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ʉɽʂʎʀʗ 4 

ʄʀʂʈʆʕʃɽʂʊʈʆʅʀʂɸ ʀ ʆʇʊʆʊɽʍʅʀʂɸ 
 

ɺ.ɺ. ɸʚʝʨʢʠʝʚ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʇʈʀʅʎʀʇʀɸʃʔʅɸʗ ʉʍɽʄɸ 

ʄʆʅʀʊʆʈʅʆɻʆ ʈɸʉʐʀʈʀʊɽʃʗ ʉ ʉʀʉʊɽʄʆʁ ʆʇʆɺɽʑɽʅʀʗ ʆ 

ʇɽʈɽʈʓɺɽ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʘ ̫ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ çʄʦʥʠʪʦʨʥʳʡ 

ʨʘʩʰʠʨʠʪʝʣʴ ʩ ʩʠʩʪʝʤʦʡ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʝʨʝʨʳʚʝè, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʘʜʘʧʪʠʚʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʦʜʩʚʝʪʢʦʡ ʠ ʢʦʥʪʨʦʣʷ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʟʘ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ. ʋʩʪʨʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʜʩʚʝʪʢʫ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʫʶ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ 

ʥʘ ʵʢʨʘʥʝ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪ ʩʠʩʪʝʤʫ ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʜʝʣʘʪʴ 

ʧʝʨʝʨʳʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ. 

ɼʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ ʙʝʟ ʧʝʨʝʨʳʚʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʨʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʥʠʞʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʜʩʚʝʪʢʠ, ʪʘʢʠʝ ʢʘʢ Philips Ambilight ʠ Govee Immersion 

Kit  (ʨʠʩ. 1), ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ, ʦʜʥʘʢʦ ʥʝ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʢʦʥʪʨʦʣʷ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪʜʳʭʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʋʩʪʨʦʡʩʪʚʘ-ʘʥʘʣʦʛʠ 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʬʫʥʢʮʠʠ ʘʜʘʧʪʠʚʥʦʡ ʧʦʜʩʚʝʪʢʠ ʠ ʩʠʩʪʝʤʳ 
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ʦʧʦʚʝʱʝʥʠʷ (ʨʠʩ. 2). ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ 

ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʭʝʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʠʣʠ ʘʨʭʠʪʝʢʪʫʨʫ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʘʚ ʝʛʦ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ 

ʠ ʣʦʛʠʢʫ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [1-2]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

 

ʆʩʥʦʚʫ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʳʡ ʤʦʜʫʣʴ 

Wemos D1 mini, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ ESP8266. ʆʥ ʚʳʧʦʣʥʷʝʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ 

ʩ ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ WS2812B. 

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʦʪʣʘʜʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʠʥʪʝʨʬʝʡʩʘ USB/UART CH340, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʯʝʨʝʟ ʨʘʟʲʸʤ USB Type-C. 

ʇʠʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ 5 ɺ. ɼʣʷ 

ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʤʦʜʫʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʡ ʫʨʦʚʝʥʴ 3,3 ɺ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ESP8266 ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʦʚ 

IĮC, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʪʠʧʥʳʭ ʜʘʪʯʠʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʘʩʰʠʨʠʪʝʣʴ ʧʦʨʪʦʚ TCA9548A (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʩʰʠʨʠʪʝʣʷ ʧʦʨʪʦʚ, ʜʘʪʯʠʢʦʚ 

ʠ RGB-ʣʝʥʪʳ 

 

ʈʘʩʰʠʨʠʪʝʣʴ ʧʦʨʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʦʯʝʨʝʜʥʦ ʘʢʪʠʚʠʨʦʚʘʪʴ ʜʦ ʚʦʩʴʤʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʥʘʣʦʚ IĮC, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʢʣʶʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ 

ʩ ʦʜʠʥʘʢʦʚʳʤ ʘʜʨʝʩʦʤ ʙʝʟ ʢʦʥʬʣʠʢʪʦʚ ʥʘ ʰʠʥʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʫʣʠ VEML6040, ʢʦʪʦʨʳʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʣʠʮʝʚʦʡ ʯʘʩʪʠ ʤʦʥʠʪʦʨʘ (ʨʠʩ. 4). ʂʘʞʜʳʡ ʜʘʪʯʠʢ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʮʚʝʪ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʦʥʝ ʵʢʨʘʥʘ (ʨʠʩ. 4) ʠ ʧʝʨʝʜʘʝʪ 

ʜʘʥʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

R, G ʠ B ʬʦʨʤʠʨʫʝʪʩʷ ʘʜʘʧʪʠʚʥʘʷ ʧʦʜʩʚʝʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʦʚ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ɿʦʥʳ ʵʢʨʘʥʘ ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʩʫʪʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʨʘʢʨʘʩʥʳʡ 

ʜʘʪʯʠʢ AMG8833, ʬʠʢʩʠʨʫʶʱʠʡ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʯʝʣʦʚʝʢʘ ʧʝʨʝʜ 

ʤʦʥʠʪʦʨʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʦʪʩʯʸʪ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʪʦʣʴʢʦ 

ʧʨʠ ʨʝʘʣʴʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɼʘʪʯʠʢ ʦʩʚʝʱʸʥʥʦʩʪʠ BH1750 ʠʟʤʝʨʷʝʪ ʫʨʦʚʝʥʴ ʚʥʝʰʥʝʛʦ ʦʩʚʝʱʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʷʨʢʦʩʪʠ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʦʜʩʚʝʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʨʝʩʥʘʷ 

ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ WS2812B, ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ ʚʳʚʦʜʫ GPIO2 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʋʧʨʘʚʣʝʥʠʝ ʢʘʞʜʳʤ ʩʚʝʪʦʜʠʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʝʪʦʚʳʝ ʵʬʬʝʢʪʳ. 

ɼʣʷ ʟʚʫʢʦʚʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʜʝʣʘʪʴ ʧʝʨʝʨʳʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʟʚʫʢʦʠʟʣʫʯʘʪʝʣʴ KY-006, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʚʳʚʦʜʫ GPIO15. 

ʇʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠ ʤʦʜʫʣʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʯʝʨʝʟ ʨʘʟʲʸʤʳ (ʨʠʩ. 5). 

ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ IĮC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʠʡ 

SDA ʠ SCL, ʧʦʜʢʣʶʯʸʥʥʳʭ ʢ ʚʳʚʦʜʘʤ GPIO4 ʠ GPIO5 ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʲʝʤʦʚ 
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ɼʣʷ ʦʧʦʚʝʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʜʝʣʘʪʴ ʧʝʨʝʨʳʚ, 

ʚ ʫʩʪʨʦʡʩʪʚʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʚʝʪʦʜʠʦʜʥʘʷ ʘʜʨʝʩʥʘʷ RGB-ʣʝʥʪʘ ʠ ʟʚʫʢʦʠʟʣʫʯʘʪʝʣʴ. 

RGB-ʣʝʥʪʘ ʥʘʯʠʥʘʝʪ ʤʠʛʘʪʴ, ʘ ʟʚʫʢʦʠʟʣʫʯʘʪʝʣʴ ʠʟʜʘʝʪ ʜʣʠʪʝʣʴʥʳʡ ʧʠʩʢ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʮʚʝʪʘ ʤʦʥʠʪʦʨʘ ʚ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʫʩʪʘʥʦʚʢʘ ʚʦʩʴʤʠ 

ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ VEML6040. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, ʨʘʙʦʪʘʝʪ ʣʠ ʯʝʣʦʚʝʢ 

ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢ ʧʨʠʩʫʪʩʪʚʠʷ AMG8833. ɼʘʪʯʠʢ 

ʦʩʚʝʱʸʥʥʦʩʪʠ BH1750 ʩʣʫʞʠʪ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʷʨʢʦʩʪʠ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʘʜʨʝʩʥʦʡ RGB-ʣʝʥʪʳ. ʊʘʢ ʢʘʢ ʚʩʝ ʜʘʪʯʠʢʠ ʮʚʝʪʘ ʠʤʝʶʪ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʘʜʨʝʩ, ʚ ʩʭʝʤʫ ʜʦʙʘʚʣʝʥ ʤʫʣʴʪʠʧʣʝʢʩʦʨ TCA9548A. ʆʥ ʧʦʦʯʝʨʝʜʥʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʚʷʟʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ ʦʜʥʠʤ ʠʟ ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʟʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʩ ʘʜʨʝʩʘʮʠʝʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʜʘʥʥʳʝ 

ʮʚʝʪʘ ʤʦʥʠʪʦʨʘ, ʯʪʦʙʳ ʧʨʠ ʧʦʤʦʱʠ RGB-ʣʝʥʪʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʰʠʨʝʥʠʝ 

ʧʦʜʩʚʝʪʢʠ ʤʦʥʠʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʫʧʨʝʜʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʩʣʠʰʢʦʤ ʜʦʣʛʦʤ 

ʧʨʝʙʳʚʘʥʠʠ ʟʘ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʜʝʣʘʪʴ ʧʝʨʝʨʳʚ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʤʦʣʠʥ ɺ.ɸ., ɸʚʝʨʢʠʝʚ ɺ.ɺ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʥʠʪʦʨʥʦʛʦ ʨʘʩʰʠʨʠʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʝʨʝʨʳʚʝ 

//XIV  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʅɽʈɻɽʊʀʂɸ, ʀʅʌʆʈʄɸʊʀʂɸ, ʀʅʅʆɺɸʎʀʀ - 

2024è - ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ,13-14 ʥʦʷʙʨʷ 2024 ʛʦʜʘ, ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ ʉʤʦʣʝʥʩʢ: 

ʋʥʠʚʝʨʩʫʤ ï 2024 - ʪʦʤ2. - ʉ. 219-222 /. 

2. ʉʤʦʣʠʥ ɺ.ɸ., ɸʚʝʨʢʠʝʚ ɺ.ɺ., ʂʦʪʦʚʘ ʉ.ʉ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʤʦʥʠʪʦʨʥʦʛʦ ʨʘʩʰʠʨʠʪʝʣʷ ʩ ʩʠʩʪʝʤʦʡ 

ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʝʨʝʨʳʚʝ // XV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʅɽʈɻɽʊʀʂɸ, 

ʀʅʌʆʈʄɸʊʀʂɸ, ʀʅʅʆɺɸʎʀʀ - 2025è - ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ,19-20 ʥʦʷʙʨʷ 2025 ʛʦʜʘ, ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ 

çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ ʉʤʦʣʝʥʩʢ: ʋʥʠʚʝʨʩʫʤ ï 2025 - ʪʦʤ2. - ʉ. 3-5 /. 

 
 

ɸ.ʉ. ɸʛʝʝʚ, ʩʪʫʜ.; ʨʫʢ. ʄ.ʉ. ʂʦʚʘʣʝʚʘ, ʘʩʩ. 

ʬʠʣʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʀʅʊɽɻʈɸʎʀʗ ʄɽʄʈʀʉʊʆʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʉʀʉʊɽʄʋ 

ɼʀʅɸʄʀʏɽʉʂʆʁ ʇʆɼʉɺɽʊʂʀ ɼʀʉʇʃɽʗ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʣʦʢʘʣʴʥʦʛʦ ʟʘʪʝʤʥʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʠ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʦʨʝʦʣʳ ʚʦʢʨʫʛ ʷʨʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʠʟʙʳʪʦʯʥʘʷ ʟʘʩʚʝʪʢʘ ʪʸʤʥʳʭ ʦʙʣʘʩʪʝʡ ʠ ʧʦʪʝʨʷ ʜʝʪʘʣʝʡ ʚ 

ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʳʭ ʩʮʝʥʘʭ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʯʠʩʣʦ ʟʦʥ ʧʦʜʩʚʝʪʢʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʫʧʘʶʱʝʝ ʢʦʣʠʯʝʩʪʚʫ ʧʠʢʩʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʦʜʠʦʜʦʚ [1]. ʇʨʠʚʝʜʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʜʝʣʘʶʪ ʘʢʪʫʘʣʴʥʳʤ ʧʦʠʩʢ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʩʚʝʪʢʦʡ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʨʠʩʪʦʨʦʚ [2,3]. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʠ ʤʝʤʨʠʩʪʦʨʘ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʠ ʘʥʘʣʠʟ ʠʭ ʩʚʦʡʩʪʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʦʡ.  

ʄʝʤʨʠʩʪʦʨ (ʨʠʩ. 1) ï ʵʪʦ ʵʣʝʤʝʥʪ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʠʩʪʦʨʠʠ ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ. ɽʛʦ ʢʣʶʯʝʚʦʝ ʩʚʦʡʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʭʨʘʥʷʪʴ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʝʟ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʵʣʝʤʝʥʪ ʧʘʤʷʪʠ ʠ ʘʥʘʣʦʛʦʚʳʡ ʨʝʛʫʣʷʪʦʨ. [2]. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʤʝʤʨʠʩʪʦʨ ʚʢʣʶʯʘʝʪ ʜʚʘ ʵʣʝʢʪʨʦʜʘ ʠ ʪʦʥʢʠʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʦʜʥʦʡ ʠʟ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʩʠʜ ʤʝʪʘʣʣʘ 

ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʝʬʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʧʨʘʚʣʷʝʤʦʝ 

ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [2, 3]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʄʝʤʨʠʩʪʦʨ 

 

ʈʝʟʠʩʪʠʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʟʘ ʩʯʸʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ ʚ ʦʙʲʸʤʝ ʤʘʪʝʨʠʘʣʘ ʣʠʙʦ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʙʘʨʴʝʨʥʳʭ 

ʩʚʦʡʩʪʚ ʥʘ ʛʨʘʥʠʮʝ ʵʣʝʢʪʨʦʜïʦʢʩʠʜ. ʂʦʥʢʨʝʪʥʳʡ ʤʝʭʘʥʠʟʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠʝʡ ʫʩʪʨʦʡʩʪʚʘ. [2,3].  

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʤʨʠʩʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ [3]. ʕʪʦ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʘʥʘʣʦʛʦʚʦʡ ʨʝʛʫʣʠʨʦʚʢʦʡ, ʚʢʣʶʯʘʷ ʫʧʨʘʚʣʝʥʠʝ ʷʨʢʦʩʪʴʶ. 

ʄʝʤʨʠʩʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ (ʨʠʩ. 2), ʦʪʨʘʞʘʶʱʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʪ ʧʨʝʜʳʩʪʦʨʠʠ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʠʩʪʦʯʥʠʢʘ 

ʩʠʛʥʘʣʘ ʚʣʠʷʥʠʝ ʛʠʩʪʝʨʝʟʠʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʥʦʩʘ ʥʦʩʠʪʝʣʝʡ (ʠʦʥʦʚ) [3]. 
 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ɺɸʍ ʤʝʤʨʠʩʪʦʨʘ ʦʪ ʯʘʩʪʦʪʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ 
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ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʠʧʦʚ ʤʝʤʨʠʩʪʦʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʦʩʥʦʚʥʳʭ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʤʝʭʘʥʠʟʤʦʤ 

ʧʝʨʝʢʣʶʯʝʥʠʷ [3]: 

¶ ʦʢʩʠʜʥʳʝ ʤʝʤʨʠʩʪʦʨʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʘʣʝʥʪʥʦʩʪʠ (VCM) ʦʩʥʦʚʘʥʳ ʥʘ 

ʤʠʛʨʘʮʠʠ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʦʪʣʠʯʘʶʪʩʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʁʩ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʝʡ ʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴ ʁ[3]; 

¶ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʤʨʠʩʪʦʨʳ (ECM) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʠʟʢʠʝ ʨʘʙʦʯʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʫʩʪʫʧʘʷ ʧʦ ʩʪʘʙʠʣʴʥʦʩʪʠ; 

¶ ʠʝʤʨʠʩʪʦʨʳ ʥʘ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ (PCM) ʨʝʘʣʠʟʫʶʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʟʘ ʩʯʸʪ 

ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, 

ʦʜʥʘʢʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ [5]; 

¶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʤʨʠʩʪʦʨʳ (FeMEM). ʆʩʥʦʚʘʥʳ ʥʘ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ, ʠʟʤʝʥʷʶʱʝʡ ʪʫʥʥʝʣʴʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣ-ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ-ʤʝʪʘʣʣ, ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʠʤ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʥʦ ʩʣʦʞʥʳ ʚ ʠʥʪʝʛʨʘʮʠʠ; 

¶ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʠ ʬʦʪʦʥʥʳʝ ʤʝʤʨʠʩʪʦʨʳ. ʆʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʫʩʪʨʦʡʩʪʚ, 
ʛʜʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʠʣʠ ʩʯʠʪʳʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʧʪʠʯʝʩʢʠʤ 

ʩʠʛʥʘʣʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ, ʫʧʨʘʚʣʷʝʤʳʭ ʩʚʝʪʦʤ, ʠ 

ʥʝʡʨʦʤʦʨʬʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʩʝʥʩʦʨʦʚ [4]. 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʠʧʦʚ ʤʝʤʨʠʩʪʦʨʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʝʤʨʠʩʪʦʨʦʚ 
ʊʠʧ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

VCM ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʂʄʆʇ, ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ, ʘʥʘʣʦʛʦʚʦʝ 

ʧʝʨʝʢʣʶʯʝʥʠʝ 

ɹʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʢʘʣʠʙʨʦʚʢʠ ʚ ʙʦʣʴʰʠʭ ʤʘʪʨʠʮʘʭ 

ECM ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʠʟʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ 

ʅʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ 

PCM ʄʥʦʛʦʫʨʦʚʥʝʚʦʩʪʴ, ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ɺʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, 

ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʛʨʝʚ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʦʢʦʚʘʷ ʥʘʛʨʫʟʢʘ ʚ 

ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ 

FeMEM ʅʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʘʥʘʣʦʛʦʚʦʝ 

ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʉʣʦʞʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʂʄʆʇ, 

ʥʠʟʢʘʷ ʥʘʜʸʞʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʪʦʢʦʚʘʷ ʥʘʛʨʫʟʢʘ 

ʆʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʆʧʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʮʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ʤʠʥʠʤʘʣʴʥʘʷ ʟʘʜʝʨʞʢʘ, ʚʳʩʦʢʘʷ 

ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ, 

ʩʣʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ 

 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʪʘʙʣ. 1) ʜʘʣʘ ʧʦʥʷʪʴ, ʯʪʦ ʜʣʷ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʦʡ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʤ ʷʚʣʷʶʪʩʷ 

ʤʝʤʨʠʩʪʦʨʳ ʪʠʧʘ VCM. ʀʭ ʢʣʶʯʝʚʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʤʝʤʨʠʩʪʦʨʘ, ʷʚʣʷʶʪʩʷ ʩʪʘʙʠʣʴʥʦʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ 
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ʧʦʜʢʣʶʯʝʥʠʝ, ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʂʄʆʇ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ. ʕʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʣʘʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʷʨʢʦʩʪʠ ʠ ʚʨʝʤʷ 

ʦʪʢʣʠʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʨʫʛʠʝ ʪʠʧʳ ʤʝʤʨʠʩʪʦʨʦʚ ʠʤʝʶʪ ʚʳʩʦʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʠʟʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʠ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʙʠʝʥʠʠ ʩʚʝʪʦʜʠʦʜʥʦʛʦ 

ʤʘʩʩʠʚʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʟʦʥʳ ʩ ʥʝʟʘʚʠʩʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ [1]. ɼʣʷ ʢʘʞʜʦʡ ʟʦʥʳ 

ʚʳʯʠʩʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʷʨʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʭʦʜʥʦʛʦ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʜʩʚʝʪʢʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʦʙʨʘʙʦʪʢʫ ʚʠʜʝʦʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ 

ʩʠʛʥʘʣʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʜʠʦʜʘʤʠ. ɺ ʘʢʪʠʚʥʳʭ ʤʘʪʨʠʮʘʭ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʷʯʝʡʢʘ ʪʠʧʘ 2T1C, ʚʢʣʶʯʘʶʱʘʷ ʜʚʘ ʪʨʘʥʟʠʩʪʦʨʘ ʠ 

ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪʦʨ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʪʨʘʙʦʪʘʥʥʦʩʪʴ, ʪʘʢʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʠʤʝʝʪ ʨʷʜ 

ʦʛʨʘʥʠʯʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʦʥ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʧʣʦʱʘʜʠ ʠ ʫʩʣʦʞʥʝʥʠʶ 

ʨʘʟʚʦʜʢʠ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʟʘʨʷʜʘ ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ 

ʵʥʝʨʛʦʟʘʚʠʩʠʤʦʡ. ʕʪʠ ʬʘʢʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʩʚʝʪʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʘ 

ʘʨʭʠʪʝʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʭʨʘʥʝʥʠʷ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʫʶʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʤʨʠʩʪʦʨʘ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʝʤʨʠʩʪʦʨ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʘʥʘʣʦʛʦʚʳʡ 

ʵʣʝʤʝʥʪ ʧʘʤʷʪʠ, ʟʘʜʘʶʱʠʡ ʫʨʦʚʝʥʴ ʪʦʢʘ ʯʝʨʝʟ ʩʚʝʪʦʜʠʦʜ. ɿʘʧʠʩʴ ʩʦʩʪʦʷʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤ ʧʦʜʘʯʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʠʟʤʝʥʷʶʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʩʣʝ ʯʝʛʦ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ. 

ɺʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʳ 1T1M, ʛʜʝ ʪʨʘʥʟʠʩʪʦʨ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʶ ʚʳʙʦʨʢʠ, ʘ ʤʝʤʨʠʩʪʦʨ ï ʭʨʘʥʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ ʠ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʦʡ. 

ʂ ʦʛʨʘʥʠʯʝʥʠʷʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʪʥʦʩʠʪʩʷ ʨʘʟʙʨʦʩ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʤʨʠʩʪʦʨʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʢʘʣʠʙʨʦʚʢʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʷʨʢʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʣʷ microLED-

ʜʠʩʧʣʝʝʚ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʟʦʥ ʧʦʜʩʚʝʪʢʠ ɾʂ-

ʜʠʩʧʣʝʝʚ, ʯʪʦ ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʝʤʨʠʩʪʦʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ 

ʪʠʧʘ VCM, ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ 

ʦʩʥʦʚʫ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʦʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʤʨʠʩʪʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʠʪʴ ʬʫʥʢʮʠʠ 

ʭʨʘʥʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʦʚ ʷʯʝʝʢ, ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʯʠʩʣʘ ʟʦʥ ʟʘʪʝʤʥʝʥʠʷ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʠʢʩʝʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʤʨʠʩʪʦʨʦʚ 

ʥʘ ʫʨʦʚʥʝ ʟʦʥ ʧʦʜʩʚʝʪʢʠ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʜʩʚʝʪʢʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʦʚ 

ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʟʙʨʦʩʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʆɹɿʆʈ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ ʀʄʇʋʃʔʉʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ʇʀʊɸʅʀʗ ʊʀʇɸ ATX  

 

ʀʤʧʫʣʴʩʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ (ʀʀʇ) ï ʵʪʦ ʚʪʦʨʠʯʥʳʡ ʠʩʪʦʯʥʠʢ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʥʘʯʘʣʘ ʚʳʧʨʷʤʣʷʝʪʩʷ, ʘ ʟʘʪʝʤ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʠʤʧʫʣʴʩʳ (ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʢɻʮ), ʢʦʪʦʨʳʝ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʠʣʠ ʬʠʣʴʪʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ) [1]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ 

ʀʀʇ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʳ ʥʠʞʝ: 

- AT (ʨʠʩ. 1ʘ). ʇʦʣʥʦʩʪʴʶ ʫʩʪʘʨʝʚʰʠʡ ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʥʝ ʚʳʧʫʩʢʘʝʪʩʷ ʩ 

ʢʦʥʮʘ 90-ʭ ʛʦʜʦʚ, ʤʦʱʥʦʩʪʴ ʨʝʜʢʦ ʧʨʝʚʳʰʘʣʘ 200-250ɺʪ, ʠʤʝʣ ʜʚʘ ʦʪʜʝʣʴʥʳʭ 6-

ʧʠʥʦʚʳʭ ʨʘʟʲʝʤʘ (P8 ʠ P9), ʜʝʞʫʨʥʦʝ ʧʠʪʘʥʠʝ ʦʪʩʫʪʩʪʚʦʚʘʣʦ, ʚʢʣʶʯʝʥʠʝ ʠ 

ʚʳʢʣʶʯʝʥʠʝ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʦʣʴʢʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʪʫʤʙʣʝʨʘ [2]; 

- SFX (ʨʠʩ. 1ʙ). ʂʦʤʧʘʢʪʥʳʡ ʠ ʤʦʱʥʳʡ ʩʪʘʥʜʘʨʪ ʜʣʷ ʠʛʨʦʚʳʭ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʠʥʠ-ʇʂ, ʠʤʝʝʪ ʛʘʙʘʨʠʪʳ å125Ĭ64Ĭ100 ʤʤ ʠ ʦʙʣʘʜʘʝʪ 

ʤʦʱʥʦʩʪʴʶ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300ɺʪ ʜʦ 1000ɺʪ. ʊʘʢ ʞʝ ʦʙʣʘʜʘʝʪ ʤʦʜʫʣʴʥʳʤʠ 

ʢʘʙʝʣʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʙʨʘʪʴ ʣʠʰʥʝʝ [2]; 

- TFX (ʨʠʩ. 1ʚ). ʋʟʢʠʡ ʠ ʜʣʠʥʥʳʡ ʙʣʦʢ ʜʣʷ ʦʬʠʩʥʳʭ ʠ ʪʦʥʢʠʭ ʢʦʨʧʫʩʦʚ, 

ʠʤʝʝʪ ʚʳʪʷʥʫʪʳʡ ʨʘʟʤʝʨ å85Ĭ65Ĭ175 ʤʤ ʠ ʤʦʱʥʦʩʪʴ ʜʦ 500-700 ɺʪ [2]. 

ɹʣʦʢʠ ʧʠʪʘʥʠʷ ʪʠʧʘ ATX ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ. 
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 ATX (Advanced Technology Extended) ï ʬʦʨʤ-ʬʘʢʪʦʨ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʥʘʩʪʦʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ Intel ʚ 1995 ʛʦʜʫ ʜʣʷ ʟʘʤʝʥʳ 

ʠʩʧʦʣʴʟʦʚʘʚʰʝʤʫʩʷ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʫ AT.  

ʉʪʘʥʜʘʨʪ ATX ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʤʘʪʝʨʠʥʩʢʠʭ ʧʣʘʪ, ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʨʘʟʲʸʤʦʚ ʠ 

ʦʪʚʝʨʩʪʠʡ ʥʘ ʢʦʨʧʫʩʝ, ʬʦʨʤʫ ʠ ʧʦʣʦʞʝʥʠʝ ʨʷʜʘ ʨʘʟʲʸʤʦʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʠʪʘʥʠʷ) ʠ ʜʨʫʛʠʝ. ɹʣʦʢʠ ʧʠʪʘʥʠʷ ʪʠʧʘ ATX (ʨʠʩ. 1ʛ) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ: 

- ʜʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʠ ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ 300-1500ɺʪ; 

- ʨʘʟʤʝʨ 150 x 86 x (140-230) ʤʤ; 

- ʦʩʥʘʱʝʥʠʝ ʫʨʦʚʥʷʤʠ ʟʘʱʠʪʳ: OCP (ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʫʟʢʠ ʧʦ ʪʦʢʫ), OVP 

(ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ), SCP (ʟʘʱʠʪʘ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ), OTP 

(ʟʘʱʠʪʘ ʦʪ ʧʝʨʝʛʨʝʚʘ); 

- ʨʘʟʲʸʤʳ ʪʠʧʘ 24-pin ATX, 4+4 pin CPU / EPS, 6+2 pin PCIe, 15-pin SATA, 

4-pin Molex [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʀʤʧʫʣʴʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ: çATè (ʘ), çSFXè (ʙ), çTFXè (ʚ), 

çATXè (ʛ) 

 

ʀʤʧʫʣʴʩʥʳʝ ʙʣʦʢʠ ʧʠʪʘʥʠʷ ʪʠʧʘ ATX, ʥʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʩʣʦʞʥʦʩʪʴ, 

ʧʦʜʚʝʨʞʝʥʳ ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʦʤʫ ʠ ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʥʘʙʦʨʫ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨʥʳʡ ʩʧʠʩʦʢ ʧʨʦʙʣʝʤ ʩ ʚʦʟʤʦʞʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ 

ʨʝʰʝʥʠʡ: 

1. ʅʝʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʙʣʦʢʘ ʧʠʪʘʥʠʷ. 

ʉʠʤʧʪʦʤʳ: ʥʝʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʢʦʤʧʴʶʪʝʨʘ, ʧʝʨʝʟʘʛʨʫʟʢʘ ʢʦʤʧʴʶʪʝʨʘ ʧʦʜ 

ʥʘʛʨʫʟʢʦʡ, ʧʦʚʳʰʝʥʥʳʡ ʧʠʩʢ ʦʪ ʙʣʦʢʘ ʧʠʪʘʥʠʷ, ʥʝʢʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ 

ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʇʨʦʩʘʜʢʘ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʥʘʛʨʫʟʢʝ, ʦʪʢʣʶʯʝʥʠʝ 

ʙʣʦʢʘ ʧʠʪʘʥʠʷ. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʥʜʝʥʩʘʪʦʨʘʤʠ ʠʣʠ ʥʝʦʙʨʘʪʠʤʦʡ 

ʜʝʛʨʘʜʘʮʠʝʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʧʝʨʝʛʨʝʚ 

ʠ ʙʦʣʴʰʦʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʦʪʤʝʪʢʠ ʚ 105ᴈ ʢʦʥʜʝʥʩʘʪʦʨ 

ʚʟʜʫʚʘʝʪʩʷ ʠ ʤʦʞʝʪ ʚʟʦʨʚʘʪʴʩʷ. ʂʦʥʜʝʥʩʘʪʦʨʳ ʩʦ ʚʨʝʤʝʥʝʤ ʪʝʨʷʶʪ ʩʚʦʶ ʸʤʢʦʩʪʴ, 

ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʥʦ ʚ ʙʶʜʞʝʪʥʳʭ ʤʦʜʝʣʷʭ ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ ʤʦʛʫʪ 

ʩʪʦʷʪʴ ʜʝʰʸʚʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʥʝ ʩʘʤʦʛʦ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ 

ʠʟʥʘʯʘʣʴʥʦ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʚʝʨʥʦʝ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ï ʟʘʤʝʥʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨʳ, 

ʞʝʣʘʪʝʣʴʥʦ ʚʩʝ, ʥʘ ʥʦʚʳʝ, ʩ ʪʘʢʠʤ ʞʝ ʥʦʤʠʥʘʣʦʤ, ʝʩʣʠ ʟʘʤʝʥʘ ʥʝ ʧʦʤʦʛʣʘ, ʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʪʦʞʝ ʜʝʛʨʘʜʠʨʦʚʘʣʠ, 

ʜʠʦʜʥʳʡ ʚʳʧʨʷʤʠʪʝʣʴ, ʜʠʦʜʥʳʝ ʩʙʦʨʢʠ, ʪʨʘʥʟʠʩʪʦʨʳ [3]. 

2. ʅʝ ʚʢʣʶʯʘʝʪʩʷ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʝʞʫʨʥʦʝ ʧʠʪʘʥʠʝ +5VSB. 

ʉʠʤʧʪʦʤʳ: ʧʨʠ ʟʘʤʳʢʘʥʠʠ ʢʦʥʪʘʢʪʦʚ PS-ON ʠ GND ʙʣʦʢ ʧʠʪʘʥʠʷ ʥʝ 

ʟʘʧʫʩʢʘʝʪʩʷ, ʥʦ ʜʝʞʫʨʥʦʝ ʧʠʪʘʥʠʝ ʧʨʠʩʫʪʩʪʚʫʝʪ. 

ɼʘʥʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʐʀʄ-ʢʦʥʪʨʦʣʝʨʘ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʠʩʧʨʘʚʥʘ ʩʘʤʘ ʤʠʢʨʦʩʭʝʤʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʸ ʥʫʞʥʦ ʟʘʤʝʥʠʪʴ ʠ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʦʩʪʘʣʴʥʫʶ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ. ɽʩʣʠ ʞʝ ʦʥʘ ʠʩʧʨʘʚʥʘ, ʪʦ 

ʩʣʝʜʫʶʱʝʡ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʳʚ ʮʝʧʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʪʨʝʙʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʚʠʟʫʘʣʴʥʦ 

ʦʩʤʦʪʨʝʪʴ, ʘ ʟʘʪʝʤ ʠ ʧʨʦʚʝʨʠʪʴ: ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʚ ʧʝʨʚʠʯʥʦʡ 

ʮʝʧʠ, ʠʤʧʫʣʴʩʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʜʠʦʜʥʳʝ ʩʙʦʨʢʠ, ʜʨʦʩʩʝʣʠ ʠ ʢʘʪʫʰʢʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʧʝʨʚʳʤʠ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʛʨʝʚʝ. ʇʦʪʦʤ ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʠʪʴ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʵʣʝʤʝʥʪʳ ʦʙʚʷʟʢʠ 

ʐʀʄ [4]. 

3. ɹʣʦʢ ʧʠʪʘʥʠʷ ʫʭʦʜʠʪ ʚ ʟʘʱʠʪʫ. 

ʉʠʤʧʪʦʤʳ: ʙʣʦʢ ʧʠʪʘʥʠʷ ʮʠʢʣʠʯʥʦ ʚʢʣʶʯʘʝʪʩʷ ʠ ʚʳʢʣʶʯʘʝʪʩʷ. 

ʎʠʢʣʠʯʥʳʡ ʟʘʧʫʩʢ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʠʢʨʦʩʭʝʤʘ ʮʝʣʘ. 

ʏʘʩʪʦ ʧʨʠʯʠʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʣʫʞʠʪ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʜʠʦʜʥʳʭ ʩʙʦʨʢʘʭ ʰʦʪʪʢʠ ʠ ʜʨʦʩʩʝʣʝʡ ʛʨʫʧʧʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʥʘ ʣʠʥʠʷʭ +3.3V, +5V, +12V ʠʟ-ʟʘ ʧʝʨʝʛʨʝʚʘ ʠʣʠ ʙʦʣʴʰʦʛʦ ʪʦʢʘ, ʪʘʢʞʝ ʧʨʠʯʠʥʦʡ 

ʤʦʛʫʪ ʩʪʘʪʴ ʥʝʠʩʧʨʘʚʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ ʠ ʩʠʣʦʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʚ ʧʝʨʚʠʯʥʦʡ 

ʮʝʧʠ [4]. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʤʧʫʣʴʩʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʩʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʙʣʦʢʦʚ 

ʧʠʪʘʥʠʷ ʪʠʧʘ ATX, ʘ ʪʘʢʞʝ ʠʭ ʩʠʤʧʪʦʤʳ ʠ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʫʩʪʨʘʥʝʥʠʷ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀ.ɺ. ɸʨʩʝʥʪʴʝʚ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ ʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɸɺʊʆʅʆʄʅʓʁ ʂʆʅʊʈʆʃʃɽʈ ɼʃʗ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ 

ʂʆʅʊʈʆʃʗ ɺʓʉʆʊʓ ʇʃɸɿʄɸʊʈʆʅɸ 

 
ʉʪʘʥʦʢ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ (ʨʠʩ. 1) ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

(ʏʇʋ) ï ʵʪʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʩʢʨʦʷ 

ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʤʝʪʘʣʣʦʚ [1]. ʈʝʟʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʵʥʝʨʛʠʠ ʩʞʘʪʦʡ 

ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʤ ʨʝʟʘʢʘ ʠ ʜʝʪʘʣʴʶ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʘʥʦʢ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʩ ʏʇʋ 

 
ʉʠʩʪʝʤʘ ʏʇʋ ʫʧʨʘʚʣʷʝʪ ʧʝʨʝʤʝʱʝʥʠʝʤ ʨʝʟʘʢʘ ʧʦ ʦʩʷʤ X ʠ Y ʩʦʛʣʘʩʥʦ 

ʟʘʜʘʥʥʦʤʫ ʯʝʨʪʝʞʫ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʟʘ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʦʩʠ Z (ʚʳʩʦʪʘ ʨʝʟʘʢʘ ʥʘʜ ʤʝʪʘʣʣʦʤ). 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʢʨʦʷ ʚʦʟʥʠʢʘʶʪ ʬʘʢʪʦʨʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʧʦʜʜʝʨʞʘʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʦʧʣʦʤ ʠ ʟʘʛʦʪʦʚʢʦʡ [2]: 

ʊʝʨʤʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ï ʣʠʩʪʦʚʦʡ ʤʝʪʘʣʣ ʧʨʠ ʥʘʛʨʝʚʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ 

(çʠʜʸʪ ʚʦʣʥʦʡè), ʯʪʦ ʤʝʥʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʨʝʟʘʢʘ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʩʪʦʣʘ. 

ʅʝʨʦʚʥʦʩʪʴ ʫʢʣʘʜʢʠ ï ʣʠʩʪ ʤʦʞʝʪ ʙʳʪʴ ʠʟʥʘʯʘʣʴʥʦ ʠʩʢʨʠʚʣʸʥ ʠʣʠ ʣʝʞʘʪʴ 

ʥʘ ʦʧʦʨʘʭ ʥʝʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʪʦʣʘ. 

ʀʟʥʦʩ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʧʦʩʪʝʧʝʥʥʦʝ ʚʳʛʦʨʘʥʠʝ ʢʘʪʦʜʘ ʠ ʩʦʧʣʘ 

ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʫʛʠ. 

ʇʨʠ ʩʣʠʰʢʦʤ ʥʠʟʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʨʝʟʘʢʘ ʝʩʪʴ ʨʠʩʢ ʝʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ 

ʜʝʪʘʣʴʶ (ʨʠʩ. 2), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʨʳʟʛʠʚʘʥʠʶ ʤʝʪʘʣʣʘ ʠ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʫʟʣʘ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʦʣʢʥʦʚʝʥʠʝ ʨʝʟʘʢʘ ʩ ʜʝʪʘʣʴʶ 
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ʇʨʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʩʢʦʩ ʢʨʦʤʦʢ ʨʝʟʘ, 

ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʨʝʟʘ (ʨʠʩ. 3), ʨʠʩʢ ʦʙʨʳʚʘ ʜʫʛʠ [2]. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɼʝʬʝʢʪʳ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ 

 
ʇʨʦʝʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʚʢʣʶʯʘʶʱʝʡ DSP ʢʦʥʪʨʦʣʣʝʨ RichAuto A12 (ʨʠʩ.4ʘ) ʠ ʠʥʚʝʨʪʦʨʥʳʡ ʠʩʪʦʯʥʠʢ 

ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ (ʨʠʩ.4ʙ) AuroraPro Airforce 80M.  

 

 
ʈʠʩʫʥʦʢ 4 ï ɸʧʧʘʨʘʪʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʨʦʝʢʪʘ 

 

ɼʘʥʥʳʡ DSP ʢʦʥʪʨʦʣʣʝʨ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʠ ʥʘʜʸʞʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʦ ʦʩʷʤ. ʆʜʥʘʢʦ ʚ ʝʛʦ ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚʩʪʨʦʝʥʥʳʡ ʢʦʥʪʫʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʜʫʛʠ. ʕʪʦ 

ʥʘʢʣʘʜʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ [1]. 

ʆʪʩʫʪʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ RichAuto A12 ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴ ʦʩʴ Z ʪʦʣʴʢʦ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʟʘʜʘʥʥʳʝ ʚ 

ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʝ (G-ʢʦʜʝ). ʆʥ çʥʝ ʚʠʜʠʪè ʨʝʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʩʦʧʣʦʤ ʠ ʤʝʪʘʣʣʦʤ ʚ ʧʨʦʮʝʩʩʝ ʨʝʟʢʠ. 
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ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʩʪʘʥʢʘ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ THC.  

ʀʩʪʦʯʥʠʢ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ AuroraPro Airforce 80M ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ 

ʛʝʥʝʨʘʪʦʨʘ ʜʘʥʥʳʭ ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʤʘʪʴ ʩ ʩʠʣʦʚʳʭ ʚʳʚʦʜʦʚ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʘʧʨʷʞʝʥʠʠ ʜʫʛʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ 

[2]. 

ʄʦʜʫʣʴ THC ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ çʤʦʩʪʘè, ʢʦʪʦʨʳʡ 

ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʩʪʫʧʘʶʱʠʡ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʩʠʛʥʘʣ, ʦʪʩʝʢʘʝʪ 

ʧʦʤʝʭʠ ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʠʤʧʫʣʴʩʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ 

ʦʩʠ Z. 

ʂʦʥʪʨʦʣʣʝʨ RichAuto A12 ʧʦʣʫʯʘʝʪ ʦʪ ʤʦʜʫʣʷ THC ʩʪʘʪʫʩ ʛʦʪʦʚʥʦʩʪʠ ʜʫʛʠ 

(Arc OK) ʠ ʫʧʨʘʚʣʷʝʪ ʣʦʛʠʢʦʡ ʥʘʯʘʣʘ ʠʣʠ ʦʢʦʥʯʘʥʠʷ ʨʝʟʘ, ʧʦʣʥʦʩʪʴʶ ʜʝʣʝʛʠʨʫʷ 

ʧʨʠ ʵʪʦʤ ʟʘʜʘʯʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʜʝʨʞʘʥʠʷ ʟʘʟʦʨʘ ʥʦʚʦʤʫ ʫʩʪʨʦʡʩʪʚʫ. 

ʄʦʜʫʣʴ THC ʧʦʩʪʨʦʝʥ ʧʦ ʜʚʫʭʙʣʦʯʥʦʡ ʩʭʝʤʝ (ʨʠʩ.5) ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ [5]. 

ɹʣʦʢ ˉ1 ï ʤʦʜʫʣʴ ʠʟʤʝʨʝʥʠʷ (HV Sensor). ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ ʠʩʪʦʯʥʠʢʘ ʧʣʘʟʤʳ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʢʘʩʢʘʜʦʚ: ʜʝʣʠʪʝʣʷ 

ʥʘʧʨʷʞʝʥʠʷ, ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ ʠ ʟʘʱʠʪʳ. ɼʝʣʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʟʠʩʪʠʚʥʫʶ ʩʙʦʨʢʫ (1,2 ʄʆʤ), ʢʦʪʦʨʘʷ ʧʦʥʠʞʘʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʨʦʧʦʨʮʠʠ 1:150. ɻʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʩʦʩʪʦʠʪ ʠʟ 

ʠʟʦʣʠʨʫʶʱʝʛʦ ʫʩʠʣʠʪʝʣʷ ɸʄʉ1200 ʩ ʙʘʨʴʝʨʦʤ ʚ 4000 ɺ. ʆʥ ʧʝʨʝʜʘʸʪ ʩʠʛʥʘʣ ʚ 

ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʦʪʩʝʢʘʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ 

ʧʦʤʝʭʠ ʦʪ ʣʦʛʠʢʠ. ɼʣʷ ʟʘʱʠʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ TVS ʜʠʦʜʳ, ʢʦʪʦʨʳʝ ʛʘʩʷʪ 

ʠʤʧʫʣʴʩʳ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʧʦʜʞʠʛʘ. 

ɹʣʦʢ ˉ2 ï ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ (Control Board). ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ 

ʰʢʘʬʫ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʩʪʦʠʪ ʦʥ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʘʩʢʘʜʦʚ: ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʷʜʨʘ, 

ɸʎʇ, ʠʥʪʝʨʬʝʡʩʦʚ, ʦʧʪʦʨʘʟʚʷʟʢʠ.  

ɺʳʯʠʩʣʠʪʝʣʴʥʦʝ ʷʜʨʦ ʫʩʪʨʦʡʩʪʚʘ ï ʵʪʦ ʢʦʥʪʨʦʣʣʝʨ Arduino Nano Every, 

ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ Atmega4809. ɽʛʦ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 20 ʄɻʮ, 

ʦʙʲʸʤ ʧʘʤʷʪʠ 48 ʂʙ Flash ʠ 6 ʂʙ SRAM. ʕʪʦʛʦ ʚʧʦʣʥʝ ʭʚʘʪʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

 ɸʎʇ ADS1115 ʨʘʙʦʪʘʝʪ ʚ ʧʨʝʜʝʣʘʭ Ñ4,096 ɺ, ʯʪʦ ʧʨʠ 16-ʙʠʪʥʦʡ 

ʨʘʟʨʷʜʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʫʛʠ ʩ ʰʘʛʦʤ 

0,05 ɺ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʣʘʟʤʘʪʨʦʥ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʥʫʞʥʦʡ 

ʚʳʩʦʪʝ [5].  

ɼʣʷ ʫʜʦʙʩʪʚʘ ʪʝʢʫʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʥʘ LCD ʜʠʩʧʣʝʡ, ʘ ʚʩʝ 

ʥʘʩʪʨʦʡʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʥʢʦʜʝʨʘ. ʃʦʛʠʢʘ 5 ɺ ʠ 24 ɺ ʩʦʛʣʘʩʫʝʪʩʷ 

ʯʝʨʝʟ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʧʪʦʧʘʨ PC817.  
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ʈʠʩʫʥʦʢ 5 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 
ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ: 

ʕʪʘʧ 1 ï ʧʦʠʩʢ ʤʘʪʝʨʠʘʣʘ (IHS). ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʩʠʛʥʘʣʘ Start (Y1) ʦʪ A12, 

ʫʩʪʨʦʡʩʪʚʦ ʘʢʪʠʚʠʨʫʝʪ ʧʨʠʚʦʜ ʦʩʠ Z. ʈʝʟʘʢ ʦʧʫʩʢʘʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʜʘʪʯʠʢʘ ʢʘʩʘʥʠʷ (Probe). ʇʦʩʣʝ ʬʠʢʩʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʘʢ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ 

ʟʘʜʘʥʥʫʶ çʚʳʩʦʪʫ ʧʨʦʢʦʣʘè (Pierce Height). 

ʕʪʘʧ 2 ï ʧʦʜʞʠʛ ʠ ʧʝʨʝʥʦʩ ʜʫʛʠ. THC ʚʢʣʶʯʘʝʪ ʨʝʣʝ ʩʪʘʨʪʘ ʧʣʘʟʤʳ. ʉʠʩʪʝʤʘ 

ʦʞʠʜʘʝʪ ʧʦʷʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʝ. ʂʘʢ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʠʝ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ, THC ʚʳʜʘʸʪ ʩʠʛʥʘʣ ARC OK (X5) ʥʘ 

ʢʦʥʪʨʦʣʣʝʨ A12. ʊʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʏʇʋ ʥʘʯʠʥʘʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʦʩʷʤ X ʠ Y. 

ʕʪʘʧ 3 ï ʘʜʘʧʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ (Auto Mode). ɺʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ THC 

ʧʦʩʪʦʷʥʥʦ ʩʨʘʚʥʠʚʘʝʪ ʪʝʢʫʱʝʝ ʥʘʧʨʷʞʝʥʠʝ (ὠ ) ʩ ʟʘʜʘʥʥʳʤ (ὠ ). ɼʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʨʝʘʣʠʟʦʚʘʥ ʛʝʩʪʝʨʝʟʠʩ ï ɻ ʪʦ 

çʟʦʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠè ʠʣʠ ʟʘʟʦʨ ʤʝʞʜʫ ʧʦʨʦʛʦʤ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ 

ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʤʛʥʦʚʝʥʥʫʶ ʨʝʘʢʮʠʶ ʩʠʩʪʝʤʳ ʥʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʨʫʪʠʟʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʫʛʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ɺ/ʤʤ, ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚʳʙʨʘʥ ʨʘʚʥʳʤ Ñ1,5 ɺ. ʊʘʢʦʡ ʟʘʟʦʨ 

ʧʦʟʚʦʣʷʝʪ ʠʛʥʦʨʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʤʝʭʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʫʣʴʩʘʮʠʠ ʜʫʛʠ, 

ʥʝ ʚʳʟʳʚʘʷ ʣʦʞʥʳʭ ʠ ʩʣʠʰʢʦʤ ʯʘʩʪʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ ʧʨʠʚʦʜʘ. ʂʦʨʨʝʢʪʠʨʫʶʱʠʝ 

ʢʦʤʘʥʜʳ ʥʘ ʧʦʜʲʸʤ ʠʣʠ ʦʧʫʩʢʘʥʠʝ ʧʦʜʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʳʭʦʜʝ ὠ  ʟʘ ʛʨʘʥʠʮʳ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ çʢʦʨʠʜʦʨʘè ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ çʜʨʝʙʝʟʛè ʩʠʩʪʝʤʳ 

[3] ʠ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʴʥʦ ʫʜʝʨʞʠʚʘʪʴ ʥʫʞʥʳʡ ʟʘʟʦʨ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,3 ʤʤ. 
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ʈʳʚʢʠ ʠ ʨʘʩʢʘʯʢʘ ʨʝʟʘʢʘ ʫʙʠʨʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ [3]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ, ʠʜʫʱʠʭ 

ʦʪ ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ ʠʩʪʦʯʥʠʢʘ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ, ʠ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʴʥʳʡ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʥʥʘʷ ʚʠʪʘʷ ʧʘʨʘ.  

ɺ ʤʝʥʶ ʢʦʥʪʨʦʣʣʝʨʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʣʠʪʝʣʷ. ʕʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʦʯʥʦ ʥʘʩʪʨʦʠʪʴ ʚʦʣʴʪʤʝʪʨ 

THC ʧʦʜ ʣʶʙʦʡ ʠʩʪʦʯʥʠʢ ʧʣʘʟʤʳ ï ʙʫʜʴ ʪʦ Aurora, Hypertherm ʠ ʜʨʫʛʠʝ ʘʥʘʣʦʛʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʠʛʥʦʨʠʨʫʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʩʢʘʯʢʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʚʭʦʜʝ 

ʨʝʟʘʢʘ ʚ ʤʝʪʘʣʣ ʠ ʚʳʭʦʜʝ ʠʟ ʥʝʛʦ ï ʙʣʘʛʦʜʘʨʷ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʧʦʨʦʛʫ ʚ ʘʣʛʦʨʠʪʤʝ 

ʫʧʨʘʚʣʝʥʠʷ. ʕʪʦ ʩʧʘʩʘʝʪ ʧʣʘʟʤʘʪʨʦʥ ʦʪ ʫʜʘʨʘ ʦ ʟʘʛʦʪʦʚʢʫ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʙʶʜʞʝʪʥʳʡ ʩʪʘʥʦʢ ʩ 

ʏʇʋ ʠ ʧʦʜʥʷʪʴ ʢʘʯʝʩʪʚʦ ʨʝʟʢʠ ʜʝʪʘʣʝʡ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʨʦʚʥʷ. ʂʦʤʧʦʥʝʥʪʳ 

AMC1200, ADS1115 ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Atmega4809 ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ɺʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʠʥʝʨʮʠʠ 

ʤʝʭʘʥʠʢʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʢʦʨʦʩʪʥʦʡ ʧʦʪʝʥʮʠʘʣ ʜʚʠʛʘʪʝʣʷ ʦʩʠ Z ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʣʥʦʩʪʴʶ [3,4].  
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʂʆʅʎɽʇʎʀʗ ʋʅʀɺɽʈʉɸʃʔʅʆɻʆ ʉɺɽʊʆɺʆɻʆ ʇʃɸʅʐɽʊɸ ʉ 

ʋʃʋʏʐɽʅʅʆʁ ʕʈɻʆʅʆʄʀʂʆʁ  

 
ɼʦ ʪʦʛʦ, ʢʘʢ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʢʩʝʨʦʛʨʘʬʠʷ, ʜʣʷ 

ʤʥʦʞʝʥʠʷ ʠ ʢʦʧʠʨʦʚʘʥʠʷ ʩʭʝʤ, ʯʝʨʪʝʞʝʡ, ʠʣʣʶʩʪʨʘʮʠʡ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʧʦʩʦʙ ʧʝʨʝʥʦʩʘ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʨʦʩʚʝʪ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʨʠʛʠʥʘʣ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʦʜʩʚʝʯʝʥʥʦʡ ʩʥʠʟʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʢʨʳʚʘʝʪʩʷ 

ʣʠʩʪʦʤ ʢʘʣʴʢʠ (ʠʣʠ ʪʦʥʢʦʡ ʙʫʤʘʛʠ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ) ʠ ʧʦ ʧʨʦʩʚʝʯʝʥʥʳʤ 

ʣʠʥʠʷʤ ʨʠʩʫʥʢʘ ʦʨʠʛʠʥʘʣʘ ʚʨʫʯʥʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʦʙʚʦʜʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʠʩʪʘ ʢʘʣʴʢʠ. ɺ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʦʙʥʫʶ ʧʨʦʮʝʜʫʨʫ ʤʦʞʥʦ ʣʝʛʢʦ 

ʦʩʫʱʝʩʪʚʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʦʩʪʝʢʣʝʥʠʝ ʦʢʥʘ (ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ), 

ʘ ʤʫʣʴʪʠʧʣʠʢʘʮʠʦʥʥʳʝ ʩʪʫʜʠʠ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʫʯʠʣʠʱʘ ʧʨʦʝʢʪʥʳʝ ʙʶʨʦ 

ʦʩʥʘʱʘʣʠʩʴ ʩʚʝʪʦʢʦʧʠʨʦʚʘʣʴʥʳʤʠ ʩʪʦʣʘʤʠ (ʨʠʩ. 1) ï ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ ʜʣʷ 

ʨʫʯʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʙʫʤʘʞʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʧʨʦʩʚʝʪ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ:  

- ʧʨʦʟʨʘʯʥʦʡ ʠʣʠ ʧʦʣʫʧʨʦʟʨʘʯʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʪʦʣʝʰʥʠʮʳ), 

- ʧʦʜʩʚʝʪʢʠ ʩʪʦʣʝʰʥʠʮʳ ʩʥʠʟʫ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʣʘʤʧ (ʯʘʱʝ 

ʛʘʟʦʨʘʟʨʷʜʥʳʭ, ʠʥʦʛʜʘ ʥʘʢʘʣʠʚʘʥʠʷ). 

ʉʚʝʪʦʢʦʧʠʨʦʚʘʣʴʥʳʝ ʩʪʦʣʳ ʤʦʛʣʠ ʙʳʪʴ ʢʘʢ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʦʣʦʞʝʥʠʝʤ ʩʪʦʣʝʰʥʠʮʳ, ʪʘʢ ʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʝ ʥʘʢʣʦʥʘ ʠ 

(ʠʣʠ) ʧʦʚʦʨʦʪʘ, ʥʦ ʚʩʝʭ ʠʭ ʦʙʲʝʜʠʥʷʣ ʦʜʠʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʚʩʝ ʦʥʠ 

ʦʙʣʘʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʛʘʙʘʨʠʪʘʤʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʚʝʪʦʢʦʧʠʨʦʚʘʣʴʥʳʡ ʩʪʦʣ 
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ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʫʚʣʝʯʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʠʢʠ 

ʮʠʬʨʦʚʦʡ ʞʠʚʦʧʠʩʠ, ʤʥʦʛʠʝ ʭʫʜʦʞʥʠʢʠ ʠ ʜʠʟʘʡʥʝʨʳ ʧʨʦʜʦʣʞʘʶʪ ʨʘʙʦʪʘʪʴ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʢʘʭ ʞʠʚʦʧʠʩʠ ʠ ʛʨʘʬʠʢʠ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʜʘʣʸʥʥʦʡ ʨʘʙʦʪʳ ʦʙʲʷʩʥʷʝʪ ʚʦʟʨʦʩʰʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʩʨʝʜʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʪʚʦʨʯʝʩʢʠʭ ʧʨʦʬʝʩʩʠʡ ʚ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʦʤ ʘʥʘʣʦʛʝ 

ʩʚʝʪʦʢʦʧʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ, ʢʦʪʦʨʳʤ ʩʪʘʣ ʩʚʝʪʦʚʦʡ ʧʣʘʥʰʝʪ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʠ 

ʢʦʧʠʨʦʚʘʥʠʷ [1], ʥʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʝʛʦ ʠʩʧʦʣʥʝʥʠʷ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʣʘʥʰʝʪʘ 

 

ʉʚʝʪʦʚʦʡ ʧʣʘʥʰʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʡ ʚʘʨʠʘʥʪ 

ʩʚʝʪʦʢʦʧʠʨʦʚʘʣʴʥʦʛʦ ʩʪʦʣʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʲʝʜʠʥʷʚʰʠʡ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ: 

- ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʢʘʢ ʧʨʘʚʠʣʦ ʚʳʧʦʣʥʝʥʥʫʶ ʘʟ ʘʢʨʠʣʘ); 

- ʩʠʩʪʝʤʫ ʧʦʜʩʚʝʪʢʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʁ ʤʠʥʦʬʦʨʥʳʭ, ʙʝʣʦʛʦ ʮʚʝʪʘ); 

- ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʦʜʩʚʝʪʢʠ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʘʮʠʷ ʪʨʝʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʫʨʦʚʥʝʡ ʷʨʢʦʩʪʠ, ʠʣʠ (ʠ) ʨʝʞʠʤ 

ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ); 

- ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ (ʨʝʘʣʠʟʫʶʱʫʶ ʬʫʥʢʮʠʠ ʚʢʣʶʯʝʥʠʷ, ʚʳʢʣʶʯʝʥʠʷ ʠ 

ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ (ʫʨʦʚʥʷ ʷʨʢʦʩʪʠ)). 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʘ ʜʦʩʪʫʧʥʳʭ ʩʚʝʪʦʚʳʭ ʧʣʘʥʰʝʪʦʚ ʚʳʷʚʠʣ ʧʨʠʩʫʱʠʡ ʠʤ 

ʥʝʜʦʩʪʘʪʦʢ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʢʦʥʬʣʠʢʪʝ ʵʨʛʦʥʦʤʠʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ:  

- ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʟʤʝʨʳ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʚʝʪʦʚʳʭ ʧʣʘʥʰʝʪʦʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ ʙʫʤʘʞʥʳʤ ʬʦʨʤʘʪʘʤ: A5, A4, A3, A2; 

- ʠʩʭʦʜʷ ʠʟ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʧʣʘʥʰʝʪʘ, ʘ ʪʘʢʞʝ 

ʠʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʥʝ ʥʝʩʢʦʣʴʢʠʭ, ʣʦʛʠʯʥʝʝ ʧʨʠʦʙʨʝʩʪʠ 

ʦʜʠʥ ʧʣʘʥʰʝʪ ʩ ʨʘʟʤʝʨʘʤʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʦʛʦ ʬʦʨʤʘʪʘ (A2 ʠʣʠ A3), 

ʪ. ʢ. ʥʘ ʥʸʤ ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʤʝʥʴʰʠʭ ʬʦʨʤʘʪʦʚ; 
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- ʦʜʥʘʢʦ ʠʟ-ʟʘ ʨʝʘʣʠʟʘʮʠʠ ʨʝʞʠʤʘ ʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʩʚʝʪʢʠ ʚʩʝʡ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʪʦʚʳʭ ʧʣʘʥʰʝʪʦʚ (ʚ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʷʭ) ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʷʨʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʧʝʨʠʬʝʨʠʡʥʦʡ ʦʙʣʘʩʪʠ ʟʨʝʥʠʷ (ʨʠʩ. 3), ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʫʪʦʤʣʷʝʤʦʩʪʠ 

ʦʨʛʘʥʦʚ ʟʨʝʥʠʷ, ʪ. ʝ. ʥʘʨʫʰʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʵʨʛʦʥʦʤʠʢʠ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʤʝʨ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʷʨʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ 

ʧʣʘʥʰʝʪʘ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʝʨʠʬʝʨʠʡʥʦʡ ʦʙʣʘʩʪʠ ʟʨʝʥʠʷ 

 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʣʘʥʰʝʪʘ ʩ 

ʫʣʫʯʰʝʥʥʦʡ ʵʨʛʦʥʦʤʠʢʦʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ, ʪʘʢʠʭ ʢʘʢ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʨʘʟʤʝʨʦʚ ʧʦʜʩʚʝʯʠʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʫʤʘʞʥʳʤ ʬʦʨʤʘʪʘʤ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʙʦʨʘ ʨʘʟʤʝʨʘ ʧʦʜʩʚʝʯʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʙʫʤʘʞʥʦʤʫ ʣʠʩʪʫ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʬʦʨʤʘʪʘ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʨʷʜʫ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʚʝʯʝʥʠʷ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʝʝ ʮʚʝʪʘ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʜʩʚʝʪʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

RGB-ʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ 

ʩʚʝʯʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʣʘʥʰʝʪʘ ʩ 

ʫʣʫʯʰʝʥʥʦʡ ʵʨʛʦʥʦʤʠʢʦʡ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣ ʫʩʪʨʦʡʩʪʚ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʢʦʤʬʦʨʪʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ, ʥʝ ʧʨʠʚʦʜʷ ʢ ʫʩʪʘʣʦʩʪʠ ʦʨʛʘʥʦʚ ʟʨʝʥʠʷ.  

 
˶͙͔ͭͪ͊ͭͯͪ͊ 

 
[1]. ʃʫʯʰʠʝ ʩʚʝʪʦʚʳʝ ʧʣʘʥʰʝʪʳ ʜʣʷ ʨʠʩʦʚʘʥʠʷ 2026 ʛʦʜʘ. ʊʝʢʩʪ : ʵʣʝʢʪʨʦʥʥʳʡ // URL: 

https://iconsumption.ru/note/64118 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.03.2026). ʈʝʞʠʤ ʜʦʩʪʫʧʘ: ʩʚʦʙʦʜʥʳʡ.  
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ʊ. ʉ. ɸʩʪʘʭʦʚʘ, ʩʪʫʜ.; ɺ. ɻ. ʉʦʙʦʣʝʚʩʢʠʡ, ʘʩʧ.; ʨʫʢ. ʉ. ʇ. ɸʩʪʘʭʦʚ, ʢ. ʪ. ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʇʈʀʄɽʈ ʈɸʉʏɽʊɸ ʏɸʉʊʆʊʓ ɺʍʆɼʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ɺ 

ɼʀʉʊɸʅʎʀʆʅʅʆʄ ʇɸʉʉʀɺʅʆʄ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʆʄ 

ʆɹʅɸʈʋɾʀʊɽʃɽ ɼɺʀɾʋʑʀʍʉʗ ʊʈɸʅʉʇʆʈʊʅʓʍ ʉʈɽɼʉʊɺ  

 

ɺ ʦʩʥʦʚʫ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʘʩʩʠʚʥʦʛʦ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣ ̫ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ [1] ʧʦʣʦʞʝʥ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʥʦʩʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʥʝʧʦʜʚʠʞʥʦʤʫ ʨʘʩʪʨʫ [2], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪ (ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ) ʟʘ ʩʯʸʪ ʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʯʘʩʪʦʪʥʦʛʦ ʧʨʠʟʥʘʢʘ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʘ ʥʘ 

ʚʳʭʦʜʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʜʘʪʯʠʢʘ (ʨʠʩ. 1).  

 

 

 
ʌʦʨʤʘ ʩʠʛʥʘʣʘ ʩ ʚʳʭʦʜʘ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʜʘʪʯʠʢʘ 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʤʦʜʫʣʷʮʠʠ ʧʦʪʦʢʘ ʠʟʣʫʯʝʥʠʷ ʧʝʨʝʥʦʩʦʤ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʚʠʞʫʱʝʛʦʩʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʧʦ ʥʝʧʦʜʚʠʞʥʦʤʫ ʨʘʩʪʨʫ 

 

ʏʘʩʪʦʪʘ f ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʜʘʪʯʠʢʘ, ʷʚʣʷʶʱʘʷʩʷ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʧʘʩʩʠʚʥʦʤ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʤ ʦʙʥʘʨʫʞʠʪʝʣʝ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʯʠʩʣʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʫʛʣʦʚʦʡ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʩ ʫʯʸʪʦʤ ʤʘʩʢʠ-ʨʘʩʪʨʘ); 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʩʢʠ ï ʨʘʩʪʨʘ (ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʟʨʘʯʥʳʭ ʠ ʥʝʧʨʦʟʨʘʯʥʳʭ ʧʦʣʦʩ) ʧʨʠʸʤʥʠʢʘ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ; 

- ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ; 
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- ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʦʞʠʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

ʋʛʣʦʚʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʚʠʩʠʪ ʦʪ: 

- ʜʘʣʴʥʦʩʪʠ ʜʦ ʙʣʠʞʥʝʡ ʛʨʘʥʠʮʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ (ʥʝ 

ʤʝʥʝʝ ʥʘʠʤʝʥʴʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʚʠʜʠʤʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʩʪʘʥʦʚʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʩ ʨʘʟʨʝʰʸʥʥʦʡ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 

ʩʢʦʨʦʩʪʴʶ); 

- ʰʠʨʠʥʳ ʧʨʠʝʟʞʝʡ ʯʘʩʪʠ ʩ ʜʚʠʞʝʥʠʝʤ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3]: 

- ʜʣʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ vʪʩ = 90 ʢʤ/ʯ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʝʛʦ ʦʩʪʘʥʦʚʢʠ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʚʠʜʠʤʦʩʪʠ ʨʘʚʥʦ 

ʨʘʩʩʪʦʷʥʠʶ ʜʦ ʙʣʠʞʥʝʡ ʛʨʘʥʠʮʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ: 

 

Lʜʢʫ = 150 ʤ, 

 

- ʜʣʷ ʜʦʨʦʛʠ III ʢʘʪʝʛʦʨʠʠ ʩ ʜʚʫʤʷ ʧʦʣʦʩʘʤʠ ʜʚʠʞʝʥʠʷ ʚ ʢʘʞʜʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʨʘʚʥʘ 3,5 ʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʰʠʨʠʥʘ ʧʨʠʝʟʞʝʡ 

ʯʘʩʪʠ ʩ ʜʚʠʞʝʥʠʝʤ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 

 

Sʧʯ = 2 Ö 3,5 = 7 ʤ. 

 

ʉ ʫʯʸʪʦʤ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʪʨʝʙʫʝʤʘʷ ʫʛʣʦʚʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʟʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ b ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʩ ʫʯʝʪʦʤ ʤʘʩʢʠ-ʨʘʩʪʨʘ) ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

 

b = 2arctg(0,5Sʧʯ / Lʙʢʫ) = 2arctg(3,5 / 150) º 2,7 .̄  (1) 

 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ f ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ: 

- ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʟʘ ʢʦʪʦʨʳʡ ʜʚʠʞʫʱʝʝʩʷ ʩ ʨʘʟʨʝʰʸʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʦʜʦʣʝʝʪ ʢʦʥʪʨʦʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ: 

ʘ) ʦʪ ʫʛʣʦʚʦʡ ʚʝʣʠʯʠʥʳ ʧʦʣʷ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

a (ʩ ʫʯʝʪʦʤ ʤʘʩʢʠ-ʨʘʩʪʨʘ); 

ʙ) ʦʪ ʚʳʩʦʪʳ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ. 

- ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʯʘʩʪʦʪʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʩʢʠ-ʨʘʩʪʨʘ (ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʟʨʘʯʥʳʭ ʧʦʣʦʩ).   

ʇʦʣʝ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʠʥʘʢʦʚʦʤ ʟʥʘʯʝʥʠʝʤ ʫʛʣʦʚʦʡ 

ʚʝʣʠʯʠʥʳ, ʢʘʢ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʣʦʚʘʷ ʚʝʣʠʯʠʥʘ ʧʦʣʷ ʟʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-
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ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

a (ʩ ʫʯʝʪʦʤ ʤʘʩʢʠ-ʨʘʩʪʨʘ) ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ: 

 

a ¢ b º 2,7 .̄ 

 

ɺʳʩʦʪʘ ʫʩʪʘʥʦʚʢʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘʜ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʪ. ʝ. ʥʝ 

ʤʝʥʝʝ ʚʳʩʦʪʳ hʩ ʫʩʪʘʥʦʚʢʠ ʩʚʝʪʦʬʦʨʘ ʊ.7, ʢʦʪʦʨʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4] ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʚʝʣʠʯʠʥʫ ʠʟ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ: 

 

hʩ = {5 · 8} ʤ. 

 

ʇʨʦʪʷʞʸʥʥʦʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʫʛʣʦʚ ʠ ʢʘʪʝʪʦʚ ʜʚʫʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʠʤʝʶʱʠʭ 

ʦʙʱʠʡ ʢʘʪʝʪ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ  

 

ʇʨʦʚʝʜʸʥʥʘʷ ʦʮʝʥʢʘ ʧʨʦʪʷʞʸʥʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ 

ʜʣʷ ʟʥʘʯʝʥʠʡ: 

- Lʜʢʫ = 150 ʤ, 

- hʩ = 8 ʤ,  

- a = 0,5b º 1,2  ̄

ʜʘʣʘ ʩʣʝʜʫʶʱʠʡ ʨʝʟʫʣʴʪʘʪ: 

 

Lʢʫ = Lʜʢʫ - hʩ tg(arctg(Lʜʢʫ hʩ
ï1) - a) = 150 - 8tg(arctg(150 Ö 8ï1) - 1,2) º 20 ʤ. 

 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ vʪʩ = 90 ʢʤ/ʯ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʝʨʝʩʝʯʸʪ 

ʢʦʥʪʨʦʣʴʥʳʡ ʫʯʘʩʪʦʢ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ ʟʘ ʚʨʝʤʷ, ʨʘʚʥʦʝ: 

h  ͫ

L͋ ͯ͟ 

A 

a 

L͟  ͯ

L͒ ͟ ͯ
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ʊʢʫ = 3,6Lʢʫ vʪʩ
ï1  = 3,6 Ö 40 Ö 90ï1 = 0,8 ʩ. 

 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʡ ʧʘʨʘʤʝʪʨ ʤʘʩʢʠ-ʨʘʩʪʨʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ 

ʚʳʜʝʣʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʬʘʨ) ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʫʛʣʦʚʦʡ ʚʝʣʠʯʠʥʳ a ʧʦʣʷ ʟʨʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʥʘʨʫʞʠʪʝʣʷ ʢ ʫʛʣʦʚʦʡ ʚʝʣʠʯʠʥʝ 

ʬʘʨʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʦʮʝʥʸʥʥʦʡ ʯʝʨʝʟ ʝʸ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ (1). ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʜʠʘʤʝʪʨ 

ʬʘʨʳ ʨʘʚʝʥ d = 0,2 ʤ, ʝʸ ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ g ʥʘ ʜʘʣʴʥʦʩʪʠ Lʜʢʫ = 150 ʤ ʩʦʩʪʘʚʠʪ 

ʚʝʣʠʯʠʥʫ: 

 

g = 2arctg(0,5d Lʙʢʫ
ï1) = 2arctg(0,2 Ö 150ï1) º 0,15 ,̄ 

 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʤʦʱʴ ʪʘʢʦʡ ʤʘʩʢʠ-ʨʘʩʪʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝ ʙʦʣʝʝ n 

ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʦʜʦʚ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ:  

 

n = 0,5a gï1 = 0,5 Ö 1,2 Ö 0,15ï1 º 4.  

 

ʆʪʩʶʜʘ ʦʞʠʜʘʝʤʘʷ ʯʘʩʪʦʪʘ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ f ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʢʘʢ: 

f = n ʊʢʫ
ï1 = 4 Ö 0,8ï1  º 5 ɻʮ. 

 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ f ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʘʪʝʛʦʨʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʧʘʩʩʠʚʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʝʟʠʩʪʦʨʦʚ, ʝʤʢʦʩʪʝʡ, ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ), ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʯʘʩʪʦʪʥʦ-ʟʘʚʠʩʠʤʳʭ ʫʟʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʘʩʩʠʚʥʦʛʦ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʥʘʨʫʞʠʪʝʣ̫ ʜʚʠʞʫʱʠʭʩʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

[1]. ɸʚʪʦʥʦʤʥʳʡ ʘʜʘʧʪʠʚʥʳʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʡ ʢʦʤʧʣʝʢʩ ʦʙʫʩʪʨʦʡʩʪʚʘ ʧʝʰʝʭʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ: ʧʘʪ. 2827780, 

ʈʦʩ. ʌʝʜʝʨʘʮʠʷ, ʄʇʂ G08G 1/005, G08G 1/017, G08G 1/04, G08G 1/07, F21S 9/03/ ɸʩʪʘʭʦʚʘ ʊ. ʉ., ɸʩʪʘʭʦʚ ʉ. ʇ., 

ʗʢʠʤʝʥʢʦ ʀ. ɺ.; ʟʘʷʚʠʪʝʣʴ çʅʀʋ çʄʕʀè. ï  ̄2024108171; ʟʘʷʚʣ. 28.03.2024; ʦʧʫʙʣ. 02.10.2024. ɹʶʣ. ˉ 28. 

[2]. ʖ. ʇ. ʉʘʬʨʦʥʦʚ, ʈ. ʀ. ʕʣʴʤʘʥ. ʀʥʬʨʘʢʨʘʩʥʳʝ ʨʘʩʧʦʟʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʄ., ɺʦʝʥʠʟʜʘʪ, 1976. ï 207 ʩ. 

[3]. ɻʆʉʊ ʈ 52399ï 2022. ɼʦʨʦʛʠ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. ʊʝʭʥʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ. ï ʄ., 2022.ï 15 ʩ 

[4]. ɻʆʉʊ ʈ 52289-2019. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʇʨʘʚʠʣʘ ʧʨʠʤʝʥʝʥʠʷ 

ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ, ʨʘʟʤʝʪʢʠ, ʩʚʝʪʦʬʦʨʦʚ, ʜʦʨʦʞʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ï ʄ., 2020. ï 134 ʩ 
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ɺ.ʉ. ɹʘʢʫʥʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ʉ. ʂʦʚʘʣʝʚʘ, ʘʩʩ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʅɽʆɹʍʆɼʀʄʆʉʊʔ ʂʆʅʊʈʆʃʗ ʉʇɽʂʊʈɸʃʔʅʆɻʆ ʉʆʉʊɸɺɸ 

ʆʉɺɽʑɽʅʀʗ ʈɸɹʆʏɽɻʆ ʄɽʉʊɸ ʀ ɽɻʆ ʇʆɼɼɽʈɾɸʅʀɽ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦ ʨʘʟʚʠʪʦʤ ʤʠʨʝ, ʛʜʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ ʧʨʦʭʦʜʠʪ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʦʩʚʝʱʝʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ. ʆʪ ʝʛʦ 

ʢʘʯʝʩʪʚʘ ʟʘʚʠʩʷʪ ʥʘʩʪʨʦʝʥʠʝ, ʩʘʤʦʯʫʚʩʪʚʠʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ. ʉʚʝʪ 

ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʫʩʣʦʚʠʝʤ ʚʠʜʠʤʦʩʪʠ, ʥʦ ʠ ʤʦʱʥʝʡʰʠʤ ʩʠʛʥʘʣʦʤ, 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʠʤ ʥʘʰʠ ʚʥʫʪʨʝʥʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʯʘʩʳ ï ʮʠʨʢʘʜʥʳʝ ʨʠʪʤʳ. 

ʅʘʨʫʰʝʥʠʝ ʵʪʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠʟ-ʟʘ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʨʝʞʠʤʘ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʘʨʫʰʝʥʠʷʤ ʩʥʘ, ʩʥʠʞʝʥʠʶ ʢʦʛʥʠʪʠʚʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ 

ʫʭʫʜʰʝʥʠʶ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʥʦʨʤʘʤ ʉʘʥʇʠʅ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʦʙʝʩʧʝʯʝʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ:  

ï ʝʩʪʝʩʪʚʝʥʥʦʝ;  

ï ʠʩʢʫʩʩʪʚʝʥʥʦʝ;  

ï ʩʦʚʤʝʱʝʥʥʦʝ. 

ɺʩʝ ʚʠʜʳ ʦʩʚʝʱʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʥʦʨʤʘʤ ʉʘʥʇʠʅ: ʥʝ ʤʝʥʝʝ 

300 ʣʢ ʜʣʷ ʦʙʱʝʛʦ ʠ ʥʝ ʤʝʥʝʝ 500 ʣʢ ʜʣʷ ʤʝʩʪʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʂɽʆ ʜʦʣʞʝʥ 

ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 0,5%. ʂʦʵʬʬʠʮʠʝʥʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ (ʂɽʆ) ï ʵʪʦ 

ʦʪʥʦʰʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʢ ʥʘʨʫʞʥʝʡ, 

ʠʟʤʝʨʷʝʪʩʷ ʚ %.  

ɽʩʪʝʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʩʯʠʪʘʝʪʩʷ ʦʩʚʝʱʝʥʠʝ ʧʦʤʝʱʝʥʠʡ ʩʚʝʪʦʤ ʥʝʙʘ 

(ʧʨʷʤʳʤ ʠʣʠ ʦʪʨʘʞʝʥʥʳʤ), ʧʨʦʥʠʢʘʶʱʠʤ ʯʝʨʝʟ ʩʚʝʪʦʚʳʝ ʧʨʦʝʤʳ ʚ ʥʘʨʫʞʥʳʭ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʩʚʝʪʦʚʦʜʳ [2]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʧʦ ʚʠʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ: ʙʦʢʦʚʦʝ 

(ʦʜʥʦʩʪʦʨʦʥʥʝʝ, ʜʚʫʭʩʪʦʨʦʥʥʝʝ), ʚʝʨʭʥʝʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ (ʨʠʩ. 1). 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ: 

 ʘ ï ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʙʦʢʦʚʦʝ ʦʩʚʝʱʝʥʠʝ, ʙ ï ʜʚʫʭʩʪʦʨʦʥʥʝʝ ʙʦʢʦʚʦʝ ʦʩʚʝʱʝʥʠʝ, ʚ 

ï ʚʝʨʭʥʝʝ ʦʩʚʝʱʝʥʠʝ, ʛ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ 
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ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ: ʩʦʣʥʝʯʥʦʝ, 

ʥʝʙʝʩʥʦʝ ʨʘʩʩʝʷʥʥʦʝ, ʦʪʨʘʞʝʥʥʦʝ ʠ ʪʝʥʠ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ 

ʉʦʣʥʮʝ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʚʦʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ, ʢʘʢ ʩʦʟʜʘʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ, ʪʘʢ ʠ ʩʦʟʜʘʚʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʨʘʙʦʪʝ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʛʨʝʚʘʪʴ 

ʧʦʤʝʱʝʥʠʝ ʠ ʩʦʟʜʘʚʘʪʴ ʙʣʠʢʠ ʥʘ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. ɻʣʘʚʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʛʦ ʪʠʧʘ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʤʝʨʮʘʥʠʷ, ʯʪʦ ʥʝ 

ʜʦʙʘʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʛʣʘʟʘ; ʦʪʩʫʪʩʪʚʠʝ ʠʩʢʘʞʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ 

ʮʚʝʪʘ. ʂ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʦʚ ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ ʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ; ʠʟʤʝʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʘ ʪʘʢʞʝ ʦʪ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʜʥʘʢʦ, 

ʜʣʷ ʢʦʤʬʦʨʪʥʦʡ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ 

ʩʪʘʙʠʣʴʥʳʤ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ. 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʣʠʥʘʤ ʚʦʣʥ ʚ ʚʠʜʠʤʦʤ ʩʧʝʢʪʨʝ. ɺʠʜʠʤʳʡ 

ʩʧʝʢʪʨ ï ʵʪʦ ʜʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʚʦʩʧʨʠʥʠʤʘʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʛʣʘʟ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 400 ʜʦ 

700 ʥʤ. ɽʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʦʪ ʩʦʣʥʮʘ, ʠʤʝʝʪ ʥʝʧʨʝʨʳʚʥʳʡ 

ʩʧʝʢʪʨ, ʚʢʣʶʯʘʶʱʠʡ ʚʩʝ ʜʣʠʥʳ ʚʦʣʥ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ï ʦʪ ʢʨʘʩʥʦʛʦ ʜʦ 

ʬʠʦʣʝʪʦʚʦʛʦ. ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʦ ʢʨʘʩʥʦʤʫ ʜʠʘʧʘʟʦʥʫ 

ʜʣʠʥ ʚʦʣʥ, 620-750 ʥʤ, ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʠ ʜʥʷ. ʋʪʨʦʤ ʠ ʚʝʯʝʨʦʤ ʦʥ 

ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʦʱʫʱʘʝʪʩʷ ʙʦʣʝʝ ʪʝʧʣʳʤ, ʯʝʤ ʚ ʩʝʨʝʜʠʥʝ ʜʥʷ, 

ʢʦʛʜʘ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʷʨʢʠʤ ʠ ʭʦʣʦʜʥʳʤ. 

ʀʟʤʝʥʝʥʠʝ ʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʜʣʠʥ ʚʦʣʥ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʷʚʣʷʝʪʩʷ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʧʨʦʮʝʩʩʦʤ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʮʠʨʢʘʜʥʳʤ ʨʠʪʤʦʤ ʦʩʚʝʱʝʥʠʷ, ʦʥ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʝʪʘ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ. ʎʠʨʢʘʜʥʳʡ ʨʠʪʤ ï ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʨʠʪʤ ʦʨʛʘʥʠʟʤʘ, 

ʢʦʪʦʨʳʡ ʨʝʛʫʣʠʨʫʝʪ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʢʣʶʯʘʷ ʩʦʥ ʠ 

ʙʦʜʨʩʪʚʦʚʘʥʠʝ. ʆʥ ʟʘʚʠʩʠʪ ʦʪ ʩʤʝʥʳ ʜʥʷ ʠ ʥʦʯʠ. ɺ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʦʨʛʘʥʠʟʤ 

ʥʘʯʠʥʘʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʛʦʨʤʦʥ ʤʝʣʘʪʦʥʠʥ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʥʘʤ ʟʘʩʥʫʪʴ. ɺ 

ʫʪʨʝʥʥʠʝ ʯʘʩʳ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ ʛʦʨʤʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʶʪ ʥʘʤ ʧʨʦʩʥʫʪʴʩʷ ʠ ʙʳʪʴ ʙʦʜʨʳʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʥʝʥʠʝ ʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʦʩʧʨʠʷʪʠʝ 

ʛʣʫʙʠʥʳ ʠ ʬʦʨʤʳ ʦʙʲʝʢʪʦʚ ʚ ʧʦʤʝʱʝʥʠʠ, ʘ ʪʘʢʞʝ ʮʚʝʪʘ. ʂʨʘʩʥʳʡ ʩʚʝʪ ʠʤʝʝʪ 

ʙʦʣɹh ʫʶ ʜʣʠʥʫ ʚʦʣʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ ʨʘʩʩʝʷʥʥʳʤ ʠ ʙʦʣʝʝ ʧʨʦʥʠʢʘʶʱʠʤ, 

ʯʪʦ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʚʠʜʠʤʦʩʪʴ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʠ ʪʝʢʩʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʢʨʘʩʥʳʡ ʩʚʝʪ ʩʪʘʥʦʚʠʪʩʷ ʩʣʠʰʢʦʤ ʠʥʪʝʥʩʠʚʥʳʤ, ʵʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʩʢʘʞʝʥʠʶ ʮʚʝʪʦʚ ʠ ʧʦʷʚʣʝʥʠʶ ʚʠʟʫʘʣʴʥʳʭ ʜʝʬʝʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʜʝʨʞʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʩʧʝʢʪʨʘ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʟʜʦʨʦʚʴʷ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʦʯʝʚʠʜʥʳ, ʦʜʥʘʢʦ ʝʛʦ ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ. ɼʣʷ ʢʦʤʬʦʨʪʥʦʡ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʣʠʙʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʝʛʦ ʩʪʘʙʠʣʴʥʳʤ, ʣʠʙʦ, 
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ʯʪʦ ʙʦʣʝʝ ʬʠʟʠʦʣʦʛʠʯʥʦ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʝʛʦ ʠʟʤʝʥʝʥʠʡ, 

ʘʜʘʧʪʠʨʫʷ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʚʝʪ. 

ɸʜʘʧʪʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʵʪʦ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʝʛʫʣʠʨʫʝʪ ʧʘʨʘʤʝʪʨʳ ʦʩʚʝʱʝʥʠʷ (ʷʨʢʦʩʪʴ, ʮʚʝʪ, ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʝʪʘ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ [1]. ʆʜʥʠʤ 

ʠʟ ʧʨʠʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪ ʷʨʢʦʩʪʴ ʩʚʝʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʢʦʛʜʘ ʝʛʦ ʫʨʦʚʝʥʴ ʧʦʚʳʰʘʝʪʩʷ, 

ʷʨʢʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʠ ʥʘʦʙʦʨʦʪ. ʀʩʧʦʣʴʟʫʷ ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʤʳ ʤʦʞʝʤ ʧʝʨʝʚʝʩʪʠ ʨʝʛʫʣʠʨʦʚʢʫ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʚʝʱʝʥʠʷ ʧʦ ʢʨʘʩʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʩʧʝʢʪʨʘ, ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʢʦʥʮʝʧʮʠʶ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ. ʎʝʣʴ 

ʩʠʩʪʝʤʳ ï ʥʝ ʩʜʝʣʘʪʴ ʝʛʦ ʦʜʠʥʘʢʦʚʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʜʥʷ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ, ʘ ʠʤʝʥʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠʣʠ ʫʩʠʣʠʚʘʪʴ ʧʦʣʝʟʥʳʝ. 

ɺ ʫʪʨʝʥʥʠʝ ʠ ʜʥʝʚʥʳʝ ʯʘʩʳ, ʢʦʛʜʘ ʚʘʞʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʠʥʝʛʦ ʩʚʝʪʘ ʜʣʷ 

ʙʦʜʨʦʩʪʠ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʨʝʞʠʤʝ, ʧʦʜʜʝʨʞʠʚʘʷ ʚʳʩʦʢʫʶ 

ʮʚʝʪʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. ɺ ʚʝʯʝʨʥʝʝ ʞʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ 

ʪʝʨʷʝʪ ʩʠʥʶʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʝʞʠʤ ʩʥʠʞʝʥʠʷ 

ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʝʩʪʴ ʧʦʜʘʚʘʪʴ ʙʦʣʝʝ ʪʝʧʣʳʡ ʩʚʝʪ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ: 

1. ɺʳʙʨʘʪʴ ʜʘʪʯʠʢʠ, ʩʧʦʩʦʙʥʳʝ ʠʟʤʝʨʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʚ ʨʘʟʥʳʭ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʥʘʧʨʠʤʝʨ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʩʠʥʝʤʫ ʠ ʢʨʘʩʥʦʤʫ ʩʚʝʪʫ 

ʬʦʪʦʜʠʦʜʳ. 

2. ʈʘʩʧʦʣʦʞʠʪʴ ʠʭ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʧʦʤʝʱʝʥʠʷ, ʚʙʣʠʟʠ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʪʦʯʥʦʡ ʦʮʝʥʢʠ ʩʚʝʪʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

3. ʅʘʩʪʨʦʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʪʘʢ: ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ, ʯʪʦ ʚʘʞʥʝʝ, ʧʨʠ ʧʘʜʝʥʠʠ ʜʦʣʠ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ, ʩʠʩʪʝʤʘ ʧʣʘʚʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʮʚʝʪʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʜʦ ʢʦʤʬʦʨʪʥʦʛʦ 

ʫʨʦʚʥʷ, ʥʝ ʜʦʧʫʩʢʘʷ ʨʝʟʢʠʭ ʧʝʨʝʧʘʜʦʚ. ɺ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʜʦʣʷ ʢʨʘʩʥʦʛʦ 

ʩʧʝʢʪʨʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʚʝʪʝ ʚʦʟʨʘʩʪʘʝʪ, ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʦʣʞʥʦ ʩʪʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʝʧʣʳʤ, ʥʝ ʧʦʜʘʚʣʷʶʱʠʤ ʚʳʨʘʙʦʪʢʫ ʤʝʣʘʪʦʥʠʥʘ. 

ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ ʥʘ ʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʶ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ ʠʩʩʣʝʜʫʝʪʩʷ ʠ ʤʦʞʝʪ ʚʥʝʜʨʷʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʯʠʥʘʷ ʦʪ ʜʦʤʘʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʨʘʙʦʯʠʤʠ 

ʧʦʤʝʱʝʥʠʷʤʠ [1]. ʆʜʥʘʢʦ, ʢʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʥʘ ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦ ʢʦʪʦʨʳʭ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ.  

ʊʘʢ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

1. ʋʣʫʯʰʝʥʠʝ ʟʜʦʨʦʚʴʷ: ʢʨʘʩʥʳʡ ʩʚʝʪ, ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 

ʮʠʨʢʘʜʥʳʝ ʨʠʪʤʳ, ʩʦʥ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ ʩʦʩʪʦʷʥʠʝ.  

2. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ: ʧʦʩʢʦʣʴʢʫ ʘʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʥʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 
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3. ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʘʚʠʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʚʢʣʶʯʘʷ ʢʨʘʩʥʳʡ ʩʚʝʪ, ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: 

1. ɺʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ: ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʠʝ ʥʘʯʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʚʥʝʜʨʝʥʠʝ ʠ ʫʩʪʘʥʦʚʢʫ, ʦʩʦʙʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʩʚʝʱʝʥʠʷ. 

2. ʉʣʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ: ʥʘʩʪʨʦʡʢʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʦʛʫʪ 

ʪʨʝʙʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ, ʯʪʦ ʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʣʦʞʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

3. ʆʛʨʘʥʠʯʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʵʬʬʝʢʪʳ ʯʪʦ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʩʦʤʥʝʥʠʷ ʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʘʷ ʥʝ ʪʦʣʴʢʦ ʷʨʢʦʩʪʴʶ, ʥʦ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʩʚʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, 

ʥʘʮʝʣʝʥʥʫʶ ʥʘ ʩʦʟʜʘʥʠʝ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʢʦʤʬʦʨʪʥʦʡ ʠ ʟʜʦʨʦʚʦʡ ʩʨʝʜʳ ʜʣʷ 

ʯʝʣʦʚʝʢʘ [1]. ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʢʨʘʩʥʦʛʦ ʠ 

ʩʠʥʝʛʦ ʜʠʘʧʘʟʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʩʚʝʪʦʚʫʶ ʩʨʝʜʫ 

ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʪʤʘʤʠ, ʩʥʠʞʘʷ ʥʘʛʨʫʟʢʫ ʥʘ ʟʨʝʥʠʝ ʧʨʠ ʯʪʝʥʠʠ ʠ ʜʨʫʛʦʡ 

ʢʦʛʥʠʪʠʚʥʦʡ ʨʘʙʦʪʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʥʘʯʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ, ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʢʦʧʣʝʥʠʝ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, 

ʥʝʩʦʤʥʝʥʥʦ, ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʙʫʜʫʱʝʤ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
[1]. ʂʦʣʪʫʥ ɸ. ʖ., ʄʘʩʣʦ ʀ. ɸ. ɸʜʘʧʪʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ï 2019. 

[2]. ʈʦʩɸʚʪʦʜʦʨ ɽʩʪʝʩʪʚʝʥʥʦʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ: ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 23-05-95. 
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ʄ.ʉ. ɹʘʨʘʥʦʚʘ, ʩʪʫʜ. ʨʫʢ. ʉ.ɸ. ɸʤʝʣʠʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɸʇʇɸʈɸʊʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʀ ɸʃɻʆʈʀʊʄ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ʀʄʇʋʃʔʉʆɺ ɼʃʗ ʈɸɿʈɸɹʆʊʂʀ ʀʅʌʈɸʂʈɸʉʅʆɻʆ ʇʋʃʔʊɸ 

ʇʈʆɽʂʊʆʈɸ 

 

ʉʧʨʦʩ ʥʘ ʠʥʬʨʘʢʨʘʩʥʳʝ (ʀʂ) ʧʫʣʴʪʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʪʝʣʝʚʠʟʦʨʘ, ʧʨʦʝʢʪʦʨʘ, ʢʦʥʜʠʮʠʦʥʝʨʘ ʠ ʜʨʫʛʠʭ ʧʨʠʙʦʨʦʚ ʧʦʚʳʰʘʝʪʩʷ ʩ ʢʘʞʜʳʤ 

ʛʦʜʦʤ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩʦʟʜʘʣʦ 

ʧʨʦʙʣʝʤʫ ʧʦʠʩʢʘ ʜʫʙʣʠʢʘʪʘ ʧʫʣʴʪʘ, ʝʩʣʠ ʦʥ ʧʦʪʝʨʷʥ, ʚʳʰʝʣ ʠʟ ʩʪʨʦʷ ʠʣʠ ʧʫʣʴʪʦʚ 

ʥʫʞʥʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ, ʘ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʫʣʴʪʘ ʚ ʧʨʦʜʘʞʝ ʥʝʪ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʧʫʣʴʪʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʩʤʘʨʪʬʦʥʘ. 

ʆʜʥʘʢʦ ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʘʥʜ, ʧʦʚʪʦʨʠʪʴ ʢʦʪʦʨʳʝ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʧʫʣʴʪ ʥʝ ʤʦʞʝʪ. ʇʨʠʤʝʨʦʤ ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʝʩʪʘʥʜʘʨʪʥʦʡ 

ʩʠʩʪʝʤʦʡ ʢʦʤʘʥʜ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʦʨ NEC VT47 [1], ʠʩʧʦʣʴʟʫʶʱʠʡʩʷ ʚ 

ʣʝʢʮʠʦʥʥʦʡ ʘʫʜʠʪʦʨʠʠ ɸ5 ʥʘʰʝʛʦ ʚʫʟʘ. ɼʘʥʥʫʶ ʣʦʢʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʩʦʟʜʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʫʣʴʪʘ ʧʨʦʝʢʪʦʨʘ NEC 

VT47 ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʕʪʦʪ ʧʫʣʴʪ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʬʫʥʢʮʠʦʥʘʣ ï ʦʥ ʤʦʞʝʪ ʪʦʣʴʢʦ ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ ʧʨʦʝʢʪʦʨ, ʦʜʥʘʢʦ ʵʪʦ 

ʠʤʝʥʥʦ ʪʦ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʦʪ ʧʫʣʴʪʘ ʚ ʜʘʥʥʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ. 

ɺ ʧʨʦʰʣʦʡ ʨʘʙʦʪʝ çɸʥʘʣʠʟ ʩʠʛʥʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʫʣʴʪʘ ʧʨʦʝʢʪʦʨʘè [2] ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ 

ʩʠʛʥʘʣʦʚ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʫʣʴʪʘ ʜʣʷ ʧʨʦʝʢʪʦʨʘ NEC VT47. ɼʘʥʥʘʷ ʨʘʙʦʪʘ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʫʣʴʪʘ. 

ʇʝʨʚʳʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʟʫʯʝʥʠʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʀʂ-

ʧʫʣʴʪʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʫʣʴʪʘ ʜʣʷ ʧʨʦʝʢʪʦʨʘ NEC 

VT47 ʧʨʠ ʧʦʤʦʱʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʃʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʫʣʴʪʘ 

 

ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʤʦʜʫʣ ɹʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʨʠʝʤʥʠʢʘ ʥʘ 

ʦʩʥʦʚʝ TSOP4438, ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega328P, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʝ Arduino Nano. 
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ʆʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʫʣʴʪʘ NEC ʧʦʜʘʚʘʣʩʷ ʥʘ ʤʦʜʫʣʴ ʀʂ-

ʜʘʪʯʠʢʘ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ 

Logic 1.2.18 ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʣʦʛʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʪʦʨʦʤ.  

ʇʨʦʝʢʪʦʨ NEC VT47 ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʚʢʣʶʯʘʝʪʩʷ ʜʣʠʪʝʣʴʥʳʤ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ ʚʢʣʶʯʝʥʠʷ (ʥʝ ʤʝʥʝʝ 1 ʩ). ʇʨʠ 

ʚrʢʣʶʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʝ ʥʘʞʘʪʠʝ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʛʥʘʣʘ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ ʚʢʣʶʯʝʥʠʷ ʧʨʦʝʢʪʦʨʘ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʢʦʤʘʥʜʳ ʚʢʣʶʯʝʥʠʷ ʩ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʫʣʴʪʘ 

ʧʨʦʝʢʪʦʨʘ NEC 

 

ʈʘʩʰʠʬʨʦʚʘʪʴ ʵʪʫ ʢʦʤʘʥʜʫ ʤʦʞʥʦ ʠʟʫʯʠʚ ʦʧʠʩʘʥʠʝ ʧʨʦʪʦʢʦʣʘ NEC [3]. 

ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʪʠʧʦʚʦʡ ʢʦʤʘʥʜʳ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʌʦʨʤʘʪ ʢʦʤʘʥʜʳ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ NEC 

 

ɺ ʧʨʦʪʦʢʦʣʝ NEC ʜʘʥʥʳʝ ʢʦʜʠʨʫʶʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʠʤʧʫʣʴʩʦʚ ʠ ʧʘʫʟ. 

ʂʘʞʜʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʠʤʧʫʣʴʩ ʟʘʧʦʣʥʝʥ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ 38 ʢɻʮ. 

ʃʦʛʠʯʝʩʢʘ ̫ʝʜʠʥʠʮʘ ʢʦʜʠʨʫʝʪʩʷ ʠʤʧʫʣʴʩʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 560 ʤʢʩ ʠ ʜʣʠʥʥʦʡ 

ʧʘʫʟʦʡ. ʆʙʱʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʮʳ ʩʦʩʪʘʚʣʷʝʪ 2,25 ʤʩ. ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ 

ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʦʡ ʞʝ ʠʤʧʫʣʴʩ, ʘ ʧʘʫʟʘ ʢʦʨʦʯʝ, ʦʙʱʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1,125 ʤʩ. ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ï 1/4 ʠʣʠ 1/3. 

ɿʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʦʪʦʢʦʣʘ NEC ʠ 

ʠʩʧʦʣʴʟʫʷ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ,  

ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʧʨʦʝʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙ ʧʨʠ ʥʘʞʘʪʠʠ ʥʘ ʢʥʦʧʢʫ ʧʫʣʴʪʘ 

ʩʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʢʦʤʘʥʜʘ ʠʥʠʮʠʘʣʠʟʘʮʠʠ (ʧʨʝʘʤʙʫʣʘ), ʟʘʪʝʤ 

ʰʣʘ ʩʦʙʩʪʚʝʥʥʦ ʢʦʤʘʥʜʘ ʚʢʣʶʯʝʥʠʷ, ʠ ʵʪʘ ʢʦʤʘʥʜʘ ʧʦʚʪʦʨʷʣʘʩʴ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘʞʘʪʘ ʢʥʦʧʢʘ ʚʢʣʶʯʝʥʠʷ. ɼʣʷ 

ʚʳʢʣʶʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘ ʞʝ ʢʦʤʘʥʜʘ (ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘ ʞʝ ʢʥʦʧʢʘ). ʅʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʪʦʨʳ ʢʦʤʘʥʜʳ ʥʝ ʥʫʞʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʡ ʢʦʤʘʥʜʳ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʦʜʥʦʡ ʢʦʤʘʥʜʳ ʚʢʣʶʯʝʥʠʷ. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ (ʨʠʩ. 4). 
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ʈʠʩʫʥʦʢ 4 ï ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʥʘ ʷʟʳʢʝ 

ʉ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega328P. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʧʠʩʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʙʳʣ ʩʦʙʨʘʥ 

ʫʧʨʦʱʝʥʥʳʡ ʤʘʢʝʪʥʳʡ ʦʙʨʘʟʝʮ ʀʂ-ʧʫʣʴʪʘ ʥʘ ʦʩʥʦʚʝ ʦʪʣʘʜʦʯʥʦʡ ʧʣʘʪʳ Arduino 

Nano. ʂʦʜ ʙʳʣ ʟʘʛʨʫʞʝʥ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʫ Arduino IDE ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ATmega328P. ʀʂ-ʜʠʦʜ ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʢ ʧʠʥʫ ʚʳʭʦʜʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʘ ʥʝʛʦ 

ʧʦʜʘʚʘʣʩʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʦʜʪʚʝʨʜʠʣʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʝʢʪʦʨ NEC VT47 ʚʢʣʶʯʘʣʩʷ ʠ ʚʳʢʣʶʯʘʣʩʷ 

ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ ʤʘʢʝʪʘ ʧʫʣʴʪʘ. ʆʜʥʘʢʦ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʪʦʢ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩ ʚʳʚʦʜʘ ʤʠʢʨʦʩʭʝʤʳ ATmega328P, ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʀʂ-ʩʚʝʪʦʜʠʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫ ʤʘʢʝʪʥʦʛʦ 

ʦʙʨʘʟʮʘ ʧʦʣʫʯʠʣʘʩʴ ʦʯʝʥʴ ʤʘʣʝʥʴʢʘʷ ʜʘʣʴʥʦʩʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʥʝ 

ʙʦʣʝʝ 2 ʤ).  

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʨʘʙʦʪʢʠ ʩʪʘʣʘ ʘʧʧʘʨʘʪʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʫʣʴʪʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʜʦʙʘʚʠʪʴ ʤʦʜʫʣʴ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, ʘ ʪʘʢʞʝ ʤʦʜʫʣʴ ʧʨʦʚʝʨʢʠ ʠ ʠʥʜʠʢʘʮʠʠ ʫʨʦʚʥʷ ʟʘʨʷʜʘ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.   

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʟʦʙʨʘʞʝʥʘ ʥʠʞʝ (ʨʠʩ. 5). 

ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ: ʨʘʟʲʝʤ USB, ʙʣʦʢ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, Li-po ʘʢʢʫʤʫʣʷʪʦʨ, ʚʳʢʣʶʯʘʪʝʣʴ ʧʠʪʘʥʠʷ, ʢʥʦʧʢʫ ʚʢʣʶʯʝʥʠʷ 

ʢʦʥʪʨʦʣʷ ʟʘʨʷʜʘ, ʠʥʜʠʢʘʪʦʨ ʫʨʦʚʥʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ, DC/DC 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʢʥʦʧʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ 

ʧʨʦʝʢʪʦʨʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʢʣʶʯ, ʠʥʜʠʢʘʪʦʨʥʳʡ ʩʚʝʪʦʜʠʦʜ ʜʠʦʜ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠ ʀʂ-ʩʚʝʪʦʜʠʦʜ. 

 



33 

 
ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʇʠʪʘʥʠʝ ʧʫʣʴʪʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʪ ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 3,7 ɺ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 5 ɺ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ DC/Dʉ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʬʦʨʤʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʘʥʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ. ʉʠʛʥʘʣʳ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʢʦʤʤʫʪʠʨʫʶʪ 

ʢʣʶʯ ʠ ʬʦʨʤʠʨʫʶʪ ʩʠʛʥʘʣʳ ʥʘ ʀʂ-ʜʠʦʜ ʠ ʠʥʜʠʢʘʪʦʨʥʳʡ ʩʚʝʪʦʜʠʦʜ. 

ʀʥʜʠʢʘʪʦʨʥʳʡ ʩʚʝʪʦʜʠʦʜ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʫʞʝʥ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʥ ʩʚʝʪʠʪʩʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜ 

ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʚʳʢʣʶʯʝʥʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 6).  

 

 
ʈʠʩʫʥʦʢ 6 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 
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ʅʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ, 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʝʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʪʦʢʘ 

ʯʝʨʝʟ ʩʚʝʪʦʜʠʦʜ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʵʪʦʪ ʞʝ ʢʣʶʯ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ. ʇʦʩʢʦʣʴʢʫ ʚʦ ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʘʥʜ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʧʦ ʮʝʧʷʤ ʧʠʪʘʥʠʷ ʙʫʜʫʪ 

ʧʨʦʪʝʢʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʠʤʧʫʣʴʩʥʳʝ ʪʦʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʙʣʦʢʠʨʫʶʱʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ C1 ʠ ʉ2.  

ʈʘʟʨʘʙʦʪʢʘ ʧʦʣʥʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ, ʨʘʩʯʝʪ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʟʜʘʥʠʝ 

ʤʘʢʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʪʜʝʣʴʥʦʡ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ 

ʨʘʙʦʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʧʫʙʣʠʢʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʤʘʥʜ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʷ ʧʨʦʝʢʪʦʨʘ NEC VT47 ʠ 

ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʤʘʢʝʪʝ ʧʫʣʴʪʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʧʦʜʪʚʝʨʜʠʣʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ, ʘ ʪʘʢʞʝ ʥʘʤʝʪʠʣʠ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʫʣʴʪʘ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʫʣʴʪʘ ʩʪʘʥʝʪ ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʥʳʤ ʜʫʙʣʠʢʘʪʦʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʥʦ ʠ ʦʢʘʞʝʪʩʷ ʧʘʤʷʪʥʳʤ ʧʦʜʘʨʢʦʤ ɺʋɿʫ, 

ʢʦʪʦʨʳʡ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʩʪʫʧʠʚʰʠʤ ʩʪʫʜʝʥʪʘʤ ʠʣʠ 

ʘʙʠʪʫʨʠʝʥʪʘʤ ʥʘ ʜʥʷʭ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʤʷʥ ʥʫʪʘ. ʀʥʪʝʨʝʩ ʢ ʪʝʤʝ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ 

ʟʘʯʘʩʪʫʶ ʪʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʥʠʶ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʦʢʨʦʚʥʦʡ ʪʢʘʥʠ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʨʘʚʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʜʣʠʥʳ ʚʦʣʥʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʬʦʨʤʳ 

ʢʨʠʚʳʭ ʩʧʝʢʪʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʚʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʤʝʥʪʦʚ 

ʩʧʝʢʪʨʦʚ ʌʃ, ʚʢʣʶʯʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ, ʜʠʩʧʝʨʩʠʶ, ʘʩʠʤʤʝʪʨʠʶ, 

ʵʢʩʮʝʩʩ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠʟʣʫʯʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʤʷʥ 

ʨʘʩʪʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ (ʚʣʘʞʥʦʩʪʠ, ʩʪʘʨʝʥʠʷ, 

ʩʢʘʨʠʬʠʢʘʮʠʠ ʠ ʪʘʢ ʜʘʣʝʝ). 

ʆʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʩʝʤʝʥʘ ʥʫʪʘ. ʈʝʛʠʩʪʨʘʮʠʶ ʩʧʝʢʪʨʦʚ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʳʧʦʣʥʷʣʠ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ï 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

I(ɚ). 

ʆʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʦʚ ʚʝʣʘʩʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ Origin Pro 2018. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩʛʣʘʞʠʚʘʥʠʝ ʢʨʠʚʳʭ ʤʝʪʦʜʦʤ 

çAdjacent-Averegingè. ʇʨʠ ʵʪʦʤ ʚʳʙʠʨʘʣʦʩʴ ʦʢʥʦ ʩʛʣʘʞʠʚʘʥʠʷ ʚ 8 ʪʦʯʝʢ. ʕʪʘ 

ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʰʫʤʦʚ ʚ ʧʦʣʫʯʝʥʥʦʤ 

ʩʧʝʢʪʨʝ.  

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʨʜʠʥʘʪʳ ʢʨʠʚʦʡ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʢʨʠʚʦʡ ʩʧʝʢʪʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ 

ʬʫʥʢʮʠʷ çű(ɚ) = I(ɚ) / ÚI(ɚ) dɚè ʧʨʠʦʙʨʝʪʘʝʪ ʩʤʳʩʣ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ ʬʦʪʦʥʘ, ʠʩʧʫʱʝʥʥʦʛʦ ʦʙʨʘʟʮʦʤ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʬʦʨʤʳ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: 

1. ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ (ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʦʣʥʳ) ï ʮʝʥʪʨ ʪʷʞʝʩʪʠ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ: 

 

ὓ ‗•‗Ὠ‗
ȟ

Ȣ 

 

2. ʜʠʩʧʝʨʩʠʷ ï ʤʝʨʘ ʨʘʟʙʨʦʩʘ ʜʣʠʥ ʚʦʣʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ: 
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„ ɚ-ὓ •‗Ὠ‗Ȣ 

 

ɼʠʩʧʝʨʩʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʨʘʟʙʨʦʩʘʥʥʦʩʪʠ ʜʣʠʥ ʚʦʣʥ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ; 

3. ʎʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ: 

 

‘ ɚ-ὓ •‗Ὠ‗ȟ ὃί
‘

„
Ȣ 

 

ɼʣʷ ʧʨʘʚʦʩʪʦʨʦʥʥʝʡ ʘʩʠʤʤʝʪʨʠʠ (ʢʨʠʚʘʷ ʩʧʝʢʪʨʘ ʚʳʪʷʥʫʪʘ ʚʧʨʘʚʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ) ʭʘʨʘʢʪʝʨʥʦ As > 0. ɼʣʷ ʣʝʚʦʩʪʦʨʦʥʥʝʡ As < 0. 

4. ʎʝʥʪʨʘʣʴʥʳʡ ʤʦʤʝʥʪ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʠ ʵʢʩʮʝʩʩ: 

 

‘ ᷿ ɚȤὓ •‗Ὠ‗ȟ Ὁ σȢ
      

 

 

ʕʢʩʮʝʩʩ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʦʩʪʨʘʷ ʠʣʠ ʧʣʦʩʢʘʷ ʚʝʨʰʠʥʘ ʩʧʝʢʪʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʦʩʪʨʦʚʝʨʰʠʥʥʳʤ ʢʨʠʚʳʤ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ï ʙʦʣʝʝ ʧʦʣʦʛʠʤ; 

5. ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʧʝʢʪʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ: 

 

Ὁ ρςτπ᷿ ‰‗Ὠ‗ȟ
       

 

 

ʛʜʝ ʤʥʦʞʠʪʝʣʴ 1240 ʚʦʟʥʠʢʘʝʪ ʠʟ ʧʝʨʝʚʦʜʘ ʜʣʠʥʳ ʚʦʣʥʳ (ʥʤ) ʚ ʵʥʝʨʛʠʶ 

ʬʦʪʦʥʘ (ʵɺ). ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ, ʠʩʧʫʩʢʘʝʤʦʡ 

ʦʙʨʘʟʮʦʤ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʧʨʠ ʥʦʨʤʠʨʦʚʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʝʩʢʘʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ 

ʥʫʪʘ 

 ̄ Mɚ,, ʥʤ ů2 ɛ3 ʤ
ï3 As ɛ4 ʤ

ï3 Eɚ E, ʵɺ 

1 528,38 52,83 97,41 0,66 24373,6 0,128 2,381 

2 528,74 54,88 102,01 0,62 26576,1 -0,070 2,393 

3 521,87 54,31 129,62 0,81 27929,5 0,209 2,406 

4 524,78 53,90 115,27 0,74 25912,4 0,070 2,384 

5 530,44 55,33 127,90 0,76 28090,6 -0,003 2,356 

6 524,06 55,07 134,85 0,81 29379,5 0,195 2,393 

7 523,99 54,44 134,04 0,83 28154,6 0,205 2,39 
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8 531,22 54,78 96,68 0,59 26225,3 -0,089 2,376 

9 525,07 47,82 87,97 0,80 16989,2 0,249 2,38 

10 525,61 53,91 125,93 0,80 27447,5 0,249 2,383 

11 522,78 51,97 109,84 0,78 23591,7 0,233 2,394 

12 526,37 53,93 114,24 0,73 26024,5 0,076 2,379 

13 517,48 50,55 115,84 0,90 22973,7 0,520 2,412 

14 526,71 53,65 109,29 0,71 25656,4 0,097 2,378 

15 528,33 54,47 122,44 0,76 28053,1 0,188 2,371 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ὓ  ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʫʟʢʦʤ 

ʠʥʪʝʨʚʘʣʝ 517-531 ʥʤ. ʅʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ (ʜʦ 14 ʥʤ) ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʨʘʟʮʦʚ. 

ɼʠʩʧʝʨʩʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 45-55, ʧʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʩʦʩʪʘʚʠʪ 7-7,5 ʥʤ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʜʦʣʷ ʠʟʣʫʯʝʥʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʦʡ ʧʦʣʦʩʝ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ ʚʦ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʣʦʞʠʪʝʣʝʥ 

(ʦʪ 0,59 ʜʦ 0,90). ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʧʨʘʚʦʩʪʦʨʦʥʥʝʡ (ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ) ʘʩʠʤʤʝʪʨʠʠ 

ʩʧʝʢʪʨʘ: ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʡ ʩʧʘʜ ʙʦʣʝʝ ʢʨʫʪʦʡ, ʘ ʜʣʠʥʥʦʚʦʣʥʦʚʳʡ çʭʚʦʩʪè 

ʨʘʩʪʷʥʫʪ.  

ʕʢʩʮʝʩʩ ʚʘʨʴʠʨʫʝʪ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (-0,089) ʜʦ ʟʘʤʝʪʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ (0,520). ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʵʢʩʮʝʩʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʧʣʦʩʢʫʶ 

ʚʝʨʰʠʥʫ, ʯʝʤ ʢʨʠʚʘʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʢʩʮʝʩʩ 

ʧʦʢʘʟʳʚʘʝʪ ʦ ʙʦʣʝʝ ʦʩʪʨʦʡ ʚʝʨʰʠʥʝ. ʈʘʟʙʨʦʩ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪʨʘʞʘʝʪ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʦʢʨʦʚʥʦʡ ʪʢʘʥʠ. 

ʇʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʧʝʢʪʨʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 2,356-2,412 ʵɺ. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʩʧʝʢʪʨ ʥʦʨʤʠʨʦʚʘʥ ʧʦ ʧʣʦʱʘʜʠ, ʵʪʦ ʚʝʣʠʯʠʥʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʦʡ 

ʩʨʝʜʥʶʶ ʵʥʝʨʛʠʶ ʬʦʪʦʥʘ (ʚ ʵɺ). ʉʪʘʙʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʜʠʥʘʢʦʚ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʩʝʤʷʥ 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʢʘʥʠ ʩʝʤʷʥ 

ʥʫʪʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ çʚʠʟʫʘʣʴʥʦʛʦè ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʮʝʥʢʘʤʠ ʨʘʟʣʠʯʠʡ ʚ ʬʦʨʤʝ ʢʨʠʚʳʭ ʩʧʝʢʪʨʘ. ɺʳʯʠʩʣʝʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʚʳʙʦʨʢʫ ʦʙʨʘʟʮʦʚ, ʚʢʣʶʯʠʪʴ ʩʝʤʝʥʘ 

ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʠ ʧʦʜʚʝʨʛʥʫʪʳʝ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ 

ʩʦʧʦʩʪʘʚʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʜʘʥʥʳʤʠ ʦ ʚʩʭʦʞʝʩʪʠ ʠ 

ʫʨʦʞʘʡʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ 

ʥʘ ʦʩʥʦʚʝ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʅɽʁʈʆʆʇʊʀʂɸ: ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʅɽʁʈʆʅʆɺ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

ʉɺɽʊʆʄ ɺ ʈɽɸʃʔʅʆʄ ɺʈɽʄɽʅʀ 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʧʨʦʙʣʝʤʝ ʩʦʟʜʘʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʠʦʬʠʟʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʤʦʜʫʣʷʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʪʢʘʥʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʠʦʥʥʳʭ 

ʛʨʘʜʠʝʥʪʦʚ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʝʨʭʙʳʩʪʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʦʟʜʘʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ʆʙʩʫʞʜʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʛʠʙʨʠʜʥʳʭ ʙʠʦʬʦʪʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʥʝʡʨʦʥʥʳʭ ʘʥʩʘʤʙʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʜʘʧʪʠʚʥʦʡ 

ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ.  

ʇʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ 

ʥʝʡʨʦʬʦʪʦʥʠʢʘ. ʕʪʦʪ ʥʘʫʯʥʳʡ ʚʝʢʪʦʨ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʧʝʨʝʜʦʚʳʭ 

ʣʘʟʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʠ ʥʘʮʝʣʝʥ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʪʦʜʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʤʦʟʛʘ, ʩʪʠʤʫʣʷʮʠʠ ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʩʝʪʝʡ, 

ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠʥʞʝʥʝʨʠʠ ʢʣʝʪʦʢ ʜʣʷ ʪʝʨʘʧʠʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [1-4]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʥʝʡʨʦʬʦʪʦʥʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʟʛʘ: ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ 

ʥʝʡʨʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʘʣʴʮʠʝʚʫʶ ʜʠʥʘʤʠʢʫ, ʦʪʩʣʝʞʠʚʘʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʚʟʛʣʷʜ: ʥʝʡʨʦʥʥʘʷ 

ʪʢʘʥʴ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʦʙʲʝʢʪʦʤ ʥʘʙʣʶʜʝʥʠʷ, ʥʦ ʠ ʘʢʪʠʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʞʠʚʳʝ ʥʝʡʨʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝ ʢʘʢ ʤʠʰʝʥʴ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʤ (ʢʘʢ ʚ ʦʧʪʦʛʝʥʝʪʠʢʝ), ʘ ʢʘʢ ʩʨʝʜʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʫʣʷʮʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʆʙʨʘʪʥʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʦʪʢʨʳʚʘʝʪ 

ʧʫʪʴ ʢ ʩʦʟʜʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʙʠʦʬʦʪʦʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʝʡ, ʩʦʯʝʪʘʶʱʠʭ ʩʢʦʨʦʩʪʴ 

ʦʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʘʜʘʧʪʠʚʥʦʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 
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ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʝʡʨʦʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʥʝʠʟʙʝʞʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʦʧʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 1). 

ʇʨʠ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʟʥʘʯʠʤʳʝ ʜʣʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ: 

ï ʬʣʫʢʪʫʘʮʠʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʟʤʝʥʷʶʪ ʦʨʠʝʥʪʘʮʠʶ ʠ 

ʢʦʥʬʦʨʤʘʮʠʶ ʣʠʧʠʜʥʳʭ ʤʦʣʝʢʫʣ ʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʤʙʨʘʥʳ ʚ ʦʧʪʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ; 

ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʧʝʨʝʥʦʩ ʠʦʥʦʚ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ Na , K , CaĮ ) ʩʦʟʜʘʝʪ 

ʣʦʢʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʟʤʝʥʷʶʱʠʝ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʘ ʚ 

ʧʨʠʤʝʤʙʨʘʥʥʳʭ ʦʙʣʘʩʪʷʭ; 

ï ʦʩʤʦʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʦʜʳ ʤʝʞʜʫ 

ʚʥʫʪʨʠ- ʠ ʚʥʝʢʣʝʪʦʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʯʪʦ ʤʦʜʫʣʠʨʫʝʪ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʮʠʪʦʧʣʘʟʤʳ; 

ï ʨʝʦʨʛʘʥʠʟʘʮʠʷ ʮʠʪʦʩʢʝʣʝʪʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʢʘʣʴʮʠʝʚʳʤʠ ʩʠʛʥʘʣʘʤʠ, 

ʚʣʠʷʝʪ ʥʘ ʘʥʠʟʦʪʨʦʧʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʡʨʦʥʥʳʭ ʦʪʨʦʩʪʢʦʚ; 

ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʢʘʢ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʠʢʨʦʵʣʝʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʚʥʦʩʠʪʴ ʣʦʢʘʣʴʥʳʝ ʬʘʟʦʚʳʝ ʠ 

ʘʤʧʣʠʪʫʜʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʚ ʧʨʦʭʦʜʷʱʝʝ ʦʧʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. 

  
ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʡʨʦʥʘʭ 

  

ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ 

ʷʚʣʷʝʪʩʷ ʥʝʜʘʚʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʝ ʷʚʣʝʥʠʝ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʚ 

ʙʝʣʦʤ ʚʝʱʝʩʪʚʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʠʝʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʘʢʩʦʥʥʳʭ ʧʫʯʢʦʚ ʩʦʟʜʘʝʪ 

ʪʝʥʟʦʨʥʳʡ ʭʘʨʘʢʪʝʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʩʝʷʥʠʷ: ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚʜʦʣʴ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʣʦʢʦʥ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʴʰʠʤ ʟʘʪʫʭʘʥʠʝʤ, ʯʝʤ ʚ ʧʦʧʝʨʝʯʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ [1, 2]. 

ʕʪʦʪ ʬʝʥʦʤʝʥ, ʚʧʝʨʚʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʡ ʥʘ ʧʦʩʤʝʨʪʥʳʭ 

ʦʙʨʘʟʮʘʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʨʝʤʷ-ʨʘʟʨʝʰʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʆʥ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʨʭʠʪʝʢʪʫʨʘ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʬʦʨʤʠʨʫʝʪ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʚʝʪʘ ʚʥʫʪʨʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʪʢʘʥʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʣʘʩʪʠʯʝʩʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ 

ʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʦʧʪʠʯʝʩʢʫʶ çʪʦʧʦʣʦʛʠʶè ʩʨʝʜʳ. 
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ɹʘʟʦʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ 

ʷʚʣʷʝʪʩʷ ʦʧʪʦʛʝʥʝʪʠʢʘ ï ʤʝʪʦʜ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʙʫʜʠʤʦʩʪʴʶ 

ʥʝʡʨʦʥʦʚ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʘ [3]. ʊʨʘʥʩʬʝʢʮʠʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʛʝʥʘʤʠ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠʣʠ ʧʦʜʘʚʣʷʪʴ 

ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ ʚ ʟʘʜʘʥʥʳʭ ʥʝʡʨʦʥʘʭ ʩ ʤʠʣʣʠʩʝʢʫʥʜʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʧʪʦʛʝʥʝʪʠʢʠ ʧʝʨʝʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʝʡ 

ʚ̫ʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʘʨʪʝʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʪʦʢʘ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʨʝʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʪʜʝʣʴʥʳʝ ʢʣʝʪʢʠ ʚ ʧʨʝʜʝʣʘʭ ʩʝʪʠ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

ʥʝʡʨʦʥʥʦʡ ʪʢʘʥʠ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʪʨʝʙʫʶʪʩʷ ʤʝʪʦʜʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʜʚʫʭʬʦʪʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʫʙʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʦʛʨʘʥʠʯʝʥʳ ʧʦ 

ʩʢʦʨʦʩʪʠ ʩʲʝʤʘ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʝʦʜʦʣʝʚʘʶʱʠʝ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ: ʢʠʣʦʛʝʨʮʦʚʘʷ ʜʚʫʭʬʦʪʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, 

ʩʚʝʪʦʧʦʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʨʠʩ. 2). 

  
ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʢʦʧʠʷ:  

(ʘ) ï ʢʠʣʦʛʝʨʮʦʚʘʷ ʜʚʫʭʬʦʪʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ;   

(ʙ) ï ʩʚʝʪʦʧʦʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʨʦʥʘʣʴʥʦ-ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʨʠʪʝʣʴʥʳʭ ʩʪʠʤʫʣʦʚ ʧʦ 

ʩʧʝʢʣ-ʧʘʪʪʝʨʥʘʤ, ʦʪʨʘʞʝʥʥʳʤ ʦʪ ʧʝʨʚʠʯʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʢʦʨʳ ʯʝʣʦʚʝʢʘ. 

ʃʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʨʘʩʩʝʠʚʘʷʩʴ ʥʘ ʥʝʨʚʥʦʡ ʪʢʘʥʠ, ʬʦʨʤʠʨʫʝʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ (ʩʧʝʢʣ), ʜʠʥʘʤʠʢʘ ʢʦʪʦʨʦʡ ʦʪʨʘʞʘʝʪ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʥʝʡʨʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʝʢʣ-ʧʘʪʪʝʨʥʦʚ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 98% ʪʦʯʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ (ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ, ʪʨʝʫʛʦʣʴʥʠʢʦʚ), ʧʨʝʜʲʷʚʣʷʝʤʳʭ 

ʠʩʧʳʪʫʝʤʳʤ. ʕʪʘ ʨʘʙʦʪʘ ʠʤʝʝʪ ʜʚʦʡʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʥʝʡʨʦʦʧʪʠʢʠ: ʚʦ-ʧʝʨʚʳʭ, 

ʦʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʢʦʨʨʝʣʠʨʫʶʱʝʛʦ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʥʝʡʨʦʥʦʚ; ʚʦ-ʚʪʦʨʳʭ, 
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ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʘʤʦʡ ʥʝʡʨʦʥʥʦʡ ʪʢʘʥʠ ʚ ʢʘʯʝʩʪʚʝ 

ʪʨʘʥʩʧʘʨʘʥʪʘ, ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʧʨʦʭʦʜʷʱʝʝ ʠʟʣʫʯʝʥʠʝ. 

ʆʙʦʙʱʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ 

ʥʝʡʨʦʦʧʪʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʢʘʢ ʛʠʙʨʠʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʢʫʣʴʪʫʨʘ 

ʞʠʚʳʭ ʥʝʡʨʦʥʦʚ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʜʠʥʘʤʠʯʝʩʢʦʡ ʫʧʨʘʚʣʷʝʤʦʡ ʩʨʝʜʳ ʜʣʷ 

ʤʦʜʫʣʷʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ [2]. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʤʦʜʫʣʷʪʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ: 

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘʢʘʯʢʠ: ʚ ʥʝʡʨʦʥʥʫʶ ʢʫʣʴʪʫʨʫ 

ʚʚʦʜʠʪʩʷ ʟʦʥʜʠʨʫʶʱʝʝ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ; 

ï ʫʧʨʘʚʣʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ: ʩ ʧʦʤʦʱʴʶ ʦʧʪʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ (ʩʚʝʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʯʝʨʝʟ ʤʠʢʨʦ-ʩʚʝʪʦʜʠʦʜʥʫʶ ʤʘʪʨʠʮʫ) ʠʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ (ʯʝʨʝʟ ʤʫʣʴʪʠʵʣʝʢʪʨʦʜʥʳʝ ʤʘʩʩʠʚʳ) ʠʥʠʮʠʠʨʫʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʳ ʜʝʡʩʪʚʠʷ ʚ ʟʘʜʘʥʥʳʭ ʥʝʡʨʦʥʘʭ; 

ï ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ: ʠʟʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʠ ʠʦʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ ʚʳʟʳʚʘʶʪ ʣʦʢʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʜʫʣʠʨʫʶʪ ʬʘʟʫ ʠ/ʠʣʠ ʘʤʧʣʠʪʫʜʫ ʧʨʦʭʦʜʷʱʝʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ; 

ï ʩʯʠʪʳʚʘʥʠʝ ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ: ʧʨʦʰʝʜʰʝʝ ʯʝʨʝʟ ʥʝʡʨʦʥʥʫʶ 

ʢʫʣʴʪʫʨʫ ʠʟʣʫʯʝʥʠʝ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʬʦʪʦʜʝʪʝʢʪʦʨʦʤ; ʭʘʨʘʢʪʝʨ ʤʦʜʫʣʷʮʠʠ ʥʝʩʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʪʪʝʨʥʝ ʥʝʡʨʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʂʨʠʪʠʯʝʩʢʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʠʥʘʧʪʠʯʝʩʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʬʦʪʦʥʥʳʭ ʥʝʡʨʦʩʝʪʝʡ, ʛʜʝ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʟʘʜʘʶʪʩʷ ʚʥʝʰʥʠʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʧʦʩʦʙʥʘ 

ʢ ʩʘʤʦʦʙʫʯʝʥʠʶ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʘʧʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʨʠʠ ʘʢʪʠʚʥʦʩʪʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʨʝʢʦʥʬʠʛʫʨʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʩʨʝʜʳ [2]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩʠʥʭʨʦʥʥʘʷ ʘʢʪʠʚʘʮʠʷ 

ʛʨʫʧʧʳ ʥʝʡʨʦʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʠʥʘʧʪʠʯʝʩʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʤʤʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ [4]. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ ʜʣʷ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ɽʩʣʠ ʝʜʠʥʠʯʥʳʡ ʥʝʡʨʦʥ ʩʦʟʜʘʝʪ 

ʣʦʢʘʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʩʫʙʤʠʢʨʦʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ 

ʥʝʡʨʦʥʥʳʡ ʘʥʩʘʤʙʣʴ ʩʧʦʩʦʙʝʥ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ 

ʦʧʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ï ʬʘʢʪʠʯʝʩʢʠ, ʜʠʥʘʤʠʯʝʩʢʫʶ ʛʦʣʦʛʨʘʤʤʫ, ʟʘʧʠʩʘʥʥʫʶ 

ʩʘʤʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. ʇʨʠ ʵʪʦʤ ʦʨʠʝʥʪʘʮʠʷ ʘʢʩʦʥʥʳʭ ʧʫʯʢʦʚ ʩʦʟʜʘʝʪ 

ʘʥʠʟʦʪʨʦʧʠʶ ʩʚʝʪʦʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʝʢʪʦʨʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʥʝʡʨʦʥʥʳʭ ʩʚʷʟʝʡ ʢʦʜʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʫ ʩʝʪʠ, ʥʦ ʠ ʦʧʪʠʯʝʩʢʫʶ çʨʘʟʤʝʪʢʫè ʩʨʝʜʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: 

- ʠʩʪʠʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ. ɾʠʚʳʝ ʥʝʡʨʦʥʳ ʨʝʘʣʠʟʫʶʪ 

ʛʦʤʝʦʩʪʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ (ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ 

ʧʦʪʝʥʮʠʘʮʠʶ/ʜʝʧʨʝʩʩʠʶ), ʩʧʦʥʪʘʥʥʫʶ ʨʝʦʨʛʘʥʠʟʘʮʠʶ ʩʚʷʟʝʡ; 
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- ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʄʦʟʛ ʧʦʪʨʝʙʣʷʝʪ ~20 ɺʪ ʧʨʠ ʢʦʣʦʩʩʘʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ; ʬʦʪʦʥʥʳʝ ʯʠʧʳ, ʭʦʪʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʝʝ 

ʵʣʝʢʪʨʦʥʥʳʭ, ʧʦʢʘ ʥʝ ʜʦʩʪʠʛʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

- ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʪʢʘʥʠ ʦʙʣʘʜʘʶʪ ʨʝʧʘʨʘʪʠʚʥʳʤʠ 

ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʯʪʦ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʞʠʚʫʯʝʩʪʴ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʬʦʪʦʥʥʳʭ ʩʠʩʪʝʤ: 

- ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʬʦʪʦʥʥʳʭ ʯʠʧʦʚ ʩʦʚʤʝʩʪʠʤʦ ʩ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʠʥʜʫʩʪʨʠʝʡ; 

- ʩʪʘʙʠʣʴʥʦʩʪʴ. ʆʪʩʫʪʩʪʚʠʝ ʧʨʦʙʣʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʜʨʝʡʬʘ ʧʘʨʘʤʝʪʨʦʚ, 

ʛʠʙʝʣʠ ʢʣʝʪʦʢ; 

- ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʌʦʪʦʥʥʳʝ ʯʠʧʳ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 

ʩʪʘʥʜʘʨʪʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ; 

- ʩʢʦʨʦʩʪʴ. ʆʧʪʠʯʝʩʢʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʬʝʤʪʦʩʝʢʫʥʜʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʪʦʛʜʘ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʥʝʡʨʦʥʳ ʨʘʙʦʪʘʶʪ ʚ 

ʤʠʣʣʠʩʝʢʫʥʜʥʦʤ ʜʠʘʧʘʟʦʥʝ; 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʡʨʦʦʧʪʠʢʘ ʢʘʢ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʩʩʣʝʜʫʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʚʳʭ 

ʥʝʡʨʦʥʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʤ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʚʳʟʦʚʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʦʙʣʘʩʪʴʶ, ʚʢʣʶʯʘʶʪ: 

1) ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʛʦʩʨʦʯʥʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʢʫʣʴʪʫʨ ʚ 

ʫʩʣʦʚʠʷʭ ʦʧʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ; 

2) ʨʘʟʨʘʙʦʪʢʫ ʠʥʪʝʨʬʝʡʩʦʚ ʩʦʧʨʷʞʝʥʠʷ çʙʠʦʣʦʛʠʷ-ʚʦʣʥʦʚʦʜè;  

3) ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʩʠʩʪʝʤ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ;  

4) ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ. 

ʇʨʝʦʜʦʣʝʥʠʝ ʵʪʠʭ ʙʘʨʴʝʨʦʚ ʧʦʪʨʝʙʫʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʫʩʠʣʠʡ 

ʥʝʡʨʦʙʠʦʣʦʛʦʚ, ʦʧʪʠʢʦʚ, ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ ʠ ʠʥʞʝʥʝʨʦʚ. ɺ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʥʝʡʨʦʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʷʭ, ʛʜʝ 

ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ: 

ʥʝʡʨʦʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ʩ ʦʙʨʘʪʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ, ʘʜʘʧʪʠʚʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʚʳʯʠʩʣʠʪʝʣʠ, ʠʥʪʝʨʬʝʡʩʳ çʤʦʟʛ ï ʦʧʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦè ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
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ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
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ɸ.ɸ. ɹʫʛʨʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ ʀʅʊɽʈʅɽʊ-ʈɸɼʀʆ 

 

ɺ ʢʦʥʮʝ 19 ʚʝʢʘ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʦʚʝʨʰʠʣʦ ʧʨʦʨʳʚ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜʘʯʠ 

ʩʠʛʥʘʣʦʚ. ɺ ʵʪʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʩʰʠʨʷʣʠʩʴ ʠ ʩʪʨʦʠʣʠʩʴ ʛʦʨʦʜʘ, ʨʘʟʚʠʚʘʣʘʩʴ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚʥʝʜʨʷʣʦʩʴ ʚ ʧʨʠʚʳʯʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ɺʩʝ ʵʪʦ 

ʧʦʜʪʦʣʢʥʫʣʦ ʫʯʝʥʳʭ ʢ ʧʦʠʩʢʫ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʨʝʙʦʚʘʣʦʩʴ ʫʩʪʨʦʡʩʪʚʦ ʩ ʙʳʩʪʨʦʡ ʨʘʙʦʪʦʡ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʥʝ ʪʨʝʙʫʶʱʝʝ ʧʨʦʚʦʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʷʚʠʣʦʩʴ ʨʘʜʠʦʚʝʱʘʥʠʝ. 

ʅʘʯʘʣʦʩʴ ʚʩʝ ʩ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʜʠʦ, ʚ 1895 ʛʦʜʫ ʨʦʩʩʠʡʩʢʠʡ ʫʯʝʥʳʡ ɸʣʝʢʩʘʥʜʨ 

ʇʦʧʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʝʨʚʫʶ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʀʟʥʘʯʘʣʴʥʦ ʨʘʜʠʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʣʫʞʙʘʭ, ʦʜʥʘʢʦ, ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ 

ʥʘʯʠʥʘʝʪʩʷ ʤʘʩʩʦʚʦʝ ʚʝʱʘʥʠʝ ʤʫʟʳʢʠ ʠ ʧʨʦʛʨʘʤʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʩʨʝʜʩʪʚʦʤ ʤʘʩʩʦʚʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20 ʚʝʢʘ 

ʨʘʜʠʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʠʥʩʪʨʫʤʝʥʪ ʤʘʩʩʦʚʦʡ ʧʨʦʧʘʛʘʥʜʳ, ʢʫʣʴʪʫʨʳ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʪʨʘʥʩʣʷʮʠʠ ʨʘʜʠʦʩʧʝʢʪʘʢʣʝʡ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠ ʤʫʟʳʢʘʣʴʥʳʭ ʰʦʫ. ɺ ʢʦʥʮʝ 20 ʚʝʢʘ ʧʦʷʚʣʷʶʪʩʷ ʩʪʘʥʮʠʠ ʜʣʷ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʚʝʱʘʥʠʷ. ʈʘʟʚʠʪʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʜʠʦ ʧʨʠʚʦʜʠʪ ʚ ʢʦʥʮʝ 20 

ʚʝʢʘ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʘʥʘʣʦʛʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. ʉ 

ʧʦʷʚʣʝʥʠʝʤ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʨʘʜʠʦʚʝʱʘʥʠʝ ʚʭʦʜʠʪ ʚ ʥʦʚʫʶ ʵʧʦʭʫ ï ʧʦʷʚʣʷʝʪʩʷ 

ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ [1].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ, ʦʩʥʦʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʝʱʘʥʠʝ ʚʳʙʨʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʨʘʜʠʦʩʪʘʥʮʠʡ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ 

 

ʉʪʨʫʢʪʫʨʘ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ, ʩʣʝʜʫʶʱʘʷ: ʙʣʦʢ ʚʚʦʜʘ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ, 

ʜʝʢʦʜʝʨ, ʘʫʜʠʦʫʩʠʣʠʪʝʣʴ, ʜʠʥʘʤʠʢʠ, ʙʣʦʢ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʩ ʩʦʙʩʪʚʝʥʥʳʤ 

ʙʣʦʢʦʤ ʧʠʪʘʥʠʷ. ɼʣʷ ʨʘʙʦʪʳ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩ ʚʩʪʨʦʝʥʥʳʤ ʤʦʜʫʣʝʤ Wi-Fi. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 
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ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʪʠ ʠʥʪʝʨʥʝʪ 

ʯʝʨʝʟ Wi-Fi, ʦʥ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʧʦʪʦʢʦʚʳʤ ʚʝʙ-ʩʘʡʪʘʤ, ʚʝʜʫʱʠʤ 

ʨʘʜʠʦʪʨʘʥʩʣʷʮʠʶ. ɸʜʨʝʩʘ ʩʘʡʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣ ɹ ʫʢʘʟʳʚʘʝʪ ʧʨʠ ʧʨʦʰʠʚʢʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʠ ʦʥʠ ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ. ʉʘʡʪʳ ʚʳʙʠʨʘʶʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʘʫʜʠʦʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʜʝʢʦʜʝʨ. ɼʝʢʦʜʠʨʦʚʘʥʥʳʡ ʘʫʜʠʦʩʠʛʥʘʣ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʩʠʣʠʪʝʣʷ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʜ ʜʚʘ ʜʠʥʘʤʠʢʘ. ʊʨʘʥʩʣʷʮʠʶ ʨʘʜʠʦʵʬʠʨʘ ʩʦʧʨʦʚʦʞʜʘʶʪ 

ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ.  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʥʘʜʦʙʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠ: 

- ʥɻʢʦʜʝʨ. ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢʮʠʷʤʠ ʫʩʪʨʦʡʩʪʚʘ; 

- ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʦ ʚʩʪʨʦʝʥʥʳʤ Wi-Fi-ʤʦʜʫʣʝʤ. ʅʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʫʩʪʨʦʡʩʪʚʘ; 

- ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʎɸʇ). ʅʝʦʙʭʦʜʠʤ ʜʣʷ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʘʫʜʠʦʩʠʛʥʘʣʘ; 

- ʫʩʠʣʠʪʝʣʴ. ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʫʩʠʣʝʥʠʷ ʜʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʟʚʫʢʘ; 

- ʜʠʥʘʤʠʢʠ. ʅʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʚʦʜʘ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʘʫʜʠʦʩʠʛʥʘʣʘ; 

- ʩʚʝʪʦʜʠʦʜʥʳʝ ʤʘʪʨʠʮʳ. ʅʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ 

ʵʬʬʝʢʪʦʚ; 

- ʙʣʦʢ ʧʠʪʘʥʠʷ. ʅʝʦʙʭʦʜʠʤ ʜʣʷ ʧʠʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʘʪʨʠʮ. ʆʪʜʝʣʴʥʳʡ 

ʠʩʪʦʯʥʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʰʫʤʦʚ. 

ʀʥʪʝʨʥʝʪ-ʨʘʜʠʦ ʙʫʜʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʚ ʢʦʨʧʫʩʝ ʛʦʣʦʚʳ ʨʦʙʦʪʘ ɹʝʥʜʝʨʘ [2] 

ʠʟ ʥʘʫʯʥʦ-ʬʘʥʪʘʩʪʠʯʝʩʢʦʛʦ ʤʫʣʴʪʩʝʨʠʘʣʘ çʌʫʪʫʨʘʤʘè (ʨʠʩʫʥʦʢ 2). 

ɺʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʙʫʜʫʪ ʛʣʘʟʘ ʠ ʨʦʪ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʨʧʫʩ ʜʣʷ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ 

 

ɺ ʩʚʷʟʠ ʩ ʜʘʥʥʳʤ ʚʳʙʦʨʦʤ ʢʦʨʧʫʩʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ 

ʧʦʪʨʝʙʫʝʪʩʷ 5 ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʘʪʨʠʮ: ʜʚʝ ï ʜʣʷ ʛʣʘʟ, ʪʨʠ ï ʜʣʷ ʨʪʘ. ɼʣʷ ʛʣʘʟ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʚʘ ʵʬʬʝʢʪʘ: ʵʬʬʝʢʪ ʩʣʝʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠ 
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ʵʬʬʝʢʪ ʟʣʳʭ ʛʣʘʟ ʧʨʠ ʩʤʝʥʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦ. ɺ ʨʝʞʠʤʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ 

ʤʘʪʨʠʮʘʭ ʨʪʘ ʙʫʜʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʩʣʫʯʘʡʥʘʷ ʚʦʣʥʘ, ʜʚʠʛʘʶʱʘʷʩʷ ʧʦʜ ʤʫʟʳʢʫ, ʘ 

ʧʨʠ ʩʤʝʥʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʜʠʦ ʥʘ ʵʪʠ ʤʘʪʨʠʮʳ ʙʫʜʝʪ ʚʳʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʘʭ: ʛʨʦʤʢʦʩʪʴ, ʨʘʜʠʦʚʦʣʥʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ 

 

ʇʠʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʨʘʟʲʝʤ XS1 ʦʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʥʘ 5ɺ. ɼʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ DD1, ʚʭʦʜʷʱʝʛʦ ʚ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ A1 ʥʝʦʙʭʦʜʠʤ ʩʦʙʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʥʘ 3,3ɺ. ʄʦʜʫʣʴ ʙʣʦʢʘ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʚʩʪʨʦʝʥʥʳʤ Wi-Fi-ʤʦʜʫʣʝʤ. ʏʝʨʝʟ ʵʪʦʪ ʤʦʜʫʣʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢ Wi-Fi-ʨʦʫʪʝʨʫ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʦʜʢʣʶʯʠʪʩʷ ʢ ʚʳʙʨʘʥʥʳʤ ʨʘʜʠʦʩʪʘʥʮʠʷʤ. ʅʘʩʪʨʦʡʢʘ ʧʨʦʪʦʢʦʣʦʚ Wi-Fi 

ʠ ʚʳʙʨʘʥʥʳʝ ʩʪʘʥʮʠʠ ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʉ 

ʧʦʤʦʱʴʶ ʵʥʢʦʜʝʨʘ SW1 ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: 

- ʚʢʣʶʯʝʥʠʝ/ʚʳʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ; 

- ʩʤʝʥʘ ʨʘʜʠʦʩʪʘʥʮʠʠ; 

- ʫʧʨʘʚʣʝʥʠʝ ʚʠʟʫʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ;  

- ʫʧʨʘʚʣʝʥʠʝ ʛʨʦʤʢʦʩʪʴʶ. 

ɸʫʜʠʦʩʠʛʥʘʣ ʧʨʦʠʛʨʳʚʘʝʪʩʷ ʜʚʫʤʷ ʜʠʥʘʤʠʢʘʤʠ, BA1 ʠ BA2. ʇʝʨʝʜ ʵʪʠʤ 

ʩʠʛʥʘʣ ʜʝʢʦʜʠʨʫʝʪʩʷ ʎɸʇ DD1 ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʘʫʜʠʦʫʩʠʣʠʪʝʣʝʤ DA1. 

ɺʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʧʨʦʧʠʩʳʚʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʭʨʘʥʷʪʩʷ ʚ ʧʘʤʷʪʠ 

ʧʨʦʛʨʘʤʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʳʚʦʜʷʪʩʷ ʥʘ ʩʚʝʪʦʜʠʦʜʥʳʝ ʤʘʪʨʠʮʳ 8ʭ8 

HL1éHL5. ʇʦʜʢʣʶʯʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʘʪʨʠʮ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʨʘʡʚʝʨʳ DD2éDD6 ʧʦ ʠʥʪʝʨʬʝʡʩʫ SPI, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʠʥʠʡ ʩʚʷʟʠ. 
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ʂʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ, 

ʩʣʝʜʫʶʱʘʷ: 

- ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ ESP32-DevKit; 

- ʤʦʜʫʣʴ ʩʚʝʪʦʜʠʦʜʥʦʡ ʤʘʪʨʠʮʳ 8ʭ8 MAX7219; 

- ʤʦʜʫʣʴ ʎɸʇ GY-PCM5102; 

- ʤʦʜʫʣʴ ʘʫʜʠʦʫʩʠʣʠʪʝʣʷ ʩ ʨʝʛʫʣʠʨʦʚʢʦʡ ʛʨʦʤʢʦʩʪʠ PAM8403; 

- ʤʦʜʫʣʴ ʧʦʚʦʨʦʪʥʦʛʦ ʵʥʢʦʜʝʨʘ ʩ ʢʥʦʧʢʦʡ EC11; 

- ʤʠʥʠ-ʜʠʥʘʤʠʢʠ AIYIMA . 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʤʦʜʫʣʝʡ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʙʦʨʢʫ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ ï ʥʘʩʪʨʦʡʢʫ ʠʟʜʝʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʪʝʨʝʩʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ, ʧʦʤʠʤʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʪʨʘʥʩʣʠʨʦʚʘʪʴ ʨʘʜʠʦ, ʦʙʣʘʜʘʝʪ ʷʨʢʠʤʠ ʚʠʟʫʘʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʂʦ ʚʩʝʤʫ 

ʧʨʦʯʝʤʫ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʩʪʘʥʮʠʠ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʵʬʬʝʢʪʳ ʤʦʞʥʦ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʧʦʜ ʩʚʦʠ ʠʥʪʝʨʝʩʳ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʘ ʤʦʜʠʬʠʢʘʮʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ SD-ʢʘʨʪʳ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ 

ʘʫʜʠʦʢʦʣʣʝʢʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɽʱʝ ʦʜʥʘ ʚʦʟʤʦʞʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ï 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʫʩʪʨʦʡʩʪʚʫ ʯʝʨʝʟ ʩʤʘʨʪʬʦʥ ʧʦ ʠʥʪʝʨʬʝʡʩʫ Bluetooth ʜʣʷ 

ʫʜʘʣʝʥʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʥʝʪ-ʨʘʜʠʦ.  
 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉ.ɸ. ɹʳʮʠʥʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɺ. ʄʘʣʳʰʢʠʥ, ʩʪ. ʧʨ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʉɺɽʊʆɼʀʆɼʅʆɻʆ ʆʉɺɽʑɽʅʀʗ 

ɺʉʇʆʄʆɻɸʊɽʃʔʅʓʍ ʇʆʄɽʑɽʅʀʁ ʇʈʆʄʓʐʃɽʅʅʆɻʆ 

ʇʈɽɼʇʈʀʗʊʀʗ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʆʪ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʜʝʣʷʝʪʩʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ 

ʧʦʤʝʱʝʥʠʷʤ: ʩ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʢʘʤʝʨʘʤ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ï ʙʳʪʦʚʳʤ ʧʦʤʝʱʝʥʠʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ 

ʨʦʣʴ, ʠʤʝʥʥʦ ʟʜʝʩʴ ʯʘʩʪʦ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʢʣʶʯʝʚʳʝ ʫʟʣʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʚʝʪʦʜʠʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʫʚʝʨʝʥʥʦ ʚʳʪʝʩʥʷʶʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

ʩʚʝʪʦʚʦʡ ʦʪʜʘʯʝ (ʜʦ 120-150 ʣʤ/ɺʪ), ʜʣʠʪʝʣʴʥʦʤʫ ʩʨʦʢʫ ʩʣʫʞʙʳ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠʤʝʝʪ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʨʠʚʳʭ ʩʠʣ ʩʚʝʪʘ (ʂʉʉ) ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʧʫʣʴʩʘʮʠʡ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʝʪʠ ʜʣʷ ʙʣʦʢʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʠ ʦʮʝʥʠʪʴ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. 

ʆʙʲʝʢʪʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʘʶʪ ʯʝʨʪʳ ʭʘʨʘʢʪʝʨʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʧʦʤʝʱʝʥʠʷ (ʨʠʩ. 1): 

ʈʋ ï 10 ʢɺ (ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ï 18 ʭ 6 

ʤ, ʚʳʩʦʪʘ 5,2 ʤ. 

ʈʋ ï 0,4 ʢɺ (ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ) ï 18 ʭ 6 ʤ, ʚʳʩʦʪʘ 5,2 ʤ. 

ɺʝʥʪʠʣʷʮʠʦʥʥʘʷ ʢʘʤʝʨʘ (ɺʂ) ï 18 ʭ 6 ʤ, ʚʳʩʦʪʘ 5,2 ʤ. 

ʉʢʣʘʜ ï 9 ʭ 6 ʤ, ʚʳʩʦʪʘ 5,2 ʤ. 

ʇʨʠʥʠʤʘʝʤ ʢ ʫʩʪʘʥʦʚʢʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʂʉʉ ʪʠʧʘ ɼ ï ʢʦʩʠʥʫʩʥʘʷ, ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʩ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʜʦ 200 ʣʢ; 

ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 4000 - 5000 ʂ (ʥʝʡʪʨʘʣʴʥʳʡ ʙʝʣʳʡ ʩʚʝʪ); 

ʀʥʜʝʢʩ ʮʚʝʪʦʧʝʨʝʜʘʯʠ Ra > 80; 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʠ ʤʝʥʝʝ 5% (ʥʘʣʠʯʠʝ ʜʨʘʡʚʝʨʘ ʩ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ); 

ʉʪʝʧʝʥʴ ʟʘʱʠʪʳ IP54 ʜʣʷ ʈʋ ʠ ʚʝʥʪʢʘʤʝʨʳ, IP44 ʜʣʷ ʩʢʣʘʜʘ. 



48 

 
ʈʠʩʫʥʦʢ 4 ï ʈʘʟʤʝʱʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ 

 

 ʇʦʨʷʜʦʢ ʨʘʩʯʝʪʘ: 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʩʚʝʪʠʣʴʥʠʢʦʚ: 

hp = H ī hc ī hʨʧ, 

ʛʜʝ H ï ʚʳʩʦʪʘ ʧʦʤʝʱʝʥʠʷ, ʤ; hc ï ʚʳʩʦʪʘ ʩʚʝʩʘ ʩʚʝʪʠʣʴʥʠʢʦʚ, ʤ; hʨʧ ï ʚʳʩʦʪʘ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʚʝʪʠʣʴʥʠʢʘʤʠ: 

L = hp ẗ ɚ, 
ʛʜʝ ɚ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʂʉʉ (ʜʣʷ ʂʉʉ ï ɼ, ɚ = 1,2 ï 1,6). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʚʝʪʠʣʴʥʠʢʦʚ ʠ ʫʪʦʯʥʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ. 

ʈʘʩʯʝʪ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʤʝʪʦʜʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 

 

ˡ
Ὁ Ὓ Ὧ ᾀ

ὔ –
ȟ 

 

ʛʜʝ Ὁ  ï ʥʦʨʤʠʨʫʝʤʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ, ʣʢ; Ὓ ï ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ, ʤĮ; Ὧ ï 
ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ (ʜʣʷ ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʠʥʠʤʘʝʤ 1,3); ᾀ ï ʢʦʵʬʬʠʮʠʝʥʪ 
ʤʠʥʠʤʘʣʴʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (1,1 ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ); ὔ ï ʯʠʩʣʦ 

ʩʚʝʪʠʣʴʥʠʢʦʚ; – ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. 

ɺ ʙrʦʨ ʙʣʠʞʘʡʰʝʛʦ ʧʦ ʩʚʝʪʦʚʦʤʫ ʧʦʪʦʢʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʠ 

ʧʨʦʚʝʨʢʘ ʦʪʢʣʦʥʝʥʠʷ: 

 

Ўl
ˡ ˡ̑

ˡ̑
ρππϷ 
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ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʧʦʤʝʱʝʥʠʡ ʧʨʠʥʷʪʘ 100 ʣʢ ʩʦʛʣʘʩʥʦ 

ʉʇ 52.13330.2016 ʜʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʨʝʙʳʚʘʥʠʝʤ 

ʣʶʜʝʡ. 

ɺʳʧʦʣʥʠʤ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. 

 ʈʘʩʯʝʪʥʘʷ ʚʳʩʦʪʘ ʧʦʜʚʝʩʘ: 

hp = 5,2 ï 1,0 ï 1,5 = 2,7 ʤ. 

 ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʚʝʪʠʣʴʥʠʢʘʤʠ: 

L = 2,7 Ā 1,2 å 3ʤ. 

 ʂʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʨʷʜʫ: 18/3 = 6 ʰʪ. 

 ʂʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ: 6/3 = 2 ʰʪ. 

 ʆʙʱʝʝ ʯʠʩʣʦ ʩʚʝʪʠʣʴʥʠʢʦʚ: N = 6 Ā 2 =12 ʰʪ. 

 ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʡʥʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʜʦ ʩʪʝʥ: 1,5 ʤ. 

 ʇʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ: S = 18 Ā 6 = 108 ʤ2. 

 ʀʥʜʝʢʩ ʧʦʤʝʱʝʥʠʷ: 

 

 i = 
18 Ā 6

2,7 Ā (18 + 6)
 = 1,67Ȣ 

  

ɼʣʷ i = 1,67, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʧʦʪʦʣʢʘ, ʩʪʝʥ, ʧʦʣʘ (ʧʨʠʥʠʤʘʝʤ 

70%, 50%, 30%) ʠ ʂʉʉ-ɼ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɖ = 0,62 (ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ). 

 ʊʨʝʙʫʝʤʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ: 

 

 

ʌ =
100 Ā 108 Ā 1,3 Ā 1,1

12 Ā 0,62
 å 2076 ʣʤ. 

 

ɺʳʙʠʨʘʝʤ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʚʝʪʠʣʴʥʠʢ ʉɼ-ʇʨʦʤ-20 

ʤʦʱʥʦʩʪʴʶ 20 ɺʪ ʩʦ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ 2100 ʣʤ (ʩʚʝʪʦʚʘʷ ʦʪʜʘʯʘ 105 ʣʤ/ɺʪ). 

ʆʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʧʦʪʦʢʘ: 

  

æʌ = 
2100 - 2076

2076
 Ā 100% = 1,2%. 

 

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: Pʫʩʪ = 12 Ā 20 = 240 ɺʪ. 

ʋʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ: ɤ = Pʫʩʪ / S = 240/108 = 2,22 ɺʪ/ʤ2. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʨʠʚʦʜʠʤʳʭ ʚ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʝʪʦʜʠʦʜʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʦʨʤʠʨʫʝʤʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ 100 ʣʢ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʚ ʪʨʠ ʨʘʟʘ, ʯʪʦ 

ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩ ʢʦʩʠʥʫʩʥʦʡ ʂʉʉ ʦʢʘʟʘʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ ʙʣʘʛʦʜʘʨʷ 
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ʧʨʘʚʠʣʴʥʦʤʫ ʚʳʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʚʝʪʠʣʴʥʠʢʘʤʠ ʠ ʫʯʝʪʫ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ. ɺʩʝ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʯʝʪʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 1,2%, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʙʝʟ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʧʘʩʘ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʦʩʥʘʱʝʥʳ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʨʘʡʚʝʨʘʤʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ ʙʦʣʝʝ 0,95, ʯʪʦ ʩʥʠʞʘʝʪ 

ʧʦʪʝʨʠ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʋʏɽʊ ʉʇɽʎʀɸʃʔʅʓʍ ʊʈɽɹʆɺɸʅʀʁ ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ 

ʇɽʏɸʊʅʓʍ ʇʃɸʊ ɼʃʗ ʂʆʉʄʀʏɽʉʂʆʁ ɸʇʇɸʈɸʊʋʈʓ 

 

ʈʘʟʨʘʙʦʪʢʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʟʘʜʘʯ ʧʦʚʳʰʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʚ 

ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʳʧʦʣʥʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʫʱʫʶ, 

ʤʝʞʩʦʝʜʠʥʠʪʝʣʴʥʫʶ, ʪʝʧʣʦʦʪʚʦʜʷʱʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʬʫʥʢʮʠʠ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʠʟʜʝʣʠʡ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢʦʩʤʠʯʝʩʢʘʷ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ 

ʟʘʧʫʩʢʘ, ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ, ʮʠʢʣʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʨʝʤʦʥʪʘ 

ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ [1]. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʘʢʦʡ ʧʣʘʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, 

ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. ʅʘ ʫʨʦʚʥʝ ʤʘʪʝʨʠʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ, 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ, ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ, 

ʜʦʩʪʘʪʦʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʢʘ, ʤʝʜʥʦʡ ʬʦʣʴʛʠ, ʤʝʪʘʣʣʠʟʘʮʠʠ ʦʪʚʝʨʩʪʠʡ ʠ 

ʢʦʨʧʫʩʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʫʨʦʚʥʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʨʝʙʫʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʩʪʝʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʪʝʧʣʦʚʦʡ ʦʪʚʦʜ, ʤʝʭʘʥʠʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ ʠ ʨʝʩʫʨʩ ʤʝʞʩʣʦʡʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʅʘ ʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʠ ʢʨʠʪʠʯʥʳ ʯʠʩʪʦʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 
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ʧʨʦʮʝʩʩʘ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʴ ʤʝʪʘʣʣʠʟʘʮʠʠ, ʢʘʯʝʩʪʚʦ ʧʘʡʢʦʧʨʠʛʦʜʥʳʭ ʧʦʢʨʳʪʠʡ 

ʠ ʧʦʣʥʘʷ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʝʨʘʮʠʡ [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʯʘʪʥʳʤ ʧʣʘʪʘʤ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʙʦʨʘ ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ 

ʥʘʜʝʞʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʦʪʨʘʞʘʶʱʝʡ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʅʘ ʨʠʩʫʥʢʝ 

1 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʮʝʥʪʨʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ 

ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʘ ʧʝʨʠʬʝʨʠʡʥʳʝ ʙʣʦʢʠ ʟʘʜʘʶʪ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʪʨʝʙʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʝ ʧʨʠʛʦʜʥʦʩʪʴ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ 

 

ʂʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʘʥʠʷ ʠʤʝʶʪ ʝʛʦ 

ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʚʘʢʫʫʤʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʫʟʣʦʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʧʦʣʠʠʤʠʜʥʳʝ 

ʜʠʵʣʝʢʪʨʠʢʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʩʪʘʙʠʣʴʥʦʩʪʴʶ 

ʨʘʟʤʝʨʦʚ ʠ ʣʫʯʰʝʡ ʩʦʭʨʘʥʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ 

[3]. 

ʇʦʣʠʠʤʠʜʥʳʝ ʩʠʩʪʝʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʜʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʞʝʩʪʢʠʭ ʠ 

ʛʠʙʢʦ-ʞʝʩʪʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʞʠʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ ʠ ʧʦʚʳʰʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʦʪʚʝʨʩʪʠʡ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʤʧʦʟʠʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʮʠʘʥʘʪ-ʵʬʠʨʥʳʭ ʩʤʦʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʥʠʞʝʥʥʦʛʦ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʭʦʨʦʰʝʡ ʨʘʟʤʝʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʧʦʢʩʠʜʥʳʝ 

ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʳ ʪʠʧʘ FR-4 ʚ ʠʭ ʩʪʘʥʜʘʨʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 
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ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʦʩʥʦʚʘ ʜʣʷ ʜʣʠʪʝʣʴʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʨʝʩʫʨʩ ʧʦ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʶ ʠ ʚʘʢʫʫʤʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʨʝʮʝʧʪʫʨʳ ʩʤʦʣʳ ʠ ʩʦʩʪʘʚʘ ʥʘʧʦʣʥʠʪʝʣʷ. 

ʄʘʪʝʨʠʘʣ ʦʩʥʦʚʘʥʠʷ ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʦʩʪʘʪʦʯʥʦʡ ʧʦʪʝʨʠ ʤʘʩʩʳ ʠ ʢʦʥʜʝʥʩʠʨʫʝʤʳʭ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʣʝʪʫʯʠʝ ʬʨʘʢʮʠʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʧʘʷʣʴʥʦʡ ʤʘʩʢʠ, 

ʢʣʝʝʚʳʭ ʩʠʩʪʝʤ ʠ ʢʦʤʧʘʫʥʜʦʚ ʩʧʦʩʦʙʥʳ ʤʠʛʨʠʨʦʚʘʪʴ ʠ ʦʩʘʞʜʘʪʴʩʷ ʥʘ 

ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʷʭ, ʢʦʥʪʘʢʪʘʭ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʜʘʪʯʠʢʘʭ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʳʙʦʨ ʜʠʵʣʝʢʪʨʠʢʘ, ʧʨʝʧʨʝʛʦʚ, ʢʣʝʝʚ ʠ ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʚʳʧʦʣʥʷʶʪ ʪʦʣʴʢʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʦʰʝʜʰʠʤ ʢʚʘʣʠʬʠʢʘʮʠʶ ʧʦ 

ʢʨʠʪʝʨʠʷʤ outgassing. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦ ʠ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ: ʤʘʪʝʨʠʘʣ, 

ʥʘʢʦʧʠʚʰʠʡ ʚʣʘʛʫ ʥʘ ʵʪʘʧʘʭ ʭʨʘʥʝʥʠʷ ʠ ʩʙʦʨʢʠ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ 

ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ ʠ ʥʘʛʨʝʚʝ ʩʧʦʩʦʙʝʥ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʫʭʫʜʰʝʥʠʝ ʘʜʛʝʟʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʠʟʤʝʥʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʦʩʪ ʨʠʩʢʘ ʤʝʞʩʣʦʡʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ. 

ʊʝʨʤʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʣʘʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʪʝʢʣʦʚʘʥʠʷ Tg, ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ Td, ʤʦʜʫʣʝʤ 

ʫʧʨʫʛʦʩʪʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʧʦ 

ʦʩʷʤ X, Y ʠ ʦʩʦʙʝʥʥʦ Z. ɼʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʦʩʪ ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʪʳ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʠʥʠʮʠʠʨʫʝʪ 

ʥʘʢʦʧʣʝʥʠʝ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʟʦʥʝ ʤʝʪʘʣʣʠʟʘʮʠʠ ʧʝʨʝʭʦʜʥʳʭ 

ʦʪʚʝʨʩʪʠʡ. ʇʦʵʪʦʤʫ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ 

ʩʠʩʪʝʤʘʤ ʩ ʧʦʚʳʰʝʥʥʦʡ Tg ʠ ʧʦʥʠʞʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ ʧʦ ʦʩʠ Z, ʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʝʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʩʠʤʤʝʪʨʠʶ ʩʣʦʝʚ, ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠ ʠ ʤʠʥʠʤʠʟʘʮʠʶ 

ʣʦʢʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʩ ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʞʝʩʪʢʦʩʪʴʶ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʩʪʝʢʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʦʣʱʠʥʳ 

ʩʝʨʜʝʯʥʠʢʦʚ ʠ ʧʨʝʧʨʝʛʦʚ ʚʳʙʠʨʘʶʪ ʥʝ ʪʦʣʴʢʦ ʠʟ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʠʟʦʣʷʮʠʠ, ʥʦ ʠ ʩ ʫʯʝʪʦʤ ʞʝʩʪʢʦʩʪʠ ʧʣʘʪʳ, ʜʦʧʫʩʪʠʤʦʡ ʤʘʩʩʳ, ʨʝʩʫʨʩʘ 

ʤʝʞʩʣʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʣʷ ʚʳʩʦʢʦʥʘʜʝʞʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʭʘʨʘʢʪʝʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʪʝʢʦʚ, ʠʩʢʣʶʯʘʶʱʠʭ 

ʢʦʨʦʙʣʝʥʠʝ ʧʦʩʣʝ ʣʘʤʠʥʘʮʠʠ ʠ ʧʘʡʢʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʠʛʦʥʦʚ ʤʝʜʠ ʧʦ ʩʣʦʷʤ 

ʜʦʣʞʥʦ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʨʘʚʥʦʚʝʰʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʚʳʨʘʞʝʥʥʘʷ ʘʩʠʤʤʝʪʨʠʷ 

ʚʳʟʳʚʘʝʪ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʣʦʩʢʦʩʪʥʦʩʪʠ. ɺ 

ʩʠʣʦʚʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʟʣʘʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʩʦʯʝʪʘʥʠʶ 

ʩʠʛʥʘʣʴʥʳʭ, ʦʧʦʨʥʳʭ ʠ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʩʣʦʝʚ, ʘ ʪʘʢʞʝ ʯʠʩʣʫ ʪʝʧʣʦʚʳʭ 

ʧʝʨʝʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ ʩ ʢʦʨʧʫʩʦʤ ʧʨʠʙʦʨʘ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ 

ʦʪʥʦʩʷʪʩʷ ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʤʝʞʩʣʦʡʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʅʘʜʝʞʥʦʩʪʴ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʩʚʝʨʣʝʥʠʷ, ʩʦʩʪʦʷʥʠʝʤ ʩʪʝʥʦʢ ʦʪʚʝʨʩʪʠʷ 

ʧʦʩʣʝ ʜʝʩʤʠʨʦʚʘʥʠʷ, ʧʦʣʥʦʪʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʤʝʜʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʫʩʪʦʪ, ʨʘʢʦʚʠʥ, ʨʘʩʩʣʦʝʥʠʡ ʠ 
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ʤʠʢʨʦʪʨʝʱʠʥ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʯʨʝʟʤʝʨʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʘʪʳ ʢ ʜʠʘʤʝʪʨʫ ʦʪʚʝʨʩʪʠʷ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ 

ʰʠʨʠʥʫ ʢʦʣʴʮʝʚʳʭ ʧʦʷʩʢʦʚ, ʘ ʜʣʷ ʤʝʣʢʦʨʘʟʤʝʨʥʳʭ ʧʝʨʝʭʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʝʦʤʝʪʨʠʶ, ʧʦʜʪʚʝʨʞʜʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠʤʝʥʥʦ ʟʦʥʘ ʧʝʨʝʭʦʜʘ 

çʧʣʦʱʘʜʢʘ ï ʮʠʣʠʥʜʨ ʤʝʪʘʣʣʠʟʘʮʠʠè ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʫʩʪʘʣʦʩʪʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʢ ʤʠʢʨʦʰʣʠʬʘʤ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʫʧʦʥʦʚ. 

ʄʘʪʝʨʠʘʣ ʤʝʜʥʦʡ ʬʦʣʴʛʠ ʠ ʩʦʩʪʦʷʥʠʝ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʞʝ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʥʘʷ ʠ 

ʧʨʦʢʘʪʘʥʥʘʷ ʤʝʜʴ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʪʨʫʢʪʫʨʝ ʟʝʨʥʘ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʧʦʚʝʜʝʥʠʶ 

ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ, ʧʦʵʪʦʤʫ ʪʠʧ ʬʦʣʴʛʠ ʚʳʙʠʨʘʶʪ ʩ ʫʯʝʪʦʤ 

ʥʘʟʥʘʯʝʥʠʷ ʧʣʘʪʳ, ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠ ʦʞʠʜʘʝʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ. ɼʣʷ ɺʏ-ʫʟʣʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʦʜʥʘʢʦ ʩʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʥʝ ʜʦʣʞʥʦ ʫʭʫʜʰʘʪʴ ʘʜʛʝʟʠʶ ʢ 

ʦʩʥʦʚʘʥʠʶ. ɺ ʛʠʙʢʠʭ ʠ ʛʠʙʢʦ-ʞʝʩʪʢʠʭ ʫʯʘʩʪʢʘʭ ʨʝʰʘʶʱʠʤ ʩʪʘʥʦʚʠʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʜʠ ʫʩʪʘʣʦʩʪʥʦʤʫ ʠʟʛʠʙʫ. 

ʅʝ ʤʝʥʝʝ ʟʥʘʯʠʤ ʚʳʙʦʨ ʬʠʥʠʰʥʦʛʦ ʧʦʢʨʳʪʠʷ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ. ɼʣʷ 

ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʢʣʦʥʥʳʭ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ whisker-ʩʪʨʫʢʪʫʨ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʪʦʛʦ ʦʣʦʚʘ ʩʯʠʪʘʝʪʩʷ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʠʢʝʣʴ-ʟʦʣʦʪʳʝ 

ʩʠʩʪʝʤʳ ʠ ʧʦʢʨʳʪʠʷ, ʩʦʚʤʝʩʪʠʤʳʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʤʠ 

ʧʨʠʧʦʷʤʠ, ʧʨʠ ʵʪʦʤ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʬʠʥʠʰʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʤʦʥʪʘʞʘ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʭʨʘʥʝʥʠʷ, ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʥʪʘʢʪʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʧʦʚʪʦʨʥʳʤ ʪʝʧʣʦʚʳʤ ʮʠʢʣʘʤ. ʇʘʷʣʴʥʘʷ ʤʘʩʢʘ ʠ ʟʘʱʠʪʥʳʝ 

ʧʦʢʨʳʪʠʷ ʪʘʢʞʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʥʠʟʢʦʛʦ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʘ ʠʭ ʘʜʛʝʟʠʷ ʢ ʦʩʥʦʚʘʥʠʶ ʠ ʤʝʜʠ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʠʩʧʳʪʘʥʠʷʤʠ. ɼʣʷ ʛʠʙʢʠʭ ʫʯʘʩʪʢʦʚ ʚʤʝʩʪʦ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʩʢʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪ ʧʦʣʠʤʝʨʥʳʡ coverlay, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʞʠʚʫʯʝʩʪʴʶ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʠʟʛʠʙʝ. 

ʊʝʧʣʦʚʦʡ ʜʠʟʘʡʥ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʦʪʚʦʜ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʠ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʯʝʨʝʟ ʢʦʨʧʫʩ ʧʨʠʙʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʯʘʩʪʴ ʪʝʧʣʦʚʦʛʦ ʪʨʘʢʪʘ ʠʟʜʝʣʠʷ. ɼʣʷ ʩʠʣʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʙʣʦʢʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʣʦʢʘʣʴʥʳʝ ʤʝʜʥʳʝ ʪʝʧʣʦʨʘʩʩʝʠʚʘʶʱʠʝ ʦʙʣʘʩʪʠ, ʪʝʧʣʦʚʳʝ via, ʫʪʦʣʱʝʥʥʫʶ ʤʝʜʴ 

ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʣʦʷʭ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʠʥʪʝʨʬʝʡʩ ʤʝʞʜʫ ʧʣʘʪʦʡ ʠ 

ʪʝʧʣʦʦʪʚʦʜʷʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʨʧʫʩʘ. ʅʝʜʦʩʪʘʪʦʯʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʤʧʦʥʝʥʪʘ; ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʦ ʧʣʦʱʘʜʠ ʠ ʪʦʣʱʠʥʝ ʧʣʘʪʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ 

ʬʦʨʤʠʨʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʣʘʪʳ ʜʦʣʞʥʘ ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʯʝʪʦʤ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʭʘʨʘʢʪʝʨʫ ʥʘʛʨʫʟʦʢ 

ʟʘʧʫʩʢʘ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʢʨʝʧʣʝʥʠʷ, ʪʦʣʱʠʥʘ ʧʣʘʪʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʧʦʨʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʷʞʝʣʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʣʠʯʠʝ ʣʦʢʘʣʴʥʳʭ ʚʳʨʝʟʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʨʦʚʝʥʴ 

ʠʟʛʠʙʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʄʘʩʩʦʠʥʝʨʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ï ʢʨʫʧʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ, 

ʜʨʦʩʩʝʣʠ, ʨʘʟʲʝʤʳ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʠ ʵʢʨʘʥʠʨʫʶʱʠʝ ʢʦʞʫʭʠ ï ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʟʤʝʱʘʪʴ ʚʙʣʠʟʠ ʟʦʥ ʢʨʝʧʣʝʥʠʷ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʬʠʢʩʠʨʦʚʘʪʴ ʢʣʝʝʚʳʤʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʘʡʢʠ, ʦʪʨʳʚʘ ʧʣʦʱʘʜʦʢ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʤʝʪʘʣʣʠʟʘʮʠʠ ʦʪʚʝʨʩʪʠʡ. 

ʈʘʜʠʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʤʧʦʥʝʥʪʥʫʶ ʙʘʟʫ, ʦʜʥʘʢʦ ʪʨʝʙʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚʣʠʷʶʪ ʠ ʥʘ 

ʧʣʘʪʫ ʢʘʢ ʥʘ ʯʘʩʪʴ ʦʙʱʝʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠʟʜʝʣʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʧʣʘʪʳ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʢʦʨʨʝʢʪʥʦʝ 

ʨʘʟʚʝʜʝʥʠʝ ʩʠʣʦʚʳʭ ʠ ʩʠʛʥʘʣʴʥʳʭ ʰʠʥ, ʤʠʥʠʤʠʟʘʮʠʶ ʧʘʨʘʟʠʪʥʳʭ ʩʚʷʟʝʡ, 

ʫʩʪʦʡʯʠʚʦʝ ʟʘʟʝʤʣʝʥʠʝ ʠ ʨʘʟʤʝʱʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʣʦʢʘʣʴʥʦʛʦ 

ʵʢʨʘʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʜʣʠʪʝʣʴʥʳʭ ʤʠʩʩʠʡ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʚʦʧʨʦʩʳ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʟʦʡ ʠ ʚʦʟʤʦʞʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʍʦʪʷ ʜʝʛʨʘʜʘʮʠʷ ʜʠʵʣʝʢʪʨʠʢʘ ʦʙʳʯʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʥʘ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʪʝʧʣʦʚʳʤʠ ʠ ʚʘʢʫʫʤʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ. 

ʆʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʙʫʝʪ ʯʠʩʪʦʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʩʪʘʪʢʠ ʬʣʶʩʘ, 

ʠʦʥʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʯʘʩʪʠʮʳ ʘʙʨʘʟʠʚʘ ʠ ʧʨʦʜʫʢʪʳ ʥʝʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ ʩʤʦʣʳ 

ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʦʢʠ ʫʪʝʯʢʠ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʫʶ ʤʠʛʨʘʮʠʶ 

ʠ ʩʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʚʳʩʦʢʦʦʤʥʳʭ, 

ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʮʝʧʝʡ. ʇʦʵʪʦʤʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʙʦʨʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ 

ʚʢʣʶʯʘʝʪ ʩʪʨʦʛʠʡ ʢʦʥʪʨʦʣʴ ʦʪʤʳʚʢʠ, ʯʠʩʪʦʪʳ ʚʦʜʳ, ʨʝʞʠʤʦʚ ʩʫʰʢʠ, ʫʩʣʦʚʠʡ 

ʭʨʘʥʝʥʠʷ ʟʘʛʦʪʦʚʦʢ, ʩʨʦʢʦʚ ʛʦʜʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ. ɺʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴ: ʢʘʞʜʘʷ ʧʘʨʪʠʷ ʜʠʵʣʝʢʪʨʠʢʘ, ʧʨʝʧʨʝʛʘ, 

ʤʝʜʥʦʡ ʬʦʣʴʛʠ, ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʦʢʨʳʪʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʢʦʥʢʨʝʪʥʦʡ ʩʝʨʠʝʡ ʧʣʘʪ, ʢʫʧʦʥʦʚ ʠ ʧʨʦʪʦʢʦʣʘʤʠ ʠʩʧʳʪʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʩʚʦʡʩʪʚ: ʥʠʟʢʠʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʚʳʩʦʢʦʡ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʠʙʨʘʮʠʦʥʥʳʤ ʠ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʟʘʧʫʩʢʘ, ʥʘʜʝʞʥʦʩʪʴʶ 

ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʠ ʤʝʞʩʣʦʡʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ 

ʪʝʧʣʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ ʠ ʧʦʣʥʦʡ 

ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʝʨʘʮʠʡ. ʊʦʣʴʢʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʚʳʧʦʣʥʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʜʣʠʪʝʣʴʥʦʡ ʠ ʙʝʟʦʪʢʘʟʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʜʝʣʠʷ. 
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ʌɻɸʆʋ ɺʆ çʅʀʋ çʄʀʕʊè ʛ. ʄʦʩʢʚʘ 

 
ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ 

ʅɽʁʈʆʉɽʊɽɺʓʍ ʊɽʍʅʆʃʆɻʀʁ 

 
ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʉʀʀ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ.  

ʉʀʀ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ ɻʆʉʊ ʈ 59277-2020 ʧʦ 12 ʦʩʥʦʚʘʥʠʷʤ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʨʘʞʘʶʪʩʷ ʢʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉʀʀ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ [1]: 

- ʧʦ ʩʪʝʧʝʥʠ ʘʚʪʦʥʦʤʥʦʩʪʠ; 

- ʧʦ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ; 

- ʧʦ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʧʨʠʥʮʠʧʫ; 

- ʧʦ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ; 

- ʧʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ; 

- ʧʦ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

- ʧʦ ʬʫʥʢʮʠʷʤ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ; 

- ʧʦ ʤʝʪʦʜʘʤ ʠʥʪʝʛʨʘʮʠʠ ʠ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ; 

- ʧʦ ʦʧʘʩʥʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ; 

- ʧʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ; 

- ʧʦ ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʯʝʣʦʚʝʢʦʤ-ʦʧʝʨʘʪʦʨʦʤ. 

ɻʆʉʊ ʦʧʨʝʜʝʣʷʝʪ ʝʜʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʉʀʀ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʊʝʨʤʠʥʳ çʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪè, çʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝè (ʄʆ)  

ʠ çʥʝʡʨʦʥʥʳʝ ʩʝʪʠè (ʅʉ) (ʨʠʩ.1) ʯʘʩʪʦ ʦʰʠʙʦʯʥʦ ʦʪʦʞʜʝʩʪʚʣʷʶʪ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʠʭ ʨʘʟʣʠʯʠʷ ʧʦ ʫʨʦʚʥʷʤ ʩʣʦʞʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ [2]. 

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʉʀʀ ï ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʠʤʠʪʘʮʠʷ ʨʘʙʦʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. 
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ʇʦ ʫʨʦʚʥʷʤ ʨʘʟʚʠʪʠʷ ʉʀʀ ʜʝʣʠʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

- ʩʣʘʙʳʡ (Weak, ʠʣʠ Narrow AI) ï ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʀʀ, ʥʘʧʨʠʤʝʨ, 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ; 

- ʩʠʣʴʥʳʡ (Strong, ʠʣʠ General AI) ï ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʬʦʨʤʘ ʀʀ, ʦʙʣʘʜʘʶʱʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ, ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʤʳʰʣʝʥʠʶ; 

- ʩʫʧʝʨʠʥʪʝʣʣʝʢʪ (Superintelligence) ï ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ, ʝʱʝ ʥʝ ʩʦʟʜʘʥʥʘʷ 

ʩʠʩʪʝʤʘ, ʦʙʣʘʜʘʶʱʘʷ ʠʥʪʝʣʣʝʢʪʦʤ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʯʝʣʦʚʝʯʝʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʀʀ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʨʘʟʚʠʪʠʷ, ʠʭ ʯʠʩʣʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʅʝʡʨʦʩʝʪʴ ï ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʥʝʡʨʦʥʥʳʝ ʩʚʷʟʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ɺ ʦʩʥʦʚʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʣʝʞʠʪ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. 

ʄʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ (ʄʆ, ʘʥʛʣ. machine learning) ï ʨʘʟʜʝʣ ʀʀ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʳʚʦʜʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ  

ʠ ʧʨʝʜʩʢʘʟʘʥʠʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʄʆ ʧʦʟʚʦʣʷʝʪ 

ʩʠʩʪʝʤʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʚʘʠʚʘʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʨʦʚ,  

ʙʝʟ ʞʸʩʪʢʦ ʟʘʜʘʥʥʳʭ ʢʦʤʘʥʜ. 

ʂʣʶʯʝʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʄʆ: 

- ʘʣʛʦʨʠʪʤ ï ʧʨʦʛʨʘʤʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʣʦʛʠʢʫ ʦʙʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ: ʩʘʤʦʣʸʪ, ʜʨʦʥ, ʨʘʢʝʪʘ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʠ ʩʠʛʥʘʪʫʨʝ); 

- ʥʘʙʦʨ ʜʘʥʥʳʭ ï ʦʙʫʯʘʶʱʠʝ ʧʨʠʤʝʨʳ (ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʥʠʤʢʦʚ  

ʩ ɹʧʃɸ); 

- ʧʨʠʟʥʘʢʠ ï ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ: ʧʨʠ ʦʙʫʯʝʥʠʠ ʩ 

ʫʯʠʪʝʣʝʤ (ʨʘʟʤʝʪʢʘ ʚʨʫʯʥʫʶ: ʪʝʧʣʦʚʦʡ ʩʣʝʜ, ʦʪʨʘʞʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʲʝʢʪʘ);  

ʙʝʟ ʫʯʠʪʝʣʷ ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʰʘʙʣʦʥʦʚ ʚ ʨʘʟʚʝʜʜʘʥʥʳʭ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʯʝʪʳʨʝʭ ʵʪʘʧʦʚ: ʧʦʜʘʯʘ ʚʭʦʜʥʦʛʦ ʩʣʦʷ (ʠʟʦʙʨʘʞʝʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ), ʝʛʦ ʦʙʨʘʙʦʪʢʘ ʩʢʨʳʪʳʤʠ ʩʣʦʷʤʠ ʥʝʡʨʦʩʝʪʠ (ʦʮʝʥʢʘ ʧʨʠʟʥʘʢʦʚ (ʬʦʨʤʘ, 

ʩʢʦʨʦʩʪʴ), ʧʦʠʩʢ ʰʘʙʣʦʥʦʚ), ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʥʘ ʚʳʭʦʜʝ (ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ 
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ʦʙʲʝʢʪʘ) ʠ ʦʙʫʯʝʥʠʝ (ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʘʚʠʣʴʥʳʤ ʦʪʚʝʪʦʤ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚʝʩʘ 

ʩʚʷʟʝʡ, ʧʦʚʪʦʨʷʶʱʘʷʩʷ ʤʥʦʛʦʢʨʘʪʥʦ). 

ʅʝʡʨʦʩʝʪʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ, ʨʝʞʠʤʫ ʦʙʫʯʝʥʠʷ ʠ ʧʨʠʨʦʜʝ 

ʜʘʥʥʳʭ: 

ɸʨʭʠʪʝʢʪʫʨʘ: ʧʝʨʩʝʧʪʨʦʥʳ (ʣʠʥʝʡʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ), ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʧʝʨʮʝʧʪʨʦʥʳ (MLP, ʛʣʫʙʦʢʦʝ ʦʙʫʯʝʥʠʝ), ʨʝʢʫʨʨʝʥʪʥʳʝ ʩʝʪʠ (RNN  

ʜʣʷ ʪʨʘʝʢʪʦʨʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ), ʩʚʝʨʪʦʯʥʳʝ ʩʝʪʠ (CNN ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʈʃʉ), ʪʨʘʥʩʬʦʨʤʝʨʳ (ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ ʜʣʷ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʜʘʥʥʳʭ). 

ʆʙʫʯʝʥʠʝ: ʩ ʫʯʠʪʝʣʝʤ (ʨʝʛʨʝʩʩʠʷ/ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʨʘʟʤʝʯʝʥʥʳʤ 

ʪʨʘʝʢʪʦʨʠʷʤ), ʙʝʟ ʫʯʠʪʝʣʷ (ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʫʛʨʦʟ),  

ʩ ʧʦʜʢʨʝʧʣʝʥʠʝʤ (ʘʜʘʧʪʘʮʠʷ ʚ ʨʦʝʚʦʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ). 

ɼʘʥʥʳʝ: ʥʝʧʨʝʨʳʚʥʳʝ (ʩʢʦʨʦʩʪʴ, ʚʳʩʦʪʘ), ʜʠʩʢʨʝʪʥʳʝ (ʪʠʧ ʦʙʲʝʢʪʘ), 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ (ʚʠʜʝʦʧʦʪʦʢʠ). 

ʅʝʡʨʦʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʦʙʦʨʦʥʫ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʚʦʝʥʥʦʡ ʦʙʣʘʩʪʠ ʥʝʡʨʦʩʝʪʠ ʚʥʝʜʨʷʶʪʩʷ  

ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ  

ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ɹʧʃɸ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʡʨʦʩʝʪʠ 

ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ï ʧʝʨʝʭʚʘʪʯʠʢʠ ɹʧʃɸ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʚ ʛʨʘʞʜʘʥʩʢʦʡ (ʧʝʨʝʭʚʘʪ ɹʧʃɸ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, 

ʟʘʧʨʝʱʝʥʥʳʭ ʜʣʷ ʧʦʣʝʪʦʚ), ʪʘʢ ʠ ʚ ʚʦʝʥʥʦʡ ʩʬʝʨʘʭ (ʜʣʷ ʟʘʱʠʪʳ ʛʨʘʞʜʘʥʩʢʠʭ 

ʦʙʲʝʢʪʦʚ). 

ʀʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʦʩʩʠʡʩʢʠʝ ɹʧʃɸ-ʧʝʨʝʭʚʘʪʯʠʢʠ 

çɽʣʢʘè ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʝʨʩʝʧʪʨʦʥʳ ʜʣʷ ʩʚʝʨʭʙʳʩʪʨʦʛʦ (ʤʝʥʝʝ 50 ʤʩ) 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ɹʧʃɸ ʧʨʦʪʠʚʥʠʢʘ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ  

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ, ʧʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʧʝʨʝʭʚʘʪʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 35%,  

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʀʀ.  

ʇʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʶʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʥʘʧʨʠʤʝʨ, ʫʢʨʘʠʥʩʢʠʡ 

Sting ʠ ʘʤʝʨʠʢʘʥʩʢʠʡ Merops ʠʩʧʦʣʴʟʫʶʪ ʛʝʥʝʨʘʪʠʚʥʦ-ʩʦʩʪʷʟʘʪʝʣʴʥʳʝ ʩʝʪʠ 

(GAN) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʦʞʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʈʕɹ, ʘ ʘʤʝʨʠʢʘʥʩʢʠʡ 

Maven ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ 

ɹʧʃɸ RQ-4 Global Hawk ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʜʦ 95% [3]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʦʝʥʥʦʡ,  

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʦ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʕʪʦ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ 

ʀʀ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪ ʧʨʠʤʝʥʷʪʴʩʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʠʩʢ ʨʝʰʝʥʠʡ  

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʡ ʀʀ, ʥʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʝʡʨʦʩʝʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦ ʚʩʝʭ 

ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʉʀʀ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʦʩʦʙʝʥʥʦ 

ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ɹʧʃɸ, ʛʜʝ ʥʝʡʨʦʩʝʪʝʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʝʨʘʪʠʚʥʦʝ ʮʝʣʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʤʠʥʠʤʠʟʘʮʠʶ 

ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʨʝʙʫʝʪ ʬʦʢʫʩʘ ʥʘ ʛʠʙʨʠʜʥʳʭ 

ʘʨʭʠʪʝʢʪʫʨʘʭ ʩ ʨʘʟʚʠʪʠʝʤ ʨʦʝʚʳʭ ʩʮʝʥʘʨʠʝʚ ʫʧʨʘʚʣʝʥʠʷ ɹʧʃɸ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʧʦʚʳʩʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʦʨʦʥʥʳʭ ʩʠʩʪʝʤ ʢ ʧʦʩʪʦʷʥʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ 

ʫʛʨʦʟʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʦʪ ɹʧʃɸ. 
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ʌɻɸʆʋ ɺʆ çʅʀʋ çʄʀʕʊè ʛ. ʄʦʩʢʚʘ 

 
ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ, 

ʀʍ ʂʃɸʉʉʀʌʀʂɸʎʀʗ ʀ ʇʈʀʄɽʅɽʅʀɽ  

ɺ ʈɸɿʃʀʏʅʓʍ ʉʌɽʈɸʍ ɼɽʗʊɽʃʔʅʆʉʊʀ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʘʶʪ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʉʀʀ), ʢʦʪʦʨʳʝ ʚʩʝ ʛʣʫʙʞʝ ʧʨʦʥʠʢʘʶʪ ʚʦ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʀʀ, ʩʧʦʩʦʙʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʠʥʠʤʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʧʦ ʢʘʯʝʩʪʚʫ, 

ʩʨʘʚʥʠʤʳʝ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ. 

ʉʀʀ ï ʧʨʦʛʨʘʤʤʥʳʝ ʠʣʠ ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʸʤʳ ʜʘʥʥʳʭ, ʚʳʷʚʣʷʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʰʘʙʣʦʥʳ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʩʣʦʞʥʳʝ ʚʳʯʠʩʣʝʥʠʷ  

ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʙʳʪʠʡ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʉʀʀ ʧʦʜʨʦʙʥʦ ʨʘʩʢʨʳʪʘ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɻʆʉʊ ʈ 59277-2020), ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʘ ʩʭʝʤʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʪʨʘʞʘʶʱʘʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉʀʀ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ɻʆʉʊ ʈ 59277-2020 ʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʧʦʣʥʝʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʉʀʀ ʢʘʢ ʧʦ ʥʦʚʳʤ ʦʩʥʦʚʘʥʠʷʤ, ʪʘʢ ʠ ʧʫʪʝʤ ʜʝʪʘʣʠʟʘʮʠʠ ʢʣʘʩʩʦʚ 

ʧʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ. 

ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʉʀʀ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʧʦʩʦʙʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʘ. ɺ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʉʀʀ:  

ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ï ʠʩʧʦʣʴʟʫʶʪ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʵʢʩʧʝʨʪʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ 

ʦʙʣʘʩʪʷʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʟʥʘʥʠʡ ʚ ʚʠʜʝ 

ʧʨʘʚʠʣ ʠ ʣʦʛʠʯʝʩʢʠʭ ʚʳʚʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʠ ʜʘʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʵʢʩʧʝʨʪʘʤ; 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ï ʤʦʜʝʣʠʨʫʶʪ ʨʘʙʦʪʫ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʦʙʫʯʝʥʠʷ. ʆʥʠ ʩʦʩʪʦʷʪ  
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ʠʟ ʥʝʡʨʦʥʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʚʷʟʷʤ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʦʙʫʯʘʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʩʠʪʫʘʮʠʷʤ; 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ï ʧʨʠʤʝʥʷʶʪ ʧʨʠʥʮʠʧʳ ʵʚʦʣʶʮʠʠ ʠ ʛʝʥʝʪʠʢʠ  

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ. ʆʥʠ ʠʤʠʪʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʦʪʙʦʨ ʠ ʤʫʪʘʮʠʠ 

ʜʣʷ ʧʦʠʩʢʘ ʥʘʠʣʫʯʰʠʭ ʨʝʰʝʥʠʡ; 

ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ï ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ  

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʠʟʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʤʦʛʫʪ ʨʘʩʧʦʟʥʘʚʘʪʴ ʣʠʮʘ, ʦʙʲʝʢʪʳ, 

ʦʙʨʘʟʮʳ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠʣʠ ʚʠʜʝʦ; 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ ï ʦʙʲʝʜʠʥʷʝʪ ʘʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʨʦʙʦʪʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʚʳʧʦʣʥʷʪʴ 

ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ, ʧʨʠ ʵʪʦʤ ʨʦʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠʣʠ ʘʚʪʦʥʦʤʥʳʤʠ 

ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʤʝʜʠʮʠʥʘ, 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʜʨ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʢʣʘʩʩʳ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʩʢʣʶʯʘʶʪ ʜʨʫʛ ʜʨʫʛʘ: ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʉʀʀ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʢʣʘʩʩʦʚ, ʘ ʜʣʷ ʜʨʫʛʠʭ ï 

ʥʝʩʢʦʣʴʢʦ.  

ʆʩʥʦʚʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʉʀʀ ʤʦʛʫʪ ʙʳʪʴ: 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ï ʉʀʀ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʠ ʛʦʩʧʨʦʛʨʘʤʤʘʤʠ: ʩʧʝʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʘʥʘʣʠʟʠʨʫʶʪ ʚʳʧʦʣʥʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʨʦʛʥʦʟʠʨʫʶʪ 

ʨʠʩʢʠ ʠʭ ʥʝʚʳʧʦʣʥʝʥʠʷ ʠ ʚʳʷʚʣʷʶʪ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʝʢʪʘʤʠ,  

ʧʨʠ ʵʪʦʤ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʱʝʥʠʡ ʛʨʘʞʜʘʥ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ 

ʪʨʘʬʠʢʘ (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ) [2]; 

ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ, ʬʠʟʠʯʝʩʢʦʡ 

ʟʘʱʠʪʝ ʠ ʘʥʘʣʠʟʝ ʫʛʨʦʟ, ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʥʘʨʫʞʝʥʠʝ ʨʠʩʢʦʚ, 

ʨʝʘʛʠʨʦʚʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʘʪʘʢʠ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ. ɺ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʉʀʀ ʘʥʘʣʠʟʠʨʫʶʪ ʩʝʪʝʚʦʡ ʪʨʘʬʠʢ, ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʩʦʙʳʪʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʚʨʝʜʦʥʦʩʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ DDoS-ʘʪʘʢ. ʇʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʬʠʟʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʀʀ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʙʠʦʤʝʪʨʠʶ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʧʦʭʦʜʢʠ ʠ ʵʤʦʮʠʡ  

ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʛʨʦʟʳ (ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ) [3]; 

ʦʙʱʝʦʪʨʘʩʣʝʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ  

ʠ ʤʝʭʘʥʠʟʤʳ, ʧʨʠʤʝʥʠʤʳʝ ʢʦ ʚʩʝʤ ʩʝʢʪʦʨʘʤ ʵʢʦʥʦʤʠʢʠ, ʙʝʟ ʧʨʠʚʷʟʢʠ  

ʢ ʢʦʥʢʨʝʪʥʳʤ ʦʪʨʘʩʣʷʤ, ʚʢʣʶʯʘʶʪ ʫʧʨʦʱʝʥʠʝ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʯʝʨʝʟ 

ʨʝʛʫʣʷʪʦʨʥʳʝ çʧʝʩʦʯʥʠʮʳè ʠ ʧʦʣʠʛʦʥʳ ʦʙʱʝʛʦ ʜʦʩʪʫʧʘ (ʨʦʙʦʪʦʪʝʭʥʠʢʘ) [4]; 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʥʠʞʘʶʪʩʷ 

ʟʘʪʨʘʪʳ, ʦʩʦʙʝʥʥʦ ʉʀʀ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʧʨʝʜʠʢʪʠʚʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʘʥʘʣʠʪʠʢʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʦʤʦʢ, ʚʳʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʧʨʦʜʫʢʮʠʠ  

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ (ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʵʢʩʧʝʨʪʥʳʝ 

ʩʠʩʪʝʤʳ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ) [5]; 

ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ï ʫʣʫʯʰʘʝʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ 

ʠʭ ʣʝʯʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ 
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ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʤʝʜʠʮʠʥʳ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʉʀʀ ʧʦʤʦʛʘʶʪ  

ʚ ʧʦʜʙʦʨʝ ʪʝʨʘʧʠʠ, ʘ ʧʨʦʘʢʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʦʩʣʦʞʥʝʥʠʷ 

(ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ; ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ) [6]; 

ʪʦʨʛʦʚʣʷ ï ʉʀʀ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠ ʫʣʫʯʰʝʥʠʷ ʢʣʠʝʥʪʩʢʦʛʦ ʦʧʳʪʘ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʧʨʦʩ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʩʪʘʚʢʠ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ, ʘʥʘʣʠʟʠʨʫʶʪ 

ʧʦʚʝʜʝʥʠʝ ʧʦʢʫʧʘʪʝʣʝʡ, ʦʪʩʣʝʞʠʚʘʶʪ ʧʦʢʫʧʢʠ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪ ʙʫʜʫʱʠʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ. ʊʘʢʞʝ ʉʀʀ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʫʯʠʪʳʚʘʷ ʩʧʨʦʩ, 

ʢʦʥʢʫʨʝʥʪʦʚ ʠ ʩʝʟʦʥʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʷʶʪ ʮʝʧʦʯʢʘʤʠ ʧʦʩʪʘʚʦʢ  

ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʟʜʝʨʞʝʢ. ʏʘʪ-ʙʦʪʳ ʠ ʚʠʨʪʫʘʣʴʥʳʝ ʘʩʩʠʩʪʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʨʫʛʣʦʩʫʪʦʯʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʧʦʚʳʰʘʷ ʣʦʷʣʴʥʦʩʪʴ ʧʦʢʫʧʘʪʝʣʝʡ (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, 

ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ) [7]; 

ʬʠʥʘʥʩʦʚʘʷ ʩʬʝʨʘ ʠ ʙʘʥʢʠ ï ʉʀʀ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʫʩʣʫʛ, ʚʳʷʚʣʷʶʪ ʩʣʫʯʘʠ 

ʤʦʰʝʥʥʠʯʝʩʪʚʘ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʫʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʫʶʪ 

ʧʨʝʜʣʦʞʝʥʠʷ ʜʣʷ ʢʣʠʝʥʪʦʚ (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ) [8]; 

ʪʨʘʥʩʧʦʨʪ ʠ ʣʦʛʠʩʪʠʢʘ ï ʉʀʀ ʨʘʩʩʯʠʪʳʚʘʶʪ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʜʦʩʪʘʚʢʠ, 

ʫʯʠʪʳʚʘʶʪ ʧʨʦʙʢʠ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ  

ʚ ʧʫʪʠ ʠ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʜʠʥʘʤʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʤʘʨʰʨʫʪʳ, ʧʨʦʛʥʦʟʠʨʫʶʪ 

ʧʦʣʦʤʢʠ ʪʨʘʥʩʧʦʨʪʘ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʨʦʩʪʦʠ ʠ ʨʠʩʢʠ ʘʚʘʨʠʡ, ʦʨʛʘʥʠʟʫʶʪ 

ʫʧʨʘʚʣʝʥʠʝ ʩʢʣʘʜʘʤʠ ʠ ʛʨʫʟʘʤʠ, ʩʥʠʞʘʷ ʦʰʠʙʢʠ ʠ ʫʩʢʦʨʷʷ ʦʧʝʨʘʮʠʠ, 

ʘʥʘʣʠʟʠʨʫʶʪ ʩʧʨʦʩ, ʦʧʪʠʤʠʟʠʨʫʷ ʟʘʧʘʩʳ ʠ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ. ɺ ʫʤʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʷʶʪ ʪʨʘʬʠʢʦʤ, ʩʚʝʪʦʬʦʨʘʤʠ ʠ ʧʘʨʢʦʚʢʘʤʠ, ʜʝʣʘʷ 

ʜʦʨʦʛʠ ʙʝʟʦʧʘʩʥʝʝ (ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ) [9]; 

ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ï ʉʀʀ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʨʦʞʘʡʥʦʩʪʠ, ʧʦʤʦʛʘʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʩ ʜʨʦʥʦʚ, 

ʩʧʫʪʥʠʢʦʚ ʠ ʩʝʥʩʦʨʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦʣʠʚ, ʫʜʦʙʨʝʥʠʝ ʠ ʙʦʨʴʙʫ  

ʩ ʚʨʝʜʠʪʝʣʷʤʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʝʚʦʚ, ʩʦʟʜʘʶʪ ʢʘʨʪʳ ʧʦʣʝʡ, 

ʚʳʷʚʣʷʷ ʙʦʣʝʟʥʠ, ʜʝʬʠʮʠʪ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚʨʝʜʠʪʝʣʝʡ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʨʘʩʭʦʜʳ ʥʘ ʧʨʝʧʘʨʘʪʳ, ʧʨʦʛʥʦʟʠʨʫʶʪ ʫʨʦʞʘʡʥʦʩʪʴ, ʫʯʠʪʳʚʘʷ ʧʦʛʦʜʫ, ʩʦʩʪʦʷʥʠʝ 

ʧʦʯʚʳ ʠ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɺ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʉʀʀ ʦʧʪʠʤʠʟʠʨʫʶʪ 

ʢʦʨʤʣʝʥʠʝ, ʨʘʟʚʝʜʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʬʝʨʤʘʤʠ (ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʨʦʙʦʪʦʪʝʭʥʠʢʘ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ) [10]; 

ʢʦʥʮʝʧʮʠʷ çʋʤʥʳʡ ʛʦʨʦʜè ʠʩʧʦʣʴʟʫʝʪ ʉʀʀ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʞʠʪʝʣʝʡ. 

ʇʨʠʤʝʥʷʝʪʩʷ ʚ ʧʷʪʠ ʦʩʥʦʚʥʳʭ ʩʬʝʨʘʭ: ʙʝʟʦʧʘʩʥʳʡ ʛʦʨʦʜ, ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʣʶʜʝʡ, 

ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʠʥʚʝʩʪʠʮʠʠ ʠ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ (ʥʝʡʨʦʩʝʪʠ, ʵʢʩʧʝʨʪʥʳʝ 

ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ); 

ʵʢʦʣʦʛʠʷ ï ʉʀʀ ʧʦʤʦʛʘʶʪ ʨʝʰʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ  

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʟʘʛʨʷʟʥʝʥʠʝ, ʘʥʘʣʠʟʠʨʫʶʪ ʦʛʨʦʤʥʳʝ ʜʘʥʥʳʝ  

ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʪʘʩʪʨʦʬ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ 
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ʨʝʩʫʨʩʦʚ, ʫʣʫʯʰʘʶʪ ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʯʝʨʝʟ ʘʥʘʣʠʟ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʥʠʤʢʦʚ ʠ ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ (ʥʝʡʨʦʩʝʪʠ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ);  

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʫʢʘ ï ʉʀʀ ʧʨʝʜʣʘʛʘʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ 

ʦʙʫʯʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʉʀʀ ʧʝʨʩʦʥʘʣʠʟʠʨʫʶʪ 

ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, ʧʦʜʩʪʨʘʠʚʘʷ ʤʘʪʝʨʠʘʣʳ ʧʦʜ ʫʨʦʚʝʥʴ ʠ ʪʝʤʧ ʢʘʞʜʦʛʦ 

ʦʙʫʯʘʶʱʝʛʦʩʷ, ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʧʨʦʚʝʨʢʫ ʟʘʜʘʥʠʡ ʠ ʩʦʟʜʘʥʠʝ ʪʝʩʪʦʚ.  

ɺ ʥʘʫʢʝ ʉʀʀ ʫʩʢʦʨʷʶʪ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʛʝʥʝʨʘʮʠʶ ʠʜʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ. ʅʝʡʨʦʩʝʪʠ 

ʧʦʤʦʛʘʶʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʧʨʦʮʝʩʩʳ (ʥʝʡʨʦʩʝʪʠ); 

ʩʬʝʨʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ï ʉʀʀ ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʨʠʩʢʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʠʢʪʠʚʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ  

ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʨʘʙʘʪʳʚʘʶʪ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  

ʠ ʧʦʤʦʛʘʶʪ ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, 

ʨʦʙʦʪʦʪʝʭʥʠʢʘ). 

ʇʨʠʤʝʥʝʥʠʝ ʉʀʀ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, 

ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʩʬʝʨʳ, ʛʜʝ ʦʥʠ ʪʦʣʴʢʦ ʟʘʨʦʞʜʘʶʪʩʷ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ  

ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʩʠʩʪʝʤ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʛʨʘʥʠʯʝʥʠʷ  

ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠ ʪʨʝʙʦʚʘʥʠʡ. ʉʀʀ 

ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʧʝʨʩʧʝʢʪʠʚʳ  

ʠʭ ʨʘʟʚʠʪʠʷ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʜʠʥʘʤʠʯʥʳʭ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʧʨʦʨʳʚʥʳʭè ʪʝʭʥʦʣʦʛʠʡ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʆɹɿʆʈ ʄɽʊʆɼʆɺ ʆʇʊʀʏɽʉʂʆʁ ʖʉʊʀʈʆɺʂʀ ʉʀʉʊɽʄ ʊʀʇɸ 

LWIR -ʂɸʄɽʈʓ ʉ ʃɸɿɽʈʅʓʄ ɼɸʃʔʅʆʄɽʈʆʄ-ʎɽʃɽʋʂɸɿɸʊɽʃɽʄ 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʷ ʠ ʮʝʣʝʫʢʘʟʘʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʘʚʠʘʮʠʦʥʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʲʝʜʠʥʷʶʪ ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ ʪʝʧʣʦʚʠʟʠʦʥʥʫʶ ʢʘʤʝʨʫ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (LWIR, 8õ14 ʤʢʤ) ʠ ʣʘʟʝʨʥʳʡ 

ʜʘʣʴʥʦʤʝʨ-ʮʝʣʝʫʢʘʟʘʪʝʣʴ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʣʠʥʠʡ ʚʠʟʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʣʘʟʝʨʘ [1, 2]. 

ʆʧʪʠʯʝʩʢʠʝ ʦʩʠ ʦʙʦʠʭ ʢʘʥʘʣʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʳ. 

ʇʝʨʚʠʯʥʘʷ ʶʩʪʠʨʦʚʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʣʘʟʝʨʥʦʛʦ ʢʘʥʘʣʘ. ʅʦ ʪʘʢʞʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʦʩʝʡ ʥʝʦʙʭʦʜʠʤʳ ʢʘʢ 

ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʜʘʯʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 

ʚʩʣʝʜʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

LWIR-ʢʘʤʝʨʘ ʠ ʣʘʟʝʨʥʳʡ ʢʘʥʘʣ ʨʘʙʦʪʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʘʭ. ʂʘʤʝʨʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʣʫʯʝʥʠʶ 8õ14 ʤʢʤ, ʪʦʛʜʘ ʢʘʢ ʣʘʟʝʨʥʳʡ 

ʜʘʣʴʥʦʤʝʨ-ʮʝʣʝʫʢʘʟʘʪʝʣʴ ʠʟʣʫʯʘʝʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,064 ʤʢʤ ʠʣʠ 1,55 ʤʢʤ. 

ʊʝʧʣʦʚʠʟʦʨ ʥʝ ʤʦʞʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʪʴ ʣʘʟʝʨʥʳʡ ʣʫʯ, ʯʪʦ ʩʦʟʜʘʸʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʶʩʪʠʨʦʚʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʪʠʯʝʩʢʠʝ ʦʩʠ 

ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʣʘʟʝʨʘ ʨʘʟʥʝʩʝʥʳ ʦʙʳʯʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ. 

ʇʘʨʘʣʣʘʢʩ, ʚʦʟʥʠʢʘʶʱʠʡ ʠʟ-ʟʘ ʨʘʟʥʝʩʝʥʠʷ ʦʩʝʡ, ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ 

ʠʣʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʭ ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʩ 

ʢʦʣʣʠʤʘʪʦʨʦʤ (ʨʠʩ. 1) [1, 2].  

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʤʝʪʦʜʘ ʶʩʪʠʨʦʚʢʠ ʣʘʟʝʨʘ ʠ ʪʝʧʣʦʚʠʟʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʠ ʢʦʣʣʠʤʘʪʦʨʘ 

 

ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʪʝʧʣʦʚʦʝ. ʆʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘʧʨʦʪʠʚ ʢʦʣʣʠʤʘʪʦʨʘ ʚ ʚʠʜʝ 
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ʧʘʨʘʙʦʣʠʯʩʢʦʛʦ ʟʝʨʢʘʣʘ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1õ3 ʤ. ʃʘʟʝʨʥʳʡ ʣʫʯ, ʦʪʨʘʞʘʷʩʴ ʦʪ 

ʟʝʨʢʘʣʘ, ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʦʛʣʦʱʘʶʱʫʶ ʧʣʘʩʪʠʥʫ ʚ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʢʦʣʣʠʤʘʪʦʨʘ. ɺ ʤʝʩʪʝ ʧʦʧʘʜʘʥʠʷ ʤʘʪʝʨʠʘʣ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʠʩʧʫʩʢʘʝʪ ʪʝʧʣʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 8õ14 ʤʢʤ. ʆʪʨʘʞʸʥʥʦʝ ʟʝʨʢʘʣʦʤ ʠʟʣʫʯʝʥʠʝ ʧʦʩʪʫʧʘʝʪ ʢ 

ʪʝʧʣʦʚʠʟʦʨʫ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʷʨʢʦʛʦ ʧʷʪʥʘ. 

ʖʩʪʠʨʦʚʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʚʤʝʱʝʥʠʝʤ ʧʝʨʝʢʨʝʩʪʠʷ ʪʝʧʣʦʚʠʟʦʨʘ ʩ 

ʠʟʦʙʨʘʞʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʧʷʪʥʘ (ʨʠʩ. 2). ʊʦʯʥʦʩʪʴ ʶʩʪʠʨʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ 

50õ100 ʤʢʨʘʜ [1]. ʇʦʩʢʦʣʴʢʫ ʢʦʣʣʠʤʘʪʦʨ ʩʦʟʜʘʸʪ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ, ʪʦʯʥʦʩʪʴ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʘʣʴʥʦʩʪʠ ʜʦ ʮʝʣʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʦʙʨʘʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʮʝʣʴʥʦʡ ʤʝʪʢʠ 

ʪʝʧʣʦʚʠʟʦʨʘ  
 

ʊʝʨʤʠʯʝʩʢʘʷ ʤʠʰʝʥʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʸʚ, ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ ʩ ʥʠʟʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʪʝʧʣʦʦʪʚʦʜʷʱʝʛʦ 

ʩʣʦʷ ʜʣʷ ʨʘʩʩʝʷʥʠʷ ʪʝʧʣʘ. ʊʘʢʘʷ ʤʠʰʝʥʴ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʙʝʟ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʢʘʜʨʦʚ ʪʝʧʣʦʚʠʟʦʨʘ, ʪʘʢ ʢʘʢ ʥʘʛʨʝʪʦʝ ʧʷʪʥʦ ʤʦʞʝʪ 

ʩʦʭʨʘʥʷʪʴ ʢʦʥʪʨʘʩʪ ʦʢʦʣʦ 30 ʤʩ [2]. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʦʩʝʡ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʝʟ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʤʝʪʦʜ ʧʦʣʝʚʦʡ ʶʩʪʠʨʦʚʢʠ ʧʦ ʫʜʘʣʸʥʥʦʡ ʮʝʣʠ [3]. ʉʫʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ ʥʘ ʢʦʥʪʨʘʩʪʥʳʡ ʪʝʧʣʦʚʦʡ ʠʩʪʦʯʥʠʢ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ ʠ ʩʨʘʚʥʝʥʠʠ ʧʦʢʘʟʘʥʠʡ ʪʝʧʣʦʚʠʟʦʨʘ ʠ 

ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ. ʆʧʝʨʘʪʦʨ ʥʘʚʦʜʠʪ ʩʠʩʪʝʤʫ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ ʪʝʧʣʦʚʠʟʦʨʘ 

ʠ ʠʟʤʝʨʷʝʪ ʜʘʣʴʥʦʩʪʴ. ɽʩʣʠ ʣʘʟʝʨʥʳʡ ʣʫʯ ʧʦʧʘʜʘʝʪ ʚ ʮʝʣʴ, ʜʘʣʴʥʦʤʝʨ ʚʳʜʘʸʪ 

ʢʦʨʨʝʢʪʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʧʨʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ ʦʩʝʡ ʣʫʯ ʧʨʦʭʦʜʠʪ ʤʠʤʦ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʩʦʚʤʝʱʝʥʠʷ ʦʩʝʡ ʠʩʧʦʣʴʟʫʶʪ ʬʦʪʦʧʨʠʸʤʥʠʢ ʚ ʨʘʡʦʥʝ 

ʮʝʣʠ, ʢʦʪʦʨʳʡ ʨʝʛʠʩʪʨʠʨʫʝʪ ʧʦʣʦʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʮʝʣʠ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ï ʀʟʦʙʨʘʞʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ ʥʘ ʵʢʨʘʥʝ ʪʝʧʣʦʚʠʟʦʨʘ ʚʦ ʚʨʝʤʷ 

ʧʦʣʝʚʦʡ ʶʩʪʠʨʦʚʢʠ ʧʦ ʫʜʘʣʸʥʥʦʡ ʮʝʣʠ 

 

ʊʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʜʘʣʴʥʦʩʪʠ ʠ ʧʨʠ 2õ3 ʢʤ ʜʦʩʪʠʛʘʝʪ 0,2õ0,5 ʤʨʘʜ 

[3]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʪʦʯʥʦʩʪʴ ʫʣʫʯʰʘʝʪʩʷ, ʥʦ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʝʧʣʦʚʠʟʦʨʘ. 

ɽʱʸ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʶʩʪʠʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩ ʧʦʛʣʦʱʘʶʱʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʙʝʟ ʢʦʣʣʠʤʘʪʦʨʘ [4]. ʄʠʰʝʥʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5õ50 ʤ. ʇʨʠ 

ʥʘʧʨʘʚʣʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʥʘ ʧʣʘʩʪʠʥʫ ʚ ʤʝʩʪʝ ʧʦʧʘʜʘʥʠʷ ʣʫʯʘ 

ʧʨʦʠʩʭʦʜʠʪ ʣʦʢʘʣʴʥʳʡ ʥʘʛʨʝʚ, ʠ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ ʠʟʣʫʯʘʪʴ ʪʝʧʣʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 8õ14 ʤʢʤ. ʊʝʧʣʦʚʠʟʦʨ ʥʘʙʣʶʜʘʝʪ ʵʪʦ ʠʟʣʫʯʝʥʠʝ ʚ ʚʠʜʝ 

ʷʨʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʷʪʥʘ. ʇʦʣʦʞʝʥʠʝ ʧʷʪʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʮʝʣʴʥʦʡ ʤʘʨʢʠ 

ʪʝʧʣʦʚʠʟʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʫʛʣʦʚʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʠʤʠ 

ʦʩʷʤʠ. 

ʄʝʪʦʜʳ ʶʩʪʠʨʦʚʢʠ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʜʦʩʪʠʛʘʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʨʘʙʦʯʝʤʫ 

ʨʘʩʩʪʦʷʥʠʶ (ʪʘʙʣ. 1), ʪʘʢ ʠ ʧʦ ʪʨʝʙʫʝʤʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ ʫʩʣʦʚʠʷʤ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʄʝʪʦʜ ʪʝʨʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʩ ʢʦʣʣʠʤʘʪʦʨʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ (50õ100 ʤʢʨʘʜ) ʟʘ ʩʯʸʪ ʩʦʟʜʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʫʯʢʘ ʣʫʯʝʡ, 

ʵʤʠʪʠʨʫʶʱʝʛʦ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʸʥʥʳʡ ʦʙʲʝʢʪ. ɸ ʪʝʨʤʠʯʝʩʢʘʷ ʤʠʰʝʥʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʟʘʚʦʜʩʢʦʡ ʶʩʪʠʨʦʚʢʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦʚʝʨʢʠ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʩʠʩʪʝʤ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ. ʆʜʥʘʢʦ 

ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʢʦʣʣʠʤʘʪʦʨʘ. 

ʄʝʪʦʜ ʧʦʣʝʚʦʡ ʶʩʪʠʨʦʚʢʠ ʧʦ ʫʜʘʣʸʥʥʦʡ ʮʝʣʠ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ 

(0,2õ0,5 ʤʨʘʜ), ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʧʨʦʚʝʨʢʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʜʘʯʠ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʣʦʞʥʦʤ ʩʪʝʥʜʝ, ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ 
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ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʯʥʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʢʦʥʪʨʘʩʪʥʦʡ ʮʝʣʠ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʜʘʣʴʥʦʩʪʠ. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʤʝʪʦʜʦʚ ʶʩʪʠʨʦʚʢʠ 

ʄʝʪʦʜ ʊʦʯʥʦʩʪʴ, ʤʨʘʜ ʈʘʙʦʯʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʤ 

ʊʝʨʤʠʯʝʩʢʘʷ ʤʠʰʝʥʴ 

ʩ ʢʦʣʣʠʤʘʪʦʨʦʤ 
0,05õ0,1 1õ3 

ʇʦʣʝʚʦʡ ʧʦ 

ʫʜʘʣʸʥʥʦʡ ʮʝʣʠ 
0,2õ0,5 2000õ3000 ʠ ʙʦʣʝʝ 

ʊʝʨʤʠʯʝʩʢʘʷ ʤʠʰʝʥʴ 

ʙʝʟ ʢʦʣʣʤʘʪʦʨʘ 
0,1õ0,3 5õ50 

 

ʊʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʨʤʠʯʝʩʢʦʡ ʤʠʰʝʥʠ ʙʝʟ ʢʦʣʣʠʤʘʪʦʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʣʫʯʰʝ ʧʦʣʝʚʦʛʦ ʤʝʪʦʜʘ ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ ʚʣʠʷʥʠʷ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʣʫʯʰʝʤ ʢʦʥʪʨʘʩʪʝ ʮʝʣʠ, ʥʦ ʭʫʞʝ, ʯʝʤ ʫ ʤʝʪʦʜʘ ʩ ʢʦʣʣʠʤʘʪʦʨʦʤ. 

ʉʧʦʩʦʙ ʧʨʠʤʝʥʠʤ ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʪʘʢ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʝ ʪʨʝʙʫʝʪ 

ʢʦʣʣʠʤʘʪʦʨʘ, ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠʣʠ ʙʦʣʴʰʦʛʦ ʧʦʣʠʛʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʪʘʧʦʤ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤʳ. ʄʝʪʦʜ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʤʠʰʝʥʴʶ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʝʮʠʟʠʦʥʥʦʡ ʢʘʣʠʙʨʦʚʢʠ, ʧʦʣʝʚʦʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʜʘʯʠ ʚ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ 

ʤʝʪʦʜ ʩ ʤʠʰʝʥʴʶ ʙʝʟ ʢʦʣʣʠʤʘʪʦʨʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʡ. 

ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ, 

ʧʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʇʨʝʮʠʟʠʦʥʥʘʷ ʟʘʚʦʜʩʢʘʷ ʶʩʪʠʨʦʚʢʘ ʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʜʦʧʦʣʥʷʝʪʩʷ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʝʨʘʪʠʚʥʳʤ ʢʦʥʪʨʦʣʝʤ ʚ ʧʦʣʝ ʩ ʧʦʤʦʱʴʶ ʤʠʰʝʥʠ ʙʝʟ 

ʢʦʣʣʠʤʘʪʦʨʘ ʠʣʠ ʫʜʘʣʸʥʥʦʡ ʮʝʣʠ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʢʦʤʧʘʢʪʥʳʭ ʧʦʨʪʘʪʠʚʥʳʭ ʢʦʣʣʠʤʘʪʦʨʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʠʷ 

ʦʩʝʡ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝʤ 

ʤʥʦʛʦʩʧʝʢʪʨʘʣʴʥʳʭ ʤʠʰʝʥʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʶʩʪʠʨʦʚʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʝʥʠʷ ʠ ʮʝʣʝʫʢʘʟʘʥʠʷ ʥʘ ʘʚʠʘʮʠʦʥʥʳʭ ʠ 

ʙʝʩʧʠʣʦʪʥʳʭ ʧʣʘʪʬʦʨʤʘʭ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʆɹɿʆʈ ʊɽʇʃʆɺʀɿʀʆʅʅʓʍ ʂɸʄɽʈ ɼʀɸʇɸɿʆʅɸ LWIR 
 

ɼʠʘʧʘʟʦʥ ʜʣʠʥ ʚʦʣʥ 8õ14 ʤʢʤ, ʦʙʦʟʥʘʯʘʝʤʳʡ ʢʘʢ LWIR, ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʚ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʪʝʭʥʠʢʝ. ɼʘʥʥʦʝ ʩʧʝʢʪʨʘʣʴʥʦʝ ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 300 ʂ, ʢʦʪʦʨʳʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ ʧʨʠʤʝʨʥʦ 10 ʤʢʤ 

[1, 2]. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ LWIR-ʢʘʤʝʨʳ ʩʧʦʩʦʙʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʝʟ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʜʩʚʝʪʢʠ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʦʭʨʘʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʧʨʠʙʦʨʘʭ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ, 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ ʤʦʥʠʪʦʨʠʥʛʝ, ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʤ 

ʢʦʥʪʨʦʣʝ [1, 3]. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʭ 

ʚ ʝʜʠʥʦʤ ʢʦʨʧʫʩʝ LWIR-ʢʘʤʝʨʫ ʠ ʣʘʟʝʨʥʳʡ ʮʝʣʝʫʢʘʟʘʪʝʣʴ-ʜʘʣʴʥʦʤʝʨ, ʚʘʞʥʳʤ 

ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʶʩʪʠʨʦʚʢʘ, ʪʦ ʝʩʪʴ ʩʦʚʤʝʱʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʦʩʝʡ ʢʘʥʘʣʦʚ. 

ʄʝʪʦʜʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʶʩʪʠʨʦʚʢʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ LWIR-ʢʘʤʝʨʳ, 

ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠʸʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. 

ʊʝʧʣʦʚʠʟʠʦʥʥʘʷ ʢʘʤʝʨʘ ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʢʪʠʚʘ, ʤʘʪʨʠʯʥʦʛʦ ʧʨʠʸʤʥʠʢʘ 

ʠʟʣʫʯʝʥʠʷ, ʩʭʝʤʳ ʩʯʠʪʳʚʘʥʠʷ ʠ ʙʣʦʢʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. ʆʙʲʝʢʪʠʚ ʬʦʨʤʠʨʫʝʪ 

ʥʘ ʤʘʪʨʠʮʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʧʨʝʦʙʨʘʟʫʝʪ ʧʘʜʘʶʱʫʶ 

ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ [1]. 

ʇʨʠʸʤʥʠʢ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʩʠʩʪʝʤʳ. ʀʤʝʥʥʦ ʧʦ ʪʠʧʫ ʧʨʠʸʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ 

ʦʩʥʦʚʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʚʠʟʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ 

ʦʧʨʝʜʝʣʷʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʭʣʘʞʜʝʥʠʠ, 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʩʪʦʠʤʦʩʪʴ ʢʘʤʝʨʳ. 

ʉʦʚʨʝʤʝʥʥʳʝ LWIR-ʢʘʤʝʨʳ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ ʪʠʧʦʚ ʧʨʠʸʤʥʠʢʦʚ: 

ʬʦʪʦʥʥʳʭ ʠ ʪʝʧʣʦʚʳʭ [1]. ʌʦʪʦʥʥʳʝ ʜʝʪʝʢʪʦʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʥʦ ʪʨʝʙʫʶʪ ʦʭʣʘʞʜʝʥʠʷ. ʊʝʧʣʦʚʳʝ 

ʜʝʪʝʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʤʠʢʨʦʙʦʣʦʤʝʪʨʳ, ʨʘʙʦʪʘʶʪ ʙʝʟ ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʢʦʤʧʘʢʪʥʝʝ ʠ ʜʝʰʝʚʣʝ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʦʪʢʣʠʢʘ [1, 4]. 

ɺ ʬʦʪʦʥʥʳʭ ʜʝʪʝʢʪʦʨʘʭ ʧʘʜʘʶʱʠʡ ʢʚʘʥʪ ʩʚʝʪʘ ʚʳʟʳʚʘʝʪ ʧʝʨʝʭʦʜ 

ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʰʠʨʠʥʫ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ 

LWIR-ʜʠʘʧʘʟʦʥʘ. ɼʣʷ ʜʣʠʥ ʚʦʣʥ ʧʦʨʷʜʢʘ 10 ʤʢʤ ʵʪʦ ʪʨʝʙʫʝʪ ʫʟʢʦʟʦʥʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩ ʰʠʨʠʥʦʡ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʦʢʦʣʦ 0,1 ʵɺ [2]. ɺ ʪʝʧʣʦʚʳʭ 

ʜʝʪʝʢʪʦʨʘʭ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘʛʨʝʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʀʥʬʨʘʢʨʘʩʥʦʝ 

ʠʟʣʫʯʝʥʠʝ ʧʦʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʠʢʩʝʣʷ ʤʘʪʨʠʮʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 
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ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʊʝʧʣʦʚʳʝ ʜʝʪʝʢʪʦʨʳ ʥʝ ʠʤʝʶʪ ʞʸʩʪʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʰʠʨʠʥʝ ʟʘʧʨʝʱʸʥʥʦʡ ʟʦʥʳ ʤʘʪʝʨʠʘʣʘ [1, 4]. 

ʉʨʝʜʠ ʬʦʪʦʥʥʳʭ ʧʨʠʸʤʥʠʢʦʚ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 8õ14 ʤʢʤ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ HgCdTe. ʐʠʨʠʥʘ ʟʘʧʨʝʱʸʥʥʦʡ 

ʟʦʥʳ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʘʚʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʢʨʳʚʘʪʴ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 1 ʜʦ 30 ʤʢʤ [2]. HgCdTe ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʬʦʪʦʜʠʦʜʳ ʠ ʤʥʦʛʦʮʚʝʪʥʳʝ ʩʪʨʫʢʪʫʨʳ [1, 2]. 

ʊʝʭʥʦʣʦʛʠʷ HgCdTe ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ. ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ LWIR-ʦʙʣʘʩʪʠ 

ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʩʦʩʪʘʚʘ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

ʉʣʘʙʘʷ ʩʚʷʟʴ HgïTe ʫʩʣʦʞʥʷʝʪ ʨʦʩʪ, ʦʙʨʘʙʦʪʢʫ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʠʟʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ [2]. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʩʪʘʣʠ ʩʚʝʨʭʨʝʰʸʪʢʠ ʚʪʦʨʦʛʦ ʪʠʧʘ 

InAs/GaSb. ɺʳʙʠʨʘʷ ʪʦʣʱʠʥʳ ʩʣʦʸʚ ʠ ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʳ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʘʪʴ ʪʦʢʠ ʫʪʝʯʢʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʤʥʦʛʦʙʘʨʴʝʨʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ [1, 5]. 

ɼʣʷ ʬʦʪʦʥʥʳʭ LWIR-ʜʝʪʝʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʭʣʘʞʜʝʥʠʝ ʠʟ-ʟʘ ʪʝʧʣʦʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʫʟʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʥʘʛʨʝʚʘ, ʩʪʘʥʦʚʠʪʩʷ 

ʥʘʩʪʦʣʴʢʦ ʙʦʣʴʰʦʡ, ʯʪʦ ʪʝʤʥʦʚʦʡ ʪʦʢ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ 

ʪʝʨʷʝʪʩʷ ʥʘ ʬʦʥʝ ʰʫʤʘ [2]. LWIR-ʬʦʪʦʜʠʦʜʳ ʥʘ ʦʩʥʦʚʝ HgCdTe ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 

ʦʪʩʝʯʢʠ 8õ12 ʤʢʤ ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʷʜʢʘ 77õ100 K [1, 2]. 

ʉʚʝʨʭʨʝʰʸʪʢʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʙʦʪʳ [5]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʪʠʧʦʤ ʥʝʦʭʣʘʞʜʘʝʤʳʭ LWIR-ʧʨʠʸʤʥʠʢʦʚ 

ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʙʦʣʦʤʝʪʨʳ. ʇʠʢʩʝʣʴ ʤʠʢʨʦʙʦʣʦʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʥʢʫʶ ʤʝʤʙʨʘʥʫ, ʧʦʜʚʝʰʝʥʥʫʶ ʥʘʜ ʧʦʜʣʦʞʢʦʡ ʥʘ ʫʟʢʠʭ ʦʧʦʨʘʭ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦʚʫʶ ʠʟʦʣʷʮʠʶ (ʨʠʩ. 1). ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʤʙʨʘʥʳ ʚʦʟʨʘʩʪʘʝʪ ʠ ʠʟʤʝʥʷʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʣʦʷ [1, 4]. 

ʄʠʢʨʦʙʦʣʦʤʝʪʨʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ VOx (ʦʢʩʠʜ ʚʘʥʘʜʠʷ) ʠʣʠ 

ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʠʷ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʜʣʷ VOx ʩʦʩʪʘʚʣʷʝʪ ʦʪ -2 ʜʦ -2,4%/K, ʘ 

ʜʣʷ a-Si ʜʦʩʪʠʛʘʝʪ ʦʪ -2,5 ʜʦ -5%/K [4]. ʄʠʢʨʦʙʦʣʦʤʝʪʨʳ ʥʝ ʪʨʝʙʫʶʪ 

ʦʭʣʘʞʜʘʶʱʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʢʦʤʧʘʢʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ʄʠʢʨʦʙʦʣʦʤʝʪʨʳ ʨʘʙʦʪʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʦʩʢʦʣʴʢʫ ʠʟʤʝʨʷʶʪ ʥʘʛʨʝʚ ʧʠʢʩʝʣʷ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʠʝ ʦʭʣʘʞʜʝʥʠʷ ʩʦʟʜʘʸʪ 

ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ. ʂʘʤʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʨʧʫʩʘ, 

ʦʙʲʝʢʪʠʚʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ 

ʢʦʨʧʫʩʘ ʥʘ 1 ÁC ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʫʶ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʫʶ ʦʰʠʙʢʫ [6]. ɼʣʷ ʦʧʪʠʢʠ 

ʩ ʜʠʘʬʨʘʛʤʦʡ F/1 ʩʠʛʥʘʣ ʦʪ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ ʚ ʯʝʪʳʨʝ-ʧʷʪʴ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʠʛʥʘʣ 

ʦʪ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ [6]. ʅʝʦʭʣʘʞʜʘʝʤʳʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠ ʮʠʬʨʦʚʦʡ ʢʦʤʧʝʥʩʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʤʠʢʨʦʙʦʣʦʤʝʪʨʘ 

 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʘʷ 

ʦʙʥʘʨʫʞʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ D*, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ, 

ʧʣʦʱʘʜʴ ʧʨʠʸʤʥʠʢʘ ʠ ʧʦʣʦʩʫ ʯʘʩʪʦʪ [1, 2]. ɼʣʷ ʬʦʪʦʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʚʘʞʝʥ 

ʧʘʨʘʤʝʪʨ R A (ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʪʦʜʠʦʜʘ ʥʘ 

ʝʛʦ ʧʣʦʱʘʜʴ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʨʦʚʝʥʴ ʪʝʤʥʦʚʦʛʦ ʪʦʢʘ [2]. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʩʨʘʚʥʝʥʠʷ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪ 

ʧʘʨʘʤʝʪʨ NETD ï ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʧʦ ʰʫʤʫ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʳʚʘʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʨʘʟʣʠʯʠʤʫʶ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʦʙʲʝʢʪʘ. 
 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʦʭʣʘʞʜʘʝʤʳʭ ʠ ʥʝʦʭʣʘʞʜʘʝʤʳʭ LWIR-ʢʘʤʝʨ 

ʇʘʨʘʤʝʪʨ 
ʆʭʣʘʞʜʘʝʤʳʝ ʬʦʪʦʥʥʳʝ 

ʢʘʤʝʨʳ 

ʅʝʦʭʣʘʞʜʘʝʤʳʝ 

ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʝ ʢʘʤʝʨʳ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

(D* ) 
10ĭĮõ10ĭį ʩʤĿɻʮĭ/Į/ɺʪ ~10 õ10  ʩʤĿɻʮĭ/Į/ɺʪ 

NETD < 30 ʤʂ < 50 ʤʂ 

ɺʨʝʤʷ ʦʪʢʣʠʢʘ 1õ10 ʥʩ 1õ10 ʤʩ 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 77õ100 K 300 ʂ 

ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ɺʳʩʦʢʦʝ ʅʠʟʢʦʝ 

ɻʘʙʘʨʠʪʳ ɹʦʣʴʰʠʝ ʂʦʤʧʘʢʪʥʳʝ 

ʉʪʦʠʤʦʩʪʴ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

ʈʝʩʫʨʩ ʨʘʙʦʪʳ 
ʆʛʨʘʥʠʯʝʥ ʭʦʣʦʜʠʣʴʥʦʡ 

ʤʘʰʠʥʦʡ 
ɼʦʣʛʦʚʝʯʥʳʡ 

 

ʆʭʣʘʞʜʘʝʤʳʝ ʬʦʪʦʥʥʳʝ ʢʘʤʝʨʳ ʠ ʥʝʦʭʣʘʞʜʘʝʤʳʝ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʝ 

ʢʘʤʝʨʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ (ʪʘʙʣ. 1). 

