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ɃɑɋɐɘɖɎɐɆ ɊɔɒɆ 

˿͙͔ͫͭͣ͊ ͔͔͙͊ͣͤ͘͘͡Ύ ́́ ς ͯ ͚͍ͫͭͪͦͫͭͦ ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ 

 

ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚ ʥʘʰʠ ʜʦʤʘ ʠ ʢʚʘʨʪʠʨʳ ʧʨʠʭʦʜʠʪ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʨʦʚʦʜʘʤ 

ʚʦʟʜʫʰʥʳʭ ʠʣʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʦʪ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ. ʂʦʥʬʠʛʫʨʘʮʠʷ 

ʵʪʠʭ ʩʝʪʝʡ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʩʪʝʤʳ ʠ, ʦʩʦʙʝʥʥʦ ð ʙʝʟʦʧʘʩʥʦʩʪʴ ʣʶʜʝʡ ʠ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ, ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʦʪʨʘʚʤ ʯʝʣʦʚʝʢʦʤ. ʇʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʟʘʟʝʤʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʨʠʩʢʦʚ, ʩʦʭʨʘʥʠʪʴ ʟʜʦʨʦʚʴʝ, ʠʩʢʣʶʯʠʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʜʦʤʘʰʥʝʡ ʪʝʭʥʠʢʠ. 

ʇʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʟʝʤʣʝʥʠʷ ʊʊ 

ʇʦ ʩʚʦʝʤʫ ʥʘʟʥʘʯʝʥʠʶ ʵʪʘ ʩʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʪʘʢʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʜʨʫʛʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʩʠʩʪʝʤʳ TN-S, 

TN-C-S, TN-ʉ. ʆʙ ʵʪʦʤ ʦʯʝʥʴ ʯʝʪʢʦ ʛʦʚʦʨʠʪ ʧʫʥʢʪ ʇʋʕ 1.7.57. 

ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʛʦʣʝʥʥʳʝ ʧʨʦʚʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʠ ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʦʧʦʨʘʭ. ʆʥʠ ʦʙʳʯʥʦ ʤʦʥʪʠʨʫʶʪʩʷ ʧʦ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʩʭʝʤʝ: 

¶ ʪʨʝʤʷ ʬʘʟʘʤʠ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ, ʩʤʝʱʝʥʥʳʤʠ ʧʦ ʫʛʣʫ ʥʘ 120 ʛʨʘʜʫʩʦʚ ʤʝʞʜʫ 

ʩʦʙʦʡ; 

¶ ʦʜʥʠʤ ʦʙʱʠʤ ʥʫʣʝʤ, ʚʳʧʦʣʥʷʶʱʠʤ ʩʦʚʤʝʱʝʥʥʳʝ ʬʫʥʢʮʠʠ PEN-ʧʨʦʚʦʜʥʠʢʘ 

(ʨʘʙʦʯʝʛʦ ʠ ʟʘʱʠʪʥʦʛʦ ʥʫʣʷ). 

ʆʥʠ ʧʨʠʭʦʜʷʪ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʦʪ ʧʦʥʠʞʘʶʱʝʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʥʠʞʝ. 
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ɺ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʜʦʙʥʳʝ ʤʘʛʠʩʪʨʘʣʠ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʴʰʫʶ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴ. ʅʝ ʩʝʢʨʝʪ, ʯʪʦ ʧʨʦʚʦʜʘ ʠʥʦʛʜʘ ʩʭʣʝʩʪʳʚʘʶʪʩʷ ʠʣʠ ʦʙʨʳʚʘʶʪʩʷ ʠʟ-ʟʘ 

ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ ʩʢʨʫʪʦʢ, ʧʘʜʝʥʠʷ ʚʝʪʦʢ ʠʣʠ ʮʝʣʳʭ ʜʝʨʝʚʴʝʚ, ʥʘʙʨʦʩʦʚ, ʧʦʨʳʚʦʚ 

ʚʝʪʨʘ, ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʣʝʜʠ ʚ ʤʦʨʦʟ ʧʦʩʣʝ ʤʦʢʨʦʛʦ ʩʥʝʛʦʧʘʜʘ ʠ ʧʦ ʤʥʦʛʠʤ ʜʨʫʛʠʤ 

ʧʨʠʯʠʥʘʤ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʳʚ ʥʫʣʷ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʤʦʥʪʠʨʫʝʪʩʷ 

ʥʠʞʥʠʤ ʧʨʦʚʦʜʦʤ. ɸ ʵʪʦ ʧʨʠʯʠʥʷʝʪ ʤʥʦʛʦ ʙʝʜ ʚʩʝʤ ʧʦʜʢʣʶʯʝʥʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʟ-

ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʝʢʦʩʦʚ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʪʘʢʦʡ ʩʭʝʤʝ ʦʪʩʫʪʩʪʚʫʝʪ ʟʘʱʠʪʥʳʡ ʈɽ-

ʧʨʦʚʦʜʥʠʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʟʘʟʝʤʣʷʶʱʠʤ ʢʦʥʪʫʨʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ ʧʦʜʩʪʘʥʮʠʠ. 

ʋ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʳʚʘ ʥʫʣʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʘʢʨʳʪʦʤ ʛʨʫʥʪʝ ʠ ʣʫʯʰʝ ʟʘʱʠʱʝʥʳ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʠʭ 

ʩʨʘʟʫ ʨʝʘʣʠʟʫʶʪ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʫʶ ʩʠʩʪʝʤʫ ʟʘʟʝʤʣʝʥʠʷ TN-S ʧʦʩʪʝʧʝʥʥʦ 

ʚʳʧʦʣʥʷʶʪ ʨʝʢʦʥʩʪʨʫʢʮʠʶ TN-C ʥʘ TN-C-S. ʇʦʪʨʝʙʠʪʝʣʠ ʞʝ, ʧʦʜʢʣʶʯʝʥʥʳʝ 

ʚʦʟʜʫʰʥʳʤʠ ʧʨʦʚʦʜʘʤʠ, ʧʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʰʝʥʳ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʉʝʡʯʘʩ ʤʥʦʛʠʝ ʚʣʘʜʝʣʴʮʳ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʪʝʚʘʶʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʯʥʳʭ 

ʜʦʤʦʚ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʦʨʛʘʥʠʟʫʶʪ ʪʦʨʛʦʚʣʶ ʚ ʦʪʜʝʣʴʥʳʭ ʧʘʚʠʣʴʦʥʘʭ ʠ ʢʠʦʩʢʘʭ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʦʟʜʘʶʪ ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʳʝ ʙʳʪʦʚʳʝ ʧʦʤʝʱʝʥʠʷ ʠ 

ʤʘʩʪʝʨʩʢʠʝ ʠʣʠ ʚʦʦʙʱʝ ʠʩʧʦʣʴʟʫʶʪ ʦʪʜʝʣʴʥʳʝ ʚʘʛʦʥʯʠʢʠ, ʢʦʪʦʨʳʝ ʚʨʝʤʝʥʥʦ 

ʟʘʧʠʪʳʚʘʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ. 

ʏʘʱʝ ʚʩʝʛʦ ʧʦʜʦʙʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʭʦʨʦʰʦ ʧʨʦʚʦʜʷʱʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʣʠʩʪʦʚ ʣʠʙʦ ʠʤʝʶʪ ʩʳʨʳʝ ʩʪʝʥʳ ʩ ʧʦʚʳʰʝʥʥʦʡ 
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ʚʣʘʞʥʦʩʪʴʶ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʚ ʧʦʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʩʠʩʪʝʤʘ ʟʘʟʝʤʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ ʧʦ ʩʭʝʤʝ ʊʊ. ʆʥʘ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʩʝʪʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʥʘ ʪʦʢʦʚʝʜʫʱʠʭ ʩʪʝʥʢʘʭ ʠʣʠ ʢʦʨʧʫʩʘʭ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤʳ ʟʘʟʝʤʣʝʥʠʷ ʧʦ ʩʠʩʪʝʤʝ ʊʊ 

ɻʣʘʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʟʘʱʠʪʥʳʡ ʈɽ-ʧʨʦʚʦʜʥʠʢ ʩʦʟʜʘʝʪʩʷ ʠ ʟʘʟʝʤʣʷʝʪʩʷ ʥʝ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʡ 

ʧʦʜʩʪʘʥʮʠʠ, ʘ ʥʘ ʩʘʤʦʤ ʦʙʲʝʢʪʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʝʟ ʩʚʷʟʠ ʩ 

ʨʘʙʦʯʠʤ N-ʧʨʦʚʦʜʥʠʢʦʤ, ʧʦʜʢʣʶʯʝʥʥʳʤ ʢ ʟʘʟʝʤʣʠʪʝʣʶ ʧʠʪʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʕʪʠ ʥʫʣʠ ʥʝ ʜʦʣʞʥʳ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʠ ʦʙʲʝʜʠʥʷʪʴʩʷ ʜʘʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʷʜʦʤ 

ʩʤʦʥʪʠʨʦʚʘʥ ʦʪʜʝʣʴʥʳʡ ʢʦʥʪʫʨ ʟʘʟʝʤʣʝʥʠʷ. 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʧʦʣʥʦʩʪʴʶ ʦʪʜʝʣʷʶʪʩʷ ʟʘʱʠʪʥʳʤ ʈɽ-ʧʨʦʚʦʜʥʠʢʦʤ ʚʩʝ 

ʦʧʘʩʥʳʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʜʘʥʠʡ ʠʟ ʤʝʪʘʣʣʘ ʠ ʢʦʨʧʫʩʘ ʧʦʜʢʣʶʯʝʥʥʳʭ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʦʪ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

 

ɺʥʫʪʨʠ ʟʜʘʥʠʷ ʠʣʠ ʩʪʨʦʝʥʠʷ ʤʦʥʪʠʨʫʝʪʩʷ ʟʘʱʠʪʥʳʡ ʈɽ-ʧʨʦʚʦʜʥʠʢ ʠʟ ʧʨʫʪʘ ʠʣʠ 

ʧʦʣʦʩʢʠ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʰʠʥʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʩʝʭ ʦʧʘʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʪʦʢʦʧʨʦʚʦʜʷʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ 

ʵʪʦʪ ʟʘʱʠʪʥʳʡ ʥʦʣʴ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʦʪʜʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ ʟʘʟʝʤʣʝʥʠʷ. ʉʦʙʨʘʥʥʳʡ 

ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʈɽ-ʧʨʦʚʦʜʥʠʢ ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʫʯʘʩʪʢʠ, ʠʤʝʶʱʠʝ ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ 

ʦʧʘʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ. 
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ʇʦʜʢʣʶʯʝʥʠʝ ʦʧʘʩʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢ ʟʘʱʠʪʥʦʤʫ ʥʫʣʶ ʤʦʞʝʪ 

ʚʳʧʦʣʥʷʪʴʩʷ ʤʥʦʛʦʞʠʣʴʥʳʤ ʛʠʙʢʠʤ ʧʨʦʚʦʜʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʩʝʯʝʥʠʷ, ʤʘʨʢʠʨʫʝʤʦʛʦ 

ʧʦʣʦʩʢʘʤʠ ʞʝʣʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ. 

 

ʇʨʠ ʵʪʦʤ ʝʱʝ ʨʘʟ ʟʘʦʩʪʨʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʟʘʧʨʝʱʘʝʪʩʷ 

ʦʙʲʝʜʠʥʷʪʴ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʨʧʫʩʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʨʘʙʦʯʠʤ ʥʫʣʝʤ N. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʊʊ 

ʀʟ-ʟʘ ʩʣʫʯʘʡʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ ʧʦʪʝʥʮʠʘʣ ʥʘʧʨʷʞʝʥʠʷ 

ʩʧʦʩʦʙʝʥ ʚʥʝʟʘʧʥʦ ʧʦʷʚʠʪʴʩʷ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʥʝ ʧʦʜʢʣʶʯʝʥʥʦʡ, ʥʦ ʪʦʢʦʧʨʦʚʦʜʷʱʝʡ 

ʯʘʩʪʠ ʟʜʘʥʠʷ. ʏʝʣʦʚʝʢ, ʧʨʠʢʦʩʥʫʚʰʠʡʩʷ ʢ ʥʝʡ ʠ ʟʝʤʣʝ, ʩʨʘʟʫ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʶʯʘʪʝʣʠ, ʟʘʱʠʱʘʶʱʠʝ ʦʪ ʩʚʝʨʭʪʦʢʦʚ ʠ ʧʝʨʝʛʨʫʟʦʢ, ʤʦʛʫʪ 

ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʥʷʪʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʩʢʦʣʴʢʫ 

ʯʘʩʪʴ ʪʦʢʘ ʧʦʡʜʝʪ ʤʠʥʫʷ ʮʝʧʦʯʢʫ ʨʘʙʦʯʝʛʦ ʥʫʣʷ, ʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʦʩʥʦʚʥʦʛʦ 

ʟʘʟʝʤʣʝʥʠʷ ʜʦʣʞʥʦ ʠʤʝʪʴ ʦʯʝʥʴ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʏʪʦʙʳ ʦʙʝʟʦʧʘʩʠʪʴ ʯʝʣʦʚʝʢʘ ʨʘʙʦʪʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʚʳʢʣʶʯʘʪʝʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʫʪʝʯʢʠ ʥʘ ʦʪʢʨʳʪʦʡ 

ʪʦʢʦʚʝʜʫʱʝʡ ʯʘʩʪʠ ʥʝ ʙʦʣʝʝ 50 ʚʦʣʴʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʪʝʥʮʠʘʣʘ ʟʝʤʣʠ. ʅʘ ʧʨʘʢʪʠʢʝ 

ʵʪʦ ʚʳʧʦʣʥʠʪʴ ʩʣʦʞʥʦ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ: 

¶ ʚʳʩʦʢʦʡ ʢʨʘʪʥʦʩʪʠ ʪʦʢʦʚ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʚʨʝʤʷʪʦʢʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʚʳʢʣʶʯʘʪʝʣʝʡ; 

¶ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ; 

¶ ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʙʦʪʳ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʝʥʠʝ ʚ ʩʦʟʜʘʥʠʠ ʟʘʱʠʪʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʜʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤ, 

ʨʝʘʛʠʨʫʶʱʠʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʷʚʣʝʥʠʝ ʪʦʢʘ ʫʪʝʯʢʠ, ʦʪʚʝʪʚʣʷʶʱʝʛʦʩʷ ʦʪ 

ʦʩʥʦʚʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʫʪʠ ʧʨʦʪʝʢʘʥʠʷ ʥʘʛʨʫʟʢʠ, ʯʝʨʝʟ ʈɽ-ʧʨʦʚʦʜʥʠʢ ʠ ʣʦʢʘʣʠʟʘʮʠʶ 

ʝʛʦ ʩʥʷʪʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʭʝʤʳ, ʯʪʦ ʚʳʧʦʣʥʷʶʪ ʪʦʣʴʢʦ ʋɿʆ ʠʣʠ 

ʜʠʬʘʚʪʦʤʘʪʳ. 
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ʀʩʢʣʶʯʠʪʴ ʨʠʩʢʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʨʘʚʤ ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʟʘʟʝʤʣʝʥʠʷ 

ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 

1. ʧʨʘʚʠʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʪʠʧʘ ʋɿʆ ʠʣʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʘʚʪʦʤʘʪʦʚ; 

2. ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʯʝʛʦ ʥʫʣʷ N ʚ ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

3. ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʪʠ; 

4. ʧʨʘʚʠʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʤʝʩʪʥʦʛʦ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ. 

ʋɿʆ ʠʣʠ ʜʠʬʘʚʪʦʤʘʪʳ 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʯʘʩʪʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ ʟʜʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʭʚʘʯʝʥʳ ʟʦʥʦʡ 

ʟʘʱʠʪʳ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʢʦʚ ʫʪʝʯʝʢ. ʇʨʠʯʝʤ, ʠʭ ʫʩʪʘʚʢʘ ʥʘ 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 30 ʤʠʣʣʠʘʤʧʝʨ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ ʦʪʢʣʶʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʩ ʘʚʘʨʠʡʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠ ʧʨʦʙʦʝ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, ʠʩʢʣʶʯʠʪ 

ʩʣʫʯʘʡʥʳʡ ʢʦʥʪʘʢʪ ʯʝʣʦʚʝʢʘ ʩʦ ʩʪʠʭʠʡʥʦ ʚʦʟʥʠʢʰʠʤ ʦʧʘʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʟʘʱʠʪʠʪ 

ʦʪ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʪʨʘʚʤʳ. 

ʋʩʪʘʥʦʚʢʘ ʥʘ ʚʚʦʜʥʦʤ ʱʠʪʝ ʚ ʜʦʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʋɿʆ ʩ ʫʩʪʘʚʢʦʡ ʚ 100õ300 

ʤɸ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʚʝʜʝʥʠʝ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 
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ʈʘʙʦʯʠʡ ʥʦʣʴ N 

ʏʪʦʙʳ ʩʭʝʤʘ ʋɿʆ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʷʣʘ ʪʦʢʠ ʫʪʝʯʝʢ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʝʡ ʜʣʷ 

ʵʪʦʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ. ɸ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʩʨʘʟʫ ʧʨʠ 

ʦʙʲʝʜʠʥʝʥʠʠ ʮʝʧʝʡ ʨʘʙʦʯʝʛʦ ʠ ʟʘʱʠʪʥʦʛʦ ʥʫʣʝʡ. ʇʦʵʪʦʤʫ ʨʘʙʦʯʠʡ ʥʦʣʴ ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʜʝʞʥʦ ʦʪʜʝʣʝʥ ʦʪ ʟʘʱʠʪʥʦʛʦ, ʘ ʩʦʝʜʠʥʷʪʴ ʠʭ ʥʝʣʴʟʷ. (ʊʨʝʪʴʝ 

ʥʘʧʦʤʠʥʘʥʠʝ!). 

 

ɿʘʱʠʪʘ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʪʠ 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʦʣʥʠʡ, ʥʦʩʷʪ ʩʣʫʯʘʡʥʳʡ, ʩʪʠʭʠʡʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥʠ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʫʜʘʨʦʤ ʚ ʩʪʨʦʝʥʠʝ, ʥʦ ʠ ʧʦʧʘʜʘʥʠʝʤ ʚ ʧʨʦʚʦʜʘ ʚʦʟʜʫʰʥʦʡ ʣʠʥʠʠ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. 

ʕʥʝʨʛʝʪʠʢʠ ʧʨʠʤʝʥʷʶʪ ʤʝʨʳ ʟʘʱʠʪʳ ʦʪ ʧʦʜʦʙʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʥʦ ʦʥʠ 

ʥʝ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʫʜʘʨʠʚʰʝʡ 

ʤʦʣʥʠʠ ʦʪʚʦʜʠʪʩʷ ʦʪ ʃʕʇ, ʥʦ ʢʘʢʘʷ-ʪʦ ʝʝ ʜʦʣʷ ʦʢʘʟʳʚʘʝʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝʭ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 
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ɿʘʱʠʪʠʪʴʩʷ ʦʪ ʜʝʡʩʪʚʠʷ ʧʦʜʦʙʥʳʭ ʚʩʧʣʝʩʢʦʚ ʟʘʚʳʰʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʨʠʭʦʜʷʱʠʭ ʧʦ ʧʠʪʘʶʱʝʡ ɺʃ, ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘ ð ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʪʠʧʘ ʆʇʅ ʣʠʙʦ ʠʤʧʫʣʴʩʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ (ʋɿʀʇ). 

ʇʦʜʜʝʨʞʘʥʠʝ ʤʝʩʪʥʦʛʦ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʕʪʘ ʟʘʜʘʯʘ ʚʦʟʣʘʛʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʚʣʘʜʝʣʴʮʘ ʟʜʘʥʠʷ. ʅʠʢʪʦ ʜʨʫʛʦʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʟʘʥʠʤʘʪʴʩʷ ʧʦʜʦʙʥʳʤ ʚʦʧʨʦʩʦʤ ʥʝ ʙʫʜʝʪ. 

ʂʦʥʪʫʨ ʟʘʟʝʤʣʝʥʠʷ ʟʘʨʳʪ ʩʚʦʝʡ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚ ʟʝʤʣʝ ʠ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ 

ʩʧʨʷʪʘʥ ʦʪ ʩʣʫʯʘʡʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʆʜʥʘʢʦ, ʚ ʧʦʯʚʝ ʧʦʩʪʦʷʥʥʦ 

ʥʘʭʦʜʷʪʩʷ ʨʘʩʪʚʦʨʳ ʨʘʟʣʠʯʥʳʭ ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ, ʩʦʣʝʡ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʜʝʪʘʣʷʤʠ 

ʢʦʥʪʫʨʘ, ʦʙʨʘʟʫʶʱʠʤʠ ʩʣʦʡ ʢʦʨʨʦʟʠʠ. 
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ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʫʭʫʜʰʘʝʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʤʝʪʘʣʣʘ ʚ ʤʝʩʪʘʭ ʢʦʥʪʘʢʪʘ ʩ ʛʨʫʥʪʦʤ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʱʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ. ʇʦ ʝʛʦ ʚʝʣʠʯʠʥʝ ʩʫʜʷʪ ʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʟʘʟʝʤʣʝʥʠʷ ʠ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʷʭ ʧʨʦʚʦʜʠʪʴ ʪʦʢʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʧʦʪʝʥʮʠʘʣ ʟʝʤʣʠ. ɼʝʣʘʝʪʩʷ ʵʪʦ ʧʨʦʚʝʜʝʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʟʘʤʝʨʦʚ. 

ʀʩʧʨʘʚʥʳʡ ʢʦʥʪʫʨ ʟʘʟʝʤʣʝʥʠʷ ʜʦʣʞʝʥ ʥʘʜʝʞʥʦ ʧʨʦʧʫʩʪʠʪʴ ʢ ʧʦʪʝʥʮʠʘʣʫ ʟʝʤʣʠ 

ʪʦʢ ʫʩʪʘʚʢʠ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ 10 ʤʠʣʣʠʘʤʧʝʨ ʠ ʥʝ 

ʠʩʢʘʟʠʪʴ ʝʛʦ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʋɿʆ ʧʨʘʚʠʣʴʥʦ ʩʨʘʙʦʪʘʝʪ, ʘ ʩʠʩʪʝʤʘ ʊʊ ʚʳʧʦʣʥʠʪ 

ʩʚʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. 

ɽʩʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʙʫʜʝʪ ʚʳʰʝ ʥʦʨʤʳ, ʪʦ ʦʥʦ ʩʪʘʥʝʪ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʶ ʪʦʢʘ, ʫʤʝʥʴʰʘʪʴ ʝʛʦ, ʯʝʤ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ 

ʟʘʱʠʪʥʫʶ ʬʫʥʢʮʠʶ. 

ʇʦʩʢʦʣʴʢʫ ʪʦʢ ʨʘʙʦʪʳ ʋɿʆ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʝʧʠ ʠ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ, ʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʝ ʩʨʘʙʘʪʳʚʘʥʠʝ 

ʟʘʱʠʪ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʧʦʢʘʟʘʥʳ ʥʘ ʢʘʨʪʠʥʢʝ. 

 

ʀʟʤʝʨʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʝʙʫʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʪʦʯʥʳʭ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʧʨʠʥʮʠʧʫ ʤʝʛʘʦʤʤʝʪʨʘ, ʥʦ 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʩʣʦʞʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʠ 
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ʩʪʨʦʛʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ʂʘʯʝʩʪʚʝʥʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʡ ʨʘʙʦʪʳ ʭʨʘʥʠʪ ʚ ʧʘʤʷʪʠ ʠ ʦʪʦʙʨʘʞʘʝʪ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʪʘʙʣʦ. 

ʇʦ ʥʠʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʫʨʘ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʝʛʦ ʩʦʩʪʦʷʥʠʝ. 

 

ʇʦʵʪʦʤʫ ʧʦʜʦʙʥʳʤʠ ʨʘʙʦʪʘʤʠ ʟʘʥʠʤʘʶʪʩʷ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʝ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɿʘʤʝʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ ʩʨʘʟʫ 

ʧʦʩʣʝ ʚʚʦʜʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʚ ʨʘʙʦʪʫ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʦʛʜʘ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʥʦʨʤʳ, ʧʨʝʚʳʰʘʷ ʝʝ, ʪʦ ʩʦʟʜʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʢʦʥʪʫʨʘ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʧʘʨʘʣʣʝʣʴʥʦ. ʆʢʦʥʯʘʥʠʝ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʨʦʚʝʨʷʶʪ ʧʦʚʪʦʨʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

ʆʧʘʩʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʭʝʤʳ ʚ ʩʠʩʪʝʤʝ ʊʊ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʛʣʘʚʥʳʝ ʫʩʣʦʚʠʷ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ 

ʢʦʤʧʣʝʢʩʥʦ. ʅʘʨʫʰʝʥʠʝ ʣʶʙʦʛʦ ʧʫʥʢʪʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʯʘʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ 

ʚʦ ʚʨʝʤʷ ʧʨʦʙʦʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʫ ʬʘʟʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ. 

ʅʘʧʨʠʤʝʨ, ʧʦʧʘʜʘʥʠʝ ʬʘʟʳ ʥʘ ʢʦʨʧʫʩ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʤ ʋɿʆ 

ʠʣʠ ʥʘʨʫʰʝʥʥʦʤ ʢʦʥʪʫʨʝ ʟʘʟʝʤʣʝʥʠʷ ʧʨʠʚʝʜʝʪ ʢ ʵʣʝʢʪʨʦʪʨʘʚʤʝ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ 

ʩʭʝʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʚʳʢʣʶʯʘʪʝʣʠ ʤʦʛʫʪ ʧʨʦʩʪʦ ʥʝ ʩʨʘʙʦʪʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʪʦʢ ʯʝʨʝʟ 

ʥʠʭ ʙʫʜʝʪ ʤʝʥʴʰʝ ʫʩʪʘʚʢʠ. 
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ʏʘʩʪʠʯʥʦ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʟʘ ʩʯʝʪ: 

¶ ʚʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ; 

¶ ʧʦʜʢʣʶʯʝʥʠʷ ʚʪʦʨʦʡ ʩʝʣʝʢʪʠʚʥʦʡ ʩʪʫʧʝʥʠ ʟʘʱʠʪʳ ʋɿʆ ʥʘ ʚʩʝ ʟʜʘʥʠʝ, ʦ 

ʢʦʪʦʨʦʡ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ. 

 

ʇʦʩʢʦʣʴʢʫ ʚʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʟʘʟʝʤʣʝʥʠʷ ʩʠʩʪʝʤʳ ʊʊ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʪʨʝʙʫʝʪ ʪʦʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʦ 

ʚʳʧʦʣʥʝʥʠʝ ʧʦʜʦʙʥʦʛʦ ʤʦʥʪʘʞʘ ʩʣʝʜʫʝʪ ʜʦʚʝʨʷʪʴ ʪʦʣʴʢʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ 

ʨʘʙʦʪʥʠʢʘʤ. 
 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ: 

ʉʠʩʪʝʤʘ ʟʘʟʝʤʣʝʥʠʷ TT - ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ                                                      
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ȷɋɐɖɋɘɡ ɣɑɋɐɘɖɎɐɆ 

˴͊͟ ͍ͨͦ·͙ͫͭΈ ͙ ͙͙ͨͦͤͭ͘Έ ͤ͊ͨͪΎ͔͙͔͗ͤ 
 

ʅʘʧʨʷʞʝʥʠʝ ʠ ʩʠʣʘ ʪʦʢʘ - ʜʚʝ ʦʩʥʦʚʥʳʭ ʚʝʣʠʯʠʥʳ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʝ. ʂʨʦʤʝ ʥʠʭ 

ʚʳʜʝʣʷʶʪ ʠ ʨʷʜ ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ: ʟʘʨʷʜ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʠ ʜʨʫʛʠʝ. ʇʨʘʢʪʠʢʫʶʱʝʤʫ 

ʵʣʝʢʪʨʠʢʫ ʠʣʠ ʵʣʝʢʪʨʦʥʱʠʢʫ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʭʦʜʠʪʩʷ 

ʦʧʝʨʠʨʦʚʘʪʴ ʠʤʝʥʥʦ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʪʦʢʦʤ - ɺʦʣʴʪʘʤʠ ʠ ɸʤʧʝʨʘʤʠ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ 

ʨʘʩʩʢʘʞʝʤ ʠʤʝʥʥʦ ʦ ʥʘʧʨʷʞʝʥʠʠ, ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʪʘʢʦʝ ʠ ʢʘʢ ʩ ʥʠʤ ʨʘʙʦʪʘʪʴ. 

 

˻͔͔͔͙͔ͨͪ͒ͤ͡ ͺ͙͙͘;͔͚ͫͦ͟ ͍͔͙͡;͙ͤ· 
ʅʘʧʨʷʞʝʥʠʝ ʵʪʦ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʚʳʧʦʣʥʝʥʥʫʶ ʨʘʙʦʪʫ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʘ ʠʟ ʧʝʨʚʦʡ ʪʦʯʢʠ ʚʦ 

ʚʪʦʨʫʶ. ʀʟʤʝʨʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚ ɺʦʣʴʪʘʭ. ɿʥʘʯʠʪ, ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʨʠʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʥʝʣʴʟʷ. ʇʦʪʝʥʮʠʘʣ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ "ʌ", ʘ ʥʘʧʨʷʞʝʥʠʝ 

ʙʫʢʚʦʡ "U". ɽʩʣʠ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʥʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ: 
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U=ʌ1-ʌ2 

ɽʩʣʠ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʨʘʙʦʪʫ, ʪʦʛʜʘ: 

U=A/q, 

ʛʜʝ A - ʨʘʙʦʪʘ, q - ʟʘʨʷʜ. 

ˮ͔͔͙͔ͣͪͤ͘ ͤ͊ͨͪΎ͔͙͗ͤΎ 
ʅʘʧʨʷʞʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʦʣʴʪʤʝʪʨʘ. ʑʫʧʳ ʚʦʣʴʪʤʝʪʨʘ 

ʧʦʜʢʣʶʯʘʶʪ ʥʘ ʜʚʝ ʪʦʯʢʠ ʥʘʧʨʷʞʝʥʠʝ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ, ʠʣʠ ʥʘ 

ʚʳʚʦʜʳ ʜʝʪʘʣʠ, ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʪʦʨʦʡ ʤʳ ʭʦʪʠʤ ʠʟʤʝʨʠʪʴ. ʇʨʠ ʵʪʦʤ ʣʶʙʦʝ 

ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʩʭʝʤʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʝʸ ʨʘʙʦʪʫ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʧʘʨʘʣʣʝʣʴʥʦ ʵʣʝʤʝʥʪʫ ʢʘʢʦʡ-ʣʠʙʦ ʥʘʛʨʫʟʢʠ ʪʦʢ ʚ ʮʝʧʠ ʠʟʤʝʥʠʪʴ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʵʣʝʤʝʥʪʝ ʠʟʤʝʥʠʪʴʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ. 

ɺʳʚʦʜ: 

ɺʦʣʴʪʤʝʪʨ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, 

ʯʪʦʙʳ ʧʨʠ ʝʛʦ ʧʦʜʢʣʶʯʝʥʠʠ ʠʪʦʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʠʟʤʝʨʷʝʤʦʤ ʫʯʘʩʪʢʝ 

ʦʩʪʘʚʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʳʤ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʴʪʤʝʪʨʘ ʜʦʣʞʥʦ ʩʪʨʝʤʠʪʴʩʷ 

ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʠ ʯʝʤ ʦʥʦ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʴʰʘʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ. 
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ʅʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ (ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ) ʚʣʠʷʝʪ ʮʝʣʳʡ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ 

ʩʪʨʝʣʦʯʥʳʭ ʧʨʠʙʦʨʦʚ ï ʵʪʦ ʠ ʪʦʯʥʦʩʪʴ ʛʨʘʜʫʠʨʦʚʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʰʢʘʣʳ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʚʝʩʘ ʩʪʨʝʣʢʠ, ʢʘʯʝʩʪʚʦ ʠ ʮʝʣʦʩʪʥʦʩʪʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʘʪʫʰʢʠ, ʩʦʩʪʦʷʥʠʝ ʚʦʟʚʨʘʪʥʳʭ ʧʨʫʞʠʥ, ʪʦʯʥʦʩʪʴ ʧʦʜʙʦʨʘ ʰʫʥʪʘ 

ʠ ʧʨʦʯʝʝ. ɼʣʷ ʮʠʬʨʦʚʳʭ ʧʨʠʙʦʨʦʚ - ʚ ʦʩʥʦʚʥʦʤ ʪʦʯʥʦʩʪʴ ʧʦʜʙʦʨʘ ʨʝʟʠʩʪʦʨʦʚ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʜʝʣʠʪʝʣʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʟʨʷʜʥʦʩʪʴ ɸʎʇ (ʯʝʤ ʙʦʣʴʰʝ, ʪʝʤ ʪʦʯʥʝʝ), 

ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʱʫʧʦʚ. 

