
1 

 
 
 
 
 
 
 
 
 
 
 
 
 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, 
ʕʅɽʈɻɽʊʀʂɸ ʀ ʕʂʆʅʆʄʀʂɸ 

(ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʦʧʪʦʪʝʭʥʠʢʘ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ) 

 
XVI ʄɽɾɼʋʅɸʈʆɼʅɸʗ 

ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂɸʗ ʂʆʅʌɽʈɽʅʎʀʗ 
ʉʊʋɼɽʅʊʆɺ ʀ ɸʉʇʀʈɸʅʊʆɺ 

 
 

25 ï 26 ʘʧʨʝʣʷ 2019 ʛ. 
 

ʉɹʆʈʅʀʂ ʊʈʋɼʆɺ 
ʊʆʄ 2 

 
ʉɽʂʎʀʀ 4,5 

 
 
 
 
 
 
 

ʉʄʆʃɽʅʉʂ       
2019 



2 

ʋɼʂ 621.31+621.3+536+621.1+62.003+621.38 

ʀ74 

 
ʈ ʝ ʮ ʝ ʥ ʟ ʝ ʥ ʪ ʳ : 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʗʢʠʤʝʥʢʦ ʀ.ɺ. 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɹʝʣʷʢʦʚ ʄ.ɺ. 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʉʠʥʷʚʩʢʠʡ ʖ.ɺ. 

 

 

ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ, ʕʅɽʈɻɽʊʀʂɸ ʀ ʕʂʆ-

ʅʆʄʀʂɸ (ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʦʧʪʦʪʝʭʥʠʢʘ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ).  ʉʙ ʪʨʫʜʦʚ XVI-ʦʡ  ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. ʩʪʫʜʝʥʪʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ. ɺ 3 ʪ. ʊ 2. ï 2019. ï  314ʩ. 

 

ISBN 978-5-91412-413-4 

 
ɺ ʩʙʦʨʥʠʢʝ ʧʫʙʣʠʢʫʶʪʩʷ ʪʨʫʜʳ ʫʯʘʩʪʥʠʢʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʢʦʥʦ-

ʤʠʢʘè, ʩʦʩʪʦʷʚʰʝʡʩʷ 25 ï 26 ʘʧʨʝʣʷ 2019 ʛ. ʚ ʬʠʣʠʘʣʝ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦ-

ʣʝʥʩʢʝ, ʚ ʢʦʪʦʨʳʭ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʨʠʛʠʥʘʣʴʥʳʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʦʧʪʦʪʝʭʥʠʢʠ, ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʷʤʠ.  

ʀʟʜʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ  ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʦʚ, ʤʘʛʠ-

ʩʪʨʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ,  ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʦʙʣʘʩʪʷʭ.  
 

 

 

 

 

 

 

 

 

ISBN 978-5-91412-413-4 

 

 

 

 

Éɸʚʪʦʨʳ 

Éçʋʥʠʚʝʨʩʫʤè 

É ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ. 2019 



3 

 

ʉɽʂʎʀʗ 4 
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ʃɸɿɽʈʅʓʁ ɼɸʃʔʅʆʄɽʈ 

 

ʃʘʟʝʨʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʜʘʣʴʥʦʩʪʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʙʳʪʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. ʆʩʥʦʚʥʳʤ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ (ʣʫʯʰʝ 0,1%) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʦʚ, ʠʟ ʢʦ-

ʪʦʨʳʭ ʚʳʜʝʣʷʶʪ ʠʤʧʫʣʴʩʥʳʡ ʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜʳ. ʀʤʧʫʣʴʩʥʳʡ ʤʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʦʪ ʣʘʟʝʨʘ ʜʦ 

ʦʙʲʝʢʪʘ ʠ ʦʙʨʘʪʥʦ, ʜʦ ʧʨʠʝʤʥʠʢʘ. ʇʨʠ ʵʪʦʤ ʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʣʘʟʝʨʘ, ʧʨʠʝʤ-

ʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠ ʘʧʧʘʨʘʪʫʨʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʣʘʟʝʨʘ ʜʦ ʦʙʲʝʢʪʘ 
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ʟʜct
l , 

ʛʜʝ c ð ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, tʟʜ ð ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 1 ʥʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʪʦʷʥʠʝ 15 ʩʤ, 

ʧʦʵʪʦʤʫ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠʤʧʫʣʴʩʥʳʤ ʤʝʪʦʜʦʤ ʠʤʝʝʪʩʷ ʟʥʘ-

ʯʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʣʘʟʝʨʘ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʘ 

ʪʘʢʞʝ ʩ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ. 

ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʘ ʷʚʣʷʝʪʩʷ ʪʨʠʘʥ-

ʛʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ [1], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʝʦʤʝʪʨʠʠ ʪʨʝʫʛʦʣʴʥʠʢʘ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʊʨʠʘʥʛʫʣʷʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ 

ʇʦ ʠʟʚʝʩʪʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʪʦʯʝʢ A ʠ B ʠ ʫʛʣʘʤ Ŭ, ɓ ʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ C. ʃʘʟʝʨ ʧʦʩʳʣʘʝʪ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ, 

ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪ ʧʦʚʝʨʭʥʦʩʪʠ ũ ʚ ʪʦʯʢʝ C. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ ũ ʥʝ ʟʝʨʢʘʣʴʥʘʷ, 
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ʪʦ ʩʚʝʪ ʜʠʬʬʫʟʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʚʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʩʣʠ ʞʝ ʫʩʪʘʥʦʚʠʪʴ ʣʠʥʟʫ (ʦʙʲ-

ʝʢʪʠʚ) ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʝʛʦ ʦʧʪʠʯʝʩʢʘʷ ʦʩʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʦʯʢʫ C, ʪʦ ʦʪʨʘ-

ʞʝʥʥʳʡ ʧʫʯʦʢ ʩʚʝʪʘ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʦʙʲʝʢʪʠʚ, ʙʫʜʝʪ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʚ ʪʦʯʢʝ B. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ũ ʚ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ũ' ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʯʢʠ C' 

ʧʝʨʝʤʝʩʪʠʪʩʷ ʚ ʪʦʯʢʫ B'. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦ ʧʦʣʦʞʝʥʠʶ ʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥʝ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʣʘʟʝʨ ʤʦʞʝʪ ʠʤʝʪʴ ʤʘʣʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʟʠʮʠʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ʵʢʨʘʥ ʧʫʯʢʘ ʩʚʝʪʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʧʨʠʙʦʨʳ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ (ʇɿʉ), ʣʠʙʦ ʘʥʘʣʦʛʦʚʳʡ ʜʘʪʯʠʢ ʧʦʣʦ-

ʞʝʥʠʷ (PSD ð position-sensitive detector). ʇɿʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʪʨʠʮʫ 

ʜʠʩʢʨʝʪʥʳʭ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʌʦʪʦʥʳ, ʧʦʛʣʦʱʝʥʥʳʝ ʚ ʦʙʲʝʤʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʛʝʥʝʨʠʨʫʶʪ ʥʝʦʩʥʦʚʥʳʝ ʥʦʩʠʪʝʣʠ, ʟʘʨʷ-

ʞʘʶʱʠʝ ʄʆʇ-ʢʦʥʜʝʥʩʘʪʦʨʳ, ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫ-

ʪʝʤ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʷʯʝʝʢ ʇɿʉ. 

ʉʪʨʫʢʪʫʨʘ ʜʘʪʯʠʢʘ PSD ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2, ʘ. ʅʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ 

ʧʦʜʣʦʞʢʝ n
ï
 ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʧʦʣʫʯʝʥʳ 2 ʩʣʦʷ: n

+
 ʠ p. ʂ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʳʤ ʢʦʥʮʘʤ ʨʝʟʠʩʪʠʚʥʦʛʦ p-ʩʣʦʷ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʚʘ ʵʣʝʢʪʨʦʜʘ (ʘʥʦʜʘ), ʥʘ 

ʩʣʦʡ n
+
 ʥʘʥʝʩʝʥʘ ʤʝʪʘʣʣʠʟʘʮʠʷ ʢʘʪʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʪʯʠʢ PSD ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʝʤʥʠʝʚʳʡ ʬʦʪʦʜʠʦʜ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʘʥʦʜʦʤ ʠ ʜʚʫʤʷ ʘʥʦʜʥʳʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ. ɺ ʪʦʯʢʝ ʧʘʜʝʥʠʷ ʧʫʯʢʘ ʩʚʝʪʘ ʥʘ ʘʥʦʜ ʚʦʟʥʠʢʘʝʪ ʬʦʪʦʵʬʬʝʢʪ. ʆʙ-

ʨʘʟʦʚʘʚʰʠʝʩʷ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʜʚʠʞʫʪʩʷ ʚ p-ʦʙʣʘʩʪʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʘʥʦʜʥʳʤ 

ʵʣʝʢʪʨʦʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʦʯʢʠ ʧʘ-

ʜʝʥʠʷ ʧʫʯʢʘ. ʆʙʣʘʩʪʴ ʘʥʦʜʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʧʦʪʝʥʮʠʦʤʝʪʨ ʩ ʧʦʣʦʞʝ-

ʥʠʝʤ ʜʚʠʞʢʘ ʚ ʪʦʯʢʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʦʪʦʵʬʬʝʢʪʘ (ʨʠʩ. 2, ʚ). 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʜʘʪʯʠʢʘ PSD (ʘ), ʚʥʝʰʥʠʡ ʚʠʜ (ʙ), ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ (ʚ) 

ɽʩʣʠ p-ʦʙʣʘʩʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʣʝʛʠʨʦʚʘʥʘ ʨʘʚʥʦʤʝʨʥʦ, ʪʦ 

ʧʦʣʦʞʝʥʠʝ ʣʫʯʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʪʦʢʦʚ 

221
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x , 

ʛʜʝ W ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʥʦʜʘʤʠ. 
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ʉʨʘʚʥʠʚʘʷ ʇɿʉ ʠ PSD, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʣʘʟʝʨʥʳʭ ʜʘʣʴʥʦʤʝ-

ʨʘʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪʘ (ʪʦʯʢʠ B) ʥʘ ʵʢʨʘʥʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʪʯʠʢʠ PSD. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ PSD ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇɿʉ: ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

(0,1%, ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ð ʜʦ 0,05% ʠ ʣʫʯʰʝ), ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʥʠʤʘʝʤʦʛʦ 

ʩʠʛʥʘʣʘ (400ï1100 ʥʤ), ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ çʮʝʥʪʨʘ ʤʘʩʩè 

ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ [2]. ʇɿʉ ʠʤʝʝʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʫʶ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʣʠ-

ʯʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʤʝʞʜʫ ʥʠʤʠ. 

ʅʘ ʬʦʪʦʧʨʠʝʤʥʠʢ ʥʘʨʷʜʫ ʩ ʦʪʨʘʞʝʥʥʳʤ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʧʦʧʘʜʘʝʪ ʬʦʥʦʚʳʡ 

ʩʚʝʪ, ʢʦʪʦʨʳʡ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʦʣʝʟʥʳʡ ʩʠʛʥʘʣ ʠ ʚʥʦʩʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʰʠʙʢʫ ʚ ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʬʦʥʦʚʦʡ ʟʘʩʚʝʪʢʠ 

ʧʨʠʤʝʥʷʶʪ ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ, ʦʩʣʘʙʣʷʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ, ʦʪʣʠʯʥʦʡ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʘʟʝʨʘ. 

ɼʣʷ ʧʦʣʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʥʝ ʘʙʩʦ-

ʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʢʦʚ I1 ʠ I2, ʘ ʠʭ ʧʨʠʨʘʱʝʥʠʝ ð ʨʘʟʥʦʩʪʴ ʧʨʠ ʚʳʢʣʯʁʝʥʥʦʤ ʠ 

ʚʢʣʶʯʝʥʥʦʤ ʣʘʟʝʨʝ [3]. ʊʦʛʜʘ ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʩʚʝʪʦʚʦʛʦ ʧʷʪʥʘ 
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ʌʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʧʦʵʪʦʤʫ ʫʨʦʚʝʥʴ ʬʦʥʘ ʠʟʤʝ-

ʨʷʝʪʩʷ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʠʟʤʝʨʝʥʠʠ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʜʘʪʯʠʢʘ PSD 

ʠ ʫʨʦʚʥʝʤ ʰʫʤʦʚ. ʅʝʣʠʥʝʡʥʦʩʪʴ ʜʘʪʯʠʢʘ ʩʦʩʪʘʚʣʷʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʦʣʝʝ 0,1%, 

ʧʨʠʯʝʤ ʦʰʠʙʢʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʦʨʜʠʥʘʪʳ ʧʦ ʟʘʢʦʥʫ, 

ʙʣʠʟʢʦʤʫ ʢ ʣʠʥʝʡʥʦʤʫ (ʨʠʩ. 3) [4]. 

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʦʰʠʙʢʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

ɼʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʦʰʠʙʢʠ ʥʝʦʙʭʦʜʠʤʦ ʣʠʥʝʡʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʟʘʚʠ-

ʩʠʤʦʩʪʴ Ůʥ(x) ʠ ʚʳʯʠʩʣʷʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʩʚʝʪʦʚʦʛʦ ʧʫʯʢʘ 
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22
)(

W
x

W
xx

W
xxx ʠʟʤʠʟʤʠʟʤʠʟʤʥʠʟʤ , 

ʛʜʝ xʠʟʤ ð ʠʟʤʝʨʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʮʝʥʪʨʘ ʧʫʯʢʘ. 
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ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʣʠʙʨʦʚʢʠ ʜʘʪʯʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜ-

ʨʘʪʦʚ 

min
2

2

i

ii x
W

, 

ʛʜʝ Ůi ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʘʪʯʠʢʘ PSD ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ xi. 

i

i

i

ii

x

x

W 2

2
, 

ʄʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʪʯʠʢʘ PSD, ʜʦʩʪʠʞʠʤʘʷ ʧʦʩʣʝ ʢʘ-

ʣʠʙʨʦʚʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʰʫʤʦʚ. 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ ʪʨʠʘʥʛʫ-

ʣʷʮʠʠ  

F

W
PSD

2
, 

ʛʜʝ F ð ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʬʦ-

ʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʣʠʥʟʳ (ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʘʙʘʨʠʪʦʚ ʧʨʠʙʦʨʘ), ʘ ʪʘʢʞʝ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʜʘʪʯʠʢʘ, ʧʨʠʚʦʜʷʱʝʤ ʢ ʩʫʞʝʥʠʶ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4. 

 

ʈʠʩ. 4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʜʘʣʴʥʦʩʪʠ 

ʀʟʤʝʨʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʚ ʣʘʟʝʨʥʦʤ ʜʘʣʴʥʦʤʝʨʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʯʝʪʳʨʝ ʪʘʢʪʘ 

ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ɻʊʀ. ʆʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ A1 ʠ A2 ʧʨʝʦʙ-

ʨʘʟʫʶʪ ʪʦʢʠ I1 ʠ I2 ʜʘʪʯʠʢʘ PSD VD1 ʚ ʥʘʧʨʷʞʝʥʠʝ. ɼʘʣʝʝ ʩʠʛʥʘʣ ʬʠʣʪɹʨʫʝʪʩʷ 

ʌʅʏ ʠ ʫʩʠʣʠʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ A5, A6. ʂʦʤʤʫʪʘʪʦʨ SA1, 

ʧʝʨʝʢʣʶʯʘʶʱʠʡʩʷ ʥʘ ʢʘʞʜʦʤ ʪʘʢʪʝ, ʧʦʜʢʣʶʯʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʘʥʘʣ ʢ 

ʚʭʦʜʫ ɸʎʇ A7. ʂʦʤʤʫʪʘʪʦʨ SA2, ʧʝʨʝʢʣʶʯʘʶʱʠʡʩʷ ʢʘʞʜʳʝ ʜʚʘ ʪʘʢʪʘ, ʧʦʜʘʝʪ 

ʩʠʛʥʘʣ ʚ ʮʠʬʨʦʚʫʶ ʣʠʥʠʶ ʟʘʜʝʨʞʢʠ ʥʘ ʜʚʘ ʪʘʢʪʘ z
-2
, ʣʠʙʦ ʚ ʮʠʬʨʦʚʦʡ ʙʣʦʢ 

ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʣʠʥʠʠ ʟʘʜʝʨʞʢʠ z
-1
, ʩʫʤʤʘʪʦʨʦʚ ʠ ʜʝʣʠʪʝʣʷ. 
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ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʣʠʪʝʣʷ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʦʰʠʙʢʠ ʥʝʣʠʥʝʡʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʠʥʜʠʢʘʪʦʨʥʦʤ ʫʩʪʨʦʡʩʪʚʝ A10. 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ A8 ʫʧʨʘʚʣʷʝʪ ʣʘʟʝʨʦʤ VD2, ʚʢʣʶʯʘʷ ʠ ʚʳʢʣʶʯʘʷ ʝʛʦ ʯʝʨʝʟ 

ʢʘʞʜʳʝ ʜʚʘ ʪʘʢʪʘ. 

ʂʦʤʧʝʥʩʘʮʠʷ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʎɸʇ A8 ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʩʠʣʠʪʝʣʝʡ A5, A6. ɺʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʡ ʩ ʚʳʢʣʶʯʝʥʥʳʤ 

ʣʘʟʝʨʦʤ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ z
-2
 ʬʠʢʩʠʨʫʝʪ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ I1 ʠ I2, ʧʨʠ ʵʪʦʤ ʥʘ ʚʳʭʦʜʝ 

ʣʠʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʫʣʝʚʦʡ ʩʠʛʥʘʣ. ɿʘʪʝʤ ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʜʚʫʭ ʪʘʢʪʦʚ ʚʢʣʶʯʘ-

ʝʪʩʷ ʣʘʟʝʨ, ʣʠʥʠʷ z
-2
 ʚʳʜʘʝʪ ʩʦʭʨʘʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ I1, ʢʦʪʦʨʦʝ ʚʳʯʠʪʘʝʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʩʠʣʠʪʝʣʝʤ A5 ʠʟ ʠʟʤʝʨʷʝʤʦʛʦ ʧʨʠ ʚʢʣʶʯʝʥʥʦʤ ʣʘʟʝʨʝ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʪʘʢʪʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʨʘʩʯʝʪ ʜʘʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʦʢʦʚ, ʘ ʧʦ ʠʭ 

ʧʨʠʨʘʱʝʥʠʷʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʧʨʠ ʠʟʤʝʨʝʥʠʠ 

ʛʘʙʘʨʠʪʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʩʪʦʷʥʠʡ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʘ 

ʪʘʢʞʝ ʧʨʠ ʪʘʤʦʞʝʥʥʦʤ ʢʦʥʪʨʦʣʝ ʠ ʧʨʦʯ. 
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ɸɼɼʀʊʀɺʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɺ ʕʅɽʈɻɽʊʀʂɽ: ʅʆɺɸʗ ʈɽɸʃʔ-

ʅʆʉʊʔ, ʅʆɺʓɽ ɺʆɿʄʆɾʅʆʉʊʀ 

 
ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ï ʦʪʨʘʩʣʴ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚʢʣʶʯʘ-

ʶʱʘʷ ʚ ʩʝʙʷ ʢʦʤʧʣʝʢʩ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʝʞʠʤʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ), ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʦʧʝʨʘ-

ʪʠʚʥʦ-ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ, ʩʙʳʪʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʠʥʳʭ ʠʤʫʱʝ-

ʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʧʣʦʱʘʜʢʦʡ) ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. 

 ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢ-

ʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ ʧʨʠ ʦʙʱʝʤ ʫʧʨʘʚʣʝʥʠʠ ʵʪʠʤ 

ʨʝʞʠʤʦʤ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ, ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʠʨʝ, ʚ ʵʪʫ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʤʦʞʝʪ ʚʢʣʠʥʠʪʴʩʷ ʝʱʸ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʝʱʸ ʦʜʠʥ ʧʨʦʮʝʩʩ:3D-ʧʨʠʥʪʝʨ ʠ ʧʨʦ-

ʮʝʩʩ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʦʩʩʠʡʩʢʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʝ. ɺ ʩʪʨʘʥʝ ʫʞʝ 

ʩʬʦʨʤʠʨʦʚʘʥ ʧʫʣ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʥʘʩʪʦʣʴʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 3D-ʧʨʠʥʪʝʨʦʚ, 
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ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʘʷ ʩʳʨʴʝʚʘʷ ʙʘʟʘ. ɹʦʣʝʝ ʪʦʛʦ, ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʢʦʤ-

ʧʘʥʠʠ ʥʘʤʝʨʝʥʳ ʚʳʭʦʜʠʪʴ ʥʘ ʟʘʨʫʙʝʞʥʳʡ ʨʳʥʦʢ ʠ ʜʘʞʝ ʧʨʝʜʣʘʛʘʪʴ ʤʠʨʫ ʫʥʠ-

ʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝ-

ʤʝʥʪʦʚ  ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, 

ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʟʘʛʨʫʟʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʨʘʬʠʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʩʣʝʜʦʚʘʪʴ 

ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʠ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʥʝʨʛʦʩʠʩʪʝʤʝ ʜʣʷ ʚʳʙʦʨʘ ʵʣʝʢʪʨʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʝʰʘʪʴ ʜʨʫʛʠʝ ʟʘʜʘʯʠ. ɺ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝ 

3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʷʚʠʣʦʩʴ ʥʝ ʪʘʢ ʜʘʚʥʦ, ʥʦ ʫʞʝ ʟʘʚʦʝʚʘʣʦ ʚʩʝʦʙʱʫʶ ʩʣʘʚʫ. 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ ʠ ʯʸʪʢʘʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʝʱʸ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʠ ʧʨʦʩʯʸʪʦʚ. ʅʠ ʜʣʷ 

ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʨʘʙʦʪʘ ʵʥʝʨʛʝʪʠʢʦʚ ʩʚʷʟʘʥʘ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʨʠʩʢʦʤ, ʪʘʢ ʢʘʢ 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʚʳʩʦʪʝ. ʀ ʠʤʝʥʥʦ ʪʘʢʦʡ ʚʠʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʤʦʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʜʦ ʤʝʣʴʯʘʡʰʠʭ 

ʜʝʪʘʣʝʡ ʧʨʦʜʫʤʘʪʴ ʚʩʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʦ ʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʢʦʤʬʦʨʪʘʙʝʣʴʥʫʶ 

ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʩʦʪʨʫʜʥʠʢʦʚ. ʉʣʦʞʥʳʝ ʠ ʦʧʘʩʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʠʟʫʯʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ, ʣʦʤʘʷ ʪʝʭʥʠʢʫ, ï ʠʭ ʞʝ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ.  

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʝʪʝʡ ʊʕʎ (ʪʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ) ʤʦʞʥʦ 

ʣʝʛʢʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʬʦʪʦʛʨʘʬʠʶ ʥʫʞʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʠ ʪʦʧʦʛʨʘʬʠʶ ʤʝʩʪʥʦ-

ʩʪʠ ʠʟ Google Earth, ʘ ʟʘʪʝʤ ʧʦʩʪʨʦʠʪʴ ʠʥʪʝʨʝʩʫʶʱʝʝ ʚʠʨʪʫʘʣʴʥʦʝ ʟʜʘ-

ʥʠʝ-ʤʦʜʝʣʴ ʥʘ ʬʫʥʜʘʤʝʥʪʝ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʩʧʫʪʥʠʢʦʚʘʷ ʬʦʪʦʛʨʘʬʠʷ ʟʜʘ-

ʥʠʷ-ʧʨʦʪʦʪʠʧʘ [1]. ɺʠʨʪʫʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʙʣʦʢʦʚ ʪʝʧʣʦʚʳʭ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʡ (ʊʕʉ) ʤʦʞʝʪ ʩʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠʭ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʦʢʘʟʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʤʦʞʝʪ ʧʦʜʩʢʘʟʘʪʴ ʠʟʥʦʩ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʳʭʦʜ ʠʟ 

ʩʪʨʦʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʚʝʨʭʤʦʱʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʪʘʣʦ ʚʦʟʤʦʞ-

ʥʳʤ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʊʕʉ. ʉʧʝʮʠʘʣʠʩʪʳ ʬʦʥʜʘ çʕʥʝʨʛʠʷ ʙʝʟ ʛʨʘʥʠʮè ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʦʩʥʦʚʳ 

ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʠʨʪʫʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ʠ ʊʕʉ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʥʘ 

ʙʘʟʝ ʤʝʪʦʜʦʣʦʛʠʠ CALS, ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʛʦ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 3D, 4D. ɼʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʪ ʢʦʨʨʝʢʪʥʦʝ ʠ ʚʘʨʠʘʥʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʥʝʨ-

ʛʦʙʣʦʢʦʚ ʠ ʩʪʘʥʮʠʡ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ ʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʦ-ʦʙʲʸʤʥʦʛʦ 

ʦʙʨʘʟʘ ʦʙʲʝʢʪʘ. ʉ ʧʦʤʦʱʴʶ ʪʨʸʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʣʶʙʦʝ ʩʦʦʨʫ-

ʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʞʝ ʥʠʢʦʛʜʘ ʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʥʘ ʧʣʘʥʝʪʝ. ɺ ʧʨʦʤʳʣhʝʥʥʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʯʝʥʴ ʚʘʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʙʫʜʫʱʠʡ ʧʨʦʝʢʪ: ʙʫʜʴ ʵʪʦ ʪʝʧʣʦ-

ʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ (ʊʕʎ) ʠʣʠ ʮʝʤʝʥʪʥʳʡ ʟʘʚʦʜ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʫʯʠʪʳʚʘʝʪʩʷ ʣʶʙʘʷ, ʜʘʞʝ ʩʘʤʘʷ ʤʝʣʢʘʷ ʜʝʪʘʣʴ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʤʥʦʛʠʝ ʦʰʠʙʢʠ 

ʧʨʠ ʚʦʧʣʦʱʝʥʠʠ ʧʨʦʝʢʪʘ ʚ ʞʠʟʥʴ. 
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ʆʜʥʘʢʦ, ʥʘ ʧʨʘʢʪʠʢʝ, ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʣʝʝ-ʤʝʥʝʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ. ɼʝʢʣʘʨʠʨʫʝʤʳʝ ʩʣʦʚʘ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʯʝʨʝʜʥʦʛʦ ʧʨʦʨʳʚʘ, ʥʝ ʚʩʝʛʜʘ ʧʦʜʢʨʝʧʣʝʥʳ ʨʝʘʣʴʥʳʤʠ ʜʝʡ-

ʩʪʚʠʷʤʠ. ʂʦʤʘʥʜʘ ʠʥʞʝʥʝʨʦʚ ʢʦʥʮʝʨʥʘ Siemens ʙʦʣʝʝ ʛʦʜʘ ʨʘʟʨʘʙʘʪʳʚʘʣʘ ʧʫʪʴ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʣʦʧʘʪʦʢ ʛʘʟʦʚʳʭ ʪʫʨʙʠʥ. ʈʝ-

ʟʫʣʴʪʘʪʦʤ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʥʘʩʪʦʷʱʠʡ ʧʨʦʨʳʚ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀ, 

ʢʘʢ ʦʞʠʜʘʝʤʦ, ʛʣʘʚʥʦʝ ʤʝʩʪʦ ʚ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘʥʷʣʠ ʧʦʨʦʰʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ 

ʠ 3D-ʧʝʯʘʪʴ. ʋʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʳʭ ʣʦʧʘʪʦʢ ʩʣʫʞʘʪ ʧʨʝʢʨʘʩʥʳʤ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦʤ ʙʫʜʫʱʝʛʦ 3D-ʧʝʯʘʪʠ ʚ ʥʘʰʝʡ ʦʪʨʘʩʣʠ. ʇʨʦʮʝʩʩ ʣʠʪʴʷ ʠ ʢʦʚʢʠ ʣʦʧʘʪʦʢ 

ʢʨʘʡʥʝ ʪʨʫʜʦʸʤʢʠʡ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʨʦʛʦʩʪʦʷʱʠʡ. ɺ 

ʧʨʦʮʝʩʩʝ ʚʳʩʦʢ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɸʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʣʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʩʦʢʨʘʪʠʣʦ ʩʨʦʢ ʦʪ ʥʘʯʘʣʘ ʨʘʟ-

ʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʜʦ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʜʚʫʭ ʣʝʪ ʜʦ ʜʚʫʭ ʤʝʩʷʮʝʚ! ʅʝ 

ʙʫʜʝʤ ʩʝʡʯʘʩ ʚʜʘʚʘʪʴʩʷ ʚ ʪʦʥʢʦʩʪʠ ʠ ʜʝʪʘʣʴʥʳʝ ʧʦʜʨʦʙʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʦʣʴ 

ʚʘʞʥʦʡ ʜʝʪʘʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʦ ʭʦʯʝʪʩʷ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʩ 

ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ ʣʦʧʘʪʢʠ ï ʵʪʦ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ,  ʦʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʧʦʢʫʧʢʠ, ʘ ʝʱʸ ʣʫʯʰʝ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢʠʭ ʧʨʠʥʪʝ-

ʨʦʚ ʜʣʷ ʥʫʞʜ ʀʥʪʝʨʈɸʆ. ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʧʣʘʥʦʚʦʤ ʨʝʤʦʥʪʝ ʛʘʟʦʪʫʨʙʠʥʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʵʪʦ ʩʥʠʟʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʥʘʰʠ ʜʥʠ ʩ ʫʯʸʪʦʤ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʠ  

ʧʦʚʳʩʠʪ ʵʥʝʨʛʦʙʝʟʦʧʘʩʥʦʩʪʴ ʈʌ. ʄʦʞʥʦ ʥʘʣʘʜʠʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʟʣʦʚ ʠ ʘʛʨʝ-

ʛʘʪʦʚ ʜʦ ʩʦʩʪʦ̫ ʥʠʷ ʧʦʣʥʦʡ ʟʘʚʦʜʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ, ʙʝʟ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (ʤʝʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ) ʜʣʷ ʥʫʞʜ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ 

ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʠ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪʘʭ ʰʝʬ-ʠʥʞʝʥʝʨʦʚ ʢʦʤʧʘʥʠʡ 

(ʙʝʟʫʤʥʘʷ ʵʢʦʥʦʤʠʷ ʜʝʥʝʛ) ʠ ʩʦʢʨʘʪʠʪ ʩʨʦʢʠ ʧʫʩʢʦ-ʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ. C ʧʦʤʦ-

ʱʴʶ 3D-ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʥʝʝ ʩʧʣʘʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ 

ʠ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʩʝ ʧʦʣʫʯʠʪʩʷ ʫʞʝ ʩ ʧʝʨʚʦʡ ʧʦʧʳʪʢʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʩʠʩʪʝʤ ʠ ʠʭ ʚʪʦʨʠʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʥʝʨʛʦʩʠʩʪʝʤ, ʦʧʪʠʤʠʟʘʮʠʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, 

ʦʙʫʯʝʥʠʷ ʠ ʪ.ʜ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʛʣʘʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʢʦʨʧʦʨʘʮʠʠ ʢʘʢ ʈʦʩʢʦʩʤʦʩ, ʈʦʩʪʝʭ, ʈʦʩʘʪʦʤ ʠ ʨʘʟʣʠʯʥʳʝ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ.[2] ʆʜʥʘʢʦ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʫʜʝʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʩʪʦʣʴ ʧʨʦʨʳʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ɽʨʤʦʣʘʝʚʘ ɺ. ɺ., ʅʠʢʦʣʘʝʚ ʀ. ʉ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʵʥʝʨʛʝʪʠʢʝ // ʄʦʣʦʜʦʡ ʫʯʸʥʳʡ. ï 2014. ï ˉ9. ï ʉ. 

148-150. ï URL  https://moluch.ru/archive/68/11730/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2019). 

2. ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ 

https://www.innoprom.com/media/letters/additivnye-tekhnologii-v-rossii-unikalnye-razrabotki-rynok-sbyta-i-gos

podderzhka-/ 
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ɸ.ʉ. ɸʤʝʣʠʥ, ʩʪʫʜ.; ʨʫʢ. ʉ.ɸ. ɸʤʝʣʠʥ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʇʆʃʋʏɽʅʀɽ ɺʅɽʐʅɽʁ (ʅɸɻʈʋɿʆʏʅʆʁ) ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʅɸʇʈʗɾɽʅʀʗ ɺ ʇʈʆɻʈɸʄʄɽ MICRO -CAP 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʙʦʪʳ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʩʪʨʦʡʩʪʚʘ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʠʜ ʝʛʦ ʚʥʝʰʥʝʡ (ʥʘʛʨʫʟʦʯʥʦʡ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʆʙʳʯʥʦ ʪʘʢʘʷ ʟʘʜʘʯʘ ʚʩʪʘʝʪ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʦʚʳʭ ʪʦʧʦʣʦʛʠʡ ʫʩʪʨʦʡʩʪʚ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʅʦ ʦʥʘ ʘʢʪʫʘʣʴʥʘ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʧʨʝʨʳʚʥʳʭ 

ʤʦʜʝʣʝʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʧʦ ʧʦʣʥʦʡ (ʢʣʶʯʝʚʦʡ) ʤʦʜʝʣʠ ʠ ʧʦ 

ʥʝʧʨʝʨʳʚʥʦʡ [1]. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʚʥʝʰʥʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤ ʩʭʝʤʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʂʣʘʩʩʠʯʝʩʢʠ ʚʥʝʰʥʝʡ (ʥʘʛʨʫʟʦʯʥʦʡ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷ-

ʞʝʥʠʷ ʥʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ [2]. ʋ 

ʠʜʝʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʕɼʉ ʵʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʪʦʢʘ (ʚʥʫʪʨʝʥ-

ʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʚʥʦ ʥʫʣʶ). ʏʝʤ ʙʦʣʴʰʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪʝʤ 

ʙʦʣʴʰʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʩ ʨʦʩʪʦʤ ʪʦʢʘ, ʛʨʘʬʠʢ ʩʪʘʥʦʚʠʪʩʷ ʥʘʢʣʦʥʥʳʤ 

(çʧʘʜʘʶʱʘʷè ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ). ɺʝʣʠʯʠʥʘ ʥʘʢʣʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʥʠʤʘʶʪ, ʠʟʤʝʥʷʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʫʟʢʠ 

ʠ ʠʟʤʝʨʷʷ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʊʦʯʥʦ ʪʘʢ ʞʝ 

ʤʦʞʥʦ ʜʝʣʘʪʴ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ Micro-Cap, ʟʘʜʘʚ ʠʟʤʝʥʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʚ Stepping [3]. 

ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʣʫʯʠʪʴ ʢʣʘʩʩʠʯʝʩʢʫʶ ʚʥʝʰʥʶʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠ 

ʵʪʦʤ ʥʝ ʫʜʘʩʪʩʷ. Stepping ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʝʨʠʶ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠ ʪʦʢʘ ʦʪ ʚʨʝʤʝʥʠ, ʧʦ ʢʦʪʦʨʳʤ ʣʠʰʴ ʢʦʩʚʝʥʥʦ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ. ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʢʘ-

ʢʦʡ-ʣʠʙʦ ʛʨʘʬʠʢ, ʥʫʞʥʦ ʬʘʢʪʠʯʝʩʢʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʚʝʜʝʥʥʳʝ ʥʘ 

ʛʨʘʬʠʢʠ: ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ, ʢʦʛʜʘ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʫʞʝ ʟʘʢʦʥʯʘʪʩʷ. ʊ.ʝ. ʚ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʨʘʩʯʝʪʘ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʬʫʥʢʮʠʠ Performance. ʅʦ ʫ ʥʠʭ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ð ʩ ʠʭ ʧʦʤʦ-

ʱʴʶ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʣʴʢʦ ʦʪ ʠʟʤʝʥʷʝʤʦʛʦ ʚ Stepping 

ʧʘʨʘʤʝʪʨʘ [3]. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʧʨʠʝʤ ð ʦʨʛʘʥʠʟʦʚʚrʘʪʴ Stepping ʥʝ ʜʣʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʘ ʜʣʷ ʪʦʢʘ ʥʘʛʨʫʟʢʠ. ʊ.ʝ. ʟʘʤʝʥʠʪʴ ʥʘʛʨʫʟʦʯʥʦʝ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ (ʛʨʘʬʠʢʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ) ʙʫʜʝʪ ʩʫɦ ʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ 

ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʩʣʫʯʘʝ. ʅʦ ʜʣʷ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦ ʥʝ ʠʤʝʝʪ ʟʥʘ-

ʯʝʥʠʷ, ʜʣʷ ʝʸ ʧʦʩʪʨʦʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʨʝʞʠʤ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ 

ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʫʞʝ ʟʘʚʝʨʰʠʣʠʩʴ. 
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ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦ-

ʪʘʢʪʥʦʛʦ ʧʨʷʤʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʩ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʦʙʤʦʪʢʦʡ (ʨʠʩ. 1). ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʘʩʩʤʦʪʨʝʥ ʚ [2].  

V1

300

VD3

L1
50

L3
50

L2
43

VD1

VT1

R1
50

L4
10m

VD2
C1
50u

K1

I1

Out

In

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʦʜʥʦʪʘʢʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ ʩ ʨʘʟʤʘʛʥʠʯʠʚʘʶʱʝʡ ʦʙʤʦʪʢʦʡ 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ ʯʘʩʪʦʪʝ f = 40 ʢɻʮ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣ-

ʥʝʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ D = 0,45, ʚʳʜʘʝʪ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʢʦʣʦ 

80 ɺ ʠ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʳʭ ʪʦʢʦʚ ʜʨʦʩʩʝʣʷ ʜʦ ʤʠʥʠʤʘʣʥɹʦʛʦ ʪʦʢʘ 

300 ʤɸ. ʇʦʩʪʨʦʝʥʠʝ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʦʪ 0,5 ɸ ʜʦ 10 ɸ. 

ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ Transient 

ʜʣʷ ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ ʪʦʢʘ, ʚʳʙʠʨʘʷ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʪʘʢʠʤ, ʯʪʦʙʳ ʧʝʨʝʭʦʜʥʳʡ 

ʧʨʦʮʝʩʩ ʧʦʣʥʦʩʪʴʶ ʟʘʢʦʥʯʠʣʩʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʩʝʨʴʝʟʥʘʷ ʧʨʦʙʣʝʤʘ. ʇʨʠ 

ʧʦʜʢʣʶʯʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʚʤʝʩʪʦ ʨʝʟʠʩʪʦʨʘ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ 

ʩʠʣʴʥʦ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʠ ʚʨʝʤʷ ʚʳʭʦʜʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʩʫɦ ʝʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ (ʧʨʠʤʝʨʥʦ ʜʦ 500 ʤʩ), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20 000 ʧʝʨʠʦʜʘʤ ʢʦʤʤʫʪʘ-

ʮʠʠ (ʨʠʩ. 2). 

 

ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ 

ʈʘʩʯʝʪ 20 000 ʧʝʨʠʦʜʦʚ ʢʦʤʤʫʪʘʮʠʠ ʜʘʞʝ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʟʘʥʠʤʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʚʨʝʤʝʥʠ 

(ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ). ʀ ʧʨʠ ʵʪʦʤ ʚʳʯʠʩʣʷʶʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʘ ʪʦʯʢʘ ʥʘʛʨʫʟʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʛʨʘʬʠʢʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʭʦʪʷ ʙʳ ʧʦ 20 ʨʘʩʯʝʪʥʳʤ 

ʪʦʯʢʘʤ, ʧʦʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʯʘʩʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ 

ʪʘʢʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ. ɼʘʞʝ ʝʩʣʠ ʧʦʧʳʪʘʪʴʩʷ ʫʩʨʝʜʥʠʪʴ 
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ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʬʫʥʢʮʠʝʡ AVG (ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘ ʟʘʜʘʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ), ʪʦ ʥʫʞʥʦʡ ʪʦʯʥʦʩʪʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʩʝ 

ʨʘʚʥʦ ʧʨʠʭʦʜʠʪʩʷ ʜʦʙʠʚʘʪʴʩʷ ʧʨʠʤʝʨʥʦ ʚʩʸ ʪʝ ʞʝ 500 ʤʩ. 

ʋʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʝʨʝʢʣʶʯʠʚ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩ ʦʙʳʯʥʦʡ ʚ ʪʦʯʥʦʩʪʴ 

ʜʣʷ ʩʠʣʦʚʳʭ ʩʭʝʤ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʚʦ ʚʢʣʘʜʢʝ Global Settings ʢʥʦʧʢʦʡ Power Default. 

ʅʦ ʵʪʦʛʦ ʤʘʣʦ. ʀ ʩʥʦʚʘ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʧʨʠʝʤʫ. ʊʦʢ 

ʜʨʦʩʩʝʣʷ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʠʟʚʝʩʪʝʥ (ʦʥ ʨʘʚʝʥ ʪʦʢʫ ʥʘʛʨʫʟʢʠ. ʅʘʧʨʷʞʝ-

ʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʦʞʝ ʠʟʚʝʩʪʥʦ (ʧʨʠʤʝʨʥʦ 80 ɺ). Micro-Cap ʧʦʟʚʦʣʷʝʪ ʫʢʘʟʘʪʴ 

ʵʪʠ ʟʥʘʯʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʩʯʝʪʘ [3]. ʊʦʛʜʘ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦ-

ʮʝʩʩ ʟʘʢʦʥʯʠʪʩʷ ʙʳʩʪʨʝʝ. ʅʘʯʘʣʴʥʳʡ ʪʦʢ ʜʨʦʩʩʝʣʷ ʠ ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʝ ʟʘʜʘʝʪʩʷ ʜʠʨʝʢʪʠʚʦʡ IC ʧʦʩʣʝ ʧʘʨʘʤʝʪʨʘ (ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʜʨʦʩʩʝʣʷ). ʊ.ʝ. ʚ ʧʦʣʝ ʟʘʜʘʥʠʷ ʝʤʢʦʩʪʠ ʥʘʜʦ ʥʘʧʠʩʘʪʴ 50u IC=80, ʘ 

ʚ ʧʦʣʝ ʟʘʜʘʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ð 10m IC=10 (ʜʣʷ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ 10 ɸ). ʇʝʨʝ-

ʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ AVG(V(Out)) ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʳʩʪʨʝʝ, ʧʨʠʤʝʨʥʦ ʟʘ 50 ʤʩ (ʨʠʩ. 3). ʊ.ʝ. ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʨʠʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʯʝʪʘ ʚ 10 ʨʘʟ. 

 

ʈʠʩʫʥʦʢ 3 ï ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʨʠʥʫʜʠʪʝʣʥɹʦʡ 

ʫʩʪʘʥʦʚʢʝ ʪʦʢʦʚ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʠ ʥʘʧʨʷʞʝʥʠʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

ʊʘʢʦʝ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʫʞʝ ʧʨʠʝʤʣʝʤʦ. ʆʜʥʘʢʦ, ʝʩʣʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʪʝʧʧʠʥʛ 

ʧʦ ʪʦʢʫ (ʠʟʤʝʥʝʥʠʝ ʪʦʢʘ ʩ ʟʘʜʘʥʥʳʤ ʰʘʛʦʤ), ʪʦ ʥʫʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʥʷʪʴ ʠ 

ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʠ ʜʠʨʝʢʪʠʚʫ IC ʚ ʧʘʨʘʤʝʪʨʘʭ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ, ʟʘʧʠʩʘʪʴ ʝʸ ʠ ʚ ʠʩʪʦʯʥʠʢʝ, ʠ 

ʚ ʜʠʨʝʢʪʠʚʝ, ʘ ʚ ʩʪʝʧʧʠʥʛʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʵʪʦʡ ʩʠʤʚʦʣʴʥʦʡ ʧʝʨʝʤʝʥ-

ʥʦʡ. 

ʉʠʤʚʦʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʟʘʜʘʝʪʩʷ ʜʠʨʝʢʪʠʚʦʡ .Define ʥʘ ʧʦʣʝ ʩʭʝʤʳ. ʇʫʩʪʴ 

ʵʪʦ ʙʫʜʝʪ ʧʝʨʝʤʝʥʥʘʷ ʩ ʠʤʝʥʝʤ VAR. ʊʘʢʞʝ ʚ ʜʠʨʝʢʪʠʚʝ ʟʘʜʘʜʠʤ ʝʸ ʟʥʘʯʝʥʠʝ ʧʦ 

ʫʤʦʣʯʘʥʠʶ (ʥʘʧʨʠʤʝʨ, 1): .Define VAR 1. 

ɺ ʧʦʣʝ ʟʘʜʘʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʥʘʜʦ ʟʘʧʠʩʘʪʴ 10m IC=VAR, ʘ ʚ ʧʦʣʝ ʟʘʜʘʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʟʘʧʠʩʘʪʴ VAR ʚʤʝʩʪʦ ʟʥʘʯʝʥʠʷ ʪʦʢʘ (ʨʠʩ. 4). ɼʣʷ ʟʘʜʘʥʠʷ ʩʪʝʧ-

ʧʠʥʛʘ ʩʠʤʚʦʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʚ ʧʘʨʘʤʝʪʨʘʭ Stepping ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʬʣʘʞʦʢ Symbolic.  
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K1

I1

VAR

.Define VAR 1

Out

In

 
ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʤʦʜʝʣʠ Micro-Cap ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚʥʝʰʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʛʨʘʬʠʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʘʥʘʣʠʟʝ Transient. ɿʥʘʯʝʥʠʝ ʚ ʧʦʩʣʝʜ-

ʥʝʡ ʪʦʯʢʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʫʥʢʮʠʝʡ Y_Level (ʵʪʦ ʦʜʥʘ ʠʟ ʬʫʥʢʮʠʡ Performance). 

ʕʪʘ ʬʫʥʢʮʠʷ ʚʳʯʠʩʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʦ Y ʜʣʷ ʟʘʜʘʥʥʦʡ ʘʙʩʮʠʩʩʳ ʍ. ɺ ʢʘʯʝʩʪʚʝ ʍ 

ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʚʨʝʤʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʝ ʨʘʩʯʝʪʘ (ʪ.ʝ. ʟʘʧʠʩʘʪʴ 

Tmax).  

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʘʥʘʣʠʟʘ Transient ʩ ʥʘʩʪʨʦʝʥʥʳʤ Stepping ʧʨʦʛʨʘʤʤʘ Mi-

cro-Cap ʩʪʨʦʠʪ ʩʝʤʝʡʩʪʚʦ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ. ɿʘʪʝʤ ʧʦ ʟʥʘ-

ʯʝʥʠʷʤ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʩʣʝʜʥʝʡ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʝ (ʪ.ʝ. ʚ ʫʩʪʘʥʦʚʠʚh ʝʤʩʷ 

ʨʝʞʠʤʝ) ʩʪʨʦʠʪ ʚʳʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʨʠʩ. 5). 

 
ʘ      ʙ 

ʈʠʩʫʥʦʢ 5 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ Transient: ʘ ï ʩʝʤʝʡʩʪʚʦ ʛʨʘʬʠʢʦʚ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʦʢʘʭ ʥʘʛʨʫʟʢʠ; ʙ ï ʚʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʛʨʘʬʠʢ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʷ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʷʤʦʡ ʣʠʥʠʝʡ [2]. ʇʦʣʫʯʝʥ ʨʝʟʫʣʴʪʘʪ ʚʝʩʴʤʘ ʙʣʠʟʢʠʡ ʢ 

ʧʨʷʤʦʡ (ʨʠʩ. 5, ʙ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʘʢ ʠ ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʠʠ, çʞʝʩʪʢʘʷè, ʪ.ʝ. 

ʥʘʧʨʷʞʝʥʠʝ ʤʘʣʦ ʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʢʘ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʦʢʘ ʦʪ 0,5 ɸ ʜʦ 10 ɸ (ʪ.ʝ. ʚ 20 ʨʘʟ) ʥʘʧʨʷʞʝʥʠʝ ʤʝʥʷʝʪʩʷ ʦʪ 82 ʜʦ 79 ɺ, ʪ.ʝ. ʥʘ 
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3,75%. ʅʦ ʝʩʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʢʘʞʝʪʩʷ ʚ ʨʝʞʠʤʝ ʧʨʝʨʳʚʠʩʪʳʭ ʪʦʢʦʚ ʜʨʦʩ-

ʩʝʣʷ, ʪʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʝʪ (ʨʠʩ. 6). 

 

ʈʠʩʫʥʦʢ 6 ï ɺʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʷʤʦʭʦʜʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʙʦʪʘ-

ʶʱʝʛʦ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʚ ʨʝʞʠʤʝ ʨʘʟʨʳʚʥʳʭ ʪʦʢʦʚ ʜʨʦʩʩʝʣʷ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʤʝʪʦʜ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʥʝʰʥʝʡ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʧʨʦʛʨʘʤʤʝ Micro-Cap 9. ɺ 

ʩʪʘʨʰʠʭ ʚʝʨʩʠʷʭ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ (v. 10ï12) ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʝʱʝ ʙʦʣʴʰʝ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-07-00343 ɸ çʅʝʧʨʝʨʳʚʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʠʤʧʫʣʴʩʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʩʦ ʩʣʦʞʥʦʡ ʪʦʧʦʣʦʛʠʝʡè. 
 

ʃʠʪʝʨʘʪʫʨʘ 

 

ɸʤʝʣʠʥʘ ʄ.ɸ., ɸʤʝʣʠʥ ʉ.ɸ., ʌʨʦʣʢʦʚ ʆ.ɸ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝʣʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ // ɺʝʩʪʥʠʢ ʄʕʀ. 2016. ˉ 2. ʉ. 70ï74. 

ʇʦʣʠʢʘʨʧʦʚ ɸ.ɻ., ʉʝʨʛʠʝʥʢʦ ɽ.ʌ. ʆʜʥʦʪʘʢʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ 

ʈʕɸ. ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1989.  

ɸʤʝʣʠʥʘ ʄ.ɸ., ɸʤʝʣʠʥ ʉ.ɸ. ʇʨʦʛʨʘʤʤʘ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ Micro-Cap. ɺʝʨʩʠʠ 9, 10. [ʕʣʝʢ-

ʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸʤʝʣʠʥʘ ʄ.ɸ., ɸʤʝʣʠʥ ʉ.ɸ ï ʕʣʝʢʪʨʦʥ. ʪʝʢʩʪʦʚʳʝ ʜʘʥ. ï ʉʇʙ. : ʃʘʥʴ, 2014. 

ï 632 ʩ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL http://e.lanbook.com/books/element.php?pl1_id=53665 

 

ɸ.ʉ. ɸʤʝʣʠʥ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ɸʤʝʣʠʥʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʏɸʉʊʆʊʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆʉʃɽɼʆɺɸ-

ʊɽʃʔʅʆ-ʇɸʈɸʃʃɽʃʔʅʆ ʇʈɽʆɹʈɸɿʆɺɸʊɽʃʗ ʅɸʇʈʗɾɽʅʀʗ ʇʆ 

ɽɻʆ ʅɽʇʈɽʈʓɺʅʆʁ ʄʆɼɽʃʀ 
 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʥʝʝ ʥʝʧʨʝʨʳʚʥʘ ̫ʤʦʜʝʣ ɹʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ (ʩʤ. ʩʪʘʪʴʶ çʇʦʩʪʨʦʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʡ ʤʦʜʝʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʞ̫ʝʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ 

ʨʝʞʠʤʝ ʥʝʧʨʝʨʳʚʥʳʭ ʪʦʢʦʚ ʜʨʦʩʩʝʣʷè) ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ʝʸ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

http://e.lanbook.com/books/element.php?pl1_id=53665
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ʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ [1]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ Mi-

cro-Cap ʧʨʦʚʦʜʠʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʣʠʥʝʘʨʠʟʘʮʠʷ ʵʪʦʡ ʤʦʜʝʣʠ [1]. ʇʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʧʨʦʚʝʨʢʘ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʢʦʨʨʝʢʪʥʦ ʦʥʘ ʚʳʧʦʣʥʷʝʪʩʷ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʙʳʣʘ ʚʟʷʪʘ ʠʩʭʦʜʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1, ʘ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʩʪʨʦʝʥʘ 

ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1, ʙ).  

E1

(Vin/(1-D)^2)*(1-s*L*D/(R*(1-D)^2))/(1+s*L/(R*(1-D)^2)+s^2*L*C/(1-D)^2)

E2
V(in)*V(d)-V(out)*(1-V(d))

V1

{Vin}

Ri

0
V2
{D}

L

{L}
G1

i(L)*(1-V(d))

C

{C}

R
{R}

Vsmall_1

Vsmall_2

˹͔͙͔͚ͤͤ͊͡Ύ ͔͔ͤͨͪͪ·͍ͤ͊Ύ ͔ͣͦ͒͡Έ ͍ ͔͙͔ͪ͗ͣ ˾˹́

Out_L

.DEFINE C 68u

.DEFINE R 36

.DEFINE L 270uH

.DEFINE Vin 75V

.DEFINE fs 40kHz

.DEFINE D 0.516

outdin

˶͙͔͙͍ͤ͊ͪͦ͊ͤͤ͊͘Ύ ͔͔ͤͨͪͪ·͍ͤ͊Ύ ͔ͣͦ͒͡Έ ͍ ͔͙ͦͪͫͭͤͦͫͭ͟ ͎͊͒͊ͤͤͦͦ͘ ͫͭ͊ͼ͙͎ͦͤ͊ͪͤͦͦ ͔͙ͪ͗ͣ͊

 
ʈʠʩ. 1 ð ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʣʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝ-

ʥʠʷ: ʘ ï ʥʝʣʠʥʝʡʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ, ʙ ï ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʜʚʫʤ ʵʪʠʤ ʚʘʨʠʘʥʪʘʤ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 2. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʛʨʘʬʠʢʘʤ ʚʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʠ ʚʝʜʫʪ ʩʝʙʷ ʦʜʠʥʘʢʦʚʦ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʠʥʝʘʨʠʟʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚʝʨʥʦ ʠ ʚʝʨʝʥ ʚʳʚʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʠʧʘ 

ʟʚʝʥʘ (ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʟʚʝʥʦ ʩ ʜʚʦʡʥʳʤ ʣʝʚʳʤ ʧʦʣʶʩʦʤ LHPP ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ 

ʬʦʨʩʠʨʫʶʱʠʤ ʟʚʝʥʦʤ ʩ ʧʨʘʚʳʤ ʥʫʣʸʤ RHPZ), ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴ. 

 
ʈʠʩ. 2 ð ʇʦʩʪʨʦʝʥʠʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʘʚʣʝʥʠʝ-ʚʳʭʦʜ ʩ ʧʦʤʦʱʴʶ  

ʥʝʣʠʥʝʡʥʦʡ ʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʝʡ 
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ʆʜʥʘʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʢʦʥʬʠ-

ʛʫʨʘʮʠʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʘ ʥʝ ʥʝʧʨʝʨʳʚʥʘ, ʘ ʜʠʩʢʨʝʪʥʘ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ 

ʩʪʝʧʝʥʠ ʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʠʣʠ ʦ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ ʘʜʝʢʚʘʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʥʝʦʙʭʦʜʠʤʦ 

ʩʥʷʪʴ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ (ʢʣʶʯʝʚʦʡ) ʤʦʜʝʣʠ ʨʝ-

ʛʫʣʷʪʦʨʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʩ ʫʩʧʝʭʦʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʠʤʫʣʷʪʦʨ PSIM [2]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ SPICE, PSIM ʩʦʭʨʘʥʷʝʪ ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʚʨʝʤʝʥʥʦʡ ʰʘʛ ʚʦ ʚʨʝʤʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʯʠʪʘʝʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʠʜʝʘʣʴʥʳʤʠ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʪʝʨʴ ʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʚʦ ʚʢʣʶʯʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ) ʠʣʠ ʧʨʠ ʧʝʨʝʢʣʶ-

ʯʝʥʠʠ (ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ). ʂʨʦʤʝ ʪʦʛʦ, ʩʠʤʫʣʷʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʢʫʩʦʯ-

ʥʦ-ʣʠʥʝʡʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪ ʥʝʣʠʥʝʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʘ ʢʫʩʦʯ-

ʥʦ-ʣʠʥʝʡʥʳʝ ʬʨʘʛʤʝʥʪʳ. ʇʨʠ ʵʪʦʤ ʚʨʝʤʷ ʩʠʤʫʣʷʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ! 

ʉʭʝʤʘ ʤʦʜʝʣʠ PSIM ʜʣʷ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

 

ʈʠʩ. 3 ð ʉʭʝʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʘʚʣʝʥʠʝ-ʚʳʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʣʶʯʝʚʦʡ ʤʦʜʝʣʠ ʚ ʩʨʝʜʝ ʩʠʤʫʣʷʪʦʨʘ PSIM 

 

ʈʠʩ. 4 ð ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʧʨʘʚʣʝʥʠʝ-ʚʳʭʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʶʯʝʚʦʡ ʤʦʜʝʣʠ ʚ 

ʩʨʝʜʝ ʩʠʤʫʣʷʪʦʨʘ PSIM 
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ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʝʥʠʝ-ʚʳʭʦʜ ʜʣʷ ʤʘʣʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʚ 

ʦʢʨʝʩʪʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ D=0.516, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʚ PSIM ʢʣʶʯʝʚʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 4. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʤʝʨʥʦ ʜʦ ʧʦʣʦʚʠʥʳ ʯʘʩʪʦʪʳ ʢʦʤ-

ʤʫʪʘʮʠʠ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ð ʜʦ 20 ʢɻʮ). ʕʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʪʝʦʨʝʤʦʡ ʦ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʂʦʪʝʣʴʥʠʢʦʚʘ-ʅʘʡʢʚʠʩʪʘ. 

ʉʦʚʧʘʜʝʥʠʝ ʛʨʘʬʠʢʦʚ ʜʦʢʘʟʳʚʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʸ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 19-07-00343 ɸ çʅʝʧʨʝʨʳʚʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʠʤʧʫʣʴʩʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʘʧʨʷʞʝʥʠʷ ʩʦ ʩʣʦʞʥʦʡ ʪʦʧʦʣʦʛʠʝʡè. 
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ʇʈʀʄɽʅɽʅʀɽ ʆɹʈɸʊʅʆʁ ʉɺʗɿʀ ɼʃʗ ɼɺʀɻɸʊɽʃɽʁ 3D ʇʈʀʅʊɽʈɸ 
 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 3D-ʧʨʠʥʪʝʨʦʚ ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʧʦʣʦʞʝʥʠʝ ʵʢʩʪʨʫʜʝʨʘ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʘʢʦʧʣʝʥʠʶ ʦʰʠʙʢʠ ʧʨʠ ʧʨʦʧʫʩʢʝ ʰʘʛʦʚ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʷʚ-

ʣʷʝʪʩʷ ʤʦʥʪʘʞ ʥʘ ʜʚʠʞʫʱʠʝ ʦʩʠ ʪʦʨʮʝʚʳʭ ʜʘʪʯʠʢʦʚ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 
 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3D-ʧʨʠʥʪʝʨ, ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʜʘʪʯʠʢ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʵʥʢʦʜʝʨ. 

 

ʇʨʦʧʫʩʢ ʰʘʛʦʚ ʜʚʠʛʘʪʝʣʷ ʚ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥ: 

Å ʥʝʧʨʘʚʠʣʴʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʜʨʘʡʚʝʨʦʚ ʜʚʠʛʘʪʝʣʝʡ; 

Å ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʛʨʫʟʢʘʤʠ ʐɼ; 

Å ʵʬʬʝʢʪ ʨʝʟʦʥʘʥʩʘ ʐɼ ʠʟ ʟʘ ʠʥʜʫʢʪʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ. 

Å ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ; 

Å ʜʝʬʝʢʪ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʥʘ ʜʨʘʡʚʝʨ ʐɼ; 

ʆʙʳʯʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 3D ʧʨʠʥʪʝʨʦʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨ, ʜʨʘʡʚʝʨʘ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʢʦʥʮʝʚʳʝ ʜʘʪʯʠʢʠ, ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʠʣʦʚʳʝ ʢʣʶʯʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

3D-ʧʨʠʥʪʝʨʘ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ (ʨʠʩ. 1), ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʜʘʪʯʠʢʠ ʫʛʣʘ ʧʦʚʦʨʦʪʘ. 
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ʈʠʩʫʥʦʢ 1 ð ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 3D-ʧʨʠʥʪʝʨʘ 

ɼʣʷ ʩʯʠʪʳʚʘʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʵʢʩʪʨʫʜʝʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʥʢʦʜʝʨʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʰʘʛʦʚ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʜʝʪʝʢ-

ʪʠʨʦʚʘʥʠʝ ʚʧʣʦʪʴ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ ʛʨʘʜʫʩʘ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

E6D-CWZ1E 6000P/R (ʨʠʩ. 2) [1]. 

 
ʈʠʩʫʥʦʢ 2 ð ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʧʫʣʴʩʦʚ E6D--CWZ1E 

 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʜʘʪʯʠʢʘ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʙʠʪʥʳʡ 

ʢʦʜ ɻʨʝʷ. ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʣʦʞʥʳʭ ʩʨʘ-

ʙʘʪʳʚʘʥʠʡ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʢʦʥʪʘʢʪʦʚ ʵʥʢʦʜʝʨʘ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩʯʠʪʳʚʘʝʪ 

ʠʤʧʫʣʴʩʳ ʩ ʢʘʞʜʦʛʦ ʢʘʥʘʣʘ. ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʧʨʝʜʳʜʫʱʠʤ, 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʠ ʟʘʧʫʩʢʘʝʪ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ. ʇʦ ʢʦʣʠʯʝ-

ʩʪʚʫ ʠʤʧʫʣʴʩʦʚ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʘʣʘ. ɺ ʧʨʦʛʨʘʤʤʝ ʩʭʝʤʦʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ PROTEUS ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʶʱʘʷ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʨʠʩ. 3). 
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ʈʠʩʫʥʦʢ 3 ð ʄʦʜʝʣʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʢʦʥʪʨʦʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʵʢʩʪʨʫʜʝʨʘ 

 

ɼʘʪʯʠʢʦʤ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʚʳʩʪʫʧʘʝʪ DC-ʤʦʪʦʨ ʩ ʚʩʪʨʦʝʥʥʳʤ ʵʥʢʦʜʝʨʦʤ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʫʣʴʩʘʮʠʡ ʟʘ ʦʙʦʨʦʪ ʜʣʷ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 360. 

ʏʪʦʙʳ ʫʙʨʘʪʴ ʠʥʝʨʮʠʶ ʨʦʪʦʨʘ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʦʢ ʚʳʩʪʘʚʣʝʥʘ ʚ 0 ɻʥ, ʥʦ-

ʤʠʥʘʣʴʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘʛʨʫʞʝʥ ʥʘ 99%. ʇʝʨʝʢʣʶʯʘʪʝʣʠ SW1-SW3 ʦʪ-

ʚʝʯʘʶʪ ʟʘ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ. ɿʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘʤʳʢʘʥʠʝʤ 

ʮʝʧʠ ʢʥʦʧʢʦʡ. ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʧʫʣʴ-

ʩʦʚ ʩ ʜʘʪʯʠʢʦʚ ʦʩʝʡ (ʨʠʩ. 4) ʠ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʢʩʪʨʫʜʝʨʘ 

(ʨʠʩ. 5). 

 
ʈʠʩʫʥʦʢ 4 ð ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠʤʧʫʣʴʩʦʚ ʩ ʵʥʢʦʜʝʨʦʚ. 

 
ʈʠʩʫʥʦʢ 5 ð ɿʥʘʯʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʩ ʜʘʪʯʠʢʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 
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ʉ ʧʦʤʦʱʴʶ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ Watch Window (ʨʠʩ. 5) ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʠʤ-

ʧʫʣʴʩʳ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʩ ʵʥʢʦʜʝʨʦʚ ʥʘ ʧʦʨʪ ʄʂ, ʠ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʦʚ 

ʠʤʧʫʣʴʩʦʚ ʢʘʞʜʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ ʦʩʠ. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʟʘ ʦʙʦʨʦʪ 

ʩʦʩʪʘʚʣʷʝʪ 360, ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʦʚ ʷʚʣʷʶʪʩʷ ʫʛʣʦʤ ʧʦʚʦʨʦʪʘ. ɼʣʷ E6D-CWZ1E 

6000P/R ʩ 6000 ʠʤʧʫʣʴʩʘʤʠ ʟʘ ʦʙʦʨʦʪ ʛʨʘʜʫʩʥʘʷ ʤʝʨʘ ʦʜʥʦ ʠʤʧʫʣʴʩʘ ʩʦʩʪʘʚʠʪ 
0,06 . ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʤʝʨʫ ʢʘʢ ʤʥʦʞʠʪʝʣʴ ʜʣʷ ʩʯʝʪʯʠʢʘ ʠʤʧʫʣʴʩʦʚ ʧʦʣʫʯʠʤ 

ʚʝʣʠʯʠʥʫ ʧʦʚʦʨʦʪʘ ʚ ʛʨʘʜʫʩʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ ʤʦʞʥʦ ʧʨʠʚʷʟʘʪʴ ʢʘʢ ʢ ʫʛʣʫ ʧʦʚʦʨʦʪʘ 

ʚʘʣʘ, ʪʘʢ ʠ ʧʨʦʡʜʝʥʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʰʘʛʘ ʨʝʟʴʙʳ ʚʘʣʘ ʠʣʠ ʢ 

ʜʠʘʤʝʪʨʫ ʰʢʠʚʘ, ʝʩʣʠ ʜʚʠʞʝʥʠʝ ʧʨʠʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ʇʨʠ 

ʧʨʦʧʫʩʢʝ ʰʘʛʦʚ ʜʚʠʛʘʪʝʣʴ ʙʫʜʝʪ ʚʨʘʱʘʪʴ ʚʘʣ, ʧʦʢʘ ʥʝ ʩʨʘʙʦʪʘʝʪ ʫʩʣʦʚʠʝ ʧʨʝ-

ʨʳʚʘʥʠʷ ʦʪ ʩʯʝʪʯʠʢʘ. ʃʠʰʥʠʝ ʰʘʛʠ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʚʝʨʷʪʴ ʫʩʣʦʚʠʝʤ ʠ ʚʦʟ-

ʚʨʘʱʘʪʴ ʵʢʩʪʨʫʜʝʨ ʚ ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

E6D-C. High-resolution Encoder. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL 

https://www.ia.omron.com/data_pdf/cat/e6d-c_ds_e_5_1_csm497.pdf?id=489 

ɸʙʨʘʤʝʥʢʦʚʘ ʀ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʷʟʳʢʘ ʉʠ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʩʝʤʝʡʩʪʚʘ AVR ʚ 

ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʥʦ ʢʫʨʩʫ çʆʩʥʦʚʳ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʪʝʭʥʠ-

ʢʠè / ʀ.ɺ. ɸʙʨʘʤʝʥʢʦʚʘ, ʅ.ʉ. ʉʝʤʯʝʥʢʦʚ, ʖ.ɺ. ʊʨʦʠʮʢʠʡ ï ʉʤʦʣʝʥʩʢ: ʌʠʣʠʘʣ ɻʆʋɺʇʆ çʄʕʀ (ʊʋ)è ʚ ʛ. 

ʉʤʦʣʝʥʩʢʝ, 2007. ð 84 ʩ. 

 
ɺ.ʀ. ɸʥʪʦʥʝʥʢʦʚ, ʤʘʛ.; ʀ.ɸ. ɹʦʣʦʙʠʥ, ʤʘʛ.; ʨʫʢ. ʉ.ɺ. ɼʨʦʟʜʝʮʢʠʡ, ʘʩʩ.  

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʊʆɼʆɺ ʀɿʄɽʈɽʅʀʗ ʇɸʈɸɿʀʊʅʓʍ ɪʄʂʆ-

ʉʊɽʁ ɹʀʇʆʃʗʈʅʓʍ ʊʈɸʅɿʀʉʊʆʈʆɺ ʉ ʀɿʆʃʀʈʆɺɸʅʅʓʄ ɿɸ-

ʊɺʆʈʆʄ 
 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʟʘʜʝʨʞʢʫ ʧʝʨʝʢʣʶʯʝʥʠʡ 

ɹʊʀɿ ʷʚʣʷʶʪʩʷ ʠʭ ʧʘʨʘʟʠʪʥʳʝ ʸʤʢʦʩʪʠ (.,, rssossiss CCC ) [1]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʜʘʥ-

ʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ɻʆʉʊʘʭ, ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ [2]. 

ɼʘʥʥʳʝ ʸʤʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʩʫʤʤʫ ʸʤʢʦʩʪʝʡ ɹʊʀɿ:  

 ʚʭʦʜʥʘʷ ʸʤʢʦʩʪʴ ɹʊʀɿ: ;GCGEiss CCC  

 ʚʳʭʦʜʥʘʷ ʸʤʢʦʩʪʴ ɹʊʀɿ: ;GCCEoss CCC  

 ʧʝʨʝʜʘʪʦʯʥʘʷ (ʧʨʦʭʦʜʥʘʷ) ʸʤʢʦʩʪʴ ɹʊʀɿ: .GCrss CC   

ʈʝʰʝʥʠʝʤ ʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʝ ʬʠʨʤʦʡ Iʊ ʪʝ-

ʩʪʦʚʳʝ ʩʭʝʤʳ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʩʭʝʤ 

ʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʊʘʢʞʝ, ʧʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʛʦʪʦʚʘʷ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ, ʘ ʝʛʦ ʫʧʨʦʱʸʥʥʘʷ ʚʥʫʪʨʝʥ-

ʥʷʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʚʠʜʝ ʢʣʶʯʘ ʠ ʪʨʸʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʠ ʠʛʨʘʶʪ ʨʦʣʴ ʧʘ-

ʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ. ɼʘʥʥʦʝ ʫʧʨʦʱʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʪʨʘʥʟʠʩʪʦʨʝ ʧʨʠ-

ʩʫʪʩʪʚʫʶʪ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʘʢ ʞʝ ʧʨʠ ʜʘʥʥʦʤ ʫʧʨʦʱʝʥʠʠ ʤʦʞʥʦ ʩʨʘʟʫ 

https://www.ia.omron.com/data_pdf/cat/e6d-c_ds_e_5_1_csm497.pdf?id=489
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ʦʧʨʝʜʝʣʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. 

ɼʣʷ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʸʤʢʦʩʪʥʦʡ ʤʦʩʪ (Capacitance bridge) ʥʘ 

ʯʘʩʪʦʪʫ 1 ʄɻʮ. ʀʟʤʝʨʷʝʤʘʷ ʸʤʢʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʸʤʢʦʩʪʠ 

ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ [2]. ʄʝʞʜʫ ʢʦʣʣʝʢ-

ʪʦʨʦʤ ʠ ʵʤʠʪʪʝʨʦʤ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʷʞʝʥʠʝ ʧʦʨʷʜʢʘ 25 ɺ. 

ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʟʠʪʥʦʡ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ʙʠʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ð ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʭʦʜʥʘʷ ʸʤʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʩʫʤʤʫ ʜʚʫʭ ʸʤʢʦʩʪʝʡ: 

.GCGEiss CCC  ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʜʘʥʥʫʶ ʸʤʢʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʠʩʪʦʯʥʠʢ V1 ʥʘ 

ʨʠʩ. 1) ʦʪ ʠʟʤʝʥʷʝʤʦʡ ʸʤʢʦʩʪʠ (Cvar ʥʘ ʨʠʩ. 1). ɸʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʥʦ-

ʚʠʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʛʜʘ, ʢʦʛʜʘ ʸʤʢʦʩʪʥʦʡ ʤʦʩʪ ʩʪʘʥʦʚʠʪʩʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ, 

ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʸʤʢʦʩʪʠ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʤʦʩʪʘ, ʩʦʚʧʘʜʘʝʪ ʩ ʚʝʣʠʯʠʥʦʡ ʸʤ-

ʢʦʩʪʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ (ʨʠʩ. 2).  

 
ʈʠʩʫʥʦʢ 2 ð ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ 

ʀʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ (3676issC  ʧʌ) ʠʤʝʝʪ ʙʣʠʟʢʦʝ ʟʥʘ-

ʯʝʥʠʝ ʢ ʪʦʤʫ, ʯʪʦ ʫʢʘʟʘʥʦ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʠʙʦʨ 

( 3648issC  ʧʌ). 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʠ, ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʚʝʣʠʯʠʥʫ ʧʘʨʘ-

ʟʠʪʥʦʡ ʚʳʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ, ʧʨʠʯʸʤ, ʪʝʩʪʦʚʘʷ ʩʭʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠ-

ʯʘʝʪʩʷ ʦʪ ʩʭʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ (ʨʠʩ. 3).  

 
ʈʠʩʫʥʦʢ 3 ð ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ 

ɼʘʣʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ ʸʤʢʦʩʪʠ (ʨʠʩ. 4).  

 
ʈʠʩʫʥʦʢ 4 ð ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ 

ʀʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ (322ossC  ʧʌ) ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʡ, ʯʪʦ 

ʫʢʘʟʘʥʘ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʠʙʦʨ (322ossC  ʧʌ). 