ʆʭʣʘʞʜʘʝʤʳʝ ʬʦʪʦʥʥʳʝ ʢʘʤʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, 

ʤʘʣʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʲʸʤʢʠ. ʂ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤ 
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ʦʪʥʦʩʷʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʙʦʣʴʰʠʝ ʤʘʩʩʘ ʠ 

ʛʘʙʘʨʠʪʳ, ʚʳʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʨʝʩʫʨʩ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ. ʅʝʦʭʣʘʞʜʘʝʤʳʝ ʤʠʢʨʦʙʦʣʦʤʝʪʨʠʯʝʩʢʠʝ ʢʘʤʝʨʳ 

ʢʦʤʧʘʢʪʥʳ, ʠʤʝʶʪ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʧʨʦʩʪʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. ʂ ʠʭ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪʩʷ ʤʝʥʴʰʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʥʠʟʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʯʥʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʤʝʨʳ. 

ɼʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, ʛʜʝ ʢʨʠʪʠʯʥʳ ʜʘʣʴʥʦʩʪʴ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʧʨʠʤʝʥʷʶʪ ʦʭʣʘʞʜʘʝʤʳʝ ʬʦʪʦʥʥʳʝ ʧʨʠʸʤʥʠʢʠ. ɼʣʷ 

ʤʦʙʠʣʴʥʳʭ ʠ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʛʜʝ ʚʘʞʥʳ ʤʘʩʩʘ, ʛʘʙʘʨʠʪʳ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʪ ʤʠʢʨʦʙʦʣʦʤʝʪʨʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʆʕʉ ʩ LWIR-ʢʘʤʝʨʦʡ ʠ ʃʎɼ ʦʭʣʘʞʜʘʝʤʳʝ ʢʘʤʝʨʳ ʪʨʝʙʫʶʪ 

ʫʯʸʪʘ ʚʠʙʨʘʮʠʡ ʭʦʣʦʜʠʣʴʥʦʡ ʤʘʰʠʥʳ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠ ʶʩʪʠʨʦʚʢʝ, ʘ ʤʠʢʨʦʙʦʣʦʤʝʪʨʳ ʪʨʝʙʫʶʪ ʫʯʸʪʘ ʚʣʠʷʥʠʷ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʃʎɼ 

ʥʘ ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʢʘʥʘʣʘ.  

ʈʘʟʚʠʪʠʝ LWIR-ʢʘʤʝʨ ʠʜʸʪ ʧʦ ʜʚʫʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʘ ʠʤʝʥʥʦ ʧʦ ʧʫʪʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʭʣʘʞʜʘʝʤʳʭ ʬʦʪʦʥʥʳʭ ʤʘʪʨʠʮ ʩʦ ʩʣʦʞʥʳʤʠ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʤʠ [5] ʠ ʨʘʟʚʠʪʠʷ ʥʝʦʭʣʘʞʜʘʝʤʳʭ ʤʠʢʨʦʙʦʣʦʤʝʪʨʦʚ ʩ ʥʦʚʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʨʨʝʢʮʠʠ [4, 6]. ɸʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 

ʩʧʝʢʪʨʘʣʴʥʦ-ʩʝʣʝʢʪʠʚʥʳʝ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʢʨʦʙʦʣʦʤʝʪʨʦʚ.  
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ʉɺɽʊʆɼʀʆɼʅʓʍ ʃɸʄʇ C 

ʂʃɸʉʉʀʏɽʉʂʀʄ ʀ ʉɽʂʎʀʆʅʀʈʆɺɸʅʅʓʄ ɼʈɸʁɺɽʈɸʄʀ  

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʙʳʪʦʚʳʭ ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ, ʧʨʠʰʝʜʰʠʝ ʥʘ ʟʘʤʝʥʫ ʣʘʤʧʘʤ ʥʘʢʘʣʠʚʘʥʠʷ. 

ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʪʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠʟʤʝʥʠʣʩʷ. ʃʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʘʢʪʠʚʥʦʡ 

ʥʘʛʨʫʟʢʦʡ, ʚ ʥʝʡ ʪʦʢ ʧʦ ʬʦʨʤʝ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʷʞʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʘʤʧ 

ʥʘʢʘʣʠʚʘʥʠʷ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʦʡ ï ʬʦʨʤʘ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʪʦʢʘ ʧʦʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ 

ʯʘʩʪʦʪʘʤʠ, ʩʠʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʤʠ 50 ɻʮ. ʕʪʠ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʦʢʘʟʳʚʘʶʪ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʵʣʝʢʪʨʦʩʝʪʠ, ʚʳʟʳʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʶʱʝʛʦ ʚ ʩʝʪʠ 

ʵʣʝʢʪʨʦʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʠʪʘʶʪʩʷ ʦʪ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʢʘ. 

ʄʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʝʱʝ ʙʦʣʴʰʝ ʫʩʫʛʫʙʣʷʝʪ ʧʨʦʙʣʝʤʫ. 

ʇʦʤʠʤʦ ʨʦʩʪʘ ʧʦʪʝʨʴ ʚ ʧʦʜʚʦʜʷʱʝʡ ʵʣʝʢʪʨʦʩʝʪʠ ʚʦʟʨʘʩʪʘʝʪ ʜʝʡʩʪʚʫʶʱʝʝ 

ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʥʫʣʝʚʦʡ ʧʨʦʚʦʜ. ɺ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʠ ʵʪʦʪ ʪʦʢ 

ʤʦʞʝʪ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʩʠʪʴ ʪʦʢʠ ʯʝʨʝʟ ʬʘʟʥʳʝ ʧʨʦʚʦʜʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ çʦʪʛʦʨʘʥʠʶ ʥʫʣʷè ï ʨʘʟʨʫʰʝʥʠʶ 

ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ ʠʣʠ ʢʦʥʪʘʢʪʘ ʚ ʮʝʧʠ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ, ʚʳʟʚʘʥʥʦʤʫ 

ʧʝʨʝʛʨʫʟʢʦʡ ʧʦ ʪʦʢʫ. 

ʏʪʦʙʳ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ ʚ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʠʪʘʥʠʷ ʚʩʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʶʪ ʢʦʨʨʝʢʪʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ʕʪʠ ʢʦʨʨʝʢʪʦʨʳ ʜʝʣʘʶʪ 

ʚʭʦʜʥʦʡ ʪʦʢ ʙʣʠʟʢʠʤ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ. ʅʦ ʚ ʤʘʣʦʤʦʱʥʳʭ ʙʳʪʦʚʳʭ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧʘʭ ʧʦʩʪʘʚʠʪʴ ʝʛʦ ʥʝ ʧʦʣʫʯʠʪʩʷ ï ʩʣʠʰʢʦʤ ʜʦʨʦʛʦ. ʂ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʙʝʛʘʶʪ ʪʦʣʴʢʦ ʫ ʤʦʱʥʳʭ ʵʥʝʨʛʦʧʦʪʨʝʙʠʪʝʣʝʡ. ʃʘʤʧʳ ʞʝ 

ʤʘʣʦʤʦʱʥʳʝ, ʥʦ ʠʭ ʤʥʦʛʦ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʧʦʤʝʱʝʥʠʷ, ʠ ʩʫʤʤʘʨʥʦ ʦʥʠ 

ʦʢʘʟʳʚʘʶʪ ʥʝʤʘʣʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʝʪʴ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʞʝʣʘʪʝʣʴʥʦ ʠʤʝʪʴ 

ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʦʱʥʦʩʪʠ, ʪʦ ʝʩʪʴ 

ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʘʢʠʤʠ ʣʘʤʧʘʤʠ ʪʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦ ʬʦʨʤʝ ʙʣʠʟʦʢ 

ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʘʤʧʘʤʠ ʩʝʡʯʘʩ ʷʚʣʷʶʪʩʷ 

ʣʘʤʧʳ ʩ ʣʠʥʝʡʥʳʤ ʜʨʘʡʚʝʨʦʤ. ʕʪʦʪ ʜʨʘʡʚʝʨ ʧʦʩʪʨʦʝʥ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ 

ʣʠʥʝʡʥʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʪʦʢʘ STI. ɺ ʣʘʤʧʘʭ ʩ ʪʘʢʠʤ ʜʨʘʡʚʝʨʦʤ ʬʦʨʤʘ 

ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʫʣʫʯʰʝʥʥʳʝ ʚʝʨʩʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʨʘʡʚʝʨʘ ï 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ. ɿʘ ʩʯʝʪ ʥʘʣʠʯʠʷ ʯʝʪʳʨʝʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ (ʯʝʪʳʨʝʭ ʩʝʢʮʠʡ), 

ʢ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʝʥʘ ʩʚʦʷ ʛʨʫʧʧʘ ʩʚʝʪʦʜʠʦʜʦʚ, ʬʦʨʤʘ ʪʦʢʘ ʚ ʣʘʤʧʘʭ 
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ʩ ʪʘʢʠʤ ʜʨʘʡʚʝʨʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʙʣʠʞʝ ʢ ʩʠʥʫʩʦʠʜʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʫʤʝʥʴʰʘʝʪ ʘʤʧʣʠʪʫʜʳ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ, ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʣʘʤʧ ʩ ʦʙʦʠʤʠ ʚʠʜʘʤʠ 

ʜʨʘʡʚʝʨʦʚ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 0.9. ʆʜʥʘʢʦ ʥʝʠʟʚʝʩʪʥʦ, ʥʘʩʢʦʣʴʢʦ ʠʤʝʥʥʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʣʘʤʧ ʩ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʜʨʘʡʚʝʨʦʤ ʚʳʰʝ, ʯʝʤ ʫ ʣʘʤʧ 

ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʨʘʡʚʝʨʦʤ. ʕʪʦ ʠ ʧʨʝʜʩʪʦʠʪ ʚʳʷʩʥʠʪʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʜʨʘʡʚʝʨʘ. ɺ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʨʘʡʚʝʨʘ. ʄʦʜʝʣʴ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʜʨʘʡʚʝʨʘ ʩʦʟʜʘʥʘ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ. ɺ ʧʨʦʛʨʘʤʤʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Micro-Cap 12 ʙʳʣʠ 

ʜʦʙʘʚʣʝʥʳ ʥʦʚʳʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [1], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʙʨʘʪʴ ʩʭʝʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ (ʨʠʩ. 1), ʛʜʝ 

DA1 ï ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʨʘʡʚʝʨ, DA2 ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʜʨʘʡʚʝʨ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ 

ʜʨʘʡʚʝʨʦʚ, ʘ ï ʥʘ ʦʩʥʦʚʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ, ʙ ï ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Micro-Cap 12 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʜʚʫʭ ʩʭʝʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʪʦʢʘ ʯʝʨʝʟ 

ʩʚʝʪʦʜʠʦʜʳ (ʨʠʩ. 2), ʫ ʣʘʤʧ ʩ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʜʨʘʡʚʝʨʦʤ ʥʘʙʣʶʜʘʶʪʩʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʩʪʫʧʝʥʴʢʠ ʥʘʨʘʩʪʘʥʠʷ ʪʦʢʘ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʩʝʢʮʠʡ ʩʚʝʪʦʜʠʦʜʦʚ, 

ʯʪʦ ʜʝʣʘʝʪ ʬʦʨʤʫ ʪʦʢʘ ʙʣʠʞʝ ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʯʝʤ ʩ ʣʘʤʧ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʜʨʘʡʚʝʨʦʤ, ʫ ʢʦʪʦʨʳʭ ʬʦʨʤʘ ʪʦʢʘ ʙʣʠʟʢʘ ʢ ʧʨʷʤʦʫʛʦʣʴʥʦʡ.  
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ʈʠʩʫʥʦʢ 2 ï ɺʭʦʜʥʳʝ ʪʦʢʠ ʣʘʤʧ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʣʠʥʝʡʥʳʭ ʜʨʘʡʚʝʨʦʚ 

 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʙʳʣʦ ʢʦʨʨʝʢʪʥʳʤ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʘʢʪʠʚʥʘʷ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʦʙʝʠʭ ʣʘʤʧ ʙʳʣʘ ʦʜʠʥʘʢʦʚʦʡ ï 10 ɺʪ (ʨʠʩ. 3). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʤʦʱʥʦʩʪʝʡ ʧʦʜʦʙʨʘʥʳ ʪʦʢʠ ʯʝʨʝʟ ʩʚʝʪʦʜʠʦʜʳ, 

ʢʦʪʦʨʳʝ ʟʘʜʘʶʪʩʷ ʨʝʟʠʩʪʦʨʘʤʠ R2 ʠ R4. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʣʘʤʧ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʨʘʡʚʝʨʦʚ 

 

ɼʣʷ ʦʮʝʥʢʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʝʛʦ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʉʧʝʢʪʨ ʪʦʢʘ ʩʝʪʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚ ʠʜʝʘʣʝ ʩʦʩʪʦʠʪ 

ʪʦʣʴʢʦ ʠʟ ʦʜʥʦʡ ʛʘʨʤʦʥʠʢʠ ï 50 ɻʮ. ɽʩʣʠ ʧʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʳʡ, 

ʧʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʨʠʩ. 4). ʆʥʠ 

ʧʨʠʚʦʜʷʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ.  

 



73 

 
ʈʠʩʫʥʦʢ 4 ï ɻʘʨʤʦʥʠʢʠ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʫ ʣʘʤʧ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʜʨʘʡʚʝʨʦʚ 

 

ɸʤʧʣʠʪʫʜʳ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ (50 ɻʮ) ʩʦʚʧʘʜʘʶʪ, ʧʷʪʦʡ (250 ɻʮ) ï ʧʦʯʪʠ 

ʩʦʚʧʘʜʘʶʪ. ɿʘʪʦ ʪʨʝʪʴʷ ʛʘʨʤʦʥʠʢʘ (150 ɻʮ) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʜʨʘʡʚʝʨʘ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʘ ʩʝʜʴʤʘʷ (350 ɻʮ) ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʨʘʡʚʝʨʘ. ʕʪʠ ʛʘʨʤʦʥʠʢʠ ʦʢʘʟʳʚʘʶʪ 

ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʪʝʨʴ ʚ ʵʣʝʢʪʨʦʩʝʪʠ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʘʤʧʣʠʪʫʜʳ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʨʘʡʚʝʨʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʥʠʞʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʝʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʪʦʢʘ ʠ ʤʝʥʴʰʠʭ 

ʧʦʪʝʨʷʭ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ PF (Power Factor) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

 

ὖὊ
ὖ

Ὓ
 ȟ 

 

ʛʜʝ P ï ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, S ï ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ. 

ʕʪʠ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Micro-Cap ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʡ AVG ʠ RMS. [1]. ʀʟ-ʟʘ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʫʞʥʦ 

ʩʤʦʪʨʝʪʴ ʚ ʢʦʥʝʯʥʳʭ ʪʦʯʢʘʭ ʵʪʠʭ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 5). 

 

 
ʈʠʩʫʥʦʢ 5 ï ʂʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ʣʘʤʧ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʨʘʡʚʝʨʦʚ 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʩ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʜʨʘʡʚʝʨʦʤ ʠʤʝʶʪ ʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ. 

ʉʦʟʜʘʥʥʳʝ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦʩʧʨʦʠʟʚʦʜʷʪ ʧʨʦʮʝʩʩʳ ʚ 

ʨʝʘʣʴʥʳʭ ʩʭʝʤʘʭ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ ʜʨʘʡʚʝʨʦʚ. ʇʨʦʚʝʜʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣʠ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʠʝ ʣʠʥʝʡʥʳʝ 

ʜʨʘʡʚʝʨʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ ï 

0,9, ʘ ʫ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʜʨʘʡʚʝʨʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʠ ʚʦʚʩʝ ʜʦʩʪʠʛʘʝʪ 0,97. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʩ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʤ 

ʜʨʘʡʚʝʨʦʤ ʩʦʟʠʜʘʶʪ ʤʝʥʴʰʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʚ ʧʦʪʨʝʙʣʷʝʤʦʤ ʪʦʢʝ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʦʩʝʪʴ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ çʦʪʛʦʨʘʥʠʷ ʥʫʣʷè. 

ʀʤ ʥʝ ʥʫʞʝʥ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʢʦʨʨʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ. ʇʦ ʵʪʠʤ 

ʧʨʠʯʠʥʘʤ ʪʘʢʠʝ ʜʨʘʡʚʝʨʘ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
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  ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʆʎɽʅʂɸ ʂɸʏɽʉʊɺɸ ɺʆʉʉʊɸʅʆɺʃɽʅʅʓʍ ʀɿʆɹʈɸɾɽʅʀʁ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʨʘʡʥʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʜʝʛʨʘʜʘʮʠʠ [1]. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʣʫʯʘʪʴ ʯʝʪʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʤʠʥʠʤʫʤʦʤ ʦʧʪʠʯʝʩʢʠʭ ʘʙʝʨʨʘʮʠʡ ʠ ʰʫʤʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʣʦʢʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʩʪʚʠʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʰʫʤ. 

ʐʫʤ ï ʵʪʦ ʩʣʫʯʘʡʥʦʝ ʠʟʤʝʥʝʥʠʷ ʥʘʩʳʱʝʥʥʦʩʪʠ, ʷʨʢʦʩʪʠ ʠ ʮʚʝʪʥʦʩʪʠ ʨʷʜʘ 

ʧʠʢʩʝʣʝʡ ʚ ʠʟʦʙʨʘʞʝʥʠʠ [1]. ʐʫʤ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʥʝʛʘʪʠʚʥʳʤ 

ʬʘʢʪʦʨʘʤ: 

- ʩʥʠʞʝʥʠʝ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚ ʠʟʦʙʨʘʞʝʥʠʠ, ʫʚʝʣʠʯʠʚʘʷ ʩʣʦʞʥʦʩʪʴ 

ʯʠʪʘʝʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʚ ʠʟʦʙʨʘʞʝʥʠʠ; 

- ʫʭʫʜʰʝʥʠʝ ʯʝʪʢʦʩʪʠ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ; 

- ʠʟʤʝʥʝʥʠʝ ʠʟʥʘʯʘʣʴʥʦʡ ʮʚʝʪʦʧʝʨʝʜʘʯʠ; 

- ʠʩʢʘʞʝʥʠʝ ʪʝʢʩʪʫʨ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʦʚ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʇʦʜʦʙʥʦʝ ʠʩʢʘʞʝʥʠʝ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ, ʛʜʝ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʠ ʛʜʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ 

ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʳ. ʅʘʧʨʠʤʝʨ, ʚ ʤʝʜʠʮʠʥʝ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʦʨʛʘʥʦʚ ʧʘʮʠʝʥʪʘ, ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʨʘʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ 
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ʥʘʙʣʶʜʝʥʠʠ, ʢʘʢ ʟʘ ʘʪʤʦʩʬʝʨʦʡ, ʪʘʢ ʠ ʟʘ ʢʦʩʤʠʯʝʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʚ ʩʦʟʜʘʥʠʠ 

ʢʘʨʪ ʤʝʩʪʥʦʩʪʠ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʨʴʙʳ ʥʘʧʠʩʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ MATLAB R2019a ʬʠʣʴʪʨʦʚ ʧʦ 

ʙʦʨʴʙʝ ʩ ʚʦʟʥʠʢʰʠʤ ʰʫʤʦʤ ʚ ʠʟʦʙʨʘʞʝʥʠʠ. 

ʅʘʧʠʰʝʤ ʧʨʦʛʨʘʤʤʫ ʚ ʧʨʦʛʨʘʤʤʝ MATLAB R2019a ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʠ 

ʰʫʤʘ (ʨʠʩ. 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʛʨʘʤʤʘ ʜʣ ̫ʠʤʠʪʘʮʠʠ ʰʫʤʘ ʚ ʠʟʦʙʨʘʞʝʥʠʠ 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʴʤʝʤ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ (ʨʠʩ. 2) ʠ 

ʧʨʦʧʫʩʪʠʤ ʯʝʨʝʟ ʥʘʧʠʩʘʥʥʫʶ ʥʘʤʠ ʧʨʦʛʨʘʤʤʫ (ʨʠʩ. 3). ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 

ʩʨʝʜʝ MATLAB  R2019a ʢ ʠʩʭʦʜʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ ʙʳʣ 

ʜʦʙʘʚʣʝʥ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʰʫʤ c ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʝʛʨʘʜʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʠʤʠʪʘʮʠʠ ʰʫʤʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʪʠʧ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʠʚʥʦ ʩʨʘʚʥʠʚʘʪʴ ʨʘʙʦʪʫ ʨʘʟʣʠʯʥʳʭ 

ʬʠʣʴʪʨʦʚ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʨʠʛʠʥʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʰʫʤʣʝʥʥʦʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 
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ɺ ʧʦʣʫʯʝʥʥʦʤ ʥʘʤʠ ʠʟʦʙʨʘʞʝʥʠʠ ʧʦʷʚʠʣʩʷ ʰʫʤ. ʊʘʢʞʝ, ʥʘʧʠʩʘʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʦʪ ʰʫʤʘ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʩʣʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʧʨʦʙʫʝʤ ʫʣʫʯʰʠʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʬʠʣʴʪʨʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʃʘʧʣʘʩʘ [5] (ʨʠʩ. 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ʀʟʦʙʨʘʞʝʥʠʝ ʫʣʫʯʰʝʥʥʦʝ ʬʠʣʴʪʨʦʤ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʃʘʧʣʘʩʘ 

 

ʇʦʣʫʯʝʥʥʦʝ ʥʘʤʠ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʘʣʦ ʙʦʣʝʝ ʨʝʟʢʠʤ, ʦʜʥʘʢʦ ʚʠʟʫʘʣʴʥʦ ʦʥʦ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʭʫʞʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʦʜʪʚʝʨʜʠʪʴ ʥʘʰ ʚʳʚʦʜ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʦʛʨʘʤʤʳ ImagelJ 1.54g 

ʠ ʚʳʚʝʜʝʤ ʛʠʩʪʦʛʨʘʤʤʫ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʝ, ʟʘʰʫʤʣʝʥʥʦʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠ 

ʫʣʫʯʰʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ [6] (ʨʠʩ. 5). 

 

 
ʈʠʩʫʥʦʢ 5 ï ɻʠʩʪʦʛʨʘʤʤʳ ʦʙ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʪʦ 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ: 

 

ὼ  Ƞ       

 

ʛʜʝ: Cgray ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʩʝʨʦʛʦ; ʉquadro ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ [2].  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʪʨʠʢʠ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (SNR), ʦʮʝʥʠʚʘʝʤʦʝ 

ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʢʠ ʷʨʢʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʷʨʢʦʩʪʠ Cgray, ʘ ʰʫʤ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ Cquadro, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʠʩʣʝʥʥʦ ʦʧʠʩʘʪʴ 
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ʩʪʝʧʝʥʴ ʨʘʟʙʨʦʩʘ ʷʨʢʦʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ. ʏʝʤ ʚʳʰʝ 

ʟʥʘʯʝʥʠʝ SNR, ʪʝʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʣʝʟʥʳʡ 

ʩʠʛʥʘʣ, ʘ ʥʝ ʥʘ ʰʫʤ, ʠ ʪʝʤ ʤʝʥʝʝ ʟʘʰʫʤʣʸʥʥʳʤ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠ 

ʚʠʟʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ [1]. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʟʥʘʯʝʥʠʷ SNR ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʜʝʮʠʙʝʣʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ ʧʦʜʭʦʜʦʤ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ɼʣʷ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ (ʨʠʩ. 2) ʨʘʩʩʯʠʪʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʩʦʩʪʘʚʣʷʝʪ 1,89 ʜɹ. ɼʣʷ ʟʘʰʫʤʣʸʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʚ MATLAB  

(ʨʠʩ. 3, ʣʝʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ), ʟʥʘʯʝʥʠʝ SNR ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 1,79 ʜɹ. ɼʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʨʠʩ. 3, ʧʨʘʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ) 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʰʫʤʣʸʥʥʳʤ 

ʚʘʨʠʘʥʪʦʤ ʠ ʩʦʩʪʘʚʠʣʦ 1,90 ʜɹ. ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʬʠʣʴʪʨʦʤ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʃʘʧʣʘʩʘ (ʨʠʩ. 4), ʟʥʘʯʝʥʠʝ SNR ʦʢʘʟʘʣʦʩʴ ʥʘʠʤʝʥʴʰʠʤ 

ʠ ʨʘʚʥʦ 1,70 ʜɹ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʩʠʣʝʥʠʝ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʰʫʤʘ ʚ ʩʨʝʜʝ MATLAB ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʰʫʤʣʸʥʥʳʤ ʚʘʨʠʘʥʪʦʤ. 

ɸʥʘʣʠʟ ʛʠʩʪʦʛʨʘʤʤ ʷʨʢʦʩʪʠ ʚ ʩʨʝʜʝ ImageJ ʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ SNR 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ ʩʠʛʥʘʣ/ʰʫʤ ʠ ʤʝʥʴʰʝʡ ʚʠʜʠʤʦʡ ʟʘʰʫʤʣʸʥʥʦʩʪʴʶ, ʯʝʤ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʝ ʬʠʣʴʪʨʦʤ ʃʘʧʣʘʩʘ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʦʨʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʥʝʢʦʨʨʝʢʪʥʳʭ ʟʘʜʘʯ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʫʩʠʣʝʥʠʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʝʟ ʫʯʸʪʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʰʫʤʘ ʠ ʫʭʫʜʰʝʥʠʶ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯʘʭ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʥʘʯʘʣʝ ʚʳʧʦʣʥʷʪʴ 

ʢʦʨʨʝʢʪʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʰʫʤʘ ʠ ʪʦʣʴʢʦ ʟʘʪʝʤ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜʳ 

ʧʦʚʳʰʝʥʠʷ ʨʝʟʢʦʩʪʠ, ʦʮʝʥʠʚʘʷ ʨʝʟʫʣʴʪʘʪ ʧʦ ʦʙʲʝʢʪʠʚʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʤʝʪʨʠʢʘʤ. 
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ʬʠʣʠʘʣ ʌɻɸʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʨʦʩʚʝʱʝʥʠʷè ʄʦʩʢʚʘ 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʕʂʆʅʆʄʀʂʆ-ʊɽʍʅʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

ɻʀɹʂʆʁ ʕʃɽʂʊʈʆʅʀʂʀ: ʆʊ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 

ɼʆ ʄʆɼɽʃɽʁ ʎʀʈʂʋʃʗʈʅʆʁ ʕʂʆʅʆʄʀʂʀ 
 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʛʜʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦ ʫʪʠʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʝʭʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʯʘʩʪʴ, ʛʜʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʩ ʫʯʝʪʦʤ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʪʠʣʠʟʘʮʠʠ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʘ ʪʘʢʞʝ 

ʝʸ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ, ʛʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ 

ʧʨʦʝʢʪʘ, ʵʢʩʧʣʫʘʪʘʮʠʷ. 

Abstract. This paper presents an analysis of the flexible electronics lifecycle, 

addressing both its technical and economic dimensions. The technical discussion traces 

the process from development through to disposal. The economic analysis assesses the 

feasibility of adoption, factoring in the capital and operational costs associated with its 

development, manufacturing, and end-of-life processing, alongside its practical 

efficacy for human use. 

Key words. Manufacturing, flexible electronics, project lifecycle, operation. 

ʇʦʜ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʠʙʢʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠʤʝʨʦʤ 

ʷʚʣʷʝʪʩʷ ʛʠʙʢʠʝ ʧʣʘʪʳ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʤʘʨʪʬʦʥʦʚ, 

ʧʣʘʥʰʝʪʦʚ ʠ ʜʨʫʛʠʭ ʛʘʜʞʝʪʦʚ. ɻʠʙʢʠʝ ʧʣʘʪʳ ʠʤʝʶʪ ʫʤʝʥʴʰʝʥʥʳʝ ʛʘʙʘʨʠʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʣʝʛʢʠʝ ʛʘʜʞʝʪʳ [1]. 

ʋ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʝʩʪʴ ʩʚʦʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʟʜʝʣʠʷ: 

 

 
ʈʠʩʫʥʦʢ 1 ï ʕʪʘʧʳ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 
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ʕʪʠ ʵʪʘʧʳ ʦʙʲʷʩʥʷʶʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʮʠʠ, ʦʩʦʙʝʥʥʦ ʛʠʙʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. 

 

ʊʘʙʣʠʮʘ 1 ï ɸʥʘʣʠʟ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 
ʕʪʘʧʳ ʇʨʦʝʢʪʠʨʦʚʘʥʠ

ʝ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʕʢʩʧʣʫʘʪʘʮʠ

 ̫

ʋʪʠʣʠʟʘʮʠʷ 

ʊʝʭʥʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʧʨʦʚʦʜʠʪʩʷ 

ʅʀʆʂʈ: ʚʳʙʦʨ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʦʣʠʤʝʨʘ 

ʧʦʜʣʦʞʢʠ (PI, 

PET, PEN, 

ʵʣʘʩʪʦʤʝʨʳ), 

ʩʦʟʜʘʥʠʝ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʧʨʦʪʦʪʠʧʦʚ 

ʃʠʩʪʦʚʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʜʣʷ ʩʣʦʞʥʳʭ 

ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, 

ʤʦʜʫʣʴʥʘʷ 

ʩʙʦʨʢʘ, 

ʛʝʨʤʝʪʠʟʘʮʠʷ 

ʟʘʱʠʪʥʳʤʠ 

ʙʘʨʴʝʨʥʳʤʠ 

ʧʣʝʥʢʘʤʠ ʠʣʠ 

ʥʘʥʝʩʝʥʠʝ 

ʟʘʱʠʪʥʳʭ 

ʣʘʢʦʚ, 

ʬʠʥʘʣʴʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ 

ʢʘʣʠʙʨʦʚʢʘ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ 

ʚ ʫʩʣʦʚʠʷʭ 

ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, 

ʨʝʘʣʴʥʘʷ 

ʨʘʙʦʪʘ 

ʠʟʜʝʣʠʷ ʚ 

ʫʩʣʦʚʠʷʭ 

ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨ, 

ʋʌ ʠʟʣʫʯʝʥʠʷ 

ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ 

ʇʨʦʙʣʝʤʘ 

ʫʪʠʣʠʟʘʮʠʠ ʠʟ-ʟʘ 

ʢʦʤʧʦʟʠʪʥʦʡ, 

ʥʝʨʘʟʜʝʣʠʤʦʡ 

ʧʨʠʨʦʜʳ ʠʟʜʝʣʠʷ, 

ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ

, ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʠ ʟʘʭʦʨʦʥʝʥʠʶ. 

ʕʢʦʥʦʤʠʯʝʩʢʠ

ʡ ʘʩʧʝʢʪ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʧʨʦʠʟʚʦʜʷʪʩʷ 

ʙʶʜʞʝʪ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ 

ʛʠʙʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʢ 

ʧʨʦʝʢʪʘ. 

ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ 

ʧʨʦʩʯʠʪʳʚʘʶʪʩ

ʷ ʟʘʪʨʘʪʳ ʥʘ 

ʟʘʢʫʧʢʫ ʩʳʨʴʷ, 

ʟʘʪʨʘʪʳ ʥʘ 

ʦʧʣʘʪʫ ʪʨʫʜʘ 

ʩʦʪʨʫʜʥʠʢʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʥʘ ʘʨʝʥʜʫ 

ʩʢʣʘʜʘ.  

ʇʨʦʩʯʸʪ 

ʧʨʘʡʩʘ ʥʘ 

ʧʨʦʜʫʢʮʠʶ, 

ʯʪʦʙʳ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʤʦʛ ʝʛʦ 

ʧʨʦʜʘʚʘʪʴ, ʘ 

ʧʦʪʨʝʙʠʪʝʣʴ 

ʤʦʛ ʝʛʦ 

ʢʫʧʠʪʴ.  

ɿʘʪʨʘʪʳ ʥʘ 

ʫʪʠʣʠʟʘʮʠʶ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʘ 

ʪʘʢʞʝ 

ʨʘʩʰʠʨʝʥʠʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ.  

 

ɼʘʥʥʘʷ ʪʘʙʣʠʮʘ ʦʙʲʷʩʥʷʝʪ ʘʥʘʣʠʟ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʠʙʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʩʧʝʢʪʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʚ ʞʠʟʥʝʥʥʦʤ 

ʮʠʢʣʝ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʙʶʜʞʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʦʤ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪ ʟʘʪʨʘʪ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʛʨʘʤʦʪʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʊʘʢ ʥʘ ʵʪʘʧʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʶʜʞʝʪʘ ʚʳʜʝʣʷʶʪ ʩʢʦʣʴʢʦ ʣʶʜʝʡ ʙʫʜʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʵʪʦʤ 

ʧʨʦʝʢʪʝ, ʢʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʝʢʪʝ ʧʨʦʧʠʰʫʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʮʠʠ, ʥʘʯʠʥʘʷ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʶʜʞʝʪʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʫʪʠʣʠʟʘʮʠʝʡ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʦʜʫʢʮʠʠ.  
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ɺʦ-ʚʪʦʨʳʭ, ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʧʦʥʠʤʘʪʴ 

ʨʘʟʣʠʯʠʷ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʩ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʛʜʝ 

ʚʩʝ ʧʨʦʮʝʩʩʳ ʜʘʚʥʦ ʦʪʨʘʙʦʪʘʥʳ ʠ ʭʦʨʦʰʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ.  

 

ʊʘʙʣʠʮʘ 2 ï SWOT-ʘʥʘʣʠʟ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩ ʜʚʫʭ ʘʩʧʝʢʪʦʚ 
ɻʠʙʢʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ 

ʉʠʣʴʥʳʝ 

ʩʪʦʨʦʥʳ 

ʉʣʘʙʳʝ 

ʩʪʦʨʦʥʳ 

ɺʦʟʤʦʞʥʦʩʪʴ ʋʛʨʦʟʘ 

ʕʢʦʥʦʤʠʯʝʩʢʠ

ʡ ʘʩʧʝʢʪ 

ʇʦʪʝʥʮʠʘʣ ʜʣʷ 

ʨʝʚʦʣʶʮʠʠ ʚ 

ʣʦʛʠʩʪʠʢʝ ʠ 

ʮʝʧʠ ʧʦʩʪʘʚʦʢ. 

ʉʦʟʜʘʥʠʝ 

ʨʳʥʢʦʚ 

ʧʨʝʤʠʫʤ 

ʩʝʛʤʝʥʪʘ  

ʋʩʢʦʨʝʥʠʝ 

ʚʳʭʦʜʘ ʥʘ 

ʨʳʥʦʢ 

(ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʘʜʞʝʪʦʚ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ) 

ɺʳʩʦʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ. 

ʇʨʦʙʣʝʤʘ ʩ 

ʤʘʩʪhʘʙʥʦʩʪʴʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʳʩʦʢʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ. 

ɿʘʤʝʥʘ 

ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʦʣʫʯʝʥʠʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʩʦ ʩʪʦʨʦʥʳ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠʣʠ 

ʯʘʩʪʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. 

ɾʝʩʪʢʘʷ 

ʢʦʥʢʫʨʝʥʮʠʷ, ʪʘʢ 

ʢʘʢ ʝʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ 

ʥʘ ʨʝʘʣʠʟʘʮʠʶ 

(Samsung, LG, 

Panasonic). 

ʈʠʩʢ ʟʘʱʠʪʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ

ʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

ʋʷʟʚʠʤʦʩʪʴ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʮʝʥ 

ʥʘ ʟʘʢʫʧʢʫ 

ʩʳʨʴʷ. 

 

ʊʝʭʥʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ 

ʕʥʝʨʛʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ

, ʧʨʦʯʥʦʩʪʴ ʠ 

ʫʜʘʨʦʩʪʦʡʢʦʩʪ

ʴ, ʣʝʛʢʦʩʪʴ ʠ 

ʪʦʥʢʦʩʪʴ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʛʠʙʢʦʩʪʴ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʜʝʬʦʨʤʘʮʠʠ 

ʄʘʣʘʷ 

ʧʣʦʪʥʦʩʪʴ 

ʠʥʪʝʛʨʘʮʠʠ 

(ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʪʨʘʥʟʠʩʪʦʨʳ 

ʫʩʪʫʧʘʶʪ 

ʧʣʦʪʥʦʩʪʴʶ ʠ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠ

ʶ CMOS), 

ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ 

ʅʀʆʂʈ ʠ 

ʧʠʣʦʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ 

(ʛʨʘʬʝʥ ʠ 

ʥʘʥʦʪʨʫʙʢʠ), 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠ

ʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳ

ʭ ʧʨʦʮʝʩʩʦʚ 

(ʥʘʥʦʣʠʪʦʛʨʘʬʠʠ 

ʣʘʟʝʨʥʦʡ 

ʘʙʠʣʷʮʠʠ) [2]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ 

ʫʪʠʣʠʟʘʮʠʠ, 

ʢʦʥʢʫʨʝʥʮʠʷ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʥʠʢʦʡ, 

ʦʪʩʫʪʩʪʚʠʝ 

ʦʙʱʠʭ 

ʩʪʘʥʜʘʨʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [3]. 

 

ɼʘʥʥʘʷ ʪʘʙʣʠʮʘ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʢʘʢ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ɼʦʣʷ ʨʳʥʢʘ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩ 2025-2032 ʛʛ. ʀʩʪʦʯʥʠʢ: 

ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʛʨʘʬʠʢʠ [4] 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ ʨʠʩʢʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʛʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠʤʝʝʪ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʧʨʦʛʥʦʟ ʨʦʩʪʘ ʜʦʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩ 2025 ʛʦʜʘ ʧʦ 2032 ʛʦʜʘ.  

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦ ʧʨʠʯʠʥʝ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ ʩʨʝʜʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. ʅʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʚ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʪʜʘʝʪʩʷ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʶʜʴʤʠ ʜʣʷ ʦʙʱʝʥʠʷ, 

ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʩʤʦʪʨʘ ʚʠʜʝʦ ʠ ʜʨʫʛʠʭ ʜʝʡʩʪʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝʤ ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ, ʪʘʢ ʠ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʤʳʩʣʝ.  ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʩʤʳʩʣʝ 

ʛʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʣʝʛʢʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʪ ʤʘʣʦ ʵʥʝʨʛʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʥʘʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ, ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ 

ʣʦʛʠʩʪʠʢʠ. ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʛʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʫʷʟʚʠʤʦʩʪʴ ʢ ʢʦʣʝʙʘʥʠʷʤ ʮʝʥ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʨʦʜʫʢʮʠʶ, ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʥʘ ɿʝʤʣʝ. ʊʘʢ ʧʨʦʛʥʦʟ ʥʘ 

2025-2032 ʛʦʜʘʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʛʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠʤʝʝʪ 

ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʘʢ ʢʘʢ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʩʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʉʨʝʜʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʧʨʦʩʪʳʝ ʣʶʜʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʛʘʜʞʝʪʳ, ʩ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʪʘʢ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʛʠʛʘʥʪʳ, ʯʪʦʙʳ ʨʘʟʚʠʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ, ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʚʘʨʦʚ, ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ 

ʧʦʣʫʯʘʷ ʚʳʛʦʜʫ ʚ ʚʠʜʝ ʙʦʣʴʰʦʡ ʧʨʠʙʳʣʠ. 

ʆʜʥʘʢʦ ʧʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ʪʘʙʣʠʮʘ 1) ʠ SWOT-ʘʥʘʣʠʟ 

(ʪʘʙʣʠʮʘ 2) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʝʚʦʟʤʦʞʥʦ 
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ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ï ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʫʪʠʣʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʤ ʚʳʟʦʚʦʤ ʦʩʪʘʸʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ʢʦʥʝʯʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ï ʫʪʠʣʠʟʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʢʦʤʧʦʟʠʪʥʦʡ ʧʨʠʨʦʜʦʡ ʤʘʪʝʨʠʘʣʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʟʜʘʥʠʝ ʟʘʤʢʥʫʪʳʭ ʮʠʢʣʦʚ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʞʝʣʘʪʝʣʴʥʳʤ, ʘ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʩʝʢʪʦʨʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʠʩʢ ʙʘʣʘʥʩʘ 

ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ, ʩʥʠʞʝʥʠʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʛʠʙʢʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʟʘʥʷʪʴ ʧʨʦʯʥʦʝ 

ʤʝʩʪʦ ʚ ʩʪʨʫʢʪʫʨʝ ʤʠʨʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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https://www.futuremarketreport.com/ru/industry-report/flexible-electronics-circuit-market (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʋʉʊʈʆʁʉʊɺʆ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ ɸʅʊɽʅʅʓ 
 

ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʝʣʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʥʘʚʠʛʘʮʠʠ ʢʘʢ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ, ʪʘʢ ʠ ʥʘ 

ʫʣʠʮʝ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʟʘʜʘʯʘʤ. 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʪʘʚʥʫʶ 

ʯʘʩʪʴ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʬʦʨʤʠʨʫʶʱʫʶ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ ʘʥʪʝʥʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʪʝʛʨʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ.  

ʆʩʥʦʚʥʳʤʠ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ: ʩʪʘʪʠʯʝʩʢʘʷ ʠ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʦʚ ʠ ʥʘʜʸʞʥʦʩʪʴ. 

https://phys.msu.ru/rus/about/sovphys/ISSUES-2017/04%28126%29-2017/25457/
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https://www.researchgate.net/publication/376397743_GIBKAA_ELEKTRONIKA_NA_OSNOVE_GRAFENA_EGO_SOEDINENIJ_I_KOMPOZITOV
https://www.futuremarketreport.com/ru/industry-report/flexible-electronics-circuit-market
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ʉʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʦʩʥʦʚʘʥʳ ʥʘ ʛʣʦʙʘʣʴʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ (GNSS), ʚʢʣʶʯʘʷ ʘʤʝʨʠʢʘʥʩʢʫʶ GPS, 

ʨʦʩʩʠʡʩʢʫʶ ɻʃʆʅɸʉʉ, ʝʚʨʦʧʝʡʩʢʫʶ Galileo ʠ ʢʠʪʘʡʩʢʫʶ BeiDou [1]. 

ʉʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪ ʘʥʪʝʥʥʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʝ ʥʘʟʥʘʯʝʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ï 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʥʘʚʝʜʝʥʠʷ ʣʫʯʘ ʘʥʪʝʥʥʳ: 

1) ʥʘʚʝʜʝʥʠʝ ʚʩʣʝʧʫʶ ʠʣʠ ʥʘʚʝʜʝʥʠʝ ʩ ʨʘʟʦʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ, ʢʦʪʦʨʦʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʣʫʯʘ ʘʥʪʝʥʥʳ ʧʨʠ ʥʘʣʠʯʠʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʠ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʢʘʞʝʥʠʷ, ʰʫʤʳ).  

2) ʥʘʚʝʜʝʥʠʝ ʩ ʟʘʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ, ʢʦʪʦʨʳʡ ʠʟʚʣʝʢʘʝʪ ʧʦʧʨʘʚʢʠ ʠʟ 

ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ.  

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

- ʧʦʚʦʨʦʪ ʧʦ ʜʚʫʤ ʦʩʷʤ; 

- ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ; 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʥʘʚʝʜʝʥʠʝ;  

- ʢʦʤʧʝʥʩʘʮʠʷ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʝʪʨʘ ʠ ʚʠʙʨʘʮʠʡ. 

ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʧʫʪʥʠʢʦʚʳʭ ʣʠʥʠʷʭ ʩʚʷʟʠ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʢʦʩʤʠʯʝʩʢʠʭ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʦʤʧʣʝʢʩʘʭ ʥʘʙʣʶʜʝʥʠʷ ʠ ʤʝʪʝʦʨʦʣʦʛʠʠ.  

ɺ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʣʠ 

ʩʪʘʥʮʠʠ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʥʘʧʨʘʚʣʝʥʠʷ.  

ɺ ʨʘʜʠʦʣʦʢʘʮʠʠ ʘʥʪʝʥʥʘ ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪ ʦʙʟʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʧʨʝʨʳʚʥʦ 

ʚʨʘʱʘʷʩʴ ʠʣʠ ʧʝʨʝʤʝʱʘʷʩʴ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ.  

ɺ ʤʝʪʝʦʨʦʣʦʛʠʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʘʥʪʝʥʥ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 

ʆʧʦʨʥʦʡ ʯʘʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʘʥʪʝʥʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʆʜʠʥ ʧʨʠʚʦʜ ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ, ʜʨʫʛʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʫʛʣʘ ʥʘʢʣʦʥʘ. 

ʆʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘ ʪʝʢʫʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʘʪʯʠʢʦʚ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠ ʧʦʣʦʞʝʥʠʷ ʠʣʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʨʝʟʠʩʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʨʫʯʥʫʶ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ 

ʮʝʧʠ.  

ʋʧʨʘʚʣʷʶʱʘʷ ʩʠʩʪʝʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʠ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣʳ ʜʣʷ ʧʨʠʚʦʜʦʚ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʦʚʘʥ ʚ ʚʠʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ, 

ʚʢʣʶʯʘʶʱʝʛʦ ʜʚʠʛʘʪʝʣʴ ʠ ʨʝʜʫʢʪʦʨ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩʦʟʜʘʸʪ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ, ʨʝʜʫʢʪʦʨ ʘʜʘʧʪʠʨʫʝʪ ʝʛʦ ʧʦ ʩʢʦʨʦʩʪʠ, ʘ ʧʝʨʝʜʘʪʦʯʥʳʡ ʫʟʝʣ ʧʦʜʘʸʪ 

ʫʩʠʣʠʝ ʥʘ ʧʣʘʪʬʦʨʤʫ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʪʯʠʢʦʚ 

ʠ ʨʘʜʠʦʣʦʢʘʪʦʨʘ. ʆʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʫʛʣʘ ʠ ʧʦʚʦʨʦʪʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʦʯʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ, ʦʥʠ ʛʘʨʘʥʪʠʨʫʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʤʘʛʥʠʪʥʳʝ 
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ʦʪʣʠʯʘʶʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʸʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʅʘʣʠʯʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ʀʤʧʫʣʴʩʥʳʡ ʨʘʜʠʦʣʦʢʘʪʦʨ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʯʝʨʝʟ ʩʪʝʥʳ, ʫʣʫʯʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʠ ʥʝʧʨʝʨʳʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʝʥʩʦʨʥʳʭ ʤʦʜʫʣʝʡ 

ʩ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ ʠ ʛʠʨʦʩʢʦʧʘʤʠ [1]. 

ʋʩʪʨʦʡʩʪʚʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʝʥʥʳ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 1), ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ:  

-  ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʴ,  

-  ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʦʚ,  

-  ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ, 

-  ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 

ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʪʨʝʙʫʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ ʥʘʚʝʜʝʥʠʷ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʜʚʠʛʘʪʝʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʦʩʪʦʷʥʥʘ, ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʥʪʝʥʥʳ ʧʦ 

ʘʟʠʤʫʪʫ, ʜʣʷ ʵʪʦʛʦ ʧʝʨʝʜʘʯʘ ʚʨʘʱʝʥʠʷ ʦʪ ʜʚʠʛʘʪʝʣʝʡ ʢ ʘʥʪʝʥʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʤʘʛʥʠʪʥʫʶ ʧʦʨʦʰʢʦʚʫʶ ʤʫʬʪʫ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʧʦʩʦʙʥʘ ʨʘʙʦʪʘʪʴ ʚ 

ʨʫʯʥʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ, 

ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʶ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʩʪʨʦʡʢʠ, ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, 

ʠʥʪʝʛʨʘʮʠʶ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʧʝʨʝʭʦʜ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ 

ʩʢʘʥʠʨʦʚʘʥʠʶ. 

 

 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʘʥʪʝʥʥʳ 
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ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʫʨʦʚʝʥʴ ʧʨʠʥʠʤʘʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʠʨʫʶʪ ʧʦʣʦʞʝʥʠʝ ʘʥʪʝʥʥʳ. 

ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʬʘʟʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳʝ ʨʝʰʸʪʢʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʵʣʝʢʪʨʦʥʥʦ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʣʫʯʘ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʘʥʪʝʥʥʳ. ʆʥʠ ʤʦʛʫʪ ʥʘʚʦʜʠʪʴʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʙʳʩʪʨʦ ʤʝʥʷʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʧʨʠʝʤʘ, ʪʘʢ ʠ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʟʥʘʪʴ ʦʪʢʫʜʘ ʠʩʭʦʜʠʪ ʩʠʛʥʘʣ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʘʥʪʝʥʥ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʩʚʷʟʠ, ʢʦʪʦʨʫʶ 

ʤʥʦʛʠʝ ʦʞʠʜʘʶʪ ʥʘ ʩʝʛʦʜʥʷ, ʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ 

ʙʳʩʪʨʳʝ ʠ ʥʘʜʝʞʥʳʝ ʩʝʪʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʝ ʙʫʜʝʪ ʩʚʷʟʘʥʦ 

ʩ ʨʦʩʪʦʤ ʘʚʪʦʥʦʤʥʦʩʪʠ, ʘʜʘʧʪʘʮʠʝʡ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʦʤʝʭʘʤ ʠ ʩʥʠʞʝʥʠʝʤ 

ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʕʃɽʂʊʈʆʅʅʓʁ ʂɸʄʀʅ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʴʝʨʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʘʤʠʥʳ ʩʦʟʜʘʶʪ ʘʪʤʦʩʬʝʨʫ ʪʝʧʣʘ 

ʠ ʫʶʪʘ. ʆʜʥʘʢʦ ʠʭ ʠʩʪʦʨʠʷ ʥʘʯʘʣʘʩʴ ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʛʦ 

ʞʠʣʴʷ. ʅʘʯʠʥʘʝʪʩʷ ʵʪʦ ʠʩʪʦʨʠʷ ʩ ʢʦʩʪʨʘ, ʢʦʪʦʨʳʡ ʨʘʟʚʦʜʠʣʠ ʚ ʧʝʱʝʨʝ ʠʣʠ ʚ 

ʧʨʠʤʠʪʠʚʥʦʤ ʞʠʣʠʱʝ. ɼʳʤ ʚʳʭʦʜʠʣ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʢʨʳʰʝ ʠʣʠ ʩʪʝʥʘʭ, ʘ ʩʘʤ 

ʢʦʩʪʝʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʙʦʛʨʝʚʘ ʠʣʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ. ɺ ɼʨʝʚʥʝʡ ɻʨʝʮʠʠ 

ʘʥʘʣʦʛʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʤʠʥʦʚ ʙʳʣʠ ʧʝʨʝʥʦʩʥʳʝ ʞʘʨʦʚʥʠ ʩ ʫʛʣʷʤʠ. ɸ ʚ 

ɼʨʝʚʥʝʤ ʈʠʤʝ ʩʦʟʜʘʣʠ ʧʨʦʦʙʨʘʟ ʪʝʧʣʦʛʦ ʧʦʣʘ ï ʛʦʨʷʯʠʡ ʚʦʟʜʫʭ ʮʠʨʢʫʣʠʨʦʚʘʣ 

ʧʦʜ ʧʦʣʦʤ ʠ ʚ ʩʪʝʥʘʭ, ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ ʩʪʘʨʘʣʠʩʴ ʠʟʙʝʛʘʪʴ. ʇʦʩʣʝ ʧʘʜʝʥʠʷ ʈʠʤʘ 

ʚʩʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʫʪʝʨʷʥʳ, ʠ ɽʚʨʦʧʘ ʚʝʨʥʫʣʘʩʴ ʢ ʦʪʢʨʳʪʦʤʫ 

ʦʯʘʛʫ ʚ ʮʝʥʪʨʝ ʛʣʘʚʥʳʭ ʟʘʣʦʚ. ɺ ʨʦʤʘʥʩʢʫʶ ʠ ʛʦʪʠʯʝʩʢʫʶ ʵʧʦʭʫ 12-13 ʚʝʢʦʚ 

ʦʯʘʛʠ ʥʘʯʠʥʘʶʪ ʧʝʨʝʜʚʠʛʘʪʴ ʢ ʩʪʝʥʝ, ʧʦʷʚʣʷʶʪʩʷ ʜʳʤʦʭʦʜʳ ʠ ʚʳʪʷʞʥʳʝ 

ʢʦʣʧʘʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʧʨʦʦʙʨʘʟʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʘʤʠʥʘ. ʆʜʥʘʢʦ ʪʘʢʠʝ 

ʢʘʤʠʥʳ ʙʳʣʠ ʦʯʝʥʴ ʛʨʦʤʦʟʜʢʠʤʠ (ʨʘʟʤʝʨ ʧʨʝʚʳʰʘʣ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʦʩʪ) ʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʝʧʣʘ, ʥʦ ʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʟʘʤʢʦʚ ʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 
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ʧʠʱʠ. ʂ 16 ʚʝʢʫ ʢʘʤʠʥʳ ʩʪʘʥʦʚʷʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʩʢʫʩʩʪʚʘ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ 

ʩʪʘʪʫʩ ʭʦʟʷʠʥʘ. ʇʦʨʪʘʣʳ ʢʘʤʠʥʦʚ ʫʢʨʘʰʘʶʪʩʷ ʢʦʣʦʥʥʘʤʠ ʠ ʬʨʝʩʢʘʤʠ, ʘ ʥʘʜ 

ʩʘʤʠʤʠ ʢʘʤʠʥʘʤʠ ʚʝʰʘʣʠ ʛʝʨʙʳ, ʢʘʨʪʠʥʳ ʠ ʟʝʨʢʘʣʘ. ʂ ʢʦʥʮʫ 18 ʚʝʢʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʘʤʠʥʦʚ ʥʘʯʠʥʘʶʪ ʫʯʠʪʳʚʘʪʴʩʷ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ. 

ʇʦʷʚʠʣʠʩʴ ʠʟʤʝʥʝʥʥʘʷ ʬʦʨʤʘ ʪʦʧʣʠʚʥʠʢʘ ʠ ʜʳʤʦʭʦʜʘ, ʯʪʦ ʫʤʝʥʴʰʠʣʦ ʧʦʪʝʨʠ 

ʪʝʧʣʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʩʝʛʦʜʥʷ. ɺ 19 ʚʝʢʝ ʢʘʤʠʥʳ 

ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʩʪʫʧʥʦʩʪʴ. ʀʭ ʘʢʪʠʚʥʦ ʩʢʫʧʘʝʪ ʩʨʝʜʥʠʡ ʢʣʘʩʩ. ʀʤʝʥʥʦ ʚ ʵʪʦ 

ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʦʙʨʘʟ çʜʦʤʘʰʥʝʛʦ ʦʯʘʛʘè. ɺ 20 ʚʝʢʝ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʧʘʨʦʚʦʛʦ ʦʪʦʧʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʤʠʥʦʚ 

ʧʘʜʘʝʪ. ʂ ʩʝʨʝʜʠʥʝ ʚʝʢʘ ʢʘʤʠʥʳ ʦʩʪʘʶʪʩʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʦʣʴʢʦ ʚ ʟʘʛʦʨʦʜʥʳʭ 

ʜʦʤʘʭ, ʢʘʢ ʩʠʤʚʦʣ ʫʶʪʘ. ʂ ʢʦʥʮʫ ʚʝʢʘ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʝʡ ʜʝʥʴ ʢʘʤʠʥʳ ʥʦʩʷʪ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʜʝʢʦʨʘʪʠʚʥʫʶ ʬʫʥʢʮʠʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ 

ʜʠʟʘʡʥʘ, ʨʝʞʝ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʝʧʣʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʢʘʤʠʥʦʚ: 

- ʜʨʦʚʷʥʦʡ ʢʘʤʠʥ (ʨʠʩ. 1ʘ). ʆʙʣʘʜʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ 

ʛʘʟʘ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʦʨʝʥʠʝ ʥʘʩʪʦʷʱʝʛʦ ʦʛʥʷ, ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʤʦʱʥʫʶ 

ʚʝʥʪʠʣʷʮʠʶ, ʜʳʤʦʭʦʜ ʠ ʨʝʛʫʣʷʨʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

- ʛʘʟʦʚʳʡ ʢʘʤʠʥ (ʨʠʩ. 1ʙ). ʇʦʜʜʝʨʞʠʚʘʝʪ ʛʦʨʝʥʠʝ ʥʘʩʪʦʷʱʝʛʦ ʦʛʥʷ, 

ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʧʫʣʴʪʘ. ʆʜʥʘʢʦ ʪʨʝʙʫʝʪ ʛʘʟʦʚʫʶ ʨʘʟʚʦʜʢʫ ʠ ʩʧʝʮʠʘʣʴʥʫʶ 

ʚʝʥʪʠʣʷʮʠʶ; 

- ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʘʤʠʥ (ʨʠʩ. 1ʚ). ʇʨʦʩʪ ʚ ʫʩʪʘʥʦʚʢʝ, ʥʝ ʥʫʞʝʥ ʜʳʤʦʭʦʜ ʠ 

ʚʝʥʪʠʣʷʮʠʷ, ʙʝʟʦʧʘʩʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʶ ʥʘʛʨʝʚʘ 

ʚʦʟʜʫʭʘ, ʠʤʠʪʘʮʠʷ ʧʣʘʤʝʥʠ; 

- ʙʠʦʪʦʧʣʠʚʥʳʡ ʢʘʤʠʥ (ʨʠʩ. 1ʛ). ʥʝ ʪʨʝʙʫʝʪ ʜʳʤʦʭʦʜʘ, ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʤʝʱʝʥʠʡ, ʨʘʙʦʪʘʝʪ ʥʘ ʞʠʜʢʦʤ ʙʠʦʪʦʧʣʠʚʝ (ʵʪʘʥʦʣ). ʆʜʥʘʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʢʘʤʠʥʘ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʤʝʱʝʥʠʠ ï 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝ. 

 

  
ʈʠʩʫʥʦʢ 1 ï ɺʠʜʳ ʢʘʤʠʥʦʚ 

 

ʋʩʪʘʥʦʚʢʘ ʜʨʦʚʷʥʳʭ ʠʣʠ ʛʘʟʦʚʳʭ ʢʘʤʠʥʦʚ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ 

ʦʛʨʘʥʠʯʝʥʘ ʪʝʭʥʠʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʴʶ ʤʦʥʪʘʞʘ ʜʳʤʦʭʦʜʦʚ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʢʘʤʠʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʙʝʟʦʧʘʩʥʦʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ 

ʩʝʤʴʝ ʜʝʪʝʡ ʠ ʞʠʚʦʪʥʳʭ. ʕʣʝʢʪʨʦʥʥʳʝ ʢʘʤʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
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ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʩʧʦʩʦʙʥʫʶ ʠʤʠʪʠʨʦʚʘʪʴ 

ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʦʪʢʨʳʪʦʛʦ ʦʛʥʷ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʘʤʠʥʦʚ [1]. 

1. ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʳʝ (2D-ʢʘʤʠʥʳ). ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʝʢʮʠʠ ʠ ʩʚʝʪʦʚʳʭ 

ʵʬʬʝʢʪʦʚ ʩʦʟʜʘʝʪʩʷ ʧʣʦʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʘʤʝʥʠ. 

2. ʇʘʨʦʚʳʝ (3D-ʢʘʤʠʥʳ). ʕʬʬʝʢʪ ʛʦʨʝʥʠʷ ʩʦʟʜʘʝʪ ʧʦʜʩʚʝʯʝʥʥʳʡ ʚʦʜʷʥʦʡ 

ʧʘʨ, ʨʘʩʧʳʣʷʝʤʳʡ ʠʟ ʚʩʪʨʦʝʥʥʦʛʦ ʫʚʣʘʞʥʠʪʝʣʷ.  

3. ʕʣʝʢʪʨʦʢʘʤʠʥ ʩ ɾʂ-ʜʠʩʧʣʝʝʤ. ʀʤʠʪʘʮʠʶ ʦʛʥʷ ʪʨʘʥʩʣʠʨʫʝʪ ʚʠʜʝʦʟʘʧʠʩʴ 

ʥʘ ʚʩʪʨʦʝʥʥʦʤ ʵʢʨʘʥʝ. 

4. ʕʣʝʢʪʨʦʢʘʤʠʥ ʩ LED-ʧʦʜʩʚʝʪʢʦʡ. ʀʣʣʶʟʠʶ ʛʦʨʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʚ ʧʘʤʷʪʠ ʢʦʥʪʨʦʣʣʝʨʘ ʵʬʬʝʢʪʳ, ʦʪʦʙʨʘʞʘʝʤʳʝ ʥʘ LED-

ʫʩʪʨʦʡʩʪʚʘʭ (ʩʚʝʪʦʜʠʦʜʳ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʝʥʪʳ ʠ ʪ.ʜ.). 

5. ʕʣʝʢʪʨʦʢʘʤʠʥ ʩ ʠʤʠʪʘʮʠʝʡ ʜʳʤʘ. ʉ ʧʦʤʦʱʴʶ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʵʬʬʝʢʪ ʜʳʤʘ, ʘ ʵʬʬʝʢʪ ʦʛʥʷ ʜʦʧʦʣʥʷʝʪ ʧʦʜʩʚʝʪʢʘ ʠʟ ʩʚʝʪʦʜʠʦʜʦʚ. 

 ʕʣʝʢʪʨʦʥʥʳʝ ʢʘʤʠʥʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʝʢʦʨʘʮʠʠ, ʜʣʷ 

ʦʙʦʛʨʝʚʘ ʠ ʚ ʩʦʚʤʝʱʝʥʥʦʤ ʚʘʨʠʘʥʪʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʤʠʥʘ ʥʘ ʦʩʥʦʚʝ 

ʘʜʨʝʩʥʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʝʨʠʠ ATmega, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ 

ʦʪʣʘʜʦʯʥʳʝ ʧʣʘʪʳ Arduino. ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʷʛʢʦʛʦ ʩʚʝʯʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʦʨʧʫʩʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʪʦʚʦʝ ʘʢʨʠʣʦʚʦʝ ʩʪʝʢʣʦ ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʘʷ ʪʢʘʥʴ. ʏʪʦʙʳ ʧʣʘʤʷ ʙʳʣʦ ʜʠʥʘʤʠʯʥʳʤ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʵʣʝʢʪʨʦʤʦʪʦʨ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʚʘʣʦʤ, ʥʘ ʢʦʪʦʨʦʤ 

ʟʘʢʨʝʧʣʝʥʳ ʣʝʛʢʠʝ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʝ ʵʣʝʤʝʥʪʳ ï ʧʦʣʦʩʢʠ ʬʦʣʴʛʠ, ʮʝʧʦʯʢʠ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʟʤʳ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʦʱʫʱʝʥʠʡ ʦʪ ʧʦʪʨʝʩʢʠʚʘʥʠʷ 

ʢʦʩʪʨʘ ʚ ʩʠʩʪʝʤʫ ʚʩʪʨʦʝʥ ʜʠʥʘʤʠʢ. ɼʦʧʦʣʥʷʝʪ ʩʠʩʪʝʤʫ ʚʥʝʰʥʠʡ ʜʝʢʦʨ ʥʘ 

ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ: ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʣʝʥʴʷ, ʫʛʣʠ, ʢʨʠʩʪʘʣʣʳ ʠʣʠ ʢʫʩʦʯʢʠ ʩʪʝʢʣʘ. 

ʋʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʦʥʥʳʤ ʢʘʤʠʥʦʤ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʯʝʨʝʟ ʨʫʯʥʦʡ ʚʚʦʜ ʠ 

ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʠʥʪʝʨʬʝʡʩʫ ʯʝʨʝʟ ʩʤʘʨʪʬʦʥ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʤʠʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʘʤʠʥʘ 

 



88 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɺʢʣʶʯʝʥʠʝ. ʕʣʝʢʪʨʦʥʥʳʡ ʢʘʤʠʥ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʫ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ 

ʢʥʦʧʢʫ ʚʢʣʶʯʝʥʠʷ (ʙʣʦʢ ʨʫʯʥʦʛʦ ʚʚʦʜʘ) ʠʣʠ ʧʦʩʣʝ ʧʦʜʘʯʠ ʩʠʛʥʘʣʘ ʚʢʣʶʯʝʥʠʷ 

ʯʝʨʝʟ ʩʤʘʨʪʬʦʥ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʙʣʦʢ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʷʨʢʦʩʪʴ ʩʚʝʯʝʥʠʷ ʠ ʨʝʞʠʤ ʛʦʨʝʥʠʷ. ʊʘʢʞʝ ʚʳʙʨʘʪʴ ʟʚʫʢʦʚʦʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʝ: ʟʚʫʢ ʧʦʪʨʝʩʢʠʚʘʥʠʷ ʜʨʦʚ ʠʣʠ ʫʩʧʦʢʘʠʚʘʶʱʫʶ ʤʝʣʦʜʠʶ. 

2. ɺʨʘʱʝʥʠʝ. ɺʢʣʶʯʘʝʪʩʷ ʤʦʪʦʨ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʟʝʨʢʘʣʴʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ), ʠ ʚʘʣ ʩ ʦʪʨʘʞʘʪʝʣʷʤʠ ʥʘʯʠʥʘʝʪ ʤʝʜʣʝʥʥʦ ʚʨʘʱʘʪʴʩʷ. 

3. ʇʦʜʩʚʝʪʢʘ. ɿʘʛʦʨʘʝʪʩʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ (ʙʣʦʢ ʚʠʟʫʘʣʠʟʘʮʠʠ) ʠ 

ʦʩʚʝʱʘʝʪ ʚʨʘʱʘʶʱʠʝʩʷ ʵʣʝʤʝʥʪʳ. 

4. ʆʪʨʘʞʝʥʠʝ ʠ ʤʝʨʮʘʥʠʝ. ʆʪʨʘʞʘʷʩʴ ʦʪ ʜʚʠʞʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʚʝʪ 

ʩʦʟʜʘʝʪ ʭʘʦʪʠʯʥʳʝ, ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʝʩʷ ʙʣʠʢʠ ʥʘ ʟʘʜʥʝʡ ʧʘʥʝʣʠ ʠ 

ʜʝʢʦʨʘʮʠʷʭ ʢʘʤʠʥʘ.  

5. ɿʚʫʢʦʚʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ʉʠʥʭʨʦʥʥʦ ʩ ʚʠʟʫʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʥʘ ʜʠʥʘʤʠʢ 

(ʙʣʦʢ ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ) ʚʳʚʦʜʠʪʩʷ ʚʳʙʨʘʥʥʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʘʫʜʠʦʟʘʧʠʩʴ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʴʰʠʤʠ ʩʝʨʠʡʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʠʟʢʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 15ï40 ɺʪ), 

ʠʩʢʣʶʯʝʥʠʝ ʨʠʩʢʘ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʨʝʞʠʤʦʚ ʛʦʨʝʥʠʷ ʦʛʥʷ 

(ʠʥʪʝʥʩʠʚʥʦʝ ʧʣʘʤʷ, ʪʣʝʥʠʝ ʫʛʣʝʡ, ʨʘʟʥʦʮʚʝʪʥʳʡ ʦʛʦʥʴ), ʢʦʤʧʘʢʪʥʦʩʪʴ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɸʅɸʃʀɿ ʏɸʉʊʆʊʅʆʁ ʐʀʈʆʂʆʇʆʃʆʉʅʆʉʊʀ 

ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʎʀʀ ʉɽʄʗʅ ʈɸʉʊɽʅʀʁ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) 

ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʣʷ ʟʘʜʘʯ ʙʠʦʬʠʟʠʢʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʨʘʜʠʮʠʦʥʥʦ ʘʥʘʣʠʟ ʚʝʜʝʪʩʷ ʚ ʰʢʘʣʝ ʜʣʠʥ 

ʚʦʣʥʳ ʠʣʠ ʵʥʝʨʛʠʡ, ʦʜʥʘʢʦ ʧʝʨʝʭʦʜ ʚ ʯʘʩʪʦʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʜʠʦʬʠʟʠʢʝ ʠ 

ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʥʷʪʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʬʦʨʤʫ ʩʧʝʢʪʨʘ ʠ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʦʧʪʠʢʝ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ ʥʝ ʩʣʦʞʠʣʦʩʴ, ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ 

ʨʘʩʯʝʪʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʦʧʦʨʥʳʭ ʯʘʩʪʦʪʘʭ. 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ çʌʣʶʦʨʘʪ-

02-ʇʘʥʦʨʘʤʘè (ʨʠʩ. 1). ʆʙʨʘʟʮʳ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ ʦʙʣʫʯʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʨʝʛʠʩʪʨʘʮʠʷ ʚʝʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʦʙʣʘʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʳʡ ʩʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ: 

1) ʩʛʣʘʞʠʚʘʥʠʝ ʤʝʪʦʜʦʤ ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ ʩ ʦʢʥʦʤ 8 ʪʦʯʝʢ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʰʫʤʦʚ; 

2) ʥʦʨʤʠʨʦʚʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ; 

3) ʠʥʪʝʨʧʦʣʷʮʠʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʝʢ ʜʦ 512; 

4) ʫʜʘʣʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʧʦʤʦʱʴʶ ʌʫʨʴʝ-ʬʠʣʴʪʨʘ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ; 

5) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʰʢʘʣʳ ʜʣʠʥ ʚʦʣʥʳ ʚ ʰʢʘʣʫ ʯʘʩʪʦʪ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʰʢʘʣʳ ʜʣʠʥ ʚʦʣʥʳ ʚ ʰʢʘʣʫ ʯʘʩʪʦʪ 

 



90 

ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʠ ʪʨʠ ʢʣʶʯʝʚʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʨʠʩ.3): 

- f
0
 ï ʯʘʩʪʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʫʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ; 

- f
ʮ
 ï ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʩʧʝʢʪʨʘ (ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʯʘʩʪʦʪʘ), ʚʳʯʠʩʣʷʝʤʘʷ ʢʘʢ 

ʠʥʪʝʛʨʘʣ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʫ, ʜʝʣʝʥʥʳʡ ʥʘ ʧʦʣʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ; 

- Ўfɻ
ʬ
 ï ʵʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ (ʧʦʣʥʘʷ ʰʠʨʠʥʘ ʥʘ ʧʦʣʫʚʳʩʦʪʝ). 

ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ: 

 

ʈρ
Ўfɻ

ʬ

f
ʮ

, 

 

ʈς
Ўfɻ

ʬ

f
0

. 

 

 ɺʳʙʦʨ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʦʧʦʨʥʳʭ ʯʘʩʪʦʪ ʦʙʫʩʣʦʚʣʝʥ ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʦʧʪʠʢʝ 

ʫʩʪʦʷʚʰʝʛʦʩʷ ʦʧʨʝʜʝʣʝʥʠʷ: f
0
 ï ʧʨʦʱʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʥʦ f

ʮ
 ï 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʰʫʤʘʤ ʠ ʘʩʠʤʤʝʪʨʠʠ ʩʧʝʢʪʨʘ. 

 ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 33 ʧʨʦʙ ʩʝʤʷʥ. 
 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʌʃ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ 
 ̄

ʵʬ,ɻʮf  
0
,ɻʮf  ʮ

,ɻʮf  1
ɛ 2

ɛ  

1 2 3 4 5 6 

1 0,62961 0,55273 0,7537 0,835359 1,139091 

2 0,67758 0,55546 0,7631 0,887931 1,219854 

3 0,78351 0,52817 0,7667 1,021925 1,483443 

4 0,6436 0,55852 0,7699 0,835953 1,152331 

5 0,67158 0,51184 0,7206 0,931973 1,31209 

6 0,70556 0,49898 0,6702 1,05276 1,414005 

7 0,65359 0,54704 0,7368 0,887066 1,194776 

8 0,72555 0,53004 0,7225 1,004221 1,368859 

9 0,69557 0,5202 0,7131 0,975417 1,33712 

10 0,71156 0,52128 0,6869 1,0359 1,365025 

11 0,62161 0,53158 0,6728 0,923915 1,169363 

12 0,6416 0,55375 0,7835 0,81889 1,158646 

13 0,65559 0,53947 0,7309 0,896963 1,215248 

14 0,62561 0,53031 0,6789 0,921505 1,179706 

15 0,68158 0,54239 0,7341 0,928457 1,256623 

16 0,67558 0,52774 0,6993 0,96608 1,280138 

17 0,67158 0,51324 0,6647 1,010351 1,308511 

18 0,73354 0,54292 0,7721 0,950058 1,351101 

19 0,69557 0,55284 0,7534 0,923241 1,258176 

20 0,62961 0,57236 0,7603 0,828107 1,100024 

21 0,72363 0,49048 0,7651 0,945798 1,475351 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʇʘʨʘʤʝʪʨʳ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʌʃ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ 
 ̄

ʵʬ,ɻʮf  
0
,ɻʮf  ʮ

,ɻʮf  1
ɛ 2

ɛ  

22 0,59681 0,51896 0,7790 0,766123 1,150012 

23 0,58002 0,51996 0,7326 0,791728 1,115509 

24 0,59121 0,51301 0,7815 0,756507 1,152434 

25 0,59867 0,50439 0,7202 0,831255 1,186919 

26 0,60054 0,47871 0,7101 0,845712 1,254496 

27 0,60986 0,48383 0,6868 0,887973 1,260484 

28 0,66022 0,47328 0,7026 0,939681 1,394988 

29 0,65836 0,50193 0,7599 0,866377 1,311657 

30 0,608 0,53463 0,8133 0,747572 1,137235 

31 0,58002 0,51735 0,7819 0,741808 1,121137 

32 0,60986 0,53204 0,7791 0,782775 1,146267 

33 0,76093 0,489 0,7839 0,970698 1,556094 

 
ɿʥʘʯʝʥʠʷ f

ʮ
 ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,58 ï 0,78 ʦʪʥ. ʝʜ., f

0
 ï 0,47 ï 0,57 ʦʪʥ. 

ʝʜ., ʵʬʬʝʢʪʠʚʥʘʷ ʰʠʨʠʥʘ Ўfɻ
ʬ
 ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ 0,66-0,81 ʦʪʥ. ʝʜ. ʇʦʢʘʟʘʪʝʣʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ ʩʦʩʪʘʚʠʣʠ: ʈρ = 0,74 ï 1,05, ʈς = 1,10-1,56. 

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʨʠʥʷʪʦʡ ʜʣʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ [2], ʢ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤ (UWB) ʦʪʥʦʩʷʪ ʩʠʛʥʘʣʳ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ ʙʦʣʝʝ 0,2. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʩʝ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʝʚʳʰʝʥʠʝ ʵʪʦʡ ʛʨʘʥʠʮʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʩʝʤʷʥ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʠʛʥʘʣʘʤ: ʠʭ 

ʰʠʨʠʥʘ ʩʦʠʟʤʝʨʠʤʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨʳ 

ʦʙʣʘʜʘʶʪ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʣʥʦ ʦʧʠʩʘʪʴ ʬʦʨʤʫ ʩʧʝʢʪʨʘ ʠ ʝʝ ʚʘʨʠʘʮʠʠ. 

ʆʙʥʘʨʫʞʝʥʥʘʷ ʘʥʘʣʦʛʠʷ ʩʦ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʦʪʢʨʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʜʣʷ ʘʥʘʣʠʟʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʚ ʘʛʨʦʙʠʦʬʠʟʠʢʝ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀ.ʀ. ɿʝʣʝʚʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɺ. ʄʘʣʳʰʢʠʥ, ʩʪ.ʧʨ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 
ɼɽʂʆʄʇʆɿʀʎʀʗ ʉʇɽʂʊʈʆɺ ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʎʀʀ ʉɽʄʗʅ 

ʈɸʉʊɽʅʀʁ ʀ ɸʅɸʃʀɿ ʀʍ ʉʇɽʂʊʈɸʃʔʅʓʍ ʂʆʄʇʆʅɽʅʊ 

 
ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ. ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʪʝʤʝ ʦʙʫʩʣʦʚʣʝʥ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʤʝʥʪʦʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ [1]. ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ. 

ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʘ ʠ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ Origin Pro 

2018. 

ʇʝʨʚʳʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʩʛʣʘʞʠʚʘʥʠʝ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʕʪʘ 

ʦʧʝʨʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʬʣʫʢʪʫʘʮʠʷ ʩʠʛʥʘʣʘ. 

ʉʛʣʘʞʠʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʤʝʪʦʜʦʤ çAdjacent-Averegingè ʩ ʦʢʥʦʤ ʫʩʨʝʜʥʝʥʠʷ 8 

ʪʦʯʝʢ (ʨʠʩʫʥʦʢ 1. ʘ - ʙ) 

ɺʪʦʨʦʡ ʰʘʛ ï ʥʦʨʤʘʣʠʟʘʮʠʷ ʠ ʠʥʪʝʨʧʦʣʷʮʠʷ. ʉʧʝʢʪʨ ʙʳʣ ʥʦʨʤʘʣʠʟʦʚʘʥ ʢ 

ʝʜʠʥʠʮʝ. ʀʥʪʝʨʧʦʣʷʮʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ ʚ 

ʠʩʭʦʜʥʦʤ ʩʧʝʢʪʨʝ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʬʠʣʴʪʨʘʮʠʠ ʯʘʩʪʦʪʥʦʛʦ 

ʩʧʝʢʪʨʘ. 

ʇʦʜʘʚʣʝʥʠʝ ʦʩʪʘʚʰʠʭʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ (Low Pass FFT Filter) ʩ ʯʘʩʪʦʪʦʡ ʩʨʝʟʘ 5 ɻʮ. 

ʇʦʩʪʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʣʘ ʮʝʥʪʨʠʨʦʚʢʫ ʩʧʝʢʪʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʡ ʫʩʣʦʚʥʦʡ 

ʯʘʩʪʦʪʳ (ʪʘʢ ʢʘʢ ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ) ʠ ʫʜʘʣʝʥʠʝ 

ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʫʪʝʤ ʚʳʯʠʪʘʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʧʝʢʪʨʘ. 

ʀʪʦʛʦʚʳʡ ʚʠʜ ʩʧʝʢʪʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʚ. 