 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʧʨʠʙʦʨʘ 

(ʥʘʧʨʠʤʝʨ, ʤʫʣʴʪʠʤʝʪʨʘ), ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 

ʱʫʧʦʚ ʢ ʠʟʤʝʨʷʝʤʦʡ ʮʝʧʠ. ɽʩʣʠ ʚʳ ʧʦʜʢʣʶʯʠʪʝ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʱʫʧ ʢ ʪʦʯʢʝ ʩ ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʯʝʤ ʫ ʪʦʯʢʠ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʱʫʧ 

- ʪʦ ʥʘ ʜʠʩʧʣʝʝ ʧʝʨʝʜ ʨʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʷ ʧʦʷʚʠʪʩʷ ʟʥʘʢ "ï".  
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ɸ ʚʦʪ ʝʩʣʠ ʚʳ ʤʝʨʷʝʪʝ ʩʪʨʝʣʦʯʥʳʤ ʧʨʠʙʦʨʦʤ ʥʫʞʥʦ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴʥʳʤ, ʇʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʤ ʧʦʜʩʦʝʜʠʥʝʥʠʠ ʱʫʧʦʚ ʩʪʨʝʣʢʘ ʥʘʯʥʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʥʫʣʷ, 

ʫʧʨʝʪʩʷ ʚ ʦʛʨʘʥʠʯʠʪʝʣʴ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʙʣʠʟʢʠʭ ʢ ʧʨʝʜʝʣʫ ʠʟʤʝʨʝʥʠʡ 

ʠʣʠ ʙʦʣʴʰʝ ʦʥʘ ʤʦʞʝʪ ʟʘʢʣʠʥʠʪʴ ʠʣʠ ʧʦʛʥʫʪʴʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʦ ʪʦʯʥʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʝ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʛʦʚʦʨʠʪʴ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʚ ʙʳʪʫ ʠ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʥʘ ʣʶʙʠʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʠ ʚʦʣʴʪʤʝʪʨʘ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʤʫʣʴʪʠʤʝʪʨʳ ʪʠʧʘ DT-830 ʠ ʧʦʜʦʙʥʳʭ. ʏʝʤ 

ʙʦʣʴʰʝ ʠʟʤʝʨʷʝʤʳʝ ʟʥʘʯʝʥʠʷ - ʪʝʤ ʥʠʞʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, ʚʝʜʴ ʝʩʣʠ ʚʳ 

ʠʟʤʝʨʷʝʪʝ ʜʦʣʠ ʚʦʣʴʪʘ ʠ ʫ ʚʘʩ ʧʦʛʨʝʰʥʦʩʪʴ ʚ 0.1ɺ - ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʟʠʪ ʢʘʨʪʠʥʫ, 

ʘ ʝʩʣʠ ʚʳ ʠʟʤʝʨʷʝʪʝ ʩʦʪʥʠ ʠʣʠ ʪʳʩʷʯ ʚʦʣʴʪ, ʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠ ʚ 5 ʚʦʣʴʪ ʥʝ ʩʳʛʨʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ. 

̉ͭͦ ͔͒͊ͭ͡Έ ͔͙ͫ͡ ͤ͊ͨͪΎ͔͙͔͗ͤ ͔ͤ ͨͦ͒ͻ͙ͦ͒ͭ ͒͡Ύ ͙͙ͨͭ͊ͤΎ ͎͙ͤ͊ͪͯ͘͟ 
ɼʣʷ ʧʠʪʘʥʠʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʘʧʧʘʨʘʪʘ ʥʫʞʥʦ ʧʦʜʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʥʦ ʩʣʫʯʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʠʤʝʶʱʠʡʩʷ ʫ ʚʘʩ 

ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʥʝ ʧʦʜʭʦʜʠʪ ʠ ʚʳʜʘʝʪ ʥʠʟʢʦʝ ʠʣʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 18 

 

ʈʝʰʘʝʪʩʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ, 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʠʣʳ ʪʦʢʘ. 

˗́̋ ̝̐̏̎̉̈̉̓ ̠̎́̐̑̇̆̎̉̆ ̒̏̐̑̏̓̉̃̌̆̎̉̆̍ȩ 
ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ ʠ ʧʨʠ ʝʛʦ ʧʨʦʪʝʢʘʥʠʠ ʧʘʜʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʪʦʢʦʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʨʝʟʠʩʪʦʨ). ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʥʠʟʠʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʧʠʪʘʥʠʷ ʤʘʣʦʤʦʱʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʪʦʢʘʤʠ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʜʝʩʷʪʢʠ, 

ʤʘʢʩʠʤʫʤ ʩʦʪʥʠ ʤʠʣʣʠʘʤʧʝʨ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʠʪʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚʢʣʶʯʝʥʠʝ 

ʩʚʝʪʦʜʠʦʜʘ ʚ ʩʝʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 12 (ʥʘʧʨʠʤʝʨ, ʙʦʨʪʦʚʘʷ ʩʝʪʴ ʘʚʪʦʤʦʙʠʣʷ ʜʦ 14.7 

ɺʦʣʴʪ). ʊʦʛʜʘ, ʝʩʣʠ ʩʚʝʪʦʜʠʦʜ ʨʘʩʩʯʠʪʘʥ ʥʘ ʧʠʪʘʥʠʝ ʦʪ 3.3 ɺ, ʪʦʢʦʤ ʚ 20 ʤɸ, ʥʫʞʝʥ 

ʨʝʟʠʩʪʦʨ R: 

R=(14.7-3.3)/0.02)= 570 ʆʤ 

ʅʦ ʨʝʟʠʩʪʦʨʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʩʝʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʠ: 

P=(14.7-3.3)*0.02=0.228 ɺʪ 

ɹʣʠʞʘʡʰʠʡ ʧʦ ʥʦʤʠʥʘʣʫ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ - ʨʝʟʠʩʪʦʨ ʥʘ 0.25 ɺʪ. 

ʀʤʝʥʥʦ ʨʘʩʩʝʠʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʠ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʧʠʪʘʥʠʷ, ʦʙʳʯʥʦ ʤʦʱʥʦʩʪʴ ʨʝʟʠʩʪʦʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 5-10 ɺʪ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ 

ʥʫʞʥʦ ʧʦʛʘʩʠʪʴ ʙʦʣʴʰʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ ʟʘʧʠʪʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʛʨʫʟʢʫ ʤʦʱʥʝʝ, 

ʧʨʠʜʝʪʩʷ ʩʪʘʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʟʠʩʪʦʨʦʚ ʪ.ʢ. ʤʦʱʥʦʩʪʠ ʦʜʥʦʛʦ ʥʝ ʭʚʘʪʠʪ ʠ ʝʝ ʤʦʞʥʦ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ. 

ʉʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʨʝʟʠʩʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʠ ʚ ʮʝʧʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʠ ʚ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ.  

ʅʝʜʦʩʪʘʪʦʢ - ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʠʯʝʤ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʦ ʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠ ʩʥʠʞʝʥʠʠ ʪʦʢʘ ʦʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʦʤʠʥʘʣʫ ʨʝʟʠʩʪʦʨʘ.  

˗́̋ ̝̐̏̎̉̈̉̓ ̐̆̑̆̍̆̎̎̏̆ ̠̎́̐̑̇̆̎̉̆ ̅̑̏̒̒̆̌̆̍ ̉̌̉ ̋̏̎̅̆̎̒́̓̏̑̏̍ȩ 
ɽʩʣʠ ʨʝʯʴ ʚʝʩʪʠ ʪʦʣʴʢʦ ʦ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʈʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʝʩʪʴ ʪʦʣʴʢʦ ʚ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʵʪʦ 

ʩʚʷʟʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʠ ʢʘʪʫʰʢʘʭ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʟʘʢʦʥʘʤʠ ʢʦʤʤʫʪʘʮʠʠ. 

ɼʨʦʩʩʝʣʴ ʠ ʢʦʥʜʝʥʩʘʪʦʨ ʚ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʦʣʠ 

ʙʘʣʣʘʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʈʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʨʦʩʩʝʣʷ (ʠ ʣʶʙʦʛʦ ʠʥʜʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʘʚʠʩʠʪ 

ʦʪ ʯʘʩʪʦʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʜʣʷ ʙʳʪʦʚʦʡ ʵʣʝʢʪʨʦʩʝʪʠ 50 ɻʮ) ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʦʥʦ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʚ ʨʘʜ/ʩ, L-ʠʥʜʫʢʪʠʚʥʦʩʪʴ, 2ʧʠ ï ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ ʚ ʦʙʳʯʥʫʶ, f ï ʯʘʩʪʦʪʘ ʥʘʧʨʷʞʝʥʠʷ ʚ ɻʮ. 

ʈʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʝʤʢʦʩʪʠ (ʯʝʤ ʤʝʥʴʰʝ 

ʉ, ʪʝʤ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ) ʠ ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʮʝʧʠ (ʯʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ, ʪʝʤ 

ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ). ɽʛʦ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʘʢ: 

 

ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ - ʵʪʦ ʧʠʪʘʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʦʩʚʝʱʝʥʠʷ, ɼʈʃ ʣʘʤʧ ʠ ɼʅʘʊ. ɼʨʦʩʩʝʣʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʦʢ 

ʯʝʨʝʟ ʣʘʤʧʫ, ʚ ʃʃ ʠ ɼʅʘʊ ʣʘʤʧʘʭ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʘʨʝ ʩʦ ʩʪʘʨʪʝʨʦʤ ʠʣʠ 

ʠʤʧʫʣʴʩʥʳʤ ʟʘʞʠʛʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʧʫʩʢʦʚʦʝ ʨʝʣʝ) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʧʣʝʩʢʘ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʘʶʱʝʛʦ ʣʘʤʧʫ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʦʡ ʠ ʧʨʠʥʮʠʧʦʤ 

ʨʘʙʦʪʳ ʪʘʢʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. 

ɸ ʢʦʥʜʝʥʩʘʪʦʨ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʠʪʘʥʠʷ ʤʘʣʦʤʦʱʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʝʛʦ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʧʠʪʘʝʤʦʡ ʮʝʧʴʶ. ʊʘʢʦʡ ʙʣʦʢ ʧʠʪʘʥʠʷ ʥʘʟʳʚʘʝʪʩʷ 

"ʙʝʩʪʨʘʥʩʬʦʤʘʪʦʨʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ ʩ ʙʘʣʣʘʩʪʥʳʤ (ʛʘʩʷʱʠʤ) ʢʦʥʜʝʥʩʘʪʦʨʦʤ". ʆʯʝʥʴ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʠʪʝʣʷ ʪʦʢʘ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, 

ʩʚʠʥʮʦʚʳʭ) ʚ ʥʦʩʠʤʳʭ ʬʦʥʘʨʷʭ ʠ ʤʘʣʦʤʦʱʥʳʭ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘʭ. ʅʝʜʦʩʪʘʪʢʠ ʪʘʢʦʡ 

ʩʭʝʤʳ ʦʯʝʚʠʜʥʳ - ʥʝʪ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʠʭ ʚʳʢʠʧʘʥʠʝ, 

ʥʝʜʦʟʘʨʷʜ, ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ. 
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˴͊͟ ͙͙ͨͦͤͭ͘Έ ͙ ͙͙͙͍ͫͭ͊͋ͪͦ͊ͭ͘͡Έ ͤ͊ͨͪΎ͔͙͔͗ͤ ͨ ͦͫͭͦΎ͎ͤͤͦͦ ͭͦ͊͟ 
ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʩʪʘʙʠʣʴʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠ ʣʠʥʝʡʥʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ. ʏʘʩʪʦ ʠʭ ʜʝʣʘʶʪ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʤʠʢʨʦʩʭʝʤʘʭ ʪʠʧʘ ʂʈɽʅ ʠʣʠ ʟʘʨʫʙʝʞʥʳʭ ʪʠʧʘ L78xx, L79xx.  

 

 

ʃʠʥʝʡʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ LM317 ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʣʶʙʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʦʥ ʨʝʛʫʣʠʨʫʝʤʳʡ ʜʦ 37ɺ, ʚʳ ʤʦʞʝʪʝ ʩʜʝʣʘʪʴ ʧʨʦʩʪʝʡʰʠʡ ʨʝʛʫʣʠʨʫʝʤʳʡ 

ʙʣʦʢ ʧʠʪʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 
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ɽʩʣʠ ʥʫʞʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʝʛʦ 

ʦʧʠʩʘʥʥʳʝ ʀʄʉ ʥʝ ʧʦʜʦʡʜʫʪ. ʏʪʦʙʳ ʦʥʠ ʨʘʙʦʪʘʣʠ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʥʠʮʘ ʧʦʨʷʜʢʘ 2ɺ 

ʠ ʙʦʣʝʝ. ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʥʳ LDO(low dropout)-ʩʪʘʙʠʣʠʟʘʪʦʨʳ. ʀʭ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʫʞʥʦ, ʯʪʦʙʳ 

ʚʭʦʜʥʦʝ ʝʛʦ ʧʨʝʚʳʰʘʣʦ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 1ɺ. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ AMS1117, 

ʚr ʧʫʩʢʘʝʪʩʷ ʚ ʚʝʨʩʠʷʭ ʦʪ 1.2 ʜʦ 5ɺ, ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚʝʨʩʠʠ ʥʘ 5 ʠ 3.3ɺ, 

ʥʘʧʨʠʤʝʨ ʚ ʧʣʘʪʘʭ Arduino ʠ ʤʥʦʛʦʤ ʜʨʫʛʦʤ. 
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ʂʦʥʩʪʨʫʢʮʠʷ ʚʩʝʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʣʠʥʝʡʥʳʭ ʧʦʥʠʞʘʶʱʠʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʠʟʢʠʡ ʂʇɼ. ʏʝʤ ʙʦʣʴʰʝ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ï ʪʝʤ ʦʥ ʥʠʞʝ. ʆʥ ʧʨʦʩʪʦ 

çʩʞʠʛʘʝʪè ʣʠʰʥʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʧʝʨʝʚʦʜʷ ʝʛʦ ʚ ʪʝʧʣʦ, ʘ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʨʘʚʥʳ: 

Pʧʦʪʝʨʴ = (Uʚʭ-Uʚʳʭ)* I 

ʂʦʤʧʘʥʠʷ AMTECH ʚʳʧʫʩʢʘʝʪ ʐʀʄ ʘʥʘʣʦʛʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʪʠʧʘ L78xx, 

ʦʥʠ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʠʭ ʂʇɼ ʨʘʚʝʥ ʚʩʝʛʜʘ 

ʙʦʣʝʝ 90%. ʆʥʠ ʧʨʦʩʪʦ ʚʢʣʶʯʘʶʪ ʠ ʚʳʢʣʶʯʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 300 ʢɻʮ 

(ʧʫʣʴʩʘʮʠʠ ʤʠʥʠʤʘʣʴʥʳ). ɸ ʜʝʡʩʪʚʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ ʥʫʞʥʦʤ 

ʫʨʦʚʥʝ. ɸ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʘʷ ʣʠʥʝʡʥʳʤ ʘʥʘʣʦʛʘʤ 

 

 

˴͊͟ ͍ͨͦ·͙ͫͭΈ ͨͦͫͭͦΎ͔ͤͤͦ ͤ͊ͨͪΎ͔͙͔͗ͤΚ 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪ ʠʤʧʫʣʴʩʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʥʘʧʨʷʞʝʥʠʷ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʠ ʧʦ ʩʭʝʤʝ ʧʦʚʳʰʝʥʠʷ (boost), ʠ ʧʦʥʠʞʝʥʠʷ 

(buck), ʠ ʧʦ ʧʦʚʳʰʘʶʱʝ-ʧʦʥʠʞʘʶʱʝʡ (buck-boost) ʩʭʝʤʝ. ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ: 
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1. ʇʣʘʪʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤʳ XL6009 

 

2. ʇʣʘʪʘ ʥʘ ʙʘʟʝ LM2577, ʨʘʙʦʪʘʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠ ʧʦʥʠʞʝʥʠʝ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 
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3. ʇʣʘʪʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘ FP6291, ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʙʦʨʢʠ 5 V ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ powerbank. ʉ ʧʦʤʦʱʴʶ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʥʦʤʠʥʘʣʦʚ 

ʨʝʟʠʩʪʦʨʦʚ ʤʦʞʝʪ ʧʝʨʝʩʪʨʘʠʚʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʘʢ ʠ ʣʶʙʳʝ 

ʜʨʫʛʠʝ ʧʦʜʦʙʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ï ʥʫʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʮʝʧʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ. 

 

4. ʇʣʘʪʘ ʥʘ ʙʘʟʝ MT3608 
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ɿʜʝʩʴ ʚʩʸ ʧʦʜʧʠʩʘʥʦ ʥʘ ʧʣʘʪʝ ï ʧʣʦʱʘʜʢʠ ʜʣʷ ʧʘʡʢʠ ʚʭʦʜʥʦʛʦ ï IN ʠ ʚʳʭʦʜʥʦʛʦ 

ï OUT ʥʘʧʨʷʞʝʥʠʷ. ʇʣʘʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʝʛʫʣʠʨʦʚʢʫ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʪʦʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʢʘʢ ʣʠʥʝʡʥʳʭ, ʪʘʢ ʠ 

ʠʤʧʫʣʴʩʥʳʭ ʠʤʝʶʪ ʟʘʱʠʪʫ ʦʪ ʂɿ. 

˴͊͟ ͍ͨͦ·͙ͫͭΈ ͔͔͔͔ͨͪͣͤͤͦ ͤ͊ͨͪΎ͔͙͔͗ͤΚ 
ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʩʧʦʩʦʙʘ: 

1. ɸʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ; 

2. ʊʨʘʥʩʬʦʨʤʘʪʦʨ; 

ɸʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ ï ʵʪʦ ʜʨʦʩʩʝʣʴ ʩ ʦʜʥʦʡ ʦʙʤʦʪʢʦʡ. ʆʙʤʦʪʢʘ ʠʤʝʝʪ ʦʪʚʦʜ ʦʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʪʢʦʚ, ʪʘʢ ʧʦʜʢʣʶʯʘʷʩʴ ʤʝʞʜʫ ʦʜʥʠʤ ʠʟ ʢʦʥʮʦʚ ʦʙʤʦʪʢʠ 

ʠ ʦʪʚʦʜʦʤ, ʥʘ ʢʦʥʮʘʭ ʦʙʤʦʪʢʠ ʚʳ ʧʦʣʫʯʘʝʪʝ ʧʦʚʳʰʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦ ʩʪʦʣʴʢʦ ʨʘʟ, 

ʚʦ ʩʢʦʣʴʢʦ ʩʦʦʪʥʦʩʠʪʩʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʜʦ ʦʪʚʦʜʘ. 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʳʧʫʩʢʘʶʪʩʷ ʃɸʊʈʳ ï ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, 

ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʥʘʧʨʷʞʝʥʠʷ. ʆʯʝʥʴ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʝʥʠʝ ʦʥʠ ʥʘʰʣʠ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʨʝʤʦʥʪʝ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. ʈʝʛʫʣʠʨʦʚʢʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʢʦʣʴʟʷʱʝʛʦ ʱʝʪʦʯʥʦʛʦ 

ʢʦʥʪʘʢʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʠʪʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ. 
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ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ. 

ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʥʘ ʚʳʭʦʜʥʳʭ ʢʣʝʤʤʘʭ ʤʦʞʝʪ ʟʘʧʨʦʩʪʦ ʦʢʘʟʘʪʴʩʷ ʚʳʩʦʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ, ʦʪʩʶʜʘ ʦʧʘʩʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ ï ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ. 

ɿʜʝʩʴ ʝʩʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʦʪ ʩʝʪʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʘʢʠʭ 

ʫʩʪʘʥʦʚʦʢ. ɺʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʧʝʨʚʠʯʥʦʡ ʦʙʤʦʪʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

Uʚʪ=Uʧʝʨʚ*Kʪʨ 

Kʪʨ=N1/N2 
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ʆʪʜʝʣʴʥʳʡ ʚʠʜ ï ʵʪʦ ʠʤʧʫʣʴʩʥʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʥʘ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪʘʭ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢɻʮ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʠʤʧʫʣʴʩʥʳʭ ʙʣʦʢʘʭ ʧʠʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ: 

¶ ɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʘʰʝʛʦ ʩʤʘʨʪʬʦʥʘ; 

¶ ɹʇ ʥʦʫʪʙʫʢʘ; 

¶ ɹʇ ʢʦʤʧʴʶʪʝʨʘ; 
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ɿʘ ʩʯʝʪ ʨʘʙʦʪʳ ʥʘ ʙʦʣʴʰʦʡ ʯʘʩʪʦʪʝ ʩʥʠʞʘʶʪʩʷ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʦʥʠ ʚ ʨʘʟʳ ʤʝʥʴʰʝ ʯʝʤ ʫ ʩʝʪʝʚʳʭ (50/60 ɻʮ) ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʢʦʚ ʥʘ 

ʦʙʤʦʪʢʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʮʝʥʘ. ʇʝʨʝʭʦʜ ʥʘ ʠʤʧʫʣʴʩʥʳʝ ʙʣʦʢʠ ʧʠʪʘʥʠʷ ʧʦʟʚʦʣʠʣ 

ʫʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʳ ʠ ʚʝʩ ʚʩʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʩʥʠʟʠʪʴ ʝʸ ʧʦʪʨʝʙʣʝʥʠʝ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʧʜ (ʚ ʠʤʧʫʣʴʩʥʳʭ ʩʭʝʤʘʭ 70-98%). 

ɺ ʤʘʛʘʟʠʥʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʪʨʘʩʥʬʦʨʤʘʪʦʨʳ, ʥʘ ʠʭ ʚʭʦʜ 

ʧʦʜʘʸʪʩʷ ʩʝʪʝʚʦʝ ʥʘʧʨʷʞʝʥʠʝ 220ɺ, ʘ ʥʘ ʚʳʭʦʜʝ ʥʘʧʨʠʤʝʨ 12 ɺ ʧʝʨʝʤʝʥʥʦʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʛʨʫʟʢʝ ʢʦʪʦʨʘʷ ʧʠʪʘʝʪʩʷ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʥʫʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʚʳʭʦʜ ʜʠʦʜʥʳʡ ʤʦʩʪ ʠ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʜʠʦʜʦʚ.  
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ɺʥʫʪʨʠ ʥʘʭʦʜʠʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʪʨʘʥʟʠʩʪʦʨʥʳʝ ʢʣʶʯʠ, ʜʨʘʡʚʝʨ, 

ʠʣʠ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʘʷ ʩʭʝʤʘ, ʢʘʢ ʠʟʦʙʨʘʞʝʥʘ ʥʠʞʝ.  

 

ɼʦʩʪʦʠʥʩʪʚʘ ï ʧʨʦʩʪʦʪʘ ʩʭʝʤʳ, ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ ʠ ʤʘʣʳʝ ʨʘʟʤʝʨʳ; 

ʅʝʜʦʩʪʘʪʢʠ ï ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ, ʯʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʦʜʘʞʝ, ʠʤʝʶʪ 

ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʧʦ ʪʦʢʫ, ʵʪʦ ʟʥʘʯʠʪ ʯʪʦ ʙʝʟ ʥʘʛʨʫʟʢʠ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ 
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(ʫʢʘʟʘʥʦ ʚ ʩʧʝʮʠʬʠʢʘʮʠʷʭ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʙʦʨʘ) ʦʥ ʧʨʦʩʪʦ ʥʝ ʚʢʣʶʯʠʪʩʷ. ʆʪʜʝʣʴʥʳʝ 

ʢɻʟʝʤʧʣʷʨʳ ʦʙʦʨʫʜʦʚʘʥʳ ʫʞʝ ʆʉ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʠ ʨʘʙʦʪʘʶʪ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʙʝʟ 

ʧʨʦʙʣʝʤ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ ʧʠʪʘʥʠʷ 12ɺ ʛʘʣʦʛʝʥʥʳʭ ʣʘʤʧ, ʥʘʧʨʠʤʝʨ 

ʪʦʯʝʯʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʧʦʜʚʝʩʥʦʛʦ ʧʦʪʦʣʢʘ. 

˭͊͟͡Ό;͔͙͔ͤ 
ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʙʘʟʦʚʳʝ ʩʚʝʜʝʥʠʷ ʦ ʥʘʧʨʷʞʝʥʠʠ, ʝʛʦ ʠʟʤʝʨʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʨʝʛʫʣʠʨʦʚʢʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʠ ʘʩʩʦʨʪʠʤʝʥʪ ʛʦʪʦʚʳʭ ʙʣʦʢʦʚ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʣʶʙʳʝ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʩ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʚʳʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʜʨʦʙʥʝʝ ʦ ʢʘʞʜʦʤ ʠʟ ʩʧʦʩʦʙʦʚ 

ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʦʪʜʝʣʴʥʫʶ ʩʪʘʪʴʶ, ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʷ ʧʦʩʪʘʨʘʣʩʷ ʫʤʝʩʪʠʪʴ ʙʘʟʦʚʳʝ 

ʩʚʝʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʦʜʙʦʨʘ ʫʜʦʙʥʦʛʦ ʜʣʷ ʚʘʩ ʨʝʰʝʥʠʷ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ:  

ʏʪʦ ʪʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʘʢ ʧʦʥʠʟʠʪʴ ʠ ʧʦʚʳʩʠʪʴ ʥʘʧʨʷʞʝʥʠʝ 

 

ɼʨʫʛʠʝ ʥʦʚʳʝ ʩʪʘʪʴʠ ʠʟ ʨʘʟʜʝʣʘ çʉʝʢʨʝʪʳ ʵʣʝʢʪʨʠʢʘè: 

ʇʦʯʝʤʫ ʟʘʧʨʝʱʝʥʘ ʩʢʨʫʪʢʘ ʧʨʦʚʦʜʦʚ 

ʂʘʢ ʦʪʣʠʯʠʪʴ ʭʦʨʦʰʠʡ ʩʘʤʦʟʘʞʠʤʥʦʡ ʢʣʝʤʤʥʠʢ ʦʪ ʧʦʜʜʝʣʢʠ 

ʂʘʢ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ  

ʂʘʢ ʦʪʣʠʯʠʪʴ ʵʣʝʢʪʨʦʥʥʦʝ ʋɿʆ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʊʦʢ ʫʪʝʯʢʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʢʘʢ ʧʨʦʚʝʨʠʪʴ ʠ ʥʘʡʪʠ ʪʦʢ ʫʪʝʯʢʠ 
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ɃɑɋɐɘɖɎɝɋɗɐɔɋ ɔɗɈɋɟɋɓɎɋ 
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ʆʪ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ ʙʳʪʦʚʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʧʦʩʪʝʧʝʥʥʦ ʦʪʢʘʟʳʚʘʶʪʩʷ, ʠ 

ʧʨʠʤʝʥʷʶʪ ʠʭ ʚʩʸ ʨʝʞʝ ʠ ʨʝʞʝ. ʉʥʘʯʘʣʘ ʠʭ ʟʘʤʝʥʠʣʠ ʢʦʤʧʘʢʪʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʣʘʤʧʳ (ʂʃʃ). ʆʥʠ ʧʦʪʨʝʙʣʷʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 5 ʨʘʟ ʤʝʥʴʰʝ, ʧʨʠ ʪʦʡ ʞʝ ʷʨʢʦʩʪʠ. 

ʊʦ ʝʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʣʘʤʧʦʡ ʚ 20 ɺʪ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 100 ɺʪ ʣʘʤʧʫ ʥʘʢʘʣʠʚʘʥʠʷ. 

ɿʘ ʵʪʦ ʠʭ ʧʨʦʟʚʘʣʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤʠ. ʊʝʭʥʦʣʦʛʠʠ ʥʝ ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ ʠ ʚ ʧʦʩʣʝʜʥʠʝ 

5 ʣʝʪ ʥʘ ʨʳʥʢʝ ʫʢʨʝʧʠʣʠʩʴ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʠʣʠ LED. ɸʩʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ʦʪ ʩʚʝʪʦʚʳʭ ʧʘʥʝʣʝʡ ʠ ʣʝʥʪ ʜʦ ʧʨʦʞʝʢʪʦʨʦʚ ʠ ʣʘʤʧ ʧʦʜ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʮʦʢʦʣʠ. ʇʨʠ ʵʪʦʤ ʩʚʝʪʷʪ ʚ 10 ʨʘʟ ʷʨʯʝ, ʯʝʤ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʪʦʡ ʞʝ 

ʤʦʱʥʦʩʪʠ. ɼʘʚʘʡʪʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʠʤ ʦʪʣʠʯʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʠ 

ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ. 

ʀʥʪʝʨʝʩʥʦ: 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʬʘʢʪʠʯʝʩʢʠ ʪʦʞʝ ʦʪʥʦʩʷʪʩʷ ʢ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ, ʥʦ ʚ 

ʥʘʨʦʜʝ ʪʘʢʦʝ ʥʘʟʚʘʥʠʝ ʟʘʢʨʝʧʠʣʦʩʴ ʟʘ ʢʦʤʧʘʢʪʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ, 

ʭʦʪʷ ʵʥʝʨʛʠʶ ʦʥʠ ʩʙʝʨʝʛʘʶʪ ʥʝ ʪʘʢ ʢʘʢ ʩʚʝʪʦʜʠʦʜʥʳʝ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʶ ʥʝ 

ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʥʘʨʦʜʥʳʭ ʥʘʟʚʘʥʠʡ. 

ʉʦʩʪʘʚ 

ʕʥʝʨʛʦʩʙʝʨʝʛʘʡʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʘʢʪʥʳʡ ʚʘʨʠʘʥʪ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʨʫʙʯʘʪʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʣʘʤʧʳ, ʢʦʪʦʨʳʝ ʚʳʧʫʩʢʘʶʪʩʷ ʧʦʜ ʰʪʳʨʴʢʦʚʳʝ ʮʦʢʦʣʷ g5 

ʠ g13, ʦʙʳʯʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʦʣʱʠʥʝ ʪʨʫʙʢʠ (t5, t8). ʂʦʤʧʘʢʪʥʦʩʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ 

ʩʯʸʪ ʩʢʨʫʯʠʚʘʥʠʷ ʪʨʫʙʢʠ ʚ ʬʦʨʤʝ ʩʧʠʨʘʣʠ. ʊʦʛʜʘ ʧʨʠ ʪʦʤ ʞʝ ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ ʚʳ 

ʧʦʣʫʯʘʝʪʝ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʧʦ ʨʘʟʤʝʨʫ ʠ ʮʦʢʦʣʶ ʧʦʚʪʦʨʷʶʱʠʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ 

ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʤʦʜʝʣʠ ʣʘʤʧ ʩ ʮʦʢʦʣʷʤʠ E14 ʠ E27. 

ʂʦʤʧʘʢʪʥʘʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ ʣʘʤʧʘ ʩʦʩʪʦʠʪ ʠʟ: 

¶ ʮʦʢʦʣʷ; 

¶ ʢʦʨʧʫʩʘ; 

¶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʘʣʣʘʩʪʘ; 

¶ ʢʦʣʙʳ. 
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ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʣʙʘ ʥʘʧʦʣʥʝʥʘ ʧʘʨʘʤʠ ʨʪʫʪʠ ʠ ʝʸ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʧʦʢʨʳʪʳ 

ʣʶʤʠʥʦʬʦʨʦʤ, ʦʪ ʝʛʦ ʩʦʩʪʘʚʘ ʟʘʚʠʩʠʪ ʮʚʝʪʦʚʦʡ ʩʧʝʢʪʨ ʠ ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʦʚ ʚʳʧʫʩʢʘ ʩʪʨʦʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʪʠʧʘʭ 

ʩʚʝʪʦʜʠʦʜʦʚ. ʈʘʥʥʠʝ ʤʦʜʝʣʠ ʚʳʧʫʩʢʘʣʠ ʩ 5 ʤʤ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʧʦʟʞʝ ʠʭ ʟʘʤʝʥʠʣʠ 

SMD ʩʚʝʪʦʜʠʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʚʳ ʤʦʛʣʠ ʚʩʪʨʝʪʠʪʴ ʥʘ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʝ. ʇʦʩʣʝʜʥʠʝ 

ʥʦʚʘʮʠʠ ï ʵʪʦ ʬʠʣʘʤʝʥʪʥʳʝ ʥʠʪʠ, ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʚʝʪʦʜʠʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʘʧʬʠʨʦʚʦʤ ʩʪʝʢʣʝ ʠʣʠ ʜʨʫʛʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ, 

ʨʘʚʥʦʤʝʨʥʦ ʧʦʢʨʳʪʳ ʣʶʤʠʥʦʬʦʨʦʤ, ʯʪʦ ʩʦʟʜʘʝʪ ʠʣʣʶʟʠʶ ʩʚʝʪʷʱʝʡʩʷ ʥʠʪʠ. ɺʥʝʰʥʝ 

ʪʘʢʠʝ ʣʘʤʧʳ ʧʦʭʦʞʠ ʥʘ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ï ʫ ʥʠʭ ʧʨʦʟʨʘʯʥʘʷ ʩʪʝʢʣʷʥʥʘʷ ʢʦʣʙʘ ʠ 

ʥʝʪ ʧʣʘʩʪʠʢʘ ʚ ʢʦʨʧʫʩʝ.  

