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ʈʘʟʜʝʣ 1. ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʩʚʝʜʝʥʠʷ ʦ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʠ ʧʨʠʥʮʠʧʘʭ 

ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʤʠʢʨʦʩʭʝʤ (ʀʄʉ) 

 

ʃʝʢʮʠʷ 1.       

                  

ʊʝʤʘ 1.1. ʂʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʟʚʠʪʠʷ ʩʭʝʤʦʪʝʭʥʠʢʠ. ʉʠʩʪʝʤʳ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʧʘʨʘʤʝʪʨʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

ʃʦʛʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʃʕ) ʥʘʟʳʚʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʠʩʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʚʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ. ʉʠʛʥʘʣʳ ʥʘ ʚʳʭʦʜʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʩʠʛʥʘʣʦʚ ʥʘ ʠʭ ʚʭʦʜʘʭ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʳ ʫʩʪʨʦʡʩʪʚʘ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʮʝʧʝʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ʇʦʥʷʪʠʝ ʃʕ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ  ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʜʚʫʭ ʩʤʳʩʣʘʭ:  

1) ʃʕ ï ʢʘʢ çʯʝʨʥʳʡ ʷʱʠʢè, ʥʘ ʚʭʦʜʳ ʢʦʪʦʨʦʛʦ  ʧʦʜʘʝʪʩʷ ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ 

ʥʝʟʘʚʠʩʠʤʳʭ ʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʍ ={x1 x2 . . . xn}, ʘ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ Y 

= {y1 y2 é. ym }. ʃʕ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʶ Y =F(X),  

ʛʜʝ -  F ï ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʃʕ ï ʩʠʩʪʝʤʘ ʙʫʣʝʚʳʭ ʬʫʥʢʮʠʡ, ʟʘʜʘʥʥʳʭ ʦʜʥʠʤ 

ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ; 

       - xi  , yi  - ʙʫʣʝʚʳ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ çʣʦʛʠʯʝʩʢʠʡ 

ʥʫʣʴè ʠʣʠ çʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘè; ʜʘʣʝʝ ʚ ʪʝʢʩʪʝ ʙʫʜʝʤ  ʵʪʠ  ʟʥʘʯʝʥʠʷ ʦʙʦʟʥʘʯʘʪʴ 0 ʠ 1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.   

2) ʃʕ ï ʢʘʢ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘ ʚʭʦʜʳ ʢʦʪʦʨʦʛʦ ʧʦʜʘʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ (ʠʣʠ 

ʪʦʢʠ), ʥʘ ʚʳʭʦʜʘʭ ʪʘʢ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʪʦʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ çʣʦʛʠʯʝʩʢʦʤʫ ʥʫʣʶè ʠʣʠ çʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝè. ʃʕ  ʷʚʣʷʶʪʩʷ 

çʢʠʨʧʠʯʠʢʘʤʠè, ʠʟ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʀʄʉ (ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʠʢʨʦʩʭʝʤʳ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʀʄʉ çʣʦʛʠʯʝʩʢʦʤʫ ʥʫʣʶè ʠʣʠ çʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʠʟʢʠʡ ʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʘʶʪ ʢʘʢ  U
0  
ʠ U

1
. 

ʃʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ çʯʝʨʥʦʛʦ ʷʱʠʢʘè ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʵʪʘʧʘʭ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. ʅʘ ʵʪʘʧʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ çʃʕ - ʯʝʨʥʦʛʦ ʷʱʠʢʘè ʢ ʃʕ ï 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʫʩʪʨʦʡʩʪʚʫ (ʢʦʥʢʨʝʪʥʦʡ ʀʄʉ). ɺ ʢʫʨʩʝ çʉʭʝʤʦʪʝʭʥʠʢʘ ʕɺʄè ʃʕ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʢʨʦʤʝ ʬʫʥʢʮʠʠ Y = F(X) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʚʨʝʤʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʛʨʘʤʦʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠ ʀʄʉ) ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ  ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 ʈʘʟʣʠʯʘʶʪ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʕ. ʉʪʘʪʠʯʝʩʢʠʝ 

ʩʥʠʤʘʶʪʩʷ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ, ʜʠʥʘʤʠʯʝʩʢʠʝ ï ʚ ʧʝʨʝʭʦʜʥʦʤ. ʉ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ: 

ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʟʥʘʯʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ 

ʥʫʣʷ U
0  
ʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ U

1
, ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʠ ʪ.ʧ. 

 ʅʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪ ɹ(ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʚʝʪʚʣʝʥʠʷ ʧʦ ʚʭrʦʜʫ) ʧʦʢʘʟʳʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ ʘʥʘʣʦʛʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ 

ʚʳʭʦʜʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʀʥʦʛʜʘ ʢʨʠʪʝʨʠʝʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

 ʇʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʝʩʪʴ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʃʕ ʢ ʜʝʡʩʪʚʠʶ ʥʘʣʦʞʝʥʥʳʭ ʥʘ 

ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʦʪʢʣʦʥʝʥʠʡ (ʧʦʤʝʭ), ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. ɽʩʣʠ 
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ʦʪʢʣʦʥʝʥʠʷ ʥʘʣʦʞʝʥʳ ʥʘ ʥʫʣʝʚʦʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʧʦʤʝʭʘ ʥʫʣʷ. ɽʩʣʠ ʞʝ 

ʦʪʢʣʦʥʝʥʠʷ ʥʘʣʦʞʝʥʳ ʥʘ ʝʜʠʥʠʯʥʳʡ ʩʠʛʥʘʣ, ʪʦ ʵʪʦ ʙʫʜʝʪ ʧʦʤʝʭʘ ʝʜʠʥʠʮʳ. 

 ɺʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʡ ʘʤʧʣʠʪʫʜʳ ʧʦʤʝʭʠ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʪʝʣʥɹʦʩʪʠ ʵʪʦʡ ʧʦʤʝʭʠ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʦʧʫʩʪʠʤʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʤʝʭʠ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʨʘʟʣʠʯʘʶʪ ʩʪʘʪʠʯʝʩʢʫʶ ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. ɽʩʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʦʤʝʭʠ 

ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʧʫʩʪʠʤʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʤʝʭʠ ʫʞʝ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʝʸ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʪʘʢʘʷ ʘʤʧʣʠʪʫʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʪʠʯʝʩʢʫʶ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʜʦʧʫʩʪʠʤʦʡ 

ʘʤʧʣʠʪʫʜʳ ʧʦʤʝʭʠ ʦʪ  ʝʸ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʚʨʝʤʸʥ. 

 ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʃʕ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʜʨʫʛʦʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ ʵʣʝʤʝʥʪʘ ʠʟ ʩʦʩʪʦʥ̫ʠʷ: U ʚʭr = U
0
 ʚ ʩʦʩʪʦʷʥʠʝ: 

U ʚʳʭ = U
1
 ʥʝ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʟ ʩʦʩʪʦʷʥʠʷ: U ʚʳʭ = U

1 
 ʚ ʩʦʩʪʦʷʥʠʝ: U ʚʳʭ = U

0
. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʘʜʝʨʞʝʢ ʚʭrʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʳʭ ʠ ʬʨʦʥʪʦʚ ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʃʕ. ɹʦʣʝʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʜʝʨʞʝʢ ʠ ʬʨʦʥʪʦʚ. 

 ʇʦʪʨʝʙʣʷʝʤʘʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʤʦʱʥʦʩʪʴ ʈ ʟʘʚʠʩʠʪ ʚ ʦʙɦ ʝʤ ʩʣʫʯʘʝ ʦʪ 

ʟʥʘʯʝʥʠʷ Uʚʳʭ (U
0 
ʠʣʠ U

1
) ʃʕ ʠ ʯʘʩʪʦʪʳ ʝʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ, 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʃʕ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

                                                    ʈ ʩʪ = 0.5 ɽ ʧ ( I ʧ 
0
 + I ʧ 

1
 ) . 

  ɿʜʝʩʴ I ʧ 
0
 ʠ I ʧ 

1
 ï ʪʦʢʠ, ʧʦʪʨʝʙʣʷʝʤʳʝ ʃʕ ʧʨʠ U ʚʳʭ = U

0
 ʠ U ʚʳʭ = U

1
;  ɽ ʧ ï 

ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʭʝʤʳ. 

 ʇʨʠ ʙʦʣʴʰʦʡ ʯʘʩʪʦʪʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʭʝʤʳ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʘʷ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʠʪʘʥʠʷ, ʚʦʟʨʘʩʪʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʟʘʨʷʜʘ ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ ʠ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʘʩʪʦʪʝ ʧʝʨʝʢʣʶʯʝʥʠʷ. ʕʪʦ ʚʦʟʨʘʩʪʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʴʶ ʈ ʜʠʥ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ ʩʫʤʤʝ ʩʪʘʪʠʯʝʩʢʦʡ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʝʡ.  

     ʂ ʩʪʘʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʃʕ ʦʪʥʦʩʷʪʩʷ ʪʘʢ ʞʝ: ʧʝʨʝʜʘʪʦʯʥʘʷ, ʚʭʦʜʥʘʷ, 

ʚʳʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʇʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʞ̫ʝʥʠʷ ʃʕ U ʚʳʭ ʦʪ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U ʚʭ: U ʚʳʭ = F(U ʚʭ).  

ɼʣʷ  ʩʥʷʪʠʷ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʚʭʦʜʦʚʳʝ ʃʕ 

ʧʨʝʦʙʨʘʟʫʶʪ ʚ ʦʜʥʦʚʭʦʜʦʚʳʝ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʟʘʢʣʶ-ʯʘʝʪʩʷ ʚ ʦʙʲʝʜʠʥʝʥʠʠ 

ʚʩʝʭ ʚʭʦʜʦʚ ʚ ʦʜʠʥ ʚʭʦʜ, ʪʦʛʜʘ ʵʣʝʤʝʥʪʳ ʀʃʀ-ʅɽ ʠ ʀ-

ʅɽ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʩʪʳʝ ʠʥʚʝʨʪʦʨʳ. ʉʭʝʤʳ, 

ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 

1. ɿʥʘʢ ^ ʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʠʥʚʝʨʩʠʠ ʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʍ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ 

ʩʧʦʩʦʙʘ  ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʭʦʜʥʦʡ ʸʤʢʦʩʪʠ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʭʝʤʳ. 

 ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʩʥʷʪʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ 

ʧʦʜʘʯʘ ʥʘ ʦʩʪʘʣʴʥʳʝ nï1 ʚʭʦʜʳ ʢʦʥʩʪʘʥʪʳ ç0è ʠʣʠ ç1è. ɼʣʷ ʩʭʝʤʳ ʀʃʀ-ʅɽ ʥʘ ʵʪʠ ʚʭʦʜʳ 

ʥʫʞʥʦ ʧʦʜʘʚʘʪʴ ʣʦʛʠʯʝʩʢʠʡ ç0è, ʘ ʜʣʷ ʩʭʝʤʳ ʀ-ʅɽ ʥʘ ʦʩʪʘʚʰʠʝʩʷ  n -1 ʚʭʦʜʳ ʥʫʞʥʦ 

ʧʦʜʘʚʘʪʴ ʣʦʛʠʯʝʩʢʫʶ ç1è. ʉʭʝʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʦʪ ʩʧʦʩʦʙ, ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 2. ɺ 

ʪʘʢʦʡ ʩʭʝʤʝ ʸʤʢʦʩʪʥʘʷ ʥʘʛʨʫʟʢʘ ʜʣʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʤʢʦʩʪʴʶ ʪʦʣʴʢʦ 
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ʦʜʥʦʛʦ ʚʭʦʜʘ, ʧʦʵʪʦʤʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʭʝʤʳ ʥʝʩʢʦʣʴʢʦ ʚʳh ʝ. 

 ʉʭʝʤʘ ʜʣʷ ʩʥʷʪʠʷ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. ʉ ʧʦʤʦʱʴʶ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ʩʭʝʤʳ U ʚʭ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʪ ʦʪ ʥʫʣʷ (U ʚʭ 
0 
) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ U ʚʭ 

1
, ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʠʢʩʠʨʫʷ ʠʟʤʝʥʷʶʱʝʝʩʷ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ, ʩʪʨʦʷʪ ʛʨʘʬʠʢ Uʚʳʭ = f ( U ʚʭ).  

ʄʘʩʰʪʘʙʳ U ʚʭ  ʠ U ʚʳʭ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʘ ʥʫʞʥʦ ʚʳʙʠʨʘʪʴ ʦʜʠʥʘʢʦʚʳʤʠ.  

ʊʠʧʦʚʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʚʝʨʪʦʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 4. 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʠʥʚʝʨʪʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʘ (ʨʠʩ. 5). 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʧʨʝʦʙʨʘʟʫʶʪ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ: U ʚʳʭ1= f (Uʚʭ1) ;  Uʚʳʭ2= 

f (U ʚʳʭ1). ɽʩʣʠ ʛʨʘʬʠʢʠ ʦʙʝʠʭ ʬʫʥʢʮʠʡ ʥʘʥʝʩʪʠ ʥʘ ʦʜʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʠʩʧʦʣʴʟʫʷ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʱʝʡ ʦʩʠ ʦʨʜʠʥʘʪ ʢʦʦʨʜʠʥʘʪʥʫʶ ʦʩʴ Uʚʳʭ1, ʪʦ ʧʦʣʫʯʠʤ, ʯʪʦ ʦʜʥʘ ʠʟ ʬʫʥʢʮʠʡ 

ʙʫʜʝʪ ʦʙʨʘʱʸʥʥʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʦʡ. ɻʨʘʬʠʢʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʨʘʩʧʦʣʘʛʘʁ ʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʠʩʩʝʢʪʨʠʩʳ ʧʨʤ̫ʦʛʦ ʫʛʣʘ. 

 ʅʘ ʨʠʩ. 6 ʠʟʦʙʨʘʞʝʥʳ ʧʝʨʝʜʘʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʚʫʭ ʃʕ, ʚʢʣʶʯʸʥʥʳʭ ʧʦ 

ʩʭʝʤʝ ʨʠʩ. 5, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʥʚʝʨʪʦʨʦʚ. 

ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʟ ʩʝʙʷ ʛʨʘʬʠʢ ʦʙʨʘɦ ʸʥʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɽʩʣʠ ʥʘ ʚʭʦʜ ʩʭʝʤʳ ʨʠʩ. 5 ʧʦʜʘʪʴ ʥʘʧʨʷʞʝʥʠʝ U1, ʪʦ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ U2 ( ʨʘʚʥʦʝ UR  ʧʦ ʨʠʩ. 6) ʩʦ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʠʪʩʷ ʧʨʦʝʢʮʠʝʡ ʪʦʯʢʠ 2 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʦʩʴ. ɽʩʣʠ ʠʤʝʝʪʩʷ  n  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʯʁʸʥʥʳʭ ʠʜʝʥʪʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʢʘʞʜʦʛʦ ʠʟ  ʥʠʭ ʦʧʨʝʜʝʣʠʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʦʯʝʢ ʩ ʦʜʥʦʡ ʢʨʠʚʦʡ ʥʘ ʜʨʫʛʫʶ. 

     ɺʝʣʠʯʠʥʘ  Uʧ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠʣʠ ʥʘʧʨʷʞʝʥʠʝʤ ʧʝʨʝʢʣʶʯʝʥʠʷ, 

ʪʘʢ ʢʘʢ ʦʥʘ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʴ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʦʪ ʦʙʣʘʩʪʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ. ʇʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʛʥʘʣʘ ʯʝʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩʠʛʥʘʣ ʜʦʣʞʝʥ 

ʟʘʪʫʭʘʪʴ, ʝʩʣʠ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʤʫ ʥʫʣʶ; ʠ ʚʦʟʨʘʩʪʘʪʴ ʜʦ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʝʩʣʠ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ. ʕʪʦ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʛʜʘ, ʝʩʣʠ 

ʦʙʨʘʱʸʥʥʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʫʯʘʩʪʢʝ R-ʇ ʙʫʜʝʪ ʥʠʞʝ, ʘ ʥʘ ʫʯʘʩʪʢʝ  ʇ-S 

ʚʳʰʝ ʩʘʤʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɽʩʣʠ ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʪʦ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʘ ʪʘʢʠʭ ʵʣʝʤʝʥʪʘʭ ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʣʦʞʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʠʟ ʥʠʭ ʩʣʦʞʥʳʭ ʫʟʣʦʚ ʠʣʠ ʩʠʩʪʝʤ. 



 6 

 ʈʘʩʩʤʦʪʨʠʤ ʚʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ï ʟʘʚʠʩʠʤʦʩʪʴ ʚʭʦʜʥʦʛʦ ʪʦʢʘ ʦʪ ʚʝʣʠʯʠʥʳ 

ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ  Iʚʭ = f ʚʭ ( Uʚʭ). ʊʘʢ ʢʘʢ ʚʭʦʜʳ ʩʭʝʤʳ ʠʜʝʥʪʠʯʥʳ, ʪʦ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥ ʚʭʦʜ, ʧʦʜʘʚʘʷ ʥʘ ʦʩʪʘʣʴʥʳʝ ʥʫʣʠ ʠʣʠ ʝʜʠʥʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ʉʭʝʤʘ ʜʣʷ ʩʥʷʪʠʷ ʚʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

7. C ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʷ Uʚʭ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʪ ʦʪ Uʚʭ 
0
 ʜʦ Uʚʭ 

1
 ʠ ʬʠʢʩʠʨʫʶʪ ʠʟʤʝʥʷʶʱʠʡʩʷ ʚʭʦʜʥʦʡ ʪʦʢ Iʚʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʟʘʥʦʩʷʪ ʚ 

ʪʘʙʣʠʮʫ ʠ ʩʪʨʦʷʪ ʛʨʘʬʠʢ Iʚʭ=f ʚʭ( Uʚʭ). ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʭʝʤ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʡ ʚʠʜ. ʅʘ ʨʠʩ. 8 ʠʟʦʙʨʘʞʝʥʘ ʪʠʧʦʚʘʷ ʚʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʳʭ ʩʭʝʤ (ʊʊʃ). 

ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʤʠʤʦ ʩʚʦʝʛʦ ʧʨʷʤʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʚʭʦʜʥʳʝ ʪʦʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʭʦʜʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʣʦʛʠʯʝʩʢʦʛʦ ñ0ò - Uʚʭ 
0  
ʠ 

ʣʦʛʠʯʝʩʢʦʡ ñ1ò - Uʚʭ 
1
, ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ  ʩ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʦʯʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʘ. 

 ɺr ʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʃʕ ʥʘʟʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 

ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʥʘʛʨʫʟʢʠ.  ɽʸ ʝʱʸ ʥʘʟʳʚʘʶʪ ʥʘʛʨʫʟʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. ʉʥʠʤʘʶʪ ʜʚʝ 

ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʳʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʫʣʷ ʠ ʚʳʭʦʜʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 

ʝʜʠʥʠʮʳ. ɽʩʣʠ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʤʫ ʥʫʣʶ, ʪʦ 

ʩʥʠʤʘʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʝʪ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʫʣʷ; ʝʩʣʠ ʞʝ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʭʝʤʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝ, ʪʦ ʩʥʠʤʘʝʤʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʫʜʝʪ 

ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʝʜʠʥʠʮʳ. ɺʚʠʜʫ ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʥʳʭ 

ʮʝʧʝʡ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʣʠʯʘʁ ʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

 ʊʠʧʦʚʘʷ ʚʳʭʦʜʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʫʣʷ (ʘ) ʠ 

ʩʭʝʤʘ ʜʣʷ ʝʸ ʩʥʪ̫ʠʷ (ʙ) 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 9.  ɿʜʝʩʴ 

ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʜʣʷ ʩʥʷʪʠʷ 

ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʫʣʷ 

ʠʥʚʝʨʪʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ, 

ʧʦʵʪʦʤʫ ʥʘ ʚʭʦʜ  ʩʭʝʤʳ  

ʧʦʜʘʸʪʩʷ U ʚʭ = U
1 
= ɽ ʧ . ʂ ʵʪʦʤʫ ʞʝ ʠʩʪʦʯʥʠʢʫ ʧʦʜʢʣʶʯʝʥʘ ʠ ʮʝʧʴ ʥʘʛʨʫʟʢʠ Rʥ, 

ʠʟʤʝʥʝʥʠʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʦʪʦʨʦʡ ʧʣʘʚʥʦ ʠʟʤʝʥʷʝʪʩʷ ʪʦʢ ʥʘʛʨʫʟʢʠ ʠ ʠʟʤʝʨʷʝʪʩʷ 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʥʝʛʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʇʦ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʚʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ  ʩʭʝʤʳ ʥʘ ʨʘʙʦʯʝʤ ʫʯʘʩʪʢʝ Rʚʳʭ 
0
 ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʥʘʛʨʫʟʢʠ 

Iʥ 
0
 max. ɺʳʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʚʳʭ 

0
 ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʠʨʘʱʝʥʠʶ ʪʦʢʘ ʥʘʛʨʫʟʢʠ:   Rʚʳʭ 
0
 = ȹUʚʳʭ

0
 / 

ȹ Iʥ
0
 max

 
.  ʄʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʪʦʯʢʝ ʦʨʘʬʠʢʘ, ʛʜʝ ʚʳʭʦʜʥʦʝ 
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ʥʘʧʨʷʞʝʥʠʝ  Uʚʳʭ
0
 ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʥʦ ʝʱʝ ʥʝ ʜʦʩʪʠʛʘʝʪ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ   

Uʧ ( ʪʦʯʢʘ ɸ ʥʘ ʨʠʩ. 9,ʘ). ʇʦ ʚʝʣʠʯʠʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʳʪʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʢ ʦʪʥʦʰʝʥʠʝ Iʥ
0
max  ʢ ʚʭʦʜʥʦʤʫ ʪʦʢʫ 

ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ :   Nmax=  Iʥ 
0
 max /  Iʚʭ 

0
 . 