ʇʦʣʫʯʝʥʥʘʷ ʦʛʠʙʘʶʱʘʷ ʩʧʝʢʪʨʘ (ʨʠʩ. 1. ʛ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʫʧʝʨʧʦʟʠʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʦʣʦʩ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ ʮʝʥʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʨʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʛʘʫʩʩʠʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ: 

 

 Wt = W0 + AϽ e
-2.8

f - f
0

ȹf

2

, 

 

ʛʜʝ  W0 ï ʬʦʥʦʚʳʡ ʩʠʛʥʘʣ, ɸ ï ʘʤʧʣʠʪʫʜʘ, f
0
 ï ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʧʠʢʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʠʥʩʪʨʫʤʝʥʪʦʤ çMultiPeak Fitè. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʘ ʜʦʩʪʘʪʦʯʥʦ ʪʨʝʭ ʛʘʫʩʩʦʚʳʭ ʢʨʠʚʳʭ. ʈʝʟʫʣʴʪʘʪ 

ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʛ (ʢʨʠʚʳʝ 1, 2, 3) 
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ʈʠʩʫʥʦʢ 1 ï ʕʪʘʧʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʤʷʥ ʦʚʩʘ:  

ʘ) ʠʩʭʦʜʥʳʡ ʩʧʝʢʪʨʘ (ʰʢʘʣʘ ʜʣʠʥ ʚʦʣʥ); ʙ) ʩʧʝʢʪʨʘ (ʰʢʘʣʘ ʵʥʝʨʛʠʠ);  

ʚ) ʩʧʝʢʪʨʘ (ʰʢʘʣʘ ʯʘʩʪʦʪ); ʛ) ʬʠʥʘʣʴʥʘʷ ʬʦʨʤʘ ʩʧʝʢʪʨʘ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʥʦʨʤʠʨʦʚʢʠ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʝʛʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʪʨʝʤʷ ʛʘʫʩʩʦʚʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ (ʧʫʥʢʪʠʨ) 

 

ɼʣʷ ʢʘʞʜʦʡ ʢʨʠʚʦʡ ʛʘʫʩʩʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ: 

ʧʣʦʱʘʜʴ (Area), ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ (ʇʠʢ, ɻʮ), ʰʠʨʠʥʘ ʠ ʚʳʩʦʪʘ. ɼʣʷ ʚʩʝʭ 

ʢʨʠʚʳʭ ʨʘʟʣʦʞʝʥʠʷ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʚʣʠʷʥʠʠ ʢʘʞʜʦʡ ʧʦʣʦʩʳ ʥʘ ʚʝʩʴ ʩʧʝʢʪʨ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʜʣʷ ʩʝʤʠ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʣʦʩʴ ʰʪʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ Origin. 

 

ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
 ̄

ʩʧʝʢʪʨʘ 
ˉ ʧʠʢʘ Area ʇʠʢ, ɻʮ ʐʠʨʠʥʘ ɺʳʩʦʪʘ 

ɺʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ 

1 2 3 4 5 6 7 

1 

1 0,0033 0,0033 0,1362 0,0226 0,0097 
2 0,2555 0,4974 0,2601 0,9006 0,7625 
3 0,0763 0,2373 0,1982 0,3676 0,2278 

ʆʙʱʠʡ 0,3351 0,4974 0,3963 0,9074 ï 

2 

1 0,0452 0,5825 0,1873 0,2287 0,1338 
2 0,2150 0,4702 0,2497 0,7992 0,6366 
3 0,0775 0,2454 0,1998 0,3770 0,2296 

ʆʙʱʠʡ 0,3377 0,4951 0,3996 0,9120 ï 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 
1 2 3 4 5 6 7 

3 

1 0,0258 0,5954 0,1745 0,1464 0,0767 
2 0,2284 0,4832 0,2617 0,8510 0,6786 
3 0,0824 0,2463 0,1994 0,3938 0,2447 

ʆʙʱʠʡ 0,3366 0,4957 0,3863 0,9084 ï 

4 

1 0,0860 0,5611 0,1827 0,4340 0,2448 
2 0,1749 0,4436 0,2349 0,6869 0,4980 
3 0,0904 0,2349 0,1957 0,4231 0,2572 

ʆʙʱʠʡ 0,3512 0,4958 0,4175 0,9224 ï 

5 

1 0,0612 0,5692 0,1881 0,3064 0,1786 
2 0,1972 0,4689 0,2508 0,7398 0,5750 
3 0,0845 0,2307 0,2006 0,4131 0,2464 

ʆʙʱʠʡ 0,3429 0,4940 0,4137 0,9039 ï 

6 

1 0,0819 0,5584 0,2114 0,3727 0,2446 
2 0,1841 0,4465 0,2736 0,6528 0,5499 
3 0,0688 0,2351 0,1741 0,3567 0,2054 

ʆʙʱʠʡ 0,3347 0,4963 0,3979 0,8999 ï 

7 

1 0,0845 0,5580 0,2118 0,3914 0,2504 
2 0,1802 0,4459 0,2617 0,6521 0,5342 
3 0,0727 0,2340 0,1869 0,3722 0,2155 

ʆʙʱʠʡ 0,3374 0,4957 0,4112 0,8961 ï 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʧʦʢʘʟʳʚʘʝʪ ʫʩʪʦʡʯʠʚʫʶ ʢʘʨʪʠʥʫ ʜʣʷ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʈʘʩʯʝʪ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʘʞʜʦʡ ʧʦʣʦʩʳ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ 

ʩʫʤʤʘʨʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʚʥʦʩʠʪ ʚʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ. ɽʝ ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,4980 ʜʦ 0,7625, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʝʪ ʚʢʣʘʜ ʜʚʫʭ ʜʨʫʛʠʭ ʧʦʣʦʩ.  

ɺʪʦʨʦʩʪʝʧʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʧʝʨʚʘʷ (ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ) ʠ ʪʨʝʪʴʷ 

(ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ) ʧʦʣʦʩʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʦʜʥʘʢʦ ʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʦʛʫʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʪʴʩʷ, ʯʪʦ, 

ʦʪʨʘʞʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʝʤʷʥ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʣʫʯʝʥʠʝʤ ʢʘʢ 

ʤʠʥʠʤʫʤ ʪʨʝʭ ʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠʣʠ ʩʦʩʪʦʷʥʠʡ. ɼʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʳ ʵʪʠʭ ʮʝʥʪʨʦʚ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʌʋʅʂʎʀʆʅɸʃʔʅɸʗ ʉʍɽʄɸ ʂʆʅʊʈʆʃʃɽʈɸ ʀʄʇʋʃʔʉʅʆɻʆ 

ʉɺɸʈʆʏʅʆɻʆ ɸʇʇɸʈɸʊɸ 

 

ʉʚʘʨʦʯʥʳʡ ʘʧʧʘʨʘʪ ï ɻ ʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ, ʪʦ ʝʩʪʴ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠʟ ʩʝʪʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʜʦ 

ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʩʠʣʫ ʪʦʢʘ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï 

ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʣʝʥʠʝ ʟʘʛʦʪʦʚʦʢ ʚ ʤʝʩʪʝ ʠʭ ʩʪʳʢʘ [1], [2]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʥʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

- ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ʨʠʩ. 1ʘ). ʕʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʠʧ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʥʮʠʧ 

ʠʭ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʧʦʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ ʜʦ ʨʘʙʦʯʝʛʦ ʠ ʧʦʚʳʰʝʥʠʠ 

ʩʠʣʳ ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʅʘ ʚʳʭʦʜʝ ʦʥʠ ʜʘʶʪ 

ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ [1]; 

- ʠʥʚʝʨʪʦʨʳ (ʨʠʩ. 1ʙ). ʉʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʠ ʩʦʚʨʝʤʝʥʥʳʡ ʪʠʧ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʆʥʠ ʧʨʝʦʙʨʘʟʫʶʪ ʪʦʢ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʜʝʣʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʣʝʛʢʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ [1]; 

- ʧʦʣʫʘʚʪʦʤʘʪʳ (MIG/MAG) (ʨʠʩ. 1ʚ). ʕʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʩʚʘʨʢʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʝʡ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ. ɿʘʱʠʪʘ ʩʚʘʨʦʯʥʦʡ 

ʚʘʥʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʝʨʪʥʳʤ (MIG) ʠʣʠ ʘʢʪʠʚʥʳʤ (MAG) ʛʘʟʦʤ, ʣʠʙʦ ʩ 

ʧʦʤʦʱʴʶ ʬʣʶʩʦʚʦʡ ʧʨʦʚʦʣʦʢʠ (ʙʝʟ ʛʘʟʘ) [3]; 

- ʘʨʛʦʥʦʜʫʛʦʚʳʝ (TIG) (ʨʠʩ. 1ʛ). ʇʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʚʘʨʢʠ ʥʝʧʣʘʚʷʱʠʤʩʷ 

ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. ʇʨʠʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʚʨʫʯʥʫʶ 

[3]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʚʘʨʦʯʥʳʝ ʘʧʧʘʨʘʪʳ:  

çʊʨʘʥʩʬʦʨʤʘʪʦʨè (ʘ), çʀʥʚʝʨʪʦʨè (ʙ) çʇʦʣʫʘʚʪʦʤʘʪ (MIG/MAG)è (ʚ), 

çɸʨʛʦʥʦʜʫʛʦʚʦʡ (TIG)è (ʛ) 
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ɿʘʯʘʩʪʫʶ, ʛʦʚʦʨʷ ʦ ʠʤʧʫʣʴʩʥʳʭ ʩʚʘʨʦʯʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʧʦʜʨʘʟʫʤʝʚʘʶʪ 

ʧʦʣʫʘʚʪʦʤʘʪ (MIG/MAG) ʠʣʠ TIG-ʘʧʧʘʨʘʪ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʨʘʙʦʪʘʪʴ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʪ. ʝ. ʧʦʜʘʚʘʪʴ ʪʦʢ ʥʝ ʪʦʣʴʢʦ ʥʝʧʨʝʨʳʚʥʦ, ʥʦ ʠ ʩ 

ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʥʘʣʠʯʠʝ çʬʘʟʳ ʠʤʧʫʣʴʩʘè ʠ çʬʘʟʳ ʧʘʫʟʳè 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʚʘʨʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʥʠʢʝ, 

ʤʝʜʠʮʠʥʝ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ ʝʛʦ ʚʘʞʥʦʩʪʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ [4]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʪʨʦʣʣʝʨʘ ʠʤʧʫʣʴʩʥʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʛʦʪʦʚʳʝ ʤʦʜʫʣʠ: 

- ʙʣʦʢ ʧʠʪʘʥʠʷ Mean Well LRS-50-5; 

- ʧʦʪʝʥʮʠʦʤʝʪʨ WH148; 

- ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʨʝʣʝ ssr 40a; 

- ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ WAVGAT ATTINY85; 

- ʩʚʝʪʦʜʠʦʜ led 5mm; 

- ʢʥʦʧʢʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʠʤʧʫʣʴʩʥʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʥʪʨʦʣʣʝʨʘ ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ 

 

ʋʩʪʨʦʡʩʪʚʦ ʟʘʧʫʩʢʘʝʪʩʷ ʧʦ ʥʘʞʘʪʠʶ ʢʥʦʧʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʚʘʨʦʯʥʳʡ ʪʘʡʤʝʨ 

ʚʳʜʘʸʪ ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ (ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʚ ʧʨʦʰʠʚʢʝ), ʟʘʪʝʤ ʜʣʠʥʥʳʡ ï 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ. ʋʧʨʘʚʣʝʥʠʝ ʠʤʧʫʣʴʩʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 
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ʧʦʤʦʱʠ ʧʦʪʝʥʮʠʦʤʝʪʨʘ WH148 RK1, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

- ʫʛʦʣ ʧʦʚʦʨʦʪʘ å270Á-300Á; 

- ʜʠʘʤʝʪʨ ʚʘʣʘ 6.35ʤʤ; 

- ʤʘʪʝʨʠʘʣ ʢʦʥʪʘʢʪʦʚ ï ʩʪʘʣʴ; 

- ʢʦʣʠʯʝʩʪʚʦ ʚʳʚʦʜʦʚ ï 3. 

 ɼʣʷ ʧʠʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 230ɺ ʠ 

ʙʣʦʢ ʧʠʪʘʥʠʷ Mean Well LRS-50ï5 A1, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

- ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 85ɺ-264ɺ; 

- ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ -30 Áʉ ~ +70 Áʉ; 

- ʨʘʟʤʝʨ 129x97x30ʤʤ. 

 ʊʘʢ ʞʝ ʜʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʪʦʢʘ ʚ ʥʸʤ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʨʝʣʝ ssr 40a K1, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

- ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 3-32ɺ; 

- ʪʦʢ ʫʧʨʘʚʣʝʥʠʷ 15ʤɸ; 

- ʢʦʤʤʫʪʠʨʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 24-380ɺ; 

- ʥʦʤʠʥʘʣʴʥʳʡ ʪʦʢ 40ɸ; 

- ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ -30 Áʉ ~ +80 Áʉ. 

ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣ ʚʳʙʨʘʥ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ WAVGAT ATTINY85 DD1, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ:  

- ʘʨʭʠʪʝʢʪʫʨʘ 8-bit; 

- ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ 2,7-5,5ɺ; 

- ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʩ ʦʜʥʦʛʦ ʧʠʥʘ 20ʤɸ; 

- ʨʘʟʤʝʨ ʧʣʘʪʳ 28x18x3ʤʤ. 

ʉʪʦʠʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʢʦʥʪʨʦʣʣʝʨ ʥʝ ʫʧʨʘʚʣʷʝʪ ʥʘʧʨʷʤʫʶ ʦʛʨʦʤʥʳʤʠ ʪʦʢʘʤʠ 

ʩʚʘʨʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʷʚʣʷʝʪʩʷ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷè, 

ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʩʣʘʙʦʪʦʯʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʢʦʤʘʥʜʫʝʪ 

ʤʦʱʥʳʤ ʩʠʣʦʚʳʤ ʢʣʶʯʦʤ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʞʝ ʧʦʜʘʝʪ ʠʣʠ ʦʪʢʣʶʯʘʝʪ 

ʚʳʩʦʢʠʡ ʪʦʢ ʥʘ ʩʚʘʨʦʯʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʈɸɺʅɽʅʀɽ ʕʃɽʂʊʈʆʅʅʓʍ ɼɸʊʏʀʂʆɺ ɺʃɸɾʅʆʉʊʀ ʇʆʏɺʓ 

ʂʆʄʅɸʊʅʓʍ ʈɸʉʊɽʅʀʁ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʜʠ ʚʩʸ ʯʘʱʝ ʟʘʚʦʜʷʪ ʢʦʤʥʘʪʥʳʝ ʨʘʩʪʝʥʠʷ. ʂʦʥʪʨʦʣʴ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʧʠʪʳʚʘʥʠʷ ʚʣʘʛʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ 

ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʡ. ʆʜʥʘʢʦ ʚ ʙʳʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʝʰʝʥʠʝ ʦ ʧʦʣʠʚʝ ʯʘʱʝ ʚʩʝʛʦ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʧʦʥʪʘʥʥʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʫʚʣʘʞʥʝʥʠʶ ʣʠʙʦ ʧʝʨʝʩʳʭʘʥʠʶ. 

 ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʢʦʨʨʦʟʠʠ ʠ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ (ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʩʦʣʝʥʥʦʩʪʴ) ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ. ʀ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʤʦʜʝʣʴ 

ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʠʥʜʠʢʘʮʠʠ ʧʦʣʠʚʘ ʢʦʤʥʘʪʥʳʭ 

ʨʘʩʪʝʥʠʡ. 

ʈʘʟʚʠʪʠʝ ʩʝʥʩʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʥʝʩʪʠ ʚ ʙʳʪʦʚʫʶ ʩʬʝʨʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʛʨʫʥʪʘ, 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʠʤʝʥʷʚʰʠʝʩʷ ʚ ʘʛʨʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1]. ʅʘ ʦʩʥʦʚʝ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʷʶʪ ʪʨʠ ʛʨʫʧʧʳ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ: 

- ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ; 

- ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ; 

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʜʦʧʦʣʥʝʥʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ.  

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʧʦʵʪʦʤʫ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʠʤʝʥʥʦ ʵʣʝʢʪʨʦʥʥʳʝ ʚʘʨʠʘʥʪʳ, ʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʩʚʦʝʡ ʪʦʯʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ 

ʙʨʘʪʴ ʚ ʨʘʩʯʝʪ ʠ ʣʝʛʢʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʘʪʯʠʢʘ, ʧʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ, ʘ ʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. ɺ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʘ ʪʠʧʘ ʜʘʪʯʠʢʦʚ: ʨʝʟʠʩʪʠʚʥʳʝ ʠ 

ʸʤʢʦʩʪʥʳʝ [2]. 

ʈʝʟʠʩʪʠʚʥʳʝ ʜʘʪʯʠʢʠ (ʨʠʩ.1) ʠʟʤʝʨʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʛʨʫʥʪʘ ʤʝʞʜʫ ʜʚʫʤʷ ʵʣʝʢʪʨʦʜʘʤʠ ï ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʨʦʩʪʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʨʝʜʳ [2].  

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʝʟʠʩʪʠʚʥʳʡ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 
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ʆʥʠ ʧʨʦʩʪʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʦʪʣʠʯʘʶʪʩʷ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʸʤʢʦʩʪʥʳʤʠ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʜʳ 

ʢʦʥʪʘʢʪʠʨʫʶʪ ʩ ʚʣʘʞʥʦʡ ʧʦʯʚʦʡ ʠ ʯʝʨʝʟ ʥʝʸ ʧʨʦʭʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʩʦ 

ʚʨʝʤʝʥʝʤ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʵʣʝʢʪʨʦʜʦʚ [2]. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʚʣʘʞʥʦʩʪʠ, ʥʦ ʠ ʦʪ ʩʦʩʪʘʚʘ ʧʦʯʚʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʳʭ 

ʩʦʣʝʡ ʠ ʫʜʦʙʨʝʥʠʡ. 

ɪʤʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ (ʨʠʩ. 2) ʠʟʤʝʨʷʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʧʦʯʚʳ, ʢʦʪʦʨʘʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʦʙʲʸʤʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ [2].  

 

 
ʈʠʩʫʥʦʢ 2 ï ɪʤʢʦʩʪʥʦʡ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

 

ʀʭ ʵʣʝʢʪʨʦʜʳ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʛʨʫʥʪʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʧʨʦʪʝʢʘʥʠʝ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʦʚʳʰʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʧʦʢʘʟʘʥʠʷ, ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ ʟʘʩʦʣʝʥʠʶ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʨʝʟʠʩʪʠʚʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [2]. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʜʦʧʦʣʥʷʶʪ 

ʵʣʝʢʪʨʦʥʥʫʶ ʙʘʟʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʟʘʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʡ 

ʧʦʣʠʚ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʂʘʯʝʩʪʚʦ ʠʭ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʘʪʯʠʢʘ ʚʣʘʞʥʦʩʪʠ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʪʠʧʘ ʜʘʪʯʠʢʦʚ: 

ʙʘʟʦʚʳʡ ʨʝʟʠʩʪʠʚʥʳʡ ʜʘʪʯʠʢ, ʜʦʩʪʫʧʥʳʡ ʸʤʢʦʩʪʥʦʡ ʜʘʪʯʠʢ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ 

ʸʤʢʦʩʪʥʦʡ ʜʘʪʯʠʢ WaterScout SM10 (ʨʠʩ.3) ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʨʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʪʦʯʥʦʤ ʟʝʤʣʝʜʝʣʠʠ ʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʸʤʢʦʩʪʥʦʡ ʜʘʪʯʠʢ WaterScout SM10 
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WaterScout SM100 ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʦʙʲʸʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʧʦʯʚʝ 

(VWC-Volumetric Water Content), ʦʪʣʠʯʘʝʪʩʷ ʙʳʩʪʨʳʤ ʦʪʢʣʠʢʦʤ ʥʘ ʠʟʤʝʥʝʥʠʷ 

ʚʣʘʞʥʦʩʪʠ ʠ ʦʪʢʘʣʠʙʨʦʚʘʥ ʢʘʢ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʳ, ʪʘʢ ʠ ʜʣʷ ʙʝʩʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʳ [3]. ɽʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʧʫʩʢʘʝʪ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʪʘʢ ʠ 

ʪʦʯʝʯʥʳʝ ʠʟʤʝʨʝʥʠʷ, ʘ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʯʠʪʳʚʘʪʴʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʧʨʠʙʦʨʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʸʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʸʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ ʚʣʘʞʥʦʩʪʠ 

ʧʦʯʚʳ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʈʝʟʠʩʪʠʚʥʳʡ ʜʘʪʯʠʢ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

ɪʤʢʦʩʪʥʳʡ ʜʘʪʯʠʢ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ 

WaterScout SM100 

ʊʠʧ ʜʘʪʯʠʢʘ ʈʝʟʠʩʪʠʚʥʳʡ ɪʤʢʦʩʪʥʦʡ ɪʤʢʦʩʪʥʦʡ (FDR) 

ʇʨʠʥʮʠʧ 

ʠʟʤʝʨʝʥʠʷ 

ʀʟʤʝʨʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʳ ʤʝʞʜʫ ʜʚʫʤʷ 

ʵʣʝʢʪʨʦʜʘʤʠ 

ʀʟʤʝʨʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʸʤʢʦʩʪʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʯʚʳ 

ʀʟʤʝʨʝʥʠʝ ʦʙʲʸʤʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ 

ʤʝʪʦʜʦʤ ʯʘʩʪʦʪʥʦʡ 

ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ 

ʀʟʤʝʨʷʝʤʳʡ 

ʧʘʨʘʤʝʪʨ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

ʆʙʲʸʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʜʳ (VWC) 

ɺʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ 

ɸʥʘʣʦʛʦʚʳʡ ɸʥʘʣʦʛʦʚʳʡ ɸʥʘʣʦʛʦʚʳʡ 

ʅʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ 

3,3-5 ɺ 3,3-5 ɺ 3-5 ɺ 

ɼʠʘʧʘʟʦʥ 

ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ 

0-3,5 ɺ (ʧʨʠ 5 ɺ 

ʧʠʪʘʥʠʷ) 

0,5-3,3 ɺ 0,5-1,5 ɺ (ʧʨʠ 3 ɺ 

ʧʠʪʘʥʠʷ) 

ʇʦʪʨʝʙʣʷʝʤʳʡ 

ʪʦʢ 

ʜʦ 34 ʤɸ ʜʦ 6 ʤɸ 6-10 ʤɸ 

ɻʣʫʙʠʥʘ 

ʫʩʪʘʥʦʚʢʠ 

ʜʦ 40 ʤʤ ʜʦ 80 ʤʤ ʥʝ ʬʠʢʩʠʨʦʚʘʥʘ 

ʊʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ 

ʅʠʟʢʘʷ-ʩʨʝʜʥʷʷ (å 

Ñ10 %) 

ʉʨʝʜʥʷʷ (å Ñ5 %) ɺʳʩʦʢʘʷ (å Ñ3 % VWC) 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʢʦʨʨʦʟʠʠ 

ʅʠʟʢʘʷ  ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

ʉʨʦʢ ʩʣʫʞʙʳ ʆʛʨʘʥʠʯʝʥʥʳʡ ɼʣʠʪʝʣʴʥʳʡ ɼʣʠʪʝʣʴʥʳʡ 

ʉʣʦʞʥʦʩʪʴ 

ʧʦʜʢʣʶʯʝʥʠʷ 

ʅʠʟʢʘʷ ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ 

 

ʇʨʦʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʟʠʩʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʦʪʣʠʯʘʶʪʩʷ 

ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʦʜʥʘʢʦ ʪʦʯʥʦʩʪʴ ʠʭ ʧʦʢʘʟʘʥʠʡ 

ʟʘʚʠʩʠʪ ʩʨʘʟʫ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʦʛʨʘʥʠʯʝʥ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʨʠʥʮʠʧʘ ʠʟʤʝʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʣʘʞʥʦʡ ʧʦʯʚʦʡ 

ʵʣʝʢʪʨʦʜʳ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʧʨʠʚʦʜʠʪ ʩ ʠʭ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʠ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ [2]. 
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ɪʤʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʨʘʙʦʪʳ, ʪʘʢ ʢʘʢ ʠʭ ʵʣʝʢʪʨʦʜʳ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʛʨʫʥʪʘ. ʕʪʦ 

ʠʩʢʣʶʯʘʝʪ ʙʳʩʪʨʦʡ ʠʟʥʦʩ ʠ ʩʥʠʞʘʝʪ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʩʦʩʪʘʚʘ ʧʦʯʚʳ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʝʡ, ʫʜʦʙʨʝʥʠʡ ʠ ʜʨ. ʧʨʠʤʝʩʝʡ ʥʘ ʧʦʢʘʟʘʥʠʷ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʦʨʠʪʝʪʦʤ ʩʪʘʥʦʚʠʪʴʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʸʤʢʦʩʪʥʳʭ 

ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʦʪʣʠʯʘʶʪʩʷ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʩʪʦʠʤʦʩʪʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʌɻɹʆʋ ɺʆ çʉʤʦʣɻʋè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʇʈɽʀʄʋʑɽʉʊɺɸ ɺɽʅʊʀʃʔʅʓʍ ʄɸʊʈʀʎ ʉ ʌʋʅʂʎʀʗʄʀ ʆʂʆʅ ʀ 

ʉʊʈʆɹʀʈʆɺɸʅʀʗ ʇʈʀ ʀɿʄɽʈɽʅʀʀ ʀʄʇɽɼɸʅʉɸ ʇɽʏɸʊʅʆʁ 

ʇʃɸʊʓ 

 

ʇʝʯʘʪʥʳʝ ʧʣʘʪʳ (ʇʇ) ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʣʦʪʥʳʤʠ, ʘ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚ 

ʢʦʪʦʨʳʭ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʧʨʠʤʝʥʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʝ 

ʩʠʛʥʘʣʳ. ʀʟʤʝʨʝʥʠʝ ʠʤʧʝʜʘʥʩʘ ʚʩʝʛʜʘ ʙʳʣʦ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ ʚʦʟʨʦʩʣʘ ʝʱʝ ʙʦʣʴʰʝ. ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʢʦʨʨʝʢʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʦ ʧʣʘʪʝ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʢʪʦʨʥʳʡ 

ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ (ɺɸʎ), ʦʩʥʘʱʝʥʥʳʡ ʬʫʥʢʮʠʝʡ ʘʥʘʣʠʟʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʘʟʦʚʳʝ ʠ ʨʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʢʦʥ ʠ ʩʪʨʦʙʠʨʦʚʘʥʠʷ, 

ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠʤʧʝʜʘʥʩʘ. 

ɼʘʥʥʳʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʚʘʞʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʩʧʳʪʫʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ 

(ʀʋ), ʢʦʪʦʨʦʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ. ɺʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ: ʏʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʣʷ ʪʦʯʥʦʛʦ ʘʥʘʣʠʟʘ ʚʥʦʩʠʤʳʭ ʠ ʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ, ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʦʜʦʚ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʩʪʨʘʠʚʘʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ. 

ɺʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ ʩ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ, ʪʘʢʦʡ ʢʘʢ 

VectorStarÊ ʩʝʨʠʠ ME7838 Broadband, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʬʣʝʢʪʦʤʝʪʨʠʯʝʩʢʠʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʥʦʚʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

https://propribory.ru/product/154272
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ʨʘʟʨʘʙʦʪʦʢ. ʏʝʤ ʰʠʨʝ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ, ʪʝʤ 

ʚʳʰʝ ʨʘʟʨʝʰʝʥʠʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʈʘʟʨʝʰʝʥʠʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʜʨʫʛʠʭ ʘʥʦʤʘʣʠʡ ʚ ʩʠʩʪʝʤʝ. 

ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʪʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ʆɼʇʌ) ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʠʟ ʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʚʦ ʚʨʝʤʝʥʥʫʶ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚʳʙʦʨʦʢ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚ ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʩ ʧʦʤʦʱʴʶ ʆɼʇʌ ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ 

ʮʝʧʝʡ ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʢʦʤʧʝʥʩʠʨʫʷ ʧʨʠʩʫʱʫʶ ʧʨʠʙʦʨʫ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʠʤʧʫʣʴʩʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʆɼʇʌ. ɼʚʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʣʠʥʠʠ ʧʦʢʘʟʳʚʘʶʪ 

ʟʦʥʫ ʦʪʩʫʪʩʪʚʠʷ ʥʘʣʦʞʝʥʠʷ ʩʧʝʢʪʨʦʚ ʦʪ -25 ʤʩ ʜʦ +25 ʤʩ (ʨʠʩʫʥʦʢ 1).  

  

 
ʈʠʩʫʥʦʢ 1 ï ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʩ ʬʫʥʢʮʠʝʡ IDFT 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʠʥʞʝʥʝʨʳ ʚʳʙʠʨʘʶʪ 

ʦʜʠʥ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ: 

ɺʨʝʤʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩ ʥʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ï ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʦʧʮʠʠ 

ʚʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ ʤʦʞʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʨʝʬʣʝʢʪʦʤʝʪʨ ʩ ʧʦʰʘʛʦʚʳʤ 

ʩʪʠʤʫʣʦʤ. ʊʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʧʫʣʴʩʥʳʡ ʩʪʠʤʫʣ, ʯʪʦʙʳ ʠʥʞʝʥʝʨʳ 

ʤʦʛʣʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠʤʧʫʣʴʩʥʳʝ ʦʪʢʣʠʢʠ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʏʘʩʪʦʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠ ʩʚʷʟʘʥʳ, ʪʦ ʝʩʪʴ ʥʘʯʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʘʚʥʘ ʨʘʟʤʝʨʫ ʰʘʛʘ. ʇʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʢʩʪʨʘʧʦʣʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʟʥʘʯʝʥʠʷ ʩʘʤʦʡ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʥʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʦʪʥʳʭ ʚʳʙʦʨʦʢ 

ʫʜʚʘʠʚʘʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʯʪʦʙʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ [1]. 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ 

ʧʦʚʨʝʞʜʝʥʠʷ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ 
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ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʢʘʢ ʤʦʞʥʦ ʟʘʜʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʘʯʘʣʴʥʫʶ ʠ 

ʢʦʥʝʯʥʫʶ ʯʘʩʪʦʪʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ 

ʥʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʵʣʝʤʝʥʪ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʘ ʨʘʟʨʝʰʝʥʠʝ ʥʠʞʝ, ʯʝʤ ʚ ʨʝʞʠʤʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʦʩʣʝ ʦʙʨʘʪʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠʤʧʫʣʴʩʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘʢʞʝ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ 

ʨʝʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. 

ʀʤʧʝʜʘʥʩ, ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʢʦʥʮʘʭ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ, ʟʘʚʠʩʠʪ ʦʪ ʦʢʦʥʝʯʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʤʧʝʜʘʥʩʦʤ ʥʘ ʢʦʥʮʘʭ çʛʝʥʝʨʘʪʦʨʘè ʠ ʠʤʧʝʜʘʥʩʦʤ 

çʥʘʛʨʫʟʢʠè. ʕʪʦ ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ. 

ɺʝʢʪʦʨʥʳʡ ʘʥʘʣʠʟʘʪʦʨ ʮʝʧʝʡ ï ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʚ 

ʮʝʧʷʭ. ʆʥ ʧʨʝʦʙʨʘʟʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘ ʨʘʟʨʳʚʝ ʚ ʠʤʧʝʜʘʥʩʥʦʤ 

ʬʦʨʤʘʪʝ ʚ ʩʪʫʧʝʥʯʘʪʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʬʠʣʴʪʨʦʤ 

ʥʠʞʥʠʭ ʯʘʩʪʦʪ ʠʣʠ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴ ʨʘʟʨʳʚʳ ʚ ʠʤʧʫʣʴʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʬʠʣʴʪʨʦʤ ʥʠʞʥʠʭ ʠʣʠ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ.  

ɺʣʠʷʥʠʝ ʦʢʦʥʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ʨʘʟʨʝʰʝʥʠʝ. ʆʢʦʥʥʘʷ ʬʫʥʢʮʠʷ ï ɻ ʪʦ ʬʫʥʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʦʜʘʚʣʝʥʠʷ ʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚ 

ʨʘʟʨʳʚʥʦʩʪʠ ʨʝʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʙʳʩʪʨʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ, FFT). ʇʦʚʳhʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ 

ʪʦʯʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʩʧʝʢʪʨʘ ʧʨʝʜʣʘʛʘʶʪ ʦʢʦʥʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʟʚʦʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚʦ 

ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ. 

ʆʢʥʦ ï ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʘʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʥʘʣʠʯʠʝʤ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʚ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʮʝʥʢʘʭ 

(ʨʘʩʪʝʢʘʥʠʝʤ ʩʧʝʢʪʨʘ). ʀʤʝʶʱʫʶʩʷ ʢʦʥʝʯʥʫʶ ʟʘʧʠʩʴ ʜʘʥʥʳʭ ʠʣʠ ʠʤʝʶʱʫʶʩʷ 

ʢʦʥʝʯʥʫʶ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʜʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚʠʜʠʤʫʶ 

ʯʝʨʝʟ ʧʨʠʤʝʥʷʝʤʦʝ ʦʢʥʦ. ʆʢʥʦ ʨʘʩʰʠʨʷʝʪ ʛʣʘʚʥʳʡ ʣʝʧʝʩʪʦʢ, ʩʥʠʞʘʷ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʣʝʟʥʦ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʦʢʦʥ, 

ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʳʙʠʨʘʪʴ ʤʝʞʜʫ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʵʬʬʝʢʪʦʤ ʙʦʢʦʚʳʭ 

ʣʝʧʝʩʪʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯʠ [2]. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʦʢʦʥʥʘʷ ʬʫʥʢʮʠʷ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 

ʬʫʥʢʮʠʶ. ʏʝʤ ʚʳʰʝ ʨʘʟʨʝʰʝʥʠʝ, ʪʝʤ ʤʝʥʴʰʝ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ 

ʟʘ ʵʪʦ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʧʣʘʯʠʚʘʪʴʩʷ ʙʦʣʴʰʠʤʠ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʦʨʝʦʣʦʚ. ɹʦʢʦʚʳʝ ʣʝʧʝʩʪʢʠ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʮʝʥʪʨʦʚ ʦʪʨʘʞʝʥʠʷ ʥʘ ʪʝʩʪʠʨʫʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɺ ʪʘʢʠʭ 
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ʩʣʫʯʘʷʭ ʧʦʜʭʦʜʠʪ ʦʢʦʥʥʘʷ ʬʫʥʢʮʠʷ ʩ ʤʘʣʳʤʠ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ. ɽʩʣʠ 

ʪʝʩʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʩʣʘʙʦʝ ʦʪʨʘʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʩ ʘʥʪʝʥʥʦʡ ʩ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʘ ʢʦʥʮʝ, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɼʠʩʧʣʝʡ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʙʦʢʦʚʳʤʠ ʣʝʧʝʩʪʢʘʤʠ (ʨʠʩʫʥʦʢ 

2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʆʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ 

ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ 

 

ɽʱʝ ʦʜʠʥ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʘ ï ʬʫʥʢʮʠʷ 

ʩʪʨʦʙʠʨʦʚʘʥʠʷ. ʉʪʨʦʙʠʨʦʚʘʥʠʝ (ʘʥʛʣ, strobing, ʦʪ strobe ï ʧʦʩʳʣʘʪʴ 

ʠʟʙʠʨʘʪʝʣʴʥʳʝ ʠʤʧʫʣʴʩʳ, ʦʪ ʛʨʝʯ. strobos ï ʢʨʫʞʝʥʠʝ, ʙʝʩʧʦʨʷʜʦʯʥʦʝ ʜʚʠʞʝʥʠʝ) 

ï ʵʪʦ ʤʝʪʦʜ ʚʳʜʝʣʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, ʰʢʘʣʝ ʯʘʩʪʦʪ ʠ 

ʪ. ʧ. ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʬʦʥʝ 

ʧʦʤʝʭ. ʋʩʪʨʘʥʝʥʠʝ ʣʶʙʳʭ ʥʝʩʦʚʝʨʰʝʥʩʪʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ 

ʜʘʥʥʳʝ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʩʭʝʤʳ. ʅʝʢʦʪʦʨʳʝ ʚʠʨʪʫʘʣʴʥʳʝ 

ʦʩʮʠʣʣʦʛʨʘʬʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴ ʨʘʟʣʠʯʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʩʪʨʦʙʠʨʦʚʘʥʠʷ ʠ ʠʭ ʰʠʨʠʥʦʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʋʤʥʦʞʝʥʠʝ ʬʫʥʢʮʠʠ 

ʦʢʦʥʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʦʪʢʣʠʢ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʛʦ ʚ 

ʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ 

ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʣʠ 

ʠʤʧʝʜʘʥʩ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʩ ʧʦʤʦʱʴʶ 

ʚʝʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʮʝʧʝʡ ʤʦʞʥʦ ʵʢʦʥʦʤʠʯʥʦ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʠʟʤʝʨʠʪʴ ʠʤʧʝʜʘʥʩ. ʅʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʦʢʦʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʩʪʨʦʙʠʨʦʚʘʥʠʝ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʞʝʥʝʨʘʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʘʜʝʞʥʳʭ ʧʨʦʝʢʪʦʚ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʌɻɹʆʋ ɺʆ çʉʤʦʣɻʋè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʈɸɿʈɸɹʆʊʂɸ ʉʍɽʄ ʇʆɼʂʃʖʏɽʅʀʗ ʆʇʊʆʕʃɽʂʊʈʆʅʅʓʍ 

ɼɸʊʏʀʂʆɺ ʉ ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈʆʄ ɼʃʗ ʉʀʉʊɽʄ 

ʇʈʆʄʓʐʃɽʅʅʆʁ ʕʃɽʂʊʈʆʅʀʂʀ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʩʢʦʥʪʘʢʪʥʦʝ 

ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʪʦʷʥʠʡ ʠ 

ʪ.ʧ. ʌʦʪʦʜʠʦʜʳ, ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ, ʦʧʪʦʧʘʨʳ ʠ ʦʧʪʠʯʝʩʢʠʝ ʵʥʢʦʜʝʨʳ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ, ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʠ ʢʦʥʪʨʦʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʧʨʷʤʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʪʘʢʠʭ ʜʘʪʯʠʢʦʚ ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ (ʄʂ) ʟʘʯʘʩʪʫʶ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʫʨʦʚʥʝʡ 

ʩʠʛʥʘʣʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ ʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʧʨʠʯʠʥʦʡ ʦʪʢʘʟʦʚ ʚ ʨʘʙʦʪʝ 

ʚʩʪʨʘʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ ʥʝʢʦʨʨʝʢʪʥʳʤ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ ʩ ʄʂ. 

ʆʩʦʙʝʥʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ 

ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʪʠʧʦʚʳʭ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʜʢʣʶʯʝʥʠʡ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʜʘʪʯʠʢʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʩʭʝʤ ʧʦʜʢʣʶʯʝʥʷ 

ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʦʧʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ (ʬʦʪʦʜʠʦʜʦʚ, ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ, ʦʧʪʦʧʘʨ 

ʠ ʮʠʬʨʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ) ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. 

ʇʦʜ ʧʦʜʢʣʶʯʝʥʠʝʤ ʜʘʪʯʠʢʘ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʧʦʥʠʤʘʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʚ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ 

ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʮʠʬʨʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ [1]. ɺ ʢʦʥʪʝʢʩʪʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ ʧʦʜʢʣʶʯʝʥʠʝ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʚ ʥʘʧʨʷʞʝʥʠʝ; 

- ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʘ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ 

ʜʠʘʧʘʟʦʥʦʤ ʚʭʦʜʦʚ ɸʎʇ; 

- ʬʠʣʴʪʨʘʮʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʠ ʧʦʜʘʚʣʝʥʠʝ ʩʠʥʬʘʟʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ; 
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- ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʮʝʧʝʡ ʜʘʪʯʠʢʘ ʠ ʄʂ ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʘʩʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ (ʪʨʠʛʛʝʨʳ 

ʐʤʠʪʪʘ, ʢʦʤʧʘʨʘʪʦʨʳ); 

- ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤ ʧʠʪʘʥʠʝʤ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʘʥʘʣʦʛʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʢʪʥʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ 

ʤʝʞʜʫ ʜʘʪʯʠʢʦʤ ʠ ʮʠʬʨʦʚʦʡ ʣʦʛʠʢʦʡ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʜʘʥʥʳʭ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʩʭʝʤʦʪʝʭʥʠʢʠ ʚʢʣʶʯʘʝʪ ʪʨʠ 

ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ. ɸʥʘʣʦʛʦʚʦʝ ʦʪʩʯʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʫʢʘʟʘʪʝʣʴ ʚ ʚʠʜʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʙʫʞʜʸʥʥʦʛʦ (ʩʚʝʪʷʱʝʛʦʩʷ, ʟʘʪʝʤʥʸʥʥʦʛʦ ʠ ʪ. ʧ.) ʩʪʦʣʙʮʘ, ʜʣʠʥʘ 

ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʏʠʩʪʦ ʘʥʘʣʦʛʦʚʦʝ 

ʰʢʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʯʘʱʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʩʧʣʦʰʥʳʭ ʧʨʦʚʦʜʷʱʠʭ 

ʵʣʝʢʪʨʦʜʘ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʦʤʝʱʘʶʪ ʠʥʜʠʢʘʪʦʨʥʦʝ ʚʝʱʝʩʪʚʦ. ɼʠʩʢʨʝʪʥʳʝ 

ʜʘʪʯʠʢʠ ʚʳʜʘʶʪ ʩʠʛʥʘʣ ʪʠʧʘ ʜʘ ʠʣʠ ʥʝʪ ʠ ʪʨʝʙʫʶʪ ʯʝʪʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʨʝʙʝʟʛʘ. ɺ ʮʠʬʨʦʚʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʢʦʜʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʛʦ ʚ 

ʦʧʨʝʜʝʣʸʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʜʥʦʪʠʧʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʩʦʜʝʨʞʘʪ 

ʚʩʪʨʦʝʥʥʫʶ ʣʦʛʠʢʫ ʠ ɸʎʇ [2]. 

ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʩʦʝʜʠʥʠʪʴ ʚʳʚʦʜʳ ʧʦ ʜʘʪʘʰʠʪʫ. ʕʪʦ 

ʧʦʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʜʝʨʞʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʨʝʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ: 

ʩ ʫʯʝʪʦʤ ʥʘʚʦʜʦʢ ʦʪ ʩʠʣʦʚʦʡ ʯʘʩʪʠ, ʧʝʨʝʧʘʜʦʚ ʧʠʪʘʥʠʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ 

ʜʚʠʛʘʪʝʣʝʡ ʠ ʚʩʝʛʦ ʵʪʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɽʩʣʠ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝ ʟʘʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ, ʧʦʤʝʭʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʜʠʘʧʦʟʦʥ,r ʪʦ ʧʦʪʦʤ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʭʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʜʘʪʯʠʢʦʚ ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴʥʳʡ ʧʦʜʭʦʜ. ʕʪʦ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ 

ʞʠʟʥʴ, ʢʦʛʜʘ ʥʫʞʥʦ ʧʦʜʦʛʥʘʪʴ ʩʭʝʤʫ ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʜʘʪʯʠʢʘ ʠʣʠ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ. ʇʦ ʩʫʪʠ, ʚʩʷ ʦʙʚʷʟʢʘ ʜʝʣʠʪʩʷ ʥʘ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: ʚʭʦʜʥʦʡ ʢʘʩʢʘʜ, 

ʘʥʘʣʦʛʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʣʦʛʠʢʠ ʠ ʩʘʤ ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʡʩ ʩ ʄʂ. 

ɺʭʦʜʥʦʡ ʢʘʩʢʘʜ ï ʵʪʦ ʧʝʨʚʦʝ, ʯʪʦ ʚʠʜʠʪ ʜʘʪʯʠʢ. ʊʫʪ ʚʩʸ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʯʪʦ 

ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɽʩʣʠ ʵʪʦ ʬʦʪʦʜʠʦʜ, ʪʦ ʠʩʧʦʣʴʟʫʝʤ ʪʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ 

ʫʩʠʣʠʪʝʣʴ (TIA) ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ ʩ ʨʝʟʠʩʪʦʨʦʤ ʚ ʮʝʧʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ, ʦʥ ʧʨʝʚʨʘʱʘʝʪ ʪʦʢ ʚ ʥʘʧʨʷʞʝʥʠʝ. ɻʣʘʚʥʳʡ ʵʣʝʤʝʥʪ ʪʫʪ ï ʨʝʟʠʩʪʦʨ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ɽʛʦ ʥʦʤʠʥʘʣ ʚʩʝʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʙʠʨʘʪʴ: ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʦʣʴʰʝ ï

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʰʝ, ʥʦ ʪʦʛʜʘ ʤʦʞʥʦ ʫʧʝʨʝʪʴʩʷ ʚ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʦʢʫ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʨʝʟʠʩʪʦʨʫ ʤʦʞʥʦ ʧʦʚʝʩʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨ, ʥʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʧʠʢʦʬʘʨʘʜ, ʠʥʘʯʝ ʠʟ-ʟʘ ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ ʜʠʦʜʘ ʫʩʠʣʠʪʝʣʴ ʤʦʞʝʪ ʥʘʯʘʪʴ 

ʚʦʟʙʫʞʜʘʪʴʩʷ ʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʘʤ ʩʝʙʷ. 

ʌʦʪʦʪʨʘʥʟʠʩʪʦʨʳ. ʊʫʪ ʚʭʦʜʥʦʡ ʢʘʩʢʘʜ ï ʵʪʦ ʦʙʳʯʥʳʡ ʨʝʟʠʩʪʦʨ ʥʘʛʨʫʟʢʠ ʚ 

ʮʝʧʠ ʢʦʣʣʝʢʪʦʨʘ. ʊʫʪ ʪʦʞʝ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʢʦʤʧʨʦʤʠʩʩʦʚ: ʝʩʣʠ ʚʟʷʪʴ ʨʝʟʠʩʪʦʨ 

ʙʦʣʴʰʝ, ʩʠʛʥʘʣ ʙʫʜʝʪ ʩʠʣʴʥʝʝ, ʥʦ ʚʳʨʘʩʪʝʪ ʚʨʝʤʷ ʦʪʢʣʠʢʘ. ʊʘʢ ʯʪʦ ʥʦʤʠʥʘʣ 
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ʧʦʜʙʠʨʘʝʰʴ ʧʦʜ ʥʫʞʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʠ ʨʘʩʯʝʪʦʚ [3]. ɼʘʣʴʰʝ 

ʩʠʛʥʘʣ ʠʜʝʪ ʥʘ ʘʥʘʣʦʛʦʚʫʶ ʦʙʨʘʙʦʪʢʫ. ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʜʢʦ ʙʳʚʘʝʪ, ʯʪʦʙʳ 

ʚʳʭʦʜʥʦʡ ʜʠʘʧʘʟʦʥ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠʜʝʘʣʴʥʦ ʩʦʚʧʘʜʘʣ ʩ ʚʭʦʜʦʤ ɸʎʇ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ (ʯʘʱʝ ʚʩʝʛʦ ʣʠʙʦ 0ï3.3 ɺ, ʣʠʙʦ 0ï5 ɺ). ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ ʢʘʩʢʘʜ ʥʘ ʆʋ, ʯʪʦʙʳ ʧʦʜʦʛʥʘʪʴ ʫʨʦʚʥʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ ʚʳʨʝʟʘʪʴ ʧʦʤʝʭʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨ ʥʠʞʥʠʭ 

ʯʘʩʪʦʪ (ʌʅʏ) ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʥʘʚʦʜʢʠ ʦʪ ʠʤʧʫʣʴʩʥʳʭ ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ ʠʣʠ 

ʚʥʝʰʥʷʷ ʟʘʩʚʝʪʢʘ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʨʪʠʪʴ ʢʘʨʪʠʥʫ. ʆʙʳʯʥʦ RC-ʮʝʧʦʯʢʠ ʠʣʠ 

ʘʢʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʧʝʨʚʦʛʦ-ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʜʦʩʪʘʪʦʯʥʦ. ʏʘʩʪʦʪʘ ʩʨʝʟʘ 

ʧʦʜʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʦʪ ʜʘʪʯʠʢʘ, ʥʦ ʛʣʘʚʥʦʝ ʧʨʘʚʠʣʦ 

ï ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʤʠʥʠʤʫʤ ʚ 10 ʨʘʟ ʥʠʞʝ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ. ʕʪʦ 

ʫʩʣʦʚʠʝ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʠʥʘʯʝ ʩʧʝʢʪʨ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʧʝʨʝʤʝʰʘʝʪʩʷ ʩ ʰʫʤʘʤʠ. 

ɽʩʣʠ ʜʘʪʯʠʢ ʜʠʩʢʨʝʪʥʳʡ, ʣʠʙʦ ʩʠʛʥʘʣ ʥʫʞʥʦ ʪʷʥʫʪʴ ʧʦ ʜʣʠʥʥʦʤʫ ʧʨʦʚʦʜʫ, 

ʥʘ ʧʦʤʦʱʴ ʧʨʠʭʦʜʠʪ ʤʦʜʫʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʉʪʦʠʪ 

ʢʦʤʧʘʨʘʪʦʨ ʩ ʛʠʩʪʝʨʝʟʠʩʦʤ ï ʧʦ ʩʫʪʠ, ʪʨʠʛʛʝʨ ʐʤʠʪʪʘ. ʊʘʢ ʞʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ D ʪʨʠʛʛʝʨ (ʩʦ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ). ʕʪʦ ʧʦʤʦʛʘʝʪ ʦʪ ʜʨʝʙʝʟʛʘ, 

ʢʦʛʜʘ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʝʥʷʝʪʩʷ ʤʝʜʣʝʥʥʦ. ɻʠʩʪʝʨʝʟʠʩ ʠʩʢʣʶʯʘʝʪ ʩʠʪʫʘʮʠʶ, 

ʢʦʛʜʘ ʢʦʤʧʘʨʘʪʦʨ çʜʝʨʛʘʝʪʩʷè ʪʫʜʘ-ʩʶʜʘ ʥʘ ʧʦʨʦʛʝ ʩʨʘʙʘʪʳʚʘʥʠʷ. ʇʦʨʦʛʠ 

ʟʘʜʘʶʪʩʷ ʜʝʣʠʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʚʩʪʨʦʝʥʥʳʤ ʦʧʦʨʥʠʢʦʤ. ʏʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʘʨʘʪʦʨʳ ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ, ʪʠʧʘ LM393. ɼʣʷ ʥʠʭ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʝʥ ʧʦʜʪʷʛʠʚʘʶʱʠʡ ʨʝʟʠʩʪʦʨ ʢ ʧʠʪʘʥʠʶ ʄʂ ï ɻ ʪʦ ʟʘʦʜʥʦ ʨʝʰʘʝʪ 

ʧʨʦʙʣʝʤʫ ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʨʦʚʥʝʡ. 

ʉʚʷʟʴ ʩ ʩʘʤʠʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. ʊʫʪ ʚʩʸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʚʳʭʦʜʘ 

ʜʘʪʯʠʢʘ. ɽʩʣʠ ʘʥʘʣʦʛ ï ʥʘ ɸʎʇ. ʊʫʪ ʚʘʞʥʦ, ʯʪʦʙʳ ʨʘʟʨʷʜʥʦʩʪʠ ʭʚʘʪʘʣʦ ʠ ʯʘʩʪʦʪʫ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʙʳʣʘ ʥʘʩʪʨʦʝʥʘ. ɼʣʷ ʮʠʬʨʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʠʩʷʪ ʥʘ I2C 

ʠʣʠ SPI, ʧʨʠʭʦʜʠʪʩʷ ʜʫʤʘʪʴ ʦ ʧʦʜʪʷʛʠʚʘʶʱʠʭ ʨʝʟʠʩʪʦʨʘʭ ʥʘ SDA/SCL, ʠʥʘʯʝ ʥʘ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʠʛʥʘʣ çʧʦʧʣʳʚʝʪè ʠʟ-ʟʘ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ ʰʠʥʳ. ɸ ʝʩʣʠ 

ʨʘʙʦʪʘʝʤ ʩ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʤ ʵʥʢʦʜʝʨʦʤ, ʪʦ ʧʨʦʩʪʳʤ ɸʎʇ ʠʣʠ GPIO ʫʞʝ ʥʝ 

ʦʙʦʡʪʠʩʴ ï ʥʫʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʝʛʦ ʢ ʥʦʞʢʘʤ ʚʥʝʰʥʠʭ ʧʨʝʨʳʚʘʥʠʡ ʠʣʠ ʢ ʪʘʡʤʝʨʫ 

ʚ ʨʝʞʠʤʝ ʟʘʭʚʘʪʘ, ʯʪʦʙʳ ʪʦʯʥʦ ʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ. [4]. ʅʘ 

ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʭʝʤ 

ʧʦʜʢʣʶʯʝʥʠʷ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʜʘʪʯʠʢʦʚ 
ʊʠʧ ʜʘʪʯʠʢʘ ʇʨʠʤʝʨʳ ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʆʩʦʙʝʥʥʦʩʪʠ 

ʌʦʪʦʜʠʦʜ (ʪʦʢʦʚʳʡ 

ʚʳʭʦʜ) 

 

BPW34, 

SFH203 

ʊʨʘʥʩʠʤʧʝʜʘʥʩʥʳʡ 

ʫʩʠʣʠʪʝʣʴ ʥʘ ʆʋ + 

ɸʎʇ 

ɺʳʩʦʢʘʷ ʣʠʥʝʡʥʦʩʪʴ, 

ʪʨʝʙʫʝʪ ʤʘʣʦʰʫʤʷʱʝʛʦ 

ʆʋ ʩ ʧʦʣʝʚʳʤʠ ʚʭʦʜʘʤʠ 

 

ʌʦʪʦʜʠʦʜ (ʨʝʞʠʤ ʂɿ) 

 

ʌɼ-24ʂ 

ʆʧʝʨʘʮʠʦʥʥʳʡ 

ʫʩʠʣʠʪʝʣʴ ʩ 

ʠʥʚʝʨʪʠʨʫʶʱʠʤ 

ʚʢʣʶʯʝʥʠʝʤ 

ʅʠʟʢʦʝ ʚʭʦʜʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʭʦʨʦʰʘʷ 

ʣʠʥʝʡʥʦʩʪʴ ʧʨʠ ʤʘʣʳʭ 

ʩʠʛʥʘʣʘʭ 

ʌʦʪʦʪʨʘʥʟʠʩʪʦʨ TCRT5000, 

OPB704 

ʈʝʟʠʩʪʦʨ ʥʘʛʨʫʟʢʠ 

(1-10 ʢʆʤ) 

ʇʨʦʩʪʝʡʰʝʝ ʨʝʰʝʥʠʝ 

 



108 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 ï ʉʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʜʘʪʯʠʢʦʚ 
ʌʦʪʦʨʝʟʠʩʪʦʨ GL5516, 

VT93N1 

ɼʝʣʠʪʝʣʴ 

ʥʘʧʨʷʞʝʥʠʷ + ɸʎʇ 

ʇʦʪʨʝʙʫʝʪʩʷ ʢʘʣʠʙʨʦʚʢʘ 

ʠʟ-ʟʘ ʨʘʟʙʨʦʩʘ 

ʧʘʨʘʤʝʪʨʦʚ 

ʆʧʪʦʧʘʨʘ  

PC817, 

4N35 

ʊʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠ

ʡ ʨʝʟʠʩʪʦʨ ʥʘ ʚʭʦʜʝ + 

ʧʦʜʪʷʞʢʘ ʥʘ ʚʳʭʦʜʝ 

ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ 

ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ 

ʦʧʪʦʧʘʨʘ 

 

6N137, 

HCPL-2630 

ɺʳʭʦʜ ʩ ʦʪʢʨʳʪʳʤ 

ʢʦʣʣʝʢʪʦʨʦʤ, 

ʧʦʜʪʷʞʢʘ ʢ ʧʠʪʘʥʠʶ 

ʄʂ 

ʊʨʝʙʫʝʪʩʷ ʨʘʟʚʷʟʢʘ ʧʦ 

ʧʠʪʘʥʠʶ 

 

ɼʘʪʯʠʢ ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

SPI 

AS5048, 

TDC-GP2 

ʏʝʪʳʨʝ ʣʠʥʠʠ: SCK, 

MOSI, MISO, CS 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ɼʘʪʯʠʢ ʩ ʠʥʪʝʨʬʝʡʩʦʤ 

I2C 

 

BH1750, 

PAT9125 

ʇʦʜʪʷʛʠʚʘʶʱʠʝ 

ʨʝʟʠʩʪʦʨʳ 4.7-10 

ʢʆʤ ʢ ʧʠʪʘʥʠʶ 

ʄʥʦʞʝʩʪʚʦ ʜʘʪʯʠʢʦʚ ʥʘ 

ʦʜʥʦʡ ʰʠʥʝ, ʢʘʞʜʳʡ 

ʠʤʝʝʪ ʩʚʦʡ ʘʜʨʝʩʩ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʜʘʪʯʠʢʘ, ʪʨʝʙʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʠʤʧʫʣʴʩʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʠʪʘʥʠʷ ʠ ʩʠʣʦʚʳʭ ʢʣʶʯʝʡ, ʩʦʟʜʘʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʧʦʤʝʭʠ. 

ʊʦʧʦʣʦʛʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʟʘʷʚʣʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɸʥʘʣʦʛʦʚʳʝ ʠ ʮʠʬʨʦʚʳʝ ʯʘʩʪʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʨʘʟʜʝʣʴʥʳʝ ʟʝʤʣʠ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ʌʦʪʦʜʠʦʜ ʠ ʚʭʦʜʥʳʝ ʮʝʧʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʦ ʢ ʆʋ, ʤʠʥʠʤʠʟʠʨʫʷ ʜʣʠʥʫ ʜʦʨʦʞʝʢ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʝhʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʜʭʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʘʥʘʣʦʛʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʣʦʛʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʠ ʮʠʬʨʦʚʳʝ ʠʥʪʝʨʬʝʡʩʳ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʴʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʭʝʤʫ ʧʦʜ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ 

ʜʘʪʯʠʢʘ ʠ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, 

ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ. ʂʦʨʨʝʢʪʥʳʡ ʚʳʙʦʨ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʪʦʧʦʣʦʛʠʠ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʷʚʣʷʶʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʷʚʣʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʀ.ʈ. ʀʚʘʱʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ʇ.ɸ. ɾʠʛʫʥʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʌɻɹʆʋ ɺʆ çʉʤʦʣɻʋè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʀʃʆɺɸʗ ʕʃɽʂʊʈʆʅʀʂɸ ʇʈʆʊʀɺ ʎɽʃʆʉʊʅʆʉʊʀ 

ʕʃɽʂʊʈʆʇʀʊɸʅʀʗ 

 

ʋ ʠʥʞʝʥʝʨʘ ʧʦ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʠʥʞʝʥʝʨʘ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʮʝʣʦʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʦʙʱʘʷ ʮʝʣʴ: ʦʙʝʩʧʝʯʠʪʴ ʩʠʩʪʝʤʫ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʪʦʢʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʰʫʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʞʝʣʘʝʤʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʦʩʪʘʣʴʥʦʤ ʠʭ ʠʥʪʝʨʝʩʳ ʨʘʩʭʦʜʷʪʩʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʝʨʤʠʥʦʣʦʛʠʶ ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʛʨʳʚʘʶʪ ʦʙʝ ʩʪʦʨʦʥʳ. 

ʈʝʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʩʭʝʤʫ 

ʥʘʛʨʫʟʢʠ, ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ (ʇʇ), ʤʝʞʢʦʤʧʦʥʝʥʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨʳ (ʨʠʩʫʥʦʢ 1). ʀʥʞʝʥʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʬʝʨʝ 

ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʭʦʜʥʦʛʦ ʠ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ 

ʂʇɼ, ʨʘʟʤʝʨ, ʚʝʩ, ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ, ʩʪʘʙʠʣʴʥʦʩʪʴ (ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʠʘʛʨʘʤʤʳ ɹʦʜʝ) ʠ ʨʝʘʢʮʠʷ ʥʘ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʠʯʥʘʷ ʩʠʩʪʝʤʘ 

 

ʀʥʞʝʥʝʨ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʟʘʥʠʤʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʮʝʧʝʡ ʥʘʛʨʫʟʢʠ, ʢ ʢʦʪʦʨʳʤ ʯʘʩʪʦ ʦʪʥʦʩʷʪʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʩʭʝʤʳ (ʥʘʧʨʠʤʝʨ, ʇʃʀʉ, ʮʝʥʪʨʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʠ 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʠ ʜʘʥʥʳʭ), ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʥʠʟʢʠʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ 

(ʥʘʧʨʠʤʝʨ, ʤʘʣʦʰʫʤʷʱʠʝ ʫʩʠʣʠʪʝʣʠ, ʜʘʪʯʠʢʠ ʠ ʦʧʦʨʥʳʝ ʪʘʢʪʦʚʳʝ 

ʛʝʥʝʨʘʪʦʨʳ). ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʫʨʦʚʝʥʴ ʰʫʤʘ, ʠʤʧʝʜʘʥʩ ʰʠʥʳ 

ʧʠʪʘʥʠʷ ʠ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʳʟʚʘʥʥʳʝ ʥʘʛʨʫʟʢʦʡ [1]. 

ʀʥʞʝʥʝʨʳ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ SPICE-ʩʠʤʫʣʷʪʦʨ, ʘ ʠʥʞʝʥʝʨʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʮʝʣʦʩʪʥʦʩʪʴ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʠʤʫʣʷʪʦʨ ʜʣʷ ʫʯʝʪʘ ʧʘʨʘʟʠʪʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʯʘʪʥʳʤʠ ʧʣʘʪʘʤʠ. 
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ʀʥʞʝʥʝʨʳ ʚ ʦʙʣʘʩʪʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʥʘʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʘʮʠʝʡ 

ʥʘʛʨʫʟʢʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ, ʩʚʷʟʘʥʥʦʝ ʩ ʩʠʣʦʡ ʪʦʢʘ 

ʥʘʛʨʫʟʢʠ, ʘ ʠʥʞʝʥʝʨʳ ʚ ʦʙʣʘʩʪʠ ʮʝʣʦʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ï ʧʘʜʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ. ʀʥʞʝʥʝʨʳ ʚ ʦʙʣʘʩʪʠ ʩʠʣʦʚʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʥʘʟʳʚʘʶʪ ʨʝʘʢʮʠʶ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ʥʘʛʨʫʟʢʠ 

ʩʪʫʧʝʥʯʘʪʦʡ ʠʣʠ ʧʝʨʝʭʦʜʥʦʡ ʨʝʘʢʮʠʝʡ, ʘ ʠʥʞʝʥʝʨʳ ʚ ʦʙʣʘʩʪʠ ʮʝʣʦʩʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ï ʩʢʘʯʢʦʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʦʩʘʜʢʦʡ VDD. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫ ʠʥʞʝʥʝʨʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʠ 

ʠʥʞʝʥʝʨʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʮʝʣʦʩʪʥʦʩʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʨʘʟʥʳʝ ʟʘʜʘʯʠ, 

ʩʠʤʫʣʷʪʦʨʳ ʠ ʪʝʨʤʠʥʦʣʦʛʠʷ, ʠʭ ʦʙʲʝʜʠʥʷʝʪ ʠʥʪʝʨʝʩ ʢ ʠʤʧʝʜʘʥʩʫ ʠ 

ʧʦʤʝʭʘʤ. ʅʘʧʨʠʤʝʨ, ʠʤʧʝʜʘʥʩ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʪʴ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʠʤʧʝʜʘʥʩ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʫʚʝʣʠʯʠʚʘʝʪ ʧʝʨʝʭʦʜʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʙʘ 

ʠʥʞʝʥʝʨʘ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʱʥʦʩʪʴ ʩʚʦʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʜʝʣʘʶʪ ʵʪʦ 

ʥʝʧʨʘʚʠʣʴʥʦ! 

ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʠʶ ʧʝʨʝʜʘʯʠ, ʩʦʜʝʨʞʘʱʫʶ ʢʘʢ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʝʤʢʦʩʪʴ. ʀʤʧʝʜʘʥʩ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʦʙʳʯʥʦ 

ʥʘʤʥʦʛʦ ʥʠʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʶ. ʀʟ-ʟʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʠʤʧʝʜʘʥʩʘ ʚʦʟʥʠʢʘʶʪ 

ʨʝʟʦʥʘʥʩʥʳʝ ʧʠʢʠ ʠʤʧʝʜʘʥʩʘ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪ ʰʫʤʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ. ʂʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʯʝʤ ʥʠʞʝ ʠʤʧʝʜʘʥʩ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ, ʪʝʤ ʚʳʰʝ ʠʤʧʝʜʘʥʩ ʥʘ ʥʘʛʨʫʟʢʝ. ʇʦʚʳʰʝʥʠʝ ʠʤʧʝʜʘʥʩʘ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʥʘʛʨʫʟʢʝ. 

ʇʨʦʙʣʝʤʳ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʠʥʷʪʠʶ ʥʝʚʝʨʥʳʭ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ʇʫʣʴʩʘʮʠʠ ʯʘʩʪʦʪʳ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʢʘʢ 

ʥʘ ʩʘʤʦʤ ʠʩʪʦʯʥʠʢʝ, ʪʘʢ ʠ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʧʫʣʴʩʘʮʠʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʚʳʚʦʜʘʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʠ 
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ʀʟ-ʟʘ ʧʘʨʘʟʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʧʫʣʴʩʘʮʠʠ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʥʘ VRM, ʠ ʩʦʜʝʨʞʘʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʀʥʞʝʥʝʨ, 

ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʙʣʦʢ ʧʠʪʘʥʠʷ, ʧʦʩʤʦʪʨʝʣ ʙʳ ʥʘ ʧʫʣʴʩʘʮʠʠ ʠ ʨʝʰʠʣ ʙʳ ʜʦʙʘʚʠʪʴ 

ʙʦʣʴʰʝ ʬʠʣʴʪʨʦʚ. ʕʪʦ ʫʚʝʣʠʯʠʪ ʩʪʦʠʤʦʩʪʴ ʠ ʚʝʩ ʫʩʪʨʦʡʩʪʚʘ, ʩʥʠʟʠʪ ʝʛʦ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʟʘʡʤʝʪ ʮʝʥʥʦʝ ʤʝʩʪʦ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. 

ʊʘʢʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠʚʝʜʝʪ ʢ ʢʘʩʢʘʜʥʦʤʫ ʵʬʬʝʢʪʫ, ʧʦʩʢʦʣʴʢʫ 

ʜʦʙʘʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʩʥʠʟʠʪ ʠʤʧʝʜʘʥʩ ʥʘ 

ʚʳʭʦʜʥʳʭ ʢʦʥʪʘʢʪʘʭ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʂʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʨʠʤʝʨʝ, 

ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʫʤʘ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘʪʨʘʪ, ʩʥʠʞʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʟʘʥʠʤʘʝʤʦʡ 

ʵʪʠʤʠ ʬʠʣʴʪʨʘʤʠ ʧʣʦʱʘʜʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʭʫʜʰʠʪʩʷ, ʘ ʟʥʘʯʠʪ, ʧʨʦʠʛʨʘʶʪ 

ʚʩʝ. ʂʦʥʝʯʥʦ, ʚʦʟʤʦʞʥʦ ʠ ʪʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ ʫʨʦʚʝʥʴ ʰʫʤʘ 

ʙʫʜʝʪ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʝʟʦʥʘʥʩʳ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʩʦʚʧʘʜʘʶʪ ʩ ʯʘʩʪʦʪʘʤʠ ʰʫʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʧʨʷʞʝʥʠʶ 

ʰʫʤʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʝʛʦ ʛʘʨʤʦʥʠʢʘʤ [2]. 

ʋʩʪʘʥʦʚʠʚ ʝʜʠʥʳʡ ʫʨʦʚʝʥʴ ʠʤʧʝʜʘʥʩʘ ʰʠʥʳ ʧʠʪʘʥʠʷ ʠ ʜʦʧʫʩʪʠʤʳʡ 

ʫʨʦʚʝʥʴ ʧʫʣʴʩʘʮʠʡ, ʠʥʞʝʥʝʨʳ ʧʦ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʠʥʞʝʥʝʨʳ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʤʦʛʫʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʩʚʦʠʭ 

ʟʘʜʘʯʘʭ. ʇʦʜʭʦʜʷʱʠʡ ʫʨʦʚʝʥʴ ʠʤʧʝʜʘʥʩʘ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʮʝʣʝʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠʤʧʝʜʘʥʩʘ: ʦʜʥʘ ʪʨʝʪʴ 

ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʧʫʣʴʩʘʮʠʡ ʥʘʧʨʷʞʝʥʠʷ, ʜʝʣʝʥʥʘʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʡ ʪʦʢ, 

ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʚʝʩʪʝʥ ʠʥʞʝʥʝʨʫ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʮʝʣʦʩʪʥʦʩʪʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʇʦʤʥʠʪʝ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʙʫʜʫʪ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʪʴʩʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʥʘ ʢʣʝʤʤʘʭ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ ʦʙʘ ʠʥʞʝʥʝʨʘ ʜʦʩʪʠʛʥʫʪ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

ʌɻɹʆʋ ɺʆ çʉʤʦʣɻʋè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ʉʅʀɾɽʅʀɽ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʄɽʍ ʉ ʇʆʄʆʑʔʖ 

ʕʂʈɸʅʆɺ ʅɸ ʋʈʆɺʅɽ ʇʃɸʊʓ 

 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ (ʕʄʇ) ï ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʕʄʇ, ʨʦʣʴ ʵʢʨʘʥʦʚ ʥʘ ʫʨʦʚʥʝ ʧʣʘʪʳ (Board-Level Shield, BLS) ʚ 

ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʕʄʇ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʧʨʠ ʚʳʙʦʨʝ BLS. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ï ʵʪʦ ʧʝʨʝʢʨʝʩʪʥʳʝ ʧʦʤʝʭʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʚʟʘʠʤʥʳʝ 

ʧʦʤʝʭʠ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ʚʣʠʷʶʪ ʥʘ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ, ʠ ʠʭ ʫʩʪʨʘʥʝʥʠʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʌʝʜʝʨʘʣʴʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʩʚʷʟʠ ʉʐɸ 

ʜʣʷ ʧʨʦʜʫʢʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ. ʅʘʧʨʠʤʝʨ, ʚ ʥʦʫʪʙʫʢʝ ʠʣʠ ʧʣʘʥʰʝʪʝ 

ʝʩʪʴ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ ʠ ʨʘʜʠʦʤʦʜʫʣʴ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ. ʋʩʪʨʦʡʩʪʚʘ ʧʘʤʷʪʠ ʪʘʢʞʝ ʠʟʣʫʯʘʶʪ ʧʦʤʝʭʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ʙʝʩʧʨʦʚʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʧʦʤʝʭʠ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʢʘʯʝʩʪʚʦ ʩʚʷʟʠ ʧʦ Wi-Fi ʠʣʠ Bluetooth. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ï 

ʠʤʧʫʣʴʩʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ʠ 

ʚʣʠʷʶʪ ʥʘ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʤʝʭʠ ʚʩʝʛʜʘ ʙʳʣʠ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʥʦ 

ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. ʊʨʝʙʫʶʪʩʷ ʩʦʟʜʘʥʠʷ 

ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʨʘʙʦʪʘʶʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ: ʝʩʣʠ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʙʝʩʧʨʦʚʦʜʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʨʘʙʦʪʘʣʠ ʥʘ ʯʘʩʪʦʪʘʭ 800 ʠʣʠ 900 ʄɻʮ, ʪʦ ʩʝʛʦʜʥʷ ʦʥʠ ʧʝʨʝʰʣʠ ʥʘ 

ʜʠʘʧʘʟʦʥ 5 ɻɻʮ.  

ʈʘʥʴʰʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʠʭ ʠʩʪʦʯʥʠʢ ʬʠʟʠʯʝʩʢʠ 

ʦʪʜʝʣʷʣʠ ʦʪ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʦ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʝʥʴʰʝ ʠ ʤʝʥʴʰʝ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʚʘʨʠʘʥʪ ï ʢɻʨʘʥʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ 

ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ï ʤʝʪʦʜ ʩʥʠʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ (ʕʄʇ) ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʚʦʜʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʛʣʦʱʘʶʪ ʠʣʠ ʦʪʨʘʞʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʠʟʣʫʯʝʥʠʝ. ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʫʣʫʯʰʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʩʠʛʥʘʣʘ, ʠʟʙʝʛʘʷ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʧʦʤʝʭʘʤʠ ʤʝʞʜʫ ʜʦʨʦʞʢʘʤʠ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. 

ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʠʪʴ ʬʦʨʤʫ, ʚʨʝʤʷ ʠ ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʩʠʛʥʘʣʝ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʪʦʚʳʭ ʦʰʠʙʦʢ ʚ 

ʮʠʬʨʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʰʫʤ ʚ ʘʥʘʣʦʛʦʚʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ 

ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʪʨʝʙʫʶʪ ʠʜʝʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʤʝʭʘʤʠ ʥʘ ʠʭ ʧʫʪʷʭ. ʆʜʠʥ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ï 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʢʨʘʥʳ ʚ ʚʠʜʝ çʢʦʨʦʙʦʯʝʢè, ʨʘʟʤʝʱʘʝʤʳʝ ʥʘʜ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʫʯʘʩʪʢʘʤʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʠ/ʠʣʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩ ʚʳʩʦʢʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ ʠʣʠ ʪʝʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʰʫʤʘ. 

ʕʪʦ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʜʘʚʣʝʥʠʷ ʕʄʇ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʪʝʭʥʠʢʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. ʍʦʪʷ ʯʘʩʪʴ ʪʘʢʦʡ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʧʦʤʝʭʠ ʧʦʛʣʦʱʘʝʪʩʷ 

ʤʝʪʘʣʣʦʤ, ʝʝ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ ʬʘʢʪʠʯʝʩʢʠ ʦʪʨʘʞʘʝʪʩʷ ʪʫʜʘ, ʦʪʢʫʜʘ ʦʥʘ ʠʜʝʪ. 

BLS ï ʵʪʦ, ʧʦ ʩʫʪʠ, ʧʷʪʠʩʪʦʨʦʥʥʠʡ ʰʪʘʤʧʦʚʘʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʟʘʟʝʤʣʝʥʠʝ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʣʝʪʢʠ ʌʘʨʘʜʝʷ 

ʚʦʢʨʫʛ ʢʦʤʧʦʥʝʥʪʘ (ʨʠʩʫʥʦʢ 1).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʋʩʪʘʥʦʚʣʝʥʥʳʡ ʰʪʘʤʧʦʚʘʥʥʳʡ ʵʢʨʘʥ 

 

ɹʦʣʴʰʠʥʩʪʚʦ BLS ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʢʘʟʫ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʠʣʠ ʫʯʘʩʪʢʘ ʩʠʩʪʝʤʳ ʟʘʢʘʟʯʠʢʘ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʩʪʘʥʜʘʨʪʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʫʯʘʩʪʢʦʚ [1]. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʢʘʟʫ ʦʙʭʦʜʠʪʩʷ 

ʥʝʤʥʦʛʦ ʜʦʨʦʞʝ ʠʟ-ʟʘ ʟʘʪʨʘʪ ʥʘ ʦʩʥʘʩʪʢʫ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʨʳʥʦʢ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʭʦʜʠʪ ʦʪ ʯʝʪʳʨʝʭ ʜʦ ʰʝʩʪʠ ʥʝʜʝʣʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ BLS ʫʞʝ ʛʦʪʦʚʳ ʠ ʥʝ ʪʨʝʙʫʶʪ ʟʘʪʨʘʪ ʥʘ 

ʦʩʥʘʩʪʢʫ. ɽʩʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ ʨʘʟʨʘʙʦʪʯʠʢʠ ʧʣʘʥʠʨʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʝ, ʦʥʠ ʤʦʛʫʪ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʧʣʘʪʳ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʚʤʝʩʪʠʤʳʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

BLS. ʆʜʥʘʢʦ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʠʟʜʝʣʠʷ BLS 

ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʟʘʡʥʘ ʠʟ-ʟʘ ʚʳʩʦʪʳ ʵʢʨʘʥʘ ï ʤʥʦʛʠʝ 

ʩʪʘʥʜʘʨʪʥʳʝ ʜʝʪʘʣʠ BLS ʩʣʠʰʢʦʤ ʚʳʩʦʢʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʧʨʠʤʝʨ 

ʧʣʘʥʰʝʪʦʚ ʠʣʠ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ʂʦʤʧʘʥʠʷ TE Connectivity ʧʨʝʜʣʘʛʘʝʪ ʢʘʢ 

ʩʪʘʥʜʘʨʪʥʳʝ, ʪʘʢ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ BLS. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ BLS. ʉ ʝʛʦ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʣʠʙʦ ʠʟʦʣʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢ ʧʦʤʝʭ, ʧʦʤʝʩʪʠʚ ʝʛʦ ʚ ʵʢʨʘʥ, ʯʪʦʙʳ 

ʦʛʨʘʥʠʯʠʪʴ ʠʟʣʫʯʘʝʤʫʶ ʯʘʩʪʦʪʫ, ʣʠʙʦ ʟʘʱʠʪʠʪʴ ʢʦʤʧʦʥʝʥʪ, ʧʦʤʝʩʪʠʚ ʵʢʨʘʥ 

ʚʦʢʨʫʛ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʡ ʥʫʞʥʦ ʠʟʦʣʠʨʦʚʘʪʴ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ. 