ʀ ʪʘʢ ʦʙʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ: 

¶ ʮʦʢʦʣʴ; 

¶ ʧʣʘʩʪʠʢʦʚʳʡ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ; 

¶ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ; 
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¶ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʪʘ ʩʦ ʩʚʝʪʦʜʠʦʜʘʤʠ; 

¶ ʩʚʝʪʦʨʘʩʩʝʠʚʘʶʱʘʷ ʢʦʣʙʘ. 

 

ʇʝʨʚʦʝ ʦʪʣʠʯʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʝʢ ʦʪ ʩʚʝʪʦʜʠʦʜʥʳʭ ʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʩʚʝʪʘ: ʪʨʫʙʢʘ ʩ ʧʘʨʘʤʠ ʨʪʫʪʠ ʧʨʦʪʠʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. 

ʗʨʢʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ 

ʋ ʣʘʤʧʳ ʝʩʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

¶ ʇʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, ɺʪ; 

¶ ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʃʤ; 

¶ ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

ɺ ʧʨʠʥʮʠʧʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʦʟʤʦʞʥʳʡ ʧʫʪʴ ʢ ʩʦʭʨʘʥʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ï 

ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ, ʪ.ʝ. ʩʦʦʪʥʦʰʝʥʠʝ ʃʤ/ɺʪ. 
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ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʦʪ ʣʘʤʧ ʨʘʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ: 

 

ʃʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʥʝʥʠʷ ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ 

ʜʦ 20 ʃʤ ʥʘ 1 ɺʘʪʪ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʧʦʨʷʜʢʘ 10-17 

ʃʤ/ɺʪ.  

ʃʶʤʠʥʝʩʮʝʥʪʥʘʷ ʣʘʤʧʘ ʚʳʜʘʝʪ ʦʪ 40 ʜʦ 70 ʃʤ/ɺʪ. ʉʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ 

ʥʘ ʩʥʠʞʝʥʠʝ ʧʦʧʫʣʷʨʥʦʩʪʠ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʠʥʞʝʥʝʨʳ ʫʣʫʯʰʘʶʪ ʵʪʠ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ ʦ ʪʦʤ, ʯʪʦ ʜʦʩʪʠʛʥʫʪʦ ʧʦʨʷʜʢʘ 100 ʃʤ/ɺʪ, ʥʦ ʚ 

ʧʨʦʜʘʞʝ ʷ ʪʘʢʠʭ ʥʝ ʚʩʪʨʝʯʘʣ. 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʩʚʝʪʷʪ ʝʱʝ ʷʨʯʝ ï 80-120 ʃʤ/ɺʪ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʳʨʦʩ ʚ ʨʘʟʳ, ʘ ʮʝʥʘ ʩʥʠʟʠʣʘʩʴ ʝʱʝ ʙʦʣʴʰʝ. ʕʪʦ ʠ ʝʩʪʴ ʧʨʠʯʠʥʦʡ 

ʫʩʧʝʭʘ LED-ʧʨʦʜʫʢʮʠʠ ʥʘ ʨʳʥʢʝ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘʠʙʦʣʴʰʠʡ ʥʘʛʨʝʚ ʫ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ (ʙʦʣʝʝ 

100 ʛʨʘʜʫʩʦʚ), ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʣʘʤʧʳ (60-80 ʛʨʘʜʫʩʦʚ), ʩʘʤʳʝ 
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ʭʦʣʦʜʥʳʝ ʣʘʤʧʳ ï ʩʚʝʪʦʜʠʦʜʥʳʝ (30-40 ʛʨʘʜʫʩʦʚ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʚ ʂʇɼ, ʧʨʠ 

ʨʘʙʦʪʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʚ ʪʝʧʣʦ ʚʳʜʝʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. 

ʈʝʩʫʨʩ ʠ ʧʦʪʝʨʷ ʷʨʢʦʩʪʠ 

30000-50000 ʯʘʩʦʚ ï ʩʨʝʜʥʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ. ʅʦ ʦʥ 

ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ LED-ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ 

ʨʘʙʦʪʘʝʪ ʚ ʞʘʨʢʠʭ ʫʩʣʦʚʠʷʭ ʪʦ ʩʨʦʢ ʤʦʞʝʪ ʩʥʠʟʠʪʴʩʷ ʚ 2 ʠ ʙʦʣʴʰʝ ʨʘʟ.  

10000 ï ʯʘʩʦʚ ʨʘʙʦʪʘʶʪ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ. ʅʦ ʵʪʦ ʪʦʞʝ ʥʝ ʩʪʘʪʠʯʝʩʢʘʷ 

ʚʝʣʠʯʠʥʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʥʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʩʚʦʡ ʨʝʩʫʨʩ ʠʣʠ ʥʘʦʙʦʨʦʪ ï 

ʩʛʦʨʘʶʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʂʃʃ ï ʯʘʩʪʦʝ 

ʚʢʣʶʯʝʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ, ʪʦʛʜʘ ʢʘʢ ʪʝ ʣʘʤʧʳ, ʯʪʦ ʚʢʣʶʯʝʥʳ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʦʙʳʯʥʦ 

ʧʝʨʝʞʠʚʘʶʪ ʨʝʩʫʨʩ ʚ ʨʘʟʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ, ʦʙ ʵʪʦʤ ʥʝʤʥʦʛʦ ʧʦʟʞʝ. 

ʅʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʣʠʷʝʪ ʠ ʩʠʩʪʝʤʘ ʧʠʪʘʥʠʷ. ʂ ʩʣʦʚʫ, ʃʃ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʙʘʣʣʘʩʪʦʤ (ʜʨʦʩʩʝʣʝʤ) ʣʘʤʧʳ ʨʘʙʦʪʘʶʪ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʯʝʤ ʩ 

ʵʣʝʢʪʨʦʥʥʳʤ. ʅʦ ʚ ʢʦʤʧʘʢʪʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʣʘʤʧʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʦʥʥʳʡ ʙʘʣʣʘʩʪ (ʕʇʈɸ). 

1000 ʯʘʩʦʚ ʩʚʝʪʷʪ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ. ʉʨʦʢ ʩʣʫʞʙʳ ʩʦʢʨʘʪʠʪʩʷ, ʝʩʣʠ ʣʘʤʧʫ 

ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ ʠ ʚʳʢʣʶʯʘʶʪ ʠʣʠ ʦʥʘ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʠʙʨʘʮʠʝʡ. ʋʜʘʨʳ ʠ ʩʦʪʨʷʩʝʥʠʷ ʣʘʤʧʦʯʢʠ ʤʦʛʫʪ ʧʦʚʨʝʜʠʪʴ ʩʧʠʨʘʣʴ, ʠ 

ʦʥʘ ʦʙʦʨʚʝʪʩʷ. 

ɺʳʚʦʜ: 

ʉʚʝʪʦʜʠʦʜʳ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʡ ʨʝʩʫʨʩ ʩʨʝʜʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʥʝ ʙʦʷʪʩʷ ʯʘʩʪʳʭ ʚʢʣʶʯʝʥʠʷ ʠ ʚʳʢʣʶʯʝʥʠʡ ï ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ 

ʧʨʠʤʝʥʷʪʴ ʚ ʢʦʨʠʜʦʨʘʭ, ʪʫʘʣʝʪʘʭ ʠ ʢʣʘʜʦʚʳʭ. 

˞̎̉̇̆̎̉̆ ̠̑̋̏̒̓̉ ̌́̍̐ ̒̏ ̃̑̆̍̆̎̆̍ 
ʃʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʫʚʝʨʝʥʦ ʚʳʜʘʶʪ ʩʚʦʠ ʣʶʤʝʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ, ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʜʦ 7%. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʷʨʢʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʟʘʛʨʷʟʥʝʥʠʝ ʢʦʣʙʳ ʠ ʧʣʘʬʦʥʘ ʩʚʝʪʠʣʴʥʠʢʘ.  

ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʣʘʤʧʦʯʢʠ, ʢʘʢ ʠ ʣʶʙʳʝ ʪʠʧʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ, 

ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʩʪʘʨʝʪʴ. ʀ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʉʥʠʞʘʝʪʩʷ ʜʦ 50% ʢ ʢʦʥʮʫ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʨʝʥʠʝʤ ʣʶʤʠʥʦʬʦʨʘ, ʝʛʦ ʚʳʛʦʨʘʥʠʝʤ, ʠʟʥʦʩʦʤ ʵʣʝʢʪʨʦʜʦʚ. ɺʳ 

ʤʦʛʣʠ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʨʳʝ ʃʃ ʯʘʩʪʦ ʯʝʨʥʝʶʪ ʫ ʢʦʥʮʦʚ ʪʨʫʙʢʠ, ʵʪʦ ʧʨʠʟʥʘʢ ʩʢʦʨʦʡ 

ʟʘʤʝʥʳ. 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʚʳʜʘʶʪ ʟʘʷʚʣʝʥʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʥʝ ʧʦʩʪʦʷʥʥʦ. 

ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʩʥʠʞʘʝʪʩʷ ʜʦ 15% ʫʞʝ ʯʝʨʝʟ 25000, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ, ʯʝʤ ʫ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʣʘʤʧ, ʟʘ ʵʪʦ ʚʨʝʤʷ ʚʳ ʟʘʤʝʥʠʪʝ ʜʚʝ ʪʘʢʠʭ, ʘ ʩʚʝʪʦʜʠʦʜʥʘʷ ʙʫʜʝʪ 
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ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʘʪʴ. ʅʘ ʷʨʢʦʩʪʴ ʪʘʢʞʝ ʚʣʠʷʝʪ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɽʩʣʠ ʣʘʤʧʘ 

ʧʝʨʝʛʨʝʚʘʝʪʩʷ, ʪʦ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʘʜʘʝʪ ʜʦ 80% ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʚ ʪʝʯʝʥʠʠ 2-3 

ʤʠʥʫʪ. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʝʨʝʛʨʝʚʝ ʢʨʠʩʪʘʣʣ ʩʚʝʪʦʜʠʦʜʘ ʜʝʛʨʘʜʠʨʫʝʪ ʠ ʤʦʞʝʪ ʩʛʦʨʝʪʴ. 

˿ͨͦͫͦ͋ ͙͙ͨͭ͊ͤΎ 
ʆʙʘ ʚʠʜʘ ʣʘʤʧ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʠʪʘʥʠʶ. ɼʣʷ ʵʪʦʛʦ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʩʭʝʤʘ ʧʠʪʘʥʠʷ. 

˗̜̏̍̐́̋̓̎̆ ̟̗̜̌̍̉̎̆̒̆̎̓̎̆ ̜̌́̍̐ 
ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʜʦʚʦʣʴʥʦ ʩʧʝʮʠʬʠʯʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʠʪʘʥʠʷ, ʜʣʷ ʠʭ ʚʢʣʶʯʝʥʠʷ ʥʫʞʥʘ ʩʭʝʤʘ ʧʦʚʳʰʘʶʱʘʷ ʥʘʧʨʷʞʝʥʠʝ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ ʚ ʵʣʝʢʪʨʦʩʝʪʠ. ʈʘʥʝʝ ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʨʦʩʩʝʣʴ ʩʦ ʩʪʘʨʪʝʨʦʤ, ʪʝʧʝʨʴ 

ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʩʢʦʨʝʛʫʣʠʨʫʶʱʠʡ ʘʧʧʘʨʘʪ (ʙʘʣʣʘʩʪ). ɺʥʫʪʨʠ ʢʦʣʙʳ ʛʘʟ, ʥʘ ʝʸ ʢʦʥʮʘʭ 

ʜʚʝ ʩʧʠʨʘʣʠ, ʥʘʧʨʷʞʝʥʠʝ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʧʠʨʘʣʷʤ (ʵʣʝʢʪʨʦʜʳ).  

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʦʟʞʠʛʘ ʷ ʦʧʠʰʫ ʝʛʦ ʥʘ ʧʨʠʤʝʨʝ 

ʫʩʪʘʨʝʚʰʝʡ ʩʠʩʪʝʤʳ ʧʫʩʢʘ, ʚ ʕʇʈɸ ʠʩʧʦʣʴʟʫʝʤʦʤ ʥʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʣʘʤʧʘʭ 

ʧʨʠʥʮʠʧ ʪʦʪ ʞʝ, ʥʦ ʧʦʜʭʦʜ ʜʨʫʛʦʡ. 

 

ʊʘʢ ʢʘʢ ʚ ʚʳʢʣʶʯʝʥʥʦʤ (ʭʦʣʦʜʥʦʤ) ʩʦʩʪʦʷʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʙʦʣʴʰʦʝ, ʧʦʵʪʦʤʫ ʩʥʘʯʘʣʘ ʠʭ ʨʘʟʦʛʨʝʚʘʶʪ, ʟʘ ʵʪʦ ʦʪʚʝʯʘʝʪ ʩʪʘʨʪʝʨ. 

ʅʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʪʝʨʤʦʵʣʝʢʪʨʦʥʥʘʷè ʵʤʠʩʩʠʷ, ʥʘʯʠʥʘʶʪ 

ʠʩʧʫʩʢʘʪʴʩʷ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ. ɺ ʩʪʘʨʪʝʨʝ ʥʘʭʦʜʠʪʩʷ ʢʦʣʙʘ ʩ ʛʘʟʦʤ, ʥʘʧʨʠʤʝʨ 

ʥʝʦʥ, ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ, ʢʦʪʦʨʳʝ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ ʟʘʤʳʢʘʶʪʩʷ ʠ 

ʢʦʥʜʝʥʩʘʪʦʨ. ʊʦʢ ʚ 20-50 ʤɸ, ʯʝʨʝʟ ʢʦʣʙʫ ʩ ʛʘʟʦʤ ʨʘʟʦʛʨʝʚʘʶʪ ʢʦʥʪʘʢʪʳ, ʦʥʠ 

ʟʘʤʳʢʘʶʪʩʷ, ʘ ʨʘʟʨʷʜ ʚʥʫʪʨʠ ʢʦʣʙʳ ʩʪʘʨʪʝʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʊʦʛʜʘ ʪʦʢ ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʨʦʩʩʝʣʷ ʠ ʩʧʠʨʘʣʝʡ ʧʨʦʪʝʢʘʝʪ ʧʦ ʢʦʥʪʫʨʫ: 

ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ï ʜʨʦʩʩʝʣʴ ï ʩʧʠʨʘʣʴ ï ʩʪʘʨʪʝʨ ï ʩʧʠʨʘʣʴ ï ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 
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ʉʧʠʨʘʣʠ ʨʘʟʦʛʨʝʚʘʶʪʩʷ, ʘ ʧʣʘʩʪʠʥʳ ʩʪʘʨʪʝʨʘ ʦʩʪʳʚʘʶʪ ʠ ʨʘʟʤʳʢʘʶʪʩʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʵʥʝʨʛʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʣʝʩʢ ʥʘʧʨʷʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʠʦʥʠʟʘʮʠʠ 

ʛʘʟʦʚ ʚ ʢʦʣʙʝ ʣʘʤʧʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʟʘʞʠʛʘʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʷʪ ʢ ʧʨʦʪʝʢʘʥʠʶ ʪʦʢʘ ʯʝʨʝʟ ʢʦʣʙʫ 

ʠ ʠʟʣʫʯʝʥʠʶ ʩʚʝʪʘ. 

ʂʘʢ ʚʳ ʤʦʛʣʠ ʟʘʤʝʪʠʪʴ ʧʨʦʮʝʩʩ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ. ɺʢʣʶʯʝʥʠʝ ʣʘʤʧʳ 

ʫʩʣʦʞʥʷʝʪʩʷ, ʝʩʣʠ ʩʧʠʨʘʣʠ ʠʟʥʦʩʠʣʠʩʴ ʠʣʠ ʜʝʛʨʘʜʠʨʦʚʘʣ ʣʶʤʠʥʦʬʦʨ, ʘ ʪʘʢʞʝ ʚ 

ʭʦʣʦʜʝ. ʕʪʦ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʚʩʝʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ, ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʚʝʪʘ ï ʚʢʣʶʯʝʥʠʝ ʧʨʠ ʤʦʨʦʟʝ. ʆʥʦ ʤʦʞʝʪ ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʪʴ ʢʨʘʡʥʝ ʜʦʣʛʦ ʠʣʠ 

ʚʦʦʙʱʝ ʥʝ ʚʢʣʶʯʠʪʴʩʷ, ʝʩʣʠ ʣʘʤʧʘ ʥʝ ʧʝʨʚʦʡ ʩʚʝʞʝʩʪʠ. ɼʘ ʠ ʠʪʦʛʦʚʘʷ ʷʨʢʦʩʪʴ ʚ 

ʭʦʣʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʞʝ ʥʦʤʠʥʘʣʴʥʦʡ. 

ʉʝʡʯʘʩ ʦʪʢʘʟʳʚʘʶʪʩʷ ʦʪ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ, ʠʩʧʦʣʴʟʫʶʪ ʠʤʧʫʣʴʩʥʳʝ ʩʭʝʤʳ, 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʵʣʝʢʪʨʦʥʥʳʤ ʙʘʣʣʘʩʪʦʤ ʠʣʠ ʕʇʈɸ. ɽʛʦ ʪʠʧʦʚʫʶ ʩʭʝʤʫ ʚʳ ʚʠʜʠʪʝ 

ʥʠʞʝ. ʆʥʘ ʨʘʙʦʪʘʝʪ ʥʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ (ʜʝʩʷʪʢʠ ʢɻʮ), ʧʨʦʪʠʚ 50 ɻʮ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ʚ 

ʩʭʝʤʝ ʩ ʜʨʦʩʩʝʣʝʤ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʷʨʢʦʝ ʩʚʝʯʝʥʠʝ, ʘ 

ʪʘʢʞʝ ʦʙʣʝʛʯʠʪʴ ʨʦʟʞʠʛ ʣʘʤʧʳ ʠ ʩʥʠʟʠʪʴ ʠʟʥʦʩ ʵʣʝʢʪʨʦʜʦʚ. 
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˞̜̃̆̓̏̅̉̏̅̎̆ ̜̌́̍̐ 
ʋ ʩʚʝʪʦʜʠʦʜʦʚ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʠʪʘʥʠʶ ʧʨʦʱʝ, ʭʦʪʷ ʚʩʝ ʨʘʚʥʦ ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʠʝ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʪʦʢ. ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʥʘʟʳʚʘʶʪ ʜʨʘʡʚʝʨʘ ʠʣʠ 

ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ, ʵʪʦ ʪʘʢʦʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʩʪʨʝʤʠʪʩʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʟʘʜʘʥʥʳʡ ʪʦʢ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ. ʌʘʢʪʠʯʝʩʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ 

ʤʦʱʥʦʩʪʴʶ ʜʨʘʡʚʝʨʘ.  

ɺ ʩʘʤʳʭ ʜʝʰʝʚʳʭ ʣʘʤʧʘʭ ʜʨʘʡʚʝʨ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦʢ ʧʨʦʩʪʦ 

ʩʥʠʞʘʶʪ ʙʘʣʣʘʩʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʦ ʧʨʠʝʤʣʝʤʦʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʫʩʣʦʚʠʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʠʪʘʶʱʝʡ ʩʝʪʠ. ʅʦ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʪʠ ʯʘʩʪʦ ʦʪʢʣʦʥʷʝʪʩʷ 

ʦʪ ʥʦʨʤʳ ʠ ʧʨʦʠʩʭʦʜʷʪ ʚʩʧʣʝʩʢʠ, ʪʘʢʠʝ ʣʘʤʧʳ ʜʦʣʛʦ ʥʝ ʞʠʚʫʪ, ʩʚʝʪʦʜʠʦʜʳ ʩʛʦʨʘʶʪ 

ʠʟ-ʟʘ ʜʦʣʛʦʡ ʨʘʙʦʪʳ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ, ʠʣʠ ʧʨʠ ʩʢʘʯʢʝ 

ʥʘʧʨʷʞʝʥʠʷ. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʙʘʣʣʘʩʪʥʦʛʦ ʜʨʘʡʚʝʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʬʦʪʦ. 
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ʅʝʜʦʩʪʘʪʢʠ ʪʘʢʦʡ ʩʭʝʤʳ ï ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ, 

ʟʘʱʠʪʳ, ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴ ʣʘʤʧʳ, ʚʳʩʦʢʠʝ ʧʫʣʴʩʘʮʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ (ʝʩʣʠ 

ʫʩʪʘʥʦʚʣʝʥ ʬʠʣʴʪʨʫʶʱʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʥʠʟʢʦʡ ʝʤʢʦʩʪʠ).  

ʇʨʝʠʤʫʱʝʩʪʚʘ ï ʜʝʰʝʚʠʟʥʘ ʠ ʧʨʦʩʪʦʪʘ. 
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ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʙʶʜʞʝʪʥʳʝ ʣʘʤʧʳ (ʜʦ 3-ʭ 

ʜʦʣʣʘʨʦʚ) ʩ ʧʨʠʝʤʣʝʤʳʤ ʠʤʧʫʣʴʩʥʳʤ ʜʨʘʡʚʝʨʦʤ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʦʢʘ.  

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ï ʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʨʘʟʚʷʟʢʘ, ʚʦʟʤʦʞʥʦ ʥʘʣʠʯʠʝ ʟʘʱʠʪ, 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʪʦʢʘ, ʙʦʣʴʰʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʩʚʝʪʦʜʠʦʜʦʚ, ʥʠʟʢʠʝ ʧʫʣʴʩʘʮʠʠ ʩʚʝʪʘ. 

ʅʝʜʦʩʪʘʪʢʠ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʨʦʛʦʚʠʟʥʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʘʡʚʝʨ ʪʦʞʝ ʤʦʞʝʪ ʩʛʦʨʝʪʴ. 

͙͙̂ͭ͊͘͡ͼ͙Ύ ͙ ͍͔ͪ͒ Ή͎͙͙ͦͦ͟͡ 
ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʪʫʪʠ ʚ ʢʦʣʙʝ, ʦʥʘ 

ʚʨʝʜʠʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ, ʝʩʣʠ ʨʘʟʦʙʴʸʪʩʷ ʚ ʧʦʤʝʱʝʥʠʠ. ʕʪʦ 

ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʫʪʠʣʠʟʘʮʠʶ (ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ). ʅʫʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʧʨʦʮʝʩʩ çʜʝʤʝʨʢʫʨʠʟʘʮʠʠè. 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʥʝ ʥʝʩʫʪ ʚʨʝʜʘ ʵʢʦʣʦʛʠʠ, ʤʦʛʫʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴʩʷ ʢʘʢ 

ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ, ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʫʶʪ ʢʦʤʧʘʥʠʠ ʧʦ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʩʪʨʝʯʘʶʪʩʷ 

ʧʫʙʣʠʢʘʮʠʠ ʦ ʪʦʤ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘʥʠʤʘʶʪʩʷ ʧʝʨʝʨʘʙʦʪʢʦʡ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ. 
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˭͊͟͡Ό;͔͙͔ͤ 
ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ ʠ ʧʝʨʝʯʠʩʣʠʤ ʢʨʘʪʢʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʣʘʤʧ: 

ʕʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ: 

«ïè ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʠ ʚʨʝʜ ʵʢʦʣʦʛʠʠ. 

«ïè ʉʚʝʪʦʚʦʡ ʧʦʪʦʢ ʥʠʞʝ, ʯʝʤ ʫ ʩʚʝʪʦʜʠʦʜʥʳʭ. 

«ïè ʉʨʦʢ ʩʣʫʞʙʳ 10000, ʭʦʪʴ ʠ ʙʦʣʴʰʝ ʯʝʤ ʫ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ, ʥʦ 

ʤʝʥʴʰʝ LED-ʧʨʦʜʫʢʮʠʠ.  

ç+è ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʥʘʜʝʞʥʦʩʪʴ. 

ç+è ʗʨʢʦʩʪʴ. 

ç+è ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. 

ç+è ʥʝʚʳʩʦʢʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ.  

 

ʉʚʝʪʦʜʠʦʜʥʳʝ: 

«ïè ʎʝʥʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʣʘʤʧ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 8-10 ʜʦʣʣʘʨʦʚ. 

«ïè ʋ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʣʘʤʧ ʧʣʦʭʦʡ ʮʚʝʪʦʚʦʡ ʩʧʝʢʪʨ ʠ ʚʳʩʦʢʠʝ 

ʧʫʣʴʩʘʮʠʠ 

ç+è ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ. 

ç+è ʗʨʢʦʩʪʴ. 

ç+è ɼʦʣʛʦʚʝʯʥʦʩʪʴ. 

ʉʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ʪʦʞʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ, ʥʦ ʧʦ ʫʧʦʤʷʥʫʪʳʤ 

ʧʨʠʯʠʥʘʤ ʪʘʢʦʝ ʥʘʟʚʘʥʠʝ ʟʘʢʨʝʧʠʣʦʩʴ ʟʘ ʢʦʤʧʘʢʪʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʣʘʤʧʘʤʠ. ʉʚʝʪʦʜʠʦʜʳ ï ʵʪʦ ʘʢʪʫʘʣʴʥʳʡ, ʥʘʜʝʞʥʳʡ ʠ ʧʦʧʫʣʷʨʥʳʡ ʠʩʪʦʯʥʠʢ 

ʩʚʝʪʘ. ʀʥʞʝʥʝʨʳ ʣʠʜʠʨʫʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦ ʟʘʥʠʤʘʶʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʩʚʝʪʘ ʠ ʮʚʝʪʦʚʦʛʦ ʩʧʝʢʪʨʘ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ: ʆʪʣʠʯʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʦʪ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʢʦʤʧʘʢʪʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 
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˾͊ͫ;͖ͭ ͍͔͙͎ͫͭͦ͒ͦ͒ͤͦͦ ͍͔ͦͫ΅͔͙ͤΎ ͤ͊ ͋·͍ͭͦͦͣ ͍͔ͯͪͦͤ 

ʇʨʠ ʨʝʤʦʥʪʝ ʢʚʘʨʪʠʨʳ ʢ ʚʦʧʨʦʩʘʤ ʨʘʩʯʸʪʘ ʦʩʚʝʱʝʥʠʷ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ ʙʝʟ 

ʦʩʦʙʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʚʝʪʠʣʴʥʠʢʠ, ʢʘʢ ʭʦʯʝʪʩʷ, ʧʨʠʢʠʜʳʚʘʷ 

ʷʨʢʦʩʪʴ ʩʚʝʪʘ "ʥʘ ʛʣʘʟ". ʆʜʥʘʢʦ ʦʩʚʝʱʝʥʠʝ ʵʪʦ ʚʘʞʥʘʷ ʯʘʩʪʴ ʣʶʙʦʡ ʩʪʨʦʡʢʠ, ʢʘʢ ʩ 

ʜʠʟʘʡʥʝʨʩʢʦʡ, ʪʘʢ ʠ ʩ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʥʦʨʤʠʨʫʶʱʠʝ ʵʪʠ ʚʦʧʨʦʩ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʉʅʀʇ 23-05-

95 "ɽʩʪʝʩʪʚʝʥʥʦʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ". ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʡʜʝʪ ʨʝʯʴ ʦ ʪʦʤ, ʢʘʢ 

ʨʘʩʩʯʠʪʘʪʴ ʩʚʝʪʦʜʠʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʜʣʷ ʜʦʤʘ. ʍʦʪʷ ʨʘʩʯʝʪʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʜʨʫʛʠʭ ʪʠʧʦʚ ʧʦʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʚ 

ʦʙʱʝʤ ʘʥʘʣʦʛʠʯʥʳ.  

 

ʆʩʚʝʱʝʥʥʦʩʪʴ ʠ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 

ʎʝʣʴʶ ʨʘʩʯʸʪʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ 

ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦʤʝʱʝʥʠʷ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʧʦʤʝʱʝʥʠʷ ʝʩʪʴ ʩʚʦʡ ʥʦʨʤʘʪʠʚ ʦʩʚʝʱʝʥʥʦʩʪʠ. ɽʸ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʩʭʦʜʷ ʠʟ ʢʣʘʩʩʘ 

ʟʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʪʦ ʝʩʪʴ ʠʟ ʪʦʛʦ ʢʘʢ ʤʥʦʛʦ ʠ ʩ ʜʝʪʘʣʷʤʠ ʢʘʢʦʡ ʚʝʣʠʯʠʥʳ ʚʳ ʙʫʜʝʪʝ 

ʨʘʙʦʪʘʪʴ, ʢʘʢʦʡ ʮʚʝʪ ʬʦʥʘ ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʝʪʘʣʴ, ʮʚʝʪ ʩʘʤʦʡ ʜʝʪʘʣʠ ʠ 

ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. ʆʙʳʯʥʦ ʵʪʦ ʧʫʛʘʝʪ ʣʶʜʝʡ ʜʘʣʸʢʠʭ ʦʪ ʪʝʤʳ, ʥʦ ʥʝ ʧʝʨʝʞʠʚʘʡʪʝ ʤʳ 

ʥʝ ʙʫʜʝʤ ʫʛʣʫʙʣʷʪʴʩʷ ʚ ʪʘʢʠʝ ʜʝʙʨʠ. ɽʩʪʴ ʪʘʙʣʠʮʳ ʩ ʫʩʨʝʜʥʝʥʥʳʤʠ, ʪʠʧʦʚʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʣʷ, ʢʘʞʜʦʛʦ ʠʟ ʪʠʧʦʚ ʧʦʤʝʱʝʥʠʡ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʠʤʠ 
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ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʠʞʝ ʧʨʠʚʝʜʝʥʘ ʦʜʥʘ ʠʟ ʪʘʢʠʭ ʪʘʙʣʠʮ. 

ʂʦʤʥʘʪʘ 
ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ, 

ʃʢ 

ʂʫʭʥʷ 150 

ɼʝʪʩʢʘʷ 200 

ɺʘʥʥʘʷ ʢʦʤʥʘʪʘ, ʩʘʥʫʟʝʣ, 

ʛʘʨʜʝʨʦʙʥʘʷ, ʢʦʨʠʜʦʨʳ ʠ ʜʨ. 

ʭʦʟ. ʧʦʤʝʱʝʥʠʷ 

50-75 

ʂʘʙʠʥʝʪ 300 

ʃʝʩʪʥʠʮʘ 20 

ɻʦʩʪʠʥʘʷ 450 

ʅʦ ʟʥʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ɺʦ-ʧʝʨʚʳʭ, ʦʩʚʝʱʝʥʥʦʩʪʴ ʵʪʦ ʚʝʣʠʯʠʥʘ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ 1 ʢʚ. ʤ. ʦʩʚʝʱʘʝʤʦʡ 

ʧʣʦʱʘʜʠ. ʆʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʃʶʢʩʘʭ (ʃʢ). ɽʩʪʴ ʠ ʟʘʢʦʥ ʦʙʨʘʪʥʳʭ ʢʚʘʜʨʘʪʦʚ, ʢʦʪʦʨʳʡ 

ʛʣʘʩʠʪ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʴ 

ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʥʠʞʘʝʪʩʷ ʚ ʢʚʘʜʨʘʪ ʨʘʟ. ʊ.ʝ. ʝʩʣʠ ʥʘʩʪʦʣʴʥʫʶ ʣʘʤʧʫ 

ʧʦʜʥʷʪʴ ʥʘʜ ʩʪʦʣʦʤ ʥʘ ʚʳʩʦʪʫ 2 ʤʝʪʨʘ, ʪʦ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʪʦʣʘ ʩʥʠʟʠʪʩʷ ʚ 2 ʚ ʢʚʘʜʨʘʪʝ 

ʨʘʟʘ ʠʣʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ.  

ɽ=ʌ/S, 

ɻʜʝ E ï ʦʩʚʝʱʝʥʥʦʩʪʴ, ʌ ï ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, S ʦʩʚʝʱʘʝʤʘʷ ʧʣʦʱʘʜʴ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʣʠ ʥʘ ʫʧʘʢʦʚʢʘʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

(ʣʘʤʧ, ʩʚʝʪʠʣʴʥʠʢʦʚ) ʫʢʘʟʳʚʘʶʪ ʚʝʣʠʯʠʥʫ ʚ ʃʶʤʝʥʘʭ (ʃʤ) - ʪʘʢ ʠʟʤʝʨʷʶʪ ʩʚʝʪʦʚʦʡ 

ʧʦʪʦʢ.  

