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ɺɺɽɼɽʅʀɽ 

ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʥʘʟʚʘʪʴ ʵʪʫ ʢʥʠʛʫ çʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ = 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ + ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡè. ɸʣʣʶʟʠʷ ʩ ʢʥʠʛʦʡ 

ʅʠʢʣʘʫʩʘ ɺʠʨʪʘ çɸʣʛʦʨʠʪʤʳ + ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ = ʧʨʦʛʨʘʤʤʳè [1] 

ʥʘʤʝʨʝʥʥʘʷ. ʄʳ ʠʩʢʨʝʥʥʝ, ʚ ʩʠʣʫ ʚʦʩʧʠʪʘʥʠʷ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʠ 

ʚʨʦʞʜʝʥʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʡ, ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʠʜʝʦʣʦʛʠʠ ʧʠʦʥʝʨʦʚ ʠ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ, ʧʦʜʦʙʥʳʭ ɺʠʨʪʫ ʠ ʜʨʫʛʠʤ, ʯʘʩʪʦ ʠ ʤʥʦʛʦ ʠʭ 

ʮʠʪʠʨʫʝʤ ʠ ʧʝʨʝʩʢʘʟʳʚʘʝʤ.  

ʆʪʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʩʦʙʠʷ ʚʧʦʣʥʝ ʪʨʘʜʠʮʠʦʥʥʳʡ, ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʡ, ʥʦ ʩʧʦʩʦʙ ʠʟʣʦʞʝʥʠʷ ʩʫʛʫʙʦ ʘʚʪʦʨʩʢʠʡ. ɺʦ-

ʧʝʨʚʳʭ, ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʤʳ ʩʪʘʚʠʤ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ, ʪʦ ʝʩʪʴ 

ʨʝʰʝʥʠʝ ʧʦʣʝʟʥʳʭ ʟʘʜʘʯ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʤʝʪʦʜʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʘ ʚ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ çʤʦʞʝʪ ʣʠ ʤʘʰʠʥʘ ʤʳʩʣʠʪʴ?è 

ʦʪʰʫʯʠʚʘʝʤʩʷ. ʊʝʦʨʠʷ ʙʝʟ ʧʨʘʢʪʠʢʠ ʢʘʞʝʪʩʷ ʥʘʤ ʩʢʫʯʥʦʡ 

ʩʭʦʣʘʩʪʠʢʦʡ, ʠ ʤʳ ʝʝ ʠʟʙʝʛʘʝʤ. ɺʦ-ʚʪʦʨʳʭ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ çʯʝʣʦʚʝʯʝʩʢʠʭè ʟʥʘʥʠʡ ʚ 

ʢʦʤʧʴʶʪʝʨʝ ʥʘʤʥʦʛʦ ʩʫʱʝʩʪʚʝʥʥʝʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʯʝʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ çʤʘʰʠʥʥʳʭè ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ, 

ʢʦʪʦʨʳʤ ʦʪʜʘʚʘʣʩʷ ʧʨʠʦʨʠʪʝʪ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʧʦʣʚʝʢʘ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʟʥʘʥʠʡ ʫ ʥʘʩ ʫʜʝʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ. ɺ-ʪʨʝʪʴʠʭ, ʤʳ ʧʨʝʜʧʦʯʠʪʘʝʤ ʦʙʲʷʩʥʝʥʠʷ ʥʘ ʧʨʠʤʝʨʘʭ ʠ ʩ 

ʧʦʤʦʱʴʶ ʢʦʨʦʪʢʠʭ ʧʨʦʛʨʘʤʤ, ʚ ʧʨʦʪʠʚʦʚʝʩ ʠʟʣʠʰʥʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʫʢʦʦʙʨʘʟʠʶ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ 

ʧʨʝʜʲʷʚʣʝʥʠʝ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ, ʨʝʰʘʶʱʝʡ ʟʘʜʘʯʫ, ʯʘʩʪʦ ʙʳʚʘʝʪ 

ʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʦ, ʯʝʤ ʚʚʝʜʝʥʠʝ ʥʫʤʝʨʦʚʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ çʤʘʪʝʤʘʪʠʯʝʩʢʠʭè ʪʝʦʨʝʤ.  

ʄʘʪʝʨʠʘʣ ʢʥʠʛʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʚʦʢʨʫʛ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ: ʢʘʢ 

ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚʳʨʘʟʠʪʴ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʘ? ʇʨʝʞʜʝ ʯʝʤ ʦʪʚʝʯʘʪʴ ʥʘ ʵʪʦʪ ʪʝʭʥʠʯʝʩʢʠʡ ʚʦʧʨʦʩ, 

ʫʤʝʩʪʥʦ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʠʜʝʦʣʦʛʠʯʝʩʢʠʡ: ʟʘʯʝʤ? ɿʘʯʝʤ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʝ? ʅʘʰ ʦʪʚʝʪ ʧʨʦʩʪ: ʚ ʧʦʩʣʝʜʥʝʝ 
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ʚʨʝʤʷ ʵʪʦ ʩʪʘʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʥʦ, ʘ ʧʦʪʦʤʫ ʧʨʦʩʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʦ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʟʥʘʯʝʥʠʷ ʤʝʪʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ 

çʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʦʚè
1
. ʄʳ ʠʤʝʝʤ ʚ ʚʠʜʫ ʩʣʝʜʫʶʱʫʶ 

ʥʝʩʦʤʥʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ: ʥʘ ʟʘʨʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʳ ʙʳʣʠ 

çʙʦʣʴʰʠʤʠ ʘʨʠʬʤʦʤʝʪʨʘʤʠè, ʘ ʩʝʡʯʘʩ ʢʦʨʝʥʴ compute ʚ ʩʣʦʚʝ 

ʢʦʤʧʴʶʪʝʨ ʷʚʣʷʝʪʩʷ ʫʞʝ ʘʥʘʭʨʦʥʠʟʤʦʤ. ʉʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ð 

ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʥʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʜʘʥʥʳʭ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʛʠʩʪʦʛʨʘʤʤʦʡ ʥʘ ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ., ʥʘ ʢʦʪʦʨʦʡ ʤʳ ʧʦʢʘʟʘʣʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʩʝʡʯʘʩ ʠ ʧʦʣʚʝʢʘ 

ʪʦʤʫ ʥʘʟʘʜ. ʀʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ ð ʵʪʦ ʩʦʙʠʨʘʪʝʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ʜʣʷ 

ʪʘʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʢʘʢ ʨʘʩʯʝʪʳ ʧʦʣʝʪʳ ʨʘʢʝʪʳ, ʥʘʯʠʩʣʝʥʠʝ ʟʘʨʧʣʘʪʳ, 

ʠ ʪ.ʜ., ʘ ʦʙʨʘʙʦʪʢʘ ʟʥʘʥʠʡ ð ʵʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʚ ʀʥʪʝʨʥʝʪʝ, 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʪ.ʜ.
2
 ɿʘʤʝʪʠʤ, ʯʪʦ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʮʝʥʪʦʚ ʠ ʤʘʩʰʪʘʙ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʜʦʚʦʣʴʥʦ ʫʩʣʦʚʥʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʘ ʧʦʣʚʝʢʘ ʩʫʤʤʘʨʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, 

ʜʦʩʪʫʧʥʘʷ ʯʝʣʦʚʝʯʝʩʪʚʫ, ʚʳʨʦʩʣʘ ʙʦʣʝʝ ʯʝʤ ʚ 10
10

 ʨʘʟ, ʘ ʥʝ ʚ ʯʝʪʳʨʝ 

ʨʘʟʘ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ. ʊʝʤʧʳ ʨʦʩʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʝ 

ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʛʦʣʦʚʝ, ʥʠ ʩ ʯʝʤ ʧʦʜʦʙʥʳʤ ʯʝʣʦʚʝʯʝʩʪʚʦ ʨʘʥʝʝ ʥʝ 

                                                           

1
 ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʘʨʫʞʠ, ʚ ʦʙʣʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠ ʠʟʥʫʪʨʠ. ʂʦʤʧʴʶʪʝʨʳ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʤʦʱʥʝʝ, ʠ ʤʝʪʦʜʳ 

ʀʀ, ʢʦʪʦʨʳʝ ʝʱʝ ʚʯʝʨʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʪʦʣʴʢʦ ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, 

ʧʦʩʢʦʣʴʢʫ ʙʳʣʠ ʥʝʨʝʘʣʠʟʫʝʤʳ çʚ ʞʝʣʝʟʝè, ʩʝʛʦʜʥʷ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
2
 ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʡ ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʚʪʦʨʳʤ ʧʦ ʯʘʩʪʦʪʝ 

ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʛʨʘ ʚ ʢʦʤʧʴʶʪʝʨʥʳʝ ʠʛʨʳ. ʕʪʘ ʜʚʘ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʦʚ ʤʳ ʦʩʪʘʚʣʷʝʤ ʟʘ ʨʘʤʢʘʤʠ ʜʘʥʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ.  
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ʩʪʘʣʢʠʚʘʣʦʩʴ. ɺʩʸ ʙ·ʣʴʰʘʷ ʜʦʣʷ ʵʪʦʡ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʫʱʝʡ ʤʦʱʠ 

ʪʨʘʪʠʪʩʷ ʠʤʝʥʥʦ ʥʘ ʦʙʨʘʙʦʪʢʫ ʟʥʘʥʠʡ!  

ɻʦʜr

2K

1950

ʈʝʩʫʨʩr ɺʊ 

30% 70%

90% 10%

ʀʥʞʝʥʝʨʥr ʝ ʨʘʩʯʝʪr ʆʙʨʘʙʦʪʢʘ ʟʥʘʥʠʡ

 

ʈʠʩ. 0.1. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦ ʚʨʝʤʝʥʝʤ 

ʅʘʧʨʘʚʣʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʩ 

ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʚʳʟʚʘʣʦ ʙʦʣʴʰʦʡ, ʤʦʞʥʦ ʜʘʞʝ ʩʢʘʟʘʪʴ, ʥʝʟʜʦʨʦʚʳʡ 

ʠʥʪʝʨʝʩ. ʅʝʜʦʙʨʦʩʦʚʝʩʪʥʳʝ ʞʫʨʥʘʣʠʩʪʳ, ʧʘʜʢʠʝ ʥʘ ʩʝʥʩʘʮʠʠ, 

ʛʠʧʝʨʙʦʣʠʟʠʨʦʚʘʣʠ ʨʦʙʢʠʝ ʨʦʩʪʢʠ ʥʦʚʳʭ ʠʜʝʡ, ʚʥʫʰʘʷ 

ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʚʳʩʦʢʠʝ ʦʞʠʜʘʥʠʷ ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʝ, ʠ ʢʦʛʜʘ ʧʝʨʚʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʦʧʨʘʚʜʳʚʘʣʠ ʟʘʚʳʰʝʥʥʳʭ ʦʞʠʜʘʥʠʡ, ʪʝ 

ʞʝ ʞʫʨʥʘʣʠʩʪʳ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʦʩʚʠʩʪʳʚʘʥʠʠ ʠʜʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʅʦ ʚ XXI ʚʝʢʝ ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʝʨʦʩʣʠ ʨʘʤʢʠ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ 

ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ 

ʧʦʣʴʟʦʡ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʦʪ ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʜʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ; ʢ ʵʪʦʤʫ ʤʦʞʥʦ ʦʪʥʦʩʠʪʴʩʷ 

ʢʘʢ ʫʛʦʜʥʦ, ʥʦ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʪʨʠʮʘʪʴ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʢʫʨʩʳ 

çʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡè, çʇʨʠʢʣʘʜʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪè ʠ ʪ. ʧ. ʩʪʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʚ ʫʯʝʙʥʳʭ 

ʧʣʘʥʘʭ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ. 

ʀʥʞʝʥʝʨʳ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʧʨʠʢʣʘʜʥʘʷ 

ʤʘʪʝʤʘʪʠʢʘè, ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ, ʨʘʙʦʪʘʶʱʠʝ ʚ 

ʥʘʫʢʦʝʤʢʠʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʜʦʣʞʥʳ ʚʣʘʜʝʪʴ ʦʩʥʦʚʥʳʤʠ, ʫʞʝ 

ʫʩʪʦʷʚʰʠʤʠʩʷ ʤʝʪʦʜʘʤʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʧʝʨʝʙʦʨʥʳʭ ʟʘʜʘʯ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣʣʝʢʪʫ. 
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ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʧʝʨʝʙʦʨʥʳʭ ʟʘʜʘʯ ʠʛʨʘʶʪ ʦʩʥʦʚʥʳʝ 

ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʘʣʠʟʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʘʭ. ʄʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʶʪʩʷ ʷʜʨʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ. ʀʤʝʥʥʦ ʵʪʦ ʷʜʨʦ, ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʢ 

ʥʘʯʠʥʘʶʱʠʤ ʩʪʫʜʝʥʪʘʤ, ʪʘʢ ʠ ʦʧʳʪʥʳʤ ʠʥʞʝʥʝʨʘʤ, ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʢʥʠʛʠ. 

ʄʳ ʦʞʠʜʘʝʤ, ʯʪʦ ʩʪʫʜʝʥʪʳ, ʧʨʦʩʣʫʰʘʚʰʠʝ ʜʘʥʥʳʡ ʢʫʨʩ, 

ʜʦʩʪʠʛʥʫʪ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

1. ɿʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠ 

ʩʣʦʞʥʳʭ ʟʘʜʘʯ; ʟʥʘʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʵʪʠʭ 

ʤʝʪʦʜʦʚ; ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ: ʧʨʘʚʠʣ ʧʨʦʜʫʢʮʠʠ, ʬʦʨʤʫʣ ʠʩʯʠʩʣʝʥʠʷ 

ʧʨʝʜʠʢʘʪʦʚ, ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʝʪʝʡ. 

2. ʋʤʝʥʠʝ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʚ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ; ʫʤʝʥʠʝ ʦʮʝʥʠʪʴ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. 

3. ʉʚʦʙʦʜʥʦʝ ʚʣʘʜʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʠʟ ʦʙʣʘʩʪʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ; ʫʤʝʥʠʝ ʠʟʫʯʠʪʴ 

ʧʦ ʣʠʪʝʨʘʪʫʨʝ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ; ʫʤʝʥʠʝ 

ʦʮʝʥʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʧʨʠʢʣʘʜʥʫʶ ʩʠʩʪʝʤʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʝʶ. 

ʄʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʝʡʯʘʩ ʦʯʝʥʴ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʤʝʥʷʶʪʩʷ, ʠ ʥʝʚʦʟʤʦʞʥʦ ʜʘʪʴ ʟʘʨʘʥʝʝ ʛʦʪʦʚʳʝ ʨʝʮʝʧʪʳ 

ʥʘ ʚʩʝ ʩʣʫʯʘʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʚ ʢʥʠʛʝ ʜʘʝʪʩʷ ʦʙʱʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʝ. 
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ɻʃɸɺɸ 1. ʇʈʀʂʃɸɼʅʓɽ ʉʀʉʊɽʄʓ 

ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ʇʨʦʙʣʝʤʦʡ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʟʘʥʠʤʘʶʪʩʷ ʦʯʝʥʴ ʜʘʚʥʦ, ʭʦʪʷ ʧʦʧʳʪʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʵʪʦ ʷʚʣʝʥʠʝ 

ʧʩʠʭʠʢʠ, ʠʣʠ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʙʦʣʝʝ-ʤʝʥʝʝ ʩʪʨʦʛʠʤ 

ʦʧʨʝʜʝʣʝʥʠʷʤ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʤ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʠʥʪʝʣʣʝʢʪ, ʥʝ ʚʩʝʛʜʘ ʨʝʟʫʣʴʪʘʪʠʚʥʳ. ɸʚʪʦʨʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʠ ʚ ʬʠʟʠʦʣʦʛʠʠ ʤʦʟʛʘ, ʥʠ ʚ ʧʩʠʭʦʣʦʛʠʠ, ʨʘʚʥʦ ʢʘʢ ʠ 

ʥʝ ʩʦʙʠʨʘʶʪʩʷ çʠʛʨʘʪʴè ʥʘ ʧʦʣʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʣʦʩʦʬʠʠ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ (ʠʣʠ, ʩʢʦʨʝʝ, çʚ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦʟʠʮʠʠè), ʤʳ ʧʦʟʚʦʣʠʤ ʩʝʙʝ 

ʥʝʢʦʪʦʨʳʝ ʦʪʩʪʫʧʣʝʥʠʷ ʠ ʮʠʪʘʪʳ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʩʠʪʫʘʮʠʶ ʚ 

ʫʧʦʤʷʥʫʪʳʭ ʦʙʣʘʩʪʷʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʧʩʠʭʦʣʦʛʠʠ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʠʡ ʦʙʱʠʡ ʠʥʪʝʣʣʝʢʪ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʧʩʠʭʠʯʝʩʢʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʟʥʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʣʝʞʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʘʛʤʘʪʠʢʦʡ, ʩʢʦʨʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʠʝ ʚʠʜʳ ʫʤʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, 

ʥʘʧʨʠʤʝʨ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʟʘʥʷʪʠʝ ʤʘʪʝʤʘʪʠʢʦʡ, ʧʨʦʚʝʜʝʥʠʝ 

ʣʝʢʮʠʡ, ʠʣʠ ʯʪʝʥʠʝ ʢʥʠʛ, ʧʦʜʦʙʥʳʭ ʵʪʦʡ, ʪʨʝʙʫʶʪ ʠʥʪʝʣʣʝʢʪʘ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʦ ʩʠʭ ʧʦʨ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʥʘʩ 

ʥʦʩʠʪ ʚ ʯʝʨʝʧʥʦʡ ʢʦʨʦʙʢʝ, ʧʦ ʙʦʣʴʰʦʤʫ ʩʯʝʪʫ, ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʤ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʩʪʨʫʢʪʫʨʝ ʤʦʟʛʘ, ʢʘʢ ʥʦʩʠʪʝʣʝ 

ʠʥʪʝʣʣʝʢʪʘ, ʪʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ 

ʢʣʝʪʢʠ ʦʩʦʙʦʛʦ ʚʠʜʘ ï ʥʝʡʨʦʥʳ. ɼʦʢʘʟʘʥʦ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʥʘ 

ʠʟ ʬʦʨʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʨʦʥʦʚ ʨʝʘʣʠʟʫʝʪʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ 

ʧʫʪʝʤ, ʥʦ ʚʦʧʨʦʩ, ʷʚʣʷʝʪʩʷ ʣʠ ʵʪʘ ʬʦʨʤʘ ʝʜʠʥʩʪʚʝʥʥʦʡ, ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʧʦʤʠʥʘʝʪ ʛʠʧʦʪʝʪʠʯʝʩʢʫʶ 

ʧʦʧʳʪʢʫ ʢʨʦʤʘʥʴʦʥʮʘ ʧʦʥʷʪʴ, ʢʘʢ ʫʩʪʨʦʝʥ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, 

ʠ ʯʪʦ ʦʥ ʤʦʞʝʪ ʜʝʣʘʪʴ. ɺʧʨʦʯʝʤ, ʯʪʦ ʪʘʤ ʛʦʚʦʨʠʪʴ ʦ ʤʦʟʛʝ, ʝʩʣʠ ʤʳ ʜʦ 



11 

 

ʩʠʭ ʧʦʨ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʣʥʦʩʪʴʶ ʦʩʤʳʩʣʠʪʴ ʤʝʭʘʥʠʢʠ ʧʨʦʮʝʩʩʘ 

ʭʦʞʜʝʥʠʷ ʥʘ ʜʚʫʭ ʢʦʥʝʯʥʦʩʪʷʭ.  

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʧʦʥʷʪʠʝ çʠʥʪʝʣʣʝʢʪè ʜʣʷ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʩʚʝʥʥʦ, ʯʝʨʝʟ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘ ʥʝ ʥʘʧʨʷʤʫʶ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ 

ʢʘʢ ʨʝʘʣʠʟʫʝʪʩʷ ʵʪʦʪ ʘʩʧʝʢʪ ʧʩʠʭʠʢʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʜʘʶʪ ʪʦʣʢʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʩʠʥʦʥʠʤʠʯʥʦʩʪʴ ʠ ʨʝʢʫʨʩʠʶ. ʅʘʧʨʠʤʝʨ, 

ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʢʨʘʪʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʀʥʪʝʣʣʝʢʪ (ʦʪ ʣʘʪ. intellectus ð ʧʦʟʥʘʥʠʝ, ʧʦʥʠʤʘʥʠʝ, 

ʨʘʩʩʫʜʦʢ) ð ʩʧʦʩʦʙʥʦʩʪʴ ʤʳʰʣʝʥʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʟʥʘʥʠʷ. 

ʊʦʣʢʦʚʳʡ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ ʙʣʠʟʦʢ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʙʦʣʴʰʝʡ ʜʝʪʘʣʠʟʘʮʠʝʡ ʚ ʦʧʨʝʜʝʣʝʥʠʠ. 

ʀʥʪʝʣʣʝʢʪ (ʦʪ ʣʘʪ. intellectus ð ʧʦʥʠʤʘʥʠʝ, ʧʦʟʥʘʥʠʝ) ð 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʦʟʥʘʥʠʷ ʠ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʦʚʣʘʜʝʥʠʠ ʥʦʚʳʤ ʢʨʫʛʦʤ ʞʠʟʥʝʥʥʳʭ 

ʧʨʦʙʣʝʤ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʥʠʯʝʛʦ ʥʝ ʦʧʨʝʜʝʣʷʶʪ, ʥʦ ʤʦʛʫʪ 

ʠʥʦʛʜʘ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʚʝʨʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʩʘʤʦ ʞʝ ʧʦʥʷʪʠʝ 

çʠʥʪʝʣʣʝʢʪè ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʨʘʩʧʣʳʚʯʘʪʳʤ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʘʜʝʢʚʘʪʥʳʤ. ʅʝʚʦʟʤʦʞʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʥʷʪʴ ʩʫʱʥʦʩʪʠ ʠʥʪʫʠʮʠʠ, 

ʤʝʭʘʥʠʟʤʘ ʚʝʨʳ, ʧʨʠʨʦʜʳ ʜʨʫʛʠʭ ʠʨʨʘʮʠʦʥʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 

(ʣʶʙʚʠ, ʘʥʪʠʧʘʪʠʠ) ʠ ʪʘʢ ʜʘʣʝʝ.  

ʉʘʤʦ ʩʣʦʚʦ çʠʥʪʝʣʣʝʢʪè ʧʨʦʙʨʘʣʦʩʴ ʚ ʪʝʨʤʠʥ çʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪè ʥʝ ʩʦʚʩʝʤ ʟʘʢʦʥʥʦ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʪʝʨʤʠʥ artificial intelligence (ʩʤ. ʧʘʨʘʛʨʘʬ 0) ʠʤʝʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʷʛʢʠʡ ʩʤʳʩʣ. ʉʣʦʚʦ intelligence ʚʩʝ-ʪʘʢʠ ʩʢʦʨʝʝ 

ʦʟʥʘʯʘʝʪ ʩʦʦʙʨʘʟʠʪʝʣʴʥʦʩʪʴ, ʥʝʞʝʣʠ ʨʝʬʣʝʢʪʠʨʫʶʱʠʡ ʨʘʟʫʤ, ʢʘʢ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʯʝʣʦʚʝʢʘ. ʅʦ ʜʨʫʛʦʡ ʧʝʨʝʚʦʜ ʥʘ ʨʫʩʩʢʠʡ 

ʷʟʳʢ ʧʨʝʜʣʦʞʠʪʴ ʪʨʫʜʥʦ ʠ ʫʞʝ ʧʦʟʜʥʦ, ʧʦʵʪʦʤʫ ʤʳ ʧʦʣʴʟʫʝʤʩʷ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʝʨʝʚʦʜʦʤ, ʚʢʣʘʜʳʚʘʷ ʚ ʥʝʛʦ ʩʣʝʜʫʶʱʠʡ ʩʤʳʩʣ. 
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ʇʨʝʜʤʝʪʦʤ ʵʪʦʡ ʢʥʠʛʠ ʷʚʣʷʝʪʩʷ ʧʨʠʢʣʘʜʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪ (ʀʀ), ʠ ʟʜʝʩʴ ʤʳ ʨʘʩʩʫʞʜʘʝʤ ʦ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʳʭ 

ʠ ʧʦʣʝʟʥʳʭ ʧʨʦʝʢʪʘʭ, ʠʟʙʝʛʘʷ ʧʠʢʠʨʦʚʢʠ ʚ ʩʪʠʣʝ ʧʨʝʩʣʦʚʫʪʦʛʦ 

çʛʦʣʦʛʦ ʧʝʪʫʭʘè ʇʣʘʪʦʥʘ-ɼʠʦʛʝʥʘ
3
. ʇʦʥʷʪʠʝ ʀʀ ʩʦʟʚʫʯʥʦ ʧʦʥʷʪʠʶ 

ʠʥʪʝʣʣʝʢʪʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʥʦ ʠʤʝʝʪ ʩ ʧʦʩʣʝʜʥʠʤ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʤʘʣʦ 

ʦʙʱʝʛʦ. ɺʘʞʥʦ ʫʷʩʥʠʪʴ, ʯʪʦ ʀʀ ʥʝ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ
4
, ʪʘʢ ʞʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʨʝʟʠʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʴʶ ʢʘʫʯʫʢʘ, ʭʦʪʷ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʭʦʞʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʦʛʨʘʤʤʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠʩʧʦʣʴʟʫʝʪ 

ʥʝʢʦʪʦʨʳʝ ʘʣʛʦʨʠʪʤʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʪʘʢ ʞʝ ʠ ʯʝʣʦʚʝʯʝʩʢʦʤʫ 

ʤʳʰʣʝʥʠʶ (ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʣʶʙʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʣʶʜʴʤʠ). ʅʦ 

ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʨʝʰʘʪʴ ʪʫ ʞʝ ʟʘʜʘʯʫ ʠʥʘʯʝ, ʯʝʤ ʵʪʦ 

ʜʝʣʘʝʪ ʧʨʦʛʨʘʤʤʘ (ʧʨʦʠʟʚʦʜʷ ʜʨʫʛʠʝ ʦʧʝʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʜʨʫʛʠʝ 

ʘʣʛʦʨʠʪʤʳ, ʟʘʜʝʡʩʪʚʫʷ ʩʪʨʫʢʪʫʨʳ ʧʩʠʭʠʢʠ, ʧʦʢʘ ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʫʯʝʥʥʳʝ, ʘ ʧʦʪʦʤʫ ʥʝ ʧʦʜʜʘʶʱʠʝʩʷ ʧʝʨʝʚʦʜʫ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʬʦʨʤʫʣʳ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ). ʃʦʙʦʚʦʡ ʧʦʜʭʦʜ ð ʠʟʣʦʞʝʥʠʝ 

çʯʝʣʦʚʝʯʝʩʢʠʭè ʘʣʛʦʨʠʪʤʦʚ çʤʘʰʠʥʥʳʤè ʷʟʳʢʦʤ ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ, 

ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʚ ʜʘʣʴʥʝʡʰʝʤ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʤʳ ʦʪʥʦʩʠʤ 

ʟʘʜʘʯʫ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ, ʪʦ ʣʶʙʦʝ ʝʝ ʨʝʰʝʥʠʝ, ʧʦ ʥʘʰʝʤʫ 

ʦʧʨʝʜʝʣʝʥʠʶ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʣʣʝʢʪʝ. ɽʩʣʠ 

ʨʝʰʝʥʠʝ ʜʦʙʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤ ʧʫʪʝʤ, ʪʦ ʵʪʘ ʧʨʦʛʨʘʤʤʘ 

ʩʦʜʝʨʞʠʪ ʵʣʝʤʝʥʪʳ ʠʥʪʝʣʣʝʢʪʘ. 

                                                           

3
 ʂʦʛʜʘ ʇʣʘʪʦʥ ʜʘʣ ʦʧʨʝʜʝʣʝʥʠʝ, ʠʤʝʚʰʝʝ ʙʦʣʴʰʦʡ ʫʩʧʝʭ: çʏʝʣʦʚʝʢ 

ʝʩʪʴ ʞʠʚʦʪʥʦʝ ʦ ʜʚʫʭ ʥʦʛʘʭ, ʣʠʰʝʥʥʦʝ ʧʝʨʴʝʚè, ɼʠʦʛʝʥ ʦʱʠʧʘʣ ʧʝʪʫʭʘ ʠ 

ʧʨʠʥʝʩ ʢ ʇʣʘʪʦʥʫ ʚ ʰʢʦʣʫ, ʦʙʲʷʚʠʚ: çɺʦʪ ʧʣʘʪʦʥʦʚʩʢʠʡ ʯʝʣʦʚʝʢ!è. ʇʦʩʣʝ 

ʵʪʦʛʦ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ: çʀ ʩ ʰʠʨʦʢʠʤʠ ʥʦʛʪʷʤʠè.  

4
 ɺʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʳʰʣʝʥʠʷ 

ʯʝʣʦʚʝʢʘ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʠʤʝʥʥʦ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʳʰʣʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʘ 

ʥʝ ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. ɺ ʜʘʥʥʦʡ 

ʢʥʠʛʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʥʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʳʰʣʝʥʠʷ, ʘ ʨʝʰʝʥʠʝ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʘʛʘʪʝʣʴʥʦʛʦ 

çʧʨʠʢʣʘʜʥʦʡè ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʀʀ. 
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ʇʨʦʛʨʘʤʤʘ, ʫʤʝʶʱʘʷ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʫʶ ʪʨʘʜʠʮʠʷ ʦʪʥʦʩʠʪ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ, ʥʘʟʳʚʘʝʪʩʷ 

ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʵʣʝʤʝʥʪʘʤʠ
5
 ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ɼʨʫʛʦʝ ʦʧʨʝʜʝʣʝʥʠʝ: ʧʨʠʢʣʘʜʥʘʷ ʩʠʩʪʝʤʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʀʀ ð ʵʪʦ ʧʨʦʛʨʘʤʤʘ, ʘʣʛʦʨʠʪʤ ʢʦʪʦʨʦʡ (ʧʦʢʘ!) ʥʝʣʴʟʷ ʥʘʡʪʠ ʚ 

ʚʫʟʦʚʩʢʦʤ ʫʯʝʙʥʠʢʝ. ʅʘʧʨʠʤʝʨ, ʥʘ ʟʘʨʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʩʪʨʦʠʪʴ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ (ʧʝʨʚʳʝ 

ʢʦʤʧʠʣʷʪʦʨʳ), ʩʯʠʪʘʣʠʩʴ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠè. ʉʦʚʨʝʤʝʥʥʳʝ 

ʢʦʤʧʠʣʷʪʦʨʳ ʥʝ ʩʯʠʪʘʶʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʭʦʪʷ 

çʟʥʘʶʪè ʧʨʦ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠ ʧʨʠʤʝʥʷʶʪ 

ʚʝʩʴʤʘ ʠʟʦʱʨʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʤʧʠʣʷʮʠʠ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ. ʄʦʞʥʦ ʧʨʠʚʦʜʠʪʴ ʠ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ. ɺ ʢʘʞʜʦʤ 

ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʢʦʥʢʨʝʪʥʘʷ ʧʨʠʢʣʘʜʥʘʷ ʩʠʩʪʝʤʘ ʀʀ ð ʵʪʦ ʥʦʫ-ʭʘʫ 

ʩʦʟʜʘʪʝʣʝʡ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʢʘʞʜʳʡ ʨʘʟ ʣʶʙʘʷ 

ʥʦʚʘʷ ʠʜʝʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ 

ʮʝʣʦʤ. ʇʨʠ ʵʪʦʤ ʧʦ ʤʝʨʝ ʠʭ ʧʨʦʛʨʝʩʩʘ ʤʝʥʷʶʪʩʷ ʠ ʪʨʘʜʠʮʠʠ 

ʦʪʥʝʩʝʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʬʝʨʝ, ʠ 

ʤʝʥʷʝʪʩʷ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠè ʤʥʦʛʠʭ ʟʘʜʘʯ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʕʡʬʝʣʝʚʦʡ ʙʘʰʥʠ ʚ ʢʦʥʮʝ XIX ʚʝʢʘ 

ʧʦʪʨʝʙʦʚʘʣ ʦʛʨʦʤʥʦʛʦ ʪʨʫʜʘ, ʥʝʜʶʞʠʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʠ 

ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʠ, ʘ ʩʝʡʯʘʩ ʧʦʜʦʙʥʳʡ ʨʘʩʯʝʪ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ 

ʨʷʜʦʚʳʤ ʠʥʞʝʥʝʨʦʤ-ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʩ ʧʦʤʦʱʴʶ ʛʦʪʦʚʦʛʦ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ ʙʳʩʪʨʦ, ʥʘʜʝʞʥʦ ʠ ʙʝʟ ʦʩʦʙʳʭ ʫʤʩʪʚʝʥʥʳʭ ʫʩʠʣʠʡ. ʆʧʳʪ ʠ 

ʠʥʪʝʣʣʝʢʪ ʠʥʞʝʥʝʨʦʚ-ʢʦʥʩʪʨʫʢʪʦʨʦʚ, ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʟʥʘʥʠʷ ʧʦ 

                                                           

5
 ʄʳ ʚʩʪʘʚʠʣʠ ʚ ʥʘʰʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʪʦʨʦʞʥʦʝ ʩʣʦʚʦ çʵʣʝʤʝʥʪʳè, 

ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʦʛʨʘʤʤʘ ʨʝʰʘʝʪ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʫʶ çʩʧʦʩʦʙʥʦʩʪʴ 

ʤʳʰʣʝʥʠʷ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʟʥʘʥʠʷè. ʄʝʥʝʝ ʦʩʪʦʨʦʞʥʳʝ ʠʣʠ ʙʦʣʝʝ 

ʩʘʤʦʥʘʜʝʷʥʥʳʝ ʘʚʪʦʨʳ ʫʧʦʪʨʝʙʣʷʶʪ ʦʙʦʨʦʪ çʧʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤè. ʄʳ ʪʘʢʞʝ ʫʧʦʪʨʝʙʣʷʝʤ ʵʪʦʪ ʦʙʦʨʦʪ, 

ʥʘʧʨʠʤʝʨ, ʚ ʥʘʟʚʘʥʠʠ ʧʝʨʚʦʡ ʛʣʘʚʳ, ʥʦ ʦʛʦʚʘʨʠʚʘʝʤ, ʯʪʦ ʧʦʥʠʤʘʝʤ ʝʛʦ ʚ 

ʦʩʪʦʨʦʞʥʦʤ ʠ ʤʠʥʠʤʘʣʴʥʦʤ ʩʤʳʩʣʝ.  
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ʤʝʭʘʥʠʢʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʤ ʠʥʞʝʥʝʨʥʳʤ 

ʜʠʩʮʠʧʣʠʥʘʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʘʢʢʫʤʫʣʠʨʦʚʘʥʳ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʧʘʢʝʪʘʭ. ʊʘʢʦʡ ʧʘʢʝʪ, ʚʥʝ ʚʩʷʢʦʛʦ 

ʩʦʤʥʝʥʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʦʜʥʘʢʦ ʤʳ ʥʝ 

ʩʯʠʪʘʝʤ ʝʛʦ ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʦʡ ʀʀ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʨʘʩʯʝʪʳ ʚ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʤ ʧʘʢʝʪʝ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ, ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʤ ʦʜʥʦʟʥʘʯʥʳʤ ʘʣʛʦʨʠʪʤʘʤ.  

ɼʣʷ ʧʦʜʢʨʝʧʣʝʥʠʷ ʠʟʣʦʞʝʥʥʳʭ ʪʝʟʠʩʦʚ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʀʀ 

ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʪʠʧʠʯʥʳʭ ʜʣʷ 

ʧʨʠʣʦʞʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

1.1. ʆɹɿʆʈ ʇʈʀʃʆɾɽʅʀʁ ʀʀ 

ʅʝʢʦʪʦʨʳʤʠ ʪʠʧʠʯʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʀʀ, ʷʚʣʷʶʪʩʷ: 

- ʧʦʥʠʤʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ; 

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʚʦʧʨʦʩ-ʦʪʚʝʪʥʳʝ ʩʠʩʪʝʤʳ; 

- ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤ; 

- ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʨʦʙʦʪʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ; 

- ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʛʨʳ. 

ʕʪʦʪ ʩʧʠʩʦʢ ʥʝ ʷʚʣʷʝʪʩʷ ʥʠ ʠʩʯʝʨʧʳʚʘʶʱʠʤ, ʥʠ 

ʦʨʪʦʛʦʥʘʣʴʥʳʤ. ʕʪʦ ʧʨʦʩʪʦ ʥʘʙʦʨ ʥʘʰʠʭ ʠʟʣʶʙʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ. 

1.1.1. ʇʦʥʠʤʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʠ ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ 

ʇʨʦʮʝʩʩ ʧʦʥʠʤʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ð ʵʪʦ ʧʨʦʮʝʩʩ 

ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ ʦʪ ʦʜʥʦʛʦ ʥʦʩʠʪʝʣʷ ʷʟʳʢʘ ʢ ʜʨʫʛʦʤʫ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʩʚʦʶ ʢʘʞʫʱʫʶʩʷ ʧʨʦʩʪʦʪʫ ʠ ʧʨʠʚʳʯʥʦʩʪʴ, 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʝʥ. ʆʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʦʙʱʝʡ 

ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ ʫ ʦʙʦʠʭ ʧʘʨʪʥʝʨʦʚ ʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʚʠʜʝ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʦʙʨʘʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ ʠʟ ʜʘʥʥʳʭ.  

ɼʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʥʠʤʘʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʪʨʝʙʫʶʪʩʷ ʤʦʱʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, 
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ʫʧʨʘʚʣʷʝʤʳʝ ʥʝʪʨʠʚʠʘʣʴʥʳʤʠ (ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ) ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ, ʚ ʯʝʤ ʟʜʝʩʴ ʩʦʩʪʦʠʪ ʧʨʦʙʣʝʤʘ. ʇʫʩʪʴ ʫ ʥʘʩ 

ʝʩʪʴ ʜʚʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʘ, ʜʣʷ ʥʘʯʘʣʘ ʧʫʩʪʴ ʵʪʦ ʙʫʜʫʪ ʣʶʜʠ. 

ʇʝʨʚʳʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʟʥʘʥʠʡ, ʥʘʟʦʚʝʤ ʝʛʦ A, ʘ ʚʪʦʨʦʡ ð 

ʧʨʠʝʤʥʠʢʦʤ ʟʥʘʥʠʡ, ʥʘʟʦʚʝʤ ʝʛʦ B. ɺ ʧʨʦʮʝʩʩʝ ʧʦʥʠʤʘʥʠʷ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʜʚʘ ʤʝʭʘʥʠʟʤʘ. ɺʦ-ʧʝʨʚʳʭ, ʫ A ʝʩʪʴ ʘʣʛʦʨʠʪʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʚ ʜʘʥʥʳʝ, 

ʩʠʛʥʘʣ, (ʪʝʢʩʪ, ʨʝʯʴ ʠʣʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʚʳʨʘʞʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ
6
) ð ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʫ B ʝʩʪʴ 

ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʣʫʯʘʝʤʳʡ ʩʠʛʥʘʣ 

ʦʙʨʘʪʥʦ ʚ ʟʥʘʥʠʷ ð ʤʝʭʘʥʠʟʤ ʠʟʚʣʝʯʝʥʠʷ (ʟʥʘʥʠʡ). ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ 

ʵʪʠ ʤʝʭʘʥʠʟʤʳ ʨʝʘʣʠʟʫʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ
7
, ʪʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ 

ʠʟ ʥʠʭ ʝʩʪʴ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ, ʚʭʦʜ ʠ ʚʳʭʦʜ. 

ʇʦʥʠʤʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʭʦʜ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʷ ʠ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʥʘ ʦʙʱʝʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ; ʘ ʧʦʣʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʠ ʦʙʣʘʩʪʠ ʩʦʚʧʘʜʘʶʪ.  

ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ. ʇʫʩʪʴ ʤʳ, ʘʚʪʦʨ ð ʵʪʦ ʘʛʝʥʪ A, 

ʘ ʚʳ, ʫʚʘʞʘʝʤʳʡ ʯʠʪʘʪʝʣʴ,  ʵʪʦ ʘʛʝʥʪ B. ʉʣʝʜʫʶʱʘʷ ʬʨʘʟʘ: çʦʚʝʣʘʥ 

ʘʚʘʨʧʩ ʝʝ ʠʣʘʩʠʧʘʟ ʦʪʩʦʨʧ ʳʤè ð ʚʳʟʦʚʝʪ ʫ ʚʘʩ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 

ʥʝʜʦʫʤʝʥʠʝ ʠ ʥʝʧʦʥʠʤʘʥʠʝ ʚ ʧʝʨʚʦʝ ʤʛʥʦʚʝʥʠʝ. ɿʜʝʩʴ ʘʛʝʥʪ A 

ʠʩʧʦʣʴʟʫʝʪ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʠ ʵʪʦ 

ʩʦʟʜʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʟʥʘʥʠʡ ʘʛʝʥʪʦʤ B. ɽʱʝ ʧʨʠʤʝʨ. 

ɽʩʣʠ A ʠʩʧʦʣʴʟʫʝʪ ʷʟʳʢ, ʢʦʪʦʨʳʤ B ʥʝ ʚʣʘʜʝʝʪ (ʩʢʘʞʝʤ, ʝʩʣʠ ʙʳ ʪʝʢʩʪ 

ʵʪʦʛʦ ʘʙʟʘʮʘ ʧʨʦʯʝʣ ʙʳ ʧʦ-ʢʠʪʘʡʩʢʠ ʜʣʷ ʚʘʩ ʚʩʣʫʭ ʢʠʪʘʝʮ, ʟʥʘʶʱʠʡ 

ʨʫʩʩʢʠʡ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʳ ʥʝ ʟʥʘʝʪʝ ʢʠʪʘʡʩʢʦʛʦ), ʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʝʜʫʶʱʝʝ: ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʨʘʙʦʪʘʝʪ, ʤʝʭʘʥʠʟʤ 

ʠʟʚʣʝʯʝʥʠʷ ʨʘʙʦʪʘʝʪ, ʥʦ ʜʦʣʞʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

                                                           

6
 ʗʟʳʢ ʞʝʩʪʦʚ ð ʵʪʦ ʪʘʢʞʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ. 

