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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ: ʚʚʦʜ ʠ ʚʳʚʦʜ ʠʥʬʦʨʤʘʮʠʠ  

ɺʚʦʜ ʠ ʚʳʚʦʜ ʮʠʬʨʦʚʦʡ ʠ ʘʥʘʣʦʛʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ:  

 ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʎɸʇ). ʇʦʛʨʝʰʥʦʩʪʠ ʎɸʇ. 

 ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ (ɸʎʇ). ʇʦʛʨʝʰʥʦʩʪʠ ɸʎʇ.  

ʇʦʥʷʪʠʝ ʦ ʮʠʬʨʦʚʦʤ ʤʝʪʦʜʝ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʘʥʘʣʦʛʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺʚʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʕɺʄ, ʧʨʠʙʦʨʳ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ (ʇɿʉ). ʇɿʉ-

ʢʘʤʝʨʘ (CCD).  

ʇʨʠʥʮʠʧʳ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʚʝʨʜʦʤ ʥʦʩʠʪʝʣʝ - ʧʨʠʥʪʝʨʳ ʠ ʧʣʦʪʪʝʨʳ:  

 ɸʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʳʝ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʥʪʝʨʳ. 

 ʄʘʪʨʠʯʥʳʝ, ʩʪʨʫʡʥʳʝ, ʣʘʟʝʨʥʳʝ ʠ ʩʚʝʪʦʜʠʦʜʥʳʝ ʧʨʠʥʪʝʨʳ.  

ʎʚʝʪʥʘʷ ʧʝʯʘʪʴ. 
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ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʚʦ ʚʨʝʤʝʥʠ - ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ x(t) ʚ ʜʠʩʢʨʝʪʥʳʡ 

ʩʠʛʥʘʣ x(tk), ʛʜʝ tk= t ï kDt. 

ʇʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʝʧʨʝʨʳʚʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ 

ʟʘʤʝʥʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʪʩʯʸʪʦʚ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʟʥʘʯʝʥʠʶ ʩʠʛʥʘʣʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 

ʪʘʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ 

ʤʝʞʜʫ ʦʪʩʯʸʪʘʤʠ Dt 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ 

ʏʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʩʝʤʧʣʠʨʦʚʘʥʠʷ) - ʯʘʩʪʦʪʘ ʚʳʙʦʨʢʠ ʦʪʩʯʝʪʦʚ FD 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ x(t) ʧʨʠ ʝʛʦ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ɸʎʇ (ʘʥʘʣʦʛʦʚʦ-

ʮʠʬʨʦʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ)  

ʕʪʦʪ ʞʝ ʪʝʨʤʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʪʥʦʤ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ 

(ʎɸʇ) - ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʛʥʘʣʘ 

//upload.wikimedia.org/wikipedia/commons/8/88/Sampled.signal.svg
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ʏʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʟʚʫʢʘ: 

       8 000 ɻʮ - ʪʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ (ʨʝʯʴ)  

     11 025 ɻʮ  

     22 050 ɻʮ - ʨʘʜʠʦ  

     44 100 ɻʮ - Audio CD  

     48 000 ɻʮ - DVD, DAT  

     96 000 ɻʮ - DVD-Audio (MLP 5.1)  

   192 000 ɻʮ - DVD-Audio (MLP 2.0)  

2 822 400 ɻʮ - SACD (Super Audio CD 5.1, max ʥʘ 2008 ʛ.)  

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʏʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʛʥʘʣʘ 
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ʊʝʦʨʝʤʘ ʂʦʪʝʣʴʥʠʢʦʚʘ (ʅʘʡʢʚʠʩʪʘ-ʐʝʥʥʦʥʘ): 

ʝʩʣʠ ʩʠʛʥʘʣ x(t) ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʧʝʢʪʨ, ʪʦ ʦʥ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʦʜʥʦʟʥʘʯʥʦ ʠ ʙʝʟ ʧʦʪʝʨʴ ʧʦ ʦʪʩʯʝʪʘʤ 

(tk = t ï kDt), ʚʟʷʪʳʤ ʩ ʯʘʩʪʦʪʦʡ FD, ʙʦʣʴʰʝʡ ʫʜʚʦʝʥʥʦʡ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʘ FM 

FD > 2 FM 

ʪ.ʝ. ʦʪʩʯʝʪʘʤ, ʚʟʷʪʳʤ ʩ ʧʝʨʠʦʜʦʤ ʯʘʱʝ ʧʦʣʫʧʝʨʠʦʜʘ FM 

1928 - ɻʘʨʨʠ ʅʘʡʢʚʠʩʪ,  ʨʘʙʦʪʘ  çCertain  topics  in  telegraph 

     transmission theoryè 

1933 - ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚ, ʨʘʙʦʪʘ çʆ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

     ʵʬʠʨʘ ʠ ʧʨʦʚʦʣʦʢʠ ʚ ʵʣʝʢʪʨʦʩʚʷʟʠè 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ: ʪʝʦʨʝʤʘ ʂʦʪʝʣʴʥʠʢʦʚʘ  

ɻʘʨʨʠ ʅʘʡʢʚʠʩʪ ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚ 

x(t) = 
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ʏʘʩʪʦʪʘ ʅʘʡʢʚʠʩʪʘ FN - ʯʘʩʪʦʪʘ, ʨʘʚʥʘʷ ʧʦʣʦʚʠʥʝ 

ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ FD 

ʇʨʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ x(t) ʧʦʣʝʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʥʝʩʝʪ ʪʦʣʴʢʦ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ (ʯʘʩʪʦʪʳ 

ʥʠʞʝ ʯʘʩʪʦʪʳ ʅʘʡʢʚʠʩʪʘ) ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ. 

ʉʧʝʢʪʨ ʚʳʰʝ ʯʘʩʪʦʪʳ ʅʘʡʢʚʠʩʪʘ ʷʚʣʷʝʪʩʷ ʟʝʨʢʘʣʴʥʳʤ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʇʨʠ ʦʮʠʬʨʦʚʢʝ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʝʛʦ ʩʧʝʢʪʨ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʯʘʩʪʦʪʦʡ 

FN, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩ 

ʯʘʩʪʦʪʘʤʠ ʚʳʰʝ FN. ʈʝʘʣʠʟʦʚʘʪʴ ʬʠʣʴʪʨ ʩ ʨʝʟʢʠʤ ʩʧʘʜʦʤ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʧʦʵʪʦʤʫ FM ʜʝʣʘʶʪ ʥʝʤʥʦʛʦ ʥʠʞʝ FN, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʚʩʝʭ çʥʝʧʨʘʚʠʣʴʥʳʭè ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ: ʯʘʩʪʦʪʘ ʅʘʡʢʚʠʩʪʘ 

ɼʠʩʢʨʝʪʠʟʘʮʠʷ ʩʠʛʥʘʣʘ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʂʚʘʥʪʦʚʘʥʠʝ - ʨʘʟʙʠʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ 

ʥʝʧʨʝʨʳʚʥʦʡ ʠʣʠ ʜʠʩʢʨʝʪʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ. ʂʚʘʥʪʦʚʘʥʠʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʠ ʩʞʘʪʠʠ ʟʚʫʢʘ ʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʨʦʩʪʝʡʰʠʤ 

ʚʠʜʦʤ ʢʚʘʥʪʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʝʣʝʥʠʝ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʚʘʥʪʦʚʘʥʠʷ 

ʆʜʥʦʨʦʜʥʦʝ (ʠʣʠ ʣʠʥʝʡʥʦʝ) ʢʚʘʥʪʦʚʘʥʠʝ - 

ʨʘʟʙʠʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ ʥʘ ʦʪʨʝʟʢʠ ʨʘʚʥʦʡ 

ʜʣʠʥʳ. ɽʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʝʣʝʥʠʝ 

ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ (ʰʘʛ 

ʢʚʘʥʪʦʚʘʥʠʷ) ʠ ʚʟʷʪʠʝ ʮʝʣʦʡ ʯʘʩʪʠ ʦʪ ʯʘʩʪʥʦʛʦ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʂʚʘʥʪʦʚʘʥʠʝ 

ʂʚʘʥʪʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

//upload.wikimedia.org/wikipedia/commons/7/70/Quantized.signal.svg
//upload.wikimedia.org/wikipedia/commons/9/9a/Digital.signal.svg


ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ʋʨʦʚʝʥʴ ʢʚʘʥʪʦʚʘʥʠʷ ʥʘʟʳʚʘʶʪ ʛʣʫʙʠʥʦʡ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʠ ʠʟʤʝʨʷʶʪ ʚ ʙʠʪʘʭ. ʏʝʤ ʙʦʣʴʰʝ 

ʛʣʫʙʠʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʪʝʤ ʪʦʯʥʝʝ ʮʠʬʨʦʚʦʡ 

ʩʠʛʥʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʘʣʦʛʦʚʦʤʫ. ɺ ʩʣʫʯʘʝ 

ʦʜʥʦʨʦʜʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʛʣʫʙʠʥʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 

ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠ 

ʠʟʤʝʨʷʶʪ ʚ ʜʝʮʠʙʝʣʘʭ (1 ʙʠʪ å 6 ʜɹ) 

ɼʣʷ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʜʚʦʠʯʥʦʤ ʢʦʜʝ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ Umin ʜʦ Umax ʜʝʣʠʪʩʷ ʥʘ 2
n 

ʠʥʪʝʨʚʘʣʦʚ. ɺʝʣʠʯʠʥʘ ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʠʥʪʝʨʚʘʣʘ 

(ʰʘʛʘ ʢʚʘʥʪʦʚʘʥʠʷ) 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʂʚʘʥʪʦʚʘʥʠʝ 

ʂʚʘʥʪʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 
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ʂʘʞʜʦʤʫ ʠʥʪʝʨʚʘʣʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ n - ʨʘʟʨʷʜʥʳʡ 

ʜʚʦʠʯʥʳʡ ʢʦʜ - ʥʦʤʝʨ ʠʥʪʝʨʚʘʣʘ. ʂʘʞʜʦʤʫ ʦʪʩʯʸʪʫ  

ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʢʦʜ ʪʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʚ ʢʦʪʦʨʳʡ 