ʊʠʧʳ, ʩʭʝʤʳ ʦʩʚʝʱʝʥʠʷ 

ʆʩʚʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤ. ɽʩʣʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ ʤʳ ʩʣʘʙʦ ʤʦʞʝʤ ʚʣʠʷʪʴ, ʪʦ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʝ - ʣʝʛʢʦ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʜʝʣʷʪ ʥʘ ʪʨʠ ʪʠʧʘ, ʠʥʦʛʜʘ ʛʦʚʦʨʷʪ ʪʨʠ ʩʭʝʤʳ ʦʩʚʝʱʝʥʠʷ: 

1. ʆʙʱʝʝ. ʂʦʛʜʘ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʥʘ ʚʳʩʦʪʝ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦ ʧʣʦʱʘʜʠ ʚʩʝʛʦ ʧʦʤʝʱʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ 

ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʳ ʧʦʣʫʯʘʝʪʝ ʷʨʢʠʡ ʩʚʝʪ ʚʦ ʚʩʝʡ ʢʦʤʥʘʪʝ, ʚ ʥʝʢʦʪʦʨʳʭ 
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ʩʣʫʯʘʷʭ ʵʪʦ ʞʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠ ʥʝʜʦʩʪʘʪʢʦʤ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʷʪ ʚʳʩʦʢʫʶ 

ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ, ʚʝʜʴ ʩʚʝʪʠʣʴʥʠʢʠ ʠ ʣʘʤʧʳ ʪʘʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚ 

ʪʘʢʠʭ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ) ʢʦʣʠʯʝʩʪʚʘʭ ʥʫʞʥʦ ʜʣʷ ʥʘʯʘʣʘ ʢʫʧʠʪʴ, 

ʦʙʩʣʫʞʠʚʘʥʠʝ (ʣʶʙʳʝ ʣʘʤʧʳ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʩʛʦʨʘʶʪ ʠ ʠʭ ʥʫʞʥʦ ʤʝʥʷʪʴ), ʘ 

ʪʘʢʞʝ  ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʤʦʱʥʦʡ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ. 

2. ʄʝʩʪʥʦʝ. ɿʜʝʩʴ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦ 

ʧʣʦʱʘʜʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ. ʊʘʢʦʡ ʢʦʤʧʨʦʤʠʩʩ, ʢʦʛʜʘ ʨʘʙʦʯʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʚʝʱʘʶʪʩʷ ʤʝʩʪʥʳʤʠ ʩʚʝʪʠʣʴʥʠʢʘʤʠ, ʪʠʧʘ ʙʨʘʪ, ʥʘʩʪʦʣʴʥʳʭ ʣʘʤʧ ʠ ʧʨʦʯʝʛʦ, ʘ 

ʧʨʦʭʦʜʳ, ʦʩʪʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚ ʢʦʤʥʘʪʳ ʦʩʚʝʱʘʝʪʩʷ ʚ ʨʘʟʳ ʩʣʘʙʝʝ 

ʧʦʪʦʣʦʯʥʳʤʠ ʩʚʝʪʠʣʴʥʠʢʘʤʠ (ʣʶʩʪʨʘʤʠ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʞʠʣʦʡ ʢʦʤʥʘʪʝ). 

ʈʘʩʯʸʪ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʦʩʚʝʱʝʥʠʷ, ʢʘʢ ʦʙʳʯʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʩʣʦʞʥʦʩʪʠ, ʥʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʠʩʘʥʥʳʤ ʥʠʞʝ ʤʝʪʦʜʦʤ ʨʘʩʯʸʪ 

ʦʩʚʝʱʝʥʠʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʟʣʫʯʘʝʤʳʡ ʠʤʠ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʥʦ 

ʠ ʬʦʨʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ. ɽʩʣʠ ʨʘʩʩʫʞʜʘʪʴ ʧʨʦʩʪʦ, ʪʦ ʧʘʨʦʡ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʚʳ ʥʝ ʜʦʙʴʝʪʝʩʴ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʧʦʣʫʯʠʪʝ ʧʘʨʫ ʤʦʱʥʳʭ ʧʫʯʢʦʚ ʩʚʝʪʘ ʠ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʩʪʝʥ ʨʘʩʩʝʷʥʥʳʡ ʩʚʝʪ. ɸ ʚʦʪ 

ʝʩʣʠ ʩʚʝʪʠʣʴʥʠʢʠ ʜʘʶʪ ʨʘʩʩʝʷʥʥʳʡ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤʝʨʥʳʡ ʩʚʝʪ ʚʦ ʚʩʝ ʩʪʦʨʦʥʳ, ʪʦ 

ʜʦʙʴʝʪʝʩʴ ʦʯʝʥʴ ʣʝʛʢʦ ʠ ʨʘʚʥʦʤʝʨʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ.  

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʳ ʨʘʩʩʯʠʪʳʚʘʝʤ ʦʩʚʝʱʝʥʠʝ ʛʦʩʪʠʥʦʡ, ʠʟ ʪʘʙʣʠʮʳ, ʧʨʠʚʝʜʸʥʥʦʡ 

ʚ ʥʘʯʘʣʝ ʩʪʘʪʴʠ ʚʠʜʥʦ, ʯʪʦ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ 450 ʃʢ. ɼʣʷ 

ʛʦʩʪʠʥʦʡ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʫʶ ʩʭʝʤʫ ʦʩʚʝʱʝʥʠʷ, ʚʝʜʴ ʣʦʢʘʣʴʥʳʝ ʧʝʨʝʩʚʝʪʳ 

ʚʨʷʜ ʣʠ ʜʦʙʘʚʷʪ ʠʥʪʝʨʴʝʨʳ ʢʨʘʩʦʪʳ, ʘ ʦʩʚʝʱʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ.  

ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ: 

E = ʌ/S 

ɺʳʨʘʟʠʤ ʥʝʦʙʭʦʜʠʤʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ: 

ʌ = E*S 

ɸ ʪʘʢ ʪʘʢʞʝ ʚʚʝʜʝʤ ʜʚʘ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʦʜʠʥ ʧʦʧʨʘʚʦʯʥʳʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʩʦʪʦʡ 

ʧʦʪʦʣʢʦʚ, ʘ ʚʪʦʨʦʡ ʪʦʞʝ ʧʦʧʨʘʚʦʯʥʳʡ, ʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʪʠʧʦʤ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. 

ɽʩʣʠ ʚʳʩʦʪʘ ʧʦʪʦʣʢʦʚ ʜʦ 2.7 ʤʝʪʨʦʚ ï ʪʦ ʂʟ1 = 1, ʝʩʣʠ ʦʪ 2.7 ʜʦ 3 ï ʪʦ ʂʟ1=1.2. 

ɼʣʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʂʟ2=1.1-1.2, ʚʦʟʴʤʝʤ 1.2, ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʩʥʠʞʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʚ ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ɼʦʧʫʩʪʠʤ, ʯʪʦ ʥʘʰʘ ʛʦʩʪʠʥʘʷ ʩʣʝʜʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ï 3ʭ4ʤ ʩ ʧʦʪʦʣʢʘʤʠ ʚʳʩʦʪʦʡ 

ʚ 2.7 ʤʝʪʨʘ. ʊʦʛʜʘ: 

ʌ=450ʃʢ*12ʢʚ.ʤ*1*1.2 = 6480 ʃʤ 

ʊʦ ʝʩʪʴ ʥʘʤ ʥʫʞʝʥ ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ 5400 

ʃʤ. ʋ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʘʤʧ ʚ ʩʨʝʜʥʝʤ ʩʚʝʪʦʦʪʜʘʯʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 80-120 ʃʤ/ɺʪ, 

ʚʦʟʴʤʝʤ ʫʩʨʝʜʥʝʥʦ 100 ʣʤ/ɺʪ, ʪʦʛʜʘ ʥʘʤ ʥʫʞʥʦ 54 ɺʪ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʩʚʝʪʘ. ʉ ʧʝʨʚʦʛʦ 

ʚʟʛʣʷʜʘ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʵʪʦ ʤʥʦʛʦ, ʥʦ ʬʘʢʪʠʯʝʩʢʠ ʚʳ ʤʦʞʝʪʝ ʜʦʙʠʪʴʩʷ, 

ʫʩʪʘʥʦʚʠʚ 5 ʣʘʤʧ ʥʘ 12-14 ɺʪ ʚ ʣʶʩʪʨʫ ʩ ʧʷʪʴʶ ʨʦʞʢʘʤʠ. ɸ ʚʝʜʴ ʩʦʛʣʘʩʠʪʝʩʴ, ʯʪʦ ʚ 

ʛʦʩʪʠʥʦʡ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ, ʪʘʢʘʷ ʣʶʩʪʨʘ ʦʪʣʠʯʥʦ ʚʧʠʰʝʪʩʷ, ʠ ʙʫʜʝʪ ʩʦʟʜʘʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ. ʄʳ ʧʨʠʚʝʣʠ ʧʨʠʤʝʨ ʥʘ ʧʝʨʚʦʡ ʧʦʧʘʚʰʝʡʩʷ ʥʘʤ 

ʣʶʩʪʨʝ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʜʙʦʨʘ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʠʣʴʥʠʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʘʤʧ ʚ ʥʠʭ ʝʩʪʴ ʠ 

ʜʨʫʛʦʡ, ʙʦʣʝʝ ʪʝʭʥʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʇʨʠʤʝʤ ʟʘ N ï ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ, n ï ʢʦʣʠʯʝʩʪʚʦ ʣʘʤʧ. 

ʏʪʦʙʳ ʧʦʩʯʠʪʘʪʴ, ʩʢʦʣʴʢʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʘʤʧʘʤʠ ʥʫʞʥʦ 

ʨʘʟʤʝʩʪʠʪʴ ʚ ʢʦʤʥʘʪʝ, ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʝʛʦ ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ. ɿʜʝʩʴ ʝʩʪʴ ʜʚʘ 

ʚʘʨʠʘʥʪʘ.  

1. ɽʩʣʠ ʚʳ ʙʫʜʝʪʝ ʚʝʰʘʪʴ ʛʦʪʦʚʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʛʜʝ ʣʘʤʧʳ ʥʝ ʟʘʤʝʥʷʶʪʩʷ, ʪʦ ʥʫʞʥʦ 
ʧʦʩʤʦʪʨʝʪʴ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ ʥʝʛʦ, ʠʣʠ ʥʘʡʪʠ ʪʘʢʦʡ ʞʝ ʚ ʣʶʙʦʤ ʠʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʝ 

ʠ ʧʦʩʤʦʪʨʝʪʴ ʝʛʦ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʪʘʢʞʝ ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʠʩʘʥʦ ʥʘ ʫʧʘʢʦʚʢʝ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ ʚʦʪ ʪʘʢʠʝ ʚʨʝʟʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ, ʠʭ ʟʘʷʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

12ɺʪ, ʘ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʨʠ ʵʪʦʤ 1000 ʃʤ. 
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ʊʦʛʜʘ: 

N = ʌʦʙʱʝʝ/ʌʩʚʝʪʠʣʴʥʠʢʘ 

N = 6480/1000 = 6.48 ʩʚʝʪʠʣʴʥʠʢʦʚ 

ɿʜʝʩʴ ʣʫʯʰʝ ʦʢʨʫʛʣʠʪʴ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ, ʪʦʛʜʘ ʥʫʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʠ 

ʫʩʪʘʥʦʚʠʪʴ 7 ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. 

2. ɽʩʣʠ ʫ ʚʘʩ ʫʞʝ ʝʩʪʴ ʣʶʩʪʨʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʨʦʞʢʘʤʠ, ʥʘʧʨʠʤʝʨ ʩ ʧʷʪʴʶ, ʪʦ ʚʳ 

ʤʦʞʝʪʝ ʨʘʩʩʯʠʪʘʪʴ, ʣʘʤʧʳ, ʢʘʢʦʡ ʤʦʱʥʦʩʪʠ ʥʫʞʥʦ ʚʢʨʫʪʠʪʴ ʚ ʥʝʸ: 

w = ʌʦʙʱ/(ʢʦʣ-ʚʦ ʨʦʞʢʦʚ*100) 

ʌʦʙʱ ï ʦʙʱʠʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʚʳʰʝ ï 6480, w ï ʤʦʱʥʦʩʪʴ 

ʣʘʤʧʳ, 100 ï ʵʪʦ ʢʦʣʠʯʝʩʪʚʦ ʃʤ/ɺʪ ʚʳʜʘʚʘʝʤʳʝ ʩʚʝʪʦʜʠʦʜʘʤʠ 

W = 6480/5*100 =12.96 

ɺ ʧʨʠʥʮʠʧʝ, ʤʦʱʥʦʩʪʴ ʣʘʤʧ ʩʦʚʧʘʣʘ, ʚʳʰʝ ʤʳ ʧʨʠʤʝʨʥʦ ʫʢʘʟʘʣʠ 12-14 ɺʪ. ʈʘʩʯʝʪʳ 

ʚʝʨʥʳ.  

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʤʳ ʥʝ ʫʯʠʪʳʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ, ʵʪʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʧʨʠʤʝʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʘ 

ʢʦʪʦʨʦʝ ʥʫʞʥʦ ʜʣʷ ʣʘʤʧ. ʗ ʥʘʨʦʯʥʦ ʦʧʫʩʪʠʣ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʚʨʷʜ ʣʠ ʢʪʦ-ʪʦ ʙʫʜʝʪ ʪʘʢ ʩʝʨʴʝʟʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʨʘʩʯʝʪʫ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʜʦʤʘ, ʘ 

ʚʳʙʨʘʪʴ ʩʚʝʪʠʣʴʥʠʢ ʠ ʣʘʤʧʳ ʪʘʢʦʡ ʨʘʩʯʝʪ ʧʦʤʦʞʝʪ. 
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ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʯʝʪʦʚ 

ɺ 21 ʚʝʢ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʣʠ, ʜʣʷ ʇʂ ʝʩʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ɽʛʦ ʥʘʟʳʚʘʶʪ çʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè ʠʣʠ ʩʦʢʨʘʱʝʥʥʦ ʉɸʇʈ. ʀ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʝʩʪʴ 

ʦʪʣʠʯʥʳʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʦʛʨʘʤʤʘ Dialux ʧʦʤʦʞʝʪ ʨʘʩʩʯʠʪʘʪʴ ʩʚʝʪʦʜʠʦʜʥʦʝ ʠ 

ʜʨʫʛʠʝ ʪʠʧʳ ʦʩʚʝʱʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ ʚ ʥʝʡ ʝʩʪʴ ʧʨʠʤʝʨʳ ʛʦʪʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʩʠʣʴʥʦʡ 

ʩʪʦʨʦʥʦʡ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʥʦʛʦ ʠʪʦʛʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, 

ʝʩʣʠ ʚʘʤ ʠʥʪʝʨʝʩʥʦ, ʧʠʰʠʪʝ ʚ ʢʦʤʤʝʥʪʘʨʠʷʭ ʠ ʤʳ ʩʜʝʣʘʝʤ ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʵʪʦʛʦ 

ʇʆ.  

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʥʣʘʡʥ-ʢʘʣʴʢʫʣʷʪʦʨ. ʀʭ ʤʥʦʞʝʩʪʚʦ 

ʚ ʩʝʪʠ, ʚʦʪ ʩʩʳʣʢʘ ʥʘ ʦʜʠʥ ʠʟ ʥʠʭ: 

https://www.ltcompany.com/ru/solutions/illumination-calculator/ 

 

ʂʩʪʘʪʠ ʥʘʰʠ ʨʘʩʯʝʪʳ ʦʢʘʟʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ 

ʩʦʚʧʘʣʦ, ʷ ʚʳʙʨʘʣ ʧʦʜʦʙʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʪʝʤ, ʯʪʦ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʤʝʨʝ. 

 

 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ: 

ʈʘʩʯʸʪ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʢʦʤʥʘʪʳ ʚ ʢʚʘʨʪʠʨʝ ʠʣʠ ʜʦʤʝ 

http://electrik.info/
https://www.ltcompany.com/ru/solutions/illumination-calculator/
http://electrik.info/main/lighting/1412-raschet-svetodiodnogo-osvescheniya-komnaty.html
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ʕʣʝʢʪʨʦʥʥʘʷ ʢʥʠʛʘ "ɺʳʙʦʨ, ʫʩʪʘʥʦʚʢʘ ʠ ʧʦʜʢʣʶʯʝʥʠʝ 
ʨʦʟʝʪʦʢ ʠ ʚʳʢʣʶʯʘʪʝʣʝʡ - ʚʩʝ, ʯʪʦ ʥʫʞʥʦ ʟʥʘʪʴ ʥʘ ʧʨʠʤʝʨʘʭ, ʚ 

ʩʭʝʤʘʭ ʠ ʢʘʨʪʠʥʢʘʭ". 
==> http://electrik.info/r ozetky.pdf    
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ȳɆɝɎɓɆɤɟɎɒ ɣɑɋɐɘɖɎɐɆɒ 

˻͔͙ͫͦ͋ͤͤͦͫͭ ͍͔͔ͫͦͪͣͤͤ·ͻ ͎͙ͣ͊ͤͭͤ·ͻ ͔͔͚ͨͯͫ͊ͭ͟͡ ͙ ͙ͻ 
͙͔͔͙͔ͨͪͣͤͤ 

 

ʈʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʫ ʪʝʤʫ ʥʫʞʥʦ ʩ ʤʘʛʥʠʪʥʳʭ ʧʫʩʢʘʪʝʣʝʡ ʥʫʞʥʦ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʩʦʚʝʪʩʢʦʡ ʵʧʦʭʠ. ʗʨʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ï ʵʪʦ ʇʄʃ ʠ ʧʦʜʦʙʥʳʝ. ʇʫʩʢʘʪʝʣʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʦʤʤʫʪʘʮʠʠ ʤʦʱʥʦʡ ʥʘʛʨʫʟʢʠ ʫʧʨʘʚʣʷʶʱʠʤ ʩʠʛʥʘʣʦʤ ʩ ʪʦʢʦʤ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ. ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʧʦʜʘʸʪʩʷ ʥʘ ʢʘʪʫʰʢʫ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʆʥʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʦʟʜʘʸʪ ʫʩʠʣʠʝ ʥʘ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ, ʢʦʪʦʨʳʡ 

ʤʝʭʘʥʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥ ʩ ʧʦʜʚʠʞʥʳʤʠ ʩʠʣʦʚʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʠ ʙʣʦʢ-ʢʦʥʪʘʢʪʘʤʠ. 

ɼʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʵʪʦ, ʧʦʵʪʦʤʫ ʚʟʛʣʷʥʠʪʝ ʥʘ ʢʘʨʪʠʥʢʫ. 

 

ʄʘʛʥʠʪʥʳʡ ʧʫʩʢʘʪʝʣʴ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ.  ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʘ ʢʘʪʫʰʢʘ ʠ ʥʝʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʢʣʝʤʤʳ 

ʚʳʚʦʜʦʚ ʢʘʪʫʰʢʠ. 
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ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʫʩʢʘʪʝʣʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ: ʥʘʙʦʨ ʢʦʥʪʘʢʪʦʚ, ʧʦʜʚʠʞʥʫʶ ʯʘʩʪʴ 

ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʩ ʚʦʟʚʨʘʪʥʦʡ ʧʨʫʞʠʥʦʡ. ʆʥʘ ʥʫʞʥʘ ʜʣʷ ʨʘʟʤʳʢʘʥʠʷ ʢʦʥʪʘʢʪʦʚ, ʢʦʛʜʘ 

ʥʘ ʢʘʪʫʰʢʫ ʥʝ ʧʦʜʘʸʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʢʦʥʪʘʢʪʦʚ ʚ ʥʦʨʤʘʣʴʥʳʝ 

ʧʦʣʦʞʝʥʠʷ. ʅʘ ʤʥʦʛʠʭ ʵʢʟʝʤʧʣʷʨʘʭ ʚ ʥʝʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʜʫʛʦʛʘʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ. 
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ʆʙʱʠʡ ʚʠʜ ʩʪʘʨʦʛʦ ʧʫʩʢʘʪʝʣʷ ʠʟʦʙʨʘʞʝʥ ʚʳʰʝ. ɹʣʠʞʝ ʢ ʟʨʠʪʝʣʶ ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʠʣʦʚʳʝ ʢʦʥʪʘʢʪʳ, ʦʥʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʦʪ 1 ʜʦ 6. ɼʘʣʴʰʝ ʤʳ ʚʠʜʠʤ ʙʣʦʢ-ʢʦʥʪʘʢʪʳ, 

ʦʥʠ ʥʫʞʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩʭʝʤʳ ʠ ʩʘʤʦʧʦʜʭʚʘʪʘ. 

ʀʥʪʝʨʝʩʥʦ: 

ʂʦʥʪʘʢʪʳ ʧʫʩʢʘʪʝʣʷ ʟʘʤʢʥʫʪʳ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʘ ʢʘʪʫʰʢʫ ʧʦʜʘʸʪʩʷ 

ʥʘʧʨʷʞʝʥʠʝ. ʇʫʣʴʪʳ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʧʨʠʙʦʨʘʤʠ ʦʙʳʯʥʦ ʦʙʦʨʫʜʦʚʘʥʳ ʢʥʦʧʢʘʤʠ 

ʙʝʟ ʬʠʢʩʘʮʠʠ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʫʩʢʘʪʝʣʴ ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳ 

ʫʜʝʨʞʠʚʘʝʪʝ ʢʥʦʧʢʫ ʚ ʥʘʞʘʪʦʤ ʧʦʣʦʞʝʥʠʠ. ɽʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʩʭʝʤ ʵʪʦ ʭʦʨʦʰʦ,  

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʪʝʣʴʬʝʨʘ, ʣʝʙʝʜʢʠ ʠ ʜʨʫʛʠʭ ʛʨʫʟʦʧʦʜʲʸʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʪʦ ʜʣʷ 

ʜʚʠʛʘʪʝʣʝʡ ʨʘʙʦʪʘʶʱʠʭ ʚ ʜʣʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʵʪʦ ʥʠʢʘʢ ʥʝ ʧʦʜʦʡʜʸʪ, ʧʨʝʜʩʪʘʚʴʪʝ 

ʩʭʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʙʝʟ ʦʩʪʘʥʦʚʢʠ. ʄʦʞʥʦ 

ʢʦʥʝʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʥʦʧʢʠ ʩ ʬʠʢʩʘʮʠʝʡ ʠ ʪʫʤʙʣʝʨʳ, ʥʦ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʥʦʧʢʠ çʉʪʘʨʪè ʠ çʉʪʦʧè ʥʘ ʧʫʣʴʪʝ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʩ 

ʩʘʤʦʧʦʜʭʚʘʪʦʤ ʯʝʨʝʟ ʙʣʦʢ-ʢʦʥʪʘʢʪʳ. 

ʇʦʯʝʤʫ ʷ ʥʘʯʘʣ ʩʪʘʪʴʶ ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʩ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ? ɺʩʸ ʧʨʦʩʪʦ ï ʦʥʠ ʝʱʝ ʚ ʦʛʨʦʤʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʧʨʦʯʝʤ. ʂ ɘɔɒə Ɍɋ Ɏɒɋɤɘ 
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ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ, ʢʘʢ ʚ ʧʣʘʥʝ ʨʝʩʫʨʩʘ, ʪʘʢ ʠ ʚ ʧʣʘʥʝ ʨʘʙʦʪʳ ʚ 

ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʨʝʞʠʤʘʭ. 

˿͔͙͔ͭͪͦͤ ͍͔͔ͫͦͪͣͤͤ·ͻ ͔͔͚ͣͦ͒͡ ͎͙ͣ͊ͤͭͤ·ͻ ͔͔͚ͨͯͫ͊ͭ͟͡ 
ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʠʙʦʨʳ ʚ ʦʙʱʝʤ ʚʠʜʝ. 

ʆʪʜʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʠ ʟʘʚʠʩʝʪʴ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʠʣʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʧʦʵʪʦʤʫ ʧʦʩʪʘʨʘʶʩʴ ʦʭʚʘʪʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘʯʥʝʤ ʩ ʦʙʱʝʛʦ ʚʠʜʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʫʩʢʘʪʝʣʷ. 

 

ʅʘ ʣʠʮʝʚʦʡ ʯʘʩʪʠ ʧʝʨʝʜ ʥʘʤʠ ʥʘʭʦʜʷʪʩʷ 4 ʧʘʨʳ ʢʦʥʪʘʢʪʦʚ. ʊʨʠ ʠʟ ʥʠʭ ʩ 

ʤʘʨʢʠʨʦʚʢʦʡ ʪʠʧʘ 1L1 ʠ 2T1 ï ʵʪʦ ʩʠʣʦʚʳʝ ʢʦʥʪʘʢʪʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʢ 

ʪʨʸʭʬʘʟʥʦʡ ʵʣʝʢʪʨʦʩʝʪʠ. ʂʦʥʪʘʢʪʳ ʩ ʧʦʤʝʪʢʦʡ çLè ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʘ çT» - ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʷ. ɺʦʦʙʱʝ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ 
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ʩʝʪʴ ʢʘʢ ʩ ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʳ (L), ʪʘʢ ʠ ʩ ʥʠʞʥʝʡ (T). ʅʦ ʩʦʙʣʶʜʝʥʠʝ ʤʘʨʢʠʨʦʚʢʠ ʠ 

ʧʦʜʢʣʶʯʝʥʠʷ ʦʧʠʩʘʥʥʦʛʦ ʚ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ ʩʜʝʣʘʝʪ ʮʝʧʴ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ ʠ ʫʧʨʦʩʪʠʪ 

ʝʸ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʨʫʛʠʤ ʵʣʝʢʪʨʦʤʦʥʪʝʨʘʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩ ʥʝʡ ʨʘʙʦʪʘʪʴ ʢʨʦʤʝ ʚʘʩ. 

ʇʨʠʥʷʪʦ ʟʘʚʦʜʠʪʴ ʧʠʪʘʥʠʝ ʩ ʚʝʨʭʥʝʡ ʩʪʦʨʦʥʳ.  

ʇʘʨʘ ʢʦʥʪʘʢʪʦʚ 13NO-14NO ï ʵʪʦ ʢʦʥʪʘʢʪʳ ʜʣʷ ʩʘʤʦʧʦʜʭʚʘʪʘ, ʠʣʠ ʙʣʦʢ-

ʢʦʥʪʘʢʪʳ. ʀʭ ʥʘʟʥʘʯʝʥʠʝ ʦʧʠʩʘʥʦ ʚʳʰʝ. 

ʀʥʪʝʨʝʩʥʦ: 

ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʪʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʤʘʨʢʠʨʦʚʢʘ ʢʣʝʤʤ, 

ʥʫʞʥʦ ʟʘʧʦʤʥʠʪʴ, ʯʪʦ ʢʣʝʤʤʳ ʩ ʤʘʨʢʠʨʦʚʢʦʡ çLè ʠ çTè ʩʣʫʞʘʪ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʩʠʣʦʚʳʭ ʣʠʥʠʡ ï ʧʠʪʘʥʠʷ ʠ ʥʘʛʨʫʟʢʠ. ʂʦʥʪʘʢʪʳ ʩ ʤʘʨʢʠʨʦʚʢʦʡ NO ʠ NC ʩʣʫʞʘʪ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʦʧʦʜʭʚʘʪʘ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʩʭʝʤ. ʇʨʠ ʵʪʦʤ NC ï ʥʦʨʤʘʣʴʥʦ-

ʟʘʢʨʳʪʳʝ (ʟʘʤʢʥʫʪʳʝ), ʘ NO ï ʥʦʨʤʘʣʴʥʦ-ʦʪʢʨʳʪʳʝ (ʨʘʟʦʤʢʥʫʪʳʝ). ʅʦʨʤʘʣʴʥʳʤ 

ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʘʢʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʢʥʦʧʢʫ ʠʣʠ 

ʧʫʩʢʘʪʝʣʴ ʥʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪ.ʝ. ʢʦʛʜʘ ʥʘ ʢʥʦʧʢʫ ʅɽ 

ʥʘʞʠʤʘʶʪ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʧʫʩʢʘʪʝʣʝʤ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʢʘʪʫʰʢʝ ʠ ʦʥ 

ʚʳʢʣʶʯʝʥ.  

ʊʘʢʠʝ ʧʫʩʢʘʪʝʣʠ ʪʘʢʞʝ ʩʦʩʪʦʷʪ ʠʟ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʜʣʷ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʥʘ ʧʨʠʤʝʨʝ ʜʨʫʛʦʛʦ ʧʫʩʢʘʪʝʣʷ. 

 

ʂʘʢ ʚʳ ʤʦʞʝʪʝ ʫʚʠʜʝʪʴ ï ʚʩʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʝʪʘʣʠ ʪʘʢʠʝ-ʞʝ ʢʘʢ ʠ ʥʘ ʩʪʘʨʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ. ʆʜʥʘʢʦ ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʞʝʣʪʫʶ ʜʝʪʘʣʴ ï 

ʠʟʦʣʷʮʠʦʥʥʫʶ ʪʨʘʚʝʨʩʫ, ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʢʟʝʤʧʣʷʨʝ ʦʥʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ 

ʢʦʨʠʯʥʝʚʦʤ ʮʚʝʪʝ. ɺʦ-ʧʝʨʚʳʭ, ʧʦ ʝʝ ʧʦʣʦʞʝʥʠʶ ʚʳ ʤʦʞʝʪʝ ʩʫʜʠʪʴ ʦ ʩʦʩʪʦʷʥʠʠ 
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ʧʫʩʢʘʪʝʣʷ. ɽʩʣʠ ʦʥʘ ʚʪʷʥʫʪʘ ï ʧʫʩʢʘʪʝʣʴ ʚʢʣʶʯʝʥ, ʘ ʝʩʣʠ ʚʨʦʚʝʥʴ ʠʣʠ ʩʣʝʛʢʘ 

ʚʳʩʪʫʧʘʝʪ ʥʘʜ ʢʨʳʰʢʦʡ ï ʚʳʢʣʶʯʝʥ.  

ʂ ʪʦʤʫ ʞʝ ʚʳ ʤʦʞʝʪʝ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʚʢʣʶʯʠʪʴ ʝʛʦ ʧʨʠ ʧʨʦʙʣʝʤʘʭ ʩ ʮʝʧʴʶ 

ʧʠʪʘʥʠʷ ʢʘʪʫʰʢʠ. ʅʫʞʥʦ ʧʨʦʩʪʦ ʚʜʘʚʠʪʴ ʪʨʘʚʝʨʩʫ ʦʪʚʝʨʪʢʦʡ ʠʣʠ ʯʝʤ ʥʠʙʫʜʴ ʜʨʫʛʠʤ. 

ɹʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ, ʯʪʦʙʳ ʚʘʩ ʥʝ ʫʜʘʨʠʣʦ ʪʦʢʦʤ, ʪʘʢʘʷ ʢʦʤʤʫʪʘʮʠʷ ʤʦʱʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʘ ʦʩʦʙʝʥʥʦ ʜʚʠʛʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʘʩʥʦʡ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʣʞʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʵʪʦ ʜʝʣʘʪʴ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

 

̉ͭͦ ͔΅͔ ͤͯ͗ͤͦ ͤ͊ͭ͘Έ ͦ ͔ͨͯͫ͊ͭ͟͡ΎͻΚ 
ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʫʩʢʘʪʝʣʷ ʚʥʠʤʘʪʝʣʴʥʦ ʫʪʦʯʥʠʪʝ ʥʘ ʢʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʘ ʢʘʪʫʰʢʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʢʘʪʫʰʢʠ ʚ ʦʩʥʦʚʥʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 

220 ʠ 380 ʚʦʣʴʪ, ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʦʟʥʘʯʝʥʠʝ ʥʘ ʝʛʦ ʢʦʨʧʫʩʝ. 
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ʂʦʥʪʘʢʪʳ ʢʘʪʫʰʢʠ ʧʦʤʝʯʝʥʳ, ʢʘʢ ɸ1 ʠ ɸ2. ʆʜʠʥ ʠʟ ʢʦʥʪʘʢʪʦʚ ʢʘʪʫʰʢʠ ʤʦʞʝʪ 

ʜʫʙʣʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʝ ʧʫʩʢʘʪʝʣʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠ 

ʩʙʦʨʢʠ ʩʭʝʤʳ. ʕʪʦ ʦʪʨʘʞʝʥʦ ʥʘ ʢʘʨʪʠʥʢʝ ʥʠʞʝ, ʦʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʷ ʩ ʵʪʦʡ ʩʪʦʨʦʥʳ 

ʪʦʣʴʢʦ ʦʜʠʥ ʠʟ ʢʦʥʮʦʚ ʢʘʪʫʰʢʠ ï ɸ2. 