 ɼʨʫʛʦʡ ʚʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʚʳʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʜʠʥʠʮʳ, 

ʪʠʧʦʚʦʡ ʚʠʜ ʢʦʪʦʨʦʡ (ʘ) ʠ ʩʭʝʤʘ ʜʣʷ ʝʸ ʩʥʷʪʠʷ (ʙ) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 10. ɺ ʪʦʯʢʝ ɺ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʨʠʩ. 10,ʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ 

ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʵʪʦʤʫ ʪʦʢ Iʥ
1
max ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ  ʪʦʢʦʤ 

ʥʘʛʨʫʟʢʠ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ. 

 

 

ʃʝʢʮʠʷ 2.                        

 

ʊʝʤʘ 1.2. . ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʣʦʛʠʢ ʩʭʝʤʦʪʝʭʥʠʢʠ ʕɺʄ: ɼʊʃ, ʊʊʃ, ʀ
2
ʃ, ʄʆʇ, ʂʄʆʇ 

   

ʊʠʧʳ ʚʭʦʜʥʳʭ, ʚʳʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ, ʢʘʩʢʘʜʦʚ ʩʚʷʟʠ, ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʚʷʟʝʡ. 

ʇʨʦʩʪʝʡʰʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ: ʜʠʦʜʥʘʷ ʠ ʪʨʘʥʟʠʩʪʦʨʥʘʷ ʣʦʛʠʢʠ. 

ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʤʝʩʪʥʦʛʦ        ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʩʪʘʚʝ ʫʟʣʦʚ 

ʕɺʄ.   

ʇʨʦʩʪʝʡʰʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

 

ɼʠʦʜʥʘʷ ʣʦʛʠʢʘ. 
     

 ɺ ʩʚʦʝʡ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʫʝʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʜʠʦʜ - 

ʧʨʠʙʦʨ,  ʧʨʦʧʫʩʢʘʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʪʦʣʴʢʦ ʚ 

ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ - ʦʪ ʢʘʪʦʜʘ ʢ ʘʥʦʜʫ  

     ɼʠʟʲʶʥʢʪʦʨ ( ʵʣʝʤʝʥʪ ʀʃʀ :  Y = X1 V X2)  

ɽʩʣʠ  U1=U
1
  ʠʣʠ  U2=U

1
 ʠʣʠ  U1=U2=U

1
  , ʪʦ ʦʜʠʥ ʠʣʠ 

ʦʙʘ ʜʠʦʜʘ ʦʪʢʨʳʚʘʶʪʩʷ ʠ ʯʝʨʝʟ ʥʠʭ ʪʝʯʝʪ ʪʦʢ Iʜ. 

Uʚʳʭ.=Iʜ *Rʥ 

Uʚʳʭ. ʥʘ ʚʝʣʠʯʠʥʫ U*  ʤʝʥʴʰʝ, ʯʝʤ  U
1, 
ʛʜʝ U*-ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʷʤʦʤ ʧʝʨʝʭʦʜʝ ʜʠʦʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ U
1
, ʝʩʣʠ ʭʦʪʷ ʙʳ ʥʘ ʦʜʥʦʤ ʠʟ 

ʚʭʦʜʦʚ ʜʠʟʲʶʥʢʪʦʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ U
1  

.
  
 

     ʂʦʥʲʶʢʪʦʨ (ʵʣʝʤʝʥʪ ʀ:  Y = X1 * X2) ɽʩʣʠ U1=U2=U
0
 0 ɺ, ʪʦ ʦʙʘ ʜʠʦʜʘ ʦʪʢʨʳʪʳ ʠ 

ʪʝʯʝʪ ʪʦʢ ʧʦ ʮʝʧʠ: 

+U D1 ʠ D -U
0
. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠ U1=U
0 
ʠ U2=U

1  
ʠʣʠ

 
U1=U

1 
ʠ U2=U

0
 

ɽʩʣʠ U1=U2=U
1
 ʠʧ, ʪʦ ʦʙʘ ʜʠʦʜʘ ʟʘʢʨʳʪʳ ʠ ʪʝʯʝʪ ʪʦʢ ʧʦ ʮʝʧʠ: 

 +U -Uʠʧ, ʧʨʠ ʵʪʦʤ Uʚʳʭ = Uʠʧ*Rʥ/(Rʥ+Rʩʤ) 

ɽʩʣʠ Rʥ >> R
1
  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ U
1
, ʝʩʣʠ ʥʘ ʚʩʝʭ ʚʭʦʜʘʭ ʢʦʥʲʶʥʢʪʦʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʦʛʠʯʝʩʢʘʷ 

ʝʜʠʥʠʮʘ U
1  

.
  
 

 

ʅʝʜʦʩʪʘʪʢʠ ʜʠʦʜʥʦʡ ʣʦʛʠʢʠ. 

 

1. ʅʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʦʣʥʳʡ ʥʘʙʦʨ ʵʣʝʤʝʥʪʘ ʥʘ ʦʜʥʠʭ ʜʠʦʜʘʭ  

(ʥʝʦʙʭʦʜʠʤ ʠʥʚʝʨʪʦʨ). 

2.  ʅʠʟʢʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʷ  Uʚʳʭ1
 ʧʦ 
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                                                        +      - 

                                                ʘʥʦʜ        ʢʘʪʦʜ 

 

                                                     Iʦʙʨ.  0 

           Iʜ                                                                                                     Iʜ 

 

 

 

 

                                                Uʜ  

 

         Iʦʙʨ.                         0,7ɺ      Uʜ                                                      U*  0,78        

    ʈʝʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʦʜʘ           ʀʜʝʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʦʜʘ 

 

                                         Iʜ                                                          Iʜ = 0 

 

 

                    +      -                +      -    

                       U*                  Uʜ 

 ʇʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (ʦʩʪʘʪʦʯʥʦʝ U) 

         ʥʘ ʦʪʢʨʳʪʦʤ   ʜʠʦʜʝ. 

 

ɼʠʟʲʶʥʢʪʦʨ (ʀʃʀ). 

  = ʍ1 V ʍ2                                

                                                         Iʜ 

 

U1(ʍ1)                    ʍ1                      1   

  ɼ1        

                                                                                            ʍ2                                           

            Uʚʳʭ.        

U2(ʍ2)                                                        (Y)       

                                 ɼ2           Rʥ 

                                (U*)  

 

 

ɽʩʣʠ  U1=U2=U=0 ɺ,  ʪʦ Uʚʳʭ.=0 
 

      ɼʠʦʜʥʫʶ ʣʦʛʠʢʫ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʣʦʛʠʢʠ.   

 

 ʊʨʘʥʟʠʩʪʦʨʥʘʷ ʣʦʛʠʢʘ  

 

ʊʨʘʥʟʠʩʪʦʨʥʘʷ ʣʦʛʠʢʘ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʫʝʪ ʠʥʚʝʨʪʦʨ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ.ʈʘʩʩʤʦʪʨʠʤ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʪʨʘʥʟʠʩʪʦʨ(ʩʤ.ʨʠʩ.1). 

ɽʩʣʠ Iʙ=0, ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʟʘʢʨʳʪ(Iʢ=0). 

ɽʩʣʠ  Iʙ<>0ʙ, ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʦʪʢʨʳʚʘʝʪʩʷ(Ik=b*Iʙ, ʛʜʝ b-ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʪʨʘʥʟʠʩʪʦʨʘ ʧʦ ʪʦʢʫ ʚ ʩʭʝʤʝ ʩ ʦʙʱʠʤ ʵʤʠʪʦʨʦʤ. b=100...1000). 

ʊʨʘʥʟʠʩʪʦʨʳ ʙʳʚʘʶʪ : n-p-n ʠ p-n-p. 

ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʝʡʰʫʶ ʤʦʜʝʣʴ ʪʨʘʥʟʠʩʪʦʨʘ(ʩʤ.ʨʠʩ.2).ɽʩʣʠ Iʙ=0, ʢʥʦʧʢʘ ɹ ʥʝ 

ʥʘʞʘʪʘ,ʮʝʧʴ ʂ-ʕ -ʨʘʟʦʨʚʘʥʘ. ɽʩʣʠ Iʙ>0(ʢʥʦʧʢʘ ɹ ʥʘʞʘʪʘ),ʪʦ ʢʦʥʪʘʢʪ ʟʘʤʢʥʫʪ, 
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ʂ ʩʦʝʜʝʥʝʥ ʩ ʕ. ʈʝʘʣʴʥʦ, ʯʪʦʙʳ ʪʨʘʥʟʠʩʪʦʨ ʦʪʢʨʳʣʩʷ Uʙ.ʕ>=U*=0.7 ɺ. ʘ ʥʘ ʦʪʢʨʳʪʦʤ 

ʪʨʘʥʟʠʩʪʦʨʝ ʦʩʪʘʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ  U=0.2 ɺ 

             ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʠʥʚʝʨʪʦʨ 

 
1) ɽʩʣʠ U1=0  Iʙ=0  Iʢ=0 , ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʟʘʢʨʳʪ ʠ Uʚʳʭ=Uʠʧ=Uô 

2) ɽʩʣʠ U1>U* ,Iʙ >0 , Iʢ>0. Rʢ  ʚʳʙʨʘʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ , ʯʪʦʙʳ Iʢ*Rʢ>Uʠʧ . 

     Uʚʳʭ=0ɺ=Uô . 

 ʀʜʝʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʚʝʨʪʦʨʘ(ʩʤ ʨʠʩ 4)  

  ʈʝʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ(ʩʤ ʨʠʩ 5) 

ʀʩʢʘʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ ʯʪʦ ʚ ʨʝʘʣʴʥʦʤ ʠʥʚʝʨʪʦʨʝ ʝʩʪʴ ʧʘʨʘʟʠʪʥʳʝ ʝʤʢʦʩʪʠ , ʠ 

ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ ʥʘ ʦʪʢʨʳʪʠʝ ʠ ʟʘʢʨʳʪʠʝ ʪʨʘʥʟʠʩʪʦʨʘ . 

  ʀʥʚʝʨʪʦʨ(ʤʩ ʨʠʩ 6) 

         ʃʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʥʦʡ ʣʦʛʠʢʝ . 

 
1)  ñ ʀ-ʅɽò    

ɽʩʣʠ U1=U2=U0=0B  

ɽʩʣʠ Uʚʳʭ=Uʠʧ=Uô 

ɽʩʣʠ U1=U0 ʠʣʠ U2=U0(ʪʘʢ ʢʘʢ ʊ1 ʠʣʠ ʊ2 ʙʫʜʫʪ ʟʘʢʨʳʪʳ) 

ɽ ʩʣʠ U1=U2=Uô,Uô>=U* 

ʊ 1 ʠ ʊ2 ʦʪʢʨʳʪʳ   ʪʦ ʪʦʢ ʪʝʯʝʪ; Uʠʧ  Rʢʊ1ʊ2  ;  Uʚʳʭ=0ɺ=2Uʦʩʪ                 

     ʇʨʠʤʝʨʳ ʩʭʝʤ ;       
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1)òʀ 

ɼʦʩʪʦʠʥʩʪʚʘ ; ʧʨʦʩʪʦʪʘ. 

ʅʝʜʦʩʪʘʪʢʠ;  

1)ʥʝʚʳʩʦʢʘʷ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ(ʠʟ-ʟʘ Rʢ ʠ Rʵ). ʠ ʠʟ-ʟʘ ʥʠʭ ʙʦʣʴʰʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ  

ʤʦʱʥʦʩʪʴ.    

 2) ʥʝʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ . ʪʘʢ ʢʘʢ ʚ ʩʭʝʤʝ ʝʩʪʴ RC.  

     

ʊʨʘʥʟʠʩʪʦʨʥʦ-ʪʨʘʥʟʠʩʪʦʨʥʘʷ ʣʦʛʠʢʘ.  
 

ʊʊʃ- ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦʵʤʤʠʪʝʨʥʳʡ ʪʨʘʥʟʠʩʪʦʨ(ʩʤ ʨʠʩ 10-ʩʭʝʤʘòʀ-

ʅɽò.ʨʠʩ11-ʩʭʝʤʘòʀò)                                                                                                                    

 

 

ɹʘʟʦʚʳʡ ʃʕ ʊʊʃ (ʀ-ʅɽ)                                                          

 

ʀʥʚʝʨʪʦʨ ʫʧʨʘʚʣʷʝʪʩʷ ʧʘʨʘʬʘʟʥʳʤ ʫʩʠʣʠʪʝʣʝʤ, ʧʦʵʪʦʤʫ Uʚʭ1  ʠ Uʚʭ2 ʚʩʝʛʜʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʝʩʣʠ Uʚʭ1=U(1), ʪʦ Uʚʭ2=U(0). ʇʦʵʪʦʤʫ ʦʜʠʥ ʠʟ ʪʨʘʥʟʠʩʪʦʨʦʚ ʦʪʢʨʳʪ, 

ʘ ʚʪʦʨʦʡ  ʟʘʢʨʳʪ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ R ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ ʥʘ ʩʣʫʯʘʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʪʢʨʳʪʠʷ ʪʨʘʥʟʠʩʪʦʨʦʚ. ʅʘ ʦʩʥʦʚʝ ʙʘʟʦʚʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʦʷʪʩʷ ʵʣʝʤʝʥʪʳ 

ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ U(1) ʠ U(0)        ʥʝʪ. 

ʊʨʘʥʟʠʩʪʦʨ VT3 ʨʘʙʦʪʘʝʪ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ. 



 11 

ɸʥʘʣʦʛʠʯʥʦ ʙʘʟʦʚʦʤʫ ʵʣʝʤʝʥʪʫ ʩʪʨʦʷʪʩʷ ʵʣʝʤʝʥʪʳ óʀô, óʀʃʀô, ôʅɽô. ɺ ʵʪʠʭ 

ʵʣʝʤʝʥʪʘʭ ʩʦʜʝʨʞʘʪʩʷ ʥʝʩʢʦʣʴʢʦ ʄ-ʊ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʶ óʀô, ʥʝʩʢʦʣʴʢʦ ʪʨʘʥʟʠʩʪʦʨʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʠ 

ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʶ óʀʃʀô. 

ʊʊʃ ʣʦʛʠʢʘ ʠʤʝʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʘʥʘʣʦʛ ʊʊʃʐ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʝ ʞʝ ʩʭʝʤʳ, ʥʦ ʚʤʝʩʪʦ ʦʙʳʯʥʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʘʥʟʠʩʪʦʨʳ ʐʦʪʪʢʠ. 

ʊʨʘʥʟʠʩʪʦʨ ʥʝ ʜʦʩʪʠʛʘʝʪ ʥʘʩʳʱʝʥʥʦʛʦ ʨʝʞʠʤʘ (Uʦʩʪ.=0,2 ɺ), ʧʦʵʪʦʤʫ ʯʘʩʪʴ 

ʙʘʟʦʚʦʛʦ ʪʦʢʘ Iʙ  ʯʝʨʝʟ ɼʐ (ʜʠʦʜ ʐʦʪʪʢʠ) ʥʝ ʠʜʸʪ ʚ ʙʘʟʫ. 

Uʙʵ=0,7 ɺ;   Uʜʰ=0,4 ɺ:  ʦʪ ʩʶʜʘ  ʩʣʝʜʫʝʪ, ʯʪʦ  Uʦʩʪ.=0,3 ɺ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʥʘʩʳʱʝʥʥʦʛʦ. 

 

 

ɼʦʩʪʦʠʥʩʪʚʘ  ʊʊʃ: 

1)  ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʧʦʪʨʝʙʣʷʶʱʝʡ ʤʦʱʥʦʩʪʠ. ʏʝʤ ʙʦʣʴʰʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ; 

2)  ʙʦʣʴʰʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʵʣʝʤʝʥʪʦʚ ʊʊʃ; 

3)  ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʳʢʦʚʢʠ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʣʦʛʠʢʠ. 

 

ɺʩʝ ʊʊʃ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ Uʧʠʪ.=+5 ɺ, U(1)>=+ 2,4 ɺ, U(0)<=+ 0,4 ɺ. 
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ʀʥʪʝʛʨʘʣʴʥʘʷ ʀʥʞʝʢʮʠʦʥʥʘʷ ʃʦʛʠʢʘ. 

 

ɹʘʟʦʚʳʡ ʵʣʝʤʝʥʪ- ʧʨʦʩʪʝʡʰʠʡ ʚʝʢʪʦʨ ʩ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ. ʊ- 

ʠʥʞʝʢʪʦʨ (ʪʨʘʥʟʠʩʪʦʨ ʩ p-n-p ʧʨʦʚʦʜʠʤʦʩʪʴʶ)     

                                               
ʊ- ʵʪʦ p-n-p ʪʨʘʥʟʠʩʪʦʨ ʩ ʦʙʱʝʡ ʙʘʟʦʡ , ʪʦʢ I ʪʝʯʝʪ ʯʝʨʝʟ ʥʝʛʦ ʠ ʦʪʧʠʨʘʝʪ ʪʨʘʥʟʠʩʪʦʨ ʊ1, 

ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʢʣʶʯʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʤ            

ʩʣʫʯʘʝ, ʢʦʛʜʘ Uʚʭ. ʈʘʟʦʤʢʥʫʪʦ. ɽʩʣʠ Uʚʭ. ʟʘʤʢʥʫʪʴ ʥʘ ʟʝʤʣʶ, ʪʦ ʪʦʢ I ʧʦʡʜʝʪ  

ç ʥʘʣʝʚʦ è ʪʨʘʥʟʠʩʪʦʨ ʊ1 - ʟʘʢʨʳʚʘʝʪʩʷ.                                                                                   

 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

  ʊʦʢ I2 ʟʘʤʳʢʘʝʪʩʷ ʥʘ ʟʝʤʣʶ ʯʝʨʝʟ ʦʪʢʨʳʪʳʡ ʊ1, ʧʨʠ ʵʪʦʤ Uʚʭ. = Uʦʩʪ.  ʊ1 =     

 = 0,2ɺ = U0.    

 ʊ2 ʟʘʢʨʳʪ ʪʘʢ ʢʘʢ ʜʣʷ ʝʛʦ ʦʪʢʨʳʚʘʥʠʷ ʥʫʞʥʦ 0,7ɺ ,ʘ ʩʝʡʯʘʩ ʚʩʝʛʦ 0,2ɺ. 

 I3 ʪʝʯʝʪ ʚ ʙʘʟʫ ʊ3 ʪʘʢ ʢʘʢ ʊ2 ʟʘʢʨʳʪ Uʚʭ. = U* = 0,7B = U1. 

ɽʩʣʠ ʚʭʦʜ ʟʘʤʢʥʫʪʴ ʥʘ ʟʝʤʣʶ , ʪʦ Uʚʭ. = 0,7ɺ = U1, ʘ Uʚʳʭ. = U0. 

 

ɺ ʠʥʪʝʛʨʘʣʴʥʦ - ʠʥʞʝʢʮʠʦʥʥʦʡ ʣʦʛʠʢʝ, ʠʥʞʝʢʪʦʨ - ʵʣʝʤʝʥʪ ʩ ʦʪʢʨʳʪʳʤ ʢʦʣʣʝʢʪʦʨʦʤ, 

ʧʦʵʪʦʤʫ ʣʦʛʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʩʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʚʳʭʦʜʘʤʠ 

ʥʝʩʢʦʣʴʢʠʭ ʚʝʢʪʦʨʦʚ.  

 

 ɼʦʩʪʦʠʥʩʪʚʘ ʠʥʪʝʛʨʘʣʴʥʦ - ʠʥʞʝʢʮʠʦʥʥʦʡ ʣʦʛʠʢʠ - ʤʘʣʝʥʴʢʦʝ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ, 

ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʢʨʠʩʪʘʣʣʝ, 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʊ.ʊ.ʃ. 

 

ʕʤʠʪʪʝʨʥʦ - ʩʚʷʟʘʥʥʘʷ ʣʦʛʠʢʘ 
 

 ʕʉʃ- ʩʘʤʘʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʘʷ ʣʦʛʠʢʘ ʥʘ ʙʠʧʦʣʷʨʥʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ɺ ʩʚʦʝʡ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʫʝʪ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʪʦʢʘ . ʊʨʘʥʟʠʩʪʦʨʳ ʀʉʃ ʚʩʝʛʜʘ ʥʘʩʳʱʝʥʳ , ʨʘʙʦʪʘʶʪ ʚ 

ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ, ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ɽʦ-ʦʧʦʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɽʦ=1,2 

ɺ; ʊ1,ʊ2,ʊ0-ʦʙʨʘʟʫʶʪ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʪʦʢʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʢʦʛʜʘ ʊ2 

ʦʪʩʫʪʩʪʚʫʝʪ. ʊ.ʢ. Uʙʪ(ʦ)=ɽʦ , ʠ ʧʫʩʪʴ    

 U1<ɽʦ ʪʦ ʪʨʘʥʟʠʩʪʦʨ ʊʦ ʦʪʢʨʳʪ ʪ.ʢ. Uʙʵʪ(ʦ)> 

Uʙʵʪ(ʣ) Uʵ =-1.2-U* =-1.9ɺ ,ʪʦʛʜʘ Uʙʵʪ(1)=0.5ɺ<U*  

 

 ʏʝʨʝʟ ʊ1 ʪʦʢ ʥʝ ʪʝʯʝʪ ʧʦ ʵʪʦʤʫ Uʚʭ=0 ɺ; 

 Uʚʳʭ=IRʦ=-1 ɺ. 

