛʫʥ 
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ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʙʫʜʞʝʥʥʷ, ʷʢʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʠʛʫʥʘʤʠ 

ʧʘʨʘʣʝʣʴʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: ʟʥʘʯʥʫ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʽʙʥʽʩʪʴ ʽ 

ʧʫʩʢʦʚʠʡ ʤʦʤʝʥʪ, ʤʝʥʰʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ ʪʘ ʽʥ.  

ɺ ʮʝʡ ʯʘʩ, ʯʝʨʝʟ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʽʥʰʽ ʧʨʠʯʠʥʠ,  ʧʦʩʪʽʡʥʦ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʧʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʷʛʦʚʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʧʦʩʪʽʡʥʦʛʦ 

ʩʪʨʫʤʫ. ɿʘʤʦʚʥʠʢʘʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʚʠʱʠʪʠ ʧʦʪʫʞʥʽʩʪʴ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ɼʊʅï45/27 ʥʘ 33% ʜʦ 60 ʢɺʪ ʚ ʨʝʞʠʤʽ ʨʦʙʦʪʠ S2, ʙʝʟ ʟʤʽʥʠ 

ʛʘʙʘʨʠʪʫ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʟʘʜʘʯʫ. ɼʦ ʪʦʛʦ ʞ ʜʚʠʛʫʥ ɼʊʅï45/27 ʚʞʝ ʤʘʻ ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʨʦʙʦʪʽ [2] ʥʘʤʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʰʣʷʭʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʜʚʠʛʫʥʘ 

ɼʊʅ-45/27 ʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʟʙʽʣʴʰʠʪʠ ʜʦʚʞʠʥʫ ʦʩʝʨʜʷ ʨʦʪʦʨʘ ʥʘ 30ʤʤ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ 

ʢʦʣʝʢʪʦʨʘ ʥʘ 30 ʤʤ. ʊʘʢʠʡ ʢʨʦʢ ʩʪʘʻ ʤʦʞʣʠʚʠʤ, ʷʢʱʦ ʟʘʤʽʥʠʪʠ ʪʨʘʚʝʨʩʫ, ʷʢʘ 

ʤʘʻ ʜʚʘ ʙʨʘʢʝʪʘ ʧʦ ʜʚʽ ʱʽʪʢʠ ʥʘ ʪʨʘʚʝʨʩʫ ʟ ʯʦʪʠʨʤʘ ʙʨʘʢʝʪʘʤʠ ʧʦ ʦʜʥʽʡ ʱʽʪʮʽ.  

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʝʨʝʚʽʨʢʘ ʤʦʞʣʠʚʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʦʚʞʠʥʠ ʨʦʪʦʨʘ ʧʨʠ ʟʙʝʨʝʞʝʥʽ ʧʦʧʝʨʝʯʥʦʾ 

ʛʝʦʤʝʪʨʽʾ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʜʚʠʛʫʥʘ. ʋ ʪʘʙʣ. 1, ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ 

ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʘ ʜʦ ʽ ʧʽʩʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʜʘʥʽ 

ʨʦʟʨʘʭʫʥʢʫ ʥʦʩʷʪʴ ʧʦʧʝʨʝʜʥʽʡ ʭʘʨʘʢʪʝʨ, ʘʣʝ ʥʘʚʽʪʴ ʾʭ ʨʽʚʝʥʴ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʪʘʢʽ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʦʙʤʦʪʢʘʭ. 

 

ʊʘʙʣʠʮʷ 1 ï ɺʝʣʠʯʠʥʠ ʛʫʩʪʠʥʠ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʢʘʭ 

ʈʝʞʠʤ ʨʦʙʦʪʠ 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ ʚ ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʘ, ɸ/ʤʤ
2
 

ʆʙʤʦʪʢʘ 

ʷʢʦʨʷ 

ʆʙʤʦʪʢʘ  

ʟʙʫʜʞʝʥʥʷ 

ʆʙʤʦʪʢʘ 

ʜʦʜʘʪʢʦʚʠʭ 

ʧʦʣʶʩʽʚ 

ʊʨʠʚʘʣʠʡ (S1) 2,76 2,51 2,39 

ɻʦʜʠʥʥʠʡ (S2) 4,56 4,14 3,94 

ɻʦʜʠʥʥʠʡ (S2),  

ʧʦʪʫʞʥʽʩʪʴ 60 ʢɺʪ 
6,26 5,68 5,41 

 

ʇʦʧʝʨʝʜʥʽʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʜʘʯʘ ʤʦʜʝʨʥʽʟʘʮʽʾ 

ʜʚʠʛʫʥʘʤ ɼʊʅï45/27 ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʙʝʟ ʟʤʽʥʠ ʛʘʙʘʨʠʪʫ 

ʤʦʞʣʠʚʘ, ʘʣʝ ʦʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʧʣʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʨʝʞʠʤʫ ʨʦʙʦʪʠ S2, ʱʦ ʽ ʧʣʘʥʫʻʪʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ.. 
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ʈ. ɯ. ɼɯʍʊʗʈɽʅʂʆ
1
,  ʖ.ʉ. ɻʈʀʑʋʂ 

2
 

 
1
 ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2
 ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, 

ʋʂʈɸɰʅɸ 

 

ɺʩʪʫʧ. ʋ ʟʚôʷʟʢʫ ʟ ʽʥʪʝʥʩʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʝʣʝʢʪʨʦʥʽʢʠ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ 

ʪʝʭʥʽʢʠ ʚ ʷʢʦʩʪʽ  ʧʨʠʩʪʨʦʾʚ ʢʝʨʫʚʘʥʥʷ, ʤʘʡʞʝ ʫ ʢʦʞʥʠʭ ʩʫʯʘʩʥʠʭ  ʧʦʙʫʪʦʚʠʭ 

ʧʨʠʣʘʜʘʭ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʢʝʨʫʚʘʥʥʷ, ʰʠʨʦʢʦ  ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʠ, ʷʢʽ  ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ  ʾʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʠʭ ʧʨʠʣʘʜʽʚ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʻ ʧʦʙʫʪʦʚʽ ʭʦʣʦʜʠʣʴʥʠʢʠ ʢʦʤʧʨʝʩʦʨʥʦʛʦ ʪʠʧʫ ʪʘ ʩʫʯʘʩʥʽ  

ʤʦʜʝʣʽ ʟ ʽʥʥʦʚʘʮʽʡʥʠʤʠ ʽʥʚʝʨʪʦʨʥʠʤʠ ʢʦʤʧʨʝʩʦʨʘʤʠ  [1-5].  

ʇʦʢʨʘʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʧʦʙʫʪʦʚʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʦʙʦʪʠ ʾʭ  ʝʣʝʤʝʥʪʽʚ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʧʦʙʫʪʦʚʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ.   

 ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʠʧʨʦʙʫʚʘʥʴ ʧʦʙʫʪʦʚʠʭ ʭʦʣʦʜʠʣʴʥʠʢʽʚ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʝʥʜʘ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʂʄ 1816ɺɽ51, 

ʷʢʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.  

ɼʘʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ: ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɼ1-ɼ3 ( ʩʪʨʫʤ 

ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʢʦʤʧʨʝʩʦʨʘ, ʽ ʪʝʤʧʝʨʘʪʫʨ ʭʦʣʦʜʠʣʴʥʦʾ ʪʘ ʤʦʨʦʟʠʣʴʥʦʾ 

ʢʘʤʝʨ); ʥʦʨʤʫʶʯʽ ʧʽʜʩʠʣʶʚʘʯʽ ʇ1-ʇ3; ʢʦʤʫʪʘʪʦʨ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʠʧʫ 

ʂʈ590 ʂʀ6; ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʪʠʧʫ ʂ1113ʇɺ1; ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʂʄ1816ɺɽ51, ʱʦ ʤʽʩʪʠʪʴ ʚʙʫʜʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʧʘʤôʷʪʴ 

ʢʦʤʘʥʜ, ʆɿʇ, ʚʙʫʜʦʚʘʥʽ ʪʨʠ ʧʦʨʪʠ ʽ ʧʦʩʣʽʜʦʚʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ; ʢʦʤʧʘʨʘʪʦʨʠ 

ʂ1-ʂ3 ʪʠʧʫ ʂ554 ʉɸ3, ʚʠʭʦʜʠ ʷʢʠʭ ʧʦ "ʘʙʦ" ʦʙôʻʜʥʘʥʽ ʚʠʭʽʜʥʠʤʠ ʢʝʨʫʶʯʠʤʠ 

ʩʠʛʥʘʣʘʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ; ʧʨʠʩʪʨʦʾ ʫʟʛʦʜʞʝʥʥʷ ʽ ʦʙʤʽʥʫ ʇʋʆ1-ʇʋʆ3, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʟʘʜʘʶʪʴ ʨʝʞʠʤ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʙʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɼʦ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʢʣʶʯʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ɼ1-ɼ3, ʷʢʽ ʻ ʧʝʨʚʠʥʥʠʤʠ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʩʪʨʫʤʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʢʘʤʝʨʘʭ ʚ ʥʘʧʨʫʛʫ. ʅʦʨʤʫʶʯʽ ʧʽʜʩʠʣʶʚʘʯʽ ʇ1-ʇ3 ʧʦʛʦʜʞʫʶʪʴ ʚʠʭʽʜʥʫ ʥʘʧʨʫʛʫ 

ʜʘʪʯʠʢʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤ ʚʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ɸʎʇ    0 - 10 ɺ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʽ ʧʨʦʛʨʘʤʠ, ʢʝʨʫʻ ʧʨʦʮʝʩʦʤ ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ 

ʚʠʧʨʦʙʫʚʘʥʴ. ʂʦʤʧʘʨʘʪʦʨʠ ʂ1īʂ3 ʪʘ ʧʨʠʩʪʨʦʾ ʫʧʨʘʚʣʽʥʥʷ  ʦʙô̒ ʢʪʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ  ʇʋʆ1-ʇʋʆ3 ʻ ʧʘʨʘʣʝʣʴʥʠʤ ʘʧʘʨʘʪʥʠʤ ʢʦʥʪʫʨʦʤ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʘʚʘʨʽʡʥʠʭ ʨʝʞʠʤʽʚ.  
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ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʙʨʘʥʦʛʦ ʤʽʢʨʦʢʦʥʨʦʣʝʨʘ ʻ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ʂʦʥʪʨʦʣʴʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʙʫʪʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ, ʪʠʤ ʩʘʤʠʤ ʨʦʟʰʠʨʶʚʘʪʠ ʤʝʞʽ ʚʠʢʦʨʠʩʪʘʥʥʷ  ʩʪʝʥʜʘ.  

ʏʝʨʝʟ ʧʦʩʣʽʜʦʚʥʠʡ ʽʥʪʝʨʬʝʡʩ RS232C ʩʭʝʤʘ ʟôʻʜʥʘʥʘ ʟ ʇɽʆʄ, ʷʢʘ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠ ʨʝʞʠʤʠ ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʧʨʠʡʤʘʪʠ , 

ʟʘʧʘʤôʷʪʦʚʫʚʘʪʠ ʚʽʜʦʙʨʘʞʘʪʠ ʽ ʜʦʢʫʤʝʥʪʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʘʙʦ 

ʚʠʧʨʦʙʫʚʘʥʴ.   

 

 
 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʝʥʜʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʥʷ  ʪʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʭʦʣʦʜʠʣʴʥʠʢʽʚ 

 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʽ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʶʪʴ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʙʫʪʦʚʠʭ 

ʭʦʣʦʜʠʣʴʥʠʢʽʚ, ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭ ʧʨʦʚʝʜʝʥʥʷ, 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʦʚʦʜʠʪʠ ʾʭ ʧʦʜʘʣʴʰʫ 

ʢʦʤʧôʶʪʝʨʥʫ ʦʙʨʦʙʢʫ ʽ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ. 
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ɯʥʜʫʢʮʽʡʥʽ ʧʦʙʫʪʦʚʽ ʧʣʠʪʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʦʚʠʡ ʢʣʘʩ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ï ʢʫʭʦʥʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʣʠʪʠ, ʷʢʽ ʨʦʟʽʛʨʽʚʘʶʪʴ 

ʤʝʪʘʣʝʚʠʡ ʧʦʩʫʜ ʚʠʭʨʦʚʠʤʠ ʩʪʨʫʤʘʤʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ 

ʧʦʣʝʤ ʯʘʩʪʦʪʦʶ 20-100 ʢɻʮ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʪʘʢʽ ʧʣʠʪʠ ʦʪʨʠʤʫʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʾ ʩʫʯʘʩʥʠʭ ʽʥʜʫʢʮʽʡʥʠʭ ʧʣʠʪ ʨʽʟʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. ʇʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʫʣʴʪʠʬʽʟʠʯʥʠʭ (ʟʚôʷʟʘʥʠʭ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʪʝʧʣʦʚʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʷʚʠʱ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʚ ʽʥʜʫʢʮʽʡʥʠʭ ʧʣʠʪʘʭ, ʘ ʪʘʢʦʞ ʫ ʧʦʩʫʜʽ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʧʣʠʪʠ. 

ʆʩʥʦʚʥʠʤ ʚʫʟʣʦʤ ʽʥʜʫʢʮʽʡʥʦʾ ʢʫʭʦʥʥʦʾ ʧʣʠʪʠ ʻ ʽʥʜʫʢʪʦʨ ï ʧʣʦʩʢʘ 

ʦʜʥʦʚʠʪʢʦʚʘ ʘʙʦ ʙʘʛʘʪʦʚʠʪʢʦʚʘ ʢʦʪʫʰʢʘ, ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʦ ʷʢʽʡ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʽʥʜʫʢʪʫʻ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʠʭʨʦʚʽ 

ʩʪʨʫʤʠ ʚ ʧʦʩʫʜʽ, ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʽʥʜʫʢʪʦʨʘ ʽʥʜʫʢʮʽʡʥʦʾ ʧʣʠʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  

 

 

 
 

ʈʠʩ. 1 ï ɯʥʜʫʢʮʽʡʥʽ ʢʫʭʦʥʥʽ ʧʣʠʪʠ 

 

 
ʈʠʩ. 2 ï ɯʥʜʫʢʪʦʨ ʽʥʜʫʢʮʽʡʥʦʾ ʢʫʭʦʥʥʽ ʧʣʠʪʠ 
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ɺ ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʞʝʥʝʨʥʫ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʧʦʙʫʪʦʚʠʭ 

ʽʥʜʫʢʮʽʡʥʠʭ ʢʫʭʦʥʥʠʭ ʧʣʠʪ. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʫ ʢʦʤʧʣʝʢʩʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʮʴʦʛʦ ʽʥʦʚʘʪʠʚʥʦʛʦ ʢʣʘʩʫ ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʻ ʯʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ 

ʟʚôʷʟʘʥʠʭ (ʤʫʣʴʪʠʬʽʟʠʯʥʠʭ) ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʪʝʧʣʦʚʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʷʚʠʱ, ʱʦ 

ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʽʥʜʫʢʮʽʡʥʠʭ ʢʫʭʦʥʥʠʭ ʧʣʠʪ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ 

ʚʟʘʻʤʥʦʛʦ ʚʧʣʠʚʫ ʦʜʥʝ ʥʘ ʽʥʰʝ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ. ɺʟʘʻʤʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʟʘʟʥʘʯʝʥʠʤʠ ʷʚʠʱʘʤʠ 

ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3 [2]. 