 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʫʩʢʘʪʝʣʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
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ʇʫʩʢʘʪʝʣʴ ʥʝ ʤʦʞʝʪ ʢʦʤʤʫʪʠʨʦʚʘʪʴ ʦʜʠʥʘʢʦʚʳʡ ʪʦʢ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʘʛʨʫʟʢʠ.  

ʅʘ ʢʦʨʧʫʩʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʢʣʝʡʢʘ ʠʣʠ ʥʘʥʝʩʝʥʳ ʥʘʜʧʠʩʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

 

ɸʉ-3 ʠ ɸʉ-1 ï ʵʪʦ ʢʘʪʝʛʦʨʠʠ ʧʨʠʤʝʥʝʥʠʷ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʠʥʜʫʢʪʠʚʥʫʶ 

ʥʘʛʨʫʟʢʫ, ʪʘʢʫʶ ʢʘʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʦʥ ʤʦʞʝʪ ʢʦʤʤʫʪʠʨʦʚʘʪʴ ʥʘ ʪʦʢ ʜʦ 9 ɸ, ʘ ʚ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ (ʊʕʅʦʚ ʠ ʃʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ) ʜʦ 25 ɸ. 

ʅʘʢʣʝʡʢʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʝʢʪʦʨʦʚ ʩ ʧʦʜʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠʣʠ 

ʧʦʣʝʟʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʤʠ. 
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ʅʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʠʣʠ ʩʙʦʢʫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥʘ ʩʭʝʤʘ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʢʦʥʪʘʢʪʦʚ. 

ʉʭʝʤʘ ʢʦʥʪʘʢʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʘʢʦʤ ʚʠʜʝ. ʅʘ ʥʝʡ ʧʦʜʧʠʩʘʥʳ ʥʘʟʚʘʥʠʷ ʢʣʝʤʤ 

ʠ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʦʪʢʣʶʯʝʥʥʦʡ ʢʘʪʫʰʢʝ). 

 

ˣͦ͟͡ ͙͔͒ͦͨͦͤͭ͡͡Έͤ·ͻ ͍ͦͤͭ͊ͭͦ͟͟ ͒͡Ύ ͎͙͎ͣ͊ͤͭͤͦͦ ͔ͨͯͫ͊ͭ͟͡ΎΣ ;ͭͦ Ήͭͦ ͔ͭ͊ͦ͟ ͙ 
͊͟͟ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘ΈΚ 

ʋ ʪʨʘʚʝʨʩʳ ʝʩʪʴ ʝʱʝ ʦʜʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ï ʩʦʝʜʠʥʝʥʠʝ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʥʪʘʢʪʥʳʤ ʙʣʦʢʦʤ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʝʸ ʚʥʝʰʥʠʡ ʚʠʜ ʠ 

ʬʦʨʤʫ, ʥʘ ʝʸ ʚʳʩʪʫʧʘʶʱʝʡ ʯʘʩʪʠ ʝʩʪʴ ʟʘʮʝʧʳ. 
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ɹʣʦʢ ʢʦʥʪʘʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ 

ʤʦʥʪʠʨʫʝʪʩʷ ʧʦʚʝʨʭ ʧʫʩʢʘʪʝʣʷ. 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 59 

 

 

 

 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 60 

 

ʆʙʳʯʥʦ ʚ ʙʣʦʢʝ ʢʦʥʪʘʢʪʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 4 ʧʘʨʳ ʢʦʥʪʘʢʪʦʚ. 2 ʧʘʨʳ ʚʳʧʦʣʥʝʥʳ ʚ 

ʥʦʨʤʘʣʴʥʦ-ʨʘʟʦʤʢʥʫʪʦʤ ʚʠʜʝ, ʘ 2 ʧʘʨʳ ʚ ʟʘʤʢʥʫʪʦʤ. ʕʪʠ ʢʦʥʪʘʢʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ, ʢʘʢ ʜʣʷ ʢʦʤʤʫʪʘʮʠʠ ʥʘʛʨʫʟʢʠ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ʊʘʢʠʝ ʙʣʦʢʠ ʠ ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʤʦʜʝʣʷʤ ʧʨʦʰʣʦʡ ʵʧʦʭʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢ ʧʫʩʢʘʪʝʣʷʤ ʢʨʦʤʝ ʙʣʦʢʘ ʩ ʢʦʥʪʘʢʪʘʤʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 

ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʣʦʢ ʢʦʥʪʘʢʪʳ, ʦʛʨʘʥʠʯʠʪʝʣʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʨʝʚʝʨʩʠʚʥʘʷ ʙʣʦʢʠʨʦʚʢʘ, ʪʘʡʤʝʨ ʟʘʜʝʨʞʢʠ ʧʫʩʢʘ. ʅʘ ʢʘʨʪʠʥʢʝ ʚʳ ʚʠʜʠʪʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʜʣʷ ʧʫʩʢʘʪʝʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ABB. ʂʘʞʜʳʡ ʠʟ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʦʞʝʪ ʚʳʧʫʩʢʘʪʴ ʜʨʫʛʠʝ ʥʘʙʦʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʀʥʞʝʥʝʨʳ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ ʧʨʝʜʫʩʤʦʪʨʝʣʠ ʨʝʰʝʥʠʷ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʩʢʘʪʝʣʝʡ. ʈʘʥʴʰʝ 

ʵʪʦ ʧʨʠʭʦʜʠʣʦʩʴ ʜʝʣʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʘ ʵʪʦ ʫʚʝʣʠʯʠʚʘʣʦ, ʢʘʢ 
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ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʚʦʜʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʱʠʪʢʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʮʝʧʝʡ ʠ 

ʙʣʦʢʦʚ, ʪʘʢ ʠ ʦʙʱʝʝ ʟʘʥʠʤʘʝʤʦʝ ʤʝʩʪʦ. 

˿ͻ͔ͣ͊ ͨͦ͒͟͡Ό;͔͙ͤΎ ͎͙͎ͣ͊ͤͭͤͦͦ ͔ͨͯͫ͊ͭ͟͡Ύ 
ʗ ʫʞʝ ʩʢʘʟʘʣ, ʯʪʦ ʤʘʛʥʠʪʥʳʡ ʧʫʩʢʘʪʝʣʴ ʧʦʜʢʣʶʯʘʝʪʩʷ ʦʙʳʯʥʦ ʯʝʨʝʟ ʢʥʦʧʢʠ ʙʝʟ 

ʬʠʢʩʘʮʠʠ. ʊʘʢʠʝ ʢʥʦʧʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʢʥʦʧʦʯʥʦʤ ʧʦʩʪʝ. ʆʜʠʥ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ, ʵʪʦ ʧʦʩʪ ʪʠʧʘ ʇʂʕ, ʠʟʦʙʨʘʞʝʥ ʥʘ ʬʦʪʦʛʨʘʬʠʠ ʥʠʞʝ. 

 

ɽʩʣʠ ʥʫʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʩʪ ʩ ʪʨʝʤʷ ʢʥʦʧʢʘʤʠ: 

¶ çɺʧʝʨʝʜè; 

¶ çʅʘʟʘʜè; 

¶ çʉʪʦʧè - ʧʨʠ ʵʪʦʤ, ʦʙʳʯʥʦ, ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ; 

ɺʥʫʪʨʠ ʢʦʨʧʫʩʘ ʚʳ ʦʙʥʘʨʫʞʠʪʝ ʢʣʝʤʤʳ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʢʥʦʧʦʢ, ʧʨʠʯʝʤ ʥʘ 

ʢʘʞʜʦʡ ʝʩʪʴ ʧʘʨʘ ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʫʪʳʭ  ʠ ʧʘʨʘ ʥʦʨʤʘʣʴʥʦ-ʨʘʟʦʤʢʥʫʪʳʭ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ. 
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ɺʟʛʣʷʥʠʪʝ ʥʘ ʩʭʝʤʫ, ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʫʩʢʘʪʝʣʷ ʯʝʨʝʟ ʢʥʦʧʦʯʥʳʡ ʧʦʩʪ, ʬʘʟʥʳʡ 

ʧʨʦʚʦʜ ʯʝʨʝʟ ʥʦʨʤʘʣʴʥʦ-ʟʘʤʢʥʫʪʫʶ ʧʘʨʫ ʢʦʥʪʘʢʪʦʚ ʢʥʦʧʢʠ çʩʪʦʧè ʧʦʜʢʣʶʯʘʶʪ ʢ 

ʥʦʨʤʘʣʴʥʦ-ʨʘʟʦʤʢʥʫʪʦʡ ʧʘʨʝ ʢʥʦʧʢʠ çʧʫʩʢè.  ʆʪ ʚʪʦʨʦʡ ʢʣʝʤʤʳ ʢʥʦʧʢʠ çʧʫʩʢè 

ʧʨʦʚʦʜ ʠʜʸʪ ʥʘ ʢʘʪʫʰʢʫ.  

ʂʘʪʫʰʢʘ ʦʜʥʠʤ ʢʦʥʮʦʤ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʥʫʣʶ (ʝʩʣʠ ʦʥʘ ʥʘ 220 ɺ) ʠʣʠ ʢ ʜʨʫʛʦʡ 

ʬʘʟʝ (ʝʩʣʠ ʢʘʪʫʰʢʘ 380 ɺ). ɸ ʚʪʦʨʳʤ ʢ ʧʨʦʚʦʜʫ ʦʪ ʢʥʦʧʢʠ ʧʫʩʢ. ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʣʣʝʣʴʥʦ ʢʥʦʧʢʝ ʧʫʩʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʥʦʨʤʘʣʴʥʦ-ʨʘʟʦʤʢʥʫʪʘʷ ʧʘʨʘ ʙʣʦʢ-ʢʦʥʪʘʢʪʦʚ 

ʩ ʧʫʩʢʘʪʝʣʷ (ʪʦʪ ʩʘʤʳʡ ʩʘʤʦʧʦʜʭʚʘʪ). ɼʣʷ ʵʪʦʛʦ ʦʜʠʥ ʠʟ ʢʦʥʪʘʢʪʦʚ ʧʝʨʝʤʳʯʢʦʡ 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʚʳʚʦʜʦʤ ʢʘʪʫʰʢʠ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʩ ʢʥʦʧʢʦʡ çʧʫʩʢè, ʯʪʦʙʳ ʥʝ 

ʧʨʦʢʣʘʜʳʚʘʪʴ ʣʠʰʥʠʡ ʢʘʙʝʣʴ ʜʦ ʢʥʦʧʦʯʥʦʛʦ ʧʦʩʪʘ, ʘ ʚʪʦʨʦʡ ʚʳʚʦʜ ʙʣʦʢ-ʢʦʥʪʘʢʪʘ 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʪʦʡ ʢʣʝʤʤʝ ʢʥʦʧʢʠ çʧʫʩʢè, ʯʪʦ ʩʦʝʜʠʥʝʥʘ ʩ ʬʘʟʥʳʤ ʧʨʦʚʦʜʦʤ, ʦʪ 

ʢʥʦʧʢʠ çʉʪʦʧè.  
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ʂʦʥʪʘʢʪʳ ç13ʅʆ-14ʅʆè - ʥʦʨʤʘʣʴʥʦ-ʨʘʟʦʤʢʥʫʪʳʝ ʧʘʨʳ ʙʣʦʢ ʢʦʥʪʘʢʪʦʚ, ʥʘ 

ʘʥʛʣ. ʵʪʦ ʪʝ, ʯʪʦ NO. 

ʂ ʢʥʦʧʦʯʥʦʤʫ ʧʦʩʪʫ ʧʨʦʢʣʘʜʳʚʘʝʪʩʷ ʚʩʝʛʦ ʪʨʠ ʧʨʦʚʦʜʘ: 

¶ ʌʘʟʘ ʥʘ çʉʊʆʇè; 

¶ ʂ ʢʥʦʧʢʝ çʇʋʉʂè; 

¶ ʆʪ ʙʣʦʢ-ʢʦʥʪʘʢʪʦʚ ʢ ʬʘʟʝ ʥʘ çʇʋʉʂè ʜʣʷ ʩʘʤʦʧʦʜʭʚʘʪʘ; 

 

ˤ·͍ͦ͒· 
ʉʦʚʨʝʤʝʥʥʳʝ ʧʫʩʢʘʪʝʣʠ ʭʦʪʴ ʠ ʦʪʣʠʯʘʶʪʩʷ ʚʥʝʰʥʝ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʬʫʥʢʮʠʦʥʘʣʦʤ, ʦʜʥʘʢʦ ʚʳʧʦʣʥʷʶʪ ʪʝ ʞʝ ʟʘʜʘʯʠ, ʯʪʦ ʠ ʨʘʥʴʰʝ. ʇʫʩʢʘʪʝʣʠ ʨʘʟʥʳʭ 

ʪʠʧʦʚ ʤʦʞʥʦ ʚʟʘʠʤʦʟʘʤʝʥʷʪʴ, ʥʫʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʪʦʣʴʢʦ ʪʦʢ, ʥʘ ʢʦʪʦʨʳʡ 

ʨʘʩʩʯʠʪʘʥʘ ʢʦʥʢʨʝʪʥʘʷ ʤʦʜʝʣʴ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ:  

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʫʩʢʘʪʝʣʝʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

 

 

 

 

http://electrik.info/
http://electrik.info/main/master/1343-osobennosti-sovremennyh-magnitnyh-puskateley-i-ih-primenenie.html


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 64 

 

10 ͨ ͙ͪ;͙ͤ ͨͦͦͣͦ͟͡ Ή͔͍͙ͭͪͦͦ͋ͦͪͯ͒ͦ͊ͤ͟͡Ύ 

 

ʕʣʝʢʪʨʦʤʦʥʪʝʨ ʚ ʩʚʦʝʡ ʧʨʘʢʪʠʢʝ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʩʣʫʯʘʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʨʦʡ ʜʦʭʦʜʷʪ ʜʦ ʘʙʩʫʨʜʘ. ɺʝʜʴ ʥʠʢʦʛʜʘ ʥʝʣʴʟʷ ʧʨʝʜʚʠʜʝʪʴ ʯʪʦ 

ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʩ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚʦ ʚʨʝʤʷ ʝʛʦ ʨʘʙʦʪʳ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʙʳʚʘʝʪ 

ʪʨʸʭ- ʠ ʦʜʥʦʬʘʟʥʳʤ ï ʵʪʠ ʪʠʧʳ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ.  

ʆʜʥʘʢʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʦʤʢʠ ʫ ʥʠʭ ʣʠʙʦ ʦʜʠʥʘʢʦʚʳ, ʣʠʙʦ ʠʤʝʶʪ 

ʧʦʜʦʙʥʳʝ ʧʨʠʯʠʥʳ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣ ʠ ʦʩʪʘʝʪʩʷ (ʧʦʞʘʣʫʡ, ʥʘʚʩʝʛʜʘ) ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 

ʜʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ ʠʭ ʧʦʣʦʤʦʢ. 

˽͔ͪͦ͋ͣ͡· ͫ Ή͔͍͙͎͔ͭͪͦ͒͊ͭ͟͡͡Ύ͙ͣ 

ʉʠʪʫʘʮʠʷ: ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʭʦʜʠʪ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʥʦ ʦʥ ʥʝ ʨʘʙʦʪʘʝʪ ʠʣʠ 

ʨʘʙʦʪʘʝʪ ʥʝʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. ʅʘʯʥʠʪʝ ʦʩʤʦʪʨ ʩ ʙʦʨʥʦ ï ʢʦʨʦʙʦʢ ʥʘ ʢʦʨʧʫʩʝ 

ʜʚʠʛʘʪʝʣʷ ʢʫʜʘ ʧʦʜʚʦʜʠʪʩʷ ʢʘʙʝʣʴ ʠ ʨʘʩʢʣʶʯʝʥʠʝ ʩʭʝʤʳ ʟʚʝʟʜʳ ʠʣʠ ʪʨʝʫʛʦʣʴʥʠʢʘ. 
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ʇʨʠʯʠʥʳ: 

1. ʆʢʠʩʣʝʥʠʝ ʠʣʠ ʦʙʛʦʨʘʥʠʝ ʢʦʥʪʘʢʪʦʚ. ʅʫʞʥʦ ʧʦʯʠʩʪʠʪʴ ʠʭ ʠ ʩʜʝʣʘʪʴ 

ʧʨʦʙʥʳʡ ʧʫʩʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʝʩʣʠ ʵʪʦʛʦ ʥʝ ʧʨʦʠʟʦʰʣʦ ï ʧʝʨʝʭʦʜʠʤ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʜʠʘʛʥʦʩʪʠʢʝ. 

 

2. ʆʙʨʳʚ ʬʘʟʥʳʭ ʦʙʤʦʪʦʢ. ɽʩʣʠ ʫ ʚʘʩ ʝʩʪʴ ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʣʝʱʠ, 

ʠʟʤʝʨʴʪʝ ʪʦʢ ʥʘ ʢʘʞʜʦʡ ʠʟ ʬʘʟ ʚʘʤ ʩʪʘʥʝʪ ʷʩʥʦ ï ʧʦʪʨʝʙʣʷʝʪ ʣʠ ʭʦʪʴ ʦʜʥʘ ʠʟ ʦʙʤʦʪʦʢ 

ʪʦʢ. ɽʩʣʠ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ ʥʝʪ, ʪʦ ʧʨʠ ʦʙʨʳʚʝ ʜʚʫʭ ʠʟ ʪʨʸʭ ʦʙʤʦʪʦʢ ï ʪʦʢ ʥʝ ʙʫʜʝʪ 

ʧʦʪʨʝʙʣʷʪʴʩʷ ʥʠ ʦʜʥʦʡ ʠʟ ʥʠʭ. ʇʨʠʯʠʥʦʡ ʦʙʨʳʚʘ ʤʦʞʝʪ ʩʪʘʪʴ: ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʠʣʠ ʫʜʘʨ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʝʨʝʛʨʝʚ, ʧʦʩʣʝʜʩʪʚʠʷ ʤʝʞʚʠʪʢʦʚʦʛʦ 

ʟʘʤʳʢʘʥʠʷ. ʊʘʢʦʡ ʜʚʠʛʘʪʝʣʴ ʥʝ ʧʦʜʣʝʞʠʪ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʤʦʥʪʫ ï ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʚʘʨʠʘʥʪ ʝʛʦ ʟʘʤʝʥʘ ʠ ʜʘʣʴʥʝʡʰʘʷ ʧʝʨʝʤʦʪʢʘ. 
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3. ʄʝʞʚʠʪʢʦʚʦʝ ʟʘʤʳʢʘʥʠʝ. ɼʚʠʛʘʪʝʣʴ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ, ʧʦʩʪʝʧʝʥʥʦ 

ʟʘʤʝʜʣʷʝʪʩʷ, ʥʝ ʜʝʨʞʠʪ ʥʘʛʨʫʟʢʫ, ʨʘʙʦʪʘʝʪ ʩ ʧʦʚʳʰʝʥʥʳʤ ʰʫʤʦʤ. ɼʠʘʛʥʦʟ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦ ï ʪʦʢʦʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʢʣʝʱʘʤʠ ʟʘʤʝʨʷʝʪʩʷ ʪʦʢ ʚ 

ʢʘʞʜʦʡ ʬʘʟʝ, ʝʩʣʠ ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʭ ʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ï 

ʧʨʠʯʠʥʘ ʩʢʦʨʝʝ ʚʩʝʛʦ ʚ ʵʪʦʤ. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʢ. ʉʚʝʨʠʪʴ ʩ ʥʦʤʠʥʘʣʴʥʳʤ 

ʤʦʞʥʦ ʧʨʦʯʠʪʘʚ ʝʛʦ ʟʥʘʯʝʥʠʝ ʥʘ ʪʘʙʣʠʯʢʝ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʇʨʠʯʠʥʳ ʵʪʦʡ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ: ʫʜʘʨ ʧʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʶ, ʚʣʘʞʥʦʩʪʴ ʠ ʚʦʜʘ, ʧʫʩʢ ʧʦʩʣʝ ʜʦʣʛʦʛʦ 

ʧʨʦʩʪʦʷ.  

 

 

ʇʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʙʝʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩʣʝʜʫʝʪ ʧʨʦʩʫʰʠʪʴ, ʧʨʝʞʜʝ 

ʯʝʤ ʚʚʦʜʠʪʴ ʚ ʨʘʙʦʪʫ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʥʫʪʨʠ ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴʩʷ 

ʚʣʘʞʥʦʩʪʴ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʘ ʵʪʦ ʧʨʦʪʝʢʘʥʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʪʦʢʦʚ, ʧʦʚʳʰʝʥʥʳʡ ʥʘʛʨʝʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʦʙʦʡ ʠʟʦʣʷʮʠʠ ʚ ʤʝʩʪʝ ʝʸ 

ʧʝʨʝʛʨʝʚʘ. ʉʜʝʣʘʪʴ ʵʪʦ ʤʦʞʥʦ ʩʥʷʚ ʦʜʥʫ ʠʟ ʢʨʳʰʝʢ ʜʚʠʛʘʪʝʣʷ ʠ ʥʘʧʨʘʚʠʚ ʚ ʝʛʦ 

ʩʪʦʨʦʥʫ ʪʝʧʣʦʚʫʶ ʧʫʰʢʫ ʥʘ ʜʦʣʛʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ï ʦʪ ʝʜʠʥʠʮ ʯʘʩʦʚ, ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ.  

 

ʇʦ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠʟʦʣʷʮʠʠ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʠ ʛʦʪʦʚʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʢ ʨʘʙʦʪʝ. 

ʅʦʨʤʘʣʴʥʦʡ ʩʯʠʪʘʶʪ ʠʟʦʣʷʮʠʶ 1 ʄʆʤ ʥʘ 1000 ɺ, ʪ.ʝ. ʜʣʷ ʪʨʸʭʬʘʟʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʥʘ 380 ɺʦʣʴʪ, ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʭʦʪʷ ʙʳ 0.5 ʄʆʤʘ. 

ʈʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʙʳʯʥʦ ʙʦʣʴʰʝ, ʦʪ 2 ʄʆʤ ʠ ʜʦ çʙʝʩʢʦʥʝʯʥʦʩʪʠè. 

 

ɽʩʣʠ ʜʚʠʛʘʪʝʣʴ ʥʝʙʦʣʴʰʦʡ, ʜʦ 1 ʢɺʪ, ʤʦʞʥʦ ʝʛʦ ʧʦʣʥʦʩʪʴʶ ʨʘʟʦʙʨʘʪʴ, ʚʳʥʫʪʴ 

ʨʦʪʦʨ ʠ ʚ ʩʪʘʪʦʨ ʧʦʤʝʩʪʠʪʴ ʣʘʤʧʫ ʥʘʢʘʣʠʚʘʥʠʷ ʥʘ 100-150 ɺʪ. ʉʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ 
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ʩʫʰʢʠ ʦʙʤʦʪʦʢ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ, ʯʝʨʝʟ ʧʦʥʠʞʘʶʱʠʡ ʀʃʀ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ. 

ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʘʯʝ ʤʘʣʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʙʤʦʪʢʠ ʥʘʯʥʫʪ ʥʘʛʨʝʚʘʪʴʩʷ. 

 

4. ʇʨʦʙʦʡ ʠʣʠ ʂɿ ʥʘ ʢʦʨʧʫʩ. ɼʚʠʛʘʪʝʣʴ ʤʦʞʝʪ ʧʨʠ ʵʪʦʤ ʨʘʙʦʪʘʪʴ ʙʝʟ ʢʘʢʠʭ-

ʥʠʙʫʜʴ ʦʪʢʣʦʥʝʥʠʡ, ʵʪʦʪ ʚʘʨʠʘʥʪ ʝʱʝ ʙʦʣʝʝ ʩʪʨʘʰʝʥ ï ʙʦʣʴʰʘʷ ʦʧʘʩʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ 

ʪʦʢʦʤ, ʧʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʯʘʩʪʷʤ ʢʦʨʧʫʩʘ, ʢʨʝʧʣʝʥʠʡ ʜʚʠʛʘʪʝʣʷ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʈʝʰʝʥʠʝ, ʢʘʢ ʠ ʧʨʠʯʠʥʳ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʘʥʘʣʦʛʠʯʥʦ ï 

ʟʘʤʝʥʘ ʠ ʧʝʨʝʤʦʪʢʘ. 

5. ɿʘʪʨʫʜʥʝʥʦ ʚʨʘʱʝʥʠʝ ʚʘʣʘ, ʜʚʠʛʘʪʝʣʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʥʘʙʠʨʘʝʪ ʦʙʦʨʦʪʳ, 

ʘ ʝʩʣʠ ʝʛʦ ʧʫʩʢ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʤʦʞʝʪ ʠ ʚʦʦʙʱʝ ʥʝ ʩʜʚʠʥʫʪʴʩʷ ʩ ʤʝʨʪʚʦʡ 

ʪʦʯʢʠ. ʉʢʦʨʝʝ ʚʩʝʛʦ ʚʳʩʦʭʣʘ ʩʤʘʟʢʘ ʥʘ ʧʦʜʰʠʧʥʠʢʘʭ, ʠʣʠ ʚʪʫʣʢʘʭ ʨʦʪʦʨʘ, ʥʫʞʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʢʦʣʴʟʷʱʠʝ ʩʚʦʡʩʪʚʘ. ʇʨʠʯʠʥʦʡ ʩʪʘʣʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʳʨʘʙʦʪʢʘ, ʨʘʙʦʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʚʣʘʞʥʦʩʪʠ 

 

˽͙ͪ;͙ͤ· ͔͙͍͙ͤͫͨͪ͊ͤͦͫͭ Ή͔͎͔͍͔ͭͪͦͤ͊ͪ͊ͭ͟͡͡Έͤ·ͻ ͙͍ͨͪ͋ͦͪͦ 
ȷəɟɋɗɘɈəɤɘ ɖɆɍɓɡɋ ɈɎɊɡ ɣɑɋɐɘɖɔɓɆɉɖɋɈɆɘɋɑɋɏ, ɣɘɔ ɐɆɐ ɘɋɕɑɔɈɡɋ ɕəɞɐɎ ɗ 

ȸɃȳɆɒɎ ɎɑɎ ɗɕɎɖɆɑɥɒɎ, ɣɑɋɐɘɖɔɐɆɒɎɓɡ ɗ ɓɎɛɖɔɒɔɈɡɒɎ ɓɆɉɖɋɈɆɘɋɑɥɒɎ, 

ɣɑɋɐɘɖɔɐɔɘɑɡ ɗ ȸɃȳɆɒɎ, ɓɋ ɍɆɈɎɗɎɒɔ ɔɘ ɈɎɊɆ ɕɖɎɇɔɖɆ ɓɋɎɗɕɖɆɈɓɔɗɘɎ ə ɓɎɛ 

ɘɎɕɔɈɡɋ: 
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1. ʇʝʨʝʛʦʨʘʥʠʝ ʩʧʠʨʘʣʠ. ʇʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʧʦ ʧʨʠʯʠʥʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʪʘʨʝʥʠʷ, ʣʠʙʦ ʠʟ-ʟʘ ʨʘʙʦʪʳ ʚ ʥʝʧʨʘʚʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɽʩʣʠ ʧʨʠ ʧʨʝʜʳʜʫʱʝʤ 

ʨʝʤʦʥʪʝ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʧʠʨʘʣʴ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʚʦʟʤʦʞʥʦ ʛʘʙʘʨʠʪʦʚ ʢʦʨʧʫʩʘ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʝʸ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʠʟ-ʟʘ 

ʧʝʨʝʛʨʝʚʘ ʦʥʘ ʙʳʩʪʨʦ ʧʨʠʜʸʪ ʚ ʥʝʛʦʜʥʦʩʪʴ. ʇʦʜʣʝʞʠʪ ʟʘʤʝʥʝ ʠʣʠ ʚʨʝʤʝʥʥʦʤʫ 

ʙʦʣʪʦʚʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʚ ʤʝʩʪʝ ʦʙʨʳʚʘ. ʆʜʥʘʢʦ ʟʘʯʘʩʪʫʶ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʣʠʙʦ ʙʳʩʪʨʦ 

ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ, ʣʠʙʦ ʚʦʦʙʱʝ ʥʝ ʧʦʣʫʯʠʪʩʷ ï ʩʪʘʨʳʡ ʥʠʭʨʦʤ ʦʪ ʧʝʨʝʛʨʝʚʘ ʩʪʘʥʦʚʠʪʩʷ 

ʭʨʫʧʢʠʤ, ʠ ʚʳ ʝʛʦ ʧʨʦʩʪʦ ʥʝ ʟʘʞʤʝʪʝ ʧʦʜ ʙʦʣʪ. 

 

2. ʇʨʦʙʦʡ ʊʕʅʘ ʥʘ ʢʦʨʧʫʩ. ɺʦʟʤʦʞʝʥ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʢʣʶʯʝʥʥʳʤ 

ʚʝʥʪʠʣʷʪʦʨʦʤ, ʚ ʩʣʫʯʘʝ ʪʝʧʣʦʧʫʰʢʠ, ʧʨʠ ʨʘʙʦʪʝ ʙʝʟ ʚʦʜʳ, ʚ ʩʣʫʯʘʝ ʵʣʝʪʨʦʢʦʪʣʘ, ʧʦ 

ʧʨʠʯʠʥʝ ʟʘʚʦʜʩʢʦʛʦ ʙʨʘʢʘ, ʠʣʠ ʧʦ ʠʩʪʝʯʝʥʠʶ ʨʝʩʫʨʩʘ. ʈʝʰʝʥʠʝ ï ʪʵʥ ʟʘʤʝʥʠʪʴ, ʭʦʪʴ 

ʦʥ ʤʦʞʝʪ ʠ ʧʨʦʜʦʣʞʘʪʴ ʥʘʛʨʝʚʘʪʴ, ʥʦ ʧʦʪʝʥʮʠʘʣ ʬʘʟʳ, ʥʘʚʝʨʥʷʢʘ, ʙʫʜʝʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʘ ʢʦʨʧʫʩʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘ. 

3. ʆʙʨʳʚ ʪʵʥʘ. ʇʨʠʯʠʥʳ ʠ ʨʝʤʦʥʪ ʘʥʘʣʦʛʠʯʝʥ ʧʨʝʜʳʜʫʱʝʤʫ. 

˽͔ͪͦ͋ͣ͡· ͫ ͔͊͋͟͡Έͤ·͙ͣ ͙͙ͤ͡Ύ͙ͣ 
ȽɆɗɘɆɥ ɕɖɎɝɎɓɆ ɓɋɎɗɕɖɆɈɓɔɗɘɎ ɣɑɋɐɘɖɎɝɋɗɐɎɛ ɕɖɎɇɔɖɔɈ ï ɔɘɗəɘɗɘɈɎɋ 

ɓɆɕɖɥɌɋɓɎɥ. ȵɖɔɎɗɛɔɊɎɘ ɕɔ ɕɖɎɝɎɓɋ ɔɇɖɡɈɆ ɎɑɎ ɕɑɔɛɔɉɔ ɐɔɓɘɆɐɘɆ ɐɆɇɋɑɥ Ɉ 

ɒɋɗɘɆɛ ɗɔɋɊɎɓɋɓɎɥ. 

1. ʆʙʨʳʚ ʠʣʠ ʧʝʨʝʣʦʤ ʢʘʙʝʣʷ. ʂʘʙʝʣʷ ʯʘʩʪʦ ʦʙʨʳʚʘʶʪʩʷ ʠʣʠ ʧʝʨʝʙʠʚʘʶʪʩʷ 

ʚ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʣʠ ʜʝʤʦʥʪʘʞʝ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʧʦʨʳʚʦʚ ʚʝʪʨʘ, ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʧʨʦʢʣʘʜʢʠ. ʏʪʦʙʳ 
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ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ ʥʫʞʥʦ ʧʨʦʢʣʘʜʳʚʘʪʴ ʢʘʙʝʣʴ ʚ ʟʘʚʝʜʦʤʦ ʙʝʟʦʧʘʩʥʳʭ ʠ ʫʜʘʣʸʥʥʳʭ ʦʪ 

ʨʘʙʦʪʳ ʤʝʩʪʘʭ.  

 

ʇʨʦʢʣʘʜʳʚʘʷ ʢʘʙʝʣʴ ʯʝʨʝʟ ʧʝʨʝʢʨʳʪʠʷ ʠ ʩʪʝʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʝʨʝʭʦʜʳ ʚ ʚʠʜʝ ʞʝʣʝʟʥʳʭ ʪʨʫʙ. ɸ ʧʨʠ ʧʨʦʙʨʦʩʝ ʢʘʙʝʣʷ ʯʝʨʝʟ ʞʝʣʝʟʥʳʝ ʤʘʯʪʳ ʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ï ʧʦʜʢʣʘʜʳʚʘʪʴ ʚ ʤʝʩʪʝ ʠʭ ʢʦʥʪʘʢʪʘ ʨʝʟʠʥʫ ʠʣʠ ʜʨʫʛʦʡ ʜʠʵʣʝʢʪʨʠʢ. ʕʪʦ 

ʧʨʝʜʦʪʚʨʘʪʠʪ ʧʨʦʙʦʡ ʥʘ ʟʝʤʣʶ. 