ʇʫʩʪʴ  U1>Eʦ =>T1 ʦʪʢʨʦʝʪʩʷ ,ʊʦ ʟʘʢʨʦʝʪʩʷ; Uʦ=0 ɺ 

Uʚʭ=IR=-1 ɺ= U' 

ʊʨʘʥʟʠʩʪʦʨʳ ʊ1 ʠ ʊ2 ʚʢʣʶʯʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʀʃʀ  . ɺ ʨʝʘʣʴʥʳʭ 

ʕʉʃ ʀʄʉ 

Uʚʳʭ ʫʩʠʣʠʚʘʝʪ  ʵʤʤʠʪʦʨʥʳʡ  ʧʦʚʪʦʨʠʪʝʣʴ.  

        ɼʦʩʪʦʠʥʩʪʚʘ: 

   ɺʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ . 

        ʅʝʜʦʩʪʘʪʢʠ: 
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ɺʳʩʦʢʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ,  ʥʝʦʙʳʯʥʳʝ ʟʥʘʯʝʥʠʷ Uʦ ʠ U' , ʯʪʦ ʪʨʝʙʫʝʪ ʩʧʝʮʘʣʴʥʳʭ 

ʀʄʉ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ  

 

ʀʄʉ ʥʘ ʧʦʣʝʚʳʭ ʪʨʘʥʟʠʩʪʦʨʘʭ (ʄʆʇ ʠʣʠ ʄɼʇ) 

                                      

ʅʘ ʟʘʪʚʦʨʝ ʫʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʪʦʡ ʞʝ ʧʦʣʷʨʥʦʩʪʠ, ʯʪʦ ʠ ʥʘ ʩʪʦʢʝ. 

 

 

 
 

ɽʩʣʠ Uʟʘʧ.>Uʦʪʧ. , ʪʦ ʢʘʥʘʣ ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʩʪʴ ʪʦʢ, ʝʩʣʠ  Uʟʘʧ.<Uʦʪʧ. ,ʪʦ ʪʨʘʥʟʠʩʪʦʨ 

ʟʘʢʨʳʪ - ʢʘʥʘʣʘ ʥʝʪ. 

ɺ ʮʠʬʨʦʚʳʭ ʵʣʝʤʝʥʪʘʭ Uʦʪʧ.=0,5Uʠʩʪ.ʧʠʪ. 

ɺ ʀ.ʄ.ʉ. ʥʘ ʄ.ʆ.ʇ. ʪʨʘʥʟʠʩʪʦʨʘʭ ʬʫʥʢʮʠʠ ʪʨʘʥʟʠʩʪʦʨʘ ʪʘʢ ʞʝ ʨʝʘʣʠʟʫʝʪʩʷ ʄ.ʆ.ʇ. 

ʪʨʘʥʟʠʩʪʦʨʦʤ. 

 

ʀ.ʄ.ʉ. ʥʘ ʦʜʥʦʪʠʧʥʳʭ ʄ.ʆ.ʇ. ʪʨʘʥʟʠʩʪʦʨʘʭ. 

 

ʀ.ʄ.ʉ. ʥʘ ʦʜʥʦʪʠʧʥʳʭ ʄ.ʆ.ʇ. ʪʨʘʥʟʠʩʪʦʨʘʭ ʩʪʨʦʷʪʩʷ ʧʦ ʩʭʝʤʘʤ ʊʨʘʥʟʠʩʪʦʨʥʦʡ ʣʦʛʠʢʠ. 

ʅʘʧʨʠʤʝʨ çʀ-ʅɽè 

 
 

ɼʦʩʪʦʠʥʩʪʚʘ: ʧʨʦʩʪʦʪʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ. 

ʅʝʜʦʩʪʘʪʢʠ: ʥʝ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʙʦʣʴʰʘʷ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ.  

ʀ ʄ ʉ  ʥʘ ʢʦʤʧʣʠʤʝʥʪʘʨʥʳʭ ʄʆʇ ʪʨʘʥʟʠʩʪʦʨʘʭ. 

 

ɺ ʀʄʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʄʆʇ-ʪʨʘʥʟʠʩʪʦʨʳ ʜʚʫʭ  

ʪʠʧʦʚ .  

 

ɽʩʣʠ Uʟʘʧ.>= Uʦʪʧ. ,ʪʦ ʝʩʪʴ ʢʦʥʪʘʢʪ. 

ʆʩʥʦʚʦʡ ʂʄʆʇ ʷʚʣʷʝʪʩʷ ʂʄʆʇ ʠʥʚʝʨʪʦʨ. 

     

 

 

 1.Uʚʭ.=0 ɺʦʣʴʪ =Uʦ   

    Uʟʘʧ.ʊ2 =0  => ʊ2 - ʟʘʢʨʳʪ 

    Uʟʘʧ. ʊ2= - Uʠ.ʧ. => ʊ1-ʦʪʢʨʳʪ 

    Uʚʭ.= Uʠ.ʧ.= U'  

 2.Uʚʭ.= Uʠ.ʧ.= U' 

    Uʟʘʧ.ʊ2= Uʚʭ.=Uʠ.ʧ.=>ʊ2-ʦʪʢʨʳʪ 

    Uʟʘʧ.ʊ1=0 ɺʦʣʴʪ ʊ1- ʟʘʢʨʳʪ  



 14 

    Uʚʳʭ.= 0 ɺʦʣʴʪ = Uʦ 

 

    ɼʦʩʪʦʠʥʩʪʚʘ: 

1. ʕʣʝʤʝʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʪʨʝʙʣʷʝʪ ʪʦʢʘ ʧʦ ʚʭʦʜʫ. 

2. ʕʣʝʤʝʥʪ ʥʝ ʧʦʪʨʝʙʣʷʝʪ ʪʦʢʘ Uʠʩʪ. ʚ ʩʪʘʪʠʢʝ ʚ ʩʦʩʪʦʷʥʠʠ (Uʦ,U') 

3. ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʪʘʢ ʢʘʢ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʪʢʨʳʪʦʛʦ ʢʘʥʘʣʘ 

ʤʘʣʦ.(RS-ʤʘʣʦ). 

 

 

 1.U1=U2=Uʦ= 0 ɺ, ʊ3,ʊ4- ʟʘʢʨʳʪʳ ʪ.ʢ.  Uʟʘʧ.        ʊ3=  Uʟʘʧ ʊ4= 0 ɺ 

   ʊ1,ʊ2 -ʦʪʢʨʳʪʳ ʪ.ʢ. Uʟʘʧ ʊ2=Uʠ.ʧ.                       

    Uʚʳʭ.=  Uʠ.ʧ.=U',Uʟʘʧ .ʊ1=Uʠ.ʧ. 

 2. ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ    U1=U' ʠʣʠU2=U',ʦʜʠʥ ʠʟ  

  ʪʨʘʥʟʠʩʪʦʨʦʚ U1 ʠʣʠ U2 ʟʘʢʨʳʪʳ, ʘ U3 ʠʣʠU4       

  ʦʪʢʨʳʪʳ. 

 

ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʀʄʉ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ: ʤʝʞʵʣʝʤʝʥʪʥʳʝ ʩʚʷʟʠ, ʮʝʧʠ 

ʧʠʪʘʥʠʷ ʠ ʪ.ʧ. 

 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʀʄʉ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʣʦʛʠʢʠ : 

  

1. ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ : ʊʊʃ: Uʠ.ʧ.=+5 ɺ+-10% 

                                        ʂʄʆʇ: Uʠ.ʧ.=+3 ɺ+-18 ɺ 

                                        ʕʉʃ: 2 ʠʩʪ.ʧʠʪ. ʦʩʥʦʚʥʦʡ-5ɺ  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʧʦʤʝʭ ʧʦ ʮʝʧʷʤ ʧʠʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʀʄʉ ʫʩʪʘʥʦʚʠʪʴ ʬʠʣʴʪʨʳ. 

ʂʦʥʜʝʥʩʘʪʦʨʳ, ʯʝʤ ʙʦʣʴʰʝ ʪʦʢ ʪʝʤ ʙʦʣʴʰʝ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

2. ɺʥʝʰʥʝ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʪʳʝ ʬʨʦʥʪʳ. ʆʙʳʯʥʦ 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʚʝʨʪʠʨʫʝʤʦʛʦ  ʠ ʥʝ ʠʥʚʝʨʪʠʨʫʝʤʦʛʦ ʃʕ 

 

ʇʦʢʘ Uʚʭ.=<Uʧʦʨʦʛʘ -(U2-U1)/2 ʀʃʀ ; Uʚʭ.>=Uʧʦʨʦʛʘ +(U2-U1)/2 -ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʫʩʠʣʝʥʠʷ ʮʠʬʨʦʚʦʡ ʀʄʉ= 0 

ʂʧʝʨ.=^Uʚʳʭ./^Uʚʭ. 

ɺ ʦʢʨʝʩʪʥʦʩʪʷʭ ʪʦʯʢʠ Uʧʦʨʦʛ. ʂʧʝʨ. ʋʩʠʣʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ >+-20...100. ʝʩʣʠ ʚʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʠʟʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ, ʪʦ ʀʄʉ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ ʙʫʜʝʪ ʥʘʭʦʜʠʪʩʷ ʚ 

ʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʤʝʭʠ ʠ ʠʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʫʩʠʣʝʥʥʳʝ ʚ ʂ 

ʨʘʟ ʧʦʷʚʷʪʩʷ ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘ. 

 

 

ʉʣʠʰʢʦʤ ʧʦʣʦʛʠʝ ʬʨʦʥʪʳ , ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʫʭʫʜʰʘʶʪ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʧʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʀʄʉ ʟʘ ʩʯʝʪ ʩʢʚʦʟʥʳʭ ʪʦʢʦʚ 

ʀʄʉ 

3.ɺʳʭʦʜʥʳʝ ʮʝʧʠ ʀʄʉ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʀʄʉ ʥʝ ʙʦʷʪʩʷ ʧʦʜʘʯʠ ʤʦʱʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʥʫʣʷ ʥʘ ʚʳʭʦʜʝ, ʥʦ ʙʦʷʪʩʷ 

ʤʦʱʥʦʡ ʣʦʛʠʯʝʩʢʦʡ 1. ɼʣʷ ʚʦʟʨʘʩʪʘʥʠʷ ʚʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʩʦʝʜʠʥʠʪʴ ʵʣʝʤʝʥʪʳ 

ʚʳʭʦʜʘʤʠ ʠ ʚʭʦʜʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʤʦʞʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʟʘ 

ʥʝ ʠʜʝʥʪʠʯʥʦʩʪʠ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʬʫʥʢʮʠʷ ʤʦʥʪʘʞʥʘʷ ʀʃʀ. 

ʉʦʝʜʠʥʝʥʠʝ ʚʳʭʦʜʦʚ ʵʣʝʤʝʥʪʦʚ ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʕʉʃ, ʀʃʀ,ʊʊʃ ʩ ʦʪʢʨʳʪʳʤ 

ʢʦʣʣʝʢʪʦʨʦʤ 

1. ɺʭʦʜʳ ʀʄʉ  

ɿʘʟʝʤʣʝʥʥʳʡ ʚʭʦʜ ʊʊʃ, ʀʀʃ, ʂʄʆʇ =Uʦ ʠ ʕʉʃ=U'    
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ʥʝ ʩ ʯʝʤ ʥʝ ʩʦʝʜʠʥʝʥʥʳʡ ʚʭʦʜ. 

ʊʊʃ ʠ ʀʀʃ ʵʢʚʠʚʘʣʝʥʪʥʦ U' ʂʄʆʇ ʠ ʕʉʃ ʩʪʨʝʤʷʪʩʷ ʢ Uʦ.   

 

 

ʈʘʟʜʝʣ 2. ʉʭʝʤʦʪʝʭʥʠʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʕɺʄ                                 

 

ʃʝʢʮʠʷ 3.   

 

ʊʝʤʘ 2.1. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʠʛʛʝʨʦʚ, ʚʠʜʳ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʪʠʧʳ 

ʵʣʝʤʝʥʪʦʚ ʧʘʤʷʪʠ. ʉʪʘʪʠʯʝʩʢʠʝ ʪʨʠʛʛʝʨʘ. RS-,D-,JK-,T-ʪʨʠʛʛʝʨʘ.  

                      

ʊʨʠʛʛʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʜʚʫʤʷ ʩʦʩʪʦʷʥʠʷʤʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʆʜʥʦ ʠʟ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʦʪʦʞʜʝʩʪʚʣʝ̫ʪʩʷ ʩ ʩʠʤʚʦʣʦʤ ç0è, ʘ 

ʜʨʫʛʦʝ - ʩ ʩʠʤʚʦʣʦʤ ç1è. ʊʨʠʛʛʝʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʝʪ ʜʚʘ ʚʳʭʦʜʘ: Q ï ʧʨʷʤʦʡ ʠ ^Q ï 

ʠʥʚʝʨʩʥʳʡ (^ - ʟʥʘʢ ʠʥʚʝʨʩʠʠ ʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ). ɺ ʩʦʩʪʦʷʥʠʠ ç0è ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ 

Q=0, ʘ ʥʘ ʚʳʭʦʜʝ ^Q=1. ɺ ʩʦʩʪʦʷʥʠʠ ç1è ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ  Q=1, ʘ ʥʘ ʚʭrʦʜʝ ^Q=0. 

ʆʩʥʦʚʦʡ ʣʶʙʦʛʦ ʪʨʠʛʛʝʨʘ  ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ ʧʘʤʷʪʠ. ɺ ʩʪʘʪʠʯʝʩʢʠʭ ʪʨʠʛʛʝʨʘʭ ʵʪʫ 

ʨʦʣʴ ʚʳʧʦʣʥʷʝʪ ʩʪʘʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʘʤʷʪʠ: ʧʨʦʩʪʝʡʰʠʡ ʘʩʠʥʭʨʦʥʥʳʡ RS - ʪʨʠʛʛʝʨ. 

ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ RS -ʪʨʠʛʛʝʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʛʥʘʣʦʤ ʥʘ ʧʨʤ̫ʦʤ ʚʳʭʦʜʝ Q t , ʘ ʥʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ Q t+1
 
ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ   ʚʭʦʜʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ: R (Reset), S (Set) ʠ Q 

t. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʨʠʛʛʝʨʘ ʚ ʩʦʩʪʦʷʥʠʝ Q t+1=0 ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʝʛʦ ʚʭʦʜʳ ʧʦʜʘʪʴ 

ʩʠʛʥʘʣʳ: R=1 ʠ S=0, ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʪʨʠʛʛʝʨʘ ʚ ʩʦʩʪʦʷʥʠʝ Q t+1=1 ʥʝʦʙʭʦʜʠʤʦ ʥʘ ʝʛʦ ʚʭʦʜʳ 

ʧʦʜʘʪʴ ʩʠʛʥʘʣʳ: R=0 ʠ S=1. ʕʣʝʤʝʥʪ ʧʘʤʪ̫ʠ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ Qt+1 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ʚ ʨʝʞʠʤʝ ʭʨʘʥʝʥʠʷ: R=0 ʠ S=0. ɽʩʣʠ ʥʘ ʚʭʦʜʳ ʵʣʝʤʝʥʪʘ ʧʘʤʷʪʠ 

ʧʦʜʘʪʴ ʩʠʛʥʘʣʳ R=1 ʠ S=1, ʪʦ ʚʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ Qt+1 ʠ ^Qt+1 ʙʫʜʫʪ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ 

ʟʥʘʯʝʥʠʷ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠ ʦʜʥʦʤʫ ʠʟ ʫʩʪʦʡʯʠʚʳʭ ʩʦʩʪʦʷʥʠʡ. ʇʦʩʣʝ ʠʟʤʝʥʝʥʠʷ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ : R=0 ʠ S=0 (ʨʝʞʠʤ ʭʨʘʥʝʥʠʷ) ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʘ ʧʘʤʷʪʠ ʙʫʜʝʪ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘ ʧʘʤʷʪʠ ʟʘʧʨʝʱʘʝʪʩʷ ʧʦʜʘʚʘʪʴ 

ʥʘ ʝʛʦ ʚʭʦʜʳ ʩʠʛʥʘʣʳ R=1 ʠ S=1. 

 ʀʟ ʪʘʙʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ ʠ ʢʘʨʪʳ ʂʘʨʥʦ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ.1, ʩʣʝʜʫʝʪ, ʯʪʦ 

ʧʦʚʝʜʝʥʠʝ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʧʘʤʷʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ:     

Q 
n+1 

 =  S v ^R*Q 
n
 é (1). 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʠʥʜʝʢʩʳ n ʠ  n+1 ʦʙʦʟʥʘʯʘʶʪ ʪʘʢʪʳ ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ: n ï ʜʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʳ ʵʣʝʤʝʥʪʘ ʧʘʤʪ̫ʠ, n+1 ï ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʘ.  

 ʀʩʧʦʣʴʟʫʷ ʧʨʘʚʠʣʦ ʜʚʦʡʥʦʛʦ ʦʪʨʠʮʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʜʝ-ʄʦʨʛʘʥʘ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ (1) ʚ ʩʣʝʜʫʶʱʠʭ ʚʠʜʘʭ:  

 

Q 
n+1

 =  S v ^^(^R * Q 
n
 ) ;   Q 

n+1
 =  S  v  ^(R v ^ Q 

n
 )  é (2) 

 

Q 
n+1

 = ^^( S v ^R * Q 
n
 );    Q 

n+1
 = ^ ( ^S* ^( ^R * Q 

n
 ) )  é (3). 

ɺʳʨʘʞʝʥʠʷ (2) ʠ (3) ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʘʤʷʪʠ - RS-

ʪʨʠʛʛʝʨʘ. ʇʝʨʚʳʡ ʩʪʨʦʠʪʩʷ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ (ʃʕ) ʀʃʀ- ʅɽ, ʘ ʚʪʦʨʦʡ ï ʥʘ 

ʵʣʝʤʝʥʪʘʭ ʀ-ʅɽ.  ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ, ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʘʩʠʥʭʨʦʥʥʳʭ RSï

ʪʨʠʛʛʝʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ 

ʵʣʝʤʝʥʪʘʭ ʀʃʀ-ʅɽ (ʨʠʩ. 

2,ʘ) ʠ ʥʘ ʀ-ʅɽ 
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ʈʠʩ.2. ʌʫʥʢʮʠʦʘʣʴʥʳʝ ʩʭʝʤʳ, ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʧʨʠʤʝʨʳ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ 

ʜʣʷ RS-ʪʨʠʛʛʝʨʦʚ ʥʘ ʵʣʝʤʝʥʪʘʭ ʀʃʀ-ʅɽ (ʘ) ʠ ʀ-ʅɽ (ʙ). 

 

  ɼʣʷ RS-ʪʨʠʛʛʝʨʘ ʥʘ ʃʕ ʀʃʀ-ʅɽ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʣʦʛʠʯʝʩʢʦʡ 1. ʇʦ 

ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2,ʘ) ʚʠʜʥʦ, ʯʪʦ ʝʜʠʥʠʯʥʳʡ ʩʠʛʥʘʣ ʥʘ Sïʚʭʦʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʪʨʠʛʛʝʨ ʚ ʩʦʩʪʦʷʥʠʝ ñ1ò (ʥʘ ʝʛʦ ʚʳʭʦʜʝ Q=1). ʇʦ ʦʢʦʥʯʘʥʠʠ ʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʘ S=1 ʥʘ 

ʚʭʦʜʘʭ ʪʨʠʛʛʝʨʘ  ʩʠʛʥʘʣʳ S= R=0 (ʨʝʞʠʤ ʭʨʘʥʝʥʠʷ). ʉʠʛʥʘʣ R=1 ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʪʨʠʛʛʝʨ ʚ 

ʩʦʩʪʦʷʥʠʝ ñ0ò (Q=0). 

ʇʫʥʢʪʠʨʦʤ ʦʪʤʝʯʝʥ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʥʘ R- ʠ S -

ʚʭʦʜʘʭ ʣʦʛʠʯʝʩʢʦʡ 1, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʱʸʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʜʣʷ ʪʨʠʛʛʝʨʘ ʵʪʦʛʦ ʪʠʧʘ. 

ʉʦʩʪʦʷʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ Q ʚ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʥʝ ʦʧʨʝʜʝʣʝʥʦ (ʧʫʥʢʪʠʨʥʘʷ 

ʣʠʥʠʷ). ʇʦʩʣʝ ʩʙʨʦʩʘ ʜʦ 0 ʩʠʛʥʘʣʘ ʥʘ Rïʚʭʦʜʝ Q =1 ʟʘ ʩʯʸʪ ʜʝʡʩʪʚʠʷ ʣʦʛʠʯʝʩʢʦʡ 1 ʥʘ Sï

ʚʭʦʜʝ. ʇʨʝʢʨʘʱʝʥʠʝ ʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʘ ʥʘ Sïʚʭʦʜʝ ʠ ʩʦʩʪʦʷʥʠʝ S= R=0 ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

ʨʝʞʠʤ ʭʨʘʥʝʥʠʷ ʜʣʷ Q=1. 

ɼʣʷ RS-ʪʨʠʛʛʝʨʘ ʥʘ ʃʕ ʀ-ʅɽ ʘʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʣʦʛʠ-ʯʝʩʢʦʛʦ 0. ʇʦ 

ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ. 2,ʙ) ʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ S=R=1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʝʞʠʤ 

ʭʨʘʥʝʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʷ Q=0. ʃʦʛʠʯʝʩʢʠʡ 0 ʥʘ Sïʚʭʦʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ Q=1, 

ʩʦʭʨʘʥʷʶʱʠʡʩʷ ʠ ʧʨʠ ʚʦʟʚʨʘʱʝʥʠʠ Sïʚʭʦʜʘ ʢ ʫʨʦʚʥʶ 1. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʥʘ Rï

ʚʭʦʜʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ Q=0. ɿʘʪʝʤ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ R=S =1 (ʨʝʞʠʤ 

ʭʨʘʥʝʥʠʷ Q=0), ʠ ʫʩʪʘʥʦʚʢʘ 1 (ʧʨʠ S=0, Q=1), ʯʪʦ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ R= 

S=1. 

ʅʝʜʦʩʪʘʪʢʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ RS-ʪʨʠʛʛʝʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ R ʠ S 

ʪʨʠʛʛʝʨ ʨʝʘʛʠʨʫʝʪ ʚ ʤʦʤʝʥʪ ʠʭ ʠʟʤʝʥʝʥʠʷ ʥʘ ʚʭʦʜʘʭ ʪʨʠʛʛʝʨʘ. ʉʠʥʭʨʦʥʥʳʡ RS-ʪʨʠʛʛʝʨ 

ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʭʦʜ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʪʘʢʦʛʦ ʪʨʠʛʛʝʨʘ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʉ=1. ʇʦʵʪʦʤʫ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

Q 
n+1

 = C*( S v ^R* Q 
n
 ) v ^C* Q 

n
  é (4). 

ʀʩʧʦʣʴʟʫʷ ʜʚʦʡʥʦʝ ʠʥʚʝʨʪʠʨʦʚʘʥʠʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ  ʜʝ-ʄʦʨʛʘʥʘ ʧʦʣʫʯʠʤ:  Q 
n+1

 

=^^(C*S v C*^R*Q 
n
 v ^C*Q 

n 
)= ^^(C*S v Q 

n
 *(C*^R v ^C)=^^(C*S v Q 

n  
*(^R v ^C)); 

 

Q 
n+1

=^ (^( C*S)*^( Q 
n 
* ^( R*C)))é(5). 

 

ʇʦ ʵʪʦʤʫ ʚʳʨʘʞʝʥʠʶ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ  RSïʪʨʠʛʛʝʨʘ, 

ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʦʛʦ ʠʤʧʫʣʴʩʦʤ ʉ (ʨʠʩ.3). ɿʜʝʩʴ ʞʝ ʧʨʠʚʝʜʝʥʳ ʝʛʦ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʠ 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ. 
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ʈʠʩ.3. ʌʫʥʢʮʠʦʘʣʴʥʳʝ ʩʭʝʤʳ, ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʧʨʠʤʝʨʳ ʚʨʝʤʝʥʥʳʭ ʜʠʘʛʨʘʤʤ 

ʜʣʷ RS-ʪʨʠʛʛʝʨʘ, ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʦʛʦ ʠʤʧʫʣʴʩʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʉ. 

 

ʇʦ ʚʨʝʤʝʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ 

ʧʦʷʚʣʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ Q ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ  

ʪʨʠʛʛʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ 

ʉ-ʚʭʦʜʝ (S=1). ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʧʦʩʣʝ 

ʦʢʦʥʯʘʥʠʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʥʘ Sïʚʭʦʜʝ ʟʘ ʩʯʸʪ 

ʚʪʦʨʦʛʦ ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʉ-ʚʭʦʜʘ. ʋʩʪʘʥʦʚʢʘ 

ʪʨʠʛʛʝʨʘ ʚ ç0è ( R=1 ) ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʢɹʦ ʧʨʠ 

ʧʦʷʚʣʝʥʠʠ ʪʨʝʪʴʝʛʦ ʩʠʥ-ʭʨʦʠʤʧʫʣʴʩʘ, ʠ ʩʦʩʪʦʷʥʠʝ Q=0 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ  ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʪʨʝʪʴʝʛʦ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʠ ʧʘʫʟʳ ʤʝʞʜʫ ʪʨʝʪʴʠʤ ʠ ʯʝʪʚʸʨʪʳʤ 

ʩʠʥʭʨʦʠʤʧʫʣʴʩʘʤʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʜʝʡʩʪʚʠʝ S=R=1 

ʧʨʠ ʯʝʪʚʸʨʪʦʤ ʩʠʥʭʨʦʠʤʧʫʣʴʩʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʘʫʟʝ 

ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʱʸʥʥʳʤ ʩʦʩʪʦʥ̫ʠʝʤ, ʧʦʵʪʦʤʫ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ  ʥʝ ʦʧʨʝʜʝʣʸʥ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ 

ʫʩʪʘʥʦʚʣʝʥʠʝ Q=1 ʟʘ ʩʯʸʪ S=1 ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ 

ʧʪ̫ʦʤ ʩʠʥʭʨʦʠʤʧʫʣʴʩʝ. ɼʘʣʝʝ ʵʪʦ ʩʦʩʪʦʷʥʠʝ Q=1 

ʩʦʭʨʘʥʷʝʪʩʷ ( ʨʝʞʠʤ ʭʨʘʥʝʥʠʷ S=R=0). 

 ʅʝʜʦʩʪʘʪʢʦʤ ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʦʛʦ 

ʠʤʧʫʣʴʩʦʤ RSïʪʨʠʛʛʝʨʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʜʝʡʩʪʚʠʷ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʩʪʨʘʥʝʥʦ ʚ RSïʪʨʠʛʛʝʨʝ, ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʦʤ ʬʨʦʥʪʦʤ  ʠʤʧʫʣʴʩʘ ʉ. 

ʅʘ ʨʠʩ.4 ʧʨʠʚʝʜʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ RSïʪʨʠʛʛʝʨʘ, cʠʥ-ʭʨʦʥʠʟʠʨʫʝʤʦʛʦ 

ʧʝʨʝʜʥʠʤ ʬʨʦʥʪʦʤ ʠʤʧʫʣʴʩʘ, ʝʛʦ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʠ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ. 

ʉʠʥʭʨʦʠʤʧʫʣʴʩ ʧʦʜʘʸʪʩʷ ʥʘ ʉ-ʚʭʦʜ ʪʨʠʛʛʝʨʘ ʊ1 ʯʝʨʝʟ ʠʥʚʝʨʪʦʨ. ʇʦʵʪʦʤʫ ʧʨʠ ʉ=0 ʊ1 

ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʥʘ ʚʭʦʜʘʭ R ʠ S, ʥʫʞʥʳʤ ʦʙʨʘʟʦʤ ʫʩʪʘʥʘʚʣʠʚʘʷ Q1 ʠ ^Q1 

. ɺ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʉ ʦʪ 0 ʢ 1 ʊ1 ʧʝʨʝʩʪʘʸʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ R 

ʠ S, ʘ ʝʛʦ ʧʦʩʣʝʜʥʝʝ ʩʦʩʪʦʷʥʠʝ Q1 ʠ ^Q1 ʟʘʧʦʤʠʥʘʝʪʩʷ ʥʘ ʊ2, ʪʘʢ ʢʘʢ  ʩʠʥʭʨʦʠʤʧʫʣʴʩ ʥʘ ʝʛʦ 

ʉ-ʚʭʦʜʝ ʨʘʚʝʥ 1. ɼʘʣʝʝ ʧʨʠ ʉ=1 ʊ1 ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʠʟʤʝʥʝʥʠʷ R ʠ S ,  Q1 ʠ ^Q1 ʧʦʩʪʦʷʥʥʳ. 

ɺʪʦʨʦʡ ʪʨʠʛʛʝʨ ʊ2 ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʥ̫ʠʝ. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʦʝ ʟʘʧʦʤʠʥʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʦʤ ʪʨʠʛʛʝʨʝ ʦʪʦʙʨʘʞʘʝʪʩʷ  ʜʚʫʤʷ 

ʙʫʢʚʘʤʠ ʊ ʚ ʫʩʣʦʚʥʦʤ ʝʛʦ ʦʙʦʟʥʘʯʝʥʠʠ. ʈʝʘʢʮʠʷ ʩʭʝʤʳ ʥʘ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ 

ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʦʪʨʝʟʢʦʤ ʧʦʜ ʫʛʣʦʤ 45 
ʦ
 ʥʘ ʣʠʥʠʠ ʚʚʦʜʘ ʩʠʛʥʘʣʘ ʚ ʉ-ʚʭʦʜ. 

ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʪʨʠʛʛʝʨʘ ʥʘ ʨʠʩ. 4 ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʝʭʦʜ ʊʊ ʚ 

ʝʜʠʥʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘ ʩʯʸʪ S=1 ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʧʝʨʚʦʛʦ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʠ 

ʚʦʟʚʨʘʱʝʥʠʝ Q=0 ʧʦ ʧʝʨʝʜʥʝʤʫ ʬʨʦʥʪʫ ʚʪʦʨʦʛʦ ʩʠʥ-ʭʨʦʠʤʧʫʣʴʩʘ ʚʚʠʜʫ R=1. ʏʝʪʚʸʨʪʳʡ 

ʠʤʧʫʣʴʩ ʚʥʦʚʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪ Q=1 ʟʘ ʩʯʸʪ S=1, ʠ ʜʘʣʝʝ ʧʨʠ S= R=0 ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʞʠʤ 

ʭʨʘʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ Q=1. ʊʘʢʦʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʪʨʠʛʛʝʨʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ 

ʧʦʤʝʭ. 

ɸʥʘʣʦʛʠʯʥʦ ʨʠʩ. 4 ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʩʭʝʤʘ RS 

ïʪʨʠʛʛʝʨʘ, ʩʠʥʭʨʦʥʠʟʠʨʫʝʤʦʛʦ ʟʘʜʥʠʤ ʬʨʦʥʪʦʤ 
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ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ. ɼʣʷ ʵʪʦʛʦ ʠʥʚʝʨʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʚʢʣʶʯʸʥ ʚ ʮʝʧʴ ʥʘ ʉ-ʚʭʦʜ ʚʪʦʨʦʛʦ 

ʪʨʠʛʛʝʨʘ. ʅʘ ʫʩʣʦʚʥʦʤ ʦʙʦʟʥʘʯʝʥʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʟʘʜʥʠʤ ʬʨʦʥʪʦʤ RS ïʪʨʠʛʛʝʨʘ ʦʪʨʝʟʦʢ 

ʥʘ ʣʠʥʠʠ ʉ-ʚʭʦʜʘ ʨʘʟʤʝʱʘʝʪʩʷ ʧʦʜ ʫʛʣʦʤ ʚ 135 
ʦ
 (ʨʠʩ. 5). 

 

D-ʪʨʠʛʛʝʨ ʠʤʝʝʪ ʦʜʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ ( D-ʚʭʦʜ) ʠ ʚʭʦʜ ʜʣʷ 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ. ɽʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʘʙʣʠʮʝʡ ʠʩʪʠʥʥʦʩʪʠ (ʪʘʙʣ. 2), ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʜʣʷ D-ʪʨʠʛʛʝʨʘ :Q 
n+1

 =C*D v ^C*Q 
n
  é(6). D-ʪʨʠʛʛʝʨ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ RS-ʪʨʠʛʛʝʨʘ. ɽʩʣʠ 

ʫ RS-ʪʨʠʛʛʝʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ Q 
n+1

= C*(S v ^R * Q 
n
) v ^C* Q 

n
  ʥʘ 

ʚʭʦʜ S ʧʦʜʘʪʴ ʟʥʘʯʝʥʠʝ D (S=D), ʘ ʥʘ ʚʭʦʜ R ʧʦʜʘʪʴ ʟʥʘʯʝʥʠʝ ^D (R=^D), ʪʦ ʧʦʣʫʯʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ D-ʪʨʠʛʛʝʨʘ: Q 
n+1

= C*(D v D * Q 
n
) v ^C *Q 

n
 =C*D v 

^C*Q 
n
  (ʨʠʩ. 6,ʘ). ɿʜʝʩʴ ʞʝ ʥʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥʦ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ Dïʪʨʠʛʛʝʨʘ (ʙ) ʠ 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʝʛʦ ʨʘʙʦʪʳ (ʚ). ʉʠʥʭʨʦʥʠʟʘʮʠʷ  Dïʪʨʠʛʛʝʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ 

ʧʝʨʝʜʥʝʤʫ  (ʜʣʷ ʨʠʩ. 6) ʠʣʠ ʟʘʜʥʝʤʫ  ʬʨʦʥʪʫ ʪʘʢʪʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ. 

 

              ʊ-ʪʨʠʛʛʝʨ ï ʵʪʦ 

ʪʨʠʛʛʝʨ ʩ ʦʜʥʠʤ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ʩʯʸʪʥʳʤ 

ʚʭʦʜʦʤ, ʠʟʤʝʥʷʶʱʠʡ ʩʚʦʸ 

ʩʦʩʪʦʷʥʠʝ ʩ ʧʨʠʭʦʜʦʤ 

ʢʘʞʜʦʛʦ ʚʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʨʠʛʛʝʨʘ 

ʜʦʣʞʥʦ ʠʜʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʘʙʣʠʮʝʡ ʠʩʪʠʥʥʦʩʪʠ 

ʪʘʙʣ.3, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ:Q
n+1

=C*Q 
n
 v ^C*Q 

n
 é(8), ʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʫʯʠʪʴ ʊ- ʪʨʠʛʛʝʨ ʠʟ Dïʪʨʠʛʛʝʨʘ, ʧʦʣʦʞʠʚ D=^Q 
n
. ʌʫʥʢʮʠʦʥʘʣʥɹʘʷ ʩʭʝʤʘ 

ʊ-ʪʨʠʛʛʝʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 7. 

          ɹʦʣʴʰʠʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʊV-ʪʨʠʛʛʝʨ, ʠʤʝʶʱʠʡ ʜʚʘ 

ʣʦʛʠʯʝʩʢʠʭ ʚʭʦʜʘ ʊ ʠ V , ʧʝʨʚʳʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʯʸʪʥʳʤ, ʘ ʚʪʦʨʦʡ ï ʨʘʟʨʝʰʘʶʱʠʤ. 

ʊV ʪʨʠʛʛʝʨ ʧʨʠ V=1 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʊ-ʪʨʠʛʛʝʨʘ; ʝʩʣʠ ʥʘ ʚʭʦʜʝ V ʜʝʡʩʪʚʫʝʪ 

ʟʘʧʨʝʱʘʶʱʠʡ ʩʠʛʥʘʣ 0, ʩʦʩʪʦʷʥʠʝ ʪʨʠʛʛʝʨʘ ʥʝ ʤʝʥʷʝʪʩʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʊV-ʪʨʠʛʛʝʨʘ, ʠʤʝʝʪ ʚʠʜ: 

Q
n+1

=Q
n
(^T v ^V) v ^Q

n
 T*V). 

         JK-ʪʨʠʛʛʝʨ ʠʤʝʪ ʜʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʭʦʜʘ: J ʠ K, ʘ ʪʘʢ ʞʝ ʚʭʦʜ ʜʣʷ ʪʘʢʪʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ C. ʇʨʘʚʠʣʦ ʨʘʙʦʪʳ JK-ʪʨʠʛʛʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʪʘʙʣʠʮʝʡ ʠʩʪʠʥʥʦʩʪʠ ʪʘʙʣ. 4 

ʠ ʢʘʨʪʦʡ ʂʘʨʥʦ (ʨʠʩ. 8), ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ:  

Q
n+1

=C* (J*^Q 
n
 v ^K*Q 

n
) v C*Q 

n
, 

 ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ  JKïʪʨʠʛʛʝʨʘ (ʨʠʩ. 9,ʘ). ʕʪʦʪ 

ʪʨʠʛʛʝʨ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʟʝ RSïʪʨʠʛʛʝʨʘ ʚʚʝʜʝʥʠʝʤ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ ʩ ʧʨʷʤʦʛʦ ʠ ʠʥʚʝʨʩʥʦʛʦ 

ʚʳʭʦʜʦʚ ʥʘ ʜʚʘ ʚʭʦʜʥʳʭ ʵʣʝʤʝʥʪʘ ʀ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʩʠʛʥʘʣʳ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ  ʩ ʩʠʛʥʘʣʘʤʠ 

ʫʧʨʘʚʣʝʥʠʷ J ʠ K.  ʅʘ ʨʠʩ. 9,ʙ ʧʨʠʚʝʜʝʥʦ ʫʩʣʦʚʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʪʨʠʛʛʝʨʘ ʵʪʦʛʦ ʪʠʧʘ, 
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ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ (ʚ) ʠʣʣʶʩʪʨʠʨʫʶʪ ʝʛʦ ʨʘʙʦʪʫ. ɺ ʤʦʤʝʥʪ ʩʦʚʤʝʩʪʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʣʦʛʠʯʝʩʢʠʭ 1 ʥʘ ʚʭʦʜʘʭ J ʠ ʂ ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ ʪʨʝʪʴʝʛʦ ʩʠʥʭʨʦʠʤʧʫʣʴʩʘ ʚʳʟʳʚʘʝʪ 

ʩʨʘʙʘʪʳʚʘʥʠʝ ʪʨʠʛʛʝʨʘ ʚ ʩʯʸʪʥʦʤ ʨʝʞʠʤʝ, ʠʟʤʝʥʷʷ  Q ʩ ʚʝʣʠʯʠʥʳ 0 ʥʘ ʟʥʘʯʝʥʠʝ 1. 

  ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʥʭʨʦʠʤʧʫʣʴʩʦʚ, ʪ.ʝ. ʉ=0 JKïʪʨʠʛʛʝʨ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ 

ʭʨʘʥʝʥʠʷ. ʅʘ ʙʘʟʝ JK-ʪʨʠʛʛʝʨʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʭʝʤʳ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʨʠʛʛʝʨʦʚ, ʯʪʦ ʠ 

ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 10. 

     

ʃʝʢʮʠʷ 4                        

              

ʊʝʤʘ 2.2. ʈʝʛʠʩʪʨʳ ʭʨʘʥʝʥʠʷ ʠ ʩʜʚʠʛʘ. ʋʥʠʚʝʨʩʘʣʴʥʳʝ ʨʝʛʠʩʪʨʳ. ʇʨʠʤʝʨʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʠʩʪʨʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ ʕɺʄ     

 

 ʉʦʚʦʢʫʧʥʦʩʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʪʨʠʛʛʝʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ  ʜʚʦʠʯʥʦʛʦ 

ʢʦʜʘ, ʥʘʟʳʚʘʝʪʩʷ ʨʝʛʠʩʪʨʦʤ.  ɺʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʥɹʦʡ ʣʦʛʠʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʛʠʩʪʨʦʚ ʨʘʩʰʠʨʷʶʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʜʚʠʛʘ ʟʘʧʠʩʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ.  

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʨʘʟʣʠʯʘʶʪ ʨʝʛʠʩʪʨʳ ʭʨʘʥʝʥʠʷ, ʨʝʛʠʩʪʨʳ ʩʜʚʠʛʘ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʝʛʠʩʪʨʳ. 

 ʇʦ ʧʨʠʥʮʠʧʫ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʠʩʪʨʳ ʜʝʣʷʪʩʷ ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʝ. ʉʪʘʪʠʯʝʩʢʠʝ ʨʝʛʠʩʪʨʳ ʩʪʨʦʷʪ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʘʤʷʪʠ 

(ʪʨʠʛʛʝʨʘʭ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴ ʟʘʧʠʩʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʢʦʣʴ ʫʛʦʜʥʦ ʜʦʣʛʦ ( ʧʨʠ 

ʥʘʣʠʯʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ). ɼʠʥʘʤʠʯʝʩʢʠʝ ʨʝʛʠʩʪʨʳ ʩʪʨʦʷʪ ʥʘ ʵʣʝʤʝʥʘʭ ʧʘʤʷʪʠ ʪʘʢʦʛʦ 

ʪʠʧʘ, ʢʘʢ ʢʦʥʜʝʥʩʘʪʦʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʣʠʰʴ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʛʠʩʪʨʘʭ ʥʝʦʙʭʦʜʠʤʘ ʨʝʛʝʥʝʨʘʮʠʷ 

ʟʘʧʠʩʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 ɺʘʞʥʝʡʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʠʩʪʨʦʚ ï ʨʘʟʨʷʜʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. 

ʈʘʟʨʷʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʠʛʛʝʨʦʚ. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ, ʩ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʟʘʧʠʩʴ, ʯʪʝʥʠʝ ʠ ʩʜʚʠʛ 

ʠʥʬʦʨʤʘʮʠʠ. 

 ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʝʛʠʩʪʨʳ ʩʜʚʠʛʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʸʤ ʝʸ ʩʜʚʠʛʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʩɹʦʚ. 

ʊʘʢʠʝ ʨʝʛʠʩʪʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʸʥʥʳʭ 

ʪʨʠʛʛʝʨʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʜʚʠʛʘ ʠʥʬʦʨʤʘʮʠʠ 

ʨʘʟʣʠʯʘʶʪ ʨʝʛʠʩʪʨʳ ʧʨʷʤʦʛʦ ʩʜʚʠʛʘ (ʚʧʨʘʚʦ, ʪ.ʝ. ʚ ʩʪʦʨʦʥʫ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ), ʦʙʨʘʪʥʦʛʦ 
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ʩʜʚʠʛʘ (ʚʣʝʚʦ, ʪ. ʝ. ʚ ʩʪʦʨʦʥʫ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ) ʠ ʨʝʚʝʨʩʠʚʥʳʝ, ʜʦʧʫʩʢʘʶʱʠʝ ʩʜʚʠʛ ʚ 

ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

 ɺ ʧʨʦʩʪʝʡʰʝʤ ʨʝʛʠʩʪʨʝ ʪʨʠʛʛʝʨʳ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: ʚʭrʦʜʳ Q ʠ ^Q  

ʧʨʝʜʳʜʫʱʝʛʦ ʪʨʠʛʛʝʨʘ ʧʝʨʝʜʘʶʪ ʙʠʪ ʜʘʥʥʳʭ ʥʘ ʚʭʦʜʳ R ʠ S ʧʦʩʣʝʜʫʶʱʝʛʦ. ɺʩʝ ʪʘʢʪʦʚʳʝ 

ʚʭʦʜʳ ʉ ʪʨʠʛʛʝʨʦʚ ʩʦʝʜʠʥʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ. ʇʨʠ ʪʘʢʦʤ ʚʢʣʶʯʝʥʠʠ ʝʜʠʥʠʮʘ, ʟʘʧʠʩʘʥʥʘʷ ʚ 

ʚʠʜʝ ʥʘʧʨʞ̫ʝʥʠʡ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʝʡ ʧʦ ʚʭʦʜʘʤ  R ʠ S ʧʝʨʚʦʛʦ ʪʨʠʛʛʝʨʘ, ʧʦʩʣʝ 

ʧʦʜʘʯʠ ʦʜʥʦʛʦ ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʧʝʨʝʡʜʸʪ ʚʦ ʚʪʦʨʦʡ ʪʨʠʛʛʝʨ, ʟʘʪʝʤ ʚʦ ʚʨʝʤʷ ʩʣʝʜʫʶ-

ʱʝʛʦ ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ ʦʥʘ ʧʦʧʘʜʸʪ ʚ ʪʨʝʪʠʡ ʪʨʠʛʛʝʨ ʠ ʪʘʢ ʧʦʩʣʝʜʫʝʪ ʜʘʣʝʝ, ʜʦ ʢʦʥʮʘ 

ʨʝʛʠʩʪʨʘ. 

 ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʦ ʨʝʛʠʩʪʨʫ ʤʥʦʛʦʨʘʟʨʷʜʥʦʝ ʩʣʦʚʦ: ʦʥʦ ʧʦʨʘʟʨʷʜʥʦ 

ʚʚʦʜʠʪʩʷ ʥʘ ʚʭʦʜʳ  R ʠ S ʧʝʨʚʦʛʦ ʪʨʠʛʛʝʨʘ. ʇʨʦʩʪʝʡʰʠʡ ʨʝʛʠʩʪʨ ʠʤʝʝʪ ʦʜʠʥ ʚʭʦʜ ʠ ʦʜʠʥ 

ʚʳʭʦʜ ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ. ɺʭʦʜ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʞʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ï ʪʘʢʪʦʚʳʡ. ɽʩʣʠ ʢʦ 

ʚʭʦʜʫ ʢʘʞʜʦʛʦ ʪʨʠʛʛʝʨʘ ʜʦʙʘʚʠʪʴ ʨʘʟʨʝʰʘʶʱʫʶ ʣʦʛʠʢʫ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʭʦʜʳ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʛʨʫʟʢʠ ʙʘʡʪʘ ʚ 

ʨʝʛʠʩʪʨ. ɿʜʝʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʱʸʣʢʠ, ʛʜʝ ʬʠʢʩʠʨʫʶʪʩʷ 

ʜʘʥʥʳʝ, ʧʦʩʪʫʧʠʚʰʠʝ ʥʘ ʚʭʦʜʳ ʧʦʩʣʝ ʧʨʠʭʦʜʘ ʪʘʢʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ. ɺ ʪʘʢʫʶ ʩʭʝʤʫ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚʭʦʜ ʨʘʟʨʝʰʝʥʠʷ ʟʘʧʠʩʠ. 

 ʄʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʪʘʢʞʝ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ 

ʚʳʭʦʜʝ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ ʪʨʠʛʛʝʨʘ. ʊʦʛʜʘ ʧʦʩʣʝ ʟʘʧʦʣʥʝʥʠʷ ʨʝʛʠʩʪʨʘ ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʚʭʦʜʦʚ ʧʦ ʢʦʤʘʥʜʝ ʨʘʟʨʝʰʝʥʠʷ ʚʳʭʦʜʘ 

ʥʘʢʦʧʣʝʥʥʦʝ ʮʠʬʨʦʚʦʝ ʩʣʦʚʦ ʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ ʧʦʨʘʟʨʷʜʥʦ ʩʨʘʟʫ ʥʘ ʚʩʝʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʭʦʜʘʭ.  ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʦʯʝʨʸʜʥʦʡ ʚʳʜʘʯʠ ʜʘʥʥʳʭ ʦʪ ʪʘʢʠʭ  ʨʝʛʠʩʪʨʦʚ ï ʙʫʬʝʨʥʳʭ 

ʥʘʢʦʧʠʪʝʣʝʡ ʚ ʰʠʥʫ ʜʘʥʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʧʨʦʮʝʩʩʦʨʘ ï ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʳʭʦʜʳ ʨʝʛʠʩʪʨʦʚ ʩʥʘʙʞʘʶʪʩʷ ʚʳʭʦʜʥʳʤʠ ʙʫʬʝʨʥʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ, ʠʤʝʶʱʠʤʠ ʪʨʝʪʴʝ, 

ʨʘʟʦʤʢʥʫʪʦʝ Z-ʩʦʩʪʦʷʥʠʝ. ʇʦ ʤʥʦʛʦʧʨʦʚʦʜʥʦʡ ʰʠʥʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨ ʧʦʣʫʯʘʝʪ 

ʮʠʬʨʦʚʦʝ ʩʣʦʚʦ ï ʙʘʡʪ ʦʪ ʚʳʭʦʜʦʚ ʪʦʛʦ ʨʝʛʠʩʪʨʘ, ʢʦʪʦʨʦʤʫ ʜʘʥʘ ʢʦ-ʤʘʥʜʘ ʨʘʟʨʝʰʝʥʠʷ 

ʚrʜʘʯʠ. 

   ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʝʛʠʩʪʨʳ ʩʜʚʠʛʘ ʥʘ Dïʪʨʠʛʛʝʨʘʭ  (ʨʠʩ. 1). ʊʘʢʠʝ 

ʨʝʛʠʩʪʨʳ ʠʤʝʶʪ ʦʜʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ, ʚʭʦʜ ʜʣʷ ʠʤʧʫʣʴʩʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ(ʠʤʧʫʣʴʩʦʚ ʩʜʚʠʛʘ) ʠ ʫʩʪʘʥʦʚʦʯʥʳʡ ʚʭʦʜ R. ɺʳʭʦʜʳ ʚ ʨʝʛʠʩʪʨʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩ ʢʘʞʜʦʛʦ ʨʘʟʨʷʜʘ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʘʨʘʣʣʝʣʴʥʦʤ ʢʦʜʝ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʦʜʠʥ 

ʚʳʭʦʜ ʩ ʧʦʩʣʝʜʥʝʛʦ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʘ) ʨʘʟʨʷʜʘ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʢʦʜʦʤ. ɺʭʦʜ ʨʝʛʠʩʪʨʘ ʜʣʷ ʠʤʧʫʣʴʩʦʚ 

ʩʜʚʠʛʘ ʧʦʣʫʯʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʉ-ʚʭʦʜʦʚ ʚʩʝʭ ʪʨʠʛʛʝʨʦʚ, ʘ ʫʩʪʘʥʦʚʦʯʥʳʡ ʚʭʦʜ - R-

ʚʭʦʜʦʚ.  

 ʇʝʨʝʜ ʟʘʧʠʩʴʶ ʠʥʬʦʨʤʘʮʠʠ ʨʝʛʠʩʪʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʥʫʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʜʘʯʝʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦ ʰʠʥʝ çʋʩʪ. 0è. ɿʘʧʠʩʚrʘʝʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʢʦʜʦʤ. ɿʘʧʠʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʨʘʟʨʷʜʥʦ ʩʦ ʩʪʦʨʦʥʳ 
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ʩʪʘʨʰʝʛʦ (ʨʠʩ. 1) ʠʣʠ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ (ʥʘʧʨʘʚʣʝʥʠʝ ʩʜʚʠʛʘ ʫʢʘʟʳʚʘʝʪʩʷ  ʩʪʨʝʣʢʦʡ ʥʘ 

ʫʩʣʦʚʥʦʤ ʦʙʦʟʥʘʯʝʥʠʠ ʨʝʛʠʩʪʨʘ) ʧʫʪʸʤ ʧʨʦʜʚʠʞʝʥʠʷ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʘʞʜʳʤ 

ʪʘʢʪʦʚʳʤ ʠʤʧʫʣʴʩʦʤ ʦʪ ʨʘʟʨʷʜʘ ʢ ʨʘʟʨʷʜʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʟʘʧʠʩʠ Nïʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ 

ʥʝʦʙʭʦʜʠʤʳ Nïʠʤʧʫʣʴʩʦʚ ʩʜʚʠʛʘ. 

 ʉʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʢʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʠ ʟʘʧʠʩʴ, 

ʧʦʨʘʟʨʷʜʥʳʤ ʩʜʚʠʛʦʤ ʟʘʧʠʩʘʥʥʦʡ ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʢ ʚʳʭʦʜʫ ʩ ʢʘʞʜʳʤ ʪʘʢʪʦʚʳʤ 

ʠʤʧʫʣʩɹʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ Nïʨʘʟʨʷʜʥʦʛʦ ʩʣʦʚʘ ʥʝʦʙʭʦʜʠʤʳ  N 

ʠʤʧʫʣʴʩʦʚ ʩʜʚʠʛʘ. ʉʯʠʪʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʢʦʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʘʫʟʝ 

ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤ ʠʤʧʫʣʴʩʦʤ ʩʜʚʠʛʘ ʦʜʥʦʛʦ ʮʠʢʣʘ ʟʘʧʠʩʠ ʠ ʧʝʨʚʳʤ ʠʤʧʫʣʴʩʦʤ ʩʜʚʠʛʘ 

ʜʨʫʛʦʛʦ ʮʠʢʣʘ ʟʘʧʠʩʠ, ʪ.ʝ. ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʥʘ ʉ-ʚʭʦʜʘʭ ʪʨʠʛʛʝʨʦʚ ʥʫʣʝʚʦʡ 

ʫʨʦʚʝʥʴ, ʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʭʨʘʥʝʥʠʷ. 

     ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʨʝ-ʛʠʩʪʨʘ ʩʜʚʠʛʘ ʤʦʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʬʦʨʤʳ ʧʨʝʜʩʪʘʚ-ʣʝʥʠʷ ʚ 

ʧʘʨʘʣʣʝʣʴʥʫʶ. ʆʯʝʚʠʜʥʦ, ʝʩʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʟʘʧʠʩʴ 

ʠʥʬʦʨ-ʤʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʢʦʜʦʤ, ʪʦ ʤʦʞʥʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʠʥʬʦʨʤʘ-ʮʠʶ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦʡ ʬʦʨʤʳ 

ʧʨʝʜ-ʩʪʘʚʣʝʥʠʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʫʶ. 

     ʈʝʛʠʩʪʨʳ ʩʜʚʠʛʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦ-ʩʪʨʦʝʥʳ ʠ ʥʘ 

ʪʨʠʛʛʝʨʘʭ ʦʜʥʦʩʪʫ-ʧʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ 

ʢʘʞʜʦʤ ʨʘʟʨʷʜʝ ʨʝʛʠʩʪʨʘ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ 

ʪʨʠʛʛʝʨʘ, ʢʦʪʦʨʳʝ ʫʧʨʘʚʣʷʶʪʩʷ ʜʚʫʤʷ ʩʜʚʠʥʫʪʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʪʘʢʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

ʅʘʣʠʯʠʝ ʜʚʫʭ ʪʨʠʛʛʝʨʦʚ ʚ ʦʜʥʦʤ ʨʘʟʨʷʜʝ ʧʦʟʚʦʣʷʝʪ ʧʦʨʘʟʨʷʜʥʦ ʧʨʦʜʚʠʛʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ 

ʨʝʛʠʩʪʨʝ ʦʪ ʚʭʦʜʘ ʢ ʚʳʭʦʜʫ. ɽʩʣʠ ʙʳ ʚ ʨʝʛʠʩʪʨʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʝ 

ʪʨʠʛʛʝʨʳ ʧʦ ʦʜʥʦʤʫ ʥʘ ʨʘʟʨʷʜ, ʪʦ ʧʨʘʚʠʣʦ ʨʘʙʦʪʳ ʨʝʛʠʩʪʨʘ ʙʳʣʦ ʙʳ ʥʘʨʫʰʝʥʦ: ʧʨʠ 

ʧʝʨʚʦʤ ʞʝ ʠʤʧʫʣʴʩʝ ʩʜʚʠʛʘ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʧʠʩʘʚʰʠʩʴ ʚ ʧʝʨʚʳʡ ʨʘʟʨʷʜ, ʧʝʨʝʰʣʘ ʙʳ ʚʦ 

ʚʪʦʨʦʡ, ʟʘʪʝʤ ʚ ʪʨʝʪʠʡ ʠ ʪ.ʜ. 

         

      ʈʝʚʝʨʩʠʚʥʳʝ ʨʝʛʠʩʪʨʳ ʩʜʚʠʛʘ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʨʝʛʠʩʪʨʦʚ ʧʨʤ̫ʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʩʜʚʠʛʘ. ʉʪʨʦʷʪʩʷ ʦʥʠ ʧʦ ʪʝʤ ʞʝ ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ, ʯʪʦ ʠ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʝʛʠʩʪʨʳ, ʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦ-ʧʦʣʥʠʪʝʣʴʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʝʞʨʘʟʨʷʜʥʳʭ ʩʚʷʟʷʭ. ʋʢʘʟʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʚʝʨʩʠʚʥʦʛʦ ʨʝʛʠʩʪʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʧʨʠʤʝʨʝ 

iïʨʘʟʨʷʜʘ (ʨʠʩ. 2), ʩʦʩʪʦʷʱʝʛʦ ʠʟ Dïʪʨʠʛʛʝʨʘ  ʠ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʥʘ ʚʭʦʜʳ ʢʦʪʦʨʦʡ 

ʧʦʜʘʥʳ: Qi-1-ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ, Qi+1-ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ  ʩʪʘʨh ʝʛʦ ʨʘʟʨʷʜʘ, 

V-ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʜʚʠʛʘ:V=1 ïʚʧʨʘʚʦ, V=0 ïʚʣʝʚʦ. 

     ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʨʝʞʠʤʥʳʝ ʨʝʛʠʩʪʨʳ. ʀʭ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʣʠʥʠʠ ʜʘʥʥʳʭ 

ʦʙʲʝʜʠʥʝʥʳ ʠ ʦʙʨʘʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʦʨʪ ʜʘʥʥʳʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪ ʰʠʥʳ ʜʘʥʥʳʭ 

ʧʨʦʮʝʩʩʦʨʘ ʧʨʠʭʦʜʠʪ ʦʜʠʥ ʧʨʦʚʦʜ (ʘ ʥʝ ʜʚʘ), ʢʦʪʦʨʳʡ ʧʦ ʢʦʤʘʥʜʝ ʩʣʫʞʠʪ ʠʣʠ ʚʭʦʜʥʳʤ 

ʠʣʠ ʚʳʭʦʜʥʳʤ. ʏʠʩʣʦ ʩʠʛʥʘʣʴʥʳʭ ʚʭʦʜʦʚ ʠ ʚʳʭʦʜʦʚ ʤʠʢʨʦʩʭʝʤʳ ʟʘ ʩʯʸʪ ʧʦʨʪʦʚʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʚ ʜʚʘ ʨʘʟʘ. 

     ʇʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ  ʨʝʛʠʩʪʨʦʚ ʧʨʦʚʝʜʸʤ ʥʘ ʧʨʠʤʝʨʝ ʤʠʢʨʦʩʭʝʤʳ ʂ155ʀʈ1 ï 

ʯʝʪʳʨʸʭʨʘʟʨʷʜʥʳʡ ʩʜʚʠʛʦʚʳʡ ʨʝʛʠʩʪʨ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.3. ʆʥ ʠʤʝʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʳʡ ʚʭʦʜ ʜʘʥʥʳʭ  S1 , ʯʝʪʳʨʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʭʦʜʘ D0 ï D3 , 

ʘ ʪʘʢʞʝ ʯʝʪʳʨʝ ʚʳʭʦʜʘ Q0 ïQ3  ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʪʨʠʛʛʝʨʦʚ. ʈʝʛʠʩʪʨ ʠʤʝʝʪ ʜʚʘ ʪʘʢʪʦʚʦʛʦ 

ʚʭʦʜʘ ^C1 ʠ ^ʉ2. ʆʪ ʣʶʙʦʛʦ ʠʟ ʧʷʪʠ ʚʭʦʜʦʚ ʜʘʥʥʳʭ ʢʦʜ ʧʦʩʪʫʧʠʪ ʥʘ ʚʳʭʦʜʳ ʩʠʥʭʨʦʥʥʦ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʝʨʝʧʘʜʦʤ, ʧʦʜʘʥʥʳʤ ʥʘ ʚʳʙʨʘʥʥʳʡ ʪʘʢʪʦʚʳʡ ʚʭʦʜ. 

 ɺʭʦʜ ʨʘʟʨʝʰʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʟʘʛʨʫʟʢʠ ^ʈɽ ʩʣʫʞʠʪ ʜʣʷ ʚʙrʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʨʝʛʠʩʪʨʘ. ɽʩʣʠ ʥʘ ʚʭʦʜ ^ʈɽ ʜʘʸʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʨʘʟʨʝʰʘʝʪʩʷ ʨʘʙʦʪʘ 

ʪʘʢʪʦʚʦʤʫ ʚʭʦʜʫ ^ʉ2. ɺ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʥʘ ʵʪʦʪ ʚʭʦʜ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ ʪʘʢʪʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ ʚ ʨʝʛʠʩʪʨ ʟʘʛʨʫʞʘʶʪʩʷ ʜʘʥʥʳʝ ʦʪ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʭʦʜʦʚ D0-D3. 
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 ɽʩʣʠ ʥʘ ʚʭʦʜ ^PE ʧʦʜʘʥʦ ʥʘʧʨʷʞʝʥʠʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ, ʨʘʟʨʝh ʘʝʪʩʷ ʨʘʙʦʪʘ 

ʪʘʢʪʦʚʦʤʫ ʚʭʦʜʫ  ^C1. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʬʨʦʥʪʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

ʩʜʚʠʛʘʶʪ ʜʘʥʥʳʝ 

ʦʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʭʦʜʘ  S1 ʥʘ ʚʳʭʦʜ Q0, ʟʘʪʝʤ ʥʘ Q1, Q2 ʠ Q3, ʪ.ʝ. ʚʧʨʘʚʦ. ʉʜʚʠʛ ʜʘʥʥʳʭ 

ʧʦ ʨʝʛʠʩʪʨʫ ʚʣʝʚʦ ʧʦʣʫʯʠʪʩʷ, ʝʩʣʠ ʩʦʝʜʠʥʠʪʴ ʚʳʭʦʜ Q3 ʠ ʚʭʦʜ D2, ʚʳʭʦʜ Q2 ʠ ʚʭʦʜ D1, Q1 

ʠ D0 ʧʦ ʩʭʝʤʝ ʨʠʩ. 2. ʈʝʛʠʩʪʨ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʚ ʧʘʨʘʣʣʝʣʴʥʳʡ ʨʝʞʠʤ, ʧʦʜʘʚ ʥʘ ʚʭʦʜ ^ʈɽ 

ʥʘʧʨʷʞʝʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ^ʈɽ ʤʦʞʥʦ ʤʝʥʷʪʴ ʪʦʣʴʢʦ, ʝʩʣʠ ʥʘ 

ʦʙʦʠʭ ʪʘʢʪʦʚʳʭ ʚʭʦʜʘʭ ʫʨʦʚʥʠ ʥʠʟʢʠʝ. ʆʜʥʘʢʦ ʝʩʣʠ ʥʘ ʚʭʦʜʝ ^ʉ1 ʥʘʧʨʞ̫ʝʥʠʝ ʥʠʟʢʦʛʦ 

ʫʨʦʚʥʷ, ʧʝʨʝʤʝʥʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ^ʈɽ ʦʪ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʢ ʚʳʩʦʢʦʤʫ ʥʝ ʤʝʥʷʝʪ 

ʩʦʩʪʦʥ̫ʠʷ ʚʳʭʦʜʦʚ. 

      

ʃʝʢʮʠʷ 5                        
 

ʊʝʤʘ 2.3. ʉʯʝʪʯʠʢʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʉʯʝʪʯʠʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʧʝʨʝʥʦʩʦʤ. ʉʪʨʫʢʪʫʨʥʳʡ ʩʠʥʪʝʟ ʩʯʝʪʯʠʢʦʚ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʇʨʠʤʝʨʳ 

ʧʦʩʪʨʦʝʥʠʷ ʫʩʪʨʦʡʩʪʚ ʕɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʯʝʪʯʠʢʦʚ 

 

ʎʠʬʨʦʚʳʤ ʩʯʸʪʯʠʢʦʤ ʠʤʧʫʣʴʩʦʚ ʥʘʟʳʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʳʡ ʮʠʬʨʦʚʦʡ ʫʟʝʣ, 

ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʯʸʪ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʝʛʦ ʚʭʦʜ ʠʤʧʫʣʴʩʦʚ. ʈʝʟʫʣʴʪʘʪ ʩʯʸʪʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʯʸʪʯʠʢʦʤ ʚ ʟʘʜʘʥʥʦʤ ʢʦʜʝ ʠ ʤʦʞʝʪ ʭʨʘʥʠʪʴʩʷ  ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ. 