 

Electromagneto Thermo Mechanics

 
ʈʠʩ. 3 ï ɺʟʘʻʤʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʷʚʠʱʘʤʠ ʨʽʟʥʦʾ ʬʽʟʠʯʥʦʾ ʧʨʠʨʦʜʠ 

 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʚôʷʟʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʪʝʧʣʦʚʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʩʫʜʽ, 

ʱʦ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʘ ʪʘʢʦʞ ʚ ʽʥʜʫʢʪʦʨʽ ʪʘ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽ ʽʥʜʫʢʮʽʡʥʦʾ ʢʫʭʦʥʥʦʾ 

ʧʣʠʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʥʝʣʽʥʽʡʥʽ ʤʘʛʥʽʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ (ʦʩʥʦʚʥʽ ʢʨʠʚʽ ʥʘʤʘʛʥʽʯʝʥʦʩʪʽ) ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʟʚôʷʟʘʥʠʭ ʧʦʣʽʚ ʜʦʮʽʣʴʥʦ ʨʦʟʧʦʯʘʪʠ ʫ 

ʜʚʦʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ (ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʢʣʘʜʥʘ ʪʨʠʚʠʤʽʨʥʘ ʧʦʩʪʘʥʦʚʢʘ ʪʘ 

ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʽʟʥʽʰʝ ʜʣʷ 

ʫʪʦʯʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʧʨʦʤʠʩʣʦʚʠʭ ʽʥʜʫʢʮʽʡʥʠʭ ʥʘʛʨʽʚʘʯʘʭ [3] ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʽʥʜʫʢʮʽʡʥʠʭ ʢʫʭʦʥʥʠʭ ʧʣʠʪ. 
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ɺʩʪʫʧ. ʄʫʣʴʪʠʚʘʨʢʘ ï ʮʝ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʠʡ 

ʧʨʠʣʘʜ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ. ʗʢ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ ʟʘ ʥʘʟʚʦʶ (ʣʘʪ. 

multi ï ʙʘʛʘʪʦ), ʮʝʡ ʧʨʠʣʘʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʙʘʛʘʪʴʦʭ ʩʪʨʘʚ ʟʘ 

ʨʽʟʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʫ ʨʽʟʥʠʡ ʩʧʦʩʽʙ. ʂʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʪʨʘʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʙʦʨʫ ʬʫʥʢʮʽʡ ʢʦʥʢʨʝʪʥʦʾ ʤʫʣʴʪʠʚʘʨʢʠ, ʱʦ 

ʻ ʦʜʥʠʤ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʜʘʥʦʛʦ ʪʠʧʫ ʝʣʝʢʪʨʦʧʦʙʫʪʦʚʠʭ 

ʧʨʠʣʘʜʽʚ. ʆʜʥʽʻʶ ʟ ʬʫʥʢʮʽʡ ʜʝʷʢʠʭ ʤʫʣʴʪʠʚʘʨʦʢ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ 

ʧʽʜ ʪʠʩʢʦʤ, ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʷʢʦʾ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʽʣʫ ʤʫʣʴʪʠʚʘʨʦʢ ʥʘ 

2 ʦʩʥʦʚʥʠʭ ʪʠʧʘ[2]: 

1) ʤʫʣʴʪʠʚʘʨʢʠ ʙʝʟ ʬʫʥʢʮʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ ʧʽʜ ʪʠʩʢʦʤ, ʷʢʽ ʯʘʩʪʦ 
ʥʘʟʠʚʘʶʪʴ ʨʠʩʦʚʘʨʢʘʤ, ʚʽʜ ʷʢʠʭ ʮʝʡ ʪʠʧ ʤʫʣʴʪʠʚʘʨʦʢ ʽ ʧʦʭʦʜʠʪʴ. ʋ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʪʘʢʽ ʤʫʣʴʪʠʚʘʨʢʠ ʧʨʦʜʘʶʪʴʩʷ ʩʘʤʝ ʧʽʜ ʮʽʻʶ ʥʘʟʚʦʶ; 

2) ʤʫʣʴʪʠʚʘʨʢʠ ʟ ʬʫʥʢʮʽʻʶ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ ʧʽʜ ʪʠʩʢʦʤ, ʘʙʦ ʤʫʣʴʪʠʚʘʨʢʠ-

ʩʢʦʨʦʚʘʨʢʠ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʥʦʛʦ 

ʩʪʝʥʜʘ ʪʘ ʘʣʛʦʨʠʪʤʫ ʡʦʛʦ ʨʦʙʦʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʤʫʣʴʪʠʚʘʨʦʢ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʩʣʽʜʞʝʥʥʷ ʤʫʣʴʪʠʚʘʨʦʢ  

ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʄʂ51. ɺʦʩʴʤʠʨʦʟʨʷʜʥʠʡ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʄʂ51 ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʽʟʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʽ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʚ 

ʧʨʠʩʪʨʦʷʭ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʫ ʩʣʫʞʙʦʚʽʡ, ʢʦʤʝʨʮʽʡʥʽʡ, ʪʦʨʛʦʚʽʡ ʽ 

ʧʦʙʫʪʦʚʽʡ ʘʧʘʨʘʪʫʨʽ, ʧʨʠʩʪʨʦʷʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʧʨʠʣʘʜʘʤʠ[1]. 

ʉʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʤʽʨʶʚʘʥʴ, ʟʥʠʟʠʪʠ ʾʭ ʚʘʨʪʽʩʪʴ ʤʦʞʥʘ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʨʦʟʨʦʙʣʝʥʫ ʽ ʚʠʢʣʘʜʝʥʫ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʜʦʩʣʽʜʞʝʥʴ (ɸʉʂ 

ʊʇɺ) ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʜʥʦ ʢʨʠʩʪʘʣʴʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʫʣʴʪʠʚʘʨʦʢ, ʷʢʘ 

ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1, ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ: 

¶ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ - ʤʫʣʴʪʠʚʘʨʢʘ ʟ ʧʽʜʪʨʠʤʢʦʶ ʬʫʥʢʮʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʾʞʽ 

ʧʽʜ ʪʠʩʢʦʤ; 

¶ ʜʘʪʯʠʢʠ ɼ1 - ɼ4 (ʥʘʧʨʫʛʠ ʪʘ, ʪʝʤʧʝʨʘʪʫʨʠ ʜʥʘ ʤʫʣʴʪʠʚʘʨʢʠ ʪʘ ʪʠʩʢʫ 

ʚʩʝʨʝʜʠʥʽ ʧʨʠʣʘʜʫ); 
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¶ ʥʦʨʤʫʶʯʽ ʧʽʜʩʠʣʶʚʘʯʽ ʋ1 ï ʋ4; 

¶ ʯʦʪʠʨʠʢʘʥʘʣʴʥʠʡ ʢʦʤʫʪʘʪʦʨ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʪʠʧʫ ʂʈ590ʂʀ6; 

¶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ (ɸʎʇ) ʪʠʧʫ ʂ 1113 ʇɺ1; 

¶ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʱʦ ʤʽʩʪʠʪʴ ʚʙʫʜʦʚʘʥʠʡ ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʠʭ ʩʠʛʥʘʣʽʚ, 
ʧʘʤôʷʪʴ ʢʦʤʘʥʜ, ʆɿʇ, ʚʙʫʜʦʚʘʥʽ 4 ʧʦʨʪʠ ʽ ʧʦʩʣʽʜʦʚʥʠʡ ʢʘʥʘʣ ʟʚôʷʟʢʫ; 

¶ ʢʦʤʧʘʨʘʪʦʨʠ ʂ1-ʂ4 ʪʠʧʫ ʂ554 ʉɸ3, ʚʠʭʦʜʠ ʷʢʠʭ ʟʘ çɸɹʆè ʦʙôʻʜʥʘʥʽ ʟ 

ʚʠʭʽʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʢʝʨʫʶʯʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ; 

¶ ʧʨʠʩʪʨʦʾ ʫʟʛʦʜʞʝʥʥʷ ʽ ʦʙʤʽʥʫ ʋʉʆ1-ʋʉʆ4, ʷʢʽ ʚʠʢʣʶʯʘʪʴ ʚʠʢʦʥʘʚʯʽ 

ʧʨʠʩʪʨʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʟʘʜʘʶʪʴ ʨʝʞʠʤ ʚʠʧʨʦʙʫʚʘʥʴ ʘʙʦ 

ʜʦʩʣʽʜʞʝʥʴ. 

 

 
ʈʠʩ. 1 ï  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ɸʉʂ ʊʇɺ ʤʫʣʴʪʠʚʘʨʦʢ 

 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʜʦʩʣʽʜʞʝʥʴ ʤʫʣʴʪʠʚʘʨʢʠ, ʩʢʦʨʦʪʠʪʠ ʪʝʨʤa̔ ʥʠ ʽ ʚʠʪʨʘʪʠ ʥʘ 

ʾʭ ʧʨʦʚʝʜʝʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʦʚʦʜʠʪʠ ʾʭ 

ʧʦʜʘʣʴʰʫ ʮʠʬʨʦʚʫ ʦʙʨʦʙʢʫ ʽ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ. 
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2
ʧʨʦʬ. ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʅʊʋ çʍʇɯè, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ., ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

 

ɺʩʪʫʧ. ɼʦ ʘʚʽʘʮʽʡʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ (ɽʄ) ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ 
ʚʠʩʦʢʽ ʚʠʤʦʛʠ, ʥʽʞ ʜʦ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʠʭ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʻ ʥʘʜʽʡʥʽʩʪʴ 
ʽ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ, ʤʽʥʽʤʘʣʴʥʽ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʘ, ʚʠʩʦʢʘ ʤʽʮʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ, 
ʥʝʟʘʣʝʞʥʽʩʪʴ ʨʦʙʦʪʠ ʚʽʜ ʤʽʥʣʠʚʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ 
ʨʦʙʦʪʫ, ʦʨʽʻʥʪʘʮʽʷ ʽ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʽ ʪ.ʧ., [1]. ʊʦʤʫ ʧʠʪʘʥʥʷ 
ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ 
ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ɽʄ ʜʣʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʠʤʘʛʘʻ 
ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʨʘʜʠʮʽʡʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʥʝʜʦʣʽʢʦʤ ʢʦʥʩʪʨʫʢʮʽʾ 
ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ (ɸɼ) ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ (0,5 - 0,6), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʱʦʨʽʯʥʦ ʩʦʪʥʽ 
ʪʠʩʷʯ ʪʦʥʥ ʜʝʬʽʮʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʠʜʘʻʪʴʩʷ ʚ ʚʽʜʭʦʜʠ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʧʨʦʝʢʪʫʚʘʥʥʷ ɽʄ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 
ʚʠʢʦʥʘʥʥʽ ʚʠʤʦʛʠ ʤʦʞʣʠʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ 
ʤʦʞʣʠʚʦʩʪʷʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʩʪʘʣʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ ʽ ʨʦʟʨʦʙʢʠ 
ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʩʪʘʪʦʨʘ ʟ ʟʘʣʽʟʦʢʦʙʘʣʴʪʦʚʠʭ ʩʧʣʘʚʽʚ 
ʜʣʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ (ɽɼ) ʘʚʽʘʮʽʡʥʠʭ ʘʛʨʝʛʘʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʦʪʨʠʤʘʥʥʷ ʽ 
ʟʙʝʨʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʭ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʛʥʽʪʦʧʨʦʚʦʜʫ ʽ 
ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʠʤ ʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
ɽʄ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʜʥʘʢʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʚʩʴʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 
ʣʽʪʘʢʽʚ ʻ ʪʝ, ʱʦ ʨʦʙʦʯʘ ʯʘʩʪʦʪʘ ʞʠʚʣʷʯʦʾ ʥʘʧʨʫʛʠ ʜʦʨʽʚʥʶʻ 400 ɻʮ. ʎʝ ʥʘʢʣʘʜʘʻ 
ʦʩʦʙʣʠʚʽ ʚʠʤʦʛʠ ʜʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 
ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. 

ʂʦʙʘʣʴʪʦʚʽ ʩʪʘʣʽ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʽʘʮʽʡʥʽʡ ʽ ʢʦʩʤʽʯʥʽʡ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʧʦʩʪʫʧʦʚʦ ʧʦʯʠʥʘʶʪʴ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʥʽʢʝʣʝʚʠʤʠ, ʷʢʽ ʜʦʙʨʝ 
ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʠ ʩʝʙʝ ʽ ʜʘʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘʮʽʡʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
ʉʧʣʘʚʠ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʙʘʣʴʪ, ʥʝʦʙʭʽʜʥʽ ʪʘʤ, ʜʝ ʜʦʩʠʪʴ ʚʠʩʦʢʘ ʨʦʙʦʯʘ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʘʚʽʘʮʽʡʥʠʭ ʪʫʨʙʽʥ. ʅʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʧʨʠ ʚʠʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʪʨʘʯʘʶʪʴ ʩʚʦʶ ʤʽʮʥʽʩʪʴ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ 1038 Áʉ), ʪʦʙʪʦ 
ʧʦʩʪʫʧʘʶʪʴʩʷ ʢʦʙʘʣʴʪʦʚʠʤ. ʆʜʥʘʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʙʘʣʴʪʦʚʠʭ ʩʪʘʣʝʡ ʤʘʻ 
ʥʝʜʦʣʽʢ: ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʚʧʣʠʚʽʚ (ʫʜʘʨʠ, ʩʪʠʩʥʝʥʥʷ, ʤʝʭʘʥʽʯʥʘ 
ʦʙʨʦʙʢʘ). ɼʦʧʫʩʪʠʤʘ ʚʝʣʠʯʠʥʘ ʧʠʪʦʤʦʾ ʪʠʩʢʫ ʥʘ ʤʘʪʝʨʽʘʣ, ʷʢʘ ʱʝ ʥʝ ʧʨʠʟʚʦʜʠʪʴ 
ʜʦ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 196-392 ʢʇʘ, 
[2]. ɿʘʟʥʘʯʝʥʝ ʦʙʤʝʞʝʥʥʷ ʟʤʫʰʫʻ ʨʦʟʨʦʙʣʷʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ʟ ʢʦʙʘʣʴʪʦʚʠʭ ʩʪʘʣʝʡ. ʎʝ ʧʠʪʘʥʥʷ ʚ ʣʽʪʝʨʘʪʫʨʽ ʚʠʩʚʽʪʣʝʥʦ 
ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦʤʫ ʙʘʛʘʪʦ ʚʠʩʥʦʚʢʽʚ ʜʦʚʝʣʦʩʷ ʨʦʙʠʪʠ ʩʘʤʠʤ. 

ʊʦʤʫ ʥʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʣʽʜ 
ʚʠʟʥʘʯʠʪʠʩʴ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʱʦʜʦ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʫ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ 
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ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ʜʣʷ ʦʩʝʨʜʴ ʜʚʠʛʫʥʽʚ ʣʽʪʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ 
ʥʘʧʨʷʤʢʦʤ ʚ ʘʚʽʘʮʽʡʥʦʤʫ ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 
ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ʩʪʘʣʝʡ ʟ ʚʠʩʦʢʦʶ ʽʥʜʫʢʮʽʻʶ ʥʘʩʠʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, 
ʟʘʣʽʟʦʢʦʙʘʣʴʪʦʚʠʭ ʩʪʘʣʝʡ 27 ʂʍ ʽ 49ʂ2ʌɸ. ɺ ʥʠʭ ʤʦʞʥʘ ʧʽʜʥʷʪʠ ʩʝʨʝʜʥʽʡ 
ʨʽʚʝʥʴ ʽʥʜʫʢʮʽʾ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘʭ ʜʦ 2,2 ʊʣ ʧʨʠ ʧʨʠʡʥʷʪʥʦʤʫ ʨʽʚʥʽ ʧʠʪʦʤʠʭ 
ʚʪʨʘʪ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʤʝʥʰʠʣʠʩʷ ʛʘʙʘʨʠʪʠ ʽ ʤʘʩʘ ɽʄ, [2]. ɿʘʣʽʟʦʢʦʙʘʣʴʪʦʚʘ 
ʩʪʘʣʴ (ʜʦ 40% Co ʽ 7% W) ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʤʘʛʥʽʪʥʦʶ ʩʪʽʡʢʽʩʪʶ ʧʨʠ 
ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʚʧʣʠʚʘʭ, ʧʽʜʜʘʻʪʴʩʷ ʢʫʚʘʥʥʶ ʪʘ ʟʛʠʥʘʥʥʶ. 
ʈʽʚʥʦʮʽʥʥʠʡ ʤʘʛʥʽʪʦʧʨʦʚʽʜ ʟ ʢʦʙʘʣʴʪʦʚʦʾ ʩʪʘʣʽ ʚ 6 ʨʘʟʽʚ ʣʝʛʰʝ, ʥʽʞ ʟ ʚʫʛʣʝʮʝʚʦʾ 
ʘʙʦ ʥʽʢʝʣʝʚʦʾ. ɼʦʜʘʚʘʥʥʷ Co ʚ ʩʪʘʣʠ ʜʦʟʚʦʣʷʻ ʾʤ ʟʙʝʨʽʛʘʪʠ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʚʽʙʨʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻ ʦʧʽʨ ʜʦ 
ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʪʘʣʴ, ʱʦ ʤʽʩʪʠʪʴ ʜʦ 60% Co, ʤʘʻ ʚʝʣʠʢʫ 
ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʫ (ʦʧʽʨ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ) ʽ ʚʩʴʦʛʦ ʣʠʰʝ ʥʘ 2-3,5% ʚʪʨʘʯʘʻ 
ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʚʽʙʨʘʮʽʷʭ. ɺʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʽʥʜʫʢʮʽʾ ʻ ʦʩʥʦʚʥʦʶ 
ʚʣʘʩʪʠʚʽʩʪʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʤʘʛʥʽʪʦʨʫʰʦʯʦʾ ʩʠʣʠ. ʇʦʪʫʞʥʽʩʪʴ ʚ 
ɸɼ ʽ ʧʨʠʚʦʜʘʭ ʟʨʦʩʪʘʻ ʟ ʧʦʜʚʦʻʥʥʷʤ ʽʥʜʫʢʮʽʾ, ʪʦʤʫ, ʟʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʝʡ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʙʘʣʴʪʦʚʠʭ ʩʪʘʣʝʡ ʚʽʜʢʨʠʚʘʻ ʥʦʚʽ 
ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ, ʱʦ 
ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽ. ʄʘʛʥʽʪʥʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Co ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ 
ʚʠʨʦʙʥʠʮʪʚʽ ʦʩʝʨʜʴ ɸɼ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʽ ʪ.ʜ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʯʘʩʪʦʪʠ ʥʘ 
ʨʦʟʤʽʨʠ ʽ ʚʘʛʫ ʘʩʠʥʭʨʦʥʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʜʣʷ ʣʽʪʘʢʽʚ ʧʦʢʘʟʘʣʠ, 
ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʻ ʯʘʩʪʦʪʘ 400 ɻʮ, ʧʨʠ ʷʢʽʡ 
ʥʘʡʙʽʣʴʰʘ ʤʦʞʣʠʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ ʩʢʣʘʜʘʻ 24000 ʦʙ/ʭʚ. 
ɺʘʛʘ ɸɼ ʜʣʷ ʣʽʪʘʢʽʚ ʧʨʠ ʯʘʩʪʦʪʽ 400 ɻʮ ʧʨʠʙʣʠʟʥʦ ʥʘ 40% ʤʝʥʰʝ ʚʘʛʠ ɽɼ 
ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ 24 ɺ, ʤʘʶʪʴ ʪʫ ʞ ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ 
ʦʙʝʨʪʘʥʥʷ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʯʘʩʪʦʪʘ 400 ɻʮ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ, ʷʢ 
ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʘ ʜʣʷ ʣʽʪʘʢʽʚ ʟ ʪʨʠʬʘʟʥʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ ʽ ʟ 
ʥʝʡʪʨʘʣʴʶ, ʟ'ʻʜʥʘʥʦʾ ʟ ʢʦʨʧʫʩʦʤ ʣʽʪʘʢʘ. 