 

2. ʇʣʦʭʦʡ ʢʦʥʪʘʢʪ ʥʘ ʩʢʨʫʪʢʘʭ. ʅʘ ʞʘʨʛʦʥʝ ʵʣʝʢʪʨʠʢʦʚ ʝʩʪʴ ʬʨʘʟʘ çʩʜʝʣʘʪʴ ʯʘʣʢʫ, 

ʟʘʯʘʣʠʪʴè ʅʝ ʚʩʝʛʜʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʤʝʨʠʪʴ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʙʝʣʷ ʠʟ ʤʫʬʪʳ 

ʠ ʧʨʦʣʦʞʠʪʴ ʝʛʦ ʦʜʥʠʤ ʢʫʩʢʦʤ, ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʭʦʜʠʪʩʷ ʥʘʙʠʨʘʪʴ ʥʫʞʥʫʶ ʜʣʠʥʫ ʠʟ 

ʠʤʝʶʱʠʭʩʷ ʢʘʙʝʣʝʡ. 

  

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʢʘʙʝʣʷ, ʭʦʪʴ ʠ ʩʢʨʫʪʢʠ ʜʘʚʥʦ 

ʟʘʧʨʝʱʝʥʳ ʧʦ ʇʋʕ, ʥʦ ʵʪʠʤ ʩʧʦʩʦʙʦʤ ʥʝ ʙʨʝʟʛʫʶʪ ʜʘʞʝ ʦʧʳʪʥʳʝ ʵʣʝʢʪʨʠʢʠ, ʣʠʙʦ 

ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʨʝʜʩʪʚ ʜʣʷ ʙʦʣʪʦʚʦʛʦ, ʛʠʣʴʟʦʚʦʛʦ, ʢʣʝʤʤʥʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʩʦʝʜʠʥʝʥʠʡ, ʣʠʙʦ ʠʟ-ʟʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ʃɽʅʔ).  

 

ɽʩʣʠ ʥʘ ʢʘʙʝʣʝ ʥʝʪ ʥʘʧʨʷʞʝʥʠʷ ï ʩʨʘʟʫ ʞʝ ʧʨʦʚʝʨʷʡʪʝ ʮʝʣʦʩʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ, 

ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʧʣʦʭʦʡ ʢʦʥʪʘʢʪ, ʠʣʠ ʨʘʟʨʫʰʝʥʥʳʡ ʢʦʥʪʘʢʪ ʘʣʶʤʠʥʠʷ ʠ ʤʝʜʠ. 

ɿʘʪʝʤ ʧʨʠʩʪʫʧʘʡʪʝ ʢ ʧʦʠʩʢʫ ʧʝʨʝʛʠʙʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚʥʝʰʥʝʡ ʠʟʦʣʷʮʠʠ. ɽʩʣʠ 

ʥʫʞʥʦ ʩʦʝʜʠʥʠʪʴ ʘʣʶʤʠʥʠʡ ʩ ʤʝʜʴʶ, ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʪ ʩ ʰʘʡʙʘʤʠ, ʢʘʢ 

ʠʟʦʙʨʘʞʝʥʦ ʥʘ ʬʦʪʦ.  

 

 
 

ʐʘʡʙʘ ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʚʳʤ ʠ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʦʙʝʩʧʝʯʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ, ʥʦ ʠʩʢʣʶʯʠʪ ʧʨʷʤʦʡ ʢʦʥʪʘʢʪ ʤʝʜʠ ʠ ʘʣʶʤʠʥʠʷ. ʆʥ ʥʝʞʝʣʘʪʝʣʝʥ, ʧʦʪʦʤʫ ʯʪʦ 
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ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚʣʘʛʠ ʚ ʪʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʠʩʭʦʜʷʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʠʪ ʢʦʨʨʦʟʠʷ ʠ ʢʦʥʪʘʢʪ ʨʘʟʨʫʰʘʝʪʩʷ.  

 

 
ɺʟʛʣʷʥʠʪʝ ʥʘ ʚʝʨʭʥʝʝ ʬʦʪʦ, ʤʝʜʥʳʝ ʞʠʣʳ ʦʙʨʝʣʠ ʪʸʤʥʳʡ ʥʘʣʸʪ ʩ ʟʝʣʝʥʦʚʘʪʳʤʠ 

ʦʢʠʩʣʘʤʠ, ʘ ʘʣʶʤʠʥʠʡ ʧʦʪʝʤʥʝʣ, ʜʦʣʛʦ ʪʘʢʘʷ ʩʢʨʫʪʢʘ ʥʝ ʧʨʦʨʘʙʦʪʘʝʪ, ʘ ʥʘʜʝʞʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʥʝ ʦʙʝʩʧʝʯʠʪ. 
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ʇʨʠ ʦʙʨʳʚʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʂɿ 1 ʠ ʙʦʣʝʝ ʬʘʟ ʥʘ ʟʝʤʣʶ ʠʣʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘ 

ʯʪʦ ʜʦʣʞʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʴʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ï ʧʝʨʚʠʯʥʳʝ ʠʣʠ ʚʪʦʨʠʯʥʳʝ 

ʪʦʢʦʚʳʝ ʨʝʣʝ. 

ˤ·͍ͦ͒· 
ɽʩʪʴ ʩʪʘʨʘʷ ʰʫʪʢʘ ʫ ʵʣʝʢʪʨʦʤʦʥʪʝʨʦʚ, ʢʦʪʦʨʦʡ ʥʝ ʙʨʝʟʛʫʶʪ ʜʘʞʝ ʦʧʳʪʥʳʝ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʚʫʟʦʚ: 

çʕʣʝʢʪʨʠʯʝʩʪʚʦ ï ʵʪʦ ʥʘʫʢʘ ʦ ʢʦʥʪʘʢʪʘʭ, ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʙʳʚʘʝʪ ʚʩʝʛʦ ʜʚʝ: 

1. ɽʩʪʴ ʢʦʥʪʘʢʪ ʪʘʤ, ʛʜʝ ʝʛʦ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ. 

2. ʅʝʪ ʢʦʥʪʘʢʪʘ ʪʘʤ, ʛʜʝ ʦʥ ʥʫʞʝʥ.è 

ʇʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʙʣʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʤʦʞʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʟʚʦʥʢʠ ʠ ʤʝʛʦʤʤʝʪʨʘ, ʘ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ï ʪʦʢʦʚʳʤʠ ʢʣʝʱʘʤʠ. ɺ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ ʤʳ ʦʧʠʩʘʣʠ 10 ʧʨʠʯʠʥ ʨʘʟʣʠʯʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ 

ʧʨʠʙʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʝ ʤʦʤʝʥʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ:  

10 ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʨʠʯʠʥ ʧʦʣʦʤʦʢ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 
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˴͊͟ ͔ͯͫͭͪͦͤ· ͙  ͪ͊͋ͦͭ͊Όͭ ͙ͨͪ͋ͦͪ· ͒͡Ύ ͙͔͔͙ͣͪͤ͘Ύ 
͙͍͔͙ͫͦͨͪͦͭͤ͡Ύ 

ʇʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʚʩʝ ʚʝʱʝʩʪʚʘ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ ʥʘ 

ʧʨʦʪʝʢʘʥʠʝ ʯʝʨʝʟ ʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʆʜʥʠ ʪʝʣʘ ʭʦʨʦʰʦ ʝʛʦ ʧʨʦʧʫʩʢʘʶʪ ʠ ʠʭ 

ʦʪʥʦʩʷʪ ʢ ʧʨʦʚʦʜʥʠʢʘʤ, ʘ ʜʨʫʛʠʝ ʦʯʝʥʴ ʧʣʦʭʦ. ʕʪʦ ʜʠʵʣʝʢʪʨʠʢʠ. 

ʉʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʧʨʦʪʝʢʘʥʠʶ ʪʦʢʘ ʦʮʝʥʠʚʘʶʪ ʯʠʩʣʝʥʥʳʤ 

ʚʳʨʘʞʝʥʠʝʤ ð ʚʝʣʠʯʠʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠʥʮʠʧ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʝʜʣʦʞʠʣ ɻʝʦʨʛ ʆʤ. ɽʛʦ ʠʤʝʥʝʤ ʥʘʟʚʘʥʘ ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚʝʱʝʩʪʚʘ, ʧʨʠʣʦʞʝʥʥʳʤ ʢ 

ʥʝʤʫ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʧʨʦʪʝʢʘʶʱʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʟʘʢʦʥʦʤ 

ʆʤʘ. 
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ʇʨʠʥʮʠʧʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʢʘʨʪʠʥʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʨʝʭ ʚʘʞʥʝʡʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ: 

1. ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʙʘʪʘʨʝʡʢʫ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨ; 

2. ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

 

ʀʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʘʤʧʝʨʤʝʪʨ ʧʦʜʢʣʶʯʘʶʪ ʢ ʠʟʤʝʨʷʝʤʦʤʫ ʫʯʘʩʪʢʫ, 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʘ ʚʦʣʴʪʤʝʪʨʦʤ ʤʝʨʷʶʪ ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʝ. 

ʉʥʷʚ ʦʪʩʯʝʪ ʪʦʢʘ I ʘʤʧʝʨʤʝʪʨʦʤ ʠ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ U ʚʦʣʴʪʤʝʪʨʦʤ, 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʧʦ ʟʘʢʦʥʫ ʆʤʘ. ʕʪʦʪ ʧʨʦʩʪʦʡ ʧʨʠʥʮʠʧ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʤʝʨʳ ʠ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʚʨʫʯʥʫʶ. ʆʜʥʘʢʦ, ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠʤ ʚ ʪʘʢʦʤ ʚʠʜʝ ʩʣʦʞʥʦ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩʦʟʜʘʥʳ ʦʤʤʝʪʨʳ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʦʩʪʝʡʰʝʛʦ ʦʤʤʝʪʨʘ 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʨʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ: 

1. ʘʥʘʣʦʛʦʚʳʤ; 

2. ʠʣʠ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ. 
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ʇʝʨʚʳʡ ʚʠʜ ʧʨʠʙʦʨʦʚ ʥʘʟʳʚʘʶʪ ʩʪʨʝʣʦʯʥʳʤʠ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʘ ʦʪʦʙʨʘʞʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ð ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʨʝʣʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʪʦʯʢʫ 

ʦʪʩʯʝʪʘ ʥʘ ʰʢʘʣʝ. 

 

ʆʤʤʝʪʨʳ ʩʪʨʝʣʦʯʥʦʛʦ ʪʠʧʘ, ʢʘʢ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʤʠ ʠ ʧʨʦʜʦʣʞʘʶʪ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʆʥʠ 

ʝʩʪʴ ʚ ʘʨʩʝʥʘʣʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʢʪʨʠʢʦʚ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʵʪʠʭ ʧʨʠʙʦʨʦʚ: 

1. ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʳ ʚʩʪʨʦʝʥʳ ʚ ʢʦʨʧʫʩ; 

2. ʠʩʪʦʯʥʠʢ ʚʳʜʘʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ; 

3. ʘʤʧʝʨʤʝʪʨ ʠʟʤʝʨʷʝʪ ʪʦʢ, ʥʦ ʝʛʦ ʰʢʘʣʘ ʩʨʘʟʫ ʧʨʦʛʨʘʜʫʠʨʦʚʘʥʘ ʚ ʝʜʠʥʠʮʘʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ; 

4. ʥʘ ʚʥʝʰʥʠʝ ʚʳʚʦʜʘ ʢʣʝʤʤ ʢʦʨʧʫʩʘ ʧʦʜʢʣʶʯʘʶʪʩʷ ʧʨʦʚʦʜʘ ʩ ʢʦʥʮʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʙʳʩʪʨʦʝ ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʠʩʧʳʪʫʝʤʳʤ 

ʵʣʝʤʝʥʪʦʤ. 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 75 

 

 

ʉʪʨʝʣʦʯʥʳʝ ʧʨʠʙʦʨʳ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʠʟʤʝʨʝʥʠʷ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɺʥʫʪʨʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ʧʦʤʝʱʝʥʘ ʦʙʤʦʪʢʘ ʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʫʶ ʧʦʜʢʣʶʯʝʥʘ ʪʦʢʦʧʨʦʚʦʜʷʱʘʷ ʧʨʫʞʠʥʢʘ. 

ʇʦ ʵʪʦʡ ʦʙʤʦʪʢʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʯʝʨʝʟ ʠʟʤʝʨʷʝʤʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rx 

ʧʨʦʭʦʜʠʪ ʪʦʢ, ʦʛʨʘʥʠʯʠʚʘʝʤʳʡ ʨʝʟʠʩʪʦʨʦʤ R ʜʦ ʫʨʦʚʥʷ ʤʠʣʣʠʘʤʧʝʨ. ʆʥ ʩʦʟʜʘʝʪ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʥʘʯʠʥʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʟʜʝʩʴ ʞʝ, ʢʦʪʦʨʦʝ ʧʦʢʘʟʘʥʦ ʥʘ ʩʭʝʤʝ ʧʦʣʶʩʘʤʠ NðS. 

ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʩʪʨʝʣʢʘ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʦʩʠ ʧʨʫʞʠʥʢʠ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʣʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʪ ʚʣʠʷʥʠʷ ʵʪʠʭ ʜʚʫʭ ʤʘʛʥʠʪʥʳʡ ʧʦʣʝʡ, 

ʦʪʢʣʦʥʷʝʪʩʷ ʥʘ ʫʛʦʣ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʩʠʣʝ ʧʨʦʪʝʢʘʶʱʝʛʦ ʪʦʢʘ ʠʣʠ ʚʝʣʠʯʠʥʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ Rx. 

ʐʢʘʣʘ ʧʨʠʙʦʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʜʝʣʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ð ʆʤʘʭ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ 

ʧʦʣʦʞʝʥʠʝ ʩʪʨʝʣʢʠ ʥʘ ʥʝʡ ʩʨʘʟʫ ʫʢʘʟʳʚʘʝʪ ʠʩʢʦʤʫʶ ʚʝʣʠʯʠʥʫ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʮʠʬʨʦʚʦʛʦ ʦʤʤʝʪʨʘ 

ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʮʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚʳʧʫʩʢʘʶʪʩʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʩʣʦʞʥʳʭ ʨʘʙʦʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʄʘʩʩʦʚʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ 

ʩʝʡʯʘʩ ʜʦʩʪʫʧʝʥ ʙʦʣʴʰʦʡ ʘʩʩʦʨʪʠʤʝʥʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʩʦʚʤʝʱʘʶʱʠʭ ʚ 

ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʜʘʯʠ ʦʤʤʝʪʨʘ, ʚʦʣʴʪʤʝʪʨʘ, ʘʤʧʝʨʤʝʪʨʘ ʠ ʜʨʫʛʠʝ ʬʫʥʢʮʠʠ. 
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ɼʣʷ ʟʘʤʝʨʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʚ ʪʨʝʙʫʝʤʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʠ ʧʦʜʢʣʶʯʠʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʢʦʥʮʳ ʢ ʧʨʦʚʝʨʷʝʤʦʡ ʩʭʝʤʝ. 

ʇʨʠ ʨʘʟʦʤʢʥʫʪʳʭ ʢʦʥʪʘʢʪʘʭ ʥʘ ʪʘʙʣʦ ʙʫʜʝʪ ʠʥʜʠʢʘʮʠʷ çIè, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʬʦʪʦʛʨʘʬʠʠ. ʆʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʟʥʘʯʝʥʠʶ, ʯʝʤ ʧʨʠʙʦʨ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘ ʟʘʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺʝʜʴ ʚ ʵʪʦʤ ʧʦʣʦʞʝʥʠʠ ʦʥ ʫʞʝ ʠʟʤʝʨʷʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ ʟʘʞʠʤʦʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 

ʧʨʦʚʦʜʦʚ. 

ʂʦʛʜʘ ʞʝ ʢʦʥʮʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʝʟʠʩʪʦʨ ʠʣʠ ʧʨʦʚʦʜʥʠʢ, ʪʦ ʮʠʬʨʦʚʦʡ ʦʤʤʝʪʨ 

ʦʪʦʙʨʘʟʠʪ ʟʥʘʯʝʥʠʝ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʘʣʴʥʳʤʠ ʮʠʬʨʘʤʠ. 

ʇʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʬʨʦʚʳʤ ʦʤʤʝʪʨʦʤ ʪʦʞʝ 

ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʟʘʢʦʥʘ ʆʤʘ. ʅʦ, ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ ʫʞʝ ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ: 

1. ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʪʯʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʮʠʬʨʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ; 

2. ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦʪ 

ʜʘʪʯʠʢʦʚ ʠ ʚʳʚʦʜʷʱʠʭ ʠʭ ʥʘ ʪʘʙʣʦ ʚ ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ. 

ʋ ʢʘʞʜʦʛʦ ʪʠʧʘ ʮʠʬʨʦʚʦʛʦ ʦʤʤʝʪʨʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʥʘʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʠʟʫʯʠʪʴ ʧʝʨʝʜ ʨʘʙʦʪʦʡ. ʀʥʘʯʝ ʧʦ 

ʥʝʟʥʘʥʠʶ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ ʛʨʫʙʳʝ ʦʰʠʙʢʠ, ʠʙʦ ʧʦʜʘʯʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʛʦ ʚʭʦʜ 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 77 

 

ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ. ʆʥʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚʳʛʦʨʘʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ 

ʩʭʝʤʳ. 

ʆʙʳʯʥʳʤʠ ʦʤʤʝʪʨʘʤʠ ʧʨʦʚʝʨʷʶʪ ʠ ʠʟʤʝʨʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʦʚʦʜʘʤʠ ʠ ʨʝʟʠʩʪʦʨʘʤʠ, ʦʙʣʘʜʘʶʱʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʥʘ ʧʨʝʜʝʣʘʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʠʣʠ ʪʳʩʷʯ ʆʤ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʩʪʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʚʠʜʝ ʦʤʤʝʪʨʦʚ ʩʦʟʜʘʥʳ ʢʘʢ 

ʧʝʨʝʥʦʩʥʳʝ, ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʀʤʠ ʫʜʦʙʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʪʠʧʦʚʳʭ, 

ʩʪʘʥʜʘʨʪʥʳʭ ʩʭʝʤ ʠʣʠ ʧʨʦʟʚʦʥʢʠ ʦʪʜʝʣʴʥʳʭ ʮʝʧʝʡ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʯʘʩʪʦ ʥʫʞʥʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʩʦʙʣʶʜʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʙʦʪʘʶʪ 

ʜʨʫʛʠʝ ʫʩʪʨʦʡʩʪʚʘ ð ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʦʩʪʳ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʦʩʪʦʚ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʜʚʫʭ 

ʧʣʝʯ ʠ ʩʦʟʜʘʥʠʠ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʥʠʤʠ. ʂʦʥʪʨʦʣʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴʥʳʤ ʤʠʣʠ- ʠʣʠ ʤʠʢʨʦʘʤʧʝʨʤʝʪʨʦʤ ʧʦ ʧʨʝʢʨʘʱʝʥʠʶ 

ʧʨʦʪʝʢʘʥʠʷ ʪʦʢʘ ʚ ʜʠʘʛʦʥʘʣʠ ʤʦʩʪʘ. 

ʂʦʛʜʘ ʩʪʨʝʣʢʘ ʧʨʠʙʦʨʘ ʫʩʪʘʥʦʚʠʪʩʷ ʥʘ ʥʦʣʴ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʠʩʢʦʤʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rx ʧʦ ʟʥʘʯʝʥʠʷʤ ʵʪʘʣʦʥʦʚ R1, R2 ʠ R3. 
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ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʤʦʩʪʘ ʤʦʞʝʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʵʪʘʣʦʥʦʚ ʚ ʧʣʝʯʘʭ ʠʣʠ ʚʳʧʦʣʥʷʪʴʩʷ ʩʪʫʧʝʥʯʘʪʦ. 
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ɺʥʝʰʥʠʡ ʚʠʜ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʦʩʪʦʚ 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʪʘʢʠʝ ʧʨʠʙʦʨʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʝʜʠʥʦʤ ʟʘʚʦʜʩʢʦʤ ʢʦʨʧʫʩʝ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʜʦʙʥʦʡ ʩʙʦʨʢʠ ʩʭʝʤʳ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ. ʆʨʛʘʥʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʵʪʘʣʦʥʦʚ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ. 
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ʆʤʤʝʪʨʳ ʠ ʤʦʩʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʦʙʣʘʜʘʶʱʠʭ ʨʝʟʠʩʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʚʝʣʠʯʠʥʳ. 

ʇʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʪʫʨʦʚ 

ʟʘʟʝʤʣʝʥʠʡ ʟʜʘʥʠʡ ʚʳʟʚʘʥʘ ʫʩʣʦʚʠʷʤʠ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚ ʛʨʫʥʪʝ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ 

ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʝʪʘʣʣʦʚ. ʆʥʠ ʫʭʫʜʰʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʦʥʪʘʢʪʳ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʧʦʯʚʦʡ, ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦ ʩʪʝʢʘʥʠʶ ʘʚʘʨʠʡʥʳʭ 

ʨʘʟʨʷʜʦʚ. 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʠʙʦʨʦʚ ʵʪʦʛʦ ʪʠʧʘ ʪʦʞʝ ʦʩʥʦʚʘʥ ʥʘ ʟʘʢʦʥʝ ʆʤʘ. ɿʦʥʜ 

ʢʦʥʪʫʨʘ ʟʘʟʝʤʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦ ʨʘʟʤʝʱʝʥ ʚ ʟʝʤʣʝ (ʪʦʯʢʘ ʉ), ʟʘ ʩʯʝʪ ʯʝʛʦ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣ ʨʘʚʝʥ ʥʫʣʶ. 

ʅʘ ʦʜʠʥʘʢʦʚʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʥʝʛʦ ʧʦʨʷʜʢʘ 20 ʤʝʪʨʦʚ ʟʘʙʠʚʘʶʪ ʚ ʛʨʫʥʪ 

ʦʜʥʦʪʠʧʥʳʝ ʟʘʟʝʤʣʠʪʝʣʠ (ʛʣʘʚʥʳʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ) ʪʘʢ, ʯʪʦʙʳ ʩʪʘʮʠʦʥʘʨʥʳʡ ʟʦʥʜ 

ʙʳʣ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʥʠʤʠ. ʏʝʨʝʟ ʦʙʘ ʵʪʠʭ ʵʣʝʢʪʨʦʜʘ ʧʨʦʧʫʩʢʘʶʪ ʪʦʢ ʦʪ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʟʘʤʝʨʷʶʪ ʝʛʦ ʚʝʣʠʯʠʥʫ ʘʤʧʝʨʤʝʪʨʦʤ. 

ʅʘ ʫʯʘʩʪʢʝ ʵʣʝʢʪʨʦʜʦʚ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʘʤʠ ʪʦʯʝʢ ɸ ʠ ʉ ʚʦʣʴʪʤʝʪʨʦʤ ʟʘʤʝʨʷʶʪ 

ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʚʘʥʥʦʝ ʧʨʦʪʝʢʘʥʠʝʤ ʪʦʢʘ I. ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʝʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʥʪʫʨʘ ʜʝʣʝʥʠʝʤ U ʥʘ I ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʢʠ ʥʘ ʧʦʪʝʨʠ ʪʦʢʘ ʚ ʛʣʘʚʥʦʤ 

ʟʘʟʝʤʣʠʪʝʣʝ. 

ɽʩʣʠ ʚʤʝʩʪʦ ʘʤʧʝʨʤʝʪʨʘ ʠ ʚʦʣʴʪʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʦʤʝʪʨ ʩ ʢʘʪʫʰʢʘʤʠ ʪʦʢʘ 

ʠ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʩʪʨʝʣʢʘ ʙʫʜʝʪ ʩʨʘʟʫ ʫʢʘʟʳʚʘʪʴ ʢʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʚ ʦʤʘʭ, ʠʟʙʘʚʠʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦʪ ʨʫʪʠʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʇʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʘʝʪ ʤʥʦʛʦ ʤʘʨʦʢ ʩʪʨʝʣʦʯʥʳʭ ʧʨʠʙʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʧʦʧʫʣʷʨʥʳ ʩʪʘʨʳʝ ʤʦʜʝʣʠ ʄʉ-0,8, ʄ-416 ʠ ʌ-4103. 
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ʀʭ ʫʜʘʯʥʦ ʜʦʧʦʣʥʷʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʠʪʝʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, 

ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʧʦʜʦʙʥʳʭ ʮʝʣʝʡ ʩ ʙʦʣʴʰʠʤ ʘʨʩʝʥʘʣʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

 

ʇʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ 

ʉ ʧʦʤʦʱʴʶ ʪʦʣʴʢʦ ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʠʙʦʨʦʚ ʪʘʢʞʝ ʠʟʤʝʨʷʶʪ 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʯʚʳ ʠ ʨʘʟʣʠʯʥʳʭ ʩʳʧʫʯʠʭ ʩʨʝʜ. ɼʣʷ ʵʪʦʛʦ ʠʭ ʚʢʣʶʯʘʶʪ ʧʦ 

ʜʨʫʛʦʡ ʩʭʝʤʝ. 
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ʕʣʝʢʪʨʦʜʳ ʛʣʘʚʥʦʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʟʘʟʝʤʣʠʪʝʣʷ ʨʘʟʥʦʩʷʪ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, 

ʙʦʣʴʰʝʝ 10 ʤʝʪʨʦʚ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʥʘ ʪʦʯʥʦʩʪʴ ʟʘʤʝʨʘ ʤʦʛʫʪ ʚʣʠʷʪʴ 

ʙʣʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʳʝ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʦʙʲʝʢʪʳ, ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʪʨʫʙʦʧʨʦʚʦʜʳ, ʩʪʘʣʴʥʳʝ ʙʘʰʥʠ, ʘʨʤʘʪʫʨʘ, ʪʦ ʢ ʥʠʤ ʜʦʧʫʩʪʠʤʦ ʧʨʠʙʣʠʞʘʪʴʩʷ ʥʝ 

ʤʝʥʴʰʝ, ʯʝʤ ʥʘ 20 ʤʝʪʨʦʚ. 

ʆʩʪʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʶʪʩʷ ʧʨʝʞʥʠʤʠ. 

ʇʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʘʶʪ ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʙʝʪʦʥʘ ʠ ʜʨʫʛʠʭ ʪʚʝʨʜʳʭ ʩʨʝʜ. ɼʣʷ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʤʝʨʘ. 

ʂʘʢ ʫʩʪʨʦʝʥʳ ʤʝʛʘʦʤʤʝʪʨʳ 

ʆʙʳʯʥʳʝ ʦʤʤʝʪʨʳ ʨʘʙʦʪʘʶʪ ʦʪ ʵʥʝʨʛʠʠ ʙʘʪʘʨʝʡʢʠ ʠʣʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ð 

ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɽʛʦ ʵʥʝʨʛʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʩʦʟʜʘʪʴ ʩʣʘʙʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʥʘʜʝʞʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʝʪʘʣʣʳ, ʥʦ ʝʝ 

ʤʘʣʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʢʦʚ ʚ ʜʠʵʣʝʢʪʨʠʢʘʭ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʙʳʯʥʳʤ ʦʤʤʝʪʨ ʥʝ ʤʦʞʝʪ ʚʳʷʚʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʬʝʢʪʦʚ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʩʣʦʝ ʠʟʦʣʷʮʠʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥ ʜʨʫʛʦʡ ʪʠʧ 

ʧʨʠʙʦʨʦʚ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ ʷʟʳʢʝ 

çʄʝʛʘʦʤʤʝʪʨè. ʅʘʟʚʘʥʠʝ ʦʙʦʟʥʘʯʘʝʪ: 

¶ ʤʝʛʘ ð ʤʠʣʣʠʦʥ, ʧʨʠʩʪʘʚʢʘ; 

¶ ʆʤ ð ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ; 

¶ ʤʝʪʨ ð ʦʙʱʝʧʨʠʥʷʪʦʝ ʩʦʢʨʘʱʝʥʠʝ ʩʣʦʚʘ ʠʟʤʝʨʷʪʴ. 

ɺʥʝʰʥʠʡ ʚʠʜ 

ʇʨʠʙʦʨʳ ʵʪʦʛʦ ʪʠʧʘ ʪʦʞʝ ʙʳʚʘʶʪ ʩʪʨʝʣʦʯʥʳʤʠ ʠ ʮʠʬʨʦʚʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʤʝʛʘʦʤʤʝʪʨ ʤʘʨʢʠ ʄ4100/5. 
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ɽʛʦ ʰʢʘʣʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʜʜʠʘʧʘʟʦʥʦʚ: 

1. ʄÝ ð ʤʝʛʘʦʤʳ; 

2. KÝ ð ʢʠʣʦʦʤʳ. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 
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ʉʨʘʚʥʠʚʘʷ ʝʝ ʩʦ ʩʭʝʤʦʡ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦʛʦ ʦʤʤʝʪʨʘ, ʣʝʛʢʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʦʥʘ 

ʨʘʙʦʪʘʝʪ ʧʦ ʪʝʤ ʞʝ ʩʘʤʳʤ ʧʨʠʥʮʠʧʘʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʟʘʢʦʥʘ ʆʤʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʨʫʯʢʫ 

ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 120 

ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ. ʆʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʚʳʜʘʚʘʝʤʦʛʦ ʚ ʩʭʝʤʫ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʜʦʣʞʥʘ ʧʨʦʙʠʪʴ ʩʣʦʡ ʜʝʬʝʢʪʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ 

ʠʟʦʣʷʮʠʝʡ ʠ ʩʦʟʜʘʪʴ ʩʢʚʦʟʴ ʥʝʝ ʪʦʢ, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʟʠʪʩʷ ʧʝʨʝʤʝʰʝʥʠʝʤ ʩʪʨʝʣʢʠ ʧʦ 

ʰʢʘʣʝ. 

ʇʝʨʝʢʣʶʯʘʪʝʣʴ ʨʝʞʠʤʘ ʠʟʤʝʨʝʥʠʷ ʄÝðKÝ ʢʦʤʤʫʪʠʨʫʝʪ ʧʦʣʦʞʝʥʠʝ ʛʨʫʧʧ 

ʨʝʟʠʩʪʦʨʦʚ ʩʭʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʙʦʪʫ ʧʨʠʙʦʨʘ ʚ ʦʜʥʦʤ ʠʟ ʨʘʙʦʯʠʭ ʧʦʜʜʠʘʧʘʟʦʥʦʚ. 

ʆʪʣʠʯʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʛʘʦʤʤʝʪʨʘ ʦʪ ʧʨʦʩʪʦʛʦ ʦʤʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ 

ʵʪʦʤ ʧʨʠʙʦʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʜʚʝ ʚʳʭʦʜʥʳʝ ʢʣʝʤʤʳ, ʧʦʜʢʣʶʯʘʝʤʳʝ ʢ ʠʟʤʝʨʷʝʤʦʤʫ 

ʫʯʘʩʪʢʫ, ʘ ʪʨʠ: ɿ (ʟʝʤʣʷ), ʃ (ʣʠʥʠʷ) ʠ ʕ (ʵʢʨʘʥ). 

ʂʣʝʤʤʘʤʠ ʟʝʤʣʷ ʠ ʣʠʥʠʷ ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʜʝʥʠʷ ʠʟʦʣʷʮʠʠ 

ʪʦʢʦʚʝʜʫʱʠʭ ʯʘʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʣʠ ʠʣʠ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʬʘʟʘʤʠ. ʂʣʝʤʤʘ ʵʢʨʘʥʘ 

ʧʨʠʟʚʘʥʘ ʫʩʪʨʘʥʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʟʜʘʚʘʝʤʳʭ ʪʦʢʦʚ ʫʪʝʯʝʢ ʯʝʨʝʟ ʠʟʦʣʷʮʠʶ ʥʘ 

ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ. 

ʋ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʛʘʦʤʤʝʪʨʦʚ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ ʢʣʝʤʤʳ ʦʙʦʟʥʘʯʘʶʪ 

ʥʝʤʥʦʛʦ ʧʦ-ʜʨʫʛʦʤʫ: çrx», «ðè, çʕè. ʅʦ ʩʫʪʴ ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʦʪ ʵʪʦʛʦ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ 

ʢʣʝʤʤʘ ʵʢʨʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʭ ʞʝ ʮʝʣʝʡ. 

