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ï ɽʣʝʢʪʨʦʥʥʽ ʪʝʢʩʪʦʚʽ ʜʘʥʥʽ (1 ʬʘʡʣ: 8279 ʢʙʘʡʪ). ï ʂʠʾʚ : ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, 2019. ï 388 ʩ. 
ɻʨʠʬ ʥʘʜʘʥʦ ʄʝʪʦʜʠʯʥʦʶ ʨʘʜʦʶ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (ʧʨʦʪʦʢʦʣ ˉ 9 ʚʽʜ 30.05.19 ʨ.)  

ʟʘ ʧʦʜʘʥʥʷʤ ɺʯʝʥʦʾ ʨʘʜʠ ʬʘʢʫʣʴʪʝʪʫ (ʧʨʦʪʦʢʦʣ ˉ 5/19 ʚʽʜ 23.05.19 ʨ.) 

 

ɽʣʝʢʪʨʦʥʥʝ ʤʝʨʝʞʥʝ ʥʘʚʯʘʣʴʥʝ ʚʠʜʘʥʥʷ 

 

ʇʈʀʉʊʈʆɰ ɺɯɼʆɹʈɸɾɽʅʅʗ ʊɸ 

ʈɽɭʉʊʈɸʎɯɰ ɯʅʌʆʈʄɸʎɯɰ 
ʂʆʅʉʇɽʂʊ ʃɽʂʎɯʁ 

 

ʋʢʣʘʜʘʯ: ʄʠʢʦʣʘʻʮʴ ɼʤʠʪʨʦ ɸʥʘʪʘʣʽʡʦʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ 

ʨʝʜʘʢʪʦʨ 

 

ɾʫʡʢʦʚ ɺ.ʗ., ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ ʝʣʝʢʪʨʦʥʽʢʠ, ʜ-ʨ ʪʝʭʥ. 

ʥʘʫʢ, ʧʨʦʬ. 

 

ʈʝʮʝʥʟʝʥʪʠ: ɯʚʘʥʴʢʦ ʂ.ʆ.., ʜʦʮ. ʢʘʬ ɽɯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. 

ɺʠʜʘʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʧʦʷʩʥʝʥʥʶ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʧʨʘʚʣʽʥʥʷ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʧʨʠʩʪʨʦʚʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʢʣʘʜʝʥʽ ʬʽʟʠʯʥʽ ʦʩʥʦʚʠ ʨʦʙʦʪʠ, ʢʦʥʩʪʨʫʢʮʽʾ, 
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ɺʉʊʋʇ 

 

ʂʫʨʩ çʇʨʠʩʪʨʦʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾè ʻ ʩʢʣʘʜʦʚʦʶ 

ʯʘʩʪʠʥʦʶ ʜʠʩʮʠʧʣʽʥ, ʷʢʽ ʚʢʣʶʯʝʥʽ ʜʦ ʧʝʨʝʣʽʢʫ ʦʙʦʚ'ʷʟʢʦʚʠʭ ʜʠʩʮʠʧʣʽʥ 

ʽʥʞʝʥʝʨʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ 

ʩʧʝʮʽʘʣʽʩʪʽʚ ʪʘ ʤʘʛʽʩʪʨʽʚ ʟʘ ʥʘʧʨʷʤʦʤ çɽʣʝʢʪʨʦʥʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʩʠʩʪʝʤʠè. 

ʄʝʪʦʶ ʢʫʨʩʫ  ̒ ʚʠʚʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʾʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʜʙʘʥʥʷ ʧʨʘʢʪʠʯʥʠʭ 

ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟ ʥʠʤʠ ʪʘ ʦʟʥʘʡʦʤʣʝʥʥʷ ʟ ʦʩʥʦʚʘʤʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʢʫʨʩʫ ʩʪʫʜʝʥʪʠ ʥʘʙʫʚʘʶʪʴ ʟʥʘʥʥ ̫ ʧʨʦ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ ʣʶʜʩʴʢʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʪʘ ʩʧʦʩʦʙʠ ʚʧʣʠʚʫ ʥʘ ʥʠʭ, ʧʨʠʥʮʠʧʠ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʧʝʨʝʜʘʯʽ ʽ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʠʩʪʝʤ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ. 

ʇʨʦʧʦʥʦʚʘʥʠʡ ʧʦʩʽʙʥʠʢ ʜʘʻ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʽ ʬʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦ 

ʪʝʭʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʩʪʨʦʾʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʨʝʻʩʪʨʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ, ʧʠʪʘʥʥʷʤ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʜʠʢʘʪʦʨʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ. ʇʨʠʚʦʜʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʧʨʠʩʪʨʦʾʚ 

ʚʽʟʫʘʣʽʟʘʮʽʾ, ʟʘʧʠʩʫ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʝʣʝʚʽʟʽʡʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ɿʘʩʚʦʻʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʠʩʮʠʧʣʽʥʠ ñʇʨʠʩʪʨʦʾ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʻʩʪʨʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʾò ʩʪʚʦʨʶʻ ʙʘʟʫ ʜʣʷ ʚʠʚʯʝʥʥʷ ʢʫʨʩʽʚ: ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʪʘ ʧʨʦʤʠʩʣʦʚʽ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽ ʩʠʩʪʝʤʠ, ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 1. ɯʅʌʆʈʄɸʎɯʗ ɯ ʃʖɼʀʅɸ 

 

ʊʝʤʘ 1.1. ʃʶʜʩʴʢʽ ʘʥʘʣʽʟʘʪʦʨʠ ʽ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʃʝʢʮʽʷ 1. ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʛʘʥʽʚ ʚʽʜʯʫʪʪʷ. ɺʝʩʪʠʙʫʣʷʨʥʠʡ 

ʘʥʘʣʽʟʘʪʦʨ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʘʢʪʠʣʴʥʠʡ (ʰʢʽʨʥʠʡ, ʜʦʪʠʢʦʚʠʡ) 

ʘʥʘʣʽʟʘʪʦʨ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʫʭʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ ʪʘ ʡʦʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʘʩʦʙʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʻ ʦʜʥʽʻʶ ʟ ʪʘʢʠʭ ʛʘʣʫʟʝʡ ʩʫʯʘʩʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʦ, ʜʣʷ ʷʢʦʾ, ʪʘʢʦʞ, 

ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʣʠʢʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʽ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ 

ʧʨʠʥʮʠʧʘʭ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʇʨʦ 

ʟʦʙʨʘʞʝʥʥʷʭ ʤʦʚʘ ʡʜʝ ʥʝ ʚʠʧʘʜʢʦʚʦ, ʦʩʢʽʣʴʢʠ ʣʶʜʠʥʘ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʦʚʥʽʰʥʽʡ ʩʚʽʪ (ʙʣʠʟʴʢʦ 80%) ʦʪʨʠʤʫʻ ʩʘʤʝ ʧʦ ʟʦʨʦʚʠʭ 

ʢʘʥʘʣʘʭ. 

ʇʨʦʪʝ, ʜʣʷ ʧʦʯʘʪʢʫ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʚʩʽ ʢʘʥʘʣʠ, ʷʢʠʤʠ ʣʶʜʠʥʘ 

ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ. 

ʇʨʠʡʦʤ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʘʪʦʨʽʚ. 

ɸʥʘʣʽʟʘʪʦʨʘʤʠ ʥʘʟʠʚʘʶʪʴʩʷ ʥʝʨʚʦʚʽ ʦʨʛʘʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʡʦʤ ʽ 

ʧʝʨʚʠʥʥʠʡ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʈʦʙʦʪʘ ʘʥʘʣʽʟʘʪʦʨʽʚ ʻ 

ʬʽʟʽʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʚʽʜʯʫʪʪʷ. ɯʥʬʦʨʤʘʮʽʷ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʯʝʨʝʟ 

ʘʥʘʣʽʟʘʪʦʨʠ, ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʥʩʦʨʥʦʶ (ʚʽʜ ʣʘʪ. sensus - ʧʦʯʫʪʪʷ, ʚʽʜʯʫʪʪʷ), ʘ 

ʧʨʦʮʝʩ ʾʾ ʧʨʠʡʦʤʫ ʡ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ - ʩʝʥʩʦʨʥʠʤ ʩʧʨʠʡʥʷʪʪʷʤ, 

ʩʝʥʩʦʨʥʦʶ ʜʽʷʣʴʥʽʩʪʶ. 

ɸʥʘʣʽʟʘʪʦʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʨʴʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʣʘʥʦʢ 

(ʨʠʩ.1.1): ʧʝʨʠʬʝʨʠʯʥʦʾ, - ʩʧʨʠʡʤʘʶʯʦʾ, ʮʝ - ʨʝʮʝʧʪʦʨʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʽ ʩʧʨʠʡʤʘʶʪʴ ʟʦʚʥʽʰʥʶ ʽʥʬʦʨʤʘʮʽʶ (ʾʭ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ 

ʦʨʛʘʥʘʤʠ ʚʽʜʯʫʪʪʽʚ); ʨʝʮʝʧʪʦʨʽʚ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʘʭ ʽ 

ʩʧʨʠʡʤʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʾʭʥʽʡ ʩʪʘʥ; ʧʨʦʚʽʜʥʠʢʦʚʦʾ ʣʘʥʢʠ, ʱʦ ʷʚʣʷʻ 
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ʩʦʙʦʶ ʥʝʨʚʦʚʽ ʟʚ'ʷʟʢʠ, ʷʢʽ ʟ'ʻʜʥʫʶʪʴ ʨʝʮʝʧʪʦʨʠ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʜʽʣʷʥʢʘʤʠ 

ʢʦʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ; ʽ, ʥʘʨʝʰʪʽ, ʮʝʥʪʨʘʣʴʥʦʾ ʘʙʦ ʢʦʨʢʦʚʦʾ ʣʘʥʢʠ, - ʧʝʚʥʦʾ 

ʟʦʥʠ ʫ ʢʦʨʽ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. 

 

 

ʈʠʩ. 1.1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʘʥʘʣʽʟʘʪʦʨʘ 

 

ʇʝʨʠʬʝʨʠʯʥʘ ʯʘʩʪʠʥʘ ʘʥʘʣʽʟʘʪʦʨʽʚ - ʦʨʛʘʥʠ ʚʽʜʯʫʪʪʽʚ ð ʩʧʝʮʠʬʽʯʥʽ. 

ʆʜʥʽ ʦʨʛʘʥʠ ʚʽʜʯʫʪʪʽʚ ʩʧʨʠʡʤʘʶʪʴ ʪʽʣʴʢʠ ʩʚʽʪʣʦʚʽ ʧʦʜʨʘʟʥʠʢʠ, ʜʨʫʛʽ - 

ʟʚʫʢʦʚʽ, ʪʨʝʪʽ - ʪʝʤʧʝʨʘʪʫʨʥʽ, ʯʝʪʚʝʨʪʽ ð ʜʦʪʠʢʦʚʽ ʽ ʪ.ʧ. ʈʝʮʝʧʪʦʨʠ 

ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʜʘʪʯʠʢʽʚ, ʷʢʽ ʩʧʨʠʡʤʘʶʪʴ ʩʠʛʥʘʣʠ, ʱʦ ʜʦ ʥʠʭ ʥʘʜʭʦʜʷʪʴ, 

ʟʜʽʡʩʥʶʶʪʴ ʾʭ ʯʘʩʪʢʦʚʫ ʦʙʨʦʙʢʫ ʽ ʧʝʨʝʪʚʦʨʶʶʪʴ ʫ ʙʽʦʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ, 

ʷʢʽ ʧʦʪʽʤ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʘʬʝʨʝʥʪʥʠʭ ʥʝʨʚʦʚʠʭ ʟʚ'ʷʟʢʘʭ ʫ ʮʝʥʪʨʘʣʴʥʫ 

ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ (ʎʅʉ). ɺ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚ ʎʅʉ ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʙʽʦʝʣʝʢʪʨʠʯʥʽ ʢʦʤʘʥʜʠ, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʟʚʦʨʦʪʥʦʤʫ ʥʝʨʚʦʚʦʤʫ ʟʚ'ʷʟʢʫ 

ʥʘ ʨʝʮʝʧʪʦʨʠ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʦʧʪʠʤʘʣʴʥʝ ʥʘʩʪʨʦʶʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʽʚ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. 

ʈʝʮʝʧʪʦʨʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʨʛʘʥʘʭ ʯʫʪʪʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʩʥʦʚʥʽ 

ʚʽʜʯʫʪʪʷ (ʨʠʩ.1.2), ʪʘʢʽ ʷʢ ʟʽʨ, ʩʣʫʭ, ʥʶʭ, ʩʤʘʢ, ʜʦʪʠʢ ʽ ʧʨʦʧʨʽʦʮʝʧʮʽʷ. 

ɼʦ ʟʦʚʥʽʰʥʽʭ ʘʥʘʣʽʟʘʪʦʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʧʨʠʡʥʷʪʪʷ 

ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʫ, ʥʘʣʝʞʘʪʴ: 

- ʟʦʨʦʚʠʡ (ʨʝʮʝʧʪʦʨ - ʦʢʦ); 

- ʩʣʫʭʦʚʠʡ (ʨʝʮʝʧʪʦʨ - ʚʫʭʦ); 
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- ʨʝʮʝʧʪʦʨʠ ʰʢʽʨʠ: ʪʘʢʪʠʣʴʥʠʡ, ʙʦʣʴʦʚʠʡ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ (ʦʢʨʝʤʦ ʥʘ 

ʭʦʣʦʜ ʽ ʪʝʧʣʦ); 

- ʥʶʭʦʚʠʡ (ʨʝʮʝʧʪʦʨ ʫ ʥʦʩʦʚʽʡ ʧʦʨʦʞʥʠʥʽ); 

- ʩʤʘʢʦʚʠʡ (ʨʝʮʝʧʪʦʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʷʟʠʢʘ, ʧʽʜʥʝʙʽʥʥʽ).  

 

 

ʈʠʩ. 1.2 ʆʨʛʘʥʠ ʚʽʜʯʫʪʪʽʚ 

 

ʈʝʮʝʧʪʦʨʥʠʡ ʘʧʘʨʘʪ ʘʥʘʣʽʟʘʪʦʨʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʥʘʣʽʟ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʚʥʫʪʨʽʰʥʽʤʠ ʘʥʘʣʽʟʘʪʦʨʘʤʠ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʫ ʤ'ʷʟʘʭ, ʩʫʭʦʞʠʣʣʷʭ, ʟʚ'ʷʟʢʘʭ ʪʘ 

ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʘʭ (ʨʠʩ.1.3). 

ɼʦ ʚʥʫʪʨʽʰʥʽʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʥʘʣʝʞʘʪʴ: ʘʥʘʣʽʟʘʪʦʨ ʪʠʩʢʫ, ʢʽʥʝʩʪʝʪʠʯʥʠʡ 

(ʨʝʮʝʧʪʦʨʠ ʫ ʤ'ʷʟʘʭ ʪʘ ʩʫʭʦʞʠʣʣʷʭ), ʚʝʩʪʠʙʫʣʷʨʥʠʡ (ʨʝʮʝʧʪʦʨʠ ʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʚʫʩʽ), ʩʧʝʮʽʘʣʴʥʽ ʘʥʘʣʽʟʘʪʦʨʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʽʭ 

ʦʨʛʘʥʘʭ ʽ ʧʦʨʦʞʥʠʥʘʭ ʪʽʣʘ. 
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ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʘʣʽʟʘʪʦʨʽʚ ʪʘʢʽ: 

1. ɸʙʩʦʣʶʪʥʘ ʯʫʪʣʠʚʽʪʴ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ (ʘʙʩʦʣʶʪʥʠʡ ʧʦʨʽʛ 

ʚʽʜʯʫʪʪʷ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʦʜʨʘʟʥʠʢʘ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʚʽʜʯʫʪʪʷ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦʜʘʣʴʥʦʩʪʽ 

ʧʦʜʨʘʟʥʠʢʘ (ʜʦ ʷʢʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʽʥʬʦʨʤʘʮʽʷ) ʘʙʩʦʣʶʪʥʠʡ ʧʦʨʽʛ 

ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʦʜʠʥʠʮʷʭ ʝʥʝʨʛʽʾ, ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ, ʢʽʣʴʢʦʩʪʽ ʘʙʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʯʦʚʠʥʠ ʪʦʱʦ. 

 

ʈʠʩ 1.3. ʉʭʝʤʘ ʟʚôʷʟʢʫ ʘʥʘʣʽʟʘʪʦʨʽʚ ʟ ʚʽʜʜʽʣʘʤʠ ʢʦʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ 
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2. ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʫ (ʟʚʠʯʘʡʥʦ ʙʣʠʟʴʢʘ ʜʦ 

ʙʦʣʴʦʚʦʛʦ ʧʦʨʦʛʫ) ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʪʠʭ ʞʝ ʦʜʠʥʠʮʷʭ. 

3. ɼʽʘʧʘʟʦʥ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʽʩʪʠʪʴ ʚʩʽ ʧʝʨʝʭʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʜʨʘʟʥʠʢʘ ʚʽʜ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʨʦʛʫ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʙʦʣʴʦʚʦʛʦ ʧʦʨʦʛʫ. 

4. ɼʠʬʝʨʝʥʮʽʡʥʘ (ʨʦʟʜʽʣʴʥʘ) ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʛʥʘʣʫ 

(ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʘʙʦ ʨʦʟʜʽʣʴʥʠʡ ʧʦʨʽʛ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ) - ʮʝ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ȹJ ʡ ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ, ʷʢʫ ʚʠʟʥʘʯʘʶʪʴ ʫ 

ʚʽʜʩʦʪʢʘʭ: (ȹJ /J)100 % , ʜʝ J- ʚʠʭʽʜʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. 

5. ʄʝʞʽ (ʜʽʘʧʘʟʦʥ) ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ (ʘʙʩʦʣʶʪʥʽ ʧʦʨʦʛʠ ʚʽʜʯʫʪʪʷ 

ʟʘ ʯʘʩʪʦʪʦʶ ʜʦʚʞʠʥʠ ʭʚʠʣʽ) ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʘʪʦʨʽʚ, ʷʢʽ ʯʫʪʣʠʚʽ ʜʦ 

ʟʤʽʥʠ ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʫ (ʟʦʨʦʚʦʛʦ, ʩʣʫʭʦʚʦʛʦ, ʚʽʙʨʘʮʽʡʥʦʛʦ), 

ʚʠʟʥʘʯʘʶʪʴ ʦʢʨʝʤʦ ʥʠʞʥʽʡ ʽ ʚʝʨʭʥʽʡ ʧʦʨʦʛʠ. 

6. ɼʠʬʝʨʝʥʮʽʡʥʘ (ʨʦʟʜʽʣʴʥʘ) ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣʫ 

(ʜʠʬʝʨʝʥʮʽʡʥʠʡ, ʨʦʟʜʽʣʴʥʠʡ ʧʦʨʽʛ ʟʘ ʯʘʩʪʦʪʦʶ) ʚʠʤʽʨʶʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦʤʫ ʧʦʨʦʛʫ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʘʙʦ ʚ ʘʙʩʦʣʶʪʥʠʭ ʦʜʠʥʠʮʷʭ ȹf 

ʘʙʦ ʫ ʚʽʜʥʦʩʥʠʭ ï (ȹf/f)100%. 

7. ʂʽʣʴʢʽʩʪʴ ʨʦʟʜʽʣʴʥʠʭ ʛʨʘʜʘʮʽʡ ʩʠʛʥʘʣʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʤʽʩʪʴ 

ʘʙʩʦʣʶʪʥʠʭ ʽ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʧʦʨʦʛʽʚ ʟʘ ʯʘʩʪʦʪʦʶ, ʷʢʱʦ ʥʝ ʽʩʥʫʻ ʰʢʘʣʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʛʨʘʜʘʮʽʡ (ʩʤʘʢʦʚʠʡ, ʥʶʭʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨʠ). 

8. ʇʨʦʩʪʦʨʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʫʪʣʠʚʦʩʪʽ. ʉʧʝʮʠʬʽʯʥʽ ʜʣʷ ʢʦʞʥʦʛʦ 

ʘʥʘʣʽʟʘʪʦʨʘ. 

9. ʄʽʥʽʤʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʩʠʛʥʘʣʫ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ 

ʚʽʜʯʫʪʪʷ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ, ʧʦʪʨʽʙʥʠʤ ʜʣʷ ʧʨʠʡʦʤʫ ʩʠʛʥʘʣʫ ʽ ʡʦʛʦ 

ʮʠʨʢʫʣʷʮʽʾ ʧʦ ʣʘʥʮʶʛʫ ʧʨʷʤʦʛʦ ʡ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ. 

ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʧʦʨʽʛ ʭʘʨʘʢʪʝʨʠʟʫʻ ʛʨʘʥʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʘʥʘʣʽʟʘʪʦʨʘ, 

ʪʦʤʫ ʚʽʥ ʥʝ ʤʦʞʝ ʙʫʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʚʠʙʦʨʫ ʜʦʧʫʩʪʠʤʦʾ ʪʨʠʚʘʣʦʩʪʽ, 

ʚʝʣʠʯʠʥʠ ʩʠʛʥʘʣʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʚʝʣʠʯʠʥʦʶ, 

ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʝ ʤʽʥʽʤʘʣʴʥʫ, ʘ ʜʝʷʢʫ ʦʧʪʠʤʘʣʴʥʫ ʨʦʟʨʽʟʥʶʚʘʣʴʥʽʩʪʴ 
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ʩʠʛʥʘʣʽʚ. ɺ ʽʥʞʝʥʝʨʥʽʡ ʧʩʠʭʦʣʦʛʽʾ ʜʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʧʝʨʘʪʠʚʥʠʡ 

ʧʦʨʽʛ ʨʦʟʨʽʟʥʝʥʥʷ, ʮʝ - ʥʘʡʤʝʥʰʘ ʚʝʣʠʯʠʥʘ ʽʥʪʝʨʚʘʣʫ ʨʦʟʨʽʟʥʝʥʥʷ, ʧʨʠ ʷʢʽʡ 

ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʽʟʥʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʫʤʫ. ɿʚʠʯʘʡʥʦ 

ʦʧʝʨʘʪʠʚʥʠʡ ʧʦʨʽʛ ʫ 10-15 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʜʠʬʝʨʝʥʮʽʡʥʠʡ. 

 

1.1 ʂʦʨʦʪʢʦ ʧʨʦ ʟʦʨʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ 

ʅʘʰʽ ʦʯʽ ʦʪʨʠʤʫʶʪʴ ʦʧʪʠʯʥʽ ʩʠʛʥʘʣʠ ʪʘ ʧʦʩʠʣʘʶʪʴ ʾʭ ʫ ʤʦʟʦʢ. ʊʫʪ 

ʽʥʬʦʨʤʘʮʽʷ çʜʝʢʦʜʫʻʪʴʩʷè ʽ ʤʠ ʚʽʜʯʫʚʘʻʤʦ ʪʘ ʨʦʟʫʤʽʻʤʦ. ɹʫʜʦʚʫ ʦʢʘ 

ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ.1.4. ʆʙʨʘʟ, ʱʦ ʤʠ ʙʘʯʠʤʦ, ʚʽʜʦʙʨʘʞʫʻʪʴʩʷ ʥʘ ʩʽʪʢʽʚʢʫ 

ʢʨʽʟʴ ʢʨʠʰʪʘʣʠʢ.  ɯʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʦʪʨʠʤʫʻ ʩʽʪʢʽʚʢʘ (ʢʦʣʽʨ, ʬʦʨʤʘ, ʪʦʱʦ) 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʠʛʥʘʣ ʪʘ ʥʘʜʩʠʣʘʻʪʴʩʷ ʫ ʤʦʟʦʢ.  

 

 

ʈʠʩ. 1.4 ɹʫʜʦʚʘ ʦʢʘ 

 

ɼʦʢʠ ʚ ʥʘʩ ʜʚʘ ʦʢʘ, ʤʦʟʦʢ ʦʪʨʠʤʫʻ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʜʚʦʭ ʜʞʝʨʝʣ. ʄʦʟʦʢ 

ʦʙʨʦʙʣʶʻ ʽʥʬʦʨʤʘʮʽʶ. ʋ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʤʠ ʙʘʯʠʤʦ, ʚʽʜ 

ʦʙʦʭ ʦʯʝʡ ʧʦʨʽʚʥʶʻʪʴʩʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʦʢʫ ʜʘʚʘʪʠ ʪʨʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ. 

ʄʦʟʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʚʽʥ ʟʘʧʘʤôʷʪʘʚ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʦʙʠʪʠ 

ʮʝ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʙʨʘʟʫ, ʱʦ ʤʠ ʙʘʯʠʤʦ, ʚʠʚʯʘʻʪʴʩʷ, ʽ ʤʦʟʦʢ 
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ʫʩʧʽʰʥʦ ʟʤʽʥʶʻ ʬʦʨʤʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ ʚʚʝʩʪʠ ʚ ʦʤʘʥʫ ʤʦʟʦʢ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʟʫʘʣʴʥʽ ʽʣʶʟʽʾ. ɸʣʝ ʷʢ ʙʠ ʪʘʤ ʥʝ ʙʫʣʦ, ʷʢ ʪʽʣʴʢʠ ʤʦʟʦʢ 

ʜʝʢʦʜʫʻ ʽʣʶʟʽʶ, ʚʽʥ ʥʘʚʯʘʻʪʴʩʷ ʽ ʙʫʜʝ ʟʥʘʯʥʦ ʚʘʞʯʝ ʦʙʤʘʥʫʪʠ ʡʦʛʦ ʟʥʦʚʫ.  

 

1.2 ʉʣʫʭʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ 

ɺʫʭʦ ï ʥʘʜʟʚʠʯʘʡʥʦ ʯʫʪʣʠʚʠʡ ʦʨʛʘʥ. ʄʠ ʤʦʞʝʤʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʚʫʢ 

ʚʽʜ 20 ʜʦ 20000 ɻʝʨʮ. ʈʽʚʝʥʴ ʰʫʤʫ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʜʝʮʠʙʝʣʘʭ. ʈʽʚʝʥʴ ʪʠʰʠ ʚ 

ʘʫʜʠʪʦʨʽʾ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ 0 ʜɹ. ɸʣʝ, ʥʘʞʘʣʴ, ʥʝʤʘʻ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʮʽ 

ʛʫʯʥʦʩʪʽ. ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʮʽ ʟʚʫʢʠ ʷʢ Ăʰʫʤò, ʽʥʦʜʽ ʚʦʥʠ ʩʪʘʶʪʴ 

ʥʝʧʨʠʻʤʥʠʤʠ.  

ʇʨʦʮʝʩʩ ʩʣʫʭʘʥʥʷ ʥʘʩʪʫʧʥʠʡ: ɿʚʫʢ ʥʘʜʩʠʣʘʻʪʴʩʷ ʫ ʩʣʫʭʦʚʠʡ ʧʨʦʭʽʜ 

(ʨʠʩ.1.5) ʽ ʩʪʚʦʨʻ ʚʽʙʨʘʮʽʶ ʙʘʨʘʙʘʥʥʦʾ ʧʝʨʝʧʦʥʢʠ, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʝʨʝʜʘʻ 

ʚʽʙʨʘʮʽʶ ʥʘ ʤʦʣʦʪʦʯʦʢ ʪʘ ʩʪʨʝʤʝʥʦ. ʇʦʨʫʯ ʽʟ ʩʪʨʝʤʝʥʦʤ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚʫʰʥʠʡ ʨʘʚʣʠʢ, ʷʢʠʡ ʟʘʧʦʚʥʝʥʠʡ ʨʽʜʠʥʦʶ ʪʘ ʚʢʨʠʪʠʡ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʦʣʦʩʢʽʚ. ʎʽ ʚʦʣʦʩʢʠ ʧʝʨʝʪʚʦʨʶʶʪʴ ʢʦʣʠʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʠʛʥʘʣʠ, 

ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʤʦʟʦʢ. 

 

 

ʈʠʩ. 1.5. ɹʫʜʦʚʘ ʩʣʫʭʦʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʫ 
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ɺʘʞʣʠʚʦ ʟʥʘʪʠ, ʱʦ ʩʣʫʭ ʤʦʞʝ ʧʦʛʽʨʰʫʚʘʪʠʩʷ, ʷʢʱʦ ʥʘ ʚʫʭʦ ʜʦʚʛʠʡ ʯʘʩ 

ʜʽʻ ʟʚʫʢ ʚʝʣʠʢʦʾ ʛʫʯʥʦʩʪʽ. ʅʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʭʠʩʪ ʜʣʷ ʚʫʭ ʟʘ 

ʫʤʦʚʠ ʨʽʚʥʷ ʰʫʤʫ ʧʦʥʘʜ 90 ʜɹ. ʗʢʱʦ ʥʘ ʚʫʭʦ ʚʧʣʠʚʘʻ ʰʫʤ ʧʦʥʘʜ 90 ʜɹ 

ʧʨʦʪʷʛʦʤ 4 ʛʦʜʠʥ ʪʘ ʙʽʣʴʰʝ, ʟʘʭʠʩʪ ʩʣʽʜ ʩʣʽʜ ʚʠʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʽʚʥʽ 85 

ʜɹ. ʎʝ ʪʨʦʭʠ ʚʠʱʝ ʰʫʤʫ ʘʚʪʦʤʦʙʽʣʷ, ʱʦ ʨʫʭʘʻʪʴʩʷ (80 ʜɹ). ʐʫʤ ʤʦʞʝ 

ʚʧʣʠʚʘʪʠ ʥʘ ʣʶʜʝʡ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ʐʫʤ ʧʦʛʽʨʰʫʻ ʩʣʫʭ ʥʝʦʙʦʨʦʪʥʴʦ. 

ʐʫʤ ʪʘʢʦʞ ʟʥʠʞʫʻ ʟʜʘʪʥʽʩʪʴ ʨʦʟʨʽʟʥʷʪʠ ʩʣʦʚʘ ʪʘ ʧʦʧʝʨʜʞʫʚʘʣʴʥʽ ʩʠʛʥʘʣʠ. 

ʋʣʴʪʨʘʟʚʫʢ (ʧʦʥʘʜ 20000 ɻʝʨʮ) ʪʘ ʽʥʬʨʘʟʚʫʢ (ʥʠʞʯʝ 20 ɻʝʨʮ) ʧʨʦʭʦʜʷʪʴ 

ʩʢʨʽʟʴ ʚʫʭʦ, ʾʭ ʥʝ ʤʦʞʥʘ ʧʦʯʫʪʠ, ʘʣʝ ʚʦʥʠ ʚʽʜʯʫʚʘʶʪʴʩʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʞʝ 

ʙʫʪʠ ʧʦʛʘʥʝ ʩʘʤʦʧʦʯʫʪʪʷ, ʧʦʰʢʦʜʞʝʥʥʥʷ ʥʝʨʚʦʚʠʭ ʚʦʣʦʢʦʥ ʫ ʤʦʟʢʫ ʪʘ 

ʟʘʧʘʤʦʨʦʯʝʥʥʷ (ʧʨʠ ʚʧʣʠʚʽ ʫʣʴʪʨʘʟʚʫʢʫ), ʚʪʨʘʪʘ ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ, 

ʥʫʜʦʪʘ, ʥʘʚʽʪʴ ʚʥʫʪʨʽʰʥʷ ʢʨʦʚʦʪʝʯʘ (ʧʨʠ ʚʧʣʠʚʽ ʽʥʬʨʘʟʚʫʢʫ).  

 

1.3 ɺʝʩʪʠʙʫʣʷʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 

ɺʝʩʪʠʙʫʣʷʪʦʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʻ ʦʨʛʘʥʦʤ ʩʧʨʠʡʥʷʪʪʷ ʧʦʣʦʞʝʥʥʷ ʽ ʨʫʭʫ 

ʪʽʣʘ ʫ ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʦʤ ʟʙʝʨʝʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ. ɺʽʥ ʻ ʯʘʩʪʠʥʦʶ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʫʭʘ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʩʠʩʪʝʤʠ ʥʘʧʽʚʢʨʫʛʣʠʭ 

ʢʘʥʘʣʽʚ ʽ ʪʘʢ ʟʚʘʥʦʛʦ ʦʪʦʣʽʪʦʚʦʛʦ ʘʧʘʨʘʪʘ, ʘʙʦ ʦʪʦʣʽʪʦʚʦʛʦ ʦʨʛʘʥʘ (ʨʠʩ. 1.6).  

ʉʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʥʘʧʽʚʢʨʫʛʣʽ ʢʘʥʘʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʪʨʴʦʭ ʚʟʘʻʤʥʦ 

ʤʘʡʞʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ ʽ ʟʘʧʦʚʥʝʥʽ ʩʚʦʻʨʽʜʥʦʶ ʞʝʣʝʧʦʜʽʙʥʦʶ 

ʨʽʜʠʥʦʶ - ʝʥʜʦʣʽʤʬʦʶ. ʋ ʢʦʞʥʦʛʦ ʥʘʧʽʚʢʨʫʛʣʦʛʦ ʢʘʥʘʣʫ ʻ ʩʚʦʻʨʽʜʥʝ 

ʨʦʟʰʠʨʝʥʥʷ - ʘʤʧʫʣʘ, ʚ ʷʢʽʡ ʽ ʤʽʩʪʷʪʴʩʷ ʨʝʮʝʧʪʦʨʠ. 

ʈʝʮʝʧʪʦʨʠ ʥʘʧʽʚʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚʦʣʦʩʢʦʚʽ ʢʣʽʪʠʥʠ, ʾʭʥʽ 

ʚʦʣʦʩʢʠ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʞʝʣʝʧʦʜʽʙʥʽʡ ʤʘʩʽ, ʧʨʠ ʟʤʽʱʝʥʥʽ ʷʢʦʾ ʚʦʥʠ 

ʜʝʬʦʨʤʫʶʪʴʩʷ. ʈʝʮʝʧʪʦʨʠ ʦʪʦʣʽʪʦ-ʚʦʛʦ ʘʧʘʨʘʪʘ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʫ ʙʫʜʦʚʫ. 

ɺʦʣʦʩʢʠ ʾʭʥʽ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢʦʞ ʫ ʞʝʣʝʧʦʜʽʙʥʽʡ ʤʘʩʽ, ʫ ʷʢʽʡ ʻ ʢʨʠʩʪʘʣʠ 

ʬʦʩʬʘʪʫ ʽ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ - ʦʪʦʣʽʪʠ, ʘʙʦ ʚʫʰʥʽ ʢʘʤʝʥʽ. 
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ʈʠʩ. 1.6. ɹʫʜʦʚʘ ʚʝʩʪʠʙʫʣʷʪʦʨʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. 

 

ɼʝʬʦʨʤʘʮʽʷ ʚʦʣʦʩʢʽʚ ʯʫʪʣʠʚʠʭ ʢʣʽʪʠʥ ʥʝ ʚʠʥʠʢʘʻ ʧʨʠ ʩʪʘʣʽʡ ʰʚʠʜʢʦʩʪʽ 

ʘʙʦ ʧʨʠ ʥʝʟʤʽʥʥʦʤʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ. ʈʝʮʝʧʪʦʨʠ ʥʘʧʽʚʢʨʫʛʣʠʭ ʢʘʥʘʣʽʚ 

ʨʝʘʛʫʶʪʴ ʥʘ ʢʫʪʦʚʽ ʧʨʠʩʢʦʨʝʥʥʷ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ, ʘ ʨʝʮʝʧʪʦʨʥʽ 

ʢʣʽʪʠʥʠ ʦʪʦʣʽʪʦʚʦʛʦ ʦʨʛʘʥʫ - ʥʘ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ, ʧʨʷʤʦʣʽʥʽʡʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʘʙʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʽ ʥʘ ʩʠʣʫ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ. 

ɼʽʷ ʨʝʬʣʝʢʩʽʚ ʽ, ʥʘʩʘʤʧʝʨʝʜ, ʨʝʬʣʝʢʩʽʚ ʤ'ʷʟʦʚʦʾ ʩʠʩʪʝʤʠ ʩʧʨʷʤʦʚʘʥʘ 

ʧʨʦʪʠ ʪʠʭ ʩʠʣ, ʷʢʽ ʾʭ ʚʠʢʣʠʢʘʣʠ. ɿʦʢʨʝʤʘ, ʷʢʱʦ ʧʽʜ ʯʘʩ ʚʽʨʘʞʫ ʚʽʜʮʝʥʪʨʦʚʘ 

ʩʠʣʘ ʚʽʜʜʘʣʷʻ ʪʽʣʦ ʣʶʜʠʥʠ ʚʽʜ ʮʝʥʪʨʘ ʦʙʝʨʪʘʥʥʷ, ʪʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʦʥʫʩ 

ʤ'ʷʟʽʚ ʥʘ ʙʦʮʽ, ʟʚʝʨʥʝʥʦʤʫ ʜʦ ʮʝʥʪʨʘ, ʽ ʮʝ ʧʝʨʝʰʢʦʜʞʘʻ ʪʘʢʦʤʫ ʚʽʜʭʠʣʝʥʥʶ. 

ʇʽʜ ʯʘʩ ʦʙʝʨʪʘʣʴʥʦʛʦ ʪʘ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʨʫʭʽʚ ʚʠʥʠʢʘʻ ʩʚʦʻʨʽʜʥʘ 

ʦʢʦʨʫʭʦʚʘ ʨʝʘʢʮʽʷ - ʥʽʩʪʘʛʤ (ʟʙʝʨʝʞʝʥʥʷ ʬʽʢʩʘʮʽʾ ʦʢʦʤ ʦʙ'ʻʢʪʽʚ, ʷʢʽ 

ʟʘʣʠʰʠʣʠ ʧʦʣʝ ʟʦʨʫ, ʪʦʙʪʦ ʟʙʝʨʝʞʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʧʦʛʣʷʜʫ). 

ɸʙʩʦʣʶʪʥʘ ʯʫʪʣʠʚʽʩʪʴ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʤʥ̔ʽʤʘʣʴʥʠʤʠ, ʪʦʙʪʦ ʧʦʨʦʛʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ. ɼʣʷ 

ʢʫʪʦʚʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʧʦʨʽʛ ʩʪʘʥʦʚʠʪʴ 0,015...0,05 ʨʘʜ/ʩ, ʜʣʷ 

ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ð 2...20 ʩʤ/ʩ ; ʧʦʨʦʛʦʚʘ ʚʝʣʠʯʠʥʘ ʥʘʭʠʣʫ ʛʦʣʦʚʠ ʚʙʽʢ 

ʜʦʨʽʚʥʶʻ ʧʨʠʙʣʠʟʥʦ 1Á, ʫʧʝʨʝʜ ʽ ʥʘʟʘʜ - 1,5...2Á. ɺʽʜʮʝʥʪʨʦʚʘ ʩʠʣʘ 
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ʩʧʨʠʡʤʘʻʪʴʩʷ ʧʨʠ ʾʾ ʟʥʘʯʝʥʥʷʭ 0,005.. .0,01 Ä. 

ʅʝ ʚʩʽ ʣʶʜʠ ʦʜʥʘʢʦʚʦ ʯʫʪʣʠʚʽ ʜʦ ʦʜʥʘʢʦʚʠʭ ʟʘ ʩʠʣʦʶ ʩʠʛʥʘʣʽʚ, ʱʦ 

ʜʽʶʪʴ ʥʘ ʚʝʩʪʠʙʫʣʷʨʥʠʡ ʘʥʘʣʽʟʘʪʦʨ. ʉʫʤʥʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʦʪʨʠʤʘʣʠ ʨʝʘʢʮʽʾ ʟ 

ʙʦʢʫ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʦʩʢʽʣʴʢʠ ʙʘʛʘʪʴʦʤ ʣʶʜʷʤ ʜʦʚʦʜʠʣʦʩʷ ʟʘʟʥʘʚʘʪʠ 

ʥʝʧʨʠʻʤʥʦʛʦ ʚʽʜʯʫʪʪʷ ʧʽʜ ʯʘʩ ʭʠʪʘʚʠʮʽ ʥʘ ʢʦʨʘʙʣʽ, ʧʨʠ "ʙʦʚʪʘʥʮʽ" ʣʽʪʘʢʘ, ʥʘ 

ʟʚʠʚʠʩʪʠʭ ʰʣʷʭʘʭ ʪʘ ʚ ʜʝʷʢʠʭ ʽʥʰʠʭ ʩʠʪʫʘʮʽʷʭ (ʟʘʢʦʣʠʩʫʚʘʥʥʷ, ʤʦʨʩʴʢʘ 

ʭʚʦʨʦʙʘ, ʭʚʦʨʦʙʘ ʨʫʭʫ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʤʽʥʶʻʪʴʩʷ ʪʦʥʫʩ ʤ'ʷʟʽʚ ʰʠʾ, ʪʫʣʫʙʘ ʪʘ 

ʢʽʥʮʽʚʦʢ, ʚʠʥʠʢʘʶʪʴ ʥʽʩʪʘʛʤ, ʘ ʪʘʢʦʞ ʚʝʛʝʪʘʪʠʚʥʽ ʨʝʘʢʮʽʾ (ʟʘʧʘʤʦʨʦʯʝʥʥʷ, 

ʧʽʜʚʠʱʝʥʝ ʧʦʪʦʚʠʜʽʣʝʥʥʷ, ʟʙʣʽʜʥʝʥʥʷ, ʟʤʽʥʘ ʚ ʨʦʙʦʪʽ ʩʝʨʮʷ, ʧʦʨʫʰʝʥʥʷ 

ʨʠʪʤʫ ʜʠʭʘʥʥʷ, ʧʦʷʚʘ ʥʫʜʦʪʠ ʪʘ ʙʣʶʚʘʥʥʷ). ɿʚʠʯʘʡʥʦ, ʢʘʪʝʛʦʨʽʷ ʮʠʭ ʣʶʜʝʡ 

ʤʘʻ ʧʝʚʥʽ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʚʠʙʦʨʽ ʧʨʦʬʝʩʽʾ, ʦʩʦʙʣʠʚʦ ʚ ʘʚʽʘʮʽʾ. 

ʏʣʝʥ ʝʢʽʧʘʞʫ, ʷʢʠʡ ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʯʫʪʣʠʚʽʩʪʴ ʚʝʩʪʠʙʫʣʷʨʥʦʛʦ ʘʧʘʨʘʪʘ, 

ʤʦʞʝ ʥʝʧʨʘʚʠʣʴʥʦ ʦʮʽʥʠʪʠ ʧʦʣʦʞʝʥʥʷ, ʚʠʩʦʪʫ ʪʘ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʣʽʪʘʢʘ, 

ʪʦʙʪʦ ʫ ʥʴʦʛʦ ʚʠʥʠʢʘʻ ʩʚʦʻʨʽʜʥʘ ʽʣʶʟʽʷ, - ʩʧʦʪʚʦʨʝʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. 

ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʽʣʶʟʽʡ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʯʘʩ 

ʙʝʟʢʦʥʪʨʦʣʴʥʦʛʦ ʩʪʘʥʫ ʩʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʥʝ ʙʫʚ ʥʘʜʪʦ ʚʝʣʠʢʠʤ. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʜʫʙʣʶʚʘʪʠ ʧʦʣʴʦʪʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʨʝʥʽ 

ʣʽʪʘʢʘ ʩʧʨʘʚʥʽʩʪʴ (ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ) ʘʚʽʘʛʦʨʠʟʦʥʪʫ ʤʦʞʥʘ 

ʧʝʨʝʚʽʨʠʪʠ ʟʘ ʧʦʢʘʞʯʠʢʦʤ ʧʦʚʦʨʦʪʫ ʽ ʟʘ ʢʦʤʧʘʩʦʤ, ʥʘʙʽʨ ʚʠʩʦʪʠ ʘʙʦ 

ʟʥʠʞʝʥʥʷ - ʟʘ ʚʘʨʽʦʤʝʪʨʦʤ, ʚʠʩʦʪʦʤʽʨʦʤ ʪʘ ʧʦʢʘʞʯʠʢʦʤ ʰʚʠʜʢʦʩʪʽ. ɿʙʽʛ 

ʜʘʥʠʭ ʚʽʜ ʜʚʦʭ ʪʘ ʙʽʣʴʰʝ ʜʞʝʨʝʣ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʘʚʠʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʣʦʞʝʥʥʷ ʣʽʪʘʢʘ ʚ ʧʦʚʽʪʨʽ. 

1.4 ʊʘʢʪʠʣʴʥʠʡ (ʰʢʽʨʥʠʡ, ʜʦʪʠʢʦʚʠʡ) ʘʥʘʣʽʟʘʪʦʨ 

ʊʘʢʪʠʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ (ʜʦʪʠʢ), ʦʙʫʤʦʚʣʝʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ 

ʤʝʭʘʥʦʯʫʪʣʠʚʠʭ ʘʬʝʨʝʥʪʥʠʭ ʩʠʩʪʝʤ ʰʢʽʨʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʪʘʢʪʠʣʴʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʣʶʜʠʥʘ ʚʠʟʥʘʯʘʻ ʰʦʨʩʪʢʽʩʪʴ ʧʨʝʜʤʝʪʽʚ, ʾʭ 

ʪʚʝʨʜʽʩʪʴ, ʚʝʣʠʯʠʥʫ, ʬʦʨʤʫ ʪʘ ʽʥ. ʏʫʪʣʠʚʽʩʪʴ ʧʨʠ ʜʦʪʠʢʫ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʚʥʘʩʣʽʜʦʢ ʜʝʬʦʨʤʘʮʽʾ ʰʢʽʨʠ ʧʽʜ ʪʠʩʢʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ. ʈʝʮʝʧʪʦʨʥʽ 
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ʧʦʣʷ ʨʦʟʤʽʱʝʥʽ ʥʘ ʪʽʣʽ ʥʝʨʽʚʥʦʤʽʨʥʦ. ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦ ʾʭ ʫ ʧʦʜʫʰʝʯʢʘʭ 

ʧʘʣʴʮʽʚ ʨʫʢ, ʥʘ ʢʽʥʯʠʢʫ ʷʟʠʢʘ ʽ ʥʦʩʘ, ʥʘ ʛʫʙʽ ʡ ʜʦʣʦʥʷʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʮʠʤ 

ʜʽʣʷʥʢʘʤ ʚʠʱʫ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʽʩʮʷʤʠ, ʯʫʪʣʠʚʽʩʪʴ. ɯʩʥʫʻ ʧʨʦʙʘ ʥʘ 

ʪʘʢʪʠʣʴʥʫ ʯʫʪʣʠʚʽʩʪʴ: ʩʧʝʮʽʘʣʴʥʠʤ ʮʠʨʢʫʣʝʤ ʟ ʧʨʠʪʫʧʣʝʥʠʤʠ ʛʦʣʢʘʤʠ 

ʪʦʨʢʘʶʪʴʩʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʪʽʣʘ. ʂʽʥʯʠʢ ʷʟʠʢʘ ʩʧʨʠʡʤʘʻ ʷʢ ʜʚʘ ʨʦʟʜʽʣʴʥʽ 

ʩʠʛʥʘʣʠ, ʢʦʣʠ ʥʽʞʢʠ ʮʠʨʢʫʣʷ ʨʦʟʚʝʜʝʥʽ ʥʘ ʚʽʜʩʪʘʥʴ 1,1 ʤʤ, ʜʣʷ ʧʦʜʫʰʝʯʦʢ 

ʧʘʣʴʮʽʚ ʨʫʢʠ ʾʭ ʧʦʪʨʽʙʥʦ ʨʦʟʚʝʩʪʠ ʥʘ 2,2 ʤʤ, ʘ ʜʣʷ ʜʦʣʦʥʽ ʮʶ ʚʽʜʩʪʘʥʴ ʪʨʝʙʘ 

ʟʙʽʣʴʰʠʪʠ ʜʦ 8,9 ʤʤ, ʽʥʘʢʰʝ ʜʚʘ ʩʠʛʥʘʣʠ ʙʫʜʫʪʴ ʩʧʨʠʡʤʘʪʠʩʷ ʷʢ ʦʜʠʥ. 

ɸʙʩʦʣʶʪʥʠʡ ʧʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʭ ʜʽʣʷʥʦʢ ʜʦʨʽʚʥʶʻ 50 

ʤʛ, ʘ ʚ ʥʘʡʤʝʥʰ ʯʫʪʣʠʚʠʭ ʚʽʥ ʜʦʩʷʛʘʻ 10ʛ (ʩʧʠʥʘ, ʞʠʚʽʪ, ʧʽʜʦʰʚʘ ʩʪʫʧʥʽ). 

 

1.5 ʈʫʭʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ 

ʈʫʭʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ ʤʘʻ ʚʠʥʷʪʢʦʚʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʢʝʨʫʶʯʠʭ ʜʽʡ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʣʘʥʦʢ: ʧʝʨʠʬʝʨʠʯʥʦʾ - ʨʝʮʝʧʪʦʨʽʚ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤ'ʷʟʘʭ, ʩʫʭʦʞʠʣʣʷʭ, ʟʚ'ʷʟʢʘʭ ʪʘ ʦʙʦʣʦʥʢʘʭ ʤ'ʷʟʽʚ (ʬʘʩʮʽʷʭ); 

ʧʨʦʚʽʜʥʠʢʦʚʦʾ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʽ ʟʘʜʥʽʭ ʩʪʦʚʙʫʨʽʚ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ, ʪʘ 

ʢʦʨʢʦʚʦʾ (ʚ ʦʙʣʘʩʪʽ ʧʝʨʝʜʥʴʦʾ ʮʝʥʪʨʘʣʴʥʦʾ ʟʚʠʣʠʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ). 

ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʚʠʜʠ ʤ'ʷʟʽʚ: ʧʦʧʝʨʝʯʥʦ-ʩʤʫʛʘʩʪʽ (ʩʢʝʣʝʪʥʽ) ʤ'ʷʟʠ, 

ʩʢʦʨʦʯʝʥʥʷʤ ʷʢʠʭ ʢʝʨʫʻ ʥʘʰʘ ʩʚʽʜʦʤʽʩʪʴ, ʽ ʛʣʘʜʢʽ ʤʫʩʢʫʣʠ, ʱʦ ʧʨʘʮʶʶʪʴ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʚʦʣʽ ʣʶʜʠʥʠ (ʥʘʧʨʠʢʣʘʜ, ʟʚʫʞʫʶʪʴ ʘʙʦ ʨʦʟʰʠʨʶʶʪʴ ʩʫʜʠʥʠ; 

ʫʪʚʦʨʶʶʪʴ ʤ'ʷʟʦʚʫ ʦʙʦʣʦʥʢʫ ʩʪʽʥʦʢ ʰʣʫʥʢʫ, ʢʠʰʦʢ, ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ ʪʘ 

ʽʥʰʠʭ ʧʦʨʦʞʥʠʥʥʠʭ ʦʨʛʘʥʽʚ, ʧʨʦʪʦʢʽʚ ʟʘʣʦʟ, ʢʨʦʚʦʥʦʩʥʠʭ ʪʘ ʣʽʤʬʘʪʠʯʥʠʭ 

ʩʫʜʠʥ). ʇʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʥʠʤʠ ʟʘʡʤʘʻ ʤ'ʷʟ ʩʝʨʮʷ, ʚʣʘʩʪʠʚʽʩʪʶ 

ʷʢʦʛʦ ʻ ʘʚʪʦʤʘʪʠʟʤ ʩʢʦʨʦʯʝʥʴ . 

ʋ ʣʶʜʠʥʠ ʻ ʧʦʥʘʜ 630 ʧʦʧʝʨʝʯʥʦ-ʩʤʫʛʘʩʪʠʭ ʤ'ʷʟʽʚ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʣʶʜʠʥʠ ʤ'ʷʟʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 30% (ʫ ʞʽʥʦʢ) ʜʦ 50% (ʫ 

ʯʦʣʦʚʽʢʽʚ). ʋʩʽ ʧʦʧʝʨʝʯʥʦ-ʩʤʫʛʘʩʪʽ ʤ'ʷʟʠ ʩʧʦʨʷʜʞʝʥʽ ʨʫʭʦʚʠʤʠ ʡ ʯʫʪʣʠʚʠʤʠ 

ʥʝʨʚʦʚʠʤʠ ʚʦʣʦʢʥʘʤʠ. 

ʄ'ʷʟʦʚʘ ʪʢʘʥʠʥʘ ʤʘʻ ʚʦʣʦʢʥʠʩʪʫ ʩʪʨʫʢʪʫʨʫ. ʆʢʨʝʤʝ ʚʦʣʦʢʥʦ ð ʮʝ ʥʽʙʠ 
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ʤ'ʷʟ ʚ ʤʽʥʽʘʪʶʨʽ. ɺʽʥ ʷʚʣʷʻ ʩʦʙʦʶ ʜʦʩʠʪʴ ʜʦʚʛʠʡ ʮʠʣʽʥʜʨ - ʜʦ 10 ʩʤ ʽ 

ʜʽʘʤʝʪʨʦʤ ʙʣʠʟʴʢʦ 0,1 ʤʤ. ʆʜʠʥ ʤ'ʷʟ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʠʩʷʯ ʪʘʢʠʭ ʚʦʣʦʢʦʥ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʢʝʣʝʪʥʠʭ ʤ'ʷʟʽʚ, ʷʢʽ ʻ ʨʫʭʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ 

ʚʘʞʝʣʽʚ ʩʢʝʣʝʪʫ ʣʶʜʠʥʠ, ʟʜʽʡʩʥʶʶʪʴʩʷ ʨʽʟʥʽ ʨʫʭʠ: ʛʨʫʙʽ, ʧʣʘʚʥʽ, ʩʢʣʘʜʥʽ, 

ʢʦʦʨʜʠʥʦʚʘʥʽ ʪʘ ʽʥ. 
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ʃʝʢʮʽʷ 2. ɿʦʨʦʚʠʡ ʘʥʘʣʽʟʘʪʦʨ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʣʫʭʦʚʠʡ 

ʘʥʘʣʽʟʘʪʦʨ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

 

 ɿʘʧʠʰʝʤʦ ʜʝʷʢʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʧʦʚôʷʟʘʥʽ ʟʽ ʩʚʽʪʣʦʤ: 

 ʉʠʣʘ ʩʚʽʪʣʘ ð ʚʽʜʥʦʰʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʜʦ ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ, ʚ 

ʤʝʞʘʭ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ ʮʝʡ ʧʦʪʽʢ. ʆʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʉɯ: ʢʘʥʜʝʣʘ (ʢʜ). 

ʉʠʣʘ ʩʚʽʪʣʘ ʜʞʝʨʝʣʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻ ʫ ʚʩʽ ʥʘʧʨʷʤʢʠ, ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

Ὅ ,     (1.1) 

 

ʜʝ ʌ - ʧʦʚʥʠʡ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʜʞʝʨʝʣʘ 

 ʉʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ð ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʩʚʽʪʣʘ. ʆʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʉɯ: ʣʶʤʝʥ. 

ʘʙʦ 

 ʉʚʽʪʣʦʚʠʡ ʧʦʪʽʢ - ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥʘ, ʱʦ ʯʠʩʝʣʴʥʦ ʜʦʨʽʚʥʶʻ ʝʥʝʨʛʽʾ 

ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʜʝʷʢʫ ʧʦʚʝʨʭʥʶ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. 

 ʗʩʢʨʘʚʽʩʪʴ ð ʩʚʽʪʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʽʣ, ʷʢʽ ʻ ʜʞʝʨʝʣʘʤʠ ʩʚʽʪʣʘ. 

ɺʽʜʥʦʰʝʥʥʷ ʩʠʣʠ ʩʚʽʪʣʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ ʚ ʦʜʠʥʠʮʶ 

ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ ʜʦ ʧʣʦʱʽ ʾʾ ʧʨʦʝʢʮʽʾ ʚ ʧʣʦʱʠʥʽ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʥʘʧʨʷʤʫ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʆʜʠʥʠʮʷ ʚʠʤʽʨʶʚʘʥʥʷ ʉɯ: ʢʜ/ʤ2. 

 ʊʽʣʝʩʥʠʡ ʢʫʪ ʘʙʦ ʧʨʦʩʪʦʨʦʚʠʡ ʢʫʪ ð ʯʘʩʪʠʥʘ ʧʨʦʩʪʦʨʫ, ʷʢʘ ʻ 

ʦʙ'ʻʜʥʘʥʥʷʤ ʫʩʽʭ ʧʨʦʤʝʥʽʚ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʜʝʷʢʦʾ ʪʦʯʢʠ (ʚʝʨʰʠʥʠ ʢʫʪʘ) ʽ 

ʧʝʨʝʪʠʥʘʶʪʴ ʜʝʷʢʫ ʧʦʚʝʨʭʥʶ (ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʩʪʷʛʫʻ ʜʘʥʠʡ 

ʪʽʣʝʩʥʠʡ ʢʫʪ). ʆʢʨʝʤʠʤʠ ʚʠʧʘʜʢʘʤʠ ʪʽʣʝʩʥʦʛʦ ʢʫʪʘ ʻ ʪʨʠʛʨʘʥʥʽ ʽ 

ʙʘʛʘʪʦʛʨʘʥʥʽ ʢʫʪʠ. ʊʽʣʝʩʥʠʡ ʢʫʪ ʦʙʤʝʞʫʻ ʜʝʷʢʘ ʢʦʥʽʯʥʘ ʧʦʚʝʨʭʥʷ. 

ʃʶʜʠʥʘ ʥʝ ʤʦʞʝ ʙʘʯʠʪʠ ʚ ʧʦʚʥʽʡ ʪʝʤʨʷʚʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʣʶʜʠʥʘ 

ʧʦʙʘʯʠʣʘ ʧʨʝʜʤʝʪ, ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʩʚʽʪʣʦ ʟʘʩʷʷʣʦ ʚʽʜ ʧʨʝʜʤʝʪʘ ʽ ʧʦʪʨʘʧʠʚ ʥʘ 
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ʩʽʪʢʽʚʢʫ ʦʢʘ. ɼʞʝʨʝʣʘ ʩʚʽʪʣʘ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʨʦʜʥʽ (ʚʦʛʦʥʴ, ʉʦʥʮʝ) ʽ ʰʪʫʯʥʽ 

(ʨʽʟʥʽ ʣʘʤʧʠ). ɸʣʝ ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʚʽʪʣʦ? 

 ɿʛʽʜʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʥʘʫʢʦʚʠʤʠ ʫʷʚʣʝʥʥʷʤʠ, ʩʚʽʪʣʦ ʷʚʣʷʻ ʩʦʙʦʶ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʧʝʚʥʦʾ (ʜʦʩʠʪʴ ʚʠʩʦʢʦʛʦ) ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ʎʷ ʪʝʦʨʽʷ 

ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʚʽʜ ɻʶʡʛʝʥʩʘ ʽ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʘʤʠ 

(ʟʦʢʨʝʤʘ, ʜʦʩʚʽʜʦʤ ʊ. ʖʥʛʘ). ʇʨʠ ʮʴʦʤʫ ʚ ʧʨʠʨʦʜʽ ʩʚʽʪʣʘ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʭʚʠʣʴʦʚʠʡ ʜʫʘʣʽʟʤ, ʱʦ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻ 

ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʽ: ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʩʚʽʪʣʦ ʧʦʚʦʜʠʪʴʩʷ ʷʢ ʭʚʠʣʷ, ʧʨʠ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʘʙʦ ʧʦʛʣʠʥʘʥʥʽ - ʷʢ ʯʘʩʪʢʘ (ʬʦʪʦʥ). ʊʘʢʠʤ ʯʠʥʦʤ, ʩʚʽʪʣʦʚʽ 

ʝʬʝʢʪʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʧʦʰʠʨʝʥʥʽ ʩʚʽʪʣʘ (ʽʥʪʝʨʬʝʨʝʥʮʽʷ, ʜʠʬʨʘʢʮʽʷ ʽ 

ʪ.ʧ.), ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʘ ʝʬʝʢʪʠ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʨʠ 

ʡʦʛʦ ʧʦʛʣʠʥʘʥʥʽ ʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ (ʬʦʪʦʝʬʝʢʪ, ʝʬʝʢʪ ʂʦʤʧʪʦʥʘ) - 

ʨʽʚʥʷʥʥʷʤʠ ʢʚʘʥʪʦʚʦʾ ʪʝʦʨʽʾ ʧʦʣʷ. 

 ʉʧʨʦʱʝʥʦ, ʦʯʽ ʣʶʜʠʥʠ ʷʚʣʷʻ ʩʦʙʦʶ ʨʘʜʽʦʧʨʠʡʤʘʯ, ʟʜʘʪʥʠʡ ʧʨʠʡʤʘʪʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ ʧʝʚʥʦʛʦ (ʦʧʪʠʯʥʦʛʦ) ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. ʇʝʨʚʠʥʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʮʠʭ ʭʚʠʣʴ ʻ ʪʽʣʘ, ʱʦ ʾʭ ʚʠʧʨʦʤʽʥʶʶʪʴ (ʩʦʥʮʝ, ʣʘʤʧʠ ʽ ʪ.ʧ.), 

ʚʪʦʨʠʥʥʠʤʠ - ʪʽʣʘ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʭʚʠʣʽ ʧʝʨʚʠʥʥʠʭ ʜʞʝʨʝʣ. ʉʚʽʪʣʦ ʚʽʜ 

ʜʞʝʨʝʣ ʧʦʪʨʘʧʣʷʻ ʚ ʦʢʦ ʽ ʨʦʙʠʪʴ ʾʭ ʚʠʜʠʤʠʤʠ ʣʶʜʠʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ 

ʪʽʣʦ ʻ ʧʨʦʟʦʨʠʤ ʜʣʷ ʭʚʠʣʴ ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ (ʧʦʚʽʪʨʷ, ʚʦʜʘ, ʩʢʣʦ 

ʪʦʱʦ), ʪʦ ʚʦʥʦ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʦʢʦʤ. ʇʨʠ ʮʴʦʤʫ ʦʯʽ, ʷʢ ʽ ʙʫʜʴ-

ʷʢʠʡ ʽʥʰʠʡ ʨʘʜʽʦʧʨʠʡʤʘʯ, çʥʘʣʘʰʪʦʚʘʥʽè ʥʘ ʧʝʚʥʠʡ ʜʽʘʧʘʟʦʥ ʨʘʜʽʦʯʘʩʪʦʪ (ʫ 

ʚʠʧʘʜʢʫ ʦʯʝʡ ʮʝ ʜʽʘʧʘʟʦʥ ʚʽʜ 400 ʜʦ 790 ʪʝʨʘʛʝʨʮ), ʽ ʥʝ ʩʧʨʠʡʤʘʻ ʭʚʠʣʽ, ʱʦ 

ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʩʦʢʽ (ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽ) ʘʙʦ ʥʠʟʴʢʽ (ʽʥʬʨʘʯʝʨʚʦʥʽ) ʯʘʩʪʦʪʠ. ʎʷ 

çʥʘʩʪʨʦʡʢʘè ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʩʽʡ ʙʫʜʦʚʽ ʦʢʘ - ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʢʨʠʰʪʘʣʠʢʘ ʽ 

ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʪʽʣʘ, ʧʨʦʟʦʨʠʭ ʩʘʤʝ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʽ ʟʘʢʽʥʯʫʶʯʠ 

ʚʝʣʠʯʠʥʦʶ ʬʦʪʦʨʝʮʝʧʪʦʨʽʚ, ʷʢʽ ʚ ʜʘʥʽʡ ʘʥʘʣʦʛʽʾ ʧʦʜʽʙʥʽ ʘʥʪʝʥ 

ʨʘʜʽʦʧʨʠʡʤʘʯʽʚ ʽ ʤʘʶʪʴ ʨʦʟʤʽʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʡ 

ʧʨʠʡʦʤ ʨʘʜʽʦʭʚʠʣʴ ʩʘʤʝ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ. 
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 ɺʩʝ ʮʝ ʚ ʩʫʢʫʧʥʦʩʪʽ ʚʠʟʥʘʯʘʻ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ, ʚ ʷʢʦʤʫ ʙʘʯʠʪʴ ʣʶʜʠʥʘ. 

ɺʽʥ ʥʘʟʠʚʘʻʪʴʩʷ ʜʽʘʧʘʟʦʥʦʤ ʚʠʜʠʤʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 ɺʠʜʠʤʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʭʚʠʣʽ, ʱʦ ʩʧʨʠʡʤʘʶʪʴʩʷ 

ʣʶʜʩʴʢʠʤ ʦʢʦʤ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʜʽʣʷʥʢʫ ʩʧʝʢʪʨʘ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʧʨʠʙʣʠʟʥʦ 

ʚʽʜ 380 (ʬʽʦʣʝʪʦʚʠʡ) ʜʦ 740 ʥʤ (ʯʝʨʚʦʥʠʡ). ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʪʘʢʠʤʠ ʯʘʩʪʦʪʘʤʠ ʪʘʢʦʞ ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʜʠʤʠʤ ʩʚʽʪʣʦʤ, 

ʘʙʦ ʧʨʦʩʪʦ ʩʚʽʪʣʦʤ (ʫ ʚʫʟʴʢʦʤʫ ʩʝʥʩʽ ʮʴʦʛʦ ʩʣʦʚʘ). ʅʘʡʙʽʣʴʰʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ 

ʩʚʽʪʣʘ ʣʶʜʩʴʢʝ ʦʢʦ ʤʘʻ ʚ ʦʙʣʘʩʪʽ 555 ʥʤ (540 ʊɻʮ), ʚ ʟʝʣʝʥʽʡ ʯʘʩʪʠʥʽ 

ʩʧʝʢʪʨʘ. 

 ʆʢʨʽʤ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʫ, ʟʽʨ ʣʶʜʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʪʘʢʦʞ, 

ʥʘʩʪʫʧʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʯʫʪʣʠʚʽʩʪʶ, ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, 

ʧʦʣʝʤ ʷʩʥʦʛʦ ʟʦʨʫ, ʢʨʠʪʠʯʥʦʶ ʯʘʩʪʦʪʦʶ ʤʝʨʝʭʪʽʥʥʷ, ʯʘʩʦʤ ʘʜʘʧʪʘʮʽʾ, 

ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʣʶʜʠʥʠ. 

 ʄʽʥʽʤʘʣʴʥʘ (ʧʦʨʦʛʦʚʘ) ʚʝʣʠʯʠʥʘ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʚʦʾ ʧʣʷʤʠ, ʷʢʫ ʦʢʦ 

ʚʠʷʚʣʷʻ  ʥʘ ʯʦʨʥʦʤʫ ʬʦʥʽ ʥʘʟʠʚʘʻʪʴʩʷ ʥʠʞʥʽʤ ʘʙʩʦʣʶʪʥʠʤ ʧʦʨʦʛʦʤ 

ʯʫʪʣʠʚʦʩʪʽ. ɺʝʨʭʥʽʡ ʘʙʩʦʣʶʪʥʠʡ ʧʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʙʦʣʴʦʚʠʤʠ ʚʽʜʯʫʪʪʷʤʠ. ɼʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ ʤʽʞ ʚʝʨʭʥʽʤ ʪʘ ʥʠʞʥʽʤ ʧʦʨʦʛʦʤ 

ʯʫʪʣʠʚʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 3ʭ10
-8
 ʜʦ 2,25ʭ10

5
 ʢʜ / ʤ

2
. ʇʨʠ ʟʤʽʥʽ 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʩʽʪʢʽʚʢʠ ʩʚʽʪʣʦʚʘ ʯʫʪʣʠʚʽʩʪʴ ʥʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ, ʘ 

ʘʜʘʧʪʫʻʪʴʩʷ. ʉʝʨʝʜʥʷ ʽʥʪʝʛʨʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʪʘ ʽʥʰʠʭ 

ʜʞʝʨʝʣ ʩʚʽʪʣʘ (ʧʝʨʚʠʥʥʠʭ ʪʘ ʚʪʦʨʠʥʥʠʭ), ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʦʣʽ ʟʦʨʫ, 

ʩʪʚʦʨʶʻ ʷʩʢʨʘʚʽʩʪʴ ʘʜʘʧʪʘʮʽʾ La. ʅʘʡʢʨʘʱʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʨʦʙʦʪʠ 

ʚʚʘʞʘʶʪʴʩʷ ʪʘʢʽ, ʢʦʣʠ ʨʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʘʜʘʧʪʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʜʦ ʪʠʩʷʯʽ ʢʘʥʜʝʣ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ. 

 ʄʽʥʽʤʘʣʴʥʠʡ ʧʨʠʨʽʩʪ ʷʩʢʨʘʚʦʩʪʽ æ Lmin, ʷʢʠʡ ʨʦʟʨʽʟʥʷʻ ʦʢʦ ʧʨʠ ʜʘʥʽʡ 

ʷʩʢʨʘʚʦʩʪʽ ʘʜʘʧʪʘʮʽʾ La, ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʧʦʨʦʛʦʤ ʯʫʪʣʠʚʦʩʪʽ, ʘ 

ʚʽʜʥʦʩʥʠʡ ʧʨʠʨʽʩʪ ʷʩʢʨʘʚʦʩʪʽ, ʱʦ ʨʦʟʨʽʟʥʷʻ ʦʢʦ ï ʧʦʨʦʛʦʚʠʤ ʢʦʥʪʨʘʩʪʦʤ: 

 

kʧʦʨ=æ Lmin/ La.     (1.2) 
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 ɿʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʢʦʥʪʨʘʩʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʚʥʷ ʷʩʢʨʘʚʦʩʪʽ 

ʘʜʘʧʪʘʮʽʾ. ɺ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʷʩʢʨʘʚʦʩʪʽ ʚʽʜ 10 ʜʦ 1000 ʢʜ/ʤ
2
 ʤʦʞʥʘ 

ʧʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʦʚʦʛʦ ʢʦʥʪʨʘʩʪʫ ʚʽʜ 0,02 ʜʦ 0, 05. ɼʣʷ ʚʧʝʚʥʝʥʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʬʦʥʽ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʢʦʥʪʨʘʩʪ ʟʦʙʨʘʞʝʥʥʷ ʚ 

ʩʠʩʪʝʤʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʤʝʥʰ ʥʽʞ ʚ 10 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʚ 

ʧʦʨʦʛʦʚʠʡ ʢʦʥʪʨʘʩʪ. ɿʚʽʜʩʠ ʜʽʘʧʘʟʦʥ ʢʦʥʪʨʘʩʪʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʙʠʨʘʪʠ ʚ 

ʤʝʞʘʭ 0,6é0,95. 

 ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʘʙʦ ʛʦʩʪʨʦʪʘ ʟʦʨʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʽʥʽʤʘʣʴʥʠʤ ʢʫʪʦʤ, ʧʨʠ ʷʢʦʤʫ ʤʦʞʣʠʚʝ ʦʢʨʝʤʝ ʨʦʟʨʽʟʥʝʥʥʷ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʪʦʯʦʢ. ʎʝʡ ʢʫʪ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʦʛʦʤ ʛʦʩʪʨʦʪʠ ʟʦʨʫ Ŭ. ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʦʨʫ 

ʧʦʨʽʛ ʛʦʩʪʨʦʪʠ ʨʽʚʥʠʡ 1 ʢʫʪʦʚʫ ʤʽʥ. ʈʝʢʦʤʝʥʜʦʚʘʥʝ ʟʥʘʯʝʥʥʷ Ŭʨ ʚ 

ʨʦʟʨʘʭʫʥʢʘʭ ʙʝʨʫʪʴ ʨʽʚʥʠʤ 2-3 ʢʫʪ. ʄʽʥ. ʂʫʪ ʟʦʨʫ (Ŭʝʬ) ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʥʘʜʽʡʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ 

ʩʢʣʘʜʥʦʩʪʽ, ʷʢʘ ʦʮʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ kʜ ʤʽʥʽʤʘʣʴʥʦ ʨʦʟʨʽʟʥʝʥʠʭ ʜʠʩʢʨʝʪʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʥʘ ʷʢʽ ʾʭ ʤʦʞʣʠʚʦ ʨʦʟʢʣʘʩʪʠ: 

 

Ŭʝʬ=kʜ Ŭ .     (1.3) 

 

ɼʣ̫  ʩʠʥʪʝʟʫ ʙʫʢʚ ʪʘ ʮʠʬʨ ʥʝʦʙʭʽʜʥʦ 7-9 ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ 

ʚʠʩʦʪʽ. ɺʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʥʠʭ Ŭʝʬ=14é27 ʢʫʪ ʤʽʥ. 

 ɿ ʨʠʩʫʥʢʫ 1.7 ʩʣʽʜʫʻ, ʱʦ: 

 

È ς,ϽÔÇ .    (1.4) 

 

 ɸʙʦ ʧʨʠ ʤʘʣʠʭ ʢʫʪʘʭ Ŭ: 

 

håLŬ ,     (1.5) 
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ʜʝ Ŭ ï ʢʫʪ ʟʦʨʫ, ʧʨʠ ʷʢʦʤʫ ʚʠʜʥʦ ʟʦʙʨʘʞʝʥʥʷ ʚʠʩʦʪʦʶ h ʥʘ ʚʽʜʩʪʘʥʽ L ʜʦ 

ʛʣʷʜʘʯʘ. 

 ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʧʘʜʘʻ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʦʩʽ ʦʯʝʡ. ʇʦʣʝ 

ʷʩʥʦʛʦ ʟʦʨʫ ʣʶʜʠʥʠ ʦʙʤʝʞʝʥʝ ʢʫʪʦʚʠʤʠ ʨʦʟʤʽʨʘʤʠ: 16-20Á ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ 

ʪʘ 12-15Á ʧʦ ʚʝʨʪʠʢʘʣʽ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʮʴʦʛʦ ʚ ʪʝʣʝʙʘʯʝʥʥʽ ʦʙʨʘʥʽ 

ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʚʽʜʩʪʘʥʽ ʜʦ ʛʣʷʜʘʯʘ Lå(3é6)H ʽ ʬʦʨʤʘʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ 

kʬ=4:3. 

 

 

ʈʠʩ.1.7. ɿʚôʷʟʦʢ ʤʽʞ ʢʫʪʦʚʠʤ ʪʘ ʣʽʥʽʡʥʠʤ ʨʦʟʤʽʨʘʤʠ 

 

 ʉʧʨʠʡʥʷʪʪʷ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ 

ʧʦʣʦʞʝʥʥʽ ʛʣʷʜʘʯʘ ʧʝʨʝʜʙʘʯʘʻ ʜʝʷʢʠʡ ʨʫʭ ʦʯʝʡ ʩʪʨʦʢʦʶ ʪʝʢʩʪʫ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʢʫʪʦʚʠʡ ʨʦʟʤʽʨ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʜʦ 

50Á. ʌʦʨʤʘʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʠʭ ʩʠʩʪʝʤ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʯʘʩʪʦ ʙʝʨʫʪʴ ʨʽʚʥʠʤ 5:3. 

 ʂʫʪ ʤʽʞ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʤ, ʦʧʫʱʝʥʠʤ ʟ ʮʝʥʪʨʫ ʦʢʘ ʥʘ ʧʦʚʝʨʭʥʶ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʣʽʥʽʻʶ, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨ ʦʢʘ ʟ ʪʦʯʢʦʶ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʥʘʟʠʚʘʶʪʴ ʢʫʪʦʤ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɿ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷʤ ʛʦʩʪʨʦʪʘ ʟʦʨʫ ʩʧʘʜʘʻ 

ʪʘʢʦʞ  ʯʝʨʝʟ ʪʝ, ʱʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʽʥʜʠʢʘʪʦʨʽʚ ʤʘʻ ʥʘʧʨʘʚʣʝʥʠʡ 
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ʭʘʨʘʢʪʝʨ, ʤʘʢʩʠʤʫʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʷʢʦʛʦ ʩʧʽʚʧʘʜʘʻ ʟ ʥʦʨʤʘʣʣʶ ʚ ʧʣʦʱʠʥʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʽʥʜʠʢʘʪʦʨʘ, ʥʘʟʠʚʘʶʪʴ ʢʫʪʦʤ 

ʦʛʣʷʜʫ. 

 ɼʦ ʦʩʥʦʚʥʠʭ ʯʘʩʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʟʦʨʦʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʚʽʜʥʦʩʷʪʴ 

ʢʨʠʪʠʯʥʫ ʯʘʩʪʦʪʫ ʤʝʨʝʭʪʽʥʥʷ ʽ ʯʘʩ ʘʜʘʧʪʘʮʽʾ. ʂʨʠʪʠʯʥʘ ʯʘʩʪʦʪʘ 

ʤʝʨʝʭʪʽʥʥʷ fʢʨ.ʤ. ï ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ, ʧʨʠ ʷʢʽʡ ʦʢʦ ʧʨʠʧʠʥʷʻ ʩʧʨʠʡʤʘʪʠ 

ʤʝʨʝʭʪʽʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʥʝʧʝʨʝʨʚʥʦ ʩʚʽʪʠʪʴʩʷ. ʂʨʠʪʠʯʥʘ ʯʘʩʪʦʪʘ 

ʤʝʨʝʭʪʽʥʥʷ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʽ ʢʫʪʦʚʠʭ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʽʚ. 

ɼʣʷ ʟʦʙʨʘʞʝʥʴ ʟ ʷʩʢʨʘʚʽʩʪʶ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʢʘʥʜʝʣ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ 

ʯʘʩʪʦʪʫ ʢʨʠʪʠʯʥʦʛʦ ʤʝʨʝʭʪʽʥʥʷ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʦʶ ʧʨʠʙʣʠʟʥʦ 50 ɻʮ. 

ʉʝʨʝʜʥʷ ʷʩʢʨʘʚʽʩʪʴ ʝʣʝʤʝʥʪʘ, ʱʦ ʤʝʨʝʭʪʠʪʴ, ʷʢʘ ʩʧʨʠʡʤʘʻʪʴʩʷ ʦʢʦʤ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʢʦʥʦʤ ʊʘʣʴʙʦʪʪʘ: 

 

ὒ̒ ̆̑ ᷿ ὒὸὨὸ ,    (1.6) 

 

ʜʝ ὒὸ ï ʟʘʢʦʥ ʟʤʽʥʠ ʷʩʢʨʘʚʦʩʪʽ ʚ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ʩʚʽʪʽʥʥʷ ʝʣʝʤʝʥʪʘ (t2-t1); ʊ 

ï ʧʝʨʽʦʜ ʧʦʚʪʦʨʝʥʥʷ ʤʝʨʝʭʪʽʥʥʷ ʝʣʝʤʝʥʪʘ. 

 ʏʘʩ ʘʜʘʧʪʘʮʽʾ ï ʮʝ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʩʘʤʦʥʘʣʘʰʪʫʚʘʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

ʟʦʨʦʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʧʨʠ ʟʤʽʥʝʥʥʽ ʷʩʢʨʘʚʦʩʪʽ ʦʙôʻʢʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɺʝʣʠʯʠʥʘ ʯʘʩʫ ʪʝʤʨʷʚʦʾ ʘʜʘʧʪʘʮʽʾ (ʧʝʨʝʭʽʜ ʚʽʜ ʩʚʽʪʣʘ ʜʦ ʪʝʤʨʷʚʠ) ʤʦʞʝ 

ʩʢʣʘʜʘʪʠ ʜʝʩʷʪʢʠ, ʘ ʩʚʽʪʣʦʚʦʾ (ʧʝʨʝʭʽʜ ʚʽʜ ʪʝʤʨʷʚʠ ʜʦ ʩʚʽʪʣʘ) ï ʦʜʠʥʠʮʽ 

ʭʚʠʣʠʥ. 

 ʇʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʣʶʜʠʥʠ ʦʮʽʥʶʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʽʥʬʦʨʤʘʮʽʾ , ʱʦ 

ʩʧʨʠʡʤʘʻ ʣʶʜʠʥʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ. ʇʨʠ ʨʦʟʧʽʟʥʘʥʥʽ ʙʫʢʚ ʪʘ ʮʠʬʨ 

ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʣʶʜʠʥʠ ʩʢʣʘʜʘʻ 50-55 ʙʽʪ/ʩ, ʧʨʠ ʯʠʪʘʥʥʽ ï 30-40 ʙʽʪ/ʩ, 

ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʜʚʦʭ ʦʜʥʦʟʥʘʯʥʠʭ ʮʠʬʨ ï 12 ʙʽʪ/ʩ. ɺʽʜʧʦʚʽʜʥʦ, ʧʝʨʽʦʜ 
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ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʊʦʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʽ 

ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʣʶʜʠʥʦʶ ʧʨʠ ʾʾ ʩʧʨʠʡʥʷʪʪʽ. 

 

ɼɯɸʇɸɿʆʅ ʏʋʊʃʀɺʆʉʊɯ ʉʃʋʍʆɺʆɻʆ ɸʅɸʃɯɿɸʊʆʈɸ 

 

  ɺʫʭʦ ʣʶʜʠʥʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ. ʈʦʟʛʣʷʥʝʤʦ 

ʷʢʠʡ ʜʽʘʧʘʟʦʥ ʯʫʪʣʠʚʦʩʪʽ ʤʘʻ ʦʨʛʘʥ ʩʣʫʭʫ.  

 ʉʣʫʭ ð ʮʝ ʟʜʘʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʩʧʨʠʡʤʘʪʠ ʪʘ ʨʦʟʨʽʟʥʷʪʠ ʟʚʫʢʦʚʽ 

ʢʦʣʠʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʣʫʭʦʚʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ. ɸʙʩʦʣʶʪʥʘ ʩʣʫʭʦʚʘ 

ʯʫʪʣʠʚʽʩʪʴ ð ʮʝ ʤʽʥʽʤʘʣʴʥʘ ʩʠʣʘ ʟʚʫʢʫ, ʱʦ ʯʫʻ ʣʶʜʠʥʘ, ʚ ʧʦʣʦʚʠʥʽ ʚʠʧʘʜʢʽʚ 

ʡʦʛʦ ʧʨʝʜôʷʚʣʝʥʥʷ. ʃʶʜʠʥʘ ʩʧʨʠʡʤʘʻ ʟʚʫʢʠ ʟ ʯʘʩʪʦʪʦʶ ʢʦʣʠʚʘʥʥʷ ʚʽʜ 16 ʜʦ 

20000 ɻʮ. ʎʝʡ ʜʽʘʧʘʟʦʥ ʚʽʜʧʦʚʽʜʘʻ 10-11 ʦʢʪʘʚʘʤ. ɺʝʨʭʥʷ ʤʝʞʘ ʟʚʫʢʦʚʦʛʦ 

ʩʧʨʠʡʥʷʪʪʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʢʫ: ʯʠʤ ʣʶʜʠʥʘ ʩʪʘʨʰʘ, ʪʠʤ ʥʠʞʯʘ ʤʝʞʘ; ʣʽʪʥʽ 

ʣʶʜʠ ʯʘʩʪʦ ʥʝ ʯʫʶʪʴ ʚʠʩʦʢʠʭ ʪʦʥʽʚ (ʥʘʧʨʠʢʣʘʜ, ʟʚʫʢʽʚ ʮʚʽʨʢʫʥʽʚ). 

 ʈʦʟʨʽʟʥʝʥʥʷ ʯʘʩʪʦʪʠ ʟʚʫʢʫ ð ʮʝ ʤʽʥʽʤʘʣʴʥʝ ʨʦʟʭʦʜʞʝʥʥʷ ʟʘ ʯʘʩʪʦʪʦʶ 

ʜʚʦʭ ʟʚʫʢʽʚ, ʷʢʘ ʱʝ ʫʣʦʚʣʶʻʪʴʩʷ. ɿʘ ʥʠʟʴʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʯʘʩʪʦʪ ʫ ʣʶʜʠʥʠ 

ʩʪʘʥʦʚʠʪʴ 1-2 ɻʮ. ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʣʶʜʠ ʟ ʘʙʩʦʣʶʪʥʠʤ ʩʣʫʭʦʤ: ʚʦʥʠ ʟʜʘʪʥʽ 

ʪʦʯʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʽ ʦʟʥʘʯʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʟʚʫʢ, ʥʘʚʽʪʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʚʫʢʫ 

ʧʦʨʽʚʥʷʥʥʷ. 

 ʇʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ, ʘʙʦ ʧʦʨʽʛ ʩʣʫʭʦʚʦʛʦ ʚʽʜʯʫʪʪʷ ð ʮʝ ʤʽʥʽʤʘʣʴʥʘ ʩʠʣʘ 

ʟʚʫʢʫ, ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ ʚʽʜʯʫʪʪʷ ʣʝʜʴ ʯʫʪʥʦʛʦ ʟʚʫʢʫ. ʇʦʨʽʛ ʯʫʪʣʠʚʦʩʪʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʟʚʫʢʫ. ɺ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ 1000-4000 ɻʮ ʩʣʫʭ ʣʶʜʠʥʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʯʫʪʣʠʚʠʡ. ʋ ʮʠʭ ʤʝʞʘʭ ʯʫʪʥʠʡ ʟʚʫʢ, ʱʦ ʤʘʻ ʥʝʟʥʘʯʥʫ ʝʥʝʨʛʽʶ. 

ʇʨʠ ʟʚʫʢʘʭ, ʥʠʞʯʠʭ ʚʽʜ 1000 ʽ ʚʠʱʠʭ ʥʘʜ 4000 ɻʮ, ʯʫʪʣʠʚʽʩʪʴ ʨʽʟʢʦ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʉʠʣʘ ʟʚʫʢʫ ð ʮʝ ʧʦʪʽʢ ʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʟʘ 1 ʩ 

ʯʝʨʝʟ ʧʣʦʱʫ 1 ʤ2, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ ʟʚʫʢʦʚʦʾ ʭʚʠʣʽ. 

ɿʙʽʣʴʰʫʶʯʠ ʩʠʣʫ ʟʚʫʢʫ ʥʝʟʤʽʥʥʦʾ ʯʘʩʪʦʪʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʪʘʢʦʾ ʩʠʣʠ, ʢʦʣʠ 

ʟʚʫʢ ʚʠʢʣʠʢʘʪʠʤʝ ʥʝʧʨʠʻʤʥʝ ʚʽʜʯʫʪʪʷ ʪʠʩʢʫ ʽ ʥʘʚʽʪʴ ʙʦʣʶ ʚ ʚʫʩʽ. ɿʚʫʢʠ 

ʪʘʢʦʾ ʩʠʣʠ ʻ ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ ʯʫʪʣʠʚʦʩʪʽ ʽ ʦʙʤʝʞʫʶʪʴ ʦʙʣʘʩʪʴ ʩʣʫʭʦʚʦʛʦ 
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ʩʧʨʠʡʥʷʪʪʷ. ʋ ʜʽʪʝʡ ʙʘʨʘʙʘʥʥʘ ʧʝʨʝʪʠʥʢʘ ʡ ʦʩʥʦʚʥʘ ʤʝʤʙʨʘʥʘ ʧʣʘʩʪʠʯʥʽʰʽ, 

ʥʽʞ ʫ ʜʦʨʦʩʣʠʭ, ʪʦʤʫ ʩʣʫʭ ʫ ʥʠʭ ʯʫʪʣʠʚʽʰʠʡ. 
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ʊʝʤʘ 1.2. ɯʥʬʦʨʤʘʮʽʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ 

ʃʝʢʮʽʷ 3. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʾʾ ʨʽʟʥʦʚʠʜʠ, ʛʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʝʨʝʜʘʯʘ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ. 

 

ɼʣʷ ʧʦʯʘʪʢʫ ʥʘʰʦʾ ʩʴʦʛʦʜʥʽʰʥʴʦʾ ʨʦʟʤʦʚʠ ʨʦʟʛʣʷʥʝʤʦ ʧʦʥʷʪʪʷ 

çʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴè 

 ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ð ʩʠʩʪʝʤʘ ʩʠʛʥʘʣʽʚ, ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʠʥʘʤʽʢʫ 

ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʫʤʦʚʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʩʪʘʥ ʩʘʤʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ. ɯʥʬʦʨʤʘʮʽʡʥʦʶ ʤʦʜʝʣʣʶ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʥʘʦʯʥʽ ʟʦʙʨʘʞʝʥʥʷ 

(ʬʦʪʦ, ʢʽʥʦ, ʚʽʜʝʦ), ʟʥʘʢʠ (ʪʝʢʩʪ, ʟʥʘʢʦʚʝ ʪʘʙʣʦ), ʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ (ʛʨʘʬʽʢ, 

ʢʨʝʩʣʝʥʥʷ, ʙʣʦʢ-ʩʭʝʤʘ) ʽ ʢʦʤʙʽʥʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ (ʤʥʝʤʦʩʭʝʤʘ, ʢʘʨʪʘ). 

 

ɻʘʣʫʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

¶ ʥʘʚʯʘʣʴʥʽ ð ʥʘʦʯʥʽ ʧʦʩʽʙʥʠʢʠ, ʪʨʝʥʘʞʝʨʠ, ʥʘʚʯʘʣʴʥʽ ʧʨʦʛʨʘʤʠ; 

¶ ʜʦʩʣʽʜʥʽ ð ʩʪʚʦʨʶʶʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʴʥʦʛʦ 

ʦʙ'ʻʢʪʘ (ʥʘʧʨʠʢʣʘʜ, ʤʦʜʝʣʴ ʪʝʧʣʦʭʦʜʫ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʧʣʘʚʫʯʽʩʪʴ, ʘ 

ʤʦʜʝʣʴ ʣʽʪʘʢʘ ð ʥʘ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʘʥʘʣʽʪʠʯʥʘ ʤʦʜʝʣʴ 

ʧʦʢʣʘʜʫ); 

¶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ð ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱ (ʥʘʧʨʠʢʣʘʜ, 

ʷʜʝʨʥʠʡ ʨʝʘʢʪʦʨ ʘʙʦ ʩʠʥʭʨʦʬʘʟʦʪʨʦʥ); 

¶ ʽʛʨʦʚʽ ʤʦʜʝʣʽ ð ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʦʚʝʜʽʥʢʠ ʦʙ'ʻʢʪʘ ʚ 

ʟʘʧʨʦʛʨʘʤʦʚʘʥʠʭ ʘʙʦ ʥʝʧʝʨʝʜʙʘʯʝʥʠʭ ʩʠʪʫʘʮʽʷʭ (ʥʘʧʨʠʢʣʘʜ: 

ʚʽʡʩʴʢʦʚʽ, ʝʢʦʥʦʤʽʯʥʽ, ʩʧʦʨʪʠʚʥʽ ʽʛʨʠ ʪʦʱʦ); 

¶ ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ð ʚʠʢʦʥʫʻʪʴʩʷ ʽʤʽʪʘʮʽʷ ʜʽʡʩʥʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʝʘʣʴʥʠʭ ʦʙʩʪʘʚʠʥ (ʥʘʧʨʠʢʣʘʜ: 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʥʘ ʤʠʰʘʭ ʘʙʦ ʽʥʰʠʭ ʪʚʘʨʠʥʘʭ, 

ʧʦʣʽʪ ʩʦʙʘʢʠ ʚ ʢʦʩʤʦʩ). 
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ʌʦʨʤʠ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

¶ ʉʣʦʚʝʩʥʽ; 

¶ ɾʝʩʪʠ ʽ ʩʠʛʥʘʣʠ; 

¶ ʉʠʤʚʦʣʴʥʽð ʬʦʨʤʫʣʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʟʚ'ʷʟʦʢ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʦʙ'ʻʢʪʘ; 

¶ ɻʨʘʬʽʯʥʽ (ʛʝʦʤʝʪʨʠʯʥʽ); 

¶ ʉʪʨʫʢʪʫʨʥʽ ð ʩʭʝʤʠ, ʛʨʘʬʽʢʠ, ʪʘʙʣʠʮʽ; 

¶ ʆʙʨʘʟʥʽ; 

¶ ʃʦʛʽʯʥʽ ð ʤʦʜʝʣʽ, ʚ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʚʠʙʦʨʫ ʜʽʡ ʥʘ 

ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʟʘʢʣʶʯʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʫʤʦʚ; 

¶ ʉʧʝʮʽʘʣʴʥʽ ð ʥʦʪʠ, ʭʽʤʽʯʥʽ ʬʦʨʤʫʣʠ ʪʦʱʦ; 

ʆʙʨʘʟʥʽ ʤʦʜʝʣʽ 

 ʆʙʨʘʟʥʽ ʤʦʜʝʣʽ (ʤʘʣʶʥʢʠ, ʬʦʪʦʛʨʘʬʽʾ ʪʘ ʽʥ) ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʦʨʦʚʽ 

ʦʙʨʘʟʠ ʦʙ'ʻʢʪʽʚ, ʟʘʬʽʢʩʦʚʘʥʽ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʥʦʩʽʾ ʽʥʬʦʨʤʘʮʽʾ (ʧʘʧʝʨʽ, ʬʦʪʦ- ʽ 

ʢʽʥʦʧʣʽʚʮʽ ʪʘ ʽʥ). ʆʙʨʘʟʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʦʩʚʽʪʽ, ʜʝ ʧʦʪʨʽʙʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ ʟʘ ʾʭʥʽʤʠ ʟʦʚʥʽʰʥʽʤʠ ʦʟʥʘʢʘʤʠ 

(ʥʘʚʯʘʣʴʥʽ ʧʣʘʢʘʪʠ ʟ ʙʦʪʘʥʽʢʠ, ʙʽʦʣʦʛʽʾ ʪʘ ʬʽʟʠʢʠ),ʘʨʭʽʪʝʢʪʫʨʽ (ʘʨʭʽʪʝʢʪʫʨʥʘ 

ʤʦʜʝʣʴ), ʜʣʷ ʫʥʘʦʯʥʝʥʥʷ ʟʘʙʫʜʦʚʠ, ʧʨʦʩʪʦʨʦʚʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʪʦʱʦ. 

ɿʥʘʢʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ 

 ɿʥʘʢʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ ʙʫʜʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʽʟʥʠʭ ʰʪʫʯʥʠʭ ʤʦʚ (ʟʥʘʢʦʚʠʭ ʩʠʩʪʝʤ). ɿʥʘʢʦʚʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʤʦʞʝ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʽ ʪʝʢʩʪʫ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ) ʘʙʦ ʬʦʨʤʫʣʠ (ʥʘʧʨʠʢʣʘʜ, ʜʨʫʛʦʛʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ F = mĀʘ). 

ʊʘʙʣʠʯʥʽ ʤʦʜʝʣʽ 

 ʐʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ ʫ ʬʦʨʤʽ ʪʘʙʣʠʮʴ. ʋ 

ʧʝʨʽʦʜʠʯʥʽʡ ʪʘʙʣʠʮʽ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʢʣʽʪʠʥʢʘʭ ʪʘʙʣʠʮʽ 

ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʘʪʦʤʥʠʭ ʚʘʛ, ʘ ʚ ʩʪʦʚʧʮʷʭ ð ʟʘ ʢʽʣʴʢʽʩʪʶ ʚʘʣʝʥʪʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ. 
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 ʑʝ ʦʜʥʽʻʶ ʧʦʰʠʨʝʥʦʶ ʬʦʨʤʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʻ ʧʨʷʤʦʢʫʪʥʘ 

ʪʘʙʣʠʮʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʙʣʠʮʴ 

ʥʘʩʪʽʣʴʢʠ ʟʚʠʯʥʦ, ʱʦ ʜʣʷ ʾʭʥʴʦʛʦ ʨʦʟʫʤʽʥʥʷ ʟʘʟʚʠʯʘʡ ʥʝ ʧʦʪʨʽʙʥʦ 

ʜʦʜʘʪʢʦʚʠʭ ʧʦʷʩʥʝʥʴ. 

 

ʇʝʨʝʜʘʯʘ, ʟʙʝʨʽʛʘʥʥʷ ʽ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ 

 ʇʨʦʮʝʩʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʦʰʫʢʦʤ, ʟʙʝʨʽʛʘʥʥʷʤ, ʧʝʨʝʜʘʯʝʶ, ʦʙʨʦʙʢʦʶ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʟʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʊʝʧʝʨ 

ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʦʩʥʦʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ: 

 

1. ʇʦʰʫʢ. ʇʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ - ʮʝ ʚʠʣʫʯʝʥʥʷ ʟʙʝʨʝʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʝʪʦʜʠ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ: ʙʝʟʧʦʩʝʨʝʜʥʻ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; ʩʧʽʣʢʫʚʘʥʥʷ ʟ 

ʬʘʭʽʚʮʷʤʠ ʟ ʧʠʪʘʥʴ ʱʦ ʚʘʩ ʮʽʢʘʚʣʷʪʴ; ʯʠʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʣʽʪʝʨʘʪʫʨʠ; 

ʧʝʨʝʛʣʷʜ ʚʽʜʝʦ, ʪʝʣʝʧʨʦʛʨʘʤ; ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ ʨʘʜʽʦʧʝʨʝʜʘʯ, ʘʫʜʽʦʢʘʩʝʪ; 

ʨʦʙʦʪʘ ʚ ʙʽʙʣʽʦʪʝʢʘʭ ʽ ʘʨʭʽʚʘʭ; ʟʘʧʠʪ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʙʘʟ ʽ ʙʘʥʢʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʜʘʥʠʭ; ʽʥʰʽ ʤʝʪʦʜʠ. ɿʨʦʟʫʤʽʪʠ, ʱʦ ʰʫʢʘʪʠ, ʟʽʪʢʥʫʚʰʠʩʴ ʟ 

ʪʽʻʶ ʯʠ ʽʥʰʦʶ ʞʠʪʪʻʚʦʶ ʩʠʪʫʘʮʽʻʶ, ʟʜʽʡʩʥʠʪʠ ʧʨʦʮʝʩ ʧʦʰʫʢʫ - ʮʝ ʚʤʽʥʥʷ, 

ʷʢʽ ʩʪʘʶʪʴ ʚʘʞʣʠʚʠʤʠ ʥʘ ʧʦʨʦʟʽ ʪʨʝʪʴʦʛʦ ʪʠʩʷʯʦʣʽʪʪʷ. 

 

2. ɿʙʽʨ ʽ ʟʙʝʨʽʛʘʥʥʷ. ɿʙʽʨ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʻ ʩʘʤʦʮʽʣʣʶ. ʑʦʙ ʦʪʨʠʤʘʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʤʦʛʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ, ʧʨʠʯʦʤʫ ʙʘʛʘʪʦʨʘʟʦʚʦ, ʥʝʦʙʭʽʜʥʦ ʾʾ 

ʟʙʝʨʽʛʘʪʠ. ɿʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ - ʮʝ ʩʧʦʩʽʙ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʧʨʦʩʪʦʨʽ ʽ ʯʘʩʽ. ʉʧʦʩʽʙ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʥʦʩʽʷ (ʢʥʠʛʘ- 

ʙʽʙʣʽʦʪʝʢʘ, ʢʘʨʪʠʥʘ-ʤʫʟʝʡ, ʬʦʪʦʛʨʘʬʽʷ- ʘʣʴʙʦʤ). ɽʆʄ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʢʦʤʧʘʢʪʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʝʾ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ - ʮʝ ʩʭʦʚʠʱʝ ʽʥʬʦʨʤʘʮʽʾ, ʦʙʣʘʜʥʘʥʝ ʧʨʦʮʝʜʫʨʘʤʠ 

ʚʚʝʜʝʥʥʷ, ʧʦʰʫʢʫ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʽ ʚʠʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʠʭ 

ʧʨʦʮʝʜʫʨ ï ʛʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʾʭ 

ʚʽʜ ʧʨʦʩʪʠʭ ʩʢʫʧʯʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ, ʦʩʦʙʠʩʪʘ 
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ʙʽʙʣʽʦʪʝʢʘ, ʚ ʷʢʽʡ ʤʦʞʝ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʾʾ ʚʣʘʩʥʠʢ, ʽʥʬʦʨʤʘʮʽʡʥʦʶ 

ʩʠʩʪʝʤʦʶ ʥʝ ʻ. ʋ ʧʫʙʣʽʯʥʠʭ ʞʝ ʙʽʙʣʽʦʪʝʢʘʭ ʧʦʨʷʜʦʢ ʨʦʟʤʽʱʝʥʥʷ ʢʥʠʛ 

ʟʘʚʞʜʠ ʩʪʨʦʛʦ ʚʠʟʥʘʯʝʥʠʡ. ɿʘʚʜʷʢʠ ʡʦʤʫ ʧʦʰʫʢ ʽ ʚʠʜʘʯʘ ʢʥʠʛ, ʘ ʪʘʢʦʞ 

ʨʦʟʤʽʱʝʥʥʷ ʥʦʚʠʭ ʥʘʜʭʦʜʞʝʥʴ ʻ ʩʪʘʥʜʘʨʪʥʠʤʠ, ʬʦʨʤʘʣʽʟʦʚʘʥʠʤʠ 

ʧʨʦʮʝʜʫʨʘʤʠ. 

 

3. ʇʝʨʝʜʘʯʘ. ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʦʙʦʚ'ʷʟʢʦʚʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ 

ʜʞʝʨʝʣʦ ʽ ʧʨʠʡʤʘʯ ʽʥʬʦʨʤʘʮʽʾ: ʧʝʨʰʠʡ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ, ʜʨʫʛʠʡ ʾʾ 

ʦʪʨʠʤʫʻ. ʄʽʞ ʥʠʤʠ ʜʽʻ ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ - ʢʘʥʘʣ ʟʚ'ʷʟʢʫ. ʂʘʥʘʣ 

ʟʚ'ʷʟʢʫ - ʩʫʢʫʧʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʜʘʯʫ 

ʩʠʛʥʘʣʫ ʚʽʜ ʜʞʝʨʝʣʘ ʜʦ ʦʜʝʨʞʫʚʘʯʘ. 

ʂʦʜʫʶʯʠʡ ʧʨʠʩʪʨʽʡ - ʧʨʠʩʪʨʽʡ, ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʜʞʝʨʝʣʘ ʜʦ ʚʠʜʫ, ʟʨʫʯʥʦʛʦ ʜʣʷ ʧʝʨʝʜʘʯʽ. 

 ɼʝʢʦʜʫʶʯʠʡ ʧʨʠʩʪʨʽʡ - ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʜʦʚʘʥʦʛʦ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ ʚʠʭʽʜʥʝ. ɼʽʷʣʴʥʽʩʪʴ ʣʶʜʝʡ ʟʘʚʞʜʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʝʨʝʜʘʯʝʶ 

ʽʥʬʦʨʤʘʮʽʾ. ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʚʪʨʘʯʘʪʠʩʷ ʽ 

ʩʧʦʪʚʦʨʶʚʘʪʠʩʷ: ʩʧʦʪʚʦʨʝʥʥʷ ʟʚʫʢʫ ʚ ʪʝʣʝʬʦʥʽ, ʘʪʤʦʩʬʝʨʥʽ ʧʝʨʝʰʢʦʜʠ ʚ 

ʨʘʜʽʦ, ʩʧʦʪʚʦʨʝʥʥʷ ʘʙʦ ʟʘʪʝʤʥʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʪʝʣʝʙʘʯʝʥʥʽ, ʧʦʤʠʣʢʠ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʚ ʪʝʣʝʛʨʘʬʽ. ʎʽ ʧʝʨʝʰʢʦʜʠ, ʘʙʦ, ʷʢ ʾʭ ʥʘʟʠʚʘʶʪʴ ʬʘʭʽʚʮʽ, ʰʫʤʠ, 

ʩʧʦʪʚʦʨʶʶʪʴ ʽʥʬʦʨʤʘʮʽʶ. ʅʘ ʱʘʩʪʷ, ʽʩʥʫʻ ʥʘʫʢʘ, ʱʦ ʨʦʟʨʦʙʣʷʻ ʩʧʦʩʦʙʠ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ - ʢʨʠʧʪʦʣʦʛʽʷ. 

ʂʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ 

ʽ ʟʘʚʘʜʦʟʘʭʠʱʝʥʽʩʪʶ. ʂʘʥʘʣʠ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʜʽʣʷʪʴʩʷ ʥʘ ʩʠʤʧʣʝʢʩʥʽ (ʟ 

ʧʝʨʝʜʘʯʝʶ ʽʥʬʦʨʤʘʮʽʾ ʪʽʣʴʢʠ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ (ʪʝʣʝʙʘʯʝʥʥʷ)) ʽ ʜʫʧʣʝʢʩʥʽ (ʟʘ 

ʷʢʠʤʠ ʤʦʞʣʠʚʦ ʧʝʨʝʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ (ʪʝʣʝʬʦʥ, 

ʪʝʣʝʛʨʘʬ)). ʂʘʥʘʣʦʤ ʤʦʞʫʪʴ ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʝʢʽʣʴʢʘ ʧʦʚʽʜʦʤʣʝʥʴ. 

ʂʦʞʥʝ ʟ ʮʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʚʠʜʽʣʷʻʪʴʩʷ (ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʘ ʬʽʣʴʪʨʘʮʽʷ ʧʦ 

ʯʘʩʪʦʪʽ ʧʝʨʝʜʘʥʠʭ ʧʦʚʽʜʦʤʣʝʥʴ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʚ ʨʘʜʽʦʢʘʥʘʣʘʭ. ʇʨʦʧʫʩʢʥʘ 
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ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʩʠʤʚʦʣʽʚ, 

ʧʝʨʝʜʘʥʠʭ ʡʦʤʫ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʝʨʝʰʢʦʜ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʥʘʣʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʢʘʥʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ, ʱʦ ʟʤʝʥʰʫʶʪʴ 

ʚʧʣʠʚ ʰʫʤʽʚ. ʅʘʧʨʠʢʣʘʜ, ʚʚʦʜʷʪʴ ʟʘʡʚʽ ʩʠʤʚʦʣʠ. ʎʽ ʩʠʤʚʦʣʠ ʥʝ ʥʝʩʫʪʴ 

ʜʽʡʩʥʦʛʦ ʟʤʽʩʪʫ, ʘʣʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʨʘʚʠʣʴʥʦʩʪʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ ʚʩʝ ʪʝ, ʱʦ 

ʨʦʙʠʪʴ ʣʽʪʝʨʘʪʫʨʥʫ ʤʦʚʫ ʙʘʨʚʠʩʪʦʶ, ʛʥʫʯʢʦʶ, ʙʘʛʘʪʦʶ ʚʽʜʪʽʥʢʘʤʠ, 

ʙʘʛʘʪʦʧʣʘʥʦʚʦʶ, ʙʘʛʘʪʦʟʥʘʯʥʦʶ, - ʥʘʜʤʽʨʥʽʩʪʴ. 

 

4. ʆʙʨʦʙʢʘ. ʆʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ - ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʦʜʥʦʛʦ 

ʚʠʜʫ ʚ ʽʥʰʠʡ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʪʨʦʛʠʤʠ ʬʦʨʤʘʣʴʥʠʤʠ ʧʨʘʚʠʣʘʤʠ. 

ʇʨʠʢʣʘʜʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

͙́͊͋͡ͼΎ мΦм 

ʇʨʠʢʣʘʜʠ  ɺʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ  ɺʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʇʨʘʚʠʣʦ 

ʊʘʙʣʠʮʷ ʤʥʦʞʝʥʥʷ  ʄʥʦʞʥʠʢʠ  ɼʦʙʫʪʦʢ  ʇʨʘʚʠʣʘ 

ʘʨʠʬʤʝʪʠʢʠ 

ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ 

ʧʦʣʴʦʪʫ ʨʝʡʩʫ 

çʄʦʩʢʚʘ-ʗʣʪʘè 

 ʏʘʩ ʚʠʣʴʦʪʫ ʟ 

ʄʦʩʢʚʠ ʽ ʯʘʩ 

ʧʨʠʣʴʦʪʫ ʚ ʗʣʪʫ 

 ʏʘʩ ʚ ʜʦʨʦʟʽ  ʄʘʪʝʤʘʪʠʯʥʘ 

ʬʦʨʤʫʣʘ 

ʇʦʩʪʘʥʦʚʢʘ ʜʽʘʛʥʦʟʫ 

ʭʚʦʨʦʙʠ 

ʉʢʘʨʛʠ ʧʘʮʽʻʥʪʘ + 

ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʽʚ 

ɼʽʘʛʥʦʟ ɿʥʘʥʥʷ + ʜʦʩʚʽʜ 

ʣʽʢʘʨʷ 

 

 ʆʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʧʨʠʥʮʠʧʦʤ çʯʦʨʥʦʛʦ ʷʱʠʢʘè - ʧʨʦʮʝʩ, ʚ ʷʢʦʤʫ 

ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʘʞʣʠʚʘ ʽ ʥʝʦʙʭʽʜʥʘ ʣʠʰʝ ʚʭʽʜʥʘ ʽ ʚʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʘʣʝ 

ʧʨʘʚʠʣʘ, ʟʘ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʡʦʛʦ ʥʝ ʮʽʢʘʚʣʷʪʴ ʽ ʥʝ 

ʙʝʨʫʪʴʩʷ ʜʦ ʫʚʘʛʠ. çʏʦʨʥʠʡ ʷʱʠʢè - ʮʝ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʟʦʚʥʽʰʥʴʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʯʝʚʽ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʚʭʦʜʽ ʽ ʥʘ ʚʠʭʦʜʽ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʘ 

ʙʫʜʦʚʘ ʽ ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ ʥʝʚʽʜʦʤʽ. 
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5. ɺʠʢʦʨʠʩʪʘʥʥʷ. ɯʥʬʦʨʤʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʠʡʥʷʪʪʽ 

ʨʽʰʝʥʴ. ɼʦʩʪʦʚʽʨʥʽʩʪʴ, ʧʦʚʥʦʪʘ, ʦʙ'ʻʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘʙʝʟʧʝʯʘʪʴ ʚʘʤ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʠ ʧʨʘʚʠʣʴʥʝ ʨʽʰʝʥʥʷ. ɺʘʰʘ ʟʜʘʪʥʽʩʪʴ 

ʷʩʥʦ ʽ ʜʦʩʪʫʧʥʦ ʚʠʢʣʘʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟʥʘʜʦʙʠʪʴʩʷ ʚ ʩʧʽʣʢʫʚʘʥʥʽ ʟ 

ʦʪʦʯʫʶʯʠʤʠ. ʋʤʽʥʥʷ ʩʧʽʣʢʫʚʘʪʠʩʷ, ʪʦʙʪʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ, ʩʪʘʻ 

ʦʜʥʠʤ ʛʦʣʦʚʥʠʭ ʫʤʽʥʴ ʣʶʜʠʥʠ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ʂʦʤʧ'ʶʪʝʨʥʘ ʛʨʘʤʦʪʥʽʩʪʴ 

ʧʝʨʝʜʙʘʯʘʻ: ʟʥʘʥʥʷ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʩʥʦʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʢʦʤʧ'ʶʪʝʨʘ; ɿʥʘʥʥʷ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʪʠʧʽʚ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʽʥʪʝʨʬʝʡʩʽʚ; ʚʤʽʥʥʷ ʧʨʦʚʦʜʠʪʠ ʧʦʰʫʢ, 

ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʢʫ ʪʝʢʩʪʦʚʦʾ, ʛʨʘʬʽʯʥʦʾ, ʯʠʩʣʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʢʫʣʴʪʫʨʘ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: ʨʦʟʫʤʽʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʨʦʮʝʩʽʚ; ʟʥʘʥʥʷ ʦʩʥʦʚ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʛʨʘʤʦʪʥʦʩʪʽ; ʪʝʭʥʽʯʥʽ ʥʘʚʠʯʢʠ 

ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʤʧ'ʶʪʝʨʦʤ; ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧ'ʶʪʝʨʘ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪʫ; ʟʚʠʯʢʫ ʩʚʦʻʯʘʩʥʦ ʟʚʝʨʪʘʪʠʩʷ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʟʘʚʜʘʥʴ ʟ ʙʫʜʴ-ʷʢʦʾ ʦʙʣʘʩʪʽ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʚʦʣʦʜʽʥʥʽ ʢʦʤʧ'ʶʪʝʨʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʷʤʠ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʘʢʪʠʯʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

 

6. ɿʘʭʠʩʪ. ɿʘʭʠʩʪʦʤ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʟʘʧʦʙʽʛʘʥʥʷ: ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʦʩʦʙʘʤ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʦʟʚʦʣʫ (ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʡ, 

ʥʝʣʝʛʘʣʴʥʠʡ ʜʦʩʪʫʧ); ʥʝʥʘʚʤʠʩʥʦʛʦ ʘʙʦ ʥʝʜʦʟʚʦʣʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʤʽʥʠ 

ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʇʽʜ ʟʘʭʠʩʪʦʤ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʤʫ 

ʩʝʥʩʽ, ʨʦʟʫʤʽʶʪʴ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ, ʧʨʘʚʦʚʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ 

ʱʦʜʦ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʛʨʦʟ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʫʩʫʥʝʥʥʷ ʾʭ ʥʘʩʣʽʜʢʽʚ. 
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ʊʝʤʘ 1.3 ʉʪʨʫʢʪʫʨʘ ʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ 

ʃʝʢʮʽʷ 4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʘʨʘʤʝʪʨʠ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

 

ʊʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʥʘʟʠʚʘʶʪʴʩʷ ʟʘʩʦʙʘʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ 

ʟʘʩʦʙʽʚ, ʦʪʨʠʤʘʥʘ ʚʽʜ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʦʜʝʣʴ, ʟʨʫʯʥʫ ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʦʶ. 

ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʩʠʩʪʝʤʽ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʢʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ. ɼʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʯʘʩʫ ʚ ʮʠʬʨʦʚʦʤʫ ʛʦʜʠʥʥʠʢʫ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʠʡ ʢʦʜ, 

ʟʘʥʝʩʝʥʠʡ ʚ ʣʽʯʠʣʴʥʠʢ ʯʘʩʦʚʠʭ ʽʥʪʝʨʚʘʣʽʚ, ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʜʝʩʷʪʢʦʚʽ 

ʮʠʬʨʠ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʯʘʩ ʥʘ ʮʠʬʝʨʙʣʘʪʽ. ɺ ʛʦʜʠʥʥʠʢʘʭ ʟʘʩʦʙʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ ʾʭ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ, ʘʣʝ ʫ ʚʠʧʘʜʢʫ ʢʝʨʫʚʘʥʥʷ ʦʙôʻʢʪʘʤʠ 

ʘʙʦ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ ʝʣʝʢʪʨʦʥʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ (ɽʆʄ) 

ʟʘʩʦʙʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʫ ʩʪʨʫʢʪʫʨʫ. 

 

 

ʈʠʩ.1.8. ʉʭʝʤʘ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ɯʥʜ ʇʂ 

ʇɸ 

ʇʉ 

ɺʽʜʝʦʤʦʥʽʪʦʨ 

ɼɯ ʇɯ ɹɿʇ ʇʂɯʄ 
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ʋʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1.8. ɺʽʜ ʜʞʝʨʝʣʘ (ɼɯ) ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʫ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʧʨʠʩʪʨʽʡ ʽʥʪʝʨʬʝʡʩʫ (ʇɯ) ʧʘʨʘʣʝʣʴʥʠʤʠ ʘʙʦ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʢʘʥʘʣʘʤʠ ʟʚôʷʟʢʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʶ ʽʥʪʝʨʬʝʡʩʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʝ, ʝʣʝʢʪʨʠʯʥʝ ʪʘ ʘʣʛʦʨʠʪʤʽʯʥʝ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʩʦʙʦʶ 

ʚʠʭʽʜʥʠʭ ʢʽʣ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʽ ʚʭʽʜʥʠʭ ʢʽʣ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɺ ʧʨʠʩʪʨʽʡ ʽʥʪʝʨʬʝʡʩʫ ʚʭʦʜʷʪʴ ʩʫʢʫʧʥʽʩʪʴ ʣʽʥʽʡ ʟʚôʷʟʢʫ, 

ʧʨʠʩʪʨʦʾ ʫʟʛʦʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ʧʦ ʨʽʚʥʶ ʪʘ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠʩʪʨʦʾ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʠʡ ʘʣʛʦʨʠʪʤ ʦʙʤʽʥʫ 

ʽʥʬʦʨʤʘʮʽʻʶ. ʉʪʘʥʜʘʨʪʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʧʘʨʘʪʥʫ ʯʘʩʪʠʥʫ 

ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʘʣʛʦʨʠʪʤ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ, 

ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʫʥʽʬʽʢʘʮʽʾ ʚʫʟʣʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ 

ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʦʢʨʝʤʠʭ ʧʨʠʩʪʨʦʾʚ ʪʘ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʚ ʨʦʟʤʽʨʘʭ. 

ɼʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ 

ʧʨʠʩʪʨʦʾ, ʢʣʘʚʽʘʪʫʨʘ ʚʚʦʜʫ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ɽʆʄ, ʧʨʠʩʪʨʦʾ 

ʬʦʨʤʫʚʘʥʥʷ ʬʦʪʦ-, ʢʽʥʦ-, ʽ ʪʝʣʝʚʽʟʽʡʥʠʭ ʟʦʙʨʘʞʝʥʴ ʽ ʪ.ʜ. ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʚ ʩʠʩʪʝʤʘʭ ʟ ɽʆʄ, ʤʦʞʣʠʚʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ: ʷʢ ʚʽʜ ɽʆʄ 

ʜʦ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʥʘʚʧʘʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʜʽʘʣʦʛʦʚʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ. ʇʨʠ ʪʘʢʦʤʫ ʨʝʞʠʤʫ ʦʧʝʨʘʪʦʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʨʝʜʘʛʫʻ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʥʘ 

ʩʠʩʪʝʤʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ɽʆʄ, ʘ ʧʦʪʽʤ ʟʥʦʚʫ ʚʚʦʜʠʪʴ ʾʾ ʚ ɽʆʄ. 

ɼʽʘʣʦʛʦʚʠʡ ʨʝʞʠʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɹʫʬʝʨʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ɹɿʇ) ʩʣʫʞʠʪʴ ʜʣʷ ʧʨʦʤʽʞʥʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʫʟʛʦʜʠʪʠ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʧʦ 

ʰʚʠʜʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʝʞʠʤ ʨʝʛʝʥʝʨʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ 

ʟʚʝʨʥʝʥʥʷ ʜʦ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚ ʙʫʬʝʨʥʦʤʫ 
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ʟʘʧʘʤôʷʪʦʚʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʚʠʜʽ ʩʫʢʫʧʥʦʩʪʽ ʢʦʜʽʚ ʝʣʝʤʝʥʪʽʚ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʪʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʚ ʷʢʽʡ ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ. ʊʘʢ, ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚ ʙʫʬʝʨʥʠʡ ʟʘʧʘʤôʷʪʦʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ 

ʟʘʥʦʩʷʪʴʩʷ ʩʪʘʥʜʘʨʪʥʽ ʢʦʜʠ ʟʥʘʢʽʚ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʝʢʩʪʦʤ. 

ʇʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ (ʇʂɯʄ) ʟʜʽʡʩʥʶʻ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʜʽʚ ʝʣʝʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʟʘʜʘʥʠʭ ʘʣʬʘʚʽʪʦʤ 

ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʜ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʣʬʘʚʽʪʦʤ ʽʥʜʠʢʘʪʦʨʘ. ɼʣʷ 

ʥʘʚʝʜʝʥʦʛʦ ʨʘʥʽʰʝ ʧʨʠʢʣʘʜʫ ʟ ʮʠʬʨʦʚʠʤ ʛʦʜʠʥʥʠʢʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 7-

ʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ 

ʧʝʨʝʪʚʦʨʶʻ ʯʦʪʠʨʴʦʭʨʦʟʨʷʜʥʠʡ ʜʚʽʡʢʦʚʦ-ʜʝʩʷʪʢʦʚʠʡ ʢʦʜ ʚ ʩʝʤʠʨʦʟʨʷʜʥʠʡ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʘʟʦʨʦʟʨʷʜʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟ ʧʨʦʬʽʣʴʦʚʘʥʠʤʠ ʢʘʪʦʜʘʤʠ, 

ʮʠʬʨʘ ʬʦʨʤʫʻʪʴʩʷ ʤʝʪʦʜʦʤ ʟʥʘʢʦʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʜʝʰʠʬʨʘʪʦʨʘ 4 

ʥʘ 10 (4 ʚʭʦʜʫ, 10 ʚʠʭʦʜʽʚ). ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʪʠʭ ʩʘʤʠʭ ʮʠʬʨ  ʥʘ 

ʪʝʣʝʚʽʟʽʡʥʦʤʫ ʝʢʨʘʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯ ʢʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʦʚʠʥʝʥ 

ʧʝʨʝʪʚʦʨʠʪʠ ʧʘʨʘʣʝʣʴʥʠʡ ʢʦʜ ʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʛʥʘʣʽʚ ʢʝʨʫʚʘʥʥʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʤʝʥʶ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʶ ʪʨʫʙʢʠ. 

ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʢʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʩʠʥʪʝʟʫ ʟʥʘʢʽʚ ʚ 

ʟʘʩʦʙʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘʟʠʚʘʶʪʴ ʟʥʘʢʦʛʝʥʝʨʘʪʦʨʘʤʠ. 

ʇʨʠʩʪʨʽʡ ʘʜʨʝʩʘʮʽʾ (ʇɸ) ʟʘʜʘʻ ʧʦʣʦʞʝʥʥʷ (ʘʜʨʝʩʫ) ʝʣʝʤʝʥʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ. 

ɯʥʜʠʢʘʪʦʨ ʻ ʧʨʠʩʪʨʦʻʤ, ʱʦ ʟʜʽʡʩʥʶʻ ʙʝʟʧʦʩʝʨʝʜʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʚ ʚʠʜʠʤʝ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ (ʇʂ) ʟʜʽʡʩʥʶʻ ʝʥʝʨʛʝʪʠʯʥʽ ʪʘ ʽʥʰʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʩʠʛʥʘʣʽʚ ʟ ʚʠʭʦʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʦʜʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ ʽʥʜʠʢʘʪʦʨʘ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʛʘʟʦʨʦʟʨʷʜʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʚ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ ʚʭʦʜʷʪʴ ʢʣʶʯʽ, ʱʦ 
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ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʢʣʶʯʝʥʥʷ ʟ ʨʽʚʥʷ ʟʙʫʜʞʝʥʥʷ ʥʘ ʨʽʚʝʥʴ ʛʘʩʽʥʥʷ ʛʘʟʦʚʦʛʦ 

ʨʦʟʨʷʜʫ ʽ ʥʘʚʧʘʢʠ. ɯʥʜʠʢʘʪʦʨ ʨʘʟʦʤ ʟ ʧʨʠʩʪʨʦʻʤ ʢʝʨʫʚʘʥʥʷ ʫʪʚʦʨʶʶʪʴ ʙʣʦʢ 

ʽʥʜʠʢʘʮʽʾ, ʱʦ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ, ʚʽʜʝʦʤʦʥʽʪʦʨʦʤ. 

ʇʨʠʩʪʨʽʡ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʇʉ) ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʨʦʙʦʪʠ ʚʩʽʭ 

ʚʫʟʣʽʚ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʩʦʙʦʶ ʪʘ ʜʞʝʨʝʣʦʤ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʢʣʘʜʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʦʪʨʠʤʫʻʪʴʩʷ ʚʽʜ ʨʽʟʥʠʭ ʜʞʝʨʝʣ, ʧʦʚʠʥʥʘ ʧʨʦʡʪʠ ʧʦʧʝʨʝʜʥʶ ʧʽʜʛʦʪʦʚʢʫ ʪʘ 

ʦʙʨʦʙʢʫ ʟʘ ʚʠʟʥʘʯʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ. ɺʽʜʧʦʚʽʜʥʦ, ʢʨʽʤ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʂʦʤʧʣʝʢʩ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽ ʟʘʩʦʙʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ, ʫʪʚʦʨʶʻ ʩʠʩʪʝʤʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɿʘʩʦʙʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʚ'ʷʟʦʢ ʣʶʜʠʥʠ ʟ ɽʆʄ, 

ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʽʥʘʣʴʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʘʙʦ 

ʜʠʩʧʣʝʷʤʠ. 

ʇʘʨʘʤʝʪʨʠ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʘʪʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ, ʽʥʞʝʥʝʨʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʽ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʽʯʥʽ ʽ 

ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɼʦ 

ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʘʣʬʘʚʽʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʽʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ, ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, 

ʰʚʠʜʢʦʜʽʶ, ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʬʦʪʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

(ʷʩʢʨʘʚʽʩʪʴ, ʢʦʥʪʨʘʩʪ), ʥʘʜʽʡʥʽʩʪʴ, ʩʦʙʽʚʘʨʪʽʩʪʴ, ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ. 

ɸʣʬʘʚʽʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʠ ʦʩʥʦʚʘ ʢʦʜʫ ʘʣʬʘʚʽʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʣʘʩʦʤ ʟʘʜʘʯ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʽ ʟʘʜʘʶʪʴʩʷ ʯʠʩʣʦʤ ʽ 

ʪʠʧʦʤ ʟʥʘʢʽʚ (ʮʠʬʨ, ʙʫʢʚ ʽ ʪ.ʜ.), ʢʽʣʴʢʽʩʪʶ ʛʨʘʜʘʮʽʡ ʨʦʟʤʽʨʽʚ, ʷʩʢʨʘʚʦʩʪʽ, 

ʦʨʽʻʥʪʘʮʽʡ ʩʠʤʚʦʣʽʚ, ʢʦʣʴʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʯʘʩʪʦʪ ʤʝʨʝʭʪʽʥʥʷ 

ʟʦʙʨʘʞʝʥʴ, ʪʦʱʦ. 

ʇʨʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʘʣʬʘʚʽʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʚʽʡʢʦʚʠʤ 

ʢʦʜʦʤ ʯʠʩʣʦ ʡʦʛʦ ʨʦʟʨʷʜʽʚ n2 ʚʠʟʥʘʯʘʶʪʴ ʟ ʫʤʦʚʠ: 
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ὲ ÌÏÇὔ  ,     (1.7) 

ʜʝ ὔ  ï ʦʩʥʦʚʘ ʢʦʜʫ ʧʦʚʥʦʛʦ ʘʣʬʘʚʽʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ. ÌÏÇὔ  ï 

ʜʚʽʡʢʦʚʠʡ ʣʦʛʘʨʠʬʤ ʯʠʩʣʘ ὔ, ʦʢʨʫʛʣʝʥʠʡ ʜʦ ʥʘʡʙʣʠʞʯʦʛʦ ʙʽʣʴʰʦʛʦ ʮʽʣʦʛʦ 

ʯʠʩʣʘ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʦʜʥʦʯʘʩʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʘʣʬʘʚʽʪʥʦ-ʮʠʬʨʦʚʠʭ ʟʘʩʦʙʽʚ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘʜʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʟʥʘʢʽʚ ʚ ʪʝʢʩʪʦʚʽʡ ʩʪʨʦʢʽ Nʟ.ʪʩ ʽ 

ʯʠʩʣʦʤ ʪʝʢʩʪʦʚʠʭ ʩʪʨʦʢ Nʪʩ. ɺ ʩʫʯʘʩʥʠʭ ʘʣʬʘʚʽʪʥʦ-ʮʠʬʨʦʚʠʭ ʜʠʩʧʣʝʷʭ ʦʙʻʤ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʟʘʟʚʠʯʘʡ ʟʘʜʘʻʪʴʩʷ 16-32 ʩʪʨʦʢʘʤʠ ʧʦ 32-80 

ʟʥʘʢʽʚ ʚ ʢʦʞʥʽʡ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʻʤʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʚ ʙʽʪʘʭ: 

) .ÌÏÇ.В ,    (1.8) 

ʜʝ ὔ  ï ʦʩʥʦʚʘ ʢʦʜʫ ʘʣʬʘʚʽʪʫ, ὔВ -- ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʩʠʤʚʦʣʽʚ, ʱʦ 

ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʝʢʨʘʥ: 

ὔВ ὔ̈Ȣ̓ ὔ̒̓  ̒,    (1.9) 

ɺʽʜʤʽʪʠʤʦ, ʱʦ Ὅ ʭʘʨʘʢʪʝʨʠʟʫʻ ʜʝʷʢʫ ʛʽʧʦʪʝʪʠʯʥʫ ʤʦʜʝʣʴ, ʚ ʷʢʽʡ 

ʨʽʚʥʦʤʦʞʣʠʚʽ ʙʫʜʴ-ʷʢʽ ὔВ  ʟʥʘʯʝʥʴ ʩʠʤʚʦʣʽʚ. ʌʦʨʤʫʣʘ (1) ʟʘʜʘʻ ʪʝʭʥʽʯʥʽ 

ʫʤʦʚʠ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ ʙʫʬʝʨʥʦʛʦ ʟʘʧʘʤôʷʪʦʚʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ. 

ɯʥʬʦʨʤʘʮʽʡʥʫ ʻʤʥʽʩʪʴ ʛʨʘʬʽʯʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʯʘʩʪʦ 

ʦʮʽʥʶʶʪʴ ʩʫʤʘʨʥʦʶ ʜʦʚʞʠʥʦʶ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʣʽʥʽʡ ʘʙʦ ʢʽʣʴʢʽʩʪʶ 

ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʪʦʯʦʢ. 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʠʩʣʦ ʦʢʨʝʤʠʭ ʤʽʥʽʤʘʣʴʥʠʭ ʜʝʪʘʣʝʡ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʟʘʩʽʙ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʚʽʜʪʚʦʨʠʪʠ ʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ. ɺ ʟʘʩʦʙʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʦʯʢʦʚʠʤʠ 

ʜʠʩʢʨʝʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʢʽʣʴʢʽʩʥʦ 

ʦʮʽʥʶʶʪʴ ʯʠʩʣʦʤ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʝʢʨʘʥʽ. ɺ ʟʘʩʦʙʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ 
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ʽʥʬʦʨʤʘʮʽʾ ʟ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʘʙʦ ʟ ʧʨʦʝʢʮʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʚ ʷʢʦʩʪʽ ʢʽʣʴʢʽʩʥʦʾ ʤʽʨʠ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʯʠʩʣʦ ʧʘʨ ʦʧʪʠʯʥʠʭ ʣʽʥʽʡ, ʱʦ ʧʨʠʭʦʜʷʪʴʩʷ ʥʘ 1 ʤʤ. ʘʙʦ 1 ʩʤ., ʘʙʦ ʟʘʛʘʣʴʥʝ 

ʯʠʩʣʦ ʣʽʥʽʡ, ʱʦ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʧʦ ʚʝʨʪʠʢʘʣʽ ʽ ʛʦʨʠʟʦʥʪʘʣʽ, ʘʙʦ 

ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʘ ʰʠʨʠʥʘ ʣʽʥʽʾ ʥʘ ʝʢʨʘʥʽ. 

ʐʚʠʜʢʦʜʽʶ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʚʠʜʢʽʩʪʴ ʚʠʚʦʜʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ ʟʘʩʦʙʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʠʤ ʟ ʧʘʨʘʤʝʪʨʽʚ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʰʚʠʜʢʦʜʽʾ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʷʚʣʷʻʪʴʩʷ ʯʘʩ 

ʦʥʦʚʣʝʥʥʷ ʜʘʥʠʭ, ʧʽʜ ʷʢʠʤ ʨʦʟʫʤʽʻʪʴʩʷ ʯʘʩ ʚʽʜ ʤʦʤʝʥʪʫ ʥʘʜʭʦʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʠʭʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ, ʩʧʦʣʫʯʝʥʦʛʦ ʟ ʟʘʩʦʙʦʤ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʦ ʤʦʤʝʥʪʫ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ɺ ʛʨʘʬʽʯʥʠʭ 

ʟʘʩʦʙʘʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʮʽʥʢʠ ʰʚʠʜʢʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʰʚʠʜʢʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʣʽʥʽʡ, ʟʘʜʘʥʫ ʚ ʤʽʣʽʤʝʪʨʘʭ ʟʘ ʩʝʢʫʥʜʫ. 

ʊʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʩʬʦʨʤʦʚʘʥʦʾ ʚ ʟʘʩʦʙʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʜʘʥʠʤ, 

ʦʪʨʠʤʘʥʠʤ ʚʽʜ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ. ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʻ 

ʦʮʽʥʢʘ ʟʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜ ʟʘʜʘʥʠʭ ʘʜʨʝʩʥʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʚʠʨʘʞʝʥʘ ʚ ʘʙʩʦʣʶʪʥʠʭ ʘʙʦ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ. 
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ʈʆɿɼɯʃ 2 ɯʅɼʀʂɸʊʆʈʀ ʊɸ ɽʂʈɸʅʀ 

 

ʊʝʤʘ 2.1. ɺʘʢʫʫʤʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʽʥʜʠʢʘʪʦʨʠ 

ʃʝʢʮʽʷ 5. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʤʦʜʠʬʽʢʘʮʽʾ. ɼʦʚʛʦʚʽʯʥʽʩʪʴ. 

ʂʝʨʫʚʘʥʥʷ ɺʃɯ. 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ɺʘʢʫʫʤʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʽʥʜʠʢʘʪʦʨʠ (ɺʃɯ) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʘʢʪʠʚʥʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʚ ʩʚʽʪʣʦʚʫ. ʇʦ ʚʠʜʫ 

ʚʽʜʦʙʨʘʞʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ɺʃɯ ʨʦʟʨʽʟʥʷʶʪʴ ʥʘ ʦʜʠʥʠʯʥʽ, ʮʠʬʨʦʚʽ, ʙʫʢʚʝʥʦ-

ʮʠʬʨʦʚʽ, ʰʢʘʣʴʥʽ, ʤʥʝʤʦʥʽʯʥʽ ʽ ʛʨʘʬʽʯʥʽ; ʧʦ ʚʠʜʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ - ʥʘ 

ʩʝʛʤʝʥʪʥʽ ʽ ʤʘʪʨʠʯʥʽ ʦʜʥʦʨʦʟʨʷʜʥʽ ʽ ʙʘʛʘʪʦʨʦʟʨʷʜʥʽ, ʘ ʪʘʢʦʞ ʤʘʪʨʠʮʽ ʙʝʟ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʢʦʤʽʩʮʴ. 

ɼʦ ʯʠʩʣʘ ʧʝʨʝʚʘʛ ɺʃɯ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʚʠʩʦʢʫ ʷʩʢʨʘʚʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʭʦʨʦʰʫ ʚʠʜʠʤʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʟʥʘʢʽʚ, ʥʠʟʴʢʽ ʨʦʙʦʯʽ ʥʘʧʨʫʛʠ, ʷʢʽ 

ʜʦʧʫʩʢʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟ ʬʦʨʤʫʚʘʯʘʤʠ ʥʘ ʄʆʇ-

ʤʽʢʨʦʩʭʝʤʘʭ, ʤʘʣʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʚ 

ʧʨʠʩʪʨʦʷʭ, ʱʦ ʞʠʚʣʷʪʴʩʷ ʚʽʜ ʙʘʪʘʨʝʡ. 

ʅʝʜʦʣʽʢʦʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʥʘʢʘʣʫ 

ʽʥʜʠʢʘʪʦʨʘ. ʊʘʢʦʞ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʘʞʢʦ ʚʠʢʣʶʯʠʪʠ ʚʽʜʙʣʠʩʢʠ, ʩʪʚʦʨʶʚʘʥʽ 

ʚʽʜʜʟʝʨʢʘʣʝʥʥʷʤ ʩʚʽʪʣʘ ʚʽʜ ʩʢʣʷʥʠʭ ʙʘʣʦʥʽʚ ʽʥʜʠʢʘʪʦʨʽʚ, ʱʦ ʟʘʚʘʞʘʶʪʴ 

ʩʧʨʠʡʥʷʪʪʶ ʟʦʙʨʘʞʝʥʥʷ. 

ɺʘʢʫʫʤʥʽ ʣʶʤʽʥʝʩʮʝʥʪʥʽ ʽʥʜʠʢʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʠʩʪʨʦʷʭ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: ʚ ʤʽʢʨʦʢʘʣʴʢʫʣʷʪʦʨʘʭ ʽ 

ʚʝʣʠʢʠʭ ɽʆʄ, ʢʘʩʦʚʠʭ ʘʧʘʨʘʪʘʭ ʽ ʚʝʨʩʪʘʪʘʭ ʟ ʯʠʩʣʦʚʠʤ ʽ ʧʨʦʛʨʘʤʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ, ʝʣʝʢʪʨʦʥʥʠʭ ʛʦʜʠʥʥʠʢʘʭ, ʝʣʝʢʪʨʦ- ʽ ʨʘʜʽʦʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʧʨʠʣʘʜʘʭ (ʮʠʬʨʦʚʠʭ, ʘʤʧʝʨʚʦʣʴʪʦʤʤʝʪʨʘʭ, ʯʘʩʪʦʪʦʤʽʨʘʭ), ʜʠʩʧʝʪʯʝʨʩʴʢʠʭ 

ʧʫʣʴʪʘʭ ʢʝʨʫʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʽ ʧʦʚʽʪʨʷʥʠʤ ʨʫʭʦʤ, 

ʤʝʜʠʯʥʠʭ ʧʨʠʣʘʜʘʭ ʽ ʪ. ʜ. 
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ɺʘʢʫʫʤʥʠʡ ʣʶʤʽʥʝʩʮʝʥʪʥʠʡ ʽʥʜʠʢʘʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʝʣʝʢʪʨʦʥʥʫ ʜʽʦʜʥʫ 

ʘʙʦ ʪʨʽʦʜʥʫ ʩʠʩʪʝʤʫ, ʚ ʷʢʽʡ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʦʤʙʘʨʜʫʚʘʥʥʷ 

ʚʠʩʚʽʯʫʶʪʴʩʷ ʧʦʢʨʠʪʽ ʥʠʟʴʢʦʚʦʣʴʪʥʠʤ ʢʘʪʦʜʦʣʶʤʽʥʦʬʦʨʦʤ ʘʥʦʜʠ-

ʩʝʛʤʝʥʪʠ. 

 

 

˾͙ͫΦ нΦм ˴͙͍ͦͤͫͭͪͯͭͤ͊͟ ͫͻ͔ͣ͊ ˤ˶˱ 

 

ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʦʜʥʦʨʦʟʨʷʜʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.1. 

ɼʝʪʘʣʽ ʽʥʜʠʢʘʪʦʨʘ ʤʦʥʪʫʶʪʴʩʷ ʥʘ ʢʝʨʘʤʽʯʥʫ ʘʙʦ ʩʢʣʷʥʫ ʧʣʘʪʫ 1. ɼʽʣʷʥʢʠ 

ʧʣʘʪʠ, ʥʘ ʷʢʽ ʥʘʥʝʩʝʥʦ ʣʶʤʽʥʦʬʦʨ, ʫʪʚʦʨʶʶʪʴ ʘʥʦʜʠ-ʩʝʛʤʝʥʪʠ 2; ʧʽʜ 

ʣʶʤʽʥʦʬʦʨʦʤ ʻ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʡ ʰʘʨ. ʂʦʞʝʥ ʟ ʘʥʦʜʽʚ ʤʘʻ ʧʝʚʥʠʡ ʚʠʚʽʜ 3. 

ɼʞʝʨʝʣʦʤ ʝʣʝʢʪʨʦʥʽʚ ʩʣʫʞʠʪʴ ʦʢʩʠʜʥʠʡ ʢʘʪʦʜ ʧʨʷʤʦʛʦ ʨʦʟʞʘʨʶʚʘʥʥʷ 4. 

ʋʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʽʪʢʦʶ 7. ɽʣʝʢʪʨʦʥʥʠʡ 

ʧʦʪʽʢ, ʱʦ ʚʠʩʚʽʪʣʶʻ ʩʝʛʤʝʥʪʠ, ʦʙʤʝʞʫʻʪʴʩʷ ʝʢʨʘʥʫʶʯʠʤ ʝʣʝʢʪʨʦʜʦʤ-

ʤʘʩʢʦʶ 8. ɺʝʩʴ ʚʤʽʩʪ ʽʥʜʠʢʘʪʦʨʘ ʫʢʣʘʜʝʥʠʡ ʚ ʩʢʣʷʥʠʡ ʙʘʣʦʥ 6, ʚ ʷʢʦʤʫ 

ʩʪʚʦʨʝʥʠʡ ʚʘʢʫʫʤ. ʐʪʨʠʭʦʚʠʡ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʽ ʧʨʠʙʣʠʟʥʽ ʪʨʘʻʢʪʦʨʽʾ 

ʝʣʝʢʪʨʦʥʽʚ. ʅʘ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʙʘʣʦʥʘ ʥʘʥʝʩʝʥʦ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ 
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ʧʦʢʨʠʪʪʷ 5, ʧʨʦʟʦʨʝ ʜʣʷ ʚʩʽʻʾ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ. 

ɽʣʝʢʪʨʠʯʥʦ ʚʦʥʦ ʧʦʚ'ʷʟʘʥʝ ʟ ʦʢʨʝʤʠʤ ʚʠʚʦʜʦʤ ʘʙʦ ʢʘʪʦʜʦʤ; ʧʦʢʨʠʪʪʷ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʟ ʧʦʚʝʨʭʥʽ ʙʘʣʦʥʘ, ʟʜʘʪʥʠʭ 

ʩʧʦʪʚʦʨʠʪʠ ʪʨʘʻʢʪʦʨʽʾ ʝʣʝʢʪʨʦʥʽʚ. 

ʂʘʪʦʜ ɺʃɯ ʻ ʚʽʜʨʽʟʢʦʤ ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʜʨʦʪʫ ʜʽʘʤʝʪʨʦʤ 6 ... 60 ʤʢʤ, 

ʧʦʢʨʠʪʠʡ ʪʦʥʢʠʤ (ʢʽʣʴʢʘ ʤʽʢʨʦʤʝʪʨʽʚ) ʰʘʨʦʤ ʦʢʠʩʣʽʚ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ 

ʤʝʪʘʣʽʚ (ʦʢʩʠʜʦʤ). ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʦʜʘ ʚʠʙʠʨʘʻʪʴʩʷ ʧʦ ʤʦʞʣʠʚʦʩʪʽ 

ʥʠʟʴʢʦʶ, ʟ ʪʠʤ, ʱʦʙ ʥʠʪʢʘ, ʷʢʘ ʧʝʨʝʙʫʚʘʻ ʫ ʥʘʧʨʷʤʢʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʝʨʝʜ 

ʘʥʦʜʘʤʠ, ʥʝ ʟʘʚʘʞʘʣʘ ʩʧʦʩʪʝʨʝʞʝʥʥʶ ʩʠʤʚʦʣʽʚ, ʱʦ ʩʚʽʪʷʪʴʩʷ. ɿʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʪʦʜʘ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʡʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽ ʟʥʠʞʫʻ 

ʥʘʛʨʽʚ ʣʶʤʽʥʦʬʦʨʘ, ʚʽʜ ʷʢʦʛʦ ʚʠʭʦʜʠʪʴ ʩʚʽʪʽʥʥʷ. ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʘʪʦʜʽʚ 

ʧʽʜ ɺʃɯ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ: ʢʘʪʦʜ ʧʨʘʮʶʻ ʧʨʠ ʥʠʟʴʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʚʠʩʦʢʦʤʫ ʚʽʜʙʦʨʽ ʩʪʨʫʤʫ; ʮʷ ʦʙʩʪʘʚʠʥʘ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʚʠʟʥʘʯʘʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ɺʃɯ. 

ʉʽʪʢʘ ɺʃɯ ʢʝʨʫʻ ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ. ʆʩʢʽʣʴʢʠ ʩʽʪʢʘ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ 

ʱʦʜʦ ʢʘʪʦʜʘ ʧʦʪʝʥʮʽʘʣ, ʚʦʥʘ ʨʦʟʩʽʶʻ ʝʣʝʢʪʨʦʥʠ ʽ ʧʨʠʩʢʦʨʶʻ ʾʭ ʚ ʥʘʧʨʷʤʢʫ 

ʘʥʦʜʥʠʭ ʩʝʛʤʝʥʪʽʚ. ʈʦʟʩʽʶʶʯʘ ʜʽʷ ʩʽʪʢʠ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʟʘʩʚʽʯʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʧʦʢʨʠʪʠʭ ʣʶʤʽʥʦʬʦʨʦʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʽʪʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʽʜʢʦʶ, çʧʨʦʟʦʨʦʶè ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ 

ʟ ʪʠʤ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʯʘʩʪʢʫ ʝʣʝʢʪʨʦʥʽʚ, ʧʝʨʝʭʦʧʣʶʚʘʥʠʭ ʥʝʶ. ʋ 

ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ɺʃɯ ʩʽʪʢʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʚʠʙʽʨ ʨʦʟʨʷʜʫ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ. ʉʽʪʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʧʦʣʦʪʥʘ, çʪʢʘʥʦʛʦè ʟ 

ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʜʨʦʪʫ ʘʙʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʬʨʝʟʝʨʫʚʘʥʥʷʤ ʪʦʥʢʦʾ ʥʽʢʝʣʝʚʦʾ 

ʬʦʣʴʛʠ. ʋ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ʽʥʜʠʢʘʪʦʨʘʭ ʬʦʨʤʘ ʚʠʧʨʦʤʽʥʶʶʯʦʾ ʧʦʚʝʨʭʥʽ 

ʘʥʦʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʘʣʝʚʦʶ ʤʘʩʢʦʶ, ʝʣʝʢʪʨʠʯʥʦ ʟ'ʻʜʥʘʥʦʶ ʟ ʢʝʨʫʶʯʦʶ 

ʩʽʪʢʦʶ. ɿʦʙʨʘʞʝʥʥʷ ʙʫʢʚ, ʮʠʬʨ ʽ ʽʥʰʠʭ ʩʠʤʚʦʣʽʚ ʫ ɺʃɯ ʬʦʨʤʫʻʪʴʩʷ 

ʚʠʩʚʽʯʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ. ɿʤʽʥʘ ʟʦʙʨʘʞʝʥʴ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʤʫʪʘʮʽʾ ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ. 
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ɸʥʦʜʠ-ʩʝʛʤʝʥʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʢʨʠʪʽ ʣʶʤʽʥʦʬʦʨʦʤ ʰʘʨʠ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʜʘʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʥʘʥʝʩʝʥʽ ʥʘ ʩʢʣʷʥʫ ʘʙʦ 

ʢʝʨʘʤʽʯʥʫ ʧʣʘʪʫ. ɺ ʨʷʜʽ ɺʃɯ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʰʘʨʠ ʦʪʨʠʤʫʶʪʴ ʥʘʧʠʣʝʥʥʷʤ ʫ 

ʚʘʢʫʫʤʽ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʥʘ ʚʩʶ ʧʦʚʝʨʭʥʶ ʧʣʘʪʠ, ʘ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʣʶʥʢʽʚ ʘʥʦʜʽʚ - ʬʦʪʦʣʽʪʦʛʨʘʬʽʻʶ. ʇʽʩʣʷ ʮʽʻʾ (ʧʝʨʰʦʾ) ʬʦʪʦʣʽʪʦʛʨʘʬʽʾ ʥʘ 

ʧʣʘʪʠ ʥʘʧʠʣʶʶʪʴ ʜʽʝʣʝʢʪʨʠʢ ʽ ʚʠʨʦʙʣʷʶʪʴ ʜʨʫʛʫ ʬʦʪʦʣʽʪʦʛʨʘʬʽʶ, ʷʢʘ 

ʚʽʜʢʨʠʚʘʻ ʚ ʜʽʝʣʝʢʪʨʠʢʫ çʚʽʢʥʘè ʥʘ ʤʽʩʮʷʭ ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ, ʽ ʚ ʚʽʢʥʘ 

ʥʘʥʦʩʷʪʴ ʣʶʤʽʥʦʬʦʨ. ʄʦʞʣʠʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʦʚʩʪʦʧʣʽʚʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, 

ʧʨʠ ʷʢʽʡ ʥʘ ʧʣʘʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʬʘʨʝʪʽʚ ʥʘʥʦʩʷʪʴʩʷ ʧʨʦʚʽʜʥʘ ʧʘʩʪʘ ʽ 

ʧʦʪʽʤ ʣʶʤʽʥʦʬʦʨ. ɸʥʦʜʠ-ʩʝʛʤʝʥʪʠ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʪʦʯʦʢ ʘʙʦ ʧʨʦʪʷʞʥʠʭ 

ʜʽʣʷʥʦʢ ʨʽʟʥʦʾ ʬʦʨʤʠ, ʩʠʤʚʦʣʽʚ ʽ ʪʨʘʬʘʨʝʪʽʚ. ʂʽʣʴʢʽʩʪʴ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʽ 

ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʛʤʝʥʪʽʚ ʫʪʚʦʨʶʻ ʩʪʨʫʢʪʫʨʥʠʡ ʤʘʣʶʥʦʢ ʽʥʜʠʢʘʪʦʨʘ, 

ʟʘ ʷʢʠʤ ʨʦʟʨʽʟʥʷʶʪʴ ʮʠʬʨʦʚʽ, ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʽ, ʤʘʪʨʠʯʥʽ ʽ ʰʢʘʣʴʥʽ 

ʽʥʜʠʢʘʪʦʨʠ. 

ʋ ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʦʜʥʦʡʤʝʥʥʽ ʘʥʦʜʠ-ʩʝʛʤʝʥʪʠ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʙʘʣʦʥʘ ʧʘʨʘʣʝʣʴʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʽʟʢʦ ʩʢʦʨʦʪʠʪʠ 

ʯʠʩʣʦ ʚʠʚʦʜʽʚ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 14-ʨʦʟʨʷʜʥʠʡ ʽʥʜʠʢʘʪʦʨ ɯɺ-27 ʤʘʻ 24 ʚʠʚʦʜʠ (ʜʚʘ 

ʚʠʚʦʜʠ ʰʢʘʣʘ, 14 ʚʠʚʦʜʽʚ ʩʽʪʦʢ ʽ ʚʽʩʽʤ ʚʠʚʦʜʽʚ ʚʽʜ ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʠʭ 

ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ). ʗʢʱʦ ʩʪʚʦʨʠʪʠ 14-ʨʦʟʨʷʜʥʠʡ ʽʥʜʠʢʘʪʦʨ ʟ ʨʦʟʜʽʣʴʥʠʤʠ 

ʚʠʚʦʜʘʤʠ ʢʦʞʥʦʛʦ ʘʥʦʜʘ-ʩʝʛʤʝʥʪʘ, ʪʦ ʚʽʥ ʤʘʚ ʙʠ 128 ʚʠʚʦʜʽʚ (ʜʚʘ ʚʠʚʦʜʠ 

ʥʘʢʘʣʫ, 8ʭ14 ʚʠʚʦʜʽʚ ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ, 14 ʚʠʚʦʜʽʚ ʩʽʪʦʢ). ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʚʠʷʚʠʣʦʩʷ ʙ ʟʘʩʢʣʘʜʥʠʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʙʘʛʘʪʦʨʦʟʨʷʜʥʽ ʽʥʜʠʢʘʪʦʨʠ ʚʠʧʫʩʢʘʶʪʴ ʟʽ ʩʪʘʪʠʯʥʠʤ ʽ 

ʤʫʣʴʪʠʧʣʝʢʩʥʠʡ ʫʧʨʘʚʣʽʥʥʷʤ. 

ʃʶʤʽʥʦʬʦʨ ʚʢʣʶʯʝʥʠʭ ʩʝʛʤʝʥʪʽʚ, ʪʦʙʪʦ ʷʢʽ ʤʘʶʪʴ ʚ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʧʦʟʠʪʠʚʥʠʡ ʱʦʜʦ ʢʘʪʦʜʘ ʧʦʪʝʥʮʽʘʣ, ʩʚʽʪʠʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʦʪʦʢʫ ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʥʠʭ. ʉʪʨʫʤ ʢʘʪʦʜʘ ʽʥʜʠʢʘʪʦʨʘ ʽ ʩʪʨʫʤʠ ʩʝʛʤʝʥʪʽʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʘʪʴ, ʚʽʜ ʯʠʩʣʘ ʚʢʣʶʯʝʥʠʭ ʩʝʛʤʝʥʪʽʚ. ɽʣʝʢʪʨʦʥʠ, ʱʦ 
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ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʚʢʣʶʯʝʥʽ ʩʝʛʤʝʥʪʠ, ʟʘʨʷʜʞʘʶʪʴ ʾʭ ʥʝʛʘʪʠʚʥʦ ʽ 

ʚʽʜʙʠʚʘʶʪʴʩʷ. ɺʪʦʨʠʥʥʽ ʝʣʝʢʪʨʦʥʠ ʪʘʢ ʩʘʤʦ, ʷʢ ʝʣʝʢʪʨʦʥʠ, ʷʢʽ ʙʝʨʫʪʴ ʫ 

ʚʠʩʚʽʯʫʚʘʥʥʽ ʧʝʚʥʦʛʦ ʟʥʘʢʘ, ʧʝʨʝʭʦʧʣʶʶʪʴʩʷ ʝʢʨʘʥʫʶʯʠʤ ʝʣʝʢʪʨʦʜʦʤ. 

ɼʣʷ ʧʨʠʜʫʰʝʥʥʷ ʥʝʙʘʞʘʥʦʛʦ ʩʚʽʪʽʥʥʷ ʣʶʤʽʥʦʬʦʨʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ 

ʥʘ ʩʽʪʢʫ ʧʦʜʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʘ ʥʘʧʨʫʛʘ ʟʩʫʚʫ - ʢʽʣʴʢʘ ʚʦʣʴʪ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʢʘʪʦʜʘ. ɽʢʨʘʥʫʚʘʣʴʥʠʡ ʝʣʝʢʪʨʦʜ, ʷʢʠʡ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʢʝʨʫʶʯʦʾ ʩʽʪʢʠ, ʪʘʢʦʞ 

ʧʦʢʨʘʱʫʻ ʫʤʦʚʠ ʟʘʤʠʢʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʦʪʦʢʫ. 

ɿʦʙʨʘʞʝʥʥʷ ɺʃɯ ʚʠʩʦʢʦʢʦʥʪʨʘʩʪʥʝ, ʷʩʢʨʘʚʽʩʪʴ ʜʦʩʷʛʘʻ 500 ʢʜ / ʤ2 ʽ 

ʙʽʣʴʰʝ; ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʦʞʥʘ ʥʘʛʘʜʘʪʠ, ʱʦ ʷʩʢʨʘʚʽʩʪʴ ʝʢʨʘʥʫ ʩʫʯʘʩʥʦʛʦ 

ʢʦʣʴʦʨʦʚʦʛʦ ʢʽʥʝʩʢʦʧʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 300 ʢʜ / ʤ2. ɺ ɺʃɯ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʚʠʱʝ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʢʘʪʦʜʦʣʶʤʽʥʝʩʮʝʥʮʽʽ (ʅɺʂ), ʧʨʠ ʷʢʦʤʫ ʩʚʽʪʣʦ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʢʨʠʩʪʘʣʦʬʦʩʬʦʨʦʤ, ʙʦʤʙʘʨʜʦʚʘʥʠʤ ʝʣʝʢʪʨʦʥʘʤʠ ʟ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ ʝʥʝʨʛʽʻʶ (ʙʣʠʟʴʢʦ 10 ... 100 ʝɺ). ɼʣʷ ʨʝʯʦʚʠʥ, ʫ ʷʢʠʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʮʝʡ ʝʬʝʢʪ, ʧʦʪʝʥʮʽʘʣ ʧʦʯʘʪʢʫ ʅɺʂ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ ʢʽʣʴʢʘ 

ʚʦʣʴʪ. ʇʨʠ ʧʦʪʝʥʮʽʘʣʽ ʝʢʨʘʥʫ, ʚʽʜʧʦʚʽʜʥʦʤʫ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ eU> 10 ʝɺ, 

ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʝʢʨʘʥʘ ʧʨʘʢʪʠʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ 

L=AjU,      (2.1) 

ʜe j - ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʠʧʨʦʤʽʥʶʶʯʫ ʧʦʚʝʨʭʥʶ 

ʣʶʤʽʥʦʬʦʨʘ; ɸ - ʧʦʩʪʽʡʥʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʡ 

ʢʨʠʩʪʘʣʦʬʦʩʬʦʨ. 

ʇʨʠ ʅɺʂ-ʣʶʤʽʥʝʩʮʝʥʮʽʾ ʟʙʫʜʞʝʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʙʦʤʙʘʨʜʫʶʯʠʤʠ ʣʶʤʽʥʦʬʦʨ ʝʣʝʢʪʨʦʥʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʚ ʜʝʢʽʣʴʢʦʭ 

ʡʦʛʦ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ. ʇʨʠ ʚʠʩʦʢʦʚʦʣʴʪʥʦʤʫ ʟʙʫʜʞʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ ʚ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʢʘʭ, ʰʚʠʜʢʽ ʝʣʝʢʪʨʦʥʠ ʟʙʫʜʞʫʶʪʴ ʩʚʽʪʽʥʥʷ ʚ 

ʦʙʩʷʟʽ ʢʨʠʩʪʘʣʘ ʣʶʤʽʥʦʬʦʨʘ. ɺ ɺʃɯ ʚ ʷʢʦʩʪʽ ʣʶʤʽʥʦʬʦʨʘ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʢʠʩ ʮʠʥʢʫ, ʘʢʪʠʚʦʚʘʥʠʡ ʮʠʥʢʦʤ (ZnO; Zn), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʥʩʠʚʥʝ ʩʠʥʴʦ-ʟʝʣʝʥʝ ʩʚʽʪʽʥʥʷ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʩʚʽʪʣʦʬʽʣʴʪʨʠ, 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʢʦʣʴʦʨʠ ʩʠʤʚʦʣʽʚ ʚʽʜ ʩʠʥʴʦʛʦ ʜʦ ʯʝʨʚʦʥʦʛʦ ʟʘ ʫʤʦʚʠ, ʱʦ 

ʷʩʢʨʘʚʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʩʚʽʪʽʥʥʷ ʜʦʩʠʪʴ ʚʝʣʠʢʘ (ʙʣʠʟʴʢʦ 1000 ʢʜ / ʤ2). ʂʨʽʤ 
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ʪʦʛʦ, ʽʩʥʫʻ ʜʦʩʠʪʴ ʰʠʨʦʢʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʣʶʤʽʥʦʬʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʽ 

ʢʦʣʴʦʨʠ ʩʚʽʪʽʥʥʷ (ʪʘʙʣ. 2.1). 

 

͙́͊͋͡ͼΎ нΦмΦ ˴ͦ͡Έ͍ͦͪͦ͜ ͡Όͣͤͦ͜ͺ͙ͦͪ ͒͡Ύ ˤ˶˱ 

ʂʦʣʽʨ ʩʚʽʪʽʥʥʷ ʉʢʣʘʜ ʣʶʤʽʥʦʬʦʨʫ ɼʦʚʞʠʥʘ ʭʚʠʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʢʤ 

ʉʠʥʽʡ 

ʉʠʥʴʦ-ʟʝʣʝʥʠʡ 

ɿʝʣʝʥʠʡ 

ɿʝʣʝʥʠʡ 

ZnS:Ag+In2O3 

ZnO: Zn 

(Zn, Cd)S:Ag 

ZnS:Cu 

0,450 

0,510 

0,525 

0,530 

ʃʠʤʦʥʥʠʡ 

ɾʦʚʪʠʡ 

ʏʝʨʚʦʥʠʡ 

ZnS:Au, Al+In2 O3 ZnS 

Mn+ In2 O3 

(Zn, Cd)S:Ag+ In2 O3 

0,550 

0,585 

0,626 

  

ʇʨʠ ʅɺʂ ʜʦʩʪʘʪʥʷ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʣʶʤʽʥʦʬʦʨʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ 

ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ ʘʙʦ ʟʘ ʥʝʚʝʣʠʢʦʾ ʩʢʚʘʞʥʦʩʪʽ. ʃʶʤʽʥʦʬʦʨʥʝ ʧʦʢʨʠʪʪʷ 

ʝʢʨʘʥʫ ɺʃɯ ʻ ʰʘʨʦʤ ʧʦʨʦʰʢʫ ʢʨʠʩʪʘʣʦʬʦʩʬʦʨʽʚ (ʪʦʚʱʠʥʦʶ 10 ... 50 ʤʢʤ), 

ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʩʪʨʫʤʦʧʨʦʚʽʜʥʫ ʧʽʜʢʣʘʜʢʫ. ʆʩʢʽʣʴʢʠ ʩʚʽʪʽʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟ ʙʦʢʫ ʣʶʤʽʥʦʬʦʨʘ, ʙʦʤʙʘʨʜʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʥʘʤʠ (ʨʦʙʦʪʘ ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ), 

ʧʽʜʢʣʘʜʢʘ ʤʦʞʝ ʙʫʪʠ ʥʝʧʨʦʟʦʨʦʶ. ʐʘʨ ʣʶʤʽʥʦʬʦʨʫ ʧʦʚʠʥʝʥ ʚʦʣʦʜʽʪʠ 

ʜʦʩʪʘʪʥʴʦʶ ʝʣʝʢʪʨʦ- ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʨʦʟʩʽʶʚʘʥʘ ʥʘ ʝʢʨʘʥʽ 

ʧʦʪʫʞʥʽʩʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʘ (ʙʣʠʟʴʢʦ 0,1 ɺʪ / ʩʤ2). ʇʨʠ ʧʝʨʝʛʨʽʚʽ ʝʢʨʘʥʫ 

ʚʠʥʠʢʘʻ ʪʝʤʧʝʨʘʪʫʨʥʝ ʛʘʩʽʥʥʷ ʩʚʽʪʽʥʥʷ, ʘ ʧʦʪʽʤ-ʥʝʦʙʦʨʦʪʥʘ ʜʝʩʪʨʫʢʮʽʷ 

ʢʨʠʩʪʘʣʦʬʦʩʬʦʨʫ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʝʷʢʠʭ ʅɺʂ-

ʣʶʤʽʥʦʬʦʨʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.2. 

͙́͊͋͡ͼΎ нΦнΦ ͔͙͙͙̆͊ͪ͊ͭͪͫͭ͟͟ ͍͙ͨͪͦͣͤ͜Ό͍͊ͤͤΎ ˹ˤ˴-͡Όͣͤͦ͜ͺ͍ͦͪ͜ 

˴ͦͪ͜͡ ͍ͫͭͤͤ͜͜Ύ 
͡Όͣͤͦ͜ͺͦͪͯ 

˨͍͙ͦ͗ͤ͊ ͻ͍͙͜͡ ͍ͫͭ͊͜͡Σ ΅ͦ 
͍͙ͨͪͦͣͤ͜ΌΊͭΈͫΎΣ ͤͣ 

˹͎͊ͨͪͯ͊ 
͔ͪ͊ͤͯ͟Σ ˤ 

͍̒ͫͪ͊ͫͭ͟͜Έ 
͍ͫͭͤͤ͜͜ΎΣ ͒͟κͣ2 

ˣ͙͙͚͊ͭͤ͟͡  
˭͔͔͙͚ͤ͡ 
ˬ͍͙͚ͦͭ 
͔͍͙͚̉ͪͦͤ 

470 
505 
590 
640 

25 
20 
25 
25 

200 
1200 
400 
250 
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ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ɺ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʜʥʘ ʪʨʽʦʜʥʘ ʩʠʩʪʝʤʘ ʽ ʢʦʞʝʥ ʘʥʦʜ-ʩʝʛʤʝʥʪ ʤʘʻ ʦʢʨʝʤʠʡ ʚʠʚʽʜ. ɺ 

ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʽʥʜʠʢʘʪʦʨʘʭ ʚ ʦʜʥʦʤʫ ʙʘʣʦʥʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʢʽʣʴʢʘ ʪʨʽʦʜʥʠʭ 

ʩʠʩʪʝʤ; ʚʦʥʠ ʤʘʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʛʘʣʴʥʠʡ ʢʘʪʦʜ ʽ ʨʦʟʜʽʣʴʥʽ ʩʽʪʢʠ. 

ʏʘʩʪʠʥʘ ɺʃɯ ʚʠʧʫʩʢʘʻʪʴʩʷ ʚ ʩʢʣʷʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʙʘʣʦʥʘʭ ʟ ʛʥʫʯʢʠʤʠ 

ʘʙʦ ʞʦʨʩʪʢʠʤʠ ʚʠʚʦʜʘʤʠ; ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʫ ʘʙʦ ʜʚʽ ʧʣʦʩʢʽ ʥʽʞʢʠ. 

ɿʦʙʨʘʞʝʥʥʷ ʟʥʘʢʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʯʝʨʝʟ ʙʽʯʥʫ ʩʪʽʥʢʫ ʙʘʣʦʥʘ. ɺʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʪʘʢʦʞ ʽʥʜʠʢʘʪʦʨʠ ʚ ʯʦʪʠʨʠʢʫʪʥʠʭ ʙʘʣʦʥʘʭ, ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʢʫʧʦʣ ʙʘʣʦʥʘ (ʫ ʪʘʢʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʦʜʥʘ ʥʽʞʢʘ). 

ʉʫʯʘʩʥʽ ʙʘʛʘʪʦʨʦʟʨʷʜʥʽ ɺʃɯ ʤʘʶʪʴ ʧʣʦʩʢʽ ʩʢʣʷʥʽ ʙʘʣʦʥʠ ʟ ʩʪʨʽʯʢʦʚʠʤʠ 

ʚʠʚʦʜʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ ʙʘʣʦʥʽʚ, ʟʨʫʯʥʠʤʠ ʜʣʷ 

ʩʧʦʣʫʯʝʥʥʷ ʟ ʜʨʫʢʦʚʘʥʠʤʠ ʧʣʘʪʘʤʠ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ɺʃɯ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʟʥʘʢʽʚ, ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽʥʜʠʢʘʪʦʨʠ ɯɺ-1, ɯɺ-

3, ɯɺ-ɿɸ, ɯɺ-4. ɯɺ-6, ɯɺ-8, ɯɺ-11, ɯɺ-12, ɯɺ-17, ɯɺ-22. ɯɺʃ1-18 / 1. 

ɹʘʛʘʪʦʨʦʟʨʷʜʥʽ ʽʥʜʠʢʘʪʦʨʠ ʚʠʧʫʩʢʘʶʪʴ ʟ ʯʠʩʣʦʤ ʨʦʟʨʷʜʽʚ 4, 6, 9, 12, 13, 14, 

17. ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʠʩʧʣʝʾ ʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʙʘʣʦʥʘʭ ɯɺ-18, 

ɯɺ-21, ɯɺ-27 ʽ ʚ ʧʣʦʩʢʠʭ ʙʘʣʦʥʘʭ ɯɺ-28ɸ, ɯɺ-28ɹ, ɯɺʃ1-8 / 12, ɯɺʃ2-8 / 12, 

ɯɺʃ1-8 / 13. ɯɺʃ1-8 / 17. ɯɺʃ1-7 / 5, ɯɺʃ2-7 / 5. ɯɺʃɿ-7/5. 

ʐʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʢʦʜʫ, ʯʘʩʪʦ 

ʚʠʷʚʣʷʶʪʴʩʷ ʙʽʣʴʰ ʟʨʫʯʥʠʤʠ (ʥʘʦʯʥʠʤʠ), ʥʽʞ ʩʪʨʽʣʦʯʥʽ ʧʨʠʣʘʜʠ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʩʣʫʞʠʪʠ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʮʽʣʝʡ ʽʥʜʠʢʘʪʦʨ 

ɯɺʃʐ1-8 / 13, ʷʢʠʡ ʤʘʻ 101 ɺʽʜʣʽʢʦʚʫ ʨʠʩʢʫ. ʈʷʜ ɺʃɯ ʚʠʧʫʩʢʘʻʪʴʩʷ ʟ 

ʚʙʫʜʦʚʘʥʠʤʠ ʤʽʢʨʦʩʭʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʧʣʦʩʢʠʡ ʜʠʩʧʣʝʡ ʜʣʷ 

ʽʥʜʠʢʘʮʽʾ ʨʽʚʥʷ ʚʽʜʪʚʦʨʝʥʥʷ ʽ ʟʘʧʠʩʫ ʚ ʩʪʝʨʝʦʬʦʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʀɺʃʐʋ 1-

11 / 2 ʟ 22 ʽʥʜʝʢʩʘʤʠ ʚʽʜʣʽʢʫ. 

ɻʨʫʧʘ ʚʠʧʫʱʝʥʠʭ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʤʘʪʨʠʮʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʜʥʦ-, ʜʚʦ- ʽ 

ʪʨʠʢʦʣʽʨʥʽ ʤʘʪʨʠʮʽ ʟ ʚʠʩʦʪʦʶ ʟʥʘʢʽʚ 40 ʽ 80 ʤʤ: ɯɺʃʄ1-5 / 7, ɯɺʃʄ2-5 / 7, 
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ɯɺʃʄɿ-5/7, ɯɺʃʄ4-5 / 7, ɯɺʃʄ5-5 / 7, ɯɺʃʄ6-5 / 7. ʎʽ ʽʥʜʠʢʘʪʦʨʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʫʥʽʚʝʨʩʘʣʴʥʽ ʟʥʘʢʦʤʽʩʮʷ ʟ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʨʽʟʥʠʭ 

ʢʦʣʴʦʨʘʭ. ɯʥʜʠʢʘʪʦʨ ɯɺʃʄ1-5 / 7-45ʃ - ʧʘʥʝʣʴ ʟ ʪʨʴʦʭ ʨʷʜʢʽʚ ʧʦ 15 

ʟʥʘʢʦʤʽʩʮʴ ʚ ʢʦʞʥʽʡ; ʚ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʞʥʝ ʟʥʘʢʦʤʽʩʮʝ ʤʽʩʪʠʪʴ 5ʭ7 ʝʣʝʤʝʥʪʽʚ. 

ɺʠʧʫʩʢʘʶʪʴʩʷ ʤʥʝʤʦʥʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ 

çʧʨʦʬʝʩʽʡʥʽè ʩʠʤʚʦʣʠ, ʥʘʧʨʠʢʣʘʜ ʽʥʜʠʢʘʪʦʨʠ ʜʣʷ ʧʨʠʣʘʜʦʚʠʭ ʱʠʪʢʽʚ ʚ 

ʘʚʪʦʤʦʙʽʣʽʚ. 

 

 

˾͙ͫΦнΦнΦ ˣ͍ͯ͒ͦ͊ ͙ͣ͊ͭͪ;͎ͤͦͦ ˤ˶˱Υ 

1 ς ͨ ͊ͭ͊͡-͍ͦͫͤͦ͊Τ н ς ͊ ͤͦ͒-͔͎͔ͫͣͤͭΤ о ς ͟ ͊ͭͦ͒Τ п ς ͋ ͊ͦͤ͡Τ р ς ͫ ͭ͊͜͟ ό͔ͪͯ͟Ό;͙͚ 

͔͔ͭͪͦ͒͟͡ύΦ 

 

ʄʘʪʨʠʯʥʽ ɺʃɯ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʠʥʪʝʟʫ ʮʠʬʨ, ʙʫʢʚ ʙʫʜʴ-ʷʢʦʛʦ ʘʣʬʘʚʽʪʫ, 

ʨʽʟʥʠʭ ʩʠʤʚʦʣʽʚ ʽ ʟʥʘʢʽʚ. ʅʘ ʨʠʩ. 2.2 ʷʢ ʧʨʠʢʣʘʜ ʧʦʢʘʟʘʥʦ ʧʨʠʩʪʨʽʡ 

ʦʜʥʦʢʦʣʽʨʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʽʥʜʠʢʘʪʦʨʘ, ʱʦ ʤʘʻ 35 ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʠʭ 

ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ. ʇ'ʷʪʴ ʝʣʝʢʪʨʠʯʥʦ ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ 

ʫʪʚʦʨʶʶʪʴ ʨʷʜʦʢ, ʱʦ ʤʘʻ ʟʘʛʘʣʴʥʠʡ ʚʠʚʽʜ; ʚʩʴʦʛʦ ʨʷʜʢʽʚ - ʩʽʤ. ʂʝʨʫʶʯʽ 

ʝʣʝʢʪʨʦʜʠ (ʩʽʪʢʠ) ʦʙ'ʻʜʥʫʶʪʴ ʘʥʦʜʠ ʚ ʩʪʦʚʧʮʽ; ʢʦʞʝʥ ʩʪʦʚʧʝʮʴ ʤʘʻ ʩʚʽʡ 

ʚʠʚʽʜ. ɿ ʙʦʢʫ ʩʧʦʩʪʝʨʽʛʘʯʘ ʫʟʜʦʚʞ ʢʦʞʥʦʛʦ ʩʪʦʚʧʯʠʢʘ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʧʨʷʤʦʥʘʢʘʣʴʥʠʡ ʦʢʩʠʜʥʠʡ ʢʘʪʦʜ; ʧ'ʷʪʴ ʢʘʪʦʜʽʚ ʚʢʣʶʯʝʥʽ ʧʘʨʘʣʝʣʴʥʦ. 

ʇʣʘʪʘ ʘʥʦʜʽʚ ʚʠʢʦʥʘʥʘ ʥʘ ʩʢʣʷʥʽʡ ʧʣʘʩʪʠʥʽ, ʥʘ ʷʢʫ ʥʘʥʝʩʝʥʘ ʧʣʽʚʢʘ 

ʤʝʪʘʣʫ ʽ ʬʦʪʦʣʽʪʦʛʨʘʬʽʻʶ ʩʬʦʨʤʦʚʘʥʽ ʘʥʦʜʠ-ʩʝʛʤʝʥʪʠ, ʧʦʢʨʠʪʽ 
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ʣʶʤʽʥʦʬʦʨʦʤ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ ʩʚʽʪʽʥʥʷ (ZnO: Zn). ɯʥʬʦʨʤʘʮʽʷ ʟʯʠʪʫʻʪʴʩʷ ʟ 

ʙʦʢʫ ʙʘʣʦʥʘ - çʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷè. 

ʋ ʜʚʦʢʦʣʴʦʨʦʚʦʾ ʤʘʪʨʠʮʽ ʢʦʞʝʥ ʘʥʦʜ-ʩʝʛʤʝʥʪ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ 

ʽʟʦʣʴʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʚʩʴʦʛʦ 70), ʫ ʪʨʠʢʦʣʽʨʥʦʾ - ʫ ʚʠʛʣʷʜʽ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ 

(ʚʩʴʦʛʦ 105). ʂʦʞʝʥ ʘʥʦʜ ʧʦʢʨʠʪʠʡ çʩʚʦʾʤè ʣʶʤʽʥʦʬʦʨʦʤ, ʩʢʣʘʜ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻ ʢʦʣʽʨ ʩʚʽʪʽʥʥʷ. ʏʝʨʚʦʥʠʡ ʢʦʣʽʨ ʩʚʽʪʽʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʣʶʤʽʥʦʬʦʨ (Zn, 

Cd) S: Ag ʩʠʥʽʡ - ʩʘʤʦʘʢʪʠʚʦʚʘʥʠʡ ʩʫʣʴʬʽʜ ʮʠʥʢʫ. ʗʢ ʽ ʚ ʦʜʥʦʢʦʣʽʨʥʦʾ 

ʤʘʪʨʠʮʽ, ʚ ʙʘʛʘʪʦʢʦʣʴʦʨʦʚʽʡ ʘʥʦʜʥʽ ʝʣʝʤʝʥʪʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʨʷʜʢʠ; ʜʚʦʢʦʣʽʨʥʘ 

ʤʘʪʨʠʮʷ ʤʘʻ 7ʭ2 ʨʷʜʢʽʚ, ʪʨʠʢʦʣʽʨʥʘ - 7ʭ3 ʨʷʜʢʽʚ ʝʣʝʤʝʥʪʽʚ. ʇ'ʷʪʴ ʢʝʨʫʶʯʠʭ 

ʝʣʝʢʪʨʦʜʽʚ ʦʙ'ʻʜʥʫʶʪʴ ʝʣʝʤʝʥʪʠ ʚ ʩʪʦʚʧʮʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʣʴʦʨʫ ʩʚʽʪʽʥʥʷ. 

ɺʠʙʽʨʢʘ ʢʦʣʴʦʨʫ ʩʚʽʪʽʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʨʷʜʢʘʭ ʘʥʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ɺʃɯ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ 

ʣʶʤʽʥʦʬʦʨʘ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʥʽʚ - ʦʢʩʠʜʥʦʛʦ ʢʘʪʦʜʘ. 

ʉʪʘʨʽʥʥʷ ʣʶʤʽʥʦʬʦʨʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʟʤʝʥʰʝʥʥʽ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ 

ʝʢʨʘʥʫ ʽ ʚ ʦʩʥʦʚʥʦʤʫ ʦʙʫʤʦʚʣʝʥʦ ʜʝʩʪʨʫʢʮʽʻʶ ʩʘʤʦʛʦ ʢʨʠʩʪʘʣʦʬʦʩʬʦʨʫ ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷʤ ʥʘ ʧʦʚʝʨʭʥʽ 

ʣʶʤʽʥʦʬʦʨʘ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ, ʥʘʧʠʣʶʚʘʥʠʭ ʘʙʦ ʤʽʛʨʫʶʯʠʭ ʟ ʽʥʰʠʭ 

ʜʝʪʘʣʝʡ ʽʥʜʠʢʘʪʦʨʘ (ʧʨʦʜʫʢʪʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʦʢʩʠʜʥʦʛʦ ʢʘʪʦʜʘ, ʟʘʣʠʰʢʦʚʽ 

ʞʠʨʦʚʽ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʪ. ʜ.). ʆʩʦʙʣʠʚʽʩʪʴ ʅɺʂ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ 

ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʧʘʜʫ ʷʩʢʨʘʚʦʩʪʽ (ʧʨʠʙʣʠʟʥʦ ʥʘ 10 ... 20%) 

ʥʘ ʝʪʘʧʽ ʧʝʨʰʠʭ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʛʦʜʠʥ ʽʥʜʠʢʘʪʦʨʘ ʩʣʽʜʫʻ ʪʨʠʚʘʣʠʡ ʝʪʘʧ - 

ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʛʦʜʠʥ, ʧʨʦʪʷʛʦʤ ʷʢʠʭ ʷʩʢʨʘʚʽʩʪʴ ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʻ ʥʘʩʣʽʜʢʦʤ ʦʩʦʙʣʠʚʦʩʪʽ 

ʅɺʂ-ʧʦʚʝʨʭʥʝʚʦʾ ʚʟʘʻʤʦʜʽʾ ʣʶʤʽʥʦʬʦʨʘ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʥʝ 

ʟʘʯʽʧʘʻ ʦʙ'ʻʤʥʦʾ ʩʪʨʫʢʪʫʨʠ ʣʶʤʽʥʦʬʦʨʘ. 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʘʪʦʜʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʤʽʥʘʣʴʥʦʽʡ ʥʘʧʨʫʟʽ 

ʨʦʟʞʘʨʝʥʥʷ, ʚʠʙʠʨʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʢʘʪʦʜʘ. 
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ɺʽʜʭʠʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʘʪʦʜʘ (ʥʘʧʨʫʛʠ ʥʘʢʘʣʫ) ʚʽʜ ʦʧʪʠʤʘʣʴʥʦʾ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʢʘʪʦʜʘ ʽ ʽʥʜʠʢʘʪʦʨʘ. ʇʽʜʚʠʱʝʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘʢʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʦʤʽʥʘʣʴʥʦʶ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʝʤʽʩʽʡʥʦ-ʘʢʪʠʚʥʦʛʦ ʰʘʨʫ (ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʤʦʞʣʠʚʝ 

ʧʝʨʝʛʦʨʘʥʥʷ ʢʝʨʥʘ ʢʘʪʦʜʘ - ʥʠʪʢʠ ʨʦʟʞʘʨʝʥʥʷ), ʘ ʟʥʠʞʝʥʥʷ - ʧʦʩʣʘʙʣʶʻ 

ʩʪʽʡʢʽʩʪʴ ʢʘʪʦʜʘ ʜʦ ʚʧʣʠʚʫ ʦʪʨʫʶʶʯʠʭ ʦʢʩʠʜʥʝ ʧʦʢʨʠʪʪʷ ʬʘʢʪʦʨʽʚ ʽ ʪʘʢʦʞ 

ʟʥʠʞʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʥʜʠʢʘʪʦʨʘ. ʂʘʪʦʜʠ ɺʃɯ ʧʨʘʮʶʶʪʴ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ, ʪʦʤʫ ʥʘʧʨʫʛʘ ʥʘʢʘʣʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʜʠʢʘʪʦʨʘ ʤʘʻ 

ʧʽʜʪʨʠʤʫʚʘʪʠʩʷ ʨʽʚʥʦʶ ʥʦʤʽʥʘʣʴʥʽʡ. ɼʦʧʫʩʢʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʽʥʜʠʢʘʪʦʨʠ ʧʨʠ ʥʘʧʨʫʛʘʭ ʨʦʟʞʘʨʝʥʥʷ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʽʡ ʥʘ 

Ñ 10%, ʦʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʩʢʦʨʦʯʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

ʥʘ ʧʦʨʷʜʦʢ. ʆʩʦʙʣʠʚʦ ʥʝʙʘʞʘʥʝ ʯʝʨʛʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʽ ʧʦʥʠʞʝʥʥʷ 

ʥʘʧʨʫʛʠ ʥʘʢʘʣʫ. ʅʘʧʨʫʛʘ ʥʘʢʘʣʫ ɺʃɯ ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʪʘʥʦʚʠʪʴ ʧʦʤʽʪʥʫ 

ʯʘʩʪʢʫ ʥʘʧʨʫʛʠ ʟʘʤʠʢʘʥʥʷ, ʥʘʧʨʫʛʠ ʩʽʪʢʠ ʽ ʘʥʦʜʘ. ʊʦʤʫ ʧʨʠ ʞʠʚʣʝʥʥʽ 

ʣʘʥʮʶʛʘ ʨʦʟʞʘʨʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʫʤʦʚʠ ʟʘʤʠʢʘʥʥʷ ʽ 

ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛ ʘʥʦʜʽʚ ʽ ʩʽʪʦʢ ʟʘ ʨʘʭʫʥʦʢ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʥʠʪʢʠ 

ʨʦʟʞʘʨʝʥʥʷ ʜʣʷ ʦʢʨʝʤʠʭ ʨʦʟʨʷʜʽʚ ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ, ʱʦ, 

ʦʯʝʚʠʜʥʦ, ʥʝʙʘʞʘʥʦ. ʊʦʤʫ ʣʘʥʮʶʛʠ ʨʦʟʞʘʨʝʥʥʷ ɺʃɯ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʞʠʚʠʪʠ ʟʤʽʥʥʠʤ ʩʪʨʫʤʦʤ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ ʘʙʦ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ.  

ʄʦʞʥʘ ʞʠʚʠʪʠ ʣʘʥʮʶʛ ʥʘʢʘʣʫ ɺʃɯ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʷʢʱʦ ʥʘʧʨʫʛʘ 

ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 5% ʥʘʧʨʫʞʝʥʴ ʘʥʦʜʽʚ ʽ ʩʽʪʦʢ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʘ 

ʩʧʽʣʴʥʫ ʪʦʯʢʫ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʧʨʠʡʤʘʻʪʴʩʷ ʚʠʚʽʜ ʨʦʟʞʘʨʝʥʥʷ, ʟ'ʻʜʥʘʥʠʡ ʟ 

ʥʝʛʘʪʠʚʥʠʤ ʧʦʣʶʩʦʤ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʣʘʥʮʶʛʘ ʨʦʟʞʘʨʝʥʥʷ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘʙʣʘ ʟ ʜʝʢʽʣʴʢʦʭ ɺʃɯ ʣʘʥʮʶʛʠ ʨʦʟʞʘʨʝʥʥʷ ʚʘʨʪʦ 

ʟ'ʻʜʥʫʚʘʪʠ ʧʘʨʘʣʝʣʴʥʦ. 

 

ʂʝʨʫʚʘʥʥʷ ɺʃɯ 

ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʧʦʣʽ ɺʃɯ ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʩʪʘʪʠʯʥʠʤ ʘʙʦ ʤʫʣʴʪʠʧʣʝʢʩʥʠʡ ʩʧʦʩʦʙʦʤ. ʇʨʠ ʩʪʘʪʠʯʥʦʤʫ 
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ʩʧʦʩʦʙʽ ʟʙʫʜʞʫʶʯʽ ʩʠʛʥʘʣʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʘʜʘʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʘʥʦʜʠ-ʩʝʛʤʝʥʪʠ ʽ ʚʩʝ ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʢʘ ʬʦʨʤʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. 

ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʤʫʣʴʪʠʧʣʝʢʩʥʠʤ ʩʧʦʩʦʙʦʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ɺʃɯ, ʷʢʽ 

ʤʘʶʪʴ ʜʚʘ ʢʘʥʘʣʠ ʢʝʨʫʚʘʥʥʷ, ʪʘʢʠʤʠ ʷʢ ʙʘʛʘʪʦʨʦʟʨʷʜʥʽ ʽʥʜʠʢʘʪʦʨʠ ʟ 

ʧʘʨʘʣʝʣʴʥʦ ʟ'ʻʜʥʘʥʠʤʠ ʘʥʦʜʘʤʠ-ʩʝʛʤʝʥʪʘʤʠ ʽ ʨʦʟʜʽʣʴʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʟʥʘʢʦʤʽʩʮʷ ʩʽʪʢʘʤʠ. ʊʘʢ ʩʘʤʦ ʢʝʨʫʶʪʴ ʤʘʪʨʠʯʥʠʤʠ ʽ ʛʨʘʬʽʯʥʠʤʠ ɺʃɯ. 

ʇʨʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʧʨʦʪʷʛʦʤ ʢʦʞʥʦʛʦ ʤʦʤʝʥʪʫ ʯʘʩʫ 

ʬʦʨʤʫʻʪʴʩʷ ʥʝ ʧʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʡʦʛʦ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ. ʈʦʟʨʽʟʥʷʶʪʴ ʪʨʠ 

ʩʧʦʩʦʙʠ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʟ ʪʠʤʯʘʩʦʚʦʾ ʨʦʟʛʦʨʪʢʦʶ: ʧʦ ʩʽʪʢʘʭ 

ʽʥʜʠʢʘʪʦʨʽʚ; ʘʥʦʜʘʤ-ʩʝʛʤʝʥʪʘʤ ʽʥʜʠʢʘʪʦʨʽʚ; ʟʥʘʢʘʤ. 

ʇʨʠ ʧʝʨʰʦʤʫ ʩʧʦʩʦʙʽ ʟʥʘʢʠ ʧʦ ʯʝʨʟʽ ʩʠʥʪʝʟʫʶʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ 

ʟʥʘʢʦʤʽʩʮʽ (ʨʠʩ. 2.3). ɸʥʦʜʠ-ʩʝʛʤʝʥʪʠ ʟʙʫʜʞʫʶʪʴʩʷ ʟʽ ʩʢʚʘʞʥʦʩʪʴʶ Q, 

ʨʽʚʥʦʾ ʯʠʩʣʫ ʟʥʘʢʦʤʽʩʮʴ. ʉʝʨʝʜʥʷ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʘʥʦʜʽʚ ʚ Q ʨʘʟ ʤʝʥʰʝ 

ʤʠʪʪʻʚʦ.ʾ ʇʨʠ ʜʨʫʛʦʤʫ ʩʧʦʩʦʙʽ ʥʘʧʨʫʛʘ ʟʙʫʜʞʝʥʥʷ ʧʦʜʘʻʪʴʩʷ ʥʘ ʦʜʥʦʡʤʝʥʥʽ 

ʘʥʦʜʠ-ʩʝʛʤʝʥʪʠ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʦʙʨʘʞʫʚʘʥʠʭ ʟʥʘʢʽʚ, ʘ 

ʧʦʟʠʪʠʚʥʽ ʥʘʧʨʫʛʠ ʥʘ ʩʽʪʢʠ ʦʢʨʝʤʠʭ ʟʥʘʢʦʤʽʩʮʴ ʧʦʜʘʶʪʴʩʷ ʚ ʤʦʤʝʥʪʠ 

ʘʥʦʜʥʦʾ ʨʦʟʛʦʨʪʢʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʠʥʪʝʟʦʚʘʥʦʾ ʮʠʬʨʽ ʚ ʜʘʥʦʤʫ ʟʥʘʢʦʤʽʩʮʽ 

(ʨʠʩ. 2.4) ʉʝʨʝʜʥʷ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʘʥʦʜʽʚ ʥʠʞʯʝ ʤʠʪʪʻʚʦʾ ʚ n ʨʘʟ (n - 

ʯʠʩʣʦ ʩʝʛʤʝʥʪʽʚ ʚ ʦʜʥʦʤʫ ʨʦʟʨʷʜʽ). 

ɿʘʟʚʠʯʘʡ ʟʥʘʢʦ-ʩʠʥʪʝʟʫʶʯʽ ʽʥʜʠʢʘʪʦʨʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʙʤʝʞʝʥʫ 

ʢʽʣʴʢʽʩʪʴ ʟʥʘʢʽʚ, ʥʘʧʨʠʢʣʘʜ ʮʠʬʨʠ ʚʽʜ 0 ʜʦ 9 ʽ ʢʦʤʫ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʛʦʨʪʢʫ ʧʦ ʟʥʘʢʘʤ, ʧʨʠ ʷʢʽʡ ʥʘ ʧʘʨʘʣʝʣʴʥʦ ʚʢʣʶʯʝʥʽ 

ʘʥʦʜʠ-ʩʝʛʤʝʥʪʠ ʚʩʽʭ ʟʥʘʢʦʤʽʩʮʴ ʧʦ ʯʝʨʟʽ ʧʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʦʞʥʦʤʫ ʟ 11 ʟʥʘʢʽʚ, ʘ ʧʦʟʠʪʠʚʥʘ ʥʘʧʨʫʛʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʩʽʪʢʫ ʪʦʛʦ 

ʟʥʘʢʦʤʽʩʮʷ, ʥʘ ʷʢʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ ʧʦʚʠʥʝʥ ʚʽʜʦʙʨʘʞʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʢ 

(ʨʠʩ. 2.5). ʉʝʨʝʜʥʷ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʧʨʠ ʟʥʘʢʦʚʽʡ ʨʦʟʛʦʨʪʮʽ ʚ n ʨʘʟʽʚ 

ʤʝʥʰʝ ʤʠʪʪʻʚʦʾ (n - ʯʠʩʣʦ ʚʽʜʦʙʨʘʞʫʚʘʥʠʭ ʟʥʘʢʽʚ). 
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ʈʠʩ. 2.3. ʉʭʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ (ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ɺʃɯ ʟ ʩʽʪʢʦʚʦʶ 

ʨʦʟʛʦʨʪʢʦʶ 

 

 

ʈʠʩ. 2.4. ʉʭʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ (ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ɺʃɯ ʟ ʘʥʦʜʥʦʶ 

ʨʦʟʛʦʨʪʢʦʶ 
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ɼʣʷ ʦʜʥʦʨʽʜʥʦʛʦ ʩʚʽʪʽʥʥʷ ʘʥʦʜʽʚ-ʩʝʛʤʝʥʪʽʚ ʥʘ ʚʩʽʭ ʟʥʘʢʦʤʽʩʮʷʭ 

ʽʥʜʠʢʘʪʦʨʘ ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʩʧʦʩʦʙʽ ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʽʚʥʽʩʪʴ ʩʢʚʘʞʥʦʩʪʽ ʚʠʩʚʽʪʣʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʘʥʦʜʽʚ, ʱʦ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʽʜʦʙʨʘʞʫʚʘʥʦʛʦ ʟʥʘʢʘ. ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʥʷ 

ʩʠʥʪʝʟʫʚʘʥʥʷ ʟʥʘʢʽʚ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʯʘʩʪʦʪʫ, ʧʨʠ ʷʢʽʡ ʦʢʦ ʤʦʞʝ 

ʧʦʤʽʪʠʪʠ ʤʝʨʝʭʪʽʥʥʷ ʚʽʜʦʙʨʘʞʝʥʥʷ (ʧʨʘʢʪʠʯʥʦ 50 ɻʮ). 

ɿ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʨʽʟʥʽ ʪʠʧʠ ʨʦʟʛʦʨʪʦʢ, ʚʠʧʣʠʚʘʻ, 

ʱʦ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʡ (ʧʦ ʯʠʩʣʫ ʚʫʟʣʽʚ ʢʝʨʫʚʘʥʥʷ) ʧʨʠʩʪʨʽʡ ʨʦʟʛʦʨʪʢʠ ʧʦ 

ʩʽʪʢʘʭ, ʭʦʯʘ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʜʫ ʨʦʟʛʦʨʪʢʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʢʦʜʫ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʽ ʯʠʩʣʦʤ ʚʽʜʦʙʨʘʞʫʚʘʥʠʭ 

ʟʥʘʢʽʚ. ʉʭʝʤʘ ʩʪʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺʃɯ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2.6. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʫʟʣʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ, ʷʢʠʡ ʧʦʨʘʟʨʷʜʥʦ 

ʧʝʨʝʪʚʦʨʶʻ ʜʚʽʡʢʦʚʽʡ-ʜʝʩʷʪʢʦʚʠʡ ʢʦʜ 8-4-2-1 ʚ ʧʦʟʠʮʽʡʥʠʡ ʢʦʜ 

ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. ɺʫʟʦʣ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʩʪʠʪʴ 

ʢʣʶʯʽ, ʢʦʤʫʪʫʶʯʽ ʘʥʦʜʥʽ ʩʝʛʤʝʥʪʠ. ʇʨʠ ʢʝʨʫʚʘʥʥʽ ʽʥʜʠʢʘʪʦʨʦʤ ɯɺ-ɿɸ ʽ 

ʡʦʤʫ ʧʦʜʽʙʥʠʤʠ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨ-ʄɼʇ ʤʽʢʨʦʩʭʝʤʫ ʂ161ʇʈ2, ʜʦ 

ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʷʪʴ ʆɿʋ ʥʘ 5 ʙʽʪ, ʢʦʜʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽ ʢʦʤʫʪʫʶʯʽ 

ʪʨʘʥʟʠʩʪʦʨʠ. 

ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʢʨʦʩʭʝʤʫ ʂ161ʇʈ3, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʂ161ʇʈ2 ʧʽʜʚʠʱʝʥʠʤ ʜʦ 60 ɺ ʥʘʧʨʫʛʦʶ ʢʦʤʫʪʘʮʽʾ ʚʠʭʽʜʥʠʭ ʢʣʶʯʽʚ. ʋ 

ʧʨʠʩʪʨʦʾ ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʪʘʢʦʞ ʚʫʟʦʣ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʧʠʩʫ 

ʜʚʽʡʢʦʚʽʡ-ʜʝʩʷʪʢʦʚʦʛʦ ʢʦʜʫ ʚ ʆɿʋ ʤʽʢʨʦʩʭʝʤʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʚʽʡʢʦʚʦʛʦ ʣʽʯʠʣʴʥʠʢʘ (ʥʘʧʨʠʢʣʘʜ, ʂ161ɯɽ2) ʽ ʜʝʰʠʬʨʘʪʦʨʘ (ʥʘʧʨʠʢʣʘʜ, 

ʂ161ɯɼ1). ʉʠʛʥʘʣʠ ʜʚʽʡʢʦʚʽʡ-ʜʝʩʷʪʢʦʚʦʛʦ ʢʦʜʫ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʘʤʠ: ʦʜʠʥ ʟ ʮʠʭ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʚʽʜʧʦʚʽʜʘʻ ʧʦʯʘʪʢʫ ʢʦʞʥʦʛʦ 

ʜʝʩʷʪʢʦʚʦʛʦ ʨʦʟʨʷʜʫ ʘ ʽʥʰʠʡ - ʢʽʥʮʶ. ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʥʷ ʢʦʜʽʚ - ʥʝ ʥʠʞʯʝ 

50 ɻʮ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʤʠʛʦʪʽʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. 
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ʈʠʩ. 2.5. ʉʭʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ (ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ɺʃɯ ʟʽ ʟʥʘʢʦʚʦʶ 

ʨʦʟʛʦʨʪʢʦʶ 

 

 

ʈʠʩ. 2.6. ʉʭʝʤʘ ʩʪʘʪʠʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ɺʃɯ  
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ʈʠʩ. 2.7. ʉʭʝʤʘ ʜʠʥʘʤʽʯʥʦʛʦ (ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ɺʃɯ 

 

ʉʭʝʤʘ ʧʨʠʩʪʨʦʶ ʜʠʥʘʤʽʯʥʦʛʦ (ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ) ʢʝʨʫʚʘʥʥʷ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 2.7. ʋ ʥʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʚʽʡʢʦʚʦ-

ʜʝʩʷʪʢʦʚʦʛʦ ʢʦʜʫ 4-2-1 ʚ ʧʦʟʠʮʽʡʥʠʡ ʢʦʜ ʽʥʜʠʢʘʪʦʨʘ ʽ ʪʦʡ ʞʝ, ʱʦ ʽ ʚ 

ʧʦʧʝʨʝʜʥʽʡ ʩʭʝʤʽ, ʚʫʟʦʣ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʧʠʩʠ ʜʚʽʡʢʦʚʽʡ-ʜʝʩʷʪʢʦʚʦʛʦ 

ʢʦʜʫ ʚ ʆɿʋ ʤʽʢʨʦʩʭʝʤʠ. ʂʦʤʫʪʘʮʽʷ ʩʽʪʦʢ ʽʥʜʠʢʘʪʦʨʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʩʝʤʠʢʘʥʘʣʴʥʦʛʦ ʢʦʤʫʪʘʪʦʨʦʤ ʟ ʧʨʷʤʠʤʠ ʚʭʦʜʘʤʠ (ʥʘʧʨʠʢʣʘʜ, ʂ161ʂʅ2). 

ʆʯʝʚʠʜʥʦ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʢʦʜʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ 

ʜʠʥʘʤʽʯʥʦʤʫ ʢʝʨʫʚʘʥʥʽ ʽʥʜʠʢʘʪʦʨʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʪʠʯʥʠʤ. 
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ʊʘʙʣʠʮʷ 2.3. ʆʩʥʦʚʥ ̔ʧʘʨʘʤʝʪʨʠ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ɺʃɯ,  

ʇʘʨʘʤʝʪʨ 

ʊʠʧ ʽʥʜʠʢʘʪʦʨʘ 

ʀɺ-1, 

ʀɺ-1ɸ 
ʀɺ-3 ʀɺ-ɿɸ ʀɺ-4 ʀɺ-6 ʀɺ-8 ʀɺ-11 

ʈʦʟʤʨ̔ ʟʥʘʢʫ, ʤʤ  1ʍ4  5,9ʍ9,1 5,9ʍ8.6  12ʍ18  6,9ʍ11,2  5,9ʍ8,9  14,6ʍ21  

ʂʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ 2 10 8 18 8 8 8 

ʅʘʧʨʫʛʘ ʥʘʢʘʣʫ, ɺ 0,67...1 0,7...1 0,7... 1 2,21...2,86 0,85...1,15 0,76...0.9 1,25...1.65 

ʉʪʨʫʤ ʥʘʢʘʣʫ, ʤɸ 25...35 45...55 25...35 45...55 45...55 45...55 90...110 

ʅʘʧʨʫʛʘ ʩʪ̔ʢʠ, ɺ:  

ʧʦʩʪʽʡʥʘ 

ʽʤʧʫʣʴʩʥʘ 

 

20...25 

50...70 

 

30 

70 

 

20...30 

50...70 

 

25...27 

50...70 

 

25...30 

50...70 

 

20...30 

50...70 

 

25...30 

50...70 

ʅʘʧʨʫʛʘ ʘʥʦʜʚ̔-ʩʝʛʤʝʥʪʚ̔, ɺ:  

ʧʦʩʪʽʡʥʘ  

ʽʤʧʫʣʴʩʥʘ  

 

20...25 

50...70  

 

30 

70  

 

20...30 

50...70 

 

25...27 

50...70 

 

26...30 

50...70 

 

25...30 

50...70  

 

25...30 

50...70  

ʉʪʨʫʤ ʩʪ̔ʢʠ, ʤɸ: 

ʧʦʩʪʽʡʥʠʡ  

ʽʤʧʫʣʴʩʥʠʡ, ʥʝ ʙʽʣʴʰʝ 

 

2,5...5 

ð 

 

2,5...5 

35 

 

2,5...12 

35 

 

6 

30 

 

12 

45 

 

3...5 

ð 

 

11 

45 

ʉʪʨʫʤ ʘʥʦʜʫ-ʩʝʛʤʝʥʪʫ, ʥʝ ʙʽʣʴʰʝ, ʤɸ  

ʧʦʩʪʽʡʥʠʡ 

ʽʤʧʫʣʴʩʥʠʡ 

 

ð 

ð 

 

0,3 

ð 

 

0,45 

1,6 

 

0,5 

ð 

 

0,8 

2 

 

0,9 

ð 

 

0,9 

1,8 

ʉʪʨʫʤ ʘʥʦʜʚ̔-ʩʝʛʤʝʥʪʽʚ ʩʫʤʘʨʥʠʡ, 

ʧʦʩʪʽʡʥʠʡ, ʤɸ 
0,25...0,6 0,8 0,8...2 2,6 0,8 0,8...2,5 3,5...5 

ʉʢʚʘʞʥʩ̔ʪʴ 10Ñ1 10Ñ1 10Ñ1 10Ñ1 10Ñ1 10Ñ1 10Ñ1 

ʄʥ̔̔ʤʘʣʴʥʝ ʥʘʧʨʘʮʶʚʘʥʥʷ, ʪʠʩ. ʛʦʜ. 3 3 10 2 10 10 6 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 2.3. 

 

ʇʨʠʤʽʪʢʘ. ɯʥʜʠʢʘʪʦʨʠ ʤʘʶʪʴ ʟʝʣʝʥʠʡ ʢʦʣʽʨ ʩʚ̔ʪʽʥʥʷ, ʢʨʽʤ ʀɺ-22ɸ 

(ʯʝʨʚʦʥʠʡ); ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʥ̔ʜʠʢʘʪʦʨʚ̔ ʥʝ ʤʝʥʴʰʝ 500 ʢʜ/ʤ
2
. ʢʨʽʤ ʀɺ-

23 ʠ ʀɺ-24 (ʥʝ ʤʝʥʴʰʝ 70 ʢʜ/ʤ
2
); ʢʦʥʪʨʘʩʪ - ʥʝ ʤʝʥʴʰʝ 60%, ʢʫʪ ʦʛʣʷʜʫ - ʥʝ 

ʤʝʥɹh ʝ 80Á, ʯʘʩ ʛʦʪʦʚʥʦʩʪ ̔- ʥʝ ʙʽʣʴʰʝ 1 ʩ. 

 

 

ʇʘʨʘʤʝʪʨ 
ʊʠʧ ʽʥʜʠʢʘʪʦʨʘ 

ʀɺ-12 ʀɺ-17 ʀɺ-22 ʀɺ.22ɸ ʀɺ-23 ʀɺ-24 ʀɺʃ1-18/1 

ʈʦʟʤʽʨ ʟʥʘʢʫ, ʤʤ 14,6ʍ21 12ʍ18 12,4ʍ18 12,4ʍ18 5,9ʍ8,6 6,9ʍ11,2 12ʍ18 

ʂʽʣʴʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ 7 18 8 8 8 8 18 

ʅʘʧʨʫʛʘ ʥʘʢʘʣʫ, ɺ 1,25...1,65 2,15...2,55 1...1.32 1...1,32 0,75...0,95 0,9...1,1 1...1,3 

ʉʪʨʫʤ ʥʘʢʘʣʫ, ʤɸ 90...110 42...52 85...115 85...115 45...55 45...55 85...115 

ʅʘʧʨʫʛʘ ʩʽʪʢʠ, ɺ:  

ʧʦʩʪʽʡʥʘ 

ʽʤʧʫʣʴʩʥʘ 

  

25 ...30 

50... 70 

  

25... 30 

50... 70 

  

23... 30 

80 

  

22 ...30 

80 

  

12 

30 

  

112 

30 

  

22 ...30 

50 

ʅʘʧʨʫʛʘ ʘʥʦʜʚ̔-

ʩʝʛʤʝʥʪʚ̔, ɺ:  

ʧʦʩʪʽʡʥʘ  

ʽʤʧʫʣʴʩʥʘ  

  

25... 30 

50... 70 

  

25 ...30 

50... 70 

  

22 ...30 

80 

  

22... 30 

80 

  

12 

30 

  

12 

30 

  

22 ...30 

50 

ʉʪʨʫʤ ʩʽʪʢʠ, ʤɸ: 

ʧʦʩʪʽʡʥʠʡ  

ʽʤʧʫʣʴʩʥʠʡ, ʥʝ ʙʽʣʴʰʝ 

  

12 

45 

  

6,5... 10 

ð 

  

6...12 

ð 

  

5...12 

ð 

  

0,8 ...2,5 

ð 

  

1,2... 3,5 

ð 

  

3... 7 

ð 

ʉʪʨʫʤ ʘʥʦʜʫ-ʩʝʛʤʝʥʪʫ, 

ʥʝ ʙʽʣʴʰʝ, ʤɸ  

ʧʦʩʪʽʡʥʠʡ 

ʽʤʧʫʣʴʩʥʠʡ 

  

4 

1.8 

  

ð 

ð 

  

ð 

ð 

  

ð 

ð 

  

ð 

ð 

  

ð 

ð 

  

ð 

ð 

ʉʪʨʫʤ ʘʥʦʜʚ̔-ʩʝʛʤʝʥʪʽʚ 

ʩʫʤʘʨʥʠʡ, ʧʦʩʪʽʡʥʠʡ, 

ʤɸ 

3,5...5 ð 2,5...6 2,5 ... 6 0,5 ...1.3 0,8 ...2 2,7...5 

ʉʢʚʘʞʥʩ̔ʪʴ 10Ñ1 25 12 12 5Ñ0,5 5Ñ0,5 10Ñ1 

ʄʥ̔̔ʤʘʣʴʥʝ 

ʥʘʧʨʘʮʶʚʘʥʥʷ, ʪʠʩ. ʛʦʜ. 
5 3 10 10 5 5 10 
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ʊʘʙʣʠʮʷ 2.4. ʆʨʽʻʥʪʠʨʠ ʜʣʷ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽʥʜʠʢʘʪʦʨʽʚ 

ʊʠʧ 

ʥ̔ʜʠʢʘʪʦʨʘ 

ʅʦʤʝʨ ʚʠʚʦʜʫ ʆʨ̔ʥ̒ʪʠʨ 

ʜʣʷ ʧʦʯʘʪʢʫ 

ʚʽʜʨʘʭʫʥʢʫ 

ʚʠʭʦʜʽʚ 
1 2 3 4 5 6 7 8 9 

1

0 

1

1 

1

2 

1

3 

1

4 

1

5 

1

6 

1

7 

1

8 

1

9 

2

0 

2

1 

2

2 

ʀɺ-1 F 
ʉ

ʚ 

ʉ

ʚ 

ʉ

ʚ 

ʉ

ʚ 

ʉ

ʚ 
G 

F

, ʧ.ʩ 

ʉ

ʚ 
ʙ 
ʉ

ʚ 

ʉ

ʚ 
ʘ 
ʉ

ʚ 
                

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 14 

ʀɺ-3 F ʜ ʞ ʢ ʝ ʠ G 
F

, ʧ.ʩ 
ʚ ʘ ʪ ʛ ʙ 

ʉ

ʚ 
                ʊʝʞ 

ʀɺ-3ɸ ʚ ʘ ʛ ʙ ʜ ʞ F 
F
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G ʝ ʠ 

ʉ

ʚ 
                    

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 12 

ʀɺ-4 
F

, ʧ.ʩ 
ʘ ʙ ʚ ʛ ʜ ʞ ʟ ʠ ʢ F G ʣ ʤ ʥ ʦ ʧ ʨ ʩ ʪ ʫ 

ʉ

ʚ 

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 22 

ʀɺ-6 ʚ ʘ ʛ ʙ ʜ ʞ F 
F

, ʧ.ʩ 
G ʝ ʠ 

ʉ

ʚ 
                    

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 12 

ʀɺ8 F ʜ ʞ 
ʉ

ʚ 
ʝ ʠ G 

F

, ʧ.ʩ 
ʚ ʘ 

ʉ

ʚ 
ʛ ʙ 

ʉ

ʚ 
                

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 14 

ʀɺ-11 
F

, ʧ.ʩ 
G ʝ ʠ ʚ ʘ ʛ ʙ ʜ ʞ F 

ʉ

ʚ 
                    

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 12 

ʀɺ-12 ʝ F 
F

, ʧ.ʩ 
G ʚ ʘ ʛ ʙ ʜ ʞ 

ʉ

ʚ 

ʉ

ʚ 
                    ʊʝʞ 

ʀɺ-17 
F

, ʧ.ʩ 
ʘ ʙ ʚ ʛ ʜ ʞ ʟ ʠ ʢ F G ʣ ʤ ʥ ʦ ʧ ʨ ʩ ʪ ʫ 

ʉ

ʚ 

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 22 

ʀɺ-22 ʠ ʝ ʛ ʚ 
F

, ʧ.ʩ 
G ʘ ʙ 

ʉ

ʚ 
ʜ ʞ ʈ                     

ʄ ʪ̔ʢʘ ʥʘ 

ʥʦʞʮ ̔

ʙʘʣʦʥʘ 

ʀɺ-23 ʚ ʘ ʛ ʙ ɼ ʞ F 
F

, ʧ.ʩ 
G ʝ ʠ 

ʉ

ʚ 
                    

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 12 

ʀɺ-24 ʚ ʘ ʛ ʙ ɼ ʞ F 
F

, ʧ.ʩ 
G ʝ ʠ 

ʉ

ʚ 
                    ʊʝʞ 

ʀɺʃ1-18/1 
F

, ʧ.ʩ 
ʘ ʙ ʚ ʛ ʜ ʞ ʟ ʠ ʢ F G ʣ ʤ ʥ ʦ ʧ ʨ ʩ ʪ ʫ 

ʉ

ʚ 

ɺʢʦʨʦʯʝʥʠʡ 

ʚʠʚʜ̔ 22 

  

ʇʨʠʤ̔ʪʢʘ, ʧ. ʩ ð ʧʨʦʚʽʜʥʠʡ hʘʨ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥ ̔ʙʘʣʦʥʘ; F ð ʚʠʚʽʜ 

ʢʘʪʦʜʘ; G - ʚʠʚʽʜ ʩ̔ʪʢʠ; ʉʚ ð ʚʽʣʴʥʠʡ ʚʠʚʜ̔. ʅʠʞʯʝ ʥʘ ʨʠʩʫʥʢʫ 2.8 ʧʦʢʘʟʘʥʽ ʧʦʟʥʘʯʝʥʥʷ 

ʚʠʚʦʜʽʚ ʪʘ ʛʘʙʘʨʠʪʥ ̔ʨʦʟʤʽʨʠ ʽʥʜʠʢʘʪʦʨʽʚ. 
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ʊʝʤʘ 2.2. ʉʚʽʪʣʦʜʽʦʜ ʪʘ ʩʚʽʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ 

ʃʝʢʮʽʷ 6. ʉʚʽʪʣʦʜʽʦʜ, ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ. 

ʇʨʠʩʪʨʦʾ ʥʘ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʜʽʦʜʘʭ. ʉʚʽʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ, ʾʭ 

ʩʪʨʫʢʪʫʨʘ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. ʂʦʣʴʦʨʦʫʪʚʦʨʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ. 

 

2. ʅɸʇɯɺʇʈʆɺɯɼʅʀʂʆɺɯ ɯʅɼʀʂɸʊʆʈʀ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʻ ʦʜʥʠʤ ʟ ʚʠʜʽʚ ʟʥʘʢʦʩʠʥʪʝʟʫʶʯʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ (ɿʉɯ), ʧʽʜ ʷʢʠʤʠ ʨʦʟʫʤʽʶʪʴ ʧʨʠʣʘʜʠ, ʜʝ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʟʦʨʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ, ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʛʦ, 

ʘʙʦ ʩʫʢʫʧʥʦʩʪʽ ʜʠʩʢʨʝʪʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʻ 

ʘʢʪʠʚʥʠʤʠ ʟʥʘʢʦʩʠʥʪʝʟʫʶʯʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʷʚʠʱʝ ʽʥʞʝʢʮʽʡʥʦʾ ʝʣʝʢʪʨʦʣʶʤʽʥʝʩʮʝʥʮʽʾ. 

ɺʠʩʦʢʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

(ʅʇɯ) ʟʘʙʝʟʧʝʯʠʣʠ ʾʭ ʫʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʷʢ ʝʣʝʤʝʥʪʽʚ ʽʥʜʠʢʘʮʽʾ ʚ 

ʘʧʘʨʘʪʫʨʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʠʣʘʜʘʭ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʤ 

ʚʠʨʦʙʥʠʯʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ, ʨʫʭʦʤʠʤʠ ʦʙ'ʻʢʪʘʤʠ, ʦʙ'ʻʢʪʘʤʠ 

ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʽʥ. ʆʜʥʦʶ ʟ ʧʝʨʝʚʘʛ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʽʥʜʠʢʘʪʦʨʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʫ 

ʚʠʛʣʷʜʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʤʦʜʫʣʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʰʦʚʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʤʦʜʫʣʴʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʫ 

ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɯʥʰʦʶ ʥʝ ʤʝʥʰ 

ʚʘʞʣʠʚʦʶ ʧʝʨʝʚʘʛʦʶ ʅʇɯ ʻ ʩʫʤʽʩʥʽʩʪʴ ʨʽʚʥʽʚ ʫʧʨʘʚʣʷʶʯʦʾ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ, 

ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ ʟ ʥʘʧʨʫʛʦʶ ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ ʽ ʩʪʨʫʤʦʤ ʤʽʢʨʦʩʭʝʤ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʦʙ'ʻʤʠ ʩʭʝʤ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʽʥʜʠʢʘʮʽʾ ʽ 

ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ, ʚʠʢʦʥʘʥʦʾ ʣʠʰʝ ʟʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. 
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2.1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʧʦ ʚʠʛʣʷʜʫ 

ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, ʧʦ ʚʠʛʣʷʜʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʽ ʟʘ 

ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʽʥʥʷ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʫʯʘʩʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ ʟʘ ʚʢʘʟʘʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.9. 

 

 

 

 

ʈʠʩ. 2.9. ʂʣʘʩʠʬʽʢʘʮʽʷ ʩʫʯʘʩʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟʘ ʚʢʘʟʘʥʠʤʠ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʤʠ ʦʟʥʘʢʘʤʠ 

 

ʆʜʠʥʠʯʥʽ ʽʥʜʠʢʘʪʦʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ 

ʧʨʠʟʥʘʯʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʠ, ʘʙʦ 

ʽʥʰʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʽʛʫʨʠ. 
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ʐʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ ʤʘʶʪʴ ʝʣʝʤʝʥʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʧʨʘʚʠʣʴʥʠʭ 

ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʽʚ 

ʘʙʦ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ. 

ʎʠʬʨʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʩʢʣʘʜʘʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟ ʝʣʝʤʝʥʪʽʚ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʩʝʛʤʝʥʪʽʚ, ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʬʨʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʦʢʨʝʤʠʭ ʙʫʢʚ ʘʣʬʘʚʽʪʘ. ɹʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʽ ʽʥʜʠʢʘʪʦʨʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʙʫʢʚ, ʮʠʬʨ, ʨʽʟʥʠʭ 

ʟʥʘʢʽʚ. ʆʜʠʥʠʯʥʽ ʝʣʝʤʝʥʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘʢʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʟʛʨʫʧʦʚʘʥʽ ʧʦ 

ʨʜ̫ʢʘʤ ʽ ʩʪʦʚʙʮʷʤ. 

ɻʨʘʬʽʯʥʽ (ʤʘʪʨʠʯʥʽ) ʽʥʜʠʢʘʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʟʙʠʨʘʪʠ ʤʦʜʫʣʽ ʟ 

ʝʣʝʤʝʥʪʽʚ ʝʢʨʘʥʘ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʙʝʟ ʚʪʨʘʪʠ ʢʨʦʢʫ. ɻʨʘʬʽʯʥʽ ʽʥʜʠʢʘʪʦʨʠ 

ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʎʠʬʨʦʚʽ ʽ ʙʫʢʚʝʥʥʦ-ʮʠʬʨʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʙʫʚʘʶʪʴ ʦʜʥʦ- ʽ 

ʙʘʛʘʪʦʨʦʟʨʷʜʥʽ. ʇʽʜ ʦʜʥʦʨʘʟʨʷʜʥʠʤ ʨʦʟʫʤʽʶʪʴ ʽʥʜʠʢʘʪʦʨ, ʱʦ ʤʘʻ ʦʜʥʝ 

ʟʥʘʢʦʤʝʩʮʝ. ɹʘʛʘʪʦʨʦʟʨʷʜʥʠʡ ʽʥʜʠʢʘʪʦʨ ʤʘʻ ʜʝʢʽʣʴʢʘ ʬʽʢʩʦʚʘʥʠʭ 

ʟʥʘʢʦʤʽʩʮʴ. ʎʠʬʨʦʚʽ, ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʽ, ʤʘʪʨʠʯʥʽ ʪʘ ʰʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʙʝʟ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʩʭʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ. 

 

ʉʚiʪʣʦʜʽʦʜ 

ʉʚiʪʣʦʜʽʦʜ ʘʙʦ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʡ ʜʽʦʜ (LED) - 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʧʨʠʣʘʜ ʟ ʝʣʝʢʪʨʦʥʥʦ-ʜiʨʢʦʚʠʤ ʧʝʨʝʭʦʜʦʤ, ʱʦ ʩʪʚʦʨʶʻ 

ʦʧʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʧʨʦʧʫʱʝʥʥʽ ʯʝʨʝʟ ʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ 

ʚ ʧʨʷʤʦʤʫ ʥʘʧʨʷʤʢʫ. ɺʠʧʨʦʤʽʥʶʚʘʥʝ ʩʚʽʪʣʦ ʣʝʞʠʪʴ ʫ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʩʧʝʢʪʨʘ. ʁʦʛʦ ʩʧʝʢʪʨʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʝʞʘʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʽʜ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʥʴʦʤʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʢʨʠʩʪʘʣ ʩʚʽʪʣʦʜʽʦʜʘ ʚʠʧʨʦʤʽʥʶʻ ʢʦʥʢʨʝʪʥʠʡ ʢʦʣʽʨ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʘʤʧʠ, ʱʦ 

ʚʠʧʨʦʤiʥʶʻ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʽ ʜʝ ʢʦʥʢʨʝʪʥʠʡ ʢʦʣʽʨ ʚʽʜʩʽʶʻʪʴʩʷ 

ʟʦʚʥʽʰʥʽʤ ʩʚʽʪʣʦʬʽʣʴʪʨʦʤ. 
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ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʚʽʪʣʘ 

(ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʚʠʜʠʤʦʛʦ ʜʽʘʧʘʟʦʥʫ), ʩʚiʪʣoʜʽʦʜʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʚʽʜʤʽʥʥʦʩʪʽ: 

¶ ʚʠʩʦʢʘ ʩʚʽʪʣʦʚʘ ʚʽʜʜʘʯʘ; 

¶ ʚʠʩʦʢʘ ʤʝʭʘʥʽʯʥʘ ʤʽʮʥʽʩʪʴ, ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ (ʚʽʜʩʫʪʥʽʩʪʴ ʥʠʪʢʠ 

ʨʦʟʞʘʨʶʚʘʥʥʷ ʪʘ ʽʥʰʠʭ ʯʫʪʣʠʚʠʭ ʩʢʣʘʜʦʚʠʭ); 

¶ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ: ʚʽʜ 30.000 ʜʦ 100.000 ʛʦʜʠʥ (ʘʣʝ ʽ ʚʽʥ ʥʝ 

ʥʝʩʢʽʥʯʝʥʥʠʡ: ʧʨʠ ʪʨʠʚʘʣʽʡ ʨʦʙʦʪʽ ʽ / ʘʙʦ ʧʦʛʘʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ çʦʪʨʫʻʥʥʷè ʢʨʠʩʪʘʣʘ ʽ ʧʦʩʪʫʧʦʚʝ ʧʘʜʽʥʥʷ ʷʩʢʨʘʚʦʩʪʽ); 

¶ ʤʘʣʘ ʽʥʝʨʮʽʡʥʽʩʪʴ (ʚʢʣʶʯʘʶʪʴʩʷ ʚʽʜʨʘʟʫ ʥʘ ʧʦʚʥʫ ʷʩʢʨʘʚʽʩʪʴ); 

¶ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʚʢʣʶʯʝʥʥʷ-ʚʠʢʣʶʯʝʥʥʷ ʥʝ ʨʦʙʣʷʪʴ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ 

ʥʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʩʚiʪʣoʜʽʦʜʽʚ; 

¶ ʨʽʟʥʠʡ ʢʫʪ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: ʚʽʜ 15 ʜʦ 180 ʛʨʘʜʫʩʽʚ; 

¶ ʥʠʟʴʢʘ ʚʘʨʪʽʩʪʴ ʽʥʜʠʢʘʪʦʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʘʣʝ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʦʩʚʽʪʣʝʥʥʽ, ʷʢʘ ʟʥʠʟʠʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʧʨʦʜʘʞʽʚ; 

¶ ʙʝʟʧʝʢʫ (ʥʝ ʧʦʪʨʽʙʥʽ ʚʠʩʦʢʽ ʥʘʧʨʫʛʠ, ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʽʪʣʦʜʽʦʜʘ 

ʘʙʦ ʘʨʤʘʪʫʨʠ, ʟʘʟʚʠʯʘʡ ʥʝ ʚʠʱʝ 60 ʛʨʘʜʫʩʽʚ ʎʝʣʴʩʽʷ); 

¶ ʥʝʯʫʪʣʠʚʽʩʪʴ ʜʦ ʥʠʟʴʢʠʭ ʽ ʜʫʞʝ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʧʨʦʪʝ, ʚʠʩʦʢʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʪʠʧʦʢʘʟʘʥʽ); 

¶ ʝʢʦʣʦʛʽʯʥʽʩʪʴ (ʚʽʜʩʫʪʥʽʩʪʴ ʨʪʫʪʽ, ʬʦʩʬʦʨʫ ʽ ʫʣʴʪʨʘʬiʦʣʝʪʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). 

ɿaʩʪocʫʚaʥʥʷ cʚʽʪʣʦʜiʦʜʽʚ: 

¶ ʫ ʚʫʣʠʯʥʦʤʫ, ʧʨʦʤʠʩʣʦʚʦʤʫ, ʧʦʙʫʪʦʚʦʤʫ ʦʩʚʽʪʣʝʥʥʽ (ʩʚiʪʣoʜiʦʜʥʘ 

ʩʪʨʽʯʢʘ); 

¶ ʷʢ ʽʥʜʠʢʘʪʦʨʽʚ (ʫ ʚʠʛʣʷʜʽ ʦʜʠʥʦʯʥʠʭ cʚiʪʣoʜioʜʽʚ ʘʙʦ ʮʠʬʨʦʚʦʛʦ ʘʙʦ 

ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʦʛʦ ʪʘʙʣʦ); 

¶  ʫ ʚʝʣʠʢʠʭ ʚʫʣʠʯʥʠʭ ʝʢʨʘʥʘʭ, ʚ ʙʽʞʫʯʠʭ ʨʷʜʢʘʭ; 
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¶ ʷʢ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʚ ʣʽʭʪʘʨʷʭ ʽ ʩʚʽʪʣʦʬʦʨʘʭ; 

¶ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣ ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʧʝʨʝʜʘʯʘ 

ʩʠʛʥʘʣʫ ʧʦ ʦʧʪʦʚʦʣʦʢʥʫ, ʧʫʣʴʪʠ ɼʋ) 

¶ ʚ ʧʽʜʩʚiʯʫʚʘʥʥʽ ʈʂ-ʝʢʨʘʥʽʚ (ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ, ʤʦʥʽʪʦʨʠ, ʪʝʣʝʚʽʟʦʨʠ ʽ 

ʪ.ʜ.); 

¶ ʚ ʽʛʨʘʭ, ʽʛʨʘʰʢʘʭ, ʟʥʘʯʢʘʭ, USB-ʧʨʠʩʪʨʦʷʭ ʪʘ ʽʥʰʝ; 

¶ ʚ ʩʚiʪʣʦʜʽʦʜʥʠʭ ʜʦʨʦʞʥʽʭ ʟʥʘʢʘʭ. 

 

ɼʦ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʜʽʦʜʽʚ ʚʽʜʥʦʩʷʪʴ ʷʢ ʜʽʦʜʠ ʚʠʜʠʤʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʘʢ ʽ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʉʚʽʪʣʦʜʽʦʜʠ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʝʥʝʨʛʽʶ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʨʘʮʶʶʪʴ ʟ ʙʽʦʣʦʛʽʯʥʠʤ ʧʨʠʡʤʘʯʝʤ ï 

ʦʢʦʤ. ɯʥʬʨʘʯʝʨʚʦʥʽ ʩʚʽʪʣʦʜʽʦʜʠ ʚʠʧʨʦʤʽʥʶʶʪʴ ʝʥʝʨʛʽʶ ʚ ʽʥʬʨʘʯʝʨʚʦʥʽʡ 

ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʘ ʽ ʧʨʘʮʶʶʪʴ ʟ ʬʽʟʠʯʥʠʤ ʧʨʠʡʤʘʯʝʤ.  

ɺʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʥʠʢʘʻ ʚ ʦʙʣʘʩʪʽ p-n-ʧʝʨʝʭʦʜʫ ʧʨʠ ʧʨʦʪʽʢʘʥʥʽ ʧʦ 

ʥʴʦʤʫ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ (ʝʣʝʢʪʨʦʥʽʚ ʽ 

ʜʽʨʦʢ). ʇʨʠ ʮʴʦʤʫ ʚʦʥʠ ʧʝʨʝʭʦʜʷʪʴ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʥʘ 

ʙʽʣʴʰ ʥʠʟʴʢʠʡ, ʘ ʥʘʜʣʠʰʢʦʚʘ ʝʥʝʨʛʽʷ ʚʠʜʽʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʦʚʞʠʥʘ ʭʚʠʣʽ ɚ ʧʦʪʦʢʫ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʽʟʥʠʮʝʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ Ў˒, ʤʽʞ ʷʢʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʙʤʽʥ: 

 

l
̣̒

Ў˒
 ȟ     (2.2) 

 

ʜʝ ʹ ï ʩʪʘʣʘ ʇʣʘʥʢʘ, ʩ ï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ. 

ɿʘʟʚʠʯʘʡ Ў˒  ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʠʡ ʜʽʦʜ. 

ɼʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʩʪʘʥʦʚʠʪʴ 0,45 ʤʢʤ Ò ɚ Ò 0,68 

ʤʢʤ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ 
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ʤʘʪʝʨʽʘʣʠ ʟ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʶ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ɽʨ > 1,8 ʝɺ, ʪʘʢʽ 

ʷʢ ʬʦʩʬʽʜ ʛʘʣʽʶ, ʢʘʨʙʽʜʢʨʝʤʥʽʶ ʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ, ʱʦ ʤʘʶʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʛʘʣʽʡʤʠʰ'ʷʢ-ʬʦʩʬʦʨ ʘʙʦ ʛʘʣʽʡ-ʤʠʰ'ʷʢ-ʘʣʶʤʽʥʽʡ. ʂʦʣʽʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʚ ʜʝʷʢʠʭ ʤʝʞʘʭ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʚ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʘʪʦʤʽʚ ʨʝʯʦʚʠʥ ï ʘʢʪʠʚʘʪʦʨʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʥʢʫ ʽ ʘʟʦʪʫ ʚ ʬʦʩʬʽʜʽ ʛʘʣʽʶ ʢʦʣʽʨ ʩʚʽʪʽʥʥʷ ʤʦʞʝ 

ʟʤʽʥʠʪʠʩʷ ʚʽʜ ʯʝʨʚʦʥʦʛʦ ʜʦ ʟʝʣʝʥʦʛʦ. 

ɯʩʥʫʶʪʴ ʩʚʽʪʣʦʜʽʦʜʠ ʟ ʢʝʨʦʚʘʥʠʤ ʢʦʣʴʦʨʦʤ ʩʚʽʪʽʥʥʷ (ʥʘʧʨʠʢʣʘʜ ʪʠʧʫ 

ɸʃʉ331ɸ), ʱʦ ʤʽʩʪʷʪʴ ʚ ʢʦʨʧʫʩʽ ʜʚʘ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʚʘʣʴʥʠʭ ʧʝʨʝʭʦʜʠ, 

ʦʜʠʥ ʟ ʷʢʠʭ ʤʘʻ ʨʽʟʢʦ ʚʠʨʘʞʝʥʠʡ ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 

ʯʝʨʚʦʥʽʡ ʩʤʫʟʽ, ʽʥʰʠʡ - ʚ ʟʝʣʝʥʽʡ. ʂʦʣʽʨ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘʢʦʛʦ ʩʚʽʪʣʦʜʽʦʜʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʨʫʤʽʚ ʯʝʨʝʟ ʧʝʨʝʭʦʜʠ. 

ɼʦ ʧʘʨʘʤʝʪʨʽʚ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚʽʜʥʦʩʷʪʴ: 

- ʩʠʣʫ ʩʚʽʪʣʘ IV - ʚʠʧʨʦʤʽʥʶʚʘʥʠʡ ʜʽʦʜʦʤ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʧʨʠ 

ʟʘʜʘʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ, ʷʢʠʡ ʧʨʠʧʘʜʘʻ ʥʘ ʦʜʠʥʠʮʶ ʪʽʣʝʩʥʦʛʦ 

ʢʫʪʘ, ʚ ʥʘʧʨʷʤʢʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʜʦ ʧʣʦʱʠʥʠ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ 

ʢʨʠʩʪʘʣʘ, ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʢʘʥʜʝʣʘʭ; 

- ʷʩʢʨʘʚʽʩʪʴ L - ʚʝʣʠʯʠʥʘ, ʱʦ ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʩʠʣʠ ʩʚʽʪʣʘ 

ʜʦʧʣʦʱʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʩʚʽʪʠʪʴʩʷ; 

- ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʩʚʽʪʣʦʜʽʦʜʽ Uʧʨ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ 

ʧʨʷʤʦʤʫ ʩʪʨʫʤʽ; 

- ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʧʨʷʤʠʡ ʩʪʨʫʤ (ɯmax. ʧʨ); 

- ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʡ ʟʚʦʨʦʪʥʘ ʥʘʧʨʫʛʘ (Umax. ʟʚ) 

-  ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ɚmax ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ,  ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤʫ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʫ. 
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ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʩʚʽʪʣʦʜʽʦʜʫ ʻ: 

- ʷʩʢʨʘʚʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ L = f (ɯʧʨ), ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʣʝʞʥʽʩʪʴ 

ʷʩʢʨʘʚʦʩʪʽ ʚʽʜ ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ,  

- ʩʚʽʪʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ Iv = f (ɯʧʨ) ï ʟʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʩʚʽʪʣʘ ʚʽʜ 

ʧʨʷʤʦʛʦ ʩʪʨʫʤʫ ʩʚʽʪʣʦʜʽʦʜʫ (ʨʠʩ.2.10). 

- ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʽʪʣʦʜʽʦʜʫ ɯʧʨ = f (Uʧʨ) 

ʘʥʘʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʟʚʠʯʘʡʥʦʛʦ ʜʽʦʜʘ [4]. 

 

 

ʈʠʩ.2.10. ʉʚʽʪʣʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʚʽʪʣʦʜʽʦʜʫ. 

 

ʅʘ ʤʘʣʶʥʢʫ 2.11 ʩʧʨʦʱʝʥʦ ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩʚiʪʣʦʜʽʦʜʘ. 
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ʈʠʩ. 2.11. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʚʽʪʣʦʜʽʦʜʘ 

 

ʉʚʽʪʣʦ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʢʨʠʩʪʘʣʦʤ, 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʚʽʜ ʨʝʬʣʝʢʪʦʨʘ ʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʦʟʦʨʠʡ ʘʙʦ ʥʘʧʽʚʧʨʦʟʦʨʠʡ 

ʢʦʨʧʫʩ. ʌʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʷʢ 

ʨʝʬʣʝʢʪʦʨʦʤ, ʪʘʢ ʽ ʢʦʨʧʫʩʦʤ - ʣʽʥʟʦʶ. 

 

2.3. ʊʠʧʠ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʠʭ ʜʽʦʜʽʚ 

ʉʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʽ ʜʽʦʜʠ, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽʩʪʶ, ʟʘ 

ʩʚʦʻʶ ʢʦʥʩʪʨʫʢʮʽʻʶ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʜʽʣʝʥʽ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

1) ʚ ʤʝʪʘʣʦʩʢʣʷʥʦʤʫ ʢʦʨʧʫʩʽ (ʨʠʩ. 2.12, ʘ); 

2) ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʧʦʣʽʤʝʨʥʦʶ ʛʝʨʤʝʪʠʟʘʮʽʻʶ ʥʘ ʦʩʥʦʚʽ ʤʝʪʘʣʦʩʢʣʷʥʦʾ 

ʥʽʞʢʠ, ʘʙʦ ʨʘʤʦʯʥʦʛʦ ʫʪʨʠʤʫʚʘʯʘ (ʨʠʩ. 2.12, ʙ); 

3) ʙʝʟʢʦʨʧʫʩʥʽ (ʨʠʩ. 2.12, ʚ). 

ʇʝʨʰʽ ʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ ʽ ʩʪʘʙʽʣʴʥʽʩʪʶ 

ʧʘʨʘʤʝʪʨʽʚ, ʤʝʭʘʥʽʯʥʦʶ ʽ ʢʣʽʤʘʪʠʯʥʦʶ ʩʪʽʡʢʽʩʪʶ. ɼʨʫʛʽ ʤʘʶʪʴ ʪʘʢʽ 

ʧʝʨʝʚʘʛʠ: ʟʘ ʨʘʭʫʥʦʢ ʧʦʣʽʤʝʨʥʦʛʦ ʛʝʨʤʝʪʠʯʥʦʛʦ ʢʦʨʧʫʩʫ ʤʦʞʣʠʚʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʷʢ ʫ ʥʘʧʨʷʤʽ ʟʚʫʞʝʥʥʷ 

ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʪʘʢ ʽ ʫ ʥʘʧʨʷʤʽ ʾʾ ʨʦʟʰʠʨʝʥʥʷ; ʧʦʣʽʤʝʨʥʘ 

ʛʝʨʤʝʪʠʟʘʮʽʷ ʟʙʽʣʴʰʫʻ ʟʦʚʥʽʰʥʽʡ ʢʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʫʪʘ ʧʦʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʚʽʜʜʟʝʨʢʘʣʝʥʥʷ ʥʘ ʤʝʞʽ 
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ʢʨʠʩʪʘʣ-ʧʦʣʽʤʝʨ; ʚʝʣʠʢʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʜʘʨʥʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ; 

ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʤʝʥʰʽ ʛʘʙʘʨʠʪʠ; ʧʨʦʩʪʽʰʽ ʚ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʽ 

ʪʦʤʫ ʤʘʶʪʴ ʤʝʥʰʫ ʚʘʨʪʽʩʪʴ. ɹʝʟʢʦʨʧʫʩʥʽ ʩʚʽʪʣʦʜʽʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʛʝʨʤʝʪʠʯʥʽʡ ʘʧʘʨʘʪʫʨʽ. 

 

 

 

ʈʠʩ. 2.12. ɻʨʫʧʠ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʘ ʩʪʨʫʢʪʫʨʦʶ. 

 

ʅʘʷʚʥʽʩʪʴ ʽʟʦʣʶʶʯʦʛʦ ʢʦʨʧʫʩʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʛʣʠʥʘʥʥʷ ʚ ʢʦʨʧʫʩʽ. ʊʦʤʫ 

ʢʦʞʝʥ ʢʦʨʧʫʩ ʩʚʽʪʣʦʜʽʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʧʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ, ʘʙʦ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʠʭʦʜʫ ʩʚʽʪʣʘ ɖʆʇʊ, ʘ ʷʢʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʦʚʥʽʰʥʽʤ ʢʚʘʥʪʦʚʠʤ ʚʠʭʦʜʦʤ. 