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʟʘʣʽʟʦʢʦʙʘʣʴʪʦʚʠʭ ʩʪʘʣʝʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 
ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ ɽɼ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʾʭ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ. 
ʄʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ ʜʦʩʷʛʘʶʪʴʩʷ ʟʘʚʜʷʢʠ ʾʭ 
ʪʝʨʤʦʤʘʛʥʽʪʥʽʡ ʦʙʨʦʙʮʽ - ʚʽʜʧʘʣʫ ʚ ʚʘʢʫʫʤʽ ʽ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ. ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ 
ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʣʽʜ ʫʥʠʢʘʪʠ ʚʝʣʠʢʠʭ ʟʫʩʠʣʴ ʧʨʝʩʫʚʘʥʥʷ ʽ ʥʘʪʷʛʽʚ ʧʨʠ 
ʫʩʪʘʥʦʚʮʽ ʚ ʢʦʨʧʫʩ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ, ʟʙʽʣʴʰʝʥʥʷ 
ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʦʚʥʝʥʥʷ ʩʪʘʣʠ ʽ ʟʤʝʥʰʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʦʩʽʙ ʢʘʧʽʣʷʨʥʦʾ ʩʢʣʝʡʢʠ ʧʘʢʝʪʽʚ ʤʘʛʥʽʪʦʧʨʦʚʦʜʽʚ, ʱʦ 
ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʾʭ ʽʟʦʣʶʚʘʥʥʷ. 
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1. ʐʘʨʘʙʘʥ ʖ.ɺ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩʪʘʪʦʨʘ 

ʘʚʠʘʮʠʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠʟ ʞʝʣʝʟʦʢʦʙʘʣʴʪʦʚʳʭ. / ʖ. ɺ. ʐʘʨʘʙʘʥ. // ʍʘʨʢʽʚ: ʅʊʋ 
çʍʇɯè. - ɽʣʝʢʪʨʦʪʝʭʥʽʢʘ ʽ ɽʣʝʢʪʨʦʤʝʭʘʥʽʢʘ. - 2006. - ˉ 6. ï ʉ. 54-56. 
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ʘʚʠʘʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ / ɸ. ʅ. ɻʝʪʷ, ʖ. ɺ.ʐʘʨʘʙʘʥ, ɺ. ɸ. ʄʘʪʫʩʝʚʠʯ // ʍʘʨʴʢʦʚ: ʅʊʋ 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʱʠʪʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʑʇʊ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [1]. ʆʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʠʸʤʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʥʫʞʜ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ɸʂɹ. ʑʇʊ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʧʠʪʘʥʠʝ ʦʧʝʨʘʪʠʚʥʳʭ ʮʝʧʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʪ. ʜ. ɺ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ɸʂɹ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʳʤ ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʝʤ.  

ʉʘʤʳʤ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʑʇʊ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʮʝʥʥʦ ʠ ʩʪʘʙʠʣʴʥʦ ʨʘʙʦʪʘʪʴ ʙʝʟ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʣʷ 

ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʢʦʥʪʨʦʣʷ ʠ ʢʦʨʨʝʢʮʠʠ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʚ ʧʦʩʪʦʷʥʥʦʝ ʠʤʝʝʪ 

ʬʫʥʢʮʠʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʦʪ ʩʝʪʠ ʥʘ ʙʘʪʘʨʝʶ ʠ 

ʚʩʪʨʦʝʥʥʫʶ ʩʠʩʪʝʤʫ ʟʘʨʷʜʢʠ ʙʘʪʘʨʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ 

ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  ʠʣʠ ʠʩʪʦʯʥʠʢʘ 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ (ʀɹʇ) [2] [4]. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʭʝʤʳ ʥʘ ʙʘʟʝ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ  ʠ ʚʳʧʨʷʤʠʪʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ[3][5] .  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʜʦʢʣʘʜʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʘ ʩʭʝʤʳ, ʨʝʘʣʠʟʫʶʱʠʡ 

ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠʩʭʦʜʷ ʠʟ ʠʤʝʶʱʝʛʦʩʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ.  
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ʇʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ ʚʠʜʝʦʩʠʛʥʘʣʦʚ ʧʝʨʝʩʪʘʣʠ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ 

ʣʠʰʴ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ. ʉʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, 

ʢʘʢ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ, ʧʦʪʨʝʙʣʷʶʪ 

ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʜʝʰʝʚʝʶʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʦʙʣʘʩʪʷʭ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʦʤʘʰʥʝʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʙʳʣʠ ʜʣʷ 

ʥʠʭ ʥʝʜʦʩʪʫʧʥʳʤʠ.  

ʇʨʦʩʪʝʡʰʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʨʝʥʠʝʤ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʘʤ 

ʤʘʥʠʧʫʣʷʪʦʨ çʤʳʰʴè ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʳʣʝʩʦʩ. ʊʨʘʜʠʮʠʦʥʥʦ ʵʪʠ ʩʠʩʪʝʤʳ 

ʩʦʩʪʦʷʪ ʠʟ ʢʘʤʝʨʳ, ʫʩʪʨʦʡʩʪʚʘ ʟʘʭʚʘʪʘ ʢʘʜʨʦʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʘʤʝʨ Omnivision ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠ ʦʙʨʘʙʦʪʘʪʴ ʜʘʥʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʩʝʤʝʡʩʪʚʘ STM32.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, 

ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ 

ʘʚʪʦʥʦʤʥʳʡ ʠ ʩʝʪʝʮʝʥʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʧʦʣʫʯʝʥʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ.  

ɺ ʥʝʙʦʣʴʰʠʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʜʚʠʞʫʱʠʝʩʷ ʘʚʪʦʥʦʤʥʳʝ ʦʙʲʝʢʪʳ, 

ʦʩʥʦʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʘ ʧʦ ʟʘʜʘʥʥʦʡ 

ʚʠʟʫʘʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʪʨʘʝʢʪʦʨʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʯʘʩʪʦʛʦ ʟʘʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ, ʘʥʘʣʠʟʫ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʦʜʥʘ ʠʟ ʩʪʨʦʢ ʧʦʣʫʯʝʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʣʠʰʴ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʫʯʠʪʳʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʦʩʝʜʥʠʭ ʩʪʨʦʢʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʚʝʪʥʳʭ ʚʠʜʝʦʢʘʤʝʨ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʚʳʷʚʣʝʥʠʝ 

ʧʦʤʝʭ ʚ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʫʤʝʥʴʰʝʥʠʝ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʦʛʦ 

ʮʚʝʪʦʚʦʛʦ ʢʘʥʘʣʘ ʣʠʙʦ ʠʭ ʢʦʤʙʠʥʘʮʠʠ.  

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʣʦʞʥʳʭ ʦʙʨʘʟʦʚ, ʚʳʭʦʜʷʱʠʭ ʟʘ 

ʨʘʤʢʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʷ, ʠʟʦʙʨʘʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʧʝʨʝʜʘʥʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʳʯʠʩʣʠʪʝʣʶ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ.  

ʉʚʷʟʴ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʲʝʢʪʘ ʩ ʫʧʨʘʚʣʷʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʚʝʨʭʥʝʛʦ 

ʫʨʦʚʥʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ Wi-Fi ʤʦʜʫʣʷ ESP8266, ʥʘʰʝʜʰʝʛʦ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʘʭ ʀʥʪʝʨʥʝʪʘ. 
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ɼ.ʄ. ʂʆɿʃʆɺ
1
 , ʆ.ɻ. ʉɽʈɽɼɸ

2 

 
1 
ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ 

2 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʘʧʘʨʘʪʽʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʅʊʋ çʍʇɯè, ʍʘʨʢʽʚ, 

ʋʂʈɸɰʅɸ 
 

ɿʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʯʫʪʣʠʚʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʨʫʤʦʚʦʛʦ ʟʘʭʠʩʪʫ (ʄʉɿ) 
ʜʦ ʩʪʨʫʤʽʚ Icc far ʚʽʜʜʘʣʝʥʠʭ ʢʦʨʦʪʢʠʭ ʟʘʤʠʢʘʥʴ (ʂɿ) ʚ ʤʝʨʝʞʘʭ ʟ ʜʦʚʛʠʤʠ 
ʣʽʥʽʷʤʠ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ (ʃɽʇ) ʧʨʦʙʣʝʤʘʪʠʯʥʦ. ɺʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʘʧʘʨʘʪʽʚ 
ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ, ʧʽʜʢʣʶʯʝʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʃɽʇ, ʜʦ ʩʪʨʫʤʽʚ Icc far ʥʘʧʨʠʢʽʥʮʽ 

ʣʽʥʽʾ ʟʘʚʘʞʘʶʪʴ ʟʥʘʯʥʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ stI  ʘʩʠʥʭʨʦʥʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ (ɽɼ), 

ʧʽʜʢʣʶʯʝʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʜʘʣʝʥʦʛʦ ʨʝʟʝʨʚʫʚʘʥʥʷ (ɺɼʈ) 
ʚʽʜʤʦʚ ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʠʭ ʘʧʘʨʘʪʽʚ ʟʘʭʠʩʪʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʠʩʦʢʘ ʯʫʪʣʠʚʽʩʪʴ 
ʚʠʱʝ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʚʚʽʜʥʦʛʦ ʘʧʘʨʘʪʫ ʜʦ ʩʪʨʫʤʽʚ Icc far ʚ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʚʽʜʚʽʜʥʠʭ 

ʬʽʜʝʨʽʚ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘʚʘʞʘʶʪʴ ʩʪʨʫʤʠ stI  ʩʫʩʽʜʥʽʭ ʬʽʜʝʨʽʚ. ɺ ʦʙʦʭ 

ʚʠʧʘʜʢʘʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʄʉɿ ʜʦ ʩʪʨʫʤʽʚ Icc far ʥʝʦʙʭʽʜʥʘ ʚʠʙʽʨʢʦʚʘ 

ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʩʪʨʫʤʽʚ stI , ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʩʪʨʫʤʽʚ stI  ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ cosű ʟʽ 

ʩʪʨʫʤʦʤ ʟʙʫʨʝʥʥʷ ʽ ʙʣʦʢʫʚʘʥʥʷ ʟʘʭʠʩʪʫ ʧʨʠ ʾʭ ʚʠʥʠʢʥʝʥʥʽ. 
ʗʢʱʦ ʟʙʫʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʚʠʢʣʠʢʘʥʦ ʨʽʟʢʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ 

(ʧʫʩʢ ɽɼ ʘʙʦ ʂɿ), ʪʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ȹIph 
ʩʠʤʝʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʟʙʫʨʝʥʥʷ ʥʝʦʙʭʽʜʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʘʧʝʨʽʦʜʠʯʥʦʾ 
ʩʢʣʘʜʦʚʦʾ ʚ ʢʨʠʚʽʡ ʩʪʨʫʤʫ. ʗʢʱʦ ʞ ʨʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ȹIph ʟʜʽʡʩʥʶʚʘʪʠ ʚ 
ʧʝʨʰʠʡ ʧʝʨʽʦʜ ʊ1 ʟʤʽʥʠ ʩʪʨʫʤʫ ʟʙʫʨʝʥʥʷ, ʪʦ ʤʘʪʠʤʫʪʴ ʤʽʩʮʝ ʩʧʦʪʚʦʨʝʥʥʷ, 
ʟʫʤʦʚʣʝʥʽ ʚʧʣʠʚʦʤ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʟʤʽʥʠ ʩʪʨʫʤʫ. ʉʪʫʧʽʥʴ ʩʧʦʪʚʦʨʝʥʥʷ 
ʟʥʘʯʝʥʥʷ ȹIph ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʝʣʠʯʠʥʠ ʧʦʩʪʽʡʥʦʾ 
ʯʘʩʫ Ű ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ. ʊʦʤʫ ʤʦʞʣʠʚʦ ʟ ʘʥʘʣʽʟʫ ʚʝʣʠʯʠʥʠ ʩʧʦʪʚʦʨʝʥʥʷ 
ʟʥʘʯʝʥʥʷ ȹIph, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚ ʧʝʨʽʦʜ ʊ1, ʚʠʟʥʘʯʠʪʠ Ű ʘʙʦ cosű 

( )( )jÖwj=t cossin . ɸʥʘʣʽʟ ʩʪʫʧʝʥʷ ʩʧʦʪʚʦʨʝʥʥʷ ʟʥʘʯʝʥʥʷ ȹIph ʦʢʨʝʤʦ ʚ ʢʦʞʥʽʡ 

ʬʘʟʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʟʽ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʫ ʨʦʟʨʘʭʫʥʢʫ. ʄʘʩʠʚ 
ʜʠʩʢʨʝʪʥʠʭ ʟʥʘʯʝʥʴ ʬʘʟʥʠʭ ʩʪʨʫʤʽʚ i j(a,b,c) ʡ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʥʠʤʠ ʟʥʘʯʝʥʴ 
ȹIph(a,b,c) ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʫʪʘ ɣ ʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʥʢʫ. ʗʢʱʦ ʩʪʫʧʽʥʴ 
ʩʧʦʪʚʦʨʝʥʥʷ ʚʝʣʠʯʠʥʠ ȹIph ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚ ʧʝʨʽʦʜ T1 ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ 
ʟʙʫʨʝʥʥʷ ʦʮʽʥʶʚʘʪʠ ʟʘ ʩʫʤʦʶ 
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ʊ IIII D+D+D=Dä  (1) 

ʢʚʘʜʨʘʪʽʚ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʽʚ ʪʨʴʦʭ ʬʘʟ, ʪʦ ʨʝʟʫʣʴʪʘʪ 
ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʚʝʣʠʯʠʥʦʶ Ű ʘʙʦ cosű. 
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ʊʘʢʘ ʦʩʦʙʣʠʚʽʩʪʴ ʩʫʤʠ (1) ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ 
ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ cosű ʚ ʤʦʤʝʥʪ ʚʠʥʠʢʥʝʥʥʷ ʩʪʨʫʤʫ ʟʙʫʨʝʥʥʷ ʡ ʟʘ 
ʚʝʣʠʯʠʥʦʶ cosű ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʙʽʨʢʦʚʫ ʯʫʪʣʠʚʽʩʪʴ ʟʘʭʠʩʪʫ ʜʦ ʩʪʨʫʤʽʚ Icc far ʪʘ Ist. 

ʉʫʤʘ (1) ʚ ʧʝʨʰʠʡ T1 ʧʝʨʽʦʜ ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ ʟʙʫʨʝʥʥʷ ʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ȹia, ȹib, ȹic ï ʤʠʪʪʻʚʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʟʙʫʨʝʥʥʷ ʚ ʬʘʟʘʭ a, b, c, ʚʽʜʧʦʚʽʜʥʦ.  
ɺʠʨʘʟ ʜʣʷ ʩʠʣʦʚʦʾ ʬʫʥʢʮʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ [1]: 

 ()( )()( )()( )()titititS cba
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D+D+D=  (3) 

ʇʦʨʽʚʥʶʶʯʠ ʚʠʨʘʟʠ (2) ʪʘ (3) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 ()ñä =D
1

0,,

2

1ph

1
ʊ

cba
ʊ dttS
ʊ

I . (4) 

ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʬʫʥʢʮʽʾ (1) ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ɣ. ʆʪʞʝ, ʾʾ ʽʥʪʝʛʨʘʣ ʡ ʣʽʚʘ 
ʯʘʩʪʠʥʘ ʚʠʨʘʟʫ (3) ʪʝʞ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ɣ. ɸ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ (3), ʽʥʪʝʛʨʘʣ (4), ʘ, 
ʚʽʜʧʦʚʽʜʥʦ, ʡ ʩʫʤʘ (1), ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʩʪʽʡʥʦʾ ʯʘʩʫ Ű ʘʙʦ cosű. 