ʎʠʬʨʦʚʳʝ ʤʝʛʘʦʤʤʝʪʨʳ 
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ʉʦʚʨʤʝʥʥʳʝ ʧʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʘʙʦʪʘʶʪ ʧʦ ʪʝʤ ʞʝ ʧʨʠʥʮʠʧʘʤ, ʯʪʦ ʠʭ ʩʪʨʝʣʦʯʥʳʝ ʘʥʘʣʦʛʠ. ʅʦ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʫʥʢʮʠʡ, ʫʜʦʙʩʪʚʦʤ ʚ ʠʟʤʝʨʝʥʠʷʭ, ʛʘʙʘʨʠʪʘʤʠ. 

ɺʳʙʠʨʘʷ ʮʠʬʨʦʚʳʝ ʧʨʠʙʦʨʳ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʠʭ ʦʩʦʙʝʥʥʦʩʪʴ: ʨʘʙʦʪʫ ʦʪ ʘʚʪʦʥʦʤʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ʅʘ ʤʦʨʦʟʝ ʙʘʪʘʨʝʡʢʠ 

ʙʳʩʪʨʦ ʪʝʨʷʶʪ ʨʘʙʦʪʦʩʧʦʦʩʙʥʦʩʪʴ, ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʙʦʪʘ 

ʩʪʨʝʣʦʯʥʳʤʠ ʤʦʜʝʣʷʤʠ ʩ ʨʫʯʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʦʩʪʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. 

ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʝʛʘʦʤʤʝʪʨʘʤʠ 

ʄʠʥʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʠʙʦʨʦʤ ʥʘ ʚʳʭʦʜʥʳʭ ʢʣʝʤʤʘʭ, 

ʩʦʩʪʘʚʣʷʝʪ 100 ʚʦʣʴʪ. ʆʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʟʦʣʷʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ ʙʣʦʢʦʚ ʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʥʘ ʤʝʛʘʦʤʤʝʪʨʘʭ ʧʨʠʤʝʥʷʶʪ ʜʨʫʛʠʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʧʣʦʪʴ ʜʣ 2,5 ʢɺ 

ʚʢʣʶʯʠʪʝʣʴʥʦ. ʉʘʤʳʤʠ ʤʦʱʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʠʟʦʣʷʮʠʶ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ɺʩʝ ʵʪʠ ʨʘʙʦʪʳ ʪʨʝʙʫʶʪ ʯʝʪʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʤʦʛʫʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʠʤʝʶʱʠʝ 

ʜʦʧʫʩʢ ʢ ʨʘʙʦʪʘʤ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʧʘʩʥʦʩʪʷʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʤʝʛʘʦʤʤʝʪʨʘʤʠ ʧʨʠ ʨʘʙʦʪʝ 

ʷʚʣʷʶʪʩʷ: 

¶ ʦʧʘʩʥʦʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʥʳʭ ʢʣʝʤʤʘʭ, ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʘʭ, 

ʧʦʜʢʣʶʯʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

¶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʡʩʪʚʠʷ ʥʘʚʝʜʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

¶ ʩʦʟʜʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʩʭʝʤʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʤʝʨʘ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʠʟʦʣʷʮʠʠ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʤʝʞʜʫ ʪʦʢʦʚʝʜʫʱʝʡ ʯʘʩʪʴʶ ʠ ʢʦʥʪʫʨʦʤ ʟʝʤʣʠ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʜʨʫʛʦʡ ʬʘʟʳ. ʅʘ ʧʨʦʪʷʞʝʥʥʳʭ ʢʘʙʝʣʷʭ, ʣʠʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʥʦ ʟʘʨʷʞʘʝʪ 

ʝʤʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʤʝʞʜʫ ʨʘʟʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ. ʃʶʙʦʡ ʥʝʫʤʝʣʳʡ ʨʘʙʦʪʥʠʢ 

ʩʚʦʠʤ ʪʝʣʦʤ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʧʫʪʴ ʜʣʷ ʨʘʟʨʷʜʘ ʵʪʦʡ ʝʤʢʦʩʪʠ ʠ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʪʨʘʚʤʫ. 
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ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʪʘʢʠʝ ʥʝʩʯʘʩʪʥʳʝ ʩʠʪʫʘʮʠʠ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʤʝʨʘ 

ʤʝʛʘʦʤʤʝʪʨʦʤ ʧʨʦʚʝʨʷʶʪ ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʩʭʝʤʝ ʠ ʩʥʠʤʘʶʪ ʝʛʦ 

ʧʦʩʣʝ ʨʘʙʦʪʳ ʩ ʧʨʠʙʦʨʦʤ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ ʤʝʪʦʜʠʢʝ. 

 

ʆʤʤʝʪʨʳ, ʤʝʛʘʦʤʤʝʪʨʳ ʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʠʟʤʝʨʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʥʘ 

ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʦʧʨʝʜʝʣʷʶʪ ʪʦʣʴʢʦ ʨʝʟʠʩʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
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ʇʨʠʙʦʨʳ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʮʝʧʷʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʠʥʜʫʢʪʠʚʥʳʭ ʠ ʝʤʢʦʩʪʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢʘʢ ʚ ʙʳʪʦʚʳʭ ʜʦʤʘʰʥʠʭ ʵʣʝʢʪʨʦʩʝʪʷʭ, ʪʘʢ ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚʢʣʶʯʘʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʧʦʣʥʦʛʦ ʫʯʝʪʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʝʪʣʠ ʬʘʟʘ-ʥʦʣʴ 

ʂʦʛʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʢʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʟʘʢʦʨʘʯʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ʬʘʟʳ ʥʘ ʥʦʣʴ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʮʝʧʴ, ʧʦ ʢʦʪʦʨʦʡ ʠʜʝʪ ʪʦʢ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʅʘ ʝʛʦ ʚʝʣʠʯʠʥʫ ʚʣʠʷʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ ʦʪ ʤʝʩʪʘ ʂɿ ʜʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ 

ʘʚʘʨʠʡʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʦʪʢʣʶʯʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ. 

ʇʦʵʪʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʪʣʠ ʬʘʟʘ-ʥʦʣʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʥʘ ʩʘʤʦʡ 

ʫʜʘʣʝʥʥʦʡ ʪʦʯʢʝ ʠ ʩ ʝʛʦ ʫʯʝʪʦʤ ʧʦʜʙʠʨʘʪʴ ʥʦʤʠʥʘʣʳ ʟʘʱʠʪʥʳʭ ʘʚʪʦʤʘʪʦʚ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʤʝʨʦʚ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʠʢ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ: 

¶ ʧʘʜʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ: 

Á ʦʪʢʣʶʯʝʥʥʦʡ ʮʝʧʠ; 

Á ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ; 

¶ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʪʦʢʘʤʠ ʦʪ ʧʦʩʪʦʨʦʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ɿʘʤʝʨ ʥʘ ʥʘʛʨʫʟʦʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, ʚʩʪʨʦʝʥʥʦʤ ʚ ʧʨʠʙʦʨ, ʦʪʣʠʯʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ. ɼʣʷ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʮʳ ʧʨʠʙʦʨʘ ʚʩʪʘʚʣʷʶʪ ʚ ʩʘʤʫʶ 

ʦʪʜʘʣʸʥʥʫʶ ʦʪ ʟʘʱʠʪ ʨʦʟʝʪʢʫ. 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 89 

 

 

ʅʝʣʠʰʥʠʤ ʙʳʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʩʝʭ ʨʦʟʝʪʢʘʭ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʠʟʤʝʨʠʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʵʪʦʤʫ ʤʝʪʦʜʫ, ʩʨʘʟʫ ʧʦʢʘʟʳʚʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʪʣʠ 

ʬʘʟʘ-ʥʦʣʴ ʥʘ ʩʚʦʝʤ ʪʘʙʣʦ. 
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ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʙʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʦʣʴʢʦ ʯʘʩʪʴ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʵʥʝʨʛʝʪʠʢʠ ʨʘʙʦʪʘʶʪ ʮʝʣʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʩʪʦʷʥʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʷʶʱʠʝʩʷ 

ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʣʦʞʥʦʤ ʚʳʩʦʢʦʚʦʣʴʪʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ 

ʧʨʠʥʠʤʘʪʴ ʵʢʩʪʨʝʥʥʳʝ ʤʝʨʳ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ:  

ʂʘʢ ʫʩʪʨʦʝʥʳ ʠ ʨʘʙʦʪʘʶʪ ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ȾɐɔɑɆ Ɋɑɥ ɣɑɋɐɘɖɎɐɆ ï http://electricalschool.info   

 

ȴɇɖɆɍɔɈɆɘɋɑɢɓɡɏ ɗɆɏɘ. ȵɖɔ ɣɑɋɐɘɖɎɝɋɗɘɈɔ Ɉ ɕɖɔɗɘɔɒ Ɏ Ɋɔɗɘəɕɓɔɒ ɎɍɑɔɌɋɓɎɎ.  

 

http://electrik.info/
http://electrik.info/main/school/1208-kak-ustroeny-i-rabotayut-pribory-dlya-izmereniya-soprotivleniya.html
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ȶɋɒɔɓɘ ɇɡɘɔɈɔɏ ɘɋɛɓɎɐɎ 

˽ͦ;͔ͣͯ ͎ͦͪΎͭ ́̏˹· ͤ͊ ͍͎͔͍͔ͦ͒ͦͤ͊ͪ͊ͭ͡Ύͻ ͙ ͙ͫͭͪ͊͡Έͤ·ͻ 
ͣ͊΄͙ͤ͊ͻ ͙ ͊͟͟ ͙ͻ ͔͙͊ͣͤͭ͘Έ 

 

ʊʕʅ ï ʪʨʫʙʯʘʪʳʡ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ ʠʣʠ ʪʝʨʤʦʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ, ʫʩʪʨʦʡʩʪʚʦ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ. ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʬʦʨʤʝ, 

ʧʦ ʥʘʟʥʘʯʝʥʠʶ, ʥʘʧʨʠʤʝʨ ʚʦʜʷʥʳʝ ʠ ʚʦʟʜʫʰʥʳʝ, ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʛʘʙʘʨʠʪʘʤ. 

ʋʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʛʜʝ ʥʫʞʥʦ ʯʪʦ-ʪʦ ʥʘʛʨʝʪʴ: ʚ ʵʣʝʢʪʨʦʧʣʠʪʘʭ, 

ʦʙʦʛʨʝʚʘʪʝʣʷʭ, ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʙʘʢʘʭ ʠ ʧʨʦʪʦʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʷʭ, ʢʦʪʣʘʭ ʜʣʷ 

ʦʪʦʧʣʝʥʠʷ ʧʦʤʝʱʝʥʠʡ, ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʫʞʜʘʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʘʢ ʙʘʣʣʘʩʪʥʳʝ 

ʵʣʝʤʝʥʪʳ ʜʣʷ ʩʙʨʦʩʘ ʣʠʰʥʝʡ ʵʥʝʨʛʠʠ ʠ ʜʨʫʛʦʝ. ʅʦ ʫ ʣʶʙʦʡ ʪʝʭʥʠʢʠ ʝʩʪʴ ʩʚʦʡ ʨʝʩʫʨʩ.  

 

ʊʕʅʳ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʩʛʦʨʘʶʪ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ ʢʘʢ ʧʨʦʩʪʦ ʧʝʨʝʩʪʘʪʴ 

ʨʘʙʦʪʘʪʴ, ʪʘʢ ʠ ʧʨʦʙʠʪʴ ʥʘ ʢʦʨʧʫʩ, ʠʟ-ʟʘ ʯʝʛʦ ʚʦʟʥʠʢʥʝʪ ʦʧʘʩʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ɼʘʚʘʡʪʝ ʨʘʟʙʝʨʝʤʩʷ ʚ ʧʨʠʯʠʥʘʭ ʠʭ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ, ʩʪʨʫʢʪʫʨʝ, 

ʨʘʟʣʠʯʠʷʭ ʠ ʩʧʦʩʦʙʘʭ ʟʘʤʝʥʳ. 

͚͍̂ͫͭͪͦͫͭͦ ́̏˹͊ 
ʕʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʫʙʯʘʪʦʛʦ ʢʦʨʧʫʩʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ 

ʩʧʠʨʘʣʴ ʠʣʠ ʥʠʪʴ ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʚʳʩʦʢʠʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ 

ʥʠʭʨʦʤ, ʬʝʭʨʦʤ ʠ ʧʨʦʯʝʝ. ʉʧʠʨʘʣʴ ʦʪʜʝʣʝʥʘ ʦʪ ʢʦʨʧʫʩʘ ʵʣʝʢʪʨʦʠʟʦʣʠʨʫʶʱʠʤ, ʥʦ 

ʪʝʧʣʦʧʨʦʚʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʘʧʨʠʤʝʨ ʧʝʨʠʢʣʘʟ. ʅʘ ʢʦʥʮʘʭ ʊʕʅʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʴʙʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʚ ʢʦʨʧʫʩʝ ʥʘʛʨʝʚʘʝʤʦʛʦ ʙʘʢʘ ʠʣʠ 

ʨʘʩʰʠʨʝʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʫʧʠʨʘʝʪʩʷ ʢʨʝʧʝʞʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʧʨʦʢʣʘʜʢʦʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʧʨʦʪʝʯʝʢ.  

 

ɼʘʣʴʰʝ ʩʪʦʷʪ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠʟʦʣʷʪʦʨʳ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʩʪʫʧʘʶʪ ʰʧʠʣʴʢʠ ʜʣʷ 

ʧʦʜʩʦʝʜʠʥʝʥʠʷ ʧʠʪʘʶʱʠʭ ʧʨʦʚʦʜʦʚ ʠʣʠ ʢʣʝʤʤʳ. 
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ʌʦʨʤʘ ʫ ʊʕʅʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʢʘʢ U 

ʦʙʨʘʟʥʘʷ, ʪʘʢ ʠ ʠʟʦʛʥʫʪʘʷ ʧʦ ʢʨʫʛʫ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʚʠʜʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʚʳ 

ʚʠʜʠʪʝ ʥʘ ʨʠʩʫʥʢʝ. 
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ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʥʠʭʨʦʤʘ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʯʝʨʝʟ ʥʝʛʦ ʪʦʢʘ ʥʘ 

ʥʝʤ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ï ʵʪʦ ʠ ʝʩʪʴ ʪʝʧʣʦ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʠʙʦʨʘ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʣʠʙʦ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʚ ʜʚʫʭʢʦʥʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ ʣʠʙʦ 
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ʥʘʧʨʷʤʫʶ ʢ ʥʘʛʨʝʚʘʝʤʦʤʫ ʪʝʣʫ. ʄʦʱʥʦʩʪʴ ʚʳʜʝʣʷʝʤʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʟʘʢʦʥʫ ʆʤʘ 

ʠ ʬʦʨʤʫʣʝ ʤʦʱʥʦʩʪʠ: 

I=U*R ʠ P=U*I 

 

ʅʘ ʨʠʩʫʥʢʝ ʚʳʰʝ ʧʦʜ ʙʫʢʚʦʡ çʘè ʠʟʦʙʨʘʞʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʢʨʝʧʣʝʥʠʝ ʊʕʅʘ 

ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ, ʛʜʝ 1 ï ʢʦʨʧʫʩ ʙʘʢʘ, 2 ï ʧʨʦʢʣʘʜʢʘ, 3 ʢʨʝʧʝʞʥʘʷ ʧʣʘʩʪʠʥʘ ʊʕʅʘ ʠʣʠ 

ʬʣʘʥʝʮ, 4 ï ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, 5 ï ʚʥʝʰʥʷʷ ʢʨʝʧʝʞʥʘʷ ʧʣʘʩʪʠʥʘ, 6 ï ʰʧʠʣʴʢʠ 

ʜʣʷ ʢʨʝʧʣʝʥʠʷ, ç~è - ʢʣʝʤʤʳ ʜʣʷ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ, 7 ï ʛʝʨʤʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ, 

ʚʳʧʦʣʥʷʶʱʘʷ ʨʦʣʴ ʠʟʦʣʷʪʦʨʘ ʠ ʟʘʱʠʪʳ ʦʪ ʧʨʦʪʝʯʝʢ, ʚʳʧʦʣʥʝʥʥʘʷ ʩʚʘʨʢʦʡ ʠʣʠ 

ʧʘʡʢʦʡ. 

çɹè - ʫʩʣʦʚʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʊʕʅʘ ʚ ʵʣʝʢʪʨʦʯʘʡʥʠʢʝ, çʚè - ʢʦʪʣʝè, çʛè, çʜè - 

ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʠ ʧʨʦʪʦʯʥʦ-ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴ. 

˽͙ͪ;͙ͤ· ͍·ͻͦ͒͊ ͙͘ ͫͭͪͦΎ 
ʊʵʥʳ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ, ʦʥʠ ʣʠʙʦ ʩʛʦʨʘʶʪ (ʦʙʨʳʚ ʩʧʠʨʘʣʠ), 

ʣʠʙʦ ʨʘʟʨʫʰʘʝʪʩʷ ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʥʘʛʨʝʚʘʪʝʣʷ ʠ ʪʦʛʜʘ ʦʥ ʧʨʦʙʠʚʘʝʪ ʥʘ ʢʦʨʧʫʩ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʘ (ʥʘʧʨʠʤʝʨ, ʙʘʢ). ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ, ʧʦʯʝʤʫ ʵʪʦ 

ʧʨʦʠʩʭʦʜʠʪ. 
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1. ɾʝʩʪʢʘʷ ʚʦʜʘ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʢʠʧʠ ʥʘ ʥʘʛʨʝʚʘʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ. ʇʦʩʣʝ ʯʝʛʦ ʦʥ ʧʦʩʪʝʧʝʥʥʦ 

ʨʘʟʨʫʰʘʝʪʩʷ. ʂ ʪʦʤʫ ʞʝ ʫʭʫʜʰʘʝʪʩʷ ʦʪʜʘʯʘ ʪʝʧʣʘ, ʠ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʝʨʝʛʦʨʘʥʠʝ ʩʧʠʨʘʣʠ. 

 

2. ʉʢʘʯʢʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʠʪʘʶʱʝʡ ʵʣʝʢʪʨʦʩʝʪʠ. ʊʘʢ ʢʘʢ ʊʕʅ ʵʪʦ, ʧʦ ʩʫʪʠ, 
ʤʦʱʥʳʡ ʨʝʟʠʩʪʦʨ, ʪʦ ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʝʛʦ ʩʧʠʨʘʣʴ, ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʩʢʘʯʢʝ ʚ ʧʠʢʝ ʪʦʢ ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʠ ʩʧʠʨʘʣʴ ʤʦʞʝʪ 

ʧʝʨʝʛʦʨʝʪʴ ʤʦʤʝʥʪʘʣʴʥʦ, ʘ ʜʦʣʛʦʝ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ, ʦʪʢʣʦʥʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ ʚʝʜʝʪ ʢ 

ʚʳʜʝʣʝʥʠʶ ʤʦʱʥʦʩʪʠ ʙʦʣʴʰʝ ʜʦʧʫʩʪʠʤʦʡ.  

ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʞʝʩʪʢʦʡ ʚʦʜʳ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʬʠʣʴʪʨʳ, 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪʴ ʯʠʩʪʢʫ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʘʢʠʧʠ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʢʘʢ ʜʣʷ 

ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥ, ʪʘʢ ʠ ʜʣʷ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʙʘʢʦʚ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʩʠʤʧʪʦʤʦʚ ʧʨʦʙʣʝʤ ʩ ʊʕʅʦʤ ʷʚʣʷʝʪʩʷ ʩʨʘʙʘʪʳʚʘʥʠʝ ʋɿʆ, ʠʣʠ ʢʦʛʜʘ 

ʚʦʜʘ ʠʟ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʙʘʢʘ ʙʴʸʪʩʷ ʪʦʢʦʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʪʝʯʢʫ ʪʦʢʘ, ʧʨʠ 

ʵʪʦʤ ʊʕʅ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʃʫʯʰʝ ʢʘʢ ʤʦʞʥʦ 
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ʩʢʦʨʝʝ ʟʘʤʝʥʠʪʴ ʝʛʦ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʝ ʧʨʦʙʣʝʤʳ ʥʝ ʚʳʟʚʘʣʦ ʧʦʨʘʞʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

 

ʏʪʦʙʳ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʦʪ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʠʪʘʥʠʷ, ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʙʠʣʠʟʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ. ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʣʴʢʦ ʜʣʷ ʙʘʢʘ ʠʣʠ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʳ, ʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʚʚʦʜʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦʛʜʘ ʚʳ ʟʘʱʠʪʠʪʝ ʚʩʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ ʚ ʚʘʰʝʤ ʞʠʣʠʱʝ. ɼʣʷ 

ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʳ ʜʦʩʪʘʪʦʯʥʦ ʤʦʜʝʣʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 2-ʭ ʢɺʪ. 
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ɺ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʙʘʢʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʤʘʛʥʠʝʚʳʡ ʘʥʦʜ, ʢʦʪʦʨʳʡ ʥʫʞʝʥ 

ʜʣʷ ʟʘʱʠʪʳ ʙʘʢʘ ʠ ʊʕʅʘ ʦʪ ʨʘʟʨʫʰʝʥʠʷ. ʉʪʦʠʪ ʩʣʝʜʠʪʴ ʟʘ ʝʛʦ ʩʦʩʪʦʷʥʠʝʤ ʠ 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʫʶ ʟʘʤʝʥʫ, ʢʦʛʜʘ ʦʥ ʥʘ ʛʨʘʥʠ ʠʟʥʦʩʘ. ʅʘ ʢʘʨʪʠʥʢʝ ʚʳʰʝ ʚʳ 

ʚʠʜʠʪʝ ʠʟʥʦʰʝʥʥʳʡ ʘʥʦʜ ʠ ʥʦʚʳʡ. 
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˴͊͟ ͍͔͙ͨͪͦͪͭΈ ͎͔͍͔ͤ͊ͪ͊ͭ͡Έͤ·͚ Ή͔͔ͣͤͭ͡ 
ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʨʦʟʚʦʥʢʦʡ, ʦʤʤʝʪʨʦʤ ʠʣʠ 

ʤʫʣʴʪʠʤʝʪʨʦʤ. ʃʫʯʰʠʡ ʩʧʦʩʦʙ ʜʠʘʛʥʦʩʪʠʢʠ ʣʶʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʵʪʦ ʚʥʝʰʥʠʡ ʦʩʤʦʪʨ. 

ʅʫʞʥʦ ʦʙʨʘʪʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʨʧʫʩʘ, ʥʘʣʠʯʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʠ 

ʥʝʝʩʪʝʩʪʚʝʥʥʳʭ ʨʝʣʴʝʬʦʚ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢʦʨʨʦʟʠʦʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ ʧʨʦʚʝʨʢʠ ʤʫʣʴʪʠʤʝʪʨʦʤ. ʅʫʞʥʦ ʠʟʤʝʨʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʊʕʅʘ, 

ʦʥʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ. ʏʝʤ ʙʦʣʴʰʝ ʤʦʱʥʦʩʪʴ, ʪʝʤ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɽʛʦ 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟ ʤʦʱʥʦʩʪʠ, ʪ.ʢ.  

P=UI 

ʊʦʛʜʘ: 

R=U/I 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʞʫʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ, ʩʪʦʠʪ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʫ ʧʨʦʚʦʜʥʠʢʘ, ʯʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ɺ 

ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʦ ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. 

ɽʩʣʠ ʚʳ ʥʘ ʵʢʨʘʥʝ ʚʠʜʠʪʝ ʯʪʦ-ʪʦ ʚʨʦʜʝ ʵʪʦʛʦ: 
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ʊʦ ʊʕʅ ʝʱʝ ʠʩʧʨʘʚʝʥ, ʝʩʣʠ ʯʠʩʣʦ ʙʣʠʟʠʪʩʷ ʢ ʥʫʣʶ (ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ), ʠʣʠ ʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ (ʦʙʨʳʚ) ï ʦʥ ʩʛʦʨʝʣ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʧʨʦʚʝʨʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʢʣʝʤʤʦʡ ʧʠʪʘʥʠʷ ʠ 

ʢʦʨʧʫʩʦʤ ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ, ʝʩʣʠ ʝʛʦ ʚʝʣʠʯʠʥʘ ʤʝʥʴʰʝ 500 ʢʆʤ, 

ʟʥʘʯʠʪ, ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʧʨʦʙʦʡ ʥʘ ʢʦʨʧʫʩ. ʊʘʢʫʶ ʧʨʦʚʝʨʢʫ ʣʫʯʰʝ ʧʨʦʠʟʚʦʜʠʪʴ 

ʤʝʛʦʤʤʝʪʨʦʤ ʩ ʚʳʩʦʢʠʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ (ʭʦʪʷ ʙʳ 500ɺ). ʅʦ ʝʩʣʠ ʝʩʪʴ 

ʢʦʥʢʨʝʪʥʳʡ ʧʨʦʙʦʡ ʥʘ ʢʦʨʧʫʩ, ʪʦ ʝʛʦ ʧʦʢʘʞʝʪ ʠ ʧʨʦʟʚʦʥʢʘ. 

˴͊͟ ͔͙͊ͣͤͭ͘Έ ́̏˹ 
ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʦʚʝʪʘ ʧʦ ʟʘʤʝʥʝ ʥʘʛʨʝʚʘʪʝʣʷ ʥʝʪ, ʥʦ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ 

ʦʙʱʝʤ ʚʠʜʝ. ɼʣʷ ʥʘʯʘʣʘ ʥʫʞʥʦ ʨʘʟʦʙʨʘʪʴ ʢʦʨʧʫʩ ʧʨʠʙʦʨʘ, ʜʦʧʫʩʪʠʤ ʩʪʠʨʘʣʴʥʦʡ 

ʤʘʰʠʥʳ. ɼʘʣʝʝ ʥʫʞʥʦ ʥʘʡʪʠ ʊʕʅ, ʦʙʳʯʥʦ ʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʙʘʢʝ. ɺʳ ʫʚʠʜʠʪʝ 

ʧʦʜʦʙʥʫʶ ʢʘʨʪʠʥʫ. 
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ɺʳʪʘʩʢʠʚʘʝʤ ʧʨʦʚʦʜ ʧʠʪʘʥʠʷ ʠʟ ʨʦʟʝʪʢʠ. ɼʘʣʝʝ ʦʪʢʣʶʯʘʝʤ ʦʪ ʢʣʝʤʤ ʧʠʪʘʥʠʷ 

ʜʚʘ ʠʣʠ ʪʨʠ ʧʨʦʚʦʜʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʪʚʠʥʯʠʚʘʝʤ ʛʘʡʢʫ (1) ʢʨʝʧʝʞʥʦʡ ʰʧʠʣʴʢʠ (2). ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. ʋʧʠʨʘʷʩʴ ʧʘʣʴʮʘʤʠ ʚ ʰʧʠʣʴʢʫ 

ʠʣʠ ʢʦʨʧʫʩ ʙʘʢʘ, ʚʳʥʠʤʘʝʤ ʥʘʛʨʝʚʘʪʝʣʴ. ʇʦʜ ʬʣʘʥʮʝʤ (3) ʨʘʩʧʦʣʦʞʝʥʘ ʧʨʦʢʣʘʜʢʘ, 

ʝʩʣʠ ʥʘ ʊʕʅʝ ʢʫʧʣʝʥʥʦʤ ʥʘ ʟʘʤʝʥʫ ʝʸ ʥʝʪ, ʪʦ ʙʫʜʴʪʝ ʦʩʪʦʨʦʞʥʳ, ʥʝ ʧʦʨʚʠʪʝ ʠ ʥʝ 

ʧʦʪʝʨʷʡʪʝ ʪʫ, ʯʪʦ ʩʪʦʷʣʘ ʥʘ ʩʪʘʨʦʤ ʊʕʅʝ. ʇʨʠ ʦʙʨʘʪʥʦʡ ʩʙʦʨʢʝ ʙʫʜʴʪʝ ʚʥʠʤʘʪʝʣʴʥʳ, 

ʯʪʦʙʳ ʬʣʘʥʝʮ ʥʝ ʨʘʟʨʝʟʘʣ ʧʨʦʢʣʘʜʢʫ. 
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ɺ ʙʦʡʣʝʨʘʭ ʧʨʦʮʝʜʫʨʘ ʟʘʤʝʥʘ ʧʦʭʦʞʘ ʥʘ ʧʨʝʜʳʜʫʱʠʡ ʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʚʥʝʰʥʠʡ 

ʚʠʜ ʥʘʛʨʝʚʘʪʝʣʷ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʇʝʨʝʜ ʟʘʤʝʥʦʡ ʥʫʞʥʦ ʩʣʠʪʴ ʚʦʜʫ, ʠʥʘʯʝ ʚʩʸ 

ʚʳʪʝʯʝʪ ʥʘ ʧʦʣ, ʢʦʛʜʘ ʚʳ ʥʘʯʥʝʪʝ ʚʳʥʠʤʘʪʴ ʊʕʅ. ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʙʘʢʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʨʳʪ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʢʨʳʰʢʘʤʠ ʠʣʠ ʧʘʥʝʣʷʤʠ, ʧʣʘʩʪʠʢʦʚʳʤʠ 

ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ. ʇʨʠʤʝʨ ʚʳ ʚʠʜʠʪʝ ʥʘ ʬʦʪʦ ʥʠʞʝ. 
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ɼʘʣʴʰʝ ʥʫʞʥʦ ʠʟʲʷʪʴ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʪʢʣʶʯʠʪʴ ʧʨʦʚʦʜʘ ʧʠʪʘʥʠʷ, 

ʦʪʢʨʫʪʠʪʴ ʢʨʝʧʝʞʥʳʝ ʚʠʥʪʳ ʠ ʚʳʥʫʪʴ ʵʣʝʤʝʥʪ. 

 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 104 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʙʦʡʣʝʨʘ ʥʘʛʨʝʚʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʨʢʠ ʦʧʠʩʘʥ ʚʳʰʝ, ʘ ʜʘʣʴʰʝ ʩʦʙʠʨʘʝʪʝ ʚʩʸ ʦʙʨʘʪʥʦʤ ʧʦʨʷʜʢʝ. 

˭͊͟͡Ό;͔͙͔ͤ 
ɿʘʤʝʥʘ ʊʕʅʘ ʧʨʦʩʪʦʝ ʜʝʣʦ, ʥʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʧʨʦʩʪʝʡʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʠʧʘ 

ʛʘʝʯʥʳʭ ʢʣʶʯʝʡ, ʦʪʚʝʨʪʦʢ, ʧʘʩʩʘʪʠʞʝʡ, ʤʫʣʴʪʠʤʝʪʨʘ ʠʣʠ ʪʝʩʪʝʨʘ çʎʵʰʢʠè. 

ʄʠʥʠʤʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʩʣʝʩʘʨʷ, ʠ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʨʦʪʝʯʝʢ ʠ 

ʧʨʦʯʠʭ ʧʨʦʙʣʝʤ. ʅʝ ʩʪʦʠʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘʛʨʝʚʘʪʝʣʠ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ ʚʤʝʩʪʦ 

ʩʛʦʨʝʚʰʠʭ. ʆʥʠ ʚʦʟʤʦʞʥʦ ʠ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ, ʘ ʚʦʪ ʩʘʤ ʧʨʠʙʦʨ ʥʝ ʬʘʢʪ, ʯʪʦ ʚʳʜʝʨʞʠʪ 

ʚʦʟʨʦʩʰʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. ʉ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʥʝ ʩʪʦʠʪ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫ ʚʘʩ ʥʝʪ ʦʧʳʪʘ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ:  

ʇʦʯʝʤʫ ʛʦʨʷʪ ʊʕʅʳ ʥʘ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʷʭ ʠ ʩʪʠʨʘʣʴʥʳʭ ʤʘʰʠʥʘʭ ʠ ʢʘʢ ʠʭ 

ʟʘʤʝʥʠʪʴ 

ȵɖɆɐɘɎɝɋɗɐɆɥ ɣɑɋɐɘɖɔɓɎɐɆ 

˴͊͟ ͙͔ͨͪͣͤΎͭΈ ͺ͔͙ͦͭͦͪͫͭͦͪ͘·Σ ͺ͙ͦͭͦ͒ͦ͒· ͙ 
ͺ͙ͦͭͦͭͪ͊ͤͫͭͦͪ͘· 

 

ɼʘʪʯʠʢʠ ʙʳʚʘʶʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʤʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʜʝʡʩʪʚʠʶ, 

ʣʦʛʠʢʝ ʩʚʦʝʡ ʨʘʙʦʪʳ ʠ ʬʠʟʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ ʠ ʚʝʣʠʯʠʥʘʤ ʥʘ ʢʦʪʦʨʳʝ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʨʝʘʛʠʨʦʚʘʪʴ. ɼʘʪʯʠʢʠ ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʘʧʧʘʨʘʪʫʨʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʛʨʦʤʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚ, 

ʥʘʯʠʥʘʷ ʦʪ ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ, ʟʘʢʘʥʯʠʚʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷʤʠ ʠ ʦʭʨʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ʌʦʪʦʧʨʠʸʤʥʠʢ ʚ ʦʙʱʝʤ ʩʤʳʩʣʝ ï ʵʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʨʝʘʛʠʨʫʝʪ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʧʘʜʘʶʱʝʛʦ ʥʘ ʝʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʯʘʩʪʴ. ʆʥʠ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ, ʢʘʢ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ. ɼʘʚʘʡʪʝ ʠʭ ʨʘʩʩʤʦʪʨʠʤ. 