 
ʈʠʩʫʥʦʢ 5 ð ʊʝʩʪʦʚʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʦʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ 



23 

ʊʘʢʞʝ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʬʠʨʤʳ Iʊ ʧʨʝʜʣʘʛʘʶʪ ʪʝʩʪʦʚʫʶ ʩʭʝʤʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʭʦʜʥʦʡ (ʧʝʨʝʜʘʪʦʯʥʦʡ ʸʤʢʦʩʪʠ), ʠʣʠ, ʢʘʢ ʝʸ ʝʱʸ ʥʘʟʳʚʘʶʪ, ʸʤʢʦʩʪʴ ʄʠʣʣʝʨʘ 

(ʨʠʩ. 5).  

ɼʘʣʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ ʸʤʢʦʩʪʠ (ʨʠʩ. 6).  

 
ʈʠʩʫʥʦʢ 6 ð ʀʟʤʝʨʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʦʭʦʜʥʦʡ ʸʤʢʦʩʪʠ ɹʊʀɿ 

ʀʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ (56rssC  ʧʌ) ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʡ, ʯʪʦ 

ʫʢʘʟʘʥʘ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʠʙʦʨ (56rssC ʧʌ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɹɸʃʂʆʅʅʆʁ ʌʆʊʆɺʆʃʔʊɸʀʂʀ ɺ ɹʓʊʋ 

 

ɺ ʨʷʜʝ ʩʪʨʘʥ ʫʞʝ ʩʪʘʣʦ ʧʨʠʚʳʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʚʘʨʪʠʨ ʚ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ, ʧʦʣʫʯʠʚʰʝʝ ʥʘʟʚʘʥʠʝ ʙʘʣʢʦʥʥʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ [1], 

ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʫʩʪʘʥʦʚʢʝ ʥʘ ʙʘʣʢʦʥʝ ʠʣʠ ʨʷʜʦʤ ʩ ʦʢʥʘʤʠ  (ʨʠʩʫʥʦʢ 1) ʢʦʤ-

ʧʣʝʢʪʦʚ ʠʟ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʧʝʨʝʤʝʥʥʳʡ 

(DC/ACïʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʣʠ ʠʥʚʝʨʪʦʨʘ): ʩʫʱʝʩʪʚʫʶʪ ʜʘʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʳʝ ʙʘʣʢʦʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʩ ʫʞʝ ʚʩʪʨʦʝʥʥʳʤʠ ʚ ʠʭ ʢʦʨʧʫʩʘ ʠʥʚʝʨʪʦʨʘʤʠ. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʥʘ ʙʘʣʢʦʥʝ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʢʦʤʧʣʝʢʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʧʨʝʦʙʨʘʟʫʶʪ ʧʘʜʘʶʱʠʡ ʥʘ ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ ʧʦʪʦʢ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫ-

ʯʝʥʠʷ ʚ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ; 

- ʧʨʝʦʙʨʘʟʫʶʪ ʧʦʩʪʦʷʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʧʝʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ ʩ ʧʘʨʘʤʝʪʨʘʤʠ (ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʯʘʩʪʦʪʦʡ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤ ʩʝʪʠ ʧʦʩʪʘʚʱʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ;  

- çʧʦʜʤʝʰʠʚʘʶʪè ʚʳʨʘʙʘʪʳʚʘʝʤʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʩʝʪʴ ʧʦ-

ʩʪʘʚʱʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ: 

- ʥʝʩʦʚʧʘʜʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ ʝʝ ʠʥ-

ʪʝʥʩʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ (ʠʥʪʝʥʩʠʚʥʘʷ ʚʳʨʘʙʦʪʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʚʝʪʣʦʝ 

ʚʨʝʤʷ ʩʫʪʦʢ (ʨʘʙʦʯʝʝ ʚʨʝʤʷ), ʪʦʛʜʘ ʢʘʢ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʪʝʥʩʠʚʥʦʤ ʧʦ-

ʪʨʝʙʣʝʥʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ (ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ); 

- ʦʪʩʫʪʩʪʚʠʝ ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʩʪʘʚ-

ʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ ʧʦʩʪʘʚʱʠʢʫ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʜʦʩʪʠʛʘʝʤʳʤ ʩ 

ʧʦʤʦʱʴʶ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴh ʝʥʠʝ 

ʧʣʘʪʳ ʟʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠʟ ʩʝʪʠ ʧʦʩʪʘʚʱʠʢʘ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʢʘʟʘʥʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʯʝʪʯʠʢʘ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʦʣʴʢʦ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥ ʦʙʣʘʜʘʝʪ ʬʫʥʢʮʠʝʡ 

çʨʝʚʝʨʩʘè: ʝʩʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʯʝʪʯʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫʯʠʪʳʚʘʝʪ 

ʝʝ çʧʦ ʤʦʜʫʣʶè (ʘ ʪʘʢʠʭ ʙʦʣʴʰʠʥʩʪʚʦ), ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʦʪʜʘ-

ʚʘʝʤʫʶ ʚ ʩʝʪʴ ʧʦʩʪʘʚʱʠʢʘ ʝʱʝ ʠ ʧʨʠʜʝʪʩʷ ʧʣʘʪʠʪʴ. 
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ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʙʘʣʢʦʥʥʦʡ ʬʦʪʦʚʦʣʴʪʘʠʢʠ, 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʩʚʝʪʣʦʝ ʚʨʝʤʷ ʩʫʪʦʢ (ʨʘʙʦʯʝʝ ʚʨʝʤʷ) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʝʝ ʩʪʘʥʜʘʨʪʥʳʤ ʦʙʲʝʢʪʦʤ ʙʳʪʦʚʦʡ ʥʘʛʨʫʟʢʦʡ 

(ʦʩʚʝʪʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ ï ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʦʡ) ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ 

(ʥʝʨʘʙʦʯʝʝ ʚʨʝʤʷ), ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʚʦʡ ʩʦʩʪʘʚ (ʨʠʩʫʥʦʢ 2) [2]: 

- ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ (ʧʘʥʝʣʠ); 

- ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ; 

- ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩʘʤʠ ʟʘʨʷʜʘ ʠ 

ʨʘʟʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ; 

- DC/ACïʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ: 

- ʥʘʛʨʫʟʢʘ (ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʘ) . 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʜʣʷ ʧʠʪʘʥʠʷ ʩʪʘʥ-

ʜʘʨʪʥʦʡ ʙʳʪʦʚʦʡ ʥʘʛʨʫʟʢʠ ï ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʳ 

 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ: 

- ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʩʪʘʥʜʘʨʪʥʳʤ 

ʦʙʲʝʢʪʦʤ ʙʳʪʦʚʦʡ ʥʘʛʨʫʟʢʠ (ʦʩʚʝʪʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʦʤ ï ʩʚʝʪʦʜʠʦʜʥʦʡ 

ʣʘʤʧʦʡ) ʚʨʝʤʝʥʝʤ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʝʝ ʧʦʪʨʝʙʣʝʥʠʷ; 

- ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʢʦʤʧʣʝʢʪʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʦʪʦʚʦʣʴʪʘʠʢʠ ʚ ʛʦʜʦʚʦʤ ʠ ʩʫʪʦʯʥʦʤ ʮʠʢʣʘʭ; 

- ʥʝʨʘʮʠʦʥʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʚʫ-

ʢʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʠʜʘ ʵʥʝʨʛʠʠ (DC/AC ï ʚ ʠʥʚʝʨʪʦʨʝ ʢʦʤʧʣʝʢʪʘ; 

AC/DC ï ʚ ʜʨʘʡʚʝʨʝ ʧʠʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʳ). 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʘʣʢʦʥʥʦʡ ʬʦʪʦ-

ʚʦʣʴʪʘʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʢʣʶʯʘʝʪ ʚ 

ʩʚʦʡ ʩʦʩʪʘʚ (ʨʠʩʫʥʦʢ 3): 

- ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ (ʧʘʥʝʣʠ); 

- ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ; 

- ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩʦʤ ʟʘʨʷʜʘ ʘʢʢʫ-

ʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʥʘʛʨʫʟʢʦʡ.  

;ΣΟΡΙάΡΔδ 

ΤΔΡΙΟα 

΅ΡΜΖΙΥΦΔΟαΡΰΝ 

ΞΣΡΧΥΣΟΟΙΥ 

ͥΞΞΨΠΨΟδΧΣΥΡΔδ 

ΕΔΧΔΥΙδ 

DC/AC ΤΥΙΣΕΥΔΛΣΖΔΧ

ΙΟα 

ͺΔΗΥΨΛΞΔ 

(ΦΖΙΧΣΘΜΣΘΡΔδ 

ΟΔΠΤΔ) 
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ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʦʪʦʚʦʣʴʪʘʠʢʠ  

ʜʣʷ ʧʠʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ 

 
ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʨʫʟʢʠ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʦʪʦʚʦʣʴ-

ʪʘʠʢʠ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ ʧʦʟʚʦʣʠʪ: 

- ʦʙʝʩʧʝʯʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʠ ʧʦʪʨʝʙ-

ʣʷʝʤʦʡ ʥʘʛʨʫʟʢʦʡ ʵʥʝʨʛʠʠ ʧʫʪʝʤ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʜʣʠʥʳ ʦʪʨʝʟʢʘ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ; 

- ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʦʝ ʧʠʪʘʥʠʝ ʵʣʝʤʝʥʪʘ ʧʦʜʩʚʝʪʢʠ ʠʥʪʝʨʴʝʨʘ ʟʘ 

ʩʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʰʝʚʦʡ (ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʦʢʫ-

ʧʘʝʤʦʩʪʠ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʪʘ) ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1 ʉʦʣʥʝʯʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʥʘ ʙʘʣʢʦʥʝ. https://econet.ru/articles/180972-solnechnaya-elektrostantsiya-na-balkone 

2 ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʥʘ ʙʘʣʢʦʥʝ, ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. https://habr.com/ru/post/403523/ 
 

ʋ.ʉ. ɹʘʣʳʢʠʥʘ, ʩʪʫʜ.; ʄ.ɸ. ʊʦʣʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ɽ.ʃ. ʎʘʨʝʛʦʨʦʜʮʝʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ ñʅʀʋ ñʄʕʀò ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

  

ɸʇʇɸʈɸʊʅʆ-ʇʈʆɻʈɸʄʄʅʓɽ ʉʈɽɼʉʊɺɸ ʇʆʀʉʂɸ ʉʂʈʓʊʓʍ 

ʇʈʆʊɽʏɽʂ ɺ ʉʀʉʊɽʄɸʍ ʇʆɼɸʏʀ ʆʊʆʇʃɽʅʀʗ 

 

 ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʣʫʞʙ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʚʦʜʦʧʨʦʚʦʜʥʳʝ ʩʝʪʠ, 

ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɼʣʷ 

ʝʝ ʫʩʧʝʰʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʫʤʝʥʴʰʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ. 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʠʭ 

ʫʩʪʨʘʥʝʥʠʶ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʦʙʥʘʨʫʞʠʚʘʪʴ ʩʢʨʳʪʳʝ ʧʨʦʪʝʯʢʠ - ʧʦʪʝʨʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʥʝ ʧʨʦʷʚʣʷʶ-

ʱʠʝʩʷ ʚʳʙʠʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʧʦʜʪʦʧʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʠʣʠ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʝʟ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙ ʥʝ ʦʙʦʡʪʠʩʴ. ɹʫʜʴ ʪʦ 

ʦʙʳʢʥʦʚʝʥʥʳʡ ʚʦʜʦʧʨʦʚʦʜ, ʪʝʧʣʦʪʨʘʩʩʘ ï ʢʦʤʤʫʥʠʢʘʮʠʷ ʠʟ ʪʨʫʙ ʠʩʧʦʣʟɹʫʝʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ, ʠ ʚ ʙʳʪʫ, ʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʨʦʪʝʯʢʘ ʚ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʝʡ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʘʥʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ. ʅʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʠ ʵʪʦʤ 

;ΣΟΡΙάΡΔδ 

ΤΔΡΙΟα 

΅ΡΜΖΙΥΦΔΟαΡΰΝ 

ΞΣΡΧΥΣΟΟΙΥ 

ͥΞΞΨΠΨΟδΧΣΥΡΔδ 

ΕΔΧΔΥΙδ 

ͺΔΗΥΨΛΞΔ 

(ΦΖΙΧΣΘΜΣΘΡΔδ 

ΟΙΡΧΔ) 
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ʚʳʟʳʚʘʶʪ ʩʢʨʳʪʳʝ ʧʨʦʪʝʯʢʠ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʩʣʦʞʥʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʷʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

ʢʘʢʦʡ ʪʠʧ ʪʨʫʙʦʧʨʦʚʦʜʘ  ʧʣʘʩʪʠʢʦʚʳʡ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ; 

ʢʘʢʦʚʦ ʥʘʟʥʘʯʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʘ  ʢʘʥʘʣʠʟʘʮʠʷ, ʛʦʨʷʯʝʝ ʠʣʠ ʭʦʣʦʜʥʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ; 

ʢʘʢʦʚʘ ʛʣʫʙʠʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ? 

ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ 

ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʤʝʪʦʜ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʯʠ ʩ ʧʦ-

ʤʦʱʴʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʤʠʢʨʦʬʦʥʘ. ɾʠʜʢʦʩʪʴ (ʚʦʜʘ), ʚʳʪʝʢʘʷ ʠʟ ʧʦʚʨʝʞʜʝʥʥʦʡ 

ʪʨʫʙʳ ʠʟ-ʟʘ ʜʘʚʣʝʥʠʷ ʩʦʟʜʘʝʪ ʰʫʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ñʟʚʫʢʦʚʦʡ ʧʦʨʪʨʝʪò.  

ʇʨʠʯʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʨʫʙʦʧʨʦʚʦʜ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ ʟʚʫʢʦʚʫʶ ʚʦʣʥʫ ʚʳ-

ʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʘ ʧʣʘʩʪʠʢʦʚʳʡ  ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʥʘ ʣʦ-

ʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʙʫʜʝʪ ʥʘʠʙʦʣʴʰʘʷ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (ʰʫʤʘ ʧʨʦ-

ʪʝʯʢʠ) ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʧʦʚʨʝʞʜʝʥʥʳʡ ʫʯʘʩʪʦʢ. 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ ʥʝ ʦʙʣʘʜʘʝʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʥʝʤʫ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʠ ʤʥʦʛʠʭ ʤʝʰʘʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʙʦʣʝʝ ʪʦʯʥʳʤ ʧʦ ʦʮʝʥʢʝ ʧʘʨʘ-

ʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ.  

ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʥʝʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ (ʜʘʪʯʠʢʦʚ ʩʦʩʪʦʷ-

ʥʠʷ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʪʘʢʦʡ ʘʥʘʣʠʟ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʤʝʭʘʥʠʢʠ, 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ, ʘʢʫʩʪʠʢʠ ʠ ʪ.ʜ. 

ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʜʚʘ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ: 

ʤʝʪʦʜ ʬʠʣʴʪʨʘʮʠʠ; 

ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ. 

ʉʨʝʜʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʝʪʦʜʦʚ ʬʠʣʴʪʨʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʠʪʴ: 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ; 

ʘʥʘʣʠʟ ʩʧʝʢʪʨʘ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʛʦ ʬʠʣʴʪʨʘ; 

ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʥʝʟʘʤʝʥʠʤʦ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʧʝʢʪʨʦʤ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ (ʜʦ 10
7
 ɻʮ). ʉʧʝʢʪʨʘʣʴʥʫʶ ʚʳʙʦʨʢʫ ʤʦʞʥʦ ʩʦʭʨʘʥʷʪʴ ʚ ʧʘʤʷʪʠ 

ʘʥʘʣʠʟʘʪʦʨʘ. ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʥʝʡ ʣʶʙʳʝ ʜʝʡʩʪʚʠʷ. 

ʉʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Mathcad  ʠʟ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʦ-

ʢʫʤʝʥʪʦʚ ʩ ʚʳʯʠʩʣʝʥʠʷʤʠ ʠ ʚʠʟʫʘʣʴʥʳʤ ʩʦʧʨʦʚʦʞʜʝʥʠʝʤ, ʧʦʟʚʦʣʷʝʪ ʨʝh ʘʪʴ 

ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ. ɺ ʢʦʤʧʣʝʢʩʝ ʩ ʘʧʧʘʨʘʪʥʳʤ ʦʙʝʩʧʝʯʝ-

ʥʠʝʤ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ ʙʳʣ ʩʦʙʨʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʘʢʝʪ 

ʜʝʪʝʢʪʦʨʘ ʟʚʫʢʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʳʯʠʩʣʠʪʝʣʷ ʥʘ ʙʘʟʝ Arduinʦ Uno; 

trema Set Shield (ʧʣʘʪʳ ʨʘʩʰʠʨʝʥʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʪʨʦʡʩʪʚ); 

trema-ʤʦʜʫʣʴ ʧʦʪʝʥʮʠʦʤʝʪʨʘ; trema-ʤʦʜʫʣʴ ʩʚʝʪʦʜʠʦʜʘ; trema OLED-ʜʠʩʧʣʝʷ; 

trema-ʤʦʜʫʣʴ ʜʘʪʯʠʢʘ ʟʚʫʢʘ. ɺʠʜ ʤʘʢʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%BD%D1%8B%D1%85_%D1%80%D0%B0%D0%B1%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%BD%D1%8B%D1%85_%D1%80%D0%B0%D0%B1%D0%BE%D1%82
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ʈʠʩʫʥʦʢ 1 ɼʝʪʝʢʪʦʨ ʟʚʫʢʘ 

 

ʇʦʪʝʥʮʠʦʤʝʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʦʨʦʛʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʥʜʠʢʘ-

ʮʠʠ ʩʚʝʪʦʜʠʦʜʘ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ 

(ʰʫʤʘ). ʅʘ ʜʠʩʧʣʝʝ ʧʦʢʘʟʳʚʘʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʟʚʫʢʘ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʷʤʘʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʦʨʦʛ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʘ ʧʦ ʫʨʦʚʥʶ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. 

ɽʩʣʠ ʫʨʦʚʝʥʴ ʰʫʤʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʪʝʥʮʠʦʤʝʪʨʝ, ʪʦ ʟʘʛʦʨʠʪʩʷ ʩʚʝʪʦʜʠʦʜ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ 

ʪʘʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣ ʥʘʧʠʩʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʟʘʛʨʫʞʝʥ ʚ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ ʤʦʜʫʣʷ Arduino Uno. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʤʘʢʝʪ ʧʦʟʚʦʣʷʝʪ ʩʥʠʤʘʪʴ, ʟʘʧʠʩʳʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʠʛ-

ʥʘʣ, ʠʩʧʦʣʴʟʫʷ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʫ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Mathcad. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʣʠʩʪʠʥʛ ʧʨʦʛʨʘʤʤʳ ʬʠʣʴʪʨʘʮʠʠ ʟʚʫʢʦʚʦʛʦ ʧʦʨʪʨʝʪʘ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʠ ʧʨʦʮʝʩʩ ʝʛʦ ʬʠʣʴʪʨʘʮʠʠ, ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ. 

ʅʘ ʥʝʡ N ʦʪʩʯʸʪʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ xi ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ 0 

ʜʦ Nïï1 ʩʠʥʪʝʟʠʨʫʶʪʩʷ, ʢʘʢ ʩʫʤʤʘ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʩ ʘʤʧʣʠʪʫʜʘʤʠ W(ɋ). ʏʘʩʪʦʪʳ ʵʪʠʭ ʩʠʥʫʩʦʠʜ ʨʘʚʥʳ N/(2xMAX), ʛʜʝ x ï ʯʘʩʪʦʪʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʠʛʥʘʣʘ, ʘ N ï ʯʠʩʣʦ ʦʪʩʯʸʪʦʚ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ yi ʥʘ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ ʤʝ-

ʰʘʶʱʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʩʦʩʨʝʜʦʪʘʯʠʚʘʪʴ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʪʦʣʴʢʦ 

ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘʥʘʣʠʟʠʨʫʷ ʥʘʣʠʯʠʝ ʠ ʫʨʦʚʝʥʴ ʪʦʛʦ ʩʧʝʢ-

ʪʨʘ, ʢʦʪʦʨʳʡ ʠʥʪʝʨʝʩʫʝʪ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʚʳʷʚʣʝʥʠʷ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ñʟʚʫʢʦʚʦʛʦ ʧʦʨʪʨʝʪʘò ʤʦʞʥʦ 

ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʚʦʝʚʨʝ-
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ʤʝʥʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʘʢʪʘ ʩʢʨʳʪʳʭ ʧʨʦʪʝʯʝʢ, ʠʭ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ  ʠ  ʫʩʪʨʘ-

ʥʝʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 2  ʈʝʟʫʣʴʪʘʪʳ ʬʠʣʴʪʨʘʮʠʠ ʟʚʫʢʦʚʦʛʦ ʧʦʨʪʨʝʪʘ 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Mathcad // WIKIPEDIA.RU. URL: https://ru.wikipedia.org/wiki /Mathcad. 

 
   ʊ.ʃ. ɹʘʨʘʥ, ʤʘʛ.; ʨʫʢ. ʅ.ʅ. ʉʪʨʦʝʚ, ʢ.ʪ.ʥ., ʜʦʮ.  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʇɸʈɸʄɽʊʈʓ ɸʅʊɽʅʅ ʀ ʀʍ ʋʏɽʊ ʇʈʀ ʇʈʆɺɽɼɽʅʀʀ ʂʆʅʊʈʆʃʔ-

ʅʆ-ʀɿʄɽʈʀʊɽʃʔʅʓʍ ʀʉʇʓʊɸʅʀʁ ʈʕɸ 

ʇʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʚʦʣʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʧʝʨʝʜʘʶʱʠʭ ʠ ʧʨʠʝʤʥʳʭ ʘʥʪʝʥʥ ʠ ʘʥʪʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʝʨʝʜʘʪʯʠʢ 

ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʥʝʩʫʱʝʡ ʨʘʜʠʦʯʘʩʪʦʪʳ ʩ ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ 

ʥʘ ʥʝʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʨʠʝʤʥʠʢ ʜʝʢʦʜʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʚʳʜʝʣʝ-

ʥʠʝʤ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʭʦʞʜʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ ʵʬʠʨʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʘʥʪʝʥʥʘʤʠ. ʆʪ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ, ʠʩ-

ʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʥʘʣʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥ 

ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʟʘʜʘʥ-

ʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ.  

https://ru.wikipedia.org/wiki/Mathcad


30 

ʇʦ ʩʫʪʠ, ʘʥʪʝʥʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʧʦʣʶʩʥʠʢ ʠʣʠ ʤʥʦʛʦʧʦʣʶʩʥʠʢ. 

ʄʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʘʥʪʝʥʥʳ, ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʛʣʦʚʦʡ ʜʠʩʢʨʠʤʠʥʘʪʦʨ - 

ʜʘʪʯʠʢ ʫʛʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢ (ʦʪʨʘʞʘʪʝʣʴ) 

ʩʠʛʥʘʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʘʥʪʝʥʥʳ (ʥʘʧʨʠʤʝʨ, ʘʥʪʝʥʥʘ ʩ ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʦʡ 

ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ). ɺ ʩʠʩʪʝʤʘʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʩʠʛʥʘʣʘ ʘʥʪʝʥʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʘʥʪʝʥʥʳ ʷʚʣʷʶʪʩʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤʠ ʠʟʜʝʣʠʷ-

ʤʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʫʯʠʪʳʚʘʶʪʩʷ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʝ-

ʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʚʦʣʥ ʚ ʈʌ ʷʚʣʷʶʪʩʷ GPS (1.58 ɻɻʮ), ɻʃʆʅɸʉʉ 

(1.60 ɻɻʮ), GSM (890 - 960 ʄɻʮ, 1710 - 1880 ʄɻʮ), WiFi (2.4 ɻɻʮ), FM (85.5 - 108 

ʄɻʮ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, ʘʥʪʝʥʥʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ: ʧʨʠ-

ʸʤʥʳʝ, ʧʝʨʝʜʘʶʱʠʝ ʠ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʝ. ʊʠʧʳ ʘʥʪʝʥʥ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʳ ʚ 

ɻʆʉʊ ʈ 55787-2013, ʪʘʤ ʞʝ ʨʘʟʲʷʩʥʝʥʳ ʪʝʨʤʠʥʳ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʠʸʤʥʘʷ ʘʥʪʝʥʥʘ ʧʨʝʦʙʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʧʦʩʪʫʧʘʶʱʝʝ ʚ ʧʨʠʸʤʥʠʢ. ʇʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʘ ʧʨʝʦʙ-

ʨʘʟʫʝʪ ʵʥʝʨʛʠʶ ʧʝʨʝʜʘʪʯʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ 

ʚʦʣʥʫ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʘʥʪʝʥʥʘ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʥʘʦʙʦʨʦʪ.  

ɺ ʦʩʦʙʳʡ ʢʣʘʩʩ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʘʥʪʝʥʥʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʩʠʛʥʘʣʘ. ʆʜʥʠʤ ʠʟ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʘʥʪʝʥʥʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ (ʚʠʨʪʫʘʣʴʥʦʡ) ʘʧʝʨʪʫʨʦʡ, 

ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʟʘʜʘʯ ʢʘʨʪʦ-

ʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʪʠʧʦʚ ʘʥʪʝʥʥ, ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʫʯʝʪ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʦʣʥ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

çʚʦʣʥʦʚʦʡ ʢʘʥʘʣè ʩ ʜʠʧʦʣʴʥʳʤ (ʧʝʪʣʝʚʳʤ) ʠʟʣʫʯʘʪʝʣʝʤ. ʆʩʥʦʚʥʦʡ ʧʨʠ-

ʝʤ/ʧʝʨʝʜʘʯʘ çʚʦʣʥʦʚʦʛʦ ʢʘʥʘʣʘè ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʠʨʝʢʪʦʨʘ. ɼʠʨʝʢʪʦʨʦʚ ʚ 

ʢʘʥʘʣʝ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʚʳʰʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʫʛʦʣ ʜʝʡʩʪʚʠʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʧʦʚʳ-

ʰʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʘʥʪʝʥʥʳ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ çʚʦʣʥʦʚʦʛʦ ʢʘʥʘʣʘè ʧʨʠ ʧʨʠʝʤʝ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ 

ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʣʦʛʦʧʝʨʠʦʜʠʯʝʩʢʘʷ ʘʥʪʝʥʥʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦ-

ʢʦʧʦʣʦʩʥʫʶ ʨʘʜʠʦʘʥʪʝʥʥʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 6-7 ʜɹ. ʃʦʛʦʧʝʨʠʦʜʠʯʝ-

ʩʢʘʷ ʘʥʪʝʥʥʘ ʩʦʩʪʦʠʪ ʠʟ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʜʠʧʦʣʝʡ), ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʠʭ ʜʣʠʥʳ. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ. ʇʠʢ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥ ʩʦ ʩʪʦʨʦʥʳ 

ʢʦʨʦʪʢʦʛʦ ʜʠʧʦʣʷ.  

https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D1%83%D1%85%D0%BF%D0%BE%D0%BB%D1%8E%D1%81%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%BE%D0%BB%D1%8E%D1%81%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81%D0%BD%D0%B0%D1%8F_%D1%80%D0%B0%D0%B4%D0%B8%D0%BE%D0%BB%D0%BE%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%B8%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81%D0%BD%D0%B0%D1%8F_%D1%80%D0%B0%D0%B4%D0%B8%D0%BE%D0%BB%D0%BE%D0%BA%D0%B0%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D0%BF%D1%80%D0%B8%D1%91%D0%BC%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D0%BF%D0%B5%D1%80%D0%B5%D0%B4%D0%B0%D1%82%D1%87%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D1%8B%D0%B5_%D0%BA%D0%BE%D0%BB%D0%B5%D0%B1%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BC%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D0%B8%D0%BE%D0%BB%D0%BE%D0%BA%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%BE%D0%B5_%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B0%D0%BF%D0%B5%D1%80%D1%82%D1%83%D1%80%D1%8B
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ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʘʥʝʣʴʥʳʝ ʘʥʪʝʥʥʳ (ʧʘʪ-

ʯʠ), ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʟʢʦʧʦʣʦʩʥʫʶ ʥʘʧʨʘʚʣʝʥʥʫʶ ʘʥʪʝʥʥʫ ʩ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 5-10 ʜɹ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʦʡ (ʵʣʣʠʧʪʠʯʝʩʢʦʡ) ʧʣʘ-

ʩʪʠʥʳ ʠ ʧʣʘʩʪʠʥʳ-ʦʪʨʘʞʘʪʝʣʷ (ʵʢʨʘʥʘ), ʨʘʟʜʝʣʝʥʥʳʭ ʩʣʦʝʤ ʜʠɻ ʣʝʢʪʨʠʢʘ. ʊʘʢʠʝ 

ʘʥʪʝʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ WiFi, 3G, 4G, GSM, GPS. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝ ʦʥʠ ʧʦʣʫʯʠʣʠ ʚ 70-ʭ ʛʦʜʘʭ 20-ʛʦ ʚʝʢʘ, ʢʦʛʜʘ ʧʘʥʝʣʴʥʳʝ ʘʥʪʝʥʥʳ ʩʪʘʣʠ 

ʤʘʩʩʦʚʦ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ. ɼʣʠʥʘ ʩʪʦʨʦʥʳ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘ-

ʩʪʠʥʳ ʧʘʪʯʘ ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʧʦʣʦʚʠʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʝʩʣʠ ʤʝʞʜʫ ʧʣʘʩʪʠʥʦʡ ʠ 

ʵʢʨʘʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚʦʟʜʫʭ ʠʣʠ ʜʨʫʛʦʡ ʤʘʪʝʨʠʘʣ ʩʦ ʩʭʦʞʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ.  

ʇʘʨʘʙʦʣʠʯʝʩʢʫʶ ʘʥʪʝʥʥʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʣʶʙʦʡ, ʧʦʤʝʩʪʠʚ ʝʝ ʚ ʬʦʢʫʩ 

ʦʪʨʘʞʘʪʝʣʷ. çʊʘʨʝʣʢʘè ʜʝʣʘʝʪ ʧʨʦʠʟʚʦʣʴʥʫʶ ʘʥʪʝʥʥʫ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʦʡ, ʜʦʚʦʜʷ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʜʦ 30-40 ʜɹ. ɺ ʨʘʩʧʦʨʷʞʝʥʠʠ ʫʯʝʥʳʭ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ 

ʛʠʛʘʥʪʩʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ ʩ ʫʩʠʣʝʥʠʝʤ 80 ʜɹ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧʦʚ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʰʠʨʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘ-

ʙʦʪʝ ʥʝʩʢʦʣʴʢʦ ʜʠʘʧʘʟʦʥʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʘʥʪʝʥʥʳ. ʅʘʧʨʠ-

ʤʝʨ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘʨʫʞʥʳʝ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʘʥʪʝʥʥʳ ʜʣʷ ʜʝʮʠʤʝʪʨʦʚʳʭ 

ʚʦʣʥ, ʩʦʚʤʝʱʝʥʥʳʝ ʩ ʜʠʧʦʣʝʤ ʜʣʷ ʤʝʪʨʦʚʳʭ ʚʦʣʥ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʜʦʣʞʥʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ (ʠʟʤʝʨʷʪʴʩʷ ʠʣʠ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʨʝʥʠʡ) ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥ: 

- ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ - ʨʘʙʦʯʠʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ ʚ ʢʦʪʦʨʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʘʨʘʤʝʪʨʳ ʘʥʪʝʥʥʳ ʢʘʢ ʯʘʩʪʠ ʚʦʣʥʦʚʦʡ ʩʠʩʪʝʤʳ.  

- ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ - ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʠʟʣʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ 

ʠ ʵʪʘʣʦʥʥʦʡ ʘʥʪʝʥʥ. ɸʥʪʝʥʥʳ ʠʟʣʫʯʘʶʪ ʩʠʛʥʘʣ ʚ ʢʘʢʦʤ-ʪʦ ʥʘʧʨʘʚʣʝʥʠʠ ʙʦʣʴʰʝ, 

ʚ ʢʘʢʦʤ-ʪʦ ʤʝʥʴʰʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʫʢʘʟʳʚʘʶʪ ʧʠʢʦʚʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ. ɽʩʣʠ ʚ ʩʦʩʪʘʚʝ ʘʥʪʝʥʥʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʩʠʣʠʪʝʣʴ, ʝʝ ʥʘʟʳʚʘʶʪ 

ʘʢʪʠʚʥʦʡ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʪʘʢʠʭ ʠʟʜʝʣʠʡ ʩ 

ʫʯʝʪʦʤ ʫʩʠʣʠʪʝʣʷ. ʅʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ ʩʦʟʜʘʶʪ ʰʫ-

ʤʳ, ʠʩʢʘʞʘʶʱʠʝ ʩʠʛʥʘʣ.  

- ʅʘʧʨʘʚʣʝʥʥʦʩʪʴ - ʘʥʪʝʥʥʫ ʥʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʥʦʡ, ʝʩʣʠ ʤʦʱʥʦʩʪʴ ʝʝ 

ʠʟʣʫʯʝʥʠʷ ʚ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʦʩʪʘʣʴʥʳʝ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʤʦʱʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʩʪʨʦʷʪ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʅʝʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳ ʦʜʠʥʘʢʦʚʦ ʜʝʡ-

ʩʪʚʫʶʪ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ, ʧʦʵʪʦʤʫ ʠʭ ʜʠʘʛʨʘʤʤʘ ʠʤʝʝʪ ʢʨʫʛʦʚʫʶ ʬʦʨʤʫ. ʈʘʜʠʦ-

ʘʥʪʝʥʥʘ ʩ ʜʠʘʛʨʘʤʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʬʦʨʤʝ ʩʬʝʨʳ ʥʘʟʳʚʘʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʪʨʦʠʪʴ ʝʝ ʥʝʚʦʟʤʦʞʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʠʟʦʪʨʦʧʥʳʡ 

ʠʟʣʫʯʘʪʝʣʴ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʠʚʘʪʴ ʘʥʪʝʥʥʳ.  

- ʈʘʟʤʝʨ - ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʥʪʝʥʥ ʵʪʦ ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ ʚʦʣʥʳ. ʅʦ ʝʩʪʴ 

ʠʩʢʣʶʯʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʘʥʪʝʥʥ ʚʭʦʜʠʪ ʦʪʨʘʞʘʪʝʣʴ 

(çʪʘʨʝʣʢʘè), ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʪʴ ʜʣʠʥʫ ʚʦʣʥʳ. ʈʘʟʤʝʨʳ 

ʘʥʪʝʥʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʧʝʯʘʪʥʳʭ ʧʣʘʪʘʭ, ʙʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʧʦ-

ʣʦʚʠʥʳ ʜʣʠʥʳ ʚʦʣʥʳ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʩ ʙʦʣʴʰʦʡ ʜʠʵʣʝʢ-
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ʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʘʥʪʝʥʥʳ WiFi. GPS, GSM. ʉʫʱʝ-

ʩʪʚʫʶʪ ʘʥʪʝʥʥʳʝ ʧʦʣʷ ʧʣʦʱʘʜʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʛʝʢʪʘʨʦʚ ʠ ʘʥʪʝʥʥʳ, ʨʘʟʤʝʨʳ ʢʦ-

ʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ ʚ ʤʠʣʣʠʤʝʪʨʘʭ.  

- ɺʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ - ʦʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢ ʩʠʣʝ ʪʦʢʘ ʥʘ ʢʣʝʤʤʘʭ 

ʘʥʪʝʥʥʳ. ɽʩʣʠ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʥʪʝʥʥʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʣʥʦʚʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʢʘʙʝʣʷ (ʬʠʜʝʨʫ), ʧʦ ʢʦʪʦʨʦʤʫ ʦʥʘ ʧʦʜʢʣʶʯʘʝʪʩʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʠʪʴ ʩʦʛʣʘʩʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʊʝʣʝʚʠʟʠʦʥʥʳʝ ʢʘʙʝʣʠ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ (ʚʢʣʶʯʘʷ ʈʌ) ʠʤʝʶʪ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 75 ʆʤ. ʂʘʙʝʣʠ 

ʜʣʷ WiFi, GSM, 3G, 4G, GSM, GPS, FM ʚʳʧʫʩʢʘʶʪ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ 

50 ʆʤ. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʘʥʪʝʥʥʳ ʩ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʩʦ-

ʛʣʘʩʫʶʱʠʤʩʷ ʩ ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʘʙʝʣʷ.  

ɿʘʜʘʯʘ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʫʩʧʝʰʥʦ ʨʝʰʘʝʪʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʚʩʸ ʥʦʚʳʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʚʠʜʦʚ ʘʥʪʝʥʥ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ, ʪʦ-ʝʩʪʴ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʥʪʝʥʥʳ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥʳ ʚ ʟʘʜʘʥʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʙʳʯʥʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʣʦʩʢʦʩʪʠ, ʥʦ ʠ ʚ ʪʨʝʭʤʝʨʥʦʤ ʦʪʦʙʨʘʞʝʥʠʠ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʝʸ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʧʨʠʥʠʤʘʝʪʩʷ ʜʚʝ ʧʨʦʝʢʮʠʠ: ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ (ʘʟʠ-

ʤʫʪʘʣʴʥʘʷ) ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ (ʧʦ ʫʛʣʫ ʤʝʩʪʘ). ʉʫʱʝʩʪʚʫʶʪ ʘʤʧʣʠʪʫʜʥʳʝ, ʬʘʟʦʚʳʝ 

ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

ʇʦ ʬʦʨʤʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʘʥʪʝʥʥʳ ʦʙʳʯʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ ʠ hʠʨʦʢʦʥʘʧʨʘʚʣʝʥʥʳʝ. ʋʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ 

ʦʩʥʦʚʥʦʡ ʣʝʧʝʩʪʦʢ, ʪʦ-ʝʩʪʴ ʦʜʠʥ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ. ɸʤʧʣʠʪʫʜʫ 

ʦʩʪʘʣʴʥʳʭ ʣʝʧʝʩʪʢʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʨʘʶʪʩʷ  ʫʤʝʥʴʰʠʪʴ. ʋʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʘʥʪʝʥʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʨʘʜʠʦʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʫʛʣʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚ ʨʘʜʠʦʣʦʢʘʮʠʠ. ʐʠʨʦʢʦʥʘʧʨʘʚʣʝʥ-

ʥʳʝ ʘʥʪʝʥʥʳ ʠʤʝʶʪ ʢʨʫʛʦʚʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʊʘʢʠʝ ʘʥʪʝʥʥʳ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʣʝʨʘʜʠʦʚʝʱʘʥʠʠ. ʏʘʩʪʦ ʣʝʧʝʩʪʢʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʥʘʟʳʚʘʶʪ çʣʫʯʘʤʠè ʘʥʪʝʥʥʳ.  

ɼʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʙʳʯʥʦ ʠʟʤʝʨʷʶʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠʣʠ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ (ʜʣʷ ʦʙʣʫʯʘʪʝʣʝʡ ʚ ʧʣʦʩʢʦʩʪʷʭ ɽ ʠʣʠ ʅ). ʆʥʘ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʦʤ ʚʟʘʠʤʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʝʨʝʜʘʯʫ ʠ 

ʧʨʠʸʤ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ.  

ɹʣʘʛʦʜʘʨʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʢʘʢ ʠʥʪʝʛʨʘʣʥɹʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʪʦʜʠʢ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʝ ʧʦʩʪʨʦʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʧʦʣʷ ʚ ʪʦʯʢʘʭ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʩ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʢʦʥʪʨʦʣʝʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʢʪʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʝʙʦʣʴʰʠʭ ʘʥʪʝʥʥ ʧʨʦʠʟʚʦʜʷʪ ʚ 

ʙʝʟʵʭʦʚʳʭ ʢʘʤʝʨʘʭ. ɹʝʟʵʭʦʚʘʷ ʢʘʤʝʨʘ ï ʵʪʦ ʧʦʤʝʱʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʚʦʟʥʠʢʘʝʪ 

ʵʭʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʝʨʝʦʪʨʘʞʝʥʠʷʭ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʢʘʤʝʨʳ ʢʦʥʩʪʨʫʠʨʫʶʪ 

ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʝʱʸ ʠ ʠʟʦʣʠʨʦʚʘʣʠ ʢʘʤʝʨʫ ʦʪ ʚʥʝʰʥʠʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʩʠʛʥʘʣʦʚ. 
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https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D1%83%D1%81%D0%B8%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B0%D0%BD%D1%82%D0%B5%D0%BD%D0%BD%D1%8B
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D0%BD%D0%B0%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B4%D0%B5%D0%B9%D1%81%D1%82%D0%B2%D0%B8%D1%8F_%D0%B0%D0%BD%D1%82%D0%B5%D0%BD%D0%BD%D1%8B
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ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʠʛʥʘʣʘ, ʧʨʠʰʝʜh ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ 

ʠʩʪʦʯʥʠʢʘ, ʠʩʢʣʶʯʠʚ ʦʪʨʘʞʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʩʬʦʨʤʠʨʦʚʘʚ 

ʥʘʭʦʞʜʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʪʝʥʳ, ʧʦʪʦʣʦʢ ʠ ʧʦʣ ʪʘʢʠʭ 

ʢʘʤʝʨ ʧʦʢʨʳʪʳ ʤʘʪʝʨʠʘʣʦʤ, ʧʦʛʣʦʱʘʶʱʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʦʣʥʳ. ɿʥʘʯʠ-

ʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʟʤʝʨʝʥʠʡ ʘʥʪʝʥʥ, ʪʘʢ ʢʘʢ ʥʘʣʠʯʠʝ ʘʧʧʘʨʘʪʫʨʳ ʠ ʧʝʨʩʦʥʘʣʘ ʚ ʪʦʯʢʘʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʜʦʣʞʥʦ ʙʳʪʴ ʫʚʷʟʘʥʦ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ.  

ɽʩʣʠ ʘʥʪʝʥʥʘ ʥʝ ʧʦʤʝʱʘʶʱʠʭʩʷ ʚ ʢʘʤʝʨʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʸ ʫʤʝʥʴʰʝʥʥʘʷ 

ʤʦʜʝʣʴ. ʇʨʠ ʵʪʦʤ ʜʣʠʥʫ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ʪʦʞʝ ʫʤʝʥʴʰʘʶʪ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʝʝ 

ʯʠʩʣʦ ʨʘʟ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʤʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʘʥʪʝʥʥ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʚ ʈʕɸ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʧʨʝʜʧʨʠʷʪʠʝʤ ɸʆ 

çʅʀʀ ʉʊʊè, ʦʙʝʩʧʝʯʝʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʦʪʦʢʦ-

ʣʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ.  
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ʇʈʀʄɽʅɽʅʀɽ ʈʉ-ʇʈʀɹʆʈʆɺ  

ʇʈʀ ʀɿʋʏɽʅʀʀ ʊɽʍʅʀʏɽʉʂʀʍ ɼʀʉʎʀʇʃʀʅ 

 

ʇʦ ʜʠʩʮʠʧʣʠʥʘʤ, ʛʜʝ ʠʟʫʯʘʶʪʩʷ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʯʘʩʪʴ ʣʘ-

ʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʢʝʪʘʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʘ ʯʘʩʪʴ ʚ ʢʣʘʩʩʘʭ ʇʕɺʄ, 

ʛʜʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʨʦʛʨʘʤʤʳ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʢʣʘʩʩʝ ʇʕɺʄ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʣʝʢʪʨʦʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʥʘʧʨʠʤʝʨ, ʫʩʠʣʠʪʝʣʴ, ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʤʘʢʝʪʝ, ʘ ʟʘʪʝʤ ʪʘ ʞʝ ʩʭʝʤʘ 

ʠʩʩʣʝʜʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, MicroCap. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʤ ʟʘʥʷʪʠʠ ʨʝʘʣʠʟʫʶʪʩʷ 

ʢʦʤʧʝʪʝʥʮʠʠ: 

ʚʣʘʜʝʥʠʝ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʝʡ, ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ ʫʟʣʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ; 

https://video-praktik.ru/antenny.html
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ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʜʠʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ; 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʚʤʝʩʪʦ ʰʪʘʪʥʦʡ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘ-

ʪʫʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʦʩʮʠʣʣʦʛʨʘʬʳ ʠ ʛʝʥʝʨʘʪʦʨʳ, ʚʳ-

ʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʧʨʠʩʪʘʚʢʠ ʢ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʘʤ, ʧʦʵʪʦʤʫ ʠʭ ʥʘʟʳ-

ʚʘʶʪ ʪʘʢʞʝ PC-ʦʩʮʠʣʣʦʛʨʘʬʳ ʠ PC-ʛʝʥʝʨʘʪʦʨʳ. ʆʥʠ ʠʤʝʶʪ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ 

ʤʦʛʫʪ ʜʘʞʝ ʠʤʝʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʢʘʨʘʥʜʘʰʥʦʛʦ ʪʠʧʘ (PC-ʦʩʮʠʣʣʦʛʨʘʬ 

ɸʂʀʇ-4106).  ʀʭ çʚʠʨʪʫʘʣʴʥʦʩʪʴè ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʜʥʷʷ ʧʘʥʝʣʴ ʦʩ-

ʮʠʣʣʦʛʨʘʬʘ  ʠ ʛʝʥʝʨʘʪʦʨʘ ʩʦʟʜʘʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʤʦʥʠʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʋʧʨʘʚʣʝʥʠʝ ʈʉ-ʧʨʠʙʦʨʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʤʦ-

ʱʴʶ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ï ʤʳʰʠ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʠ ʨʘʜʠʦʪʝʭʥʠʯʝ-

ʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ.  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʠʭ ʦʩʮʠʣʣʦʛʨʘʬʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʪʨʦʙʠʨʦʚʘʥʠʠ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʝʛʦ ʢʦʨʦʪʢʠʭ ʚʳʨʝʟʦʢ-ʦʪʩʯʝʪʦʚ. ʆʥʠ 

ʦʮʠʬʨʦʚʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʝʛʦ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ, ʠ ʢʦʜʳ ʦʪʩʯʝʪʦʚ ʧʝʨʝʜʘʶʪʩʷ ʚ ʇʂ. ʇʨʠʤʝʥʝʥʠʝ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʭ 

ʦʩʮʠʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʩʪʘʚʦʢ ʇʂ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʨʝʟʢʦ 

ʫʧʨʦʱʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠʙʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʦʚʷʪʩʷ ʥʝʥʫʞʥʳʤʠ ʠʥʜʠʢʘʪʦʨ 

ʠ ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʤʦʱʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʠ ʜʨ. ʋʤʝʥɹ-

ʰʘʝʪʩʷ ʩʪʦʠʤʦʩʪʴ ʧʨʠʙʦʨʦʚ. ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʮʠʬ-

ʨʦʚrʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʝ ʩʧʝʢʪʨʘ ʤʝʪʦʜʦʤ 

ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʠʣʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʩ ʟʘʧʠʩʴʶ ʩʠʛʥʘʣʘ ʚ ʧʘʤʷʪʴ ʇʂ. ʉʪʦʠʤʦʩʪʴ 

ʢʦʤʧʣʝʢʪʘ ʈʉ-ʧʨʠʙʦʨʦʚ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʦʩʮʠʣʣʦʛʨʘʬ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝ-

ʥʝʨʘʪʦʨ, ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 25 ʪʳʩ. ʨʫʙ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʣʝʢʪʘʮʠʠ ʠ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ ʩʪʦʠʤʦʩʪʠ ʦʙʳʯʥʳʭ ʧʨʠʙʦʨʦʚ.  

ɼʣʷ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʮʠʣʣʦʛʨʘʬʘ 

PCS500: 

ʏʠʩʣʦ ʢʘʥʘʣʦʚ                                                2  

ɺʭʦʜʥʦʡ ʠʤʧʝʜʘʥʩ                                         1 ʄʆʤ/3 ʧʌ  

ʈʘʟʨʷʜʥʦʩʪʴ                                                   8 ʙʠʪ 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ                                           5 ʤɺ - 15 ɺ/ʜʝʣʝʥʠʝ  

ʄʘʢʩʠʤʘʣʴʥʦʝ ɺʍU                                                    100 ɺ 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ                                            0...50 ʄɻʮ 

ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ɸʏʍ                                 +3 ʜɹ 2,5% 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʪʩʯʝʪʘ                                    2,5% 

ɺʨʝʤʝʥʥʘʷ ʨʘʟʚʝʨʪʢʘ                                    20 ʥʩʝʢ-100 ʤʩʝʢ/ʜʝʣ  

ʏʘʩʪʦʪʘ ʩʪʨʦʙʠʨʦʚʘʥʠʷ                                 1,25 ʢɻʮ - 50 ʄɻʮ  

ɼʣʠʥʘ ʟʘʧʠʩʠ                                                  4096/ʢʘʥʘʣ 

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ                                      9...10 ɺ/1ɸ  
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ʈʘʟʤʝʨʳ, ʚʝʩ                                                   230x165x45 ʤʤ, 490 ʛ  

ʈʝʞʠʤʳ ʚʭʦʜʦʚ                                              AC, DC, Ground 

ʄʘʨʢʝʨʳ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ ʇʂ ʩʣʝʜʫʶʱʠʝ: ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Windows 95, 

98, 2000, NT ʠʣʠ ʍʈ; SVGA ʚʠʜʝʦʢʘʨʪʘ (ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 800 ʭ 600); 

ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

 ʚʥʝʰʥʠʡ ʪʨʠʛʛʝʨ ʩ ʟʘʧʫʩʢʦʤ ʧʦ ʥʘʨʘʩʪʘʥʠʶ ʠ ʩʧʘʜʫ ʩʠʛʥʘʣʘ; 

 ʫʣʫʯʰʝʥʥʘʷ ʚʭʦʜʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ; 

ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʦʚ ʚ ʢʘʥʘʣʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ;  

ʫʣʫʯʰʝʥʥʘʷ ʚʨʝʤʝʥʥʘʷ ʨʘʟʚʝʨʪʢʘ ʦʩʮʠʣʣʦʛʨʘʬʘ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʦʙʨʘʞʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ ʯʘʩʪʦʪʦʡ ʩʪʨʦʙʠ-

ʨʦʚʘʥʠʷ ʜʦ 1 ɻɻʮ; 

ʨʘʩʰʠʨʝʥʥʳʡ ʜʦ 25 ʄɻʮ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʌʫʨʴʝ - ʘʥʘʣʠʟʘʪʦʨʘ. 

 ʉʟʘʜʠ ʧʨʠʩʪʘʚʢʘ ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʨʘʟʲʝʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʠʥʪʝʨʥʦʛʦ 

ʧʦʨʪʘ ʠ ʨʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʘʜʘʧʪʝʨʘ ʧʠʪʘʥʠʷ ʦʪ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦ 

ʪʦʢʘ ʩ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 9 ɺ.  

ʌʫʨʴʝ - ʘʥʘʣʠʟʘʪʦʨ ʥʘ ʙʘʟʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ PCS500 ʧʦʟʚʦʣʷʝʪ 

ʩʪʨʦʠʪʴ ʩʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ (ɹʇʌ) ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʪʩʯʝʪʦʚ ʚʳʰʝ 4000. ʌʫʨʴʝ-ʘʥʘʣʠʟʘʪʦʨ ʧʨʠʙʦʨʦʚ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ                                  0...1,2 ʢɻʮ ʜʦ25 ʄɻʮ 

ʈʘʟʨʝʰʝʥʠʝ ɹʇʌ                                       2048 ʩʪʨʦʢ. 

ɺ ʨʝʞʠʤʝ ʌʫʨʴʝ-ʘʥʘʣʠʟʘʪʦʨʘ ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʯʘʩʪʦʪʥʳʭ 

ʦʢʦʥ: ʧʨʷʤʦʫʛʦʣʴʥʦʝ, ɹʘʨʣʝʪʪʘ, ʍʘʤʤʠʥʛʘ, ʍʘʥʥʠʥʛʘ ʠʣʠ ɹʣʵʢʤʘʥʘ. ɺʦʟʤʦʞʥʘ 

ʨʝʛʠʩʪʨʘʮʠʷ ʤʘʢʩʠʤʫʤʦʚ ʧʠʢʦʚ ʠ ʩ ʫʩʨʝʜʥʝʥʠʝʤ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʧʘʥʝʣʴ ʦʩ-

ʮʠʣʣʦʛʨʘʬʘ  PCS500. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ʇʘʥʝʣʴ ʈʉ-ʦʩʮʠʣʣʦʛʨʘʬʘ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ PCG10A ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʩʠʛʥʘʣʦʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʜʦ 1ʄɻʮ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦ TTL-ʫʨʦʚʥʶ, ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʦʤʠʥʘʥʠʷ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʩʠʛʥʘʣʘ ʜʦ 32 

ʢɹʘʡʪ. ʌʦʨʤʳ ʩʠʛʥʘʣʘ: ʩʠʥʫʩ, ʪʨʝʫʛʦʣʴʥʠʢ ʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢ. ʊʝʭʥʠʯʝʩʢʠʝ 
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ʜʘʥʥʳʝ: ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 12ɺ=/800ʤɸ, ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 0,01ɻʮ-1ʄɻʮ, 

ʪʦʯʥʦʩʪʴ 0,01%, ʘʤʧʣʠʪʫʜʘ 100ʤɺ-10ɺ ʧʨʠ 600 ʆʤ, ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 50 

ʆʤ, ʨʘʟʤʝʨ 47ʭ165ʭ235ʤʤ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʧʘʥʝʣʴ ʫʧʨʘʚʣʝʥʠʷ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʘʥʝʣʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨ 

 
ʃʠʪʝʨʘʪʫʨʘ 

ɼʴʷʢʦʥʦʚ ɺ.ʇ. MATLAB  6.0/6.1/6.5/6.5+SP1 Similulink 4/5/. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʄ.: 

ʉʆʃʆʅ ï ʇʨʝʩʩ, 2005, 591 ʩ. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɺʓʉʆʂʆɺʆʃʔʊʅʓʁ ʀʉʊʆʏʅʀʂ ʅɸʇʈʗɾɽʅʀʗ ʀɿʄɽʈɽʅʀʗ 

ʅɸʇʈʗɾɽʅʀʗ ʇʈʆɹʆʗ ʄɼʇ-ʊʈɸʅɿʀʉʊʆʈʆɺ 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʯʘʩʪʠʣʠʩʴ ʩʣʫʯʘʠ ʧʦʷʚʣʝʥʠʷ ʥʘ ʨʳʥʢʝ ʵʣʝʢʪʨʦʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʜʝʣʴʥʳʭ ʄɼʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ. ʊʘʢʠʝ ʩʣʫʯʘʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʜʘʞʝ ʫ ʠʟʚʝʩʪʥʳʭ ʠ ʫʚʘʞʘʝʤʳʭ ʧʦʩʪʘʚʱʠʢʦʚ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʷʚʣʷʝʪʩʷ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʪʠʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʨʠʙʦʨʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ.  

ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʪʦʢʘ ʧʨʦʙʦʷ 

ʙʝʟʦʧʘʩʥʦʡ ʚʝʣʠʯʠʥʦʡ [1]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʩʪʨʦʝʥʠʷ 

ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦ 600 ɺ ʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ ʧʨʦʙʦʷ ʥʘ ʫʨʦʚʥʝ 250 ʤʢɸ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʙʦʷ 
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ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʪʘʢʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʫʶ ʪʦʧʦʣʦʛʠʶ ʧʦʚʳʰʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ  ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʦʭʦʜʦʚʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʦʝ ʩʭʝʤʥʦʝ ʨʝʰʝʥʠʝ  ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʩʭʝʤʘʭ 

ʟʘʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚʩʧʳʰʝʢ, ʜʝʬʠʙʨʠʣʣʷʪʦʨʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʟʘʞʠʛʘʥʠʷ. ʆʪʣʠʯʠʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʚ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʦʷ. ʕʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʮʝʧʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʦʪʩʣʝʞʠʚʘʶʱʝʡ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʟʠʩʪʦʨʝ R4 (ʨʠʩ. 2).  

W1

T1

W2

S1

VD3

C1

R4

R3
12

DA2

G1

DA1

R2

50-600 B
VD4

V1

VD2VD1

R1

0

Out

 
ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ 

ʈʝʟʠʩʪʦʨ R3 ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʭʦʜʥʦʡ ʪʦʢ ʠʩʪʦʯʥʠʢʘ ʥʘ ʙʝʟʦʧʘʩʥʦʤ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʫʨʦʚʥʝ ʠ ʩʣʫʞʠʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʧʨʠʙʦʨʦʤ. ɼʠʦʜ VD4 ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʳʤ. ʆʥ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʠ ʩʣʫʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʨʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʝʟʠʩʪʦʨ 

R2 ʨʘʟʨʷʞʘʝʪ ʢʦʥʜʝʥʩʘʪʦʨ ʉ1 ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʧʨʠʙʦʨʘ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʘʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʨʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ 

Micro-Cap [2]. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʧʨʝʨʳʚʠʩʪʳʭ ʪʦʢʦʚ (ʨʠʩ. 3). 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʜʨʦʩʩʝʣʷ ʧʨʠʚʝʜʝʥ ʚ [3].  

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩ ʧʦʩʪʦʷʥʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʧʦʣʥʝʥʠʷ D=0.8 (ʨʠʩ. 4). ʀʤʧʫʣʴʩʳ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʳʤ 

ʢʣʶʯʦʤ ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʢʦʤʧʘʨʘʪʦʨʦʤ DA1 ʚ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 

ʧʠʣʦʦʙʨʘʟʥʦʝ ʥʘʧʨʷʞʝʥʠʝ V(G1), ʧʦʩʪʫʧʘʶʱʝʝ ʥʘ ʥʝʠʥʚʝʨʪʠʨʫʶʱʠʡ ʚʭʦʜ 

ʢʦʤʧʘʨʘʪʦʨʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʦʨʦʛʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʠʥʚʝʨʪʠʨʫʶʱʝʤ ʚʭʦʜʝ V(R1)). ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʟʘʜʘʝʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ V1. ɼʘʣʝʝ ʧʨʠ ʧʨʦʙʦʝ ʟʘʱʠʪʥʦʛʦ ʜʠʦʜʘ VD4 

ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʘʪʯʠʢʝ ʪʦʢʘ  R4 ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ 

ʨʦʩʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʥʚʝʨʪʠʨʫʶʱʝʤ ʚʭʦʜʝ V(R1), ʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʦʧʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ V1 ʰʠʨʠʥʘ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʘʧʨʷʞʝʥʠʝ V(R1) ʥʝ ʫʩʪʘʥʦʚʠʪʩʷ ʥʘ ʪʦʤ ʫʨʦʚʥʝ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʢ ʯʝʨʝʟ ʜʘʪʯʠʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʠ ʨʘʚʝʥ 250 ʤʢɸ.  



38 

 
ʈʠʩʫʥʦʢ 3 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ: ʘ ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ V(Out) 

ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʘʢʦʧʠʪʝʣʴʥʦʤ ʢʦʥʜʝʥʩʘʪʦʨʝ V(C1); ʙ ï ʪʦʢ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ I(W1); ʚ ï ʪʦʢ ʯʝʨʝʟ ʜʘʪʯʠʢ ʪʦʢʘ I(R4)  

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʚ ʵʪʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʜʣʷ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʵʪʦʛʦ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʩʭʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʣʶʙʦʤ ʐʀʄ-ʢʦʥʪʨʦʣʣʝʨʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʧʦʣʥʝʥʠʷ ʙʦʣʴʰʝ 0.5, ʥʘʧʨʠʤʝʨ UC3843. 

ʇʦʤʠʤʦ ʘʧʧʘʨʘʪʫʨʳ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʜʝʣʦʢ ʠ ʘʧʧʘʨʘʪʫʨʳ ʚʭʦʜʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʝʛʦ SPICE- ʤʦʜʝʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ˉ 17-07-00148 ɸ çʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʠʩʪʝʤʳ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʄʆʇ-ʩʪʨʫʢʪʫʨ ʩ 

ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ SPICE-ʤʦʜʝʣʝʡè. 
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ʈʠʩʫʥʦʢ 4 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ: a ï ʥʘʧʨʷʞʝʥʠʝ ʩ ʛʝʥʝʨʘʪʦʨʘ 

V(G1) ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʠʥʚʝʨʪʠʨʫʶʱʝʤ ʚʭʦʜʝ ʢʦʤʧʘʨʘʪʦʨʘ V(R1); ʙ ï ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ 

ʢʦʤʧʘʨʘʪʦʨʘ Vout(DA1). 
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ʈɸɿʈɸɹʆʊʂɸ ʉʀʉʊɽʄʓ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ʉʆʉʊʆ-

ʗʅʀʗ ɼʆʈʆɾʅʆɻʆ ʇʆʂʈʓʊʀʗ 
 

ɺʩʝ ʚʠʜʳ ʩʥʝʞʥʦ-ʣʝʜʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦ-

ʨʦʛʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʩʮʝʧʣʝʥʠʷ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʦʢʨʳʪʠʝʤ ʜʦʨʦʛʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ɼʊʇ. ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʚ 

2-2,5 ʨʘʟʘ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 30-40% ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ ʥʘ 25-30%. ʆʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʨʠ ʛʦʣʦʣʝʜʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʠʤ ʧʦʢʨʳʪʠʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ, ʧʨʠ ʩʥʝʞʥʦʤ 

ʥʘʢʘʪʝ - ʚ 3-4 ʨʘʟʘ. [1] 

http://e.lanbook.com/books/element.php?pl1_id=53665
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ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʙʫ-

ʜʝʪ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʜʦʨʦʞʥʳʝ ʩʣʫʞʙʳ ʠ ʚʦʜʠʪʝʣʝʡ ʦ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɸʥʘʣʠʟʠʨʫʷ ʆɼʄ 218.2.003-2009 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʟʠʤʥʝʡ ʩʢʦʣʴʟʢʦʩʪʠ ʥʘ ʜʦʨʦʞʥʦʤ ʧʦʢʨʳʪʠʠ ʚʣʠʷʶʪ: 

- ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʦʩʘʜʢʠ, ʠʭ 

ʚʠʜ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʚʳʧʘʜʝʥʠʷ); 

- ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʣʘʥʜʰʘʬʪʥʳʝ ʬʘʢʪʦʨʳ (ʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, ʥʘʣʠʯʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʦʜʦʝʤʦʚ ʠ ʪ.ʜ.), ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ, ʧʝʨʝʥʦʩʘ ʠ ʥʘʢʦʧ-

ʣʝʥʠʷ ʩʥʝʛʘ. [2] 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʩʦʩʪʘʚ ʚʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʘʥʘʣʦʛʦʚʳʝ ʠ ʠʥʪʝʛʨʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʜʘʪʯʠʢʠ:  

 ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦʛʦʜʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ 

ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ. ɺ ʩʦʩʪʘʚʝ ʜʦʨʦʞʥʦʡ ʤʝʪʝʦʩʪʘʥʮʠʠ ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʨʦʩʳ ï ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʥʜʝʥʩʘʮʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠʟ ʚʦʟʜʫʭʘ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʯʢʠ 

ʨʦʩʳ, ʧʦʤʠʤʦ ʚʣʘʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʩʘʤʦʛʦ ʚʦʟʜʫʭʘ. ɼʘʥ-
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ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʥʠʷ ʪʫʤʘʥʘ, ʚʳʧʘ-

ʜʝʥʠʝʤ ʦʩʘʜʢʦʚ, ʦʙʣʝʜʝʥʝʥʠʝʤ ʥʘ ʜʦʨʦʛʘʭ. 

 ɼʘʪʯʠʢ ʦʩʘʜʢʦʚ 

ɼʣʷ ʩʦʜʝʨʞʘʥʠʷ ʜʦʨʦʛʠ ʥʝʦʙʭʦʜʠʤʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʟʥʘʪʴ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ, ʠʭ ʪʠʧ (ʜʦʞʜʴ, ʩʥʝʛ, ʜʦʞʜʴ ʩʦ ʩʥʝʛʦʤ, ʠ ʪ.ʧ.), ʘ ʪʘʢʞʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʇʨʠʯʸʤ, ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʪʚʸʨʜʳʤʠ 

ʦʩʘʜʢʘʤʠ, ʜʣʷ ʥʫʞʜ ʜʦʨʦʞʥʦʡ ʦʪʨʘʩʣʠ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʧʦʩʣʝ ʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʚ ʚʦʜʫ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʘ 

ʢʘʢʦʡ ʩʣʦʡ ʪʘʢʠʭ ʦʩʘʜʢʦʚ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʛʠ. 

 ɼʘʪʯʠʢ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʉʦʩʪʦʷʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ çʩʫʭʦè, çʣʝʜè, çʩʥʝʛè, çʚʦʜʘè ʧʦʟʚʦʣʷʶʪ 

ʧʨʘʚʠʣʴʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʜʦʨʦʞʥʳʭ ʩʣʫʞʙ, ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʦʮʝʥʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʳʡ ʦʙʲʸʤ ʨʘʙʦʪ ʠ ʦʙʲʝʤ ʨʝʘʛʝʥʪʦʚ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ. 

 ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʛʨʫʥʪʘ 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ - ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʛʠ. ɿʥʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʨʦʛʠ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʢʦʣʴʟʢʦʩʪʴ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ, ʘ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ - ʦʛʨʘʥʠʯʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʧʨʝʚʳ-

ʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

 ɼʘʪʯʠʢ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ 

ʇʘʨʘʤʝʪʨ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶɦ ʠʤ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʘʢʦʛʦ ʦʧʘʩʥʦʛʦ ʷʚʣʝʥʠʷ ʢʘʢ ʙʦʢʦʚʦʡ ʚʝʪʝʨ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʧʘ-

ʨʘʤʝʪʨ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʠ ʚ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʷʚʣʝʥʠʷ çʧʝʨʝʤʪyʦʚè, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʥʠʟʦʚʳʤʠ ʤʝʪʝʣʷʤʠ. ʇʨʠ ʨʘʟʨʳʚʘʭ ʠʣʠ 

ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʘʜʢʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʘʚʪʦʤʦʙʠʣʥɹʦʡ ʜʦʨʦʛʠ ʠ ʥʘʣʠʯʠʠ 

ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ ʩʥʝʛʘ, ʢʦʪʦʨʳʡ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʦʣʷʭ, ʥʘ 

ʧʨʦʝʟʞʫʶ ʯʘʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʶʪʩʷ ʩʫʛʨʦʙʳ 

ʩʥʝʛʘ. 

 ɼʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʪʘʢʦʛʦ 

ʦʧʘʩʥʦʛʦ ʷʚʣʝʥʠʷ ʢʘʢ ʩʠʣʴʥʳʡ ʙʦʢʦʚʦʡ ʚʝʪʝʨ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʣʴʥʳʝ ʧʦʨʳʚʳ 

ʙʦʢʦʚʦʛʦ ʚʝʪʨʘ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʣʴʰʫʶ ʧʘʨʫʩʥʦʩʪʴ (ʘʚʪʦʙʫʩʳ, ʙʦʣʴʰʝʛʨʫʟʥʳʝ ʬʫʨʳ). ʋʯʸʪ 

ʧʝʨʝʥʦʩʘ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦʨʦʛʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ. 

 ɺʠʜʝʦ ʢʦʤʧʣʝʢʩ ʤʝʪʝʦʩʠʩʪʝʤʳ 

ʆʙʱʘʷ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʩʝʪʠ ʘʚʪʦʜʦʨʦʛ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʚʠʟʫʘʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ ʤʝʪʝʦʫʩʣʦʚʠʡ ʥʘ ʢʘʞʜʦʤ ʠʟ ʝʸ ʫʯʘʩʪʢʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺʠʜʝʦ ʢʦʤʧʣʝʢʩ ʤʝʪʝʦʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʜʦʨʦʛʠ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ 

ʨʘʙʦʪʳ ʜʦʨʦʞʥʳʭ ʙʨʠʛʘʜ ʠ ʠʤʝʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʦʨʦʞʥʦʤ ʜʚʠ-

ʞʝʥʠʠ. 

 ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ 
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ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʦʙ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦʨʦʞʥʳʝ ʩʣʫʞʙʳ, ʤʦʛʫʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʛʥʦʟ ʥʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʚʧʝʨʝʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʙʳʪʴ ʛʦʪʦ-

ʚʳʤ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʠʤʝʪʴ ʚʨʝʤʷ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʫʙʦʨʦʯʥʦʡ 

ʪʝʭʥʠʢʠ. 

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʪʦʷʥʥʳʭ ʨʝʟʠʩʪʦʨʦʚ R1, R2, R3, ʪʝʨʤʦʨʝʟʠʩʪʦʨʘ 

Rʪ, ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʟʠʩʪʦʨʘ Rd ʠ ʘʤʧʝʨʤʝʪʨʘ PA. 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ (R1, R2, 

R3, U), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ-

ʙʣʠʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ [3]: 

ʊ 2 1 3

ʩʭ ʅ

ʜ ʊ 1 3 2 ʊ 1 3 2 3 2 ʊ 1R R

R R R R
k T T

R R R R R R R R R R R
 

ʛʜʝ   ï ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, 

Tʥ ï ʥʠʞʥʠʡ ʧʨʝʜʝʣ ʠʟʤʝʨʝʥʠʷ; 

ʊ ï ʠʟʤʝʨʷʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʥʷʝʤ ʧʦʣʠʥʦʤʳ ʏʝʙʳ-

ʰʝʚʘ. [3] 

ʇʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ Given Find ʚ ʧʨʦʛʨʘʤʤʝ 

Mathcad ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: R3=37.795 ʆʤ; R1=R2=39.2499 

ʆʤ; U=-0.187 ɺ. 

ɺʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʪʯʠʢʦʚ ʧʦʩʪʫ-

ʧʘʝʪ ʚ ʝʜʠʥʳʡ ʮʝʥʪʨ (ʧʨʠʣʦʞʝʥʠʝ), ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʧʣʝʢʩʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ, ʢʦʪʦʨʳʡ ʚ ʧʦ-

ʩʣʝʜʫʶʱʝʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʝʦʩʣʫʞʙʘʤʠ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʣʠʙʦ ʘʚʪʦʤʦʙʠʣʠʩʪʘʤʠ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʦ-

ʚʝʜʝʥʠʷ ʥʘ ʜʦʨʦʛʝ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥʘ ʚ ʛʦʨʦʜʘʭ, ʛʜʝ ʘʚ-

ʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʬʠʢ ʦʯʝʥʴ ʚʳʩʦʢ ʠ ʧʦʵʪʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʦʨʦʛ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʠʥʪʝʛʨʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦ-

ʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ, ʫʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʳ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 
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(ɺɸ ɺʇɺʆ ɺʉ ʈʌ ʛ. ʉʤʦʣʝʥʩʢ) 

 

ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ɺʓɹʆʈɸ ʉʐʇ ʉʀɻʅɸʃʆɺ ʇʈʀ ʇʆ-

ʉʊʈʆɽʅʀʀ ʉʇɽʎʀɸʃʔʅʓʍ ʈɸɼʀʆʊɽʍʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 

 

ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʠʩʪʝʤ ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʳʩʦʢʦʠʥ-

ʬʦʨʤʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʨʘʜʠʦʣʦʢʘʪʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʥʝʩʫʱʠʭ ʩʠʛʥʘʣʦʚ. 

ʊʘʢʠʝ ʩʠʛʥʘʣʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ (ʉʐʇ). 

ʇʦ ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ, ʢ ʩʚʝʨʭʰʠʨʦʢʦ-

ʧʦʣʦʩʥʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ 125,0 , ʛʜʝ  ʥʘʭʦʜʠʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [1, 2]: 

 

minmax

minmax

ff

ff
, 

                          

ʛʜʝ maxf ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ; 

       minf ï ʤʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. 

ʕʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝ ʤʦʞʝʪ ʦʭʚʘʪʠʪʴ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦ-

ʣʦʩʥʳʭ ʩʠʛʥʘʣʦʚ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʛʠʤʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʉʐʇ ʩʠʛʥʘʣʦʚ, ʫʜʦʙʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʬʦʨʤʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʉʐʇ ʩʠʛʥʘʣʳ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ï ʚʠʜʝʦʠʤʧʫʣʴʩ (ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʥʦʩʪʠ), 

ʙʠʧʦʣʷʨʥʳʡ ʠʤʧʫʣʴʩ, ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʠʤʧʫʣʴʩ. 

ɺʨʝʤʝʥʥʘʷ ʬʦʨʤʘ ʚʠʜʝʦʠʤʧʫʣʴʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʝʪ ʬʦʨʤʫ ʛʘʫʩʩʦʚʘ 

ʠʤʧʫʣʴʩʘ (ʨʠʩ. 1. ʘ). ɹʠʧʦʣʷʨʥʳʡ ʠʤʧʫʣʴʩ (ʨʠʩ. 1. ʙ) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʧʝʨʠʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʈʘʜʠʦʯʘʩʪʦʪʥʳʡ ʉʐʇ 

ʠʤʧʫʣʴʩ (ʨʠʩ. 1. ʚ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ (ʦʪ ʜʚʫʭ ʜʦ ʧʷʪʠ) ʧʝʨʠʦʜʦʚ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʧʦ ʘʤʧʣʠʪʫʜʝ ʛʘʫʩʩʦʚʳʤ ʠʤ-
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ʧʫʣʴʩʦʤ. ɺ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʥʘʟʳʚʘʪʴʩʷ ʥʝʛʘʨʤʦʥʠ-

ʯʝʩʢʠʤʠ. 

ʉʧʝʢʪʨʳ ʜʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 2), ʚʠʜʝʦʠʤʧʫʣʴʩʘ  

(ʨʠʩ. 2 ʘ), ʙʠʧʦʣʷʨʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʨʠʩ. 2 ʙ), ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʉʐʇ ʠʤʧʫʣʴʩʘ 

(ʨʠʩ. 2 ʚ).  

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʢ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴ ʢʦʨʦʪʢʦʠʤʧʫʣʴʩ-

ʥʳʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ (ʨʠʩ. 3 ʘ). ʉʧʝʢʪʨ 

ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʠʟʦʙʨʘʞʝʥ ʥʘ (ʨʠʩ. 3 ʙ).  
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ʈʠʩʫʥʦʢ 1 ï ɺʨʝʤʝʥʥʘʷ ʬʦʨʤʘ 

ʉʐʇ ʩʠʛʥʘʣʦʚ 

ʈʠʩʫʥʦʢ 2 ï ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʉʐʇ ʩʠʛʥʘʣʦʚ 

 

                      ʘ)                                                                   ʙ)   

 

ʈʠʩʫʥʦʢ 3 ï ʂʦʨʦʪʢʦʠʤʧʫʣʴʩʥʳʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

(ʘ) ï ʚʨʝʤʝʥʥʘʷ ʠ (ʙ) ï ʯʘʩʪʦʪʥʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ 
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ʀʟ ʢʦʥʝʯʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʠʤʧʫʣʴʩ ʥʝ ʧʦʜʭʦʜʠʪ ʧʦʜ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʩʧʝʢʪʨ ʪʘʢʦʛʦ ʩʠʛʥʘʣʘ 

ʨʘʩʧʨʝʜʝʣʝʥ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. ʇʦʵʪʦʤʫ ʥʝʢʦʪʦʨʳʝ ʨʘʟ-

ʨʘʙʦʪʯʠʢʠ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʪʥʦʩʷʪ ʝʛʦ ʢ ʨʘʟʨʷʜʫ ʩʚʝʨʭʰʠʨʦʢʦʧʦ-

ʣʦʩʥʳʭ. ʅʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʜʘʥʥʦʛʦ ʩʠʛʥʘʣʘ 100 ɻɻʮ. ʋ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʩʠʛʥʘʣ ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʨʘʚʥʦʡ 100 ɻɻʮ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ 10 

ʢʠʣʦʤʝʪʨʦʚ ʦʩʣʘʙʣʷʝʪʩʷ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ 3.5 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛ-

ʥʘʣʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʩʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥ ʦʪ 0 ʜʦ  

10 ɻɻʮ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʠʛʥʘʣʳ ʚʩʝ ʨʘʚʥʦ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʠʣʫ ʧʨʦʩʪʦʪʳ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʊʘʢ 

ʢʘʢ ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʘʥʪʝʥʥ ʠ ʜʨʫʛʠʭ ʉɺʏ 

ʫʩʪʨʦʡʩʪʚ ʨʘʟʨʘʙʦʪʘʥ ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʨʘʩʯʝʪʳ ʧʨʦ-

ʠʟʚʦʜʷʪʩʷ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ [3]. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ  

ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ (ʨʠʩ. 4) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʤʝʥʴʰʝ ʚʩʝʛʦ ʙʫʜʫʪ ʦʩʣʘʙʣʷʪʴʩʷ ʉʐʇ ʩʠʛʥʘʣʳ, ʩʧʝʢʪʨʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʚ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʪ 0 ʜʦ 20 ɻɻʮ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʘʪʤʦʩʬʝʨʝ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ-

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʚ ʚʠʜʝ ʦʜʥʦ- ʠ ʜʚʫʭʧʦʣʷʨʥʳʭ ʚʠʜʝʦʠʤʧʫʣʴʩʦʚ, ʦʩʥʦʚʥʘʷ 

ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ï 20 ɻɻʮ, ʛʜʝ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʘ ʤʠ-

ʥʠʤʘʣʴʥʳʝ. ʄʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʉɺʏ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʪʘʢʠʭ ʪʠʧʦʚ ʩʠʛ-

ʥʘʣʦʚ ʢʘʢ ʧʨʘʚʠʣʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʬʦʨʤʝ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ ʢʠʣʦ- ʜʦ ʛʠʛʘʛʝʨʮ [4]. ʋʥʠʚʝʨ-

ʩʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʉʐʇ ʫʩʪʨʦʡʩʪʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʯʝʪʨrʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʚʢʣʶʯʘʶʱʝʤ ʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʨʝʤʷ). ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʧʘʨʘ-

ʤʝʪʨʦʚ ʉʐʇ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ, ʩ ʫʯʝʪʦʤ ʥʘʟʥʘʯʝʥʠʷ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʘʥʥʳʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʳʭ ʉʐʇ ʩʠʛʥʘʣʦʚ ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʝʮʠʘʣʥɹʳʭ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
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ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʭʝʤʫ ʜʣʷ ʚʳʚʦʜʘ 

ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʵʣʝʢʪʨʦʥʥʳʡ ʠʥʜʠʢʘʪʦʨ. 

ɼʣʷ ʚʳʚʦʜʘ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʥʠʡ ʥʘ ʠʥʜʠʢʘʪʦʨ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʭʝʤʫ ʘʜʨʝʩʘʮʠʠ ʤʝʪʦʜʦʤ ʜʦʩʯʝʪʘ. ɺ ʜʘʥʥʦʡ ʩʭʝʤʝ ʤʦʛʫʪ ʚʳʚʦʜʠʪʴʩʷ ʥʘ ʵʢʨʘʥ, 

ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʥʪʝʟ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʨʘʤʤʳ Proteus. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙʣʘʜʘʝʪ ʫʜʦʙʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʧʨʦʩʪʘ 

ʚ ʦʩʚʦʝʥʠʠ. ʊʘʢ ʞʝ ʚ Proteus ʫʜʦʙʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨʳ. ɼʦʩʪʘʪʦʯʥʳʡ 

ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʬʫʥʢʮʠʡ ʜʝʣʘʶʪ ʵʪʫ ʧʨʦʛʨʘʤʤʫ ʭʦʨʦʰʝʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʩʭʝʤʦʪʝʭʥʠʢʝ. ɸ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʧʨʠ ʧʦʤʦʱʠ  ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ARES ʩʦʟʜʘʪʴ ʨʘʟʚʦʜʢʫ ʩʭʝʤʳ ʧʦʜ 
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ʧʣʘʪʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʝʡʩʪʚʫʶʱʠʭ 

ʵʢʟʝʤʧʣʷʨʦʚ ʧʣʘʪ[2]. 

ɺ ʩʭʝʤʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʨʝʩʘʮʠʠ ʤʝʪʦʜʦʤ ʜʦʩʯʝʪʘ ʠʥʜʠʢʘʪʦʨʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʢʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʠʥʜʠʢʘʪʦʨʳ, ʨʝʛʠʩʪʨʳ, ʩʯʝʪʯʠʢʠ, 

ʜʝʰʠʬʨʘʪʦʨʳ ʠ ʵʣʝʤʝʥʪʳ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʣʦʛʠʢʠ, ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʛʥʝʟʜʘʤ ʨʘʟʲʝʤʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʥʘʙʦʨʥʦʝ ʧʦʣʝ[1]. ʅʘ ʨʠʩ. 1. 

ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʠ ʩʧʦʩʦʙʝ ʘʜʨʝʩʘʮʠʠ 

ʤʝʪʦʜʦʤ ʜʦʩʯʝʪʘ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚ ʧʨʦʛʨʘʤʤʝ Proteus ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.2. 

        ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʚʠʜʝʥʠʷ ʩʠʤʚʦʣʦʚ ʦʪʨʘʞʘʝʤʳʭ ʥʘ ʩʝʤʠʩʝʛʤʝʥʪʥʦʤ ʠʥ-

ʜʠʢʘʪʦʨʝ, ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʩʝʪʢʠ ʯʘʩʪʦʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ:  

        ʇʦ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʦʪʳ ʥʝ ʥʠʞʝ 85 ɻʮ, ʜʣʷ ʨʝ-

ʞʠʤʘ ʦʪʦʙʨʘʞʝʥʠʷ ʪʝʤʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʩʚʝʪʣʦʤ ʬʦʥʝ (ʜʣʷ ʩʚʝʪʣʳʭ ʩʠʤʚʦʣʦʚ ʥʘ 

ʪʝʤʥʦʤ ʥʝ ʥʠʞʝ 72 ɻʮ). ʅʠʞʝ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʫʞʝ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳ ʤʝʣʴʢʘʥʠʷ. 

ʇʦʵʪʦʤʫ ʙʳʣʘ ʚʳʙʨʘʥʘ ʯʘʩʪʦʪʘ ʤʝʨʮʘʥʠʷ ʵʢʨʘʥʘ ʠʥʜʠʢʘʪʦʨʘ 100 ɻʮ. ʊʦʛʜʘ ʯʘ-

ʩʪʦʪʘ ʤʝʨʮʘʥʠʷ ʢʘʞʜʦʛʦ ʟʥʘʢʦʤʝʩʪʘ ʨʘʚʥʘ: 

                                              100Ā3 = 300 ɻʮ. 

ʛʜʝ  ï ʯʘʩʪʦʪʘ ʤʝʨʮʘʥʠʷ ʵʢʨʘʥʘ; N- ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʢʦʤʝʩʪ. 

 

 
 

ʈʠʩʫʥʦʢ 1ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʠʥʜʠʢʘʪʦʨʦʚ ʧʨʠ ʩʧʦʩʦʙʝ ʘʜʨʝʩʘʮʠʠ 
ʤʝʪʦʜʦʤ ʜʦʩʯʝʪʘ 
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              ʈʠʩʫʥʦʢ 2 ï  ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚ ʧʨʦʛʨʘʤʤʝ Proteus 

 

ʅʘ ʩʭʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʯʝʪʳʨʝ ʠʥʜʠʢʘʪʦʨʘ. ʇʝʨʚʳʡ ʠʥʜʠʢʘʪʦʨ ʧʦʢʘʟʚrʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ çƄè ʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ç+è ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʩʣʝʜʫʶ-

ʱʠʝ ʪʨʠ ʠʥʜʠʢʘʪʦʨʘ ʧʦʢʘʟʳʚʘʶʪ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʯʝʪʚʝʨʪʳʡ ʠʥʜʠʢʘʪʦʨ 

ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʉ
o
.  

        ʉ ʧʦʤʦʱʴʶ ʪʨʸʭ ʢʥʦʧʦʢ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʥʘ ʵʢʨʘʥ ʠʥʜʠʢʘʪʦʨʘ ʪʨʝʙʫʝʤʦʝ 

ʟʥʘʯʝʥʠʝ. ɼʣʷ ʟʘʛʨʫʟʢʠ ʚ ʙʫʬʝʨ ʢʦʜʘ ʦʪʦʙʨʘʞʘʝʤʦʛʦ ʯʠʩʣʘ, ʥʫʞʥʦ ʧʦʜʘʪʴ ʩʠʛʥʘʣ 

ʥʘ ʚʭʦʜ ʩʯʝʪʯʠʢʘ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʞʥʦʝ ʥʘʤ 

ʯʠʩʣʦ, ʜʣʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʝʤ ʧʝʨʚʫʶ ʢʥʦʧʢʫ. ʆʙʨʘʪʥʳʡ ʩʯʸʪ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʪʦʨʦʡ ʢʥʦʧʢʠ. ʊʨʝʪʴʷ ʢʥʦʧʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʙʨʦʩʘ 

ʟʥʘʯʝʥʠʡ.  ʆʪʦʙʨʘʞʘʝʤʳʡ ʩʠʤʚʦʣ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʯʝʪʯʠʢʘ ʠ ʜʝ-

ʰʠʬʨʘʪʦʨʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʤʝʩʪʦ ʢʥʦʧʦʯʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇɿʋ ʠʣʠ 

ʙʫʬʝʨʥʳʡ ʨʝʛʠʩʪʨ.   

ʊʘʙʣʠʮʘ ï ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʠʢʨʦʩʭʝʤʳ ʧʨʠ ʩʠʥʪʝʟʝ  

ʉʝʨʠʷ  

ʤʠʢʨʦʩʭʝʤʳ 

ʂʦʣʠʯʝ-

ʩʪʚʦ 

ʢʦʨʧʫʩʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʨʧʫʩʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʀʟʙr-

ʪʦʯʥʦʩʪʴ 
 

SN74LS192 

 (4-ʨʘʟʨʷʜʥʳʡ ʨʝʚʝʨ-

ʩʠʚʥʳʡ ʩʯʝʪʯʠʢ) 

 

         3 

 

1 

 

3 

0 

ʄʠʢʨʦʩʭʝʤʘ 4511 

 (ʨʝʛʠʩʪʨ) 

3 1 3 0 

× 6 - 6 0 
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          ʉʠʥʪʝʟ ʩʭʝʤʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪ-

ʩʪʚʫʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʧʦɻ ʪʦʤʫ 

ʜʘʥʥʘʷ ʩʭʝʤʘ ʙʫʜʝʪ ʨʝʥʪʘʙʝʣʴʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ.  

ʄʝʪʦʜ ʜʦʩʯʝʪʘ, ʢʘʢ ʤʝʪʦʜ ʘʜʨʝʩʘʮʠʠ ʩʝʤʠʩʝʛʤʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʧʨʦʩʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʘʜʨʝʩʘʮʠʠ  ʧʣʘʥʠʨʫ-

ʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʥʪʨʦʣʣʝʨʘ ʫʧʨʘʚʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʩʝʤʠʩʝʛ-

ʤʝʥʪʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʨʠʯʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ.  

   ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨʳ ʜʣʷ ʠʥʜʠʢʘʪʦʨʦʚ 

ʚʳʚʦʜʘ ʧʦʢʘʟʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʦ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʠʙʦʨʦʚ. ʊʘʢ ʞʝ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʜʨʫʛʠʝ 

ʤʝʪʦʜʳ ʘʜʨʝʩʘʮʠʠ, ʜʣʷ ʚʳʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʠʥʜʠʢʘʪʦʨ. 
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ɽ.ɸ. ɻʦʣʦʚʘʯʝʚ, ʩʪʫʜ; ɺ.ʃ. ɾʙʘʥʦʚʘ, ʜʦʮʝʥʪ 

 ʌʠʣʠʘʣ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

 ʇʈʆɻʈɸʄʄʅɸʗ ʈɽɸʃʀɿɸʎʀʗ ʉʍɽʄʓ ɸɼʈɽʉɸʎʀʀ 

ɼʃʗ ʉɽʄʀʉɽɻʄɽʅʊʅʓʍ ʀʅɼʀʂɸʊʆʈʆɺ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʛʤʝʥʪʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʨʠʤʝʥʠʪʴ ʜʚʝ ʩʭʝʤʳ ʘʜʨʝʩʘʮʠʠ: ʧʦ ʩʝʛʤʝʥʪʘʤ ʠ ʧʦ ʟʥʘʢʦʤʝʩʪʘʤ. ʈʝʘʣʠʟʫʝʤ ʵʪʠ 

ʜʚʘ ʤʝʪʦʜʘ  ʥʘ ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʘʜʨʝʩʘʮʠʠ ʩʝʛʤʝʥʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. 

ʉʨʘʚʥʠʤ ʵʪʠ ʜʚʝ ʩʭʝʤʳ, ʘ ʪʘʢ ʞʝ ʦʮʝʥʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʩʭʝʤ ʚʠʨʪʫʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʘʜʨʝʩʘʮʠʠ ʩʝʛʤʝʥʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʧʦ ʟʥʘʢʦʤʝʩʪʘʤ: 

ɼʦʧʫʩʪʠʤ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʦʙʨʘʟʠʪʴ ʯʠʩʣʦ 14, ʜʣʷ ʵʪʦʛʦ ʥʘ ʧʝʨʚʳʡ ʨʝ-

ʛʠʩʪʨ ʧʦʜʘʝʤ ʜʚʦʠʯʥʳʡ ʢʦʜ 0001, ʘ ʥʘ ʚʪʦʨʦʡ ʨʝʛʠʩʪʨ ï 0100. ʇʦʩʣʝ ʵʪʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʢʦʜʦʥʘʙʦʨʥʠʢʘ ʧʦʜʘʝʤ ʠʤʧʫʣʴʩ ʥʘ ʚʭʦʜ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ ʨʝʛʠ-

ʩʪʨʦʚ[1]. ɼʘʣʝʝ ʧʦʜʘʝʤ ʠʤʧʫʣʴʩʳ ʥʘ ʩʯʝʪʥʳʡ ʚʭʦʜ ʩʯʝʪʯʠʢʘ, ʥʘʙʣʶʜʘʝʤ, ʯʪʦ 

ʠʥʜʠʢʘʪʦʨʳ ʧʦʦʯʝʨʝʜʥʦ ʚʳʩʚʝʯʠʚʘʶʪ ʮʠʬʨʳ: ʧʝʨʚʳʡ ʠʥʜʠʢʘʪʦʨ ʚʳʩʚʝʯʠʚʘʝʪ 

ʮʠʬʨʫ 1 (ʩʤ.ʨʠʩ.1), ʚʪʦʨʦʡ ï 4 (ʩʤ.ʨʠʩ.2). 

ɺ ʵʪʦʡ ʩʭʝʤʝ ʟʘʧʠʩʴ ʢʦʜʘ ʯʠʩʣʘ ʚ ʙʫʬʝʨ ʧʨʦʠʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʠ ʚ ʧʨʝʜʳʜʫʱʝʡ. ɼʘʣʝʝ, ʧʨʠ ʧʦʜʘʯʝ ʩʠʛʥʘʣʦʚ ʥʘ ʩʯʝʪʥʳʡ ʚʭʦʜ ʩʯʝʪʯʠʢʘ, 

ʧʦʦʯʝʨʝʜʥʦ ʦʧʨʘʰʠʚʘʝʪʩʷ ʢʘʞʜʳʡ ʩʝʛʤʝʥʪ ʠʥʜʠʢʘʪʦʨʘ, ʠ ʝʩʣʠ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʠʩʭʦʜʥʦʤ ʦʪʦʙʨʘʞʘʝʤʦʤ ʩʠʤʚʦʣʝ, ʩʝʛʤʝʥʪ ʚʳʩʚʝʯʠʚʘʝʪʩʷ. ɼʣʷ ʧʦʦʯʝʨʝʜʥʦʛʦ 

ʦʧʨʦʩʘ ʩʝʛʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʧʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʯʝʪʯʠʢʘ ʠ ʜʝʰʠʬʨʘʪʦʨʦʚ ç3 

ʥʘ 8è. ʅʘ ʚʳʭʦʜʘʭ ʜʘʥʥʳʭ ʜʝʰʠʬʨʘʪʦʨʦʚ ʧʦʦʯʝʨʝʜʥʦ ʧʦʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠ-
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ʦʥʥʳʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʢʘʪʦʜʳ ʠʥʜʠʢʘʪʦʨʦʚ ʠ ʥʘ 

ʩʭʝʤʳ ʩʨʘʚʥʝʥʠʷ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʩʨʘʚʥʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʜʝʰʠʬʨʘʪʦʨʦʚ ʠ ʝʩʣʠ 

ʩʠʛʥʘʣʳ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʚʥʳ ï ʥʘ ʘʥʦʜ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦ ʩʭʝʤʳ ʩʨʘʚʥʝʥʠʷ ʧʦʩʪʫ-

ʧʘʝʪ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ, ʚ ʨʝʟʫʣʪɹʘʪʝ ʯʝʛʦ, ʚʳʩʚʝʯʠʚʘʝʪʩʷ ʩʝʛʤʝʥʪ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ ʟʘʨʘʥʝʝ ʩʦʭʨʘʥʝʥʥʦʤ ʩʠʤʚʦʣʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʚʦʤ 

ʠʥʜʠʢʘʪʦʨʝ,  ʩʝʛʤʝʥʪʳ ʚʳʩʚʝʯʠʚʘʶʪʩʷ ʧʨʠ ʧʦʜʘʯʝ 2-ʛʦ ʠ 3-ʛʦ ʩʯʝʪʥʳʭ ʩʠʛʥʘʣʦʚ, 

ʘ ʥʘ ʚʪʦʨʦʤ ʠʥʜʠʢʘʪʦʨʝ  ï ʧʨʠ ʧʦʜʘʯʝ 2-ʛʦ, 3-ʛʦ, 6-ʛʦ ʠ 7-ʛʦ ʩʯʝʪʥʳʭ ʩʠʛʥʘʣʦʚ[1]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

       ʈʠʩʫʥʦʢ 1ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʘʜʨʝʩʘʮʠʠ ʧʦ ʟʥʘʢʦʤʝʩʪʘʤ ʩʝʛ-

ʤʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ Proteus, ʧʦʢʘʟʚrʘʶʱʘʷ ʮʠʬʨʫ ç1è. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʘʜʨʝʩʘʮʠʠ ʧʦ ʟʥʘʢʦʤʝʩʪʘʤ 

ʩʝʛʤʝʥʪʥʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʚ ʧʨʦʛʨʘʤʤʝ Proteus, ʧʦʢʘʟʳʚʘʶʱʘʷ ʮʠʬʨʫ ç4è. 
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ʊʘʙʣʠʮʘ1ïʀʩʧʦʣʴʟʫʝʤʳʝ ʤʠʢʨʦʩʭʝʤʳ ʧʨʠ ʩʠʥʪʝʟʝ ʤʝʪʦʜʦʤ ʧʦ ʟʥʘʢʦʤʝʩʪʘʤ  

ʉʝʨʠʷ  

ʤʠʢʨʦʩʭʝʤʳ 

ʂʦʣʠʯʝʩʪʚʦ 

ʢʦʨʧʫʩʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʨʧʫʩʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ 

ʀʟʙʳʪʦʯ-

ʥʦʩʪʴ 

 

      ʄʠʢʨʦʩʭʝʤʘ 7495 

 (4-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ 

ʩʜʚʠʛʘ) 

 

         2 

 

1 

 

2 

0 

ʄʠʢʨʦʩʭʝʤʘ 4511 

 (ʨʝʛʠʩʪʨ) 

 

 2 

 

1 

 

2 

 

0 

ʄʠʢʨʦʩʭʝʤʘ 4518 

(4-ʨʘʟʨʷʜʥʳʝ ʩʠʥʭʨʦʥʥʳʝ 

ʩʯʸʪʯʠʢ) 

 

1 

 

1 

 

1 

 

0 

                  ×        5         -         5        0 

 

        ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʘʜʨʝʩʘʮʠʠ ʧʦ ʩʝʛʤʝʥʪʘʤ: 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʧʦ ʩʝʛʤʝʥʪʘʤ ʚ ʧʨʦʛʨʘʤʤʝ Proteus 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
    ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʝʪʦʜʘ ʧʦ ʩʝʛʤʝʥʪʘʤ ʚ ʧʨʦʛʨʘʤʤʝ Proteus      
ʊʘʙʣʠʮʘ 2ïʀʩʧʦʣʴʟʫʝʤʳʝ ʤʠʢʨʦʩʭʝʤʳ ʧʨʠ ʩʠʥʪʝʟʝ ʤʝʪʦʜʦʤ ʧʦ ʩʝʛʤʝʥʪʘʤ 
ʉʝʨʠʷ ʤʠʢʨʦʩʭʝʤʳ ʂʦʣʠʯʝʩʪʚʦ 

ʢʦʨʧʫʩʦʚ 

ʂʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ 

ʢʦʨʧʫʩʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʦ-

ʚʘʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ 

ʀʟʙr-

ʪʦʯʥʦʩʪʴ 

 

ʄʠʢʨʦʩʭʝʤʘ 7495 

(4-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʩʜʚʠʛʘ) 

 

2 

 

1 

 

         2 

 

0 

ʄʠʢʨʦʩʭʝʤʘ 4511  

(ʨʝʛʠʩʪʨ) 

 

2 

 

1 

 

2 

 

0 

ʄʠʢʨʦʩʭʝʤʘ 4518 

(4-ʨʘʟʨʷʜʥʳʝ ʩʠʥʭʨʦʥʥʳʝ ʩʯʸʪʯʠʢ) 

 

1 

 

1 

 

1 

 

0 

74LS138  

(ʜʝʰʠʬʨʘʪʦʨ) 

 

2 

 

        1 

 

 2 

 

    0 

http://www.microshemca.ru/M.K561IE10
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ʄʠʢʨʦʩʭʝʤʘ CCT002 

(ʢʦʤʧʘʨʘʪʦʨ) 

 

2 

 

1 

 

2 

 

0 

         ×    9    -        9  0 

ɺ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʚʫʭ ʤʝʪʦʜʘʭ ʘʜʨʝʩʘʮʠʠ ʩʝʛʤʝʥʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʪʦʜ ʘʜʨʝʩʘʮʠʠ ʧʦ ʟʥʘʢʦʤʝ-

ʩʪʘʤ, ʚ ʜʘʥʥʦʡ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʥʴʰʝ ʵʣʝʤʝʥʪʦʚ ʠ  ʵʪʘ ʩʭʝʤʘ ʧʨʦʩʪʘ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʉʠʥʪʝʟ ʩʭʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʠʟʙʳʪʦʯʥʦʩʪʴ. 

ɼʘʥʥʳʝ ʩʭʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʁ ʪʩʷ 

ʟʥʘʢʦʩʠʥʪʝʟʠʨʫʶʱʠʝ ʩʝʤʠʩʝʛʤʝʥʪʥʳʝ ʠʥʜʠʢʘʪʦʨʳ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʭʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʝ Proteus ʨʝʘʣʠʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʜʨʝʩʘʮʠʠ ʩʝʛʤʝʥʪʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʠʥ-

ʪʝʟʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʨʠʯʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʠ ʥʘ ʦʩʥʦʚʝ 

ʧʣʘʪʳ ʨʘʟʚʝʜʝʥʥʦʡ ʚ ARES ʩʦʟʜʘʪʴ ʩʪʝʥʜ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ[2]. ʊʘʢ ʞʝ 

ʧʨʠʚʝʜʝʥʥʳʝ ʩʭʝʤʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʝʛʤʝʥʪʥʳʝ ʠʥʜʠʢʘʪʦʨʳ. 
ʃʠʪʝʨʘʪʫʨʘ: 
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ʈɸɿʈɸɹʆʊʂɸ ɼɸʊʏʀʂɸ ɼɸɺʃɽʅʀʗ ʅɸ ʆʉʅʆɺɽ  

ʆʊɽʏɽʉʊɺɽʅʅʆʁ ʄʀʂʈʆʉʍɽʄʓ 1310ʅʄ025 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ, ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʘʢ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʫʩʪʨʦʡʩʪʚ ʧʦ ʩʙʦʨʫ 

ʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʠʩʪʝʤ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʊʘʢʠʝ ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʘʢ: 

ī ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʬʘʢʪʦʨʘʤ (ʣʠʥʝʡʥʦʤʫ ʫʩʢʦʨʝ-

ʥʠʶ, ʚʠʙʨʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʤʝʭʘʥʠʯʝʩʢʠʤ ʫʜʘʨʘʤ, ʧʦʚʳʰʝʥʥʦʤʫ ʜʘʚʣʝ-

ʥʠʶ, ʧʦʥʠʞʝʥʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ); 

ī ʚʳʩʦʢʠʤ ʨʝʩʫʨʩʦʤ ʨʘʙʦʪʳ ʠ ʥʘʜʸʞʥʦʩʪʠ ʜʘʪʯʠʢʘ; 

ī ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʤʘʩʩʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʠ ʜʘʪʯʠʢʘ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʪʯʠʢʘ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʫʧʨʫʛʠʭ 

ʤʝʤʙʨʘʥ, ʦʪʢʣʦʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʜʘʚʣʝʥʠʷ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʩʝʨʜʝʯʥʠʢʘ ʃʈɼʊ. 
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ʃʠʥʝʡʥʳʡ ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʃʈɼʊ) ï 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʰʠʥʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʜʥʦʡ ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ (1) ʠ ʜʚʫʭ ʚʪʦ-

ʨʠʯʥʳʭ ʦʙʤʦʪʦʢ (2). ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʃʈɼʊ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʘʯʠ ʦʧʦʨʥʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

, ʟʘ ʩʯʸʪ ʯʝʛʦ ʩʦʟʜʘʸʪʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʘʚʦʜʷʱʝʝ ʕɼʉ ʚʦ ʚʪʦʨʠʯʥʳʭ ʦʙ-

ʤʦʪʢʘʭ. ʂʦʥʩʪʨʫʢʮʠʷ ʃʈɼʊ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1 ð ʂʦʥʩʪʨʫʢʮʠʷ ʃʈɼʊ 

 

ʇʨʠ ʩʤʝʱʝʥʠʠ  ʩʝʨʜʝʯʥʠʢʘ (3) ʚ ʩʪʦʨʦʥʫ ʦʪ ʮʝʥʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʦʢʦʚ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʠ ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ  ʚʪʦʨʠʯʥʳʭ 

ʦʙʤʦʪʢʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ 1 ʠ 2: 

 

                                                (1) 

                                                (2) 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2 ð ɺʠʜ ʩʠʛʥʘʣʦʚ ʥʘ ʦʙʤʦʪʢʘʭ ʃʈɼʊ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʃʈɼʊ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟ-ʟʘ ʦʪʩʫʪ-

ʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʩʝʨʜʝʯʥʠʢʦʤ ʠ ʢʘʪʫʰʢʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ 
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ʯʝʛʦ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʠ ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠ-

ʚʦʩʪʴ. 

 

 

 
 

ʈʠʩ. 3 ð ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʃʈɼʊ ʢ ʤʠʢʨʦʩʭʝʤʝ 1310ʅʄ025 

 

ʄʠʢʨʦʩʭʝʤʘ 1310ʅʄ025 ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʝʥʥʠʡ ʛʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʘ, ʚʦʟ-

ʙʫʞʜʘʶʱʝʛʦ ʧʝʨʚʠʯʥʫʶ ʦʙʤʦʪʢʫ. ʉʠʛʥʘʣʳ ʩʦ ʚʪʦʨʠʯʥʳʭ ʦʙʤʦʪʦʢ ʃʈɼʊ ʧʨʝ-

ʦʙʨʘʟʫʶʪʩʷ ʚ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʥʘʭʦʞʜʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ, ʠʩʧʦʣʴʟʫʷ ʚʠʨʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʜʘʪʯʠʢʘ 

ʠ ʢʦʥʪʫʨ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʛʜʝ ʜʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʯʸʪ ʢʦʦʨʜʠʥʘʪʳ ʚ ʟʥʘ-

ʯʝʥʠʝ ʜʘʚʣʝʥʠʷ. 

 

 
 

ʈʠʩ. 4 ð ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʃʈɼʊ ʢ ʤʠʢʨʦʩʭʝʤʝ 1310ʅʄ025 
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ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʃʈɼʊ ʢ ʤʠʢʨʦʩʭʝʤʝ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ 

ʘʤʧʣʠʪʫʜʳ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʚʭʦʜʘʭ ɸʎʇ (ʨʠʩ.4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ 1310ʅʄ025 ʷʚʣʷʝʪʩʷ ʧʨʠʛʦʜʥʦʡ 

ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʳʭ ʨʝʛʫʣʠʨʫ-

ʝʤʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

 ɻʘʚʨʠʣʦʚ ɺ.ɸ., ʊʨʦʬʠʤʦʚ A.A. ʉʠʩʪʝʤʘ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ // ɼʘʪʯʠʢʠ ʠ ʩʠʩʪʝʤʳ, 2005, 

ˉ9, ʩ. 44-46. 

 ʉʧʝʮʠʬʠʢʘʮʠʷ ʥʘ ʤʠʢʨʦʩʭʝʤʫ 1310ʅʄ025 ʚʝʨʩʠʷ 2.0.0 ʦʪ 24.05.2018  

ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ // URL: https://ic.milandr.ru/upload/iblock/1f0/1f00e093feec526706420024c0946c59.pdf 

 

 
ʖ.ɸ. ɼʝʤʴʷʥʦʚʘ, ʤʘʛ; ɺ.ɸ. ʀʚʘʥʦʚ, ʤʘʛ; ʨʫʢ. ʅ.ʅ. ʉʪʨʦʝʚ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʄʆɼʋʃʔ ʂʆʅʊʈʆʃʃɽʈɸ ɿɸʈʗɼɸ ɼʃʗ ʉʀʉʊɽʄʓ ɿɸʈʗɼʂʀ ɸʂʂʋ-

ʄʋʃʗʊʆʈʅʆʁ ɹɸʊɸʈɽʀ 

 

ɼʣʷ ʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʵʥʝʨʛʠʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʟʘʨʷʜʢʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʤʦʜʫʣʝʡ: ʤʦʜʫʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʠ ʤʦʜʫʣʷ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦ-

ʣʷʝʪ: 

- ʟʘʨʷʞʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

- ʟʘʨʷʞʘʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʩʥʠʞʘʷ ʩʢʦ-

ʨʦʩʪʴ ʝʸ ʠʟʥʦʩʘ; 

- ʩʚʦʝʚʨʝʤʝʥʥʦ ʟʘʤʝʥʷʪʴ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ, ʧʨʠ ʝʸ ʩʠʣʴʥʦʤ ʠʟʥʦʩʝ. 

ʄʦʜʫʣʴ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

- ʫʧʨʘʚʣʝʥʠʝ ʟʘʨʷʜʢʦʡ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫɦ ʝʛʦ 

ʫʨʦʚʥʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ; 

- ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʢʨʠʪʠʯʝʩʢʦʤ ʠʟʥʦʩʝ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 

ʙʘʪʘʨʝʠ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠ ʝʛʦ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦʡ ʟʘʤʝʥʳ ʪʨʝʙʫʝʪʩʷ ʟʥʘʪʴ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʟʘʨʷʜʘ. ʀʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʭʝʤʳ MAX17055. ʆʥʘ ʠʟʤʝ-

ʨʷʝʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʢʘʢ ʮʝʣʝʚʦʝ ʥʘʧʨʞ̫ʝʥʠʝ, ʪʦʢ 

ʟʘʨʷʜʘ, ʪʦʢ ʦʪʢʣʶʯʝʥʠʷ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʨ. ʠ ʧʝʨʝʜʘʝʪ ʠʭ ʧʦ ʠʥʪʝʨʬʝʡʩʫ 

I2C. ʕʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʧʝʨʝʜʘʥʳ ʠʤ ʤʠʢ-

ʨʦʩʭʝʤʝ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ. ʂʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 

ʙʘʪʘʨʝʠ ʧʦʟʚʦʣʠʪ ʤʠʢʨʦʩʭʝʤʘ BQ24151. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʤʠʢʨʦʩʭʝʤ 

ʚʳʙʨʘʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F446RET. ɺ ʜʘʥʥʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʩʩʦʨʥʦʝ ʷʜʨʦ ARM Cortex M4. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ STM32 ʦʪ-

https://ic.milandr.ru/upload/iblock/1f0/1f00e093feec526706420024c0946c59.pdf
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ʣʠʯʘʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʣʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɺʳʙʨʘʥʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ STM32F446RET ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʩʪʨʦʝʥʥʳʡ 

ʠʥʪʝʨʬʝʡʩ I2C ʠ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ ʩ ʜʚʫʤʷ ʫʩʪʨʦʡʩʪʚʘʤʠ ʧʦ ʜʘʥʥʦʤʫ ʠʥ-

ʪʝʨʬʝʡʩʫ, ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʯʝʨʝʟ ʧʦʨʪʳ SCL ʠ SCA ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ STM32F446RET ʩʦʩʪʘʚʣʷʝʪ 3,3 ɺ, ʘ 

ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʶʱʝʝʩʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦ +5 ɺ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 3,3 ɺ. 

ʀʥʜʠʢʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʸʭ ʜʠʦʜʦʚ: 

ʟʝʣʸʥʳʡ (ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʟʘʨʷʞʝʥʘ, ʟʘʨʷʜʢʘ ʥʝ ʪʨʝʙʫʝʪʩʷ), ʞʸʣʪʳʡ (ʠʜʸʪ 

ʟʘʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ), ʩʠʥʠʡ (ʠʟʥʦʩ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʨʝ-

ʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʡ), ʢʨʘʩʥʳʡ (ʦʰʠʙʢʘ ʨʘʙʦʪʳ). 

ʇʦʣʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʷ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʫʣʷ ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ 

 

ɿʘʨʷʜʢʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʭʝʤʳ 

BQ24151. ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʩʭʝʤʳ ʠʟʚʝʩʪʥʘ ʠʟ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ 

ʜʘʥʥʫʶ ʤʠʢʨʦʩʭʝʤʫ (ʨʠʩ. 2) [1]. 

ʆʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ ʤʠʢʨʦʩʭʝʤʳ (ʢʦʥʪʨʦʣʴ ʟʘʨʷʜʘ) ʚʳʧʦʣʥʷʝʪ ʨʝʛʫʣʷʪʦʨ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢ ʤʠʢʨʦʩʭʝʤʝ 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʫʧʨʦʱʸʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʢʦʥʪʨʦʣʣʝʨʘ ʟʘʨʷʜʘ, ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʨʘʙʦʪʫ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʩʭʝʤʳ. 

ʉʭʝʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʫʧʨʦʱʸʥʥʫʶ ʘʥʘʣʦʛʦʚʫʶ ʯʘʩʪʴ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʩʭʝʤʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷ-

ʪʦʨʥʦʡ ʙʘʪʘʨʝʠ (Charge mode) (ʨʠʩ. 3). ʎʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʟʘʨʷʜʢʠ 

ʚ ʩʭʝʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʚʢʣʶʯʝʥʦ. 
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ʈʠʩʫʥʦʢ 2 ï ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʤʠʢʨʦʩʭʝʤʳ BQ24151 

 
ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʤʠʢʨʦʩʭʝʤʳ BQ24151 

 

ʅʘ ʩʭʝʤʝ X11 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʐʀʄ ʢʦʥʪʨʦʣʣʝʨʘ. ʂʦʤʧʘʨʘʪʦʨ X6 ʧʝ-

ʨʝʢʣʶʯʘʝʪ ʮʝʧʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ: ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʧʦ ʪʦʢʫ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʥʘʧʨʷʞʝʥʠʝ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʥʠʤʘʝʪʩʷ ʩ ʚʳʭʦʜʘ, ʚʦ ʚʪʦʨʦʤ ï ʬʦʨʤʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʟʘʚʠʩʠʤʦʛʦ ʦʪ ʪʦʢʘ. ɸʢʢʫ-
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ʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʢʦʥ-

ʜʝʥʩʘʪʦʨʘ ʠ ʨʝʟʠʩʪʦʨʘ. ʈʘʙʦʪʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʥʜʝʥʩʘʪʦʨʘ C1 ʠ ʨʝʟʠʩʪʦʨʘ R3. ɪʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʝʥʴʰʝ ʨʝʘʣʴʥʦʡ 

ʸʤʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʪʘʢ ʢʘʢ ʚʯrʠʩʣʠʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʝʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʩʭʝʤʳ 

ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʞʘʝʪʩʷ ʜʦ ʥʘʧʨʷʞʝʥʠʷ 6 ɺ (ʨʠʩ. 4). 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʠʩʭʦʜʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʢʦʨʨʝʢʪʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʟʘʨʷʜʢʫ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘ-

ʪʘʨʝʠ ʠ ʤʦʜʫʣʴ ʨʘʟʨʘʙʦʪʘʥ ʢʦʨʨʝʢʪʥʦ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʚʥʝ ʝʸ ʜʣʷ ʟʘʨʷʜʢʠ ʘʢʢʫ-

ʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʥʫʞʥʦʤ ʨʝʞʠʤʝ ʠ ʢʦʥʪʨʦʣʷ ʝʸ ʧʘʨʘʤʝʪʨʦʚ.  

 

  
ʈʠʩʫʥʦʢ 4 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. UM1725. Fully Integrated Switch-Mode One-Cell Li -Ion Charger with Full USB Compli-

ance and USB-OTG Support [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.alldatasheet.com/datasheet-pdf/pdf/236604/TI/BQ24151.html, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘ-

ʱʝʥʠʷ: 05.09.2018 ʛ.). 

2. 7ɛA 1-Cell Fuel Gauge with ModelGauge m5 EZ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦ-

ʩʪʫʧʘ: https://datasheets.maximintegrated.com/en/ds/MAX 17055.pdf, ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ: 05.09.2018 ʛ.). 

 
ɸ.ʆ. ɼʝʥʠʩʦʚ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɺ. ɹʝʣʷʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʈɸʉʏɽʊ ʄʅʆɻʆʉʃʆʁʅʆɻʆ ʇʈʆʉɺɽʊʃʗʖʑɽɻʆ ʇʆʂʈʓʊʀʗ 

ʉ ʇʆʄʆʑʔʖ ʄɽʊʆɼɸ ʀɻʆʃʔʏɸʊʓʍ ɺɸʈʀɸʎʀʁ  

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʠʛʦʣʴʯʘʪʳʝ 

ʚʘʨʠʘʮʠʠ, ʠ ʨʝʟʫʣʴʪʘʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʯʝʪʳʨʝʭʩʣʦʡʥʦʛʦ ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ 

ʧʦʢʨʳʪʠʷ.  
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ ʠʛʦʣʴʯʘʪʳʭ ʚʘʨʠʘʮʠʡ, ʧʨʦʩʚʝʪʣʷʶʱʝʝ ʧʦʢʨʳʪʠʝ, ʜʘʣʴʥʷʷ 

ʠʥʬʨʘʢʨʘʩʥʘʷ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʠʥʟ ʥʘʥʦʩʷʪ, 

ʪʦʥʯʘʡʰʝʡ ʧʣʸʥʢʠ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʣʸʥʦʢ ʦʜʥʘ ʧʦʚʝʨʭ ʜʨʫʛʦʡ, ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʚʝʪʣʝʥʠʝʤ ʦʧʪʠʢʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ.  

ʆʙʳʯʥʦ ʤʥʦʛʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ: ʪʦʣʱʠʥʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʣʦʝʚ. ʆʜʥʘʢʦ ʦʧʠʩʘʪʴ ʪʦ 

ʞʝ ʩʘʤʦʝ ʧʦʢʨʳʪʠʝ ʤʦʞʥʦ ʠ ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʚʚʦʜʷ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʧʦʢʨʳʪʠʶ. ʕʪʘ ʥʦʨʤʘʣʴ ʩʦʚʧʘʜʘʝʪ ʩ 

ʦʩʴʶ z, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʦʪ ʧʦʜʣʦʞʢʠ ʚ ʩʪʦʨʦʥʫ ʚʥʝʰʥʝʡ ʩʨʝʜʳ (ʨʠʩ.1.). 

ʂʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮʳ ʧʦʢʨʳʪʠʷ ʩ ʧʦʜʣʦʞʢʦʡ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʥʦʣʴ, ʘ ʢʦʦʨʜʠʥʘʪʫ 

ʝʛʦ ʛʨʘʥʠʮʳ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ ʟʘ . ʂʦʦʨʜʠʥʘʪʳ ʛʨʘʥʠʮ ʩʣʦʝʚ ʦʙʦʟʥʘʯʘʶʪʩʷ 

. ʌʫʥʢʮʠʷ , ʟʘʜʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʧʦʢʨʳʪʠʶ, ʷʚʣʷʝʪʩʷ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 

 ʚʥʫʪʨʠ  -ʪʦʛʦ ʩʣʦʷ. [1] 

 
ʈʠʩ.1. ʄʥʦʛʦʩʣʦʡʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. 

 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʠʛʦʣʴʯʘʪʳʭ ʚʘʨʠʘʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʦʢʨʳʪʠʡ ʩ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʠʟʚʝʩʪʥʳ ʭʦʨʦʰʠʝ ʥʘʯʘʣʴʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʇʨʠ ʵʪʦʤ ʯʘʩʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʭʦʜʠʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʦʠʩʪʳʝ ʧʦʢʨʳʪʠʷ ʩ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʩʣʦʝʚ.  

ʀʛʦʣʴʯʘʪʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʚʘʨʠʘʮʠʠ ʧʨʦʬʠʣʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ n ʥʘ ʤʘʣʳʭ ʫʯʘʩʪʢʘʭ ʪʦʣʱʠʥ . ɺʘʨʠʘʮʠʠ ʵʢʚʠʚʘʣʝʥʪʥʳ 

ʜʦʙʘʚʣʝʥʠʶ ʥʦʚʳʭ ʪʦʥʢʠʭ ʩʣʦʝʚ ʚ ʩʫʱʝʩʪʚʫʶʱʠʡ ʜʠʟʘʡʥ ʧʦʢʨʳʪʠʷ. 
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ɼʣʷ ʠʛʦʣʴʯʘʪʦʡ ʚʘʨʠʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʪʦʯʢʝ  

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʥʦʚʦʛʦ ʩʣʦʷ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ , ʧʝʨʚʘʷ 

ʚʘʨʠʘʮʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ  ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ: 

                                         (1) 
ʛʜʝ   ï  ʬʫʥʢʮʠʷ ʠʛʦʣʴʯʘʪʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

 
ʈʠʩ.2. ʌʫʥʢʮʠʷ ʚʦʟʤʫʱʝʥʠʡ. 

ɽʩʣʠ ʬʫʥʢʮʠʷ ʠʛʦʣʴʯʘʪʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠʥʠʤʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ, ʪʦ ʠʛʦʣʴʯʘʪʘʷ ʚʘʨʠʘʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʚ 

ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʷ ʮʝʣʝʚʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠ 

ʫʩʣʦʚʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʥʦʚʦʛʦ ʩʣʦʷ æz. 

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʠʥʠʤʠʟʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʯʠʩʣʘ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʦʥ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʤʠʥʠʤʠʟʘʮʠʠ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʜʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʨʫʛʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ. ʌʘʢʪʠʯʝʩʢʠ ʟʘ ʩʯʝʪ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʭʦʜ ʠʟ 

ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʚʳʨʘʞʝʥʠʠ (1) ʜʣʷ 

ʠʟʤʝʥʝʥʠʷ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʠʩʘʥʳ ʥʝ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʝ, ʥʦ  ʠ 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʧʦ  ʯʣʝʥʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦ 

ʧʨʦʚʝʜʝʥʠʷ ʠʛʦʣʴʯʘʪʦʡ ʚʘʨʠʘʮʠʠ, ʥʦ ʠ ʦʮʝʥʠʚʘʪʴ ʝʝ ʦʧʪʠʤʘʣʴʥʫʶ ʰʠʨʠʥʫ . 

ɺ ʧʨʦʛʨʘʤʤʝ OptiLayer v.8.85 ʨʝʘʣʠʟʦʚʘʥ ʤʝʪʦʜ ʠʛʦʣʴʯʘʪʳʭ ʚʘʨʠʘʮʠʡ. ʉ  

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʨʦ-

ʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. [2]  

ɺ OptiLayer v.8.85 ʩʣʦʷʤ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʥʦʤʝʨʘ, ʥʘʯʠʥʘʷ ʦʪ ʧʦʜʣʦʞʢʠ, ʘ 

ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʳ H ʠ L ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ (8 ï 14 ʤʢʤ). 

˸͔͙͊ͭͪ͊͡ ͙ͨͦ͒ͦ͗͟͡ ˥͔͙͚ͪͣ͊ͤ 

˸͔͙͊ͭͪ͊͡· ͨͦͪ͟·͙ͭΎ 

мΦˮ͙͚ͭͭͪ ͺ͙ͭͦͪ͒ όYF3, n=1,5)  
нΦ˥͔͙͚ͪͣ͊ͤ όGe, n=4,0) 
оΦˣ͙͚͊ͪ ͺ͙ͭͦͪ͒ όBaF2, n=1,48) 
пΦ˥͔͙͚ͪͣ͊ͤ όGe,  n=4,0) 

Ѕ 
͙͙̅͘;͔ͫ͊͟Ύ  
ͭͦ͡΅͙ͤ͊ 

˻͙ͨͭ;͔ͫ͊͟Ύ  
ͭͦ͡΅͙ͤ͊ 

FWOT QWOT ˢ͔͍͋͋ͪΦ ˸͔͙͊ͭͪ͊͡ 

1 320,283 480,425 0,1922 0,7687 L YF3 

2 175,575 935,814 0,3743 1,4973 H Ge 

3 1300,186 1924,275 0,7697 3,0788 L BaF2 

4 31,711 169,021 0,0676 0,2704 H Ge 

 

 ʆʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʦʡ ʩʣʦʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʦʡ 

ʪʦʣʱʠʥʳ ʩʣʦʷ ʠ ʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʆʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʜʘʥʘ ʚ ʝʜʠʥʠʮʘʭ QWOT (quarter wave optical thickness). ʊʦʣʱʠʥʘ QWOT ʨʘʚʥʘ 

ʦʧʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʝ ʩʣʦʷ, ʧʦʜʝʣʝʥʥʦʡ ʥʘ  ʦʧʦʨʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. 

 
(2) 

ʊʘʢ ʢʘʢ ʧʨʦʛʨʘʤʤʘ ʩʧʦʩʦʙʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʢʨʳʪʠʷ ʥʝ ʪʦʣʴʢʦ ʢʨʘʪʥʳʝ  

, ʥʦ ʠ ʜʨʫʛʠʝ, ʪʦʛʜʘ ʠʟ (2) ʧʦʣʫʯʘʝʤ: 

 
(3) 

ɼʠʟʘʡʥ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ 

ʠ ʘʙʙʨʝʚʠʘʪʫʨ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʯʝʨʝʜʥʦʩʪʠ ʩʣʦʝʚ ʧʦʢʨʳʪʠʷ. ʏʠʩʣʘ ʦʙʦʟʥʘʯʘʶʪ ʪʦʣʱʠʥʳ ʚ QWOT, 

ʘʙʙʨʝʚʠʘʪʫʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʘʪʝʨʠʘʣ ʩʣʦʷ. 

ʇʨʠʤʝʨ: 0,77L 1,5H 3L 0,27H ï ʯʝʪʳʨʝʭʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ 

ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʩʦ ʩʣʦʷʤʠ, ʠʤʝʶʱʠʤʠ ʦʧʪʠʯʝʩʢʫʶ 

ʪʦʣʱʠʥʫ 0,77, 1,5, 3,  0,27 QWOT. 

ʊʦʣʱʠʥʘ QWOT ʨʘʚʥʘ ʦʜʥʦʡ ʯʝʪʚʝʨʪʠ ʪʦʣʱʠʥʳ FWOT (full wave optical 

thickness). 

ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʠʛʦʣʴʯʘʪʳʭ ʚʘʨʠʘʮʠʡ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʝ OptiLayer v.8.85 ʠ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʧʨʦʛʨʘʤʤʦʡ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʧʦʢʨʳʪʠʷ.  
ʃʠʪʝʨʘʪʫʨʘ 
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ɸ.ɻ. ɼʳʤʥʠʢʦʚʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɺ. ɹʝʣʷʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ "ʅʀʋ "ʄʕʀ" ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʀʅʎʀʇʀɸʃʔʅʆʁ ʉʍɽʄʓ ʌʆʊʆʃʖʄʀʅɽʉ-

ʎɽʅʊʅʆɻʆ ʇʈʀɹʆʈɸ ɼʃʗ ʆʇʈɽɼɽʃɽʅʀʗ ʉʊɽʇɽʅʀ ʉʇɽʃʆʉʊʀ 

ʉɽʄʗʅ 

 

ʗʚʣʝʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ, ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʞʠʚʦʧʠʩʠ ʠ ʜʨ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ʪʘʢʞʝ ʧʨʦʚʝʨʷʶʪ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʩʣʘʙʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ 

ʙʣʠʞʥʝʡ ʋʌ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ʇʨʝʜʣʦʞʝʥʳ 

ʜʝʨʤʘʣʴʥʦ-ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʙʠʦʭʠʤʠʠ ʪʢʘʥʠ [3]. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʦʣʴ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ 

ʬʦʪʦ-ʜʝʨʤʘʪʦʣʦʛʠʠ ʠ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʨʘʢʘ [4]. 

ʈʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ 

ʛʠʙʨʠʜʥʳʡ ʤʝʪʦʜ ʚʠʟʫʘʣʠʟʘʮʠʠ.  ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʠʟ ʚʦʜʳ, ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʞʠʚʳʭ ʪʢʘʥʝʡ.  

ʊʘʢ ʞʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʢʘʜʤʠʝʚʳʭ 

ʧʠʛʤʝʥʪʦʚ ʥʘ ʢʘʨʪʠʥʘʭ. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʠʛʤʝʥʪʦʚ ʢʘʜʤʠʷ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʣʝʥʠʷ 

ʢʘʨʪʳ ʧʠʛʤʝʥʪʦʚ ʢʘʨʪʠʥ. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʦʪ ʢʘʨʪʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʞʝ ʤʥʦʛʦ ʣʝʪ 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʘʣʠʪʨʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʨʘʩʠʪʝʣʝʡ [2]. ʀʟʫʯʘʶʪʩʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʪʝʢʦʣ, ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʜʴ. ʊʘʢʦʝ ʩʪʝʢʣʦ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʘʭ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʷʚʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʣʦʩʪʠ ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʨʘʩʪʝʥʠʡ ʧʨʠ ʩʦʟʨʝʚʘʥʠʠ [1]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1. ʆʪʙʦʨ ʩʝʤʷʥ ʠ ʧʦʤʝʱʝʥʠʝ ʠʭ ʚ ʩʚʝʪʦʥʝʧʨʦʥʠʮʘʝʤʫʶ ʢʘʤʝʨʫ. 

2. ʆʙʣʫʯʝʥʠʝ ʩʝʤʷʥ ʩʚʝʪʦʜʠʦʜʘʤʠ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ɚʢ=362 

ʥʤ ʠ ɚʜ=485 ʥʤ. 

3. ʈʝʛʠʩʪʨʘʮʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭ ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʩ 

ʜʠʘʧʘʟʦʥʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 380 ï 580 ʥʤ ʠ 510 ï 650 ʥʤ. 

4. ʋʩʠʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʦʪʦʩʠʛʥʘʣʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ ʚ ʮʠʬʨʦʚʫʶ 

ʬʦʨʤʫ.  

5. ʆʙʨʘʙʦʪʢʘ ʧʦʩʪʫʧʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʩ ʫʩʠʣʠʪʝʣʷ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ. 

6. ɺʳʚʦʜ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʠʥʜʠʢʘʪʦʨʘ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.  
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʧʝʣʦʩʪʠ ʩʝʤʷʥ 

 

ʋʩʣʦʚʥʦ ʜʘʥʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʚʝʪʦʦʧʪʠʯʝʩʢʠʡ 

ʙʣʦʢ ʠ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ. ʉʚʝʪʦʦʧʪʠʯʝʩʢʠʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʦʩʚʝʪʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ (ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʘʪ ʩʚʝʪʦʜʠʦʜʳ) ʠ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

(ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʧʨʠʸʤʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʪʦʜʠʦʜʳ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ ʫʩʠʣʠʪʝʣʷ ʩʠʛʥʘʣʘ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʨʦʠʟʚʦʜʠʪ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʠʥʜʠʢʘʪʦʨʘ, 

ʩʣʫʞʘʱʝʛʦ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʧʝʣʦʩʪʠ ʩʝʤʷʥ: 1- 

ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ; 2 ï ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ; 3 ï ʧʨʠʝʤʥʠʢ ʠʟʣʫʯʝʥʠʷ; 4 ï ʫʩʠʣʠʪʝʣʴ 

ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ; 5 ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; 6 ï ʫʩʪʨʦʡʩʪʚʦ ʚʠʟʫʘʣʠʟʘʮʠʠ; 7 ï ʢʦʨʧʫʩ ʧʨʠʙʦʨʘ; 

8 ï ʵʣʝʤʝʥʪ ʧʠʪʘʥʠʷ; 9 ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʣʦʩʪʠ ʩʝʤʷʥ ʬʘʢʪʠʯʝʩʢʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʢʘʤʝʨʥʳʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʟʘʢʣʶʯʸʥʥʦʝ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʳʡ ʢʦʨʧʫʩ, ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʥʦʩʠʪʩʷ ʯʝʨʥʦʝ 

ʥʝʦʪʨʘʞʘʶʱʝʝ ʧʦʢʨʳʪʠʝ, ʘ ʚ ʬʦʢʘʣʴʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʨʘʩʧʣʦʞʝʥʳ ʚʩʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ, ʚ ʯʠʩʣʝ 

ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʠʝ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʣʠʥʟ, ʢʦʣʣʠʤʘʪʦʨʦʚ, ʧʣʦʩʢʠʭ 

ʟʝʨʢʘʣ), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʶʩʪʠʨʦʚʢʝ. ʊʘʢʞʝ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʢʪʥʦʩʪʴ, ʤʘʣʘʷ ʤʘʩʩʘ, ʩʪʦʠʤʦʩʪʴ, 

ʧʨʦʩʪʦʪʘ ʥʘʩʪʨʦʡʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʦʨʘ.  

ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʠʙʦʨʘ ʚʘʞʥʦ, ʯʪʦʙʳ ʙʳʣʦ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ 

ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʧʨʠʙʦʨ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʣʝʛʢʠʤ ʜʣʷ ʧʝʨʝʥʦʩʢʠ, 

ʢʦʤʧʘʢʪʥʳʤ ʠ ʧʨʦʩʪʳʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʠʙʦʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʩʧʝʣʦʩʪʠ ʩʝʤʷʥ 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ: ʦʧʝʨʘʮʠʦʥʥʳʝ ʫʩʠʣʠʪʝʣʠ AD820AN2 (DD1 ʠ DD2), ʘʥʘʣʦʛʦʚʳʝ 

ʢʣʶʯʠ SN74LVC1G3157 (DD3 ʠ DD4), ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Atmega328P (DD5). ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʚʳʙʨʘʥʳ ʜʚʘ ʩʚʝʪʦʜʠʦʜʘ. ɼʣʷ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ 
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ʠʟʣʫʯʝʥʠʷ ʚʳʙʨʘʥ ʩʚʝʪʦʜʠʦʜ VLMU3510. ɼʣʷ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʳʙʨʘʥ ʩʚʝʪʦʜʠʦʜ XPEBBL-L1-R250-00 Z01. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʚʣʷʶʪʩʷ ʬʦʪʦʜʠʦʜʳ: S9219-01 ʠ BPW21R.  ɼʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʧʨʠʸʤʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʬʦʪʦʩʠʛʥʘʣʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʚʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʸʤʥʠʢʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʯʝʨʝʟ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1.ɹʝʣʷʢʦʚ ʄ. ɺ., ɹʫʣʘʪʠʢʦʚʘ ɺ.ʆ., ɼʳʤʢʦʚʘ ɺ.ɺ., ɼʳʤʥʠʢʦʚʘ ɸ.ɻ. ʀʟʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʨʝʚʘʥʠʷ // ʕʥʝʨʛʝʪʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʥʦʚʘʮʠʠ ï 2016: ʉʙ. 

ʪʨʫʜʦʚ VI ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. - ʉʤʦʣʝʥʩʢ: ʋʥʠʚʝʨʩʫʤ, 2016. ʊ. 2. ʉ.23-26. URL: 

https://elibrary.ru/item.asp?id=27640029 

2. Near-Infrared Luminescence of Cadmium Pigments: in Situ Identification and Mapping in Paintings. Mathieu Thoury, 

John K. Delaney, E. Rene de La Rie, Michael Palmer, Kathryn Morales, Jay Krueger [et al.] // Applied Spectroscopy 

2011. Vol. 65. no 11.06230.  DOI: https://doi.org/ 10.1366/11-06230 

3. Three-dimensional, multiwavelength Monte Carlo simulations of dermally implantable luminescent sensors. / Ruiqi 

Long, Mike McShane [et al.] // J. Biomed. Opt. 2010. Vol. 15. no 1.3374180.  DOI: https://doi.org/10.1117/1.3374180 

4. Time-resolved singlet oxygen luminescence detection under photodynamic therapy relevant conditions: comparison of 

ex vivo application of two photosensitizer formulations. Jan C. Schlothauer,a Steffen Hackbarth,a Lutz Jªger,a Kai 

Drobniewski,a Hemantbhai Patel,b Sergiu M. Gorun,b and Beate Rºdera [et al.] // J. Biomed. Opt. 2012. Vol. 17. no 

11.115005.  DOI: https://doi.org/ 10.1117/1.JBO.17.11.115005 

 

 
ɺ.ʇ. ɿʘʭʘʨʦʚ, ʢʫʨʩ.; ʨʫʢ. ɸ.ɺ. ʌʘʪʦʚ, ʢ.ʪ.ʥ.; ɺ.ɺ. ʉʫʭʦʪʠʥ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ  

(ɺɸ ɺʇɺʆ ɺʉ ʈʌ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʂʆɻɽʈɽʅʊʅʓʍ  

ʇʆʄɽʍ ɼʃʗ ʇʆɼɸɺʃɽʅʀʗ ʄʆʅʆʀʄʇʋʃʔʉʅʓʍ  

ʇɽʃɽʅɻɸʊʆʈʆɺ 

 

ʉʦʟʜʘʥʠʝ ʧʦʤʝʭ ʫʛʣʦʤʝʨʥʳʤ ʢʘʥʘʣʘʤ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟ ʦʜʥʦʡ 

ʪʦʯʢʠ ʟʘʪʨʫʜʥʝʥʦ, ʧʦʵʪʦʤʫ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʦʤʝʭʠ, ʩʦʟʜʘ-

ʚʘʝʤʳʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʥʦʛʦʪʦ-

ʯʝʯʥʳʭ ʧʦʤʝʭ ʷʚʣʷʶʪʩʷ ʢʦʛʝʨʝʥʪʥʳʝ ʧʦʤʝʭʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʩʪʘ-

ʙʠʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʟʘʜʘʥʥʤrʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʟʚʦʣʝ̫ʪ ʨʘʩʩʯʠʪʚrʘʪʴ ʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ. ʆʜʥʘʢʦ ʠʭ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʘʣʴʥʦʩʪʷʭ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤ ʥʝ-

ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʘʧʧʘʨʘʪʫʨʳ ʧʦʩʪʘʥʦʚʢʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ. 

ʇʦɻʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʣ̫ʘʩʴ ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʥɹʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ, ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʠʩʭʦʜʷ ʠʟ ʨʝʘʣʠʟʫʝʤʳʭ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʘʧʧʘʨʘʪʫʨʳ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ ʧʨʠ ʧʦʜʘʚʣʝʥʠʠ ʫʛʣʦʚʳʭ ʢʦʦʨ-

ʜʠʥʘʪʦʨʦʚ ɿʋʈ ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʘʤʧʣʠʪʫʜʥʳʡ ʠ ʬʘʟʦʚʳʡ ʩʫʤʤʘʨ-

ʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʤʦʥʦʠʤʧʫʣʴʩʥʳʡ ʧʝʣʝʥʛʘʪʦʨ. ɺʳʙʦʨ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʤʦʥʦʠʤ-

ʧʫʣʴʩʥʳʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʦʥʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ [1]. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʤʦʜʝʣʠʨʦʚʘ-

ʣʘʩʴ ʩʠʪʫʘʮʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ï ʧʦʩʪʘʥʦʚʱʠʢ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʘʚʣʝʥʠʝ ʤʦʥʦʠʤʧʫʣʴʩʥʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ (ʬʘʟʦʚʦʛʦ) ʩʫʤʤʘʨ-

https://doi.org/10.1117/1.3374180
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ʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʧʝʣʝʥʛʘʪʦʨʘ. ɸʧʧʘʨʘʪʫʨʘ ʧʦʩʪʘʥʦʚʱʠʢʘ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ 

ʠʟʤʝʨʷʝʪ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʥʦʩʠʪʝʣʷ ʧʦʜʘʚʣʷʝʤʦʛʦ ʧʝʣʝʥʛʘʪʦʨʘ (ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ ʢ ʙʘʟʝ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ), ʨʘʩʩʯʠʪʚrʘʝʪ ʩʦʛʣʘʩʥʦ ʠ 

ʚʳʩʪʘʚʣʷʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʩʜʚʠʛ ʬʘʟ ʤʝʞʜʫ ʠʟʣʫʯʘʝʤʳʤʠ ʩʠʛʥʘʣʘʤʠ [1]. 

 
ʈʠʩ. 1. ʊʠʧʦʚʘʷ ʩʠʪʫʘʮʠʷ ʧʦʩʪʘʥʦʚʢʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ  

ʫʛʣʦʚʦʤʫ ʢʦʦʨʜʠʥʘʪʦʨʫ ɿʋʈ 
 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʦʩʪʘʥʦʚʱʠʢʘ ʧʦʤʝʭ ʦʛʨʘʥʠʯʝʥ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʧʧʘʨʘʪʫʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ [2, 3]: 

ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʜʘʚʣʷʝʤʦʛʦ ʧʝʣʝʥʛʘʪʦʨʘ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʛʦ ʢ ʙʘʟʝ ʧʦʩʪʘʥʦʚʱʠʢʘ ʢʦʛʝʨʝʥʪʥʳʭ 

ʧʦʤʝʭ; 

ʪʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘʯʘʣʴʥʳʭ ʬʘʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠʟʣʫʯʘ-

ʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦʤʝʭʠ; 

ʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʡ (ʫʛʣʦʚʦʡ) ʙʘʟʳ ʤʝʞʜʫ ʘʥʪʝʥʥʘʤʠ ʧʝʨʝʜʘʶʱʝʡ ʩʠʩʪʝʤʳ 

ʘʧʧʘʨʘʪʫʨʳ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ.  

ʂʦʥʝʯʥʘʷ ʪʦʯʥʦʩʪʴ ʧʝʣʝʥʛʘ ʥʘ ʧʦʜʘʚʣʷʝʤʫʶ ʛʦʣʦʚʢʫ ʩʘʤʦʥʘʚʝʜʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʧʦʜʯʠʥʷʶʱʫʶʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ 

ʦʪʢʣʦʥʝʥʠʝʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʜʘʣʴʥʦʩʪʠ. 

ʊʦʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘʯʘʣʴʥʳʭ ʬʘʟ ʠʟʣʫʯʘʝʤʳʭ ʩʠʛʥʘʣʦʚ ʧʦʤʝʭʠ ůű ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʝʨʝʜʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʧʦʩʪʘ-

ʥʦʚʱʠʢʘ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʫʧʨʘʚʣʷʝʤʳʭ ʬʘʟʦʚʨʘʱʘʪʝʣʝʡ. ʀ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʚʥʫʪʨʠ ʠʥʪʝʨʚʘʣʘ 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʰʠʨʠʥʦʡ ʜʠʩʢʨʝʪʘ ʬʘʟʦʚʨʘʱʘʪʝʣʷ. 

ɺʝʣʠʯʠʥʘ ʦʪʥʦhʝʥʠʷ ʘʤʧʣʠʪʫʜ ʠʟʣʫʯʘʝʤʳʭ ʢʦʛʝʨʝʥʪʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝ ʤʝ-

ʥʣ̫ʘʩʴ ʠ ʦʩʪʘʚʘʣʘʩʴ ʨʘʚʥʦʡ 1, ʪʘʢ ʢʘʢ ʝʛʦ ʚʣʠʷʥʠʝ ʧʨʠʚʥʦʩʠʪ ʦʰʠʙʢʠ ʤʝʥʝʝ ʚʝʩʦ-

ʤʳʝ, ʯʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʪʘʥʦʚʱʠʢʘ ʧʦʤʝʭ [1].  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʤʦʥʦʠʤ-

ʧʫʣʴʩʥʦʛʦ ʧʝʣʝʥʛʘʪʦʨʘ ʩ ʧʘʨʮʠʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, 

ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ sin(x)/x ʧʦʩʪʨʦʝʥʘ 

ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʭʝʤʝ (ʨʠʩ. 2). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʫʛʦʣ ʩʢʦʩʘ ʤʝʞʜʫ ʧʘʨʮʠ-

ʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ ʣʠʥʝʡʥʦʛʦ 

ʫʯʘʩʪʢʘ ʧʝʣʝʥʛʘʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʧʦʩʪʘʥʦʚʱʠʢ ʢʦʛʝ-

ʨʝʥʪʥʳʭ ʧʦʤʝʭ (15 ʛʨʘʜʫʩʦʚ ʦʪ ʦʩʝʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʝʣʝʥʛʘʪʦʨʘ).  
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ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʘʤʧʣʠʪʫʜʥʦʛʦ 

ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʤʦʥʦʠʤʧʫʣʴʩʥʦʛʦ ʧʝʣʝʥʛʘʪʦʨʘ 

  

ʇʝʣʝʥʛʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ ʦʮʝʥʢʫ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʩʪʘʥʦʚʱʠʢʘ ʢʦ-

ʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʘʤʧʣʠʪʫʜʥʦʡ ʦʛʠʙʘʁ ʱʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚʜʦʣʴ ʘʧʝʨʪʫʨʳ ʘʥʪʝʥʥʳ.  

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʚ ʜʠʘ-

ʧʘʟʦʥʝ ʜʘʣʴʥʦʩʪʝʡ ʦʪ 100 ʜʦ 20000 ʤʝʪʨʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʦʩʪʘʥʦʚɦʠʢʘ ʧʦʤʝʭ: 

ʚʝʣʠʯʠʥʳ ʙʘʟʳ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʧʣʘʥʝʨʝ ʥʦʩʠʪʝʣʷ; 

ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʰʠʙʢʠ ʧʝʣʝʥʛʘʮʠʠ ʥʦʩʠʪʝʣʷ 

ʧʦʜʘʚʣʷʝʤʦʡ ʈʃʉ (ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ), 

ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ; 

ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʰʠʙʢʠ ʨʘʟʙʘʣʘʥʩʘ ʬʘʟ ʤʝʞ-

ʜʫ ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ, ʚʳʟʚʘʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʬʘʟʦʚʨʘɦʘʪʝ-

ʣʝʡ. 

 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʝʣʝʥʛʘʮʠʠ. 

ɼʣʠʥʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʣʫʯʘʝʤʳʭ ʧʦʩʪʘʥʦʚʱʠʢʦʤ ʧʦʤʝʭ, 

ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 5 ʩʤ. ʇʦʣʷʨʠʟʘʮʠʷ ʠʟʣʫʯʘʝʤʳʭ ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʧʦʤʝʭ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʚʦʣʥ  ʠ ʘʥʪʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʝʣʝʥʛʘʪʦʨʘ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ ʦʜʠʥʘʢʦʚʦʡ ʠ 

ʚ ʨʘʩʯʝʪʘʭ ʥʝ ʫʯʠʪʳʚʘʣʘʩʴ.  

ʆʮʝʥʠʚʘʣʠʩʴ ʚʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʝʣʝʥʛʘ æŬʠʟʤ ʠ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʠʟʤʝʨʝʥ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ůŬ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʙʘʟʳ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝ-

ʣʠʯʠʥʫ ʠ ʭʘʨʘʢʪʝʨ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʚʝʣʠʯʠʥʘ ʙʘʟʳ L ʙʨʘʣʘʩʴ ʨʘʚʥʦʡ 50, 30, 

20, 15 ʠ 10 ʤʝʪʨʦʚ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʧʧʘʨʘʪʫʨʳ ʧʦʩʪʘʥʦʚʢʠ ʧʦʤʝʭ ʦʩʪʘ-

ʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳ: ʉʂʆ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʥʦʩʠʪʝʣʷ ʧʦʜʘʚʣʷʝʤʦʡ ʈʃʉ ůn ʨʘʚ-

ʥʦʝ 10
-3
 ʨʘʜʠʘʥ, ʉʂʆ ʦʰʠʙʦʢ ʨʘʟʙʘʣʘʥʩʘ ʬʘʟ ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʦʤʝʭ, ʨʘʚʥʦʝ 

3,07Ā10
-3
 ʨʘʜʠʘʥ (ʨʠʩ. 3ʘ).  