 

2.3.1. ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʦʜʠʥʠʯʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷʤʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ 

ʦʜʠʥʠʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʻ ʽʥʜʠʢʘʮʽʷ ʩʪʘʥʫ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ ʽ ʘʧʘʨʘʪʫʨʠ ʚ 

ʮʽʣʦʤʫ, ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʥʘʧʠʩʽʚ ʽ ʢʥʦʧʦʢ, ʩʪʚʦʨʝʥʥʷ ʰʢʘʣ ʽ ʪʘʙʣʦ, 

ʚʠʧʨʦʤʽʥʶʚʘʯʽ ʚ ʦʧʪʨʦʥʘʭ. ɺʽʟʫʘʣʴʥʘ ʽʥʜʠʢʘʮʽʷ ʩʪʘʥʫ ʘʧʘʨʘʪʫʨʠ ʪʠʧʫ 

çʚʢʣʶʯʝʥʦ ï ʚʠʢʣʶʯʝʥʦè ʽ ʩʪʚʦʨʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʘʙʣʦ ʻ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʜʝ ʚʦʥʠ ʧʨʠʡʰʣʠ ʥʘ ʟʤʽʥʫ ʥʝʦʥʦʚʠʤ 

ʣʘʤʧʘʤ ʽ ʣʘʤʧʘʤ ʨʦʟʞʘʨʶʚʘʥʥʷ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʾ ʟʘʤʽʥʠ ʻ 
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ʟʜʘʪʥʽʩʪʴ ʨʦʙʦʪʠ ʩʚʽʪʣʦʜʽʦʜʽʚ ʧʨʠ ʤʘʣʠʭ ʩʪʨʫʤʘʭ ʽ ʥʘʧʨʫʟʽ, ʩʫʤʽʩʥʠʭ ʟ 

ʘʤʧʣʽʪʫʜʘʤʠ ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ ʥʘʧʨʫʛʠ ʤʽʢʨʦʩʭʝʤ ʮʠʬʨʦʚʦʾ ʪʝʭʥʽʢʠ. ʊʘʢʘ 

ʟʘʤʽʥʘ ʣʘʤʧ ʜʦʟʚʦʣʠʣʘ ʧʽʜʚʠʱʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʣʘʜʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʠʭ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʣʠʰʝ 

ʚʠʨʦʙʽʚ, ʚʠʢʦʥʘʥʠʭ ʟʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʂʨʽʤ ʪʦʛʦ, ʣʘʤʧʠ 

ʨʦʟʞʘʨʶʚʘʥʥʷ, ʩʧʦʞʠʚʘʶʯʠ ʟʥʘʯʥʽ ʧʦʪʫʞʥʦʩʪʽ, ʚʠʜʽʣʷʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʪʝʧʣʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʧʘʪʨʦʥʽʚ ʽ ʫʪʨʠʤʫʚʘʯʽʚ, ʩʢʦʨʦʯʫʻ 

ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽʥʜʠʢʘʪʦʨʠ 

ʩʧʦʞʠʚʘʶʪʴ ʤʝʥʰʝ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʘʤʧʘʤʠ ʨʦʟʞʘʨʶʚʘʥʥʷ, 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʜʽʣʷʶʪʴ ʪʝʧʣʘ, ʥʘʜʽʡʥʽʰʽ ʽ ʜʦʚʛʦʚʽʯʥʽʰʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʠʭ ʜʽʦʜʽʚ. ʅʘ ʨʠʩ. 

2.13 ʧʨʠʚʝʜʝʥʽ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʟ ʦʜʥʠʤ ʉɺɼ. 

ɼʣʷ ʩʭʝʤʠ (ʨʠʩ. 2.13, ʘ) ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ Iʩ.ʜ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʉɺɼ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʦʨʫ Rʥ, ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ Uʧ ʽ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʉɺɼ: 
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ɼʣʷ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2.13, ʙ, ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ UʚʭåUʚʠʭ, ʘ ʩʪʨʫʤ 

 

. . (1 ) ʚʭ ʝ ʥ ʜ
ʩʜ ʚʭ

ʚʭ ʝ

R R R r
I I

r R
b
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= + ,   (2.4) 

 

ʜʝ Rʚʭ, rʚʭ ï ʚʭʽʜʥʠʡ ʦʧʽʨ ʢʘʩʢʘʜʫ ʪʘ ʪʨʘʥʟʠʩʪʦʨʘ ʚʽʜʧʦʚʽʜʥʦ; rʜ ï 

ʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʉɺɼ; ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʩʪʨʫʤʫ. 

 



69 
 

 

ʘ       ʙ 

 

ʚ       ʛ 

 

ʈʠʩ. 2.13. ʉʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ʟ ʦʜʥʠʤ ʉɺɼ 

 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ Rʚʭ å rʚʭ, ʘ rʜçRʥ, ʱʦ ʣʝʛʢʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠ 

ʞʠʚʣʝʥʥʽ ʚʝʣʠʢʦʶ ʥʘʧʨʫʛʦʶ, ʪʦ ʦʪʨʠʤʘʻʤʦ 
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ɼʣʷ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2.13, ʚ, ʛ, ʩʪʨʫʤ ʯʝʨʝʟ ʉɺɼ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 

 

.
. .

ʧ ʩʜ ʂɽʚʽʜʢʨ
ʩʜ

ʥ ʜ

U U U
I

R r

- -
=

+
,   (2.6) 

 

ʜʝ Uʂɽʚʽʜʢʨ ï ʟʘʣʠʰʢʦʚʘ ʥʘʧʨʫʛʘ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ ʫ ʚʽʜʢʨʠʪʦʤʫ ʩʪʘʥʽ. 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ Uʧ èUʩ.ʜ, Uʧ èUʂɽ ʽ Rʢ èrʜ, ʪʦ ʦʪʨʠʤʘʻʤʦ: 

 

. . /ʩʜ ʧ ʥI U R= .    (2.7) 

 

ʉʪʨʫʤ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʘ 

 

ʚʭ ɹɽ
ʙ

ʙ

U U
I

R

-
= .    (2.8) 

 

ʆʧʽʨ Rʙ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʨʫʤ ʥʘʩʠʯʝʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ 

 

/ʙ ʢI SI b= ,    (2.9) 

 

ʜʝ /ʙ ʙʛʨS I I= ï ʢʦʝʬʽʮʽʻʥʪ ʥʘʩʠʯʝʥʥʷ; Iɹ ʛʨ ï ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ 

ʙʘʟʠ. 

ɸʥʘʣʽʟ ʩʭʝʤ ʚʤʠʢʘʥʥʷ ʉɺɼ ʧʦʢʘʟʫʻ, ʱʦ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2.13, ʚ, ʛ, ʤʘʶʪʴ 

ʚʠʱʫ ʰʚʠʜʢʦʜʽʶ ʽ ʻ ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʪʨʫʤʫ, ʷʢʱʦ ʥʝ ʜʦʚʦʜʠʪʠ ʾʭ ʜʦ 

ʥʘʩʠʯʝʥʥʷ. ʉʭʝʤʘ ʥʘ ʨʠʩ. 2.13, ʙ, ʻ ʛʝʥʝʨʘʪʦʨʦʤ ʥʘʧʨʫʛʠ, ʽ ʩʪʨʫʤ ʯʝʨʝʟ ʉɺɼ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʦʨʦʤ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʉɺɼ.  

ʅʘʡʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ ʤʘʶʪʴ ʩʭʝʤʠ ʥʘ ʨʠʩ. 2.13, ʚ, ʛ. ɰʭ ʚʽʜʤʽʥʥʽʩʪʴ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʩʭʝʤʽ ʥʘ ʨʠʩ. 2.13, ʛ, ʉɺɼ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʰʠʥʠ. ʉʣʽʜ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ ʉɺɼ ʚʠʟʥʘʯʘʻʪʴʩʷ 
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ʡʦʛʦ ʚʥʫʪʨʽʰʥʽʤ ʦʧʦʨʦʤ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʝʡ ʥʝʦʙʭʽʜʥʦ 

ʧʽʜʚʠʱʫʚʘʪʠ ʥʘʧʨʫʛʫ ʞʠʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʤ ʙʽʣʴʰʝ Uʧ , ʪʠʤ ʙʽʣʴʰʠʤʠ ʤʘʶʪʴ ʙʫʪʠ ʦʧʦʨʠ Rʢ ʽ 

Rʥ, ʽ ʤʝʥʰʝ ʧʦʟʥʘʯʘʪʠʤʝʪʴʩʷ ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʉɺɼ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʉɺɼ ʚ ʜʚʦʭʚʠʣʴʦʚʠʭ ʧʨʠʩʪʨʦʷʭ ʩʣʽʜ ʨʦʟʨʽʟʥʷʪʠ 

ʯʦʪʠʨʠ ʚʘʨʽʘʥʪʠ ʚʢʣʶʯʝʥʥʷ ʉɺɼ ʦʧʦʨʥʦʛʦ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʽʚ: 

ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʝ; ʧʦʩʣʽʜʦʚʥʝ; ʟʫʩʪʨʽʯʥʦ-ʧʦʩʣʽʜʦʚʥʝ, ʨʦʟʜʽʣʴʥʝ 

(ʥʝʟʘʣʝʞʥʝ) ʚʢʣʶʯʝʥʥʷ. 

ʋ ʪʘʙʣ. 2.5 ʧʨʠʚʝʜʝʥʽ ʚʘʨʽʘʥʪʠ ʚʤʠʢʘʥʥʷ ʉɺɼ ʪʘ ʾʭ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ, 

ʩʢʣʘʜʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʩʪʫʧʥʠʭ ʧʨʠʧʫʱʝʥʴ. ɼʣʷ ʩʭʝʤ 1 ʽ 2 ʚʚʘʞʘʻʤʦ, ʱʦ 

ʉɺɼ U1, U2 ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʽ ʩʢʣʘʜʘʻʤʦ ʩʭʝʤʫ ʟʘʤʽʱʝʥʥʷ 

ʜʣʷ ʦʜʥʦʛʦ ʟ ʉɺɼ. ʈʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʦ ʢʦʞʝʥ ʟ ʚʘʨʽʘʥʪʽʚ ʚʤʠʢʘʥʥʷ. 

ʇʨʠ ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʦʤʫ ʚʤʠʢʘʥʥʽ ʉɺɼ ʞʠʚʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. ɺ ʦʜʠʥ ʟ ʥʘʧʽʚʧʝʨʽʦʜʽʚ ʚʢʣʶʯʘʻʪʴʩʷ 

ʧʝʨʰʠʡ ʉɺɼ, ʚ ʽʥʰʠʡ ʥʘʧʽʚʧʝʨʽʦʜ ï ʜʨʫʛʠʡ. ʆʪʞʝ, ʷʢʱʦ ʧʽʜʽʙʨʘʥʽ ʽʜʝʥʪʠʯʥʽ 

ʉɺɼ, ʪʦ ʥʘ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʥʝ ʚʧʣʠʚʘʻ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʞʠʚʣʷʯʠʭ 

ʽʤʧʫʣʴʩʽʚ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʮʴʦʛʦ ʚʘʨʽʘʥʪʫ ʚʢʣʶʯʝʥʥʷ ʉɺɼ 

ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.5. ʇʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʤʦ, ʱʦ ʉɺɼ ʽʜʝʥʪʠʯʥʽ ʽ ʨʦʟʨʘʭʫʥʦʢ 

ʚʠʢʦʥʘʥʦ ʜʣʷ ʦʜʥʦʛʦ ʟ ʥʠʭ. 
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ʊʘʙʣ. 2.5 ɺʘʨʽʘʥʪʠ ʚʤʠʢʘʥʥʷ ʉɺɼ ʪʘ ʾʭ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ 

ʉʭʝʤʘ ʚʤʠʢʘʥʥʷ 

ʉɺɼ 
ʉʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʈʦʟʨʘʭʫʥʢʦʚʽ ʬʦʨʤʫʣʠ 
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ʇʨʠʤʽʪʢʘ: Uʞ, Uʞ1, Uʞ2 ï ʥʘʧʨʫʛʘ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ; Rʥ1, Rʥ2 ï 

ʦʧʽʨ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ; I1, I2 ï ʩʪʨʫʤʠ ʯʝʨʝʟ ʉɺɼ; rʜ ï 

ʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʉɺɼ; Rʟʚ1, Rʟʚ2 ï ʟʚʦʨʦʪʥʽ ʦʧʦʨʠ ʉɺɼ; Uʟʚ ï ʧʨʷʤʝ 

ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʉɺɼ. 

ʇʝʨʝʚʘʛʦʶ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʢʣʶʯʝʥʥʷ ʻ ʧʨʦʩʪʦʪʘ ʩʭʝʤʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ 

ʬʦʪʦʧʨʠʡʤʘʯʽʚ, ʧʨʠʯʦʤʫ ʢʦʞʝʥ ʟ ʥʠʭ ʧʦʚʠʥʝʥ ʩʧʨʠʡʤʘʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʣʠʰʝ ʦʜʥʦʛʦ ʉɺɼ, ʪʦʙʪʦ ʮʝʡ ʚʘʨʽʘʥʪ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʯʘʩʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʧʦʪʦʢʽʚ ʚʽʜ ʢʦʞʥʦʛʦ ʽʤʧʫʣʴʩʫ ʚʠʧʨʦʤʽʥʶʚʘʯʘ. ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʢʦʤʙʽʥʘʮʽʾ ʬʦʪʦʜʽʦʜ-ʬʦʪʦʨʝʟʠʩʪʦʨ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʦʧʝʨʘʮʽʶ 

ʨʦʟʜʽʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʚʽʜ ʧʦʪʦʢʽʚ ʦʙʦʭ ʉɺɼ. ʆʩʥʦʚʥʘ ʧʦʭʠʙʢʘ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʚʢʣʶʯʝʥʥʷ ʉɺɼ ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʦʭ 

ʬʦʪʦʧʨʠʡʤʘʯʽʚ, ʦʢʨʝʤʦ ʯʫʪʣʠʚʠʭ ʜʦ ʧʦʪʦʢʽʚ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʉɺɼ. ʎʷ 

ʩʭʝʤʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʚʠʤʦʛʘʭ ʜʦ ʧʨʠʩʪʨʦʾʚ 

ʢʦʥʪʨʦʣʶ (ʘʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʧʦʥʘʜ 3%). 

ʅʘʩʪʫʧʥʠʤ ʚʘʨʽʘʥʪʦʤ ʚʢʣʶʯʝʥʥʷ ʉɺɼ ʻ ʟʫʩʪʨʽʯʥʦ-ʧʦʩʣʽʜʦʚʥʝ 

ʚʢʣʶʯʝʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʉɺɼ, ʟʨʦʙʠʤʦ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʉɺɼ ʤʘʶʪʴ ʽʜʝʥʪʠʯʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ. ʗʢ ʽ ʧʨʠ 

ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʢʣʶʯʝʥʥʷ, ʪʫʪ ʞʠʚʣʝʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ 

ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. ʅʝʜʦʣʽʢʦʤ ʩʭʝʤʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʜʽʣʴʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ 

ʧʦʪʦʢʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʆʩʪʘʥʥʽʤ ʚʘʨʽʘʥʪʦʤ ʻ ʨʦʟʜʽʣʴʥʝ ʥʝʟʘʣʝʞʥʝ ʚʢʣʶʯʝʥʥʷ ʉɺɼ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʶʪʴ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʙʦʭ ʣʘʥʮʶʛʽʚ ʟ ʉɺɼ ʦʢʨʝʤʦ, ʽ ʟ ʥʠʭ 

ʟʥʘʭʦʜʷʪʴ ʩʪʨʫʤʠ ʪʘ ʦʧʦʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʝʨʝʚʘʛʠ ʦʩʪʘʥʥʴʦʾ ʩʭʝʤʠ ʚʢʣʶʯʝʥʥʷ ï ʤʦʞʣʠʚʽʩʪʴ ʥʝʟʘʣʝʞʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʉɺɼ, ʚʟʘʻʤʥʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʯʘʩʦʚʝ 

ʨʦʟʜʽʣʝʥʥʷ ʮʠʭ ʧʦʪʦʢʽʚ. 

ɺʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʦʧʦʨʫ ʩʚʽʪʣʦʜʽʦʜʽʚ ʾʭ ʥʝ ʩʣʽʜ 

ʚʢʣʶʯʘʪʠ ʧʘʨʘʣʝʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʥʝʟʥʘʯʥʘ ʟʤʽʥʘ Uʽʧ (ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ 
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ʞʠʚʣʝʥʥʷ) ʽ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʤʫ ʦʧʦʨʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʩʚʽʪʣʦʜʽʦʜʘ ʟ ʤʝʥʰʠʤ Uʽʧ (ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ 

ʥʘ ʩʚʽʪʣʦʜʽʦʜʽ), ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʡʦʛʦ ʩʚʽʪʣʦʚʽʜʜʘʯʽ ʪʘ ʨʦʟʩʽʶʚʘʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ Uʽʧ ʢʦʞʝʥ 

ʩʚʽʪʣʦʜʽʦʜ ʤʘʻ ʙʫʪʠ ʟʘʭʠʱʝʥʠʡ ʩʚʦʾʤ ʨʝʟʠʩʪʦʨʦʤ. 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ (ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ, ʞʦʚʪʦʛʦ), ʦʧʦʨʠ 

ʩʪʨʫʤʦʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʽʚ ʫ ʟʚ'ʷʟʢʫ ʟ ʚʽʜʤʽʥʥʽʩʪʶ Uʧp 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʜʣʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʫ ʦʢʨʝʤʦ. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ 

ʪʘʢʦʛʦ ʧʽʜʢʣʶʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2.14. 

 

 

ʈʠʩ. 2.14. ʆʜʠʥ ʟ ʚʘʨʽʘʥʪʽʚ  ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʦʜʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ 

ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ 

 

2.3.2. SMD-ʩʚʽʪʣʦʜʽʦʜʠ 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚʩʝ ʯʽʪʢʽʰʝ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʫ ʙʽʢ 

ʤʽʥʽʘʪʶʨʠʟʘʮʽʾ ʈɽɸ. ʉʚʽʪʣʦʜʽʦʜʠ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʤʦʥʪʘʞʫ ʥʘʜʟʚʠʯʘʡʥʦ 

ʧʦʪʨʽʙʥʽ ʚʠʨʦʙʥʠʢʘʤ ʢʦʤʧʘʢʪʥʦʾ ʘʙʦ ʧʦʨʪʘʪʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟ ʙʘʪʘʨʝʡʥʠʤ 
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ʞʠʚʣʝʥʥʷʤ, ʜʝ ʜʫʞʝ ʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʢʦʤʧʦʥʦʚʢʠ ʝʣʝʤʝʥʪʽʚ ʽ ʥʝʦʙʭʽʜʥʝ 

ʥʠʟʴʢʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ɸʙʨʝʚʽʘʪʫʨʘ SMD ʦʟʥʘʯʘʻ ʧʦʚʝʨʭʥʝʚʠʡ ʤʦʥʪʘʞ ʜʝʪʘʣʝʡ (surface 

montage details). ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ (ñ3-in-1ò ï ñ3-ʚ-1ò) ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʠʪʠ ʚ 

ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʪʨʠ ʩʚʽʪʣʦʜʽʦʜʠ (ʯʝʨʚʦʥʠʡ, ʩʠʥʽʡ, ʟʝʣʝʥʠʡ) ʽ ʟʙʽʣʴʰʠʪʠ 

ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʩʚʽʪʣʦʜʽʦʜʘ ʟʘ ʨʘʭʫʥʦʢ ʥʘʙʣʠʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʜʦ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ ʨʠʩ. 2.15 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʠʛʣʷʜ SMD- 

ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 

  

kp-1608 kpa-3010  km2520f  kpbl-3010 

   

kpc-3216  kph-1005  kph-1608  kpkb-3025 

ʈʠʩ. 2.15. ɺʠʛʣʷʜ SMD- ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 

ʉʚʽʪʣʦʜʽʦʜʠ ʚʠʨʦʙʣʷʶʪʴʩʷ ʩʠʥʴʦʛʦ, ʟʝʣʝʥʦʛʦ, ʯʝʨʚʦʥʦʛʦ, ʞʦʚʪʦʛʦ, 

ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʢʦʣʴʦʨʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʨʽʟʥʠʭ ʚʽʜʪʽʥʢʽʚ. ɯʩʥʫʻ ʪʘʢʦʞ ʨʷʜ 

ʜʚʦʢʦʣʴʦʨʦʚʠʭ ʤʦʜʝʣʝʡ. ɿʘ ʩʠʣʦʶ ʩʚʽʪʣʘ ʽ ʝʬʝʢʪʠʚʥʦʩʪʶ ʩʚʽʪʣʦʜʽʦʜʠ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʠ ʚʠʩʦʢʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʚʠʩʦʢʦʾ ʷʩʢʨʘʚʦʩʪʽ ʟ ʤʘʣʠʤ 

ʩʧʦʞʠʚʘʥʥʷʤ ʽ ʩʪʘʥʜʘʨʪʥʽ. ɼʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʝʡ ʩʢʣʘʜʘʻ ʚʽʜ 3,6 ʜʦ 360 ʤʂʜ 

ʟʘʣʝʞʥʦ ʚʽʜ ʤʦʜʝʣʽ ʽ ʢʦʣʴʦʨʫ, ʘ ʩʪʨʫʤ ʩʧʦʞʠʚʘʥʥʷ ʚʽʜ 2 ʜʦ 20 ʤɸ. ʋ ʪʘʙʣ. 

2.6 ʧʨʠʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝʷʢʠʭ smd-ʩʚʽʪʣʦʜʽʦʜʽʚ. 
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ʊʘʙʣ. 2.6. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝʷʢʠʭ smd-ʩʚʽʪʣʦʜʽʦʜʽʚ 

 

 

ɼʝʷʢʽ ʢʦʤʧʦʥʝʥʪʠ ʤʘʶʪʴ ʤʘʪʦʚʠʡ ʨʦʟʩʽʶʚʘʯ. ɹʽʣʴʰʽʩʪʴ SMD-

ʩʚʽʪʣʦʜʽʦʜʽʚ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʟ ʧʨʦʟʦʨʠʤ ʨʦʟʩʽʶʚʘʯʝʤ. ʈʦʟʧʦʜʽʣ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʽʚʩʬʝʨʽ ʪʘʢʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʙʣʠʟʴʢʠʡ ʜʦ ʨʽʚʥʦʤʽʨʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 2.16). ʅʘʡʙʽʣʴʰʽ ʤʦʜʝʣʽ ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʨʝʬʣʝʢʪʦʨʦʤ, 

ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʨʽʟʢʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

 

ʈʠʩ. 2.16. ʈʦʟʧʦʜʽʣ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʧʽʚʩʬʝʨʽ SMD ïʩʚʽʪʣʦʜʽʦʜʽʚ. 
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ʊʘʢʦʞ ʜʦʩʪʫʧʥʠʡ ʨʷʜ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟ ʙʽʯʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʜʣʷ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʈʂɯ ʽ ʟʚʦʨʦʪʥʴʦʛʦ ʤʦʥʪʘʞʫ 

(ʟʚʦʨʦʪʥʴʦʛʦ ʩʚʽʪʽʥʥʷ). 

 

2.3.3. ʋʣʴʪʨʘʷʩʢʨʘʚʽ ʩʚʽʪʣʦʜʽʦʜʠ 

ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʴ ʫʣʴʪʨʘʷʩʢʨʘʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʤʦʞʝ ʙʫʪʠ ʫʤʦʚʥʦ 

ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʰʠʨʦʢʽ ʢʘʪʝʛʦʨʽʾ, ʘ ʩʘʤʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʦʛʦ ʩʚʽʪʣʘ ʽ 

ʦʩʚʽʪʣʝʥʥʷ. ʇʨʷʤʝ ʩʚʽʪʣʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʥʘʧʨʠʢʣʘʜ ʚ ʘʣʬʘʚʽʪʥʦ-ʮʠʬʨʦʚʠʭ ʪʘʙʣʦ ʽ ʧʦʚʥʦʢʦʣʽʨʥʠʭ ʚʽʜʝʦʜʠʩʧʣʝʷʭ, ʜʝ 

ʩʚʽʪʣʦʜʽʦʜʠ ʬʦʨʤʫʶʪʴ ʧʽʢʩʝʣʽ ʜʠʩʧʣʝʷ. ʋ ʩʠʛʥʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʷʤʝ ʩʚʽʪʣʦ. ʗʢ ʧʨʠʢʣʘʜ, ʜʦʨʦʞʥʽ ʩʠʛʥʘʣʠ ï ʩʚʽʪʣʦʬʦʨʠ ʽ 

ʟʥʘʢʠ, ʩʪʦʧ-ʩʠʛʥʘʣʠ ʪʘ ʽʥʜʠʢʘʪʦʨʠ ʧʦʚʦʨʦʪʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɺ 

ʦʩʚʽʪʣʝʥʥʽ ʩʚʽʪʣʦʜʽʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʱʦʙ ʦʩʚʽʪʠʪʠ ʧʦʚʝʨʭʥʶ, ʧʨʦʩʪʽʨ ʘʙʦ 

ʦʙ'ʻʢʪ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʚʠʜʠʤʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. 

ʋʣʴʪʨʘʷʩʢʨʘʚʽ ʩʚʽʪʣʦʜʽʦʜʠ (ʋʗʉ) ʚʠʧʫʩʢʘʻ ʬʽʨʤʘ Hewlett-Packard 

(HLMA -QL00, HMLP-Q106, HPWT-PL00 ʪʘ ʽʥ.). 

 

ʆʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʋʗʉ ʻ: 

ï ʩʠʣʘ ʩʚʽʪʣʘ, ʷʢʘ ʚ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ ʋʗʉ ʜʦʭʦʜʠʪʴ ʜʦ 4-9 ʪʠʩ. ʤʂʜ 

(ʧʨʠ ɯʧʨ = 20 ʤɸ); 

ï ʧʨʷʤʝ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ Uʧʨ (1,7 ï 2,4 ɺ); 

ï ʧʨʷʤʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʨʫʤ ɯʤʘʢʩ (ʜʦ 70 ʤɸ); 

ï ʢʫʪ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ (5-125 ʛʨʘʜʫʩʽʚ). 

ʅʘ ʨʠʩ. 2.17 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʜʝʷʢʠʭ ʫʣʴʪʨʘʷʩʢʨʘʚʠʭ 

ʩʚʽʪʣʦʜʽʦʜʽʚ. 
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STAR LXHLMB 1C STAR/C LXHLMB 1B  STAR/O LXHLNB 98 K2 LXK 2-PH12-S00 

ʈʠʩ. 2.17. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʜʝʷʢʠʭ ʫʣʴʪʨʘʷʩʢʨʘʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 

ɺ ʪʘʙʣʠʮʽ 2.7 ʥʘʚʦʜʷʪʴʩʷ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʫʣʴʪʨʘʷʩʢʨʘʚʦʛʦ 

ʩʚʽʪʣʦʜʽʦʜʘ LXHL-MB1C. 

 

ʊʘʙʣ. 2.7. ʆʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʫʣʴʪʨʘʷʩʢʨʘʚʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ LXHL-MB1C 

 

 

ʋʣʴʪʨʘʷʩʢʨʘʚʽ ʩʚʽʪʣʦʜʽʦʜʠ ʤʘʶʪʴ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʩʠʛʥʘʣʴʥʠʤʠ 

ʣʘʤʧʘʤʠ ʨʦʟʞʘʨʶʚʘʥʥʷ (ʉʃʈ): 

1) ʋʗʉ ʩʧʦʞʠʚʘʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʫ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ 

ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʮʽ, ʧʦʨʽʚʥʷʥʦ ʜʦ ʉʃʈ (ʧʨʠʙʣʠʟʥʦ ʚ 5 ʨʘʟʽʚ); 

2) ʋʗʉ ʚʠʜʽʣʷʶʪʴ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʪʝʧʣʘ ʥʽʞ ʉʃʅ, ʪʦʤʫ ʾʭ ʨʦʙʦʯʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʙʘʛʘʪʦ ʥʠʞʯʘ, ʥʽʞ ʚ ʉʃʈ; 

3) ʋʗʉ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʨʠʥʘʡʤʥʽ ʯʦʪʠʨʠ ʚʠʭʽʜʥʽ ʢʦʣʴʦʨʠ 

(ʯʝʨʚʦʥʠʡ, ʷʥʪʘʨʥʠʡ, ʟʝʣʝʥʠʡ, ʙʣʘʢʠʪʥʠʡ), ʘ ʧʨʠ ʢʦʤʙʽʥʘʮʽʷʭ ʋʗʉ ʢʽʣʴʢʽʩʪʴ 

ʢʦʣʴʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ. ʋ ʉʃʈ ʜʦʚʦʜʠʪʴʩʷ ʩʪʘʚʠʪʠ 

ʩʧʝʮʽʘʣʴʥʽ ʢʦʣʴʦʨʦʚʽ ʢʦʚʧʘʢʠ (ʩʚʽʪʣʦʬʽʣʴʪʨʠ); 

4) ʥʘʜʽʡʥʽʩʪʴ ʋʗʉ ʩʢʣʘʜʘʻ ʧʦʨʷʜʢʘ 10 ʤʣʥ. ʛʦʜʠʥ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʙʦʪʠ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 5000 ï 20000 ʛʦʜʠʥ ʚ ʉʃʈ; 
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5) ʋʗʉ ʟʜʘʪʥʽ ʚʠʪʨʠʤʫʚʘʪʠ ʙʝʟ ʧʦʰʢʦʜʞʝʥʴ ʽʥʪʝʥʩʠʚʥʽ ʤʝʭʘʥʽʯʥʽ 

ʫʜʘʨʠ ʽ ʚʽʙʨʘʮʽʶ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʉʃʈ); 

6) ʋʗʉ ʚʠʪʨʠʤʫʶʪʴ ʙʽʣʴʰʝ 1000 ʮʠʢʣʽʚ ʥʘʛʨʽʚʘʥʥʷ/ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜ ï

40 0ʉ ʜʦ +100 0ʉ ʙʝʟ ʧʦʰʢʦʜʞʝʥʴ (ʉʃʈ ï ʥʝ ʙʽʣʴʰʝ 3-5 ʮʠʢʣʽʚ); 

7) ʨʦʟʤʽʨʠ ʋʗʉ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʠʪʠ ʧʨʠʩʪʨʦʾ ʽʥʜʠʢʘʮʽʾ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ, ʥʽʞ ʧʨʠʩʪʨʦʾ ʽʥʜʠʢʘʮʽʾ ʥʘ ʉʃʅ; 

8) ʋʗʉ ʜʦʧʫʩʢʘʶʪʴ ʧʦʩʪʫʧʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʪʝʥʮʽʦʤʝʪʨʘ; ʙʽʣʴʰʝ ʪʦʛʦ, ʦʜʥʠʤ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ ʤʦʞʥʘ 

ʨʝʛʫʣʶʚʘʪʠ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʽʥʥʷ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʦʭ ʋʗʉ; ʨʝʛʫʣʶʚʘʥʥʷ 

ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʝ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ 

ʤʦʜʫʣʷʮʽʾ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʦʯʘʩʥʦ ʨʝʛʫʣʴʦʚʘʥʠʭ ʋʗʉ ʚʟʘʛʘʣʽ 

ʥʝ ʤʘʻ ʟʥʘʯʝʥʥʷ; 

9) ʦʩʢʽʣʴʢʠ ʋʗʉ ʧʨʘʮʶʶʪʴ ʧʨʠ ʤʝʥʰʠʭ ʩʪʨʫʤʘʭ (20-70 ʤɸ), ʥʽʞ ʉʃʈ 

(0,3-1 ɸ), ʪʦ ʧʨʠʩʪʨʦʾ ʫʧʨʘʚʣʽʥʥʷ ʽ ʢʦʤʫʪʘʮʽʾ ʋʗʉ ʧʨʦʩʪʽʰʽ ʽ ʜʝʰʝʚʰʽ, ʥʽʞ 

ʪʘʢʽ ʞ ʧʨʠʩʪʨʦʾ ʜʣʷ ʉʃʈ; 

10) ʫ ʤʦʤʝʥʪ ʚʚʽʤʢʥʝʥʥʷ ʉʃʅ ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʩʪʨʫʤ, ʥʽʞ 

ʨʦʙʦʯʠʡ. ʋʗʉ ʧʦʟʙʘʚʣʝʥʽ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ. 

ʇʨʦ ʣʘʟʝʨʥʽ ʩʚʽʪʣʦʜʽʦʜʠ ʤʦʞʝʪʝ ʦʟʥʘʡʦʤʠʪʠʩʷ ʩʘʤʦʩʪʽʡʥʦ. 

 

2.3.4. ɹʘʛʘʪʦʢʦʣʴʦʨʦʚʽ ʩʚʽʪʣʦʜʽʦʜʠ 

ʉʚʽʪʣʦʜʽʦʜʠ ʻ ʦʜʥʠʤʠ ʟ ʥʝʙʘʛʘʪʴʦʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʘʣʽʟʫʚʘʪʠ ʢʝʨʦʚʘʥʫ ʟʤʽʥʫ ʢʦʣʴʦʨʫ ʩʚʽʪʽʥʥʷ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʰʣʷʭʽʚ 

ʩʪʚʦʨʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟ ʢʝʨʦʚʘʥʠʤ ʢʦʣʴʦʨʦʤ ʩʚʽʪʽʥʥʷ: ʜʚʦʭʧʝʨʝʭʽʜʥʠʡ 

ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʡ ʜʽʦʜ Ga ʟ ʥʝʟʘʣʝʞʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʧʝʨʝʭʦʜʽʚ; 

ʦʜʥʦʧʝʨʝʭʽʜʥʠʡ ʜʚʦʩʤʫʛʦʚʠʡ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʡ ʜʽʦʜ Ga; ʜʚʦʭʢʨʠʩʪʘʣʴʥʠʡ 

ʙʽʧʦʣʷʨʥʠʡ ʜʽʦʜ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʟ'ʻʜʥʘʥʥʷʤ ʢʨʠʩʪʘʣʽʚ; ʜʚʦʭʢʨʠʩʪʘʣʴʥʠʡ ʜʽʦʜ 

ʟ ʥʝʟʘʣʝʞʥʠʤ ʚʢʣʶʯʝʥʥʷʤ ʢʨʠʩʪʘʣʽʚ; ʜʚʦʭʧʝʨʝʭʽʜʥʠʡ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʡ 

ʜʽʦʜ, ʦʜʠʥ ʟ p-n-ʧʝʨʝʭʦʜʽʚ ʷʢʦʛʦ ʚʠʧʨʦʤʽʥʶʻ ʯʝʨʚʦʥʝ ʩʚʽʪʽʥʥʷ, ʘ ʽʥʰʠʡ ï 

ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʪʠʩʪʦʢʩʦʚʦʛʦ 
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ʣʶʤʽʥʦʬʦʨʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʟʝʣʝʥʝ ʩʚʽʪʽʥʥʷ. ʅʘʡʙʽʣʴʰʠʡ ʽʥʪʝʨʝʩ ʥʘ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʨʝʜʩʪʘʚʣʷʻ ʜʚʦʭʧʝʨʝʭʽʜʥʠʡ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʡ ʜʽʦʜ Ga. ʅʘ 

ʨʠʩ. 2.18 ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʩʪʨʫʢʪʫʨʘ ʜʝʷʢʠʭ 

ʙʘʛʘʪʦʢʦʣʴʦʨʦʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ. 

      

GNL-3015 

    

GNL-3017 

     

GNL-5013     ɿʘʛʘʣʴʥʠʡ ʢʘʪʦʜ 

        

        ɿʘʛʘʣʴʥʠʡ ʘʥʦʜ 

ʈʠʩ. 2.18 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʩʪʨʫʢʪʫʨʘ ʜʝʷʢʠʭ ʙʘʛʘʪʦʢʦʣʴʦʨʦʚʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ. 
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ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʫ, ʟ'ʻʜʥʘʥʥʷ ʩʚʽʪʣʦʚʠʧʨʦʤʽʥʶʶʯʠʭ ʜʽʦʜʽʚ ʚ 

ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ: ʽʟ ʟʘʛʘʣʴʥʠʤ ʢʘʪʦʜʦʤ (GNL-3015), 

ʟʫʩʪʨʽʯʥʦ-ʧʘʨʘʣʝʣʴʥʝ (GNL-3017), ʽʟ ʟʘʛʘʣʴʥʠʤ ʘʥʦʜʦʤ (GNL-5013). ʋ ʪʘʙʣ. 

2.8 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʘʨʘʤʝʪʨʠ ʙʘʛʘʪʦʢʦʣʽʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 

ʊʘʙʣ. 2.8. ʇʘʨʘʤʝʪʨʠ ʙʘʛʘʪʦʢʦʣʽʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ 

 

 

2.3.5. RGB-ʩʚʽʪʣʦʜʽʦʜʠ 

ɯʩʥʫʻ ʜʚʽ ʪʝʭʥʦʣʦʛʽʾ ʦʪʨʠʤʘʥʥʷ ʙʽʣʦʛʦ ʩʚʽʪʣʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʚʽʪʣʦʜʽʦʜʽʚ. ʆʜʠʥ ʧʽʜʭʽʜ ï ʟʤʦʥʪʫʚʘʪʠ ʯʝʨʚʦʥʠʡ, ʟʝʣʝʥʠʡ ʽ ʩʠʥʽʡ ʢʨʠʩʪʘʣʠ 

ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʷʢ ʤʦʞʥʘ ʙʣʠʞʯʝ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʽ ʟʤʽʰʘʪʠ ʾʭ ʩʚʽʪʣʦʚʽ 

ʧʦʪʦʢʠ ʚ ʧʨʘʚʠʣʴʥʽʡ ʧʨʦʧʦʨʮʽʾ ʜʣʷ ʟʜʦʙʫʪʪʷ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ. ʇʨʦʙʣʝʤʦʶ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ, ʽʛʥʦʨʫʶʯʠ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ ʫʩʪʘʥʦʚʢʠ ʢʦʨʝʢʪʥʠʭ ʨʽʚʥʽʚ 

ʩʚʽʪʣʦʚʠʭ ʚʠʭʦʜʽʚ, ʻ ʚʘʨʪʽʩʪʴ 3 ʢʨʠʩʪʘʣʽʚ. ʇʨʦʪʝ, ʪʨʠʢʦʣʴʦʨʦʚʽ ʩʚʽʪʣʦʜʽʦʜʠ 

ʧʦʧʫʣʷʨʥʽ ʜʣʷ ʟʘʩʪʦʩʽʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʧʽʜʩʚʽʯʫʚʘʥʥʷ LCD ʜʠʩʧʣʝʾʚ, ʦʩʢʽʣʴʢʠ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʚʩʪʘʥʦʚʠʪʠ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʽʜʪʽʥʢʫ. ʅʘ ʨʠʩ. 

2.19 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ RGB-ʩʚʽʪʣʦʜʽʦʜʽʚ. 

    

LF-5WAEMBGMBW  SxTR-300   GNL-5013 

ʈʠʩ. 2.19. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ RGB-ʩʚʽʪʣʦʜʽʦʜʽʚ  
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ʗʢ ʽ ʜʣʷ ʙʘʛʘʪʦʢʦʣʽʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʚ RGB-ʩʚʽʪʣʦʜʽʦʜʘʭ ʝʣʝʢʪʨʠʯʥʝ 

ʟ'ʻʜʥʘʥʥʷ ʚʩʝʨʝʜʠʥʽ ʦʜʥʦʛʦ ʢʦʨʧʫʩʫ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʠʤ. ʋ RGB-ʩʚʽʪʣʦʜʽʦʜʘ 

LF-5WAEMBGMBW ʢʦʞʝʥ ʟ ʢʨʠʩʪʘʣʽʚ ʤʘʻ ʦʢʨʝʤʽ ʚʠʚʦʜʠ ʘʥʦʜʘ ʽ ʢʘʪʦʜʘ, 

ʷʢʽ ʚʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʥʝ ʩʧʦʣʫʯʝʥʽ. ʋ ʩʚʽʪʣʦʜʽʦʜʘ GNL-5013 ʢʨʠʩʪʘʣʠ 

ʤʘʶʪʴ ʟʘʛʘʣʴʥʠʡ ʢʘʪʦʜ. ʇʘʨʘʤʝʪʨʠ RGB-ʩʚʽʪʣʦʜʽʦʜʽʚ ʘʥʘʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʘʤ 

ʙʘʛʘʪʦʢʦʣʽʨʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ. 

ʅʘ ʨʠʩ. 2.20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʠʧʦʚʘ ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ RGB- 

ʩʚʽʪʣʦʜʽʦʜʘ. 

 

 

ʈʠʩ. 2.20. ʊʠʧʦʚʘ ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ RGB- ʩʚʽʪʣʦʜʽʦʜʘ. 

 

ʂʦʤʧʘʥʽʷ Kingbright ʚʠʧʫʩʪʠʣʘ RGB ʩʝʨʽʶ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʩʚʽʪʣʦʜʽʦʜʽʚ Chameleon ʟ ʧʦʚʥʠʤ ʢʦʣʽʨʥʠʤ ʨʷʜʦʤ. ʉʚʽʪʣʦʜʽʦʜʠ ʜʘʥʦʾ ʩʝʨʽʾ 

ʤʽʩʪʷʪʴ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʪʨʠ ʤʽʥʽʘʪʶʨʥʽ ʥʘʜʷʩʢʨʘʚʽ ʢʨʠʩʪʘʣʠ (ʯʝʨʚʦʥʠʡ, 

ʩʠʥʽʡ ʽ ʟʝʣʝʥʠʡ) ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ, 

ʚʢʣʶʯʘʶʯʠ ʙʽʣʝ ʩʚʽʪʣʦ, ʧʨʠ ʚʠʜʠʤʦʤʫ ʪʽʣʝʩʥʦʤʫ ʢʫʪʽ 100 ʛʨʘʜʫʩʽʚ. ʏʫʜʦʚʽ 

ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʽʜʜʘʯʽ, ʜʦʩʷʛʥʫʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʧʨʦʚʽʜʥʦʾ ʦʩʥʦʚʠ ʜʦ 

5,0Ĭ6,0 ʤʤ, ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʨʦʙʦʯʠʡ ʩʪʨʫʤ ʢʦʞʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ ʜʦ 

50 ʤɸ. ʄʦʞʣʠʚʝ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʢʦʣʴʦʨʦʚʦʛʦ ʩʧʝʢʪʨʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʛʦ ʫʧʨʘʚʣʷʶʯʦʛʦ ʩʪʨʫʤʫ ʚ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʢʨʠʩʪʘʣʽ 

ʩʚʽʪʣʦʜʽʦʜʘ. 
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2.4. ʈʝʞʠʤʠ ʞʠʚʣʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʽʚ 

ɾʠʚʣʝʥʥʷ ʉɺɼ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ: ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ, ʚ 

ʽʤʧʫʣʴʩʥʦʤʫ ʨʝʞʠʤʽ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ (ʥʘʧʨʠʢʣʘʜ, ʞʠʚʣʝʥʥʷ 

ʩʪʨʫʤʦʤ, ʩʬʦʨʤʦʚʘʥʠʤ ʧʦ ʝʢʩʧʦʥʝʥʪʽ). ʋ ʪʘʙʣ. 2.9 ʧʨʠʚʝʜʝʥʽ ʮʽ ʨʝʞʠʤʠ, ʾʭ 

ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ ʽ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. 

 

ʊʘʙʣ. 2.9.ʈʝʞʠʤʠ ʞʠʚʣʝʥʥʷ ʉɺɼ, ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ, ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

 

 

ʇʨʠʤʽʪʢʘ: ɿɻ ï ʟʘʜʘʶʯʠʡ ʛʝʥʝʨʘʪʦʨ, ɹʌʈ ï ʙʣʦʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʨʦʟʛʦʨʪʢʠ. 
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ʈʝʞʠʤ ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ, ʦʩʢʽʣʴʢʠ 

ʜʣʷ ʡʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʥʝ ʧʦʪʨʽʙʥʽ ʩʧʝʮʽʘʣʴʥʽ ʧʨʠʩʪʨʦʾ (ʛʝʥʝʨʘʪʦʨʠ). ʉɺɼ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʯʝʨʝʟ ʩʪʨʫʤʦʟʘʜʘʶʯʠʡ ʨʝʛʽʩʪʨ. ʆʧʽʨ 

ʮʴʦʛʦ ʨʝʟʠʩʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 

. .ʞ ʩʜ

ʥ

U U
R

I

-
= ,    (2.10) 

 

ʜʝ Uɾ ï ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ; Uʉ.ɼ ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʉɺɼ, 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʚʽʜ 1,0 ʜʦ 2,2 ɺ; Iʅ ï ʥʦʤʽʥʘʣʴʥʠʡ ʩʪʨʫʤ ʉɺɼ. 

ʎʝʡ ʨʝʞʠʤ ʞʠʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʡ ʜʣʷ ʦʜʥʦʢʘʥʘʣʴʥʠʭ 

ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʟ ʤʦʜʫʣʷʮʽʻʶ ʩʠʛʥʘʣʫ ʚ 

ʦʧʪʠʯʥʦʤʫ ʢʘʥʘʣʽ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʰʪʫʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʠʤʽʨʠ 

ʱʽʣʴʥʦʩʪʽ ʪʢʘʥʠʥʠ ʽ ʪ. ʧ.). 

ɯʤʧʫʣʴʩʥʠʡ ʨʝʞʠʤ ʞʠʚʣʝʥʥʷ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʞʠʤʦʤ 

ʞʠʚʣʝʥʥʷ ʧʦʩʪʽʡʥʠʤ ʩʪʨʫʤʦʤ. ʗʢʱʦ ʉɺɼ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʜʚʦʭʚʠʣʴʦʚʠʭ 

ʧʨʠʩʪʨʦʷʭ, ʪʦ ʮʝʡ ʨʝʞʠʤ ʟʘʙʝʟʧʝʯʫʻ ʯʘʩʦʚʝ ʨʦʟʜʽʣʝʥʥʷ ʧʦʪʦʢʽʚ ʽ, ʦʪʞʝ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʜʠʥ ʬʦʪʦʧʨʠʡʤʘʯ ʽʟ ʩʧʝʢʪʨʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, 

ʯʫʪʣʠʚʦʶ ʜʦ ʦʙʦʭ ʧʦʪʦʢʽʚ. ʉʧʨʦʱʫʶʪʴʩʷ ʧʨʦʮʝʩ ʧʦʩʠʣʝʥʥʷ ʽ ʦʙʨʦʙʢʘ 

ʩʠʛʥʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʨʝʞʠʤʦʤ. ɿʤʝʥʰʫʻʪʴʩʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʱʦ ʚʢʨʘʡ ʥʝʦʙʭʽʜʥʝ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʠʣʘʜʽʚ ʟ ʘʚʪʦʥʦʤʥʠʤ ʞʠʚʣʝʥʥʷʤ. 

ʇʦʪʫʞʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʉɺɼ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʥʽʡʥʦʾ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

 

2
. . . . . .ʨʘʩ ʩʜ ʩʜ ʩʜ ʜW I U I r= + ,   (2.11) 

 

ʜʝ Iʩ.ʜ ï ʩʪʨʫʤ ʯʝʨʝʟ ʉɺɼ; rʜ ï ʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʉɺɼ; Ucʜ ï ʥʘʧʨʫʛʘ ʚʽʜʩʽʯʢʠ. 

ɽʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ: 
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ʝʬ ʽI I Q= ,    (2.12) 

 

ʜʝ I  ̔ï ʽʤʧʫʣʴʩʥʠʡ ʩʪʨʫʤ; Q ï ʩʢʚʘʞʥʽʩʪʴ. 

ɿʚʽʜʩʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ: 

 

max /ʽ ʽ ʽ eI I Q I T t= = ,   (2.13) 

 

ʜʝ tʝ ï ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʘ; T ï ʪʨʠʚʘʣʽʩʪʴ ʧʘʫʟʠ. 

ʆʪʞʝ, ʜʣʷ ʟʜʦʙʫʪʪʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʟʤʝʥʰʫʚʘʪʠ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʘ ʽ ʟʙʽʣʴʰʫʚʘʪʠ ʧʘʫʟʠ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ. ʇʨʦʪʝ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ ʦʙʤʝʞʝʥʘ ʰʚʠʜʢʦʜʽʻʶ 

ʬʦʪʦʧʨʠʡʤʘʯʘ. ʗʢʱʦ ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ (ʬʦʪʦʩʪʨʫʤ) ʚʩʪʠʛʘʻ ʚʩʪʘʥʦʚʠʪʠʩʷ ʟʘ 

(3é4) Űʬ, ʪʦ 

 

(3...4)e ʬt t² ,    (2.14) 

 

ʜʝ Űʬ ï ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʬʦʪʦʧʨʠʡʤʘʯʘ. 

ʇʽʜʙʠʨʘʶʯʠ ʥʝʦʙʭʽʜʥʫ ʩʢʚʘʞʥʽʩʪʴ, ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʠʪʴ 

ʚʠʩʦʢʫ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʠ ʧʝʨʝʚʠʱʫʶʯʫ 

ʥʦʤʽʥʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉɺɼ. 

ʊʨʝʪʽʡ ʨʝʞʠʤ ʞʠʚʣʝʥʥʷ ï ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ. ʁʦʛʦ ʧʝʨʝʚʘʛʦʶ ʻ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʚʠʢʦʥʫʚʘʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʽ ʚ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʧʨʠʩʪʨʦʷʭ ʢʦʥʪʨʦʣʶ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʣʽʥʝʘʨʠʟʘʮʽʷ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʶ ʟ ʦʜʥʦʯʘʩʥʠʤ ʩʧʨʦʱʝʥʥʷʤ ʚʩʴʦʛʦ ʧʨʠʩʪʨʦʶ ʽ 

ʧʽʜʚʠʱʝʥʥʷʤ ʪʦʯʥʦʩʪʽ. 

ɿʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉɺɼ ʧʨʠ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʽʡ 

ʨʦʟʛʦʨʪʮʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʤʝʥʰʝʥʥʷʤ ʩʪʘʣʦʾ ʯʘʩʫ, ʪʨʠʚʘʣʦʩʪʽ ʝʢʩʧʦʥʝʥʪʠ ʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʯʘʪʢʦʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʉɺɼ. ʇʨʦʪʝ 
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ʟʤʝʥʰʝʥʥʷ ʩʪʘʣʦʾ ʯʘʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʧʦʭʠʙʢʠ ʚʠʤʽʨʫ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʨʝʞʠʤ ʜʠʩʢʨʝʪʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʞʠʚʣʝʥʥʷ. 

 

2.5. ɹʘʛʘʪʦʩʝʛʤʝʥʪʥʽ ʽʥʜʠʢʘʪʦʨʠ 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʛʣʷʜʦʤ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

(ʅʇɯ) ʩʣʽʜ ʚʚʘʞʘʪʠ ʮʠʬʨʦʚʽ ʽʥʜʠʢʘʪʦʨʠ (ʎɯ), ʦʩʢʽʣʴʢʠ ʧʝʨʝʚʘʞʥʘ ʢʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ (ʛʦʜʠʥʥʠʢ, ʢʘʣʴʢʫʣʷʪʦʨʠ, 

ʚʦʣʴʪʤʝʪʨʠ, ʪʝʨʤʦʤʝʪʨʠ ʽ ʪ.ʜ.). ʂʦʥʬʽʛʫʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ 

ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.21. 

 

ʈʠʩ. 2.21. ʂʦʥʬʽʛʫʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

 

ɺʩʽ ʮʠʬʨʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʟʘ ʩʚʦʾʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: ʙʝʟʢʦʨʧʫʩʥʽ ʤʦʥʦʣʽʪʥʽ, ʤʦʥʦʣʽʪʥʽ ʚ ʧʦʣʽʤʝʨʥʽʡ 

ʛʝʨʤʝʪʠʟʘʮʽʾ, ʛʽʙʨʠʜʥʽ ʟ ʨʽʟʥʠʤʠ ʩʚʽʪʣʦʧʨʦʚʽʜʥʠʢʘʤʠ, ʤʦʥʦʣʽʪʥʽ ʚ 

ʩʢʣʦʢʝʨʘʤʽʯʥʦʤʫ ʢʦʨʧʫʩʽ.  

ɹʝʟʢʦʨʧʫʩʥʽ ʎɯ ï ʧʦʨʽʚʥʷʥʦ ʤʘʣʦʯʠʩʝʣʴʥʘ ʛʨʫʧʘ ʽʥʜʠʢʘʪʦʨʽʚ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʚʦʥʠ ʚʠʢʦʥʘʥʽ ʥʘ ʤʦʥʦʣʽʪʥʦʤʫ ʢʨʠʩʪʘʣʽ ʟ ʚʠʧʨʦʤʽʥʶʶʯʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʽ ʢʦʥʪʘʢʪʥʠʤʠ ʟʦʥʘʤʠ ʜʣʷ ʧʨʠʻʜʥʘʥʥʷ ʚʠʚʦʜʽʚ. ʇʨʠʢʣʘʜʦʤ 

ʪʘʢʦʛʦ ʎɯ ʻ ʽʥʜʠʢʘʪʦʨ ʜʣʷ ʥʘʨʫʯʥʦʛʦ ʛʦʜʠʥʥʠʢʘ. 
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ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ ʎɯ ʻ ʧʨʠʣʘʜʠ ʛʽʙʨʠʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ. ʆʩʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʘʻ 

ʢʝʨʘʤʽʯʥʠʡ ʘʙʦ ʪʝʢʩʪʦʣʽʪʦʚʠʡ ʪʨʠʤʘʯ, ʥʘ ʷʢʦʤʫ ʢʨʽʧʣʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʛʦ ʢʣʝʶ ʚʠʧʨʦʤʽʥʶʶʯʽ ʢʨʠʩʪʘʣʠ. ʅʘ ʨʠʩ. 2.22 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʨʽʟʥʦʚʠʜʠ ʙʘʛʘʪʦʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. 

 

 

     GNS-3012  GND-4021  FYT-253  FYQ-314 

 

     GNS-15012  FYS-301  FYD-1502      FYD-542 

ʈʠʩ. 2.22. ʈʽʟʥʦʚʠʜʠ ʙʘʛʘʪʦʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. 

 

ɹʫʢʚʝʥʦ-ʮʠʬʨʦʚʽ ʽʥʜʠʢʘʪʦʨʠ (ɹʎɯ) ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʘʨʘʙʩʴʢʽ ʽ 

ʨʠʤʩʴʢʽ ʮʠʬʨʠ, ʙʫʢʚʠ ʨʦʩʽʡʩʴʢʦʛʦ, ʣʘʪʠʥʩʴʢʦʛʦ ʽ ʛʨʝʮʴʢʦʛʦ ʘʣʬʘʚʽʪʽʚ, ʽ ʨʷʜ 

ʽʥʰʠʭ ʟʥʘʢʽʚ ʽ ʩʠʤʚʦʣʽʚ. ʅʘ ʨʦʙʦʯʦʤʫ ʧʦʣʽ ʤʦʞʝ ʦʜʥʦʯʘʩʥʦ ʚʽʜʦʙʨʘʞʘʪʠʩʷ 

ʦʜʥʝ ʘʙʦ ʜʝʢʽʣʴʢʘ ʟʥʘʢʦʤʽʩʮʴ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʽʚ ʪʘ ʾʭ ʚʟʘʻʤʥʦʤʫ 

ʨʦʟʪʘʰʫʚʘʥʥʶ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʧʦʣʷ ʨʦʟʨʽʟʥʷʶʪʴ ʩʝʤʠʩʝʛʤʝʥʪʥʽ, 

ʜʝʚ'ʷʪʠʩʝʛʤʝʥʪʥʽ, ʧ'ʷʪʠʩʝʛʤʝʥʪʥʽ, 19-ʩʝʛʤʝʥʪʥʽ ʪʘ ʽʥʰʽ. ɸʥʘʣʽʟ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʬʦʨʤʘʪʽʚ ʰʨʠʬʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʟʦʙʨʘʞʝʥʥʽ ʮʠʬʨ, ʷʢʝ 

ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʧôʷʪʠʙʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ, ʟʥʘʯʥʫ ʧʝʨʝʚʘʛʫ ʤʘʶʪʴ ʽʥʜʠʢʘʪʦʨʠ 

ʜʝʚʷʪʠ-, ʚʦʩʴʤʠ- ʽ ʩʝʤʠ ʩʝʛʤʝʥʪʥʽ. 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʭʝʤʥʠʭ ʨʽʰʝʥʴ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʽʥʜʠʢʘʪʦʨʘʤʠ ʚʩʽ ʅʇɯ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʛʨʫʧʘʤʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ 
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ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽʥʜʠʢʘʪʦʨʠ ʚ ʦʩʥʦʚʥʦʤʫ ʛʽʙʨʠʜʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʟʥʘʡʰʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʨʠʣʘʜʘʭ. ʊʘʢʽ ʽʥʜʠʢʘʪʦʨʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ. ʂʦʞʝʥ ʟ ʩʝʛʤʝʥʪʽʚ ʮʴʦʛʦ ʪʠʧʫ 

ʽʥʜʠʢʘʪʦʨʽʚ ʤʘʻ ʦʢʨʝʤʠʡ ʩʚʽʪʣʦʜʽʦʜ, ʘ ʢʦʞʝʥ ʟʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ï ʩʚʽʡ 

ʫʧʨʘʚʣʷʶʯʠʡ ʚʭʽʜ. ʅʘ ʨʠʩ. 2.23. ʧʦʢʘʟʘʥʽ ʩʭʝʤʠ ʦʜʥʦʨʦʟʨʷʜʥʠʭ 

ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ: ʘ ï GNS-3911 Ax 

(ʩʧʽʣʴʥʠʡ ʢʘʪʦʜ); ʙ ï GNS-3911 Bx (ʩʧʽʣʴʥʠʡ ʘʥʦʜ). ʅʘ ʨʠʩ. 2.24. ʧʦʢʘʟʘʥʽ 

ʩʭʝʤʠ ʦʜʥʦʨʦʟʨʷʜʥʠʭ 16-ʩʝʛʤʝʥʪʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ: ʘ 

ï GNS-15012 Ax (ʩʧʽʣʴʥʠʡ ʢʘʪʦʜ); ʙ ï GNS-15012 Bx (ʩʧʽʣʴʥʠʡ ʘʥʦʜ). 

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʮʠʬʨ ʜʝʩʷʪʢʦʚʦʾ ʩʠʩʪʝʤʠ ʩʯʠʩʣʝʥʥʷ ʥʘ ʽʥʜʠʢʘʪʦʨʽ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʚ ʧʨʷʤʠʡ ʢʦʜ 

ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʛʤʝʥʪʽʚ, 

ʩʪʚʦʨʶʻʤʦ ʪʘʙʣʠʮʶ ʽʩʪʠʥʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʪʘʙʣ. 2.10), ʧʨʠʧʠʩʫʶʯʠ 

ʟʥʘʯʝʥʥʷ ʣʦʛʽʯʥʦʾ ñ1ò ʪʦʤʫ ʩʚʽʪʣʦʜʽʦʜʫ, ʷʢʠʡ ʟʘʩʚʽʯʫʻʪʴʩʷ ʧʨʠ ʚʽʜʦʙʨʘʞʝʥʥʽ 

ʮʠʬʨʠ, ʽ ʣʦʛʽʯʥʦʛʦ ñ0ò ï ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

 

ʊʘʙʣ. 2.10. ʊʘʙʣʠʮʷ ʽʩʪʠʥʥʦʩʪʽ ʧʝʨʝʪʚʦʨʶʚʘʯʘ. 
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   ʘ       ʙ 

ʈʠʩ. 2.23. ʉʭʝʤʠ ʦʜʥʦʨʦʟʨʷʜʥʠʭ ʩʝʤʠʩʝʛʤʝʥʪʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ: ʘ 

ï GNS-3911 Ax (ʩʧʽʣʴʥʠʡ ʢʘʪʦʜ); ʙ ï GNS-3911 Bx (ʩʧʽʣʴʥʠʡ ʘʥʦʜ). 

 

 

 

ʘ 

 

 

ʙ 

ʈʠʩ. 2.24. ʉʭʝʤʠ ʦʜʥʦʨʦʟʨʷʜʥʠʭ 16-ʩʝʛʤʝʥʪʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʮʠʬʨʦʚʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ: ʘ ï GNS-15012 Ax (ʩʧʽʣʴʥʠʡ ʢʘʪʦʜ); ʙ ï GNS-15012 Bx (ʩʧʽʣʴʥʠʡ ʘʥʦʜ). 
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ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣ. 2.10, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʨʦʙʦʪʠ 

ʢʦʞʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ: 

 

ʅʘ ʨʠʩ. 2.23 ʪʘ 2.24 ʩʝʛʤʝʥʪʠ ʽʥʜʠʢʘʪʦʨʽʚ ʧʦʟʥʘʯʝʥʽ ʚʝʣʠʢʠʤʠ 

ʣʽʪʝʨʘʤʠ (ɸ-ʅ), ʘ ʫ ʬʦʨʤʫʣʘʭ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʱʝ, ʚʠʢʦʨʠʩʪʘʥʽ ʩʪʨʦʢʦʚʽ 

ʣʽʪʝʨʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʽʟʥʠʮʝʶ ʩʪʘʥʜʘʨʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʦʧʠʩʘʥʥʽ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ. ʋ ʚʽʪʯʠʟʥʷʥʽʡ ʣʽʪʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʘʣʝʥʴʢʽ ʣʽʪʝʨʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʙʽʣʴʰʽʩʪʴ ʬʽʨʤ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʽʥʜʠʢʘʪʦʨʠ, ʻ 

ʟʘʢʦʨʜʦʥʥʠʤʠ, ʽ ʚ ʪʝʭʥʽʯʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʽʥʜʠʢʘʪʦʨʠ ʮʠʭ ʬʽʨʤ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʛʣʘʚʥʽ ʣʽʪʝʨʠ. 

ʊʘʙʣʠʮʷ 2.10 ʚʽʜʧʦʚʽʜʘʻ ʣʦʛʽʮʽ ʨʦʙʦʪʠ ʜʝʰʠʬʨʘʪʦʨʘ ʂ564ɯɼ5 

(CD4056BE, HCC4056BD, TC4056BF). ʋʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ 

ʜʝʰʠʬʨʘʪʦʨʘ ʂ561ɯɼ5 ʧʨʠʚʝʜʝʥʝ ʥʘ ʨʠʩ. 2.25. 

 

 

ʈʠʩ. 2.25. ʋʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʝʰʠʬʨʘʪʦʨʘ ʂ561ɯɼ5. 
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ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʮʠʬʨʦʚʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʽʥʜʠʢʘʪʦʨʠ 

ʤʦʥʦʣʽʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ɺʦʥʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʾ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘ ʦʜʥʫ ʧʽʜʣʦʞʢʫ, 

ʪʦʙʪʦ ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ ʪʘʢʦʛʦ ʧʨʠʣʘʜʫ ʨʦʟʤʽʱʝʥʦ ʜʝʢʽʣʴʢʘ ʽʥʜʠʢʘʪʦʨʽʚ 

(ʯʦʪʠʨʠ ï ʰʽʩʪʴ ʽ ʙʽʣʴʰʝ). 

ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʽʥʜʠʢʘʪʦʨʠ ʤʘʶʪʴ ʟʘʛʘʣʴʥʽ ʫʧʨʘʚʣʷʶʯʽ ʚʭʦʜʠ ʜʣʷ 

ʦʜʥʦʡʤʝʥʥʠʭ ʩʝʛʤʝʥʪʽʚ ʜʝʢʽʣʴʢʦʭ ʮʠʬʨ (ʨʠʩ. 2.26, ʘ ï GND-4021Ax; ʙ ï 

GND-4021Bx). ʄʦʥʦʣʽʪʥʽ ʽʥʜʠʢʘʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚ 

ʽʥʜʠʢʘʪʦʨʘʭ ʧʨʠʣʘʜʽʚ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʚ ʥʘʨʫʯʥʠʭ 

ʛʦʜʠʥʥʠʢʘʭ, ʢʘʣʴʢʫʣʷʪʦʨʘʭ, ʧʝʨʝʥʦʩʥʠʭ ʧʨʠʣʘʜʘʭ. 

 

 

 

ʘ 

 

ʙ 

ʈʠʩ. 2.26. ɿʘʛʘʣʴʥʽ ʫʧʨʘʚʣʷʶʯʽ ʚʭʦʜʠ ʜʣʷ ʦʜʥʦʡʤʝʥʥʠʭ ʩʝʛʤʝʥʪʽʚ ʜʝʢʽʣʴʢʦʭ ʮʠʬʨ 

 

ʅʘ ʨʠʩ. 2.27 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʪʨʠʨʦʟʨʷʜʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ 

ʮʠʬʨʦʚʦʛʦ ʽʥʜʠʢʘʪʦʨʫ ʤʦʥʦʣʽʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʘ 
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ʈʠʩ. 2.27. ʉʭʝʤʘ ʪʨʠʨʦʟʨʷʜʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʠʩʧʣʝʶ  

 

ʅʘ ʨʠʩ. 2.28 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʜʚʦʢʦʣʽʨʥʦʛʦ ʦʜʥʦʨʘʟʨʷʜʥʦʛʦ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʠʩʧʣʝʶ, ʘ ʥʘ ʨʠʩ. 2.29 ï ʜʚʦʢʦʣʽʨʥʽ ʦʜʥʦʨʘʟʨʷʜʥʽ 

ʩʚʽʪʣʦʜʽʦʜʥʽ ʮʠʬʨʦʚʽ ʜʠʩʧʣʝʾ: ʘ ï GNS-40011 AEG (ʩʧʽʣʴʥʠʡ ʢʘʪʦʜ); ʙ ï 

GNS-40011 BEG (ʩʧʽʣʴʥʠʡ ʘʥʦʜ). 

 

 

ʈʠʩ. 2.28. ʉʭʝʤʘ ʜʚʦʢʦʣʽʨʥʦʛʦ ʦʜʥʦʨʦʟʨʷʜʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʜʠʩʧʣʝʶ 
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ʘ 

 

ʙ 

ʈʠʩ. 2.29. ɼʚʦʢʦʣʽʨʥʽ ʦʜʥʦʨʘʟʨʷʜʥʽ ʩʚʽʪʣʦʜʽʦʜʥʽ ʮʠʬʨʦʚʽ ʜʠʩʧʣʝʾ. 

 

ɯʩʥʫʻ ʜʚʘ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʮʠʬʨʦʚʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ: ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ (ʘʙʦ ʚ ʨʝʞʠʤʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ) ʽ ʚ ʤʫʣʴʪʠʧʣʝʢʩʥʦʤʫ 

ʨʝʞʠʤʽ (ʨʝʞʠʤʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʩʪʨʦʙʫʚʘʥʥʷ ʮʠʬʨ). 

ʉʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʮʠʬʨʦʚʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʚ ʧʨʠʩʪʨʦʷʭ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʤʘʣʦʶ ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʻʤʥʽʩʪʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʽʥʜʠʢʘʪʦʨʠ ʧʝʨʰʦʾ ʛʨʫʧʠ, ʱʦ ʤʘʶʪʴ ʦʢʨʝʤʠʡ ʫʧʨʘʚʣʷʶʯʠʡ ʚʠʚʽʜ ʜʣʷ 

ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʫ ʽʥʜʠʢʘʮʽʾ (ʩʝʛʤʝʥʪʫ). 
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ʄʫʣʴʪʠʧʣʝʢʩʥʠʡ ʨʝʞʠʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ ʮʠʬʨʦʚʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʟ ʚʝʣʠʢʦʶ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʻʤʥʽʩʪʶ. ʋ ʪʘʢʠʭ ʧʨʠʩʪʨʦʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ 

ʽʥʜʠʢʘʪʦʨʠ ʜʨʫʛʦʾ ʛʨʫʧʠ ï ʽʥʜʠʢʘʪʦʨʠ ʤʦʥʦʣʽʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʤʘʶʪʴ 

ʫʧʨʘʚʣʷʶʯʽ ʚʠʚʦʜʠ ʜʣʷ ʦʜʥʦʡʤʝʥʥʠʭ ʩʝʛʤʝʥʪʽʚ ʜʝʢʽʣʴʢʦʭ ʮʠʬʨ, ʨʦʟʤʽʱʝʥʠʭ 

ʚ ʦʜʥʦʤʫ ʢʦʨʧʫʩʽ. ʄʫʣʴʪʠʧʣʝʢʩʥʠʡ ʨʝʞʠʤ ʫʧʨʘʚʣʽʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤʠ 

ʮʠʬʨʦʚʠʤʠ ʽʥʜʠʢʘʪʦʨʘʤʠ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ 

ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʾʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʩʢʨʘʚʦʩʪʽ. 

 

2.6. ʐʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ 

ʐʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ ʤʘʶʪʴ ʝʣʝʤʝʥʪʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʧʨʘʚʠʣʴʥʠʭ ʧʨʷʤʦʢʫʪʥʠʢʽʚ ʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʚʠʛʣʷʜʽ ʨʽʚʥʽʚ ʘʙʦ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥ. 

ʉʫʯʘʩʥʽ ʰʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ (ʐɯ) ʟʘ ʩʚʦʾʤ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ 

ʚʠʢʦʥʘʥʥʷʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʽʥʜʠʢʘʪʦʨʠ ʚ ʙʝʟʢʦʨʧʫʩʥʦʤʫ ʚʠʢʦʥʘʥʽ, ʟ 

ʧʦʣʽʤʝʨʥʦʶ ʛʝʨʤʝʪʠʟʘʮʽʻʶ ʙʝʟ ʩʚʽʪʣʦʧʨʦʚʽʜʥʠʢʘ, ʟʽ ʩʚʽʪʣʦʧʨʦʚʽʜʥʠʢʦʤ, ʚ 

ʛʝʨʤʝʪʠʯʥʠʭ ʩʢʣʦʢʝʨʘʤʽʯʥʠʭ ʢʦʨʧʫʩʘʭ. 

ɹʝʟʢʦʨʧʫʩʥʽ ʐɯ ʤʦʞʥʘ ʚʤʦʥʪʦʚʫʚʘʪʠ ʫ ʚʝʣʠʢʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʩʠʚʠ, 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʯʠʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʚʩʽ ʚʦʥʠ ʚʠʢʦʥʘʥʽ ʥʘ ʦʜʥʦʤʫ ʢʨʠʩʪʘʣʽ, ʥʘ ʷʢʦʤʫ ʩʬʦʨʤʦʚʘʥʽ 

ʚʠʧʨʦʤʽʥʶʶʯʽ ʝʣʝʤʝʥʪʠ ʟ ʨʦʟʤʽʨʦʤ ʧʦʚʝʨʭʥʽ ʚʽʜ 30Ĭ30 ʜʦ 50Ĭ50 ʤʢʤ. ʅʘ 

ʢʨʠʩʪʘʣʽ ʻ ʢʦʥʪʘʢʪʥʽ ʤʽʩʮʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟ'ʻʜʥʘʥʥʷ ʐɯ ʟʽ ʩʭʝʤʦʶ. 

ʐʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ ʟʽ ʩʚʽʪʣʦʧʨʦʚʽʜʥʠʢʦʤ ï ʥʘʡʯʠʩʣʝʥʥʽʰʠʡ ʚʠʜ ʐɯ, 

ʱʦ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʪʨʘʩʪʥʦʩʪʽ ʚ ʨʷʜʽ ʰʢʘʣ, 

ʣʠʮʴʦʚʘ ʩʪʦʨʦʥʘ ʩʚʽʪʣʦʧʨʦʚʽʜʥʠʢʘ ʟʘʙʘʨʚʣʶʻʪʴʩʷ ʚ ʯʦʨʥʠʡ ʢʦʣʽʨ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʟʘʻʤʥʦʛʦ ʟʘʩʚʽʯʫʚʘʥʥʷ ʩʝʛʤʝʥʪʽʚ ʙʽʯʥʽ ʧʦʚʝʨʭʥʽ ʡʦʛʦ 

ʧʦʢʨʠʚʘʶʪʴʩʷ ʥʽʢʝʣʝʤ. ʄʝʪʘʣʽʟʘʮʽʷ ʟʤʝʥʰʫʻ ʚʟʘʻʤʥʝ ʟʘʩʚʽʯʫʚʘʥʥʷ, ʘʣʝ 

ʨʘʟʦʤ ʟ ʪʠʤ ʪʨʦʭʠ ʟʤʝʥʰʫʻ ʩʠʣʫ ʩʚʽʪʣʘ. 
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ɺʩʽ ʝʣʝʤʝʥʪʠ ʧʨʠʣʘʜʫ (ʪʨʠʤʘʯ, ʢʨʠʩʪʘʣ, ʟ'ʻʜʥʘʥʥʷ ʽ ʢʨʠʰʢʘ ʟʽ 

ʩʚʽʪʣʦʧʨʦʚʽʜʥʠʢʦʤ) ʛʝʨʤʝʪʠʟʫʶʪʴʩʷ ʚ ʥʝʨʦʟ'ʻʤʥʫ ʤʦʥʦʣʽʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʠʤ ʨʦʟʩʽʶʶʯʠʤ ʢʦʤʧʘʫʥʜʦʤ. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ 

ʩʚʽʪʣʘ ʨʷʜ ʢʦʥʩʪʨʫʢʮʽʡ ʣʠʮʴʦʚʦʾ ʩʪʦʨʦʥʠ ʧʨʠʣʘʜʫ ʧʦʢʨʠʪʠʡ ʮʠʣʽʥʜʨʠʯʥʠʤʠ 

ʤʽʢʨʦʣʽʥʟʘʤʠ. ɯʥʜʠʢʘʪʦʨʠ ʚʠʧʫʩʢʘʶʪʴʩʷ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ ʩʚʽʪʽʥʥʷ. ɺʩʽ ʐɯ 

ʮʴʦʛʦ ʚʠʛʣʷʜʫ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟʰʦʚʥʝ ʟôʻʜʥʘʥʥʷ. 

ʅʘ ʨʠʩ. 2.30 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ʰʢʘʣʴʥʠʭ 

ʽʥʜʠʢʘʪʦʨʽʚ, ʘ ʥʘ ʨʠʩ. 2.31 ï ʧʨʷʤʦʢʫʪʥʘ ʩʚʽʪʦʜʽʦʜʥʘ ʣʽʥʽʡʢʘ: ʘ ïʜʚʦʢʦʣʽʨʥʘ 

GNA-R102510 BEG; ʙ ï ʦʜʥʦʢʦʣʽʨʥʘ GNA-R102510 Zx. 

 

  

 

 

ʈʠʩ. 2.30. ɺʠʜʠ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʣʽʚ ʰʢʘʣʴʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ 

 

ʃʽʥʽʡʥʽ ʰʢʘʣʴʥʽ ʽʥʜʠʢʘʪʦʨʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʘʥʘʣʦʛʦʚʽʡ 

ʬʦʨʤʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɸʥʘʣʦʛʦʚʘ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʰʢʘʣʴʥʠʭ ʽʥʜʠʢʘʪʦʨʘʭ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: 

ï ʤʦʞʣʠʚʽʩʪʴ ʚʽʟʫʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ; 

ï ʚʠʩʦʢʘ ʥʘʦʯʥʽʩʪʴ ʚʽʜʥʦʩʥʠʭ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʭʦʜʫ ʾʭ ʟʥʘʯʝʥʴ ʟʘ ʤʝʞʽ 

ʜʦʧʫʩʢʽʚ (ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʛʘʪʦʢʦʣʽʨʥʠʭ ʰʢʘʣʴʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ); 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʨʠʡʥʷʪʪʷ ʦʧʝʨʘʪʦʨʦʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ 

ʥʘʡʤʝʥʰʦʤʫ ʨʽʚʥʽ ʩʪʦʤʣʶʚʘʥʦʩʪʽ. 
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ʈʠʩ. 2.31. ʇʨʷʤʦʢʫʪʥʘ ʩʚʽʪʦʜʽʦʜʥʘ ʣʽʥʽʡʢʘ. 

 

2.7. ʉʚʽʪʣʦʜʽʦʜʥʽ ʜʶʨʘʣʘʡʪʠ 

ʉʚʽʪʣʦʜʽʦʜʥʽ ʪʨʫʙʢʠ (ʜʶʨʘʣʘʡʪʠ), ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʷʢʠʭ ʧʦʢʘʟʘʥʠʡ 

ʥʘ ʨʠʩ. 2.32, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʤʽʥʠ ʥʝʦʥʦʚʠʭ ʣʘʤʧ ʚ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ 

ʩʚʽʪʣʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ɺʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʥʝʦʥʦʚʠʭ ʪʨʫʙʦʢ ʥʠʟʴʢʠʤ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, ʚʝʣʠʢʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʽ ʤʦʞʣʠʚʽʩʪʶ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʩʣʷ ʜʝʤʦʥʪʘʞʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʚʽʪʣʦʜʽʦʜʥʽ ʪʨʫʙʢʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʙʽʣʦʛʦ ʜʠʬʫʟʥʦʛʦ, ʟʘʙʘʨʚʣʝʥʦʛʦ 

ʚ ʢʦʣʽʨ ʩʚʽʪʽʥʥʷ ʘʙʦ ʧʨʦʟʦʨʦʛʦ ʧʣʘʩʪʠʢʘ D-ʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ. ɽʣʝʤʝʥʪʦʤ 

ʤʦʥʦʭʨʦʤʥʠʭ ʪʨʫʙʦʢ (GN-30STB24-48xx), ʱʦ ʩʚʽʪʠʪʴʩʷ, ʻ 48 ʩʚʽʪʣʦʜʽʦʜʽʚ 

ʧʽʜʚʠʱʝʥʦʾ ʷʩʢʨʘʚʦʩʪʽ. ʇʦʚʥʦʢʦʣʽʨʥʠʡ ʚʘʨʽʘʥʪ (GN-30STB24-114RGB) 

ʚʠʢʦʥʘʥʠʡ ʟ 114 ʩʚʽʪʣʦʜʽʦʜʽʚ. 

 

 

ʈʠʩ. 2.32. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʪʨʫʙʦʢ (ʜʶʨʘʣʘʡʪʽʚ).  
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ʈʠʩ. 2.33. ɹʫʜʦʚʘ ʜʶʨʘʣʘʡʪʘ. 

 

ɹʫʜʦʚʘ ʜʶʨʘʣʘʡʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.33: ʘ ï 36 ʩʚʽʪʣʦʜʽʦʜʽʚ ʥʘ 

ʤʝʪʨ; ʙ ï 72 ʩʚʽʪʣʦʜʽʦʜʠ ʥʘ ʤʝʪʨ. ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʶʨʘʣʘʡʪʽʚ ʩʢʣʘʜʘʻ 

2 ɺʪ/ʤʝʪʨ (EMR-MC 2ɺʪ-100M-230ɺ). ɼʦʚʞʠʥʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 100 ʤ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʩʚʽʪʣʦʜʽʦʜʘʤʠ ʚ ʪʨʫʙʮʽ ʧʦʨʷʜʢʫ 28 ʤʤ. ɼʶʨʘʣʘʡʪʠ 

ʚʠʧʫʩʢʘʶʪʴʩʷ ʟ ʨʽʟʥʠʤʠ ʢʦʣʴʦʨʘʤʠ ʩʚʽʪʽʥʥʷ: ʯʝʨʚʦʥʠʡ, ʞʦʚʪʠʡ, ʟʝʣʝʥʠʡ, 

ʩʠʥʽʡ, ʙʽʣʠʡ. 

 

ʉɺɯʊʃʆɼɯʆɼʅɯ ɽʂʈɸʅʀ 

Iʩʪʦʨʽʷ 

ʇʝʨʰʽ ʚiʜʝʦʝʢʨʘʥʠ ʟ'ʷʚʠʣʠʩʷ ʚ ʗʧʦʥʽʾ ʽ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ. ʉʧʦʯʘʪʢʫ 

ʾʭ ʤʦʞʥʘ ʙʫʣʦ ʧʦʙʘʯʠʪʠ ʥʘ ʩʪʘʜʽʦʥʘʭ ʽ ʩʧʦʨʪʠʚʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ, ʘʣʝ ʧʦʪʽʤ 

ʚʦʥʠ ʟôʷʚʠʣʠʩʴ ʽ ʥʘ ʚʫʣʠʮʷʭ ʤʽʩʪ. 
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ʇʝʨʠhʡ ʩʧʨʘʚʞʥʽʡ ʩʚiʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ʜʣʷ ʪʝʣʝʚʽʟʦʨʘ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ, ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʠʡ ʽ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʦʧʠʩʘʥʠʡ ɼʞ. 

ʇ.ʄʽʪʯʝʣʣʦʤ ʚ 1977 ʨʦʮʽ. ʄʦʜʝʣʴ 1977 ʙʫʣʘ ʤʦʥʦʭʨʦʤʘʪʠʯʥa ʽ ʥʝ ʤʦʛʣʘ 

ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʢʦʣʴʦʨʦʚʠʤʠ ʪʝʣʝʚʽʟʦʨʘʤʠ ʪʦʛʦ ʯʘʩʫ. 

ʃʠʰʝ ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʩʠʪʴ ʷʩʢʨʘʚʠʭ ʢʦʣʴʦʨʦʚʠʭ ʩʚiʪʣʦʜʽʦʜʽʚ ʟ'ʷʚʠʣʠʩʷ 

ʧʝʨʰʽ ʢʦʣʴʦʨʦʚʽ LED-ʪʝʣʝʚʽʟʦʨʠ. 

ʅʘʡʙʽʣʴʰʠʡ ʫ ʩʚʽʪʽ ʩʚiʪʣʦʜʽʦʜʥʠʡ ʪʝʣʝʚʽʟʦʨ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʦʥʽ 

ʂʦʚʙʦʡʟ ʚ ɸʨʣiʛʪʦʥʝ, ʰʪʘʪ ʊʝʭʘʩ, ʉʐɸ. ʁʦʛʦ ʨʦʟʤʽʨʠ 49 Ĭ 22 ʤʝʪʨʽʚ, 

ʧʣʦʱʘ 1070 ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ. (ɯʩʥʫʶʪʴ ʩʚiʪʣʦʜʽʦʜʥʽ ʜʠʩʧʣʝʾ ʽ ʥʘʙʘʛʘʪʦ 

ʙʽʣʴʰʠʭ ʨʦʟʤʽʨʽʚ, ʘʣʝ ʚʦʥʠ ʥʝ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʪʝʣʝʙʘʯʝʥʥʷ). 

 

ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ 

ʉʚiʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ (LED screen, LED display) - ʧʨʠʩʪʨʽʡ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʚ ʷʢʦʤʫ ʢʦʞʥʦʶ ʪʦʯʢʦʶ, 

ʧiʢʩʝʣʝʤ, ʻ ʦʜʠʥ ʘʙʦ ʢʽʣʴʢʘ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʩʚiʪʣʦʜʽʦʜʽʚ. 

 ʉʘʤʘ ʥʘʟʚʘ "ʩʚiʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ" (LED-screen, LED-ʝʢʨʘʥ) ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʪʚʦʨʝʥʥʷ iʥʬʦʨʤʘʮʽʾ ʝʢʨʘʥʘʤʠ ʜʘʥʦʛʦ ʪʠʧʫ. ɺ ʝʢʨʘʥʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʚiʪʣʦʜʽʦʜʠ - ʥʝʚʝʣʠʢʽ ʥʘʧiʚʧʨʦʚʽʜʥʠʢʦʚʽ ʧʨʠʣʘʜʠ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ. 

 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʚiʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ 

ʉʝʨʝʜ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʩʠʩʪʝʤ ʚʽʜʦʙʨʘʞʝʥʥʷ 

iʥʬʦʨʤʘʮʽʾ ʟ ʘʢʪʠʚʥʠʭ ʩʚʽʪʽʥʥʷʤ (ʧʣʘʟʤʦʚʽ, ʝʣʝʢʪʨʦʣʶʤiʥʝʩʮʝʥʮʽʡ, 

ʢʘʪʦʜʦʣʶʤiʥʝʩʮʝʥʪʥʠʡ, ʧʦʣʴʦʚʽ ʽ ʪ.ʜ. ʜʠʩʧʣʝʾ), ʩʚiʪʣʦʜʽʦʜʥʽ ʩʠʩʪʝʤʠ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʪʦʷʪʴ ʦʢʨʝʤʦ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʪʘʢʽ ʩʠʩʪʝʤʠ ʙʫʜʫʶʪʴʩʷ 

ʟ ʦʢʨʝʤʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʷʢʽ ʛʨʫʧʫʶʪʴʩʷ ʩʧʦʯʘʪʢʫ ʚ ʧiʢʩʝʣʽ, ʘ ʧʦʪʽʤ ʚ 

ʤʘʪʨʠʮʶ ʧiʢʩʝʣʽʚ. 

ʉʚʽʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʙʫʜʦʚʠ ʜʽʣʷʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ: 

1. ʂʣʘʩʪʝʨʥi ʩʚiʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ. 
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ʋ ʢʣʘʩʪʝʨʥʠʭ ʝʢʨʘʥʘʭ ʢʦʞʝʥ ʧʽʢʩʝʣʴ, ʱʦ ʤʽʩʪʠʪʴ ʚʽʜ ʪʨʴʦʭ ʜʦ ʢʽʣʴʢʦʭ 

ʜʝʩʷʪʢʽʚ ʩʚiʪʣʦʜʽʦʜʽʚ, ʦʙ'ʻʜʥʘʥʠʡ ʚ ʦʢʨʝʤʠʡ ʩʚiʪʣʦʽʟʦʣʶʶʯʠʡ ʢʦʨʧʫʩ, ʷʢʠʡ 

ʟʘʣʠʪʠʡ ʛʝʨʤʝʪʠʟʫʶʯʠʤ ʢʦʤʧʘʫʥʜʦʤ. ʊʘʢʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ 

ʥʘʟʠʚʘʻʪʴʩʷ ʢʣʘʩʪʝʨʦʤ. 

ʂʣʘʩʪʝʨʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ iʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʝʢʨʘʥʫ, ʟʘʢʨʽʧʣʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʛʚʠʥʪʽʚ ʥʘ ʣʠʮʴʦʚʽʡ ʧʦʚʝʨʭʥʽ ʝʢʨʘʥʫ. ɺʽʜ ʢʦʞʥʦʛʦ ʢʣʘʩʪʝʨʘ 

ʚʽʜʭʦʜʠʪʴ ʜʞʛʫʪ ʧʨʦʚʦʜʽʚ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʨʦʟ'ʻʤʫ, ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ (ʧʣʘʪʠ). ʊʘʢʠʡ ʩʧʦʩʽʙ ʧʦʙʫʜʦʚʠ 

ʧʦʚʥʦʢʦʣʴʦʨʦʚʠʭ ʩʚiʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ ʧʦʩʪʫʧʦʚʦ ʚʽʜʤʠʨʘʻ, ʧʦʩʪʫʧʘʶʯʠʩʴ 

ʤʽʩʮʝʤ ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʤʘʪʨʠʯʥʦʤʫ ʧʨʠʥʮʠʧʫ. 

2. ʄʘʪʨʠʯʥʽ ʩʚiʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʣʘʩʪʝʨʠ ʽ ʢʝʨʫʶʯʘ ʧʣʘʪʘ ʦʙ'ʻʜʥʘʥʽ ʚ ʻʜʠʥʝ ʮʽʣʝ - 

ʤʘʪʨʠʮʶ, ʪʦʙʪʦ ʥʘ ʢʝʨʫʶʯʽʡ ʧʣʘʪʽ ʟʤʦʥʪʦʚʘʥʽ ʽ ʩʚiʪʣʦʜʽʦʜʠ, ʽ ʢʦʤʫʪʫʶʯʘ 

ʝʣʝʢʪʨʦʥʽʢʘ, ʷʢʽ ʟʘʣʠʪʽ ʛʝʨʤʝʪʠʟʫʶʯʠʤ ʢʦʤʧʘʫʥʜʦʤ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʽ 

ʨʦʟʰʠʨʝʥʥʷ ʝʢʨʘʥʫ, ʢʽʣʴʢʽʩʪʴ ʩʚiʪʣʦʜʽʦʜʽʚ, ʩʢʣʘʜʦʚʠʭ ʧiʢʩʝʣʽʚ, ʤʦʞʝ 

ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ ʪʨʴʦʭ ʜʦ ʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ. ɸ ʨʦʟʧʦʜʽʣ ʢʽʣʴʢʦʩʪʽ ʩʚiʪʣʦʜʽʦʜʽʚ 

ʟʘ ʢʦʣʴʦʨʘʤʠ ʚ ʧiʢʩʝʣʽ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʪʠʧʫ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʩʚiʪʣʦʜʽʦʜʽʚ ʚ 

ʽʥʪʝʨʝʩʘʭ ʜʦʪʨʠʤʘʥʥʷ ʙʘʣʘʥʩʫ ʙʽʣʦʛʦ. 

ʉʚiʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ ʩʪʘʮʽʦʥʘʨʥʠʤʠ, ʪʘʢ ʽ ʤʦʙʽʣʴʥʠʤʠ 

(ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʧʝʨʝʩʫʚʥʽʡ ʧʣʘʪʬʦʨʤʽ), ʷʢ ʟʦʚʥʽʰʥʽʤʠ (ʧʨʠʟʥʘʯʝʥʠʤʠ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʚʫʣʠʮʽ), ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʽʤʠ (ʧʨʠʟʥʘʯʝʥʠʤʠ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʤʽʱʝʥʴ). 

ɺʠʛʦʪʦʚʣʝʥʥʷ ʚiʜʝʦʝʢʨʘʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʤʦʜʫʣʴʥʽʡ ʦʩʥʦʚʽ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʢʦʤʧʦʥʫʚʘʥʥʷ. ʄʦʜʫʣʽ ʤʘʶʪʴ ʧʦʚʝʨʭʥʶ 

ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʞʘʣʶʟʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʦʙʠʪʠʩʷ 

ʷʩʢʨʘʚʦʛʦ ʽ ʚʠʩoʢoʢʦʥʪʨʘʩʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʨʠ ʧʨʷʤʦʤʫ 

ʚʣʫʯʝʥʥʽ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʝʢʨʘʥʘ. ɺʩʽ ʤʦʜʫʣʽ ʣʝʛʢʦ 

ʩʪʠʢʫʶʪʴʩʷ ʙʝʟ ʚʠʜʠʤʦʾ ʚʪʨʘʪʠ ʢʨʦʢʫ ʤʽʞ ʩʚiʪʣʦʜʽʦʜʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʚiʜʝʦʝʢʨʘʥʽʚ ʚʽʜʩʫʪʥʽ ʩʪʠʢʫʚʘʣʴʥʽ ʰʚʠ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʤʦʜʫʣʽʚ ʟ ʨʽʟʥʠʤ ʢʨʦʢʦʤ ʤʽʞ ʧʽʢʩʝʣʷʤʠ ʦʪʨʠʤʫʶʪʴ ʝʢʨʘʥʠ ʥʝʦʙʭʽʜʥʠʭ 

ʨʦʟʤʽʨʽʚ ʽ ʨʦʟʰʠʨʝʥʥʷ. 

ʇʨʠ ʚʠʙʦʨʽ ʩʚiʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ, ʯʠ ʙʫʜʝ 

ʩʚiʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʢʘʟʫ ʧʦʧʝʨʝʜʥʴʦ ʩʪʚʦʨʝʥʠʭ 

ʜʠʟʘʡʥʝʨʦʤ ʨʦʣʠʢʽʚ, ʯʠ ʙʫʜʝ ʥʝʦʙʭʽʜʥʠʡ ʨʝʞʠʤ ʧʨʷʤʦʾ ʚʽʜʝʦ ʪʨʘʥʩʣʷʮʽʾ ʚʽʜ 

ʪʝʣʝʢʘʤʝʨ ʘʙʦ ʽʥʰʠʭ ʜʞʝʨʝʣ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʧʣʘʥʦʚʘʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʨʘʥʫ (ʟʦʚʥʽʰʥʻ ʘʙʦ ʚʥʫʪʨʽʰʥʻ), ʥʘ ʨʦʙʦʯʫ ʚʽʜʩʪʘʥʴ ʜʦ 

ʝʢʨʘʥʫ, ʥʘ ʨʦʟʤʽʨ ʝʢʨʘʥʫ, ʥʘ ʨʦʟʰʠʨʝʥʥʷ ʝʢʨʘʥʘ, ʥʘ ʷʢʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʩʚiʪʣʦʜʽʦʜʽʚ. 

ɺʘʨʪʦ ʪʘʢʦʞ ʚʠʙʨʘʪʠ ʪʠʧ ʩʚiʪʣʦʜʽʦʜʽʚ ʽ ʢʨʦʢ ʧiʢʩʝʣʷ. 

ɿʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʪʠʧʠ ʩʚiʪʣʦʜʽʦʜʽʚ: 

1. DIP (ʟʚʠʯʘʡʥʽ ʢʦʣʙʦʚʽ ʩʚiʪʣʦʜʽʦʜʠ, ʢʦʣʠ ʯʽʧ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ 

ʫʧʘʢʦʚʘʥʠʡ ʚ ʦʜʥʫ ʧʨʦʟʦʨʫ ʢʦʣʙʫ (ʢʦʨʧʫʩ)). 

2. SMD (ʪʘʢʦʞ ʾʭ ʧʦʟʥʘʯʘʶʪʴ çRGBè, ʪʦʙʪʦ ʚ ʢʦʨʧʫʩʽ ʚʽʜʨʘʟʫ ʪʨʠ ʯʽʧʘ 

ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ: ʯʝʨʚʦʥʦʛʦ, ʩʠʥʴʦʛʦ, ʟʝʣʝʥʦʛʦ). 

SMD-ʪʝʭʥʦʣʦʛʽʷ ʥʦʚʽʰʘ, ʽ ʩʚiʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʢʦʣʴʦʨʫ ʪʘ ʢʦʥʪʨʘʩʪʥʽʩʪʴ, ʜʘʶʯʠ ʙʽʣʴʰ ʷʢʽʩʥʫ 

ʢʘʨʪʠʥʢʫ. ʆʜʥʘʢ DIP-ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʷʩʢʨʘʚʽʩʪʴ, ʽ ʧʨʠ 

ʫʩʪʘʥʦʚʮʽ ʚʫʣʠʯʥʠʭ LED ʝʢʨʘʥʽʚ ʥʘ ʩʦʥʷʯʥʽʡ ʩʪʦʨʦʥʽ, ʯʘʩʪʽʰʝ ʚʠʙʠʨʘʶʪʴ 

ʝʢʨʘʥʠ ʥʘ ʩʚiʪʣʦʜʽʦʜʘʭ DIP. 

 

ʉʪʨʫʢʪʫʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʣʷ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ 

ʉʚiʪʣʦʜʽʦʜʥʽ ʧʽʢʩʝʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʤʘʪʠ ʩʘʤʫ ʨʽʟʥʫ ʬʦʨʤʫ, ʨʦʟʤʽʱʝʥʽ ʚ 

ʧʦʣʽ ʝʢʨʘʥʘ ʫ ʚʫʟʣʘʭ ʧʨʷʤʦʢʫʪʥʦʾ ʩʽʪʢʠ. ɺʽʜʧʦʚʽʜʥʦ, ʧʦʪʨʽʙʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʨʦʟʤʽʨ ʧʽʢʩʝʣʷ ʽ ʢʨʦʮʽ ʧʽʢʩʝʣʽʚ ʚ ʧʦʣʽ ʝʢʨʘʥʘ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʽ ʚʠʨʽʰʫʚʘʥʠʭ ʟʘʚʜʘʥʴ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʫ ʧʽʢʩʝʣʷ ʜʦ 

ʢʨʦʢʫ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ (0,5 - 0,9): 1. ʇʦʪʨʽʙʥʦ ʚʽʜʟʥʘʯʠʪʠ ʜʚʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ: 
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ʈʦʟʤʽʨ ʧʽʢʩʝʣʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ ʝʢʨʘʥʘ. ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʝʢʨʘʥʫ ʜʦʩʷʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʻʤʥʦʩʪʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʢʦʞʝʥ ʩʚiʪʣʦʜʽʦʜ ʻ ʧʨʘʢʪʠʯʥʦ ʪʦʯʢʦʚʠʤ 

ʜʞʝʨʝʣʦʤ ʩʚʽʪʣʘ (ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʨʦʟʩʽʶʻʪʴʩʷ ʢʦʨʧʫʩʦʤ ʩʚiʪʣʦʜʽʦʜʘ ʚ 

ʥʝʚʝʣʠʢʦʤʫ ʩʪʫʧʝʥʽ), ʧiʢʩʝʣiʟʘʮiʷ ʧʦʣʷ ʩʚiʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʽʩʪʦʪʥʦ 

ʙʽʣʴʰʝ, ʥʽʞ, ʥʘʧʨʠʢʣʘʜ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʣʘʟʤʦʚʽʡ ʧʘʥʝʣʽ ʘʙʦ ʧʨʦʝʢʮʽʡʥʦʤʫ 

ʝʢʨʘʥʽ. ʗʚʠʱʝ ʽʨʨʘʜʽʘʮʽʾ (ʟʦʨʦʚʝ ʚʽʜʯʫʪʪʷ ʨʦʟʤʠʚʘʥʥʷ ʪʦʯʢʦʚʦʛʦ ʜʞʝʨʝʣʘ 

ʩʚʽʪʣʘ ʧʨʠ ʡʦʛʦ ʚʠʩʦʢʽʡ ʷʩʢʨʘʚʦʩʪʽ) ʚ ʜʝʷʢʽʡ ʤʽʨʽ ʟʥʠʞʫʻ ʧʽʢʩʝʣʽʟʘʮʽʷ. ɯʥʰʠʤ 

ʩʧʦʩʦʙʦʤ ʟʤʝʥʰʝʥʥʷ ʧiʢʩʝʣiʟʘʮiʾ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʫʟʥʠʭ ʬʽʣʴʪʨʽʚ ʽ 

ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨ / ʢʨʦʢ ʧʽʢʩʝʣʷ. 

 

ʂʦʣʴʦʨʦʫʪʚʦʨʝʥʥʷ 

ʋ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʝ 

ʢʦʣʴʦʨʦʫʪʚʦʨʝʥʥʷ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʧʽʢʩʝʣʴ ʩʢʣʘʜʝʥʠʡ ʟ ʪʨʴʦʭ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʟ ʨʽʟʥʠʤ ʢʦʣʴʦʨʦʤ ʩʚʽʪʽʥʥʷ (ʟʘʟʚʠʯʘʡ ʯʝʨʚʦʥʠʡ, ʟʝʣʝʥʠʡ, 

ʩʠʥʽʡ). ɼʣʷ ʚʝʣʠʢʠʭ ʧʽʢʩʝʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜ 4 ʩʚʽʪʣʦʜʽʦʜʽʚ (ʜʚʘ 

ʯʝʨʚʦʥʠʭ, ʟʝʣʝʥʠʡ ʽ ʩʠʥʽʡ) ʽ ʙʽʣʴʰʝ. ɺ ʝʢʨʘʥʘʭ ʟ ʨʦʟʤʽʨʘʤʠ ʧʽʢʩʝʣʽʚ ʙʽʣʴʰʝ 

25 ʤʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪ.ʟʚ. ʢʣʘʩʪʝʨʠ - ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙ'ʻʜʥʘʥʽ ʛʨʫʧʠ 

ʜʽʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ, 8 ʯʝʨʚʦʥʠʭ, 6 ʟʝʣʝʥʠʭ, 2 ʩʠʥʽʭ ʽ ʪ.ʜ. ʂʽʣʴʢʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʽʚ 

ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʫ ʟʘʟʚʠʯʘʡ ʚʠʙʠʨʘʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʙʘʣʘʥʩʫ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ. 

 

ɼʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʽ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʷʩʢʨʘʚʦʩʪʽ 

ɼʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʬʦʨʤʫʻʪʴʩʷ ʢʦʞʥʠʤ ʩʚiʪʣʦʜʽʦʜʦʤ. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʜʽʘʛʨʘʤʘ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʝʢʨʘʥʫ ʚ ʮʽʣʦʤʫ ʚʽʜʧʦʚʽʜʘʣʘ ʜʽʘʛʨʘʤʽ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʜʽʦʜʽʚ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʚiʪʣʦʜʽʦʜʠ ʨʽʟʥʠʭ 

ʢʦʣʴʦʨʽʚ ʩʚʽʪʽʥʥʷ ʟ ʽʜʝʥʪʠʯʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʉʚʽʪʣʦʜʽʦʜʠ ʧʦʚʠʥʥʽ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʚ ʝʢʨʘʥ ʟ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤʠ 

ʚʽʜʭʠʣʝʥʥʷʤʠ ʧʦ ʚʠʩʦʪʽ ʽ ʢʫʪʘʤ ʥʘʭʠʣʫ ʚʽʜʥʦʩʥʦ ʦʩʴʦʚʦʾ ʣʽʥʽʾ. ɼʣʷ ʦʚʘʣʴʥʠʭ 
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ʩʚʽʪʣʦʜʽʦʜʽʚ ʪʘʢʦʞ ʚʘʞʣʠʚʦ ʥʝ ʜʦʧʫʩʢʘʪʠ ʧʦʚʦʨʦʪʽʚ ʱʦʜʦ ʦʩʽ. ʇʦʨʫʰʝʥʥʷ 

ʮʠʭ ʚʠʤʦʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʢʠʜʫ ʜʽʘʛʨʘʤ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʨʽʟʥʠʭ 

ʩʚʽʪʣʦʜʽʦʜʽʚ. ʇʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʝʢʨʘʥʘ ʧʽʜ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤʠ ʜʦ ʥʦʨʤʘʣʽ 

ʢʫʪʘʤʠ ʪʘʢʠʡ ʨʦʟʢʠʜ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʧʦʷʚʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʘʥʦʤʘʣʴʥʦ 

ʷʩʢʨʘʚʠʭ ʪʦʯʦʢ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ. 

ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʝʢʨʘʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʚʽʪʣʦʜʽʦʜʠ ʟ ʜʦʩʠʪʴ ʰʠʨʦʢʦʶ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, 

ʥʘʧʨʠʢʣʘʜ, 120 ʭ 60 Á. ɼʣʷ ʚʫʣʠʯʥʠʭ ʝʢʨʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʪʣʦʜʽʦʜʠ ʟ 

ʙʽʣʴʰ ʚʫʟʴʢʦʶ ʜʽʘʛʨʘʤʦʶ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, 70 ʭ 30 Á. ʊʘʢʘ 

ʚʽʜʤʽʥʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ 

ʦʙʤʽʥʫ ʰʠʨʠʥʠ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʦʜʥʦʛʦ ʪʠʧʫ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʥʘ ʽʥʰʠʡ) ʥʘ ʷʩʢʨʘʚʽʩʪʴ ʻ ʚʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʝʢʨʘʥʽʚ. ɿʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ, ʟʚʫʞʝʥʥʷ ʜʽʘʛʨʘʤʠ ʟ 120 ʭ 60 Á ʜʦ 70 ʭ 30 Á 

ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʷʩʢʨʘʚʽʩʪʴ ʚ 3,4 ʨʘʟʠ. 

ʗʢʱʦ ʜʣʷ ʧʨʦʝʢʮʽʡʥʠʭ ʩʠʩʪʝʤ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʷʩʢʨʘʚʦʩʪʽ 

ʚʠʨʘʞʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʩʧʘʜʽ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʢʨʘʷʭ ʩʠʩʪʝʤʠ, ʪʦ ʜʣʷ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ ʥʘ ʧʝʨʰʝ ʤʽʩʮʝ ʚʠʩʪʫʧʘʻ ʧʽʢʩʝʣʴʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʷʩʢʨʘʚʦʩʪʽ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʝ ʧʦʣʝ ʝʢʨʘʥʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʦʢʨʝʤʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʚ ʷʢʠʭ ʟʘʚʞʜʠ ʽʩʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʦʟʢʠʜʠ ʧʦ ʩʠʣʽ 

ʩʚʽʪʣʘ. ɺʠʨʦʙʥʠʢʠ ʩʚʽʪʣʦʜʽʦʜʽʚ ʧʦʜʽʣʷʶʪʴ ʜʽʦʜʠ ʥʘ ʨʘʥʛʠ, ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ 

ʟ ʷʢʠʭ ʩʠʣʘ ʩʚʽʪʣʘ ʜʽʦʜʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 15 - 30%. 

ɿʽʨ ʽʩʪʦʪʥʦ ʙʽʣʴʰ ʯʫʪʣʠʚʠʡ  ʜʦ ʜʝʪʘʣʴʥʠʭ ʧʦʨʫʰʝʥʴ ʷʩʢʨʘʚʦʩʪʽ, ʥʽʞ ʜʦ 

ʟʘʛʘʣʴʥʠʭ. ʅʘʧʨʠʢʣʘʜ, ʩʧʘʜ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʢʨʘʷʭ ʝʢʨʘʥʫ ʥʘ 30% 

ʤʘʣʦʧʦʤʽʪʥʠʡ, ʘ ʨʦʟʢʠʜ ʷʩʢʨʘʚʦʩʪʽ ʜʚʦʭ ʩʫʩʽʜʥʽʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ ʚʞʝ ʥʘ 

5% ʜʦʩʠʪʴ ʧʦʤʽʪʥʠʡ. ʊʘʢʘ ʜʝʪʘʣʴʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʷʩʢʨʘʚʦʩʪʽ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʪ.ʟʚ. ʛʨʘʥʫʣʷʮʽʾ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʜʣʷ ʙʽʣʴʰ ʚʝʣʠʢʠʭ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʜʽʣʷʥʦʢ - ʫ ʧʣʷʤʠʩʪʦʩʪʽ ʟʦʙʨʘʞʝʥʴ. ʆʜʥʘʢ ʩʴʦʛʦʜʥʽ ʤʦʞʥʘ 

ʜʦʩʠʪʴ ʯʽʪʢʦ ʚʠʨʽʚʥʶʚʘʪʠ ʷʩʢʨʘʚʽʩʪʴ ʦʢʨʝʤʠʭ ʜʽʦʜʽʚ ʩʭʝʤʦʪʝʭʥʽʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 2 - 5%. 
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ɼʨʫʛʠʤ ʜʞʝʨʝʣʦʤ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʝ ʩʪʘʪʠ ʥʝʦʜʥʘʢʦʚʘ 

ʦʨʽʻʥʪʘʮʽʷ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚ ʧʦʣʽ ʝʢʨʘʥʘ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʱʝʥʥʷ ʜʽʘʛʨʘʤʠ 

ʩʧʨʷʤʦʚʘʥʦʩʪʽ. 

 

ʗʩʢʨʘʚʽʩʪʴ ʽ ʢʦʥʪʨʘʩʪ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ 

ʇʨʠ ʜʦʪʨʠʤʘʥʥʽ ʢʦʣʽʨʥʦʛʦ ʙʘʣʘʥʩʫ ʧʦ ʙʽʣʦʤʫ ʢʦʣʴʦʨʫ ʷʩʢʨʘʚʽʩʪʴ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʤʦʞʥʘ ʩʧʨʦʱʝʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

L = (aIr + bIg + cIb) / p
2
,    (2.15) 

 

ʜʝ: L - ʷʩʢʨʘʚʽʩʪʴ ʝʢʨʘʥʫ, ʢʜ / ʤ2; a, b, c - ʯʠʩʣʦ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚ ʧʽʢʩʝʣʽ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʴʦʨʫ; I - ʩʠʣʘ ʩʚʽʪʣʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ, ʢʜ; p - ʢʨʦʢ 

ʧʽʢʩʝʣʽʚ, ʤ. 

ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʧʽʢʩʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʽ 

ʩʙʘʣʘʥʩʦʚʘʥʥʦʶ ʩʠʣʦʶ ʩʚʽʪʣʘ Ir = 0,3 ʢʜ; Ig = 0,59 ʢʜ; Ib = 0,11 ʢʜ) ʽ ʢʨʦʢ 

ʧiʢʩʝʣʽʚ ʜʦʨʽʚʥʶʻ 10 ʤʤ, ʪʦ ʷʩʢʨʘʚʽʩʪʴ ʙʫʜʝ ʜʦʨʽʚʥʶʻ L = 10000 ʢʜ / ʤ2. 

ʗʢʱʦ ʜʣʷ ʧʽʢʩʝʣʽʚ ʪʦʛʦ ʞ ʩʢʣʘʜʫ ʟʙʽʣʴʰʠʪʠ ʢʨʦʢ ʜʦ 20 ʤʤ, ʪʦ ʷʩʢʨʘʚʽʩʪʴ 

ʟʥʠʟʠʪʴʩʷ ʜʦ 2500 ʢʜ / ʤ2. 

ɺʣʘʩʥʠʡ ʢʦʥʪʨʘʩʪ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʚʠʩʦʢʠʡ, 

ʪʦʤʫ ʱʦ ʧʨʠ ʢʦʨʝʢʪʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʩʚʽʪʣʦʜʽʦʜʘʤʠ ʧʘʨʘʟʠʪʥʘ ʟʘʩʚʽʪʢʘ 

ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʨʘʩʪʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʚʝʨʭʥʷ 

ʩʚiʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʪʠʯʥʦ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ: ʩʚiʪʣʦʜʽʦʜʽʚ ʟ 

ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 0,9) ʽ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʥʠʤʠ 

ʟ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʦʙʨʘʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʯʦʨʥʘ ʧʦʚʝʨʭʥʷ ʟ 

ʢʦʝʬʽʮʽʻʥʪʦʤ 0,1). ʊʦʜʽ, ʜʣʷ ʚʠʧʘʜʢʫ ʨʽʚʥʦʤʽʨʥʦʾ ʟʦʚʥʽʰʥʴʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ, 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘʩʪʫʧʥʫ ʦʮʽʥʢʫ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʨʘʩʪʫ: 
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Cout = (Lmax + Lout) / Lout.    (2.16) 

Lout = Kmid * Eout / pi.    (2.17) 

Kmid = 0,1 + 0,8Sled / Spix,   (2.18) 

 

ʜʝ: Cout- ʟʦʚʥʽʰʥʽʡ ʢʦʥʪʨʘʩʪ; Lmax - ʤʘʢʩʠʤʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʝʢʨʘʥʫ; Lout - 

ʟʦʚʥʽʰʥʷ ʷʩʢʨʘʚʽʩʪʴ; Kmid - ʫʩʝʨʝʜʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʙʠʪʪʷ; Eout - 

ʟʦʚʥʽʰʥʷ ʦʩʚʽʪʣʝʥʽʩʪʴ; Sled - ʧʣʦʱʘ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚ ʦʜʥʦʤʫ ʧʽʢʩʝʣʽ; Spix - 

ʧʣʦʱʘ ʧʽʢʩʝʣʷ; pi = 3,14. 

ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʷʩʢʨʘʚʦʩʪʽ ʝʢʨʘʥʫ 2500 ʢʜ / ʤ2, ʧʣʦʱʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚ 

ʧʽʢʩʝʣʽ 38 ʤʤ2, ʢʨʦʮʽ ʧʽʢʩʝʣʽʚ 12 ʤʤ, ʟʦʚʥʽʰʥʴʦʾ ʦʩʚʽʪʣʝʥʦʩʪʽ 1000 ʣʢ, 

ʦʪʨʠʤʘʻʤʦ Cout = 26. 

ɼʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʠʪʠ ʢʦʥʪʨʘʩʪ ʤʦʞʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʡʪʨʘʣʴʥʦ 

ʩʽʨʦʛʦ ʬʽʣʴʪʨʘ, ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʚʽʡʥʦʛʦ ʦʩʣʘʙʣʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʣʘ. 
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ʃʝʢʮʽʷ 7. ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ. 

ʏʝʨʝʟʨʷʜʢʦʚʘ ʨʘʟʛʦʨʪʢʘ ʘʙʦ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ (time division) ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʝʢʨʘʥʽʚ. ʏʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ ʽ ʣʶʜʩʴʢʝ ʦʢʦ. ʏʘʩʪʦʪʘ 

ʨʝʬʨʝʰʘ ʝʢʨʘʥʫ ʽ ʚʽʜʝʦʢʘʤʝʨʘ. ɺʘʨʪʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʬʨʝʰʘ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ. ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ, ʚʽʜʪʚʦʨʝʥʥʷ 

ʢʦʣʴʦʨʽʚ ʽ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. ɼʨʘʡʚʝʨʠ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʝʢʨʘʥʽʚ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤʠ ʝʢʨʘʥʘʤʠ. ɹʘʟʦʚʽ 

ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ. ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ. ʌʫʥʢʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. ʌʫʥʢʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ. 

 

ʉʊʈʋʂʊʋʈɸ ʊɸ ʂʃɸʉʀʌɯʂɸʎɯʗ ʉɺɯʊʃʆɼɯʆɼʅʀʍ ɽʂʈɸʅɯɺ 

ʂʦʞʝʥ ʩʚiʪʣʦʜʽʦʜ (ʨʠʩ.2.34) ʚʠʧʨʦʤʽʥʶʻ ʤʦʥʦʭʨʦʤʥʠʡ ʢʦʣʽʨ ʧʝʚʥʦʾ 

ʜʦʚʞʠʥʠ ʭʚʠʣʽ - ʯʝʨʚʦʥʠʡ, ʩʠʥʽʡ, ʟʝʣʝʥʠʡ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʚʥʦʢʦʣʴʦʨʦʚʦʛʦ ʝʢʨʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʚiʪʣʦʜʽʦʜʠ ʚʩʽʭ ʟʘʟʥʘʯʝʥʠʭ 

ʢʦʣʴʦʨʽʚ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʩʚiʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʾʭ ʚʩʝ 

ʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ - ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʘ ʷʩʢʨʘʚʽʩʪʴ ʽ ʚʩʝʧʦʛʦʜʥʽʩʪʴ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʚʫʣʠʯʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʩʦʥʷʯʥʦʤʫ ʩʚʽʪʣʽ. 

 

 

ʈʠʩ.2.34. ʉʚiʪʣʦʜʽʦʜ. 
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ʇʽʢʩʝʣʴ (Pixel). ʅʘʡʤʝʥʰʠʤ ʝʣʝʤʝʥʪʦʤ ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ 

ʝʢʨʘʥʽ ʻ ʧʽʢʩʝʣʴ. ʂʦʞʝʥ ʧʽʢʩʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʩʚʽʪʣʦʜʽʦʜʽʚ (ʜʠʚ. ʈʠʩ.2.35). ʋ ʧʦʚʥʦʢʦʣʴʦʨʦʚʠʭ ʝʢʨʘʥʘʭ ʢʦʞʝʥ ʧʽʢʩʝʣʴ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʥʽʭ, ʟʝʣʝʥʠʭ ʽ ʯʝʨʚʦʥʠʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʟʘʛʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʟʘʟʚʠʯʘʡ ʜʦ 8 (ʧʨʦʪʝ ʙʫʚʘʻ ʽ ʙʽʣʴʰʝ). ɺʙʫʜʦʚʘʥʠʡ ʧʨʦʮʝʩʦʨ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʽ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ ʟ ʚʽʜʪʽʥʢʘʤʠ. ʇʽʢʩʝʣʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʦʟʤʽʨʠ (ʜʽʘʤʝʪʨ) ʚʽʜ 1,9 ʜʦ 80 ʤʤ. 

 

 

ʈʠʩ. 2.35. LED - ʝʢʨʘʥ ʧʽʢʩʝʣʴ 

 

ʂʨʦʢ ʧʽʢʩʝʣʽʚ (Pitch). ʌʽʟʠʯʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʮʝʥʪʨʘʤʠ ʜʚʦʭ ʩʫʩʽʜʥʽʭ 

ʧʽʢʩʝʣʽʚ. ʏʠʤ ʤʝʥʰʝ ʢʨʦʢ, ʪʠʤ ʚʠʱʝ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʪʠʤ, ʚʽʜʧʦʚʽʜʥʦ, 

ʚʠʱʝ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

ʉʚiʪʣʦʜʽʦʜʠ ʥʘ ʧiʢʩʝʣʴ (LEDs per pixel): ʢʽʣʴʢʽʩʪʴ ʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʯʝʨʚʦʥʠʭ, ʟʝʣʝʥʠʭ ʽ ʩʠʥʽʭ ʩʚʽʪʣʦʜʽʦʜʽʚ ʚ ʦʜʥʦʤʫ ʧʽʢʩʝʣʽ 

ʄʦʜʫʣʴ. ʇʽʢʩʝʣʽ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʩʪʘʥʜʘʨʪʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʝʣʝʤʝʥʪʠ - 

ʤʦʜʫʣʽ, ʷʢʽ ʤʘʶʪʴ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʨʽʟʥʽ ʨʦʟʤʽʨʠ, ʥʘʧʨʠʢʣʘʜ: 130 ʭ 65 

ʤʤ, 160ʭ160 ʤʤ, 256 ʭ 256 ʤʤ ʪʘ ʽʥ. ʄʦʜʫʣʴ - ʮʝ ʩʧʝʮʽʘʣʴʥʘ ʧʣʘʪʘ, ʚ ʷʢʫ ʟ 

ʣʠʮʴʦʚʦʛʦ ʙʦʢʫ ʚʙʫʜʦʚʘʥʽ ʩʚʽʪʣʦʜʽʦʜʠ (ʮʶ ʦʧʝʨʘʮʽʶ ʚʠʢʦʥʫʶʪʴ ʥʘ ʟʘʚʦʜʘʭ 

ʩʧʝʮʽʘʣʴʥʽ ʘʚʪʦʤʘʪʠ), ʘ ʥʘ ʪʠʣʴʥʽʡ ʩʪʦʨʦʥʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʽ 

ʝʣʝʤʝʥʪʠ (ʜʠʚ. ʨʠʩ. 2.36). ʄʦʜʫʣʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ, 

ʟʘʣʝʞʥo ʚʽʜ ʾʭ ʜʽʘʤʝʪʨʫ. ʄʦʜʫʣʽ ʻ ʦʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ 

ʟʘʤʽʥʽ ʧʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʩʚʽʪʣʦʜʽʦʜʽʚ. 
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ʈʠʩ. 2.36. LED - ʝʢʨʘʥ. ʄʦʜʫʣʴ. 