ʉʯʸʪʯʠʢʠ  ʩʪʨʦʷʪ  ʥʘ ʊ-ʪʨʠʛʛʝʨʘʭ ʠ ʊV-ʪʨʠʛʛʝʨʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʧʷʭ ʤʝʞʨʘʟʨʷʜʥʳʭ ʩʚʷʟʝʡ. ʂʦʣʠʯʝʩʪʚʦ 

ʪʨʠʛʛʝʨʦʚ N ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʤʥʦʞʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʦʩʪʦʷʥʠʡ ʩʯʸʪʯʠʢʘ 2
N
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ʙʳʣʦ ʥʝ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʠʤʧʫʣʩɹʦʚ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʯʠʪʘʥʦ. ʉ 

ʧʨʠʭʦʜʦʤ ʦʯʝʨʝʜʥʦʛʦ ʩʯʸʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠʟʤʝʥʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʩʯʸʪʯʠʢʘ, ʢʦʪʦʨʦʝ ʚ 

ʟʘʜʘʥʥʦʤ ʢʦʜʝ ʦʪʦʙʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩʯʸʪʘ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʯʸʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʪʴ, ʪʦ ʩʯʸʪʯʠʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʜʝʣʝʥʠʷ ʠʭ ʯʠʩʣʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

(ʤʦʜʫʣʴ) ʩʯʸʪʘ ʂʩʯ, ʨʘʚʥʳʡ 2
N
 . ʏʝʨʝʟ ʢʘʞʜʳʝ  2

N
 ʠʤʧʫʣʴʩʦʚ ʦʥ ʙʫʜʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ 

ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʩʥʦʚʘ ʩʯʠʪʘʪʴ ʠʤʧʫʣʴʩʳ. ɽʩʣʠ ʥʝʦʙʭʦʜʠʤʳʡ ʢʦʵʬʬʠʮʝʥʪ ʩʯʸʪʘ ʥʝ 

ʨʘʚʝʥ 2
N
, ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʘ ʚʥʫʪʨʝʥʥʠʭ ʩʦʩʪʦʷʥʠʡ 

ʩʯʸʪʯʠʢʘ. 

ʉʯʸʪʯʠʢʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʨʷʜʫ ʧʨʠʟʥʘʢʦʚ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʯʸʪʘ ʠʭ 

ʜʝʣʷʪ ʥʘ ʩʫʤʤʠʨʫʶʱʠʝ (ʩ ʧʨʷʤʳʤ ʩʯʸʪʦʤ), ʚʳʯʠʪʘʶʱʠʝ (ʩ ʦʙʨʘʪʥʳʤ ʩʯʸʪʦʤ) ʠ 

ʨʝʚʝʨʩʠʚʥʳʝ. ʇʦ ʩʧʦʩʦʙʫ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʥʦʩʘ ʨʘʟʣʠʯʘʶʪ ʩʯʸʪʯʠʢʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ, 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ (ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ) ʧʝʨʝʥʦʩʦʤ. 

 ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʪʨʸʭʨʘʟʨʷʜʥʦʛʦ ʩʫʤʤʠʨʫʶʱʝʛʦ ʩʯʸʪʯʠʢʘ ʚ ʢʦʜʝ 4-

2-1 ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʇʦʨʷʜʦʢ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ ʩʯʸʪʯʠʢʘ ʟʘʜʘʥ ʪʘʙʣ.1. ʂʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮʳ, ʩ ʧʨʠʭʦʜʦʤ ʦʯʝʨʝʜʥʦʛʦ ʩʯʸʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʢ ʩʦʜʝʨʞʠʤʦʤʫ ʩʯʸʪʯʠʢʘ 

ʧʨʠʙʘʚʣʷʝʪʩʷ ʝʜʠʥʠʮʘ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ ʥʦʤʝʨ ʩʦʩʪʦʷʥʠʷ, ʷʚʣʷʶʱʠʡʩʷ 

ʜʝʩʷʪʠʯʥʳʤ ʵʢʚʠʚʘʣʝʥʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʜʚʦʠʯʥʦʛʦ ʯʠʩʣʘ. 

 ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʢʘʞʜʦʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʟʤʝʥʝʠʠʠ 

ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʨʷʜʘ ʦʪ 1 ʢ 0. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʜʘʥʥʳʡ 

ʪʨʠʛʛʝʨ ʚ ʩʯʸʪʯʠʢʝ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʷʥʠʷ 1 ʚ ʩʦʩʪʦʷʥʠʝ 0, ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʜʦʣʞʝʥ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʘ, ʚʳʟʚrʘʶʱʠʡ ʩʨʘʙʘʪʳʚʘʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʪʨʠʛʛʝʨʘ. ɽʩʣʠ 

ʞʝ ʜʘʥʥʳʡ ʪʨʠʛʛʝʨ ʧʝʨʝʭʦʜʠʪ ʠʟ 0 ʚ 1, ʪʦ ʩʠʛʥʘʣʘ ʧʝʨʝʥʦʩʘ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ. 

ʀʟ ʪʘʙʣ. 1 ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʨʠʛʛʝʨ ʧʝʨʚʦʛʦ, ʩʘʤʦʛʦ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ, ʜʦʣʞʝʥ ʤʝʥʷʪʴ 

ʩʚʦʸ ʩʦʩʪʦʷʥʠʝ ʢʘʞʜʳʡ ʨʘʟ ʩ ʧʨʠʭʦʜʦʤ ʦʯʝʨʝʜʥʦʛʦ ʩʯʸʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʘ ʪʨʠʛʛʝʨ ʢʘʞʜʦʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʨʷʜʘ ï ʚʜʚʦʝ ʨʝʞʝ ʪʨʠʛʛʝʨʘ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʨʷʜʘ. 

 ʆʧʠʩʘʥʥʳʝ ʧʦʨʷʜʦʢ ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ ʩʯʸʪʯʠʢʘ ʠ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʘ ʠʭ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ, ʝʩʣʠ ʩʯʸʪʯʠʢ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʸʥʥʳʭ ʊ-ʪʨʠʛʛʝʨʘʭ. ʂʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʟʨʷʜ ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ ʧʝʨʝʢʣʶʯʘʪʴʩʷ 

ʩʠʛʥʘʣʦʤ ʧʝʨʝʥʦʩʘ, ʬʦʨʤʠʨʫʝʤʳʤ ʥʘ ʚʳʭʦʜʝ ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʨʜ̫ʘ. ʉʯʸʪʥʳʝ ʠʤʧʫʣʴʩʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʘʥʳ ʥʘ ʚʭʦʜ ʪʨʠʛʛʝʨʘ ʩʘʤʦʛʦ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ. ʉʯʸʪʯʠʢʠ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʩʯʸʪʯʠʢʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʇʨʠʤʝʨ 

ʪʨʸʭʨʘʟʨʷʜʥʦʛʦ ʩʯʸʪʯʠʢʘ ʥʘ ʊ-ʪʨʠʛʛʝʨʘʭ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 1. 

ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʫʞʠʪ ʰʠʥʘ çʋʩʪ.0è, ʢʦʪʦʨʦʡ ʦʙʲʝʜʠʥʝʥʳ  R-ʚʭʦʜʳ 

ʚʩʝʭ ʪʨʠʛʛʝʨʦʚ. ʅʫʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʠʛʛʝʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʜʘʚʘʝʤʳʤ ʧʦ ʵʪʦʡ ʰʠʥʝ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 0 ʠ 1. ʅʘ ʣʝʚʦʤ ʧʦʣʝ ʫʩʣʦʚʥʦʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʩʯʸʪʯʠʢʘ (ʨʠʩ. 1,ʙ) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ ʚʭʦʜʦʤ ʷʚʣʝ̫ʪʩʷ ʊ1-ʚʭʦʜ 

ʧʝʨʚʦʛʦ ʨʘʟʨʷʜʘ, ʘ ʥʘ ʧʨʘʚʦʤ ʧʦʣʝ ʫʢʘʟʘʥ çʚʝʩè ʢʘʞʜʦʛʦ ʨʘʟʨʷʜʘ. 

 ɺʳʯʠʪʘʶʱʠʡ ʩʯʸʪʯʠʢ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʠʤʝʝʪ ʦʙʨʘʪʥʳʡ ʧʦʨʷʜʦʢ 

ʩʤʝʥʳ ʩʦʩʪʦʷʥʠʡ: ʩ ʧʨʠʭʦʜʦʤ ʦʯʝʨʝʜʥʦʛʦ ʩʯʸʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩʦʜʝʨʞʘɦ ʝʝʩʷ ʚ ʩʯʸʪʯʠʢʝ 

ʯʠʩʣʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ (ʪʘʙʣ. 2). ɼʨʫʛʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚʳʯʠʪʘʶʱʝʛʦ ʩʯʸʪʯʠʢʘ ï 

ʪʨʠʛʛʝʨ ʢʘʞʜʦʛʦ ʧʦʩʣʝ-ʜʫʶʱʝʛʦ ʨʘʟʨʷʜʘ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʥʘ ʚʳʭʦʜʝ ʪʨʠʛʛʝʨʘ ʧʨʝʜʜrʫʱʝʛʦ ʨʘʟʨʷʜʘ ʦʪ 0 ʢ 1, ʪ.ʝ. ʧʨʠ ʩʠʛʥʘʣʝ 

ʟʘʡʤʘ, ʦʙʨʘʪʥʦʤ ʩʠʛʥʘʣʫ ʧʝʨʝʥʦʩʘ ʚ ʩʫʤʤʠʨʫʶʱʝʤ ʩʯʸʪʯʠʢʝ. ʉʪʨʦʠʪʩʷ ʚʳʯʠʪʘʶʱʠʡ 

ʩʯʸʪʯʠʢ ʪʘʢ ʞʝ, ʢʘʢ ʩʫʤʤʠʨʫʶʱʠʡ, ʥʦ ʩ ʪʝʤ ʦʪʣʠʯʠʝʤ, ʯʪʦ ʩʦ ʚʭʦʜʦʤ ʢʘʞʜʦʛʦ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʨʠʛʛʝʨʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʠʩ.1 ʩʦʝʜʠʥʷʝʪʩʷ  ʠʥʚʝʨʩʥʳʡ ʚʳʭʦʜ ʧʨʝʜʳʜʫɦ ʝʛʦ 

ʪʨʠʛʛʝʨʘ. 

 ʀʟ ʨʘʙʦʪʳ ʪʨʸʭʨʘʟʨʷʜʥʦʛʦ ʩʯʸʪʯʠʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʘʠʭʫʜʰʝʤ ʩʣʫʯʘʝ ʥʦʚʦʝ ʝʛʦ 

ʩʦʩʪʦʷʥʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʟʘʜʝʨʞʢʦʡ, ʨʘʚʥʦʡ ʫʪʨʦʝʥʥʦʡ ʟʘʜʝʨʞʢʝ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʦʜʥʦʛʦ ʪʨʠʛʛʝʨʘ, ʯʪʦ ʚʳʟʚʘʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʠʛʥʘʣʘ 

ʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʚʩʝ ʨʘʟʨʷʜʳ ʩʯʸʪʯʠʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʯʸʪʯʠʢʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʪʨʠʛʛʝʨʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʤ 

ʯʠʩʣʝ ʨʘʟʨʷʜʦʚ. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʩʯʸʪʯʠʢʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 
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ʧʝʨʝʥʦʩʦʤ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʮʠʬʨʦʚʳʤʠ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʨʘʟʨʷʜʦʚ ʠ ʥʝʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ. 

 ʆʜʠʥ ʠʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ ʫʩʢʦʨʝʥʠʷ ʧʝʨʝʥʦʩʘ ʚ ʩʯʸʪʯʠʢʝ ʦʩʥʦʚʘʥ ʥʘ 

ʚʚʝʜʝʥʠʠ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ (ʧʘʨʘʣʣʝʣʴʥʦʛʦ) ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʝʨʝʥʦʩʘ ʜʣʷ ʚʩʝʭ ʨʘʟʨʘʜʦʚ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʤʝʥʷʶʪ ʊV-ʪʨʠʛʛʝʨʳ. ʅʘ ʊ-ʚʭʦʜʳ ʚʩʝʭ ʪʨʠʛʛʝʨʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʘʶʪʩʷ ʩʯʸʪʥʳʝ ʠʤʧʫʣʴʩʳ, ʘ ʥʘ Vïʚʭʦʜ ʢʘʞʜʦʛʦ ʪʨʠʛʛʝʨʘ ʧʦʩʪʫʧʘʝʪ 

ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʘ, ʬʦʨʤʠʨʫʝʤʳʡ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʚ ʚʠʜʝ ʫʨʦʚʥʷ 1. ʊʨʠʛʛʝʨʳ, ʥʘ Vïʚʭʦʜʝ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʢʣʶʯʘʶʪʩʷ ʩ ʧʨʠʭʦʜʦʤ ʦʯʝʨʝʜʥʦʛʦ 

ʩʯʸʪʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʩʯʸʪʯʠʢʘ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʮʝʧʠ ʧʝʨʝʥʦʩʘ ʦʙʨʘʪʠʤʩʷ ʢ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʪʘʙʣ.1. ʀʟ ʥʝʸ ʩʣʝʜʫʝʪ, 

ʯʪʦ ʧʝʨʚʳʡ ʨʘʟʨʷʜ, ʢʘʢ ʠ ʚ ʩʯʸʪʯʠʢʝ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ, ʜʦʣʞʝʥ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥ ʥʘ ʊ-ʪʨʠʛʛʝʨʝ. ɽʩʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʊV ïʪʨʠʛʛʝʨ, ʪʦ ʝʛʦ Vïʚʭʦʜ ʩʣʝʜʫʝʪ ʩʦʝʜʠʥʠʪʴ 

ʩ ʊ-ʚʭʦʜʦʤ. 

 ɺʪʦʨʦʡ ʪʨʠʛʛʝʨ ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʯʸʪʥʳʤ 

ʠʤʧʫʣʴʩʦʤ ʧʨʠ ʥʘʣʠʯʠʠ 1 ʥʘ ʚʳʭʦʜʝ ʧʝʨʚʦʛʦ ʪʨʠʛʛʝʨʘ, ʘ ʪʨʝʪʠʡ ʪʨʠʛʛʝʨ ʧʝʨʝʙʨʘʩʳʚʘʝʪʩʷ 

ʧʨʠ ʥʘʣʠʯʠʠ 1 ʥʘ ʚʳʭʦʜʘʭ ʜʚʫʭ ʧʨʝʜʜrʫʱʠʭ ʪʨʠʛʛʝʨʦʚ. ʆʙʦʙʱʘʷ ʵʪʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘ 

ʩʣʫʯʘʡ N-ʨʘʟʨʷʜʥʦʛʦ ʩʯʸʪʯʠʢʘ ʧʦʣʫʯʠʤ, ʯʪʦ ʢʘʞʜʳʡ ʧʦʩʣʝʜʫʶʱʠʡ ʪʨʠʛʛʝʨ ʜʦʣʞʝʥ 

ʧʝʨʝʢʣʶʯʠʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʯʸʪʥʦʛʦ ʠʤʧʫʣʴʩʘ ʧʨʠ ʥʘʣʠʯʠʠ 1 ʥʘ ʚʳʭʦʜʘʭ ʚʩʝʭ 

ʧʨʝʜʜrʫʱʠʭ ʪʨʠʛʛʝʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʧʝʨʝʥʦʩʘ ʚ ʢʘʞʜʳʡ 

ʨʘʟʨʷʜ ʩʯʸʪʯʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʵʣʝʤʝʥʪ ʀ ʠ ʩʦʝʜʠʥʠʪʴ ʝʛʦ ʚʭʦʜʳ ʩ ʧʨʷʤʳʤʠ 

ʚʳʭʦʜʘʤʠ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʨʷʜʦʚ, ʘ ʚʳʭʦʜ ï ʩ Vïʚʭʦʜʦʤ  ʪʨʠʛʛʝʨʘ ʜʘʥʥʦʛʦ ʨʘʟʨʷʜʘ. 

ʇʨʠʤʝʨ ʩʫʤʤʠʨʫʶʱʝʛʦ ʩʯʸʪʯʠʢʘ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ  ʥʘ ʊV ïʪʨʠʛʛʝʨʘʭ ʧʨʠʚʝʜʸʥ 

ʥʘ ʨʠʩ.2. ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʩʯʸʪʯʠʢʘ ʚʳʰʝ, ʯʝʤ ʩʯʸʪʯʠʢʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʝʨʝʥʦʩʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʨʘʚʥʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʧʝʨʝʥʦʩʘ ʦʜʥʦʛʦ ʨʘʟʨʷʜʘ. ʅʝʜʦʩʪʘʪʦʢ ï 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʚ ʩʭʝʤʫ ʵʣʝʤʝʥʪʘ ʀ ʩ ʥʘʨʘʩʪʘʶʱʠʤ ʦʪ ʨʘʟʨʷʜʘ ʢ ʨʘʟʨʷʜʫ 

ʯʠʩʣʦʤ ʚʭʦʜʦʚ. ʕʪʦ ʥʘʨʫʰʘʝʪ ʨʝʛʫʣʷʨʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʘʨʘʱʠʚʘʥʠʷ ʝʛʦ ʩʭʝʤʳ. ʏʘʩʪʠʯʥʦ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʨʠʛʛʝʨʦʚ ʩ ʚʭʦʜʥʦʡ ʣʦʛʠʢʦʡ. 
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ʄʥʦʛʠʝ ʩʝʨʠʠ ʤʠʢʨʦʩʭʝʤ ʩʦʜʝʨʞʘʪ JKïʪʨʠʛʛʝʨʳ ʩ ʚʭʦʜʥʦʡ ʣʦʛʠʢʦʡ. ɼʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  JK-ʪʨʠʛʛʝʨʘ ʚ ʊV-ʪʨʠʛʛʝʨ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʚʭʦʜʳ  J ʠ K ʚ ʦʜʠʥ, 

ʵʪʦ ʠ ʙʫʜʝʪ V-ʚʭʦʜ. ʋ ʪʨʠʛʛʝʨʘ ʩ ʪʨʝʤʷ ʢʦʥʲʶʥʢʪʠʚʥʦ ʩʚʷʟʘʥʥʳʤʠ  J-ʚʭʦʜʘʤʠ ʠ ʪʨʝʤʷ 

ʢʦʥʲʶʥʢʪʠʚʥʦ ʩʚʟ̫ʘʥʥʳʤʠ  K-ʚʭʦʜʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʠ 

ʢʦʥʲʶʥʢʪʠʚʥʦ ʩʚʷʟʘʥʥʳʝ  V-ʚʭʦʜa. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʩʯʸʪʯʠʢʘ ʥʘ ʪʘʢʠʭ ʪʨʠʛʛʝʨʘʭ 

ʠʩʢʣʶʯʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʮʝʧʷʭ ʧʝʨʝʥʦʩʘ. ʆʜʥʘʢʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʯʠʩʣʝ ʨʘʟʨʜ̫ʦʚ ʦʩʪʘʸʪʩʷ. ʅʘ ʪʘʢʠʭ ʪʨʠʛʛʝʨʘʭ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʣʠʰʴ 

ʯʝʪʳʨʸʭʨʘʟʨʷʜʥʳʡ ʩʯʸʪʯʠʢ (ʨʠʩ. 3). 

 ɺʳʯʠʪʘʶʱʠʡ ʩʯʸʪʯʠʢ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ  ʩʪʨʦʠʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʩʫʤʤʠʨʫʶʱʠʡ, ʥʦ ʩʠʛʥʘʣʳ ʧʝʨʝʥʦʩʘ ʩʥʠʤʘʶʪʩʷ ʩ ʠʥʚʝʨʩʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʩʫʤʤʠʨʫʶʱʝʤ ʩʯʸʪʯʠʢʝ ʚʳʭʦʜʦʚ ʪʨʠʛʛʝʨʦʚ. 

 ʈʝʚʝʨʩʠʚʥʳʡ ʩʯʸʪʯʠʢ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʤʤʠʨʫʶʱʝʛʦ ʠ 

ʚʳʯʠʪʘʶʱʝʛʦ, ʩʪʨʦʠʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʫʧʨʘʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʩʯʸʪʘ ʩ ʧʦʤʦʱʴʶ ʩʠʛʥʘʣʦʚ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ ʉ ʩ ʠ 

ʚʳʯʠʪʘʥʠʷ ʉ ʚ. ʇʦʵʪʦʤʫ ʝʛʦ ʩʭʝʤʘ ʩʦʜʝʨʞʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʦʥʥʫʶ ʯʘʩʪʴ, 

ʚʳʧʦʣʥʷʶɦ ʫʶ ʫʢʘʟʘʥʥʫʶ ʬʫʥʢʮʠʶ. 

 

 ʅʝʨʝʜʢʦ ʩʯʸʪʯʠʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ , ʚʳʧʫʩʢʘʝʤʳʝ ʚ ʚʠʜʝ ʤʠʢʨʦʩʭʝʤ, 

ʠʤʝʶʪ ʧʦʤʠʤʦ ʦʩʥʦʚʥʳʭ ʚʳʭʦʜʦʚ ïʜʦʧʦʣʥʠʪʝʣʴʥʳʝ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 

4. ʅʘ ʦʜʥʦʤ ʠʟ ʚʳʭʦʜʦʚ, ʦʙʦʟʥʘʯʝʥʥʦʤ ç>15è, ʩʠʛʥʘʣ 1 ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ 

ʩʯʸʪʯʠʢʘ ʝʜʠʥʠʮʘʤʠ, ʪ.ʝ. ʢʦʛʜʘ ʦʥ ʧʝʨʝʰʸʣ ʚ  ʩʦʩʪʦʷʥʠʝ ʩ ʥʦʤʝʨʦʤ 15. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʵʪʦʤ ʚʳʭʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʧʝʨʝʥʦʩʘ ʚ ʩʣʝʜʫʶʱʠʡ ʩʯʸʪʯʠʢ. ʅʘ ʜʨʫʛʦʤ ʚʳʭʦʜʝ, 

ʦʙʦʟʥʘʯʝʥʥʦʤ ç< 0è, ʩʠʛʥʘʣ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʩʯʸʪʯʠʢʘ ʥʫʣʷʤʠ ʠ ʷʚʣʷʝʪʩʷ 

ʩʠʛʥʘʣʦʤ ʟʘʡʤʘ ʚ ʩʣʝʜʫʶʱʠʡ ʩʯʸʪʯʠʢ ʚ ʨʝʞʠʤʝ ʚʳʯʠʪʘʥʠʷ. 