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʥʦʩʠʪʝʣʷ ʧʦʜʘʚʣʷʝʤʦʡ ʈʃʉ ůn ʥʘ ʚʝ-

ʣʠʯʠʥʫ ʠ ʭʘʨʘʢʪʝʨ ʦʰʠʙʦʢ ʦʮʝʥʦʢ ʧʝʣʝʥʛʘ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʉʂʆ 

ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʥʦʩʠʪʝʣʷ ʨʘʚʥʳʤʠ 10
-2
, 10

-3
,10

-4
, 10

-5
 ʨʘʜʠʘʥ, ʧʨʠ ʧʦʩʪʦʷʥ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʙʘʟʳ (25 ʤ) ʠ ʉʂʆ ʦʰʠʙʢʠ ʨʘʟʙʘʣʘʥʩʘ ʬʘʟ (3,07Ā10
-3 
ʨʘʜʠʘʥ) (ʨʠʩ. 

3ʙ).  

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ ʫʩʪʘʥʦʚʢʠ ʬʘʟ ʥʘ ʦʰʠʙʢʠ ʧʝʣʝʥʛʘʮʠʠ ʧʦʩʪʘ-

ʥʦʚʱʠʢʘ ʧʦʤʝʭ ʉʂʆ ʦʰʠʙʦʢ ʨʘʟʙʘʣʘʥʩʘ ʬʘʟ ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʦʤʝʭ, ʧʨʠʥʠʤʘʣʦʩʴ 
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ʨʘʚʥʳʤ 1,28Ā10
-2
; 3,07Ā10

-3
; 7,7Ā10

-4
, 1,9Ā10

-4
 ʨʘʜʠʘʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

8,10,12,14-ʨʘʟʨʷʜʥʦʡ ʰʠʥʝ ʫʧʨʘʚʣʝʥʠʷ ʬʘʟʦʚʨʘɦʘʪʝʣʝʤ. ɺʝʣʠʯʠʥʘ ʙʘʟʳ (15 ʤ) ʠ 

ʉʂʆ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʥʦʩʠʪʝʣʷ (10
-3 
ʨʘʜʠʘʥ) ʦʩʪʘʚʘʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ (ʨʠʩ. 

3ʚ). 

 ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 5000 ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʠʟ ʫʢʘʟʘʥ-

ʥʦʛʦ ʚʳʰʝ ʜʠʘʧʘʟʦʥʘ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʠ ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʧʦʩʪʘʥʦʚɦʠʢʘ ʢʦʛʝʨʝʥʪʥʳʭ 

ʧʦʤʝʭ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠ-

ʣʘʩʴ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʘʢʝʪʝ SigmaStat. 

 

 

 

 
ʈʠʩ. 3. ɺʝʣʠʯʠʥʘ ʦʰʠʙʦʢ ʧʝʣʝʥʛʘʮʠʠ ʧʦʩʪʘʥʦʚʱʠʢʘ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʜʠʘʧʘʟʦʥ ʜʘʣʴʥʦʩʪʝʡ ʤʝʞʜʫ ɿʋʈ ʠ ʧʦʩʪʘʥʦʚʱʠʢʦʤ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʟʦʥʳ ʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ: 

1. ɿʦʥʘ I ï ʟʦʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʥʘ ʧʝʣʝʥʛʘʪʦʨ ʭʘʨʘʢʪʝʨ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʝʥ ʜʝʡʩʪʚʠʶ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʧʦ ʫʨʦʚʥʶ ʫʛʣʦʚʦʛʦ 

ʰʫʤʘ (ʧʨʠ ʧʝʨʝʩʝʯʝʥʠʠ ʦʩʥʦʚʥʦʡ ʠ ʙʦʢʦʚʳʭ ʟʦʥ ʠʥʚʝʨʩʠʠ ʬʘʟʳ ʚʦʟʤʦʞʥʳ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʫʛʣʦʚʦʛʦ ʰʫʤʘ ʫʜʘʨʥʦʛʦ ʪʠʧʘ). ʇʦʣʦʞʝʥʠʝ ʵʪʦʡ 
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ʟʦʥʳ ʩʦʛʣʘʩʥʦ ʨʠʩ. 3 ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʨʚʘʣʦʤ ʦʪ 20000 ʤʝʪʨʦʚ ʜʦ 3000ï5000 

ʤʝʪʨʦʚ. 

2. ɿʦʥʘ II  ï ʟʦʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʥʘ ʧʝʣʝʥ-

ʛʘʪʦʨ ʩ ʨʘʩʪʫʱʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʷ ʧʝʣʝʥʛʘ 

(ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʝʣʝʥʛʘʪʦʨʦʚ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩ-

ʥʦʚʘʥ ʥʘ ʥʘʭʦʞʜʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʦʨʤʘʣʠ ʢ ʬʨʦʥʪʫ ʚʦʣʥʳ). ɼʘʥʥʘʷ 

ʟʦʥʘ ʩʦʛʣʘʩʥʦ ʨʠʩ. 3 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʘʣʴʥʦʩʪʠ ʦʪ 3000ï5000 ʤʝʪʨʦʚ 

ʜʦ ʠʩʪʠʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʩʪʘʥʦʚʱʠʢʘ ʧʦʤʝʭ. 

ʈʘʟʤʝʨʳ ʟʦʥ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʪʘʥʦʚʱʠʢʘ 

ʧʦʤʝʭ, ʘ ʪʘʢ ʞʝ ʚʟʘʠʤʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʦʩʪʘʥʦʚʱʠʢʘ ʧʦʤʝʭ ʠ ʧʦʜʘʚʣʷʝʤʦʛʦ ʧʝ-

ʣʝʥʛʘʪʦʨʘ (ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʡ ʙʘʟʳ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʘʤʠ ʧʦʤʝʭ). 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʝʟʘʱʠʱʝʥʥʦʩʪʠ 

ʧʝʣʝʥʛʘʪʦʨʦʚ ʤʦʥʦʠʤʧʫʣʴʩʥʦʛʦ ʪʠʧʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ. ʅʝʣʴʟʷ 

ʪʘʢʞʝ ʥʝ ʦʪʤʝʪʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʧʝʣʝʥʛʘʪʦʨʘ ʚ ʟʦʥʝ I ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʦʚʦʛʦ 

ʰʫʤʘ (ʫʛʣʦʚʦʝ ʩʪʨʦʙʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ ʠ ʪ.ʜ.). ɺ 

ʩʣʫʯʘʝ ʥʘʭʦʞʜʝʥʠʷ ʧʝʣʝʥʛʘʪʦʨʘ ʚ ʟʦʥʝ II  ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʩʧʦʩʦʙʦʚ 

ʙʫʜʝʪ ʥʝʵʬʬʝʢʪʠʚʥʦ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʨʝʜʥʝʥʠʝ ʦʮʝʥʢʠ ʧʝʣʝʥʛʘ ʚʦ 

ʚʨʝʤʝʥʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʵʪʠ ʩʧʦʩʦʙʳ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʣʝʥʛʘ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʙʫʜʝʪ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʞʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʦʮʝʥʦʢ ʧʝʣʝʥʛʘ ʚ ʩʣʫʯʘʝ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʧʦʤʝʭ ʦʪʣʠʯʥʦ ʦʪ ʠʩʪʠʥʥʦʛʦ ʫʛʣʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʮʝʣʠ. 
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(ʌʠʣʠʘʣ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

 ʆʇʊʀʏɽʉʂʀɽ ʀ ʀʅɼʋʂʊʀɺʅʓɽ ɼɸʊʏʀʂʀ ʇʆʃʆɾɽʅʀʗ. 

ʇʈɽʀʄʋʑɽʉʊɺɸ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  
 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʬʫʥʢʮʠʠ  ʢʦʪʦʨʦʛʦ, 

ʯʘʩʪʠʯʥʦ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ 

ʠʣʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʮʝʣʦʤ ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ 

ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ. 
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 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ, 

ʢʘʢ ʚ ʧʣʘʥʝ  ʦʙʣʘʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢ ʠ ʧʨʠʥʮʠʧʦʚ 

ʨʘʙʦʪʳ ʟʘʣʦʞʝʥʥʳʭ  ʚ ʦʩʥʦʚʝ ʠʭ ʨʘʙʦʪʳ. 

ʆʜʥʘʢʦ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʘʰʣʠ ʦʧʪʠʯʝʩʢʠʝ ʵʥʢʦʜʝʨʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʦʧʪʠʯʝʩʢʠʭ ʵʥʢʦʜʝʨʦʚ: 

 ʀʥʢʨʝʤʝʥʪʥʳʝ ʵʥʢʦʜʝʨʳ 

 ɸʙʩʦʣʶʪʥʳʝ ʢʦʜʝʨʳ ʧʦʣʦʞʝʥʠʷ 

ʀʥʢʨʝʤʝʥʪʥʳʝ ʵʥʢʦʜʝʨʳ ʚʳʜʘʶʪ ʥʘ ʚʳʭʦʜʝ ʩʝʨʠʶ ʧʨʷʤʦʫʛʦʣʴʥʳʭ 

ʠʤʧʫʣʴʩʦʚ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʵʥʢʦʜʝʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

ʈʠʩʫʥʦʢ 1 ð ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʵʥʢʦʜʝʨʘ çʥʘ ʧʨʦʩʚʝʪè 

ʃʫʯ ʩʚʝʪʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʬʦʪʦʜʝʪʝʢʪʦʨ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 

ʜʠʩʢʦʤ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʥʘ ʥʝʤ ʧʨʦʨʝʟʷʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʨʳʚʘʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. ʇʦʜʦʙʥʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʘʟʳʚʘʝʪʩʷ çʥʘ 

ʧʨʦʩʚʝʪè. 

 

ʈʠʩʫʥʦʢ 2 ð ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʵʥʢʦʜʝʨʘ çʥʘ ʦʪʨʘʞʝʥʠʝè 



71 

ʊʘʢ ʞʝ ʚʳʜʝʣʷʶʪ, ʦʪʣʠʯʥʳʡ ʦʪ ʧʝʨʚʦʛʦ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ çʥʘ ʦʪʨʘʞʝʥʠʝè. 

ɺʤʝʩʪʦ ʜʠʩʢʘ ʩ ʧʨʦʨʝʟʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʢ ʠʣʠ ʣʝʥʪʘ ʩ ʦʙʣʘʩʪʷʤʠ, 

ʦʙʣʘʜʘʶʱʠʤʠ ʨʘʟʥʳʤʠ ʦʪʨʘʞʘʪʝʣʴʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ (ʨʠʩʫʥʦʢ 2). 

ɺ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ, ʬʦʪʦʜʝʪʝʢʪʦʨ ʬʠʢʩʠʨʫʝʪ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ 

ʦʙʣʘʩʪʠ ʢ ʜʨʫʛʦʡ, ʪʝʤ ʩʘʤʳʤ, ʵʥʢʦʜʝʨ ʬʦʨʤʠʨʫʝʪ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʥʘ 

ʚʳʭʦʜʝ.  

ʅʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʦʣʴʟʫʶʪʩʷ ʘʙʩʦʣʶʪʥʳʝ 

ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ. ʀʭ ʩʪʨʦʝʥʠʝ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʪʯʘʩʪʠ ʥʘʧʦʤʠʥʘʝʪ 

ʠʥʢʨʝʤʝʥʪʥʳʝ ʵʥʢʦʜʝʨʳ, ʭʦʪʷ ʠ ʠʤʝʝʪ ʨʷʜ ʦʪʣʠʯʠʡ (ʨʠʩʫʥʦʢ 3).  

 

ʈʠʩʫʥʦʢ 3 ð ʉʪʨʫʢʪʫʨʘ ʦʧʪʠʯʝʩʢʦʛʦ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʣʫʯʠ ʩʚʝʪʦʜʠʦʜʘ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʢʦʜʦʚʳʡ ʜʠʩʢ, ʧʦʧʘʜʘʶʪ ʥʘ 

ʬʦʪʦʜʝʪʝʢʪʦʨ (ʦʧʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʯʠʪʳʚʘʶʱʘʷ ʤʘʪʨʠʮʘ). ʇʨʠ ʢʘʞʜʦʤ ʰʘʛʝ 

ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʦʜʦʚʦʛʦ ʜʠʩʢʘ, ʪʝʤʥʳʝ ʫʯʘʩʪʢʠ ʢʦʜʘ ʧʨʝʜʦʪʚʨʘʱʘʶʪ 

ʧʦʧʘʜʘʥʠʝ ʩʚʝʪʘ ʥʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʩʯʠʪʳʚʘʶʱʝʡ ʤʘʪʨʠʮʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʪʝʤʥʳʝ (ʩʚʝʪʣʳʝ) ʫʯʘʩʪʢʠ ʢʘʞʜʦʡ ʠʟ ʜʦʨʦʞʝʢ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʩʯʠʪʳʚʘʶʱʫʶ 

ʤʘʪʨʠʮʫ ʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤʠ 

ʫʩʠʣʠʪʝʣʷʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʜʨʘʡʚʝʨʘʤʠ ʜʣʷ ʚʳʜʘʯʠ ʚ ʚʠʜʝ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ. 

ʀʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʝʥʩʦʨʘ ʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʦʡ. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʦʧʪʠʯʝʩʢʠʝ ʵʥʢʦʜʝʨʳ ʠʤʝʶʪ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʨʝʜʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

 ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʧʦʩʪʦʨʦʥʥʠʤ ʚʝʱʝʩʪʚʘʤ; 

 ʭʨʫʧʢʦʩʪʴ; 

 ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʩʙʦʝʚ; 

 ʚʳʩʦʢʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʦʪ ī20 ʜʦ +70 ÁC). 

ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʥʝ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʠ 

ʢʨʘʡʥʝ ʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ, ʘ ʪʘʢ ʞʝ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʩʚʷʟʘʥʥʳʭ 

ʩʦ ʩʬʝʨʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʩʨʝʜʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʟʘʤʝʱʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʵʥʢʦʜʝʨʦʚ ʠʥʜʫʢʪʠʚʥʳʤʠ 

ʵʥʢʦʜʝʨʘʤʠ, ʠʣʠ ʢʘʢ ʠʭ ʥʘʟʳʚʘʶʪ çʠʥʢʦʜʝʨʘʤʠè. 
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ʏʪʦ ʞʝ ʩʦʙʦʡ  ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʢʦʜʝʨʳ ʠ ʧʦʯʝʤʫ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʪʜʘʝʪʩʷ ʠʤ?  

ɺ ʠʥʢʦʜʝʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʨʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʨʦʪʦʨʘ ʠʣʠ ʤʠʰʝʥʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʪʦʨʘ, ʧʦʜʦʙʥʳʡ ʧʨʠʥʮʠʧ ʠʟʚʝʩʪʝʥ, ʢʘʢ ʠʥʜʫʢʮʠʦʥʥʳʡ ʠʣʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʡ. ʇʨʠʤʝʥʷʝʤʳʡ ʧʨʠʥʮʠʧ, ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʘʥʘʣʦʛʠʯʝʥ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʙʝʩʱʝʪʦʯʥʳʭ ʨʝʟʦʣʴʚʝʨʘʭ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʣʠʥʝʡʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʭʦʜʠʪ ʥʘ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ 

(ʧʦʩʪʦʷʥʥʳʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʥʠʷ, ʘ ʥʘ ʚʳʭʦʜʝ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ). 

ɺ ʵʪʠʭ ʜʘʪʯʠʢʘʭ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʧʦʜʘʝʪʩʷ ʥʘ ʥʝʧʦʜʚʠʞʥʳʡ ʩʪʘʪʦʨ, 

ʪʦʛʜʘ ʢʘʢ ʨʦʪʦʨ ʦʩʪʘʝʪʩʷ ʧʘʩʩʠʚʥʳʤ. ɺ ʩʪʘʪʦʨʝ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʘʷ 

ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ 

ʠʥʪʝʨʬʝʡʩʘʤ. 

ʈʝʟʦʣʴʚʝʨʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʪʦʯʥʳʤʠ, ʥʘʜʝʞʥʳʤʠ ʠ ʧʨʦʯʥʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʥʝʛʘʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʛʨʷʟʠ, ʧʳʣʠ, ʚʦʜʳ ʠ ʣʴʜʘ.  

ʆʜʥʘʢʦ, ʛʘʙʘʨʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʟʦʣʴʚʝʨʦʚ ʚʝʩʴʤʘ ʚʝʣʠʢʠ, ʯʪʦ ʥʠʢʘʢ 

ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʪʯʠʢʘʭ ʧʦʣʦʞʝʥʠʷ. ɺʳʭʦʜ ʙʳʣ ʥʘʡʜʝʥ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ: ʚʤʝʩʪʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʦʙʤʦʪʦʢ ʚ ʢʦʥʩʪʨʫʢʮʠʠ  

ʠʥʢʦʜʝʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ. ʇʣʶʩʳ ʦʪ ʵʪʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʦʯʝʚʠʜʥʳ ï ʵʪʦ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ, 

ʢʦʥʝʯʥʦ, ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ. 

ʆʪʩʫʪʩʪʚʠʝ ʚ ʵʥʢʦʜʝʨʘʭ ʢʦʥʪʘʢʪʥʳʭ ʯʘʩʪʝʡ, ʛʘʨʘʥʪʠʨʫʝʪ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʠʭ ʩʣʫʞʙʳ, ʥʝ ʪʨʝʙʫʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʀʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʣʝʛʢʦ 

ʠʥʪʝʛʨʠʨʫʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʥʫʞʜʘʶʪʩʷ ʣʠʰʴ ʚ ʠʩʪʦʯʥʠʢʝ ʧʠʪʘʥʠʷ, ʘ ʥʘ ʚʳʭʦʜʝ 

ʚʳʜʘʶʪ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʧʦʣʦʞʝʥʠʝ. ɺʘʞʥʦʝ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʥʢʦʜʝʨʳ ʥʝ ʩʦʜʝʨʞʘʪ ʭʨʫʧʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʘ ʨʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ī100 ʜʦ + 125 Á C. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚʳʙʦʨʦʤ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ 

ʵʥʢʦʜʝʨʳ. ʆʥʠ ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳ ʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ.  ʆʜʥʘʢʦ ʥʦʚʳʡ ʪʠʧ ʫʩʪʨʦʡʩʪʚ, ʠʥʜʫʢʪʠʚʥʳʡ 

ʵʥʢʦʜʝʨ ʟʘʥʠʤʘʝʪ ʚʩʸ ʙʦʣʴʰʫʶ ʜʦʣʶ ʥʘ ʨʳʥʢʝ ʠ ʤʝʥʷʝʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʙʘʣʘʥʩ. 

ʀʥʢʦʜʝʨʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʠʙʨʠʜ ʠʥʜʫʢʪʠʚʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ. 
ʃʠʪʝʨʘʪʫʨʘ 

 

1.  ʆʙʟʦʨ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] /  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://studfiles.net/preview/635678/ 
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ʂ.ɸ. ɿʠʥʯʝʥʢʦ, ʤʘʛ., ʉ.ɸ. ɸʤʝʣʠʥ, ʨʫʢ., ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɼɸʊʏʀʂʀ ʇʆʃʆɾɽʅʀʗ. ɺʀɼʓ. ʇʈʀʅʎʀʇ ʈɸɹʆʊʓ 

ɼʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ - ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʣʠʥʝʡʥʳʭ ʠʣʠ ʫʛʣʦ-

ʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʩʠʛʥʘʣ ʥʝʦʙʭʦʜʠʤʦʡ ʬʦʨʤʳ (ʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʤʝʭʘʥʠʯʝʩʢʠʡ, 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʡ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʜʦʙʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʝʛʦ, ʢʘʢ ʦʙʲʝʢʪʘ ʥʦ-

ʩʠʪʝʣʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʜʘʣʴʥʝʡʰʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. 

ɼʘʪʯʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠ ʠʟʤʝʨʷʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʝ ʜʘʪʯʠʢʠ 

ʧʦʣʦʞʝʥʠʷ ʠ ʘʙʩʦʣʶʪʥʳʝ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʠʥʢʨʝʤʝʥʪʘʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʦʦʙʱʘʝʪ ʦ ʧʦʰʘʛʦʚʦʤ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʣʷ ʥʘʯʘʣʘ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʧʦʩʣʝ 

ʧʦʜʘʯʠ ʧʠʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘʯʘʣʴʥʫʶ ʪʦʯʢʫ ʦʪʩʯʝʪʘ (ʥʫʣʝʚʫʶ ʪʦʯʢʫ). 

ɸʙʩʦʣʶʪʥʳʡ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʚʳʜʘʝʪ ʦʜʥʦʟʥʘʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʝʤ 

ʧʦʣʦʞʝʥʠʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʤʘʩʰʪʘʙʝ ʠʣʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʢʦʛʦ-ʪʦ ʜʠʘʧʘʟʦʥʘ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʢʦʛʜʘ ʥʘ ʜʘʪʯʠʢ ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ, ʦʥ ʩʦʦʙʱʘʝʪ ʦ ʩʚʦʝʤ ʧʦʣʦʞʝʥʠʠ 

ʜʘʞʝ ʙʝʟ ʫʢʘʟʘʥʠʷ ʪʦʯʢʠ ʦʪʩʯʝʪʘ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʚʩʝʭ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪʨ.  ʇʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʘ 

ʷʚʣʷʶʪʩʷ ʦʯʝʚʠʜʥʳʤʠ, ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʜʦʨʦʛʦʡ ʠ ʧʨʦʩʪʦʡ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʪʯʠʢʘʭ ʧʦʣʦʞʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʚʩʪʨʝʯʘʝʪʩʷ ʢʘʢ ʫʛʣʦʚʘʷ (ʚʨʘʱʘ-

ʪʝʣʴʥʘʷ) ʪʘʢ ʠ ʣʠʥʝʡʥʘʷ (ʧʦʣʟʫʥʢʦʚʘʷ). ʇʦʪʝʥʮʠʦʤʝʪʨ ʠʤʝʝʪ ʩʢʦʣʴʟʷʱʠʡ ʢʦʥ-

ʪʘʢʪ, ʩʚʷʟʘʥʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠ ʩ ʚʘʣʦʤ. ʉʫʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʮʝʚʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ  ʢʦʥʪʘʢʪʘʤʠ ʧʦʣʟʫʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʝʤ ʧʦʣʟʫʥʘ ʨʝʟʠʩʪʠʚʥʦʡ 

ʜʦʨʦʞʢʠ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʠ ʟʥʘʯʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʟʥʘ-

ʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʣʦʞʝʥʠʶ ʧʦʣʟʫʥʘ. 

ʇʦʪʝʥʮʠʦʤʝʪʨʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

 ʠʟʥʦʩ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ, 

 ʩʣʘʙʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ, 

 ʦʛʨʘʥʠʯʝʥʥʘʷ ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, 

 ʥʝʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ. 

ɼʨʫʛʠʤ ʪʠʧʦʤ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʣʦʯʥʳʝ ʨʝʦʩʪʘʪʳ. ʀʟ-

ʛʦʪʦʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʥʘʤʦʪʘʥʥʦʡ ʩʧʠʨʘʣʠ ʠ ʬʦʨʤʝ ʧʨʦʚʦʜʥʠʢʘ ʩ ʧʨʷʤʦʡ ʧʨʦʚʦ-

ʣʦʢʦʡ.  

ʈʝʦʩʪʘʪʳ ʩʚʦʡʩʪʚʝʥʝʥ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʨʝʭʦʜʦʤ ʧʦ ʩʝʛʤʝʥʪʘʤ 

ʧʨʦʚʦʣʦʢʠ, ʯʪʦ ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʧʨʠʚʦʜʷ ʢ ʝʛʦ ʠʩ-

ʢʘʞʝʥʠʶ. ʊʘʢʞʝ  ʜʣʷ ʧʨʦʚʦʣʦʯʥʳʭ ʨʝʦʩʪʘʪʦʚ ʭʘʨʘʢʪʝʨʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʤʝʭʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʫʧʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʘʣʦʰʫʤʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. 

ʇʦʜʦʙʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʠʤʝʶʪ ʛʣʘʜʢʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʣʠ-

ʥʝʡʥʫʶ ʨʝʟʠʥʦʚʫʶ ʜʦʨʦʞʢʫ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ. 

ʆʧʪʠʯʝʩʢʠʝ ʢʦʜʝʨʳ ï ʵʪʦ ʚʠʜ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ, ʦʪʯʘʩʪʠ, 

ʥʘʧʦʤʠʥʘʶʪ ʧʦʪʝʥʮʠʦʤʝʪʨʳ, ʥʦ ʷʚʣʷʶʪʩʷ ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʠʭ ʵʥʢʦʜʝʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʫ-

ʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ. ʉʚʝʪ ʧʨʦʧʫʩʢʘʝʪʩʷ 

ʯʝʨʝʟ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢ, ʩ ʥʘʥʝʩʝʥʥʳʤ  ʥʘ ʥʝʛʦ ʰʘʙʣʦʥʦʤ ʢʦʜʘ (BCD, ʜʚʦʠʯ-

ʥʳʡ ʢʦʜ, ʢʦʜ ɻʨʝʷ) ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʬʦʪʦʜʝʪʝʢʪʦʨ ʩʢʘʥʠʨʫʝʪ ʜʠʩʢ, ʟʘʪʝʤ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʦʙ-

ʨʘʙʘʪʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʧʦʪʦʢ ʜʚʦʠʯʥʳʭ ʚʳʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʚ ʮʠʬʨʦʚʦʡ 

ʬʦʨʤʝ, ʧʦʜʘʶʱʠʝʩʷ ʥʘ ʩʯʝʪʯʠʢʠ ʠʣʠ ʢʦʥʪʨʦʣʣʝʨʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʘʢʪʠʯʝʩʢʦʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ.  
ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʤʠ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʨʠʠ ʠʤʧʫʣʴʩʦʚ, ʦʙʳʯʥʦ ʩʦ 

ʩʜʚʠʛʦʤ ʬʘʟ ʥʘ 90Á, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ.  

ɼʠʩʢʨʝʪʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʤʥʳʭ ʠ ʧʨʦʟʨʘʯʥʳʭ 

ʩʝʛʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʢ ʚ ʰʘʙʣʦʥʝ ʜʠʩʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʠʩʢʨʝʪʥʦʩʪʴ ʥʘ ʩʪʝʧʝʥʴ ʚʨʘʱʝʥʠʷ. ʊʠʧʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʰʘʙʣʦʥʦʚ ʢʦʜʠʨʦʚʘʥʥʳʭ ʜʠʩʢʦʚ ʩʦʩʪʘʚʣʷʝʪ 8 ʙʠʪ ʥʘ ʦʙʦʨʦʪ (256 ʠʤʧʫʣʴʩʦʚ). 

ʂʦʜʝʨ çʢʚʘʜʨʘʪʫʨʥʳʡè ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʠʟʚʝʩʪʥʳʤ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʳʜʘʝʪ ʜʚʝ ʚʳʭʦʜʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʚʦʣʥʳ, 

ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, ʦʙʳʯʥʦ ʥʘʟʳʚʘʝʤʳʝ ʢʘʥʘʣʦʤ çɸè ʠ ʢʘʥʘʣʦʤ çɺè. 

ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪ ʜʚʘ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʤʝʱʝʥʠʝ ʚ 90Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʊʝʤ ʩʘʤʳʤ, ʥʘ ʚʭrʦʜʝ, 

ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʦʪʜʝʣʴʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʠ ʢʦʩʠʥʫʩʥʳʭ ʩʠʛʥʘʣʘ ʚʭrʦʜʘ. 

 
ʈʠʩʫʥʦʢ 1 ð ʂʦʜʝʨ çʢʚʘʜʨʘʪʫʨʥʳʡè: 1 ï ʢʦʜʠʨʦʚʘʥʥʳʝ ʩʚʝʪʣʳʝ ʠ ʪʸʤʥʳʝ ʩʝʢʪʦʨʘ ʜʠʩʢʘ; 

2 ï ʚʨʘʱʝʥʠʝ ʜʠʩʢʘ; 3 ï ʬʦʪʦ ʜʝʪʝʢʪʦʨ ʧʝʨʝʤʝʱʘʝʤʳʡ ʥʘ 90Ü; 4 ï ʢʘʥʘʣ çɸè; 5 ï ʢʘʥʘʣ çɺè. 
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ɺʳʯʠʩʣʝʥʠʷ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʦʧʪʠʯʝʩʢʠʡ ʜʠʩʢ, ʠʩʧʦʣʴʟʫ-

ʝʤʳʡ ʚʦ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʦʨʜʠʥʘʪʘʭ ʧʦʣʦʞʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʨʫʛʦʚʳʤ. ɺ ʪʘʢʦʤ 

ʩʣʫʯʘʝ ʜʠʩʢʨʝʪʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ  ʨʘʩʩʯʠʪʳʚʘʪʩʷ, ʢʘʢ ʨʘʟʤʝʨ ʦʢʨʫʞʥʦʩʪʠ  

ʚ ʛʨʘʜʫʩʘʭ (360 ʛʨʘʜʫʩʦʚ) ʨʘʟʜʝʣʝʥʥʘʷ ʥʘ ʯʠʩʣʦ ʩʝʛʤʝʥʪʦʚ ʥʘ ʢʦʜʠʨʦʚʘʥʥʦʤ 

ʜʠʩʢʝ. 

ʇʦʤʠʤʦ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʠʥʢʨʝʤʝʥʪʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ 

ʧʦʣʦʞʝʥʠʷ, ʧʦʜʦʙʥʳʡ ʚʠʜ ʧʨʠʙʦʨʦʚ ʥʫʞʜʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʚʥʝʰʥʠʭ ʩʯʝʪʯʠʢʦʚ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʫʛʣʘ ʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʦʛʦ 

ʚʨʘʱʝʥʠʷ. 

ʂʦʜʝʨʳ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʚʘʜʨʘʪʫʨʥʳʭ ʵʥʢʦʜʝʨʦʚ. 

ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʥʠʢʘʣʴʥʳʡ ʚʳʭʦʜʥʦʡ ʢʦʜ ʜʣʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʧʦ-

ʣʦʞʝʥʠʷ ʚʨʘʱʝʥʠʷ, ʫʢʘʟʳʚʘʷ ʢʘʢ ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʠ ʥʘʧʨʘʚʣʝʥʠʝ. 

ɺ ʨʝʘʣʠʟʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2, ʢʦʜʠʨʦʚʘʥʥʳʡ ʜʠʩʢ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ çʜʦʨʦʞʝʢè ʩʦ ʩʚʝʪʣʳʤʠ ʠ ʪʝʤʥʳʤʠ ʩʝʛʤʝʥʪʘʤʠ. 

ʂʘʞʜʳʡ ʪʨʝʢ, ʥʝʟʘʚʠʩʠʤ ʦʪ ʩʚʦʝʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʬʦʪʦʜʝʪʝʢʪʦʨʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʯʠʪʳʚʘʝʪ ʫʥʠʢʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ ʫʛʣʘ ʜʚʠʞʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2 ð ʂʦʜʝʨ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ: 1 ï ʢʦʜʠʨʦʚʘʥʥʳʝ ʩʝʢʪʦʨʘ ʜʠʩʢʘ; 2 ï 

ʚʨʘʱʝʥʠʝ ʜʠʩʢʘ; 3 ï ʯʝʪʳʨʝ ʬʦʪʦ ʜʝʪʝʢʪʦʨʘ, ʧʦ ʦʜʥʦʤʫ ʥʘ ʩʝʢʪʦʨ; 4 ï ʯʝʪʳʨʸʭʙʠʪʥʳʡ ʢʦʜʠ-

ʨʦʚʘʥʥʳʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʂʦʣʠʯʝʩʪʚʦ ʜʦʨʦʞʝʢ ʥʘ ʜʠʩʢʝ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʨʷʜʥʦʩʪʴ ʢʦʜʝʨʘ ʚ ʙʠʪʘʭ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʷ ʜʠʩʢʨʝʪʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʢʦʜʠʨʦʚʱʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʜʠʨʦ-

ʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʫʥʠʢʘʣʴʥʳʤ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʦʙʦʨʦʪʘ ʜʠʩʢʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

1.  ʆʙʟʦʨ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] /  ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://studfiles.net/preview/635678/ 
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ɺ.ɸ. ʀʚʘʥʦʚ, ʤʘʛ.; ʖ.ɸ. ɼʝʤʴʷʥʦʚʘ, ʤʘʛ.; ʨʫʢ. ʅ.ʅ. ʉʪʨʦʝʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʈɽɼʋʉʀʃʀʊɽʃɽʁ ɺ ʉʀʉʊɽʄɸʍ ɸʅɸʃʀɿɸ 

ɿɺʋʂʆɺʓʍ ʉʀɻʅɸʃʆɺ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʚʫʢ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʠʣʠ 

ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʚʫʢ ʚ 

ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʘʢʫʩʪʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ 

ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʬʦʥ. ʆʩʥʦʚ-

ʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʬʦʥʘ ʷʚʣʷʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ. ʇʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʤ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʠʢʨʦʬʦʥʘ, ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴ-

ʥʦʩʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʬʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮ -rʜʝʩʷʪʢʠ 

ʤɺ/ʇʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʞʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʢʠʭ ʩʠʛʥʘʣʦʚ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ ʜʝʩʷʪʳʝ ʜʦʣʠ ʚʦʣʴʪʘ. ʉʣʘʙʳʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʧʨʠ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʧʠʩʳʚʘʝʤʳʡ ʩʠʛʥʘʣ ʙʳʣ ʣʫʯʰʝ ʚʦʩʧʨʠʥʷʪ ʩʠʩʪʝʤʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʠʢʨʦʬʦʥʘ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ. ɼʘʥʥʳʡ ʫʩʠʣʠʪʝʣʴ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥ-

ʥʦʩʪʷʤʠ: 

 ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʩ ʤʠʢʨʦʬʦʥʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʣʠʥʝʡʥʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʫʩʠʣʠʪʝʣʷ ʠ ʥʝ 

ʜʦʧʫʩʢʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ; 

 ʫʩʠʣʠʪʝʣʴ ʜʦʣʞʝʥ ʚʥʦʩʠʪʴ ʚ ʫʩʠʣʠʚʘʝʤʳʡ ʩʠʛʥʘʣ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʢʘʞʝʥʠʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʠʩʢʘʞʝʥʠʡ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʩʠʛʥʘʣʝ ʧʦ̫ ʚʣʷʶʪʩʷ 

ʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʚ ʠʩʭʦʜʥʦʤ ʩʠʛʥʘʣʝ. ʀʩʢʘʞʝʥʠʷ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʫʩʠʣʠʪʝʣʷ ʚ ʨʘʙʦ-

ʯʝʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ, ʠʟʤʝʥʝʥʠʷ ʬʘʟʳ ʨʘʟʥʦʩʪʠ ʬʘʟ ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʣʠʯʠʝʤ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ ʩ 

ʨʘʟʥʦʡ ʯʘʩʪʦʪʦʡ ʯʝʨʝʟ ʫʩʠʣʠʪʝʣʴ, ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʩʠʛʥʘʣʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʠ ʜʨ.; 

 ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʜʦʣʞʝʥ ʚʥʦʩʠʪʴ ʚ ʫʩʠʣʠʚʘʝʤʳʡ ʩʠʛʥʘʣ ʤʠʥʠ-

ʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʰʫʤʘ. ʐʫʤ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ, ʚʭʦʜʷʱʠʭ ʚ ʫʩʠʣʠʪʝʣʴ, 

ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ; 

 ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʫʩʠʣʠʪʝʣʷ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʠʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ. 

ɺ ʦʩʥʦʚʥʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʘʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʘʭ: 

 ʥʘ ʵʣʝʢʪʨʦʚʘʢʫʫʤʥʳʭ ʣʘʤʧʘʭ; 
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 ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʠ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ; 

 ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤʘʭ. 

ʇʨʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʣʘʤʧʦʚʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʫʢʘʟʘʥʥʦʡ ʩʬʝʨʝ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʊʘʢ ʞʝ ʥʝ ʮʝʣʝ-

ʩʦʦʙʨʘʟʥʦ ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʘʭ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʘʤʦʚʦʟ-

ʙʫʞʜʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʧʦʤʝʭ, ʯʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʤʠʢʨʦʩʭʝʤʳ.  

ɺ ʩʧʨʘʚʦʯʥʠʢʘʭ ʚʝʜʫʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʥʘʣʦʛʦʚʳʭ ʤʠʢʨʦʩʭʝʤ, ʪʘʢʠʭ ʢʘʢ 

Analog Devices, Texas Instruments, Maxim Integrated, STMicroelectronics ʠ ʜʨ., 

ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʫʩʠʣʝʥʠʷ ʩʠʛ-

ʥʘʣʦʚ ʩ ʤʠʢʨʦʬʦʥʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʩʠʛʥʘʣʘ ʤʠʢʨʦʬʦʥʘ ʩ ʮʝʣʴʶ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʠʬʨʦʚʢʠ ʧʨʠ-

ʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ɸʎʇ. ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʨʝʰʝʥʦ, ʯʪʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʜʦʣʞʝʥ ʩʦʩʪʦʷʪʴ 

ʠʟ ʜʚʫʭ ʢʘʩʢʘʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʜʠʥ ʠʟ ʢʘʩʢʘʜʦʚ ʫʩʠʣʝʥʠʷ ʜʦʣʞʝʥ ʠʤʝʪʴ ʨʝʛʫʣʠʨʫʝʤʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʛʦ ʢʘʩʢʘʜʘ ʫʩʠʣʝʥʠʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 10 

ʚʳʙʨʘʥʘ ʤʠʢʨʦʩʭʝʤʘ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ OPA1671 ʦʪ Texas Instruments. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʜʘʥʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʠʢ-

ʨʦʬʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʥʘ ʝʸ ʦʩʥʦʚʝ. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʤʠʢʨʦʩʭʝʤʳ 

OPA1671 ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ OPA1671 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʜʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ 

ʠʤʝʝʪ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʥʦʩʠʤʳʭ ʠʩʢʘʞʝʥʠʡ: ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘ-

ʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,00035 %, ʘ ʠʥʪʝʨʤʦʜʫʣʷʮʠʦʥʥʳʝ ʠʩʢʘʞʝʥʠʷ ʥʝ ʧʨʝʚʳh ʘʶʪ 

0,00158 % (ʧʨʦʚʝʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʣʷ ʯʘʩʪʦʪ 60 ɻʮ ʠ 7 ʢɻʮ). ʏʘʩʪʦʪʘ ʝʜʠ-

ʥʠʯʥʦʛʦ ʫʩʠʣʝʥʠʷ ʨʘʚʥʘ 13 ʄɻʮ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʆʋ ʧʦ ʥʘʧʨʞ̫ʝʥʠʶ 

ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ 113 ʜɹ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʙʨʘʥʥʳʡ 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛ-

ʥʘʣʘ (20ɻʮ ï 20 ʢɻʮ). ʊʘʢ ʢʘʢ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʤʠʢʨʦʬʦʥʘ ʠʤʝʶʪ ʫʨʦʚʝʥʴ ʝʜʠ-
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ʥʠʮʳ-ʜʝʩʷʪʢʠ ʤɺ, ʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʥʝ ʙʫʜʝʪ ʧʨʦʠʩ-

ʭʦʜʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʩʠʛʥʘʣʘ ʧʦ ʘʤʧʣʠʪʫʜʝ. ʕʬʬʝʢʪʠʚʥʦʝ ʥʘʧʨʞ̫ʝʥʠʝ ʰʫʤʘ ʚ 

ʧʦʣʦʩʝ 1 ɻʮ ʥʘ ʯʘʩʪʦʪʝ 10 ɻʮ ʥʝ ʧʨʝʚʳʰʘʝʪ 45 ʥɺ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʫʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʪʦʨʦʛʦ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʢʘʩʢʘʜʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠ-

ʨʦʚʢʦʡ ʫʩʠʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʩʭʝʤʫ SSM2167 ʦʪ Analog Devices. ʇʝʨʝ-

ʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ (ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2 ï ʇʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʠʢʨʦʩʭʝʤʳ SSM2167 

ʇʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʙʦʟʥʘʯʝʥ ʝʜʠʥʠʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ. ɺ ʜʠʘ-

ʧʘʟʦʥʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ VDE ʠ VRP ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʧʨʝʩʩʠʷ (ʩʞʘʪʠʝ) ʩʠʛʥʘʣʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ r:1, ʛʜʝ ʟʥʘʯʝʥʠʝ r ʟʘʜʘʸʪʩʷ ʚʥʝʰʥʠʤ ʨʝʟʠʩʪʦʨʦʤ. ʅʠʞʝ ʪʦʯʢʠ VDE 

(ʰʫʤʦʚʦʡ ʟʘʪʚʦʨ) ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʩʠʛʥʘʣʘ ʚʥʠʟ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʭʦʜ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ -1 ʜɹ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ -3 ʜɹ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʩʠʛʥʘʣʦʚ ʩ ʤʘʣʦʡ ʘʤʧʣʠʪʫʜʦʡ. ɺʳʰʝ ʪʦʯʢʠ VRP 

(ʪʦʯʢʘ ʧʦʚʦʨʦʪʘ) ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟ-

ʙʝʞʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʫʨʦʚʥʶ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ VDE ʟʘʜʘʸʪʩʷ ʚʥʝʰʥʠʤ ʨʝʟʠʩʪʦʨʦʤ, ʧʦʣʦʞʝʥʠʝ 

ʪʦʯʢʠ VRP ʬʠʢʩʠʨʦʚʘʥʥʦʝ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʚ ʵʪʦʡ ʪʦʯʢʠ ʩʦʩʪʘʚʣʷʝʪ 18 

ʜɹ. ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʝʩʧʝ-

ʯʠʪʴ ʜʘʥʥʘʷ ʤʠʢʨʦʩʭʝʤʘ ʩʦʩʪʘʚʣʷʝʪ 40 ʜɹ.  

ʊʠʧʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ, ʚʥʦʩʠʤʦʡ ʚ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʛʘʨʤʦʥʠʯʝʩʢʠʤʠ 

ʠʩʢʘʞʝʥʠʷʤʠ ʠ ʰʫʤʦʤ, ʩʦʩʪʘʚʣʷʝʪ 0,2 %. ʊʠʧʦʚʦʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʤʠʢʨʦʩʭʝʤʳ 

ʩʦʩʪʘʚʣʷʝʪ -70 ʜɹ (0,3 ʤɺ), ʯʪʦ ʥʝ ʚʝʣʠʢʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ, ʢʦ-

ʪʦʨʳʡ, ʩ ʫʯʸʪʦʤ ʫʩʠʣʝʥʠʷ ʧʝʨʚʦʛʦ ʢʘʩʢʘʜʘ, ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ-ʩʦʪʥʠ ʤɺ. ʂʨʦʤʝ 

ʪʦʛʦ, ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʦʚ ʤʠʢʨʦʩʭʝʤʳ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʪʦʯʢʠ ʰʫʤʦʚʦʛʦ 

ʟʘʪʚʦʨʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʩ 

ʤʠʢʨʦʬʦʥʘ, ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʫʩʠʣʠʪʝʣʴ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʥʘ ʦʩ-

ʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʠʢʨʦʩʭʝʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʪʦʧʦʣʦʛʠʠ ʧʣʘʪʳ ʫʩʪʨʦʡʩʪʚʘ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʋʃʔʉʆʂʉʀʄɽʊʈɸ MAX30102 ɼʃʗ ʂɸʈɼʀʆ-

ʄʆʅʀʊʆʈʀʅɻɸ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʘʥʠʤʘʮʠʷ ʧʘʮʠʝʥʪʘ ï ɻ ʪʦ ʢʨʘʡʥʝ ʯʝʪʢʘʷ ʠ ʩʣʘʞʝʥʥʘʷ ʨʘʙʦʪʘ, 

ʚ ʢʦʪʦʨʦʡ ʚʘʞʥʘ ʢʘʞʜʘʷ ʩʝʢʫʥʜʘ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ, ʦʪ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʚʨʝʤʷ ʩʧʘʩʝʥʠʷ ʞʠʟʥʠ ʣʶʜʝʡ ʚ ʵʢʩʪʨʝʥʥʦʡ ʩʠʪʫʘʮʠʠ:  

- ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ ʩʦʪʨʫʜʥʠʢʦʚ ʩʢʦʨʦʡ ʧʦʤʦʱʠ; 

- ʚʨʝʤʷ ʧʦʜʢʣʶʯʝʥʠʷ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ ʢ ʧʘʮʠʝʥʪʘʤ. 

ʆʩʥʦʚʥʳʤ ʧʨʠʙʦʨʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʞʠʟʥʝʥʥʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʧʘʮʠʝʥʪʦʚ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʦʩʥʘʱʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩʢʦʨʦʡ ʤʝʜʠ-

ʮʠʥʩʢʦʡ ʧʦʤʦʱʠ, ʷʚʣʷʝʪʩʷ ʢʘʨʜʠʦʛʨʘʬ.  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʞʠʟʥʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʧʘʮʠʝʥʪʘ ʷʚʣʷʶʪʩʷ ʚʨʝʤʷ ʧʦʜʢʣʶʯʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ (ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʢʣʶʯʝ-

ʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʥʪʘʢʪʦʚ) ʢ ʯʝʣʦʚʝʢʫ ʠ ʥʠʟʢʘʷ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴ [1].  

ʈʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ ʧʫʣʴ-

ʩʦʢʩʠʤʝʪʨʘ (ʥʘʜʝʚʘʝʤʦʛʦ, ʥʘʧʨʠʤʝʨ, ʥʘ ʧʘʣʝʮ ʠʣʠ ʟʘʧʷʩʪʴʝ ʧʘʮʠʝʥʪʘ). ʊʘʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳʚʦʜʠʪʴ ʥʘ ʜʠʩʧʣʝʡ ʩʣʝ-

ʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʧʨʦʮʝʥʪ ʩʘʪʫʨʘʮʠʠ [2]. 

ʏʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʠʪʤʘ 

ʩʝʨʜʮʝʙʠʝʥʠʷ. ʇʨʦʮʝʥʪ ʩʘʪʫʨʘʮʠʠ ï ʧʦʢʘʟʘʪʝʣʴ, ʦʪʨʘʞʘʶʱʠʡ ʧʨʦʮʝʥʪ ʥʘʩʳ-

ʱʝʥʠʷ ʛʝʤʦʛʣʦʙʠʥʘ ʢʠʩʣʦʨʦʜʦʤ.  

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʠ ʣʝʞʠʪ ʠʟʤʝʨʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʝʥʠʷ 

ʛʝʤʦʛʣʦʙʠʥʦʤ ʢʨʦʚʠ ʣʫʯʝʡ ʢʨʘʩʥʦʛʦ ʠ ʀʂ - ʩʚʝʪʘ. ʀʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠʟʣʫʯʘʝʪ 

ʚʦʣʥʳ ʚ ʢʨʘʩʥʦʤ (660 ʥʤ) ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ (940 ʥʤ) ʩʧʝʢʪʨʘʭ, ʘ ʢʨʦʚʴ ʧʦʛʣʦɦ ʘʝʪ 

ʠʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʤʦʣʝʢʫʣ ʛʝʤʦʛʣʦʙʠʥʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʆʢ-

ʩʠʛʝʥʠʨʦʚʘʥʥʳʡ ʛʝʤʦʛʣʦʙʠʥ ʫʣʘʚʣʠʚʘʝʪ ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʚʝʪ, ʘ ʥʝʦʢʩʠʛʝʥʠʨʦ-

ʚʘʥʥʳʡ ï ʢʨʘʩʥʳʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʧʦʛʣʦʱʝʥʥʳʡ ʩʚʝʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʜʝ-

ʪʝʢʪʦʨʦʤ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ ʢʨʘʩʥʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʩʚʝʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʦʚʤʝʩʪʥʦ ʩ ʩʠʩʪʝʤʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʬʦʪʦʜʝʪʝʢʪʦʨʳ ʠ ɸʎʇ), ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʢʨʦʚʠ.  

ʄʝʪʦʜʠʢʘ ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʧʨʦʮʝʥʪʘ ʩʘʪʫʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ (ʜʦ ʝʜʠʥʠʮ ʧʨʦʮʝʥʪʦʚ) ʠ ʚʳʩʦʢʦʛʦ ʙʳʩʪ-

ʨʦʜʝʡʩʪʚʠʷ (ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝ-
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ʥʠʡ). ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʷ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʧʫʣʴʩʦʢʩʠʤʝʪʨʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʤʠʢʨʦʩʭʝʤʘ MAX30102, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʩʝʥʩʦʨʥʳʡ 

ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʨʪʘʪʠʚʥʳʭ ʤʝʜʠ-

ʮʠʥʩʢʠʭ ʧʨʠʙʦʨʦʚ ʢʦʥʪʨʦʣʷ ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ ʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʢʨʦʚʠ ʢʠʩʣʦʨʦ-

ʜʦʤ. ɺ ʩʦʩʪʘʚ ʵʪʦʡ ʤʠʢʨʦʩʭʝʤʳ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩʚʝʪʦʜʠʦʜʳ (ʢʨʘʩʥʳʡ ʠ ʠʥʬʨʘ-

ʢʨʘʩʥʳʡ) ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ, ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʚ ʩʦʩʪʘʚʝ Mɸʍ30102 ʦʪʣʠʯʘʝʪʩʷ 

ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʟʘ-

ʩʚʝʪʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʥʘʣ ʢʨʘʩʥʦʛʦ ʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʩʚʝʪʘ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʝʘʥʩʦʚ ʠʟʤʝʨʝʥʠʷ ʨʝ-

ʛʫʣʠʨʫʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʨʘʟʦʤ.  

MAX30102 (ʨʠʩʫʥʦʢ 1) ʨʘʙʦʪʘʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ 1,8 ɺ. 

ʊʘʢʞʝ ʜʣʷ ʧʠʪʘʥʠʷ ʚʩʪʨʦʝʥʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ (ʩʚʝʪʦʜʠʦʜʦʚ) ʥʝʦʙʭʦʜʠʤ ʦʪʜʝʣʴ-

ʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 5,0 ɺ. 

 
ʈʠʩʫʥʦʢ 1 ð ʄʦʜʫʣʴ ʤʠʢʨʦʩʭʝʤʳ MAX30102  

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʥʝʰʥʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʪʘʥ-

ʜʘʨʪʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ I2C. ʄʦʜʫʣʴ MAX30102 ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʦʛʨʘʤʤʥʦ ʧʝʨʝʚʝʜʝʥ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ ʩ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʤ (0,7 ʤʢɸ) ʪʦʢʦʤ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʳʢʣʶʯʘʪʝʣʷ ʧʠʪʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ MAX30102 ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ (ʂɺɿ ï ʢʦʤʧʝʥʩʘʮʠʷ ʩʠʛʥʘʣʘ ʚʥʝʰʥʝʡ ʟʘʩʚʝʪʢʠ; 

ʎʐʇ ð ʮʠʬʨʦʚʦʡ ʰʫʤʦʧʦʜʘʚʠʪʝʣʴ). 

ɺ ʢʦʨʧʫʩʝ MAX30102 ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʝʥʩʦʨʥʦʛʦ 

ʤʦʜʫʣʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʨʪʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʧʫʣʴʩʦʢʩʠʤʝʪʨʠʠ c ʚʳʩʦʢʠʤʠ ʪʨʝʙʦ-

ʚʘʥʠʷʤʠ ʢ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ.  

ʋʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʤʠʥʠʘʪʶʨʥʳʝ ʨʘʟʤʝʨʳ, ʜʦʙʠʪʴʩʷ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ ʙʝʟ 

ʫʱʝʨʙʘ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʦʩʠʤʫʶ ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʫʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʥʝʰʥʠʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʋʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ MAX30102 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʠʝ ʧʨʦ-

ʛʨʘʤʤʥʳʝ ʨʝʛʠʩʪʨʳ. ʎʠʬʨʦʚʳʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʚ 

32-ʙʠʪʥʦʤ ʙʫʬʝʨʝ FIFO, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʯʝʨʝʟ ʰʠʥʫ I
2
C ʧʝʨʝʜʘʚʘʪʴ ʮʠʬʨʦ-

ʚʦʡ ʧʦʪʦʢ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʜʝ ʥʘ ʚʥʝʰʥʠʡ ʢʦʥʪʨʦʣʣʝʨ. 
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ʈʠʩʫʥʦʢ 2 ïï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ MAX30102 ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʜʘʪʯʠʢʘ: 

ï ʤʦʥʠʪʦʨ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ʠ ʦʢʩʠʤʝʪʨʠʯʝʩʢʠʡ ʙʠʦʩʝʥʩʦʨ ʩ ʨʘʙʦ-

ʪʘʶʠɦʤʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʚʩʪʨʦʝʥʥʳʤʠ ʩʚʝʪʦʜʠʦʜʘʤʠ; 

ï ʤʠʥʠʘʪʶʨʥʳʡ ʤʦʜʫʣʴ (5,6ʭ1,3ʭ1,55 ʤʤ) ʩ 14 ʚʳʚʦʜʘʤʠ; 

ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘʜʝʞʥʳʡ ʧʨʦ-

ʮʝʩʩ ʠʟʤʝʨʝʥʠʷ; 

ï ʩʚʝʨʭʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (1 ʤɺʪ); 

ï ʩʚʝʨʭʤʘʣʳʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʦʢʦʣʦ 0,7 ʤʢɸ); 

ï ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʥʷʪʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʨʝʞʠʤ ʵʥʝʨʛʦʩʙʝ-

ʨʝʞʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ;  

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

ï ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʷʤ ʧʨʠ ʩʥʷʪʠʠ ʧʦʢʘʟʘʥʠʡ (ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨ -40..85 Áʉ). 

ʇʫʣʴʩʦʢʩʠʤʝʪʨʳ ʥʘ ʦʩʥʦʚʝ MAX30102 ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʮʝʥʪʘ ʩʘʪʫʨʘʮʠʠ ʢʨʦʚʠ ʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. ʇʨʠ 

ʵʪʦʤ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ.[3] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ MAX30102 ʧʦʟ-

ʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʙʠʣʴʥʳʡ ʢʘʨʜʠʦʤʦʥʠʪʦʨ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʳʤ ʮʝʥʦʚʳʤ ʜʠʘʧʘʟʦʥʦʤ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʷ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʪʥʠʢʘʤʠ ʙʨʠʛʘʜ ʩʢʦʨʦʡ ʧʦʤʦʱʠ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠʟʤʝ-

ʨʝʥʠʡ, ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  
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https://vdd-pro.ru/ru/2018/05/pulse-wave-analysis/
http://oserdce.com/diagnostika/puls/pulsometry-na-palec.html
https://www.compel.ru/lib/ne/2016/7/7-pulsoksimetriya-ot-maxim-novyiy-datchik-max30102
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ʀ.ɸ. ʀʚʘʥʦʚʘ, ʩʪʫʜ.; ɺ.ɸ. ʂʣʘʫʛʘ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɸ. ɸʤʝʣʠʥʘ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʉʇʆʉʆɹ ʇʆʃʋʏɽʅʀʗ ʇʋʃʔʉʆɺʆʁ ɺʆʃʅʓ ʇʈʀ ʇʆʄʆʑʀ ɸʅɸ-

ʃʆɻʆɺʆɻʆ ɼɸʊʏʀʂɸ ʇʋʃʔʉɸ PULSESENSOR 

 

ʆʜʥʠʤ ʠʟ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʣʝʢʪʨʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʤʝʜʠʮʠʥ-

ʩʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ. ɼʘʥʥʳʡ ʢʣʘʩʩ ʵʣʝʢʪʨʦʥʠʢʠ ʨʝʘʣʠʟʫʝʪ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʣʝ-

ʯʝʙʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʝʰʘʶʱʠʝ ʢʘʢʠʝ-ʣʠʙʦ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ʊʘʢʞʝ 

ʜʣʷ ʤʝʜʠʮʠʥʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʪʘʢ 

ʢʘʢ ʦʪ ʵʪʦʡ ʪʝʭʥʠʢʠ ʥʝʨʝʜʢʦ ʟʘʚʠʩʠʪ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʷʚʣʷ-

ʝʪʩʷ ʬʦʪʦʧʣʝʪʠʟʤʦʛʨʘʬʠʷ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʸʤʦʚ ʢʨʦ-

ʚʝʥʘʧʦʣʥʝʥʠʷ ʦʨʛʘʥʦʚ. ʉʫʞʝʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʦʩʫʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʨʪʝʨʠ-

ʘʣʴʥʦʡ ʧʫʣʴʩʘʮʠʠ ʢʨʦʚʦʪʦʢʘ ʚʳʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ 

ʩʠʛʥʘʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʚʳʭʦʜʘ ʬʦʪʦʧʨʠʝʤʥʠʢʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʧʫʣʴʩʦʚʘʷ ʚʦʣʥʘ. ʌʦʨʤʘ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ 

ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ, ʧʦʵʪʦʤʫ ʝʸ ʧʘʨʘʤʝʪʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʠ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ. 

ʇʫʣʴʩʦʚʘʷ ʚʦʣʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʚʫʶ ʢʨʦʚʝʥʘʧʦʣʥʝʥʠʷ, ʠʟʦʙʨʘ-

ʞʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1: 

 

 

ʈʠʩʫʥʦʢ 1 ïï ʇʫʣʴʩʦʚʘʷ ʚʦʣʥʘ 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʠʩ-

ʪʦʯʥʠʢ ʩʚʝʪʘ ï ʦʙʳʯʥʦ ʵʪʦ ʩʚʝʪʦʜʠʦʜ (ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ - 525 ʥʤ, ʟʝʣʝʥʳʡ 

ʩʚʝʪ); ʠ ʧʨʠʝʤʥʠʢ ï ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ ʠʣʠ ʬʦʪʦʜʠʦʜ. ʇʦ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʶ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠ ʧʨʠʝʤʥʠʢʘ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʨʝʛʠʩʪʨʘʮʠʠ ʧʫʣʴʩʦʚʦʡ 

ʚʦʣʥʳ: çʥʘ ʦʪʨʘʞʝʥʠʝè ʠ çʥʘ ʧʨʦʩʚʝʪè. ʇʝʨʚʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢ 

ʠ ʧʨʠʝʤʥʠʢ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʉʚʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʘʜʘʝʪ ʥʘ 

ʢʦʞʫ, ʯʘʩʪʠʯʥʦ ʧʦʛʣʦʱʘʝʪʩʷ ʠ, ʦʪʨʘʟʠʚʰʠʩʴ, ʧʦʧʘʜʘʝʪ ʥʘ ʧʨʠʝʤʥʠʢ. ɺ ʩʣʫʯʘʝ 

çʥʘ ʧʨʦʩʚʝʪè ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʷʪʩʷ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʯʘʩʪʠ 

ʪʝʣʘ (ʥʘʧʨʠʤʝʨ, ʧʘʣʴʮʘ ʠʣʠ ʤʦʯʢʠ ʫʭʘ). ʌʦʪʦʧʨʠʝʤʥʠʢ ʨʝʛʠʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʧʘʣʝʮ. ʌʦʪʦʨʝʟʠʩʪʦʨ ʤʝʥʷʝʪ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʸʥʥʦʛʦ ʩʚʝʪʘ. ʏʝʤ ʙʦʣʴʰʝ ʢʨʦʚʷ-
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ʥʦʡ ʧʦʪʦʢ, ʪʝʤ ʤʝʥʴʰʝ ʩʚʝʪʘ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʙʦʣʴʰʝ ʩʚʝʪʘ ʧʨʠʭʦʜʠʪ ʥʘ ʬʦʪʦʨʝʟʠʩʪʦʨ. 

ɼʘʣʝʝ ʩʠʛʥʘʣ ʩ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʭʝʤʫ ʫʩʠʣʝʥʠʷ ʠ ʬʠʣʪɹʨʘʮʠʠ 

(ʩʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʠʤʧʫʣʴʩʦʚ, ʧʦʷʚʠʚʰʠʭʩʷ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʜʠʦʜʘ 

ʩʣʠʰʢʦʤ ʤʘʣʘ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʦʜʘʯʠ ʠʭ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩ ʮʝʣʴʶ 

ʦʙʨʘʙʦʪʢʠ). ʇʦʩʣʝ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʝʱʝ ʦʜʠʥ ʢʘʩʢʘʜ, ʯʪʦʙʳ ʫʙʨʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ. ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʮʠʬʨʦʚʢʘ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ɸʎʇ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩ̫ ʨʝʛʠʩʪʨʘʮʠʷ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʥʘʣʦʛʦʚʳʡ ʜʘʪʯʠʢ ʧʫʣʴʩʘ 

PulseSensor. ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

     

ʈʠʩʫʥʦʢ 2 ð ɺʥʝʰʥʠʡ ʚʠʜ ʜʘʪʯʠʢʘ PulseSensor 

ʉʭʝʤʘ ʜʘʪʯʠʢʘ PulseSensor ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʈʠʩʫʥʦʢ 3 ïï ʉʭʝʤʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʪʯʠʢʘ PulseSensor 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ ʧʫʣʴʩʘ: 

- ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʦʪ 3 ʜʦ 5 ɺ; 

- ʊʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ ʧʨʠʤʝʨʥʦ 2 ʤɸ; 

- ɼʠʘʤʝʪʨ ʤʦʜʫʣʷ 16 ʤʤ; 

- ʊʠʧ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ï ʘʥʘʣʦʛʦʚʳʡ; 

- ʉʧʦʩʦʙ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ ï ʧʦ ʦʪʨʘʞʝʥʥʦʤʫ ʩʠʛʥʘ-

ʣʫ. 
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ʉʭʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

AM2520ZGC09 ï ʩʚʝʪʦʜʠʦʜ ʟʝʣʝʥʦʛʦ ʩʚʝʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 

515 ʥʤ; 

APDS-9008 ï ʜʘʪʯʠʢ ʦʢʨʫʞʘʶʱʝʛʦ ʩʚʝʪʘ (ALPS) ʩ ʘʥʘʣʦʛʦʚʳʤ ʚʳʭʦʜʦʤ ʚ 

ʤʠʥʠʘʪʶʨʥʦʤ ʢʦʨʧʫʩʝ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʥʪʘʞʘ ChipLED. ɼʘʪʯʠʢ ʩʦʜʝʨʞʠʪ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʬʦʪʦ ʩʝʥʩʦʨ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʧʨʝʚʦʩʭʦʜʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, 

ʙʣʠʟʢʦʡ ʢ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʣʘʟʘ. 

MCP6001T-I/OT ï ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʯʘʩʪʦʪʝ 

1 ʄɻʮ, ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ 1.8 ï 6 ɺ, ʚ ʢʦʨʧʫʩʝ SOT23-5. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʠʤʝʝʪʩʷ ʧʘʩʩʠʚʥʳʡ ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ. ɼʘʣʝʝ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʜʣʷ ʧʦʜʘʯʠ ʝʛʦ ʥʘ ɸʎʇ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʘʪʯʠʢʘ ʫʩʪʨʦʝʥʘ ʪʘʢ, ʯʪʦʙʳ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ 

ʥʝʠʟʤʝʥʥʦʤ ʩʚʝʪʦʚʦʤ ʧʦʪʦʢʝ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ), ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʚʳʭʦʜʝ ʜʘʪʯʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ ʧʦʣʦʚʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʇʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʜʘʪʯʠʢʘ ʦʪʢʣʦ-

ʥʷʝʪʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ, ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʠʟʤʝʥʝʥʠʶ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʪʯʠʢ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ 

ʧʦʜʩʪʨʦʡʢʝ ʧʦʜ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʇʦʜʢʣʶʯʠʚ ʧʠʪʘʥʠʝ ʢ ʵʪʦʤʫ ʜʘʪʯʠʢʫ, ʩ ʚʳʭʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʠ ʧʦʤʦʱʠ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʣʴʩʦʚʫʶ ʚʦʣʥʫ ʠ ʧʦ ʚʨʝʤʝʥʥʦʤʫ ʧʨʦʤʝʞʫʪʢʫ 

ʤʝʞʜʫ ʧʠʢʘʤʠ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘ (ʨʠʩʫʥʦʢ 4). 

 

 

ʈʠʩʫʥʦʢ 4 ð ʇʫʣʴʩʦʚʘʷ ʚʦʣʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʘ ʧʫʣʴʩʘ PulseSensor  

ʌʦʨʤʘ ʧʫʣʴʩʦʚʦʡ ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ ʢʨʫʧʥʳʭ (ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ) ʠ ʤʝʣʢʠʭ ʩʦʩʫʜʦʚ, ʧʦʵʪʦʤʫ ʝʸ ʧʘʨʘʤʝʪʨʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʠ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, ʧʨʝ-

ʢʨʘʩʥʦ ʜʦʧʦʣʥʷʷ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʠ (ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʨʜʮʘ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʜʘʪʯʠʢʘ PulseSensor ʤʦʞʝʪ ʙʳʪʴ ʩʦʙʨʘʥ ʧʨʦ-

ʩʪʝʡʰʠʡ ʢʘʨʜʠʦʤʦʥʠʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʳ-

ʚʦʜʠʪʴ ʥʘ ʜʠʩʧʣʝʡ ʧʫʣʴʩʦʚʫʶ ʚʦʣʥʫ ʠ ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ. ʊʘʢʦʝ 

ʧʦʨʪʘʪʠʚʥʦʝ ʠ ʥʝʜʦʨʦʛʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ, ʥʘʧʨʠʤʝʨ,  

ʙʨʠʛʘʜʘʤʠ ʩʢʦʨʦʡ ʧʦʤʦʱʠ, ʢʘʢ ʩʧʦʩʦʙ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʩʥʦʚʥʳʤʠ ʞʠʟʥʝʥʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʯʝʣʦʚʝʢʘ. 
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ʆʎɽʅʂɸ ʄɽʊʆɼʀʏɽʉʂʆʁ ʊʆʏʅʆʉʊʀ ʀɿʄɽʈɽʅʀʁ ʇɸʈɸɿʀʊʅʓʍ 

ɽʄʂʆʉʊɽʁ ʄʆʇ-ʊʈɸʅɿʀʉʊʆʈʆɺ 

ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ 

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜ-

ʣʦʞʝʥʥʦʡ ʬʠʨʤʦʡ International Rectifier. ʉʬʦʨʤʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʪʝʥʜʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨ, MOSFET, Spice ʤʦʜʝʣʴ, Micro-Cap, ʤʝʞʵʣʝʢ-

ʪʨʦʜʥʳʝ ʝʤʢʦʩʪʠ, interelectrode capacitance. 

 

ʋ ʣʶʙʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʘʧʨʠʤʝʨ, ʧʘʨʘʟʠʪʥʳʝ ʝʤʢʦʩʪʠ: ʉʟʠ, ʉʩʠ ʠ ʉʟʩ. ʉʟʠ ï ʚʭʦʜʥʘʷ ʸʤʢʦʩʪʴ ʤʝʞʜʫ 

ʟʘʪʚʦʨʦʤ ʠ ʟʘʢʦʨʦʯʝʥʥʳʤʠ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʩʪʦʢʦʤ ʠ ʠʩʪʦʢʦʤ; ʉʩʠ ï 

ʚʳʭʦʜʥʘʷ ʸʤʢʦʩʪʴ ʤʝʞʜʫ ʩʪʦʢʦʤ ʠ ʟʘʢʦʨʦʯʝʥʥʳʤʠ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ 

ʟʘʪʚʦʨʦʤ ʠ ʠʩʪʦʢʦʤ; ʉʟʩ ï ʧʦʭʦʜʥʘʷ ʸʤʢʦʩʪʴ ʤʝʞʜʫ ʟʘʪʚʦʨʦʤ ʠ ʩʪʦʢʦʤ ʧʨʠ 

ʟʘʢʦʨʦʯʝʥʥʳʭ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʪʦʢʫ ʟʘʪʚʦʨʫ ʠ ʠʩʪʦʢʫ. 

 ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘ, ʚ ʢʦʪʦʨʳʭ 

ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ. ʇʝʨ-

ʚʳʡ, ʵʪʦ çɻʆʉʊ 20398.5-74 ʊʨʘʥʟʠʩʪʦʨʳ ʧʦʣʝʚʳʝ. ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʦʡ, 

ʧʨʦʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʝʤʢʦʩʪʝʡè [2]. ɺʪʦʨʦʡ ʵʪʦ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʠʟ-

ʚʝʩʪʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʩʠʣʦʚʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠ-

ʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʬʠʨʤʦʡ International Rectifier [1]. 

ʄʝʪʦʜʠʢʘ ɻʆʉʊ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʨʫʯʥʫʶ, ʪ.ʝ. ʪʨʘʥ-

ʟʠʩʪʦʨ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʭʝʤʫ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʝʞʠʤ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʤʝʥʷʷ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʷ ʠʟʤʝʨʷʶʪ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ U1 ʠ U2. 
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ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʡ, ʚʳʭʦʜʥʦʡ ʠ ʧʨʦ-

ʭʦʜʥʦʡ ʝʤʢʦʩʪʝʡ (ʨʠʩ. 1).  

ʄʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢ ʢʘʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦ-

ʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʥʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ, ʥʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʇʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ. ɹʳʣ 

ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʭʝʤʘ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʤʦʱʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʘ ʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʘʣʦʤʦʱʥʳʭ. 

 

 

 
ʈʠʩʫʥʦʢ 1 ï  ʉʭʝʤʳ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʦʡ, ʚʳʭʦʜʥʦʡ ʠ ʧʨʦʭʦʜʥʦʡ ʝʤʢʦʩʪʝʡ ʤʝʪʦʜʠʢʦʡ ɻʆʉʊ 

 

ʄʝʪʦʜʠʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʤʧʘʥʠʝʡ International Rectifier, ʩʚʦʜʠʪ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʢ ʤʠʥʠʤʫʤʫ. ɼʣʷ ʚʩʝʭ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʝʤʢʦʩʪʥʳʡ ʤʦʩʪ ʥʘ 1 ʄɻʮ. ʀʟʤʝʨʷʝʤʘʷ ʝʤʢʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʢ ʝʤʢʦʩʪʠ ʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʪʦʢʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʙʘʣʘʥʩʠʨʦʚʢʘ ʤʦʩʪʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʤʝʩʪʦ ʧʦʣʝʚʦʛʦ 
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ʪʨʘʥʟʠʩʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʝʛʦ ʵʢʚʠʚʘʣʝʥʪ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʠʢʠ ʧʫʪʝʤ 

ʩʨʘʚʥʝʥʠʷ ʵʪʠʭ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ ʧʨʦʚʝʨʢʠ 

ʤʝʪʦʜʠʢʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʢʘʟʘʥʥʳʭ ʥʠʞʝ ʩʭʝʤ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʛʨʘʤʤʳ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ Micro-Cap [3]. 

ɺʭʦʜʥʘʷ ʝʤʢʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢ ʩʫʤʤʘ ʝʤʢʦʩʪʠ ʟʘʪʚʦʨ-ʠʩʪʦʢ CGS ʠ 

ʝʤʢʦʩʪʠ ʟʘʪʚʦʨ-ʩʪʦʢ CGD (ʨʠʩ.2). 
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ʈʠʩʫʥʦʢ 2 ï  ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʦʡ ʝʤʢʦʩʪʠ Ciss 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ A ʠ B ʦʪ ʠʟʤʝʥʷʝʤʦʡ ʝʤʢʦʩʪʠ. ʆʥʘ ʩʪʘʥʦʚʠʪʩʷ ʤʠ-

ʥʠʤʘʣʴʥʦʡ, ʢʦʛʜʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʦʩʪ ʩʙʘʣʘʥʩʠʨʦʚʘʥ, ʪ.ʝ. ʚʘʨʴʠʨʫʝʤʘʷ ʝʤʢʦʩʪʴ 

ʤʦʩʪʘ Cvar ʨʘʚʥʘ ʠʟʤʝʨʷʝʤʦʡ. 
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ʈʠʩʫʥʦʢ 3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ 

ʝʤʢʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʦʡ ʝʤʢʦʩʪʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʚʧʘʜʘʶʱʠʝ 

ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʝʤʢʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʘ ʪʨʘʥʟʠʩʪʦʨʘ 
(Cgs+Cgd=800+150=950ʧʌ), ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,08%. ɸʥʘʣʦʛʠʯʥʳʤ 

ʦʙʨʘʟʦʤ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʭʝʤʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʦʡ ʠ ʧʨʦʭʦʜʥʦʡ 

ʝʤʢʦʩʪʝʡ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʦʡ ʝʤʢʦʩʪʠ Coss, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʝʤʢʦʩʪʝʡ ʟʘʪʚʦʨ-ʩʪʦʢ CGD ʠ ʟʘʪʚʦʨ-ʠʩʪʦʢ CDS. 

ʅʘ ʨʠʩ.5 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ ʝʤʢʦʩʪʠ. 