ʧʦʧʘʜʘʝʪ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʦʪʩʯʸʪʘ. ɸʥʘʣʦʛʦʚʳʡ 

ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʚʝʣʠʯʠʥʝ ʚ 

ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ 

ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʦʤ 

ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ ʚʳʩʦʢʦʛʦ (1) ʠ 

ʥʠʟʢʦʛʦ (0) ʫʨʦʚʥʷ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʂʚʘʥʪʦʚʘʥʠʝ 

ʂʚʘʥʪʦʚʘʥʥʳʡ ʩʠʛʥʘʣ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

ʐʫʤ ʢʚʘʥʪʦʚʘʥʠʷ - ʦʰʠʙʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʦʮʠʬʨʦʚʢʝ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʰʠʙʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠʟ-ʟʘ 

ʦʢʨʫʛʣʝʥʠʷ (ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʨʷʜʘ) ʩʠʛʥʘʣʘ ʠʣʠ 

ʦʪʙʨʘʩʳʚʘʥʠʷ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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«1» ʀ ç0è

 ̧ʉʀɻʅɸʃ ɼʀʉʂʈɽʊʀɿʀʈʋʖʊ ʉ ʇɽʈʀʆɼʆʄ  ts

 ̧ʋɼɽʈɾʀɺɸʖʊ ɼʀʉʂʈɽʊʀɿʀʈʋɽʄʆɽ

 ɿʅɸʏɽʅʀɽ ɼʆ ʉʃɽɼʋʖʑɽɻʆ ʆʊʉʏɽʊɸ

 ̧ʈɸʉʇʈɽɼɽʃʗʖʊ ʅʆɺʓʁ ʉʀɻʅɸʃ

    ʇʆ ʋʈʆɺʅʗʄ = ʂɺɸʅʊʋʖʊ
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ɸʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ɸʎʇ, Analog-

to-digital converter, ADC) - ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʚʭʦʜʥʦʡ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ ʚ 

ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ (ʜʠʩʢʨʝʪʥʳʡ ʢʦʜ). ʆʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʎɸʇ 

(ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, DAC)  

ʂʘʢ ʧʨʘʚʠʣʦ, ɸʎʇ ï ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʧʨʝʦʙʨʘʟʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʜʚʦʠʯʥʳʡ ʮʠʬʨʦʚʦʡ 

ʢʦʜ. ʇʨʦʩʪʝʡʰʠʤ ʦʜʥʦʨʘʟʨʷʜʥʳʤ ʜʚʦʠʯʥʳʤ ɸʎʇ 

ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʨʘʪʦʨ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɸʎʇ 

ʏʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ɸʎʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 
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ʈʘʟʨʷʜʥʦʩʪʴ ɸʎʇ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʚʳʜʘʪʴ ʥʘ ʚʳʭʦʜʝ.  

ɺ ʜʚʦʠʯʥʳʭ ɸʎʇ ʨʘʟʨʷʜʥʦʩʪʴ ʠʟʤʝʨʷʝʪʩʷ ʚ ʙʠʪʘʭ. 

ʅʘʧʨʠʤʝʨ, ʜʚʦʠʯʥʳʡ ɸʎʇ, ʩʧʦʩʦʙʥʳʡ ʚʳʜʘʪʴ 256 

ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ (0é255), ʠʤʝʝʪ ʨʘʟʨʷʜʥʦʩʪʴ 

8 ʙʠʪ, ʧʦʩʢʦʣʴʢʫ 28 = 256  

ʈʘʟʨʝʰʝʥʠʝ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʠ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʚʳʭʦʜʥʦʤʫ ʢʦʜʫ, ʜʝʣʝʥʥʦʡ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʨʘʟʨʝʰʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʰʫʤʘʤʠ ʥʘ 

ʚʭʦʜʝ. ʇʨʠ ʙʦʣʴʰʦʤ ʫʨʦʚʥʝ ʰʫʤʦʚ ʨʘʟʣʠʯʠʪʴ 

ʩʦʩʝʜʥʠʝ ʫʨʦʚʥʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʵʪʦʤ 

ʨʝʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʦʧʠʩʳʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʟʨʷʜʥʦʩʪʴʶ, ʤʝʥʴʰʝʡ ʨʘʟʨʷʜʥʦʩʪʠ ɸʎʇ  

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɸʎʇ 

ʏʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ɸʎʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 
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ɹʦʣʴʰʠʥʩʪʚʦ ɸʎʇ - ʣʠʥʝʡʥʳʝ, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ 
ʩʚʷʟʘʥ ʩ ʮʠʬʨʦʚʳʤ ʚʳʭʦʜʥʳʤ ʟʥʘʯʝʥʠʝʤ, ʪ.ʝ. 
ʚʳʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ k ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʠʘʧʘʟʦʥʝ 
ʚʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ m(k + b) ʜʦ m(k + 1 + b),  

ʛʜʝ m ʠ b ð ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʘʥʪʳ  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʥʝ ʚʩʝʛʜʘ 

ʨʘʚʥʦʤʝʨʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʥʝʣʠʥʝʡʥʳʝ 

ɸʎʇ. ʇʝʨʝʜ ʢʚʘʥʪʦʚʘʥʠʝʤ ʩʠʛʥʘʣ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ, 

ʧʦʚʪʦʨʷʶʱʝʡ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ. ɿʘ 

ʩʯʝʪ ʵʪʦʛʦ ʚʘʞʥʳʝ ʦʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ʢʚʘʥʪʫʶʪʩʷ ʩ ʣʫʯʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɺ ʎɸʇ ʩʠʛʥʘʣ 

ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ, ʦʙʨʘʪʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʃʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ɸʎʇ 

ʏʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ɸʎʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ɸʎʇ ʧʨʷʤʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʧʘʨʘʣʣʝʣʴʥʳʝ) 

ʩʦʜʝʨʞʠʪ ʧʦ ʦʜʥʦʤʫ ʢʦʤʧʘʨʘʪʦʨʫ ʥʘ ʢʘʞʜʳʡ 

ʜʠʩʢʨʝʪʥʳʡ ʫʨʦʚʝʥʴ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʯʝʥʴ ʙʳʩʪʨʳʝ, ʥʦ ʦʙʳʯʥʦ ʠʤʝʶʪ ʨʘʟʨʝʰʝʥʠʝ ʥʝ 

ʙʦʣʝʝ 8 ʙʠʪ (256 ʢʦʤʧʘʨʘʪʦʨʦʚ). ɼʦʨʦʛʠʝ, ʠʤʝʶʪ 

ʚʳʩʦʢʫʶ ʚʭʦʜʥʫʶ ʝʤʢʦʩʪʴ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʮʠʬʨʦʚʢʠ ʚʠʜʝʦ ʠ ʜʨʫʛʠʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʩʠʛʥʘʣʦʚ 

¶ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ɸʎʇ ʩʦʜʝʨʞʠʪ ʦʜʠʥ 

ʢʦʤʧʘʨʘʪʦʨ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʎɸʇ ʠ ʨʝʛʠʩʪʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. ʇʨʝʦʙʨʘʟʫʝʪ 

ʩʠʛʥʘʣ ʟʘ N ʰʘʛʦʚ, ʛʜʝ N - ʨʘʟʨʷʜʥʦʩʪʴ. ʅʘ ʢʘʞʜʦʤ 

ʰʘʛʝ ʤʝʪʦʜʦʤ ʜʚʦʠʯʥʦʛʦ ʧʦʠʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʠʥ 

ʙʠʪ ʠʩʢʦʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʥʘʯʠʥʘʷ ʩʦ 

ʩʪʘʨʰʝʛʦ ʟʥʘʯʘʱʝʛʦ ʨʘʟʨʷʜʘ ʠ ʟʘʢʘʥʯʠʚʘʷ 

ʤʣʘʜʰʠʤ. 

¶ʆʙʣʘʜʘʶʪ ʭʦʨʦʰʠʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʥʦ ʥʫʞʜʘʶʪʩʷ ʚ 

ʫʩʪʨʦʡʩʪʚʘ ʚʳʙʦʨʢʠ ʭʨʘʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʴ ʚʝʣʠʢʘ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʊʠʧʳ ɸʎʇ 

ʏʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ɸʎʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʝ ɸʎʇ, ʩʦʭʨʘʥʷʷ 

ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ɸʎʇ, 

ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʯʠʩʣʦ ʢʦʤʧʘʨʘʪʦʨʦʚ, ʥʫʞʥʳʭ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʦʛʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʮʠʬʨʦʚʦʡ ʩ ʟʘʜʘʥʥʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ. ʉʦʜʝʨʞʘʪ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ɸʎʇ, ʧʦʚʳʰʘʶʱʠʡ 

ʪʦʯʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʦʮʠʬʨʦʚʢʠ ʦʰʠʙʢʠ 

ʢʚʘʥʪʦʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ɸʎʇ 

¶ʀʥʪʝʛʨʠʨʫʶʱʠʝ ɸʎʇ ʩʦʜʝʨʞʘʪ ʛʝʥʝʨʘʪʦʨ 

ʧʠʣʦʦʙʨʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʤʧʘʨʘʪʦʨ ʠ ʩʯʸʪʯʠʢ 

ʚʨʝʤʝʥʠ. ʇʠʣʦʦʙʨʘʟʥʳʡ ʩʠʛʥʘʣ ʣʠʥʝʡʥʦ ʥʘʨʘʩʪʘʝʪ 

ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʩʧʘʜʘʝʪ ʜʦ 

ʥʫʣʷ. ɺ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʥʘʨʘʩʪʘʥʠʷ ʟʘʧʫʩʢʘʝʪʩʷ 

