
 ʄʀʅʆɹʈʅɸʋʂʀ ʈʆʉʉʀʀ 

ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ 

ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

ñʉɸʄɸʈʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʊɽʍʅʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊò 

 

ʂʘʬʝʜʨʘ  çɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘè 

 

 

 

 

 

ʀ.ɺ.ɺʆʈʆʅʎʆɺ, ʉ.ɸ.ʌɽɼʆʉʆɺ  

 
 

 

 

 

 

 

ʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ 
 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ 
 

 

ʅʘʧʨʘʚʣʝʥʠʝ 090301 çɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʤʧʣʝʢʩʳ,  

ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè 
 

 

 

 

 

 

 

 

 

 

 

 

ʉʘʤʘʨʘ  

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2015 

 
  

 



 2 

ʇʝʯʘʪʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʨʝʜʘʢʮʠʦʥʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʛʦ ʩʦʚʝʪʘ ʉʘʤɻʊʋ 

 

 

 

ʋɼʂ 004.31.02 

 

ɺʦʨʦʥʮʦʚ ʀ.ɺ. 

ʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ: ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ/ 

ʀ.ɺ.ɺʦʨʦʥʮʦʚ, ʉ.ɸ.ʌʝʜʦʩʦʚ /2-ʝ ʠʟʜʘʥʠʝ ʜʦʧʦʣʥʝʥʥʦʝ ʠ ʧʝʨʝʨʘʙʦʪʘʥʥʦʝ 

 ʉʘʤʘʨʘ: ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ.ʫʥ-ʪ,  2015.  112 ʩ.: ʩ ʠʣ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʚʠʜ ʧʝʯʘʪʥʦʛʦ ʠʟʜʘʥʠ ̫
 

 

 

ɺ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʦʩʚʦ-

ʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʕɺʄ ʮʠʬʨʦʚʳʭ 

ʘʚʪʦʤʘʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ɼʘʝʪʩʷ ʢʨʘʪʢʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʥʝʦʙʭʦ-

ʜʠʤʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʨʘʢʪʠʢʫʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

090301 çɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʤʧʣʝʢʩʳ, ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè. 

 

 

 

ʀʣ. 44, ʊʘʙʣ. 22,  ɹʠʙʣʠʦʛʨ.: 5 ʥʘʟʚ. 

 

 

 

 

 

 

 

ʈʝʮʝʥʟʝʥʪ: ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  ɸʋʊʉ ʉʘʤɻʊʋ ɸʙʨʦʩʠʤʦʚ ɸ.ɸ 

 

 

 

 

 
 

 

 

 

 
ʀ.ɺ.ɺʦʨʦʥʮʦʚ, 2013,2015 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,2013, 2015 

 ʉ 

 ʉ 



 3 

ɺʚʝʜʝʥʠʝ  
 

ʄʘʪʝʨʠʘʣ ʧʨʘʢʪʠʢʫʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʇʨʠʢʣʘʜʥʘʷ ʪʝʦʨʠʷ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚè 

ʥʘʧʨʘʚʣʝʥʠʷ 090301 çɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʢʦʤʧʣʝʢʩʳ, ʩʠʩʪʝʤʳ 

ʠ ʩʝʪʠè.  

ʇʨʘʢʪʠʢʫʤ ʩʦʩʪʦʠʪ ʠʟ ʚʦʩʴʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʂʘʞʜʘʷ ʣʘʙʦ-

ʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʫʶ ʪʝʦʨʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʨʘʙʦʪʳ. ɿʘʜʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʶʪ 

ʢʦʥʢʨʝʪʥʳʝ ʜʝʡʩʪʚʠʷ ʦʙʫʯʘʝʤʦʛʦ, ʢʦʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʜʣʷ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʦ ʢʘʞʜʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ 

ʧʨʠʚʦʜʠʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʦʪʯʝʪʘ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʪʫʜʝʥʪʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

(1-ʦʡ ʠ 2-ʦʡ ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʦʛʨʘʤʤʳ ʠʤʠ-

ʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʉɸ [1, 2, 3] (ʃʘʙ. ʈʘʙʦʪʘ ˉ1) ʠ ʤʠʢʨʦ-

ʧʨʦʛʨʘʤʤʳ [2, 3] (ʃʘʙ. ʈʘʙʦʪʘ ˉ2). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʪʫʜʝʥʪʦʤ ʧʨʦ-

ʛʨʘʤʤ rʩʣʫʞʘʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ   ɻʉɸ ʠ ʤʠʢʨʦʧʨʦʛʨʘʤʤ. ʎʝʣʴʶ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ˉ3 

éˉ8 [3, 4, 5]ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ.   

ʂʘʞʜʘʷ ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʧʠʩʢʦʤ ʢʦʥʪʨʦʣʴʥʳʭ 

ʚʦʧʨʦʩʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʩʚʦʝʥʠʷ ʠʟʣʦʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʜʘʥʥʦʤ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʯʘʩʪʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʘ-

ʪʝʨʠʘʣʳ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [2] ɺʦʨʦʥʮʦʚʘ ʀ.ɺ. çʊʝʦʨʠʷ ʘʚʪʦʤʘʪʦʚ 

ʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚè, ʃʘʙʦʨʘʪʦʨʥʳʡ ʧʨʘʢʪʠʢʫʤ/ ɺʦʨʦʥʮʦʚ ʀ.ɺ., 

ʆʨʣʦʚ ʉ.ʇ.  ʉʘʤʘʨʘ: ʉʘʤʘʨ. ʛʦʩ. ʪʝʭʥ.ʫʥ-ʪ,  2013.  169 ʩ.: ʩ ʠʣ. 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ1  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʯʘʣʴʥʳʭ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ ʮʠʬʨʦʚʳʭ  

ʘʚʪʦʤʘʪʦʚ (ʏʘʩʪʴ 1) [1, 2, 3] 

 ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʦʧʠʩʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ, ʟʘʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʥʘʯʘʣʴʥʳʭ ʷʟʳʢʦʚ. 

 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

 

ɻʨʘʬ-ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ (ɻʉɸ) ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

 ʘʚʪʦʤʘʪʦʚ 

ɻʉɸ ï ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʩʚʷʟʘʥʥʳʡ ʛʨʘʬ, ʩʦʜʝʨʞʘʱʠʡ ʦʜʥʫ 

ʥʘʯʘʣʴʥʫʶ Yʥ,  ʦʜʥʫ  ʢʦʥʝʯʥʫʶ  Yʢ,  ʤʥʦʞʝʩʪʚʘ  ʫʩʣʦʚʥʳʭ ʚʝʨʰʠʥ  

 X={x1 x2 ..xn}  ʠ  ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ Y={y1 y2 ..ym}.  

ɻʉɸ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ [3]: 

1. ʂʘʞʜʳʡ ʚʳʭʦʜ ʠʟ ʣʶʙʦʡ ʚʝʨʰʠʥʳ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʝʜʠʥʸʥ ʪʦʣʴ-

ʢʦ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ ʚ ʢʘʢʫʶ-ʣʠʙʦ ʚʝʨʰʠʥʫ. 

2. ʃʶʙʘʷ ʚʝʨʰʠʥʘ ʣʝʞʠʪ ʭʦʪʷ ʙʳ ʥʘ ʦʜʥʦʤ ʧʫʪʠ ʠʟ Yʥ ʚ Yʢ. 

ʆʜʠʥ ʠʟ ʚʳʭʦʜʦʚ ʫʩʣʦʚʥʦʡ ʚʝʨʰʠʥʳ ʤʦʞʝʪ ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʝʸ ʚʭʦ-

ʜʦʤ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʷ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ. 

ɺ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥʘʭ ʤʦʛʫʪ ʧʦʤʝʱʘʪʴʩʷ ʚʳʭʦʜʥʳʝ ʙʫʢʚʳ ʘʚ-

ʪʦʤʘʪʘ, ʚ ʫʩʣʦʚʥʳʭ ʚʝʨʰʠʥʘʭï ʚʭʦʜʥʳʝ ʙʫʢʚʳ (ʠʥʘʯʝ ï ʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ). ɺ ʫʩʣʦʚʥʳʭ ʚʝʨʰʠʥʘʭ ʧʨʦʚʝʨʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ ʚʭʦʜʝ ʘʚʪʦ-

ʤʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʙʫʢʚʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʪʘ ʣʠ ʙʫʢʚʘ ʥʘ 

ʚʭʦʜʝ ʠʣʠ ʥʝʪ (ʚʳʭʦʜʳ ç1è ʠʣʠ ç0è ʫʩʣʦʚʥʦʡ ʚʝʨʰʠʥʳ) ʙʫʜʝʪ ʚʳʧʦʣ-

ʥʷʪʴʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʭʦʜ ʧʦ ɻʉɸ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʚʩʪʨʝʯʘʝʪʩʷ 

ʦʧʝʨʘʪʦʨʥʘʷ ʚʝʨʰʠʥʘ, ʪʦ ʘʚʪʦʤʘʪ ʚʳʜʘʸʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʳʭʦʜ-

ʥʫʶ ʙʫʢʚʫ. 

ʅʘ ʨʠʩ.1.1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ɻʉɸ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʩʠʤʚʦʣʳ xi ʠ 

yi ï ʵʪʦ ʧʨʦʩʪʦ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʥʳʭ ʠ 

ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ (ʥʦ ʥʝ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʙʫʢʚʳ ʘʚʪʦʤʘʪʘ!). 

ʆʙʳʯʥʦ ʥʘʯʘʣʴʥʫʶ ʠ ʢʦʥʝʯʥʫʶ ʚʝʨʰʠʥʳ ɻʉɸ ʦʙʦʟʥʘʯʘʶʪ ʥʝʩʢʦʣʴʢʦ 
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ʦʪʣʠʯʥʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ (ʩʤʦʪʨʠ ʨʠʩ.1.1: ʚʝʨʰʠʥʳ 

Yʥ ʠ Yʢ,).   

 
ʈʠʩ. 1.1. ɻʉɸ  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ 

 

ʃʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ (ʃʉɸ). 

ʃʉɸ ï ʵʪʦ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʘʷ, ʥʦ ʤʝʥʝʝ ʥʘʛʣʷʜʥʘʷ ʬʦʨʤʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ɻʉɸ. ɺ ʃʉɸ ʠʩʧʦʣʴʟʫʶʪ: 

 ʩʠʤʚʦʣʳ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ Y j 

 ʩʠʤʚʦʣʳ ʫʩʣʦʚʥʳʭ ʚʝʨʰʠʥ X j 

 
I
, 

I
 ïʚʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʩʪʨʝʣʢʠ. ɺʝʨʭʥʠʝ ʩʪʨʝʣʢʠ 

I 
 ʩʪʘʚʷʪ-

ʩ̫  ʧʦʩʣʝ ʩʠʤʚʦʣʦʚ ʫʩʣʦʚʥʳʭ ʚʝʨʰʠʥ X j, ʠ ʠʭ ʥʘʜʩʪʨʦʯʥʳʡ 

ʠʥʜʝʢʩ I ʫʢʘʟʳʚʘʝʪ ʥʦʤʝʨ ʥʠʞʥʝʡ ʩʪʨʝʣʢʠ 
I
 , ʢ ʢʦʪʦʨʦʡ ʥʘʜʦ 

ʧʝʨʝʡʪʠ, ʝʩʣʠ X j = 0) 
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 W  
I
 ï ʙʝʟʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ, ʛʜʝ i - ʥʦʤʝʨʘ ʧʝʨʝʭʦʜʦʚ ʢ ʥʠʞ-

ʥʝʡ ʩʪʨʝʣʢʝ 
I
.  

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʟʘʧʠʩʠ ʃʉɸ ʦʪʤʝʪʠʤ ʥʘ ɻʉɸ (ʨʠʩ.1) ʥʦʤʝʨʘʤʠ  

1, 2 ʠ 3 ʚʝʨʰʠʥʳ, ʢ ʢʦʪʦʨʳʤ ʧʦʜʭʦʜʷʪ ʙʦʣʝʝ ʦʜʥʦʡ ʩʪʨʝʣʢʠ.  ʇʝʨʝʜ 

ʩʠʤʚʦʣʘʤʠ ʵʪʠʭ  ʚʝʨʰʠʥ ʚ ʃʉɸ ʩʪʘʚʷʪʩʷ ʥʠʞʥʠʝ ʩʪʨʝʣʢʠ ʩ ʦʪʤʝʯʝʥ-

ʥʳʤʠ ʥʘ ɻʉɸ ʥʦʤʝʨʘʤʠ.  

ɽʩʣʠ ʚʦʟʥʠʢʘʶʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʟʘʧʠʩʠ ʃʉɸ, ʤʦʞʥʦ ʚʚʦʜʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʠʞʥʠʝ ʠ ʚʝʨʭʥʠʝ ʩʪʨʝʣʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʫʩʣʦʚ-

ʥʳʡ ʧʝʨʝʭʦʜ W  
I
. 

ʃʉɸ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ɻʉɸ ʥʘ ʨʠʩ.1.1, ʠʤʝʝʪ ʚʠʜ: 

 

Yʥ 
1
 X1 

1
 Y1

2
 Y2 X2

2
 Y4 X3

3
 Y3 

3
 Yk. 

 

ʌʦʨʤʫʣʳ ʧʝʨʝʭʦʜʦʚ. 

ʌʦʨʤʫʣʳ ʧʝʨʝʭʦʜʦʚ [3] ʦʧʠʩʳʚʘʶʪ ʚʩʝ ʧʫʪʠ ʤʝʞʜʫ ʦʧʝʨʘʪʦʨʥʳ-

ʤʠ ʚʝʨʰʠʥʘʤʠ ʚ ɻʉɸ . ʆʥʠ ʠʤʝʶʪ ʚʠʜ:  

Ym  U bms Ys ï ʠ ʦʧʠʩʳʚʘʶʪ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʠʟ ʚʝʨ-

ʰʠʥʳ Ym ʚ  ʚʝʨʰʠʥʳ Ys, ʛʜʝ: 

bms = ž Xsj ï ʧʨʦʠʟʚʝʜʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʫʩʣʦʚʥʳʭ  ʚʝʨʰʠʥʘʭ ɻʉɸ, ʣʝʞʘʱʠʭ ʥʘ ʧʫʪʠ ʠʟ Ym ʚ Ys . ɽʩʣʠ ʚʳʭʦʜ 

ʠʟ ʫʩʣʦʚʥʦʡ ʚʝʨʰʠʥʳ Xk ʧʦ ʩʪʨʝʣʢʝ ç1è, ʪʦ ʚ ž ʟʘʧʠʩʳʚʘʝʪʩʷ Xk, ʝʩʣʠ 

ç0è ï ʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ Xk (  - ʩʠʤʚʦʣ ʦʧʝʨʘʮʠʠ çʠʥʚʝʨʩʠʷè). 

ʌʦʨʤʫʣʳ ʧʝʨʝʭʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ɻʉɸ ʥʘ ʨʠʩ.1.1 ʠʤʝʶʪ 

ʚʠʜ: 

Yʥ  X1Y1  X1Yʥ, 

Y1  Y2, 

Y2  X2Y2  X2Y4, 

Y3  Yʢ, 

Y4  X3Y3  X3Yʢ. 
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ʄʘʪʨʠʯʥʳʝ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ (ʄʉɸ). 

ʄʉɸ ï ʵʪʦ ʪʘʙʣʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʦʚ, ʛʜʝ ʯʠʩ-

ʣʦ ʩʪʨʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʦʚ, ʘ ʯʠʩʣʦ ʩʪʦʣʙ-

ʮʦʚ ʨʘʚʥʦ ʯʠʩʣʫ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ, ʚ ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʳ ʧʝʨʝʭʦ-

ʜʳ. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʘ ʄʉɸ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʘʤ ʧʝʨʝʭʦ-

ʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɻʉɸ ʥʘ ʨʠʩ.1.1.  

ʊʘʙʣʠʮʘ 1.1 

Ym\ Ys Yʥ Y1 Y2 Y3 Y4 Yʢ 

Yʥ X1 X1     

Y1   1    

Y2   X2  X2  

Y3      1 

Y4    X3  X3 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʉɸ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʦʚ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʧʝ-

ʨʝʤʝʥʥʳʤ X i . 

ʇʨʠʤʝʨ 1. 

ɼʘʥ ʬʨʘʛʤʝʥʪ ɻʉɸ (ʨʠʩ. 1.2,ʘ). ɿʘʧʠʰʝʤ ʬʦʨʤʫʣʫ ʧʝʨʝʭʦʜʘ ʜʣʷ 

ʚʝʨʰʠʥʳ  Y4: 

Y4 U b4s Ys: 

Y4  X2 X1 Y5  X2 X1 Y1  X2 X1 Y1  X2 X1 Y7. 

 

ɼʘʥʥʦʤʫ ʬʨʘʛʤʝʥʪʫ ɻʉɸ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʝ ʨʘʟʣʦʞʝʥʠʝ 

ʬʦʨʤʫʣʳ ʧʝʨʝʭʦʜʘ ʧʦ ʧʝʨʝʤʝʥʥʳʤ X1 ʠ X2: 

Y4 X2(X1Y1 X1Y5) X2(X1Y1 X1Y7). 

 

ʈʘʟʣʦʞʠʤ ʠʩʭʦʜʥʫʶ ʬʦʨʤʫʣʫ ʧʦ ʧʝʨʝʤʝʥʥʦʡ X1: 

Y4 X1(X21Y1 X2Y1) X1(X2Y5 X2Y7)  

 X1(Y1) X1(X2Y5 X2Y7). 

 

ʕʪʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʨʘʛʤʝʥʪ ɻʉɸ, ʧʨʠʚʝʜʝʥʥʳʡ 

ʥʘ ʨʠʩ. 1.2,ʙ. 
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ʈʠʩ. 1.2. ɻʉɸ ʜʣʷ ʧʨʠʤʝʨʘ 1 

 

ʆʙʲʝʜʠʥʝʥʠʝ ɻʉɸ ʩ ʧʦʤʦʱʴʶ ʄʉɸ [3] 

ɺ ʦʙʲʝʜʠʥʷʝʤʳʭ ɻʉɸ ʜʦʣʞʥʳ ʚʩʪʨʝʯʘʪʴʩʷ ʦʜʠʥʘʢʦʚʳʝ ʦʧʝʨʘʪʦʨ-

ʥʳʝ ʠ ʫʩʣʦʚʥʳʝ ʚʝʨʰʠʥʳ. ɺʝʨʰʠʥʳ, ʦʜʠʥʘʢʦʚʦ ʦʙʦʟʥʘʯʝʥʥʳʝ, ʜʦʣʞ-

ʥʳ ʠʤʝʪʴ ʠ ʦʜʠʥʘʢʦʚʳʡ ʩʤʳʩʣ: ʚ ʦʜʠʥʘʢʦʚʦ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʝʨʰʠʥʘʭ 

ʜʦʣʞʥʳ ʙʳʪʴ  ʦʜʠʥʘʢʦʚʳʝ ʙʫʢʚʳ ʘʣʬʘʚʠʪʦʚ W ʠ Z.  

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʝʭʦʜ ʦʪ ʛʨʘʬ-ʩʭʝʤʳ ʘʚʪʦʤʘʪʘ ʢ ʤʘʪʨʠʯʥʦʡ 

ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ (ʄʉɸ). ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʜʝʡʩʪʚʠʷʭ: 

 ʜʣʷ ʦʙʲʝʜʠʥʷʝʤʳʭ ɻʉɸ ʩʪʨʦʷʪʩʷ ʄʉɸ,  

 ʟʘʪʝʤ ʩʪʨʦʠʪʩʷ ʠ ʟʘʧʦʣʥʷʝʪʩʷ ʦʙʲʝʜʠʥʸʥʥʘʷ ʄʉɸ, 

 ʟʘʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʳ ʧʝʨʝʭʦʜʦʚ ʠ ʧʦʩʣʝ ʠʭ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦ  ʧʝʨʝʤʝʥʥʳʤ Xsj ʩʪʨʦʷʪʩʷ ʬʨʘʛʤʝʥʪʳ ʦʙʲʝʜʠʥʸʥʥʦʡ ɻʉɸ, 

 ʬʨʘʛʤʝʥʪʳ ʦʙʲʝʜʠʥʝʥʥʦʡ ɻʉɸ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʫʪʝʤ ʩʦʚʤʝ-

ʱʝʥʠʷ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ. 

ʇʨʠ ʟʘʧʠʩʠ ʦʙʲʝʜʠʥʸʥʥʦʡ ʄʉɸ ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʦʛʠ-

ʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʚʝʨʰʠʥʳ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘ-

ʙʦʪʳ ʘʚʪʦʤʘʪʘ. 

ʇʨʠʤʝʨ 2. 

ɼʘʥr ʜʚʝ ɻʉɸ: ɻ1 (ʨʠʩ.1.3,ʘ) ʠ ɻ2 (ʨʠʩ.1.3,ʙ). ɺ ʵʪʠʭ ɻʉɸ ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʦʧʝʨʘʪʦʨʥʳʝ ʠ ʫʩʣʦʚʥʳʝ ʚʝʨʰʠʥʳ. ʉʦʩʪʘʚʠʤ ʜʣʷ 

ɻ1 ʤʘʪʨʠʮʫ ʄʉɸ1, ʘ ʜʣʷ ɻ2 ʤʘʪʨʠʮʫ ʄʉɸ2. 
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ʊʘʢ ʢʘʢ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚʩʝʛʦ ʜʚʝ ɻʉɸ, ʪʦ ʚʚʝʜʸʤ ʦʜʥʫ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ (ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ) P. ʋʩʣʦʚʠʝ ʈ ʙʫʜʝʪ ʦʧʨʝ-

ʜʝʣʷʪʴ, ʧʦ ʢʘʢʦʤʫ ʧʫʪʠ ʙʫʜʫʪ ʠʜʪʠ ʧʝʨʝʭʦʜʳ ʚ ʦʙʲʝʜʠʥʝʥʥʦʡ ɻʉɸ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦ-

ʤʝʥʪ. 

ʇʫʩʪʴ ʜʣʷ  ɻ1  ʫʩʣʦʚʠʝ P = 1, ʘ ʜʣʷ ɻ2 - P = 0. 

 
ʈʠʩ. 1.3.  ɻʉɸ ɻ1 ʠ ɻ2 

 

 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ  ʄʉɸ 1, ʘ ʚ ʪʘʙʣʠʮʝ 1.3  -  ʤʘʪ-

ʨʠʮʘ ʄʉɸ 2. 

ʊʘʙʣʠʮʘ 1.2 

ʄʉɸ1 

Ym\ Ys      Yʥ Y1 Y2 Y3 Yʢ 

Yʥ X1 X1X2 X1 X2 - - 

Y1    1  

Y2    1  

Y3     1 
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ʊʘʙʣʠʮʘ 1.3 

ʄʉɸ2 

Ym\ Ys      Yʥ Y1 Y2 Y3 Y4 Yʢ 

Yʥ X1 X1X2 X1 X2X3 - X1 X2 X3  

Y1    1   

Y2    1   

Y3      1 

Y4    1   

 

ʇʦʩʪʨʦʝʥʥʘʷ ʦʙʲʝʜʠʥʝʥʥʘʷ ʄʉɸ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ1.4. 

ʊʘʙʣʠʮʘ1.4 

ʆʙʲʝʜʠʥʝʥʥʘʷ ʄʉɸ 

Ym\Ys      Yʥ Y1  Y2 Y3 Y4 Yʢ 

Yʥ P X1 

P X1 

PX1X2 

P X1X2 

PX1 X2 

P X1 X2X3 

- PX1 X2 X3 - 

Y1    P 

P 

  

Y2    P 

P 

  

Y3      P 

P 

Y4    P   

 

ʌʦʨʤʫʣʳ ʧʝʨʝʭʦʜʦʚ ʧʦ ʦʙʲʝʜʠʥʝʥʥʦʡ ʄʉɸ: 

Y1  (P P)Y3 Y3, 

Y2  (P P)Y3 Y3, 

Y3  (P P)Yk Yk, 

ʧʨʠ ʵʪʦʤ Y4  PY3 Y3, ʪ. ʢ. ʚ ʩʪʨʦʢʝ Y4 ʥʝʪ P, ʘ ʟʥʘʯʠʪ ʚ ɻ1 

ʥʝʪ ʚʝʨʰʠʥʳ  Y4 , ʠ ʫʩʣʦʚʠʝ ʈ ʠʟ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ. 

ɼʘʣʝʝ ʠʤʝʝʤ: 

Yʥ  (P P) X1Yʥ  (P P)X1X2Y1  PX1 X2Y2  PX1 X2X3Y2 

 PX1 X2 X3Y4  X1Yʥ  X1X2Y1  PX1 X2Y2  PX1 X2X3Y2  

PX1 X2 X3Y4. 
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ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʳʭ Y1 ï Y4 ï ʧʨʦʩʪʳʝ, ʠʭ ʥʝ ʥʘʜʦ ʨʘʟʣʘ-

ʛʘʪʴ. ʈʘʟʣʦʞʝʥʠʝ Yʥ ʫʜʦʙʥʦ ʥʘʯʠʥʘʪʴ ʩ ʧʝʨʝʤʝʥʥʦʡ, ʯʘʱʝ ʚʩʝʛʦ 

ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʚ ʬʦʨʤʫʣʝ. ʕʪʦ ʧʝʨʝʤʝʥʥʘʷ X1 : 

Yʥ  X1(Yʥ)  X1(X2Y1  P X2Y2   P X2X3Y2  

P X2 X3Y4). 

  ɼʘʣʝʝ ʨʘʟʣʦʞʠʤ ʬʦʨʤʫʣʫ ʧʦ X2: 

Yʥ   X1(Yʥ)  X1(X2(Y1)  X2(PY2  PX3Y2  P X3Y4)). 

ɼʘʣʝʝ ʨʘʟʣʦʞʠʤ ʬʦʨʤʫʣʫ ʧʦ X3. ʊʘʢ ʢʘʢ ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʟʣʦʞʝʥʠʠ 

ʚ ʚʳʨʘʞʝʥʠʠ PY2  ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʧʝʨʝʤʝʥʥʦʡ X3, ʧʨʝʦʙʨʘʟʫʝʤ ʝʛʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  PY2 = PY2  (X3 X3)   ʠ ʧʦʣʫʯʠʤ:                                                                                             

Yʥ  X1(Yʥ)  X1(X2(Y1)  X2(X3(PY2 PY2) X3(PY2  

PY4)))  X1(Yʥ)  X1(X2(Y1)  X2(X3(Y2) X3(PY2  PY4))). 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʦʙʲʝʜʠʥʝʥʥʳʤ ʬʦʨʤʫʣʘʤ ʧʝʨʝʭʦʜʦʚ ʧʦʩʪʨʦʠʤ 

ʬʨʘʛʤʝʥʪʳ ʦʙʲʝʜʠʥʝʥʥʦʡ ɻʉɸ (ʨʠʩ. 1.4,ʘ): 

ʆʙʲʝʜʠʥʠʤ ʬʨʘʛʤʝʥʪʳ ɻʉɸ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʚʫʭ 

ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ ʦʜʥʦʛʦ ʚʠʜʘ (ʨʠʩ. 1.4,ʙ). ɺʠʜ ʦʙʲʝʜʠʥʸʥʥʦʡ 

ɻʉɸ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʬʨʘʛʤʝʥʪʦʚ (ʧʦʜʛʨʘʬʦʚ), ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʧʦʨʷʜʢʘ ʨʘʟʣʦʞʝʥʠʷ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʘ. 
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ʈʠʩ.1.4. ʌʨʘʛʤʝʥʪʳ (ʘ) ʠ ʦʙʲʝʜʠʥʝʥʥʘʷ ɻʉɸ (ʙ) 

 

 

      2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʨʠʘʣ ʠʟ ʧ. 1, ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʜʘʥʠʶ, ʚr -

ʜʘʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʚʦʜʘ ʦʧʠʩʘʥʠʷ ɻʉɸ (ʤʦʜʝʣʠ ɻʉɸ) ʚ 

ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

1.1. ʇʨʝʜʩʪʘʚʠʪʴ ɻʉɸ ʚ ʚʠʜʝ ʃʉɸ; 

1.2. ʈʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʩʪʨʦʝʥʥʦʡ 

ʃʉɸ ʠ ʧʦʟʚʦʣʷʶʱʫʶ ʭʨʘʥʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʜʣʷ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ; 

1.3. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʚʚʦʜʘ ʦʧʠʩʘʥʠʷ ɻʉɸ ʩ ʢʣʘʚʠʘʪʫʨʳ ʠ ʠʟ 

ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ; 

1.4. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʘ ʤʦʜʝʣʠ ɻʉɸ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ Java.   
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2. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʉɸ 

2.1. ʇʨʝʜʫʩʤʦʪʨʝʪʴ 3 ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʚʦʜ ʟʥʘʯʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʠ ʚʳ-

ʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʢʘʞʜʦʛʦ ʰʘʛʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

 ɺʚʦʜ ʟʥʘʯʝʥʠʡ ʚʩʝʭ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʠ ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

 ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʠ ʚʳʚʦʜ 

ʨʝʟʫʣʴʪʘʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʉɸ ʚ ʩʨʝʜʝ  ʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ Java. 

3.1. ʈʘʟʨʘʙʦʪʘʪʴ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

3.2. ʇʨʝʜʫʩʤʦʪʨʝʪʴ ʢʦʥʪʨʦʣʴ ʦʪ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʠ ʥʝʢʦʨ-

ʨʝʢʪʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

4.1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ. 

4.2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ɻʉɸ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢ-

ʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

4.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ɻʉɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

4.4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 
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ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 1 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʚʦʜʘ 

ʦʧʠʩʘʥʠʷ ɻʉɸ (ʤʦʜʝʣʠ ɻʉɸ) ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ Java (ʩʤ. ʨʠʩʫʥʦʢ). 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʉɸ 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʉɸ 

    ʚ ʩʨʝʜʝ  ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. 

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

    ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ɻʉɸ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ        

(ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ) 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ɻʉɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩ-

ʭʦʜʥʦʡ ɻʉɸ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢ-

ʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

   

 

 

3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

- ɻʉɸ ʘʚʪʦʤʘʪʘ, ʟʘʜʘʥʥʫʶ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ɻʉɸ ʠ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ;  

- ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ.  

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 

 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ? 

2. ʂʘʢʠʝ ʥʘʯʘʣʴʥʳʝ ʷʟʳʢʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤʠ ʠ ʧʦʯʝʤʫ? 

3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ɻʉɸ ʠ ʃʉɸ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 2 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʭ ʮʠʬʨʦʚʳʭ 

ʘʚʪʦʤʘʪʦʚ 
 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʦʧʠʩʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ, ʦʧʠʩʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦ-

ʧʨʦʛʨʘʤʤ (ʄʇ). 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ [2, 4] 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʥʳʡ ʫʧʨʘʚʣʷʶʱʠʡ ʘʚʪʦʤʘʪ ï ʵʪʦ ʢʦʥʝʯʥʳʡ ʘʚʪʦ-

ʤʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʧʦʣʥʝʥʠʝ ʤʠʢʨʦʧʨʦʛʨʘʤʤ ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ. 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʘ ʦʧʠʩʳʚʘʝʪ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʣʦʞʥʦʡ ʦʧʝʨʘʮʠʠ (ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ, ʣʦʛʠʯʝʩʢʦʡ ʠ ʪ.ʧ.) ʚ ʪʝʨʤʠʥʘʭ 

ʤʠʢʨʦʦʧʝʨʘʮʠʡ ʠ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʂ ʤʠʢʨʦʦʧʝʨʘʮʠʷʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʩʪʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʥʘʜ ʩʣʦʚʘʤʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʳʝ ʵʣʝʤʝʥʪʘʤʠ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʘʚʪʦʤʘʪʘ 

(ʆɸ): ʟʘʛʨʫʟʢʘ ʠ ʭʨʘʥʝʥʠʝ ʩʣʦʚʘ, ʠʥʚʝʨʩʠʷ ʩʣʦʚʘ, ʩʣʦʞʝʥʠʷ ʜʚʫʭ ʩʣʦʚ, 

ʠʥʢʨʝʤʝʥʪ, ʜʝʢʨʝʤʝʥʪ, ʩʜʚʠʛ ʥʘ 1 ʨʘʟʨʷʜ ʚʣʝʚʦ ʠʣʠ ʚʧʨʘʚʦ ʠ ʪ.ʧ. 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʘ ʯʘʩʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ɻʉɸ (ʧʦʜʦʙʥʦ ɻʉɸ ʚ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ). ʀʜʝʥʪʠʬʠʢʘʪʦʨʘʤʠ ʚ ʤʠʢʨʦʦʧʝʨʘʮʠʷʭ ʷʚʣʷʶʪʩʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʆɸ, ʥʘʧʨʠʤʝʨ RA ï ʨʝʛʠʩʪʨ ɸ, 

ʉʊ ï ʩʯʝʪʯʠʢ ʠ ʪ.ʜ., ʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʝʨʝʤʝʥʥʳʭ. ʄʠʢʨʦʦʧʝʨʘʮʠʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʦʧʝʨʘʪʦʨʦʚ ʧʨʠʩʚʘʠʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ ʠ ʩʠʤʚʦʣʦʚ ʤʠʢʨʦʦʧʝʨʘʮʠʡ. 

ʇʨʠʤʝʨ 10. ʈʘʩʩʤʦʪʨʠʤ ʨʷʜ ʤʠʢʨʦʦʧʝʨʘʮʠʡ: 

Rʉ: = 0 ï ʚ ʨʝʛʠʩʪʨ Rʉ ʟʘʧʠʩʘʪʴ (ʟʘʛʨʫʟʠʪʴ) ʯʠʩʣʦ 0. 

RA: = ɸ ï ʚ ʨʝʛʠʩʪʨ RA ʟʘʧʠʩʘʪʴ (ʟʘʛʨʫʟʠʪʴ) ʯʠʩʣʦ ɸ. 

RA: =  Rɸ ï ʠʥʚʝʨʪʠʨʦʚʘʪʴ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠʩʪʨʘ RA. 

Rʉ: = RA + Rɺ ï ʚ ʨʝʛʠʩʪʨ Rʉ ʧʦʤʝʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ ʯʠ-

ʩʝʣ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʨʝʛʠʩʪʨʘʭ Rɸ ʠ Rɺ. 
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Rɸ: = L1 (RA). 0 ï ʩʜʚʠʥʫʪʴ ʚʣʝʚʦ ʥʘ 1 ʨʘʟʨʷʜ ʩʦʜʝʨʞʠʤʦʝ ʨʝʛʠ-

ʩʪʨʘ RA, ʘ ʚ ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʢʨʘʡʥʠʡ ʧʨʘʚʳʡ ʨʘʟʨʷʜ ʟʘʧʠʩʘʪʴ 0. 

ʉʊ: = ʉʊ + 1 ï ʠʟʤʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʯʠʢʘ ʉʊ ʥʘ +1. 

ɺʩʝ ʦʧʝʨʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʨʷʜʥʦʩʪʴʶ. 