7
 ʅʘʧʨʠʤʝʨ, ʜʘʨ çʛʦʚʦʨʠʪʴ ʷʟʳʢʘʤʠè, ʢʦʪʦʨʳʡ ʘʧʦʩʪʦʣʳ ʧʦʣʫʯʠʣʠ ʚ 

ʜʝʥʴ ʇʷʪʠʜʝʩʷʪʥʠʮʳ ʧʦʩʣʝ ʩʦʰʝʩʪʚʠʷ ʥʘ ʥʠʭ ʉʚʷʪʦʛʦ ɼʫʭʘ (ɼʝʷʥ. 2:3-11), 

ʷʚʥʦ ʥʝʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. 
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ʈʫʩʩʢʦʛʦʚʦʨʷʱʠʡ ʘʛʝʥʪ B ʩʤʦʛ ʙʳ ʦʮʝʥʠʪʴ, ʢ ʧʨʠʤʝʨʫ, ʤʫʟʳʢʘʣʴʥʦʩʪʴ 

ʨʝʯʠ, ʥʝʦʙʳʯʥʦʩʪʴ ʟʚʫʢʦʩʦʯʝʪʘʥʠʡé ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʧʨʠʡʪʠ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʦʥ, ʘʛʝʥʪ B, ʥʠʯʝʛʦ (!) ʥʝ ʧʦʥʷʣ, ʪ.ʝ. ʠʤʝʝʪ ʤʝʩʪʦ ʧʫʩʪʘʷ 

ʦʙʘɦʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. ɸ ʚʦʪ ʧʨʠʤʝʨ çʦʨʪʦʛʦʥʘʣʴʥʦʡ
8
è ʦʙʱʝʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʈʫʩʩʢʘʷ ʜʝʚʫʰʢʘ ʩʧʨʘʰʠʚʘʝʪ ʩʚʦʝʛʦ ʧʘʨʥʷ 

(ʙʦʣʛʘʨʠʥʘ): ʊʳ ʤʝʥʷ ʣʶʙʠʰʴ? ï ʊʦʪ ʚ ʦʪʚʝʪ ʢʘʯʘʝʪ ʛʦʣʦʚʦʡ (ʦʪ ʧʣʝʯʘ 

ʢ ʧʣʝʯʫ). ï ɼʝʚʫʰʢʘ ʨʳʜʘʝʪ ʦʪ ʛʦʨʷ, ʭʦʪʷ ʜʦʣʞʥʘ ʙʳ ʧʨʳʛʘʪʴ ʦʪ 

ʩʯʘʩʪʴʷ! ï ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʫ ʙʦʣʛʘʨ ʥʘʰ ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʢʠʚʦʢ 

ʷʚʣʷʝʪʩʷ ʞʝʩʪʦʤ ʦʪʨʠʮʘʥʠʷ, ʘ ʧʦʢʘʯʠʚʘʥʠʝ ʛʦʣʦʚʦʡ ʠʟ ʩʪʦʨʦʥʳ ʚ 

ʩʪʦʨʦʥʫ ï ʦʟʥʘʯʘʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ.  

ʄʫʜʨʝʮʫ ʜʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ ʦʜʥʦ ʩʣʦʚʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʜʨʫʛʦʡ 

ʤʫʜʨʝʮ ʝʛʦ ʧʦʥʷʣ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʤʫʜʨʝʮʦʚ ʦʙʱʠʡ ʦʙʲʝʤ 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʣʶʜʝʡ, ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʤʦʱʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ. 

ʆʙʱʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ð ʵʪʦ ʦʜʠʥʘʢʦʚʦ ʪʨʘʢʪʫʝʤʳʡ ʦʙʝʠʤʠ 

ʩʪʦʨʦʥʘʤʠ ʥʘʙʦʨ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʩʚʷʟʳʚʘʶʱʠʭ ʷʟʳʢʦʚʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʠʭ ʩʤʳʩʣʦʚʦʡ ʥʘʛʨʫʟʢʦʡ. 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʢʦʤʧʴʶʪʝʨʘʤ. ɺ ʢʦʤʧʴʶʪʝʨʘʭ ʤʝʭʘʥʠʟʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʪʨʠʚʠʘʣʴʥʳ, ʧʦʥʠʤʘʥʠʝ 

ʩʚʦʜʠʪʩʷ ʢ ʧʝʨʝʜʘʯʝ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʢʦʤʧʴʶʪʝʨʳ ʩʦʝʜʠʥʝʥʳ 

ʢʘʥʘʣʦʤ ʩʚʷʟʠ ʠ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ ʩʦʛʣʘʩʦʚʘʥʳ, ʪʦ ʧʦʥʠʤʘʥʠʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʣʝʛʢʦ, ʘ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʧʦʥʠʤʘʥʠʷ ʥʝʣʴʟʷ ʜʦʩʪʠʯʴ 

ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ. ʂʨʠʪʠʯʝʩʢʠʤ ʩʣʫʯʘʝʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʬʦʢʫʩʝ 

ʥʘʰʝʛʦ ʚʥʠʤʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʢʦʤʧʴʶʪʝʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘ ʦʙʱʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩ 

ʢʦʤʧʴʶʪʝʨʦʤ (ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ..1). ʇʝʨʚʳʡ ʠʟ 

ʥʠʭ ð ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʩʧʦʩʦʙʝʥ ʧʦʥʠʤʘʪʴ ʢʦʤʧʴʶʪʝʨ. ʕʪʦ ʥʝ ʟʘʩʣʫʛʘ 

ʢʦʤʧʴʶʪʝʨʘ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʦʛʦ ʚʩʝ ʦʢʨʫʞʘʶʱʠʝ 

ʥʘʟʳʚʘʶʪ ʧʨʦʛʨʘʤʤʠʩʪʦʤ. ɺʪʦʨʦʡ ð ʢʦʛʜʘ ʢʦʤʧʴʶʪʝʨ ʩʧʦʩʦʙʝʥ 

                                                           

8
 ʇʝʨʝʩʝʯʝʥʠʝ ʥʝ ʧʫʩʪʦ, ʥʦ ʩʤʳʩʣ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʷʤʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʝʥ. 
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ʧʦʥʠʤʘʪʴ ʯʝʣʦʚʝʢʘ. ʊʘʢʦʡ ʢʦʤʧʴʶʪʝʨ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʵʣʝʤʝʥʪʘʤʠ ʀʀ. ʇʦʩʢʦʣʴʢʫ ʚ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʦʙʳʯʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʪʨʫʜʥʦ ʨʘʟʤʝʩʪʠʪʴ ʠʥʪʝʣʣʝʢʪ, ʜʘʞʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ, ʷʩʥʦ, 

ʯʪʦ ʧʦʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʥʦ. ʀ ʪʘʢʠʝ 

ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʫʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʘʚʥʦ, ʭʦʪʷ ʚʩʝ ʦʥʠ ʙʝʟ 

ʠʩʢʣʶʯʝʥʠʷ ʚʝʩʴʤʘ ʠ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʳ ʚ ʧʦʥʠʤʘʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ ʠʣʠ ʜʘʞʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʙʦʣʝʝ-ʤʝʥʝʝ ʰʠʨʦʢʦʛʦ ʬʨʘʛʤʝʥʪʘ ʷʟʳʢʘ. 

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..1. 

ʆʙʱʠʡ ʢʦʥʪʝʢʩʪ ʧʦʥʠʤʘʥʠʷ 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʀʀ, ʧʦʥʠʤʘʶʱʠʭ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ, ʷʚʠʣʘʩʴ ʧʨʦʛʨʘʤʤʘ ELIZA, ʩʦʟʜʘʥʥʘʷ ʚ 1966 ʛʦʜʫ 

ɼʞ. ɺʝʡʮʝʥʙʘʫʤʦʤ.  

ʇʦʟʜʥʝʝ ʊʝʨʨʠ ɺʠʥʦʛʨʘʜ (Terry Winograd) ʥʘʧʠʩʘʣ ʢʥʠʛʫ 

çʇʨʦʛʨʘʤʤʘ, ʧʦʥʠʤʘʶʱʘʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢè, ʦʧʠʩʳʚʘʶʱʫʶ 

ʧʨʦʛʨʘʤʤʫ ELIZA [2]. ʉʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ ELIZA ʙʳʣʘ 

ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʩʪʘ ʠ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩ ʦʙʨʘʟʮʦʤ) 

ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʪʫʧʘʶʱʠʭ ʚʦʧʨʦʩʦʚ ʚ çʝʩʪʝʩʪʚʝʥʥʳʝè ʦʪʚʝʪʳ. ɺ 

ʇʨʦʛʨʘʤʤʠ 

ʨʦʚʘʥʠʝ  

ʇʨʦʛʨʘʤʤʘ ,  

ʧʦʥʠʤʘʶʱʘʷ  

ɽʗ 

    

ʂʘʥʘʣ ʩʚʷʟʠ 
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ʨʝʟʫʣʴʪʘʪʝ ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʤʦʛʣʘ ʚʝʩʪʠ ʚʧʦʣʥʝ ʧʨʘʚʜʦʧʦʜʦʙʥʳʡ 

ʜʠʘʣʦʛ, ʟʘʯʘʩʪʫʶ, ʧʨʠ ʵʪʦʤ, ʦʪʚʝʯʘʷ ʚʦʧʨʦʩʦʤ ʥʘ ʚʦʧʨʦʩ. ʇʨʠʤʝʨ 

ʜʠʘʣʦʛʘ ʩ ʧʨʦʛʨʘʤʤʦʡ ELIZA: 

ð ELIZA, ʪʳ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ. 

ð ʇʦʯʝʤʫ ɺʳ ʜʫʤʘʝʪʝ, ʯʪʦ ʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ? 

ð ʇʦʪʦʤʫ ʯʪʦ ʪʝʙʷ ʩʦʩʪʘʚʠʣ ɺʝʡʮʝʥʙʘʫʤ. 

ð ʈʘʩʩʢʘʞʠʪʝ ʤʥʝ ʦ ɺʝʡʮʝʥʙʘʫʤʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʩʠʭʦʪʝʨʘʧʠʠ. ʈʘʟʛʦʚʦʨ ʧʩʠʭʦʪʝʨʘʧʝʚʪʘ ʩ ʧʘʮʠʝʥʪʦʤ 

ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʨʝʞʜʝ ʯʝʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ELIZA ʫʩʧʝʰʥʦ ʠʤʠʪʠʨʦʚʘʣʘ 

ʜʠʘʣʦʛ ʩ ʨʦʜʞʝʨʠʘʥʩʢʠʤ ʧʩʠʭʦʣʦʛʦʤ ʚ ʪʝʯʝʥʠʠ ʤʥʦʛʠʭ ʯʘʩʦʚ (ʩʫʪʴ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʝʨʘʧʝʚʪ ʚʳʩʣʫʰʠʚʘʝʪ ʧʘʮʠʝʥʪʘ 

ʠ ʟʘʜʘʝʪ ʥʘʚʦʜʷʱʠʝ ʚʦʧʨʦʩʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʩʠʭʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʫʣʫʯʰʘʝʪʩʷé ʠʣʠ ʥʝ ʫʣʫʯʰʘʝʪʩʷ). ʄʥʦʛʠʝ 

ʧʘʮʠʝʥʪʳ ʦʪʤʝʯʘʣʠ, ʯʪʦ ʵʪʠ ʩʝʘʥʩʳ ʦʢʘʟʘʣʠʩʴ ʢʨʘʡʥʝ ʧʦʣʝʟʥʳ ʜʣʷ 

ʥʠʭ, ʠ ʦʪʢʘʟʳʚʘʣʠʩʴ ʚʝʨʠʪʴ, ʯʪʦ ʩ ʥʠʤʠ ʨʘʟʛʦʚʘʨʠʚʘʣʘ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʳ, ʘ ʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʩʠʭʦʣʦʛ-ʯʝʣʦʚʝʢ.  

ʉʘʤ ɺʝʡʮʝʥʙʘʫʤ, ʰʦʢʠʨʦʚʘʥʥʳʡ ʧʦʚʝʜʝʥʠʝʤ ʩʚʦʝʛʦ ʜʝʪʠʱʘ, 

ʚʩʢʦʨʝ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ çʦʩʥʦʚʥʘʷ ʠʜʝʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ð ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʨʘʟʫʤ ð 

ʙʝʟʥʨʘʚʩʪʚʝʥʥʘè. ɼʞʦʟʝʬ ɺʝʡʮʝʥʙʘʫʤ (Joseph Weizenbaum), 1923ï

2008 ð ʠʟʚʝʩʪʥʳʡ ʜʝʷʪʝʣʴ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʧʨʦʬʝʩʩʦʨ ʄʊʀ (ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ). ʆʩʥʦʚʘʪʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ çʂʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʳ 

ʟʘ ʩʦʮʠʘʣʴʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴè. ɿʘ ʩʚʦʠ ʚʟʛʣʷʜʳ ʥʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʫʯʝʥʳʭ-ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʩʥʠʩʢʘʣ ʚ ʩʨʝʜʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʠʥʬʦʨʤʘʪʠʢʝ ʨʝʧʫʪʘʮʠʶ ʜʠʩʩʠʜʝʥʪʘ ʠ ʝʨʝʪʠʢʘ. 

çʉʫʱʝʩʪʚʫʶʪ ʟʘʜʘʯʠ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʩʣʝʜʫʝʪ ʧʦʨʫʯʘʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʘʰʠʥʘʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʤʦʞʥʦ ʣʠ ʜʦʙʠʪʴʩʷ, 

ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ ʠʭ ʨʝʰʘʣʠè. 
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ʄʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʧʨʦʙʣʝʤʳ 

ʧʦʥʠʤʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ. çʏʘʩʪʥʦʩʪʴè ʦʧʨʝʜʝʣʷʝʪʩʷ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ, ʨʝʞʠʤʦʤ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ð ʤʦʥʦʣʦʛ ʚʤʝʩʪʦ ʜʠʘʣʦʛʘ. 

ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʦʚ ʩ ʦʜʥʦʛʦ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʥʘ ʜʨʫʛʦʡ ʦʙʨʘʟʫʶʪ ʚʘʞʥʳʡ ʢʣʘʩʩ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʇʝʨʝʚʦʜ ʩ ʦʜʥʦʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʥʘ ʜʨʫʛʦʡ, ʥʝʩʦʤʥʝʥʥʦ, 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʘʰʠʥʥʳʡ 

ʧʝʨʝʚʦʜ ʧʨʠʚʣʝʢ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʝʜʚʘ ʣʠ ʥʝ ʨʘʥʴʰʝ ʜʨʫʛʠʭ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʚʠʜʫ ʷʚʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ 

ʵʪʦʡ ʟʘʜʘʯʠ.  

ɺʘʞʥʦ, ʯʪʦ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʀʀ, ʚ ʢʣʘʩʩʝ ʩʠʩʪʝʤ 

ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʢʘʪʝʛʦʨʠʡ ʚʩʝ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʠ:  

- ʵʣʝʢʪʨʦʥʥʳʡ ʩʣʦʚʘʨʴ; 

- ʧʦʜʩʪʨʦʯʥʠʢ ʪʝʭʥʠʯʝʩʢʠʭ ʪʝʢʩʪʦʚ; 

- ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ ʧʝʨʝʚʦʜ ʧʦʵʟʠʠ; 

- ʩʠʥʭʨʦʥʥʳʡ ʧʝʨʝʚʦʜ ʨʝʯʠ. 

ʗʩʥʦ, ʯʪʦ ʵʪʠ ʟʘʜʘʯʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʝʜʠʥʦʦʙʨʘʟʥʦ, ʘ 

ʟʥʘʯʠʪ, ʠʭ ʨʝʰʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʦʧʠʨʘʶʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ.  

ɼʣʷ ʢʘʞʜʦʡ ʥʦʚʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʀʀ ʥʘʙʣʶʜʘʝʪʩʷ ʦʜʥʘ ʠ 

ʪʘ ʞʝ ʭʘʨʘʢʪʝʨʥʘʷ ʢʘʨʪʠʥʘ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..2), ʢʦʪʦʨʫʶ ʤʳ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʥʘ ʧʨʠʤʝʨʝ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ. ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʡ ʠʜʝʠ 

ʢ ʥʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʚʦʟʥʠʢʘʶʪ ʟʘʚʳʰʝʥʥʳʝ 

ʦʞʠʜʘʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʞʜʫʪ ʯʫʜʘ. ʅʦ ʯʫʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ð ʤʝʪʦʜʳ 

ʀʀ ʪʨʫʜʦʝʤʢʠ, ʩʣʦʞʥʳ, ʠ ʠʭ ʨʘʟʚʠʪʠʝ ʪʨʝʙʫʝʪ ʥʝʤʘʣʦʛʦ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʅʘʩʪʫʧʘʝʪ ʨʘʟʦʯʘʨʦʚʘʥʠʝ, ʥʦʚʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʫʭʦʜʠʪ ʠʟ ʩʬʝʨʳ ʘʞʠʦʪʘʞʥʦʛʦ ʠʥʪʝʨʝʩʘ ʠ ʠʥʦʛʜʘ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʘʞʝ ʥʝʦʙʦʩʥʦʚʘʥʥʦʡ ʦʙʩʪʨʫʢʮʠʠ. ɽʩʣʠ ʠʜʝʷ ʙʳʣʘ 

ʧʣʦʜʦʪʚʦʨʥʘ, ʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʘʜʝʥʠʷ ʠʥʪʝʨʝʩʘ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ 
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ʠʥʬʦʨʤʘʮʠʠ, ʧʦʜʩʧʫʜʥʘʷ ʢʨʦʧʦʪʣʠʚʘʷ ʨʘʙʦʪʘ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʢʨʫʛʘʭ 

ʧʨʦʜʦʣʞʘʝʪʩʷ, ʠ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ (ʥʝ ʩʨʘʟʫ!) ʥʘʯʠʥʘʝʪ ʜʘʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʀʥʪʝʨʝʩ ʚʥʦʚʴ ʧʦʷʚʣʷʝʪʩʷ, ʥʦ ʫʞʝ ʥʝ 

ʧʨʘʟʜʥʳʡ, ʘ ʜʝʣʦʚʦʡ ʠ ʦʙʦʩʥʦʚʘʥʥʳʡ.  
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ʆʞʠʜʘʥʠ̫

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..2. 

ʀʩʪʦʨʠʷ ʧʦʧʫʣʷʨʥʦʩʪʠ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ 

ɺ ʤʘʨʪʝ 1947 ʛ. ʋʦʨʨʝʥ ʋʠʚʝʨ (Warren Weaver), 1894-1978, 

ʜʠʨʝʢʪʦʨ ʦʪʜʝʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʈʦʢʬʝʣʣʝʨʦʚʩʢʦʛʦ ʬʦʥʜʘ, ʚ 

ʧʝʨʝʧʠʩʢʝ ʩ ʕʜʨʶ ɹʫʪʦʤ (Andrew D. Booth) ʠ ʅʦʨʙʝʨʪʦʤ ɺʠʥʝʨʦʤ 

ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʢʦʥʮʝʧʮʠʶ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʢʦʪʦʨʫʶ 

ʥʝʩʢʦʣʴʢʦ ʧʦʟʞʝ (ʚ 1949 ʛ.) ʨʘʟʚʠʣ ʚ ʩʚʦʝʤ ʤʝʤʦʨʘʥʜʫʤʝ, 

ʘʜʨʝʩʦʚʘʥʥʦʤ ʌʦʥʜʫ. 

ɺ 1952 ʛ. ʩʦʩʪʦʷʣʘʩʴ ʧʝʨʚʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʰʠʥʥʦʤʫ 

ʧʝʨʝʚʦʜʫ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʘ ʚ 1954 ʛ ʚ 

ʅʴ-ʁʁʦʨʢʝ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʚʘʷ ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦʛʦ 
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ʧʝʨʝʚʦʜʘ ð IBM Mark II, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ IBM ʩʦʚʤʝʩʪʥʦ ʩ 

ɼʞʦʨʞʪʘʫʥʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʵʪʦ ʩʦʙʳʪʠʝ ʚʦʰʣʦ ʚ ʠʩʪʦʨʠʶ ʢʘʢ 

çɼʞʦʨʜʞʪʘʫʥʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪè). ɹʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʚ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʦʛʨʘʤʤʘ (ʦʥʘ ʠʤʝʣʘ ʩʣʦʚʘʨʴ ʚ 

250 ʝʜʠʥʠʮ ʠ 6 ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʧʨʘʚʠʣ), ʦʩʫʱʝʩʪʚʣʷʚʰʘʷ ʧʝʨʝʚʦʜ ʩ 

ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʥʘ ʘʥʛʣʠʡʩʢʠʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʜʦʙʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʀʪʘʣʠʠ, ʌʨʘʥʮʠʠ, ɸʥʛʣʠʠ, 

ʗʧʦʥʠʠ, ʘ ʪʘʢʞʝ ʙʳʣ ʩʦʟʜʘʥ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʞʫʨʥʘʣ. 

ɺ 1959 ʛ. ʬʠʣʦʩʦʬ ʁ. ɹʘʨ-ʍʠʣʣʝʣ (Yohoshua Bar-Hillel) 

ʚʳʩʪʫʧʠʣ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʯʪʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʣʥʦʩʪʴʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪ ʚ 

ʧʨʠʥʮʠʧʝ. ʕʪʦ ʚʳʩʪʫʧʣʝʥʠʝ ʩʘʤʳʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʨʘʟʚʠʪʠʠ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚ ʉʐɸ. ɺ 1966 ʙʳʣ 

ʦʪʤʝʯʝʥ ʤʦʱʥʳʡ ʩʧʘʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʪʯʝʪʦʤ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʦʡ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʝʡ ʥʘʫʢ ʉʐɸ ʢʦʤʠʩʩʠʝʡ ALPAC (Automatic 

Language Processing Advisory Committee). ʂʦʤʠʩʩʠʷ ʧʨʠʰʣʘ ʢ 

ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ ʥʝʨʝʥʪʘʙʝʣʝʥ: ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʪʦʠʤʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʙʳʣʦ ʷʚʥʦ ʥʝ ʚ ʧʦʣʴʟʫ 

ʧʦʩʣʝʜʥʝʛʦ, ʘ ʜʣʷ ʥʫʞʜ ʧʝʨʝʚʦʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʪʝʢʩʪʦʚ 

ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʯʝʣʦʚʝʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʇʦʵʪʦʤʫ ʄʠʥʠʩʪʝʨʩʪʚʦ 

ʦʙʦʨʦʥʳ ʨʝʰʠʣʦ ʧʨʝʢʨʘʪʠʪʴ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʦʝʢʪʦʚ. 

ʊʝʤʘ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʤʦʜʥʦʡ, ʠ ʨʘʙʦʪʫ ʧʨʦʜʦʣʞʠʣʠ ʪʦʣʴʢʦ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʵʥʪʫʟʠʘʩʪʳ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʳ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʢʦʥʮʝ 70-ʭ ʛʦʜʦʚ 

(ʧʦʷʚʣʝʥʠʝ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʦʚ, ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ, ʫʚʝʣʠʯʝʥʠʝ ʨʝʩʫʨʩʦʚ 

ʧʘʤʷʪʠ) ʤʘʰʠʥʥʳʡ ʧʝʨʝʚʦʜ ʚʦʰʝʣ ʚ ʵʧʦʭʫ çʈʝʥʝʩʩʘʥʩʘè. ʇʨʠ ʵʪʦʤ 

ʥʝʩʢʦʣʴʢʦ ʩʤʝʩʪʠʣʠʩʴ ʘʢʮʝʥʪʳ: ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʪʝʧʝʨʴ ʩʪʘʚʠʣʠ ʮʝʣʴʶ 

ʨʘʟʚʠʪʠʝ çʨʝʘʣʠʩʪʠʯʝʩʢʠʭè ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ, 

ʧʨʝʜʧʦʣʘʛʘʚʰʠʭ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʚʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 80-ʭ ʛʦʜʘʭ ʥʘ ʨʳʥʢʝ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ 
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ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ 

ʤʘʩʩʦʚʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ɺ 1990 ʛ., ʢʦʛʜʘ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʩʥʦʚʘ ʩʪʘʣʠ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʪʨʘʩʣʠ 

ʠ ʚʳʰʣʠ ʥʘ ʥʦʚʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ, ʧʨʦʡʜʷ ʥʝʧʨʦʩʪʦʡ ʵʪʘʧ 

ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʠ ʚʟʘʠʤʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, ʃʘʨʨʠ ʏʘʡʣʜʩ (Larry Childs) 

ʧʨʝʜʣʦʞʠʣ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ. ʆʥ ʨʘʟʜʝʣʠʣ ʚʩʝ çʵʣʝʢʪʨʦʥʥʳʝ 

ʧʝʨʝʚʦʜʯʠʢʠè ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 

1. FAMT (Fully-automated machine translation) ð ʠʥʩʪʨʫʤʝʥʪʳ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ʚʭʦʜʥʦʡ ʪʝʢʩʪ ­ ʘʥʘʣʠʟ / ʩʠʥʪʝʟ ʪʝʢʩʪʘ ­ ʚʳʭʦʜʥʦʡ ʪʝʢʩʪ 

2. HAMT (Human-assisted machine translation) ð ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʪʝʢʩʪʦʚ, ʚʳʧʦʣʥʷʝʤʦʛʦ 

ʧʨʠ ʫʯʘʩʪʠʠ ʯʝʣʦʚʝʢʘ. 

ʚʭʦʜʥʦʡ ʪʝʢʩʪ ­ ʨʝʜʘʢʪʦʨ ­ ʘʥʘʣʠʟ / ʩʠʥʪʝʟ ʪʝʢʩʪʘ ­ 

ʨʝʜʘʢʪʦʨ ­ ʚʳʭʦʜʥʦʡ ʪʝʢʩʪ 

3. MAHT (Machine-Assisted Human Translation) ð 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʚʦʜʘ ʯʝʣʦʚʝʢʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʘ. 

ʚʭʦʜʥʦʡ ʪʝʢʩʪ ­ ʧʝʨʝʚʦʜʯʠʢ ­ ʧʦʜʩʪʨʦʯʥʠʢ ­ ʨʝʜʘʢʪʦʨ ­ 

ʚʳʭʦʜʥʦʡ ʪʝʢʩʪ 

ʅʦ ʞʠʟʥʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤ 

ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ-ʨʝʜʘʢʪʦʨʘ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ 

ʩʪʨʫʢʪʫʨʫ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..3, ʩʣʝʚʘ): ʪʝʢʩʪ ʥʘ ʠʩʭʦʜʥʦʤ ʷʟʳʢʝ ʩʥʘʯʘʣʘ ʘʥʘʣʠʟʠʨʫʝʪʩʷ, 

ʪ.ʝ. ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ çʧʦʥʠʤʘʥʠʷ 

ʩʤʳʩʣʘè, ʘ ʟʘʪʝʤ ʧʦʥʷʪʳʡ ʩʤʳʩʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʘ ʥʘ 

ʮʝʣʝʚʦʤ ʷʟʳʢʝ. ɺ ʠʜʝʘʣʝ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʩʷ çʜʦ ʧʦʣʥʦʛʦ 

ʧʦʥʠʤʘʥʠʷè, ʢʦʛʜʘ ʚʝʩʴ ʩʤʳʩʣ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʚʳʨʘʞʘʝʪʩʷ ʥʘ 
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ʥʝʢʦʪʦʨʦʤ ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʤʝʪʘʷʟʳʢʝ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʵʪʦʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʘʷʟʳʢ ʥʘʟʳʚʘʶʪ interlingua. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʜʝʘʣ ʪʘʢ ʠ ʥʝ ʜʦʩʪʠʛʥʫʪ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ ʠʤʝʶʪ ʪʨʝʭʩʣʦʡʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ (ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..3, ʩʧʨʘʚʘ). 

ʉʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʭʦʜʥʦʛʦ ʷʟʳʢʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʥʝʢʦʪʦʨʦʛʦ ʫʨʦʚʥʷ ʧʦʥʠʤʘʥʠʷ, ʠ ʵʪʦ ʧʦʥʠʤʘʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʦʩʪʨʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘʜ ʠʩʭʦʜʥʳʤ ʪʝʢʩʪʦʤ, ʯʘʩʪʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʷʟʳʢʘ. ɿʘʪʝʤ, ʠʩʧʦʣʴʟʫʷ 

ʵʚʨʠʩʪʠʯʝʩʢʠ ʘʣʛʦʨʠʪʤʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ 

ʧʦʥʷʪʳʭ ʩʪʨʫʢʪʫʨ ʦʜʥʦʛʦ ʷʟʳʢʘ ʚ ʯʘʩʪʠʯʥʦ ʧʦʥʠʤʘʝʤʳʝ ʩʪʨʫʢʪʫʨʳ 

ʜʨʫʛʦʛʦ ʷʟʳʢʘ. ʅʘʙʦʨ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ 

ʧʝʨʝʥʦʩʦʤ (ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ transfer). ʇʨʘʚʠʣʘ ʧʝʨʝʥʦʩʘ ʠʤʝʶʪ 

ʙʦʣʴʰʦʡ ʦʙʲʝʤ, ʠʩʧʦʣʴʟʫʶʪ ʦʛʨʦʤʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʠ 

ʚʝʩʴʤʘ ʠʟʦʱʨʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. ʅʘʢʦʥʝʮ, ʧʦ ʧʝʨʝʥʝʩʝʥʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ ʮʝʣʝʚʦʛʦ ʷʟʳʢʘ (ʦʥʠ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʟʦʤʦʨʬʥʳ 

ʩʪʨʫʢʪʫʨʘʤ ʠʩʭʦʜʥʦʛʦ ʷʟʳʢʘ!) ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʪʝʢʩʪ ʥʘ ʮʝʣʝʚʦʤ ʷʟʳʢʝ. 

ʈʘʟʫʤʝʝʪʩʷ, ʵʪʘʧ ʧʝʨʝʥʦʩʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʩʣʦʞʥʳʤ, ʚʘʞʥʳʤ ʠ 

ʥʘʫʢʦʝʤʢʠʤ.  

INTERLINGUA

ʤʝʪʘ̫ʟrʢ

ɸʅɸʃʀɿ

ʚʭʦʜʥʦʛʦ 

ʧʨʝʜʣʦʞʝʥʠ̫

ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ

ʩʪʨʫʢʪʫʨr  ʦʜʥʦʛʦ 

ʟ̫rʢʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʜʨʫʛʦʛʦ

ʉʀʅʊɽɿ

ʚrʭʦʜʥʦʛʦ 

ʧʨʝʜʣʦʞʝʥʠ̫

ʃʝʢʩʠʯʝʩʢʠʭ ʝʜʠʥʠʮ

(ʩʣʦʚʦ, ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ)

ɻʨʫʧʧ

(ʩʣʦʞʥr ʝ ʛʣʘʛʦʣr  ʠ ʪ.ʧ)

ʇʨʦʩʪrʭ ʧʨʝʜʣʦʞʝʥʠʡ

ʉʣʦʞʥr ʭ ʧʨʝʜʣʦʞʝʥʠʡ

(ʧʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ 

ʚʨʝʤʝʥ, ʩʣʦʞʥr ʭ ʩʦʁ ʟʦʚ)

ʋʨʦʚʝʥɹ:

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ

ʇʦʣɹʟʦʚʘʪʝʣɹʩʢʠʡ

ʉʣʦʚʘʨɹ:

TRANSFER

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ

ANALYSIS

ʘʥʘʣʠʟ
SYNTHESIS

ʩʠʥʪʝʟ

ʎʝʣʝʚʦʡ

ʟ̫rʢ 
ʀʩʭʦʜʥr ʡ 

ʟ̫rʢ

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..3 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ 
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ɺʧʨʦʯʝʤ, ʤʝʯʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʨʦʜ ʣʶʜʩʢʦʡ ʚʟʷʣʩʷ ʧʦʣʚʝʢʘ ʥʘʟʘʜ 

ʟʘ ʟʘʜʘʯʫ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʩʪʘʶʪʩʷ 

ʤʝʯʪʘʤʠ ð ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ (çʭʫʜʦʞʝʩʪʚʝʥʥʳʡè) ʧʝʨʝʚʦʜ 

ʪʝʢʩʪʦʚ ʰʠʨʦʢʦʡ ʪʝʤʘʪʠʢʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʜʦʩʪʠʞʠʤ. ʆʜʥʘʢʦ 

ʥʝʩʦʤʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪʳ ʧʝʨʝʚʦʜʯʠʢʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ. 

ʇʦ ʤʝʨʝ ʧʦʷʚʣʝʥʠʷ ʚʩʝ ʥʦʚʳʭ ʠ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʤʝʪʦʜʠʢ ʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʝʨʝʚʦʜ 

ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʦʚʝʨʥʳʤʠ ʬʘʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʦʙʳʯʥʳʤ 

çʨʫʢʦʪʚʦʨʥʳʤè ʧʝʨʝʚʦʜʦʤ:   

- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʚʦʜʘ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʪʝʢʩʪʘ, ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ ʥʘ 

50-70%); 

- ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʜʘ (ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʦʧʣʘʪʝ ʫʩʣʫʛ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʧʝʨʝʚʦʜʯʠʢʦʚ, ʠ ʧʨʠ ʧʝʨʝʚʦʜʝ çʧʨʦʩʪʳʭè ʪʝʢʩʪʦʚ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʥʠʭ 

ʚʦʚʩʝ); 

- ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʧʝʨʝʚʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʫʯʘʩʪʠʝ 

ʢʦʤʧʴʶʪʝʨʘ ʚ ʦʙʨʘʙʦʪʢʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʛʦʨʘʟʜʦ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʭ ʩʦʜʝʨʞʘʥʠʷ, ʯʝʤ 

ʫʯʘʩʪʠʝ ʧʝʨʝʚʦʜʯʠʢʘ); 

- ʫʥʠʚʝʨʩʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʝʨʝʚʦʜʘ (ʜʘʞʝ ʩʘʤʳʡ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʝʚʦʜʯʠʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʟʥʘʥʠʡ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʪʦʛʜʘ 

ʢʘʢ ʩʠʩʪʝʤʳ ʄʇ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳ, ʠ ʠʭ ʨʘʙʦʪʘ ʟʘʚʠʩʠʪ 

ʪʦʣʴʢʦ ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʥʘʩʪʨʦʝʢ ð ʧʦʜʢʣʶʯʝʥʠʷ 

ʥʫʞʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʣʦʚʘʨʝʡ ʠ ʪ. ʧ.). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʤʘʰʠʥʥʦʛʦ ʧʝʨʝʚʦʜʘ: Systran, IBM, L&H (Lernout & 

Hauspie), Language Engineering Corporation, Atril, Trados, Caterpillar 
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Co., LingoWare. ɺ ʈʦʩʩʠʠ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʘʰʠʥʥʦʛʦ 

ʧʝʨʝʚʦʜʘ ʚʥʝʩʣʘ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʦʬ. ʈ. ɻ. ʇʠʦʪʨʦʚʩʢʦʛʦ 

(ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ɻʝʨʮʝʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ʉʝʡʯʘʩ ʟʘʩʣʫʞʝʥʥʦʝ ʧʨʠʟʥʘʥʠʝ ʧʦʣʫʯʠʣ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʚʦʜʯʠʢ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ ʇʈʆʄʊ 

(PROgrammerôs Machine Translation), ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʦʞʠʜʘʥʠʷʤ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

1.1.2. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʚʦʧʨʦʩ-ʦʪʚʝʪʥʳʝ 

ʩʠʩʪʝʤʳ 

ʅʘ ʟʘʨʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʬʦʨʤʘʪʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʠ ʩʨʝʜʩʪʚʘ ʜʣʷ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠʤʠ ʠʟʦʙʨʝʪʘʣʠʩʴ ʧʨʦʛʨʘʤʤʠʩʪʘʤʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ. ʕʪʦ ʥʝʫʜʦʙʥʦ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦ, ʠ 

ʚʩʢʦʨʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ (ʤʦʜʝʣʠ ʜʘʥʥʳʭ) ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ (ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ð ʉʋɹɼ). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʦʥʮʝʧʮʠʶ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʩ ʩʘʤʦʡ ʦʙʱʝʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ɹɼ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧʳ 

ʦʧʝʨʘʮʠʡ: ʟʘʥʝʩʝʥʠʝ ʜʘʥʥʳʭ ʚ ʙʘʟʫ, ʧʦʠʩʢ ʜʘʥʥʳʭ ʚ ʙʘʟʝ ʠ ʠʟʚʣʝʯʝʥʠʝ 

ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ, ʧʨʠʯʝʤ ʠʟʚʣʝʢʘʶʪʩʷ ʪʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʜʦ ʵʪʦʛʦ 

ʙʳʣʠ ʟʘʥʝʩʝʥʳ
9
. ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʜʝʡ, ʢ 

ʢʦʪʦʨʳʤ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʝʧʨʠʤʝʥʠʤʦ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʠʜʝʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʙʘʟʳ ʜʘʥʥʳʭ (Intelligent Database) 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ, ʧʦʠʩʢʘ ʠ ʠʟʚʣʝʯʝʥʠʷ 

                                                           

9
 ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʉʋɹɼ ʚʦʩʧʨʠʥʠʤʘʶʪ ʧʦʩʣʝʜʥʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʢʘʢ ʥʝʯʪʦ, ʩʘʤʦ ʩʦʙʦʡ ʨʘʟʫʤʝʶʱʝʝʩʷ, ʢʘʢ ʟʘʢʦʥ ʧʨʠʨʦʜʳ, 

ʥʘʧʦʜʦʙʠʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʚ ʬʠʟʠʢʝ. ʂʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʤʝʩʪʠʣʠ ʚ 

ʢʦʤʧʴʶʪʝʨ, ʪʘʢʫʶ ʠ ʧʦʣʫʯʠʤ ʦʙʨʘʪʥʦ! ʅʦ ʠʥʬʦʨʤʘʮʠʷ ð ʚʦʚʩʝ ʥʝ 

ʚʝʱʝʩʪʚʦ ʠ ʥʝ ʵʥʝʨʛʠʷ! ʋʪʚʝʨʞʜʝʥʠʝ ʄʠʭʘʠʣʘ ɺʘʩʠʣʴʝʚʠʯʘ ʃʦʤʦʥʦʩʦʚʘ 

çéʩʢʦʣʴʢʦ ʯʝʛʦ ʫ ʦʜʥʦʛʦ ʪʝʣʘ ʦʪʥʠʤʝʪʩʷ, ʩʪʦʣʴʢʦ ʧʨʠʩʦʚʦʢʫʧʠʪʩʷ ʢ 

ʜʨʫʛʦʤʫ éè ʥʝʧʨʠʤʝʥʠʤʦ ʢ ʠʥʬʦʨʤʘʮʠʠ. ɺʳ ʤʦʞʝʪʝ ʩʢʘʯʠʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʀʥʪʝʨʥʝʪʘ ʥʘ ʩʚʦʡ ʢʦʤʧʴʶʪʝʨ ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ, ʦʪ ʵʪʦʛʦ ʚ 

ʀʥʪʝʨʥʝʪʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʫʤʝʥʴʰʠʪʩʷ. 
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ʙ·ʣʴʰʝʛʦ ʯʠʩʣʘ ʬʘʢʪʦʚ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʥʘʯʘʣʴʥʦ 

ʟʘʛʨʫʞʝʥʳ ʚ ʙʘʟʫ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʩʣʫʯʘʡ. ʈʝʣʷʮʠʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ (ʩʤ. ɹʘʟʘ 

ʜʘʥʥʳʭ, ʩʥʘʙʞʝʥʥʘʷ ʪʘʢʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʷʚʣʷʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ. 

ʊʘʙʣʠʮʘ 1): ʪʘʙʣʠʮʘ, ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʲʝʢʪʘʤ, ʘ 

ʩʪʦʣʙʮʳ ð ʢʘʢʠʤ-ʪʦ ʘʪʨʠʙʫʪʘʤ ʦʙʲʝʢʪʦʚ. ɺʩʝ ʦʙʲʝʢʪʳ ʦʜʥʦʪʠʧʥʳ, ʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷʤʠ ʘʪʨʠʙʫʪʦʚ. ʊʘʢʘʷ ʚʝʱʴ ʧʦʟʚʦʣʷʝʪ 

ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ 

ʩʧʨʦʩʠʪʴ: çɺ ʢʘʢʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʠ ʨʘʙʦʪʘʝʪ ʅʦʚʠʢʦʚ?è, ʠ ʧʦʣʫʯʠʪʴ 

ʦʪʚʝʪ: ʂʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè. ʅʦ ʝʩʣʠ ʜʦʙʘʚʠʪʴ ʪʫʜʘ 

ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʝ ʢʘʢ ʪʘʙʣʠʮʘ, ʘ ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʞʥʦ 

ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ, ʦʪʚʝʪʳ ʥʘ ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ. ʀʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʨʦʤʝ ʦʙʳʯʥʳʭ ʨʝʣʷʮʠʦʥʥʳʭ ʪʘʙʣʠʮ 

ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʭʨʘʥʷʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ, ʥʘʧʨʠʤʝʨ, ʪʘʢʦʝ: 

i f   (x.ɼʦʣʞʥʦʩʪʴ = ñɿʘʚʝʜʫʶʱʠʡò &  

 (x.ʇʦʜʨʘʟʜʝʣʝʥʠʝ = y.ʇʦʜʨʘʟʜʝʣʝʥʠʝ) 

t hen  x ʥʘʯʘʣʴʥʠʢ y 

ɹʘʟʘ ʜʘʥʥʳʭ, ʩʥʘʙʞʝʥʥʘʷ ʪʘʢʠʤʠ ʧʨʘʚʠʣʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ. 

ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʌʀʆ ɼʦʣʞʥʦʩʪʴ ʇʦʜʨʘʟʜʝʣʝʥʠʝ 

ʅʦʚʠʢʦʚ ɼʦʮʝʥʪ ʂʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè 

ʂʣʘʚʜʠʝʚ ɿʘʚʝʜʫʶʱʠʡ ʂʘʬʝʜʨʘ çʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘè 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʧʦʩʪʘʚʠʪʴ ʚʦʧʨʦʩ çʂʪʦ ʥʘʯʘʣʴʥʠʢ 

ʅʦʚʠʢʦʚʘ?è, ʪʦ ʥʝʩʣʦʞʥʳʡ ʚʩʪʨʦʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

ʣʝʛʢʦ ʥʘʡʜʝʪ ʦʪʚʝʪ: çʂʣʘʚʜʠʝʚè. ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʩʥʠʪʴ ʦʪʥʦʰʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʥʘʯʘʣʴʥʠʢ-ʧʦʜʯʠʥʝʥʥʳʡ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʂʣʘʚʜʠʝʚ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʠʢʦʤ ʥʝ ʪʦʣʴʢʦ 

ʅʦʚʠʢʦʚʘ, ʥʦ ʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʢʘʬʝʜʨʳ çʇʨʠʢʣʘʜʥʘʷ 

ʤʘʪʝʤʘʪʠʢʘè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʚʳʜʘʪʴ ʬʘʢʪ, ʢʦʪʦʨʳʡ ʚ ʥʝʡ ʥʝ ʭʨʘʥʠʪʩʷ. ɹʦʣʝʝ ʪʦʛʦ, 

ʪʘʢʠʝ ʙʘʟʳ ʧʦʟʚʦʣʷʶʪ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ, ʪʨʝʙʫʶʱʠʝ ʜʝʜʫʢʪʠʚʥʦʛʦ 

ʨʘʩʩʫʞʜʝʥʠʷ, ʩʦʩʪʦʷʱʝʛʦ ʥʝ ʠʟ ʦʜʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ, ʘ ʠʟ 
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ʤʥʦʛʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢ ʯʪʦ ʠʟʚʣʝʢʘʝʤʳʝ ʬʘʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʪʘʢ 

ʦʯʝʚʠʜʥʳ ʠ ʚʝʩʴʤʘ ʜʘʣʝʢʠ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʚʝʜʝʥʥʳʭ.  

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ 

ʚʦʧʨʦʩʳ ʠ ʧʦʣʫʯʘʪʴ ʦʪʚʝʪʳ ʥʘ (ʦʛʨʘʥʠʯʝʥʥʦʤ) ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, 

ʥʘʟʳʚʘʝʪʩʷ ʚʦʧʨʦʩ-ʦʪʚʝʪʥʦʡ ʩʠʩʪʝʤʦʡ (question-answering system).  

ʇʝʨʚʳʝ ʚʦʧʨʦʩ-ʦʪʚʝʪʥʳʝ ʩʠʩʪʝʤʳ ʧʦʷʚʠʣʠʩʴ ʝʱʝ ʚ 60-ʭ ʛʦʜʘʭ 

XX ʚʝʢʘ. ɺʦʧʨʦʩʳ ʠ ʦʪʚʝʪʳ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʬʦʨʤʫʣʠʨʦʚʘʣʠʩʴ, 

ʨʘʟʫʤʝʝʪʩʷ, ʥʘ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʦʜʤʥʦʞʝʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ, ʫʧʨʦʱʝʥʥʦʤ ʢʘʢ ʧʦ ʩʣʦʚʘʨʶ, ʪʘʢ ʠ ʧʦ ʠʩʧʦʣʴʟʫʝʤʳʤ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʤ ʬʦʨʤʘʤ. ʀʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ð ʪʦ ʝʩʪʴ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʠʟ ʢʦʪʦʨʦʡ ʠʟʚʣʝʢʘʣʠʩʴ ʦʪʚʝʪʳ ð ʙʳʣ ʫ ʢʘʞʜʦʡ ʪʘʢʦʡ 

ʩʠʩʪʝʤʳ ʩʚʦʡ, ʣʦʢʘʣʴʥʳʡ ʠ ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʦʜʥʫ ʫʟʢʫʶ ʧʨʝʜʤʝʪʥʫʶ 

ʦʙʣʘʩʪʴ. ʇʦʣʝʟʥʦʩʪʴ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʙʳʣʘ 

ʥʝʚʝʣʠʢʘ, ʭʦʪʷ ʦʥʠ ʠ ʧʦʣʴʟʦʚʘʣʠʩʴ ʠʟʚʝʩʪʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʷ ʚʦʧʨʦʩ-ʦʪʚʝʪʥʳʭ ʩʠʩʪʝʤ ʧʦʣʫʯʠʣʘ 

ʤʦʱʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʬʦʨʤʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ ʚ 

ʀʥʪʝʨʥʝʪʝ. ʆʧʠʨʘʷʩʴ ʥʘ ʛʣʦʙʘʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʚʩʝʛʦ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʠʩʧʦʣʴʟʫʷ ʜʦʩʪʘʪʦʯʥʦ ʠʟʦʱʨʝʥʥʳʝ ʥʦʚʳʝ ʘʣʛʦʨʠʪʤʳ 

ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʪʝʢʩʪʦʚ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʪʘʢʠʝ 

ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ ʦʢʘʟʘʣʠʩʴ ʙʦʣʝʝ ʯʝʤ ʧʦʣʝʟʥʳʤʠ. ɹʝʟ 

ʧʨʝʫʚʝʣʠʯʝʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʠ ʩʠʩʪʝʤʳ ʩʝʡʯʘʩ ʞʠʟʥʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʳ ʚʩʝʤ ʠ ʢʘʞʜʦʤʫ. 

1.1.3. ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʪʝʦʨʝʤ 

ʄʝʪʦʜʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʦʥʩʫʣʴʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʝ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ (Expert Systems) ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʢʦʤʧʝʪʝʥʪʥʳʡ ʦʪʚʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʚʦʧʨʦʩ. ʇʝʨʚʳʝ 

ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ 

ʤʝʜʠʮʠʥʝ (ʜʠʘʛʥʦʩʪʠʢʘ ʟʘʙʦʣʝʚʘʥʠʡ) ʠ ʚ ʛʝʦʣʦʛʠʠ (ʦʮʝʥʢʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ). 
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ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʢʘʢ ʩʣʝʜʫʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʶʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ 

ʨʘʟʥʦʨʦʜʥʳʤʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʜʘʥʥʳʤʠ.  

ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ð ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʟʥʘʥʠʷ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʣʘʙʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʠ ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʦʡ ʫʟʢʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠ ʩʧʦʩʦʙʥʳʝ 

ʧʨʝʜʣʘʛʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʟʫʤʥʳʝ ʨʝʰʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʙʣʦʢʦʚ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..4). ʉʦʚʦʢʫʧʥʦʩʪʴ ʪʨʝʭ 

ʙʣʦʢʦʚ ð ʇʨʘʚʠʣʘ, ʄʦʜʝʣʴ ʩʠʪʫʘʮʠʠ ʠ ɺʳʚʦʜ ð ʧʦ ʩʫʪʠ, ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ. ʄʦʜʫʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʚʣʝʢʘʪʴ 

ʟʥʘʥʠʷ ʠ ʦʙʲʷʩʥʷʪʴ ʚʳʚʦʜʳ, ʧʨʝʚʨʘʱʘʶʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʙʘʟʫ 

ʜʘʥʥʳʭ ʚ ʵʢʩʧʝʨʪʥʫʶ ʩʠʩʪʝʤʫ.  

ȨɡɈɔɊ

Inference

Ƀɐɗɕɋɖɘ ȵɔɑɢɍɔɈɆɘɋɑɢ

ȮɍɈɑɋɝɋɓɎɋ 

ɍɓɆɓɎɏ

Knowledge 

aquisition

ȵɖɆɈɎɑɆ 

(ȧɆɍɆ ɍɓɆɓɎɏ = ȧȭ)

Knowledge base

ȲɔɊɋɑɢ ɗɎɘəɆɜɎɎ 

(ȧɆɍɆ ɊɆɓɓɡɛ = ȧȪ)

Data base

ȴɇɠɥɗɓɋɓɎɋ 

ɈɡɈɔɊɆ

Reasoning

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..4. 

ɸʨʭʠʪʝʢʪʫʨʘ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ 

ʉʝʡʯʘʩ ʯʘʱʝ ʚʩʝʛʦ ʙʘʟʘ ʟʥʘʥʠʡ ʜʣʷ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ð ʵʪʦ 

ʥʘʙʦʨ ʧʨʘʚʠʣ. ʇʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʨʘʚʠʣʘ ʠʤʝʶʪ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ
10

 ʠ ʧʦʟʚʦʣʷʶʪ ʠʟ ʠʤʝʶʱʠʭʩʷ ʬʘʢʪʦʚ 

                                                           

10
 ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʘʚʠʣʘ ʠʤʝʶʪ ʥʝ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ, ʘ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ: çʝʩʣʠ A, ʪʦ B ʩ 
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ʚʳʚʦʜʠʪʴ ʥʦʚʳʝ ʬʘʢʪʳ, ʢʘʢ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ʊʘʢʦʡ 

ʚʘʨʠʘʥʪ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ, ʛʜʝ ʤʳ ʛʦʚʦʨʠʤ ʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʟʥʘʥʠʡ ʩʠʩʪʝʤʘʤʠ ʧʨʦʜʫʢʮʠʡ. 

ɹʣʦʢ ʦʙʲʷʩʥʝʥʠʡ ʚʳʚʦʜʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʰʠʥʥʳʡ 

ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʘ ʚ ʯʝʣʦʚʝʢʦ-ʯʠʪʘʝʤʦʡ ʬʦʨʤʝ, ʪʘʢ ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʤʦʞʝʪ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢʠʝ ʰʘʛʠ ʨʘʩʩʫʞʜʝʥʠʡ ʧʨʠʤʝʥʷʣʘ ʵʢʩʧʝʨʪʥʘʷ 

ʩʠʩʪʝʤʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ. ʊʝʤ ʩʘʤʳʤ ʜʦʚʝʨʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 

ʦʪʚʝʪʫ ʚʦʟʨʘʩʪʘʝʪ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʠ ʩʣʦʞʥʳʤ ʷʚʣʷʝʪʩʷ ʙʣʦʢ ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʵʪʦʛʦ ʙʣʦʢʘ ʧʦʥʷʪʝʥ ð ʵʪʦ ʧʦʧʦʣʥʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ 

ʙʘʟʳ ʟʥʘʥʠʡ. ɸ ʚʦʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ʅʝ 

ʩʣʝʜʫʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʪʦ, ʯʪʦ ʵʢʩʧʝʨʪ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʦ ʪʘʢ 

çʠʟ ʛʦʣʦʚʳè ʩʬʦʨʤʫʣʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʘʚʠʣʘ ʨʘʩʩʫʞʜʝʥʠʡ, 

ʧʨʠʯʝʤ ʩʨʘʟʫ ʚ ʪʦʤ ʬʦʨʤʘʪʝ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪʩʷ ʚ ʩʠʩʪʝʤʝ. ʕʪʦ 

ʤʘʣʦʚʝʨʦʷʪʥʦʝ ʯʫʜʦ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʩʯʠʪʘʝʪʩʷ ʤʝʪʦʜ 

ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʦʧʦʣʥʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʙʘʟʳ ʟʥʘʥʠʡ, ʧʨʠʯʝʤ ʧʦʚʦʜʦʤ 

ʢ ʠʟʤʝʥʝʥʠʶ ʷʚʣʷʝʪʩʷ ʢʘʞʜʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ ʥʝ ʩʤʦʛʣʘ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʠʣʠ ʨʝʰʠʣʘ ʝʝ ʥʝʧʨʘʚʠʣʴʥʦ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʵʢʩʧʝʨʪ 

ʘʥʘʣʠʟʠʨʫʝʪ ʩ ʧʦʤʦʱʴʶ ʙʣʦʢʘ ʦʙʲʷʩʥʝʥʠʷ ʭʦʜ ʤʘʰʠʥʥʳʭ 

ʨʘʩʩʫʞʜʝʥʠʡ, ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʝ ʧʨʘʚʠʣʦ ʙʳʣʦ ʥʝʫʜʘʯʥʳʤ ʠʣʠ ʢʘʢʦʛʦ 

ʧʨʘʚʠʣʘ ʥʝ ʭʚʘʪʘʝʪ, ʠ ʜʦʙʘʚʣʷʝʪ ʝʛʦ ʚ ʙʘʟʫ ʟʥʘʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʙʣʦʢʘ 

ʠʟʚʣʝʯʝʥʠʷ ʟʥʘʥʠʡ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʜʦʙʥʦ 

ʯʝʣʦʚʝʢʫ, ʫʯʠʪʩʷ ʥʘ ʦʰʠʙʢʘʭ.  

ɺ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ ʥʘʭʦʜʠʪʩʷ ʙʣʦʢ ʚʳʚʦʜʘ. 

ɺ ʵʪʦʤ ʙʣʦʢʝ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʬʘʢʪʘʤ ʠʟ ʤʦʜʝʣʠ ʩʠʪʫʘʮʠʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʶʪʩʷ ʥʦʚʳʝ ʬʘʢʪʳ, ʢ ʢʦʪʦʨʳʤ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʨʘʚʠʣʘ ʠ ʪʘʢ ʜʘʣʝʝ ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ, ʪʦ ʝʩʪʴ ʪʨʝʙʫʝʤʳʡ 

ʬʘʢʪ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʧʦʠʩʢʘ ʚʳʚʦʜʘ ʚ 

ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʩʭʦʜʥʳʝ ʬʘʢʪʳ ʠʟ ʤʦʜʝʣʠ 

                                                                                                                                                                                     

ʚʝʨʦʷʪʥʦʩʪʴʶ pè. ɹʦʣʴʰʠʥʩʪʚʦ ʚʳʚʦʜʦʚ, ʩʜʝʣʘʥʥʳʭ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʦʡ 

ʧʦ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʧʨʘʚʠʣʘʤ, ʠʤʝʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘ ʩʚʦʡ 

ʚʦʧʨʦʩ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʦʪʚʝʪʦʚ, ʢʘʞʜʦʤʫ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʠʧʠʩʘʥʘ ʩʚʦʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 
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ʩʠʪʫʘʮʠʠ ð ʵʪʦ ʘʢʩʠʦʤʳ. ʄʳ ʧʨʠʤʝʥʷʝʤ ʢ ʥʠʤ ʧʨʘʚʠʣʘ, ʧʦʣʫʯʘʝʤ 

ʥʦʚʳʝ ʬʘʢʪʳ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʥʦʚʳʡ ʬʘʢʪ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʨʘʥʝʝ 

ʧʦʣʫʯʝʥʥʳʭ ʬʘʢʪʦʚ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʤʳ ʜʦʭʦʜʠʤ (ʠʣʠ ʥʝ ʜʦʭʦʜʠʤ) 

ʜʦ ʮʝʣʝʚʦʛʦ ʬʘʢʪʘ, ʪʦ ʝʩʪʴ, ʛʦʚʦʨʷ ʷʟʳʢʦʤ ʣʦʛʠʯʝʩʢʠʭ ʪʝʦʨʠʡ, 

ʧʦʣʫʯʘʝʤ ʟʘʢʣʶʯʝʥʠʝ ʮʝʣʝʚʦʡ ʪʝʦʨʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʜʨʦ ʚʩʷʢʦʡ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʳʚʦʜʘ ʚ ʥʝʢʦʪʦʨʦʡ ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ, ʪʦ 

ʝʩʪʴ ʢʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤ ʙʝʟʫʩʣʦʚʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʘʪʨʘʪʫ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʠʣʠʡ, ʪʨʝʙʫʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʜʝʜʫʢʪʠʚʥʳʭ 

ʥʘʚʳʢʦʚ, ʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʠʥʪʫʠʪʠʚʥʳʭ ʜʦʛʘʜʦʢ 

(ʥʘʧʨʠʤʝʨ, ʢʘʢʠʝ ʣʝʤʤʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʦʨʝʤʳ). 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʧʦʠʩʢ ʫʞʝ ʜʦʢʘʟʘʥʥʳʭ ʪʝʦʨʝʤ ʠ ʨʝʰʝʥʥʳʭ ʧʦʜʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʝʯʥʦʡ ʮʝʣʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʛʨʘʤʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʀʀ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʙʦʪʘʪʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʝʩʪʴ ʧʨʦʛʨʘʤʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ (Automatic Theorem Proving). 

ʇʨʠ ʧʝʨʚʦʤ ʚʟʛʣʷʜʝ ʥʘ ʧʨʝʜʤʝʪ ʤʳ ʩʨʘʟʫ ʦʪʤʝʯʘʝʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʠʟʚʝʩʪʥʳʝ ʠʟ ʢʫʨʩʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ. 

1. ʗʟʳʢ ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʠʢʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʦʙʦʛʘʱʝʥʥʳʡ 

ʪʘʢʠʤʠ ʚʝʱʘʤʠ, ʢʘʢ ʨʘʚʝʥʩʪʚʦ ʠ ʚʥʝʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʠʢʘʪʳ ʠ ʬʫʥʢʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʘʢʩʠʦʤʘʪʠʟʘʮʠʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʢʘʢ ʬʦʨʤʫʣʘ ʧʨʠʢʣʘʜʥʦʛʦ 

ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʠʢʘʪʦʚ).  

2. ɸʣʛʦʨʠʪʤ ʊʘʨʩʢʦʛʦ ʧʝʨʝʯʠʩʣʝʥʠʷ ʧʨʘʚʠʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʭ 

ʬʦʨʤʫʣ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʳ ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʦʙʨʘʟʦʤ 

(ʪʦ ʝʩʪʴ ʚʩʝ ʧʨʘʚʠʣʴʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʬʦʨʤʫʣʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʯʠʩʣʝʥʳ).  

3. ʄʝʪʦʜ ʨʝʟʦʣʶʮʠʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʠʯʥʦ ʢʦʨʨʝʢʪʥʳʤ (ʪʦ ʝʩʪʴ ʜʣʷ 

ʣʶʙʦʡ ʜʦʢʘʟʫʝʤʦʡ ʬʦʨʤʫʣʳ ʚʳʚʦʜ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʘ ʜʣʷ ʥʝʜʦʢʘʟʫʝʤʦʡ ʬʦʨʤʫʣʳ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʥʝ 

ʟʘʚʝʨʰʠʪʴ ʩʚʦʶ ʨʘʙʦʪʫ). 

ɺʦʟʥʠʢʘʝʪ ʩʣʝʜʫʶʱʘʷ ʠʜʝʷ, ʧʦʜʢʫʧʘʶʱʘʷ ʩʚʦʝʡ 

ʥʝʟʘʪʝʡʣʠʚʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ. ɿʘʧʠʰʝʤ ʘʢʩʠʦʤʳ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʥʘ ʷʟʳʢʝ ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʠʢʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɿʘʧʫʩʪʠʤ ʘʣʛʦʨʠʪʤ 

ʪʠʧʘ ʘʣʛʦʨʠʪʤʘ ʊʘʨʩʢʦʛʦ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʥʦʚʳʝ 

ʛʠʧʦʪʝʟʳ ʦʜʥʫ ʟʘ ʜʨʫʛʦʡ. ʂʘʞʜʫʶ ʛʠʧʦʪʝʟʫ ʙʫʜʝʤ ʧʳʪʘʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʢʘʟʳʚʘʪʴ ʤʝʪʦʜʦʤ ʨʝʟʦʣʶʮʠʡ, ʠ ʝʩʣʠ ʧʦʣʫʯʠʪʩʷ, ʪʦ 

ʢʦʤʧʴʶʪʝʨ ʩʘʤ ʙʫʜʝʪ ʜʦʙʳʚʘʪʴ ʚʩʝ ʥʦʚʳʝ ʠ ʥʦʚʳʝ ʟʥʘʥʠʷ. ʇʨʦʮʝʩʩ 

ʤʦʞʥʦ ʟʘʧʫʩʪʠʪʴ ʥʘ 24 ʯʘʩʘ ʚ ʩʫʪʢʠ, 7 ʜʥʝʡ ʚ ʥʝʜʝʣʶ, 365 ʜʥʝʡ ʚ ʢʦʜʫ, 

ʠ ʥʝ ʥʘ ʦʜʥʦʤ ʢʦʤʧʴʶʪʝʨʝ, ʘ ʥʘ ʚʩʝʭ ʥʝʟʘʥʷʪʳʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 

ʂʩʪʘʪʠ, ʩʝʡʯʘʩ ʚ ʩʨʝʜʥʝʤ 90% ʚʨʝʤʝʥʠ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ʧʨʦʩʪʘʠʚʘʶʪ, ʠ ʠʭ ʩʫʤʤʘʨʥʘʷ ʥʝʠʩʧʦʣʴʟʫʝʤʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ, ʪʘʢ ʯʪʦ ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ ʭʚʘʪʘʝʪ 

ʥʝʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤ 

ʚʦʟʤʦʞʥʦ, ʠ ʝʛʦ ʥʝʪʨʫʜʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ, ʥʦ ʪʘʢʦʡ 

ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʧʦʜʭʦʜ ʦʢʘʟʳʚʘʝʪʩʷ ʙʝʟʥʘʜʝʞʥʦ ʥʝʵʬʬʝʢʪʠʚʥʳʤ. 

ʉʣʦʞʥʳʝ, ʠʥʪʝʨʝʩʥʳʝ ʪʝʦʨʝʤʳ ʧʨʠ ʣʦʙʦʚʦʤ ʧʦʜʭʦʜʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʜʦʢʘʟʘʪʴ ʥʝ ʫʜʘʝʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʨʝʙʦʨʘ ʩʪʦʣʴ ʚʝʣʠʢʦ, 

ʯʪʦ ʜʘʞʝ ʩʘʤʳʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʢʦʤʧʴʶʪʝʨʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

ʥʠʯʝʛʦ ʩʜʝʣʘʪʴ ʟʘ ʨʘʟʫʤʥʦʝ ʚʨʝʤʷ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ, ʧʨʘʚʜʫ ʩʢʘʟʘʪʴ, ʧʦʢʘ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ, ʢʦʛʜʘ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʢʣʘʩʩʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʪʝʦʨʠʡ, ʧʨʠʤʝʥʷʷ ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʫʜʘʚʘʣʦʩʴ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʭʦʜʠʪʴ ʠ ʜʦʢʘʟʳʚʘʪʴ ʥʝʪʨʠʚʠʘʣʴʥʳʝ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ʪʝʦʨʝʤʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳ. ʆʜʥʦʤʫ 

ʠʟ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ ʫʞʝ ʤʥʦʛʦ-ʤʥʦʛʦ ʣʝʪ [3]. ʏʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ 

ɺ.ʄ. ʄʘʪʨʦʩʦʚ ʧʨʠʜʫʤʘʣ ʫʜʠʚʠʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʯʠʩʣʝʥʠʷ ʠ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʚ ʚ ʦʜʥʦʡ ʫʟʢʦʡ ʦʙʣʘʩʪʠ, 

ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʂʦʣʣʝʛʠ-

ʧʨʦʛʨʘʤʤʠʩʪʳ ʩʦʩʪʘʚʠʣʠ ʧʨʦʛʨʘʤʤʫ, ʢʦʪʦʨʘʷ ʛʝʥʝʨʠʨʦʚʘʣʘ ʛʠʧʦʪʝʟʳ 
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ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʪʨʦʠʣʘ ʢ ʥʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ 

ʥʘʡʜʝʥʳ ʠ ʜʦʢʘʟʘʥʳ ʥʝʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʦʚʳʝ, ʥʝʪʨʠʚʠʘʣʴʥʳʝ 

ʪʝʦʨʝʤʳ. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ (ʪʝʦʨʝʤʳ ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ) 

ʧʫʙʣʠʢʦʚʘʣʠʩʴ ʚ ʧʨʝʩʪʠʞʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʞʫʨʥʘʣʝ, ʢʘʢ ʥʦʚʳʝ 

ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʤʘʪʝʤʘʪʠʢʝ. ʄʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʦʢʘ ʥʝ 

ʟʥʘʝʪ, ʢʘʢ ʦʪʥʝʩʪʠʩʴ ʢ ʵʪʦʤʫ ʬʘʢʪʫ, ʦʜʥʘʢʦ ʧʨʝʮʝʜʝʥʪ ʝʩʪʴ. 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ 

ʪʝʦʨʝʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʩʝʭ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʳʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʳ ʣʦʛʠʯʝʩʢʠʭ ʠʩʯʠʩʣʝʥʠʡ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʌʦʨʤʫʣʳ ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʠʢʘʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ð ʵʪʦ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ 

ʬʦʨʤʘʣʴʥʦʡ ʟʘʧʠʩʠ ʣʶʙʳʭ ʫʪʚʝʨʞʜʝʥʠʡ, ʠʟʚʝʩʪʥʳʡ ʯʝʣʦʚʝʯʝʩʪʚʫ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʤʝʣʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤ ð ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 

ʪʝʤʘ ʀʀ. ɺ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʥʘʤʠ ʤʝʪʦʜʳ ʀʀ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʚʩʝ ʤʝʪʦʜʳ ʀʀ ʚʦʦʙʱʝ, ʧʨʷʤʦ ʠʣʠ 

ʢʦʩʚʝʥʥʦ ʩʚʦʜʷʪʩʷ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʪʝʦʨʝʤ.  

1.1.4. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʤ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʦʙʨʘʟʦʚ 

ʈʦ͕ʙʦʪ (robot) ð ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʫʧʨʘʚʣʷʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʤʝʥʷʝʪ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʙʦʪ. 

ʉʣʦʚʦ çʨʦʙʦʪè ʙʳʣʦ ʧʨʠʜʫʤʘʥʦ ʯʝʰʩʢʠʤ ʧʠʩʘʪʝʣʝʤ ʂʘʨʝʣʦʤ 

ʏʘʧʝʢʦʤ ʠ ʝʛʦ ʙʨʘʪʦʤ ʁʦʟʝʬʦʤ ʠ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʴʝʩʝ 

ʏʘʧʝʢʘ çʈ.ʋ.ʈ.è (çʈʦʩʩʫʤʩʢʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʨʦʙʦʪʳè, 1920).  

ʈʦʙʦʪʳ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʚ 

ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ ʫʩʣʦʚʠʷʭ ʠʣʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ 

ʦʙʲʝʢʪʘ. ɺʩʝ ʥʘʩʣʳʰʘʥʳ ʦʙ ʫʩʧʝʭʘʭ ʙʝʩʧʠʣʦʪʥʳʭ ʣʫʥʦ- ʠ 

ʤʘʨʩʦʭʦʜʦʚ, ʚʦʝʥʥʳʭ ʨʦʙʦʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʚʝʜʢʫ ʠ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʧʨʝʜʤʝʪʦʚ. ʅʝʜʘʚʥʦ (ʚ 2009 ʛʦʜʫ) ʚ 

ʗʧʦʥʠʠ ʧʨʦʰʣʘ ʦʯʝʨʝʜʥʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʚʳʩʪʘʚʢʘ ʨʦʙʦʪʦʚ, ʥʘ 
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ʢʦʪʦʨʦʡ ʙʦʣʴʰʠʥʩʪʚʦʤ ʤʦʜʝʣʝʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʳʪʦʚʳʝ ʠ 

ʤʝʜʠʮʠʥʩʢʠʝ ʨʦʙʦʪʳ (ʈʠʩ. ʆ ʠhʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..5). ʂ ʧʨʠʤʝʨʫ, ʚʥʠʤʘʥʠʶ ʧʫʙʣʠʢʠ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ çʨʦʙʦʪ-ʧʘʮʠʝʥʪè ʜʣʷ ʦʙʫʯʝʥʠʷ ʜʘʥʪʠʩʪʦʚ, ʢʦʪʦʨʳʡ 

ʩʧʦʩʦʙʝʥ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʙʦʣʴ. ɼʨʫʛʦʡ ʦʙʨʘʟʝʮ ð çʨʦʙʦʪ-

ʧʦʣʠʮʝʡʩʢʠʡè, ʩʧʦʩʦʙʥʳʡ ʟʘʧʦʤʠʥʘʪʴ ʣʠʮʘ ʣʶʜʝʡ, ʢʦʪʦʨʳʭ 

ʨʘʟʳʩʢʠʚʘʝʪ ʧʦʣʠʮʠʷ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʣʠʯʥʦʩʪʠ ʨʦʙʦʪ ʥʝʤʝʜʣʝʥʥʦ 

ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦʙ ʵʪʦʤ ʧʦ ʨʘʜʠʦʩʚʷʟʠ ʩʦʪʨʫʜʥʠʢʦʚ ʦʭʨʘʥʥʦʡ ʩʣʫʞʙʳ. 

ɺʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʨʦʙʦʪʳ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ 

ʨʘʟʚʣʝʯʝʥʠʷ. ʅʘ ʪʦʡ ʞʝ ʚʳʩʪʘʚʢʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ çʨʦʙʦʪ-ʧʘʨʪʥʝʨʰʘ 

ʧʦ ʪʘʥʮʘʤè. ʕʪʦ çʞʝʥʱʠʥʘè ʚ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʦʩʪ, ʢʦʪʦʨʘʷ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʯʫʪʢʦ ʫʣʘʚʣʠʚʘʝʪ, ʚ ʢʘʢʫʶ ʩʪʦʨʦʥʫ 

ʜʚʠʞʝʪʩʷ ʪʘʥʮʦʨ, ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʪʘʢʪ ʩ ʥʠʤ. ʆʥʘ ʤʦʞʝʪ ʠʩʧʦʣʥʠʪʴ 

ʠ ʢʦʨʦʪʢʠʡ ʩʦʣʴʥʳʡ ʪʘʥʝʮ, ʧʣʘʚʥʦ ʧʝʨʝʤʝʱʘʷʩʴ ʠ ʜʚʠʛʘʷ ʨʫʢʘʤʠ, 

ʛʦʣʦʚʦʡ ʠ ʢʦʨʧʫʩʦʤ. ʅʘʯʠʥʘʝʪ ʢʘʟʘʪʴʩʷ, ʯʪʦ ʤʝʯʪʳ ʦ ʙʫʜʫʱʝʤ 

ʨʦʙʦʪʦʚ, ʦʧʠʩʘʥʥʳʝ ʬʘʥʪʘʩʪʘʤʠ XX ʚʝʢʘ, ʥʘʯʠʥʘʶʪ ʩʙʳʚʘʪʴʩʷ. 

   

ʈʠʩ. ʆ ʠhʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..5. 

ʇʨʠʤʝʨʳ ʨʦʙʦʪʦʚ: ʨʦʙʦʪ, ʠʛʨʘʶʱʠʡ ʚ ʧʠʥʛ-ʧʦʥʛ, ʨʦʙʦʪ-ʪʘʥʮʦʨ, ʨʦʙʦʪ-

ʧʘʮʠʝʥʪ 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʫʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʤ (robot planning) ð ʟʘʜʘʯʘ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʘʷ. ʂʘʟʘʣʦʩʴ ʙʳ, ʥʝʪ ʥʠʯʝʛʦ ʧʨʦʱʝ, ʯʝʤ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʥʘ ʜʚʫʭ ʥʦʛʘʭ. ʈʘʟʚʠʪʠʝ ʣʶʙʦʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʩʫʱʝʩʪʚʘ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʧʦʩʦʙʥʦʩʪʠ ʚʠʜʝʪʴ ʠ ʭʦʜʠʪʴ. ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..6) ʧʦʷʚʣʷʝʪʩʷ ʤʳʩʣʴ, ʯʪʦ ʵʪʠ ʥʘʚʳʢʠ ʚʨʦʜʝ ʙʳ ʠ ʥʝ 

ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʫʩʠʣʠʡ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ 
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ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʛʦʚʦʨʠʪʴ, ʨʘʩʩʫʞʜʘʪʴ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ. ʆʜʥʘʢʦ ʝʩʣʠ ʚʟʛʣʷʥʫʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʨʦʙʦʪʦʚ ʠ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʤʦʞʥʦ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ ʚ ʦʙʨʘʪʥʦʤ. ʈʦʙʦʪʳ ʩʥʘʯʘʣʘ 

ʥʘʫʯʠʣʠʩʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʠ ʨʘʩʩʫʞʜʘʪʴ, ʧʦʪʦʤ ʛʦʚʦʨʠʪʴ, ʟʘʪʝʤ 

ʭʦʜʠʪʴ, ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʫʯʠʣʠʩʴ ʚʠʜʝʪʴ ʢʘʢ ʩʣʝʜʫʝʪ.  

0 31 14 22

ɝɋɑɔɈɋɐ

Ɉ
Ɏ
Ɋ
Ɏ
ɘ

ɛ
ɔ
Ɋ
Ɏ
ɘ

ɉɔɈɔɖɎɘ ɖɆɗɗəɌɊɆɋɘ

ɖɔɇɔɘ
1947 1953 1970 1980 1990

ɕɖɔɉɖɆɒɒɎɖəɋɘ

ɖɆɗɗəɌɊɆɋɘ ɉɔɈɔɖɎɘ ɛɔɊɎɘ

ɈɔɍɖɆɗɘ

ɉɔɊ

31 14 22

ɕɖɔɉɖɆɒɒɎɖəɋɘ

1947 1953 1970 1980 1990

ɈɎɊɎɘ

ɈɔɍɖɆɗɘ

ɉɔɊ

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..6. 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʚʠʪʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʦʙʦʪʘ ʠ ʯʝʣʦʚʝʢʘ 

ʋʩʧʝʰʥʦʝ ʭʦʞʜʝʥʠʝ ʜʚʫʥʦʛʦ ʨʦʙʦʪʘ ð ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ 

ʟʘʜʘʯʘ ʜʘʞʝ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ɼʝʣʦ 

ʚ ʪʦʤ, ʯʪʦ ʢʦʛʜʘ ʤʳ ʭʦʜʠʤ, ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʥʘʰʝʛʦ ʪʝʣʘ ʧʦʯʪʠ ʥʠʢʦʛʜʘ 

ʥʝ ʥʘʭʦʜʠʪʩʷ ʥʘʜ ʧʣʦʱʘʜʴʶ ʦʧʦʨʳ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʭʘʥʠʢʠ, ʤʳ ʥʝ 

ʭʦʜʠʤ, ʘ ʥʝʧʨʝʨʳʚʥʦ ʧʘʜʘʝʤ, ʥʦ ʥʝ ʩʦʚʩʝʤ, ʘ ʫʜʘʯʥʦ ʧʦʜʩʪʘʚʣʷʝʤ ʥʦʛʫ 

ʚ ʥʫʞʥʦʝ ʤʝʩʪʦ ʠ ʧʨʦʜʦʣʞʘʝʤ ʜʚʠʞʝʥʠʝ. ʃʦʙʦʚʦʡ ʧʦʜʭʦʜ ʚ ʩʪʠʣʝ XIX 

ʚʝʢʘ ð ʩʦʩʪʘʚʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩ ʥʫʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʝʰʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ð ʥʝ ʨʘʙʦʪʘʝʪ. ɼʘʞʝ ʩʘʤʳʡ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʡ ʩʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʦʚʦʜʠʪʴ 

ʥʫʞʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʉʦʚʝʨʰʝʥʥʦ ʷʩʥʦ, ʯʪʦ ʤʳ, 

ʢʦʛʜʘ ʭʦʜʠʤ, ʥʝ ʨʝʰʘʝʤ ʚ ʫʤʝ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ. ʊʘʢʞʝ ʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʭʦʞʜʝʥʠʷ ʨʦʙʦʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʩʝʤ ʜʨʫʛʠʝ ʧʨʠʝʤʳ. 

ʂʘʞʜʦʝ ʥʦʚʦʝ ʜʦʩʪʠʞʝʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʩʧʝʭ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚʳʰʝ ʩʦʩʪʘʚʘ 
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ʵʢʩʧʦʥʘʪʦʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʳʩʪʨʦʛʦ ʙʝʛʘ ʠ 

ʧʨʳʞʢʦʚ (ʥʘ ʫʨʦʚʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ), ʪʦ ʜʚʫʥʦʛʠʡ 

ʙʳʩʪʨʦ ʙʝʛʘʶʱʠʡ ʠ ʧʨʳʛʘʶʱʠʡ ʨʦʙʦʪ ð ʚʩʝ ʝʱʝ ʧʦʯʪʠ ʥʝʨʝʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ
11
. ʈʦʙʦʪ-ʪʝʨʤʠʥʘʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʜʚʠʛʘʪʴʩʷ ʠ ʩʪʨʝʣʷʪʴ ʪʘʢ ʞʝ ʣʦʚʢʦ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʐʚʘʨʮʝʥʝʛʛʝʨ ʚ 

ʠʟʚʝʩʪʥʦʤ ʬʠʣʴʤʝ, ʧʦʢʘ ʯʪʦ, ʢ ʩʯʘʩʪʴʶ, ʥʝʚʦʟʤʦʞʝʥ. 

ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʩʦʟʜʘʥʦ ʘʜʝʢʚʘʪʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʨʦʙʦʪʫ çʚʠʜʝʪʴè ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ ʠ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ çʚʠʟʫʘʣʴʥʳʝè 

ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʤ ʪʘʢʞʝ ʭʦʨʦʰʦ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʯʝʣʦʚʝʢ. ʊʦ, ʢʘʢ ʚʠʜʠʤ 

ʤʠʨ ʤʳ, ð ʨʝʟʫʣʴʪʘʪ ʜʣʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʞʝ ʥʘ ʪʨʝʪʴʝʡ ʥʝʜʝʣʝ 

ʨʘʟʚʠʪʠʷ ʨʝʙʝʥʦʢ ʦʙʣʘʜʘʝʪ ʮʚʝʪʥʳʤ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʤ ʟʨʝʥʠʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʝʜʤʝʪʘʤʠ ʠ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ 

ʥʘʙʣʶʜʝʥʠʡ ʫ ʨʝʙʝʥʢʘ ʥʘ ʦʩʥʦʚʝ ʮʚʝʪʥʦʛʦ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ð ʧʨʝʜʤʝʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ. ɺʘʞʥʦ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʪʘ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ, 

ʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʧʨʠʯʠʥʘʤʠ
12
. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʝʩʣʠ ʧʦʤʝʩʪʠʪʴ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʝʨʰʝʥʥʦ ʥʝʧʨʠʚʳʯʥʫʶ 

ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʩʨʝʜʫ (ʚ ʢʦʪʦʨʦʡ ʥʝʥʦʨʤʘʣʴʥʦ ʫʩʪʨʦʝʥʦ ʦʩʚʝʱʝʥʠʝ, 

ʧʨʠʚʳʯʥʳʝ ʧʨʝʜʤʝʪʳ ʠʤʝʶʪ ʥʝʧʨʠʚʳʯʥʳʝ ʨʘʟʤʝʨʳ, ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ 

ʥʝʥʦʨʤʘʣʴʥʳʡ ʪʝʤʧ ʠ ʪ.ʜ.), ʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʝʢʚʘʪʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ 

ʪʨʝʭʤʝʨʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʦʤ ʫʪʨʘʯʠʚʘʝʪʩʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʜʤʝʪʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ð ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʩʠʭʠʢʠ, ʘ ʥʝ 

ʛʣʘʟʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʤʳ ʚʠʜʠʤ ʤʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʟʘ 

ʜʝʩʷʪʳʝ ʜʦʣʠ ʩʝʢʫʥʜʳ, ʩʪʨʦʠʪ ʤʦʟʛ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ 

ʛʣʘʟʘ. ʀʥʦʛʜʘ ʵʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʩʭʦʜʠʪʴʩʷ ʩ ʨʝʘʣʴʥʦʩʪʴʶ 

(ʩʤ. ʥʘʧʨʠʤʝʨ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 
                                                           

11
 ɺʧʨʦʯʝʤ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʤʦʛʫʪ ʙʝʛʘʪʴ ʠ 

ʧʨʳʛʘʪʴ ʥʘ ʫʨʦʚʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʧʦʨʪʩʤʝʥʦʚ. 
12

 ʉʧʦʩʦʙʥʦʩʪʴ ʚʠʜʝʪʴ ʤʠʨ ʦʙʲʝʤʥʳʤ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʤ, ʯʪʦ 

ʫ ʥʘʩ ʜʚʘ ʛʣʘʚʘ. ɺ ʵʪʦʤ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ: ʧʨʠʢʨʦʡʪʝ ʦʜʠʥ ʛʣʘʟ ð 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʜʝʪʴ ʥʝ ʧʣʦʩʢʠʡ, ʘ ʪʨʝʭʤʝʨʥʳʡ ʤʠʨ, ʠ ʦʧʨʝʜʝʣʷʪʴ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʨʝʜʤʝʪʦʚ ʩʦʭʨʘʥʠʪʩʷ! 
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ʦʪʩʫʪʩʪʚʫʝʪ..7 ʠ ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ. ʚʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ 

ʥʘʡʜʝʥ. ʧʘʨʘʛʨʘʬʝ 0). ʇʨʦʙʣʝʤʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʤʝʨ ʠ ʥʝ ʚ ʠʭ ʢʦʣʠʯʝʩʪʚʝ, ʘ ʚ ʩʣʦʞʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ, ʘʜʝʢʚʘʪʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʢʘʤʝʨ. ɼʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʝʩʪʴ ʥʝʧʣʦʭʠʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʨʦʙʦʪʳ, ʨʘʩʧʦʟʥʘʶʱʠʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʣʠʮʘ ʚ 

ʦʭʨʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʠʣʠ ʨʦʙʦʪʳ, ʨʘʩʧʦʟʥʘʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʠ 

ʦʨʠʝʥʪʘʮʠʶ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ ʥʘ ʢʦʥʚʝʡʝʨʝ ʯʘʩʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʜʥʘʢʦ ʵʪʠ ʩʠʩʪʝʤʳ ʥʝ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ ʠ ʥʝ ʩʦʚʤʝʩʪʠʤʳ. 

ʋʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʦ 

ʰʠʨʦʪʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ, ʧʦʢʘ ʝʱʝ ʥʝ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ
13

.  

ʄʘʰʠʥʥʦʝ ʟʨʝʥʠʝ ð ʵʪʦ ʦʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʀʀ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ (pattern recognition) ð ʨʘʟʜʝʣ 

ʢʠʙʝʨʥʝʪʠʢʠ, ʨʘʟʚʠʚʘʶʱʠʡ ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʧʨʝʜʤʝʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʦʥʝʯʥʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ ʠ ʧʨʠʟʥʘʢʦʚ.  

ʂ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʘ ʦ ʧʝʨʝʭʦʜʝ ʫʣʠʮʳ 

ʧʦ ʩʠʛʥʘʣʘʤ ʩʚʝʪʦʬʦʨʘ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʮʚʝʪʘ ʟʘʛʦʨʝʚʰʝʡʩʷ ʣʘʤʧʳ 

ʩʚʝʪʦʬʦʨʘ ʠ ʟʥʘʥʠʝ ʧʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ 

ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʪʦʤ, ʤʦʞʥʦ ʠʣʠ ʥʝʣʴʟʷ ʧʝʨʝʭʦʜʠʪʴ ʫʣʠʮʫ ʚ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ.  

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʩʧʦʩʦʙʥʳʭ ʢ 

ʚʦʩʧʨʠʷʪʠʶ (ʧʝʨʮʝʧʮʠʠ) ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʘʢʮʠʠ ʥʘ ʚʦʩʧʨʠʥʷʪʳʡ 

ʩʪʠʤʫʣ ʙʳʣ ʧʝʨʩʝʧʪʨʦʥ ʌʨʵʥʢʘ ʈʦʟʝʥʙʣʘʪʪʘ. ʇʝʨʩʝʧʪʨʦʥ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʝʛʦ ʘʚʪʦʨʦʤ ʥʝ ʢʘʢ ʢʦʥʢʨʝʪʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 
                                                           

13
 ɿʘʤʝʪʠʤ, ʯʪʦ ʝʱʝ ʂʦʥʘʥ ɼʦʡʣʴ ʚ ʨʘʩʩʢʘʟʘʭ ʦ ʐʝʨʣʦʢʝ ʍʦʣʤʩʝ 

ʩʧʨʘʚʝʜʣʠʚʦ ʘʢʮʝʥʪʠʨʦʚʘʣ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʤʝʯʘʪʴ ʠ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʝʪʘʣʠ (ʥʘʙʣʶʜʘʪʝʣʴʥʦʩʪʴ) ʫ ʣʶʜʝʡ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʪʩʷ. 