88 

C1 C2

Cvar

Cgd
150p

V1

R1
1Meg

Cgs
800p

Cds
100p

R3
620k

R4
620k

V2
25

ʕʢʚʠʚʘʣʝʥʪ

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʘ

A B

 
ʈʠʩʫʥʦʢ 4 ï  ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʦʡ ʝʤʢʦʩʪʠ Coss 
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ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ 

ʝʤʢʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʳʭʦʜʥʦʡ ʝʤʢʦʩʪʠ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʚʧʘʜʘʶʱʠʝ 

ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʝʤʢʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʘ ʪʨʘʥʟʠʩʪʦʨʘ 

(Cgs+Cds=150+100=250ʧʌ), ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,08%. 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʭʦʜʥʦʡ ʝʤʢʦʩʪʠ Crss, ʢʦʪʦʨʘʷ 

ʨʘʚʥʷʝʪʩʷ ʝʤʢʦʩʪʠ ʟʘʪʚʦʨ-ʩʪʦʢ Cgd. 
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ʈʠʩʫʥʦʢ 6 ï  ʉʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʧʨʦʭʦʜʥʦʡ ʝʤʢʦʩʪʠ Crss 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ ʝʤʢʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ, ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʝʤʢʦʩʪʝʡ ʵʢʚʠʚʘʣʝʥʪʘ ʪʨʘʥʟʠʩʪʦʨʘ (150ʧʌ), ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

0,07%. 
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ʈʠʩʫʥʦʢ 7 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʘʤʧʣʠʪʫʜʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʠʟʤʝʥʷʝʤʦʡ 

ʝʤʢʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʭʦʜʥʦʡ ʝʤʢʦʩʪʠ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʨʝʜʠ ʩʫ-

ʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʳʭ ʝʤʢʦʩʪʝʡ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʠʢʫ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʬʠʨʤʦʡ International Rectifier. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠʟʤʝʨʠʪʝʣʥɹʦʛʦ ʤʦʩʪʘ, 

ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʠ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦ-

ʚʘʥ. ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʪʠʧʠʯʥʳʭ ʧʘʨʘʟʠʪʥʳʭ ʝʤʢʦʩʪʝʡ 

ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 0.07-0.08%, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʙʦʣʝʝ 

ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ. ʀʤʝʥʥʦ ʵʪʫ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʧʨʦʝʢʪʘ ˉ 17-07-00148 ɸ çʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʠʩʪʝʤʳ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʄʆʇ-ʩʪʨʫʢʪʫʨ ʩ 

ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ SPICE-ʤʦʜʝʣʝʡè. 
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ʂ ʆʇʈɽɼɽʃɽʅʀʖ ʄɽʊʆɼʀʂʀ ʀɿʄɽʈɽʅʀʗ ʉɺɽʊʆɺʆɻʆ ʇʆʊʆʂɸ 

ʉɺɽʊʆɼʀʆɼʅʆʁ ʊʈʋɹʏɸʊʆʁ ʃɸʄʇʓ ɺ ʌʆʊʆʄɽʊʈʀʏɽʉʂʆʄ 

ʐɸʈɽ 
 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʫʙʯʘʪʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʧʦʩʣʝʜʥʠʤʠ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘ-

ʪʝʣʴʩʪʚʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚ ʩʣʫʯʘʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʚʝʨʷʝʤʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʜʣʷ ʯʝʛʦ ʥʫʞʥʦ ʠʤʝʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʤʝʪʦʜʠʢʫ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

http://e.lanbook.com/books/element.php?pl1_id=53665
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ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʰʘʨʝ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ 

ʠʭ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚʚʠʜʫ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʜʦʙ-

ʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʘ ʜʣʷ ʛʘʙʘʨʠʪʥʳʭ ʣʘʤʧ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʣʘʤʧ [1]. ʅʦ ʫ ʵʪʦʛʦ ʤʝʪʦʜʘ ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʢ: ʜʣʷ ʢʦʨ-

ʨʝʢʪʥʦʛʦ ʠʩʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʵʪʘ-

ʣʦʥʥʦʡ ʣʘʤʧʳ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʫʧʥʦ. ʊʘʢʞʝ ʦʥ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʣʘʤʧ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (ʥʘʧʨʠʤʝʨ, ʜʣʠʥʦʡ 600 ʤʤ).  

ɼʨʫʛʦʡ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʦʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʝ ʩʧʝʢʪʨʘʣʥɹʦʛʦ 

ʦʪʢʣʠʢʘ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ [2]. ʅʦ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʫʯʠʪʳʚʘʝʪ 

ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʸʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʥʝ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʦʙʱʝʡ ʤʝʪʦʜʠʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʧʦ-

ʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʜʠʦʜʥʳʭ ʪʨʫʙʯʘʪʳʭ ʣʘʤʧ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ï 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʪʦʢ ʯʝʨʝʟ ʉɼ, ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, 

ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʢʦʦʨʜʠʥʘʪʳ ʮʚʝʪʥʦʩʪʠ, ʠʥʜʝʢʩ ʮʚʝʪʦʧʝʨʝʜʘʯʠ. ʀʟʤʝʨʝʥʠʝ 

ʚʩʝʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʰʘʨʝ. 

ʀʟʤʝʨʷʝʤʘʷ ʣʘʤʧʘ ʪʠʧʘ T8 LED ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʢʣʷʥʥʫʶ ʪʨʫʙʢʫ 

ʜʣʠʥʥʦʡ 600 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ, ʩʪʝʥʢʠ ʢʦʪʦʨʦʡ ʧʦʢʨʳʪʳ ʩʧʝʮʠʘʣʴʥʳʤ 

ʤʘʪʠʨʦʚʘʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʫʛʣʘ ʠʟʣʫʯʝʥʠʷ. 

ɺʥʫʪʨʠ ʪʨʫʙʢʠ ʥʘʭʦʜʠʪʩʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʠʥʝʡʢʘ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1, ʧʦʜʢʣʶʯʸʥʥʘʷ ʯʝʨʝʟ ʜʨʘʡʚʝʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʝʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 220 ɺ, ʢ ʚʳʚʦʜʘʤ ʮʦʢʦʣʷ ʪʠʧʘ G13.  

 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʩʚʝʪʦʜʠʦʜʦʚ 30 SMD 2835  

ʅʦʤʠʥʘʣʴʥʳʡ ʧʨʷʤʦʡ ʪʦʢ ʣʠʥʝʡʢʠ, ʤɸ 120 

ʅʦʤʠʥʘʣʴʥʦʝ ʧʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʣʠʥʝʡʢʠ, ɺ 40-49 

ʈʘʩʩʝʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʤɺʪ 200 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ÜC -35..+85 

ʆʙʨʘʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ 6 

ʅʦʤʠʥʘʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʩʚʝʪʦʜʠʦʜʘ, ʣʤ  23-24 

ʅʦʤʠʥʘʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʣʠʥʝʡʢʠ, ʣʤ  720 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʧʦʢʨʳʪʠʷ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ 13% (Ű = 0,13). ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʩʚʝʪʦʚʦʤ ʧʦʪʦʢʝ ʣʠʥʝʡʢʠ ʚ 720 ʣʤ ʨʝʟʫʣʴʪʘʪ ʠʟ-

ʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʣʘʤʧʳ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 620 ʣʤ. 

ʉʚʝʪʦʜʠʦʜʥʘʷ ʪʨʫʙʯʘʪʘʷ ʣʘʤʧʘ ʥʝ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʠʟ-

ʣʫʯʝʥʠʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʠ ʝʸ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʰʘʨʝ ʥʝ ʜʦʣʞʥʦ 

ʚʣʠʷʪʴ ʥʘ ʟʥʘʯʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʦʜʥʘʢʦ, ʩʚʝʪʦʜʠʦʜʥʘʷ 

ʣʠʥʝʡʢʘ, ʙʫʜʫʯʠ ʧʨʠʢʣʝʝʥʥʦʡ ʢ ʩʪʝʥʢʝ ʪʨʫʙʢʠ ʠʟʣʫʯʘʝʪ ʚ ʦʜʥʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ. 

ɺʥʫʪʨʠ ʰʘʨʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 8 ʥʘʧʨʘʚʣʝʥʠʡ: ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ (I), ʚʣʝʚʦ (ʚ 

ʩʪʦʨʦʥʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʣʘʤʧʳ) (III), ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ (V), ʚʧʨʘʚʦ (ʚ ʩʪʦʨʦʥʫ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ) (VII) ʠ ʧʦʜ ʫʛʣʦʤ å 45Ü ʤʝʞʜʫ ʢʘʞʜʳʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚ-
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ʣʝʥʠʡ (ʚʣʝʚʦ-ʚʚʝʨʭ (II), ʚʣʝʚʦ-ʚʥʠʟ (IV), ʚʧʨʘʚʦ-ʚʥʠʟ(VI), ʚʧʨʘʚʦ-ʚʚʝʨʭ (VIII )). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʋʩʪʨʦʡʩʪʚʦ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʰʘʨʘ ʠ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ: 

1 ï ʠʟʤʝʨʷʝʤʘʷ ʣʘʤʧʘ, 2 ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʣʘʤʧʘ, 3 ï ʵʢʨʘʥʳ,  

4 ï ʬʦʪʦʧʨʠʸʤʥʠʢ 

ʀʟʤʝʨʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʪʦʨʷʣʠʩʴ ʧʦ 

ʜʝʩʷʪʴ ʨʘʟ. ɿʘʪʝʤ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʠ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʦʪʢʣʦʥʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʣʘʤʧʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʸʪʦʚ ʩʚʝʪʦ-

ʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝʣʠ ʚ ʪʘʙʣʠʮʫ 2. 

ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ 
ʅʘʧʨʘʚʣʝʥʠʝ ʌ, ʣʤ ů 

ɺʚʝʨʭ (ŷ) 612,23 1,56 

ɺʥʠʟ (Ź) 575,05 1,0 

ɺʣʝʚʦ - ʚ ʩʪʦʨʦʥʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʣʘʤʧʳ (Ŷ) 604,29 1,28 

ɺʧʨʘʚʦ - ʚ ʩʪʦʨʦʥʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (Ÿ) 611,75 1,19 

ɺʧʨʘʚʦ-ʚʚʝʨʭ ()U 610,92 0,88 

ɺʣʝʚʦ-ʚʚʝʨʭ  ( )T 609,38 1,14 

ɺʣʝʚʦ-ʚʥʠʟ ( )a 593,35 1,77 

ɺʧʨʘʚʦ-ʚʥʠʟ ( )W 602,71 1,96 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʭʦʪʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 600-610 

ʣʤ.  

ʈʘʩʩʯʠʪʘʝʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝ-

ʪʦʜʠʦʜʥʦʡ ʪʨʫʙʯʘʪʦʡ ʣʘʤʧʳ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʰʘʨʝ ʧʦ ʬʦʨʤʫʣʝ: 

%100

ʥʦʤ

ʥʦʤʠʟʤŭ ,              (1) 

ʛʜʝ ʌʅʆʄ = 620 ʣʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʜʣʷ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʣʘʤʧʳ 
ʅʘʧʨʘʚʣʝʥʠʝ ŭ, % 

ɺʚʝʨʭ (ŷ) -1,3 

ɺʥʠʟ (Ź) -7,3 

ɺʣʝʚʦ - ʚ ʩʪʦʨʦʥʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʣʘʤʧʳ (Ŷ) -2,5 

ɺʧʨʘʚʦ - ʚ ʩʪʦʨʦʥʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (Ÿ) -1,3 

ɺʧʨʘʚʦ-ʚʚʝʨʭ ()U -1,5 

ɺʣʝʚʦ-ʚʚʝʨʭ  ( )T -1,7 

ɺʣʝʚʦ-ʚʥʠʟ ( )a -4,3 

ɺʧʨʘʚʦ-ʚʥʠʟ ( )W -2,8 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʸʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʟʥʘʯʝʥʠʷ ʩʚʝʪʦ-

ʚʦʛʦ ʧʦʪʦʢʘ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʛʦ. ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʙʦʣʝʝ Ñ 5% ʩʯʠʪʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ, ʧʦ-

ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʦʜʭʦʜʠʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚ ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʜʦʧʫʩʪʠʤʳʤʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʩʪʨʦʠʤ ʛʠʩʪʦʛʨʘʤʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩ ʫʯʸʪʦʤ ʫʪʨʦʝʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (Ñ 3ů).  ɼʘʥʥʘʷ ʛʠʩʪʦʛʨʘʤʤʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʷ 

ʀʟ ʨʠʩ. 2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ (I), ʚʧʨʘʚʦ (VII ), 

ʚʧʨʘʚʦ-ʚʚʝʨʭ (VIII ) ʟʥʘʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʤʘʢʩʠʤʘʣʴʥʳ ʠ ʥʘʭʦʜʷʪʩʷ ʧʨʠ-

ʤʝʨʥʦ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʚʣʝʚʦ-ʚʚʝʨʭ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʪʘʢʞʝ ʙʣʠʟʦʢ 

ʧʦ ʟʥʘʯʝʥʠʶ ʠ ʧʦʣʦʞʝʥʠʶ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʢ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʦʙʣʘʩʪʷʤ. ʊʘʢʞʝ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʥʘʧʨʘʚʣʝʥʠʡ 

ʚʧʨʘʚʦ-ʚʥʠʟ (VI), ʚʣʝʚʦ (III ), ʚʣʝʚʦ-ʚʥʠʟ (IV) ʠ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ (V) ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʫʜʘʣʝʥʳ ʦʪ ʟʥʘʯʝʥʠʷ 620 ʣʤ (ʦʩʦʙʝʥʥʦ ʜʚʘ 

ʧʦʩʣʝʜʥʠʭ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʥʘʜʸʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ 

ʜʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 
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ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʢʘʢ ʧʦʢʘʟʘʣ ʵʢʩʧʝʨʠʤʝʥʪ, ʜʣʷ ʥʝʥʘ-

ʧʨʘʚʣʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʩʚʝʪʦʜʠʦʜʥʘʷ ʪʨʫʙʯʘʪʘʷ ʣʘʤʧʘ) ʥʘʧʨʘʚʣʝʥʠʝ 

ʥʝ ʠʛʨʘʝʪ ʙʦʣʴʰʦʡ ʨʦʣʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʚʠʜʫ ʫʜʦʙʩʪʚʘ ʬʠʢʩʘʮʠʠ ʣʘʤʧʳ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʣʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ I ʠ V, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʧʝʨʚʦʝ, ʪʘʢ ʢʘʢ 

ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʝ 

ʟʥʘʯʝʥʠʝ. 
ʃʠʪʝʨʘʪʫʨʘ 
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2. E. Rosas. Effect of photometric detector spectral response quality on white LED spectral mismatch correc-
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ɸ.ɼ. ʂʘʧʨʘʣʦʚ, ʩʪʫʜ.; ʨʫʢ. ʄ.ɺ. ɹʝʣʷʢʦʚ, ʢ.ʪ.ʥ., ʜʦʮ.; ʨʫʢ. ɸ.ɸ. ʐʫʤʠʣʠʥ 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɿɸɺʀʉʀʄʆʉʊʔ ɿʅɸʏɽʅʀʁ ʉɺɽʊʆɺʆɻʆ ʇʆʊʆʂɸ ʆʊ 

ʅɸʇʈɸɺʃɽʅʀʗ ʀɿʃʋʏɽʅʀʗ ʀʉʊʆʏʅʀʂɸ ʇʈʀ ʀɿʄɽʈɽʅʀʗʍ ɺ 

ʌʆʊʆʄɽʊʈʀʏɽʉʂʆʄ ʐɸʈɽ 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʣʠ ʠʩʧʳʪʘʥʠʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ 

ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʩʚʝʪʦʜʠʦʜʳ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʚʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʫʢʘʟʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɼʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʦʥʠʦʬʦʪʦʤʝʪʨ. 

ʅʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʩʨʦʯʥʦ ʧʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʜʦʩʪʫʧʥʦ, ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʣʴ-

ʪʝʨʥʘʪʠʚʥʦʡ ʤʝʪʦʜʠʢʠ. ʈʝʰʝʥʠʝʤ ʚ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʬʦʪʦʤʝʪ-

ʨʠʯʝʩʢʘʷ ʩʬʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʫ ʨʘʟʤʝʨʘ.  

ʎʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦ-

ʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʬʝʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠʩʪʦʯʥʠʢʘ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʙʳʣʘ ʚʟʷʪʘ 

ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʠʥʝʡʢʘ ʜʣʷ ʪʨʫʙʯʘʪʳʭ LED ʣʘʤʧ ʩ ʮʦʢʦʣʝʤ ʪʠʧʘ G13, ʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1 ï ʅʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ 
ʇʘʨʘʤʝʪʨ ʆʙʦʟʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʠ ʪʠʧ ʩʚʝʪʦʜʠ-

ʦʜʦʚ 
ï ï 30 SMD 2835 60 ʤɸ 

ʇʨʷʤʦʡ ʪʦʢ ʣʠʥʝʡʢʠ Iʧʨ ʤɸ 120 

ʇʨʷʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʣʠʥʝʡ-

ʢʠ 
Uʧʨ ɺ 40-49 

ʈʘʩʩʝʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ Pʨʘʩʩ ʤɺʪ 200 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ 
Tʨʘʙ ÜC -35..+85 

ʆʙʨʘʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Uʦʙʨ ɺ 6 

ʅʦʤʠʥʘʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦ- ūʉɼ ʣʤ 23-24 
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ʪʦʢ ʩʚʝʪʦʜʠʦʜʘ 

 (ʧʨʠ Iʧʨ = 60 ʤɸ) 

ʅʦʤʠʥʘʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦ-

ʪʦʢ ʣʠʥʝʡʢʠ 

 (ʧʨʠ Iʧʨ = 120 ʤɸ) 

ūʣʠʥ ʣʤ 720 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʢʦʥʪʨʦʣʝ ʧʘʨʘ-

ʤʝʪʨʦʚ ʣʠʥʝʡʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʥʘʧʨʘʚʣʷʷ 

ʩʚʝʪʦʜʠʦʜʳ ʚ ʨʘʟʥʳʝ ʦʙʣʘʩʪʠ ʩʬʝʨʳ. ʀ ʭʦʪʷ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʰʘʨ ʥʘʟʳʚʘʝʪʩʷ 

ʪʘʢʞʝ ʠʥʪʝʛʨʠʨʫʶʱʝʡ ʩʬʝʨʦʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ, ʪʦ ʝʩʪʴ ʨʝ-

ʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʤʥʦʛʦʢʨʘʪʥʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʩʪʝʥʦʢ ʰʘʨʘ, 

ʩʚʝʪʦʜʠʦʜʳ ʷʚʣʷʶʪʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ.  

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʚ ʮʝʥʪʨʝ ʩʬʝʨʳ ʠ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʤʝʥʷʣʦʩʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ. ɺʚʠʜʫ ʪʨʫʜʥʦʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʥʦʛʦ ʫʛʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʬʠʢʩʘʮʠʠ ʣʠʥʝʡʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʥʫʪʨʠ ʰʘʨʘ ʙʳʣ ʧʦʜʝʣʝʥʦ 

ʥʘ 8 ʦʙʣʘʩʪʝʡ: ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ (I), ʚʣʝʚʦ (ʚ ʩʪʦʨʦʥʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʣʘʤʧʳ) 

(III), ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ (V), ʚʧʨʘʚʦ (ʚ ʩʪʦʨʦʥʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ) (VII) ʠ ʧʦʜ ʫʛʣʦʤ 

å 45Ü ʤʝʞʜʫ ʢʘʞʜʳʤ ʠʟ ʫʢʘʟʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʚʣʝʚʦ-ʚʚʝʨʭ (II), ʚʣʝʚʦ-ʚʥʠʟ (IV), 

ʚʧʨʘʚʦ-ʚʥʠʟ(VI), ʚʧʨʘʚʦ-ʚʚʝʨʭ (VIII )). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʣʘ-

ʩʪʝʡ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʡ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʬʝʨʝ: 

1 ï ʢʦʨʧʫʩ ʩʬʝʨʳ, 2 ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʣʘʤʧʘ, 3 ï ʵʢʨʘʥʳ, 4 ï ʠʟʤʝʨʷʝʤʘʷ 

ʣʘʤʧʘ, 5 ï ʬʦʪʦʧʨʠʸʤʥʠʢ 

ɿʥʘʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟʤʝʨʷʣʠʩʴ ʧʦ 10 ʨʘʟ ʚ ʢʘʞʜʦʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ï ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ï ʘ ʪʘʢʞʝ ʨʘʩʩʯʠ-

ʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  
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ʊʘʙʣʠʮʘ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ 
ʅʘʧʨʘʚʣʝʥʠʝ ʌ, ʣʤ ů 

ɺʚʝʨʭ (ŷ) 714,61 2,42 

ɺʥʠʟ (Ź) 667,86 1,89 

ɺʣʝʚʦ - ʚ ʩʪʦʨʦʥʫ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʣʘʤʧʳ (Ŷ) 680,56 2,51 

ɺʧʨʘʚʦ - ʚ ʩʪʦʨʦʥʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ (Ÿ) 718,58 1,54 

ɺʧʨʘʚʦ-ʚʚʝʨʭ ()U 710,02 3,09 

ɺʣʝʚʦ-ʚʚʝʨʭ  ( )T 695,02 1,64 

ɺʣʝʚʦ-ʚʥʠʟ ( )a 676,18 2,29 

ɺʧʨʘʚʦ-ʚʥʠʟ ( )W 681,31 1,89 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʨʪʠʢʘʣʴʥʦ ʚʚʝʨʭ, ʚʧʨʘʚʦ, ʚʧʨʘʚʦ-ʚʚʝʨʭ, ʚ ʮʝʣʦʤ, 

ʚ ʧʝʨʚʦʤ ʢʚʘʜʨʘʥʪʝ.  

ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 2 ʧʦʩʪʨʦʠʣʠ ʛʠʩʪʦʛʨʘʤʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩ ʫʯʸʪʦʤ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ: ʢʨʘʡʥʠʝ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʦʪʨʝʟʢʘ, ʤʝʥʴʰʝʝ ʠ 

ʙʦʣʴʰʝʝ, ʧʦʣʫʯʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʯʠʪʘʥʠʝʤ ʠ ʩʣʦʞʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʩʚʝʪʦ-

ʚʦʛʦ ʧʦʪʦʢʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩ ʫʪʨʦʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (3ů). ɻʠʩʪʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

2. 

 
ʈʠʩʫʥʦʢ 2 ï ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʝʥʠʷ 

ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʪʨʠ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʥʘʠʙʦʣʴʰʠʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

714...719 ʣʤ (ʧʨʠ ʦʙʱʝʤ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʪʨʸʭ ʦʙʣʘʩʪʝʡ -  701...723), ʯʪʦ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʩʚʝʪʦʚʦʤʫ ʧʦʪʦʢʫ ʠ ʛʦʚʦʨʠʪ ʦ ʟʘʢʦʥʦʤʝʨʥʦʤ ʭʘ-

ʨʘʢʪʝʨʝ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʰʘʨʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʝ ʥʘʧʨʘʚʣʷʪʴ ʠʟʣʫʯʝʥʠʝ ʚ ʪʫ ʯʘʩʪʴ ʧʦʣʫʩʬʝʨʳ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ 

ʬʦʪʦʧʨʠʸʤʥʠʢ (ʌʇ), ʪʘʢ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʦʢʦʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʌʇ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʩʚʝʪʢʘ ʧʦʩʣʝʜʥʝʛʦ [1]. ʕʢʨʘʥʳ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʩʬʝʨ, 
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ʷʚʣʷʷʩʴ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʤ ʦʪ ʟʘʩʚʝʪʦʢ ʬʦʪʦʧʨʠʸʤʥʠʢ, ʩʣʫ-

ʞʘʪ ʪʘʢʞʝ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʬʝʨʳ [2]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʘʚʣʝʥʠʷ ʚʧʨʘʚʦ (ʚ ʩʪʦʨʦʥʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ) ʠ ʚʧʨʘʚʦ-ʚʚʝʨʭ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ ʥʝ ʥʘʜʸʞʥʳ ʠ ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʨʦʚʦʜʠʤʳʤʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʢʦʥ-

ʪʨʦʣʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʀʟʤʝʨʠʣʠ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʣʠʥʝʡʢʠ ʩ ʧʦʤʦʱʴʶ ʛʦʥʠʦʬʦʪʦʤʝʪʨʘ. ʀʟʤʝʨʝʥ-

ʥʳʡ ʧʦʪʦʢ ʩʦʩʪʘʚʠʣ 722 ʣʤ. ʂʨʠʚʘʷ ʩʠʣʳ ʩʚʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 

 
ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʘʷ ʩʠʣʳ ʩʚʝʪʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ 

ʈʘʩʩʯʠʪʘʝʤ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʝ-

ʪʦʜʠʦʜʥʦʡ ʣʠʥʝʡʢʠ ʚ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʤ ʰʘʨʝ ʧʦ ʬʦʨʤʫʣʝ: 

%100

ʥʦʤ

ʥʦʤʠʟʤŭ .              (1) 

 ɼʣʷ ʩʣʫʯʘʷ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʦʙʣʘʩʪʴ I (ʨʠʩ. 1) ʠʤʝʝʤ: 

%75,0%100
720

61,714720
ŭ  

ʇʦʣʫʯʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ, 

ʯʪʦ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦ-

ʠʟʚʦʜʠʤʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʳʤ (ʧʨʝʜʝʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʧʦʛʨʝʰʥʦʩʪʴ Ñ 5 %). 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʣʠʥʝʡʢʫ ʩʚʝʪʦʜʠʦʜʘʤʠ ʚʚʝʨʭ. 

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

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʈɽɿʆʅɸʅʉʅʆʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

ɻ-ʆɹʈɸɿʅʆɻʆ ʏɽʊʓʈɽʍʇʆʃʖʉʅʀʂɸ 

ɺ ʈɸʄʂɸʍ ʊɽʆʈʀʀ ʇʃɸʅʀʈʆɺɸʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸ 
 

ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʧʨʦʚʝʜʝʥʠʷ ʣʶʙʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʢʘʢ ʧʦʣʫʯʝ-

ʥʠʝ ʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʪʘʢ ʠ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʤʦʜʝʣʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠ 

ʧʨʦʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ð ʧʦʣʥʦʡ ʠ ʜʨʦʙʥʦʡ ʤʦʜʝʣʷʤʠ ʬʘʢʪʦʨʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ.  

ɺ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [2,3] ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪ ʥʝ 

ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʠʣʣʶʩʪʨʘʪʠʚʥʘʷ ʙʘʟʘ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ, ʘ ʦʩʚʝʱʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʮʝʧʠ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝ ʚʩʪʨʝʪʠʣʘʩʴ ʚʦʦʙʱʝ. ʀʩʧʦʣʴʟʫʷ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Microsoft Excel 2010 ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʜʫʢʪ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʘʩʩʯʠʪʘʪʴ ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ, ʩʥʠʤʘʝʤʦʝ ʩ ʚʳʭʦʜʘ ʮʝʧʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 

C

R

L

U in U out

 
ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ɻ-ʦʙʨʘʟʥʦʛʦ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ 

ʇʨʦʚʝʜʝʥ ʚʳʚʦʜ ʦʩʥʦʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʬʦʨʤʫʣ. ʆʥʠ ʟʘʥʝʩʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʫʶ 

ʪʘʙʣʠʮʫ.  

ʇʫʩʪʴ ʥʘ ʚʭʦʜ ʮʝʧʠ ʧʦʜʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ: 

)1().sin(*2* tUU ʜin
#  

ʂʦʤʧʣʝʢʩʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ: 

)2(.)
1

(* R
C

LjZ#  

ʀʥʘʯʝ ʛʦʚʦʨʷ, 

)4(,* RXjZ ##  

ʛʜʝ 
C

LX
1#  ï ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʯʝʪʘ ʟʘʧʠʩʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʮʝʧʠ ʧʝʨʝʚʝʜʝʥʘ ʚ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʬʦʨʤʫ: 

)5(,* *KjeYZ#  

ʛʜʝ 22 RXY #  ï ʤʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 
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ʘ )6()(
R

X
arctgK

#
 ï ʬʘʟʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʊʦʛʜʘ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʮʝʧʠ ʨʘʚʝʥ ʪʦʢʫ, ʧʨʦʪʝʢʘʶʱʝʤʫ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ: 

)7(.* * jKʜin

R
e

Y

U

Z

U
II

#

#
##  

ɸ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʨʝʟʠʩʪʦʨʝ ʥʘʭʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

)8(*
*

* * jKʜ
RR e

Y

RU
RIU #  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʦʪʢʣʠʢ ʚ ʮʝʧʠ: R, 

L ʠ C (ʨʠʩʫʥʦʢ 1). ɼʣʷ ʥʠʭ ʩʦʩʪʘʚʠʤ ʧʦʣʥʦʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ.  

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʮʝʥʪʨʘʣʴʥʳʡ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʡ ʧʣʘʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʆʎʂʇ) ʜʣʷ k=3. ʆʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʟʳʚʘʝʪʩʷ 

ʧʣʘʥ, ʫ ʢʦʪʦʨʦʛʦ ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ X ʩʪʨʦʠʪʩʷ ʪʘʢ, ʯʪʦ X
ʪ X ʷʚʣʷʝʪʩʷ 

ʜʠʘʛʦʥʘʣʴʥʦʡ [1]. ʇʣʘʥ ʥʘʟʳʚʘʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ, ʝʩʣʠ ʚʩʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦ-

ʞʝʥʳ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʧʣʘʥʘ. ʆʎʂʇ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪ-

ʨʠʯʥʳʤ ʧʣʘʥʦʤ. ʆʎʂʇ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʧʦʩʢʦʣʴʢʫ ʩʦʜʝʨʞʠʪ 

ʥʝʢʫʶ ʢʦʤʧʦʟʠʮʠʶ ʵʣʝʤʝʥʪʦʚ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ: 

- ʗʜʨʦ ʧʣʘʥʘ ( ʇʌʕ ʩ N0=2k ʪʦʯʢʘʤʠ ʧʣʘʥʘ). 

-ʎʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ. 

-ʇʦ ʜʚʝ çʟʚʝʟʜʥʳʝè ʪʦʯʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ. ʆʙʱʝʝ ʯʠʩʣʦ ʟʚʝʟʜʥʳʭ 

ʪʦʯʝʢ 2k. 
ʂʦʥʩʪʘʥʪʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 

 
ɺ ʆʎʂʇ ʬʘʢʪʦʨʳ ʚʳʨʘʞʘʶʪ ʥʘ 5 ʫʨʦʚʥʷʭ: 

 
ʇʣʝʯʦ ʟʚʝʟʜʥʳʭ ʪʦʯʝʢ:  

, 

ʛʜʝ N=  ï ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʆʎʂʇ, ʘ N0  [1]. 

 

 

 
ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʮʝʥʪʨʘʣʴʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ 

ʧʣʘʥʦʤ (ʆʎʂʇ) ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ k=3, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʝʝ 

ʧʦʩʪʨʦʝʥʠʷ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʧʨʠʥʠʤʘʝʪʩʷ Uʜ=50ɺ, R=10ʆʤ, L=1ʤɻʥ, 

C=10ʤʢʌ (ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ). ɺʝʣʠʯʠʥʫ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʧʠ 

ʙʫʜʝʤ ʤʝʥʷʪʴ ʚ ʧʨʝʜʝʣʘʭ 30% ʚ ʙʦʣʴʰʫʶ (1) ʠ ʤʝʥʴʰʫʶ (-1) ʩʪʦʨʦʥʫ. ɼʣʷ 

ʫʜʦʙʩʪʚʘ ʟʥʘʯʝʥʠʷ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʝʩʷʪʠʯʥʳʭ ʜʨʦʙʝʡ ʩ ʦʢʨʫʛ-

ʣʝʥʠʝʤ ʜʦ ʩʦʪʳʭ (ʪʘʙʣʠʮʘ 1).  ɼʘʣʝʝ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʦʪʢʣʠʢʦʚ I, U, ű (ʪʘʙʣʠʮʘ 2). 
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ʊʘʙʣʠʮʘ 1 ï ʆʎʂʇ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ k=3 
ʅʦʤʝʨ 

ʦʧʳʪʘ 
R0 R L C RL RC LC RLC (R)^2-a (L)^2-a (C)^2-a 

1 1 -1 -1 -1 1 1 1 -1 0,27 0,27 0,27 

2 1 1 -1 -1 -1 -1 1 1 0,27 0,27 0,27 

3 1 -1 1 -1 -1 1 -1 1 0,27 0,27 0,27 

4 1 1 1 -1 1 -1 -1 -1 0,27 0,27 0,27 

5 1 -1 -1 1 1 -1 -1 1 0,27 0,27 0,27 

6 1 1 -1 1 -1 1 -1 -1 0,27 0,27 0,27 

7 1 -1 1 1 -1 -1 1 -1 0,27 0,27 0,27 

8 1 1 1 1 1 1 1 1 0,27 0,27 0,27 

9 1 -1,215 0 0 0 0 0 0 0,746 -0,73 -0,73 

10 1 1,215 0 0 0 0 0 0 0,746 -0,73 -0,73 

11 1 0 -1,215 0 0 0 0 0 -0,73 0,746 -0,73 

12 1 0 1,215 0 0 0 0 0 -0,73 0,746 -0,73 

13 1 0 0 -1,215 0 0 0 0 -0,73 -0,73 0,746 

14 1 0 0 1,215 0 0 0 0 -0,73 -0,73 0,746 

15 1 0 0 0 0 0 0 0 -0,73 -0,73 -0,73 
N

u

jux
1  

15 0 0 0 0 0 0 0 0,00245 0,00245 0,00245 

N

u

jux
1

2

 

15 10,9524 10,9524 10,9524 8 8 8 8 4,36140 4,36140 4,36140 

ʊʘʙʣʠʮʘ 2 ï ʆʪʢʣʠʢʠ ʚ ʮʝʧʠ 

ʆʪʢʣʠʢʠ 
ʆʪʢʣʠʢʠ ʧʦ ʣʠʥʝʡʥʦʤʫ 

ʧʦʣʠʥʦʤʫ 

ʆʪʢʣʠʢʠ ʧʦ ʤʫʣʴʪʠʧʣʠ-

ʢʘʪʠʚʥʦʤʫ ʧʦʣʠʥʦʤʫ 

ʆʪʢʣʠʢʠ ʩ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ 

I,ɸ U, ɺ ʬʘʟʘ I,ɸ U, ɺ ʬʘʟʘ I,ɸ U, ɺ ʬʘʟʘ I,ɸ U, ɺ ʬʘʟʘ 

4,9488 49,488 -46,15 5,817 58,169 -29,18 5,28 52,796 -32,48 5,27 52,696 -32,88 

3,3552 33,552 -29,27 3,7774 37,773 -27,94 3,749 37,487 -23,48 3,739 37,388 -23,88 

7,0253 70,253 -10,41 5,9306 59,306 -5,7 6,387 63,87 -6,93 6,377 63,771 -7,33 

3,8275 38,275 -5,65 3,891 38,91 -4,46 4,001 40,006 -4,39 3,991 39,907 -4,79 

7,1082 71,082 -5,65 6,0362 60,362 -2,97 6,511 65,112 -3,62 6,501 65,013 -4,03 

3,8407 38,407 -3,05 3,9966 39,966 -1,73 4,088 40,875 -2,23 4,078 40,776 -2,64 

5,6917 56,917 37,17 6,1498 61,498 20,52 5,756 57,557 25,71 5,746 57,458 25,3 

3,5608 35,608 22,21 4,1102 41,102 21,75 3,938 39,383 17,73 3,928 39,284 17,32 

7,8678 78,678 0 6,2027 62,026 -4,46 6,203 62,026 -4,46 6,429 64,293 -3,39 

3,6643 36,643 0 3,7245 37,245 -2,96 3,725 37,245 -2,96 3,951 39,512 -1,88 

4,6977 46,977 -20,03 4,8946 48,945 -17,98 4,895 48,945 -17,98 4,811 48,108 -16,9 

4,6977 46,977 20,03 5,0326 50,326 10,55 5,033 50,326 10,55 4,949 49,489 11,63 

4,3372 43,372 -29,84 4,8304 48,304 -19,64 4,83 48,304 -19,64 4,714 47,136 -20,72 

4,8306 48,306 14,96 5,0968 50,967 12,21 5,097 50,967 12,21 4,98 49,8 11,13 

5 50 0 4,9636 49,636 -3,71 4,964 49,636 -3,71 4,99 49,904 -2,62 

 
          

ʇʨʦʚʝʜʝʥʦ ʨʘʩʢʦʜʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ R, L, C ʚ ʮʝʧʠ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʜʝ-

ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʫʣʳ 6, 7, 8, ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʵʣʝʢ-

ʪʨʦʥʥʳʤʠ ʪʘʙʣʠʮʘʤʠ Excel ʨʘʩʩʯʠʪʘʥʳ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ I, U, ű (ʚ ʛʨʘʜʫ-

ʩʘʭ). ʚ ʮʝʧʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2, ʢʦʣʦʥʢʘ çʦʪʢʣʠʢʠè. 

ɺ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʮʝʧʠ ʠ 

ʪʘʢʞʝ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʥʘ ʨʝʟʠʩʪʦʨʝ ʥʝʪ ʟʘ-



100 

ʧʘʟʜʳʚʘʥʠʷ/ʦʧʝʨʝʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʪʦʢʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ (ʚ 

ʛʨʘʜʫʩʘʭ) ʚʳʜʝʣʝʥʘ ʦʜʥʘ ʢʦʣʦʥʢʘ). ɼʘʣʝʝ ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʧʦʣʠʥʦʤʦʚ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʧʦʣʫʯʝʥʥʫʶ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʣʠʥʝʡʥʳʤ, ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤ ʠ ʢʚʘʜʨʘʪʠʯʥʳʤ ʧʦʣʠʥʦʤʘʤʠ. ɺ ʪʘʙʣʠʮʝ 2 

ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʦʪʢʣʠʢʘ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʧʦʣʠʥʦʤʦʚ ʠ ʧʨʦʠʟʚʝʜʝʥ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʡ ʨʘʩʯʝʪ ʠʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) ʦʪ ʠʩʪʠʥʥʦ-

ʛʦ ʟʥʘʯʝʥʠʷ (ʪʘʙʣʠʮʘ 3).  
ʊʘʙʣʠʮʘ 3 ï ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ 

 ʇʦʣʠʥʦʤ 
ʃʠʥʝʡʥʳʡ ʄʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ ʂʚʘʜʨʘʪʠʯʥʳʡ 

ʆʪʢʣʠʢ  

I, ɸ 0,69 0,55 0,49 

U, ɺ 6,89 5,48 4,93 

ű, ϊ 5,52 4,52 3,23 

 

ʇʦ ʨʘʩʯʝʪʘʤ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ (ʩʘʤʦʝ ʤʘʣʝʥʴʢʦʝ ʉʂʆ), ʘ, 

ʟʥʘʯʠʪ, ʥʘʠʙʦʣʴʰʘʷ ʪʦʯʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫ ʢʚʘʜʨʘʪʠʯʥʳʭ ʧʦʣʠʥʦʤʦʚ. ʏʫʪʴ 

ʤʝʥʴʰʫʶ ʪʦʯʥʦʩʪʴ (ʥʦ ʠ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʯʝʪʦʚ) ʜʘʝʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚ-

ʥʳʡ ʧʦʣʠʥʦʤ. ʃʠʥʝʡʥʳʡ ʞʝ ʜʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʠ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦ-

ʩʪʦʪʫ ʚʳʯʠʩʣʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʘʙʣʠʮʘ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʫʯʝʙʥʳʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʮʝʣʷʭ. 
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ʆɹʆʉʅʆɺɸʅʀɽ ɺʓɹʆʈɸ ʊʀʇɸ ɸʂʂʋʄʋʃʗʊʆʈɸ ɼʃʗ ɸɺʊʆʅʆʄ-

ʅʆʁ ʉʀʉʊɽʄʓ ʕʅɽʈɻʆʆɹɽʉʇɽʏɽʅʀʗ 

 

ʂʘʢ ʧʨʘʚʠʣʦ ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʠʤʝʶʪ ʫʩʪʨʦʡʩʪʚʘ, 

ʩʧʦʩʦʙʥʳʝ ʥʘʢʘʧʣʠʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʜʦʣʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʛʝʥʝʨʠʨʫʶʱʠʭ ʤʦʱʥʦʩʪʝʡ. ʅʝʧʦʩʪʦʷʥʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʛʝʥʝʨʘʮʠʠ ʠ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʵʥʝʨ-

ʛʦʩʥʘʙʞʝʥʠʷ ʢ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ, ʚʝʜʫʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦ-

ʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʆʜʥʠʤ ʠʟ ʧʨʠʟʥʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʅʘʢʦʧʠʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʘʩʪʠ ʵʥʝʨʛʠʶ, ʩʦʭʨʘʥʷʪʴ ʝʸ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʠ ʚ ʩʣʫʯʘʝ ʥʘʜʦʙʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʝʸ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʜʣʷ 
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ʚʳʜʘʯʠ ʚ ʥʘʛʨʫʟʢʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʢʦʧʠʪʝʣʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

 
ʈʠʩʫʥʦʢ 1 ð ʅʘʢʦʧʠʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

 

ʊʘʢ ʢʘʢ ʥʘʢʦʧʠʪʝʣʴ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʪʨʘʩʩʘʭ, ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʥʘʢʦʧʠʪʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʥʘʢʦʧʠʪʝʣʠ ʭʦʪʴ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʵʥʝʨʛʠʠ ʤʘʣʳʤ ʚʨʝʤʝʥʝʤ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ, ʥʦ ʟʘʧʘʩʘʶʪ ʥʝ ʪʘʢ ʫʞ ʤʥʦʛʦ ʵʥʝʨʛʠʠ ʠ 

ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʩʘʤʦʨʘʟʨʷʜʘ (ʜʦ 40% ʚ ʜʝʥʴ). 

ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʂʇɼ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʦ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʘʯʠ ʠʟ ʚʥʝ ʚʝʱʝʩʪʚ 

ʜʣʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʯʪʦ ʪʦʞʝ ʥʝ ʚʩʝʛʜʘ ʧʨʠʝʤʣʝʤʦ.  

ʇʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʦʙʲʝʢʪʦʚ ʪʨʘʩʩ ʷʚʣʷʶʪʩʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ 

(ɸʂɹ). ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘʢʦʧʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʧʝʨʝʟʘʨʷʜʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʤʝ-

ʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʪʦʢ ʟʘʨʷʜʘ [1]. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʘʢʢʫʤʫʣʷʪʦʨʦʚ: ʢʠʩʣʦʪʥʳʡ, ʱʝ-

ʣʦʯʥʦʡ, ʛʝʣʝʚʳʡ ʠ ʛʠʙʨʠʜʥʳʡ [2]. ʅʝʢʦʪʦʨʳʝ ʠʭ ʧʘʨʘʤʝʪʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ 

ʊʠʧ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢ-

ʣʦʚ ʧʝʨʝʟʘʨʷʜʘ 

(ʨʘʟ) 

ʈʘʙʦʯʠʡ ʜʠʘʧʘ-

ʟʦʥ ʪʝʤʧʝʨʘʪʫʨ  

(ʉ) 

ʇʦʪʝʨʷ 

ʝʤʢʦʩʪʠ 

(% ʚ ʛʦʜ) 

ʉʨʦʢ 

ʩʣʫʞʙʳ 

(ʛʦʜ) 

ʂʠʩʣʦʪʥʳʡ 

ʉʫʨʴʤʷʥʠʩʪʳʝ ɼʦ 500 -10é+50 ɼʦ 45% 3-4 

ʄʘʣʦʩʫʨʴʤʷʥʠʩʪʳʝ ɼʦ 600 -10é+50 ɼʦ 45% 3-4 

ʂʘʣʴʮʠʝʚʳʝ ɼʦ 550 -10é+50 ɼʦ 45% 5-7 

ʑʝʣʦʯʥʦʡ 
ʃʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ 

(Li -Pol) 
500-800 -10é+50 20% 20-25 

ɻʝʣʝʚʳʡ 
AGM ɼʦ 500 -20é+60 40% ɼʦ 10 

GEL ɼʦ 500 -10é+50 40% ɼʦ 10 

ɻʠʙʨʠʜʥʳʡ 

ʅʠʢʝʣʴ-ʤʝʪʘʣʣ-ʛʠʜʨʠʜ 

(Ni-MH) 
500-1000 -10é+40 25% 3-5 

ʉʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʡ 300-1200 -20é+50 20% ɼʦ 12 
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ɼʦʩʪʦʠʥʩʪʚʦʤ ʩʫʨʴʤʷʥʠʩʪʳʭ ɸʂɹ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ. ʀʟ ʥʝʜʦ-

ʩʪʘʪʢʦʚ ʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʫʭʦʜʫ ʠ ʤʘʣʳʡ ʩʨʦʢ 

ʩʣʫʞʙʳ ʠ ʙʦʣʴʰʫʶ ʧʦʪʝʨʶ ʝʤʢʦʩʪʠ. 

ʇʣʘʩʪʠʥʳ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʨʴʤʳ ʚ ʤʘʣʦʩʫʨʴʤʷʥʠʩʪʳʭ ɸʂɹ 

ʩʥʠʞʘʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʪʘʢʠʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝʡ ʯʘʩʪʦʪʳ ʚʦʩʧʦʣʥʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ. ɺʘʞʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʘʣʦʩʫʨʴʤʷʥʠʩʪʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ï ʪʝʨʧʠʤʦʩʪʴ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʩʝʪʠ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʠʣʴʥʫʶ ʩʤʝʥʫ ʧʘʨʘʤʝʪʨʦʚ ʘʢʢʫ-

ʤʫʣʷʪʦʨʘ ʧʨʠ ʧʝʨʝʧʘʜʘʭ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʥʝʛʦ ʥʝ ʦʧʘʩʝʥ ʛʣʫʙʦʢʠʡ ʨʘʟʨʷʜ, ʥʦ 

ʩʨʦʢ ʩʣʫʞʙʳ ʫ ʪʘʢʠʭ ɸʂɹ ʥʝʚʝʣʠʢ [2]. 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʢʘʣʴʮʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʵʣʝʢʪʨʦʣʠʟʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʤʫ ʥʝ ʥʫʞʥʦ ʚʦʩʧʦʣʥʷʪʴ ʵʣʝʢʪʨʦʣʠʪ. ʆʥʠ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʩʘʤʦʨʘʟʨʷʜʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʨʴʤʷʥʠʩʪʳʤʠ ʘʢʢʫʤʫ-

ʣʷʪʦʨʘʤʠ ʩʘʤʦʨʘʟʨʷʜ ʤʝʥʴʰʝ ʧʨʠʤʝʨʥʦ ʥʘ 70 ʧʨʦʮʝʥʪʦʚ. ʇʝʨʝʟʘʨʷʜ ʩʪʘʣ ʥʝ 

ʩʪʦʣʴ ʢʨʠʪʠʯʝʥ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʣʴʮʠʝʚʳʝ ɸʂɹ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʠʣʴʥʦʤʫ 

ʨʘʟʨʷʜʫ, ʯʝʤ ʜʨʫʛʠʝ ʚʠʜʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʕʪʦʪ ʚʠʜ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʯʫʚʩʪʚʠʪʝʣʝʥ 

ʢ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ ʧʠʪʘʥʠʷ.  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ Li-Pol ɸʂɹ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʧʨʠʦʙ-

ʨʝʪʘʪʴ ʩʚʦʡʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʠʦʥʘʤʠ ʵʣʝʢʪʨʦʣʠʪʘ. 

ʕʪʠ ɸʂɹ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. ʋʩʪʘʥʦʚʢʘ ʧʣʦʩʢʠʭ ʠ 

ʣʝʛʢʠʭ ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʭ ʙʘʪʘʨʝʡ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʝʡ ʠ ʫʤʝʥʴʰʘʝʪ ʚʝʩ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋ ʪʘʢʠʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪ 

ʧʘʤʷʪʠ, ʦʥʠ ʩʦʭʨʘʥʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ -20 ʜʦ +60 ʛʨʘʜʫʩʦʚ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʚʳʰʝ ʯʝʤ ʫ NiCd ʠ 

NiMH ʙʘʪʘʨʝʡ. ʄʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʨʘʟʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʝʟ ʧʦʪʝʨʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʜʦʣʛʦʝ ʚʨʝʤʷ. ʀʭ ʝʤʢʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʤʠʥʫʩʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʦʙ-

ʭʦʜʠʤ ʦʩʦʙʳʡ ʨʝʞʠʤ ʟʘʨʷʜʘ. ɺʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʮʝʥʘ. 

ʆʪʣʠʯʠʷ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʷʤʠ AGM ʠ GEL ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʧʦʩʦʙʝ ʩʚʷʟʳ-

ʚʘʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ. ɺ ɸʂɹ ʚʠʜʘ AGM ʵʣʝʢʪʨʦʣʠʪʦʤ ʧʨʦʧʠʪʳʚʘʝʪʩʷ ʧʦʨʠʩʪʦʝ 

ʩʪʝʢʣʦʚʦʣʦʢʥʦ. ʇʦ ʪʝʭʥʦʣʦʛʠʠ GEL ʵʣʝʢʪʨʦʣʠʪ ʧʝʨʝʚʦʜʷʪ ʚ ʛʝʣʝʦʙʨʘʟʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʩ ʧʦʤʦʱʴʶ ʜʦʙʘʚʦʢ ʩʦʝʜʠʥʝʥʠʡ ʢʨʝʤʥʠʷ.  

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʛʝʣʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʙʦʠʭ ʚʠʜʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʥʠʟʢʠʡ ʩʘʤʦʨʘʟʨʷʜ ʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʠʙʨʘʮʠʠ. ʅʝ ʪʨʝʙʫʶʪ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ. ʇʦʩʣʝ ʛʣʫʙʦʢʦʛʦ ʨʘʟʨʷʜʘ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʦʶ ʸʤʢʦʩʪʴ. 

ɿʘʨʷʜ ʵʪʦʛʦ ʚʠʜʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʨʦʚʦʜʠʪʩʷ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʦʢʘ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʩʦ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʤʠ ʤʦʜʝʣʷʤʠ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ɸʂɹ ʦʪʥʦʩʠʪʩʷ ʧʘʜʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʝʣʝ-

ʦʙʨʘʟʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʨʠ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʥʠ ʥʝ ʚʳʜʝʨʞʠʚʘʶʪ ʫʩʢʦʨʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʥʘʧʨʷʞʝʥʠʝ 

ʚʳʰʝ 14.4 ɺ ʠ ʚʳʰʝ ʚʳʟʳʚʘʝʪ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʛʝʣʷ. 

Ni-MH ʘʢʢʫʤʫʣʷʪʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʧʦ ʝʤʢʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʠ ʣʠʪʠʡ-ʡʦʥʥʳʤ, ʠ ʣʠʪʠʡ-ʬʦʩʬʘʪʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʘʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʠʭ ʘʥʘʣʦ-



103 

ʛʠʯʥʘ ʥʠʢʝʣʴ-ʢʘʜʤʠʝʚʳʤ ʠʩʪʦʯʥʠʢʘʤ ʧʠʪʘʥʠʷ [3], ʘ ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʠʭ ʭʠʤʠ-

ʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʚ ʥʠʢʝʣʴ-ʚʦʜʦʨʦʜʥʳʭ ʘʢʢʫʤʫʣʷ-

ʪʦʨʘʭ.  

ʉʨʝʜʠ ʧʣʶʩʦʚ Ni-MH ʘʢʢʫʤʫʣʷʪʦʨʦʚ:  

 ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

 ʦʜʥʦʨʘʟʦʚʘʷ ʝʞʝʤʝʩʷʯʥʘʷ ʨʘʟʨʷʜʢʘ ʜʦ 1 ɺ ʠʟʙʘʚʠʪ ʦʪ ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʜʘʥ-

ʥʦʤʫ ʪʠʧʫ ʙʘʪʘʨʝʡ ʩʥʠʞʝʥʠʷ ʨʘʟʨʷʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. 

 ʄʝʥʴʰʝ ʚʳʨʘʞʝʥ ʵʬʬʝʢʪ ʧʘʤʷʪʠ. 

ʆ ʥʝʜʦʩʪʘʪʢʘʭ Ni-MH 

 ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʨʘʙʦʯʠʭ ʪʦʢʦʚ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʛʨʝʚʘ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʧʨʝʜʦ-

ʭʨʘʥʠʪʝʣʷ ʠ ʦʪʢʘʟ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʪʘʨʝʡ, ʚ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʜʝʩʷʪʢʘ ʘʢ-

ʢʫʤʫʣʷʪʦʨʦʚ; 

 ʥʝʦʙʨʘʪʠʤʘʷ ʧʦʪʝʨʷ ʝʤʢʦʩʪʠ ʧʨʠ ʨʘʟʨʷʜʢʝ ʜʦ ʥʫʣʝʚʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʠʷ; 

 ʥʠʟʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

 ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʭ ʙʘʪʘʨʝʡ ʷʚʣʷʝʪʩʷ ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʆʪʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪ ʧʘʤʷʪʠ ʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʙʫ-

ʬʝʨʥʦʤ ʨʝʞʠʤʝ ʧʦʜʟʘʨʷʜʢʠ, ʙʝʟ ʧʝʨʠʦʜʦʚ ʧʦʣʥʦʡ ʨʘʟʨʷʜʢʠ ʙʘʪʘʨʝʠ. ʉʣʫʞʘʪ ʥʝ 

ʤʝʥʝʝ 10 ʣʝʪ. ʉʘʤʦʨʘʟʨʷʜʢʘ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 40% ʚ ʛʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ +20 ʛʨʘʜʫʩʦʚ. ʉ, ʯʪʦ ʚ 4 ʨʘʟʘ 

ʤʝʜʣʝʥʥʝʡ, ʯʝʤ ʫ ʥʠʢʝʣʝʚʦ-ʢʘʜʤʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ.  

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʤʘʣʳʡ ʩʨʦʢ ʩʣʫʞʙʳ (ʜʦ 500 ʮʠʢʣʦʚ 

ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ), ʧʨʠ ʛʣʫʙʦʢʦʡ ʨʘʟʨʷʜʢʝ ʠ ʭʨʘʥʝʥʠʠ ʙʝʟ ʧʦʜʟʘʨʷʜʢʠ ʧʣʘʩʪʠʥʳ 

ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʦʨʪʷʪʩʷ ʠʟ-ʟʘ ʩʫʣʴʬʘʪʘʮʠʠ, ʪʦʢʩʠʯʥʦʩʪʴ ʦʢʩʠʜʘ ʩʚʠʥʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʘʢʢʫʤʫʣʷʪʦʨ ʧʦʢʘʟʘʣ, 

ʯʪʦ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʘʚʪʦʥʦʤʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʠʟ-ʟʘ ʝʛʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, ʙʦʣʴʰʦʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ, ʰʠʨʦʢʦʛʦ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʝʙʦʣʴʰʦʡ ʧʦʪʝʨʠ ʝʤʢʦʩʪʠ. 
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ʇʆʂɸɿɸʊɽʃʔ ʕʌʌɽʂʊʀɺʅʆʉʊʀ  

ʉʆɺʄɽʉʊʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʈɸɿʃʀʏʅʓʍ ɺʀɼʆɺ  

ʀɿɹʓʊʆʏʅʆʉʊʀ 

 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  ɼʣʷ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʪʘʢʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝ-

ʩʪʚʦʤ (ʧʨʘʚʠʣʴʥʦʩʪʴʶ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴʶ ʚʳʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʫʧʨʘʚ-

ʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʵʪʠʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʉʨʝʜʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. ʀʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʩʝ ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʠʟʙʳʪʦʯʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʘʧ-

ʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ (ʩʪʨʫʢʪʫʨʥʦʡ, ʚʨʝʤʝʥ-

ʥʦʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ). 

ɺʦʧʨʦʩʘʤʠ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʟʘʥʠʤʘʶʪʩʷ ʤʥʦʛʠʝ ʩʤʝʞʥʳʝ ʦʪʨʘʩʣʠ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ: ʪʝʦʨʠʷ ʥʘʜʝʞʥʦʩʪʠ; ʪʝʦʨʠʷ ʠʥʬʦʨʤʘʮʠʠ; ʢʠʙʝʨʥʝʪʠʢʘ; ʠʥ-

ʬʦʨʤʘʪʠʢʘ ʠ ʜʨ. ʂʘʞʜʦʝ ʠʟ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʚʦʠ ʘʩʧʝʢʪʳ 

ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, ʢʨʦʤʝ ʪʦʛʦ ʚ ʩʘʤʦʡ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʪʨʘʜʠʮʠʦʥʥʦ ʩʣʦʞʠ-

ʣʦʩʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʦʪ-

ʜʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʚ ʛʦʪʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʚʩʝ ʚʠʜʳ ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʠ ʨʘʙʦʪʘʶʪ ʩʦʚʤʝʩʪʥʦ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ, ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ ʥʘ ʚʚʝʜʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʠʟʙʳ-

ʪʦʯʥʦʩʪʠ. 

ʇʝʨʚʳʡ ʚʦʧʨʦʩ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʚʳʩʦʢʦ 

ʥʘʜʝʞʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ï ʵʪʦ ʚʦʧʨʦʩ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟ-

ʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʧʦʢʘʟʘ-

ʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʚʠʜʳ ʠ ʩʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ 

ʠʟʙʳʪʦʯʥʦʩʪʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝ-

ʤʠʪʴʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪ-

ʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ  ʩʧʦʩʦ-

ʙʘʤʠ. ʆʪʢʘʟ ʣʶʙʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʙʦʨʘ ʩʧʦʩʦʙʘ ʨʝʘʣʠ-

ʟʘʮʠʠ ʢʘʞʜʦʡ ʧʦʜʩʠʩʪʝʤʳ , ʜʦʩʪʘʚʣʷʶʱʠʡ ʤʘʢʩʠʤʫʤ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ  
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(

1) 

ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ 

 

 ,                       , 

 ,                       , 

,                   

ʛʜʝ  ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ j-ʡ ʧʦʜʩʠʩʪʝʤʝ (ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ ʤʥʦʞʝʩʪʚʝ  ʨʘʚʥʦ ),  ï ʪʝʢʫʱʠʡ ʚʘʨʠʘʥʪ ʩʠʩʪʝʤʳ ; 

 ï ʥʘʜʝʞʥʦʩʪʴ (ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʥʘ ʟʘʜʘʥʥʦʤ ʠʥ-

ʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ) ʵʣʝʤʝʥʪʘ j-ʡ ʧʦʜʩʠʩʪʝʤʳ -ʛʦ ʪʠʧʘ; 

 ï ʟʥʘʯʝʥʠʝ p-ʛʦ ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʜʣʷ ʵʣʝʤʝʥʪʘ -ʛʦ ʪʠʧʘ 

j-ʡ ʧʦʜʩʠʩʪʝʤʳ; 

 ï ʢʦʣʠʯʝʩʪʚʦ p-ʛʦ ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʥʘ 

ʚʩʶ ʩʠʩʪʝʤʫ; 

 ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ p-ʛʦ ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʬʘʢʪʦʨʘ 

ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ P(t)ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦ ʢʦʛʜʘ ʧʨʠʤʝʥʷʶʪ 

ʩʪʨʫʢʪʫʨʥʫʶ ʠʟʙʳʪʦʯʥʦʩʪʴ. ɺʦʧʨʦʩʳ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʜʣʷ ʨʷʜʘ, ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʦʙʱʝʛʦ ʠ ʨʘʟʜʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

(ʨʠʩ. 1, 2), ʭʦʣʦʜʥʦʛʦ ʠ ʛʦʨʷʯʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʩ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʠ ʙʝʟ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʚ ʪʝʦʨʠʠ ʥʘʜʝʞʥʦʩʪʠ [1, 2, 3]. ɼʣʷ 

ʩʣʫʯʘʝʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1 ʠ 2. ʚʳʨʘʞʝʥʠʷ ʦʧʠʩʳʚʘʶʱʠʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ 

ʜʣʷ ʩʭʝʤʳ ʦʙʱʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

 

  (2) 

 

ʜʣʷ ʩʭʝʤʳ ʨʘʟʜʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

 

 

 

 

(

3) 

ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʚʠʜʦʚʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʚʳʙʦʨ ʚ ʢʘʯʝ-

ʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪ ʢ 

ʪʦʤʫ, ʯʪʦ ʠʪʦʛʦʚʳʝ ʚʳʨʘʞʝʥʠʷ (2) ʠ (3) ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʝʢ-

ʪʠʨʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʫʜʫʪ ʛʨʦʤʦʟʜʢʠʤʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʚʠʜʳ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ, 

ʠʭ ʧʦʣʫʯʝʥʠʝ ʙʫʜʝʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʪʴʩʷ ʚʦʟʤʦʞʥʳʤ. 
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ʨ21 ʨ22 ʨ2n

ʨk1 ʨk2 ʨkn

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʘʜʝʞʥʦʩʪʠ ʦʙʱʝʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

 

ʨ11 ʨ12 ʨ1n

ʨ21 ʨ22 ʨ2n

ʨk1 ʨk2 ʨkn

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʜʝʣʴʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ 

 

ɺ ʨʷʜʝ ʨʘʙʦʪ [2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʡ: , ʛʜʝ ï 

ʢʨʘʪʥʦʩʪʴ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ. ʅʦ, ʧʦ ʪʦʡ-ʞʝ ʩʘʤʦʡ ʧʨʠʯʠʥʝ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ 

ʠʤʝʪʴ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʟʥʘʯʠʤʦʩʪʴ. 

ɼʣʷ ʚʳʙʦʨʘ ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ 

ɺʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʧʝʮʠʬʠʢʫ ʥʘʜʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʝ 

ʟʘʚʠʩʠʤʦ ʦʪ ʩʣʦʞʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠ ʚʘʞʥʦʩʪʠ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʩ 

ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʣʶʙʘʷ ʮʠʬʨʦʚʘʷ ɺʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʳʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʦʢʦʥʝʯʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ.  

ʊʘʢ ʢʘʢ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʚʦʟʤʦʞʥʦ ʙʝʟ ʬʠʟʠʯʝʩʢʦʛʦ ʥʦʩʠ-

ʪʝʣʷ, ʪʦ ʚ ʩʣʫʯʘʝ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʦʪʢʘʟʘ ɺʉ ʠʣʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ) ʫʪʨʘʯʠ-

ʚʘʝʪʩʷ (ʠʩʢʘʞʘʝʪʩʷ) ʠ ʩʘʤʘ ʠʥʬʦʨʤʘʮʠʷ. 

ʆʜʥʘʢʦ ʠʩʢʘʞʝʥʠʝ (ʧʦʪʝʨʷ) ʠʥʬʦʨʤʘʮʠʠ ʚ ɺʉ ʚʦʟʤʦʞʥʦ ʠ ʙʝʟ ʜʝʩʪʨʫʢʮʠʠ 

ʝʝ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ, ʚ ʩʣʫʯʘʝ ʩʙʦʝʚ ɺʉ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢ-

ʪʦʨʦʚ. 
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ʇʦʜ ʩʙʦʝʤ ʧʦʥʠʤʘʝʪʩʷ ʦʜʥʦʢʨʘʪʥʦʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʠʩʢʘʞʝʥʠʝ ʧʦʨʷʜʢʘ 

ʨʘʙʦʪʳ ʠʣʠ ʝʝ ʧʨʝʨʳʚʘʥʠʝ, ʥʝ ʥʘʨʫʰʘʶʱʝʝ ʛʨʘʥʠʮ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʤ ʦʪʢʘʟʘ. ɺ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʦʜʥʦʢʨʘʪʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʙʦʠ ʧʨʠʚʦʜʷʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʪʢʘʟʦʚ ʩʙʦʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʆʉʍ).  

ʅʝ ʩʤʦʪʨʷ, ʥʘ ʪʦ ʯʪʦ ʧʨʠʨʦʜʘ ʫʩʪʦʡʯʠʚʳʭ ʦʪʢʘʟʦʚ ʠ ʩʙʦʝʚ ʨʘʟʣʠʯʥʘ, ʧʦ-

ʩʣʝʜʩʪʚʠʷ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʙʫʜʫʪ 

ʦʜʠʥʘʢʦʚʳ. ʇʨʠ ʵʪʦʤ, ʩʪʘʪʠʩʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʙʦʝʚ, ʙʦʣʝʝ 

ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ, ʧʨʝʚʦʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʩʪʦʡʯʠʚʳʭ ʦʪʢʘʟʦʚ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʩʪʝʧʝʥʴʶ ʟʘʱʠʱʝʥʥʦʩʪʠ ʝʝ ʦʪ ʩʙʦʝʚ. 

ɹʦʨʴʙʘ ʩʦ ʩʙʦʷʤʠ, ʘ ʨʘʚʥʦ ʢʘʢ ʠ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʦʪʢʘʟʘʤʠ ʚ ɺʉ ʚʦʟʤʦʞʥʘ ʧʦ 

ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʨʠʩ. 3). 

ɺ ʣʶʙʦʤ ʠʟ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʡ (ʨʠʩ. 3) ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʥʘʜʝʞʥʦʩʪʠ ɺʉ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʪʦʛʦ, ʠʣʠ ʠʥʦʛʦ ʚʠʜʘ ʠʟʙʳʪʦʯ-

ʥʦʩʪʠ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʘʢʩʠʦʤʳ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʥʝ ʚʦʟʤʦʞʥʦ ʙʝʟ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ. 

 

1. ʅʝʜʦʧʫɦ ʝʥʠʝ  ʩʙʦ̫ 

ʣɻʝʤʝʥʪʦʚ ɺʉ

2. ʅʝʜʦʧʫɦ ʝʥʠʝ 

ʧʝʨʝʨʘʩʪʘʥʠ̫ ʩʙʦ̫ 

ʣɻʝʤʝʥʪʦʚ ɺʉ 

ʚ ʆʉʍ ɺʉ 

3. ʉʥʠʞʝʥʠʝ ʪ̫ʞʝʩʪʠ 

ʧʦʩʣʝʜʩʪʚʠʡ ʩʙʦʝʚ 

ɺʉ ʧʫʪʝʤ 

ʟʘʜʝʡʩʪʚʦʚʘʥʠ̫ 

ʨʝʩʫʨʩʦʚ ʥʘʜʩʠʩʪʝʤr  

 
 

ʈʠʩ. 3. ʅʘʧʨʘʚʣʝʥʠʷ ʙʦʨʴʙʳ ʩʦ ʩʙʦʷʤʠ (ʦʪʢʘʟʘʤʠ) 

 

ʆʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚ ɺʉ, ʘ ʨʘʚʥʦ ʠ 

ʜʨʫʛʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ɺʉ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʆʉʍ ɺʉ ï ɚʆʉʍ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʚʝʜʝʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʜʨʫʛʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʥʝʜʦʧʫʱʝ-

ʥʠʶ ʩʙʦʝʚ ʵʣʝʤʝʥʪʦʚ ɺʉ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʩʙʦʝʚ ï ɚʩʙ. ɼʣʷ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʨʝʞʠʚʘʥʠʷ ʧʦʪʦʢʘ ʩʙʦʝʚ, ʯʠʩʣʝʥʥʦ ʨʘʚʥʳʡ 

 

(

4) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʚʘʨʠʘʥʪʘ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʩ ʤʥʦʛʦʚʠʜʦʚʦʡ ʠʟʙʳʪʦʯʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʨʫʢʪʫʨʫ ʜʦʩʪʘʚ-

ʣʷʶʱʫʶ ʤʠʥʠʤʫʤ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ  

 

 

(

5) 
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ʇʨʝʜʣʦʞʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ï ɚʩʙ, ,ɚʆʉʍ, ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦ, 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʚʝʜʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʩʦʩʪʘʚ ɺʉ.  ʇʨʠ ʵʪʦʤ ʧʨʠʨʦʜʘ ʚʚʦʜʠʤʦʡ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ.  
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(ɺɸ ɺʇɺʆ ɺʉ ʈʌ ʚ ʛ.ʉʤʦʣʝʥʩʢʝ) 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʀɿɹʓ-

ʊʆʏʅʆʉʊʀ ɺ ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʉʀʉʊɽʄɸʍ ʉʇɽʎʀɸʃʔʅʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʙʦʪʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʠ ʨʦʣʴ ʦʧʝʨʘʪʦʨʦʚ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ 

ʚʳʙʦʨʫ ʚʘʨʠʘʥʪʦʚ ʠ ʧʨʠʥʷʪʠʶ ʨʝʰʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ɺʉ), ʚ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʷʚʥʘʷ 

ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʦʚʦʡ.  

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʠʩʪʝʤ ʠʤʝʶʱʠʭ ʜʝʣʦ ʢʘʢ ʩ ʧʝʨʝʜʘʯʝʡ, ʪʘʢ ʠ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʧʦʜʚʝʨʞʝʥʳ ʩʙʦʷʤ. ʂ ʩʙʦʷʤ ʦʪ-

ʥʦʩʷʪʩʷ ʩʘʤʦʫʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪʢʘʟʳ ʠʣʠ ʦʜʥʦʢʨʘʪʥʳʝ ʦʪʢʘʟʳ, ʫʩʪʨʘʥʷʝʤʳʝ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʦʧʝʨʘʪʦʨʘ. ɼʘʥʥʳʡ ʚʠʜ ʦʪʢʘʟʘ ʦʩʦʙʝʥʥʦ ʢʨʠʪʠ-

ʯʝʥ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʚʭʦʜʝ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʧʦʷʚʣʷʝʪʩʷ ʥʝʧʨʘʚʠʣʴ-

ʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʨʳʚʫ ʚʳʧʦʣʥʷʝʤʦʡ ʟʘʜʘʯʠ ʠʣʠ ʢ 

ʜʨʫʛʠʤ ʙʦʣʝʝ ʪʷʞʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷ. 

ʂ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʙʦʨʴʙʳ ʩ ʦʪʢʘʟʘʤʠ ʩʙʦʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ɺʉ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ ʩʙʦʝʚ ï ʩʥʠʞʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʧʧʘ-

ʨʘʪʥʦʡ ʯʘʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʨʝʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʦʨʝʞʠʚʘʥʠʶ ʩʙʦʝʚ ï ʥʝʜʦʧʫʱʝʥʠʝ ʧʝʨʝʨʘʩʪʘʥʠʷ ʩʙʦʷ ʚ 

ʦʪʢʘʟʳ ʩʙʦʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʧʦʩʣʝʜʩʪʚʠʡ ʩʙʦʝʚ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝ-

ʩʫʨʩʦʚ ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʩʙʦʝʚ [1]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʙʦʨʴʙʝ ʩ ʦʪʢʘʟʘʤʠ ʩʙʦʡʥʦʛʦ ʭʘ-

ʨʘʢʪʝʨʘ ɺʉ ʷʚʣʷʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʦʨʝʞʠʚʘʥʠʶ ʩʙʦʝʚ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ɻʆʉʊ 27.002ï2015 ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ (ʠʣʠ) ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ ʨʘ-

ʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ ʦʪʢʘʟʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʝʛʦ ʵʣʝ-

ʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ï ʵʪʦ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ 

ʦʙʲʝʢʪʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʙʳʪʦʯʥʦʩʪʴ ï ʵʪʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠ (ʠʣʠ) ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʝʨʭʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʙʲʝʢʪʦʤ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ. ɿʘʜʘʯʝʡ ʚʚʝʜʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʧʦʩʣʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʦʪʢʘʟʘ ʚ ʝʛʦ ʵʣʝʤʝʥʪʘʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʢʘʞʜʳʡ ʚʠʜ ʠʟʙʳʪʦʯʥʦʩʪʠ ʜʣʷ ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ (ʩʪʨʫʢʪʫʨʥʘʷ, ʚʨʝʤʝʥʥʘʷ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ, ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʘʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʢ ʦʩʥʦʚʥʳʤ ʚʠʜʘʤ ʠʟ-

ʙʳʪʦʯʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʥʘ ʧʨʘʢʪʠʢʝ ʦʪʥʦʩʷʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʚʨʝʤʝʥʥʘʷ, 

ʧʨʠʯʝʤ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʚʠʜʦʚ ʧʦʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ 

ɺʉ [2]. 

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ɺʉ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʘʟʦʚ ʩʙʦʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʤʥʦʛʦʚʠʜʦʚʦʡ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ.  