ʈʘʟʨʷʜʳ ʥʫʤʝʨʫʶʪʩʷ ʩʧʨʘʚʘ ʥʘʣʝʚʦ ʥʘʯʠʥʘʷ ʩ ʥʫʣʷ. ʅʘʧʨʠʤʝʨ, ʟʘʧʠʩʴ 

ʉʊ[3..0] ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʯʝʪʯʠʢ ʉʊ ï ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʳʡ. ɽʛʦ ʨʘʟʨʷʜʳ 

(ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʨʰʠʭ) ʦʙʦʟʥʘʯʘʶʪʩʷ ʪʘʢ: ʉʊ[3], ʉʊ[2], ʉʊ[1], ʉʊ[0]. 

ʄʠʢʨʦʦʧʝʨʘʮʠʠ, ʜʦʧʫʩʢʘʶʱʠʝ ʩʦʚʤʝʩʪʥʦʝ ʚʳʧʦʣʥʝʥʠʝ, ʥʘʟʳʚʘ-

ʶʪʩʷ ʩʦʚʤʝʩʪʠʤʳʤʠ. ʆʥʠ ʤʦʛʫʪ ʟʘʧʠʩʳʚʘʪʴʩʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʦʧʝ-

ʨʘʪʦʨʥʦʡ ʚʝʨʰʠʥʝ ɻʉɸ.   

ɺ ʤʠʢʨʦʧʨʦʛʨʘʤʤʝ ʢʨʦʤʝ ʤʠʢʨʦʦʧʝʨʘʮʠʡ (ʦʧʝʨʘʪʦʨʥʳʝ ʚʝʨʰʠʥʳ 

ɻʉɸ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʫʩʣʦʚʥʳʝ ʚʝʨʰʠʥʳ ɻʉɸ). 

ʃʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʦʧʝʨʘʮʠʦʥʥʳʤ 

ʘʚʪʦʤʘʪʦʤ ʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ç0è (ʣʦʞʥʦ) ʠʣʠ ç1è (ʠʩʪʠʥ-

ʥʦ). 

ʇʨʠʤʝʨ 1.  ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʤʠʢʨʦ-

ʦʧʝʨʘʮʠʷʭ: 

ʉʊ=0 ï ʩʦʜʝʨʞʠʤʦʝ ʩʯʝʪʯʠʢʘ ʉʊ ʨʘʚʥʦ ʥʫʣʶ. 

RA(0) ï ʩʦʜʝʨʞʠʤʦʝ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʨʝʛʠʩʪʨʘ  RA: ʝʩʣʠ ʦʥʦ 

ʨʘʚʥʦ ʥʫʣʶ ï ʧʝʨʝʭʦʜ ʧʦ ʚʳʭʦʜʫ ç0è ʫʩʣʦʚʥʦʡ ʚʝʨʰʠʥʳ ɻʉɸ, ʝʩʣʠ 

ʨʘʚʥʦ ç1è  ï ʧʝʨʝʭʦʜ ʧʦ ʚʳʭʦʜʫ ç1è ʫʩʣʦʚʥʦʡ ʚʝʨʰʠʥʳ ɻʉɸ. 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʘ, ʟʘʧʠʩʘʥʥʘʷ ʚ ʪʝʨʤʠʥʘʭ ʤʠʢʨʦʦʧʝʨʘʮʠʡ ʠ ʣʦʛʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʘʟʳʚʘʝʪʩʷ ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ. 

ʇʨʠʤʝʨ 2. ʈʘʩʩʤʦʪʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʜʚʫʭ 

ʮʝʣʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 8-ʨʘʟʨʷʜʥʳʭ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ: ʉ = ɸ * ɺ. 

ɸʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝʥʠʷ ʜʚʫʭ ʮʝʣʳʭ 8-

ʨʘʟʨʷʜʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ.  

ʀʤʝʶʪʩʷ ʧʝʨʝʤʝʥʥʳʝ ɸ ʠ ɺ ï ʦʧʝʨʘʥʜʳ ʦʧʝʨʘʮʠʠ ʉ = ɸ * ɺ ï ʠ 

ʧʝʨʝʤʝʥʥʘʷ ʉ, ʚ ʢʦʪʦʨʫʶ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʫʤʤʳ ʠ 

ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ, ʚ ʠʪʦʛʝ, ʩʬʦʨʤʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪ ʠ ʩʯʝʪʯʠʢ ʮʠʢʣʦʚ 

ʉʊ.  
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ɸʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ:  

1. ʉ = 0, ʉʊ = 0. 

2. ɽʩʣʠ ɺ[0] = 1, ʪʦ ʉ = ʉ + ɸ. 

3. ɸ = L1(A). 0 ï ʩʜʚʠʛ ʯʠʩʣʘ ɸ ʚʣʝʚʦ ʥʘ 1 ʨʘʟʨʷʜ (ʫʤʥʦʞʝʥʠʝ ʥʘ 2). 

4. ɺ = R1(ɺ) ï ʩʜʚʠʛ ʯʠʩʣʘ ɺ ʚʧʨʘʚʦ ʥʘ 1 ʨʘʟʨʷʜ. 

5. ʉʊ = ʉʊ + 1. 

6. ɽʩʣʠ ʉʊ = 7 ï ʧʝʨʝʡʪʠ ʢ ʧ. 8. 

7. ʇʝʨʝʡʪʠ ʢ ʧ. 2. 

8. ʆʧʝʨʘʮʠʷ ʚʳʧʦʣʥʝʥʘ. 

 

ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʥʝʦʙ-

ʭʦʜʠʤ ʨʷʜ ʦʧʝʨʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʵʣʝʤʝʥʪʦʚ ʆɸ)   ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʨʘʟʨʷʜʥʦʩʪʠ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʝʡʰʠʝ ʬʫʥʢʮʠʠ: ʭʨʘʥʝʥʠʷ, 

ʩʫʤʤʠʨʦʚʘʥʠʷ, ʩʯʝʪʘ ʮʠʢʣʦʚ ʩʣʦʞʝʥʠʷ ʠ ʪ.ʧ. ʕʪʦ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥ-

ʪʳ: 

1. RB[7..0] ï 8-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʤʥʦʞʠʪʝʣʷ ï ʯʠʩʣʘ ɺ.  

ʌʫʥʢʮʠʠ ʨʝʛʠʩʪʨʘ: 

 ʟʘʛʨʫʟʢʘ ʯʠʩʣʘ: RB := ɺ; 

 ʩʜʚʠʛ ʯʠʩʣʘ ʚʧʨʘʚʦ ʥʘ  ʦʜʠʥ ʨʘʟʨʷʜ: Rɺ := R1(ɺ). 

2. Rɸ[15..0] ï 16-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʤʥʦʞʠʤʦʛʦ ï ʯʠʩʣʘ ɸ. ʈʘʟ-

ʨʷʜʥʦʩʪʴ ʨʝʛʠʩʪʨʘ  Rɸ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʨʘʟʨʷʜʥʦʩʪʠ ʯʠʩʣʘ ɸ, ʪʘʢ 

ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʯʠʩʣʦ ɸ ʜʦʣʞʥʦ ʩʜʚʠʛʘʪʴʩʷ 

ʚʣʝʚʦ n-1 ʨʘʟ. 

ʌʫʥʢʮʠʠ ʨʝʛʠʩʪʨʘ: 

 ʟʘʛʨʫʟʢʘ ʯʠʩʣʘ: Rɸ := ɸ; 

 ʩʜʚʠʛ ʯʠʩʣʘ ʚʣʝʚʦ ʥʘ  ʦʜʠʥ ʨʘʟʨʷʜ: Rɸ := L1(RA). 

3.Rʉ[15..0] ï 16-ʨʘʟʨʷʜʥʳʡ ʨʝʛʠʩʪʨ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʫʤʤ ʠ ʨʝ-

ʟʫʣʴʪʘʪʘ. ʈʘʟʨʷʜʥʦʩʪʴ ʨʝʛʠʩʪʨʘ  Rʉ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʨʘʟʨʷʜʥʦʩʪʠ 

ʯʠʩʝʣ ɸ ʠ ɺ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʯʠʩʣʦ ʉ ʤʦʞʝʪ 

ʠʤʝʪʴ ʨʘʟʨʷʜʥʦʩʪʴ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʫʶ, ʯʝʤ ʫ ʯʠʩʝʣ ɸ ʠ ɺ.  

ʌʫʥʢʮʠʠ ʨʝʛʠʩʪʨʘ: 

 ʟʘʛʨʫʟʢʘ ʯʠʩʣʘ: Rʉ := ʉ; 
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 ʦʙʥʫʣʝʥʠʝ ʨʝʛʠʩʪʨʘ: Rʉ := 0. 

4.ʉʊ[2..0] ï 3-ʨʘʟʨʷʜʥʳʡ ʜʚʦʠʯʥʳʡ ʩʯʝʪʯʠʢ ʜʣʷ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ 

ʮʠʢʣʦʚ (ʜʦ ʩʝʤʠ).  

ʌʫʥʢʮʠʠ ʩʯʝʪʯʠʢʘ: 

 ʦʙʥʫʣʝʥʠʝ ʩʯʝʪʯʠʢʘ: ʉʊ := 0; 

 ʩʯʝʪ: ʉʊ := ʉʊ + 1. 

5. ʉʄ[15..0] ï 16-ʨʘʟʨʷʜʥʳʡ ʩʫʤʤʘʪʦʨ ï ʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʠʢʨʦʦʧʝʨʘʮʠʠ: Rʉ := Rʉ + Rɸ. 

ʉʦʜʝʨʞʘʪʝʣʴʥʘ ̫ʤʠʢʨʦʧʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʫʤʥʦʞʝ-

ʥʠʷ ʜʚʫʭ ʮʝʣʳʭ 8-ʨʘʟʨʷʜʥʳʭ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ ɸ ʠ ɺ ʠ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʘʚʪʦʤʘʪʘ ʧʨʠʚʝʜʝʥ rʥʘ ʨʠʩ. 2.1. 

ʂʘʞʜʘʷ ʤʠʢʨʦʦʧʝʨʘʮʠʷ ʚ ʆɸ ʠʥʠʮʠʠʨʫʝʪʩʷ ʤʠʢʨʦʢʦʤʘʥʜʦʡ. 

ʄʠʢʨʦʢʦʤʘʥʜʳ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ (ʋɸ) ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʘʷ ʤʠʢʨʦʦʧʝʨʘʮʠʷ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʜʘʥ-

ʥʳʡ ʤʦʤʝʥʪ. 

ʇʦ ʤʠʢʨʦʧʨʦʛʨʘʤʤʝ, ʟʘʧʠʩʘʥʥʦʡ ʚ ʬʦʨʤʝ ɻʉɸ, ʩʪʨʦʠʪʩʷ ɻʉɸ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ. ɼʣʷ ʵʪʦʛʦ ʚʤʝʩʪʦ ʤʠʢʨʦʦʧʝʨʘʮʠʡ ʚ ʦʧʝʨʘ-

ʪʦʨʥʳʭ ʚʝʨʰʠʥʘʭ ʟʘʧʠʩʳʚʘʶʪʩʷ ʤʠʢʨʦʢʦʤʘʥʜʳ (Y i), ʘ ʚʤʝʩʪʦ ʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ ï ʠʭ ʢʦʜʳ ï X i. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ɻʉɸ ʋɸ ʯʘʩʪʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʜʚʝ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʚʝʨʰʠʥʳ ï ʦʜʥʫ ʦʧʝʨʘʪʦʨʥʫʶ (ʧʝʨʝʜ ʚʝʨʰʠʥʦʡ çʢʦʥʝʮè) ʠ ʦʜʥʫ 

ʫʩʣʦʚʥʫʶ (ʧʦʩʣʝ ʚʝʨʰʠʥʳ çʥʘʯʘʣʦè). ɺ ʧʝʨʚʦʡ ʟʘʧʠʩʳʚʘʝʪʩʷ ʤʠʢʨʦ-

ʢʦʤʘʥʜʘ ʟʘʚʝʨʰʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ. ʕʪʦ ʤʠʢʨʦʢʦʤʘʥʜʘ ʥʝ ʜʣʷ 

ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʘʚʪʦʤʘʪʘ, ʘ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʧʝʨʘʮʠʷ 

ʚʳʧʦʣʥʝʥʘ ʠ ʆʋ ʛʦʪʦʚʦ ʢ ʚʳʧʦʣʥʝʥʠʶ ʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ (ʚ 

ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʋ7).  ɺʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʝʰʥʝʡ ʢʦʤʘʥʜʝ 

çʇʫʩʢè (ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʍ3), ʧʦ ʢʦʪʦʨʦʡ  ʆʋ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʝ-

ʥʠʝ ʦʧʝʨʘʮʠʠ.  
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ʈʠʩ. 2.1. 

 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʨʠʘʣ ʠʟ ʧ. 1, ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʜʘʥʠʶ, ʚʳ-

ʜʘʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʳʭ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ ʚ ʩʨʝʜʝ  ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Java. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʚʦʜʘ ʦʧʠʩʘʥʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤ 

(ʄʇ) ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

1.1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʠʢʨʦʧʨʦʛʨʘʤʤʳ ʠ ʧʦʟʚʦʣʷʶʱʫʶ ʭʨʘʥʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʩʣʦʚ; 

1.2. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʚʚʦʜʘ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤ  ʩ 

ʢʣʘʚʠʘʪʫʨʳ ʠ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ; 
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1.3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʘ ʦʧʠʩʘʥʠ ̫ʄʇ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ Java.   

2. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʇ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʇ ʚ ʩʨʝʜʝ  ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ Java. 

3.1. ʈʘʟʨʘʙʦʪʘʪʴ ʜʨʫʞʝʩʪʚʝʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. 

3.2. ʇʨʝʜʫʩʤʦʪʨʝʪʴ ʢʦʥʪʨʦʣʴ ʦʪ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠ ʢʦʥʪʨʦʣʴ  

ʥʝʢʦʨʨʝʢʪʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

4. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʄʇ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ. 

4.1. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʄʇ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠ-

ʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

4.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʄʇ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʤʫ ʦʧʠʩʘʥʠʶ. 

4.4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

 

ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 2 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʦʡ ʤʦʜʝʣʠ 

1.ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʘ ʦʧʠʩʘʥʠʷ ʄʇ  ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Java. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʥʳʡ ʘʚʪʦʤʘʪ (ʄʇɸ) ʜʦʣʞʝʥ ʚʧrʦʣʥʷʪʴ ʦʧʝʨʘʮʠʶ 

ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʮʝʣʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ɸ ʠ ɺ. ɽʩʣʠ ɸ >ɺ, ʪʦ ʨʝʟʫʣʴ-

ʪʘʪ ʩʨʘʚʥʝʥʠʷ ʉ = ɸ ï ɺ; ɽʩʣʠ  ɸ < ɺ,  ʪʦ ʨʝʟʫʣʴʪʘʪ ʉ = ɺ ï ɸ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ 

(ʄʇ) ʟʘʜʘʥʥʦʛʦ ʄʇɸ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʄʇɸ ʚ ʩʨʝʜʝ ʧʨʦ-

ʛʨʘʤʤʠʨʦʚʘʥʠʷ Java. 

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʄʇɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʤʫ ʦʧʠʩʘ-

ʥʠʶ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʦʪʯʝʪʘ.   
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3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

- ʩʣʦʚʝʩʥʦʝ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ 

ʘʚʪʦʤʘʪʘ, ʟʘʜʘʥʥʦʝ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʩʪʨʫʢʪʫʨʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ;  

- ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ, ʨʝʘʣʠʟʫʝʤʫʶ ʟʘʜʘʥʥʳʤ ʘʚʪʦʤʘʪʦʤ; 

- ʪʝʢʩʪ ʤʦʜʝʣʠʨʫʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ Java; 

- ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ ʘʚ-

ʪʦʤʘʪʘ. 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ ʘʚʪʦʤʘʪʘ? 

2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤ? 

3. ʂʘʢʠʝ ʤʠʢʨʦʦʧʝʨʘʮʠʠ ʘʚʪʦʤʘʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ? 

4. ʇʦʯʝʤʫ ʚʳʧʦʣʥʝʥʠʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʨʘʟʣʠʯ-

ʥʦʝ ʯʠʩʣʦ ʪʘʢʪʦʚ ʘʚʪʦʤʘʪʘ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 3 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʦʚ ʄʫʨʘ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ [2, 4, 5] 
 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ (ʤʦ-

ʜʝʣʴ ʄʫʨʘ). 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʩʠʥʪʝʟʘ ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ 

ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʤʘʪʘ, ʟʘʜʘʥʥʦʛʦ ɻʉɸ ʥʘ  ʨʠʩ.3.1. 

ʈʘʟʤʝʪʢʘ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ ʄʫʨʘ 

ʂʘʞʜʦʡ ʦʧʝʨʘʪʦʨʥʦʡ ʚʝʨʰʠʥʝ ɻʉɸ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ï ai . ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʥʘʯʘʣʫ ɻʉɸ, ʘ ʪʦʯʥʝʝ ï ʚʭʦʜʫ ʚ ʧʝʨʚʫʶ ʚʝʨʰʠʥʫ ɻʉɸ. ʇʝʨʚʘʷ 

ʚʝʨʰʠʥʘ ɻʉɸ ʦʙʳʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʤʫ ʫʩʣʦʚʠʶ çʇʫʩʢè, 

ʧʦʵʪʦʤʫ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘ ʚʭʦʜʝ ʵʪʦʡ ʚʝʨʰʠ-

ʥʳ. ʇʦʩʢʦʣʴʢʫ ʵʪʦʤʫ ʩʦʩʪʦʷʥʠʶ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʢʘʢʘʷ ʦʧʝʨʘʪʦʨ-

ʥʘʷ ʚʝʨʰʠʥʘ, ʪʦ ʠ ʘʚʪʦʤʘʪ ʚ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʚʳʜʘʝʪ ʥʠʢʘʢʠʭ 

ʤʠʢʨʦʢʦʤʘʥʜ. ʇʨʠ ʪʘʢʦʡ ʦʪʤʝʪʢʝ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʝʯʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʚʝʨʰʝʥʠʶ ɻʉɸ (ʧʝʨʝʜ ʚʝʨʰʠʥʦʡ 

çʂʦʥʝʮè).  

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʩʣʝ ʟʘ-

ʚʝʨʰʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʘʚʪʦʤʘʪ ʚʝʨʥʫʣʩʷ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦ-

ʩʪʦʷʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʥʘʯʘʣʴʥʦʝ ʠ ʢʦʥʝʯʥʦʝ ʩʦ-

ʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʠ ʦʙʦʟʥʘʯʠʪʴ ʠʭ ʦʜʠʥʘʢʦʚʦ a0.   

ʏʘʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʝʜʝʥʥʫʶ ʦʧʝʨʘʪʦʨʥʫʶ ʚʝʨʰʠʥʫ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʫʶ ʤʠʢʨʦʢʦʤʘʥʜʝ çʆʧʝʨʘʮʠʷ ʚʳʧʦʣʥʝʥʘè, ʦʪʤʝʯʘʶʪ ʢʘʢ ʢʦ-

ʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ (a0), ʘ ʪʘʢ ʢʘʢ ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘ-

ʪʘ ʜʦʣʞʥʦ ʩʦʚʧʘʜʘʪʴ ʩ ʥʘʯʘʣʴʥʳʤ, ʚ ɻʉɸ ʚʚʦʜʠʪʩʷ ʝʱʝ ʦʜʥʘ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʘʷ ʦʧʝʨʘʪʦʨʥʘʷ ʚʝʨʰʠʥʘ, ʢʦʪʦʨʘʷ ʦʪʤʝʯʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝʤ a0, 

ʪʘʢ ʞʝ, ʢʘʢ ʢʦʥʝʯʥʘʷ. 



 23 

 

 

ʈʠʩ. 3.1. ɻʉɸ ʘʚʪʦʤʘʪʘ 

 

ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʉɸ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʝʩʣʠ ʘʚʪʦʤʘʪ çʩʚʦʙʦʜʝʥè, ʦʥ ʥʝ çʤʦʣʯʠʪè, ʘ ʚʳʜʘʝʪ ʤʠʢʨʦʢʦʤʘʥʜʫ 

çʆʧʝʨʘʮʠʷ ʚʳʧʦʣʥʝʥʘè, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʛʦʪʦʚʥʦʩʪʠ ʢ ʨʘʙʦʪʝ.  

ʆʩʪʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʥʳʤ ʚʝʨʰʠʥʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʤʦʞʥʦ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʪʘʢ: a1, a2, a3 ʠ ʪ.ʜ. (ʩʤ. ʨʠʩ. 3.1). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻʉɸ ʘʚʪʦʤʘʪʘ ʄʫʨʘ (ʨʠʩ. 3.1 ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ) 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʠʢʨʦʧʨʦʛʨʘʤʤʳ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 2 ʥʘʣʠʯʠ-

ʝʤ ʝʱʝ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʧʝʨʘʪʦʨʥʦʡ ʚʝʨʰʠʥʦʡ ʩ ʩʦʩʪʦʷʥʠʝʤ 

a0 ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʩʣʦʚʥʦʡ (x3).  

 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʫʨʘ  

  (ʧʦ ɻʉɸ ʥʘ ʨʠʩ. 3.1) 

 

ɺʝʨʰʠʥʳ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʷʤ ʘʚʪʦʤʘʪʘ, ʜʫʛʠ ï ʧʝ-

ʨʝʭʦʜʘʤ ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ ʩʦʩʪʦʷʥʠʝ as. ʋ ʚʝʨʰʠʥ ʛʨʘʬʘ ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʤʠʢʨʦʢʦʤʘʥʜʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʩʪʦʷʥʠʷʤ, ʚ ʥʘʯʘʣʝ ʜʫʛʠ ï 

ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ ʩʦʩʪʦ-

ʷʥʠʝ as (ʨʠʩ. 3.2). 

 
 

ʈʠʩ. 3.2. ɻʨʘʬ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʫʨʘ 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʨʷʤʦʡ ʪʘʙʣʠʮʳ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʫʨʘ 

ʇʨʷʤʘʷ ʪʘʙʣʠʮʘ ʧʝʨʝʭʦʜʦʚ (ʪʘʙʣʠʮʘ 3.1) ʩʪʨʦʠʪʩʷ ʧʦ ʛʨʘʬʫ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 3.2. ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʝ ʨʘʚʥʦ ʢʦʣʠ-

ʯʝʩʪʚʫ ʧʝʨʝʭʦʜʦʚ ʚ ʛʨʘʬʝ. ɺ ʩʪʦʣʙʮʝ ʘm ʟʘʧʠʩʳʚʘʶʪʩʷ ʩʦʩʪʦʷʥʠʷ, ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ, ʚ ʩʪʦʣʙʮʝ as ï ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʧʝ-

ʨʝʰʝʣ ʘʚʪʦʤʘʪ ʠʟ ʘm.   ɺ ʩʪʦʣʙʮʝ Yas ʟʘʧʠʩʳʚʘʶʪʩʷ Y i ï ʤʠʢʨʦʢʦʤʘʥʜʳ, 
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ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʘʚʪʦʤʘʪʦʤ ʚ ʩʦʩʪʦʷʥʠʠ as. ɺ ʩʪʦʣʙʮʝ Xamas ʟʘʧʠʩʳ-

ʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʠʭ ʢʦʥʲʶʥʢʮʠʷ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝ-

ʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ ʘm ʚ ʩʦʩʪʦʷʥʠʝ as. ʇʨʷʤʘʷ ʪʘʙʣʠʮʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝ-

ʨʠʪʴ ʧʦʣʥʦʪʫ ʧʝʨʝʭʦʜʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʛʨʘʬʝ ʧʝʨʝʭʦʜʦʚ: ʜʠʟʲʶʥʢ-

ʮʠʷ ʚʩʝʭ  Xa ma s   ʠʟ ʩʦʩʪʦʷʥʠʷ a m ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ç1è. ɺ ʥʘʰʝʤ 

ʧʨʠʤʝʨʝ ʜʠʟʲʶʥʢʮʠʷ ʚʩʝʭ  Xa0 a s ʨʘʚʥʘ   x 3   x 3  = 1 . 

  

ʂʦʜʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ. ɺʳʙʦʨ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ 

ʊʘʢ ʢʘʢ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʚʩʝʛʜʘ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʪʝʢʫʱʝʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʘm, ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʢʦʜ ʩʦʩʪʦʷʥʠʷ ʘm ʚ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ 

ʘʚʪʦʤʘʪʘ. ʆʙʲʝʤ ʧʘʤʷʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ. 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ ʢʘʞʜʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʠʩʣʦ ʚ ʜʚʦʠʯʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʧʨʠʯʝʤ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʵʪʦʛʦ 

ʯʠʩʣʘ n ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ n = ] log2 | A | [. ɼʨʫʛʦʡ ʢʨʘʡʥʠʡ 

ʩʣʫʯʘʡ ï ʫʥʠʪʘʨʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ  n =  | A | . ʆʪ ʚʳʙʨʘʥ-

ʥʦʛʦ ʩʧʦʩʦʙʘ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʩʘʤʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʤʦʞʝʪ 

ʟʘʚʠʩʝʪʴ ʩʣʦʞʥʦʩʪʴ ʩʭʝʤʳ ʘʚʪʦʤʘʪʘ. 

ʊʘʙʣʠʮʘ 3.1 

 

ˉʧ/ʧ am a s  Yas Xamas 

1 

2 

a 0 a 0 

a 1 

y7 

 y1, y2 

 x 3 

x 3 

3 

4 

a 1 a 2 

a 3 

 y3 

 y4, y5 

x 1 

 x 1 

5 a 2 a 3 y4, y5 1 

6 

7 

a 3 a 4 

a 0 

y6 

 y7 

 x 2 

x 2 

8 

9 

a 4 a 2 

a 3 

y3 

 y4, y5 

x 1 

 x 1 

 

ʀʩʧʦʣʴʟʫʝʤ ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ  ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʩʦ-

ʩʪʦʷʥʠʡ. ʊʘʢ ʢʘʢ ʘʚʪʦʤʘʪ ʠʤʝʝʪ ʧʷʪʴ ʩʦʩʪʦʷʥʠʡ, ʪʦ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ 
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n = ] log2 | A | [  =  ] log2  5 [ = 3,  

ʛʜʝ  ] é [ - ʦʙʦʟʥʘʯʝʥʠʝ çʙʦʣʴʰʝʝ ʮʝʣʦʝè. 

ɺʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ D-ʪʨʠʛʛʝʨʳ (ʦʧʠʩʘʥʠʝ D-

ʪʨʠʛʛʝʨʘ ʩʤʦʪʨʠ ʜʘʣʝʝ). ɼʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦ 

ʪʨʝʤ. ʆʙʦʟʥʘʯʠʤ ʠʭ ʢʘʢ  ʊ2 , ʊ1 , ʊ0 , ʧʨʠʯʝʤ ʊ2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʨʰʝʤʫ 

ʨʘʟʨʷʜʫ ʢʦʜʘ ʩʦʩʪʦʷʥʠʡ. ɺʳʭʦʜʳ ʪʨʠʛʛʝʨʦʚ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ Q2, Q1, Q0. ɿʥʘʯʝʥʠʝ ʯʠʩʣʘ Q2Q1Q0 ʥʘ ʵʪʠʭ ʚʳʭʦʜʘʭ ʝʩʪʴ ʢʦʜ 

ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ. 

ɿʘʢʦʜʠʨʫʝʤ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʨʦʠʟʚʦʣʴʥʦ (Ka i  = Q2Q1Q0): 

ʂ ʘ0 = 100.       ʂ ʘ1 = 001.    ʂ ʘ2 = 010. 

ʂ ʘ3 = 000.       ʂ ʘ4 = 011. 

 

ʆʙʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʪʘʙʣʠʮʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ 

ʆʙʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʪʘʙʣʠʮʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ (ʪʘʙʣʠʮʘ 3.2) ʩʪʨʦ-

ʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʡ ʪʘʙʣʠʮʳ ʧʝʨʝʭʦʜʦʚ ʧʫʪʝʤ ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ 

ʩʪʨʦʢ ʧʦ ʩʪʦʣʙʮʫ as  ʠ ʜʦʙʘʚʣʝʥʠʷ ʩʪʦʣʙʮʦʚ: 

Ka m  ï ʢʦʜ  ʩʦʩʪʦʷʥʠʷ a m; 

Ka s  ï ʢʦʜ  ʩʦʩʪʦʷʥʠʷ a s. 

F a m a s ï ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʠʟ ʩʦʩʪʦʷʥʠʷ a m ʚ ʩʦʩʪʦʷʥʠʝ a s. ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʧʘ-

ʤʷʪʠ ʠʩʧʦʣʴʟʫʝʤ D-ʪʨʠʛʛʝʨʳ, ʚ ʵʪʦʤ ʩʪʦʣʙʮʝ ʟʘʧʠʩʳʚʘʝʤ ʪʦʣʴʢʦ Di, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʠʛʛʝʨʘʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʩʦ-

ʩʪʦʷʥʠʝ ç1è, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʚ ʩʦʩʪʦʷʥʠʝ ʩ ʢʦʜʦʤ K a s. 
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ʊʘʙʣʠʮʘ 3.2 

 

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʠ ʬʫʥʢʮʠʠ 

 ʚʳʭʦʜʦʚ ʘʚʪʦʤʘʪʘ 

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦ ʦʙ-

ʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʪʘʙʣʠʮʝ ʘʚʪʦʤʘʪʘ:  

D i = F( a m , X a m a s). 

ʉʤʳʩʣ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʶʱʠʡ (ʥʘʧʨʠʤʝʨ ʜʣʷ D2): ʟʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ D2 ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 1 (ʩʤ. ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠ-

ʮʫ 3.2) ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ (1-ʷ ʠ 2-ʷ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ): ʝʩʣʠ ʘʚʪʦʤʘʪ ʥʘʭʦ-

ʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ a0, ʘ ʟʥʘʯʝʥʠʝ  x 3 = 0; ʝʩʣʠ ʘʚʪʦʤʘʪ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦ-

ʩʪʦʷʥʠʠ a3, ʘ ʟʥʘʯʝʥʠʝ  x 2 =1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ D 2 ʠʤʝʝʪ ʚʠʜ      

D 2 = a0 x 3   a3 x 2. 

ʆʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ D 1 ʠ D 0 ʟʘʧʠʩʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ: 

D 1 = a1 x 1  a4 x 1  a3 x 2  = x 1 (a1  a4)  a3 x 2. 

D 0 = a0 x 3  a3 x 2. 

ʌʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦ ʦʙʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʪʘʙʣʠʮʝ ʘʚʪʦʤʘʪʘ:  

y i = F( a s). 

ʊʘʢ ʢʘʢ yi ʚ ʘʚʪʦʤʘʪʝ ʄʫʨʘ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʘʚʪʦʤʘʪʘ, ʪʦ ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʦʥʠ ʠʤʝʶʪ ʚʠʜ 

y1 = y2 = a1;   y3 = a2;   y4 = y5 = a3;     y6 = a4;     y7 = a0. 

 ̄

 ʧ/ʧ 

a m Kam a s Kas Xamas Yas Famas 

1 

2 

a 0 

a 3 

100 

000 

a 0 100  x 3 

x 2 

y 7 D 2 

D 2 

3 a 0 100 a 1 001 x 3 y 1, y 2 D 0 

4 

5 

a 1 

a 4 

001 

011 

a 2 010 x 1 

x 1 

y 3 D 1 

D 1 

6 

7 

8 

a 1 

a 2 

a 4 

001 

010 

011 

a 3 000  x 1 

1 

 x 1 

y 4, y 5 - 

- 

- 

9 a 3 000 a 4 011  x 2 y 6 D 1 D 0 
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ʕʪʦ ʦʟʥʘʯʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʚ ʩʦʩʪʦʷʥʠʠ a1 ʘʚʪʦʤʘʪ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʤʠʢʨʦʢʦʤʘʥʜʳ y1 ʠ y2 , ʚ ʩʦʩʪʦʷʥʠʠ a2 ï ʤʠʢʨʦʢʦʤʘʥʜʫ y3 ʠ ʪ.ʜ. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʩʦʩʪʦʠʪ ʠʟ ʮʠʬʨʦʚʳʭ ʫʟʣʦʚ, 

ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩ. 3.3. 

 
ʈʠʩ. 3.3. 

 

ʅʘ ʨʠʩ. 3.3 ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʧʘʤʷʪʴ ʩʦʩʪʦ-

ʷʥʠʡ (ʇʉ), ʜʝʰʠʬʨʘʪʦʨ ʩʦʩʪʦʷʥʠʡ (DC), ʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ (ʂʉF), 

ʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʘʚʪʦʤʘʪʘ 

(ʂʉʋ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʟʣʦʚ ʘʚʪʦʤʘʪʘ ʩʣʝʜʫʶʱʝʝ. ɸʚʪʦʤʘʪ ʥʘʭʦʜʠʪ-

ʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʠ am, ʢʦʜ ʢʦʪʦʨʦʛʦ Kam ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ Q ʥʘ 

ʚʭrʦʜʝ ʪʨʠʛʛʝʨʦʚ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ (ʇʉ) ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʜʝʰʠʬʨʘ-

ʪʦʨʘ ʩʦʩʪʦʷʥʠʡ (DC), ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ am. ʅʘ ʚʳʭʦʜʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʂʉʋ 

ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʢʦʤʘʥʜʳ ʋ, ʘ ʥʘ ʚʳʭʦʜʘʭ ʩʭʝʤʳ ʂʉF  ʬʦʨʤʠʨʫ-

ʶʪʩʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʭʦʜ ʘʚʪʦʤʘʪʘ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ a s ʧʨʠ ʧʦʩʪʫʧʣʝ-

ʥʠʠ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ ʥʘ ʚʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʇʉ. 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʨʠʩ. 3.4 ʩʦʩʪʦʠʪ ʠʟ ʩʣʝ-

ʜʫʶʱʠʭ ʮʠʬʨʦʚʳʭ ʫʟʣʦʚ: 
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 ʇʘʤʷʪʴ ʩʦʩʪʦʷʥʠʡ.  ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʵʪʦ ʪʨʠʛʛʝʨʳ ʊ2,  

ʊ1,  ʊ0. 

 ɼʝʰʠʬʨʘʪʦʨ ʩʦʩʪʦʷʥʠʡ DC. ɼʝʰʠʬʨʘʪʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ Ka m  ʚ 

ʫʥʠʪʘʨʥʳʡ ʢʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʤʝʥʥʳʤ a i , ʠʩʧʦʣʴ-

ʟʫʝʤʳʤ ʚ ʟʘʧʠʩʘʥʥʳʭ ʚʳʰʝ ʬʫʥʢʮʠʷʭ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ 

ʜʝʰʠʬʨʘʪʦʨ DC ʠʤʝʝʪ 3 ʚʭʦʜʘ ʠ 8 ʚʳʭʦʜʦʚ. ʅʘ ʚʭʦʜ DC 

ʧʦʜʘʝʪʩʷ Kam ï ʢʦʜ ʩʦʩʪʦʷʥʠʷ am , ʘ ʥʘ ʚʳʭʦʜʘʭ DC ʬʦʨʤʠ-

ʨʫʝʪʩʷ ʫʥʠʪʘʨʥʳʡ ʢʦʜ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ a m: ʝʜʠʥʠʮʘ ʥʘ 

i-ʪʦʤ ʚʳʭʦʜʝ ʜʝʰʠʬʨʘʪʦʨʘ DC ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ Kam = i. 

 ʂʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ ʨʝʘʣʠʟʫʝʪ 

ʬʫʥʢʮʠʠ 

D i = F( a m , X a m a s).. 

 ʂʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʘʚʪʦʤʘʪʘ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ y i = F( a s). 

ɺ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ (ʨʠʩ. 3.4) ʠʩʧʦʣʴʟʦʚʘʥʳ çʰʠʥʳè. ʐʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʚ 

ʚʠʜʝ ʦʜʥʦʡ ʫʪʦʣʱʝʥʥʦʡ ʣʠʥʠʠ. ɺʭʦʜ ʚ ʰʠʥʫ ʠ ʚʳʭʦʜ ʠʟ ʥʝʝ ʢʦʥʢʨʝʪ-

ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʙʦʟʥʘʯʘʶʪʩʷ ʣʠʙʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʯʠʩʣʦʤ, ʣʠʙʦ ʩʦ-

ʜʝʨʞʘʪʝʣʴʥʳʤ ʦʙʦʟʥʘʯʝʥʠʝʤ ʩʠʛʥʘʣʘ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʵʪʦʤʫ ʩʦʝʜʠ-

ʥʝʥʠʶ. ʇʨʠʤʝʥʝʥʠʝ ʰʠʥ ʚ ʩʭʝʤʘʭ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʙʦʣʴʰʦʛʦ ʯʠʩ-

ʣʘ ʧʝʨʝʩʝʯʝʥʠʡ ʥʘ ʩʭʝʤʝ ʠ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʜʣʷ ʯʪʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʫʧʨʦʱʝʥʠʷ ʩʭʝʤʳ ʚ ʥʝʡ ʥʝ ʧʦʢʘʟʘʥʳ ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʫʩʪʘʥʦʚʢʫ ʘʚʪʦʤʘʪʘ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʘ0 ʩ ʢʦʜʦʤ ʂʘ0 = 

100. ʕʪʦʪ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʥʠʞʝ. 

 

 

 

 

 

 



 30 

 

 

ʈʠʩ. 3.4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ 

 

ʅʘ ʨʠʩ. 3.5 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʧʦʷʩʥʷʶʱʠʝ ʨʘʙʦ-

ʪʫ ʘʚʪʦʤʘʪʘ ʄʫʨʘ. ʅʘʭʦʜʷʩʴ ʚ ʥʝʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʠ a i, ʘʚʪʦʤʘʪ ʚʳʨʘ-

ʙʘʪʳʚʘʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ (ʤʠʢʨʦʢʦʤʘʥʜʫ) yj, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʵʪʦ-

ʤʫ ʩʦʩʪʦʷʥʠʶ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʬʦʨʤʠʨʫʶʪʩʷ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ   D i, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʘʚʪʦʤʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʟʥʘʯʝʥʠʡ ʣʦʛʠ-

ʯʝʩʢʠʭ ʫʩʣʦʚʠʡ xi. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʚʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʘʚʪʦʤʘʪʘ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʉ ʘʚʪʦʤʘʪ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʟʥʘʯʝʥʠʷʤʠ Di ʥʘ ʚʭʦʜʘʭ ʪʨʠʛʛʝʨʦʚ ʊ2  ʊ1  ʊ0. 
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ʈʠʩ. 3.5. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

 

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ  

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤʘʭ ʘʚʪʦʤʘʪʦʚ  ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ 

ʕʣʝʤʝʥʪʥʘʷ ʙʘʟʘ ʘʚʪʦʤʘʪʦʚ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦ-

ʩʪʝʡʰʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʢʦʥʲʶʥʢʪʦʨʦʚ (ʵʣʝʤʝʥʪʳ çʀè), 

ʜʠʟʲʶʥʢʪʦʨʦʚ (ʵʣʝʤʝʥʪʳ çʀʃʀè), ʠʥʚʝʨʪʦʨʦʚ (ʵʣʝʤʝʥʪʳ çʅɽè), ʠʭ 

ʢʦʤʙʠʥʘʮʠʡ (ʵʣʝʤʝʥʪʳ çʀ-ʅɽè, çʀʃʀ-ʅɽè, çʀ-ʀʃʀ-ʅɽè ʠ ʪ.ʧ.). 

ʂʨʦʤʝ ʪʦʛʦ ʦʥʘ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʵʣʝʤʝʥʪʳ ï 

ʜʝʰʠʬʨʘʪʦʨʳ (DC) ʠ  ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ (ʪʨʠʛʛʝʨʘ). 

ʇʨʦʩʪʝʡʰʠʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʨʝʘʣʠʟʫʶʪ ʚʳʯʠʩʣʝʥʠʝ ʧʨʦ-

ʩʪʝʡʰʠʭ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ. ʇʨʠʤʝʨʳ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʦʙʦ-

ʟʥʘʯʝʥʠʷ ʠ ʨʝʘʣʠʟʫʝʤʳʝ ʠʤʠ ʬʫʥʢʮʠʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.3.6. ʉʠʤʚʦʣ 

çè ʦʙʦʟʥʘʯʘʝʪ ʠʥʚʝʨʩʠʶ, ç&è ï ʢʦʥʲʶʥʢʮʠʶ, çè ï  ʜʠʟʲʶʥʢʮʠʶ. 

ʏʘʩʪʦ ʚʤʝʩʪʦ ʩʠʤʚʦʣʘ ç&è ʠʩʧʦʣʴʟʫʶʪ ç*è, ʘ ʚ ʩʣʫʯʘʝ ʦʜʥʦʙʫʢʚʝʥ-

ʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ï ʚʦʦʙʱʝ ʝʛʦ ʦʧʫʩʢʘʶʪ, ʥʘʧʨʠʤʝʨ ʬʫʥʢʮʠʠ, ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʥʘ ʨʠʩ. 3.6, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: y = a b;   y =  (a b  c d  e). 

 
ʈʠʩ. 3.6. 
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ʀʩʧʦʣʴʟʫʷ ʧʨʦʩʪʝʡʰʠʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʞʥʦ ʩʪʨʦʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʩʣʦʞʥʳʝ ʙʫʣʝʚʳ ʬʫʥʢʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʚʳʯʠʩ-

ʣʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʳ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ  

y1  = x2  x1 x0     x2 x1 x0     x2  x1  x0 ; 

y2  = x2  x1 x0     x2 x0    x2  x0 ; 

y3  = x2  x0    x2 x0    x1. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʧʨʠʤʝʨʝ ʚ ʬʫʥʢʮʠʷʭ  y1 , y2 , y3  ʚʩʪʨʝʯʘʶʪʩʷ ʦʜʠ-

ʥʘʢʦʚʳʝ ʢʦʥʲʶʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʝ-

ʨʝʤʝʥʥʳʝ Z i ʠ ʚʳʨʘʟʠʤ ʯʝʨʝʟ x i: 

Z1 = x2  x1 x0;   Z2 =  x2 x1 x0;   Z3 =  x2  x1  x0 ; 

Z4 =  x2 x0;    Z5 = x2  x0. 

ɺʳʨʘʟʠʤ ʬʫʥʢʮʠʠ  y1 , y2 , y3  ʯʝʨʝʟ ʜʠʟʲʶʥʢʮʠʶ Z i : 

y1  = Z1   Z2    Z3;      y2  = Z1   Z4    Z5;     y3  = Z5   Z4    x1 . 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʩʪʨʦʷʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʘʚʠʣʘʤ. 

1. ɺʭʦʜʳ ʩʭʝʤʳ (ʧʝʨʝʤʝʥʥʳʝ x i) ï ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʩʭʝʤʳ, ʚʳʭʦ-

ʜʳ (ʧʝʨʝʤʝʥʥʳʝ y i) ï ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ. 

2. ɺʭʦʜʳ ʩʭʝʤʳ (ʧʝʨʝʤʝʥʥʳʝ x i), ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʚ ʬʫʥʢʮʠʷʭ ʩ ʠʥʚʝʨʩʠʷʤʠ, ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʚʭʦʜʘʤʠ ʠʥʚʝʨʪʦʨʦʚ, ʥʘ 

ʚʳʭʦʜʘʭ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ  x i. 

3. ʉʭʝʤʳ, ʚʳʯʠʩʣʷʶʱʠʝ ʟʥʘʯʝʥʠʷ Z i , ʩʪʨʦʷʪʩʷ ʥʘ ʢʦʥʲʶʥʢʪʦʨʘʭ, 

ʥʘ ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ x i ʠʣʠ 

  x i. 

4. ʉʭʝʤʳ, ʚʳʯʠʩʣʷʶʱʠʝ ʟʥʘʯʝʥʠʷ y i , ʩʪʨʦʷʪʩʷ ʥʘ ʜʠʟʲʶʥʢʪʦʨʘʭ, 

ʥʘ ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʧʦʜʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ xi ,  xi 

ʠʣʠ Z i . 

5. ʏʪʦʙʳ ʩʭʝʤʘ ʙʳʣʘ ʣʝʛʢʦ ʯʠʪʘʝʤʘ, ʧʨʠ ʝʝ ʠʟʦʙʨʘʞʝʥʠʠ ʠʩʧʦʣʴ-

ʟʫʶʪ çʰʠʥʳè. ʐʠʥʘ ʠʟʦʙʨʘʞʘʝʪʩʷ ʙʦʣʝʝ ʪʦʣʩʪʦʡ ʣʠʥʠʝʡ ʥʘ ʩʭʝʤʝ, ʚ 

ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʠ ʠʟ ʢʦʪʦʨʦʡ ʚʳʭʦʜʷʪ ʪʦʥʢʠʝ ʣʠʥʠʠ, ʦʪʦʙʨʘʞʘʶʱʠʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʪʠʭ ʩʚʷʟʝʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʫ ʰʠʥʳ ʩʪʘʚʷʪʩʷ ʣʠʙʦ ʦʙʦʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ, ʣʠʙʦ ʥʦʤʝʨʘ ʵʪʠʭ ʩʚʷʟʝʡ (ʧʝʨʚʦʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ).  
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ʅʘ ʨʠʩ. 3.7. ʧʨʠʚʝʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ 

ʬʫʥʢʮʠʠ y1, y2, y3 .   

 

 

ʈʠʩ. 3.7. 

 

ɼʝʰʠʬʨʘʪʦʨ (DC) ʧʨʝʦʙʨʘʟʫʝʪ ʧʦʟʠʮʠʦʥʥʳʡ ʜʚʦʠʯʥʳʡ ʢʦʜ (ʜʚʦ-

ʠʯʥʦʝ ʯʠʩʣʦ) ʚ ʫʥʠʪʘʨʥʳʡ. ʋʥʠʪʘʨʥʳʡ ʢʦʜ ʩʦʜʝʨʞʠʪ ç1è ʪʦʣʴʢʦ ʚ ʦʜ-

ʥʦʤ ʨʘʟʨʷʜʝ. ɺʭʦʜʳ ʜʝʰʠʬʨʘʪʦʨʘ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʭʦʜʦʚ ʧʨʦʩʪʝʡʰʠʭ 

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʦʠʤ ʚʝʩʦʤ (ʢʘʢ ʨʘʟʨʷʜʳ 

ʜʚʦʠʯʥʦʛʦ ʯʠʩʣʘ): ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ ʠʤʝʝʪ ʚʝʩ 1, ʩʣʝʜʫʶʱʠʡ ʨʘʟʨʷʜ ï 

ʚʝʩ 2, n-ʨʘʟʨʷʜ ʠʤʝʝʪ ʚʝʩ 2 
n-1
. ɺʝʩʘ ʨʘʟʨʷʜʦʚ ʫʢʘʟʳʚʘʶʪʩʷ ʥʘ ʚʭʦʜʘʭ 

ʜʝʰʠʬʨʘʪʦʨʘ. ʇʦʣʥʳʡ ʜʝʰʠʬʨʘʪʦʨ ʠʤʝʝʪ 2 
n
 ʚʳʭʦʜʦʚ, ʠʤʝʶʱʠʭ ʥʫ-

ʤʝʨʘʮʠʶ ʦʪ 0 ʜʦ 2 
n
 ï1.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʝʰʠʬʨʘʪʦʨ ʩ ʜʚʫʤʷ ʚʭʦʜʘʤʠ 

ʠʤʝʝʪ 4 ʚʳʭʦʜʘ, ʩ ʪʨʝʤʷ ʚʭʦʜʘʤʠ ï 8 ʚʳʭʦʜʦʚ ʠ ʪ.ʜ. ʅʘ ʨʠʩ. 3.8 ʧʦʢʘ-

ʟʘʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʰʠʬʨʘʪʦʨʘ ʩ ʜʚʫʤʷ ʚʭʦʜʘʤʠ  x1 x0 .  

 

 

ʈʠʩ. 3.8. ɼʝʰʠʬʨʘʪʦʨ ʩ ʜʚʫʤʷ ʚʭʦʜʘʤʠ 
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ɿʥʘʯʝʥʠʷ x1 x0 ï ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ, ʫʢʘʟʳʚʘʶʱʝʝ ʥʦʤʝʨ ʚʳʭʦʜʘ ʜʝ-

ʰʠʬʨʘʪʦʨʘ, ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥ ʩʠʛʥʘʣ ç1è. ʌʫʥʢʮʠʠ yi, 

ʥʘ ʚʳʭʦʜʝ ʜʝʰʠʬʨʘʪʦʨʘ ʠʤʝʶʪ ʚʠʜ    

y0  =  x1   x0 ;      y2  = x1   x0 ;       

y1  =  x1  x0 ;              y3  = x1 x0 .       

ʌʫʥʢʮʠʶ ʜʝʰʠʬʨʘʪʦʨʘ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʪʘʢʞʝ ʩʣʝʜʫʶʱʝʡ ʪʘʙ-

ʣʠʮʝʡ ʠʩʪʠʥʥʦʩʪʠ (ʪʘʙʣ. 3.3).  

ʊʘʙʣʠʮʘ 3.3 

x1 x0 y0 y1 y2 y3 

0 0 1 0 0 0 

0 1 0 1 0 0 

1 0 0 0 1 0 

1 1 0 0 0 1 

 

ʄʥʦʛʠʝ ʜʝʰʠʬʨʘʪʦʨʳ ʠʤʝʶʪ ʝʱʝ ʦʜʠʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʭʦʜ ï  

çʨʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ ʜʝʰʠʬʨʘʪʦʨʘè. ʅʘ ʨʠʩ. 3.9 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʪʘ-

ʢʦʛʦ ʜʝʰʠʬʨʘʪʦʨʘ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʜʝʰʠʬʨʘʪʦʨ ï ʜʝʤʫʣʴʪʠʧʣʝʢ-

ʩʦʨ. 

 

ʈʠʩ. 3.9. ɼʝʰʠʬʨʘʪʦʨ - ʤʫʣʴʪʠʧʣʝʢʩʦʨ 

 

ɽʩʣʠ ʥʘ ʚʭʦʜ V ʧʦʜʘʝʪʩʷ ç0è, ʪʦ ʥʘ ʚʩʝʭ ʚʳʭʦʜʘʭ ʜʝʰʠʬʨʘʪʦʨʘ ï 

ʥʫʣʠ; ʝʩʣʠ ʥʘ ʚʭʦʜ V ʧʦʜʘʝʪʩʷ ç1è, ʪʦ ʜʝʰʠʬʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʝʡ ʠʩʪʠʥʥʦʩʪʠ, ʘ ʬʫʥʢʮʠʠ yi, ʥʘ ʚʳʭʦ-

ʜʝ ʜʝʰʠʬʨʘʪʦʨʘ ʠʤʝʶʪ ʚʠʜ   

y0  = S (  x1   x0 );      y2  = S (x1   x0 ); 

y1  = S (  x1 x0 );              y3  = S (x1 x0 ). 
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ʇʨʦʩʪʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʠʡ ʘʩʠʥʭʨʦʥ-

ʥʳʡ RS-ʪʨʠʛʛʝʨ. RS-ʪʨʠʛʛʝʨ ï ʵʪʦ ʵʣʝʤʝʥʪ, ʠʤʝʶʱʠʡ ʜʚʘ ʫʩʪʦʡʯʠʚʳʭ 

ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ ç0è ʠ ç1è (ʨʠʩ. 3.10). 

 

 
ʈʠʩ. 3.10. RS-ʪʨʠʛʛʝʨ 

 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ RS-ʪʨʠʛʛʝʨʘ ʚ ʦʜʥʦ ʠʟ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ ç0è 

ʠʣʠ ç1è ʫ ʥʝʛʦ ʠʤʝʝʪʩʷ ʜʚʘ ʚʭʦʜʘ: R ï ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʩʦʩʪʦʷʥʠʝ ç0è 

ʠ S ï ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚ ʩʦʩʪʦʷʥʠʝ ç1è. ɺʳʭʦʜʳ RS-ʪʨʠʛʛʝʨʘ ʦʙʳʯʥʦ 

ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʘʢ Q (ʧʨʷʤʦʡ ʚʳʭʦʜ)  ʠ Q (ʠʥʚʝʨʩʥʳʡ ʚʳʭʦʜ). ɿʥʘ-

ʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ Q (ç0è ʠʣʠ ç1è) ʦʙʳʯʥʦ ʦʪʦʞʜʝʩʪʚʣʷʶʪ ʩ ʩʦʩʪʦʷʥʠ-

ʝʤ ʪʨʠʛʛʝʨʘ ç0è ʠʣʠ ç1è. ɽʩʣʠ ʯʝʨʝʟ Qt  ʦʙʦʟʥʘʯʠʪʴ ʟʥʘʯʝʥʠʝ ʥʘ ʚʳʭʦ-

ʜʝ Q ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʘ ʯʝʨʝʟ Qt+1  ï ʦʙʦʟʥʘʯʠʪʴ ʟʥʘʯʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

Q ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t+1, ʪʦ ʧʦʚʝʜʝʥʠʝ RS-ʪʨʠʛʛʝʨʘ ʤʦʞʥʦ ʦʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝʡ  3.4.  

ʊʘʙʣʠʮʘ 3.4 

 

R S Qt Qt+1 ʂʦʤʤʝʥʪʘʨʠʡ 

0 0 0 0 ʍʨʘʥʝʥʠʝ ç0è 

0 0 1 1 ʍʨʘʥʝʥʠʝ ç1è 

0 1 0 1 ʋʩʪʘʥʦʚʢʘ ʚ ç1è 

0 1 1 1 ʋʩʪʘʥʦʚʢʘ ʚ ç1è 

1 0 0 0 ʋʩʪʘʥʦʚʢʘ ʚ ç0è 

1 0 1 0 ʋʩʪʘʥʦʚʢʘ ʚ ç0è 

1 1 0 ʍ ɿʘʧʨʝʱʝʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ R ʠ S 

1 1 1 ʍ ɿʘʧʨʝʱʝʥʥʘʷ ʢʦʤʙʠʥʘʮʠʷ R ʠ S 

 

ʀʟ ʪʘʙʣʠʮʳ 3.4 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ R=0 ʠ S=1 ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘʥʦʚʢʘ 

ʪʨʠʛʛʝʨʘ  ʚ ʩʦʩʪʦʷʥʠʝ ç1è (Qt+1 = 1), ʧʨʠ R=1 ʠ S=0 ʧʨʦʠʩʭʦʜʠʪ ʫʩʪʘ-

ʥʦʚʢʘ ʪʨʠʛʛʝʨʘ  ʚ ʩʦʩʪʦʷʥʠʝ ç0è (Qt+1 = 0). ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʩʭʦʜʷʪ 
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ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʪʨʠʛʛʝʨʘ Qt. ʇʨʠ R=0 ʠ S=0 

ʪʨʠʛʛʝʨ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʢʦʤʙʠʥʘʮʠʷ R=1 ʠ S=1 ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʧʫʩʪʠʤʦʡ, ʪʘʢ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʨʠʛʛʝʨ ʚ ʩʦʩʪʦʷʥʠʷ 

ç0è ʠ ç1è ʥʝʚʦʟʤʦʞʥʦ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʛʝʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʟʤʝʥʝ-

ʥʠʝ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʟʤʦʞʥʦ ʚ ʧʨʦʠʟʚʦʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʨʘʟʫ 

ʞʝ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʝʛʦ ʚʭʦʜʘʭ R ʠ S, ʧʦʵʪʦʤʫ ʘʩʠʥʭʨʦʥ-

ʥʳʡ RS-ʪʨʠʛʛʝʨ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʵʣʝʤʝʥʪ ʧʘʤʷʪʠ ʜʣʷ ʧʦʩʪʨʦʝ-

ʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʪʨʠʛʛʝʨʦʚ. ɺ ʩʠʥʭʨʦʥʥʳʭ ʪʨʠʛʛʝʨʘʭ ʠʟʤʝʥʝʥʠʝ ʩʦ-

ʩʪʦʷʥʠʷ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʧʦʜʘʯʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʚʭʦʜ çʉè 

ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʶʪ ʪʨʠʛʛʝʨʳ, ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʳʝ 

ʠʤʧʫʣʴʩʦʤ ʉ ʠ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʉ. ʌʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘ-

ʮʠʠ ʥʘʟʳʚʘʶʪ ʧʝʨʝʭʦʜ ʟʥʘʯʝʥʠʷ ʉ ʠʟ ç0è ʚ ç1è (ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʬʨʦʥʪ) ʠʣʠ ʠʟ ç1è ʚ ç0è (ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʬʨʦʥʪ). ʊʨʠʛʛʝʨʳ, ʩʠʥʭʨʦʥʠ-

ʟʠʨʫʝʤʳʝ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʉ, ʥʘʰʣʠ ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʅʘ ʨʠʩ. 3.11 ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʜʚʫʭ RS-ʪʨʠʛʛʝʨʦʚ, ʩʠʥʭʨʦ-

ʥʠʟʠʨʫʝʤʳʭ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ. ʅʘʢʣʦʥʥʘʷ ʯʝʨʪʘ 

ʥʘ ʚʭʦʜʝ ʉ ʧʦʢʘʟʳʚʘʝʪ, ʧʦ ʢʘʢʦʤʫ ʬʨʦʥʪʫ ʠʤʧʫʣʴʩʘ ʉ ï ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʤʫ (/) ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ (\) ï ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʪʨʠʛ-

ʛʝʨʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ.  

 

 

 

ʈʠʩ. 3.11. ʉʠʥʭʨʦʥʥʳʝ RS-ʪʨʠʛʛʝʨʳ 

 

 

ʂʨʦʤʝ RS-ʪʨʠʛʛʝʨʦʚ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡ-

ʩʪʚʘʭ ʥʘʰʣʠ D-ʪʨʠʛʛʝʨʳ (ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʳʝ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʉ).  
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D-ʪʨʠʛʛʝʨ, ʚ ʦʪʣʠʯʠʝ ʦʪ RS-ʪʨʠʛʛʝʨʘ, ʠʤʝʝʪ ʚʩʝʛʦ ʦʜʠʥ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʡ ʚʭʦʜ D (ʨʠʩ. 3.12). 

  ʉʠʥʭʨʦʥʥʳʡ D-ʪʨʠʛʛʝʨ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʘʢʞʝ ʚ ʤʦʤʝʥʪ 

ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʝʛʦ ʚʭʦʜ çʉè ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ. ʅʦʚʦʝ ʩʦ-

ʩʪʦʷʥʠʝ Qt+1 ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ Qt , ʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʟʥʘ-

ʯʝʥʠʷ ʥʘ ʚʭʦʜʝ D ʚ ʤʦʤʝʥʪ ʧʦʩʪʫʧʣʝʥʠʷ ʠʤʧʫʣʴʩʘ  ʥʘ ʚʭʦʜ ʉ ʪʨʠʛʛʝ-

ʨʘ. ʅʘ ʨʠʩʫʥʢʝ 3.12 ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ D-ʪʨʠʛʛʝʨʘ, ʩʠʥ-

ʭʨʦʥʠʟʠʨʫʝʤʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ ʉ.   

 

 

 

 

 

ʈʠʩ. 3.12. ʉʠʥʭʨʦʥʥʳʡ D-ʪʨʠʛʛʝʨ 

 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʨʠʘʣ ʠʟ ʧ. 1, ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʜʘʥʠʶ, ʚʳ-

ʜʘʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʄʫʨʘ (ʎʋɸ) ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʨʘ-

ʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ. 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪ ʄʫʨʘ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ ʧʦ ʟʘʜʘʥʥʦʡ 

ɻʉɸ: 

1.1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

1.2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ 

1.3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ 

1.4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ 

ʧʘʤʷʪʠ 

1.5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ 
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2. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ 

Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ɻʉɸ.  

2.1. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

1.2. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʦʤ ʤʠʢʨʦʢʦ-

ʤʘʥʜ ʋ. 

1.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ-

ʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

1.4. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

1.5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

   

ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 3 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʎʋɸ 

1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʧʦ ɻʉɸ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ 

ʧʝʨʝʭʦʜʦʚ ʎʋɸ 

3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ 

ʘʚʪʦʤʘʪʘ ʎʋɸ 

4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʎʋɸ 

5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʎʋɸ ʠ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʝʸ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim   

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

    ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʎʋɸ ʧʦ 

ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ        (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʘʜʝʢ-

ʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢ-

ʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 
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3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

-  ɻʉɸ ʘʚʪʦʤʘʪʘ, ʟʘʜʘʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʨʘʟʤʝʪʢʫ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ; 

-  ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ; 

- ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ; 

- ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʩ ʞʝʩʪʢʦʡ ʣʦʛʠʢʦʡ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim . 

 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

 

 1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʚʪʦʤʘʪʘ ʄʫʨʘ? 

 2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʨʘʟʤʝʪʢʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘ-

ʪʘ ʄʫʨʘ? 

 3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ ʄʠʣʠ ʠ ʄʫʨʘ? 

 4. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʚʪʦʤʘʪʘʭ ʄʫʨʘ, ʟʘʢʦ-

ʥʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 4 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʦʚ ʄʠʣʠ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ [2, 4, 5] 

 
 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ (ʤʦ-

ʜʝʣʴ ʄʠʣʠ). 

 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʨʷʜʦʢ ʩʠʥʪʝʟʘ ʘʚʪʦʤʘʪʘ ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʤʘʪʘ, ʟʘ-

ʜʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ɻʉɸ, ʠʟʦʙʨʘʞʝʥʥʦʡ  ʥʘ ʨʠʩ. 4.1  [4]. 

 
ʈʠʩ. 4.1. ɻʉɸ ʜʣʷ ʩʠʥʪʝʟʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ 
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ʈʘʟʤʝʪʢʘ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʦʧʝʨʘʪʦʨʥʳʤ ʚʝʨʰʠʥʘʤ ɻʉɸ, ʘ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʜʫʛʘʭ ɻʉɸ 

ʧʝʨʝʜ ʚʝʨʰʠʥʘʤʠ, ʩʣʝʜʫʶʱʠʤʠ ʟʘ ʦʧʝʨʘʪʦʨʥʳʤʠ. ʀʩʢʣʶʯʝʥʠʝ ʩʦ-

ʩʪʘʚʣʷʝʪ ʥʘʯʘʣʴʥʦʝ (ʦʥʦ ʞʝ ʢʦʥʝʯʥʦʝ) ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ. ɽʛʦ ʫʜʦʙ-

ʥʦ ʦʙʦʟʥʘʯʘʪʴ ʩʠʤʚʦʣʦʤ ʘ0 ʠʣʠ ʘ1. ʉʠʤʚʦʣʦʤ ʘ0 ʠʣʠ ʘ1 ʦʪʤʝʯʘʶʪ ʚʭʦʜ 

ʚʝʨʰʠʥʳ, ʩʣʝʜʫʶʱʝʡ ʟʘ ʥʘʯʘʣʴʥʦʡ, ʠ ʚʭʦʜ ʢʦʥʝʯʥʦʡ ʚʝʨʰʠʥʳ ɻʉɸ. 

ɺʭʦʜʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʝʨʰʠʥ, ʩʣʝʜʫʶʱʠʭ ʟʘ ʦʧʝʨʘʪʦʨʥʳʤʠ, ʪʘʢʞʝ 

ʦʪʤʝʯʘʶʪʩʷ ʩʠʤʚʦʣʘʤʠ: ʘ1, ʘ2,  ʘ3é   . 

ʀʩʧʦʣʴʟʫʝʤ ʜʣʷ ʧʨʠʤʝʨʘ ɻʉɸ ʋɸ (ʨʠʩ. 4.1) ʜʣʷ ʩʠʥʪʝʟʘ ʘʚʪʦʤʘʪʘ 

ʄʠʣʠ. ʆʙʦʟʥʘʯʠʤ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʢ ʘ1, ʘ ʦʩʪʘʣʴʥʳʝ ï ʘ2, ʘ3, ʘ4.  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚ ʚʝʨʰʠʥʫ, ʩʣʝʜʫʶʱʫʶ ʟʘ ʦʧʝʨʘʪʦʨʥʦʡ ʚʝʨʠh-

ʥʦʡ, ʚʭʦʜʠʪ ʙʦʣʝʝ ʯʝʤ ʦʜʥʘ ʜʫʛʘ, ʩʦʩʪʦʷʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʘ 

ʜʫʛʝ ʪʘʢ, ʯʪʦʙʳ ʜʣʷ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʜʫʛ ʩʦʙʣʶʜʘʣʦʩʴ ʧʨʘʚʠʣʦ ʨʘʟʤʝʪ-

ʢʠ ʩʦʩʪʦʷʥʠʡ. ʅʘ ɻʉɸ ʥʘ ʨʠʩ. 4.1 ɻ ʪʦ ʩʦʩʪʦʷʥʠʷ ʘ2  ʠ  ʘ3. 

 ʉʦʩʪʦʷʥʠʝ ʘ2 ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʠʞʝ ʚʭʦʜʷʱʝʡ ʩʣʝʚʘ ʩʪʨʝʣ-

ʢʠ, ʘ ʩʦʩʪʦʷʥʠʝ ʘ3 ï ʚʳʰʝ ʚʭʦʜʷʱʝʡ ʩʧʨʘʚʘ ʩʪʨʝʣʢʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʚ ʘ2 ʩʦʰʣʠʩʴ ʧʫʪʠ ʠʟ ʜʚʫʭ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʧʫʪʴ ʠʟ 

ʘ2 ʥʝ ʧʨʠʚʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ  ʘ3  (ʵʪʦʪ ʧʝʨʝʭʦʜ ʙʳʣ ʙʳ çʧʫʩʪʳʤè, ʙʝʟ 

ʧʨʦʭʦʜʘ ʯʝʨʝʟ ʦʧʝʨʘʪʦʨʥʫʶ ʚʝʨʰʠʥʫ), ʘ ʧʨʠʚʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ ʘ4 (ʧʦ-

ʩʣʝ ʦʧʝʨʘʪʦʨʥʦʡ ʚʝʨʰʠʥʳ).  

 

ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʧʦ ɻʉɸ 

ɺʝʨʰʠʥʳ ʛʨʘʬʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʩʪʦʷʥʠʷʤ ʘʚʪʦʤʘʪʘ, ʜʫʛʠ ï ʧʝ-

ʨʝʭʦʜʘʤ ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ ʩʦʩʪʦʷʥʠʝ as. ʋ ʚʳʭʦʜʘ ʜʫʛʠ ʠʟ ʚʝʨʰʠʥʳ 

ʛʨʘʬʘ am ʟʘʧʠʩʳʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʝʭʦʜ 

ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ ʩʦʩʪʦʷʥʠʝ as , ʘ ʫ ʚʭʦʜʘ ʜʫʛʠ ʚ ʩʦʩʪʦʷʥʠʝ as ï ʤʠʢʨʦ-

ʢʦʤʘʥʜʳ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʘʚʪʦʤʘʪʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ 

ʩʦʩʪʦʷʥʠʝ as (ʨʠʩ. 4.2). 
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ʈʠʩ. 4.2. ɻʨʘʬ ʧʝʨʝʭʦʜʦʚ 

 

ʇʦʩʪʨʦʝʥʠʝ ʧʨʷʤʦʡ ʪʘʙʣʠʮʳ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʠʣʠ 

ʇʨʷʤʘʷ ʪʘʙʣʠʮʘ 4.1 ʧʝʨʝʭʦʜʦʚ  ʩʪʨʦʠʪʩʷ ʧʦ ʛʨʘʬʫ ʧʝʨʝʭʦʜʦʚ ʥʘ  

ʨʠʩ. 4.2. 

ʊʘʙʣʠʮʘ 4.1 

ˉʧ/ʧ am as Xamas Yamas 

1 

2 

a 1 a 1 

a 2 

 x 3 

x 3 

- 

y 1 y 2 

3 

4 

a 2 a 3 

a 4 

x 1 

 x 1 

y 3 

y 4 y 5 

5 a 3 a 4 1 y 4 y 5 

6 

7 

a 4 a 1 

a 2 

x 2 

 x 2 

y 7 

y 6 

 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ ʚ ʪʘʙʣʠʮʝ ʨʘʚʥʦ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʭʦʜʦʚ ʚ ʛʨʘʬʝ 

ʧʝʨʝʭʦʜʦʚ. ɺ ʩʪʦʣʙʮʝ ʘm  ʟʘʧʠʩʳʚʘʶʪʩʷ  ʩʦʩʪʦʷʥʠʷ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʯʠ-

ʥʘʝʪʩʷ ʧʝʨʝʭʦʜ, ʚ ʩʪʦʣʙʮʝ as  - ʩʦʩʪʦʷʥʠʷ, ʚ ʢʦʪʦʨʳʝ ʧʝʨʝʰʝʣ ʘʚʪʦʤʘʪ 

ʠʟ ʩʦʩʪʦʷʥʠʷ ʘm.                          

ɺ ʩʪʦʣʙʮʝ Y amas  ʟʘʧʠʩʳʚʘʶʪʩʷ Y i  - ʤʠʢʨʦʢʦʤʘʥʜʳ, ʚʳʨʘʙʘʪʳʚʘ-

ʝʤʳʝ ʘʚʪʦʤʘʪʦʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ ʩʦʩʪʦʷʥʠʝ as. ɺ 

ʩʪʦʣʙʮʝ Xamas ʟʘʧʠʩʳʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʠʭ ʢʦʥʲʶʥʢʮʠʷ), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ ʘm ʚ ʩʦʩʪʦʷʥʠʝ as.  

ʇʨʷʤʘʷ ʪʘʙʣʠʮʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʧʦʣʥʦʪʫ ʧʝʨʝʭʦʜʦʚ, ʧʦʢʘ-

ʟʘʥʥʳʭ ʥʘ ʛʨʘʬʝ ʧʝʨʝʭʦʜʦʚ: ʜʠʟʲʶʥʢʮʠʷ ʚʩʝʭ  Xamas   ʠʟ ʩʦʩʪʦʷʥʠʷ am 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ç1è (Xamas=1). ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʜʠʟʲʶʥʢʮʠʷ 



 43 

ʚʩʝʭ  Xa1as ʨʘʚʥʘ Xa1as = Xa1a1  Xa1a2 =  x 3   x 3  = 1. ɸʥʘʣʦʛʠʯʥʦ 

Xa2as = Xa2a3  Xa2a4 =  x 1   x 1  = 1, Xa3as =  Xa3a4 = 1,  

Xa4as = Xa4a1  Xa4a2 =  x2   x2  = 1. 