ʩʯʸʪʯʠʢ ʚʨʝʤʝʥʠ. ʂʦʛʜʘ ʧʠʣʦʦʙʨʘʟʥʳʡ ʩʠʛʥʘʣ 

ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʤʧʘʨʘʪʦʨ 

ʩʨʘʙʘʪʳʚʘʝʪ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʩʯʸʪʯʠʢ. ɿʥʘʯʝʥʠʝ 

ʩʯʠʪʳʚʘʝʪʩʷ ʩʦ ʩʯʸʪʯʠʢʘ ʠ ʧʦʜʘʸʪʩʷ ʥʘ ʚʳʭʦʜ ɸʎʇ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʊʠʧʳ ɸʎʇ 

ʏʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ɸʎʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

//upload.wikimedia.org/wikipedia/commons/a/a9/WM_WM8775SEDS-AB.jpg
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʈɸɿʃʀʏʅʓɽ  ɺʀɼʓ  ɸʎʇ

¸

 ɼɺʋʅɸʂʃʆʅʅʆɽ  ɸʎʇ

ʄɽɼʃɽʅʅʓɽ

ɼʆʈʆɻʀɽ

¸

 ʉʀɻʅɸʃʔʅʓɽ  ɸʎʇ

ʊʈɽɹʋʖʊ  ʊʆʏʅʓʍ  ʂʆʄʇʆʅɽʅʊʆɺ

¸

 ʉʀɻʄɸ-ɼɽʃʔʊɸ  ɸʎʇ

ʀʉʇʆʃʔɿʆɺɸʅɸ  ʎʀʌʈʆɺɸʗ  ʊɽʍʅʆʃʆɻʀʗ
ʅɸɼɽɾʅʓɽ
ʉʊɸɹʀʃʔʅʓɽ

ʆʛʨʘʥʠʯʝʥʠʝ

ʧʦʣʦʩʳ

ɼʠʩʢʨʝʪʠʟʘʮʠʷ

ʠ ʫʜʝʨʞʠʚʘʥʠʝ

ʌʦʨʤʠʨʦʚʘʥʠʝ
ʮʠʬʨʦʚʦʛʦ

ʩʠʛʥʘʣʘ
ɸʥʘʣʦʛʦʚʳʡ

ʩʠʛʥʘʣ

ɸʎʇ

ʎɽʇʆʏʂɸ  ʌʆʈʄʀʈʆɺɸʅʀʗ   ʎʀʌʈʆɺʆɻʆ ʉʀɻʅɸʃɸ

0
1
0
0
1
1

¸

¸

¸
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ʎʠʬʨʦ-ʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʎɸʇ) - 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ 

(ʦʙʳʯʥʦ ʜʚʦʠʯʥʦʛʦ) ʢʦʜʘ ʚ ʘʥʘʣʦʛʦʚʳʡ (ʪʦʢ, 

ʥʘʧʨʷʞʝʥʠʝ ʠʣʠ ʟʘʨʷʜ).  

ʎɸʇ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʡʩʦʤ ʤʝʞʜʫ ʜʠʩʢʨʝʪʥʳʤ 

ʮʠʬʨʦʚʳʤ ʤʠʨʦʤ ʠ ʨʝʘʣʴʥʳʤ ʘʥʘʣʦʛʦʚʳʤ 

¶ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎɸʇ: 

¶ʈʘʟʨʷʜʥʦʩʪʴ - ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʎɸʇ ʤʦʞʝʪ ʚʦʩʧʨʦʠʟʚʝʩʪʠ (ʚ ʙʠʪʘʭ) 

¶ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʠʠ - 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ ʎɸʇ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ 

¶ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ  -  ʩʦʦʪʥʦʰʝʥʠʝ 

ʥʘʠʙʦʣʴʰʝʛʦ ʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʠʛʥʘʣʦʚ (ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʜɹ) 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʎɸʇ 

ɺʦʩʴʤʠʢʘʥʘʣʴʥʳʡ ʎɸʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

//upload.wikimedia.org/wikipedia/commons/e/ea/CirrusLogicCS4282-AB.jpg
//upload.wikimedia.org/wikipedia/commons/1/15/Zeroorderhold.signal.svg


ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ɺʟʚʝʰʠʚʘʶʱʠʡ ʎɸʇ - ʢʘʞʜʦʤʫ ʙʠʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʝʟʠʩʪʦʨ ʠʣʠ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʥʘ ʦʙʱʫʶ 

ʪʦʯʢʫ ʩʫʤʤʠʨʦʚʘʥʠʷ. ʉʠʣʘ ʪʦʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʩʫ 

ʙʠʪʘ, ʢʦʪʦʨʦʤʫ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ.  

ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʳʭ, ʥʦ ʝʤʫ ʩʚʦʡʩʪʚʝʥʥʘ ʥʠʟʢʘʷ 

ʪʦʯʥʦʩʪʴ ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʳʯʥʦ ʠʤʝʶʪ ʨʘʟʨʷʜʥʦʩʪʴ 

ʥʝ ʙʦʣʝʝ ʚʦʩʴʤʠ ʙʠʪ  

¶ʐʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʳʡ ʎɸʇ - ʩʪʘʙʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ 

ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʢʣʶʯʘʝʪʩʷ ʥʘ 

ʚʨʝʤʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʫʝʤʦʤʫ 

ʮʠʬʨʦʚʦʤʫ ʢʦʜʫ. ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʘʷ ʠʤʧʫʣʴʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʫʝʪʩʷ ʘʥʘʣʦʛʦʚʳʤ 

ʬʠʣʴʪʨʦʤ ʥʠʟʢʠʭ ʯʘʩʪʦʪ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʊʠʧʳ ʎɸʇ 

ɺʦʩʴʤʠʢʘʥʘʣʴʥʳʡ ʎɸʇ 

ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ ʎʠʬʨʦʚʦʡ ʩʠʛʥʘʣ 

//upload.wikimedia.org/wikipedia/commons/e/ea/CirrusLogicCS4282-AB.jpg
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʆʊ ʎʀʌʈʆɺʆɻʆ ʂ ɸʅɸʃʆɻʆɺʆʄʋ

ʎɸʇ ʉ ʋʄʅʆɾɽʅʀɽʄ

ʅɸʇʈʗɾɽʅʀʗ ʀʉʊʆʏʅʀʂɸ

 ̧ɼʃʗ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʂʆɼɸ ñ10ò
 ʎʀʌʈʆɺʆɽ ʋʇʈɸɺʃɽʅʀɽ
 ʇʆɼʂʃʖʏɸɽʊ R  ʂ ʀʉʊʆʏʅʀʂʋ (Vʉʉ),
 2R ɿɸɿɽʄʃʗɽʊ

 ɸʅɸʃʆɻʆɺʓʁ ɺʓʍʆɼ =                                       (R1/R) * Vcc

 ̧ʋʉʀʃɽʅʀɽ = R1/ɺʍʆɼʅʆɽ ʉʆʇʈʆʊʀɺʃɽʅʀɽ

 ʎʀʌʈʆɺʆɽ ʋʇʈɸɺʃɽʅʀɽ

VO = - [ Vʚʭ * ( R1/R)   +   Vʚʭ * (R1/2R) ]

MSB LSB

+

-

R

R1

Vcc

ɿɽʄʃʗ

ɸʅɸʃʆɻʆɺʓʁ

ɺʓʍʆɼ

10

2R

VO
MSB = ʉʊɸʈʐʀʁ ɿʅɸʏɸʑʀʁ ɹʀʊ

LSB = ʄʃɸɼʐʀʁ ɿʅɸʏɸʑʀʁ ɹʀʊ

 ̧ɺʆɿʄʆɾʅʓɽ ɺʍʆɼʓ ʀ ɺʓʍʆɼʓ

    ɼʃʗ R1 = R

ɺʍʆɼʓ

11

0

ɺʓʍʆɼʓ
1.5 Vcc

Vcc

0.5 Vcc
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʉɻʃɸɾʀɺɸʅʀɽ ʅɸ ɺʓʍʆɼɽ

ʎɸʇ ʌʅʏ010001

ʎʀʌʈɸ

ʅɸ  ɺʍʆɼɽ

ɼʀʉʂʈɽʊʀɿɸʎʀʗ +

ʋɼɽʈɾʀɺɸʅʀɽ

ʉɻʃɸɾɽʅʅʓʁ  ʉʀɻʅɸʃ

ʅɸ ɺʓʍʆɼɽ

S

t t

S

¸ʇʈɽʆɹʈɸɿʋɽʊ  ʎʀʌʈʓ  ʅɸ  ɺʍʆɼɽ  ɺ  ɸʅɸʃʆɻʆɺʓʁ  ʉʀɻʅɸʃ
¸ʋɼɽʈɾʀɺɸɽʊ ɼʆ  ʉʃɽɼʋʖʑɽɻʆ  ʆʊʉʏɽʊɸ
¸ɺʓʍʆɼʅʆʁ  ʉʀɻʅɸʃ  ʉɻʃɸɾʀɺɸɽʊʉʗ
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɺʥʫʪʨʝʥʥʠʡ ʬʦʪʦʵʬʬʝʢʪ - ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʩʦʩʪʦʷʥʠʷʤ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʜʠʵʣʝʢʪʨʠʢʘʭ. 