 

ʂʘʙʽʥʝʪ (ʧʘʥʝʣʴ). ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʦʜʫʣʽ ʦʙ'ʻʜʥʫʶʪʴ ʫ ʚʝʣʠʢʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ - ʢʘʙʽʥʝʪʠ (ʘʙʦ ʧʘʥʝʣʽ), ʱʦ ʤʽʩʪʷʪʴ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ 

ʤʦʜʫʣʽʚ (ʨʠʩ. 2.37). ʈʦʟʤʽʨ ʢʘʙʽʥʝʪʫ ʢʨʘʪʥʠʡ ʨʦʟʤʽʨʘʤ ʤʦʜʫʣʽʚ. ʊʘʢ, ʢʘʙʽʥʝʪ 

ʤʦʞʝ ʤʘʪʠ ʨʦʟʤʽʨ 960ʭ960 ʤʤ ʽ ʚʢʣʶʯʘʪʠ ʜʦ ʩʚʦʛʦ ʩʢʣʘʜʫ 36 (6ʭ6) ʤʦʜʫʣʽʚ 

ʨʦʟʤʽʨʦʤ 160ʭ160 ʤʤ ʢʦʞʝʥ. ɯʥʰʠʡ ʧʨʠʢʣʘʜ: ʢʘʙʽʥʝʪ ʨʦʟʤʽʨʦʤ 1024ʭ768 

ʤʤ, ʱʦ ʤʽʩʪʠʪʴ 12 (4ʭ3) ʤʦʜʫʣʽʚ ʨʦʟʤʽʨʦʤ 256ʭ256 ʤʤ. ʃʽʥʽʡʥʽ ʨʦʟʤʽʨʠ 

ʢʘʙʽʥʝʪʽʚ ʚʽʜ 0,5 ʜʦ 2 ʤ, ʪʦʚʱʠʥʘ ʧʨʠʙʣʠʟʥʦ 175 ʤʤ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʢʘʙʽʥʝʪʫ (ʩʧʝʨʝʜʫ ʽ ʟʟʘʜʫ) ʽʣʶʩʪʨʫʻʪʴʩʷ ʬʦʪʦʛʨʘʬʽʻʶ. ʋ ʩʢʣʘʜʽ ʢʘʙʽʥʝʪʽʚ 

ʦʙʦʚ'ʷʟʢʦʚʦ ʻ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʂʘʙʽʥʝʪʠ ʢʨʽʧʣʷʪʴʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʙʝʟ 

ʟʘʟʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʻʜʠʥe ʝʢʨʘʥʥʝ ʧʦʣʦʪʥʦ. ʂʘʙʽʥʝʪʥa ʧʦʙʫʜʦʚʘ 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʝʢʨʘʥʠ ʙʫʜʴ-ʷʢʠʭ ʨʦʟʤʽʨʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʾʭ 

ʤʦʙʽʣʴʥʽʩʪʴ ʽ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ. 
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ʈʠʩ. 2.37. LED - ʝʢʨʘʥ. ʂʘʙʽʥʝʪ 
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ʂʫʪ ʦʛʣʷʜʫ ʩʚiʪʣʦʜʽʦʜʘ (LED angle): ʥʦʤʽʥʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʚiʪʣʦʜʽʦʜʘ, ʱʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʡʦʛʦ ʚʠʨʦʙʥʠʢʦʤ, ʱʦ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʙʽʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʩʚiʪʣʦʜʽʦʜ ʚʠʜʥʦ ʟ ʜʦʩʪʘʪʥʴʦʶ ʷʩʢʨʘʚʽʩʪʶ. ʇʨʠ 

ʨʦʟʪʘʰʫʚʘʥʥʽ ʩʧʦʩʪʝʨʽʛʘʯʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʢʨʘʥʫ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʘ, ʧʨʠ ʧʦʛʣʷʜʽ ʟ ʙʦʢʫ ʷʩʢʨʘʚʽʩʪʴ ʧʘʜʘʻ. ʂʫʪ ʟʤʝʥʰʠʪʴʩʷ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ ʚʽʜʥʦʩʥʦ ʷʩʢʨʘʚʦʩʪʽ ʧʨʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʦʛʣʷʜʽ. ʂʫʪ ʩʚʽʪʣʦʜʽʦʜʘ ʤʦʞʝ ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 70 

ʜʦ 120 ʛʨʘʜʫʩʽʚ 

ʂʫʪ ʦʛʣʷʜʫ ʝʢʨʘʥʫ (Viewing angle): ʧʦʢʘʟʫʻ ʨʝʘʣʴʥʠʡ ʢʫʪ ʦʛʣʷʜʫ, ʧʨʠ 

ʷʢʦʤʫ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʧʘʜʘʻ ʚ ʜʚʘ ʨʘʟʠ ʚʽʜʥʦʩʥʦ ʷʩʢʨʘʚʦʩʪʽ ʧʨʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʦʛʣʷʜʽ. ʂʫʪ ʦʛʣʷʜʫ ʤʦʞʝ ʙʫʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 100 ʜʦ 

160 ʛʨʘʜʫʩʽʚ 

ɻʨʘʬʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ (Graphic definition): ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ, ʥʘʷʚʥʠʭ 

ʥʘ ʝʢʨʘʥʽ. ɺʢʘʟʫʻʪʴʩʷ ʪʘʢ: ʛʦʨʠʟʦʥʪʘʣʴʥʝ ʨʦʟʰʠʨʝʥʥʷ  ʍ ʚʝʨʪʠʢʘʣʴʥʝ 

ʨʦʟʰʠʨʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ: 400ʭ300. 

ʈʦʟʰʠʨʝʥʥʷ (Resolution): ʢʽʣʴʢʽʩʪʴ ʧʽʢʩʝʣʽʚ ʚ ʦʜʥʦʤʫ ʢʚʘʜʨʘʪʥʦʤʫ 

ʤʝʪʨʽ ʝʢʨʘʥʘ. 

ʉʪʘʥʜʘʨʪʥʘ ʷʩʢʨʘʚʽʩʪʴ (Standard brightness): ʷʩʢʨʘʚʽʩʪʴ 

ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʤʦʜʫʣʝʤ ʩʚʽʪʣʘ, ʚʠʤʽʨʷʥʘ ʚ ʢʘʥʜʝʣʘʭ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ 

(NIT). ɼʣʷ ʚʫʣʠʯʥʠʭ ʝʢʨʘʥʽʚ (Outdoor) ʷʩʢʨʘʚʽʩʪʴ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

6500 ʜʦ 10000 ʢʜ / ʤ2 ʜʣʷ ʝʢʨʘʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʧʨʠʤʽʱʝʥʴ, ʜʦʩʠʪʴ ʷʩʢʨʘʚʦʩʪʽ ʚ ʤʝʞʘʭ 1200-3000 ʢʜ / ʤ2. 

ʉʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ (Power Consumption): ʩʝʨʝʜʥʷ ʟʘʟʚʠʯʘʡ ʚ 

ʤʝʞʘʭ 250-300 ɺʪ / ʤ2, ʤʘʢʩʠʤʘʣʴʥʘ (ʧʽʢʦʚʘ) 750-900 ɺʪ / ʤ2. 

ɺʘʛʘ ʚʫʣʠʯʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʝʢʨʘʥʫ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 60-70 ʢʛ / 

ʤ2. ʑʝ ʤʝʥʰʝ ʚʘʞʘʪʴ ʪʘʢ ʟʚʘʥʽ ʝʢʨʘʥʠ-ʩʽʪʢʠ, ʘʙʦ ʛʥʫʯʢʽ ʝʢʨʘʥʠ, ʷʢʽ ʤʘʶʪʴ 

ʚʝʣʠʢʠʡ ʢʨʦʢ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʜʣʷ ʚʫʣʠʯʥʠʭ ʽʣʶʤʽʥʘʮʽʡ, ʷʢ ʟʘʜʥʠʢʽʚ 

ʪʝʘʪʨʘʣʴʥʠʭ ʩʮʝʥ ʽ ʪ.ʜ., ʜʝ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʩʦʢʝ ʨʦʟʰʠʨʝʥʥʷ (ʜʠʚ. ʨʠʩ.2.38). 
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ʈʠʩ. 2.38. ʉʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ï ʩʽʪʢʘ 

 

ɺʠʙʽʨ ʬʦʨʤʘʪʫ ʝʢʨʘʥʫ 

ɿʘʚʞʜʠ ʧʝʨʝʚʘʞʥʦ, ʱʦʙ LED-ʝʢʨʘʥ ʤʘʚ ʬʦʨʤʘʪ, ʚʽʜʧʦʚʽʜʥʠʡ 

ʩʪʘʥʜʘʨʪʥʦʤʫ ʬʦʨʤʘʪʫ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʪʘ ʚʽʜʝʦ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʙʪʦ 4: 3 ʘʙʦ 16: 

9. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʛʦʪʦʚʢʘ ʢʦʥʪʝʥʪʫ ʙʫʜʝ ʩʠʣʴʥʦ ʫʩʢʣʘʜʥʝʥʘ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʨʠ ʬʦʨʤʘʪʽ 4: 3 ʨʦʟʤʽʨʠ ʝʢʨʘʥʘ ʙʫʜʫʪʴ, ʥʘʧʨʠʢʣʘʜ, 2ʭ1,5 ʤ 3ʭ2,25 

ʤ, 4ʭ3 ʤ, 6ʭ4 ʤ, 8ʭ6 ʤ ʽ ʪ. ʇ. ʇʨʠ ʬʦʨʤʘʪʽ 16: 9 - 2ʭ1,125 ʤ, 3ʭ1,68 ʤ, 4ʭ2,25 

ʤ, 6ʭ3,375 ʤ, 8ʭ4,5 ʤ ʽ ʪ. ʜ. 
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ɺʠʙʽʨ ʢʨʦʢʫ ʧʽʢʩʝʣʽʚ 

ʘ) ʇʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ, ʱʦ ʩʚiʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʠʡʥʷʪʥʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʛʨʘʬʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʥʝ ʤʝʥʰʝ 

256ʭ192 ʧʽʢʩʝʣʽʚ (ʧʨʠ ʬʦʨʤʘʪʽ ʝʢʨʘʥʫ 4: 3). ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʝʢʨʘʥʫ ʟ 

ʨʦʟʤʽʨʘʤʠ 6ʭ4 ʤ ʢʨʦʢ ʧʽʢʩʝʣʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʙʽʣʴʰʝ 23,5 ʤʤ, ʜʣʷ ʝʢʨʘʥʫ ʟ 

ʨʦʟʤʽʨʦʤ 3ʭ2,25 - ʥʝ ʙʽʣʴʰʝ 11,75 ʤʤ. ʇʨʠʨʦʜʥʦ, ʯʠʤ ʤʝʥʰʝ ʢʨʦʢ, ʪʠʤ ʚʠʱʝ 

ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

ʙ) ɼʨʫʛʠʡ ʦʙʤʝʞʫʶʯʠʡ ʧʘʨʘʤʝʪʨ - ʜʠʩʪʘʥʮʽʷ ʧʝʨʝʛʣʷʜʫ. ʄʽʥʽʤʘʣʴʥʘ 

ʜʠʩʪʘʥʮʽʷ ʧʝʨʝʛʣʷʜʫ, ʚʠʨʘʞʝʥʘ ʚ ʤʝʪʨʘʭ, ʧʨʠ ʷʢʽʡ ʟʦʙʨʘʞʝʥʥʷ ʚʠʛʣʷʜʘʻ 

ʟʘʜʦʚʽʣʴʥʦ, ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʜʦʨʽʚʥʶʻ ʢʨʦʢʫ ʧʽʢʩʝʣʽʚ, ʚʠʨʘʞʝʥʦʛʦ ʚ 

ʤʤ. ʇʨʠ ʤʝʥʰʽʡ ʜʠʩʪʘʥʮʽʾ ʙʫʜʝ ʧʦʤʽʪʥʘ ʧʽʢʩʝʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʦʙʨʘʞʝʥʥʷ, 

ʱʦ ʜʨʘʪʫʻ ʛʣʷʜʘʯʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʢʨʦʮʽ ʧʽʢʩʝʣʽʚ 16 ʤʤ ʤʽʥʽʤʘʣʴʥʘ 

ʜʠʩʪʘʥʮʽʷ - 16 ʤ, ʧʨʠ ʢʨʦʮʽ ʧʽʢʩʝʣʽʚ 4 ʤʤ ʤʽʥʽʤʘʣʴʥʘ ʜʠʩʪʘʥʮʽʷ - 4 ʤ. 

ʄʘʢʩʠʤʘʣʴʥʫ ʜʠʩʪʘʥʮʽʶ ʧʝʨʝʛʣʷʜʫ ʤʦʞʥʘ ʧʨʠʙʣʠʟʥʦ ʦʮʽʥʠʪʠ ʟʘ 

ʬʦʨʤʫʣʦʶ: ʤʘʢʩʠʤʘʣʴʥʘ ʜʠʩʪʘʥʮʽʷ (ʤ) = 6 B, ʜʝ ɺ - ʰʠʨʠʥʘ ʝʢʨʘʥʫ ʚ ʤ. 

ɿʦʚʥʽʰʥʽ ʝʢʨʘʥʠ (Outdoor) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʢʩʝʣʽ ʟ ʢʨʦʢʦʤ 

ʚ ʤʝʞʘʭ ʚʽʜ 10 ʜʦ 40 ʤʤ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʫʞʠʚʘʥʠʡ ʢʨʦʢ ʜʣʷ ʚʝʣʠʢʠʭ 

ʚʫʣʠʯʥʠʭ ʝʢʨʘʥʽʚ - 16 ʤʤ. 

ʉʚiʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ʜʣʷ ʧʨʠʤʽʱʝʥʴ (Indoor) ʤʦʞʝ ʤʘʪʠ ʢʨʦʢ ʤʝʥʰʝ 1 

ʤʤ. ʏʠʤ ʤʝʥʰʝ ʢʨʦʢ, ʪʠʤ ʜʦʨʦʞʯʝ ʝʢʨʘʥ. 

ɻʥʫʯʢʠʡ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ-ʩʽʪʢʘ ʤʦʞʝ ʤʘʪʠ ʢʨʦʢ ʧʽʢʩʝʣʽʚ ʚʽʜ 10 ʤʤ 

ʜʦ ʙʫʜʴ-ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ, ʟʘʜʘʥʦʛʦ ɿʘʤʦʚʥʠʢʦʤ. 

 

ʊʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʩʚiʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʢʦʤʧʦʥʫʚʘʥʥʷ ʩʚiʪʣʦʜʽʦʜʽʚ. 

ʉʚiʪʣʦʜʽʦʜʥʽ ʢʣʘʩʪʝʨʠ - ʚʠʧʨʦʤʽʥʶʶʯʽ ʧʨʠʣʘʜʠ ʟ ʜʝʷʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʩʚiʪʣʦʜʽʦʜʽʚ, ʧʦʤʽʱʝʥʠʭ ʚ ʟʘʛʘʣʴʥʠʡ ʚʦʣʦʛʦʟʘʭʠʱʝʥʠʡ ʽ ʩʚʽʪʣʦʽʟʦʣʴʦʚʘʥʠʡ 
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ʢʦʨʧʫʩ. ʆʜʠʥ ʢʣʘʩʪʝʨ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʧʽʢʩʝʣʶ ʟʦʙʨʘʞʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʠʭ ʚʫʣʠʯʥʠʭ ʝʢʨʘʥʽʚ (ʨʠʩ. 2.39). 

 

 

ʈʠʩ. 2.39. LED - ʝʢʨʘʥ. ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʢʣʘʩʪʝʨ 

 

ʉʚiʪʣʦʜʽʦʜʥʽ ʤʘʪʨʠʮʽ - ʩʫʢʫʧʥʽʩʪʴ ʜʽʦʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʝʢʨʘʥʫ. ʊʫʪ 

ʧʽʢʩʝʣʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʥʝ ʦʬʦʨʤʣʝʥʠʡ, ʘʣʝ ʢʦʞʝʥ ʩʚiʪʣʦʜʽʦʜ ʥʘʣʝʞʠʪʴ 

ʩʫʚʦʨʦ ʧʝʚʥʦʤʫ ʧʽʢʩʝʣʶ, ʽ ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧiʢʩʝʣʝʤ ʷʢ ʻʜʠʥʠʤ 

ʮʽʣʠʤ. ɼʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʢʨʘʥʽʚ ʜʣʷ 

ʨʦʙʦʪʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ (ʨʠʩ. 2.40). 

 

 

ʈʠʩ 2.40. LED - ʝʢʨʘʥ. ʩʚʽʪʣʦʜʽʦʜʥʘ ʤʘʪʨʠʮʷ 
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ɺʽʨʪʫʘʣʴʥʽ ʧʽʢʩʝʣʽ. ʊʫʪ ʩʚʽʪʣʦʜʽʦʜʠ ʥʝ ʟʘʢʨʽʧʣʝʥʽ ʟʘ ʢʦʥʢʨʝʪʥʠʤʠ 

ʧʽʢʩʝʣʷʤʠ, ʧʨʦʛʨʘʤʥʠʤ ʯʠʥʦʤ ʦʧʝʨʘʪʠʚʥʦ ʩʪʚʦʨʶʶʪʴʩʷ ʧʽʢʩʝʣʽ ʟ ʜʝʢʽʣʴʢʦʭ 

ʩʫʩʽʜʥʽʭ ʩʚʽʪʣʦʜʽʦʜʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʰʪʫʯʥʠʤ ʯʠʥʦʤ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ 

ʨʦʟʰʠʨʝʥʥʷ ʝʢʨʘʥʘ. ʇʨʠ ʦʙ'ʻʜʥʘʥʥʽ ʧʽʢʩʝʣʽʚ ʷʢ ʚʝʨʪʠʢʘʣʴʥʦ, ʪʘʢ ʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʢʽʣʴʢʽʩʪʴ ʚʠʜʠʤʠʭ ʧʽʢʩʝʣʽʚ ʧʦʜʚʦʶʻʪʴʩʷ. ɺʠʭʦʜʠʪʴ ʜʫʞʝ 

ʷʢʽʩʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʥʝʥʘʯʝ ʥʘ ʝʢʨʘʥʽ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʙʽʣʴʰʝ ʧʽʢʩʝʣʽʚ (ʨʠʩ. 

2.41). 

 

 

ʈʠʩ 2.41. LED - ʝʢʨʘʥ. ʉʚʽʪʣʦʜʽʦʜʥʘ ʤʘʪʨʠʮʷ 

 

ɿ ʪʦʯʢʠ ʟʦʨʫ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʚʘʞʣʠʚʽ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʨʘʥʫ: 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʝʢʨʘʥʘ (ʪ.ʟʚ. ʧʨʦʩʪʦʨʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ), ʚ 

ʨʘʟʽ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ ʟʘʟʚʠʯʘʡ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʚʽʜʩʪʘʥʽ ʤʽʞ 

ʧʽʢʩʝʣʷʤʠ (pitch size); 

ʤʘʢʩʠʤʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ (ʚʠʤʽʨʶʻʪʴʩʷ ʚ ʥʠʪʘʭ); 

ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ, ʷʢʠʡ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ 

ʷʩʢʨʘʚʦʩʪʽ, ʷʢʽ ʤʦʞʣʠʚʦ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ (ʮʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʩʠʪʴ ʪʘʢʦʞ ʥʘʟʚʫ ʨʘʜʽʦʤʝʪʨʠʯʥʦʾ ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ); 
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ʯʘʩʪʦʪʘ ʟʤʽʥʠ ʢʘʜʨʽʚ, ʚʠʨʘʞʝʥʘ ʚ ʢʽʣʴʢʦʩʪʽ ʢʘʜʨʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ 

ʟʘ ʩʝʢʫʥʜʫ (fps) (ʮʝ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ); 

ʯʘʩʪʦʪʘ ʦʥʦʚʣʝʥʥʷ ʢʘʜʨʫ (ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ), ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ɻʝʨʮʘʭ 

(ʮʝ ʪʝʞ ʯʘʩʦʚʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ); 

ʩʧʝʢʪʨʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ - ʥʘʩʢʽʣʴʢʠ ʙʘʛʘʪʦ ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʩʢʣʘʜʦʚʠʭ ʬʦʨʤʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ; 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʢʦʣʴʦʨʫ ʧʦ ʚʩʴʦʤʫ ʝʢʨʘʥʫ; 

ʙʘʣʘʥʩ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ ʽ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʥʘʩʪʨʦʡʢʠ; 

ʣʽʥʽʡʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʷʩʢʨʘʚʦʩʪʽ - ʩʫʙ'ʻʢʪʠʚʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʨʽʟʥʷʪʠ ʦʢʦʤ ʙʣʠʟʴʢʽ ʨʽʚʥʽ 

ʷʩʢʨʘʚʦʩʪʽ, ʷʢ ʥʘ ʪʝʤʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʷʩʢʨʘʚʠʭ; 

ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʝʢʨʘʥʫ; 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʤʽʥʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʝʢʨʘʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʫʪʘ 

ʦʛʣʷʜʫ; 

 

ʂʨʽʤ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʟʥʘʯʠʤʦ ʪʘʢʦʞ ʪʘʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ: 

ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ; 

ʨʦʟʚʠʥʝʥʽʩʪʴ ʇʆ (ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ) ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

(ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʝʨʝʞ, ʱʦ 

ʤʽʩʪʷʪʴ ʷʢ ʩʚʽʪʣʦʜʽʦʜʥʽ, ʪʘʢ ʽ LCD ʝʢʨʘʥʠ, ʤʦʞʣʠʚʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʝʢʨʘʥʘʤʠ 

ʯʝʨʝʟ Internet, ʥʘʷʚʥʽʩʪʴ ʚʙʫʜʦʚʘʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ); 

ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʽʥʜʫʩʪʨʽʘʣʴʥʠʭ 

ʨʘʜʽʦʟʘʚʘʜ, ʩʪʚʦʨʶʚʘʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ. 
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ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʘʙʦ 

ʢʝʨʫʚʘʥʥʷ ʷʩʢʨʘʚʽʩʪʶ 

ʇʦʯʘʪʢʦʚʝ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ 

ʬʦʨʤʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʬʘʡʣʫ, ʥʘʡʯʘʩʪʽʰʝ ʫ ʚʠʛʣʷʜʽ 

ʚʽʜʝʦʨʦʣʠʢʘ ʚ ʜʝʷʢʦʤʫ ʬʦʨʤʘʪʽ (* .avi, * .mpg). ʎʝʡ ʬʘʡʣ ʜʝʢʦʜʠʨʫʝʪʩʷ 

ʢʝʨʫʶʯʠʤ ʢʦʤʧ'ʶʪʝʨʦʤ (ʘʙʦ ʚʠʜʝʦʢʦʥʪʨʦʣʣʝʨʦʤ), ʧʦʪʽʤ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 

ʩʧʝʮʽʘʣʴʥʠʡ ʮʠʬʨʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʤʽʢʨʦʩʭʝʤʠ ʜʨʘʡʚʝʨʽʚ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʧʫʩʢʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʩʚʽʪʣʦʜʽʦʜ, ʱʦ ʽ ʚʠʢʣʠʢʘʻ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʧʝʚʥʦʤʫ ʩʧʝʢʪʨʽ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʽʟʥʠʭ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʭʥʽʢʫ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ - ʐɯʄ 

(PWM - Pulse-width modulation). ʉʫʪʴ ʮʽʻʾ ʪʝʭʥʽʢʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʷʩʢʨʘʚʦʩʪʽ ʩʪʨʫʤ ʥʝ ʧʦʩʪʽʡʥʦ ʧʦʜʘʻʪʴʩʷ ʥʘ 

ʩʚʽʪʣʦʜʽʦʜ, ʘ ʪʽʣʴʢʠ ʧʨʦʪʷʛʦʤ ʜʝʷʢʦʛʦ ʯʘʩʫ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ 

ʷʩʢʨʘʚʦʩʪʽ), ʧʦʪʽʤ ʧʨʠʧʠʥʷʻ ʧʦʜʘʚʘʪʠʩʷ, ʧʦʪʽʤ ʟʥʦʚʫ ʧʦʜʘʻʪʴʩʷ ʽ ʪ.ʜ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʚ ʧʦʣʦʚʠʥʫ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʨʝʙʘ 

ʧʨʦʧʫʩʢʘʪʠ ʩʪʨʫʤ ʧʦʣʦʚʠʥʫ ʯʘʩʫ ʜʝʷʢʦʛʦ ʮʠʢʣʫ, ʚ ʯʚʝʨʪʴ ʷʩʢʨʘʚʦʩʪʽ - 

ʯʚʝʨʪʴ ʯʘʩʫ, ʽ ʪ. ɼ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʚʽʪʣʦʜʽʦʜ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ 

"ʚʢʣʶʯʝʥʠʡ-ʚʠʢʣʶʯʝʥʠʡ", ʧʨʠʯʦʤʫ ʯʘʩ ʚʢʣʶʯʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦ 

ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʶ ʷʩʢʨʘʚʦʩʪʽ. 

ɿ ʮʽʻʾ ʪʝʭʥʽʢʠ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘ ʩʚʽʪʣʦʜʽʦʜʽ (ʘ ʟʥʘʯʠʪʴ ʽ ʥʘ ʝʢʨʘʥʽ) 

ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʮʠʢʣʽʯʥʦ. ʏʘʩ ʤʽʥʽʤʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʟʘ ʷʢʠʡ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʝ çʚʢʣʶʯʝʥʥʷè ʽ çʚʠʢʣʶʯʝʥʥʷ" ʩʚʽʪʣʦʜʽʦʜʘ 

ʥʘʟʠʚʘʻʪʴʩʷ ʧʝʨʽʦʜʦʤ ʦʥʦʚʣʝʥʥʷ (ʨʝʬʨʝʰʘ, refresh time). ʅʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʦʨʦʪʥʘ ʚʝʣʠʯʠʥʘ - ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ (refresh rate). 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ. ʅʝʭʘʡ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ 

ʜʦʨʽʚʥʶʻ 100 ɻʮ. ʗʢʱʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʫ ʷʩʢʨʘʚʽʩʪʴ - 100%, 
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ʪʦ ʤʠ ʧʦʩʪʽʡʥʦ ʧʦʜʘʻʤʦ ʪʦʢ ʥʘ ʩʚʽʪʣʦʜʽʦʜ ʚʝʩʴ ʧʝʨʽʦʜ ʨʝʬʨʝʰʘ, ʨʽʚʥʠʡ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 1/100 ʩ = 10 ʤʩ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ ʷʩʢʨʘʚʽʩʪʴ 50%, ʪʦ ʟʘ ʮʝʡ 

ʯʘʩ ʤʠ ʧʨʦʪʷʛʦʤ 5 ʤʩ ʧʦʜʘʻʤʦ ʪʦʢ, ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ 5 ʤʩ ʥʝ ʧʦʜʘʚ, ʚ 

ʥʘʩʪʫʧʥʠʡ ʮʠʢʣ ʟʥʦʚʫ 5 ʤʩ ʧʦʜʘʻʤʦ, 5 ʤʩ - ʥʝʤʘʻ ʽ ʪ.ʜ. ʗʢʱʦ ʧʦʪʨʽʙʥʦ 

ʷʩʢʨʘʚʽʩʪʴ ʚ 1% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ, ʪʦ ʩʪʨʫʤ ʧʦʜʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 0,1 ʤʩ ʽ ʥʝ 

ʧʦʜʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 9,9 ʤʩ. 

ʂʨʽʤ ʮʽʻʾ ʪʝʭʥʽʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʽ ʤʝʪʦʜʠ PWM: 

Scrambled PWM (Macroblock), Sequential Split Modulation (Silicon Touch), 

Adaptive Pulse Density Modulation (MY-Semi). ʉʫʪʴ ʮʠʭ ʪʝʭʥʽʢ ʧʦʣʷʛʘʻ ʚ 

"ʨʦʟʤʘʟʫʚʘʥʥʷ" ʯʘʩʫ "ʚʢʣʶʯʝʥʥʷ" ʩʚʽʪʣʦʜʽʦʜʘ ʧʦ ʚʩʴʦʤʫ ʧʝʨʽʦʜʫ ʨʝʬʨʝʰʘ. 

ʊʘʢ ʬʦʨʤʫʚʘʥʥʷ 50% -ʦʾ ʷʩʢʨʘʚʦʩʪʽ ʧʨʠ ʯʘʩʪʦʪʽ ʨʝʬʨʝʰʘ 100 ɻʮ ʤʦʞʝ 

ʚʠʛʣʷʜʘʪʠ ʪʘʢ: 1 ʤʩ - ʩʚʽʪʣʦʜʽʦʜ ʚʢʣʶʯʝʥʠʡ, 1 ʤʩ - ʚʠʤʢʥʝʥʠʡ, 1 ʤʩ - 

ʚʢʣʶʯʝʥʠʡ, 1 ʤʩ - ʚʠʤʢʥʝʥʠʡ ʽ ʪ.ʜ. ʊʦʙʪʦ ʜʣʷ 50% ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʥʘ 

ʩʢʘʟʘʪʠ, ʱʦ ʧʝʨʽʦʜ ʨʝʬʨʝʰʘ ʟʤʝʥʰʠʚʩʷ ʚ 5 ʨʘʟʽʚ ʽ ʩʪʘʚ ʜʦʨʽʚʥʶʻ 2 ʤʩ. 

ɺʽʜʧʦʚʽʜʥʦ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʟʙʽʣʴʰʠʣʘʩʷ ʽ ʩʪʘʣʘ 500 ɻʮ. ɸʣʝ ʮʽ ʮʠʬʨʠ 

ʩʧʨʘʚʝʜʣʠʚʽ ʣʠʰʝ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 50% ʷʩʢʨʘʚʦʩʪʽ. ɼʣʷ ʢʦʞʥʦʾ ʩʭʝʤʠ 

ʬʦʨʤʫʚʘʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʻ ʤʽʥʽʤʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ - 1 ʽʤʧʫʣʴʩ (ʜʝʷʢʠʡ 

ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ) ʚʢʣʶʯʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʘ ʽ ʨʝʰʪʫ ʯʘʩʫ ʚʽʥ ʚʠʤʢʥʝʥʠʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʯʽʪʢʘ ʮʠʢʣʽʯʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʪʨʘʜʠʮʽʡʥʦʤʫ PWM ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʩʧʦʪʚʦʨʶʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʽʚʥʷ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʽʦʜʠ ʟ ʤʝʥʰʠʤ ʯʘʩʦʤ (ʽ ʦʪʞʝ 

ʙʽʣʴʰʦʶ ʯʘʩʪʦʪʦʶ ʨʝʬʨʝʰʘ). ʄʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʩʢʘʟʘʪʠ, ʱʦ ʜʣʷ ʜʘʥʦʛʦ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 100 ɻʮ ʜʦ 1 ʢɻʮ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʤʽʥʽʤʘʣʴʥʫ ʷʩʢʨʘʚʽʩʪʴ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʤʠ ʧʦʢʘʟʫʻʤʦ ʟ 

ʧʝʨʽʦʜʦʤ ʨʝʬʨʝʰʘ 100 ɻʮ. ɸ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʝʣʠʢʠʭ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ 

ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧʝʨʽʦʜʠ ( "ʚʢʣʶʯʝʥʥʷ-ʚʠʢʣʶʯʝʥʥʷ" ʩʚʽʪʣʦʜʽʦʜʽʚ) ʟ ʤʝʥʰʦʶ 

ʪʨʠʚʘʣʽʩʪʶ. 

ʆʪʞʝ, ʜʣʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ PWM ʪʘʢʝ ʧʦʥʷʪʪʷ ʷʢ ʯʘʩʪʦʪʘ 

ʨʝʬʨʝʰʘ ʤʦʞʝ ʪʨʘʢʪʫʚʘʪʠʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʆʜʥʘʢ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʧʝʨʽʦʜ 
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ʨʝʬʨʝʰʘ ʷʢ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ, ʟʘ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʜʣʷ ʚʩʽʭ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ, ʪʦ ʮʝ ʟʥʘʯʝʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʭʝʤʠ 

ʬʦʨʤʫʚʘʥʥʷ PWM. 

 

ʏʝʨʝʟʨʷʜʢʦʚʘ ʨʘʟʛʦʨʪʢʘ ʘʙʦ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ (time 

division) ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ ʧʝʨʝʜʙʘʯʝʥʠʡ 

ʪʘʢʠʡ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʚ ʦʜʠʥ ʤʦʤʝʥʪ ʯʘʩʫ ʩʪʨʫʤ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʧʦʜʘʥʠʡ ʥʘ ʚʩʽ ʩʚʽʪʣʦʜʽʦʜʠ ʚʽʜʨʘʟʫ. ɺʩʽ ʩʚʽʪʣʦʜʽʦʜʠ ʝʢʨʘʥʫ 

ʨʦʟʙʠʚʘʶʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʛʨʫʧ (ʷʢ ʧʨʘʚʠʣʦ, ʜʚʽ, ʯʦʪʠʨʠ ʘʙʦ ʚʽʩʽʤ), ʷʢʽ 

ʚʢʣʶʯʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ. ʊʦʙʪʦ ʦʧʠʩʘʥʽ ʚʠʱʝ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ʜʦ ʢʦʞʥʦʾ ʟ ʮʠʭ ʛʨʫʧ. ʋ ʨʘʟʽ ʜʚʦʭ ʪʘʢʠʭ ʛʨʫʧ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʘʥʘʣʦʛʽʯʥʦ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʚ ʘʥʘʣʦʛʦʚʦʤʫ 

ʪʝʣʝʙʘʯʝʥʥʽ ʯʝʨʛʫʚʘʥʥʷʤ ʨʦʟʛʦʨʪʮʽ. 

ɼʘʥʠʡ ʩʧʦʩʽʙ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʜʣʷ ʟʜʝʰʝʚʣʝʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ, ʪʘʢ ʷʢ ʜʣʷ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ ʧʦʪʨʽʙʥʦ ʤʝʥʰʝ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʜʨʘʡʚʝʨʽʚ (ʚ ʜʚʘ, ʯʦʪʠʨʠ, ʚʽʩʽʤ ʨʘʟʽʚ - ʜʦ ʯʠʩʣʘ ʨʘʟ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ, ʱʦ ʚʢʣʶʯʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ), ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʽʩʪʦʪʥʫ 

ʯʘʩʪʠʥʫ ʚʘʨʪʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. ʂʨʽʤ ʮʴʦʛʦ, ʤʝʪʦʜ ʪʠʤʯʘʩʦʚʦʛʦ 

ʧʦʜʽʣʫ ʧʨʘʢʪʠʯʥʦ ʥʝʤʠʥʫʯʠʡ ʧʨʠ ʚʠʩʦʢʽʡ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ (ʪʦʙʪʦ 

ʤʘʣʦʤʫ ʢʨʦʮʽ) ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʜʟʚʠʯʘʡʥʦ 

ʩʢʣʘʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʤʽʱʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʨʘʡʚʝʨʽʚ ʽ ʾʭ 

ʪʝʧʣʦʚʽʜʚʽʜ. 

ʉʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʥʠʞʫʻʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ 

ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ (ʚ ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʛʨʫʧ). 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʤʠ ʚʠʨʦʙʣʷʻʤʦ ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʤʽʞ ʜʚʦʤʘ ʛʨʫʧʘʤʠ 

ʩʚʽʪʣʦʜʽʦʜʽʚ. ʅʘ ʦʜʥʫ ʛʨʫʧʫ ʧʦʜʘʻʪʴʩʷ ʩʪʨʫʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʦʙʭʽʜʥʦʾ 
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ʷʩʢʨʘʚʦʩʪʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʤʝʪʦʜʦʤ PWM. ɯʥʰʘ ʛʨʫʧʘ ʚ ʮʝʡ ʯʘʩ 

ʚʽʜʢʣʶʯʝʥʘ ʚʽʜ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. ʇʽʩʣʷ ʧʝʨʽʦʜʫ ʨʝʬʨʝʰʘ ʛʨʫʧʠ ʤʽʥʷʶʪʴʩʷ - 

ʪʝʧʝʨ ʥʘ ʜʨʫʛʫ ʧʦʜʘʻʪʴʩʷ ʩʪʨʫʤ, ʘ ʧʝʨʰʘ ʚʽʜʢʣʶʯʝʥʘ. ʊʦʤʫ, ʟʘʛʘʣʴʥʠʡ 

ʧʝʨʽʦʜ, ʟʘ ʷʢʠʡ ʦʥʦʚʣʶʻʪʴʩʷ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ, 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ. 

ʇʦʥʷʪʪʷ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʱʝ ʙʽʣʴʰ ʨʦʟʤʠʚʘʻʪʴʩʷ. 

ʉʪʨʦʛʦ ʢʘʞʫʯʠ, ʧʝʨʽʦʜ ʨʝʬʨʝʰʘ ʷʢ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ, ʟʘ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʥʦʚʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʚʩʴʦʛʦ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʆʜʥʘʢ, ʷʢʱʦ ʜʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʨʦʟʛʣʷʜʘʪʠ ʪʽʣʴʢʠ ʧʝʨʽʦʜ, ʥʘ ʷʢʦʤʫ 

ʬʦʨʤʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ PWM, ʪʦ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ - ʢʦʣʠʰʥʷ. 

 

ʏʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ ʽ ʣʶʜʩʴʢʝ ʦʢʦ 

ʏʘʩʪʦʪʘ ʨʝʬʨʝʰʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ ʩʧʨʠʡʥʷʪʪʷ ʟʦʙʨʘʞʝʥʥʷ 

ʦʢʦʤ ʣʶʜʠʥʠ. ɿʦʙʨʘʞʝʥʥʷ, ʦʙʨʘʟʥʦ ʢʘʞʫʯʠ, ʧʦʩʪʽʡʥʦ "ʤʝʨʝʭʪʠʪʴ", ʭʦʯʘ ʽ ʟ 

ʜʦʩʠʪʴ ʚʠʩʦʢʦʶ ʯʘʩʪʦʪʦʶ. ʉʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʦʶ ʩʚʽʪʣʦʚʠʭ ʦʙʨʘʟʽʚ - ʷʚʠʱʝ 

ʧʩʠʭʦʬʽʟʠʯʥʝ ʽ ʚʣʘʰʪʦʚʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʦʢʨʝʤʽ ʩʧʘʣʘʭʠ ʩʚʽʪʣʘ 

ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʚ ʯʘʩʽ. ʎʝ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ 

ʯʘʩʫ (10 ʤʩ) ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʩʢʨʘʚʦʩʪʽ ʩʧʘʣʘʭʽʚ (ʟʘʢʦʥ ɹʣʦʭʘ). ʗʢʱʦ ʩʚʽʪʣʦ 

"ʤʝʨʝʭʪʠʪʴ" ʜʦʩʠʪʴ ʰʚʠʜʢʦ, ʟ ʯʘʩʪʦʪʦʶ ʚʠʱʝ ʜʝʷʢʦʾ ʛʨʘʥʠʯʥʦʾ (CFF - 

Critical Flicker Frequency), ʪʦ ʦʢʦ ʣʶʜʠʥʠ ʩʧʨʠʡʤʘʻ ʮʝʡ ʩʚʽʪ ʪʘʢ ʩʘʤʦ, ʷʢ 

ʷʢʙʠ ʚʽʥ ʛʦʨʽʚ ʧʦʩʪʽʡʥʦ (ʟʘʢʦʥ ʊʘʣʴʙʦ-ʇʣʘʪʦ). ʇʦʨʦʛʦʚʘ ʯʘʩʪʦʪʘ CFF 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʝʟʣʽʯʽ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʩʧʝʢʪʨ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʢʘ, ʨʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ. ʆʜʥʘʢ, 

ʤʦʞʥʘ ʟ ʫʧʝʚʥʝʥʽʩʪʶ ʩʢʘʟʘʪʠ, ʱʦ ʧʨʠ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʮʷ ʯʘʩʪʦʪʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 100 ɻʮ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʩʧʨʠʡʥʷʪʪʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʦʜʦʤ PWM ʘʙʦ ʤʦʜʠʬʽʢʦʚʘʥʠʤ 

PWM, ʣʶʜʩʴʢʠʤ ʦʢʦʤ, ʪʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʯʘʩʪʦʪʦʶ ʨʝʬʨʝʰʘ 100 ɻʮ ʽ 1 ʢɻʮ 

ʙʫʜʫʪʴ ʩʧʨʠʡʤʘʪʠʩʷ ʦʜʥʘʢʦʚʦ. 
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ʏʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʝʢʨʘʥʫ ʽ ʚʽʜʝʦʢʘʤʝʨʘ 

ʆʜʥʘʢ, ʷʢ ʩʧʨʠʡʤʘʶʯʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʥʝ ʪʽʣʴʢʠ ʦʢʦ ʣʶʜʠʥʠ, 

ʘʣʝ ʽ ʘʧʘʨʘʪʫʨʘ ʜʣʷ ʚʽʜʝʦʟʘʧʠʩʫ, ʷʢʘ ʤʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʽʜʤʽʥʥʽ ʚʽʜ ʦʢʘ. 

ʎʝ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ, ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ 

ʩʪʘʜʽʦʥʘʭ, ʩʧʦʨʪʠʚʥʠʭ ʩʧʦʨʫʜʘʭ ʘʙʦ ʢʦʥʮʝʨʪʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ, ʟ ʷʢʠʭ 

ʟʘʟʚʠʯʘʡ ʚʝʜʝʪʴʩʷ ʚʽʜʝʦʪʨʘʥʩʣʷʮʽʷ. ʏʘʩ ʝʢʩʧʦʟʠʮʽʾ, ʘʙʦ ʚʠʪʨʠʤʢʘ (shutter 

speed), ʚ ʩʫʯʘʩʥʠʭ ʚʽʜʝʦʢʘʤʝʨʘʭ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʩʝʢʫʥʜ ʜʦ ʪʠʩʷʯʥʠʭ 

ʯʘʩʪʦʢ ʩʝʢʫʥʜʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ, ʚ ʷʢʦʤʫ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ 

ʪʨʘʜʠʮʽʡʥʠʤ ʤʝʪʦʜʦʤ PWM ʟ ʯʘʩʪʦʪʦʶ ʨʝʬʨʝʰʘ 100 ɻʮ. ʅʘ ʝʢʨʘʥʽ 

ʜʝʤʦʥʩʪʨʫʻʪʴʩʷ ʩʪʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠʧʫʩʪʠʤʦ ʪʘʢʦʞ, ʱʦ ʤʠ ʟʥʽʤʘʻʤʦ 

ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ʚʽʜʝʦʢʘʤʝʨʦʶ ʟ ʚʠʪʨʠʤʢʦʶ 1/8 ʩ, ʪʦʙʪʦ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ 

125 ʤʩ. ɿʘ ʮʝʡ ʯʘʩ ʥʘ ʬʦʪʦʩʝʥʩʦʨ ʧʦʪʨʘʧʠʪʴ ʩʚʽʪʣʦ ʚʽʜ 12,5 ʧʝʨʽʦʜʽʚ 

ʨʝʬʨʝʰʘ. ʂʦʣʠ ʤʠ ʨʦʙʠʤʦ ʩʝʨʽʶ ʢʘʜʨʽʚ ʟ ʜʘʥʦʾ ʚʠʪʨʠʤʢʦʶ, ʪʦ ʨʽʟʥʠʮʷ ʚ 

ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʮʽ, ʱʦ ʧʦʧʘʜʘʻ ʥʘ ʩʚʽʪʣʦʯʫʪʣʠʚʠʡ ʝʣʝʤʝʥʪ, ʥʝ ʧʝʨʝʚʠʱʫʻ 

ʧʦʪʦʢʫ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘʤʠ ʟʘ 0,5 ʧʝʨʽʦʜʫ ʨʝʬʨʝʰʘ, ʪʦʙʪʦ ʥʝ 

ʙʽʣʴʰʝ 4% ʚʽʜ ʫʩʴʦʛʦ ʧʦʪʦʢʫ. ʈʽʟʥʠʮʷ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ 

ʚʽʜʝʦʢʘʤʝʨʘ ʽ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ, ʧʨʠʨʦʜʥʦ, ʥʝ ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʽ ʢʦʞʝʥ 

ʢʘʜʨ, ʟʨʦʙʣʝʥʠʡ ʚʽʜʝʦʢʘʤʝʨʦʶ, ʧʦʪʨʘʧʣʷʻ ʚ ʨʽʟʥʠʡ ʯʘʩ ʱʦʜʦ ʧʦʯʘʪʢʫ ʮʠʢʣʫ 

ʨʝʬʨʝʰʘ ʩʚʽʪʣʦʜʽʦʜʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʝʦʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʙʫʜʝ 

ʧʦʢʘʟʫʚʘʪʠ ʜʦʩʠʪʴ ʨʽʚʥʫ ʢʘʨʪʠʥʢʫ ʟʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. 

ʊʝʧʝʨ ʟʤʝʥʰʠʤʦ ʚʠʪʨʠʤʢʫ, ʟ ʷʢʦʾ ʤʠ ʟʥʽʤʘʻʤʦ ʜʦ 1/250 ʩ, ʯʘʩ 

ʝʢʩʧʦʟʠʮʽʾ ʜʦʨʽʚʥʶʻ 4 ʤʩ. ʎʝ ʯʘʩ ʚ 2,5 ʨʘʟʠ ʤʝʥʰʝ ʧʝʨʽʦʜʫ ʨʝʬʨʝʰʘ. ʊʝʧʝʨ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʯʘʩʦʤ ʧʦʯʘʪʢʫ ʢʘʜʨʫ ʚʽʜʝʦʢʘʤʝʨʠ ʽ ʧʦʯʘʪʢʦʤ ʮʠʢʣʫ 

PWM ʙʫʜʝ ʤʘʪʠ ʩʫʪʪʻʚʝ ʟʥʘʯʝʥʥʷ. ʆʜʥʽ ʢʘʜʨʠ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʚ ʧʦʯʘʪʦʢ 

ʮʠʢʣʫ, ʽʥʰʽ ʚ ʩʝʨʝʜʠʥʫ, ʪʨʝʪʽ ʚ ʢʽʥʝʮʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ 

ʧʦʭʠʙʢʘ ʚ ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʮʽ ʚ ʨʽʟʥʠʭ ʢʘʜʨʘʭ. ʊʦʙʪʦ, ʟʦʙʨʘʞʝʥʥʷ, ʱʦ 

ʧʨʦʛʨʘʻʪʴʩʷ ʥʘ ʚʽʜʝʦʢʘʤʝʨʽ, ʙʫʜʝ ʚʠʧʘʜʢʦʚʦ ʤʽʥʷʪʠ ʷʩʢʨʘʚʽʩʪʴ, ʙʫʜʝ 

"ʧʣʠʩʪʠ". ʂʨʽʤ ʪʦʛʦ, ʟʤʝʥʰʠʪʴʩʷ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ, ʚʪʽʤ, 
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ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʟʥʽʤʘʶʪʴʩʷ ʥʘ ʢʦʨʦʪʢʽʡ ʚʠʪʨʠʤʮʽ . ʗʢʱʦ 

ʱʝ ʟʤʝʥʰʠʪʠ ʚʠʪʨʠʤʢʫ, ʪʦ ʟ ʙʽʣʴʰʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʙʫʜʫʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʯʦʨʥʽ 

ʢʘʜʨʠ (ʢʦʣʠ ʧʦʯʘʪʦʢ ʢʘʜʨʫ ʚʽʜʝʦʢʘʤʝʨʠ ʧʦʪʨʘʧʣʷʻ ʥʘ ʪʫ ʜʽʣʷʥʢʫ ʮʠʢʣʫ 

PWM, ʜʝ ʩʚʽʪʣʦʜʽʦʜ "ʚʠʤʢʥʝʥʠʡ") ʽ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ ʧʦʯʥʝ ʤʝʨʝʭʪʽʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʤʠ ʭʦʯʝʤʦ ʟʥʽʤʘʪʠ ʥʘ ʚʽʜʝʦʢʘʤʝʨʫ ʩʚʽʪʣʦʜʽʦʜʥʠʡ 

ʝʢʨʘʥ, ʥʘ ʷʢʦʤʫ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʛʦ 

PWM, ʪʦ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʦʨʽʚʥʷʥʥʦʶ ʘʙʦ ʧʝʨʝʚʝʨʰʫʚʘʪʠ 

ʚʠʪʨʠʤʢʫ, ʟ ʷʢʦʾ ʟʥʽʤʘʻ ʢʘʤʝʨʘ. 

ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ PWM ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʪʽ 

ʞ ʤʽʨʢʫʚʘʥʥʷ. ɺ ʩʠʣʫ "ʨʦʟʤʘʟʫʚʘʥʥʷ" ʯʘʩʫ ʚʢʣʶʯʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʘ ʧʦ ʮʠʢʣʫ 

PWM ʥʘ ʚʝʣʠʢʠʭ ʷʩʢʨʘʚʦʩʪʽ, ʟʦʙʨʘʞʝʥʥʷ, ʟʥʷʪʝ ʥʘ ʚʽʜʝʦʢʘʤʝʨʫ ʙʫʜʝ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʝ, ʥʽʞ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʛʦ PWM. ɸʣʝ ʥʘ ʤʘʣʠʭ 

ʷʩʢʨʘʚʦʩʪʷʭ ʩʠʪʫʘʮʽʷ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʣʠʰʥʴʦʶ - ʢʘʨʪʠʥʢʘ ʙʫʜʝ ʘʙʦ 

ʟʤʽʥʶʚʘʪʠ ʷʩʢʨʘʚʽʩʪʴ, ʘʙʦ ʤʝʨʝʭʪʽʪʠ. ʆʩʢʽʣʴʢʠ ʨʝʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʪʠʪʴ, 

ʷʢ ʧʨʘʚʠʣʦ, ʨʽʟʥʽ ʨʽʚʥʽ ʷʩʢʨʘʚʦʩʪʽ, ʪʦ ʟʦʙʨʘʞʝʥʥʷ, ʟʥʷʪʝ ʥʘ ʚʽʜʝʦʢʘʤʝʨʫ 

ʪʘʢʦʞ ʤʘʪʠʤʝ ʧʦʭʠʙʢʠ, ʭʦʯʘ ʽ ʽʥʰʦʾ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʆʪʞʝ, ʧʨʠ ʚʽʜʝʦʟʡʦʤʮʽ ʫʥʠʢʥʫʪʠ ʥʘʷʚʥʦʩʪʽ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʧʨʠ ʜʦʚʽʣʴʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʟʡʦʤʢʠ ʥʝ ʚʜʘʻʪʴʩʷ. ɿʘʚʞʜʠ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʟʥʘʯʝʥʥʷ ʚʠʪʨʠʤʢʠ, ʧʨʠ ʷʢʽʡ ʚʽʜʝʦ ʙʫʜʝ ʩʧʦʪʚʦʨʝʥʦ. ʉʠʪʫʘʮʽʷ ʘʥʘʣʦʛʽʯʥʘ 

ʟʡʦʤʮʽ ʘʥʘʣʦʛʦʚʦʛʦ ʪʝʣʝʚʽʟʦʨʘ ʘʥʘʣʦʛʦʚʦʾ ʞ ʢʘʤʝʨʦʶ. ɺ ʩʠʣʫ ʚʽʜʤʽʥʥʦʩʪʝʡ ʚ 

ʯʘʩʪʦʪʽ ʨʦʟʛʦʨʪʢʠ ʧʨʠ ʧʦʜʽʙʥʽʡ ʟʡʦʤʮʽ ʥʘ ʦʙ'ʻʢʪʽ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʪʝʣʝʚʽʟʦʨʽ 

ʚʠʜʥʦ ʜʽʘʛʦʥʘʣʴʥʽ ʯʦʨʥʽ ʩʤʫʛʠ. 

ɺʘʞʣʠʚʽʰʠʤ ʜʣʷ ʚʽʜʝʦʟʡʦʤʢʠ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʻ ʧʠʪʘʥʥʷ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʟʥʷʪʦʛʦ ʥʘ ʚʽʜʝʦʢʘʤʝʨʫ. ʉʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ - 

ʢʦʥʩʪʨʫʢʮʽʷ ʤʦʜʫʣʴʥʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʙʣʦʢʽʚ, ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʷʢʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʬʦʨʤʫʻʪʴʩʷ ʨʽʟʥʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ. ʗʢʱʦ ʮʽ ʢʦʥʪʨʦʣʝʨʠ 

ʅɽ ʩʠʥʭʨʦʥʽʟʫʶʪʴ ʧʦʯʘʪʦʢ ʮʠʢʣʫ PWM, ʪʦʙʪʦ ʧʦʯʘʪʦʢ ʮʠʢʣʫ ʥʘ ʨʽʟʥʠʭ 

ʜʽʣʷʥʢʘʭ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʧʨʠʧʘʜʘʻ ʥʘ ʨʽʟʥʠʡ ʯʘʩ, ʪʦ ʧʨʠ ʟʡʦʤʮʽ ʤʦʞʝ 

ʩʪʘʪʠʩʷ ʪʘʢʘ ʩʠʪʫʘʮʽʷ. ʅʘ ʦʜʥʽʡ ʜʽʣʷʥʮʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʧʦʯʘʪʦʢ ʢʘʜʨʫ 
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ʚʽʜʝʦʢʘʤʝʨʠ ʤʦʞʝ ʩʧʽʚʧʘʩʪʠ ʟ ʧʦʯʘʪʢʦʤ ʮʠʢʣʫ PWM, ʘ ʥʘ ʽʥʰʦʤʫ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʩʝʨʝʜʠʥʫ. ʗʢʱʦ ʚʠʪʨʠʤʢʘ ʧʦʨʽʚʥʷʥʥʘ ʟ ʧʝʨʽʦʜʦʤ ʨʝʬʨʝʰʘ, ʪʦ 

ʥʘ ʦʜʥʽʡ ʜʽʣʷʥʮʽ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʩʚʽʪʣʽʰʝ, ʘ ʥʘ ʽʥʰʦʤʫ ʪʝʤʥʽʰʝ. ɺʩʽ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʨʦʟʙʠʚʘʪʠʩʷ ʥʘ 

ʧʨʷʤʦʢʫʪʥʠʢʠ ʨʽʟʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʙʽʣʴʰʠʡ ʜʠʩʢʦʤʬʦʨʪ ʜʣʷ 

ʛʣʷʜʘʯʘ. 

 

ɺʘʨʪʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʬʨʝʰʘ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʝʢʨʘʥʽʚ 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʛʝʥʝʨʘʮʽʾ PWM ʩʭʝʤʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʤʘʶʪʴ 

ʟʘʛʘʣʴʥʽ ʨʠʩʠ. ʉʭʝʤʘ ʛʝʥʝʨʘʮʽʾ PWM ʤʘʻ ʜʝʷʢʫ ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ Fpwm. 

ʅʝʭʘʡ ʧʦʪʨʽʙʥʦ ʟʛʝʥʝʨʫʚʘʪʠ N ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʯʘʩʪʦʪʘ 

ʨʝʬʨʝʰʘ Fr ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ Fpwm / N. 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʥʘʚʝʜʝʤʦ ʜʝʷʢʽ ʧʨʠʢʣʘʜʠ (ʪʘʙʣ. 2.11): 

 

ʊʘʙʣʠʮʷ 2.11 

ʏʘʩʪʦʪʘ PWM ʏʠʩʣʦ ʫʨʦʚʥʝʡ ʷʨʢʦʩʪʠ ʏʘʩʪʦʪʘ ʨʝʬʨʝʰʘ 

Fpwm=10 ʄɻʮ N=256 (8 ʙʠʪ ʥʘ ʢʘʥʘʣ) Fr=39 ʢɻʮ 

Fpwm=10 ʄɻʮ N=1024 (10 ʙʠʪ ʥʘ ʢʘʥʘʣ) Fr=9.8 ʢɻʮ 

Fpwm=10 ʄɻʮ N=2048 (11 ʙʠʪ ʥʘ ʢʘʥʘʣ) Fr=4.9 ʢɻʮ 

Fpwm=10 ʄɻʮ N=65536 (16 ʙʠʪ ʥʘ ʢʘʥʘʣ) Fr=152 ɻʮ 

Fpwm=20 ʄɻʮ N=65536 (16 ʙʠʪ ʥʘ ʢʘʥʘʣ) Fr=305 ɻʮ 

 

ʅʘʚʝʜʝʥʽ ʮʠʬʨʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʽʩʥʫʶʪʴ ʥʝʟʘʣʝʞʥʽ ʩʭʝʤʠ 

ʬʦʨʤʫʚʘʥʥʷ PWM ʜʣʷ ʢʦʞʥʦʛʦ ʩʚʽʪʣʦʜʽʦʜʘ, ʪʦʙʪʦ ʩʭʝʤʘ PWM ʨʝʘʣʽʟʦʚʘʥʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʜʨʘʡʚʝʨʠ ʝʢʨʘʥʘ. 

ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʩʪʠʭ ʜʨʘʡʚʝʨʽʚ ʽ ʬʦʨʤʫʚʘʥʥʷ PWM ʥʘ 

ʢʦʥʪʨʦʣʝʨʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʩʢʽʣʴʢʠ ʜʨʘʡʚʝʨʽʚ 

ʟ'ʻʜʥʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʽ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʦʜʥʽʻʶ ʩʭʝʤʦʶ PWM. ʗʢʱʦ ʦʜʥʽʻʶ 
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ʩʭʝʤʦʶ PWM ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ M ʜʨʘʡʚʝʨʽʚ ʟ 16-ʶ ʚʠʭʦʜʘʤʠ, ʪʦ ʯʘʩʪʦʪʘ 

ʨʝʬʨʝʰʘ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ Fpwm / (N * M * 16), ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʬʨʝʰʘ ʘʙʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʫʚʘʪʠ 

ʪʘʢʪʦʚʫ ʯʘʩʪʦʪʫ. 

ʋ ʨʘʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʘʩʦʚʦʛʦ ʧʦʜʽʣʫ (ʯʝʨʝʟʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ), ʷʢ ʤʠ 

ʚʞʝ ʢʘʟʘʣʠ, ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʜʽʣʝʥʥʷ. 

ʆʪʞʝ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʨʝʬʨʝʰʘ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ 

ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ: 

ʟʘʩʪʦʩʫʚʘʥʥʷ "ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ" ʜʨʘʡʚʝʨʽʚ; 

ʟʙʽʣʴʰʝʥʥʷ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʩʭʝʤʠ ʛʝʥʝʨʘʮʽʾ PWM; 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ (ʛʣʠʙʠʥʠ ʢʦʣʴʦʨʫ). 

ʂʦʞʝʥ ʟ ʮʠʭ ʩʧʦʩʦʙʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ʊʘʢ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ 

ʜʨʘʡʚʝʨʠ ʜʦʨʦʞʯʝ ʟʚʠʯʘʡʥʠʭ, ʧʽʜʚʠʱʝʥʥʷ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ ʟʙʽʣʴʰʫʻ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ (ʘ ʟʥʘʯʠʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʜʚʦʜʫ ʪʝʧʣʘ 

ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʝʨʝʛʨʽʚʫ), ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʟʥʠʞʫʻ 

ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ, ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʽʚ ʽ 

ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ 

ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʻ ʡʦʛʦ 

ʟʜʘʪʥʽʩʪʴ ʚʽʜʪʚʦʨʶʚʘʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ. ʂʦʣʴʦʨʠ ʚʠʭʦʜʷʪʴ 

ʟʤʽʰʫʚʘʥʥʷʤ ʜʝʷʢʠʭ ʙʘʟʦʚʠʭ ʢʦʣʴʦʨʽʚ (ʢʘʥʘʣʽʚ), ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʧʽʢʩʝʣʴ. 

ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʯʝʨʚʦʥʠʡ (R), ʟʝʣʝʥʠʡ (G) ʽ ʩʠʥʽʡ (B). ʆʯʝʚʠʜʥʦ, ʱʦ ʯʠʤ 

ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ, ʪʠʤ 

ʚʠʱʝ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ - ʢʦʣʴʦʨʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʧʨʠʨʦʜʥʽ, ʘ 

ʢʦʣʽʨʥʽ ʧʝʨʝʭʦʜʠ - ʙʽʣʴʰ ʧʣʘʚʥʽ. 
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ʆʩʢʽʣʴʢʠ ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʽ ʡʦʛʦ ʷʢʽʩʪʴ 

ʦʮʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʽʜʪʚʦʨʝʥʥʷ ʥʘ ʤʦʥʽʪʦʨʽ ʢʦʤʧ'ʶʪʝʨʘ, ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʧʦʚʠʥʥʦ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʝ ʜʦ ʚʠʭʽʜʥʦʛʦ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 24-ʙʽʪʥʦʛʦ ʢʦʜʫʚʘʥʥʷ 

ʢʦʣʴʦʨʠ (TrueColor), ʚ ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ʢʦʞʥʦʛʦ ʢʘʥʘʣʫ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 8-ʙʽʪʥʦʛʦ ʯʠʩʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ 

ʝʢʨʘʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʙʘʞʘʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʥʝ ʤʝʥʰʝ 2 ʚ 24 ʩʪʫʧʝʥʽ (ʙʽʣʴʰʝ 

16 ʤʣʥ.) ʢʦʣʴʦʨʽʚ. 

ʗʢ ʤʠ ʙʘʯʠʣʠ, ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʬʦʨʤʫʻʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʽʢʠ PWM. ʏʠʤ ʙʽʣʴʰʝ ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ ʟʘʙʝʟʧʝʯʫʻ 

ʨʝʘʣʽʟʘʮʽʷ PWM ʥʘ ʮʴʦʤʫ ʝʢʨʘʥʽ, ʪʠʤ ʚʠʱʦʶ ʙʫʜʝ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

ʄʝʪʦʜ PWM ʟʘʙʝʟʧʝʯʫʻ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʤʫ (ʫʩʝʨʝʜʥʝʥʝ 

ʟʥʘʯʝʥʥʷ) ʚʽʜ ʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ ʷʩʢʨʘʚʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʤʠ ʤʘʻʤʦ 

ʨʝʘʣʽʟʘʮʽʶ PWM ʟ N ʨʽʚʥʷʤʠ, ʪʦ ʨʝʘʣʴʥʘ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʽʚ ʜʣʷ ʮʠʭ 

ʨʽʚʥʽʚ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʣʽʥʽʡʥʦ. ʊʦʙʪʦ, ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʘ, ʥʘ ʷʢʦʤʫ ʥʘ 

PWM ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʝʥʴ 1, ʙʫʜʝ ʨʽʚʥʦ ʚ ʜʚʘ ʨʘʟʠ ʥʠʞʯʝ, ʥʽʞ ʧʨʠ ʨʽʚʥʽ 

2 ʽ ʚ 256 ʨʘʟʽʚ ʥʠʞʯʝ, ʥʽʞ ʥʘ ʨʽʚʥʽ 256. 

ʆʪʞʝ, ʷʢʱʦ PWM ʨʝʘʣʽʟʫʻ N ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ, ʪʦ ʥʘ ʚʠʭʦʜʽ ʤʠ 

ʤʘʪʠʤʝʤʦ N ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ʽ ʷʩʢʨʘʚʽʩʪʴ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʭʽʜʥʦʛʦ ʨʽʚʥʷ. ʆʜʥʘʢ, ʦʢʦ ʣʶʜʠʥʠ ʩʧʨʠʡʤʘʻ ʷʩʢʨʘʚʽʩʪʴ ʥʝʣʽʥʽʡʥʦ. ɿ 

ʝʤʧʽʨʠʯʥʦʛʦ ʧʩʠʭʦʬʽʟʠʯʥʦʛʦ ʟʘʢʦʥʫ ɺʝʙʝʨʘ-ʌʝʭʥʝʨʘ ʚʠʧʣʠʚʘʻ, ʱʦ ʣʶʜʩʴʢʝ 

ʦʢʦ ʤʘʻ ʣʦʛʘʨʠʬʤʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʩʧʨʠʡʥʷʪʪʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ. 

ʇʨʠ ʥʠʟʴʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦʩʠʪʴ ʪʨʦʭʠ ʟʤʽʥʠʪʠ ʷʩʢʨʘʚʽʩʪʴ ʽ ʦʢʦ ʮʝ 

ʧʦʤʽʪʠʪʴ, ʧʨʠ ʚʠʩʦʢʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʣʷ ʪʘʢʦʾ ʞ ʩʫʙ'ʻʢʪʠʚʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ 

ʷʩʢʨʘʚʽʩʪʴ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʟʥʘʯʥʦ. ʗʢʱʦ ʤʠ ʚʽʜʦʙʨʘʟʠʤʦ ʚʩʽ ʤʦʞʣʠʚʽ 

N (ʟʘ ʫʤʦʚʠ, ʱʦ N ʥʝ ʤʝʥʰʝ 100) ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʽʚ ʫ ʚʠʛʣʷʜʽ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʩʤʫʛʠ ʚʽʜ 0 ʜʦ N, ʪʦ ʜʣʷ ʦʢʘ ʧʝʨʰʽ ʨʽʚʥʽ ʙʫʜʫʪʴ ʜʦʙʨʝ 

ʧʦʤʽʪʥʽ, ʧʦʪʽʤ ʤʝʥʰ ʧʦʤʽʪʥʽ ʽ, ʙʣʠʞʯʝ ʜʦ N, ʦʢʦ ʧʝʨʝʩʪʘʥʝ ʩʧʨʠʡʤʘʪʠ 

ʨʽʟʥʠʮʶ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʷʩʢʨʘʚʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʟ ʟʘʛʘʣʴʥʦʾ 
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ʢʽʣʴʢʦʩʪʽ N ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ ʤʠ ʟʤʦʞʝʤʦ ʚʠʙʨʘʪʠ ʣʠʰʝ ʟʥʘʯʥʝ ʤʝʥʰʝ ʯʠʩʣʦ 

ʨʽʚʥʽʚ M ʪʘʢ, ʱʦ ʢʦʜʫʻʪʴʩʷ ʥʠʤʠ ʷʩʢʨʘʚʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʽʚ ʙʫʜʝ ʩʧʨʠʡʤʘʪʠʩʷ 

ʣʽʥʽʡʥʦ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʤʦʥʽʪʦʨʘʭ ʚʞʝ 

ʚʨʘʭʦʚʫʻ ʮʶ ʦʩʦʙʣʠʚʽʩʪʴ ʟʦʨʫ. ʋ CRT-ʤʦʥʽʪʦʨʘʭ ʮʝ ʻ ʥʘʩʣʽʜʢʦʤ ʾʭ ʤʝʪʦʜʫ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʚ LCD-ʤʦʥʽʪʦʨʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʘʧʘʨʘʪʥʘ ʛʘʤʤʘ-

ʢʦʨʝʢʮʽʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʻ ʚʽʜʥʦʩʥʦ ʣʽʥʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʫʙ'ʻʢʪʠʚʥʦ 

ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʩʢʨʘʚʦʩʪʽ ʚʽʜ ʟʘʢʦʜʦʚʘʥʦʛʦ, ʣʦʛʽʯʥʦʛʦ ʨʽʚʥʷ ʷʩʢʨʘʚʦʩʪʽ. ʊʦʤʫ 

ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʬʘʡʣʽ ʟʦʙʨʘʞʝʥʥʷ ʤʠ ʤʘʻʤʦ 256 ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ (ʜʣʷ 

TrueColor) ʧʦ ʢʦʞʥʦʤʫ ʢʘʥʘʣʫ, ʷʢʽ ʩʧʨʠʡʤʘʶʪʴʩʷ ʦʢʦʤ ʣʽʥʽʡʥʦ. 

ʗʢʱʦ ʨʝʘʣʽʟʫʚʘʪʠ PWM ʟ 256-ʶ ʣʦʛʽʯʥʠʤʠ ʨʽʚʥʷʤʠ ʽ ʚʽʜʦʙʨʘʟʠʪʠ 

ʚʠʭʽʜʥʫ ʢʘʨʪʠʥʢʫ TrueColor, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʙʫʜʝʪʴʩʷ ʚʠʜʠʤʝ 

ʩʧʦʪʚʦʨʝʥʥʷ ʢʘʨʪʠʥʢʠ. ʅʘ ʪʝʤʥʠʭ ʜʽʣʷʥʢʘʭ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʚʠʜʥʦ ʨʽʟʢʽ 

ʢʦʨʜʦʥʫ, ʥʘ ʩʚʽʪʣʠʭ ʜʽʣʷʥʢʘʭ ʥʘʚʧʘʢʠ ʚʩʽ ʨʽʚʥʽ ʷʩʢʨʘʚʦʩʪʽ ʙʫʜʫʪʴ ʟʣʠʚʘʪʠʩʷ. 

ʉʧʦʪʚʦʨʝʥʥʷ ʪʘʢʦʞ ʙʫʜʫʪʴ ʧʦʤʽʪʥʽ ʚ ʢʦʣʽʨʥʽʡ ʦʙʣʘʩʪʽ - ʪʘʤ, ʜʝ ʧʦʪʨʽʙʥʦ 

ʧʣʘʚʥʠʡ ʛʨʘʜʽʻʥʪ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʣʶʜʩʴʢʦʛʦ ʦʙʣʠʯʯʷ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʩʠʣʫ ʪʦʛʦ, ʱʦ ʚ ʚʠʭʽʜʥʽʡ ʢʘʨʪʠʥʮʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 256 

ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷ, ʘ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʤʠ ʧʝʨʝʚʝʣʠ ʾʭ ʚ ʣʽʥʽʡʥʽ 

"ʥʝʟʨʫʯʥʽ" ʜʣʷ ʩʧʨʠʡʥʷʪʪʷ ʦʢʦʤ. 

ɿʥʘʯʠʪʴ, ʱʦʙ TrueColor ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʦʙʨʘʞʘʣʦʩʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ 

ʝʢʨʘʥʽ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʦ ʜʦ ʦʨʠʛʽʥʘʣʫ, ʥʝʦʙʭʽʜʥʦ ʩʢʦʨʝʛʫʚʘʪʠ ʣʦʛʽʯʥʽ 

ʨʽʚʥʽ ʷʩʢʨʘʚʦʩʪʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʦʙʨʘʞʝʥʥʽ. ɼʣʷ ʮʴʦʛʦ ʪʨʝʙʘ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ PWM ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ. ʊʦʜʽ ʟ ʮʴʦʛʦ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʞʥʘ ʙʫʜʝ 

ʚʠʙʨʘʪʠ 256 ʨʽʚʥʽʚ ʪʘʢ, ʱʦʙ ʷʩʢʨʘʚʽʩʪʴ, ʱʦ ʢʦʜʫʻʪʴʩʷ ʥʠʤʠ ʩʧʨʠʡʤʘʣʘʩʷ 

ʦʢʦʤ ʣʽʥʽʡʥʦ. ʇʦʜʽʙʥʠʡ ʚʠʙʽʨ 256 ʨʽʚʥʽʚ ʟ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ 

ʚʠʙʦʨʦʤ ʧʘʣʽʪʨʠ. ʇʨʠʨʦʜʥʦ, ʯʠʤ ʙʽʣʴʰʝ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʟʜʘʪʥʠʡ 

ʨʝʘʣʽʟʫʚʘʪʠ PWM, ʪʠʤ ʪʦʯʥʽʰʝ ʤʦʞʥʘ ʙʫʜʝ ʧʽʜʽʙʨʘʪʠ ʧʘʣʽʪʨʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʷʩʢʨʘʚʽʩʪʴ ʩʧʨʠʡʤʘʣʘʩʷ ʦʢʦʤ ʣʽʥʽʡʥʦ. 
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ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʽ ʩʚʽʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ ʤʘʶʪʴ ʨʝʘʣʽʟʘʮʽʶ 

PWM, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 216 ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ. ʎʴʦʛʦ ʮʽʣʢʦʤ 

ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ 256 ʨʽʚʥʽʚ ʜʣʷ ʧʦʢʘʟʫ ʟʦʙʨʘʞʝʥʥʷ 

TrueColor. ʉʣʽʜ ʨʦʟʫʤʽʪʠ, ʱʦ ʦʜʥʦʯʘʩʥʦ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 256 * 256 * 256 ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ, ʘ ʥʝ 216 * 216 * 216, ʪʦʙʪʦ 

ʢʦʣʽʨ, ʷʢ ʽ ʨʘʥʽʰʝ, ʢʦʜʫʻʪʴʩʷ 24-ʙʽʪʥʠʤ ʯʠʩʣʦʤ, ʘ ʥʝ 48-ʙʽʪʦʚʠʤ. ʈʦʟʰʠʨʝʥʽʡ 

ʢʦʣʴʦʨʦʚʽʡ ʧʘʣʽʪʨʽ ʩʣʫʞʠʪʴ ʣʠʰʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʙʽʣʴʰ ʷʢʽʩʥʦ ʧʽʜʽʙʨʘʪʠ 

ʧʘʣʽʪʨʫ, ʪʦʙʪʦ ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʽ 256 * 256 * 256 

ʂʨʽʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 16-ʙʽʪʥʦʛʦ ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʷʩʢʨʘʚʦʩʪʽ ʧʦ ʢʦʞʥʦʤʫ 

ʢʘʥʘʣʫ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʪʘʢʦʞ 8, 10, 12 ʘʙʦ 14-ʙʽʪʦʚʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʥʘʣʘʰʪʫʚʘʥʥʶ ʧʘʣʽʪʨʠ ʟʚʫʞʫʶʪʴʩʷ. ʆʜʥʘʢ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʣʦʛʽʯʥʠʭ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʜʝʰʝʚʣʝʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʚʥʦʢʦʣʴʦʨʦʚʦʛʦ TrueColor 

ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʟʘʚʞʜʠ ʥʝʦʙʭʽʜʥʦ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʚʠʚʽʩʦʢ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʱʠʪʽʚ ʜʦʩʠʪʴ ʤʘʪʠ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʦʣʴʦʨʽʚ. 

ʅʘʷʚʥʽʩʪʴ ʨʦʟʰʠʨʝʥʦʛʦ ʢʦʣʽʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʱʝ 

ʢʽʣʴʢʘ ʟʘʚʜʘʥʴ: 

ʇʦ-ʧʝʨʰʝ, ʥʘʩʪʨʦʡʢʘ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʫ ʜʦʙʠ, ʧʦʨʠ ʨʦʢʫ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʫʩʪʘʥʦʚʢʠ ʝʢʨʘʥʫ. ʆʢʦ ʣʶʜʠʥʠ ʜʫʞʝ 

ʛʥʫʯʢʦ ʘʜʘʧʪʫʻʪʴʩʷ ʜʦ ʦʩʚʽʪʣʝʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʪʦʤʫ ʷʩʢʨʘʚʠʤ ʩʦʥʷʯʥʠʤ 

ʜʥʝʤ ʧʦʪʨʽʙʥʦ ʚʠʙʽʨ ʦʜʥʽʻʾ ʧʘʣʽʪʨʠ, ʘ ʚʥʦʯʽ - ʟʦʚʩʽʤ ʽʥʰʠʡ. ɹʽʣʴʰ ʪʦʛʦ, ʜʣʷ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʪʣʽ ʥʝʙʘ, ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʧʘʣʽʪʨʘ, ʱʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʝʢʨʘʥʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʩʪʽʥʽ ʙʫʜʽʚʣʽ, ʜʝ ʽʥʰʽ ʙʫʜʽʚʣʽ 

ʟʘʪʫʣʷʶʪʴ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ. 

ʇʦ-ʜʨʫʛʝ, ʛʥʫʯʢʦ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʥʘʩʪʨʦʡʢʘ ʙʘʣʘʥʩʫ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ. 

ʆʩʢʽʣʴʢʠ ʧʘʣʽʪʨʠ ʤʦʞʥʘ ʚʠʙʠʨʘʪʠ ʥʝʟʘʣʝʞʥʦ ʧʦ ʢʦʞʥʦʤʫ ʟ ʢʦʣʽʨʥʠʭ 

ʢʘʥʘʣʽʚ, ʪʦ ʤʦʞʥʘ ʚ ʨʝʟʫʣʴʪʫʶʯʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, "ʜʦʜʘʪʠ ʩʠʥʴʦʛʦ 

ʢʦʣʴʦʨʫ" ʘʙʦ "ʟʤʝʥʰʠʪʠ ʯʝʨʚʦʥʠʡ". ʎʝ ʘʢʪʫʘʣʴʥʦ ʷʢ ʧʨʠ ʧʝʨʰʽʡ ʫʩʪʘʥʦʚʮʽ 
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ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʪʘʢ ʽ ʡʦʛʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʟ ʧʣʠʥʦʤ ʯʘʩʫ ʯʝʨʝʟ 

ʩʪʘʨʽʥʥʷ, ʧʦʤʫʪʥʽʥʥʷ ʢʦʣʙ ʩʚʽʪʣʦʜʽʦʜʽʚ. 

ʇʦ-ʪʨʝʪʻ, ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʤʦʞʣʠʚʘ ʢʦʣʽʨʥʘ ʢʦʨʝʢʮʽʷ ʦʢʨʝʤʠʭ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʤʦʜʫʣʽʚ ʝʢʨʘʥʫ. ʎʝ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʧʨʠ ʟʘʤʽʥʽ ʱʦ ʚʠʡʰʣʠ 

ʟ ʣʘʜʫ ʤʦʜʫʣʽʚ ʥʘ ʥʦʚʽ, ʧʘʨʘʤʝʪʨʠ ʩʚʽʪʣʦʜʽʦʜʽʚ ʷʢʠʭ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʚʠʭʽʜʥʠʭ. 

ʆʢʨʽʤ ʥʘʷʚʥʦʩʪʽ ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʠʪʠ ʥʘʩʪʨʦʶʚʘʥʥʷ ʧʘʣʽʪʨʠ ʚ 

ʨʦʟʰʠʨʝʥʦʤʫ ʢʦʣʴʦʨʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʮʷ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ. ʄʘʣʦ ʟʨʦʙʠʪʠ PWM ʟ 16-ʙʽʪʦʚʠʤ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʫ ʚʩʽʡ ʩʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ, ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʧʽʜʪʨʠʤʢʫ ʷʢʦʤʦʛʘ ʙʽʣʴʰ ʛʥʫʯʢʦʛʦ 

ʟʘʚʜʘʥʥʷ ʨʽʟʥʠʭ ʧʘʣʽʪʨ. ʏʠʤ ʙʽʣʴʰ ʛʥʫʯʢʦ ʟʘʜʘʻʪʴʩʷ ʧʘʣʽʪʨʘ, ʪʠʤ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʦ ʥʘʣʘʰʪʫʚʘʥʥʶ ʢʦʣʴʦʨʫ ʤʘʻ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ. 

 

ʂʦʥʪʨʘʩʪʥʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ 

ʆʜʥʠʤ ʟ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ ʻ ʢʦʥʪʨʘʩʪʥʽʩʪʴ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. ʇʽʜ ʢʦʥʪʨʘʩʪʥʽʩʪʶ ʨʦʟʫʤʽʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʨʽʟʥʠʮʽ 

ʷʨʢʦʩʪʝʡ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʝʢʨʘʥʦʤ ʙʽʣʦʛʦ ʽ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʽʚ ʜʦ 

ʷʩʢʨʘʚʦʩʪʽ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ. ʗʢʱʦ ʯʦʨʥʠʡ ʢʦʣʽʨ "ʥʝ ʟʦʚʩʽʤ ʯʦʨʥʠʡ", ʪʦ ʦʢʦ 

ʥʝ ʧʦʙʘʯʠʪʴ ʪʝʤʥʠʭ ʜʝʪʘʣʝʡ ʟʦʙʨʘʞʝʥʥʷ - ʚʦʥʠ ʟʽʣʣʶʪʴʩʷ ʟ ʤʝʥʰ ʪʝʤʥʠʤʠ. 

ʏʦʨʥʠʡ ʢʦʣʽʨ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʥʝ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʨʦʙʦʪʠ ʚʣʘʩʥʝ 

ʩʚʽʪʣʦʜʽʦʜʘ, ʘ ʩʢʦʨʽʰʝ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʝʢʨʘʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʇʨʦʙʣʝʤʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʯʝʨʝʟ ʪʝ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʤʦʞʫʪʴ ʚʽʜʙʠʚʘʪʠ 

ʩʦʥʷʯʥʝ ʘʙʦ ʽʥʰʝ ʩʚʽʪʣʦ ʽ ʧʦʚʝʨʭʥʶ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʫ ʧʨʠ ʚʩʽʭ 

ʚʠʢʣʶʯʝʥʠʭ ʩʚʽʪʣʦʜʽʦʜʘʭ ʩʪʘʻ ʩʚʽʪʣʦʶ ʘʙʦ "ʚʽʜʙʣʠʩʢʫʻ" ʥʘ ʩʦʥʮʽ. ʊʘʢʝ ʤʦʞʝ 

ʪʨʘʧʣʷʪʠʩʷ ʯʝʨʝʟ "ʚʠʙʣʠʩʢʫʚʘʥʥʷ" ʢʦʣʙ ʩʚʽʪʣʦʜʽʦʜʽʚ ʘʙʦ ʟʘʭʠʩʥʠʭ ʤʘʩʦʢ, 

ʙʣʠʩʢʫʯʦʛʦ ʢʦʤʧʘʫʥʜʘ ʟʘʣʠʚʢʠ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʤʦʜʫʣʽʚ, ʥʝʚʜʘʣʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʩʚʽʪʣʦʚʽʜʙʠʚʥʠʭ ʢʦʟʠʨʢʽʚ ʽ ʥʘʚʽʪʴ ʟ-ʟʘ ʩʚʽʪʣʦʾ ʧʽʜʢʣʘʜʢʠ ʩʚʽʪʣʦʜʽʦʜʽʚ. ɺ 
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ʮʽʣʦʤʫ, ʯʠʤ ʙʽʣʴʰ ʪʝʤʥʘ ʤʘʪʦʚʘ ʧʦʚʝʨʭʥʷ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʪʠʤ ʚʠʱʝ 

ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

 

ɼʨʘʡʚʝʨʠ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ 

ʉʚʽʪʣʦʜʽʦʜʥʠʡ ʜʨʘʡʚʝʨ - ʮʝ ʤʽʢʨʦʩʭʝʤʘ, ʷʢʘ ʩʣʫʞʠʪʴ ʜʞʝʨʝʣʦʤ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ ʞʠʚʣʝʥʥʷ ʩʚʽʪʣʦʜʽʦʜʘ. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʨʘʡʚʝʨʠ, ʷʢʽ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʫ 

ʩʭʝʤʫ ʫʧʨʘʚʣʽʥʥʷ. ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʠʪʠ / 

ʚʠʤʢʥʫʪʠ ʧʦʜʘʯʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʠʭʽʜ ʜʨʘʡʚʝʨʘ. ʋ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ 

"ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ" ʜʨʘʡʚʝʨʠ ʨʝʘʣʽʟʦʚʘʥʘ ʩʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʷʩʢʨʘʚʽʩʪʶ 

ʩʚʽʪʣʦʜʽʦʜʘ ʟʘ ʜʦʧʦʤʦʛʦʶ PWM. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʩʪʠʭ ʜʨʘʡʚʝʨʽʚ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʝʢʨʘʥʽʚ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʨʝʘʣʽʟʦʚʫʚʘʣʠ ʙ ʩʭʝʤʫ PWM ʽ 

ʧʝʨʝʜʘʚʘʣʠ ʥʘ ʜʨʘʡʚʝʨ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʚʢʣʶʯʝʥʠʡ ʘʙʦ ʚʠʢʣʶʯʝʥʠʡ 

ʢʦʥʢʨʝʪʥʠʡ ʩʚʽʪʣʦʜʽʦʜ. ʇʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʪʠʧʫ ʜʨʘʡʚʝʨʽʚ ʻ ʾʭ ʚʽʜʥʦʩʥʘ 

ʜʝʰʝʚʠʟʥʘ. ʅʝʜʦʣʽʢʦʤ - ʫʩʢʣʘʜʥʝʥʥʷ ʢʝʨʫʶʯʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʽ ʦʙʤʝʞʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʧʦ ʛʝʥʝʨʘʮʽʾ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʨʝʬʨʝʰʘ. ʏʠʤ ʚʠʱʝ ʧʦʪʨʽʙʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʠʤ ʥʘ ʚʝʣʠʢʠʭ ʯʘʩʪʦʪʘʭ ʧʦʚʠʥʥʽ ʧʨʘʮʶʚʘʪʠ ʢʦʥʪʨʦʣʝʨʠ ʽ 

ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʘʥʽ ʥʘ ʜʨʘʡʚʝʨʠ. ɸ ʮʽ ʯʘʩʪʦʪʠ ʤʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʞʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ "ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ" ʜʨʘʡʚʝʨʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʠʤʦʛʠ 

ʜʦ ʩʢʣʘʜʥʦʩʪʽ ʢʦʥʪʨʦʣʝʨʽʚ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʯʘʩʪʦʪʘʤ, ʘʣʝ ʧʽʜʚʠʱʫʻ 

ʚʘʨʪʽʩʪʴ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʧʨʘʚʜʘʪʠ ʮʶ ʚʘʨʪʽʩʪʴ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚ ʮʽʣʦʤʫ ʧʦʚʠʥʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ 

ʜʨʘʡʚʝʨʽʚ, ʱʦʙ ʩʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ʚʽʜʦʙʨʘʞʘʚ ʚʠʩʦʢʦʷʢʽʩʥʝ ʟʦʙʨʘʞʝʥʥʷ ʽ 

ʙʫʚ ʟʜʘʪʥʠʡ ʥʘ ʯʠʩʣʝʥʥʽ ʥʘʩʪʨʦʡʢʠ. 

ɺ ʮʽʣʦʤʫ, ʩʚʽʪʣʦʜʽʦʜʥʽ ʜʨʘʡʚʝʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʘʢʠʤʠ ʦʩʥʦʚʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʢ̔ ʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ; 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ (ʜʽʘʧʘʟʦʥ, ʩʪʘʙʽʣʴʥʽʩʪʴ); 

ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ; 

ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʭʝʤʠ PWM ʽ ʪʠʧ ʮʽʻʾ ʩʭʝʤʠ; 

ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʩʭʝʤʠ PWM - ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ PWM; 

ʚ ʨʘʟʽ ʥʘʷʚʥʦʩʪʽ ʩʭʝʤʠ PWM - ʯʘʩʪʦʪʘ PWM; 

ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʙʫʜʦʚʘʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʪʠʤʯʘʩʦʚʦʛʦ ʧʦʜʽʣʫ; 

ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡ ʫʧʨʘʚʣʽʥʥʷ (ʰʠʨʠʥʘ ʽʥʪʝʨʬʝʡʩʫ); 

ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʽʘʛʥʦʩʪʠʢʠ 

(ʧʝʨʝʛʨʽʚ, LED open / short); 

ʥʘʷʚʥʽʩʪʴ / ʚʽʜʩʫʪʥʽʩʪʴ ʮʠʬʨʦʚʦʾ ʢʦʨʝʢʮʽʾ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ (dot-

correction); 

ʥʘʷʚʥʽʩʪʴ / ʚʽʜʩʫʪʥʽʩʪʴ ʮʠʬʨʦʚʦʾ ʢʦʨʝʢʮʽʾ ʟʘʛʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ; 

ʪʠʧ ʢʦʨʧʫʩʫ. 

 

ʈʦʟʚʠʪʦʢ ʜʨʘʡʚʝʨʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʝʢʨʘʥʘʭ, ʡʜʝ ʧʦ ʜʝʢʽʣʴʢʦʭ ʥʘʧʨʷʤʢʘʭ: 

ʇʦ-ʧʝʨʰʝ, ʧʨʦʜʦʚʞʫʶʪʴ ʫʜʦʩʢʦʥʘʣʶʚʘʪʠʩʷ "ʧʨʦʩʪʽ" ʩʚʽʪʣʦʜʽʦʜʥʽ 

ʜʨʘʡʚʝʨʠ. ʋ ʥʠʭ ʜʦʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʬʫʥʢʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʤʦʞʣʠʚʦʩʪʽ 

ʜʽʘʛʥʦʩʪʠʢʠ ʘʙʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʛʘʣʴʥʦʶ ʷʩʢʨʘʚʽʩʪʶ. ɿʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩʪʦʪʘ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 

ʇʦ-ʜʨʫʛʝ, ʚ "ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ" ʜʨʘʡʚʝʨʠ ʪʘʢʦʞ ʜʦʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ 

ʬʫʥʢʮʽʾ ʽ ʟʙʽʣʴʰʫʶʪʴʩʷ ʢʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʯʘʩʪʦʪʠ, ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ 

PWM). ʅʘʡʙʽʣʴʰ ʧʦʪʫʞʥʽ ʩʚʽʪʣʦʜʽʦʜʥʽ ʜʨʘʡʚʝʨʠ ʤʘʶʪʴ ʧʦʚʥʦʮʽʥʥʫ 

ʧʽʜʪʨʠʤʢʫ 16-ʙʽʪʥʦʾ PWM ʥʘ ʯʘʩʪʦʪʘʭ ʙʣʠʟʴʢʦ 20 ʄɻʮ ʽ ʚʝʣʠʢʠʡ ʥʘʙʽʨ 

ʩʝʨʚʽʩʥʠʭ ʬʫʥʢʮʽʡ. 

ʇʦ-ʪʨʝʪʻ, ʟ'ʷʚʣʷʶʪʴʩʷ ʯʠʩʣʝʥʥʽ ʚʽʜʛʘʣʫʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʜʨʘʡʚʝʨʽʚ ʟ ʧʝʚʥʠʤʠ ʬʽʢʩʦʚʘʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʽ ʥʘʙʦʨʦʤ ʬʫʥʢʮʽʡ: ʥʘʧʨʠʢʣʘʜ, DM163 ʟ 24 ʚʠʭʦʜʘʤʠ, 8-

ʙʽʪʦʚʠʤ PWM ʽ 6-ʙʽʪʥʦʾ ʢʦʨʝʢʮʽʻʶ ʟʘʛʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ. ʉʶʜʠ ʞ ʤʦʞʥʘ 
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ʚʽʜʥʝʩʪʠ ʽ ʜʨʘʡʚʝʨʠ ʟ ʚʙʫʜʦʚʘʥʦʶ ʧʽʜʪʨʠʤʢʦʶ ʪʠʤʯʘʩʦʚʦʛʦ ʧʦʜʽʣʫ, 

ʥʘʧʨʠʢʣʘʜ MBI5050. 

ɯʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ (ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ, ʤʘʙʫʪʴ, ʚʠʧʨʘʚʜʘʥʦ), ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʜʨʘʡʚʝʨʽʚ ʤʘʶʪʴ 8 ʘʙʦ 16 ʚʠʭʦʜʽʚ. ʋ ʨʘʟʽ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ ʮʝ 

ʥʝ ʟʘʚʞʜʠ ʟʨʫʯʥʦ, ʦʩʢʽʣʴʢʠ ʧʽʢʩʝʣʴ ʚ ʩʫʯʘʩʥʠʭ ʝʢʨʘʥʘʭ ʥʘʡʯʘʩʪʽʰʝ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʩʚʽʪʣʦʜʽʦʜʽʚ, ʪʦʤʫ ʪʦʧʦʣʦʛʽʷ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʦʧʦʣʦʛʽʾ ʜʨʫʢʦʚʘʥʦʾ ʧʣʘʪʠ ʙʫʣʦ ʙ ʟʨʫʯʥʽʰʝ 

ʨʦʟʤʽʱʫʚʘʪʠ ʦʜʠʥ ʜʨʘʡʚʝʨ ʚ ʮʝʥʪʨʽ ʢʣʘʩʪʝʨʘ ʟ ʯʦʪʠʨʴʦʭ ʧʽʢʩʝʣʽʚ ʧʦ ʪʨʠ 

ʩʚʽʪʣʦʜʽʦʜʘ ʚ ʢʦʞʥʦʤʫ. 

ʅʘ ʞʘʣʴ, ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʽ ʜʨʘʡʚʝʨʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʪʘʢ, ʱʦʙ ʤʘʪʠ 

"ʚʩʝ ʚ ʦʜʥʦʤʫ". ʂʽʣʴʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʥʠʭ ʥʘʡʜʦʩʢʦʥʘʣʽʰʽ, ʘ ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʥʠʭ ʚʝʣʠʢʠʡ ʥʘʙʽʨ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʯʘʩʪʦ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘʣʝ ʚʢʣʶʯʝʥʽ ʚ ʮʽʥʫ ʜʨʘʡʚʝʨʘ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʨʘʡʚʝʨ 

DM634 ʤʘʻ 16-ʨʦʟʨʷʜʥʠʡ PWM ʽ ʧʨʠ ʮʴʦʤʫ 7-ʙʽʪʥʫ ʢʦʨʝʢʮʽʶ ʟʘʛʘʣʴʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ. ʆʜʥʘʢ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ 16-ʨʦʟʨʷʜʥʦʾ PWM ʽ ʩʫʯʘʩʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʛʣʦʙʘʣʴʥʘ ʢʦʨʝʢʮʽʷ ʷʩʢʨʘʚʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʦʚʩʽʤ ʽʥʰʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ. 

ʆʢʨʝʤʦ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʠʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʇʝʨʝʜʘʯʘ 

ʜʘʥʠʭ, ʫʧʨʘʚʣʽʥʥʷ PWM ʟʜʽʡʩʥʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʜʨʘʡʚʝʨʠ ʧʦ-ʨʽʟʥʦʤʫ, ʽʥʦʜʽ 

ʥʝ ʥʘʡʟʨʫʯʥʽʰʠʤ ʜʣʷ ʨʦʟʨʦʙʥʠʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʯʠʥʦʤ. ɺʽʜʩʫʪʥʽʩʪʴ 

ʻʜʠʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʜʨʘʡʚʝʨʘʤʠ ʫʩʢʣʘʜʥʶʻ ʫʥʽʬʽʢʘʮʽʶ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ, ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʜʨʘʡʚʝʨʽʚ ʧʦʪʨʽʙʥʦ 

ʩʚʽʡ ʽʥʪʝʨʬʝʡʩʥʠʡ ʙʣʦʢ. 

ʉʧʦʞʠʚʘʯ ʦʮʽʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ ʪʠʭ ʯʠ 

ʽʥʠhʭ ʜʨʘʡʚʝʨʽʚ ʤʦʞʝ ʪʽʣʴʢʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʠ ʝʢʨʘʥʫ (ʪʘʢʽ 

ʷʢ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʷʩʢʨʘʚʦʩʪʽ ʘʙʦ ʯʘʩʪʦʪʘ ʨʝʬʨʝʰʘ) ʘʙʦ ʥʘʜʽʡʥʽʩʪʴ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʤʦʜʫʣʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʨʘʡʚʝʨ - ʦʜʠʥ ʟ ʝʥʝʨʛʦʻʤʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʧʨʠ ʨʦʙʦʪʽ ʚʽʥ ʩʠʣʴʥʦ ʥʘʛʨʽʚʘʻʪʴʩʷ. ʇʨʠ 
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ʧʦʛʘʥʦʤʫ ʜʠʟʘʡʥʽ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʤʦʜʫʣʷ ʜʨʘʡʚʝʨ ʤʦʞʝ ʧʝʨʝʛʨʽʚʘʪʠʩʷ ʽ 

ʚʠʭʦʜʠʪʠ ʟ ʣʘʜʫ. 

ɼʣʷ ʨʦʟʨʦʙʥʠʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ ʚʠʙʽʨ 

ʜʨʘʡʚʝʨʘ - ʮʝ ʟʘʚʞʜʠ ʧʠʪʘʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ ʥʝʦʙʭʽʜʥʠʤʠ ʩʧʦʞʠʚʯʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʝʢʨʘʥʫ ʽ ʚʘʨʪʽʩʪʶ ʜʨʘʡʚʝʨʘ. 

 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤʠ ʝʢʨʘʥʘʤʠ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ ʚ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʥʘ ʚʝʨʭʥʴʦʤʫ ʨʽʚʥʽ ʜʞʝʨʝʣʦ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ (ʢʦʤʧ'ʶʪʝʨ, 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʧʣʝʻʨ) ʟ ʢʝʨʫʶʯʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ (ʇɿ), 

ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʜʦʩʪʘʚʢʫ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʽ 

ʩʚʽʪʣʦʜʽʦʜʥʽ ʜʨʘʡʚʝʨʠ, ʟ'ʻʜʥʘʥʽ ʟ ʢʦʥʪʨʦʣʝʨʘʤʠ ʚ ʤʝʨʝʞʫ ʽ ʟʜʽʡʩʥʶʶʪʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʫ ʚ ʩʪʨʫʤ, ʱʦ ʞʠʚʠʪʴ ʩʚʽʪʣʦʜʽʦʜʠ. 

ʊʽʣʴʢʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʧʦʚ'ʷʟʫʻ ʚʩʽ ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ 

ʧʽʜʩʠʩʪʝʤʠ ʽ ʚʨʘʭʦʚʫʻ ʾʭ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʦʞʝ ʥʘʜʘʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʰʠʨʦʢʠʡ 

ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʧʦ ʧʦʢʘʟʫ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ 

ʝʢʨʘʥʽ, ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʣʷʮʽʷʤʠ ʽ ʢʦʨʠʩʥʠʤʠ ʩʝʨʚʽʩʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ ʧʦʚʠʥʥʘ 

ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞ ʝʢʨʘʥʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʫʪʠ 

ʯʘʩʪʠʥʦʶ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʨʦʪʢʦ ʤʦʞʣʠʚʦʩʪʽ, ʷʢʠʤʠ ʧʦʚʠʥʥʘ ʚʦʣʦʜʽʪʠ ʨʦʟʚʠʥʝʥʘ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ. 
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ɹʘʟʦʚʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ 

ʝʢʨʘʥʦʤ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ ʧʦʚʠʥʥʘ ʚʽʜʪʚʦʨʶʚʘʪʠ 

ʚʽʜʝʦ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʘʨʘʪʥʽ ʤʦʞʣʠʚʦʩʪʽ (ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʣʠʚʦʩʪʽ ʜʨʘʡʚʝʨʽʚ). 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʘʧʘʨʘʪʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʨʘʥʩʣʷʮʽʶ ʚʽʜʝʦʨʦʣʠʢʽʚ 

ʟʘ ʨʦʟʢʣʘʜʦʤ ʟ ʤʦʞʣʠʚʦ ʰʠʨʦʢʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʦ ʥʘʣʘʰʪʫʚʘʥʥʶ 

ʨʦʟʢʣʘʜʫ ʧʦʢʘʟʽʚ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʛʥʫʯʢʫ ʥʘʩʪʨʦʡʢʫ ʧʘʣʽʪʨ ʜʣʷ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʴʦʨʫ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʛʥʫʯʢʫ ʥʘʩʪʨʦʡʢʫ ʛʝʦʤʝʪʨʽʾ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ, ʦʩʢʽʣʴʢʠ ʟ ʦʜʥʘʢʦʚʠʭ ʤʦʜʫʣʽʚ ʤʦʞʫʪʴ ʟʙʠʨʘʪʠʩʷ 

ʩʚʽʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ ʨʽʟʥʦʛʦ ʨʦʟʤʽʨʫ ʽ ʬʦʨʤʠ. 

 

ʄʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ 

ʝʢʨʘʥʦʤ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʝʢʨʘʥʦʤ ʧʦʚʠʥʥʘ ʧʝʨʝʜʙʘʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʢʣʶʯʝʥʥʷ ʾʾ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʤʝʨʝʞʝʶ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʝʢʨʘʥʽʚ. ɼʣʷ 

ʮʴʦʛʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʝʢʨʘʥʦʤ ʧʦʚʠʥʥʘ ʥʘʜʘʚʘʪʠ ʤʝʨʝʞʝʚʠʡ ʽʥʪʝʨʬʝʡʩ 

ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʣʷʮʽʷʤʠ, ʢʦʥʪʝʥʪʦʤ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ 

ʝʢʨʘʥʘ. 

ʗʢ ʫʞʝ ʟʛʘʜʫʚʘʣʦʩʷ, ʙʘʞʘʥʦ, ʱʦʙ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ 

ʝʢʨʘʥʦʤ ʤʘʣʘ ʤʦʜʫʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʣʠʚʦ ʧʦʜʽʣ 

ʤʝʨʝʞʝʚʠʭ ʬʫʥʢʮʽʡ ʽ ʬʫʥʢʮʽʡ ʪʨʘʥʩʣʷʮʽʾ ʚʽʜ ʘʧʘʨʘʪʥʦʾ ʩʧʝʮʠʬʽʢʠ ʚʠʚʝʜʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ. ʊʦʜʽ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʧʦʙʫʜʦʚʘ ʛʝʪʝʨʦʛʝʥʥʠʭ ʤʝʨʝʞ, ʚ ʷʢʠʭ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʷʢ ʩʚʽʪʣʦʜʽʦʜʥʽ ʝʢʨʘʥʠ ʨʽʟʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, ʪʘʢ ʽ, ʥʘʧʨʠʢʣʘʜ, 
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LCD ʝʢʨʘʥʠ. ʋʧʨʘʚʣʽʥʥʷ ʞ ʪʨʘʥʩʣʷʮʽʷʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʻʜʠʥʦʛʦ ʮʝʥʪʨʫ 

ʫʧʨʘʚʣʽʥʥʷ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʤʝʨʝʞʘʤʠ ʝʢʨʘʥʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ 

ɯʥʪʝʨʥʝʪ, ʪʦʤʫ ʤʝʨʝʞʝʚʽ ʬʫʥʢʮʽʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ 

ʧʦʚʠʥʥʽ ʮʝ ʚʨʘʭʦʚʫʚʘʪʠ. 

ʌʫʥʢʮʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʦʚʠʥʥʘ ʤʘʪʠ ʨʦʟʚʠʥʝʥʫ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʦ 

ʷʢʦʾ ʚʢʣʶʯʘʶʪʴʩʷ: 

ɾʫʨʥʘʣ ʚʽʜʝʦʪʨʘʥʩʣʷʮʽʡ, ʚ ʷʢʠʡ ʧʠʰʝʪʴʩʷ ʢʦʣʠ ʽ ʷʢʠʡ ʚʽʜʝʦʤʘʪʝʨʽʘʣ 

ʙʫʚ ʧʦʢʘʟʘʥʠʡ ʥʘ ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ. 

ɾʫʨʥʘʣ ʧʦʜʽʡ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʦʙʦʪʦʶ ʦʙʣʘʜʥʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ 

ʝʢʨʘʥʘ, ʚ ʷʢʠʡ ʧʠʰʫʪʴʩʷ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ. ʏʠʤ ʙʽʣʴʰ 

ʜʝʪʘʣʴʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʦʙʣʘʜʥʘʥʥʷ ʜʦʧʫʩʢʘʻʪʴʩʷ, ʪʠʤ ʜʦʩʢʦʥʘʣʽʰʝ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʽʥʥʷ. 

ɾʫʨʥʘʣ ʜʽʡ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚ ʷʢʠʡ ʟʘʧʠʩʫʻʪʴʩʷ - ʭʪʦ ʽ ʢʦʣʠ ʨʦʙʠʚ ʧʝʚʥʽ 

ʜʽʾ ʟ ʝʢʨʘʥʦʤ. 

 

ʌʫʥʢʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʩʚʽʪʣʦʜʽʦʜʥʠʤ ʝʢʨʘʥʦʤ 

ʉʚʽʪʣʦʜʽʦʜʥʠʡ ʝʢʨʘʥ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʘʟʫ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ ʚʽʜʨʘʟʫ 

ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ. ɺ ʩʠʣʫ ʮʴʦʛʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʝʢʨʘʥʦʤ ʧʦʚʠʥʥʘ 

ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʧʽʜʩʠʩʪʝʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʋ ʬʫʥʢʮʽʾ ʮʽʻʾ ʧʽʜʩʠʩʪʝʤʠ ʚʭʦʜʠʪʴ: 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʧʦʙʽʛʘʥʥʷ ʧʦʢʘʟʫ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 

ʩʚʽʪʣʦʜʽʦʜʥʦʤʫ ʝʢʨʘʥʽ. 

ʂʨʽʤ ʮʴʦʛʦ ʞʫʨʥʘʣʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʘʭʠʩʪ ʚʽʜ ʥʘʚʤʠʩʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʤʦʞʥʘ ʟʘʚʞʜʠ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʜʞʝʨʝʣʦ ʪʠʭ ʯʠ ʽʥʰʠʭ ʜʽʡ ʟ 

ʝʢʨʘʥʦʤ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʧʨʦʙʠ ʟʣʦʤʫ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ). 
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ʇʽʜʩʠʩʪʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʷʢ ʨʦʙʦʪʫ 

ʩʚʽʪʣʦʜʽʦʜʥʦʛʦ ʝʢʨʘʥʘ ʚ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʘʚʪʦʥʦʤʥʫ ʨʦʙʦʪʫ ʝʢʨʘʥʫ. 

ʇʽʜʩʠʩʪʝʤʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʪʽʩʥʦ ʽʥʪʝʛʨʦʚʘʥʘ ʟ 

ʩʘʤʦʶ ʩʠʩʪʝʤʦʶ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʾʾ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʣʝʛʢʦ ʚʠʜʘʣʠʪʠ. 
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ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʝʢʨʘʥʠ 

ʃʝʢʮʽʷ 8. ʊʝʨʤʽʥ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ, ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʢʨʘʥ. ɺʠʥʘʭʽʜ ʪʘ 

ʽʩʪʦʨʽʷ. ɿʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ. 

 

ʅʘ ʩʴʦʛʦʜʥʽ ʤʦʥʽʪʦʨʠ ʚʽʜʽʡʰʣʠ ʚʽʜ ʝʨʠ ʢʽʥʝʩʢʦʧʽʚ ʪʘ ʝʣʝʢʪʨʦʥʥʦ 

ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʦʢ (ɽʇʊ), ʥʘ ʟʤʽʥʫ ʾʤ ʚ ʤʘʩʘʭ ʥʘʙʫʣʠ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʝʢʨʘʥʠ (LCD ï liquid crystal display). ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ɽʇʊ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʝʢʨʘʥʠ ʟʘʡʤʘʶʪʴ ʥʘ 60% ʤʝʥʰʝ ʧʨʦʩʪʦʨʫ  ʪʘ ʻ ʥʘ 70% 

ʣʝʛʰʠʤʠ, ʚʠʜʽʣʷʶʪʴ ʤʝʥʰʝ ʪʝʧʣʘ ʧʨʠ ʮʴʦʤʫ ʩʧʦʞʠʚʘʶʯʠ ʚʜʚʦʻ ʤʝʥʰʫ 

ʧʦʪʫʞʥʽʩʪʴ, ʥʝ ʚʠʜʽʣʷʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ ʪʘ ʻ ʥʝ ʯʫʪʣʠʚʠʤʠ ʜʦ ʥʠʭ, 

ʩʘʤʝ ʮʽ ʧʝʨʝʚʘʛʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʝʢʨʘʥʽʚ ʟʫʤʦʚʠʣʠ ʾʭ ʧʦʰʠʨʝʥʥʷ ʫ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʩʬʝʨʘʭ. 

 

ʊʝʨʤʽʥ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ (ʈʂ) ʦʟʥʘʯʘʻ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʟʘʡʤʘʻ 

ʧʨʦʤʽʞʥʝ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʯʦʚʠʥʦʶ ʪʘ ʘʤʦʨʬʥʦʶ ʨʽʜʠʥʦʶ. 

ʗʢ ʧʨʘʚʠʣʦ ʨʝʯʦʚʠʥʘ ʚ ʪʘʢʦʤʫ ʩʪʘʥʽ ʻ ʩʠʣʴʥʦ ʘʥʽʟʦʪʨʦʧʥʦʶ ʚ ʜʝʷʢʠʭ ʽʟ ʩʚʦʾʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʧʝʚʥʫ ʩʪʫʧʽʥʴ ʪʝʢʫʯʦʩʪʽ, ʷʢʘ ʚ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʧʦʨʽʚʥʶʚʘʪʠʩʴ ʟ ʪʝʢʫʯʽʩʪʶ ʟʚʠʯʘʡʥʦʾ ʨʽʜʠʥʠ. ʊʦʤʫ ʟʘ 

ʩʪʨʫʢʪʫʨʦʶ ʈʂ  ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʚôʷʟʢʽ ʨʽʜʠʥʠ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʤʦʣʝʢʫʣ 

ʚʠʪʷʥʫʪʦʾ ʬʦʨʤʠ, ʱʦ ʧʝʚʥʠʤ ʯʠʥʦʤ ʚʧʦʨʷʜʢʦʚʘʥʽ ʫ ʚʩʴʦʤʫ ʦʙôʤʽ ʮʽʻʾ 

ʨʽʜʠʥʠ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʮʷ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʤʫ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʷʢʠʤ ʜʽʘʧʘʟʦʥʦʤ ʪʝʤʧʝʨʘʪʫʨ 

(ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʛʨʘʜʫʩʽʚ) ʧʨʠ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʤʦʣʝʢʫʣ.  
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  ʘ)          ʙ)                      ʚ) 

ʈʠʩ.2.42 ɺʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʚ ʨ̔ ʟʥʠʭ ʬʘʟʘʭ: ʢʨʠʩʪʘʣʽʯʥʽʡ (ʘ), 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ (ʙ) ʪʘ ʚ ʨʽʜʢʽʡ ʬʘʟʽ (ʚ). 

 

ʅʘ ʨʠʩ.2.42 ʟʦʙʨʘʞʝʥʦ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʚ ʨʽʟʥʠʭ ʬʘʟʘʭ: 

ʢʨʠʩʪʘʣʽʯʥʽʡ (ʨʠʩ.2.42ʘ), ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ (ʨʠʩ.2.42ʙ) ʪʘ ʚ ʨʽʜʢʽʡ ʬʘʟʽ 

(ʨʠʩ.2.42ʚ). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ.2.42 ʙ ʚ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ ʬʘʟʽ ʟʙʝʨʽʛʘʻʪʴʩʷ 

ʧʦʨʷʜʦʢ ʩʘʤʝ ʫ ʥʘʧʨʷʤʽ ʤʦʣʝʢʫʣ, ʱʦ ʽ ʟʫʤʦʚʣʶʻ ʘʥʽʟʦʪʨʦʧʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʝʣʝʢʪʨʠʯʥʠʭ, ʤʘʛʥʽʪʥʠʭ ʦʧʪʠʯʥʠʭ ʽ ʽʥ.) ʪʘʢʠʭ ʢʨʠʩʪʘʣʽʚ. 

ɿʜʘʪʥʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʦʨʽʻʥʪʘʮʽʶ ʤʦʣʝʢʫʣ ʥʝʚʝʣʠʢʠʤʠ ʝʣʝʢʪʨʠʯʥʠʤʠ 

ʧʦʣʷʤʠ ʚ ʈʂ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʾʭ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʽ ʦʙʫʤʦʚʠʣʦ 

ʾʭ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʠʩʪʨʦʷʭ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ.  

 

ʊʝʨʤʽʥʠ 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʢʨʘʥ (LCD) ï ʮʝ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʦʛʦ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʨʠʢʣʘʜʝʥʥʽ ʟʤʽʥʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʰʘʨʫ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʫ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʽʥʜʫʢʫʶʯʠ ʚ ʥʴʦʤʫ ʟʤʽʥʠ ʦʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʢʨʘʥ (ʘʥʛʣ. liquid-crystal display, LCD) ï ʮʝ 

ʧʣʦʩʢʦʧʘʥʝʣʴʥʠʡ ʜʠʩʧʣʝʡ, ʮʠʬʨʦʚʠʡ ʽʥʜʠʢʘʪʦʨ ʘʙʦ ʚʽʜʝʦ-ʜʠʩʧʣʝʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʜʫʣʷʮʽʾ ʩʚʽʪʣʘ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ (ʩʘʤʽ ʧʦ ʩʦʙʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʥʝ ʚʠʧʨʦʤʽʥʶʶʪʴ ʩʚʽʪʣʦ). ʎʝ 
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ʧʨʠʣʘʜ ʟ ʝʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʥʦʶ ʤʦʜʫʣʷʮʽʻʶ
1
, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʦʚʽʣʴʥʦʛʦ 

ʯʠʩʣʘ ʩʝʛʤʝʥʪʽʚ, ʟʘʧʦʚʥʝʥʠʭ ʨʽʜʢʠʤʠ ʢʨʠʩʪʘʣʘʤʠ
2
 ʪʘ ʨʦʟʪʘʰʦʚʘʥʠʭ ʧʝʨʝ 

ʜʞʝʨʝʣʦʤ ʩʚʽʪʣʘ ʘʙʦ ʨʝʬʣʝʢʪʦʨʦʤ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫ ʢʦʣʴʦʨʽ 

ʘʙʦ ʫ ʏɹ [1]. 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʝʢʨʘʥʠ ʤʦʞʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʷʢ ʜʦʚʽʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ 

(ʷʢ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʟʚʠʯʘʡʥʦʤʫ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʜʠʩʧʣʝʾ), ʘʙʦ 

ʬʽʢʩʦʚʘʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʦ ʫ ʩʪʘʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʘʙʦ ʫ 

ʧʨʠʭʦʚʘʥʦʤʫ ʩʪʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʬʽʢʩʦʚʘʥʽ ʩʣʦʚʘ, ʮʠʬʨʠ ʪʘ ʩʝʤʠʩʝʛʤʝʥʪʥʽ 

ʜʠʩʧʣʝʾ ʮʠʬʨʦʚʠʭ ʛʦʜʠʥʥʠʢʽʚ). ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʫ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʦʜʥʘʢʦʚʠʡ 

ï ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʦʚʽʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʩʪʚʦʨʶʶʪʴʩʷ ʜʠʩʧʣʝʾ, ʱʦ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʣʝʥʴʢʠʭ ʧʽʢʩʝʣʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ ʽʥʰʠʭ 

ʜʠʩʧʣʝʾʚ ʮʽ ʝʣʝʤʝʥʪʠ ʙʽʣʴʰʽ. 

 

˾͙ͫΦ нΦпо ˽͙͙ͪ͊͒͟͡ ˾˴-͙͔͍͒ͫͨ͡͝ 

 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʝʢʨʘʥʽʚ ʜʫʞʝ ʰʠʨʦʢʘ. ɼʦ ʥʝʾ 

ʚʭʦʜʷʪʴ ʢʦʤʧôʶʪʝʨʥʽ ʤʦʥʽʪʦʨʠ, ʪʝʣʝʚʽʟʦʨʠ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʧʘʥʝʣʽ ʪʘ ʧʘʥʝʣʽ 

ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ. ɺʦʥʠ ʪʘʢʦʞ ʧʨʠʩʫʪʥʽ ʫ ʙʘʛʘʪʴʦʭ ʚʠʜʘʭ ʧʦʙʫʪʦʚʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ, ʪʘʢʠʭ ʷʢ ʧʨʦʛʨʘʚʘʯʽ, ʽʛʨʦʚʽ ʧʨʠʩʪʘʚʢʠ, ʛʦʜʠʥʥʠʢʠ, 

ʢʘʣʴʢʫʣʷʪʦʨʠ ʪʘ ʪʝʣʝʬʦʥʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʈʂ-ʝʢʨʘʥʠ ʧʨʘʢʪʠʯʥʦ ʟʘʤʽʥʠʣʠ 
                                                           
1
 ɽʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʥʠʡ ʤʦʜʫʣʷʪʦʨ ï ʦʧʪʠʯʥʠʡ ʧʨʠʩʪʨʽʡ, ʫ ʷʢʦʤʫ ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʩʠʛʥʘʣʦʤ ʝʣʝʤʝʥʪ ʟ 

ʝʣʝʢʪʨʦʦʧʪʠʯʥʠʤ ʝʬʝʢʪʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʧʨʦʤʝʥʷ ʩʚʽʪʣʘ [1]. 
2
 ʈʽʜʢʽ ʢʨʠʩʪʘʣʠ ï ʤʘʪʝʨʽ̫  ʫ ʪʘʢʦʤʫ ʩʪʘʥ,̔ ʱʦ ʾʾ ʚʣʘʩʪʠʚʦʩʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʟʚʠʯʘʡʥʦʶ ʨʽʜʠʥʦʶ ʪʘ 

ʪʚʝʨʜʠʤ ʢʨʠʩʪʘʣʦʤ. ʅʘʧʨʠʢʣʘʜ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʨʽʜʢʦʶ, ʘʣʝ ʤʘʪʠ ʤʦʣʝʢʫʣʠ, ʟʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʰʪʘʣʪ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ. ɿʘ ʤʦʣʝʢʫʣʷʨʥʦʶ ʚʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʤʝʢʪʠʯʥʽ, ʥʝʤʘʪʠʯʥʽ ʪʘ 

ʭʦʣʝʩʪʝʨʠʥʽ ʢʣʘʩʠ ʈʂ [2]. 
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ʩʦʙʦʶ ʧʦʧʝʨʝʜʥʻ ʧʦʢʦʣʽʥʥʷ ʜʠʩʧʣʝʾʚ ʥʘ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʢʘʭ. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ɽʇʇ ʪʘ ʧʣʘʟʤʦʚʠʤʠ ʝʢʨʘʥʘʤʠ, ʈʂ-ʝʢʨʘʥʠ ʤʘʶʪʴ ʙʽʣʴʰ 

ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʨʦʟʤʽʨʽʚ, ʪʘ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʚʠʛʦʨʷʥʥʶ. ʆʜʥʘʢ, ʚʦʥʠ 

ʤʦʞʫʪʴ ʪʠʤʯʘʩʦʚʦ ʧʨʦʷʚʣʷʪʠ ʝʬʝʢʪ ʟʙʝʨʝʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ [3]. 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʝʢʨʘʥʠ ʻ ʙʽʣʴʰ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʤʠ, ʥʽʞ ʝʢʨʘʥʠ ʥʘ 

ɽʇʊ, ʪʘ ʤʦʞʫʪʴ ʣʝʛʰʝ ʫʪʠʣʽʟʫʚʘʪʠʩʴ. ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʝʢʨʘʥʠ ʫ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʧʨʠʣʘʜʘʭ.  

ɺʧʝʨʰʝ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʙʫʣʦ ʚʠʥʘʡʜʝʥʦ ʫ 1888 [4]. ɿʘʨʘʟ, ʈʂ-ʝʢʨʘʥʠ ʻ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʦʧʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʠʧʝʨʝʜʠʚʰʠ ɽʇʊ ʪʘ ʧʣʘʟʤʦʚʽ ʜʠʩʧʣʝʾ [5]. 

 

ɺʠʥʘʭʽʜ ʪʘ ʽʩʪʦʨʽʷ 

ɼʦ  ʧʦʷʚʠ ʈʂ-ʝʢʨʘʥʽʚ ʫ ʮʘʨʠʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʘʥʫʚʘʣʠ ɽʇʇ 

(ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʽ ʧʨʠʩʪʨʦʾ). ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʚʦʥʠ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʧʨʠʩʪʦʡʥʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʥʝ ʤʘʣʠ ʧʨʦʙʣʝʤ ʟ ʯʘʩʦʤ 

ʚʽʜʢʣʠʢʫ, ʢʫʪʘʤʠ ʦʛʣʷʜʫ ʪʦʱʦ, ɽʇʇ ʟʘʡʤʘʣʠ ʟʘʙʘʛʘʪʦ ʤʽʩʮʷ ʪʘ ʩʧʦʞʠʚʘʣʠ 

ʟʘʙʘʛʘʪʦ ʝʥʝʨʛʽʾ. ɯʥʞʝʥʝʨʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʘʨʽʘʥʪʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʨʠʚ 90-ʭ ʧʨʠʟʚʽʚ ʜʦ ʧʦʷʚʠ ʈʂɽ ʟ ʘʢʪʠʚʥʦʶ ʤʘʪʨʠʮʝʶ ʪʘ 

ʧʣʘʟʤʦʚʠʭ ʜʠʩʧʣʝʾʚ, ʷʢʽ ʩʪʘʣʠ ʦʩʥʦʚʦʶ ʨʠʥʢʫ ʧʣʦʩʢʠʭ ʝʢʨʘʥʽʚ, ʟʘʤʽʥʠʚʰʠ 

ʝʢʨʘʥʠ ʥʘ ʦʩʥʦʚʽ ɽʇʊ [1]. 

ʍʦʯʘ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʙʫʣʦ ʚʠʥʘʡʜʝʥʦ ʱʝ ʥʘʧʨʠʢʽʥʮʽ XIX -ʛʦ ʩʪʦʨʽʯʯʷ, 

ʧʦʪʝʥʮʽʘʣ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʟʘʩʦʙʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ ʥʝ ʙʫʣʦ 

ʫʩʚʽʜʦʤʣʝʥʦ ʜʦ ʚʠʥʘʭʦʜʫ ʧʝʨʰʠʭ ʈʂɽ ʥʘ ʦʩʥʦʚʽ ʝʬʝʢʪʫ ʜʠʥʘʤʽʯʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ
3
 ʫ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʮʝʥʪʨʽ RCA (Radio corporation of 

America). 