 

ʂʦʜʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ. ɺʳʙʦʨ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ 

ʂʦʜʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʧʨʦʠʟʚʦʜʠʪʩʷ  ʪʘʢ ʞʝ, ʢʘʢ 

ʠ ʘʚʪʦʤʘʪʘ ʄʫʨʘ.  

ʀʩʧʦʣʴʟʫʝʤ ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ  ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʩʦ-

ʩʪʦʷʥʠʡ. ʊʘʢ ʢʘʢ ʘʚʪʦʤʘʪ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʤʠʥʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ 

n = ] log2 | A | [  =  ] log2  4 [ = 2. 

ɺʳʙʝʨʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʩʠʥʭʨʦʥʥʳʝ RS-ʪʨʠʛʛʝʨʳ. 

ɼʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦ ʜʚʫʤ. ʆʙʦʟʥʘʯʠʤ ʠʭ ʢʘʢ  

ʊ1,  ʊ0 , ʧʨʠʯʝʤ ʊ1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʨʰʝʤʫ ʨʘʟʨʷʜʫ ʢʦʜʘ ʩʦʩʪʦʷʥʠʡ. 

ɺʳʭʦʜʳ ʪʨʠʛʛʝʨʦʚ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Q1, Q0. ɿʥʘʯʝʥʠʝ 

ʯʠʩʣʘ Q1Q0 ʥʘ ʵʪʠʭ ʚʳʭʦʜʘʭ ʝʩʪʴ ʢʦʜ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ. ɿʘʢʦʜʠʨʫʝʤ 

ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʨʦʠʟʚʦʣʴʥʦ (Ka i  = Q1Q0): 

ʂ ʘ1 = 00,    ʂ ʘ2 = 01,    ʂ ʘ3 = 10,    ʂ ʘ4 = 11. 

 

ʆʙʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʪʘʙʣʠʮʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ 

ʆʙʨʘʪʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʪʘʙʣʠʮʘ 4.2 ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʩʪʨʦʠʪʩʷ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʜʣʷ ʘʚʪʦʤʘʪʘ ʄʫʨʘ.  

                                                                          ʊʘʙʣʠʮʘ 4.2 

ˉʧ/ʧ a m Kam a s Ka s X a ma s Y a m a s F a m a s 

1 

2 

a 1 

a 4 

00 

11 

a 1 00  x 3 

x 2 

- 

y 7 

- 

R 1 R 0 

3 

4 

a 1 

a 4 

00 

11 

a 2 01 x 3 

 x 2 

y 1 y 2 

y 6 

S 0 

R 1 

5 a 2 01 a 3 10 x 1 y 3 S 1 R 0 

6 

7 

a 2 

a 3 

01 

10 

a 4 11  x 1 

1 

y 4 y 5 

y 4 y 5 

S 1  

S 0 
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ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʩʪʦʣʙʮʘ  F am as  ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʯʪʦ ʫʧʨʘʚʣʝʥʠʝ RS-ʪʨʠʛʛʝʨʘʤʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʫʧʨʘʚʣʝʥʠʷ D-

ʪʨʠʛʛʝʨʘʤʠ. ɽʩʣʠ ʩʦʩʪʦʷʥʠʝ ʥʝʢʦʪʦʨʳʭ ʨʘʟʨʷʜʦʚ RS-ʪʨʠʛʛʝʨʦʚ ʧʘʤʷ-

ʪʠ ʘʚʪʦʤʘʪʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ am  ʚ  as , ʪʦ ʥʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʚʳʨʘʙʘʪʳʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ S=1 ʠʣʠ 

R=1, ʪʘʢ ʢʘʢ ʢʦʤʙʠʥʘʮʠʷ S=0 ʠ R=0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʞʠʤʫ ʭʨʘʥʝʥʠʷ ʚ 

RS-ʪʨʠʛʛʝʨʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʝʪʴʝʡ ʩʪʨʦʢʝ ʩʪʨʫʢʪʫʨʥʦʡ ʪʘʙʣʠʮʳ ʦʧʠ-

ʩʘʥ ʧʝʨʝʭʦʜ ʠʟ ʩʦʩʪʦʷʥʠʷ a1 ʩ ʢʦʜʦʤ Kam = 00 (Q1 =0, Q0 =0) ʚ ʩʦʩʪʦʷ-

ʥʠʝ a2 ʩ ʢʦʜʦʤ Kas = 01 (Q1 =0, Q0=1). ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʭʦʜ ʠʟ a1 

ʚ a2, ʥʫʞʥʦ ʩʦʭʨʘʥʠʪʴ ʟʥʘʯʝʥʠʝ Q1 =0, ʘ ʚ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ ʧʘʤʷʪʠ ʩʦ-

ʩʪʦʷʥʠʡ Q0 ï ʫʩʪʘʥʦʚʠʪʴ ç1è, ʧʦʵʪʦʤʫ ʚ ʩʪʦʣʙʮʝ  Famas  ʪʨʝʪʴʝʡ ʩʪʨʦʢʠ 

ʟʘʧʠʩʘʥʦ çS 0è, ʯʪʦ ʦʟʥʘʯʘʝʪ S0=1. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʚʭʦʜ ʩʠʥʭʨʦ-

ʥʠʟʘʮʠʠ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʉ ʪʨʠʛʛʝʨ ʊ1  ʥʝ ʠʟʤʝʥʠʪ 

ʩʚʦʝʛʦ ʩʦʩʪʦʷʥʠʷ (ʪʘʢ ʢʘʢ R1 =0 ʠ S1 =0), ʘ ʪʨʠʛʛʝʨ ʊ0 ʧʝʨʝʡʜʝʪ ʠʟ ʩʦ-

ʩʪʦʷʥʠʷ ç0è ʚ ʩʦʩʪʦʷʥʠʝ ç1è (ʪʘʢ ʢʘʢ R0=0, ʘ S0=1). ɺ ʩʪʦʣʙʮʝ  Famas  

ʥʝ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ Ri = 0 ʠʣʠ Si = 0, ʘ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʪʦʣʴʢʦ ʪʝ Ri  

ʠ Si, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ç1è. 

 

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʠ ʬʫʥʢʮʠʠ 

 ʚʳʭʦʜʦʚ ʘʚʪʦʤʘʪʘ 

ʌʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦ ʦʙ-

ʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʪʘʙʣʠʮʝ ʘʚʪʦʤʘʪʘ:  

R i = F(a m , X a m a s); 

S i = F(a m , X a m a s). 

ʉʤʳʩʣ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ ʩʣʝʜʫʶʱʠʡ (ʥʘʧʨʠʤʝʨ ʜʣʷ R1). ɿʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ R1 ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ç1è ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ (2-ʷ ʠ 4-ʷ ʩʪʨʦʢʠ 

ʪʘʙʣʠʮʳ 4.2): ʝʩʣʠ ʘʚʪʦʤʘʪ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ a4, ʘ ʟʥʘʯʝʥʠʝ  x2 = 

1, ʠʣʠ, ʝʩʣʠ ʘʚʪʦʤʘʪ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ a4, ʘ ʟʥʘʯʝʥʠʝ  x2 =1. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ R1 ʠʤʝʝʪ ʚʠʜ      

R 1 = a 4 x 2   a4 x 2  = a4 . 

ʆʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ Ri  ʠ Si ʟʘʧʠʩʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ: 

S 1 = a2 x 1  a2 x 1 = a2 ; 
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R 0 = a 4 x 2  a2 x 1 ; 

S 0 = a 1 x 3   a3. 

ʌʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʘʚʪʦʤʘʪʘ Yamas ʪʘʢʞʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʧʦ ʦʙʨʘʪ-

ʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʪʘʙʣʠʮʝ ʘʚʪʦʤʘʪʘ:  

y i = F( am , X am as). 

ʉʤʳʩʣ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʣʝʜʫʶʱʠʡ (ʥʘʧʨʠʤʝʨ, ʜʣʷ y4). ɿʥʘʯʝʥʠʝ 

ʬʫʥʢʮʠʠ y4 ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ç1è  ʧʨʠ ʧʝʨʝʭʦʜʝ ʘʚʪʦʤʘʪʘ ʠʟ ʩʦʩʪʦʷ-

ʥʠʡ  a2 ʠʣʠ a3 ʚ ʩʦʩʪʦʷʥʠʝ a4  (6-ʷ ʠ 7-ʷ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ 4.2). ʀʥʘʯʝ: ʝʩ-

ʣʠ ʘʚʪʦʤʘʪ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ a2, ʘ ʟʥʘʯʝʥʠʝ x2 = 1, ʠʣʠ, ʝʩʣʠ 

ʘʚʪʦʤʘʪ ʥʘʭʦʜʠʣʩʷ ʚ ʩʦʩʪʦʷʥʠʠ a3, ʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʘʚʪʦʤʘʪʘ ʠʟ ʩʦʩʪʦ-

ʷʥʠʡ a2 ʠʣʠ a3 ʚ ʩʦʩʪʦʷʥʠʝ a4 ʟʥʘʯʝʥʠʝ  y4 ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ç1è. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ y4  ʠʤʝʝʪ ʚʠʜ      

y 4 = y 5  =  a2 x 1   a 3 . 

ʆʩʪʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠʤʝʶʪ ʚʠʜ 

y 1 = y 2  =  a 1 x 3 ;       y 3 = a2 x1;  y 6 = a4 x 2;      y 7 = a4 x 2. 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʮʠʬʨʦ-

ʚʳʭ ʫʟʣʦʚ (ʨʠʩ. 4.3):  

 ʧʘʤʷʪʴ ʩʦʩʪʦʷʥʠʡ (ʇʉ),  

 ʜʝhʠʬʨʘʪʦʨ ʩʦʩʪʦʷʥʠʡ (DC),  

 ʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ (ʂʉF),  

 ʢʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʘʚʪʦʤʘʪʘ (ʂʉʋ).  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʫʟʣʦʚ ʘʚʪʦʤʘʪʘ ʩʣʝʜʫʶʱʝʝ. ɸʚʪʦʤʘʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʝʢʦʪʦʨʦʤ ʩʦʩʪʦʷʥʠʠ am, ʢʦʜ ʢʦʪʦʨʦʛʦ Kam ʚ ʚʠʜʝ ʟʥʘʯʝʥʠʡ Q ʥʘ ʚʳ-

ʭʦʜʝ ʪʨʠʛʛʝʨʦʚ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ (ʇʉ) ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜ ʜʝʰʠʬʨʘʪʦʨʘ 

ʩʦʩʪʦʷʥʠʡ (DC), ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘ-

ʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ am. ʅʘ ʚʳʭʦʜʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʂʉF ʬʦʨ-

ʤʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ Famas, 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʭʦʜ ʘʚʪʦʤʘʪʘ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ as ʧʨʠ ʧʦ-
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ʩʪʫʧʣʝʥʠʠ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ ʥʘ ʚʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʇʉ, ʘ 

ʥʘ ʚʳʭʦʜʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʂʉʋ ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʟʥʘ-

ʯʝʥʠʷ ʬʫʥʢʮʠʡ ʚʳʭʦʜʦʚ ʘʚʪʦʤʘʪʘ Yamas.    

 

 

 

ʈʠʩ. 4.3. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʮʠʬʨʦʚʳʭ ʫʟʣʦʚ (ʨʠʩ. 4.4): 

 ʇʘʤʷʪʴ ʩʦʩʪʦʷʥʠʡ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʵʪʦ ʜʚʘ ʪʨʠʛʛʝʨʘ   ʊ1 

ʠ  ʊ0. 

 ɼʝʰʠʬʨʘʪʦʨ ʩʦʩʪʦʷʥʠʡ DC. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ  ʜʝʰʠʬʨʘʪʦʨ 

DC ʠʤʝʝʪ 2 ʚʭʦʜʘ ʠ 4 ʚʳʭʦʜʘ. ʅʘ ʚʭʦʜ DC ʧʦʜʘʝʪʩʷ Kam ï 

ʢʦʜ ʩʦʩʪʦʷʥʠʷ am , ʘ ʥʘ ʚʳʭʦʜʘʭ DC ʬʦʨʤʠʨʫʝʪʩʷ ʫʥʠʪʘʨ-

ʥʳʡ ʢʦʜ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ a m: ʝʜʠʥʠʮʘ ʥʘ i-ʪʦʤ ʚʳʭʦʜʝ 

ʜʝʰʠʬʨʘʪʦʨʘ DC ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ Kam = i. 

 ʂʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ. ɺ ʥʘʰʝʤ ʧʨʠ-

ʤʝʨʝ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ 

R i = F( am , X am as); 

S i = F( am , X am as). 

 ʂʦʤʙʠʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʘʚʪʦʤʘʪʘ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ y i = F( am , 

X am as). 
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 ʇʘʤʷʪʴ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʵʪʦ ʪʨʠ  D-

ʪʨʠʛʛʝʨʘ ʊx1  ʊx2  ʊx3  . 

 ɿʥʘʯʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʝ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʤʦʛʫʪ ʠʟ-

ʤʝʥʠʪʴʩʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʤʘʥʜʳ yi, ʯʪʦ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ çʣʦʞʥʳʭè (ʣʠʰʥʠʭ) ʤʠʢʨʦʢʦʤʘʥʜ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ xi , ʧʦʩʪʫʧʠʚʰʠʝ ʥʘ ʚʭʦʜʳ ʘʚʪʦ-

ʤʘʪʘ ʢ ʤʦʤʝʥʪʫ ʧʨʠʭʦʜʘ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʥʘ ʚʨʝʤʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʤʠʢʨʦʢʦʤʘʥʜ yi. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʬʨʦʥʪʫ 

ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ ʟʥʘʯʝʥʠʷ xi, ʟʘʧʦʤʠʥʘʶʪʩʷ ʥʘ ʪʨʠʛʛʝʨʘʭ 

ʊxi, ʧʨʠ ʉ = 1 ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʢʦʤʘʥʜʳ yi ʠ ʬʫʥʢʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ Ri ʠ Si , ʘ ʧʦ  ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʬʨʦʥʪʫ ʠʤʧʫʣʴʩʘ ʉ 

ʘʚʪʦʤʘʪ ʧʝʨʝʭʦʜʠʪ ʚ ʩʣʝʜʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʟʥʘʯʝʥʠʷʤʠ 

Ri ʠ Si ʥʘ ʚʭʦʜʘʭ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ.  

 
 

ʈʠʩ. 4.4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ 
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ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʨʘʙʦʪʫ ʘʚʪʦʤʘʪʘ ʄʠʣʠ, ʧʨʠ-

ʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.5. 

ʀʟ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʬʨʦʥʪʫ 

ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ ʟʥʘʯʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʥʘ ʚʭʦʜʝ 

ʘʚʪʦʤʘʪʘ ʟʘʧʦʤʠʥʘʶʪʩʷ ʥʘ ʪʨʠʛʛʝʨʘʭ ʊxi. ɿʥʘʯʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʡ ʩ ʚʳʭʦʜʦʚ ʵʪʠʭ ʪʨʠʛʛʝʨʦʚ ʠ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ a m ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʋm s ï ʤʠʢʨʦʢʦʤʘʥʜ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʘʚ-

ʪʦʤʘʪʦʤ ʥʘ ʧʝʨʝʭʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ  a m ʚ ʩʦʩʪʦʷʥʠʝ a s . ɼʝʰʠʬʨʘʪʦʨ 

ʩʦʩʪʦʷʥʠʡ DC (ʩʤ. ʨʠʩ. 4.4) ʠʤʝʝʪ ʚʭʦʜ ʨʘʟʨʝʰʝʥʠʷ V: ʧʨʠ V=1 ʜʝ-

ʰʠʬʨʘʪʦʨ ʚʳʜʘʝʪ ʥʘ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʚʳʭʦʜʦʚ ʟʥʘʯʝʥʠʝ ç1è,  ʧʨʠ V=0 

ï ʥʘ ʚʩʝʭ ʚʳʭʦʜʘʭ DC ʣʦʛʠʯʝʩʢʠʡ ç0è. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʉ=0 (ʘ 

ʟʥʘʯʠʪ ʠ V=0) ʚʩʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʘʚʪʦʤʘʪʘ ʋm s ʨʘʚʥʳ ʥʫʣʶ. ɸʚ-

ʪʦʤʘʪ ʚʳʨʘʙʘʪʳʚʘʝʪ ʤʠʢʨʦʢʦʤʘʥʜʳ ʪʦʣʴʢʦ ʧʨʠ ʉ=1. 

 
 

ʈʠʩ. 4.5. ɺʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʨʠʘʣ ʠʟ ʧ. 1, ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʜʘʥʠʶ, ʚʳ-

ʜʘʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʄʠʣʠ (ʎʋɸ) ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ. 
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ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪ ʄʠʣʠ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ ʧʦ ʟʘʜʘʥʥʦʡ 

ɻʉɸ: 

1.1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

1.2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ 

1.3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ 

1.4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ 

ʧʘʤʷʪʠ 

1.5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ 

2. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ 

Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ɻʉɸ.  

2.1. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

1.2. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʦʤ ʤʠʢʨʦʢʦ-

ʤʘʥʜ ʋ. 

1.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

1.4. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥ-

ʥʦʡ ɻʉɸ. 

1.5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 
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ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 4 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʎʋɸ 

1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʄʠʣʠ  ʧʦ ɻʉɸ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ 

ʧʝʨʝʭʦʜʦʚ ʎʋɸ 

3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ 

ʘʚʪʦʤʘʪʘ ʎʋɸ 

4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʎʋɸ 

5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʎʋɸ ʠ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʝʸ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim .  

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

    ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʎʋɸ ʧʦ 

ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ        (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦ-

ʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʘʜʝʢ-

ʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢ-

ʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

   

 

 

 

 

3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

- ɻʉɸ ʘʚʪʦʤʘʪʘ, ʟʘʜʘʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʨʘʟʤʝʪʢʫ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ; 

-  ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ; 

- ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ; 

- ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ  ʄʠʣʠ ʩ ʞʝʩʪʢʦʡ ʣʦʛʠʢʦʡ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʚʪʦʤʘʪʘ ʄʠʣʠ? 

2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʨʘʟʤʝʪʢʝ ʩʦʩʪʦʷʥʠʡ ʘʚ-

ʪʦʤʘʪʘ ʄʠʣʠ? 

3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ ʄʀʃʀ ʠ ʄʋʈɸ? 

4. 4.ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʚʪʦʤʘʪʘʭ, ʟʘʢʦʥʳ 

ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 5 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʦʚ ʄʠʣʠ ʥʘ ʇʃʄ [2, 4, 5] 
 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ ʄʠʣʠ ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʤʘʪʨʠʮʘʭ (ʇʃʄ). [2, 4]. 

 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

 

ʄʘʪʨʠʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʩʭʝʤ (ʂʉ) 

ʅʘ ʵʪʘʧʝ ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʠʭ ʥʝʨʝʛʫ-

ʣʷʨʥʦʩʪʠ ʠ ʤʘʣʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ. ɺ ʧʨʝʜʳʜʫʱʠʭ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʫʧʨʘʚʣʷʶʱʠʝ ʘʚʪʦʤʘʪʳ ʩ 

ʞʝʩʪʢʦʡ ʣʦʛʠʢʦʡ. çɾʝʩʪʢʦʩʪʴè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʚ ʘʣʛʦʨʠʪʤʝ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚ ʢʦʤʙʠʥʘ-

ʮʠʦʥʥʳʭ ʩʭʝʤʘʭ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʘʚʪʦ-

ʤʘʪʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʝʛʫʣʷʨʥʳʝ, ʥʘʩʪʨʘʠʚʘʝʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʩʪʨʫʢʪʫ-

ʨʳ, ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʤʘʪʨʠʮʘʤʠ (ʇʃʄ). 

ʇʃʄ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʜʚʝ ʤʘʪʨʠʮʳ ï ʤʘʪʨʠʮʫ çʀè (ʄ&) ʠ ʤʘʪʨʠʮʫ 

çʀʃʀè (ʄ1), ʩʦʝʜʠʥʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʄʘʪʨʠʮʘ çʀè ʚʳʯʠʩʣʷʝʪ 

ʢʦʥʲʶʥʢʮʠʶ ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʤʘʪʨʠʮʘ çʀʃʀè ï ʜʠʟʲʶʥʢ-

ʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʫ ʤʘʪʨʠʮ çʀè ʠ çʀʃʀè 

ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʚ 

ʚʠʜʝ ɼʅʌ (ʜʠʟʲʶʥʢʪʠʚʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ).  

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʇʃʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʪʨʠʮʫ ï ʩʝʪʴ ʛʦʨʠʟʦʥ-

ʪʘʣɹʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʰʠʥ. ɺ ʫʟʣʘʭ ʤʘʪʨʠʮʳ ʤʦʛʫʪ ʙʳʪʴ (ʘ ʤʦʛʫʪ ʠ 

ʥʝ ʙʳʪʴ) ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʜʠʦʜʳ.  

ɽʩʣʠ ʚ ʫʟʣʝ ʝʩʪʴ ʜʠʦʜ, ʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʰʠʥʘ ʯʝʨʝʟ ʥʝʛʦ ʩʚʷʟʘʥʘ 

ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ, ʝʩʣʠ ʜʠʦʜʘ ʥʝʪ ï ʪʦ ʥʝ ʩʚʷʟʘʥʘ. ʂʘʞʜʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʰʠʥʘ ʪʘʢʦʡ ʤʘʪʨʠʮʳ ï ʵʪʦ ʧʨʦʩʪʝʡʰʠʡ ʜʠʦʜʥʳʡ ʵʣʝʤʝʥʪ çʀè ʠʣʠ 
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çʀʃʀè (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʜʠʦʜʘ ʠ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʝʟʠʩʪʦʨʘʭ ʤʘʪʨʠʮʳ).  

ʅʘ ʨʠʩ. 5.1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʜʚʫʭ ʤʘʪʨʠʮ ï çʀè ʠ çʀʃʀè. ʂʘʞ-

ʜʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ ʚ ʵʪʠʭ ʤʘʪʨʠʮʘʭ ï ʵʪʦ ʦʜʠʥ ʜʠʦʜʥʳʡ ʣʦ-

ʛʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ çʀè ʠʣʠ çʀʃʀè.  

 

 

 

ʈʠʩ. 5.1.  

 

ʅʘ ʚʭʦʜʳ ʤʘʪʨʠʮ ʧʦʜʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ UxI, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʣʦʛʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ xI. ɿʥʘʯʝʥʠʶ xI=0 ʚ ʤʘʪʨʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

UxI=0 [ɺ], ʟʥʘʯʝʥʠʶ xI = 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ UxI=Uʠʧ [ɺ], ʛʜʝ Uʠʧ ï 

ʥʘʧʨʷʞʝʥʠʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʚ ʚʦʣʴʪʘʭ. ɺʳʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʤʘʪʨʠʮ UʫI  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ ʬʫʥʢʮʠʡ ʫI , ʨʝʘʣʠʟʫʝʤʳʭ ʜʘʥ-

ʥʳʤʠ ʤʘʪʨʠʮʘʤʠ. ʇʨʠʯʝʤ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʤʘʪʨʠʮʝ çʀʃʀè 

UʫI=Uʠʧ (ʫI =1), ʝʩʣʠ ʚ ʫʟʣʝ ʤʘʪʨʠʮʳ ʥʘ ʧʨʝʩʝʯʝʥʠʠ ʣʠʥʠʡ UʫI  ʠ UxJ 

ʝʩʪʴ ʜʠʦʜ ʠ UxJ=Uʠʧ (xJ=1). ɺ ʤʘʪʨʠʮʝ çʀè UʫI=Uʠʧ (ʫI =1), ʝʩʣʠ ʥʘ 

ʚʩʝʭ ʚʭʦʜʘʭ, ʩʦʝʜʠʥʝʥʥʳʭ ʜʠʦʜʘʤʠ ʩ ʰʠʥʦʡ UʫI, ʟʥʘʯʝʥʠʷ UxJ=Uʠʧ 

(xJ=1) ʠ UʫI=0 ɺ (ʫI =0), ʝʩʣʠ ʭʦʪʷ ʙʳ ʥʘ ʦʜʥʦʤ ʠʟ ʚʭʦʜʦʚ UxJ= 0 ɺ 

(xJ=0).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʠʤʝʨʝ (ʨʠʩ. 5.1) ʤʘʪʨʠʮʘ çʀʃʀè ʨʝʘʣʠʟʫʝʪ 

ʪʨʠ ʬʫʥʢʮʠʠ ʋ1, ʋ2, ʋ3  ʦʪ ʪʨʝʭ ʧʝʨʝʤʝʥʥʳʭ  x1, x2 , x3  :  
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ʋ 1 = x1  x3 ;   ʋ 2 = x1  x2 ;    ʋ 3 = x2   x3  , 

ʘ ʤʘʪʨʠʮʘ çʀè ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ 

ʋ 1 = x1  x3 ;   ʋ 2 = x1  x2 ;    ʋ 3 = x2  x3  . 
 

ʅʘ ʨʠʩ. 5.1 ʤʘʪʨʠʮʳ ʠʟʦʙʨʘʞʝʥʳ ʬʘʢʪʠʯʝʩʢʠ ʢʘʢ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʳʝ ʩʭʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʣʦʛʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ xI  ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘʧʨʷʞʝʥʠʷʤʠ  UxI , ʘ ʬʫʥʢʮʠʠ ʫI  ï ʥʘʧʨʷʞʝʥʠʷʤʠ UʫI . ɺ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʩʭʝʤʘʭ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʘʪ-

ʨʠʮ: ʚ ʫʟʣʘʭ ʚʤʝʩʪʦ ʜʠʦʜʦʚ ʙʫʜʝʤ ʩʪʘʚʠʪʴ ʪʦʯʢʠ, ʘ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜ-

ʥʳʝ ʩʠʛʥʘʣʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʢʘʢ xJ ʠ ʫI  (ʨʠʩ. 5.2). 

 

 

ʈʠʩ. 5.2. 

 

ʆʙʳʯʥʦ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʫʶʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦ-

ʚʘʪʴ ʩʝʤʝʡʩʪʚʦ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʦʪ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʘʨʛʫʤʝʥʪʦʚ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʪʘʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʫʩʪʴ ʜʘʥʘ ʩʠʩʪʝʤʘ ʠʟ ʪʨʝʭ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ ʫ1, ʫ2, ʫ3  ʦʪ ʯʝʪʳ-

ʨʝʭ ʧʝʨʝʤʝʥʥʳʭ  x1, x2, x3, x4: 

y1 = x1 x2    x1 x2 x4   x1 x3  x4; 

y2 = x1 x2    x1 x3  x4   x1 x2 x3   x2 x4; 

y3 = x1  x2 x4   x1 x3    x1 x2 x3. 

ɺʚʝʜʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʊI , ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʚʳʨʘʟʠʤ 

ʚʩʝ ʜʠʟʲʶʥʢʪʠʚʥʳʝ ʪʝʨʤʳ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʬʫʥʢʮʠʷʭ ʫ1, ʫ2, ʫ3 : 

ʊ1= x 1 x 2 ;    ʊ 2=  x 1 x 2 x 4 ;     ʊ 3=   x 1 x 3 x 4  ;   ʊ 4=  x 1 x 3  x 4;  

ʊ 5 = x 1 x 2 x 3  ;     ʊ 6= x 2 x 4;       ʊ 7 =  x 1 x 3 . 
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ɺʳʨʘʟʠʤ ʬʫʥʢʮʠʠ ʫ1, ʫ2, ʫ3 ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ ʊI : 

y1 = ʊ1  ʊ 2   ʊ 3; 

y2 = ʊ1  ʊ 4   ʊ 5   ʊ 6; 

y3 = ʊ2  ʊ 7   ʊ 5. 

ɺ ʵʪʠʭ ʬʫʥʢʮʠʷʭ ʯʝʨʝʟ ʧʝʨʝʤʝʥʥʳʝ ʊI  ʦʙʦʟʥʘʯʝʥʳ ʪʝʨʤʳ (ʣʦʛʠ-

ʯʝʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ), ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ  ʤʘʪʨʠʮʝʡ çʀè. ʉ ʚʳʭʦ-

ʜʦʚ ʤʘʪʨʠʮʳ çʀè (ʄ&), ʩʠʛʥʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʨʤʘʤ ʊI, ʧʦʜʘ-

ʶʪʩʷ ʥʘ ʚʭʦʜʳ ʤʘʪʨʠʮʳ çʀʃʀè (ʄ1), ʛʜʝ  ʚʳʯʠʩʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʬʫʥʢʮʠʡ  y1, y2 ʠ y3 . ʉʭʝʤʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.3. 

 
ʈʠʩ. 5.3. 

 

ʉ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ ʄ& (çʀè) ʠ ʄ1 (çʀʃʀè) ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʳ-

ʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʠʟʲʶʥʢʪʠʚʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʬʦʨʤ, ʥʦ ʠ ʩʢʦʙʦʯʥʳʝ 

ʚʨrʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʘʥʳ ʜʚʝ ʬʫʥʢʮʠʠ: 

y1 = (x1 x2  x1  x2) x3   (x1 x2  x1 x2) x3; 

y2 = x1 x2   (x1 x2  x1  x2) x3. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ï (x1 x2  x1 x2) ï ʪʨʠ  ʨʘʟʘ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʬʫʥʢʮʠʷʭ y1 ʠ y2.  
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ʅʘ ʤʘʪʨʠʮʘʭ ʄ& (çʀè) ʠ ʄ1 (çʀʃʀè) ʩʬʦʨʤʠʨʫʝʤ ʬʫʥʢʮʠʶ  

f = x1x2  x1 x2 , ʟʘʪʝʤ ʵʪʫ ʬʫʥʢʮʠʶ ʠʩʧʦʣʴʟʫʝʤ ʚ ʤʘʪʨʠʮʝ ʄ& 

(çʀè) ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʤʦʚ, ʘ ʟʘʪʝʤ ʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʡ y1 ʠ y2. 

ɺʚʝʜʝʤ ʧʝʨʝʤʝʥʥʳʝ ʊI : 

ʊ1 = x1 x2 ;  ʊ2 = x1 x2 . 

ʏʝʨʝʟ ʊ1 ʠ ʊ2  ʚʳʨʘʟʠʤ ʬʫʥʢʮʠʶ f : 

f  =  ʊ1   ʊ2 . 

ɺʚʝʜʝʤ ʝʱʝ ʪʨʠ ʧʝʨʝʤʝʥʥʳʝ ʊI , ʚ ʢʦʪʦʨʳʭ ʢʨʦʤʝ x1, x2, x3 ʠʩ-

ʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʶ f: 

ʊ3 = f  x 3;   ʊ4 = f  x 3;   ʊ5 = f   x 3. 

ʇʨʝʦʙʨʘʟʫʝʤ ʬʫʥʢʮʠʠ y1 ʠ y2  ʠ ʟʘʧʠʰʝʤ ʠʭ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

y1 = (ʊ1  ʊ2) x 3   ( ʊ1  ʊ2) x 3 = f  x 3  f  x 3 =  ʊ3   ʊ4; 

y2 = ʊ1   ( ʊ1  ʊ2) x 3=  ʊ 1   f  x 3=  ʊ1   ʊ5. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʷʜʦʢ ʚʳʯʠʩʣʝʥʠʡ ʬʫʥʢʮʠʡ y1 ʠ y2 ʩʣʝʜʫʶʱʠʡ. 

ʄʘʪʨʠʮʘ ʄ&  ʚʳʯʠʩʣʷʝʪ ʊ1 = x1 x2 ʠ ʊ2 = x1 x2, ʟʘʪʝʤ ʤʘʪʨʠʮʘ ʄ1 

ʚʳʯʠʩʣʷʝʪ f = ʊ1   ʊ2 . ɿʥʘʯʝʥʠʝ f ʚ ʧʨʷʤʦʤ ʠ ʠʥʚʝʨʩʥʦʤ ʚʠʜʝ ʧʦʜʘ-

ʝʪʩʷ ʥʘ ʚʭʦʜ ʤʘʪʨʠʮʳ ʄ& , ʛʜʝ ʚʳʯʠʩʣʷʶʪʩʷ  ʊ3, ʊ4 ʠ ʊ5 , ʘ ʟʘʪʝʤ ʤʘʪ-

ʨʠʮʘ ʄ1 ʚʳʯʠʩʣʷʝʪ y1 = ʊ3   ʊ4 ʠ y2 = ʊ1  ʊ5 . ʅʘ ʨʠʩ. 5.4 ʧʨʠʚʝʜʝʥʘ 

ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʙʦʯʥʳʭ ʙʫʣʝʚʳʭ 

ʬʫʥʢʮʠʡ. 
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ʈʠʩ. 5.4. ʄʘʪʨʠʮʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʢʦʙʦʯʥʳʭ ʬʫʥʢʮʠʡ  

 

ʇʨʦʩʪʝʡʰʘʷ ʤʘʪʨʠʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʚʪʦʤʘʪʘ ʄʠʣʠ 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʇʃʄ ʥʘ ʧʨʠʤʝʨʝ ɻʉɸ 

ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 4. ʆʪʣʠʯʠʝ ʚ ʩʠʥʪʝʟʝ ʘʚʪʦʤʘʪʘ  ʄʠʣʠ ʥʘ 

ʇʃʄ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʘʭ ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ 

ʪʘʙʣʠʮʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʘʚʪʦʤʘʪʘ. 

ɺʦʟʴʤʝʤ ʟʘ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ 4.2 ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ 

ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 4. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ D-ʪʨʠʛʛʝʨ.r ɼʦʙʘʚʠʤ ʚ ʪʘʙʣʠ-

ʮʫ ʝʱʝ ʦʜʠʥ ʩʪʦʣʙʝʮ ʊamas, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʬʫʥʢʮʠʠ ʧʝ-

ʨʝʭʦʜʦʚ: ʊamas = U(Kam  Xamas), ʛʜʝ Xamas ï ʢʦʥʲʶʥʢʮʠʷ ʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʘʥʥʳʡ ʧʝʨʝʭʦʜ ʠʟ am  ʚ as; am ï ʩʦʩʪʦʷʥʠʝ 

ʘʚʪʦʤʘʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʢʦʜʦʤ ʩʦ-

ʩʪʦʷʥʠʷ Kam , ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷʤʠ Q1Q0 ʥʘ ʚʳʭʦʜʘʭ ʵʣʝʤʝʥʪʦʚ ʧʘ-

ʤʷʪʠ ʊ1 ʊ0. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, ʢʦʜ ʩʦʩʪʦʷʥʠʷ am  ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ Kam = 

10, ʪʦ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʘʭ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ Q1Q0 ʪʘʢʞʝ 

ʨʘʚʥ r10. ʊʘʢ ʢʘʢ ʟʜʝʩʴ Q1=1, ʪʦ Q1 ʚʦʡʜʝʪ ʚ ʬʫʥʢʮʠʶ ʧʝʨʝʭʦʜʘ ʙʝʟ 



 58 

ʠʥʚʝʨʩʠʠ, ʘ Q0 = 0 ʧʦʵʪʦʤʫ ʚʦʡʜʝʪ ʚ ʬʫʥʢʮʠʶ ʩ ʠʥʚʝʨʩʠʝʡ. ʅʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʧʷʪʦʡ ʩʪʨʦʢʠ ʩʪʨʫʢʪʫʨʥʦʡ ʪʘʙʣʠʮʳ ʘʚʪʦʤʘʪʘ ʬʫʥʢʮʠʷ ʧʝʨʝ-

ʭʦʜʘ ʠʟ a2 ʚ a3 ʠʤʝʝʪ ʚʠʜ ʊ2 =a2x1; ʪʘʢ ʢʘʢ Ka2 =01, ʪʦ ʊ1 = Q1Q0x1. 