ɺʥʫʪʨʝʥʥʠʡ ʬʦʪʦʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ 

ʋ. ʉʤʠʪʦʤ ʚ 1873 ʛ., ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ɺʥʫʪʨʝʥʥʠʡ ʬʦʪʦʵʬʬʝʢʪ 

ɿʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʇɿʉ - ʧʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ - ʧʨʠʙʦʨ ʩʦ 

ʩʯʠʪʳʚʘʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʟʘʨʷʜʘ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʜʚʠʛʘ ʵʪʦʛʦ 

ʟʘʨʷʜʘ ʦʪ ʦʜʥʦʡ ʷʯʝʡʢʠ ʢ ʜʨʫʛʦʡ 

ʋʠʣʣʘʨʜ ɹʦʡʣ  

ʇʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ 

ɼʞʦʨʜʞ ʕʣʚʫʜ ʉʤʠʪ 

1969 ï  ʋ. ɹʦʡʣ  ʠ  ɼʞ. ʉʤʠʪ    (AT&T  Bell  Labs) ï 

  ʠʟʦʙʨʝʪʝʥʠʝ ʇɿʉ 

1970 -  AT&T Bell Labs - ʬʠʢʩʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ 

  ʧʦʤʦʱʴʶ ʇɿʉ - ʣʠʥʝʝʢ 

1975 -  ʚʥʝʜʨʝʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʇɿʉ ʤʘʪʨʠʮ 

2009 -  ʋ. ɹʦʡʣ ʠ ɼʞ. ʉʤʠʪ - ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 

  ʧʦ ʬʠʟʠʢʝ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʊʨʝʭʬʘʟʥʳʡ ʨʝʛʠʩʪʨ ʠ ʧʝʨʝʥʦʩ 

ʟʘʨʷʜʘ ʚ ʇɿʉ 

ʇɿʉ - ʵʪʦ ʤʘʪʨʠʮʘ ʦʯʝʥʴ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʄɼʇ -ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ,  ʥʘʢʨʳʪʦʡ ʪʦʥʢʠʤ 

(~ 0.1 ʤʢʤ) ʩʣʦʝʤ ʜʠʵʣʝʢʪʨʠʢʘ,  ʥʘʭʦʜʠʪʩʷ 

ʩʠʩʪʝʤʘ  ʧʨʦʟʨʘʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. ʇʨʠʯʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ  ʩʦʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʩʪʦʣʴ ʤʘʣʳ, ʯʪʦ ʦʢʘʟʳʚʘʶʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳ ʵʬʬʝʢʪʳ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ 

ʩʦʩʝʜʝʡ 

ʇʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ 

ʈʘʙʦʪʘ ʇɿʉ ʦʩʥʦʚʘʥʘ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʠ 

(ʬʦʪʦʵʬʬʝʢʪ), ʭʨʘʥʝʥʠʠ ʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʧʝʨʝʜʘʯʝ ʟʘʨʷʜʦʚʳʭ ʧʘʢʝʪʦʚ ʚ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʷʤʘʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʵʣʝʢʪʨʦʜʘʤ 

ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʊʨʠ ʄɼʇ ʢʦʥʜʝʥʩʘʪʦʨʘ 

//upload.wikimedia.org/wikipedia/commons/3/31/CCD_Zeile_Belichtung_Transport.gif
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʉʪʨʦʢʠ ʇɿʉ ʤʘʪʨʠʮʳ ʠ ʧʝʨʝʥʦʩ 

ʇɿʉ ʤʘʪʨʠʮʳ 

ɹʦʣʴʰʠʥʩʪʚʦ ʇɿʉ ʤʘʪʨʠʮ ʦʨʠʝʥʪʠʨʦʚʘʥʦ 

ʥʘ ʨʘʙʦʪʫ ʚ ʪʝʣʝʚʠʟʠʦʥʥʦʤ ʩʪʘʥʜʘʨʪʝ, 

ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʭ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ. 

ʆʙʳʯʥʦ ʇɿʉ ʤʘʪʨʠʮʳ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ 

ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ (ʩʝʢʮʠʡ): ʥʘʢʦʧʣʝʥʠʷ 

ʠ ʭʨʘʥʝʥʠʷ-ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ. 

ʇʦʩʣʝʜʥʠʡ ʦʨʛʘʥʠʟʫʝʪʩʷ ʧʦ ʩʪʨʦʯʥʦ-

ʢʘʜʨʦʚʦʤʫ ʧʨʠʥʮʠʧʫ.  

ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʩʝʢʮʠʷ ʭʨʘʥʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʥʦʩ 

(ʩʪʨʦʯʥʳʡ) ʟʘʨʷʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʷʤʦ ʧʦ ʵʣʝʤʝʥʪʘʤ ʩʝʢʮʠʠ 

ʥʘʢʦʧʣʝʥʠʷ. ɺʦ ʚʨʝʤʷ ʪʘʢʦʛʦ ʧʝʨʝʥʦʩʘ 

ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ 

ʟʘʪʚʦʨʘ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

CCD (ʇɿʉ) ʠ CMOS (ʂʄʆʇ) ʤʘʪʨʠʮʳ 

ʂʄʆʇ ʤʘʪʨʠʮʘ - ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʘʪʨʠʮʘ, 

ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʄʆʇ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʵʪʠʭ ʤʘʪʨʠʮʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʣʝʚʳʝ ʪʨʘʥʟʠʩʪʦʨʳ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ 

ʟʘʪʚʦʨʦʤ ʩ ʢʘʥʘʣʘʤʠ ʨʘʟʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʗʯʝʡʢʘ ʂʄʆʇ ʤʘʪʨʠʮʳ: 

1 - ʬʦʪʦʜʠʦʜ; 2 - ʟʘʪʚʦʨ;  

3 - ʢʦʥʜʝʥʩʘʪʦʨ; 4 - 

ʫʩʠʣʠʪʝʣʴ; 5 - ʰʠʥʘ ʚʳʙʦʨʘ 

ʩʪʨʦʢʠ;  

6 - ʰʠʥʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ; 

7 - ʩʠʛʥʘʣ ʩʙʨʦʩʘ  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʚ CMOS (ʂʄʆʇ) ʤʘʪʨʠʮʝ 
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʌʠʣʴʪʨ ɹʘʡʝʨʘ ʠ ʤʠʢʨʦʣʠʥʟʦʚʳʡ ʨʘʩʪʨ 

ʊʨʝʭʤʘʪʨʠʯʥʘʷ ʢʘʤʝʨʘ 

ʎʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʌʠʣʴʪʨ (ʰʘʙʣʦʥ) ɹʘʡʝʨʘ ï 2D ʤʘʩʩʠʚ ʮʚʝʪʥʳʭ 

ʬʠʣʴʪʨʦʚ, ʢʦʪʦʨʳʤʠ ʥʘʢʨʳʪʳ 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʘʪʨʠʮʳ ʚ ʮʠʬʨʦʚʳʭ 

ʢʘʤʝʨʘʭ ʠ ʩʢʘʥʝʨʘʭ. ʉʦʩʪʦʠʪ ʠʟ ʢʨʘʩʥʳʭ (25%), 

ʩʠʥʠʭ (25%) ʠ ʟʝʣʸʥʳʭ (50%) ʵʣʝʤʝʥʪʦʚ. 

ʅʘʟʚʘʥ ʚ ʯʝʩʪʴ ʩʚʦʝʛʦ ʩʦʟʜʘʪʝʣʷ - ʜʦʢʪʦʨʘ Bryce 

Bayer ʠʟ ʬʠʨʤʳ Kodak. 

//upload.wikimedia.org/wikipedia/commons/3/37/Bayer_pattern_on_sensor.svg
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ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʇʦʚʦʨʦʪ ʷʯʝʝʢ ʠ ʨʘʟʨʝʰʝʥʠʝ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʄʘʪʨʠʮʘ Foveon 

 
 

 

 

 
 

 

 

 
 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ 

ʚʦʣʥʳ. ʇʦʵʪʦʤʫ ʨʘʟʥʳʝ ʬʦʪʦʥʳ ʧʨʦʥʠʢʘʶʪ 

ʥʘ ʨʘʟʥʫʶ ʛʣʫʙʠʥʫ. çʉʠʥʠʝè ʬʦʪʦʥʳ 

ʦʙʣʘʜʘʶʪ ʥʘʠʤʝʥʴʰʝʡ ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ çʢʨʘʩʥʳʝè - ʥʘʠʙʦʣʴʰʝʡ. ɺ 

ʤʘʪʨʠʮʝ Foveon ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ 

ʵʣʝʤʝʥʪʳ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʩʦʩʪʦʷʪ ʠʟ ʪʨʸʭ 

ʩʣʦʝʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ 

ʗʯʝʡʢʠ ʤʘʪʨʠʮʳ ClearVid ʧʦʚʝʨʥʫʪʳ 

ʥʘ 450, ʧʦʵʪʦʤʫ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʠʭ ʮʝʥʪʨʘʤʠ ʩʦʢʨʘʱʘʶʪʩʷ ʚ ~1.4 

ʨʘʟʘ  
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ʇʝʱʝʨʥʘʷ (ʥʘʩʢʘʣʴʥʘʷ) ʞʠʚʦʧʠʩʴ - ʠʟʦʙʨʘʞʝʥʠʷ ʚ 

ʧʝʱʝʨʘʭ, ʚʳʧʦʣʥʝʥʥʳʝ ʣʶʜʴʤʠ ʵʧʦʭʠ ʧʘʣʠʦʣʠʪʘ. 

ʙʦʣʴʣʴʰʠʥʩʪʚʦ ʦʙʲʝʢʪʦʚ ʥʘʡʜʝʥʦ ʚ ɽʚʨʦʧʝ, ʪ.ʢ. ʠʤʝʥʥʦ 

ʪʘʤ ʜʨʝʚʥʠʝ ʣʶʜʠ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʞʠʪʴ ʚ ʧʝʱʝʨʘʭ ʠ 

ʛʨʦʪʘʭ, ʩʧʘʩʘʷʩʴ ʦʪ ʭʦʣʦʜʦʚ. 