                                                           
3
 ɽʬʝʢʪ ʜʠʥʘʤʽʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ɼʞʦʨʜʞʝʤ ʍʘʡʣʴʤʘʡʝʨʦʤ. ɺʽʥ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʩʠʣʴʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʙʽʣʴʰʝ ʧʝʚʥʦʾ ʧʦʨʦʛʦʚʦʾ ʚʝʣʠʯʠʥʠ ʜʦ 

ʩʧʝʮʽʘʣʴʥʦʾ ʩʫʤʽʰʽ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ [6]. 
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˾͙ͫΦ нΦпп ˽ ͔ͪ΄͙͚ ͍ ͍ͫͭ͜͜ ˾ ˴˩ 

 

ʋ 1970 ʢʦʤʘʥʜʘ ʽʥʞʝʥʝʨʽʚ ʧʦʢʠʥʫʣʘ RCA ʪʘ ʧʨʠʻʜʥʘʣʘʩʴ ʜʦ Optel 

Corporation, ʜʝ ʚʦʥʠ ʨʦʟʨʦʙʠʣʠ ʧʝʨʰʠʡ ʢʦʤʝʨʮʽʡʥʠʡ ʈʂ-ʝʢʨʘʥ, ʚʢʣʶʯʘʶʯʠ 

ʜʠʩʧʣʝʡ ʮʠʬʨʦʚʦʛʦ ʛʦʜʠʥʥʠʢʘ. ʋ 70-ʭ ʥʘ ʨʠʥʦʢ ʈʂ-ʝʢʨʘʥʽʚ ʧʨʠʡʰʣʠ 

ʷʧʦʥʩʴʢʽ ʢʦʤʧʘʥʽʾ: Seiko-Epson ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʾʭ ʫ ʮʠʬʨʦʚʠʭ ʛʦʜʠʥʥʠʢʘʭ, 

Casio ʪʘ Sharp ï ʫ ʢʘʣʴʢʫʣʷʪʦʨʘʭ. ʋ 1971, ʤʘʡʞʝ ʦʜʥʦʯʘʩʥʦ ʪʘ ʥʝʟʘʣʝʞʥʦ 

ʦʜʥʽ ʚʽʜ ʦʜʥʦʛʦ, ʄ. ʐʘʜʪ ʪʘ ɺ. ʍʝʣʴʬʨʽʭ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘ ɼʞ. ʌʝʨʛʘʩʦʥ ï ʟ 

ʽʥʰʦʛʦ, ʚʠʥʘʡʰʣʠ ʨʝʞʠʤ ʟʘʢʨʫʯʝʥʠʭ ʥʝʤʘʪʠʯʥʠʭ ʈʂ (twisted nematic, TN), 

ʷʢʠʡ ʩʪʘʚ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʝʢʨʘʥʘʭ ʽ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʦ 

ʩʴʦʛʦʜʥʽ [7].   

ʆʜʥʘʢ, ʨʝʞʠʤ ʧʨʷʤʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘʢʣʘʜʘʚ ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʩʝʛʤʝʥʪʽʚ, ʪʦʙʪʦ, ʥʘ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ɺʠʭʦʜʦʤ ʙʫʣʦ ʚʠʥʘʡʜʝʥʥʷ ʨʝʞʠʤʫ 

ʩʠʣʴʥʦ ʟʘʢʨʫʯʝʥʠʭ ʥʝʤʘʪʠʯʥʠʭ ʈʂ (super twisted nematic, STN) ʊ. ʐʝʬʬʦʤ 

ʪʘ ɼʞ. ʅʝʨʥ̔ʛʦʤ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ. ɸʣʝ ʰʚʠʜʢʦʜʽʷ 

ʝʣʝʢʪʨʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʦʛʨʘʻ ʜʠʩʧʣʝʷʤ ʟ ʧʨʷʤʠʤ ʢʝʨʫʚʘʥʥʷʤ. 



139 
 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʘʢʪʠʚʥʦʾ 

ʤʘʪʨʠʮʽ, ʪʦʙʪʦ ʪʘʢʦʾ, ʚ ʷʢʽʡ ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʧʽʜʢʣʶʯʝʥʦ ʜʦ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʢʦʪʨʽ ʘʢʪʠʚʥʦ ʧʽʜʪʨʠʤʫʶʪʴ ʩʪʘʥ ʜʘʥʦʛʦ ʧʽʢʩʝʣʴ ʥʘʚʽʪʴ ʪʦʜʽ, 

ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʚʝʨʥʝʥʥʷ ʜʦ ʽʥʰʠʭ (ʫ ʧʘʩʠʚʥʽʡ ʤʘʪʨʠʮʽ ʩʘʤ ʧʽʢʩʝʣʴ ʤʘʚ 

ʟʙʝʨʽʛʘʪʠ ʩʚʽʡ ʩʪʘʥ ʜʦ ʪʠʭ ʧʽʨ, ʜʦʢʠ ʜʦ ʥʴʦʛʦ ʥʝ ʥʘʜʭʦʜʠʚ ʚʽʜʧʦʚʽʜʥʠʡ 

ʩʠʛʥʘʣ) [8]. ɯʜʝʶ ʨʦʟʤʽʱʝʥʥʷ ʢʣʶʯʘ ʥʘ ʢʦʞʥʦʤʫ ʟ ʧʽʢʩʝʣʽʚ ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʃʝʯʝʨ, ʄʘʨʣʦʫ ʪʘ ʅʝʩʪʝʨ. ʇ. ɹʨʦʜʽ ʚʠʥʘʡʰʦʚ ʩʝʣʝʥʽʜ-ʢʘʜʤʽʻʚʠʡ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʡ ʪʨʘʥʟʠʩʪʦʨ (thin film transistor, TFT) ʫ 1973, ʷʢʠʡ ʤʦʞʥʘ 

ʙʫʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʷʢʦʩʪʽ ʢʣʶʯʘ ʜʣʷ ʥʝʟʘʣʝʞʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʥʘʧʨʫʛʦʶ 

ʥʘ ʢʦʞʥʦʤʫ ʟ ʧʽʢʩʝʣʽʚ. ʆʜʥʘʢ, CdSe TFT ʥʝ ʙʫʣʠ ʩʫʤʽʩʥʠʤʠ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʦʶ, ʜʝ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʢʨʝʤʥʽʡ. ʋʩʧʽʭ ʈʂ-ʝʢʨʘʥʽʚ 

ʙʫʚ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʚʠʥʘʭʦʜʞʝʥʥʷʤ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʘ 

ʢʨʝʤʥʽʻʚʽʡ ʦʩʥʦʚʽ.  

ʇʘʨʘʣʝʣʴʥʦ ʟ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʧʦʩʦʙʽʚ ʢʝʨʫʚʘʥʥʷ ʈʂɽ, 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʟôʷʚʠʣʘʩʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʚ ʩʘʤʠʭ 

ʈʂɽ. ʊʝʭʥʦʣʦʛʽʷ ʧʣʘʥʘʨʥʦʾ ʢʦʤʫʪʘʮʽʾ (in-plane-switching, IPS) ʥʘʜʘʻ ʰʠʨʦʢʽ 

ʢʫʪʠ ʦʛʣʷʜʫ ʪʘ ʨʦʟʚʠʚʘʣʘʩʴ Hitachi [9]. ʈʝʞʠʤ ʩʪʨʫʢʪʫʨʦʚʘʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ 

ʦʨʽʻʥʪʘʮʽʾ Samsung PVA (patterned vertical alignment) ʧʨʦʧʦʥʫʻ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʢʦʥʪʨʘʩʪʫ ʪʘ ʰʠʨʦʢʽ ʢʫʪʠ ʦʛʣʷʜʫ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʛʘʜʘʪʠ ʦʧʪʠʯʥʠʡ 

ʢʦʤʧʝʥʩʘʮʽʡʥʠʡ ʚʠʛʠʥ (ʆʉɺ), ʙʘʛʘʪʦʜʦʤʝʥʥʝ ʚʝʨʪʠʢʘʣʴʥʝ ʦʨʽʻʥʪʫʚʘʥʥʷ 

ʪʦʱʦ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʚʣʘʩʥʽ ʧʝʨʝʚʘʛʠ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʈʂ-ʝʢʨʘʥʠ ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ 

ʙʘʛʘʪʴʦʭ ʥʦʚʠʭ ʜʣʷ ʩʝʙʝ ʛʘʣʫʟʷʭ: ʫ ʷʢʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʠʩʧʣʝʾʚ, ʫ ʨʦʟʜʨʽʙʥʽʡ 

ʪʦʨʛʽʚʣʽ, 3-ɼ ʪʝʣʝʙʘʯʝʥʥʽ ʪʦʱʦ [14]. 

 

ɿɸɻɸʃʔʅʀʁ ʇʈʀʅʎʀʇ ʈʆɹʆʊʀ 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʝʢʨʘʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʘʩʠʚʫ ʪʦʯʦʢ (ʧʽʢʩʝʣʽʚ), ʷʢʠʤʠ 

ʤʦʞʥʘ ʤʘʥʽʧʫʣʶʚʘʪʠ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʂʦʞʝʥ ʟ ʮʠʭ ʧʽʢʩʝʣʽʚ ʻ 
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ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʶ ʧʘʥʝʣʣʶ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʩʝʥʜʚʽʯ, 

ʱʦ ʧʽʜʩʚʽʯʫʻʪʴʩʷ ʬʣʫʦʨʠʩʮʝʥʪʥʦʶ ʣʘʤʧʦʶ (ʨʠʩ.2.45).  

 

 

ʈʠʩ.2.45 ɹʫʜʦʚʘ ʧʽʢʩʝʣʶ. 

 

ɿ ʜʚʦʭ ʩʪʦʨʽʥ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʧʘʥʝʣʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝ ʣʫʞʥʽ, ʧʨʦʟʦʨʽ 

ʩʢʣʷʥʽ ʧʽʜʢʣʘʜʢʠ ʟ ʛʣʘʜʢʦʶ ʧʦʚʝʨʭʥʝʶ ʽ ʙʝʟ ʧʦʚʝʨʭʥʝʚʠʭ ʧʦʜʨʷʧʠʥ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴ ʨʦʣʴ ʝʣʢʪʨʦʜʽʚ. ɼʦ ʩʢʣʷʥʠʭ ʧʽʜʢʣʘʜʦʢ ʧʨʠʢʨʽʧʣʝʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ 

ʧʣʽʚʢʠ, ʷʢʽ ʧʨʦʧʫʩʢʘʶʪʴ ʘʙʦ ʧʦʛʣʠʥʘʶʪʴ ʧʝʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ 

ʩʚʽʪʣʘ. ʄʽʞ ʩʢʣʷʥʠʤʠ ʧʽʜʢʣʘʜʢʘʤʠ ʤʽʩʪʠʪʴʩʷ ʰʘʨ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʥʝʤʘʪʠʯʥʽʡ ʬʘʟʽ. ʇʦʣʷʨʠʟʘʮʽʡʥʽ ʬʽʣʴʪʨʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ 

ʧʨʷʤʠʤ ʢʫʪʦʤ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ, ʪʦʤʫ, ʷʢʱʦ ʥʝ ʧʨʠʢʣʘʜʝʥʦ ʥʘʧʨʫʛʫ ʜʦ 

LCD ʧʘʥʝʣʽ, ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʚʠʨʽʚʥʷʥʽ ʚʽʜʧʦʚʽʜʥʦ ʦʩʽ ʧʝʨʰʦʛʦ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʢʣʘ ʽ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘ 90 ʛʨʘʜʩʽʚ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʽʥʰʦʛʦ 

ʧʦʣʷʨʠʟʦʚʘʥʦʛʦ ʩʢʣʘ ʚ ʢʽʥʮʽ. ɺʝʨʪʠʢʘʣʴʥʦ ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ ʧʨʦʭʦʜʷʯʠ 
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ʯʝʨʝʟ ʦʙʝʨʪʘʶʯʽ ʤʦʣʝʢʫʣʠ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘ 90 ʛʨʘʜʫʩʽʚ, ʧʨʠ ʮʴʦʤʫ 

ʟʦʚʥʽʰʥʽʡ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʬʽʣʴʪʨ ʧʨʦʧʫʩʪʠʪʴ ʮʝ ʩʚʽʪʣʦ ʽ   ʥʘ ʤʦʥʽʪʦʨʽ 

ʧʦʷʚʠʪʴʩʷ ʟʘʧʘʣʝʥʠʡ ʧʽʢʩʝʣʴ. ʂʦʣʠ ʞ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ, ʤʦʣʝʢʫʣʠ ʚ 

ʨʽʜʢʦʤʫ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʰʘʨʽ ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʦʨʽʻʥʪʘʮʽʶ (ʨʦʟʢʨʫʯʫʶʪʴʩʷ) 

ʪʘʢ, ʱʦ ʦʨʽʻʥʪʘʮʽʷ ʩʚʽʪʣʘ ʪʘʢʦʞ ʟʤʽʥʶʻʪʴʩʷ ʽ ʚʦʥʦ ʙʣʦʢʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʤ ʬʽʣʴʪʨʦʤ, ʥʘ ʝʢʨʘʥʽ ʙʫʜʝ ʚʠʜʥʦ ʯʦʨʥʠʡ ʧʽʢʩʝʣʴ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʩʪʚʦʨʶʶʪʴʩʷ ʯʦʨʥʦ-ʙʽʣʽ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠʯʠʥʦʶ ʧʦʷʚʠ ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʻ ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʢʦʣʴʦʨʦʚʠʭ ʬʽʣʴʪʨʽʚ, ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ 

ʯʝʨʝʟ ʷʢʽ ʥʘ ʤʦʥʽʪʦʨʽ ʟʘʛʦʨʷʻʪʴʩʷ ʩʫʙʧʽʢʩʝʣʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʴʨʫ (ʨʠʩ.2.46). 

 

 

ʈʠʩ.2.46. ʌʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 
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ʃʝʢʮʽʷ 9. ʈʂɽ ʟ ʧʘʩʠʚʥʦʶ ʤʘʪʨʠʮʝʶ. ʈʂɽ ʟ ʘʢʪʠʚʥʦʶ ʤʘʪʨʠʮʝʶ. 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʄʘʪʨʠʮʷ TN. ʄʘʪʨʠʮʷ IPS. 

ʄʘʪʨʠʮʷ MVA/PVA. ʄʝʪʦʜʠ ʘʜʨʝʩʘʮʽʾ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʊʀʇʀ ʄɸʊʈʀʎʔ 

ʈʂɽ ʟ ʧʘʩʠʚʥʦʶ ʤʘʪʨʠʮʝʶ 

ʎʽ ʜʠʩʧʣʝʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʩʪʫ ʩʽʪʢʫ, ʱʦʙ ʧʝʨʝʜʘʚʘʪʠ ʟʘʨʷʜ 

ʦʢʨʝʤʠʤ ʧʽʢʩʝʣʷʤ ʥʘ ʜʠʩʧʣʝʾ. ʇʘʩʠʚʥʘ ʤʘʪʨʠʮʷ ʈʂ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʰʘʨʽʚ ʩʢʣʘ, ʱʦ ʥʘʟʠʚʘʶʪʴʩʷ ʧʽʜʢʣʘʜʢʘʤʠ. ʅʘ ʦʜʥʽʡ ʧʽʜʢʣʘʜʮʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʨʷʜʢʠ, ʘ ʥʘ ʽʥʰʠʡ ï ʩʪʦʚʧʮʽ, ʚʠʢʦʥʘʥʽ ʟ ʧʨʦʟʦʨʦʛʦ ʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʈʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʨʦʟʪʘʰʦʚʘʥʠʡ ʤʽʞ ʜʚʦʤʘ ʩʢʣʷʥʠʤʠ 

ʧʽʜʢʣʘʜʢʘʤʠ, ʘ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʧʣʽʚʢʘ ʜʦʜʘʻʪʴʩʷ ʜʦ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ 

ʢʦʞʥʦʛʦ ʜʠʩʧʣʝʷ. ʑʦʙ ʚʢʣʶʯʠʪʠ ʧʽʢʩʝʣʴ, ʽʥʪʝʛʨʘʣʴʥʘ ʩʭʝʤʘ ʧʝʨʝʜʘʻ ʟʘʨʷʜ 

ʧʝʚʥʽʡ ʢʦʣʦʥʮʽ ʦʜʥʽʻʾ ʧʽʜʢʣʘʜʢʠ ʽ ʧʽʜôʻʜʥʫʻ ʟʝʤʣʶ ʜʦ ʧʝʚʥʦʛʦ ʨʷʜʢʘ ʥʘ 

ʽʥʰʽʡ ʧʽʜʢʣʘʜʮʽ. ʈʷʜʢʠ ʽ ʩʪʦʚʧʮʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʫ ʧʦʪʨʽʙʥʦʤʫ ʧʽʢʩʝʣʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʧʨʫʛʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʨʦʟʢʨʫʯʫʚʘʥʥʷ ʈʂ ʚ ʮʴʦʤʫ ʧʽʢʩʝʣʽ. ɿʽ 

ʟʨʦʩʪʘʥʥʷʤ ʩʪʨʫʤʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʦʩʚʽʪʣʝʥʥʷ ʧʽʢʩʝʣʽʚ  (ʜʣʷ ʙʽʣʴʰ 

ʷʩʢʨʘʚʠʭ ʝʢʨʘʥʽʚ) ʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʨʦʟʤʽʨʫ ʝʢʨʘʥʫ, ʮʝʡ ʧʨʦʮʝʩ ʩʪʘʻ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ, ʦʩʢʽʣʴʢʠ ʙʽʣʴʰ ʚʠʩʦʢʽ ʩʪʨʫʤʠ ʧʦʚʠʥʥʽ ʧʨʦʭʦʜʠʪʠ ʧʦ ʣʽʥʷʤ 

ʢʝʨʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʤʦʤ ʧʦʚʠʥʥʝ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʱʦʨʘʟʫ, 

ʢʦʣʠ ʧʽʢʩʝʣʴ ʧʦʪʨʽʙʥʦ ʚʚʽʤʢʥʫʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʧʘʩʠʚʥʽ ʤʘʪʨʠʯʥʽ ʜʠʩʧʣʝʾ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʪʨʽʙʥʽ ʥʝʜʦʨʦʛʽ, ʧʨʦʩʪʽ 

ʜʠʩʧʣʝʾ.  

 

ʈʂɽ ʟ ʘʢʪʠʚʥʦʶ ʤʘʪʨʠʮʝʶ 

ɸʢʪʠʚʥʽ ʤʘʪʨʠʯʥʽ ʜʠʩʧʣʝʾ ʥʘʣʝʞʘʪʴ ʜʦ ʪʠʧʫ ʧʣʦʩʢʦʧʘʥʝʣʴʥʠʭ 

ʜʠʩʧʣʝʾʚ, ʚ ʷʢʠʭ ʝʢʨʘʥ ʦʥʦʚʣʶʻʪʴʩʷ ʯʘʩʪʽʰʝ, ʥʽʞ ʫ ʟʚʠʯʘʡʥʠʭ ʜʠʩʧʣʝʾʚ ʟ 

ʧʘʩʠʚʥʦʶ ʤʘʪʨʠʮʝʶ, ʽ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʢʨʝʤʽ ʪʨʘʥʟʠʩʪʦʨʠ ʜʣʷ 
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ʫʧʨʘʚʣʽʥʥʷ ʥʘʧʨʫʛʦʶ ʥʘ ʢʦʞʥʽʡ ʢʣʽʪʠʥʮʽ ʚ ʰʘʨʽ ʈʂ-ʩʫʙʩʪʘʥʮʽʾ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʡ ʪʠʧ ʜʠʩʧʣʝʷ ʟ ʘʢʪʠʚʥʦʶ ʤʘʪʨʠʮʝʶ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ TFT. ʊʝʨʤʽʥʠ çʘʢʪʠʚʥʘ ʤʘʪʨʠʮʷè ʽ TFT, ʘʙʦ ʊʇʊ, ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʟʘʻʤʦʟʘʤʽʥʥʽ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʧʘʩʠʚʥʠʡ ʤʘʪʨʠʯʥʠʡ 

ʜʠʩʧʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʩʪʫ ʧʨʦʚʽʜʥʫ ʩʽʪʢʫ ʜʣʷ ʧʦʜʘʥʥʷ ʩʪʨʫʤʫ ʜʦ ʨʽʜʢʠʭ 

ʢʨʠʩʪʘʣʽʚ ʚ ʮʽʣʴʦʚʽʡ ʦʙʣʘʩʪʽ, ʘʢʪʠʚʥʘ ʤʘʪʨʠʮʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʽʪʢʫ 

ʪʨʘʥʟʠʩʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʙʝʨʽʛʘʪʠ ʟʘʨʷʜ ʧʨʦʪʷʛʦʤ ʦʙʤʝʞʝʥʦʛʦ ʧʝʨʽʦʜʫ 

ʯʘʩʫ, ʪʘʢ ʩʘʤʦ, ʷʢ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ. ʏʝʨʝʟ ʧʝʨʝʤʠʢʘʣʴʥʫ ʜʽʶ ʪʨʘʥʟʠʩʪʦʨʽʚ, 

ʣʠʰʝ ʙʘʞʘʥʠʡ ʧʽʢʩʝʣʽʚ ʦʪʨʠʤʫʻ ʟʘʨʷʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʘʩʠʚʥʦʶ ʤʘʪʨʠʮʝʶ. ʏʝʨʝʟ ʟʜʘʪʥʽʩʪʴ ʊʇʊ 

ʪʨʠʤʘʪʠ ʟʘʨʷʜ ʧʽʢʩʝʣʴ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʦʥʦʚʣʝʥʥʷ [15].  

ɯʩʥʫʶʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʧʝʨʝʤʠʢʘʯʽʚ ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 

ʪʨʘʥʟʠʩʪʦʨʽʚ: ʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʽʶ (ʘ-Si), ʟ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʶ (ʨ-

Si) ʪʘ ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ (x-Si). ʈʂ-ʝʢʨʘʥʠ ʥʘ ʘʤʦʨʬʥʦʤʫ ʢʨʝʤʥʽʾ  

ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʝʨʽʡʥʠʭ AMLCD. ɺʦʥʠ ʤʘʶʪʴ ʛʘʨʥʠʡ ʢʦʣʽʨ, ʭʦʨʦʰʝ 

ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ ʽ ʰʚʠʜʢʠʡ ʚʽʜʛʫʢ [20].  

ɼʣʷ ʢʦʣʴʦʨʦʚʠʭ TʇT ʜʠʩʧʣʝʾʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʪʨʘʥʟʠʩʪʦʨ ʜʣʷ 

ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʫ (RGB) ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ. ʎʽ ʪʨʘʥʟʠʩʪʦʨʠ ʢʝʨʫʶʪʴ 

ʧʽʢʩʝʣʷʤʠ, ʫʩʫʚʘʶʯʠ ʦʜʥʦʯʘʩʥʦ ʧʨʦʙʣʝʤʫ ʦʨʝʦʣʽʚ ʽ ʧʦʚʽʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʚʽʜʛʫʢʫ, ʱʦ ʧʨʠʩʫʪʥʽ ʫ ʟʚʠʯʘʡʥʠʭ ʈʂ-ʜʠʩʧʣʝʾʚ. ʈʝʟʫʣʴʪʫʶʯʠʡ ʯʘʩ ʚʽʜʛʫʢʫ 

ʝʢʨʘʥʘ ʩʪʘʥʦʚʠʪʴ ʧʦʨʷʜʢʫ 25 ʤʩ, ʢʦʥʪʨʘʩʪʥʽʩʪʴ ï ʚʽʜ 200:1 ʜʦ 400:1 ʽ 

ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ ï ʤʽʞ 200 ʽ 250 ʢʜ / ʤ
2
. 

ʊʇʊ-ʝʢʨʘʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʥʘʙʘʛʘʪʦ ʪʦʥʰʠʤʠ, ʥʽʞ ʟʚʠʯʘʡʥʽ 

ʈʂ-ʜʠʩʧʣʝʾ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʣʝʛʢʠʤʠ, ʘ ʯʘʩʪʦʪʘ ʦʥʦʚʣʝʥʥʷ ʫ ʥʠʭ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ɽʇʊ. ɽʢʨʘʥʫ VGA ʧʦʪʨʽʙʥʦ 921000 ʪʨʘʥʟʠʩʪʦʨʽʚ (640 ʭ 

480 ʭ 3), ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 1024 ʭ 768 ʥʝʦʙʭʽʜʥʦ 2359296 

ʪʨʘʥʟʠʩʪʦʨʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʢʦʥʘʣʠʤ. ɺʩʷ ʤʘʪʨʠʮʷ 

ʪʨʘʥʟʠʩʪʦʨʽʚ ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʥʘ ʦʜʥʽʡ ʜʦʨʦʛʽʡ ʢʨʝʤʥʽʻʚʽʡ ʧʣʘʩʪʠʥʽ, ʘ 

ʥʘʷʚʥʽʩʪʶ ʭʦʯʘ ʙ ʧʘʨʠ ʥʝʜʦʣʽʢʽʚ ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʚʩʽ ʧʣʘʩʪʠʥʠ ʧʦʚʠʥʥʽ 
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ʙʫʪʠ ʚʽʜʢʠʥʫʪʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ ʯʘʩʪʦʪʠ ʙʨʘʢʫ ʽ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʭ ʮʽʥ ʥʘ TʇT ʜʠʩʧʣʝʾ [13].  

 

ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ 

ʊʇʊ ʫ ʈʂɽ ʟ ʘʢʪʠʚʥʦʶ ʤʘʪʨʠʮʝʶ ʜʽʶʪʴ ʷʢ ʧʨʦʩʪʽ ʧʝʨʝʤʠʢʘʯʽ ʥʘ 

ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʦʥʦʚʣʝʥʥʷ ʜʠʩʧʣʝʷ, ʥʘʧʨʠʢʣʘʜ, 

60 ɻʮ. ʅʘ ʨʠʩ. 6 ʟʦʙʨʘʞʝʥʦ ʧʨʦʩʪʫ ʩʪʨʫʢʪʫʨʫ ʊʇʊ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʢʦʥʪʘʢʪʽʚ: ʟʘʪʚʦʨʫ, ʚʠʪʦʢʫ ʽ ʩʪʦʢʫ. ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.47, ʟʘʪʚʦʨ ʽʟʦʣʴʦʚʘʥʠʡ 

ʚʽʜ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʧʣʽʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʟʦʣʷʮʽʡʥʦʾ ʧʣʽʚʢʠ ʟʘʪʚʦʨʘ, ʚ 

ʪʦʡ ʯʘʩ ʷʢ ʩʪʦʢ ʽ ʚʠʪʦʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʶ 

ʧʣʽʚʢʦʶ [17]. 

 

ʈʠʩ. 2.47. ʉʪʨʫʢʪʫʨʘ ʧʨʦʩʪʦʛʦ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (ʊʇʊ) 

 

ʋ ʧʨʦʩʪʦʤʫ ʊʇʊ, ʥʘʧʨʠʢʣʘʜ, ʊʇʊ ʟ N-ʢʘʥʘʣʦʤ, ʧʦʟʠʪʠʚʥʘ ʥʘʧʨʫʛʘ 

ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ ʟʘʪʚʦʨʫ, ʱʦʙ ʚʚʽʤʢʥʫʪʠ ʡʦʛʦ; ʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ ʤʦʞʥʘ 
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ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʰʘʨ ʜʽʝʣʝʢʪʨʠʢʘ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ, ʦʪʞʝ, ʥʝʛʘʪʠʚʥʽ ʟʘʨʷʜʠ 

ʽʥʜʫʢʫʶʪʴʩʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʢʘʥʘʣ, ʱʦ ʻ ʦʙʣʘʩʪʶ ʤʽʞ ʚʠʪʦʢʦʤ ʽ 

ʩʪʦʢʦʤ. ʎʽ ʥʝʛʘʪʠʚʥʽ ʟʘʨʷʜʠ ʩʪʚʦʨʶʶʪʴ ʧʦʪʽʢ ʝʣʝʢʪʨʦʥʽʚ ʟ ʚʠʪʦʢʫ ʜʦ ʩʪʦʢʫ, 

ʪʦʙʪʦ ʨʦʙʣʷʪʴ ʢʘʥʘʣ ʧʨʦʚʽʜʥʠʤ. ʂʦʣʠ ʥʝʛʘʪʠʚʥʘ ʥʘʧʨʫʛʘ ʧʨʠʢʣʘʜʘʻʪʴʩʷ ʜʦ 

ʟʘʪʚʦʨʫ, ʝʣʝʢʪʨʦʥʠ ʚ ʢʘʥʘʣʽ ʧʨʘʢʪʠʯʥʦ ʚʠʯʝʨʧʫʶʪʴʩʷ, ʘ ʦʪʞʝ, ʩʪʨʫʤ ʤʘʡʞʝ 

ʚʽʜʩʫʪʥʽʡ. ʉʪʨʫʤ ʧʨʠ ʚʽʜʢʨʠʪʦʤʫ ʢʣʶʯʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʥʘʧʨʠʢʣʘʜ, ʰʠʨʠʥʠ ʪʘ ʜʦʚʞʠʥʠ ʢʘʥʘʣʫ, ʥʘʧʨʫʛʠ ʥʘ ʟʘʪʚʦʨʽ ʪʘ ʧʦʨʦʛʦʚʦʾ 

ʥʘʧʨʫʛʠ ʪʨʘʥʟʠʩʪʦʨʘ. 

ʂʦʣʠ ʊʇʊ ʚʽʜʢʨʠʪʠʡ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʥʘ ʚʠʪʦʢ, ʘ 

ʩʪʦʢ ʟ ʻʤʥʽʩʪʶ ʧʝʨʝʜ ʈʂ ʙʫʜʝ ʟʘʨʷʜʞʘʪʠʩʷ ʜʦ ʥʘʧʨʫʛʠ ʟ ʪʘʢʦʶ ʞ 

ʘʤʧʣʽʪʫʜʦʶ, ʪʦʙʪʦ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʧʝʨʝʜʘʯʘ ʥʘʧʨʫʛʠ ʜʘʥʠʭ ʟ ʣʽʥʽʾ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ ʜʦ ʝʣʝʢʪʨʦʜʫ ʧʽʢʩʝʣʷ. ʇʨʠ ʟʘʢʨʠʚʘʥʥʽ, ʩʪʨʫʤ ʚ ʢʘʥʘʣʽ ʚʽʜʩʫʪʥʽʡ, ʽ 

ʥʘʧʨʫʛʘ ʜʘʥʠʭ ʥʝ ʧʝʨʝʜʘʻʪʴʩʷ. 

ʇʨʠ ʮʴʦʤʫ, P-ʢʘʥʘʣʴʥʠʡ ʊʇʊ ʤʦʞʝ ʙʫʪʠ ʚʽʜʢʨʠʪʠʡ ʰʣʷʭʦʤ 

ʧʨʠʢʣʘʜʘʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʥʘʧʨʫʛʠ ʜʦ ʟʘʪʚʦʨʫ, ʽ ʟʘʢʨʠʪʠʡ - ʧʦʟʠʪʠʚʥʦʶ 

ʥʘʧʨʫʛʦʶ. 

ʊʇʊ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʢʨʝʤʥʽʶ, ʘ ʩʘʤʝ: ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʧʦʣʽ-ʢʨʝʤʥʽʶ ʪʘ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʽʶ. ɺ ʨʝʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʣʽ-ʢʨʝʤʥʽʡ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ 

ʦʙʨʦʙʣʝʥʠʡ ʧʨʠ ʥʠʟʴʢʽʡ ʽ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʪʦʙʪʦ ʧʨʠ ʥʠʟʴʢʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʦʪʨʠʤʘʻʤʦ ʧʦʣʽ-ʢʨʝʤʥʽʡ (LTPS), ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʠʡ 

ʥʘ ʥʝʜʦʨʦʛʦʤʫ ʩʢʣʽ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʽ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ï 

ʧʦʣʽ-ʢʨʝʤʥʽʡ (HTPS), ʜʣʷ ʷʢʦʛʦ ʥʝʦʙʭʽʜʥʘ ʢʚʘʨʮʦʚʘ ʧʣʘʩʪʠʥʘ. 

ʆʩʢʽʣʴʢʠ ʢʨʠʩʪʘʣʽʯʥʠʡ Si ʤʘʻ ʙʽʣʴʰ ʚʠʩʦʢʫ ʨʫʭʣʠʚʽʩʪʴ, ʚʽʥ ʤʦʞʝ 

ʽʥʪʝʛʨʫʚʘʪʠ ʙʽʣʴʰʝ ʧʝʨʠʬʝʨʠʯʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʦʤʫ, ʙʽʣʴʰ 

ʚʠʤʦʛʣʠʚʽ ʜʦ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠʩʪʨʦʾ, ʪʘʢʽ ʷʢ ʩʚʽʪʣʦʚʽ ʤʦʜʫʣʷʪʦʨʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʨʠʩʪʘʣʽʯʥʠʡ Si [19]. 

ɸʤʦʨʬʥʠʡ ʢʨʝʤʥʽʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʈʂ-ʤʦʥʽʪʦʨʘʭ ʽ 

ʪʝʣʝʚʽʟʦʨʘʭ ʯʝʨʝʟ ʡʦʛʦ ʧʨʦʩʪʦʪʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʚʝʣʠʢʠʭ ʩʢʣʷʥʠʭ 
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ʧʽʜʢʣʘʜʢʘʭ, ʘʣʝ ʧʨʦʪʝ, ʚʽʥ ʤʘʻ ʙʽʣʴʰ ʥʠʟʴʢʫ ʤʦʙʽʣʴʥʽʩʪʴ. ʆʜʥʘʢ, ʫ ʧʨʦʮʝʩʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʘ-Si ʬʦʨʤʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ SiH4: ʚʦʜʝʥʴ ʜʦʜʘʻʪʴʩʷ ʜʦ 

ʢʨʝʤʥʽʻʚʦʾ ʧʣʽʚʢʠ ʽ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʩʣʘʙʫ ʢʨʝʤʥʽʻʚʫ ʨʝʰʽʪʢʫ ʚ ʘ-Si, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʧʽʜʚʠʱʫʶʯʠ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘ-Si ʪʘʢʦʞ 

ʥʘʟʠʚʘʶʪʴ ʷʢ ʘ-Si:H. ʅʦʨʤʘʣʴʥʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ ʘ-Si:H ʩʢʣʘʜʘʻ ~ 0,3-

1 ʩʤ
2
 / ɺ*ʩ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩ-Si (> 500 ʩʤ

2
 / ɺ*ʩ), ʽ ʮʝ ʜʦʩʠʪʴ ʤʘʣʦ. ɸʣʝ, ʜʣʷ 

AMLCD
4
 ʧʝʨʝʤʠʢʘʯʘ ʊʇʊ-ʤʦʥʽʪʦʨʽʚ, ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʨʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ ʫ ʥʴʦʤʫ ʜʫʞʝ ʥʠʟʴʢʘ, ʪʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʣʠʰʝ N-ʢʘʥʘʣʴʥʽ ʊʇʊ. ʑʝ ʦʜʥʠʤ ʥʝʜʦʣʽʢʦʤ ʘ-SI ʻ ʡʦʛʦ ʚʠʩʦʢʘ 

ʬʦʪʦʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʙʘʞʘʥʦʛʦ ʬʦʪʦʩʪʨʫʤʫ  ʚʠʪʽʢʘʥʥʷ ʫ 

ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʮʴʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʘʨ ʧʦʢʨʠʪʪʷ, 

ʷʢʠʡ ʟʘʭʠʱʘʻ ʊʇʊ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʚʠʩʚʽʯʫʚʘʥʥʷ. 

ʇʦʣʽʢʨʝʤʥʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢ P-

ʢʘʥʘʣʴʥʠʭ, ʪʘʢ ʽ N-ʢʘʥʘʣʴʥʠʭ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʏʝʨʝʟ ʩʚʦʶ 

ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʤʦʙʽʣʴʥʽʩʪʴ, ʥʘ ʩʢʣʽ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʷʢ ʬʦʨʤʫʚʘʯ 

ʩʪʦʚʧʮʽʚ, ʪʘʢ ʽ ʬʦʨʤʫʚʘʯ ʨʷʜʢʽʚ, ʘ ʪʘʢʦʞ, ʥʘʚʽʪʴ ʎɸʇ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʚ ʧʦʩʪʽʡʥʠʡ ʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʠ. ʎʝ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ 

ʚʠʪʨʘʪʠ ʥʘ ʟʦʚʥʽʰʥʽ ʬʦʨʤʫʚʘʯʽ ʪʘ ʽʥʰʽ ʤʽʢʨʦʩʭʝʤʠ. ʇʨʦʪʝ, ʩʪʨʫʤ 

ʧʦʣʽʢʨʝʤʥʽʷ ʫ ʟʘʢʨʠʪʦʤʫ ʩʪʘʥʽ ʥʘʙʘʛʘʪʦ ʚʠʱʝ, ʥʽʞ ʫ ʘ-Si, ʪʦʙʪʦ ʟʘʢʨʠʪʠʡ 

ʩʪʘʥ ʥʝ ʻ ʩʪʘʙʽʣʴʥʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ ʥʝ ʤʦʞʥʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʘʨʷʜ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʧʽʢʩʝʣʽʚ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʩʪʨʫʤ ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ, 

ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʜʚʽʡʥʫ ʩʪʨʫʢʪʫʨʫ ʟʘʪʚʦʨʫ ʽ ʪʝʭʥʦʣʦʛʽʶ ʩʣʘʙʦ 

ʣʝʛʦʚʘʥʦʛʦ ʩʪʦʢʫ (LDD). ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʟʥʠʟʠʪʠ ʩʪʨʫʤ 

ʟʘʢʨʠʪʦʛʦ ʩʪʘʥʫ [18]. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʽ ʢʦʨʦʪʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ 

ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʽ ʾʭ ʚʽʜʧʦʚʽʜʥʽ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

                                                           
4
 ʈʂɽ ʥʘ ʘʢʪʠʚʥʽʡ ʤʘʪʨʠʮʽ 
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ʊʘʙʣʠʮʷ 2.12 ʈʽʟʥʽ ʪʠʧʠ ʧʨʠʩʪʨʦʾʚ ʧʝʨʝʤʠʢʘʥʥʷ ʜʣʷ ʈʂɽ ʥʘ ʘʢʪʠʚʥʽʡ ʤʘʪʨʠʮʽ 

 

ʇʨʠʩʪʨʦʾ 

ʧʝʨʝʤʠʢʘʥʥʷ 

ʈʫʭʣʠʚʽʩʪʴ 

(ʩʤ
2
/ɺ*ʩ) 

ʄʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ɿʘʩʪʦʩʫʚʘʥʥʷ 

a-Si TFT 0.3-1 ~ 300
0
C (ʩʢʣʦ) ɽʢʨʘʥʠ ʥʦʫʪʙʫʢʽʚ, ʇʂ 

ʤʦʥʽʪʦʨʠ, LCD ʊɹ 

High-T poly-Si 

TFT 

100-300 ~ 1000
0
C 

(ʢʚʘʨʮ) 

ʉʚʽʪʣʦʚʽ ʤʦʜʫʣʷʪʦʨʠ 

ʧʨʦʝʢʪʦʨʽʚ, ʚʠʜʦʰʫʢʘʯʽ 

Low-T poly-Si 

TFT 

10-200 ~ 500
0
C (ʩʢʣʦ) ɽʢʨʘʥʠ ʥʦʫʪʙʫʢʽʚ ʪʘ ʂʇʂ, 

ʩʚʽʪʣʦʚʽ ʤʦʜʫʣʷʪʦʨʠ 

ʧʨʦʝʢʪʦʨʽʚ, ʚʠʜʦʰʫʢʘʯʽ 

MOSFET ʟ 

ʢʨʠʩʪʘʣʽʯʥʦʛʦ 

Si 

400 ~ 1100
0
C (C-Si) ʉʚʽʪʣʦʚʽ ʤʦʜʫʣʷʪʦʨʠ 

ʧʨʦʝʢʪʦʨʽʚ, ʚʠʜʦʰʫʢʘʯʽ 

ʊʦʥʢʦʧʣʽʚʢʦʚʽ 

ʜʽʦʜʠ 

 < 300
0
C (ʩʢʣʦ) ɽʢʨʘʥʠ ʩʪʽʣʴʥʠʢʦʚʠʭ 

ʧʨʠʩʪʨʦʾʚ 

 

 

ʄʘʪʨʠʮʷ TN 

ʎʝʡ ʪʠʧ ʤʘʪʨʠʮʴ ʻ ʥʘʡʩʪʘʨʰʠʤ ʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ, ʟ ʪʠʭ, ʷʢʽ ʥʘ 

ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. ʅʘʟʚʘ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʷʢ Twisted 

Nematic. ʅʝʤʘʪʠʯʥʽ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʩʫʙʩʪʘʥʮʽʾ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʦʚʛʘʩʪʠʭ 

ʢʨʠʩʪʘʣʽʚ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʦʨʽʻʥʪʘʮʽʻʶ, ʘʣʝ ʙʝʟ ʞʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʠ. ʊʘʢʘ 

ʨʝʯʦʚʠʥʘ ʣʝʛʢʦ ʧʽʜʜʘʻʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʚʧʣʠʚʘʤ. ʋ ʤʘʪʨʠʮʷʭ TN ʢʨʠʩʪʘʣʠ 

ʨʦʟʤʽʱʝʥʽ ʧʘʨʘʣʝʣʴʥʦ ʧʣʦʱʠʥʽ ʝʢʨʘʥʫ, ʘ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʰʘʨ ʢʨʠʩʪʘʣʽʚ 

ʧʦʚʝʨʥʝʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʦʜʥʦʛʦ. ɺʩʽ ʽʥʰʽ çʩʢʨʫʯʝʥʽè ʧʦ 

ʩʧʽʨʘʣʽ. ʆʪʞʝ ʚʩʝ ʩʚʽʪʣʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʽ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʟʦʚʥʽʰʥʶ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʧʣʽʚʢʫ.  
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ʊʘʢ ʱʦ ʫ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʦʩʝʨʝʜʦʢ ʤʘʪʨʠʮʽ TN ʩʚʽʪʠʪʴʩʷ, ʪʘ ʧʨʠ 

ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ ʢʨʠʩʪʘʣʠ ʧʦʩʪʫʧʦʚʦ ʧʨʦʚʝʨʪʘʶʪʴʩʷ (ʨʠʩ.2.48). ʏʠʤ ʚʠʱʝ 

ʥʘʧʨʫʛʘ, ʪʠʤ ʙʽʣʴʰʝ ʢʨʠʩʪʘʣʽʚ ʨʦʟʛʦʨʪʘʻʪʴʩʷ, ʽ ʪʠʤ ʤʝʥʰʝ ʧʨʦʭʦʜʠʪʴ ʩʚʽʪʣʘ. 

ʗʢ ʪʽʣʴʢʠ ʚʩʽ ʢʨʠʩʪʘʣʠ ʨʦʟʛʦʨʥʫʪʴʩʷ ʧʘʨʘʣʝʣʴʥʦ ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʢʫ, ʧʽʢʩʝʣʴ 

çʟʘʢʨʠʚʘʻʪʴʩʷè. ɸʣʝ ʜʣʷ TN-ʤʘʪʨʠʮʴ ʜʦʙʠʪʠʩʷ ʽʜʝʘʣʴʥʦ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ 

ʜʫʞʝ ʚʘʞʢʦ, ʘʜʞʝ ʢʨʠʩʪʘʣʠ ʚ ʤʘʪʨʠʮʽ TN çʩʢʨʫʯʝʥʽè ʧʦ ʩʧʽʨʘʣʽ, ʽ ʧʨʠ ʧʦʜʘʯʽ 

ʥʘʧʨʫʛʠ ʚʦʥʠ ʧʦʯʠʥʘʶʪʴ ʧʦʚʝʨʪʘʪʠʩʷ. ʂʦʣʠ ʚʩʽ ʢʨʠʩʪʘʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ 

ʧʦʚʝʨʭʥʽ, ʩʚʽʪʣʦ ʥʝ ʧʨʦʭʦʜʠʪʴ. 

 

 

ʈʠʩ.2.48. ʊʝʭʥʦʣʦʛʽʷ Twisted Nematic. 

 

ɻʦʣʦʚʥʘ ʧʨʦʙʣʝʤʘ TN ʤʘʪʨʠʮʴ ʚ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʧʦʚʦʨʦʪʫ ʢʨʠʩʪʘʣʽʚ: 

ʦʜʥʽ ʚʞʝ ʨʦʟʛʦʨʥʫʪʽ ʧʦʚʥʽʩʪʶ, ʽʥʰʽ ʪʽʣʴʢʠ ʧʦʯʘʣʠ ʧʦʚʝʨʪʘʪʠʩʷ. ɿ-ʟʘ ʮʴʦʛʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ, ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ, 

ʢʘʨʪʠʥʢʘ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ ʚʠʛʣʷʜʘʻ ʧʦ-ʨʽʟʥʦʤʫ. ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʢʫʪʠ 

ʦʛʣʷʜʫ ʩʫʯʘʩʥʠʭ ʤʘʪʨʠʮʴ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʨʠʡʥʷʪʥʠʤʠ, ʘʣʝ ʧʨʠ ʧʦʚʦʨʦʪʽ ʧʦ 

ʚʝʨʪʠʢʘʣʽ ʥʘʚʽʪʴ ʚ ʥʝʚʝʣʠʢʠʭ ʤʝʞʘʭ, ʩʫʪʪʻʚʽ ʩʧʦʪʚʦʨʝʥʥʷ. ʇʝʨʝʜʘʯʘ ʢʦʣʴʦʨʫ 

ʤʘʪʨʠʮʴ TN ʜʘʣʝʢʘ ʚʽʜ ʽʜʝʘʣʴʥʦʾ ð ʚʦʥʠ ʚ ʧʨʠʥʮʠʧʽ ʥʝ ʤʦʞʫʪʴ ʚʠʚʦʜʠʪʠ 
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ʧʦʚʥʫ ʧʘʣʽʪʨʫ ʢʦʣʴʦʨʽʚ, ʪʦʤʫ ʢʦʤʧʝʥʩʫʶʪʴ ʥʝʜʦʣʽʢ ʚʽʜʪʽʥʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʠʪʨʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʊʘʢʽ ʘʣʛʦʨʠʪʤʠ ʥʝ ʧʦʤʽʪʥʦ ʦʢʫ ʚʽʜʪʚʦʨʶʶʪʴ ʫ ʢʣʽʪʠʥʮʽ 

ʧʦʧʝʨʝʤʽʥʥʦ ʚʽʜʪʽʥʢʠ, ʥʘʡʙʣʠʞʯʽ ʜʦ ʪʦʛʦ, ʷʢʠʡ ʚʽʜʪʚʦʨʠʪʠ ʥʝ ʚʜʘʻʪʴʩʷ. 

ʇʨʦʪʝ ʪʝʭʥʦʣʦʛʽʷ TN ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʧʽʢʩʝʣʷ, ʤʽʥʽʤʘʣʴʥʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽ ʤʘʢʩʠʤʘʣʴʥʫ 

ʜʝʰʝʚʠʟʥʫ. ʎʽ ʜʚʽ ʦʙʩʪʘʚʠʥʠ ʽ ʨʦʙʣʷʪʴ ʥʘʡ ʩʪʘʨʽʰʫ ʪʝʭʥʦʣʦʛʽʶ ï 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʽ ʥʘʡʧʦʰʠʨʝʥʽʰʦʶ.  

 

ʄʘʪʨʠʮʷ IPS 

ɼʨʫʛʠʡ ʟʘ ʚʽʢʦʤ ʩʪʘʚ ʪʠʧ IPS (In Plane Switch). ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʥʘʟʚʠ 

ʪʝʭʥʦʣʦʛʽʾ, ʚʩʽ ʢʨʠʩʪʘʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʩʪʽʡʥʦ ʧʘʨʘʣʝʣʴʥʦ ʧʣʦʱʠʥʽ ʧʘʥʝʣʽ ʽ 

ʧʦʚʝʨʪʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. ɼʣʷ ʮʴʦʛʦ 

ʜʦʚʝʣʦʩʷ ʨʦʟʪʘʰʫʚʘʪʠ ʥʘ ʥʠʞʥʽʡ ʩʪʦʨʦʥʽ ʢʦʞʥʦʾ ʢʣʽʪʠʥʢʠ ʧʦ ʜʚʘ 

ʝʣʝʢʪʨʦʜʘ (ʨʠʩ.2.49). 

 

 

ʈʠʩ. 2.49 ʄʘʪʨʠʮʷ In Plane Switch 
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ʋ ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʧʽʢʩʝʣʴ ʯʦʨʥʠʡ, ʪʘʢ ʱʦ ʷʢʱʦ ʚʽʥ çʧʦʤʠʨʘʻè, ʪʦ 

ʥʘ ʝʢʨʘʥʽ ʙʫʜʝ ʯʦʨʥʘ ʪʦʯʢʘ. IPS ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʢʨʘʱʫ ʧʝʨʝʜʘʯʫ 

ʢʦʣʴʦʨʫ ʽ ʤʘʢʩʠʤʘʣʴʥʽ ʢʫʪʠ ʦʛʣʷʜʫ. ɿ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ ð ʙʽʣʴʰʠʡ, ʥʽʞ ʫ 

TN, ʯʘʩ ʚʽʜʛʫʢʫ,   ʙʽʣʴʰ   ʧʦʤʽʪʥʘ ʤʽʞʧʽʢʩʝʣʴʥʘʷ ʩʽʪʢʘ ʽ ʚʠʩʦʢʘ ʮʽʥʘ. 

ʇʦʣʽʧʰʝʥʽ ʤʘʪʨʠʮʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ S-IPS ʽ SA-SFT (ʚʽʜʧʦʚʽʜʥʦ ʫ LG.Philips 

ʽ NEC), ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʡ ʯʘʩ ʚʽʜʛʫʢʫ ʥʘ ʨʽʚʥʽ 25 ʤʩ, ʘ 

ʥʦʚʽʪʥʽ ʽ ʪʦʛʦ ʤʝʥʰʝ ð 16 ʤʩ. ɿʘʚʜʷʢʠ ʭʦʨʦʰʽʡ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ ʽ ʢʫʪʘʭ 

ʦʛʣʷʜʫ IPS ʤʘʪʨʠʮʽ ʩʪʘʣʠ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʛʨʘʬʽʯʥʠʭ ʧʨʦʬʝʩʽʡʥʠʭ 

ʤʦʥʽʪʦʨʽʚ. 

 

ʄʘʪʨʠʮʷ MVA/PVA 

ʗʢ ʢʦʤʧʨʦʤʽʩ ʤʽʞ TN ʽ IPS ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʨʦʟʨʦʙʣʝʥʫ Fujitsu 

ʪʝʭʥʦʣʦʛʽʶ VA (Vertical Alignment). ʋ ʤʘʪʨʠʮʷʭ VA ʢʨʠʩʪʘʣʠ ʫ ʚʠʤʢʥʝʥʦʤʫ 

ʩʪʘʥʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʧʣʦʱʠʥʽ ʝʢʨʘʥʫ.  

 

 

ʈʠʩ. 2.50 ʄʘʪʨʠʮʷ Multi-Domain Vertical Alignment 

 

ɺʽʜʧʦʚʽʜʥʦ ʯʦʨʥʠʡ ʢʦʣʽʨ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʯʠʩʪʠʡ ʽ 

ʛʣʠʙʦʢʠʡ. ɸʣʝ ʧʨʠ ʧʦʚʦʨʦʪʽ ʤʘʪʨʠʮʽ ʚʽʜʥʦʩʥʦ ʥʘʧʨʷʤʢʫ ʧʦʛʣʷʜʫ, ʢʨʠʩʪʘʣʠ 
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ʙʫʜʫʪʴ ʚʠʜʥʽ ʥʝ ʦʜʥʘʢʦʚʦ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʫʣʴʪʠʜʦʤʝʥʥʘ ʩʪʨʫʢʪʫʨʘ. ʈʦʟʨʦʙʣʝʥʘ Fujitsu ʪʝʭʥʦʣʦʛʽʷ Multi-Domain 

Vertical Alignment (MVA) ʧʝʨʝʜʙʘʯʘʻ ʚʠʩʪʫʧʠ ʥʘ ʦʙʢʣʘʜʢʘʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʥʘʧʨʷʤʦʢ ʧʦʚʦʨʦʪʫ ʢʨʠʩʪʘʣʽʚ (ʨʠʩ.2.50). ʗʢʱʦ ʜʚʘ ʧʽʜʜʦʤʝʥʠ ʧʦʚʝʨʪʘʶʪʴʩʷ 

ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʪʦ ʧʨʠ ʧʦʛʣʷʜʽ ʟʙʦʢʫ ʦʜʠʥ ʟ ʥʠʭ ʙʫʜʝ ʪʝʤʥʽʰʠʡ, 

ʘ ʽʥʰʠʡ ʩʚʽʪʣʽʰʠʡ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʚʽʜʭʠʣʝʥʥʷ ʚʟʘʻʤʥʦ 

ʢʦʤʧʝʥʩʫʶʪʴʩʷ. ʋ ʤʘʪʨʠʮʷʭ PVA, ʨʦʟʨʦʙʣʝʥʠʭ Samsung ʥʝʤʘʻ ʚʠʩʪʫʧʽʚ, ʽ ʫ 

ʚʠʤʢʥʝʥʦʤʫ ʩʪʘʥʽ ʢʨʠʩʪʘʣʠ ʩʪʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʽ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʨʠʩʪʘʣʠ 

ʩʫʩʽʜʥʽʭ ʩʫʙʜʦʤʝʥʽʚ ʧʦʚʝʨʪʘʣʠʩʴ ʚ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʥʠʞʥʽ 

ʝʣʝʢʪʨʦʜʠ ʟʨʫʰʝʥʽ ʚʽʜʥʦʩʥʦ ʚʝʨʭʥʽʭ. ʋ ʤʘʪʨʠʮʷʭ VA ʪʠʧʫ ʫ ʚʠʤʢʥʝʥʦʤʫ 

ʩʪʘʥʽ ʢʨʠʩʪʘʣʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʦʚʝʨʭʥʽ ʝʢʨʘʥʘ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ 

ʚʽʜʛʫʢʫ ʚ ʤʘʪʨʠʮʷʭ Premium MVA ʽ S-PVA ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʧʨʫʛʠ ʜʣʷ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʤʘʪʨʠʮʽ, ʷʢʫ 

ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ Overdrive. ʇʝʨʝʜʘʯʘ ʢʦʣʴʦʨʫ ʤʘʪʨʠʮʴ PMVA ʽ SPVA 

ʤʘʡʞʝ ʪʘʢ ʩʘʤʦ ʭʦʨʦʰʘ, ʷʢ ʽ ʫ IPS, ʯʘʩ ʚʽʜʛʫʢʫ ʪʨʦʭʠ ʧʦʩʪʫʧʘʻʪʴʩʷ TN, ʢʫʪʠ 

ʦʛʣʷʜʫ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʽ, ʯʦʨʥʠʡ ʢʦʣʽʨ ʥʘʡʢʨʘʱʠʡ, ʷʩʢʨʘʚʽʩʪʴ ʽ ʢʦʥʪʨʘʩʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽ ʩʝʨʝʜ ʫʩʽʭ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʜʥʘʢ ʥʘʚʽʪʴ ʧʨʠ 

ʥʝʚʝʣʠʢʦʤʫ ʚʽʜʭʠʣʝʥʥʽ ʥʘʧʨʷʤʢʫ ʧʦʛʣʷʜʫ ʚʽʜ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʥʘʚʽʪʴ ʥʘ 5-

10 ʛʨʘʜʫʩʽʚ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʩʧʦʪʚʦʨʝʥʥʷ ʚ ʧʽʚʪʦʥʘʭ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʮʝ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʧʦʤʽʯʝʥʠʤ, ʘʣʝ ʧʨʦʬʝʩʽʡʥʽ ʬʦʪʦʛʨʘʬʠ ʧʨʦʜʦʚʞʫʶʪʴ ʟʘ ʮʝ 

ʥʝʜʦʣʶʙʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ VA. 

 

ʄɽʊʆɼʀ ɸɼʈɽʉɸʎɯɰ ʈɯɼʂʆʂʈʀʉʊɸʃɯʏʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʜʨʝʩʘʮʽʾ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʧʨʷʤʠʡ, ʘʜʨʝʩʘʮʽʷ ʧʘʩʠʚʥʦʶ ʪʘ ʘʢʪʠʚʥʦʶ 

ʤʘʪʨʠʮʝʶ. ɺʠʙʽʨ ʤʝʪʦʜʫ ʘʜʨʝʩʘʮʽʾ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ʝʢʨʘʥʽ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ, ʚʽʜ ʥʴʦʛʦ ʟʘʣʝʞʠʪʴ  

ʨʦʟʤʽʱʝʥʥʷ ʤʘʩʠʚʫ ʧʽʢʩʝʣʽʚ ʤʘʪʨʠʮʽ. ʊʦʤʫ ʚʠʙʽʨ ʤʝʪʦʜʫ ʘʜʨʝʩʘʮʽʾ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʧʝʮʠʬʽʢʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʦʥʪʝʥʪʫ, 
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ʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʥʘʷʚʥʽ ʪʝʭʥʦʣʦʛʽʾ TFT, ʯʘʩ ʚʽʜʛʫʢʫ, ʧʣʦʱʘ ʽ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʨʠ ʯʦʤʫ ʧʝʨʰʽ ʪʨʠ ʢʠʪʝʨʽʾ  ʻ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ. 

 

ʇʨʷʤʘ ʘʜʨʝʩʘʮʽʷ 

ʇʨʷʤʠʡ ʤʝʪʦʜ ʘʜʨʝʩʘʮʽʾ ʧʦʷʚʠʚʩʷ ʥʘʡʧʝʨʰʠʤ. ɺʽʥ ʟʨʫʯʥʠʡ ʜʣʷ 

ʜʠʩʧʣʝʾʚ, ʜʝ ʻ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʢʪʠʚʦʚʘʥʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʘʜʨʝʩʘʮʽʾ ʢʦʞʝʥ ʩʝʛʤʝʥʪ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʠʬʝʨʽʡʥʦʾ 

ʝʣʝʢʪʨʦʥʽʢʠ (ʤʘʻ ʩʚʦʶ ʚʣʘʩʥʫ ʩʭʝʤʫ ʟʙʫʜʞʝʥʥʷ). ʉʝʛʤʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʟʦʙʨʘʟʠʪʠ ʧʦʪʨʽʙʥʠʡ ʟʥʘʯʦʢ ʯʠ ʩʠʤʚʦʣ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʢʦʤʧʦʥʫʚʘʥʥʷ 7-ʩʝʛʤʝʥʪʽʚ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.51, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʩʪʠʭ ʙʫʢʚʝʥʦ-ʮʠʬʨʦʚʠʭ ʜʠʩʧʣʝʷʭ (ʚ ʢʘʣʴʢʫʣʷʪʦʨʘʭ, 

ʛʦʜʠʥʥʠʢʘʭ ʪʘ ʧʦʜʽʙʥʠʭ ʧʨʠʩʪʨʦʷʭ). ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʥʝ 

ʜʦʩʪʫʧʥʝ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʥʠʟʴʢʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʦʜʘʪʢʽʚ. ʋ ʧʨʷʤʦʤʫ 

ʤʝʪʦʜʽ ʘʜʨʝʩʘʮʽʾ, ʥʘʡʤʝʥʰʠʡ ʢʝʨʦʚʘʥʠʡ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʩʝʛʤʝʥʪ, ʘ ʥʝ ʧʽʢʩʝʣʴ, ʷʢ ʚ ʜʚʦʭ ʥʘʩʪʫʧʥʠʭ ʤʝʪʦʜʘʭ 

ʘʜʨʝʩʘʮʽʾ. 

 

ʈʠʩ. 2.51 ʂʦʤʧʦʥʫʚʘʥʥʷ 7-ʩʝʛʤʝʥʪʽʚ 
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ʇʘʩʠʚʥʘ ʤʘʪʨʠʯʥʘ ʘʜʨʝʩʘʮʽʷ 

ʇʦ ʤʽʨʽ ʪʦʛʦ ʷʢ ʜʠʩʧʣʝʾ ʪʘ ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʩʪʘʚʘʣʠ ʙʽʣʴʰʠʤʠ, 

ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʎʷ 

ʧʨʦʙʣʝʤʘ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʰʣʷʭʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʛʤʝʥʪʽʚ (ʧʽʢʩʝʣʽʚ) ʫ 

ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ ʟ M - ʨʷʜʢʘʤʠ ʪʘ N - ʩʪʦʚʧʯʠʢʘʤʠ. ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʢʦʞʝʥ 

ʧʽʢʩʝʣʴ ʥʝ ʤʦʞʝ ʫʧʨʘʚʣʷʪʠʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʘ ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ 

ʤʫʣʴʪʠʧʣʝʢʩʥʦʛʦ ʟʚʝʨʥʝʥʷ. ʅʦʚʠʡ ʤʫʣʴʪʠʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʘʜʨʝʩʘʮʽʾ ʙʫʚ 

ʨʝʘʣʽʟʦʚʘʥʠʡ ʧʘʩʠʚʥʦʶ ʤʘʪʨʠʮʝʶ. ʂʦʥʬʽʛʫʨʘʮʽʷ ʧʘʩʠʚʥʦʛʦ ʤʝʪʦʜʫ 

ʤʘʪʨʠʯʥʦʾ ʘʜʨʝʩʘʮʽʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.2.52. 

 

 
ʈʠʩ. 2.52 ʃʽʥʽʾ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

 

ɼʘʥʠʡ ʤʘʪʦʜ ʘʜʨʝʩʘʮʽʾ ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʢʝʨʫʚʘʪʠ ʣʠʰʝ ʦʜʥʠʤ 

ʨʷʜʢʦʤ ʤʘʪʨʠʮʽ. ʇʽʜ ʯʘʩ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʽʤʧʫʣʴʩ ʟ ʧʝʨʠʬʝʨʽʡʥʦʛʦ  ʜʨʘʡʚʝʨʘ 

ʨʷʜʢʽʚ ʘʢʪʠʚʫʻ ʚʩʽ ʧʽʢʩʝʣʽ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʣʽʥʽʾ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʘʥʽ ʟ 
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ʜʦʧʦʤʦʛʦʶ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ ʟʘʥʦʩʷʪʴʩʷ ʚ  ʥʘʢʦʧʠʯʫʚʘʣʴʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ 

ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʨʽʜʢʽ ʢʨʠʩʪʘʣʠ ʯʝʨʝʟ ʧʝʨʠʬʝʨʽʡʥʠʡ ʜʨʘʡʚʝʨ ʩʪʦʚʧʯʠʢʽʚ. 

ʇʘʩʠʚʥʘ ʤʘʪʨʠʯʥʘ ʘʜʨʝʩʘʮʽʷ ʻ ʤʝʪʦʜʦʤ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʢʪʨʠʯʥʠʭ ʟ'ʻʜʥʘʥʴ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʤʘʩʠʚʫ M - ʨʷʜʢʽʚ ʪʘ N - ʩʪʦʚʧʯʠʢʽʚ, 

ʜʣʷ ʧʨʷʤʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ MĬN ʣʽʥʽʡ ʟʚôʷʟʢʫ, ʘ ʜʣʷ  ʤʝʪʦʜʫ ʟ ʧʘʩʠʚʥʦʶ 

ʤʘʪʨʠʮʝʶ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʄ+N ʣʽʥʽʡ ʟʚôʷʟʢʫ. ʂʨʽʤ ʪʦʛʦ, ʧʘʩʠʚʥʘ ʤʘʪʨʠʮʷ ï 

ʮʝ ʥʘʡʧʨʦʩʪʽʰʠʡ ʽ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ. ʆʜʥʘʢ, ʜʦ 

ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ ʟ ʧʘʩʠʚʥʦʶ ʤʘʪʨʠʮʝʶ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʝʚʠʩʦʢʽ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʚʧʣʠʚ ʧʝʨʝʰʢʦʜ. ʅʘʚʝʜʝʥʥʷ ʝʬʝʢʪ 

ʚʠʥʠʢʘʻ, ʪʦʤʫ ʱʦ ʚʩʽ ʧʽʢʩʝʣʽ ʚ ʨʷʜʢʫ ʝʣʝʢʪʨʠʯʥʦ ʧʦʚ'ʷʟʘʥʽ, ʪʦʤʫ ʥʝʚʝʣʠʢʽ 

ʧʦʩʪʽʡʥʽ ʥʘʧʨʫʛʠ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʴ ʚ ʧʽʢʩʝʣʴ ʚʽʜ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʧʝʨʝʭʨʝʩʥʠʭ ʧʝʨʝʰʢʦʜ ʻ ʥʠʟʴʢʘ ʢʦʥʪʨʘʩʪʥʽʩʪʴ ʪʘ ʤʘʣʘ ʘʢʪʠʚʥʘ 

ʨʦʙʦʯʘ ʦʙʣʘʩʪʴ ʜʠʩʧʣʝʾʚ. 

 

ɸʢʪʠʚʥʘ ʤʘʪʨʠʯʥʘ ʘʜʨʝʩʘʮʽʷ 

ʎʝʡ ʤʝʪʦʜ ʘʜʨʝʩʘʮʽʾ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʦʙʤʝʞʝʥʥʷʤ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʪʘ ʝʬʝʢʪʫ ʧʝʨʝʭʨʝʩʥʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ ʧʨʠʪʘʤʘʥʥʽ 

ʤʝʪʦʜʫ ʧʘʩʠʚʥʦʾ ʤʘʪʨʠʯʥʦʾ ʘʜʨʩʘʮʽʾ. ʎʝ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʧʝʨʝʤʠʢʘʯ, ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ 

ʨʷʜʢʽʚ ʽ ʩʪʦʚʧʮʽʚ (ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ) ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ (ʨʠʩ.2.53). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʫʪʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ 100% ʨʦʙʦʪʫ ʧʽʢʩʝʣʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʨʷʜʫ, ʟʙʝʨʝʞʝʥʦʛʦ ʚ ʧʽʢʩʝʣʽ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʘʜʨʝʩʘʮʽʾ ʨʷʜʢʘ. 

ʇʝʨʝʤʠʢʘʯ ʫʧʨʘʚʣʷʻʪʴʩʷ ʜʚʦʤʘ ʽʤʧʫʣʴʩʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ 

ʟʦʚʥʽʰʥʽʤʠ ʩʭʝʤʘʤʠ ʚʝʜʝʥʥʷ ʜʨʘʡʚʝʨʽʚ ʨʷʜʢʽʚ ʽ  ʩʪʦʚʧʮʽʚ. ʗʢ ʽ ʚ ʙʽʣʴʰʦʩʪʽ, 

ʤʘʪʨʠʮʷ ʚʽʜʦʙʨʘʞʘʻ ʟʚʝʨʥʝʥʥʷ ʣʽʥʽʾ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʧʨʠ 

ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʘʥʫʚʘʥʥʷ ʚʠʙʨʘʥʦʛʦ ʨʷʜʢʘ ʩʪʨʦʙʫʶʯʠʤ ʽʤʧʫʣʴʩʦʤ, ʚʽʥ 

ʧʦʚʝʨʪʘʻ ʟʥʘʯʝʥʥʷ çʚʢʣè ʥʘ ʢʦʤʫʪʘʪʦʨʠ TFT ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ ʽ ʦʜʥʦʯʘʩʥʦ 

ʚʽʜʙʫʜʝʪʴʩʷ ʟʘʨʷʜ ʥʘʢʦʧʠʯʫʶʯʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʘʥʠʤ, ʱʦ 

ʥʘʜʘʶʪʴʩʷ ʜʨʘʡʚʝʨʦʤ ʩʪʦʚʧʯʠʢʘ. ʇʽʩʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʨʷʜʢʘ, ʟ ʧʨʠʭʦʜʦʤ 



155 
 

ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʫ ʽʤʧʫʣʴʩʘ ʥʘ ʢʦʤʫʪʘʪʦʨʠ TFT ʧʦʚʝʨʪʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ 

çʚʠʢʣè, ʽ ʧʽʢʩʝʣʽ ʩʪʘʶʪʴ ʽʟʦʣʴʦʚʘʥʠʤʠ ʚʽʜ ʫʩʽʭ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ ʜʦ ʤʦʤʝʥʪʫ 

ʧʨʠʭʦʜʫ ʥʘʩʪʫʧʥʦʛʦ ʢʘʜʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʜʦʣʽʢʠ ʧʨʠʪʘʤʘʥʥʽ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʤʝʪʦʜʫ (ʝʬʝʢʪ ʧʝʨʝʭʨʝʩʥʠʭ ʧʝʨʝʰʢʦʜ ʽ ʦʙʤʝʞʝʥʝ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ) ʫʩʫʚʘʶʪʴʩʷ. 

 

 

ʈʠʩ. 2.53 ɺʢʣʶʯʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ, ʚ ʪʦʯʮʽ ʧʝʨʝʪʠʥʫ ʨʷʜʢʽʚ ʽ 

ʩʪʦʚʧʮʽʚ (ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟ'ʻʜʥʘʥʥʽ) ʢʦʞʥʦʛʦ ʧʽʢʩʝʣʷ 

 

ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʯʘʩʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʜʠʩʧʣʝʻʤ ʥʘ ʧʘʩʠʚʥʽʡ 

ʤʘʪʨʠʮʽ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.54. ʇʽʢʩʝʣʽ ʘʜʨʝʩʫʶʪʴʩʷ ʟʤʽʥʥʦʶ ʥʘʧʨʫʛʠ ʟʽ 

ʩʢʣʘʜʥʦʶ ʯʘʩʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʂʦʨʦʪʢʠʡ ʽʤʧʫʣʴʩ ʧʝʨʽʦʜʠʯʥʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʨʷʜʢʽʚ ʚ ʷʢʦʩʪʽ ʩʪʨʦʙʫʶʯʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʩʪʦʚʧʮʽ 

ʧʝʨʝʥʦʩʷʪʴ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʛʥʘʣʠ. ʇʽʢʩʝʣʴ ʦʙʠʨʘʻʪʴʩʷ ʪʽʣʴʢʠ ʪʦʜʽ, ʢʦʣʠ 

ʧʨʠʩʫʪʥʷ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ (ʽ, ʦʪʞʝ, ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ) , ʪʦʙʪʦ, ʪʽʣʴʢʠ ʷʢʱʦ 

ʨʷʜʦʢ ʽ ʩʪʦʚʧʝʮʴ ʥʝ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʥʠʟʴʢʦʤʫ ʘʙʦ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʦʜʥʦʯʘʩʥʦ. 

ʊʦʯʥʽʰʝ, ʧʽʢʩʝʣʴ ʦʙʠʨʘʻʪʴʩʷ, ʷʢʱʦ ʥʘʧʨʫʛʘ ʧʝʨʝʚʠʱʫʻ ʧʦʨʽʛ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ. 
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ʈʠʩ.2.54. ʉʧʨʦʱʝʥʘ ʩʭʝʤʘ ʯʘʩʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʥʘ ʧʘʩʠʚʥʽʡ ʤʘʪʨʠʮʽ 
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ʈʆɿɼɯʃ 3 ʇʈʀʅʎʀʇʀ ɸʅɸʃʆɻʆɺʆɻʆ ʊɽʃɽɹɸʏɽʅʅʗ 

 

ʊʝʤʘ 3.1. ʏʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʃʝʢʮʽʷ 10. ʇʦʚʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ. ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʪʝʣʝʚʽʟʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʇʝʨʝʜʘʯʘ ʟʚʫʢʦʚʦʛʦ ʩʫʧʨʦʚʦʜʫ. 

 

ɿʥʘʡʦʤʩʪʚʦ ʟ ʪʝʣʝʚʽʟʽʡʥʦʶ ʪʝʭʥʽʢʦʶ ʥʘʡʢʨʘʱʝ ʧʦʯʠʥʘʪʠ ʟ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ʋ ʪʝʣʝʚʽʟʽʡʥʦʤʫ 

ʤʦʚʣʝʥʥʽ ʧʨʠʡʥʷʪʠʡ ʤʝʪʦʜ ʧʦʯʝʨʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʜʘʯʝʶ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʧʦ 

ʦʜʥʦʤʫ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ. 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʠʥʮʠʧʫ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʽ ʪʨʫʙʢʠ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ 

ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʚ ʨʦʟʛʦʨʥʫʪʠʡ ʫ ʯʘʩʽ ʝʣʝʢʪʨʠʯʥʠʡ 

ʚʽʜʝʦʩʠʛʥʘʣ. ʇʨʦʤʠʩʣʦʚʽʩʪʴ ʚʠʧʫʩʢʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʚʘʣʴʥʠʭ 

ʪʨʫʙʦʢ, ʱʦ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ, ʧʨʠʟʥʘʯʝʥʥʷʤ, ʝʣʝʢʪʨʠʯʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʽ ʪ. ʜ. 

 

 

ʈʠʩ. 3.1. ʇʝʨʝʜʘʶʯʘ ʪʨʫʙʢʘ, ʘ) ʢʦʥʩʪʨʫʢʮʽʷ, ʙ) ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ. 
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ʌʦʨʤʫʚʘʥʥʷ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʢʠ. 

ʅʘ ʨʠʩ. 3.1 ʘ ʷʢ ʧʨʠʢʣʘʜ ʧʦʢʘʟʘʥʠʡ ʚ ʩʧʨʦʱʝʥʦʤʫ ʚʠʛʣʷʜʽ ʦʜʠʥ ʟ 

ʚʘʨʽʘʥʪʽʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʢʠ. ʋʩʝʨʝʜʠʥʽ ʩʢʣʷʥʦʾ ʢʦʣʙʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʽʜ ʚʠʩʦʢʠʤ ʚʘʢʫʫʤʦʤ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘʧʽʚʧʨʦʟʦʨʠʡ ʬʦʪʦʢʘʪʦʜ (ʤʽʰʝʥʴ) ʽ 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʞʝʢʪʦʨ (ɽʇ). ɿʦʚʥʽ ʥʘ ʛʦʨʣʦʚʠʥʫ ʪʨʫʙʢʠ ʥʘʜʽʪʘ ʚʽʜʭʠʣʷʶʯʘ 

ʩʠʩʪʝʤʘ (ʆʉ). ʇʨʦʞʝʢʪʦʨ ʬʦʨʤʫʻ ʪʦʥʢʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ, ʷʢʠʡ ʧʽʜ 

ʚʧʣʠʚʦʤ ʧʨʠʩʢʦʨʶʶʯʦʛʦ ʧʦʣʷ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʤʽʰʝʥʽ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʭʠʣʷʶʯʦʾ ʩʠʩʪʝʤʠ ʧʨʦʤʽʥʴ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʟʣʽʚʘ ʥʘʧʨʘʚʦ (ʧʦ ʨʷʜʢʘʭ) ʽ 

ʟʚʝʨʭʫ ʚʥʠʟ (ʧʦ ʢʘʜʨʫ), ʦʙʙʽʛʘʶʯʠ ʚʩʶ ʧʦʚʝʨʭʥʶ ʤʽʰʝʥʽ. 

ʅʘ ʤʽʰʝʥʴ ʪʨʫʙʢʠ, ʧʦʢʨʠʪʫ ʩʚʽʪʣʦʯʫʪʣʠʚʠʤ ʰʘʨʦʤ, ʧʨʦʝʢʪʫʻʪʴʩʷ 

ʟʦʙʨʘʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʞʥʘ ʝʣʝʤʝʥʪʘʨʥʘ ʜʽʣʷʥʢʘ ʤʽʰʝʥʽ ʥʘʙʫʚʘʻ 

ʝʣʝʢʪʨʠʯʥʠʡ ʟʘʨʷʜ. ʋʪʚʦʨʶʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʡ ʧʦʪʝʥʮʽʡʥʠʡ ʨʝʣʴʻʬ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ, ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʢʦʞʥʦʶ ʜʽʣʷʥʢʦʶ (ʪʦʯʢʦʶ) 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʝʣʴʻʬʫ, ʷʢ ʙʠ ʩʪʠʨʘʻ (ʥʝʡʪʨʘʣʽʟʫʻ) ʾʾ ʧʦʪʝʥʮʽʘʣ. ʉʪʨʫʤ, ʷʢʠʡ 

ʪʝʯʝ ʯʝʨʝʟ ʦʧʽʨ ʥʘʚʘʥʪʘʞʝʥʥʷ Rʥ, ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʽʣʷʥʢʠ 

ʤʽʰʝʥʽ, ʥʘ ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʤʽʥʴ, ʽ ʥʘ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʚʠʜʽʣʠʪʴʩʷ ʚʽʜʝʦʩʠʛʥʘʣ Uʩ (ʨʠʩ. 3.1 ʙ). ʅʘʧʨʫʛʘ ʚʽʜʝʦʩʠʛʥʘʣʫ ʙʫʜʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ ʨʽʚʥʷ çʯʦʨʥʦʛʦè, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰ ʪʝʤʥʠʤ ʜʽʣʷʥʢʘʤ 

ʧʝʨʝʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʜʦ ʨʽʚʥʷ çʙʽʣʦʛʦè, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰ ʩʚʽʪʣʠʤ 

ʜʽʣʷʥʢʘʤ ʟʦʙʨʘʞʝʥʥʷ. 

ʗʢʱʦ ʚ ʚʽʜʝʦʩʠʛʥʘʣʽ ʨʽʚʥʶ çʙʽʣʦʛʦè ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʩʠʛʥʘʣʫ, ʘ ʨʽʚʥʶ çʯʦʨʥʦʛʦè - ʤʽʥʽʤʘʣʴʥʝ, ʪʦ ʪʘʢʠʡ ʚʽʜʝʦʩʠʛʥʘʣ ʙʫʜʝ 

ʥʘʟʠʚʘʪʠʩʷ ʧʦʟʠʪʠʚʥʠʤ. ʗʢʱʦ ʞ ʨʽʚʥʶ çʙʽʣʦʛʦè ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 

ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ, ʘ ʨʽʚʥʝʤ çʯʦʨʥʦʛʦè - ʤʘʢʩʠʤʘʣʴʥʝ, ʪʦ 

ʚʽʜʝʦʩʠʛʥʘʣ ʙʫʜʝ ʥʝʛʘʪʠʚʥʠʤ (ʥʝʛʘʪʠʚʥʦʾ ʧʦʣʷʨʥʦʩʪʽ). ʍʘʨʘʢʪʝʨ 

ʚʽʜʝʦʩʠʛʥʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʧʨʠʥʮʠʧʫ ʜʽʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʢʠ. 

ɺ̔ ʜʝʦʩʠʛʥʘʣ, ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 3.1, ʙ ʻ ʥʝʛʘʪʠʚʥʠʤ. 
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ʏʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʈʽʚʝʥʴ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʝʨʝʜʥʶ ʷʩʢʨʘʚʽʩʪʴ ʞʠʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʧʝʨʝʜʘʯʽ ʨʫʭʦʤʠʭ ʟʦʙʨʘʞʝʥʴ ʚʝʣʠʯʠʥʘ ʧʦʩʪʽʡʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʙʫʜʝ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʚʽʪʣʝʥʦʩʪʽ. ʎʽ ʟʤʽʥʠ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ ʜʫʞʝ ʥʠʟʴʢʠʤʠ ʯʘʩʪʦʪʘʤʠ (0-3 ɻʮ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ ʩʧʝʢʪʨʘ ʚʽʜʝʦʩʠʛʥʘʣʫ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʚʝʣʠʢʽ ʜʝʪʘʣʽ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ ʚʽʜʝʦʩʠʛʥʘʣʫ ʚʠʡʜʝ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʻʜʥʘʥʥʷ ʩʚʽʪʣʦʾ ʽ ʪʝʤʥʦʾ ʧʦʣʦʚʠʥʠ 

ʨʘʩʪʨʘ (ʨʠʩ.3.2 ʘ). 

 

 

ʈʠʩ. 3.2. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʚʽʜʝʦʩʠʛʥʘʣʫ: ʘ) ʟʦʙʨʘʞʝʥʥʷ, ʙ) 

ʚʽʜʝʦʩʠʛʥʘʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ tʥʠʞ. 

 

ʌʦʨʤʘ ʩʠʛʥʘʣʫ (ʨʠʩ. 3.2 ʙ) ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ. 

ʄʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʮʴʦʛʦ ʩʠʛʥʘʣʫ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʯʝʨʛʫʚʘʥʥʷʤ 

ʨʦʟʛʦʨʪʮʽ ʯʘʩʪʦʪʽ ʧʦʣʽʚ, ʪʦʙʪʦ ɻʅ = ɻʇ = 50 ɻʮ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʜʨʽʙʥʽ ʜʝʪʘʣʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢʝ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʯʝʨʛʦʚʘʥʠʭ ʧʦ 

ʷʩʢʨʘʚʦʩʪʽ ʜʨʽʙʥʠʭ ʯʦʨʥʠʭ ʽ ʙʽʣʠʭ ʢʚʘʜʨʘʪʽʚ (ʨʠʩ. 3.3 ʘ), ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ 

ʫʟʜʦʚʞ ʨʷʜʢʘ ʽ ʤʘʶʪʴ ʨʦʟʤʽʨʠ, ʨʽʚʥʽ ʪʦʚʱʠʥʽ ʧʨʦʤʝʥʷ. ʎʝ ʽ ʙʫʜʝ ʥʘʡʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʪʘʢ ʷʢ ʙʫʜʝ ʤʽʩʪʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʨʭʥʴʦʾ ʛʨʘʥʠʯʥʦʾ ʯʘʩʪʦʪʠ ʪʘʢʦʛʦ ʚʽʜʝʦʩʠʛʥʘʣʫ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʝʩʢʣʘʜʥʽ ʨʦʟʨʘʭʫʥʢʠ: ʟʘ ʯʘʩ ʧʨʷʤʦʛʦ ʽ ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ ʢʘʜʨʦʚʦʾ 

ʨʦʟʛʦʨʪʢʠ ʨʷʜʢʦʚʘ ʨʦʟʛʦʨʪʢʘ ʧʦʚʠʥʥʘ ʦʙʽʡʪʠ 625 ʨʷʜʢʽʚ (ʧʨʠʡʥʷʪʠʡ ʚ ʥʘʰʽʡ 

ʢʨʘʾʥʽ ʊɺ ʩʪʘʥʜʘʨʪ). ʂʦʞʝʥ ʨʷʜʦʢ ʤʦʞʝ ʨʦʟʤʽʩʪʠʪʠ (ʧʨʠ ʬʦʨʤʘʪʽ ʢʘʜʨʫ 4x3) 

800 ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ 400 ʧʝʨʽʦʜʘʤ ʛʘʨʤʦʥʽʡʥʠʭ 

ʢʦʣʠʚʘʥʴ, ʪʘʢ ʷʢ ʦʜʠʥ ʧʝʨʽʦʜ ʮʴʦʛʦ ʢʦʣʠʚʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʯʝʨʛʫʚʘʥʥʽ 

ʪʝʤʥʠʭ ʽ ʩʚʽʪʣʠʭ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ. 

 

ʈʠʩ. 3.3. ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʯʘʩʪʦʪʠ ʚʽʜʝʦʩʠʛʥʘʣʫ: ʘ) ʟʦʙʨʘʞʝʥʥʷ, ʙ) 

ʚʽʜʝʦʩʠʛʥʘʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ tʚʝʨʭ. 

 

ʇʨʠ ʨʫʩʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʦʤʝʥʷ ʫʟʜʦʚʞ ʦʢʨʝʤʦʛʦ ʨʷʜʢʘ ʥʘ ʤʽʰʝʥʽ 

ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʢʠ ʯʝʨʝʟ ʢʽʥʮʝʚʠʭ ʨʦʟʤʽʨʽʚ ʟʯʠʪʫʚʘʣʴʥʦʛʦ ʧʨʦʤʝʥʷ ʥʘ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʙʫʜʝ ʚʠʜʽʣʷʪʠʩʷ ʩʠʛʥʘʣ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘ 

ʟʘʢʦʥʦʤ, ʙʣʠʟʴʢʦʤʫ ʜʦ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʬʦʨʤʘ ʩʠʛʥʘʣʫ 

ʥʘ ʨʠʩ. 3.3 ʙ. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ, ʱʦ ʯʘʩʪʦʪʘ ʟʤʽʥʠ ʢʘʜʨʽʚ ʜʦʨʽʚʥʶʻ 50 ʚ ʩʝʢʫʥʜʫ (ʪ. ɽ. 

50 ɻʮ), ʪʦ ʟʘ 1 ʩʝʢʫʥʜʫ ʧʦʚʠʥʥʦ ʙʫʪʠ: 

50x625x400 - 12,5ʭ106 ʧʝʨʽʦʜʽʚ ʢʦʣʠʚʘʥʴ (ɻʮ, ʘʙʦ 12,5 ʄɻʮ). 

ʆʪʞʝ, ʟʘʜʘʥʠʡ ʩʧʝʢʪʨ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 

0 ʜʦ 12,5 ʄɻʮ. ɸʣʝ ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʫ ʟ ʪʘʢʠʤ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʦʚ'ʷʟʘʥʘ 
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ʟʽ ʟʥʘʯʥʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʪʦʤʫ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʩʤʫʛʫ ʧʝʨʝʜʘʥʠʭ 

ʯʘʩʪʦʪ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʪʨʘʪʠʪʠ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʝʨʪʠʢʘʣʽ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʯʝʨʝʟʨʷʜʢʦʚʘ ʨʦʟʛʦʨʪʢʘ, ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʢʦʞʝʥ ʢʘʜʨ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ ʜʚʘ ʧʦʣʫʢʘʜʨʠ (ʘʙʦ ʧʦʣʷ), ʧʨʦʪʷʛʦʤ ʷʢʠʭ 

ʧʝʨʝʜʘʻʪʴʩʷ ʧʦ 312,5 ʨʷʜʢʽʚ, ʪʦʙʪʦ. ʚ ʜʚʘ ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ ʧʨʠ ʧʦʨʷʜʢʦʚʦʾ 

ʨʦʟʛʦʨʪʮʽ (ʨʠʩ. 3.4). ʇʨʠʯʦʤʫ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʛʦ ʧʦʣʷ ʧʝʨʝʜʘʶʪʴʩʷ ʥʝʧʘʨʥʽ, 

ʧʨʦʪʷʛʦʤ ʜʨʫʛʦʛʦ ʧʦʣʷ - ʧʘʨʥʽ ʨʷʜʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʝʨʭʥʽʡ ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ 

ʩʢʦʨʦʯʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʪ. ʝ. 6,25 ʄɻʮ. 

 

 

ʈʠʩ. 3.4. ʋʪʚʦʨʝʥʥʷ ʨʘʩʪʨʘ ʧʨʠ ʯʝʨʝʟʨʷʜʢʦʚʽʡ ʨʦʟʛʦʨʪʮʽ. 

 

ʅʫ ʘ ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ, ʧʨʠʙʣʠʟʥʦ, ʧʦ 25 ʨʷʜʢʽʚ ʢʦʞʥʦʛʦ ʧʦʣʷ 

ʟʘʟʚʠʯʘʡ ʥʝ ʚʽʜʪʚʦʨʶʶʪʴʩʷ, ʪʘʢ ʷʢ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ 

ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʢʠ, ʪʦ ʩʤʫʛʘ ʧʝʨʝʜʘʥʠʭ ʯʘʩʪʦʪ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʚ 6 

ʄɻʮ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʘ ʚʽʜʝʦʩʠʛʥʘʣʫ 

ʩʢʣʘʜʥʘ ʽ ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʩʠʥʫʩʦʾʜʘʣʴʥʦʾ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʨʽʤ 

ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ ʩʠʛʥʘʣ ʤʽʩʪʠʪʴ ʽ ʛʘʨʤʦʥʽʡʥʽ ʩʢʣʘʜʦʚʽ, ʷʢʽ ʤʘʶʪʴ ʙʽʣʴʰ 

ʚʠʩʦʢʽ ʯʘʩʪʦʪʠ, ʢʨʘʪʥʽ ʦʩʥʦʚʥʽʡ ʯʘʩʪʦʪʽ ʩʠʛʥʘʣʫ. ʆʜʥʘʢ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʩʠʛʥʘʣʫ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʣʠʤ ʨʦʟʤʽʨʘʤ ʟʦʙʨʘʞʝʥʥʷ, ʦʙʤʝʞʫʶʪʴʩʷ 
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ʧʝʨʝʜʘʯʝʶ ʪʽʣʴʢʠ ʦʩʥʦʚʥʦʾ ʯʘʩʪʦʪʠ ʚʽʜʝʦʩʠʛʥʘʣʫ. ʏʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ 

ʚʽʜʝʦʩʠʛʥʘʣʫ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3.5. 

 

 

ʈʠʩ. 3.5. ʏʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʚʽʜʝʦʩʠʛʥʘʣʫ. 

 

ʇʦʚʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ. 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʝʢʨʘʥʽ ʢʽʥʝʩʢʦʧʘ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʝʣʝʢʪʨʦʥʥʽ ʧʨʦʤʝʥʽ ʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʮʽ ʽ ʢʽʥʝʩʢʦʧʽ 

ʨʫʭʘʣʠʩʷ, ʧʨʦʙʽʛʘʶʯʠ ʨʷʜʦʢ, ʨʽʚʥʦʤʽʨʥʦ ʽ ʟʘ ʦʜʥʘʢʦʚʠʡ ʯʘʩ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʤʽʨʽʚ ʝʢʨʘʥʫ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʢʠ ʘʙʦ ʝʢʨʘʥʘ ʢʽʥʝʩʢʦʧʘ, ʪʦʙʪʦ ʤʦʚʘ ʡʜʝ 

ʧʨʦ ʩʠʥʭʨʦʥʥʽʩʪʴ ʧʨʦʮʝʩʫ. ɸʣʝ ʮʴʦʛʦ ʱʝ ʤʘʣʦ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʝʢʨʘʥʽ ʢʽʥʝʩʢʦʧʘ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ, ʱʦʙ ʧʨʦʤʽʥʴ ʧʨʦʢʨʝʩʣʶʶʪʴ ʨʷʜʦʢ ʱʝ 

ʡ ʩʠʥʬʘʟʥʦ ʟ ʧʨʦʤʝʥʝʤ ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʨʫʙʮʽ, ʪʦʙʪʦ ʚ ʪʦʤʫ ʞ ʧʦʨʷʜʢʫ ʚ 

ʦʜʥʽʡ ʬʘʟʽ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ. ɯʥʘʢʰʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʟ 

ʧʝʨʝʢʨʫʯʫʚʘʥʥʷʤʠ ʘʙʦ ʟ ʧʦʚʥʦʶ ʡʦʛʦ ʚʪʨʘʪʦʶ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʠʥʭʨʦʥʥʦʩʪʽ ʽ ʩʠʥʬʘʟʥʦʩʪʽ ʚ ʚʽʜʝʦʩʠʛʥʘʣ ʧʽʜʤʽʰʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ 

ʩʠʥʭʨʦʥʽʟʫʶʯʽ ʽʤʧʫʣʴʩʠ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʚ ʢʚʘʨʮʦʚʦʤʫ ʩʠʥʭʨʦʛʝʥʝʨʘʪʦʨʽ, 

ʨʦʟʪʘʰʦʚʘʥʦʤʫ ʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʢʘʤʝʨʽ. 
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ʏʘʩʪʦʪʘ ʢʚʘʨʮʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʦ ʨʽʚʥʦʶ 1 ʄɻʮ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʜʽʣʴʥʠʢʽʚ ʯʘʩʪʦʪʠ ʚ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʢʘʤʝʨʽ ʟ ʯʘʩʪʦʪʠ 

ʢʚʘʨʮʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 1 ʄʛʮ ʦʪʨʠʤʫʶʪʴ ʤʘʣʽ ʩʠʥʭʨʦʥʽʟʫʶʯʽ ʽʤʧʫʣʴʩʠ 

 

(3.1) 

 

ʎʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʽ ʩʠʥʭʨʦʥʽʟʫʶʪʴʩʷ ʨʦʟʛʦʨʪʢʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʚʽʜʝʦʩʠʛʥʘʣ ʧʽʜʤʽʰʫʶʪʴʩʷ ʽ ʛʘʩʷʯʽ ʽʤʧʫʣʴʩʠ (ʢʘʜʨʦʚʽ ʽ 

ʨʷʜʢʦʚʽ) ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʟʘʤʠʢʘʥʥʷ ʧʨʦʤʝʥʽʚ ʢʽʥʝʩʢʦʧʘ ʽ ʧʝʨʝʜʘʚʘʣʴʥʦʾ 

ʪʨʫʙʢʠ ʧʽʜ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʾʭ ʭʦʜʫ. ʑʦʙ ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʧʨʦʤʝʥʽʚ ʥʝ ʙʫʣʦ 

ʚʠʜʥʦ ʥʘ ʝʢʨʘʥʽ ʢʽʥʝʩʢʦʧʘ, ʛʘʩʷʯʽ ʽʤʧʫʣʴʩʠ ʧʦʚʠʥʥʽ ʧʝʨʝʜʘʚʘʪʠʩʷ ʥʘ ʨʽʚʥʽ 

çʯʦʨʥʦʛʦè ʘʙʦ ʪʨʦʭʠ ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʦʛʦ (ʨʽʚʝʥʴ çʯʦʨʥʽʰʝ ʯʦʨʥʦʛʦè). 

ʆʪʞʝ, ʯʘʩʪʠʥʘ ʧʦʚʥʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʝʛʘʪʠʚʥʦʾ ʧʦʣʷʨʥʦʩʪʽ 

ʥʘʙʝʨʝ ʚʠʛʣʷʜʫ, ʧʦʢʘʟʘʥʦʛʦ ʥʘ ʨʠʩ. 3.6. 

ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʚʠʩʦʪʫ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʘ ʟʘ 100%, ʪʦ 

ʩʠʛʥʘʣ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 0% (ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ çʙʽʣʦʛʦè) ʜʦ 

65-67% (ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʶ çʯʦʨʥʦʛʦè). 

ɻʘʩʷʯʽ ʨʷʜʢʦʚʽ ʽ ʢʘʜʨʦʚʽ ʽʤʧʫʣʴʩʠ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʨʽʚʥʽ 70%, ʪʦʙʪʦ ʥʘ 3-

5% ʚʠʱʝ ʨʽʚʥʷ çʯʦʨʥʦʛʦè. ʎʝ ʨʦʙʠʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʪʨʘʧʣʷʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʧʝʨʝʰʢʦʜ ʟ ʚʽʜʝʦʩʠʛʥʘʣʫ ʚ ʦʙʣʘʩʪʴ 

ʩʠʥʭʨʦʥʽʟʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʦʶ ʩʠʥʭʨʦʥʽʟʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ 

ʚ ʪʝʣʝʚʽʟʦʨʽ. ʊʨʠʚʘʣʽʩʪʴ ʨʷʜʢʘ, ʚʢʣʶʯʘʶʯʠ ʯʘʩ ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ ʨʷʜʢʘ, 

ʜʦʨʽʚʥʶʻ H=64 ʤʢʩ (ɻʩʪʨʦʯ = 15625 ɻʮ). 

ʊʨʠʚʘʣʽʩʪʴ ʛʘʩʷʯʦʛʦ ʨʷʜʢʦʚʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦʨʽʚʥʶʻ 12 ʤʢʩ, ʪʨʠʚʘʣʽʩʪʴ 

ʨʷʜʢʦʚʦʛʦ ʩʠʥʭʨʦʥʽʟʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ʜʦʨʽʚʥʶʻ 4,7 ʤʢʩ. 
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ɼʝʱʦ ʩʢʣʘʜʥʽʰʝ ʡʜʝ ʩʧʨʘʚʘ ʟ ʢʘʜʨʦʚʠʤʠ ʽʤʧʫʣʴʩʘʤʠ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, 

ʱʦ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʢʠ ʜʦʨʽʚʥʶʻ 25 ɻʮ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʾʾ ʯʘʩʪʦʪʘ ʚ 

312,5 ʨʘʟʽʚ ʤʝʥʰʝ ʯʘʩʪʦʪʠ ʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ. 

 

 

ʈʠʩ. 3.6. ʉʪʨʫʢʪʫʨʘ ʩʠʛʥʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʜʚʦʤ ʨʷʜʢʘʤ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ 

 

ʊʦʤʫ ʛʝʥʝʨʘʪʦʨ ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʢʠ ʙʽʣʴʰ ʽʥʝʨʮʽʡʥʠʡ, ʥʽʞ ʛʝʥʝʨʘʪʦʨ 

ʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ. ʊʨʠʚʘʣʽʩʪʴ ʢʘʜʨʦʚʦʛʦ ʛʘʩʷʯʦʛʦ ʽʤʧʫʣʴʩʫ (ʨʽʚʥʘ 1612 

ʤʢʩ) ʽ ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ (160 ʤʢʩ) ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʪʨʠʚʘʣʽʩʪʴ ʨʷʜʢʦʚʦʛʦ 

ʛʘʩʷʯʦʛʦ ʽ ʩʠʥʭʨʦʥʽʟʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. ʑʦʙ ʛʝʥʝʨʘʪʦʨ ʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ ʥʝ 

ʚʠʡʰʦʚ ʽʟ ʩʠʥʭʨʦʥʽʟʤʫ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʢʘʜʨʦʚʠʭ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ, ʡʦʛʦ 

ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʙʝʟʧʝʨʝʨʚʥʦ. ʊʦʤʫ ʧʽʜ ʯʘʩ ʜʽʾ 

ʢʘʜʨʦʚʠʭ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʨʷʜʢʦʚʽ ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

çʚʨʽʟʦʢè. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʯʽʪʢʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʤʽʞ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ʨʷʜʢʦʚʦʾ ʽ ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʦʢ. 

ʊʘʢ ʷʢ ʦʜʥʝ ʧʦʣʝ ʤʽʩʪʠʪʴ 312,5 ʨʷʜʢʠ, ʪʦ ʚ ʦʜʥʦʤʫ ʧʦʣʽ ʢʘʜʨʦʚʠʡ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʷʜʢʦʚʠʤ ʩʠʥʭʨʦʽʤʧʫʣʴʩʦʤ, ʘ ʚ ʜʨʫʛʦʤʫ ʧʦʣʽ - 

ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʩʝʨʝʜʠʥʫ ʨʷʜʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʮʠʭ 

ʽʤʧʫʣʴʩʽʚ ʚ ʧʨʠʩʪʨʦʷʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʦʨʫʰʫʻʪʴʩʷ çʽʜʝʥʪʠʯʥʽʩʪʴè ʬʨʦʥʪʽʚ 

ʥʘʧ̔ʚʢʘʜʨʦʚʠʭ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ. ʎʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʷʜʢʽʚ ʦʙʦʭ ʥʘʧʽʚʢʘʜʨʽʚ ʧʨʠ 

ʧʝʨʝʥʘʣʘʰʪʦʚʘʥʽʡ ʨʦʟʛʦʨʪʮʽ. 
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ɼʣʷ ʪʦʛʦ ʱʦʙ ʮʴʦʛʦ ʥʝ ʩʪʘʣʦʩʷ, ʚʨʽʟʢʠ ʥʘ ʢʘʜʨʦʚʦʤʫ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽ 

ʨʦʙʣʷʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ ʯʘʩʪʽʰʝ, ʘ ʧʝʨʝʜ ʽ ʧʽʩʣʷ ʢʘʜʨʦʚʦʛʦ ʩʠʥʭʨʦʽʤʧʫʣʴʩʫ 

ʚʚʦʜʠʪʴʩʷ ʧʦ ʧ'ʷʪʴ ʪʘʢ ʟʚʘʥʠʭ ʫʨʽʚʥʶʶʯʠʭ ʽʤʧʫʣʴʩʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ 2,35 

ʤʢʩ. ʌʦʨʤʘ ʧʦʚʥʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.7.  

 

 

ʈʠʩ. 3.7. ʌʦʨʤʘ ʧʦʚʥʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ: ʘ - ʥʘ ʧʦʯʘʪʢʫ ʧʝʨʰʦʛʦ ʧʦʣʷ; ʙ ï ʥʘ 

ʧʦʯʘʪʢʫ ʜʨʫʛʦʛʦ ʧʦʣʷ. 

 

ʉʪʨʫʢʪʫʨʘ ʩʠʛʥʘʣʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʧʦʣʽʚ ʦʜʥʘʢʦʚʘ, 

ʧʨʦʪʝ ʧʨʠ ʯʝʨʝʟʨʷʜʢʦʚʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʟʘ ʯʘʩ ʢʦʞʥʦʛʦ ʧʦʣʷ ʨʦʟʛʦʨʪʮʽ 

ʧʦʚʠʥʥʦ ʧʽʜʜʘʚʘʪʠʩʷ ʪʦʯʥʦ 312,5 ʨʷʜʢʠ. ʇʦʯʘʪʢʠ ʨʦʟʛʦʨʪʦʢ ʧʦ ʨʷʜʢʘʭ, 

ʚʽʜʤʽʯʝʥʽ ʥʘ ʤʘʣ. 3.7 ʩʪʨʽʣʢʘʤʠ, ʟʤʽʱʝʥʽ ʚ ʩʫʩʽʜʥʽʭ ʧʦʣʷʭ ʥʘ 0,5H. ɿ ʮʽʻʾ 

ʧʨʠʯʠʥʠ ʽʥʪʝʨʚʘʣ ʤʽʞ ʦʩʪʘʥʥʽʤ ʩʠʥʭʨʦʥʽʟʫʶʯʠʤ ʽʤʧʫʣʴʩʦʤ ʨʷʜʢʽʚ ʽ 

ʧʦʯʘʪʢʦʤ ʽʤʧʫʣʴʩʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʰʦʛʦ ʧʦʣʷ ʜʦʨʽʚʥʶʻ 3ʅ, ʘ ʜʣʷ ʜʨʫʛʦʛʦ 

ʧʦʣʷ 3,5H. 

ʈʦʟʛʣʷʥʫʪʘ ʬʦʨʤʘ ʧʦʚʥʦʛʦ ʩʠʛʥʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʥʘʜʽʡʥʽʩʪʴ ʽ 

ʩʪʽʡʢʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠ ʯʝʨʝʟʨʷʜʢʦʚʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ. 
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ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʟʥʘʯʝʥʥʷ ʢʘʜʨʦʚʠʭ ʧʨʠʨʽʚʥʶʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʥʘ 

ʧʨʠʢʣʘʜʽ ʩʝʣʝʢʮʽʾ ʟ ʧʦʚʥʦʛʦ ʊɺ ʩʠʛʥʘʣʫ ʩʠʛʥʘʣʽʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʨʦʟʛʦʨʪʦʢ. 

ʋ ʊɹ ʽ ʽʥʰʠʡ ʚʽʜʝʦʘʧʘʨʘʪʫʨʽ ʧʦʚʥʠʡ ʊɹ ʩʠʛʥʘʣ ʧʦʜʘʻʪʴʩʷ ʚ ʣʘʥʮʶʛ 

ʢʝʨʫʶʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʢʽʥʝʩʢʦʧʘ ʽ ʦʜʥʦʯʘʩʥʦ ʥʘ ʩʝʣʝʢʪʦʨ ʩʠʛʥʘʣʽʚ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʨʠʩ. 3.8). ʉʝʣʝʢʪʦʨ ʷʚʣʷʻ ʩʦʙʦʶ ʘʤʧʣʽʪʫʜʥʠʡ ʦʙʤʝʞʫʚʘʯ. ʅʘ 

ʡʦʛʦ ʚʠʭʦʜʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʠʛʥʘʣʽʚ  ʨʷʜʢʽʚ ʽ ʧʦʣʽʚ (ʨʠʩ. 3.9, ʘ), 

ʚʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʩʠʛʥʘʣʫ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʠʬʝʨʝʥʮʽʶʶʯʠʭ ʽ ʽʥʪʝʛʨʫʶʯʠʭ ʣʘʥʮʶʛʽʚ. ʈʝʟʫʣʴʪʘʪ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ 

ʧʦʢʘʟʘʥʠʡ ʥʘ ʤʘʣ. 3.9, ʙ. ʇʦʩʪʽʡʥʘ ʯʘʩʫ ʣʘʥʮʶʛʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʟʥʘʯʥʦ 

ʤʝʥʰʘ ʪʨʠʚʘʣʦʩʪʽ ʥʘʡʢʦʨʦʪʰʠʭ ʽʤʧʫʣʴʩʽʚ: Rʜʠʬʉʜʠʬ <p = 2,35 ʤʢʩ. ɿʘʜʘʶʯʠʡ 

ʛʝʥʝʨʘʪʦʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʧʦʜʽʣʫ ʯʘʩʪʦʪʠ ʥʘ ʜʚʘ, ʽ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʦ ʨʷʜʢʘʭ 

ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ. ʅʘ ʨʠʩ. 3.9, ʙ ʰʪʨʠʭʦʚʠʤʠ ʣʽʥʽʷʤʠ ʧʦʟʥʘʯʝʥʽ ʥʝʛʘʪʠʚʥʽ 

ʽʤʧʫʣʴʩʠ, ʱʦ ʥʝ ʟʜʽʡʩʥʶʶʪʴ ʥʽʷʢʦʛʦ ʚʧʣʠʚʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʪʷʛʦʤ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʯʘʩʫ ʛʘʩʷʯʦʛʦ ʽʤʧʫʣʴʩʫ ʧʦʣʽʚ ʨʷʜʢʦʚʽ ʽʤʧʫʣʴʩʠ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʩʣʽʜʫʶʪʴ ʟ ʧʦʜʚʽʡʥʦʶ ʯʘʩʪʦʪʦʶ (31250 ɻʮ) ʽ ʧʦʪʽʤ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʟʘʜʘʶʯʠʡ ʛʝʥʝʨʘʪʦʨ ʙʣʦʢʫ ʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʶʯʠʡ 

ʛʝʥʝʨʘʪʦʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʧʦʜʽʣʫ ʯʘʩʪʦʪʠ ʥʘ ʜʚʘ ʽ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʦ ʨʷʜʢʘʭ 

ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ. 

 

 

ʈʠʩ. 3.8. ʉʝʣʝʢʪʦʨ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ 

 



167 
 

 

ʈʠʩ. 3.9. ʇʨʠʥʮʠʧ ʧʦʜʽʣʫ ʩʠʥʭʨʦʥʽʟʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʨʷʜʢʽʚ ʽ ʧʦʣʽʚ. 

 

ʉʠʛʥʘʣ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʨʦʟʛʦʨʪʢʠ ʧʦ ʧʦʣʷʭ ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʛʨʫʶʯʦʛʦ ʢʦʣʘ (ʨʠʩ. 3.9, ʚ), ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʷʢʦʾ ʜʦʩʠʪʴ ʚʝʣʠʢʘ (RʽʥʪCʽʥʪ >= 

2,5H = 160 ʤʢʩ). ɿʘ ʯʘʩ ʜʽʾ ʩʠʥʭʨʦʥʽʟʫʶʯʠʭ ʽʤʧʫʣʴʩʽʚ ʨʷʜʢʽʚ ʘʙʦ ʫʨʽʚʥʶʶʭ 

ʽʤʧʫʣʴʩʽʚ ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʽʥʪʝʛʨʫʶʯʦʛʦ ʢʦʣʘ ʥʝʟʥʘʯʥʦ ʟʨʦʩʪʘʻ, ʘ ʧʦʪʽʤ 

ʩʧʘʜʘʻ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ ʧʦʣʽʚ 

ʥʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʢʦʣʘ ʟʨʦʩʪʘʻ ʜʦ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʶ ʢʘʜʨʦʚʦʛʦ ʩʠʥʭʨʦʥʽʟʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. ʊʫʪ ʨʽʟʥʠʮʷ 

ʚ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʨʷʜʢʽʚ ʽ ʧʦʣʽʚ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʽʟʥʠʮʶ ʧʦ ʾʭ 

ʨʦʟʤʘʭʫ. ɿʫʙʮʽ ʥʘ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʽʤʧʫʣʴʩʽ ʧʦʣʷ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ 

ʽʤʧʫʣʴʩʽʚ ʚʨʽʟʦʢ (r = 4,7 ʤʢʩ) ʽ ʟʘʜʥʽʭ ʫʨʽʚʥʶʶʯʠʭ ʽʤʧʫʣʴʩʽʚ. ʅʘ ʨʠʩ. 3.9, ʚ 

ʚʽʜʟʥʘʯʝʥʠʡ ʨʽʚʝʥʴ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ Ucp, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʛʝʥʝʨʘʪʦʨʘ ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʢʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʝʨʝʟʨʷʜʢʦʚʦʛʦ ʨʦʟʢʣʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ 

ʪʨʠʚʘʣʽʩʪʴ ʧʘʨʥʠʭ ʽ ʥʝʧʘʨʥʠʭ ʧʦʣʽʚ (312,ɿH) ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ, ʟ ʧʦʭʠʙʢʦʶ 

ʥʝ ʙʽʣʴʰʝ (0,05 + 0,1) H; ʚ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʥʘʢʣʘʜʝʥʥʷ ʨʷʜʢʽʚ ʩʫʤʽʞʥʠʭ 

ʧʦʣʽʚ ʙʫʜʝ ʧʦʤʽʪʥʠʤ. ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʮʽʻʾ ʧʦʤʠʣʢʠ ʻ ʚʽʜʤʽʥʥʽʩʪʴ ʫ 

ʚʠʜʘʣʝʥʥʽ ʨʷʜʢʦʚʠʭ ʽʤʧʫʣʴʩʽʚ ʚ ʩʫʤʽʞʥʠʭ ʧʦʣʷʭ ʚʽʜ ʧʦʩʣʽʜʦʚʥʦʩʪʽ m ʥʘ 0,5 

ʅ. ɿʨʽʚʥʶʚʘʥʥʷ ʫʤʦʚ ʽʥʪʝʛʨʫʚʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʨʽʚʥʶʶʯʠʭ 



168 
 

ʽʤʧʫʣʴʩʽʚ l ʟʘʛʘʣʴʥʦʶ ʧʨʦʪʷʞʥʽʩʪʶ 2,5H ʽ ʨʦʟʤʽʱʝʥʥʷʤ ʾʭ ʧʝʨʝʜ ʽʤʧʫʣʴʩʘʤʠ 

ʧʦʣʽʚ m. 

 

ʉʧʝʢʪʨ ʯʘʩʪʦʪ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʆʪʞʝ, ʧʦʚʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʤʽʰ ʚʽʜʝʦʩʠʛʥʘʣʫ ʽ 

ʩʠʥʭʨʦʩʠʛʥʘʣʫ. ɼʣʷ ʧʝʨʝʜʘʯʽ ʮʴʦʛʦ ʩʠʛʥʘʣʫ, ʘ ʪʘʢʦʞ ʩʠʛʥʘʣʫ ʟʚʫʢʫ ʥʘ 

ʚʽʜʩʪʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʩʫʯʽ ʯʘʩʪʦʪʠ, ʟʜʘʪʥʽ ʧʝʨʝʥʦʩʠʪʠ ʮʽ ʩʠʛʥʘʣʠ 

ʯʝʨʝʟ ʧʨʦʩʪʽʨ. ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʠ ʰʠʨʠʥʽ ʩʧʝʢʪʨʘ ʪʝʣʝʚʽʟʽʡʥʦʛʦ 

ʩʠʛʥʘʣʫ ʚ 6 ʄɻʮ ʤʽʥʽʤʘʣʴʥʘ ʥʝʩʫʯʘ ʯʘʩʪʦʪʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 50 ʄɻʮ. 

ʊʦʜʽ ʚʩʽ ʩʢʣʘʜʦʚʽ ʩʧʝʢʪʨʘ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʚʣʝʥʽ ʙʝʟ 

ʩʧʦʪʚʦʨʝʥʴ. ɺ ʤʦʜʫʣʷʪʦʨʽ ʧʝʨʝʜʘʚʘʯʘ - ʧʦʚʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ 

ʧʽʜʜʘʻʪʴʩʷ ʤʦʜʫʣʷʮʽʾ. ʄʦʜʫʣʷʮʽʷ - ʮʝ ʧʨʦʮʝʩ ʟʤʽʥʠ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʫʯʦʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, 

ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʥʝʾ. 

 

 

 

ʈʠʩ. 3.10. ʊʝʣʝʚʽʟʽʡʥʠʡ ʨʘʜʽʦʩʠʛʥʘʣ ʧʨʠ ʥʝʛʘʪʠʚʥʽʡ ʤʦʜʫʣʷʮʽʾ. 

 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʻ: ʘʤʧʣʽʪʫʜʘ, 

ʯʘʩʪʦʪʘ ʽ ʬʘʟʘ. ɹʫʜʴ-ʷʢʠʡ ʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʧʽʜʜʘʪʠ ʤʦʜʫʣʷʮʽʾ, ʪʦʙʪʦ 

ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʙʫʪʠ ʧʨʦʤʦʜʫʣʴʦʚʘʥʠʡ ʧʦ ʘʤʧʣʽʪʫʜʽ, ʯʘʩʪʦʪʽ ʽ 

ʬʘʟʽ. ʋ ʪʝʣʝʙʘʯʝʥʥʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʤʧʣʽʪʫʜʥʘ 
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ʤʦʜʫʣʷʮʽʷ, ʧʨʠ ʷʢʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʝʨʫʚʘʥʥʷ ʘʤʧʣʽʪʫʜʦʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʝʩʫʯʦʾ ʙʝʟ ʟʤʽʥʠ ʾʾ ʯʘʩʪʦʪʠ ʽ ʬʘʟʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʽʚ ʤʦʜʫʣʷʮʽʾ 

ʰʠʨʠʥʘ ʩʧʝʢʪʨʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʥʝʩʫʯʠʭ ʧʽʩʣʷ ʤʦʜʫʣʷʮʽʾ ʧʦʜʚʦʶʻʪʴʩʷ, ʪʘʢ 

ʷʢ ʧʽʩʣʷ ʤʦʜʫʣʷʮʽʾ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʠʞʥʷ ʽ ʚʝʨʭʥʷ ʙʽʯʥʘ ʩʤʫʛʘ, ʽ ʩʪʘʻ ʨʽʚʥʽʡ 12 

ʄɻʮ, ʘʣʝ ʦʩʢʽʣʴʢʠ ʚʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʝʜʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʪʠʪʴʩʷ ʷʢ ʫ 

ʚʝʨʭʥʽʡ, ʪʘʢ ʽ ʚ ʥʠʞʥʽʡ ʙʽʯʥʽʡ ʩʤʫʟʽ , ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʚʝʣʠʢʦʤʫ 

çʟʘʣʠʰʢʫè ʚʽʜ ʧʦʜʘʚʣʝʥʦʾ ʙʽʯʥʦʾ ʩʤʫʛʠ (ʨʠʩ. 3.10). 

ɼʣʷ ʧʝʨʝʜʘʯʽ ʟʚʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʯʘʩʪʦʪʥʘ ʤʦʜʫʣʷʮʽʷ ʥʝʩʫʯʦʾ, ʷʢʘ 

ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚʠʱʝ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʚʝʨʭʥʴʦʾ ʙʦʢʦʚʦʾ ʩʤʫʛʠ ʩʠʛʥʘʣʫ 

ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠʯʦʤʫ ʨʦʟʥʦʩ ʤʽʞ ʥʝʩʫʯʠʤʠ ʟʦʙʨʘʞʝʥʥʷ ʽ ʟʚʫʢʫ ʧʦʩʪʽʡʥʠʡ ʥʘ 

ʙʫʜʴ-ʷʢʦʤʫ ʢʘʥʘʣʽ ʽ ʩʪʘʥʦʚʠʪʴ ʫ ʥʘʩ ʚ ʢʨʘʾʥʽ 6,5 ʄɻʮ. 

ʇʨʠ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ ʤʠʪʪʻʚʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʥʝʩʫʯʦʾ ʟʤʽʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʟʤʽʥʠ ʩʠʛʥʘʣʫ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʡʦʛʦ 

ʘʤʧʣʽʪʫʜʽ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʟʚʫʢʫ ʟʥʘʯʥʦ 

ʧʦʩʣʘʙʣʶʻ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʮʠʭ ʩʠʛʥʘʣʽʚ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. 

ʇʝʨʝʜʘʚʘʯʽ ʟʦʙʨʘʞʝʥʥʷ ʽ ʟʚʫʢʫ ʧʨʘʮʶʶʪʴ ʥʘ ʟʘʛʘʣʴʥʫ ʰʠʨʦʢʦʧʦʣʦʩʥʫ 

ʪʝʣʝʚʽʟʽʡʥʫ ʘʥʪʝʥʫ. 

ʅʝʩʫʯʘ ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʨʠʡʥʷʪʦʤʫ ʫ ʥʘʩ ʚ ʢʨʘʾʥʽ ʩʪʘʥʜʘʨʪʽ ʤʦʜʫʣʶʻʪʴʩʷ 

ʚʳʜʝʦʩʠʛʥʘʣʦʤ ʥʝʛʘʪʠʚʥʦʾ ʧʦʣʷʨʥʦʩʪʽ, ʪʦʤʫ ʪʘʢʘ ʤʦʜʫʣʷʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʝʛʘʪʠʚʥʦʶ.  

ɼʣʷ ʧʝʨʝʜʘʯʽ ʟʚʫʢʦʚʦʛʦ ʩʫʧʨʦʚʦʜʫ ʥʝ ʧʦʪʨʽʙʥʦ ʥʘʩʪʽʣʴʢʠ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ, ʷʢ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʥʷ. ʎʷ ʩʤʫʛʘ ʯʘʩʪʦʪ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʚ 

125 ʢɻʮ. ʇʦʚʥʠʡ ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʢʘʥʘʣʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 

3.11. 
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ʈʠʩ. 3.11. ʇʦʚʥʠʡ ʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʢʘʥʘʣʫ 
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ʊʝʤʘ 3.2. ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ 

ʃʝʢʮʽʷ 11. ʇʨʠʥʮʠʧ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʉʫʤʽʩʥʽʩʪʴ 

ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. ʏʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʧʦʚʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʨʘʭʫʚʘʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʨʫ. 