ʇʦʩʪʨʦʠʤ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʩ ʧʘʤʷ-

ʪʴʶ ʩʦʩʪʦʷʥʠʡ ʥʘ D-ʪʨʠʛʛʝʨʘʭ (ʜʣʷ ʤʘʪʨʠʯʥʦʡ ʨʝʘʣʠʟʘʮʠʠ), ʧʨʠʚʝʜʝʥ-

ʥʫʶ ʚ ʪʘʙʣʠʮʝ 5.1. 

 

ʊʘʙʣʠʮʘ 5.1 

ˉ 

ʧ/ʧ 

am Kam as Kas Xamas Yamas Fa ma s ʊamas 

1 

2 

a 1 

a 4 

00 

11 

a 1 00  x 3 

x 2 

- 

y7 

- 

- 

ʊ1 = Q1 Q0 x3 

ʊ2 = Q1 Q0 x2 

3 

4 

a 1 

a 4 

00 

11 

a 2 01 x 3 

 x 2 

y1, y2 

y6 

D0 

D0 

ʊ3 = Q1 Q0 x3 

ʊ4 = Q1 Q0 x2 

5 a 2 01 a 3 10 x 1 Y 3 D1 ʊ5 = Q1 Q0  x1 

6 

7 

a 2 

a 3 

01 

10 

a 4 11  x 1 

1 

y4, y5 

y4, y5 

D1, D0 

D1, D0 

ʊ6 = Q1 Q0 x1 

ʊ7 = Q1 Q0 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʤʘʪʨʠʮʘʭ (ʧʨʦʩʪʝʡh ʘʷ ʨʝʘ-

ʣʠʟʘʮʠʷ) ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 5.5. ɺ ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʜʚʝ ʤʘʪʨʠʮʳ ï ʄ& (çʀè), ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʯʠʩ-

ʣʝʥʠʷ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʦʚ ʊamas, ʠ ʄ1 (çʀʃʀè), ʚʳʧʦʣʥʷʶʱʘʷ ʜʚʝ 

ʬʫʥʢʮʠʠ ï ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʡ (Famas) ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘ-

ʤʷʪʠ ʩʦʩʪʦʷʥʠʡ ʇʉ) D1 ʠ D0 ʠ ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʡ ʚʳʭʦʜʦʚ (Yamas) 

ʘʚʪʦʤʘʪʘ yi.     
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ʈʠʩ. 5.5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʇʃʄ 

 

ʌʫʥʢʮʠʠ D1 , D0 ʠ yi ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ  ʥʘʭʦʜʷʪʩʷ ʢʘʢ ʜʠʟʲʶʥʢ-

ʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʦʚ ʊamas: 

D1 = T5  T6  T7 ;        D0 = T3  T4  T6  T7 ; 

y1 = y2 = T3 ;      Y3  = T5 ;       y4 = y5 = T6  T7 ;       y6 = T4 ;    y7 = T2 .   

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʚʳʨʘʞʝʥʠʡ, ʬʫʥʢʮʠʷ ʧʝʨʝʭʦʜʦʚ ʊ1 ʥʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʬʫʥʢʮʠʡ Di ʠ yi, ʧʦʵʪʦʤʫ ʝʝ ʤʦʞʥʦ ʥʝ ʚʳʯʠʩʣʷʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʇʃʄ (ʜʣʷ 

ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ) ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

ï ʧʘʤʷʪʴ ʩʦʩʪʦʷʥʠʡ. ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʜʚʘ D-ʪʨʠʛʛʝʨʘ:   ʊ1  ʊ0. 

ï ʠʥʚʝʨʪʦʨʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʚʝʨʩʥʳʭ ʟʥʘʯʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ xI . 

ï ʤʘʪʨʠʮʘ ʄ&, ʠʤʝʶʱʘʷ ʰʝʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʰʠʥ (ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʬʦʨʤʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʦʚ ʊamas) ʠ ʦʜʠʥʥʘʜʮʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʳʭ (ʫʜʚʦʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʠ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʧʣʶʩ ʦʜʠʥ ï ʰʠʥʘ ʜʣʷ ʩʠʛʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ). 

ï ʤʘʪʨʠʮʘ ʄ1 , ʠʤʝʶʱʘʷ ʰʝʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʰʠʥ (ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʦʚ ʊamas) ʠ ʩʝʤʴ  ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ (ʢʦ-
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ʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʠ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦ-

ʜʦʚ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5.6.  

 
ʈʠʩ. 5.6. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʥʘ ʇʃʄ 

 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʩʭʝʤʳ ʚ ʥʝʡ ʥʝ ʧʦʢʘʟʘʥʳ ʵʣʝʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʘʪʘ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʠʢʩʘʮʠʠ ʟʥʘ-

ʯʝʥʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʉ (ʩʤʦʪʨʠ ʘʚʪʦʤʘʪ ʄʠʣʠ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ).  

ʄʘʪʨʠʮʳ   ʄ&  ʠ ʄ1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʱʘʜʷʤʠ SM&  ʠ SM1, ʚʳ-

ʯʠʩʣʠʪʴ ʢʦʪʦʨʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʦ  ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʪʘʙʣʠʮʝ ʘʚʪʦʤʘʪʘ (ʠʣʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ). ʅʘʧʨʠʤʝʨ, 

ʧʣʦʱʘʜʴ SM&  = 66: 11 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʰʠʥ ʠ 6 ʚʝʨʪʠʢʘʣʴʥʳʭ.  ʂʘʢ 
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ʚʠʜʥʦ ʠʟ ʧʨʦʩʪʦʛʦ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 5.6, ʧʣʦʱʘʜʠ ʤʘʪʨʠʮ ʄ&  ʠ ʄ1 ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ:  

1) ʧʨʠ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ X = 3 ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʧʝʨʝʭʦʜʝ ʠʟ am  ʚ as ʫʯʘʩʪʚʫʝʪ ʚʩʝʛʦ ʦʜʥʦ;  

2) ʧʨʠ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ Y =7, ʥʘ ʢʘʞʜʦʤ ʧʝʨʝʭʦʜʝ ʘʚʪʦʤʘʪ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʚʩʝʛʦ ʦʜʥʫ ʤʠʢʨʦʢʦʤʘʥʜʫ.  

ʄʘʪʨʠʮʳ ʄ&  ʠ ʄ1 ʩʠʣʴʥʦ ʨʘʟʨʝʞʝʥʳ: ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʫʟ-

ʣʦʚ ʥʝʪ ʜʠʦʜʦʚ. ɺʦʧʨʦʩʳ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʧʣʦ-

ʱʘʜʠ ʤʘʪʨʠʮ ʄ&  ʠ ʄ1  ʨʝʰʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʘʚʪʦʤʘʪʦʚ ʥʘ ʇʃʄ. 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʨʠʘʣ ʠʟ ʧ. 1, ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʟʘʜʘʥʠʶ, ʚʳ-

ʜʘʥʥʦʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʄʠʣʠ (ʎʋɸ) ʥʘ ʇʃʄ ʠ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ. 

 

ʇʦʨʷʜʦʢ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪ ʄʠʣʠ ʥʘ ʇʃʄ ʧʦ ʟʘʜʘʥʥʦʡ ɻʉɸ: 

1.1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

1.2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ 

1.3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ 

1.4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ 

ʧʘʤʷʪʠ 

1.5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ 

2. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ 

Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ɻʉɸ.  

2.1. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

1.2. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʦʤ ʤʠʢʨʦʢʦ-

ʤʘʥʜ ʋ. 
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1.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ-

ʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

1.4. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

1.5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

   

ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 5 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʎʋɸ 

1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʄʠʣʠ ʧʦ ɻʉɸ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ 

ʧʝʨʝʭʦʜʦʚ ʎʋɸ 

3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ 

ʘʚʪʦʤʘʪʘ ʎʋɸ 

4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʎʋɸ 

5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʎʋɸ ʠ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʝʸ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim   

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

    ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʎʋɸ ʧʦ 

ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ        

(ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ) 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʟʘʜʘʥʥʦʡ ɻʉɸ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢ-

ʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

   

 

 

 

3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

 - ɻʉɸ ʘʚʪʦʤʘʪʘ, ʟʘʜʘʥʥʦʛʦ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʨʘʟʤʝʪʢʫ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ; 

-  ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ; 

- ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ; 

- ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ; 
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- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ  ʄʠʣʠ ʥʘ ʇʃʄ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim. 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʄʠʣʠ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʇʃʄ? 

2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʨʘʟʤʝʪʢʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ 

ʄʠʣʠ? 

3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʭʝʤʘʤʠ ʘʚʪʦʤʘʪʦʚ  ʄʀʃʀ ʠ ʄʋ-

ʈɸ ʥʘ ʇʃʄ? 

4. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʚʪʦʤʘʪʘʭ ʄʠʣʠ, ʟʘʢʦʥʳ 

ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 6 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʦʚ ʄʫʨʘ ʥʘ ʇʃʄ [2, 4, 5] 
 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ, ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦʤʘʪʦʚ ʄʫʨʘ  ʥʘ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʤʘʪʨʠʮʘʭ (ʇʃʄ) [2. 4]. 

 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʠʟʘʮʠʶ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʇʃʄ ʥʘ ʧʨʠʤʝʨʝ ʠʟ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 3. ʆʪʣʠʯʠʝ ʚ ʩʠʥʪʝʟʝ ʘʚʪʦʤʘʪʘ  ʄʫʨʘ ʥʘ 

ʇʃʄ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʪʘʙ-

ʣʠʮʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʘʚʪʦʤʘʪʘ. 

ɺʦʟʴʤʝʤ ʟʘ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʞʝʩʪ-

ʢʦʡ ʣʦʛʠʢʝ ʠʟ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 3. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝ-

ʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ ʩʦʩʪʦʷʥʠʡ D-ʪʨʠʛʛʝʨ.r ɼʦʙʘʚʠʤ ʚ ʪʘʙʣʠʮʫ 

ʝʱʝ ʦʜʠʥ ʩʪʦʣʙʝʮ ʊamas, ʚ ʢʦʪʦʨʳʡ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʬʫʥʢʮʠʠ ʧʝʨʝ-

ʭʦʜʦʚ: ʊamas = U(ʂam  Xamas) (ʪʘʙʣʠʮʘ 6.1). 

ɺ ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʪʨʠʮʳ: 

ʄ&(1) (çʀ1è) ï ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʦʚ ʊamas ; 

ʄ1(1) (çʀʃʀ(1)è) ï ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥ-

ʪʘʤʠ ʧʘʤʷʪʠ D2 , D1 ʠ D0;  

ʄ&(2) (çʀ2è) ï ʜʝʰʠʬʨʘʪʦʨ ʩʦʩʪʦʷʥʠʡ; ʪʘʢ ʢʘʢ ʚ ʘʚʪʦʤʘʪʝ ʄʫʨʘ yi 

ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʩʪʦʷʥʠʷ as, ʬʫʥʢʮʠʠ ʧʝʨʝʭʦʜʦʚ ʊamas ʥʝʣʴʟʷ  ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ yi;  

ʄ1(2) (çʀʃʀ(2)è) ï ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʡ yi ʢʘʢ ʜʠʟʲʶʥʢʮʠ ̫

ʚʭrʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʧʝʨʝʤʝʥʥʳʭ as) ʩ ʤʘʪʨʠʮʳ ʄ&2. 

ʌʫʥʢʮʠʠ D2, D1, D0 ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ  ʥʘʭʦʜʷʪʩʷ ʢʘʢ ʜʠʟʲʶʥʢ-

ʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʡ ʧʝʨʝʭʦʜʦʚ ʊamas, ʘ yi ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ 

ʦʪ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ as: 

D2 = T1  T2;       D1 = T4  T5  T9 ;         D0 = T3  T9 ; 

y1 = y2 = a1.       y3 = a2.       y4 = y5 = a3.     y6 = a4.      y7 = a0. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʤʘʪʨʠʮʘʭ (ʧʨʦʩʪʝʡʰʘʷ ʨʝʘ-

ʣʠʟʘʮʠʷ) ʠʤʝʝʪ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ.6.1. 
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ʊʘʙʣʠʮʘ 6.1 

 

ˉʧ/ʧ am Kam as Kas Xamas Yas Famas ʊamas 

1 

2 

a 0 

a 3 

100 

000 

a 0 100  x 3 

x 2 

Y7 D 2 

D 2 

ʊ1= Q2 Q1 Q0 x3 

ʊ2= Q2 Q1 Q0 x2 

3 a 0 100 a 1 001 x 3 y1, y2 D 0 ʊ3= Q2 Q1 Q0 x3 

4 

5 

a 1 

a 4 

001 

011 

a 2 010 x 1 

x 1 

Y3 D 1 

D 1 

ʊ4= Q2 Q1 Q0 x1 

ʊ5= Q2 Q1 Q0 x1 

6 

7 

8 

a 1 

a 2 

a 4 

001 

010 

011 

a 3 000  x 1 

1 

 x 1 

y4, y5 - 

- 

- 

ʊ6= Q2 Q1Q0 x1 

ʊ7= Q2 Q1 Q0 

ʊ8= Q2 Q1 Q0 x1 

9 a 3 000 a 4 011  x 2 y6 D1 ,D0 ʊ9 = Q2 Q1 Q0 x2 

 

 
ʈʠʩ. 6.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʇʃʄ 

 

ʄʘʪʨʠʮʳ ʄ&(1) ʠ ʄ1(1) ʚʳʧʦʣʥʷʶʪ ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʚʳʯʠʩʣʝʥʠʷ 

Famas. ʄʘʪʨʠʮʘ ʄ&(2) ʥʘ ʚʭʦʜʝ ʠʤʝʝʪ ʢʦʜʳ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ 

Q2Q1Q0, ʘ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ a0, a1 ʠ ʪ.ʜ., ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʦʷʥʠʷʤ ʘʚʪʦʤʘʪʘ. ʄʘʪʨʠʮʘ ʄ1(2) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʚʳʭʦʜʦʚ yi ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʚʳʨʘʞʝʥʳ ʯʝʨʝʟ 

ʜʠʟʲʶʥʢʮʠʠ ai. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6.2. ɼʣʷ ʫʧ-

ʨʦʱʝʥʠʷ ʩʭʝʤʳ ʚ ʥʝʡ ʥʝ ʧʦʢʘʟʘʥʳ ʵʣʝʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʩʪʘ-

ʥʦʚʢʠ ʘʚʪʦʤʘʪʘ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʈʠʩ. 6.2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʥʘ ʇʃʄ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ ʥʘ ʨʠʩ. 6.2,  ʤʘʪʨʠʮʫ ʄ1(2) ʤʦʞʥʦ ʙʳʣʦ ʥʝ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʢʘʞʜʘʷ ʬʫʥʢʮʠʷ yi ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ai. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʬʫʥʢʮʠʠ yi  

ʢʘʢ  ʢʦʥʲʶʥʢʮʠʠ Q2 Q1 Q0, - ʢʦʜʦʚ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʦʚ. 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪ ʄʫʨʘ ʥʘ ʇʃʄ ʧʦ ʟʘʜʘʥʥʦʡ ɻʉɸ: 

1.1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

1.2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ 

1.3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ 

1.4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘʤʠ 

ʧʘʤʷʪʠ 

1.5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ 
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2. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ 

Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ɻʉɸ.  

2.1. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

1.2. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʦʤ ʤʠʢʨʦʢʦ-

ʤʘʥʜ ʋ. 

2.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ-

ʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) 

2.4. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

2.5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢʩʪʳ ʧʨʦʛʨʘʤʤ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

  ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 6 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʎʋɸ 

1. ʈʘʟʤʝʪʠʪʴ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ 

ʧʝʨʝʭʦʜʦʚ ʎʋɸ 

3. ʇʦʩʪʨʦʠʪʴ ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ 

ʘʚʪʦʤʘʪʘ ʎʋɸ 

4. ʉʬʦʨʤʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝ-

ʥʠʷ ʵʣʝʤʝʥʪʘʤʠ ʧʘʤʷʪʠ ʎʋɸ 

5. ʇʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʎʋɸ ʠ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʝʸ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim   

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

    ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʎʋɸ ʧʦ 

ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ        

(ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ) 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʟʘʜʘʥʥʦʡ ɻʉɸ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʣʛʦʨʠʪʤʳ ʠ ʪʝʢ-

ʩʪʳ ʧʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 
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3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

 - ɻʉɸ ʘʚʪʦʤʘʪʘ ʄʫʨʘ, ʟʘʜʘʥʥʫʶ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʨʘʟʤʝʪʢʫ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ; 

-  ʛʨʘʬ ʧʝʨʝʭʦʜʦʚ ʠ ʧʨʷʤʫʶ ʪʘʙʣʠʮʫ ʧʝʨʝʭʦʜʦʚ; 

- ʦʙʨʘʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʪʘʙʣʠʮʫ ʘʚʪʦʤʘʪʘ; 

- ʬʫʥʢʮʠʠ ʚʳʭʦʜʦʚ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ  ʄʫʨʘ ʥʘ ʇʃʄ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim. 

 

 

ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢʮʠ-

ʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʄʫʨʘ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘ ʇʃʄ? 

 2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʨʘʟʤʝʪʢʝ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘ-

ʪʘ ʄʫʨʘ? 

 3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʭʝʤʘʤʠ ʘʚʪʦʤʘʪʦʚ ʄʠʣʠ ʠ ʄʫʨʘ 

ʥʘ ʇʃʄ? 

 4.ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʧʘʤʷʪʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʘʚʪʦʤʘʪʘʭ ʄʫʨʘ ʥʘ 

ʇʃʄ, ʟʘʢʦʥʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 7 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʦʚ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ 

 ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʜʨʝʩʘʮʠʝʡ [2, 4, 5] 
 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʠʥʪʝʟʘ, ʤʠʢʨʦʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦ-

ʤʘʪʦʚ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʜʨʝʩʘʮʠʝʡ [4]. 

 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

 

ɿʘʢʦʥ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʋɸ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʟʘʜʘ-

ʝʪʩʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʦʡ (ʄʇ), ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʠʢ-

ʨʦʢʦʤʘʥʜ (ʄʂ). ʄʇ ʭʨʘʥʠʪʩʷ ʚ ɿʋ (ʟʘʧʦʤʠʥʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʣʶʙʦ-

ʛʦ ʪʠʧʘ). 

 

ʇʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʭʨʘʥʠʤʦʡ ʧʨʦʛʨʘʤʤʝ 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚ-

ʪʦʤʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʤʥʦʞʝʩʪʚʦʤ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ):  

ʍ = {ʭ1, ʭ2 éʭ n };  

- ʤʥʦʞʝʩʪʚʦʤ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʤʠʢʨʦʢʦʤʘʥʜ):  

ʋ = {ʫ1, ʫ2 éʫ k };  

- ʤʠʢʨʦʧʨʦʛʨʘʤʤʦʡ (ɻʉɸ), ʟʘʜʘʶʱʝʡ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʚʳʭʦʜ-

ʥʳʭ ʩʠʛʥʘʣʦʚ ʋ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ X. 

ɽʩʣʠ ʘʚʪʦʤʘʪ ʄʫʨʘ ʦʧʠʩʘʥ ʧʨʷʤʦʡ ʪʘʙʣʠʮʝʡ ʧʝʨʝʭʦʜʦʚ, ʪʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ am ʠʟʚʝʩʪʥʦ: 

- ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʤʠʢʨʦʢʦʤʘʥʜ) ʋ(am), ʚʳʨʘʙʘʪʳ-

ʚʘʝʤʳʭ ʘʚʪʦʤʘʪʦʤ ʚ ʩʦʩʪʦʷʥʠʠ am; 

- ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ (ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ) ʍ(am), ʦʧʨʝ-

ʜʝʣʷʶʱʠʭ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʘʚʪʦʤʘʪʘ ʠʟ ʩʦʩʪʦʷʥʠʷ am ʚ ʩʦ-

ʩʪʦʷʥʠʝ as; 
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- ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ as, ʚ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʘʚʪʦʤʘʪ ʠʟ 

ʩʦʩʪʦʷʥʠʷ am (ʦʙʦʟʥʘʯʠʤ A(am)). 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʘʪʘ ʄʫʨʘ (ʘ ʟʥʘʯʠʪ ʜʣʷ ʢʘʞʜʦʡ ʦʧʝ-

ʨʘʪʦʨʥʦʡ ʚʝʨʰʠʥʳ ɻʉɸ) ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʠ ʜʦʩʪʘʪʦʯ-

ʥʫʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ,  ʤʦʞʥʦ ʟʘʢʦ-

ʜʠʨʦʚʘʪʴ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʜʚʦʠʯʥʳʤ ʩʣʦʚʦʤ (ʤʠʢʨʦʢʦʤʘʥʜʦʡ ï ʥʝ ʧʫ-

ʪʘʪʴ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʘʚʪʦʤʘʪʘ ʫi, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʪʘʢ ʞʝ ʥʘʟʳ-

ʚʘʶʪ ʤʠʢʨʦʢʦʤʘʥʜʦʡ !), ʢʦʪʦʨʦʝ ʠʤʝʝʪ  ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

 

 ̄ ʫm1 ʫm2 é ʫmk ʭm1 ʭm2 é ʭmn ʘm1 ʘm2 é ʘms 

 

ʛʜʝ:  

ˉ ï ʥʦʤʝʨ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʩʪʦʷʥʠʶ ʘʚʪʦ-

ʤʘʪʘ ʘm (ʠʣʠ ʝʛʦ ʘʜʨʝʩ ɿʋ, ʛʜʝ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʘ); 

ʫmi ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ (ʤʠʢʨʦʢʦʤʘʥʜʘ), ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʚʳʨʘʙʘ-

ʪʳʚʘʪʴ ʘʚʪʦʤʘʪ ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘm; ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʠʭ ʩʠʛʥʘ-

ʣʦʚ k; ʵʪʘ ʯʘʩʪʴ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʦʧʝʨʘʮʠʦʥʥʦʡ; 

ʭmi ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ (ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ), ʫʯʘʩʪʚʫʶʱʝʝ ʭʦʪʷ ʙʳ 

ʚ ʦʜʥʦʤ ʧʝʨʝʭʦʜʝ ʠʟ am ʚ as; ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ n; ʵʪʘ 

ʯʘʩʪʴ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʡ; 

ʘmi ï ʦʜʥʦ ʠʟ ʩʦʩʪʦʷʥʠʡ ʘs , ʚ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʘʚʪʦʤʘʪ ʠʟ 

ʩʦʩʪʦʷʥʠʷ ʘm ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʭmi. 

ʇʦʩʢʦʣʴʢʫ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʵʪʦ ʦʜʥʦ ʜʚʦʠʯʥʦʝ ʩʣʦʚʦ, 

ʠʤʝʶʱʝʝ ʩʚʦʡ ʘʜʨʝʩ ʚ ɿʋ,  ʘmi  ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʘʜʨʝʩʦʤ ʩʦʩʪʦʷʥʠʷ ʘmi  ʚ 

ɿʋ; ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ s. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʩʣʦʚʝ ʨʘʚʥʦ n, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʘmi ʨʘʚʥʦ 2 ʚ ʩʪʝʧʝʥʠ n. ʕʪʘ 

ʯʘʩʪʴ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʥʘʟʳʚʘʝʪʩʷ ʘʜʨʝʩʥʦʡ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʷʤʦʡ ʪʘʙʣʠʮʝʡ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʠʟ ʣʘ-

ʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 3 (ʪʘʙʣʠʮʘ 7.1).  
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                               ʊʘʙʣʠʮʘ 7.1 

 ̄ a m a s  Y as Xa ma s 

1 

2 

a 0 a 0 

a 1 

y7 

 y1, y2 
 x 3 

x 3 

3 

4 

a 1 a 2 

a 3 

 y3 

 y4, y5 

x 1 

 x 1 

5 a 2 a 3 y4, y5 1 

6 

7 

a 3 a 4 

a 0 

y6 

 y7 
 x 2 

x 2 

8 

9 

a 4 a 2 

a 3 

y3 

 y4, y5 

x 1 

 x 1 

 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʚʝʜʝʥʥʫʶ ʚʳʰʝ ʩʪʨʫʢʪʫʨʫ ʜʚʦʠʯʥʦʛʦ ʩʣʦ-

ʚʘ, ʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʘʥʥʦʛʦ ʘʚʪʦʤʘʪʘ ʜʦʩʪʘʪʦʯʥʦ ʧʷʪʠ ʜʚʦʠʯʥʳʭ ʩʣʦʚ 

(ʧʦ ʯʠʩʣʫ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ), ʠʤʝʶʱʠʭ ʩʣʝʜʫʶʱʠʡ ʬʦʨʤʘʪ:  

 

 

ʉʘʤ ʥʦʤʝʨ (ˉ) ʚ ʩʣʦʚʦ ʧʦʤʝʱʘʪʴ ʥʝ ʥʫʞʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʘʜʨʝʩ 

ʩʣʦʚʘ ʚ ɿʋ (ʪʘʙʣ. 7.1). ɺ ʩʣʦʚʝ ʧʦʜ ʫmi ʦʪʚʝʜʝʥʦ ʜʚʘ ʧʦʣʷ, ʪʘʢ ʢʘʢ ʤʘʢ-

ʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫmi ʚ ʩʦʩʪʦʷʥʠʠ ʘm ʨʘʚʥʦ ʜʚʫʤ; ʧʦʜ ʭmi ï ʜʦʩʪʘ-

ʪʦʯʥʦ ʦʪʚʝʩʪʠ ʦʜʥʦ ʧʦʣʝ, ʪʘʢ ʢʘʢ ʚ ʣʶʙʦʤ ʧʝʨʝʭʦʜʝ ʠʟ ʘm  ʚ  ʘmi (ʠʣʠ ʘs) 

ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ. ʇʦʜ ʘmi ʜʦʩʪʘʪʦʯʥʦ ʦʪʚʝ-

ʩʪʠ 2 ʧʦʣʷ: ʜʣʷ ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʘ ʧʨʠ ʭm = 0 (ʘʭ=0) ʠ ʧʨʠ ʭm = 1 (ʘʭ=1). 

ʀʩʧʦʣʴʟʫʷ ʚʳʙʨʘʥʥʳʡ ʬʦʨʤʘʪ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʪʘʙʣʠʮʳ 7.2 ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ, ʦʧʠʩʳʚʘʶʱʫʶ 

ʨʘʙʦʪʫ ʘʚʪʦʤʘʪʘ.  

                                     ʊʘʙʣʠʮʘ 7.2 

 ̄ ʫm1 ʫm2 ʭm ʘʭ=0 ʘʭ=1 a m 

0 ʫ7 - ʭ3 0 1 a 0 

1 ʫ1 ʫ2 ʭ1 3 2 a 1 

2 ʫ3 - ʭ3 3 3 a 2 

3 ʫ4 ʫ5 ʭ2 4 0 a 3 

4 ʫ6 - ʭ1 3 2 a 4 

 

 

 ̄ ʫm1 ʫm2 ʭm ʘʭ=0 ʘʭ=1 
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ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ ï ʢʘʞʜʘʷ ʩʪʨʦʢʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʤʫ ʠʟ ʩʦʩʪʦʷ-

ʥʠʡ ʘʚʪʦʤʘʪʘ (ʩʪʦʣʙʝʮ am); ˉ - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʜʨʝʩʫ ʩʣʦʚʘ, ʦʧʠʩʳʚʘ-

ʶʱʝʛʦ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʚ ɿʋ. ɺ ʢʦʣʦʥʢʘʭ ʫm1 ʠ ʫm2 ʟʘʧʠʩʘʥʳ ʤʠʢʨʦʢʦ-

ʤʘʥʜʳ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʘʚʪʦʤʘʪʦʤ ʚ ʩʦʩʪʦʷʥʠʠ am, ʚ ʢʦʣʦʥʢʝ ʭm ʟʘ-

ʧʠʩʘʥʳ ʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʝʨʝʭʦʜʳ ʠʟ ʩʦʩʪʦʷʥʠʷ am 

ʚ ʩʦʩʪʦʷʥʠʷ, ʘʜʨʝʩʘ ʢʦʪʦʨʳʭ ʚ ɿʋ ʟʘʧʠʩʘʥʳ ʚ ʢʦʣʦʥʢʘʭ ʘʭ=0 ʠ ʘʭ=1, ʚ 

ʢʦʣʦʥʢʝ  a m ʟʘʧʠʩʘʥʳ ʧʦʷʩʥʝʥʠʷ: ʢʘʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʚʪʦʤʘʪʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʜʘʥʥʘʷ ʩʪʨʦʢʘ. 

ʂʘʞʜʘʷ ʠʟ ʢʦʣʦʥʦʢ ʵʪʦʡ ʪʘʙʣʠʮʳ (ʢʨʦʤʝ am) ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʜʚʦʠʯʥʳʤʠ ʢʦʜʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʜʚʦʠʯʥʳʭ ʨʘʟʨʷʜʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʣʦʥʢʠ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʠʤ: 

- ʫm1 ï 3 ʨʘʟʨʷʜʘ: ʟʜʝʩʴ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʥʦʤʝʨ ʫm1 (ʦʪ 1 ʜʦ 7); 

- ʫm2 ï 3 ʨʘʟʨʷʜʘ: ʟʜʝʩʴ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʥʦʤʝʨ ʫm2 (ʦʪ 1 ʜʦ 7); 

- ʭm  ï 2 ʨʘʟʨʷʜʘ: ʟʜʝʩʴ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʥʦʤʝʨ ʭm (ʦʪ 1 ʜʦ 3); 

- ʘʭ=0 ï 3 ʨʘʟʨʷʜʘ: ʟʜʝʩʴ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʘʜʨʝʩ ʘʭ=0, ʧʦ ʢʦʪʦʨʦʤʫ 

ʚ ʘʚʪʦʤʘʪʝ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʣʦʚʫ ʧʨʠ ʭm =0 

(ʦʪ 0 ʜʦ 4); 

- ʘʭ=1 ï 3 ʨʘʟʨʷʜʘ: ʟʜʝʩʴ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʘʜʨʝʩ ʘʭ=1, ʧʦ ʢʦʪʦʨʦʤʫ 

ʚ ʘʚʪʦʤʘʪʝ ʜʦʣʞʝʥ ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʣʦʚʫ ʧʨʠ ʭm 

=1(ʦʪ 0 ʜʦ 4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʷʜʥʦʩʪʴ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ 

ʨʘʚʥʘ 14. ɿʘʢʦʜʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʚʠʜ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ 

ʪʘʙʣʠʮʝ 7.3.  

                           ʊʘʙʣʠʮʘ 7.3 

 ̄ ʫm1 ʫm2 ʭm ʘʭ=0 ʘʭ=1 

0 111 000 11 000 001 

1 001 010 01 011 010 

2 011 000 11 011 011 

3 100 101 10 100 000 

4 110 000 01 011 010 
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ɺ ʢʘʞʜʦʡ ʢʦʣʦʥʢʝ ʟʘʧʠʩʘʥʳ ʜʚʦʠʯʥʳʝ ʯʠʩʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʷʪʳʤʠ ʚʳʰʝ ʩʦʛʣʘʰʝʥʠʷʤʠ. ʊʨʝʙʫʝʤʳʡ ʦʙʲʝʤ ʧʘʤʷʪʠ ï 70 ʙʠʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ 2-ʶ ʩʪʨʦʢʫ ʚ  ʪʘʙʣʠʮʘʭ 7.2 ʠ 7.3, ʚ ʢʦʪʦʨʳʭ  ʚ 

ʩʪʨʦʢʝ ˉ 2 ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʘʚʪʦʤʘʪʘ a2. ʀʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ï 

ʙʝʟʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ  ʘʚʪʦʤʘʪʘ ʚ ʩʦʩʪʦʷʥʠʝ  a 3. ʇʦʵʪʦʤʫ ʚ ʩʪʦʣʙʮʝ ʭm 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥ ʥʦʤʝʨ ʣʶʙʦʡ ʧʝʨʝʤʝʥʥʦʡ ʭm , ʘ ʚ ʦʙʦʠʭ ʩʪʦʣʙʮʘʭ 

ʘʭ=0 ʠ ʘʭ=1 ʦʜʠʥʘʢʦʚʳʡ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ. ʊʘʢ ʢʘʢ ʟʘʧʠʩʘʥʥʳʡ ʚ ʩʪʦʣʙʮʝ 

ʭm ʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʝʪ ʦʜʥʦ ʠʟ ʟʥʘʯʝʥʠʡ: 0 ʠʣʠ 1, ʪʦ ʧʝʨʝʭʦʜ ʙʫʜʝʪ 

ʙʝʟʫʩʣʦʚʥʳʤ ʧʦ ʘʜʨʝʩʫ ʘʭ=0 = ʘʭ=1. 

ʉʭʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʙʦʪʫ ʩ ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʧʨʦ-

ʛʨʘʤʤʦʡ, ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ: 

 ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʳ (ɿʋ) ʦʙʲʝʤʦʤ ʥʝ ʤʝʥʝʝ 

ʧʷʪʠ ʩʣʦʚ; ʯʪʝʥʠʝ ʩʣʦʚʘ ʠʟ ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʘʜʨʝʩʫ, 

ʧʦʜʘʚʘʝʤʦʤʫ ʥʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ ɿʋ; ʨʘʟʨʷʜʥʦʩʪʴ ʩʣʦʚ ï 14 ʙʠʪ; 

 ʩʭʝʤʫ, ʧʨʝʦʙʨʘʟʫʶʱʫʶ ʜʚʦʠʯʥʳʡ ʢʦʜ  ʫm1 ʠ ʫm2 ʚ ʫʥʠʪʘʨʥʳʡ 

ʢʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʢʦʜʠʨʦʚʘʥʥʦʤʫ ʫi; ʵʪʘ ʩʭʝʤʘ ï ʜʝʰʠʬ-

ʨʘʪʦʨ (DCʫ); 

 ʤʫʣʴʪʠʧʣʝʢʩʦʨ (MSʭ), ʚʳʙʠʨʘʶʱʠʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ ʩʠʛ-

ʥʘʣʦʚ ʍ ʚʩʝʛʦ ʦʜʠʥ, ʥʦʤʝʨ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʘʥ ʚ ʩʪʦʣʙʮʝ ʭm; 

 ʤʫʣʴʪʠʧʣʝʢʩʦʨ (MSʘ), ʚʳʙʠʨʘʶʱʠʡ ʠʟ ʩʣʦʚʘ ʘʜʨʝʩ ʘʭ=0 (ʝʩʣʠ 

ʚʳʙʨʘʥʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ MSʭ ʟʥʘʯʝʥʠʝ ʭm=0) ʠʣʠ ʘʜʨʝʩ ʘʭ=1 

(ʝʩʣʠ ʚʳʙʨʘʥʥʦʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ MSʭ ʟʥʘʯʝʥʠʝ ʭm=1); 

 ʨʝʛʠʩʪʨ ʘʜʨʝʩʘ (RG), ʚ ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦ ʠʤʧʫʣʴʩʫ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʟʘʧʠʩʘʪʴ ʚʳʙʨʘʥʥʳʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ MSʘ ʘʜʨʝʩ ʠ 

ʧʦʜʘʪʴ ʝʛʦ ʥʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ ɿʋ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʩʯʠʪʘʥʦ ʩʣʝ-

ʜʫʶʱʝʝ ʩʣʦʚʦ (ʠʥʘʯʝ ï ʧʝʨʝʭʦʜ ʚ ʩʣʝʜʫʶʱʝʝ ʩʦʩʪʦʷʥʠʝ). 