ʇʨʠ cosű = 0,3 ʽʥʪʝʛʨʘʣ (4), ʤʘʡʞʝ ʥʘ 20% ʙʽʣʴʰʠʡ, ʥʽʞ ʘʥʘʣʦʛʽʯʥʠʡ 

ʽʥʪʝʛʨʘʣ ʟʘ ʜʨʫʛʠʡ ʧʝʨʽʦʜ ʊ2, ʚ ʪʦʡ ʯʘʩ ʷʢ ʧʨʠ 7,0cos =j  ʽʥʪʝʛʨʘʣ (4) ʧʨʠʙʣʠʟʥʦ 

ʥʘ 10% ʤʝʥʰʠʡ, ʥʽʞ ʟʘ ʧʝʨʽʦʜ ʊ2. ʇʨʠ 5,0cos =j  ʥ̔ʪʝʛʨʘʣʠ (4) ʟʘ ʧʝʨʽʦʜʠ ʊ1 ʡ ʊ2 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ. ʇʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʠʤʠ ʚʠʭʦʜʷʪʴ ʡ ʽʥʪʝʛʨʘʣʠ (4) ʟʘ ʧʝʨʽʦʜ 

ʊ2 ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ cosű. ʊʦʤʫ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ 2phʊID , 

ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʟʥʘʯʝʥʥʷʤʠ 
2jTi  ʻ ʽʩʪʠʥʥʠʤ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ȹIph ʩʠʤʝʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʨʫʤʫ ʟʙʫʨʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʨʽʚʥʷʥʥʷ ʩʫʤ äD
cba

ʊI
,,

2
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2ph , ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ 

ʜʠʩʢʨʝʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʘʟʥʠʭ ʩʪʨʫʤʽʚ ʧʝʨʰʦʛʦ 
1jTi  ʪʘ ʜʨʫʛʦʛʦ 

2jTi  ʧʝʨʽʦʜʫ, 

ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʚʠʜ ʩʪʨʫʤʫ ʟʙʫʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ. 
ɿʘʭʠʩʥʘ ʯʘʩʦʩʪʨʫʤʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʄʉɿ ʘʜʘʧʪʫʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʩʪʨʫʤʫ ʟʙʫʨʝʥʥʷ. ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʪʘʢʦʛʦ ʟʘʭʠʩʪʫ ʥʘ 
ʧʦʯʘʪʢʫ ʜʦʚʛʦʾ ʃɽʇ, ʤʦʞʣʠʚʦ ʚʽʜʢʣʶʯʘʪʠ ʩʪʨʫʤʠ ʂɿ ʤʝʥʰʽ ʟʘ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ 
ɽɼ, ʧʽʜʢʣʶʯʝʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʣʽʥʽʾ. ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʭʠʩʪ ʚʽʜ ʚʽʜʜʘʣʝʥʠʭ ʂɿ ʪʘ 
ʛʘʨʘʥʪʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʠʡ ʧʫʩʢ ɽɼ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʟʘʭʠʩʪʫ ʫ ʚʚʽʜʥʦʤʫ 
ʚʠʤʠʢʘʯʝʚʽ, ʜʦ ʷʢʦʛʦ ʧʽʜʢʣʶʯʝʥʦ ʜʝʢʽʣʴʢʘ ʚʽʜʚʽʜʥʠʭ ʬʽʜʝʨʽʚ, ʜʣʷ ʚʚʽʜʥʦʛʦ 
ʘʧʘʨʘʪʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʛʫʚʘʪʠ ʥʘ ʥʝʚʝʣʠʢʽ ʩʪʨʫʤʠ ʂɿ ʚ 
ʚʽʜʚʽʜʥʠʭ ʬʽʜʝʨʘʭ, ʽʛʥʦʨʫʶʯʠ, ʧʨʠ ʮʴʦʤʫ, ʚʝʣʠʢʽ ʧʫʩʢʦʚʽ ʩʪʨʫʤʠ ɽɼ ʚ ʬʽʜʝʨʘʭ 
ʩʫʩʽʜʥʽʭ ʟ ʘʚʘʨʽʡʥʠʤ. ʊʦʙʪʦ, ʚ ʨʘʟʽ ʚʽʜʤʦʚʠ ʬʽʜʝʨʥʦʛʦ ʘʧʘʨʘʪʫ ʬʫʥʢʮʽʶ ʟʘʭʠʩʪʫ 
ʘʚʘʨʽʡʥʦʛʦ ʬʽʜʝʨʘ ʚʽʜ ʩʪʨʫʤʽʚ ʂɿ ʚʠʢʦʥʘʻ ʚʚʽʜʥʠʡ ʘʧʘʨʘʪ. ʊʘʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
ʚʽʜʜʘʣʝʥʝ ʨʝʟʝʨʚʫʚʘʥʥʷ ʚʽʜʤʦʚ, ʱʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʟʘʭʠʩʪʫ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
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ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʬʝʜʨʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʅʊʋ çʍʇʀè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʨʝʘʣʠʟʦʚʘʥ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʴʝʟʦʙʠʦʵʬʬʝʢʪʘ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʙʣʦʢʘ ʟʘʜʘʥʠʷ ʜʘʚʣʝʥʠʷ, ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʤʝʨʳ, ʙʣʦʢʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠ ʫʩʠʣʝʥʠʷ, ʙʣʦʢʘ ʦʮʠʬʨʦʚʢʠ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʇʂ [1]. 

ʇʴʝʟʦʙʠʦʵʬʬʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʲʝʢʪʝ (ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʣʝʪʢʘ, ʫʯʘʩʪʦʢ ʪʢʘʥʠ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʧʨʠʣʦʞʝʥʥʦʛʦ ʢ ʥʝʤʫ ʜʘʚʣʝʥʠʷ [2]. ɼʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʥʳʝ ʚʣʠʷʥʠʷ: ʪʝʧʣʦʚʳʝ, ʭʠʤʠʯʝʩʢʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʜʨ [3]. ʀʟʚʝʩʪʥʳʝ ʫʞʝ ʙʦʣʝʝ 30 ʣʝʪ ʵʬʬʝʢʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʪʢʘʥʷʭ ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ ʫʨʦʚʥʝ 

ʤʘʢʨʦʩʪʨʫʢʪʫʨ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ (ʨʝʛʝʥʝʨʘʮʠʦʥʥʘʷ ʤʝʜʠʮʠʥʘ). 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʥʦʡ ʥʘʛʨʫʟʢʠ, ʘ 

ʠʤʝʥʥʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ, ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʞʠʜʢʦʤ ʦʙʨʘʟʮʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣ ʚʳʙʨʘʥ 0,9% ʨʘʩʪʚʦʨ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ, ʪ.ʢ. ʦʥ 

ʧʦ ʩʚʦʝʤʫ ʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠʜʝʥʪʠʯʝʥ ʧʣʘʟʤʝ ʢʨʦʚʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʩʦʙʨʘʥʘ 

ʩʣʝʜʫʶʱʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʜʘʚʣʝʥʠʷ 

 

ʅʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʢʦʤʧʨʝʩʩʠʦʥʥʫʶ ʢʘʤʝʨʫ (ʂʂ) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ (ʈɼ), ʢʦʪʦʨʳʡ 

ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠ ʧʦʨʰʥʷ. ʇʨʠ ʵʪʦʤ ʢ ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ 
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ʢʘʤʝʨʝ ʧʦʜʢʣʶʯʝʥ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʩʠʛʥʘʣ (ɼɼ). 

ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʉʠʛʥʘʣ ʩ ʵʣʝʢʪʨʦʜʦʚ (ʕ) 

ʧʦʜʘʝʪʩʷ ʥʘ ʫʩʠʣʠʪʝʣʴʥʳʡ ʙʣʦʢ (ʋɹ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʜʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʚʫʭ ʢʘʥʘʣʦʚ: ʵʣʝʢʪʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʢʘʥʘʣʘ. ʕʪʠ ʩʠʛʥʘʣʳ ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ɸʎʇ ʠ ʧʝʨʝʜʘʶʪʩʷ ʚ ʧʘʤʷʪʴ 

ʇʂ.  

 
ʈʠʩ. 2 ï ɺʥʝʰʥʠʡ ʚʠʜ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʬʠʟʨʘʩʪʚʦʨʘ ʠ ʨʘʟʣʠʯʥʦʤ 

ʜʘʚʣʝʥʠʠ. ʆʜʥʘ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

3. 
 

 
ʈʠʩ. 3 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ 

ʦʩʥʦʚʘʥʠʠ, ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ. ʊʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʝʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʩʦʩʪʦʷʥʠʡ ʞʠʜʢʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. 
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ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ (ʋɿ) ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʙʦʣʴʰʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʋɿ ʢʦʣʝʙʘʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʛʠʜʨʦʘʢʫʩʪʠʢʝ, ʚ 

ʤʝʜʠʮʠʥʝ, ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʞʠʜʢʦʩʪʷʭ ʠ ʪ.ʜ.. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʋɿ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ï 

ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 

ʧʲʝʟʦʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʵʥʝʨʛʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʋɿ ʜʠʘʧʘʟʦʥʘ. 

ɼʣʷ ʧʠʪʘʥʠʷ ʋɿ ʠʟʣʫʯʘʪʝʣʷ (ʀ) ʧʨʠʤʝʥʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ, ʣʠʙʦ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʝʛʦ 

ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʛʘʟʦʚʫʶ ʩʨʝʜʫ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32. 

ʆʙʱʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʋɿ ʠʟʣʫʯʘʪʝʣʷ ʠ ʝʛʦ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 ï ʨʠʩ. 4. ʀʩʭʦʜʷ ʠʟ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʠ ʯʘʩʪʦʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʋɿ ʀ (ʨʠʩ. 1, ʨʠʩ. 3) ʚʠʜʥʦ, ʯʪʦ ʠʟʣʫʯʘʪʝʣʴ ʠʤʝʝʪ ʨʘʙʦʯʫʶ 

ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʟʦʥʘʪʦʨʘ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʚʝʪʚʴ ʥʘ ʩʭʝʤʝ). ʉ ʫʯʝʪʦʤ ʩʦʙʩʪʚʝʥʥʦʡ ʝʤʢʦʩʪʠ 

ʋɿ ʠʟʣʫʯʘʪʝʣʷ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʪʦʢ ʥʝ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ 

ʧʦ ʬʘʟʝ ʩ ʧʠʪʘʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ (ʨʠʩ. 2, ʨʠʩ. 4). ɼʣʷ ʤʘʣʦʤʦʱʥʳʭ 

ʠʟʣʫʯʘʪʝʣʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʜʥʦʡ, ʜʚʫʭ ʧʲʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʰʘʡʙ, ʬʘʟʥʳʤ 

ʩʜʚʠʛʦʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʥʦ ʜʣʷ ʤʦʱʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ 

ʚʦʩʴʤʠ ʰʘʡʙ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. 

ʇʨʠ ʧʦʤʝʱʝʥʠʠ ʠʟʣʫʯʘʪʝʣʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ, ʠʟʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ (ʵʢʚʠʚʘʣʝʥʪʥʳʝ) ʧʘʨʘʤʝʪʨʳ 

ʠʟʣʫʯʘʪʝʣʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʝʛʦ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ. 
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ʈʠʩ. 1  ʦʙʱʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ ʋɿʀ 
ʈʠʩ. 2  ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʦʢʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʟʘʤʝʱʝʥʠʷ 

  
ʈʠʩ. 3  ʘʤʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʠ ʬʘʟʦʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋɿʀ 

ʈʠʩ. 4 ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʠ ʝʛʦ 

ʬʘʟʥʦʛʦ ʩʜʚʠʛʘ ʦʪ ʯʘʩʪʦʪʳ 

 

ʇʦʵʪʦʤʫ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʦʜʜʝʨʞʠʚʘʷ ʠʟʣʫʯʘʪʝʣʴ ʚ ʨʝʞʠʤʝ ʨʝʟʦʥʘʥʩʘ. 

ɺʳʜʝʣʠʤ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: 

1. ɽʩʣʠ ʠʟʣʫʯʘʪʝʣʴ ʠʤʝʝʪ ʤʘʣʳʝ ʨʘʟʤʝʨʳ, ʪʦ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʦʡ ʝʤʢʦʩʪʴʶ ʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʚ ʨʝʟʦʥʘʥʩ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʫʣʝʚʦʡ ʫʛʦʣ ʩʜʚʠʛʘ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʷ ʠʟʤʝʨʷʝʤ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʣʠʙʦ ʠʭ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ. 

2. ɽʩʣʠ ʩʜʚʠʛ ʬʘʟ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʟʦʥʘʥʩʘ ʥʝ ʥʫʣʝʚʦʡ, 

ʪʦ ʧʨʦʠʟʚʦʜʩʷ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ (ʥʝ 

ʤʝʥʝʝ ʯʝʤ ʟʘ ʟʘ ʧʦʣ ʧʝʨʠʦʜʘ) ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ 

ʜʣʷ ʧʦʠʩʢʘ ʝʝ ʤʘʢʩʠʤʫʤʘ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʧʦʜʭʦʜʦʚ: 

ï ʠʟʤʝʨʷʶʪʩʷ ʠ ʧʝʨʝʤʥʦʞʘʶʪʩʷ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ï ʠʟʤʝʨʷʶʪʩʷ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʬʘʟʥʳʡ ʩʜʚʠʛ 

ʤʝʞʜʫ ʥʠʤʠ. ɿʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʫʣʘ  . 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʠʟʣʫʯʘʪʝʣʷ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ 

ʩʦʩʪʘʚʣʷʝʪ 20-80 ʢɻʮ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʥʝʰʥʠʝ ʢʦʤʧʘʨʘʪʦʨʳ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ 

ʥʫʣʝʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʤʝʨʷʝʤʳʭ ʧʨʦʮʝʩʩʦʚ.  
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ɻɽʅɽʈɸʊʆʈ ʇʈʗʄʆɻʆ ʎʀʌʈʆɺʆɻʆ ʉʀʅʊɽɿɸ ɼʃʗ 

ɺɽʈʀʌʀʂɸʎʀʀ ʎʀʌʈʆɺʓʍ ʋʉʊʈʆʁʉʊɺ ʀ ʋɿʃʆɺ 

 

ʃ.ʀ.ʂʆʏɽʈɻɸ
1
, ɸ.ɺ. ɽʈɽʉʔʂʆ

2 

 

1 
ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ çʇʨʦʤʳʰʣʝʥʥʘʷ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘè, ʅʊʋ çʍʇʀè, 

ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ
 

2
 ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʇʨʦʤʳʰʣʝʥʥʘʷ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘè, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʅʊʋ çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 

*email: kochergaleonid141111@gmail.com 
 

ʉʝʛʦʜʥʷ ʧʨʦʠʩʭʦʜʷʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʘʨʢʘ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʩʥʦʚʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʘʜʠʦ- ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʤʝʜʠʮʠʥʝ, ʮʠʬʨʦʚʦʡ ʩʚʷʟʠ. ɸʥʘʣʦʛʦʚʳʝ 

ʧʨʠʙʦʨʳ ʫʩʧʝʰʥʦ ʟʘʤʝʥʷʶʪʩʷ ʮʠʬʨʦʚʳʤʠ.  

ɻʝʥʝʨʘʪʦʨʳ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩ ʩʠʩʪʝʤʦʡ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʌɸʇʏ)
2
: 

ɺʦ-ʧʝʨʚʳʭ, ʚ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʦʧʨʝʜʝʣʷʝʪ ʠʭ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ.  

ɺʦ-ʚʪʦʨʳʭ, ʘʨʭʠʪʝʢʪʫʨʘ ʮʠʬʨʦʚʳʭ ʩʠʥʪʝʟʘʪʦʨʦʚ ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʯʝʤ ʩʠʥʪʝʟʘʪʦʨʳ 

ʩ ʩʠʩʪʝʤʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ.  

ɺ-ʪʨʝʪʴʠʭ, ʵʪʦ - ʩʘʤʳʝ ʜʝʰʝʚʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʝ ʩʠʥʪʝʟʘʪʦʨʳ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʇʆ ʧʨʦʩʪʦʡ ʟʘʤʝʥʦʡ ʢʘʨʪʳ ʧʘʤʷʪʠ. 

ʎʠʬʨʦʚʦʡ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʦʚ ʩʣʫʞʠʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʩ 

ʟʘʜʘʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʇʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ, ʟʘʜʘʶʱʠʝ ʨʘʟʥʦʛʦ ʪʠʧʘ 

ʩʠʛʥʘʣʳ, ʧʦʩʣʝ ʯʝʛʦ ʦʥʠ ʣʠʙʦ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʜʨʫʛʠʝ, ʣʠʙʦ ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ 

ʠʜʝʘʣʴʥʳʝ. ʕʪʠ ʩʠʛʥʘʣʳ ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜʳ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ, ʣʠʙʦ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʝʨʠʬʠʢʘʮʠʠ
1
. 