ʀʟ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʘʣʛʝʙʨʳ ʣʦʛʠʢʠ, ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʪʦʨʦʡ ʠʤʠʪʠʨʫʶʪʩʷ ʩʭʝʤʳ ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʨʝʟʝʨʚʠ-

ʨʦʚʘʥʠʷ ʟʘʤʝʱʝʥʠʝʤ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʝʟʝʨʚʘ ʚʨʝʤʝʥʠ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ, ʚʳʜʝʣʝʥʥʦʛʦ ʩʠ-

ʩʪʝʤʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ. ɺ ʨʘʙʦʪʝ ɺʉ ʜʦʧʫʩʢʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝ-

ʨʝʨʳʚʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʧʦʢʘ ʫʧʨʘʚʣʷ-

ʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʦʚ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣ̫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʠʟʙʳʪʦʯʥʦʩʪʴ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ɺʉ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʥʦʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʥʘ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʸʞʥʦʩʪʠ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʄʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦ-

ʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʠ ʦʜʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʠʟʙʳʪʦʯʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪ: 

ʧʦʪʦʢ ʦʪʢʘʟʦʚ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʥʝ ʚʩʝ ʦʪʢʘʟʳ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʦʚʷʪʩʷ ʦʪʢʘ-

ʟʘʤʠ ʩʠʩʪʝʤʳ; ʝʩʣʠ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʢʘʟʘ ʵʣʝʤʝʥʪʘ ʫʜʘʸʪʩʷ ʫʩʪʨʘʥʠʪʴ ʟʘ ʩʯʸʪ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʪʦ ʦʥ ʥʝ ʩʯʠʪʘʝʪʩʷ ʦʪʢʘʟʦʤ ʩʠʩʪʝʤʳ; 

ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʘ ʨʘʙʦʪ, ʦʙʝʩʮʝʥʝʥʥʳʭ 

ʦʪʢʘʟʦʤ; ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʦʙʝʩʮʝ-

ʥʝʥʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʣʝʟʥʘʷ ʥʘʨʘʙʦʪʢʘ; 

ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘ ʩʯʸʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʠʩʢʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ. 
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ʉʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʷʟʳʢʘ ʫʩʪʨʦʡʩʪʚ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚ ʚʠʜʝ ʠʟʙʳ-

ʪʦʯʥʦʩʪʠ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʭ ʢʦʜʦʚ. ɽʸ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʠ ʢʘʢ ʠʟʙʳʪʦʯʥʦʩʪʴ 

ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʚ ʩʦʩʪʘʚʝ ʬʘʡʣʘ ʜʘʥʥʳʭ, ʠ ʢʘʢ ʠʟʙʳʪʦʯʥʦʩʪʴ ʬʘʡʣʦʚʦʡ ʩʪʨʫʢ-

ʪʫʨʳ ʚ ʧʘʤʷʪʠ ʕɺʄ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʜʦʚ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʠ ʠʩʧʨʘʚʣʝʥʠʝʤ ʦʰʠʙʦʢ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʨʠʩ.1). ʀʩʭʦʜʥʘʷ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ u ʨʘʩʰʠʨʷʝʪʩʷ 

ʜʦʙʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʨʘʟʨʷʜʦʚ ʚ ʢʦʜʠʨʫʶʱʝʤ 

ʫʩʪʨʦʡʩʪʚʝ K. ʇʦʣʫʯʝʥʥʘʷ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ x ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʢʘʥʘʣ ʩʚʷʟʠ C 

ʠʣʠ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʘʤʷʪʠ ʇ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʦʰʠʙʢʠ ʣʠʙʦ ʠʟ-ʟʘ 

ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʉ ʠʣʠ ʇ, ʣʠʙʦ ʠʟ-ʟʘ ʩʙʦʝʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʜʘʝʪʩʷ 

ʠʣʠ ʩʯʠʪʳʚʘʝʪʩʷ ʢʦʜʦʚʘʷ ʢʦʤʙʠʥʘʮʠʷ x*, ʢʦʪʦʨʘʷ ʧʦʩʣʝ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡ-

ʩʪʚʦʤ D ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʳʡ ʥʝʠʩʢʘʞʝʥʥʳʡ ʚʠʜ u. 

 

K C, ʇ D

u ux x*

 
 

ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʜʦʚ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʠ ʠʩʧʨʘʚʣʝʥʠʝʤ ʦʰʠʙʦʢ. 

 

ʅʝ ʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʝʠʩʢʘʞʝʥʥʦʡ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʚʨʝʤʷ ʥʘ 

ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ɸʥʘʣʠʟʠʨʫʷ ʩʧʦʩʦʙʳ ʚʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ. ɺʝʜʴ ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʦ, ʯʪʦ 

ʩʦʟʜʘʥʠʝ ʠʟʙʳʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʚʝʣʠʯʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʤ ʚʠʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ 

ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ: 

ʂʠʠ = ʂʩʠ + ʂʚʠ 
ʛʜʝ ʂʠʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʂʩʠ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ, ʂʚʠ ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʨʝʤʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪ-

ʢʘʟʥʦʡ ʨʘʙʦʪʳ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ɺʉ. ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʠ ʚʨʝʤʝʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ 

"ʧʨʦʠʛʨʳʚʘʶʪ" ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ɺʉ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ 

ʚʨʝʤʝʥʥʦʛʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʪʨʝʙʫʶʪ , ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ 
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ʩʠʩʪʝʤʘʭ, ʫʜʚʘʠʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ, ʪʦ ʧʨʠ ʧʦʤʦʱʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 10 

ï 30% [3]. 

 

  
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ  

ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ. 

 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʤʫ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ɺʉ, ʠ ʝʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠ 

ʚʨʝʤʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʝ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʢʘʯʢʦʚ ʉ.ɸ. ʄʝʪʦʜʳ, ʤʦʜʝʣʠ ʠ ʩʨʝʜʩʪʚʘ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ɿʈɺ ʚʦʡʩʢʦʚʦʡ ʇɺʆ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʘʟʦʚ 

ʩʙʦʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ʤʦʥʦʛʨʘʬʠʷ. ʉʤʦʣʝʥʩʢ: ɺɸ ɺʇɺʆ ɺʉ ʈʌ,2008. 
2. ʂʣʶʝʚ ɸ. ɺ., ʂʦʚʘʣʝʚ ɸ. ɸ., ʅʘʚʨʦʜʩʢʠʡ ɸ.ɺ. ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʚʨʝʤʝʥʥʦʡ ʠʟʙʳʪʦʯʥʦʩʪʝʡ.// ʉʙ. ʤʘʪʝʨʠʘʣʦʚ VIII  ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯ-

ʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʕʥʝʨʛʝʪʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʥʦʚʘʮʠʠ-2018 è. ʉʤʦʣʝʥʩʢ, 2018. 
3. ʀʳʫʜʫ ʂ.ɸ. ʅʘʜʝʞʥʦʩʪʴ, ʢʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʩʠʩʪʝʤ. ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ 

ʚʫʟʦʚ. ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ,1989. 

 

 
ɼ.ʇ. ʂʦʥʜʨʘʪʦʚʠʯ, ʩʪʫʜ.; ʨʫʢ. ɺ.ʃ. ɾʙʘʥʦʚʘ, ʜʦʮ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʇʈʆɻʈɸʄʄʅʆɽ ʆɹɽʉʇɽʏɽʅʀɽ ɼʃʗ ʆʇʊʀʂʆ-ʕʃɽʂʊʈʆʅʅʓʍ 

ʇʈʀɹʆʈʆɺ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʥʘʧʠʩʘʥ-

ʥʦʛʦ ʥʘ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Basic, Phyton, ɸʩʩʝʤʙʣʝʨ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʇʨʠʤʝʨʦʤ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ, ʥʘ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʠʩʘʪʴ 

ʇʆ, ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ ʷʧʦʥʩʢʦʡ ʢʦʤʧʘʥʠʠ Olympus BX53M. ʕʪʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʤʠʢʨʦʩʢʦʧ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʩʥʘ-
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ʱʘʪʴʩʷ, ʢʘʢ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ, ʤʠʢʨʦʩʢʦʧ ʜʣʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ 

ʜʨʫʛʠʝ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʇʆ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: 

- ʤʘʰʠʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ (ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ); 

- ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ (ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ).  

ʗʟʳʢ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʠʧ ʧʨʦʮʝʩʩʦʨʘ ʠ ʟʘ-

ʧʠʩʳʚʘʝʪʩʷ ʚ ʤʘʰʠʥʥʳʭ ʢʦʜʘʭ (0 ʠʣʠ 1). ʕʪʦʪ ʷʟʳʢ ʜʦʩʪʫʧʝʥ ʢʦʤʧʴʶʪʝʨʫ, ʥʦ ʥʝ 

ʧʦʥʷʪʝʥ ʯʝʣʦʚʝʢʫ (ʥʘʧʨʠʤʝʨ, ʷʟʳʢ ɸʩʩʝʤʙʣʝʨʘ). ʗʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳ-

ʩʦʢʦʛʦ ʫʨʦʚʥʷ ï ʟʘʥʦʩʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʥʛʣʠʡʩʢʠʭ ʩʣʦʚ ʠ ʬʨʘʟ. ʊʘʢʦʡ ʷʟʳʢ ʧʦ-

ʥʷʪʝʥ ʯʝʣʦʚʝʢʫ ʥʦ ʥʝ ʜʦʩʪʫʧʝʥ ʢʦʤʧʴʶʪʝʨʫ. ʕʪʠ ʷʟʳʢʠ ʩʣʝʜʫʝʪ ʧʝʨʝʚʦʜʠʪʴ ʥʘ 

ʤʘʰʠʥʥʳʝ ʢʦʜʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʨʘʥʩʣʷʪʦʨʳ. ʆʥʠ ʜʝʣʷʪʩʷ ʥʘ: 

ʂʦʤʧʠʣʷʪʦʨʳ ï ʤʦʤʝʥʪʘʣʴʥʦ ʧʝʨʝʩʯʠʪʳʚʘʶʪ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ 

ʥʘ ʷʟʳʢ ʤʘʰʠʥʥʳʭ ʢʦʜʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʘʥʜʥʳʡ ʬʘʡʣ (.exe ʠʣʠ 

.com). 

ʀʥʪʝʨʧʨʝʪʘʪʦʨʳ ï ʧʝʨʝʚʦʜʷʪ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ʧʦ ʰʘʛʘʤ. ʀ 

ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʟʘʧʫʩʢʝ ʦʙʨʘʱʘʶʪʩʷ ʢ ʠʩʭʦʜʥʦʤʫ ʪʝʢʩʪʫ. ʆʯʝʥʴ ʫʜʦʙʥʦ ʧʨʠ 

ʦʪʣʘʜʢʝ ʧʨʦʛʨʘʤʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʗʟʳʢ BASIC ʚʭʦʜʠʪ ʚ ʩʝʤʝʡʩʪʚʦ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʈʘʩʩʤʦʪʨʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʇʆ.  

ɼʦʩʪʦʠʥʩʪʚʘ: 

-ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪʦʡ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ; 

- ʚʩʪʨʦʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʠ ʦʙʦʣʦʯʢʘ (vb); 

- ʤʘʣʳʝ ʪʨʫʜʦ-ʚʨʝʤʷ ʟʘʪʨʘʪʳ; 

- ʥʝ ʥʫʞʥʦ ʦʙʲʷʚʣʷʪʴ ʧʝʨʝʤʝʥʥʳʝ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʠʣʷʮʠʠ, ʚ p-ʢʦʜ ʠ ʚ ʤʘʰʠʥʥʳʡ ʢʦʜ.  

ʅʝʜʦʩʪʘʪʢʠ: 

- ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʷ; 

- ʩʠʥʪʘʢʩʠʯʝʩʢʘʷ çʙʝʜʥʦʩʪʴè ʷʟʳʢʘ. 

- ʧʦʜʜʝʨʞʢʘ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʪʦʣʴʢʦ ʩʝʤʝʡʩʪʚʘ windows; 

- ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʟʤʘ ʥʘʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ; 

- ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ dll ʜʣʷ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ. 

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ: Basic ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʠ ʥʝ-

ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʡʩʪʚʠ-

ʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɼʣʷ ʧʦʭʦʞʠʭ ʟʘʜʘʯ ʩʥʘʯʘʣʘ ʚʳʭʦʜʠʪ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ-

ʣʦʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʩʪʦʛʦ ʠ ʥʝʪʨʫʜʦʝʤʢʦʛʦ ʇʆ ʜʣʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʧʦʜʦʡʜʝʪ ʷʟʳʢ Basic, ʥʦ ʥʝ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʤʠ  ʩʭʝʤʘʤʠ. 

Python ï ʵʪʦ ʩʚʦʙʦʜʥʳʡ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʨʘʩʰʠʨʷʝʤʳʡ ʚʩʪʨʘʠʚʘʝʤʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʇʆ. 
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ɼʦʩʪʦʠʥʩʪʚʘ: 

- ʨʝʘʣʠʟʦʚʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʧʣʘʪʬʦʨʤʘʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ. 

- ʨʘʩʰʠʨʷʝʤʦʩʪʴ ʷʟʳʢʘ - ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʩʪʘʤʠ. 

- ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʧʨʦʛʨʘʤʤʝ ʤʦʜʫʣʝʡ. 

- ʧʨʦʩʪʦʡ ʚ ʦʩʚʦʝʥʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ. 

- ʤʝʭʘʥʠʟʤʳ ʤʦʜʫʣʴʥʦʩʪʠ ʭʦʨʦʰʦ ʨʘʩʩʯʠʪʘʥʳ ʠ ʦʥʠ ʩʚʦʙʦʜʥʦ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ. 

ʅʝʜʦʩʪʘʪʢʠ: 

- ʥʝ ʦʯʝʥʴ ʫʜʘʯʥʦʝ ʧʦʜʜʝʨʞʘʥʠʝ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʩʣʦʚʥʦ 

ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤʳ. 

- ʥʘ ʷʟʳʢʝ Python ʨʘʟʨʘʙʦʪʘʥʦ ʥʝ ʤʥʦʛʦ ʭʦʨʦʰʠʭ ʧʨʦʛʨʘʤʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʷʟʳʢʘʤʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

- ʥʘʯʘʣʴʥʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Python ï ʪʦ ʨʘʟʥʦʧʣʘʥʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʜʝʣʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʦʙʠʣʴʥʳʭ ʧʨʠ-

ʣʦʞʝʥʠʡ ʜʦ ʨʦʙʦʪʦʚ ʠ ʩʠʩʪʝʤʥʳʭ ʩʝʨʚʠʩʦʚ. ɸʥʘʣʠʟʠʨʫʷ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʥʘ 

ʥʝʤ ʤʦʞʥʦ ʙʳʩʪʨʦ ʥʘʧʠʩʘʪʴ ʢʘʢ ʠ ʥʝʩʣʦʞʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʪʘʢ ʠ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʷ ʧʨʠ 

ʵʪʦʤ ʥʝʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʧʦ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚʘʤ. 

ʗʟʳʢ ʘʩʩʝʤʙʣʝʨʘ ï ʤʘʰʠʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ. ʂʦʤʘʥʜʳ ʷʟʳʢʘ ʘʩʩʝʤʙʣʝʨʘ ʦʜʠʥ ʚ ʦʜʠʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʤʘʥ-

ʜʘʤ ʧʨʦʮʝʩʩʦʨʘ.  ʀʩʩʣʝʜʫʝʤ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʇʆ. 

ɼʦʩʪʦʠʥʩʪʚʘ: 

- ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʙʳʩʪʨʝʝ ʪʦʣʴʢʦ ʣʠʰʴ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʳʤʠ ʠʥʩʪʨʫʢʮʠʷʤʠ ʧʨʦʮʝʩʩʦʨʘ; 

- ʙʝʟʦʧʘʩʥʦʩʪʴ, ʥʠʟʢʦʫʨʦʚʥʝʚʦʩʪʴ ʧʦʯʪʠ ʠʩʢʣʶʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʙʝʣʳʭ 

ʧʷʪʝʥ ʚ ʢʦʜʝ; 

- ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʘʪ-

ʬʦʨʤʳ. ʅʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʠʩʧʦʣʴʟʫʝʤʫʶ ʤʘʰʠʥʫ ʜʦʧʫʩʢʘʝʪ ʠʤʝʪʴ ʦʩʥʦ-

ʚʘʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤʠ ʷʟʳʢʘʤʠ; 

- ʫʩʚʦʝʥʠʝ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ ʧʨʦʛʨʘʤʤʠʩʪʦʤ.  

ʅʝʜʦʩʪʘʪʢʠ: 

- ʪʷʞʝʣʦ ʚʳʫʯʠʪʴ. ʅʝʩʢʦʣʴʢʦ ʜʠʘʣʝʢʪʦʚ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʥʘ ʧʣʘʪʬʦʨʤʫ - ʚʩʝ 

ʵʪʦ ʥʝ ʦʙʣʝʛʯʘʝʪ ʙʳʩʪʨʦʝ ʠʟʫʯʝʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ; 

- ʪʨʫʜʥʦ ʯʠʪʘʪʴ, ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʡ ʣʠʩʪʠʥʛ, ʧʨʦʩʪʳʝ ʦʜʠʥʘʢʦʚʳʝ ʦʧʝʨʘ-

ʮʠʠ. 

- ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤ, ʯʘʩʪʴ ʧʨʠʤʠʪʠʚʥʳʭ ʦʧʝʨʘʮʠʡ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʛʦ-

ʣʦʚʥʫʶ ʙʦʣʴ ʫ ʧʨʦʛʨʘʤʤʠʩʪʘ. 

- ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʰʠʥ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʪʘʢʦʤ ʧʨʠʤʠʪʠʚʥʦʤ 

ʷʟʳʢʝ, 
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- ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʚʭʦʜʘ. ʇʨʝʜʩʪʘʚʠʪʴ ʠʩʧʦʣʥʷʝʤʳʡ ʢʦʜ ʚ ʷʟʳʢʝ ʘʩʩʝʤʙʣʝʨʘ 

ʩʫʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʩʨʝʜʥʠʡ ʧʨʦʛʨʘʤʤʠʩʪ. ʇʨʦʜʝʣʘʪʴ ʵʪʦ ʵʬ-

ʬʝʢʪʠʚʥʝʝ ʢʦʤʧʠʣʷʪʦʨʘ ï ʣʠʰʴ ʪʦʣʴʢʦ ʤʘʣʘʷ ʯʘʩʪʴ; 

- ʩʠʣʴʥʦ ʣʠʤʠʪʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ, ʩʦʦʙʱʝʩʪʚ, ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʨʢʘʤ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʷʟʳʢ 

ɸʩʩʝʤʙʣʝʨʘ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʨʝʜʠ ʩʚʦʠʭ çʦʜʥʦʢʣʘʩʩ-

ʥʠʢʦʚè, ʥʦ ʚ ʪʦʞʝ ʚʨʝʤʷ ʦʯʝʥʴ ʩʣʦʞʝʥ ʚ ʠʟʫʯʝʥʠʠ, ʦʥ ʧʦʜʦʡʜʝʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʘʰʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʥʦ ʥʠʢʘʢ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘ ʥʝʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʦʙʠʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʠ ʪ.ʧ. ɸʩʩʝʤʙʣʝʨ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʦ ʭʦʨʦʰʠʡ ʚʳʙʦʨ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʇʆ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʅʘ ʵʪʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʦʠʪ ʨʘʟ-

ʨʘʙʘʪʳʚʘʪʴ ʩʣʦʞʥʦʝ  ʇʆ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʤʘʰʠʥ, ʪʘʢ ʢʘʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʧʨʦʛʨʘʤʤ ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʥʝʤ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʘ 

ʜʨʫʛʠʭ ʷʟʳʢʘʭ, ʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʫʤʝʶʱʠʭ ʨʘʙʦʪʘʪʴ ʥʘ ʘʩ-

ʩʝʤʙʣʝʨʝ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʣʦʞʥʦʩʪʴ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤ ʟʘʩʪʘʚʣʷʝʪ ʧʝʨʝʡʪʠ 

ʥʘ ʙʦʣʝʝ ʣʝʛʢʠʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʢʦ ʚʩʝʤ ʪʨʝʤ ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ ʷʟʳʢʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʦʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʣʦʞʥʦʛʦ ʇʆ ʜʣʷ ʤʘʰʠʥ, ʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ 

ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ, ʩʘʤʳʤ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʙʫʜʝʪ ʷʟʳʢ Basic ʚʚʠʜʫ ʝʛʦ 

ʧʨʦʩʪʦʪʳ, ʟʦʣʦʪʦʡ ʩʝʨʝʜʠʥʦʡ ʩʪʘʥʝʪ ʷʟʳʢ Phyton ʠʟ-ʟʘ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, 

ʩʘʤʳʡ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʵʪʦ ʷʟʳʢ ʘʩʩʝʤʙʣʝʨʘ ʥʦ ʩ ʥʠʤ ʦʯʝʥʴ 

ʪʨʫʜʥʦ ʨʘʙʦʪʘʪʴ ʠ ʠʟʫʯʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ ʥʝʤ ʷʚʣʷʝʪʩʷ 

ʨʝʜʢʦʩʪʴʶ.   

ɼʘʣʝʝ ʥʘ ʷʟʳʢʝ Phyton ʙʫʜʝʪ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʝʪʦʚ ʢʦʦʨʜʠʥʘʪ 

ʮʚʝʪʘ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʮʠʬʨʦʚʦʤ ʤʠʢʨʦʩʢʦʧʝ ʠ ʢʦʣʦʨʠʤʝʪʨʝ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʄʅʆɻʆʂʈɸʊʅʆʁ ʉʂɸʈʀʌʀʂɸʎʀʀ 

ʅɸ ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉɽʄʗʅ ʃʖʎɽʈʅʓ 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʤʷʥ ʣʶ-

ʮʝʨʥʳ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʩʢʘʨʠʬʠʢʘʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʧʦʩʦʙʦʤ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʠʟʚʘʥʘ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠ-

ʢʦ-ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʢʘʨʠʬʠʢʘʮʠʠ ʩʝʤʷʥ ʢʦʨʤʦʚʳʭ 

ʢʫʣʴʪʫʨ. 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʚʦʟʙʫʞʜʝʥʠʷ (ʉɺ) ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʉʃ) ʙʳʣʠ ʧʦ-

ʣʫʯʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1]. 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʠʥʭʨʦʥʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦ 

ʚʩʝʤʫ ʜʦʩʪʫʧʥʦʤʫ ʜʠʘʧʘʟʦʥʫ ʜʣʠʥ ʚʦʣʥ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ 180-760 ʥʤ. ɼʘʣʝʝ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʠʢʠ ʢʨʠʚʳʭ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶ-

ʤʠʥʝʩʮʝʥʮʠʠ) ʠ ʧʨʦʠʟʚʝʜʝʥʳ ʧʨʦʙʥʳʝ ʠʟʤʝʨʝʥʠʷ. ɺ ʠʪʦʛʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ: ʦʪ 410 ʜʦ 500 ʥʤ ʜʣʷ ʉɺ ʠ ʦʪ 80 ʜʦ 640 ʥʤ ʜʣʷ 

ʉʃ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʉɺ ʀ ʉʃ ʜʣʷ ʥʝʩʢʘʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ 

ʩʢʘʨʠʬʠʮʠʨʦʚʘʥʥʳʭ (5 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʩʢʘʨʠʬʠʢʘʮʠʠ) ʩʝʤʷʥ ʣʶ-

ʮʝʨʥʳ.  ʂʘʢ ʠ ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʦʧʳʪʘʭ [1-2] ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ 20 ʩʝʤʷʥ ʣʶʮʝʨʥʳ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʢʨʠʚʳʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʪʘʧʘ ʩʢʘʨʠʬʠʢʘʮʠʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʫʩʨʝʜʥʝʥʠʶ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

420 440 460 480 500 520 540 560 580 600 620 640
0

4

8

12

16

20

24

28

32

36

12

11

10

9
8

7
6

5

4
3

21

ʵ ʣ
, ʦ.ʝ.

, ʥʤ
 

ʈʠʩʫʥʦʢ ï ʉɺ ʠ ʉʃ ʩʝʤʷʥ ʣʶʮʝʨʥʳ: 1,2 - ʥʝʩʢʘʨʠʬʠʮʠʨʦʚʘʥʥʳʭ, 

3,4 - ʩʢʘʨʠʬʠʮʠʨʦʚʘʥʥʳʭ 1 ʨʘʟ, 5,6 - 2 ʨʘʟʘ, 7,8 - 3 ʨʘʟʘ, 9,10 - 4 ʨʘʟʘ, 

11,12 - 5 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ɻʣʘʚʥʳʝ ʤʘʢʩʠʤʫʤʳ ʫʩʨʝʜʥʝʥʥʳʭ ʢʨʠʚʳʭ ʉɺ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 442-451 

ʥʤ, ʧʦʙʦʯʥʳʝ ï 483-485 ʥʤ; ʧʠʢʠ ʫʩʨʝʜʥʝʥʥʳʭ ʢʨʠʚʳʭ ʉʃ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

510-525 ʥʤ. 

ʈʘʩʩʯʠʪʘʝʤ ʠʥʪʝʛʨʘʣʳ ʧʦʜ ʢʨʠʚʳʤʠ ʉɺ ʠ ʉʃ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʝʨʚʘʷ ʩʢʘ-

ʨʠʬʠʢʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʉɺ ʚ 1,87 ʨʘʟʘ, ʚʪʦʨʘʷ - ʚ 3,07, 

ʪʨʝʪʴʷ - ʚ 4,14, ʯʝʪʚʝʨʪʘʷ - ʚ 5,35 ʠ ʰʝʩʪʘʷ - ʚ 7,19 ʨʘʟʘ. ʇʦʪʦʢ ʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

1,83, 2,94, 3,91, 5,05 ʠ 6,74 ʨʘʟʘ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʢʘʨʠʬʠʢʘʮʠʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʠʥʪʝʛʨʘʣʦʚ ʧʦʜ ʢʨʠʚʳʤʠ ʉʃ ʠ ʉɺ 

ʫʤʝʥʴʰʘʝʪʩʷ: ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʝʛʦ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʣʘ 1,78, ʧʦʩʣʝ ʧʝʨʚʦʡ ʩʢʘ-

ʨʠʬʠʢʘʮʠʠ - 1,74, ʚʪʦʨʦʡ - 1,70, ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ - 1,68 ʠ ʢ ʧʷʪʦʡ ʩʢʘʨʠʬʠ-

ʢʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʥʘʯʝʥʠʝ 1,67. 

ʆʧʨʝʜʝʣʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʛʣʘʚʥʦʛʦ ʠ ʧʦʙʦʯʥʦʛʦ ʛʦʨʙʦʚ ʢʨʠʚʳʭ ʉɺ. ʀʟʥʘ-

ʯʘʣʴʥʦ ʛʦʨʙʳ ʜʣʷ ʥʝʩʢʘʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʝʤʷʥ ʠʤʝʣʠ ʩʦʦʪʥʦʰʝʥʠʝ 3,09, ʧʦʩʣʝ 
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ʧʝʨʚʦʡ ʩʢʘʨʠʬʠʢʘʮʠʠ ʩʢʘʨʠʬʠʢʘʮʠʠ - 3,92, ʧʦʩʣʝ ʚʪʦʨʦʡ - 4,84, ʪʨʝʪʴʝʡ - 5,50, 

ʯʝʪʚʝʨʪʦʡ - 5,88 ʠ ʧʦʩʣʝ ʧʷʪʦʡ - 6,30. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʢʘʨʠ-

ʬʠʢʘʮʠʠ ʧʦʙʦʯʥʳʡ ʛʦʨʙ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ. 

ɼʘʣʝʝ ʧʨʦʚʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ Mi-

crocal Origin 7.0. [3]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʤʷʥ ʣʶʮʝʨʥʳ 

ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʩʢʘʨʠʬʠʢʘʮʠʠ 
ɺʦʟʙʫʞʜʝʥʠʝ 

ʉʢʘʨʠʬʠʢʘʮʠʷ Mɚ,,ʥʤ ů
2
 ů ɛ3 ɛ4Ā10

5
 As Eɚ E, ʵɺ H, ʦ.ʝ. 

ʥʝʪ 457 488 22,08 204 5,17 0,02 -0,83 2,72 239 

1 453 515 22,70 1784 5,72 0,15 -0,85 2,74 448 

2 450 516 22,72 3210 5,89 0,27 -0,79 2,76 735 

3 

 
448, 508 22,55 3984 5,89 0,35 -0,72 2,77 991 

4 447 503 22,43 4338 5,87 0,38 -0,68 2,78 1282 

5 447 495 22,24 4575 5,79 0,42 -0,63 2,78 1720 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ 

ʉʢʘʨʠʬʠʢʘʮʠʷ Mɚ,,ʥʤ ů
2
 ů ɛ3 ɛ4Ā10

6
 As Eɚ E, ʵɺ ū,ʦ.ʝ. 

ʥʝʪ 544 1566 39,57 28278 5,75 0,46 -0,66 2,29 426 

1 541 1535 39,17 32712 5,79 0,54 -0,54 2,31 778 

2 537 1490 38,60 37618 5,83 0,65 -0,37 2,32 1253 

3 535 1458 38,18 39888 5,83 0,72 -0,26 2,33 1666 

4 533 1436 37,90 41206 5,82 0,76 -0,18 2,34 2150 

5 532 1411 37,57 41894 5,77 0,79 -0,10 2,34 2868 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʜʣʷ ʉɺ ʠ ʉʃ ʧʨʠ ʩʢʘʨʠʬʠʢʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʩʧʝʢʪʨʘ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ. ɼʣʷ ʉʃ ʧʨʠ ʩʢʘʨʠʬʠʢʘʮʠʠ ʜʠʩʧʝʨʩʠʷ ʧʦ-

ʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʣʷ ʉɺ ʯʝʪʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ. ɼʣʷ ʉɺ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ, ʵʢʩʮʝʩʩ, ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʩʧʝʢʪʨʘ ʠ ʧʣʦʱʘʜʴ ʧʦʜ 

ʢʨʠʚʦʡ ʩʧʝʢʪʨʘ ʧʨʠ ʩʢʘʨʠʬʠʢʘʮʠʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʘʥʘʣʦʛʠʯʥʦ ʜʣʷ 

ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʉʃ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʘʧʨʠʦʨʥʳʝ ʜʘʥʥʳʝ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʘ ʠ ʧʨʠʙʦʨʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʢʘʨʠʬʠʢʘʮʠʠ [4]. 
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(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʉʈɽɼʉʊɺɸ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ, ɿɸɻʈʋɿʂʀ ʀ ʆʊʃɸɼʂʀ ʂʆʅʌʀ-

ɻʋʈɸʎʀʀ XILINX  FPGA 
 

ʄʠʢʨʦʩʭʝʤʳ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʚʝʥʪʠʣʴʥʳʭ ʤʘʪʨʠʮ (FPGA) ʜʘʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʣʦʛʠʢʫ ʩʚʦʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ. 

ʅʝʠʟʤʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ ʙʘʟʦʚʳʝ ʣʦʛʠʯʝʩʢʠʝ ʷʯʝʡʢʠ ʠ ʩʧʝʮʠʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ 

ʙʣʦʢʠ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʩʭʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʘʰʠʥ 

ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʨʝʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʩʭʝʤʳ ʠʟ ʙʣʦʢʦʚ. ɺ ʩʣʫʯʘʝ ʩ FPGA ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʜʦʙʥʝʝ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ VHDL ʠ Verilog, ʢʦʪʦʨʳʝ, ʭʦʪʴ ʠ ʧʦʭʦʞʠ ʧʦ ʩʠʥ-

ʪʘʢʩʠʩʫ ʥʘ ʜʨʫʛʠʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʠʭ 

ʧʘʨʘʣʣʝʣʴʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ. ʀ ʧʦ ʩʫʪʠ ʩʚʦʝʡ ʦʥʠ ʦʧʠ-

ʩʳʚʘʶʪ ʮʠʬʨʦʚʫʶ ʩʭʝʤʫ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ. FPGA ʪʘʢʞʝ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʟʘʛʨʫʟʢʠ ʠ ʭʨʘʥʝʥʠʷ ʩʚʦʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. 

ɺ ʵʪʦʤ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʩ FPGA ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ Xilinx  ï ʦʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʭ ʥʘʨʷʜʫ ʩ Altera ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʩʭʝʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ 

ʣʦʛʠʢʠ. ɺʳʰʝʫʧʦʤʷʥʫʪʘʷ ʨʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʟʘʛʨʫʟʢʫ ʠ ʦʪʣʘʜʢʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 

ʥʝʢʦʪʦʨʳʤ ʧʦʜʚʦʜʥʳʤ ʢʘʤʥʷʤ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʩʪʦʣʢʥʫʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟ-

ʨʘʙʦʪʢʠ. 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʥʦʚʳʭ ʥʘ 2019 ʛʦʜ ʤʠʢʨʦʩʭʝʤ ʇʃʀʉ ʦʪ Xilinx  ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ Vivado Design 

Suite. ɽʸ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ, ʥʘʯʠʥʘʷ ʩ ʩʝʤʝʡʩʪʚ 7 (Spartan-7, Artix-7, Kintex-7, 

Virtex-7), ʩʦʟʜʘʚʘʝʤʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 28 ʥʤ, ʠ ʢ ʙʦʣʝʝ ʧʦʟʜʥʠʤ ʠʥʩʪʨʫʤʝʥʪʘʤ. 

ɼʣʷ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʝʤʝʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ Spartan-3, Virtex-6 ʠ Spartan-6 ʧʨʠʤʝʥʷʝʪʩʷ 

ʉɸʇʈ Integrated Synthesis Environment (ISE) Design Suite, ʦ ʢʦʪʦʨʦʡ ʧʦʡʜʸʪ ʨʝʯʴ, 

ʪʘʢ ʢʘʢ ʠʟʫʯʝʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʠʢʨʦʩʭʝʤʝ Spartan-6. ʇʦ-

ʩʣʝʜʥʷʷ ʚʝʨʩʠʷ ʜʘʥʥʦʡ ʉɸʇʈ, ʚʳʧʫʱʝʥʥʘʷ ʚ 2013, ʚʝʨʩʠʷ 14.7. 

ʈʘʟʨʘʙʦʪʢʫ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʧʦʤʦʱʠ Matlab Simulink. ʇʦʩʪʨʦ-

ʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʬʦʨʤʠ-

ʨʫʶʪʩʷ ʩʚʷʟʠ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʩʠʛʥʘʣʘʤʠ. ʉ ʧʦʤʦʱʴʶ ISE Design Suite 

ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʧʨʦʝʢʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʝʡ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ 

Verilog, VHDL; ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʭʝʤʘʪʠʯʝʩʢʠ. ʅʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʡ: 

 ʉʠʥʪʝʟ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʩʠʥʪʘʢʩʠʩʘ, ʢʦʤʧʠʣʷʮʠʷ ʠʩʭʦʜʥʦʛʦ 

ʢʦʜʘ ʠʣʠ ʩʭʝʤʳ [1]. ʉʦʟʜʘʸʪʩʷ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

 ʈʝʘʣʠʟʘʮʠʷ. ʊʨʘʩʩʠʨʦʚʢʘ ʠ ʤʘʨʰʨʫʪʠʟʘʮʠʷ. ʌʦʨʤʠʨʫʝʪʩʷ ʪʦʧʦʣʦʛʠʷ 
ʤʠʢʨʦʩʭʝʤʳ. 
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 ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʠʨʫʶʱʝʛʦ ʬʘʡʣʘ. ʕʪʦ ʬʘʡʣ ʧʨʦʰʠʚʢʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʟʜʘʥ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .bit. ʆʥ ʫʞʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʦʰʠʙʦʢ ʥʘ ʣʶʙʦʤ ʠʟ ʧʨʠʚʝ-

ʜʸʥʥʳʭ ʵʪʘʧʦʚ ʵʪʦʪ ʬʘʡʣ ʥʝ ʙʫʜʝʪ ʩʦʟʜʘʪʴ. ʉɸʇʈ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʰʠʙʢʠ ʠ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚ ʩʣʫʯʘʝ ʠʭ ʥʘʣʠʯʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪ ʵʪʘʧ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʠ ʚʦʟ-

ʥʠʢʣʠ.  

ʅʘ ʥʝʢʦʪʦʨʳʭ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ Windows 8 64 ʙʠʪʘ, ʤʦʛʫʪ ʚʦʟ-

ʥʠʢʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʚʳʣʝʪʳ ISE. ʕʪʦ ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʠʤʝʥʦʚʘʥʠʷ 

libPortability.dll ʚ libPortability.dll.orig ʠ libPortabilityNOSH.dll ʚ libPortability.dll 

ʧʦ ʘʜʨʝʩʫ Xilinx\14.7\ISE_DS\ISE\lib\nt64. 

ʀʤʝʷ ʬʘʡʣ .bit ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʟʘʛʨʫʟʢʫ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʵʥʝʨʛʦʟʘʚʠʩʠ-

ʤʦʤ ʨʝʞʠʤʝ ʧʨʠ ʧʦʤʦʱʠ ʦʪʣʘʜʯʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʣʘʜʯʠʢʘ, ʠʤʝʥʫʝʤʦʛʦ ʚ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ ʢʘʢ Cable, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʦʪ ʬʠʨʤʳ Xilinx  ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʪʦʢʦʣ JTAG. 

ɼʣʷ ʟʘʛʨʫʟʢʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʘʷ ʫʪʠʣʠʪʘ Digilent 

Adept. ʆʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʪʣʘʜʦʯʥʳʭ ʧʣʘʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Digilent ʠ ʠʤʝʝʪ 

ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ɹʦʣʝʝ ʞʝ ʧʨʠʤʝʥʷʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʦʪ Xilinx  ʚ 

ʢʦʤʧʣʝʢʪʝ ʩ ISE ï ISE iMPACT. ɿʘʧʫʩʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʜʝʡʩʪʚʠʷ 

Configure Target Device. ɿʜʝʩʴ ʝʩʪʴ ʧʨʦʙʣʝʤʘ, ʪʘʢʞʝ ʩʚʷʟʘʥʥʘʷ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʠ ʧʨʦʷʚʣʷʶʱʘʷ ʩʝʙʷ ʢʘʢ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ, ʚʳʣʝʪ ʧʨʦʛʨʘʤʤʳ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʦʠʭ ʬʫʥʢʮʠʡ. ʆʥʘ ʨʝʰʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʫʞʥʦ 

ʟʘʧʫʩʪʠʪʴ 32-ʨʘʟʨʷʜʥʫʶ ʚʝʨʩʠʶ ISE iMPACT ʠ ʩʝʨʚʝʨ. ɺ ʥʘʩʪʨʦʡʢʘʭ ʩʦʝʜʠʥʠʪʴ ʩ 

remote server, host ï localhost. ʇʫʪʠ: Xilinx \14.4\ISE_DS\ISE\bin\nt\impact.exe; 

Xilinx \14.4\ISE_DS\ISE\bin\nt64\cse_server.exe.  

ɿʘʛʨʫʟʢʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟ ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ. ʕʪʦ ʚʩʝʛʜʘ ʚʥʝʰʥʝʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʦ ʝʩʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩ FPGA ʚʩʝʛʜʘ 

ʥʫʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʥʝʰʥʶʶ ʤʠʢʨʦʩʭʝʤʫ ʵʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʡ ʧʘʤʷʪʠ, flash 

ʠʣʠ EEPROM. ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʘʨʠʘʥʪ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦ-

ʩʭʝʤʳ flash-ʧʘʤʷʪʠ ʩ ʠʥʪʝʨʬʝʡʩʦʤ SPI. ʆʙʲʸʤʘ ʧʘʤʷʪʠ ʚ ʥʝʩʢʦʣʴʢʦ ʄʙʠʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʙʦʣʴʰʦʛʦ ʧʨʦʝʢʪʘ.  
 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʳ ʟʘʛʨʫʟʦʯʥʳʭ-ʦʪʣʘʜʦʯʥʳʭ ʮʝʧʝʡ ʚ iMPACT 
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ʏʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ROM ʥʫʞʥʦ ʧʨʠʚʷʟʘʪʴ ʥʘ ʩʭʝʤʝ 

FPGA ʢ ʢʦʥʢʨʝʪʥʦʡ ʤʠʢʨʦʩʭʝʤʝ ʧʘʤʷʪʠ, ʫʢʘʟʘʚ ʝʸ ʠʥʪʝʨʬʝʡʩ. ɿʘʛʨʫʟʢʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʬʘʡʣʘ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .mcs, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʠʭ ʬʘʡʣʘ .bit. ɼʣʷ ʵʪʦʛʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ISE iMPACT, ʥʫʞʥʦ ʚʳʙʨʘʪʴ ʜʝʡ-

ʩʪʚʠʝ Create PROM file.  

ʇʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʛʨʫʟʢʠ ʚ ROM, ʧʨʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ, ʧʝʨʚʦʝ, ʯʪʦ 

ʚʳʧʦʣʥʷʝʪʩʷ ʤʠʢʨʦʩʭʝʤʦʡ FPGA ï ʟʘʛʨʫʟʢʘ ʩʚʦʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʉʢʦʨʦʩʪʴ ʟʘ-

ʚʠʩʠʪ ʦʪ ʠʥʪʝʨʬʝʡʩʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʦʪ ʨʘʟʤʝʨʘ ʧʨʦʛʨʘʤʤʳ. ʀʥʜʠʢʘʪʦʨʦʤ 

ʫʩʧʝʰʥʦʛʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʠʥʘ 

DONE. ɽʩʣʠ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚʳʭʦʜ ʧʨʠ ʫʩʧʝʰʥʦʤ ʟʘʚʝʨʰʝʥʠʠ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ ʦʥ ʠʟ ʥʫʣʝʚʦʛʦ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʚʳʩʦʢʦʠʤʧʝʜʘʥʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺʩʝ ʧʨʦʮʝʩʩʳ, ʙʫʜʴ ʪʦ ʢʦʤʧʠʣʷʮʠʷ ʠʣʠ ʪʨʘʩʩʠʨʦʚʢʘ, ʧʨʦʠʩʭʦʜʷʪ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ. ɼʘʞʝ ʝʩʣʠ ʧʨʦʝʢʪ ʥʝʙʦʣʴʰʦʡ. ʕʪʦ ʦʜʥʘ ʠʟ ʧʨʠʯʠʥ, ʧʦʯʝʤʫ ʩʣʝʜʫʝʪ ʟʘ-

ʜʝʡʩʪʚʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ Matlab Simulink. ʀʩʧʦʣʴ-

ʟʫʷ ʩʧʝʮʠʘʣʴʥʳʝ ʙʣʦʢʠ Xilinx, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʝʢʪʘ. 

ɼʘʣʝʝ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Matlab ʩ ISE, ʯʪʦʙʳ ʤʦʜʫʣʠ ʠʟ Matlab 

ʚʢʣʶʯʠʣʠʩʴ ʚ ʧʨʦʝʢʪ ISE. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʝʥʝʨʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʝʢʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʥʝʜʦʨʘʙʦʪʢʠ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪʩʷ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ.  

ɽʱʸ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʪʦʧʦʣʦʛʠʠ ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʢʨʠʩʪʘʣʣʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʝʪʩʷ PlanAhead [2]. ʉ ʧʦ-

ʤʦʱʴʶ ʥʝʛʦ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

 ʫʩʪʨʘʥʝʥʠʝ ʣʠʰʥʠʭ ʟʘʜʝʨʞʝʢ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʩʠʛʥʘʣʦʚ; 

 ʨʘʟʙʦʨ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʩʪʨʦʡʢʘʭ ʩʠʥʪʝʟʘ-

ʪʦʨʘ; 

 ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʝʢʪʘ; 

 ʧʣʘʥʠʨʦʚʘʥʠʝ ʪʦʧʦʣʦʛʠʠ FPGA; 

 ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʘʢʪʦʚʳʭ ʩʠʛʥʘʣʦʚ. 

ʉ ʧʦʤʦʱʴʶ Xilinx  PlanAhead ʫʜʦʙʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʩʫʨʩʦʚ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦʤ ʧʣʘʥʝ, ʠʟʦʙʨʘʞʘʶʱʠʤ ʤʠʢʨʦʩʭʝʤʫ. ʊʘʤ ʧʦʢʘʟʘʥʦ ʨʘʟʤʝʱʝʥʠʝ 

ʚʳʚʦʜʦʚ ʤʠʢʨʦʩʭʝʤʳ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʷʯʝʡʢʠ, ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʚʝʜʸʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʩʣʫʞʠʪ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝ-

ʤʝʥʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ Xilinx  FPGA, ʢʘʢ ʠ ʫʢʘ-

ʟʘʥʥʳʝ ʨʝʰʝʥʠʷ ʙʘʛʦʚ ʚ ʨʘʙʦʪʝ ʵʪʠʭ ʩʨʝʜʩʪʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀ.ʉ. ʂʫʨʜʫʤʷʢʦʚ, ʤʘʛ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʈɸɿʈɸɹʆʊʂɸ ʋʉʊʈʆʁʉʊɺɸ ɼʃʗ  ʇʈʆɺɽʈʂʀ ʅɸʇʆʃʅɽʅʅʆʉʊʀ 

ɻɽʃʀɽʄ ʂʆʃɹʓ ɼʃʗ ʉɺɽʊʆɼʀʆɼʅʓʍ ʌʀʃɸʄɽʅʊʅʓʍ ʃɸʄʇ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʥʘʧʦʣʥʝʥʥʦʩʪʠ ʛʝʣʠʝʤ ʢʦʣʙʳ ʩʚʝʪʦʜʠʦʜʥʦʡ ʬʠʣʘ-

ʤʝʥʪʥʦʡ ʣʘʤʧʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ, ʬʠʣʘʤʝʥʪ, ʥʠʪʝʚʠʜʥʳʡ ʩʚʝʪʦʜʠʦʜ, ʛʝʥʝʨʘʪʦʨ ʊʝʩʣʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʤ ʨʳʥʢʝ ʈʦʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʩʚʝʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʙʳʪʦʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʮʦʢʦʣʷʤʠ E27 ʠ 

E14, ʩʦʟʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ, 

ʢʦʤʧʘʢʪʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʬʠʣʘ-

ʤʝʥʪʥʳʝ ʣʘʤʧʳ [1]. 

ʂʘʢ ʧʨʘʚʠʣʦ ʢʦʥʩʪʨʫʢʮʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʳ ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʛʦ ʤʦʱʥʦʛʦ 

ʯʠʧ-ʩʚʝʪʦʜʠʦʜʘ ʠʟ ʥʠʪʨʠʜʘ ʛʘʣʣʠʷ (ʠʣʠ ʩʙʦʨʢʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʠʧ-ʩʚʝʪʦʜʠʦʜʦʚ), 

ʣʶʤʠʥʦʬʦʨʘ, ʘ ʪʘʢʞʝ ʜʨʘʡʚʝʨʘ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʚʝʪʦʜʠʦʜʫ ʠʟʣʫʯʘʪʴ 

ʩʚʝʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʪʚʦʜ 

ʪʝʧʣʘ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʪ ʩʚʝʪʦʜʠʦʜʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʨʘʙʦʪʳ ʧʦʩʣʝʜʥʝʛʦ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʣʘʤʧ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʨʘʜʠʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʩʚʝʪʦʜʠʦʜʥʦʡ ʩʙʦʨʢʠ ʠ ʜʨʘʡʚʝʨʘ (ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʨʠʙʦʨʘ) (ʨʠʩ. 1). ʆʜʥʘʢʦ ʩ ʨʘʟʚʠ-

ʪʠʝʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʥʘʙʠʨʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʷ ʥʠʪʝ-

ʚʠʜʥʳʭ (ʬʠʣʘʤʝʥʪʥʳʭ) ʩʚʝʪʦʜʠʦʜʦʚ. 

 
ʈʠʩ. 1 ï ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ LED-ʣʘʤʧ ʩ ʫʛʣʦʤ ʩʚʝʯʝʥʠʷ ʚ 180Á  
ʌʠʣʘʤʝʥʪʥʳʝ ʣʘʤʧʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤʠ ʯʠʧ-ʩʚʝʪʦʜʠʦʜʘʤʠ. ʅʠʪʝʚʠʜʥʳʡ ʩʚʝʪʦʜʠʦʜ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ (ʚ ʥʝʢʦ-

ʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʩʦʪʝʥ) ʙʝʩʢʦʨʧʫʩʥʳʭ ʩʚʝʪʦʜʠʦʜʦʚ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ ʧʨʦʟʨʘʯʥʫʶ, 

ʘ ʥʝ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦʜʣʦʞʢʫ. ʄʘʪʝʨʠʘʣʦʤ ʧʦʜʣʦʞʢʠ ʢʘʢ ʧʨʘʚʠʣʦ ʷʚʣʷʝʪʩʷ 

ʩʪʝʢʣʦ ʠʣʠ ʩʘʧʬʠʨ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʦ 

[2]. ʇʦʜʣʦʞʢʘ, ʢʘʢ ʠ ʩʚʝʪʦʜʠʦʜʥʘʷ ʥʠʪʴ ʧʦʢʨʳʚʘʶʪʩʷ ʩʤʝʩʴʶ ʩʠʣʠʢʦʥʘ ʠ ʣʶʤʠʥʦ-

ʬʦʨʘ, ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʩʠʥʠʡ ʩʚʝʪ ʩʚʝʪʦʜʠʦʜʦʚ ʚ ʙʝʣʳʡ (ʨʠʩʫʥʦʢ 2). ʉʝʡʯʘʩ ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠ ʚʳʙʦʨʝ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʘʛʘʶʪʩʷ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʥʘ ʩʦʩʪʘʚ ʣʶʤʠʥʦʬʦʨʘ. ʇʦʜʦʙʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʬʠʣʘʤʝʥʪʥʦʡ ʣʘʤʧʳ ʜʝʣʘʝʪ 

ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʦ ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʩʚʝʪʦʜʠʦʜʳ ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʙʦʣʴʰʝʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʞʝʣʘʝʤʦʡ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ɽʜʠʥʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭ ʪʠʧʦʚ ʩʚʝʪʦʜʠʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʘʷ ʦʜʥʦʨʦʜ-

ʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʮʚʝʪʦʧʝʨʝʜʘʯʠ [3]. 
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ʈʠʩʫʥʦʢ 2 ï ʋʧʨʦʱʸʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʠʪʝʚʠʜʥʦʛʦ ʩʚʝʪʦʜʠʦʜʘ 

 ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʤʧ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʥʘʪʝʢʘʥʠʷ ʚʦʟʜʫʭʘ ʚ 

ʢʦʣʙʫ, ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʣʘʤʧʳ. ɼʣʷ ʬʠʣʘ-

ʤʝʥʪʥʳʭ ʣʘʤʧ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʘʪʦʨʘ, ʢʘʢ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʚʝ-

ʪʦʜʠʦʜʥʳʭ ʣʘʤʧʘʭ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʧʦʣʥʝʥʠʝ ʛʝʣʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʬʠʣʘʤʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʥʝʦʥʦʚʳʭ ʣʘʤʧ ʠʩʧʦʣʴʟʫʶʪ ʛʝʥʝʨʘʪʦʨ ʊʝʩʣʘ, ʧʨʠ 

ʧʦʜʥʝʩʝʥʠʠ ʣʘʤʧʳ ʩʦʜʝʨʞʘʱʠʡ ʘʨʛʦʥ ʠʣʠ ʥʝʦʥ, ʛʘʟ ʚ ʣʘʤʧʘʭ ʥʘʯʠʥʘʝʪ ʩʚʝʪʠʪʴʩʷ. ɺ 

ʬʠʣʘʤʝʥʪʥʳʭ ʣʘʤʧʘʭ ʬʠʣʘʤʝʥʪʳ ʛʝʨʤʝʪʠʯʥʦ ʟʘʧʘʷʥʳ ʚ ʩʪʝʢʣʷʥʥʫʶ ʢʦʣʙʫ (ʨʠʩʫʥʦʢ 

3). ʕʪʘ ʢʦʣʙʘ ʥʘʧʦʣʥʝʥʘ ʩʧʝʮʠʘʣʴʥʳʤ ʛʘʟʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴʶ. ʀʤʝʥʥʦ ʯʝʨʝʟ ʛʘʟ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʚʦʜ ʪʝʧʣʘ ʦʪ ʩʚʝʪʦʜʠʦʜʦʚ. ʉʪʝʢʣʷʥʥʘʷ 

ʢʦʣʙʘ ʩ ʪʦʥʢʠʤʠ ʩʪʝʥʢʘʤʠ ʭʦʨʦʰʦ ʧʨʦʚʦʜʠʪ ʪʝʧʣʦ, ʧʦʵʪʦʤʫ ʦʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʦʪʚʦʜʘ. ʕʪʠʤ ʛʘʟʦʤ ʷʚʣʷʝʪʩʷ ʛʝʣʠʡ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʮʚʝʪʘ. ʏʪʦʙʳ 

ʧʨʦʚʝʨʠʪʴ ʥʘ ʥʘʪʝʢʘʥʠʝ ʬʠʣʘʤʝʥʪʥʳʭ ʣʘʤʧ, ʟʘʧʦʣʥʝʥʥʳʭ ʛʝʣʠʝʤ, ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ 

ʦʧʠʩʘʥʥʳʡ ʥʠʞʝ. 

 
ʈʠʩ. 3 ï ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʬʠʣʘʤʝʥʪʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʳ 
ʇʦʜʢʣʶʯʘʝʤ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʢʦʥʪʘʢʪʫ (ʬʘʟʝ) ʣʘʤʧʳ ʦʜʠʥ ʠʟ ʚʳʚʦʜʦʚ ʛʝʥʝʨʘ-

ʪʦʨʘ ʊʝʩʣʳ, ʛʘʟ ʚʥʫʪʨʠ ʣʘʤʧʳ ʥʘʯʠʥʘʝʪ ʠʦʥʠʟʠʨʦʚʘʪʴʩʷ. ɽʩʣʠ ʚ ʢʦʣʙʝ ʥʘʭʦʜʠʪʩʷ 

ʪʦʣʴʢʦ ʚʦʟʜʫʭ, ʪʦ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʛʝʥʝʨʘʪʦʨʦʤ ʥʝ ʭʚʘʪʘʝʪ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 
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ʚʦʟʜʫʭ ʥʘʯʘʣ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫ ʚʦʟʜʫʭʘ ʚʳʩʦʢʘʷ 

ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʠ. ɼʣʷ ʧʦʣʥʦʡ ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʪʨʝʙʫʝʪʩʷ ʵʥʝʨʛʠʷ ʧʦʨʷʜʢʘ 39 

ʵɺ. ʋ ʛʝʣʠʷ ʵʥʝʨʛʠʷ ʠʦʥʠʟʘʮʠʷ ʨʘʚʥʘ 24,6 ʵɺ, ʧʦʵʪʦʤʫ ʵʥʝʨʛʠʠ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ 

ʛʝʥʝʨʘʪʦʨʦʤ ʭʚʘʪʘʝʪ, ʯʪʦʙʳ ʛʝʣʠʡ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʣʙʝ ʠʦʥʠʟʠʨʦʚʘʣʩʷ ʠ ʚ ʣʘʤʧʝ 

ʚʦʟʥʠʢ ʪʦʢ, ʚʥʫʪʨʠ ʢʦʣʙʳ ʧʦʷʚʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, 

ʠʟʤʝʥʷʷ ʛʨʘʜʠʝʥʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ (ʥʘʧʨʠʤʝʨ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ï ʨʫʢʘ, ʧʨʦʚʦʜʥʠʢ ʠ ʪ.ʜ.),  ʥʘ ʢʦʥʪʘʢʪʘʭ ʬʠʣʘʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ 

ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʯʝʨʝʟ ʬʠʣʘʤʝʥʪ ʧʨʦʪʝʢʘʝʪ ʪʦʢ ʠ ʚʦʟʥʠʢʘʝʪ 

ʩʣʘʙʦʝ ʩʚʝʯʝʥʠʝ ʬʠʣʘʤʝʥʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʠʣʘ ʪʦʢʘ ʯʝʨʝʟ ʬʠʣʘʤʝʥʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʤʘʣʘ, ʜʘʥʥʫʶ ʧʨʦʚʝʨʢʫ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʚ ʟʘʪʝʤʥʝʥʥʦʤ ʧʦʤʝʱʝ-

ʥʠʠ/ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʣʠ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʧʦʚʝʰʝʥʠʷ ʢʦʥ-

ʪʨʘʩʪʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʚʝʯʝʥʠʷ ʬʠʣʘʤʝʥʪʦʚ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʝʡʩʪʚʫʶʱʝʝ ʧʦ ʦʧʠʩʘʥʥʦʤʫ ʤʝʪʦʜʫ ʧʦ-

ʤʦʞʝʪ ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ ʥʘʪʝʢʘʥʠʷ ʬʠʣʘʤʝʥʪʥʳʭ ʣʘʤʧ, ʯʪʦ ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʙʫʜʝʪ ʷʚ-

ʣʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʜʝʡʩʪʚʫʶ-

ʱʠʝ ʩʙʦʨʦʯʥʳʝ ʣʠʥʠʠ.  
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ʇʆʉʊʈʆɽʅʀɽ ʄʆɼɽʃʀ ʎʀʌʈʆɺʆɻʆ ʌʀʃʔʊʈɸ ʅʀɿʂʀʍ ʏɸʉʊʆʊ 

ʇʆ ɸʅɸʃʆɻʆɺʆʄʋ ʇʈʆʊʆʊʀʇʋ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɹʀʃʀ-

ʅɽʁʅʆɻʆ Z-ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 

 

ʎʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ʎʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʩʧʝʮʠʘ-

ʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ 

ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ. ɺ ʦʩʥʦʚʫ ʘʣʛʦ-

ʨʠʪʤʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥʦ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʠʢʘ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʧʦ ʟʘʜʘʥʥʦʤʫ ʘʥʘʣʦʛʦ-

ʚʦʤʫ ʧʨʦʪʦʪʠʧʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʝʡʰʠʡ RC-ʬʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. ʉʭʝʤʘ ʬʠʣʴʪʨʘ ʧʨʠʚʝ-

ʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï RC-ʬʠʣʴʪʨ ʥʠʟʢʠʭ ʯʘʩʪʦʪ 

 

ɿʘʧʠʰʝʤ ʦʧʝʨʘʪʦʨʥʫʶ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ pK  ʜʣʷ ʜʘʥʥʦʡ ʮʝʧʠ: 

1RCp

1

Cp

1
R

Cp

1

pK                                                       (1) 

ʄʝʪʦʜʳ ʜʠʩʢʨʝʪʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʭʦʜ ʦʪ 

ʦʧʝʨʘʪʦʨʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ  pK  ʢ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ zH  ʜʣʷ 

ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ [1, 2]. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʡ ʜʠʩʢʨʝʪʥʦʡ ʩʠ-

ʩʪʝʤʳ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

zX

zY

zb...zbzbb

za...zazaa

zX

zY
zH

n

n

2

2

1

10

m

m

2

2

1

10  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʬʫʥʢʮʠʠ pK  ʢ ʬʫʥʢʮʠʠ zH  ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʙʠʣʠʥʝʡʥʳʤ 

zïʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ: 

1z

1z

T

2

z1

z1

T

2
p

1

1

.                                                  (2) 

ʇʨʦʠʟʚʝʜʝʤ ʧʦʜʩʪʘʥʦʚʢʫ ʚʳʨʘʞʝʥʠʷ (2) ʚ ʚʳʨʘʞʝʥʠʝ (1) ʠ ʚʳʯʠʩʣʠʤ ʧʝ-

ʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ zH  ʜʠʩʢʨʝʪʥʦʛʦ ʘʥʘʣʦʛʘ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ RC-ʬʠʣʴʪʨʘ. 

zX

zY

zRC2TTRC2

zTT

TRC2zTRC2

1zT
zH

1

1

, 

11 zzXTzXTzRC2TzYTRC2zY , 
11 zzYRC2TzzXTzXTTRC2zY , 

11 zzY
TRC2

TRC2
zzX

TRC2

T
zX

TRC2

T
zY .                              (3) 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʟʘʧʠʩʝʡ ʚ ʚʳʨʘʞʝʥʠʠ (3) ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

RC, 
T

A , 
1A2

1
bb 10 ,  

1A2

1A2
a1 . 

ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʚʚʝʜʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

1
1A2

1A2

1A2

1

1A2

1

1A2

1A2
bba 101 . 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʧʨʠʥʷʪʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʚ ʚʳʨʘʞʝʥʠʝ (3) ʧʦʣʫʯʠʤ: 
1

1

1

10 zzYazzXbzXbzY .                                          (4) 

ɺʳʯʠʩʣʠʤ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ RCïʬʠʣʴʪʨʘ. ɼʣʷ 

ʵʪʦʛʦ ʧʨʠʤʝʥʠʤ ʦʙʨʘʪʥʦʝ zïʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ 

(4). ʈʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

11 110 nYanXbnXbnY .                                       (5) 
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ʈʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʮʠʬʨʦʚʦʛʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ RCïʬʠʣʴʪʨʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦ ʘʥʘʣʦʛʦʚʦʤʫ ʧʨʦʪʦʪʠʧʫ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ 

ʩʭʝʤʫ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʜʠʩʢʨʝʪʥʳʤ ʘʥʘʣʦʛʦʤ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ RCïʬʠʣʴʪʨʘ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ 

ʮʠʬʨʦʚʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ RCïʬʠʣʴʪʨʘ. 

 

z-1z-1

b0

b1 a1

X(n) Y(n)

 
ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ RC-ʬʠʣʴʪʨʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʤʝʪʦʜʦʤ ʙʠ-

ʣʠʥʝʡʥʦʛʦ z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʙʳʣ 

ʚʳʙʨʘʥ ʘʥʘʣʦʛʦʚʳʡ ʧʨʦʪʦʪʠʧ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 100R  ʆʤ ʠ 100C  ʤʢʌ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ 
)wtsin(U)t(U mʚʭ  

ʩ ʘʤʧʣʠʪʫʜʦʡ ɺ1Um . ɻʘʨʤʦʥʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʠʥʪʝʨʚʘʣʝ 

ʚʨʝʤʝʥʠ ʦʪ 0ʜʦ T15Tʥ , ʛʜʝ 
w

2

f

1
T . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʥʪʝʨʚʘʣʝ ʥʘʙʣʶʜʝʥʠʷ 

ʫʢʣʘʜʳʚʘʣʦʩʴ 15 ʧʝʨʠʦʜʦʚ ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʕʪʦ ʧʦʟ-

ʚʦʣʷʣʦ ʫʚʠʜʝʪʴ ʢʘʢ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, ʪʘʢ ʠ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ. ɺ ʢʘʞʜʦʤ ʧʝʨʠʦʜʝ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʜʠʩʢʨʝʪʠʟʘ-

ʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ 20 ʦʪʩʯʝʪʘʤ, ʪ. ʝ. 
20

T
Tɼ . 

 
ʈʠʩʫʥʦʢ 1 ï ʚʭʦʜʥʦʡ ʜʠʩʢʨʝʪʥʳʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʭʦʜʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠ ʣʶ-

ʙʦʡ ʯʘʩʪʦʪʝ w ʬʦʨʤʠʨʦʚʘʣʩʷ ʤʘʩʩʠʚ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʝʪʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʨʘʚʥʦ 

301. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʪʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʟʥʘʯʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʠʟ 

ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʩʷ ʤʘʩʩʠʚ 
ʚʭM  ʦʪʩʯʝʪʦʚ ʚʭʦʜʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʄʘʩʩʠʚ ʦʪʩʯʝʪʦʚ ʥʘ ʚʳʭʦʜʝ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ 
ʚʳʭM  ʚʳʯʠʩʣʷʣʩʷ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (5).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʬʨʦʚʦʛʦ 

ʬʠʣʴʪʨʘ ʥʘ ʝʛʦ ʚʭʦʜ ʧʦʜʘʚʘʣʩʷ ʤʘʩʩʠʚ 
ʚʭM , ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʜʣʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʦʪʳ w ʚʭʦʜʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʘʥʘʣʦʛʦʚʦʛʦ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 100R  ʆʤ ʠ 100C  ʤʢʌ ʯʘʩʪʦʪʘ ʩʨʝʟʘ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʥʘ ʫʨʦʚʥʝ 0.707 ʦʪ mU  ʨʘʚʥʘ 100 ʨʘʜ/ʩ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸʏʍ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0 ʜʦ 100 ʨʘʜ/ʩ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʚʳʙʠʨʘʣʠʩʴ ʩ ʰʘʛʦʤ 10 ʨʘʜ/ʩ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʪ 100 ʜʦ 1000 ʨʘʜ/ʩ ʯʘʩʪʦʪʳ ʚʳʙʠʨʘʣʠʩʴ ʩ ʰʘʛʦʤ 100 ʨʘʜ/ʩ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʜʠʩʢʨʝʪʥʦʝ ʛʘʨʤʦʥʠʯʝʩʢʦʝ ʚʭʦʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʨʝʘʢʮʠʷ 

ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʯʘʩʪʦʪʝ ʩʨʝʟʘ 100 ʨʘʜ/ʩ.  

 
ʈʠʩʫʥʦʢ 2 ï ʜʠʩʢʨʝʪʥʳʡ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʮʠʬʨʦʚʦʛʦ 

ʬʠʣʴʪʨʘ 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʚʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɸʏʍ ʘʥʘʣʦʛʦʚʦʛʦ ʬʠʣʴʪʨʘ 

wKɸ  ʠ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ wKʮ .  

w wKɸ  wKʮ  

10 0,995 0,989 

20 0,980 0,974 

30 0,957 0,957 

40 0,929 0,925 

50 0,894 0,882 

60 0,857 0,853 

70 0,819 0,817 

80 0,781 0,777 
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90 0,743 0,736 

100 0,707 0,696 

200 0,447 0,443 

300 0,316 0,328 

400 0,243 0,264 

500 0,196 0,224 

600 0,164 0,196 

700 0,142 0,176 

800 0,124 0,159 

900 0,111 0,147 

1000 0,0995 0,1365 

ʊʘʙʣʠʮʘ 1 ï ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʦʛʦʚʦʛʦ ʠ 

ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʦʚ 

ɿʥʘʯʝʥʠʝ ɸʏʍ ʜʣʷ ʘʥʘʣʦʛʦʚʦʛʦ ʬʠʣʴʪʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  

10000w

1
100wK

2ɸ . 

ɿʥʘʯʝʥʠʝ ɸʏʍ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ:  

ʚʭ

ʚʳʭ
ʮ

Mmax

Mmax
wK . 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠ 1Um  ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʨʘʚʥʦ 

1, ʪ. ʝ. 1Mmax ʚʭ . 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ɸʏʍ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʙʠʣʠʥʝʡʥʦʛʦ z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ɸʏʍ ʘʥʘʣʦʛʦ-

ʚʦʛʦ ʧʨʦʪʦʪʠʧʘ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʮʠʬʨʦʚʦʛʦ ʬʠʣʴʪʨʘ ʥʘ ʦʩʥʦʚʝ ʨʘʟʥʦʩʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (5) ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ ʥʘ ʮʠʬʨʦ-

ʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʥʪʦʥʴʶ ɸ. ʎʠʬʨʦʚʳʝ ʬʠʣʴʪʨʳ: ʘʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ: ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1983. ï 

320ʩ., ʠʣ. 

2. ɹʳʢʦʚ ɺ. ɺ. ʎʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʨʘʜʠʦʪʝʭʥʠʢʝ. ï ʄ.: ʉʦʚ. ʨʘʜʠʦ, 1971. ï 328 ʩ. 

3. ʆʩʥʦʚʳ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʖ.ɸ. ɹʨʶʭʘʥʦʚ, ɸ.ʃ. ʇʨʠʦʨʦʚ, ɺ.ʀ. ɼʞʠʛʘʥ, 

ɺ.ɺ. ʍʨʷʱʝʚ; ʗʨʦʩʣ. ɻʦʩ. ʋʥ-ʪ ʇ.ɻ. ɼʝʤʠʜʦʚʘ. ï ʗʨʦʩʣʘʚʣʴ.: ʗʨɻʫ, 2013. ï 344ʩ. 

4. ʉʤʠʪ ɼ. ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʮʠʬʨʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʠʥʞʝʥʝʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ï ʄ.: ʄʘ-

ʰʠʥʦʩʪʨʦʝʥʠʝ, 1980. ï 271 ʩ. 
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ʂ.ɸ. ʃʦʛʠʥʦʚ, ʩʪʫʜ.; ʨʫʢ. ɸ.ʅ. ʂʦʥʘʢʦʚ, ʜʦʮʝʥʪ,ʜʦʮʝʥʪ;  

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ "ʅʀʋ "ʄʕʀ" ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʇʆɺɽʈʍʅʆʉʊʅʆ-ʀɿʃʋʏɸʖʑʀɽ ʀʅɾɽʂʎʀʆʅʅʓɽ ʄʀʂʈʆʃɸ-

ɿɽʈʓ 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʠʟʣʫʯʘʶʱʠʝ ʠʥʞʝʢʮʠʦʥʥʳʝ ʤʠʢʨʦʣʘʟʝʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʠʥʝʨʮʠʦʥʥʦʩʪʴ, ʟʝʨʢʘʣʘ ʨʝʟʦʥʘʪʦʨʘ , ʜʚʦʡʥʘʷ ʛʝʪʝʨʦ-

ʩʪʨʫʢʪʫʨʘ. 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʢʚʘʥʪʦʚʦʨʘʟʤʝʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʫʩʠʣʝʥʠʷ Ŭɤ ʧʦʟʚʦʣʷʶʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʣʘʟʝʨʳ, ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ 

ʤʠʢʨʦʥ. ɺʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʠʥʞʝʢʮʠʦʥʥʳʡ ʣʘʟʝʨ, ʠʟʣʫʯʘʶʱʠʡ ʥʝ ʩ 

ʪʦʨʮʘ ʨ-ʧ ʧʝʨʝʭʦʜʘ, ʘ ʩ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʤʫ ʣʘʟʝʨʫ 

ʩ ʧʨʦʜʦʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʥʘʢʘʯʢʦʡ. ɼʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʝʦʙʭʦ-

ʜʠʤʘ ʩʨʝʜʘ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʫʩʠʣʝʥʠʷ Ŭɤ ʪʘʢ, ʯʪʦʙʳ Ŭɤ > 1/d, ʛʜʝ d 

ðʪʦʣʱʠʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʚ ʪʘʢʦʡ 

ʛʝʦʤʝʪʨʠʠ ʦʛʨʘʥʠʯʝʥʘ ʜʠʬʬʫʟʠʦʥʥʦʡ ʜʣʠʥʦʡ ʥʝʦʩʥʦʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʤʢʤ. ɿʝʨʢʘʣʘ ʨʝʟʦʥʘʪʦʨʘ ʜʦʣʞʥʳ ʙʳʪʴ 

ʥʘʥʝʩʝʥʳ ʥʘ ʠʟʣʫʯʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʧʫʩʢʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʪʦʢ. ʆʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳ. ʉʦʚʨʝʤʝʥʥʘʷ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚ ʝʜʠʥʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʣʘ-

ʟʝʨʘ, ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʚʝʨʪʠʢʘʣʴʥʦ-ʩʚʷʟʘʥʥʳʝ ʢʚʘʥʪʦʚʳʝ 

ʪʦʯʢʠ ʥʘ ʦʩʥʦʚʝ ʫʟʢʦʟʦʥʥʦʛʦ InGaAs ʚ ʤʘʪʨʠʮʝ GaAs ʠʣʠ Ga1-xAl xAs ʵʧʠʪʘʢʩʠ-

ʘʣʴʥʦʛʦ ʩʣʦʷ.  