ʇʨʦʥʫʤʝʨʫʝʤ ʨʘʟʨʷʜʳ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʩ 1 ʧʦ 14 (ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʪʘʙʣʠʮʝ); ʥʦʤʝʨʘ ʨʘʟʨʷʜʦʚ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʤʝʨʘʤ ʚʳʭʦʜʦʚ 

ɿʋ. 

 

 

 

 

 

ʫm1 ʫm2 ʭm ʘʭ=0 ʘʭ=1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 7.1. 

 
ʈʠʩ. 7.1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ 

 

ʅʘ ʵʪʦʡ ʩʭʝʤʝ ʢʨʦʤʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪʩʷ 8 

ʜʠʟʁ̡ʥʢʪʦʨʦʚ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʦʜʥʦʠʤʝʥʥʳʝ ʚʳʭʦʜʳ ʜʝʰʠʬʨʘʪʦʨʦʚ 

DCʫm1 ʠ DCʫm2 . ʕʪʠ ʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʜʥʘ ʠ ʪʘ 

ʞʝ ʤʠʢʨʦʢʦʤʘʥʜʘ ʫi ʙʫʜʝʪ ʟʘʧʠʩʘʥʘ ʚ ʨʘʟʥʳʭ ʩʪʨʦʢʘʭ ʤʠʢʨʦʧʨʦʛʨʘʤ-

ʤʳ ʚ ʨʘʟʥʳʭ ʩʪʦʣʙʮʘʭ ʫm1 ʠ ʫm2.  

ɸʚʪʦʤʘʪ  ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʛʥʘʣ Reset=1 ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ç0è ʚʦ ʚʩʝʭ ʨʘʟʨʷʜʘʭ ʨʝʛʠʩʪʨʘ ʘʜʨʝʩʘ RG. ʂʦʜ (ʠʣʠ 

ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ) ɸ=000 ʩ ʚʳʭʦʜʘ RG ʧʦʜʘʝʪʩʷ ʥʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ ɿʋ. 

ʅʘ ʚʳʭʦʜʘʭ ɿʋ (ʨʘʟʨʷʜʳ 1..14) çʧʦʷʚʣʷʝʪʩʷè ʩʣʦʚʦ, ʟʘʧʠʩʘʥʥʦʝ ʧʦ ʘʜ-

ʨʝʩʫ 0 (ʩʤ. ʪʘʙʣʠʮʫ 7.3).  

ɺ ʵʪʦʤ ʩʣʦʚʝ ʨʘʟʨʷʜʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʩʤʳʩʣ: 
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ʨʘʟʨʷʜʳ 1, 2, 3 ï ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ DCʫm1 ʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ 

ʨʘʟʨʷʜʘʭ ʟʘʧʠʩʘʥʦ ʯʠʩʣʦ 111 (7), ʥʘ ʚʳʭʦʜʝ ç7è DCʫm1 ʬʦʨʤʠʨʫʝʪʩʷ 

1, ʘ ʟʥʘʯʠʪ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʫ7 = 1; 

ʨʘʟʨʷʜʳ 4, 5, 6 ï ʧʦʜʘʶʪʩʷ ʥʘ ʚʭʦʜ DCʫm2 ʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʵʪʠʭ 

ʨʘʟʨʷʜʘʭ ʟʘʧʠʩʘʥʦ ʯʠʩʣʦ 000 (0), (ʢʦʪʦʨʦʝ ʤʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʢʦʜʠʨʦʚʘʥʠʷ ʫi) ʥʘ ʚʳʭʦʜʝ ç0è DCʫm1 ʬʦʨʤʠʨʫʝʪʩʷ ç1è, ʥʦ ʥʠ ʥʘ ʢʘ-

ʢʠʭ ʣʠʙʦ ʜʨʫʛʠʭ ʚʳʭʦʜʘʭ ʫi  ʵʪʘ ç1è ʥʝ ʧʦʷʚʠʪʩʷ; 

ʨʘʟʨʷʜʳ 7, 8 ï ʧʦʜʘʶʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 

MSʭ; ʚ ʵʪʠʭ ʨʘʟʨʷʜʘʭ ʟʘʧʠʩʘʥʦ ʯʠʩʣʦ 11 (3). ɿʥʘʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ 

ʫʩʣʦʚʠʷ ʭ3 ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʚʳʭʦʜ MSʭ; 

ʤʫʣʴʪʠʧʣʝʢʩʦʨ MSʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʭ3 (ç0è ʠʣʠ ç1è) 

ʧʦʜʘʝʪ ʥʘ ʚʭʦʜʳ ʨʝʛʠʩʪʨʘ ʘʜʨʝʩʘ RG ʣʠʙʦ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ, ʟʘʧʠʩʘʥ-

ʥʳʡ ʚ ʨʘʟʨʷʜʘʭ 9,10,11 (ʝʩʣʠ ʭ3 = 0), ʣʠʙʦ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ, ʟʘʧʠʩʘʥʥʳʡ 

ʚ ʨʘʟʨʷʜʘʭ 12,13,14 (ʝʩʣʠ ʭ3 = 1); 

ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʚʭʦʜ ʉ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʵʪʦʪ ʘʜʨʝʩ 

ʟʘʧʠʰʝʪʩʷ ʚ ʨʝʛʠʩʪʨ RG ʠ ʩ ʝʛʦ ʚʳʭʦʜʦʚ ʧʦʩʪʫʧʠʪ ʥʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ 

ɿʋ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʦʷʚʠʪʩʷ ʩʣʦʚʦ, ʟʘʧʠʩʘʥʥʦʝ ʧʦ ʵʪʦʤʫ ʘʜʨʝʩʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘ ʦʜʠʥ ʮʠʢʣ (ʚʨʝʤʷ ʤʝʞʜʫ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘʤʠ ʉ) 

ʘʚʪʦʤʘʪ ʩʯʠʪʘʝʪ ʠʟ ɿʋ ʥʝʢʦʪʦʨʦʝ ʜʚʦʠʯʥʦʝ ʩʣʦʚʦ, ʚʳʨʘʙʦʪʘʝʪ ʤʠʢʨʦ-

ʢʦʤʘʥʜʳ ʫm, ʧʨʦʘʥʘʣʠʟʠʨʫʝʪ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʭm, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʭ ʟʥʘʯʝʥʠʷ ʚʳʙʝʨʝʪ ʘʜʨʝʩ ʩʣʝʜʫʶʱʝʛʦ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʚ ɿʋ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʠʥʪʫʠʪʠʚʥʦ ʘʚʪʦʤʘʪ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ 

ʠʟʙʳʪʦʯʥʦʩʪʠ ʠ ʙʳʣ ʧʨʠʚʝʜʝʥ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʚʦʧʣʦʱʝʥʠʝ ʥʘʰʠʭ ʨʘʩʩʫʞʜʝʥʠʡ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚ-

ʣʷʶʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʦʞʥʦʩʪʴ ʩʭʝʤʳ (ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʭ 

ʬʫʥʢʮʠʷʭ ʘʚʪʦʤʘʪʘ) ʠ ʥʝ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʤʠʢʨʦʢʦʤʘʥʜʳ (ʜʚʦʠʯ-

ʥʦʛʦ ʩʣʦʚʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʘʤʷʪʠ 

ɿʋ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʧʨʠʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʜʝʣʘʪʴ ʘʚʪʦʤʘʪ ʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ  ʦʧʪʠʤʘʣʴʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʚʪʦʤʘʪʦʤ, 

ʧʨʠʚʝʜʝʥʥʳʤ ʥʘ ʨʠʩ. 7.1.  
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ʆʧʪʠʤʠʟʘʮʠʷ ʘʚʪʦʤʘʪʦʚ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ 

ɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʫi (ʤʠʢʨʦʢʦʤʘʥʜʳ), ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʫʧʨʘʚ-

ʣʷʶʱʠʤ ʘʚʪʦʤʘʪʦʤ, ʩʛʨʫʧʧʠʨʦʚʘʥʳ  ʚ ʦʧʝʨʘʪʦʨʥʳʭ ʚʝʨʰʠʥʘʭ ɻʉɸ ʚ 

ʚʠʜʝ ʥʘʙʦʨʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʤ ʘʚʪʦʤʘʪʦʤ 

(ʆɸ) ʩʦʚʤʝʩʪʠʤʳʭ ʤʠʢʨʦʦʧʝʨʘʮʠʡ. ʉʦʚʤʝʩʪʠʤʳʝ ʤʠʢʨʦʦʧʝʨʘʮʠʠ ï 

ʵʪʦ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʆɸ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʇʫʩʪʴ ʘʚʪʦʤʘʪ ʜʦʣʞʝʥ ʛʝʥʝʨʠʨʦʚʘʪʴ n ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ ʤʠʢʨʦ-

ʢʦʤʘʥʜ ʠʟ ʤʥʦʞʝʩʪʚʘ ʋ = {ʫ1, ʫ2 éʫ k }; ʦʙʦʟʥʘʯʠʤ i-ʳʡ ʥʘʙʦʨ ʢʘʢ: 

ʋi = {ʫi1, ʫi2 éʫi j }.  

ʉʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ ʄ N*K, ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʥʘʙʦʨʦʚ 

ʤʠʢʨʦʢʦʤʘʥʜ, ʘ ʂ ï ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʢʦʤʘʥʜ ʫi, ʚʳʨʘʙʘ-

ʪʳʚʘʝʤʳʭ ʘʚʪʦʤʘʪʦʤ. ʕʣʝʤʝʥʪ ʤʘʪʨʠʮʳ mi j = 1, ʝʩʣʠ ʤʠʢʨʦʢʦʤʘʥʜʘ ʫ 

j  ʚʭʦʜʠʪ ʚ ʥʘʙʦʨ ʋ i  , ʘ ʝʩʣʠ ʥʝ ʚʭʦʜʠʪ, ʪʦ m i j  = 0. ɽʩʣʠ ʩʪʨʦʢʠ ʤʘʪ-

ʨʠʮʳ ʄ (ʘ ʟʥʘʯʠʪ ʠ ʥʘʙʦʨʳ ʋi) ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʪʦ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʯʘʩʪʠ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʦʜʥʠʤ ʧʦʣʝʤ, ʚ ʢʦʪʦʨʦʝ ʟʘʧʠ-

ʩʳʚʘʝʪʩʷ ʥʦʤʝʨ ʥʘʙʦʨʘ ʋi. ʕʪʦʪ ʥʦʤʝʨ ʙʫʜʝʪ ʧʦʜʘʚʘʪʴʩʷ ʥʘ ʦʜʠʥ ʜʝ-

ʰʠʬʨʘʪʦʨ DCʫ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʠʢʨʦʢʦ-

ʤʘʥʜʳ ʫi. 

ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʚʩʝ ʤʠʢʨʦʢʦʤʘʥʜʳ ʫi ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʣʝʜʫʶʱʠʭ ʥʘʙʦʨʦʚ:   

ʋ0 = {ʫ7};   ʋ1 = {ʫ1, ʫ2 };    ʋ2 = {ʫ3};  ʋ3 = {ʫ4, ʫ5};    ʋ4 = {ʫ6};   

ʄʘʪʨʠʮʫ ʄ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ: 

 ʫ1 ʫ2 ʫ3 ʫ4 ʫ5 ʫ6 ʫ7 

ʋ0       1 

ʋ1 1 1      

ʋ2   1     

ʋ3    1 1   

ʋ4      1  

 

ʀʟ ʤʘʪʨʠʮʳ ʄ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʩʝʯʝʥʠʝ ʩʪʨʦʢ ʜʣʷ ʚʩʝʭ ʧʘʨ ʋi ʠ ʋj 

(ʧʨʠ i  j) ʧʫʩʪʦ. ɿʘʢʦʜʠʨʫʝʤ ʥʘʙʦʨʳ ʋi ʩʣʝʜʫʶʱʠʤ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ: 

ʂ(ʋ0) = 000; ʂ(ʋ1) = 001; ʂ(ʋ2) = 010; ʂ(ʋ3) = 011; ʂ(ʋ4) = 100,   

ʠ  ʠʟʤʝʥʠʤ ʬʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ: 
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ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʨʷʜʦʚ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʠʪʩʷ ʜʦ 

11, ʘ ʟʥʘʯʠʪ ʠ ʫʤʝʥʴʰʠʪʩʷ ʝʤʢʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʧʘʤʷʪʠ ɿʋ ʜʦ 55 

ʙʠʪ. ʇʨʦʥʫʤʝʨʫʝʤ ʨʘʟʨʷʜʳ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʩ 1 ʧʦ 11 (ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ 

ʪʘʙʣʠʮʝ); ʥʦʤʝʨʘ ʨʘʟʨʷʜʦʚ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʤʝʨʘʤ ʚʳʭʦʜʦʚ 

ɿʋ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ (ʨʠʩ. 7.2). 

 

 

 

ʉʭʝʤʘ ʥʘ ʨʠʩ. 7.2 ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʭʝʤʳ ʥʘ ʨʠʩ. 7.1 

ʧʦ ʩʚʦʝʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ. ʆʪʣʠʯʠʝ ï ʦʜʠʥ ʜʝʰʠʬʨʘʪʦʨ ʤʠʢʨʦ-

ʢʦʤʘʥʜ ʋi , ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʦ ʚʳʰʝ. 

 

ʈʠʩ. 7.2. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʚʪʦʤʘʪ 

 

ɽʩʣʠ ʥʘʙʦʨʳ ʤʠʢʨʦʢʦʤʘʥʜ ʚ ʤʘʪʨʠʮʝ ʄ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʪʦ ʦʧʠ-

ʩʘʥʥʳʡ ʚ ʧʦʩʣʝʜʥʝʤ ʧʨʠʤʝʨʝ ʧʦʜʭʦʜ ʢ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʝʚʦʟʤʦ-

ʞʝʥ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʩʪʫʧʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

1. ɽʩʣʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʢʦʤʘʥʜ ʋi ʥʝʚʝʣʠʢʦ, ʪʦ ʚ ʦʧʝʨʘ-

ʮʠʦʥʥʦʡ ʯʘʩʪʠ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦ ʦʜʥʦʤʫ ʨʘʟʨʷʜʫ 

ʥʘ ʢʘʞʜʫʶ ʤʠʢʨʦʢʦʤʘʥʜʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʜʝʰʠʬʨʘʪʦʨʝ DCʫ, ʪʘʢ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʨʷʜʳ ʦʧʝʨʘʮʠʦʥʥʦʡ 

 ̄ ʂ(ʋi) ʭm ʘʭ=0 ʘʭ=1 

ʂ(ʋi) ʭm ʘʭ=0 ʘʭ=1 

1 2 3 4 5 6 7 8 9 10 11 
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ʯʘʩʪʠ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ (0 ʠʣʠ 1) ʜʣʷ ʚʩʝʭ ʋi . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʠʛʥʘʣʳ ʋi ʙʝʨʫʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʚʳʭʦʜʦʚ ɿʋ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʧʦʜʭʦʜ ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝ-

ʨʘ, ʪʦ ʨʘʟʨʷʜʥʦʩʪʴ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʫʚʝʣʠʯʠʪʩʷ ʜʦ 15 ʙʠʪ, ʝʤʢʦʩʪʴ ɿʋ 

ï ʜʦ 75 ʙʠʪ, ʥʦ ʠʟ ʩʭʝʤʳ ʘʚʪʦʤʘʪʘ ʠʩʯʝʟʥʝʪ ʜʝʰʠʬʨʘʪʦʨ Dcʫ. ʌʦʨʤʘʪ 

ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. 

ʫ1 ʫ2 ʫ3 ʫ4 ʫ5 ʫ6 ʫ7 ʭm ʘʭ=0 ʘʭ=1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

 

2. ɽʩʣʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʢʦʤʘʥʜ ʋi ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʝʤʘ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʧ.1, ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʦʧʝʨʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ, ʪʦ ʤʦʞʥʦ 

ʧʦʩʪʫʧʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʟʘʢʦʜʠʨʦʚʘʪʴ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʥʘʙʦ-

ʨʳ ʤʠʢʨʦʢʦʤʘʥʜ ʤʠʥʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ (ʥʘʧʨʠʤʝʨ, ʢʘʢ ʚ ʧʨʝʜʳʜʫ-

ʱʠʭ ʧʨʠʤʝʨʘʭ), ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʟʘʧʠʩʘʪʴ ʢʦʜʳ 

ʵʪʠʭ ʥʘʙʦʨʦʚ, ʘ ʚ ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ ʚʤʝʩʪʦ Dʉʫ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʝ ɿʋʫ. ʈʘʟʨʷʜʥʦʩʪʴ ʘʜʨʝʩʘ ʵʪʦʛʦ ɿʋʫ ʨʘʚʥʘ ʨʘʟʨʷʜʥʦʩʪʠ ʢʦʜʦʚ 

ʥʘʙʦʨʦʚ ʤʠʢʨʦʢʦʤʘʥʜ, ʨʘʟʨʷʜʥʦʩʪʴ ʩʣʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ ɿʋʫ, ʨʘʚʥʘ ʢʦ-

ʣʠʯʝʩʪʚʫ ʋi ʚ ʘʚʪʦʤʘʪʝ. ʂʘʞʜʳʡ ʨʘʟʨʷʜ ʩʣʦʚʘ ʚ ʵʪʦʤ ɿʋʫ ʩʦʦʪʚʝʪʩʪʚʫ-

ʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʋi ʠ ʚ ʥʝʛʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ç0è ʠʣʠ ç1è ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʋi ʚ ʜʘʥʥʦʤ ʥʘʙʦʨʝ ʤʠʢʨʦʢʦʤʘʥʜ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʠʝʤ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠ-

ʤʝʨʘ, ʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ɿʋʫ ʜʦʣʞʥʦ ʠʤʝʪʴ ʨʘʟʨʷʜʥʦʩʪʴ ʘʜʨʝʩʘ ʨʘʚ-

ʥʦʝ 3, ʨʘʟʨʷʜʥʦʩʪʴ ʩʣʦʚ ï 5. ɺʠʜ ʪʘʢʦʛʦ ɿʋ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 7.3. 

ʈʠʩ. 7.3. ʄʠʢʨʦʩʭʝʤʘ ɿʋʫ 

    

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʜʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʤʠʢʨʦʢʦʤʘʥʜ ʪʘʢʦʝ ʞʝ, 

ʢʘʢ ʚ ʧʨʝʜʳʜʫʱʠʭ ʧʨʠʤʝʨʘʭ, ʪʦ ʪʘʙʣʠʮʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ɿʋ 

ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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 ʫ7 ʫ1,ʫ2 ʫ3 ʫ4,ʫ5 ʫ6 

ɸʜʨ\ʙʠʪ 1 2 3 4 5 

0 1 0 0 0 0 

1 0 1 0 0 0 

2 0 0 1 0 0 

3 0 0 0 1 0 

4 0 0 0 0 1 

 

ɽʩʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʚ 

ʜʚʦʠʯʥʦʤ ʩʣʦʚʝ. ʆʜʠʥ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʘʜʨʝʩʥʦʡ 

ʯʘʩʪʠ ʩʣʦʚʘ ʟʘʧʠʩʳʚʘʶʪ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ʧʨʠ X i = 0 (ɸʜʨ ʭi=0), ʘ ʝʩʣʠ X 

i = 1, ʪʦ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ɸʜʨ  ʚʳʯʠʩʣʷʝʪʩʷ ʪʘʢ: 

ɸʜʨ = ɸʜʨʭi=0 + 1. 

ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ X i ʢʘʢ ʘʨʠʬ-

ʤʝʪʠʯʝʩʢʦʝ (0 ʠʣʠ 1), ʪʦ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʪʘʢ:  

ɸʜʨ = ɸʜʨʭi=0 + X i. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʢʨʘʪʠʚ ʚʜʚʦʝ ʜʣʠʥʫ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʜʚʦʠʯʥʦʛʦ 

ʩʣʦʚʘ, ʤʳ ʥʝ ʧʦʪʝʨʷʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʩʣʦʚʥʳʡ ʧʝʨʝʭʦʜ 

ʚ ʘʚʪʦʤʘʪʝ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʧʦʣʫʯʠʣʠ ʥʝ-

ʢʦʪʦʨʦʝ ʥʝʫʜʦʙʩʪʚʦ: ʜʚʦʠʯʥʳʝ ʩʣʦʚʘ, ʢ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ, 

ʚʩʝʛʜʘ ʥʘʭʦʜʷʪʩʷ ʚ ɿʋ ʚ ʩʦʩʝʜʥʠʭ ʷʯʝʡʢʘʭ, ʪʘʢ ʢʘʢ ʘʜʨʝʩʘ ʫ ʥʠʭ ʨʘʟ-

ʣʠʯʘʶʪʩʷ ʚʩʝʛʜʘ ʥʘ 1. ʇʦʵʪʦʤʫ ʚ ʤʠʢʨʦʧʨʦʛʨʘʤʤʝ ʘʚʪʦʤʘʪʘ ʩ ʦʧʠʩʘʥ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʘʜʨʝʩʘʮʠʠ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʠʟʙʳʪʦʯʥʦʩʪʴ ʚ ʚʠʜʝ ʜʫʙ-

ʣʠʨʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʣʦʚ ʠ ʙʝʟʫʩʣʦʚʥʳʭ ʧʝʨʝʭʦʜʦʚ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʷʤʦʡ ʪʘʙʣʠʮʝʡ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ ʄʫʨʘ ʠʟ 

ʧʨʝʜʳʜʫʱʝʛʦ ʧʨʠʤʝʨʘ (ʪʘʙʣʠʮʘ 7.4) ʠ ʬʦʨʤʘʪʦʤ ʤʠʢʨʦʢʦʤʘʥʜʳ ʠʟ 

ʧʝʨʚʦʛʦ ʧʨʠʤʝʨʘ ʪʝʢʫʱʝʛʦ ʨʘʟʜʝʣʘ, ʚ ʢʦʪʦʨʦʤ ʚ ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ ʦʩʪʘ-

ʚʠʤ ʪʦʣʴʢʦ ʦʜʥʦ ʧʦʣʝ ʘʭ=0.  
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                                  ʊʘʙʣʠʮʘ 7.4 

 ̄ a m a s  Y as Xa ma s 

1 

2 

a 0 a 0 

a 1 

y7 

 y1, y2 
 x 3 

x 3 

3 

4 

a 1 a 2 

a 3 

 y3 

 y4, y5 

x 1 

 x 1 

5 a 2 a 3 y4, y5 1 

6 

7 

a 3 a 4 

a 0 

y6 

 y7 
 x 2 

x 2 

8 

9 

a 4 a 2 

a 3 

y3 

 y4, y5 

x 1 

 x 1 

 

ʌʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ: 

ʂ(ʋi) ʭm ʘʭ=0 

1 2 3 4 5 6 7 8 

 

ʀʩʧʦʣʴʟʫʝʤ ʢʦʜʠʨʦʚʘʥʠʝ ʥʘʙʦʨʦʚ ʤʠʢʨʦʢʦʤʘʥʜ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʝ ɿʋ (ʩʤʦʪʨʠ ʨʠʩ. 7.3). ʄʠʢʨʦʧʨʦʛʨʘʤʤʘ ʩ ʢʦʤʤʝʥʪʘʨʠʷʤʠ ʧʨʠʚʝ-

ʜʝʥʘ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 7.5: 

ʋ0 = {ʫ7};   ʋ1 = {ʫ1, ʫ2 };    ʋ2 = {ʫ3};  ʋ3 = {ʫ4, ʫ5};    ʋ4 = {ʫ6};   

 ʂ(ʋ0) = 000;  ʂ(ʋ1) = 001;  ʂ(ʋ2) = 010;  ʂ(ʋ3) = 011;  ʂ(ʋ4) = 100. 

ʊʘʙʣʠʮʘ 7.5 

ɸʜʨ ʂʦʤʤʝʥʪʘʨʠʡ      \   ʨʘʟʨʷʜʳ 1 2 3 4 5 6 7 8 

0 ʋ0; IF   X3 = 0 THEN GOTO  0 / 1; 0 0 0 1 1 0 0 0 

1 ʋ1; IF X1 = 0 THEN GOTO 2 / 3; 0 0 1 0 1 0 1 0 

2 ʋ2; IF   X0 =0 THEN GOTO  3 / 4; 0 1 0 0 0 0 1 1 

3 ʋ3;  IF  X 2 = 0 THEN GOTO  4 / 5; 0 1 1 1 0 1 0 0 

4 ʋ4; IF X1 = 0 THEN GOTO 2 / 3; 1 0 0 0 1 0 1 0 

5 ʋ0; IF   X3 = 0 THEN GOTO  0 / 1; 0 0 0 1 1 0 0 0 

 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ ʚʚʝʜʝʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ  X0 . ɺ ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ  ʥʘ ʚʭʦʜ 
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X0 ʧʦʜʘʜʠʤ ʟʥʘʯʝʥʠʝ ç0è, ʘ ʟʥʘʯʠʪ ʧʝʨʝʭʦʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʚʩʝ-

ʛʜʘ ʧʦ ʘʜʨʝʩʫ ʘʭ=0, ʟʘʧʠʩʘʥʥʦʤʫ ʚ ʤʠʢʨʦʢʦʤʘʥʜʝ. 

ɺ ʵʪʦʡ ʪʘʙʣʠʮʝ (ʢʦʤʤʝʥʪʘʨʠʡ ʯʝʨʝʟ ʩʠʤʚʦʣ ç / è ʟʘʧʠʩʘʥ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʳʡ ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ) 

ʀʟ ʪʘʙʣʠʮʳ 7.5 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʩʦʩʪʦʷʥʠʝ a0 (ʋ0) ʧʨʠʰʣʦʩʴ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʜʚʘ ʩʣʦʚʘ ʚ ɿʋ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʙʱʠʡ ʦʙʲʝʤ ɿʋ ʚ ʥʘʰʝʤ ʧʨʠʤʝ-

ʨʝ 48 ʙʠʪ (ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʚʫʭʘʜʨʝʩʥʦʡ ʤʠʢʨʦʢʦʤʘʥʜʳ).   

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 7.4. 

 
ʈʠʩ. 7.4. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ 

 

ʆʪʣʠʯʠʝ ʵʪʦʡ ʩʭʝʤʳ ʦʪ ʨʠʩ. 7.2 ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʤʝʩʪʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʘʜʨʝʩʘ MSʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ (ʉʪ). ʂʦʤʙʠ-

ʥʘʮʠʦʥʥʘʷ ʩʭʝʤʘ (ʂʉ), ʦʙʦʟʥʘʯʝʥʥʘʷ ʢʘʢ ʉʪ, ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ: 

ʉʪ:=ɸ + X i, ʛʜʝ: 

ʉʪ ï ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ ʥʘ ʚʳʭʦʜʝ ʂʉ; 

ɸ ï ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ʧʨʠ X i= 0 (ʠʟ ʤʠʢʨʦʢʦʤʘʥʜʳ); 

X i ï ʟʥʘʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ X i, ʚʳʙʨʘʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦ-

ʨʦʤ MSʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʜʦʤ, ʟʘʧʠʩʘʥʥʳʤ ʚ ʨʘʟʨʷʜʘʭ 4 ʠ 5 ʤʠʢʨʦ-

ʢʦʤʘʥʜʳ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʤ ʢʘʢ ʯʠʩʣʦ 0 ʠʣʠ 1. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʥʘ ʨʠʩ. 7.4 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʩʭʝʤʳ ʥʘ ʨʠʩ. 7.2. 
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ʀʩʧʦʣʴʟʫʷ ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʨʠʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʜʨʝʩʦʚ ʧʝʨʝ-

ʭʦʜʦʚ, ʤʦʞʥʦ ʝʱʝ ʥʘ ʦʜʠʥ ʨʘʟʨʷʜ ʩʦʢʨʘʪʠʪʴ ʘʜʨʝʩʥʫʶ ʯʘʩʪʴ ʤʠʢʨʦ-

ʢʦʤʘʥʜʳ. ʊʘʢ ʢʘʢ ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʦʚ ʚʩʝʛʜʘ ʦʪʣʠʯʘʶʪʩʷ ʥʘ 1, ʪʦ ʚ ʢʘʯʝ-

ʩʪʚʝ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ ʦʯʝʨʝʜʥʦʡ ʤʠʢʨʦʢʦʤʘʥʜʳ ʤʦʞʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ X i. ʌʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʚʠʜ, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʪʘʙʣʠʮʝ. ʉʪʘʨʰʠʝ ʨʘʟʨʷʜʳ 

ʘʜʨʝʩʥʦʡ ʯʘʩʪʠ (ʘʉ) ʟʘʧʠʩʘʥʳ ʚ ʤʠʢʨʦʢʦʤʘʥʜʝ, ʘ ʤʣʘʜʰʠʡ ʨʘʟʨʷʜ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʟʥʘʯʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ X i: 

ʂ(ʋi) ʭm ʘʉ X i 

1 2 3 4 5 6 7 8 

 

ɺ ʪʘʙʣʠʮʝ 7.6 ʧʨʠʚʝʜʝʥʘ ʤʠʢʨʦʧʨʦʛʨʘʤʤʘ (ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʳʜʫʱʝ-

ʛʦ ʧʨʠʤʝʨʘ), ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʶ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʘ 

ʚʳʧʦʣʥʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ X i, ʘ ʥʘ ʨʠʩ.7.5 ï 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ.   

                                                                                                    ʊʘʙʣʠʮʘ 7.6 

ɸʜʨ ʂʦʤʤʝʥʪʘʨʠʡ \ ʨʘʟʨʷʜʳ  1 2 3 4 5 6 7 8 

0 a 0; IF   X3 = 0 THEN GOTO  0/1; 0 0 0 1 1 0 0 X3 

1 a 1; IF X1 = 0 THEN GOTO 2/3; 0 0 1 0 1 0 1 X1 

2 a 2; IF   X0 =0 THEN GOTO  6/7; 0 1 0 0 0 1 1 X0 

3 a 3; IF  X 2 = 0 THEN GOTO  4/5; 0 1 1 1 0 1 0 X 2 

4 a 4; IF X1 = 0 THEN GOTO 2/3; 1 0 0 0 1 0 1 X1 

5 a 0; IF   X3 = 0 THEN GOTO  0/1; 0 0 0 1 1 0 0 X3 

6 a 3; IF  X 2 = 0 THEN GOTO  4/5; 0 0 0 1 1 0 0 X 2 
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ʈʠʩ. 7.5. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʘʚʪʦʤʘʪ 

 

ʉʭʝʤʘ ʥʝ ʩʦʜʝʨʞʠʪ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʩʯʝʪʯʠʢʘ ʂʉ, ʦʜʥʘʢʦ ʪʘʢʦʡ 

ʬʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ ʥʘʢʣʘʜʳʚʘʝʪ ʥʘ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʦʛʨʘʥʠʯʝ-

ʥʠʝ: ʧʨʠ X i=0 ï ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ʚʩʝʛʜʘ ʯʝʪʥʳʡ, ʘ ʧʨʠ X i=1 ïʚʩʝʛʜʘ ʥʝ-

ʯʝʪʥʳʡ. 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ 

 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫ-

ʜʠʪʝʣʴʥʦʡ ʘʜʨʝʩʘʮʠʝʡ ʧʦ ʟʘʜʘʥʥʦʡ ɻʉɸ: 

1.1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪʳ ʘʚʪʦ-

ʤʘʪʘ ʧʦ ɻʉɸ. 

1.2. ʈʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ. 

1.3. ʈʘʟʨʘʙʦʪʘʪʴ ʟʘʢʦʜʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪʳ ʘʚʪʦ-

ʤʘʪʘ ʧʦ ɻʉɸ. 

1.4. ʈʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠ-

ʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʜʨʝʩʘʮʠʝʡ. 

2. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ 

Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ɻʉɸ.  

2.1. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 
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2.2. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʦʤ ʤʠʢʨʦʢʦ-

ʤʘʥʜ ʋ. 

2.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

2.4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 

   

ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 7 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʎʋɸ 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤ-

ʤʫ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʟʘʢʦʜʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ 

ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ 

ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ 

ʘʜʨʝʩʘʮʠʝʡ 

5. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʭʝʤ Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʘʚʪʦʤʘʪʘ. 

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʎʋɸ ʧʦ 

ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʟʘʜʘʥʥʦʡ ɻʉɸ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʦʪʯʝʪʘ. 

   

 

 

 

3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

 - ɻʉɸ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ, ʟʘʜʘʥʥʫʶ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʝʤ; 

- ʬʦʨʤʘʪʳ ʤʠʢʨʦʢʦʤʘʥʜ; 

-  ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ  ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴ-

ʥʦʡ ʘʜʨʝʩʘʮʠʝʡ? 

2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʟʘʢʦʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴ-

ʥʦʡ ʘʜʨʝʩʘʮʠʝʡ? 

3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ ʠ ʘʚʪʦʤʘʪʘʤʠ ʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ? 

4. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʘʪʘʭ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦ-

ʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʘʜʨʝʩʘʮʠʝʡ? 
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ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ˉ 8 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʤʘʪʦʚ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ 

 ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ [2, 4, 5] 
 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʣʫʯʝʥʠʝ ʥʘʚʳʢʦʚ ʩʠʥʪʝʟʘ, ʤʠʢʨʦʧʨʦʛʨʘʤʤʠʨʦ-

ʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʘʚʪʦ-

ʤʘʪʦʚ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ [4]. 

 

 

1 ʂʨʘʪʢʘʷ ʪʝʦʨʠʷ 

ʌʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜ 

ʌʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜ (ʜʚʦʠʯʥʳʭ ʩʣʦʚ) ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘ-

ʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʤ.  

ʆʧʝʨʘʮʠʦʥʥʘʷ ʤʠʢʨʦʢʦʤʘʥʜʘ (ʩʣʦʚʦ) ʩʦʜʝʨʞʠʪ ʜʚʘ ʧʦʣʷ: ʧʦʣʝ 

ʧʨʠʟʥʘʢʘ ʚʠʜʘ ʤʠʢʨʦʢʦʤʘʥʜʳ ʈ (ʦʧʝʨʘʮʠʦʥʥʘʷ ʠʣʠ ʫʧʨʘʚʣʷʶʱʘʷ; 

ʧʫʩʪʴ ʜʣʷ ʦʧʝʨʘʮʠʦʥʥʦʡ ʤʠʢʨʦʢʦʤʘʥʜʳ ʈ=0) ʠ ʧʦʣʝ, ʚ ʢʦʪʦʨʦʤ ʣʶ-

ʙʳʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʟʘʧʠʩʘʥʳ ʟʥʘʯʝʥʠʷ ʫi, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʘʚʪʦʤʘʪ. 

 ʋʧʨʘʚʣʷʶʱʘʷ ʤʠʢʨʦʢʦʤʘʥʜʘ (ʩʣʦʚʦ) ʩʦʜʝʨʞʠʪ ʪʨʠ ʧʦʣʷ: ʧʦʣʝ 

ʧʨʠʟʥʘʢʘ ʈ (ʧʫʩʪʴ ʜʣʷ ʫʧʨʘʚʣʷʶʱʝʡ ʤʠʢʨʦʢʦʤʘʥʜʳ  ʈ=1), ʧʦʣʝ ʣʦʛʠ-

ʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ (ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ˉ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ X i ) ʠ ʧʦ-

ʣʝ ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʘ ʧʨʠ X i = 1. 

 ʌʦʨʤʘʪ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʣʦʚʘ:         

 

 ʌʦʨʤʘʪ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ:                 

 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʣʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ɿʋ, ʨʘʟʨʷʜʥʦʩʪʴ ʩʣʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʜʠʥʘ-

ʢʦʚʦʡ. 

ɺʦʟʴʤʝʤ, ʜʣʷ ʧʨʠʤʝʨʘ, ɻʉɸ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʠʟ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʨʘʙʦʪʳ ˉ 3 (ʧʨʠʚʝʜʝʥʥʫʶ ʥʘ ʨʠʩ. 3.1) ʠ ʟʘʧʠʰʝʤ ʘʣʛʦʨʠʪʤ 

ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ: 

0 ʋi 

1 X i ɸʜʨ ʘʭi=1. 
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ʆʧʝʨʘʪʦʨ ʧʨʠʩʚʘʠʚʘʥʠʷ ʚʠʜʘ: ʫi := 1, ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʧʝʨʘʪʦʨʥʳʭ 

ʚʝʨʰʠʥ ɻʉɸ; 

ʆʧʝʨʘʪʦʨ ʫʩʣʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʠʜʘ: IF  X i = 1 THEN GOTO  ɸʭi=1, 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʫʩʣʦʚʥʳʭ ʚʝʨʰʠʥ ɻʉɸ.  

ɸʣʛʦʨʠʪʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʥʘʧʦʤʠʥʘʝʪ ʧʨʦ-

ʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ BASIC. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʚ 

ʩʪʨʦʢʘʭ ʩ ʘʜʨʝʩʘʤʠ 1 ʠ 3 ʧʝʨʝʜ ʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ X3 ʠ X1 ʧʦ-

ʩʪʘʚʣʝʥ ʟʥʘʢ ʠʥʚʝʨʩʠʠ (), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʢ 

ʚ ʟʘʧʠʩʠ ʘʣʛʦʨʠʪʤʘ. ɺ ʩʪʨʦʢʝ 8 ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ: GOTO  3 ï 

ʙʝʟʫʩʣʦʚʥʳʡ  ʧʝʨʝʭʦʜ ʢ ʩʪʨʦʢʝ 3. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʝʟʫʩʣʦʚʥʦʛʦ ʧʝʨʝ-

ʭʦʜʘ ʚʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʣʦʛʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ, ʥʘʧʨʠʤʝʨ X0, ʘ ʚ 

ʩʭʝʤʝ ʘʚʪʦʤʘʪʘ ʧʨʝʜʫʩʤʦʪʨʠʤ, ʯʪʦ ʙʳ ʚʩʝʛʜʘ X0= 1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʥʩʪʨʫʢʮʠʶ  çGOTO  3 è ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ: IF X0 = 1 

THEN GOTO  3. 

ɺ ʪʘʙʣʠʮʝ 8.1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʦʧʠʩʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʨʘʙʦʪʳ ʘʚ-

ʪʦʤʘʪʘ. 

                                                                            ʊʘʙʣʠʮʘ 8.1 

ɸʜʨʝʩ ʆʧʝʨʘʪʦʨ 

0  ʋ 7 := 1; 

1 IF  X3 = 1 THEN GOTO  0; 

2 ʋ 1 := 1; ʋ 2 := 1; 

3 IF  X1 = 1 THEN GOTO  5; 

4 ʋ 3 := 1; 

5 ʋ 4 := 1; ʋ 5 := 1; 

6 IF  X 2 = 1 THEN GOTO  0; 

7 ʋ 6 := 1; 

8 GOTO  3;   (IF  X0 = 1 THEN GOTO  3;) 

 

ʀʟ ʪʘʙʣʠʮʳ 8.1 ʚʠʜʥʦ, ʯʪʦ ʟʘʢʦʜʠʨʦʚʘʥʥʘʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʘ 

ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ 9 ʩʪʨʦʢ ʩ ʘʜʨʝʩʘʤʠ ʚ ɿʋ ʦʪ 0 ʜʦ 8. ʇʦʵʪʦʤʫ ʘʜʨʝʩ-

ʥʦʝ ʧʦʣʝ ʫʧʨʘʚʣʷʶʱʝʡ ʤʠʢʨʦʢʦʤʘʥʜʳ (ʚ ʢʦʪʦʨʦʝ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ 

ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ - ɸ) ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʥʝ ʤʝʥʝʝ ʯʝʪʳʨʝʭ ʨʘʟʨʷʜʦʚ 
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(ʚʦʟʴʤʝʤ ʨʦʚʥʦ 4), ʘ ʧʦʣʝ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ (ʚ ʢʦʪʦʨʦʝ ʙʫʜʝʤ ʟʘ-

ʧʠʩʳʚʘʪʴ ʥʦʤʝʨ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ - ʅʭ) ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʥʝ ʤʝ-

ʥʝʝ ʜʚʫʭ ʨʘʟʨʷʜʦʚ (ʪʘʢ ʢʘʢ ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï 4 ʨʘʟʣʠʯʥʳʭ ʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷ). ɺ ʪʘʙʣʠʮʝ 8.2 ʧʦʢʘʟʘʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʨʷʜʦʚ ʫʧʨʘʚ-

ʣʷʶʱʝʡ ʤʠʢʨʦʢʦʤʘʥʜʳ ʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʦʥʘ ʩʦʜʝʨʞʠʪ. 

 

                                                                   ʊʘʙʣʠʮʘ 8.2  

ʈʘʟʨʷʜʳ ʩʣʦʚʘ 1 2 3 4 5 6 7 

ɿʥʘʯʝʥʠʷ 1 ʅʭ1 ʅʭ0 ɸ3 ɸ2 ɸ1 ɸ0 

 

ɺ ʧʝʨʚʦʤ ʨʘʟʨʷʜʝ ʚʩʝʛʜʘ ʟʘʧʠʩʳʚʘʝʪʩʷ 1 ï ʧʨʠʟʥʘʢ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʩʣʦʚʘ. ɺ ʨʘʟʨʷʜʘʭ 2 ʠ 3 ʟʘʧʠʩʳʚʘʝʪʩʷ ʥʦʤʝʨ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ ʅʭ ʚ 

ʚʠʜʝ ʜʚʦʠʯʥʦʛʦ ʯʠʩʣʘ: ʅʭ1 ʅʭ0, ʛʜʝ ʠʥʜʝʢʩʳ 0 ʠ 1 ï ʫʢʘʟʳʚʘʶʪ ʤʣʘʜ-

ʰʠʡ ʠ ʩʪʘʨʰʠʡ ʨʘʟʨʷʜʳ ʯʠʩʣʘ  ʅʭ. ɺ ʨʘʟʨʷʜʘʭ 4, 5, 6 ʠ 7 ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʘʜʨʝʩ ʧʝʨʝʭʦʜʘ ɸ ʚ ʚʠʜʝ ʜʚʦʠʯʥʦʛʦ ʯʠʩʣʘ ɸ3 ɸ2 ɸ1 ɸ0, ʛʜʝ ʠʥʜʝʢʩʳ 

ʧʨʠ ɸ ʪʘʢ ʞʝ ʫʢʘʟʳʚʘʶʪ ʩʪʘʨʰʠʥʩʪʚʦ ʨʘʟʨʷʜʦʚ ʚ ʯʠʩʣʝ ɸ. 

ɺ ʪʘʙʣʠʮʝ 8.3 ʧʦʢʘʟʘʥ ʬʦʨʤʘʪ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʣʦʚʘ (ʤʠʢʨʦʢʦ-

ʤʘʥʜʳ) ʜʣʷ ʥʘʰʝʛʦ ʧʨʠʤʝʨʘ. 

                                                                  ʊʘʙʣʠʮʘ 8.3 

ʈʘʟʨʷʜʳ ʩʣʦʚʘ 1 2 3 4 5 6 7 

ɿʥʘʯʝʥʠʷ 0 ʫ7 ʫ1,ʫ2   ʫ3 ʫ4,ʫ5   ʫ6 - 

 

ɺ ʧʝʨʚʦʤ ʨʘʟʨʷʜʝ ʚʩʝʛʜʘ ʟʘʧʠʩʳʚʘʝʪʩʷ 0 ï ʧʨʠʟʥʘʢ ʦʧʝʨʘʮʠʦʥʥʦ-

ʛʦ ʩʣʦʚʘ. ɺ ʦʩʪʘʣʴʥʳʭ ʨʘʟʨʷʜʘʭ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ 1 ʠʣʠ 0, ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʠʢʨʦʢʦʤʘʥʜʳ ʫi ʚ ʜʘʥʥʦʤ ʩʣʦ-

ʚʝ. ɺ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ 8.4, ʚ ʢʦʣʦʥʢʘʭ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʥʦʤʝʨʘʤʠ 

ʨʘʟʨʷʜʦʚ ʜʚʦʠʯʥʦʛʦ ʩʣʦʚʘ ʦʪ 1 ʜʦ 7, ʧʨʠʚʝʜʝʥʘ ʟʘʢʦʜʠʨʦʚʘʥʥʘʷ ʤʠʢ-

ʨʦʧʨʦʛʨʘʤʤʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʘʚʪʦʤʘʪʘ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ. 

 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʘ 

ʄʠʢʨʦʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ  ʪʘʙʣʠʮʝ  8.4. 

ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʩʝʨʳʤ ʬʦʥʦʤ ʚ ʪʘʙʣʠʮʝ 8.4 ʚʳʜʝʣʝʥʳ 

1-ʳʡ ʨʘʟʨʷʜ ï ʧʨʠʟʥʘʢ ʚʠʜʘ ʤʠʢʨʦʢʦʤʘʥʜʳ, ʠ ʨʘʟʨʷʜʳ 4..7 ï ʘʜʨʝʩ ʧʝ-

ʨʝʭʦʜʘ ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʤʠʢʨʦʢʦʤʘʥʜʝ. ʆʙʲʝʤ ʧʘʤʷʪʠ ɿʋ ï 63 ʙʠʪʘ. 
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ʊʘʙʣʠʮʘ 8.4 

ɸʜʨʝʩ 

 

ʆʧʝʨʘʪʦʨ 

 

ʈʘʟʨʷʜʳ ʩʣʦʚʘ 

1 2 3 4 5 6 7 

0  ʋ 7 := 1; 0 1 0 0 0 0 0 

1 IF  X3 = 1 THEN GOTO  0; 1 1 1 0 0 0 0 

2 ʋ 1 := 1; ʋ 2 := 1; 0 0 1 0 0 0 0 

3 IF  X1 = 1 THEN GOTO  5; 1 0 1 0 1 0 1 

4 ʋ 3 := 1; 0 0 0 1 0 0 0 

5 ʋ 4 := 1; ʋ 5 := 1; 0 0 0 0 1 0 0 

6 IF  X 2 = 1 THEN GOTO  0; 1 1 0 0 0 0 0 

7 ʋ 6 := 1; 0 0 0 0 0 1 0 

8 IF  X0 = 1 THEN GOTO  3; 1 0 0 0 0 1 1 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʉʭʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʙʦʪʫ ʩ ʟʘʢʦʜʠʨʦʚʘʥʥʦʡ ʤʠʢʨʦʧʨʦ-

ʛʨʘʤʤʦʡ ʘʚʪʦʤʘʪʘ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ, ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ: 

 ʧʘʤʷʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʤʠʢʨʦʧʨʦʛʨʘʤʤʳ (ɿʋ) ʦʙʲʝʤʦʤ ʥʝ ʤʝ-

ʥʝʝ ʜʝʚʷʪʠ ʩʣʦʚ; ʯʪʝʥʠʝ ʩʣʦʚʘ ʠʟ ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʘʜʨʝʩʫ (ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʦʤʫ), ʧʦʜʘʚʘʝʤʦʤʫ ʥʘ ʘʜʨʝʩʥʳʡ 

ʚʭʦʜ ɿʋ; ʨʘʟʨʷʜʥʦʩʪʴ ʩʣʦʚ ï 7 ʙʠʪ; 

 ʩʭʝʤʫ, ʦʙʨʘʙʘʪʳʚʘʶʱʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʤʠʢʨʦʢʦʤʘʥʜʫ - 

ʧʨʝʦʙʨʘʟʫʶʱʫʶ ʜʚʦʠʯʥʳʡ ʢʦʜ ʚ ʨʘʟʨʷʜʘʭ ʩʣʦʚʘ ʩ 2-ʛʦ ʧʦ 6-

ʦʡ ʚ ʩʠʛʥʘʣʳ  ʫi ʥʘ ʚʳʭʦʜʝ ʘʚʪʦʤʘʪʘ. ʕʪʘ ʩʭʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʷʪʴʶ ʵʣʝʤʝʥʪʘʤʠ çʀè; 

 ʤʫʣʴʪʠʧʣʝʢʩʦʨ (MSʭ), ʚʳʙʠʨʘʶʱʠʡ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʍ ʚʩʝʛʦ ʦʜʠʥ, ʥʦʤʝʨ ʢʦʪʦʨʦʛʦ ʟʘʧʠʩʘʥ ʚ ʨʘʟʨʷʜʘʭ 2 

ʠ 3 ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ; ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʡ ʚʭʦʜ ʨʘʟʨʝʰʝʥʠʷ  V; ʧʨʠ  V=1 ï ʨʝʞʠʤ ʥʦʨ-

ʤʘʣʴʥʦʡ ʨʘʙʦʪʳ MSʭ; ʧʨʠ V=0 ï ʨʝʞʠʤ ʟʘʧʨʝʪʘ: ʥʘ ʚʳʭʦʜʝ 

MSʭ ʟʥʘʯʝʥʠʝ ç0è ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʠʛʥʘʣʦʚ ʥʘ ʝʛʦ ʚʭʦʜʘʭ; 
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 ʯʝʪʳʨʝʭʨʘʟʨʷʜʥʳʡ ʜʚʦʠʯʥʳʡ ʩʯʝʪʯʠʢ (ʉʊ), ʠʤʝʶʱʠʡ ʜʚʘ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ: ʧʘʨʘʣʣʝʣʴʥʘʷ ʟʘʛʨʫʟʢʘ ʘʜʨʝʩʘ ʧʝʨʝʭʦʜʘ (ʠʟ 

ʨʘʟʨʷʜʦʚ 4é7 ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʣʦʚʘ) ʚ ʩʯʝʪʯʠʢ (ʢʦʛʜʘ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ X i=1) ʠ ʨʝʞʠʤ ʩʯʝʪʘ: ʉʊ:=ʉʊ+1 - ʚʦ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ. ɼʣʷ ʵʪʦʛʦ ʩʯʝʪʯʠʢ ʉʊ ʠʤʝʝʪ ʚʭʦʜ ʫʧʨʘʚ-

ʣʝʥʠʷ V; ʧʨʠ  V=0 ï ʨʝʞʠʤ ʩʯʝʪʘ, ʧʨʠ  V=1 ï ʨʝʞʠʤ ʧʘʨʘʣ-

ʣʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ. ʋ ʩʯʝʪʯʠʢʘ ʉʊ ʜʦʣʞʥ rʙʳʪʴ ʝʱʝ ʦʜʠʥ 

ʚʭʦʜ R (Reset, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʉʊ ʚ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʉʊ:=0) ʠ ʚʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 8.1. 

 
ʈʠʩ. 8.1. ɸʚʪʦʤʘʪ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ  ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ 

 

ɸʚʪʦʤʘʪ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʠʛʥʘʣ Reset=1 ʫʩʪʘʥʘʚ-

ʣʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ç0è ʚʦ ʚʩʝʭ ʨʘʟʨʷʜʘʭ ʜʚʦʠʯʥʦʛʦ ʩʯʝʪʯʠʢʘ ʉʊ. ʂʦʜ 

(ʠʣʠ ʜʚʦʠʯʥʦʝ ʯʠʩʣʦ) ɸ=0000 ʩ ʚʳʭʦʜʘ ʉʊ ʧʦʜʘʝʪʩʷ ʥʘ ʘʜʨʝʩʥʳʡ 

ʚʭʦʜ ɿʋ. ʅʘ ʚʳʭʦʜʘʭ ɿʋ (ʨʘʟʨʷʜʳ 1é7) çʧʦʷʚʣʷʝʪʩʷè ʩʣʦʚʦ, ʟʘʧʠʩʘʥ-

ʥʦʝ ʧʦ ʘʜʨʝʩʫ ɸ=0 (ʩʤ. ʪʘʙʣʠʮʫ 8.4). ɺ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʧʦ ʘʜʨʝʩʫ ɸ=0 

ʟʘʧʠʩʘʥʘ ʦʧʝʨʘʮʠʦʥʥʘʷ ʤʠʢʨʦʢʦʤʘʥʜʘ, ʚ ʢʦʪʦʨʦʡ: 
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ʧʝʨʚʳʡ ʨʘʟʨʷʜ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0 (ʧʨʠʟʥʘʢ ʦʧʝʨʘʮʠʦʥʥʦʡ ʤʠʢʨʦ-

ʢʦʤʘʥʜʳ), ʧʦʵʪʦʤʫ ʥʘ ʚʳʭʦʜʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ MSʭ ʪʘʢ ʞʝ ʟʥʘʯʝʥʠʝ 

0, ʘ ʩʯʝʪʯʠʢ ʉʊ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ; ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ (1) ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜʳ ʵʣʝʤʝʥʪʦʚ çʀè, ʚʳʧʦʣʥʷʶʱʠʭ 

ʬʫʥʢʮʠʶ ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ, ʠ ʥʘ ʚʳʭʦʜʘʭ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ï ʟʥʘʯʝ-

ʥʠʷ 2é7 ʨʘʟʨʷʜʦʚ ʤʠʢʨʦʢʦʤʘʥʜʳ, ʪ.ʝ. ï ʟʥʘʯʝʥʠʷ ʫi ; ʚ ʥʘʰʝʤ ʧʨʠʤʝ-

ʨʝ - ʋ7 ; 

ʪʘʢ ʢʘʢ ʩʯʝʪʯʠʢ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ (V=0), ʪʦ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ 

ʚʭʦʜ ʉ ʩʯʝʪʯʠʢʘ ʉʊ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʝʛʦ ʩʦʩʪʦʷʥʠʝ ʠʟʤʝ-

ʥʠʪʩʷ: ʉʊ:=ʉʊ+1, ʘ ʟʥʘʯʠʪ ʠʟʤʝʥʠʪʩʷ ʥʘ +1 ʘʜʨʝʩ: ɸ=0001;  ʵʪʦʪ ʘʜ-

ʨʝʩ ʧʦʩʪʫʧʠʪ ʥʘ ʘʜʨʝʩʥʳʡ ʚʭʦʜ ɿʋ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʧʦʷʚʠʪʩʷ ʩʣʦ-

ʚʦ, ʟʘʧʠʩʘʥʥʦʝ ʧʦ ʜʘʥʥʦʤʫ ʘʜʨʝʩʫ; 

ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʩʣʦʚʦ ʧʦ ʘʜʨʝʩʫ ɸ=0001 ï ʫʧʨʘʚʣʷʶʱʘʷ ʤʠʢʨʦ-

ʢʦʤʘʥʜʘ; ʧʝʨʚʳʡ ʨʘʟʨʷʜ ʚ ʵʪʦʤ ʩʣʦʚʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 1 (ʧʨʠʟʥʘʢ 

ʫʧʨʘʚʣʷʶʱʝʡ ʤʠʢʨʦʢʦʤʘʥʜʳ); ʠʥʚʝʨʪʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʨʘʟʨʷʜʘ (0) ʧʦʜʘʝʪʩʷ ʥʘ ʚʭʦʜʳ ʵʣʝʤʝʥʪʦʚ çʀè, ʠ ʥʘ ʚʳʭʦʜʘʭ ʚʩʝʭ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ï ʟʥʘʯʝʥʠʷ ç0è (ʚʩʝ ʫi=0); ʥʘ ʨʘʟʨʝʰʘʶʱʠʡ ʚʭʦʜ ʤʫʣʴʪʠ-

ʧʣʝʢʩʦʨʘ MSʭ ʧʦʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ç1è: MSʭ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʥʦʨ-

ʤʘʣʴʥʦʡ ʨʘʙʦʪʳ; 

ʟʥʘʯʝʥʠʷ ʨʘʟʨʷʜʦʚ 2 ʠ 3 ï ʧʦʜʘʶʪʩʷ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʚʭʦʜʳ ʤʫʣʴ-

ʪʠʧʣʝʢʩʦʨʘ MSʭ; ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʚ ʵʪʠʭ ʨʘʟʨʷʜʘʭ ʟʘʧʠʩʘʥʦ  ʜʚʦʠʯ-

ʥʦʝ ʯʠʩʣʦ 11 (3); ʟʥʘʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʫʩʣʦʚʠʷ X3 ʧʦʷʚʣʷʝʪʩʷ ʥʘ 

ʚʳʭʦʜʝ MSʭ;  

ʝʩʣʠ X3 = 1 (X3 = 0), ʪʦ ʥʘ ʚʭʦʜ V ʩʯʝʪʯʠʢʘ ʉʊ ʧʦʜʘʝʪʩʷ ç1è 

(ʨʝʞʠʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ʩʯʝʪʯʠʢʘ) ʠ, ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʛʦ ʚʭʦʜ ʉ 

ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʚ ʉʊ ʟʘʧʠʰʫʪʩʷ ʟʥʘʯʝʥʠʷ ʨʘʟʨʷʜʦʚ 4..7  

ʤʠʢʨʦʢʦʤʘʥʜʳ (ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʵʪʦ ʘʜʨʝʩ 0000); ʠʟ ɿʋ ʙʫʜʝʪ ʩʯʠ-

ʪʘʥʦ ʩʣʦʚʦ ʧʦ ʵʪʦʤʫ ʘʜʨʝʩʫ; 

ʝʩʣʠ X3 = 0 (X3 = 1), ʪʦ ʥʘ ʚʭʦʜ V ʩʯʝʪʯʠʢʘ ʉʊ ʧʦʜʘʝʪʩʷ ç0è 

(ʨʝʞʠʤ ʩʯʝʪʘ) ʠ, ʧʨʠ ʧʦʜʘʯʝ ʥʘ ʝʛʦ ʚʭʦʜ ʉ ʠʤʧʫʣʴʩʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʩʦʩʪʦʷʥʠʝ ʉʊ ʠʟʤʝʥʠʪʩʷ: ʉʊ:=ʉʊ+1; ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʉʊ:= 

0001+1=0010; ʟʘʧʠʰʫʪʩʷ ʟʥʘʯʝʥʠʷ ʨʘʟʨʷʜʦʚ 4..7  ʤʠʢʨʦʢʦʤʘʥʜʳ (ʚ 
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ʥʘʰʝʤ ʧʨʠʤʝʨʝ ï ʵʪʦ ʘʜʨʝʩ 0000); ʠʟ ɿʋ ʙʫʜʝʪ ʩʯʠʪʘʥʦ ʩʣʦʚʦ ʧʦ ʘʜʨʝ-

ʩʫ 0010 (2); ʠ ʪ.ʜ. 

 

2 ʄʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ  

 

1. ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ ʘʚʪʦʤʘʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʝʩʪʝ-

ʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ ʧʦ ʟʘʜʘʥʥʦʡ ɻʉɸ: 

1.1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪʳ ʘʚʪʦ-

ʤʘʪʘ ʧʦ ɻʉɸ. 

1.2. ʈʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ. 

1.3. ʈʘʟʨʘʙʦʪʘʪʴ ʟʘʢʦʜʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʨʘʙʦʪʳ ʘʚʪʦ-

ʤʘʪʘ ʧʦ ɻʉɸ. 

1.4. ʈʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠ-

ʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ. 

2. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ 

Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ɻʉɸ.  

2.1. ʀʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʘ ʥʘ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ 

2.2. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ ʧʨʦʚʝʨʠʪʴ ʧʨʘ-

ʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʧʦ ɻʉɸ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʦʤ ʤʠʢʨʦʢʦ-

ʤʘʥʜ ʋ. 

2.3. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʎʋɸ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʟʘʜʘʥʥʦʡ ɻʉɸ. 

2.4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʦʪʯʝʪʘ. 
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ʇʨʠʤʝʨ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ˉ 8 

ɿʘʜʘʥʠʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʎʋɸ 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʦʜʝʨʞʘʪʝʣʴʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤ-

ʤʫ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʘʪ ʤʠʢʨʦʢʦʤʘʥʜʳ 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʟʘʢʦʜʠʨʦʚʘʥʥʫʶ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ 

ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʘ ʧʦ ɻʉɸ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ 

ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʘʜʨʝʩʘʮʠʝʡ  
5. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʭʝʤ Multisim, ʩʦʙʨʘʪʴ ʩʭʝʤʫ ʨʘʟʨʘʙʦ-

ʪʘʥʥʦʛʦ ʘʚʪʦʤʘʪʘ. 

ɿʘʜʘʥʠʝ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

1. ɼʣʷ ʚʩʝʭ ʢʦʤʙʠʥʘʮʠʡ ʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʍ 

ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ ʎʋɸ ʧʦ 

ɻʉɸ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʘ ʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ 

ʟʘʜʘʥʥʦʡ ɻʉɸ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʦʪʯʝʪʘ. 

   

 

 

 

 

 

3 ʇʦʜʛʦʪʦʚʢʘ ʦʪʯʝʪʘ 

 

ʆʪʯʝʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

 - ɻʉɸ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ 

ʘʜʨʝʩʘʮʠʝʡ, ʟʘʜʘʥʥʫʶ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ; 

- ʬʦʨʤʘʪʳ ʤʠʢʨʦʢʦʤʘʥʜ; 

-  ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʘ; 

- ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ  ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ Multisim. 
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ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ 
 

1. ʂʘʢʠʝ ʦʙʲʝʢʪʳ ʠ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʢʦʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʘʜʨʝʩʘʮʠʝʡ? 

2. ʂʘʢʠʝ  ʧʨʘʚʠʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʠ ʦʧʠʩʘʥʠʠ ʟʘʢʦʥʘ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʘ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʘʜʨʝʩʘʮʠʝʡ? 

3. ʂʘʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʘʚʪʦʤʘʪʘʤʠ ʠ ʘʚʪʦʤʘʪʘʤʠ ʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ? 

4. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʘʪʘʭ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦ-

ʛʠʢʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʘʜʨʝʩʘʮʠʝʡ? 
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ɺʦʧʨʦʩʳ ʢ ʟʘʯʝʪʥʦʤʫ ʟʘʥʷʪʠʶ ʧʦ ʚʩʝʤ ʣʘʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ 

 

ʇʨʠʤʝʨʥʳʡ ʧʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ ʢ ʟʘʯʝʪʥʦʤʫ ʟʘʥʷʪʠʶ ʧʦ ʣʘʙʦʨʘ-

ʪʦʨʥʳʤ ʨʘʙʦʪʘʤ. 

 

1 ʄʠʢʨʦʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. ʄʠʢʨʦʧʨʦʛʨʘʤʤʳ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘ-

ʪʦʚ. ɻʨʘʬ - ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘʪʦʚ. 

2. ʊʘʙʣʠʮʳ ʧʝʨʝʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ. ɻʨʘʬʳ ʧʝʨʝʭʦʜʦʚ ʘʚʪʦʤʘʪʘ.                

3. ɸʚʪʦʤʘʪʳ ʄʫʨʘ, ʄʠʣʠ ʠ ʉ-ʘʚʪʦʤʘʪʳ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠ-

ʯʠʷ     ʤʝʞʜʫ ʘʚʪʦʤʘʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ.  

4. ʂʦʜʠʨʦʚʘʥʠʝ ɻʉɸ ʠ ʨʘʟʤʝʪʢʘ ʩʦʩʪʦʷʥʠʡ ʘʚʪʦʤʘʪʘ. ʇʦʩʪʨʦʝʥʠʝ  

ʛʨʘʬʘ ʧʝʨʝʭʦʜʦʚ ʠ ʪʘʙʣʠʮ ʧʝʨʝʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ.   

5. ʉʠʥʪʝʟ ʄʇɸ ʘʚʪʦʤʘʪʦʚ ʄʫʨʘ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ. 

6. ʉʠʥʪʝʟ ʄʇɸ ʘʚʪʦʤʘʪʦʚ ʄʠʣʠ ʥʘ ʞʝʩʪʢʦʡ ʣʦʛʠʢʝ. 

7. ʉʠʥʪʝʟ ʄʇɸ ʘʚʪʦʤʘʪʦʚ ʄʠʣʠ ʥʘ ʇʃʄ.  

8. ʉʠʥʪʝʟ ʄʇɸ ʘʚʪʦʤʘʪʦʚ ʄʫʨʘ ʥʘ ʇʃʄ. 

9. ʇʨʠʥʫʜʠʪʝʣʴʥʘʷ ʘʜʨʝʩʘʮʠʷ ʤʠʢʨʦʢʦʤʘʥʜ ʚ ʘʚʪʦʤʘʪʘʭ ʩ 

 ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ. 

10. ɽʩʪʝʩʪʚʝʥʥʘʷ ʘʜʨʝʩʘʮʠʷ ʤʠʢʨʦʢʦʤʘʥʜ ʚ ʘʚʪʦʤʘʪʘʭ ʩ  

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʣʦʛʠʢʦʡ. 

 

ʅʘ ʟʘʯʝʪʥʦʤ ʟʘʥʷʪʠʠ ʩʪʫʜʝʥʪʳ ʦʪʯʠʪʳʚʘʶʪʩʷ ʧʦ ʥʝʟʘʯʪʝʥʥʳʤ ʣʘ-

ʙʦʨʘʪʦʨʥʳʤ ʨʘʙʦʪʘʤ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʠ ʦʙʲʷʩʥʷʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʚʪʦʤʘʪʦʚ. ʇʨʦʚʦʜʠʪʩʷ ʢʦʥʪʨʦʣʴ ʩʪʝʧʝʥʠ ʫʩʚʦʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 
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ɿʘʢʣʶʯʝʥʠʝ 
 

 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ  ʧʨʠʢʣʘʜʥʦʡ ʪʝʦʨʠʠ ʮʠʬʨʦʚʳʭ ʘʚʪʦʤʘ-

ʪʦʚ ï ʵʪʦ ʙʘʟʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʣʶʙʳʭ, ʢʘʢ ʫʛʦʜʥʦ ʩʣʦʞʥʳʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ, ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɹʘʟʦʚʳʝ ʟʥʘ-

ʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠ-

ʢʫʤʘ, ʷʚʣʷʶʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʨʦʠʪʩʷ ʦʩʚʦʝʥʠʝ ʜʘʣʴ-

ʥʝʡʰʠʭ ʜʠʩʮʠʧʣʠʥ: çʉʭʝʤʦʪʝʭʥʠʢʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤè, çʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʣʦʛʠʢʘ ʠ ʪʝʦʨʠʷ ʘʣʛʦʨʠʪʤʦʚè, çʄʦʜʝʣʠʨʦʚʘ-

ʥʠʝè, çɸʨʭʠʪʝʢʪʫʨʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤè ʚ ʨʘʤʢʘʭ ʥʘʧʨʘʚʣʝʥʠ ̫ 

çʀʥʬʦʨʤʘʪʠʢʘ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, 

ʢʦʤʧʣʝʢʩʳ, ʩʠʩʪʝʤʳ ʠ ʩʝʪʠè 
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ʇʈʀʃʆɾɽʅʀɽ.  ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

Multisim  [5] 

 

ʀʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ. 

 

 

 

ʆʢʥʦ ʨʘʟʨʘʙʦʪʢʠ (Design Toolbox) 

ɺ ʦʢʥʝ ʨʘʟʨʘʙʦʪʢʠ ʥʘʭʦʜʷʪʩʷ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩʭʝʤʳ. ɿʘʢʣʘʜʢʘ ɼʦʩʪʫʧʥʦʩʪʴ (Visibility) ʧʦʟʚʦʣʷʝʪ 

ʩʢʨʳʪʴ ʠʣʠ ʦʪʦʙʨʘʟʠʪʴ ʩʣʦʠ ʩʭʝʤʳ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ. ɿʘʢʣʘʜʢʘ ʀʝʨʘʨ-

ʭʠʷ (Hierarchy) ʦʪʦʙʨʘʞʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʬʘʡʣʘʤʠ ʦʪʢʨʳʪʦʛʦ 

ʧʨʦʝʢʪʘ ʚ ʚʠʜʝ ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɿʘʢʣʘʜʢʘ ʇʨʦʝʢʪ (Project) ʩʦ-

ʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʪʢʨʳʪʦʤ ʧʨʦʝʢʪʝ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʜʦ-

ʙʘʚʠʪʴ ʬʘʡʣʳ ʚ ʧʘʧʢʠ ʦʪʢʨʳʪʦʛʦ ʧʨʦʝʢʪʘ, ʠʟʤʝʥʠʪʴ ʜʦʩʪʫʧ ʢ ʬʘʡʣʘʤ 

ʠ ʩʦʟʜʘʪʴ ʘʨʭʠʚ ʧʨʦʝʢʪʘ. 
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ɻʣʦʙʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ 

ɻʣʦʙʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʫʧʨʘʚʣʷʶʪ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʳ Multisim. 

ɼʦʩʪʫʧ ʢ ʥʠʤ ʦʪʢʨʳʚʘʝʪʩʷ ʠʟ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ "ʉʚʦʡʩʪʚʘ" 

(Preferences). ɺʳʙʝʨʠʪʝ ʧʫʥʢʪ ʆʧʮʠʠ/ʛʣʦʙʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ 

(Options/Global Preferences), ʦʪʢʨʦʝʪʩʷ ʦʢʥʦ "ʉʚʦʡʩʪʚʘ" ʩʦ ʩʣʝʜʫʶ-

ʱʠʤʠ ʟʘʢʣʘʜʢʘʤʠ: 

Paths (ʇʫʪʴ) ï ʟʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʫʢʘʟʘʪʴ ʧʫʪʴ ʢ ʬʘʡʣʘʤ ʙʘʟ ʜʘʥʥʳʭ 

ʠ ʜʨʫʛʠʝ ʥʘʩʪʨʦʡʢʠ 

Save (ʉʦʭʨʘʥʠʪʴ) ï ʟʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ ʧʝʨʠʦʜ ʘʚʪʦʤʘʪʠ-

ʯʝʩʢʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʠ ʥʫʞʥʦ ʣʠ ʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʵʤʫʣʷʮʠʠ ʚʤʝʩʪʝ 

ʩ ʧʨʠʙʦʨʦʤ. 