ɻʝʥʝʨʘʪʦʨʳ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʠʟ-ʟʘ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʷʚʣʷʶʪʩʷ 

ʩʘʤʠʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ. 

 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɻ.ʀ. ɺʦʣʦʚʠʯ. ʉʭʝʤʦʪʝʭʥʠʢʘ ʘʥʘʣʦʛʦʚʳʭ ʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 2-ʝ ʠʟʜ, ʠʩʧʨ. ð ʄ.: ɼʦʜʝʢʘ, 2007. ð 528c. ʠʣ./ ʉʪʨ.419-423,  434. 

2.    ʃ.ʀ. ʈʠʜʠʢʦ. DDS: ʇʨʷʤʦʡ ʮʠʬʨʦʚʦʡ ʩʠʥʪʝʟ ʯʘʩʪʦʪʳ. 

3.   ɺ. ʄʘʢʘʨʝʥʢʦ, ʉʠʥʪʝʟʘʪʦʨʳ ʯʘʩʪʦʪʳ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ. ʂʦʤʧʦʥʝʥʪʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩʚʷʟʠ, ʯʘʩʪʴ 7 / ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʠʩʪʝʤʳ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ʇɽʈɽʊɺʆʈʖɺɸʏɯɺ ɽʃɽʂʊʈʆʇʈʀɺʆɼɯɺ ɿ ʇʈʋɾʅʀʄʀ ɿɺôʗɿʂɸʄʀ 
 

ʆ.ɼ. ʂʈɸɺʎʆɺ
1*

,  ɭ.ɻ. ʇʆʉʆʍɸ
1*
, ɯ.ʄ. ɿɸɼʆʈʆɾʅʗ

2 

 
1
 ʤʘʛʽʩʪʨʘʥʪ ʢʘʬʝʜʨʠ ɽʉɸ,  ɼɼʄɸ, ʂʨʘʤʘʪʦʨʩʴʢ, ʋʂʈɸɰʅɸ 

2
  ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ɽʉɸ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ,  ɼɼʄɸ, ʂʨʘʤʘʪʦʨʩʴʢ, ʋʂʈɸɰʅɸ 

*
email: zadorozhnyaya_in@ukr.net 

 

ʆʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʻ 

ʨʝʛʫʣʴʦʚʘʥʠʡ ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʚ ʷʢʦʤʫ ʽʥʪʝʛʨʦʚʘʥʽ ʚʩʽ ʪʝʭʥʽʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ 

ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʩʠʣʦʚʦʾ ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʟʘʩʦʙʽʚ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ɿʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʽ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʘʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʪʠʨʠʩʪʦʨʥʠʡ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜ, ʛʦʣʦʚʥʦʶ ʣʘʥʢʦʶ ʷʢʦʛʦ ʚʠʩʪʫʧʘʻ ʪʠʨʠʩʪʦʨʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ, 

ʱʦ ʧʨʘʮʶʻ ʚ ʟʘʤʢʥʝʥʽʡ ʩʠʩʪʝʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʚʽʜ ʨʝʘʣʽʟʘʮʽʾ 

ʛʨʘʥʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʛʦ ʟʘʣʝʞʘʪʴ ʜʠʥʘʤʽʯʥʽ ʽ ʩʪʘʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʩʪʨʫʢʪʫʨʠ 

ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʜʠʥʘʤʽʢʠ ʾʭ ʨʦʙʦʪʠ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ ʮʽʣʫ 

ʥʠʟʢʫ ʧʝʨʝʧʦʥ. ɺ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʚʠʷʚʣʷʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʢʝʨʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʷʚʠʱʝ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʧʨʦʮʝʩʽʚ ʚ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽʡ ʪʘ ʤʝʭʘʥʽʯʥʽʡ ʧʽʜʩʠʩʪʝʤʘʭ.  ʇʨʘʢʪʠʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʪʝʥʮʽʡʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʩʠʣʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ, ʟʘʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʘ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚʠʷʚʠʣʦʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʯʝʨʝʟ ʚʧʣʠʚ ʥʘ ʜʠʥʘʤʽʢʫ 

ʧʨʠʚʦʜʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʽ ʧʨʫʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʣʘʥʦʢ, ʪʦʤʫ 

ʧʠʪʘʥʥʷ ʚʠʙʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʜʠʥʘʤʽʢʠ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʽʜʚʠʱʝʥʠʤ ʚʠʤʦʛʘʤ ʩʪʚʦʨʝʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʫ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ. ʈʝʟʫʣʴʪʘʪʠ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ, ʱʦ ʫ ʟʚôʷʟʢʫ ʟ 

ʨʦʟʰʠʨʝʥʥʷʤ ʦʙʣʘʩʪʽ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʟʨʦʩʪʘʥʥʷʤ ʚʠʤʦʛ ʜʦ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʪʠʨʠʩʪʦʨʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʛʦʩʪʨʦ ʩʪʦʾʪʴ 

ʧʠʪʘʥʥʷ ʛʣʠʙʦʢʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ. 

ʇʠʪʘʥʥʷʤ ʘʥʘʣʽʟʫ ʽ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʪʠʨʠʩʪʦʨʥʠʤʠ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ (ʊʇ) ʧʨʠʩʚʷʯʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [1, 2, 3], ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʨʽʟʥʠʤ ʧʽʜʭʦʜʦʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʠʨʠʩʪʦʨʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʷʢ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ.  ʄʘʪʝʤʘʪʠʯʥʽ 

ʤʝʪʦʜʠ ʦʧʠʩʫ ʊʇ ʧʨʠʧʫʩʢʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʡʥʦʾ ʥʝʧʝʨʝʨʚʥʦʾ ʤʦʜʝʣʽ ʽ 

ʜʠʩʢʨʝʪʥʦʾ ʤʦʜʝʣʽ. ʇʨʠ ʘʥʘʣʽʟʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʊʇ ʚʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ 

ʙʝʟʧʝʨʝʨʚʥʘ ʢʝʨʫʶʯʘ ʥʘʧʨʫʛʘ ʚʧʣʠʚʘʻ ʥʘ ʚʠʧʨʷʤʣʷʯ ʪʽʣʴʢʠ ʚ ʜʠʩʢʨʝʪʥʽ 

ʤʦʤʝʥʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʚ ʧʨʦʤʽʞʢʠ ʤʽʞ ʷʢʠʤʠ ʚʠʧʨʷʤʣʷʯ ʧʨʘʮʶʻ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʝʨʫʶʯʦʾ ʥʘʧʨʫʛʠ.  ɼʠʩʢʨʝʪʥʘ ʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʩʧʨʘʚʝʜʣʠʚʘ ʜʣʷ ʤʘʣʠʭ ʚʽʜʭʠʣʝʥʴ 

ʩʠʛʥʘʣʫ ʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʽʩʥʽ ʦʮʽʥʢʠ ʟʘ ʧʝʨʝʭʽʜʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  



ʍɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ ʤʘʛʽʩʪʨʘʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ 
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ʆʙʤʝʞʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʷ ʤʦʜʝʣʴ ʥʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʟ ʚʝʣʠʢʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʩʠʛʥʘʣʽʚ. 

 ʊʨʫʜʥʦʱʽ ʦʧʠʩʫ ʜʠʥʘʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʧʨʷʤʣʷʯʘ ʧʨʠ ʚʝʣʠʢʠʭ 

ʚʽʜʭʠʣʝʥʥʷʭ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʧʦʣʷʛʘʶʪʴ ʚ ʩʢʣʘʜʥʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʨʦʙʣʝʤʘʪʠʯʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʽ ʩʠʥʪʝʟʫ 

ʢʦʥʪʫʨʽʚ ʨʝʛʫʣʶʚʘʥʥʷ. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʚ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʟ ʧʨʫʞʥʠʤʠ 

ʟʚ'ʷʟʢʘʤʠ ʢʨʽʤ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚʠʤʘʛʘʻ 

ʚʨʘʭʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʭʘʥʽʯʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ï ʚ ʪʦʤʫ ʯʠʩʣʽ ʨʝʟʦʥʘʥʩʥʦʾ 

ʯʘʩʪʦʪʠ ɋ12.  ɼʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʧʠʩʫʶʪʴʩʷ 

ʜʚʦʭʤʘʩʦʚʦʶ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ [4], ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʝʢʚʽʚʘʣʝʥʪ ʚʧʣʠʚʫ 

ʦʩʥʦʚʥʦʾ (ʥʠʞʯʦʾ) ʛʘʨʤʦʥʽʢʠ ʢʦʣʠʚʘʥʴ.  ʉʠʥʪʝʟ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʪʠʨʠʩʪʦʨʥʠʭ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʦʙʤʝʞʝʥʥʷʭ ʥʘ ʩʤʫʛʫ 

ʧʨʦʧʫʩʢʘʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʝʡ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʨʫʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ.  

ɼʝʤʧʬʽʨʫʚʘʥʥʷ ʧʨʫʞʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʩʠʣʝʥʥʷ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʟʚ'ʷʟʢʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʪʘʢ, ʱʦ ʤʦʞʣʠʚʦ ʧʨʠ 

ʧʝʚʥʦʤʫ ʟʘʧʘʩʽ ʧʦ ʥʘʧʨʫʟʽ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʘʢʣʶʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʞʣʠʚʠʭ ʤʦʜʝʣʝʡ ʪʠʨʠʩʪʦʨʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ. 

ʂʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ ʪʠʧʫ ʤʦʜʝʣʽ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʫʧʥʠʡ [5]: 

K = tʧ.ʧ / tʧʨ, 

ʜʝ tʧ.ʧ ï ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ;   

tʧʨ = 1/mf1 ï ʧʝʨʽʦʜ ʧʨʦʚʽʜʥʦʩʪʽ ʪʠʨʠʩʪʦʨʘ;  

m ï ʬʘʟʥʽʩʪʴ ʧʝʨʝʪʚʦʨʶʚʘʯʘ;  

f1 ï ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 

ʂ < 5 ï ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ; 

5 < ʂ < 10 ï ʽʤʧʫʣʴʩʥʽ ʤʦʜʝʣʽ; 

10 < ʂ < 30 ï ʥʝʣʽʥʽʡʥʽ ʥʝʧʝʨʝʨʚʥʽ ʤʦʜʝʣʽ; 

ʂ > 30 ï  ʩʧʨʦʱʝʥʽ ʥʝʧʝʨʝʨʚʥʽ ʤʦʜʝʣʽ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʜʦʩʣʽʜʥʠʢ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʞʠʤʽʚ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʟʘʩʦʙʘʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʽ 

ʩʧʨʦʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʬʘʢʪʠʯʥʠʭ) ʚʠʭʽʜʥʦʾ  ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ 

ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʜʝʢʚʘʪʥʫ ʤʦʜʝʣʴ ʪʠʨʠʩʪʦʨʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 
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ʄʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʟʦʥʦ-ʢʠʩʥʝʚʦʾ ʩʫʤʽʰʽ ʚ ʣʽʢʫʚʘʣʴʥʠʭ ʮʽʣʷʭ ʦʪʨʠʤʘʚ 

ʥʘʟʚʫ ï ʦʟʦʥʦʪʝʨʘʧʽʷ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʜʫʨ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʚ 

ʽʩʪʦʪʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʟʫʚʘʥʥʷ ʚʧʣʠʚʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʦʟʦʥʫ (ʂʆ) ʚ ʦʟʦʥʦ-ʢʠʩʥʝʚʽʡ ʩʫʤʽʰʽ (ʆʂʉ) ʽ ʾʾ ʚʠʪʨʘʪʦʶ, ʷʢ ʧʨʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʧʣʠʚʽ ʥʘ ʦʨʛʘʥʽʟʤ, ʪʘʢ ʽ ʧʨʠ ʦʟʦʥʫʚʘʥʥʽ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, 

ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʘʙʦ ʤʘʩʣʘ. ʆʟʦʥ ʥʘʜʘʻ ʘʥʪʠʩʝʧʪʠʯʥʫ ʜʽʶ ï ʟʥʠʱʫʻ 

ʰʢʽʜʣʠʚʽ ʙʘʢʪʝʨʽʾ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ [1]. ʊʘʢʦʞ ʦʟʦʥ ʟʜʘʪʝʥ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʭʽʤʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʚʽʪʨʽ, ʽ ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʾʭ, ʰʣʷʭʦʤ 

ʨʦʟʱʝʧʣʝʥʥʷ ʥʘ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʥʝ ʟʘʚʜʘʶʪʴ ʰʢʦʜʠ ʦʨʛʘʥʽʟʤʫ.  

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ ʦʟʦʥʫ ʻ ʩʠʥʪʝʟ ʦʟʦʥʫ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʨʦʟʨʷʜʽ. ɽʣʝʢʪʨʦʥʥʽ ʘʧʘʨʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʛʝʥʝʨʘʮʽʷ ʦʟʦʥʫ ʥʘʟʠʚʘʶʪʴ ʦʟʦʥʘʪʦʨʘʤʠ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ 

ʪʠʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ.  

ʇʝʨʰʠʡ ʪʠʧ ʦʟʦʥʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʠʭʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʷʜ. ʆʩʥʦʚʥʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʦʟʦʥʘʪʦʨʫ ʮʴʦʛʦ ʪʠʧʫ ʻ: ʝʣʝʢʪʨʦʜʠ, ʜʞʝʨʝʣʦ ʚʠʩʦʢʦʾ 

ʥʘʧʨʫʛʠ ʽ ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʦʜʘʯʽ ʧʦʚʽʪʨʷ (ʢʠʩʥʶ). ɼʞʝʨʝʣʦ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ʜʦ 

ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʢʽʣʦʚʦʣʴʪ) ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʝʣʝʢʪʨʦʜʽʚ, ʤʽʞ ʷʢʠʤʠ 

ʫʪʚʦʨʶʻʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʷʜ. ɺ ʟʘʟʦʨʽ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʥʘʛʥʽʪʘʻʪʴʩʷ 

ʧʦʚʽʪʨʷ (ʘʙʦ ʯʠʩʪʠʡ ʢʠʩʝʥʴ), ʷʢʠʡ ʧʽʜ ʜʽʻʶ ʪʠʭʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʦʟʦʥ. 

ɼʨʫʛʠʡ ʪʠʧ ʦʟʦʥʘʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʦʟʦʥʫ ʙʘʨôʻʨʥʠʡ ʨʦʟʨʷʜ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʧʘʨʘʪʫ ʜʘʥʦʛʦ ʪʠʧʫ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʥʠʢʥʝʥʥʽ ʙʘʨôʻʨʥʦʛʦ 

ʨʦʟʨʷʜʫ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʤʘʪʝʨʽʘʣʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʝʣʝʢʪʨʠʯʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ, ʤʽʞ ʤʝʪʘʣʦʤ ʽ ʜʽʝʣʝʢʪʨʠʢʦʤ ʘʙʦ ʤʽʞ ʜʚʦʤʘ 

ʜʽʝʣʝʢʪʨʠʢʘʤʠ. ɹʘʨôʻʨʥʠʡ ʨʦʟʨʷʜ ʤʦʞʝ ʙʫʪʠ ʦʙôʻʤʥʠʤ, ʧʦʚʝʨʭʥʝʚʠʤ ʘʙʦ ʚ 

ʤʝʞʘʭ ʦʩʝʨʝʜʢʽʚ ʢʦʤʧʣʘʥʘʨʥʦʾ ʛʝʦʤʝʪʨʽʾ. ʆʟʦʥʘʪʦʨʠ ʮʴʦʛʦ ʪʠʧʫ ʻ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʤʠ ʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʦʟʦʥʘʪʦʨʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʠʭʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʷʜ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʙʘʨôʻʨʥʦʛʦ ʨʦʟʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʠʩʦʢʘ ʟʤʽʥʥʘ 

ʥʘʧʨʫʛʘ, ʷʢʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʠ ʨʦʟʨʷʜʥʦʾ ʢʘʤʝʨʠ. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʟʦʥʫ ʧʨʠ ʮʴʦʤʫ ʨʝʛʫʣʶʻʪʴʩʷ ʟʤʽʥʦʶ ʘʤʧʣʽʪʫʜʠ ʥʘʧʨʫʛʠ ʽ ʦʙ'ʻʤʥʦʶ ʰʚʠʜʢʽʩʪʶ 
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ʦʟʦʥʦ-ʢʠʩʥʝʚʦʾ ʩʫʤʽʰʽ. ʊʘʢ ʷʢ ʤʝʜʠʯʥʽ ʧʨʦʮʝʜʫʨʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʆʂʉ, 

ʯʽʪʢʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʟʦʥʫ ʽ ʦʙ'ʻʤʥʦʾ ʰʚʠʜʢʦʩʪʽ, ʪʦ 

ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʷʜʥʦʾ ʢʘʤʝʨʠ ʦʟʦʥʘʪʦʨʫ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʝʪʘʧʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʧʘʨʘʪʘ [2].  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʦʟʨʷʜʥʦʾ 

ʢʘʤʝʨʠ (ʨʠʩ.1), ʝʣʝʢʪʨʠʯʥʠʤ ʨʦʟʨʷʜʦʤ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʛʝʥʝʨʘʮʽʾ ʦʟʦʥʫ. 