ʇʘʣʝʦʣʠʪ (ʜʨʝʚʥʝʢʘʤʝʥʥʳʡ ʚʝʢ) - ʧʝʨʚʳʡ ʧʝʨʠʦʜ 

ʢʘʤʝʥʥʦʛʦ ʚʝʢʘ: ʥʘʯʘʣʦ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʤʝʥʥʳʭ 

ʦʨʫʜʠʡ (~ 2,5 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ); ʢʦʥʝʮ - ʧʦʷʚʣʝʥʠʝ 

ʟʝʤʣʝʜʝʣʠʷ (~10 ʪʳʩ. ʣʝʪ ʜʦ ʥ.ʵ.) 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʪʚʝʨʜʦʤ ʥʦʩʠʪʝʣʝ 
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ʇʠʩʴʤʝʥʥʦʩʪʴ 

ʇʠʩʴʤʝʥʥʦʩʪʴ - ʟʥʘʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʥʘʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʠʟʘʮʠʷ, ʬʠʢʩʘʮʠʷ ʠ ʧʝʨʝʜʘʯʘ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʜʘʥʥʳʭ (ʨʝʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʨʫʛʠʭ ʩʤʳʩʣʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʷʟʳʢʦʚʦʡ ʬʦʨʤʳ) ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʠ ʧʨʠʜʘʥʠʷ ʵʪʠʤ ʜʘʥʥʳʤ ʚʥʝʚʨʝʤʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. ʇʠʩʴʤʝʥʥʦʩʪʴ - ʦʜʥʘ ʠʟ ʬʦʨʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʷʟʳʢʘ 

ʇʨʝʜʤʝʪʥʦʝ ʧʠʩʴʤʦ: 

 ʚʘʤʧʫʤ (ʩʢʠʬʳ, ʠʨʦʢʝʟʳé) 

ʇʠʢʪʦʛʨʘʬʠʯʝʩʢʦʝ ʧʠʩʴʤʦ:  

 ʧʦʥʷʪʠʝ           ʠʟʦʙʨʘʞʝʥʠʝ 

ʀʝʨʦʛʣʠʬʠʯʝʩʢʦʝ ʧʠʩʴʤʦ: 

 ʥʝʪ ʩʚʷʟʠ ʩ ʧʨʦʠʟʥʦʰʝʥʠʝʤ 

ʉʣʦʛʦʚʦʝ ʧʠʩʴʤʦ: 

 ʢʣʠʥʦʧʠʩʴ  ʜʨʝʚʥʠʭ  ʧʝʨʩʦʚ  

ɸʣʬʘʚʠʪʥʦʝ ʧʠʩʴʤʦ: 

 ʜʨʝʚʥʠʝ ʛʨʝʢʠ, ʣʘʪʳʥʴ é 
ʂʣʠʥʦʧʠʩʴ (~ 2600 ʛ. 

ʜʦ ʥ.ʵ.) 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɺʘʤʧʫʤ 

ɼʨʝʚʥʝʝʛʠʧʝʪʩʢʠʝ 

ʠʝʨʦʛʣʠʬʳ 

//upload.wikimedia.org/wikipedia/commons/8/8e/Wampum_ej_perry.jpg
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ʇʠʰʫʱʘʷ ʤʘʰʠʥʢʘ 

ʇʠʰʫʱʘʷ ʤʘʰʠʥʢʘ - ʤʝʭʘʥʠʯʝʩʢʠʡ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʠʣʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʦʩʥʘʱʸʥʥʳʡ 

ʥʘʙʦʨʦʤ ʢʣʘʚʠʰ, ʥʘʞʘʪʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʪ ʢ ʧʝʯʘʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʤʚʦʣʦʚ ʥʘ ʥʦʩʠʪʝʣʝ (ʦʙʳʯʥʦ ʙʫʤʘʛʝ). 

ʉʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʣʠʯʘʡʰʠʭ ʠʟʦʙʨʝʪʝʥʠʡ XVIII-XIX ʚ  

1714 - ɻʝʥʨʠ ʄʠʣʣ ʧʘʪʝʥʪʫʝʪ ʧʝʨʚʫʶ ʤʘʰʠʥʫ ʠ ʩʧʦʩʦʙ  

     ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʧʝʯʘʪʠ ʩʠʤʚʦʣʦʚ ʥʘ ʙʫʤʘʛʝ 

1808 - ʇ. ʊʫʨʨʠ ʩʦʟʜʘʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʧʝʯʘʪʥʫʶ ʤʘʰʠʥʫ  

1870 - ʄ.ʀ. ɸʣʠʩʦʚ ʠʟʦʙʨʝʣ ʥʘʙʦʨʥʦ-ʧʠʰʫʱʫʶ ʤʘʰʠʥʫ 

1868 - ʂʨʠʩʪʦʬʝʨ ʐʦʫʣʟ ʧʘʪʝʥʪʫʝʪ çʈʝʤʠʥʛʪʦʥè ˉ1 

ʉʢʦʨʦʧʝʯʘʪʥʠʢ 

ɸʣʠʩʦʚʘ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʉʝʨʠʡʥʳʡ çʈʝʤʠʥʛʪʦʥè 

//upload.wikimedia.org/wikipedia/commons/c/c1/Skoropisets.png
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ʇʠʰʫʱʘʷ ʤʘʰʠʥʢʘ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʝʨʚʳʭ ʧʠʰʫʱʠʭ ʤʘʰʠʥʦʢ - ʥʘʥʝʩʝʥʠʝ 

ʩʠʤʚʦʣʦʚ ʥʘ ʙʫʤʘʛʫ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʳʯʘʛʦʚ, 

ʟʘʢʘʥʯʠʚʘʶʱʠʭʩʷ ʧʣʦʱʘʜʢʘʤʠ ʩ ʣʠʪʝʨʘʤʠ. ʇʨʠ ʥʘʞʘʪʠʠ 

ʢʣʘʚʠʰʠ ʨʳʯʘʛ ʫʜʘʨʷʝʪ ʧʦ ʧʨʦʧʠʪʘʥʥʦʡ ʢʨʘʩʢʦʡ ʣʝʥʪʝ, 

ʦʩʪʘʚʣʷʷ ʦʪʧʝʯʘʪʦʢ ʣʠʪʝʨʳ ʥʘ ʙʫʤʘʛʝ. ʇʝʨʝʜ ʧʝʯʘʪʴʶ 

ʩʣʝʜʫʶʱʝʛʦ ʩʠʤʚʦʣʘ ʣʠʩʪ ʠ ʨʘʙʦʯʠʡ ʫʯʘʩʪʦʢ ʢʨʘʩʷʱʝʡ 

ʣʝʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʜʚʠʛʘʶʪʩʷ 

çʋʥʜʝʨʚʫʜè (1896 ʛ.) 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʠʰʫʱʘʷ ʤʘʰʠʥʢʘ 

(1961 ʛ.) 

ɺ ɻʣʝʢʪʨʠʯʝʩʢʦʡ ʧʠʰʫʱʝʡ ʤʘʰʠʥʢʝ ʫʜʘʨ ʧʨʦʚʦʜʠʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʅʘʞʠʤʘʪʴ ʥʘ ʢʣʘʚʠʰʠ 

ʤʦʞʥʦ ʧʦʯʪʠ ʙʝʟ ʫʩʠʣʠʷ, ʘ ʨʷʜ ʦʜʠʥʘʢʦʚʳʭ ʩʠʤʚʦʣʦʚ 

ʤʦʞʥʦ ʧʝʯʘʪʘʪʴ, ʧʨʦʩʪʦ ʫʜʝʨʞʠʚʘʷ ʢʣʘʚʠʰʫ ʥʘʞʘʪʦʡ 

//upload.wikimedia.org/wikipedia/commons/0/07/Underwood-overview.jpg
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ʉʬʝʨʠʯʝʩʢʘʷ ʧʝʯʘʪʥʘʷ ʛʦʣʦʚʢʘ ʠ çʨʦʤʘʰʢʘè 

1961 - IBM, ʧʠʰʫʱʠʝ ʤʘʰʠʥʢʠ, ʚ ʢʦʪʦʨʳʭ ʚʤʝʩʪʦ 

ʨʳʯʘʛʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʯʘʪʥʳʝ ʛʦʣʦʚʢʠ. ʇʝʨʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ - ʧʠʰʫʱʘʷ ʤʘʰʠʥʢʘ IBM Selectric ʩʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʦʡ 

1970 - Diablo Systems, ʤʘʰʠʥʢʘ ʩ ʧʝʯʘʪʥʳʤ 

ʵʣʝʤʝʥʪʦʤ çʨʦʤʘʰʢʘè. ʃʠʪʝʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʢʦʥʮʘʭ ʪʦʥʢʠʭ çʩʧʠʮè, ʦʪʭʦʜʷʱʠʭ ʦʪ ʧʣʦʩʢʦʛʦ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ. ʂʦʛʜʘ ʧʦ ʣʠʪʝʨʝ ʫʜʘʨʷʝʪ 

ʤʦʣʦʪʦʯʝʢ, ʦʥʘ - ʯʝʨʝʟ ʢʨʘʩʷʱʫʶ ʣʝʥʪʫ - ʧʝʯʘʪʘʝʪ 

ʩʠʤʚʦʣ. ʇʨʠʥʪʝʨ ʩ çʨʦʤʘʰʢʦʡè ʧʝʯʘʪʘʝʪ ʚ 2 ʨʘʟʘ 

ʙʳʩʪʨʝʝ, ʯʝʤ IBM Selectric, ʠ ʚʳʪʝʩʥʠʣ ʧʠʰʫʱʠʝ 

ʤʘʰʠʥʢʠ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʦʡ 

ʉʬʝʨʠʯʝʩʢʘʷ ʧʝʯʘʪʥʘʷ ʛʦʣʦʚʢʘ 

IBM Selectric 

ʈʦʤʘʰʢʘ  

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʂʦʥʩʫʣ 

ʇʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘ çʨʦʤʘʰʢʘè 

ɸʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʦʡ ʧʨʠʥʪʝʨ 

Consul-256 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɸʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʦʡ ʧʨʠʥʪʝʨ Consul-256 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʙʳʯʥʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʠʰʫʱʫʶ ʤʘʰʠʥʢʫ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ 

ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ 

ʠʥʪʝʨʬʝʡʩʥʦʡ ʧʣʘʪʳ 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ 

ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʕɺʄ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʠʰʫʱʠʝ ʤʘʰʠʥʢʝ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʦʡ 

ʪʠʧʘ çʨʦʤʘʰʢʘè 
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ɻʨʘʬʠʯʝʩʢʠʡ ʧʨʠʥʪʝʨ 

ʉ ʧʦʤʦʱʴʶ ʘʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʳʭ ʧʨʠʥʪʝʨʦʚ ʤʦʞʥʦ 