 ʈʝʚʝʨʩʠʚʥʳʡ ʩʯʸʪʯʠʢ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠ ʥʘ ʊ-ʪʨʠʛʛʝʨʘʭ (ʨʠʩ. 5). ʂʘʢ ʠ ʚ 

ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʨʘʥʝʝ ʩʫʤʤʠʨʫʶʱʝʤ ʩʯʸʪʯʠʢʝ, ʩʯʸʪʥʳʝ ʠʤʧʫʣʴʩʳ ʧʦʩʪʫʧʘʶʪ ʥʘ ʊ-ʚʭʦʜ 

ʪʨʠʛʛʝʨʘ ʯʝʨʝʟ ʣʦʛʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ 

ʠʤʝʶʪʩʷ ʩʠʛʥʘʣʳ ʨʘʟʨʝʰʝʥʠʷ ʩ ʚʳʭʦʜʦʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʨʷʜʦʚ. 

 ɺ ʩʯʸʪʯʠʢʝ ʥʘ ʨʠʩ. 5,ʘ ʜʣʷ ʩʯʸʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʘ ʚʭʦʜʘ. ɽʩʣʠ 

ʩʯʸʪʯʠʢ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʧʨʷʤʦʛʦ ʩʯʸʪʘ, ʠʤʧʫʣʴʩʳ ʩʣʝʜʫʝʪ ʧʦʜʘʚʘʪʴ ʥʘ  ʥʘ ʚʭʦʜ 

ç+1è, ʚ ʨʝʞʠʤʝ ʦʙʨʘʪʥʦʛʦ ʩʯʸʪʘ ï ʥʘ ʚʭʦʜ ç-1è. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʩʯʸʪʯʠʢʘ ʚ 

ʢʘʯʝʩʪʚʝ ʨʝʚʝʨʩʠʚʥʦʛʦ ʩ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʠʤʧʫʣʴʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʚʥʝʰʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʢʦʤʤʫʪʘʮʠʠ ʩʯʸʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʩʫʤʤʠʨʫʶʱʠʡ ç+1è ʣʠʙʦ ʥʘ 

ʚʳʯʠʪʘʶʱʠʡ ç-1è ʚʭʦʜʳ. ɺʘʨʠʘʥʪ ʪʘʢʦʡ ʢʦʤʤʫʪʠʨʫʶɦ ʝʡ ʧʨʠʩʪʘʚʢʠ ʢ ʩʯʸʪʯʠʢʫ ʧʨʠʚʝʜʸʥ 

ʥʘ ʨʠʩ. 5,ʙ. ʇʨʠ ʧʦʜʘʯʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ Sïʚʭʦʜ RSïʪʨʠʛʛʝʨʘ ʥʘ ʝʛʦ ʧʨʷʤʦʤ 

ʚʳʭʦʜʝ ʫʩʪʘʥʦʚʠʪʩʷ ʝʜʠʥʠʯʥʳʡ ʫʨʦʚʝʥʴ, ʢʦʪʦʨʳʡ ʦʪʢʨʦʝʪ ʵʣʝʤʝʥʪ 1 ʜʣʷ ʩʯʸʪʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʉ0. ʉʯʸʪʯʠʢ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʩʣʦʞʝʥʠʷ. ɽʩʣʠ ʧʦʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʠʤʧʫʣʴʩ ʥʘ R-ʚʭʦʜ ʪʨʠʛʛʝʨʘ, ʦʪʢʨʦʝʪʩʷ ʜʣʷ ʩʯʸʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʵʣʝʤʝʥʪ 2, ʠ ʩʯʸʪʯʠʢ ʙʫʜʝʪ 

ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʚʳʯʠʪʘʥʠʷ. 
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ʃʝʢʮʠʷ 6                        
 

ʊʝʤʘ 2.4. ʇʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʕɺʄ. ʈʠʩʢʠ ʩʙʦʷ ʚ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʥʳʭ ʩʭʝʤʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʚʝʡʝʨʥʳʭ ʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ 
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ʈʘʟʜʝʣ 3. ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ 

ʕɺʄ 
 

ʃʝʢʮʠʷ 7.                       
 

ʊʝʤʘ 3.1. ɼʝʰʠʬʨʘʪʦʨʳ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ, ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʳ. ʇʨʠʥʮʠʧʳ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʟʣʘʭ ʕɺʄ  

 

ɺ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪ  ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢ ʦʜʥʦʤʫ ʧʨʠʸʤʥʠʢʫ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʚʭʦʜʝ ʢʘʥʘʣʘ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʟʳʚʘʝʤʦʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʤ (ʧʝʨʝʢʣʶʯʘʪʝʣʝʤ MS), ʢʦʪʦʨʦʝ 

ʩʦʛʣʘʩʥʦ ʢʦʜʫ ʘʜʨʝʩʘ ʧʦʜʢʣʶʯʘʝʪ ʢ ʚʳʭʦʜʫ ʦʜʠʥ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʅʘʧʨʠʤʝʨ, 

ʠʟ ʯʝʪʳʨʸʭ ʠʩʪʦʯʥʠʢʦʚ D0,D1,D2 ʠ D3, ʢʦʪʦʨʳʝ ʧʦʜʢʣʯʁʝʥʳ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʚʭʦʜʘʤ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʜʠʥ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʫʢʘʟʘʥ ʥʦʤʝʨ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʭʦʜʘ. ʆʙʳʯʥʦ ʦʥ ʟʘʜʘʸʪʩʷ ʜʚʦʠʯʥʳʤ ʢʦʜʦʤ ʥʘ ʫʧʨʘʚʣʷʶʱʠʭ ʚʭʦʜʘʭ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ. ɼʣʷ ʄS ʩ ʜʚʫʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʚʭʦ-ʜʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʭʦʜʘ ʍ0, ʜʣʷ ʄS ʩ ʯʝʪʳʨʴʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʤrʠ ʚʭʦʜʘʤʠ ï ʜʦʩʪʘʪʦʯʥʦ 

ʜʚʫʭ - ʍ1 ʠ ʍ0 ʠ ʪ.ʜ. ɹʫʣʝʚʘ ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʄS ʩ ʯʝʪʳʨʴʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʚʭʦʜʘʤʠ, ʠʤʝʝʪ ʚʠʜ: Y=D0^X1^X0 v D1^X1X0 v D2X1^X0 v D3X1X0,   é  (1), ʛʜʝ Y ï 

ʟʥʘʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ MS; 

       D0,D1,D2 ʠ D3 ï ʟʥʘʯʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʭʦʜʘʭ ʄS; 

       X1,X0 ï ʫʧʨʘʚʣʷʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʟʘʜʘʶʱʠʝ ʥʦʤʝʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʭʦʜʘ ʄS. 

ɸʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʠʤʝʶʪ ʚʳʨʘʞʝʥʠʷ ʜʣʷ MS ʩ 2-ʤʷ, 8-ʶ ʠ ʪ.ʜ. ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʚʭʦʜʘʤʠ. ʆʙʳʯʥʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʦʙʦʟʥʘʯʘʶʪʩʷ ʪʘʢ:  MS 2-1 ï ʤʫʣɹʪʠʧʣʝʢʩʦʨ ʩ ʜʚʫʤʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʚʭʦʜʘʤʠ ʥʘ ʦʜʠʥ ʚʳ-ʭʦʜ;  MS 8-1 ï ʤʫʣɹʪʠʧʣʝʢʩʦʨ ʩ ʚʦʩʝʤʴʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʚʭʦʜʘʤʠ  ʥʘ ʦʜʠʥ ʚʳʭʦʜ ʠ ʪ.ʧ. ʄʫʣʴʪʠʧʣʝʢʩʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʙʨʘʥʳ 

ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʀ, ʀʃʀ, ʅɽ ʠʣʠ ʤʦʛʫʪ ʠʩʧʦʣʟɹʦʚʘʪʴʩʷ ʛʦʪʦʚʳʝ  MS 

ʚ ʚʠʜʝ ʀʄʉ. 

 ʉʭʝʤʘ ʄS 2-1, ʩʦʙʨʘʥʥʘʷ ʠʟ ʧʨʦʩʪʝʡʰʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

1,ʘ. ɿʜʝʩʴ ʞʝ ʠʟʦʙʨʘʞʸʥ ʚʠʜ ʩʫʙʩʭʝʤʳ  ms2-1 (ʨʠʩ. 1,ʙ). 

ʉʭʝʤʘ  MS4-1, ʩʦʙʨʘʥʥʘʷ  ʥʘ ʙʘʟʝ ʧʨʦʩʪʝʡʰʠʭ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 2,ʘ. ɿʜʝʩʴ ʞʝ ʧʦʢʘʟʘʥʘ ʩʫʙʩʭʝʤʘ  ms4-1(ʨʠʩ. 2,ʙ). ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʭʦʜʳ ʦʙʦʟʥʘʯʝʥʳ 

ʢʘʢ 0,1,2 ʠ 3, ʘ ʫʧʨʘʚʣʷʶɦ ʠʝ ï ɸ,ɺ. 

 

ɼʨʫʛʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ï ʧʦʩʪʨʦʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʚʠʜʝ ʜʠʟʲʶʥʢʪʠʚʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ. ʕʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʦ 1-ʦʡ, 2-ʫʤ ʠ ʪ.ʜ. ʧʝʨʝʤʝʥʥʳʤ ʧʦ ʤʝʪʦʜʫ 

ʐʝʥʥʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʦʞʝʥʠʷ ʐʝʥʥʦʥʘ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ Y=U(0,1,2,3,4, 8,12,13,15) ʦʪ ʯʝʪʳʨʸʭ 

ʧʝʨʝʤʝʥʥʳʭ A,B,C,D ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ. ʏʠʩʣʘ ʚ ʩʢʦʙʢʘʭ ʜʣʷ 
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ʬʫʥʢʮʠʠ U ʫʢʘʟʳʚʘʶʪ ʪʝ ʩʪʨʦʢʠ ʪʘʙʣʠʮʳ ʠʩʪʠʥʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ Y ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ, 

ʨʘʚʥʳʝ 1. ɺ  ʉɼʅʌ (ʩʦʚʝʨʰʝʥʥʦʡ ʜʠʟʲʁ ʥʢʪʠʚʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ) ʵʪʘ ʙʫʣʝʚʘ ʬʫʥʢʮʠʷ 

ʠʤʝʝʪ ʚʠʜ: 

Y=^A*^B*^C*^D v ^A*^B*^C*D v ^A*^B*C*^D v ^A*^B*C*D v ^A*B*^C*^D v 

A*^B*^C*^D v A*B*^C*^D v A*B*^C*D v A*B*C*D, é(2) 

ʛʜʝ ʟʥʘʢ ç*è ʦʟʥʘʯʘʝʪ ʦʧʝʨʘʮʠʶ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ. 

 ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʬʫʥʢʮʠʶ(2) ʥʘ ʙʘʟʝ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʄS 2-1, ʨʘʟʣʦʞʠʤ ʬʫʥʢʮʠʶ ʧʦ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʥʘʯʠʥʘʷ, ʥʘʧʨʠʤʝʨ, ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ - ɸ. ʉʛʨʫʧʧʠʨʫʝʤ ʚ ʚʳʨʘʞʝʥʠʠ (2) ʯʣʝʥʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʝʨʝʤʝʥʥʳʝ ɸ ʠ  ^ɸ. ʇʦʣʫʯʠʤ: 

Y=^A*( ^B*^C*^D v ^B*^C*D v ^B*C*^D v ^B*C*D v B*^C*^D ) v  A*(^B*^C*^D v 

B*^C*^D v B*^C*D v B*C*D )=^A*f 1 v A*f 2, é (3) 

 ʛʜʝ ʬʫʥʢʮʠʠ f1 =  ^B*^C*^D v ^B*^C*D v ^B*C*^D v ^B*C*D v B*^C*^D; 

                                   f2 = ^B*^C*^D v B*^C*^D v B*^C*D v B*C*D.  

 ɸʥʘʣʦʛʠʯʥʦ  ʨʘʟʣʦʞʠʤ ʬʫʥʢʮʠʠ f1 ʠ f2 ʧʦ ʧʝʨʝʤʝʥʥʳʤ ʉ,^ʉ ʠ D,^D 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

f1=^C*( ^B*^D v ^B*D v B*^D ) v C*( ^B*^D v ^B*D )= ^C*( ^B*(^D v D ) v B*^D ) v C*( 

^B*(^D v D )=  ^C*( ^B*1 v B*^D) v C*^B;  é(4) 

f2=^D*(^B*^C v B*^C) v D*(B*^C v B*C)=^D*^C v D*B.   é  (5) 

 ɺʳʨʘʞʝʥʠʷ (3), (4) ʠ (5) ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʨʦʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ  ʄS2-1 ʜʣʷ  ʬʫʥʢʮʠʠ (2) -  ʨʠʩ. 3. ʉʭʝʤʘ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʄS2-1. ʇʝʨʚʳʡ ʨʝʘʣʠʟʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ (3), ʚʪʦʨʦʡ ʠ ʯʝʪʚʸʨʪʳʡ ʨʝʘʣʠʟʫʶʪ 

ʬʫʥʢʮʠʶ f1 , ʘ ʪʨʝʪʠʡ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ï ʬʫʥʢʮʠʶ f2 .  

 ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ (2) ʥʘ ʙʘʟʝ  

ʄS4-1 ʚ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ ʩʛʨʫʧʧʠʨʫʝʤ ʯʣʝʥʳ, ʚʥrʦʩʷ ʟʘ ʟʥʘʢ ʩʢʦʙʦʢ  ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, (ʥʘʧʨʠʤʝʨ ɸ ʠ ɺ), ʩʣʝʜʫʶɦ ʠʤ ʦʙʨʘʟʦʤ: 

Y=^A*^B*( ^C*^D v ^C*D v C*^D v C*D ) v ^A*B*( ^C*^D ) v A*^B*( ^C*^D ) v A*B*( 

^C*^D v ^C*D v C*D )= 

   = ^A*^B*1 v ^A*B*( ^C*^D ) v A*^B*( ^C*^D ) v A*B*( ^C*^D v ^C*D v C*D ).          é                          

(6) 

 ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʩʪʘʚʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ - ʨʠʩ. 4.  ʅʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʭʦʜʳ MS1 

(ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʘʜʨʝʩʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʝʨʝʤʝʥʥʳʤʠ ɸ ʠ ɺ) ʧʦʜʘʁ ʪʩʷ  

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʫʥʢʮʠʠ (ʚ ʩʢʦʙʢʘʭ).  ɸʜʨʝʩ ^ɸ*^ɺ ʦʧʨʝʜʝʣʷʝʪ ʥʫʣʝʚʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ, ʧʦʵʪʦʤʫ ʩʶʜʘ  ʧʦʜʚʦʜʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ 1 (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʧʝʨʚʦʛʦ ʪʝʨʤʘ ʬʫʥʢʮʠʠ (6)). ɸʜʨʝʩ ^ɸ*ɺ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʚʳʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ, ʧʦʵʪʦʤʫ ʢ ʥʝʤʫ ʧʦʜʢʣʶʯʸʥ ʚʳʭʦʜ  ʄS2, ʨʝʘʣʠʟʫʶʱʝʛʦ 
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ʟʘʚʠʩʠʤʦʩʪʴ (^ʉ*^D). ɸʜʨʝʩ ɸ*^ɺ ʦʧʨʝʜʝʣʷʝʪ  ʚʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ MS1, ʢ 

ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʜʸʥ ʚʳʭʦʜ ʄS3, ʨʝʘʣʠʟʫʶʱʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ (^ʉ*^D). ɸʜʨʝʩ ɸ*ɺ 

ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʪʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ MS1, ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʸʪʩʷ ʩʠʛʥʘʣ ʩ ʚʳʭʦʜʘ 

ʄS4, ʨʝʘʣʠʟʫʶʱʝʛʦ ʟʘʚʠʩʠʤʦʩʪʴ (^C*^D v ^C*D v C*D) . 

 ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ ʥʘ ʙʘʟʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʄS8-1. 

ɼʣʷ ʵʪʦʛʦ  ʬʫʥʢʮʠʶ (2) ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʦʞʝʠʪʴ  ʧʦ ʪʨʸʤ ʧʝʨʝʤʝʥʥʳʤ, ʥʘʧʨʠʤʝʨ, ʧʦ 

ɸ,ɺ,ʉ, ʩʦʯʝʪʘʥʠʷ ʧʨʷʤʳʭ ʠʣʠ ʠʥʚʝʨʩʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ ʚ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ ʄS8-1 ʘʜʨʝʩʘ ʦʧʨʝʜʝʣʸʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʭʦʜʦʚ.   ʉʛʨʫʧʧʠʨʫʝʤ ʚ 

ʚʳʨʘʞʝʥʠʠ (2) ʯʣʝʥʳ ʩ ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʘʜʨʝʩʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʚʭʦʜʦʚ, ʚʳʥʦʩʷ ʠʭ 

ʟʘ  ʩʢʦʙʢʠ: 

Y=^A*^B*^C*(^D v D) v ^A*^B*C*(^D v D) v ^A*B*^C*(^D) v A*^B*^C *(D) v 

A*B*^C*(^D v D) vA*B*C*(D).    é    (7)                                                                                                                                      

ɿʜʝʩʴ ʘʜʨʝʩ ^A^B^C ʦʧʨʝʜʝʣʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ ʄS8-1 ʟʘ ʥʦʤʝʨʦʤ 0; ʘʜʨʝʩ ^A^BC 

ʦʧʨʝʜʝʣʷʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ ʄS8-1 ʟʘ ʥʦʤʝʨʦʤ 1 ʠ ʪ.ʜ..  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʚʳʨʘʞʝʥʠʠ (7) ʦʪʩʫʪʩʪʚʫʶʪ ʢʦʤʙʠʥʘʮʠʠ  ^A*B*C ʠ A*^B*C, ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʨʝʪʠʡ ʠ 

ʧʷʪʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʭʦʜʳ ʄ8-1. ɺʳʨʘʞʝʥʠʷ ʚ ʢʨʫʛʣʳʭ ʩʢʦʙʢʘʭ (7) ʦʧʨʝʜʝʣʷʶʪ 

ʧʦʜʘʚʘʝʤʳʡ ʥʘ ʜʘʥʥʳʡ ʚʭʦʜ ʩʠʛʥʘʣ. ʊʦ ʝʩʪʴ ʩʠʛʥʘʣ ʥʘ ʥʫʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ (^D 

v D)=1 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʘʯʝʡ ʥʘ ʥʝʛʦ ʣʦʛʠʯʝʩʢʦʡ 1.  ʊʘ ʞʝ ʩʘʤʘʷ ʩʠʪʫʘʮʠʷ ʩ ʧʝʨʚʳʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʚʭʦʜʦʤ.  ʅʘ ʚʪʦʨʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʚʭʦʜ ʩ ʘʜʨʝʩʦʤ ^A*B*^C ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (7) ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʩʠʛʥʘʣ (^D). ʀ ʪʘʢ ʜʘʣʝʝ ʜʦ ʚʭʦʜʘ ʩ ʥʦʤʝʨʦʤ 7. ʅʘ 

ʪʝ ʘʜʨʝʩʘ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ (7) ï ʪʨʝʪʠʡ ʠ ʧʷʪʳʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʪʴ ʣʦʛʠʯʝʩʢʠʝ 0. 

ʉ ʫʯʸʪʦʤ ʚʩʝʭ ʵʪʠʭ ʟʘʤʝʯʘʥʠʡ ʚʳʨʘʞʝʥʠʝ (7)  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

Y= ^A*^B*^C*(1) v ^A*^B*C*(1) v ^A*B*^C*(^D) v ^A*B*C*(0) v A*^B*^C*(D) v 

A*^B*C*(0) v A*B*^C*(1) v A*B*C*(D).  é (8) 

 

 

 ʇʦʨʷʜʦʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʄS8-1 ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ (2) ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣ.1. ʅʘ 

ʨʠʩ. 5 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ (2) ʥʘ ʤʫʣʴʪʠʧʣʝʢʩʦʨʝ 

ʄS8-1. ɺʳʙʦʨ ʘʜʨʝʩʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʘʥʘʣʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ɸ, ɺ, ʉ, 

ʧʦʜʘʚʘʝʤʳʤʠ ʥʘ ʘʜʨʝʩʥʳʝ ʚʭʦʜʳ 2, 1, 0. 

ʉʦʝʜʠʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  ʚʭʦʜʦʚ ʩ ʰʠʥʘʤʠ 

ñD̂ò, ñDò, ñ1ò, ñ0ò  ʚʧrʦʣʥʝʥʦ ʧʦ ʪʘʙʣ. 1. 