 

 
 

ʈʠʩ. 1 ï ʈʦʟʨʷʜʥʘ ʢʘʤʝʨʘ ʦʟʦʥʘʪʦʨʫ ʥʘ ʙʘʨôʻʨʥʦʤʫ ʨʦʟʨʷʜʽ 

 

ʈʦʟʨʷʜʥʘ ʢʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʨʦʞʥʠʩʪʠʡ ʤʝʪʘʣʝʚʠʡ ʝʣʝʢʪʨʦʜ 1, ʫ 

ʩʝʨʝʜʠʥʽ ʢʦʪʨʦʛʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʮʠʣʽʥʜʨʠʯʥʠʡ ʝʣʝʢʪʨʦʜ 2, ʥʘ ʷʢʠʡ ʥʘʥʝʩʝʥʠʡ 

ʽʟʦʣʷʪʦʨ. ɺʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʝʣʝʢʪʨʦʜʘʤʠ ʚ ʨʦʟʨʷʜʥʽʡ ʢʘʤʝʨʽ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʘ 

ʤʽʣʽʤʝʪʨʽʚ. ʊʘʢʘ ʢʘʤʝʨʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʟʦʥʫ ʚ ʆʂʉ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘʢʦʾ ʢʘʤʝʨʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʣʦʱʫ ʝʣʝʢʪʨʦʜʽʚ, ʥʘ 

ʷʢ̔ʡ ʩʪʚʦʨʶʻʪʴʩʷ ʙʘʨôʻʨʥʠʡ ʨʦʟʨʷʜ, ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʨʽʟʫ, ʯʝʨʝʟ ʷʢʠʡ 

ʧʨʦʭʦʜʠʪʴ ʧʦʪʽʢ ʧʦʚʽʪʨʷ ʘʙʦ ʢʠʩʥʶ, ʪʠʧ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʘʭ. ʅʘ ʢʽʣʴʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʦʟʦʥʫ ʪʘʢʦʞ ʚʧʣʠʚʘʻ 

ʘʤʧʣʽʪʫʜʘ ʧʨʠʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ, ʬʦʨʤʘ ʾʾ ʟʤʽʥʠ. ʆʢʨʽʤ ʪʦʛʦ ʻ ʨʷʜ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʦʟʦʥʫ ʚ ʆʂʉ, ʩʝʨʝʜ ʪʘʢʠʭ ʩʣʽʜ 

ʦʩʦʙʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ (ʨʦʟʨʷʜʥʦʾ ʢʘʤʝʨʠ ʽ ʢʠʩʥʶ), ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʧʦʚʽʪʨʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢʱʦ ʨʦʟʨʷʜ ʚ ʢʘʤʝʨʽ ʩʪʽʡʢʠʡ ʽ ʦʜʥʦʨʽʜʥʠʡ ʪʦ ʧʘʨʘʤʝʪʨʠ 

ʙʘʨ'ʻʨʫ (ʤʘʪʝʨʽʘʣ, ʡʦʛʦ ʷʢʽʩʪʴ, ʛʝʦʤʝʪʨʽʷ ʽ ʨʦʟʤʽʨʠ ʙʘʨ'ʻʨʫ) ʧʽʜʽʙʨʘʥʽ ʧʨʘʚʠʣʴʥʦ, 

ʘ ʦʟʦʥʘʪʦʨ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʜʦʩʠʪʴ ʜʦʚʛʦ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʟʦʥʫ ʘʙʦ ʟ 

ʥʝʟʥʘʯʥʠʤ ʾʾ ʟʤʝʥʰʝʥʥʷʤ ʟʘ ʪʝʨʤʽʥ ʨʦʙʦʪʠ. 
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ɺ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʢʦʤʫʪʘʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ ʜʣʷ ʜʽʘʧʘʟʦʥʽʚ ʥʠʟʴʢʠʭ ʪʘ 
ʩʝʨʝʜʥʽʭ ʥʘʧʨʫʛ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʘʢʪʫʘʪʦʨʠ ʟ ʧʦʪʫʞʥʠʤʠ ʥʝʧʦ-
ʣʷʨʠʟʦʚʘʥʠʤʠ ʘʙʦ ʧʦʣʷʨʠʟʦʚʘʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ [1]. ʂʦʤʫʪʘʮʽʶ ʦʙʤʦʪʦʢ 
ʚʤʠʢʘʥʥʷ (ɯ) ʪʘ ʚʠʤʠʢʘʥʥʷ (ʆ) ʧʦʣʷʨʠʟʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʽʚ ʟʜʽʡʩʥʶʶʪʴ ʷʢ 
ʤʝʭʘʥʽʯʥʠʤʠ (ʨʠʩ. 1ʘ), ʪʘʢ ʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ (ʨʠʩ. 1ʙ) ʢʣʶʯʘʤʠ, ʧʨʠʯʦʤʫ 
ʨʦʣʴ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʫ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʥʫʶʪʴ ʧʦʪʫʞʥʽ ʝʣʝʢʪʨʦʣʽʪʠʯʥʽ 
ʢʦʥʜʝʥʩʘʪʦʨʠ. ʇʨʠ ʤʝʭʘʥʽʯʥʽʡ ʢʦʤʫʪʘʮʽʾ ʦʧʝʨʘʮʽʷ ʚʤʠʢʘʥʥʷ ʦʙʤʦʪʢʠ ʟʘʟʚʠʯʘʡ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟʧʨʦʙʣʝʤʥʦ, ʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʚʠʤʠʢʘʥʥʷ ʦʙʤʦʪʢʠ, ʷʢʘ 
ʧʨʠ ʮʴʦʤʫ çʨʦʟʤʘʛʥʽʯʫʻʪʴʩʷè, ʥʘ ʢʦʥʪʘʢʪʘʭ ʜʦʧʦʤʽʞʥʠʭ ʘʧʘʨʘʪʽʚ (ʚ ʟʘʣʝʞʥʦʩʪʽ 
ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʘʢʪʫʘʪʦʨʘ ʫ ʥʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʝʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ ʢʦʥʪʘʢʪʽʚ ï 
ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ï ʜʦ ʰʝʩʪʠ) ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʘ ʜʫʛʘ, ʚ ʷʢʽʡ ʚʠʜʽʣʷʻʪʴʩʷ 
ʟʥʘʯʥʘ ʯʘʩʪʢʘ ʝʥʝʨʛʽʾ, ʱʦ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʦʙʤʦʪʮʽ ʧʝʨʝʜ ʾʾ ʚʠʤʠʢʘʥʥʷʤ. 
ɿʘʚʜʷʢʠ ʜʫʟʽ ʩʪʨʫʤ ʚ ʦʙʤʦʪʮʽ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʦʚʽʣʴʥʦ (ʯʘʩ ʛʦʨʽʥʥʷ ʜʫʛʠ 
ʩʷʛʘʻ 10 ʤʩ ʡ ʙʽʣʴʰʝ), ʥʝ ʩʧʨʠʯʠʥʷʶʯʠ ʥʝʙʝʟʧʝʯʥʠʭ ʧʝʨʝʥʘʧʨʫʛ.  
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ʈʠʩ. 1. ʉʭʝʤʠ ʢʦʤʫʪʘʮʽʾ ʦʙʤʦʪʦʢ ʤʝʭʘʥʽʯʥʠʤʠ (ʘ) ʪʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ (ʙ) ʢʣʶʯʘʤʠ 

 
ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʢʦʤʫʪʘʪʦʨʠ (ʪʨʘʥʟʠʩʪʦʨʠ, ʪʠʨʠʩʪʦʨʠ) ʜʽʶʪʴ ʜʫʞʝ 

ʰʚʠʜʢʦ (ʯʘʩ ʢʦʤʫʪʘʮʽʾ ï ʧʦʨʷʜʢʫ 1 ʤʢʩ), ʪʦʤʫ ʜʣʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʧʨʦʮʝʩʫ 
çʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷè ʦʙʤʦʪʦʢ ʟ ʤʝʪʦʶ ʥʝʜʦʧʫʱʝʥʥʷ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʧʝʨʝʥʘʧʨʫʛ, 
ʦʙʤʦʪʢʠ ʟʘʟʚʠʯʘʡ ʰʫʥʪʫʶʪʴ çʨʦʟʤʘʛʥʽʯʫʚʘʣʴʥʠʤʠè ʜʽʦʜʘʤʠ, ʷʢʽ ʧʨʠ ʮʴʦʤʫ 
ʟʘʪʷʛʫʶʪʴ ʧʨʦʮʝʩ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ. ɿʤʝʥʰʠʪʠ ʯʘʩ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʤʦʞʥʘ ʟʘ 
ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦ ʟ ʜʽʦʜʘʤʠ ʨʝʟʠʩʪʦʨʽʚ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 
ʥʘʧʨʫʛʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʚ ʤʦʤʝʥʪ ʡʦʛʦ ʟʘʧʠʨʘʥʥʷ, ʱʦ ʟʤʫʰʫʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 
ʜʦʨʦʞʯʽ ʪʨʘʥʟʠʩʪʦʨʠ ʟ ʙʽʣʴʰʠʤʠ ʜʦʧʫʩʪʠʤʠʤʠ ʥʘʧʨʫʛʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʟʘʚʜʷʢʠ 
ʰʫʥʪʫʚʘʥʥʶ ʜʽʦʜʘʤʠ, ʫ ʥʝʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ (ʥʘʧʨʠʢʣʘʜ, ʚ ʦʙʤʦʪʮʽ ʆ ʧʨʠ 
ʚʠʢʦʥʘʥʥʽ ʘʧʘʨʘʪʦʤ ʦʧʝʨʘʮʽʾ ʚʤʠʢʘʥʥʷ, ʘʙʦ ʚ ʦʙʤʦʪʮʽ ɯ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʘʧʘʨʘʪʦʤ 
ʦʧʝʨʘʮʽʾ ʚʠʤʠʢʘʥʥʷ) ʚʠʥʠʢʘʻ ʥʘʚʝʜʝʥʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʟʙʽʣʴʰʫʻ ʯʘʩ ʚʤʠʢʘʥʥʷ ʘʙʦ 
ʚʟʘʛʘʣʽ ʙʣʦʢʫʻ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʦʧʝʨʘʮʽʾ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʚ 
ʢʦʣʘʭ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʟʘʤʽʩʪʴ ʜʽʦʜʽʚ ʽʥʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʠʨʠʩʪʦʨʠ [2], ʱʦ 
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ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʢʣʶʯʘʤʠ, ʘ ʚʽʜʪʘʢ, ʟʤʝʥʰʫʻ ʥʘʜʽʡʥʽʩʪʴ 
ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʘʧʘʨʘʪʘ ʚ ʮʽʣʦʤʫ. ʅʘʤ ʥʝ ʚʽʜʦʤʘ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 
ʨʝʘʣʴʥʠʭ ʘʧʘʨʘʪʘʭ ʚʘʨʠʩʪʦʨʽʚ ʜʣʷ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʦʢ ʟʘʤʽʩʪʴ ʜʽʦʜʥʦ-
ʨʝʟʠʩʪʦʨʥʠʭ ʰʫʥʪʽʚ, ʘʣʝ ʪʘʢʫ ʤʦʞʣʠʚʽʩʪʴ ʩʣʽʜ ʜʦʩʣʽʜʠʪʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʦʢ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʜʽʦʜʥʦ-ʨʝʟʠʩʪʦʨʥʠʭ ʰʫʥʪʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʨʠʩʪʦʨʽʚ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ 
ʢʦʥʩʪʨʫʢʮʽʷ ʜʦʩʣʽʜʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʘ ʥʘ ʨʠʩ. 3 ï ʜʝʷʢʽ ʟ ʦʩʮʠʣʦʛʨʘʤ, ʦʪʨʠʤʘʥʠʭ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʠʭ ʜʚʦʣʫʯʦʚʠʭ ʦʩʮʠʣʦʛʨʘʬʽʚ Siglent, ʟʘ ʫʤʦʚʠ ʧʨʠʙʣʠʟʥʦ 
ʦʜʥʘʢʦʚʠʭ ʥʘʧʨʫʛ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ.  
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ʈʠʩ. 2. ɼʦʩʣʽʜʥʘ ʫʩʪʘʥʦʚʢʘ 
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ʈʠʩ. 3. ʉʪʨʫʤʠ i I, iO ʚ ʦʙʤʦʪʢʘʭ I  ʪʘ O, ʥʘʧʨʫʛʘ uC ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʽ, ʥʘʧʨʫʛʘ uRVD ʥʘ ʜʽʦʜʥʦ-ʨʝʟʠʩʪʦʨʥʦʤʫ ʰʫʥʪʽ ʪʘ 
ʥʘʧʨʫʛʘ uV ʥʘ ʚʘʨʠʩʪʦʨʽ ʧʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʪʘ ʧʽʩʣʷ ʟʘʧʠʨʘʥʥʷ 
ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʾ ʚʤʠʢʘʥʥʷ ʚ ʩʭʝʤʘʭ ʟ 
ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷʤ ʦʙʤʦʪʦʢ ʜʽʦʜʥʦ-ʨʝʟʠʩʪʦʨʥʠʤʠ (ʘ, ʙ) ʪʘ 

ʚʘʨʠʩʪʦʨʥʠʤʠ (ʚ, ʛ) ʰʫʥʪʘʤʠ 

ɿ ʦʩʮʠʣʦʛʨʘʤ ʚʠʜʥʦ, ʧʨʦʮʝʩ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʦʜʥʦ-

ʨʝʟʠʩʪʠʚʥʦʛʦ ʰʫʥʪʘ ʧʝʨʝʚʠʱʫʻ 10 ʤʩ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʘʨʠʩʪʦʨʥʦʛʦ ʰʫʥʪʘ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰ ʥʽʞ 2,5 ʤʩ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʘʨʠʩʪʦʨʥʠʭ 

ʰʫʥʪʽʚ ʜʦʣʘʻ ʱʝ ʦʜʠʥ ʚʢʘʟʘʥʠʡ ʚʠʱʝ ʥʝʜʦʣʽʢ ʜʽʦʜʥʦ-ʨʝʟʠʩʪʠʚʥʠʭ ʰʫʥʪʽʚ, 

ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʥʠʢʥʝʥʥʷʤ ʥʘʚʝʜʝʥʦʛʦ ʩʪʨʫʤʫ ʚ ʥʝʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ (ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʘʧʘʨʘʪʦʤ ʦʧʝʨʘʮʽʾ ʚʤʠʢʘʥʥʷ ʚ ʦʙʤʦʪʮʽ ʚʠʤʠʢʘʥʥʷ ʚʠʥʠʢʘʻ ʥʘʚʝʜʝʥʠʡ ʩʪʨʫʤ, ʷʢʠʡ 

ʧʨʦʪʠʜʽʻ ʚʠʢʦʥʘʥʥʶ ʦʧʝʨʘʮʽʾ ʚʤʠʢʘʥʥʷ)  ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʦʧʝʨʘʮʽʾ. ʇʨʠ ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʨʠʩʪʦʨʘ, ʚʽʥ ʦʙʠʨʘʻʪʴʩʷ 

ʪʘʢ, ʱʦʙ ʡʦʛʦ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʩʪʘʙʽʣʽʟʘʮʽʾ UV ʙʫʣʦ ʥʘ 15% é 20% 

ʤʝʥʰʠʤ ʥʽʞ ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ US. ʆʙʤʦʪʢʠ ɯ ʪʘ ʆ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ ʡ ʚʽʜʨʽʟʥʷʪʠʩʷ ʟʘ ʧʣʦʱʝʶ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʪʠʥʫ ʦʙʤʦʪʢʦʚʦʛʦ ʧʨʦʚʦʜʫ, ʪʦʤʫ, ʥʘʚʝʜʝʥʘ ʫ ʥʝʨʦʙʦʯʽʡ ʦʙʤʦʪʮʽ ɽʈʉ ʧʨʠ ʚʽʜ-

ʧʠʨʘʥʥʽ ʧʝʚʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʟʘʚʞʜʠ ʙʫʜʝ ʤʝʥʰʦʶ ʟʘ ʥʘʧʨʫʛʫ ʩʪʘʙʽʣʽʟʘʮʽʾ UV 

ʚʘʨʠʩʪʦʨʘ, ʩʪʨʫʤ ʫ ʮʽʡ ʦʙʤʦʪʮʽ ʥʝ ʚʠʥʠʢʥʝ ʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʥʝ ʟʙʽʣʴʰʠʪʴʩʷ.  
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 1. ʂʣʠʤʝʥʢʦ, ɹ. ɺ. ɽʣʝʢʪʨʠʯʥʽ ʘʧʘʨʘʪʠ. ɿʘʛʘʣʴʥʠʡ ʢʫʨʩ. ɺʠʜʘʥʥʷ 
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ʅʘ ʮʝʡ ʯʘʩ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʨʦʟʨʦʙʣʝʥʽ ʜʝʨʞʘʚʥʽ ʧʨʦʛʨʘʤʠ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʚ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʪʘ ʢʨʘʾʥʘʭ ɭʉ ʮʽ ʧʨʦʛʨʘʤʠ ʟʘʪʚʝʨʜʞʝʥʽ 

ʥʘ ʨʽʚʥʽ ʩʪʘʥʜʘʨʪʽʚ, ʷʢʽ ʜʦʩʠʪʴ ʩʪʨʦʛʦ ʚʠʢʦʥʫʶʪʴʩʷ. 