ʏʘʩʪʦ ʙʳʚʘʝʪ, ʯʪʦ ʣʶʜʠ ʩʤʦʪʨʷʪ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ, ʘ ʚʠʜʷʪ ʩʦʚʩʝʤ ʨʘʟʥʳʝ 

ʚʝʱʠ. 
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ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʘ ʢʘʢ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʤʦʟʛʘ. ʅʫʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʦʚʨʝʤʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ ʨʝʜʢʦ 

ʧʨʝʩʣʝʜʫʶʪ ʪʘʢʫʶ ʮʝʣʴ.  

ʅʘ ʧʨʠʤʝʨʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʤʳ ʦʧʷʪʴ ʥʘʙʣʶʜʘʝʤ 

ʭʘʨʘʢʪʝʨʥʫʶ ʢʨʠʚʫʶ ʨʘʟʚʠʪʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʀʀ (ʩʤ. ʈʠʩ. ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..2 ʠ ʧʦʷʩʥʝʥʠʷ ʢ ʥʝʤʫ). 

ʇʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʳ ʈʦʟʝʥʙʣʘʪʪʘ ʥʘʙʣʶʜʘʣʩʷ ʨʝʟʢʠʡ 

ʧʦʜʲʝʤ ʠʥʪʝʨʝʩʘ ʢ ʵʪʦʡ ʪʝʤʘʪʠʢʝ, ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣ ʭʦʣʦʜʥʳʡ ʜʫʰ ʚ 

ʚʠʜʝ ʢʥʠʛʠ ʄ. ʄʠʥʩʢʦʛʦ ʠ ʉ. ʇʝʡʧʝʨʪʘ, ʚ ʢʦʪʦʨʦʡ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, 

ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʩʝʧʪʨʦʥʘ 

ʈʦʟʝʥʙʣʘʪʪʘ. ʂʘʟʘʣʦʩʴ, ʧʝʨʩʧʝʢʪʠʚʳ ʫʪʨʘʯʝʥʳ, ʥʦ ʩʝʡʯʘʩ ʚʥʦʚʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʵʪʦʡ ʪʝʤʝ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʠʜʝʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ 

ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʳ, ʢʦʪʦʨʳʝ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʙʦʣʝʝ ʯʝʤ ʫʩʧʝʰʥʳ. 

ʆʜʠʥ ʠʟ ʩʝʨʴʝʟʥʳʭ ʫʩʧʝʭʦʚ ʚ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ ʩʚʷʟʘʥ ʩ 

ʩʦʟʜʘʥʠʝʤ ʚ 1982 ʛ ʬʠʨʤʦʡ Logica ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʪʧʝʯʘʪʢʦʚ 

ʧʘʣʴʮʝʚ, ʢʦʪʦʨʘʷ ʥʘʰʣʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ 

ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ, ʥʦ ʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʱʠʪʳ, ʥʘʧʨʠʤʝʨ ʚ 

ʥʦʫʪʙʫʢʘʭ. ɼʨʫʛʠʤʠ ʧʨʠʤʝʨʘʤʠ ʧʨʠʤʝʥʝʥʠʷ  ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʨʝʯʠ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʢʘʥʠʨʦʚʘʥʥʦʛʦ ʪʝʢʩʪʘ (OCR), ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʥʦʤʝʨʦʚ ʠʣʠ ʤʦʥʠʪʦʨʠʥʛ ʩʨʝʜʳ ʧʦ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʭʦʨʦʰʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʠʥʪʝʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʲʝʢʪʘ ʚʩʝʛʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ, ʯʝʤ ʘʥʘʣʠʟ ʪʦʛʦ ʞʝ ʩʘʤʦʛʦ 

ʦʙʲʝʢʪʘ. ʅʘʛʣʷʜʥʳʡ ʧʨʠʤʝʨ ð ʨʫʢʦʧʠʩʥʳʡ ʪʝʢʩʪ. ɽʛʦ ʦʯʝʥʴ ʣʝʛʢʦ 

ʥʘʧʠʩʘʪʴ, ʥʦ ʧʨʦʯʠʪʘʪʴ ʝʛʦ ʠʥʦʛʜʘ ʥʝʠʤʦʚʝʨʥʦ ʪʨʫʜʥʦ. ɺʩʝʤ ʥʘʤ, 

ʥʘʜʦ ʧʦʣʘʛʘʪʴ, ʟʥʘʢʦʤʘ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚ ʀʥʪʝʨʥʝʪʝ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʥʘ ʩʘʡʪʝ, ʦʪʧʨʘʚʢʝ ʩʦʦʙʱʝʥʠʷ ʠ ʪʦʤʫ ʧʦʜʦʙʥʳʭ ʦʧʝʨʘʮʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ çʨʘʩʰʠʬʨʦʚʘʪʴè ʢʦʜ ʥʘ ʨʠʩʫʥʢʝ. ʕʪʦ ʩʯʠʪʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤ ʪʝʩʪʦʤ, ʦʪʣʠʯʘʶʱʠʤ ʨʝʘʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʦʪ ʨʦʙʦʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʥʝ ʤʦʛʫʪ 
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ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʣʦʞʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʛʜʝ ʢʦʥʪʫʨʳ ʙʫʢʚ ʠ ʮʠʬʨ ʥʝ 

ʟʘʤʢʥʫʪʳ, ʣʠʥʠʠ ʧʨʠʯʫʜʣʠʚʦ ʠʩʢʘʞʝʥʳ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ çʰʫʤʘè, ʘ ʯʝʣʦʚʝʢʫ ʵʪʦ ʫʜʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʫʩʠʣʠʡ. 

ʇʦʢʘ ʯʪʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ ð ʥʝʦʩʧʦʨʠʤʦʝ ʢʦʥʢʫʨʝʥʪʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʯʝʣʦʚʝʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʦʙʦʪʫ ð ʥʘʜʦʣʛʦ ʣʠ? 

ʄʳ ʟʘʢʦʥʯʠʤ ʵʪʦʪ ʨʘʟʜʝʣ ʧʨʠʤʝʨʘʤʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..7), ʢʦʪʦʨʳʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘʜʘʯʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʦʪʥʶʜʴ ʥʝ ʧʨʦʩʪʘ, 

ʜʘʞʝ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

 

ɻʦʣʦʚʘ ʦʩʣʘ ʠʣʠ ʦʙʥʘʞʝʥʥʳʝ ʬʠʛʫʨʳ? 

 
 

ʉʪʘʨʠʢ ʠʣʠ ʚʣʶʙʣʝʥʥʘʷ ʧʘʨʘ? 

 

ʆʜʥʦ ʣʠʮʦ ʠʣʠ ʜʚʘ? 
 

ʄʦʣʦʜʘʷ ʞʝʥʱʠʥʘ ʠʣʠ ʩʪʘʨʫʭʘ? 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..7. 

ʇʨʠʤʝʨʳ ʩʣʦʞʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ 

1.1.5. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʛʨʳ 

ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 

ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ð ʵʪʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠʛʨʳ (intelligent games). ʇʦʯʪʠ 
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ʥʘʚʝʨʥʷʢʘ ʢʘʞʜʳʡ ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʩʷ ʠʤʝʥʥʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʐʘʰʢʠ, ʰʘʭʤʘʪʳ, ʥʘʨʜʳ 

ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚ ʤʦʙʠʣʴʥʦʤ ʪʝʣʝʬʦʥʝ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʭ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ.  

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʫʯʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʠʟ ʚʩʝʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʛʨ 

ʚʥʠʤʘʥʠʝ ʧʨʦʛʨʘʤʤʠʩʪʦʚ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʦʣʝʝ ʚʩʝʛʦ ʧʨʠʚʣʝʢʘʣʠ 

ʰʘʭʤʘʪʳ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʣʫʯʰʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʰʘʭʤʘʪʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʫʞʝ ʧʨʝʚʦʩʭʦʜʷʪ ʚ ʠʛʨʝ ʠʟʚʝʩʪʥʳʭ ʛʨʦʩʩʤʝʡʩʪʝʨʦʚ ʤʠʨʘ. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʰʘʭʤʘʪʳ ʢʦʤʧʴʶʪʝʨ ʧʝʨʝʠʛʨʘʣ ʯʝʣʦʚʝʢʘ. ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʠʢʘʢʠʭ ʯʫʜʝʩ ʚ ʰʘʭʤʘʪʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ ʥʝʪ. ɺ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʝ ʠ ʪʱʘʪʝʣʴʥʦ 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʦʜʦʙʥʳʝ ʪʝʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ 

ʛʣʘʚʝ 3. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʝʩʣʠ ʤʳ ʧʨʠʥʠʤʘʝʤ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʠʛʨʘ ʚ 

ʰʘʭʤʘʪʳ ʥʘ ʛʨʦʩʩʤʝʡʩʪʝʨʩʢʦʤ ʫʨʦʚʥʝ ʪʨʝʙʫʝʪ ʠʥʪʝʣʣʝʢʪʘ, ʪʦ ʤʳ 

ʚʳʥʫʞʜʝʥʳ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʣʫʯʰʠʝ ʰʘʭʤʘʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʙʣʘʜʘʶʪ 

ʠʥʪʝʣʣʝʢʪʦʤ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʴʶʪʝʨʥʳʝ ʰʘʭʤʘʪʳ ð ʵʪʦ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʚʣʝʯʝʥʠʝ, ʥʦ ʠ ʩʧʦʩʦʙ ʦʙʫʯʝʥʠʷ ʥʦʚʳʭ ʰʘʭʤʘʪʠʩʪʦʚ, ʩʦʟʜʘʥʠʝ 

ʰʘʭʤʘʪʥʳʭ ʙʘʟ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʦʢʦʥʯʘʥʠʡ, ʠʟʤʝʥʝʥʠʝ ʧʨʘʚʠʣ14. ʅʦ 

ʜʣʷ ʥʘʩ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʯʪʦ, ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʭ ʩʣʫʯʘʝʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. 

ɿʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʛʨʘʭ 

ʷʚʣʷʝʪʩʷ ʚʳʟʦʚʦʤ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʦʛʨʘʤʤʠʩʪʦʚ. ɼʝʣʦ 

ʚ ʪʦʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʛʨ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʰʘʭʤʘʪʳ ʠʤʝʶʪ ʦʢʦʣʦ 10
40

 ʚʦʟʤʦʞʥʳʭ 

ʧʦʟʠʮʠʡ, ʠ ʦʢʦʣʦ 10
120

  ʚʦʟʤʦʞʥʳʭ ʧʘʨʪʠʡ. ʕʪʦ ʦʛʨʦʤʥʳʝ ʯʠʩʣʘ, 

ʙ·ʣʴʰʠʝ, ʯʝʤ ʯʠʩʣʦ ʘʪʦʤʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ (ʧʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ ʦʪ 10
67

 

ʜʦ 10
80
) ʠ ʯʝʤ ʯʠʩʣʦ ʩʝʢʫʥʜ, ʧʨʦʰʝʜʰʠʭ ʦʪ ʥʘʯʘʣʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

                                                           

14
 ʃʶʙʦʧʳʪʥʳʡ ʧʨʠʤʝʨ. ʈʘʥʝʝ ʚ ʰʘʭʤʘʪʘʭ ʜʝʡʩʪʚʦʚʘʣʦ ʧʨʘʚʠʣʦ, ʯʪʦ 

ʧʘʨʪʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʥʠʯʴʶ, ʝʩʣʠ ʟʘ ʧʷʪʴʜʝʩʷʪ ʭʦʜʦʚ ʥʝ ʙʳʣʦ ʚʟʷʪʠʡ ʠʣʠ 

ʧʨʝʚʨʘʱʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʥʘʡʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʝ ʦʢʦʥʯʘʥʠʝ, ʢʦʪʦʨʦʝ ʪʨʝʙʦʚʘʣʦ 53 ʭʦʜʘ. ɺ ʠʪʦʛʝ ʰʘʭʤʘʪʥʳʝ 

ʧʨʘʚʠʣʘ ʙʳʣʠ ʠʟʤʝʥʝʥʳ. 
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ɺʩʝʣʝʥʥʦʡ
15
. ʅʠʢʘʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʤʦʛʫʪ ʠ 

ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʛʫʪ ʧʨʦʩʤʦʪʨʝʪʴ ʠʣʠ ʟʘʧʦʤʥʠʪʴ ʚʩʝ ʧʦʟʠʮʠʠ ʠ 

ʨʘʟʳʛʨʘʪʴ ʚʩʝ ʧʘʨʪʠʠ ð ʵʪʦ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʊʘʢ ʯʪʦ ʫ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʦʛʨʘʤʤ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʛʨ ʚʧʝʨʝʜʠ 

ʥʝʧʦʯʘʪʳʡ ʢʨʘʡ ʨʘʙʦʪʳ! 

ʆʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ ʰʘʭʤʘʪ ʚʥʝʩ 

ʄ. ʄ. ɹʦʪʚʠʥʥʠʢ. ʄʠʭʘʠʣ ʄʦʠʩʝʝʚʠʯ ɹʦʪʚʠʥʥʠʢ (1911ï1995) ð 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʰʝʩʪʦʡ ʯʝʤʧʠʦʥ ʤʠʨʘ ʧʦ ʰʘʭʤʘʪʘʤ, 

ʥʦʩʠʚʰʠʡ ʵʪʦʪ ʪʠʪʫʣ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 13 ʣʝʪ. ʇʝʨʚʳʤ ʫʜʝʣʠʣ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʪʨʝʥʠʨʦʚʢʠ ʰʘʭʤʘʪʠʩʪʦʚ, ʩʦʟʜʘʣ ʩʚʦʡ 

ʤʝʪʦʜ ʧʦʜʛʦʪʦʚʢʠ ʢ ʩʦʨʝʚʥʦʚʘʥʠʷʤ, ʚ ʢʦʪʦʨʦʤ ʚʘʞʥʦʝ ʤʝʩʪʦ 

ʫʜʝʣʷʣʦʩʴ ʬʠʟʠʯʝʩʢʠʤ ʫʧʨʘʞʥʝʥʠʷʤ ʠ ʫʢʨʝʧʣʝʥʠʶ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺʥʸʩ ʮʝʥʥʳʡ ʚʢʣʘʜ ʚ ʪʝʦʨʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʯʘʣ, 

ʨʘʟʨʘʙʦʪʘʣ ʨʷʜ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʙʶʪʥʳʭ ʩʠʩʪʝʤ, ʦʙʦʛʘʪʠʣ ʮʝʥʥʳʤʠ 

ʘʥʘʣʠʟʘʤʠ ʪʝʦʨʠʶ ʵʥʜʰʧʠʣʷ. çʗ ʦʪʜʘʣ ʰʘʭʤʘʪʘʤ, ʧʦ-ʤʦʝʤʫ, ʚʩʝ, 

ʯʪʦ ʙʳʣʦ ʚʦʟʤʦʞʥʦ. ʉʝʡʯʘʩ ʫ ʤʝʥʷ ʧʨʦʩʪʦ ʥʝʪ ʚʨʝʤʝʥʠ ʛʦʪʦʚʠʪʴʩʷ 

ʢ ʢʨʫʧʥʳʤ ʪʫʨʥʠʨʘʤ. ʂʦʛʜʘ ʷ ʙʳʣ ʟʘʥʷʪ ʦʜʥʦʡ ʵʣʝʢʪʨʦʪʝʭʥʠʢʦʡ, 

ʨʘʙʦʪʫ ʫʜʘʚʘʣʦʩʴ ʩʦʯʝʪʘʪʴ ʩ ʰʘʭʤʘʪʘʤʠ. ʅʦ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʷ 

ʨʘʙʦʪʘʶ ʝʱʝ ʠ ʥʘʜ ʧʨʦʙʣʝʤʦʡ ʠʛʨʳ ʚ ʰʘʭʤʘʪʳ ʥʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʝ ʠ ʪʘʢ ʧʦʛʨʫʟʠʣʩʷ ʚ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʯʪʦ ʩʦʯʝʪʘʪʴ ʚʩʝ ʪʨʠ 

ʟʘʥʷʪʠʷ ʩʪʘʣʦ ʥʝʚʦʟʤʦʞʥʦè. 

ɿʘʢʦʥʯʠʚ ʚ 1970 ʩʧʦʨʪʠʚʥʳʝ ʚʳʩʪʫʧʣʝʥʠʷ (çʤʘʪʯ ʚʝʢʘè ʩʙʦʨʥʘʷ 

ʉʉʉʈ ð ʩʙʦʨʥʘʷ ʤʠʨʘ), ɹʦʪʚʠʥʥʠʢ ʟʘʥʠʤʘʣʩʷ ʧʨʦʙʣʝʤʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʨʘʙʦʪʘʣ ʥʘʜ ʢʦʤʧʴʶʪʝʨʥʦʡ ʰʘʭʤʘʪʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ çʇʠʦʥʝʨè. ʀʜʝʷ ʩʦʟʜʘʥʠʷ çʵʣʝʢʪʨʦʥʥʦʛʦ ʰʘʭʤʘʪʠʩʪʘè 

ʚʦʟʥʠʢʣʘ ʫ ʥʝʛʦ ʝʱʝ ʚ 1958 ʛʦʜʫ. ɺ 1968 ʛʦʜʫ ʚʳʰʣʘ ʢʥʠʛʘ 

ɹʦʪʚʠʥʥʠʢʘ, ʚ ʢʦʪʦʨʦʡ ʦʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʳʰʣʝʥʠʷ ʰʘʭʤʘʪʥʦʛʦ ʤʘʩʪʝʨʘ ʧʨʠ ʚʳʙʦʨʝ ʭʦʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ 

ʧʦʟʠʮʠʦʥʥʦʡ ʦʮʝʥʢʝ, ʦʪʤʝʪʘʶʱʝʡ ʚʩʝ ʧʦʙʦʯʥʳʝ ʠ ʥʝʥʫʞʥʳʝ ʭʦʜʳ ʠ 

ʚʘʨʠʘʥʪʳ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʛʨʘʤʤʘ çʇʠʦʥʝʨè ʪʘʢ ʠ ʥʝ ʙʳʣʘ 

                                                           

15
 ʉ ʤʦʤʝʥʪʘ ʙʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʚʩʝʛʦ-ʪʦ ʧʨʦʰʣʦ ʦʪ 13 ʜʦ 14 

ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ, ʪ. ʝ. 5*10
17

 ʩʝʢʫʥʜ. 
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ʨʝʘʣʠʟʦʚʘʥʘ, ʥʦ ʮʝʥʥʳʝ ʠʜʝʠ ʠ ʨʝʰʝʥʠʷ ɹʦʪʚʠʥʥʠʢʘ ʦʩʪʘʣʠʩʴ ʚ 

ʪʝʦʨʠʠ ʰʘʭʤʘʪ, ʠ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʟʜʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʢʘʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʀʀ. 

ʋʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʯʝʤʧʠʦʥʘʪʳ 

ʤʠʨʘ ʩʨʝʜʠ ʰʘʭʤʘʪʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʏʝʤʧʠʦʥʘʪ 

ʧʨʦʚʦʜʠʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨ ʠ 

ʦʪʢʨʳʪ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʢʦʤʧʴʶʪʝʨʦʚ, ʫ ʢʦʪʦʨʳʭ ʥʝ ʙʦʣʝʝ ʚʦʩʴʤʠ ʷʜʝʨ 

(ʪʦ ʝʩʪʴ, ʠʩʢʣʶʯʘʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʳ ʠ ʙʦʣʴʰʠʝ ʢʣʘʩʪʝʨʳ). ʆʪʨʘʜʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʝʨʚʳʭ ʯʝʤʧʠʦʥʘʪʘʭ ʧʦʙʝʞʜʘʣʘ ʦʪʝʯʝʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ çʂʘʠʩʩʘè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɻ.ʄ. ɸʜʝʣʴʩʦʥʘ-ɺʝʣʴʩʢʦʛʦ ʠ ʄ.ɺ. ɼʦʥʩʢʦʛʦ. ʏʝʤʧʠʦʥ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ 

ʣʝʪ ð ʧʨʦʛʨʘʤʤʘ çʈʳʙʢʘè (çRybkaè), ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʯʝʰʩʢʦ-

ʘʤʝʨʠʢʘʥʩʢʠʤ ʰʘʭʤʘʪʠʩʪʦʤ ɺʘʩʠʢʦʤ ʈʘʡʣʠʭʦʤ (Vasik Rajlich).  

1.2. ʄɽʉʊʆ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ɿʅɸʅʀʁ ɺ 

ʀʉʂʋʉʉʊɺɽʅʅʆʄ ʀʅʊɽʃʃɽʂʊɽ 

ɺ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʣʶʙʦʡ ʟʘʜʘʯʠ. 

ʕʪʠʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʟʘʜʘʯʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ, 

ʥʝʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ çʜʝʣʘʡ ʨʘʟ, 

ʜʝʣʘʡ ʜʚʘ, ʜʝʣʘʡ ʪʨʠéè. ʄʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ð ʵʪʦ ʚʩʝʛʜʘ ʧʦʠʩʢ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ, ʥʦʚʳʭ ʧʫʪʝʡ, ʚ ʢʦʥʮʝ 

ʢʦʥʮʦʚ, ʝʩʣʠ ʥʠʯʝʛʦ ʥʝ ʫʜʘʝʪʩʷ ʧʨʠʜʫʤʘʪʴ ð ʙʘʥʘʣʴʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʧʦʠʩʢʘʭ ʨʝʰʝʥʠʷ.  

1.2.1. ʀʪʝʨʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʆʙʱʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ 

ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..8. ʉʪʨʝʣʦʯʢʠ ʩʚʝʨʭʫ ʚʥʠʟ ð ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ 

ʧʨʦʮʝʩʩ, ʩʪʨʝʣʦʯʢʠ ʩʥʠʟʫ ʚʚʝʨʭ ð ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ. ʈʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ ʚʩʝʛʜʘ ʥʦʩʠʪ, ʚ ʮʝʣʦʤ, ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ 

ʤʝʪʦʜ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʤʝʪʦʜ ʧʦʠʩʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʯʘʩʪʦ 

ʧʨʠʭʦʜʠʪʩʷ ʚʦʟʚʨʘʱʘʪʴʩʷ ʥʘ ʧʨʝʜʳʜʫʱʠʝ ʰʘʛʠ.  
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ɽʩʣʠ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ ʚ ʪʘʢʦʤ ʧʨʦʮʝʩʩʝ (ʩʪʨʝʣʦʯʢʠ ʩʥʠʟʫ ʚʚʝʨʭ) 

ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʯʝʣʦʚʝʢʘ (ʘ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ), ʪʦ 

ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʥʝ ʤʦʞʝʪ ʥʘʟʳʚʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʟʥʘʥʠʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʛʦʚʦʨʠʪʴ ʠʤʝʥʥʦ ʦ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʥʘʥʠʡ, ʚʩʝ ʠʣʠ ʥʝʢʦʪʦʨʳʝ ʧʝʪʣʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʜʦʣʞʥʳ ʟʘʤʳʢʘʪʴʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ.  

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..8. 

ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ 

ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʨʦʮʝʜʫʨʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ (ʩʚʝʨʭʫ 

ʚʥʠʟ), ʨʝʰʝʥʠʝ ʮʝʣʠʢʦʤ ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʘʯʠ. ʂʘʞʜʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʩʚʦʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʠ ʨʝʰʝʥʠʝ ʦʜʥʦʡ ʟʘʜʘʯʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ, ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʨʝʰʝʥʠʷ ʜʨʫʛʦʡ. ɺ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ (ʥʝʧʨʦʮʝʜʫʨʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ) ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʝʪʦʜ ʧʦʠʩʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢ 

ʮʝʣʦʤʫ ʥʘʙʦʨʫ ʧʨʦʙʣʝʤ.  

ʅʘʰʝ ʨʝʟʶʤʝ ʪʘʢʦʚʦ. ɽʩʣʠ ʟʘʜʘʯʘ ʥʝ ʠʤʝʝʪ ʧʨʷʤʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʨʝʰʝʥʠʷ, ʨʝʰʘʝʪʩʷ ʧʝʨʝʙʦʨʦʤ, ʠ ʚʦʟʚʨʘʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝ ʯʝʨʝʟ 

ʛʦʣʦʚʫ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʘ ʯʝʨʝʟ ʩʘʤʫ ʧʨʦʛʨʘʤʤʫ, ʪʦ ʵʪʦ ʧʨʠʢʣʘʜʥʘʷ 

ʩʠʩʪʝʤʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɽʩʣʠ ʞʝ ʟʘʜʘʯʘ 

ʠʤʝʝʪ ʧʨʷʤʦʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪ ʧʨʦʛʨʘʤʤʠʩʪ 

(ʤʦʞʝʪ ʙʳʪʴ, ʟʘ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ), ʥʦ ʥʝ ʩʘʤʘ ʧʨʦʛʨʘʤʤʘ, ʪʦ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʦʪʩʫʪʩʪʚʫʝʪ (ʚʦʟʤʦʞʥʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʦʛʨʘʤʤʠʩʪʘ). ʅʦ, ʬʘʢʪʠʯʝʩʢʠ, 

ʥʝʧʨʦʭʦʜʠʤʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʵʪʠʤʠ ʩʣʫʯʘʷʤʠ ʥʝʪ. ʀʩʢʫʩʩʪʚʝʥʥʘʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʳ ʥʝ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʤ ʩʚʦʡʩʪʚʦʤ, 

ʧʨʠʥʠʤʘʶʱʠʤ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ 0 ʠʣʠ 1, ʚʩʸ ʠʣʠ ʥʠʯʝʛʦ. ʅʘʧʨʦʪʠʚ, 

ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʴ ð ʵʪʦ ʥʝʧʨʝʨʳʚʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʧʨʠʥʠʤʘʶʱʘʷ ʣʶʙʳʝ ʟʥʘʯʝʥʠʷ ʠʟ ʠʥʪʝʨʚʘʣʘ (0, 1). ʏʝʤ ʙʦʣʴʰʝ 

ʧʝʪʝʣʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..8 ʧʨʦʭʦʜʠʪ ʥʝ ʯʝʨʝʟ ʛʦʣʦʚʫ ʧʨʦʛʨʘʤʤʠʩʪʘ, ʘ 

ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ, ʪʝʤ ʚʳʰʝ ʤʝʨʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ. 

1.2.2. ɿʥʘʥʠʝ ʠ ʥʝʟʥʘʥʠʝ 

ʗʚʥʦ ʚʳʨʘʞʝʥʥʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʟʥʘʥʠʝʤ ʠ ʥʝʟʥʘʥʠʝʤ ʫʢʘʟʘʪʴ 

ʥʝʚʦʟʤʦʞʥʦ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʝ ʥʝʪ ð ʚʩʷʢʘʷ ʧʨʦʛʨʘʤʤʘ ʠ ʚʩʷʢʠʝ ʜʘʥʥʳʝ 

ʦʪʨʘʞʘʶʪ ʢʘʢʠʝ-ʪʦ ʟʥʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʘʤʳʝ ʪʦʥʢʠʝ 

ʬʠʣʦʩʦʬʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʤʦʞʥʦ (ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ) ʟʘʧʠʩʘʪʴ ʚ 

ʢʦʤʧʴʶʪʝʨ, ʠ ʦʥʠ ʙʫʜʫʪ ʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʩʩʤʳʩʣʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʙʘʡʪʦʚ. ɹʘʡʪʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʢʦʤʧʴʶʪʝʨʝ 

ʙʫʜʫʪ, ʥʦ ʬʠʣʦʩʦʬʩʢʠʝ ʟʥʘʥʠʷ?.. ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʥʠʯʪʦ ʚ ʢʦʤʧʴʶʪʝʨʝ 

ʥʝ ʝʩʪʴ ʟʥʘʥʠʷ ʙʝʟ ʥʘʰʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʠ ʧʦʯʪʠ ʠʟ 

ʚʩʝʛʦ ʤʦʞʥʦ ʠʟʚʣʝʯʴ ʟʥʘʥʠʝ, ʝʩʣʠ ʢʘʢ ʩʣʝʜʫʝʪ ʧʦʩʪʘʨʘʪʴʩʷ. ɹʦʣʝʝ 
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ʩʪʨʦʛʦ, ʚʝʟʜʝ ʚ ʵʪʦʡ ʢʥʠʛʝ (ʝʩʣʠ ʷʚʥʦ ʥʝ ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʠʥʦʝ) ʤʳ 

ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʩʣʝʜʫʶʱʫʶ ʪʨʘʢʪʦʚʢʫ ʧʦʥʷʪʠʷ çʟʥʘʥʠʝè: 

ɿʥʘʥʠʷ (ʢʦʤʧʴʶʪʝʨʥʳʝ) ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʦʛʦ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʘʚʠʣ ʠ ʩʪʨʘʪʝʛʠʡ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ (ʧʨʘʚʠʣ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ).  

ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʤʦʜʝʣʴʥʦʤ ʧʨʠʤʝʨʝ. 

ɼʦʧʫʩʪʠʤ, ʤʳ ʭʦʪʠʤ, ʯʪʦʙʳ ʢʦʤʧʴʶʪʝʨ ʦʪʩʦʨʪʠʨʦʚʘʣ ʥʘʙʦʨ 

ʯʠʩʝʣ ʚ ʧʦʨʷʜʢʝ ʠʭ ʚʦʟʨʘʩʪʘʥʠʷ. ʄʳ, ʣʶʜʠ, ʥʝʩʦʤʥʝʥʥʦ, ʟʥʘʝʤ, ʢʘʢ 

ʵʪʦ ʩʜʝʣʘʪʴ. ʈʘʩʩʤʦʪʨʠʤ, ʤʦʞʝʤ ʣʠ ʤʳ ʥʘʫʯʠʪʴ ʵʪʦ ʜʝʣʘʪʴ 

ʢʦʤʧʴʶʪʝʨ, ʪʦ ʝʩʪʴ, ʤʦʞʝʤ ʣʠ ʤʳ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʥʘʥʠʷ ʚ 

ʢʦʤʧʴʶʪʝʨʝ? ʇʫʩʪʴ ʥʘʤ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠʭ ʯʠʩʝʣ ʪʨʠ ʠ ʦʥʠ 

ʨʘʚʥʳ 3, 5 ʠ 7. ʄʦʞʥʦ ʥʘʫʯʠʪʴ ʢʦʤʧʴʶʪʝʨ ʨʝʰʘʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ, 

ʥʘʧʠʩʘʚ ʚʩʝʛʦ ʦʜʠʥ ʦʧʝʨʘʪʦʨ: 

Write ( 3, 5, 7)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʝʜʩʪʘʚʠʣʠ ʚ ʢʦʤʧʴʶʪʝʨ ʟʥʘʥʠʷ, 

ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʦʪʜʝʣʴʥʦʡ ʯʘʩʪʥʦʡ ʟʘʜʘʯʠ. ɿʥʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʝ ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʋʩʣʦʞʥʠʤ ʟʘʜʘʯʫ. ʇʫʩʪʴ ʯʠʩʝʣ ʧʦ-ʧʨʝʞʥʝʤʫ ʪʨʠ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʠʭ ʧʨʦʠʟʚʦʣʴʥʦʝ. ʉʦʩʪʘʚʠʤ ʧʨʦʮʝʜʫʨʫ, ʩʧʦʩʦʙʥʫʶ 

ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʵʪʠ ʯʠʩʣʘ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ: 

proc Sort3 (x, y, z)  

 if  x > y then  x :=: y end if  

 if  y > z then  y :=: z end if  

 if  x > y then  x :=: y end if  

 Write  ( x, y, z)  

end  proc  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤ  r ʥʘʫʯʠʣʠ ʢʦʤʧʴʶʪʝʨ ʨʝʰʘʪʴ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʝ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʪʨʝʭ ʯʠʩʝʣ ʧʦ 

ʚʦʟʨʘʩʪʘʥʠʶ, ʥʝ ʩʣʠʰʢʦʤ ʫʜʣʠʥʠʚ ʧʨʠ ʵʪʦʤ ʟʘʧʠʩʴ. ɺʦ ʚʩʷʢʦʤ 

ʩʣʫʯʘʝ, ʜʘʥʥʘʷ ʟʘʧʠʩʴ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʦʧʝʨʘʪʦʨʳ 
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Write  ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʢʦʤʙʠʥʘʮʠʷʤʠ ʘʨʛʫʤʝʥʪʦʚ
16
. ɿʥʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʨʤʝ ʧʨʦʮʝʜʫʨʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʜʫʨ ʚ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ð ʵʪʦ ʫʞʝ ʤʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʇʨʦʩʪʦ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʨʳʡ ʤʝʪʦʜ, ʤʳ ʢ 

ʥʝʤʫ ʧʨʠʚʳʢʣʠ, ʠ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʤ ʢʘʢ ʤʝʭʘʥʠʟʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ.  

ɺʦʟʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ ʚʦʧʨʦʩ: ʦʪʢʫʜʘ ʚʟʷʣʘʩʴ ʧʨʦʮʝʜʫʨʘ Sort3 ? 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ, ʢʘʢ ʦʙʳʯʥʦ, ʝʝ ʧʨʠʜʫʤʘʣ ʧʨʦʛʨʘʤʤʠʩʪ. ʅʦ 

ʤʳ ʜʘʜʠʤ ʥʝ ʩʦʚʩʝʤ ʧʨʠʚʳʯʥʳʡ ʦʪʚʝʪ, ʧʦʢʘʟʘʚ, ʢʘʢ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʟʥʘʥʠʷ, ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʢʦʤʧʴʶʪʝʨ ʩʘʤ ʧʨʠʜʫʤʘʣ ʧʨʦʮʝʜʫʨʫ, ʧʦʜʦʙʥʫʶ Sort 3. 

ʊʘʢ ʢʘʢ ʚ ʧʨʦʮʝʜʫʨʝ Sort 3 ʝʩʪʴ ʬʨʘʛʤʝʥʪʳ ʢʦʜʘ, ʧʦʭʦʞʠʝ ʜʨʫʛ 

ʥʘ ʜʨʫʛʘ, ʠ ʠʭ ʙʦʣʴʰʝ ʜʚʫʭ, ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʠʪʴ ʩʧʝʮʠʘʣʴʥʳʡ 

ʨʝʬʘʢʪʦʨʠʥʛ (ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ, ʥʝ ʤʝʥʷʶʱʝʝ 

ʚʳʧʦʣʥʷʝʤʫʶ ʧʨʦʛʨʘʤʤʦʡ ʬʫʥʢʮʠʶ), ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 

ʟʘʧʨʦʮʝʜʫʨʠʚʘʥʠʝ. ɿʘʧʨʦʮʝʜʫʨʠʚʘʥʠʝ ð ʵʪʦ ʪʘʢʦʡ ʨʝʬʘʢʪʦʨʠʥʛ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʣʠ ʧʦʭʦʞʠʝ ʬʨʘʛʤʝʥʪʳ ʧʨʦʛʨʘʤʤʳ 

ʟʘʤʝʥʷʶʪʩʷ ʚʳʟʦʚʦʤ ʚʥʦʚʴ ʚʚʝʜʝʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. ʇʝʨʝʧʠʩʘʚ 

ʧʨʦʮʝʜʫʨʫ Sort 3, ʚʚʝʜʷ ʧʨʦʮʝʜʫʨʫ Sort 2, ʧʦʣʫʯʘʝʤ ʧʨʦʮʝʜʫʨʫ 

Sort 3' . 

proc  Sort 3ô (x, y, z)  

 Sort2(x, y)  

 Sort2(y, z)  

 Sort2(x, y)  

 Write (x, y, z)  

end  proc  

proc Sort2(u, v)  

 if u > v then  u :=: v end if  

end  proc  

                                                           

16
 ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʯʠʩʝʣ, 

ʧʨʝʜʩʪʘʚʠʤʳʭ ʚ ʢʦʤʧʴʶʪʝʨʝ, ʢʦʥʝʯʥʦ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʦʧʝʨʘʪʦʨʦʚ 

Write  c ʨʘʟʣʠʯʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʪʘʢʞʝ ʢʦʥʝʯʥʦ, ʭʦʪʷ ʠ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ.  
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ʅʦ ʧʨʦʮʝʜʫʨʫ Sort2  ʥʝʪʨʫʜʥʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʪʴ ʬʦʨʤʘʣʴʥʦ: 

x, y { Sort 2( x, y) } x < y 

ɿʜʝʩʴ ʧʝʨʝʜ ʟʘʛʦʣʦʚʢʦʤ ʧʨʦʮʝʜʫʨʳ (ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʝʥ ʚ 

ʬʠʛʫʨʥʳʝ ʩʢʦʙʢʠ) ʚʳʧʠʩʘʥʦ ʧʨʝʜʫʩʣʦʚʠʝ, ʘ ʧʦʩʣʝ ʟʘʛʦʣʦʚʢʘ ð 

ʧʦʩʪʫʩʣʦʚʠʝ. ʇʨʦʮʝʜʫʨʘ Sort 2 ʦʯʝʥʴ ʧʨʦʩʪʘ ʠ ʦʯʝʚʠʜʥʦ ʧʦʣʝʟʥʘ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ. ʄʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʚʤʝʩʪʝ ʩʦ 

ʩʧʝʮʠʬʠʢʘʮʠʝʡ (ʧʨʝʜʫʩʣʦʚʠʝ ʠ ʧʦʩʪʫʩʣʦʚʠʝ) ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʙʠʙʣʠʦʪʝʢʝ ʛʦʪʦʚʳʭ ʧʨʦʮʝʜʫʨ, ʜʦʩʪʫʧʥʦʡ ʪʨʘʥʩʣʷʪʦʨʫ.  

ʇʨʝʜʫʩʣʦʚʠʝ ð ʬʦʨʤʘʣʴʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʬʨʘʛʤʝʥʪʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʧʨʦʮʝʜʫʨʳ), ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʜʦ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʬʨʘʛʤʝʥʪʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʬʨʘʛʤʝʥʪ ʧʨʦʨʘʙʦʪʘʣ ʧʨʘʚʠʣʴʥʦ. 

ʇʦʩʪʫʩʣʦʚʠʝ ð ʬʦʨʤʘʣʴʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʬʨʘʛʤʝʥʪʘ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʦʛʦ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ 

ʬʨʘʛʤʝʥʪʘ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʝʜʫʩʣʦʚʠʝ. 

ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʵʪʫ ʩʧʝʮʠʬʠʢʘʮʠʶ, ʪʨʘʥʩʣʷʪʦʨ ʤʦʞʝʪ 

ʣʦʛʠʯʝʩʢʠ ʚʳʚʝʩʪʠ ʧʨʦʮʝʜʫʨʫ Sort3 ' :  

x, y, z  

{ Sort2(x, y) }  x < y, z  

{ Sort 2( y, z)} y < z, x < z 

{ Sort 2( x, y)} x < y < z.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʥʝʤʥʦʛʦ ʫʩʣʦʞʥʠʣʠ ʤʝʭʘʥʠʟʤ ʪʨʘʥʩʣʷʪʦʨʘ 

(ʜʦʧʫʩʪʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʧʨʠ ʪʨʘʥʩʣʷʮʠʠ) ʠ 

ʧʦʣʫʯʠʣʠ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʦʛʨʘʤʤ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʤʳ ʢʦʤʧʘʢʪʥʦ ʟʘʧʠʩʘʣʠ ʥʝ ʦʜʥʫ ʧʨʦʮʝʜʫʨʫ Sort3 , ʘ ʮʝʣʳʡ 

ʢʣʘʩʩ ʧʨʦʮʝʜʫʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʠ ʘʣʛʦʨʠʪʤʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, 

ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʪʨʘʥʩʣʷʪʦʨ. 

ʂʘʞʝʪʩʷ, ʯʪʦ ʧʦʥʷʪʠʷ çʟʥʘʥʠʝè ʠ çʧʨʦʮʝʜʫʨʘè ʦʨʪʦʛʦʥʘʣʴʥʳ. 

ɽʩʣʠ ʝʩʪʴ ʧʨʦʮʝʜʫʨʘ, ʥʠʢʘʢʠʝ ʟʥʘʥʠʷ ʥʝ ʥʫʞʥʳ ð ʜʝʣʘʡ, ʢʘʢ ʩʢʘʟʘʥʦ 

ʚ ʧʨʦʮʝʜʫʨʝ, ʠ ʟʘʜʘʯʘ ʙʫʜʝʪ ʨʝʰʝʥʘ. ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ 
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ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʥʷʪʠʷ çʟʥʘʥʠʝè ʠ çʧʨʦʮʝʜʫʨʘè (ʠʣʠ, ʣʫʯʰʝ ʩʢʘʟʘʪʴ, 

ʘʣʛʦʨʠʪʤ) ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ, ʥʦ ʜʘʞʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʥʝʨʘʟʜʝʣʠʤʳ. 

ʃʶʙʦʡ ʘʣʛʦʨʠʪʤ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʜʝʨʞʠʪ ʟʥʘʥʠʷ, ʘ ʣʶʙʳʝ 

ʟʥʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʘʣʛʦʨʠʪʤʘʤʠ. 

1.2.3. ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ 

ʇʝʨʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʀʀ ʙʳʣ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ð ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʨʘʙʦʪʘʥʥʳʡ ʠ ʠʟʫʯʝʥʥʳʡ ʚʦʧʨʦʩ. ʆʩʥʦʚʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʣʦʞʝʥʳ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. 

ʆʜʥʘʢʦ ʜʣʷ ʥʝʪʨʠʚʠʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʷ ʦʯʝʥʴ ʚʝʣʠʢʘ. ʊʨʫʜʦʝʤʢʦʩʪʴ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ð ʵʪʦ 

ʙʳʩʪʨʦʨʘʩʪʫʱʘʷ ʬʫʥʢʮʠʷ (ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʪʫʱʘʷ ʢʘʢ 

ʵʢʩʧʦʥʝʥʪʘ ʠʣʠ ʙʳʩʪʨʝʝ), ʘʨʛʫʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʙʱʠʡ ʦʙʲʝʤ 

ʙʘʟʳ ʟʥʘʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʠʞʝ ʢʦʥʢʨʝʪʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʤʳ 

ʜʦʢʘʟʳʚʘʝʤ ʪʦʯʥʳʝ ʦʮʝʥʢʠ, ʥʦ ʟʜʝʩʴ, ʥʘ ʥʝʬʦʨʤʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʭʦʪʠʤ 

ʫʙʝʜʠʪʴ ʯʠʪʘʪʝʣʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʵʪʦʛʦ ʟʘʤʝʯʘʥʠʷ. ʇʫʩʪʴ ʠʩʢʦʤʦʝ 

ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʭ n. ʊʦʛʜʘ ʚʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 2
n
ï1 ʥʝʧʫʩʪʳʭ 

ʢʦʤʙʠʥʘʮʠʡ
17
, ʝʩʣʠ ʙʨʘʪʴ ʵʣʝʤʝʥʪʳ ʙʝʟ ʧʦʚʪʦʨʝʥʠʡ, ʘ ʝʩʣʠ ʩ 

ʧʦʚʪʦʨʝʥʠʷʤʠ, ʪʦ ʝʱʝ ʙʦʣʴʰʝ. ɿʘʨʘʥʝʝ ʤʳ ʥʝ ʟʥʘʝʤ, ʢʘʢʘʷ 

ʢʦʤʙʠʥʘʮʠʷ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ, ʚ ʵʪʦʤ ʠ ʩʦʩʪʦʠʪ ʧʦʠʩʢʦʚʳʡ ʭʘʨʘʢʪʝʨ 

ʘʣʛʦʨʠʪʤʘ, ʘ ʟʥʘʯʠʪ, ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʥʘʤ ʧʨʠʜʝʪʩʷ ʧʝʨʝʙʨʘʪʴ ʚʩʝ 

ʢʦʤʙʠʥʘʮʠʠ!  

ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʚʥʫʪʨʝʥʥʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʆʜʥʘʢʦ ʜʣʷ ʦʯʝʥʴ ʤʥʦʛʠʭ ʟʘʜʘʯ, ʪʠʧʠʯʥʳʭ ʜʣʷ ʀʀ, ʜʦʢʘʟʘʥʘ ʠʭ NP-

ʧʦʣʥʦʪʘ. ʇʦʩʪʨʦʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ (ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ, ʯʝʤ 

                                                           

17
 ʕʪʦ ʯʠʩʣʦ ʥʝʧʫʩʪʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʤʥʦʞʝʩʪʚʘ ʠʟ n ʵʣʝʤʝʥʪʦʚ. 
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ʵʢʩʧʦʥʝʥʪʘ) ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʥʠʭ ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʝʨʦʷʪʥʦ. ɽʩʣʠ ʜʣʷ 

ʢʘʢʦʡ-ʪʦ ʝʱʝ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʟʘʜʘʯʠ ʀʀ ʚʜʨʫʛ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʡ (ʩʢʘʞʝʤ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ) ʘʣʛʦʨʠʪʤ, ʪʦ ʟʘʜʘʯʫ ʯʘʩʪʦ 

ʧʝʨʝʩʪʘʶʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ ʟʘʜʘʯʫ ʀʀ, ʠ ʧʝʨʝʥʦʩʷʪ ʚ ʦʙʣʘʩʪʴ 

ʦʙʳʯʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʚ ʧʦʚʳʰʝʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʦʞʠʜʘʪʴ ʪʨʫʜʥʦ.  

ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ. ɽʩʣʠ ʚʳʙʦʨ ʠʟʦʱʨʝʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʙʘʟʳ ʟʥʘʥʠʡ, ʪʦ ʪʦʪ ʞʝ 

ʩʪʘʥʜʘʨʪʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʵʬʬʝʢʪʠʚʥʝʝ ʚ 

ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʨʘʩʰʠʨʷʶʪʩʷ ʛʨʘʥʠʮʳ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ. ʇʦʷʩʥʠʤ 

ʵʪʦ ʤʦʜʝʣʴʥʳʤ ʯʠʩʣʦʚʳʤ ʧʨʠʤʝʨʦʤ, ʩʨʘʚʥʠʚʘʶʱʠʤ ʜʚʘ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. ʇʫʩʪʴ ʦʜʥʘ ʠ ʪʘ ʞʝ 

ʟʘʜʘʯʘ ʚ ʧʝʨʚʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʤʝʝʪ ʨʘʟʤʝʨ n, ʘ ʚʦ ʚʪʦʨʦʤ ï n/2. 

ʇʫʩʪʴ ʧʝʨʝʙʦʨʥʳʡ ʘʣʛʦʨʠʪʤ ʦʜʠʥ ʠ ʪʦʪ ʞʝ, ʠ ʠʤʝʝʪ ʪʨʫʜʦʸʤʢʦʩʪʴ 2
k
, 

ʛʜʝ k ï ʨʘʟʤʝʨ ʟʘʜʘʯʠ. ʇʫʩʪʴ, ʧʨʠ ʵʪʦʤ, ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʝʪʩʷ ʥʝ ʜʘʨʦʤ: ʢʘʞʜʳʡ ʰʘʛ ʧʝʨʝʙʦʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʜʝʩʷʪʴ ʨʘʟ ʜʦʣʴʰʝ ʠ ʝʱʝ 100 ʝʜʠʥʠʮ ʚʨʝʤʝʥʠ ʙʝʟʚʦʟʚʨʘʪʥʦ ʪʝʨʷʝʪʩʷ 

ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ. ʌʘʢʪʠʯʝʩʢʠ, ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʜʚʝ 

ʬʫʥʢʮʠʠ: 2
n
 ʠ 100 + 10*2

n/2
. ʇʨʠ ʤʘʣʳʭ n ʧʝʨʚʘʷ ʬʫʥʢʮʠʷ ʤʝʥʴʰʝ, ʥʦ 

ʧʦʩʣʝ n=8 ʚʪʦʨʘʷ ʬʫʥʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ, ʠ ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ n (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..9). ɼʘʞʝ ʥʝʙʦʣʴʰʦʡ ʚʳʠʛʨʳʰ ʚ ʟʥʘʯʝʥʠʠ 

ʘʨʛʫʤʝʥʪʘ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʚʝʰʠʚʘʝʪ ʚʩʝ ʜʨʫʛʠʝ 

ʧʨʦʠʛʨʳʰʠ! 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..9. 

ʉʨʘʚʥʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʦʠʩʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʘʢʪʥʦʩʪʠ ʙʘʟʳ 

ʟʥʘʥʠʡ 

ʂʦʤʧʘʢʪʥʦʩʪʴ ʙʘʟʳ ʟʥʘʥʠʡ ð ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʘʢʪʦʨ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʨʘʥʠʮ ʝʝ ʧʨʠʤʝʥʠʤʦʩʪʠ. ʀʤʝʥʥʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʦʡ ʢʥʠʛʠ. ɻʣʘʚʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʳ ʧʦ 

ʤʝʪʦʜʘʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʘ ʥʝ ʧʦ ʤʝʪʦʜʘʤ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. ʇʨʠ 

ʨʝʰʝʥʠʠ ʣʶʙʦʡ ʟʘʜʘʯʠ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʥʘʯʘʣʘ ʩʣʝʜʫʝʪ 

ʚʳʙʨʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ, ʧʦʪʦʤ ʧʦʜʦʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ 

ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚʳʙʨʘʥʦ ʥʝʫʜʘʯʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ, ʪʦ ʥʠʢʘʢʠʝ ʫʭʠʱʨʝʥʠʷ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʥʝ 

ʧʦʤʦʛʫʪ. ɽʩʣʠ ʞʝ ʠʟʦʙʨʝʪʝʥʦ ʦʩʦʙʦ ʫʜʘʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ, 

ʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʘʤʳʡ ʦʙʳʯʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʜʘʩʪ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

1.3. ʀʉʊʆʈʀʗ ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ʕʢʩʢʫʨʩ ʚ ʠʩʪʦʨʠʶ ʯʘʩʪʦ ʙʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤ, ʠʥʘʯʝ 

ʥʝʧʦʥʷʪʥʦ, ʧʦʯʝʤʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʤʝʥʥʦ 

ʪʘʢʦʚʳ, ʢʘʢʦʚʳ ʦʥʠ ʝʩʪʴ. ɺʝʜʴ ʧʦʣʦʞʝʥʠʷ ʠ ʢʦʥʮʝʧʮʠʠ ʀʀ ʥʦʩʷʪ ʚʦ 

ʤʥʦʛʦʤ ʩʫʙʲʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʙʲʷʩʥʷʶʪʩʷ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʕʪʠʤ ʧʦʣʦʞʝʥʠʷ ʀʀ ʟʘʤʝʪʥʦ 
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ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʲʝʢʪʠʚʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ ʠʣʠ 

ʭʠʤʠʠ. ʄʳ ʨʘʟʙʠʣʠ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʀʀ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʝʨʠʦʜʦʚ (ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..10): 

- ʜʦʠʩʪʦʨʠʯʝʩʢʠʡ, ʢʦʛʜʘ ʜʘʞʝ ʪʝʨʤʠʥʘ çʠʩʢʫʩʩʪʚʝʥʥʳʡ 

ʠʥʪʝʣʣʝʢʪè ʝʱʝ ʥʝ ʩʫʱʝʩʪʚʦ, ʥʦ ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ ʤʦʞʥʦ, 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦ ʠ ʩ ʥʝʢʦʪʦʨʦʡ ʥʘʪʷʞʢʦʡ, ʦʪʥʝʩʪʠ ʢ ʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ
18

; 

- ʧʠʦʥʝʨʩʢʠʡ, ʢʦʛʜʘ ʧʦʷʚʣʝʥʠʝ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʜʨʫʛʠʝ 

ʜʦʩʪʠʞʝʥʠʷ ʪʝʭʥʠʢʠ XX ʚʝʢʘ ʨʝʟʢʦ ʨʘʩʰʠʨʠʣʦ ʛʦʨʠʟʦʥʪʳ ʚʦʟʤʦʞʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʛʜʘ ʧʦʯʪʠ ʢʘʞʜʘʷ ʧʨʝʜʣʘʛʘʝʤʘʷ ʠʜʝʷ ʦʰʝʣʦʤʣʷʣʘ 

ʩʚʦʝʡ ʥʦʚʠʟʥʦʡ ʠ ʦʪʢʨʳʚʘʣʘ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ, ʧʨʠʯʝʤ ʠʜʝʠ 

ʚʦʟʥʠʢʘʣʠ ʢʘʢ ʬʝʡʝʨʚʝʨʢ, ʦʜʥʘ ʟʘ ʜʨʫʛʦʡ; 

- ʘʢʘʜʝʤʠʯʝʩʢʠʡ, ʢʦʛʜʘ ʥʘʧʨʘʚʣʝʥʠʝ ʀʀ ʦʬʦʨʤʠʣʦʩʴ ʢʘʢ 

ʦʪʜʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʘʫʢʝ, ʩʦ ʩʚʦʝʡ 

ʪʝʨʤʠʥʦʣʦʛʠʝʡ, ʘʚʪʦʨʠʪʝʪʘʤʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʮʝʥʪʨʘʤʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ; ʢʦʛʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʝʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ʩʘʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʘ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʠʥʪʝʨʝʩʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʘʤʦʡ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ, ʘ ʥʝ ʪʘʢʪʠʢʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ; 

- ʧʨʦʤʳʰʣʝʥʥʳʡ, ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʠ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʚ ʥʘʰʠ 

ʜʥʠ, ʢʦʛʜʘ ʚʦʟʨʦʩʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʦʪʢʨʳʣʠ ʜʦʨʦʛʫ ʢ 

ʤʘʩʩʦʚʦʤʫ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

ʂʦʥʝʯʥʦ, ʥʝ ʩʣʝʜʫʝʪ ʜʫʤʘʪʴ, ʯʪʦ ʵʪʠ ʧʝʨʠʦʜʳ ʩʤʝʥʷʣʠ ʠ 

ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʩʪʨʦʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʦʜʦʙʠʝ ʧʷʪʠʣʝʪʥʠʭ 

ʧʣʘʥʦʚ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ. ʀ ʚ ʧʠʦʥʝʨʩʢʠʡ, ʠ ʚ 

ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʧʝʨʠʦʜʳ ʙʳʣʠ ʦʪʜʝʣʴʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ, 

                                                           

18
 ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʦʩʦʙʝʥʥʦ 

ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʳʩʣʠ, ʚʩʝʛʜʘ ʩʪʘʨʘʶʪʩʷ ʦʪʳʩʢʘʪʴ ʘʥʘʣʦʛ ʠʣʠ 

ʧʨʝʜʪʝʯʫ, ʧʨʠʯʝʤ, ʯʝʤ ʜʨʝʚʥʝʝ ʠʩʪʦʨʠʯʝʩʢʘʷ ʩʩʳʣʢʘ, ʪʝʤ ʫʶʪʥʝʝ ʥʦʚʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ ʧʝʨʚʳʭ ʧʦʨʘʭ.  
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ʦʩʪʘʚʠʚʰʠʝ ʩʣʝʜ ʚ ʠʩʪʦʨʠʠ, ʠ ʜʘʞʝ ʚ ʥʘʰʝ ʤʝʨʢʘʥʪʠʣʴʥʦʝ ʚʨʝʤʷ 

ʩʣʫʯʘʶʪʩʷ, ʭʦʪʷ ʠ ʥʝ ʯʘʩʪʦ, ʥʘʫʯʥʳʝ ʧʨʦʨʳʚʳ, ʩʢʘʯʢʦʤ ʚʝʜʫʱʠʝ ʢ 

çʩʜʚʠʛʫ ʧʘʨʘʜʠʛʤʳè. 

1.3.1. ʇʨʝʜʳʩʪʦʨʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ  

ɼʦʩʪʦʚʝʨʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʪʴ 

ʤʘʰʠʥʫ, ʤʦʜʝʣʠʨʫʶʱʫʶ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʨʘʟʫʤʘ, ʧʨʝʜʧʨʠʥʷʣ ʈʘʡʤʫʥʜ ʃʫʣʣʠʡ ʙʦʣʝʝ 700 ʣʝʪ ʥʘʟʘʜ. ʃʫʣʣʠʡ 

ʧʦʣʘʛʘʣ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʪʢʨʳʪʴ ʦʩʦʙʳʡ ʤʝʪʦʜ ʠʣʠ ʠʩʢʫʩʩʪʚʦ, 

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʩ ʨʘʟʫʤʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʚʝʩʪʠ ʠʟ 

ʦʙʱʠʭ ʧʦʥʷʪʠʡ ʚʩʷʢʠʝ ʠʩʪʠʥʳ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ð ʠʩʪʠʥʳ 

ʭʨʠʩʪʠʘʥʩʢʦʛʦ ʚʝʨʦʫʯʝʥʠʷ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʚʦʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʦʥ 

ʩʦʟʜʘʣ ʧʝʨʚʫʶ ʣʦʛʠʯʝʩʢʫʶ ʤʘʰʠʥʫ ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʙʫʤʘʞʥʳʭ ʢʨʫʛʦʚ, ʨʘʟʤʝʯʝʥʥʳʭ ʥʘ ʦʪʜʝʣʝʥʠʷ, ʚ 

ʢʦʪʦʨʳʭ ʧʦʤʝʱʘʣʠʩʴ ʦʙʱʠʝ ʧʦʥʷʪʠʷ ʠ ʢʘʪʝʛʦʨʠʠ. ɺʨʘʱʘʷ ʢʨʫʛʠ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʦʣʝʝ ʠʣʠ 

ʤʝʥʝʝ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦʥʷʪʠʡ. ʃʫʣʣʠʡ ʧʦʣʘʛʘʣ, 

ʯʪʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʨʝʘʣʴʥʳʝ ʠʩʪʠʥʳ. 

ʈʘʟʫʤʝʝʪʩʷ, ʥʠʢʘʢʠʭ ʥʦʚʳʭ ʠʩʪʠʥ ʦʪʢʨʳʪʦ ʥʝ ʙʳʣʦ, ʥʦ ʠʜʝʷ, ʯʪʦ 

ʨʘʩʩʫʞʜʝʥʠʝ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠ, ʧʨʦʟʚʫʯʘʣʘ! 

ʉʝʡʯʘʩ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʩ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ, ʥʦ ʜʦ 

ʨʘʙʦʪ ɼʞ. ɹʫʣʷ (G. Boole) ʚ XIX  ʚʝʢʝ ʵʪʦ ʙʳʣʦ ʜʘʣʝʢʦ ʥʝ ʪʘʢ 

ʦʯʝʚʠʜʥʦ. ʇʦʵʪʦʤʫ ʚʥʠʤʘʥʠʝ ʧʝʨʚʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʤʘʰʠʥ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʯʠʩʣʷʪʴ. ʃʦʛʠʯʝʩʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ʢʘʟʘʣʠʩʴ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʊʘʢʠʭ çʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥè ʙʳʣʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʚ XVII ïXVIII  ʚʝʢʘʭ, ʠ ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ 

ʫʧʦʤʷʥʫʪʴ ʘʨʠʬʤʝʪʠʯʝʩʢʫʶ ʤʘʰʠʥʫ ʃʝʡʙʥʠʮʘ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʧʝʨʚʦʡ 

ʚ ʤʠʨʝ ʤʘʰʠʥʦʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʚʩʝʭ ʯʝʪʳʨʝʭ ʜʝʡʩʪʚʠʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʅʘʜ ʵʪʦʡ ʤʘʰʠʥʦʡ ɻ. ʃʝʡʙʥʠʮ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʚ 1670 ʛʦʜʫ; ʯʝʨʝʟ 

ʜʚʘ ʛʦʜʘ ʦʥ ʩʦʩʪʘʚʠʣ ʥʦʚʦʝ ʵʩʢʠʟʥʦʝ ʦʧʠʩʘʥʠʝ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 
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ʙʳʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʟʛʦʪʦʚʣʝʥ ʪʦʪ ʵʢʟʝʤʧʣʷʨ, ʢʦʪʦʨʳʡ ʫʯʝʥʳʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʚ ʬʝʚʨʘʣʝ 1673 ʛʦʜʘ ʥʘ ʟʘʩʝʜʘʥʠʠ ʣʦʥʜʦʥʩʢʦʛʦ 

ʂʦʨʦʣʝʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ʃʝʡʙʥʠʮ ʧʨʠʟʥʘʣ, ʯʪʦ ʝʛʦ ʠʥʩʪʨʫʤʝʥʪ ʝʱʝ 

ʥʝʩʦʚʝʨʰʝʥʝʥ, ʠ ʦʙʝʱʘʣ ʫʣʫʯʰʠʪʴ ʝʛʦ, ʢʘʢ ʪʦʣʴʢʦ ʚʝʨʥʝʪʩʷ ʚ ʇʘʨʠʞ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʦʥ ʚʥʝʩ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚ ʤʘʰʠʥʫ, ʥʦ ʢ ʝʝ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʚʘʨʠʘʥʪʫ 

ʧʨʠʰʝʣ ʣʠʰʴ ʚ 1694 ʛʦʜʫ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʃʝʡʙʥʠʮ ʝʱʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʚʦʟʚʨʘʱʘʣʩʷ ʢ ʩʚʦʝʤʫ ʠʟʦʙʨʝʪʝʥʠʶ, ʧʨʝʜʣʘʛʘʷ ʥʦʚʳʝ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ. 

ɺʝʥʮʦʤ ʧʨʝʜʳʩʪʦʨʠʠ ʢʦʤʧʴʶʪʝʨʦʚ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʏʘʨʣʴʟʘ 

ɹʵʙʙʠʜʞʘ (Charles Babbage). ɹʵʙʙʠʜʞ ʥʘʯʘʣ ʩ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʧʫʪʸʤ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʡ ʤʥʦʛʦʯʣʝʥʘʤʠ ʠ ʚʳʯʠʩʣʝʥʠʷ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʞʸʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʤʥʦʛʦʯʣʝʥʘʤʠ ʣʦʛʘʨʠʬʤʦʚ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʫ ʤʘʰʠʥʫ ʢʘʢ ʜʦʚʦʣʴʥʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ. ʕʪʘ ʨʘʟʥʦʩʪʥʘʷ ʤʘʰʠʥʘ ʜʦʣʞʥʘ ʙʳʣʘ ʫʤʝʪʴ 

ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʷ ʤʥʦʛʦʯʣʝʥʦʚ ʜʦ ʰʝʩʪʦʡ ʩʪʝʧʝʥʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

18-ʛʦ ʟʥʘʢʘ. ɺ ʪʦʤ ʞʝ 1822 ʛʦʜʫ ɹʵʙʙʠʜʞʝʤ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 

ʨʘʟʥʦʩʪʥʦʡ ʤʘʰʠʥʳ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʘʣʠʢʦʚ ʠ ʰʝʩʪʝʨʥʝʡ, ʚʨʘʱʘʝʤʳʭ 

ʚʨʫʯʥʫʶ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʳʯʘʛʘ. ɺ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʧʨʝʜʦʩʪʘʚʠʣʦ ʝʤʫ ʩʫʙʩʠʜʠʶ ʚ 

ʨʘʟʤʝʨʝ 1500 ʬʫʥʪʦʚ ʩʪʝʨʣʠʥʛʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʷ ʤʘʰʠʥʫ, ɹʵʙʙʠʜʞ ʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʝʸ ʨʝʘʣʠʟʘʮʠʝʡ, ʠ ʥʝ ʪʦʣʴʢʦ ʥʝ ʫʣʦʞʠʣʩʷ ʚ ʦʙʝʱʘʥʥʳʝ ʪʨʠ ʛʦʜʘ, ʥʦ 

ʩʧʫʩʪʷ ʜʝʚʷʪʴ ʣʝʪ ʚʳʥʫʞʜʝʥ ʙʳʣ ʧʨʠʦʩʪʘʥʦʚʠʪʴ ʩʚʦʶ ʨʘʙʦʪʫ. ʆʜʥʘʢʦ 

ʯʘʩʪʴ ʤʘʰʠʥʳ ʚʩʝ ʞʝ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʠ ʧʨʦʠʟʚʦʜʠʣʘ 

ʚʳʯʠʩʣʝʥʠʷ ʜʘʞʝ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʯʝʤ ʦʞʠʜʘʣʦʩʴ. 

ɺ 1834 ɹʵʙʙʠʜʞ ʠʟʦʙʨʝʣ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʤʘʰʠʥʫ. ʆʥʘ ʩʦʩʪʦʷʣʘ 

ʠʟ çʩʢʣʘʜʘè ʜʣʷ ʭʨʘʥʝʥʠʷ ʯʠʩʝʣ (ʟʘʧʦʤʠʥʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ), 

çʤʝʣʴʥʠʮʳè ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʥʘʜ ʯʠʩʣʘʤʠ 

(ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ), çʙʘʨʘʙʘʥʘè, ʫʧʨʘʚʣʷʚʰʝʛʦ ʚ 
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ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʷʤʠ ʤʘʰʠʥʳ (ʫʩʪʨʦʡʩʪʚʦ 

ʫʧʨʘʚʣʝʥʠʷ), ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʜʘʥʥʳʭ. ʈʝʛʠʩʪʨʦʚʘʷ 

ʧʘʤʷʪʴ ʤʘʰʠʥʳ ɹʵʙʙʠʜʞʘ ʙʳʣʘ ʩʧʦʩʦʙʥʘ ʭʨʘʥʠʪʴ ʢʘʢ ʤʠʥʠʤʫʤ 10 

ʜʝʩʷʪʠʯʥʳʭ ʯʠʩʝʣ ʧʦ 40 ʟʥʘʢʦʚ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʞʝ ʤʦʛʣʘ ʙʳʪʴ 

ʨʘʩʰʠʨʝʥʘ ʜʦ ʪʳʩʷʯʠ 50-ʨʘʟʨʷʜʥʳʭ. ɸʨʠʬʤʝʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʠʤʝʣʦ ʘʧʧʘʨʘʪʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚʩʝʭ ʯʝʪʳʨʝʭ ʜʝʡʩʪʚʠʡ ʘʨʠʬʤʝʪʠʢʠ. 

ʄʘʰʠʥʘ ʧʨʦʠʟʚʦʜʠʣʘ ʩʣʦʞʝʥʠʝ ʟʘ 3 ʩʝʢʫʥʜʳ, ʫʤʥʦʞʝʥʠʝ ʠ 

ʜʝʣʝʥʠʝ ð ʟʘ 2 ʤʠʥʫʪʳ. ʅʘ ʚʭʦʜ ʤʘʰʠʥʳ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʩʪʫʧʘʪʴ ʜʚʘ 

ʧʦʪʦʢʘ ʧʝʨʬʦʢʘʨʪ, ʢʦʪʦʨʳʝ ɹʵʙʙʠʜʞ ʥʘʟʚʘʣ çʦʧʝʨʘʮʠʦʥʥʳʤʠ 

ʢʘʨʪʘʤʠè ʠ çʢʘʨʪʘʤʠ ʧʝʨʝʤʝʥʥʳʭè: ʧʝʨʚʳʝ ʫʧʨʘʚʣʷʣʠ ʧʨʦʮʝʩʩʦʤ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʥʘ ʚʪʦʨʳʭ. ʀʥʬʦʨʤʘʮʠʷ 

ʟʘʥʦʩʠʣʘʩʴ ʥʘ ʧʝʨʬʦʢʘʨʪʳ ʧʫʪʝʤ ʧʨʦʙʠʚʢʠ ʦʪʚʝʨʩʪʠʡ. ʀʟ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʢʘʨʪ ʤʦʞʥʦ ʙʳʣʦ ʩʦʩʪʘʚʠʪʴ ʙʠʙʣʠʦʪʝʢʫ ʬʫʥʢʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʘʨʭʠʪʝʢʪʫʨʳ ʧʝʨʚʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ ʙʳʣʠ ɹʵʙʙʠʜʞʝʤ ʧʨʝʜʚʦʩʭʠʱʝʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʘʰʠʥʘ ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʥʝʫʜʘʯʠ ð ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ. ʊʝʭʥʦʣʦʛʠʠ ʪʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʦʟʚʦʣʷʣʠ 

ʠʟʛʦʪʦʚʠʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʩʣʦʞʥʳʝ ʜʝʪʘʣʠ. ʀʟʦʙʨʝʪʘʪʝʣʴ ʧʠʩʘʣ ʚ 1851 ʛ.: çɺʩʝ 

ʨʘʟʨʘʙʦʪʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʤʘʰʠʥʦʡ, ʚʳʧʦʣʥʝʥʳ ʟʘ ʤʦʡ 

ʩʯʝʪ. ʗ ʧʨʦʚʝʣ ʮʝʣʳʡ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʜʦʰʝʣ ʜʦ ʯʝʨʪʳ, ʟʘ 

ʢʦʪʦʨʦʡ ʤʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʝ ʭʚʘʪʘʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷ ʚʳʥʫʞʜʝʥ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳè. 

1.3.2. ʇʠʦʥʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʉʝʨʴʝʟʥʦʝ ʨʘʟʚʠʪʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ ʥʘʫʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʯʘʣʦʩʴ ʚ 40-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʕɺʄ. ɺ 1948 ʛʦʜʫ ʅʦʨʙʝʨʪ ɺʠʥʝʨ ʦʧʫʙʣʠʢʦʚʘʣ ʢʥʠʛʫ 

çʂʠʙʝʨʥʝʪʠʢʘ, ʠʣʠ ʫʧʨʘʚʣʝʥʠʝ ʠ ʩʚʷʟʴ ʚ ʞʠʚʦʪʥʦʤ ʤʠʨʝ ʠ ʤʘʰʠʥʝè, 

ʪʝʤ ʩʘʤʳʤ, ʦʩʥʦʚʘʚ ʥʦʚʫʶ ʥʘʫʢʫ ð ʢʠʙʝʨʥʝʪʠʢʫ.  
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ʍʦʪʷ ʚ ʥʘʟʚʘʥʠʠ ʢʥʠʛʠ ɺʠʥʝʨʘ ʤʳʰʣʝʥʠʝ ʥʝ ʫʧʦʤʠʥʘʝʪʩʷ, ʥʦ 

ʦʜʠʦʟʥʳʡ ʚʦʧʨʦʩ çʤʦʛʫʪ ʣʠ ʤʘʰʠʥʳ ʤʳʩʣʠʪʴ?è
19

 ʚʧʝʨʚʳʝ ʧʨʦʟʚʫʯʘʣ 

ʚ ʟʥʘʤʝʥʠʪʦʡ ʩʪʘʪʴʝ ʊʴʶʨʠʥʛʘ ʫʞʝ ʜʚʘ ʛʦʜʘ ʩʧʫʩʪʷ. (ɺ ʵʪʦʡ ʩʪʘʪʴʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʚʧʝʨʚʳʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʢʨʠʪʝʨʠʡ 

ʥʘʣʠʯʠʷ ʫ ʤʘʰʠʥʳ ʀʀ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʝʩʪ ʊʴʶʨʠʥʛʘ). 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʤʥʝʥʠʷ ʨʘʟʜʝʣʠʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʫ 

ʩʪʦʨʦʥʥʠʭ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʞʫʨʥʘʣʠʩʪʦʚ ʠ ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʠ, ʥʦ ʠ ʫ 

ʩʘʤʠʭ ʫʯʝʥʳʭ, ʥʘʯʠʥʘʚʰʠʭ ʨʘʙʦʪʘʪʴ ʚ ʦʙʣʘʩʪʠ ʀʀ. ʂʦʥʝʯʥʦ, ʚ ʮʝʣʦʤ 

ʦʪʚʝʪ ʫ ʨʘʙʦʪʘʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʊʦʥʢʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʜʚʘ ʧʦʭʦʞʠʭ ʚʦʧʨʦʩʘ:  

ʄʦʞʝʪ ʣʠ ʤʘʰʠʥʘ ʤʳʩʣʠʪʴ ʢʘʢ ʯʝʣʦʚʝʢ? 

ʄʦʞʝʪ ʣʠ ʤʘʰʠʥʘ ʤʳʩʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦ? 

ʇʦʠʩʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʧʝʨʚʳʡ ʚʦʧʨʦʩ ʚʝʜʫʪ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʳʰʣʝʥʠʷ ʯʝʣʦʚʝʢʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʳʤ 

ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ, ʥʦ ʠ ʘʥʘʣʠʟ 

ʩʨʝʜʩʪʚ ʜʦʩʪʠʞʝʥʠʷ ʦʪʚʝʪʘ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ 

çʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʘè.  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ɽʱʝ ʚ 1943 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʝ ʫʯʝʥʳʝ ʋʦʨʨʝʥ ʄʘʢ-ʂʘʣʣʦʢ ʠ ʋʦʣʪʝʨ ʇʠʪʪʩ 

ʧʨʝʜʣʦʞʠʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʙʦʪʳ ʥʝʡʨʦʥʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʤʦʟʛʘ ð ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʥʝʡʨʦʥ ð ʠ ʩʧʦʩʦʙʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ. 

ɿʘʪʝʤ ʧʦʩʣʝʜʦʚʘʣʠ ʧʠʦʥʝʨʩʢʠʝ ʨʘʙʦʪʳ ʈʦʟʝʥʙʣʘʪʪʘ, ʄʠʥʩʢʦʛʦ ʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʚ 70-ʭ ʛʦʜʘʭ ʨʘʙʦʪʳ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʩʢʦʣʴʢʦ ʟʘʤʝʜʣʠʣʠʩʴ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʚʳʩʦʢʠʤʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʦʤʧʴʶʪʝʨʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ. ɼʝʣʦ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʤʦʟʛʫ ʯʝʣʦʚʝʢʘ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʪ ʦʪ 10 ʜʦ 14 

ʤʠʣʣʠʘʨʜʦʚ (10
9
) ʥʝʡʨʦʥʦʚ, ʠ ʢʘʞʜʳʡ ʠʤʝʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ ʩʝʤʠ 

ʪʳʩʷʯ (10
3
) ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ ʥʝʡʨʦʥʘʤʠ. ʏʠʩʣʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

                                                           

19
 ʅʘʰ ʦʪʚʝʪ ʪʘʢʦʚ: ʪʘʢʞʝ ʢʘʢ ʠ ʣʶʜʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʥʝʢʦʪʦʨʳʝ ʵʢʟʝʤʧʣʷʨʳ ʤʦʛʫʪ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʠ ʥʝ ʚʩʝʛʜʘ.  
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ʥʝʡʨʦʥʦʚ ʚ ʧʝʨʚʳʭ ʩʝʪʷʭ ʠʟʤʝʨʷʣʦʩʴ ʩʦʪʥʷʤʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʪʳʩʷʯʘʤʠ, ʥʦ ʩʪʦʣʴ ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ (ʚ ʤʠʣʣʠʦʥʳ 

ʨʘʟ) ʦʙʨʘʟʫʶʪ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦʧʘʩʪʴ ð ʥʘ ʤʘʣʝʥʴʢʠʭ ʤʦʜʝʣʷʭ 

ʥʝʚʦʟʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʴʰʠʝ ʩʠʩʪʝʤʳ. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʜʦʩʪʠʛʥʫʪʳ ʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ
20
, ʥʦ ʤʘʩʰʪʘʙʳ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʥʦʚʷʪʩʷ 

ʩʦʠʟʤʝʨʠʤʳʤʠ 

ʆʪʚʝʯʘʷ ʥʘ ʚʪʦʨʦʡ ʚʦʧʨʦʩ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʢʠʙʝʨʥʝʪʠʢʝ 

çʯʝʨʥʦʛʦ ʷʱʠʢʘè, ʢʦʛʜʘ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚʭʦʜ ʠ ʚʳʭʦʜ, ʩʪʠʤʫʣ ʠ 

ʨʝʘʢʮʠʷ, ʘ ʚʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ çʤʳʩʣʷʱʝʛʦ ʘʛʝʥʪʘè ʩʢʨʳʪʦ ʦʪ 

ʥʘʙʣʶʜʝʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ, ʜʣʷ ʢʠʙʝʨʥʝʪʠʢʠ 

çʯʝʨʥʦʛʦ ʷʱʠʢʘè ʥʝʚʘʞʥʦ, ʢʘʢ ʫʩʪʨʦʝʥʦ çʤʳʩʣʷʱʠʝè ʫʩʪʨʦʡʩʪʚʦ. 

ɻʣʘʚʥʦʝ, ʯʪʦʙʳ ʥʘ ʟʘʜʘʥʥʳʝ ʚʭʦʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʥʦ ʨʝʘʛʠʨʦʚʘʣʦ 

ʪʘʢ ʞʝ, ʢʘʢ ʯʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ, ʪʦ ʝʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦ.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʨʘʟʫ ʞʝ ʧʝʨʝʰʣʠ ʦʪ 

ʩʚʝʨʭʩʣʦʞʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ 

ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ, ʤʘʥʠʧʫʣʠʨʫʶʱʠʤ ʘʙʩʪʨʘʢʪʥʳʤʠ ʩʠʤʚʦʣʘʤʠ, ʘ ʥʝ 

ʨʝʘʣʴʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʦʯʠʪʘʝʤ ʪʝʨʤʠʥ 

ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʀʀ (ʩʤ. ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..10).  

ʉʘʤʦʡ ʟʘʤʝʪʥʦʡ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʦʡ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʙʳʣʘ 

ʧʨʦʛʨʘʤʤʘ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɸ. ʅʴʶʵʣʣʦʤ, 

ɻ. ʉʘʡʤʦʥʦʤ ʠ ɼʞ. ʐʦʫ ʚ 1955ï1956 ʛʦʜʘʭ. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʣʘ ʚ 

ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʠ ʩʤʦʛʣʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʡʪʠ ʚʳʚʦʜ ʜʣʷ 38 ʠʟ 52 ʪʝʦʨʝʤ ʠʩʯʠʩʣʝʥʠʷ 

ʚʳʩʢʘʟʳʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʢʥʠʛʠ ʈʘʩʩʝʣʘ ʠ 

                                                           

20
 ɺ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʠʟ ʣʫʯʰʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʝʢʪʦʚ Neurogrid 

ʧʦʩʪʨʦʝʥ ʪʠʨʘʞʠʨʫʝʤʳʡ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 16 

çʥʝʡʨʦʷʜʝʨè, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ 65 536 ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʦʚ, ʪʦ ʝʩʪʴ ʚʩʝʛʦ ʦʢʦʣʦ ʤʠʣʣʠʦʥʘ (10
6
) ʥʝʡʨʦʥʦʚ.  
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ʋʡʘʪʭʝʜʘ Principia Mathematica, ʧʨʠʯʝʤ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʙʳʣ ʥʘʡʜʝʥ 

ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʨʠʛʠʥʘʣʦʤ, ʚʳʚʦʜ.  

ʇʦ ʧʦʚʦʜʫ ʵʪʦʛʦ ʥʝʩʦʤʥʝʥʥʦʛʦ ʜʦʩʪʠʞʝʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʚʳʩʢʘʟʘʥʦ ʩʪʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ, ʘ ʠʥʦʛʜʘ ʫʜʠʚʠʪʝʣʴʥʳʭ ʤʥʝʥʠʡ ʠ 

ʦʮʝʥʦʢ, ʯʪʦ ʤʳ ʩʯʠʪʘʝʤ ʜʦʧʫʩʪʠʤʳʤ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʛʨʘʤʤʳ çʃʦʛʠʢ-

ʪʝʦʨʝʪʠʢè ʜʘʪʴ ʩʚʦʠ ʚʳʚʦʜʳ ʧʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ, ʘ ʪʝʤ ʩʘʤʳʤ, ʧʦ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʚ ʮʝʣʦʤ (ʩʤ. ʪʘʢʞʝ 

ʧʘʨʘʛʨʘʬ 0). 

1. ɸʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʥʳʝ ʪʝʦʨʝʤʳ ʥʝ ʥʝʩʫʪ ʥʦʚʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ: ʚ ʩʣʫʯʘʝ ʧʨʦʛʨʘʤʤʳ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè ʵʪʦ 

ʧʨʦʩʪʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʝʦʨʝʤʳ ʠʩʯʠʩʣʝʥʠʷ ʚʳʩʢʘʟʳʚʘʥʠʡ. ʀʭ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʪʘʙʣʠʮ ʠʩʪʠʥʥʦʩʪʠ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʬʦʨʤʘʣʴʥʳʡ ʚʳʚʦʜ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʫʣ) ʚ ʟʘʜʘʥʥʦʡ ʘʢʩʠʦʤʘʪʠʢʝ ʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʧʨʘʚʠʣʘʤʠ ʚʳʚʦʜʘ. ʇʦʠʩʢ ʚʳʚʦʜʘ ʥʝ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʠʜʝʡ ʠʣʠ ʤʝʪʦʜʦʚ, 

ʦʥ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʧʦʣʥʝ ʨʫʪʠʥʥʳʝ ʧʨʠʝʤʳ. ʉʨʝʜʠ ʦʙʩʫʞʜʘʝʤʳʭ 

ʚʳʚʦʜʦʚ ʥʝʪ ʚʳʚʦʜʦʚ ʢʦʨʦʯʝ, ʯʝʤ ʚ ʪʨʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ ʚʳʚʦʜʘ, ʠ 

ʥʝʪ ʚʳʚʦʜʦʚ ʜʣʠʥʥʝʝ, ʯʝʤ ʚ ʜʚʝ ʜʶʞʠʥʳ ʧʨʠʤʝʥʝʥʠʡ ʧʨʘʚʠʣ ʚʳʚʦʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè, ʥʝ ʠʤʝʶʪ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ.   

2. ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʘʚʪʦʨʘ ʟʘ ʩʪʫʜʝʥʪʘʤʠ, ʠʟʫʯʘʶʱʠʤʠ 

ʠʩʯʠʩʣʝʥʠʝ ʚʳʩʢʘʟʳʚʘʥʠʡ, ʠ ʚʳʥʫʞʜʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʠʩʢʘʪʴ ʠ ʥʘʭʦʜʠʪʴ ʧʦʜʦʙʥʳʝ ʚʳʚʦʜʳ, ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʨʝʜʥʠʡ ʯʝʣʦʚʝʢ çʩ ʫʣʠʮʳè ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʥʝ ʥʘʡʜʝʪ ʥʠ ʦʜʥʦʛʦ ʠʟ ʬʦʨʤʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, 

ʥʘʡʜʝʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè. ʏʝʣʦʚʝʢ çʩ ʫʣʠʮʳè ʧʨʦʩʪʦ 

ʥʝ ʧʦʡʤʝʪ, ʯʪʦ ʥʫʞʥʦ ʩʜʝʣʘʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʟʘʚʝʜʦʤʦ ʥʠʢʦʛʜʘ ʥʠʯʝʛʦ 

ʧʦʜʦʙʥʦʛʦ ʥʝ ʜʝʣʘʣ. ʊʘʢ ʯʪʦ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʯʝʣʦʚʝʢ ʫʩʪʫʧʘʝʪ ʚ 

ʵʪʦʤ ʠʩʢʫʩʩʪʚʝ ʧʨʦʛʨʘʤʤʝ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʧʨʠʣʝʞʥʳʝ ʩʪʫʜʝʥʪʳ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʨʝʭ-ʯʝʪʳʨʝʭ ʩʝʘʥʩʦʚ 

ʫʧʨʘʞʥʝʥʠʡ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ, ʚ ʩʦʩʪʦʷʥʠʠ ʥʘʡʪʠ ʣʶʙʦʡ ʠʟ ʵʪʠʭ 
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ʚʳʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʪʝ ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʦʛʨʘʤʤʘ ʥʘʡʪʠ ʥʝ ʩʤʦʛʣʘ. 

ʉʣʝʜʫʝʪ ʦʛʦʚʦʨʠʪʴʩʷ, ʯʪʦ ʚʳʚʦʜʳ, ʥʘʡʜʝʥʥʳʝ ʩʪʫʜʝʥʪʘʤʠ, ʤʦʛʫʪ ʙʳʪʴ 

ʥʝ ʪʘʢʠʤʠ ʵʣʝʛʘʥʪʥʳʤʠ, ʢʘʢ ʫ ʈʘʩʩʝʣʘ ʠ ʋʘʡʪʭʝʜʘ, ʠ ʥʘʡʜʝʥʳ ʙʫʜʫʪ 

ʥʝ ʦʯʝʥʴ ʙʳʩʪʨʦ. ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʯʝʣʦʚʝʢ, 

ʢʦʪʦʨʳʡ ʚ ʩʦʩʪʦʷʥʠʠ ʩʜʘʪʴ ʚʩʪʫʧʠʪʝʣʴʥʳʝ ʵʢʟʘʤʝʥʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʪʘʢʞʝ ʚ ʩʦʩʪʦʷʥʠʠ ʥʘʫʯʠʪʴʩʷ ʠʩʢʘʪʴ ʬʦʨʤʘʣʴʥʳʝ ʚʳʚʦʜʳ ʥʝ ʭʫʞʝ, 

ʯʝʤ ʵʪʦ ʤʦʞʝʪ ʜʝʣʘʪʴ ʧʨʦʛʨʘʤʤʘ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè. 