 
ʈʠʩ. 1. ʇʦʚʝʨʭʥʦʩʪʥʦ-ʠʟʣʫʯʘʶʱʠʡ ʠʥʞʝʢʮʠʦʥʥʳʡ ʤʠʢʨʦʣʘʟʝʨ ʩ ʘʢʪʠʚʥʦʡ 

ʦʙʣʘʩʪʴʶ, ʩʦʜʝʨʞʘʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦ-ʩʚʷʟʘʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ ʟʘ ʩʯʝʪ ʩʪʷʛʠʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ ʢ ʫʨʦʚʥʷʤ ʨʘʟ-

ʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʩʠʣʫ ʦʩʮʠʣʣʷʪʦʨʘ 

ʜʣʷ ʨʝʟʦʥʘʥʩʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ð ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ 

ʧʦʢʘʟʘʪʝʣʷ ʧʦʛʣʦʱʝʥʠʷ kɤ ʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʠʥʚʝʨʩʠʠ ð ʧʦʢʘʟʘʪʝʣʷ 
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ʫʩʠʣʝʥʠʷ Ŭɤ. ɿʝʨʢʘʣʘ ʨʝʟʦʥʘʪʦʨʘ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʯʝʨʝʜʫʶʱʠʭʩʷ ʯʝʪ-

ʚʝʨʪʴʚʦʣʥʦʚʳʭ ʩʣʦʝʚ ʩ ʨʘʟʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʣʦʤʣʝʥʠʷ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʦʧ-

ʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʫʜʦʚʣʝʪʚʦʨʷʣʘ ʫʩʣʦʚʠʶ: n1d1=n2d2=ɚ/4. ʊʘʢʠʝ ʤʥʦʛʦʩʣʦʡʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʨʘʙʦʪʘʶʪ ʢʘʢ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʟʝʨʢʘʣʘ. ʆʥʠ ʥʘʟʳʚʘʶʪʩʷ ʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʤʠ ʙʨʵʛʛʦʚʩʢʠʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ (ʈɹʆ) ʠ ʩʦʟʜʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʧʠʪʘʢ-

ʩʠʠ, ʥʘʧʨʠʤʝʨ ʩʣʦʝʚ GaAs ð Ga1-xAl xAs. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ R 

ʟʘʜʘʝʪʩʷ ʯʠʩʣʦʤ ʩʣʦʝʚ ʠ ʜʣʷ ʥʠʞʥʝʛʦ çʛʣʫʭʦʛʦè ʟʝʨʢʘʣʘ R = 1. ʇʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʵʪʠ ʞʝ ʟʝʨʢʘʣʘ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʘʟʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

1. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʠʟʣʫʯʘʶʱʠʭ ʣʘʟʝʨʘʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʨ-ʧ ʧʝʨʝʭʦʜʫ, ʘ ʚ ʧʣʦʩʢʦʩʪʠ 

ʨ-ʧ ʧʝʨʝʭʦʜʘ ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʘʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʭ, ʢʘʢ ʚ ʧʦ-

ʣʦʩʢʦʚʦʤ ʣʘʟʝʨʝ, ʥʦ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʪʦʥʢʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ (ʠʣʠ ʚʳʩʦʢʦ-

ʦʤʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ) ʩʣʦʝʚ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʦʭʦʜʠʪ ʪʦʣʴʢʦ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʝ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʩʢʝ. ɽʛʦ ʨʘʟʤʝʨʳ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʩʦʩʪʘʚʣʷʶʪ 

ʥʝʩʢʦʣʴʢʦ ʤʢʤ. ʇʦʩʢʦʣʴʢʫ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ 

ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 1000 ʩʤ
-1
, ʪʦ ʚ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʦʡʥʘʷ ʛʝ-

ʪʝʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʥʘʙʦʨ ʢʚʘʥʪʦʚʳʭ ʷʤ, ʢʚʘʥʪʦʚʳʭ ʥʠʪʝʡ ʠʣʠ ʢʚʘʥʪʦ-

ʚʳʭ ʪʦʯʝʢ. ʇʨʠʤʝʥʝʥʠʝ ʢʚʘʥʪʦʚʳʭ ʥʠʪʝʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʫʩʠʣʝʥʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʭ ʦʩʝʡ, ʘ ʦʩʦʙʝʥʦʩʪʠ ʚ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʦʷʥʠʡ 

ð ʙʦʣʴʰʦʡ ʧʦʢʘʟʘʪʝʣʴ ʫʩʠʣʝʥʠʷ ʚ ʫʟʢʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʆʜʥʘʢʦ ʠʭ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʘ ʯʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʪʦʤʫ 

ʘʢʪʠʚʥʘʷ ʦʙʣʘʩʪʴ ʤʠʢʨʦʣʘʟʝʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʠʪ ʠʣʠ ʥʘʙʦʨ ʢʚʘʥʪʦʚʳʭ ʷʤ 

ʠʣʠ ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴ-

ʟʫʶʱʝʡ ʵʬʬʝʢʪʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, çʩʢʣʘʜʠʨʫʶʪʩʷè ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʦʙʨʘʟʫʷ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʩʚʷʟʘʥʥʳʝ ʂʊ, ʥʘʧʨʠʤʝʨ InGaAs ʚ ʟʧʠʪʘʢʩʠʘʣʴʥʦʤ ʩʣʦʝ GaAs. 

2. ɼʣʠʥʘ ʨʝʟʦʥʘʪʦʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʘʟʝʨʘʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ 

ʜʣʠʥ ʚʦʣʥ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʙʩʪʚʝʥʥʳʤʠ ʪʠʧʘʤʠ ʢʦʣʝʙʘʥʠʡ ʚʝʣʠʢʦ, ʘ ʩʧʝʢʪʨ 

ʫʩʠʣʝʥʠʷ ð ʫʟʢʠʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʣʘʟʝʨʘ ʚ ʦʜʥʦʯʘ-

ʩʪʦʪʥʦʤ ʨʝʞʠʤʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʣʫʯʝʥʠʷ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʛʣʘʩʦʚʘʥʠʶ ʨʘʟʤʝʨʦʚ ʨʝʟʦ-

ʥʘʪʦʨʘ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ (ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʤʘʢʩʠʤʫʤʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ). 

ʇʦʚʝʨʭʥʦʩʪʥʦ-ʠʟʣʫʯʘʶʱʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ ʩʦʟʜʘʶʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʛʨʫʧʧʦʚʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʝʜʠʥʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʅʘ ʦʜʥʦʡ ʧʦʜʣʦʞʢʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʨʘʱʝʥʳ ʩʪʨʫʢʪʫʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʦʪʥʠ ʪʳʩʷʯ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʠʣʠ ʦʪʜʝʣʴʥʦ, ʥʝʟʘʚʠʩʠʤʦ, ʠʣʠ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʙʦʪʫ ʚʩʝʡ ʤʘʪʨʠʮʳ ʚ ʮʝʣʦʤ. ʈʘʙʦʯʠʡ ʪʦʢ ʦʪʜʝʣʴʥʦʛʦ ʤʠʢʨʦʣʘʟʝʨʘ 

ʥʝ ʧʨʝʚʳʰʘʝʪ ʝʜʠʥʠʮ ʤɸ ʧʨʠ ʧʦʨʦʛʦʚʦʤ ʪʦʢʝ ʜʝʩʷʪʳʝ ʠ ʩʦʪʳʝ ʜʦʣʠ ʤɸ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʦʡ ʤʠʢʨʦʣʘʟʝʨ ʫʜʦʙʥʦ ʩʪʳʢʫʝʪʩʷ ʩ ʦʧʪʠʯʝʩʢʠʤ ʚʦʣʦʢʥʦʤ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʠʟʣʫʯʝʥʠʷ. 
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ʆʙʣʘʜʘʷ ʤʘʣʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠʟʣʫʯʝʥʠʷ, ʧʦʚʝʨʭʥʦʩʪ-

ʥʦ-ʠʟʣʫʯʘʶʱʠʝ ʤʠʢʨʦʣʘʟʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 100 ɻʙʠʪ/ʩ. 

     ʊʘʢ ʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʶʱʘʷ ʠʟʤʝʥʷʪʴ ʠʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʦʟʚʦʣʷʶʱʠʝ  ʧʦʣʫʯʘʪʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʣʘʟʝʨʳ ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʩ ʪʨʝʙʫʝʤʦʡ ʫʛʣʦʚʦʡ ʨʘʩʭʦʜʠʤʦʩʪʴʶ. 

     ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥʥʳʡ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ʩ ʧʦʤʦʱʴʶ ʕɺʄ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ: 
ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʊʘʙʣʠʮʘ 1. 

ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ GaAs, n 3,6 

ɼʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ɚ, ʤʢʤ 0,85 

ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, , ɻʮ 1,510
13

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʚʥʫʪʨʠ ʨʝʟʦʥʘʪʦʨʘ, , 
 
ʤ

-1
 5Ț10

3
 

ʂʚʘʥʪʦʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, g 0,7 

ʊʦʣʱʠʥʘ ʘʢʪʠʚʥʦʡ ʦʙʣʘʩʪʠ, d, ʤʢʤ 5 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʪʦʨʮʦʚ, R 0,3 

ʐʠʨʠʥʘ ʘʢʪʠʚʥʦʡ ʟʦʥʳ (ʰʠʨʠʥʘ ʢʨʠʩʪʘʣʣʘ), W, ʤʢʤ 250 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʪʦʢʘ, Jʧʦʨ, ɸ/ʩʤ
2 

5000 

ʈʘʙʦʯʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʪʦʢʘ, Jʧʦʨ, ɸ/ʩʤ
2 

10000 

ʄʦʱʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʩʚʝʪʦʚʦʜʘ, Pʚʳʭ, ʤɺʪ 100 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʤʦʱʥʦʩʪʠ ʚ ʩʚʝʪʦʚʦʜʝ, Ŭ, ʜɹ/ʢʤ 0,3 

 

 
 

ʈʠʩ.2. ɺʥʝʰʥʠʡ ʚʠʜ ʦʢʥʘ ʧʨʦʛʨʘʤʤʳ. 
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1. ɹʦʨʝʡʰʦ ɸ.ʉ. ʃʘʟʝʨʳ. ʋʩʪʨʦʡʩʪʚʦ ʠ ʜʝʡʩʪʚʠʝ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ʄʝʭʘʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 1992.  

2. ɸʡʨʘʧʝʪʷʥ ɺ.ʉ., ʋʰʘʢʦʚ ʆ.ʂ. ʌʠʟʠʢʘ ʣʘʟʝʨʦʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʅʦʚʦʩʠʙʠʨʩʢ: ʉɻɻɸ, 2012.  

 

ʄ.ʉ. ʃʷʧʠʥ, ʩʪʫʜʝʥʪ, ʉ.ʀ. ɿʠʝʥʢʦ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ  ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʉʊʈʆɽʅʀʗ ʇʆɼʇɸʃʋɹʅʓʍ ɸɺɸʈʀʁʅʓʍ 

ʉɺɽʊʀʃʔʅʀʂʆɺ 
 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʧʦʩʪʨʦʝʥʠʷ ʧʦʜʧʘʣʫʙʥʳʭ ʘʚʘʨʠʡʥʳʭ ʩʚʝ-

ʪʠʣʴʥʠʢʦʚ. 

ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʘʚʘʨʠʷʤʠ, 

ʧʦʞʘʨʘʤʠ ʠ ʧʨʦʯʠʤʠ ʧʨʦʠʩʰʝʩʪʚʠʷʤʠ, ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʣʶʯʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʚ 

ʩʪʦʨʦʥʫ ʵʚʘʢʫʘʮʠʦʥʥʳʭ ʚʳʭʦʜʦʚ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʠ ʙʝʟ-

ʦʧʘʩʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʪʝʩʥʳʭ ʢʦʨʠʜʦʨʘʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʘʚʘʨʠʡʥʦʝ ʨʝ-

ʟʝʨʚʥʦʝ ʦʩʚʝʱʝʥʠʝ. 

ɸʚʘʨʠʡʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʵʪʦ ʨʝʟʝʨʚʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʨʠ ʦʪʢʘʟʝ ʦʩʥʦʚʥʦʛʦ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʦʩʥʘʱʝʥʦ 

ʩʫʜʥʦ.   

ʆʩʚʝʱʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ï ʜʦʣʞʥʦ ʙʳʪʴ ʘʢʪʠʚʠʨʦʚʘʥʦ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ 

ʦʩʥʦʚʥʦʛʦ ʩʚʝʪʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʘʭ ʠ ʧʨʦʯʠʭ ʧʦʤʝʱʝʥʠʷʭ, ʛʜʝ ʦʪʩʫʪ-

ʩʪʚʠʝ ʩʚʝʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ, ʧʦʞʘʨʫ ʠ ʧʨʦʯʠʤ ʏʇ. ʇʨʠ ʪʘʢʦʤ ʩʚʝʪʝ ʚʝʩʴ 

ʨʘʙʦʯʠʡ ʧʝʨʩʦʥʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʦʜʦʣʞʘʪʴ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʫ 

ʙʝʟ ʦʪʨʳʚʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʕʚʘʢʫʘʮʠʦʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʠʜʠʤʦʩʪʴ ʥʘ ʧʫʪʷʭ ʵʚʘʢʫʘʮʠʠ ʧʝʨ-

ʩʦʥʘʣʘ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʘʚʘʨʠʠ ʠʣʠ ʩʪʠʭʠʡʥʦʛʦ ʙʝʜʩʪʚʠʷ, ʢʦʛʜʘ 

ʏʇ ʧʨʠʚʝʣʦ ʢ ʦʪʢʣʶʯʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

ɸʚʘʨʠʡʥʳʝ ʠʩʪʦʯʥʠʢʠ ʥʘ ʛʨʫʟʦʚʳʭ ʩʫʜʘʭ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʠʪʘʥʠʝ ʘʚʘ-

ʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚʩʝʭ ʢʦʨʠʜʦʨʦʚ, ʪʨʘʧʦʚ ʠ ʚʳʭʦʜʦʚ ʠʟ ʩʣʫʞʝʙʥʳʭ ʧʦʤʝʱʝ-

ʥʠʡ. ɸ ʪʘʢʞʝ ʚ ʢʘʙʠʥʘʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʣʠʬʪʦʚ ʠ ʠʭ ʰʘʭʪʘʭ, ʤʘʰʠʥʥʳʭ ʦʪʜʝʣʝ-

ʥʠʷʭ, ʧʦʤʝʱʝʥʠʡ ʛʝʥʝʨʘʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʚʩʝʭ ʧʦʩʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʛʣʘʚʥʦʛʦ ʠ ʘʚʘʨʠʡʥʦʛʦ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʱʠʪʦʚ, ʧʦʤʝʱʝʥʠʡ ʘʚʘʨʠʡʥʦʛʦ ʜʠ-

ʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʘ, ʨʫʣʝʚʦʡ ʨʫʙʢʠ, ʰʪʫʨʤʘʥʩʢʦʡ ʨʫʙʢʠ ʠ ʨʘʜʠʦʨʫʙʢʠ, ʤʝʩʪ ʭʨʘ-

ʥʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʠʤʫʱʝʩʪʚʘ, ʧʦʞʘʨʥʦʛʦ ʠʥʚʝʥʪʘʨʷ, ʩʥʘʨʷʞʝʥʠʷ ʧʦʞʘʨʥʳʭ ʠ 

ʫʩʪʘʥʦʚʢʠ ʨʫʯʥʳʭ ʧʦʞʘʨʥʳʭ ʠʟʚʝʱʘʪʝʣʝʡ, ʧʦʤʝʱʝʥʠʷ ʨʫʣʝʚʦʛʦ ʧʨʠʚʦʜʘ, ʫ ʧʦ-

ʞʘʨʥʦʛʦ ʠ ʩʧʨʠʥʢʣʝʨʥʦʛʦ ʥʘʩʦʩʦʚ, ʘʚʘʨʠʡʥʦʛʦ ʦʩʫʰʠʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ ʠ ʤʝʩʪ 

ʫʩʪʘʥʦʚʢʠ ʧʫʩʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʤʝʱʝʥʠʡ ʛʨʫʟʦʚʳʭ ʥʘʩʦʩʦʚ, 

ʘʥʛʘʨʦʚ ʠ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʜʣʷ ʚʝʨʪʦʣʝʪʦʚ, ʧʦʤʝʱʝʥʠʷ ʛʠʨʦʢʦʤʧʘʩʘ, ʤʝʜʠʮʠʥ-

ʩʢʠʭ ʧʦʤʝʱʝʥʠʡ. 

ʉʚʝʪʠʣʴʥʠʢ ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʜʘʣʝʝ ʩʚʝʪʠʣʴʥʠʢ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ 

ʧʦʜʧʘʣʫʙʥʳʭ ʠ ʜʨʫʛʠʭ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝ-
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ʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʘʶʱʝʡ ʠ ʦʪʢʣʶʯʝʥʥʦʡ ʧʠʪʘʶʱʝʡ 

ʩʝʪʠ. 

ʉʚʝʪʠʣʴʥʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʝʪʠ ʦʩʥʦʚʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʦʩʪʦʷʥʥʳʡ ʧʦʜʟʘʨʷʜ ʙʘʪʘʨʝʡ. ʇʨʠ ʦʪʢʣʶʯʝʥʠʠ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ, ʧʠ-

ʪʘʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʦʜʫʣʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʩʚʝ-

ʪʠʣʴʥʠʢ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ ʠ ʩʥʠʞʘʝʪ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʜʦ 50% ʦʪ 

ʥʦʨʤʠʨʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ. ɽʤʢʦʩʪʠ ʙʘʪʘʨʝʡ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʤʦʜʫʣʝʡ ʥʝ ʤʝʥʝʝ 1 ʯʘʩʘ. 

ʉʚʝʪʠʣʴʥʠʢ ʨʘʩʩʯʠʪʘʥ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʤʘʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʨʘʡʦʥʦʚ, ʢʘʢ ʩ ʫʤʝʨʝʥʥʦ-ʭʦʣʦʜʥʳʤ, ʪʘʢ ʠ ʪʨʦʧʠʯʝʩʢʠʤ ʤʦʨʩʢʠʤ ʢʣʠʤʘʪʦʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʜʣʷ ʩʫʜʦʚ ʧʦʛʨʘʥʠʯʥʦʛʦ ʨʘʡʦʥʘ ʧʣʘʚʘʥʠʷ, ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢ-

ʪʦʨʦʚ ʛʨʫʧʧʳ 2.1.2 ɻʆʉʊ ʈɺ 20.39.304-98: ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ: ʨʘ-

ʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 5 ʜʦ 50Áʉ, ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʤʠʥʫʩ 5 ʜʦ ʧʣʶʩ 70Áʉ, ʢʨʦʤʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʦʚ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 - ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʅʦʨʤʘ 

1 ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ, ɺ 220 
+10

/-15 % 

2 ʏʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ɻʮ 50Ñ1 

3 ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ɺĀɸ, ʥʝ ʙʦʣʝʝ 50 

4 ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʥʝ ʤʝʥʝʝ, ʣʤ 2300 

5 ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʨʠ ʨʘʙʦʪʝ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʥʝ ʤʝʥʝʝ, ʣʤ  1200 

6 ɺʨʝʤʷ ʨʘʙʦʪʳ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʥʝ ʤʝʥʝʝ, ʯ 1 

ʇʨʠʤʝʯʘʥʠʝ  ɿʥʘʯʝʥʠʷ ʩʚʝʪʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʳ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʨʝʞʠʤʘʭ 

ʧʠʪʘʥʠʷ ʩʚʝʪʠʣʴʥʠʢʘ. 

ʊʘʢ ʢʘʢ ʩʚʝʪʠʣʴʥʠʢ ʥʘʮʝʣʝʥ ʥʘ ʨʘʙʦʪʫ ʩʫʜʦʚ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʩʝ 

ʤʦʜʫʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚ ʜʦʣʞʥʳ  ʙʳʪʴ ʧʨʠʥʷʪʳ ʩʧʝʮʠʘʣʴʥʳʤ ʚʝʜʦʤʩʪʚʦʤ.

  

ɺ ʩʚʷʟʠ ʩ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʚʝʪʠʣʴʥʠʢʘ, ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʨʘʙʦʪʘ 

ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ (ɸʂɹ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʜʘʪʴʩʷ ʚʦʧʨʦʩʦʤ ʦ ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʭ ʧʨʠʙʦʨʘ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʘʢʢʫʤʫʣʷʪʦʨ, ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʤʠʢʨʦ-ʕɺʄ.   

ʆʙʟʦʨ ʥʘʯʥʝʤ ʩ ʤʠʢʨʦ-ʕɺʄ. ʇʠʪʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʠʤ-

ʧʫʣʴʩʥʳʡ AC/DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 220/24 ʦʪʢʫʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʨʷʜʘ ɸʂɹ. 

ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʘʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ɸʂɹ ʧʨʠʤʝʥʷʝʪʩʷ ʩʪʘʙʠʣʠʟʘʪʦʨ 

24/24, ʩ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʠʪʘʥʠʝ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ ʠ ʫʧʨʘʚ-

ʣʷʶʱʝʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʂʦʥʪʨʦʣʴ ʥʘʜ ʨʘʙʦʪʦʡ ʠʟʜʝʣʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʠʢʨʦ-ʕɺʄ, ʢʦʪʦʨʘʷ ʧʨʦ-

ʚʦʜʠʪ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ɸʂɹ, ʢʦʥʪʨʦʣʴ ʥʘʣʠʯʠʷ ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʥʪʨʦʣʴ ʥʘʣʠʯʠʷ ʟʘʨʷʜʥʦʛʦ ʪʦʢʘ, ʢʦʥʪʨʦʣʴ ʪʦʢʘ ʩʚʝʪʦʦʧʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ, ʘ ʪʘʢ 

ʞʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ɸʂɹ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʩʝʪʝʚʦʛʦ ʧʠʪʘʥʠʷ ʠ ʥʠʟʢʦʛʦ ʟʘʨʷʜʘ ɸʂɹ ʤʠʢʨʦ-ʕɺʄ ʧʨʦʚʦ-

ʜʠʪ ʚʢʣʶʯʝʥʠʝ ʟʘʨʷʜʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ɸʂɹ ʜʦ ʥʦ-
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ʤʠʥʘʣʘ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʢʣʶʯʘʝʪʩʷ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʨʷʜʘ ʤʠʢʨʦ-ʕɺʄ ʢʦʥ-

ʪʨʦʣʠʨʫʝʪ ʪʦʢ ʟʘʨʷʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʨʧʫʩʘ ɸʂɹ ʠ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʣʠʙʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʥʝʤʝʜʣʝʥʥʦʝ ʦʪʢʣʶʯʝʥʠʝ 

ɸʂɹ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʠʢʨʦ-ʕɺʄ ʪʘʢ ʞʝ ʘʢʪʠʚʠʨʫʝʪ ʪʦʢʦʚʳʡ 

ʜʨʘʡʚʝʨ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʧʠʪʘʥʠʷ ʩʚʝʪʦʦʧʪʠʯʝʩʢʦʛʦ ʙʣʦʢʘ. ʇʨʠ ʧʨʦ-

ʧʘʜʘʥʠʠ ʩʝʪʝʚʦʛʦ ʧʠʪʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘ ʨʝʟʝʨʚʥʳʡ 

ʠʩʪʦʯʥʠʢ (ɸʂɹ) ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʪʦʢʦʚʦʛʦ ʜʨʘʡʚʝʨʘ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʝʪʝʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʟʘʨʷʜʘ ɸʂɹ ʙʣʠʟʢʦ 

ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ, ʤʠʢʨʦ-ʕɺʄ ʧʨʦʠʟʚʝʜʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʢʣʶʯʝʥʠʝ 

ʚʩʝʭ ʩʠʩʪʝʤ. 

ʇʦʚʪʦʨʥʳʡ ʟʘʧʫʩʢ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʘʯʝʡ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜ ʠʟʜʝʣʠʷ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʘʤʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʩ   ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ  ʷʚʣʷʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʩʚʠʥʮʦʚʦ-ʢʠʩʣʦʪʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 

ʆʥʠ, ʥʘʧʨʠʤʝʨ,  ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʚ ʩʠʩʪʝʤʘʭ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʥʦ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ  ʧʝʨʝʢʘʯʢʠ ʙʦʣʴʰʠʭ 

ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ ʚ ʝʞʝʜʥʝʚʥʦʤ ʨʝʞʠʤʝ.  ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʨʳʥʢʝ ʧʦ-

ʷʚʠʣʠʩʴ ʣʠʪʠʡ ʠʦʥʥʳʝ (ʃʀɸ) ɸʂɹ. 

ɺʳʩʦʢʘʷ ʨʝʘʢʪʠʚʥʦʩʪʴ  ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʣʠʪʠʷ ʠʥʪʝʨʢʘʣʠʨʦʚʘʪʴ (ʧʨʦʥʠʢʘʪʴ) 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʚ ʘʪʦʤʥʳʭ 

ʩʚʷʟʷʭ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʧʦʵʪʦʤʫ ʩʣʫʞʠʪ ʠʜʝʘʣʴʥʳʤ ʥʘʢʦʧʠʪʝʣʝʤ. 

 ɺ ʚʠʜʫ ʤʘʣʦʡ ʝʤʢʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʚʝʪʠʣʴʥʠʢʘʭ 

ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʥʘʠʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠ-

ʙʦʨʳ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ï LED. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ  ï ʵʪʦ ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʥʘʰʝʛʦ ʧʨʠʙʦʨʘ, ʪʘʢ ʞʝ  ʜʦʣ-

ʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʪʦʜʠʦ-

ʜʦʚ ʧʦʟʚʦʣʠʣʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʙʦʣʴʰʝ ʥʝ ʫʯʠʪʳʚʘʪʴ ʛʘʙʘʨʠʪʳ ʣʘʤʧ ʠ ʩʧʨʦʝʢ-

ʪʠʨʦʚʘʪʴ ʦʯʝʥʴ ʢʦʤʧʘʢʪʥʳʝ ʠʟʜʝʣʠʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʜʠʟʘʡʥʦʤ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʘ ʘʚʘʨʠʡʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʪʨʝ-

ʙʫʶʪʩʷ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʦʙʣʘʜʘʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʤʳʰʣʝʥ-

ʥʦʩʪʠ. 
ʃʠʪʝʨʘʪʫʨʘ: 
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ɼ.ɼ. ʄʘʨʪʳʥʦʚ, ʩʪʫʜ.; ʨʫʢ. ʉ.ɸ. ʆʙʨʘʟʮʦʚ, ʢ.ʪ.ʥ., ʜʦʮ. 

(ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʆʁ ʕʃɽʂʊʈʆʅʅʆʁ ʂʆʄʇʆʅɽʅʊʅʆʁ ɹɸɿʓ 

ɼʃʗ ʇʆʉʊʈʆɽʅʀʗ ʋʉʊʈʆʁʉʊɺ ʀʅʊɽʈʅɽʊɸ ɺɽʑɽʁ ʅɸ ʆʉʅʆɺɽ 

ʉɽʊʀ WI-FI  

 

ʀʥʪʝʨʥʝʪ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʦʥʠʢ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. ʉ ʝʛʦ ʨʘʟ-

ʚʠʪʠʝʤ ʧʦʷʚʠʣʠʩʴ ʠʜʝʠ ʫʤʥʳʭ ʜʦʤʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʙʳ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʩ ʩʘʡʪʘ ʠʣʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʩʤʘʨʪʬʦʥʝ. ɺ ʦʩʥʦʚʝ 

ʵʪʠʭ ʠʜʝʡ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚ ʩ ʯʝʣʦʚʝʢʦʤ ʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʳʤ ʢʦʤ-

ʧʦʥʝʥʪʦʤ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ, ʷʚʣʷʝʪʩʷ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʠʟ ʧʝʨʠ-

ʬʝʨʠʠ, ʠ ʥʘ ʝʸ ʦʩʥʦʚʝ ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʳ, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʝ ʚ ʝʛʦ ʧʘʤʷʪʴ, ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ  ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʜʢʣʶʯʝʥʠʷ ʝʛʦ ʢ ʠʥʪʝʨʥʝʪʫ. ɺʩʝ ʤʦʜʫʣʠ ʠʤʝʶʪ ʩʚʦʠ ʦʛʨʘʥʠ-

ʯʝʥʠʷ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʦʝʢʪ ʚʦʟʤʦʞʥʦ ʩ ʣʝʛʢʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʦʜʥʦʤ ʤʦʜʫʣʝ, 

ʥʦ ʥʘ ʜʨʫʛʦʤ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʦʢʘʞʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚ-

ʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʥʦʡ ʙʘʟʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʫʣʝʡ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʩʪʠ, ʦʜʥʠʤ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʤʦʜʫʣʝʡ ʷʚʣʷʝʪʩʷ ESP-01 (ʨʠʩ. 1ʘ), ʜʘʥʥʳʡ ʤʦʜʫʣʴ 

ʦʩʥʦʚʘʥ ʥʘ ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠʤʝʶʱʠʭ Wi-Fi 

ʠʥʪʝʨʬʝʡʩ ESP8266. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʛʦ ʤʠʢʨʦʢʦʥʪʨʦʣ-

ʣʝʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ ʧʨʦʛʨʘʤʤʳ ʠʟ ʚʥʝʰʥʝʡ 

flash-ʧʘʤʷʪʠ. ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ESP8266 ʷʚʣʷʝʪʩʷ: ʜʝʰʝʚʠʟʥʘ, ʫʥʠ-

ʚʝʨʩʘʣʴʥʦʩʪʴ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʨʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʪʘ 

ʠʥʪʝʛʨʘʮʠʠ ʚ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ɼʘʥʥʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʠʤʝʝʪ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʡ UART ʠʥʪʝʨʬʝʡʩ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʦʥ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ. ʀʟ ʥʝ-

ʜʦʩʪʘʪʢʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʤʘʣʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ, ʦʩʥʦʚʥʘʷ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 80 ʄɻʮ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʤʷʪʠ, ʢʘʢ ʦʧʝʨʘʪʠʚʥʦʡ,  ʪʘʢ ʠ 

flash-ʧʘʤʷʪʠ, ʧʝʨʚʳʝ ʚʝʨʩʠʠ ESP8266 ʚʳʧʫʩʢʘʣʠʩʴ ʩ 512 ʂʙʘʡʪ flash-ʧʘʤʷʪʠ, ʥʦ 

ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʙʠʙʣʠʦʪʝʢ, ʧʘʤʷʪʴ ʨʘʩʰʠʨʠʣʠ ʜʦ 16 ʄʙʘʡʪ. ʄʦʜʫʣʴ 

ESP-01 ʚʳʧʦʣʥʝʥ ʥʘ ʧʣʘʪʝ ʩ 8 ʚʳʚʦʜʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ 4 ʷʚʣʷʶʪʩʷ GPIO ʧʦʨʪʘʤʠ, 2 

ʚʳʚʦʜʘ ʚʳʜʝʣʝʥʳ ʧʦʜ ʧʠʪʘʥʠʝ ʠ 2 ʚʳʚʦʜʘ ʷʚʣʷʶʪʩʷ UART ʠʥʪʝʨʬʝʡʩʦʤ, ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʜʫʣʷ. ʀʟ-ʟʘ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʚʦʜʦʚ ESP-01 ʧʦʜʭʦʜʠʪ 

ʪʦʣʴʢʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ: ʊʝʨʤʦʤʝʪʨ, ʧʝʨʝʜʘʶʱʠʡ 

ʧʦʢʘʟʘʥʠʷ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʠʣʠ ʣʘʤʧʦʯʢʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪʩʷ ʠʣʠ ʚʳʢʣʶʯʘʝʪʩʷ 

ʧʦ ʥʘʞʘʪʠʶ ʢʥʦʧʢʠ ʚ ʩʤʘʨʪʬʦʥʝ. ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʫʣʝʤ ESP-01 ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʧʦʤʦʱʴʶ ɸʊ-ʢʦʤʘʥʜ, ʜʣʷ ʵʪʦʛʦ ʤʦʜʫʣʴ ʥʫʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʢʦʤʧʴʶʪʝʨʫ ʯʝʨʝʟ 

USB-UART ʧʝʨʝʭʦʜʥʠʢ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ, ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʤʦʜʫʣʷ ʥʫʞʥʦ 

ʥʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʠ ʧʨʦʰʠʪʴ ʝʛʦ, ʜʣʷ ʵʪʦʛʦ ʧʦʜʦʡʜʸʪ Arduino IDE. 
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ʀʟ-ʟʘ ʤʘʣʝʥʴʢʦʛʦ ʯʠʩʣʘ GPIO ʧʦʨʪʦʚ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 

ʦʩʥʦʚʝ ESP-01 ʥʝʚʦʟʤʦʞʥʘ, ʘ ʥʘ ʜʨʫʛʠʭ ʤʦʜʫʣʷʭ ʦʩʥʦʚʘʥʥʳʭ ʥʘ ESP8266 ʟʘ-

ʪʨʫʜʥʠʪʝʣʴʥʘ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ESP8266 ʩʦʟʜʘʣ ʥʦʚʫʶ ʤʦʜʝʣʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ 

ESP32, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʦʜʫʣʝ ESP-WROOM-32 (ʨʠʩ. 1ʙ), ʜʘʥʥʳʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʣʫʯʰʝ ʩʚʦʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʧʦ ʚʩʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ESP32 ʨʘʙʦʪʘʝʪ ʥʘ ʯʘʩʪʦʪʝ 160 ʄɻʮ, ʠʤʝʝʪ 448 ʂʙʘʡʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʦʪ 1 

ʜʦ 64 ʄʙʘʡʪ flash-ʧʘʤʷʪʠ. ʅʦ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʜʘʥʥʳʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ 36 GPIO ʧʦʨʪʦʚ. ɺʩʪʨʦʝʥʥʳʡ Bluetooth ʤʦʜʫʣʴ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʣʶʟʦʚ ʠʣʠ ʩʦʚʤʝʩʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʠʩʧʦʣʴʟʫʶ-

ʱʠʤʠ Wi-Fi ʠ Bluetooth ʩʝʪʠ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʫʣʝʡ ʥʘ ʦʩʥʦʚʝ ESP32 ʤʦʞʥʦ ʨʝʘ-

ʣʠʟʦʚʘʪʴ ʦʪ ʙʝʛʫʱʝʡ ʩʪʨʦʢʠ, ʜʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʦʤʥʘʪʳ, 

ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʬʝʨʠʠ. ʄʦʜʫʣʴ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ 

ʯʝʨʝʟ ʚʩʪʨʦʝʥʥʳʡ UART ʠʥʪʝʨʬʝʡʩ, ʧʦʵʪʦʤʫ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʜʢʣʶʯʠʪʴ ʝʛʦ ʢ ʢʦʤʧʴʶʪʝʨʫ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ Arduino C, Lua, MicroPython ʠ Espruino, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʫʜʦʙʥʫʶ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ. 

 
ʈʠʩʫʥʦʢ 6 ï ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʪʨʝʙʫʶʱʠʭ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦ-

ʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʧʣʘʪʥʫʶ ʤʠʢʨʦʕɺʄ Raspberry Pi, ʥʝʢʦ-

ʪʦʨʳʝ ʤʦʜʝʣʠ, ʠʤʝʶʱʠʝ Wi-Fi ʤʦʜʫʣʴ, ʪʘʢʠʝ ʢʘʢ: 3A+ , 3B ʠ 3B+  ʩʥʘʙʞʝʥʳ 

4-ʷʜʝʨʥʳʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ ʦʪ 1.2 ʜʦ 1.4 ɻɻʮ. ʅʘʣʠʯʠʝ 40 

GPIO ʧʦʨʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʬʝʨʠʡʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʆʜ-

ʥʦʡ ʠʟ ʣʫʯʰʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʷʚʣʷ-

ʝʪʩʷ Raspberry Pi 3B+  (ʨʠʩ. 1ʚ), ʜʘʥʥʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ Wi-Fi ʤʦʜʫʣʴ, ʨʘʙʦʪʘʶʱʠʡ 

ʧʦ ʩʪʘʥʜʘʨʪʫ 802.11ac, ʯʪʦ ʧʦʟʚʦʣʷʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʪ 433 

ʄʙʠʪ/c ʜʦ 6.77 ɻʙʠʪ/ʩ, ʘ ʪʘʢ ʞʝ Bluetooth ʤʦʜʫʣʴ. ɺʤʝʩʪʝ ʤʦʜʫʣʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ 

ESP32 ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʢʘʢ ʰʣʶʟ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʜʨʫʛʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʠʩʧʦʣʴʟʫʶʱʠʤʠ Wi-Fi ʠʣʠ Bluetooth. ʋʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ 1 

ɻʙʘʡʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʧʦʜʜʝʨʞʢʫ Micro-SD ʢʘʨʪ ʧʘʤʷʪʠ ʜʣʷ ʟʘʛʨʫʟʢʠ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʭʨʘʥʝʥʠʷ ʬʘʡʣʦʚ. Raspberry Pi ʩʧʦʩʦʙʝʥ ʚʳʧʦʣʥʷʪʴ 

ʬʫʥʢʮʠʠ ʢʘʢ ʤʠʢʨʦ-ʢʦʤʧʴʶʪʝʨʘ, ʪʘʢ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʦʪ ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʷʶʱʠʭ ʦʜʥʠʤ 

ʜʘʪʯʠʢʦʤ ʜʦ ʩʝʨʚʝʨʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠ 
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ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨʪʦʚ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʩʣʦʞʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ.  

 ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʟʫʣʴʪʘʪ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʦʜʫʣʝʡ. 

ʊʘʙʣʠʮʘ 1 ï ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ 
ʄʦʜʫʣʴ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ESP-01 

ʅʠʟʢʘʷ ʮʝʥʘ 

ʂʦʤʧʘʢʪʥʦʩʪʴ ʧʣʘʪʳ 

ʂʦʣʠʯʝʩʪʚʦ FLASH ʦʪ 1 ʜʦ 

16 ʄɹʘʡʪ 

ʇʦʤʝʭʠ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ 

ʄʘʣʘʷ ʪʘʢʪʦʚʘʷ ʯʘʩʪʦʪʘ 80 ʄɻʮ 

ʄʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ GPIO ʧʦʨʪʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ROM 50 ʂʙʘʡʪ 

ESP32 

ʂʦʣʠʯʝʩʪʚʦ GPIO ʧʦʨʪʦʚ 

ʏʘʩʪʦʪʘ 160 ʄɻʮ 

ʂʦʣʠʯʝʩʪʚʦ ROM 448 ʂʙʘʡʪ 

ʂʦʣʠʯʝʩʪʚʦ FLASH ʦʪ 1 ʜʦ 

64 ʄʙʘʡʪ 

ʅʘʣʠʯʠʝ Bluetooth ʤʦʜʫʣʷ 

ʇʦʤʝʭʠ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ 

ɹʦʣʴʰʦʡ ʨʘʟʤʝʨ ʦʪʣʘʜʦʯʥʦʡ 

ʧʣʘʪʳ 

 

Raspberry Pi 3B+ 

ʂʦʣʠʯʝʩʪʚʦ GPIO ʧʦʨʪʦʚ 

ʏʘʩʪʦʪʘ 1.4 ɻɻʮ 

ʂʦʣʠʯʝʩʪʚʦ ROM 1 ɻʙ 

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ Mi-

cro-SD ʢʘʨʪ ʧʘʤʷʪʠ 

 

ɺʳʩʦʢʘʷ ʮʝʥʘ 

ʇʦʤʝʭʠ ʥʘ ʯʘʩʪʦʪʝ 2.4 ɻɻʮ 

ɹʦʣʴʰʦʡ ʨʘʟʤʝʨ ʧʣʘʪʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʚʳʙʦʨʝ ʤʦʜʫʣʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʥʫʞʥʦ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ. ʅʘʧʨʠʤʝʨ, ʤʦʜʫʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʧʦʧʫʣʷʨʥʳʭ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ ESP8266 ʠ ESP32, ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ çʋʤʥʦʛʦ ʜʦʤʘè, ʘ Raspberry Pi ʧʦʜʦʡʜʸʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʭʨʘʥʥʳʭ 

ʩʠʩʪʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 
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ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʧʨʦʜʫʢʪ, ʵʢʩʪʨʘʢʮʠʷ 

 

https://esp8266.ru/download/esp8266-doc/april-2015/2B-ESP8266__SDK__IOT_Demo_EN_v0.5.pdf
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ʆʩʥʦʚʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʘʞʥʝʡʰʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʧʠʱʝʚʦʡ, ʤʝʜʠʮʠʥʩʢʦʡ, 

ʭʠʤʠʯʝʩʢʦʡ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ, ʢʦʩʤʝʪʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ ʵʢʩʪʨʘʢʮʠʠ. ʀʟ ʘʥʘʣʠʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʩʪʦʝʢ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʚʣʠ-

ʷʶʱʠʤ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʣʫʯʘʝʤʳʤ ʧʨʦʜʫʢʪʘʤ 

ʥʝʦʙʭʦʜʠʤʦ  ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʵʢʩʪʨʘʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʩʧʠʨʪʦʚʳʭ ʥʘʩʪʦʝʚ 

ʢʝʜʨʦʚʦʛʦ ʦʨʝʭʘ. ʉʦʦʪʥʦʰʝʥʠʝ ʦʨʝʭʦʚ ʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʦʩʴ 1:20 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʛʣʘʩʥʦ ʊʋ ʣʠʢʝʨʦʚʦʜʦʯʥʦʛʦ ʟʘʚʦʜʘ, ʠʟʛʦʪʘʚʣʠ-

ʚʘʶʱʝʛʦ ʜʘʥʥʫʶ ʧʨʦʜʫʢʮʠʶ.   ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ï 50%. 

ʅʘʩʪʦʷ ʛʦʪʦʚʠʣʠʩʴ ʚ ʩʪʝʢʣʷʥʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʢʦʣʙʘʭ ʩ ʧʣʦʪʥʦʡ ʧʨʦʙʢʦʡ. ʂʦʣʙʳ 

ʭʨʘʥʠʣʠʩʴ ʚ ʪʝʤʥʦʤ ʧʨʦʭʣʘʜʥʦʤ ʤʝʩʪʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʧʨʠʥʠʤʘʝʤ ʩʣʝʜʫʶʱʠʝ ʥʘʩʪʦʠ: ʦʙʨʘʟʝʮ 1 ï ʙʝʟ ʧʨʠ-

ʤʝʥʝʥʠʷ ʉɺʏ-ʠʟʣʫʯʝʥʠʷ; ʦʙʨʘʟʝʮ 2 ï ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥʫʪʳ; ʦʙ-

ʨʘʟʝʮ 3 ï ʉɺʏ-ʠʟʣʫʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ. 

ɺʩʝ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠʩʴ ʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ. ʂʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʥʘʩʪʦʝʚ ʧʨʦʚʝʨʷʣʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: 

1. ʇʦʜʛʦʪʦʚʢʘ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʞʠʜʢʦʩʪʠ ʠ ʦʨʝʭʦʚ. 

2. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘʩʪʦʝʚ. 

3. ʀʟʤʝʨʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʪʦʝʚ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʚ ʪʝʯʝʥʠʝ 30 ʩʫʪʦʢ. 

4. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ çʌʣʶʦ-

ʨʘʪ-02-ʇʘʥʦʨʘʤʘè ɻʨʘʬʠʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʪ 

ʩʨʘʚʥʠʚʘʪʴ  ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦ 

ʧʦʣʫʯʝʥʥʳʤ ʩʧʝʢʪʨʘʤ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʢʘʢʦʝ ʚʝʱʝʩʪʚʦ ʣʶʤʠʥʝʩʮʠʨʫʶʪ, 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʚʝʱʝʩʪʚ [1-4]. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ (1ʜʝʥʴ) 
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ʈʠʩʫʥʦʢ  2 ï ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ 

(14ʜʝʥʴ) 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʩʢʘʥʠʨʦʚʘʥʠʠ (30 ʜʝʥʴ) 

 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʛʨʘʬʠʢʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʝʤ 

ʚʝʱʝʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʩʝ ʙʦʣʴʰʝ. ɼʘʥʥʳʡ ʤʘʢʩʠʤʫʤ ʠʤʝʝʪ ʙʦʣʝʝ ʧʦʣʦʛʫʶ 

ʬʦʨʤʫ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʣʦʭʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʣʶʤʠʥʝʩʮʠʨʦʚʘʪʴ ʪʝʤʥʳʝ ʚʝʱʝʩʪʚʘ. 

ɼʘʥʥʳʡ ʬʘʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʠʟʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʦʪʦʢʘ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟ-

ʣʫʯʝʥʠʷ, ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʝʱʝʩʪʚʦʤ. ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ 3 ʩʪʘʥʦ-

ʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳʤ ʥʘ 14 ʩʫʪʢʠ ʥʘʩʪʘʠʚʘʥʠʷ. ɼʘʣʝʝ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɿʥʘʯʠʪ, ʠʩʧʦʣʴʟʫʷ ʉɺʏ-ʦʙʨʘʙʦʪʢʫ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʩʪʘʠʚʘʥʠʷ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʜʦ 14 ʩʫʪʦʢ, ʚʤʝʩʪʦ 30 

ʩʫʪʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʦ ʊʋ. 
ʃʠʪʝʨʘʪʫʨʘ 

1. ɽʛʦʨʦʚ ɸ. ʅ., ʉʠʜʦʨʦʚʘ ɸ. ʀ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʩʪʦʝʚ // ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʵʥʝʨʛʝ-

ʪʠʢʘ ʠ ʵʢʦʥʦʤʠʢʘ. ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠ-

ʨʘʥʪʦʚ. ɺ 3-ʭ ʪʦʤʘʭ. 2017 ʩ. 157-160. 

2. ʃʦʧʘʯʝʚ ɽ. ɸ., ɽʨʤʦʣʘʝʚʘ ʊ. ɸ., ɹʝʣʷʢʦʚ ʄ. ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʣʠʛʥʠʥʘ ʥʘʩʪʦʝʚ ʦʨʝʭʘ ʢʝʜʨʘ // 
ʇʠʚʦ ʠ ʥʘʧʠʪʢʠ, 2017, ˉ4, ʩ. 48-51. 

3. ʉʘʤʘʨʠʥ ʄ. ɼ., ʂʫʣʠʢʦʚʘ ʄ. ɻ., ɹʝʣʷʢʦʚ ʄ. ɺ. ʇʨʠʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʧʠʱʝʚʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚ  // ʉOLLOQUIUM-JOURNAL, 2017 , ˉ6-1(6) , ʩ. 55-58. 

4. ɹʝʣʷʢʦʚ ʄ. ɺ., ʂʫʣʠʢʦʚʘ ʄ. ɻ., ʅʦʚʠʢʦʚʘ ʄ. ɸ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ 
ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ // ʕʥʝʨʛʝʪʠʢʘ, ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʥʦʚʘʮʠʠ ï 2016: ʉʙ. ʪʨʫʜʦʚ VI 

ʄʝʞʜ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ. - ʉʤʦʣʝʥʩʢ: ʋʥʠʚʝʨʩʫʤ, 2016. ïʪ. 2, ʉ.107-112. 

 

https://elibrary.ru/item.asp?id=29709684
https://elibrary.ru/item.asp?id=29709684


138 

ɽ.ɺ. ʄʘʪʳʯʝʥʢʦʚ, ʩʪʫʜ.; ʨʫʢ. ɼ.ʉ. ʈʘʩʩʢʘʟʘ, ʘʩʩ. 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʊɽʁʅɽʈɸ-ɼʆɿɸʊʆʈɸ ʃɽʂɸʈʉʊɺɽʅʅʓʍ 

ʉʈɽɼʉʊɺ ɼʃʗ ʃʖɼɽʁ ʉ ʆɻʈɸʅʀʏɽʅʅʓʄʀ ɺʆɿʄʆɾʅʆʉʊʗʄʀ 
 

ʉʦʙʣʶʜʝʥʠʝ ʜʦʟ ʠ ʩʨʦʢʦʚ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʫʨʩʦʤ, 

ʥʘʟʥʘʯʝʥʥʳʤ ʚʨʘʯʦʤ, ʯʘʩʪʦ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʣʘʛʦ-

ʧʨʠʷʪʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʣʝʯʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʛʨʘ-

ʬʠʢʘ ʠ ʜʦʟʠʨʦʚʢʠ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʩʤʝʨʪʠ ʧʦ-

ʯʪʠ 200000 ʝʚʨʦʧʝʡʮʝʚ ʝʞʝʛʦʜʥʦ. ɺ ʈʦʩʩʠʠ ʧʦ ʩʪʘʪʠʩʪʠʢʝ 37% ʣʶʜʝʡ, ʢʦʪʦʨʳʤ 

ʚʳʧʠʩʳʚʘʶʪ ʣʝʢʘʨʩʪʚʘ, ʥʝ ʩʦʙʣʶʜʘʶʪ ʨʝʞʠʤ ʠʭ ʧʨʠʝʤʘ. 

ʆʩʦʙʝʥʥʦ ʧʦʜʚʝʨʞʝʥʳ ʨʠʩʢʫ ʣʶʜʠ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʤʦʟʛʘ, ʥʘʟʳʚʘʝʤʳʤʠ ñʩʪʘʨʯʝʩʢʠʤʠò (ʙʦʣʝʟʥʴ ɸʣʴʮ-

ʛʝʡʤʝʨʘ, ʨʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ, ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ).  

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʪʝʡʥʝʨʘ-ʜʦʟʘʪʦʨʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴ-

ʥʦʡ ʟʘʜʘʯʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ð ʩʦʨʪʠ-

ʨʦʚʢʘ ʪʘʙʣʝʪʦʢ ʠ ʠʭ ʚʳʜʘʯʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʮʝʧʪʦʤ ʠ ʢʫʨʩʦʤ ʣʝʯʝʥʠʷ, ʧʨʦ-

ʧʠʩʘʥʥʳʤʠ ʚʨʘʯʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʣʶʯʘʝʪʩʷ ʧʨʷʤʦʡ ʢʦʥʪʘʢʪ ʙʦʣʴʥʦʛʦ ʩ 

ʤʝʜʠʮʠʥʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʦʟʠʨʦʚʢʠ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʟʚʫʢʦʚʦʝ ʠ ʚʠʟʫʘʣʴʥʦʝ 

ʦʧʦʚʝʱʝʥʠʝ ʦ ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ ʣʝʢʘʨʩʪʚʘ. 

 

 

ʈʠʩʫʥʦʢ 7 ð ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʋʟʝʣ ʩʦʨʪʠʨʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʚʨʘʱʘʶʱʫʶʩʷ ʧʣʘʪʬʦʨʤʫ ʩ ʦʪʩʝʢʘʤʠ 

ʜʣʷ ʪʘʙʣʝʪʦʢ (ʨʠʩʫʥʦʢ 2). ɺ ʢʘʞʜʳʡ ʦʪʩʝʢ ʧʦʤʝʱʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʠʜ ʪʘʙ-

ʣʝʪʦʢ, ʚ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʟʘʥʦʩʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʛʦ ʦʪʩʝʢʘ 

ʚʠʜʫ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ.  
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ʈʠʩʫʥʦʢ 8 ð ʄʦʜʝʣʴ ʧʨʦʪʦʪʠʧʘ ʩʠʩʪʝʤʳ ʩʦʨʪʠʨʦʚʢʠ 

  ɺʨʘʱʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʝʨʚʦʧʨʠʚʦʜʘ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʥʘʧʨʦʪʠʚ ʧʦʨʰʥʷ ʦʢʘʟʳʚʘʝʪʩʷ  ʦʜʠʥ ʠʟ ʦʪʩʝʢʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʚʳ-

ʪʘʣʢʠʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʙʣʝʪʦʢ. ɼʝʡʩʪʚʠʝ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʩʣʝ-

ʜʫʶʱʠʭ ʦʪʩʝʢʦʚ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʪʩʷ ʥʘʙʦʨ ʪʘʙʣʝʪʦʢ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʮʝʧʪʫ, 

ʟʘʥʝʩʝʥʥʦʤʫ ʚ ʧʘʤʷʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. ʇʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʚʦ-

ʧʨʠʚʦʜ Tower Pro MG995 (ʨʠʩʫʥʦʢ 3), ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 

ʦʪ 0 ʜʦ 180 ʛʨʘʜʫʩʦʚ ʠ ʠʤʝʝʪ ʤʦʤʝʥʪ 9,4 ʢʛ/ʩʤ. 

 

 
ʈʠʩʫʥʦʢ 9 ð ʉʝʨʚʦʧʨʠʚʦʜ Tower Pro MG995 

ʇʦʨʰʝʥʴ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ 28byj-48 (ʨʠʩʫʥʦʢ 4). 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʨʰʥʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠ ʧʦʤʦʱʠ ʰʘʛʦʚʦʛʦ 

ʚʠʥʪʘ. ʇʣʶʩʘʤʠ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʧʦʣʦ-

ʞʝʥʠʷ ʧʦʨʰʥʷ, ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʜʝʞʥʦʩʪʴ. 
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ʈʠʩʫʥʦʢ 10 ð ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28byj-48 

ɿʚʫʢʦʚʦʝ ʦʧʦʚʝʱʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʧʨʠʝʤʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʣʘ-

ʥʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʟʚʫʢʦʚʦʛʦ ʧʴʝʟʦ-ʠʟʣʫʯʘʪʝʣʷ HPA17A (ʨʠʩʫ-

ʥʦʢ 5). 

 

ʈʠʩʫʥʦʢ 5 ð ʇʴʝʟʦ-ʠʟʣʫʯʘʪʝʣʴ ʟʚʫʢʘ HPA17A 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʠʷ, ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

ʫʩʪʨʦʡʩʪʚʘ, ʚʳʙʨʘʥʘ ʢʦʤʧʦʥʝʥʪʥʘʷ ʙʘʟʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʚʝʜʝʪʩʷ ʜʘʣʴʥʝʡʰʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʫʩʪʨʦʡʩʪʚʘ: ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ,  ʩʦʩʪʘʚʣʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤ. 
ʃʠʪʝʨʘʪʫʨʘ: 

1.  ʉʝʨʚʦʧʨʠʚʦʜ Tower Pro MG995 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ], -ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.servodatabase.com/servo/towerpro/mg9953 ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 24.02.2019). 
   

2. ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 28BYJ-48-5V [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ], -ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.zi-zi.ru/docs/modules/info_28BYJ-48-5V_ULN2003.pdf  ʩʚʦʙʦʜʥʳʡ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 27.02.2019). 

 

http://www.servodatabase.com/servo/towerpro/mg9953
http://www.zi-zi.ru/docs/modules/info_28BYJ-48-5V_ULN2003.pdf
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ʉ.ʆ. ʄʠʪʠʯʢʠʥ, ʩʪʫʜ.; ʉ.ɸ. ʆʙʨʘʟʮʦʚ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

(ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʅʀʋ çʄʕʀè ʚ ʛ. ʉʤʦʣʝʥʩʢʝ) 

 

ʈɸɿʈɸɹʆʊʂɸ ɸʃɻʆʈʀʊʄɸ ʆɹʅɸʈʋɾɽʅʀʗ ʇʈʆʇʋʉʂɸ ɿɺɽʅʔɽɺ ɺ 

ʎɽʇʆʏʂɽ ɾɸʃʖɿʀ 

ʅʘ ʩʝʛʦʜʥʷʰʥʝʡ ʜʝʥʴ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʞʘʣʶʟʠ, ʫʧʨʘʚʣʝʥʠʝ ʢʦ-

ʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʮʝʧʦʯʢʠ, ʟʚʝʥʴʷ ʢʦʪʦʨʦʡ ʤʦʛʫʪ 

ʠʤʝʪʴ ʩʘʤʫʶ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʥʦ ʩʦʩʪʦʷʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʧʣʘʩʪʤʘʩʩʳ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ.  

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝʧʦʯʢʠ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ, ʠ ʨʘʟʙʠʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ:  

 ʨʘʟʤʘʪʳʚʘʥʠʝ ʥʠʪʢʠ, ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʫʪ ʟʘʧʨʝʩʩʦʚʳʚʘʪʴʩʷ ʟʚʝʥʴʷ ʮʝʧʦʯʢʠ; 

 ʧʣʦʪʥʦʝ ʩʤʳʢʘʥʠʝ ʧʨʝʩʩ-ʬʦʨʤʳ;  

 ʣʠʪʴʸ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʬʦʨʤʫʶʱʠʝ ʧʦʣʦʩʪʠ;  

 ʨʘʟʤʳʢʘʥʠʝ ʧʨʝʩʩ-ʬʦʨʤʳ; 

 ʚʳʪʷʛʠʚʘʥʠʝ ʮʝʧʦʯʢʠ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ; 

 ʥʘʤʦʪʢʘ ʮʝʧʦʯʢʠ ʥʘ ʢʘʪʫʰʢʠ. 

ʀʟ ʚʩʝʭ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʵʪʘʧʦʚ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ, ʥʘʠʙʦʣʴʰʠʝ 

ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʵʪʘʧʝ ʣʠʪʴʷ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʬʦʨʤʫʶʱʠʝ 

ʧʦʣʦʩʪʠ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ: 

 ʧʨʠʤʝʩʠ, ʚʭʦʜʷʱʠʝ ʚ ʤʘʪʝʨʠʘʣ; 

 ʜʘʚʣʝʥʠʝʤ, ʩ ʢʦʪʦʨʳʤ ʣʴʸʪʩʷ ʤʘʪʝʨʠʘʣ; 

 ʚʨʝʤʷ, ʦʪʚʦʜʠʤʦʝ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʤʘʪʝʨʠʘʣʘ. 

ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʧʦʩʪʦʷʥʥʳ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʦʜʥʫ ʠʟ ʬʦʨʤʫʶʱʠʭ ʧʦʣʦʩʪʝʡ ʤʦ-

ʞʝʪ ʥʝ ʟʘʣʠʪʴʩʷ ʤʘʪʝʨʠʘʣ, ʘ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʝʜʸʪ ʢ ʧʨʦʧʫʩʢʫ ʟʚʝʥʘ ʚ 

ʮʝʧʦʯʢʝ ʞʘʣʶʟʠ. 

ʆʙʝʩʧʝʯʠʪʴ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝʧʦʯʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʤʝʨʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʧʨʦʧʫʩʢʦʚ ʟʚʝʥʴʝʚ. 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʝʡ ʦʧʠʩʘʪʴ ʦʜʠʥ ʠʟ 

ʵʪʘʧʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝʧʦʯʢʠ, ʘ ʠʤʝʥʥʦ ʵʪʘʧ ʚʳʪʷʛʠʚʘʥʠʷ ʮʝʧʦʯʢʠ ʠʟ 

ʧʨʝʩʩ-ʬʦʨʤʳ.  

ɽʩʪʴ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʚʳʪʷʥʫʪʴ ʮʝʧʦʯʢʫ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ. ɼʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʦʧʠʩʳʚʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʩʧʦʩʦʙ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʣ ʙʳ ʥʝʧʨʝʨʳʚʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʧʦʣʦʞʝʥʠʶ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʯʘʩʪʦʪʦʡ, ʜʘʥʥʳʝ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʨʘʱʝʥʠʝ ʚ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʝʨʝʜʘ-

ʯʘʤʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʩ ʢʦʪʦʨʦʡ ʜʦʣʞʥʳ ʧʦʩʳʣʘʪʴʩʷ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝ-

ʥʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ, ʩ ʢʦʪʦʨʦʡ ʚʳʪʷʛʠʚʘʝʪʩʷ ʮʝʧʴ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʚʝʥʘ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ. ʂʦʥʝʯʥʘʷ ʬʦʨʤʫʣʘ 
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ʨʘʩʯʸʪʘ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʙʫʜʝʪ ʨʘʟʣʠʯʥʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʟʚʝʥʘ, ʚ 

ʜʘʥʥʦʡ ʞʝ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʬʦʨʤʘ ï ʬʦʨʤʘ ʰʘʨʘ. 

ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘ ʤʠʥʠʤʘʣʴʥʫʶ ʠʩʩʣʝʜʫʝʤʫʶ ʜʣʠʥʫ ʧʨʠʭʦʜʠʣʦʩʴ ʢʘʢ 

ʤʠʥʠʤʫʤ ʜʚʘ ʜʠʩʢʨʝʪʥʳʭ ʦʪʩʯʸʪʘ ʩ ʜʘʥʥʳʤʠ ʦ ʧʦʣʦʞʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʤʝʞʜʫ ʧʝʨʝʜʘʯʘʤʠ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʨʘʩʩʯʠ-

ʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

)2,1min(2 LL

v
T , ʛʜʝ v  ï ʩʢʦʨʦʩʪʴ ʚʳʪʷʛʠʚʘʥʠʷ ʮʝʧʦʯʢʠ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ, 1L  

ï ʜʠʘʤʝʪʨ ʰʘʨʠʢʘ, 2L  ï ʜʣʠʥʘ ʥʠʪʠ ʤʝʞʜʫ ʰʘʨʠʢʘʤʠ, T  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʝʨʝʜʘʯʘʤʠ. 

 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ ʥʘ ʨʠʩ. 

1. 

 

 

 

  

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ 

ʂʘʞʜʳʝ ʜʠʩʢʨʝʪʥʳʝ ʦʪʩʯʸʪʳ ʚʨʝʤʝʥʠ ʫʩʪʨʦʡʩʪʚʦ, ʚʳʪʷʛʠʚʘʶʱʠʝ ʮʝʧʦʯʢʫ 

ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ, ʧʝʨʝʜʘʸʪ ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ ʜʘʥʥʳʝ (ʥʘ ʨʠʩ. 1 ʧʦʢʘ-

ʟʘʥʳ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ) ʦ ʩʚʦʸʤ ʪʝʢʫʱʝʤ ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ-

ʢʦʪʦʨʦʡ ʪʦʯʢʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʳʤ. ʋʧʨʘʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣ-

ʣʝʨ, ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʜʩʯʠʪʳʚʘʝʪ ʦʙʱʫʶ ʜʣʠʥʫ ʟʦʥʳ ʰʘʨʠʢʘ ʠ 

ʟʦʥʳ ʥʠʪʠ, ʟʘ ʪʝʤ, ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʨʘʩʯʸʪʦʚ, ʜʝʣʘʝʪ ʚʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪ-

ʩʫʪʩʪʚʠʠ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠ ʧʨʦʧʫʩʢʘ ʟʚʝʥʘ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʨʘʟʣʠʯʠʪʴ ʟʦʥʫ ʰʘʨʠʢʘ ʠ ʟʦʥʫ ʥʠʪʠ  ʪʨʝʙʫʝʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʩʪʦ-

ʷʥʥʦ ʩʢʘʥʠʨʫʶʱʝʝ ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʥʝʸ ʮʝʧʦʯʢʫ ʠ ʧʝʨʝʜʘʶʱʝʝ ʥʘ ʫʧʨʘʚʣʷ-

ʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ ʜʘʥʥʳʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʟʚʝʥʘ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʪʨʝʙʫʝʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 2.  

 

 

 

 

ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ, ʪʨʝʙʫʝʤʦʡ ʜʣʷ ʨʘʙʦʪʳ ʦʧʠʩʳʚʘʝʤʦʛʦ ʘʣ-

ʛʦʨʠʪʤʘ, 1 ï ʫʩʪʨʦʡʩʪʚʦ, ʩʢʘʥʠʨʫʶʱʝʝ ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʥʝʸ ʮʝʧʦʯʢʫ, 2 ï ʚʳʪʷʛʠʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʧʦʣʦʞʝʥʠʶ, 3 ï ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ. 

1 2 

3 
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ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʧʠʩʘʥʠʶ ʘʣʛʦʨʠʪʤʘ ʧʦʜʩʯʸʪʘ 

ʧʨʦʧʫʩʢʘ ʟʚʝʥʴʝʚ ʚ ʮʝʧʦʯʢʝ ʞʘʣʶʟʠ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʚʳʪʷʛʠʚʘʥʠʷ ʮʝʧʦʯʢʠ ʠʟ ʧʨʝʩʩ-ʬʦʨʤʳ, 

ʚʳʪʷʛʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʥʘʯʘʪʴ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʦ ʩʚʦʸʤ ʪʝʢʫʱʝʤ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ. ʇʨʠ ʧʨʠʸʤʝ ʜʘʥʥʳʭ ʦ ʪʝʢʫʱʝʤ 

ʧʦʣʦʞʝʥʠʠ ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ ʜʦʣʞʝʥ ʨʘʩʩʯʠʪʘʪʴ ʧʨʠʨʘʱʝʥʠʝ ʤʝʞʜʫ 

ʪʝʢʫʱʠʤ ʠ ʧʨʝʜʳʜʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʣʝʨ ʜʦʣʞʝʥ, ʧʦ 

ʜʘʥʥʳʤ ʦʪ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʟʚʝʥʘ ʠʣʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ 

ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ ʟʘʪʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʜ-

ʩʯʠʪʘʪʴ ʪʝʢʫʱʫʶ ʜʣʠʥʫ ʥʠʪʢʠ, ʣʠʙʦ ʟʚʝʥʘ. ɽʩʣʠ ʪʝʢʫʱʘʷ ʜʣʠʥʘ ʥʠʪʠ ʧʨʝʚʦʩ-

ʭʦʜʠʪ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʙʥʘʨʫʞʝʥ ʧʨʦʧʫʩʢ ʟʚʝʥʘ. 

ɽʩʣʠ ʪʝʢʫʱʘʷ ʜʣʠʥʘ ʟʚʝʥʘ ʧʨʝʚʦʩʭʦʜʠʪ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʵʪʦ ʟʥʘ-

ʯʠʪ, ʯʪʦ ʟʥʘʯʠʪ ʦʙʥʘʨʫʞʝʥʦ ʥʘʣʠʯʠʝ ʟʚʝʥʘ. 

ɹʣʦʢ ï ʩʭʝʤʘ ʦʧʠʩʳʚʘʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 

ʥʘʯʘʣʦ

ʇʦʣʫʯʝʥʦ ʪʝʢʫɦ ʝʝ 

ʧʦʣʦʞʝʥʠʝ ʚrʪ̫ʛʠʚʘʁ ʝɦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ?

ʉʢʘʥʠʨʫʁ ʝɦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʚr ʚ̫ʠʣʦ ʥʘʣʠʯʠʝ ʟʚʝʥʘ?

ʇʦʜʩʯyʪ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ 

ʪʝʢʫɦ ʠʤ ʠ ʧʨʝʜrʜʫɦ ʠʤ 

ʟʥʘʯʝʥʠʝʤ ʧʦʣʦʞʝʥʠ̫

ʇʨʠʙʘʚʣʝʥʠʝ ʢ ʪʝʢʫɦ ʝʡ 

ʜʣʠʥʝ ʥʠʪʠ ʧʦʩʯʠʪʘʥʥʦʡ 

ʨʘʟʥʦʩʪʠ

ʊʝʢʫɦ ʘ̫ ʜʣʠʥʘ ʥʠʪʠ 

ʙʦʣɹ ʝh ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ?

ɺr ʚ̫ʣʝʥ 

ʧʨʦʧʫʩʢ ʟʚʝʥʘ

ʢʦʥʝʮ

ʢʦʥʝʮ

ʜʘ

ʥʝʪ

ʜʘ

ʜʘ

ʥʝʪ

ʥʝʪ

 

ʈʠʩʫʥʦʢ 3 ï ɹʣʦʢ ï ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʧʫʩʢʘ ʟʚʝʥʴʝʚ ʚ ʮʝʧʦʯʢʝ ʞʘʣʶʟʠ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

   ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʮʝʧʦʯʝʢ ʞʘʣʶʟʠ ʥʝ ʠʜʝʘʣʝʥ ʠ ʚ ʭʦʜʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʧʨʦʧʫʩʢʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʟʚʝ-
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ʥʴʝʚ, ʘ ʟʥʘʯʠʪ, ʪʨʝʙʫʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʮʝʧʦʯʢʫ ʥʘ ʥʘʣʠʯʠʝ 

ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʯʪʦʙʳ ʟʘʪʝʤ ʫʩʪʨʘʥʷʪʴ ʠʭ; 

   ɼʣʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʸʭ ʫʩʪʨʦʡʩʪʚ: ʩʢʘʥʠʨʫʶʱʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ, ʚʳʷʚʣʷʶʱʝʛʦ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʟʚʝʥʘ, ʚʳʪʷʛʠʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʸʪʳ ʠ ʧʦʜʩʯʸʪʳ; 

   ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʚʳʷʚʣʷʪʴ ʧʨʦʧʫʩʢʠ ʟʚʝʥʴʝʚ 
ʣʶʙʦʡ ʬʦʨʤʳ ʧʨʠ ʚʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʛʨʘʥʠʯʥʳʭ (ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ) ʟʥʘ-

ʯʝʥʠʡ ʜʣʠʥʳ ʥʠʪʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʆʉʊʈʆɽʅʀʗ ʉɺɽʊʆʉʀɻʅɸʃʔʅʓʍ ɸʕʈʆ-

ɼʈʆʄʅʓʍ ʉɺɽʊʀʃʔʅʀʂʆɺ 

 

 ʉʚʝʪʦʩʠʛʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʘʵʨʦʜʨʦʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʘʜʢʠ ʚʦʟ-

ʜʫʰʥʳʭ ʩʫʜʦʚ (ɺʉ) ʢʘʢ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʵʪʘʧʘ ʧʦʣʝʪʘ. 

ʇʦʩʘʜʢʘ ɺʉ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ʧʠʣʦʪ ʭʦʨʦʰʦ ʚʦʩʧʨʠʥʠʤʘʝʪ ʟʝʤʥʳʝ 

ʦʨʠʝʥʪʠʨʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʚʠʟʫʘʣʴʥʦʤʫ ʧʦʣʝʪʫ. ʅʦʯʴʶ ʠ ʚ ʩʣʦʞʥʳʭ ʤʝʪʝʦ-

ʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʥʝʤ, ʢʦʛʜʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʟʝʤʥʳʝ ʦʨʠʝʥʪʠʨʳ ʥʝ 

ʚʠʜʥʳ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʘʤ, ʦʩʦʙʝʥʥʦ 

ʥʘ ʧʦʩʣʝʜʥʠʭ ʵʪʘʧʘʭ ʧʦʩʘʜʢʠ (ʧʣʘʥʠʨʦʚʘʥʠʝ, ʚʳʨʘʚʥʠʚʘʥʠʝ, ʧʨʠʟʝʤʣʝʥʠʝ ʠ 

ʧʨʦʙʝʛ). ʇʠʣʦʪ, ʫʩʪʘʥʦʚʠʚ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʩ ʟʝʤʣʝʡ, ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ɺʉ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ (ɺʇʇ), ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʴ ɺʇʇ, ʫʜʘʣʝʥʠʝ ʜʦ 

ɺʇʇ, ʧʣʦʩʢʦʩʪʴ ʛʦʨʠʟʦʥʪʘ, ʦʙʦʟʥʘʯʝʥʠʝ ɺʇʇ, ʤʝʩʪʦ ʧʨʠʟʝʤʣʝʥʠʷ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʧʨʦʙʝʛʘ ʧʦʩʣʝ ʧʦʩʘʜʢʠ). ʉʚʝʪʦʩʠʛʥʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʨʘʜʠʦʩʨʝʜʩʪʚʘʤʠ ʩʠʩʪʝʤ ʧʦʩʘʜʢʠ ʥʘ ʘʵʨʦʜʨʦʤʝ ʦʙʝʩʧʝʯʠʚʘʝʪ: 

 ʢʦʥʝʯʥʳʡ ʵʪʘʧ ʟʘʭʦʜʘ ʥʘ ʧʦʩʘʜʢʫ;  

 ʧʦʩʘʜʢʫ ʠ ʚʟʣʝʪ ɺʉ ʥʦʯʴʶ ʠ ʜʥʝʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʘʵʨʦ-

ʜʨʦʤʘ ʤʠʥʠʤʫʤʘʭ; 

 ʨʫʣʝʥʠʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʝʤ ɺʉ ʧʦ ʘʵʨʦʜʨʦʤʫ ʜʥʝʤ ʠ ʥʦʯʴʶ; 

 ʩʚʝʪʦʚʦʝ ʦʛʨʘʞʜʝʥʠʝ ʚʳʩʦʪʥʳʭ ʧʨʝʧʷʪʩʪʚʠʡ ʚ ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ. 

ʋʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʘʵʨʦʜʨʦʤʝ ʦʛʥʠ ʨʘʟʤʝʱʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ, ʦʥʠ ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʮʚʝʪʥʦʩʪʴ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʵʨʦʜʨʦʤʦʚ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ, 

ʯʪʦ ʩʚʝʪʠʣʴʥʠʢʠ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʛʫʣʷʨʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʣʝʪʦʚ 

ʩʘʤʦʣʝʪʦʚ ʘʚʠʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ, ʘ  ʪʘʢ ʞʝ ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʤʦʜʝʣʝʡ ʩʘʤʦʣʝʪʦʚ 
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ʪʨʝʙʫʶʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʭ 

ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ.   

ʈʘʩʩʤʦʪʨʠ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ ʘʵʨʦʜʨʦʤʦʚ.   

ʂʦʥʪʨʘʩʪʳ ʠ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʦʛʥʝʡ. ʇʨʠ ʟʨʠʪʝʣʴʥʦʤ 

ʦʧʦʟʥʘʚʘʥʠʠ ʧʨʝʜʤʝʪʘ ʥʘʙʣʶʜʘʪʝʣʴ ʚʥʘʯʘʣʝ ʦʙʥʘʨʫʞʠʚʘʝʪ ʝʛʦ ʚ ʧʦʣʝ ʟʨʝʥʠʷ, 

ʘ ʟʘʪʝʤ ʥʝ ʪʦʣʴʢʦ ʚʳʜʝʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ, ʥʦ ʠ ʨʘʟʣʠʯʘʝʪ ʝʛʦ ʬʦʨʤʫ (ʝʛʦ 

ʜʝʪʘʣʠ) ʠ ʮʚʝʪ. ɿʘʜʘʯʫ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ ʥʘ ʬʦʥʝ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʷʨʢʦ-

ʩʪʴʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʳʜʝʣʝʥʠʝ ʩʠʛʥʘʣʘ ʠʟ ʰʫʤʘ. ʐʫʤ ʩʦʟʜʘʝʪʩʷ 

ʧʦʩʪʦʨʦʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ, ʢʚʘʥʪʦʚʳʤʠ ʬʣʶʢʪʫʘʮʠʷʤʠ ʚʳʜʝʣʷʝʤʦʛʦ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʰʫʤʘʤʠ ʩʦʙʩʪʚʝʥʥʦʡ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʦʪ ʥʘʣʠʯʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʈʘʟʨʝʰʘʶʱʫʶ ʩʠʣʫ ʛʣʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʧʨʝʜʝʣʴʥʳʤ ʫʛʣʦʤ ɓ, ʪ.ʝ. ʫʛʣʦʚʳʤ ʨʘʟʤʝʨʦʤ ʥʘʠʤʝʥʴʰʝʛʦ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ 

ʝʱʝ ʨʘʟʣʠʯʘʝʪʩʷ ʦʪʜʝʣʴʥʦ. ɽʝ ʥʘʟʳʚʘʶʪ ʦʩʪʨʦʪʦʡ ʟʨʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʠʛ-

ʥʘʣʴʥʳʝ ʦʛʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʡ, ʪʦ ʦʥʠ ʚʦʩʧʨʠʥʠʤʘ-

ʶʪʩʷ ʢʘʢ ʪʦʯʝʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ. ʀʭ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ʦʮʝʥʠʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ ɸʣʣʘʨʘ [1]: 

, 

ʛʜʝ = N    ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ,  I   ʩʠʣʘ ʩʚʝʪʘ ʦʙʲʝʢʪʘ, l    

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ, ˍ    ʦʧʪʠʯʝʩʢʘʷ ʪʦʣʱʠʥʘ ʩʨʝʜʳ. 