ʗʢ ʚʽʜʦʤʦ, ʦʩʥʦʚʥʫ ʯʘʩʪʠʥʫ ʝʣʝʢʪʨʦʧʨʠʚʦʜʽʚ ʩʢʣʘʜʘʶʪʴ ʘʩʠʥʭʨʦʥʥʽ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʦʤʫ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʮʠʭ ʧʨʠʚʦʜʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ [1]. ʇʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʘʩʠʥʭʨʦʥʥʦʛʦ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʦʚʦʜʠʪʴʩʷ ʫ ʜʚʦʭ 

ʥʘʧʨʷʤʢʘʭ ï ʧʦʢʨʘʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʦʢʨʝʤʦ 

ʩʘʤʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʡʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ɖ. ʌʘʢʪʠʯʥʦ ʚʩʽ ʘʩʠʥʭʨʦʥʥʽ 

ʜʚʠʛʫʥʠ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʋʢʨʘʾʥʽ, ʤʘʶʪʴ ʢʣʘʩ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ IE1. ɯ ʟʥʘʯʠʪʴ ʪʘʢʽ ʜʚʠʛʫʥʠ ʥʝ ʤʦʞʫʪʴ ʧʨʦʜʘʚʘʪʠʩʷ ʥʘ 

ʨʠʥʢʘʭ ʢʨʘʾʥ ɭʉ.  

ɺ ʨʦʙʦʪʽ [2] ʘʚʪʦʨʘʤʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʫʥʘ 

(ɸɼ) ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʧʘʢʝʪʽ ʧʨʦʛʨʘʤ ANSYS/MAXWELL, ʘʣʝ ʧʨʠ 

ʮʴʦʤʫ ʙʫʣʦ ʜʦʪʨʠʤʘʥʦ ʫʤʦʚʫ ʟʙʝʨʝʞʝʥʥʷ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʜʚʠʛʫʥʘ. ʎʷ 

ʫʤʦʚʘ ʥʝ ʜʦʟʚʦʣʠʣʘ ʜʦʙʠʪʠʩʷ ʟʥʘʯʥʦʛʦ ʧʦʢʨʘʱʝʥʥʷ ʂʂɼ. ɸʚʪʦʨʠ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʚʞʝ ʜʦʚʝʣʠ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʧʦʤʽʪʥʦ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ʥʝ ʟʙʽʣʴʰʠʚʰʠ 

ʡʦʛʦ ʛʘʙʘʨʠʪʠ, ʪʦʤʫ ʚʧʨʦʜʦʚʞ ʨʦʙʦʪʽ [2] ʤʠ ʧʦʩʪʘʚʠʣʠ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʂʂɼ, ʪʦʙʪʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɸɼ ʟʘʛʘʣʴʥʦʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦ 

ʢʣʘʩʫ IE2. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ɸɼ ʟ ʢʦʨʦʪʢʦʟʘʤʢʥʝʥʠʤ ʨʦʪʦʨʦʤ ʪʠʧʫ ɸʀʈ80ɺ4 

ʥʘ ʪʘʢʽ ʥʦʤʽʥʘʣʴʥʽ ʜʘʥʽ: ʧʦʪʫʞʥʽʩʪʴ 1,5 ʢɺʪ; ʣʽʥʽʡʥʘ ʥʘʧʨʫʛʘ 380 ɺ; ʩʠʥʭʨʦʥʥʘ 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 1500 ʦʙ/ʭʚ. ʗʢ ʽ ʚ ʨʦʙʦʪʽ [2] ʩʧʦʯʘʪʢʫ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ɸɼ ʚ ʤʦʜʫʣʽ RMxprt, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʧʘʢʝʪʫ ʧʨʦʛʨʘʤ 

ANSYS/MAXWELL, ʚʽʜʧʦʚʽʜʥʦ ʤʝʪʦʜʠʮʽ ʥʘʚʝʜʝʥʽʡ ʫ [3]. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʂʂɼ ʜʚʠʛʫʥʘ ʩʢʣʘʣʦ 79,15 %, ʮʝ ʟʥʘʯʝʥʥʷ 

ʂʂɼ ʧʨʠʡʤʝʤʦ ʫ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ. 

ɺ ʨʽʟʥʠʭ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʦʪʘʭ ʚʠʙʠʨʘʣʠʩʷ ʚʽʜʤʽʥʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʘʨʽʶʚʘʥʥʷ, ʚ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʠ ʦʙʨʘʥʽ: ʜʦʚʞʠʥʘ ʦʩʝʨʜʷ ʩʪʘʪʦʨʘ, ʜʽʘʤʝʪʨ ʨʦʟʪʦʯʢʠ 

ʩʪʘʪʦʨʘ, ʚʠʩʦʪʘ ʩʧʠʥʢʠ ʩʪʘʪʦʨʘ ʪʘ ʨʦʪʦʨʘ (ʚʠʩʦʪʘ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʟʘʣʠʰʘʣʘʩʷ ʥʝ 

ʟʤʽʥʥʦʶ). ɹʫʣʦ ʦʙʨʘʥʦ ʜʽʘʧʘʟʦʥʠ ʚʘʨʽʶʚʘʥʥʷ ʟʤʽʥʥʠʭ, ʷʢʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʦʙʨʘʥʠʭ ʟʤʽʥʥʠʭ ʚʠʢʦʥʫʚʘʣʘʩʷ ʚ ʤʦʜʫʣʽ Optimetrics ʪʽʻʾ ʞ 

ʧʨʦʛʨʘʤʠ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʤʘʢʩʠʤʫʤ ʂʂɼ.  
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ʈʠʩ. 1 ï ɼʽʘʧʘʟʦʥʠ ʚʘʨʽʶʚʘʥʥʷ ʦʙʨʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ɸɼ 

 

ɿ ʥʘʙʦʨʫ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʧʨʦʛʨʘʤʽ, ʙʫʣʦ ʦʙʨʘʥʦ 

ʛʝʥʝʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ, ʧʨʦʮʝʩ ʚʠʙʦʨʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2 ï ɺʠʙʽʨ ʘʣʛʦʨʠʪʤʫ ʪʘ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʜʦʚʞʠʥʠ ʦʩʝʨʜʷ ʩʪʘʪʦʨʘ 

120 ʤʤ, ʜʽʘʤʝʪʨʽ ʨʦʟʪʦʯʢʠ ʩʪʘʪʦʨʘ 80 ʤʤ, ʚʠʩʦʪʽ ʩʧʠʥʢʠ ʩʪʘʪʦʨʘ 8,1 ʤʤ ʪʘ ʚʠʩʦʪʽ 

ʩʧʠʥʢʠ ʨʦʪʦʨʘ 9,2 ʤʤ (ʜʽʘʤʝʪʨ ʛʦʣʦʛʦ ʧʨʦʚʦʜʫ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʩʢʣʘʚ 0,95 ʤʤ) 

ʜʦʩʷʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʂʂɼ 83,1 %. ɺʽʜʧʦʚʽʜʥʦ ʜʦ IEC 60034ï30 ɸɼ 

ʜʣʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ IE2 ʧʦʚʠʥʝʥ ʤʘʪʠ ʂʂɼ ʥʝ ʤʝʥʰʝ ʥʽʞ 82,8 %. 

ʊʦʙʪʦ ʥʘʤ ʚʜʘʣʦʩʷ ʜʦʩʷʛʥʫʪʠ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʽ ʧʽʜʚʠʱʠʪʠ ʂʂɼ ɸɼ ʜʦ ʢʣʘʩʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ IE2, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʣʦʞʝʥʴ ʩʪʘʥʜʘʨʪʫ ʚʽʥ ʤʦʞʝ 

ʧʨʦʜʘʚʘʪʠʩʷ ʚ ʢʨʘʾʥʘʭ ɭʉ ʧʨʠ ʫʤʦʚʽ ʢʦʤʧʣʝʢʪʘʮʽʾ ʡʦʛʦ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʴʦʚʘʥʠʤ 

ʧʨʠʚʦʜʦʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʤʝʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʥʝ ʤʦʞʣʠʚʦ 

ʨʦʟʛʣʷʜʘʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ɸɼ ʪʽʣʴʢʠ ʧʦ ʚʝʣʠʯʠʥʽ ʂʂɼ, ʦʢʨʝʤʦ ʚʽʜ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ. ʊʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʜʚʦʭ ʚʢʘʟʘʥʠʭ 

ʬʘʢʪʦʨʽʚ. 
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ʇʦ ʤʥʝʥʠʶ ʤʠʨʦʚʳʭ ʵʢʩʧʝʨʪʦʚ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ 
ʤʘʩʩʦʚʳʡ ʧʝʨʝʭʦʜ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ. 
ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʤʠʨʦʚʦʛʦ ʟʘʧʘʩʘ ʥʝʬʪʠ 
ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʥʠʟʢʠʡ ʂʇɼ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʚʣʠʷʥʠʝ 
ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ. 7 ʠʶʣʷ 2015 ʛ. ɺ ʅʊʋ çʍʇʀè 
ʧʨʦʰʣʘ ʧʨʝʟʝʥʪʘʮʠʷ ʧʝʨʚʦʛʦ ʚ ʋʢʨʘʠʥʝ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʩ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʥʦʡ 
ʙʘʪʘʨʝʝʡ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʢʘʬʝʜʨʝ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ 
ʩʠʩʪʝʤʳè ʢʦʣʣʝʢʪʠʚʦʤ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ  ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʝʡ (ʉʂɹ) 
ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʞʠʤ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, 
ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʝʥʥʦʡ 
ʵʣʝʢʪʨʦʤʦʙʠʣʝʤ, ʠʩʪʦʯʥʠʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʉʂɹ) ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ 
ʨʝʞʠʤʦʚ ʧʨʠ ʦʩʪʘʥʦʚʢʘʭ ʠ ʧʨʠ ʩʧʫʩʢʘʭ ʫʚʝʣʠʯʠʚʘʝʪ ʜʘʣʴʥʦʩʪʴ ʧʨʦʙʝʛʘ 
ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʥʘ ʦʜʥʦʤ ʟʘʨʷʜʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʜʣʷ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʦʙʠʣʷ. ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʥʷʪʴ 
ʤʦʱʥʦʩʪʴ ʚ ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ ʨʝʞʠʤʘʭ, ʩʣʠʰʢʦʤ ʜʦʨʦʛʠʝ ʜʣʷ ʰʠʨʦʢʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢ ʪʦʤʫ ʞʝ, ʚʦʟʚʨʘʱʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʘʢʢʫʤʫʣʷʪʦʨʳ ʧʨʠ ʯʘʩʪʳʭ 
ʪʦʨʤʦʞʝʥʠʷʭ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʛʦ ʮʠʢʣʘ ʜʚʠʞʝʥʠʷ ʚʳʟʳʚʘʝʪ 
ʠʭ ʫʩʢʦʨʝʥʥʳʡ ʠʟʥʦʩ ʠ ʩʪʘʨʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʥʘ ʙʘʟʝ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠ                  
ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʚ 
ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ ʨʝʞʠʤʘʭ. ʇʦ ʩʚʦʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ                  
ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʳ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 
ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ ʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʥʦ 
ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʷ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʦʪ ʪʝʭ, ʪʘʢ ʠ ʜʨʫʛʠʭ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʉʂɹ ʠʤʝʶʪ ʨʷʜ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ: ʨʝʩʫʨʩ ʙʦʣʝʝ 10 ʣʝʪ, 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʟʘʨʷʜʘ-ʨʘʟʨʷʜʘ (ʜʦ 1000000), ʤʝʥʴʰʘʷ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ɸʂɹ ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨ.   

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʩ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ ʠ 
ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʝʡ ʠ ʧʨʦʛʨʘʤʤʥʳʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ. 

ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
ʉʭʝʤʘ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʩʠʩʪʝʤʳ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ-ʜʚʠʛʘʪʝʣʴ (ʐʀʇ-ɼ), ʦʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠ ʦʪʣʠʯʠʝʤ 
ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ. ɺ ʨʝʞʠʤʘʭ 
ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʨʘʙʦʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 
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ʧʨʠʥʮʠʧʫ ʧʦʚʳʰʘʶʱʝʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʚ 
ʢʘʯʝʩʪʚʝ ʥʘʢʦʧʠʪʝʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ 
ʷʢʦʨʥʦʡ ʮʝʧʠ ʜʚʠʛʘʪʝʣʷ, ʘ ʥʘʛʨʫʟʢʦʡ ʚʳʩʪʫʧʘʝʪ ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ 
(ʉʂɹ). 

 
ʈʠʩ. 1 ï ʉʠʣʦʚʘʷ ʩʭʝʤʘ ʕʇ ʵʣʝʢʪʨʦʤʦʙʠʣʷ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʰʠʥʘ ʧʦʩʪʦʷʥʥʦʛʦ 
ʪʦʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ɸɹ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʰʝʩʪʴ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʩʫʧʝʨ-ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʉʂɹ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʝʢʫʧʝʨʘʪʠʚʥʳʭ ʨʝʞʠʤʘʭ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʉʋ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʤʫʪʘʮʠʶ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʊ1 ʠ ʊ2, ʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 
ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʪʦʢʦʤ. 

ɼʚʠʛʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʝʡ ʪʨʘʥʟʠʩʪʦʨʘ ʊ1, ʢʦʛʜʘ 
ʦʥ ʟʘʢʨʳʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʉʂɹ ʥʘʜ ʕɼʉ ʷʢʦʨʷ ʪʦʢ ʚ 
ʷʢʦʨʝ ʨʘʩʪʝʪ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʷʢʦʨʥʦʡ ʮʝʧʠ ʥʘʢʘʧʣʠʚʘʝʪ ʵʥʝʨʛʠʶ, ʧʦʩʣʝ 
ʟʘʤʳʢʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ ʊ1, ʪʦʢ ʧʨʦʜʦʣʞʘʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ 
ʯʝʨʝʟ ʷʢʦʨʴ ʠ ʜʠʦʜ ɼ2. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʢʦʤʤʫʪʘʮʠʠ ʐʀʇ, 
ʥʘʨʘʩʪʘʥʠʝ ʠ ʩʧʘʜ ʪʦʢʘ ʟʘ ʧʝʨʠʦʜ ʢʦʤʤʫʪʘʮʠʠ ʊ1 ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʪʦ ʥʝ 
ʚʳʟʳʚʘʝʪ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʦʤʝʥʪʘ ʥʘ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ.  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʚ ʨʝʢʫʧʝʨʘʪʠʚʥʳʡ ʨʝʞʠʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʮʠʷ 
ʪʨʘʥʟʠʩʪʦʨʘ ʊ2, ʪʨʘʥʟʠʩʪʦʨ ʊ1 ʧʨʠ ʵʪʦʤ ʟʘʢʨʳʪ. ʂʦʛʜʘ ʪʨʘʥʟʠʩʪʦʨ ʊ2 ʦʪʢʨʳʪ, 
ʪʦʢ ʜʚʠʛʘʪʝʣʷ ʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩ ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʥʘ ʛʝʥʝʨʘʪʦʨʥʳʡ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʕɼʉ ʷʢʦʨʷ, ʩʦʟʜʘʚʘʷ ʪʦʨʤʦʟʥʦʡ ʤʦʤʝʥʪ. ʂʦʛʜʘ ʪʨʘʥʟʠʩʪʦʨ ʊ2 
ʟʘʢʨʳʪ, ʪʦʢ ʧʨʦʜʦʣʞʘʝʪ ʪʝʯʴ ʯʝʨʝʟ ʜʠʦʜ ɼ1 ʠ ʉʂɹ, ʪʝʤ ʩʘʤʳʤ ʟʘʨʷʞʘʝʪ ʝʸ. ʇʨʠ 
ʵʪʦʤ ʟʘʧʘʩʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ 
ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʉʂɹ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʫʪʝʤ 
ʢʦʤʤʫʪʘʮʠʠ ʪʨʘʥʟʠʩʪʦʨʦʚ ʊ1 ʠ ʊ2 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ɼʠʦʜ 
ɼ3 ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʱʠʪʫ ɸʂɹ ʦʪ ʙʦʣʴʰʠʭ ʪʦʢʦʚ ʟʘʨʷʜʘ ʚʦ ʚʨʝʤʷ 
ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ. 
 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 
1. ʂʣʝʧʠʢʦʚ ɺ.ɹ. ʈʝʢʫʧʝʨʘʪʠʚʥʳʝ ʨʝʞʠʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʩ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʘʤʠ  / ɺ.ɹ. ʂʣʝʧʠʢʦʚ, ɸ.ʉ. ɻʦʥʯʘʨ // ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʽ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ 
ʩʠʩʪʝʤʠ ï 2012 - ˉ 3. 
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ʀʉʊʆʏʅʀʂ ʇʀʊɸʅʀʗ ʉʆɹʉʊɺɽʅʅʓʍ ʅʋɾɼ 

ɺʓʉʆʂʆɺʆʃʔʊʅʆɻʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʏɸʉʊʆʊʓ 

 

ɸ.ɺ. ʄɸʐʋʈɸ
1
, ɸ.ɺ. ɽʈɽʉʔʂʆ

2 

 

1 ʤʘʛʠʩʪʨʘʥʪ ʢʘʬʝʜʨʳ çʇʨʦʤʳʰʣʝʥʥʘʷ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘè, ʅʊʋ  çʍʇɯè, 
ʍʘʨʢʽʚ, ʋʂʈɸɰʅɸ  

2 
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʇʨʦʤʳʰʣʝʥʥʘʷ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘè, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʅʊʋ çʍʇʀè, ʍʘʨʴʢʦʚ, ʋʂʈɸʀʅɸ 
*
email: artemmashura94@gmail.com 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʩʠʣʦʚʦʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ.  