3. ʉ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʥʫʪʳʝ 

ʧʨʦʛʨʘʤʤʦʡ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè, ʟʘ ʧʨʦʰʝʜʰʠʝ ʧʦʣʚʝʢʘ ʩ ʣʠʰʥʠʤ, 

ʙʳʣʠ ʫʣʫʯʰʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʳʚʦʜʘ ʚ ʠʩʯʠʩʣʝʥʠʠ ʚʳʩʢʘʟʳʚʘʥʠʡ ʠʤʝʝʪ 

ʧʝʨʝʙʦʨʥʳʡ ʭʘʨʘʢʪʝʨ (ʩʤ. ʧʘʨʘʛʨʘʬ 0). ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʚ 

ʤʠʣʣʠʦʥʳ ʠ ʤʠʣʣʠʘʨʜʳ ʨʘʟ ʤʦʱʥʝʝ ʪʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʤ 

ʧʦʣʴʟʦʚʘʣʩʷ ʐʦʫ, ʦʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʧʦʠʩʢʘ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ ʤʦʛʫʪ ʧʦʩʪʨʦʠʪʴ ʪʦʣʴʢʦ ʚ ʜʝʩʷʪʢʠ, ʦʪ 

ʩʠʣʳ ʚ ʩʦʪʥʠ ʨʘʟ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʚʳʚʦʜʳ, ʧʦʵʪʦʤʫ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ ʧʝʨʚʳʝ ʜʚʘ ʟʘʤʝʯʘʥʠʷ ʚ ʵʪʦʤ ʩʧʠʩʢʝ ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ ʠ ʚ ʥʘʰʠ 

ʜʥʠ, ʠ ʧʨʠʤʝʥʠʤʳ ʥʝ ʪʦʣʴʢʦ ʢ ʧʨʦʛʨʘʤʤʝ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè, ʘ ʢ 

ʣʶʙʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʢʦʪʦʨʘʷ ʧʨʝʪʝʥʜʫʝʪ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʝʦʨʝʤ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʛʘʪʦʤ ʠʩʯʠʩʣʝʥʠʠ. 

1.3.3. ʉʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ  

ɺ 1956 ʛʦʜʫ ʚ ɼʘʨʪʤʫʪʩʢʦʤ ʢʦʣʣʝʜʞʝ (ʦʜʠʥ ʠʟ ʩʪʘʨʝʡʰʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʉʐɸ) ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʚʫʭʤʝʩʷʯʥʳʡ ʩʝʤʠʥʘʨ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʦ ʫʯʘʩʪʠʝ ʜʝʩʷʪʴ ʚʝʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʦʚʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ: 

- ɼʞʦʥ ʄʘʢʢʘʨʪʠ (John McCarthy), ɼʘʨʪʤʫʪʩʢʠʡ ʢʦʣʣʝʜʞ;  

- ʄʘʨʚʠʥ ʄʠʥʩʢʠʡ (Marvin Minsky), ɻʘʨʚʘʨʜʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ;  

- ʂʣʦʜ ʐʝʥʥʦʥ (Claude Shannon), Bell Laboratories;  

- ʅʘʪʘʥʠʵʣʴ ʈʦʯʝʩʪʝʨ (Nathaniel Rochester), IBM;  

- ɸʨʪʫʨ ʉʘʤʶʵʣʴ (Arthur Samuel), IBM;  

- ɸʣʣʝʥ ʅʴʶʵʣʣ (Allen Newell), ʫʥʠʚʝʨʩʠʪʝʪ ʂʘʨʥʝʛʠ-ʄʝʣʣʦʥ;  
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- ɻʝʨʙʝʨʪ ʉʘʡʤʦʥ (Herbert Simon), ʫʥʠʚʝʨʩʠʪʝʪ ʂʘʨʥʝʛʠ-

ʄʝʣʣʦʥ;  

- ʊʨʝʥʯʘʨʜ ʄʫʨ (Trenchard Moore), ʇʨʠʥʩʪʦʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ;  

- ʈʝʡ ʉʦʣʦʤʦʥʦʚ (Ray Solomonoff), ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ;  

- ʆʣʠʚʝʨ ʉʝʣʬʨʠʜʞ (Oliver Selfridge), ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. 

ʕʪʦʪ ʩʝʤʠʥʘʨ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʥʘʯʘʣʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʠʤʝʥʥʦ ʥʘ ʥʝʤ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʠ ʫʪʚʝʨʞʜʝʥ ʩʘʤ ʪʝʨʤʠʥ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

(artificial intelligence). ʅʠʢʘʢʠʭ ʦʩʦʙʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʘʨʪʤʫʪʩʢʠʡ ʩʝʤʠʥʘʨ ʥʝ ʜʘʣ. ʅʘ ʥʝʤ ʧʨʦʠʟʦʰʣʠ ʜʨʫʛʠʝ ʚʘʞʥʝʡʰʠʝ 

ʩʦʙʳʪʠʷ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʙʳʣ ʧʨʠʟʥʘʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʴʶ ʥʘʫʢʠ, ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʝʨʚʳʝ ʚʧʝʯʘʪʣʷʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ (ʧʦʜʦʙʥʳʝ ʧʨʦʛʨʘʤʤʝ çʃʦʛʠʢ-ʪʝʦʨʝʪʠʢè) ʠ ʙʳʣʦ 

ʦʙʨʘʟʦʚʘʥʦ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʠʯʥʦʛʦ ʟʥʘʢʦʤʩʪʚʘ 

ʣʠʜʝʨʦʚ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʀʀ ʩʪʘʣʠ ʚʝʩʪʠʩʴ ʰʠʨʦʢʠʤ 

ʬʨʦʥʪʦʤ, ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʉʐɸ. ʉʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʧʝʨʚʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ 

ʢʦʪʦʨʳʭ ʜʝʣʘʣʠʩʴ ʧʦʧʳʪʢʠ ʦʙʦʙʱʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʉʨʝʜʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚʳʩʪʫʧʠʚʰʠʭ ʩ ʪʘʢʠʤʠ ʨʘʙʦʪʘʤʠ, ʙʳʣʠ 

ɼʞ. ʄʘʢʢʘʨʪʠ, ʄ. ʄʠʥʩʢʠʡ, ʕ. ʌʝʡʛʝʥʙʘʫʤ (E. Feigenbaum, ʉʐɸ), 

ɼ. ʄʠʯʠ (D. Michie, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ɸ. ɸ. ʃʷʧʫʥʦʚ ʠ ɺ. ʄ. ɻʣʫʰʢʦʚ 

(ʉʉʉʈ). ʈʘʟʫʤʝʝʪʩʷ, ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʟʘʩʪʘʚʠʣʠ ʩʝʙʷ ʞʜʘʪʴ ð ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʜʝʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠ ʚ ʥʘʰʠ ʜʥʠ.  

ɺ ʢʦʥʮʝ 1950-ʭ ʛʛ. ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ. ɺ 

ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʠʩʢʘ ʧʫʪʠ ʚ 

ʛʨʘʬʝ, ʚʝʨʰʠʥʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʟʘʜʘʯʠ, ʘ ʜʫʛʘʤʠ ð 

ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʜʦʧʫʩʪʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ 

ʚ ʧʦʠʩʢʝ ʧʫʪʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʮʝʣʝʚʦʤʫ. ɺ ʥʘʯʘʣʝ 1960-ʭ ʛʛ. 

ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʚʨʠʩʪʠʯʝʩʢʦʝ 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ (ʩʤ. ʛʣʘʚʫ 3). ʕʚʨʠʩʪʠʢʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʘʚʠʣʦ, 

ʦʙʳʯʥʦ ʧʦʣʫʯʝʥʥʦʝ ʵʤʧʠʨʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʢʨʘʪʠʪʴ 

ʦʙʲʝʤ ʧʝʨʝʙʦʨʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʰʝʥʠʡ. ʕʚʨʠʩʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ð ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʡ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʵʚʨʠʩʪʠʢ. ɺ ʢʦʥʮʝ 1960-ʭ ʛʛ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʦʙʱʠʝ ʤʝʪʦʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ ʚ ʠʩʯʠʩʣʝʥʠʷʭ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜ ʨʝʟʦʣʶʮʠʡ ɼʞ. ʈʦʙʠʥʩʦʥʘ (J. 

Robinson) ʠ ʦʙʨʘʪʥʳʡ ʤʝʪʦʜ ʉ.ʖ. ʄʘʩʣʦʚʘ, ʩʤ. ʛʣʘʚʫ 4), ʠ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʚ ʥʘʯʘʣʝ 1970-ʭ ʛʛ. ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ʊʘʢ, ʚ 1973 ʛ. ʙʳʣ ʩʦʟʜʘʥ ʷʟʳʢ ʇʨʦʣʦʛ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʥʳʤ ʩʨʝʜʩʪʚʦʤ ʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʜʦ ʩʠʭ ʧʦʨ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʟʘʧʘʩ ʠʜʝʡ ʠ 

ʢʦʥʮʝʧʮʠʡ, ʢʦʪʦʨʳʤʠ ʦʧʝʨʠʨʫʶʪ ʚ ʀʀ ʩʝʡʯʘʩ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʠʣʠ 

ʦʙʦʟʥʘʯʝʥ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ʇʝʨʝʯʠʩʣʠʪʴ ʚʩʝ ʠʜʝʠ ʥʝʚʦʟʤʦʞʥʦ, ʜʘ ʚ ʵʪʦʤ 

ʠ ʥʝʪ ʥʫʞʜʳ, ʝʩʣʠ ʷʩʥʘ ʦʙʱʘʷ ʩʭʝʤʘ ʨʘʟʚʠʪʠʷ (ʩʤ. ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..10).  

1.3.4. ʅʘʫʯʥʘʷ ʢʦʥʩʦʣʠʜʘʮʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʣʷ ʀʀ ʩʦʙʳʪʠʝʤ 80-

ʭ ʛʛ. ʙʳʣʦ ʧʦʷʚʣʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ. ʕʪʘ ʢʦʥʮʝʧʮʠʷ 

ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʕ. ʌʝʡʛʝʥʙʘʫʤʦʤ ʚ 1982 ʛ.  

ʀʥʞʝʥʝʨʠʷ ʟʥʘʥʠʡ (knowledge engineering) ð ʦʙʣʘʩʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʢʦʪʦʨʘʷ ʠʟʫʯʘʝʪ ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ 

ʠʟʚʣʝʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʥʘʥʠʡ. 

ʆʪʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦʪ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ ʚʩʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʠʝʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʯʪʦʙʳ 

ʠʤʝʶʱʠʤʠʩʷ ʤʝʪʦʜʘʤʠ ʥʘ ʨʝʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʨʝʰʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʟʘʜʘʯʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʦʙʨʝʪʷ ʦʙʱʠʡ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʙʘʟʠʩ, ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʥʫʪʨʠ 
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ʀʀ ʩʪʘʣʠ ʪʝʩʥʝʝ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʥʫʞʥʦ 

ʙʳʣʦ ʜʦʢʘʟʳʚʘʪʴ çʯʠʩʪʦʪʫ ʪʝʦʨʠʠè ʠʣʠ çʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘè, ʘ 

ʥʫʞʥʦ ʙʳʣʦ ʣʶʙʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ.  

ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʝʩʴʤʘ ʜʘʣʝʢʠ ʦʪ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ ʊʴʶʨʠʥʛʘ, ʟʘʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʚʝʯʘʣʠ ʥʘ ʪʘʢʠʝ ʚʦʧʨʦʩʳ: ʤʦʞʝʪ ʣʠ ʤʘʰʠʥʘ ʨʝʰʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʜʝʰʝʚʣʝ, ʯʝʤ ʯʝʣʦʚʝʢ? 

ɹʳʩʪʨʝʝ, ʯʝʤ ʯʝʣʦʚʝʢ? ɹʝʟʦʪʢʘʟʥʝʝ, ʯʝʤ ʯʝʣʦʚʝʢ?  

ɺʦʟʤʦʞʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʟʘʤʝʪʥʦ ʚʦʟʨʦʩʣʠ, ʠ 

ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʝʩʣʠ ʦʩʪʘʚʠʪʴ ʚ ʩʪʦʨʦʥʝ ʬʠʣʦʩʦʬʩʢʠʝ, ʵʪʠʯʝʩʢʠʝ ʠ 

ʤʦʨʘʣʴʥʳʝ ʚʦʧʨʦʩʳ çʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘè, ʪʦ ʚʦ ʤʥʦʛʠʭ 

ʢʦʥʢʨʝʪʥʳʭ ʫʟʢʦ ʩʧʝʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ ʥʝ ʪʦʣʴʢʦ ʤʦʞʥʦ, ʥʦ ʠ 

ʚʳʛʦʜʥʦ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʘ ʤʘʰʠʥʦʡ. ʇʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʪʘʣʠ ʧʨʠʥʦʩʠʪʴ ʧʨʠʙʳʣʴ. ʅʝʤʝʜʣʝʥʥʦ 

ʩʪʘʣʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʥʚʝʩʪʠʮʠʠ ʚ ʘʢʘʜʝʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʜʘʚʘʪʴ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʣʠʩʴ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠʥʦʩʠʣʘ ʜʦʭʦʜ, ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ 

ʚʢʣʘʜʳʚʘʣʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷé ɺʦʟʥʠʢʣʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʙʨʘʪʥʘʷ 

ʩʚʷʟʴ, ʠ ʧʝʨʠʦʜ ʧʦʜʲʝʤʘ ʀʀ ʝʱʝ ʥʝ ʟʘʚʝʨʰʝʥ! 

ɺʪʦʨʳʤ ʟʥʘʯʠʤʳʤ ʩʦʙʳʪʠʝʤ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʩʪʘʣʦ ʚʦʟʨʦʞʜʝʥʠʝ, 

ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʪʠʰʴʷ, ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʩ ʢʦʥʮʝʧʮʠʷʤʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʠ ʥʝʡʨʦʢʦʤʧʴʶʪʝʨʦʚ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʥʝ 

ʙʳʣʦ ʚʳʟʚʘʥʦ ʢʘʢʠʤ-ʣʠʙʦ ʚʥʝʟʘʧʥʳʤ ʯʫʜʝʩʥʳʤ ʦʪʢʨʦʚʝʥʠʝʤ ʩʚʳʰʝ ʩ 

ʧʦʧʫʣʷʨʥʳʤ ʨʘʟʲʷʩʥʝʥʠʝʤ, ʢʘʢ ʠʤʝʥʥʦ ʫʩʪʨʦʝʥ ʠ ʨʘʙʦʪʘʝʪ ʤʦʟʛ 

ʯʝʣʦʚʝʢʘ. ʂʦʥʝʯʥʦ, ʬʠʟʠʦʣʦʛʠ, ʧʩʠʭʦʣʦʛʠ, ʣʠʥʛʚʠʩʪʳ, ʬʠʣʦʩʦʬʳ ʠ 

ʜʨʫʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʝ ʩʠʜʝʣʠ ʩʣʦʞʘ ʨʫʢʠ, ʘ ʫʟʥʘʣʠ ʠ ʧʨʠʜʫʤʘʣʠ 

ʧʨʦ ʥʘʰʫ ʯʝʣʦʚʝʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʤʥʦʛʦ ʥʦʚʦʛʦ, ʥʦ ʧʨʠʯʠʥʘ ʙʳʣʘ ʥʝ ʚ 

ʵʪʦʤ. ɺʥʫʪʨʠ ʩʘʤʦʡ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʪʘʢʞʝ ʥʝ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʵʧʦʭʘʣʴʥʳʭ ʦʪʢʨʳʪʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʡʨʦʩʝʪʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʳʤ, ʭʦʪʷ, 

ʢʦʥʝʯʥʦ, ʚʦ ʤʥʦʛʦʤ ʨʘʟʚʠʪʳʝ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ. ʆʯʝʚʠʜʥʘʷ 

ʧʨʠʯʠʥʘ ʚʦʟʨʦʞʜʝʥʠʷ ʥʝʡʨʦʢʠʙʝʨʥʝʪʠʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
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ʧʦʨʘʟʠʪʝʣʴʥʳʭ ʫʩʧʝʭʘʭ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ɺ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪʘʭ, 

ʧʦʜʦʙʥʳʭ ʧʝʨʩʝʧʪʨʦʥʫ ʈʦʟʝʥʙʣʘʪʪʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʥʝʡʨʦʥʥʳʤʠ ʩʝʪʷʤʠ ʠʟʤʝʨʷʣʠʩʴ 

ʤʥʦʛʠʤʠ ʤʠʣʣʠʘʨʜʘʤʠ ʨʘʟ, ʠ ʥʠ ʦ ʢʘʢʦʤ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 

ʨʝʯʠ ʥʝ ʙʳʣʦ. ʉʝʡʯʘʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʠʟʤʝʨʷʶʪʩʷ ʪʳʩʷʯʘʤʠ 

ʨʘʟ, ʠ ʫ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʩʫʧʝʨʥʝʡʨʦʢʦʤʧʴʶʪʝʨʦʚ ʧʦʷʚʠʣʠʩʴ 

ʥʝʚʠʜʘʥʥʳʝ ʨʘʥʝʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʉʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʧʨʠʚʝʩʪʠ ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʊʨʝʪʴʠʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʤ ʩʦʙʳʪʠʝʤ ʫʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʝʛʦ ʧʨʦʰʣʦʛʦ ʤʳ ʩʯʠʪʘʝʤ ʧʨʠʚʥʝʩʝʥʠʝ ʟʘʩʣʫʞʝʥʥʦʛʦ 

ʬʠʣʦʩʦʬʩʢʦʛʦ ʧʦʥʷʪʠʷ çʦʥʪʦʣʦʛʠʷè ʥʘ ʩʚʝʞʫʶ ʧʦʯʚʫ ʠʥʬʦʨʤʘʪʠʢʠ. 

ʆʥʪʦʣʦʛʠʷ (ontology) ð ʵʪʦ ʬʦʨʤʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ 

ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʩʭʝʤʳ. ʆʙʳʯʥʦ ʪʘʢʘʷ ʩʭʝʤʘ 

ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʚʩʝ ʨʝʣʝʚʘʥʪʥʳʝ ʢʣʘʩʩʳ 

ʦʙʲʝʢʪʦʚ, ʠʭ ʩʚʷʟʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʦʙʲʝʢʪʳ ʠ ʩʚʷʟʠ.  

ʆʥʪʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʘʢ 

ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʦ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʠʣʠ ʝʛʦ ʯʘʩʪʠ, ʠʥʘʯʝ 

ʛʦʚʦʨʷ, ʢʘʢ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʍʦʪʷ ʪʝʨʤʠʥ çʦʥʪʦʣʦʛʠʷè 

ʠʟʥʘʯʘʣʴʥʦ ʬʠʣʦʩʦʬʩʢʠʡ
21
, ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʦʥ ʧʨʠʥʷʣ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. ɿʜʝʩʴ ʝʩʪʴ ʜʚʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʷ: 

- ʦʥʪʦʣʦʛʠʷ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʦʡ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ, ʧʨʠʯʝʤ ʪʘʢʦʡ ʬʦʨʤʦʡ, ʢʦʪʦʨʫʶ ʢʦʤʧʴʶʪʝʨ ʩʤʦʞʝʪ ʣʝʛʢʦ 

ʦʙʨʘʙʦʪʘʪʴ;  

- ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʥʪʦʣʦʛʠʠ ʩʦʟʜʘʶʪʩʷ ʚʩʝʛʜʘ ʩ ʢʦʥʢʨʝʪʥʳʤʠ 

ʮʝʣʷʤʠ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ; ʦʥʠ ʦʮʝʥʠʚʘʶʪʩʷ ʙʦʣʴʰʝ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʯʝʤ ʧʦʣʥʦʪʳ, ʟʘʤʢʥʫʪʦʩʪʠ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʠ.  

                                                           

21
 ʆʥʪʦʣʦʛʠʷ (ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʝ ʢʦʨʥʠ çʦʥʪʦè ð ʩʫʱʝʝ, ʪʦ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠ çʣʦʛʠʷè ð ʫʯʝʥʠʝ, ʥʘʫʢʘ) ð ʨʘʟʜʝʣ ʬʠʣʦʩʦʬʠʠ, ʠʟʫʯʘʶʱʠʡ 

ʙʳʪʠʝ. 
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ɸʚʪʦʨ ʩʦʚʝʨʰʝʥʥʦ ʫʙʝʞʜʝʥ, ʯʪʦ ʘʥʘʣʠʟ, ʧʦʩʪʨʦʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ð ʩʘʤʘʷ ʚʘʞʥʘʷ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʟʘʜʘʯʘ ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʠʯʝʤ ʥʝ 

ʪʦʣʴʢʦ ʚ ʀʀ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ɼʦʩʪʘʪʦʯʥʦ ʫʧʦʤʷʥʫʪʴ, ʥʘʧʨʠʤʝʨ, ʢʦʥʮʝʧʮʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ (Business Process Management Systems ð BPMS) ʚ 

ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ, ʢʦʥʮʝʧʮʠʶ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʧʘʫʪʠʥʳ (Semantic Web) ʚ ʀʥʪʝʨʥʝʪʝ ʠʣʠ ʢʦʥʮʝʧʮʠʶ 

ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ (Domain Specific Languages) ʚ 

ʧʨʠʢʣʘʜʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. ɺʩʝ ʵʪʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʢʦʥʮʝʧʮʠʠ 

ʘʧʝʣʣʠʨʫʶʪ ʢ ʧʦʥʷʪʠʶ ʦʥʪʦʣʦʛʠʷ
22

.  

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..10 

ʦʪʨʘʞʘʝʪ ʥʘʰʝ ʚʠʜʝʥʠʝ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʀʀ ʠ ʧʦʜʚʦʜʠʪ ʠʪʦʛ 

ʨʘʟʜʝʣʫ. 

                                                           

22
 ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʧʦʣʦʛʝʪʳ ʢʦʥʮʝʧʮʠʠ 

ʦʥʪʦʣʦʛʠʠ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʧʦʢʘ ʦʙʝʱʘʶʪ ʙʦʣʴʰʝ, ʯʝʤ ʨʝʘʣʴʥʦ ʤʦʛʫʪ 

ʩʜʝʣʘʪʴ. ɺ ʵʪʦʤ ʦʥʠ ʫʧʦʜʦʙʣʷʶʪʩʷ ʧʠʦʥʝʨʘʤ ʀʀ 50-ʭ ʛʛ., ʢʦʪʦʨʳʝ ʦʙʝʱʘʣʠ 

ʧʦʷʚʣʝʥʠʝ çʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʟʫʤʘè ʯʝʨʝʟ 10ï20 ʣʝʪ. ɿʘʚʳʰʝʥʥʳʝ 

ʦʙʝʱʘʥʠʷ ʚʝʜʫʪ ʢ ʦʭʣʘʞʜʝʥʠʶ ʠʥʪʝʨʝʩʘé 
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ʇʨʠʢʣʘʜʥr ʝ ʩʠʩʪʝʤr  ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʂʨʫʛʠ 

ʃʫʣʣʠ̫

ʃʦʛʠʢ-ʪʝʦʨʝʪʠʢ

ʅɹ ʶɻʣʣ, ʉʘʡʤʦʥ, 

ʐʦʫ

ʇʝʨʩʝʧʪʨʦʥ 

ʈʦʟʝʥʙʣʘʪʪʘ

ɸʥʘʣʠʪʠʯʝʩʢʘ̫ 

ʤʘh ʠʥʘ 

ɹɻʙʙʠʜʞʘ

çʂʠʙʝʨʥʝʪʠʢʘè

ɺʠʥʝʨʘ

ɸʨʠʬʤʝʪʠʯʝʩʢʘ̫ 

ʤʘh ʠʥʘ 

ʃʝʡʙʥʠʮʘ

ʆʥʪʦʣʦʛʠʠ

ʀʥʞʝʥʝʨʠ̫ ʟʥʘʥʠʡ

ʕʚʨʠʩʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʅʝʡʨʦʢʦʤʧɹ ʪʁʝʨr

1260

1670 ð1710

1822 ð1851

1948

1956

1960

1970

1990

2000

ʇ
ʨ
ʝ
ʜr
ʩ
ʪʦ
ʨ
ʠ̫

ɸʧʧʘʨʘʪʥr ʝ ʨʝh ʝʥʠ̫ ʇʨʦʛʨʘʤʤʥr ʝ ʨʝh ʝʥʠ̫

1980

ʇʦʠʩʢ ʥʘ ʛʨʘʬʝ

ʃʦʛʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ

ʌʨʝʡʤr , 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ

ʇ
ʠ
ʦ
ʥ
ʝ
ʨ
ʩ
ʢʠ
ʡ
 ʧ
ʝ
ʨ
ʠ
ʦ
ʜ

ɸ
ʢʘ
ʜ
ʝ
ʤ
ʠ
ʯ
ʝ
ʩ
ʢʦ
ʝ
 ʨ
ʘ
ʟʚ
ʠ
ʪʠ
ʝ

ʇ
ʨ
ʦ
ʤr

ʣh
ʝ
ʥ
ʥ
ʦ
ʝ
 ʚ
ʥ
ʝ
ʜ
ʨ
ʝ
ʥ
ʠ
ʝ

2010

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..10. 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

1.4. ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʇʈʀʂʃɸɼʅʓʍ ʉʀʉʊɽʄ 

ʀʉʂʋʉʉʊɺɽʅʅʆɻʆ ʀʅʊɽʃʃɽʂʊɸ 

ʇʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ ʠ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ð ʨʘʟʜʝʣ 0 ʜʘʝʪ 
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ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʡ ʥʘʙʦʨ ʫʯʝʙʥʳʭ ʧʨʠʤʝʨʦʚ, ʥʦ ʥʝ 

ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʦʙʟʦʨ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚ ʨʝʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʳʩʷʯʠ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʀʀ, ʠ ʢʘʞʜʘʷ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ. ʊʘʢʦʝ ʨʘʟʥʦʨʦʜʥʦʝ ʩʦʙʨʘʥʠʝ 

ʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʥʫʞʜʘʝʪʩʷ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʜʘʞʝ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷʭ, ʦʜʥʦʡ ʥʝ ʦʙʦʡʪʠʩʴ. 

1.4.1. ɺʠʜʳ ʟʥʘʥʠʡ 

ɿʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʢʦʤʧʴʶʪʝʨʝ, 

ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ.  

ʉʣʝʜʫʷ ʉ.ʉ. ʃʘʚʨʦʚʫ [4], ʟʥʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʚʠʜʘ: 

1. ʇʦʥʷʪʠʡʥʳʝ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʟʥʘʥʠʷ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ ʧʦʥʷʪʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʥʘʧʨʠʤʝʨ, ʧʨʘʚʠʣʘ, 

ʟʘʢʦʥʳ, ʠʥʚʘʨʠʘʥʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʚɻʨʠʩʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ð 

ʥʝʬʦʨʤʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʨʘʩʩʫʞʜʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʦʧʳʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ. 

2. ʇʨʦʮʝʜʫʨʥʳʝʆʰʠʙʢʘ! ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ., 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ. ʉʶʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʟʣʠʯʥʳʝ ʫʤʝʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʮʝʜʫʨʳ, ʘʣʛʦʨʠʪʤʳ, ʠʭ ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʪʠʧʦʚʳʝ ʧʨʦʮʝʜʫʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ð ʪ.ʝ. ʪʝ ʬʦʨʤʳ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʬʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʷʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʨʝʰʝʥʠʷ 

ʣʶʙʦʡ ʟʘʜʘʯʠ. 

3. ʌʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʟʥʘʥʠʷ. ʕʪʦ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʢʨʝʪʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʪ.ʝ. ʬʘʢʪʳ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, 

ʢʦʥʩʪʘʥʪʳ ʚ ʧʨʦʛʨʘʤʤʘʭ ʠ ʪ.ʜ. 

ʂʦʥʝʯʥʦ, ʤʝʞʜʫ ʚʠʜʘʤʠ ʟʥʘʥʠʡ ʥʝʪ ʥʝʧʨʦʭʦʜʠʤʦʡ ʛʨʘʥʠʮʳ (ʩʤ. 

ʪʘʢʞʝ ʧʘʨʘʛʨʘʬ 0). ɹʦʣʝʝ ʪʦʛʦ, ʠʥʦʛʜʘ ʙʳʚʘʝʪ ʪʘʢ, ʯʪʦ ʟʥʘʥʠʝ ʪʨʫʜʥʦ 

ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʜʫ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ 

ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (sin, cos, ʠ ʪ.ʜ.) ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʦʣʠʥʦʤʘʤ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ, 
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ʢʦʥʝʯʥʦ, ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʤʠ, ʪʦ ʝʩʪʴ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʤ ʟʥʘʥʠʝʤ, ʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʟʥʘʥʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʢʘʟʘʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʟʥʘʥʠʡ ʦʯʝʥʴ ʧʦʣʝʟʥʘ ʠ ʜʝʡʩʪʚʝʥʥʘ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ 

ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʚʘʞʥʳʭ ʜʣʷ ʀʀ ʚʦʧʨʦʩʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʠʩʧʦʣʴʟʫʷ ʧʨʠʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʠ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʢʘʢ ʛʦʪʦʚʳʡ ʙʘʟʠʩ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʥʘʥʠʡ ʧʦ ʃʘʚʨʦʚʫ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʘʷ ʚ ʵʪʦʡ ʢʥʠʛʝ.  

ʃʘʚʨʦʚ ʉʚʷʪʦʩʣʘʚ ʉʝʨʛʝʝʚʠʯ, 1923ï2004, ð ʨʦʩʩʠʡʩʢʠʡ ʫʯʝʥʳʡ, 

ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ. ɸʚʪʦʨ ʪʨʫʜʦʚ ʧʦ ʤʝʭʘʥʠʢʝ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʫʧʨʘʚʣʝʥʠʶ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ. ʃʘʫʨʝʘʪ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ 1957 ʛʦʜʘ. ʅʘʫʯʥʘʷ 

ʙʠʦʛʨʘʬʠʷ ʃʘʚʨʦʚʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ ʫʥʠʢʘʣʴʥʘ. ʉʦʚʩʝʤ ʚ 

ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ ʦʥ ʩʪʘʣ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʙʘʣʣʠʩʪʠʢʠ ʚ ʉʉʉʈ ʠ ʥʝʦʩʧʦʨʠʤʳʤ ʘʚʪʦʨʠʪʝʪʦʤ ʚ ʦʙʣʘʩʪʠ ʜʠʥʘʤʠʢʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʣʝʪʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʷʚʣʝʥʠʝ 

ʮʠʬʨʦʚʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʧʦʚʦʨʦʪʫ ʚ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʉ. ʉ. ʃʘʚʨʦʚʘ ʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʩʜʝʣʘʣʦ ʝʛʦ 

ʢʣʘʩʩʠʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʉʉʉʈ. 

1.4.2. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʟʥʘʥʠʡ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʚʠʜʳ ʟʥʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʠ 

ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

1. ɽʩʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ 

ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʪʦ ʪʘʢʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ 
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ʙʘʟʦʡ ʜʘʥʥʳʭ (ɹɼ) ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦ ʥʝ ʩʯʠʪʘʶʪ 

ʩʦʜʝʨʞʘʱʝʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ.
23

  

2. ɽʩʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʪʦ ʪʘʢʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ ʧʘʢʝʪʦʤ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ. ʆʪʥʝʩʝʥʠʝ ʪʘʢʦʛʦ ʧʘʢʝʪʘ 

ʧʨʦʛʨʘʤʤ ʢ ʩʠʩʪʝʤʝ ʀʀ ʦʙʳʯʥʦ ʷʚʥʦ ʫʢʘʟʳʚʘʝʪʩʷ. ɽʩʣʠ ʧʘʢʝʪ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʦ ʢʘʢ ʙʠʙʣʠʦʪʝʢʘ ʧʨʦʮʝʜʫʨ, 

ʪʦ ʝʛʦ ʥʝ ʦʪʥʦʩʷʪ ʢ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ. ɽʩʣʠ 

ʞʝ ʚ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʀʀ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʨʦʛʨʘʤʤʫ 

ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʩʪʨʦʠʪ ʥʝ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥʠʨʦʚʱʠʢ, ʪʦ ʪʘʢʦʡ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 

ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʩʠʩʪʝʤʦʡ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 

3. ɽʩʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʪʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʩʯʠʪʘʶʪ 

ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ.  

ɿʘʤʝʪʠʤ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʚʠʪʳʝ ʧʘʢʝʪʳ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚʥʝʰʥʶʶ 

ʙʘʟʫ ʜʘʥʥʳʭ, ʘ ʧʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ ʀʀ ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ 

ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ, ʪʘʢ ʠ ʙʘʟʳ ʜʘʥʥʳʭ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ 

ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..11). ʅʘʧʨʠʤʝʨ, ʨʘʟʚʠʪʘʷ ʰʘʭʤʘʪʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʦʛʨʦʤʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʜʝʙʶʪʦʚ ʠ ʵʥʜʰʧʠʣʝʡ, 

ʩʧʝʮʠʘʣʴʥʳʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʟʠʮʠʷʤʠ ʠ ʭʦʜʘʤʠ ʚʦ 

ʚʨʝʤʷ ʧʘʨʪʠʠ, ʠ ʥʘʙʦʨ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʨʘʚʠʣ ʚʳʙʦʨʘ ʭʦʜʘ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʥʷʪʠʡʥʳʤ ʟʥʘʥʠʷʤ.  

                                                           

23
 ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʘʟ ʜʘʥʥʳʭ, 

ʢʘʢ ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ ʠʟ ʜʘʥʥʳʭ (data mining), ʩʢʦʨʝʝ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ 

ʦʙʣʘʩʪʠ ʀʀ, ʯʝʤ ʢ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 
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ʧʩʠʠ
ʇʇʇɹɼ

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..11. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦ ʪʠʧʘʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʥʘʥʠʡ.  

ʇʨʝʜʤʝʪʦʤ ʵʪʦʡ ʢʥʠʛʠ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʧʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʯʠʪʘʪʝʣʴ ʚ 

ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʟʥʘʢʦʤ ʩ ʢʦʥʮʝʧʮʠʷʤʠ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤ ʠ ʙʘʟ 

ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʚʩʝ ʚʥʠʤʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

ʧʦʥʷʪʠʡʥʳʭ ʟʥʘʥʠʡ.  

1.4.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʂʦʛʜʘ ʦʩʦʟʥʘʥʘ ʠ ʧʨʦʯʫʚʩʪʚʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʚʩʝʭ ʪʨʝʭ ʪʠʧʦʚ, ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʝ. ʄʦʱʥʳʝ 

ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪ ʯʝʣʦʚʝʢ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ: 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʷʟʳʢʠ, ʤʘʪʝʤʘʪʠʢʘ, ʚʠʟʫʘʣʴʥʳʝ ʦʙʨʘʟʳ, ð ʧʨʠʛʦʜʥʳ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʟʥʘʥʠʡ, ʥʦ ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʚ ʢʦʤʧʴʶʪʝʨʝ. ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʥʘʦʙʦʨʦʪ, ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ 

ʥʝʧʨʠʛʦʜʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ð ʢʦʤʧʴʶʪʝʨʳ 

ʩʣʠʰʢʦʤ ʧʨʠʤʠʪʠʚʥʳ ʠ ʥʝʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʦʙʨʝʪʝʥʠʷ ʪʘʢʠʭ 

ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʟʚʦʣʷʣʠ ʙʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʥʘʥʠʷ ʚʩʝʭ ʚʠʜʦʚ, ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʙʳʣʠ ʙʳ ʨʝʘʣʠʟʫʝʤʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ. 
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ʄʝʭʘʥʠʟʤʳ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʘʭ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʫʩʪʦʷʣʠʩʴ. 

ɼʣʷ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ð ʵʪʦ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ (ʉʋɹɼ), ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʯʘʱʝ ʚʩʝʛʦ ʨʝʣʷʮʠʦʥʥʳʝ. 

ɼʣʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ð ʵʪʦ ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʮʝʜʫʨ, ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʯʘʱʝ ʚʩʝʛʦ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ, ʪʦ 

ʝʩʪʴ ʙʠʙʣʠʦʪʝʢʠ ʪʠʧʦʚ ʠ ʢʣʘʩʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ.  

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʟʥʘʥʠʡ. ʏʘʱʝ ʚʩʝʛʦ ʩʝʡʯʘʩ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʨʠ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..12). 

ʇʨʘʚʠʣʘ, ʠʣʠ ʧʨʦʜʫʢʮʠʠ. ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʘʚʠʣʘʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ. 

ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʤʦʜʝʣʠ 

ʚʳʯʠʩʣʠʤʦʩʪʠ, ʙʣʠʟʢʠʝ ʢ ʥʦʨʤʘʣʴʥʳʤ ʘʣʛʦʨʠʬʤʘʤ ʄʘʨʢʦʚʘ. 

ʉʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 

ʛʣʘʚʘʭ ʜʘʥʥʦʡ ʢʥʠʛʠ. 

ʌʦʨʤʫʣʳ ʣʦʛʠʯʝʩʢʠʭ ʠʩʯʠʩʣʝʥʠʡ. ʉʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʫʣʘʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʠʩʯʠʩʣʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ 

ʠʩʯʠʩʣʝʥʠʶ ʧʨʝʜʠʢʘʪʦʚ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʙʣʠʟʢʠʝ ʢ l-ʠʩʯʠʩʣʝʥʠʶ ʏʸʨʯʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʬʦʨʤʫʣ ʣʦʛʠʯʝʩʢʠʭ ʠʩʯʠʩʣʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʯʝʪʚʝʨʪʦʡ ʛʣʘʚʝ. 

ʌʨʝʡʤʳ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ. ʉʝʡʯʘʩ ʵʪʦʪ ʤʝʭʘʥʠʟʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦ, ʭʦʪʷ ʚ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʵʪʦ ʙʳʣʦ 

ʥʝ ʪʘʢ. ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ 

ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʛʨʘʬʦʚ.  

ɺʩʝ ʪʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʭʘʥʠʟʤʘ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʩʠʣʳ ʠ ʜʨʫʛʠʭ ʦʙʱʝʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʇʨʝʜʧʦʯʪʝʥʠʝ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ 

ʯʘʩʪʦ ʦʪʜʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠʚʳʯʥʦʩʪʠ, ʫʜʦʙʩʪʚʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʟʥʘʢʦʤʩʪʚʘ ʩ ʪʝʦʨʠʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠʢʣʘʜʥʦʡ 

ʩʠʩʪʝʤʳ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʢʦʤʧʘʢʪʥʳʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʦ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʝ, ʩʤ. ʧʘʨʘʛʨʘʬ 

0. 

ʌʘʢʪʦʛʨʘʬʠʯʝʩʢʠʝ

ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ

ʂʦʥʮʝʧʪʘʫʣɹʥr ʝ

ʉʠʩʪʝʤr  ʫʧʨʘʚʣʝʥʠ̫ ʙʘʟʘʤʠ 

ʜʘʥʥr ʭ (ʉʋɹɼ)

ɹʠʙʣʠʦʪʝʢʠ ʧʨʦʮʝʜʫʨ

ʇʨʘʚʠʣʘ, ʠʣʠ ʧʨʦʜʫʢʮʠʠ

ʌʦʨʤʫʣr  ʣʦʛʠʯʝʩʢʠʭ 

ʠʩʯʠʩʣʝʥʠʡ

ʌʨʝʡʤr  ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʝ 

ʩʝʪʠ

ɿʥʘʥʠ̫ ʄʝʭʘʥʠʟʤr  ʧʨʝʜʩʪʘʚʣʝʥʠ̫

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..12. ʄʝʭʘʥʠʟʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʟʥʘʥʠʡ 

1.4.4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʚʠʜʫ ʦʪʚʝʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʈʝʰʘʷ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ, ʧʨʠʢʣʘʜʥʘʷ ʩʠʩʪʝʤʘ ʀʀ ʧʦʣʫʯʘʝʪ ʥʘ 

ʚʭʦʜʝ ʟʥʘʥʠʷ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ, ʘ ʥʘ ʚʳʭʦʜʝ ʚʳʜʘʝʪ ʦʪʚʝʪ, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʫʶ ʬʦʨʤʫ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʝʢʦʪʦʨʦʝ (ʥʦʚʦʝ) ʟʥʘʥʠʝ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʚʝʜʝʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʠʜʦʚ ʟʥʘʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʫʨʦʚʥʶ ʚʳʜʘʚʘʝʤʦʛʦ ʦʪʚʝʪʘ.  

0. ʃʦʛʠʯʝʩʢʠʡ ʦʪʚʝʪ (ʜʘ ʠʣʠ ʥʝʪ); ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʳ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩʝʡʯʘʩ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʜʢʦ. 

1. ʌʘʢʪʦʛʨʘʬʠʯʝʩʢʠʡ ʦʪʚʝʪ (ʦʪʚʝʪ-ʬʘʢʪ); ʝʩʣʠ ʚʳʜʘʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʡ ʦʪʚʝʪ ʥʘ ʦʜʠʥ ʚʦʧʨʦʩ, ʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʢʣʘʩʩ ʩʠʩʪʝʤ. 

2. ʇʨʦʮʝʜʫʨʥʳʡ ʦʪʚʝʪ; ʨʝʰʘʷ ʟʘʜʘʯʫ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʠ 

ʟʘʧʫʩʪʠʪʴ ʧʨʦʮʝʜʫʨʫ (ʩʠʩʪʝʤʘ ʩʠʥʪʝʟʘ ʧʨʦʛʨʘʤʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ). ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʧʨʠʚʣʝʢʘʶʱʝʝ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ.  

3. ʇʦʥʷʪʠʡʥʳʡ ʦʪʚʝʪ; ʦʪʚʝʪ-ʟʘʢʦʥ, ʩʪʨʦʠʪʩʷ ʥʝ ʨʝʰʝʥʠʝ, ʘ 

ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʥʝ 

ʚʳʧʦʣʥʠʤʘʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʧʦʢʘ 

ʥʝʠʟʚʝʩʪʥʳ. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʦʪʚʝʪʦʚ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ, ʠʩʧʦʣʴʟʫʷ 

ʤʦʜʝʣʴʥʳʡ ʧʨʠʤʝʨ ʩ ʩʦʨʪʠʨʦʚʢʦʡ ʯʠʩʝʣ ʠʟ ʧʘʨʘʛʨʘʬʘ 0 (ʥʘʧʦʤʥʠʤ, 

ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʤʳ ʭʦʪʠʤ, ʯʪʦʙʳ ʢʦʤʧʴʶʪʝʨ 

ʦʪʩʦʨʪʠʨʦʚʘʣ ʥʘʙʦʨ ʠʟ ʪʨʝʭ ʯʠʩʝʣ ʚ ʧʦʨʷʜʢʝ ʠʭ ʚʦʟʨʘʩʪʘʥʠʷ). 

(0) 2 5 7 Ą ʜʘ 

5 2 7 Ą ʥʝʪ 

(1) 5 2 7 Ą 2 5 7 

(2) { x, y, z}?{ x < y < z} Ą Sort 3 

(3) { xi} ʦʪʩʦʨʪʠʨʦʚʘʪʴ Ą "  i, j ( i < j ­ xi < xj ) 

ʅʘ ʫʨʦʚʥʝ 0 ʤʳ ʧʨʝʜʲʷʚʣʷʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘ ʩʠʩʪʝʤʘ 

ʪʦʣʴʢʦ ʧʨʦʚʝʨʷʝʪ, ʦʪʩʦʨʪʠʨʦʚʘʥʘ ʦʥʘ ʠʣʠ ʥʝʪ. ʅʘ ʫʨʦʚʥʝ 1 ʤʳ 

ʧʨʝʜʲʷʚʣʷʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠ ʩʠʩʪʝʤʘ ʝʝ ʧʦʩʣʫʰʥʦ ʩʦʨʪʠʨʫʝʪ. 