ɽʱʝ ʦʜʥʠʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʠʜʠʤʦʩʪʴ ʩʠʛʥʘʣʴʥʳʭ ʦʛʥʝʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʝʤʥʠʢ 

(ʟʨʘʯʦʢ ʛʣʘʟʘ), ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʣʫʯʝʥʠʷ ʠ ʝʛʦ ʧʣʦʪʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 1 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʡʩʪʚʠʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ.  

 

ʈʠʩʫʥʦʢ 1-ʜʝʡʩʪʚʠʝ ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. 

ɺ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ ʦʛʥʷ, ʩ ʢʦʪʦʨʦʡ ʟʘʤʝʪʝʥ ʝʛʦ ʩʠʛʥʘʣ, ʧʦ-

ʣʦʞʝʥʳ ʜʘʥʥʳʝ ʦ ʩʚʝʪʦʚʳʭ ʠ ʮʚʝʪʦʚʳʭ ʧʦʨʦʛʘʭ. ʉʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʈʠʢʢʦ ʚʠʜʠ-

ʤʦʩʪʴ ʠʩʪʦʯʥʠʢʘ (ʝʩʣʠ ʫʛʦʣ ,̡ ʧʦʜ ʢʦʪʦʨʳʤ ʚʠʜʝʥ ʠʩʪʦʯʥʠʢ, ʥʝ ʧʨʝʚʳʰʘʝʪ 15'), 
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ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʝʛʦ ʷʨʢʦʩʪʠ L ʥʘ ʝʛʦ ʧʣʦʱʘʜʴ S, ʪ.ʝ. LĀS, ʧʦʩʢʦʣʴʢʫ 

LĀS=I (ʩʠʣʘ ʩʚʝʪʘ), ʘ  , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʨʦʛʦʚʘʷ ʚʠʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦʨʦʛʦʚʳʤ ʙʣʝʩʢʦʤ ʠʩʪʦʯʥʠʢʘ. ʅʘʙʣʶʜʘʪʝʣʴ ʚʠʜʠʪ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʝʩʣʠ ʙʣʝʩʢ 

ʝʛʦ ʥʝ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ɽ0, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʝʜʝʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ. ɽʩʣʠ ʥʘʙʣʶʜʘʪʝʣʴ ʠʟ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʥʘʯʠʥʘʝʪ 

ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʩʚʝʪʘ ,ʪʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʥ ʟʘʤʝʪʠʪ ʩʚʝʪ-

ʣʫʶ ʪʦʯʢʫ ʠ ʪʦʣʴʢʦ ʥʘ ʙʦʣʝʝ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʤʦʞʝʪ ʨʘʩʧʦʟʥʘʪʴ ʮʚʝʪ. 

ʎʚʝʪʦʚʦʡ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʙʣʝʩʢ, ʧʦʟʚʦʣʷʶ-

ʱʠʡ ʦʧʦʟʥʘʪʴ ʮʚʝʪ ʩʠʛʥʘʣʴʥʦʛʦ ʦʛʥʷ. ʆʧʪʠʯʝʩʢʘʷ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ʩʠʛ-

ʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʥʝʛʦ ʜʦ ʛʣʘʟʘ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʢʦʛʜʘ ʦʩʚʝʱʝʥʥʦʩʪʴ ʛʣʘʟʘ ʥʝ ʤʝʥʴʰʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ɽ0. ɼʣʷ 

ʨʘʩʯʝʪʘ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ ʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

 ʎʚʝʪʥʦʩʪʴ ʩʠʛʥʘʣʘ 

 ʇʨʝʨʳʚʠʩʪʦʩʪʴ 

 ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 

 ʌʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʩʠʛʥʘʣʴʥʳʭ ʟʥʘʢʦʚ ʩ ʫʨʦʚʥʷʤʠ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʢʦʥ-

ʪʨʘʩʪʦʚ ʤʝʞʜʫ ʵʪʠʤʠ ʟʥʘʢʘʤʠ ʠ ʬʦʥʦʤ 

 ʆʩʚʝʱʝʥʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ ʠʟʣʫʯʝʥʠʷ (ʛʣʘʟʘ) ʩʠʛʥʘʣʦʤ 

ʎʚʝʪʥʦʩʪʴ ʩʠʛʥʘʣʘ. ɺʳʙʦʨ ʮʚʝʪʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚʘʞʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ 

ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʨʘʟʣʠʯʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʝʥʠʷ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʘʩʥʳʡ ʮʚʝʪ, 

ʫ ʢʦʪʦʨʦʛʦ ʩʦʚʧʘʜʘʶʪ ʩʚʝʪʦʚʦʡ ʠ ʮʚʝʪʦʚʦʡ ʧʦʨʦʛʠ ʚʦʩʧʨʠʷʪʠʷ. ɽʛʦ ʣʝʛʢʦ ʧʦʣʫ-

ʯʠʪʴ ʠʩʧʦʣʴʟʫʷ ʬʠʣʴʪʨʘ ʠ ʢʨʘʩʢʠ. ɺʘʞʥʦ, ʯʪʦʙʳ ʦʪʜʝʣʴʥʳʝ ʮʚʝʪʘ ʧʨʠ ʚʦʩʧʨʠʷ-

ʪʠʠ  ʥʘʙʣʶʜʘʪʝʣʝʤ ʥʝ ʩʤʝʰʠʚʘʣʠʩʴ. ʄʝʨʦʡ ʢʦʥʪʨʦʣʷ ʩʣʫʞʘʪ ʧʦʨʦʛʠ ʮʚʝʪʦʚʦʛʦ 

ʢʦʥʪʨʘʩʪʘ. ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʥʘʠʙʦʣʝʝ ʜʘʣʝʢʦ ʦʪʩʪʦʷʪ ʦʪ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ ʞʝʣʪʳʝ 

ʠ ʟʝʣʝʥʳʝ ʦʛʥʠ,  ʪʘʢ ʞʝ ʤʦʛʫʪ ʜʦʧʦʣʥʷʪʴʩʷ ʩʠʥʠʤʠ ʠ ʦʨʘʥʞʝʚʳʤʠ ʮʚʝʪʘʤʠ. 

ʇʨʝʨʳʚʠʩʪʦʩʪʴ ʩʠʛʥʘʣʘ. ʇʨʝʨʳʚʠʩʪʳʝ ʦʛʥʠ ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʥʘ 

ʬʦʥʝ ʤʥʦʞʝʩʪʚʘ ʧʦʩʪʦʨʦʥʥʠʭ ʦʛʥʝʡ. ʊʘʢʦʡ ʩʠʛʥʘʣ ʙʦʣʝʝ ʟʘʤʝʪʝʥ ʚ ʪʫʤʘʥʝ ʟʘ 

ʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʷʨʢʦʩʪʠ ʬʦʥʘ ʧʨʠ ʨʘʩʩʝʷʥʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʝʤ 

ʥʝʧʨʝʨʳʚʥʳʡ ʩʠʛʥʘʣ. ʉʦʯʝʪʘʥʠʝʤ ʚʩʧʳʰʝʢ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʦʧʫʩ-

ʢʘʤʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʣʶʙʳʝ ʢʦʜʳ.  

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʧʫʥʢʪʦʤ ʷʚʣʷʝʪʩʷ ʷʨʢʦʩʪʴ ʘʵʨʦʜʨʦʤʥʳʭ ʦʛʥʝʡ.  

ʈʝʞʠʤ ʷʨʢʦʩʪʠ ʘʵʨʦʜʨʦʤʥʳʭ ʦʛʥʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʦʯʥʦʡ ʧʦʩʘʜʢʠ ʩʘʤʦʣʝʪʦʚ, ʪʘʢ ʢʘʢ ʚʠʟʫʘʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ 

ʟʘʚʠʩʠʪ ʦʪ ʜʘʣʴʥʦʩʪʠ ʠʭ ʚʠʜʠʤʦʩʪʠ ʠ ʯʝʪʢʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʡ 

ʢʘʨʪʠʥʳ.  ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʩʚʝʪʘ ʦʛʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʜʣʷ ʚʩʝʭ ʜʠʘʧʘʟʦʥʦʚ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʜʘʣʴʥʦʩʪʠ ʚʠʜʠʤʦʩʪʠ. ʆʙʳʯʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʩʠʣʳ ʩʚʝʪʘ ʦʛʥʝʡ 

ʫʚʝʣʠʯʠʚʘʝʪ ʜʘʣʴʥʦʩʪʴ ʚʠʜʠʤʦʩʪʠ ʪʦʣʴʢʦ ʜʦ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʝʣʦʚ, ʪʘʢ ʢʘʢ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʷʨʢʦʩʪʴ ʬʦʥʘ ʠʟ-ʟʘ ʨʘʩʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʦʡ 

ʠ ʩʥʠʞʘʝʪʩʷ ʢʦʥʪʨʘʩʪ. ʏʘʱʝ ʚʩʝʛʦ ʷʨʢʦʩʪʴ ʘʵʨʦʜʨʦʤʥʳʭ ʦʛʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʧʦ ʩʫʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʝ ʧʠʣʦʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. 
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ɼʣʷ ʢʦʥʪʨʦʣʷ ʷʨʢʦʩʪʠ ʘʵʨʦʜʨʦʤʥʳʭ ʦʛʥʝʡ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʦʩʥʦʚʘʥʥʦʝ 

ʥʘ ʩʨʘʚʥʝʥʠʠ ʷʨʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʛʥʝʡ, ʠʟʣʫʯʝʥʠʝ ʢʦʪʦʨʳʭ ʬʦʢʫʩʠʨʫʝʪʩʷ 

ʣʠʥʟʦʡ ʥʘ ʤʥʦʛʦʛʨʘʥʥʦʝ ʟʝʨʢʘʣʦ, ʚʨʘʱʘʝʤʦʝ ʤʦʪʦʨʦʤ. ʈʷʜʦʤ ʩ ʟʝʨʢʘʣʦʤ ʥʘʭʦ-

ʜʠʪʩʷ ʵʪʘʣʦʥʥʳʡ ʦʛʦʥʴ. ʉʨʘʚʥʠʚʘʷ ʯʝʨʝʟ ʧʨʠʝʤʥʠʢ ʠ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʦʙ-

ʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʷʨʢʦʩʪʴ ʘʵʨʦʜʨʦʤʥʳʭ ʦʛʥʝʡ ʩ ʷʨʢʦʩʪʴʶ ʵʪʘʣʦʥʥʦʛʦ ʦʛʥʷ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʩʚʝʪʘ ʦʛʥʝʡ, 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 ʊʘʢ ʞʝ ʚ ʧʦʩʪʨʦʝʥʠʠ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝʤʘʣʦʚʘʞʥʦ ʧʨʦʠʟʚʝʩʪʠ 

ʨʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ɻʆʉʊ 27.002-89, ɻʆʉʊ ɺɼ 20.39.312-85, ʊɿ ʥʘ ʢʦʤʧʣʝʢʩ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʣʝ-

ʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ: ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʜʦ ʦʪʢʘʟʘ; ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʟʘ ʚʨʝʤʷ ʦʜʥʦʡ ʩʤʝʥʳ (24 ʯʘʩʘ). ʈʘʩʯʝʪ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʠʟ-

ʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦ-

ʩʪʠ; ʚʳʷʚʣʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʣʠʤʠʪʠʨʫʶʱʠʭ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʠʙʦʨʘ. ʇʦʜ ʥʘʜʝʞʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʚʦʡʩʪʚʦ ʧʨʠʙʦʨʘ ʚʳʧʦʣ-

ʥʷʪʴ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʦʭʨʘʥʷʷ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʧʨʝʜʝʣʘʭ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʙʦʨ ʩʯʠʪʘʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ ʧʨʠ ʩʣʝ-

ʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: ʩʠʣʘ ʩʚʝʪʘ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʝ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʥʠʞʝ 

50% ʦʪ ʟʘʜʘʥʥʳʭ ʚ ʊɿ;  ʥʝ ʥʘʨʫʰʘʶʪʩʷ ʧʨʘʚʠʣʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʵʣʝʢʪʨʦ- ʠ ʧʦʞʘ-

ʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʚʝʪʦʩʠʛʥʘʣʴʥʳʭ ʘʵʨʦʜʨʦʤʥʳʭ ʩʚʝʪʠʣʴ-

ʥʠʢʦʚ ʪʨʝʙʫʝʪʩʷ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʘʷ ʘʧʧʘʨʘʪʫʨʘ ʦʙʣʘʜʘʶʱʘʷ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʞʝʩʪʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʪʢʨʳʪʦʤ 

ʚʦʟʜʫʭʝ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʷʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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 (ɺɸ ɺʇɺʆ ɺʉ ʈʌ ʛ.ʉʤʦʣʝʥʩʢ) 

 

ʉʆɺʈɽʄɽʅʅʓʁ ʇʆɼʍʆɼ ʂ ʈɸɿʈɸɹʆʊʂɽ Cʊɸʊʀʉʊʀʏɽʉʂʆʁ  

ʄʆɼɽʃʀ ʀɿʃʋʏɽʅʀʗ ɸʊʄʆʉʌɽʈʅʆɻʆ ʌʆʅɸ  

ɺ ɹʃʀɾʅɽʄ ʀʂ ɼʀɸʇɸɿʆʅɽ 
 

ʇʨʝʜʩʪʘʚʣʝʥ ʧʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦ-

ʜʝʣʴ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʧʘʩʩʠʚʥʳʤʠ ʦʧʪʠ-

ʢʦ-ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʬʦʥʘ ʚ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʜʝʣʝʥ ʧʨʠʟʥʘʢ, ʢʦʪʦ-

ʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʥ-

ʬʨʘʢʨʘʩʥʳʤʠ ʧʘʩʩʠʚʥʳʤʠ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʥʳʡ ʬʦʥ, ʙʣʠʞʥʠʡ ʀʂ ʜʠʘʧʘʟʦʥ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʠ-

ʩʪʝʤʘ, ʤʦʜʝʣʴ ʠʟʣʫʯʝʥʠʷ. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʚʦʦʨʫʞʝʥʥʳʝ ʢʦʥʬʣʠʢʪʳ ʦʪʣʠʯʘʶʪʩʷ ʩʢʦʨʦʪʝʯʥʦʩʪʴʶ ʠ 

ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʨʝʜʩʪʚ ʚʦʦʨʫʞʝʥʠʷ. ʆʧʳʪ ʙʦʝʚʳʭ ʜʝʡ-

ʩʪʚʠʡ ʚ ʉʠʨʠʡʩʢʦʡ ɸʨʘʙʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʨʘʩʰʠ-

ʨʝʥʠʶ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʧʃɸ) ʨʘʟ-

ʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʇʝʨʚʳʤ ʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʠ ɹʧʃɸ ʷʚʣʷʝʪʩʷ ʠʭ 

ʦʙʥʘʨʫʞʝʥʠʝ. ʆʜʥʘʢʦ ʦʙʥʘʨʫʞʝʥʠʝ ɹʧʃɸ ʪʠʧʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʦʡʩʢʦʚʦʡ 

ʇɺʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʦʨʘʟʨʝʰʠʤʫʶ ʟʘʜʘʯʫ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ-

ʤʝʥʝʥʠʷ ʘʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʣʦʢʘʮʠʠ ʙʝʟ ʨʘʩʢʨʳʪʠʷ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʇɺʆ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʨʘʩ-

ʩʝʷʥʠʷ (0,01 ï 0,001 ʤ
2
) ʠ ʤʘʣʳʭ ʚʳʩʦʪ ʧʦʣʝʪʘ ɹʧʃɸ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʧʘʩʩʠʚʥʳʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ (ʇʆʕʉ). ɼʘʣʴʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʪʘʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʤʦʞʥʦ ʦʮʝ-

ʥʠʪʴ ʧʫʪʸʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ 

(ʜʘʣʝʝ ʤʦʜʝʣʠ) ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ ʧʨʠ ʪʠʧʦʚʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʬʦʥʘ (ɸʌ) ʚ ʜʠʘʧʘʟʦʥʘʭ 

3ï5 ʠ 8ï13 ʤʢʤ ʫʞʝ ʧʦʣʫʯʝʥʳ ʠ ʦʧʠʩʘʥʳ [1, 2, 3, 4], ʦʜʥʘʢʦ ʜʣʷ ʙʣʠʞʥʝʛʦ ʀʂ 

ʜʠʘʧʘʟʦʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʘʢʠʭ ʤʦʜʝʣʷʭ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ [5] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ (ʧʝʨʝʠʟʣʫʯʝʥʠʷ) ɸʌ ʚ ʠʥʪʝʨʝʩʘʭ ʧʦʣʫʯʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʣʫʯʝʥʠʷ ɸʌ ʚ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʠ ʙʘʣʣʦʚ ʦʙʣʘʯʥʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ: 

1) ʠʟʤʝʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ɸʌ ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ ʠ ʧʝʨʠʦʜʳ 

ʩʫʪʦʢ; 

2) ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʤʦʜʝʣʝʡ ʠʟʣʫʯʝʥʠʷ ɸʌ. 

ʀʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ɸʌ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʀɺʂ), ʦʩʥʦʚʥʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʤʝʪʨ, ʦʩʥʘʱʝʥʥʳʡ ʩʢʘʥʠʨʫʶʱʠʤ ʟʝʨʢʘʣʦʤ 

(ʨʠʩʫʥʦʢ 1) [1]. 

ʉʢʘʥʠʨʫʶʱʝʝ ʟʝʨʢʘʣʦ ʧʨʦʠʟʚʦʜʠʪ ʦʙʟʦʨ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʨʠʩʫʥʦʢ 2), ʥʘʧʨʘʚʣʷʷ ʣʫʯʠʩʪʳʡ ʧʦʪʦʢ ʥʘ ʦʙʲʝʢʪʠʚ ʨʘʜʠʦʤʝʪʨʘ. ʃʫʯʠʩʪʳʡ ʧʦ-

ʪʦʢ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʬʦʪʦʨʝʟʠʩʪʦʨʝ 

(PbS). ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʨʝʜʫʩʠʣʠʪʝʣʴ ʠ 

ʜʘʣʝʝ ʥʘ ʚʭʦʜ ɸʎʇ, ʛʜʝ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʠ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ ʚ ʧʦʩʪʦʷʥʥʦʝ ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 
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ʈʘʜʠʦʤʝʪʨ

ʉʢʘʥʠʨʫʶʱʝʝ 

ʟʝʨʢʘʣʦ

 
 

ʈʠʩʫʥʦʢ 1 ï ʈʘʜʠʦʤʝʪʨ ʩʦ ʩʢʘʥʠʨʫʶʱʠʤ ʟʝʨʢʘʣʦʤ 

 

m

n

40Á 

Ů 

ɓ 

40Á 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ  

 

ɺʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʀɺʂ ʘʧʧʘʨʘʪʫʨʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ 

ʙʘʟʝ ʠ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

- ʰʠʨʠʥʘ ʧʦʣʷ ʟʨʝʥʠʷ ʨʘʜʠʦʤʝʪʨʘ ð 24 24 ʤʠʥʫʪ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʨʘʜʠʦʤʝʪʨʘ ð 1,25 10
7
 ɺĀʩʤ

2
Āʩʨ/ɺʪ; 

- ʧʦʨʦʛʦʚʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ  

0,658Ā10
-9
 ɺʪĀʩʤ

-2
Āʩʨ

-1
; 

- ʧʦʨʦʛʦʚʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ð 0,358 ʂ; 

- ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʷʨʢʦʩʪʝʡ ð 11%; 

- ʚʝʣʠʯʠʥʘ ʰʘʛʘ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʝʨʢʘʣʘ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʠ ʘʟʠʤʫʪʫ ð 30 ʤʠ-

ʥʫʪ. 



150 

ʈʝʟʫʣʴʪʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ɸʌ (ʢʘʜʨ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʚʫʤʝʨʥʳʡ ʤʘʩʩʠʚ (1), ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʫʨʦʚʥʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ɸʌ ʚ ʚʳʙʨʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʦ-

ʚʦʢʫʧʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʢʘʜʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʪʨʫʢ-

ʪʫʨʫ ʠʟʣʫʯʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ɸʌ. 

n,m,m,m

n,,,

n,,,

uuu

uuu

uuu

U

2

2222

2

2

21

22212

12111

. (1) 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʘʯʢʠ ʢʘʜʨʦʚ ʚ ʩʨʝʜʥʝʤ ʧʦ 30 ʰʪ. 

ɺʩʝʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 9 ʪʠʧʦʚ ʦʙʣʘʯʥʳʭ ʧʦʣʝʡ ʚ ʜʥʝʚʥʳʭ ʫʩʣʦʚʠʷʭ (ʢʫ-

ʯʝʚʦʡ (Cu) 1ï3 ʙʘʣʣʘ ï 87 ʰʪ., ʢʫʯʝʚʦʡ (Cu) 4ï6 ʙʘʣʣʦʚ ï 91 ʰʪ., ʢʫʯʝʚʦʡ (Cu) 7ï9 

ʙʘʣʣʦʚ ï 93 ʰʪ., ʩʣʦʠʩʪʦ-ʢʫʯʝʚʦʡ (Sc) ï 84 ʰʪ., ʚʳʩʦʢʦʢʫʯʝʚʦʡ (Ac) ï 73 ʰʪ., 

ʧʝʨʠʩʪʦ-ʢʫʯʝʚʦʡ (Cc)ï 85 ʰʪ., ʩʣʦʠʩʪʦʡ (St) ï 123 ʰʪ., ʧʝʨʠʩʪʦ-ʩʣʦʠʩʪʦʡ (Cs) ï 

118 ʰʪ., ʧʝʨʠʩʪʦʡ (Ci) ï 89 ʰʪ., ʷʩʥʦʛʦ ʥʝʙʘ ï 117 ʰʪ.). ʀʪʦʛʦ: ʧʦʣʫʯʝʥʦ 960 

ʢʘʜʨʦʚ ʠʟʣʫʯʘʶʱʝʛʦ ɸʌ. 

ɺ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʚʳʯʠʩʣʷʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʧʘʯʝʢ ʢʘʜʨʦʚ 

ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʠ ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ 

ʠ ʜʠʩʧʝʨʩʠʡ (ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ). 

ɼʣʷ ʦʮʝʥʢʠ ʤʘʩʰʪʘʙʥʦʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ɸʌ ʧʨʦʚʦʜʠʣʩʷ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʳʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ɸʌ. ʈʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʠ ʦʮʝʥʠʚʘʣʠʩʴ ʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ 

ʩʪʨʦʢʘʤ (ʧʦ ʫʛʣʫ ʤʝʩʪʘ), ʘ ʟʘʪʝʤ ʧʦ ʩʪʦʣʙʮʘʤ (ʧʦ ʘʟʠʤʫʪʫ). ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʫʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ɸʌ ʧʦ ʚʝʣʠʯʠʥʝ ʨʘʜʠʫʩʘ ʢʦʨʨʝʣʷʮʠʠ (ʫʛʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʫʨʦʚʥʶ 0,5). 

ʉʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʢʘʜʨʦʚ, ʤʘʩʩʠʚʦʚ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʩʨʝʜʥʝ-

ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ɸʌ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʳʭ ʤʘʪʨʠʮ ʧʦ ʩʪʨʦʢʘʤ ʠ ʧʦ ʩʪʦʣʙʮʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʝʡ ɸʌ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʣʘʯʥʳʝ ʧʦʣʷ ʤʦʞʥʦ ʨʘʟ-

ʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʨʘʟʤʝʨʘʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. 

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʪʝ ʪʠʧʳ ʦʙʣʘʯʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʤʝʣ-

ʢʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (5-18Á): ʢʫʯʝʚʘʷ (Cu), ʚʳʩʦʢʦʢʫʯʝʚʘʷ (Ac), ʧʝ-

ʨʠʩʪʦ-ʢʫʯʝʚʘʷ (Cc), ʧʝʨʠʩʪʘʷ (Ci) ʚʠʜʳ ʦʙʣʘʯʥʦʩʪʠ. 

ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʪʝ ʪʠʧʳ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʢʨʫʧʥʦʤʘʩ-

ʰʪʘʙʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (>30Á), ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨʳ ʧʦʣʫ-

ʯʝʥʥʳʭ ʢʘʜʨʦʚ: ʩʣʦʠʩʪʘʷ (St), ʩʣʦʠʩʪʦ-ʢʫʯʝʚʘʷ (Sc), ʧʝʨʠʩʪʦ-ʩʣʦʠʩʪʘʷ (Cs) ʚʠʜʳ 

ʦʙʣʘʯʥʦʩʪʠ. 
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ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʜʣʷ ʢʫʯʝʚʦʡ ʦʙʣʘʯʥʦʩʪʠ 

(Cu) ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʤʝʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʧʦ ʫʛʣʫ ʤʝʩʪʘ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳ 

ʜʣʷ ʚʩʝʭ ʙʘʣʣʦʚ ʦʙʣʘʯʥʦʩʪʠ ʠ ʨʘʚʥʳ 7Á-18Á. ɺ ʘʟʠʤʫʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʨʘʟʤʝʨʳ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʪʘʢʞʝ ʠʤʝʶʪ ʩʭʦʞʠʝ ʨʘʟʤʝʨʳ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 

5Á-15Á (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʌʀ ʦʪ 

ʫʛʣʦʚʦʛʦ ʩʜʚʠʛʘ ʧʦ ʩʪʨʦʢʘʤ (ʘ) ʠ ʧʦ ʩʪʦʣʙʮʘʤ (ʙ) ʜʣʷ ʢʫʯʝʚʦʡ ʦʙʣʘʯʥʦʩʪʠ (Cu) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʨʷʜ ʩʚʦʡʩʪʚ ʦʙʣʘʯʥʳʭ ʧʦʣʝʡ: 

1. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʪʠʧʳ ʦʙʣʘʯʥʳʭ ʧʦʣʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʩʴ ʥʘ ʜʚʘ ʪʠʧʘ, 

ʠʤʝʶʱʠʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ. 

2. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʬʫʥʢʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ (R(n), R(m)) ʦʙʣʘʯʥʳʭ ʧʦʣʝʡ ɸʌ ʠʤʝʶʪ ʟʥʘʯʠʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʨʦʢʘʤʠ ʠ ʩʪʦʣʙʮʘʤʠ. ʇʦ-

ʵʪʦʤʫ ʝʩʣʠ ʚ ʩʦʩʝʜʥʝʡ ʩʪʨʦʢʝ ʧʦʷʚʠʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ɹʧʃɸ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʢʘʢ 

ʪʦʯʝʯʥʳʡ ʦʙʲʝʢʪ (ʊʆ), ʪʦ ʦʞʠʜʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʪʨʦʢʘʤʠ ʠ ʩʪʦʣʙʮʘʤʠ. ʇʦʜ ʊʆ 

ʠʟʦʙʨʘʞʝʥʠʷ ɹʧʃɸ ʧʦʥʠʤʘʝʪʩʷ ʤʘʣʦʨʘʟʤʝʨʥʳʡ ʦʙʲʝʢʪ, ʠʟʦʙʨʘʞʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʚʧʠʩʳʚʘʝʪʩʷ ʚ NÒ5 ʧʠʢʩʝʣʝʡ ʢʘʜʨʘ [5-7]. 

3. ʋʛʣʦʚʳʝ ʨʘʟʤʝʨʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʙʣʘʯʥʳʭ ʧʦʣʝʡ ɸʌ 

ʦʛʨʘʥʠʯʝʥʳ ʚʝʣʠʯʠʥʘʤʠ ʨʘʜʠʫʩʦʚ ʢʦʨʨʝʣʷʮʠʠ ʧʦ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʰʠʨʠʥʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʩʧʝʢʪʨʦʚ ɹʧʃɸ ʠ ʧʨʦʪʷʞʸʥʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ɸʌ. [7] 

4. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ɸʌ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʨʝʟʢʠʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʧʨʝʜʝʣʘʭ ʦʙʣʘʩʪʠ, ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʜʠʫʩʦʤʠ 

ʢʦʨʨʝʣʷʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ɸʌ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʀʂ 

ʇʆʕʉ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳ-

ʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʥʦʚʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʥʘ ʦʙʣʘʯʥʦʤ ɸʌ. 
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ʅʆɺʓɽ ʇʆɼʍʆɼʓ ɺ ʇʆʉʊʈʆɽʅʀʀ ʄʆɼɽʃʀ ʀɿʃʋʏɽʅʀʗ ɹɽʉ-

ʇʀʃʆʊʅʆɻʆ ʃɽʊɸʊɽʃʔʅʆɻʆ ɸʇʇɸʈɸʊɸ  

ɺ ɹʃʀɾʅɽʄ ʀʂ ɼʀɸʇɸɿʆʅɽ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ʙʝʩʧʠʣʦʪ-

ʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʙʣʠʞʥʝʤ ʀʂ ʜʠʘʧʘʟʦʥʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʙʣʠʞʥʠʡ ʀʂ ʜʠʘʧʘʟʦʥ, ʦʧʪʠ-

ʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʤʦʜʝʣʴ ʠʟʣʫʯʝʥʠʷ. 

 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʧʃɸ) ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ 

ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʦʩʪʨʦ ʩʪʘʚʠʪ ʧʝʨʝʜ ʚʦʡʩʢʦʚʦʡ ʇɺʆ ʟʘʜʘʯʫ ʙʦʨʴʙʳ ʩ ɹʧʃɸ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ ɹʧʃɸ, ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ, ʦʜʥʘʢʦ ʦʙʥʘʨʫʞʝʥʠʝ ɹʧʃɸ ʪʠʧʦʚʳʤʠ ʟʝʥʠʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʦʨʘʟʨʝʰʠʤʫʶ ʟʘʜʘʯʫ ʠʟ-ʟʘ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʘʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʣʦʢʘʮʠʠ ʙʝʟ ʨʘʩʢʨʳʪʠʷ ʤʝʩʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʦʚ ʇɺʆ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʵʬʬʝʢʪʠʚʥʦʡ ʧʣʦʱʘʜʠ ʨʘʩʩʝʷ-

ʥʠʷ ɹʧʃɸ. 

ɺʦʟʤʦʞʥʳʤ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ɹʧʃɸ) ̫ ʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʰʠʨʦʢʦʫʛʦʣʴʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʧʘʩʩʠʚʥʳʭ 

ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ (ʇʆʕʉ). ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʇʆʕʉ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ. ʇʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʫʪʸʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ [1]. ʆʜʥʘʢʦ ʜʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʳ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʤʦʜʝʣʠ ʠʟʣʫʯʝ-

ʥʠʷ ʬʦʥʘ ʧʨʠ ʪʠʧʦʚʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
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ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʟʣʫʯʝʥʠʷ ʬʦʥʘ ʚ ʙʣʠʥʝʤ ʀʂ 

ʜʠʘʧʘʟʦʥʝ ʫʞʝ ʦʧʠʩʘʥʘ [1, 2], ʦʜʥʘʢʦ ʧʨʠʛʦʜʥʦʡ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ 

ɹʧʃɸ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʨʘʥʝʝ [3] ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʨʠʪʝʣʴ-

ʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʀɺʂ) ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʫʩʪʨʦʡ-

ʩʪʚʘ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ [3], ʚ ʢʦʪʦʨʦʝ ʟʘʢʨʝʧʣʷʣʩʷ ɹʧʃɸ (ʨʠʩʫʥʦʢ 1). 

ʏʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʜʠʢʘʪʨʠʩʫ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ɹʧʃɸ [3]. 

 

d

D

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ɹʧʃɸ 

 

ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʧʨʠʝʤʥʠʢʘ ʧʦʩʪʫʧʘʝʪ ʩʤʝʩʴ 

ʠʟʣʫʯʝʥʠʷ ʬʦʥʘ ʠ ɹʧʃɸ Bʬʙʧʣʘ( ,ɣ). ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ, ʪ. ʝ. ʩʠʛ-

ʥʘʣʘ ɹʧʃɸ Bʙʧʣʘ( ,ɣ), ʥʝʦʙʭʦʜʠʤʦ ʠʟ ʩʫʤʤʘʨʥʦʛʦ ʩʠʛʥʘʣʘ Bʬʙʧʣʘ( ,ɣ) ʚʳʯʝʩʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʷʨʢʦʩʪʴ ʬʦʥʘ (ʨʠʩ. 2), ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʨʘʟʫ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʷʨʢʦʩʪʠ ɹʧʃɸ [4]. 

Bʬʙʧʣʘ Bʙʧʣʘ

Bʬ Ākʮ

Bʬ Ākʧ

Bʬ

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ɹʧʃɸ 
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ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘ ʚʭʦʜ ʨʘʜʠʦʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʯʘʩʪʴ 

ʠʟʣʫʯʝʥʠʷ ʬʦʥʘ (ʨʠʩʫʥʦʢ 2), ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʣʦʱʘʜʴʶ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʥʘ ʢʘʨ-

ʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ. 

ʇʨʠ ʠʟʚʝʩʪʥʦʡ ʬʦʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʪʨʘʩʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ɹʧʃɸ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʫ: 

ʇʦʩʢʦʣʴʢʫ ɹʧʃɸ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʥʘ ʙʦʣʴʰʦʡ ʜʘʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʦʯʝʯʥʳʡ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʴʶ, ʘ ʩʠʣʦʡ ʠʟʣʫʯʝʥʠʷ. 

ʉʠʣʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʘʝʤʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦ-

ʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

aʦʙ

2

ʧʨʧʬʬʙʧʣʘ

aʦʙ

2

ʧʨʙʧʣʘ

ʙʧʣʘ

)ɣɔ,())ɣɔ,()ɣɔ,()ɣɔ,(()ɣɔ,()ɣɔ,(
ɣ)ɔ,(

S

DSkBB

S

DSB
J , (1) 

ʛʜʝ ɣ)ɔ,(ʙʧʣʘB  ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʷʨʢʦʩʪʴ ɹʧʃɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 

ʥʘʙʣʶʜʝʥʠʷ; 

D ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ɹʧʃɸ; 

ʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʤʝ-

ʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ [3], ʜʣʷ ʤʝʪʝʦʩʠʪʫʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʩʣʦʚʠʷʤ ʠʟ-

ʤʝʨʝʥʠʷ; 

ʦʙS  ï ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʡ ʘʧʝʨʪʫʨʳ ʨʘʜʠʦʤʝʪʨʘ; 

kʧ( ,ɣ) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʢʨʳʪʠʷ ɹʧʃɸ ʧʦʣʷ ʟʨʝʥʠʷ ʨʘʜʠʦʤʝʪʨʘ; 

Sʧʨ( ,ɣ) ï ʧʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʥʘ ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ 

 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʠʟʚʝʩʪʠ: 

1) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʢʨʳʪʠʷ ɹʧʃɸ ʧʦʣʷ 

ʟʨʝʥʠʷ ʨʘʜʠʦʤʝʪʨʘ kʧ( ,ɣ); 

2) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʥʘ ʢʘʨʪʠʥʥʫʶ 

ʧʣʦʩʢʦʩʪʴ Sʧʨ( ,ɣ); 

3) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʩʤʝʩʠ ʠʟʣʫʯʝ-

ʥʠʷ ʬʦʥʘ ʠ ɹʧʃɸ Bʬʙʧʣʘ( ,ɣ); 

4) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʷʨʢʦʩʪʠ ʬʦʥʘ Bʬ( ,ɣ); 

5) ʚʳʯʠʩʣʝʥʠʝ ʩʠʣʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ Jʙʧʣʘ( ,ɣ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʢʫʨʩʘ 

ʥʘʙʣʶʜʝʥʠʷ; 

6) ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʩʠʣʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʧʫʪʝʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʘʙʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʝʨʝʢʨʳʪʠʷ ɹʧʃɸ ʧʦʣʷ ʟʨʝʥʠʷ ʨʘʜʠʦʤʝʪʨʘ 

kʧ( ,ɣ) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʪʫʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹʧʃɸ 

çʄʝʨʣʠʥè (ʪʠʧʦʚʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʩʘ ʤʠʥʠ-ɹʧʃɸ), ʧʦʚʦʨʦʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ. 

ʇʝʨʝʜ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʫʩʪʨʦʡʩʪʚʝ 

ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʟʘʢʨʝʧʣʷʣʩʷ ɹʧʃɸ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʣʦʩʴ ʧʦ ʫʛʣʫ ʨʳʩʢʘʥʠʷ (ɣ) ʠ ʫʛʣʫ ʢʨʝʥʘ (). ʌʦʪʦʬʠʢʩʘʮʠʷ ɹʧʃɸ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʵʢʨʘʥʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ɹʧʃɸ ʧʦ ʫʛʣʫ ʨʳʩʢʘʥʠʷ ʦʪ 0 
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ʜʦ 360Ü ʯʝʨʝʟ ʢʘʞʜʳʝ 10Ü ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʢʨʝʥʘ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʧʦʣʥʦʛʦ 

ʦʙʦʨʦʪʘ ʧʦ ʫʛʣʫ ʨʳʩʢʘʥʠʷ ʠʟʤʝʥʷʣʩʷ ʦʪ -180Ü ʜʦ 180Ü ʯʝʨʝʟ ʢʘʞʜʳʝ 10Ü. ʈʘʩʩʪʦ-

ʷʥʠʝ ʦʪ ʬʦʪʦʢʘʤʝʨʳ ʜʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʠ ʥʝ ʠʟʤʝʥʷ-

ʣʦʩʴ. 

͔̅ͦͭͦ͊ͣͪ͊͟
Lʛ

Lʚ
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʥʘ ʢʘʨʪʠʥʥʫʶ 

ʧʣʦʩʢʦʩʪʴ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʬʠʢʩʘʮʠʠ ʧʘʯʢʠ ʢʘʜʨʦʚ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 

(ʫʜʘʣʷʣʩʷ ʬʦʥ) ʚ ʨʝʜʘʢʪʦʨʝ ʠʟʦʙʨʘʞʝʥʠʡ GIMP ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʘʩʪ-

ʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ɹʧʃɸ. 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʜʨʦʚ ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʦʨʦʛʦʚʦʡ ʦʙ-

ʨʘʙʦʪʢʝ ʩ ʮʝʣʴʶ ʙʠʥʘʨʠʟʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʨʠʩʫʥʦʢ 4).  

 
ʈʠʩʫʥʦʢ 4 ï ʠʟʦʙʨʘʞʝʥʠʝ ɹʧʃɸ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

 

ʆʯʠʱʝʥʥʳʝ ʦʪ ʬʦʥʘ, ʢʘʜʨʳ ʠʟʦʙʨʘʞʝʥʠʡ ɹʧʃɸ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʢʨʳʪʠʷ ɹʧʃɸ ʧʦʣʷ ʟʨʝʥʠʷ ʨʘʜʠʦʤʝʪʨʘ kʧ( ,ɣ) ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʢʨʳʪʠʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʨʘʢʫʨʩʘ ɹʧʃɸ kʧ( ,ɣ) (ʨʠʩ. 5). 

 
ʈʠʩʫʥʦʢ 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʢʨʳʪʠʷ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ɹʧʃɸ 

 



156 

ʇʣʦʱʘʜʴ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʥʘ ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ 

Sʧʨ( ,ɣ) ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

)ɣɔ,()ɣɔ,( ʙʧʣʘʢʧʧʨ kSS . (2) 

ʚʛʢʧ LLS  

kʙʧʣʘ( ,ɣ) = 1 ï kʧ( ,ɣ) 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʥʘ ʢʘʨʪʠʥʥʫʶ ʧʣʦʩʢʦʩʪʴ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6. 

 
ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ɹʧʃɸ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ 

 

ɼʘʣʝʝ ʧʦ ʬʦʨʤʫʣʝ (1) ʚʳʯʠʩʣʷʣʘʩʴ ʩʠʣʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʢʫʨʩʘ ʥʘʙʣʶʜʝʥʠʷ Jʙʧʣʘ( ,ɣ). ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ, ʧʦ ʢʦʪʦʨʦʡ 

ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠʥʜʠʢʘʪʨʠʩʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥ-

ʥʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʨʠʩʫʥʦʢ 7). 

 
ʈʠʩʫʥʦʢ 7 ï ʀʥʜʠʢʘʪʨʠʩʘ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʚ ʜʠʘʧʘʟʦʥʝ 1,5ï2 ʤʢʤ 

 

ʇʦʩʣʝ ʯʝʛʦ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ ʠʥʜʠʢʘʪʨʠʩʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʙʳʣʠ ʘʧ-

ʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʠʩʧʦʣʴʟʫʷ ʘʧʧʘʨʘʪ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʦʛʨʘʤʤʝ Scil-

abï6.0. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʧʨʦʮʝʜʫʨʳ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʤʘʩʩʠʚʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜ-
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ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ 

ɹʧʃɸ. 

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦʢʘʟʘʣʘ, 

ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʥʝ 

ʧʨʝʚʳʩʠʣʘ ʘʧʧʘʨʘʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ 

ʠ ʧʨʦʚʝʨʝʥʘ ʝʝ ʘʜʝʢʚʘʪʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥ-

ʥʦʡ ʤʝʪʦʜʠʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʝʥʠʷ ɹʧʃɸ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ ʀʂ ʇʆʕʉ. ʏʪʦ ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʇʆʕʉ ʦʙʥʘʨʫʞʝʥʠʷ ɹʧʃɸ. 
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ʆʎɽʅʂɸ ʈɸɿɺɽɼɿɸʑʀʑɪʅʅʆʉʊʀ 

ʆɼʅʆɿɺɽʅʅʆʁ ʉɺɽʈʍʐʀʈʆʂʆʇʆʃʆʉʅʆʁ ʉʀʉʊɽʄʓ 

ʇɽʈɽɼɸʏʀ ʆʊ ʈɸɼʀʆʇʆɼɸɺʃɽʅʀʗ 
 

ʆʜʥʦʟʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ (ʆʉʇ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʝʨʝʜʘʶʱʝʛʦ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʈʕʉ, ʩʨʝʜʳ ʠ ʧʨʠʸʤʥʦʛʦ ʈʕʉ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʆʉʇ ʦʪ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʜʭʦʜ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʜʦʙʳʚʘʥʠʷ ʩʚʝʜʝʥʠʡ, ʥʝ-

ʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ ʈʕʉ [1]: 

      (1) 

ʛʜʝ ï ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʙʳʚʘʥʠʷ ʩʚʝʜʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʜʠʦʧʦʜʘʚ-

ʣʝʥʠʷ ʈʕʉ. 

ɿʘʜʘʯʘ ʜʦʙʳʚʘʥʠʷ ʨʘʜʠʦʨʘʟʚʝʜʢʦʡ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʝʜʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʝʰʘʝʤʳʝ ʟʘʜʘʯʠ: ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʜʠʦʠʟ-
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ʣʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ. ʇʨʠʯʝʤ, ʝʩʣʠ ʠʟʣʫʯʘʶʱʝʝ 

ʩʨʝʜʩʪʚʦ ʥʝ ʦʙʥʘʨʫʞʝʥʦ, ʪʦ ʦʮʝʥʢʘ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʪʝʨʷʝʪ ʚʩʷʢʠʡ ʬʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʙʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦ-

ʜʘʚʣʝʥʠʷ ʈʕʉ ʩʚʝʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʠʟʚʝʜʝʥʠʝʤ: 

    (2) 

ʛʜʝ  ï ʙʝʟʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʦʠʟ-

ʣʫʯʝʥʠʷ; 

  ï ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʳʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʠ 

ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʨʝʜʩʪʚʘ ʈʕɹ ʠ ʚʨʝʤʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʢʦʪʦʨʳʝ ï ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʧʦʚʝʜʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ ʠ ʈʕɹ.  

ɺ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʈʕʉ ʜʣʷ ʨʘʜʠʦʨʘʟʚʝʜʢʠ ʚ ʚʠʜʝ ʦʪʥʦ-

ʰʝʥʠʷ ʤʝʜʠʘʥʥʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʚʝʜʳʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʢ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘ ʨʘʟʚʝʜʢʠ: 

;                                                   (3) 

ʋʯʠʪʳʚʘʷ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʠ ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

   (4) 

ʛʜʝ w (z) ï ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ ʩʠʛʥʘʣʦʚ ʠ ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ 

ʨʘʜʠʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʘʷ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʩʪʴʶ 

ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

,                                             (5) 

ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ , ʪʦʛʜʘ: 

                              (6) 

ʛʜʝ  ï ʩʨʝʜʥʝʝ ʧʨʝʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʩʠʛʥʘʣʦʚ ʥʘʜ ʫʨʦʚʥʝʤ 

ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʨʘʜʠʦʨʘʟʚʝʜʢʠ; 

 

 

ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʧʨʝʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛ-

ʥʘʣʘ ʥʘʜ ʫʨʦʚʥʝʤ ʧʦʤʝʭ. 

ʉ ʫʯʝʪʦʤ (6) ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʟʚʝʜʟʘʱʠʱʝʥʥʦʩʪʠ ʈʕʉ [1]: 

                           (7) 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʘʟʘʪʝʣʷ ʚʨʝʤʝʥʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʈʕʉ ʦʪ ʩʨʝʜʩʪʚ ʨʘʜʠ-

ʦʨʘʟʚʝʜʢʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʦʙʥʘ-

ʨʫʞʝʥʥʳʭ ʈʕʉ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʪʨʘʯʝʥʦ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ tʘʥ. ʊʦʯʥʦʩʪʴ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʵʪʦʤ, ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʘʥʘʣʠʟʘ ʠ ʚʨʝʤʝʥʝʤ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʝʥʠʷ 

ʥʝ ʠʟʤʝʥʷʶʪʩʷ tʠʟʣ. ɺ [1] ʠʩʧʦʣʴʟʫʶʪ ʤʝʨʫ ʩʫʙʲʝʢʪʠʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʘʥʘʣʠʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʕʉ ʚ ʚʠʜʝ: 

                                 (8) 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʦʪʨʘʞʘʶʱʠʡ ʜʠʩʧʝʨʩʠʶ ʧʦʢʘʟʘʪʝʣʷ Ű ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜ-

ʥʝʛʦ ʟʥʘʯʝʥʠʷ. 

ʉ ʫʯʝʪʦʤ (8) ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʤʝʥʥʦʡ ʨʘʟʚʝʜʟʘʱʠʱʝʥʥʦʩʪʠ ʈʕʉ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

                             (9) 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ (1) ʩʦʦʪʥʦʰʝʥʠʡ (2), (7) ʠ (10) ʧʦʣʫʯʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 

ʚʳʨʘʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ ʨʘʟ-

ʚʝʜʟʘʱʠʱʝʥʥʦʩʪʠ ʆʉʇ ʦʪ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʚ ʚʠʜʝ [1]: 

                   (10) 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ: 

1. ɼʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ () ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʦʪʠʚʥʠʢʦʤ ʩʨʝʜʩʪʚ ʈʕɹ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʪʠʚʥʠʢ ʙʫʜʝʪ ʚʩʷʯʝʩʢʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʚʩʢʨʳʪʠʶ ʧʘʨʘʤʝʪʨʦʚ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʩʨʝʜʩʪʚ ʈʕɹ ʠ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʈʕʉ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚʝʣʠʯʠʥʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʠʣʠ ʦʧʨʝʜʝʣʸʥ ʩ ʥʝʧʨʠʝʤʣʝʤʦʡ ʧʦ-

ʛʨʝʰʥʦʩʪʴʶ. ʕʪʦ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʈʕʉ ʦʪ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ.   

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ (), ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʝʛʦ ʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʢ ʤʦʱʥʦʩʪʠ ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ ʧʨʠʸʤʥʠʢʘ 

ʩʨʝʜʩʪʚʘ ʨʘʟʚʝʜʢʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʆʉʇ ʠʩʧʦʣʴʟʫʝʪ 

ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʝ (ʉʐʇ) ʩʠʛʥʘʣʳ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʥʠʞʝ ʫʨʦʚʥʷ 

ʰʫʤʦʚ.  

3. ʅʝ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʰʠʨʠʥʳ ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʆʉʇ ʨʝʩʫʨʩʘ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʆʉʇ ʨʝʩʫʨʩʘ, ʯʪʦ ʥʝ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʠ ʦʮʝʥʢʝ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʆʉʇ ʦʪ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ ʫʯʠʪʳʚʘʪʴ 

ʚʣʠʷʥʠʝ ʧʨʝʚʳʰʝʥʠʷ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʥʝ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆʉʇ ʜʦʩʪʫʧʥʦʛʦ 

ʝʡ ʨʝʩʫʨʩʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʆʉʇ ʦʪ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ 

ʠ ʧʦʤʝʭ ʥʘ ʚʭʦʜʝ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʨʝʜʩʪʚʘ ʈʕɹ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘ-

ʪʝʣʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʨʘʟʤʝʨʘʤʠ ʠ ʬʦʨʤʦʡ ʩʧʝʢʪʨʘ ʉʐʇ ʩʠʛʥʘʣʦʚ, ʠʟʣʫ-

ʯʘʝʤʳʭ ʧʝʨʝʜʘʪʯʠʢʦʤ ʈʕʉ. 

ʉʫʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʙʳʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʈʕʉ ʩʚʝʜʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʠʟʚʝʜʝʥʠʝʤ (2) 

ʙʝʟʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʨʘʜʠʦʠʟʣʫʯʝʥʠʷ () ʠ 
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ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʣʫʯʝʥʠʷ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (). ɼʣʷ ʦʮʝʥʢʠ ʫʢʘʟʘʥʥʳʭ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʝʡ. ʆʜʥʘʢʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʘ ʉʐʇ ʩʠʛʥʘʣʘ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ (), ʘ ʚʨʝ-

ʤʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (9) ï ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʧʦʚʝʜʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʩʨʝʜʩʪʚ 

ʩʚʷʟʠ ʠ ʈʕɹ. ʊʦʛʜʘ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʙʳʚʘʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʈʕɹ ʩʚʝʜʝʥʠʡ, ʥʝʦʙʭʦ-

ʜʠʤʳʭ ʜʣʷ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ 

,    (11) 

ʛʜʝ  ï ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʙʳʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʈʕʉ 

ʩʚʝʜʝʥʠʡ; 

  ï ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʱʠʱʸʥʥʦʩʪʠ ʈʕʉ; 

 
 
ï ʧʦʢʘʟʘʪʝʣʴ ʚʨʝʤʝʥʥʦʡ ʨʘʟʚʝʜʟʘʱʠʱʝʥʥʦʩʪʠ ʈʕʉ (9). 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʱʠʱʸʥʥʦʩʪʠ ʉʐʇ 

ʈʕʉ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʨʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʧʝʢʪʨʘ ʉʐʇ ʩʠʛʥʘʣʘ ʚ ʟʘʜʘʥʥʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. 

ɽʩʣʠ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ ʨʘʚʥʦʤʝʨʝʥ, ʪʦ ʚʩʝ ʛʘʨʤʦʥʠʢʠ ʚ ʩʧʝʢʪʨʝ ʠʤʝʶʪ ʦʜʠ-

ʥʘʢʦʚʫʶ ʘʤʧʣʠʪʫʜʫ, ʪʦʛʜʘ ʧʨʦʪʠʚʥʠʢʫ ʩʣʦʞʥʦ ʚʳʷʚʠʪʴ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ ʩ ʧʦ-

ʚʳʰʝʥʥʦʡ (ʧʦʥʠʞʝʥʥʦʡ) ʵʥʝʨʛʠʝʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʘʢʪ 

ʥʘʣʠʯʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚ ʰʫʤʘʭ. ʇʦʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʟʘʱʠʱʸʥ-

ʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ ʚʠʜʘ [2]: 

,                                                 (12) 

ʛʜʝ  ï ʬʫʥʢʮʠʦʥʘʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʚ ʧʦʢʘʟʘʪʝʣʴ. 

ʌʫʥʢʮʠʦʥʘʣ (12) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʟʥʘʯʝʥʠʝ ʢʦ-

ʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʬʫʥʢʮʠʠ F, ʦʧʠʩʳʚʘʶʱʝʡ ʘʤʧʣʠʪʫʜʥʳʡ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ 

ʈʕʉ. ʀʩʭʦʜʷ ʠʟ ʧʦʥʷʪʠʷ ʚʳʧʫʢʣʦʡ ʬʫʥʢʮʠʠ [3] ʩʧʝʢʪʨ ï ʵʪʦ ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ. 

ʊʦʛʜʘ, ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (12) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ ʀʝʥʩʝʥʘ [3]: 

,                   (13) 

ʛʜʝ y = f(x) ï ʬʫʥʢʮʠʷ, ʚʳʧʫʢʣʘʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ, ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʩʧʝʢʪʨ ʩʠʛʥʘʣʘ; 

 ʭ1, ʭ2, é, ʭn ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʯʠʩʣʘ ʠʟ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʛʘʨʤʦʥʠʢ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʘ; 

 Ŭ1, Ŭ2, é, Ŭn ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ, ʩʫʤʤʘ ʢʦʪʦʨʳʭ 

ʨʘʚʥʘ ʝʜʠʥʠʮʝ. 

ɽʩʣʠ Ŭ1= Ŭ2=é= Ŭn, ʠ ʠʭ ʩʫʤʤʘ ʨʘʚʥʘ 1, ʪʦ 

n
n

1

.                                                (14) 

ɽʩʣʠ x1= x2=é= xn, ʠ ʠʭ ʩʫʤʤʘ ʨʘʚʥʘ 1, ʪʦ 

n
xn

1

.                                               (15) 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (13) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  
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n

nxff 11

;                                   (16) 

n

nxf
nn

f
11

.                                     (17) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʧʝʢʪʨʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣ (18), ʧʦʩʢʦʣʴʢʫ, ʢʦʛʜʘ ʚʩʝ ʛʘʨʤʦʥʠʢʠ ʚ ʩʧʝʢʪʨʝ ʩʠʛ-

ʥʘʣʘ ʙʫʜʫ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʘʤʧʣʠʪʫʜʳ, ʬʫʥʢʮʠʦʥʘʣ (18) ʧʨʠʤʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ: 

.                                         (18) 

ʛʜʝ  ï ʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ (ʩʧʝʢʪʨ ʉʐʇ ʩʠʛʥʘʣʘ). 

ʈʘʜʠʦʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʉʐʇ ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʫʶ 

ʬʫʥʢʮʠʶ, ʦʧʨʝʜʝʣʸʥʥʫʶ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ fʥ ʜʦ fʚ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʦʪ ʜʠʩʢʨʝʪʥʦʡ ʬʦʨʤʳ ʟʘʧʠʩʠ ʥʝʨʘʚʝʥʩʪʚʘ ʀʝʥʩʝʥʘ ʢ ʠʥ-

ʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʟʘʧʠʩʠ (ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ): 

;                      (19) 

,                                    (20) 

ʛʜʝ g(x) ʠ Ŭ(x) ï ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ xmin ʜʦ xmax ʠ ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ (20). 

ʉ ʫʯʸʪʦʤ (19) ʬʫʥʢʮʠʦʥʘʣ (18) ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ 

.                                      (21) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ, ʠʤʝʶʱʝʛʦ ʘʥʘʣʦʛʠʶ ʚ ʪʝʦʨʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠʩ-

ʧʦʣʴʟʫʝʤ ʧʦʥʷʪʠʝ ʵʥʪʨʦʧʠʠ ï ʢʘʢ ʤʝʨʳ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ: 

,                                    (22) 

ʛʜʝ m ï ʯʠʩʣʦ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ (ʚʦʟʤʦʞʥʦʩʪʝʡ); 

 pi ï ʚʝʨʦʷʪʥʦʩʪʴ i ï ʛʦ ʩʦʩʪʦʷʥʠʷ (ʚʦʟʤʦʞʥʦʩʪʠ). 

ʕʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʛʜʘ ʚʩʝ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ ʨʘʚʥʦʚʝʨʦʷʪʥʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʚʳʧʫʢʣʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 

ʧʦʢʘʟʘʪʝʣʷ (21) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ ʚʠʜʘ: 

, 

ʪʦʛʜʘ, ʧʦʣʫʯʠʤ: 

.                        (23) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʧʦʢʘʟʘʪʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʉʐʇ ʨʘʜʠʦʩʠʩʪʝʤʳ ʚ ʟʘʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ 

ʜʠʘʧʘʟʦʥʝ. ʏʝʤ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʝʥ (ʧʨʷʤʦʫʛʦʣʝʥ) ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʨʘ-

ʜʠʦʩʠʩʪʝʤʳ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʪʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟ-

ʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʠʪʳʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʰʠʨʠʥʳ ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʆʉʇ 

ʨʝʩʫʨʩʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʨʝʘʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʆʉʇ ʨʝʩʫʨʩʘ, ʠʩ-

ʧʦʣʴʟʫʝʤ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ: 

,                                             (24) 



162 

ʛʜʝ Kʨʟ ʵʠ ï ʧʦʢʘʟʘʪʝʣʴ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʆʉʇ, ʩʧʝʢʪʨ 

ʩʠʛʥʘʣʦʚ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘ-

ʥʠʮʘʤʠ ʚʳʜʝʣʝʥʥʦʛʦ ʜʣʷ ʆʉʇ ʨʝʩʫʨʩʘ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ.  

ʊʦʛʜʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ ʦʮʝʥʢʠ ʨʘʟʚʝʜʟʘʱʠʱʸʥʥʦʩʪʠ 

ʉʐʇ ʆʉʇ ʦʪ ʨʘʜʠʦʧʦʜʘʚʣʝʥʠʷ ʧʨʠʤʝʪ ʚʠʜ: 

                  (25) 
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ʋʃʋʏʐɽʅʀɽ ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʇʈʀɹʆʈɸ ʅʆʏʅʆɻʆ ɺʀ-

ɼɽʅʀʗ 

 

ʇʨʠʙʦʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ, ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʦʙʲʝʢʪʘʤʠ ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ ï ʧʨʠʙʦʨʘʤʠ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ. 

ʇʨʠʙʦʨʳ ʥʦʯʥʦʛʦ ʚʠʜʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪ ʠ ʫʩʠʣʠʚʘʶʪ ʩʣʘʙʦʝ ʠʟʣʫʯʝʥʠʝ. ʊʘʢʠʝ 

ʧʨʠʙʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʣʷ ʚʦʦʨʫʞʝʥʥʳʭ ʩʠʣ, ʩʧʝʮʩʣʫʞʙ, ʪʘʢ ʠ ʜʣʷ 

ʛʨʘʞʜʘʥʩʢʠʭ ʥʫʞʜ.  

 ɸʚʪʦʨʦʚ ʠʥʪʝʨʝʩʫʝʪ ʧʨʠʮʝʣ ʥʦʯʥʦʡ ʦʭʦʪʥʠʯʠʡ çʇʅʆè, ʚʳʧʫʩʢʘʝʤʳʡ ʇɸʆ 

çʈʆʄɿè ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ. ʕʪʦʪ ʧʨʠʮʝʣ ʨʘʩʩʯʠʪʘʥ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʤʝʩʪʥʦʩʪʴʶ ʠ ʚʝʜʝʥʠʷ ʧʨʠʮʝʣʴʥʦʡ ʩʪʨʝʣʴʙʳ ʠʟ ʦʭʦʪʥʠʯʴʝʛʦ ʠ 

ʧʨʦʤʳʩʣʦʚʦʛʦ ʦʨʫʞʠʷ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʦʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. ɽʛʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʤʦʜʝʨ-

ʥʠʟʘʮʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʨʠʡʥʳʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ ʤʝ-

ʥʝʝ ʚʨʝʤʝʥʠ ʟʘʪʨʘʪʥʦʡ, ʧʨʠ ʵʪʦʤ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʠʙʦʨʘ.   

 ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʪʨʦʝʥʠʝ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʨʠʮʝʣʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʢʪʠʚʘ, ʵʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʕʆʇ) ʠ 

ʦʢʫʣʷʨʘ. ʆʢʫʣʷʨ, ʤʦʞʝʪ ʥʝ ʧʦʜʚʝʨʛʘʪʴʩʷ ʜʘʣʴʥʝʡʰʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʝʛʦ 

ʮʝʣʴ, ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʦʢʫʣʷʨ ʩ ʕʆʇ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʠʙʦʨʝ ʕʆʇ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʥʫʶ ʩʝʨʠʶ ʧʦ-

ʢʦʣʝʥʠʷ II+. ʀʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʦʥ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʢʘʪʦʜʘ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʷʨʢʦʩʪʠ, ʦʥ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʭʦʨʦʰʝʝ ʫʩʠʣʝʥʠʝ ʠ ʜʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ, ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʚ ʧʘʩʩʠʚʥʦʤ 

ʨʝʞʠʤʝ. ʆʙʲʝʢʪʠʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ çʇʅʆè ʩʯʠʪʘʝʪʩʷ ʩʣʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʩʦʩʪʦʠʪ 

ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʥʟ. ʇʦʪʝʨʠ ʩʚʝʪʘ, ʚ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʠʚʘʭ, ʤʦʛʫʪ ʩʦ-
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ʩʪʘʚʣʷʪʴ ʦʪ 10% ʜʦ 70%, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ ʤʥʦʛʦʢʨʘʪʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʨʝ-

ʣʦʤʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʧʘʜʘʶʱʝʛʦ ʥʘ ʦʙʲʝʢʪʠʚ ʠ ʪʘʢ ʩʣʘʙʦʛʦ ʠʟʣʫʯʝʥʠʷ[3]. 

 ʕʪʦ ʥʝʛʘʪʠʚʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʥʘʥʝʩʝʥʠʷ ʩʧʝʮʠ-

ʘʣʴʥʦʛʦ ʪʦʥʢʦʧʣʝʥʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʊʦʥʢʠʝ ʧʣʝʥʢʠ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʝʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʪʝʢʣʦ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʧʨʠ-

ʙʦʨʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʦʧʫʩʢʘʥʠʝ ʩʚʝʪʘ, ʝʩʣʠ ʠʭ ʪʦʣʱʠʥʘ 

ʩʦʠʟʤʝʨʠʤʘ ʩ ʜʣʠʥʦʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ. ʀʭ ʩʚʦʡʩʪʚʘ, ʢʘʢ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʦʯʝʥʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʨʳʪʠʷ 

ʜʝʣʷʪ ʥʘ: ʧʨʦʩʚʝʪʣʷʶʱʠʝ, ʧʦʚʳʰʘʶʱʠʝ ʦʪʨʘʞʝʥʠʝ, ʩʧʝʢʪʨʦʜʝʣʠʪʝʣʴʥʳʝ, 

ʬʠʣʴʪʨʳ, ʧʦʣʷʨʠʟʫʶʱʠʝ ʧʦʢʨʳʪʠʷ, ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʝ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʝ, 

ʟʘʱʠʪʥʳʝ [1]. 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʩʚʝʪʣʷʶʱʠʝ ʧʦʢʨʳʪʠʷ. ʇʨʦʩʚʝʪʣʝ-

ʥʠʝ ʦʧʪʠʢʠ ï ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʧʪʠ-

ʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʥʠʭ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʧʦʛʣʦʱʘʶʱʠʭ 

ʧʣʝʥʦʢ. ʇʨʦʩʚʝʪʣʝʥʠʝ ʦʧʪʠʢʠ  ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʩʚʝʪʘ, ʦʪʨʘ-

ʞʘʝʤʦʛʦ ʦʪ ʧʝʨʝʜʥʠʭ ʠ ʟʘʜʥʠʭ ʛʨʘʥʠʮ ʧʨʦʩʚʝʪʣʷʶʱʠʭ ʧʣʝʥʦʢ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ  

ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʥʦʤʫ çʛʘʰʝʥʠʶè ʦʪʨʘʞʝʥʥʳʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢ ʫʩʠʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʤʳ ʥʘʥʝʩʝʤ 

ʪʘʢʦʝ ʧʦʢʨʳʪʠʝ ʥʘ ʣʠʥʟʫ ʤʳ ʩʤʦʞʝʤ ʫʤʝʥʴʰʠʪʴ ʦʪʨʘʞʝʥʠʝ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʣʫʯʰʝʝ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ [2]. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʫʩʠʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʭʦʜʷʱʝʛʦ ʩʚʝʪʘ. ʏʠʩʣʦ ʬʦʪʦʵʣʝʢ-

ʪʨʦʥʦʚ, ʚʳʨʳʚʘʝʤʳʭ ʩʚʝʪʦʤ ʠʟ ʢʘʪʦʜʘ ʟʘ 1 ʩʝʢʫʥʜʫ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ, ʥʘʥʝʩʷ ʧʨʦʩʚʝʪʣʷʶʱʝʝ ʧʦʢʨʳʪʠʝ, 

ʫʚʝʣʠʯʠʚʘʝʤ ʯʠʩʣʦ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʥʘ ʬʦʪʦʢʘʪʦʜ, ʠ çʚʳʙʠʪʴè ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʢʘʪʦʜʘ ʵʣʝʢʪʨʦʥʳ. ɼʘʣʝʝ ʨʘʙʦʪʘʝʪ ʕʆʇ ʠ ʚ ʢʦʥʮʝ ʦʥ ʧʨʝʦʙʨʘʟʫʝʪ 

ʵʣʝʢʪʨʦʥʳ ʦʙʨʘʪʥʦ, ʚ ʚʠʜʠʤʳʡ ʩʚʝʪ. ɿʘʚʠʩʠʤʦʩʪʴ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʵʢʨʘʥʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʯʠʩʣʫ ʧʦʧʘʚʰʠʭ ʥʘ ʵʪʫ 

ʪʦʯʢʫ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ. ʇʦʣʫʯʘʝʪʩʷ, ʚ ʢʦʥʮʝ ʤʳ ʚʠʜʠʤ ʥʘ ʵʢʨʘʥʝ ʕʆʇ ʫʞʝ ʫʩʠ-

ʣʝʥʥʦʝ ʠ  ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʦʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩ ʧʦ-

ʤʦʱʴʶ ʦʢʫʣʷʨʘ. 

ɼʣʷ ʥʘʯʘʣʘ ʧʨʦʚʝʜʝʤ ʩʪʨʫʢʪʫʨʥʳʡ ʩʠʥʪʝʟ ʧʦʢʨʳʪʠʷ, ʦʧʨʝʜʝʣʠʤ ʩʪʨʫʢʪʫʨʫ, 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʪʝʨʠʘʣʳ ʩʣʦʝʚ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʢʨʳʪʠʷ. ʀʩʧʦʣʴʟʦʚʘʪʴ  ʦʜʥʦ-

ʩʣʦʡʥʦʡ ʧʦʢʨʳʪʠʝ ʩʯʠʪʘʝʪʩʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ ʢʘʢ ʦʥʦ ʜʝ-

ʣʘʝʪ ʧʨʦʩʚʝʪʣʝʥʠʝ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʉʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ. ʀʩʧʦʣʴʟʫʷ ʤʥʦʛʦʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ, ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ 

ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʨʘʞʝʥʠʝ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ. ɹʫʜʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʝʭʩʣʦʡʥʦʝ ʧʦʢʨʳʪʠʝ ʪʠʧʘ . ʄʘʪʝʨʠʘʣ ʜʣʷ 

ʧʨʦʩʚʝʪʣʷʶʱʝʛʦ ʧʦʢʨʳʪʠʷ ʙʫʜʝʤ ʚʳʙʠʨʘʪʴ ʠʟ ʛʨʫʧʧʳ ʦʢʩʠʜʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙ-

ʣʘʜʘʶʪ ʭʦʨʦʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ʉʨʝʜʠ ʦʢʩʠʜʦʚ 

ʚʳʙʠʨʘʝʤ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ: MgF2 (ʤʘʛʥʠʡ ʬʪʦʨʠʜ), Al 2O3 (ʘʣʶʤʠʥʠʡ ʦʢʩʠʜ) 

ʠ ZrO2 (ʮʠʨʢʦʥʠʡ IV ʦʢʩʠʜ). ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʥʘʧʳʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʝʨʝʤ 

MgF2, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʦʨʦʰʝʡ ʘʜʛʝʟʠʝʡ ʦʥ ʙʫʜʝʪ ʭʦʨʦʰʦ ʜʝʨʞʘʪʩʷ ʥʘ ʧʦʜ-
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ʣʦʞʢʝ ʠ ʩʦʟʜʘʩʪ ʧʝʨʚʳʡ ʪʚʝʨʜʳʡ ʩʣʦʡ. ɿʘʪʝʤ ʥʘʧʳʣʷʝʪʩʷ ZrO2, ʦʥ ʣʝʛʢʦ ʩʦʚʤʝ-

ʩʪʠʤ ʩ ʧʣʝʥʢʘʤʠ MgF2. Al 2O3 ʙʫʜʝʪ ʥʘʧʳʣʷʪʴʩʷ ʧʦʩʣʝʜʥʠʤ [4]. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʨʘʩʯʝʪ ʯʠʩʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʨʘʥʥʦʡ ʥʘʤʠ 

ʩʪʨʫʢʪʫʨʳ. ʊʦʣʱʠʥʫ ʢʘʞʜʦʛʦ ʩʣʦʷ ʙʫʜʝʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

MultiSpectrum. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ ʥʘʧʳʣʷʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. ʊʘʢ ʢʘʢ ʥʘʰ ʦʙʲʝʢʪʠʚ ʩʣʦʞʥʳʡ ʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝ-

ʩʢʦʣʴʢʠʭ ʣʠʥʟ, ʠ ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʫ ʠ ʧʦʢʘʟʘʪʝʣʶ ʧʨʝʣʦʤʣʝʥʠʷ, 

ʧʨʠʜʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ  ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩ ʧʦʣʫʯʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʇʦʩʣʝ ʨʘʩʯʝʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ ʤʳ ʧʦʣʫʯʠʣʠ ʪʦ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʦʝ ʥʘʜʦ 

ʥʘʥʦʩʠʪʴ ʥʘ ʢʘʞʜʫʶ ʣʠʥʟʳ. ʅʘ ʨʠʩʫʥʢʝ ʚʠʜʥʦ ʩʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ-

ʢʨʳʪʠʷ.  

 

ʈʠʩʫʥʦʢ ï ʇʦʣʫʯʝʥʥʦʝ ʧʦʢʨʳʪʠʝ 

ɸʥʘʣʠʟʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʥʘʤʠ ʧʦʢʨʳʪʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʥʘʧʳʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʧʨʝʜʧʨʠʷʪʠʝ. ʇʦʢʨʳʪʠʝ ʷʚʣʷʝʪʩʷ 

ʧʨʠʛʦʜʥʳʤ ʢʘʢ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ, ʪʘʢ ʠ ʧʦ ʠʭ ʢʦʣʠʯʝʩʪʚʫ.  ɺ ʪʘʙʣʠʮʫ ʟʘʥʝʩʝʥʳ 

ʠʩʭʦʜʥʳʝ ʠ ʧʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʥʟ ʦʙʲʝʢʪʠʚʘ. 

ʊʘʙʣʠʮʘ ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

˸͔͙͊ͭͪ͊͡ 

 

˻͔͙͔ͭͪ͊͗ͤ όR), % 

ɲ R,% 

˽͙͔ͪͦͨͯͫ͊ͤ͟ όT), % 

ɲ T,% ˣ͔͘ ͨͦπ

ͪ͟·͙ͭΎ 
˿ ͨͦͪ͟·͙͔ͭͣ ˣ͔͘ ͨͦͪ͟·͙ͭΎ ˿ ͨͦͪ͟·͙͔ͭͣ 

́˴нм 6,11 0,55 5,56 93,89 99,71 5,82 

ˣ˴с 4,52 0,12 4,40 95,48 99,59 4,11 

́̅мл 8,25 0,20 8,05 91,75 99,50 7,75 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ R ʫʤʝʥʴʰʠʣʘʩʴ ʚ 

ʩʨʝʜʥʝʤ ʥʘ 6% ʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʥʫʣʶ. ʇʨʦʧʫʩʢʘʥʠʝ ʥʘʦʙʦʨʦʪ ʧʦʯʪʠ ʜʦʩʪʠʛʣʦ 

100%, ʠ ʚʳʨʦʩʣʦ ʚ ʩʨʝʜʥʝʤ ʥʘ 5,89%. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʨʘʩʯʝʪʘ ʪʨʝʭʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʩʚʝʪʣʝʥʠʷ ʦʙʲʝʢʪʠʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʩʦʩʪʘʚʝ ʧʨʠʙʦʨʘ, ʢʦʪʦʨʳʡ 

ʨʘʙʦʪʘʝʪ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʝʛʦ ʧʦʢʘʟʘʪʝʣʠ ʫʣʫʯʰʠʣʠʩʴ ʚ  ʧʨʝʜʝʣʝ ʩ 440-800 ʥʤ.  