ʇʨʠ ʚʳʙʦʨʝ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʜʣʷ ʚʘʰʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʯʝʪʳʨʝ ʢʣʶʯʝʚʳʭ ʤʦʤʝʥʪʘ. ʇʝʨʚʳʡ ï ʜʦʩʪʫʧʥʦʩʪʴ. ʉʪʦʠʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʵʢʨʘʥʘ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦʙʳ 

ʧʨʠʤʝʥʷʪʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ, ʘ ʥʝ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʥʦʚʳʡ ʵʢʨʘʥ. 
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ɺʪʦʨʦʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ï ʵʪʦ ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 

ʢʦʤʧʦʥʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪʩʷ ʵʢʨʘʥʠʨʦʚʘʪʴ. ɼʣʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʪʨʝʙʫʶʪʩʷ ʵʢʨʘʥʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ (ʱʝʣʷʤʠ ʠʣʠ ʰʚʘʤʠ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʵʢʨʘʥʝ), ʘ ʜʣʷ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʨʘʥʳ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ, ʪʘʢʦʡ ʢʘʢ 800 

ʄɻʮ, ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ, 

ʥʘʧʨʠʤʝʨ 4 ɻɻʮ, ʠ ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʦʡ. ɼʣʷ ʨʘʩʯʝʪʘ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʦʨʤʫʣʳ. 

ʊʨʝʪʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ï ʵʪʦ ʚʝʩ ʠ ʨʘʟʤʝʨʳ. ʆʪ ʵʪʦʛʦ 

ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ. ʈʘʟʣʠʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʤʘʩʩʦʡ, ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʤʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʠʜʝʘʣʴʥʦʡ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʘ ʘʣʶʤʠʥʠʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʣʝʛʢʠʡ ʠ ʵʢʦʥʦʤʠʯʥʳʡ ʘʣʶʤʠʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʟʘʱʠʪʫ ʦʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʚ ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ. 

ɽʱʝ ʦʜʥʘ ʧʨʦʙʣʝʤʘ ï ʦʪʚʦʜ ʪʝʧʣʘ. ʇʨʠ ʵʢʨʘʥʠʨʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʘ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʧʨʦʙʣʝʤʳ ʩ ʝʛʦ ʥʘʛʨʝʚʦʤ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʳ ʧʳʪʘʝʪʝʩʴ 

ʵʢʨʘʥʠʨʦʚʘʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʝʨʝʛʨʝʚʫ ʠ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʦʥʝʥʪʘ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, 

ʠʩʧʦʣʴʟʫʡʪʝ ʘʣʶʤʠʥʠʝʚʳʝ, ʘ ʥʝ ʩʪʘʣʴʥʳʝ ʵʢʨʘʥʳ. ɸʣʶʤʠʥʠʡ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ 

ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʪʝʧʣʦʦʪʚʦʜʘ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʢʦʤʧʦʥʝʥʪʘ [2]. 

ɺʠʜʳ ʵʢʨʘʥʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ɺʠʜʳ ʵʢʨʘʥʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 
ɺʠʜ ʠʟʜʝʣʠʷ ʆʧʠʩʘʥʠʝ ʂʣʶʯʝʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ 

ʵʢʨʘʥʳ  
ʉʦʩʪʦʷʪ ʠʟ ʨʘʤʢʠ, ʢʦʪʦʨʘʷ 

ʧʨʠʧʘʠʚʘʝʪʩʷ ʢ ʧʣʘʪʝ, ʠ ʢʨʳʰʢʠ, 

ʢʦʪʦʨʘʷ ʟʘʱʝʣʢʠʚʘʝʪʩʷ ʩʚʝʨʭʫ.  

ʆʙʝʩʧʝʯʠʚʘʶʪ ʣʝʛʢʠʡ ʜʦʩʪʫʧ ʢ 

ʢʦʤʧʦʥʝʥʪʘʤ ʧʦʜ ʵʢʨʘʥʦʤ 

(ʜʦʩʪʘʪʦʯʥʦ ʩʥʷʪʴ ʢʨʳʰʢʫ), 

ʭʦʨʦʰʝʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ, 

ʫʜʦʙʩʪʚʦ ʧʨʠ ʦʪʣʘʜʢʝ ʠ ʨʝʤʦʥʪʝ. 
ʎʝʣʴʥʳʝ ʵʢʨʘʥʳ  ʗʚʣʷʝʪʩʷ ʝʜʠʥʦʡ ʰʪʘʤʧʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʧʨʠʧʘʠʚʘʝʪʩʷ ʢ ʧʣʘʪʝ ʮʝʣʠʢʦʤ. 

ɹʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʱʝ ʚ 

ʤʦʥʪʘʞʝ, ʥʦ ʜʝʤʦʥʪʘʞ ʟʘʪʨʫʜʥʝʥ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʟʣʦʚ, ʥʝ 

ʪʨʝʙʫʶʱʠʭ ʯʘʩʪʦʛʦ ʜʦʩʪʫʧʘ. 
ʕʢʨʘʥʳ ʩ 

ʚʝʥʪʠʣʷʮʠʝʡ  
ʀʤʝʶʪ ʧʝʨʬʦʨʘʮʠʶ ʠʣʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ 

ʢʦʨʧʫʩʝ. 

ʅʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ 

ʛʦʨʷʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʭʨʘʥʷʷ 

ʵʢʨʘʥʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʕʢʨʘʥʳ ʩ ʦʪʢʨʳʪʦʡ 

ʨʘʤʢʦʡ  
ʂʦʥʩʪʨʫʢʮʠʷ, ʛʜʝ ʨʘʤʢʘ ʦʢʨʫʞʘʝʪ 

ʢʦʤʧʦʥʝʥʪ ʧʦ ʧʝʨʠʤʝʪʨʫ, ʥʦ 

ʩʚʝʨʭʫ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʩʧʣʦʰʥʦʡ 

ʢʨʳʰʢʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʱʠʤ ʵʢʨʘʥʦʤ 

ʢʦʨʧʫʩʘ. 

ʆʙʝʩʧʝʯʠʚʘʶʪ ʙʦʢʦʚʫʶ ʟʘʱʠʪʫ ʠ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʪʩʝʢʦʚ ʥʘ ʧʣʘʪʝ. 
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ʕʢʨʘʥʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ, ʦʩʦʙʝʥʥʦ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʠ ʢʦʤʧʘʢʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʇʦʥʠʤʘʷ ʪʠʧʳ ʵʢʨʘʥʠʨʦʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʚʳ ʤʦʞʝʪʝ ʩʦʟʜʘʚʘʪʴ 

ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʧʦʤʝʭʘʤ (ʕʄʇ). ʈʘʙʦʪʘʝʪʝ ʣʠ 

ʚʳ ʥʘʜ ʙʳʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʠʣʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ 

ʧʨʠʣʦʞʝʥʠʷʤʠ, ʵʬʬʝʢʪʠʚʥʦʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʳʭ ʧʣʘʪ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʣʠʷʪʴ ʥʘ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʈɸɿʈɸɹʆʊʂɸ ʄɽʍɸʅʀɿʄɸ ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʄʆʅɽʊ 

ɼʃʗ ʕʃɽʂʊʈʆʅʅʆʁ ʂʆʇʀʃʂʀ 

 
ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʧʠʣʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʸʤʘ ʠ ʧʦʜʩʯʸʪʘ ʚʥʝʩʸʥʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʧʠʣʦʢ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʢʘʧʣʠʚʘʪʴ ʤʦʥʝʪʳ, ʥʦ ʠ 

ʬʠʢʩʠʨʦʚʘʪʴ ʠʭ ʥʦʤʠʥʘʣ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʫʤʤʝ 

ʥʘʢʦʧʣʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʦʙʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʝʛʦ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʧʠʣʢʠ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʥʝʪ, ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʪʦʯʥʦʩʪʴ 

ʧʦʜʩʯʸʪʘ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʚʦʟʤʦʞʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʫʟʣʘ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʠʜʝʷ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʭʝʤʳ ʩʦʨʪʠʨʦʚʢʠ ʤʦʥʝʪ [1]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʫʩʪʨʦʡʩʪʚʘ, 

ʚʳʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʳʝ 

ʚʘʨʠʘʥʪʳ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. ʊʘʢʦʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʥʝʪ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʜʩʯʸʪ ʚʥʝʩʸʥʥʳʭ ʩʨʝʜʩʪʚ. 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚʩʝ ʤʦʥʝʪʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʘʤʝʪʨʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʞʜʘʷ 

ʤʦʥʝʪʘ ʧʦʩʣʝ ʧʦʧʘʜʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʘ ʧʨʦʭʦʜʠʪʴ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʤʫ 

https://mokotechnology.com/ru/pcb-shield-types-benefits-and-layout-tips/
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ʢʘʥʘʣʫ ʠ ʨʘʩʧʨʝʜʝʣʷʪʴʩʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʪʨʘʝʢʪʦʨʠʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʝʛʦ 

ʨʘʟʤʝʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ 

ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʘ ʤʦʥʝʪʳ ʚʦ ʚʨʝʤʷ ʝʝ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʟʦʥʫ. ɼʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʥʝʪʳ ʥʘ ʢʘʞʜʦʡ ʠʟ ʪʘʢʠʭ ʪʨʘʝʢʪʦʨʠʡ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʜ ʤʦʥʝʪʫ 

ʨʘʟʤʝʨʘ ʠ ʦʪʜʝʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ (ʨʠʩ.1.). ʊʠʧʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʧʦʜʦʙʥʦʛʦ ʜʘʪʯʠʢʘ ʚʢʣʶʯʘʝʪ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ (ʩʚʝʪʦʜʠʦʜ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢʘʥʘʣʘ, ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ (ʬʦʪʦʜʠʦʜ ʠʣʠ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ), ʨʘʟʤʝʱʝʥʥʳʡ ʩʪʨʦʛʦ ʥʘʧʨʦʪʠʚ ʥʝʛʦ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʥʬʠʛʫʨʘʮʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʜʘʪʯʠʢʘ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʦʪ ʩʚʝʪʦʜʠʦʜʘ ʩʚʦʙʦʜʥʦ ʜʦʩʪʠʛʘʝʪ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʂʦʛʜʘ ʤʦʥʝʪʘ ʧʨʦʭʦʜʠʪ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ 

ʠ ʧʨʠʝʤʥʠʢʦʤ, ʦʥʘ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪ ʩʚʝʪʦʚʦʡ ʣʫʯ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ. ʕʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʠ ʬʠʢʩʠʨʫʝʪ ʣʠʰʴ ʬʘʢʪ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʥʝʪʳ ʯʝʨʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʝʸ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʦʤʠʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʟʘ ʩʯʸʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʦʨʪʠʨʦʚʢʠ ʤʦʥʝʪ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ 

ʧʦʣʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʤʦʥʝʪ ʪʨʝʙʫʝʪʩʷ 

ʦʪʜʝʣʴʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʘʥʘʣ ʠ ʦʪʜʝʣʴʥʳʡ ʜʘʪʯʠʢ. ɺʦ-ʚʪʦʨʳʭ, ʪʘʢʘʷ ʩʠʩʪʝʤʘ 

ʧʣʦʭʦ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʠ ʪʨʝʙʫʝʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʥʘʩʪʨʦʡʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʙʦʨʘ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʥʦʤʠʥʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʫʩʣʦʞʥʷʝʪ ʩʙʦʨʢʫ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʥʠʞʘʝʪ ʝʛʦ ʥʘʜʝʞʥʦʩʪʴ. 

ɸʥʘʣʠʟ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʚʝʣ ʢ ʧʦʠʩʢʫ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʛʦ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʧʨʝʧʷʪʩʪʚʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ 

ʤʦʥʝʪʳ. ʄʦʥʝʪʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʫʟʢʦʤʫ ʥʘʧʨʘʚʣʷʶʱʝʤʫ ʢʘʥʘʣʫ ʠʣʠ ʱʝʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʩʪʘʙʠʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʝʝ ʜʚʠʞʝʥʠʷ. ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 
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ʥʘʧʨʘʚʣʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʥʝʪʳ ʚ ʩʪʝʥʢʝ ʢʘʥʘʣʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʙʦʣʴʰʦʝ 

ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʝʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʧʨʝʧʷʪʩʪʚʠʷ (ʨʠʩ. 2.). 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʦʤʠʥʘʣʘ ʤʦʥʝʪ  

 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʤʦʥʝʪʘ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʢʨʳʚʘʝʪ ʦʢʥʦ ʜʘʪʯʠʢʘ [3]. ʇʦʩʢʦʣʴʢʫ ʤʦʥʝʪʳ ʨʘʟʣʠʯʥʳʭ ʥʦʤʠʥʘʣʦʚ ʠʤʝʶʪ 

ʨʘʟʥʳʝ ʜʠʘʤʝʪʨʳ, ʧʣʦʱʘʜʴ ʧʝʨʝʢʨʳʪʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʨʘʟʣʠʯʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʝʣʠʯʠʥʘ ʩʠʛʥʘʣʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʵʣʝʤʝʥʪʦʤ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʤʦʥʝʪʳ. ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜʳ ʠʣʠ ʬʦʨʤʳ ʵʪʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʥʦʤʠʥʘʣ ʤʦʥʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ 

ʜʘʪʯʠʢʘ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʥ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʫʩʪʨʦʡʩʪʚʘ, ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʦʚʳʰʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʝʥʩʦʨʘ ʦʙʣʝʛʯʘʝʪ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʠ ʩʥʠʞʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʨʦʩʪʦʪʘ ʠ ʵʣʝʛʘʥʪʥʦʩʪʴ ʜʘʥʥʦʡ ʠʜʝʠ ʧʦʢʘʟʘʣʠʩʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʥʝʪ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʜʠʘʤʝʪʨʘ ʤʦʥʝʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʨʦʚʝʨʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʠʟʤʝʨʝʥʠʡ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʘʥʘʣ 

ʧʦʦʯʝʨʝʜʥʦ ʧʨʦʧʫʩʢʘʣʠʩʴ ʤʦʥʝʪʳ ʨʘʟʣʠʯʥʳʭ ʥʦʤʠʥʘʣʦʚ. ʉʠʛʥʘʣ, ʬʦʨʤʠʨʫʝʤʳʡ 

ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʘʪʯʠʢʘ, ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʩʦʭʨʘʥʷʣʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʤʦʥʝʪ ʯʝʨʝʟ ʠʟʤʝʨʠʪʝʣʴʥʫʶ 

ʦʙʣʘʩʪʴ (ʨʠʩ.3.). 
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ʈʠʩʫʥʦʢ 3 ï ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʥʘ 

ʜʘʪʯʠʢʝ 

 

 ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʢʘʞʜʘʷ ʢʨʠʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʥʦʤʠʥʘʣʫ ʤʦʥʝʪʳ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʦʪʣʦʞʝʥʦ ʚʨʝʤʷ, 

ʦʪʨʘʞʘʶʱʝʝ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʤʦʥʝʪʳ ʯʝʨʝʟ ʦʙʣʘʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʘ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ï ʚʝʣʠʯʠʥʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʪʯʠʢʘ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʜʣʷ ʤʦʥʝʪ ʨʘʟʥʳʭ 

ʥʦʤʠʥʘʣʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʝʨʝʢʨʳʪʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʦʤ ʤʦʥʝʪʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʝʝ 

ʜʠʘʤʝʪʨʦʤ. ʏʝʤ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨ ʤʦʥʝʪʳ, ʪʝʤ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʦʢʥʘ ʦʥʘ ʧʝʨʝʢʨʳʚʘʝʪ, ʠ ʪʝʤ ʚʳʰʝ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʫʨʦʚʝʥʴ 

ʩʠʛʥʘʣʘ. 

ʆʩʦʙʝʥʥʦ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʣʷ ʤʦʥʝʪ ʥʦʤʠʥʘʣʦʤ 2 ʨʫʙʣʷ ʠ 10 ʨʫʙʣʝʡ. ʅʘ ʛʨʘʬʠʢʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ: 2 ʨʫʙʣʷ ï 

825 ʤɺ; 10 ʨʫʙʣʝʡ ï 730 ʤɺ; 50 ʢʦʧʝʝʢ ï 75 ʤɺ; 1 ʨʫʙʣʴ ï 510 ʤɺ; 5 ʨʫʙʣʝʡ ï 965 

ʤɺ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʥʥʳʝ ʤʦʥʝʪʳ ʠʤʝʶʪ ʚʝʩʴʤʘ ʙʣʠʟʢʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʠ ʚʠʟʫʘʣʴʥʦ ʤʦʛʫʪ ʧʦʢʘʟʘʪʴʩʷ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʳʤʠ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʫʚʝʨʝʥʥʦ ʨʘʟʣʠʯʘʝʪ ʠʭ ʧʦ ʘʤʧʣʠʪʫʜʝ 

ʩʠʛʥʘʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ. 
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ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʤʦʥʝʪ. ɼʘʞʝ ʥʝʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʜʠʘʤʝʪʨʝ 

ʧʨʠʚʦʜʷʪ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ 

ʥʘʜʝʞʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʦʤʠʥʘʣʦʚ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʄɽʊʆɼ ɺʅɽʐʅɽʊʈɸɽʂʊʆʈʅʓʍ ʀɿʄɽʈɽʅʀʁ ɹɺʉ 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʠʣʦʪʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ (ɹɺʉ) ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ: ʦʪ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ ʠ ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʦ ʚʳʧʦʣʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʠ 

ʫʯʘʩʪʠʷ ʚ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʷʭ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ɹɺʉ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɼʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʥʘʚʠʛʘʮʠʠ: ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ 

(GPS/ɻʃʆʅɸʉʉ), ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʚʥʝʰʥʝʪʨʘʝʢʪʦʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩ ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ [1]. ʂ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʩʨʝʜʩʪʚʘʤ ʚʥʝʰʥʝʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʥʦʩʷʪ ʚʳʩʦʢʦʪʦʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʠʤʝʨ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʪʝʣʝʩʢʦʧʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʩ ʚʳʩʦʢʠʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʋ ʚʥʝʰʥʝʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, 

ʩʚʦʡʩʪʚʝʥʥʳʝ ʣʶʙʦʤʫ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʢʘʥʘʣʫ. ʂʦʛʜʘ ʢʦʦʨʜʠʥʘʪʳ ʦʪ ʦʙʲʝʢʪʘ 

ʩʣʝʞʝʥʠʷ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʫʥʢʪ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʚ ʩʠʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ, ʚʦʟʥʠʢʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ. ʇʨʠʯʠʥʳ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʦʰʠʙʢʠ 

ʪʝʣʝʩʢʦʧʘ (ʥʝʪʦʯʥʦʩʪʴ ʥʘʚʝʜʝʥʠʷ, ʘʪʤʦʩʬʝʨʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʜʨʦʞʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ), ʘ ʪʘʢʞʝ ʦʰʠʙʢʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʢʚʘʥʪʦʚʘʥʠʷ ʧʨʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʮʠʬʨʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ. ʉʫʤʤʘʨʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʝʨʚʠʯʥʳʭ ʦʪʤʝʪʦʢ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10 ʤʝʪʨʦʚ ʠ ʙʦʣʝʝ. ɼʣʷ ʤʥʦʛʠʭ 

ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʣʝʪʘ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʵʪʦ ʥʝʧʨʠʝʤʣʝʤʦ. 

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ï ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʨʚʠʯʥʳʝ ʦʪʤʝʪʢʠ ʥʘʧʨʷʤʫʶ, 

ʧʦʣʘʛʘʷʩʴ ʥʘ ʘʧʧʘʨʘʪʥʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʷ. ʅʦ, ʢʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʨʘʟʙʨʦʩ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʵʪʦʤ ʩʣʠʰʢʦʤ ʚʝʣʠʢ. ʄʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʣʠʥʝʡʥʫʶ ʠʥʪʝʨʧʦʣʷʮʠʶ 
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ʠʣʠ ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʥʝʩʣʦʞʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ, ʦʜʥʘʢʦ ʦʥʠ 

ʚʥʦʩʷʪ ʟʘʧʘʟʜʳʚʘʥʠʝ ʦʮʝʥʢʠ ʠ ʧʣʦʭʦ ʨʘʙʦʪʘʶʪ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʠʣʠ ʫʩʢʦʨʝʥʠʝ 

ʤʝʥʷʶʪʩʷ. ɽʱʸ ʦʜʠʥ ʚʘʨʠʘʥʪ ï ʢʣʘʩʩʠʯʝʩʢʠʡ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ, ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ 

ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʦ ʦʥ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʟʥʘʥʠʷ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʫʤʦʚ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʥʝ ʚʩʝʛʜʘ 

ʚʳʧʦʣʥʠʤʦ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʪʦʜʘ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʦʚ (ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ), ʘ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʦʭʨʘʥʷʣ ʙʳ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʨʝʘʣʴʥʳʝ ʤʘʥʝʚʨʳ 

ʦʙʲʝʢʪʘ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʠ ʙʳʣ ʙʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʥʘʚʠʛʘʮʠʠ ɹɺʉ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʢ 

ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʚʥʝʰʥʝʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʫʧʨʦʱʝʥʥʦʛʦ 

ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʞʜʝʥʠʝ 

ʤʝʞʜʫ ʠʩʪʠʥʥʳʤʠ ʠ ʠʟʤʝʨʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʢʦʥʮʝʧʮʠʠ ʚʪʦʨʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʘʞʜʘʷ ʧʝʨʚʠʯʥʘʷ ʦʪʤʝʪʢʘ, ʧʦʣʫʯʝʥʥʘʷ ʦʪ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʪʝʣʝʩʢʦʧʘ), 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʜʚʠʞʝʥʠʠ ʦʙʲʝʢʪʘ [2]. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ. ʅʘ ʵʪʘʧʝ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʦʢʥʦè ʪʨʘʝʢʪʦʨʠʠ, ʩʦʜʝʨʞʘʱʝʝ ʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʥʠʭ ʧʝʨʚʠʯʥʳʭ ʦʪʤʝʪʦʢ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʩʝʛʦ ʪʨʠ ʪʦʯʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ (ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ), ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʢʥʦ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʚʢʣʶʯʘʶʱʝʝ ʥʝ ʤʝʥʝʝ 10-15 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʚʣʠʷʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʳʙʨʦʩʦʚ ʥʘ ʦʮʝʥʢʫ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʢʘʞʜʦʡ ʚʥʦʚʴ ʧʦʩʪʫʧʠʚʰʝʡ ʦʪʤʝʪʢʠ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʪʝʢʫʱʝʤ ʦʢʥʝ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʢʦʦʨʜʠʥʘʪʳ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʥʘʣʠʯʠʝ ʥʘʯʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʳ, ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʢʥʘ. ʇʘʨʘʤʝʪʨʳ ʵʪʦʡ ʤʦʜʝʣʠ (ʥʘʯʘʣʴʥʘʷ 

ʢʦʦʨʜʠʥʘʪʘ, ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ) ʚʳʯʠʩʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʝʝ (ʚ ʩʤʳʩʣʝ ʤʠʥʠʤʫʤʘ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ) ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʠʤʝʶʱʠʤʩʷ ʪʦʯʢʘʤ. ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʥʦʚʦʡ ʧʝʨʚʠʯʥʦʡ 

ʦʪʤʝʪʢʠ, ʬʦʨʤʠʨʫʷ ʧʨʦʛʥʦʟʠʨʫʝʤʫʶ ʦʪʤʝʪʢʫ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ ʢ ʦʢʥʫ ʠʟ 10-15 ʪʦʯʝʢ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ ʦʮʝʥʢʫ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝʤ ʧʦ ʪʨʝʤ ʪʦʯʢʘʤ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʫʩʨʝʜʥʝʥʠʝ ʰʫʤʦʚ. 
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ɼʘʣʝʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʦʱʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʬʠʣʴʪʨʘʮʠʠ, 

ʥʘʧʦʤʠʥʘʶʱʝʛʦ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ, ʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʝʥʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. ʆʪʬʠʣʴʪʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ 

ʢʦʦʨʜʠʥʘʪʳ ʧʦʣʫʯʘʝʪʩʷ, ʢʘʢ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʦʪʤʝʪʢʠ (ʧʦ 

ʤʦʜʝʣʠ) ʠ ʥʦʚʦʡ ʧʝʨʚʠʯʥʦʡ ʦʪʤʝʪʢʠ. ɺʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂ (ʘʥʘʣʦʛ 

ʢʘʣʤʘʥʦʚʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ) ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʝ: ʂ = 

1/iter, ʛʜʝ iter ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʪʦʯʢʠ ʚ ʪʨʘʝʢʪʦʨʠʠ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ 

ʩʣʝʞʝʥʠʷ. ʉʥʘʯʘʣʘ, ʢʦʛʜʘ ʪʦʯʝʢ ʤʘʣʦ, ʂ ʙʣʠʟʦʢ ʢ ʝʜʠʥʠʮʝ, ʠ ʬʠʣʴʪʨ ʙʦʣʴʰʝ 

ʜʦʚʝʨʷʝʪ ʥʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ ï ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʚʳʡʪʠ ʥʘ ʪʨʘʝʢʪʦʨʠʶ. ʇʦ 

ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʪʦʯʝʢ ʂ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʬʠʣʴʪʨ ʥʘʯʠʥʘʝʪ ʦʧʠʨʘʪʴʩʷ ʥʘ ʧʨʦʛʥʦʟ 

ʧʦ ʤʦʜʝʣʠ, ʩʛʣʘʞʠʚʘʷ ʰʫʤʳ. ʏʪʦʙʳ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝ ʩʪʘʣ ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʤ ʠ 

ʬʠʣʴʪʨ ʥʝ ʧʦʪʝʨʷʣ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʥʝʚʨʘʤ, ʚʚʦʜʠʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ: ʧʨʠ iter 

> 10 ʂ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ. ʊʘʢʦʡ ʢʦʤʧʨʦʤʠʩʩ ʩʦʭʨʘʥʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʣʴʪʨʘ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʤʝʪʦʜʝ ʜʣʷ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʢʦʣʴʟʷʱʝʝ ʦʢʥʦ. ʂʦʛʜʘ ʚ ʪʨʘʝʢʪʦʨʠʠ ʥʘʢʦʧʣʝʥʦ, ʩʢʘʞʝʤ, 15 ʪʦʯʝʢ, ʦʢʥʦ ʥʝ 

ʨʘʩʰʠʨʷʝʪʩʷ ʜʘʣʴʰʝ, ʘ ʩʜʚʠʛʘʝʪʩʷ. ɼʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʮʠʢʣʘ ʚʳʯʠʩʣʝʥʠʡ 

ʙʝʨʫʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝʜʥʠʝ 10ï15 ʪʦʯʝʢ ï ʪʘʢ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʧʦʜʩʪʨʘʠʚʘʝʪʩʷ 

ʧʦʜ ʪʝʢʫʱʠʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ. ɽʩʣʠ ʦʙʲʝʢʪ ʤʘʥʝʚʨʠʨʫʝʪ (ʤʝʥʷʝʪ ʩʢʦʨʦʩʪʴ ʠʣʠ 

ʥʘʧʨʘʚʣʝʥʠʝ), ʩʪʘʨʳʝ ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʳʜʫʱʝʤʫ ʨʝʞʠʤʫ, 

ʠʩʢʣʶʯʘʶʪʩʷ ʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʛʥʦʟ. 

ʊʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʦʩʥʦʚʘʥʥʦʛʦ 

ʥʘ ʘʥʘʣʠʟʝ ʥʝʚʷʟʢʠ. ʅʝʚʷʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʢʦʥʝʯʥʦʡ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʦʪʤʝʪʢʦʡ (ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʚʳʭʦʜʝ ʫʧʨʦʱʝʥʥʦʛʦ ʬʠʣʴʪʨʘ 

ʂʘʣʤʘʥʘ) ʠ ʠʩʭʦʜʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʪʤʝʪʢʦʡ, ʧʦʩʪʫʧʠʚʰʝʡ ʦʪ ʠʟʤʝʨʠʪʝʣʷ [3]. ʇʨʠ 

ʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ ʠ ʩʪʘʙʠʣʴʥʳʭ ʰʫʤʘʭ, ʥʝʚʷʟʢʘ ʢʦʣʝʙʣʝʪʩʷ ʦʢʦʣʦ 

ʥʝʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʦʙʲʝʢʪ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴ ʤʘʥʝʚʨ, ʥʝʚʷʟʢʘ 

ʥʘʯʠʥʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʪʴ, ʧʨʠʯʝʤ ʵʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʥʦʩʠʪ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ. ɸʣʛʦʨʠʪʤ ʦʪʩʣʝʞʠʚʘʝʪ ʵʪʫ ʩʠʪʫʘʮʠʶ: ʝʩʣʠ ʚ 

ʪʝʯʝʥʠʝ 2-3 ʧʨʠʰʝʜʰʠʭ ʦʪʤʝʪʦʢ ʟʥʘʯʝʥʠʝ ʥʝʚʷʟʢʠ ʫʩʪʦʡʯʠʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʧʨʝʚʳʰʘʷ ʥʝʢʦʪʦʨʳʡ ʧʦʨʦʛ, ʵʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʨʠʟʥʘʢ ʪʦʛʦ, ʯʪʦ ʤʦʜʝʣʴ 

ʜʚʠʞʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʪʝʢʫʱʝʤʫ ʦʢʥʫ, ʧʝʨʝʩʪʘʣʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʦʡ 

ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠʯʠʥʦʡ ʤʦʞʝʪ ʙʳʪʴ ʪʦ, ʯʪʦ ʚ ʦʢʥʝ ʚʩʝ ʝʱʝ ʧʨʠʩʫʪʩʪʚʫʶʪ çʩʪʘʨʳʝè 

ʪʦʯʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʳʜʫʱʝʤʫ ʨʝʞʠʤʫ ʧʦʣʝʪʘ ʠ ʪʷʥʫʱʠʝ ʦʮʝʥʢʫ ʥʘʟʘʜ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʧʫʩʢʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʢʦʨʨʝʢʮʠʠ ʦʢʥʘ: ʠʟ ʥʘʯʘʣʘ ʦʢʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʜʘʣʷʶʪʩʷ ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ ʩʘʤʳʝ ʩʪʘʨʳʝ ʦʪʤʝʪʢʠ. ʇʦʩʣʝ 

ʢʘʞʜʦʛʦ ʫʜʘʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ ʦʩʪʘʚʰʠʤʩʷ ʚ ʦʢʥʝ ʪʦʯʢʘʤ, ʟʘʥʦʚʦ ʚʳʯʠʩʣʷʝʪʩʷ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʦʪʤʝʪʢʘ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ ʪʦʯʝʢ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʥʝʚʷʟʢʠ ʥʝ ʫʤʝʥʴʰʠʪʩʷ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ (ʧʦʨʦʛʦʚʦʛʦ) ʫʨʦʚʥʷ. 

ʇʦʩʢʦʣʴʢʫ ʫʜʘʣʝʥʠʝ ʩʪʘʨʳʭ ʪʦʯʝʢ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʢʥʦ ʪʝʧʝʨʴ ʩʦʜʝʨʞʠʪ 

ʜʘʥʥʳʝ, ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʢʫʱʝʤʫ ʤʘʥʝʚʨʫ, ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 
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ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʘʜʘʧʪʘʮʠʠ ʬʠʣʴʪʨʘ ʥʘ 

ʚʨʝʤʷ ʤʘʥʝʚʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʨʝʤʝʥʥʦ ʩʙʨʦʰʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʂ (ʫʚʝʣʠʯʝʥ ʜʦ 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ), ʯʪʦʙʳ ʬʠʣʴʪʨ ʥʘʯʘʣ ʙʦʣʴʰʝ ʜʦʚʝʨʷʪʴ ʥʦʚʳʤ ʠʟʤʝʨʝʥʠʷʤ 

ʠ ʙʳʩʪʨʝʝ ʧʦʜʩʪʨʦʠʣʩʷ ʧʦʜ ʠʟʤʝʥʠʚʰʝʝʩʷ ʜʚʠʞʝʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʢ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤʫ ʦʢʥʫ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʪʴ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʦʮʝʥʢʝ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ (ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʣʝʥʥʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʩʦʩʝʜʥʠʤ ʪʦʯʢʘʤ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʘʝʪ 

ʛʣʘʜʢʠʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʦʮʝʥʢʠ. ʂʦʤʙʠʥʘʮʠʷ ʧʨʦʛʥʦʟʘ ʦʪ ʤʦʜʝʣʠ ʠ ʪʝʢʫʱʝʛʦ 

ʠʟʤʝʨʝʥʠʷ ʯʝʨʝʟ ʘʜʘʧʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʩʛʣʘʞʠʚʘʥʠʝʤ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝʤ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʧʦʢʘ 

ʤʦʜʝʣʴ ʝʱʝ ʥʝ ʫʩʪʦʷʣʘʩʴ, ʧʨʠʦʨʠʪʝʪ ʦʪʜʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʳʩʪʨʳʡ ʟʘʭʚʘʪ ʪʨʘʝʢʪʦʨʠʠ. ʅʘ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʫʯʘʩʪʢʝ ʧʦʣʝʪʘ ʧʨʠʦʨʠʪʝʪ 

ʦʪʜʘʝʪʩʷ ʧʨʦʛʥʦʟʫ, ʯʪʦ ʜʘʝʪ ʛʣʘʜʢʫʶ, ʦʯʠʱʝʥʥʫʶ ʦʪ ʰʫʤʘ ʪʨʘʝʢʪʦʨʠʶ. 

ʄʝʭʘʥʠʟʤ ʘʜʘʧʪʠʚʥʦʛʦ ʦʢʥʘ ʠ ʩʙʨʦʩʘ ʥʝʚʷʟʢʠ ʧʦʟʚʦʣʷʝʪ ʤʝʪʦʜʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʤʘʥʝʚʨʘ ʠ ʧʝʨʝʩʪʨʘʠʚʘʪʴ ʩʚʦʶ ʚʥʫʪʨʝʥʥʶʶ 

ʤʦʜʝʣʴ, ʫʜʘʣʷʷ ʫʩʪʘʨʝʚʰʠʝ ʜʘʥʥʳʝ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʨʝʘʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, 

ʢʦʪʦʨʳʝ ʨʝʜʢʦ ʙʳʚʘʶʪ ʠʜʝʘʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʠ ʨʘʚʥʦʤʝʨʥʳʤʠ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʘʢʞʝ ʝʛʦ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʝʣʝʩʢʦʧʦʚ, ʥʦ ʠ ʜʣʷ ʣʶʙʳʭ ʜʨʫʛʠʭ ʜʠʩʢʨʝʪʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʚʥʝʰʥʝʪʨʘʝʢʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʩʦ 

ʩʢʦʣʴʟʷʱʠʤ ʦʢʥʦʤ ʠ ʫʧʨʦʱʝʥʥʦʛʦ ʘʜʘʧʪʠʚʥʦʛʦ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʢʦʨʨʝʢʮʠʠ ʥʝʚʷʟʢʠ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ɹɺʉ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʳʨʳʭ ʧʝʨʚʠʯʥʳʭ ʦʪʤʝʪʦʢ. 

ʄʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʰʫʤʦʚ ʠʟʤʝʨʝʥʠʡ, ʩʦʭʨʘʥʷʷ ʧʨʠ 

ʵʪʦʤ ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʨʝʘʣʴʥʳʝ ʤʘʥʝʚʨʳ ʦʙʲʝʢʪʘ ʙʣʘʛʦʜʘʨʷ 

ʘʜʘʧʪʠʚʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʘʟʤʝʨʘ ʦʢʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ.  
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ʖ.ɺ. ʂʠʩʣʷʢʦʚʘ, ʩʪʫʜ.; ʨʫʢ.  ɸ.ʅ. ʂʦʥʘʢʦʚ, ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ çʅʀʋ çʄʕʀè ʚ ʉʤʦʣʝʥʩʢʝ. 

 
ɸɺʊʆʄɸʊʀʏɽʉʂʆɽ ʋʇʈɸɺʃɽʅʀɽ ʆʉɺɽʑɽʅʀɽʄ  

 
ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ çʫʤʥʳʭè ʜʦʤʦʚ, ʫʣʠʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ï ʦʙʝʩʧʝʯʝʥʠʝ 

ʚʢʣʶʯʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʝʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʚ 

ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚʳʩʪʫʧʘʶʪ ʬʦʪʦʜʠʦʜʳ ʠ ʜʨʫʛʠʝ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʙʳʩʪʨʦʪʫ ʨʝʘʢʮʠʠ ʠ 

ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʪʝʤʥʦʪʳ, 

ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ, ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 

ʧʨʠʤʝʥʝʥʠʷ. 

ʌʦʪʦʜʠʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʘʪʯʠʢʘʤʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʝʨʝʭʦʜʘ ʦʪ ʩʚʝʪʣʦʛʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʢ ʪʝʤʥʦʪʝ. ʀʭ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʥʫʪʨʝʥʥʝʤ ʬʦʪʦʵʬʬʝʢʪʝ: ʧʨʠ ʦʙʣʫʯʝʥʠʠ p-n-ʧʝʨʝʭʦʜʘ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ 

ʚʦʟʥʠʢʘʝʪ ʬʦʪʦʪʦʢ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ. ɺ 

ʫʩʣʦʚʠʷʭ ʩʥʠʞʝʥʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʧʦʨʦʛʘ ʬʦʪʦʪʦʢ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʩʨʘʚʥʠʚʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʢʦʤʧʘʨʘʪʦʨʦʤ). ɼʘʣʝʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʝʣʝ ʠʣʠ ʜʨʘʡʚʝʨʘ 

ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʪʦʨʝʟʠʩʪʦʨʘʤʠ ʬʦʪʦʜʠʦʜʳ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ 

ʣʠʥʝʡʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʬʦʪʦʨʝʣʝ ʩ ʬʦʪʦʜʠʦʜʦʤ 

 
ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʘ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʪʝʤʥʦʪʳ 

ʚʢʣʶʯʘʝʪ ʬʦʪʦʜʠʦʜ, ʫʩʠʣʠʪʝʣʴ ʪʦʢʘ, ʧʦʨʦʛʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʢʦʤʧʘʨʘʪʦʨ ʥʘ 
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ʦʧʝʨʘʮʠʦʥʥʦʤ ʫʩʠʣʠʪʝʣʝ), ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ ʠʣʠ ʦʧʪʦʩʠʤʠʩʪʦʨ ʜʣʷ 

ʢʦʤʤʫʪʘʮʠʠ ʥʘʛʨʫʟʢʠ. ʇʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʜʘʸʪʩʷ ʧʦʜʩʪʨʦʝʯʥʳʤ ʨʝʟʠʩʪʦʨʦʤ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ï ʥʘʧʨʠʤʝʨ, 

ʚʢʣʶʯʘʪʴ ʩʚʝʪ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʭʦʜʘ ʩʦʣʥʮʘ ʠʣʠ ʧʨʠ ʛʣʫʙʦʢʠʭ ʩʫʤʝʨʢʘʭ. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʦʞʥʳʭ ʩʨʘʙʘʪʳʚʘʥʠʡ (ʦʪ ʬʘʨ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʣʥʠʠ) ʚ ʩʭʝʤʫ 

ʤʦʞʝʪ ʚʚʦʜʠʪʴʩʷ ʛʠʩʪʝʨʝʟʠʩ ʠʣʠ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʚʝʪʦʜʠʦʜʳ (ʉʀɼ). ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʤʘʣʳʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ, ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʮʠʢʣʠʯʝʩʢʠʤ ʚʢʣʶʯʝʥʠʷʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʤʤʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʬʦʪʦʜʠʦʜʥʳʤʠ 

ʜʘʪʯʠʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʚʪʦʥʦʤʥʳʝ ʫʣʠʯʥʳʝ ʬʦʥʘʨʠ, ʧʦʜʲʝʟʜʥʳʝ 

ʩʚʝʪʠʣʴʥʠʢʠ, ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʧʦʜʩʚʝʪʢʫ, ʨʘʙʦʪʘʶʱʫʶ ʪʦʣʴʢʦ ʚ ʪʸʤʥʦʝ ʚʨʝʤʷ 

ʩʫʪʦʢ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 70ï85 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʫʛʣʦʩʫʪʦʯʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʟʘʱʠʪʝ ʬʦʪʦʜʠʦʜʘ ʦʪ ʚʥʝʰʥʠʭ ʟʘʩʚʝʪʦʢ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʦʪʨʘʞʸʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ 

ʬʦʪʦʜʠʦʜ ʨʘʟʤʝʱʘʶʪ ʚ ʢʦʨʧʫʩʝ ʩ ʫʟʢʦʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʣʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʦʧʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʪʸʤʥʦʚʦʛʦ ʪʦʢʘ ʬʦʪʦʜʠʦʜʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ 

ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʇʨʠʤʝʥʝʥʠʝ ʩʭʝʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʠʣʠ ʚʳʙʦʨ ʬʦʪʦʜʠʦʜʦʚ ʩ 

ʤʘʣʳʤ ʦʙʨʘʪʥʳʤ ʪʦʢʦʤ ʥʘʩʳʱʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ p-i-n-ʩʪʨʫʢʪʫʨ) 

ʧʦʚʳʰʘʝʪ ʥʘʜʸʞʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʥʪʨʦʣʣʝʨ ESP8266 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʦʩʚʝʱʝʥʠʝʤ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʪʝʤʥʦʪʳ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʩʠʩʪʝʤʳ çʫʤʥʦʛʦè ʜʦʤʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʪʦʜʠʦʜʥʳʡ ʜʘʪʯʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʣʝʨʫ 

(Arduino, ESP8266, PLC), ʢʦʪʦʨʳʡ ʥʝ ʪʦʣʴʢʦ ʚʢʣʶʯʘʝʪ ʩʚʝʪ, ʥʦ ʠ ʧʝʨʝʜʘʸʪ ʜʘʥʥʳʝ 

ʦ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʥʘ ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ï ʟʘʢʨʳʚʘʝʪ ʞʘʣʶʟʠ, ʧʝʨʝʚʦʜʠʪ ʩʠʩʪʝʤʫ 

ʦʭʨʘʥʳ ʚ ʥʦʯʥʦʡ ʨʝʞʠʤ, ʩʥʠʞʘʝʪ ʷʨʢʦʩʪʴ ʜʠʩʧʣʝʝʚ.  
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ʊʘʢʘʷ ʠʥʪʝʛʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʘʜʘʧʪʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ: ʚ ʩʫʤʝʨʢʘʭ 

ʚʢʣʶʯʘʝʪʩʷ ʜʝʞʫʨʥʳʡ ʩʚʝʪ, ʘ ʧʦʩʣʝ ʧʦʣʫʥʦʯʠ ï ʤʠʥʠʤʘʣʴʥʳʡ ʜʣʷ ʧʨʦʭʦʜʘ ʢ 

ʩʧʘʣʴʥʷʤ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʧʨʠ 

ʥʘʩʪʫʧʣʝʥʠʠ ʪʝʤʥʦʪʳ ʚʢʣʶʯʘʶʪ ʚʥʝʜʨʝʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʬʦʪʦʜʠʦʜʥʳʭ 

ʜʘʪʯʠʢʦʚ ʩ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʴʶ ʢʘʣʠʙʨʦʚʦʢ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʧʦʨʦʛʦʚ ʩʨʘʙʘʪʳʚʘʥʠʷ ʢ ʩʝʟʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʩʘʤʦʥʘʩʪʨʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʩ 

ʫʯʸʪʦʤ ʧʨʦʛʥʦʟʘ ʧʦʛʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ, ʚʩʪʨʦʝʥʥʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʨʧʫʩ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʤʦʥʪʘʞ ʠ ʥʘʩʪʨʦʡʢʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ 

ʪʝʤʥʦʪʳ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʜʠʦʜʥʳʭ ʜʘʪʯʠʢʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʠʯʝʩʢʠ 

ʟʨʝʣʦʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʞʠʣʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ 

ʫʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʦʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢʘʢ ʚ 

ʚʠʜʝ ʧʨʦʩʪʳʭ ʨʝʣʝʡʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʟʜʘʥʠʝʤ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʀʉʊɽʄɸ ʂʆʅʊʈʆʃʗ ɼɸɺʃɽʅʀʗ ɺ ʐʀʅɸʍ ɸɺʊʆʄʆɹʀʃʗ 

ɼʃʗ ʇʈʆɼʃɽʅʀʗ ʉʈʆʂɸ ʉʃʋɾɹʓ ʇʆʃʅʆɻʆ ʇʈʀɺʆɼɸ 

 

ʅʘʣʠʯʠʝ ʣʠʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʨʝʰʘʝʪ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ: ʦʪ ʥʘʣʠʯʠʷ 

ʩʚʦʙʦʜʳ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʨʦʛʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦ ʧʝʨʝʩʝʯʸʥʥʦʡ ʤʝʩʪʥʦʩʪʠ. ɸʚʪʦʤʦʙʠʣʠ ʨʘʟʣʠʯʘʶʪ ʧʦ ʪʠʧʘʤ 

ʧʨʠʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʢʦʣʝʩʘʤ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʦʪ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛʠ, ʩʫʱʝʩʪʚʫʶʪ ʘʚʪʦʤʦʙʠʣʠ, 

ʦʩʥʘʱʝʥʥʳʝ ʧʦʣʥʳʤ ʧʨʠʚʦʜʦʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʥʳʡ ʧʨʠʚʦʜ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʜʢʣʶʯʘʝʤʳʤ ʠʣʠ ʧʦʩʪʦʷʥʥʳʤ. ɽʩʣʠ ʧʦʣʥʳʡ ʧʨʠʚʦʜ ʚ ʘʚʪʦʤʦʙʠʣʝ 

ʧʦʜʢʣʶʯʘʝʤʳʡ, ʧʦʜʢʣʶʯʝʥʠʝ ʯʘʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʬʨʠʢʮʠʦʥʥʦʡ ʤʫʬʪʳ ʠʣʠ ʞʝʩʪʢʦ ʯʝʨʝʟ ʨʘʟʜʘʪʦʯʥʫʶ ʢʦʨʦʙʢʫ. ʇʨʠ ʵʪʦʤ 

ʤʝʞʢʦʣʝʩʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ɽʩʣʠ ʧʦʣʥʳʡ ʧʨʠʚʦʜ ʧʦʩʪʦʷʥʥʳʡ, 

ʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʦʩʷʤʠ ʠ ʢʦʣʝʩʘʤʠ ʧʨʠ 

ʧʦʤʦʱʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʜʢʠʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ 

ʦʩʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ʥʝʪ). ɺʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʜʥʦ ʠʟ 

ʛʣʘʚʥʳʭ ï ʥʝʜʦʧʫʩʪʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʥʦʛʦ ʧʨʠʚʦʜʘ ʧʨʠ ʨʘʟʥʠʮʝ ʚ 

ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ ʚ ʰʠʥʘʭ ʥʘ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʩʷʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ 

ʨʘʟʥʦʩʪʴ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʠ ʤʫʬʪʘ ʧʦʣʥʦʛʦ ʧʨʠʚʦʜʘ, ʠʩʧʳʪʳʚʘʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, ʧʝʨʝʛʨʝʚʘʝʪʩʷ ʠ ʠʟʥʘʰʠʚʘʝʪʩʷ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ. 

ʆʜʥʘʢʦ ʞʝʩʪʢʦ ʧʦʜʢʣʶʯʘʝʤʳʡ ʧʦʣʥʳʡ ʧʨʠʚʦʜ ʠ ʩʠʩʪʝʤʘ ʩ ʤʝʞʢʦʣʝʩʥʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʦʤ ʩʪʨʘʜʘʶʪ ʤʝʥʴʰʝ, ʥʦ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ ʩʨʦʢ ʩʣʫʞʙʳ. ɺ 

ʜʠʬʬʝʨʝʥʮʠʘʣʝ ʠʟʥʘʰʠʚʘʶʪʩʷ ʠ ʩʪʠʨʘʶʪʩʷ ʰʝʩʪʝʨʥʠ, ʘ ʚ ʨʘʟʜʘʪʦʯʥʦʡ ʢʦʨʦʙʢʝ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʝ ʤʘʩʣʦ ʧʝʨʝʛʨʝʚʘʝʪʩʷ ʠ ʪʝʨʷʝʪ ʩʚʦʠ ʩʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʤʝʭʘʥʠʟʤ ʪʘʢʞʝ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʦʙʠʣʠ 

ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʦʡ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʘʭ, ʧʦʵʪʦʤʫ ʧʦʜʦʙʥʘʷ ʧʨʦʙʣʝʤʘ ʠʭ 

ʥʝ ʢʘʩʘʝʪʩʷ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʝʡ ʙʝʟ ʵʪʦʡ ʩʠʩʪʝʤʳ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʘʚʪʦʤʦʙʠʣʷʤ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʜʦʦʩʥʘʱʝʥʠʝ ʩʪʦʨʦʥʥʝʡ ʩʠʩʪʝʤʦʡ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʧʠʩʘʥʘ ʜʘʣʝʝ ʚ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ.  

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʛʫʙʠʪʝʣʴʥʳʭ ʚʝʱʝʡ ʜʣʷ 

ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʧʦʣʥʦʛʦ ʧʨʠʚʦʜʘ ï ʨʘʟʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʥʘ 

ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʩʷʭ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʝʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ. ɺ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʢʦʥʪʨʦʣʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ ʜʘʪʯʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʚʨʘʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ɼʘʣʝʝ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ 

ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ, ʚ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʟʥʠʮʳ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ, 

ʚʦʜʠʪʝʣʶ ʙʫʜʝʪ ʧʦʜʘʥ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, ʩʦʦʙʱʘʶʱʠʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʨʢʠ 

ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʰʠʥʘʭ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ, ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʥʝ ʙʫʜʝʪ 

ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʩʨʘʟʫ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʨʘʟʥʠʮʳ ʚ ʩʢʦʨʦʩʪʷʭ ʢʦʣʝʩ ʥʘ ʦʩʷʭ. 
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ɹʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʥʘ ʢʘʞʜʦʡ ʦʩʠ ʠ, ʚ ʩʣʫʯʘʝ 

ʧʦʷʚʣʝʥʠʷ ʨʘʟʥʠʮʳ ʚ ʪʝʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʠʩʪʝʤʘ ʧʦʜʘʩʪ ʩʠʛʥʘʣ ʦ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʨʘ, ʚʦʟʴʤʝʤ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʚʥʝʜʦʨʦʞʥʠʢ 

ʩ ʧʦʜʢʣʶʯʘʝʤʳʤ ʧʦʣʥʳʤ ʧʨʠʚʦʜʦʤ ʤʘʩʩʦʡ 1800 ʢʛ, ʥʘ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʰʠʥʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 215/65/R17, ʛʜʝ ʧʝʨʚʦʝ ʯʠʩʣʦ ï ʰʠʨʠʥʘ ʰʠʥʳ ʚ ʤʤ, ʚʪʦʨʦʝ 

ï ʚʳʩʦʪʘ ʰʠʥʳ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʰʠʨʠʥʳ ʠ ʪʨʝʪʴʝïʜʠʘʤʝʪʨ ʢʦʣʝʩʥʦʛʦ ʜʠʩʢʘ ʚ 

ʜʶʡʤʘʭ. ʇʨʠ ʧʦʜʩʯʝʪʘʭ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʳʭ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ 

ʘʚʪʦʤʦʙʠʣʷ ï 712 ʤʤ [1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʦʤʠʥʘʣʴʥʳʡ 

ʜʠʘʤʝʪʨ ʥʝʜʦʩʪʠʞʠʤ ʥʘ ʧʨʘʢʪʠʢʝ ʠ ʧʨʠ ʤʘʩʩʝ ʘʚʪʦʤʦʙʠʣʷ 1800 ʢʛ ʩ ʫʯʝʪʦʤ 

ʥʘʛʨʫʟʢʠ ʥʘ ʢʘʞʜʦʝ ʢʦʣʝʩʦ ʠ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚ ʰʠʥʝ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤ ʟʘʚʦʜʦʤ-

ʠʟʛʦʪʦʚʠʪʝʣʝʤ (2,4 ʙʘʨ), ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ ʩʪʘʥʝʪ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 

668 ʤʤ [3]. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ ʰʠʥʘ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʝʝ ʠ 

ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʘʚʣʝʥʠʠ 1,8 ʙʘʨʘ, 

ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ ʩʪʘʥʝʪ ʧʨʠʤʝʨʥʦ 653 ʤʤ. ʈʘʟʥʠʮʘ ʚ ʜʠʘʤʝʪʨʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʝʩʦʤ, ʚʥʫʪʨʠ ʰʠʥʳ ʢʦʪʦʨʦʛʦ ʜʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʤʫ, ï 15 ʤʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʘʚʪʦʤʦʙʠʣʝʤ 

ʜʠʩʪʘʥʮʠʠ 100 ʢʤ, ʢʦʣʝʩʦ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʰʠʥʝ ʩʜʝʣʘʝʪ 

ʧʨʠʤʝʨʥʦ 47690 ʦʙʦʨʦʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʣʝʩʦ ʩ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ 

ʰʠʥʳ ʨʘʚʥʦʤ 1,8 ʙʘʨ, ʩʜʝʣʘʝʪ ʦʢʦʣʦ 48720 ʦʙʦʨʦʪʦʚ. ʈʘʟʥʠʮʘ 1030 ʦʙʦʨʦʪʦʚ ʠʣʠ 

2,27 ʧʨʦʮʝʥʪʘ.  

ʉ ʫʯʝʪʦʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʧʨʦʛʨʘʤʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ 

ʨʘʟʥʦʩʪʠ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʙʦʣʝʝ 2 ʧʨʦʮʝʥʪʦʚ [2] (ʚʳʰʝ ʙʳʣʘ ʫʢʘʟʘʥʘ 

ʨʘʟʥʠʮʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʙʦʨʦʪʦʚ, ʩʜʝʣʘʥʥʳʭ ʢʦʣʝʩʦʤ, ʥʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʨʠ ʧʦʜʩʯʝʪʝ ʦʙʦʨʦʪʦʚ, ʠ ʧʨʠ ʧʦʜʩʯʝʪʝ ʩʢʦʨʦʩʪʠ), ʩʠʩʪʝʤʘ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ [4] ʧʨʦʜʦʣʞʠʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʢʦʣʝʩ ʥʘ ʦʩʷʭ ʠ ʚ 

ʩʣʫʯʘʝ ʩʦʭʨʘʥʝʥʠʷ ʨʘʟʥʠʮʳ, ʧʦʜʘʩʪ ʧʨʝʜʫʧʨʝʞʜʘʶʱʠʡ ʩʠʛʥʘʣ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʘʚʪʦʤʦʙʠʣʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʥʪʘʢʪʥʳʝ ʜʘʪʯʠʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʪʦʨʤʦʟʥʦʛʦ ʜʠʩʢʘ 

ʠʣʠ ʙʘʨʘʙʘʥʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʘʚʪʦʤʦʙʠʣʝ. ʊʘʢʦʡ ʜʘʪʯʠʢ ʤʝʥʝʝ ʜʦʣʛʦʚʝʯʝʥ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʧʪʠʯʝʩʢʠʤ, ʥʦ ʥʝ 

ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʭ ʤʝʪʦʢ ʥʘ ʢʦʣʝʩʦ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʟʘʛʨʷʟʥʠʪʴʩʷ. ʀʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʠʪʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ. 

ɺ ʩʣʫʯʘʝ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʩʪʝʤʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʚʦʜʠʪʝʣʴ ʫʩʣʳʰʠʪ ʟʚʫʢʦʚʦʡ 

ʩʠʛʥʘʣ, ʘ ʥʘ ʜʠʩʧʣʝʝ ʩʠʩʪʝʤʳ ʩʤʦʞʝʪ ʫʟʥʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʨʘʟʥʠʮʝ ʚ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʥʘ ʨʘʟʥʳʭ ʦʩʷʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 

ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʨʘʥʝʥʠʷ ʥʝʧʦʣʘʜʢʠ ʚ ʩʨʦʯʥʦʤ ʧʦʨʷʜʢʝ, ʣʠʙʦ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʦʝʭʘʪʴ ʜʦ ʩʪʘʥʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʘʭ ʘʚʪʦʤʦʙʠʣʷ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʘʭ 

ʘʚʪʦʤʦʙʠʣʷ 

 

ʇʠʪʘʥʠʝ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʷ. ɼʣʷ 

ʧʠʪʘʥʠʷ ʚʭʦʜʷʱʠʭ ʚ ʩʠʩʪʝʤʫ ʤʦʜʫʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ɸ1. ɹʣʦʢʠ 

ɸ2-ɸ4 ï ʜʘʪʯʠʢʠ ʩʢʦʨʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚʦʟʣʝ ʢʘʞʜʦʛʦ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. 

ɹʣʦʢ SB1 ï ʢʥʦʧʢʘ ʩʙʨʦʩʘ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʦʜʠʪʝʣʶ ʧʦʩʣʝ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʳʢʣʶʯʠʪʴ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʣʠʙʦ ʧʝʨʝʟʘʛʨʫʟʠʪʴ 

ʩʠʩʪʝʤʫ, ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʦʰʠʙʦʢ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ DD1. ɿʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʦ ʥʘʣʠʯʠʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʘʝʪʩʷ ʙʣʦʢʦʤ ɺɸ1, ʘ ʙʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤʳ ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ ʚʳʚʦʜʠʪʩʷ ʥʘ 

ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʙʣʦʢʦʤ HG1. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʰʠʥʘʭ, 

ʧʦʤʦʞʝʪ ʚʦʜʠʪʝʣʷʤ ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʥʦʛʦ ʧʨʠʚʦʜʘ ʚ ʩʚʦʝʤ 

ʘʚʪʦʤʦʙʠʣʝ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ.  
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 
 

ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʉʀʉʊɽʄ ʈɽɻʀʉʊʈɸʎʀʀ ʈɸɿʈʗɼʆɺ ɺ 

ʉʆʃʅɽʏʅʆ-ʉʃɽʇʆʄ ɼʀɸʇɸɿʆʅɽ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʪʨʝʙʫʝʪ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʨʦʥʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʟʨʷʜʦʚ. 

ɼʘʥʥʳʝ ʨʘʟʨʷʜʳ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʠ. ʉ 

ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʠʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʜʝʬʝʢʪʳ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʪʘʢ ʢʘʢ ʪʝʧʣʦʚʠʟʦʨʳ ʬʠʢʩʠʨʫʶʪ ʫʞʝ ʨʘʟʚʠʚʰʠʡʩʷ 

ʜʝʬʝʢʪ (ʢʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʦʪ ʪʦʢʦʚ ʫʪʝʯʢʠ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʋʌ-ʢʘʤʝʨʳ 

ʤʦʛʫʪ ʚʠʜʝʪʴ ʥʘʯʘʣʴʥʫʶ ʩʪʘʜʠʶ ï ʠʦʥʠʟʘʮʠʶ. ʇʨʦʮʝʩʩ ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʙʫʞʜʝʥʠʝʤ ʤʦʣʝʢʫʣ ʘʟʦʪʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʦʟʚʨʘʱʝʥʠʠ ʚ 

ʦʩʥʦʚʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʫʩʢʘʶʪ ʬʦʪʦʥʳ ʠʤʝʥʥʦ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ 

ʩʧʝʢʪʨʝ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʨʝʛʠʩʪʨʘʮʠʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʦʚ. 

ʉʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʦʟʜʘʝʪ ʤʦʱʥʳʡ ʬʦʥʦʚʳʡ ʰʫʤ, ʜʝʣʘʷ 

ʥʝʚʦʟʤʦʞʥʳʤ ʥʘʙʣʶʜʝʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ. ʈʘʙʦʪʘ ʚ 

çʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʤè ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ (240õ280 ʥʤ), ʛʜʝ ʦʟʦʥʦʚʳʡ ʩʣʦʡ 

ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʨʠʩ. 

1) [1, 2], ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʣʘʙʳʝ ʩʠʛʥʘʣʳ ʨʘʟʨʷʜʦʚ ʩ ʚʳʩʦʢʦʡ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ 

ʘʪʤʦʩʬʝʨʳ ʠ ʫʨʦʚʥʝ ʤʦʨʷ 

 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʩʪʘʣʠ 

ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ (ʕʆʇ) ʩ 

ʬʦʪʦʢʘʪʦʜʘʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʤʫ ʩʧʝʢʪʨʫ. ʆʧʪʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʪʘʢʠʭ ʜʚʫʭʢʘʥʘʣʴʥʳʭ ʋʌ-ʧʝʣʝʥʛʘʪʦʨʦʚ ʦʙʲʝʜʠʥʷʝʪ ʚʠʜʠʤʳʡ ʠ 
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ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʢʘʥʘʣʳ. ʀʟʣʫʯʝʥʠʝ ʦʪ ʨʘʟʨʷʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʟʢʦʧʦʣʦʩʥʳʡ 

ʬʠʣʴʪʨ, ʧʦʧʘʜʘʝʪ ʥʘ ʕʆʇ, ʛʜʝ ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʠʣʠʚʘʝʪʩʷ, ʘ ʟʘʪʝʤ ʬʠʢʩʠʨʫʝʪʩʷ 

ʤʘʪʨʠʮʝʡ. 

ɺʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ 

ʚʠʜʝʦʧʦʪʦʢʘ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʘ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʋʌ-ʠʩʪʦʯʥʠʢʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʚʧʣʦʪʴ ʜʦ ʨʝʛʠʩʪʨʘʮʠʠ ʝʜʠʥʠʯʥʳʭ ʬʦʪʦʥʦʚ [2]. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʪʘʶʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʭʨʫʧʢʦʩʪʴ ʚʘʢʫʫʤʥʳʭ ʢʦʣʙ ʠ ʫʷʟʚʠʤʦʩʪʴ ʬʦʪʦʢʘʪʦʜʘ ʢ ʩʠʣʴʥʳʤ ʩʚʝʪʦʚʳʤ 

ʧʝʨʝʛʨʫʟʢʘʤ (ʟʘʩʚʝʪʢʘʤ). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮ ʠʟ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

(ʥʘʧʨʠʤʝʨ, AlGaN). ʇʨʠʥʮʠʧ ʠʭ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʬʦʪʦʵʬʬʝʢʪʝ: 

ʧʦʛʣʦʱʝʥʠʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʭ ʋʌ-ʬʦʪʦʥʦʚ ʛʝʥʝʨʠʨʫʝʪ ʵʣʝʢʪʨʦʥʥʦ-

ʜʳʨʦʯʥʳʝ ʧʘʨʳ, ʩʦʟʜʘʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ɹʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʡ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʝ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʝʩʪʝʩʪʚʝʥʥʦʡ çʩʣʝʧʦʪʦʡè ʢ 

ʚʠʜʠʤʦʤʫ ʩʧʝʢʪʨʫ ʠ ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ. ʆʥʠ 

ʣʠʰʝʥʳ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʕʆʇ, ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʬʦʪʦʢʘʪʦʜʘ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ [3]. 

ɹʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʙʶʜʞʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʫʭʢʘʥʘʣʴʥʳʭ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ ʥʘ ʙʘʟʝ CMOS-ʩʝʥʩʦʨʦʚ ʩ 

ʦʙʨʘʪʥʦʡ ʟʘʩʚʝʪʢʦʡ (BSI). ɹʶʜʞʝʪʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʤʘʩʩʦʚʳʤ 

ʩʝʨʠʡʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʨʝʤʥʠʝʚʳʭ ʤʘʪʨʠʮ, ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘ ʧʦʨʷʜʢʠ 

ʥʠʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʕʆʇ ʠʣʠ AlGaN-ʩʝʥʩʦʨʦʚ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʞʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ, ʥʠʟʢʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʠ ʧʨʦʩʪʦʪʝ 

ʠʥʪʝʛʨʘʮʠʠ ʪʘʢʠʭ ʢʘʤʝʨ ʚ ʣʶʙʳʝ ʮʠʬʨʦʚʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ. ʍʦʪʷ 

ʢʨʝʤʥʠʝʚʳʝ ʤʘʪʨʠʮʳ ʠʤʝʶʪ ʩʧʘʜ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʋʌ-ʦʙʣʘʩʪʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ ʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘʢʦʧʣʝʥʠʷ ʢʘʜʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʥʘʜʝʞʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʨʘʟʨʷʜʳ. ʅʘʙʣʶʜʝʥʠʝ ʜʝʬʝʢʪʘ ʦʧʝʨʘʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʥʘʣʦʞʝʥʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʩʚʝʪʷʱʝʛʦʩʷ ʧʷʪʥʘ ʥʘ ʦʧʦʨʫ ʠʣʠ ʠʟʦʣʷʪʦʨ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʣʦʞʝʥʠʝ ʋʌ-ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʨʷʜʘ ʥʘ ʚʠʜʠʤʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʝʝ ʨʝʟʫʣʴʪʘʪ ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʘ ʥʘ ʃʕʇ 
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ʊʦʯʥʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʝʥʩʦʨʘ, ʢʘʯʝʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ. ʉʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʤʦʥʦʭʨʦʤʥʳʭ ʢʘʤʝʨ ʫʩʪʫʧʘʶʪ ʕʆʇ ʚ 

ʘʙʩʦʣʶʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʚʳʠʛʨʳʚʘʶʪ ʚ ʛʘʙʘʨʠʪʘʭ ʠ ʩʪʦʠʤʦʩʪʠ. 

ʉʧʦʩʦʙ ʧʨʠʤʝʥʠʤ ʢʘʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʪʦʚ ʢʦʥʪʨʦʣʷ, ʪʘʢ ʠ ʜʣʷ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʝʩʧʠʣʦʪʥʳʝ ʘʧʧʘʨʘʪʳ [4]. 

ʄʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʜʦʩʪʠʛʘʝʤʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʙʦʯʝʤʫ ʨʘʩʩʪʦʷʥʠʶ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʨʷʜʦʚ 
ʉʠʩʪʝʤʘ ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ɺʪ/ʩʤ2 ʈʘʙʦʯʝʝ ʨʘʩʩʪʦʷʥʠʝ, ʤ 

ʉʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʕʆʇ 3Ŀ10ī18 5õ100 

ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʋʌ-ʤʘʪʨʠʮʳ 1Ŀ10ī15 2õ50 

ʄʦʥʦʭʨʦʤʥʘʷ ʊɺ-ʢʘʤʝʨʘ ʩ ʋʌ-

ʬʠʣʴʪʨʦʤ 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤʦʤ 

(ʦʙʳʯʥʦ 10ī13) 
2õ30 

 

ʄʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕʆʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʚʳʩʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʙʣʘʛʦʜʘʨʷ ʬʠʟʠʯʝʩʢʦʤʫ ʫʩʠʣʝʥʠʶ ʩʠʛʥʘʣʘ ʠ ʜʣʠʪʝʣʴʥʦʤʫ ʫʜʝʨʞʘʥʠʶ ʢʦʥʪʨʘʩʪʘ. 

ʆʥ ʠʜʝʘʣʝʥ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʣʠʥʠʡ ʥʘ ʙʦʣʴʰʠʭ ʜʠʩʪʘʥʮʠʷʭ. ʆʜʥʘʢʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʭʨʫʧʢʦʩʪʴʶ. 

ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʘʪʨʠʮ ʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʥʦ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʧʨʦʚʝʨʢʫ, ʥʝ 

ʦʧʘʩʘʷʩʴ ʟʘʩʚʝʪʦʢ, ʨʘʟʨʫʰʘʶʱʠʭ ʕʆʇ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʚʳʩʦʢʘʷ 

ʥʘʜʝʞʥʦʩʪʴ; ʥʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʤʘʪʨʠʮ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. 

ʄʝʪʦʜ ʩ ʤʦʥʦʭʨʦʤʥʦʡ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʜʦʩʪʫʧʥʳʤ. ʆʥ ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʨʦʤʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʬʠʣʴʪʨʘ. ʊʦʯʥʦʩʪʴ ʤʝʪʦʜʘ 

ʦʛʨʘʥʠʯʝʥʘ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʝʥʩʦʨʘ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ, ʧʦʵʪʦʤʫ ʦʥ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘ ʙʣʠʞʥʠʭ ʜʠʩʪʘʥʮʠʷʭ (ʥʘʧʨʠʤʝʨ, ʩ 

ʙʦʨʪʘ ɹʇʃɸ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʟʘʜʘʯʘʤʠ ʠ ʨʝʩʫʨʩʘʤʠ. ʅʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʠ 

ʥʘʜʸʞʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʨʘʟʨʷʜʦʚ ʦʩʪʘʶʪʩʷ ʢʘʤʝʨʳ 

ʥʘ ʙʘʟʝ ʕʆʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʘʣʴʥʦʩʪʴ. ʊʚʝʨʜʦʪʝʣʴʥʳʝ 

ʤʘʪʨʠʮʳ ʣʫʯʰʝ ʧʦʜʦʡʜʫʪ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɼʣʷ ʫʩʣʦʚʠʡ 

ʤʘʩʩʦʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʭʨʦʤʥʳʭ 

ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ɹɽʉʇʈʆɺʆɼʅʆʁ ʈɽɻʀʉʊʈɸʊʆʈ ʅɽʁʈʆʅʅʆʁ ɸʂʊʀɺʅʆʉʊʀ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʨʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʩʪʨʘʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʩʫʱʠʭ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʙʣʘʩʪʠ ʥʝʡʨʦʥʘʫʢʠ ʠ ʤʝʜʠʮʠʥʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʦʜʥʳʭ ʨʝʰʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʦʜʚʠʞʥʦʩʪʴ ʧʘʮʠʝʥʪʘ ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʕʪʦ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʢʦʤʬʦʨʪ, ʥʦ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʚ ʤʝʩʪʘʭ 

ʚʳʭʦʜʘ ʧʨʦʚʦʜʥʠʢʦʚ ʯʝʨʝʟ ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ. ɺʥʝʜʨʝʥʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʝʛʠʩʪʨʘʮʠʶ ʩʠʛʥʘʣʦʚ ʤʦʟʛʘ ʚ ʫʩʣʦʚʠʷʭ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ [1]. 

ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʠʥʚʘʟʠʚʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ. 

ʀʤʧʣʘʥʪʘʮʠʷ ʠʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʟʳʚʘʝʪ ʟʘʱʠʪʥʳʝ ʨʝʘʢʮʠʠ ʪʢʘʥʝʡ ʤʦʟʛʘ, 

ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʠʛʥʘʣʦʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʠ ʛʠʙʢʠʭ 

ʨʝʰʝʥʠʡ. ʄʠʥʠʘʪʶʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ MOTE, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʟʳʚʘʶʪ 

ʨʘʟʜʨʘʞʝʥʠʷ ʪʢʘʥʝʡ, ʘ ʫʣʴʪʨʘʪʦʥʢʠʝ ʯʠʧʳ, ʧʦʜʦʙʥʳʝ BISC (ʨʠʩ. 1), ʨʘʟʤʝʱʘʶʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʳ ʙʝʟ ʝʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʪʘʙʠʣʴʥʫʶ ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʨʝʛʠʩʪʨʘʮʠʶ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʯʠʧʘ BISC 
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ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ. ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʳ ʤʦʟʛʘ ʥʝʦʙʭʦʜʠʤʦ 

ʬʠʢʩʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʧʝʨʝʜʘʯʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʥʝʡʨʦʠʥʪʝʨʬʝʡʩʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʥʝʡʨʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʥʘʫʯʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʩʥʠʞʝʥʠʝ ʠʥʚʘʟʠʚʥʦʩʪʠ, ʯʪʦ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʥʝʡʨʦʧʨʦʪʝʟʦʚ ʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʨʝʛʠʩʪʨʘʪʦʨʘ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʠʩʪʝʤʘ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦʣʞʥʘ 

ʨʝʰʘʪʴ ʪʨʠ ʛʣʘʚʥʳʝ ʟʘʜʘʯʠ: ʩʯʠʪʳʚʘʪʴ ʩʠʛʥʘʣ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʝʛʦ ʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ ʜʣʷ ʨʘʙʦʪʳ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ 

ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ ʥʝʡʨʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 
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ɹʝʩʧʨʦʚʦʜʥʦʡ ʨʝʛʠʩʪʨʘʪʦʨ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʄʦʜʫʣʷ ɸ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʢʦʨʦʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʠ ʄʦʜʫʣʷ ɹ, 

ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʛʦʣʦʚʳ ʯʝʣʦʚʝʢʘ. 

ʄʦʜʫʣʴ ɸ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʙʣʦʢʘʤʠ: 

1) ʩʝʥʩʦʨʥʳʡ ʜʘʪʯʠʢ (ʤʘʩʩʠʚ ʤʠʢʨʦʵʣʝʢʪʨʦʜʦʚ): 65536 ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʤ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʨʳ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʆʥʠ ʧʨʠʥʠʤʘʶʪ ʩʣʘʙʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʪ ʥʝʡʨʦʥʦʚ; 

2) ʘʥʘʣʦʛʦʚʳʡ ʠʥʪʝʨʬʝʡʩ (Front-End): ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʫʩʠʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ. ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʝ BISC ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 1024 ʢʘʥʘʣʘ 

ʫʩʠʣʝʥʠʷ. ʏʠʧ ʪʘʢʞʝ ʠʤʝʝʪ 16384 ʢʘʥʘʣʘ ʜʣʷ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ï 

ʵʣʝʢʪʨʦʩʪʠʤʫʣʷʮʠʠ ʥʝʡʨʦʥʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ çʩʣʫʰʘʪʴè ʤʦʟʛ, ʥʦ ʠ 

çʨʘʟʛʦʚʘʨʠʚʘʪʴè ʩ ʥʠʤ; 

3) ʫʩʠʣʝʥʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʩ ʧʦʤʦʱʴʶ 

ɸʎʇ. ɼʘʣʝʝ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʞʠʤʘʝʪ ʜʘʥʥʳʝ ʜʣʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ; 

4) ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʨʘʥʩʠʚʝʨ: ʦʙʨʘʙʦʪʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ 

ʚʥʝʰʥʶʶ ʥʦʩʠʤʫʶ ʩʪʘʥʮʠʶ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʚʷʟʠ ʩʦ ʩʢʦʨʦʩʪʴ ʁʜʦ 100 ʄʙʠʪ/ʩ; 

5) ʩʠʩʪʝʤʘ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ: ʦʨʛʘʥʠʟʦʚʳʚʘʝʪ ʧʠʪʘʥʠʝ ʚʩʝʭ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠʝʤʥʘʷ ʢʘʪʫʰʢʘ ʚʥʫʪʨʠ ʤʦʜʫʣʷ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʦʪ ʚʥʝʰʥʝʡ 

ʧʝʨʝʜʘʶʱʝʡ ʢʘʪʫʰʢʠ. 

ʄʦʜʫʣʴ ɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʥʝʰʥʶ  ʁ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʫ  ʁ ʩʪʘʥʮʠʶ 

(ʥʦʩʠʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʧʨʠʤʝʨ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʛʦʣʦʚʝ), ʚʳʧʦʣʥʷʶʱʫʶ ʜʚʝ 

ʬʫʥʢʮʠʠ: 

1) ʧʨʠʥʠʤʘʝʪ ʜʘʥʥʳʝ ʦʪ ʠʤʧʣʘʥʪʘ ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʜʘʣʴʰʝ ʥʘ ʚʥʝʰʥʠʡ 

ʢʦʤʧʴʶʪʝʨ ʠʣʠ ʚ ʦʙʣʘʢʦ; 

2) ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʩʧʨʦʚʦʜʥʦʝ ʧʠʪʘʥʠʝ ʩʘʤʦʛʦ ʯʠʧʘ, ʠʟʙʘʚʣʷʷ ʦʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʙʘʪʘʨʝʝ ʚʥʫʪʨʠ ʯʝʨʝʧʘ ʠ ʧʨʦʚʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 

ʆʙʨʘʙʦʪʘʥʥʳʝ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʢʦʤʧʴʶʪʝʨ, ʛʜʝ 

ʤʦʛʫʪ ʙʳʪʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʢʫʨʩʦʨʦʤ ʠʣʠ ʥʝʡʨʦʧʨʦʪʝʟʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʨʝʛʠʩʪʨʘʪʦʨʘ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
[1]. Jºbsis, F. F. Non-invasive infrared monitoring of cerebral and myocardial oxygen sufficiency and circulatory 

parameters / F. F. Jºbsis // Science. ï 1977. ï Vol. 198, No. 4323. ï P. 1264ï1267. ï DOI: 10.1126/science.929199. 

[2]. Jech, R. The subthalamic microlesion story in Parkinson's disease: electrode insertion-related motor improvement 

with relative cortico-subcortical hypoactivation in fMRI / R. Jech [et al.] // PLoS One. ï 2012. ï Vol. 7, No. 11. ï e49056. 

ï DOI: 10.1371/journal.pone.0049056. 