 

ʇʨʠʥʮʠʧ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʨʠʥʮʠʧ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʘʢ ʟʚʘʥʽʡ 

ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʪʝʦʨʽʾ ʢʦʣʽʨʥʦʛʦ ʟʦʨʫ, ʟʛʽʜʥʦ ʟ ʷʢʦʶ ʧʨʘʢʪʠʯʥʦ ʚʩʽ 

ʢʦʣʴʦʨʠ, ʱʦ ʽʩʥʫʶʪʴ ʫ ʧʨʠʨʦʜʽ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʰʫʚʘʥʥʷ 

ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ - ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ, ʩʠʥʴʦʛʦ, - ʚʟʷʪʠʭ ʚ ʧʝʚʥʽʡ ʧʨʦʧʦʨʮʽʾ 

ʋ ʪʝʣʝʙʘʯʝʥʥʽ ʾʭ ʧʦʟʥʘʯʘʶʪʴ ʧʦʯʘʪʢʦʚʠʤʠ ʙʫʢʚʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʘʥʛʣʽʡʩʴʢʠʭ ʩʣʽʚ-R (ʯʝʨʚʦʥʠʡ), G (ʟʝʣʝʥʠʡ) ʽ ɺ (ɺluʝ) 

ɿʛʘʜʘʡʤʦ ʚʽʜʦʤʠʡ ʜʦʩʚʽʜ: ʷʢʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʭʪʘʨʽʚ ʦʜʥʘʢʦʚʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʞʝʨʝʣ ʟ ʯʝʨʚʦʥʠʤ, ʟʝʣʝʥʠʤ ʽ ʩʠʥʽʤ ʩʚʽʪʣʦʬʽʣʴʪʨʘʤʠ 

ʚʠʩʚʽʪʣʠʪʠ ʝʢʨʘʥ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʨʽʟʥʽ ʢʦʣʴʦʨʠ ʯʘʩʪʢʦʚʦ ʧʦʻʜʥʘʣʠʩʷ (ʨʠʩ 

3.12), ʪʦ ʟʝʣʝʥʠʡ ʽ ʯʝʨʚʦʥʠʡ ʚ ʩʫʤʽʰʽ ʜʘʜʫʪʴ ʞʦʚʪʠʡ ʢʦʣʽʨ, ʯʝʨʚʦʥʠʡ ʽ ʩʠʥʽʡ 

- ʧʫʨʧʫʨʥʠʡ, ʩʠʥʽʡ ʽ ʟʝʣʝʥʠʡ - ʙʣʘʢʠʪʥʠʡ, ʘ ʤʽʩʮʝ ʩʫʤʽʱʝʥʥʷ ʯʝʨʚʦʥʦʛʦ, 

ʟʝʣʝʥʦʛʦ ʽ ʩʠʥʴʦʛʦ ʜʘʩʪʴ ʚ ʩʫʤʽ ʙʽʣʠʡ ʢʦʣʽʨ. 

 

ʈʠʩ. 3.12. ɿʤʽʰʫʚʘʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ 
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ʗʢʱʦ ʪʝʧʝʨ ʚ ʦʜʥʘʢʦʚʽʡ ʧʨʦʧʦʨʮʽʾ ʟʙʽʣʴʰʫʚʘʪʠ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠ 

ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʭ ʜʞʝʨʝʣ, ʪʦ ʷʩʢʨʘʚʽʩʪʴ ʙʽʣʦʾ ʧʣʷʤʠ ʙʫʜʝ ʚʽʜʧʦʚʽʜʥʦ 

ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʘʙʦ ʟʤʝʥʰʫʚʘʪʠʩʷ, ʘ ʢʦʣʽʨʥʠʡ ʪʦʥ ʩʫʤʽʰʽ ʧʨʠ ʮʴʦʤʫ 

ʟʘʣʠʰʠʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. 

ʗʢʱʦ ʞ ʟʤʽʥʶʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣ ʚ ʨʽʟʥʠʭ ʧʨʦʧʦʨʮʽʷʭ, ʪʦ ʪʦʜʽ 

ʢʦʞʥʘ ʢʦʣʽʨʥʘ ʜʽʣʷʥʢʘ ʙʫʜʝ ʤʽʥʷʪʠ ʩʚʽʡ ʢʦʣʽʨ, ʚʢʣʶʯʘʶʯʠ ʽ ʙʽʣʫ ʜʽʣʷʥʢʫ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʢʦʞʥʦʛʦ ʜʞʝʨʝʣʘ ʦʢʨʝʤʦ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʥʝʦʜʥʘʢʦʚʫ ʾʭ 

ʷʩʢʨʘʚʽʩʪʴ: ʟʝʣʝʥʝ ʜʞʝʨʝʣʦ ʙʫʜʝ ʟʜʘʚʘʪʠʩʷ ʷʩʢʨʘʚʽʰʝ ʯʝʨʚʦʥʦʛʦ ʽ ʩʠʥʴʦʛʦ, ʘ 

ʯʝʨʚʦʥʝ - ʷʩʢʨʘʚʽʰʝ ʩʠʥʴʦʛʦ. ɺʩʷ ʩʧʨʘʚʘ ʚ ʨʽʟʥʽʡ ʯʫʪʣʠʚʦʩʪʽ ʦʯʝʡ ʜʦ 

ʷʩʢʨʘʚʦʩʪʽ ʢʦʞʥʦʛʦ ʢʦʣʴʦʨʫ ʦʢʨʝʤʦ. 

ʉʫʤʽʩʥʽʩʪʴ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʪʨʘʥʩʣʷʮʽʡʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʢʨʽʤ ʪʨʴʦʭ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʦʣʽʨ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʚʘʪʠ ʽ ʩʠʛʥʘʣ, 

ʚʽʜʧʦʚʽʜʥʠʡ ʯʦʨʥʦ-ʙʽʣʦʤʫ ʟʦʙʨʘʞʝʥʥʶ. ʎʝʡ ʩʠʛʥʘʣ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ 

ʩʫʤʽʩʥʽʩʪʴ ʢʦʣʴʦʨʦʚʦʛʦ ʽ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ, ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʡʤʘʪʠ ʥʘ ʝʢʨʘʥʽ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʚʽʟʦʨʘ ʢʦʣʴʦʨʦʚʫ ʧʨʦʛʨʘʤʫ ʚ ʯʦʨʥʦ-

ʙʽʣʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʥʘ ʝʢʨʘʥʽ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʚʽʟʦʨʘ - ʯʦʨʥʦ-ʙʽʣʫ ʧʨʦʛʨʘʤʫ ʚ 

ʯʦʨʥʦ-ʙʽʣʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʎʝʡ ʩʠʛʥʘʣ ʥʘʟʠʚʘʻʪʴʩʷ ʷʩʢʨʘʚʽʩʥʠʤ, ʚʽʥ ʤʦʞʝ 

ʙʫʪʠ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʫ ʧʝʚʥʽʡ ʧʨʦʧʦʨʮʽʾ ʩʠʛʥʘʣʽʚ ʦʩʥʦʚʥʠʭ 

ʢʦʣʴʦʨʽʚ R , G ʽ B. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʠʛʥʘʣʦʤ ʷʩʢʨʘʚʦʩʪʽ ɽy ʽ ʩʠʛʥʘʣʘʤʠ 

ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ɽR, ɽG ʽ ɽɺ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʛʘʜʘʥʦʾ ʨʽʟʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ. ʉʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ 

ʨʽʚʥʷʥʥʷʤ: 

  (3.2) 

ʉʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ɽy ʬʦʨʤʫʻʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʤʘʪʨʠʮʽ (ʤʘʪʨʠʮʝʶ ʚ 

ʢʦʣʴʦʨʦʚʦʤʫ ʪʝʣʝʙʘʯʝʥʥʽ ʥʘʟʠʚʘʶʪʴ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʧʝʨʘʮʽʾ 

ʜʦʜʘʚʘʥʥʷ ʽ ʚʽʜʥʽʤʘʥʥʷ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʟʠʩʪʦʨʽʚ ʽ ʬʘʟʦʽʥʚʝʨʪʦʨʽʚ). 
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ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ɽY ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʜʘʚʘʪʠ ʚʩʽ 

ʪʨʠ ʢʦʣʽʨʥʽ ʩʠʛʥʘʣʠ, ʪʘʢ ʷʢ ʦʜʠʥ ʟ ʥʠʭ ʟʘʚʞʜʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʚʠʱʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʷʩʢʨʘʚʽʩʥʠʤ 

ʩʠʛʥʘʣʦʤ ʽ ʩʠʛʥʘʣʘʤʠ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʋ ʪʝʣʝʙʘʯʝʥʥʽ ʧʨʠʡʥʷʪʦ ʥʝ 

ʧʝʨʝʜʘʚʘʪʠ ʟʝʣʝʥʠʡ ɽG ʩʠʛʥʘʣ, ʪʦʤʫ ʱʦ ʚʽʥ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ, ʚ 

ʷʩʢʨʘʚʽʩʥʦʤʫ ʩʠʛʥʘʣʽ ʤʽʩʪʠʪʴʩʷ 59% ʟʝʣʝʥʦʛʦ. 

ʂʨʽʤ ʪʦʛʦ, ʫ ʚʩʽʭ ʩʫʤʽʩʥʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʘʶʪʴʩʷ ʥʝ ʩʠʛʥʘʣʠ ɽR ʽ ɽɺ, ʘ 

ʪʘʢ ʟʚʘʥʽ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ɽR-Y ʽ ɽɺ-Y. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʩʢʨʘʚʽʩʪʴ, ʷʢʘ ʤʽʩʪʠʪʴʩʷ ʚ ʢʦʣʽʨʥʠʭ ʩʠʛʥʘʣʘʭ ɽR ʽ ɽɺ, 

ʥʘʜʣʠʰʢʦʚʘ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʽʩʪʠʪʴʩʷ ʚ ʷʩʢʨʘʚʽʩʥʦʤʫ ʩʠʛʥʘʣʽ ɽY. ʅʘ ʝʢʨʘʥʽ 

ʞ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʚʽʟʦʨʘ ʮʽ ʩʠʛʥʘʣʠ ʩʪʚʦʨʶʚʘʣʠ ʙ ʧʝʨʝʰʢʦʜʫ ʫ ʚʠʛʣʷʜʽ 

ʤʽʣʢʦʩʪʨʫʢʪʫʨʥʦʾ ʩʽʪʢʠ. ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ɽR-Y ʽ ɽɺ-Y ʚ ʤʘʪʨʠʮʷʭ 

ʬʦʨʤʫʶʪʴʩʷ ʰʣʷʭʦʤ ʚʠʨʘʭʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽR ʽ ɽɺ ʟ ɽY ʩʠʛʥʘʣʫ. 

ʅʘʡʙʽʣʴʰ ʥʘʦʯʥʦ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ɽY ʽ ʢʦʣʴʦʨʦ-

ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ɽR-Y ʽ ɽɺ-Y ʤʦʞʥʘ ʧʨʦʩʪʝʞʠʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʠʭ ʩʤʫʛ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʘʭ-

ʪʝʣʝʪʝʩʪʘʭ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʣʝʚʽʟʽʡʥʠʭ 

ʧʨʠʡʤʘʯʽʚ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥʘ ʝʢʨʘʥʽ 

ʪʝʣʝʚʽʟʦʨʘ ʚʽʩʽʤ ʢʦʣʴʦʨʦʚʠʭ ʩʤʫʛ - ʙʽʣʫ (ʘʙʦ ʙʽʣʦ-ʩʽʨʫ), ʞʦʚʪʫ, ʙʣʘʢʠʪʥʫ, 

ʟʝʣʝʥʫ, ʧʫʨʧʫʨʦʚʫ, ʯʝʨʚʦʥʫ, ʩʠʥʶ ʽ ʯʦʨʥʫ. 

ɻʝʥʝʨʘʪʦʨ ʢʦʣʴʦʨʦʚʠʭ ʩʤʫʛ ʚʠʨʦʙʣʷʻ ʪʨʠ ʚʽʜʝʦʩʠʛʥʘʣʠ ʦʩʥʦʚʥʠʭ 

ʢʦʣʴʦʨʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʧʨʫʛʠ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʨʷʜʢʦʚʦʾ 

ʯʘʩʪʦʪʠ ʜʣʷ ʩʠʛʥʘʣʫ ɽG; ʧʦʜʚʽʡʥʠʡ ʤʘʣʦʾ ʜʣʷ ɽR ʽ ʟʯʝʪʚʝʨʝʥʦʾ ʨʷʜʢʦʚʦʾ ʜʣʷ 

ɽɺ. ʈʦʟʤʘʭ ʮʠʭ ʩʠʛʥʘʣʽʚ ʩʢʣʘʜʘʻ ʚ ʚʽʜʥʦʩʥʠʭ ʦʜʠʥʠʮʷʭ - 1 (ʥʘ ʙʽʣʽʡ ʩʤʫʟʽ) ʽ 

0,75 ʥʘ ʽʥʰʠʭ ʩʤʫʛʘʭ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʙʽʣʦʾ ʩʤʫʛʠ ʟ ʜʚʦʤʘ ʨʽʚʥʷʤʠ 

ʷʩʢʨʘʚʦʩʪʽ (ʈʠʩ. 3.13). 
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ʈʠʩ. 3.13. ʉʠʛʥʘʣ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʩʤʫʛ: 

ʘ ï ʚʽʜʝʦʩʠʛʥʘʣʠ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ER, EG, EB; 

ʙ ï ʩʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ EY ʩʠʛʥʘʣʠ ʨʽʟʥʦʩʪʽ ʢʦʣʴʦʨʽʚ ER-Y EB-Y 

 

ʉʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ɽY ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʩʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʽʚ ɽR, ɽG, 

ɽɺ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʩʠʛʥʘʣ ʩʪʫʧʽʥʯʘʩʪʦʾ ʩʧʘʜʘʶʯʦʾ ʬʦʨʤʠ. 

ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ɽR-Y ʽ ɽɺ-Y ʦʪʨʠʤʫʶʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʨʘʭʫʚʘʥʥʷ ʟ ʩʠʛʥʘʣʽʚ ɽR ʽ ɽɺ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ɽY. ʇʦʜʘʣʴʰʝ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʩʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ. 

 

ʏʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʧʦʚʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʚʽʜʚʝʜʝʥʦʾ ʜʣʷ ʯʦʨʥʦ-ʙʽʣʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʩʧʝʢʪʨ ʯʘʩʪʦʪ 

ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ (ʨʠʩ. 

3.14). ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʘ ʢʦʣʴʦʨʦʚʘ ʧʽʜʥʝʩʫʯʘ ʯʘʩʪʦʪʘ, 

ʷʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ʽ 

ʤʦʜʫʣʶʻʪʴʩʷ ʢʦʣʽʨʥʠʤ ʩʠʛʥʘʣʦʤ ʧʨʠ ʧʝʨʝʜʘʯʽ ʢʦʣʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 
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ʈʠʩ. 3.14. ʈʦʟʪʘʰʫʚʘʥʥʷ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ. 

 

ʊʘʢ ʷʢ ʦʢʦ ʥʝ ʚʽʜʯʫʚʘʻ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʟʦʙʨʘʞʝʥʥʷ, ʪʦ ʩʤʫʛʫ ʢʦʣʴʦʨʦ-

ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ʦʙʤʝʞʫʶʪʴ ʜʦ 1,5 ʄʛʮ. ʇʝʨʝʜʘʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʩʧʝʢʪʨʽ 

ʯʘʩʪʦʪ ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʽ ʷʩʢʨʘʚʦʩʪʽ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʚʟʘʻʤʥʽ 

ʧʝʨʝʰʢʦʜʠ. ɼʣʷ ʾʭ ʟʤʝʥʰʝʥʥʷ ʽʩʥʫʻ ʨʷʜ ʟʘʭʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʧʽʜʥʝʩʫʯʘ 

ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ 

ʷʩʢʨʘʚʦʩʪʽ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʥʠʞʫʻ ʧʝʨʝʰʢʦʜʠ ʥʘ ʝʢʨʘʥʽ ʯʦʨʥʦ-ʙʽʣʦʛʦ 

ʪʝʣʝʚʽʟʦʨʘ, ʽ ʮʽ ʧʝʨʝʰʢʦʜʠ ʚʠʷʚʣʷʶʪʴʩʷ ʣʠʰʝ ʫ ʚʠʛʣʷʜʽ ʤʽʣʢʦʩʪʨʫʢʪʫʨʥʦʾ 

ʩʽʪʢʠ, ʱʦ ʤʝʥʰ ʧʦʤʽʪʥʦ. 

 

ʇʨʠʥʮʠʧ ʩʫʤʽʩʥʦʩʪʽ 

ʂʦʣʠ ʨʦʟʨʦʙʣʷʣʘʩʷ ʩʠʩʪʝʤʘ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ (ʉʂʊ), ʯʦʨʥʦ-

ʙʽʣʝ ʪʝʣʝʙʘʯʝʥʥʷ ʚʞʝ ʽʩʥʫʚʘʣʦ. ʊʦʤʫ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʉʂʊ ʟʚʦʜʠʣʠʩʷ ʜʦ 

ʚʠʤʦʛʠ ʾʾ ʩʫʤʽʩʥʦʩʪʽ ʟ ʩʠʩʪʝʤʦʶ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʽ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ 

ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʫ. 

ʉʫʤʽʩʥʽʩʪʴ ʦʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʣʽʨ ʚ ʪʦʤʫ 

ʞ ʢʘʥʘʣʽ ʟʚ'ʷʟʢʫ ʽ ʚ ʪʽʡ ʞʝ ʩʤʫʟʽ ʯʘʩʪʦʪ, ʷʢʘ ʚʞʝ ʚʽʜʚʝʜʝʥʘ ʜʣʷ ʯʦʨʥʦ-ʙʽʣʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʚʣʝʥʥʷ. ʇʽʜ ʩʫʤʽʩʥʽʩʪʶ ʩʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʟ 

ʯʦʨʥʦ-ʙʽʣʦʶ ʩʣʽʜ ʨʦʟʫʤʽʪʠ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʷʢʽʩʥʦʛʦ ʧʨʠʡʦʤʫ ʧʨʦʛʨʘʤ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʚ ʯʦʨʥʦ-ʙʽʣʦʤʫ ʚʠʛʣʷʜʽ 
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ʫʩʽʤʘ ʪʠʧʘʤʠ ʽʩʥʫʶʯʠʭ ʯʦʨʥʦ-ʙʽʣʠʭ ʪʝʣʝʚʽʟʦʨʽʚ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʧʝʨʝʨʦʙʦʢ 

(ʫʤʦʚʘ "ʧʨʷʤʦʾ ʩʫʤʽʩʥʦʩʪʽ"). 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠʡʤʘʯ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʪʘʢʦʞ ʙʝʟ ʚʩʷʢʠʭ 

ʧʝʨʝʨʦʙʦʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʜʘʪʥʠʡ ʧʨʠʡʤʘʪʠ ʙʝʟ ʢʦʣʴʦʨʫ ʟʚʠʯʘʡʥʽ ʯʦʨʥʦ-ʙʽʣʽ 

ʧʨʦʛʨʘʤʠ (ʫʤʦʚʘ "ʟʚʦʨʦʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ"). ɺʠʢʦʥʘʥʥʷ ʫʤʦʚ ʧʨʷʤʦʾ ʽ 

ʟʚʦʨʦʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʤʘʣʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʩʽʭ ʢʨʘʾʥ, ʜʝ ʚʞʝ ʰʠʨʦʢʦ 

ʙʫʣʦ ʨʦʟʚʠʥʝʥʝ ʪʝʣʝʚʽʟʽʡʥʝ ʤʦʚʣʝʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʣʘʜʝʥʦʛʦ ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʯʦʪʠʨʠ ʫʤʦʚʠ 

ʩʫʤʽʩʥʦʩʪʽ. 

1. ʋʤʦʚʘ ʇʦʚʥʠʡ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ ʚʩʽ 

ʝʣʝʤʝʥʪʠ ʧʦʚʥʦʛʦ ʩʠʛʥʘʣʫ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʧʦʜʽʣ ʷʩʢʨʘʚʦʩʪʽ ʚ ʧʝʨʝʜʘʥʦʾ ʩʮʝʥʽ. 

2. ʋʤʦʚʘ ɺʩʽ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʩʠʛʥʘʣʽ ʢʦʣʴʦʨʦʚʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʣʽʨ ʧʝʨʝʜʘʥʠʭ 

ʩʮʝʥ, ʥʝ ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʧʦʤʽʪʥʠʭ ʟʘʚʘʜʠ ʥʘ ʝʢʨʘʥʽ ʯʦʨʥʦ-ʙʽʣʠʭ 

ʪʝʣʝʚʽʟʦʨʽʚ ʧʨʠ ʧʨʠʡʦʤʽ ʢʦʣʴʦʨʦʚʠʭ ʧʝʨʝʜʘʯ, ʪʦʙʪʦ ʧʦʚʥʠʡ ʢʦʣʴʦʨʦʚʠʡ 

ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ (ʇʂʊʉ) ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʨʠʥʮʠʧʫ ʧʦʩʪʽʡʥʦʾ 

ʷʩʢʨʘʚʦʩʪʽ. 

ʇʨʠʥʮʠʧ ʧʦʩʪʽʡʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʙʫʚ ʚʠʨʦʙʣʝʥʠʡ ʚ ʭʦʜʽ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ NTSC ʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʙʽʣʴʰʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʩʠʩʪʝʤ. ɺʽʥ ʛʦʚʦʨʠʪʴ: 

ʚʠʜʽʣʝʥʠʡ ʚ ʧʨʠʡʤʘʣʴʥʠʢʫ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʥʝ ʧʦʚʠʥʝʥ ʚʧʣʠʚʘʪʠ ʥʘ 

ʷʩʢʨʘʚʽʩʪʴ ʚʽʜʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʷʩʢʨʘʚʽʩʪʴ ʧʦʚʠʥʥʘ ʧʦʚʥʽʩʪʶ ʧʝʨʝʜʘʚʘʪʠʩʷ ʷʩʢʨʘʚʽʩʥʠʤ ʩʠʛʥʘʣʦʤ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʥʮʠʧʫ ʧʦʩʪʽʡʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʚ ʪʝʣʝʙʘʯʝʥʥʽ ʜʘʻ ʥʘʩʪʫʧʥʽ 

ʧʝʨʝʚʘʛʠ: 

ʢʦʣʴʦʨʦʚʦʩʪʽ, ʘ 

ʪʘʢʦʞ ʧʝʨʝʭʨʝʩʥʽ ʟʘʚʘʜʠ ʚʽʜ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ʚ ʢʘʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʚʠʢʣʠʢʘʶʪʴ ʣʠʰʝ ʟʤʽʥʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʤʝʥʰ ʧʦʤʽʪʥʽ ʜʣʷ ʦʢʘ, 

ʥʽʞ ʟʤʽʥʠ ʷʩʢʨʘʚʦʩʪʽ; 



177 
 

ʧʝʨʝʜʘʯʫ ʨʽʟʢʠʭ ʢʦʨʜʦʥʽʚ ʽ ʜʨʽʙʥʠʭ ʜʝʪʘʣʝʡ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʣʴʦʨʫ ʟ ʧʦʚʥʦʶ 

ʯʽʪʢʽʩʪʶ ʚ ʯʦʨʥʦ-ʙʽʣʦʤʫ ʚʠʛʣʷʜʽ; 

-ʙʽʣʠʭ ʪʝʣʝʚʽʟʦʨʘʭ ʪʦʯʥʦ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʷʩʢʨʘʚʽʩʪʴ ʦʨʠʛʽʥʘʣʫ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʛʦ ʧʨʠʥʮʠʧʫ ʩʠʛʥʘʣʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʧʨʠʡʦʤʥʫ 

ʪʨʫʙʢʫ ʟ ʢʘʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʙʘʣʘʥʩʦʚʘʥʽ ʪʘʢ, ʱʦʙ 

ʩʪʚʦʨʶʚʘʥʠʡ ʥʠʤʠ ʧʨʠʨʽʩʪ ʷʩʢʨʘʚʦʩʪʽ ʚ ʩʫʤʽ ʜʦʨʽʚʥʶʚʘʚ ʥʫʣʶ. 

3. ʋʤʦʚʘ ʇʘʨʘʤʝʪʨʠ ʩʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ (ʯʠʩʣʦ ʨʷʜʢʽʚ 

ʨʦʟʢʣʘʜʘʥʥʷ, ʯʘʩʪʦʪʘ ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʢʠ, ʩʤʫʛʘ ʯʘʩʪʦʪ ʚʽʜʝʦʩʠʛʥʘʣʫ, ʨʦʟʥʦʩ 

ʤʽʞ ʥʝʩʫʯʠʤʠ ʯʘʩʪʦʪʘʤʠ ʩʠʛʥʘʣʽʚ ʟʦʙʨʘʞʝʥʥʷ ʽ ʟʚʫʢʫ, ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 

ʯʘʩʪʦʪ ʽ ʪ.ʜ.) ʧʦʚʠʥʥʽ ʙʫʪʠ ʘʥʘʣʦʛʽʯʥʽ ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʠʩʪʝʤʠ 

ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

4. ʋʤʦʚʘ ɿʚʫʢʦʚʠʡ ʩʫʧʨʦʚʽʜ ʤʘʻ ʧʝʨʝʜʘʚʘʪʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʷʢ ʽ ʚ 

ʯʦʨʥʦ-ʙʽʣʦʤʫ ʪʝʣʝʙʘʯʝʥʥʽ. 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʉʂʊ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʫ ʩʫʤʽʩʥʦʩʪʽ, ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʬʽʟʽʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʨʠʡʥʷʪʪʷ ʢʦʣʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʩʪʨʫʢʪʫʨʘ ʩʧʝʢʪʨʘ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

 

ɺʨʘʭʫʚʘʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʨʫ 

ʆʩʥʦʚʥʝ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʢʦʣʴʦʨʦʚʦʤʫ ʪʝʣʝʙʘʯʝʥʥʽ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʜʘʯʽ ʦʙʤʝʞʝʥʦʛʦ ʯʠʩʣʘ ʥʘʩʠʯʝʥʠʭ ʚʽʜʪʽʥʢʽʚ 

ʢʦʣʴʦʨʽʚ, ʱʦ ʚʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʦʩʦʙʣʠʚʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʣʽʨʥʦʛʦ 

ʟʦʨʫ, ʚʽʜʦʤʽʡ ʧʽʜ ʥʘʟʚʦʶ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʩʪʽ ʢʦʣʴʦʨʦʩʧʨʠʡʥʷʪʪʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʦʨʽʾ ʢʦʣʽʨʥʦʛʦ ʟʦʨʫ, ʚʠʩʣʦʚʣʝʥʦʾ ʚʧʝʨʰʝ ʚ 1736 ʨ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʠʤ, ʻ ʪʦʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʬʘʢʪ, ʱʦ ʚʩʽ ʢʦʣʴʦʨʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ (ʟʤʽʰʫʚʘʥʥʷ) ʪʨʴʦʭ ʩʚʽʪʣʦʚʠʭ 

ʧʦʪʦʢʽʚ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʚʦʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʽ ʩʠʥʴʦʛʦ ʟ ʚʠʩʦʢʦʶ ʥʘʩʠʯʝʥʽʩʪʶ, 

ʥʘʟʚʘʥʠʭ ʦʩʥʦʚʥʠʤʠ ʘʙʦ ʧʝʨʚʠʥʥʠʤʠ. 
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ʃʦʤʦʥʦʩʦʚ ʧʨʠʡʰʦʚ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʢʦʣʦʨʦʚʽʜʯʫʪʪʻʚʠʡ 

(ʢʦʣʙʦʯʢʦʚʦʡ) ʘʧʘʨʘʪ ʦʢʘ ʣʶʜʠʥʠ ʤʽʩʪʠʪʴ ʨʝʮʝʧʪʦʨʠ (ʥʝʨʚʦʚʽ ʟʘʢʽʥʯʝʥʥʷ) 

ʪʨʴʦʭ ʚʠʜʽʚ. ʇʨʠʯʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʽʟʥʠʭ ʭʚʠʣʴ ʟʙʫʜʞʫʶʪʴ ʮʽ 

ʨʝʮʝʧʪʦʨʠ ʥʝ ʦʜʥʘʢʦʚʦ. ʊʘʢ, ʧʝʨʰʠʡ ʚʠʜ ʟʘʢʽʥʯʝʥʴ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʜʦ 

ʜʦʚʛʦʭʚʠʣʴʦʚʦʾ ʯʘʩʪʠʥʠ ʚʠʜʠʤʦʛʦ ʩʧʝʢʪʨʫ (ʯʝʨʚʦʥʦ-ʧʦʤʘʨʘʥʯʝʚʦʾ), ʜʨʫʛʠʡ - 

ʜʦ ʩʝʨʝʜʥʴʭʚʠʣʴʦʚʦʾ ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʘ (ʟʝʣʝʥʦ-ʞʦʚʪʦʾ) ʽ ʪʨʝʪʽʡ - ʜʦ 

ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʛʦ (ʩʠʥʴʦ-ʬʽʦʣʝʪʦʚʦʾ). ʅʘ ʨʠʩ. 3.15 ʧʦʢʘʟʘʥʽ ʢʨʠʚʽ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʨʝʮʝʧʪʦʨʽʚ ʦʢʘ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʢʨʠʚʠʤʠ ʦʩʥʦʚʥʠʭ 

ʧʦʨʫʰʝʥʴ. 

 

 

ʈʠʩ. 3.15. ʂʨʠʚʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʦʢʘ. 

 

ɿʘʟʚʠʯʘʡ ʩʚʽʪʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʙʫʜʞʫʻ ʚʩʽ ʪʨʠ ʚʠʜʠ ʨʝʮʝʧʪʦʨʽʚ 

ʦʜʥʦʯʘʩʥʦ, ʽ ʩʫʢʫʧʥʽʩʪʴ ʪʨʴʦʭ ʨʽʟʥʠʭ ʧʦʨʫʰʝʥʴ ʩʧʨʠʡʤʘʻʪʴʩʷ ʣʶʜʩʴʢʠʤ 

ʦʢʦʤ ʷʢ ʦʜʠʥ ʷʢʠʡ-ʥʝʙʫʜʴ ʢʦʣʽʨ. ɿʦʨʦʚʠʡ ʘʧʘʨʘʪ ʘʥʘʣʽʟʫʻ ʩʚʽʪʣʦ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʥʴʦʛʦ, ʚʠʟʥʘʯʘʶʯʠ ʚ ʥʴʦʤʫ ʚʽʜʥʦʩʥʠʡ ʚʤʽʩʪ ʨʽʟʥʠʭ 

ʚʠʧʨʦʤʽʥʶʚʘʥʴ, ʘ ʧʦʪʽʤ ʚ ʤʦʟʢʫ ʣʶʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʠʥʪʝʟ ʪʨʴʦʭ 

ʟʙʫʜʞʝʥʴ ʚ ʻʜʠʥʠʡ ʢʦʣʽʨ. 
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ɿʘʚʜʷʢʠ ʯʫʜʦʚʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʘ - ʪʨʠʢʦʣʽʨʥʦʤʫ ʟʦʨʫ ʧʨʘʚʠʣʴʥʦ 

ʚʠʙʨʘʚʰʠ ʪʨʠ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣʘ ʢʦʣʴʦʨʫ ʽ ʟʤʽʰʘʚʰʠ ʾʭ ʚ ʧʝʚʥʠʭ 

ʧʨʦʧʦʨʮʽʷʭ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʟʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʣʶʜʠʥʦʶ 

ʢʦʣʽʨʥʠʭ ʚʽʜʪʽʥʢʽʚ. 

ʆʪʞʝ, ʚʽʜʧʘʜʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʧʝʨʝʜʘʯʽ ʚʩʽʭ ʢʦʣʴʦʨʽʚ. ʇʦ 

ʪʝʣʝʚʽʟʽʡʥʦʤʫ ʢʘʥʘʣʫ ʜʦʩʠʪʴ ʧʝʨʝʜʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʽʣʴʢʠ ʧʨʦ ʢʽʣʴʢʽʩʥʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʪʨʠʢʦʣʽʨʥʦʾ ʢʦʣʦʨʠʤʝʪʨʽʾ ʧʨʠʚʝʣʠ ʜʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʢʘʟʫ ʜʦʩʠʪʴ ʚʘʞʣʠʚʠʭ ʜʣʷ ʽʥʞʝʥʝʨʥʦʾ ʧʨʘʢʪʠʢʠ 

ʬʘʢʪʽʚ, ʘ ʩʘʤʝ: 

ʚʝʣʠʢʽ ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʦʙ'ʻʢʪʠ, ʷʢʽ ʧʨʠ ʪʝʣʝʚʽʟʽʡʥʽʡ ʧʝʨʝʜʘʯʽ ʚʠʤʘʛʘʶʪʴ 

ʩʤʫʛʠ ʚʽʜʝʦʯʘʩʪʦʪ ʚʽʜ 0 ʜʦ 0,5 ʄɻʮ ʽ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʪʨʠʢʦʣʽʨʥʠʤʠ (ʨʠʩ. 

3.16.). 

ʭ ʨʦʟʤʽʨʽʚ, ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʚʽʜʝʦʯʘʩʪʦʪʘʤʠ ʚʽʜ 

0,5 ʜʦ 1,5 ʄɻʮ, ʻ ʩʫʤʽʰʰʶ ʪʽʣʴʢʠ ʜʚʦʭ ʢʦʣʴʦʨʽʚ: ʧʦʤʘʨʘʥʯʝʚʦʛʦ ʽ ʟʝʣʝʥʦ-

ʩʠʥʴʦʛʦ (ʙʣʘʢʠʪʥʦʛʦ). 

ʄɻʮ ʽ ʚʠʱʝ, ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʩʧʦʩʪʝʨʽʛʘʯʘʤʠ ʪʽʣʴʢʠ ʧʦ ʷʩʢʨʘʚʽʩʥʠʤ ʛʨʘʜʘʮʽʷʤ, 

ʪʦʙʪʦ ʟʜʘʶʪʴʩʷ ʯʦʨʥʦ-ʙʽʣʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʜʨʽʙʥʠʭ 

ʜʝʪʘʣʝʡ ʥʝʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʩʫʙ'ʻʢʪʠʚʥʝ ʩʧʨʠʡʥʷʪʪʷ ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. 
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ʈʠʩ. 3.16. ɿʘʣʝʞʥʽʩʪʴ ʚʠʜʠʤʦʾ ʥʘʩʠʯʝʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʽ ʾʭ ʢʦʣʴʦʨʫ. 

 

ɿʘʚʜʷʢʠ ʮʽʡ ʚʘʞʣʠʚʽʡ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʨʫ ʚʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʽʩʪʦʪʥʦ 

ʩʢʦʨʦʪʠʪʠ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʣʽʨ, ʧʝʨʝʜʘʥʦʾ ʧʦ ʢʘʥʘʣʘʤʠ ʟʚ'ʷʟʢʫ ʽ 

ʚʽʜʪʚʦʨʝʥʦʾ ʥʘ ʝʢʨʘʥʽ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʚʽʟʦʨʘ, ʪʦʙʪʦ ʟʤʝʥʰʠʪʠ ʩʤʫʛʫ ʯʘʩʪʦʪ 

ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʤʫʛʦʶ ʯʘʩʪʦʪ ʜʣʷ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ 

ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ NTSC ʽ PAL. 
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ʃʝʢʮʽʷ 12. ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʷʩʢʨʘʚʦʩʪʽ ʽ 

ʢʦʣʴʦʨʦʚʦʩʪʽ. ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ. ʉʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ 

ʪʝʣʝʙʘʯʝʥʥʷ NTSC, PAL, SECAM. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʷʩʢʨʘʚʦʩʪʽ ʽ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ɺ ʢʦʣʴʦʨʦʚʦʤʫ ʪʝʣʝʙʘʯʝʥʥʽ ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʜʠʪʠʚʥʠʡ 

ʤʝʪʦʜ ʟʤʽʰʫʚʘʥʥʷ ʢʦʣʴʦʨʽʚ, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʤ 

(ʧʦʯʝʨʛʦʚʠʤ) ʘʙʦ ʦʜʥʦʯʘʩʥʠʤ. 

ʎʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʧʨʦʽʣʶʩʪʨʫʚʘʪʠ ʰʣʷʭʦʤ ʦʜʥʦʯʘʩʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʧʨʦʝʢʮʽʾ ʥʘ ʝʢʨʘʥ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʟʘ ʫʤʦʚʠ ʧʝʨʝʢʨʠʚʘʥʥʷ ʥʠʤʠ 

ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʧʦʚʝʨʭʥʽ ʝʢʨʘʥʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʪʨʠʢʦʤʧʦʥʝʥʪʥʦʾ ʢʦʣʽʨʥʦʾ 

ʪʝʦʨʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʤʽʱʝʥʥʷ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ, ʚʠʷʚʠʣʦʩʷ 

ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʙʝʟʧʝʨʝʨʚʥʫ ʛʘʤʤʫ ʢʦʣʽʨʥʠʭ ʪʦʥʽʚ. ʋ ʪʠʭ 

ʜʽʣʷʥʢʘʭ, ʜʝ ʦʩʥʦʚʥʽ ʢʦʣʴʦʨʠ ʥʝ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʚʦʥʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʽʡ 

ʧʝʨʚʽʩʥʠʡ ʪʦʥ. 

ʈʽʟʥʽ ʢʦʤʙʽʥʘʮʽʾ ʷʩʢʨʘʚʦʩʪʽ ʟʤʽʰʘʥʠʭ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʜʦʟʚʦʣʷʶʪʴ 

ʦʪʨʠʤʘʪʠ ʽʥʰʽ ʚʽʜʪʽʥʢʠ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚʩʽʭ ʪʨʴʦʭ ʢʦʣʴʦʨʽʚ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ 

ʯʦʨʥʝ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʢʦʣʽʨʥʠʡ ʪʦʥ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʫʤʽʰʽ ʟʘʚʞʜʠ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʤʽʰʫʚʘʥʠʭ ʢʦʣʴʦʨʽʚ. ʗʢʱʦ 

ʟʙʽʣʴʰʠʪʠ (ʘʙʦ ʟʤʝʥʰʠʪʠ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʚʠʥʥʠʭ ʢʦʣʴʦʨʽʚ ʚ ʦʜʥʘʢʦʚʝ 

ʯʠʩʣʦ ʨʘʟʽʚ, ʪʦ ʢʦʣʽʨʥʠʡ ʪʦʥ ʩʫʤʽʰʽ ʟʘʣʠʰʠʪʴʩʷ ʥʝʟʤʽʥʥʠʤ, ʟʤʽʥʠʪʴʩʷ ʣʠʰʝ 

ʾʾ ʷʩʢʨʘʚʽʩʪʴ. ɹʫʜʴ-ʷʢʘ ʟʤʽʥʘ ʚʽʜʥʦʩʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʤʽʰʫʚʘʥʠʭ ʢʦʣʴʦʨʽʚ 

ʥʝʤʠʥʫʯʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʨʝʟʫʣʴʪʫʶʯʦʾ ʩʫʤʽʰʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʥʦ ʽ ʷʢʽʩʥʦ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ 

ɽ' ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʪʘʢʠʤ ʨʽʚʥʽʩʪʶ: 

 

/

YE =r /

RE +g /

GE +b /

BE                                       (3.3) 
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ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ r, g, b ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʽ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, ʷʢʽ ʻ ʨʽʟʥʠʤʠ ʚ ʩʠʩʪʝʤʽ 

NTSC ʽ ʩʠʩʪʝʤʘʭ SECAM, PAL. ʆʜʥʘʢ ʽʩʪʦʨʠʯʥʦ ʩʢʣʘʣʦʩʷ ʪʘʢ, ʱʦ ʜʣʷ ʚʩʽʭ 

ʩʠʩʪʝʤ ʂʊ ʧʨʠʡʥʷʪʽ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʦʩʥʦʚʥʠʤ ʢʦʣʴʦʨʘʤ ʩʠʩʪʝʤʠ NTSC ʽ ʪʘʢ ʟʚʘʥʦʤʫ ʙʽʣʦʤʫ ʉ (ʮʝ ʢʦʣʽʨ ʩʚʽʪʽʥʥʷ 

ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 6500Üʉ). ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʫʣʘ (3.3) 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ (3.4) 

 

/

YE =0,299 /

RE +0,587 /

GE +0,114 /

BE                               (3.4) 

 

ʐʪʨʠʭʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʠʛʥʘʣʠ ʧʨʦʡʰʣʠ ʣʘʥʮʶʛʠ g-ʢʦʨʝʢʮʽʾ, ʱʦ 

ʢʦʤʧʝʥʩʫʶʪʴ ʩʧʦʪʚʦʨʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʥʝʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʷʩʢʨʘʚʦʩʪʽ 

ʩʚʽʪʽʥʥʷ ʝʢʨʘʥʘ ʢʽʥʝʩʢʦʧʘ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ. 

ʊʘʢʠʡ ʷʩʢʨʘʚʽʩʥʠʡ ʩʠʛʥʘʣ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʧʨʠʡʤʘʯʽʚ ʯʦʨʥʦ-

ʙʽʣʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. ʅʝʨʽʚʥʦʟʥʘʯʥʽʩʪʴ ʯʠʩʣʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚ ʦʩʪʘʥʥʴʦʤʫ 

ʨʽʚʥʷʥʥʽ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʝʢʪʨʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʟʦʨʫ ʣʶʜʠʥʠ. 

ɿʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (3.3) ʦʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ 

YE  ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʝʨʝʜʘʯʽ ʪʨʴʦʭ ʢʦʣʴʦʨʦʧʦʜʽʣʝʥʠʭ ʩʠʛʥʘʣʽʚ, RE , GE   ̔

BE . ɼʦʩʠʪʴ ʧʝʨʝʜʘʪʠ ʙʫʜʴ-ʷʢʽ ʜʚʘ ʟ ʥʠʭ, ʘ ʪʨʝʪʽʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʧʨʠʡʤʘʣʴʥʦʤʫ ʙʦʮʽ ʰʣʷʭʦʤ ʚʠʨʘʭʫʚʘʥʥʷ ʧʝʨʝʜʘʥʠʭ ʜʚʦʭ 

ʟ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ. ʊʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʢʦʣʦʨʠʤʝʪʨʠʯʥʠʤ 

ʢʦʜʫʚʘʥʥʷʤ. 

ʅʘʧʨʠʢʣʘʜ, ʟʝʣʝʥʠʡ ʢʦʣʽʨ ʚ ʧʨʠʡʤʘʣʴʥʠʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ: 

 

GE =1,7 YE  - 0,51 RE  - 0,19 BE                                    (3.5) 
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ʇʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ ʧʨʠʚʝʜʝʥʠʤʠ ʪʫʪ ʨʽʚʥʷʥʥʷʤʠ ʥʝʦʙʭʽʜʥʦ ʧʘʤ'ʷʪʘʪʠ, 

ʱʦ ʟʥʘʢ ʤʽʥʫʩ ʧʝʨʝʜ ʯʠʩʣʦʚʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʦʟʥʘʯʘʻ ʽʥʚʝʨʩʽʶ ʧʦʣʷʨʥʦʩʪʽ 

ʨʦʟʛʣʷʥʫʪʦʛʦ ʩʠʛʥʘʣʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʠʛʥʘʣʫ, ʧʦʣʷʨʥʽʩʪʴ ʷʢʦʛʦ 

ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʧʦʟʠʪʠʚʥʦʶ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʦʧʝʨʘʮʽʶ ʚʽʜʥʽʤʘʥʥʷ 

ʦʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʽʥʰʦʛʦ ʟʘʤʽʥʶʶʪʴ ʩʢʣʘʜʘʥʥʷʤ, ʧʦʧʝʨʝʜʥʴʦ ʟʤʽʥʠʚʰʠ 

ʧʦʣʷʨʥʽʩʪʴ ʪʦʛʦ ʩʠʛʥʘʣʫ, ʧʝʨʝʜ ʚʠʨʘʞʝʥʥʷʤ ʷʢʦʛʦ ʩʪʦʾʪʴ ʟʥʘʢ ʤʽʥʫʩ. 

 

ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ 

ʇʨʘʢʪʠʯʥʦ ʚ ʩʫʤʽʩʥʠʭ ʩʠʩʪʝʤʘʭ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʧʝʨʝʜʘʯʘ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʦʣʽʨ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʙʫʜʴ-ʷʢʠʭ ʢʦʣʴʦʨʦ-

ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʠʥʮʠʧ ʧʦʩʪʽʡʥʦʾ ʷʩʢʨʘʚʦʩʪʽ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʨʦʟʧʦʜʽʣ ʷʩʢʨʘʚʦʩʪʽ 

ʟʦʙʨʘʞʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʷʩʢʨʘʚʽʩʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛʠ 

ʩʫʤʽʩʥʦʩʪʽ ʩʠʩʪʝʤ ʢʦʣʴʦʨʦʚʦʛʦ ʽ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. 

ʋ ʟʚʠʯʘʡʥʠʭ ʧʝʨʝʜʘʯʘʭ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʚʝʣʠʢʫ ʧʠʪʦʤʫ ʚʘʛʫ 

ʤʘʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʟ ʯʠʩʣʝʥʥʠʤʠ ʯʦʨʥʦ-ʙʽʣʠʤʠ ʜʽʣʷʥʢʘʤʠ. ʂʨʽʤ ʪʦʛʦ, 

ʙʽʣʴʰʽʩʪʴ ʜʽʣʷʥʦʢ ʮʠʭ ʟʦʙʨʘʞʝʥʴ ʤʘʶʪʴ ʩʣʘʙʢʫ ʥʘʩʠʯʝʥʽʩʪʴ, ʪʦʙʪʦ 

ʧʝʨʝʚʘʞʘʶʪʴ ʨʦʞʝʚʽ, ʩʚʽʪʣʦ-ʙʣʘʢʠʪʥʽ, ʩʣʘʙʦ-ʟʝʣʝʥʽ ʽ ʪʦʤʫ ʧʦʜʽʙʥʽ ʪʦʥʠ. 

ɼʝʪʘʣʽ ʟ ʚʠʩʦʢʦʶ ʥʘʩʠʯʝʥʽʩʪʶ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʨʽʜʢʦ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʢʣʘʜʦʚʽ ʢʦʣʽʨʥʠʭ ʩʠʛʥʘʣʽʚ RE   ̔ BE , ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ 

ʚʩʝʨʝʜʠʥʽ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ YE , ʙʫʜʫʪʴ ʚʠʜʥʽ ʥʘ ʝʢʨʘʥʽ ʯʦʨʥʦ-

ʙʽʣʦʛʦ ʪʝʣʝʚʽʟʦʨʘ ʫ ʚʠʛʣʷʜʽ ʤʽʣʢʦʩʪʨʫʢʪʫʨʥʦʾ ʩʽʪʢʠ, ʱʦ ʧʦʚʽʣʴʥʦ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ. ʎʷ ʟʘʚʘʞʘʶʯʘ ʩʽʪʢʘ ʙʫʜʝ ʽʩʥʫʚʘʪʠ ʽ ʧʨʠ ʧʝʨʝʜʘʯʽ ʯʦʨʥʦ-

ʙʽʣʠʭ ʦʙ'ʻʢʪʽʚ, ʪʘʢ ʷʢ ʪʨʠ ʧʝʨʝʜʘʶʪʴ ʪʨʫʙʢʠ ʨʦʟʢʣʘʜʘʶʪʴ ʮʝ ʟʦʙʨʘʞʝʥʥʷ ʥʘ 

ʪʨʠ ʢʦʣʴʦʨʦʚʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʩʠʛʥʘʣʠ RE , GE , BE . ʊʦʤʫ 
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ʥʘʚʽʪʴ ʧʨʠ ʧʝʨʝʜʘʯʽ ʯʦʨʥʦ-ʙʽʣʠʭ ʟʦʙʨʘʞʝʥʴ ʧʦʚʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʤʽʩʪʠʪʠ 

ʢʨʽʤ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ YE  ʽ ʢʦʣʽʨʥʽ ʩʠʛʥʘʣʠ RE   ̔ BE . 

ʋ ʚʩʽʭ ʩʫʯʘʩʥʠʭ ʪʝʣʝʚʽʟʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʚʜʘʥʥʷ ʫʩʫʥʝʥʥʷ ʟʘʚʘʜ ʚʽʜ 

ʤʽʣʢʦʩʪʨʫʢʪʫʨʥʦʾ ʩʽʪʢʠ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʚ ʧʦʚʥʦʤʫ ʩʠʛʥʘʣʽ 

ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ ʢʦʣʴʦʨʦʚʠʭ ʩʠʛʥʘʣʽʚ ɽR ʽ ɽɺ ʢʦʣɹʦʨʦ-ʨʽʟʥʠʮʝʚʠʤʠ 

ʩʠʛʥʘʣʘʤʠ RE ð YE  ʽ BE ð YE . ʆʩʪʘʥʥʽ ʩʪʚʦʨʶʶʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʘʪʨʠʮʷʭ 

ʧʝʨʝʜʘʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ʟ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʧʦʜʽʣʝʥʠʭ ʟʦʙʨʘʞʝʥʴ: 

 

YRE - = RE ð YE ; 
YGE -
=

GE ð YE ; YBE - = BE ð YE                  (3.6) 

 

ɺʽʜʥʽʤʘʥʥʷ ʟ ʩʠʛʥʘʣʫ ʦʩʥʦʚʥʦʛʦ ʢʦʣʴʦʨʫ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ʬʦʨʤʘʣʴʥʦ 

ʦʟʥʘʯʘʻ, ʱʦ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʡ ʩʠʛʥʘʣ ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʧʘʣʽʪʨʫ ʢʦʣʴʦʨʽʚ, 

ʘʣʝ ʥʝ ʧʨʦ ʷʩʢʨʘʚʽʩʪʴ. 

ɼʣʷ ʧʝʨʝʜʘʯʽ ʧo ʊɹ ʪʨʘʢʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʩʢʨʘʚʽʩʥʠʡ ʩʠʛʥʘʣ Y ʽ 

ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ R- Y, B-Y. ʇʝʨʝʭʽʜ ʜʦ ʮʽʻʾ ʪʨʽʘʜʽ ʩʠʛʥʘʣʽʚ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ NTSC, ʚʠʨʽʰʫʻ ʨʷʜ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʘʚʜʘʥʴ: 

1. ʗʩʢʨʘʚʽʩʥʠʡ ʩʠʛʥʘʣ ʟʘʙʝʟʧʝʯʫʻ ʧʨʷʤʫ ʩʫʤʽʩʥʽʩʪʴ, ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʡʦʤʫ ʢʦʣʴʦʨʦʚʠʭ ʧʝʨʝʜʘʯ ʥʘ ʯʦʨʥʦ-ʙʽʣʽ ʪʝʣʝʚʽʟʦʨʠ ʙʝʟ ʙʫʜʴ- ʢ̫ʦʾ 

ʧʝʨʝʨʦʙʢʠ ʦʩʪʘʥʥʽʭ. 

2. ʊʘʢ ʷʢ ʫ ʚʣʘʩʪʠʚʦʩʪʷʭ ʟʦʨʦʚʦʛʦ ʩʧʨʠʡʥʷʪʪʷ ʜʨʽʙʥʽ ʜʝʪʘʣʽ ʤʦʞʥʘ 

ʚʽʜʪʚʦʨʶʚʘʪʠ ʙʝʟ ʟʘʙʘʨʚʣʝʥʥʷ, ʚ ʯʦʨʥʦ-ʙʽʣʦʤʫ ʚʠʛʣʷʜʽ, ʪʦ ʧʦʚʥʫ ʩʤʫʛʫ 

ʚʽʜʝʦʯʘʩʪʦʪ, ʥʝʦʙʭʽʜʥʫ ʩʪʘʥʜʘʨʪʦʤ, ʧʦʚʠʥʝʥ ʤʘʪʠ ʣʠʰʝ ʷʩʢʨʘʚʽʩʥʠʡ ʩʠʛʥʘʣ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʩʢʦʨʦʪʠʪʠ ʟʘʛʘʣʴʥʫ ʩʤʫʛʫ ʯʘʩʪʦʪ ʢʦʣʴʦʨʦʚʦʛʦ ʊɹ 

ʪʨʘʢʪʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʩʠʛʥʘʣʠ Y, R- Y ʪʘ ɺ- Y ʧʨʠʡʥʷʪʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ 

ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʢʦʣʴʦʨʦʚʦʛʦ ʊɹ, ʘʣʝ ʽ ʜʣʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʷʢʠʭ 

ʚʠʤʦʛʘ ʩʫʤʽʩʥʦʩʪʽ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʘ. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʣʽʨʥʠʭ 
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ʩʠʛʥʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʙʽʣʴʰ ʚʫʟʴʢʫ ʩʤʫʛʫ ʯʘʩʪʦʪ ʽ ʚʥʦʩʷʪʴ ʤʘʣʠʡ ʚʥʝʩʦʢ ʚ 

ʷʩʢʨʘʚʽʩʪʴ ʊɺ ʟʦʙʨʘʞʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. 

3. ɿ ʩʠʛʥʘʣʽʚ YRE -   ̔ YBE -  ʯʘʩʪʢʦʚʦ ʚʠʢʣʶʯʝʥʘ ʥʘʜʣʠʰʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʷʩʢʨʘʚʽʩʪʴ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʟʦʢʨʝʤʘ, ʾʭ ʘʤʧʣʽʪʫʜʘ ʟʚʝʨʪʘʻʪʴʩʷ ʚ ʥʫʣʴ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʙʽʣʦʛʦ ʽ ʩʽʨʦʛʦ (ʢʦʣʠ RE = 
GE = YE ) ʽ ʤʘʣʘ ʥʘ ʩʣʘʙʦ ʥʘʩʠʯʝʥʠʭ 

ʢʦʣʴʦʨʘʭ. ʊʘʢ ʷʢ ʪʘʢʽ ʢʦʣʴʦʨʠ ʟʘʟʚʠʯʘʡ ʧʝʨʝʚʘʞʘʶʪʴ, ʪʦ ʩʝʨʝʜʥʷ ʘʤʧʣʽʪʫʜʘ 

ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘʙʘʛʘʪʦ ʤʝʥʰʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʽ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʘ ʟʘ ʪʫ ʩʝʨʝʜʥʴʦʾ ʘʤʧʣʽʪʫʜʠ, ʷʢʘ ʙʫʣʘ ʙ ʧʨʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ /

RE , 
/

BE . 

ʎʝ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʩʫʤʽʩʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʴ. 

4. ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʜʫʞʝ ʟʨʫʯʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʠʡʤʘʯʘ: ʧʨʠ 

ʚʠʜʽʣʝʥʥʽ ʾʭ ʰʣʷʭʦʤ ʜʝʪʝʢʪʫʚʘʥʥʷ, ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ ʩʢʣʘʩʪʠ ʾʭ ʟ ʩʠʛʥʘʣʦʤ 

/

YE , ʱʦʙ ʦʪʨʠʤʘʪʠ ʩʠʛʥʘʣʠ /

RE   ̔
/

BE , ʷʢʽ ʤʦʞʥʘ ʧʦʜʘʚʘʪʠ ʥʘ ʧʨʠʡʤʘʣʴʥʶ 

ʪʨʫʙʢʫ (ʮʝ ʜʦʜʘʚʘʥʥʷ ʽʥʦʜʽ ʚʠʢʦʥʫʶʪʴ ʧʨʷʤʦ ʚ ʪʨʫʙʮʽ). ʅʘʚʽʪʴ ʙʝʟʧʦʩʝʨʝʜʥʷ 

ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʽʚ /

RE   ̔
/

BE  ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰ ʟʨʫʯʥʦʶ, ʪʘʢ ʷʢ ʜʦ ʥʠʭ ʪʨʝʙʘ 

ʜʦʜʘʚʘʪʠ ʚ ʧʨʠʡʤʘʣʴʥʠʢʫ ʚʠʩʦʢʦʷʢʽʩʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ 

("ʩʫʤʽʰ ʚʠʩʦʢʠʭ"), ʱʦ ʚ ʩʭʝʤʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʝ. 

 

ʉʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ NTSC, PAL, SECAM 

ɺ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʶʪʴ ʪʨʠ ʩʫʤʽʩʥʽ ʩʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ: 

ʘʤʝʨʠʢʘʥʩʴʢʘ NTSC (ʚʽʜ ʘʥʛʣ. National Television System Committee - 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʢʦʤʽʪʝʪ ʪʝʣʝʚʽʟʽʡʥʠʭ ʩʠʩʪʝʤ), ʟʘʭʽʜʥʦʥʽʤʝʮʴʢʘ PAL (ʚʽʜ ʘʥʛʣ. 

- Phase Alternation Line - ʨʷʜʢʠ ʟʽ ʟʤʽʥʥʦʶ ʬʘʟʦʶ) ʽ ʩʧʽʣʴʥʘ ʨʘʜʷʥʩʴʢʦ-

ʬʨʘʥʮʫʟʴʢʘ ʩʠʩʪʝʤʘ SECAM (Systeme sequential couleurs a memoire (ʬʨʘʥʮ.) 

- ʧʦʩʣʽʜʦʚʥʘ ʧʝʨʝʜʘʯʘ ʢʚʽʪʽʚ ʽʟ ʟʘʧʘʤ'ʷʪʦʚʫʚʘʥʥʷʤ. 

ɺ ʫʩʽʭ ʪʨʴʦʭ ʩʠʩʪʝʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ʽ ʜʚʘ 

ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ɽR-Y ʽ ɽɺ-Y, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʧʽʜʥʝʩʫʯʽʡ (ʘʙʦ 

ʥʘ ʧʽʜʥʝʩʫʯʠʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʩʧʝʢʪʨʽ ʷʩʢʨʘʚʽʩʥʦʛʦ ʩʠʛʥʘʣʫ). ʈʽʟʥʠʮʷ 

ʧʦʣʷʛʘʻ ʚ ʩʧʦʩʦʙʘʭ ʤʦʜʫʣʷʮʽʾ ʧʽʜʥʝʩʫʯʦʾ (ʧʽʜʥʝʩʫʯʠʭ). 
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ʉʠʩʪʝʤʘ NTSC ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʉʐɸ ʚ 1953 ʨʦʮʽ ʽ 

ʩʪʘʣʘ ʧʝʨʰʦʶ ʩʫʤʽʩʥʦʶ ʩʠʩʪʝʤʦʶ, ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ. 

ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʜʚʦʭ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʚʘʜʨʘʪʫʨʥʘ ʤʦʜʫʣʷʮʽʷ. ʇʨʠʥʮʠʧ ʢʚʘʜʨʘʪʫʨʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʙʠʜʚʘ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ɽR-Y ʽ ɽɺ-Y ʤʦʜʫʣʶʶʪʴ 

ʟʘ ʘʤʧʣʽʪʫʜʦʶ ʜʚʽ ʩʢʣʘʜʦʚʽ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʧʽʜʥʝʩʫʯʦʾ, ʟʩʫʥʫʪʽ ʦʜʥʘ ʚʽʜʥʦʩʥʦ 

ʽʥʰʦʾ ʧʦ ʬʘʟʽ ʥʘ 90 ʛʨʘʜʫʩʽʚ. ʏʘʩʪʦʪʘ ʧʽʜʥʝʩʫʯʦʾ ʜʦʨʽʚʥʶʻ = 3,579545 ʄɻʮ. 

ʄʦʜʫʣʷʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʣʘʥʩʦʚʠʭ ʤʦʜʫʣʷʪʦʨʽʚ, ʚ ʷʢʠʭ 

ʧʽʜʥʝʩʫʯʘ ʢʦʣʴʦʨʦʚʦʩʪʽ ʧʨʠʛʥʽʯʫʻʪʴʩʷ, ʘ ʟʘʣʠʰʘʶʪʴʩʷ ʣʠʰʝ ʙʽʯʥʽ ʩʤʫʛʠ. 

ʇʨʠʜʫʰʝʥʥʷ ʢʦʣʽʨʥʦʾ ʧʽʜʥʝʩʫʯʦʾ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻ ʟʘʚʘʜʠ ʥʘ ʝʢʨʘʥʽ 

ʪʝʣʝʚʽʟʦʨʘ. ʇʦʪʽʤ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʩʢʣʘʜʘʶʪʴʩʷ, ʫʪʚʦʨʶʶʯʠ ʛʝʦʤʝʪʨʠʯʥʫ 

ʩʫʤʫ ʮʠʭ ʩʠʛʥʘʣʽʚ, ʪʦʙʪʦ ʧʦʚʥʠʡ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʷʢʠʡ ʙʫʜʝ 

ʟʤʽʥʶʚʘʪʠʩʷ ʷʢ ʟʘ ʘʤʧʣʽʪʫʜʦʶ, ʪʘʢ ʽ ʧʦ ʬʘʟʽ. ʇʨʠ ʮʴʦʤʫ ʘʤʧʣʽʪʫʜʘ ʮʴʦʛʦ 

ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻ ʥʘʩʠʯʝʥʽʩʪʴ, ʘ ʬʘʟʘ - ʢʦʣʽʨʥʠʡ ʪʦʥ ʧʝʨʝʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 
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ʇʝʨʝʚʘʛʘ: ɺʽʜʩʫʪʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʝʩʫʯʦʾ ʚ ʩʧʝʢʪʨʽ 

ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 
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(3.9)

 

ɺ ʧʝʨʝʜʘʶʯʦʤʫ ʧʨʠʩʪʨʦʾ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʷʩʢʨʘʚʽʩʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʫʜʠ ʥʘʜʭʦʜʷʪʴ ʪʘʢʦʞ ʨʷʜʢʦʚʽ ʽ ʢʘʜʨʦʚʽ 

ʩʠʥʭʨʦʽʤʧʫʣʴʩʠ, ʛʘʩʷʯʽ ʽʤʧʫʣʴʩʠ ʽ ʩʠʛʥʘʣ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ, ʱʦʙ ʚʽʜʥʦʚʠʪʠ ʧʦʜʘʚʣʝʥʫ ʧʽʜʥʝʩʫʯʫ 

ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʘʢʪʠʚʥʦʩʪʽ. 
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 ʄ ï ʤʘʪʨʠʮʷ; 

 ʌʅʏ ï ʬ̔ʣʴʪʨ ʥʠʟʢɹʠʭ ʯʘʩʪʦʪ; 

 ɹʄ ï ʙʘʣʘʥʩʥʠʡ ʤʦʜʫʣʷʪʦʨ.; 

 ʉʄ ï ʟʤʽʰʫʚʘʯ; 

 ɼʏ ï ʧʦʜʽʣʴʥʠʢ ʯʘʩʪʦʪʠ; 

 ɻʋʇ ï ʛʝʥʝʨʘʪʦʨ ʢʦʣʴʦʨʦʚʦʾ ʧ̔ ʜʥʝʩʫʯʦʾ.; 

 ʌɺ ï ʬʘʟʦʧʦʚʝʨʪʘʯ; 

 ʌʦʨʤ  ñʎɺò ï ʬʦʨʤʫʚʘʯ ʢʦʣʴʦʨʦʚʦʛʦ ʩʧʘʣʘʭʫ; 

 ʉɻ ï ʩʠʥʭʨʦʛʝʥʝʨʘʪʦʨ.  

 

ɼʣʷ ʥʝʩʧʦʪʚʦʨʝʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʫ ʚ ʧʨʠʡʤʘʯʽ, ʧʝʨʝʜʘʚʘʣʴʥʘ 

ʩʪʘʥʮʽʷ ʧʝʨʝʜʘʻ ʝʪʘʣʦʥʥʠʡ ʩʠʛʥʘʣ ʧʦ ʬʘʟʽ ʛʝʥʝʨʘʪʦʨʘ ʢʦʣʽʨʥʦʾ ʧʽʜʥʝʩʫʯʦʾ ʫ 

ʚʠʛʣʷʜʽ ʩʠʛʥʘʣʫ ʢʦʣʽʨʥʦʛʦ "ʩʧʘʣʘʭʫ" - ʮʝ f ʧʝʨʽʦʜʽʚ sin ʥʘʧʨʫʛʠ ʛʝʥʝʨʘʪʦʨʘ 

ʢʦʣʽʨʥʦʾ ʧʽʜʥʝʩʫʯʦʾ, ʥʫʣʴʦʚʘ ʬʘʟʘ, ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ ʥʝʛʘʪʠʚʥʦʤʫ ʥʘʧʨʷʤʢʫ 

ʦʩʽ B-Y. ʈʦʟʪʘʰʦʚʘʥʠʡ ʮʝʡ ʩʠʛʥʘʣ ʥʘ ʟʘʜʥʽʡ ʧʦʣʠʮʽ ʨʷʜʢʦʚʦʛʦ ʛʘʩʷʯʦʛʦ 

ʽʤʧʫʣʴʩʫ. 
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ʈʠʩ. 3.19. ʋʪʚʦʨʝʥʥʷ ʧʦʚʥʦʛʦ ʢʦʣʽʨʥʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 
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ʇʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʩʠʛʥʘʣʫ ʯʝʨʝʟ ʢʘʥʘʣ ʟ ʦʙʤʝʞʝʥʦʶ ʧʨʦʧʫʩʢʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʚʠʥʠʢʘʻ ʟʘʪʨʠʤʢʘ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʦʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʠʨʠʥʠ ʩʤʫʛʠ. 

ɼʣʷ ʯʘʩʦʚʦʛʦ ʟʙʽʛʫ ʚʩʽʭ ʪʨʴʦʭ ʩʠʛʥʘʣʽʚ 
JQY EEE ,,  ʚ ʙʽʣʴʰ ʰʠʨʦʢʦʩʤʫʛʦʚʽ 

ʢʘʥʘʣʠ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ. ʊʘʢ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʚʥʠʡ ʢʦʣʽʨʥʠʡ 

ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ (ʇʎʊʉ). 

ʋ ʢʦʣʴʦʨʦʚʠʭ ʪʝʣʝʚʽʟʦʨʘʭ ʩʠʩʪʝʤʠ NTSC ʧʦʚʥʠʡ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʘ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʭʨʦʥʥʠʭ 

ʜʝʪʝʢʪʦʨʽʚ. 
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ʈʠʩ. 3.20. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʝʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ NTSC. 

 

 ɺɼ ï ʚ̔ʜʝʦʜʝʪʝʢʪʦʨ; 

 ɺʋ ï ʚ̔ʜʝʦʧʽʜʩʠʣʶʚʘʯ; 

 ʃɿ ï ʣʯʥʯ̫  ʟʘʪʨʠʤʢʠ; 

 ʈʌ ï ʨʝʞʝʢʪʦʨʥʠʡ ʬʣ̔ʴʪʨ; 

 ʋɺ ʉʉʀ ï ʧʨʠʩʪʨʽʡ ʚʠʜʽʣʝʥʥʷ ʉʉɯ; 

 ʇʋ ï ʧʦʣʦʩʦʚʠʡ ʧʽʜʩʠʣʶʚʘʯ; 

 ʉɼ ï ʩʠʥʭʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ; 
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 ʌɺ ï ʬʘʟʦʧʦʚʝʨʪʘʯ; 

 ʌʅʏ ï ʬ̔ʣʴʪʨ ʅʏ; 

 ʄ ï ʤʘʪʨʠʮ;̫ 

 ʌɼ ï ʬʘʟʦʚʠʡ ʜʝʪʝʢʪʦʨ ; 

 ʋʈʕ ï ʢʝʨʦʚʘʥʠʡ ʨʝʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ; 

 ɻʇ ï ʛʝʥʝʨʘʪʦʨ ʧʜ̔ʥʝʩʫʯʦʾ. 

ʈʦʙʦʪʘ: 

ʉʭʝʤʘ ʜʝʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʤʽʩʪʠʪʴ ʪʨʠ ʢʘʥʘʣʠ: 

1-ʡ ʢʘʥʘʣ ʷʩʢʨʘʚʦʩʪʽ; 

2-ʡ ʢʘʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ; 

3-ʡ ʧʨʠʩʪʨʽʡ ʬʘʟʦʚʦʛʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʥʝʩʫʯʦʾ. 

ʉʠʛʥʘʣ ʢʦʣʽʨʥʦʛʦ ʩʧʘʣʘʭʫ ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʶʯʘ ʢʝʨʫʚʘʥʥʷ 

ʧʨʠʩʪʨʦʶ ʚʠʜʽʣʝʥʥʷ ʉʉɯ ʽ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʜʠʥ ʟ ʚʭʦʜʽʚ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, 

ʥʘ ʽʥʰʠʡ ʚʭʽʜ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘʜʭʦʜʠʪʴ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ 

ʧʽʜʥʝʩʫʯʦʾ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ ʚ ʯʘʩʪʦʪʽ ʽ ʚ ʬʘʟʽ ʮʠʭ ʩʠʛʥʘʣʽʚ, ʥʘ 

ʚʠʭʦʜʽ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʘʧʨʫʛʘ ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ 

ʽʥʰʠʡ ʨʝʘʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʥʝʩʫʯʦʾ ʥʘʚ'ʷʟʫʶʯʠ ʡʦʤʫ ʯʘʩʪʦʪʫ ʽ 

ʬʘʟʫ ʢʦʣʽʨʥʦʾ ʩʧʘʣʘʭʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʟʦʚʦʛʦ ʢʫʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʴʦʨʫ J 

(ʦʨʘʥʞʝʚʦʛʦ) ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʛʝʥʝʨʘʪʦʨʘ ʧʽʜʥʝʩʫʯʦʾ ʟʩʫʚʘʻʪʴʩʷ ʥʘ "-57", ʘ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʘʟʦʚʦʛʦ ʢʫʪʘ ʢʦʣʴʦʨʫ Q (ʧʫʨʧʫʨʥʦʛʦ) ʱʝ ʥʘ "-90". ʎʽ 

ʩʠʛʥʘʣʠ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʭʦʜʠ ʩʠʥʭʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʥʘ ʽʥʰʽ 

ʚʭʦʜʠ ʩʠʥʭʨʦʥʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʥʘʜʭʦʜʠʪʴ ʟʘʢʦʜʦʚʘʥʠʡ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ, 

ʚʠʜʽʣʝʥʠʡ ʧʦʣʦʩʦʚʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ. ʉʠʥʭʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ - ʧʝʨʝʤʥʦʞʫʚʘʯ 

ʩʠʛʥʘʣʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʡʦʛʦ ʚʭʦʜʠ. 
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  (3.10) 
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ɺ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʩʤʫʛʦʚʽ ʢʘʥʘʣʠ (ʷʩʢʨʘʚʦʩʪʽ ʽ ʦʨʘʥʞʝʚʦʛʦ ʢʦʣʴʦʨʫ) 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ, ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʭʦʜʫ 

ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʠ ʤʘʪʨʠʮʽ ʄ. ʉʠʛʥʘʣʠ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ: 
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(3.11) 

(3.12) 

(3.13) 

 

ʇʝʨʝʚʘʛʠ: 

1. ɺʠʩʦʢʘ ʢʦʣʽʨʥʘ ʯʽʪʢʽʩʪʴ ʧʨʠ ʚʫʟʴʢʦʧʦʣʦʩʥʦʤʫ ʢʘʥʘʣʽ ʧʝʨʝʜʘʯʽ. 

2. ɺʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʢʦʜʫʶʯʠʭ ʽ ʜʝʢʦʜʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ. 

3. ʍʦʨʦʰʘ ʩʫʤʽʩʥʽʩʪʴ ʟ ʏ/ɹ ʪʝʣʝʚʽʟʦʨʦʤ ʟʘ ʨʘʭʫʥʦʢ ʙʘʣʘʥʩʥʦʾ ʤʦʜʫʣʷʮʽʾ 

ʽ ʧʝʨʝʤʝʞʫʚʘʥʥʷ ʩʧʝʢʪʨʘ. 

ʥʝʜʦʣʽʢ: 

ʉʠʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ 

ʢʦʣʽʨʥʦʛʦ ʪʦʥʫ: 

 

)(sin ʎʎYCYʎʊɺ tEEEEe jw++=+=    (3.14) 

 

ʉʠʩʪʝʤʘ NTSC ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʯʽʪʢʽʩʪʴ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, 

ʣʝʛʢʦ ʟʜʽʡʩʥʶʻ ʧʦʜʽʣ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʽʥʽʾ 

ʟʘʪʨʠʤʢʠ, ʘʣʝ ʤʘʻ ʚʝʣʠʢʫ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʢʦʣʽʨʥʦʛʦ ʪʦʥʫ ʚʽʜ ʘʤʧʣʽʪʫʜʠ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ. 

ʂʨʽʤ ʬʘʟʦʚʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʩʠʩʪʝʤʘ NTSC ʩʭʠʣʴʥʘ ʜʦ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʟʤʽʥʫ ʥʘʩʠʯʝʥʦʩʪʽ ʚ ʢʦʣʴʦʨʘʭ ʪʝʤʥʠʭ 

ʽ ʩʚʽʪʣʠʭ ʜʽʣʷʥʦʢ ʟʦʙʨʘʞʝʥʥʷ. 

ʉʠʩʪʝʤʘ NTSC ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʚʠʱʫ ʷʢʽʩʪʴ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, 

ʘʣʝ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʪʝʭʥʽʯʥʦʾ ʷʢʦʩʪʽ ʧʨʠʡʦʤʦʧʝʨʝʜʘʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ. 
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ʉʠʩʪʝʤʘ PAL ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ ʚʧʨʦʚʘʜʞʝʥʘ ʥʘ ʧʦʯʘʪʢʫ 60-ʭ ʨʦʢʽʚ 

ʬʽʨʤʦʶ çʊʝʣʝʬʫʥʢʝʥè (ʌʈʅ). ʉʠʩʪʝʤʘ PAL ʻ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʶ, ʥʽʞ 

NTSC. ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʚʣʘʩʪʠʚʽ ʩʠʩʪʝʤʽ NTSC ʬʘʟʦʚʽ 

ʩʧʦʪʚʦʨʝʥʥʷ. 

ʗʢ ʽ ʚ ʩʠʩʪʝʤʽ NTSC, ʚ ʩʠʩʪʝʤʽ PAL ʟʘʩʪʦʩʦʚʘʥʘ ʢʚʘʜʨʘʪʫʨʥʘ ʤʦʜʫʣʷʮʽʷ 

(ʢʦʣʽʨʥʦʾ) ʧʽʜʥʝʩʫʯʦʾ, ʘʣʝ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʾ ʬʘʟʘ ʩʢʣʘʜʦʚʦʾ ʧʽʜʥʝʩʫʯʦʾ, ʷʢʘ 

ʤʦʜʫʣʶʻʪʴʩʷ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʤ ʩʠʛʥʘʣʦʤ, ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʨʷʜʢʘ 

ʜʦ ʨʷʜʢʘ ʥʘ 180 ʛʨʘʜʫʩʽʚ (ʨʠʩ. 3.21). 

 

 

ʈʠʩ.3.21. ɺʝʢʪʦʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʫ PAL 

 

ʄʦʜʫʣʷʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʠʛʥʘʣʘʤʠ UE = 0,493
YBE -

  ̔ VE = 0,877
YRE -
. 

ʉʢʣʘʜʦʚʘ ʧʽʜʥʝʩʫʯʦʾ, ʤʦʜʫʣʴʦʚʘʥʘ ʩʠʥʽʤ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʤ 

ʩʠʛʥʘʣʦʤ, ʤʘʻ ʧʦʩʪʽʡʥʫ ʬʘʟʫ. ʏʘʩʪʦʪʘ ʧʽʜʥʝʩʫʯʦʾ ʦʙʨʘʥʦ ʨʽʚʥʦʶ = 

4,43361875 ʄɻʮ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʤʽʪʥʦʩʪʽ ʮʽʻʾ ʧʽʜʥʝʩʫʯʦʾ ʥʘ 

ʟʘʙʘʨʚʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʅʘ ʯʦʨʥʦ-ʙʽʣʠʭ ʜʽʣʷʥʢʘʭ 

ʟʦʙʨʘʞʝʥʥʷ ʟʘʚʘʜʘ ʚʽʜ ʧʽʜʥʝʩʫʯʦʾ ʚʽʜʩʫʪʥʷ, ʪʘʢ ʷʢ ʚʦʥʘ ʧʨʠʜʫʰʫʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʜʘʯʽ ʯʦʨʥʦ-ʙʽʣʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʄʦʜʫʣʷʮʽʷ ʧʽʜʥʝʩʫʯʦʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʘʣʘʥʩʦʚʠʭ ʤʦʜʫʣʷʪʦʨʽʚ (ʨʠʩ. 3.22). 
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ʈʠʩ.3.22. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ PAL 

 

ʉʠʛʥʘʣʠ, ʦʜʝʨʞʫʚʘʥʽ ʥʘ ʚʠʭʦʜʘʭ ʙʘʣʘʥʩʥʠʭ ʤʦʜʫʣʷʪʦʨʽʚ, ʩʢʣʘʜʘʶʪʴʩʷ ʚ 

ʩʫʤʫʶʯʦʤʫ ʧʨʠʩʪʨʦʾ, ʫʪʚʦʨʶʶʯʠ ʨʝʟʫʣʴʪʫʶʯʠʡ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʨʝʟV . ɿ 

ʨʠʩ.3.22 ʚʠʜʥʦ, ʱʦ ʧʽʜʥʝʩʫʯʘ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʥʘ ʤʦʜʫʣʷʪʦʨ çB-Yè ʟ 

ʛʝʥʝʨʘʪʦʨʘ ɻ, ʧʦʜʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ (ʬʘʟʘ 0 ʛʨʘʜʫʩʽʚ), ʘ ʥʘ ʤʦʜʫʣʷʪʦʨ çR-

Yè ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʫʪʘʪʦʨ ɽʂ, ʷʢʠʡ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʩʠʛʥʘʣʦʤ 

ʥʘʧʽʚʨʷʜʢʦʚʦʾ ʯʘʩʪʦʪʠ fʩʪʨ/2. ʇʨʠʯʦʤʫ ʚ ʦʜʥʦʤʫ ʨʷʜʢʫ ʧʽʜʥʝʩʫʯʘ ʥʘʜʭʦʜʠʪʴ 

ʥʘ ʤʦʜʫʣʷʪʦʨ ʯʝʨʝʟ ʬʘʟʦʦʙʝʨʪʘʯ 90 ʛʨʘʜʫʩʽʚ, ʘ ʚ ʽʥʰʠʡ -ʯʝʨʝʟ ʽʥʚʝʨʪʦʨ 180 

ʛʨʘʜʫʩʽʚ. 

ʗʢ ʽ ʚ ʩʠʩʪʝʤʽ NTSC, ʨʝʟʫʣʴʪʫʶʯʝ ʢʦʣʠʚʘʥʥʷ ʤʘʻ ʦʜʥʦʯʘʩʥʦ 

ʘʤʧʣʽʪʫʜʥʫ ʽ ʬʘʟʦʚʫ ʤʦʜʫʣʷʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʚʠʟʥʘʯʘʻ ʥʘʩʠʯʝʥʽʩʪʴ, ʘ ʬʘʟʘ - ʢʦʣʽʨʥʠʡ ʪʦʥ ʧʝʨʝʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʪʝʣʝʚʽʟʦʨʽ ʧʨʠʜʫʰʝʥʦʾ ʧʽʜʥʝʩʫʯʦʾ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʷʢ ʽ 

ʚ ʩʠʩʪʝʤʽ NTSC, ʥʘ ʟʘʜʥʴʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʨʷʜʢʦʚʦʛʦ ʛʘʩʷʯʦʛʦ ʽʤʧʫʣʴʩʫ 

ʧʝʨʝʜʘʻʪʴʩʷ ʩʧʘʣʘʭ ʧʽʜʥʝʩʫʯʦʾ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʩʷʪʠ ʧʝʨʽʦʜʽʚ ʢʦʣʽʨʥʦʾ 

ʧʽʜʥʝʩʫʯʦʾ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ NTSC ʬʘʟʘ ʩʧʘʣʘʭʫ ʜʦʨʽʚʥʶʻ +45 ʛʨʘʜʫʩʽʚ ʽ -45 ʛʨʘʜʫʩʽʚ 

ʱʦʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʥʘʧʨʷʤʢʫ ʦʩʽ R-Y ʚ ʧʘʨʥʽʡ ʽ ʥʝʧʘʨʥʽʡ ʨʷʜʢʘʭ ʚʽʜʧʦʚʽʜʥʦ. 

ɿʘ ʬʘʟʦʶ ʩʧʘʣʘʭʫ ʚ ʪʝʣʝʚʽʟʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʢ ʩʢʣʘʜʦʚʦʾ UV. 
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ʄʘʣ. 3.23. ʉʧʨʦʱʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʝʢʦʜʝʨʘ PAL. 

 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʨʦʱʝʥʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʦʜʥʦʛʦ ʟ ʚʘʨʽʘʥʪʽʚ ʜʝʢʦʜʝʨʘ 

PAL (ʨʠʩ. 3.23). 

ʇʦʚʥʠʡ ʢʦʣʽʨʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʦʣʦʩʦʚʠʡ ʬʽʣʴʪʨ 

ʇʌ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʩʤʫʛʫ ʯʘʩʪʦʪ, ʷʢʫ ʟʘʡʤʘʻ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚ 

ʩʧʝʢʪʨʽ ʚʽʜʝʦʩʠʛʥʘʣʫ. ɺʠʜʽʣʝʥʠʡ ʧʦʣʦʩʦʚʠʤ ʬʽʣʴʪʨʦʤ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʣʽʥʽʾ ʟʘʪʨʠʤʢʠ ʥʘ ʯʘʩ ʦʜʥʦʛʦ ʨʷʜʢʘ (64 

ʤʢʩ), ʥʘ ʝʣʝʢʪʨʦʥʥʠʡ ʢʣʶʯ ʂ, ʱʦ ʚʠʜʽʣʷʻ ʩʠʛʥʘʣ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

(ʩʧʘʣʘʭ), ʽ ʥʘ ʧʨʠʩʪʨʽʡ ʩʢʣʘʜʘʥʥʷ (+) ʽ ʚʽʜʥʽʤʘʥʥʷ (-). ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʘʥʥʷ 

ʧʨʷʤʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʟʘʪʨʠʤʘʥʠʤ ʧʨʠʜʫʰʫʶʪʴʩʷ ʩʢʣʘʜʦʚʽ ʽ ʚʠʜʽʣʷʶʪʴʩʷ 

ʧʦʜʚʦʻʥʽ ʩʢʣʘʜʦʚʽ ʟ ʧʦʩʪʽʡʥʠʤ ʟʥʘʢʦʤ. ʇʨʠ ʚʽʜʥʽʤʘʥʥʽ ʟʘʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ 

ʟ ʧʨʷʤʦʛʦ ʧʨʠʜʫʰʫʶʪʴʩʷ ʩʢʣʘʜʦʚʽ ʽ ʚʠʜʽʣʷʶʪʴʩʷ ʧʦʜʚʦʻʥʽ ʩʢʣʘʜʦʚʽ. ɿʥʘʢ 

ʯʝʨʛʫʻʪʴʩʷ ʚʽʜ ʨʷʜʢʘ ʜʦ ʨʷʜʢʘ. ʅʘ ʨʠʩ. 3.24 ʧʦʢʘʟʘʥʽ ʚʝʢʪʦʨʦʛʨʘʤʤʠ, ʱʦ 

ʧʦʷʩʥʶʶʪʴ ʧʨʠʥʮʠʧ ʧʦʜʽʣʫ ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ PAL. 
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ʄʘʣ. 3.24. ɺʝʢʪʦʨʦʛʨʘʤʤʠ, ʱʦ ʧʦʷʩʥʶʶʪʴ ʧʨʠʥʮʠʧʠ ʧʦʜʽʣʫ ʩʠʛʥʘʣʽʚ PAL 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʟ ʢʦʤʧʦʥʝʥʪ UV ʽ UU ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ 

ʥʝʦʙʭʽʜʥʦ ʾʭ ʧʨʦʜʝʪʝʢʪʫʚʘʪʠ. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʩʠʥʭʨʦʥʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ. ɼʣʷ 

ʡʦʛʦ ʨʦʙʦʪʠ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ, ʯʘʩʪʦʪʘ ʽ ʬʘʟʘ ʷʢʦʛʦ ʨʽʚʥʽ 

ʩʠʛʥʘʣʫ ʧʨʠʜʫʰʝʥʦʾ ʢʦʣʽʨʥʦʾ ʧʽʜʥʝʩʫʯʦʾ. ʉʠʛʥʘʣ ʬʦʨʤʫʻʪʴʩʷ ʟ ʩʧʘʣʘʭʫ, ʷʢʘ 

ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ ʂ ʟ ʧʦʚʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ 

ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʉʧʘʣʘʭ ʧʦʜʘʻʪʴʩʷ ʥʘ ʛʝʥʝʨʘʪʦʨ, ʚʠʢʦʥʘʥʠʡ ʟʘ ʩʠʩʪʝʤʦʶ ʬʘʟʦʚʦʛʦ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʌɸʇʏ (ʨʠʩ. 3.25). 

 

 

ʄʘʣ. 3.25. ʌʦʨʤʫʚʘʥʥʷ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʧʽʜʥʝʩʫʯʦʾ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʌɸʇʏ 
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ʉʠʩʪʝʤʘ ʌɸʇʏ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ, ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ɻʂʅ 

(ɻʋʅ), ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʌɼ ʽ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ ʯʘʩʪʦʪ ʌʅʏ. 

ʅʘʧʨʫʛʘ ʛʝʥʝʨʘʪʦʨʘ, ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ʚʧʣʠʚʘʻ ʥʘ ʦʜʠʥ ʟ ʚʭʦʜʽʚ 

ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʥʘ ʽʥʰʠʡ ʚʭʽʜ-ʩʠʛʥʘʣ ʩʧʘʣʘʭʫ. ʗʢʱʦ ʯʘʩʪʦʪʘ 

ʛʝʥʝʨʘʪʦʨʘ, ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ʙʣʠʟʴʢʘ ʜʦ ʯʘʩʪʦʪʠ ʩʧʘʣʘʭʫ, ʪʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʭʦʧʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ, ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ʧʦ ʯʘʩʪʦʪʽ ʽ ʬʘʟʽ. 

ʋ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ, ʢʝʨʦʚʘʥʦʛʦ 

ʥʘʧʨʫʛʦʶ ʜʦʨʽʚʥʶʻ ʯʘʩʪʦʪʽ ʩʧʘʣʘʭʫ, ʘ ʦʪʞʝ, ʯʘʩʪʦʪʽ ʢʦʣʽʨʥʦʾ ʧʽʜʥʝʩʫʯʦʾ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʌɸʇʏ ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʯʘʩʪʦʪʫ ʛʝʥʝʨʘʪʦʨʘ, ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ʩʪʘʙʽʣʽʟʫʶʪʴ 

ʢʚʘʨʮʝʤ. ʈʦʟʜʽʣʝʥʽ ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʦʜʠ ʩʠʥʭʨʦʥʥʠʭ 

ʜʝʪʝʢʪʦʨʽʚ ʉɼ. 

ʋ ʩʪʘʣʦʤʫ ʨʝʞʠʤʽ ʬʘʟʘ ʦʧʦʨʥʦʾ ʧʽʜʥʝʩʫʯʦʾ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ, 

ʢʝʨʦʚʘʥʦʛʦ ʥʘʧʨʫʛʦʶ ʟʙʽʛʘʻʪʴʩʷ ʟ ʚʽʩʩʶ ʚʠʭʦʜʫ R-Y ʽ ʜʦʨʽʚʥʶʻ 90 ʛʨʘʜʫʩʘʤ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʟʙʽʛ ʬʘʟ 

ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʩʠʛʥʘʣʘʤʠ ʢʦʣʴʦʨʦʚʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʥʘ ʩʠʥʭʨʦʥʥʠʡ 

ʜʝʪʝʢʪʦʨ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ (B-Y) ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʘʪʠ 

ʯʝʨʝʟ ʬʘʟʦʦʙʝʨʪʘʯ ʥʘ 90 ʛʨʘʜʫʩʽʚ, ʥʘ ʩʠʥʭʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ ʩʠʛʥʘʣʫ 

ʢʦʣʴʦʨʦʚʦʩʪʽ (R-Y) ʦʧʦʨʥʠʡ ʩʠʛʥʘʣ ʧʦʜʘʶʪʴ ʥʘ ʦʜʠʥ ʟ ʚʭʦʜʽʚ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʫʪʘʪʦʨʘ ɽʂ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘ ʥʘ ʽʥʰʽʡ - ʯʝʨʝʟ ʬʘʟʦʽʥʚʝʨʪʦʨ ʥʘ 180 

ʛʨʘʜʫʩʽʚ. 

ɽʣʝʢʪʨʦʥʥʠʡ ʢʦʤʫʪʘʪʦʨ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʛʥʘʣʫ 

ʥʘʧʽʚʨʷʜʢʦʚʦʾ ʯʘʩʪʦʪʠ fʩʪʨ/2. ʌʘʟʘ ʨʦʙʦʪʠ ɽʂ ʟʘʩʠʥʭʨʦʥʽʟʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʥʘ ʨʠʩ. 3.23 ʥʝ ʧʦʢʘʟʘʥʠʡ). 

ʗʢʱʦ ʫ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʻ ʬʘʟʦʚʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʪʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

(ʚʽʜʥʽʤʘʥʥʽ) ʧʨʷʤʦʛʦ ʽ ʟʘʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʽʚ ʧʽʜ ʯʘʩ ʾʭ ʧʦʜʽʣʫ ʮʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʤʧʝʥʩʫʶʪʴʩʷ. 

ʉʠʩʪʝʤʘ PAL ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ: 
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1. ɺʽʜʩʫʪʥʷ ʟʘʚʘʜʘ ʚʽʜ ʧʽʜʥʝʩʫʯʦʾ ʥʘ ʥʝʟʘʬʘʨʙʦʚʘʥʠʭ ʜʽʣʷʥʢʘʭ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʘʢ ʷʢ ʧʽʜʥʝʩʫʯʘ ʥʝ ʧʝʨʝʜʘʻʪʴʩʷ. 

2. ʬʘʟʦʚʽ ʩʧʦʪʚʦʨʝʥʥʷ ʚʽʜʩʫʪʥʽ ʽ ʪʦʤʫ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʧʦʨʫʰʝʥʴ 

ʢʦʣʽʨʥʦʛʦ ʪʦʥʫ. 

3. ʄʘʣʘ ʯʫʪʣʠʚʽʩʪʴ ʜʦ çʘʩʠʤʝʪʨʽʾè ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʢʘʥʘʣʫ 

ʢʦʣʴʦʨʦʚʦʩʪʽ. 

4. ʇʨʠ ʧʦʜʽʣʽ ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚʠʜʽʣʷʻʪʴʩʷ ʧʦʜʚʦʻʥʘ ʘʤʧʣʽʪʫʜʘ 

ʩʢʣʘʜʦʚʠʭ VU   ̔ UU , ʱʦ ʧʽʜʚʠʱʫʻ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ / ʰʫʤ. 

5. ɿʤʝʥʰʫʶʪʴʩʷ çʧʝʨʝʭʨʝʩʥʽè ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʤʽʞ 

ʩʠʛʥʘʣʘʤʠ ʷʩʢʨʘʚʦʩʪʽ ʽ ʢʦʣʴʦʨʦʚʦʩʪʽ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʤ ʚʠʙʦʨʦʤ 

ʯʘʩʪʦʪʘ ʧʽʜʥʝʩʫʯʦʾ). 

ʅʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤʠ PAL ʻ ʟʥʠʞʝʥʥʷ ʯʽʪʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʯʝʨʝʟ 

ʫʩʝʨʝʜʥʝʥʥʷ ʩʠʛʥʘʣʫ ʢʦʣʴʦʨʦʚʦʩʪʽ ʚ ʜʚʦʭ ʥʘʩʪʫʧʥʠʭ ʨʷʜʢʘʭ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʽ ʜʝʢʦʜʫʚʘʥʥʷ ʩʠʩʪʝʤʠ SECAM. 

ʉʠʩʪʝʤʘ SECAM ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʬʨʘʥʮʫʟʴʢʠʤ ʽʥʞʝʥʝʨʦʤ ɸʥʨʽ ʜʝ 

ʌʨʘʥʩʦʤ ʚ 1958 ʨʦʮʽ, ʧʦʪʽʤ ʚʝʣʠʩʷ ʩʧʽʣʴʥʽ ʨʦʙʦʪʠ ʨʘʜʷʥʩʴʢʠʭ ʽ ʬʨʘʥʮʫʟʴʢʠʭ 

ʽʥʞʝʥʝʨʽʚ, ʽ 1 ʞʦʚʪʥʷ 1967 ʨʦʢʫ ʩʠʩʪʝʤʘ ʙʫʣʘ ʦʜʥʦʯʘʩʥʦ ʚʚʝʜʝʥʘ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʉʈʉʈ ʽ ʌʨʘʥʮʽʾ. 

ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʧʦ ʯʝʨʟʽ: 

ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʷʜʢʘ ʧʝʨʝʜʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʚʦʥʠʡ, ʧʨʦʪʷʛʦʤ 

ʥʘʩʪʫʧʥʦʛʦ - ʩʠʥʽʡ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʡ ʩʠʛʥʘʣ ʽ ʪ. ʜ. 

ʂʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʧʽʜʥʝʩʫʯʠʭ 

ʯʘʩʪʦʪ: 

fʦr = 4,406 ʄɻʮ 

fob = 4,250 ʄɻʮ. 

ʎʽ ʯʘʩʪʦʪʠ ʻ ʛʘʨʤʦʥʽʢʘʤʠ ʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ (ʧʝʨʰʘ ʚ 282 ʨʘʟʠ, ʘ ʜʨʫʛʘ 

ʚ 272 ʨʘʟʠ ʚʠʱʝ ʯʘʩʪʦʪʠ ʨʷʜʢʦʚʦʾ ʨʦʟʛʦʨʪʢʠ). ɺʠʙʽʨ ʯʘʩʪʦʪ ʧʽʜʥʝʩʫʯʠʭ, 
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ʧʨʦʚʝʜʝʥʠʡ ʟ ʫʤʦʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʜʫʰʝʥʥʷ ʟʘʚʘʜ ʚʽʜ ʧʽʜʥʝʩʫʯʠʭ ʥʘ 

ʝʢʨʘʥʘʭ ʪʝʣʝʚʽʟʦʨʽʚ. 

ʇʽʜʥʝʩʫʯʽ ʤʦʜʫʣʶʶʪʴ ʜʝʱʦ ʚʠʜʦʟʤʽʥʝʥʠʤʠ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʤʠ 

ʩʠʛʥʘʣʘʤʠ (ʜʠʚ. ʈʠʩ. 3.26 a). 

 

Dr = -1,9 Ep-y   ̔    Db = 1.5Eɺ-Y-   (3.15) 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ Dr ʽ Db ʪʘʢʦʞ ʟʤʝʥʰʫʻ ʚʠʜʠʤʽʩʪʴ ʟʘʚʘʜʠ ʚʽʜ 

ʧʽʜʥʝʩʫʯʦʾ ʥʘ ʝʢʨʘʥʘʭ ʯʦʨʥʦ-ʙʽʣʠʭ ʪʝʣʝʚʽʟʦʨʽʚ, ʪʦʙʪʦ ʧʦʣʽʧʰʫʻʪʴʩʷ 

ʩʫʤʽʩʥʽʩʪʴ ʘ ʪʘʢʦʞ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ. 

 

 

ʄʘʣ. 3.26. ʌʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʢʦʣʽʨʥʦʛʦ ʊɺ-ʩʠʛʥʘʣʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʩʤʫʛ ʧʦ 

ʩʠʩʪʝʤʽ SECAM 

a - ʩʠʛʥʘʣʠ Dr ʽ Db ʜʦ ʅʏ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ; ʙ - ʩʠʛʥʘʣʠ Dr ʽ Db ʧʽʩʣʷ ʅʏ- 

ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ 

 

ʅʘ ʨʠʩ. 3.27. ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʩʠʩʪʝʤʠ 

SECAM. 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʣʴʦʨʦʧʦʜʽʣʴʥʠʭ ʜʟʝʨʢʘʣ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʩʢʣʘʜʫ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʢʘʤʝʨʠ, ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ 

ʩʢʣʘʜʦʚʽ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ - ʯʝʨʚʦʥʫ R, ʟʝʣʝʥʫ G ʽ ʩʠʥʶ ɺ. 

 

 

ʈʠʩ. 3.27. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʩʠʩʪʝʤʠ SECAM 

 

ɺ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʢʘʤʝʨʽ ʩʚʽʪʣʦʚʽ ʧʦʪʦʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʴʦʭ 

ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʪʨʫʙʦʢ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ɽr, Eg ʽ Eb, ʱʦ 

ʥʝʩʫʪʴ ʽʥʬʦʨʤʘʮʽʶ ʪʽʣʴʢʠ ʧʨʦ ʧʝʚʥʠʡ ʢʦʣʽʨ. ʉʠʛʥʘʣʠ ɽr, Eg ʽ Eb ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʛʘʤʤʘ-ʢʦʨʝʢʪʦʨ ɻʂ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʝʥʩʘʮʽʷ ʩʧʦʪʚʦʨʝʥʴ, 

ʚʠʢʣʠʢʘʥʠʭ ʥʝʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʷʩʢʨʘʚʦʩʪʽ ʩʚʽʪʽʥʥʷ ʝʢʨʘʥʘ ʢʽʥʝʩʢʦʧʘ ʚʽʜ 

ʘʤʧʣʽʪʫʜʠ ʤʦʜʫʣʶʶʯʦʛʦ ʩʠʛʥʘʣʫ. (ʉʠʛʥʘʣʠ, ʷʢʽ ʧʨʦʡʰʣʠ ʯʝʨʝʟ ʛʘʤʤʘ-

ʢʦʨʝʢʪʦʨʠ ɻʂ ʧʨʠʡʥʷʪʦ ʧʦʟʥʘʯʘʪʠ ʟʽ ʰʪʨʠʭʦʤ ïERô, EBô, EGô, ɽʫô ʽ ʪ. ɼ. ʋ 

ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʰʪʨʠʭʠ ʚ ʪʝʢʩʪʽ ʦʧʫʱʝʥʽ.) 

ɺ ʤʘʪʨʠʮʽ ʄ ʚʩʝ ʪʨʠ ʩʠʛʥʘʣʠ ɽr, Eg ʽ Eb ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʧʝʚʥʽʡ 

ʧʨʦʧʦʨʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʫ ʷʩʢʨʘʚʦʩʪʽ ɽʫ. 
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ɺ ʚʽʜʥʽʤʘʶʯʠʭ ʧʨʠʩʪʨʦʷʭ ʽʟ ʩʠʛʥʘʣʽʚ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ ɽr ʽ Eb 

ʚʽʜʥʽʤʘʻʪʴʩʷ ʩʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ɽʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʾʭ ʚʠʭʦʜʘʭ 

ʫʪʚʦʨʶʶʪʴʩʷ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ɽr-ʫ ʽ Eb-y. 

ʉʠʛʥʘʣ ɽr-ʫ ʥʘʜʭʦʜʠʪʴ ʥʘ ʟʤʽʰʫʚʘʯ ʽ ʬʘʟʦʽʥʚʝʨʪʦʨ. ʊʫʪ ʩʠʛʥʘʣ ɽr-ʫ 

ʧʦʩʠʣʶʻʪʴʩʷ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʩʠʛʥʘʣ Dr = -1,9 ɽr-ʫ. ʉʠʛʥʘʣ ʞʝ Eb-y 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʩʠʛʥʘʣ Db = 1,5 Eb-y. ɼʦ ʥʠʭ ʜʦʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʢʦʣʽʨʥʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʩʠʛʥʘʣʠ ʚʧʽʟʥʘʥʥʷ ʨʷʜʢʽʚ), ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʘʣʝʞʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʚ ʪʝʣʝʚʽʟʦʨʽ. 

ʉʠʛʥʘʣʠ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʜʝʚ'ʷʪʴ ʽʤʧʫʣʴʩʽʚ 

ʫ ʬʦʨʤʽ ʫʩʽʯʝʥʦʾ ʪʨʘʧʝʮʽʾ ʟ ʧʦʣʷʨʥʽʩʪʶ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʨʷʜʢʘ ʜʦ ʨʷʜʢʘ 

(ʨʠʩ. 3.28 ʘ). ʎʽ ʽʤʧʫʣʴʩʠ ʤʦʜʫʣʶʶʪʴ ʧʦ ʯʘʩʪʦʪʽ ʧʽʜʥʝʩʫʯʽ ʢʦʣʴʦʨʦʚʦʩʪʽ for 

fob, ʟʙʽʣʴʰʫʶʯʠ ʚ ʯʝʨʚʦʥʠʭ ʨʷʜʢʘʭ ʘʙʦ ʟʤʝʥʰʫʶʯʠ ʚ ʩʠʥʽʭ ʨʷʜʢʘʭ ʾʭ 

ʯʘʩʪʦʪʫ (ʨʠʩ. 3.28 ʙ). 

 

 

ʄʘʣ. 3.28. ʉʠʛʥʘʣʠ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʘ - ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ; ʙ - ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ; ʚ - 

ʟʘʭʠʩʥʠʡ ʧʘʢʝʪ (ʩʧʘʣʘʭ) 

 

ʉʠʛʥʘʣʠ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʜʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʢʘʜʨʦʚʦʛʦ 

ʛʘʩʷʯʦʛʦ ʽʤʧʫʣʴʩʫ ʂɻʀ ʚ ʨʷʜʢʘʭ 7-15 ʽ 320-328, (ʨʠʩ. 3.28 ʙ). 
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ɿʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʾ ʢʦʤʽʩʽʾ - ʄʂʂʈ, 

ʧʦʢʘʜʨʦʚʘ ʢʦʣʽʨʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʥʘʜʘʣʽ ʙʫʜʝ ʚʠʢʣʶʯʝʥʘ, ʱʦʙ ʟʚʽʣʴʥʠʪʠ 

ʤʽʩʮʝ ʜʣʷ, ʧʝʨʝʜʘʯʽ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʩʠʛʥʘʣʽʚ ʪʝʣʝʪʝʢʩʪʫ. 

ɺ ʷʢʦʩʪʽ ʩʠʛʥʘʣʽʚ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʘʭʠʩʥʽ ʧʘʢʝʪʠ (ʩʧʘʣʘʭʠ), ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ ʟʘʜʥʴʦʤʫ ʤʘʡʜʘʥʯʠʢʫ 

ʨʷʜʢʦʚʦʛʦ ʛʘʩʷʯʦʛʦ ʽʤʧʫʣʴʩʫ (ʨʠʩ. 3.28 ʚ). 

ɿʘʭʠʩʥʽ ʧʘʢʝʪʠ ʤʘʶʪʴ ʯʘʩʪʦʪʫ ʧʽʜʥʝʩʫʯʠʭ ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ for fob 

ʽ ʩʣʫʞʘʪʴ ʜʣʷ ʟʘʚʝʨʰʝʥʥʷ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʘʥʘʣʽ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʪʝʣʝʚʽʟʦʨʘ ʜʦ ʧʦʯʘʪʢʫ ʘʢʪʠʚʥʦʾ ʯʘʩʪʠʥʠ ʨʷʜʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʭʠʩʥʽ 

ʧʘʢʝʪʠ ʽ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʘʭ ʧʣʦʩʢʠʭ ʜʽʣʷʥʦʢ 

ʜʣʷ ʬʽʢʩʘʮʽʾ ʨʽʚʥʷ ʯʦʨʥʦʛʦ; 

ʇʦʪʽʤ ʩʠʛʥʘʣʠ Dr ʽ Db ʧʨʦʭʦʜʷʪʴ ʬʽʣʴʪʨʠ ʥʠʞʥʽʭ ʯʘʩʪʦʪ - ʌʅʏ, ʚ ʷʢʠʭ 

ʩʧʝʢʪʨ ʮʠʭ ʩʠʛʥʘʣʽʚ ʦʙʤʝʞʫʻʪʴʩʷ ʜʦ 1,5 ʄɻʮ. ɿ ʚʠʭʦʜʫ ʌʅʏ ʩʠʛʥʘʣʠ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʧʨʠʩʪʨʽʡ ʅʏ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ ʅʏʇ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʡʦʤ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʠʛʥʘʣʽʚ Dr ʽ Db. ʇʦʧʝʨʝʜʥʷ ʢʦʨʝʢʮʽʷ ʮʠʭ 

ʩʠʛʥʘʣʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ. ʅʘ ʨʠʩ. 3.29 

ʧʦʢʘʟʘʥʘ ʣʘʥʮʶʛ, ʱʦ ʚʠʢʦʥʫʻ ʧʦʜʽʙʥʫ ʢʦʨʝʢʮʽʶ. 

ʅʘ ʨʠʩ. 3.30 ʧʨʠʚʝʜʝʥʘ ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʮʴʦʛʦ 

ʣʘʥʮʶʛʘ. 

 

 

ʄʘʣ. 3.29. ʃʘʥʮʶʛ ʅʏ- ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ 
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ʄʘʣ. 3.30. ɸʏʍ ʣʘʥʮʶʛʘ ʅʏ-ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʥʷ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ 

 

ʌʦʨʤʘ ʩʠʛʥʘʣʽʚ Dr ʽ Db ʧʽʩʣʷ ʅʏ-ʢʦʨʝʢʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.26 ʙ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʅʏ-ʢʦʨʝʢʮʽʾ ʚ ʩʠʛʥʘʣʘʭ ʟôʷʚʣʷʶʪʴʩʷ ʚʠʢʠʜʠ ʥʘ ʧʝʨʝʭʦʜʘʭ. 

ɸʤʧʣʽʪʫʜʘ ʚʠʢʠʜʽʚ ʦʙʤʝʞʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ ʜʦʧʫʩʪʠʪʠ 

ʥʘʜʤʽʨʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʜʝʚʽʘʮʽʾ ʯʘʩʪʦʪʠ ʧʽʜʥʝʩʫʯʦʾ. ɼʘʣʽ ʩʠʛʥʘʣʠ Dr ʽ Db 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʯʘʩʪʦʪʥʠʡ ʤʦʜʫʣʷʪʦʨ ʏʄ ʯʝʨʝʟ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʫʪʘʪʦʨ ɽʂ, 

ʢʝʨʦʚʘʥʠʡ ʽʤʧʫʣʴʩʘʤʠ ʥʘʧʽʚʨʷʜʢʦʚʦʾ ʯʘʩʪʦʪʠ. 

ʂʦʤʫʪʘʪʦʨ ɽʂ ʧʦʧʝʨʝʤʽʥʥʦ ʧʽʜʢʣʶʯʘʻ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʜʦ 

ʯʘʩʪʦʪʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ. ʅʘ ʜʨʫʛʠʡ ʚʭʽʜ ʤʦʜʫʣʷʪʦʨʘ ʯʝʨʝʟ ʽʥʰʠʡ ʢʦʤʫʪʘʪʦʨ 

ʥʘʜʭʦʜʷʪʴ, ʪʘʢʦʞ ʧʦʧʝʨʝʤʽʥʥʦ, ʧʽʜʥʝʩʫʯʽ ʯʘʩʪʦʪʠ ʯʝʨʚʦʥʦʛʦ ʽ ʩʠʥʴʦʛʦ 

ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ. 

ʆʙʠʜʚʘ ʢʦʤʫʪʘʪʦʨʘ ʧʨʘʮʶʶʪʴ ʩʠʥʭʨʦʥʥʦ, ʪʦʤʫ, ʢʦʣʠ ʧʝʨʝʜʘʻʪʴʩʷ 

ʯʝʨʚʦʥʠʡ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʡ ʩʠʛʥʘʣ, ʥʘ ʤʦʜʫʣʷʪʦʨ ʧʦʩʪʫʧʘʻ ʧʽʜʥʝʩʫʯʘ 

ʯʘʩʪʦʪʦʶ for = 4,406 ʄɻʮ, ʘ ʢʦʣʠ ʧʝʨʝʜʘʻʪʴʩʷ ʩʠʥʽʡ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʡ 

ʩʠʛʥʘʣ, ʥʘ ʤʦʜʫʣʷʪʦʨ ʥʘʜʭʦʜʠʪʴ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʥʝʩʫʯʘ ʯʘʩʪʦʪʦʶ fʦʚ = 4,250 

ʄɻʮ. ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʦʩʢʽʣʴʢʠ ʧʽʜʥʝʩʫʯʽ ʯʘʩʪʦʪʠ for ʽ fob ʧʝʨʝʜʘʶʪʴʩʷ 

ʧʦ ʯʝʨʟʽ, ʪʦ ʚʙʘʯʘʻʪʴʩʷ ʜʦʮʽʣʴʥʠʤ ʚʠʙʽʨ ʟʥʘʯʝʥʥʷ ʦʜʥʽʻʾ ʯʘʩʪʦʪʠ. ʊʘʢ, 

ʚʣʘʩʥʝ, ʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʩʠʩʪʝʤʠ SECAM. 
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ʆʜʥʘʢ ʧʦʜʘʣʴʰʠʡ ʜʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʢʨʘʱʽ ʫʤʦʚʠ 

ʟʘʚʘʜʦʟʘʭʠʱʝʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ, ʢʦʣʠ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʤʦʜʫʣʶʶʪʴ 

ʩʚʦʶ ʧʽʜʥʝʩʫʯʫ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʧʽʜʥʝʩʫʯʠʭ ʯʘʩʪʦʪ 

for ʽ fob. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʤʽʪʥʦʩʪʽ ʥʘ ʝʢʨʘʥʽ ʪʝʣʝʚʽʟʦʨʘ ʟʘʚʘʜ ʚʽʜ ʧʽʜʥʝʩʫʯʠʭ ʚ 

ʢʦʤʫʪʘʪʦʨʽ ʬʘʟʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʤʠʢʘʥʥʷ ʬʘʟʠ ʢʦʞʥʦʾ ʟ ʧʽʜʥʝʩʫʯʠʭ ʥʘ 

180 ʛʨʘʜʫʩʽʚ ʯʝʨʝʟ ʜʚʘ ʨʷʜʢʠ. 

ʋ ʙʣʦʮʽ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ ɺʏʇ ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʧʨʦʧʫʩʢʘʶʪʴʩʷ ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʠʡ ʬʽʣʴʪʨ, ʚ ʷʢʦʤʫ ʧʽʜʥʝʩʫʯʽ ʧʨʠʜʫʰʫʶʪʴʩʷ 

ʟ ʤʝʪʦʶ ʦʩʣʘʙʣʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʮʠʭ ʧʽʜʥʝʩʫʯʠʭ ʥʘ ʯʦʨʥʦ-ʙʽʣʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. 

ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʨʠʩ. 3.31) ʮʴʦʛʦ ʬʽʣʴʪʨʘ ʤʘʻ 

ʬʦʨʤʫ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʜʟʚʦʥʫ - çʘʥʪʠʢʣʝʰè (ʬʨʘʥʮ.). ʇʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ 

ʯʝʨʝʟ ʣʘʥʮʶʛ ɺʏ-ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ ʩʪʘʻ 

ʟʘʣʝʞʥʦʶ ʚʽʜ ʯʘʩʪʦʪʠ ʜʝʚʽʘʮʽʾ (ʧʨʠ ʯʘʩʪʦʪʥʽʡ ʤʦʜʫʣʷʮʽʾ ʯʘʩʪʦʪʘ 

ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʩʚʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʨʽʚʥʦʛʦ ʥʝʩʫʯʽʡ ʯʘʩʪʦʪʽ Eʫ, ʚ ʙʽʣʴʰʫ ʽ ʤʝʥʰʫ ʩʪʦʨʦʥʫ ʥʘ ʚʠʟʥʘʯʝʥʫ 

ʚʝʣʠʯʠʥʫ, ʥʘʟʚʘʥʫ ʜʝʚʽʘʮʽʻʶ ʯʘʩʪʦʪʠ). 

 

 

ʈʠʩ.3.31 ɸʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʽʣʴʪʨʘ 
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ʌʦʨʤʘ ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ ʧʽʩʣʷ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3.32 ʘ. 

ɼʘʣʽ ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʧʽʜʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽʡ ʘʤʧʣʽʪʫʜʥʽʡ 

ʤʦʜʫʣʷʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ (ʥʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ ʥʝ 

ʚʢʘʟʘʥʦ) ʟ ʩʠʛʥʘʣʫ ɽʫ ʚʠʨʦʙʣʷʻʪʴʩʷ ʥʘʧʨʫʛʘ ʟ ʯʘʩʪʦʪʘʤʠ, ʙʣʠʟʴʢʠʤʠ ʜʦ 

ʧʽʜʥʝʩʫʯʠʭ. ʎʽ ʥʘʧʨʫʛʠ ʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʘʤʧʣʽʪʫʜʥʠʡ ʤʦʜʫʣʷʪʦʨ. 

 

 

ʄʘʣ. 3.32. ʌʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʛʦ ʢʦʣʽʨʥʦʛʦ ʊɺ-ʩʠʛʥʘʣʫ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʴʦʨʦʚʠʭ ʩʤʫʛ ' 

ʘ - ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ çRè ʽ çɺè; ʙ - ʧʦʚʥʠʡ ʢʦʣʽʨʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ 

 

ɼʦʜʘʪʢʦʚʘ ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ ʟʤʝʥʰʫʻ 

ʧʝʨʝʰʢʦʜʠ, ʚʠʢʣʠʢʘʥʽ ʩʠʛʥʘʣʦʤ ʷʩʢʨʘʚʦʩʪʽ ɽʫ ʚ ʢʘʥʘʣʽ ʢʦʣʴʦʨʦʚʦʩʪʽ 

ʪʝʣʝʚʽʟʦʨʘ. ʉʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ɽʫ ʟ ʚʠʭʦʜʫ ʤʘʪʨʠʮʽ ʄ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʟʤʽʰʫʚʘʯ, ʜʝ ʟʤʽʰʫʻʪʴʩʷ ʟ ʩʠʥʭʨʦʽʤʧʫʣʴʩʘʤʠ. ʇʦʪʽʤ ʩʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ 

ʧʨʦʭʦʜʠʪʴ ʣʽʥʽʶ ʟʘʪʨʠʤʢʠ ʥʘ 0,4 ʤʢʩ, ʱʦʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʟʘʧʽʟʥʶʚʘʥʥʷ 

ʩʠʛʥʘʣʽʚ ʢʦʣʴʦʨʦʚʦʩʪʽ. ʋ ʙʣʦʮʽ ʩʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣ ʷʩʢʨʘʚʦʩʪʽ ʟʤʽʰʫʻʪʴʩʷ ʟ 

ʩʠʛʥʘʣʘʤʠ ʢʦʣʴʦʨʦʚʦʩʪʽ, ʫʪʚʦʨʶʶʯʠ ʧʦʚʥʠʡ ʢʦʣʽʨʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ 

(ʨʠʩ. 3.32 ʙ). 
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ʉʣʽʜ ʜʦʜʘʪʠ, ʱʦ ʧʝʨʝʜ ʚʩʪʫʧʦʤ ʜʦ ʙʣʦʢʫ ʩʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʠ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʧʨʦʭʦʜʷʪʴ ʢʦʤʫʪʘʪʦʨ ʂ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠʜʫʰʝʥʥʷ 

ʧʽʜʥʝʩʫʯʠʭ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʢʘʜʨʦʚʠʭ ʽ ʨʷʜʢʦʚʠʭ ʩʠʥʭʨʦʽʤʧʫʣʴʩʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʢʦʣʽʨʥʽ ʧʽʜʥʝʩʫʯʽ ʧʨʠʩʫʪʥʽ ʧʦʩʪʽʡʥʦ ʧʽʜ ʯʘʩ ʧʝʨʝʜʘʯʽ ʚʽʜʝʦʩʠʛʥʘʣʫ, 

ʢʨʽʤ ʤʦʤʝʥʪʽʚ ʯʘʩʫ, ʢʦʣʠ ʧʝʨʝʜʘʶʪʴʩʷ ʩʠʥʭʨʦʩʠʛʥʘʣʠ. ʎʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʾ ʨʦʙʦʪʠ ʨʷʜʢʦʚʦʾ ʡ ʢʘʜʨʦʚʦʾ ʨʦʟʛʦʨʪʦʢ ʚ ʪʝʣʝʚʽʟʦʨʽ. 

 

ʆʩʦʙʣʠʚʦʩʪʽ ʜʝʢʦʜʫʚʘʥʥʷ ʩʠʛʥʘʣʫ SECAM 

ʅʘ ʨʠʩ. 3.33 ʧʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʝʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ 

ʩʠʩʪʝʤʠ SECAM. 

ʇʦʚʥʠʡ ʢʦʣʽʨʥʠʡ ʪʝʣʝʚʽʟʽʡʥʠʡ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ 

çʂʣʴʦʰè (ʘʙʦ ʢʦʨʝʢʪʦʨ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ ʂɺʇ), 

ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʯʘʩʪʦʪʫ 4,286 ʄɻʮ. ʌʽʣʴʪʨ ʚʠʜʽʣʷʻ ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʟ 

ʧʦʚʥʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʽ, ʢʨʽʤ ʪʦʛʦ ʚʠʨʦʙʣʷʻ ʟʚʦʨʦʪʥʶ 

ʢʦʨʝʢʮʽʶ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ, ʱʦ ʚʚʦʜʷʪʴʩʷ ʥʘ ʧʝʨʝʜʘʚʘʯʽ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ. ʇʽʩʣʷ ʬʽʣʴʪʨʘ çʂʣʴʦʰè ʩʠʛʥʘʣʠ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʥʘʜʭʦʜʷʪʴ ʥʘ ʧʽʜʩʠʣʶʚʘʯ-ʦʙʤʝʞʫʚʘʯ, ʜʝ ʚʦʥʠ ʧʦʩʠʣʶʶʪʴʩʷ ʽ 

ʦʙʤʝʞʫʶʪʴʩʷ ʟʘ ʘʤʧʣʽʪʫʜʦʶ. ʇʦʪʽʤ ʩʠʛʥʘʣʠ ʢʦʣʴʦʨʦʚʦʩʪʽ ʥʘʜʭʦʜʷʪʴ 

ʦʜʥʦʯʘʩʥʦ ʚ ʧʨʷʤʠʡ ʽ ʟʘʪʨʠʤʘʥʠʡ ʢʘʥʘʣʠ. ɿʘ ʧʨʷʤʦʤʫ ʢʘʥʘʣʫ ʩʠʛʥʘʣʠ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ, ʘ ʚ ʟʘʪʨʠʤʘʥʦʤʫ ʢʘʥʘʣʽ ʩʠʛʥʘʣʠ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʫ ʣʽʥʽʶ ʟʘʪʨʠʤʢʠ ʋʃɿ, ʜʝ 

ʟʘʪʨʠʤʫʶʪʴʩʷ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʦʜʥʦʛʦ ʨʷʜʢʘ 64 ʤʢʩ, ʧʦʪʽʤ ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʽʜ 2 

ʢʦʤʫʪʘʪʦʨʘ ɽʂ. ʂʦʤʫʪʘʪʦʨ ɽʂ ʧʝʨʝʤʠʢʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʪʨʠʛʝʨʘ ʊʨ , ʷʢʠʡ ʚʠʨʦʙʣʷʻ ʧʨʷʤʦʢʫʪʥʽ ʽʤʧʫʣʴʩʠ ʪʨʠʚʘʣʽʩʪʶ ʚ ʦʜʠʥ ʨʷʜʦʢ. 