Parts (ʂʦʤʧʦʥʝʥʪʳ) ï ʟʜʝʩʴ ʚ rʤʦʞʝʪʝ ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʨʘʟʤʝʱʝ-

ʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʘʥʜʘʨʪ ʩʠʤʚʦʣʦʚ (ANSI ʠʣʠ DIN). ʊʘʢʞʝ ʟʜʝʩʴ 

ʥʘʭʦʜʷʪʩʷ ʥʘʩʪʨʦʡʢʠ ʵʤʫʣʷʮʠʠ ʧʦ ʫʤʦʣʯʘʥʠʶ. 

General (ʆʙʱʠʝ) ï ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʠʟʤʝʥʠʪʴ ʧʦʚʝʜʝʥʠʝ ʧʨʷʤʦ-

ʫʛʦʣʴʥʠʢʘ ʚʳʙʦʨʘ, ʢʦʣʝʩʘ ʤʳʰʠ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʦʝʜʠʥʝʥʠʷ ʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. 

ʅʘʩʪʨʦʡʢʘ ʣʠʩʪʘ 

ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʥʘʩʪʨʦʡʢʠ ʩʚʦʡʩʪʚ ʣʠʩʪʘ (Sheet Properties) ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʢʘʞʜʦʛʦ ʣʠʩʪʘ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʩʦ-

ʭʨʘʥʷʶʪʩʷ ʩ ʬʘʡʣʦʤ ʩʭʝʤʳ, ʧʦʵʪʦʤʫ ʝʩʣʠ ʧʨʦʝʢʪ ʦʪʢʨʳʚʘʝʪʩʷ ʥʘ ʜʨʫ-

ʛʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʥʘʩʪʨʦʡʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ʅʘʩʪʨʦʡʢʠ ʣʠʩʪʘ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʘʜʢʠ: 

Circuit (ʉʭʝʤʘ) ï ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʚʳʙʨʘʪʴ ʮʚʝʪʦʚʫʶ ʩʭʝʤʫ ʠ 

ʚʥʝʰʥʠʡ ʚʠʜ ʪʝʢʩʪʘ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ. 

Workspace (ʈʘʙʦʯʘʷ ʦʙʣʘʩʪʴ) ï ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ ʨʘʟʤʝʨ 

ʣʠʩʪʘ ʠ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

Wiring (ʩʦʝʜʠʥʝʥʠʝ) ï ɿʜʝʩʴ ʥʘʭʦʜʷʪʩʷ ʥʘʩʪʨʦʡʢʠ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʰʠʥʳ. 

Font (ʐʨʠʬʪ) ï ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʚʳʙʨʘʪʴ ʰʨʠʬʪ, ʝʛʦ ʨʘʟʤʝʨ ʠ 

ʥʘʯʝʨʪʘʥʠʝ ʜʣʷ ʪʝʢʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ. 
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PCB (ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ) ï ɿʜʝʩʴ ʥʘʭʦʜʷʪʩʷ ʥʘʩʪʨʦʡʢʠ ʧʝʯʘʪʥʦʡ ʧʣʘ-

ʪʳ. 

Visibility (ɼʦʩʪʫʧʥʦʩʪʴ) ï ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʩʢʨʳʪʴ ʠʣʠ ʦʪʦʙʨʘʟʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʣʦʠ ʢʦʤʤʝʥʪʘʨʠʝʚ. 

ʅʘʩʪʨʦʡʢʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ Multisim ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʥʘ ʩʚʦʡ 

ʚʢʫʩ, ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʥʦ 

ʟʘʢʨʝʧʠʪʴ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʠ ʠʟʤʝʥʠʪʴ ʠʭ ʬʦʨʤʫ. ʀʥʩʪʨʫʤʝʥʪʳ ʚʩʝʭ 

ʧʘʥʝʣʝʡ ʪʘʢʞʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʧʘʥʝʣʠ. ʉʠʩʪʝʤʘ 

ʤʝʥʶ ʪʘʢʞʝ ʧʦʣʥʦʩʪʴʶ ʥʘʩʪʨʘʠʚʘʝʪʩʷ, ʚʧʣʦʪʴ ʜʦ ʢʦʥʪʝʢʩʪʥʳʭ ʤʝʥʶ 

ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɻʦʨʷʯʠʝ ʢʣʘʚʠʰʠ ʢʣʘʚʠʘʪʫʨʳ ʪʦʞʝ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ. ʃʶʙʦʡ ʢʦ-

ʤʘʥʜʝ ʤʝʥʶ ʠʣʠ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʩʚʦʶ ʢʣʘʚʠ-

ʰʫ. 

ʅʘ ʟʘʤʝʪʢʫ: ʏʪʦʙʳ ʥʘʟʥʘʯʝʥʥʳʝ ʢʣʘʚʠʰʠ ʥʝ ʧʝʨʝʩʝʢʘʣʠʩʴ ʩ ʢʦ-

ʤʘʥʜʘʤʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʚʝʪʫʝʤ ʥʘʟʥʘʯʘʪʴ ʢʦʤʙʠʥʘʮʠʠ 

ʢʣʘʚʠʰ, ʥʘʧʨʠʤʝʨ  Ctrl-E. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʣʠʩʪʘ ʩʭʝʤʳ ʠ ʦʧʠʩʘʥʠʷ ʤʦʞʥʦ ʥʘʟʥʘʯʠʪʴ ʩʚʦʶ 

ʢʦʤʙʠʥʘʮʠʶ ʛʦʨʷʯʠʭ ʢʣʘʚʠʰ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʢʦʥ. 

ɼʣʷ ʥʘʩʪʨʦʡʢʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʚʳʙʝʨʠʪʝ ʧʫʥʢʪ 

ʆʧʮʠʠ/ʅʘʩʪʨʦʠʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (Options/Customize 

User Interface). ʉ ʧʦʤʦʱʴʶ ʜʠʘʣʦʛʦʚʦʛʦ ʦʢʥʘ "ʅʘʩʪʨʦʡʢʘ" (Customize) 

ʚʳ ʤʦʞʝʪʝ ʩʦʟʜʘʚʘʪʴ ʠ ʠʟʤʝʥʷʪʴ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʥʘʟʥʘʯʘʪʴ ʛʦ-

ʨʷʯʠʝ ʢʣʘʚʠʰʠ, ʥʘʩʪʨʘʠʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʤʝʥʶ, ʘ ʪʘʢʞʝ ʠʟʤʝ-

ʥʷʪʴ ʩʪʠʣʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʂʦʤʧʦʥʝʥʪʳ ï ʵʪʦ ʦʩʥʦʚʘ ʣʶʙʦʡ ʩʭʝʤʳ, ʵʪʦ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʠʟ ʢʦ-

ʪʦʨʳʭ ʦʥʘ ʩʦʩʪʦʠʪ. Multisim ʦʧʝʨʠʨʫʝʪ ʩ ʜʚʫʤʷ ʢʘʪʝʛʦʨʠʷʤʠ ʢʦʤʧʦ-

ʥʝʥʪʦʚ: ʨʝʘʣʴʥʳʤʠ (real) ʠ ʚʠʨʪʫʘʣʴʥʳʤʠ (virtual). ʅʝʦʙʭʦʜʠʤʦ ʷʩʥʦ 

ʧʦʥʠʤʘʪʴ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦʙʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. 

ʋ ʨʝʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʠʨʪʫʘʣʴʥʳʭ ʝʩʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʦʝ, ʥʝʠʟʤʝʥʷʝʤʦʝ ʟʥʘʯʝʥʠʝ ʠ ʩʚʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘ-

ʪʝ. 
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ɺʠʨʪʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʫʞʥʳ ʪʦʣʴʢʦ ʜʣʷ ʵʤʫʣʷʮʠʠ, ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʤʦʞʝʪ ʥʘʟʥʘʯʠʪʴ ʠʤ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ. ʅʘʧʨʠʤʝʨ, ʩʦ- 

ʧʨʦʪʠʚʣʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʳʤ, ʜʘ-

ʞʝ 3,86654 ʆʤʘ. ɺʠʨʪʫʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʤʦʛʘʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʧʨʠ ʧʨʦʚʝʨʢʝ ʩ ʧʦʤʦ-

ʱʴʶ ʩʭʝʤ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥ-

ʪʦʚ. ɺʠʨʪʫʘʣʴʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴ-

ʥʳʤ. 

ɺ Multisim ʝʩʪʴ ʠ 

ʜʨʫʛʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ: ʘʥʘʣʦʛʦ-

ʚʳʝ, ʮʠʬʨʦʚʳʝ, ʩʤʝ-

ʰʘʥʥʳʝ, ʘʥʠʤʠʨʦʚʘʥ-

ʥʳʝ, ʠʥʪʝʨʘʢʪʠʚʥʳʝ, 

ʮʠʬʨʦʚʳʝ ʩ ʤʫʣʴʪʠʚʳ-

ʙʦʨʦʤ, ʵʣʝʢʪʨʦʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʠ ʨʘʜʠʦʯʘʩʪʦʪ-

ʥʳʝ. 

 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ  ʢʦʤʧʦʥʝʥʪʳ 

ʅʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʩʭʝʤʳ Multisim ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʜʝʡ-

ʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀʟʤʝʥʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩʨʘʟʫ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʵʤʫʣʠʨʦʚʘʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʢʣʘʚʠʰ, ʫʢʘʟʘʥʥʳʭ ʧʦʜ ʢʘʞʜʳʤ ʵʣʝʤʝʥʪʦʤ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʣʘ-

ʚʠʰʘ ɸ ʫʚʝʣʠʯʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʪʝʥʮʠʦʤʝʪʨʘ ʜʦ 100% ʦʪ ʫʢʘʟʘʥ-

ʥʦʡ ʚʝʣʠʯʠʥʳ  (1 ʢʆʤ). ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʨʠʞʤʠʪʝ 

Shift ʠ ʥʘʞʤʠʪʝ ɸ. ʇʨʦʙʝʣ ʦʪʢʨʳʚʘʝʪ ʠʣʠ ʟʘʢʨʳʚʘʝʪ ʚʳʢʣʶʯʘʪʝʣʴ ʥʘ 

ʧʨʘʚʦʤ ʨʠʩʫʥʢʝ. 
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ɻʦʨʷʯʫʶ ʢʣʘʚʠʰʫ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ 

ʜʚʦʡʥʦʤ ʱʝʣʯʢʝ ʤʳʰʠ ʦʪʢʨʦʝʪʩʷ ʦʢʥʦ, ʚ ʚʳʧʘʜʘʶʱʝʤ ʤʝʥʶ ʢʦʪʦ-

ʨʦʛʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʥʫʞʥʫʶ ʢʣʘʚʠʰʫ. 

ʇʨʦʚʦʜʥʠʢ  ʢʦʤʧʦʥʝʥʪʦʚ 

ʇʨʦʚʦʜʥʠʢ ʢʦʤʧʦʥʝʥʪʦʚ (Component Browser) ï ʵʪʦ ʤʝʩʪʦ, ʛʜʝ ʚʳ 

ʚʳʙʠʨʘʝʪʝ ʢʦʤʧʦʥʝʥʪʳ, ʯʪʦʙʳ ʨʘʟʤʝʩʪʠʪʴ ʠʭ ʥʘ ʩʭʝʤʝ. ɻʦʨʷʯʘʷ ʢʣʘ-

ʚʠʰʘ ʧʦ ʫʤʦʣʯʘʥʠʶ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ï Ctrl-W ʠʣʠ ʜʚʦʡ-

ʥʦʡ ʱʝʣʯʦʢ ʤʳʰʴʶ. ʂʫʨʩʦʨ ʤʳʰʠ ʧʨʠʤʝʪ ʬʦʨʤʫ ʢʦʤʧʦʥʝʥʪʘ, ʧʦʢʘ 

ʚʳ ʥʝ ʚʳʙʝʨʠʪʝ ʤʝʩʪʦ ʥʘ ʩʭʝʤʝ ʜʣʷ ʢʦʤʧʦʥʝʥʪʘ.  

ɼʣʷ ʧʦʠʩʢʘ ʧʨʦʩʪʦ ʥʘʯʥʠʪʝ ʥʘʙʠʨʘʪʴ ʥʘʟʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʠ ʧʨʦ-

ʚʦʜʥʠʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʜʙʝʨʝʪ ʧʦʜʭʦʜʷʱʠʝ ʵʣʝʤʝʥʪʳ. ʂʥʦʧʢʘ ʇʦ-

ʠʩʢ (Search) ʦʪʢʨʳʚʘʝʪ ʨʘʩʰʠʨʝʥʥʳʡ ʧʦʠʩʢ. 

ɺ ʇʨʦʚʦʜʥʠʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʝʢʫʱʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, 

ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʷʪʩʷ ʦʪʦʙʨʘʞʘʝʤʳʝ ʵʣʝʤʝʥʪʳ. ɺ Multisim ʦʥʠ ʦʨʛʘʥʠ-

ʟʦʚʘʥʳ ʚ ʛʨʫʧʧʳ (groups) ʠ ʩʝʤʝʡʩʪʚʘ (families). ʊʘʢʞʝ ʚ ʧʨʦʚʦʜʥʠʢʝ 
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ʦʪʦʙʨʘʞʘʝʪʩʷ ʦʧʠʩʘ- ʥʠʝ ʢʦʤʧʦʥʝʥʪʘ (ʧʦʣʝ ʅʘʟʥʘʯʝʥʠʝ Function), 

ʤʦʜʝʣʴ ʠ ʧʝʯʘʪʥʘʷ ʧʣʘʪʘ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ. 

ʉʠʤʚʦʣ ʟʚʝʟʜʦʯʢʠ ("*") ʟʘʤʝʥʷʝʪ ʣʶʙʦʡ ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ. ʅʘʧʨʠ-

ʤʝʨ, ʩʨʝʜʠ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʧʨʦʩʘ "LM*AD" ʙʫʜʫʪ "LM101AD" ʠ 

"LM108AD". 

ʅʘ ʟʘʤʝʪʢʫ: ʃʶʙʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝ-

ʣʝʡ. ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʩʩʳʣʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʥʝʥʪʘ. ʅʘʧʨʠʤʝʨ, ʫ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 

LM358M ʩʥʘʨʫʞʠ 5 ʢʦʥʪʘʢʪʦʚ, ʥʦ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʠʟ ʥʠʭ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʪʦʣʴʢʦ 3, ʢʦʥʪʘʢʪʳ ʧʠʪʘʥʠʷ ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʳ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʦʜʝʣʷʭ ʤʦʞʥʦ ʥʘʡʪʠ, ʚʳʙʨʘʚ ʤʦʜʝʣʴ ʚ ʧʦʣʝ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴ/ʠʜʝʥʪʠʬʠʢʘʪʦʨ (Model Manuf.\ID) ʠ ʢʣʠʢʥʫʚ ʧʦ ʢʥʦʧʢʝ 

ʄʦʜʝʣʴ (Model). 

ɺ ʧʨʦʚʦʜʥʠʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʷ: 

 
 

ɹʘʟʳ ʜʘʥʥʳʭ 

ɺ Multisim ʝʩʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʪʨʝʭ ʫʨʦʚʥʝʡ 

ʀʟ ɻʣʘʚʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (Master Database) ʤʦʞʥʦ ʪʦʣʴʢʦ ʩʯʠʪʳ-

ʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʚ ʥʝʡ ʥʘʭʦʜʷʪʩʷ ʢʦʤʧʦʥʝʥʪʳ Electronics 

Workbench. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ  ʙʘʟʘ  ʜʘʥʥʳʭ  (User  Database)  ʩʦʦʪʚʝʪʩʪʚʫʝʪ  

ʪʝʢʫʱʝʤʫ  ʧʦʣʴʟʦʚʘʪʝʣʶ  ʢʦʤʧʴʶʪʝʨʘ.  ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʭʨʘ-

ʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝʞʝʣʘʪʝʣʴʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚ ʦʙʱʠʡ 

ʜʦʩʪʫʧ. 

ʂʦʨʧʦʨʘʪʠʚʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ (Corporate Database) ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʪʝʭ, ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʜʨʫʛʠʤ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷʤ ʧʦ ʩʝʪʠ. 



 103 

ʉʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʤʝʱʘʪʴ 

ʢʦʤʧʦʥʝʥʪʳ, ʦʙʲʝʜʠʥʷʪʴ ʜʚʝ ʙʘʟʳ ʚ ʦʜʥʫ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ. ɺʩʝ 

ʙʘʟʳ ʜʘʥʥʳʭ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʨʫʧʧʳ, ʘ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ ʩʝ-

ʤʝʡʩʪʚʘ. ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʢʦʤʧʦʥʝʥʪ ʠ ʧʦʤʝʱʘʝʪ ʝʛʦ ʚ 

ʩʭʝʤʫ, ʩʦʟʜʘʝʪʩʷ ʥʦʚʘʷ ʢʦʧʠʷ. ɺʩʝ ʠʟʤʝʥʝʥʠʷ ʩ ʥʝʡ ʥʠʢʘʢ ʥʝ ʟʘʪʨʘʛʠ- 

ʚʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʭʨʘʥʷʱʫʶʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

 

ɽʩʣʠ ʠʟʤʝʥʠʪʴ ʢʦʤʧʦʥʝʥʪ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʪʦ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʢʦʧʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʪʘʥʫʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʙʳʣʠ. ʀʟʤʝʥʝʥʠʷ ʟʘ-

ʪʨʦʥʫʪ ʥʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʵʪʦʛʦ ʪʠʧʘ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʭʝʤʳ ʚʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʤʧʦʥʝʥʪʘʭ ʭʨʘʥʠʪʩʷ ʚ ʬʘʡʣʝ Multisim. ʇʨʠ ʟʘʛʨʫʟʢʝ 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʩʪʘʚʠʪʴ ʟʘʛʨʫʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʪʦʤ ʚʠʜʝ, ʢʘʢ 

ʦʥʠ ʝʩʪʴ ʠʣʠ ʦʙʥʦʚʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʜʘʥʥʳʤʠ ʠʟ ʙʘʟʳ ʩ ʘʥʘʣʦʛʠʯʥʳ-

ʤʠ ʠʤʝʥʘʤʠ. ʅʘ ʟʘʤʝʪʢʫ: ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʧʨʦʚʦʜʥʠʢ ʙʘʟ ʜʘʥʥʳʭ, ʚʳ-

ʙʝʨʠʪʝ ʀʥʩʪʨʫʤʝʥʪʳ/ɹʘʟʳ ʜʘʥʥʳʭ/ʇʨʦʚʦʜʥʠʢ ʙʘʟ ʜʘʥʥʳʭ 
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(Tools/Database/Database Manager), ʯʪʦʙʳ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ 

ʧʨʦʚʦʜʥʠʢʘ, ʩʢʦʧʠʨʫʡʪʝ ʠʭ ʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʠʣʠ ʢʦʨʧʦʨʘʪʠʚʥʫʶ 

ʙʘʟʫ ʜʘʥʥʳʭ. 

ʉʜʚʠʛ, ʧʦʚʦʨʦʪ, ʚʳʙʦʨ ʠ ʩʦʝʜʠʥʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 

ʉʜʚʠʛ, ʧʦʚʦʨʦʪ ʠ ʚʳʜʝʣʝʥʠʝ 

ʇʦʩʣʝ ʚʳʙʦʨʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʦʥʠ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ 

ʩʭʝʤʝ ʠ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɼʚʦʡʥʦʡ ʱʝʣʯʦʢ ʧʦ ʢʦʤʧʦʥʝʥʪʫ ʚ 

ʧʨʦʚʦʜʥʠʢʝ ʧʨʠʢʨʝʧʠʪ ʝʛʦ ʢ ʢʫʨʩʦ-

ʨʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʧʦʤʝʩʪʠʪʴ 

ʵʣʝʤʝʥʪ ʥʘ ʩʭʝʤʫ, ʧʨʦʩʪʦ ʢʣʠʢʥʫʚ ʚ 

ʞʝʣʘʝʤʦʤ ʤʝʩʪʝ. 

ɺ ʵʪʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ 

ʢʦʤʧʦʥʝʥʪʳ ʤʦʞʥʦ ʧʦʚʝʨʥʫʪʴ. 

ʏʪʦʙʳ ʵʪʦ ʩʜʝʣʘʪʴ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, 

ʥʘʞʤʠʪʝ Ctrl-R. ʏʪʦʙʳ ʧʦʚʝʨʥʫʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʚʳʜʝ-

ʣʠʪʝ ʝʛʦ ʠ ʪʦʞʝ ʥʘʞʤʠʪʝ Ctrl-R ʠʣʠ 

ʚʳʙʝʨʠʪʝ ʚ ʢʦʥʪʝʢʩʪʥʦʤ ʧʫʥʢʪʝ 

ʧʫʥʢʪ ʧʦʚʝʨʥʫʪʴ ʥʘ 90Á ʧʦ ʠʣʠ ʧʨʦ-

ʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ. 

 

 

 

ʉʦʝʜʠʥʝʥʠʝ 

ɺ Multisim ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʝʟʨʝʞʠʤʥʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ: ʜʝʡ-

ʩʪʚʠʝ ʤʳʰʴʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʞʝʥʠʷ ʢʫʨʩʦʨʘ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʳʙʠʨʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʠʣʠ ʨʝʞʠʤ ʧʨʠ ʨʘʙʦʪʝ ʚ Multisim. ʂʫʨʩʦʨ ʠʟ-

ʤʝʥʷʝʪ ʩʚʦʡ ʚʠʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʥʘ ʢʘʢʦʡ ʦʙʲʝʢʪ ʦʥ ʥʘʚʝʜʝʥ. 

ʂʦʛʜʘ ʢʫʨʩʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘʜ ʨʘʟʲʝʤʦʤ (pin) ʠʣʠ ʪʝʨʤʠʥʘʣʦʤ 

(terminal) ʢʦʤʧʦʥʝʥʪʘ, ʣʝʚʳʤ ʱʝʣʯʢʦʤ ʤʳʰʠ ʤʦʞʥʦ ʝʛʦ ʩʦʝʜʠʥʠʪʴ. 
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ʂʦʛʜʘ ʢʫʨʩʦʨ ʨʘʩʧʦʣʦʞʝʥ ʥʘʜ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʦʚʦʜʦʤ ʠ ʨʷʜʦʤ ʩ 

ʨʘʟʲʝʤʦʤ ʠʣʠ ʪʝʨʤʠʥʘʣʦʤ, ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʣʝʛʢʦ ʠʟʤʝʥʠʪʴ. 

ʏʪʦʙʳ ʥʘʯʘʪʴ ʚʝʩʪʠ ʩʦʝʜʠʥʷʶʱʠʡ ʧʨʦʚʦʜ, ʢʣʠʢʥʠʪʝ ʧʦ ʨʘʟʲʝʤʫ, 

ʯʪʦʙʳ ʟʘʚʝʨʰʠʪʴ ʩʦʝʜʠʥʝʥʠʝ, ʢʣʠʢʥʠʪʝ ʧʦ ʢʦʥʝʯʥʦʤʫ ʪʝʨʤʠʥʘʣʫ. 

ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ Multisim ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʩʚʦʠʪ 

ʝʤʫ ʥʦʤʝʨ ʚ ʩʝʪʠ. ʅʦʤʝʨʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʠʥʘʷ 

ʩ 1. ɿʘʟʝʤʣʷʶʱʠʝ ʧʨʦʚʦʜʘ ʚʩʝʛʜʘ ʠʤʝʶʪ ʥʦʤʝʨ 0 ï ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ ʩʢʨʳʪʦʛʦ ʵʤʫʣʷʪʦʨʘ SPICE. ʏʪʦʙʳ ʠʟʤʝʥʠʪʴ ʥʦ-

ʤʝʨ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʧʨʠʩʚʦʠʪʴ ʝʤʫ ʣʦʛʠʯʝʩʢʦʝ ʠʤʷ, ʧʨʦʩʪʦ ʜʚʘʞʜʳ 

ʢʣʠʢʥʝʪʝ ʧʦ ʧʨʦʚʦʜʥʠʢʫ. 

ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʦʡ ʧʦʜʩʭʝʤʳ: 

1. ɺʳʙʝʨʠʪʝ  ʧʫʥʢʪ  ʈʘʟʤʝʩʪʠʪʴ/ʅʦʚʫʶ  ʧʦʜʩʭʝʤʫ  (Place/New  

Subcircuit).  ʆʪʢʨʦʝʪʩʷ  ʦʢʥʦ  ʀʤʷ  ʧʦʜʩʭʝʤʳ (Subcircuit Name). 

 

 

ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʠʤʝʥʠ ʧʦʜʩʭʝʤʳ 

2. ɺʚʝʜʠʪʝ ʪʨʝʙʫʝʤʦʝ ʠʤʷ ʜʣʷ ʩʭʝʤʳ, ʥʘʧʨʠʤʝʨ "ʠʩʪʦʯʥʠʢʧʠʪʘ-

ʥʠʷ" ʠ ʥʘʞʤʠʪʝ ʆʂ. ʂʫʨʩʦʨ ʧʨʠʤʝʪ ʚʠʜ "ʥʝʷʚʥʦʡ" ʩʭʝʤʳ ʧʦʢʘ-

ʟʳʚʘʷ, ʯʪʦ ʚʳ ʤʦʞʝʪʝ ʝʝ ʨʘʟʤʝʩʪʠʪʴ. 

3. ʂʣʠʢʥʠʪʝ ʥʘ ʥʫʞʥʦʤ ʤʝʩʪʝ ʜʣʷ ʩʭʝʤʳ (ʚʳ ʤʦʞʝʪʝ ʝʝ ʧʝʨʝʤʝ-

ʩʪʠʪʴ ʧʦʟʞʝ ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ). ʅʘ ʩʭʝʤʝ ʧʦʷʚʠʪʩʷ ʧʦʜʩʭʝʤʘ ʚ 

ʚʠʜʝ ʦʢʦʰʢʘ ʩ ʫʢʘʟʘʥʥʳʤ ʠʤʝʥʝʤ ʧʦʜʩʭʝʤʳ. 

4. ɼʚʘʞʜʳ ʢʣʠʢʥʠʪʝ ʥʘ ʥʦʚʦʡ ʧʦʜʩʭʝʤʝ ʠ ʚʳʙʝʨʠʪʝ ʈʝʜʘʢʪʠʨʦ-

ʚʘʪʴ ʀɹ/ʇʉ (Edit HB/SC) ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ 

ʀʝʨʘʨʭʠʯʝʩʢʠʡ ʙʣʦʢ/ʇʦʜʩʭʝʤʘ (Hierarchical Block/Subcircuit). 

ʇʦʷʚʠʪʩʷ ʧʫʩʪʦʝ ʦʢʥʦ ʧʦʜʩʭʝʤʳ. 

5. ʈʘʟʤʝʩʪʠʪʝ ʠ ʩʦʝʜʠʥʠʪʝ ʢʦʤʧʦʥʝʥʪʳ ʥʦʚʦʡ ʧʦʜʩʭʝʤʳ. 
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6. ɺʳʙʝʨʠʪʝ ʧʫʥʢʪ: ʈʘʟʤʝʩʪʠʪʴ/ʈʘʟʲʝʤʳ/ʀɹ/ʈʘʟʲʝʤ ʇʉ 

(Place/Connectors/HB/SC Connector), ʧʦʤʝʩʪʠʪʝ ʠ ʩʦʝʜʠʥʠʪʝ ʥʦ-

ʚʳʡ ʨʘʟʲʝʤ. ʈʘʟʤʝʩʪʠʪʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʟʲʝʤʳ. ʂʦʛʜʘ ʚʳ 

ʚʝʨʥʝʪʝʩʴ ʥʘ ʦʩʥʦʚʥʫʶ ʩʭʝʤʫ, ʥʘ ʠʢʦʥʢʝ ʧʦʜʩʭʝʤʳ ʙʫʜʫʪ ʚʩʝ 

ʜʦʙʘʚʣʝʥʥʳʝ ʨʘʟʲʝʤʳ. 

7. ʉʦʝʜʠʥʠʪʝ ʧʦʜʩʭʝʤʫ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ 

ɺʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ï ʵʪʦ ʤʦʜʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Multisim, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʳʤ ʧʨʠʙʦʨʘʤ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʠ ʚʠʨ-

ʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʚ Multisim ʝʩʪʴ ʦʩʮʠʣʣʦʛʨʘʬʳ, ʛʝʥʝʨʘʪʦʨʳ ʩʠʛ-

ʥʘʣʦʚ, ʩʝʪʝʚʳʝ ʘʥʘʣʠʟʘʪʦʨʳ ʠ ʧʣʦʪʪʝʨʳ ʙʦʜʝ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ï ʵʪʦ ʧʨʦʩʪʦʡ ʠ ʧʦʥʷʪʥʳʡ ʤʝʪʦʜ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʩʦ ʩʭʝʤʦʡ, ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʱʠʡʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʠʣʠ ʩʦʟʜʘʥʠʠ ʧʨʦʪʦʪʠʧʘ. 

ʈʘʟʨʘʙʦʪʯʠʢʠ, ʟʥʘʢʦʤʳʝ ʩ National Instruments LabVIEW ʤʦʛʫʪ 

ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʧʨʠʙʦʨʳ ʙʫʢʚʘʣʴʥʦ ʠʟ ʥʠʯʝʛʦ. ʅʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʤʝʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʰʫʤʘ. 

ɺʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ LabVIEW ʤʦʛʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʨʝʘʣʴ-

ʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʴʟʦʚʘʪʴʩʷ ʠʤʠ ʚʦ ʚʨʝʤʷ ʵʤʫʣʷ- ʮʠʠ, ʦʪʧʨʘʚʣʷʪʴ ʜʘʥ-

ʥʳʝ ʥʘ ʚʳʚʦʜ ʘʥʘʣʦʛʦʚʳʭ ʧʨʠʙʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʤʫʣʠʨʦʚʘʥʥʳʝ 

ʜʘʥʥʳʝ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʨʝʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʠʨʪʫ-

ʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ LabVIEW ʥʝʦʙʭʦʜʠʤʘ, ʘ ʜʣʷ ʠʩ- 

ʧʦʣʴʟʦʚʘʥʠʷ ʫʞʝ ʩʦʟʜʘʥʥʳʭ ï ʥʝʪ. 

ʏʪʦʙʳ ʜʦʙʘʚʠʪʴ ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʚʳʙʝʨʠʪʝ ʝʛʦ ʩ ʧʘʥʝʣʠ 

ʇʨʠʙʦʨʦʚ (Instruments). ʏʪʦʙʳ ʧʦʩʤʦʪʨʝʪʴ ʣʠʮʝʚʫʶ ʧʘʥʝʣʴ ʧʨʠʙʦʨʘ, 

ʜʚʘʞʜʳ ʢʣʠʢʥʠʪʝ ʥʘ ʠʢʦʥʢʫ ʧʨʠʙʦʨʘ. ʊʝʨʤʠʥʘʣʳ ʧʨʠʙʦʨʘ ʩʦʝʜʠʥʷ-

ʶʪʩʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʩʭʝʤʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ Multisim ʪʘʢʞʝ ʝʩʪʴ ʵʤʫʣʠʨʦʚʘʥʥʳʝ ʨʝʘʣʴʥʦ-ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʠʙʦʨʳ. ʂ ʪʘʢʠʤ ʧʨʠʙʦʨʘʤ ʦʪʥʦʩʠʪʩʷ Tektronix TDS 2024 
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Oscilloscope. ʆʥʠ ʚʳʛʣʷʜʷʪ ʠ ʜʝʡʩʪʚʫʶʪ ʪʦʯʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭ-

ʥʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

 

ɺ ʢʘʞʜʦʡ ʩʭʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦ ʧʨʠʙʦʨʦʚ, ʚʢʣʶʯʘʷ ʠ ʢʦʧʠʠ 

ʦʜʥʦʛʦ ʧʨʠʙʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫ ʢʘʞʜʦʛʦ ʦʢʥʘ ʩʭʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʩʚʦʡ 

ʥʘʙʦʨ ʧʨʠʙʦʨʦʚ. ʂʘʞʜʘʷ ʢʦʧʠʷ ʧʨʠʙʦʨʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʠ ʩʦʝʜʠʥʷʝʪʩʷ 

ʦʪʜʝʣʴʥʦ. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʧʨʠʙʦʨʳ. ɹʦ-

ʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʘʞʜʦʤ ʧʨʠʙʦʨʝ ʝʩʪʴ ʚ ʨʫʢʦʚʦʜʩʪʚʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷ Multisim (User Guide) ʠ ʚ ʬʘʡʣʝ ʩʧʨʘʚʢʠ (helpfile). 

ʄʫʣʴʪʠʤʝʪʨ 

ʄʫʣʴʪʠʤʝʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʠʣʠ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ ʟʘʪʫʭʘʥʠʷ ʤʝʞ-

ʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ ʩʭʝʤʳ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʤʫʣʴʪʠʤʝʪʨʘ ʧʦʜʙʠʨʘ-

ʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɽʛʦ ʚʥʫʪʨʝʥʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʪʦʢ ʙʣʠʟʢʠ ʢ 

ʠʜʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʥʦ ʠʭ ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ. 

 
 
 

                      
 

 
 
 
 

 

 

 

ɻʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʦʚ 

ɻʝʥʝʨʘʪʦʨ ʩʠʛʥʘʣʦʚ (function generator) ï ʵʪʦ ʠʩʪʦʯʥʠʢ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ, ʧʠʣʦʦʙʨʘʟʥʳʝ ʠ 
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ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ. ʄʦʞʥʦ ʠʟʤʝʥʠʪʴ ʬʦʨʤʫ ʩʠʛʥʘʣʘ, ʝʛʦ ʯʘ-

ʩʪʦʪʫ, ʘʤʧʣʠʪʫʜʫ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʦʣʥʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʳʡ ʩʜʚʠʛ. 

ɼʠʘʧʘʟʦʥ ʛʝʥʝʨʘʪʦʨʘ ʜʦʩʪʘʪʦʯʝʥ, ʯʪʦʙʳ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʩʠʛʥʘʣʳ ʩ 

ʯʘʩʪʦʪʘʤʠ ʦʪ ʥʝʩʢʦʣʴʢʦ ʛʝʨʮ ʜʦ ʘʫʜʠʦ ʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ. 

ʋ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʦʚ ʝʩʪʴ ʪʨʠ ʪʝʨʤʠʥʘʣʘ-ʠʩʪʦʯʥʠʢʘ ʠʤʧʫʣʴʩʦʚ. 

ʆʙʱʠʡ ʮʝʥʪʨʘʣʴʥʳʡ ʪʝʨʤʠʥʘʣ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʥʫʣʷ. 

 

ʆʩʮʠʣʣʦʛʨʘʬʳ 

ɺ Multisim ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ ʦʩʮʠʣʣʦʛʨʘʬʦʚ (ʜʚʫʭ- ʠ 

ʯʝʪʳʨʝʭ - ʢʘʥʘʣʴʥʳʝ), ʢʦʪʦʨʳʤʠ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʢʘʢ ʥʘʩʪʦʷʱʠʤʠ. 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʝʨʪʢʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʚʳʙʠʨʘʪʴ ʪʠʧ ʠ ʫʨʦʚʝʥʴ ʟʘʧʫʩʢʘ ʠʟʤʝʨʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥ 

ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʩʭʝʤʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ 2-ʭ ʢʘʥʘʣʴʥʦʛʦ ʦʩʮʠʣʣʦʛʨʘʬʘ.  
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