 
 

  



135 

ɺ.ʀ. ʂʦʣʦʤʠʡʮʝʚʘ, ʄ.ɻ. ʉʘʨʢʠʩʷʥ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʢ.ʪ.ʥ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʊʈʋʂʊʋʈʅɸʗ ʉʍɽʄɸ ʕʃɽʂʊʈʆʅʅʆɻʆ ɹʀɿʀɹʆʈɼɸ 

 

ʉʣʦʚʦ çʙʠʟʠʙʦʨʜè ï busy board ï ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʢʘʢ çʟʘʥʠʤʘʪʝʣʴʥʘʷ 

ʜʦʩʢʘè, ʠʣʠ ʫʤʥʘʷ ʜʦʩʢʘ. ʕʪʦ ʠʛʨʫʰʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʤʝʭʘʥʠʟʤʘʤʠ, 

ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʩʝʥʩʦʨʥʦʝ ʨʘʟʚʠʪʠʝ, ʤʦʪʦʨʠʢʫ ʠ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʟʜʘʥʠʝ ʙʝʟʦʧʘʩʥʳʭ, ʨʘʟʚʠʚʘʶʱʠʭ ʠ 

ʧʦʟʥʘʚʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʜʝʪʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʠʟʠʙʦʨʜ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ 

ʚʝʜʫʱʠʭ ʤʝʩʪ [1].  

ɹʠʟʠʙʦʨʜ ʠʤʝʝʪ ʬʦʨʤʫ ʜʝʨʝʚʷʥʥʦʡ ʤʘʰʠʥʢʠ (ʨʠʩ. 1), ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʡ 

ʠʤʠʪʠʨʫʶʪ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʝʘʣʴʥʦʡ ʤʘʰʠʥʝ: 

- ʢʣʶʯ ï ʟʘʧʫʩʢʘ ʘʚʪʦʤʦʙʠʣʷ; 

- ʬʘʨʳ ï ʦʩʚʝʱʝʥʠʝ ʜʦʨʦʛʠ; 

- ʙʝʥʟʦʙʘʢ ʠ ʰʪʝʢʝʨ ï ʟʘʧʨʘʚʢʘ ʤʘʰʠʥʳ ʪʦʧʣʠʚʦʤ; 

- ʩʚʝʪʦʜʠʦʜʥʳʝ ʛʘʙʘʨʠʪʥʳʝ ʦʛʥʠ ʠ ʧʝʜʘʣʴ ʪʦʨʤʦʟʘ ï ʧʨʦʮʝʩʩ ʪʦʨʤʦʞʝʥʠʷ; 

- 4 ʢʥʦʧʢʠ ʠ ʨʝʛʫʣʷʪʦʨ ʛʨʦʤʢʦʩʪʠ ʤʫʟʳʢʠ ï ʘʫʜʠʦ ʩʠʩʪʝʤʘ ʘʚʪʦʤʦʙʠʣʷ; 

- ʙʣʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ï ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʨʦʙʢʠ 

ʧʝʨʝʜʘʯ; 

- ʚʝʥʪʠʣʷʪʦʨ ï ʩʠʩʪʝʤʘ ʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷ; 

- ʨʫʣʴ ï ʨʫʣʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ; 

- ʵʢʨʘʥ ʩʧʠʜʦʤʝʪʨʘ ï ʢʦʥʪʨʦʣʣʝʨ ʩʢʦʨʦʩʪʠ. 

ɸ ʪʘʢʞʝ ʥʘ ʙʠʟʠʙʦʨʜʝ ʨʘʩʧʦʣʦʞʝʥ ʣʘʙʠʨʠʥʪ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʥʮʝʚʳʝ 

ʜʘʪʯʠʢʠ.  

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʙʠʟʠʙʦʨʜʘ 

 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʫʩʪʨʦʡʩʪʚʘ: ʦʥ ʧʦʣʫʯʘʝʪ 

ʩʠʛʥʘʣʳ ʦʪ ʜʘʪʯʠʢʦʚ, ʘʥʘʣʠʟʠʨʫʝʪ ʠʭ ʧʦ ʟʘʣʦʞʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʜʘʝʪ ʢʦʤʘʥʜʫ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ (ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ 

ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ. 2.). 
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ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʏʪʦʙʳ ʟʘʞʝʯʴ ʬʘʨʳ, ʥʝʦʙʭʦʜʠʤʦ ʚʩʪʘʚʠʪʴ ʢʣʶʯ ʟʘʞʠʛʘʥʠʷ ʚ ʩʢʚʘʞʠʥʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʢʘʙʠʥʝ ʤʘʰʠʥʢʠ, ʠ ʧʦʚʝʨʥʫʪʴ ʥʘ 180 ʛʨʘʜʫʩʦʚ. ʇʦʚʦʨʦʪ 

ʢʣʶʯʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ 

ʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʩʦʣʶʪʥʳʡ ʵʥʢʦʜʝʨ (ʨʠʩ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʕʣʝʤʝʥʪʳ ʦʧʪʠʯʝʩʢʦʛʦ ʵʥʢʦʜʝʨʘ 
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ɼʣʷ ʠʤʠʪʘʮʠʠ ʟʘʧʨʘʚʢʠ ʘʚʪʦʤʦʙʠʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʪʝʢʝʨ, ʚʩʪʘʚʣʷʝʤʳʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ çʙʝʥʟʦʙʘʢʘè ʘʚʪʦʤʦʙʠʣʷ. ɺ ʦʪʚʝʨʩʪʠʠ, ʢʫʜʘ 

ʚʩʪʘʚʣʷʝʪʩʷ ʰʪʝʢʝʨ, ʙʫʜʝʪ ʥʘʭʦʜʠʪʩʷ ʦʧʪʠʯʝʩʢʠʡ ʜʘʪʯʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʩʚʝʪʦʜʠʦʜʘ ʠ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ (ʨʠʩ. 4). ʂʦʛʜʘ ʰʪʝʢʝʨ ʥʝ ʚʩʪʘʚʣʝʥ, ʩʚʝʪ ʦʪ 

ʩʚʝʪʦʜʠʦʜʘ ʩʚʦʙʦʜʥʦ ʧʦʧʘʜʘʝʪ ʥʘ ʙʘʟʫ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ. ɺʩʪʘʚʣʝʥʥʳʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ ʰʪʝʢʝʨ ʙʣʦʢʠʨʫʝʪ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʋʩʪʨʦʡʩʪʚʦ ʦʧʪʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 

 

ʅʘ ʜʠʩʧʣʝʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʨʷʜʦʤ ʩ ʦʪʚʝʨʩʪʠʝʤ, ʦʪʦʙʨʘʞʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ʪʦʧʣʠʚʘ. ʂʦʣʠʯʝʩʪʚʦ ʩʚʝʪʷʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʜʠʩʧʣʝʷ ʙʝʥʟʦʙʘʢʘ ʟʘʚʠʩʠʪ ʦʪ 

ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ ʰʪʝʢʝʨʘ ʚ ʦʪʚʝʨʩʪʠʠ (ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ 

ʥʘʡʜʝʥ. 5). ʅʠʞʥʠʡ ʩʝʛʤʝʥʪ ʟʘʛʦʨʘʝʪʩʷ ʧʦʩʣʝ 10 ʩʝʢʫʥʜ ʥʘʭʦʞʜʝʥʠʷ ʰʪʝʢʝʨʘ ʚ 

ʦʪʚʝʨʩʪʠʠ çʙʝʥʟʦʙʘʢʘè. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʩʝʛʤʝʥʪ ʟʘʛʦʨʘʝʪʩʷ ʯʝʨʝʟ 5 ʩʝʢʫʥʜ 

ʧʦʩʣʝ ʧʨʝʜʳʜʫʱʝʛʦ. ɽʩʣʠ ʰʪʝʢʝʨ ʠʟʚʣʝʯʝʥ, ʚʩʝ ʩʝʛʤʝʥʪʳ ʧʦ ʦʯʝʨʝʜʠ ʛʘʩʥʫʪ, 

ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʝʛʦ ʩʚʝʪʷʱʝʛʦʩʷ ʩʝʛʤʝʥʪʘ. ɽʩʣʠ ʰʪʝʢʝʨ ʚʩʪʘʚʠʪʴ ʦʙʨʘʪʥʦ, 

ʟʘʧʨʘʚʢʘ ʚʦʟʦʙʥʦʚʠʪʩʷ ʩ ʧʦʩʣʝʜʥʝʛʦ ʧʦʛʘʩʰʝʛʦ ʩʝʛʤʝʥʪʘ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʕʢʨʘʥ ʙʝʥʟʦʙʘʢʘ 

 

ɼʣʷ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʛʘʙʘʨʠʪʥʳʭ ʦʛʥʝʡ ʨʝʙʝʥʢʫ ʥʝʦʙʭʦʜʠʤʦ 

ʥʘʞʘʪʴ ʥʘ ʧʝʜʘʣʴ ʪʦʨʤʦʟʘ, ʚʳʧʦʣʥʝʥʥʫʶ ʚ ʚʠʜʝ ʢʥʦʧʢʠ ʙʝʟ ʬʠʢʩʘʮʠʠ. 
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ɻʘʙʘʨʠʪʥʳʝ ʦʛʥʠ ʙʫʜʫʪ ʩʚʝʪʠʪʩʷ, ʧʦʢʘ ʢʥʦʧʢʘ ʥʘʞʘʪʘ. ɻʘʙʘʨʠʪʥʳʝ ʦʛʥʠ ʠ ʪʦʨʤʦʟ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʤʘʰʠʥʢʠ. 

ɹʣʦʢʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʠ 5 ʩʚʝʪʦʜʠʦʜʦʚ 

(ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.). ʈʘʩʧʦʣʦʞʝʥ ʦʥ ʩʚʝʨʭʫ ʥʘ ʢʘʙʠʥʝ. 

ʇʦʚʦʨʘʯʠʚʘʷ ʧʝʨʝʢʣʶʯʘʪʝʣʴ, ʨʝʙʝʥʦʢ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʦʜʥʦ ʠʟ ʧʦʣʦʞʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ɹʣʦʢ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ 

 

ʌʫʥʢʮʠʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʤʫʟʳʢʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʙʘʟʝ MP3-ʤʦʜʫʣʷ ʠ 

ʜʠʥʘʤʠʢʘ. ʅʘ ʢʫʟʦʚʝ ʤʘʰʠʥʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 4 ʢʥʦʧʢʠ ʙʝʟ ʬʠʢʩʘʮʠʠ (ʆʰʠʙʢʘ! 

ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.). ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʥʠʭ, ʙʫʜʫʪ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʨʘʟʥʳʝ ʤʝʣʦʜʠʠ. ʇʨʘʚʝʝ ʢʥʦʧʦʢ ʥʘʭʦʜʠʪʩʷ ʨʝʛʫʣʷʪʦʨ ʛʨʦʤʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ 

ʵʥʢʦʜʝʨʘ.  

 

 
ʈʠʩʫʥʦʢ 7 ï ɺʝʨʭʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʫʟʦʚʘ ʤʘʰʠʥʢʠ 

 

ʃʘʙʠʨʠʥʪ, ʦʩʥʘʱʝʥʥʳʡ ʧʦʣʟʫʥʢʦʤ, ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʫʟʦʚʝ ʤʘʰʠʥʢʠ. 

ʇʨʦʭʦʜʷ ʝʛʦ, ʨʝʙʝʥʦʢ ʜʚʠʛʘʝʪ ʧʦʣʟʫʥʦʢ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ 

ʦʧʪʠʯʝʩʢʠʤʠ ʜʘʪʯʠʢʘʤʠ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʠʭ ʩʠʛʥʘʣ ʦʪ ʜʘʪʯʠʢʘ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʜʘʥʥʳʡ ʟʚʫʢ ʧʨʠ ʧʦʤʦʱʠ 

MP3-ʤʦʜʫʣʷ ʠ ʜʠʥʘʤʠʢʘ. 
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ʀʤʠʪʠʨʫʝʪ ʨʘʙʦʪʫ çʢʣʠʤʘʪ-ʢʦʥʪʨʦʣʷè ʚ ʠʛʨʫʰʝʯʥʦʡ ʤʘʰʠʥʝ ʩʣʘʙʦʪʦʯʥʳʡ 

ʚʝʥʪʠʣʷʪʦʨ. ɼʣʷ ʝʛʦ ʚʢʣʶʯʝʥʠʷ ʨʝʙʝʥʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʜʥʦ ʠʟ ʧʦʣʦʞʝʥʠʡ 

ʥʘ ʧʝʨʝʢʣʶʯʘʪʝʣʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʨʷʜʦʤ. 

ʈʫʣʴ ʠ ʩʧʠʜʦʤʝʪʨ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʫʟʦʚʝ ʤʘʰʠʥʢʠ (ʆʰʠʙʢʘ! 

ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.). ʂʘʢ ʪʦʣʴʢʦ ʨʫʣʴ ʥʘʯʠʥʘʶʪ ʚʨʘʱʘʪʴ, ʚʩʪʨʦʝʥʥʳʡ 

ʚ ʥʝʤ ʜʘʪʯʠʢ ʦʪʩʣʝʞʠʚʘʝʪ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʝʨʝʜʘʸʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʚ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚʳʯʠʩʣʷʝʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʚ 

ʜʚʠʞʝʥʠʝ ʩʝʨʚʦʤʦʪʦʨ (ʨʠʩ 8) ʠ ʦʩʚʝʱʘʝʪ ʵʢʨʘʥ. ʗʨʢʦʩʪʴ ʵʢʨʘʥʘ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʫʣʷ. 

 

 
ʈʠʩʫʥʦʢ 8 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʝʨʚʦʤʦʪʦʨʘ 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʠʙʦʨʜʘ ʜʣʷ ʜʝʪʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 

3 ʜʦ 5 ʣʝʪ. ʉʦʟʜʘʥʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʪʝʡ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʤʝʣʢʦʡ ʤʦʪʦʨʠʢʠ, ʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʚʥʠʤʘʥʠʷ. 

ʕʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʠʙʦʨʜʘ ʩʚʷʟʘʥʳ ʩ ʥʘʩʪʦʷʱʝʡ 

ʤʘʰʠʥʦʡ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʜʝʪʷʤ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʥʝʡ ʚ ʠʛʨʦʚʦʡ ʬʦʨʤʝ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

 
[1]. ɹʠʟʠʙʦʨʜ ï ʩʨʝʜʩʪʚʦ ʨʘʟʚʠʪʠʷ ʨʝʯʠ ʜʝʪʝʡ ʤʣʘʜʰʝʛʦ ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://www.1urok.ru/categories/19/articles/23203 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.02.2026 ʛ.). 

[2]. ɻʆʉʊ 2.701-2008. ï URL: https://protect.gost.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.02.2026) 
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ɺ.ʀ. ʂʦʣʦʤʠʡʮʝʚʘ, ʩֿבʪʫʜ.; ʨʫʢ. ɼ.ʉ. ʈʘʩʩʢʘʟʘ, ʩֿבʪ. ʧʨʝʧ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺֿבʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉֿבʤʦʣʝʥʩʢʝ 

 
ʕɺʆʃʖʎʀʗ ʆʇɽʈɸʎʀʆʅʅʓʍ ʋֿבʉʀʃʀʊɽʃɽʁ: ʆʊ ʃɸʄʇʆɺʓʍ 

ɻʀɻɸʅʊʆɺ ɼʆ ʅɸֿבʅʆ-ʈɸɿֿבʄɽʈʆɺ 

 
ʆʧʝʨʘʮʠʦʥʥʳʤ ʫֿבʩʠʣʠʪʝʣʝʤ (ʆʋ) ï ɻ ʪʦ ʫֿבʩʠʣʠʪʝʣʴ ʧʦֿבʩʪʦʷʥʥʦʛʦ ʥʘֿבʧʨʷʞʝʥʠʷ, 

ʠʤʝʶʱʠʡ ʜʚʘ ʚֿבʭʦʜʘ ʠ ʦʜʠʥ ʚrֿבʭʦʜ (ʨʠʩ. 1). ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚrֿבʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫֿבʩʠʣʝʥʠʷ, ʙʦʣʴʰʠʤ ʚֿבʭʦʜʥʳʤ ʠ ʤʘʣʳʤ ʚrֿבʭʦʜʥʳʤ 

ʩֿבʦʧʨʦʪʠʚʣʝʥʠʝʤ [1]. ʅʘ ʥʘֿבʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩֿבʚʦʝʛʦ ʨʘʟֿבʚʠʪʠʷ ʦʥʠ ʧʨʝʜֿבʥʘʟʥʘʯʘʣʠʩʴ 

ʜʣʷ ʘʥʘʣʦʛʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫֿבʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟֿבʣʠʯʥʳʭ ʦʧʝʨʘʮʠʡ ʩ ʩֿבʠʛʥʘʣʘʤʠ: ʩֿבʣʦʞʝʥʠʷ ʠ ʚrֿבʯʠʪʘʥʠʷ, 

ʫֿבʤʥʦʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, 

ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʠ ʘʥʪʠʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ (ʧʦֿבʪʝʥʮʠʨʦʚʘʥʠʷ).  

 

 
ʈʠʩʫʥʦʢ 1 ï ʋֿבʩʣʦʚʥʦ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʫֿבʩʠʣʠʪʝʣʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ 

 

ʕʚʦʣʶʮʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ ʦʪ ʣʘʤʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩֿבʝʨʝʜʠʥʳ 

XX ʚֿבʝʢʘ ʢ ʩֿבʦʚʨʝʤʝʥʥʳʤ ʥʘֿבʥʦʨʘʟʤʝʨʥʳʤ ʨʝʰʝʥʠʷʤ ʷʚʣʷʝʪʩʷ ʚֿבʘʞʥʝʡʰʠʤ ʵʪʘʧʦʤ 

ʨʘʟֿבʚʠʪʠʷ ʘʥʘʣʦʛʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʕʪʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʝֿבʭʦʜ ʥʝ ʪʦʣʴʢʦ 

ʨʘʜʠʢʘʣʴʥʦ ʫֿבʤʝʥʴʰʠʣ ʛʘʙʘʨʠʪʳ ʫֿבʩʪʨʦʡʩʪʚ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟֿבʤʦʞʥʦʩʪʠ.  

ʂʦʥʮʝʧʮʠʷ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫֿבʩʠʣʝʥʠʷ ʟʘֿבʨʦʜʠʣʘʩʴ ʚ ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ XX ʚֿבʝʢʘ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʟֿבʚʠʪʠʷ ʚֿבʘʢʫʫʤʥʳʭ ʣʘʤʧ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩֿבʦʟʜʘʥʥʳʭ ʜʣʷ 

ʫֿבʩʠʣʝʥʠʷ ʩֿבʣʘʙʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩֿבʠʛʥʘʣʦʚ. ʊʝʭʥʦʣʦʛʠʠ ʪʝʣʝʛʨʘʬʥʦʡ ʩֿבʚʷʟʠ ʠ 

ʨʘʜʠʦʧʝʨʝʜʘʯ ʪʨʝʙʦʚʘʣʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʫֿבʩʠʣʝʥʠʷ ʘʥʘʣʦʛʦʚʳʭ ʩֿבʠʛʥʘʣʦʚ ʙʝʟ 

ʩֿבʫʱʝʩʪʚʝʥʥʳʭ ʠʩֿבʢʘʞʝʥʠʡ. ɺֿבʘʢʫʫʤʥʳʡ ʪʨʠʦʜ (ʨʠʩ. 2) ʃʠ ʜʝ ʌʦʨʝʩʪʘ, 

ʟʘֿבʧʘʪʝʥʪʦʚʘʥʥʳʡ ʚ 1907 ʛʦʜʫ, ʩֿבʪʘʣ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʧʝʨʚʳʭ ʫֿבʩʠʣʠʪʝʣʴʥʳʭ 

ʩֿבʭʝʤ [2]. ʕʪʠ ʫֿבʩʪʨʦʡʩʪʚʘ ʧʦֿבʟʚʦʣʷʣʠ ʫֿבʧʨʘʚʣʷʪʴ ʪʦʢʦʤ ʚ ʮʝʧʠ ʧʦֿבʩʨʝʜʩʪʚʦʤ 

ʥʘֿבʧʨʷʞʝʥʠʷ ʥʘ ʩֿבʝʪʢʝ, ʯʪʦ ʟʘֿבʣʦʞʠʣʦ ʙʘʟʦʚʳʡ ʧʨʠֿבʥʮʠʧ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫֿבʩʠʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʊʨʠʦʜ ʃʠ ʜʝ ʌʦʨʝʩʪʘ 

 

ʇʝʨʚʳʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʫֿבʩʠʣʠʪʝʣʠ ʥʘ ʚֿבʘʢʫʫʤʥʳʭ ʣʘʤʧʘʭ ʧʨʝʜֿבʩʪʘʚʣʷʣʠ 

ʩֿבʦʙʦʡ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʙֿ̡ב ʝʜʠʥʷʚʰʠʝ ʥʝʩʢʦʣʴʢʦ ʪʨʠʦʜʦʚ ʠʣʠ 

ʧʝʥʪʦʜʦʚ ʚ ʝʜʠʥʫʶ ʩֿבʭʝʤʫ. ʂʘʩʢʘʜʥʦʝ ʚֿבʢʣʶʯʝʥʠʝ ʣʘʤʧ ʦʙֿבʝʩʧʝʯʠʚʘʣʦ ʚrֿבʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫֿבʩʠʣʝʥʠʷ, ʥʦ ʧʨʠֿבʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʛʘʙʘʨʠʪʘʤ ʫֿבʩʪʘʥʦʚʦʢ ʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʶ, ʜʦֿבʩʪʠʛʘʚʰʝʤʫ ʩֿבʦʪʝʥ ʚֿבʘʪʪ. ʂʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʣʘʤʧʦʚʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ ʚֿבʢʣʶʯʘʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚrֿבʩʦʢʠʭ ʥʘֿבʧʨʷʞʝʥʠʡ ʧʠʪʘʥʠʷ 

(200-300 ɺ) ʜʣʷ ʦʙֿבʝʩʧʝʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʵʣʝʢʪʨʦʥʥʳʭ ʣʘʤʧ. ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʧʦֿבʣʦʩʘ ʧʨʦֿבʧʫʩʢʘʥʠʷ ʦʙֿבʫʩʣʦʚʣʠʚʘʣʘʩʴ ʧʘʨʘʟʠʪʥʳʤʠ ʸʤʢʦʩʪʷʤʠ ʤʦʥʪʘʞʘ ʠ 

ʤʝʞʵʣʝʢʪʨʦʜʥʳʤʠ ʸʤʢʦʩʪʷʤʠ ʩֿבʘʤʠʭ ʣʘʤʧ.  

ɿʘʤʝʥʘ ʚֿבʘʢʫʫʤʥʳʭ ʣʘʤʧ ʧʦֿבʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʪʨʘʥʟʠʩʪʦʨʘʤʠ ʩֿבʪʘʣʘ 

ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʚ ʵʚʦʣʶʮʠʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ (ʨʠʩ. 3ʆʰʠʙʢʘ! 

ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.). ɼʘʥʥʳʡ ʧʝʨʝֿבʭʦʜ ʧʦֿבʟʚʦʣʠʣ ʩֿבʫʱʝʩʪʚʝʥʥʦ 

ʩֿבʦʢʨʘʪʠʪʴ ʛʘʙʘʨʠʪʳ ʫֿבʩʪʨʦʡʩʪʚ, ʯʪʦ ʩֿבʜʝʣʘʣʦ ʚʦʟֿבʤʦʞʥʳʤ ʠʭ ʧʨʠֿבʤʝʥʝʥʠʝ ʚ 

ʢʦʤʧʘʢʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦֿבʚʳʩʠʣʘʩʴ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʧʨʦֿבʯʥʦʩʪʴ ʠ ʫֿבʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚֿבʠʙʨʘʮʠʷʤ, ʧʦֿבʩʢʦʣʴʢʫ ʪʨʘʥʟʠʩʪʦʨʳ ʥʝ ʩֿבʦʜʝʨʞʘʣʠ 

ʭʨʫʧʢʠʭ ʩֿבʪʝʢʣʷʥʥʳʭ ʢʦʣʙ ʠ ʥʠʪʝʡ ʥʘֿבʢʘʣʠʚʘʥʠʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘֿבʣʦʞʠʣʠ ʦʩʥʦʚʫ 

ʜʣʷ ʩֿבʦʟʜʘʥʠʷ ʙʦʣʝʝ ʥʘʜֿבʝʞʥʳʭ ʠ ʜʦֿבʣʛʦʚʝʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩֿבʠʩʪʝʤ ʧʦ ʩֿבʨʘʚʥʝʥʠʶ 

ʩ ʣʘʤʧʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɻʠʙʨʠʜʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙֿ̡ב ʝʜʠʥʷʣʘ ʦʪֿבʜʝʣʴʥʳʝ 

ʪʨʘʥʟʠʩʪʦʨʳ ʠ ʧʘʩʩʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʦʙɦֿב ʝʡ ʧʦʜֿבʣʦʞʢʝ, ʧʦֿבʟʚʦʣʷʷ ʫֿבʤʝʥʴʰʠʪʴ 

ʤʝʞʢʦʤʧʦʥʝʥʪʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʩֿבʦʢʨʘʪʠʪʴ ʧʘʨʘʟʠʪʥʳʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʝʤʢʦʩʪʠ. ʕʪʦ ʦʙֿבʝʩʧʝʯʠʚʘʣʦ ʙʦʣʝʝ ʚrֿבʩʦʢʫʶ ʩֿבʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ, 

ʫֿבʣʫʯʰʘʣʦ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩֿבʪʘʙʠʣʴʥʦʩʪʴ ʠ ʦʙɦֿב ʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫֿבʩʠʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩֿבʦʟʜʘʚʘʣʦ ʫֿבʩʣʦʚʠʷ ʜʣʷ ʩֿבʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦֿבʚʳʰʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫֿבʩʠʣʠʪʝʣʝʡ ʚ ʦʪֿבʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʭ ʢʦʨʧʫʩʘʭ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʆʧʝʨʘʮʠʦʥʥʳʝ ʫֿבʩʠʣʠʪʝʣʠ 
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ʈʘʟʨʘʙʦʪʢʘ ʧʝʨʚʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ ʩֿבʪʘʣʘ 

ʚʦʟֿבʤʦʞʥʦʡ ʙʣʘʛʦʜʘʨʷ ʚֿבʥʝʜʨʝʥʠʶ ʧʣʘʥʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ. ʕʪʠ 

ʤʝʪʦʜʳ ʧʦֿבʟʚʦʣʠʣʠ ʩֿבʦʟʜʘʚʘʪʴ ʩֿבʣʦʞʥʳʝ ʧʦֿבʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩֿבʪʨʫʢʪʫʨʳ ʩ 

ʚrֿבʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚֿבʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɿʘʤʝʥʘ ʣʘʤʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʟʠʩʪʦʨʥʳʤʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ 

ʢʘʨʜʠʥʘʣʴʥʦ ʫֿבʣʫʯʰʠʣʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʫֿבʩʠʣʠʪʝʣʝʡ. ʂʣʶʯʝʚʳʤ ʜʦֿבʩʪʠʞʝʥʠʝʤ ʩֿבʪʘʣʦ ʫֿבʚʝʣʠʯʝʥʠʝ ʩֿבʢʦʨʦʩʪʠ ʦʙֿבʨʘʙʦʪʢʠ 

ʩֿבʠʛʥʘʣʦʚ ʟʘ ʩֿבʯʸʪ ʫֿבʤʝʥʴʰʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ ʠ ʩֿבʦʢʨʘʱʝʥʠʷ ʚֿבʨʝʤʝʥʠ 

ʧʝʨʝֿבʢʣʶʯʝʥʠʷ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦֿבʚʳʰʝʥʠʝ ʥʘʜyֿב ʞʥʦʩʪʠ ʦʙֿבʝʩʧʝʯʠʣʘ 

ʤʦʥʦʣʠʪʥʘʷ ʩֿבʪʨʫʢʪʫʨʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩֿבʭʝʤ, ʫֿבʩʪʨʘʥʠʚʰʘʷ ʥʝʥʘʜʸʞʥʳʝ 

ʩֿבʦʝʜʠʥʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʧʝʨʚʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʷʭ ʧʨʦֿבʙʣʝʤʘ ʥʘֿבʛʨʝʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʘ 

ʦʜʥʦʡ ʠʭ ʩֿבʘʤʳʭ ʩֿבʝʨʴʝʟʥʳʭ. ʆʥʘ ʥʘֿבʧʨʷʤʫʶ ʚֿבʣʠʷʣʘ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, 

ʥʘʜֿבʝʞʥʦʩʪʴ, ʩֿבʨʦʢ ʩֿבʣʫʞʙʳ ʆʋ. ɺ ʚֿבʘʢʫʫʤʥʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʷʭ 

(ʥʘֿבʧʨʠʤʝʨ, Philbrick K2-W) ʥʠʪʴ ʥʘֿבʢʘʣʘ ʢʘʞʜʦʡ ʣʘʤʧʳ ʨʘʙʦʪʘʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʦʣʦ 700 ÁC, ʩֿבʘʤʘ ʢʦʣʙʘ ʣʘʤʧʳ ʥʘֿבʛʨʝʚʘʣʘʩʴ ʜʦ 120 ÁC, ʘ ʚֿבʥʫʪʨʠ ʤʦʜʫʣʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʛʣʘ ʜʦֿבʩʪʠʛʘʪʴ 90 ÁC ʫֿבʞʝ ʯʝʨʝʟ 10 ʤʠʥʫʪ ʨʘʙʦʪʳ. ʊʨʘʥʟʠʩʪʦʨʥʳʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʫֿבʩʠʣʠʪʝʣʠ (ʥʘֿבʧʨʠʤʝʨ, Philbrick FET Q25AH) ʛʨʝʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ. ʂʦʨʧʫʩ ʤʦʜʫʣʷ ʥʘֿבʛʨʝʚʘʣʩʷ ʜʦ 50 ÁC. ɸ ʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʆʋ (ʥʘֿבʧʨʠʤʝʨ, 

Analog Devices AD8628) ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʧʫʩʘ ʚ ʩֿבʨʝʜʥʝʤ ʥʝ ʧʨʝʚʳʰʘʣʘ 30 ÁC. 

ɺ  

ʊʘʙʣʠʮʘ 1 ʧʨʠֿבʚʝʜʝʥʘ ʩֿבʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʦʚ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ, ʚrֿבʧʦʣʥʝʥʥʳʭ ʧʦ ʨʘʟֿבʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ: 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ, ʨʘʩʩʝʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʨʘʟֿבʤʝʨʳ. 

 

ʊʘʙʣʠʮʘ 1 ï ʉֿבʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʇʘʨʘʤʝʪʨ ɺʘʢʫʫʤʥʳʡ ʆʋ 

(Philbrick K2-W) 

ʊʨʘʥʟʠʩʪʦʨʥʳʡ 

ʆʋ (Philbrick 

FET Q25AH) 

ʀʥʪʝʛʨʘʣʴʥʳʡ 

ʆʋ (Analog 

Devices AD8628) 

ʉʦʚʨʝʤʝʥʥʳʡ 

ʠʥʪʝʛʨʘʣʴʥʳʡ 

ʆʋ (Texas 

instruments 

LMP2021) 

ʊʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ 

10 ʤɺ 1 ʤɺ 1 ʤʢɺ 0.4 ʤʢɺ 

ʈʘʩʩʝʠʚʘʝʤʘʷ 

ʤʦʱʥʦʩʪʴ 
4,5 ɺֿבʪ 150 ʤɺʪ 5 ʤɺʪ 5.5 ʤɺʪ 

ʈʘʟʤʝʨʳ 10 Ĭ 5 Ĭ 5 ʩֿבʤ 3.8 Ĭ 3.8 Ĭ 1.6 

ʩֿבʤ 

2.9 Ĭ 1.6 Ĭ 1.2 

ʤʤ 

2.9 Ĭ 1.6 Ĭ 1.2 

ʤʤ 

 

ʄʠʥʠʘʪʶʨʠʟʘʮʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ ʩֿבʪʦʣʢʥʫʣʘʩʴ ʩ 

ʧʨʠֿבʥʮʠʧʠʘʣʴʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠ ʧʝʨʝֿבʭʦʜʝ ʢ ʥʘֿבʥʦʤʝʪʨʦʚʳʤ 

ʤʘʩʰʪʘʙʘʤ. ʂʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʥʦʩʠʪʝʣʝʡ ʟʘֿבʨʷʜʘ 

ʯʝʨʝʟ ʫֿבʪʦʥʯʘʶʱʠʝʩʷ ʧʦֿבʪʝʥʮʠʘʣʴʥʳʝ ʙʘʨʴʝʨʳ, ʩֿבʪʘʣʠ ʩֿבʫ ʝɦʩʪʚʝʥʥʦ ʚֿבʣʠʷʪʴ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫֿבʩʪʨʦʡʩʪʚ. ʇʘʨʘʣʣʝʣʴʥʦ ʚʦʟֿבʨʦʩʰʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠֿבʚʝʣʠ ʢ 

ʧʨʦֿבʙʣʝʤʘʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʠ ʫֿבʪʝʯʢʘʤ ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʤ ʥʦʚʳʭ ʧʦʜֿבʭʦʜʦʚ 

ʢ ʧʨʦֿבʝʢʪʠʨʦʚʘʥʠʶ. ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠʥʞʝʥʝʨʳ ʨʘʟֿבʨʘʙʦʪʘʣʠ 
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ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʦʧʦʣʦʛʠʠ ʩֿבʭʝʤ ʠ ʥʘֿבʯʘʣʠ ʧʨʠֿבʤʝʥʷʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʚrֿבʩʦʢʦʡ 

ʧʦʜֿבʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ. 

ʕʚʦʣʶʮʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʫֿבʩʠʣʠʪʝʣʝʡ ʦʪ ʣʘʤʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩֿבʝʨʝʜʠʥʳ 

XX ʚֿבʝʢʘ ʜʦ ʩֿבʦʚʨʝʤʝʥʥʳʭ ʥʘֿבʥʦʨʘʟʤʝʨʥʳʭ ʨʝʰʝʥʠʡ ʦʪֿבʨʘʞʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ 

ʧʨʦֿבʛʨʝʩʩ ʚ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʂʘʞʜʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʝʨʝֿבʭʦʜ ï ʦʪ ʚֿבʘʢʫʫʤʥʳʭ ʣʘʤʧ ʢ ʪʨʘʥʟʠʩʪʦʨʘʤ, ʜʘʣʝʝ ʢ ʛʠʙʨʠʜʥʳʤ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʩֿבʭʝʤʘʤ ï ʩֿבʦʧʨʦʚʦʞʜʘʣʩʷ ʨʘʜʠʢʘʣʴʥʳʤ ʧʦֿבʚʳʰʝʥʠʝʤ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʦʙֿבʣʘʩʪʝʡ ʧʨʠֿבʤʝʥʝʥʠʷ. ʕʪʦʪ ʧʫʪʴ ʨʘʟֿבʚʠʪʠʷ, 

ʩֿבʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʚ ʠʩֿבʩʣʝʜʦʚʘʥʠʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʠʥʞʝʥʝʨʥʳʝ 

ʨʝʰʝʥʠʷ ʧʨʝʦʜʦʣʝʚʘʣʠ ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʟʘֿבʢʣʘʜʳʚʘʷ ʦʩʥʦʚʳ ʜʣʷ 

ʩֿבʦʚʨʝʤʝʥʥʳʭ ʚrֿבʩʦʢʦʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩֿבʠʩʪʝʤ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɻɽʅɽʈɸʊʆʈɸ ʉʀɻʅɸʃʆɺ ɼɸʊʏʀʂʆɺ 

ʇʆʃʆɾɽʅʀʗ ʈʆʊʆʈɸ ʅɸ ʆʉʅʆɺɽ ʄʀʂʈʆʂʆʅʊʈʆʃʃɽʈɸ 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʢʘʢ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʣʶʙʠʪʝʣʴʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʆʜʥʦʡ 

ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ (BLDC) ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦ ʧʦʣʦʞʝʥʠʠ ʨʦʪʦʨʘ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʙʝʟʜʘʪʯʠʢʦʚʳʡ, ʜʘʪʯʠʢʦʚʳʡ ʠ ʛʠʙʨʠʜʥʳʡ. 

ɹʝʟʜʘʪʯʠʢʦʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʜʚʠʛʘʪʝʣʝ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʜʚʠʛʘʪʝʣʷ ʠ ʘʣʛʦʨʠʪʤʳ ʥʘʙʣʶʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ [1]. ʂʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ 

ʫʧʨʘʚʣʷʝʪ ʧʨʠʚʦʜʦʤ, ʠʟʤʝʨʷʝʪ ʬʘʟʥʳʝ ʪʦʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʝʤʤʘʭ ʜʚʠʛʘʪʝʣʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʠʥʘʤʠʢʫ ʧʦʣʫʯʝʥʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʟʥʘʝʪ ʪʝʢʫʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʨʦʪʦʨʘ. 

ɼʘʪʯʠʢʦʚʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ. ʆʥʠ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʦʧʨʷʛʘʶʪʩʷ ʩ ʨʦʪʦʨʦʤ. ʉʫʪʴ 

ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ. ɼʘʪʯʠʢ ʬʠʟʠʯʝʩʢʠ ʦʪʩʣʝʞʠʚʘʝʪ ʠ ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʚ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. 

https://ppt-online.org/1665032
https://ppt-online.org/1665032
https://ru.ruwiki.ru/wiki/Форест,_Ли_де
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ɻʠʙʨʠʜʥʳʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʢʣʶʯʝʥʠʠ ʤʝʞʜʫ ʜʘʪʯʠʢʦʚʳʤ ʠ 

ʙʝʟʜʘʪʯʠʢʦʚʳʤ ʤʝʪʦʜʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʅʘ ʥʫʣʝʚʦʡ 

ʠ ʤʘʣʝʥʴʢʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʪʯʠʢʦʚʳʡ ʤʝʪʦʜ, ʪʘʢ ʢʘʢ ʧʨʦʪʠʚʦ-ʕɼʉ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʨʦʪʦʨʘ ʙʝʟ ʧʦʛʨʝʰʥʦʩʪʠ 

ʥʝʚʦʟʤʦʞʥʦ. ʅʘ ʩʨʝʜʥʠʭ ʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ 

ʙʝʟʜʘʪʯʠʢʦʚʳʡ ʤʝʪʦʜ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʧʨʠ 

ʵʪʦʤ, ʚ ʩʣʫʯʘʝ ʧʦʣʦʤʢʠ, ʦʜʠʥ ʠ ʜʨʫʛʦʡ ʤʝʪʦʜ ʤʦʛʫʪ ʟʘʤʝʥʷʪʴ ʜʨʫʛ-ʜʨʫʛʘ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚʦʛʦ ʤʝʪʦʜʘ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʥʘ 

ʦʩʥʦʚʝ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ. ɼʘʥʥʳʡ ʪʠʧ ʜʘʪʯʠʢʦʚ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʭʬʘʟʥʳʤʠ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʦʩʪʦʪʝ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ. 

ʇʨʠʥʮʠʧ ʠʭ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ ʍʦʣʣʘ, ʚʦʟʥʠʢʘʶʱʝʤ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʧʣʘʩʪʠʥʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʜʘʪʯʠʢʠ ʍʦʣʣʘ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʢ 

ʜʠʩʢʨʝʪʥʳʡ (ʣʦʛʠʯʝʩʢʠʡ) ʩʠʛʥʘʣ, ʪʘʢ ʠ ʣʠʥʝʡʥʳʡ (ʘʥʘʣʦʛʦʚʳʡ), 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʚʝʣʠʯʠʥʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʤʠʢʨʦʩʭʝʤʘ MC33033 [3]. ʋʧʨʘʚʣʝʥʠʝ 

ʜʚʠʛʘʪʝʣʝʤ ʩʪʨʦʠʪʩʷ ʥʘ ʨʘʙʦʪʝ ʚʥʫʪʨʝʥʥʝʛʦ ʜʝʢʦʜʝʨʘ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ. ʅʘ 

ʚʭʦʜʳ SA, SB, SC ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ ʩ ʪʨʝʭ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʨʦʪʦʨʘ. ɼʝʢʦʜʝʨ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʩʠʛʥʘʣʳ 

ʠ ʬʦʨʤʠʨʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʦʙʤʦʪʢʘʤʠ ʜʚʠʛʘʪʝʣʷ. 

ɿʘ ʦʩʥʦʚʫ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʙʳʣʘ ʚʟʷʪʘ ʧʣʘʪʘ Arduino 

Nano v3, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ATmega328 [4]. ʆʩʥʦʚʥʘʷ ʮʝʣʴ 

ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ï ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʪʣʘʜʢʠ ʣʦʛʠʯʝʩʢʦʡ ʠ ʩʠʣʦʚʦʡ 

ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʠʩʧʨʘʚʥʳʡ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʜʚʠʛʘʪʝʣʶ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ, ʧʝʨʝʛʨʝʚʫ ʦʙʤʦʪʦʢ ʠʣʠ ʚʳʭʦʜʫ ʩʠʣʦʚʳʭ 

ʢʣʶʯʝʡ ʠʟ ʩʪʨʦʷ. ɻʝʥʝʨʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʵʪʠ ʨʠʩʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ: 

ʧʨʦʚʝʨʠʪʴ ʣʦʛʠʢʫ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʜʦ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ; 

ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ ʚ ʧʨʦʰʠʚʢʝ ʠʣʠ ʩʭʝʤʦʪʝʭʥʠʢʝ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʦʥʠ 

ʝʱʝ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʪʝʥʮʠʦʤʝʪʨʘ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʘʥʘʣʦʛʦʚʦʤʫ ʚʭʦʜʫ ɸ3. 

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʢʦʨʨʝʢʪʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʵʤʫʣʷʪʦʨʘ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʩʠʛʥʘʣʦʚ, ʚʳʚʦʜ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ D11, D6 ʠ D3. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜ ʰʝʩʪʠʰʘʛʦʚʦʡ ʢʦʤʤʫʪʘʮʠʠ. ʊʦ ʝʩʪʴ, ʦʜʠʥ ʧʦʣʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʦʙʦʨʦʪ ʨʘʟʙʠʪ ʥʘ ʰʝʩʪʴ ʜʠʩʢʨʝʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʩʝʢʪʦʨʘ, ʩʦʛʣʘʩʥʦ ʢʘʨʪʝ ʩʦʩʪʦʷʥʠʡ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [3], 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʢʦʤʙʠʥʘʮʠʷ ʩʦʩʪʦʷʥʠʷ ʜʘʪʯʠʢʦʚ ʍʦʣʣʘ.  
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ʅʝʦʙʭʦʜʠʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʭʦʜʷʱʠʭ ʩʠʛʥʘʣʦʚ ʩ ʛʝʥʝʨʘʪʦʨʘ 

ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʭʦʜʷʱʠʭ ʩʠʛʥʘʣʦʚ 

 
ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʦʤʦʜʝʣʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

PROTEUS 8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʤʫʣʷʪʦʨʘ ʩʠʛʥʘʣʦʚ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ 

 

ʉʠʛʥʘʣʳ ʩ ʮʠʬʨʦʚʳʭ ʚʳʚʦʜʦʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʩʪʫʧʘʶʪ ʥʘ 

ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʦ ʩʭʝʤʝ ʩ 

ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ. ʂʦʣʣʝʢʪʦʨʳ ʜʘʥʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʤʠ 

ʢʣʝʤʤʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʣʫʞʘʪ ʠʥʪʝʨʬʝʡʩʦʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʝʰʥʝʤʫ 

BLDC-ʢʦʥʪʨʦʣʣʝʨʫ. ʇʘʨʘʣʣʝʣʴʥʦ ʚʳʭʦʜʥʳʤ ʮʝʧʷʤ ʚʢʣʶʯʝʥʳ ʩʚʝʪʦʜʠʦʜʳ 

ʘʥʦʜʘʤʠ, ʧʦʜʪʷʥʫʪʳʝ ʢ ʧʠʪʘʥʠʶ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ: ʩʚʝʯʝʥʠʝ ʩʚʝʪʦʜʠʦʜʘ ʠʥʜʠʮʠʨʫʝʪ 

ʦʪʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʟʠʩʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʥʘʛʣʷʜʥʦ ʦʮʝʥʠʚʘʪʴ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʯʝʨʝʜʦʚʘʥʠʷ ʬʘʟ ʠ ʨʘʙʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ. 
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ʉʭʝʤʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʤʘʢʝʪʘ ʠ ʠʩʧʳʪʘʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ BLDC-

ʢʦʥʪʨʦʣʣʝʨʘ. ɺ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʨʝʘʣʠʟʘʮʠʷ ʩʭʝʤʳ ʥʘ ʤʘʢʝʪʝ 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʝʝ ʠʩʧʳʪʘʥʠʡ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɻʀɹʈʀɼʅʓɽ ɼʀʌʈɸʂʎʀʆʅʅʓɽ ʕʃɽʄɽʅʊʓ ɼʃʗ ʂʆʈʈɽʂʎʀʀ 

ɸɹɽʈʈɸʎʀʁ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʘʯʝʩʪʚʫ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʟʘʜʘʯʫ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʚ ʦʧʪʠʯʝʩʢʦʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʢʦʨʨʝʢʮʠʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʘʮʠʡ ʣʠʥʟ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʩʪʝʢʣʘ, 

ʯʘʩʪʦ ʧʨʠʚʦʜʷʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʠ ʩʪʦʠʤʦʩʪʠ 

ʩʠʩʪʝʤʳ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ.1), ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ 

ʨʝʬʨʘʢʮʠʦʥʥʳʝ ʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

 

 
ʈʠʩʫʥʦʢ 7 ï ʋʣʫʯʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʛʠʙʨʠʜʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʠʙʨʠʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʥʝʩʝʥʠʠ ʥʘ ʦʜʥʫ ʠʟ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʳʯʥʦʡ ʣʠʥʟʳ ʬʘʟʦʚʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʘ ʩʪʨʫʢʪʫʨʘ 

ʨʘʙʦʪʘʝʪ ʧʦʜʦʙʥʦ ʟʦʥʥʦʡ ʧʣʘʩʪʠʥʢʝ ʌʨʝʥʝʣʷ, ʥʦ ʩ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʬʠʣʝʤ 

https://www.mdpi.com/2076-0825/14/8/387
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ʰʪʨʠʭʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʟʘʜʘʥʥʦʤ ʧʦʨʷʜʢʝ. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʠʝ ʚ 

ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ: ʭʨʦʤʘʪʠʯʝʩʢʘʷ ʘʙʝʨʨʘʮʠʷ ʨʝʬʨʘʢʮʠʦʥʥʦʡ ʣʠʥʟʳ 

ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪʦʛʜʘ ʢʘʢ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʣʠʥʟʘ ʦʙʣʘʜʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʩʧʝʨʩʠʝʡ. ʇʨʠ ʠʭ ʦʙʲʝʜʠʥʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ ʭʨʦʤʘʪʠʟʤʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʘʭʨʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʚʩʝʛʦ ʠʟ ʦʜʥʦʛʦ ʪʠʧʘ ʤʘʪʝʨʠʘʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʭʨʦʤʘʪʠʯʝʩʢʠʤʠ, ʥʦ ʠ ʩ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʙʝʨʨʘʮʠʷʤʠ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤʘʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʧʦʯʪʠ ʚ 5 ʨʘʟ ʧʦ 

ʦʩʠ, ʘ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʫʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ. 

ʆʩʦʙʫʶ ʮʝʥʥʦʩʪʴ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʣʷ ʩʠʩʪʝʤ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʦʙʲʝʢʪʠʚʳ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʨʪʦʚ ʩʪʝʢʣʘ, ʢʦʪʦʨʳʝ ʜʦʨʦʛʠ, 

ʩʣʦʞʥʳ ʚ ʦʙʨʘʙʦʪʢʝ ʠʣʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʧʘʨʘʟʠʪʥʳʡ ʩʠʛʥʘʣ. ɿʘʤʝʥʘ ʚʩʝʭ ʣʠʥʟ 

ʥʘ ʧʣʘʚʣʝʥʳʡ ʢʚʘʨʮ ʩ ʥʘʥʝʩʝʥʠʝʤ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʧʘʨʘʟʠʪʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʢʦʨʨʝʢʮʠʠ ʚ 

ʨʘʩʰʠʨʝʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʇʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʢʦʨʨʝʢʮʠʠ, ʛʠʙʨʠʜʥʳʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʘʙʝʨʨʘʮʠʡ. ʈʘʟʨʘʙʦʪʘʥʳ 

ʛʠʙʨʠʜʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʠʩʢʘʞʝʥʥʳʡ 

ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʚ ʢʘʨʪʠʥʫ ʩʚʝʪʦʚʳʭ ʧʷʪʝʥ, ʧʦʟʚʦʣʷʷ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʠ ʩʪʝʧʝʥʴ 

ʘʙʝʨʨʘʮʠʡ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʧʦʩʦʙʥʳ ʠʟʤʝʨʷʪʴ ʠʩʢʘʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5% 

ʜʦ 50% ʜʣʠʥʳ ʚʦʣʥʳ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʪʝʣʝʩʢʦʧʦʚ ʠ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʟʨʘʙʦʪʢʘʭ 

ʤʥʦʛʦʧʦʨʷʜʢʦʚʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

(ɼʆʕ), ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʩ ʥʘʙʦʨʦʤ ʚʦʣʥʦʚʳʭ ʘʙʝʨʨʘʮʠʡ ʠ ʧʦʣʠʥʦʤʘʤʠ ʎʝʨʥʠʢʝ. 

ʅʘʣʠʯʠʝ ʚ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ ʩʦʯʝʪʘʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʬʫʥʢʮʠʡ 

ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʚʦʣʥʦʚʳʝ ʘʙʝʨʨʘʮʠʠ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ: ʦʪ 

ʩʚʝʨʭʤʘʣʳʭ ʜʦ ʫʤʝʨʝʥʥʳʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʥʦʚʥʫʶ ʦʪʨʘʞʘʪʝʣʴʥʫʶ 

ʰʪʨʠʭʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʦʧʫʩʢʘʶʱʫʶ ʨʝʰʝʪʢʫ. ʊʘʢʘʷ ʩʭʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʚʟʘʠʤʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʰʪʨʠʭʦʚ ʠ ʫʣʫʯʰʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʘʟʨʝʰʝʥʠʝ ʠ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʥʠʞʘʷ ʧʨʠ ʵʪʦʤ 

ʩʚʝʪʦʨʘʩʩʝʷʥʠʝ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʛʠʙʨʠʜʥʳʭ ɼʆʕ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʠ 3D-ʘʨʭʠʪʝʢʪʫʨ, ʨʘʟʨʘʙʦʪʢʦʡ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʛʠʙʨʠʜʠʟʘʮʠʝʡ ʩ ʤʝʪʘʧʦʚʝʨʭʥʦʩʪʷʤʠ. ɺʘʞʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʤʝʪʦʜʳ 
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ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʤʠʢʨʦʨʝʣʴʝʬʘ. 

ʉ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʤʝʪʦʜʘʭ ʬʦʪʦʣʠʪʦʛʨʘʬʠʠ, ʥʘʥʦʠʤʧʨʠʥʪʥʦʡ ʣʠʪʦʛʨʘʬʠʠ ʠ ʜʚʫʭʬʦʪʦʥʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʄʘʪʝʨʠʘʣʦʤ ʯʘʱʝ ʚʩʝʛʦ ʩʣʫʞʠʪ ʧʣʘʚʣʝʥʳʡ ʢʚʘʨʮ ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʣʷ 

ʀʂ-ʜʠʘʧʘʟʦʥʘ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʝʤʥʠʡ ʠ ʧʦʣʠʤʝʨʳ. ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʦʩʪʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʧʦʣʝ 

ʠ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ. ʆʜʥʦ ʠʟ ʨʝʰʝʥʠʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʢʣʝʝʥʥʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʩʪʠʯʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʙʦʣʝʝ 90% ʧʨʠ ʫʛʣʘʭ ʧʘʜʝʥʠʷ ʜʦ 58Á. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʙʨʠʜʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʵʬʬʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʢʦʨʨʝʢʮʠʠ ʘʙʝʨʨʘʮʠʡ. ɹʣʘʛʦʜʘʨʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʧʨʘʚʣʷʪʴ ʜʠʩʧʝʨʩʠʝʡ ʠ ʬʦʨʤʦʡ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʨʝʣʴʝʬʘ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ, ʣʝʛʢʠʝ ʠ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʆʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʦʩʪʠʨʘʶʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʩʪʨʦʥʦʤʠʠ ʠ ʤʠʢʨʦʩʢʦʧʠʠ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ 

ʟʘʜʘʯ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʦʩʪʘʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʜʠʬʨʘʢʮʠʦʥʥʦ-ʨʝʬʨʘʢʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʢʦʨʨʝʢʮʠʠ 

ʘʙʝʨʨʘʮʠʡ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʭʨʦʤʘʪʠʯʝʩʢʠʝ ʠ 

ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʝ ʘʙʝʨʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʩʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʠ ʣʝʛʢʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʠ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʚʦʣʥʦʚʳʭ ʘʙʝʨʨʘʮʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʠʢʨʦʦʙʨʘʙʦʪʢʠ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʨʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʝʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʉ.ʉ. ʂʦʪʦʚʘ, ʤʘʛ.; ʨʫʢ. ɺ.ɸ. ʉʤʦʣʠʥ, ʜʦʮ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʈɸɿʈɸɹʆʊʂɸ ɸɼɸʇʊʀɺʅʆʁ ʉʀʉʊɽʄʓ ʆʉɺɽʑɽʅʀʗ 

ɼʃʗ ʇʆɼɼɽʈɾʂʀ ʎʀʈʂɸɼʅʓʍ ʈʀʊʄʆɺ ʏɽʃʆɺɽʂɸ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ 

ʙʝʟ ʫʯʝʪʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ. ʏʝʣʦʚʝʢ ʧʨʦʚʦʜʠʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʩʪʘʪʠʯʥʳʡ ʩʚʝʪ ʯʘʩʪʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʙʠʦʨʠʪʤʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʮʠʨʢʘʜʥʳʭ 

ʨʠʪʤʦʚ, ʧʨʦʙʣʝʤʘʤ ʩʦ ʩʥʦʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʠ ʩʥʠʞʝʥʠʶ 

ʦʙʱʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʢʘ ʫʤʥʦʡ ʣʘʤʧʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʩʨʝʜʳ, 

ʢʦʪʦʨʘʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʜʦʨʦʚʴʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʩʚʝʪʦʚʳʤ ʩʮʝʥʘʨʠʝʤ. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʷʨʢʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, ʠʤʠʪʠʨʫʷ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʜ ʩʦʣʥʮʘ ʠ ʧʦʜʜʝʨʞʠʚʘʷ ʚʳʨʘʙʦʪʢʫ ʥʝʦʙʭʦʜʠʤʳʭ ʛʦʨʤʦʥʦʚ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ ʩʣʫʞʠʪ ʧʦʥʠʤʘʥʠʝ ʚʣʠʷʥʠʷ ʩʚʝʪʘ ʥʘ 

ʵʥʜʦʢʨʠʥʥʫʶ ʩʠʩʪʝʤʫ ʯʝʣʦʚʝʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʚʳʨʘʙʦʪʢʫ ʤʝʣʘʪʦʥʠʥʘ.  

ʎʠʨʢʘʜʥʳʝ ʨʠʪʤʳ (ʨʠʩ. 1) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʥʫʪʨʝʥʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʯʘʩʳ ʩ ʮʠʢʣʦʤ ʦʢʦʣʦ 24 ʯʘʩʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʦʥ, ʤʝʪʘʙʦʣʠʟʤ ʠ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʣʘ. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʎʠʢʣ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ 

 

ɺʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝʪʘ, ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʥʳʤ ʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʷʚʣʷʝʪʩʷ ʟʨʘʯʢʦʚʳʡ ʨʝʬʣʝʢʩ. ʊʨʘʜʠʮʠʦʥʥʦ ʝʛʦ 
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ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʟʘʱʠʪʥʳʡ ʤʝʭʘʥʠʟʤ ʩʝʪʯʘʪʢʠ ʦʪ ʠʟʙʳʪʦʯʥʦʡ ʷʨʢʦʩʪʠ, ʦʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʝʛʦ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʥʝʚʠʟʫʘʣʴʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʩʚʝʪʘ. ʂʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʟʨʘʯʢʦʚʫʶ ʨʝʘʢʮʠʶ ʠ 

ʨʝʛʫʣʷʮʠʶ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ, ʷʚʣʷʶʪʩʷ ʬʦʪʦʨʝʮʝʧʪʦʨʥʳʝ ʛʘʥʛʣʠʦʟʥʳʝ ʢʣʝʪʢʠ 

ʩʝʪʯʘʪʢʠ, ʚʳʜʝʣʷʶʱʠʝ ʬʦʪʦʧʠʛʤʝʥʪ ʤʝʣʘʥʦʧʩʠʥ. 

ʊʘʢʠʝ ʢʣʝʪʢʠ ʦʙʣʘʜʘʶʪ ʩʦʙʩʪʚʝʥʥʦʡ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʩ ʧʠʢʦʤ ʚ 

ʩʠʥʝ-ʛʦʣʫʙʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʦʪ 460 ʜʦ 480 ʥʤ. ʇʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʚʝʪʘ ʪʘʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʦʥʠ ʟʘʧʫʩʢʘʶʪ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘ: ʙʳʩʪʨʫʶ ʤʦʪʦʨʥʫʶ ʨʝʘʢʮʠʶ ʩʫʞʝʥʠʷ ʟʨʘʯʢʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʫʶ 

ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʧʦ ʥʝʨʚʥʳʤ ʪʨʘʢʪʘʤ ʚ ʩʫʧʨʘʭʠʘʟʤʘʪʠʯʝʩʢʦʝ 

ʷʜʨʦ ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʯʘʩʦʚ ʠ ʨʝʛʫʣʷʮʠʠ ʩʝʢʨʝʮʠʠ ʤʝʣʘʪʦʥʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʨʘʯʢʦʚʳʡ ʨʝʬʣʝʢʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʠʜʠʤʳʡ 

ʠʥʜʠʢʘʪʦʨ ʘʢʪʠʚʘʮʠʠ ʪʦʡ ʩʘʤʦʡ ʬʦʪʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʫʧʨʘʚʣʷʝʪ 

ʚʳʨʘʙʦʪʢʦʡ ʛʦʨʤʦʥʘ ʩʥʘ. ɺ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʩʠʥʠʡ ʩʚʝʪ ʧʦʜʘʚʣʷʝʪ ʩʝʢʨʝʮʠʶ 

ʤʝʣʘʪʦʥʠʥʘ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ ʢʦʨʪʠʟʦʣʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʜʨʦʩʪʴ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ [2]. ʆʜʥʘʢʦ ʚʝʯʝʨʦʤ ʠʟʙʳʪʦʢ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʦʪ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʙʣʦʢʠʨʫʝʪ ʚʳʨʘʙʦʪʢʫ ʤʝʣʘʪʦʥʠʥʘ, ʩʙʠʚʘʷ 

ʥʘʩʪʨʦʡʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʯʘʩʦʚ ʠ ʟʘʪʨʫʜʥʷʷ ʟʘʩʳʧʘʥʠʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʢʣʶʯʝʚʘʷ ʟʘʜʘʯʘ ʫʤʥʦʡ ʣʘʤʧʳ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʩʠʥʝʛʦ ʩʧʝʢʪʨʘ ʚ ʚʝʯʝʨʥʠʝ 

ʯʘʩʳ ʠ ʩʤʝʱʝʥʠʝ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʸʧʣʫʶ ʦʙʣʘʩʪʴ. 

ʉ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʥʘʷ 

ʥʝʟʘʚʠʩʠʤʦ ʫʧʨʘʚʣʷʪʴ ʨʘʟʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʚʝʪʦʜʠʦʜʦʚ. ʏʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʙʦʜʨʩʪʚʦʚʘʥʠʷ ʠ ʩʥʘ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʙʝʣʦʛʦ ʩʚʝʪʘ (ʨʠʩ. 2), 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʤʝʰʠʚʘʥʠʠ ʧʦʪʦʢʦʚ ʦʪ ʩʚʝʪʦʜʠʦʜʦʚ ʪʸʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʙʝʣʦʛʦ 

ʩʚʝʯʝʥʠʷ [3]. ʋʧʨʘʚʣʝʥʠʝ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, 

ʚʳʩʪʫʧʘʶʱʠʡ ʚ ʨʦʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʩʠʩʪʝʤʳ. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ 

ʫʩʪʨʦʡʩʪʚʘ ʩʪʨʦʠʪʩʷ ʥʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ, ʛʜʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʩʫʪʦʢ 

ʟʘʜʘʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʷʨʢʦʩʪʠ ʠ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʊʝʭʥʦʣʦʛʠ ̫ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʝʣʦʛʦ ʩʚʝʪʘ 

 

ʋʪʨʦʤ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʧʣʘʚʥʦ ʥʘʨʘʱʠʚʘʪʴ ʷʨʢʦʩʪʴ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʭʦʣʦʜʥʦʛʦ ʩʧʝʢʪʨʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʷʛʢʦʝ ʧʨʦʙʫʞʜʝʥʠʝ. ɺ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ 
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ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʥʝʡʪʨʘʣʴʥʳʡ ʩʚʝʪ ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɺʝʯʝʨʦʤ, ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʥʘ, ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪ ʷʨʢʦʩʪʴ ʠ ʤʝʥʷʝʪ ʮʚʝʪ ʚ ʩʪʦʨʦʥʫ ʪʸʧʣʳʭ ʦʨʘʥʞʝʚʳʭ ʠ 

ʢʨʘʩʥʳʭ ʦʪʪʝʥʢʦʚ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʣʘʥʦʧʩʠʥ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʳʨʘʙʦʪʢʝ ʤʝʣʘʪʦʥʠʥʘ. 

ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʚʢʣʶʯʘʝʪ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ 

ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʩʚʝʪʘ ʥʘ ʬʠʟʠʦʣʦʛʠʶ ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʦʙʟʦʨ ʨʳʥʦʯʥʳʭ 

ʘʥʘʣʦʛʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʫʩʪʨʦʡʩʪʚʫ. ɺr ʙʠʨʘʝʪʩʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʩʚʝʪʦʜʠʦʜʥʳʝ 

ʤʘʪʨʠʮʳ ʩ ʚʳʩʦʢʠʤ ʠʥʜʝʢʩʦʤ ʮʚʝʪʦʧʝʨʝʜʘʯʠ ʠ ʜʨʘʡʚʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʫʶ ʤʦʜʫʣʷʮʠʶ ʙʝʟ ʚʠʜʠʤʦʛʦ ʤʝʨʮʘʥʠʷ. ʉʣʝʜʫʶʱʠʡ ʰʘʛ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʣʦʛʠʢʫ ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʶ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʘʩʪʨʦʡʢʠ ʧʦʜ ʩʚʦʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʛʨʘʬʠʢ. ɿʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ, ʩʙʦʨʢʘ ʧʨʦʪʦʪʠʧʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʤʝʨʳ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʦʮʝʥʢʠ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʢʦʤʬʦʨʪʘ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʣʠʷʥʠʷ ʥʘ ʨʝʞʠʤ ʩʥʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʫʤʥʦʡ ʣʘʤʧʳ ʩ 

ʧʦʜʜʝʨʞʢʦʡ ʮʠʨʢʘʜʥʳʭ ʨʠʪʤʦʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʟʘʜʘʯʘ ʥʘ ʩʪʳʢʝ ʙʠʦʣʦʛʠʠ, 

ʬʠʟʠʢʠ ʩʚʝʪʘ ʠ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʜʭʦʜ ʢ ʦʩʚʝʱʝʥʠʶ, ʠʟʚʝʩʪʥʳʡ 

ʢʘʢ ʯʝʣʦʚʝʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʨʘʟʨʷʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʘʪʝʛʦʨʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ 

ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʧʨʦʝʢʪʘ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ, ʥʦ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʟʥʘʥʠʡ ʦ ʙʠʦʨʠʪʤʘʭ ʚ ʠʥʞʝʥʝʨʠʠ. ʋʩʧʝʰʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʩʪʘʪʴ ʰʘʛʦʤ ʢ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʥʠʞʝʥʠʶ 

ʫʨʦʚʥʷ ʩʪʨʝʩʩʘ ʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʥʘ ʟʘ ʩʯʸʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʚʝʪʦʚʦʡ ʩʨʝʜʦʡ. 
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ʅ.ɼ. ʂʨʘʚʯʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ɽ.ʉ. ʉʫʣʠʤʩʢʠʡ, ʘʩʧ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɸʅɸʃʀʊʀʏɽʉʂʆɻʆ ʀ ʏʀʉʃɽʅʅʆɻʆ 

ʈɸʉʏɽʊʆɺ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʌɸɿʓ ɺ ʌʆʂɸʃʔʅʆʁ ʇʃʆʉʂʆʉʊʀ 

ʉʊʋʇɽʅʏɸʊʆʁ ʃʀʅɿʓ ʌʈɽʅɽʃʗ 

 
ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ ʩʣʝʜʫʶʱʝʛʦ 

ʧʦʢʦʣʝʥʠʷ ʚʳʜʚʠʛʘʝʪ ʩʫʙʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ (0,1-1 ʊɻʮ) ʚ ʯʠʩʣʦ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʊʝʭʥʦʣʦʛʠʠ 

ʰʝʩʪʦʛʦ ʧʦʢʦʣʝʥʠʷ (6G) ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʸʤʢʦʩʪʴ ʩʠʩʪʝʤʳ, 

ʫʣʫʯʰʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʪʝʚʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʘ 

ʪʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʙʣʘʛʦʜʘʨʷ ʦʙʰʠʨʥʳʤ ʥʝʠʩʧʦʣʴʟʫʝʤʳʤ ʧʦʣʦʩʘʤ ʯʘʩʪʦʪ ʠ 

ʚʳʩʦʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʤʫ ʤʘʣʦʡ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʠ ʰʠʨʦʢʦʡ ʧʦʣʦʩʦʡ [1]. ʊʝʨʘʛʝʨʮʦʚʳʡ ʜʠʘʧʘʟʦʥ ʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʦʧʨʦʧʫʩʢʥʳʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʢʘʥʘʣʳ ʙʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʦʡ ʜʦʩʪʫʧʥʦʡ ʧʦʣʦʩʝ 

ʯʘʩʪʦʪ, ʘ ʤʘʣʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʝ ʘʥʪʝʥʥʳʝ 

ʨʝʰʸʪʢʠ ʚ ʢʦʤʧʘʢʪʥʦʤ ʬʦʨʤʬʘʢʪʦʨʝ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʪʝʣʠ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ ï ʣʠʥʟʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʩʭʦʜʷʱʫʶʩʷ ʩʬʝʨʠʯʝʩʢʫʶ ʚʦʣʥʫ 

ʪʦʯʝʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʧʣʦʩʢʫʶ ï ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʚʦʷʢʦʚʳʧʫʢʣʳʝ ʣʠʥʟʳ, 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʫ ʢʦʣʣʠʤʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʚ ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʨʷʜʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʘʧʝʨʪʫʨʳ ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʤʘʩʩʳ ʠ ʛʘʙʘʨʠʪʦʚ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʧʦʪʝʨʴ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ ʜʠʵʣʝʢʪʨʠʢʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ. ʈʘʮʠʦʥʘʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʟ ʠʟ ʜʠʩʢʨʝʪʥʳʭ ʩʝʢʮʠʡ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʩʪʫʧʝʥʯʘʪʳʝ ʣʠʥʟʳ 

ʌʨʝʥʝʣʷ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʬʦʢʫʩʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʟʘ ʩʯʝʪ 

ʬʘʟʦʚʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʪʫʧʝʥʯʘʪʳʭ 

(ʟʦʥʠʨʦʚʘʥʥʳʭ) ʣʠʥʟ ʜʣʷ ʘʥʪʝʥʥʳʭ ʩʠʩʪʝʤ ʉɺʏ-ʜʠʘʧʘʟʦʥʘ ʜʘʥʦ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʨʘʙʦʪʝ ʄ.ʉ. ɾʫʢʘ ʠ ʖ.ɹ. ʄʦʣʦʯʢʦʚʘ [1]. ɸʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʠʥʮʠʧ 

ʨʘʟʙʠʝʥʠʷ ʛʣʘʜʢʦʛʦ ʧʨʦʬʠʣʷ ʣʠʥʟʳ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʩʝʢʮʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʫʩʣʦʚʠʷ ʵʢʚʠʬʘʟʥʦʩʪʠ ʥʘ ʚʳʭʦʜʥʦʡ ʧʣʦʩʢʦʡ ʛʨʘʥʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʦʡ ʚʳʩʦʪʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʴʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʦʧʪʠʯʝʩʢʦʡ ʜʣʠʥʳ ʧʫʪʠ ʠ ʨʘʚʥʘ:  

 

h =  
   

, 

 

ʛʜʝ ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʢʘ. ʈʘʜʠʫʩʳ ʟʦʥ ʚʳʯʠʩʣʷʶʪʩʷ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ 
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ʦʧʪʠʯʝʩʢʠʭ ʧʫʪʝʡ ʦʪ ʬʦʢʫʩʘ ʯʝʨʝʟ ʢʨʘʡ ʢʘʞʜʦʡ ʟʦʥʳ ʜʦ ʧʣʦʩʢʦʡ ʚʳʭʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ m-ʡ ʟʦʥʳ: 

 

ὶ  ςὊάὬὲ ρ άὬὲ ρ  

 

ʛʜʝ F ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, m ï ʥʦʤʝʨ ʟʦʥʳ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, 

ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʮ ʣʠʥʟʳ ʌʨʝʥʝʣʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʸʪʥʦʡ 

ʜʣʠʥʳ ʚʦʣʥʳ, ʜʣʷ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʣʠʥ ʚʦʣʥ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʪʦʯʥʳʤʠ, ʘ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʣʠʥʟʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʯʠʩʣʫ ʢʦʣʝʮ. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʪʦʥʢʠʝ ʠ ʣʸʛʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʪʘʣʠ 

ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʜʣʷ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʦʙʲʸʤʘ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʣʦ 

ʘʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʫʧʝʥʯʘʪʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʣʠʥʟʘ 

ʌʨʝʥʝʣʷ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʜʣʷ ʯʘʩʪʦʪʳ 100 ɻɻʮ (ʜʣʠʥʘ ʚʦʣʥʳ ɚ = 3 ʤʤ) ʩ 

ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ F = 100 ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʚʳʙʨʘʥ ʬʪʦʨʦʧʣʘʩʪ-4. 

ʇʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ ʣʠʥʟ ʚ 

ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʤ ʠ ʪʝʨʘʛʝʨʮʦʚʦʤ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʉʨʝʜʠ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʧʦʪʝʨʴ, ʘ ʪʘʢʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʠʩʣʦʪʘʤ ʠ ʱʝʣʦʯʘʤ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʦʭʨʘʥʷʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʛʠʙʢʦʩʪʴ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1,43 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ; ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ n = 1,44. ʇʦ ʬʦʨʤʫʣʘʤ ʠʟ [1] ʧʦʣʫʯʝʥʘ ʚʳʩʦʪʘ ʩʪʫʧʝʥʴʢʠ  

 

h = ɚ/(n ī 1) = 3/(1,44 ī 1) å 6,81 ʤʤ. 

 

ʃʠʥʟʘ ʩʦʜʝʨʞʠʪ 5 ʜʠʩʢʨʝʪʥʳʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʟʦʥ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ 

ʨʘʜʠʫʩʘʤʠ: r = 24,67 ʤʤ, r = 35,14 ʤʤ, r  = 43,35 ʤʤ, r = 50,42 ʤʤ, r = 56,77 ʤʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ ʢʘʞʜʦʡ ʧʦʩʣʝʜʫʶʱʝʡ ʟʦʥʳ ʟʘʢʦʥʦʤʝʨʥʦ ʟʘʤʝʜʣʷʝʪʩʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʥʳʤ ʢʦʨʥʝʤ ʦʪ ʥʦʤʝʨʘ ʟʦʥʳ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʦʥʥʳʭ ʧʣʘʩʪʠʥʦʢ ʌʨʝʥʝʣʷ. ʊʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʣʠʥʟʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩʫʥʦʢ 9 ï 3D ʤʦʜʝʣʴ ʩʪʫʧʝʥʯʘʪʦʡ ʣʠʥʟʳ ʌʨʝʥʝʣʷ ʚ CST Studio Suite 
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ɺ ʧʨʦʮʝʩʩʝ ʥʘʩʪʨʦʡʢʠ ʯʠʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʰʘʪʝʣʴ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʨʘʩʯʝʪʦʤ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʙʦʣʴʰʠʭ ʩʪʨʫʢʪʫʨ. ɼʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʬʦʢʫʩʝ ʣʠʥʟʳ (ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤʤ ʦʪ ʝʝ ʧʣʦʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ) ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʜʠʩʢʨʝʪʥʳʡ ʧʦʨʪ, ʠʤʠʪʠʨʫʶʱʠʡ ʪʦʯʝʯʥʳʡ 

ʠʩʪʦʯʥʠʢ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʙʳʣʠ ʟʘʜʘʥʳ ʢʘʢ çOpen add 

spaceè, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʚʣʠʷʥʠʝ ʦʪʨʘʞʝʥʠʡ ʦʪ ʛʨʘʥʠʮ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ 

ʠʤʠʪʠʨʫʝʪ ʫʩʣʦʚʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ ʚʜʦʣʴ ʦʩʝʡ X ʠ Y, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʝʪʢʫ 

ʨʘʟʙʠʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʫʧʝʥʝʢ ʙʝʟ ʠʟʙʳʪʦʯʥʳʭ ʟʘʪʨʘʪ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʩʷ ʩ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ ʩʠʩʪʝʤʳ [2]. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʢʘʨʪʘʭ ʦʪʯʝʪʣʠʚʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʭʦʜʷʱʝʡʩʷ ʩʬʝʨʠʯʝʩʢʦʡ ʚʦʣʥʳ ʚ 

ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ. ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʢʮʠʠ ʨʘʟʥʦʡ 

ʪʦʣʱʠʥʳ, ʚʦʣʥʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʘʟʣʠʯʥʫʶ ʬʘʟʦʚʫʶ ʟʘʜʝʨʞʢʫ. ʉʝʢʮʠʠ ʣʠʥʟʳ 

ʵʬʬʝʢʪʠʚʥʦ çʧʦʜʪʦʨʤʘʞʠʚʘʶʪè ʮʝʥʪʨʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʠʬʝʨʠʡʥʳʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʨʘʚʥʠʚʘʥʠʶ ʬʘʟʳ ʚ ʘʧʝʨʪʫʨʝ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E 

 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ 

ʬʘʟʳ ʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ CST. ʅʝʩʤʦʪʨʷ ʥʘ ʜʠʩʢʨʝʪʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ, ʟʘ 

ʣʠʥʟʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʙʣʠʟʢʦʛʦ ʢ ʧʣʦʩʢʦʤʫ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ, ʬʠʢʩʠʨʫʝʤʳʝ ʥʘ ʛʨʘʥʠʮʘʭ ʟʦʥ, 
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ʦʙʲʷʩʥʷʶʪʩʷ ʜʠʬʨʘʢʮʠʝʡ ʥʘ ʨʝʙʨʘʭ ʩʪʫʧʝʥʝʢ ï ʬʘʢʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʢʣʘʩʩʠʯʝʩʢʘʷ 

ʤʝʪʦʜʠʢʘ ʫʯʠʪʳʚʘʝʪ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [2]. 

ɺ ʧʣʦʩʢʦʩʪʠ ʨʘʩʢʨʳʚʘ ʣʠʥʟʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʬʘʟʦʚʦʛʦ ʥʘʙʝʛʘ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʟʢʦʡ ʜʠʘʛʨʘʤʤʳ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟʳ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʩʢʨʳʚʘ ʣʠʥʟʳ 

 

ɻʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʨʠʩ. 3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʨʘʩʢʨʳʚʘ ʦʪʢʣʦʥʝʥʠʝ ʬʘʟʳ ʦʪ ʢʦʥʩʪʘʥʪʳ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʘʥʪʝʥʥ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ [3]. ʉʨʘʚʥʝʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ Python, ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ CST 

Studio Suite ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ: ʧʦʣʦʞʝʥʠʝ ʟʦʥ ʠ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʤʝʥʝʝ 3%, ʯʪʦ ʜʣʷ 

ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʬʘʟʦʚʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʜʘʞʝ ʧʨʠ 

ʧʝʨʝʭʦʜʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʉɺʏ-ʫʩʪʨʦʡʩʪʚ ʢ ʊɻʮ-ʜʠʘʧʘʟʦʥʫ. 

ɺ ʟʘʚʝʨʰʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʦʜʪʚʝʨʜʠʣ ʘʜʝʢʚʘʪʥʦʩʪʴ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʩʪʫʧʝʥʯʘʪʳʭ ʣʠʥʟ 

ʌʨʝʥʝʣʷ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ-4 ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʧʣʦʩʢʦʛʦ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʥʘ ʯʘʩʪʦʪʝ 100 ɻɻʮ. ʇʦʣʫʯʝʥʥʘʷ 3D-ʤʦʜʝʣʴ ʠ 

ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʦʥ ʧʦʩʣʫʞʘʪ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʚ ʨʘʤʢʘʭ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʛʜʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʧʫʩʢʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʟʳ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʣʠʥʟʳ ʩ ʧʝʨʚʠʯʥʳʤ ʦʙʣʫʯʘʪʝʣʝʤ ʚ 

ʩʦʩʪʘʚʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ [4]. ʈʘʙʦʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ 



156 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʠʪʴ ʮʠʢʣ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʢʚʘʟʠʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʩʫʙʪʝʨʘʛʝʨʮʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʆɹɿʆʈ ɻʀʇɽʈʉʇɽʂʊʈɸʃʔʅʓʍ ʂɸʄɽʈ ɼʃʗ ɼɽʊɽʂʊʀʈʆɺɸʅʀʗ 

ɼɺʀɾʋʑʀʍʉʗ ʆɹʒɽʂʊʆɺ 

 
ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʩʦʪʥʠ ʫʟʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚ ʚʠʜʠʤʦʤ, ʀʂ ʠ ʋʌ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ RGB ʢʘʤʝʨ, ʬʠʢʩʠʨʫʶʱʠʭ ʣʠʰʴ ʪʨʠ ʮʚʝʪʦʚʳʭ ʢʘʥʘʣʘ, 

ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ ʦʪʨʘʞʸʥʥʳʡ ʦʪ ʦʙʲʝʢʪʘ ʩʚʝʪ ʥʘ ʫʟʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʦʣʦʩʳ, ʟʘʭʚʘʪʳʚʘʝʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʬʠʢʩʠʨʫʷ ʩʧʝʢʪʨʘʣʴʥʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʦ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʧʨʦʩʪʦ ʚʠʜʝʪʴ ʦʙʲʝʢʪʳ, ʥʦ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʩʦʩʪʦʷʥʠʝ ʠ ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ: ʦʙʣʘʯʥʦʩʪʴ ʩʥʠʞʘʝʪ ʢʦʥʪʨʘʩʪ, ʦʩʘʜʢʠ ʠ 

ʪʫʤʘʥ ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʘʣʴʥʦʩʪʴ ʠ ʚʠʜʠʤʦʩʪʴ, ʚʝʪʝʨ ʤʝʥʷʝʪ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʢʘʤʝʨ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʷʪʴ ʮʝʣʠ ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʜʘʞʝ ʥʘ 

ʩʣʦʞʥʦʤ ʬʦʥʝ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʦʧʨʷʞʸʥ ʩ ʨʷʜʦʤ ʩʣʦʞʥʦʩʪʝʡ: 

ʨʘʟʤʳʪʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ 

ʢʘʜʨʦʚ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ, ʠʟʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʙʲʝʢʪʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ, ʚʣʠʷʥʠʝʤ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 

ʦʩʚʝʱʸʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʣʦʞʝʥʠʷ ʉʦʣʥʮʘ ʠ ʪʠʧʘ ʦʙʣʘʯʥʦʩʪʠ. 

ɻʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ ʧʦʤʦʛʘʶʪ ʧʨʝʦʜʦʣʝʪʴ ʵʪʠ ʪʨʫʜʥʦʩʪʠ ʟʘ ʩʯʸʪ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʙʦʪʳ ʚ ʀʂ ʜʠʘʧʘʟʦʥʘʭ (ʤʝʥʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ 

ʪʫʤʘʥʫ ʠ ʜʳʤʫ), ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ, ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʨʘʟʤʳʪʠʝ ʠ 

ʘʪʤʦʩʬʝʨʥʳʝ ʠʩʢʘʞʝʥʠʷ. 
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ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʤʝʨ, ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

Specim AISA Owl ʨʘʙʦʪʘʝʪ ʚ ʪʝʧʣʦʚʦʤ ʀʂ ʜʠʘʧʘʟʦʥʝ (8-12 ʤʢʤ) ʠ ʦʙʣʘʜʘʝʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 0,5 ʤ ʩ ʚʳʩʦʪʳ 1 ʢʤ. ʂʘʤʝʨʘ ʠʤʝʝʪ 256 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ ʜʦ 30 ɻʮ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʧʨʠʤʝʥʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʛʣʘ (SAM), ʢʦʪʦʨʳʡ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ 

ʤʘʪʝʨʠʘʣʳ ʧʦ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ɻ ʪʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʘʥʦʤʘʣʠʡ ʠ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ 

ʩ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʤʦʙʠʣʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʠʣʠ 

ʞʠʚʦʪʥʳʝ. ʂʘʤʝʨʘ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʘ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ, 

ʪʫʤʘʥʘ ʠʣʠ ʜʳʤʢʠ, ʧʦʩʢʦʣʴʢʫ ʀʂ ʜʠʘʧʘʟʦʥ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ ʨʘʩʩʝʷʥʠʶ. ʆʥʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʉʦʣʥʮʘ, ʪʘʢ ʢʘʢ ʜʝʪʝʢʪʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʦʙʲʝʢʪʦʚ, ʠ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʣʶʙʦʡ ʦʙʣʘʯʥʦʩʪʠ. 

Headwall Photonics Hyperspectral ʦʭʚʘʪʳʚʘʝʪ ʚʠʜʠʤʳʡ ʠ ʙʣʠʞʥʠʡ ʀʂ 

ʜʠʘʧʘʟʦʥ (0,4ï1,0 ʤʢʤ), ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ 1 ʤ, 300 ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʠ 

ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ 50 ɻʮ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʝʜʸʪʩʷ ʤʝʪʦʜʦʤ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

(PCA), ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʳʜʝʣʷʝʪ ʢʣʶʯʝʚʳʝ 

ʧʨʠʟʥʘʢʠ, ʘ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. ʂʘʤʝʨʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ 

ʩʣʦʞʥʦʤ ʧʨʠʨʦʜʥʦʤ ʬʦʥʝ ï ʥʘʧʨʠʤʝʨ, ʨʝʜʢʠʭ ʞʠʚʦʪʥʳʭ ʚ ʣʝʩʫ ʠʣʠ ʪʝʭʥʠʢʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɽʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ 

ʷʩʥʦʡ ʧʦʛʦʜʝ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʠ ʜʝʪʘʣʠʟʘʮʠʠ, ʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ 

ʩʠʣʴʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʠʣʠ ʪʫʤʘʥʝ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ï ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʧʨʠ ʚʳʩʦʢʦʤ ʉʦʣʥʮʝ; ʥʘ ʨʘʩʩʚʝʪʝ 

ʠ ʟʘʢʘʪʝ ʜʣʠʥʥʳʝ ʪʝʥʠ ʤʦʛʫʪ ʟʘʪʨʫʜʥʷʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ. 

ʂʦʤʧʘʢʪʥʘʷ ʢʘʤʝʨʘ Cubert UHD 185 Firefly (0,5-0,9 ʤʢʤ, 50 ʢʘʥʘʣʦʚ, ʚʝʩ 0,8 

ʢʛ) ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ ɹɺʉ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ 100 ɻʮ 

ʠ ʦʩʥʘʱʝʥʘ ʚʩʪʨʦʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɼʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ k-ʩʨʝʜʥʠʭ, ʘ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʟʤʳʪʠʷ 

ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʜʚʠʞʝʥʠʷ. ʂʘʤʝʨʘ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʧʦʠʩʢʦʚʦ ʩʧʘʩʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʪʨʘʥʩʧʦʨʪʦʤ ʠ ʢʦʥʪʨʦʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ɹʇʃɸ. ʃʫʯʰʝ ʚʩʝʛʦ ʦʥʘ ʨʘʙʦʪʘʝʪ ʧʨʠ 

ʫʤʝʨʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʠ ʨʘʩʩʝʷʥʥʦʤ ʦʩʚʝʱʝʥʠʠ, ʥʦ ʩʦʭʨʘʥʷʝʪ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚ ʜʦʞʜʴ ʠʣʠ ʩʥʝʛ ï ʭʦʪʷ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʥʠʞʘʝʪʩʷ, ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ ʚʩʸ ʝʱʸ ʤʦʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ. 

ʄʥʦʛʦʜʠʘʧʘʟʦʥʥʘʷ ʩʠʩʪʝʤʘ Rayleigh Optoelectronics Hyspex ʦʙʲʝʜʠʥʷʝʪ 

ʜʠʘʧʘʟʦʥʳ 0,4ï2,5 ʤʢʤ ʚ 200 ʢʘʥʘʣʘʭ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ 40 ɻʮ ʠ 

ʜʦʧʫʩʢʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʩ LiDAR. ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN), ʘ ʘʣʛʦʨʠʪʤʳ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ ʧʦʚʳʰʘʶʪ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. ʂʘʤʝʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʥʘʧʨʠʤʝʨ, ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʤʠʛʨʘʮʠʠ ʞʠʚʦʪʥʳʭ ʠʣʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ), ʢʦʥʪʨʦʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʳʭ 
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ʟʦʥ. ʆʥʘ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʣʶʙʦʤʫ ʧʦʣʦʞʝʥʠʶ ʉʦʣʥʮʘ ʠ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʫʶ 

ʨʘʙʦʪʫ ʚ ʜʦʞʜʴ ʠʣʠ ʜʳʤ ʟʘ ʩʯʸʪ ʢʦʤʙʠʥʘʮʠʠ ʚʠʜʠʤʦʛʦ ʠ ʀʂ ʜʠʘʧʘʟʦʥʦʚ. ɺ 

ʫʩʣʦʚʠʷʭ ʪʫʤʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʥʷʷ: ʀʂ ʢʘʥʘʣʳ ʧʦʤʦʛʘʶʪ, ʥʦ ʚʠʜʠʤʦʩʪʴ 

ʚʩʸ ʞʝ ʦʛʨʘʥʠʯʝʥʘ. 

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʤʝʨ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʢʣʶʯʝʚʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʨʘʟʥʳʭ ʟʘʜʘʯ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʣʶʙʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʦʠʪ 

ʚʳʙʠʨʘʪʴ ʢʘʤʝʨʳ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʜʠʘʧʘʟʦʥʦʤ (0,4-2,5 ʤʢʤ 

ʠʣʠ ʰʠʨʝ) ʩʦʯʝʪʘʥʠʝ ʚʠʜʠʤʦʛʦ ʠ ʀʂ ʜʠʘʧʘʟʦʥʦʚ ʧʦʤʦʛʘʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ 

ʤʝʥʷʶʱʝʡʩʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ ʧʦʛʦʜʝ. ʆʧʪʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ ï ɻ ʪʦ ʥʝ ʤʝʥʝʝ 

40 ɻʮ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʧʣʘʚʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʘʞʝ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʭʩʷ 

ʦʙʲʝʢʪʦʚ. ʇʦʣʝʟʥʦʡ ʙʫʜʝʪ ʧʦʜʜʝʨʞʢʘ ʠʥʪʝʛʨʘʮʠʠ ʩ LiDAR ʠʣʠ GPS ʜʣʷ ʪʦʯʥʦʛʦ 

ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʳ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʣʠʷʥʠʷ ʜʘʥʥʳʭ 

ʠ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (CNN). ʆʥʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʩʪʨʘʠʚʘʶʪʩʷ ʧʦʜ ʦʙʩʪʘʥʦʚʢʫ ʠ 

ʢʦʤʧʝʥʩʠʨʫʶʪ ʘʪʤʦʩʬʝʨʥʳʝ ʠʩʢʘʞʝʥʠʷ. 

ɽʩʣʠ ʟʘʜʘʯʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʥʦʯʴʶ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʪʫʤʘʥʘ/ʜʳʤ, ʧʨʠʦʨʠʪʝʪ 

ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʢʘʤʝʨʘʤ ʩ ʪʝʧʣʦʚʳʤ ʀʂ ʜʠʘʧʘʟʦʥʦʤ (8-14 ʤʢʤ): ʦʥʠ ʬʠʢʩʠʨʫʶʪ 

ʩʦʙʩʪʚʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʠʛʥʦʨʠʨʫʶʪ ʦʧʪʠʯʝʩʢʠʝ ʧʦʤʝʭʠ. ɺʘʞʥʦ, 

ʯʪʦʙʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʭʫʞʝ 0,5-1 ʤ ʩ ʨʘʙʦʯʝʡ 

ʚʳʩʦʪʳ ï ʵʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʣʠʯʘʪʴ ʘʚʪʦʤʦʙʠʣʠ ʠʣʠ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʘʟʣʠʯʠʷʤ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʩʦʢʦʡ (ʧʦʨʦʛ ʥʝ 

ʚʳʰʝ 0,1Cʐ), ʘ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦ ʪʝʧʣʦʚʳʤ ʩʠʛʥʘʪʫʨʘʤ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʫʛʣʘ 

SAM). 

ɼʣʷ ʤʦʙʠʣʴʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɺʉ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ 

ʢʦʤʧʘʢʪʥʦʩʪʴ ʠ ʣʸʛʢʦʩʪʴ: ʤʘʩʩʘ ʢʘʤʝʨʳ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 1 ʢʛ, ʯʪʦʙʳ ʥʝ 

ʧʝʨʝʛʨʫʞʘʪʴ ʜʨʦʥ. ɺʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚ (ʦʪ 100 ɻʮ) ʢʦʤʧʝʥʩʠʨʫʝʪ ʚʠʙʨʘʮʠʠ 

ʠ ʙʳʩʪʨʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʥʦʩʠʪʝʣʷ, ʩʥʠʞʘʷ ʨʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʩʪʨʦʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʩʲʸʤʢʠ ʩ ʜʚʠʞʫʱʝʡʩʷ ʧʣʘʪʬʦʨʤʳ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ï ɻ ʪʦ ʚʠʜʠʤʳʡ ʧʣʶʩ ʙʣʠʞʥʠʡ ʀʂ (0,4-1,0 

ʤʢʤ): ʦʥ ʜʘʸʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʜʝʪʘʣʠʟʘʮʠʝʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʣʸʛʢʦʡ ʦʙʣʘʯʥʦʩʪʠ. 

ʅʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʧʨʦʜʣʠʪ ʚʨʝʤʷ ʧʦʣʸʪʘ, ʘ ʘʣʛʦʨʠʪʤʳ ʙʳʩʪʨʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʢʣʘʩʪʝʨʠʟʘʮʠʷ k-means) ʧʦʟʚʦʣʷʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ 

ʧʨʷʤʦ ʥʘ ʙʦʨʪʫ ɹɺʉ. 

ʂʦʛʜʘ ʥʫʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʥʘ ʩʣʦʞʥʦʤ ʧʨʠʨʦʜʥʦʤ ʬʦʥʝ ʜʥʸʤ 

(ʥʘʧʨʠʤʝʨ, ʨʝʜʢʠʭ ʞʠʚʦʪʥʳʭ ʚ ʣʝʩʫ ʠʣʠ ʪʝʭʥʠʢʫ ʧʨʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ), ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ. ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʢʘʤʝʨʘ ʠʤʝʣʘ 250-300 ʢʘʥʘʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 0,4-

1,0 ʤʢʤ ʠ ʦʙʝʩʧʝʯʠʚʘʣʘ ʨʘʟʨʝʰʝʥʠʝ ʥʝ ʭʫʞʝ 1 ʤ. ʏʘʩʪʦʪʘ ʢʘʜʨʦʚ 50 ɻʮ ʜʦʩʪʘʪʦʯʥʘ 

ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʫʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA) ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʘʥʘʣʠʟʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʧʦʤʦʞʝʪ ʚʳʜʝʣʠʪʴ ʜʚʠʞʫʱʠʝʩʷ ʮʝʣʠ 

ʥʘ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʦʤ ʬʦʥʝ, ʘ ʚʳʩʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʩʦʭʨʘʥʠʪ ʜʝʪʘʣʠ 

ʚ ʪʝʥʷʭ ʠ ʷʨʢʠʭ ʫʯʘʩʪʢʘʭ. 
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ɺʳʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɽʩʣʠ 

ʨʝʯʴ ʠʜʸʪ ʦ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʙʳʩʪʨʦʜʚʠʞʫʱʠʤʠʩʷ ʦʙʲʝʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʪʨʘʥʩʧʦʨʪ ʠʣʠ ʧʪʠʮʳ, ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʯʘʩʪʦʪʫ ʢʘʜʨʦʚ ʠ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʟʤʳʪʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ 

ï ʥʘʧʨʠʤʝʨ, ʚ ʪʫʤʘʥ, ʜʦʞʜʴ ʠʣʠ ʚ ʩʫʤʝʨʢʘʭ ï ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʩʪʘʥʫʪ 

ʢʘʤʝʨʳ ʩ ʀʂ ʠʣʠ ʪʝʧʣʦʚʠʟʠʦʥʥʳʤʠ ʤʦʜʫʣʷʤʠ. ɼʣʷ ʜʣʠʪʝʣʴʥʳʭ ʘʚʪʦʥʦʤʥʳʭ 

ʟʘʜʘʯ, ɹɺʉ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʪʦʚ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʧʘʨʘʤʝʪʨʳ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʝʩ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʥʪʝʛʨʘʮʠʠ ʩ 

ʩʠʩʪʝʤʘʤʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʩʣʦʞʥʳʭ ʬʦʥʘʭ ï ʚ ʣʝʩʫ, ʛʦʨʘʭ ʠʣʠ 

ʚ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ï ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʠʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (Ó250 ʢʘʥʘʣʦʚ), ʦʩʥʘʱʸʥʥʳʝ ʧʦʜʜʝʨʞʢʦʡ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʝʣʷʪʴ ʮʝʣʠ. 

ɻʨʘʤʦʪʥʳʡ ʧʦʜʙʦʨ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʧʦʟʚʦʣʠʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ, 

ʤʠʥʠʤʠʟʠʨʫʷ ʚʣʠʷʥʠʝ ʧʦʛʦʜʳ, ʦʩʚʝʱʸʥʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʩʮʝʥʳ. 
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(ɸʆ çʅʀʀ ʉʊʊè ʛ. ʉʤʦʣʝʥʩʢʝ) 

 
ʉʀɻʄɸ-ɼɽʃʔʊɸ ɸʎʇ ɺ ɻʀʈʆʉʊɸɹʀʃʀɿʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄɸʍ 

 
ɻʠʨʦʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʩʝʛʦʜʥʷ ʚʩʸ ʯʘʱʝ ʩʪʨʦʷʪʩʷ ʚʦʢʨʫʛ 

ʧʦʣʥʦʩʪʴʶ ʮʠʬʨʦʚʳʭ ʢʦʥʪʫʨʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʩʠʛʥʘʣ ʦʪ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʤʦʞʥʦ ʨʘʥʴʰʝ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ. ɺ MEMS-ʛʠʨʦʩʢʦʧʘʭ 

ʠ ʧʨʝʮʠʟʠʦʥʥʳʭ ʛʠʨʦʩʪʘʙʠʣʠʟʘʪʦʨʘʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ 

ʟʚʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʘʤ ʚ ʫʟʢʦʡ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

ʉʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ ï ʵʪʦ ʘʨʭʠʪʝʢʪʫʨʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ ʚʳʩʦʢʦʡ ʨʘʟʨʷʜʥʦʩʪʠ ʟʘ ʩʯʸʪ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʰʫʤʘ ʢʚʘʥʪʦʚʘʥʠʷ ï ʰʫʤʦʬʦʨʤʠʨʦʚʘʥʠʷ [1]. ɺʤʝʩʪʦ ʪʦʛʦ 

ʯʪʦʙʳ ʩʨʘʟʫ ʚʳʜʘʚʘʪʴ ʤʥʦʛʦʨʘʟʨʷʜʥʳʡ ʢʦʜ, ʪʘʢʦʡ ɸʎʇ ʩʥʘʯʘʣʘ ʧʨʝʚʨʘʱʘʝʪ 

ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʚ ʧʣʦʪʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ (ʦʜʥʦʙʠʪʥʳʡ ʠʣʠ ʤʘʣʦʙʠʪʥʳʡ ʧʦʪʦʢ), 
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ʘ ʟʘʪʝʤ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʠ ʙʣʦʢ ʜʝʮʠʤʘʮʠʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʠʟ ʵʪʦʛʦ ʧʦʪʦʢʘ 

ʤʝʜʣʝʥʥʳʡ, ʥʦ ʚʳʩʦʢʦʪʦʯʥʳʡ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ [1]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ (SAR) ʠʣʠ ʙʳʩʪʨʦʛʦ (flash) 

ɸʎʇ, ʩʠʛʤʘ-ʜʝʣʴʪʘ-ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʟʥʘʪʝʣʴʥʦ çʞʝʨʪʚʫʝʪè ʩʢʦʨʦʩʪʴʶ ʨʘʜʠ 

ʪʦʯʥʦʩʪʠ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʟʘʜʘʯʘʤʠ ʛʠʨʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʠʥʝʨʮʠʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʛʜʝ ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʠ 

ʦʰʠʙʢʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝʥʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ, ʥʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʨʝʰʝʥʠʶ ʠ ʫʨʦʚʥʶ ʰʫʤʘ. 

ʊʠʧʠʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷʪʦʨʘ ʩʦʜʝʨʞʠʪ (ʨʠʩʫʥʦʢ 1) ʠʥʪʝʛʨʘʪʦʨ(ʳ), 

ʥʘʢʘʧʣʠʚʘʶʱʠʝ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʤʘʣʦʙʠʪʥʳʡ (ʯʘʩʪʦ 

ʦʜʥʦʙʠʪʥʳʡ) ʎɸʇ ʚ ʧʝʪʣʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʢʦʤʧʘʨʘʪʦʨ ʠʣʠ ʤʘʣʦʙʠʪʥʳʡ 

ʢʚʘʥʪʦʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʧʦʩʣʝ ʠʥʪʝʛʨʘʪʦʨʘ ʚ 

ʮʠʬʨʦʚʦʡ ʧʦʪʦʢ, ʠ ʩʫʤʤʘʪʦʨ, ʬʦʨʤʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʦʰʠʙʢʠ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ 

ʚʳʭʦʜʦʤ ʎɸʇ [1]. ʅʘ ʫʨʦʚʥʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʣʷ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʠʥʪʝʛʨʘʪʦʨʳ ʠ ʎɸʇ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʶʪ ʥʘ ʧʝʨʝʢʣʶʯʘʝʤʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʂʄʆʇ-ʪʝʭʥʦʣʦʛʠʝʡ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʤʦʜʫʣʷʪʦʨʘ 

 

ɺ ʦʩʥʦʚʝ ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ ʣʝʞʠʪ ʤʦʜʫʣʷʪʦʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ 

ʧʦʩʣʝʜʫʶʱʠʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ. ʅʘ ʚʭʦʜ ʤʦʜʫʣʷʪʦʨʘ ʧʦʜʘʸʪʩʷ ʘʥʘʣʦʛʦʚʳʡ 

ʩʠʛʥʘʣ, ʘ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʧʦʪʦʢ ʙʠʪ, ʧʣʦʪʥʦʩʪʴ 

çʝʜʠʥʠʮè ʚ ʢʦʪʦʨʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʭʦʜʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ʏʘʩʪʦʪʘ ʨʘʙʦʪʳ 

ʤʦʜʫʣʷʪʦʨʘ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʯʘʩʪʦʪʫ ʚʳʜʘʯʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʠʬʨʦʚʢʠ, ʯʪʦ 

ʩʦʟʜʘʸʪ ʟʘʧʘʩ ʧʦ ʯʘʩʪʦʪʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɺʥʫʪʨʠ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʤʦʜʫʣʷʪʦʨʘ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʫʨʘ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ ʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ 

(ʨʠʩʫʥʦʢ 2), ʪʦ ʚʭʦʜ ʟʘʜʘʸʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ x(n), ʚʳʭʦʜ ï y(n), ʘ 

ʢʚʘʥʪʦʚʘʪʝʣʴ (ʢʦʤʧʘʨʘʪʦʨ ʩ ʪʨʠʛʛʝʨʦʤ) ʚʥʦʩʠʪ ʩʦʙʩʪʚʝʥʥʳʡ ʰʫʤ e(n). ɺ ʵʪʦʤ 
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ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚʠʜʥʦ, ʯʪʦ ʩʘʤʘ ʧʝʪʣʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ-ʨʘʟʥʦʤʫ ʚʣʠʷʝʪ ʥʘ 

ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʠ ʥʘ ʰʫʤ ʢʚʘʥʪʦʚʘʥʠʷ. 

Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ ʜʝʣʴʪʘ-ʩʠʛʤʘ ʤʦʜʫʣʷʪʦʨʘ: 

 

ὣᾀ  
ὢᾀ ὣᾀ ᾀ

ρ ᾀ
Ὁᾀ 

 

ʋʧʨʦʩʪʠʚ, ʧʦʣʫʯʘʝʪʩʷ: 

 

ὣᾀ ὢᾀᾀ Ὁᾀ ρ ᾀ  

 

Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʜʘʸʪ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʯʝʨʝʟ ʚʭʦʜ x(n) ʠ ʰʫʤ e(n) [2]. ʀʟ ʥʠʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʣʠʟʢʘ ʢ ʝʜʠʥʠʮʝ ʚʦ ʚʩʝʡ ʨʘʙʦʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʘ 

ʟʘʜʝʨʞʢʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʦʜʥʠʤ ʪʘʢʪʦʤ, ʪʦ ʝʩʪʴ çʧʦʣʝʟʥʘʷè ʯʘʩʪʴ x(n) 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʦʜʫʣʷʪʦʨ. ʐʫʤ ʢʚʘʥʪʦʚʘʥʠʷ, 

ʥʘʦʙʦʨʦʪ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ: ʝʛʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʜʘʚʣʷʝʪʩʷ, ʘ ʦʩʥʦʚʥʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʥʦʩʠʪʩʷ ʚ 

ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ [2]. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʤʦʜʫʣʷʪʦʨ ʚʳʪʝʩʥʷʝʪ ʙʦʣʴʰʫʶ 

ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʰʫʤʘ ʠʟ ʧʦʣʝʟʥʦʡ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʫʶ, ʬʦʨʤʠʨʫʷ 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʘʨʭʠʪʝʢʪʫʨʳ ʵʬʬʝʢʪ ʰʫʤʦʬʦʨʤʠʨʦʚʘʥʠʷ. 

ɽʩʣʠ ʧʦʩʣʝ ʤʦʜʫʣʷʪʦʨʘ ʧʦʩʪʘʚʠʪʴ ʧʨʦʩʪʦʡ n-ʨʘʟʨʷʜʥʳʡ ʜʚʦʠʯʥʳʡ ʩʯʸʪʯʠʢ, 

ʪʦ ʥʘ ʚʳʭʦʜʝ ɸʎʇ ʧʦʣʫʯʠʪʩʷ ʧʦʪʦʢ n-ʙʠʪʥʳʭ ʜʘʥʥʳʭ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʧʨʠʤʝʨʥʦ ʚ 2Ŵ ĭ ʨʘʟ ʥʠʞʝ, ʯʝʤ ʯʘʩʪʦʪʘ ʨʘʙʦʪʳ ʤʦʜʫʣʷʪʦʨʘ. ʊʘʢʦʡ ʧʨʠʥʮʠʧ 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʦʙʱʠʡ ʧʦʜʭʦʜ ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ: ʟʘ ʩʯʸʪ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ çʩʞʘʪʠʷè ʧʦʪʦʢʘ ʤʦʞʥʦ ʛʠʙʢʦ ʚʳʙʠʨʘʪʴ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ 

ʨʘʟʨʷʜʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʤʝʩʪʦ ʧʨʦʩʪʦʛʦ 

ʩʯʸʪʯʠʢʘ ʠʩʧʦʣʴʟʫʶʪ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʠʣʴʥʝʝ ʧʦʜʘʚʣʷʝʪ ʚʳʥʝʩʝʥʥʳʡ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʰʫʤ, ʘ ʟʘʪʝʤ 

ʚʳʧʦʣʥʷʶʪ ʜʝʮʠʤʘʮʠʶ ï ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʜʦ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ. ʎʝʥʘ ʪʘʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ [2]. 

ʇʦʨʷʜʦʢ ʤʦʜʫʣʷʪʦʨʘ ʤʦʞʥʦ ʧʦʚʳʰʘʪʴ, ʜʦʙʘʚʣʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʫʤʤʘʪʦʨʳ ʠ ʠʥʪʝʛʨʘʪʦʨʳ ʚ ʧʝʪʣʶ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʨʷʜʢʠ ʝʱʸ ʩʠʣʴʥʝʝ 

çʚʳʪʘʣʢʠʚʘʶʪè ʰʫʤ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, ʧʦʟʚʦʣʷʷ ʧʦʣʫʯʘʪʴ 

ʣʫʯʰʝʝ ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʣʦʞʥʦʩʪʴ ʠ ʟʘʜʝʨʞʢʫ ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʥʘ ʧʨʘʢʪʠʢʝ ʚʳʙʠʨʘʶʪ ʢʦʤʧʨʦʤʠʩʩ 

ʤʝʞʜʫ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʧʫʩʪʠʤʦʡ ʟʘʜʝʨʞʢʦʡ ʚ ʪʨʘʢʪʝ ʠʟʤʝʨʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʩʠʩʪʝʤʳ 

 
ɻʠʨʦʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʝ ʧʣʘʪʬʦʨʤʳ (ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, 

ʘʥʪʝʥʥ, ʢʘʤʝʨ ʠ ʪ.ʧ.) ʧʨʝʜʲʷʚʣʷʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʨʘʢʪʘʤ ʠʟʤʝʨʝʥʠʷ: ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʤʘʣʳʤ ʫʛʣʦʚʳʤ ʩʢʦʨʦʩʪʷʤ ʠ 

ʜʨʝʡʬʘʤ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ ʠ ʚʠʙʨʘʮʠʷʤ, ʥʝʠʟʙʝʞʥʳʤ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʣʷ MEMS-ʛʠʨʦʩʢʦʧʦʚ ʠ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʛʠʨʦʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʥʘʣʦʛʦʚʳʡ ʪʨʘʢʪ ʜʦʣʞʝʥ ʚʥʦʩʠʪʴ 

ʤʠʥʠʤʘʣʴʥʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʰʫʤ ʠ ʠʩʢʘʞʝʥʠʷ, ʘ ɸʎʇ ï ʥʝ çʫʪʘʠʚʘʪʴè 

ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʫʨʦʚʥʝ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ. ʉʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ ʭʦʨʦʰʦ 

ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʵʪʫ ʟʘʜʘʯʫ ʟʘ ʩʯʸʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʷʜʥʦʩʪʠ (ʜʦ 24ï32 

ʙʠʪ) ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʟʢʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʰʫʤʦʚ ʚ ʦʙʣʘʩʪʴ, ʛʜʝ ʦʥʠ ʣʝʛʢʦ 

ʧʦʜʘʚʣʷʶʪʩʷ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʫʜʦʙʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʦʣʥʦʩʪʴʶ 

ʮʠʬʨʦʚʦʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ, ʛʜʝ ʩʠʛʥʘʣ ʛʠʨʦʩʢʦʧʘ ʩʨʘʟʫ ʜʦʩʪʫʧʝʥ ʚ ʚʠʜʝ ʧʦʪʦʢʘ 

ʜʘʥʥʳʭ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ ʇʃʀʉ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʛʠʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʣʘʪʬʦʨʤʘʭ ʩʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ ʫʞʝ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʫ, ʘ ʢʘʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʪʘʤ, 

ʛʜʝ ʢʨʠʪʠʯʥʳ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʦʢʦʡ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʜʘʸʪ ʨʝʘʣʴʥʳʡ ʨʝʩʫʨʩ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʥʘʜʸʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ 

ʚʠʙʨʘʮʠʡ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ ʠ ʜʣʠʪʝʣʴʥʦʡ ʥʝʧʨʝʨʳʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

[1] ʉʠʛʤʘ-ʜʝʣʴʪʘ ɸʎʇ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʣʝʢʪʨʦʥʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: 

http://www.gaw.ru/html.cgi/txt/doc/adc/adc_5_2.htm (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 11.03.2026). 

[2] Delta-Sigma ADCs [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / Monolithic Power Systems. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.monolithicpower.com/en/learning/mpscholar/analog-to-digital-converters/detailed-analysis-of-adc-

architectures/delta-sigma-adcs (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 11.03.2026).  

http://www.gaw.ru/html.cgi/txt/doc/adc/adc_5_2.htm
https://www.monolithicpower.com/en/learning/mpscholar/analog-to-digital-converters/detailed-analysis-of-adc-architectures/delta-sigma-adcs
https://www.monolithicpower.com/en/learning/mpscholar/analog-to-digital-converters/detailed-analysis-of-adc-architectures/delta-sigma-adcs
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ɸ.ɺ. ʃʫʥʝʚ, ʩʪʘʨʰ. ʠʥʞ.; ʅ.ɺ. ʉʫʙʙʦʪʠʥ, ʠʥʞ.; 

(ɸʆ çʅʀʀ ʉʊʊè ʛ. ʉʤʦʣʝʥʩʢʝ) 

 
ʐʋʄʓ ɻʀʈʆʉʂʆʇʆɺ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ʈɸɹʆʊʋ 

ɻʀʈʆʉʊɸɹʀʃʀɿʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄ 

 
ɻʠʨʦʩʢʦʧʳ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʫʛʣʦʚʦʝ ʜʚʠʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʶ ʦʙʲʝʢʪʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ [1]. ʆʥʠ ʣʝʞʘʪ ʚ ʦʩʥʦʚʝ ʥʘʚʠʛʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʨʦʥʦʚ, 

ʩʤʘʨʪʬʦʥʦʚ, ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʩʫʜʦʚ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ, ʛʜʝ 

ʤʘʣʳʡ ʜʨʝʡʬ ʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʜʸʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

ʐʫʤʳ ʛʠʨʦʩʢʦʧʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʘʣʴʥʳʤʠ ʫʛʣʦʚʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ [1]. ʀʭ ʦʧʠʩʳʚʘʶʪ 

ʢʘʢ ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʟʘʜʘʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦ ʯʘʩʪʦʪʘʤ. ɼʣʷ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʥʘʚʠʛʘʮʠʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʪʘʤ ʰʫʤ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʰʠʙʦʢ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʢ 

ʜʦʣʛʦʩʨʦʯʥʦʤʫ ʜʨʝʡʬʫ ʦʨʠʝʥʪʘʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ 

ʰʫʤʘ: ʙʝʣʳʡ, ʨʦʟʦʚʳʡ ʠ ʢʨʘʩʥʳʡ (ʨʠʩʫʥʦʢ 1), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦ-ʨʘʟʥʦʤʫ 

ʚʣʠʷʝʪ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʫʶ, ʩʨʝʜʥʝʩʨʦʯʥʫʶ ʠ ʜʦʣʛʦʩʨʦʯʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʛʠʨʦʩʢʦʧʘ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʰʫʤʦʚ 

 
ɹʝʣʳʡ ʰʫʤ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʡ ʬʦʥ ʩʣʫʯʘʡʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʚʦ ʚʩʸʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ɽʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ, ʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ ʦʪʩʯʸʪʘʤ ʩ ʧʦʩʪʦʷʥʥʦʡ ʜʠʩʧʝʨʩʠʝʡ: ʢʘʞʜʦʝ ʠʟʤʝʨʝʥʠʝ 
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ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ï ʵʪʦ ʩʫʤʤʘ ʠʩʪʠʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʝʟʘʚʠʩʠʤʦʡ ʩʣʫʯʘʡʥʦʡ 

ʜʦʙʘʚʢʠ. 

ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʙʝʣʦʛʦ ʰʫʤʘ ï ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʠʡ ʰʫʤ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʜʞʦʥʩʦʥʦʚʩʢʠʡ (ʪʝʧʣʦʚʦʡ) ʰʫʤ ʨʝʟʠʩʪʠʚʥʳʭ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʥʥʳʝ ʰʫʤʳ ʫʩʠʣʠʪʝʣʝʡ ʠ 

ɸʎʇ. ɺ MEMS-ʛʠʨʦʩʢʦʧʘʭ ʵʪʠ ʵʬʬʝʢʪʳ ʫʩʠʣʠʚʘʶʪʩʷ ʤʘʣʳʤʠ ʤʘʩʩʘʤʠ 

ʧʦʜʚʠʞʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʤʦʙʠʣʴʥʦʡ ʠ ʙʦʨʪʦʚʦʡ ʘʧʧʘʨʘʪʫʨʝ. ɺ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʢʚʘʥʪʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠ ʰʫʤʳ ʬʦʪʦʧʨʠʸʤʥʠʢʦʚ [1]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʝʣʳʡ ʰʫʤ ʟʘʜʘʸʪ ʢʨʘʪʢʦʩʨʦʯʥʫʶ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʤʛʥʦʚʝʥʥʳʭ ʧʦʢʘʟʘʥʠʡ. ʇʨʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʥ 

ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʦʪʩʯʸʪʦʚ, ʯʪʦ ʢʨʠʪʠʯʥʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʘʤʝʨ 

ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʜʨʦʥʦʚ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʙʳʩʪʨʦʝ ʠ ʪʦʯʥʦʝ ʩʣʝʞʝʥʠʝ. ʇʨʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʙʝʣʦʛʦ ʰʫʤʘ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʛʣʘ ʚʦʟʥʠʢʘʝʪ 

ʢʦʤʧʦʥʝʥʪ ʫʛʣʦʚʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʙʣʫʞʜʘʥʠʷ: ʩ ʢʘʞʜʦʡ ʩʝʢʫʥʜʦʡ ʦʮʝʥʢʠ ʧʦʚʦʨʦʪʘ 

ʥʘʯʠʥʘʶʪ çʨʘʩʧʦʣʟʘʪʴʩʷè, ʠ ʩʨʝʜʥʷʷ ʦʰʠʙʢʘ ʦʨʠʝʥʪʘʮʠʠ ʨʘʩʪʸʪ [1]. 

ʈʦʟʦʚʳʡ ʰʫʤ, ʠʣʠ 1/f-ʰʫʤ, ʠʤʝʝʪ ʩʧʝʢʪʨʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʫʙʳʚʘʶʱʫʶ ʩ 

ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ; ʝʛʦ ʵʥʝʨʛʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ɺʨʝʤʝʥʥʦʡ ʨʷʜ 

ʩ 1/f-ʰʫʤʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʤʝʪʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʥʘ ʠʥʪʝʨʚʘʣʘʭ ʦʪ ʩʝʢʫʥʜ ʜʦ 

ʯʘʩʦʚ: ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʤʝʜʣʝʥʥʦ çʫʧʣʳʚʘʝʪè ʚʦ ʚʨʝʤʝʥʠ. 

ʌʠʟʠʯʝʩʢʠ 1/f-ʰʫʤ ʩʚʷʟʘʥ ʩ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨ. ɺ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʬʣʠʢʢʝʨ-ʵʬʬʝʢʪ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʣʦʚʫʰʢʘʤʠ ʟʘʨʷʜʘ ʠ ʜʝʬʝʢʪʘʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. ɺ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʯʘʩʪʷʭ MEMS-ʛʠʨʦʩʢʦʧʦʚ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʜʘʶʪ ʩʫʭʦʝ ʪʨʝʥʠʝ ʚ ʧʦʜʚʝʩʘʭ, 

ʨʝʣʘʢʩʘʮʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʘʜʩʦʨʙʮʠʷ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʧʦʜʚʠʞʥʳʭ ʤʘʩʩ. ɺ ʦʧʪʠʯʝʩʢʠʭ ʠ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʛʠʨʦʩʢʦʧʘʭ 

1/f-ʢʦʤʧʦʥʝʥʪʘ ʩʚʷʟʘʥʘ ʩ ʬʘʟʦʚʳʤ ʰʫʤʦʤ ʠʩʪʦʯʥʠʢʘ, ʜʨʝʡʬʦʤ ʯʘʩʪʦʪʳ ʠ 

ʤʝʜʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʚʦʡʩʪʚ ʚʦʣʥʦʚʦʜʦʚ [1]. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʦʟʦʚʳʡ ʰʫʤ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʥʫʣʷ. 

ɼʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʨʘʱʝʥʠʷ ʛʠʨʦʩʢʦʧ ʤʦʞʝʪ ʧʦʢʘʟʳʚʘʪʴ ʤʝʜʣʝʥʥʦ 

ʠʟʤʝʥʷʶʱʝʝʩʷ ʥʝʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ. ɼʣʷ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʵʪʦ ʦʟʥʘʯʘʝʪ ʨʦʩʪ ʦʰʠʙʢʠ ʦʨʠʝʥʪʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʙʝʣʦʛʦ ʰʫʤʘ, ʥʦ ʠ ʠʟ-ʟʘ çʧʦʣʟʫʱʝʛʦè ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʚ 

ʤʘʩʰʪʘʙʘʭ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʠ ʯʘʩʦʚ. ɺ ʩʠʩʪʝʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʚʦʜʫ ʦʩʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʨʝʢʘʣʠʙʨʦʚʢʠ. 

ʂʨʘʩʥʳʡ ʰʫʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʪʳʤ ʩʧʘʜʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ, ʯʘʩʪʦ ʙʣʠʟʢʠʤ ʢ 1/fĮ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ɽʛʦ ʵʥʝʨʛʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʩʚʝʨʭʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʘ ʚʨʝʤʝʥʥʦʡ ʨʷʜ ʚʳʛʣʷʜʠʪ ʢʘʢ 

ʤʝʜʣʝʥʥʦʝ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ. ʂʦʨʨʝʣʷʮʠʷ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʟʜʝʩʴ ʤʘʢʩʠʤʘʣʴʥʘ: ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʩʝʡ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʠʩʪʦʨʠʝʡ ʧʨʦʮʝʩʩʘ. 

ʂʣʶʯʝʚʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʨʘʩʥʦʛʦ ʰʫʤʘ ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʳʝ, 

ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʘʤʦʡ ʩʠʩʪʝʤʝ: ʩʜʚʠʛ ʠ çʧʦʣʟʫʱʠʡè ʥʦʣʴ ʛʠʨʦʩʢʦʧʘ, 
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ʢʦʪʦʨʳʝ ʰʘʛ ʟʘ ʰʘʛʦʤ ʩʤʝʱʘʶʪ ʦʮʝʥʢʫ ʦʨʠʝʥʪʘʮʠʠ ʚʩʸ ʜʘʣʴʰʝ ʦʪ ʨʝʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. ʂ ʵʪʦʤʫ ʜʦʙʘʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʨʝʡʬ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʪʘʨʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʜʣʠʪʝʣʴʥʳʝ ʚʠʙʨʘʮʠʠ, ʢʚʘʟʠʧʦʩʪʦʷʥʥʳʝ ʧʦʣʷ), ʢʦʪʦʨʳʝ ʤʝʜʣʝʥʥʦ 

ʥʘʢʘʧʣʠʚʘʶʪ ʫʛʦʣ ʦʰʠʙʢʠ ʠ ʬʦʨʤʠʨʫʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʨʝʞʠʤ ʩʣʫʯʘʡʥʦʛʦ 

ʙʣʫʞʜʘʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ. 

ɺ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠʟʤʝʨʝʥʠʷʭ ʢʨʘʩʥʳʡ ʰʫʤ ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ. ʇʨʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʝ ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʙʣʦʢʘ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʯʘʩʦʚ 

ʠʣʠ ʩʫʪʦʢ ʦʰʠʙʢʘ ʦʨʠʝʥʪʘʮʠʠ ʨʘʩʪʸʪ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʥʝʜʦʧʫʩʪʠʤʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʟʘʜʘʯ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʚ ʘʚʠʘʮʠʠ, ʥʘ ʤʦʨʝ 

ʠ ʚ ʢʦʩʤʦʩʝ. ʀʤʝʥʥʦ ʢʨʘʩʥʳʡ ʰʫʤ ʟʘʜʘʸʪ ʞʸʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ, ʢʘʯʝʩʪʚʫ ʢʘʣʠʙʨʦʚʢʠ ʠ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʛʠʨʦʩʢʦʧʦʚ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʰʫʤʦʚʳʭ ʢʦʤʧʦʥʝʥʪ 

ʠʩʧʦʣʴʟʫʶʪ ʜʠʩʧʝʨʩʠʶ ɸʣʣʘʥʘ (ʨʠʩʫʥʦʢ 2) ï ʤʝʪʦʜ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʪʝʦʨʠʠ 

ʯʘʩʪʦʪʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʩʪʘʚʰʠʡ ʩʪʘʥʜʘʨʪʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʰʫʤʦʚ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ [2]. ʆʥ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʩʪʨʫʢʪʫʨʝ ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʙʝʣʳʡ, ʨʦʟʦʚʳʡ ʠ ʢʨʘʩʥʳʡ ʰʫʤʳ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ 

ʥʘʢʣʦʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʨʠʚʦʡ. ʇʨʦʮʝʜʫʨʘ ʩʚʦʜʠʪʩʷ ʢ ʟʘʧʠʩʠ ʜʣʠʥʥʦʛʦ ʨʷʜʘ 

ʧʦʢʘʟʘʥʠʡ ʥʝʧʦʜʚʠʞʥʦʛʦ ʛʠʨʦʩʢʦʧʘ, ʚʳʯʠʩʣʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʜʣʷ 

ʨʘʟʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʫʩʨʝʜʥʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʶ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʛʨʘʬʠʢʘ, ʧʦ 

ʬʦʨʤʝ ʢʦʪʦʨʦʛʦ ʫʞʝ ʠ ʩʫʜʷʪ ʦ ʚʢʣʘʜʝ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʰʫʤʘ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʩʧʝʨʩʠʷ ɸʣʣʘʥʘ 

 

ʅʘ ʪʘʢʦʤ ʛʨʘʬʠʢʝ ʙʝʣʳʡ ʰʫʤ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʘʸʪ ʫʯʘʩʪʦʢ ʩ ʥʘʢʣʦʥʦʤ 

ʦʢʦʣʦ -0,5, ʨʦʟʦʚʳʡ ʰʫʤ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʧʣʘʪʦ, ʘ ʢʨʘʩʥʳʡ ʰʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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ʫʯʘʩʪʢʫ ʩ ʥʘʢʣʦʥʦʤ ʦʢʦʣʦ +0,5. ʇʦ ʵʪʠʤ ʫʯʘʩʪʢʘʤ ʦʧʨʝʜʝʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʠ ʧʨʠ ʠʤʠʪʘʮʠʦʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʪʦʯʥʳʡ ʧʦʜʭʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʢʘʩʘʪʝʣʴʥʳʭ ʟʘʜʘʥʥʦʛʦ ʥʘʢʣʦʥʘ, ʘ ʚ ʧʦʜʙʦʨʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʢʨʠʚʦʡ ʩʫʤʤʘʨʥʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʪʠʧʦʚʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʙʝʣʦʛʦ, 

ʨʦʟʦʚʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʰʫʤʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʧʝʥʩʘʮʠʠ ʙʝʣʳʡ ʰʫʤ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʠʣʫʯʰʝʤ 

ʧʦʣʦʞʝʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʦʡ ʧʨʠʨʦʜʝ ʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʤʫ ʩʧʝʢʪʨʫ 

ʦʥ ʭʦʨʦʰʦ ʧʦʜʘʚʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ ʫʩʨʝʜʥʝʥʠʷ ʠ ʮʠʬʨʦʚʦʡ ʬʠʣʴʪʨʘʮʠʠ: 

ʩʢʦʣʴʟʷʱʝʝ ʩʨʝʜʥʝʝ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʠ FIR/IIR-ʬʠʣʴʪʨʳ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʜʠʩʧʝʨʩʠʶ ʙʝʣʦʡ ʢʦʤʧʦʥʝʥʪʳ ʙʝʟ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʠʩʢʘʞʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʫʤʥʳʭ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

[2]. 

ʈʦʟʦʚʳʡ ʠ ʢʨʘʩʥʳʡ ʰʫʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ çʜʨʫʞʝʣʶʙʥʳè. ʀʭ ʵʥʝʨʛʠʷ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʢʘʢ ʨʘʟ ʚ ʪʦʡ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʤʝʜʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʃʶʙʘʷ ʘʛʨʝʩʩʠʚʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʜʥʦʚʨʝʤʝʥʥʦ çʨʝʞʝʪè ʠ ʰʫʤ, ʠ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ. ʇʦʵʪʦʤʫ 

1/f-ʰʫʤ ʠ ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʨʘʜʠʢʘʣʴʥʦ ʧʦʜʘʚʠʪʴ ʦʜʥʠʤʠ ʣʠʰʴ 

ʬʠʣʴʪʨʘʤʠ ʫʩʨʝʜʥʝʥʠʷ: ʙʝʟ ʚʥʝʰʥʠʭ ʦʧʦʨʥʳʭ ʜʘʪʯʠʢʦʚ ʠʭ ʚʣʠʷʥʠʝ ʦʩʪʘʸʪʩʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʵʬʬʝʢʪʠʚʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʦʟʦʚʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʰʫʤʦʚ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʛʜʝ 

ʛʠʨʦʩʢʦʧʳ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ ï 

ʤʘʛʥʠʪʦʤʝʪʨʘʤʠ, ʧʨʠʸʤʥʠʢʘʤʠ GNSS, ʘʩʪʨʦʜʘʪʯʠʢʘʤʠ ʠ ʜʨ. ʅʘ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʩʰʠʨʝʥʥʳʝ ʬʠʣʴʪʨʳ ʂʘʣʤʘʥʘ ʠ ʜʨʫʛʠʝ 

ʦʮʝʥʠʚʘʪʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʥʫʣʷ ʠ 

ʩʣʫʯʘʡʥʦʝ ʙʣʫʞʜʘʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦ 

ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʧʦ ʚʥʝʰʥʠʤ ʠʟʤʝʨʝʥʠʷʤ. 

 
˶͙͔ͭͪ͊ͭͯͪ͊ 

 

[1] ʐʫʤʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ MEMS-ʛʠʨʦʩʢʦʧʦʚ: ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʚʳʙʦʨʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://inner.su/articles/shumovye-kharakteristiki-mems-giroskopov-rukovodstvo-po-vyboru/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 09.03.2026). 

[2] ɸʨʭʠʧʦʚ ɸ. ɸ., ʊʠʤʦʰʝʥʢʦʚ ʉ. ʇ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢ ɼʦʥʘ. ï 2018. ï ˉ 4. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://www.ivdon.ru/ru/magazine/archive/n4y2018/5247 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 09.03.2026). 
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ʊ.ɺ. ʃʷʧʯʝʥʢʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ɺ.ɺ. ʄʘʣʳʰʢʠʥ, ʩʪ. ʧʨʝʧʦʜ. 

ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʇɽʈɽʉʊʈɸʀɺɸɽʄʓʁ ʋɿʂʆʇʆʃʆʉʅʓʁ ʃɸɿɽʈ ʉ ɺʆʃʆʂʆʅʅʓʄ 

ʈɽɿʆʅɸʊʆʈʆʄ 

 

ʉʦʚʨʝʤʝʥʥʘʷ ʣʘʟʝʨʥʘʷ ʪʝʭʥʠʢʘ ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʸ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʠʩʪʦʯʥʠʢʘʤ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʜʘʯʘʭ, ʛʜʝ ʥʫʞʥʘ ʚʳʩʦʢʘʷ 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʠʩʪʦʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ. ʂ ʪʘʢʠʤ 
ʠʩʪʦʯʥʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʣʘʟʝʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʝʨʝʥʘʩʪʨʘʠʚʘʪʴ. ʉʝʡʯʘʩ ʙʝʟ ʥʠʭ 

ʥʝ ʦʙʦʡʪʠʩʴ ʚ ʦʧʪʦʚʦʣʦʢʦʥʥʦʡ ʩʚʷʟʠ, ʛʜʝ ʤʥʦʛʦ ʢʘʥʘʣʦʚ, ʚ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʣʘʟʝʨʥʦʡ ʣʦʢʘʮʠʠ ʠ ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʴ ʜʣʠʥʫ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʤʘʣʫʶ ʰʠʨʠʥʫ 

ʣʠʥʠʠ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. ɺʦʣʦʢʦʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʣʘʟʝʨʦʚ ʜʝʣʘʝʪ 

ʠʭ ʢʦʤʧʘʢʪʥʳʤʠ, ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ, ʚ ʢʦʪʦʨʦʡ ʩʦʯʝʪʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ ʠ ʧʣʘʚʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʅʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʘ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʪʠʧ ʨʝʟʦʥʘʪʦʨʘ ʠ ʪʦ, ʢʘʢ 

ʦʪʙʠʨʘʶʪʩʷ ʤʦʜʳ. ʏʪʦʙʳ ʣʫʯ ʙʳʣ ʫʟʢʠʤ, ʥʫʞʝʥ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʚʳʜʝʣʷʪʴ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ. ɽʩʪʴ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʵʪʦ ʩʜʝʣʘʪʴ. 

ɺ ʣʘʟʝʨʘʭ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʩʭʝʤʫ ʃʠʪʪʨʦʚʘ ʩ ʧʦʚʦʨʦʪʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 

ʨʝʰʸʪʢʦʡ [1]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʦʪʨʘʞʝʥʠʷ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʫʶ ʪʦʯʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʦʜʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ï ʚʦʣʦʢʦʥʥʳʝ ʙʨʵʛʛʦʚʩʢʠʝ ʨʝʰʸʪʢʠ (ɺɹʈ) [2], ʛʜʝ 

ʜʣʠʥʘ ʚʦʣʥʳ ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʸʪ ʜʝʬʦʨʤʘʮʠʠ. ʅʦ ʠ ʟʜʝʩʴ ʝʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ: 

ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ ʦʩʪʘʝʪʩʷ ʥʝʙʦʣʴʰʠʤ, ʪʨʝʙʫʝʪʩʷ ʧʨʝʮʠʟʠʦʥʥʘʷ ʤʝʭʘʥʠʢʘ, ʘ 

ʩʘʤʘ ʢʦʥʩʪʨʫʢʮʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʚʠʙʨʘʮʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʜʘʯ, ʛʜʝ 

ʥʫʞʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʦʢʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʯʠʩʪʦʪʘ ʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʧʝʨʝʩʪʨʦʡʢʠ, ʥʝʦʙʭʦʜʠʤ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʬʠʣʴʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ.  
ɹʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʣʴʮʝʚʦʡ ʩʭʝʤʝ 

ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ. ɺ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʦʩ: ʣʘʟʝʨʳ ʩ 

ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʤʠ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘʤʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʢʦʨʜʥʦ ʫʟʢʫʶ 

ʰʠʨʠʥʫ ʣʠʥʠʠ ʛʝʥʝʨʘʮʠʠ ʠ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ. ʊʘʢ, ʚ 2025 ʛʦʜʫ 

ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʙʨʠʣʣʶʵʥʦʚʩʢʘʷ ʤʠʢʨʦʣʘʟʝʨʥʘʷ 

ʩʠʩʪʝʤʘ ʩ ʤʛʥʦʚʝʥʥʦʡ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʚʩʝʛʦ 31 ʤɻʮ [5], ʘ ʚ ʛʠʙʨʠʜʥʳʭ ʩʭʝʤʘʭ ʩ 

ʩʘʤʦʧʦʜʩʪʨʦʡʢʦʡ ʢ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʫ ʜʦʩʪʠʛʥʫʪʘ ʰʠʨʠʥʘ ʣʠʥʠʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʛʝʨʮ ʚ ʜʠʘʧʘʟʦʥʝ 1 ʤʢʤ [6]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ ʜʣʷ ʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʠʣʣʠʤʝʪʨʦʚʳʝ 

ʩʠʛʥʘʣʳ ʩ ʜʞʠʪʪʝʨʦʤ ʚ 135 ʘʪʪʦʩʝʢʫʥʜ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ ʢ ʥʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ 

ʚ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʷʭ ʠ ʩʝʥʩʦʨʠʢʝ [7].  
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ ʢʦʣʴʮʝʚʦʛʦ ʵʨʙʠʝʚʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ 

ʣʘʟʝʨʘ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʶ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʬʠʣʴʪʨʘ ʚʳʧʦʣʥʷʝʪ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨ 

ʩ ʚrʩʦʢʠʤ Q-ʬʘʢʪʦʨʦʤ. ʇʝʨʝʩʪʨʦʡʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʦʜʚʠʞʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ 

ʫʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʠʪʴ ʧʣʦʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʨʦʜʦʣʴʥʳʝ ʤʦʜʳ 

ʜʣʠʥʥʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʢʦʣʴʮʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʜʥʦʯʘʩʪʦʪʥʫʶ ʛʝʥʝʨʘʮʠʶ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʣʘʟʝʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʣʘʟʝʨʘ 

 

ɺ ʩʦʩʪʘʚ ʣʘʟʝʨʘ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʝʜʠʥʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʚ ʢʦʣʴʮʝʚʦʡ ʨʝʟʦʥʘʪʦʨ: ʤʫʣʴʪʠʧʣʝʢʩʦʨ (WDM) ʜʣʷ ʚʚʦʜʘ ʥʘʢʘʯʢʠ ʦʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʣʘʟʝʨʘ; ʘʢʪʠʚʥʘʷ ʩʨʝʜʘ ʥʘ ʦʩʥʦʚʝ ʵʨʙʠʝʚʦʛʦ ʚʦʣʦʢʥʘ (EDF); 

ʦʧʪʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ; 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨ ʩ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʥʘʛʨʝʚʘʪʝʣʝʤ; ʠ ʚʳʭʦʜʥʦʡ ʦʪʚʝʪʚʠʪʝʣʴ, 

ʢʦʪʦʨʳʡ ʚʳʚʦʜʠʪ ʯʘʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʟʘʤʳʢʘʝʪ ʢʦʣʴʮʦ. ʊʘʢʠʝ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʳ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ (Q>10 ) ʠ ʫʟʢʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʧʦʣʦʩʦʡ, ʘ 

ʪʝʭʥʦʣʦʛʠʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʘ ʠ ʩʦʚʤʝʩʪʠʤʘ ʩ ʧʣʘʥʘʨʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ [4]. 

ʇʝʨʝʩʪʨʦʡʢʘ ʜʣʠʥʳ ʚʦʣʥʳ ʛʝʥʝʨʘʮʠʠ ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʤ 

ʵʬʬʝʢʪʝ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ ʤʝʥʷʝʪʩʷ ʝʛʦ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ ʨʝʟʦʥʘʥʩʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʥʠʘʪʶʨʥʳʡ ʥʘʛʨʝʚʘʪʝʣʴ, ʫʧʨʘʚʣʷʝʤʳʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʧʠʢʦʤʝʪʨʦʚ ʥʘ ʤʠʣʣʠʚʘʪʪ ʧʦʜʚʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʜʠʘʧʘʟʦʥ 
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ʧʝʨʝʩʪʨʦʡʢʠ ʩʧʦʩʦʙʝʥ ʧʨʝʚʳʰʘʪʴ ʤʝʞʤʦʜʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ (Free Spectral Range, 

FSR) ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʫʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ 

ʧʦʜʘʚʠʪʴ ʧʦʙʦʯʥʳʝ ʤʦʜʳ ʠ ʧʦʣʫʯʠʪʴ ʦʜʥʦʯʘʩʪʦʪʥʫʶ ʛʝʥʝʨʘʮʠʶ ʩ ʰʠʨʠʥʦʡ 

ʣʠʥʠʠ ʤʝʥʝʝ 1 ʢɻʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʦʙʲʝʜʠʥʷʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʚʦʣʦʢʦʥʥʳʭ 

ʣʘʟʝʨʦʚ (ʢʦʤʧʘʢʪʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ) ʠ 

ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʦʚ (ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʝʨʝʩʪʨʦʡʢʠ, ʤʘʣʘʷ ʰʠʨʠʥʘ ʣʠʥʠʠ). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʣʦʞʝʥʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪ ɺʝʨʥʴʝ 

ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʧʣʦʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʤʦʜ ʜʣʠʥʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʨʝʟʦʥʘʪʦʨʘ ʠ ʩʦʭʨʘʥʠʪʴ ʦʜʥʦʯʘʩʪʦʪʥʳʡ ʨʝʞʠʤ ʛʝʥʝʨʘʮʠʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʧʝʨʝʩʪʨʦʡʢʠ [3]. 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʚʦʣʦʢʦʥʥʦʛʦ ʣʘʟʝʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ ʩ ʪʝʨʤʦʦʧʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʦʡ ʚ ʢʦʣʴʮʝʚʦʡ 

ʩʭʝʤʝ ʜʘʸʪ ʧʣʘʚʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʫʟʢʫʶ ʣʠʥʠʶ ʛʝʥʝʨʘʮʠʠ. ʊʘʢ 

ʢʘʢ ʥʝʪ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʧʘʢʪʥʘʷ, ʫʩʪʦʡʯʠʚʘʷ ʢ ʚʠʙʨʘʮʠʷʤ ʠ 

ʥʘʜʸʞʥʘʷ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʛʝʥʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʜʦʙʨʦʪʥʦʩʪʠ ʤʠʢʨʦʨʝʟʦʥʘʪʦʨʘ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʯʘʩʪʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʷ. ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʙʨʘʪʴ ʤʘʢʝʪ ʣʘʟʝʨʘ ʠ ʧʨʦʚʝʨʠʪʴ 

ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ɺʆɿʄʆɾʅʆʉʊʔ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʆɹʅɸʈʋɾɽʅʀʗ 

ɻʈɸɺʀʊʆʅɸ ʂɸʂ ʌʆʈʄʓ ʕʂɿʆʊʀʏɽʉʂʆʁ ʄɸʊɽʈʀʀ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʦʧʳʪʢʠ ʦʙʥʘʨʫʞʝʥʠʷ ʯʘʩʪʠʮ, 

ʩʦʟʜʘʶʱʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʣʶʙʦʝ ʬʠʟʠʯʝʩʢʦʝ ʧʦʣʝ 

ʠʤʝʝʪ ʠʩʪʦʯʥʠʢ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʦ ʯʘʩʪʠʮʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʦʙʥʘʨʫʞʠʪʴ 

ʫ ʫʯʝʥʳʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʘʝʪʩʷ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʪʘʢʠʭ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʛʨʘʚʠʪʦʥ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʤʳʩʣʘ ʜʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠʮʳ. ɻʨʘʚʠʪʦʥ, ʢʘʢ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʝʡ, ʥʝʩʫʱʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʕʪʘ ʯʘʩʪʠʮʘ, ʥʝ ʠʤʝʶʱʘʷ ʤʘʩʩʳ, ʚʳʩʪʫʧʘʝʪ ʢʚʘʥʪʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʥʝ ʦʙʣʘʜʘʷ ʧʨʠ ʵʪʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠʣʠ ʣʶʙʳʤ ʜʨʫʛʠʤ 

ʚʠʜʦʤ ʟʘʨʷʜʘ [1]. ʅʝʢʦʪʦʨʳʝ ʫʯʝʥʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʛʨʘʚʠʪʦʥ ʷʚʣʷʝʪʩʷ 

ʦʙʲʝʢʪʦʤ ʵʢʟʦʪʠʯʝʩʢʦʡ ʤʘʪʝʨʠʠ, ʦʙʥʘʨʫʞʝʥʠʝ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ 

ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʕʢʟʦʪʠʯʝʩʢʘʷ ʤʘʪʝʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʝʱʝʩʪʚʘ, ʥʝ 

ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ. ʕʪʠ ʥʝʦʙʳʯʥʳʝ ʩʫʙʩʪʘʥʮʠʠ 

ʤʦʛʫʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ, ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʝ ʧʨʠʚʳʯʥʳʤ ʥʘʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʥʘʧʨʠʤʝʨ, ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ ʠʣʠ ʦʪʪʘʣʢʠʚʘʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ 

[2]. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʬʠʟʠʢʠ, ʛʨʘʚʠʪʦʥ ʬʫʥʢʮʠʦʥʠʨʫʝʪ 

ʢʘʢ ʧʦʩʨʝʜʥʠʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʧʦʜʦʙʥʦ ʬʦʪʦʥʫ, ʢʦʪʦʨʳʡ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʚʘʥʪʦʚʦ-ʚʦʣʥʦʚʦʡ ʜʫʘʣʠʟʤ. ɺ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʕʡʥʰʪʝʡʥʘ ʵʪʘ ʢʦʥʮʝʧʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʯʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ ʤʘʩʩʘ 

ʦʙʲʝʢʪʘ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʦʥ ʠʩʧʫʩʢʘʝʪ ʵʪʠ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ. ʇʦʩʢʦʣʴʢʫ 

ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʫʪʚʝʨʞʜʘʝʪ ʦ ʥʝʨʘʟʜʝʣʠʤʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʤʦʞʝʪ ʩʦʢʨʘʱʘʪʴʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʧʨʠʩʫʪʩʪʚʠʷ ʛʨʘʚʠʪʦʥʦʚ. ɺ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʦʧʠʩʘʥʠʷ ʩʚʝʪʘ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʩʯʠʪʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʥʝʢʦʪʦʨʳʭ ʪʝʦʨʠʡ [3]. 

ʆʜʥʘʢʦ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʢʦʥʮʝʧʮʠʶ çʇʫʟʳʨʷ ɸʣʴʢʫʙʴʝʨʨʝè, ʤʳ ʚʠʜʠʤ, ʯʪʦ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʤʘʥʠʧʫʣʷʮʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ: ʩʞʘʪʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʧʝʨʝʜʠ ʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝ ʧʦʟʘʜʠ 

ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ. ʂʦʛʜʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʞʠʤʘʝʪʩʷ, ʦʙʲʝʢʪʫ ʪʨʝʙʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʛʨʘʚʠʪʦʥʘ ʧʨʠ ʝʛʦ ʯʨʝʟʤʝʨʥʦʤ ʩʞʘʪʠʠ. 

ɺ ʩʠʪʫʘʮʠʠ ʨʘʩʰʠʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʫʞʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘʦʙʦʨʦʪ: 

ʫʤʝʥʴʰʠʪʴ ʤʘʩʩʫ ʜʦ ʫʨʦʚʥʷ ʵʢʟʦʪʠʯʝʩʢʦʡ ʤʘʪʝʨʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʚʠʪʦʥʳ ʥʝ 

ʫʤʝʥʴʰʘʪ, ʘ ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʘʪ ʨʘʩʩʪʦʷʥʠʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʘ ʵʪʠʭ 
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ʵʬʬʝʢʪʘ, ʩʞʘʪʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ, ʜʦʣʞʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʦʙʲʝʢʪʘ ʠ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʜʨʫʛʫ. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʛʨʘʚʠʪʦʥʳ, ʝʩʣʠ ʦʥʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʶʪ, ʦʙʣʘʜʘʶʪ ʦʩʦʙʝʥʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʠʷ "ʧʦʣʷʨʥʦʩʪʠ". 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʭ ʜʝʡʩʪʚʠʝ ʝʜʠʥʦʦʙʨʘʟʥʦ: ʤʘʩʩʘ ʦʙʲʝʢʪʘ ʥʘʧʨʷʤʫʶ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʣʫʯʘʝʤʳʭ ʠʤ ʛʨʘʚʠʪʦʥʦʚ. ʉʦʛʣʘʩʥʦ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ, ʵʢʟʦʪʠʯʝʩʢʘʷ ʤʘʪʝʨʠʷ ʥʝʚʦʟʤʦʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʝʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʙʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ɺʩʝʣʝʥʥʦʡ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʦ, ɹʠʦʤʝʪʨʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʤʝʥʷʝʪ ʫʨʘʚʥʝʥʠʷ 

ʕʡʥʰʪʝʡʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʨʠʯʝʩʢʠʤʠ ʪʝʥʟʦʨʘʤʠ, ʜʦʧʫʩʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʨʘʚʠʪʦʥʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʣʠʙʦ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʯʘʩʪʠʮʳ, ʦʙʣʘʜʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʛʨʘʚʠʪʦʥʫ, ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʝʛʦ 

ʩʚʦʡʩʪʚʘʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʪʝʦʨʠʠ 

ʩʫʧʝʨʛʨʘʚʠʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʳʩʪʫʧʘʝʪ ʦʙʦʙʱʝʥʠʝʤ ʆʊʆ ʠ ʚʩʪʨʘʠʚʘʝʪ ʚ ʥʝʝ ʠʜʝʶ 

ʩʫʧʝʨʩʠʤʤʝʪʨʠʠ. ʉʫʧʝʨʩʠʤʤʝʪʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʥʘʦʙʦʨʦʪ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʪʝʦʨʠʠ, ʢʘʞʜʘʷ ʠʟʚʝʩʪʥʘʷ ʯʘʩʪʠʮʘ ʠʤʝʝʪ ʩʫʧʝʨʧʘʨʪʥʝʨʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʥʝʝ 

ʩʧʠʥʦʤ ʥʘ ʧʦʣʫʮʝʣʦʝ ʯʠʩʣʦ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʘʚʠʪʠʥʦ, ʯʘʩʪʠʮ ʩ ʤʘʩʩʦʡ ʠ ʩʧʠʥʦʤ 3/2, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʨʭʪʷʞʝʣʳʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʝʟʤʘʩʩʦʚʦʛʦ ʛʨʘʚʠʪʦʥʘ, 

ʛʨʘʚʠʪʠʥʦ, ʦʙʣʘʜʘʷ ʤʘʩʩʦʡ, ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʣʝʤ ʍʠʛʛʩʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʨʠʦʙʨʝʪʘʪʴ ʤʘʩʩʫ. ʊʘʢʦʝ ʩʚʦʡʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʜʠʬʠʮʠʨʫʝʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ, ʦʪʢʣʦʥʷʷʩʴ ʦʪ 

ʧʨʝʜʩʢʘʟʘʥʠʡ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʨʘʚʠʪʠʥʦ ʩ 

ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʘʚʠʪʘʮʠʠ, 

ʠ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʨʘʡʥʝ ʩʣʘʙʦʝ. ʅʝʨʘʟʣʘʛʘʝʤʦʩʪʴ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʢʦʩʤʦʩʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʥʘʢʦʧʣʝʥʠʶ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʷʚʣʝʥʠʠ çʩʢʨʳʪʦʡ ʤʘʩʩʳè. ʊʘʢʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʪʘʣʢʠʚʘʝʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʧʦʪʦʢ ʵʪʠʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

çʨʘʩʰʠʨʷʶʱʝʛʦè ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʦʤʫ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʠʟʫʯʝʥʠʶ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʥʮʝʧʮʠʷ ʛʨʘʚʠʬʦʪʦʥʘ. ɺ ʨʘʤʢʘʭ ʥʝʢʦʪʦʨʳʭ ʩʫʧʝʨʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʛʨʘʚʠʬʦʪʦʥ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʟʘʨʷʜʦʤ ʠ ʩʧʦʩʦʙʝʥ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʩʣʘʙʠʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʝ ʩʚʦʡʩʪʚʦ 

ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ ʧʦʣʝʟʥʳʤ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʘʨʧ-ʜʚʠʛʘʪʝʣʷ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʛʨʘʚʠʪʦʥ ʠ ʛʨʘʚʠʬʦʪʦʥ ʩʫʪʴ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ 

ʞʝ ʤʥʦʛʦʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʤʘʥʠʧʫʣʷʮʠʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʠ ʩ ʛʨʘʚʠʪʦʥʘʤʠ ʠ 

ʵʢʟʦʪʠʯʝʩʢʦʡ ʤʘʪʝʨʠʠ ʩ ʛʨʘʚʠʬʦʪʦʥʘʤʠ. ʕʪʦʪ ʧʦʜʭʦʜ ʫʩʪʨʘʥʷʝʪ ʧʨʦʙʣʝʤʫ 

çʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʠʨʘè, ʧʦʩʢʦʣʴʢʫ ʦʙʘ ʷʚʣʝʥʠʷ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʫʶ 

ʤʥʦʛʦʤʝʨʥʫʶ ʢʘʨʪʠʥʫ, ʦʧʠʩʳʚʘʝʤʫʶ ʢʚʘʥʪʦʚʦʡ ʛʨʘʚʠʪʘʮʠʝʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʫʧʝʨʩʠʤʤʝʪʨʠʯʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ 

ʤʥʦʞʝʩʪʚʘ ʥʦʚʳʭ ʯʘʩʪʠʮ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʥʜʠʜʘʪʳ ʥʘ 
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ʨʦʣʴ ʛʨʘʚʠʪʦʥʥʦʡ ʯʘʩʪʠʮʳ, ʦʙʣʘʜʘʶʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʵʢʟʦʪʠʯʝʩʢʦʡ 

ʤʘʪʝʨʠʠ. 

ʏʪʦʙʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʵʪʦʪ ʬʘʢʪ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʤʘʩʩʦʡ. ɺ 1957 ʛʦʜʫ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, 

ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʤʘʩʩʘ, ʝʩʣʠ ʦʥʘ ʩʫʱʝʩʪʚʫʝʪ, ʙʫʜʝʪ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʦʪ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʤʘʩʩʳ. ʕʪʦ ʷʚʣʝʥʠʝ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ çʫʙʝʛʘʶʱʝʛʦ ʜʚʠʞʝʥʠʷè, 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʦʥʪʨʘʩʪ: ʦʙʳʯʥʳʝ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ, ʩʣʝʜʫʷ ʟʘʢʦʥʘʤ ʅʴʶʪʦʥʘ, 

ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʢʟʦʪʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ ʩʪʨʝʤʷʪʩʷ 

ʦʪʜʘʣʠʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ çʨʘʩʰʠʨʝʥʠʷè ɺʩʝʣʝʥʥʦʡ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ, ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʛʨʘʚʠʪʦʥʳ, ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ 

ʧʦʜʦʙʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʘʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, 

ʥʦ, ʠ ʩʚʷʟʘʥʳ ʩ ʵʢʟʦʪʠʯʝʩʢʦʡ ʤʘʪʝʨʠʝʡ, ʧʦʣʫʯʘʝʪ ʦʪʛʦʣʦʩʢʠ ʚ ʢʦʩʚʝʥʥʳʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ. ɺʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʛʨʘʚʠʪʦʥʦʚ ʙʳʪʴ ʵʢʟʦʪʠʯʝʩʢʦʡ ʤʘʪʝʨʠʝʡ 

ʧʦʣʫʯʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʣʠʰʝʥʳ ʢʘʢ ʟʘʨʷʜʘ, ʪʘʢ ʠ ʤʘʩʩʳ. 

ʆʜʥʘʢʦ, ʯʘʩʪʠʮʳ, ʩʭʦʞʠʝ ʩ ʛʨʘʚʠʪʦʥʘʤʠ, ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʵʢʟʦʪʠʯʝʩʢʘʷ 

ʤʘʪʝʨʠʷ. ʇʨʠ ʵʪʦʤ, ʦʥʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʚʥʝʰʥʝ çʜʦʙʘʚʣʝʥʥʘʷè 

ʩʦʩʪʘʚʣʷʶʱʘʷ, ʘ ʩʢʦʨʝʝ, ʢʘʢ ʧʨʦʷʚʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʬʦʨʤʘʭ, ʥʝ 

ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʥʘʰʠʤ ʧʨʠʚʳʯʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ ʠ ʧʦʥʠʤʘʥʠʝʤ. 

ʇʨʠ ʩʠʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʵʢʟʦʪʠʯʝʩʢʦʡ 

ʤʘʪʝʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʧʦʣʷʨʠʟʘʮʠʷ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʭʦʪʷ ʙʳ ʤʘʣʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʛʦ 

ʤʦʞʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʥʠʝ ʩʠʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʙʲʝʢʪ, ʩʦʟʜʘʶʱʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʯʪʦ ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʛʨʘʚʠʪʦʥʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 
ʈɸɿʈɸɹʆʊʂɸ ʄɸʂɽʊɸ ɻʆʈʆɼɸ ʉ ʉʀʉʊɽʄʆʁ ʆʇʆɺɽʑɽʅʀʗ 

ʇʆɾɸʈʆʊʋʐɽʅʀʗ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʠ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʩʭʦʜʷ ʠʟ ʩʪʘʪʠʩʪʠʢʠ [1] ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ 

ʥʝ ʠʤʝʝʪ ʩʪʘʙʠʣʴʥʦʡ ʪʝʥʜʝʥʮʠʠ ʥʘ ʩʧʘʜ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ 

ʟʘʩʪʨʦʡʢʠ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʠʥʝʩʝʥʥʳʡ ʠʤ 

ʫʱʝʨʙ, ʢʦʣʦʩʩʘʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʢʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ 

ʩʧʘʩʝʥʠʷ ʣʶʜʝʡ ʠ ʠʤʫʱʝʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʥʠʷ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʞʙ, 

ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʨʘʥʥʝʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʚʦʟʛʦʨʘʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚʦʩʩʦʟʜʘʪʴ ʥʘʛʣʷʜʥʫʶ ʤʦʜʝʣʴ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʩ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʦʧʦʚʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʞʘʨʥʦʡ ʩʣʫʞʙʳ ʠ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʯʝʨʪʝʞ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ (ʨʠʩ. 1). ʂʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʪʘʣʠ ʟʜʘʥʠʝ 

ʧʦʞʘʨʥʦʡ ʯʘʩʪʠ, ʦʙʦʟʥʘʯʝʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʜʧʠʩʴʶ ʠ ʷʚʣʷʶʱʝʝʩʷ 

ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʚʠʞʝʥʠʷ ʧʦʞʘʨʥʦʡ ʤʘʰʠʥ,r ʜʦʨʦʞʥʘʷ ʩʝʪʴ ʜʣʷ 

ʧʝʨʝʜʚʠʞʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ, ʠ ʤʝʩʪʘ 

ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʦʪʤʝʯʝʥʥʳʝ ʥʘ ʯʝʨʪʝʞʝ ʢʨʝʩʪʠʢʘʤʠ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʣʘʥ ʤʘʢʝʪʘ 

 

ʉʦʟʜʘʚʘʝʤʳʡ ʤʘʢʝʪ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʞʘʨʘ ʠ ʝʛʦ ʫʩʪʨʘʥʝʥʠʷ; 

- ʟʚʫʢʦʚʦʝ ʦʧʦʚʝʱʝʥʠʝ ʦ ʚʦʟʛʦʨʘʥʠʠ; 