ʚʳʚʦʜʠʪʴ ʪʦʣʴʢʦ ʩʠʤʚʦʣʴʥʫʶ ʠ ʪʝʢʩʪʦʚʫʶ 

ʠʥʬʦʨʤʘʮʠʶ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ɻʨʘʬʠʯʝʩʢʠʡ ʤʘʪʨʠʯʥʳʡ 

ʧʨʠʥʪʝʨ 

ɺ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʥʪʝʨʘʭ ʣʶʙʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʠʭ (0,1 é 0,3 ʤʤ) 

ʪʦʯʝʢ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʙʫʤʘʛʫ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʧʦʨʷʜʢʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʨʘʬʠʯʝʩʢʠʝ ʧʝʯʘʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʇʦ 

ʩʧʦʩʦʙʫ ʥʘʥʝʩʝʥʠʷ ʢʨʘʩʷʱʠʭ ʪʦʯʝʢ ʠʭ ʨʘʟʜʝʣʷʶʪ ʥʘ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ: ʤʘʪʨʠʯʥʳʝ, ʩʪʨʫʡʥʳʝ, ʣʘʟʝʨʥʳʝ 

ɸʣʬʘʚʠʪʥʦ-ʮʠʬʨʦʚʦʡ 

ʧʦʨʪʨʝʪ ɼʞʦʢʦʥʜʳ 

//upload.wikimedia.org/wikipedia/commons/f/f6/Star-LC-10-printer-02.jpg


ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ʊʝʨʤʦʧʝʯʘʪʴ 

ʇʨʠ ʪʝʨʤʦʧʝʯʘʪʠ ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ 
ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʦʪʝʢʘʶʱʝʡ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ 
ʩʣʦʝ ʪʝʨʤʦʙʫʤʘʛʠ ʧʨʠ ʪʝʧʣʦʚʦʤ ʜʝʡʩʪʚʠʠ ʩʦ ʩʪʦʨʦʥʳ 
ʪʦʯʝʯʥʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʯʘʪʘʶʱʝʡ 
ʛʦʣʦʚʢʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʫ ʣʠʥʠʶ ʩ 

ʰʘʛʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʨʝʰʝʥʠʝ 

ʕʣʝʢʪʨʦʥʠʢʘ ʧʨʠʥʪʝʨʘ ʚʢʣʶʯʘʝʪ/ʚʳʢʣʶʯʘʝʪ 
ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʷ ʥʘ 
ʪʝʨʤʦʙʫʤʘʛʫ, ʜʚʠʞʫʱʫʶʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 
ʬʦʨʤʠʨʫʶʪ ʥʫʞʥʦʝ ʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 
ʇʝʨʝʤʝʱʝʥʠʝ ʪʝʨʤʦʙʫʤʘʛʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʝʝ ʢʦʥʪʘʢʪ ʩ ʥʠʤʠ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʦʨʥʳʡ (ʧʨʠʞʠʤʥʦʡ) ʚʘʣ ʇʨʠʥʪʝʨ SATO M84Pro 203 DPI 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʇʨʠʥʮʠʧ ʪʝʨʤʦʧʝʯʘʪʠ 
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ʄʘʪʨʠʯʥʳʡ ʧʨʠʥʪʝʨ 

ʇʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘ - ʥʝʩʢʦʣʴʢʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ ʩ 

ʪʦʥʢʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʛʣʘʤʠ, ʨʘʟʤʝʱʝʥʥʳʤʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʫʤʘʛʝ. ɻʦʣʦʚʢʘ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ 

ʩʪʨʦʢʠ, ʘ ʠʛʣʳ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʫʜʘʨʷʶʪ ʧʦ ʙʫʤʘʛʝ 

ʯʝʨʝʟ ʢʨʘʩʷʱʫʶ ʣʝʥʪʫ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʪʦʯʝʢ ʥʘ ʙʫʤʘʛʝ ʬʦʨʤʠʨʫʶʪʩʷ ʣʶʙʳʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ 

ʜʝʰʝʚʳʭ ʧʨʠʥʪʝʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʦʣʦʚʢʘ ʩ 9 ʠʛʣʘʤʠ 

ʠ ʢʘʯʝʩʪʚʦ ʧʝʯʘʪʠ ʧʦʩʨʝʜʩʪʚʝʥʥʦʝ.  

ʇʝʨʝʤʝʱʝʥʠʝ 

ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʠ 

ʄʘʪʨʠʯʥʘʷ ʧʝʯʘʪʴ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʧʝʯʘʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʥʪʝʨʘʤʠ ʩ 24 

(ʠʣʠ ʜʘʞʝ 48) ʠʛʣʘʤʠ (ʨʘʟʨʝʰʝʥʠʝ 360 ʪʦʯʝʢ ʥʘ ʜʶʡʤ). 

ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ - ʦʪ 10 ʜʦ 60 ʩʝʢʫʥʜ ʥʘ ʩʪʨʘʥʠʮʫ. 

ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ: 

 ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʢ ʢʘʯʝʩʪʚʫ ʙʫʤʘʛʠ, 

 ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʧʠʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ 

ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ: 

 ʦʯʝʥʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ 
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ʃʘʟʝʨʥʳʡ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʠʥʪʝʨ 

ɺ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʡ ʠ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʝʯʘʪʠ ʣʝʞʠʪ 

ʧʨʠʥʮʠʧ ʵʣʝʢʪʨʦʛʨʘʬʠʠ: 

1. ʀʩʪʦʯʥʠʢ ʦʩʚʝʱʘʝʪ  ʟʘʨʷʞʝʥʥʫʶ  ʧʦʚʝʨʭʥʦʩʪʴ 

 ʬʦʪʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʚʘʣʘ 

2. ʅʘ ʦʩʚʝʱʝʥʥʳʭ ʤʝʩʪʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʷʝʪʩʷ 

 ʟʘʨʷʜ ʠ ʢ ʥʠʤ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʪʦʥʝʨ 

3. ʉ ʧʦʚʝʨʭʥʦʩʪʠ  ʬʦʪʦʚʘʣʘ  ʪʦʥʝʨ  ʧʝʨʝʥʦʩʠʪʩʷ 

 ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʠʣʘʤʠ ʥʘ ʙʫʤʘʛʫ 

4. ɿʜʝʩʴ ʧʝʨʝʥʝʩʝʥʥʳʡ ʪʦʥʝʨ  ʟʘʢʨʝʧʣʷʝʪʩʷ  ʧʦʜ 

 ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ  

ɺ ʧʝʨʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʷʚʣʷʣʦʩʴ 

ʠʟʣʫʯʝʥʠʝ ʣʘʤʧʳ, ʦʪʨʘʞʝʥʥʦʝ ʦʪ ʦʨʠʛʠʥʘʣʘ. ʀʤʝʥʥʦ 

ʪʘʢ ʜʝʣʘʣʠʩʴ ʠ ʜʝʣʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʘʥʘʣʦʛʦʚʳʝ ʢʦʧʠʠ  

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

1938 - ʏʝʩʪʝʨ ʂʘʨʣʩʦʥ ʧʨʝʜʣʘʛʘʝʪ ʠ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʵʣʝʢʪʨʦʛʨʘʬʠʠ 
  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʢʦʧʠʠ 
1942 -  ʦʥ ʞʝ ʧʦʣʫʯʘʝʪ ʧʘʪʝʥʪ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʵʣʝʢʪʨʦʛʨʘʬʠʠ 

ʏʝʩʪʝʨ ʂʘʨʣʩʦʥ 
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ʃʘʟʝʨʥʳʡ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʠʥʪʝʨ 

ɺ ʣʘʟʝʨʥʦʤ ʧʨʠʥʪʝʨʝ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ 

ʷʚʣʷʝʪʩʷ ʣʘʟʝʨʥʳʡ ʜʠʦʜ. ʇʫʯʦʢ ʠʟʣʫʯʝʥʠʷ, 

ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʙʳʩʪʨʦ ʚʨʘʱʘʶʱʝʛʦʩʷ ʟʝʨʢʘʣʘ 

(ʧʨʠʟʤʳ), ʩʪʨʦʢʫ ʟʘ ʩʪʨʦʢʦʡ ʧʨʦʙʝʛʘʝʪ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʚʘʣʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʧʦ 

ʤʝʨʝ ʚʨʘʱʝʥʠʷ) ʧʨʦʨʠʩʦʚʳʚʘʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ  

ʉʬʦʨʤʠʨʦʚʘʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ 

ʪʦʥʝʨʦʤ. ɿʘʪʝʤ ʬʦʪʦʚʘʣ ʩʦʧʨʠʢʘʩʘʝʪʩʷ ʩ ʙʫʤʘʛʦʡ ʠ 

ʟʘ ʩʯʸʪ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ (ʨʦʣʠʢ ʧʝʨʝʥʦʩʘ) ʪʦʥʝʨ 

ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʙʫʤʘʛʫ. ɿʜʝʩʴ ʦʥ ʨʘʩʧʣʘʚʣʷʝʪʩʷ, 

ʩʦʟʜʘʚʘʷ ʪʝʤ ʩʘʤʳʤ ʛʦʪʦʚʳʡ ʦʪʧʝʯʘʪʦʢ. ʈʘʟʚʝʨʪʢʘ ʚ ʣʘʟʝʨʥʦʤ 

ʧʨʠʥʪʝʨʝ 

ʈʘʟʚʝʨʪʢʘ ʚ 

ʣʘʟʝʨʥʦʤ ʧʨʠʥʪʝʨʝ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʃʘʟʝʨʥʳʡ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʠʥʪʝʨ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ 

ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʠʥʝʡʢʘ. ʃʠʥʝʡʢʘ ʩʦʩʪʦʠʪ ʠʟ 

ʤʥʦʞʝʩʪʚʘ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʦʪ 

2,5 ʜʦ 10 ʪʳʩʷʯ) ʩʚʝʪʦʜʠʦʜʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ 

ʚ ʦʜʠʥ ʨʷʜ ʚʜʦʣʴ ʜʣʠʥʳ ʬʦʪʦʚʘʣʘ. ɿʘʩʚʝʪʢʘ 

ʩʪʨʦʢʠ ʚ ʩʚʝʪʦʜʠʦʜʥʦʤ ʧʨʠʥʪʝʨʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʈʷʜʳ ʪʦʯʝʢ (ʩʪʨʦʢʠ) ʧʨʠ ʚʨʘʱʝʥʠʠ ʬʦʪʦʚʘʣʘ 

ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪ ʥʘ ʥʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʥʝʨʦʤ, 

ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʙʫʤʘʛʫ ʠ ʟʘʢʨʝʧʣʷʝʪʩʷ - ʪʦʯʥʦ 

ʪʘʢ ʞʝ, ʢʘʢ ʧʨʠ ʣʘʟʝʨʥʦʡ ʧʝʯʘʪʠ  
ʈʘʟʚʝʨʪʢʘ ʚ ʩʚʝʪʦʜʠʦʜʥʦʤ 

ʧʨʠʥʪʝʨʝ 

ʈʘʟʚʝʨʪʢʘ ʚ ʩʚʝʪʦʜʠʦʜʥʦʤ 

ʧʨʠʥʪʝʨʝ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʃʘʟʝʨʥʳʡ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʠʥʪʝʨ 

1. ɺʩʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʜʘʯʠ ʙʫʤʘʛʠ 

2. ʆʜʥʦʚʨʝʤʝʥʥʦ  ʥʘʯʠʥʘʝʪʩʷ   ʟʘʨʷʜʢʘ 

ʬʦʪʦʚʘʣʘ ʩ ʧʦʤʦʱʴʶ ʨʦʣʠʢʘ ʟʘʨʷʜʢʠ  

3.    ɿʘʩʚʝʪʢʘ  -     ʥʘ ʦʩʚʝʱʘʚʰʠʭʩʷ  

ʫʯʘʩʪʢʘʭ ʟʘ ʩʯʝʪ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ  ʟʘʨʷʜ  ʫʜʘʣʷʝʪʩʷ  ʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦ- 

ʩʪʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ  
ɿʘʩʚʝʪʢʘ ʬʦʪʦʚʘʣʘ 

ɿʘʨʷʜʢʘ ʬʦʪʦʚʘʣʘ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʃʘʟʝʨʥʳʡ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʠʥʪʝʨ 

4.    ʇʨʦʷʚʢʘ -           ʨʦʣʠʢ ʧʦʜʘʯʠ ʟʘʨʷʞʘʝʪ  

ʪʦʥʝʨ ʠ ʧʦʜʘʝʪ ʝʛʦ ʥʘ ʨʦʣʠʢ ʧʨʦʷʚʢʠ. ʊʦʥʝʨ 

ʚʭʦʜʠʪ ʚ ʢʦʥʪʘʢʪ ʩ ʬʦʪʦʚʘʣʦʤ ʠ  ʧʝʨʝʭʦʜʠʪ 

ʥʘ ʥʝʛʦ ʚ ʪʝʭ  ʤʝʩʪʘʭ,  ʛʜʝ  ʟʘʨʷʜ  ʙʳʣ  ʩʥʷʪ 

ʟʘʩʚʝʪʢʦʡ. ʊʝʤ ʩʘʤʳʤ  ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ  

ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ 

5. ʇʝʨʝʥʦʩ -      ʨʦʣʠʢ ʧʝʨʝʥʦʩʘ ʩʦʦʙʱʘʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʙʫʤʘʛʝ, ʩ ʢʦʪʦʨʦʡ ʦʥ 

ʢʦʥʪʘʢʪʠʨʫʝʪ. ʏʘʩʪʠʯʢʠ ʪʦʥʝʨʘ ʧʝʨʝʥʦʩʷʪʩʷ 

ʥʘ ʙʫʤʘʛʫ ʠ ʫʜʝʨʞʠʚʘʶʪʩʷ  ʥʘ  ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘ ʩʯʝʪ ʩʠʣ ʵʣʝʢʪʨʦʩʪʘʪʠʢʠ  ʇʝʨʝʥʦʩ ʠʟʦʙʨʘʞʝʥʠʷ 

ʇʨʦʷʚʢʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 



ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ. ɺʄʠʂ.  http://comp.ilc.edu.ru 

ʃʘʟʝʨʥʳʡ ʠ ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʠʥʪʝʨ 

6.    ɿʘʢʨʝʧʣʝʥʠʝ -         ʧʨʠ ʥʘʛʨʝʚʝ ʙʫʤʘʛʠ 

ʧʝʨʝʥʝʩʝʥʥʳʡ ʥʘ ʥʝʝ ʪʦʥʝʨ ʨʘʩʧʣʘʚʣʷʝʪʩʷ 

ʠ ʚ ʞʠʜʢʦʤ ʚʠʜʝ  ʚʜʘʚʣʠʚʘʝʪʩʷ  ʚ  ʪʝʢʩʪʫʨʫ 

ʙʫʤʘʛʠ. ʇʦʩʣʝ ʧʝʯʢʠ, ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʪʦʥʝʨ 

ʙʳʩʪʨʦ ʟʘʩʪʳʚʘʝʪ,  ʩʦʟʜʘʚʘʷ  ʠʟʦʙʨʘʞʝʥʠʝ, 

ʫʩʪʦʡʯʠʚʦʝ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

7.    ʆʯʠʩʪʢʘ - ʧʨʠ ʧʝʨʝʥʦʩʝ ʯʘʩʪʴ ʪʦʥʝʨʘ 

ʦʩʪʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʪʦʚʘʣʘ.  ɼʣʷ 

ʝʛʦ  ʦʯʠʩʪʢʠ  ʦʙʳʯʥʦ  ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʯʠʩʪʷʱʠʡ ʮʠʢʣ 
ʆʯʠʩʪʢʘ 

ɿʘʢʨʝʧʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʏʝʪʳʨʝʭʮʚʝʪʥʘʷ ʩʭʝʤʘ CMYK (Cyan, Magenta, 

Yellow, Key color) - ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʚʝʪʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʧʦʣʠʛʨʘʬʠʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʪʨʠʘʜʥʦʡ ʧʝʯʘʪʠ ʥʘ ʙʝʣʦʤ ʬʦʥʝ. 

ʇʝʨʚʳʝ ʪʨʠ ʮʚʝʪʘ ʷʚʣʷʶʪʩʷ ʧʘʨʥʳʤʠ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʮʚʝʪʦʚ ʩʭʝʤʳ RGB (Red, Green, 

Blue) ʠ ʠʭ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʛʦʣʫʙʳʤ 

(ʧʨʘʚʠʣʴʥʝʝ ʩʠʥʝ-ʟʝʣʝʥʳʡ), ʧʫʨʧʫʨʥʳʤ ʠ 

ʞʝʣʪʳʤ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʯʝʪʚʸʨʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʯʝʨʥʳʡ - ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʮʚʝʪ ʢ ʘʥʘʣʦʛʠʯʥʦʡ 

ʪʨʦʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʉʦʦʪʥʦʰʝʥʠʝ ʮʚʝʪʦʚʳʭ 

ʩʭʝʤ CMYK ʠ RGB 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʏʝʪʳʨʝʭʮʚʝʪʥʫʶ ʧʝʯʘʪʴ CMYK ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʧʝʯʘʪʴʶ ʪʨʠʘʜʥʳʤʠ ʢʨʘʩʢʘʤʠ. ʎʚʝʪ 

ʚ CMYK ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʘʩʠʪʝʣʝʡ ʠ ʦʪ ʩʧʦʩʦʙʘ 

ʠʭ ʥʘʥʝʩʝʥʠʷ, ʥʦ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʤʘʛʠ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʌʘʢʪʠʯʝʩʢʠ, ʮʠʬʨʳ CMYK ʥʝ ʦʧʨʝʜʝʣʷʶʪ ʮʚʝʪ ʦʜʥʦʟʥʘʯʥʦ 

ʎʚʝʪʥʘʷ ʧʝʯʘʪʴ 
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ʎʚʝʪʥʘʷ ʣʘʟʝʨʥʘʷ ʠ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʝʯʘʪʴ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʠʥʪʝʨ ʜʦʣʞʝʥ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʙʫʤʘʛʝ 

4 ʥʘʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʦʢʨʘʰʝʥʥʳʭ ʚ ʛʦʣʫʙʦʡ, ʧʫʨʧʫʨʥʳʡ, 

ʞʸʣʪʳʡ ʠ ʯʸʨʥʳʡ ʮʚʝʪʘ. ʕʪʦ ʦʩʥʦʚʥʳʝ 

ʮʚʝʪʘ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʩʦʟʜʘʥʠʠ ʮʚʝʪʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʙʝʣʦʤ ʬʦʥʝ 

ʉʫʱʝʩʪʚʫʶʪ 2 ʩʧʦʩʦʙʘ ʩʦʟʜʘʥʠʷ 

ʧʦʣʥʦʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ: 

ʤʥʦʛʦʧʨʦʭʦʜʥʘʷ ʠ ʦʜʥʦʧʨʦʭʦʜʥʘʷ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʠ ʄʥʦʛʦʧʨʦʭʦʜʥʘʷ ʧʝʯʘʪʴ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʄʥʦʛʦʧʨʦʭʦʜʥʘʷ ʧʝʯʘʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʦʩʠʪʝʣʷ (ʨʝʤʥʷ 

ʧʝʨʝʥʦʩʘ ʠʟʦʙʨʘʞʝʥʠʷ), ʥʘ ʢʦʪʦʨʳʡ ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʨʦʭʦʜʦʚ ʧʦʧʘʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʝ 

ʩʚʦʝʛʦ ʮʚʝʪʘ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʭ ʯʝʪʳʨʸʭ ʠʟʦʙʨʘʞʝʥʠʡ ʛʦʪʦʚʘʷ ʢʘʨʪʠʥʢʘ 

ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʨʝʤʥʷ ʧʝʨʝʥʦʩʘ ʥʘ ʙʫʤʘʛʫ  
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ʎʚʝʪʥʘʷ ʣʘʟʝʨʥʘʷ ʠ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʝʯʘʪʴ 