ʌʦʪʦʨʝʟʠʩʪʦʨʳ ï ʠʟʤʝʥʷʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʦʩʚʝʱʝʥʠʠ 

ʌʦʪʦʨʝʟʠʩʪʦʨ ï ʬʦʪʦʧʨʠʙʦʨ ʠʟʤʝʥʷʶʱʠʡ ʧʨʦʚʦʜʠʤʦʩʪʴ (ʩʦʧʨʦʪʠʚʣʝʥʠʝ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʚʝʪʘ ʧʘʜʘʶʱʝʛʦ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ. ʏʝʤ ʠʥʪʝʥʩʠʚʥʝʝ 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʪʝʤ ʤʝʥʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʦʪ ʝʛʦ 

ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
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ʉʦʩʪʦʠʪ ʦʥ ʠʟ ʜʚʫʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʤʘʪʝʨʠʘʣ. ʂʦʛʜʘ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢ, ʚ 

ʥʸʤ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ ʪʦʢʘ ʤʝʞʜʫ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ.  

 

ʕʥʝʨʛʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʪʨʘʪʠʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʠ ʠʭ ʧʝʨʝʭʦʜʫ ʚ ʟʦʥʫ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʫ 

ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʨʠʘʣʳ ʪʠʧʘ: ʉʫʣʴʬʠʜ ʂʘʜʤʠʷ, ʉʫʣʴʬʠʜ ʉʚʠʥʮʘ, 

ʉʝʣʝʥʠʪ ʂʘʜʤʠʷ ʠ ʜʨʫʛʠʝ. ʆʪ ʪʠʧʘ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦʨʝʟʠʩʪʦʨʘ 

ʀʥʪʝʨʝʩʥʦ: 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʢ ʢʘʢʠʤ ʜʣʠʥʘʤ 

ʚʦʣʥ (ʮʚʝʪʫ) ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʬʦʪʦʨʝʟʠʩʪʦʨ.  ɼʣʷ 

ʥʝʢʦʪʦʨʳʭ ʵʢʟʝʤʧʣʷʨʦʚ ʧʨʠʭʦʜʠʪʩʷ ʪʱʘʪʝʣʴʥʦ ʧʦʜʙʠʨʘʪʴ ʠʟʣʫʯʘʪʝʣʴ ʩʚʝʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʳ ʚʦʣʥʳ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʌʦʪʦʨʝʟʠʩʪʦʨ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ  ʦʩʚʝʱʝʥʥʦʩʪʠ, ʘ, ʩʢʦʨʝʝ, 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʩʚʝʪʘ, ʧʦ ʝʛʦ ʧʦʢʘʟʘʥʠʷʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʚʝʪʣʝʝ ʠʣʠ 

ʪʝʤʥʝʝ ʩʪʘʣʘ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 

ɺʦʣʴʪ-ʘʤʧʝʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
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ʅʘ ʥʝʡ ʠʟʦʙʨʘʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ 

ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. ʌ ï ʪʝʤʥʦʪʘ, ʘ ʌ3 ï ʵʪʦ ʷʨʢʠʡ ʩʚʝʪ. ʆʥʘ ʣʠʥʝʡʥʘ. ɽʱʝ ʦʜʥʘ ʚʘʞʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʵʪʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʦʥʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤɸ(ʤʢɸ)/(ʃʤ*ɺ). ʏʪʦ 

ʦʪʨʘʞʘʝʪ, ʩʢʦʣʴʢʦ ʪʦʢʘ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʚʝʪʦʚʦʤ ʧʦʪʦʢʝ 

ʠ ʧʨʠʣʦʞʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ.  

ʊʝʤʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʵʪʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ 

ʦʩʚʝʱʝʥʠʷ, ʦʙʦʟʥʘʯʘʝʪʩʷ Rʪ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ Rʪ/Rʩʚ ï ʵʪʦ ʢʨʘʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʨʝʟʠʩʪʦʨʘ ʚ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʦʩʚʝʱʝʥʠʷ ʢ 

ʤʘʢʩʠʤʘʣʴʥʦ ʦʩʚʝʱʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʋ ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʝʛʦ ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ. ʕʪʦ 

ʚʝʣʠʯʠʥʘ ʦʧʠʩʳʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʤ ʚʳ 

ʤʦʜʝʣʠʨʫʝʪʝ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʧʨʠ ʢʦʪʦʨʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʥʘ 1.41 ʨʘʟ. ɺ 

ʩʧʨʘʚʦʯʥʠʢʘʭ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʣʠʙʦ ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʦʪʳ, ʣʠʙʦ ʯʝʨʝʟ ʧʦʩʪʦʷʥʥʫʶ 

ʚʨʝʤʝʥʠ. ʆʥʘ ʦʪʨʘʞʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʨʠʙʦʨʦʚ, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʟʘʥʠʤʘʝʪ ʜʝʩʷʪʢʠ 

ʤʠʢʨʦʩʝʢʫʥʜ ï 10^(-5) ʩ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʪʘʤ, ʛʜʝ ʥʫʞʥʦ ʚʳʩʦʢʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

͙̅ͦͭͦ͒ͦ͒ ς ͨ ͔͔ͪͦ͋ͪ͊ͯͭ͘ ͍͔ͫͭ ͍ Ή͔͙ͭͪ͟͡;͔͙͚ͫ͟ ͊ͪ͘Ύ͒ 
ʌʦʪʦʜʠʦʜ ï ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʩʚʝʪ, ʧʦʧʘʜʘʶʱʠʡ ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ 

ʟʦʥʫ, ʚ  ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ p-n 

ʧʝʨʝʭʦʜʝ ʧʨʦʪʝʢʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʩʚʷʟʘʥʥʳʝ ʩ ʜʚʠʞʝʥʠʝʤ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 

ɽʩʣʠ ʥʘ ʬʦʪʦʨʝʟʠʩʪʦʨʝ ʠʟʤʝʥʷʣʘʩʴ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠʟ-ʟʘ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʝ, ʪʦ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʨʷʜʘ ʥʘ ʛʨʘʥʠʮʝ p-n ʧʝʨʝʭʦʜʘ. ʆʥ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʬʦʪʦʛʝʥʝʨʘʪʦʨʘ. 
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ʇʦ ʩʪʨʫʢʪʫʨʝ ʦʥ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʦʙʳʯʥʳʡ ʜʠʦʜ, ʥʦ ʥʘ ʝʛʦ ʢʦʨʧʫʩʝ ʝʩʪʴ ʦʢʥʦ ʜʣʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ. ɺʥʝʰʥʝ ʦʥʠ ʙʳʚʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʧʦʣʥʝʥʠʷʭ. 

 

 ʌʦʪʦʜʠʦʜʳ ʩ ʯʝʨʥʳʤ ʢʦʨʧʫʩʦʤ ʚʦʩʧʨʠʥʠʤʘʶʪ ʪʦʣʴʢʦ ʀʂ-ʠʟʣʫʯʝʥʠʝ. ʏʝʨʥʦʝ 

ʧʦʢʨʳʪʠʝ ï ʵʪʦ ʯʪʦ-ʪʦ ʧʦʭʦʞʝʝ ʥʘ ʪʦʥʠʨʦʚʢʫ. ʌʠʣʴʪʨʫʝʪ ʀʂ-ʩʧʝʢʪʨ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʥʘ ʠʟʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʩʧʝʢʪʨʦʚ. ʋ ʬʦʪʦʜʠʦʜʦʚ, ʢʘʢ ʠ ʫ 

ʬʦʪʦʨʝʟʠʩʪʦʨʦʚ ʝʩʪʴ ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ, ʪʦʣʴʢʦ ʟʜʝʩʴ ʦʥʘ ʥʘ ʧʦʨʷʜʢʠ ʙʦʣʴʰʝ ʠ 

ʜʦʩʪʠʛʘʝʪ 10 ʄɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʣʦʭʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. P-i-N 

ʬʦʪʦʜʠʦʜʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ï 100ʄɻʮ-1ɻɻʮ, ʢʘʢ ʠ ʜʠʦʜʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʙʘʨʴʝʨʘ ʐʦʪʪʢʠ. ʃʘʚʠʥʥʳʝ ʜʠʦʜʳ ʠʤʝʶʪ ʛʨʘʥʠʯʥʫʶ ʯʘʩʪʦʪʫ ʚ ʧʦʨʷʜʢʘ 1-

10 ɻɻʮ. 

ɺ ʨʝʞʠʤʝ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʘʢʦʡ ʜʠʦʜ ʨʘʙʦʪʘʝʪ ʢʘʢ ʢʣʶʯ ʫʧʨʘʚʣʷʝʤʳʡ 

ʩʚʝʪʦʤ, ʜʣʷ ʵʪʦʛʦ ʝʛʦ ʧʦʜʢʣʶʯʘʶʪ ʚ ʮʝʧʴ ʚ ʧʨʷʤʦʤ ʩʤʝʱʝʥʠʠ. ʊʦ ʝʩʪʴ, ʢʘʪʦʜʦʤ ʢ 

ʪʦʯʢʝ ʩ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (ʢ ʧʣʶʩʫ), ʘ ʘʥʦʜʦʤ ʢ ʙʦʣʝʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ (ʢ ʤʠʥʫʩʫ). ʂʦʛʜʘ ʜʠʦʜ ʥʝ ʦʩʚʝʱʘʝʪʩʷ ʩʚʝʪʦʤ ï ʚ ʮʝʧʠ ʧʨʦʪʝʢʘʝʪ 

ʪʦʣʴʢʦ ʦʙʨʘʪʥʳʡ ʪʝʤʥʦʚʦʡ ʪʦʢ Iʦʙʨʪ (ʝʜʠʥʠʮʳ ʠ ʜʝʩʷʪʢʠ ʤʢɸ), ʘ ʢʦʛʜʘ ʜʠʦʜ ʦʩʚʝʱʝʥ 

ʢ ʥʝʤʫ ʜʦʙʘʚʣʷʝʪʩʷ ʬʦʪʦʪʦʢ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʪʝʧʝʥʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 

(ʜʝʩʷʪʢʠ ʤɸ). ʏʝʤ ʙʦʣʴʰʝ ʩʚʝʪʘ ï ʪʝʤ ʙʦʣʴʰʝ ʪʦʢ.  

ʌʦʪʦʪʦʢ Iʬ ʨʘʚʝʥ: 

Iʬ=Sʠʥʪ*ʌ, 

ʛʜʝ Sʠʥʪ ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʌ ï ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. 
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ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʚʢʣʶʯʝʥʠʷ ʬʦʪʦʜʠʦʜʘ ʚ ʨʝʞʠʤʝ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʆʙʨʘʪʠʪʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʢʘʢ ʦʥ ʧʦʜʢʣʶʯʝʥ ï ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ.  

ɼʨʫʛʦʡ ʨʝʞʠʤ ï ʛʝʥʝʨʘʪʦʨ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʩʚʝʪʘ ʥʘ ʬʦʪʦʜʠʦʜ ʥʘ ʝʛʦ ʚʳʚʦʜʘʭ 

ʦʙʨʘʟʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ 

ʨʘʚʥʷʶʪʩʷ ʜʝʩʷʪʢʠ ʘʤʧʝʨ. ʕʪʦ ʥʘʧʦʤʠʥʘʝʪ ʨʘʙʦʪʫ ʵʣʝʤʝʥʪʦʚ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʥʦ 

ʠʤʝʶʪ ʤʘʣʫʶ ʤʦʱʥʦʩʪʴ.  

 

ʌʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ï ʦʪʢʨʳʚʘʶʪʩʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʘʜʘʶʱʝʛʦ ʩʚʝʪʘ 

ʌʦʪʦʪʨʘʥʟʠʩʪʦʨ ï ʵʪʦ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʙʠʧʦʣʷʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ ʫ ʢʦʪʦʨʦʛʦ ʚʤʝʩʪʦ 

ʚʳʚʦʜʘ ʙʘʟʳ ʝʩʪʴ ʚ ʢʦʨʧʫʩʝ ʦʢʦʰʢʦ ʜʣʷ ʧʦʧʘʜʘʥʠʷ ʪʫʜʘ ʩʚʝʪʘ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ 

ʧʨʠʯʠʥʳ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʘʥʘʣʦʛʠʯʥʳ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʧʨʠʙʦʨʘʤʠ. ɹʠʧʦʣʷʨʥʳʝ 

ʪʨʘʥʟʠʩʪʦʨʳ ʫʧʨʘʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʢʘ ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʙʘʟʫ, ʘ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʧʦ ʘʥʘʣʦʛʠʠ ʫʧʨʘʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʩʚʝʪʘ. 
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ʀʥʦʛʜʘ ʥʘ ʋɻʆ ʝʱʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʦʙʨʘʞʘʝʪʩʷ ʚʳʚʦʜ ʙʘʟʳ. ɺʦʦʙʱʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ ʧʦʜʘʶʪ ʪʘʢʞʝ ʢʘʢ ʠ ʥʘ ʦʙʳʯʥʳʡ, ʘ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʚʢʣʶʯʝʥʠʷ ï ʩ ʧʣʘʚʘʶʱʝʡ ʙʘʟʦʡ, ʢʦʛʜʘ ʙʘʟʦʚʳʡ ʚʳʚʦʜ ʦʩʪʘʸʪʩʷ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʳʤ. 

 

ɺ ʩʭʝʤʫ ʚʢʣʶʯʘʶʪ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ. 
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ʀʣʠ ʤʝʥʷʶʪ ʤʝʩʪʘʤʠ ʪʨʘʥʟʠʩʪʦʨ ʠ ʨʝʟʠʩʪʦʨ, ʩʤʦʪʨʷ, ʯʪʦ ʢʦʥʢʨʝʪʥʦ ʚʘʤ ʥʫʞʥʦ. 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʚʝʪʘ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʧʨʦʪʝʢʘʝʪ ʪʝʤʥʦʚʦʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ 

ʠʟ ʪʦʢʘ ʙʘʟʳ, ʢʦʪʦʨʳʡ ʚʳ ʤʦʞʝʪʝ ʟʘʜʘʪʴ ʩʘʤʠ. ɿʘʜʘʚ ʥʝʦʙʭʦʜʠʤʳʡ ʪʦʢ ʙʘʟʳ, ʚʳ 

ʤʦʞʝʪʝ ʚʳʩʪʘʚʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʧʦʜʙʦʨʦʤ ʝʛʦ ʙʘʟʦʚʦʛʦ 

ʨʝʟʠʩʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʣʘʚʣʠʚʘʪʴ ʜʘʞʝ ʩʘʤʳʡ ʪʫʩʢʣʳʡ ʩʚʝʪ. 

ɺ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ʨʘʜʠʦʣʶʙʠʪʝʣʠ ʜʝʣʘʣʠ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ï 

ʜʝʣʘʣʠ ʦʢʦʰʢʦ ʜʣʷ ʩʚʝʪʘ, ʩʧʠʣʠʚ ʦʙʳʯʥʦʤʫ ʪʨʘʥʟʠʩʪʦʨʫ ʯʘʩʪʴ ʢʦʨʧʫʩʘ. ɼʣʷ ʵʪʦʛʦ 

ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʪʨʘʥʟʠʩʪʦʨʳ ʪʠʧʘ ʄʇ14-ʄʇ42 

ʀʟ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʪʦʪʦʢʘ ʦʪ ʦʩʚʝʱʝʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʢʦʣʣʝʢʪʦʨ-ʵʤʠʪʪʝʨ. 

 

ʂʨʦʤʝ ʙʠʧʦʣʷʨʥʳʭ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ ʩʫʱʝʩʪʚʫʶʪ ʠ ʧʦʣʝʚʳʝ. ɹʠʧʦʣʷʨʥʳʝ 

ʨʘʙʦʪʘʶʪ ʥʘ ʯʘʩʪʦʪʘʭ 10-100 ʢɻʮ, ʪʦ ʧʦʣʝʚʳʝ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ. ʀʭ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ɸʤʧʝʨ ʥʘ ʃʶʤʝʥ, ʠ ʙʦʣʝʝ çʙʳʩʪʨʳʝè - ʜʦ 100 

ʤɻʮ. ʋ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʝʩʪʴ ʠʥʪʝʨʝʩʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʟʘʪʚʦʨʝ ʧʦʯʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʦʢ ʩʪʦʢʘ. 

˻͙͋͊ͫͭ͡ ͙͔͔͙ͨͪͣͤͤΎ ͺͦͭͦΉ͔ͭͪͦͤͤ͟͡·ͻ ͙͍ͨͪ͋ͦͪͦ 
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʧʨʠʚʳʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ. 
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ʉʭʝʤʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʚʳʰʝ ï ʵʪʦ ʧʨʦʩʪʝʡʰʠʡ ʧʨʠʙʦʨ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʠ 

ʚʳʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʌʦʪʦʜʠʦʜ ʌɼ320 ʇʨʠ 

ʧʦʧʘʜʘʥʠʠ ʥʘ ʥʝʛʦ ʩʚʝʪʘ ʦʪʢʨʳʚʘʝʪʩʷ ʠ ʥʘ R1  ʧʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʛʜʘ 

ʝʛʦ ʚʝʣʠʯʠʥʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʦʪʢʨʳʪʠʷ ʪʨʘʥʟʠʩʪʦʨʘ VT1 ï ʦʥ ʦʪʢʨʳʚʘʝʪʩʷ, ʠ 

ʦʪʢʨʳʚʘʝʪ ʝʱʝ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ ï VT2. ʕʪʠ ʜʚʘ ʪʨʘʥʟʠʩʪʦʨʘ ï ʵʪʦ ʜʚʫʭʢʘʩʢʘʜʥʳʡ 

ʫʩʠʣʠʪʝʣʴ ʪʦʢʘ, ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʟʘʧʠʪʢʠ ʢʘʪʫʰʢʠ ʨʝʣʝ K1.  

ɼʠʦʜ VD2 ï ʥʫʞʝʥ ʜʣʷ ʛʘʰʝʥʠʷ ʕɼʉ-ʩʘʤʦʠʥʜʫʢʮʠʠ, ʢʦʪʦʨʦʝ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʢʘʪʫʰʢʠ. ʅʘ ʧʦʜʚʦʜʷʱʠʡ ʢʦʥʪʘʢʪ ʨʝʣʝ, ʚʝʨʭʥʠʡ ʧʦ ʩʭʝʤʝ, 

ʧʦʜʢʣʶʯʘʝʪʩʷ ʦʜʠʥ ʠʟ ʧʨʦʚʦʜʦʚ ʦʪ ʥʘʛʨʫʟʢʠ (ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ï ʬʘʟʘ ʠʣʠ ʥʦʣʴ). 

ʋ ʥʘʩ ʝʩʪʴ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʡ ʠ ʨʘʟʦʤʢʥʫʪʳʡ ʢʦʥʪʘʢʪʳ, ʦʥʠ ʥʫʞʥʳ ʣʠʙʦ ʜʣʷ 

ʚʳʙʦʨʘ ʚʢʣʶʯʘʝʤʦʡ ʮʝʧʠ, ʣʠʙʦ ʜʣʷ ʚʳʙʦʨʘ ʚʢʣʶʯʠʪʴ ʠʣʠ ʦʪʢʣʶʯʠʪʴ ʥʘʛʨʫʟʢʫ ʦʪ ʩʝʪʠ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ. ʇʦʪʝʥʮʠʦʤʝʪʨ R1 ʥʫʞʝʥ ʜʣʷ 

ʧʦʜʩʪʨʦʡʢʠ ʧʨʠʙʦʨʘ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠ ʥʫʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʚʝʪʘ. ʏʝʤ ʙʦʣʴʰʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ʪʝʤ ʤʝʥʴʰʝ ʩʚʝʪʘ ʥʫʞʥʦ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʩʭʝʤʳ. 

ɺʘʨʠʘʮʠʠ ʵʪʦʡ ʩʭʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʜʦʙʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʘʚʣʷʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ. 

ʂʨʦʤʝ ʚʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʜʦʙʥʳʝ ʬʦʪʦʧʨʠʝʤʥʠʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʷ, ʥʘʧʨʠʤʝʨ ʥʘ ʪʫʨʥʠʢʝʪʘʭ ʤʝʪʨʦ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ ʬʦʪʦʨʝʟʠʩʪʦʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ (ʟʘʡʮʝʤ) 

ʧʝʨʝʩʝʯʝʥʠʷ ʪʫʨʥʠʢʝʪʘ. 

ɺ ʪʠʧʦʛʨʘʬʠʠ ʧʨʠ ʦʙʨʳʚʝ ʧʦʣʦʩʳ ʙʫʤʘʛʠ ʩʚʝʪ ʧʦʧʘʜʘʝʪ ʥʘ ʬʦʪʦʧʨʠʝʤʥʠʢ ʠ ʪʝʤ 

ʩʘʤʳʤ ʜʘʸʪ ʩʠʛʥʘʣ ʦʧʝʨʘʪʦʨʫ ʦʙ ʵʪʦʤ. ʀʟʣʫʯʘʪʝʣʴ ʩʪʦʠʪ ʧʦ ʦʜʥʫ ʩʪʦʨʦʥʫ ʦʪ ʙʫʤʘʛʠ, ʘ 

ʬʦʪʦʧʨʠʝʤʥʠʢ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ. ʂʦʛʜʘ ʙʫʤʘʛʘ ʨʚʸʪʩʷ, ʩʚʝʪ ʦʪ ʠʟʣʫʯʘʪʝʣʷ ʜʦʩʪʠʛʘʝʪ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ. 
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ɺ ʥʝʢʦʪʦʨʳʭ ʚʠʜʘʭ ʩʠʛʥʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʚʭʦʜʘ ʚ 

ʧʦʤʝʱʝʥʠʝ ʠʟʣʫʯʘʪʝʣʴ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ, ʧʨʠ ʵʪʦʤ, ʯʪʦʙʳ ʠʟʣʫʯʝʥʠʝ ʥʝ ʙʳʣʠ ʚʠʜʥʳ 

ʠʩʧʦʣʴʟʫʶʪ ʀʂ-ʧʨʠʙʦʨʳ. 

 

ʂʘʩʘʝʤʦ ʀʂ-ʩʧʝʢʪʨʘ, ʥʝʣʴʟʷ ʫʧʦʤʷʥʫʪʴ ʦ ʧʨʠʝʤʥʠʢʝ ʪʝʣʝʚʠʟʦʨʘ, ʥʘ ʢʦʪʦʨʳʡ 

ʧʦʩʪʫʧʘʶʪ ʩʠʛʥʘʣʳ ʦʪ ʀʂ-ʩʚʝʪʦʜʠʦʜʘ ʚ ʧʫʣʴʪʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʚʳ 

ʧʝʨʝʢʣʶʯʘʝʪʝ ʢʘʥʘʣʳ. ʉʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʢʦʜʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʠ ʪʝʣʝʚʠʟʦʨ 

ʧʦʥʠʤʘʝʪ, ʯʪʦ ʚʘʤ ʥʫʞʥʦ. 
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ʀʥʬʦʨʤʘʮʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʥʝʝ ʧʝʨʝʜʘʚʘʣʘʩʴ ʯʝʨʝʟ ʀʂ-ʧʦʨʪʳ ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʦʚ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʦʛʨʘʥʠʯʝʥʘ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʝʨʝʜʘʯʠ, ʪʘʢ ʠ ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʩʘʤʦʛʦ ʧʨʠʙʦʨʘ. 
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ɺ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʳʰʢʘʭ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʚʷʟʘʥʥʘʷ ʩ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. 

 

˽͙͔͔͙͔ͪͣͤͤ ͒͡Ύ ͔͔ͨͪ͒͊;͙ ͙͎͍ͫͤ͊ͦ͡ ͍ Ή͔ͭͪͦͤͤ͟͡·ͻ ͫͻ͔ͣ͊ͻ 
ʆʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʧʨʠʙʦʨʳ ï ʵʪʦ ʧʨʠʙʦʨʳ ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʚ ʦʜʥʦʤ ʢʦʨʧʫʩʝ 

ʠʟʣʫʯʘʪʝʣʴ ʠ ʬʦʪʦʧʨʠʝʤʥʠʢ, ʪʠʧʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. ʆʥʠ ʥʫʞʥʳ ʜʣʷ ʩʚʷʟʠ ʜʚʫʭ 

ʢʦʥʪʫʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʕʪʦ ʥʫʞʥʦ ʜʣʷ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʨʘʟʚʷʟʢʠ, ʙʳʩʪʨʦʡ 

ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢʘʢ 

ʚ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʷ ʩʠʤʠʩʪʦʨʦʤ ʚ ʮʝʧʠ 220 ɺ 5 ɺ ʩʠʛʥʘʣʦʤ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ʆʥʠ ʠʤʝʶʪ ʫʩʣʦʚʥʦ-ʛʨʘʬʠʯʝʩʢʦʝ ʦʙʦʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʪʠʧʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚʥʫʪʨʠ ʦʧʪʦʧʘʨʳ ʵʣʝʤʝʥʪʦʚ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʫ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ. 

ˠ̐̑́̃̌̆̎̉̆ ̒̉̍̉̒̓̏̑̏̍ ̒ ̝̟̐̏̍̏̚ ̍̉̋̑̏̋̏̎̓̑̏̌̌̆̑́ 
ɽʩʣʠ ʚʳ ʧʨʦʝʢʪʠʨʫʝʪʝ ʪʠʨʠʩʪʦʨʥʳʡ ʠʣʠ ʩʠʤʠʩʪʦʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʳ 

ʩʪʦʣʢʥʝʪʝʩʴ ʩ ʧʨʦʙʣʝʤʦʡ. ɺʦ-ʧʝʨʚʳʭ, ʝʩʣʠ ʧʝʨʝʭʦʜ ʫ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʳʚʦʜʘ ʧʨʦʙʴʝʪ ï 

ʥʘ ʧʠʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʧʦʧʘʜʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ ʧʦʩʣʝʜʥʠʡ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ. 

ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʜʨʘʡʚʝʨʳ, ʩ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 

ʦʧʪʦʩʠʤʠʩʪʦʨ, ʥʘʧʨʠʤʝʨ MOC3041. 

 

˛̠̂̑́̓̎́ ̠̝̒̃̈ ̒ ̝̟̐̏̍̏̚ ̜̏̐̓̏̐́̑ 
ɺ ʠʤʧʫʣʴʩʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʙʣʦʢʘʭ ʧʠʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. 

ɽʩʣʠ ʠʩʢʣʶʯʠʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʫʶ ʨʘʟʚʷʟʢʫ ʚ ʵʪʦʡ ʮʝʧʠ, ʪʦʛʜʘ ʚ ʩʣʫʯʘʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʢʘʢʠʭ-ʪʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʮʝʧʠ ʆʉ, ʥʘ ʚʳʭʦʜʥʦʡ ʮʝʧʠ ʚʦʟʥʠʢʥʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ 

ʧʦʜʢʣʶʯʝʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʚʳʡʜʝʪ ʠʟ ʩʪʨʦʷ, ʷ ʥʝ ʛʦʚʦʨʶ ʦ ʪʦʤ, ʯʪʦ ʠ ʚʘʩ ʤʦʞʝʪ 

ʫʜʘʨʠʪʴ ʪʦʢʦʤ. 
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ɺ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʚʳ ʚʠʜʠʪʝ ʨʝʘʣʠʟʘʮʠʶ ʪʘʢʦʡ ʆʉ ʠʟ ʚʳʭʦʜʥʦʡ ʮʝʧʠ ʚ 

ʦʙʤʦʪʢʫ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (ʫʧʨʘʚʣʷʶʱʫʶ) ʪʨʘʥʟʠʩʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʦʧʪʦʧʘʨʳ ʩ 

ʧʦʨʷʜʢʦʚʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ U1. 

ˤ·͍ͦ͒· 
ʌʦʪʦ- ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʘ ʵʪʦ ʦʯʝʥʴ ʚʘʞʥʳʝ ʨʘʟʜʝʣʳ ʚ ʵʣʝʢʪʨʦʥʠʢʠ, ʢʦʪʦʨʳʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʠ ʢʘʯʝʩʪʚʦ ʘʧʧʘʨʘʪʫʨʳ, ʝʸ ʩʪʦʠʤʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ 

ʦʧʪʦʧʘʨʳ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʚʷʟʳʚʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚ ʪʘʢʠʭ 

ʮʝʧʷʭ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʂʨʦʤʝ ʪʦʛʦ ʥʝʢʦʪʦʨʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʙʝʟ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʩʪʘʪʴʝ ʤʦʞʥʦ ʟʜʝʩʴ:  

ʂʘʢ ʧʨʠʤʝʥʷʪʴ ʬʦʪʦʨʝʟʠʩʪʦʨʳ, ʬʦʪʦʜʠʦʜʳ ʠ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ 
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ʇʨʠʣʦʞʝʥʠʝ ʢ ʘʧʨʝʣʴʩʢʦʤʫ ʞʫʨʥʘʣʫ "ʗ ʵʣʝʢʪʨʠʢ 2.0" 

"ɸʨʜʫʠʥʦ ʜʣʷ ʯʘʡʥʠʢʦʚ" 

ʀʣʣʶʩʪʨʠʨʦʚʘʥʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ:  

http://electrik.info/arduinomanual.pdf  
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ȪɔɒɆɞɓɥɥ ɆɈɘɔɒɆɘɎɍɆɜɎɥ 

˻͙ͭ͡;͙Ύ ͨ͊ͭ͡ Orange pi ͙  Raspberry piΣ ;ͭͦ ͙ͯͨͭ͟ΈΚ 
 

ʀʜʝʷ ʩʜʝʣʘʪʴ ʤʘʣʝʥʴʢʠʡ ʢʦʤʧʴʶʪʝʨ ʣʝʞʠʪ ʚ ʫʤʘʭ ʠʥʞʝʥʝʨʦʚ ʫʞʝ ʤʥʦʛʦ ʣʝʪ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʪʠʧʦʚ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ ʷʚʣʷʝʪʩʷ ʩʤʘʨʪʬʦʥ ï ʩʠʤʙʠʦʟ 

ʢʦʤʧʴʶʪʝʨʘ ʩ ʝʛʦ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʤʘʨʪʬʦʥʦʚ ʥʘ ʙʘʟʝ ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ARM, ʢʘʢ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʦʮʝʩʩʦʨʦʚ ʜʝʣʘʪʴ ʤʠʥʠʘʪʶʨʥʳʝ, ʥʦ ʤʦʱʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʵʣʝʢʪʨʦʥʠʢʠ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʜʥʦʧʣʘʪʥʳʭ 

ʩʠʩʪʝʤ. System-on-a-Chip (SoC) ï ʘʥʛʣʦʷʟʳʯʥʦʝ ʥʘʟʚʘʥʠʝ ʵʪʦʛʦ ʪʠʧʘ ʢʦʤʧʴʶʪʝʨʦʚ. 

ʀʤʝʝʪ ʜʚʘ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: 

  

¶ ʆʜʥʦʧʣʘʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʥʘ Windows, ʩ ʧʨʦʮʝʩʩʦʨʘʤʠ ʪʠʧʘ Intel Atom. ʏʘʱʝ 

ʚʩʝʛʦ ʵʪʦ ʧʣʘʥʰʝʪʳ, ʠʣʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ. ɽʩʣʠ ʚʝʩʪʠ ʨʝʯʴ ʦʙ ʠʥʪʝʨʝʩʥʳʭ 

ʧʨʦʝʢʪʘʭ, ʪʦ LattePanda; 

 

http://electrik.info/


http :// electrik.info - ̞ ̌̆̋̓̑̉̋́ ̃ ̅̏̍̆ ̉ ̎́ ̐̑̏̉̈̃̏̅̒̓̃̆ ˞̗̓̑́̎̉́ 119 

 

 
 

¶ ʆʜʥʦʧʣʘʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʥʘ ʧʨʦʮʝʩʩʦʨʘʭ ʩ ARM ʘʨʭʠʪʝʢʪʫʨʦʡ. ʗʨʢʠʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ ʧʨʠʩʪʘʚʢʠ ʢ ʪʝʣʝʚʠʟʦʨʫ 

«Android TV Boxè, ʧʣʘʥʰʝʪʳ ʩ ʆʉ Android ʠ ʧʦʜʦʙʥʳʤʠ, ʆʜʥʦʧʣʘʪʥʳʝ ʇʂ 

ʧʦʜʦʙʥʳʝ Raspberry Pi. 
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