 ɺ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʥʘ ʄS8-1 ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ 

ʄS4-1, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʦʜʥʦʡ 

ʤʠʢʨʦʩʭʝʤʳ 74153 ( 2 4 -to ï1 Data 
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Selectors/Mux  ) ʠʟ ʢʦʥʪʝʡʥʝʨʘ Combinational (ʰʘʙʣʦʥ MUX  ). ʆʙʦʟʥʘʯʝʥʠʷ ʥʘ ʢʦʨʧʫʩʝ 

ʜʣʷ ʧʝʨʚʦʛʦ ʄS4-1:1ʉ0,1ʉ1,1ʉ2,1ʉ3 ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʚʭʦʜʳ ; 1Y- ʚʳʭʦʜ; ɸ ʠ B ï 

ʚʭʦʜʳ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʚʪʦʨʦʛʦ ʄS4-1: 2ʉ0,2ʉ1,2ʉ2,2ʉ3 ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʚʭʦʜʳ; 2Y - ʚʳʭʦʜ; ɸ ʠ ɺ ï ʚʭʦʜʳ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ ʄS4-1 ʚ 

ʦʜʠʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʭʦʜʳ 1G ʠ 2G ï ʨʘʟʨʝʰʝʥʠʝ ʨʘʙʦʪʳ 1-ʛʦ ʠ 2-ʛʦ MS4-

1. ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ 2-ʭ MS4-1 ʚ ʦʜʠʥ ʄS8-1 ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: 

ʠʥʚʝʨʪʦʨ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʩʪʘʨʰʠʡ ʨʘʟʨʷʜ ɸ  ʧʦʜʘʸʪʩʷ ʥʘ ʚʭʦʜ 2G - ʨʘʟʨʝʰʝʥʠʷ  ʚʪʦʨʦʛʦ 

ʄS4-1, ʠ ʵʣʝʤʝʥʪ ʀʃʀ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʳʭʦʜʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ. ʇʨʠʤʝʨ ʧʦʜʩʦʝʜʠʥʝʥʠʷ 

ʤʠʢʨʦʩʭʝʤʳ 74153 ʚ ʢʘʯʝʩʪʚʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʄS8-1 ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʡ ʙʫʣʝʚʦʡ ʬʫʥʢʮʠʠ  F(A,B,C,D) 

ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩ. 6. 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʚʳʭʦʜʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʙʫʜʝʤ ʠʩʧʦʣʟɹʦʚʘʪʴ 

ʣʦʛʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ï ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʚʟʘʠʤʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ: 

-      ʧʦ ʪʘʙʣʠʮʝ ʠʩʪʠʥʥʦʩʪʠ ʧʦʣʫʯʠʪʴ ʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ; 

- ʧʦ ʣʦʛʠʯʝʩʢʦʤʫ ʚʳʨʘʞʝʥʠʶ ʧʦʣʫʯʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ  ʠʣʠ ʪʘʙʣʠʮʫ 

ʠʩʪʠʥʥʦʩʪʠ; 

- ʧʦ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʦʩʪʨʦʠʪʴ ʪʘʙʣʠʮʫ ʠʩʪʠʥʥʦʩʪʠ. 

ʇʨʠʙʦʨ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦ ʚʦʩʴʤʠ ʚʭʦʜʥʳʭ ʣʦʛʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʦʪ ɸ ʜʦ ʅ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʚʭʦʜʘʤ ʠʩʩʣʝʜʫʝʤʦʡ ʩʭʝʤʳ, ʠ ʚʭʦʜ  OUT , ʢ 

ʢʦʪʦʨʦʤʫ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʜʢʣʶʯʸʥ ʚʳʭʦʜ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʩʭʝʤʳ. ɼʣʷ 

ʘʢʪʠʚʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʫʞʥʦ ʱʸʣʢʥʫʪʴ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ ʥʝʡ ʢʨʫʞʦʢ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʩʪʘʥʝʪ ʪʸʤʥʳʤ. ɽʩʣʠ ʪʘʙʣʠʮʫ ʠʩʪʠʥʥʦʩʪʠ ʟʘʜʘʸʪ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʪʦ ʧʦʩʣʝ 

ʚʳʙʦʨʘ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʫʞʥʦ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʝʨʝʤʝʥʥʫʶ OUT ʠ ʜʣʷ ʢʘʞʜʦʛʦ 

ʥʘʙʦʨʘ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʟʘʜʘʪʴ ʟʥʘʯʝʥʠʝ ʚʭrʦʜʥʦʡ ʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ.  

                                

ʃʝʢʮʠʷ 8. 

 

ʊʝʤʘ 3.2. ʆʜʥʦʨʘʟʨʷʜʥʳʡ ʩʫʤʤʘʪʦʨ. N-ʨʘʟʨʷʜʥʳʝ ʩʫʤʤʘʪʦʨʳ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʝʨʝʥʦʩʦʤ. N-ʨʘʟʨʷʜʥʳʝ ʩʫʤʤʘʪʦʨʳ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʛʨʫʧʧʦʚʳʤ ʧʝʨʝʥʦʩʦʤ. 

 

     ʉʫʤʤʘʪʦʨ ʧʦ ʤʦʜʫʣʶ 2 ï ʮʠʬʨʦʚʦʡ ʫʟʝʣ ʩ m ʚʭʦʜʘʤʠ ʠ ʦʜʥʠʤ ʚʳʭʦʜʦʤ, ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʠʤ ʧʨʘʚʠʣʦʤ: ʩʠʛʥʘʣ 1 ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʝʛʦ ʚʳʭʦʜʝ ʚʩʷʢʠʡ ʨʘʟ, 

ʢʦʛʜʘ ʚ ʥʘʙʦʨʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʩʦʜʝʨʞʠʪʩʷ ʥʝʯʸʪʥʦʝ ʯʠʩʣʦ 1. ʇʦʵʪʦʤʫ ʵʪʦʪ ʫʟʝʣ ʝʱʸ 

ʥʘʟʳʚʘʶʪ ʩʭʝʤʦʡ ʧʨʦʚʝʨʢʠ ʥʘ ʯʸʪ-ʥʦʩʪʴ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʯʠʩʣʝ ʚʭʦʜʦʚ ʨʘʚʥʦʤ 2, 
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ʩʫʤʤʘʪʦʨ ʧʦ ʤʦʜʫʣʶ 2 ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʣʦʛʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè: 

ʥʘ ʚʳʭʦʜʝ  

 

1 ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʨʠ 1 ʥʘ ʦʜʥʦʤ ʠʟ ʚʭʦʜʦʚ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳ ʜʚʫʭʚʭʦʜʦʚʳʭ 

ʩʫʤʤʘʪʦʨʦʚ ʧʦ ʤʦʜʫʣʶ 2 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. ʈʝʘʣʠʟʫʝʤʘʷ ʟʜʝʩʴ ʣʦʛʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ  = 

ɸ*^ɺ v ^ɸ*ɺ, ʛʜʝ ʩʠʤʚʦʣ - ^ ʝʩʪʴ ʧʨʠʟʥʘʢ ʠʥʚʝʨʩʠʠ.  

 

 

ʇʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʜʚʫʭ ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ ʠʤʝʝʤ: 0+0=0, 1+0 =1, 0+1=1 ʠ 1+1=10. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ  ʯʠʩʣʦ 10 (ʚ ʜʝʩʷʪʠʯʥʦʡ ʟʘʧʠʩʠ ʵʪʦ 2) ʦʢʘʟʘʣʦʩʴ ʜʚʦʠʯʥʳʤ 

ʜʚʫʭʨʘʟʨʷʜʥʳʤ. ʇʦʷʚʠʚʰʘʷʩʷ ʚ ʩʪʘʨʰʝʤ ʨʘʟʨʷʜʝ ʩʫʤʤʳ ʝʜʠʥʠʮʘ ʥʘʟʳʚʘʝʪʩʷ ʝʜʠʥʠʮʝʡ 

ʧʝʨʝʥʦʩʘ.  ʂ ʩʭʝʤʝ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè ʥʝʩʣʦʞʥʦ ʜʦʙʘʚʠʪʴ ʚʳʭʦʜ ʧʝʨʝʥʦʩʘ, ʪ. ʝ. 

ʛʝʥʝʨʘʪʦʨ ʩʪʘʨʰʝʛʦ ʨʘʟʨʷʜʘ. ɼʣʷ ʵʪʦʛʦ ʦʙʘ ʩʫʤʤʠʨʫʝʤʳʭ ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʯʠʩʣʘ ʩʣʝʜʫʝʪ 

ʧʦʜʘʪʴ ʥʘ ʩʭʝʤʫ ʀ, ʚʳʭʦʜ ʢʦʪʦʨʦʡ ʜʘʩʪ ʥʝʦʙʭʦʜʠʤʳʡ ʩʪʘʨʰʠʡ ʨʘʟʨʷʜ ʧʝʨʝʥʦʩʘ 1*1=1. ʅʘ 

ʨʠʩ. 2,ʘ ʧʦʢʘʟʘʥʘ ʨʝʘʣʠʟʘʮʠʷ ʩʭʝʤʳ ʩʫʤʤʠʨʦʚʘʥʠʷ  ʜʚʫʭ ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ, ʩʦʩʪʦʷɦ ʘʷ 

ʠʟ ʵʣʝʤʝʥʪʦʚ çʀʩʢʣʶʯʘʶʱʝʝ ʀʃʀè ʠ çʀè. ʉʭʝʤʘ ʠʤʝʝʪ ʜʚʘ ʚʭrʦʜʥʳʭ ʩʠʛʥʘʣʘ: ʩʫʤʤʳ  

ʠ ʧʝʨʝʥʦʩʘ ʉ. ʊʘʢʘʷ ʩʭʝʤʘ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʫʩʫʤʤʘʪʦʨʦʤ. ʊʘʙʣʠʮʘ ʩʦʩʪʦʷʥʠʡ 

ʧʦʣʫʩʫʤʤʘʪʦʨʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2,ʙ. ʇʦʣʥʳʡ ʩʫʤʤʘʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʭʦʜ ʜʣʷ 

ʩʠʛʥʘʣʘ ʧʝʨʝʥʦʩʘ ʉn ʦʪ ʩʦ-ʩʝʜʥʝʛʦ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ . ʉʭʝʤʘ ʧʦʣʥʦʛʦ ʩʫʤʤʘʪʦʨʘ ʜʚʫʭ 

ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʩʣʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3,ʘ, ʘ ʪʘʙʣʠʮʘ ʠʩʪʠʥʥʦʩʪʠ ï ʥʘ ʨʠʩ. 3,ʙ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘʪʳ ʩʫʤʤʠʨʦʚʘʥʠʷ ʜʘʥʳ ʚ ʜʝʩʷʪʠʯʥʦʡ ʬʦʨʤʝ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʭʦʜʥʦʡ ʝʜʠʥʠʮʳ ʧʝʨʝʥʦʩʘ ʉn ʩʫʤʤʘ ʯʠʩʝʣ ɸ ʠ ɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʝʜʠʥʠʮʫ. 
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 ʇʦʣʥʳʝ ʩʫʤʤʘʪʦʨʳ ʤʥʦʛʦʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ ʩʦʩʪʘʚʣʷʶʪʩʷ ʠʟ ʦʜʥʦʨʘʟʨʷʜʥʳʭ ʠ ʤʦʛʫʪ 

ʩʢʣʘʜʳʚʘʪʴ ʤʥʦʛʦʨʘʟʨʷʜʥʳʝ ʯʠʩʣʘ ʩ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ ʧʝʨʝʥʦʩʘ: ʧʘʨʘʣʣʝʣʴʥʳʤ ʠʣʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ. ʇʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʨʘʟʨʷʜʥʦʝ 

ʩʣʦʞʝʥʠʝ ʩʣʦʚ, ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʝʨʝʥʦʩʝ - ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʧʝʨʝʥʦʩʘ ʜʣʷ 

ʩʪʘʨʰʠʭ ʨʘʟʨʷʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʚ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʘʭ. 

ʇʦʵʪʦʤʫ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ  ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ N-ʨʘʟʨʷʜʥʳʭ ʯʠʩʝʣ  ʨʘʚʥʦ N*T3 , ʛʜʝ T3 ï 

ʟʘʜʝʨʞʢʘ ʥʘ ʦʜʥʦʤ ʦʜʥʦʨʘʟʨʷʜʥʦʤ ʩʫʤʤʘʪʦʨʝ. 

 

ʃʝʢʮʠʷ 9. 

 

ʊʝʤʘ 3.3. ɸʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʉʭʝʤʳ ʩʨʘʚʥʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʯʝʪʥʦʩʪʠ.  

  
ɸʨʠʬʤʝʪʠʢʦ-ʣʦʛʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʘ ɸʃʋ ʧʦʢʘʟʘʥʦ ʧʦ ʨʠʩ. ʕʪʦ ɸʃʋ ʚʳʧʦʣʥʷʝʪ 

ʧʦʨʘʟʨʷʜʥʳʝ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (ʧʨʠ ʄ =1) ʥʘʜ ʯʝʪʳʨʸʭʨʘʟʨʷʜʥʳʤʠ ʩʣʦʚʘʤʠ ɸ ʠ ɺ, ʘ 

ʪʘʢ ʞʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ (ʧʨʠ ʄ=0). ʅʘ ʨʝʟʫʣʴʪʘʪ  ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʟʥʘʯʝʥʠʝ ʈ0 ïʧʝʨʝʥʦʩ ʦʪ ʤʣʘʜʰʠʭ ʨʘʟʨʷʜʦʚ. ʂʦʜ ʚʳʧʦʣʥʷʝʤʦʡ 

ʦʧʝʨʘʮʠʠ ʟʘʜʘʸʪʩʷ ʟʥʘʯʝʥʠʤ̫ʠ  S3S2S1S0. 

 ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚʭʦʜʳ ɸʃʋ ʜʣʷ ʦʧʝʨʘʥʜʦʚ ɸ ʠ ɺ ï ʠʥʚʝʨʩʥʳʝ. 

ʇʦʵʪʦʤʫ ʥʘ ʧʝʨʝʢʣʶʯʘʪʝʣʷʭ ɸ i, ɺ i ʟʥʘʯʝʥʠʶ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʳ ʚ ɸʃʋ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʝʨʭʥʠʝ ʧʦʣʦʞʝʥʠʷ ʢʣʶʯʝʡ. ɺʳʭʦʜʳ  F3F2F1F0 - ʪʘʢ ʞʝ ʠʥʚʝʨʩʥʳʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɸʃʋ ʚʳʭʦʜʳ ʧʦʜʢʣʶʯʝʥʳ ʢ ʠʥʜʠʢʘʪʦʨʘʤ ʯʝʨʝʟ ʠʥʚʝʨʪʦʨʳ. 
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  ʊʘʙʣʠʮʘ ʠʩʪʠʥʥʦʩʪʠ ʜʣʷ ɸʃʋ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ.4. ɺ ʵʪʦʡ ʪʘʙʣ. 4 ʚʩʝ ʚʳʨʘʞʝʥʠʷ 

ʟʘʧʠʩʘʥʳ ʜʣʷ ʧʨʷʤʳʭ ʟʥʘʯʝʥʠʡ ʦʧʝʨʘʥʜʦʚ ɸ, ɺ ʠ ʨʝʟʫʣʴʪʘʪʘ F.  ɺ ʩʪʦʣʙʮʝ  çLOGIC  

FUNCTIONè ʩʠʤʚʦʣʦʤ ç + è ʦʙʦʟʥʘʯʝʥʘ ʧʦʨʘʟʨʷʜʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ çʀʃʀè, 

ʩʠʤʚʦʣʦʤ çñ +ò è ʦʙʦʟʥʘʯʝʥʘ ʧʦʨʘʟʨʷʜʥʘʷ ʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ çʀʉʂʃʖʏɸʖʑɽɽ  

ʀʃʀè. ɺ ʩʪʦʣʙʮʘʭ çARITHMETIC  OPERATIONS è  ʩʣʦʚʘʤʠ çPLUS è ʠ çMINUS  è 

ʦʙʦʟʥʘʯʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ. ʉʠʤʚʦʣʘʤʠ çH è, çL  è  ʚ ʪʘʙʣ. 4 

ʦʙʦʟʥʘʯʝʥʳ ʣʦʛʠʯʝʩʢʠʝ ç1è  ʠ ç0è. 

    1.ɿʘʜʘʜʠʤ ʄ=1.  ʀʟ ʠʤʝʶʱʠʭʩʷ 16 ʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʦʚʝʨʴʪʝ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʨʝʘʣʠʟʘʮʠʠ ʣʶʙʳʭ 4 ʜʣʷ ʜʚʫʭ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʦʧʝʨʘʥʜʦʚ ɸ ʠ ɺ ʚ ʢʘʞʜʦʡ ʠʟ 

ʥʠʭ. ʀʟ ʚʦʩʴʤʠ ʥʘʙʦʨʦʚ ʦʧʝʨʘʥʜʦʚ ɸ ʠ ɺ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ ʵʪʠ ʦʧʝʨʘʥʜʳ ʜʦʣʞʥʳ ʩʦʚʧʘʜʘʪʴ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʠʩʪʠʥʥʦʩʪʠ ʩʠʛʥʘʣʘ ɸ=ɺ ʥʘ ʚʳʭʦʜʝ ɸʃʋ. ʉʦʩʪʘʚʴʪʝ ʪʘʙʣ. 5 ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʨʢʠ, ʚ ʢʦʪʦʨʦʡ ʫʢʘʞʠʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʟʘʜʘʥʥʦʡ 

ʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʉʜʝʣʘʝʤ ʚrʚʦʜ. 

       2.ɿʘʜʘʜʠʤ ʄ=0 ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʝʨʝʥʦʩʘ (ʈ0=0). ɿʘʪʝʤ ʧʦʚʪʦʨʠʤ ʜʝʡʩʪʚʠʷ ʧ. 1. ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʨʝʘʣʠʟʘʮʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʚʝʜʷ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣ.. ʉʜʝʣʘʝʤ ʚʳʚʦʜ. 

    ɿʘʜʘʜʠʤ ʄ=1 ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʥʦʩʘ (ʈ0=1). ɿʘʪʝʤ ʧʦʚʪʦʨʠʪʝ ʜʝʡʩʪʚʠʷ ʧ. 1.  ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʨʝʘʣʠʟʘʮʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʚʝʜʷ ʨʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣ.. ʉʜʝʣʘʝʤ ʚʳʚʦʜ.                                                                                                                                       
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                                                                           ʊʘʙʣʠʮʘ 4                                                                                                                                      
 

Selection  

S3 S2 S1 S0  

M = H  

LOGIC 

FUNCTIONS 

                           M = L  Arithmetic  

Operations  

   Cn = L   ( no carry )      Cn = H  ( with carry 

)  

0   0   0   0  

0   0   0   1  

0   0   1   0  

0   0   1   1  

0   1   0   0  

0   1   0   1  

0   1   1   0  

0   1   1   1  

1   0   0   0  

1   0   0   1  

1   0   1   0  

1   0   1   1  

1   1   0   0  

1   1   0   1  

1   1   1   0  

1   1   1   1  

 F = ^A  

 F = ^(AB)  

 F = ^A + B  

 F = 1  

 F = ^(A+B)  

 F = ^B  

 F =^(Aò+òB) 

 F = A+^B  

 F = ^AB  

 F = Aò+òB 

 F =B  

 F = A + B  

 F = 0  

 F = A^B  

 F = AB  

 F = A  

F = A MINUS 1  

F = AB MINUS 1  

F = A^B MINUS 1  

F = MINUS 1 ( 2ôs comp) 

F = A PLUS (A+^B)  

F = AB PLUS (A+^B)  

F = A MINUS B M I NUS 1 

F = A + ^B  

F = A PLUS (A+B)  

F = A PLUS B  

F = A^B PLUS (A+B)  

F = (A+B)  

F = A PLUS A  

F = AB PLUS A  

F = A^B PLUS A  

F = A  

F = A  

F = AB  

F = A^B  

F = Zero  

F = A PLUS (A+^B) PLUS 1  

F = AB PLUS (A+^B) PLUS 1  

F = A MINUS B  

F = (A+^B) PLUS 1  

F = A PLUS (A+B) PLUS 1  

F = A PLUS B PLUS 1  

F = AB PLUS (A+B) PLUS 1  

F = (A+B) PLUS 1  

F = A PLUS A PLUS 1  

F = AB PLUS A PLUS 1  

F = A^B PLUS A PLUS 1  

F = A PLUS 1  

 

ʉʭʝʤʘ ʫʩʢʦʨʝʥʥʦʛʦ ʧʝʨʝʥʦʩʘ 
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ʉʭʝʤʘ ʢʦʥʪʨʦʣʷ ʯʝʪʥʦʩʪʠ 
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ʉʭʝʤʳ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʯʠʩʝʣ 

 



 39 

 
ʃʝʢʮʠʷ 10. 

 

ʊʝʤʘ 3.4. ʐʠʥʥʳʝ ʬʦʨʤʠʨʦʚʘʪʝʣʠ, ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʫʨʦʚʥʷ. ʕʣʝʢʪʨʦʥʥʳʝ ʢʣʶʯʠ, 

ʢʦʤʤʫʪʘʪʦʨʳ, ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʕʣʝʤʝʥʪʳ ʟʘʜʝʨʞʢʠ, ʛʝʥʝʨʘʪʦʨʳ 

ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʠ ʠʤʧʫʣʴʩʦʚ, ʵʣʝʤʝʥʪʳ ʠʥʜʠʢʘʮʠʠ, ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ ʨʘʟʚʷʟʢʠ. 

ʇʨʠʤʝʨʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʕɺʄ 

 

ʉʭʝʤʳ ʟʘʜʝʨʞʢʠ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ 
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ʆʜʥʦʚʠʙʨʘʪʦʨ 

 
ɻʝʥʝʨʘʪʦʨ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 
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ʐʠʥʥʳʡ ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

 
ʕʣʝʢʪʨʦʥʥʳʝ ʢʣʶʯʠ 

 
ʆʧʪʦʵʣʝʢʪʨʦʥʥʘʷ ʨʘʟʚʷʟʢʘ 
 

 

 

 

 

 

 

ʈʘʟʜʝʣ 4. ʉʭʝʤʦʪʝʭʥʠʢʘ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʕɺʄ.   
 

ʃʝʢʮʠʷ 11. 

    

ʊʝʤʘ 4.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʀʄʉ ʧʘʤʷʪʠ, ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʘʟʥʘʯʝʥʠʝ, ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ. ɹʀʉ ɿʋ ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ.   
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 ʉʪʘʪʠʯʝʩʢʘʷ ʧʘʤʷʪʴ (RAM ) 

 



 46 

ʃʝʢʮʠʷ 12. 

 

ʊʝʤʘ 4.2. ɹʀʉ ɿʋ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʠʧʘ. ɹʀʉ DDR.  ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʫʣʝʡ ʦʧʝʨʘʪʠʚʥʦʡ 

ʧʘʤʷʪʠ ʕɺʄ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʠʧʘ  

 

 

 

 
 

 