ʆʜʥʠʤ ʠʟ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʝʤʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʧʦʩʪʨʦʝʥʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ ʚʳʩʦʢʦʛʦ   

ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ. 

ʃʠʜʝʨʳ ʨʳʥʢʘ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʠʩʧʦʣʴʟʫʶʪ ʘʚʪʦʥʦʤʥʳʝ ʠʥʚʝʨʪʦʨʳ ʥʘʧʨʷʞʝʥʠʷ ʩ ʐʀʄ-ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʢʣʶʯʝʥʠʝʤ ʧʦʣʥʦʩʪʴʶ ʫʧʨʘʚʣʷʝʤʳʭ ʢʣʶʯʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʣʶʯʝʡ ʠʩʧʦʣʴʟʫʶʪ ʪʨʘʥʟʠʩʪʦʨʳ IGBT, ʜʚʫʭʦʧʝʨʘʮʠʦʥʥʳʝ ʪʠʨʠʩʪʦʨʳ IGCT ʩ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ  ʥʘ 

ʦʙʨʘʪʥʦʤ ʭʦʜʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʪʦʧʦʣʦʛʠʡ 

ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʧʦʥʘʜʦʙʠʪʩʷ ʜʣʷ ʟʘʧʠʪʢʠ 

ʜʨʘʡʚʝʨʦʚ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ, ʧʠʪʘʥʠʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʨʘʟʣʠʯʥʳʭ ʆʋ, 

ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʦʚ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʮʝʧʠ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʥʝ ʪʦʣʴʢʦ ʩ ʢʦʥʢʨʝʪʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ, ʢ 

ʢʦʪʦʨʦʤʫ, ʦʙʳʯʥʦ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʪʜʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ, ʥʦ ʩ ʤʥʦʞʝʩʪʚʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʨʘʥʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʞʥʦ 

ʦʪʢʠʥʫʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʣʘʛʘʝʤʳʭ ʢ ʢʦʥʢʨʝʪʥʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ ʠ ʟʘʤʝʥʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʤ, ʫʥʠʚʝʨʩʘʣʴʥʳʤ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʨʦʰʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʣʳʤʠ ʛʘʙʘʨʠʪʘʤʠ, 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ (ʥʘʠʣʫʯʰʠʡ ʧʨʝʪʝʥʜʝʥʪ ʚ low cost ʩʝʛʤʝʥʪʝ) ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʨʦʚʥʝʤ ʥʘʜʝʞʥʦʩʪʠ. 
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ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ʄɽʊʈʆʇʆʃʀʊɽʅɸ 

 

ɺ.ʇ. ʄɽɼʀʅʎɽɺ
1*
,  ɻ.ɻ. ɾɽʄɽʈʆɺ

2 

 
 1
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 ɺ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʤʝʪʨʦʧʦʣʠʪʝʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʙʦʣʝʝ 50% ʧʝʨʝʚʦʟʦʢ [1]. ɼʣʷ ʝʛʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʙʳʣʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʦ ʧʷʪʴ 

ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʤʝʪʨʦʧʦʣʠʪʝʥʘ: 1)ʊʨʘʜʠʮʠʦʥʥʘʷ, 2)ʉ ʨʝʢʫʧʝʨʘʮʠʝʡ 

ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ , 3)ʉ ʩʪʘʮʠʦʥʘʨʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ ʵʥʝʨʛʠʠ (ʅʕ), 4)ʉ ʙʦʨʪʦʚʳʤ 

ʅʕ, 5)ɹʝʩʢʦʥʪʘʢʪʥʘʷ ʩ ʙʦʨʪʦʚʳʤ ʅʕ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ Matlab ʤʦʜʝʣʠ. ɼʘʥʥʳʝ ʙʳʣʠ 

ʩʨʘʚʥʝʥʳ  ʩ ʨʘʥʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ[2][3][4]. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʘʥʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ[2][3][4].  ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ,  

ʦʩʫʱʝʩʪʚʣʷʷ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ  ʢ ʜʨʫʛʠʤ 

ʩʠʩʪʝʤʘʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʣʩʷ ʂʇɼ, ʩʦʢʨʘʱʘʣʘʩʴ ʵʥʝʨʛʠʷ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʠʟ ʩʝʪʠ ʠ ʫʤʝʥʴʰʘʣʠʩʴ ʩʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ. ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʠʜʥʦ ʯʪʦ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʠʩʪʝʤʳ ʥʫʞʝʥ ʅʕ. 

 ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʠ ʩʨʘʚʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ. ʊʘʢ ʞʝ ʚ ʨʘʙʦʪʝ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʣʷ ʟʘʨʷʜʘ ʅʕ. 

 
 ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1.www.metro.kharkov.ua  

2.ɾʝʤʝʨʦʚ ɻ.ɻ., ʀʣʴʠʥʘ ʅ.ɸ., ʊʫʛʘʡ ɼ.ɺ. ʋʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʦʝʤʢʠʭ 

ʥʘʢʦʧʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ // ʊʝʭʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ.òʉʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ò ï 2014. ï ˉ5 ï ʉ.137 ï 138. 

3. ɾʝʤʝʨʦʚ ɻ.ɻ., ʀʣʴʠʥʘ ʅ.ɸ., ʊʫʛʘʡ ɼ.ɺ., ʍʦʣʦʜ ʆ.ʀ. ʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ ʠ ʥʘʢʦʧʠʪʝʣʷʤʠ 

ʵʥʝʨʛʠʠ // ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘ. ï 2013. ï ˉ1 ï ʉ. 41 ï 49. 

4. ɾʝʤʝʨʦʚ ɻ.ɻ., ʍʦʣʦʜ ʆ.ʀ. ʇʫʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʤʝʪʨʦʧʦʣʠʪʝʥʘ // ʊʝʭʥʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ. ʊʝʤʘʪʠʯʝʩʢʠʡ ʚʳʧʫʩʢ ñʉʠʣʦʚʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴò. ï 2012. ï ˉ1 ï ʉ. 27 ï 35. 
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ɺʩʪʫʧ. ʊʨʠʬʘʟʥʽ ʘʩʠʥʭʨʦʥʥʽ ʜʚʠʛʫʥʠ (ʊɸɼ) ʫ ʟʚôʷʟʢʫ ʟ ʧʨʦʩʪʦʪʦʶ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʟ ʞʠʚʣʝʥʥʷʤ ʷʢ ʚʽʜ ʧʨʦʤʠʩʣʦʚʦʾ 

ʪʨʠʬʘʟʥʦʾ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʚʽʜ ʧʦʙʫʪʦʚʦʾ ʦʜʥʦʬʘʟʥʦʾ (ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʜʝʥʩʘʪʦʨʽʚ) ʻ ʦʩʥʦʚʥʠʤ ʟʘʩʦʙʦʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢʦʛʦ ʜʚʠʛʫʥʘ ʟʘ ʦʜʥʽʻʶ ʟ ʤʝʪʦʜʠʢ ï ʂʦʧʠʣʦʚʘ ɯ.ʇ. [1] ʘʙʦ 

ɻʦʣʴʜʙʝʨʛʘ ʆ.ɼ. [2] ï ʻ ʢʫʨʩʦʚʦʶ ʘʙʦ ʜʠʧʣʦʤʥʦʶ ʨʦʙʦʪʦʶ ʜʣʷ ʩʪʫʜʝʥʪʽʚ 

ʝʣʝʢʪʨʦʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʫ ʙʽʣʴʰʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ɺʅɿ [3]. ʎʽ 

ʤʝʪʦʜʠʢʠ ʫ ʙʘʛʘʪʴʦʭ ʩʚʦʾʭ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʨʽʟʥʷʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, ʘ ʧʦʜʝʢʫʜʠ 

ʤʘʶʪʴ ʽ ʦʯʝʚʠʜʥʽ ʧʦʤʠʣʢʠ, ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʤʝʪʦʜʠʢ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ, ʩʠʣʦʚʠʭ i ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʤʘʰʠʥ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʤʝʪʦʜʠʢʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʊɸɼ, ʷʢʘ ʦʙôʻʜʥʘʻ ʫ ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʷʢ ʤʝʪʦʜʠʢʠ ʂʦʧʠʣʦʚʘ, ʪʘʢ ʽ ʤʝʪʦʜʠʢʠ 

ɻʦʣʴʜʙʝʨʛʘ, ʘ ʪʘʢʦʞ ʙʫʜʝ ʧʦʟʙʘʚʣʝʥʘ ʥʝʜʦʣʽʢʽʚ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʠʢ ʧʨʦʝʢʪʫʚʘʥʥʷ ʊɸɼ 

ɻʦʣʴʜʙʝʨʛʘ ʆ.ɼ. ʪʘ ʂʦʧʠʣʦʚʘ ɯ.ʇ. ʰʣʷʭʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʟʘ ʦʜʥʘʢʦʚʠʤ 

ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʚʽʨʢʦʶ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʤʘʰʠʥ ʧʨʦʚʝʜʝʥʥʷʤ ʯʠʩʝʣʴʥʦ-ʧʦʣʴʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʾʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʧʨʦʛʨʘʤʦʶ FEMM [4, 5].   

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʊɸɼ ɻʦʣʴʜʙʝʨʛʘ ʆ.ɼ. ʪʘ 

ʂʦʧʠʣʦʚʘ ɯ.ʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʜʚʦʭ ʨʽʟʥʠʭ 

ʧʨʦʝʢʪʽʚ ʜʚʠʛʫʥʘ ʟʘ ʮʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʘʣʝ ʟ ʦʜʥʘʢʦʚʠʤ ʪʝʭʥʽʯʥʠʤ ʟʘʚʜʘʥʥʷʤ: 

ʩʧʨʦʝʢʪʫʚʘʪʠ ʊɸɼ ʥʦʤʽʥʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʈN = 15 ʢɺʪ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ 

ʪʨʠʚʘʣʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ï S1. ɿʘʜʘʥʠʤʠ ʻ ʱʝ ʢʽʣʴʢʽʩʪʴ ʬʘʟ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 

ms = 3, ʢʽʣʴʢʽʩʪʴ ʧʘʨ ʧʦʣʶʩʽʚ p = 1, ʩʭʝʤʘ ʟ'ʻʜʥʘʥʥʷ ʬʘʟʥʠʭ ʦʙʤʦʪʦʢ ʩʪʘʪʦʨʘ ï 

ʟʽʨʢʘ, ʯʘʩʪʦʪʘ ʤʝʨʝʞʽ fs = 50 ɻʮ, ʥʦʤʽʥʘʣʴʥʘ ʣʽʥʽʡʥʘ ʥʘʧʨʫʛʘ UN = 380 ɺ. 

ʆʜʥʘʢʦʚʠʤʠ ʟʘʜʘʥʽ ʪʘʢʦʞ ʚʠʤʦʛʠ ʜʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʪʘ ʢʣʽʤʘʪʠʯʥʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʊɸɼ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʜʚʘ ʧʨʦʝʢʪʠ ʊɸɼ, 

ʷʢʽ ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʦʙʦʶ. ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʘʢʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ, ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʘ ʤʝʪʦʜʠʢʦʶ ʂʦʧʠʣʦʚʘ, ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1, 

ʘ ʜʚʠʛʫʥʘ, ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʘ ʤʝʪʦʜʠʢʦʶ ɻʦʣʴʜʙʝʨʛʘ ï ʥʘ ʨʠʩ.2. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩʫʥʢʽʚ, ʚʠʩʦʪʘ ʧʨʦʚʽʜʥʠʢʽʚ ʨʦʪʦʨʘ ʫ ʧʨʦʝʢʪʘʭ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʫ ʤʝʪʦʜʠʮʽ ɻʦʣʴʜʙʝʨʛʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʠʡ ʬʘʢʪ, ʷʢ 

ʟʘʤʠʢʘʥʥʷ ʩʠʣʦʚʠʭ ʣʽʥʽʡ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟ ʚʘʣ ʫ ʜʚʦʧʦʣʶʩʥʠʭ ʤʘʰʠʥʘʭ, 
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ʱʦ ʻ ʧʦʤʠʣʢʦʚʠʤ. ʂʨʽʤ ʮʴʦʛʦ, ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦʚʽʪʨʷʥʽ ʧʨʦʤʽʞʢʠ (ʚ 1,6 

ʨʘʟʫ), ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘʤʘʛʥʽʯʫʚʘʣʴʥʠʡ ʩʪʨʫʤ, ʘ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʽ ʢʨʘʪʥʦʩʪʽ 

ʧʫʩʢʦʚʦʛʦ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʽʚ. ʍʦʯʘ ʚʠʩʦʪʘ ʧʨʦʚʽʜʥʠʢʘ ʨʦʪʦʨʘ ʫ 

ʧʨʦʝʢʪʽ ʟʘ ʤʝʪʦʜʠʢʦʶ ʂʦʧʠʣʦʚʘ ʚ 1,6 ʨʘʟʫ ʙʽʣʴʰʝ, ʥʽʞ ʟʘ ʤʝʪʦʜʠʢʦʶ 

ɻʦʣʴʜʙʝʨʛʘ, ʢʨʘʪʥʽʩʪʴ ʧʫʩʢʦʚʦʛʦ ʤʦʤʝʥʪʫ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʜʦʨʽʚʥʶʻ 0,8, ʘ ʚ 

ʜʨʫʛʦʤʫ ï 1,3. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʩʫʧʝʨʝʯʘʪʴ ʪʝʦʨʽʾ [6], ʷʢ ʽ ʪʝ, ʱʦ ʟʘ ʤʝʪʦʜʠʢʦʶ 

ɻʦʣʴʜʙʝʨʛʘ ʢʨʘʪʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʜʦʨʽʚʥʶʻ 3,8. 
 

       
ʈʠʩ. 1 ï ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʘʢʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ, ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ʂʦʧʠʣʦʚʘ 

ʈʠʩ. 2 ï ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʘʢʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ ʜʚʠʛʫʥʘ, ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʟʘ 

ʤʝʪʦʜʠʢʦʶ ɻʦʣʴʜʙʝʨʛʘ 
 

ɺʠʩʥʦʚʢʠ. ʗʚʥʫ ʧʝʨʝʚʘʛʫ ʧʨʠ ʚʠʙʦʨʽ ʦʩʥʦʚʥʠʭ ʨʦʟʤʽʨʽʚ ʤʘʰʠʥʠ ʪʘ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʘʪʦʨʘ ʧʦʢʘʟʘʣʘ ʤʝʪʦʜʠʢʘ ɻʦʣʴʜʙʝʨʛʘ, ʘ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʦʪʦʨʘ 

ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʨʦʙʦʯʠʭ ʪʘ ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ï ʤʝʪʦʜʠʢʘ ʂʦʧʠʣʦʚʘ. ʅʘ 

ʽʥʰʠʭ ʝʪʘʧʘʭ ʚʦʥʠ ʻ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʤʠ, ʘʣʝ ʢʦʥʩʪʨʫʢʮʽʷ ʊɸɼ, ʦʪʨʠʤʘʥʘ ʟʘ 

ʧʝʨʰʦʶ ʤʝʪʦʜʠʢʦʶ, ʜʘʣʘ ʥʘ ʦʩʥʦʚʽ ʯʠʩʝʣʴʥʦ-ʧʦʣʴʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʢʦʨʠʩʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʜʘʥʦʾ ʥʘ 5,3%, ʟʘ ʜʨʫʛʦʶ ï ʥʘ 22%. 

ʊʦʙʪʦ ʤʝʪʦʜʠʢʘ ɻʦʣʴʜʙʝʨʛʘ ʫ ʧʽʜʩʫʤʢʫ ʚʠʷʚʠʣʘʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰ ʘʜʝʢʚʘʪʥʦʶ.  
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