ʊʨʠʛʝʨ  ʟʘʧʫʩʢʘʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʪʨʦʙʫʶʯʠʤʠ ʽʤʧʫʣʴʩʘʤʠ, ʱʦ 

ʯʝʨʛʫʶʪʴʩʷ ʟ ʯʘʩʪʦʪʦʶ ʨʷʜʢʽʚ. 

ʇʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʷʜʢʘ ɽʂ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʦʞʝʥʥʽ, ʢʦʣʠ ʟ'ʻʜʥʘʥʠʡ 

ʚʭʽʜ 1 ʟ ʚʠʭʦʜʦʤ 1' ʽ ʚʭʽʜ 2 ʟ ʚʠʭʦʜʦʤ 2', ʘ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʦʛʦ ʨʷʜʢʘ ʚʭʽʜ 1 

ʟ'ʻʜʥʘʥʠʡ ʟ ʚʠʭʦʜʦʤ 2' ʽ ʚʭʽʜ 2 - ʟ ʚʠʭʦʜʦʤ 1'. ʊʘʢ ʷʢ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʣʽʥʽʷ 
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ʟʘʪʨʠʤʢʠ ʟʘʪʨʠʤʫʻ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʥʘ ʯʘʩ ʨʷʜʢʘ, ʪʦ ʥʘ ʚʭʦʜʘʭ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʙʫʜʫʪʴ ʟʘʚʞʜʠ ʜʽʷʪʠ ʦʜʥʦʯʘʩʥʦ ʩʠʛʥʘʣ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʯʝʨʚʦʥʦʛʦ ʨʷʜʢʘ ʪʘ ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʩʠʥʴʦʛʦ ʨʷʜʢʘ. ʇʨʠ 

ʧʨʘʚʠʣʴʥʽʡ ʬʘʟʽ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ ʊʨ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʫʪʘʪʦʨ ʙʫʜʝ ʥʘʧʨʘʚʣʷʪʠ 

ʚ ʢʘʥʘʣ çʯʝʨʚʦʥʦʛʦè ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʯʝʨʚʦʥʦʛʦ ʨʷʜʢʘ, ʘ ʚ ʢʘʥʘʣ 

çʩʠʥʴʦʛʦè - ʩʠʛʥʘʣ ʢʦʣʴʦʨʦʚʦʩʪʽ ʩʠʥʴʦʛʦ ʨʷʜʢʘ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʾ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ, ʱʦʙ ʩʠʛʥʘʣʠ ʧʦʪʨʘʧʣʷʣʠ ʚ çʩʚʦʾè 

ʢʘʥʘʣʠ, ʥʘ ʥʴʦʛʦ ʧʦʜʘʶʪʴʩʷ ʽʤʧʫʣʴʩʠ ʟ ʙʣʦʢʫ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ɹʂʉ. 

 

 

ʈʠʩ. 3.33. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʝʢʦʜʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ ʩʠʩʪʝʤʠ SECAM 

 

ɯʤʧʫʣʴʩʠ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʜʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʝʚ'ʷʪʠ ʨʷʜʢʽʚ 

ʥʘ ʟʘʜʥʴʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʢʘʜʨʦʚʦʛʦ ʛʘʩʷʯʦʛʦ ʽʤʧʫʣʴʩʫ. ɹʣʦʢ ʢʦʣʽʨʥʦʾ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʚʽʜʤʠʢʘʻʪʴʩʷ ʢʘʜʨʦʚʠʤʠ ʛʘʩʷʯʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʂɻʀ, ʪʦʙʪʦ ʧʽʜ 
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ʯʘʩ ʜʽʾ ʽʤʧʫʣʴʩʽʚ ʚʧʽʟʥʘʥʥʷ. ʅʘ ʜʨʫʛʠʡ ʚʭʽʜ ʙʣʦʢʫ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʥʘʜʭʦʜʷʪʴ ʩʠʛʥʘʣʠ ʚʧʽʟʥʘʥʥʷ ʟ ʢʘʥʘʣʫ çʯʝʨʚʦʥʦʛʦè (ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʠʛʥʘʣʠ ʚʧʽʟʥʘʥʥʷ ʟ ʢʘʥʘʣʫ çʩʠʥʴʦʛʦè). 

ʇʨʠ ʧʨʘʚʠʣʴʥʽʡ ʬʘʟʽ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ ʥʘ ʙʣʦʢ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

ʙʫʜʫʪʴ ʥʘʜʭʦʜʠʪʠ ʩʠʛʥʘʣʠ ʚʧʽʟʥʘʥʥʷ ʯʝʨʚʦʥʦʛʦ ʨʷʜʢʘ (ʯʘʩʪʦʪʦʶ 4,67 ʄɻʮ), 

ʥʘ ʚʠʭʦʜʽ ʙʣʦʢʫ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʽʷʪʠʤʫʪʴ ʽʤʧʫʣʴʩʠ ʟ ʧʦʣʷʨʥʽʩʪʶ, 

ʷʢʘ ʥʝ ʚʧʣʠʥʝ ʥʘ ʨʦʙʦʪʫ ʪʨʠʛʝʨʘ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʘʟʽ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ ʥʘ 

ʙʣʦʢ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʙʫʜʝ ʥʘʜʭʦʜʠʪʠ ʩʠʛʥʘʣ ʚʧʽʟʥʘʥʥʷ ʩʠʥʴʦʛʦ ʨʷʜʢʘ 

(ʯʘʩʪʦʪʦʶ 3,9 ʄɻʮ). ʊʦʜʽ ʥʘ ʚʠʭʦʜʽ ʙʣʦʢʘ ʢʦʣʽʨʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʽʷʪʠʤʫʪʴ 

ʽʤʧʫʣʴʩʠ ʟ ʧʦʣʷʨʥʽʩʪʶ, ʷʢʘ ʟʤʽʥʠʪʴ ʬʘʟʫ ʨʦʙʦʪʠ ʪʨʠʛʝʨʘ ʊʨ. 

ɿ ʚʠʭʦʜʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʫʪʘʪʦʨʘ ʩʠʛʥʘʣʠ ʢʦʣʽʨʥʦʩʪʽ ʥʘʜʭʦʜʷʪʴ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʪʦʪʥʽ ʜʝʪʝʢʪʦʨʠ ʏɼ. ʊʘʢ ʷʢ ʥʘ ʚʭʦʜʽ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʯʝʨʚʦʥʦʛʦ ʜʽʻ ʩʠʛʥʘʣ ɽr-ʫ, ʘ ʥʘ ʚʭʦʜʽ ʜʝʪʝʢʪʦʨʘ ʩʠʥʴʦʛʦ - ʩʠʛʥʘʣ ɽb-ʫ, ʪʦ 

ʥʘʭʠʣʠ ʘʤʧʣʽʪʫʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʪʦʪʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʧʨʦʪʠʣʝʞʥʝ ʟʥʘʯʝʥʥʷ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʥʘ ʾʭ ʚʠʭʦʜʘʭ ʫʪʚʦʨʠʣʠʩʷ ʢʦʣʴʦʨʦ-

ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ. 

ɿ ʚʠʭʦʜʫ ʯʘʩʪʦʪʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ ɽr-ʫ ʽ ɽb-ʫ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʢʦʨʝʢʪʦʨʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʧʝʨʝʜʩʧʦʪʚʦʨʝʥʴ ʂʅʏ, ʧʽʩʣʷ ʷʢʠʭ 

ʬʦʨʤʘ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʬʦʨʤʽ ʚʠʭʽʜʥʠʭ 

ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ɽr-ʫ ʽ ɽb-ʫ. 

ʇʽʩʣʷ ʧʦʩʠʣʝʥʥʷ ʚ ʧʽʜʩʠʣʶʚʘʯʘʭ ʋ1 ʽ ʋ2, ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʽ ʩʠʛʥʘʣʠ 

ʥʘʜʭʦʜʷʪʴ ʥʘ ʤʘʪʨʠʮʶ ʄ1 ʜʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʾʭ ʩʢʣʘʜʘʥʥʷ ʚ ʧʝʚʥʽʡ ʧʨʦʧʦʨʮʽʾ 

ʚʠʜʽʣʷʻʪʴʩʷ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʡ ʩʠʛʥʘʣ EQ-Y. ʋ ʤʘʪʨʠʮʷʭ ʄ1, ʄ3, ʄ4 ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʩʢʣʘʜʘʥʥʷ ʢʦʣʴʦʨʦ-ʨʽʟʥʠʮʝʚʠʭ ʩʠʛʥʘʣʽʚ ʟ ʷʩʢʨʘʚʽʩʥʠʤ ʩʠʛʥʘʣʦʤ 

ɽʫ ʚʠʜʽʣʷʶʪʴʩʷ ʩʠʛʥʘʣʠ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ Er, Eg ʽ Eb. 

ɿ ʚʠʭʦʜʽʚ ʤʘʪʨʠʮʴ ʩʠʛʥʘʣʠ Er, Eg ʽ Eb ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʠʭʽʜʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ, ʜʝ ʧʦʩʠʣʶʶʪʴʩʷ ʜʦ ʨʽʚʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʩʪʨʫʤʽʚ 

ʧʨʦʤʝʥʽʚ ʢʽʥʝʩʢʦʧʘ. 
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ʉʠʩʪʝʤʘ SECAM, ʷʢ ʽ ʽʥʰʽ ʩʠʩʪʝʤʠ ʢʦʣʴʦʨʦʚʦʛʦ ʪʝʣʝʙʘʯʝʥʥʷ, ʤʘʻ ʩʚʦʾ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ NTSC ʬʘʟʦʚʽ 

ʩʧʦʪʚʦʨʝʥʥʷ ʥʝ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʣʽʨʥʦʛʦ ʪʦʥʫ ʟʦʙʨʘʞʝʥʥʷ. 

ʆʜʥʘʢ ʚ ʩʠʩʪʝʤʽ SECAM ʢʦʣʽʨʥʘ ʯʽʪʢʽʩʪʴ ʟʥʠʞʝʥʘ ʚʜʚʽʯʽ, ʪʘʢ ʷʢ ʩʠʛʥʘʣʠ 

ʢʦʣʴʦʨʦʚʦʩʪʽ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʨʷʜʦʢ ʽ ʚ ʪʝʣʝʚʽʟʽʡʥʦʤʫ ʧʨʠʡʤʘʯʽ ʚʽʜʩʫʪʥʽʡ 

ʩʠʛʥʘʣ ʟʘʡʤʘʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʢʘ. 
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ʈʆɿɼɯʃ 4. ʄʋʃʔʊʀʄɽɼɯʁʅɯ ʇʈʀʉʊʈʆɰ ɺɯɼʆɹʈɸɾɽʅʅʗ 

ɯʅʌʆʈʄɸʎɯɰ 

 

ʊʝʤʘ 4.1. ʇʨʦʝʢʪʦʨʠ 

ʃʝʢʮʽʷ 13. ʄʫʣʴʪʠʤʝʜʽʡʥʽ ʧʨʦʝʢʪʦʨʠ. CRT-ʪʝʭʥʦʣʦʛʽʷ. LCD-

ʪʝʭʥʦʣʦʛʽʷ. D-ILA -ʪʝʭʥʦʣʦʛʽʷ. DLP-ʪʝʭʥʦʣʦʛʽʷ. ʃʘʟʝʨʥʽ ʧʨʦʝʢʪʦʨʠ. 

 

ʇʨʦʝʢʪʦʨ ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʘʙʦ ʥʦʫʪʙʫʢʘ, 

ʧʣʘʥʰʝʪʫ, ʚʽʜʝʦʢʘʤʝʨʠ ʽ ʪ.ʜ. ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʨʦʝʢʮʽʡʥʦʤʫ 

ʝʢʨʘʥʽ (ʈʠʩ. 4.1). 

 

ʈʠʩ. 4.1. ʄʫʣʴʪʠʤʝʜʽʡʥʠʡ ʧʨʦʝʢʪʦʨ 

 

ʋʩʝʨʝʜʠʥʽ ʢʦʨʧʫʩʫ ʧʨʦʝʢʪʦʨʘ ʟʥʘʭʦʜʠʪʴʩʷ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ï ʣʘʤʧʘ ʘʙʦ 

ʣʘʟʝʨʥʠʡ ʩʚʽʪʣʦʜʽʦʜ ʽ ʧʝʨʝʪʚʦʨʶʚʘʯ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʟʦʙʨʘʞʝʥʥʷ 

(ʤʦʜʫʣʷʪʦʨ). ʗʢ ʧʨʘʚʠʣʦ, ʧʨʦʝʢʪʦʨ ʤʘʻ ʚʭʽʜ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ 

ʢʦʤʧ'ʶʪʝʨʘ ʽ ʦʜʠʥ ʘʙʦ ʜʚʘ ʚʭʦʜʠ ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʩʠʛʥʘʣʽʚ ʚʽʜʝʦ. ʋ ʧʨʦʝʢʪʦʨʘʭ 

ʻ ʪʘʢʦʞ ʘʫʜʽʦ ʚʭʦʜʠ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʟʚʫʢʫ ʥʘ ʚʙʫʜʦʚʘʥʽ ʜʠʥʘʤʽʢʠ. 

ʇʨʦʝʢʪʦʨʠ ʤʫʣʴʪʠʩʠʩʪʝʤʥʽ ʽ ʧʨʘʮʶʶʪʴ ʟ ʫʩʽʤʘ ʩʪʘʥʜʘʨʪʘʤʠ ʪʝʣʝʩʠʩʪʝʤʘʤʠ 
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(PAL / SECAM / NTSC). ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʠ ʤʦʞʝʪʝ ʚʽʜʪʚʦʨʶʚʘʪʠ ʙʫʜʴ-ʷʢʫ 

ʪʝʣʝʚʽʟʽʡʥʫ ʧʨʦʛʨʘʤʫ ʽ ʟʘʧʠʩʠ ʟ ʚʽʜʝʦʢʘʩʝʪ ʽ ʣʘʟʝʨʥʠʭ ʜʠʩʢʽʚ. 

ʗʩʢʨʘʚʽʩʪʴ ʽ ʛʨʘʬʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʮʝ ʥʘʡʚʘʞʣʠʚʽʰʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʝʢʪʦʨʽʚ ʜʣʷ ʧʨʝʟʝʥʪʘʮʽʡ. ɻʦʚʦʨʷʯʠ ʧʨʦ ʷʩʢʨʘʚʽʩʪʴ 

ʧʨʦʝʢʪʦʨʽʚ, ʤʠ ʙʫʜʝʤʦ ʤʘʪʠ ʥʘ ʫʚʘʟʽ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʧʨʦʝʢʪʦʨʘ, ʪʦʙʪʦ 

ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʣʘ, ʱʦ ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʧʨʦʝʢʪʦʨʦʤ. ʉʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʥʝ 

ʟʘʣʝʞʠʪʴ ʥʽ ʚʽʜ ʨʦʟʤʽʨʫ ʝʢʨʘʥʫ, ʥʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʙ'ʻʢʪʠʚʘ ʧʨʦʝʢʪʦʨʘ ʜʦ 

ʧʣʦʱʠʥʠ ʝʢʨʘʥʫ ʽ ʚʠʤʽʨʶʻʪʴʩʷ ʚ ANSI ʣʶʤʝʥʘʭ. ʉʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʩʫʯʘʩʥʠʭ 

ʦʬʽʩʥʠʭ ʧʨʦʝʢʪʦʨʽʚ ʧʝʨʝʚʠʱʫʻ 1000 ANSI-ʣʶʤʝʥʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ 

ʧʨʝʟʝʥʪʘʮʽʾ ʧʨʠ ʟʚʠʯʘʡʥʦʤʫ ʰʪʫʯʥʦʤʫ ʩʚʽʪʣʽ. 

ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʧʨʦʝʢʪʦʨʽʚ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʦʙ'ʻʢʪʠʚʘʤʠ ʚʣʘʰʪʦʚʘʥʘ 

ʪʘʢ, ʱʦ ʥʠʞʥʽʡ ʢʨʘʡ ʟʦʙʨʘʞʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘ ʨʽʚʥʽ ʦʙ'ʻʢʪʠʚʘ ʧʨʦʝʢʪʦʨʘ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʤʦʜʝʣʝʡ ʧʨʦʝʢʪʦʨʽʚ ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʢʦʨʝʢʮʽʾ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʭ ʧʝʨʝʢʨʫʯʫʚʘʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʨʦʟʤʽʱʝʥʥʽ ʧʨʦʝʢʪʦʨʘ ʟʥʘʯʥʦ ʚʠʱʝ ʘʙʦ ʥʠʞʯʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ. 

ʇʨʦʝʢʪʦʨʠ ʬʦʨʤʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʩʪʘʥʜʘʨʪʥʠʭ ʦʙ'ʻʢʪʠʚʽʚ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 2:1 ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʙ'ʻʢʪʠʚʘ ʧʨʦʝʢʪʦʨʘ 

ʜʦ ʧʣʦʱʠʥʠ ʝʢʨʘʥʫ ʟʙʽʛʘʻʪʴʩʷ ʟ ʧʦʜʚʦʻʥʦʶ ʰʠʨʠʥʦʶ ʝʢʨʘʥʫ.  

ʗʢ ʜʞʝʨʝʣʦ ʩʚʽʪʣʘ ʚ ʧʨʦʝʢʪʦʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʜʽʡʥʽ 

ʤʝʪʘʣʦʛʘʣʦʾʜʥʽ ʘʙʦ ʤʝʪʘʣʦʛʘʣʦʛʝʥʦʚʽ ʣʘʤʧʠ ʟ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ ʥʝ ʤʝʥʰʝ 

2000 ʛʦʜʠʥ. ɺʩʽ ʮʽ ʣʘʤʧʠ ʧʦ ʩʫʪʽ ʻ ʨʪʫʪʥʠʤʠ ʣʘʤʧʘʤʠ ʚ ʷʢʽ ʜʦʜʘʥʽ ʩʦʣʽ ʡʦʜʫ ʽ 

ʙʨʦʤʫ. ʎʽ ʣʘʤʧʠ ʜʫʞʝ ʧʦʪʫʞʥʽ ʽ ʧʦʩʪʘʚʣʷʶʪʴʩʷ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʣʘʤʧʦʚʦʤʫ 

ʤʦʜʫʣʽ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʣʘʤʧʫ, ʚʽʜʙʠʚʘʯ ʽ ʚʣʘʩʥʝ ʩʘʤ ʤʦʜʫʣʴ ʟ ʢʦʥʪʘʢʪʘʤʠ ʽ 

ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʧʝʚʥʠʡ ʧʨʦʝʢʪʦʨ. ʇʨʠ ʚʠʭʦʜʽ ʟ ʣʘʜʫ ʣʘʤʧʠ 

ʧʨʦʝʢʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʚʝʩʴ ʣʘʤʧʦʚʠʡ ʤʦʜʫʣʴ ʚ ʟʙʦʨʽ.  

 

ʄʫʣʴʪʠʤʝʜʽʡʥʽ ʧʨʦʝʢʪʦʨʠ: ʙʘʟʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʉʝʨʝʜ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʘʯʽ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʧʨʦʝʢʮʽʡʥʠʡ ʝʢʨʘʥ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ, ʷʢʽ ʦʪʨʠʤʘʣʠ 
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ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʜʫʢʪʘʭ ʧʨʦʚʽʜʥʠʭ 

ʚʠʨʦʙʥʠʢʽʚ ʽ ʨʽʟʥʷʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʪʠʧʦʤ ʝʣʝʤʝʥʪʘ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ: 

 CRT - Cathode Ray Tube. 

 LCD - Liquid Crystal Display. 

 D-ILA - Direct Drive Image Light Amplifier. 

 DLP - Digital Light Processing. 

ʋ ʢʦʞʥʦʤʫ ʨʘʟʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʦʨʤʫʚʘʯʘ ʚʠʟʥʘʯʘʶʪʴ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʪʝʭʥʦʣʦʛʽʾ, ʘ, ʦʪʞʝ, ʽ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʚʦʨʝʥʠʭ ʥʘ ʾʾ ʦʩʥʦʚʽ 

ʧʨʦʝʢʮʽʡʥʠʭ ʘʧʘʨʘʪʽʚ. 

 

CRT-ʪʝʭʥʦʣʦʛʽʷ. 

ʄʫʣʴʪʠʤʝʜʽʡʥʽ ʧʨʦʝʢʪʦʨʠ ʥʘ ʙʘʟʽ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʦʢ 

(CRT) ʚʠʧʫʩʢʘʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʚʞʝ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʠʣʽʪʴ (ʈʠʩ. 4.2). ɸʣʝ, ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʧʦʷʚʫ ʩʫʯʘʩʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʘ ʷʢʽʩʪʶ ʚʽʜʪʚʦʨʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ (ʨʦʟʰʠʨʝʥʥʷ, ʯʽʪʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ), ʨʽʚʥʶ 

ʘʢʫʩʪʠʯʥʦʛʦ ʰʫʤʫ (ʤʝʥʰʝ 20 ʜɹ) ʽ ʪʨʠʚʘʣʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ (10 000 

ʛʦʜʠʥ ʽ ʙʽʣʴʰʝ) ʚʦʥʠ ʜʦ ʩʠʭ ʧʽʨ ʥʝ ʤʘʶʪʴ ʩʦʙʽ ʨʽʚʥʠʭ. ɾʦʜʥʘ ʽʥʰʘ 

ʪʝʭʥʦʣʦʛʽʷ ʧʦʢʠ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʪʽʣʴʢʠ ʞ ʛʣʠʙʦʢʠʡ ʨʽʚʝʥʴ ʯʦʨʥʦʛʦ ʽ 

ʥʘʩʪʽʣʴʢʠ ʞ ʰʠʨʦʢʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʚʜʷʢʠ 

ʷʢʠʤ CRT-ʧʨʦʝʢʪʦʨʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʽʟʥʷʪʠ ʜʝʪʘʣʽ ʥʘʚʽʪʴ ʧʨʠ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʟʘʪʝʤʥʝʥʠʭ ʩʮʝʥ. ʌʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʶʦʨʝʩʮʫʶʯʦʛʦ ʧʦʢʨʠʪʪʷ 

ʝʢʨʘʥʫ ʪʨʫʙʢʠ (ʜʠʚ. ʇʨʠʩʪʨʽʡ CRT-ʧʨʦʝʢʪʦʨʘ) ʚʠʢʣʶʯʘʶʪʴ ʚʪʨʘʪʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʚʽʜʝʦʩʠʛʥʘʣʽʚ ʨʽʟʥʠʭ ʩʪʘʥʜʘʨʪʽʚ (NTSC, PAL, 

HDTV, SVGA, XGA ʽ ʪ. ɼ.), ɸ ʧʦʜʽʙʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʦʝʢʪʦʨʘʭ ʪʨʫʙʦʢ ʟ ʪʝʣʝʚʽʟʽʡʥʠʤʠ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʽʚ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʛʘʤʤʘ-ʢʦʨʝʢʮʽʾ. 
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ʈʠʩ. 4.2. CRT-ʧʨʦʝʢʪʦʨ 

 

ɺʦʣʦʜʽʶʯʠ ʙʝʟʩʫʤʥʽʚʥʠʤʠ ʜʦʩʪʦʾʥʩʪʚʘʤʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʚʽʜʝʦ, CRT-ʧʨʦʝʢʪʦʨʠ ʤʘʶʪʴ ʽ ʨʷʜ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʩʬʝʨʫ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʨʠ ʟʥʘʯʥʠʭ ʛʘʙʘʨʠʪʘʭ ʽ ʤʘʩʽ ʚ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʢʽʣʦʛʨʘʤ 

ʚʦʥʠ ʧʨʦʛʨʘʶʪʴ ʩʫʯʘʩʥʠʤ ʧʦʨʪʘʪʠʚʥʠʤ ʤʫʣʴʪʠʤʝʜʽʘ-ʧʨʦʝʢʪʦʨʘʤ ʚ 

ʷʩʢʨʘʚʦʩʪʽ. ʇʨʠ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʥʠʭ ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʮʽ ʚ ʤʝʞʘʭ ʚʽʜ 100 ʜʦ 

300 ANSI-ʣʤ ʧʝʨʝʛʣʷʜ ʧʨʦʛʨʘʤ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 

CRT-ʧʨʦʝʢʪʦʨʘ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʙʝʟʣʽʯ ʪʦʥʢʠʭ ʥʘʣʘʰʪʫʚʘʥʴ (ʟʚʝʜʝʥʥʷ 

ʧʨʦʤʝʥʽʚ, ʙʘʣʘʥʩ ʙʽʣʦʛʦ ʽ ʪ. ɼ.), ʑʦ ʚʠʤʘʛʘʻ ʟʘʣʫʯʝʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ. ʊʘʢʦʞ, ʧʽʩʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʘʧʘʨʘʪʘ ʥʘ ʥʦʚʝ ʤʽʩʮʝ, ʟʘʤʽʥʠ 

ʚʠʡʰʦʚʰʦʛʦ ʟ ʣʘʜʫ ʢʦʤʧʦʥʝʥʪʘ ʘʙʦ ʧʨʠʨʦʜʥʦʛʦ ʩʧʘʜʫ ʧʘʨʘʤʝʪʨʽʚ ʟ ʧʣʠʥʦʤ 

ʯʘʩʫ ʚʩʽ ʧʨʦʮʝʜʫʨʠ ʥʝʦʙʭʽʜʥʦ ʧʦʚʪʦʨʠʪʠ ʟʘʥʦʚʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʜʦʩʠʪʴ 

ʚʠʩʦʢʦʾ ʮʽʥʠ ʩʘʤʦʛʦ ʧʨʠʩʪʨʦʶ ʤʦʞʫʪʴ ʜʦʜʘʪʠʩʷ ʟʥʘʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʠʪʨʘʪʠ. 

 

ʇʨʠʩʪʨʽʡ CRT ʧʨʦʝʢʪʦʨʘ 

ʅʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽ CRT-ʧʨʦʝʢʪʦʨʠ ʙʫʜʫʶʪʴʩʷ ʥʘ ʪʨʴʦʭ ʝʣʝʢʪʨʦʥʥʦ-

ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʢʘʭ ʟ ʨʦʟʤʽʨʦʤ ʝʢʨʘʥʫ ʚʽʜ 7 ʜʦ 9 ʜʶʡʤʽʚ ʧʦ ʜʽʘʛʦʥʘʣʽ. 
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ʂʦʞʥʘ ʪʨʫʙʢʘ ʚʽʜʪʚʦʨʶʻ ʦʜʠʥ ʟ ʙʘʟʦʚʠʭ ʢʦʣʴʦʨʽʚ ʧʨʦʩʪʦʨʫ RGB - ʯʝʨʚʦʥʠʡ, 

ʟʝʣʝʥʠʡ ʘʙʦ ʩʠʥʽʡ (ʈʠʩ. 4.3). 

 

 

ʈʠʩ. 4.3. CRT ʪʨʫʙʢʘ ʧʨʦʝʢʪʦʨʘ 

 

ɺʠʜʽʣʝʥʽ ʟ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʢʦʣʽʨʥʽ ʩʢʣʘʜʦʚʽ ʢʝʨʫʶʪʴ ʨʦʙʦʪʦʶ 

ʤʦʜʫʣʷʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʫʙʦʢ, ʟʤʽʥʶʶʯʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʦʤʝʥʷ, ʷʢʠʡ ʧʽʜ ʚʧʣʠʚʦʤ ʚʽʜʭʠʣʷʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʩʢʘʥʫʻ 

ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʝʢʨʘʥʫ ʪʨʫʙʢʠ ʟ ʬʦʩʬʦʨʥʠʤ ʧʦʢʨʠʪʪʷʤ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʥʘ ʝʢʨʘʥʽ ʪʨʫʙʢʠ ʬʦʨʤʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʟʠ ʚʦʥʦ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʝʢʨʘʥ, ʜʝ ʟʤʽʰʫʻʪʴʩʷ ʟ ʧʨʦʝʢʮʽʷʤʠ ʚʽʜ 

ʜʚʦʭ ʽʥʰʠʭ ʪʨʫʙʦʢ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʇʝʨʝʚʘʛʠ CRT: 

 ɺʠʩʦʢʘ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. 

 ɺʝʣʠʢʘ ʪʨʠʚʘʣʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ. 

 ɻʣʠʙʦʢʠʡ ʨʽʚʝʥʴ ʯʦʨʥʦʛʦ (ʢʦʥʪʨʘʩʪʥʽʩʪʴ). 

 ʇʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʝ ʨʦʟʰʠʨʝʥʥʷ. 

 ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ, ʜʦʩʪʘʪʥʽʩʪʴ ʧʘʩʠʚʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ. 

 ɺʠʧʨʦʙʫʚʘʥʘ ʯʘʩʦʤ ʪʝʭʥʦʣʦʛʽʷ (ʧʦʥʘʜ ʧʽʚʩʪʦʣʽʪʪʷ). 

 

ʅʝʜʦʣʽʢʠ CRT: 

 ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ. 
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 ʅʝʦʙʭʽʜʥʝ ʧʝʨʽʦʜʠʯʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ. 

 ʅʝʯʽʪʢʘ ʛʝʦʤʝʪʨʽʷ. 

 ʅʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

 

LCD-ʪʝʭʥʦʣʦʛʽʷ 

ʋ ʤʫʣʴʪʠʤʝʜʽʡʥʠʭ ʧʨʦʝʢʪʦʨʘʭ, ʚʠʢʦʥʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ LCD (Liquid 

Crystal Display), ʬʫʥʢʮʽʾ ʬʦʨʤʫʚʘʯʘ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʥʫʻ LCD-ʤʘʪʨʠʮʷ 

ʧʨʦʩʚʽʪʥʦʛʦ ʪʠʧʫ. ɿʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʪʘʢʽ ʘʧʘʨʘʪʠ ʥʘʛʘʜʫʶʪʴ ʟʚʠʯʘʡʥʽ 

ʜʽʘʧʨʦʝʢʪʦʨʠ (ʜʠʚ. ʇʨʠʩʪʨʽʡ LCD-ʧʨʦʝʢʪʦʨʘ) ʟ ʪʽʻʶ ʨʽʟʥʠʮʝʶ, ʱʦ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʝʢʨʘʥ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ 

ʧʨʦʭʦʜʞʝʥʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʦʛʦ ʣʘʤʧʦʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʥʝ ʯʝʨʝʟ ʩʣʘʡʜ, ʘ 

ʯʝʨʝʟ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʫ ʧʘʥʝʣʴ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʝʟʣʽʯʽ ʝʣʝʢʪʨʠʯʥʦ 

ʢʝʨʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ - ʧʽʢʩʝʣʽʚ . ɿʘʣʝʞʥʦ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʠʢʣʘʜʝʥʦʛʦ ʜʦ 

ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʝʣʝʤʝʥʪʫ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʟʤʽʥʶʻʪʴʩʷ ʡʦʛʦ ʧʨʦʟʦʨʽʩʪʴ, ʘ, 

ʦʪʞʝ, ʽ ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʦʩʪʽ ʜʽʣʷʥʢʠ ʝʢʨʘʥʫ, ʥʘ ʷʢʠʡ ʧʨʦʝʢʪʫʻʪʴʩʷ ʜʘʥʠʡ 

ʧʽʢʩʝʣʴ. 

LCD-ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʠʣʘ ʽʩʪʦʪʥʦ ʟʜʝʰʝʚʠʪʠ ʧʨʦʝʢʮʽʡʥʽ ʘʧʘʨʘʪʠ, 

ʟʤʝʥʰʠʪʠ ʾʭ ʛʘʙʘʨʠʪʠ ʽ ʦʜʥʦʯʘʩʥʦ ʟʙʽʣʴʰʠʪʠ ʚʠʧʨʦʤʽʥʶʚʘʥʠʡ ʥʠʤʠ 

ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ (ʚ ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʭ ʤʦʜʝʣʷʭ ʚʽʥ ʜʦʩʷʛʘʻ ʽ 10000 ANSI-

ʣʤ). LCD-ʧʨʦʝʢʪʦʨʠ ʧʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽ ʥʘʣʘʰʪʫʚʘʥʥʽ ʽ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʾ 

ʧʘʨʘʤʝʪʨʠ ʧʽʩʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ.  

ʈʘʟʦʤ ʟ ʪʠʤ, ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʚʣʘʩʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦʤ ʧʽʢʩʝʣʽʚ ʚ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽʡ ʤʘʪʨʠʮʽ ʬʦʨʤʫʚʘʯʘ 

ʟʦʙʨʘʞʝʥʥʷ, LCD-ʧʨʦʝʢʪʦʨʠ ʚʽʜʪʚʦʨʶʶʪʴ ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʠ ʪʽʣʴʢʠ 

ʦʜʥʦʛʦ, ʷʢ ʧʨʘʚʠʣʦ, ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʩʪʘʥʜʘʨʪʫ SVGA, XGA, HD ʽ ʪ.ʜ. ɼʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʽʥʰʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʝʣʝʚʽʟʽʡʥʠʭ, 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 

ʧʨʠʨʦʜʥʦʛʦ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʝʢʪʦʨʘ ʮʠʬʨʦʚʦʛʦ ʬʦʨʤʘʪʫ. ʅʘʷʚʥʽʩʪʴ 

ʥʝʧʨʦʟʦʨʠʭ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʦʢʨʝʤʠʤʠ ʧʽʢʩʝʣʷʤʠ ʚ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ 
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ʤʘʪʨʠʮʷʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘ ʝʢʨʘʥʽ ʩʽʪʢʠ, ʧʦʤʽʪʥʦʶ ʟ ʙʣʠʟʴʢʦʾ 

ʚʽʜʩʪʘʥʽ. ɿ ʧʝʨʝʭʦʜʦʤ ʥʘ ʧʦʣʽʢʨʝʤʥʽʻʚʽ ʤʘʪʨʠʮʽ ʟ ʙʽʣʴʰ ʱʽʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʧʽʢʩʝʣʽʚ ʽ ʨʦʟʰʠʨʝʥʥʷʤ XGA ʽ ʚʠʱʝ ʮʝʡ ʥʝʜʦʣʽʢ ʩʪʘʻ ʧʨʘʢʪʠʯʥʦ 

ʥʝʧʦʤʽʪʥʠʤ, ʘ ʧʦʩʪʽʡʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʴʦʨʦʚʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʷʢʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʝʣʷʤʠ ʙʽʣʴʰ 

ʨʘʥʥʴʦʾ ʨʦʟʨʦʙʢʠ. 

 

ʇʨʠʩʪʨʽʡ LCD ʧʨʦʝʢʪʦʨʘ 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʨʠʮʴ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

LCD-ʧʨʦʝʢʪʦʨʘʭ ʷʢ ʬʦʨʤʫʚʘʯʽʚ ʟʦʙʨʘʞʝʥʥʷ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʦʣʝʢʫʣ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʨʝʯʦʚʠʥʠ ʟʤʽʥʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʫ ʦʨʽʻʥʪʘʮʽʶ ʧʽʜ 

ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʽ ʥʘʜʘʚʘʪʠ ʧʦʣʷʨʠʟʫʶʯʠʡ ʝʬʝʢʪ ʥʘ ʩʚʽʪʣʦʚʽ 

ʧʨʦʤʝʥʽ (ʨʠʩ. 4.4). ʋ ʙʘʛʘʪʦʰʘʨʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʤʘʪʨʠʮʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʠʡ ʤʘʩʠʚ ʙʝʟʣʽʯʽ ʦʢʨʝʤʦ ʢʝʨʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʧʽʢʩʝʣʽʚ) 

(ʈʠʩ. 4.5), ʰʘʨ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ ʧʦʤʽʱʘʻʪʴʩʷ ʤʽʞ ʩʢʣʷʥʠʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʥʘ 

ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʥʘʥʝʩʝʥʽ ʙʦʨʦʟʝʥʢʠ. ɿʘʚʜʷʢʠ ʾʤ, ʫ ʚʩʽʭ ʝʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʽ 

ʚʜʘʻʪʴʩʷ ʟʦʨʽʻʥʪʫʚʘʪʠ ʤʦʣʝʢʫʣʠ ʽʜʝʥʪʠʯʥʠʤ ʯʠʥʦʤ, ʧʨʠʯʦʤʫ, ʚʥʘʩʣʽʜʦʢ 

ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʙʦʨʦʟʝʥʦʢ ʜʚʦʭ ʧʣʘʩʪʠʥ, 

ʦʨʽ̒ʥʪʘʮʽʷ ʤʦʣʝʢʫʣ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʽʨʫ ʚʽʜʜʘʣʝʥʥʷ ʚʽʜ ʦʜʥʽʻʾ ʟ ʥʠʭ ʽ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʽʥʰʦʾ ʥʘ 90 ʛʨʘʜʫʩʽʚ. 
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ʈʠʩ. 4.4. ʇʨʠʩʪʨʽʡ LCD ʢʦʤʽʨʦʢ 

 

ʇʨʦʧʫʱʝʥʠʡ ʯʝʨʝʟ ʪʘʢʠʡ ʰʘʨ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʨʝʯʦʚʠʥʠ 

ʧʦʣʷʨʠʟʦʚʘʥʝ ʩʚʽʪʣʦ (ʜʠʚ. ʈʠʩ. 4.4) ʊʘʢʦʞ ʟʤʽʥʶʻ ʧʣʦʱʠʥʫ ʧʦʣʷʨʠʟʘʮʽʾ ʥʘ 

90 ʛʨʘʜʫʩʽʚ. ʊʦʤʫ ʩʪʨʫʢʪʫʨʘ, ʚ ʷʢʫ ʜʦʜʘʥʽ ʚʭʽʜʥʠʡ ʽ ʚʠʭʽʜʥʠʡ ʧʦʣʷʨʠʟʘʮʽʡʥʽ 

ʬʽʣʴʪʨʠ ʟ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʦʩʷʤʠ ʧʦʣʷʨʠʟʘʮʽʾ (a ʽ b), 

ʚʠʷʚʣʷʻʪʴʩʷ ʧʨʦʟʦʨʦʶ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʯʘʩʪʢʦʚʦ 

ʩʣʘʙʰʘʻ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʚʭʽʜʥʦʛʦ ʧʦʣʷʨʠʟʘʪʦʨʘ. 

 

 

ʈʠʩ. 4.5. ʇʨʠʩʪʨʽʡ LCD ʤʘʪʨʠʮʽ 
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ʇʝʨʝʙʫʚʘʶʯʠ ʧʽʜ ʚʧʣʠʚʦʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʤʦʣʝʢʫʣʠ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʰʘʨʫ ʟʤʽʥʶʶʪʴ ʩʚʦʶ ʦʨʽʻʥʪʘʮʽʶ, ʽ ʢʫʪ ʧʦʚʦʨʦʪʫ 

ʧʣʦʱʠʥʠ ʧʦʣʷʨʠʟʘʮʽʾ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʤʽʪʥʦ ʟʤʝʥʰʫʻʪʴʩʷ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʧʦʛʣʠʥʘʻʪʴʩʷ ʚʠʭʽʜʥʠʤ 

ʧʦʣʷʨʠʟʘʪʦʨʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʝʨʫʶʯʠ ʨʽʚʥʝʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ ʧʨʦʟʦʨʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ. 

ʋ LCD-ʧʘʥʝʣʷʭ ʟ ʘʢʪʠʚʥʦʶ ʘʜʨʝʩʘʮʽʻʶ ʧʽʢʩʝʣʽʚ, ʚʠʢʦʥʘʥʠʭ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʜʢʣʘʜʦʢ ʟ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʽʶ, ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʧʨʘʮʶʻ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʦʢʨʝʤʦʛʦ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ (TFT - Thin Film 

Transistor). 

ʉʘʤ ʪʨʘʥʟʠʩʪʦʨ ʽ ʩʧʦʣʫʯʥʽ ʧʨʦʚʽʜʥʠʢʠ, ʟʘʡʤʘʶʯʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ 

ʧʦʚʝʨʭʥʽ ʤʘʪʨʠʮʽ, ʟʥʠʞʫʶʪʴ ʾʾ ʩʚʽʪʣʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ 

ʟʙʽʣʴʰʝʥʥʶ ʨʦʟʰʠʨʝʥʥʷ (ʈʠʩ. 4.6). 

 

 

ʈʠʩ. 4.6. ʇʨʠʩʪʨʽʡ LCD 

 

ʇʝʨʝʭʽʜ ʥʘ ʧʦʣʽʢʨʝʤʥʽʻʚʫ ʪʝʭʥʦʣʦʛʽʶ (p-Si), ʷʢʘ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʚ ʩʫʯʘʩʥʠʭ LCD-ʧʨʦʝʢʪʦʨʘʭ, ʜʦʟʚʦʣʠʚ ʧʝʨʝʥʝʩʪʠ ʝʣʝʤʝʥʪʠ ʩʭʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʚ ʰʘʨ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ ʽ ʧʦʤʽʪʥʦ ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʠ 

ʧʨʦʚʽʜʥʠʢʽʚ ʽ ʢʝʨʫʶʯʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʊʠʤ ʩʘʤʠʤ, ʚʜʘʣʦʩʷ ʧʽʜʚʠʱʠʪʠ 

ʩʚʽʪʣʦʚʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʪʨʠʮʴ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʾʭ 

ʨʦʟʰʠʨʝʥʥʷ. ɼʦʜʘʪʢʦʚʠʡ ʚʠʛʨʘʰ ʧʦ ʩʚʽʪʣʦʚʦʤʫ ʧʦʪʦʢʫ ʚ ʜʝʷʢʠʭ LCD-
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ʤʘʪʨʠʮʷʭ ʟʘʙʝʟʧʝʯʫʻ ʤʽʢʨʦʣʽʥʟʦʚʠʡ ʨʘʩʪʨ - ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʽ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʣʘʩʥʦʶ ʤʽʢʨʦʣʽʥʟʦʶ, ʱʦ ʥʘʧʨʘʚʣʷʻ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʯʝʨʝʟ 

ʧʨʦʟʦʨʫ ʦʙʣʘʩʪʴ. ʇʦʜʽʙʥʽ ʤʘʪʨʠʮʽ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ LCD-

ʧʨʦʝʢʪʦʨʘʭ. 

ʉʫʯʘʩʥʽ LCD-ʧʨʦʝʢʪʦʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʙʘʟʽ ʪʨʴʦʭ ʧʦʣʽʢʨʝʤʥʽʻʚʠʭ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʨʠʮʴ, ʨʦʟʤʽʨʦʤ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʽʜ 0.7 ʜʦ 1.8 ʜʶʡʤʽʚ ʧʦ 

ʜʽʘʛʦʥʘʣʽ. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘʢʦʛʦ ʧʨʦʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʈʠʩ. 4.7. 

 

 

ʈʠʩ. 4.7. ʉʫʯʘʩʥʠʡ LCD ʧʨʦʝʢʪʦʨ 

 

ʉʚʽʪʣʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʤʧʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʜʝʥʩʦʨʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʽʚʥʦʤʽʨʥʠʡ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʟ ʷʢʦʛʦ ʜʠʭʨʦʾʯʥʽ ʜʟʝʨʢʘʣʘ-

ʬʣ̔ʴʪʨʠ ʚʠʜʽʣʷʶʪʴ ʪʨʠ ʢʦʣʽʨʥʽ ʩʢʣʘʜʦʚʽ (ʯʝʨʚʦʥʫ, ʩʠʥʶ ʽ ʟʝʣʝʥʫ) ʽ 

ʥʘʧʨʘʚʣʷʶʪʴ ʾʭ ʥʘ ʚʽʜʧʦʚʽʜʥʽ LCD-ʤʘʪʨʠʮʽ. ʉʬʦʨʤʦʚʘʥʽ ʥʠʤʠ ʢʦʣʴʦʨʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʢʦʣʴʦʨʦʟʤʽʰʫʚʘʣʴʥʦʤʫ ʧʨʠʟʤʘʪʠʯʥʦʤʫ ʙʣʦʮʽ ʚ 

ʦʜʥʝ ʧʦʚʥʦʢʦʣʴʦʨʦʚʝ, ʷʢʝ ʧʦʪʽʤ ʯʝʨʝʟ ʦʙ'ʻʢʪʠʚ ʧʨʦʝʢʪʫʻʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ 

ʝʢʨʘʥ. 
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ʅʘ ʨʠʩʫʥʢʫ 4.8 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʝʣʝʤʝʥʪʽʚ LCD 

ʧʨʦʝʢʪʦʨʘ, ʪʦʜʽ ʷʢ ʥʘ ʨʠʩʫʥʢʫ 4.9 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʧʨʠʢʣʘʜ ʦʙ'ʻʢʪʠʚʘ ʟ 

ʙʣʦʢʦʤ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʨʠʮʴ. 

 

 

ʈʠʩ. 4.8. ʆʧʪʠʯʥʠʡ ʪʨʘʢʪ LCD ʧʨʦʝʢʪʦʨʘ 

 

 

ʈʠʩ. 4.9. ʆʙ'ʻʢʪʠʚ ʟ ʙʣʦʢʦʤ ʈʂ ʤʘʪʨʠʮʴ. ɼʦ ʢʦʞʥʦʾ ʤʘʪʨʠʮʽ ʡʜʝ ʢʦʥʪʘʢʪʥʠʡ ʰʣʝʡʬ. 
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ʇʝʨʝʚʘʛʠ LCD  

 ʄʘʣʘ ʚʘʛʘ. 

 ʅʠʟʴʢʘ ʚʘʨʪʽʩʪʴ. 

 ʏʫʜʦʚʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʨʝʟʝʥʪʘʮʽʡ. 

 ɺʠʩʦʢʘ ʷʩʢʨʘʚʽʩʪʴ. 

 ɯʜʝʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ. 

 ʃʝʛʢʘ ʥʘʩʪʨʦʡʢʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

 ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʜʫʞʝ ʚʝʣʠʢʠʭ ʝʢʨʘʥʽʚ. 

ʅʝʜʦʣʽʢʠ LCD 

 ʅʝʦʙʦʨʦʪʥʘ ʜʝʛʨʘʜʘʮʽʷ (ʩʪʘʨʽʥʥʷ) LCD ʤʘʪʨʠʮʽ ʯʝʨʝʟ 3-4 ʨʦʢʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. 

 ʅʝʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʯʦʨʥʦʛʦ. 

 "ʄʝʨʪʚʽ" ʧʽʢʩʝʣʽ. 

 ʆʙʦʚ'ʷʟʢʦʚʝ ʘʢʪʠʚʥʝ ʦʭʦʣʦʜʞʝʥʥʷ, ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʰʫʤʫ. 

 ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʣʘʤʧʠ. 

 

D-ILA -ʪʝʭʥʦʣʦʛʽʷ 

ɺʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧʘʥʽʻʶ Huges-JVC ʪʝʭʥʦʣʦʛʽʷ D-ILA 

(Direct Drive Image Light Amplifier) ʬʘʢʪʠʯʥʦ ʻ ʧʝʨʰʠʤ ʢʦʤʝʨʮʽʡʥʠʤ 

ʚʪʽʣʝʥʥʷʤ ʪʘʢ ʟʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ LCOS, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ, ʥʘ ʜʫʤʢʫ ʙʽʣʴʰʦʩʪʽ 

ʝʢʩʧʝʨʪʽʚ, ʦʜʥʝ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʚ ʦʙʣʘʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʝʢʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʇʦʜʽʙʥʦ LCD-ʪʝʭʥʦʣʦʛʽʾ ʚʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʷʭ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʧʨʦʪʝ, ʟʘʤʽʩʪʴ ʟʚʠʯʘʡʥʠʭ ʧʨʦʩʚʽʪʥʠʭ 

ʤʘʪʨʠʮʴ ʥʘ ʦʩʥʦʚʽ ʘʤʦʨʬʥʦʛʦ ʘʙʦ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʬʦʨʤʫʚʘʯʽʚ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠʣʘʜʽʚ ʚʽʜʦʙʨʘʞʫʶʯʦʛʦ 

ʪʠʧʫ (ʜʠʚ. ʇʨʠʩʪʨʽʡ D-ILA -ʧʨʦʝʢʪʦʨʽʚ). ʋ ʤʘʪʨʠʮʽ D-ILA 

ʩʚʽʪʣʦʤʦʜʫʣʶʶʯʠʡ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʠʡ ʰʘʨ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʦʚʝʨʭ 

ʧʽʜʢʣʘʜʢʠ ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ, ʥʘ ʷʢʽʡ ʬʦʪʦʣʽʪʦʛʨʘʬʽʯʥʠʤ 

ʩʧʦʩʦʙʦʤ ʩʬʦʨʤʦʚʘʥʽ ʢʝʨʫʶʯʽ ʧʽʢʩʝʣʷʤʠ ʝʣʝʢʪʨʦʜʠ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ 
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ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʘʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʄʘʡʞʝ ʚʩʷ ʩʭʝʤʘ ʫʧʨʘʚʣʽʥʥʷ 

ʤʘʪʨʠʮʝʶ ʨʦʟʤʽʱʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʽʜʢʣʘʜʮʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʘʥʦʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʨʷʜ ʽʩʪʦʪʥʠʭ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ LCD-ʧʘʥʝʣʷʤʠ. ʄʘʪʨʠʮʽ D-

ILA ʧʨʦʩʪʽʰʝ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽ ʧʨʠ ʤʝʥʰʠʭ ʨʦʟʤʽʨʘʭ ʤʦʞʫʪʴ ʤʘʪʠ ʽʩʪʦʪʥʦ 

ʙʽʣʴʰ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʱʽ 

ʢʨʠʩʪʘʣʘ ʚ ʥʠʭ ʜʦʩʷʛʘʻ 93%, ʱʦ ʧʨʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʻ ʧʨʦʷʚ ʛʨʘʪʯʘʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ ʥʘ ʝʢʨʘʥʽ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʧʫʱʝʥʠʭ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ D-ILA -ʧʨʦʝʢʪʦʨʽʚ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʤʘʪʨʠʮʷʭ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ SXGA (1365ʭ1024 ʧʽʢʩʝʣʽʚ) 

ʽ, ʚʦʣʦʜʽʶʯʠ ʩʚʽʪʣʦʚʠʤ ʧʦʪʦʢʦʤ ʚ ʤʝʞʘʭ ʚʽʜ 1000 ʜʦ 7000 ANSI ʣʶʤʝʥ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʦʶ ʤʘʩʦʶ ʽ ʚʠʩʦʢʦʶ ʮʽʥʦʶ. ʂʨʽʤ ʪʦʛʦ, 

ʽʩʥʫʶʪʴ ʽ ʤʘʪʨʠʮʽ ʧʽʜʚʠʱʝʥʦʛʦ ʜʦʟʚʦʣʫ QXGA (2048ʭ1536 ʧʽʢʩʝʣʽʚ) 

ʨʦʟʤʽʨʦʤ 1.3 ʜʶʡʤʘ ʧʦ ʜʽʘʛʦʥʘʣʽ. ʆʩʪʘʥʥʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʮʽʥʥʝ (ʙʝʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʩʪʠʩʥʝʥʥʷ) ʚʽʜʪʚʦʨʝʥʥʷ ʚʽʜʝʦʩʠʛʥʘʣʽʚ ʩʪʘʥʜʘʨʪʫ 

HDTV (1080i). 

 

ʇʨʠʩʪʨʽʡ D-ILA ʧʨʦʝʢʪʦʨʽʚ 

ʋ D-ILA ʧʨʦʝʢʪʦʨʘʭ ʬʫʥʢʮʽʾ ʬʦʨʤʫʚʘʯʽʚ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʥʫʶʪʴ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʽ ʤʘʪʨʠʮʽ ʚʽʜʙʠʚʘʶʯʦʛʦ ʪʠʧʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʩʚʽʪʣʦʚʦʶ ʚʽʜʜʘʯʝʶ. 

ʄʘʪʨʠʮʷ D-ILA ʤʘʻ ʙʘʛʘʪʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʫ, ʨʦʟʤʽʱʝʥʫ ʥʘ ʧʽʜʢʣʘʜʮʽ 

ʟ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʨʝʤʥʽʶ (ʈʠʩ 4.10). ɺʩʽ ʢʦʤʧʦʥʝʥʪʠ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʚʠʢʦʥʘʥʽ ʧʦ ʢʦʤʧʣʽʤʝʥʪʘʨʥʦʡ ʪʝʭʥʦʣʦʛʽʾ CMOS ʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟʘ 

ʩʚʽʪʣʦʤʦʜʫʣʶʶʯʠʤ ʰʘʨʦʤ ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʙʽʣʴʰʠʪʠ 

ʱʽʣʴʥʽʩʪʴ ʨʦʟʤʽʱʝʥʥʷ ʧʽʢʩʝʣʽʚ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʚʩʴʦʛʦ 

ʢʽʣʴʢʘ ʤʽʢʨʦʥʽʚ, ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʣʦʱʽ 

ʢʨʠʩʪʘʣʘ (ʜʦʩʷʛʥʫʪʠʡ ʨʽʚʝʥʴ - 93%). 
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ʈʠʩ. 4.10. ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʽ D-ILA  

 

ʇʝʨʝʚʘʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʻ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʩʚʽʪʣʦʤʦʜʫʣʶʶʯʦʛʦ ʰʘʨʫ ʽ ʩʭʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚ ʭʦʜʽ ʻʜʠʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ. ɺʽʜʦʙʨʘʞʘʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʨʠʮʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʪʘʥʦʤ ʰʘʨʫ 

ʨʽʜʢʠʭ ʢʨʠʩʪʘʣʽʚ, ʤʽʥʣʠʚʦʛʦ ʧʽʜ ʚʧʣʠʚʦʤ ʟʤʽʥʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʥʘʧʨʫʛʠ, ʷʢʝ 

ʬʦʨʤʫʻʪʴʩʷ ʤʽʞ ʚʽʜʦʙʨʘʞʘʶʯʠʤʠ ʧʽʢʩʝʣʴʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʽ ʟʘʛʘʣʴʥʠʤ ʜʣʷ 

ʚʩʽʭ ʧʽʢʩʝʣʽʚ ʧʨʦʟʦʨʠʤ ʝʣʝʢʪʨʦʜʦʤ. 

D-ILA ʤʘʪʨʠʮʽ ʚʠʪʨʠʤʫʶʪʴ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʧʨʦʝʢʪʦʨʘʭ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʧʦʪʫʞʥʽ 

ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. 

 

ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʧʨʦʝʢʪʦʨʘ D-ILA  

ʇʨʦʝʢʪʦʨ D-ILA ʙʫʜʫʶʪʴʩʷ ʟʘ ʪʨʠʤʘʪʨʠʯʥʦʶ ʩʭʝʤʦʶ (ʢʦʞʥʘ ʤʘʪʨʠʮʷ 

ʬʦʨʤʫʻ ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʦʛʦ ʟ ʙʘʟʦʚʠʭ ʢʦʣʴʦʨʽʚ RGB-ʧʨʦʩʪʦʨʫ) ʽ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʯʫʜʦʚʝ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʦʤʫ ʧʨʘʢʪʠʯʥʦ ʥʝʧʦʤʽʪʥʘ ʧʽʢʩʝʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ. ɺʦʥʠ ʟ ʨʽʚʥʠʤ ʫʩʧʽʭʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʢʦʤʧ'ʶʪʝʨʥʠʭ ʽ ʚʽʜʝʦʩʠʛʥʘʣʽʚ, ʧʨʦʪʝ ʚ ʩʠʣʫ ʥʦʚʠʟʥʠ ʪʝʭʥʦʣʦʛʽʾ ʩʧʝʢʪʨ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʡ (ʈʠʩ. 

4.11). 
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ʈʠʩ. 4.11. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʧʨʦʝʢʪʦʨʘ D-ILA  

 

ʇʝʨʝʚʘʛʠ D-ILA  

 ʄʘʣʘ ʚʘʛʘ. 

 ʇʨʝʢʨʘʩʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʧʨʝʟʝʥʪʘʮʽʡ. 

 ɺʠʩʦʢʘ ʷʩʢʨʘʚʽʩʪʴ. 

 ɯʜʝʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ. 

 ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʜʫʞʝ ʚʝʣʠʢʠʭ ʝʢʨʘʥʽʚ. 

ʅʝʜʦʣʽʢʠ D-ILA  

 ʅʝʤʘʻ ʜʘʥʠʭ ʧʨʦ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘʪʨʠʮʴ. 

 ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʣʘʤʧʠ. 

 "ɹʠʪʽ" ʧʽʢʩʝʣʴ. 

 

DLP-ʪʝʭʥʦʣʦʛʽʷ 

ɺ ʦʩʥʦʚʽ ʙʫʜʴ-ʷʢʦʛʦ DLP-ʧʨʦʝʢʪʦʨʘ ʣʝʞʠʪʴ ʪʝʭʥʦʣʦʛʽʷ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʩʚʽʪʣʘ (DLP), ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʢʘʭ ʢʦʨʧʦʨʘʮʽʾ Texas 

Instruments, ʱʦ ʩʪʚʦʨʠʣʘ ʥʦʚʠʡ ʪʠʧ ʬʦʨʤʫʚʘʯʘ ʟʦʙʨʘʞʝʥʥʷ - ʮʠʬʨʦʚʠʡ 

ʤʽʢʨʦʜʟʝʨʢʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ DMD (Digital Micromirror Device). DMD-
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ʬʦʨʤʫʚʘʯ ʻ ʢʨʝʤʥʽʻʚʦʶ ʧʣʘʩʪʠʥʦʶ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʾ ʨʦʟʤʽʱʝʥʽ ʩʦʪʥʽ ʪʠʩʷʯ 

ʢʝʨʦʚʘʥʠʭ ʤʽʢʨʦʜʟʝʨʢʘʣ. ɻʦʣʦʚʥʘ ʡʦʛʦ ʧʝʨʝʚʘʛʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʦʨʤʫʚʘʯʘʤʠ 

ʽʥʰʦʛʦ ʪʠʧʫ ʧʦʣʷʛʘʻ ʫ ʚʠʩʦʢʽʡ ʩʚʽʪʣʦʚʠʡ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʦʾ ʜʚʦʤʘ 

ʬʘʢʪʦʨʘʤʠ: ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʬʦʨʤʫʚʘʯʘ 

(ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ - ʜʦ 90%) ʽ ʤʝʥʰʠʤ ʧʦʛʣʠʥʘʥʥʷʤ ʩʚʽʪʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʧʨʘʮʶʶʯʠʤʠ ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʽʢʨʦʜʟʝʨʢʘʣʘʤʠ, ʷʢʽ ʜʦ ʪʦʛʦ ʞ ʥʝ ʚʠʤʘʛʘʶʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʷʨʠʟʘʪʦʨʽʚ. ɺ ʩʠʣʫ ʮʠʭ ʧʨʠʯʠʥ, ʘ ʪʘʢʦʞ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʛʦ 

ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ, DLP-ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʷʢ ʧʦʪʫʞʥʽ ʧʨʦʝʢʮʽʡʥʽ ʘʧʘʨʘʪʠ ʟ ʚʝʣʠʢʠʤ ʩʚʽʪʣʦʚʠʤ ʧʦʪʦʢʦʤ (ʚ 

ʜʘʥʠʡ ʯʘʩ ʜʦʩʷʛʥʫʪʦ ʨʽʚʥʷ 18000 ANSI-ʣʤ), ʪʘʢ ʽ ʥʘʜʤʽʥʽʘʪʶʨʥʽ ʧʨʦʝʢʪʦʨʠ 

(ʫʣʴʪʨʘʧʦʨʪʘʪʠʚʥʽ, ʤʽʢʨʦʧʦʨʪʘʪʽʚʥʽ) ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʉʘʤʝ ʚ 

ʮʠʭ ʢʣʘʩʘʭ ʧʨʦʜʫʢʪʽʚ DLP-ʪʝʭʥʦʣʦʛʽʷ ʩʴʦʛʦʜʥʽ ʜʦʤʽʥʫʻ. 

ʉʫʯʘʩʥʽ DLP-ʧʨʦʝʢʪʦʨʠ ʙʫʜʫʶʪʴʩʷ ʟʘ ʩʭʝʤʦʶ ʟ ʦʜʥʠʤ, ʜʚʦʤʘ ʽ ʪʨʴʦʤʘ 

DMD-ʢʨʠʩʪʘʣʘʤʠ (ʜʠʚ. ʇʨʠʩʪʨʽʡ DLP-ʧʨʦʝʢʪʦʨʘ). ʗʢ ʽ LCD-ʘʧʘʨʘʪʠ, ʚʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʣʘʩʥʠʤ ʦʧʪʠʯʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʯʠʩʣʦʤ ʤʽʢʨʦʜʟʝʨʢʘʣ ʚ DMD-ʤʘʪʨʠʮʽ, ʽ ʥʘʡʢʨʘʱʠʤ ʯʠʥʦʤ ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʛʨʘʬʽʯʥʦʾ ʽ ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʮʠʬʨʦʚʦʤʫ 

ʬʦʨʤʘʪʽ (ʢʦʤʧ'ʶʪʝʨʥʽ ʬʘʡʣʠ, ʟʦʙʨʘʞʝʥʥʷ). 

ʇʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʽʚʪʦʥʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʠʭ (ʘ ʪʘʢʦʞ 

ʧʦʚʥʦʢʦʣʴʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʨʠʩʪʨʦʷʭ ʟ ʦʜʥʽʻʶ DMD-ʤʘʪʨʠʮʝʶ) 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʣʶʜʩʴʢʦʛʦ ʦʢʘ ʫʩʝʨʝʜʥʶʚʘʪʠ ʚʽʟʫʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʽ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʧʝʨʝʨʘʭʫʥʢʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʢʝʨʫʶʯʽ ʤʽʢʨʦʜʟʝʨʢʘʣʘʤʠ ʐɯʄ-

ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʗʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻ ʨʝʟʫʣʴʪʫʶʯʫ 

ʪʦʯʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʢʦʣʴʦʨʫ. 

 

ʇʨʠʩʪʨʽʡ DLP- ʧʨʦʝʢʪʦʨʘ 

DMD-ʢʨʠʩʪʘʣ, ʧʦ ʩʫʪʽ, ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʫ ʤʽʢʨʦʩʭʝʤʫ 

ʩʪʘʪʠʯʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ (SRAM), ʢʦʞʥʘ ʢʣʽʪʠʥʢʘ ʷʢʦʾ, ʘ ʪʦʯʥʽʰʝ ʾʾ 
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ʚʤʽʩʪ, ʚʠʟʥʘʯʘʻ ʧʦʣʦʞʝʥʥʷ ʦʜʥʦʛʦ ʟ ʙʝʟʣʽʯʽ (ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʪʠʩʷʯ ʜʦ 

ʤʽʣʴʡʦʥʘ ʽ ʙʽʣʴʰʝ) ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʜʢʣʘʜʢʠ ʤʽʢʨʦʜʟʝʨʢʘʣ ʟ 

ʨʦʟʤʽʨʘʤʠ 16ʭ16 ʤʢ (ʈʠʩ. 4.12). 

 

 

ʈʠʩ. 4.12. ʇʨʠʥʮʠʧ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ DMD-ʤʘʪʨʠʮʽ (Digital 

Micromirror Device) 

 

ʗʢ ʽ ʢʝʨʫʶʯʘ ʢʦʤʽʨʢʘ ʧʘʤ'ʷʪʽ, ʤʽʢʨʦʜʟʝʨʢʘʣʦ ʤʘʻ ʜʚʘ ʩʪʘʥʠ, ʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʧʨʷʤʢʦʤ ʧʦʚʦʨʦʪʫ ʜʟʝʨʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʥʘʚʢʦʣʦ ʦʩʽ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʧʦ ʜʽʘʛʦʥʘʣʽ ʜʟʝʨʢʘʣʘ. ʋ ʢʦʞʥʦʤʫ ʩʪʘʥʽ ʢʫʪ ʤʽʞ ʧʣʦʱʠʥʦʶ 

ʜʟʝʨʢʘʣʘ ʽ ʧʦʚʝʨʭʥʝʶ ʤʽʢʨʦʩʭʝʤʠ ʩʪʘʥʦʚʠʪʴ 10 ʛʨʘʜʫʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʨʠʥʮʠʧʦʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʙʫʜʴ-ʷʢʦʛʦ DMD ʢʨʠʩʪʘʣʘ ʻ ʥʘʷʚʥʽʩʪʴ ʚ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʽ ʨʫʭʦʤʠʭ ʤʝʭʘʥʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʋ DLP ʧʨʦʝʢʪʦʨʘʭ DMD ʢʨʠʩʪʘʣ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʬʦʨʤʫʚʘʯʘ 

ʟʦʙʨʘʞʝʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʤʽʢʨʦʜʟʝʨʢʘʣʘ ʚʽʜʙʠʪʠʡ ʾʤ ʩʚʽʪʣʦʚʠʡ 
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ʧʦʪʽʢ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʘʙʦ ʚ ʦʙ'ʻʢʪʠʚ ʪʦʜʽ ʥʘ ʝʢʨʘʥʽ ʬʦʨʤʫʻʪʴʩʷ ʩʚʽʪʣʘ ʧʣʷʤʘ, 

ʘʙʦ ʚ ʩʚʽʪʣʦʧʦʛʣʠʥʘʯ, ʪʦʜʽ ʚʽʜʧʦʚʽʜʥʘ ʜʽʣʷʥʢʘ ʝʢʨʘʥʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʟʘʪʝʤʥʝʥʦʶ. 

ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʧʽʚʪʦʥʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ 

ʤʦʜʫʣʷʮʽʾ (ʐɯʄ) ʩʠʛʥʘʣʽʚ, ʢʝʨʫʶʯʠʭ ʧʝʨʝʤʠʢʘʥʥʷʤ ʜʟʝʨʢʘʣ. ʏʠʤ ʙʽʣʴʰʝ 

ʯʘʩʫ ʧʨʦʪʷʛʦʤ ʫʩʝʨʝʜʥʝʥʦʛʦ ʦʢʦʤ ʽʥʪʝʨʚʘʣʫ ʚ 1/60 ʩʝʢʫʥʜʠ ʤʽʢʨʦʜʟʝʨʢʘʣʦ 

ʧʨʦʚʦʜʠʪʴ ʚ ʩʪʘʥʽ "ʚʢʣʶʯʝʥʦ", ʪʠʤ ʷʩʢʨʘʚʽʰʝ ʧʽʢʩʝʣʴ ʥʘ ʝʢʨʘʥʽ. 

ʅʘ ʈʠʩ. 4.13 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ 

LCD ʽ DLP ʤʘʪʨʠʮʷʤʠ. 

 

 

ʈʠʩ. 4.13. ʇʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʟʦʙʨʘʞʝʥʥʷ LCD ʽ DLP ʤʘʪʨʠʮʷʤʠ 

 

ʉʫʯʘʩʥʽ DLP-ʧʨʦʝʢʪʦʨʠ ʙʫʜʫʶʪʴʩʷ ʟʘ ʩʭʝʤʦʶ ʟ ʦʜʥʠʤ, ʜʚʦʤʘ ʽ ʪʨʴʦʤʘ 

DMD-ʤʘʪʨʠʮʷʤʠ. 

ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʦʜʥʦʤʘʪʨʠʯʦʛʦ DLP-ʧʨʦʝʢʪʦʨʘ 

ɺ ʦʜʥʦʤʘʪʨʠʯʥʦʤʫ DLP-ʧʨʦʝʢʪʦʨʽ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʣʘʤʧʠ 

ʧʨʦʧʫʩʢʘʻʪʴʩʷ ʯʝʨʝʟ ʦʙʝʨʪʦʚʠʡ ʬʽʣʴʪʨ ʟ ʪʨʴʦʤʘ ʩʝʢʪʦʨʘʤʠ, ʧʦʬʘʨʙʦʚʘʥʠʤʠ 

ʚ ʢʦʣʴʦʨʠ ʩʢʣʘʜʦʚʠʭ ʧʨʦʩʪʦʨʫ RGB (ʚ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʷʭ ʜʦ ʪʨʴʦʭ 

ʢʦʣʴʦʨʦʚʠʤ ʩʝʢʪʦʨʘʤ ʜʦʜʘʥʠʡ ʯʝʪʚʝʨʪʠʡ - ʧʨʦʟʦʨʠʡ, ʱʦ ʜʦʟʚʦʣʷʻ 
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ʟʙʽʣʴʰʠʪʠ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʤʫʣʴʪʠʤʝʜʽʡʥʦʛʦ ʧʨʦʝʢʪʦʨʘ ʧʨʠ ʜʝʤʦʥʩʪʨʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ ʟ ʧʝʨʝʚʘʞʘʶʯʠʤ ʩʚʽʪʣʠʤ ʬʦʥʦʤ) (ʈʠʩ. 4.14). 

 

 

ʈʠʩ. 4.14. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʦʜʥʦʤʘʪʨʠʯʥʦʛʦ DLP-ʧʨʦʝʢʪʦʨʘ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʬʽʣʴʪʨʘ (ʘ, ʦʪʞʝ, ʽ ʢʦʣʴʦʨʫ ʧʘʜʘʶʯʦʛʦ 

ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ) DMD-ʢʨʠʩʪʘʣ ʬʦʨʤʫʻ ʥʘ ʝʢʨʘʥʽ ʩʠʥʶ, ʯʝʨʚʦʥʫ ʘʙʦ 

ʟʝʣʝʥʫ ʢʘʨʪʠʥʢʠ, ʷʢʽ ʧʦʩʣʽʜʦʚʥʦ ʟʤʽʥʶʶʪʴ ʦʜʥʘ ʦʜʥʫ ʟʘ ʢʦʨʦʪʢʠʡ ʽʥʪʝʨʚʘʣ 

ʯʘʩʫ. ʋʩʝʨʝʜʥʶʶʯʠ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʝʢʨʘʥʦʤ, ʣʶʜʩʴʢʝ 

ʦʢʦ ʩʧʨʠʡʤʘʻ ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʧʦʚʥʦʢʦʣʴʦʨʦʚʝ. ɿʘ ʩʭʝʤʦʶ ʟ ʦʜʥʠʤ DMD-

ʢʨʠʩʪʘʣʦʤ ʚ ʜʘʥʠʡ ʯʘʩ ʙʫʜʫʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʤʽʥʽʘʪʶʨʥʽ DLP-ʧʨʦʝʢʪʦʨʠ. 

ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʙʽʟʥʝʩ-ʧʨʝʟʝʥʪʘʮʽʡ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʢʦʣʴʦʨʦʚʦʛʦ ʚʽʜʝʦ. ʉʣʽʜ, ʦʜʥʘʢ, ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚ 

ʦʩʪʘʥʥʴʦʤʫ ʚʠʧʘʜʢʫ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʧʨʦʝʢʪʦʨʘ ʟ ʯʦʪʠʨʴʦʭ ʩʝʢʪʦʨʥʠʤ 

ʢʦʣʴʦʨʦʚʠʤ ʬʽʣʴʪʨʦʤ ʚʠʷʚʣʷʻʪʴʩʷ ʥʠʞʯʝ ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʪʝʭʥʽʯʥʦʤʫ 

ʧʘʩʧʦʨʪʽ, ʪʘʢ ʷʢ ʚ ʮʴʦʤʫ ʨʝʞʠʤʽ ʧʨʦʟʦʨʠʡ ʩʝʢʪʦʨ ʥʝ ʧʨʘʮʶʻ, ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʣʘʤʧʠ ʟʥʠʞʫʻʪʴʩʷ. 
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ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʜʚʦʤʘʪʨʠʯʥʦʛʦ DLP-ʧʨʦʝʢʪʦʨʘ 

ʋ ʜʚʦʤʘʪʨʠʯʥʠʭ DLP-ʧʨʦʝʢʪʦʨʘʭ ʦʙʝʨʪʦʚʠʡ ʢʦʣʴʦʨʦʚʠʡ ʬʽʣʴʪʨ ʤʘʻ ʜʚʘ 

ʩʝʢʪʦʨʠ ʧʫʨʧʫʨʥʦʛʦ (ʩʫʤʽʰ ʯʝʨʚʦʥʦʛʦ ʟ ʩʠʥʽʤ) ʽ ʞʦʚʪʦʛʦ (ʩʫʤʽʰ ʯʝʨʚʦʥʦʛʦ ʽ 

ʟʝʣʝʥʦʛʦ) ʢʦʣʴʦʨʽʚ. ʜʠʟʨʦʾʯʥʽ ʧʨʠʟʤʠ ʧʦʜʽʣʷʶʪʴ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʥʘ 

ʩʢʣʘʜʦʚʽ, ʧʨʠ ʮʴʦʤʫ ʧʦʪʽʢ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ ʚ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʥʘ ʦʜʥʫ ʟ DMD-ʤʘʪʨʠʮʴ (ʈʠʩ. 4.15). ʅʘ ʜʨʫʛʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʬʽʣʴʪʨʘ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʧʦʪʽʢ ʘʙʦ ʩʠʥʴʦʛʦ, ʘʙʦ ʟʝʣʝʥʦʛʦ 

ʢʦʣʴʦʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʚʦʤʘʪʨʠʯʥʽ ʧʨʦʝʢʪʦʨʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʦʜʥʦʤʘʪʨʠʯʥʠʭ, ʧʨʦʝʢʪʫʶʪʴ ʥʘ ʝʢʨʘʥ ʢʘʨʪʠʥʢʫ ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ 

ʧʦʩʪʽʡʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʜʦʩʪʘʪʥʶ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʯʝʨʚʦʥʦʾ 

ʯʘʩʪʠʥʠ ʩʧʝʢʪʨʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʝʷʢʠʭ ʣʘʤʧ. 

 

 

ʈʠʩ. 4.15. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʜʚʦʤʘʪʨʠʯʥʦʛʦ DLP-ʧʨʦʝʢʪʦʨʘ 

 

ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʪʨʠʤʘʪʨʠʯʥʦʛʦ DLP-ʧʨʦʝʢʪʦʨʘ 

ʋ ʪʨʠʤʘʪʨʠʯʥʠʭ DLP-ʧʨʦʝʢʪʦʨʘʭ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ ʣʘʤʧʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʭʨʦʾʯʥʠʭ ʧʨʠʟʤ ʨʦʟʱʝʧʣʶʻʪʴʩʷ ʥʘ ʪʨʠ ʩʢʣʘʜʦʚʠʭ (RGB), ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ ʩʚʦʶ DMD-ʤʘʪʨʠʮʶ, ʷʢʘ ʬʦʨʤʫʻ ʢʘʨʪʠʥʢʫ ʦʜʥʦʛʦ 

ʢʦʣʴʦʨʫ (ʈʠʩ. 4.16). ʆʙ'ʻʢʪʠʚ ʘʧʘʨʘʪʫ ʧʨʦʝʢʪʫʻ ʥʘ ʝʢʨʘʥ ʦʜʥʦʯʘʩʥʦ ʪʨʠ 

ʢʦʣʴʦʨʦʚʠʭ ʢʘʨʪʠʥʢʠ, ʬʦʨʤʫʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʚʥʦʢʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ. 
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ʈʠʩ. 4.16. ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʪʨʠʤʘʪʨʠʯʥʦʛʦ DLP ʧʨʦʝʢʪʦʨʘ 

 

ɿʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʚʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʘʤʧʠ, ʪʨʠʤʘʪʨʠʯʥʽ DLP-ʧʨʦʝʢʪʦʨʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʩʚʽʪʣʦʚʠʤ ʧʦʪʦʢʦʤ, ʱʦ ʜʦʩʷʛʘʻ ʫ ʥʘʡʙʽʣʴʰ 

ʧʦʪʫʞʥʠʭ ʘʧʘʨʘʪʽʚ 18000 ANSI-ʣʤ. 

ʇʝʨʝʚʘʛʠ DLP 

 ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʤʘʪʨʠʮʽ. 

 ʄʘʣʘ ʚʘʛʘ. 

 ɺʠʩʦʢʘ ʷʩʢʨʘʚʽʩʪʴ. 

 ɯʜʝʘʣʴʥʘ ʛʝʦʤʝʪʨʽʷ. 

 ʄʝʥʰʽ ʚʠʪʨʘʪʠ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ. 

 ʄʝʥʰʠʡ ʨʽʚʝʥʴ ʰʫʤʫ. 

 ʇʽʜʭʦʜʠʪʴ ʜʣʷ ʜʫʞʝ ʚʝʣʠʢʠʭ ʝʢʨʘʥʽʚ. 

ʅʝʜʦʣʽʢʠ DLP 

 ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʣʘʤʧʠ. 

 "ɹʠʪʽ" ʧʽʢʩʝʣʽ. 
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 ʇʦʤʽʪʥʘ ʚʝʩʝʣʢʘ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʜʥʦʤʘʪʨʠʯʥʠʡ DLP. 

 

ʅʦʚʽ ʥʘʧʨʷʤʢʠ. ʃʘʟʝʨʥʽ ʧʨʦʝʢʪʦʨʠ 

ɺ ʜʝʷʢʽʡ ʤʽʨʽ ʩʧʘʜʢʦʻʤʮʝʤ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʭ ʪʨʫʙʦʢ ʻ ʣʘʟʝʨʥʽ 

ʧʨʦʝʢʪʦʨʠ, ʚ ʷʢʠʭ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʪʨʴʦʭ (ʽʥʦʜʽ ʙʽʣʴʰʝ) ʣʘʟʝʨʽʚ (ʈʠʩ. 4.17). ʉʧʘʜʢʦʻʤʮʷʤʠ - ʪʦʤʫ, ʱʦ ʤʘʪʨʠʮʷ 

ʣʘʟʝʨʽʚ ʬʦʨʤʫʻ ʪʨʠ ʧʨʦʤʝʥʷ ʪʠʭ ʞʝ ʢʦʣʴʦʨʽʚ, ʷʢʽ ʧʦʪʽʤ ʟʤʽʰʫʶʪʴʩʷ ʽ 

ʟʦʙʨʘʞʝʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ ʬʦʢʫʩʫʚʘʥʥʷ ʽ 

ʨʦʟʛʦʨʪʢʠ, ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ ʩʠʩʪʝʤʘ ʜʟʝʨʢʘʣ. ɿʘ ʩʚʦʻʶ ʩʫʪʪʶ, 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘʢʠʤ ʧʨʦʝʢʪʦʨʦʤ ʧʦʜʽʙʥʦ ʟʦʙʨʘʞʝʥʥʽ ʥʘ ʝʢʨʘʥʽ 

ɽʇʊ ʪʝʣʝʚʽʟʦʨʘ - ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ çʦʙʙʽʛʘʻè ʧʨʦʝʢʮʽʡʥʠʡ ʝʢʨʘʥ ʟʚʝʨʭʫ 

ʚʥʠʟ ʜʦ 50 ʨʘʟʽʚ ʥʘ ʩʝʢʫʥʜʫ, ʽ ʦʯʝʡ ʣʶʜʠʥʠ ʩʧʨʠʡʤʘʻ ʦʪʨʠʤʘʥʫ ʢʘʨʪʠʥʫ ʷʢ 

ʻʜʠʥʝ ʮʽʣʝ. 

 

 

ʈʠʩ. 4.17. ɺʠʧʨʦʤʽʥʶʶʯʘ ʛʦʣʽʚʢʘ ʣʘʟʝʨʥʦʛʦ ʧʨʦʝʢʪʦʨʘ ʚ ʨʦʟʽʙʨʘʥʦʤʫ ʩʪʘʥʽ 

 

ʈʝʘʣʽʩʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʮʴʦʤʫ ʧʨʘʢʪʠʯʥʦ ʥʘ ʙʫʜʴ-

ʷʢʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʝʨʽʚʥʽʡ, ʧʦʚʝʨʭʥʽ, ʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽ. 
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ɿ 2000 ʨʦʢʫ, ʢʦʣʠ ʧʦʯʘʣʦʩʷ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘʢʠʭ ʧʨʦʝʢʪʦʨʽʚ, ʚʦʥʠ 

ʩʪʘʣʠ ʚʠʜʘʚʘʪʠ ʙʽʣʴʰʝ ʷʢʽʩʥʫ ʢʘʨʪʠʥʢʫ, ʘʣʝ ʚʩʝ ʱʝ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʙʣʝʤʠ ʟ 

ʧʝʨʝʜʘʯʝʶ ʢʦʣʴʦʨʫ, ʭʦʯʘ ʟʦʙʨʘʞʝʥʥʷ ʽ ʚʦʣʦʜʽʻ ʚʨʘʞʘʶʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʢʦʥʪʨʘʩʪʫ ʽ ʷʩʢʨʘʚʦʩʪʽ. ʊʘʢʽ ʧʨʦʝʢʪʦʨʠ ʧʦʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʙʽʣʴʰʽʡ ʤʽʨʽ 

ʜʦʨʦʛʠʤʠ ʧʨʦʬʝʩʽʡʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ - ʚʦʥʠ ʥʘʜʤʽʨʥʦ ʚʝʣʠʢʽ ʽ 

ʩʧʦʞʠʚʘʶʪʴ ʙʘʛʘʪʦ ʝʥʝʨʛʽʾ. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʶ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʨʦʟʜʽʣʠʪʠ ʚʠʧʨʦʤʽʥʶʶʯʫ ʙʘʪʘʨʝʶ ʣʘʟʝʨʽʚ ʟ ʚʝʣʠʢʠʤ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʘ ʽ 

ʧʨʦʝʮʽʶʶʯʫ ʯʘʩʪʠʥʫ. ʊʘʢʦʞ ʯʘʩ ʞʠʪʪʷ ʣʘʟʝʨʘ ʧʦʤʽʪʥʦ ʧʝʨʝʚʝʨʰʫʻ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʣʘʤʧʠ ʪʨʘʜʠʮʽʡʥʠʭ ʧʨʦʝʢʪʦʨʽʚ, ʘ ʝʥʝʨʛʽʾ ʧʨʠ ʧʦʨʽʚʥʷʥʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʷʩʢʨʘʚʦʩʪʽ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʤʝʥʰʝ. 

ʅʫ ʽ ʥʘʡʛʦʣʦʚʥʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʣʘʟʝʨʥʠʭ ʧʨʦʝʢʪʦʨʽʚ ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʝʣʠʯʝʟʥʠʭ ʜʽʘʛʦʥʘʣʷʭ - ʨʦʟʤʽʨʠ ʝʢʨʘʥʽʚ ʤʦʞʫʪʴ 

ʙʫʪʠ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ. 
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ʊʝʤʘ 4.2. ʃʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ 

ʃʝʢʮʽʷ 14. ɺʠʟʥʘʯʝʥʥʷ, ʚʠʜʠ. ʃʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ. ɹʫʜʦʚʘ ʣʘʟʝʨʥʦʛʦ 

ʧʨʠʥʪʝʨʘ. 

 

ʇʨʠʥʪʝʨ - ʮʝ ʧʨʠʩʪʨʽʡ, ʟʜʘʪʥʠʡ ʚʠʚʦʜʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʘʧʽʨ ʘʙʦ 

ʧʣʽʚʢʫ. ʇʨʠʥʪʝʨʠ ʩʪʚʦʨʶʶʪʴ ʪʘʢ ʟʚʘʥʽ ʪʚʝʨʜʽ ʢʦʧʽʾ ʜʦʢʫʤʝʥʪʽʚ; ʪʚʝʨʜʽʩʪʴ 

ʦʟʥʘʯʘʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʾʭ ʧʦʜʘʣʴʰʦʾ ʜʦʚʽʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ. ɿʘ ʮʽʻʶ ʦʟʥʘʢʦʶ 

ʧʨʠʥʪʝʨʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʘʩʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʛʨʘʬʽʯʥʦʛʦ ʚʠʚʦʜʫ, ʾʭ 

ʧʨʦʪʠʣʝʞʥʽʩʪʴ - ʘʢʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʚʠʚʝʜʝʥʥʷ - ʜʠʩʧʣʝʾ. ɿʘ ʩʧʦʩʦʙʦʤ ʜʨʫʢʫ 

ʧʨʠʥʪʝʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʣʽʪʝʨʦʜʨʫʢʫʚʘʣʴʥʽ ʽ ʟʥʘʢʦʩʩʠʥʪʝʟʫʶʯʽ, ʘ ʪʘʢʦʞ 

ʧʦʩʣʽʜʦʚʥʽ ʽ ʧʘʨʘʣʝʣʴʥʽ. ʃʽʪʝʨʦʜʨʫʢʫʚʘʣʴʥʽ ʧʨʠʥʪʝʨʠ ʟʜʘʪʥʽ ʜʨʫʢʫʚʘʪʠ 

ʪʽʣʴʢʠ ʨʷʜʢʠ ʩʠʤʚʦʣʽʚ ʟ ʬʽʢʩʦʚʘʥʦʛʦ ʥʘʙʦʨʫ, ʱʦ ʦʙʤʝʞʫʻ ʦʙʣʘʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʯʘʪʪʶ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʚʠʯʥʦʛʦ ʚʞʝ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʰʨʠʬʪʽʚ. ɿʥʘʢʦʩʠʥʪʝʟʫʶʯʽ, ʚʦʥʠ ʞ ʤʘʪʨʠʯʥʽ 

ʧʨʠʥʪʝʨʠ, ʜʦʟʚʦʣʷʶʪʴ ʜʨʫʢʫʚʘʪʠ ʜʦʚʽʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ. ɿʘ ʩʧʦʩʦʙʦʤ 

ʥʘʥʝʩʝʥʥʷ ʙʘʨʚʥʠʢʘ ʚʦʥʠ ʜʽʣʷʪʴʩʷ ʥʘ ʫʜʘʨʥʽ (ʛʦʣʯʘʩʪʽ), ʪʝʨʤʽʯʥʽ, ʩʪʨʫʤʝʥʝʚʽ 

ʽ ʣʘʟʝʨʥʽ, ʭʦʯʘ ʧʽʜ ʤʘʪʨʠʯʥʠʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʩʘʤʝ ʛʦʣʯʘʩʪʽ. 

ɻʦʣʯʘʩʪʽ ʧʨʠʥʪʝʨʠ ʤʘʶʪʴ ʛʦʣʽʚʢʫ ʥʘ ʷʢʽʡ ʨʦʟʪʘʰʦʚʘʥʘ ʤʘʪʨʠʮʷ 

ʛʦʣʯʘʩʪʠʭ ʤʦʣʦʪʦʯʢʽʚ, ʢʝʨʦʚʘʥʠʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘʤʠ. ɻʦʣʢʠ ʚʜʘʨʷʶʪʴ ʧʦ 

ʧʘʧʝʨʫ ʯʝʨʝʟ ʬʘʨʙʫʚʘʣʴʥʫ ʩʪʨʽʯʢʫ, ʧʘʧʽʨ ʣʝʞʠʪʴ ʥʘ ʚʘʣʠʢʫ, ʧʝʨʝʤʽʱʘʶʯʠʩʴ 

ʪʽʣʴʢʠ ʧʦʟʜʦʚʞʥʴʦ (ʧʝʨʝʭʦʜ ʟ ʨʷʜʢʫ ʥʘ ʨʷʜʦʢ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʚʦʨʦʪʦʤ 

ʚʘʣʠʢʘ), ʘʣʝ ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ. ʇʝʨʝʤʽʱʝʥʥʷ ʧʦ ʨʷʜʢʫ ʚʠʢʦʥʫʻ ʩʘʤʘ 

ʜʨʫʢʫʶʯʘ ʛʦʣʦʚʢʘ - ʚʦʥʘ ʜʦʩʠʪʴ ʣʝʛʢʘ, ʪʦʤʫ ʾʾ ʤʦʞʥʘ ʨʫʭʘʪʠ ʰʚʠʜʢʦ. 

ʊʝʨʤʦʧʨʠʥʪʝʨʠ ʧʦ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʛʘʜʫʶʪʴ ʛʦʣʯʘʩʪʽ, ʘʣʝ ʟʘʤʽʩʪʴ ʫʜʘʨʽʚ 

ʛʦʣʦʢ ʧʦ ʬʘʨʙʫʚʘʣʴʥʦʾ ʩʪʨʽʯʮʽ ʾʭ ʛʦʣʦʚʢʠ ʥʘʛʨʽʚʘʶʪʴ ʦʢʨʝʤʽ ʪʦʯʢʠ 

ʩʧʝʮʽʘʣʴʥʦʦʛʦ ʪʝʨʤʦʯʫʪʣʠʚʦʛʦ ʧʘʧʝʨʫ. ʎʽ ʧʨʠʥʪʝʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʧʨʘʢʪʠʯʥʦ ʙʝʟʰʫʤʥʦʶ ʨʦʙʦʪʦʶ, ʧʨʘʚʜʘ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ ʥʝʚʠʩʦʢʘ. 

ɻʦʣʦʚʥʠʡ ʥʝʜʦʣʽʢ - ʧʦʪʨʽʙʥʦ ʩʧʝʮʽʘʣʴʥʠʡ ʧʘʧʽʨ, ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʷʢʦʤʫ 

ʚʠʭʦʜʠʪʴ ʥʝ ʜʫʞʝ ʩʪʽʡʢʠʤ. 
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ʉʪʨʫʤʝʥʝʚʽ ʧʨʠʥʪʝʨʠ ʪʘʢʦʞ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʘʥʘʣʦʛʽʯʥʽ ʤʘʪʨʠʯʥʠʤ 

ʛʦʣʯʘʩʪʠʤ, ʘʣʝ ʟʘʤʽʩʪʴ ʫʜʘʨʫ ʧʦ ʧʘʧʝʨʫ ʯʝʨʝʟ ʬʘʨʙʫʚʘʣʴʥʫ ʩʪʨʽʯʢʫ ʚʦʥʠ 

"ʩʪʨʽʣʷʶʪʴ" ʧʦ ʧʘʧʝʨʽ ʢʨʘʧʝʣʴʢʘʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʯʦʨʥʠʣʘ. ʏʦʨʥʠʣʦ 

ʚʠʩʪʨʽʣʶʻʪʴʩʷ ʟ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʩʦʧʝʣ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʤʽʢʨʦʥʘʩʦʩʽʚ ʘʙʦ ʙʫʣʴʙʘʰʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ. ɹʫʣʴʙʘʰʢʠ ʧʘʨʫ, ʱʦ 

ʚʠʰʪʦʚʭʫʶʪʴ ʯʦʨʥʠʣʘ ʟ ʩʦʧʣʘ, ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ 

ʥʘʛʨʽʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ. 

 

ʊʝʭʥʦʣʦʛʽʷ ʣʘʟʝʨʥʦʛʦ ʜʨʫʢʫ 

ʉʧʦʯʘʪʢʫ ʢʦʥʢʫʨʫʶʯʠ ʟ ʧʝʣʶʩʪʢʦʚʠʤʠ ʽ ʤʘʪʨʠʯʥʠʤʠ ʧʨʠʥʪʝʨʘʤʠ, 

ʣʘʟʝʨʥʠʡ ʧʨʠʥʪʝʨ ʰʚʠʜʢʦ ʟʘʚʦʶʚʘʚ ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʇʝʨʰʠʡ 

ʟʨʘʟʦʢ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ ʙʫʚ ʚʠʧʫʱʝʥʠʡ ʢʦʤʧʘʥʽʻʶ IBM ʚ 1975 ʨʦʮʽ. ʅʘ 

ʞʘʣʴ, ʚʽʥ ʥʝ ʦʪʨʠʤʘʚ ʤʘʩʦʚʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʪʦʤʫ ʱʦ ʙʫʚ ʜʫʞʝ ʛʨʦʤʽʟʜʢʠʤ ʽ 

ʤʘʚ ʩʢʣʘʜʥʝ ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ. ʊʨʦʭʠ ʧʽʟʥʽʰʝ, ʚ 80-ʭ ʨʦʢʘʭ, ʧʦʜʽʙʥʠʤʠ 

ʨʦʟʨʦʙʢʘʤʠ ʟʘʡʥʷʣʘʩʷ ʢʦʤʧʘʥʽʷ Canon. Xerox ʚʠʢʫʧʠʣʘ ʫ Canon ʾʾ ʨʦʟʨʦʙʢʫ, 

ʜʦʚʝʣʘ ʜʦ ʪʝʭʥʽʯʥʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʽ ʟʘʩʪʦʩʫʚʘʣʘ ʚ ʩʚʦʾʭ ʢʦʧʽʶʚʘʣʴʥʠʭ 

ʘʧʘʨʘʪʘʭ, ʯʠʤ ʽ ʟʘʪʚʝʨʜʠʣʘ ʪʝʭʥʦʣʦʛʽʶ ʣʘʟʝʨʥʦʛʦ ʜʨʫʢʫ. ʇʽʟʥʽʰʝ 

ʨʦʟʨʦʙʢʘʤʠ ʟʘʡʥʷʚʩʷ ʚʩʽʤ ʚʽʜʦʤʠʡ ʙʨʝʥʜ ʅʈ, ʷʢʠʡ ʽ ʚʠʧʫʩʪʠʚ ʧʝʨʰʽ 

ʧʨʦʤʠʩʣʦʚʽ ʟʨʘʟʢʠ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ ʅʈ Laser Jet ʚ 1984 ʨʦʮʽ. ʉʚʦʛʦ ʯʘʩʫ 

ʮʝʡ ʧʨʠʥʪʝʨ ʩʪʘʚ ʝʪʘʣʦʥʦʤ ʷʢʽʩʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʜʨʫʢʫ. ʋ ʩʫʯʘʩʥʠʭ ʣʘʟʝʨʥʠʭ 

ʧʨʠʥʪʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʝʣʝʢʪʨʦʛʨʘʬʽʯʥʦʛʦ ʩʪʚʦʨʝʥʥʷ 

ʟʦʙʨʘʞʝʥʴ. ʃʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ ʬʦʨʤʫʶʪʴ ʟʦʙʨʘʞʝʥʥʷ ʰʣʷʭʦʤ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʦʯʦʢ ʥʘ ʧʘʧʝʨʽ (ʨʘʩʪʨʦʚʠʡ ʤʝʪʦʜ). ʉʧʦʯʘʪʢʫ ʩʪʦʨʽʥʢʘ 

ʬʦʨʤʫʻʪʴʩʷ ʚ ʧʘʤ'ʷʪʽ ʧʨʠʥʪʝʨʘ ʽ ʣʠʰʝ, ʧʦʪʽʤ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʟʤ ʜʨʫʢʫ. 

ʈʘʩʪʨʦʚʝ ʫʷʚʣʝʥʥʷ ʩʠʤʚʦʣʽʚ ʽ ʛʨʘʬʽʯʥʠʭ ʦʙʨʘʟʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʧʽʜ 

ʫʧʨʘʚʣʽʥʥʷʤ ʢʦʥʪʨʦʣʝʨʘ ʧʨʠʥʪʝʨʘ.  
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ʆʩʥʦʚʥʽ ʚʠʟʥʘʯʝʥʥʷ 

ʃʘʟʝʨʥʠʡ ʧʨʠʥʪʝʨ - ʧʝʨʠʬʝʨʽʡʥʠʡ ʜʨʫʢʫʶʯʠʡ ʧʨʠʩʪʨʽʡ ʚʠʚʝʜʝʥʥʷ 

ʙʫʟʫʜʘʨʥʦʾ ʜʽʾ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ, ʱʦ ʩʪʚʦʨʶʻ ʪʝʢʩʪʦʚʝ ʽ 

ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʧʨʠʥʮʠʧʫ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʾ ʢʩʝʨʦʢʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ). 

ʂʩʝʨʦʛʨʘʬʽʷ - ʧʨʦʮʝʩ ʩʫʭʦʛʦ ʜʨʫʢʫ (xeras - ʩʫʭʠʡ, graphos - ʧʠʩʘʪʠ 

(ʣʘʪ.)). 

ɽʣʝʢʪʨʦʛʨʘʬʽʯʥʘ (ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ) ʬʦʪʦʛʨʘʬʽʷ ï ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ, ʱʦ 

ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʥʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʜʽʡ: 

Å ʦʪʨʠʤʘʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʥʦʩʽʾ ʟ 

ʬʦʪʦʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʤ ʰʘʨʦʤ; 

Å ʬʦʨʤʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʙʘʨʚʥʠʢʘ (ʪʦʥʝʨʘ); 

Å ʧʝʨʝʥʝʩʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʘʧʽʨ; 

Å ʟʘʢʨʽʧʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʘʧʝʨʽ, ʥʘʧʨʠʢʣʘʜ ʪʝʨʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʃʘʟʝʨ - ʢʦʛʝʨʝʥʪʥʝ ʜʞʝʨʝʣʦ ʧʦʩʠʣʝʥʦʛʦ ʩʚʽʪʣʘ (ʩʚʽʪʣʘ ʦʜʥʽʻʾ ʯʘʩʪʦʪʠ). 

ɺ ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʽ ʛʘʟʦʚʽ He-Ne 

ʣʘʟʝʨʠ. 

ʉʚʽʪʣʦʜʽʦʜʥʠʡ ʩʧʦʩʽʙ ʜʨʫʢʫ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʚʽʪʣʦʜʽʦʜʥʦʾ 

ʣʽʥʽʡʢʠ ʟ ʢʝʨʦʚʘʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʚʽʪʣʘ, ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʽʥʟ ʥʘ ʬʦʪʦʥʦʩʽʡ. 

ʊʦʥʝʨ-ʢʘʨʪʨʠʜʞ - ʟʤʽʥʥʘ ʢʘʩʝʪʘ ʟ ʧʦʨʦʰʢʦʤ (ʪʦʥʝʨʦʤ), ʱʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʣʘʟʝʨʥʠʭ ʧʨʠʣʘʜʘʭ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʊʦʥʝʨ - ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʡ ʬʘʨʙʫʚʘʣʴʥʠʡ ʧʦʨʦʰʦʢ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʣʽʤʝʨʫ, ʛʫʤʠ ʪʘ ʩʘʞʽ. ʂʨʽʤ ʪʦʛʦ, ʜʦ ʩʢʣʘʜʫ ʪʦʥʝʨʘ ʚʭʦʜʷʪʴ ʤʘʛʥʽʪʥʽ 

ʯʘʩʪʢʠ. 

ʌʦʪʦʧʨʦʚʽʜʥʠʢʠ - ʙʘʨʘʙʘʥʠ ʘʙʦ ʩʪʨʽʯʢʠ, ʧʦʢʨʠʪʽ ʩʚʽʪʣʦʯʫʪʣʠʚʠʤ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʰʘʨʦʤ, ʚʠʛʦʪʦʚʣʝʥʠʤ ʥʘ ʙʘʟʽ ʩʝʣʝʥʫ ʘʙʦ ʦʨʛʘʥʽʯʥʦʾ 
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ʬʦʪʦʨʝʯʦʚʠʥʠ, ʱʦ ʟʤʽʥʶʻ ʩʚʽʡ ʟʘʨʷʜ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ ʽ ʩʪʚʦʨʶʻ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʦʪʝʥʮʽʡʥʠʡ ʨʝʣʴʻʬ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʨʫʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʉʧʝʢʪʨʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ - ʟʜʘʪʥʽʩʪʴ ʬʦʪʦʧʨʦʚʽʜʥʠʢʘ ʨʝʘʛʫʚʘʪʠ ʥʘ 

ʜʽʘʧʘʟʦʥ ʜʦʚʞʠʥ ʭʚʠʣʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʞʝʨʝʣʘ ʩʚʽʪʣʘ. 

ʌʦʪʦʝʣʝʢʪʨʠʯʥʘ ʯʫʪʣʠʚʽʩʪʴ - ʚʝʣʠʯʠʥʘ, ʱʦ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ (ʧʦʪʝʥʮʽʡʥʦʛʦ ʨʝʣʴʻʬʫ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ). 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ - ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦʤ ʪʦʯʦʢ ʥʘ ʜʶʡʤ (dpi ï dots per 

inch). ʃʘʟʝʨʥʠʡ ʧʨʠʥʪʝʨ ʤʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʽ ʚʝʨʪʠʢʘʣʴʥʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʥʘʧʨʠʢʣʘʜ 1200 ʭ 600 dpi. 

ɺʝʨʪʠʢʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʨʦʢʦʤ ʙʘʨʘʙʘʥʘ 

(1/600 ʜʶʡʤʘ). 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʩʣʦʤ ʪʦʯʦʢ ʚ ʨʷʜʢʫ 

ʙʘʨʘʙʘʥʘ (1/1200 ʜʶʡʤʘ), ʪʦʙʪʦ ʪʦʯʥʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ. 

ʂʦʨʦʪʨʦʥ - ʟʘʨʷʜʥʠʡ ʧʨʠʩʪʨʽʡ, ʱʦ ʤʽʩʪʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʪʦʥʢʠʡ ʜʨʽʪ ʽ 

ʩʽʪʢʫ, ʥʘ ʷʢʽ ʧʦʜʘʻʪʴʩʷ ʚʠʩʦʢʘ ʥʘʧʨʫʛʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʨʦʥʥʦʛʦ ʨʦʟʨʷʜʫ. 

 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4.18 ʽ ʤʽʩʪʠʪʴ 

ʜʚʘ ʦʩʥʦʚʥʽ ʙʣʦʢʠ: ʧʨʠʩʪʨʽʡ ʩʧʦʣʫʯʝʥʥʷ ʽ ʢʦʥʪʨʦʣʝʨ ʫʧʨʘʚʣʽʥʥʷ. ɹʘʟʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʧʨʠʩʪʨʦʶ ʩʧʦʣʫʯʝʥʥʷ ʻ ʮʝʥʪʨʘʣʴʥʠʡ ʧʨʦʮʝʩʦʨ, ʧʦʙʫʜʦʚʘʥʠʡ 

ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʄʉ 68000 ʬʽʨʤʠ Motorola. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ 

ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʮʝʩʦʨʠ RISC ʘʙʦ CISC. ɼʝʰʝʚʰʝ 

ʽ ʰʚʠʜʰʝ RISC-ʧʨʦʮʝʩʦʨʠ, ʧʨʦʪʝ ʚʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 

ʦʙʤʝʞʝʥʦʛʦ ʩʧʠʩʢʫ ʢʦʤʘʥʜ, ʘ CISC-ʧʨʦʮʝʩʦʨʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʰʠʨʦʢʠʡ 

ʩʧʠʩʦʢ ʢʦʤʘʥʜ. ʋ ʙʽʣʴʰ ʰʚʠʜʢʦʜʽʶʯʠʭ ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʧʨʦʮʝʩʦʨ ʬʽʨʤʠ Intel 80960 ʟ ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ 33 ʄɻʮ. ʎʝʥʪʨʘʣʴʥʠʡ 

ʧʨʦʮʝʩʦʨ ʚʠʢʦʥʫʻ ʢʦʤʘʥʜʠ ʤʦʚ ʧʨʠʥʪʝʨʘ PCL (Printer Control Language), 

Adobe Postcript, HP-GL (Hewlett Packard Graphics Language) ʽ ʽʥ. 
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ʃʘʟʝʨʥʠʡ ʧʨʠʥʪʝʨ ʤʘʻ ʚʣʘʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʙʫʜʦʚʘʥʠʡ 

ʽʥʪʝʨʧʨʝʪʘʪʦʨ ʽ ʤʦʚʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʦʤʘʥʜʠ ʽ ʬʦʨʤʘʪ ʜʘʥʠʭ. 

ɺʽʥ ʚʠʢʦʥʫʻ ʧʨʦʛʨʘʤʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʇɿʋ ʘʙʦ ʬʣʝʰ ʧʘʤ'ʷʪʽ, ʷʢʘ, 

ʢʨʽʤ ʪʦʛʦ, ʟʙʝʨʽʛʘʻ ʪʘʙʣʠʮʽ ʰʨʠʬʪʽʚ. ʇʨʦʮʝʩʦʨ ʧʨʠʥʪʝʨʘ ʟʚʽʣʴʥʷʻ ʢʦʤʧ'ʶʪʝʨ 

ʚʽʜ ʛʨʦʤʽʟʜʢʠʭ ʦʙʯʠʩʣʝʥʴ ʧʦ ʬʦʨʤʫʚʘʥʥʽ ʜʘʥʠʭ, ʱʦ ʚʠʚʦʜʷʪʴʩʷ ʥʘ ʜʨʫʢ. 

ɼʦʜʘʪʢʦʚʽ ʥʘʙʦʨʠ ʰʨʠʬʪʽʚ (ʢʦʜʦʚʽ ʪʘʙʣʠʮʽ) ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʟʦʚʥʽʰʥʽʭ 

ʢʘʨʪʨʠʜʞʘʭ, ʷʢʽ ʟ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʫ ʢʘʨʪʨʠʜʞʽʚ ʰʨʠʬʪʽʚ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʰʠʥʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʦʢ ʽ ʽʥʜʠʢʘʪʦʨʽʚ ʧʘʥʝʣʽ ʢʝʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʨʝʘʣʽʟʘʮʽʷ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ: ʨʦʟʜʨʫʢʽʚʢʠ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʰʨʠʬʪʽʚ, ʩʘʤʦʪʝʩʪʫʚʘʥʥʷ ʧʨʠʥʪʝʨʘ, ʜʦʩʪʫʧʫ ʜʦ ʤʝʥʶ ʧʘʤ'ʷʪʽ ʽ ʤʝʥʶ 

ʢʦʥʬʽʛʫʨʘʮʽʾ, ʩʢʠʜʘʥʥʷ ʧʦʪʦʯʥʠʭ ʰʨʠʬʪʽʚ ʽ ʜʘʥʠʭ, ʧʦʚʝʨʥʝʥʥʷ ʜʦ 

ʚʥʫʪʨʽʰʥʽʭ ʫʩʪʘʥʦʚʢʘʤ ʽ ʪ. ʜ. 

ʂʨʽʤ ʪʦʛʦ, ʧʨʠʩʪʨʽʡ ʩʧʦʣʫʯʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ ʤʽʩʪʠʪʴ 

ʚʽʜʝʦʽʥʪʝʨʬʝʡʩ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʷʪʴ ʙʣʦʢʠ ʧʘʤ'ʷʪʽ, ʱʦ ʛʦʪʫʶʪʴ ʦʙʨʘʟ 

ʩʪʦʨʽʥʢʠ, ʷʢʘ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʜʨʫʢ ʽ ʚʢʣʶʯʘʻ ʚʠʢʦʥʘʚʯʽ ʤʘʪʨʠʮʽ ʟʥʘʢʽʚ. ʏʝʨʝʟ 

ʚʽʜʝʦʽʥʪʝʨʬʝʡʩ ʧʽʜʛʦʪʦʚʣʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʭʦʜʠʪʴ ʚ ʢʦʥʪʨʦʣʝʨ ʫʧʨʘʚʣʽʥʥʷ, 

ʷʢʠʡ ʽ ʦʨʛʘʥʽʟʦʚʫʻ ʜʨʫʢ ʚʩʽʻʾ ʩʪʦʨʽʥʢʠ ʮʽʣʢʦʤ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 600 ʪʦʯʦʢ ʥʘ ʜʶʡʤ (24 ʪʦʯʢʠ ʚ ʦʜʥʦʤʫ 

ʤʽʣʽʤʝʪʨʽ) ʥʘ ʘʨʢʫʰʽ ʬʦʨʤʘʪʫ ɸ4 ʧʦʪʨʽʙʥʦ ʻʤʥʽʩʪʴ ʧʘʤ'ʷʪʽ 4 ʄʙʘʡʪ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ ʢʨʘʾʚ ʧʘʧʝʨʫ. 

ɸʜʨʝʩʥʠʡ ʢʦʥʪʨʦʣʝʨ ʧʨʠʩʪʨʦʶ ʩʧʦʣʫʯʝʥʥʷ ʚʠʢʦʥʫʻ ʜʦʩʪʫʧ ʜʦ ʢʦʤʽʨʦʢ 

ʆɿʋ ʜʠʥʘʤʽʯʥʦʛʦ ʪʠʧʫ, ʱʦ ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʜʨʫʢ ʽ 

ʩʣʫʞʙʦʚʫ, ʟʦʢʨʝʤʘ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʰʨʠʬʪʠ. ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʞʠʤʽʚ ʟʘʧʠʩʫ 

ʽ ʯʠʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʜʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʧʘʤ'ʷʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

 



237 
 

 

ʈʠʩ. 4.18. ʇʨʠʩʪʨʽʡ ʩʧʨʷʞʝʥʥʷ 
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ɯʥʰʠʤ ʩʢʣʘʜʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ ʻ ʢʦʥʪʨʦʣʝʨ 

ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʢʦʦʨʜʠʥʫʻ ʨʦʙʦʪʫ ʚʩʽʭ ʙʣʦʢʽʚ ʧʨʠʥʪʝʨʘ: ʫʧʨʘʚʣʷʻ ʨʦʙʦʪʦʶ 

ʜʚʠʛʫʥʽʚ, ʣʘʟʝʨʥʦʛʦ ʙʣʦʢʫ, ʚʠʩʦʢʦʚʦʣʴʪʥʦʛʦ ʙʣʦʢʫ, ʟʜʽʡʩʥʶʻ ʨʝʞʠʤʠ 

ʧʝʨʝʜʘʯʽ, ʧʨʦʷʚʠ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʽ ʪ. ʜ. ɺʠʩʦʢʦʚʦʣʴʪʥʠʡ ʙʣʦʢ 

ʫʧʨʘʚʣʷʻ ʨʦʙʦʪʦʶ ʢʦʨʦʪʨʦʥʘ ʘʙʦ ʤʘʛʥʽʪʥʦʛʦ ʚʘʣʫ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʟʘʨʷʜʫ ʥʘ ʧʦʚʝʨʭʥʶ ʙʘʨʘʙʘʥʘ, ʪʦʙʪʦ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʬʫʥʢʮʽʾ ʟʘʨʷʜʢʠ ʙʘʨʘʙʘʥʘ. 

 

ɹʫʜʦʚʘ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ 

ʃʘʟʝʨʥʠʡ ʧʨʠʥʪʝʨ ʻ ʩʢʣʘʜʥʠʤ ʝʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʽʯʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʪʝʥʴ ʜʝʪʘʣʝʡ ʽ 5-10 ʚʫʟʣʽʚ.  

ʇʨʠʢʣʘʜ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʫʟʣʽʚ: 

 ɺʫʟʦʣ ʟʘʭʦʧʣʝʥʥʷ ʧʘʧʝʨʫ; 

 ʚʫʟʦʣ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ; 

 ʚʫʟʦʣ ʪʝʨʤʦʟʘʢʨʝʧʣʝʥʽʷ; 

 ʚʫʟʦʣ ʧʨʠʚʦʜʫ; 

 ʢʦʨʧʫʩ. 

ɹʘʛʘʪʦ ʚʫʟʣʽʚ ʧʨʠʥʪʝʨʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʪʘʣʝʡ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʚʽʜʯʫʚʘʶʪʴ 

ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʽ ʙʽʣʴʰʝ ʟʘ ʽʥʰʠʭ ʜʝʪʘʣʝʡ ʩʭʠʣʴʥʽ ʜʦ ʟʥʦʩʫ. ʂʨʽʤ 

ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ ʩʭʠʣʴʥʘ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʠʣʦʤ 

ʽ ʪʦʥʝʨʦʤ.  
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ʃʝʢʮʽʷ 15. ʇʨʠʥʮʠʧ ʜʨʫʢʫ ʪʘ ʧʨʠʩʪʨʽʡ ʢʘʨʪʨʠʜʞʘ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ. 

ʇʨʠʩʪʨʽʡ ʢʘʨʪʨʠʜʞʘ. ʂʦʣʴʦʨʦʚʠʡ ʜʨʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ. 

ɹʫʜʦʚʘ ʬʦʪʦʙʘʨʘʙʘʥʘ. 

 

ʇʨʠʥʮʠʧ ʜʨʫʢʫ ʪʘ ʧʨʠʩʪʨʽʡ ʢʘʨʪʨʠʜʞʘ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ 

ɿʦʙʨʘʞʝʥʥʷ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʣʘʟʝʨʥʠʭ 

ʧʨʠʥʪʝʨʽʚ (ʘ ʪʘʢʦʞ ʤʘʪʨʠʯʥʠʭ ʽ ʩʪʨʫʤʝʥʝʚʠʭ), ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʦʯʦʢ (dots). 

ʏʠʤ ʤʝʥʰʝ ʮʽ ʪʦʯʢʠ ʽ ʯʠʤ ʯʘʩʪʽʰʝ ʚʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ, ʪʠʤ ʚʠʱʝ ʷʢʽʩʪʴ 

ʟʦʙʨʘʞʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʷʢʽ ʧʨʠʥʪʝʨ ʤʦʞʝ ʦʢʨʝʤʦ 

ʥʘʜʨʫʢʫʚʘʪʠ ʥʘ ʚʽʜʨʽʟʢʫ ʚ 1 ʜʶʡʤ (25,4 ʤʤ), ʥʘʟʠʚʘʻʪʴʩʷ ʜʦʟʚʦʣʦʤ ʽ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚ ʪʦʯʢʘʭ ʥʘ ʜʶʡʤ (dpi - dot per inch). ʇʨʠʥʪʝʨ ʚʚʘʞʘʻʪʴʩʷ 

ʥʝʧʦʛʘʥʠʤ, ʷʢʱʦ ʡʦʛʦ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 300 dpi (ʽʥʦʜʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʟʥʘʯʝʥʥʷ 300 ʭ 300 dpi, ʱʦ ʦʟʥʘʯʘʻ 300 dpi ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʽ 

300 dpi ʧʦ ʚʝʨʪʠʢʘʣʽ). 

ʃʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ ʤʝʥʰ ʚʠʤʦʛʣʠʚʽ ʜʦ ʧʘʧʝʨʫ, ʥʽʞ, ʥʘʧʨʠʢʣʘʜ, 

ʩʪʨʫʤʝʥʝʚʽ, ʘ ʚʘʨʪʽʩʪʴ ʜʨʫʢʫ ʦʜʥʽʻʾ ʩʪʦʨʽʥʢʠ ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʫ ʥʠʭ ʚ 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʥʠʞʯʝ. ʇʨʠ ʮʴʦʤʫ ʥʝʜʦʨʦʛʽ ʤʦʜʝʣʽ ʣʘʟʝʨʥʠʭ ʪʘ ʩʚʽʪʣʦʜʽʦʜʥʠʭ 

ʤʦʥʦʭʨʦʤʥʠʭ ʧʨʠʥʪʝʨʽʚ ʚʞʝ ʟʜʘʪʥʽ ʢʦʥʢʫʨʫʚʘʪʠ ʟʘ ʮʽʥʦʶ ʟ ʚʠʩʦʢʦʷʢʽʩʥʠʤʠ 

ʢʦʣʴʦʨʦʚʠʤʠ ʩʪʨʫʤʝʥʝʚʠʤʠ ʧʨʠʥʪʝʨʘʤʠ. 

ɹʽʣʴʰʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʥʘ ʨʠʥʢʫ ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʽʚ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʯʦʨʥʦ-ʙʽʣʦʛʦ ʜʨʫʢʫ; ʢʦʣʴʦʨʦʚʽ ʣʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ ʜʦʩʠʪʴ ʜʦʨʦʛʽ ʽ ʨʦʟʨʘʭʦʚʘʥʽ 

ʥʘ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʃʘʟʝʨʥʽ ʧʨʠʥʪʝʨʠ ʜʨʫʢʫʶʪʴ ʥʘ ʧʘʧʝʨʽ ʙʫʜʴ-ʷʢʦʾ ʱʽʣʴʥʦʩʪʽ (ʚʽʜ 60 ʛ / 

ʤ3) ʟʽ ʰʚʠʜʢʽʩʪʶ ʚʽʜ 3 ʜʦ ... (ʮʷ ʮʠʬʨʘ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ) ʣʠʩʪʽʚ ʚ ʭʚʠʣʠʥʫ 

(ppm - page per minutes), ʧʨʠ ʮʴʦʤʫ ʜʦʟʚʽʣ ʤʦʞʝ ʙʫʪʠ 1200 dpi ʽ ʙʽʣʴʰʝ. 

ʗʢʽʩʪʴ ʪʝʢʩʪʫ, ʥʘʜʨʫʢʦʚʘʥʦʛʦ ʥʘ ʣʘʟʝʨʥʦʤʫ ʧʨʠʥʪʝʨʽ ʟ ʜʦʟʚʦʣʦʤ 300 dpi, 

ʧʨʠʙʣʠʟʥʦ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʦʛʨʘʬʩʴʢʦʛʦ. ʆʜʥʘʢ ʷʢʱʦ ʩʪʦʨʽʥʢʘ ʤʽʩʪʠʪʴ 

ʤʘʣʶʥʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʪʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ 

ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʜʦʟʚʽʣ ʥʝ ʥʠʞʯʝ 600 dpi. ʇʨʠ 
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ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠʥʪʝʨʘ 1200 dpi ʚʽʜʙʠʪʦʢ ʚʠʭʦʜʠʪʴ ʤʘʡʞʝ 

ʬʦʪʦʛʨʘʬʽʯʥʦʾ ʷʢʦʩʪʽ. ʗʢʱʦ ʥʝʦʙʭʽʜʥʦ ʜʨʫʢʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʜʦʢʫʤʝʥʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʙʽʣʴʰʝ 40 ʣʠʩʪʽʚ ʚ ʜʝʥʴ), ʣʘʟʝʨʥʠʡ ʧʨʠʥʪʝʨ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʻʜʠʥʠʤ ʨʦʟʫʤʥʠʤ ʚʠʙʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʧʝʨʩʦʥʘʣʴʥʠʭ ʣʘʟʝʨʥʠʭ ʧʨʠʥʪʝʨʽʚ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ ʜʦʟʚʽʣ 600 

dpi ʽ ʰʚʠʜʢʽʩʪʴ ʜʨʫʢʫ 8 ... 12 ʩʪʦʨʽʥʦʢ ʚ ʭʚʠʣʠʥʫ. 

 

ʇʨʠʩʪʨʽʡ ʢʘʨʪʨʠʜʞʘ 

ʇʝʨʝʜ ʪʠʤ ʷʢ ʨʦʟʧʦʚʽʩʪʠ ʧʨʦ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

ʥʘ ʧʘʧʝʨʽ, ʨʦʟʛʣʷʥʝʤʦ ʧʨʠʩʪʨʽʡ ʢʘʨʪʨʠʜʞʘ ʜʣʷ ʧʨʠʥʪʝʨʘ Laser Jet 1100 

ʬʽʨʤʠ Hewlett Packard. ɺ ʮʴʦʤʫ ʪʠʧʦʚʦʤʫ ʢʘʨʪʨʠʜʞʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ 

ʦʩʥʦʚʥʠʭ ʚʽʜʜʽʣʝʥʥʷ: ʚʽʜʜʽʣʝʥʥʷ ʜʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʦʥʝʨʘ ʽ ʪʦʥʝʨʥʠʡ 

ʚʽʜʩʽʢ. 

ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʚʽʜʜʽʣʝʥʥʷ ʜʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʪʦʥʝʨʘ (ʨʠʩ. 4.19(2)): 

1 - ʌʦʪʦʙʘʨʘʙʘʥ (Organic Photo Conductor (OPC) Drum). ʗʚʣʷʻ ʩʦʙʦʶ 

ʘʣʶʤʽʥʽʻʚʠʡ ʮʠʣʽʥʜʨ, ʧʦʢʨʠʪʠʡ ʦʨʛʘʥʽʯʥʠʤ ʩʚʽʪʣʦʯʫʪʣʠʚʠʤ ʽ 

ʬʦʪʦʧʨʦʚʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʟʘʟʚʠʯʘʡ ʦʢʩʠʜʦʤ ʮʠʥʢʫ), ʷʢʠʡ ʟʜʘʪʥʠʡ 

ʟʙʝʨʽʛʘʪʠ ʦʙʨʘʟ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ. 

2 - ɺʘʣ ʧʝʨʚʠʥʥʦʛʦ ʟʘʨʷʜʫ (Primary Charge Roller (PCR)). ɿʘʙʝʟʧʝʯʫʻ 

ʨʽʚʥʦʤʽʨʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ ʙʘʨʘʙʘʥʘ. ɺʠʢʦʥʘʥʠʡ ʟ ʩʪʨʫʤʦʧʨʦʚʽʜʥʦʾ 

ʛʫʤʦʚʦʾ ʘʙʦ ʧʦʨʦʣʦʥʦʚʦʶ ʦʩʥʦʚʠ, ʥʘʥʝʩʝʥʦʾ ʥʘ ʤʝʪʘʣʝʚʠʡ ʚʘʣ. 

3 - "ɺʘʡʧʝʨ", ʨʘʢʝʣʴ, ʯʠʩʪʷʯʝ ʣʝʟʦ (Wiper Blade, Cleaning Blade). 

ʆʯʠʱʘʻ ʙʘʨʘʙʘʥ ʚʽʜ ʟʘʣʠʰʢʽʚ ʪʦʥʝʨʘ, ʷʢʠʡ ʥʝ ʙʫʚ ʧʝʨʝʥʝʩʝʥʠʡ ʥʘ ʧʘʧʽʨ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʘ (stamping) ʟ 

ʧʦʣʽʫʨʝʪʘʥʦʚʦʾ ʧʣʘʩʪʠʥʦʶ (blade) ʥʘ ʢʽʥʮʽ. 
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4 - ʃʝʟʦ ʦʯʠʱʝʥʥʷ (Recovery Blade). ʇʝʨʝʢʨʠʚʘʻ ʦʙʣʘʩʪʴ ʤʽʞ ʙʘʨʘʙʘʥʦʤ 

ʽ ʙʫʥʢʝʨʦʤ ʜʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʦʥʝʨʘ. Recovery Blade ʧʨʦʧʫʩʢʘʻ ʪʦʥʝʨ, ʱʦ 

ʟʘʣʠʰʠʚʩʷ ʥʘ ʙʘʨʘʙʘʥʽ, ʚʩʝʨʝʜʠʥʫ ʙʫʥʢʝʨʘ ʽ ʥʝ ʜʘʻ ʡʦʤʫ ʚʠʩʠʧʘʪʠʩʷ ʚ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ (ʟ ʙʫʥʢʝʨʘ ʥʘ ʧʘʧʽʨ). 

ʆʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʪʦʥʝʨʥʦʛʦ ʚʽʜʩʽʢʫ (ʜʠʚ. ʈʠʩ. 4.19(3)): 

1 - ʄʘʛʥʽʪʥʠʡ ʚʘʣ (Magnetic Developer Roller, Mag Roller, Developer 

Roller). ʗʚʣʷʻ ʩʦʙʦʶ ʤʝʪʘʣʝʚʫ ʪʨʫʙʢʫ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʝʨʫʭʦʤʠʡ ʤʘʛʥʽʪʥʠʡ ʩʝʨʜʝʯʥʠʢ. ɼʦ ʤʘʛʥʽʪʥʦʛʦ ʚʘʣʫ ʧʨʠʪʷʛʫʻʪʴʩʷ ʪʦʥʝʨ, 
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ʷʢʠʡ, ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʥʘ ʙʘʨʘʙʘʥ, ʥʘʙʫʚʘʻ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ ʧʽʜ ʜʽʻʶ 

ʧʦʩʪʽʡʥʦʛʦ ʘʙʦ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. 

2 - "ɼʦʢʪʦʨ" (Doctor Blade, Metering Blade). ɿʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ ʪʦʥʢʦʛʦ ʰʘʨʫ ʪʦʥʝʨʘ ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʚʘʣʽ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʝʪʘʣʝʚʦʛʦ ʢʘʨʢʘʩʘ (stamping) ʟ ʛʥʫʯʢʦʶ ʧʣʘʩʪʠʥʦʶ 

(blade) ʥʘ ʢʽʥʮʽ. 

3 - ʋʱʽʣʴʥʶʶʯʝ ʣʝʟʦ ʤʘʛʥʽʪʥʦʛʦ ʚʘʣʘ (Mag Roller Sealing Blade). ʊʦʥʢʘ 

ʧʣʘʩʪʠʥʘ, ʘʥʘʣʦʛʽʯʥʘ ʟʘ ʬʫʥʢʮʽʷʤʠ Recovery Blade. ʇʝʨʝʢʨʠʚʘʻ ʦʙʣʘʩʪʴ ʤʽʞ 

ʤʘʛʥʽʪʥʠʤ ʚʘʣʦʤ ʽ ʚʽʜʩʽʢʦʤ ʧʦʜʘʯʽ ʪʦʥʝʨʘ. Mag Roller Sealing Blade 

ʧʨʦʧʫʩʢʘʻ ʪʦʥʝʨ, ʱʦ ʟʘʣʠʰʠʚʩʷ ʥʘ ʤʘʛʥʽʪʥʦʤʫ ʚʘʣʽ, ʚʩʝʨʝʜʠʥʫ ʚʽʜʩʽʢʫ, 

ʟʘʧʦʙʽʛʘʶʯʠ ʚʠʪʽʢ ʪʦʥʝʨʘ ʚ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

4 - ɹʫʥʢʝʨ ʜʣʷ ʪʦʥʝʨʘ (Toner Reservoir). ʋʩʝʨʝʜʠʥʽ ʥʴʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ 

"ʨʦʙʦʯʠʡ" ʪʦʥʝʨ, ʷʢʠʡ ʙʫʜʝ ʧʝʨʝʥʝʩʝʥʠʡ ʥʘ ʧʘʧʽʨ ʚ ʧʨʦʮʝʩʽ ʜʨʫʢʫ. ʂʨʽʤ 

ʪʦʛʦ, ʚ ʙʫʥʢʝʨ ʚʙʫʜʦʚʘʥʠʡ ʘʢʪʠʚʘʪʦʨ ʪʦʥʝʨʘ (Toner Agitator Bar) - 

ʧʨʦʚʦʣʦʯʥʘ ʨʘʤʢʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʪʦʥʝʨʘ. 

5 - ʇʣʦʤʙʘ, ʯʝʢʘ (Seal). ʋ ʥʦʚʦʤʫ (ʘʙʦ ʨʝʛʝʥʝʨʦʚʘʥʦʤʫ) ʢʘʨʪʨʠʜʞʽ 

ʪʦʥʝʨʥʠʡ ʙʫʥʢʝʨ ʟʘʧʝʯʘʪʘʥʠʡ ʩʧʝʮʽʘʣʴʥʦʾ ʧʣʦʤʙʦʶ, ʷʢʘ ʟʘʧʦʙʽʛʘʻ 

ʧʨʦʙʫʜʞʝʥʥʷ ʪʦʥʝʨʘ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʢʘʨʪʨʠʜʞʘ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʮʷ ʧʣʦʤʙʘ ʚʽʜʜʘʣʷʻʪʴʩʷ. 

 

ɹʫʜʦʚʘ ʬʦʪʦʙʘʨʘʙʘʥʫ (OPC) 

OPC (Organic Photo Conductor) - ʮʝ ʘʣʶʤʽʥʽʻʚʠʡ ʮʠʣʽʥʜʨ, ʷʢʠʡ 

ʧʦʢʨʠʪʠʡ ʜʝʢʽʣʴʢʦʤʘ ʰʘʨʘʤʠ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʟʠʮʽʡ (ʈʠʩ. 4.20). ɿ ʫʩʽʭ 

ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ ʣʘʟʝʨʥʦʛʦ ʢʘʨʪʨʠʜʞʘ ʬʦʪʦʙʘʨʘʙʘʥ ʻ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʡ 

ʧʨʦʜʫʢʪ ʪʝʭʥʦʣʦʛʽʾ ʪʦʥʝʨʥʠʭ ʢʘʨʪʨʠʜʞʽʚ. ɸʣʶʤʽʥʽʡ, ʷʢ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʮʠʣʽʥʜʨʘ ʙʫʚ ʦʙʨʘʥʠʡ ʥʝ ʚʠʧʘʜʢʦʚʦ. ɸʣʶʤʽʥʽʡ ʚʦʣʦʜʽʻ ʜʚʦʤʘ 

ʜʫʞʝ ʢʦʨʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɸʣʶʤʽʥʽʡ ʣʝʛʢʠʡ ʤʝʪʘʣ, ʘ ʮʝ ʜʫʞʝ 

ʚʘʞʣʠʚʦ, ʪʦʤʫ ʱʦ ʚʘʞʢʠʡ ʬʦʪʦʙʘʨʘʙʘʥ ʟʙʽʣʴʰʠʪʴ ʟʘʛʘʣʴʥʫ ʤʘʩʫ ʛʦʪʦʚʦʛʦ 

ʧʨʠʩʪʨʦʶ. ʂʨʽʤ ʮʴʦʛʦ ʘʣʶʤʽʥʽʡ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʤ. ɼʣʷ ʪʦʛʦ ʱʦʙ 
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ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʨʦʮʝʩ ʟʘʨʷʜʢʠ ʽ ʦʩʚʽʪʣʝʥʥʷ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʬʦʪʦʙʘʨʘʙʘʥʘ ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ ʧʨʠʥʪʝʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʝʪʝʣʴʥʦ 

ʧʽʜʽʙʨʘʥʠʡ, ʘ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʚʠʥʝʥ ʜʦʙʨʝ ʢʦʥʪʨʦʣʶʚʘʪʠʩʷ. 

ʆʩʥʦʚʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʩʫʤʽʩʥʠʭ ʬʦʪʦʙʘʨʘʙʘʥʽʚ ʚ ʩʚʽʪʽ ʩʴʦʛʦʜʥʽ ʻ ʢʦʤʧʘʥʽʾ 

FUJI Electric ʽ SCC. ʅʘ ʫʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ ʪʘʢʦʞ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʬʦʪʦʙʘʨʘʙʘʥʠ ʢʦʤʧʘʥʽʡ Mitsubishi, Hanp, Katun, Samsung, AEG. 

 

 

ʈʠʩ. 4.20. ʌʦʪʦʙʘʨʘʙʘʥ ʚ ʨʦʟʨʽʟʽ: 

 

ɸʣʶʤʽʥʽʻʚʠʡ ʮʠʣʽʥʜʨ ʧʦʢʨʠʪʠʡ ʪʘʢʠʤʠ ʰʘʨʘʤʠ: 

ɹʘʟʦʚʝ ʧʦʢʨʠʪʪʷ - ʮʝ ʧʝʨʰʠʡ ʰʘʨ ʥʘ ʮʠʣʽʥʜʨʽ, ʷʢʠʡ ʟʛʣʘʜʞʫʻ ʥʝʨʽʚʥʦʩʪʽ 

ʘʣʶʤʽʥʽʶ ʮʠʣʽʥʜʨʘ ʽ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʦʩʥʦʚʫ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʰʘʨʽʚ. 
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ʐʘʨ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘʨʷʜʫ - ʜʨʫʛʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 0,1 ʤʢʤ., 

ʉʣʫʞʠʪʴ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʟʘʨʷʜʫ. ʎʝʡ ʰʘʨ ʧʨʘʮʶʻ ʧʦʜʽʙʥʦ ʬʦʪʦʜʽʦʜʫ ʽ ʩʪʘʻ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʤ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ (ʣʘʟʝʨʥʠʭ ʧʨʦʤʝʥʽʚ). 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʧʦʚʝʨʭʥʷ ʙʘʨʘʙʘʥʘ ʦʪʨʠʤʫʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʷʜʞʘʪʠʩʷ. 

ʐʘʨ ʧʝʨʝʜʘʯʽ ʟʘʨʷʜʫ ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʠʡ ʰʘʨ - ʪʨʝʪʽʡ ʟ ʦʩʥʦʚʥʠʭ ʰʘʨʽʚ. 

ʁʦʛʦ ʪʦʚʱʠʥʘ ʙʣʠʟʴʢʦ 30 ʤʢʤ. ʉʘʤʝ ʮʝʡ ʰʘʨ ʫʪʨʠʤʫʻ ʟʘʨʷʜ, ʦʪʨʠʤʘʥʠʡ ʚʽʜ 

ʚʘʣʘ ʧʝʨʚʠʥʥʦʾ ʟʘʨʷʜʢʠ (PCR) ʘʙʦ ʢʦʨʦʪʨʦʥʘ. ʂʦʤʧʦʥʝʥʪʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʰʘʨʫ ʬʦʪʦʙʘʨʘʙʘʥʘ ʧʽʜʙʠʨʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʝʭʘʥʽʯʥʫ 

ʤʽʮʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʽ ʥʝʦʙʭʽʜʥʽ ʝʣʝʢʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

 

ʇʨʠʥʮʠʧ ʣʘʟʝʨʥʦʛʦ ʜʨʫʢʫ 

ʅʘ ʨʠʩ. 4.21(4) ʟʦʙʨʘʞʝʥʠʡ ʢʘʨʪʨʠʜʞ ʚ ʨʦʟʨʽʟʽ. ʂʦʣʠ ʚʢʣʶʯʘʻʪʴʩʷ 

ʧʨʠʥʪʝʨ, ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʢʘʨʪʨʠʜʞʘ ʧʨʠʭʦʜʷʪʴ ʚ ʨʫʭ: ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʽʜʛʦʪʦʚʢʘ ʢʘʨʪʨʠʜʞʘ ʜʦ ʜʨʫʢʫ. ʎʝʡ ʧʨʦʮʝʩ ʘʥʘʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩʫ ʜʨʫʢʫ, ʘʣʝ 

ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ ʥʝ ʚʢʣʶʯʘʻʪʴʩʷ. ʇʦʪʽʤ ʨʫʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʘʨʪʨʠʜʞʘ 

ʟʫʧʠʥʷʶʪʴʩʷ - ʧʨʠʥʪʝʨ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʘʥ ʛʦʪʦʚʥʦʩʪʽ ʜʦ ʜʨʫʢʫ (Ready). 

ʇʽʩʣʷ ʚʽʜʧʨʘʚʢʠ ʜʦʢʫʤʝʥʪʘ ʥʘ ʜʨʫʢ, ʚ ʢʘʨʪʨʠʜʞʽ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʽ ʧʨʦʮʝʩʠ: 

ɿʘʨʷʜʢʘ ʙʘʨʘʙʘʥʘ (ʨʠʩ. 4.21(5)). ɺʘʣ ʧʝʨʚʠʥʥʦʛʦ ʟʘʨʷʜʫ (PCR) 

ʨʽʚʥʦʤʽʨʥʦ ʧʝʨʝʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ ʦʙʝʨʪʦʚʦʛʦ ʙʘʨʘʙʘʥʘ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ. 

ɽʢʩʧʦʥʫʚʘʥʥʷ (ʨʠʩ. 4.21(6)). ʅʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʘ ʧʦʚʝʨʭʥʷ ʙʘʨʘʙʘʥʘ 

ʝʢʩʧʦʥʫʻʪʴʩʷ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ ʪʽʣʴʢʠ ʚ ʪʠʭ ʤʽʩʮʷʭ, ʥʘ ʷʢʽ ʙʫʜʝ ʟʘʚʜʘʥʦ 

ʪʦʥʝʨ. ʇʽʜ ʜʽʻʶ ʩʚʽʪʣʘ, ʬʦʪʦʯʫʪʣʠʚʘ ʧʦʚʝʨʭʥʷ ʙʘʨʘʙʘʥʫ ʯʘʩʪʢʦʚʦ ʚʪʨʘʯʘʻ 

ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʘʟʝʨ ʝʢʩʧʦʥʫʻ ʥʘ ʙʘʨʘʙʘʥ ʧʨʠʭʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʪʦʯʦʢ ʟ ʦʩʣʘʙʣʝʥʠʤ ʥʝʛʘʪʠʚʥʠʤ ʟʘʨʷʜʦʤ. 
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ʈʠʩ. 4.21. ʇʨʠʥʮʠʧ ʣʘʟʝʨʥʦʛʦ ʜʨʫʢʫ 
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 ʅʘʥʝʩʝʥʥʷ ʪʦʥʝʨʘ (ʨʠʩ. 4.22(7)). ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʠʭʦʚʘʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʙʘʨʘʙʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʥʝʨʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʠʜʠʤʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʙʫʜʝ ʧʝʨʝʥʝʩʝʥʦ ʥʘ ʧʘʧʽʨ. ʊʦʥʝʨ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ 

ʤʘʛʥʽʪʥʦʛʦ ʚʘʣʘ, ʧʨʠʪʷʛʘʻʪʴʩʷ ʜʦ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʧʽʜ ʜʽʻʶ ʧʦʣʷ ʧʦʩʪʽʡʥʦʛʦ 

ʤʘʛʥʽʪʫ, ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʝʥʘ ʩʝʨʮʝʚʠʥʘ ʚʘʣʫ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʚʘʣʘ 

ʪʦʥʝʨ ʧʨʦʭʦʜʠʪʴ ʢʨʽʟʴ ʚʫʟʴʢʫ ʱʽʣʠʥʫ, ʫʪʚʦʨʝʥʫ "ʜʦʢʪʦʨʦʤ" ʽ ʚʘʣʦʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʚʽʥ ʥʘʙʫʚʘʻ ʥʝʛʘʪʠʚʥʠʡ ʟʘʨʷʜ ʽ ʧʨʠʣʠʧʘʻ ʜʦ ʪʠʭ ʜʽʣʷʥʦʢ ʙʘʨʘʙʘʥʘ, 

ʷʢʽ ʙʫʣʠ ʝʢʩʧʦʥʦʚʘʥʽ. "ɼʦʢʪʦʨ" ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʪʦʥʝʨʘ 

ʥʘ ʤʘʛʥʽʪʥʠʡ ʚʘʣ. ʇʝʨʝʥʝʩʝʥʥʷ ʪʦʥʝʨʘ ʥʘ ʧʘʧʽʨ (ʨʠʩ. 4.22(8)). ʇʨʦʜʦʚʞʫʶʯʠ 

ʦʙʝʨʪʘʪʠʩʷ, ʙʘʨʘʙʘʥ ʟ ʚʠʷʚʣʝʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʩʪʠʢʘʻʪʴʩʷ ʟ ʧʘʧʝʨʦʤ. ɿʽ 

ʟʚʦʨʦʪʥʦʛʦ ʙʦʢʫ ʧʘʧʽʨ ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʜʦ ʚʘʣʫ Transfer Roller, ʷʢʠʡ ʥʝʩʝ 

ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʯʘʩʪʠʥʢʠ ʪʦʥʝʨʘ 

ʧʨʠʪʷʛʫʶʪʴʩʷ ʜʦ ʧʘʧʝʨʫ, ʥʘ ʷʢʽʡ ʚʠʭʦʜʠʪʴ ʟʦʙʨʘʞʝʥʥʷ, "ʥʘʩʠʧʘʥʝ" ʪʦʥʝʨʦʤ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʢʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʣʘʟʝʨ ʚʢʣʶʯʘʻʪʴʩʷ ʽ ʚʠʤʠʢʘʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʝʨʫʶʯʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʆʙʝʨʪʦʚʝ ʜʟʝʨʢʘʣʦ ʨʦʟʚʝʨʪʘʻ 

ʧʨʦʤʽʥʴ ʫ ʚʠʛʣʷʜʽ ʨʷʜʢʘ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʬʦʪʦʙʘʨʘʙʘʥʘ. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʷʜʢʘ ʩʧʝʮʽʘʣʴʥʠʡ ʢʨʦʢʦʚʠʡ ʜʚʠʛʫʥ ʧʦʚʝʨʪʘʻ 

ʙʘʨʘʙʘʥ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ. ʎʝʡ ʟʩʫʚ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʜʽʣʴʥʽʡ 

ʟʜʘʪʥʦʩʪʽ ʧʨʠʥʪʝʨʘ ʧʦ ʚʝʨʪʠʢʘʣʽ ʽ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 1/600 ʘʙʦ 1/1200 

ʜʶʡʤʘ. ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʧʨʠʭʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʙʘʨʘʙʘʥʽ ʥʘʛʘʜʫʻ 

ʬʦʨʤʫʚʘʥʥʷ ʨʘʩʪʨʘ ʥʘ ʝʢʨʘʥʽ ʪʝʣʝʚʽʟʽʡʥʦʛʦ ʤʦʥʽʪʦʨʘ. 

ɿʘʢʨʽʧʣʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ. 4.22(9)). ɸʨʢʫʰ ʧʘʧʝʨʫ ʟ ʥʝʟʘʢʨʽʧʣʝʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷʤ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʜʦ ʤʝʭʘʥʽʟʤʫ ʟʘʢʨʽʧʣʝʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʜʚʘ ʜʦʪʠʯʥʠʭ ʚʘʣʫ, ʤʽʞ ʷʢʠʤʠ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʧʘʧʽʨ. ʅʠʞʥʽʡ ʚʘʣ 

(Lower Pressure Roller) ʧʨʠʪʠʩʢʘʻ ʾʾ ʜʦ ʚʝʨʭʥʴʦʛʦ ʚʘʣʫ (Upper Fuser Roller). 

ɺʝʨʭʥʽʡ ʚʘʣ ʥʘʛʨʽʪʠʡ , ʽ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʟ ʥʠʤ ʯʘʩʪʢʠ ʪʦʥʝʨʘ ʨʦʟʧʣʘʚʣʷʶʪʴʩʷ ʽ 

ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʧʘʧʝʨʽ. 
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ʈʠʩ. 4.22. ʇʨʠʥʮʠʧ ʣʘʟʝʨʥʦʛʦ ʜʨʫʢʫ (ʧʨʦʜʦʚʞʝʥʥʷ) 

 

ʆʯʠʱʝʥʥʷ ʙʘʨʘʙʘʥʘ (ʨʠʩ. 4.22(10)). ɼʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʦʥʝʨʘ ʥʝ 

ʧʝʨʝʥʦʩʠʪʴʩʷ ʥʘ ʧʘʧʽʨ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ ʙʘʨʘʙʘʥʽ, ʪʦʤʫ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʦʯʠʩʪʠʪʠ. ʎʶ ʬʫʥʢʮʽʶ ʚʠʢʦʥʫʻ "ʚʘʡʧʝʨ". ɺʝʩʴ ʪʦʥʝʨ, ʱʦ ʟʘʣʠʰʠʚʩʷ ʥʘ 

ʙʘʨʘʙʘʥʽ, ʩʯʠʱʘʝʪʩʷ ʚʘʡʧʝʨʦʤ ʚ ʙʫʥʢʝʨ ʜʣʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʪʦʥʝʨʘ. ʇʨʠ 

ʮʴʦʤʫ Recovery Blade ʟʘʢʨʠʚʘʻ ʦʙʣʘʩʪʴ ʤʽʞ ʙʘʨʘʙʘʥʦʤ ʽ ʙʫʥʢʝʨʦʤ, ʥʝ 

ʜʦʟʚʦʣʷʶʯʠ ʪʦʥʝʨʫ ʧʨʦʩʠʧʘʪʠʩʷ ʥʘ ʧʘʧʽʨ. "ɺʠʜʘʣʝʥʥʷ" ʟʦʙʨʘʞʝʥʥʷ. ʅʘ 

ʮʴʦʤʫ ʝʪʘʧʽ ʟ ʧʦʚʝʨʭʥʽ ʙʘʨʘʙʘʥʘ "ʩʪʠʨʘʻʪʴʩʷ" ʧʨʠʭʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, 

ʥʘʥʝʩʝʥʝ ʣʘʟʝʨʥʠʤ ʧʨʦʤʝʥʝʤ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʘʣʫ ʧʝʨʚʠʥʥʦʛʦ ʟʘʨʷʜʫ 
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ʧʦʚʝʨʭʥʶ ʬʦʪʦʙʘʨʘʙʘʥʘ ʨʽʚʥʦʤʽʨʥʦ "ʧʦʢʨʠʚʘʻʪʴʩʷ" ʥʝʛʘʪʠʚʥʠʤ ʟʘʨʷʜʦʤ, 

ʷʢʠʡ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʚ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʚʽʥ ʙʫʚ ʯʘʩʪʢʦʚʦ ʟʥʷʪʠʡ ʧʽʜ ʜʽʻʶ ʩʚʽʪʣʘ. 

 

ʂʦʣʴʦʨʦʚʠʡ ʜʨʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʧʨʠʥʪʝʨʘ 

ʂʦʣʴʦʨʦʚʠʡ ʜʨʫʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʢʽʣʴʢʘ 

ʝʪʘʧʽʚ ʧʦ ʯʠʩʣʫ ʙʘʟʦʚʠʭ ʢʚʽʪʽʚ. ʇʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʟ ʧʨʦʭʦʜʽʚ (ʚʩʴʦʛʦ ʾʭ, ʷʢ ʧʨʘʚʠʣʦ, 

ʯʦʪʠʨʠ - CMYK), ʥʘ ʧʘʧʽʨ ʥʘʥʦʩʠʪʴʩʷ ʪʦʥʝʨ ʷʢʦʛʦ-ʥʝʙʫʜʴ ʦʜʥʦʛʦ ʢʦʣʴʦʨʫ. 

ʇʝʨʝʚʘʛʠ ʧʝʨʝʜ ʫʩʽʤʘ ʽʥʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʢʦʣʴʦʨʦʚʦʛʦ ʜʨʫʢʫ ʦʯʝʚʠʜʥʽ: ʚʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ ʽ ʨʦʟʰʠʨʝʥʥʷ, ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʦʨʪʫ ʧʘʧʝʨʫ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʚʽʜʤʽʥʥʽ 

ʷʢʽʩʪʴ, ʯʽʪʢʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚʽʜʙʠʪʢʽʚ. 

 

ɿʤʽʥʥʠʡ ʨʦʟʤʽʨ ʪʦʯʢʠ ʽ ʙʽʣʴʰʝ ʚʽʜʪʽʥʢʽʚ 

REt, ʜʽʪʠʱʝ Hewlett-Packard, ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʨʦʟʤʽʨ ʪʦʯʢʠ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʜʫʣʷʮʽʾ ʧʦʪʫʞʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʯʘʩʪʢʦʚʦʛʦ 

ʟʥʷʪʪʷ ʟʘʨʷʜʫ ʟ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ (ʘʥʘʣʦʛ ʮʽʻʾ ʪʝʭʥʽʢʠ ʜʣʷ ʢʦʣʴʦʨʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ImageREt 1200). ɿʘʚʜʷʢʠ ʮʽʡ ʞʝ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ contone ʤʝʪʦʜʠʢʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʜʨʫʢʫ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʚʽʜʪʽʥʢʽʚ ʚ ʦʜʥʽʡ ʪʦʯʮʽ, ʥʝʦʙʭʽʜʥʦ ʜʦʟʫʚʘʪʠ ʥʘʥʝʩʝʥʥʷ 

ʪʦʥʝʨʽʚ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʚ ʢʦʞʥʦʤʫ ʧʨʦʭʦʜʽ ʚʽʜʧʦʚʽʜʥʠʤ 

ʯʠʥʦʤ ʟʤʽʥʶʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʚ ʤʦʤʝʥʪ ʧʨʦʤʘʣʴʦʚʫʚʘʥʥʷ 

ʪʦʯʢʠ. ʈʘʟʦʤ ʟ ʧʨʠʭʦʜʦʤ ʝʨʠ ʢʦʣʴʦʨʫ ʘʥʘʣʦʛʽʯʥʽ ʤʝʪʦʜʠʢʠ ʟ'ʷʚʠʣʠʩʷ ʽ ʚ ʘʨʩʝʥʘʣʘʭ 

Apple (PhotoGrade), Lexmark (ColorGrade), Xerox (Intelligent Colour 2.0) ʽ 

Tektronix. ʍʦʯʘ ʙʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ ʽ ʦʛʦʣʦʩʠʣʠ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʧʦʚʥʦʢʦʣʴʦʨʦʚʦʾ 

(continuouse tone) ʜʨʫʢʫ (8-ʙʽʪʦʚʘ ʛʨʘʜʘʮʽʷ ʥʘʩʠʯʝʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʯʦʪʠʨʴʦʭ 

ʫʪʚʦʨʝʥʠʭ ʢʦʣʴʦʨʽʚ), ʧʨʦʪʝ ʬʘʭʽʚʮʽ ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʤʦʚʘ ʡʜʝ ʤʘʢʩʠʤʫʤ ʧʨʦ 3 

ʘʙʦ 5-ʙʽʪʦʚʠʭ ʛʨʘʜʘʮʽʷʭ. 
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Direct-to-Drum 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʤʝʪʦʜʠʢʫ, ʤʦʞʥʘ ʟʘʙʫʪʠ ʧʨʦ ʧʨʦʙʣʝʤʫ ʩʫʤʽʱʝʥʥʷ 

ʚʽʜʙʠʪʢʽʚ ʨʽʟʥʠʭ ʢʦʣʴʦʨʽʚ, ʷʢʘ ʙʫʣʘ ʚʝʣʴʤʠ ʩʧʝʮʠʬʽʯʥʦʶ ʜʣʷ ʣʘʟʝʨʥʦʾ 

ʢʦʣʴʦʨʦʚʠʡ ʪʝʭʥʦʣʦʛʽʾ. ʉʝʥʩ ʟʨʦʟʫʤʽʣʠʡ ʟ ʥʘʟʚʠ: ʢʦʣʴʦʨʦʚʝ ʟʦʙʨʘʞʝʥʥʷ 

ʬʦʨʤʫʻʪʴʩʷ ʧʨʷʤʦ ʥʘ ʧʦʚʝʨʭʥʽ ʬʦʪʦʧʨʦʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥe, ʪʦʙʪʦ ʪʦʥʝʨʠ 

ʨʽʟʥʦʛʦ ʢʦʣʴʦʨʫ ʟʤʽʰʫʶʪʴʩʷ ʥʘ ʙʘʨʘʙʘʥʽ, ʘ ʧʦʪʽʤ ʨʘʟʦʤ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘ 

ʧʘʧʽʨ. ʋ ʧʨʦʮʝʩʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʩʧʝʮʽʘʣʴʥʽ ʤʘʛʥʽʪʥʽ ʯʘʩʪʠʥʢʠ ʧʦʨʦʰʢʫ-

ʧʨʦʷʚʥʠʢʘ, ʷʢʽ ʥʘʣʠʧʘʶʪʴ ʥʘ ʦʙʝʨʪʦʚʠʡ ʤʘʛʥʽʪʥʠʡ ʚʘʣʠʢ ʽ "ʜʦʩʪʘʚʣʷʶʪʴ" ʥʘ 

ʩʦʙʽ ʪʦʥʝʨ ʜʦ ʙʘʨʘʙʘʥʫ. ʇʨʘʚʦ ʥʘ Direct-to-Drum ʥʘʣʝʞʠʪʴ ʢʦʤʧʘʥʽʾ Hewlett-

Packard, ʧʨʦʪʝ ʜʝʷʢʽ ʽʥʰʽ ʬʽʨʤʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ 

ʤʦʜʠʬʽʢʘʮʽʾ. 
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ʊʝʤʘ 4.3. ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʛʫʯʥʦʤʦʚʝʮʴ 

ʃʝʢʮʽʷ 16. ɿʚʫʢʦʚʽ ʜʠʥʘʤʽʢʠ ʘʙʦ ʛʦʣʦʚʢʠ ʧʨʷʤʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʇʨʠʩʪʨʽʡ ʜʠʥʘʤʽʯʥʦʛʦ ʛʫʯʥʦʤʦʚʮʷ. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʦʾ 

ʛʦʣʦʚʢʠ. 

 

ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʛʫʯʥʦʤʦʚʝʮʴ - ʮʝ ʛʫʯʥʦʤʦʚʝʮʴ, ʚ ʷʢʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʟʚʫʢʦʚʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʧʝʨʝʤʽʱʝʥʥʶ ʢʦʪʫʰʢʠ ʟ ʩʪʨʫʤʦʤ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 

(ʨʽʜʰʝ - ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ) ʟ ʧʦʜʘʣʴʰʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʦʪʨʠʤʘʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʢʦʣʠʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʠʬʫʟʦʨʘ. 

ɽʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʡ ʛʫʯʥʦʤʦʚʝʮʴ, ʜʠʥʘʤʽʯʥʠʡ ʛʫʯʥʦʤʦʚʝʮʴ, ʜʠʥʘʤʽʢ, 

ʜʠʥʘʤʽʯʥʘ ʛʦʣʦʚʢʘ ʧʨʷʤʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - ʮʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʥʘʟʚʠ ʦʜʥʦʛʦ 

ʡ ʪʦʛʦ ʞ ʧʨʠʣʘʜʫ, ʱʦ ʩʣʫʞʠʪʴ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ ʚ ʢʦʣʠʚʘʥʥʷ ʧʦʚʽʪʨʷ, ʷʢʽ ʽ ʩʧʨʠʡʤʘʶʪʴʩʷ ʥʘʤʠ ʷʢ ʟʚʫʢ. 

ɿʚʫʢʦʚʽ ʜʠʥʘʤʽʢʠ ʘʙʦ ʧʦ-ʽʥʰʦʤʫ ʜʠʥʘʤʽʯʥʽ ʛʦʣʦʚʢʠ ʧʨʷʤʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠ ʥʝ ʨʘʟ ʙʘʯʠʣʠ. ɺʦʥʠ ʘʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʧʦʙʫʪʦʚʽʡ ʝʣʝʢʪʨʦʥʽʮʽ. ʉʘʤʝ ʛʫʯʥʦʤʦʚʝʮʴ ʧʝʨʝʪʚʦʨʶʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ 

ʥʘ ʚʠʭʦʜʽ ʧʽʜʩʠʣʶʚʘʯʘ ʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ ʚ ʟʚʫʢ, ʷʢʠʡ ʣʶʜʠʥʘ ʯʫʻ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʂʂɼ (ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ) ʟʚʫʢʦʚʦʛʦ ʜʠʥʘʤʽʢʘ 

ʜʫʞʝ ʥʠʟʴʢʠʡ ʽ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2 - 3%. ʎʝ, ʟʚʠʯʘʡʥʦ, ʚʝʣʠʯʝʟʥʠʡ ʤʽʥʫʩ, 

ʘʣʝ ʜʦ ʩʠʭ ʧʽʨ ʥʽʯʦʛʦ ʢʨʘʱʦʛʦ ʥʝ ʧʨʠʜʫʤʘʣʠ. ʍʦʯʘ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʢʨʽʤ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʛʫʯʥʦʤʦʚʮʷ ʽʩʥʫʶʪʴ ʽ ʽʥʰʽ ʧʨʠʣʘʜʠ ʜʣʷ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʟʚʫʢʦʚʦʾ ʯʘʩʪʦʪʠ ʚ ʘʢʫʩʪʠʯʥʽ 

ʢʦʣʠʚʘʥʥʷ. ʎʝ, ʥʘʧʨʠʢʣʘʜ, ʛʫʯʥʦʤʦʚʮʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ, 

ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ, ʘʣʝ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʣʝʢʪʨʦʥʽʮʽ ʦʪʨʠʤʘʣʠ ʛʫʯʥʦʤʦʚʮʽ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʪʠʧʫ. 

ʋʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʘ ʧʨʝʜʩʪʘʚʣʝʥʝ ʥʘ ʈʠʩ. 4.23. 
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ʈʠʩ. 4.23. ʋʤʦʚʥʝ ʛʨʘʬʽʯʥʝ ʧʦʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʘ. 

 

ʇʦʨʫʯ ʟ ʧʦʟʥʘʯʝʥʥʷʤ ʧʠʰʫʪʴʩʷ ʣʽʪʝʨʠ B ʘʙʦ BA, ʘ ʜʘʣʽ ʧʦʨʷʜʢʦʚʠʡ 

ʥʦʤʝʨ ʜʠʥʘʤʽʢʘ ʚ ʧʨʠʥʮʠʧʦʚʽʡ ʩʭʝʤʽ (1, 2, 3 ʽ ʪ.ʜ.). ʋʤʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʜʠʥʘʤʽʢʘ ʥʘ ʩʭʝʤʽ ʜʫʞʝ ʪʦʯʥʦ ʧʝʨʝʜʘʻ ʨʝʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ 

ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʛʦ ʛʫʯʥʦʤʦʚʮʷ. 

 

ʇʨʠʩʪʨʽʡ ʜʠʥʘʤʽʯʥʦʛʦ ʛʫʯʥʦʤʦʚʮʷ 

ʅʝʨʫʭʦʤʘ ʯʘʩʪʠʥʘ ʜʠʥʘʤʽʯʥʦʛʦ ʛʫʯʥʦʤʦʚʮʷ ʚʢʣʶʯʘʻ ʜʠʬʫʟʦʨʦʪʨʠʤʘʯ ʽ 

ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ. ɼʠʬʫʟʦʨ ʧʨʫʞʥʦ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʜʠʬʫʟʦʨʦʪʨʠʤʘʯʝʤ ʟʦʚʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʚʽʩʫ, ʘ ʟʩʝʨʝʜʠʥʠ - ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʝʥʪʨʫʶʯʦʾ ʰʘʡʙʠ. ɼʦ 

ʜʠʬʫʟʦʨʘ ʞʦʨʩʪʢʦ ʧʨʠʢʨʽʧʣʝʥʘ ʟʚʫʢʦʚʘ ʢʦʪʫʰʢʘ, ʷʢʘ ʤʦʞʝ ʚʽʣʴʥʦ 

ʧʝʨʝʤʽʱʘʪʠʩʷ ʚ ʤʘʛʥʽʪʥʦʤʫ ʟʘʟʦʨʽ, ʥʝ ʪʦʨʢʘʶʯʠʩʴ ʩʪʽʥʦʢ. ʆʪʚʽʨ ʚ 

ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʠʬʫʟʦʨʘ ʥʘʢʨʠʚʘʻʪʴʩʷ ʟʘʭʠʩʥʠʤ ʢʦʚʧʘʯʢʦʤ. 

 

ʇʽʜʚʽʩ 

ɻʦʬʨʦʚʘʥʠʡ ʛʥʫʯʢʠʡ ʧʽʜʚʽʩ (ʢʨʘʡʦʚʦʾ ʛʦʬʨ, çʢʦʤʽʨè) ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʫ ʨʝʟʦʥʘʥʩʥʫ ʯʘʩʪʦʪʫ (ʪʦʙʪʦ ʤʘʪʠ ʚʠʩʦʢʫ 

ʛʥʫʯʢʽʩʪʴ); ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʨʫʭʫ (ʪʦʙʪʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʢʨʫʪʠʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʢʦʣʠʚʘʥʴ) ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ ʚ ʦʙʠʜʚʽ ʩʪʦʨʦʥʠ ʚʽʜ 

ʧʦʣʦʞʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʽ ʝʬʝʢʪʠʚʥʝ ʧʦʛʣʠʥʘʥʥʷ ʝʥʝʨʛʽʾ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʥʴ 

ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ. ʂʨʽʤ ʪʦʛʦ ʧʽʜʚʽʩ ʧʦʚʠʥʝʥ ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʬʦʨʤʫ ʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʯʘʩʽ ʽ ʧʽʜ ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ 
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ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʽʥ.). ʗʢ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʧʽʜʚʽʩʽʚ ʅʏ 

ʜʠʥʘʤʽʯʥʽ ʛʦʣʦʚʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʪʫʨʘʣʴʥʽ ʛʫʤʠ, ʧʝʥʦʧʦʣʽʫʨʝʪʘʥʠ, 

ʧʨʦʛʫʤʦʚʘʥʽ ʪʢʘʥʠʥʠ, ʥʘʪʫʨʘʣʴʥʽ ʽ ʩʠʥʪʝʪʠʯʥʽ ʪʢʘʥʠʥʠ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ 

ʜʝʤʧʬʽʨʫʶʯʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. 

 

ɼʠʬʫʟʦʨ 

ɼʠʬʫʟʦʨ - ʦʩʥʦʚʥʠʡ ʚʠʧʨʦʤʽʥʶʶʯʠʡ ʝʣʝʤʝʥʪ ʛʫʯʥʦʤʦʚʮʷ, ʷʢʠʡ 

ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʽʥʽʡʥʫ ɸʏʍ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ɺ ʽʜʝʘʣʽ 

ʜʠʬʫʟʦʨ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʷʢ ʧʦʨʰʝʥʴ, ʟʜʽʡʩʥʶʶʯʠ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʽ 

ʨʫʭʠ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʢʦʣʠʚʘʥʥʷ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʦʚʽʪʨʶ. 

ʇʨʦʪʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʯʘʩʪʦʪʠ ʚ ʥʴʦʤʫ ʟ'ʷʚʣʷʶʪʴʩʷ ʟʛʠʥʘʣʴʥʽ ʟʫʩʠʣʣʷ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʩʪʦʷʯʠʭ ʭʚʠʣʴ, ʘ ʟʥʘʯʠʪʴ - ʧʽʢʽʚ ʽ ʧʨʦʚʘʣʽʚ ʨʝʟʦʥʘʥʩʫ 

ʥʘ ɸʏʍ ʛʫʯʥʦʤʦʚʮʷ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʜʦ ʩʧʦʪʚʦʨʝʥʴ ʟʚʫʢʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʟʥʠʟʠʪʠ ʚʧʣʠʚ ʮʠʭ ʝʬʝʢʪʽʚ, ʥʘʤʘʛʘʶʪʴʩʷ ʟʙʽʣʴʰʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʜʠʬʫʟʦʨʘ, 

ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʝʨʽʘʣʠ ʟ ʤʝʥʰʦʶ ʱʽʣʴʥʽʩʪʶ. ʋ ʩʫʯʘʩʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʷʭ ʜʣʷ 8-12-ʜʶʡʤʦʚʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʜʠʥʘʤʽʢʽʚ ʨʦʙʦʯʠʡ 

ʜʽʘʧʘʟʦʥ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʜʦ 1 ʢɻʮ, 5-7 "ʩʨʝʜʥʴʦʯʘʩʪʦʪʥʠʭ - ʜʦ 3 ʢɻʮ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ - ʜʦ 16 ʢɻʮ. 

ɼʠʬʫʟʦʨʠ ʟʘ ʪʠʧʦʤ ʤʘʪʝʨʽʘʣʫ ʙʫʚʘʶʪʴ: 

 ʞʦʨʩʪʢʽ (ʢʝʨʘʤʽʯʥʽ, ʘʣʶʤʽʥʽʻʚʽ) ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʤʝʥʰʠʡ ʨʽʚʝʥʴ 

ʩʧʦʪʚʦʨʝʥʴ, ʟʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʛʦ ʚʠʛʠʥʫ ʧʦʚʝʨʭʥʽ ʜʠʬʫʟʦʨʘ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʫ 

ʥʠʭ ʟʘʥʘʜʪʦ ʚʝʣʠʢʘ ʜʦʙʨʦʪʥʽʩʪʴ, ʘ ʟʥʘʯʠʪʴ - ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʧʽʢ 

ʨʝʟʦʥʘʥʩʫ. ɿʘʚʜʘʥʥʷ ʚʠʨʦʙʥʠʢʘ - ʟʨʫʰʠʪʠ ʮʝʡ ʧʽʢ ʟʘ ʤʝʞʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ. ʋ 

ʪʦʡ ʞʝ ʯʘʩ ʮʽ ʜʠʥʘʤʽʢʠ ʟʘʡʤʘʶʪʴ ʚʝʨʭʥʽ ʮʽʥʦʚʽ ʧʦʟʠʮʽʾ; 

 ʥʘʧʽʚʪʚʝʨʜʽ (ʟ ʩʢʣʦʪʢʘʥʠʥʠ ʘʙʦ ʢʝʚʣʘʨʘ ʟʽ ʩʧʦʣʫʯʥʦʶ 

ʧʦʣʽʤʝʨʠʟʦʚʘʥʦʶ ʽ ʟʘʧʝʯʝʥʦʶ ʩʤʦʣʦʶ, çʩʝʥʜʚʽʯʽè) - ʢʦʤʧʨʦʤʽʩʥʠʡ ʚʘʨʽʘʥʪ 

ʤʽʞ ʤ'ʷʢʠʤʠ ʽ ʞʦʨʩʪʢʠʤʠ. ɼʘʶʪʴ ʙʽʣʴʰʝ ʩʧʦʪʚʦʨʝʥʴ, ʘʣʝ ʤʘʶʪʴ ʙʽʣʴʰ 

ʥʠʟʴʢʠʡ ʚʠʢʠʜ ʨʝʟʦʥʘʥʩʫ, ʽ ʷʢ ʧʨʘʚʠʣʦ ʥʘ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ; 
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 ʤ'ʷʢʽ ʜʠʬʫʟʦʨʠ (ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʽ, ʧʦʣʽʤʝʪʽʣʧʝʥʪʝʥʦʚʽ) ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ 

ʨʽʚʥʫ ɸʏʍ ʟʘ ʨʘʭʫʥʦʢ ʧʦʛʣʠʥʘʥʥʷ ʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʤʘʪʝʨʽʘʣʦʤ ʜʠʬʫʟʦʨʘ ʽ 

ʤ'ʷʢʠʡ ʧʨʠʻʤʥʠʡ ʟʚʫʢ ʤʘʡʞʝ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʘʣʝ ʤʘʶʪʴ ʧʦʛʘʥʽ ʽʤʧʫʣʴʩʥʽ 

ʧʘʨʘʤʝʪʨʠ (ʚʽʜʩʫʪʥʽʩʪʴ ʯʽʪʢʦʩʪʽ). ʂʨʽʤ ʪʦʛʦ, ʤ'ʷʢʠʡ ʜʠʬʫʟʦʨ ʤʦʞʝ ʢʨʽʧʠʪʠʩʷ 

ʜʦ ʜʠʬʫʟʦʨʦʪʨʠʤʘʯʘ ʙʝʟ ʧʽʜʚʽʩʫ; 

 ʧʘʧʝʨʦʚʽ ʜʠʬʫʟʦʨʠ ʩʪʦʷʪʴ ʦʩʦʙʥʷʢʦʤ, ʪʦʤʫ ʱʦ ʜʘʶʪʴ ʜʫʞʝ ʭʘʨʘʢʪʝʨʥʝ 

ʟʘʙʘʨʚʣʝʥʥʷ ʟʚʫʯʘʥʥʷ, ʜʣʷ ʫʩʫʥʝʥʥʷ ʷʢʦʛʦ ʚ ʧʘʧʽʨ ʜʦʜʘʶʪʴ ʨʽʟʥʽ ʩʠʥʪʝʪʠʯʥʽ 

ʽ ʥʘʪʫʨʘʣʴʥʽ ʚʦʣʦʢʥʘ, ʧʦʢʨʠʚʘʶʪʴ ʜʠʬʫʟʦʨ ʣʘʢʦʤ ʽ ʪ. ʜ. ʇʘʧʝʨʦʚʽ ʜʠʬʫʟʦʨʠ 

ʙʽʣʴʰ ʧʨʦʩʪʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʜʦʟʚʦʣʷʶʪʴ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʙʠʪʠ 

ʜʠʬʫʟʦʨ, ʧʽʜʚʽʩ ʽ ʢʦʚʧʘʯʦʢ ʟ ʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʘ ʬʦʨʤʦʶ ʜʠʬʫʟʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ: 

 ʢʫʧʦʣʴʥʽ, ʟʘʟʚʠʯʘʡ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ɺʏ-ʜʠʥʘʤʽʢʘʭ; 

 ʢʦʥʫʩʥʽ - ʧʦʰʠʨʝʥʽ ʙʽʣʴʰ ʰʠʨʦʢʦ ʟʘʚʜʷʢʠ ʙʽʣʴʰʽʡ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ. 

ʄʘʡʞʝ ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʣʠʰʝ ʚ ɺʏ-ʜʠʥʘʤʽʢʘʭ ʯʝʨʝʟ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʚʠʜʽʚ ʧʨʦʬʽʣʽʚ ʢʦʥʫʩʥʠʭ ʜʠʬʫʟʦʨʽʚ: 

o ʣʽʥʽʡʥʽ ʻ ʤʘʢʩʠʤʘʣʴʥʦ ʞʦʨʩʪʢʠʤʠ, ʘʣʝ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʨʝʟʦʥʘʥʩʫ, ʢʦʣʠ ʧʦʟʜʦʚʞʥʷ ʭʚʠʣʷ ʩʪʠʩʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜ ʢʦʪʫʰʢʠ ʨʝʟʦʥʫʻ ʟ ʧʦʧʝʨʝʯʥʦʶ ʭʚʠʣʝʶ ʢʦʣʠʚʘʥʥʷ ʩʘʤʦʾ 

ʦʙʦʣʦʥʢʠ; 

o ʩʝʛʤʝʥʪ ʢʦʣʘ ʜʦʟʚʦʣʷʻ ʟʛʣʘʜʠʪʠ ʨʝʟʦʥʘʥʩ; 

o ʝʢʩʧʦʥʝʥʪʘ ʜʦʟʚʦʣʷʻ ʟʛʣʘʜʠʪʠ ʨʝʟʦʥʘʥʩ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʢʦʤʙʽʥʘʮʽʾ ʚʩʽʭ ʪʨʴʦʭ ʪʠʧʽʚ ʟ ʤʝʪʦʶ 

ʟʤʽʩʪʠʪʠ ʨʝʟʦʥʘʥʩ ʚ ʦʙʣʘʩʪʴ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ ʘʙʦ ʨʦʟʧʦʜʽʣʠʪʠ ʡʦʛʦ 

ʩʧʣʝʩʢ ʥʘ ʙʽʣʴʰ ʰʠʨʦʢʠʡ ʜʽʘʧʘʟʦʥ ʟʤʝʥʰʠʚʰʠ ʘʤʧʣʽʪʫʜʫ. 

 ʧʣʦʩʢʽ ʜʠʬʫʟʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʜʢʦ, ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʅʏ-ʜʠʥʘʤʽʢʘʭ, 

ʯʝʨʝʟ ʜʫʞʝ ʚʠʩʦʢʽ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. 

ʈʽʜʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʠʬʫʟʦʨʠ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʥʘʧʨʠʢʣʘʜ 

ʛʦʬʨʦʚʘʥʽ, ʱʦ ʧʦʻʜʥʫʶʪʴ ʚ ʦʜʥʽʡ ʜʝʪʘʣʽ ʜʠʬʫʟʦʨ ʽ ʚʽʜʨʘʟʫ ʢʽʣʴʢʘ ʧʽʜʚʽʩʽʚ - 

ʪʘʢʝ ʨʽʰʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʤʘʣʦʛʘʙʘʨʠʪʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ 
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ʜʠʥʘʤʽʢʽʚ ʟ ʤʝʪʦʶ ʟʤʝʥʰʠʪʠ ʽʥʪʝʨʤʦʜʫʣʷʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʽ ʨʦʟʰʠʨʠʪʠ 

ʜʽʘʧʘʟʦʥ ʚʽʜʪʚʦʨʶʚʘʥʠʭ ʯʘʩʪʦʪ. 

 

ʂʦʚʧʘʯʦʢ 

ʇʠʣʝʟʘʭʠʩʥʠʡ ʢʦʚʧʘʯʦʢ - ʩʬʝʨʠʯʥʘ ʦʙʦʣʦʥʢʘ, ʷʢʘ, ʚʠʢʦʥʫʶʯʠ ʬʫʥʢʮʽʶ 

ʟʘʭʠʩʪʫ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʤʘʛʥʽʪʥʦʾ ʣʘʥʮʶʛʘ ʚʽʜ ʧʦʧʘʜʘʥʥʷ ʧʠʣʫ, ʻ ʪʘʢʦʞ 

ʦʢʨʫʞʥʠʤ ʨʝʙʨʦʤ ʞʦʨʩʪʢʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʢʦʚʧʘʯʦʢ ʻ ʚʠʧʨʦʤʽʥʶʶʯʠʤ 

ʝʣʝʤʝʥʪʦʤ, ʱʦ ʨʦʙʠʪʴ ʩʚʽʡ ʚʥʝʩʦʢ ʫ ʬʦʨʤʫʚʘʥʥʷ ɸʏʍ ʚ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ 

ʯʘʩʪʦʪ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʚʧʘʯʢʠ 

ʚʠʛʦʪʦʚʣʷʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʢʫʧʦʣʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʨʽʟʥʠʤʠ ʨʘʜʽʫʩʘʤʠ 

ʢʨʠʚʠʟʥʠ. ʗʢ ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʧʦʟʠʮʽʾ ʮʝʣʶʣʦʟʠ, ʩʠʥʪʝʪʠʯʥʽ 

ʧʣʽʚʢʠ, ʪʢʘʥʠʥʠ ʟ ʧʨʦʩʦʯʝʥʥʷʤʠ. ʋ ʧʦʪʫʞʥʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʛʫʯʥʦʤʦʚʮʷʭ 

ʽʥʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʚʧʘʯʢʠ ʟ ʤʝʪʘʣʝʚʦʾ (ʘʣʶʤʽʥʽʻʚʦʾ) ʬʦʣʴʛʠ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʚʽʜ 

ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ. ɸʣʝ ʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʢʦʚʧʘʯʢʘʤʠ ʚ ʧʨʦʩʪʦʨʽ ʤʽʞ 

ʢʦʚʧʘʯʢʦʤ ʽ ʢʦʪʫʰʢʦʶ ʚʠʥʠʢʘʶʪʴ ʚʠʩʦʢʦʜʦʙʨʦʪʥʽ ʨʝʟʦʥʘʥʩʠ, ʪʦʤʫ ʜʝʷʢʽ 

ʚʠʨʦʙʥʠʢʠ ʟʘʤʽʩʪʴ ʢʦʚʧʘʷʢʽʚ ʩʪʘʚʣʷʪʴ ʬʘʟʦʚʠʨʽʚʥʶʶʯʽ çʂʫʣʽè, ʷʢʽ ʥʝ 

ʚʥʦʩʷʪʴ ʩʚʦʾʭ ʩʧʦʪʚʦʨʝʥʴ. 

 

ʎʝʥʪʨʫʶʯʘ ʰʘʡʙʘ 

ʄʽʞ ʜʠʬʫʟʦʨʦʤ ʽ ʢʦʨʧʫʩʦʤ ʜʠʥʘʤʽʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʘ 

ʰʘʡʙʘ, ʷʢʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʛʫʯʥʦʤʦʚʮʽʚ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʠʭ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʣʽʥʽʡʥʽʩʪʴ ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʝʣʠʢʠʭ ʟʩʫʚʘʭ 

ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ, ʟʘʧʦʙʽʛʘʪʠ ʟʩʫʚʫ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ ʚ ʨʘʜʽʘʣʴʥʦʤʫ 

ʥʘʧʨʷʤʢʫ ʽ çʧʨʦʚʠʩʘʥʥʷè ʨʫʭʦʤʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʟʘʭʠʱʘʪʠ ʤʘʛʥʽʪʥʠʡ 

ʟʘʟʦʨ ʚʽʜ ʧʠʣʫ. ɿʘʟʚʠʯʘʡ ʚ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʛʫʯʥʦʤʦʚʮʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʮʝʥʪʨʫʶʯʽ ʰʘʡʙʠ ʟ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʛʦʬʨʫʚʘʥʥʷʤ (ʯʠʩʣʦ ʛʦʬʨ ʚʘʨʽʶʻʪʴʩʷ 

ʚʽʜ 5-7 ʜʦ 9-11), ʧʣʦʩʢʽ ʘʙʦ çʤʦʩʪʠʢʦʚʽè. ʆʜʥʘʢ ʚ ʜʝʷʢʠʭ ʤʦʜʝʣʷʭ 
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ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʰʘʡʙʠ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ (ʥʘʧʨʠʢʣʘʜ, 

ʪʘʥʛʝʥʮʽʘʣʴʥʽ), ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ, ʥʘ ʜʫʤʢʫ ʬʽʨʤ, ʱʦ ʾʭ ʟʘʩʪʦʩʦʚʫʶʪʴ, 

ʚʝʣʠʢʫ ʣʽʥʽʡʥʽʩʪʴ ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʦʨʤʠ ʽ ʪʘʢ ʜʘʣʽ. 

ʉʧʦʯʘʪʢʫ ʮʝʥʪʨʫʶʯʘ ʰʘʡʙʘ ʤʘʣʘ ʟʦʚʩʽʤ ʽʥʰʫ ʢʦʥʩʪʨʫʢʮʽʶ: ʚʦʥʘ 

ʧʨʠʢʨʽʧʣʶʚʘʣʘʩʷ ʜʦ ʢʝʨʥʫ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʽ ʚʥʫʪʨʽʰʥʴʦʾ ʯʘʩʪʠʥʠ 

ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ. ʊʘʢʘ ʰʘʡʙʘ ʤʘʣʘ ʭʘʨʘʢʪʝʨʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʯʝʨʝʟ 

ʷʢʦʛʦ ʦʪʨʠʤʘʣʘ ʥʘʟʚʫ çʧʘʚʫʢè, ʷʢʝ ʟʙʝʨʽʛʣʦʩʷ ʚ ʜʝʷʢʠʭ ʤʦʚʘʭ ʥʝʟʚʘʞʘʶʯʠ 

ʥʘ ʪʝ, ʱʦ ʩʫʯʘʩʥʽ ʮʝʥʪʨʫʶʯʽ ʰʘʡʙʠ ʤʘʶʪʴ ʟʦʚʩʽʤ ʽʥʰʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʗʢ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʰʘʡʙ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʪʫʨʘʣʴʥʽ ʪʢʘʥʠʥʠ (ʪʠʧʫ 

ʤʽʪʢʘʣʶ, ʙʷʟʽ ʽ ʪʘʢ ʜʘʣʽ), ʧʨʦʩʦʯʝʥʽ ʙʘʢʝʣʽʪʦʚʠʤ ʣʘʢʦʤ, ʩʠʥʪʝʪʠʯʥʽ ʪʢʘʥʠʥʠ 

ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʘʤʽʜʽʚ, ʧʦʣʽʝʩʪʝʨʫ, ʥʝʡʣʦʥʫ ʽ ʽʥ. ɺ ʜʝʷʢʠʭ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʛʫʯʥʦʤʦʚʮʷʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʰʘʡʙʠ, ʚ ʤʘʪʝʨʽʘʣ ʷʢʠʭ ʚʧʣʽʪʘʶʪʴʩʷ ʤʝʪʘʣʝʚʽ 

(ʘʣʶʤʽʥʽʻʚʽ, ʤʽʜʥʽ) ʥʠʪʢʠ, ʷʢʽ ʟʘ ʟʘʷʚʘʤʠ ʚʠʨʦʙʥʠʢʽʚ ʧʦʢʨʘʱʫʶʪʴ ʚʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʘ ʚʽʜ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ. 

 

ɿʚʫʢʦʚʘ ʢʦʪʫʰʢʘ ʽ ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ 

ɿʚʫʢʦʚʘ ʢʦʪʫʰʢʘ - ʢʦʪʫʰʢʘ ʟ ʜʨʦʪʦʤ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʟʦʨʽ 

ʤʘʛʥʽʪʥʦʛʦ ʣʘʥʮʶʛʘ ʽ ʟʘʙʝʟʧʝʯʫʻ ʩʧʽʣʴʥʦ ʟ ʤʘʛʥʽʪʥʦʶ ʩʠʩʪʝʤʦʶ ʜʠʥʘʤʽʢʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʤʝʭʘʥʽʯʥʫ. ʄʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʜʠʥʘʤʽʢʘ 

ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʮʝʚʦʛʦ ʤʘʛʥʽʪʫ ʽ ʢʝʨʥʘ, ʚ ʟʘʟʦʨʽ ʤʽʞ ʷʢʠʤʠ 

ʨʫʭʘʻʪʴʩʷ ʟʚʫʢʦʚʘ ʢʦʪʫʰʢʘ, ʥʝ ʪʦʨʢʘʶʯʠʩʴ ʩʪʽʥʦʢ. ɺʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʤʝʞʘʭ ʭʦʜʫ ʢʦʪʫʰʢʠ, ʜʣʷ ʯʦʛʦ ʦʩʦʙʣʠʚʠʤ 

ʯʠʥʦʤ ʬʦʨʤʫʶʪʴʩʷ ʧʦʣʶʩʘ ʤʘʛʥʽʪʽʚ, ʘ ʥʘ ʢʝʨʥ ʥʘʜʽʚʘʻʪʴʩʷ ʤʽʜʥʠʡ ʢʦʚʧʘʯʦʢ. 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʢʦʪʫʰʢʠ (ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʚ ɺʏ-ʜʠʥʘʤʽʢʘʭ) 

ʚʠʨʦʙʥʠʢʠ ʽʥʦʜʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʘʣʶʤʽʥʽʻʚʠʡ ʜʨʽʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʤʽʜʥʠʤ 

ʧʦʢʨʠʪʪʷʤ. ɽʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʜʦ ʢʦʪʫʰʢʠ ʧʽʜʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʥʫʯʢʠʭ ʧʨʦʚʦʜʽʚ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʤʦʪʘʥʫ ʥʘ ʩʠʥʪʝʪʠʯʥʫ ʥʠʪʢʫ 

ʜʨʽʪ. ʇʨʦʚʽʜ ʯʘʩʪʦ ʟʘʢʨʽʧʣʶʶʪʴ ʥʘ ʜʠʬʫʟʦʨʽ, ʱʦʙ ʚʦʥʠ ʧʨʠ ʨʦʙʦʪʽ ʥʝ 

ʪʦʨʢʘʣʠʩʷ ʜʦ ʽʥʰʠʭ ʯʘʩʪʠʥ ʜʠʥʘʤʽʢʘ. ʇʨʦʪʠʣʝʞʥʽ ʢʽʥʮʽ ʧʨʦʚʦʜʽʚ ʧʽʜʢʣʶʯʝʥʽ 
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ʜʦ ʢʣʝʤʥʦʾ ʢʦʣʦʜʢʠ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ʧʽʜʩʪʘʚʮʽ ʜʠʥʘʤʽʢʘ (ʜʦ ʷʢʦʛʦ 

ʧʨʠʧʘʶʶʪʴʩʷ ʧʨʦʚʽʜʥʠʢʠ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤ ʧʨʠʩʪʨʦʶ, ʚ ʷʢʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʜʠʥʘʤʽʢ). ɼʠʬʫʟʦʨʠ ʛʦʣʦʚʦʢ, ʚʢʣʶʯʝʥʠʭ ʩʠʥʬʘʟʥʦ, 

ʟʤʽʱʫʶʪʴʩʷ ʚ ʢʦʞʝʥ ʤʦʤʝʥʪ ʯʘʩʫ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ (ʚʩʝʨʝʜʠʥʫ ʘʙʦ ʥʘʟʦʚʥʽ), 

ʱʦ ʤʦʞʥʘ ʚʽʟʫʘʣʴʥʦ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ ʰʣʷʭʦʤ ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʧʦʜʘʯʽ ʥʘ 

ʛʦʣʦʚʢʠ ʥʝʚʝʣʠʢʦʾ (1,5 ɺ) ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ. 

 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ 

ʊʠʧ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ - ʧʦʚʥʦ-ʜʽʘʧʘʟʦʥʥʘ (ʰʠʨʦʢʦʩʤʫʛʦʚʘ - ɻɼʐ, 

ʛʦʣʦʚʢʘ ʜʠʥʘʤʽʯʥʘ ʰʠʨʦʢʦʩʤʫʛʦʚʘ), ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ (ɻɼʅ), 

ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʘ (ɻɼʉ), ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ (ɻɼɺ). 

ʅʦʤʽʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ - ʷʢ ʧʨʘʚʠʣʦ, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 

ʜʠʬʫʟʦʨʦʪʨʠʤʘʯʘ (ʨʘʤʠ). ʈʽʜʰʝ - ʜʽʘʤʝʪʨ ʧʽʜʚʽʩʫ ʜʠʬʫʟʦʨʘ ʘʙʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʢʨʽʧʠʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ. ɼʣʷ ʢʦʤʧʨʝʩʽʡʥʠʭ ʜʨʘʡʚʝʨʽʚ - 

ʜʽʘʤʝʪʨ ʛʦʨʣʘ ʨʫʧʦʨʘ. 

ʇʦʪʫʞʥʽʩʪʴ - ʤʦʞʝ ʙʫʪʠ ʟʘʟʥʘʯʝʥʦ ʢʽʣʴʢʘ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ: 

ʇʦʪʫʞʥʽʩʪʴ ʧʦ DIN 45500 - ʧʦʪʫʞʥʽʩʪʴ (ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʘʙʦ ʤʫʟʠʯʥʘ), 

ʧʨʠ ʷʢʽʡ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 1%. ɺ ʉʈʉʈ ʽʩʥʫʚʘʣʦ 

ʧʦʜʽʙʥʝ ʧʦʥʷʪʪʷ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʜʣʷ ʷʢʦʾ, ʦʜʥʘʢ, ʥʝ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʽʚʥʷ ʩʧʦʪʚʦʨʝʥʴ; 

 ɻʨʘʥʠʯʥʘ, RMS (Rated Maxmum Sinusoidal) - ʧʽʜʚʦʜʠʪʴʩʷ 

ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʚʠʪʨʠʤʫʻ ʛʦʣʦʚʢʘ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʙʝʟ 

ʨʫʡʥʫʚʘʥʥʷ. ɻʦʣʦʚʢʘ ʤʦʞʝ ʙʫʪʠ ʟʨʫʡʥʦʚʘʥʘ ʽ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʶ 

ʧʦʪʫʞʥʽʩʪʶ, ʷʢʱʦ ʜʠʥʘʤʽʢ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʦʥʘʜ ʩʚʦʾ ʤʝʭʘʥʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ ʜʫʞʝ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʥʘ ʤʫʟʠʢʘ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʙʘʩʘ ʘʙʦ ʦʨʛʘʥʥʘ ʤʫʟʠʢʘ), ʪʘʢʦʞ ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ (çʢʣʽʧʫʚʘʥʥʷʤè) ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ. ɺ 

ʉʈʉʈ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʭʦʞʠʡ ʧʘʨʘʤʝʪʨ - ʧʘʩʧʦʨʪʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʦʜʥʘʢ 

ʚʠʤʽʨʶʚʘʣʘʩʷ ʚʦʥʘ ʥʘ ʰʫʤʦʚʦʤʫ ʩʠʛʥʘʣʽ ʧʨʦʪʷʛʦʤ 100 ʛʦʜʠʥ; 
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 ʇʽʢʦʚʘ (ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʘ) ʧʦʪʫʞʥʽʩʪʴ (PMPO) - ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʤʦʞʝ 

ʚʠʪʨʠʤʘʪʠ ʛʫʯʥʦʤʦʚʝʮʴ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ. ɺ ʉʈʉʈ ʮʝʡ ʯʘʩ 

ʥʦʨʤʫʚʘʣʦʩʷ 1 ʩʝʢʫʥʜʦʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʜʘʥʠʡ ʯʘʩ ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝ 

ʥʦʨʤʫʻʪʴʩʷ. ʄʦʞʝ ʙʫʪʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʋ 

90-ʪʽ ʨʦʢʠ ʙʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʥʠʞʥʴʦʛʦ ʮʽʥʦʚʦʛʦ ʨʽʚʥʷ ʚ ʂʠʪʘʾ 

ʥʘʥʦʩʠʣʠ ʮʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʧʨʦʪʝ ʜʣʷ ʢʽʥʮʝʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʮʷ ʧʦʪʫʞʥʽʩʪʴ ʥʝ ʤʘʻ ʩʝʥʩʫ. 
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ʃʝʢʮʽʷ 17. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ. ʉʪʝʨʝʦʬʦʥʽʷ. ʄʝʪʦʜʠ 

ʩʪʝʨʝʦʟʘʧʠʩʫ. ɹʽʥʘʫʨʘʣʴʥʠʡ ʝʬʝʢʪ. ʉʠʩʪʝʤʠ ʩʪʝʨʝʦʬʦʥʽʯʥʦʛʦ ʤʦʚʣʝʥʥʷ. 

 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ ʙʫʜʝ ʥʘʡʙʽʣʴʰ ʟʨʦʟʫʤʽʣʠʡ, ʷʢʱʦ 

ʛʦʣʦʚʢʫ ʟʽʙʨʘʪʠ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ, ʧʦ ʧʦʨʷʜʢʫ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʜʝ ʧʦʪʨʽʙʥʦ ʢʽʣʴʮʝʚʦʾ ʤʘʛʥʽʪ ʟ ʧʦʣʶʩʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ 

ʟ ʧʣʦʩʢʦʛʦ ʙʦʢʫ ʢʽʣʴʮʷ (ʈʠʩ. 4.24): 

 

 

ʈʠʩ. 4.24. ʂʽʣʴʮʝʚʠʡ ʤʘʛʥʽʪ 

 

ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚ ʪʘʢʦʤʫ ʤʘʛʥʽʪʽ ʙʫʜʝ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ (ʧʦʰʠʨʶʚʘʪʠʩʷ) 

ʪʘʢʠʤ ʯʠʥʦʤ (ʈʠʩ. 4.25): 
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ʈʠʩ. 4.25. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪ ̔

 

ʊʝʧʝʨ ʟ ʟʘʜʥʴʦʛʦ ʙʦʢʫ ʟʘʢʨʠʻʤʦ ʤʘʛʥʽʪ ʩʪʘʣʝʚʠʤ, ʤʘʛʥʽʪʦʤôʷʢʠʤ 

ʣʠʩʪʦʤ, ʢʨʫʛʣʦʾ ʬʦʨʤʠ ʽ ʜʽʘʤʝʪʨʦʤ ʨʽʚʥʠʤ, ʜʽʘʤʝʪʨʫ ʤʘʛʥʽʪʫ (ʈʠʩ. 4.26) 

 

 

ʈʠʩ. 4.26. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ ʪʘ ʩʪʘʣʝʚʠʡ ʣʠʩʪʦʢ. 
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ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʚʞʝ ʥʝ ʙʫʜʝ ʚʠʧʨʦʤʽʥʶʚʘʪʠʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʘ ʧʽʜʝ ʧʦ ʩʪʘʣʝʚʦʤʫ ʣʠʩʪʫ, ʷʢʠʡ ʪʝʧʝʨ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜʘ (ʈʠʩ. 4.27): 

 

 

ʈʠʩ. 4.27. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ, ʱʦ ʟʘʢʨʠʪʠʡ ʩʪʘʣʝʚʠʤ 

ʣʠʩʪʢʦʤ ʟ ʦʜʥʦʛʦ ʙʦʢʫ. 

 

ʊʘʢʠʤ ʞʝ ʣʠʩʪʦʤ ʟʘʢʨʠʻʤʦ ʤʘʛʥʽʪ ʟ ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ, ʪʽʣʴʢʠ ʚ ʮʴʦʤʫ 

ʣʠʩʪʽ ʧʦʚʠʥʥʠʡ ʙʫʪʠ ʦʪʚʽʨ, ʜʽʘʤʝʪʨ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ ʚʥʫʪʨʽʰʥʴʦʤʫ ʜʽʘʤʝʪʨʫ 

ʤʘʛʥʽʪʫ (ʈʠʩ. 4.28): 
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ʈʠʩ. 4.28. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ, ʱʦ ʟʘʢʨʠʪʠʡ ʩʪʘʣʝʚʠʤ 

ʣʠʩʪʢʦʤ ʟ ʜʚʦʭ ʙʦʢʽʚ. 

 

ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʽ ʟ ʮʴʦʛʦ ʙʦʢʫ ʟʘʤʠʢʘʻʪʴʩʷ, ʘʣʝ ʤʘʛʥʽʪʥʽ ʣʽʥʽʾ ʚʩʝʨʝʜʠʥʽ 

ʤʘʛʥʽʪʫ ʧʦʪʨʽʙʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʦ, ʪʦʤʫ ʚʩʝʨʝʜʠʥʫ ʚʩʪʘʚʠʤʦ 

ʩʪʘʣʝʚʠʡ ʮʠʣʽʥʜʨ. ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʝʥʰʝ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʜʽʘʤʝʪʨʘ ʤʘʛʥʽʪʫ, ʧʨʠʯʦʤʫ ʨʽʟʥʠʮʷ ʚ ʜʽʘʤʝʪʨʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʤʘʛʥʽʪʥʦʾ ʢʦʪʫʰʢʠ. ɺʚʝʜʝʥʥʷ ʮʠʣʽʥʜʨʘ ʪʘʢ ʩʘʤʦ ʩʧʨʠʷʻ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʦʪʨʠʤʦʥʦʤʫ ʟʘʟʦʨʽ, ʦʩʢʽʣʴʢʠ ʨʦʟʨʠʚʘʻ 

ʤʘʛʥʽʪʦʧʨʦʚʦʜ (ʈʠʩ. 4.29): 
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ʈʠʩ. 4.29. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ, ʱʦ ʟʘʢʨʠʪʠʡ ʩʪʘʣʝʚʠʤ 

ʣʠʩʪʢʦʤ ʟ ʜʚʦʭ ʙʦʢʽʚ ʪʘ ʩʪʘʣʝʚʠʤ ʮʠʣʽʥʜʨʦʤ ʚʩʝʨʝʜʠʥʽ. 

 

ɼʘʣʽ ʚ ʟʘʟʦʨ ʧʦʤʽʱʘʻʪʴʩʷ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʧʨʠʯʦʤʫ ʚʝʣʠʯʠʥʘ ʥʘ 

ʷʢʫ ʢʦʪʫʰʢʘ ʡʜʝ ʚʩʝʨʝʜʠʥʫ ʤʘʛʥʽʪʥʦʛʦ ʟʘʟʦʨʫ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʚʠʩʦʪʠ 

ʢʦʪʫʰʢʠ, ʪʦʙʪʦ ʢʦʪʫʰʢʘ ʟʘʥʫʨʶʻʪʴʩʷ ʨʽʚʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʩʚʦʻʾ ʚʠʩʦʪʠ. ʊʘʢʝ 

ʨʘʟʧʦʣʦʞʝʥʥʷ ʢʦʪʫʰʢʠ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʦʛʦ ʭʦʜʫ 

ʢʦʪʫʰʢʠ ʷʢ ʚʩʝʨʝʜʠʥʫ ʤʘʛʥʽʪʥʦʾ ʩʠʪʝʤʠ, ʪʘʢ ʽ ʥʘʟʦʚʥʽ (ʈʠʩ. 4.30): 
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ʈʠʩ. 4.30. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ, ʱʦ ʟʘʢʨʠʪʠʡ ʩʪʘʣʝʚʠʤ 

ʣʠʩʪʢʦʤ ʟ ʜʚʦʭ ʙʦʢʽʚ ʟʽ ʩʪʘʣʝʚʠʤ ʮʠʣʽʥʜʨʦʤ ʪʘ ʢʦʪʫʰʢʦʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʚʩʝʨʝʜʠʥʽ. 

 

ʊʝʧʝʨ, ʷʢʱʦ ʜʦ ʢʦʪʫʰʢʠ ʧʽʜʢʣʶʯʠʪʠ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ, ʪʦ ʢʦʪʫʰʢʘ 

ʙʫʜʝ ʚʠʰʪʦʚʭʫʚʘʪʠʩʷ, ʷʢʱʦ ʾʾ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʙʫʜʝ ʦʜʥʽʻʾ ʧʦʣʷʨʥʦʩʪʽ ʟ 

ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʤʘʛʥʽʪʫ (ʈʠʩ. 4.31): 

 

ʈʠʩ. 4.31. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ, ʱʦ ʟʘʢʨʠʪʠʡ ʩʪʘʣʝʚʠʤ 

ʣʠʩʪʢʦʤ ʟ ʜʚʦʭ ʙʦʢʽʚ ʟʽ ʩʪʘʣʝʚʠʤ ʮʠʣʽʥʜʨʦʤ ʪʘ ʢʦʪʫʰʢʦʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʧʽʜʢʣʶʯʥʝʥʦʶ 

ʜʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. ʂʦʪʫʰʢʘ ʚʠʰʪʦʚʭʫʻʪʴʩʷ. 
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ʘʙʦ ʚʪʷʛʫʚʘʪʠʩʷ, ʷʢʱʦ ʾʾ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʙʫʜʝ ʧʨʦʪʠʣʝʞʥʠʤ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʶ 

ʤʘʛʥʽʪʫ (ʈʠʩ. 4.32): 

 

 

ʈʠʩ. 4.32. ʇʦʰʠʨʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʽʣʴʮʝʚʦʤʫ ʤʘʛʥʽʪʽ, ʱʦ ʟʘʢʨʠʪʠʡ ʩʪʘʣʝʚʠʤ 

ʣʠʩʪʢʦʤ ʟ ʜʚʦʭ ʙʦʢʽʚ ʟʽ ʩʪʘʣʝʚʠʤ ʮʠʣʽʥʜʨʦʤ ʪʘ ʢʦʪʫʰʢʦʶ ʽʥʜʫʢʪʠʚʥʦʩʪʽ, ʧʽʜʢʣʶʯʥʝʥʦʶ 

ʜʦ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ. ʂʦʪʫʰʢʘ ʚʪʷʛʫʻʪʴʩʷ. 

 

ʊʝʧʝʨ ʟʘʢʨʽʧʠʤʦ ʢʦʪʫʰʢʫ ʥʘ ʞʦʨʩʪʢʦʤʫ ʮʠʣʽʥʜʨʽ, ʘ ʡʦʛʦ ʟ'ʻʜʥʘʻʤʦ ʟ 

ʧʘʧʝʨʦʚʠʤ ʢʦʥʫʩʦʤ (ʈʠʩ. 4.33): 
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ʈʠʩ. 4.33. ɼʦ ʪʽʻʾ ʞ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠʻʜʥʘʣʠ ʧʘʧʝʨʦʚʠʡ ʢʦʥʫʩ. 

 

ʇʨʠ ʨʫʩʽ ʢʦʪʫʰʢʠ ʚ ʤʘʛʥʽʪʥʦʤʫ ʟʘʟʦʨʽ ʮʝʡ ʨʫʭ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ 

ʢʦʥʫʩʫ ʽ ʪʦʡ ʙʫʜʝ ʚʠʢʣʠʢʘʪʠ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʧʦʚʽʪʨʷ, ʪʦʙʪʦ ʟ'ʷʚʠʪʴʩʷ ʟʚʫʢ. 

ʂʦʥʫʩ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʫʟʦʨʦʤ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ, ʷʢ ʚʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, 

ʥʝ ʪʽʣʴʢʠ ʟ ʧʘʧʝʨʫ. 

ʂʦʪʫʰʢʘ ʧʦ ʩʫʪʽ ʥʽʯʠʤ ʥʝ ʟʘʢʨʽʧʣʝʥʘ, ʦʪʞʝ ʚʦʥʘ ʤʦʞʝ ʙʠʪʠʩʷ ʽ ʦʙ 

ʤʘʛʥʽʪ ʽ ʦʙ ʩʪʘʣʝʚʠʡ ʮʠʣʽʥʜʨ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʤʘʛʥʽʪʫ ʽ 

ʽʤʝʥʦʚʘʥʠʡ ʢʝʨʥʦʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʢʣʶʯʠʪʠ ʮʶ ʥʝʧʨʠʻʤʥʽʩʪʴ, ʢʦʪʫʰʢʫ 

ʬʽʢʩʫʶʪʴ ʚ ʧʨʦʩʪʦʨʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʝʥʪʨʫʶʯʦʾ ʰʘʡʙʠ - ʩʧʘʡʜʝʨʘ, ʘ ʟ 

ʰʠʨʦʢʦʾ ʩʪʦʨʦʥʠ ʢʦʥʫʩʘ, ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʨʽʧʠʪʴʩʷ ʜʠʬʫʟʦʨʦʪʨʠʤʘʯ (ʈʠʩ. 

4.34): 
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ʈʠʩ. 4.34. ʊʘ ʞ ʢʦʥʩʪʨʫʢʮʽʷ, ʚʞʝ ʟ ʜʠʬʫʟʦʨʦʪʨʠʤʘʯʝʤ. 

 

ɯ ʤʘʛʥʽʪ, ʽ ʜʠʬʫʟʦʨ ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʢʦʰʠʢʫ - ʤʘʛʥʽʪ ʘʙʦ ʧʨʠʢʣʝʧʫʻʪʴʩʷ, 

ʘʙʦ ʧʨʠʢʨʫʯʫʻʪʴʩʷ ʛʚʠʥʪʘʤʠ. ɼʠʬʫʟʦʨ ʧʨʠʢʣʝʶʻʪʴʩʷ, ʪʦʯʥʽʰʝ ʥʝ ʜʠʬʫʟʦʨ, ʘ 

ʜʠʬʫʟʦʨʦʪʨʠʤʘʯ ʽ ʩʧʘʡʜʝʨ (ʈʠʩ. 4.35): 

 

ʈʠʩ. 4.35. ʂʨʽʧʣʝʥʥʷ ʜʦ ʢʦʰʠʢʘ 
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ɿ ʙʦʢʫ ʜʠʬʫʟʦʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʦʪʚʽʨ ʽ ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʟʘʢʨʠʪʠ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʧʦʧʘʜʘʥʥʷ ʚʩʝʨʝʜʠʥʫ ʧʠʣʫ ʽ ʜʨʽʙʥʦʛʦ ʩʤʽʪʪʷ (ʈʠʩ. 4.36): 

 

 

ʈʠʩ. 4.36. ʆʪʚʽʨ ʟ ʙʦʢʫ ʜʠʬʫʟʦʨʘ 

 

ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘʭʠʩʥʠʡ ʢʦʚʧʘʯʦʢ. ʆʜʥʘʢ ʮʷ ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʜʝʪʘʣʴ ʚʠʢʦʥʫʻ ʱʝ ʦʜʥʫ ʬʫʥʢʮʽʶ - ʚʦʥʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʜʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʫ. ʇʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʜʽʣʫ ʧʨʘʮʽ 

ʯʠʩʪʦ ʤʝʭʘʥʽʯʥʘ. ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ɺʏ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʘ ʥʝʚʝʣʠʢʘ 

ʘʤʧʣʽʪʫʜʘ, ʘʣʝ ʜʫʞʝ ʰʚʠʜʢʠʡ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ ʜʠʬʫʟʦʨʘ. ʗʢʱʦ 

ʜʠʬʫʟʦʨ ʙʫʜʝ ʟʘʥʘʜʪʦ ʪʦʥʢʠʤ, ʟʥʘʯʠʪʴ ʚʽʥ ʙʫʜʝ ʣʝʛʢʠʤ ʽ ʨʽʰʝʥʥʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʥʘʯʝʙʪʦ ʟʘʙʝʟʧʝʯʝʥʦ. ʆʜʥʘʢ ʷʢʱʦ ʜʠʬʫʟʦʨ ʙʫʜʝ ʪʦʥʢʠʤ ʚʽʥ 

ʙʫʜʝ ʟʘʥʘʜʪʦ ʤ'ʷʢʠʤ ʽ ʥʝ ʟʤʦʞʝ ʧʦʚʥʦʮʽʥʥʦ ʚʽʜʪʚʦʨʶʚʘʪʠ ʅʏ ʩʢʣʘʜʦʚʫ, ʜʝ 

ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʻʾ ʧʣʦʱʽ ʜʠʬʫʟʦʨʫ. ɼʠʬʫʟʦʨ ʧʨʦʩʪʦ ʙʫʜʝ 

ʛʥʫʪʠʩʷ ʚ ʩʝʨʝʜʠʥʽ (ʈʠʩ. 4.37): 
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ʈʠʩ. 4.37. ɼʝʬʦʨʤʘʮʽʷ ʜʠʬʫʟʦʨʘ 

 

ʊʦʤʫ ʚʠʨʦʙʥʠʢʠ ʡʜʫʪʴ ʥʘ ʨʽʟʥʽ ʢʦʤʧʨʦʤʽʩʠ - ʩʘʤʽ ʜʠʬʫʟʦʨʠ ʤʦʞʫʪʴ 

ʩʢʣʘʜʘʪʠʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʥʘ ʧʨʦʩʦʯʝʥʠʡ ʧʘʧʽʨ 

ʥʘʧʠʣʶʻʪʴʩʷ ʘʣʶʤʽʥʽʡ, ʘ ʟʘʭʠʩʥʠʡ ʢʦʚʧʘʯʦʢ ʨʦʙʠʪʴʩʷ ʟ ʙʽʣʴʰ ʞʦʨʩʪʢʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʬʦʨʤʘ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʘʢʩʠʤʘʣʴʥʫ ʚʽʜʜʘʯʫ ʥʘ ɺʏ. ɺ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʧʘʧʝʨʦʚʠʡ ʜʠʬʫʟʦʨ 

ʦʩʥʘʱʝʥʠʡ ʧʣʘʩʪʠʢʦʚʠʤ, ʤʝʪʘʣʽʟʦʚʘʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʚʧʘʯʢʦʤ (ʈʠʩ. 4.38): 

 

 

ʈʠʩ. 4.38. ʇʘʧʝʨʦʚʠʡ ʜʠʬʫʟʦʨ ʟ ʤʝʪʘʣʽʟʦʚʘʥʠʤ ʟʘʭʠʩʥʠʤ ʢʦʚʧʘʯʢʦʤ. 
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ɯʥʦʜʽ, ʱʦʙ ʱʝ ʙʽʣʴʰʝ ʧʦʩʠʣʠʪʠ ʚʽʜʜʘʯʫ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ ʥʘ ɺʏ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʭʠʩʥʽ ʢʦʚʧʘʯʢʠ ʫ ʚʠʛʣʷʜʽ ʨʫʧʦʨʘ, ʚʠʢʦʥʘʥʦʛʦ ʟ ʧʘʧʝʨʫ, 

ʘʣʝ ʧʨʦʩʦʯʝʥʦʛʦ ʞʦʨʩʪʢʽʰʠʤ ʧʨʦʩʦʯʝʥʥʷʤ ʽ ʚʠʩʫʰʝʥʦʛʦ ʧʽʜ ʙʽʣʴʰʠʤ 

ʪʠʩʢʦʤ (ʈʠʩ. 4.39): 

 

ʈʠʩ. 4.39. ʇʘʧʝʨʦʚʠʡ ʜʠʬʫʟʦʨ ʟ ʟʘʭʠʩʥʠʤ ʢʦʚʧʘʯʢʦʤ ʟ ʱʽʣʴʥʽʰʦʛʦ ʧʘʧʝʨʫ ʫ ʬʦʨʤʽ 

ʨʫʧʦʨʘ. 

 

ɿʘʣʠʰʠʣʦʩʷ ʧʽʜʢʣʶʯʠʪʠ ʢʦʪʫʰʢʫ ʜʠʬʫʟʦʨʫ ʜʦ ʢʣʝʤ, ʽ ʨʦʙʠʪʴʩʷ ʮʝ 

ʙʘʛʘʪʦʞʠʣʴʥʠʤ, ʤʽʰʫʨʥʠʤ ʧʨʦʚʦʜʦʤ, ʩʪʽʡʢʠʤ ʜʦ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʧʝʨʝʛʠʥʽʚ 

(ʈʠʩ. 4.40): 

 

ʈʠʩ. 4.40. ʇʽʜʢʣʶʯʝʥʥʷ ʢʦʪʫʰʢʠ ʜʠʬʫʟʦʨʘ ʜʦ ʢʣʝʤ. 
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ɼʠʥʘʤʽʯʥʽ ʛʦʣʦʚʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ 

ʥʘʟʠʚʘʶʪʴʩʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤʠ ʽ ʧʨʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʽ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ 

ʙʝʟʣʽʯ ʧʨʦʙʣʝʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʜʽʡʩʥʦ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ-ʤʝʥʰ ʣʽʥʽʡʥʫ ɸʏʍ. 

ʆʜʥʘʢ ʻ ʱʝ ʦʜʠʥ ʚʘʨʽʘʥʪ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʚʽʜʪʚʦʨʝʥʥʷ ʚʩʴʦʛʦ ʟʚʫʢʦʚʦʛʦ 

ʜʽʘʧʘʟʦʥʫ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʜʠʥʘʤʽʯʥʠʭ ʛʦʣʦʚʦʢ (ʈʠʩ. 4.41): 

 

 

ʈʠʩ. 4.41. ʐʠʨʦʢʦʧʦʣʦʩʥʠʡ ʜʠʥʘʤʽʢ. 

 

ʂʦʞʥʘ ʜʠʥʘʤʽʯʥʘ ʛʦʣʦʚʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʪʽʣʴʢʠ ʩʚʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʘ ʘʢʫʩʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʛʦʣʦʚʢʠ 

ʥʘʟʠʚʘʶʪʴʩʷ ʙʘʛʘʪʦʩʤʫʛʦʚʠʤʠ. ɺʝʣʠʢʽ ʜʠʥʘʤʽʯʥʽ ʛʦʣʦʚʢʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʚʽʜʪʚʦʨʝʥʥʷ ʅʏ ʽ ʉʏ ʜʽʘʧʘʟʦʥʫ, ʾʭ ʧʘʩʧʦʨʪʥʘ ʧʦʪʫʞʥʽʩʪʴ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʧʦʪʫʞʥʽʩʪʴ ʤʘʣʝʥʴʢʠʭ ʛʦʣʦʚʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ 

ʚʽʜʪʚʦʨʝʥʥʷ ʉʏ ʽ ɺʏ ʜʽʘʧʘʟʦʥʫ. ʇʦʜʽʣ ʩʠʛʥʘʣʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʛʦʣʦʚʢʠ 
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ʚʠʢʦʥʫʻʪʴʩʷ ʘʙʦ ʧʘʩʠʚʥʠʤʠ ʬʽʣʴʪʨʘʤʠ, ʱʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʘʢʫʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʘʙʦ ʬʽʣʴʪʨʠ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ, 

ʘʣʝ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʪʨʽʙʥʽ ʙʽʣʴʰʽ ʚʠʪʨʘʪʠ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʢʦʞʥʦʾ 

ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ ʧʦʪʨʽʙʥʠʡ ʩʚʽʡ ʧʽʜʩʠʣʶʚʘʯ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʫ ʢʦʞʥʦʛʦ ʽʟ 

ʩʧʦʩʦʙʽʚ ʻ ʩʚʦʾ ʧʣʶʩʠ ʽ ʩʚʦʾ ʤʽʥʫʩʠ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʩʠʚʥʠʭ ʬʽʣʴʪʨʽʚ ʚʠʥʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʫʟʛʦʜʞʝʥʥʷ 

ʜʠʥʘʤʽʢʽʚ ʧʦ ʬʘʟʽ, ʘʣʝ ʟʘʛʘʣʴʥʠʡ ʢʦʤʧʣʝʢʪ ʚʠʭʦʜʠʪʴ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʽ 

ʜʝʰʝʚʰʝ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʢʨʝʤʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ 

ʬʘʟʫʚʘʥʥʷʤ ʧʨʦʙʣʝʤʠ ʚʠʨʽʰʫʶʪʴʩʷ ʧʨʦʩʪʽʰʝ, ʘʣʝ ʜʦʩʠʪʴ ʚʽʜʯʫʪʥʦ ʟʨʦʩʪʘʻ 

ʚʘʨʪʽʩʪʴ ʢʦʤʧʣʝʢʩʫ. 

ʅʫ ʪʝʧʝʨ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʨʦʟʫʤʽʣʠʡ 

ʧʦʚʥʽʩʪʶ - ʧʨʠ ʧʦʜʘʯʽ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ ʟ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʢʦʪʫʰʢʘ 

ʪʦ ʚʪʷʛʫʻʪʴʩʷ, ʪʦ ʚʠʰʪʦʚʭʫʻʪʴʩʷ ʟ ʤʘʛʥʽʪʥʦʛʦ ʟʘʟʦʨʫ, ʘ ʦʩʢʽʣʴʢʠ ʚʦʥʘ 

ʞʦʨʩʪʢʦ ʟ'ʻʜʥʘʥʘ ʟ ʜʠʬʫʟʦʨʦʤ, ʪʦ ʚʽʥ ʧʦʚʪʦʨʶʻ ʚʩʽ ʾʾ ʨʫʭʠ ʚʠʢʣʠʢʘʶʯʠ ʨʫʭ 

ʧʦʚʽʪʨʷ ʟ ʪʽʻʶ ʞ ʯʘʩʪʦʪʦʶ, ʱʦ ʽ ʧʦʜʘʻʪʴʩʷ ʟ ʧʽʜʩʠʣʶʚʘʯʘ ʥʘʧʨʫʛʠ (ʈʠʩ. 

4.42): 

 

 

ʈʠʩ. 4.42. ɼʠʥʘʤʽʯʥʘ ʛʦʣʦʚʢʘ. 
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ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ 

ʊʠʧ ʜʠʥʘʤʽʯʥʦʾ ʛʦʣʦʚʢʠ - ʧʦʚʥʦ-ʜʽʘʧʘʟʦʥʥʘ (ʰʠʨʦʢʦʩʤʫʛʦʚʘ - ɻɼʐ, 

ʛʦʣʦʚʢʘ ʜʠʥʘʤʽʯʥʘ ʰʠʨʦʢʦʩʤʫʛʦʚʘ), ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ (ɻɼʅ), 

ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʘ (ɻɼʉ), ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ (ɻɼɺ). 

ʅʦʤʽʥʘʣʴʥʠʡ ʜʽʘʤʝʪʨ - ʷʢ ʧʨʘʚʠʣʦ, ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ 

ʜʠʬʫʟʦʨʦʪʨʠʤʘʯʘ (ʨʘʤʠ). ʈʽʜʰʝ - ʜʽʘʤʝʪʨ ʧʽʜʚʽʩʫ ʜʠʬʫʟʦʨʘ ʘʙʦ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʨʦʪʠʣʝʞʥʠʤʠ ʢʨʽʧʠʣʴʥʠʤʠ ʦʪʚʦʨʘʤʠ. ɼʣʷ ʢʦʤʧʨʝʩʽʡʥʠʭ ʜʨʘʡʚʝʨʽʚ - 

ʜʽʘʤʝʪʨ ʛʦʨʣʘ ʨʫʧʦʨʘ. 

 ɼʽʘʧʘʟʦʥ ʯʘʩʪʦʪ - ʮʝ ʩʤʫʛʘ ʟʚʫʢʦʚʠʭ ʯʘʩʪʦʪ, ʷʢʽ ʟʜʘʪʥʠʡ ʚʽʜʪʚʦʨʠʪʠ 

ʜʠʥʘʤʽʢ. ɺʠʤʽʨʶʻʪʴʩʷ ʚ ʛʝʨʮʘʭ (ɻʮ). ʅʘʛʘʜʘʻʤʦ, ʱʦ ʣʶʜʩʴʢʝ ʚʫʭʦ ʩʧʨʠʡʤʘʻ 

ʯʘʩʪʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 20 ɻʮ - 20 ʢɻʮ. ɸʣʝ, ʟʚʠʯʘʡʥʦ, ʥʽʷʢʦʾ ʜʠʥʘʤʽʢ ʥʝ ʟʜʘʪʥʠʡ 

ʪʦʯʥʦ ʚʽʜʪʚʦʨʠʪʠ ʚʝʩʴ ʟʚʫʢʦʚʠʡ ʜʽʘʧʘʟʦʥ. ʗʢʽʩʪʴ ʟʚʫʢʦʚʽʜʪʚʦʨʝʥʥʷ ʙʫʜʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʪʦʛʦ, ʱʦ ʧʦʪʨʽʙʥʦ. 

ʇʦʪʫʞʥʽʩʪʴ - ʤʦʞʝ ʙʫʪʠ ʟʘʟʥʘʯʝʥʦ ʢʽʣʴʢʘ ʟʥʘʯʝʥʴ ʧʦʪʫʞʥʦʩʪʽ: 

 ʇʦʪʫʞʥʽʩʪʴ ʧʦ DIN 45500 - ʧʦʪʫʞʥʽʩʪʴ (ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʘʙʦ ʤʫʟʠʯʥʘ), 

ʧʨʠ ʷʢʽʡ ʩʧʦʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʫ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 1%. ɺ ʉʈʉʈ ʽʩʥʫʚʘʣʦ 

ʧʦʜʽʙʥʝ ʧʦʥʷʪʪʷ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʜʣʷ ʷʢʦʾ, ʦʜʥʘʢ, ʥʝ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʽʚʥʷ ʩʧʦʪʚʦʨʝʥʴ; 

 ɻʨʘʥʠʯʥʘ, RMS (Rated Maxmum Sinusoidal) - ʧʽʜʚʦʜʠʪʴʩʷ 

ʩʠʥʫʩʦʾʜʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʚʠʪʨʠʤʫʻ ʛʦʣʦʚʢʘ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʙʝʟ 

ʨʫʡʥʫʚʘʥʥʷ. ɻʦʣʦʚʢʘ ʤʦʞʝ ʙʫʪʠ ʟʨʫʡʥʦʚʘʥʘ ʽ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʶ 

ʧʦʪʫʞʥʽʩʪʶ, ʷʢʱʦ ʜʠʥʘʤʽʢ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʧʦʥʘʜ ʩʚʦʾ ʤʝʭʘʥʽʯʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʥʘ ʜʫʞʝ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪʘʭ (ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʥʥʘ ʤʫʟʠʢʘ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʙʘʩʘ ʘʙʦ ʦʨʛʘʥʥʘ ʤʫʟʠʢʘ), ʪʘʢʦʞ ʨʫʡʥʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʣʠʢʘʥʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷʤ (çʢʣʽʧʫʚʘʥʥʷʤè) ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ. ɺ 

ʉʈʉʈ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʩʭʦʞʠʡ ʧʘʨʘʤʝʪʨ - ʧʘʩʧʦʨʪʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʦʜʥʘʢ 

ʚʠʤʽʨʶʚʘʣʘʩʷ ʚʦʥʘ ʥʘ ʰʫʤʦʚʦʤʫ ʩʠʛʥʘʣʽ ʧʨʦʪʷʛʦʤ 100 ʛʦʜʠʥ; 

 ʇʽʢʦʚʘ (ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʘ) ʧʦʪʫʞʥʽʩʪʴ (PMPO) - ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ 

ʤʦʞʝ ʚʠʪʨʠʤʘʪʠ ʛʫʯʥʦʤʦʚʝʮʴ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ. ɺ ʉʈʉʈ ʮʝʡ ʯʘʩ 
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ʥʦʨʤʫʚʘʣʦʩʷ 1 ʩʝʢʫʥʜʦʶ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʚ ʜʘʥʠʡ ʯʘʩ ʮʝʡ ʧʘʨʘʤʝʪʨ ʥʝ 

ʥʦʨʤʫʻʪʴʩʷ. ʄʦʞʝ ʙʫʪʠ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʋ 

90-ʪʽ ʨʦʢʠ ʙʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ ʝʣʝʢʪʨʦʥʽʢʠ ʥʠʞʥʴʦʛʦ ʮʽʥʦʚʦʛʦ ʨʽʚʥʷ ʚ ʂʠʪʘʾ 

ʥʘʥʦʩʠʣʠ ʮʝ ʟʥʘʯʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʦʜʫʢʮʽʶ, ʧʨʦʪʝ ʜʣʷ ʢʽʥʮʝʚʦʛʦ 

ʩʧʦʞʠʚʘʯʘ ʮʷ ʧʦʪʫʞʥʽʩʪʴ ʥʝ ʤʘʻ ʩʝʥʩʫ. 

 ʅʦʤʽʥʘʣʴʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ (ʆʤ). ʄʽʜʥʠʡ ʜʨʽʪ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ 

ʤʘʻ ʘʢʪʠʚʥʠʡ ʦʧʽʨ. 

 ʈʝʘʢʪʠʚʥʠʡ ʦʧʽʨ. ʈʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʫʪʚʦʨʶʻʪʴʩʷ ʪʦʤʫ, ʱʦ ʟʚʫʢʦʚʘ 

ʢʦʪʫʰʢʘ, ʮʝ, ʧʦ ʩʫʪʽ, ʟʚʠʯʘʡʥʘ ʢʦʪʫʰʢʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʽ ʾʾ ʽʥʜʫʢʪʠʚʥʽʩʪʴ 

ʯʠʥʠʪʴ ʦʧʽʨ ʟʤʽʥʥʦʤʫ ʩʪʨʫʤʫ. ʈʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ. 

 ʇʦʚʥʠʡ ʦʧʽʨ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ. ɺʠʭʦʜʠʪʴ, ʱʦ ʘʢʪʠʚʥʠʡ ʦʧʽʨ 

ʢʦʪʫʰʢʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʟʤʽʥʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʯʘʩʪʦʪʠ ʩʪʨʫʤʫ. ʑʦʙ ʚʥʝʩʪʠ ʧʦʨʷʜʦʢ ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ 

ʜʠʥʘʤʽʢʘ ʚʠʤʽʨʶʶʪʴ ʥʘ ʬʽʢʩʦʚʘʥʽʡ ʯʘʩʪʦʪʽ 1000 ɻʮ ʽ ʜʦʜʘʶʪʴ ʜʦ ʮʽʻʾ 

ʚʝʣʠʯʠʥʠ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʢʦʪʫʰʢʠ. 

ʋ ʧʽʜʩʫʤʢʫ ʚʠʭʦʜʠʪʴ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʽ ʥʘʟʠʚʘʻʪʴʩʷ ʥʦʤʽʥʘʣʴʥʠʤ (ʘʙʦ 

ʧʦʚʥʠʤ) ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʜʠʥʘʤʽʯʥʠʭ 

ʛʦʣʦʚʦʢ ʮʷ ʚʝʣʠʯʠʥʘ ʩʢʣʘʜʘʻ 2, 4, 6, 8 ʆʤ. ʊʘʢʦʞ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʠʥʘʤʽʢʠ ʟ 

ʧʦʚʥʠʤ ʦʧʦʨʦʤ 16 ʆʤ.  

ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʦʚʥʠʡ ʦʧʽʨ ʢʦʪʫʰʢʠ ʜʝʩʴ ʥʘ 10 - 20% 

ʙʽʣʴʰʝ ʘʢʪʠʚʥʦʛʦ. ʊʦʤʫ ʚʠʟʥʘʯʠʪʠ ʡʦʛʦ ʤʦʞʥʘ ʜʦʩʠʪʴ ʧʨʦʩʪʦ. ʇʦʪʨʽʙʥʦ 

ʚʩʴʦʛʦ ʣʠʰʝ ʚʠʤʽʨʷʪʠ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ ʦʤʤʝʪʨʦʤ ʽ 

ʟʙʽʣʴʰʠʪʠ ʦʪʨʠʤʘʥʫ ʚʝʣʠʯʠʥʫ ʥʘ 10 - 20%. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʤʦʞʥʘ 

ʚʟʘʛʘʣʽ ʚʨʘʭʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʯʠʩʪʦ ʘʢʪʠʚʥʠʡ ʦʧʽʨ. 

ʅʦʤʽʥʘʣʴʥʠʡ ʝʣʝʢʪʨʠʯʥʠʡ ʦʧʽʨ ʟʚʫʢʦʚʦʾ ʢʦʪʫʰʢʠ ʻ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢ ʷʢ ʡʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʫʟʛʦʜʞʝʥʥʽ ʧʽʜʩʠʣʶʚʘʯʘ 

ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʜʠʥʘʤʽʢʘ). 
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ɺʝʣʠʯʠʥʘ ʧʦʪʫʞʥʦʩʪʽ, ʥʘ ʷʢʫ ʨʦʟʨʘʭʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʠʡ ʜʠʥʘʤʽʢ ʷʢ ʽ 

ʡʦʛʦ ʦʧʽʨ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʢʘʟʘʥʽ ʥʘ ʡʦʛʦ ʢʦʨʧʫʩʽ. ʅʘʧʨʠʢʣʘʜ, ʦʩʴ ʪʘʢ - 4 ʆʤ, 

1W. 

ɿʛʘʜʘʡʤʦ, ʱʦ ʂʂɼ ʜʠʥʘʤʽʢʘ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2 - 3%. ɸ ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʷʢʱʦ ʜʦ ʜʠʥʘʤʽʢʘ ʧʽʜʚʝʩʪʠ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ 10 ɺʪ, ʪʦ ʚ ʟʚʫʢʦʚʽ 

ʭʚʠʣʽ ʚʽʥ ʧʝʨʝʪʚʦʨʶʻ ʣʠʰʝ 0,2 - 0,3 ɺʪ. ɼʦʩʠʪʴ ʪʨʦʭʠ, ʧʨʘʚʜʘ? ɸʣʝ, ʣʶʜʩʴʢʝ 

ʚʫʭʦ ʚʣʘʰʪʦʚʘʥʦ ʜʫʞʝ ʚʠʪʦʥʯʝʥʦ, ʽ ʟʜʘʪʥʝ ʧʦʯʫʪʠ ʟʚʫʢ, ʷʢʱʦ ʚʠʧʨʦʤʽʥʶʚʘʯ 

ʚʽʜʪʚʦʨʶʻ ʘʢʫʩʪʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʙʣʠʟʴʢʦ 1 - 3 ʤɺʪ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʴʦʛʦ ʚ 

ʢʽʣʴʢʘ ʤʝʪʨʽʚ. ʇʨʠ ʮʴʦʤʫ ʜʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ - ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʠʥʘʤʽʢʫ - 

ʧʦʪʨʽʙʥʦ ʧʽʜʚʝʩʪʠ ʝʣʝʢʪʨʠʯʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ 50 - 100 ʤɺʪ. ʊʦʤʫ, ʥʝ ʚʩʝ ʪʘʢ 

ʧʦʛʘʥʦ ʽ ʜʣʷ ʢʦʤʬʦʨʪʥʦʛʦ ʦʟʚʫʯʫʚʘʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʤʥʘʪʠ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ 

ʧʽʜʚʝʩʪʠ ʜʦ ʜʠʥʘʤʽʢʘ 1 - 3 ɺʪ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

 

ʉʪʝʨʝʦʬʦʥʽʷ 

ʉʪʝʨʝʦʬʦʥʽʷ ʘʙʦ ʉʪʝʨʝʦʟʚʫʢ - ʟʘʧʠʩ, ʧʝʨʝʜʘʯʘ ʘʙʦ ʚʽʜʪʚʦʨʝʥʥʷ ʟʚʫʢʫ, 

ʧʨʠ ʷʢʠʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʘʫʜʠʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʡʦʛʦ ʜʞʝʨʝʣʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʢʣʘʜʘʥʥʷ ʟʚʫʢʫ ʥʘ ʜʚʘ (ʽ ʙʽʣʴʰʝ) ʥʝʟʘʣʝʞʥʠʭ ʘʫʜʽʦʢʘʥʘʣʠ. 

ʋ ʤʦʥʦʟʚʫʯʘʥʥʽ ʘʫʜʽʦʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʟ ʦʜʥʦʛʦ ʢʘʥʘʣʫ. 

ɺ ʦʩʥʦʚʽ ʩʪʝʨʝʦʬʦʥʽʾ ʣʝʞʠʪʴ ʟʜʘʪʥʽʩʪʴ ʣʶʜʠʥʠ ʚʠʟʥʘʯʘʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʜʞʝʨʝʣʘ ʟ ʨʽʟʥʠʮʽ ʬʘʟ ʟʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ ʤʽʞ ʚʫʭʘʤʠ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ 

ʢʽʥʮʝʚʫ ʰʚʠʜʢʽʩʪʴ ʟʚʫʢʫ. ʇʨʠ ʩʪʝʨʝʦʬʦʥʽʯʥʦʤʫ ʟʘʧʠʩʽ ʟʘʧʠʩ ʚʝʜʝʪʴʩʷ ʟ ʜʚʦʭ 

ʨʦʟʥʝʩʝʥʠʭ ʥʘ ʜʝʷʢʫ ʚʽʜʩʪʘʥʴ ʤʽʢʨʦʬʦʥʽʚ, ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʦʢʨʝʤʠʡ (ʧʨʘʚʠʡ ʘʙʦ ʣʽʚʠʡ) ʢʘʥʘʣ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʦʜʠʪʴ ʪʘʢ ʟʚʘʥʝ 

çʇʘʥʦʨʘʤʥʝ ʟʚʫʯʘʥʥʷè. 

 

ʇʩʝʚʜʦʩʪʝʨʝʦ 

ʋ 1960-ʽ ʨʨ. ʚ ʉʐɸ ʧʨʘʢʪʠʢʫʚʘʚʩʷ ʚʠʧʫʩʢ ʪʘʢ ʟʚʘʥʠʭ çʜʫʦʬʦʥʽʯʥʠʭè 

ʛʨʘʤʧʣʘʪʽʚʦʢ, ʚ ʷʢʠʭ ʤʦʥʦʬʦʥʽʯʥʠʤ ʟʘʧʠʩʘʤ ʥʘʜʘʚʘʚʩʷ ʝʬʝʢʪ ʩʪʝʨʝʦ. 
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ʇʩʝʚʜʦʩʪʝʨʝʦʬʦʥʽʷ ʜʦʩʷʛʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʯʘʩʪʦʪʘʤʠ ʽ 

ʣʫʥʦʶ. ʄʦʥʦʟʘʧʠʩ ʨʦʟʙʠʚʘʚʩʷ ʥʘ ʜʚʘ ʢʘʥʘʣʠ, ʧʦʪʽʤ ʫ ʧʝʨʰʦʤʫ ʢʘʥʘʣʽ ʯʝʨʝʟ 

ʬʽʣʴʪʨʠ ʟʘʛʣʫʰʘʣʠʩʷ ʥʠʟʴʢʽ ʯʘʩʪʦʪʠ, ʽ ʥʘ ʧʝʨʝʜʥʽʡ ʧʣʘʥ ʚʠʚʦʜʠʣʠʩʷ ʚʠʩʦʢʽ; 

ʫ ʜʨʫʛʦʤʫ ʢʘʥʘʣʽ ʧʨʦʮʝʜʫʨʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʧʨʦʪʠʣʝʞʥʠʤ ʯʠʥʦʤ, ʪʦʙʪʦ ʟ 

ʧʦʩʠʣʝʥʥʷʤ ʙʘʩʘ ʽ ʧʨʠʜʫʰʝʥʥʷʤ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʚʫʢ 

ʧʽʜʜʘʚʘʚʩʷ ʟʘʪʨʠʤʮʽ ʥʘ ʯʘʩʪʢʫ ʩʝʢʫʥʜʠ, ʩʪʚʦʨʶʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʝʬʝʢʪ 

ʧʦʤʠʣʢʦʚʦʾ ʣʫʥʠ, ʷʢʠʡ ʧʦʩʠʣʶʚʘʚʩʷ ʥʘ ʦʜʥʦʤʫ ʟ ʢʘʥʘʣʽʚ. 

 

ʄʝʪʦʜʠ ʩʪʝʨʝʦʟʘʧʠʩʫ 

ɯʥʪʝʥʩʠʚʥʘ ʩʪʝʨʝʦʬʦʥʽʷ 

ɿʘ ʜʘʥʦʶ ʪʝʭʥʽʢʦʶ ʜʚʘ ʤʽʢʨʦʬʦʥʠ ʱʦ ʥʘʧʨʘʚʣʝʥʽ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ 

ʨʦʟʪʘʰʦʚʫʶʪʴ ʧʽʜ ʢʫʪʦʤ 90Á ʯʠ ʙʽʣʴʰʝ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ (ʨʠʩ. 4.43). ɿʘʚʜʷʢʠ 

ʨʽʟʥʠʮʽ ʟʚʫʢʦʚʦʛʦ ʪʠʩʢʫ ʥʘ ʤʽʢʨʦʬʦʥʠ ʜʦʩʷʛʘʻʪʴʩʷ cʪepeoʝʬʝʢʪ. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʚʽʜʯʫʪʠ ʥʘʧʨʷʤʦʢ ʟʚʫʢʫ, ʨʽʟʥʠʮʷ ʪʠʩʢʫ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 16-20 ʜɹ. 

Cʠcʪeʤʠ X-Y ʫʩʪʫʧʘʶʪʴ ʩʠʩʪʝʤʘʤ ɸ-ɺ ʯʝʨʝʟ ʟʘʤʘʣʫ ʨʽʟʥʠʮʶ ʟʚʫʢʦʚʦʛʦ 

ʪʠʩʢʫ ʤʽʞ ʤʽʢʨʦʬʦʥʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʛʣʠʙʠʥʘ ʪʘ ʧʨʦʩʪʦʨʦʚʽʩʪʴ ʟʚʫʯʘʥʥʷ 

ʛʽʨʰʽ.  

 

 

ʈʠʩ. 4.43. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʽʢʨʦʬʦʥʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ X-Y 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʦʙʨʘʟʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ "ʧʘʨʫ 

ɹʣʶʤʣʝʡʥʘ". ɺʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʜʚʦʭ ʜʚʦʩʪʦʨʦʥʥʽʭ 

ʤʽʢʨʦʬʦʥʽʚ ʧʽʜ ʢʫʪʦʤ Ñ45Á. 

 

ʌʘʟʦʚʘ ʩʪʝʨʝʦʬʦʥʽʷ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʝʭʥʽʢʠ ʬʘʟʦʚʦʾ ʩʪʝʨʝʦʬʦʥʽʾ ʜʚʘ ʤʦʥʦʬʦʥʽʯʥʽ 

ʤʽʢʨʦʬʦʥʠ ʨʦʟʪʘʰʦʚʫʶʪʴ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʦʜʠʥ ʦʜʥʦʤʫ (ʨʠʩ. 

4.44). ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʨʽʟʥʠʮʷ ʫ ʯʘʩʽ ʧʨʠʡʦʤʫ ʪʘ ʘʤʧʣʽʪʫʜʽ ʟʚʫʢʦʚʦʛʦ 

ʩʠʛʥʘʣʫ. ɿʘʚʜʷʢʠ ʝʬʝʢʪʫ ʍʘʘʩʘ, ʨʽʟʥʠʮʷ ʫ ʯʘʩʽ ʤʽʞ ʧʨʠʭʦʜʘʤʠ ʜʦ ʩʣʫʭʘʯʘ 

ʩʠʛʥʘʣʽʚ ʟʣʽʚʘ ʽ ʩʧʨʘʚʘ ʩʪʚʦʨʶʻ ʝʬʝʢʪ ʣʦʢʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣʘ ʟʚʫʢʫ.  

 

 

ʈʠʩ.4.44. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʽʢʨʦʬʦʥʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ A-B 

 

ʇʨʠ ʚʽʜʩʪʘʥʽ ʙʣʠʟʴʢʦ 50 ʩʤ ʨʽʟʥʠʮʷ ʤʽʞ ʯʘʩʦʤ, ʢʦʣʠ ʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ 

ʜʦʩʷʛʘʻ ʧʝʨʰʦʛʦ ʤʽʢʨʦʬʦʥʘ, ʽ ʯʘʩʦʤ ʢʦʣʠ ʚʽʥ ʜʦʩʷʛʘʻ ʜʨʫʛʦʛʦ ʤʽʢʨʦʬʦʥʫ 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 1,5 ʤʩ. ʎʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʣʦʢʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣʘ ʟʚʫʢʫ ʫ 

ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʠʥʘʤʽʢʘ ʽ ʩʪʝʨʝʦʬʦʥʽʯʥʠʡ ʢʫʪ ʦʭʦʧʣʝʥʥʷ ʩʷʛʘʻ 

180Á. ʗʢʱʦ ʟʙʽʣʴʰʠʪʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʤʽʢʨʦʬʦʥʘʤʠ, ʢʫʪ ʦʭʦʧʣʝʥʥʷ 

ʟʤʝʥʰʠʪʴʩʷ. 
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ʊʝʭʥʽʢʘ M/S: ʩʪʝʨʝʦʬʦʥʽʾ 

ʋ ʩʠʩʪʝʤʽ MS ʩʪʝʨʝʦʬʦʥʽʯʥʠʡ ʩʠʛʥʘʣ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ "ʩʠʛʥʘʣ ʩʝʨʝʜʠʥʠ" 

(M) ʪʘ "ʩʠʛʥʘʣ ʥʘʧʨʷʤʫ" (S). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 4.45) ʚ ʦʜʥʦʤʫ ʤʽʩʪʽ 

ʨʦʟʪʘʰʦʚʫʶʪʴ ʜʚʘ ʤʽʢʨʦʬʦʥʠ - ʜʚʦʩʪʦʨʦʥʥʽʡ ʤʽʢʨʦʬʦʥ, ʚʽʩʴ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ ʷʢʦʛʦ ʩʧʨʷʤʦʚʘʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʜʞʝʨʝʣʘ ʟʚʫʢʫ (S) ʽ 

ʢʘʨʜʠʦʾʜʥʠʡ ʘʙʦ ʚʩʝʥʘʧʨʘʚʣʝʥʠʡ ʤʽʢʨʦʬʦʥ (M). ʉʠʛʥʘʣʠ ʚʽʜ ʮʠʭ ʤʽʢʨʦʬʦʥʽʚ 

ʤʽʢʰʫʶʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʧʨʠʥʮʠʧʦʤ: ʣʽʚʠʡ ʢʘʥʘʣ ʦʪʨʠʤʫʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ 

ʩʠʛʥʘʣʽʚ (ʧʽʜʩʫʤʦʚʫʶʯʠʡ ʩʠʛʥʘʣ), ʘ ʧʨʘʚʠʡ - ʨʽʟʥʠʮʝʶ ʤʽʞ ʩʠʛʥʘʣʘʤʠ 

(ʨʽʟʥʠʮʝʚʠʡ ʩʠʛʥʘʣ, ʩʠʛʥʘʣ ʥʘʧʨʷʤʫ ʽʥʚʝʨʪʫʻʪʴʩʷ). 

 

 

ʈʠʩ. 4.45. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤʽʢʨʦʬʦʥʽʚ ʟʘ ʧʨʠʥʮʠʧʦʤ MId-Side 

 