ʆʜʥʦʧʨʦʭʦʜʥʘʷ ʧʝʯʘʪʴ ʦʙʳʯʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʠʥʪʝʨʝ ʯʝʪʳʨʝʭ ʦʪʜʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʷʜ (ʪʘʥʜʝʤʥʳʡ 

ʪʠʧ) ʠ ʩʦʟʜʘʶʱʠʭ ʧʦʣʥʦʮʚʝʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʫʤʘʛʝ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʆʜʥʦʧʨʦʭʦʜʥʘʷ ʪʘʥʜʝʤʥʘʷ 

ʧʝʯʘʪʴ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

ʆʜʥʦʧʨʦʭʦʜʥʘʷ 

ʧʝʯʘʪʴ ʩ ʧʝʨʝʥʦʩʦʤ 

ʆʜʥʦʧʨʦʭʦʜʥʘʷ ʧʝʯʘʪʴ ʩ ʧʝʨʝʥʦʩʦʤ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʠʥʪʝʨʘʭ Konica-Minolta ʠ 

Xerox. ʅʘ ʜʚʫʭ ʚʘʣʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʜʚʘ 

ʜʚʫʭʮʚʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʧʝʨʝʥʦʩʝ ʥʘ ʪʨʝʪʠʡ ʚʘʣ ʩʢʣʘʜʳʚʘʶʪʩʷ, 

ʬʦʨʤʠʨʫʷ ʧʦʣʥʦʮʝʥʥʦʝ ʮʚʝʪʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ 
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ʉʪʨʫʡʥʳʡ ʧʨʠʥʪʝʨ 

ɺ ʩʪʨʫʡʥʳʭ ʧʨʠʥʪʝʨʘʭ ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʘʧʣʷʤʠ (ʦʙʲʝʤ ʜʦ 10-12 ʣ) ʯʝʨʥʠʣ, ʚʳʙʨʘʩʳʚʘʝʤʳʭ 

ʥʘ ʙʫʤʘʛʫ ʯʝʨʝʟ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʦʧʣʘ. ʕʪʦʪ 

ʩʧʦʩʦʙ ʧʝʯʘʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʧʝʯʘʪʠ ʠ ʣʝʛʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʮʚʝʪʥʦʡ 

(4 ï 6 ʮʚʝʪʥʦʡ) ʧʝʯʘʪʠ 

ʂʘʧʣʷ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʣʠʙʦ 

ʧʴʝʟʦʧʨʠʚʦʜʘ, ʧʦʵʪʦʤʫ ʩʪʨʫʡʥʳʝ ʧʨʠʥʪʝʨʳ ʧʦʯʪʠ 

ʙʝʩʰʫʤʥʳ. ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʧʨʠʤʝʨʥʦ ʪʘ ʞʝ - ʦʪ 10 

ʜʦ 60 ʩʝʢ ʥʘ ʩʪʨʘʥʠʮʫ. ʆʜʥʘʢʦ ʩʪʨʫʡʥʘʷ ʧʝʯʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʦʞʝ, ʪ.ʢ. ʧʨʠʥʪʝʨ ʥʫʞʜʘʝʪʩʷ ʚ 

ʪʱʘʪʝʣʴʥʦʤ ʫʭʦʜʝ, ʢʨʠʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦ 

ʙʫʤʘʛʠ ʠ ʯʝʨʥʠʣ. ɿʘʤʝʥʷʝʪʩʷ ʦʙʳʯʥʦ ʢʘʨʪʨʠʜʞ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʛʦʣʦʚʢʠ ʩ ʩʦʧʣʘʤʠ ʠ ʧʨʠʚʦʜʘʤʠ 

ʚʤʝʩʪʝ ʩ 4 - 6 ʯʝʨʥʠʣʴʥʠʮʘʤʠ ʊʝʨʤʦʧʨʠʚʦʜ 

ʇʴʝʟʦʧʨʠʚʦʜ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 

//upload.wikimedia.org/wikipedia/commons/7/70/Quantized.signal.svg
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ʅʝʧʨʝʨʳʚʥʘʷ ʧʝʯʘʪʴ 

ɺ ʧʝʨʚʳʭ ʩʪʨʫʡʥʳʭ ʧʨʠʥʪʝʨʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ 

ʧʝʯʘʪʠ, ʚ ʢʦʪʦʨʦʤ ʛʦʣʦʚʢʘ ʥʝʧʨʝʨʳʚʥʦ 

ʚʳʩʪʨʝʣʠʚʘʝʪ ʢʘʧʝʣʴʢʠ ʯʝʨʥʠʣ ʚ 

ʩʪʦʨʦʥʫ ʙʫʤʘʛʠ. ʉ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚʳʣʝʪʘʶʱʠʝ 

ʢʘʧʝʣʴʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʟʘʨʷʜ. ʇʨʦʣʝʪʘʷ  

ʯʝʨʝʟ ʦʪʢʣʦʥʷʶʱʫʶ ʩʠʩʪʝʤʫ, ʦʥʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʝʥʷʶʪ 

ʩʚʦʶ ʪʨʘʝʢʪʦʨʠʶ. ʋʧʨʘʚʣʷʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪʢʣʦʥʷʶʱʝʛʦ ʧʦʣʷ, 

ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʝʪʘ 

ʢʘʧʝʣʴ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʣʠʙʦ ʧʦʧʘʜʘʶʪ ʥʘ 

ʙʫʤʘʛʫ ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ, ʣʠʙʦ ʣʝʪʷʪ ʚ 

ʩʧʝʮʠʘʣʴʥʳʡ ʣʦʚʠʪʝʣʴ, ʦʪʢʫʜʘ 

ʧʦʩʪʫʧʘʶʪ ʚ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʇʨʠʥʪʝʨ ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʯʘʪʠ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʊʚʝʨʜʦʯʝʨʥʠʣʴʥʘʷ ʧʝʯʘʪʴ 

ʆʩʦʙʝʥʥʦʩʪʴ ʧʝʯʘʪʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʝʨʥʠʣʘ 

ʨʘʩʧʣʘʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ 

ʥʘ ʙʫʤʘʛʫ. ʀʭ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ï ʚʦʩʢ, ʢʦʪʦʨʳʡ 

ʦʯʝʥʴ ʙʳʩʪʨʦ ʧʣʘʚʠʪʩʷ, ʘ ʧʦʧʘʜʘʷ ʥʘ ʙʫʤʘʛʫ ʩʨʘʟʫ 

ʟʘʩʪʳʚʘʝʪ. ɺ ʮʝʣʦʤ ʞʝ ʪʝʭʥʦʣʦʛʠʷ ʧʦʚʪʦʨʷʝʪ 

ʩʪʨʫʡʥʫʶ: ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʨʘʟʥʦʮʚʝʪʥʳʝ ʪʦʯʢʠ 

ʥʘʥʦʩʷʪʩʷ ʥʘ ʙʫʤʘʛʫ ʠ ʬʦʨʤʠʨʫʶʪ ʥʘ ʥʝʡ ʫʟʦʨ 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʧʝʯʘʪʠ - 

ʙʝʟʫʧʨʝʯʥʦʝ ʢʘʯʝʩʪʚʦ. ʈʘʩʧʝʯʘʪʢʠ ʚʳʛʣʷʜʷʪ ʥʝ 

ʧʨʦʩʪʦ ʭʦʨʦʰʠʤʠ, ʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ï ʚʦʩʢ 

ʙʣʝʩʪʠʪ ʥʘ ʩʚʝʪʫ, ʜʦʙʘʚʣʷʷ ʣʦʩʢʫ  
ʊʚʝʨʜʳʝ ʯʝʨʥʠʣʘ 

ʊʚʝʨʜʦʯʝʨʥʠʣʴʥʘʷ ʧʝʯʘʪʴ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 
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ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ ʧʝʯʘʪʴ 

ɼʦʤʘʰʥʠʡ ʚʘʨʠʘʥʪ ʨʝʘʣʠʟʘʮʠʠ ʪʚʝʨʜʦʯʝʨʥʠʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ - ʵʪʦ ʩʫʙʣʠʤʘʮʠʦʥʥʳʡ ʧʨʠʥʪʝʨ  

ɺ ʩʫʙʣʠʤʘʮʠʦʥʥʳʭ ʧʨʠʥʪʝʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʣʝʥʦʯʥʳʝ ʯʝʪʳʨʝʭʩʣʦʡʥʳʝ 

ʢʘʨʪʨʠʜʞʠ. ɺ ʪʘʢʦʤ ʢʘʨʪʨʠʜʞʝ ʥʘʭʦʜʠʪʩʷ ʧʣʝʥʢʘ, ʥʘ 

ʢʦʪʦʨʫʶ ʥʘʥʝʩʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʭ ʮʚʝʪʘ ʠ ʟʘʱʠʪʥʳʡ 

ʩʣʦʡ. ʇʨʠʥʪʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʦʛʨʝʚʘʝʪ ʢʘʞʜʳʡ 

ʮʚʝʪʥʦʡ ʩʣʦʡ ʧʣʝʥʢʠ ʠ, ʠʩʧʘʨʷʷʩʴ, ʯʝʨʥʠʣʘ ʵʪʦʛʦ 

ʩʣʦʷ ʧʦʧʘʜʘʶʪ ʥʘ ʬʦʪʦʙʫʤʘʛʫ. ʏʪʦʙʳ ʩʣʦʠ ʟʘʪʝʤ ʥʝ 

ʩʪʠʨʘʣʠʩʴ, ʧʦʚʝʨʭ ʯʝʨʥʠʣ ʥʘʥʦʩʠʪʩʷ ʧʨʦʯʥʳʡ 

ʟʘʱʠʪʥʳʡ ʩʣʦʡ ʉʫʙʣʠʤʘʮʠʦʥʥʳʡ 

ʧʨʠʥʪʝʨ 

ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ ʧʝʯʘʪʴ 

ʃʝʢʮʠʷ 11. ʉʚʷʟʴ ʕɺʄ ʩ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ 