ʅʘ ʫʨʦʚʥʝ 2 ʩʠʩʪʝʤʘ ʩʪʨʦʠʪ ʧʨʦʮʝʜʫʨʫ ʩʦʨʪʠʨʦʚʢʠ, ʧʨʠʤʝʨʥʦ ʪʘʢ, ʢʘʢ 

ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʧʘʨʘʛʨʘʬʝ 0. ʅʘʢʦʥʝʮ, ʥʘ ʫʨʦʚʥʝ 3 ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʦʙʲʷʩʥʷʝʪ ʥʘʤ, ʯʪʦ ʵʪʦ ʟʥʘʯʠʪ ð ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʤʘʩʩʠʚ 

ʯʠʩʝʣ
24

. 

                                                           

24
 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʜʘʪʴ 

ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ, çʯʪʦ ʟʥʘʯʠʪ ʦʪʩʦʨʪʠʨʦʚʘʪʴ ʤʘʩʩʠʚ?è, ʚʠʜʠʤʦ, ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ʆʜʥʘʢʦ, ʢʘʢ ʚʝʣʠʢʘ ʜʦʣʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʪʴ ʦʪʚʝʪ ʥʘ 

ʵʪʦʪ ʚʦʧʨʦʩ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʧʦʤʦʱʠ ʞʝʩʪʦʚ ʠ ʧʨʠʤʝʨʦʚ?   
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1.4.5. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʪʝʧʝʥʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ 

ɺʥʘʯʘʣʝ ʢʘʞʜʘʷ ʥʦʚʘʷ ʠʜʝʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʨʦʞʜʘʝʪʩʷ, 

ʙʫʜʫʯʠ ʧʨʠʚʷʟʘʥʥʦʡ ʢ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɼʝʣʦ ʚ ʪʦʤ, 

ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʀʀ ʧʨʠʥʷʪʦ ʧʫʙʣʠʢʘʮʠʶ ʥʦʚʳʭ ʠʜʝʡ ʩʦʧʨʦʚʦʞʜʘʪʴ 

ʭʦʪʷ ʙʳ ʦʜʥʠʤ ʢʦʥʢʨʝʪʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʦʚʠʥʢʠ. ɽʩʣʠ ʠʜʝʷ ʭʦʨʦʰʘ, ʦʥʘ 

ʥʘʭʦʜʠʪ ʥʦʚʳʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʳʨʘʩʪʘʷ ʚ 

ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʥʠʢʘʝʪ ʩʦʙʣʘʟʥ 

ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ. ʆʜʥʘʢʦ ʵʪʦ 

ʩʪʨʝʤʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʦʣʝʟʥʦ, ʧʦʩʢʦʣʴʢʫ ʩ ʨʦʩʪʦʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʨʝʟʢʦ ʧʘʜʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʘʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʟʥʘʥʠʡ. 

ɹʦʣʝʝ ʪʦʯʥʦ ʧʦʷʩʥʠʤ ʠʩʧʦʣʴʟʫʝʤʫʶ ʥʘʤʠ ʪʝʨʤʠʥʦʣʦʛʠʶ
25

. 

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ (ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ 

ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ) ð ʜʦʣʷ ʟʘʜʘʯ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʥʘʟʳʚʘʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ (ʚ ʜʘʥʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ) ʪʘʢʦʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʩʝ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʥʠʤʦʩʪʴ (ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ 

ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ) ð ʜʦʣʷ ʧʨʝʜʩʪʘʚʠʤʳʭ ʟʘʜʘʯ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʝ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʥʘʟʳʚʘʝʤ ʚʩʶʜʫ ʧʨʠʤʝʥʠʤʳʤ, ʠʣʠ 

ʪʦʪʘʣʴʥʳʤ (ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ) ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʚʩʝ ʟʘʜʘʯʠ ʩ 

ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚʨʷʜ ʣʠ 

ʚʦʟʤʦʞʥʳ. ɹʦʣʝʝ ʪʦʛʦ, ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʞʜʫ 
                                                           

25
 ʕʪʘ ʪʝʨʤʠʥʦʣʦʛʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʢʘ ʦʙʱʝʧʨʠʥʷʪʦʡ, ʵʪʦ ʥʘʰʝ 

ʧʨʝʜʣʦʞʝʥʠʝ. 
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ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴʶ ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..13)
26

.  

ʂʦʥʮʝʧʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʠʨʘ ʜʠʩʢʨʝʪʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ ʠ 

ʧʦʠʩʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʟ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʮʝʣʝʚʦʝ ʫʜʠʚʠʪʝʣʴʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʠʤʘ. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ 

ʧʨʠʤʝʥʠʤ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. ʆʜʥʘʢʦ ʟʘ ʵʪʫ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʧʨʠʭʦʜʠʪʩʷ ʧʣʘʪʠʪʴ ʩʫʛʫʙʦʡ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦʠʩʢʘ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..13. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʧʨʠʤʝʥʠʤʦʩʪʴʶ 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʥʠ ʚ ʙʘʟʘʭ ʜʘʥʥʳʭ, ʥʠ ʚ ʧʘʢʝʪʘʭ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʜʦʩʪʠʞʝʥʠʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʆʙʳʯʥʦ ʩʪʘʚʠʪʩʷ ʮʝʣʴ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʤʝʥʠʤʦʩʪʠ, 

ʜʘʞʝ ʮʝʥʦʡ ʩʥʠʞʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʇʨʠʯʠʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ. 

ɺʦ-ʧʝʨʚʳʭ, ʦʪ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʚʠʩʷʪ ʩʧʦʩʦʙʳ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʟʥʘʥʠʷʤʠ, ʠ ʪʦʣʴʢʦ ʫʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ 
                                                           

26
 ʄʳ ʠʟʦʙʨʘʟʠʣʠ ʛʨʘʬʠʢ ʦʙʨʘʪʥʦ-ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʧʦʷʩʥʷʶʱʝʛʦ ʢʘʯʝʩʪʚʝʥʥʫʶ ʢʘʨʪʠʥʫ. ɽʛʦ ʥʝʣʴʟʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ. 
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ʥʘʜʝʷʪʴʩʷ ʧʦʩʪʨʦʠʪʴ ʢʦʤʧʘʢʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ, ʢʦʪʦʨʦʝ ʜʘʩʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʠ ʧʦʚʳʰʘʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ. ɺʦ-ʚʪʦʨʳʭ, ʚ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʣʘʙʳ ʤʝʪʘʟʥʘʥʠʷ (ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ), 

ʪ.ʝ. ʟʥʘʥʠʷ ʦ ʪʦʤ, ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʘʚʠʣʘ, ʯʪʦ ʚʘʞʥʦ, ʘ ʥʘ ʯʪʦ ʤʦʞʥʦ ʥʝ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ, ʨʝʰʘʷ ʟʘʜʘʯʫ. 

1.4.6. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ 

ʩʨʝʜʩʪʚʘʤ 

ʇʨʠ ʘʥʘʣʠʟʝ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʣʦʛʠʯʥʦ ʚʳʜʝʣʠʪʴ:  

- ʦʙʲʝʢʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʤʘʥʠʧʫʣʠʨʫʝʪ ʩʠʩʪʝʤʘ (ʜʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʯʪʦ ʜʘʥʦ);  

- ʜʝʡʩʪʚʠʷ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʵʪʠ ʤʘʥʠʧʫʣʷʮʠʠ 

ʧʨʦʠʟʚʦʜʷʪʩʷ (ʯʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ); 

- ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʛʜʘ ʠ ʢʘʢʠʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ (ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ, ʢ ʢʘʢʠʤ 

ʦʙʲʝʢʪʘʤ, ʢʘʢʠʝ ʜʝʡʩʪʚʠʷ ʥʫʞʥʦ ʧʨʠʤʝʥʷʪʴ). 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʜʦʛʤʘ ð ʦʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʘʥʘʣʠʟʝ 

ʪʠʧʠʯʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʋʟʢʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠʥʦʛʜʘ ʠʤʝʝʪ ʜʨʫʛʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. 

ʀʤʝʝʪʩʷ ʚʠʜʫ ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʘ ʥʝ ʘʥʘʣʠʟ ʥʘ ʫʨʦʚʥʝ ʤʘʰʠʥʥʳʭ 

ʢʦʜʦʚ, ʛʜʝ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʫʞʝ ʥʝʨʘʟʣʠʯʠʤʘ. 

ʉʝʡʯʘʩ ʧʨʦ ʵʪʠ ʪʨʠ ʢʦʤʧʦʥʝʥʪʘ (ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʦʥʠ ʯʝʪʢʦ 

ʨʘʟʜʝʣʝʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ) ʛʦʚʦʨʷʪ: ʜʘʥʥʳʝ (ʩʚʦʡʩʪʚʘ 

ʦʙʲʝʢʪʦʚ), ʘʣʛʦʨʠʪʤʳ (ʤʝʪʦʜʳ ʦʙʲʝʢʪʦʚ ʚ ʪʝʨʤʠʥʘʭ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ) ʠ ʤʝʪʘʟʥʘʥʠʷ. 

ʋʞʝ ʧʝʨʚʳʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʀʀ ʚʳʷʚʠʣʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, 

ʯʘʩʪʴ ʠʭ ʢʦʪʦʨʳʭ ʤʳ ʦʙʩʫʞʜʘʝʤ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ. ʂʘʢ ʙʳ ʪʦ ʥʠ ʙʳʣʦ, 
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ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʧʨʠʤʝʥʷʣʠʩʴ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʷʟʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʵʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʥʘʢʣʘʜʳʚʘʪʴ ʦʪʧʝʯʘʪʦʢ 

ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʩʠʩʪʝʤʫ. ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʀʀ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʤ ʧʨʠʟʥʘʢʦʤ. 

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 1 

1. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʷʚʣʷʝʪʩʷ ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, 

ʠʤʝʶʱʠʤ ʷʚʥʦ ʚʳʜʝʣʝʥʥʳʡ ʧʨʝʜʤʝʪ ð ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʳʰʣʝʥʠʷ, 

ʧʦʥʠʤʘʝʤʦʛʦ ʢʘʢ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʮʝʣʳʡ ʨʷʜ 

ʤʝʪʦʜʦʚ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. 

2. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʝʨʠʦʜ ʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʟʘʚʝʨʰʝʥ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʝʨʠʦʜ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

3. ɸʥʘʣʠʟ ʜʦʩʪʠʞʝʥʠʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. 

ɻʃɸɺɸ 2. ʇʈɽɼʉʊɸɺʃɽʅʀɽ ɿʅɸʅʀʁ 

ʉʀʉʊɽʄɸʄʀ ʇʈʆɼʋʂʎʀʁ  

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʩʠʩʪʝʤʘʤʠ ʧʨʦʜʫʢʮʠʡ (Production Rules 

Knowledge Representation) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʧʨʦʩʪ, ʝʛʦ ʠʜʝʷ ʝʩʪʝʩʪʚʝʥʥʦ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ.  

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʪ ʨʝʟʢʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʨʠʢʣʘʜʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠ ʜʨʫʛʠʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ. ʉʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ð ʵʪʦ ʧʨʦʩʪʦ ʝʱʝ ʦʜʠʥ ʩʧʦʩʦʙ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʤ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʧʦʭʦʞ ʥʘ 
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ʧʨʠʚʳʯʥʦʝ ʧʨʦʮʝʜʫʨʥʦʝ ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʥʦ ʦʙʣʘʜʘʝʪ ʥʝ ʤʝʥʴʰʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

2.1. ʉʀʉʊɽʄʓ ʇʈʆɼʋʂʎʀʁ 

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʠʡ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ 

(ʠʣʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʣʠ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʘʚʠʣʘʭ)
27

, 

ʨʘʩʩʤʘʪʨʠʚʘʷ ʠʭ ʩ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, 

ʨʘʟʣʠʯʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʜʫʪ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʦʙʲʝʢʪʫ, ʭʦʪʷ ʠ 

ʧʦʜʭʦʜʷʪ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʠ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʜʝʪʘʣʷʭ. ʄʳ 

ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʦʧʨʝʜʝʣʝʥʠʷ: 

- ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʩʪʨʫʢʪʫʨʳ; 

- ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʩ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ; 

- ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʢʘʢ ʣʦʛʠʯʝʩʢʠʝ ʠʩʯʠʩʣʝʥʠʷ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʟʣʦʞʝʥʠʶ 

ʧʨʠʝʤʦʚ ʠ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʩ ʧʨʦʜʫʢʮʠʷʤʠ ʢʘʢ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʝʜʠʥʠʮʘʤʠ, ʤʳ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʚʝʩʪʠ ʥʝʢʦʪʦʨʳʡ ʧʦʨʷʜʦʢ ʚ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʪʝʨʤʠʥʦʣʦʛʠʠ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʷʚʥʳʤ ʦʙʨʘʟʦʤ çʨʘʩʩʪʘʚʠʪʴ ʧʦ ʤʝʩʪʘʤè ʚʦʟʤʦʞʥʳʝ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

2.1.1. ʊʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʩʦʛʣʘʰʝʥʠʷ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ɺ ʥʘʟʚʘʥʠʠ ʧʘʨʘʛʨʘʬʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʣʦʚʦ çʩʦʜʝʨʞʘʪʝʣʴʥʘʷè, 

ʢʦʪʦʨʦʝ ʦʙʦʟʥʘʯʘʝʪ ʩʦʟʥʘʪʝʣʴʥʦʝ ʦʪʩʪʫʧʣʝʥʠʝ ʘʚʪʦʨʘ ʩ ʧʦʟʠʮʠʡ 

çʩʪʨʦʛʦʩʪʠè ʠ çʘʣʛʦʨʠʪʤʠʯʥʦʩʪʠè ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʘʪʝʨʠʘʣʘ, ʥʦ ʵʪʦ 

                                                           

27
 ʅʝ ʪʦʣʴʢʦ ʚ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʦʙʦʟʥʘʯʘʶʪʩʷ 

ʤʥʦʛʠʤʠ, ʧʦʯʪʠ ʩʠʥʦʥʠʤʠʯʥʳʤʠ, ʥʦ ʚʩʝ-ʪʘʢʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ɺ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ, ʭʦʪʷ ʠ 

ʧʦʭʦʞʠʭ ʩʣʦʚʦʩʦʯʝʪʘʥʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʚʳʨʘʞʝʥʠʠ ç[production] [rules] 

[based] [ inference] systemsè ʧʦʯʪʠ ʣʶʙʘʷ ʧʘʨʘ ʠʣʠ ʜʘʞʝ ʪʨʦʡʢʘ ʩʣʦʚ, 

ʩʪʦʷʱʠʭ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʧʫʩʪʠʤʳʤ ʪʝʨʤʠʥʦʤ, 

ʠʤʝʶʱʠʤ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʩʠʩʪʝʤʘʤ ʧʨʦʜʫʢʮʠʡ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʠʩʢʝ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʪʫ ʪʝʤʫ ʚ ʀʥʪʝʨʥʝʪʝ ʤʳ ʨʝʢʦʤʝʥʜʫʝʤ ʧʨʦʚʝʩʪʠ ʧʦʠʩʢ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʨʘʟʣʠʯʥʳʤ ʩʣʦʚʦʩʦʯʝʪʘʥʠʷʤ.  
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ʦʪʩʪʫʧʣʝʥʠʝ ʚʨʝʤʝʥʥʦʝ ð ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʧʘʨʘʛʨʘʬʘ. 

ʆʙʲʷʩʥʷʝʪʩʷ ʦʪʩʪʫʧʣʝʥʠʝ ʞʝʣʘʥʠʝʤ ʘʚʪʦʨʦʚ ʧʦʜʯʝʨʢʥʫʪʴ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʚ ʦʙʩʫʞʜʘʝʤʦʡ ʦʙʣʘʩʪʠ çʥʝʨʘʟʙʝʨʠʭʫè ʚ ʪʝʨʤʠʥʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʠ ʦʙʦʩʥʦʚʘʥʠʷʭ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠʟʥʘʢʦʤ çʤʦʣʦʜʦʩʪʠè ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʉʦʜʝʨʞʘʪʝʣʴʥʦ (ʩ ʧʦʟʠʮʠʡ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʷʟʳʢʘ) ʩ ʪʝʨʤʠʥʦʤ çʧʨʦʜʫʢʮʠʷè ʯʘʱʝ ʚʩʝʛʦ ʘʩʩʦʮʠʠʨʫʶʪ 

ʩʣʦʞʥʦʧʦʜʯʠʥʝʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ ʫʩʣʦʚʥʦʛʦ ʚʠʜʘ çɽʩʣʠ ʧʦʩʳʣʢʘ, ʪʦ 

ʟʘʢʣʶʯʝʥʠʝè. ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʜʝʪʘʣʠ, ʟʘʬʠʢʩʠʨʫʝʤ ʧʦʢʘ ʠʤʝʥʥʦ ʵʪʠ 

ʪʝʨʤʠʥʳ: ʧʦʩʳʣʢʘ ʠ ʟʘʢʣʶʯʝʥʠʝ. ʆʧʷʪʴ ʞʝ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʪʦʯʥʝʥʠʡ, ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʟʣʦʞʝʥʠʷ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʧʨʦʜʫʢʮʠʶ ʚ 

ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʬʦʨʤʝ 

p ­ q,     (*)  

ʛʜʝ p ʠ q ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʦʩʳʣʢʫ ʠ ʟʘʢʣʶʯʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʯʠʪʘʪʝʣʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʟʘʧʠʩʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʣʦʚʝʩʥʦʛʦ ʧʨʠʤʝʨʘ, ʷʚʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥ ʪʨʝʪʠʡ ʠ ʦʯʝʥʴ 

ʚʘʞʥʳʡ ʵʣʝʤʝʥʪ ʧʨʦʜʫʢʮʠʠ ð ʩʚʷʟʢʘ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʩʪʨʝʣʦʯʢʦʡ. 

ʂʘʞʜʳʡ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʠ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʥʝʢʦʪʦʨʫʶ ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ (ʠʥʪʝʨʧʨʝʪʘʮʠʶ, ʩʝʤʘʥʪʠʢʫ, 

ʦʟʥʘʯʝʥʥʦʩʪʴ ʠ ʪ.ʜ. ð ʚ ʨʘʟʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʤʳʩʣ ʤʦʞʥʦ 

ʙʳʣʦ ʩʦʧʦʩʪʘʚʠʪʴ ʚʩʝʡ ʧʨʦʜʫʢʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʸ (ʧʨʦʜʫʢʮʠʶ) ʧʨʠ ʨʝʰʝʥʠʠ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʙʣʝʤʳ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʙʠʥʘʮʠʠ ʚʳʙʨʘʥʥʳʭ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʧʨʠʤʝʥʠʤʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʙʘʟʠʩ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʳ ʠ ʩʪʨʘʪʝʛʠʠ ʨʘʙʦʪʳ ʩ 

ʧʨʦʜʫʢʮʠʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʥʠʤʘʪʝʣʴʥʳʡ ʠ ʜʦʪʦʰʥʳʡ ʯʠʪʘʪʝʣʴ 

ʜʦʣʞʝʥ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʠʤʘʝʤʳʭ 

ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʣʶʙʘʷ ʧʨʦʜʫʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʥʝʢʦʪʦʨʦʝ ʧʨʘʚʠʣʦ 

ʧʦʚʝʜʝʥʯʝʩʢʦʛʦ ʠʣʠ ʧʨʝʦʙʨʘʟʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʷʚʣʝʥʥʫʶ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ çʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴè, 

ʤʳ ʥʝ ʩʪʘʥʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʘ ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʤʢʘʤʠ ʪʝʤʘʪʠʢʠ, 

ʦʧʨʝʜʝʣʸʥʥʦʡ ʥʘʟʚʘʥʠʝʤ ʠ ʥʘʟʥʘʯʝʥʠʝʤ ʢʥʠʛʠ. 

ʇʨʦʜʫʢʮʠʠ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʢʣʘʩʩʘ: ʦʜʥʦʨʦʜʥʳʝ ʠ ʥʝʦʜʥʦʨʦʜʥʳʝ. ʕʪʦ 

ʨʘʟʙʠʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʟʘʜʘʥʠʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʩʳʣʢʠ ʠ 

ʟʘʢʣʶʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ p ʠ q ʧʦʣʫʯʘʶʪ çʩʭʦʞʠʡè 

ʩʤʳʩʣ (ʩʣʦʚʘ ʚ ʥʝʢʦʪʦʨʦʤ ʦʙʱʝʤ ʘʣʬʘʚʠʪʝ, ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ, 

ʣʦʛʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʠ ʪ.ʜ.). ʂʦ ʚʪʦʨʦʤʫ ʚʠʜʫ ʤʳ ʦʪʥʝʩʝʤ 

ʧʨʦʜʫʢʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʳʣʢʘ ʠ ʟʘʢʣʶʯʝʥʠʝ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʧʦ 

ʨʘʟʥʦʤʫ (ʫʩʣʦʚʠʝ ï ʜʝʡʩʪʚʠʝ, ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ ï ʧʝʨʝʭʦʜ, ʩʪʠʤʫʣ ï

 ʨʝʘʢʮʠʷ, ʜʨʫʛʠʝ ʩʦʯʝʪʘʥʠʷ). 

ʅʘʧʦʤʥʠʤ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʤʦʤʝʥʪ ð ʚʩʝ ʤʝʭʘʥʠʟʤʳ ʠ 

ʧʨʠʝʤʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʡ ʢʥʠʛʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ ʚ ʥʝʢʦʪʦʨʦʡ ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʠ. ʌʠʢʩʠʨʦʚʘʥʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʟʳʚʘʝʤ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ (ʦʢʨʫʞʝʥʠʷ ʠʣʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ). ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʳ 

ʚʩʝʛʜʘ (ʝʩʣʠ ʷʚʥʦ ʥʝ ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʠʥʦʝ) ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ D, 

ʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠʟ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʘʤʠ 

d ʩ ʠʥʜʝʢʩʘʤʠ ʠ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʝʪʩʷ ʥʘʙʦʨʦʤ 

ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ (ʫʪʚʝʨʞʜʝʥʠʡ) ʯʝʛʦ-ʣʠʙʦ (ʦ ʯʝʤ-ʣʠʙʦ). ʉʧʦʩʦʙ 

ʭʨʘʥʝʥʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ) ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ d ʥʝ ʧʨʠʥʮʠʧʠʘʣʝʥ 

(ʩʧʠʩʦʢ, ʤʘʩʩʠʚ, ʥʘʙʦʨ ʪʘʙʣʠʮ). ʄʝʭʘʥʠʟʤ ʭʨʘʥʝʥʠʷ ʪʝʢʫʱʝʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʳ ʪʘʢʞʝ ʦʙʦʟʥʘʯʘʝʤ ʙʫʢʚʦʡ D (ʚʩʝʛʜʘ ʣʝʛʢʦ ʦʪʣʠʯʠʪʴ ʧʦ 

ʢʦʥʪʝʢʩʪʫ ʦ ʯʝʤ ʨʝʯʴ ð ʦ ʤʥʦʞʝʩʪʚʝ ʩʦʩʪʦʷʥʠʡ ʠʣʠ ʦ ʤʝʭʘʥʠʟʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤʝ) ʠ ʥʘʟʳʚʘʝʤ çʙʘʟʘ ʬʘʢʪʦʚè 

(ʨʝʞʝ ð çʙʘʟʘ ʜʘʥʥʳʭè, ʘ ʠʥʦʛʜʘ çʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘè). 

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ ʜʘʥʥʳʭ D 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʧʦʠʩʢʘ (search space). 
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ʆʪʨʘʞʘʷ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ (ʠʟʤʝʥʝʥʠʷ ʩʠʪʫʘʮʠʠ) 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʤʳ ʪʘʢʞʝ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʧʝʨʝʭʦʜʝ ʠʟ 

ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʧʨʠ ʵʪʦʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʥʘʣʠʯʠʝ 

ʥʘʯʘʣʴʥʦʛʦ (ʦʙʷʟʘʪʝʣʴʥʦ!) ʠ ʢʦʥʝʯʥʦʛʦ (ʥʝ ʚʩʝʛʜʘ) ʩʦʩʪʦʷʥʠʡ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʦʚ, ʚʝʜʫʱʠʭ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʢʦʥʝʯʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʤʳ ʥʘʟʳʚʘʝʤ ʚʳʚʦʜʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ, ʘ 

ʘʢʪ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʶʱʝʝ ð 

ʰʘʛʦʤ ʚʳʚʦʜʘ. 

ɺ ʊʘʙʣʠʮʘ 1 ʤ  r ʧʨʠʚʦʜʠʤ ʪʠʧʠʯʥʳʝ ʧʨʠʤʝʨʳ ʩʠʩʪʝʤ 

ʦʜʥʦʨʦʜʥʳʭ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʜʫʢʮʠʡ, ʫʢʘʟʳʚʘʷ ʧʨʝʜʤʝʪʥʫʶ 

ʦʙʣʘʩʪʴ, ʬʦʨʤʘʣʴʥʫʶ ʪʝʦʨʠʶ, ʚʳʩʪʫʧʘʶʱʫʶ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʙʘʟʠʩʦʤ, 

ʨʘʩʰʠʬʨʦʚʳʚʘʷ ʬʦʨʤʫʣʫ (*), ʘ ʪʘʢʞʝ, ʬʠʢʩʠʨʫʷ ʮʝʣʴ ʠ (ʧʨʠ ʥʘʣʠʯʠʠ) 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʦʙʣʝʤʳ. ʂʦʝ-ʛʜʝ ʤʳ ʧʨʠʚʦʜʠʤ ʩʩʳʣʢʠ ʥʘ ʜʦʩʪʦʡʥʳʝ 

ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʪʦʯʥʠʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ, ʥʘ ʧʘʨʘʛʨʘʬʳ ʜʘʥʥʦʡ 

ʢʥʠʛʠ). 

ʊʘʙʣʠʮʘ 2. ʇʨʠʤʝʨʳ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ 

ʇʨʝʜʤʝʪʥʘʷ 

ʦʙʣʘʩʪʴ ʠ ʩʩʳʣʢʘ 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʙʘʟʠʩ ʠ 

ʮʝʣʴ 

ʊʠʧ ʠ ʬʦʨʤʘʪ 

ʧʨʦʜʫʢʮʠʠ 

ʉʠʥʪʘʢʩʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ [5] 

ʅʦʨʤʘʣʴʥʳʝ ʘʣʛʦʨʠʬʤʳ 

ʄʘʨʢʦʚʘ,  

ʘʚʪʦʤʘʪ-ʨʘʩʧʦʟʥʘʚʘʪʝʣʴ 

ʆʜʥʦʨʦʜʥʘʷ, 

ʮʝʧʦʯʢʘ ­ ʮʝʧʦʯʢʘ 

ʂʦʤʧʴʶʪʝʨʥʘʷ 

ʘʣʛʝʙʨʘ 

ʉʠʩʪʝʤʳ ʧʦʜʩʪʘʥʦʚʦʢ 

ʪʝʨʤʦʚ,  

ʨʝʜʫʢʮʠʷ ʚʳʨʘʞʝʥʠʡ 

ʆʜʥʦʨʦʜʥʘʷ 

ʪʝʨʤ ­ ʪʝʨʤ 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʤʦʜʝʣʠ  

ʀʥʪʫʠʮʠʦʥʠʩʪʩʢʦʝ 

ʠʩʯʠʩʣʝʥʠʝ ʚʳʩʢʘʟʳʚʘʥʠʡ, 

ʧʨʦʛʨʘʤʤʘ 

ʆʜʥʦʨʦʜʥʘʷ, 

ʘʨʛʫʤʝʥʪʳ ­ 

ʨʝʟʫʣʴʪʘʪʳ  

ʉʠʩʪʝʤʳ 

ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ 

[6] 

ʀʩʯʠʩʣʝʥʠʝ ʧʨʝʜʠʢʘʪʦʚ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 

ʆʜʥʦʨʦʜʥʘʷ, 

ʧʨʝʜʠʢʘʪʳ ­ 

ʧʨʝʜʠʢʘʪʳ  

ʕʢʩʧʝʨʪʥʳʝ 

ʩʠʩʪʝʤʳ (ʧʘʨʘʛʨʘʬ 

1.1.3) 

ʅʝʪ ʙʘʟʠʩʘ,  

ʜʠʘʛʥʦʟ 

ʅʝʦʜʥʦʨʦʜʥʘʷ, 

ʩʠʤʧʪʦʤʳ ­ ʜʠʘʛʥʦʟ 

ʉʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠ ̫

ʅʝʪ ʙʘʟʠʩʘ, ʛʦʤʝʦʩʪʘʟ ʠʣʠ 

ʠʥʘʷ ʮʝʣʴ ʫʧʨʘʚʣʝʥʠʷ  

ʅʝʦʜʥʦʨʦʜʥʘʷ, 

ʩʦʩʪʦʷʥʠʝ+ʩʪʠʤʫʣ ­ 
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ʨʝʘʢʮʠʷ 

ɺʦʧʨʦʩ-ʦʪʚʝʪʥʳʝ 

ʩʠʩʪʝʤʳ, (ʧʘʨʘʛʨʘʬ 

1.1.2) 

ʅʝʪ ʙʘʟʠʩʘ, ʧʦʜʜʝʨʞʢʘ 

ʜʠʘʣʦʛʘ 

ʅʝʦʜʥʦʨʦʜʥʘʷ, 

ʚʦʧʨʦʩ+ʰʘʙʣʦʥ ­ 

ʦʪʚʝʪ 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʠʩʪʝʤ ʥʝʪ ʦʙʱʝʧʨʠʥʷʪʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ. ɺ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʦʙʦʩʥʦʚʘʥʠʝʤ ʩʠʩʪʝʤ 

ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʦʭʨʘʥʷʝʤʳʝ ʢʦʤʘʥʜʳ ɼʝʡʢʩʪʨʳ [7], 

ʢʦʪʦʨʳʝ, ʚʧʨʦʯʝʤ, ʪʘʢ ʠ ʥʝ ʩʪʘʣʠ ʩʪʨʦʛʦʡ ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʝʡ.  

2.1.2. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʜʫʢʮʠʡ 

ɻʝʥʝʟʠʩ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ. ʂʘʢ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ ʨʘʥʝʝ, ʚʩʝ 

(ʠʣʠ ʧʦʯʪʠ ʚʩʝ) ʧʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʀʀ, ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ, ʦʪʨʘʞʘʶʪ (ʤʦʜʝʣʠʨʫʶʪ) ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ʉʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʥʝ ʷʚʣʷʶʪʩʷ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʠʩʢʣʶʯʝʥʠʝʤ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ (ʩʤ. ʧʘʨʘʛʨʘʬ 1.1.3), 

ʠʤʠʪʠʨʫʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʘ ʚ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ ʨʘʟʥʦʛʦ ʨʦʜʘ ʩʠʪʫʘʮʠʡ, ʙʫʜʴ ʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʜʠʘʛʥʦʟʘ ʧʘʮʠʝʥʪʫ, ʚʳʨʘʙʦʪʢʘ ʟʘʢʣʶʯʝʥʠʷ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ) ʠʣʠ ʯʪʦ-ʪʦ ʠʥʦʝ. ʏʝʣʦʚʝʢ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʝʰʘʷ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ, ʚʳʩʪʨʘʠʚʘʝʪ ʮʝʧʦʯʢʠ ʩʠʣʣʦʛʠʟʤʦʚ
28

. 

ʇʦʜʦʙʥʳʡ ʩʪʠʣʴ ʤʳʰʣʝʥʠʷ ʚ ʙʳʪʫ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʜʝʜʫʢʪʠʚʥʳʤ, 

ʠʤʝʥʥʦ ʠʤ ʙʣʝʩʪʷʱʝ ʚʣʘʜʝʣ ʠ ʧʣʦʜʦʪʚʦʨʥʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣ ʦʜʠʥ ʠʟ 

ʩʘʤʳʭ ʚʝʣʠʢʠʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʩʳʱʠʢʦʚ ð ʵʢʩʧʝʨʪ ʚ ʦʙʣʘʩʪʠ 

ʨʘʩʢʨʳʪʠʷ ʧʨʝʩʪʫʧʣʝʥʠʡ ʐʝʨʣʦʢ ʍʦʣʤʩ. 

ʆʛʦʚʦʨʢʘ çʚ ʙʳʪʫè ʩʜʝʣʘʥʘ ʥʝ ʩʣʫʯʘʡʥʦ ð ʤʳ ʭʦʪʝʣʠ 

ʧʦʜʯʝʨʢʥʫʪʴ ʵʣʝʤʝʥʪʳ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʝʨʪʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʦʛʦ ʯʝʣʦʚʝʢʦʤ. ʕʪʘ ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ: 

                                                           

28
 ʉʠʣʣʦʛʠʟʤ ð ʫʤʦʟʘʢʣʶʯʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʩʫʞʜʝʥʠʡ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʚʦʜʠʪʩʷ ʥʦʚʦʝ ʩʫʞʜʝʥʠʝ, ʥʘʟʳʚʘʝʤʦʝ 

ʟʘʢʣʶʯʝʥʠʝʤ [8]. 



80 

 

- ʧʦʣʥʦʪʦʡ ʠ ʧʦʜʨʦʙʥʦʩʪʴʶ ʘʥʘʤʥʝʟʘ
29

 (ʠʩʧʦʣʴʟʫʷ ʤʝʜʠʮʠʥʩʢʫʶ 

ʪʝʨʤʠʥʦʣʦʛʠʶ) ð ʢʘʰʝʣʴ ʢʫʨʠʣʴʱʠʢʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʧʦʜʦʟʨʝʥʠʝ 

ʦʥʢʦʣʦʛʘ, ʘ ʫ ʥʝʢʫʨʷʱʝʛʦ ʩʧʦʨʪʩʤʝʥʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʙʘʥʘʣʴʥʦʝ ʆʈɿ; 

- ʦʧʳʪʥʦʩʪʴʶ ʵʢʩʧʝʨʪʘ ð ʥʝʢʦʪʦʨʳʝ ʟʥʘʶʪ, ʯʪʦ ʯʘʡʢʠ, ʤʠʨʥʦ 

ʛʫʣʷʶʱʠʝ ʧʦ ʙʝʨʝʛʫ, ʧʨʝʜʚʝʱʘʶʪ ʰʪʦʨʤ, ʜʨʫʛʠʤ ʥʝʠʟʚʝʩʪʥʦ ʜʘʞʝ, 

ʯʪʦ ʪʝ ʞʝ ʯʘʡʢʠ, ʧʣʘʚʘʶʱʠʝ ʚ ʤʦʨʝ, ʛʘʨʘʥʪʠʨʫʶʪ ʪʠʭʫʶ ʠ ʩʧʦʢʦʡʥʫʶ 

ʧʦʛʦʜʫ; 

- ʫʤʝʥʠʝʤ ʧʨʠʤʝʥʠʪʴ ʟʥʘʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʤ ʧʦʨʷʜʢʝ 

(ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʣʫʯʰʫʶ ʩʪʨʘʪʝʛʠʶ ʚʳʚʦʜʘ!) ʠ ʪ.ʜ.  

ɺʳʚʦʜ ʯʘʩʪʦ ʙʳʚʘʝʪ ʥʝ ʢʘʪʝʛʦʨʠʯʥʳʤ (ʥʝʦʜʥʦʟʥʘʯʥʳʤ) ð 

çʇʘʮʠʝʥʪ ʩʢʦʨʝʝ ʞʠʚ, ʯʝʤ ʤʸʨʪʚè (ʤʝʜʠʮʠʥʩʢʠʡ ʘʥʝʢʜʦʪ, ʘ ʤʦʞʝʪ ʠ 

ʥʝ ʘʥʝʢʜʦʪ). ʅʝʨʝʜʢʦ ʩʣʫʯʘʝʪʩʷ, ʯʪʦ ʜʚʘ ʨʘʟʥʳʭ ʵʢʩʧʝʨʪʘ ʠʟ ʦʜʥʠʭ ʠ 

ʪʝʭ ʞʝ ʧʦʩʳʣʦʢ ʩʪʨʦʷʪ ʨʘʟʣʠʯʥʳʝ (ʧʦʨʦʡ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʝ ʦʜʠʥ 

ʜʨʫʛʦʤʫ) ʚʳʚʦʜʳ ï ʩʤ. ʧʨʠʤʝʨ çʦʨʪʦʛʦʥʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠè ʦ 

ʙʦʣʛʘʨʠʥʝ ʠ ʝʛʦ ʜʝʚʫʰʢʝ (ʧʘʨʘʛʨʘʬ 1.1.1). 

ɺʩʝ ʵʪʠ ʯʝʨʪʳ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ, ʧʨʠʩʫʱʠ ʩʦʚʨʝʤʝʥʥʳʤ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʵʢʩʧʝʨʪʥʳʤ ʩʠʩʪʝʤʘʤ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʤʝʭʘʥʠʟʤ 

ʧʨʦʜʫʢʮʠʡ ʚ ʨʝʘʣʠʟʘʮʠʠ. 

ʉ ʬʦʨʤʘʣʴʥʳʭ ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʘ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʜʫʢʮʠʡ 

ʷʚʣʷʝʪʩʷ ʵʢʣʝʢʪʠʯʥʳʤ ʦʙʲʝʜʠʥʝʥʠʝʤ ʘʧʧʘʨʘʪʦʚ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʟʘʚʠʩʠʤʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ: ʣʦʛʠʢʠ ʧʨʝʜʠʢʘʪʦʚ, ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʚʦʟʤʦʞʥʦ, ʪʝʦʨʠʠ ʤʝʨʳ ʠ ʯʝʛʦ-ʪʦ ʝʱʝé 

ɸʢʩʠʦʤʘʪʠʢʘ ʙʦʣʴʰʠʥʩʪʚʘ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ (ʚ ʯʘʩʪʠ, ʦʪʨʘʞʘʶʱʝʡ 

ʢʦʥʢʨʝʪʥʫʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ð ʩʤ. ʚʳʰʝ ʧʨʠʤʝʨʳ ʧʨʦ ʙʦʣʛʘʨʠʥʘ 

ʠ ʯʘʝʢ) ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ð 

ʥʝʜʦʩʪʦʚʝʨʥʳʤʠ, ʘ ʩʪʦʠʤʦʩʪʴ ʚʳʚʦʜʘ ð ʥʝʦʧʨʘʚʜʘʥʥʦ ʚʳʩʦʢʦʡ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ (ʠ ʵʪʦ, ʧʦʨʦʡ, ʚʳʟʳʚʘʝʪ ʚʦʩʭʠʱʝʥʠʝ!) ʩʦʚʨʝʤʝʥʥʳʝ 

ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʥʝ ʧʨʦʩʪʦ ʦʙʣʝʛʯʘʪʴ ʞʠʟʥʴ ʤʝʜʠʢʘʤ, 

                                                           

29
 ɸʥʘʤʥʝʟ ð ʦʧʠʩʘʥʠʝ ʧʨʦʰʣʦʡ ʞʠʟʥʠ ʙʦʣʴʥʦʛʦ ʠ ʠʩʪʦʨʠʷ ʝʛʦ 

ʙʦʣʝʟʥʠ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʝʝ, ʧʨʠʪʦʤ ʢʘʢ ʚʥʝʰʥʠʭ (ʦʙʲʝʢʪʠʚʥʳʭ) 

ʧʨʦʷʚʣʝʥʠʡ ʝʝ, ʪʘʢ ʠ ʚʩʝʭ ʥʝʥʦʨʤʘʣʴʥʳʭ ʦʱʫʱʝʥʠʡ, ʢʦʪʦʨʳʤʠ ʦʥʘ 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ [8]. 
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ʛʝʦʣʦʛʘʤ, ʭʠʤʠʢʘʤ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤ ʜʨʫʛʠʭ ʦʙʣʘʩʪʝʡ, ʥʦ ʤʦʛʫʪ ʠ 

çʚʳʜʘʚʘʪʴè ʘʙʩʦʣʶʪʥʦ ʥʝʦʞʠʜʘʥʥʳʝ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʧʨʦʜʫʢʪʠʚʥʳʝ 

ʨʝʰʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʣʦʛʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ (ʠ ʧʨʠʤʢʥʫʚʰʝʡ ʢ ʥʝʤʫ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʦʜʘʣʴʥʳʝ ʣʦʛʠʢʠ, ʷʚʥʦ ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʢʚʘʥʪʦʨʳ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʧʝʨʩʦʥʠʬʠʢʘʮʠʠ ʟʥʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʫʶʱʠʝ 

ʩʚʦʡʩʪʚʦ ʥʝʤʦʥʦʪʦʥʥʦʩʪʠ ʚʳʚʦʜʘ ʠ ʩʝʤʘʥʪʠʢʫ ʚʦʟʤʦʞʥʳʭ ʤʠʨʦʚ (ʩʤ. 

[9, 10]).  

ʉʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ (ʉʇ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʪʚʸʨʢʦʡ: ʙʘʟʘ 

ʬʘʢʪʦʚ, ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʮʠʡ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʣʦʚʠʝ 

ʦʢʦʥʯʘʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʝʨʪʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ.  

ɺ ʵʪʦʡ ʢʥʠʛʝ ʙʘʟʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʙʫʢʚʦʡ 

D, ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʮʠʡ ð R, ʩʪʨʘʪʝʛʠʷ (ʩʠʩʪʝʤʘ) ʫʧʨʘʚʣʝʥʠʷ ð C, ʘ 

ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ ð t. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʟʘʬʠʢʩʠʨʦʚʘʣʠ 

ʦʙʦʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʦ 

ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʝ: 

ʉʇ = < D, R, C, t > .    (**)  

ʋʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʟʘʜʘʥʦ, ʧʦʵʪʦʤʫ ʥʠʞʝ ʤʳ 

ʧʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʡ ʫʪʦʯʥʷʶʱʠʡ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʧʦʩʣʝʜʥʝʤʫ 

ʵʣʝʤʝʥʪʫ ʯʝʪʚʸʨʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʧʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʬʦʨʤʘʣʠʟʤʝ 

ʧʨʦʜʫʢʮʠʡ, ʠʤʝʶʪ ʯʝʪʢʦʝ ʜʝʣʝʥʠʝ ʥʘ ʪʨʠ ʯʘʩʪʠ, ʫʧʦʤʷʥʫʪʳʝ ʚ 

ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʝ (ʩʤ. ʧʘʨʘʛʨʘʬ 1.3.4):  

- ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʝ ʟʥʘʥʠʝ (ʙʘʟʘ ʬʘʢʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʬʦʨʤʝ ʙʘʟʳ ʜʘʥʥʳʭ);  

- ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʟʥʘʥʠʝ (ʧʨʘʚʠʣʘ);  

- ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʟʥʘʥʠʝ (ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ).  
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ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʪʘʢ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪ 

ʧʨʠʢʣʘʜʥʳʝ ʩʠʩʪʝʤʳ ʀʀ ʚ ʮʝʣʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʡ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ. 

ʄʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʮʠʡ R. ʕʣʝʤʝʥʪʳ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʙʳʯʥʦ 

ʥʘʟʳʚʘʶʪ ʧʨʦʜʫʢʮʠʦʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ, ʠʣʠ ʧʨʘʚʠʣʘʤʠ ʧʨʦʜʫʢʮʠʠ ʠʣʠ 

ʧʨʦʩʪʦ ʧʨʦʜʫʢʮʠʷʤʠ. 

ʅʝʦʜʥʦʨʦʜʥʘʷ ʧʨʦʜʫʢʮʠʷ (production) ð ʵʪʦ ʧʘʨʘ çʫʩʣʦʚʠʝ ï

 ʜʝʡʩʪʚʠʝè, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪ ʧʦʨʮʠʶ ʟʥʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʰʘʛʘ ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʝʨʪʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ.  

ʇʨʘʚʠʣʦ ʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ: 

r =def if  p (d) then d := f (d) end if ,    (***)  

ʛʜʝ p ð ʫʩʣʦʚʠʝ, ʘ f ð ʜʝʡʩʪʚʠʝ.  

ʊʦʛʜʘ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

R = { r | r = (p, f [, w]) } .  

ʋʩʣʦʚʥʘʷ ʯʘʩʪʴ ʧʨʘʚʠʣʘ p  ʦʧʨʝʜʝʣʷʝʪ, ʢʦʛʜʘ ʵʪʦ ʧʨʘʚʠʣʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʝʥʠʷ (ʙʘʟʳ 

ʬʘʢʪʦʚ). ʈʝʘʣʠʟʘʮʠʷ p, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʪʠʥʥʦʩʪʴʶ ʠʣʠ 

ʣʦʞʥʦʩʪʴʶ ʧʨʝʜʠʢʘʪʘ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʢ 

ʜʘʥʥʦʤʫ ʤʦʤʝʥʪʫ ʬʘʢʪʦʚ. ʏʘʩʪʴ ʧʨʦʜʫʢʮʠʠ f ʟʘʜʘʸʪ ʦʪʦʙʨʘʞʝʥʠʝ 

f : D ­ D ʠ ʦʧʨʝʜʝʣʷʝʪ ʜʝʡʩʪʚʠʝ ʥʘʜ ʦʢʨʫʞʝʥʠʝʤ
30

. ʀʥʦʛʜʘ 

ʠʩʧʦʣʴʟʫʶʪ ʚʝʱʝʩʪʚʝʥʥʦʝ ʯʠʩʣʦ w, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʮʝʥʫ (ʠʣʠ 

ʚʝʩ, ð weight) ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, 

ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʥʝ ʧʨʦʩʪʦ ʥʘʡʪʠ ʢʘʢʫʶ-ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʫʢʮʠʡ, ʚʝʜʫʱʫʶ ʢ ʮʝʣʠ, ʘ ʥʘʡʪʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʘʨʥʦʡ ʮʝʥʦʡ.  

ɹʘʟʘ ʬʘʢʪʦʚ D ʩʦʜʝʨʞʠʪ ʦʧʠʩʘʥʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ çʤʠʨʘè 

ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʩʫʞʜʝʥʠʡ. ʕʪʦ ʦʧʠʩʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʮʦʤ, ʢʦʪʦʨʳʡ 

ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʫʩʣʦʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʜʫʢʮʠʠ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʝʡʩʪʚʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ. ɽʩʣʠ ʪʝʢʫʱʝʝ 

ʩʦʜʝʨʞʠʤʦʝ ʙʘʟʳ ʜʘʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʥʝʢʦʪʦʨʦʛʦ 

                                                           

30
 ɺ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʦ ʵʢʟʦʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʜʫʢʮʠʡ f ʤʦʞʝʪ 

ʪʘʢʞʝ ʚʣʠʷʪʴ ʥʘ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʦʜʫʢʮʠʡ. 
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ʧʨʘʚʠʣʘ, ʪʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʜʝʡʩʪʚʠʝ, ʫʢʘʟʘʥʥʦʝ ʚ ʵʪʦʤ ʧʨʘʚʠʣʝ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ, ʯʪʦ ʧʨʘʚʠʣʦ ʧʨʠʤʝʥʠʤʦ. ʅʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʠʪʴ ʧʨʘʚʠʣʦ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʷʪʴ. 

ɹʫʜʝʪ ʣʠ ʧʨʠʤʝʥʠʤʦʝ ʧʨʘʚʠʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʤʝʥʝʥʦ, ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ.  

ɽʩʣʠ ʧʨʘʚʠʣʦ ʧʨʠʤʝʥʠʤʦ, ʠ ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʚʳʙʠʨʘʝʪ, 

ʪʦ ʧʨʘʚʠʣʦ ʧʨʠʤʝʥʷʝʪʩʷ. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ ʙʘʟʘ ʜʘʥʥʳʭ 

ʤʝʥʷʝʪ ʩʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʉʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʉ. ʋʧʨʘʚʣʷʶʱʘʷ ʩʪʨʫʢʪʫʨʘ 

ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʩʪʘ: ʙʘʟʘ ʬʘʢʪʦʚ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ 

ʥʘʯʘʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʟʘʜʘʯʠ. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʪʘʢʞʝ ʦʪʨʘʞʘʝʪʩʷ ʚ ʙʘʟʝ ʬʘʢʪʦʚ. ʊʝʢʫʱʝʝ ʩʦʜʝʨʞʠʤʦʝ ʙʘʟʳ ʬʘʢʪʦʚ 

ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʨʠʤʝʥʠʤʳʭ ʧʨʘʚʠʣ, ʠʥʦʛʜʘ ʥʘʟʳʚʘʝʤʦʝ 

ʢʦʥʬʣʠʢʪʥʳʤ ʤʥʦʞʝʩʪʚʦʤ
31
. ɼʘʣʝʝ ʚʳʙʠʨʘʝʪʩʷ ʦʜʥʘ ʠʟ ʧʨʦʜʫʢʮʠʡ 

rÍR ʢʦʥʬʣʠʢʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ (ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʨʝʰʝʥʠʝ ʢʦʥʬʣʠʢʪʘ) ʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʝʡʩʪʚʠʝ f ʵʪʦʛʦ ʧʨʘʚʠʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʘʚʠʣʘ ʤʝʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʬʘʢʪʦʚ, ʥʦ ʠ, ʚʦʟʤʦʞʥʦ, 

ʤʝʥʷʝʪʩʷ ʢʦʥʬʣʠʢʪʥʦʝ ʤʥʦʞʝʩʪʚʦ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʫʩʣʦʚʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʘʚʠʣ ʤʦʛʫʪ ʧʝʨʝʩʪʘʪʴ 

ʚʳʧʦʣʥʷʪʴʩʷ ʠ ʵʪʠ ʧʨʘʚʠʣʘ ʥʫʞʥʦ ʠʩʢʣʶʯʠʪʴ ʠʟ ʢʦʥʬʣʠʢʪʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʩʣʦʚʠʷ ʨʘʥʝʝ ʥʝ ʚʢʣʶʯʝʥʥʳʭ ʧʨʘʚʠʣ 

ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʠʥʥʳʤʠ, ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ. ʇʨʠ ʵʪʦʤ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʦʚ (ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ) ʤʦʛʫʪ 

ʙʳʪʴ ʢʘʢ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤʠ, ʥʘʧʨʠʤʝʨ, ʚʳʙʦʨ ʧʝʨʚʦʛʦ 

ʧʨʠʤʝʥʠʤʦʛʦ ʧʨʘʚʠʣʘ, ʪʘʢ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ, ʥʘʧʨʠʤʝʨ, 

                                                           

31
 ʋʩʣʦʚʠʷ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʧʦʣʥʫʶ ʜʠʟʲʶʥʢʪʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʠʢʘʪʦʚ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ. ɺʧʦʣʥʝ ʤʦʞʝʪ 

ʩʣʫʯʠʪʴʩʷ ʪʘʢ, ʯʪʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʨʘʚʠʣ ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʥʠʤʳʤʠ ð ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ ʢʦʥʬʣʠʢʪʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ 

ʩʪʘʪʴʩʷ, ʯʪʦ ʥʠ ʦʜʥʦ ʧʨʘʚʠʣʦ ʥʝ ʦʢʘʞʝʪʩʷ ʧʨʠʤʝʥʠʤʳʤ ʚ ʥʝʢʦʪʦʨʦʡ 

ʩʠʪʫʘʮʠʠ ð ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʥʝ ʤʦʞʝʪ ʧʨʦʜʦʣʞʠʪʴ 

ʨʘʙʦʪʫ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ fail  ï ʥʝʫʜʘʯʘ. 
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ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʩʣʦʞʥʳʝ ʵʚʨʠʩʪʠʢʠ. ʇʨʘʚʠʣʘ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʨʘʪʝʛʠʝʡ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʣʠʙʦ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ, ʣʠʙʦ ʫʞʝ ʥʝ ʦʢʘʞʝʪʩʷ 

ʙʦʣʴʰʝ ʧʨʠʤʝʥʠʤʳʭ ʧʨʘʚʠʣ. 

ʋʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ t. ʆʙʳʯʥʦ ʩʫʱʝʩʪʚʫʝʪ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ t : D­bool, ʪʦ ʝʩʪʴ ʧʨʝʜʠʢʘʪ, ʘʨʛʫʤʝʥʪʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʪʁʩʷ ʬʘʢʪʳ ʠʟ ʙʘʟr ʜʘʥʥʳʭ. ɽʩʣʠ ʫʩʣʦʚʠʝ t(d) 

ʚʳʧʦʣʥʝʥʦ, ʪʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʝ ʧʨʠʤʝʥʷʪʴ ʧʨʦʜʫʢʮʠʠ ʥʝ ʥʫʞʥʦ, 

ʠ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ d ʷʚʣʷʝʪʩʷ ʦʪʚʝʪʦʤ. ʀʥʦʛʜʘ ʫʩʣʦʚʠʝ 

ʦʢʦʥʯʘʥʠʷ ʟʘʜʘʝʪʩʷ ʥʝ ʚ ʚʠʜʝ ʬʦʨʤʫʣʳ, ʘ ʩʨʘʟʫ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ 

ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʦʢʦʥʯʘʥʠʷ. ɺ 

ʪʘʢʦʤ ʩʣʫʯʘʝ ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʦʙʳʯʥʦ ʦʙʦʟʥʘʯʘʝʪʩʷ T: 

T = {  dÍD | t(d) } .  

ɺʦʟʤʦʞʝʥ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ ʥʝ ʟʘʜʘʝʪʩʷ, ʧʦʪʦʤʫ 

ʯʪʦ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʧʦʩʪʦʷʥʥʦ. ʊʘʢʦʚʳʤʠ, ʥʘʧʨʠʤʝʨ, 

ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɿʜʝʩʴ ʠʤʝʝʪ ʩʤʳʩʣ 

ʨʘʟʤʝʩʪʠʪʴ ʦʙʝʱʘʥʥʦʝ ʚʳʰʝ ʨʘʟʲʷʩʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʣʝʜʥʝʛʦ 

ʵʣʝʤʝʥʪʘ ʯʝʪʚʝʨʢʠ ʚ ʬʦʨʤʫʣʝ (**). ʇʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ð ʪʦ ʩʘʤʦʝ 

ʦʙʩʫʞʜʘʝʤʦʝ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ t ð ʤʳ ʠʟ ʟʘʧʠʩʠ ʫʜʘʣʠʪʴ ʥʝ ʤʦʞʝʤ 

(ʚ ʩʠʣʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ çʫʩʣʦʚʥʦʩʪʝʡè), ʧʦʵʪʦʤʫ 

ʜʦʛʦʚʦʨʠʤʩʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʵʪʦʤ ʘʙʟʘʮʝ ʩʠʩʪʝʤ 

ʧʨʦʜʫʢʮʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʳ ʧʨʦʩʪʦ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ t 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʳʤ false. 

ʆʙʩʫʜʠʚ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ, ʦʙʨʘʪʠʤʩʷ ʢ 

ʩʪʨʫʢʪʫʨʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʚ ʮʝʣʦʤ. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʠʢʣʘʜʥʦʡ 

ʩʠʩʪʝʤʳ ʀʀ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʦʙʣʘʜʘʝʪ ʦʜʥʠʤ ʦʯʝʥʴ 

ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ð ʤʦʜʫʣʴʥʦʩʪʴʶ ʠʣʠ ʘʣʛʦʨʠʪʤʠʯʥʦʩʪʴʶ 

ʟʥʘʥʠʷ. ʆʪʣʠʯʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʦʪ ʠʝʨʘʨʭʠʯʝʩʢʠ 

ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 
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1. ʄʝʞʜʫ ʧʨʘʚʠʣʘʤʠ ʥʝʪ ʧʨʷʤʦʡ ʩʚʷʟʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʨʘʚʠʣʘ ʥʝ ʚʳʟʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɺʩʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʘʚʠʣʘʤʠ ʚʳʥʝʩʝʥʦ ʚ ʩʪʨʘʪʝʛʠʶ ʫʧʨʘʚʣʝʥʠʷ ʉ.  

2. ʄʝʞʜʫ ʧʨʘʚʠʣʘʤʠ ʥʝʪ ʠ ʧʨʷʤʦʡ ʩʚʷʟʠ ʧʦ ʜʘʥʥʳʤ. ʇʨʘʚʠʣʘ 

ʥʠʯʝʛʦ ʥʝ ʩʦʦʙʱʘʶʪ ʜʨʫʛ ʜʨʫʛʫ, ʚʩʝ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ 

D. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʚʳʚʦʜ ð ʧʨʘʚʠʣʘ ʷʚʣʷʶʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʧʨʦʯʥʳʤʠ ʤʦʜʫʣʷʤʠ. 

ɺ ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʤʦʜʫʣʴʥʦʩʪʴ ʢʨʠʪʠʯʥʘ, ʪʘʢ ʢʘʢ ʜʣʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ  ʦʯʝʥʴ ʯʘʩʪʦ 

ʟʘʨʘʥʝʝ ʥʝ ʷʩʝʥ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʷ. ɸ ʟʥʘʯʠʪ, ʥʫʞʥʘ 

ʤʦʜʠʬʠʮʠʨʫʝʤʦʩʪʴ, ʯʪʦʙʳ ʧʨʦʙʦʚʘʪʴ ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ. ʀʤʝʥʥʦ ʵʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ 

ʧʨʦʜʫʢʮʠʡ, ʧʦʩʢʦʣʴʢʫ ʤʳ ʤʦʞʝʤ ʜʦʙʘʚʣʷʪʴ ʠ ʫʜʘʣʷʪʴ ʧʨʘʚʠʣʘ ʚ 

ʤʥʦʞʝʩʪʚʝ R, ʠ ʵʪʦ ʥʠʢʘʢ ʥʝ ʩʢʘʞʝʪʩʷ ʥʘ ʜʨʫʛʠʭ ʧʨʘʚʠʣʘʭ! ɹʦʣʝʝ ʪʦʛʦ, 

ʚ ʧʨʝʜʝʣʝ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ R ʜʠʥʘʤʠʯʝʩʢʠ, ʧʨʷʤʦ ʚ 

ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ɻʣʝʥʬʦʨʜ ʄʘʡʝʨʩ ʨʝʢʦʤʝʥʜʫʝʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʣʴʢʦ ʜʚʘ ʚʳʩʰʠʭ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʢʣʘʩʩʘ ʤʦʜʫʣʝʡ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʦʯʥʳʡ ʤʦʜʫʣʴ ð ʵʪʦ ʤʦʜʫʣʴ, ʚʳʧʦʣʥʷʶʱʠʡ 

(ʨʝʘʣʠʟʫʶʱʠʡ) ʪʦʣʴʢʦ ʦʜʥʫ ʢʘʢʫʶ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʫʥʢʮʠʶ.  

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʬʫʥʢʮʠʠ ʪʘʢʦʡ ʤʦʜʫʣʴ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʤʦʜʫʣʠ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʦ ʧʨʦʯʥʳʡ ʤʦʜʫʣʴ ð ʵʪʦ ʤʦʜʫʣʴ, ʚʳʧʦʣʥʷʶʱʠʡ 

(ʨʝʘʣʠʟʫʶʱʠʡ) ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʥʘʜ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʪʨʫʢʪʫʨʦʡ 

ʜʘʥʥʳʭ (ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʦʙʲʝʢʪʦʤ), ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ 

ʥʝʠʟʚʝʩʪʥʦʡ ʚʥʝ ʵʪʦʛʦ ʤʦʜʫʣʷ.  

ʀʥʬʦʨʤʘʮʠʦʥʥʦ ʧʨʦʯʥʳʡ ʤʦʜʫʣʴ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ, 

ʥʘʧʨʠʤʝʨ, ʘʙʩʪʨʘʢʪʥʳʡ ʪʠʧ ʜʘʥʥʳʭ ʠʣʠ ʢʣʘʩʩ ʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ.  
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ʉʮʝʧʣʝʥʠʝ ʤʦʜʫʣʷ ð ʵʪʦ ʤʝʨʘ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʦʪ 

ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ.  

ʉʮʝʧʣʝʥʠʝ ʤʦʜʫʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ. ʏʝʤ ʩʣʘʙʝʝ ʩʮʝʧʣʝʥʠʝ ʤʦʜʫʣʷ ʩ ʜʨʫʛʠʤʠ ʤʦʜʫʣʷʤʠ, ʪʝʤ 

ʩʠʣʴʥʝʝ ʝʛʦ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʨʫʛʠʭ ʤʦʜʫʣʝʡ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ 

ʩʮʝʧʣʝʥʠʷ ʄʘʡʝʨʩ ʧʨʝʜʣʦʞʠʣ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʥʘʙʦʨ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʚʠʜʦʚ ʩʮʝʧʣʝʥʠʷ ʤʦʜʫʣʝʡ. ʍʫʜʰʠʤ ʚʠʜʦʤ ʩʮʝʧʣʝʥʠʷ ʤʦʜʫʣʝʡ 

ʷʚʣʷʝʪʩʷ ʩʮʝʧʣʝʥʠʝ ʧʦ ʩʦʜʝʨʞʠʤʦʤʫ. ʊʘʢʠʤ ʷʚʣʷʝʪʩʷ ʩʮʝʧʣʝʥʠʝ ʜʚʫʭ 

ʤʦʜʫʣʝʡ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʥʠʭ ʠʤʝʝʪ ʧʨʷʤʳʝ ʩʩʳʣʢʠ ʥʘ ʩʦʜʝʨʞʠʤʦʝ 

ʜʨʫʛʦʛʦ ʤʦʜʫʣʷ (ʥʘʧʨʠʤʝʨ, ʥʘ ʢʦʥʩʪʘʥʪʫ, ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʜʨʫʛʦʤ 

ʤʦʜʫʣʝ). ʊʘʢʦʝ ʩʮʝʧʣʝʥʠʝ ʤʦʜʫʣʝʡ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

ʉʮʝʧʣʝʥʠʝ ʧʦ ʦʙʱʝʡ ʦʙʣʘʩʪʠ ð ʵʪʦ ʪʘʢʦʝ ʩʮʝʧʣʝʥʠʝ ʤʦʜʫʣʝʡ, ʢʦʛʜʘ 

ʥʝʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʦʙʣʘʩʪʴ ʧʘʤʷʪʠ
32

. 

ʅʘʠʣʫʯʰʠʤ ʚʠʜʦʤ ʩʮʝʧʣʝʥʠʷ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʩʮʝʧʣʝʥʠʝ ð ʵʪʦ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʤʦʜʫʣʶ ʣʠʙʦ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʥʝʤʫ ʢʘʢ ʟʥʘʯʝʥʠʷ 

ʘʨʛʫʤʝʥʪʦʚ, ʣʠʙʦ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʝʛʦ ʦʙʨʘʱʝʥʠʷ ʢ ʜʨʫʛʦʤʫ ʤʦʜʫʣʶ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ. ʊʘʢʦʡ ʚʠʜ ʩʮʝʧʣʝʥʠʷ ʤʦʜʫʣʝʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʙʨʘʱʝʥʠʡ ʢ ʧʨʦʮʝʜʫʨʘʤ ʠ ʬʫʥʢʮʠʷʤ.  

2.1.3. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʜʫʢʮʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʚʠʜ ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʳ ʀʀ, ʚʳʜʘʶʱʠʡ 

ʧʨʦʩʪʝʡʰʠʡ ʪʠʧ ʨʝʟʫʣʴʪʘʪʘ ð ʪʦʣʴʢʦ ʦʪʚʝʪ ʜʘ/ʥʝʪ (ʫʨʦʚʝʥʴ 0, ʩʤ. 

ʧʘʨʘʛʨʘʬ 1.3.5.), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ 

ʦʢʦʥʯʘʥʠʷ t(d) ʠʣʠ ʥʝʪ. ʇʨʠ ʵʪʦʤ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ ʥʘʤ ʥʝʠʥʪʝʨʝʩʥʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʚʝʪ çʜʘè 

ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʚ ʧʨʦʛʨʘʤʤʘʭ ʦʙʦʟʥʘʯʘʝʪʩʷ OK, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ 

çʥʝʪè ð fail . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʟʘʜʘʝʪʩʷ 

                                                           

32
 ʀʤʝʥʥʦ ʵʪʦʪ ʚʠʜ ʩʮʝʧʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʜʫʢʮʠʡ. 
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ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..1. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..1. ʀʥʪʝʨʧʨʝʪʘʪʦʨ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ. 

proc  Production ( d, R, t )  

 while  ×t ( d) do   

r := Select ( d, R)  

  if  r = nil  then  return  ( fai l )  end  if  

  d := r.f ( d)  

 end  while  

 return  ( OK)  

end  proc  

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ d, 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʮʠʡ R ʠ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ t . ɼʘʣʝʝ, ʧʦʢʘ ʥʝ 

ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ Select  

ʚʳʙʠʨʘʝʪʩʷ ʧʨʠʤʝʥʠʤʦʝ ʧʨʘʚʠʣʦ ʠ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʤʝʥʷʝʪʩʷ 

ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦʢʘ ʥʝ ʦʢʘʞʝʪʩʷ ʚʳʧʦʣʥʝʥʥʳʤ ʫʩʣʦʚʠʝ 

ʦʢʦʥʯʘʥʠʷ. ɽʩʣʠ ʧʨʠʤʝʥʠʤʦʛʦ ʧʨʘʚʠʣʘ ʥʝ ʥʘʭʦʜʠʪʩʷ, ʪʦ ʧʨʦʮʝʩʩ 

ʧʨʝʨʳʚʘʝʪʩʷ ʠ ʚʳʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʪʚʝʪ. 

ʌʫʥʢʮʠʷ Select  ð ʩʝʨʜʮʝ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʠʤʝʥʥʦ ʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪ ʚʳʙʦʨ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʘʚʠʣʘ, ʪʦ ʝʩʪʴ ʩʪʨʘʪʝʛʠʶ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʡ ʉ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʧʨʠʤʝʥʷʪʴ 

ʥʘʠʣʫʯʰʝʝ ʧʨʘʚʠʣʦ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʧʨʘʚʠʣʘ ʝʩʪʴ ʧʨʦʮʝʩʩ 

ʧʦʠʩʢʘ. 

ʅʘʧʨʠʤʝʨ, ʩʘʤʘʷ ʛʨʫʙʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʠʩʢʘ ð çʧʝʨʚʳʡ 

ʧʦʜʭʦʜʷʱʠʡè, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..2. ʇʨʠʤʝʨʳ ʙʦʣʝʝ 

ʠʟʦʱʨʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ ʧʨʠʚʝʜʝʥʳ ʜʘʣʝʝ. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..2. ʉʪʨʘʪʝʛʠʷ ʚʳʙʦʨʘ ʧʨʘʚʠʣʘ çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡè. 

proc  Select ( d, R)  
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 for  r Í R do  

  if  r. p (D) then  return  ( r )  end  if  

 end  for  

 return  ( nil )  

end  proc  

ʕʪʦ ʭʦʨʦʰʠʡ ʧʨʠʤʝʨ ʧʣʦʭʦʡ ʩʪʨʘʪʝʛʠʠ. ʊʨʫʜʥʦ ʦʞʠʜʘʪʴ 

ʠʥʪʝʣʣʝʢʪʘ ʦʪ ʤʘʰʠʥʳ, ʝʩʣʠ ʤʳ ʥʝ ʟʘʢʣʘʜʳʚʘʝʤ ʚ ʥʝʝ ʥʝʤʥʦʛʦ ʩʚʦʝʛʦ 

ʠʥʪʝʣʣʝʢʪʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦ ʩʠʩʪʝʤʫ ʧʨʦʜʫʢʮʠʡ ʩ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ, ʚ ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..1 ʤʳ ʦʧʨʝʜʝʣʠʣʠ 

ʠ ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʩʧʦʩʦʙ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʥʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʬʦʨʤʝ ʤʥʦʞʝʩʪʚʘ ʧʨʦʜʫʢʮʠʡ. ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ 

ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..1 ʥʦʩʠʪ ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʚ ʥʝʤ ʥʝʪ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ çʠʥʪʝʣʣʝʢʪʘè, ʥʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ, ʥʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʦʥ ʧʨʦʩʪʦ ʠʩʧʦʣʥʷʝʪ ʤʥʦʞʝʩʪʚʦ 

ʧʨʘʚʠʣ R ʥʘʜ ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ d, ʥʠʢʘʢ ʥʝ ʘʥʘʣʠʟʠʨʫʷ ʭʦʜ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ, ʥʝ ʦʮʝʥʠʚʘʥʠʷ, ʧʨʠʙʣʠʞʘʝʤʩʷ ʣʠ ʤʳ ʢ 

ʨʝʰʝʥʠʶ ʠʣʠ ʫʜʘʣʷʝʤʩʷ ʦʪ ʥʝʛʦ. ʉʦʚʝʨʰʝʥʥʦ ʘʥʘʣʦʛʠʯʥʦ ʚʝʜʫʪ ʩʝʙʷ 

ʠ ʦʙʳʯʥʳʝ ʢʦʤʧʴʶʪʝʨʳ: ʦʥʠ ʙʝʟʜʫʤʥʦ ʠʩʧʦʣʥʷʶʪ ʟʘʣʦʞʝʥʥʫʶ 

ʧʨʦʛʨʘʤʤʫ, ʥʝ ʧʳʪʘʷʩʴ ʧʦʥʷʪʴ, ʠʤʝʝʪ ʣʠ ʢʘʢʦʡ-ʣʠʙʦ ʩʤʳʩʣ ʠʭ ʨʘʙʦʪʘ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..1 ʷʚʣʷʝʪʩʷ ʵʤʫʣʷʪʦʨʦʤ ʚʠʨʪʫʘʣʴʥʦʡ 

ʤʘʰʠʥʳ, ʘ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ R ð ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʵʪʦʡ ʤʘʰʠʥʳ. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʬʫʥʢʮʠʷ Select . ɺ ʵʪʦʡ ʬʫʥʢʮʠʠ ʠ ʢʨʦʝʪʩʷ 

çʠʥʪʝʣʣʝʢʪè, ʪʦ ʝʩʪʴ ʧʦʥʷʪʠʡʥʳʝ ʟʥʘʥʠʷ ʚ ʪʝʨʤʠʥʦʣʦʛʠʠ ʧʘʨʘʛʨʘʬʘ 

1.3.2. ʀʤʝʥʥʦ ʵʪʘ ʬʫʥʢʮʠʷ ʜʦʣʞʥʘ ʥʘʧʨʘʚʠʪʴ ʭʦʜ ʚʳʯʠʩʣʝʥʠʡ 

(ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʘʟʳ) ʚ ʩʪʦʨʦʥʫ ʨʝʰʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʟʥʘʥʠʷ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʝ ʚ ʤʥʦʞʝʩʪʚʝ ʧʨʘʚʠʣ R, 

ʞʠʚʫʪ ʢʘʞʜʦʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʥʠ ʟʘ ʯʪʦ ʥʝ ʦʪʚʝʯʘʶʪ. 
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2.1.4. ʉʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʢʘʢ ʣʦʛʠʯʝʩʢʦʝ ʠʩʯʠʩʣʝʥʠʝ 

ʉʘʤʦ ʩʣʦʚʦ çʧʨʦʜʫʢʮʠʷè ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʨʠʰʣʦ ʠʟ 

ʣʦʛʠʢʠ, ʧʨʠʯʝʤ ʥʝ ʩʘʤʳʤ ʧʨʷʤʳʤ ʧʫʪʝʤ. ʇʨʦʜʫʢʮʠʷ, ʠʣʠ ʧʨʘʚʠʣʦ 

ʚʳʚʦʜʘ ð ʵʪʦ ʣʦʛʠʯʝʩʢʦʝ ʧʨʘʚʠʣʦ, ʢʦʪʦʨʦʝ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʝʩʣʠ ʫ ʥʘʩ 

ʝʩʪʴ ʧʦʩʳʣʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ, ʪʦ ʠʟ ʥʠʭ ʩʣʝʜʫʝʪ ʟʘʢʣʶʯʝʥʠʝ, 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ʧʨʘʚʠʣʦ Modes ponens 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʝʩʣʠ ʚʝʨʥʳ ʜʚʝ ʧʦʩʳʣʢʠ: ʫʪʚʝʨʞʜʝʥʠʝ ɸ, ʠ 

ʠʤʧʣʠʢʘʮʠʷ, ʫʪʚʝʨʞʜʘʶʱʘʷ, ʯʪʦ ʠʟ A ʩʣʝʜʫʝʪ ɺ, ʪʦ ʚʝʨʥʦ ʟʘʢʣʶʯʝʥʠʝ 

ɺ. ɺ ʬʦʨʤʫʣʴʥʦʡ ʟʘʧʠʩʠ ʪʘʢʦʝ ʧʨʘʚʠʣʦ ʟʘʧʠʩʳʚʘʶʪ ʪʘʢ: 

B

BAA ­,
 . 

ʊʘʢ ʚʦʪ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ, ʩʠʩʪʝʤʫ 

ʧʨʦʜʫʢʮʠʡ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʦʨʤʘʣʴʥʫʶ ʪʝʦʨʠʶ (ʧʦʥʷʪʠʝ 

ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ ʧʦʜʨʦʙʥʦ ʨʘʩʢʨʳʪʦ ʚ ʧʘʨʘʛʨʘʬʝ 4.1.1). ɺ ʵʪʦʡ 

ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ: 

- ʠʩʭʦʜʥʘʷ ʙʘʟʘ ʬʘʢʪʦʚ ð ʵʪʦ ʯʘʩʪʴ ʥʘʙʦʨʘ ʘʢʩʠʦʤ (ʧʨʦʙʣʝʤʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ
33
) ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ ʚʠʜʘ  ̂A(ʩ1,é,ck), ʛʜʝ A ð

ʥʝʢʦʪʦʨʳʡ ʧʨʝʜʠʢʘʪʥʳʡ ʩʠʤʚʦʣ (ʦʙʳʯʥʦ, ʩʦʧʦʩʪʘʚʣʝʥʥʳʡ ʩʚʦʡʩʪʚʫ 

ʦʙʲʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ) ð ʘ ʚʩʝ ci ð 

ʢʦʥʩʪʘʥʪʥʳʝ ʪʝʨʤʳ;  

- ʧʨʦʜʫʢʮʠʠ ð ʵʪʦ ʜʦʧʦʣʥʝʥʠʝ ʥʘʙʦʨʘ ʧʨʦʙʣʝʤʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʢʩʠʦʤ ʚ ʠʤʧʣʠʢʘʪʠʚʥʦʡ ʬʦʨʤʝ ʚʠʜʘ  ̂d & p(d) ­ 

M(f(d)), ʧʨʠʯʝʤ ʧʨʝʜʠʢʘʪ p ʥʘʜ ʥʘʙʦʨʦʤ ʬʘʢʪʦʚ d ð ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ 

çʩʧʫʩʢʦʚʦʡ ʢʨʶʯʦʢè ʧʨʦʜʫʢʮʠʠ, ʘ ʟʘʧʠʩʴ M(f(d)) ʩʦʜʝʨʞʘʪʝʣʴʥʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʡ ʥʘʜ ʙʘʟʦʡ ʬʘʢʪʦʚ D 

(ʤʦʜʠʬʠʢʘʮʠʷ ʙʘʟʳ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʝʪ ʬʫʥʢʮʠʷ f : D ­ D, ʠ 

ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʪʠʭ ʜʝʡʩʪʚʠʡ ʧʨʠʧʠʩʳʚʘʝʪ ʧʨʝʜʠʢʘʪʫ M() 

ʟʥʘʯʝʥʠʝ true; 

- ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʘʚʠʣʦʤ ʚʳʚʦʜʘ ʚʳʩʪʫʧʘʝʪ ʫʞʝ 

ʫʧʦʤʠʥʘʚʰʠʝʩʷ ʧʨʘʚʠʣʦ Modes ponens; 
                                                           

33
 ʪ.ʝ. ʘʢʩʠʦʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʴʶ. 
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- ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʬʘʢʪʦʚ ð ʵʪʦ ʥʘʙʦʨʳ ʬʦʨʤʫʣ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʘʢʩʠʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʦʜʠʬʠʢʘʮʠʡ ʙʘʟʳ D;  

- ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʩʣʦʚʠʶ 

ʦʢʦʥʯʘʥʠʷ ð ʵʪʦ ʮʝʣʝʚʘʷ ʪʝʦʨʝʤʘ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʜʦʢʘʟʘʪʴ ʚ ʜʘʥʥʦʡ 

ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʡ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʦʠʩʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʦʨʝʤʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʘʣʴʥʦʡ ʪʝʦʨʠʠ. ɼʘʥʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʙʣʶʜʝʥʠʝ, 

ʩʜʝʣʘʥʥʦʝ ʚ ʛʣʘʚʝ 1 (ʩʤ. ʧʘʨʘʛʨʘʬ 1.1.5), ʦ ʪʦʤ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʀʀ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʟʘʜʘʯʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ. 

ɺʩʸ ʵʪʦ ʙʳʣʦ ʙʳ ʭʦʨʦʰʦ, ʝʩʣʠ ʙʳ ʥʝ ʦʜʥʦ çʥʦè! ɹʝʟ ʪʘʢʠʭ çʥʦè 

ʥʝ ʦʙʭʦʜʠʪʩʷ, ʧʨʘʢʪʠʯʝʩʢʠ, ʥʠ ʦʜʠʥ ʨʝʟʫʣʴʪʘʪ ʚ ʦʙʣʘʩʪʠ ʀʀ ʜʘʞʝ ʩ 

ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʳʭ ʥʘʤʠ ʚʦ ɺʚʝʜʝʥʠʠ ʠ ʧʝʨʚʦʡ ʛʣʘʚʝ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚ ʧʘʨʘʛʨʘʬʝ 0 ʥʝʦʜʥʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ, 

ʧʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʪʘʤ ʥʝʜʦʩʪʘʪʢʦʚ, ʜʦʩʪʘʚʣʷʶʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ (ʠ ʥʝʤʘʣʫʶ!) ʛʦʣʦʚʥʫʶ ʙʦʣʴ, ʠ 

ʩʚʷʟʘʥʦ ʵʪʦ ʢʘʢ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʪʘʢ ʠ ʩ ʧʨʝʜʤʝʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʩʠʪʫʘʮʠʠ ʠ ʬʘʢʪʳ ʚʝʨʥʳ ʥʝ ʘʙʩʦʣʶʪʥʦ, ʠ ʧʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʨʘʚʠʣʘ ʦʧʨʘʚʜʘʥʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ʉʦʰʣʝʤʩʷ ʥʘ ʪʫ ʞʝ ʤʝʜʠʮʠʥʩʢʫʶ 

ʜʠʘʛʥʦʩʪʠʢʫ
34
. ʂʘʢ ʚʳ ʜʫʤʘʝʪʝ, ʤʦʞʥʦ ʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʥʘʙʣʶʜʘʝʤʦʛʦ 

ʧʦʢʨʘʩʥʝʥʠʷ ʨʘʜʫʞʥʦʡ ʠ ʥʝʙʦʣʴʰʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ 

ʩʪʦʧʨʦʮʝʥʪʥʦʡ ʫʚʝʨʝʥʥʦʩʪʴʶ ʟʘʷʚʠʪʴ, ʯʪʦ ʧʘʮʠʝʥʪ ʩʪʨʘʜʘʝʪ, 

ʥʘʧʨʠʤʝʨ, ʙʣʝʬʘʨʠʪʦʤ? ð ʈʘʟʫʤʝʝʪʩʷ, ʥʝʪ! ʊʘʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ 

ʜʦʧʫʩʪʠʪʴ ʣʠʰʴ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ (ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʜʫʢʮʠʡ ʜʣʷ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥʳ çʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʦʚʝʨʥʦʩʪʠè, 

çʦʙʦʩʥʦʚʘʥʥʦʩʪʴè, çʠʥʜʝʢʩ ʫʚʝʨʝʥʥʦʩʪʠè ʠ ʪ.ʜ., ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

                                                           

34
 ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʤʝʜʠʮʠʥʝ ʨʘʟʙʠʨʘʶʪʩʷ ʚʩʝ, ʪʘʢ ʞʝ ʢʘʢ ʚ ʧʨʦʙʣʝʤʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ. 
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ʵʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʨʦʡ, ʩʘʤʳʤ ʥʝʚʝʨʦʷʪʥʳʤ ʩʧʦʩʦʙʦʤ). ʉʢʘʞʝʤ 

ʙʦʣʴʰʝ, ð ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʢ 

ʪʝʢʫʱʝʤʫ ʩʦʩʪʦʷʥʠʶ ʦʢʨʫʞʝʥʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝ ʘʙʩʦʣʶʪʥʦʡ. 

ʇʦʷʩʥʠʤ ʥʘ ʙʦʣʝʝ ʬʦʨʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʡ ʠʟ 

ʧʦʧʫʣʷʨʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʠʢ ʨʘʙʦʪʳ ʩ ʯʘʩʪʠʯʥʦ 

ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʫʩʪʴ Q1(a1),é, Qn(an) ð ʬʘʢʪʳ ʠʟ 

ʢʦʥʢʨʝʪʥʦʛʦ d Í D, vi, i=1,é,n ð ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 

ʵʪʠʭ ʬʘʢʪʦʚ ʠʟ ʜʠʘʧʘʟʦʥʘ (0,1) , ʘ vr ʠʟ ʪʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ ð 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ (ʧʨʠʤʝʥʝʥʠʷ!) ʧʨʦʜʫʢʮʠʠ r ʚʠʜʘ (***). 

ʄʦʜʠʬʠʮʠʨʫʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʜʫʢʮʠʠ r.f ʚ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʝʡ, ʢʦʪʦʨʘʷ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʠʤʝʝʪ ʘʨʛʫʤʝʥʪʳ (ʧʫʩʪʴ ʵʪʦ ʙʫʜʫʪ ʬʘʢʪʳ Qi(ai), i=1,é,n) 

ʠ ʨʝʟʫʣʴʪʘʪ (ʜʦʧʫʩʪʠʤ, Q0(a0)). ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʠ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʘʢʪʘ Q0 ð ʚʝʣʠʯʠʥʳ v0. 

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʯʠʪʘʪʝʣʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʚʘ 

çʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦè ð r.f ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʜʦʙʘʚʣʷʪʴ/ʫʜʘʣʷʪʴ ʬʘʢʪ, 

ʥʦ ʤʦʞʝʪ ʠ ʧʦʚʳʰʘʪʴ/ʧʦʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʫʞʝ 

ʠʤʝʶʱʝʛʦʩʷ! ɺ ʩʣʫʯʘʝ ʫʜʘʣʝʥʠʷ ʬʘʢʪʘ ʠʟ ʙʘʟʳ ʚʦʧʨʦʩʦʚ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʆʙʩʫʞʜʘʷ ʩʦʙʩʪʚʝʥʥʦ ʤʦʜʠʬʠʢʘʮʠʶ, ʧʨʝʜʳʜʫʱʝʝ ʟʥʘʯʝʥʠʝ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʬʘʢʪʘ Q0 ʤʳ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʠʤʚʦʣʦʤ v0(pred). 

ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʜʦʩʪʦʚʝʨʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʫʶʪ ʪʝ ʠʣʠ ʠʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʠʥʠʤʘʢʩʥʳʭ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 

ʦʮʝʥʦʢ. ʇʝʨʚʦʝ (ʠ, ʧʦʞʘʣʫʡ, ʥʘʠʭʫʜʰʝʝ), ʯʪʦ ʤʦʞʝʪ ʧʨʠʡʪʠ ʚ ʛʦʣʦʚʫ, 

ʷʚʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʥʦʚʦʤʫ (ʜʦʙʘʚʣʝʥʥʦʤʫ) ʬʘʢʪʫ ʧʨʠʟʥʘʢʘ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʢʘʢ ʤʠʥʠʤʫʤʘ (ʨʝʞʝ, ʤʘʢʩʠʤʫʤʘ) 

v0=MIN(v1,v2,é,vn,vr), ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʘʢʪʘ ʧʨʠ 

ʵʪʦʤ ʧʦʜʭʦʜʝ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: v0=(v0(pred)+MIN(v1,v2,é,vn,vr))/2. 

ɹʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʳʛʣʷʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʧʨʠ ʵʪʦʤ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʥʦʚʦʛʦ ʬʘʢʪʘ 

ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ, ʢʘʢ ʫʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ v0=P(g(v1,v2,é,vn)|vr) = 

vr*(1ïg(v1,v2,é,vn)), ʛʜʝ g ð ʣʶʙʘʷ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʟʫʤʥʘʷ 

ʬʫʥʢʮʠʷ, ʥʝ ʚʳʚʦʜʷʱʘʷ ʟʘ ʧʨʝʜʝʣʳ ʜʠʘʧʘʟʦʥʘ (0,1), ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ 
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MIN ʠʣʠ MAX, ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ, ʚʟʚʝʰʝʥʥʦʝ ʩʨʝʜʥʝʝ
35

 ʠʣʠ 

ʝʱʝ ʙʦʣʝʝ ʵʢʟʦʪʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ. ʉʪʦʣʴ ʞʝ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʬʘʢʪʘ. ʆʪʤʝʪʠʤ 

ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ð ʤʳ ʥʝ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʬʘʢʪʦʚ ʮʝʣʠʢʦʤ 

(ʠʥʪʝʛʨʘʣʴʥʦ) ð ʵʪʦ ʚʩʝ ʨʘʚʥʦ, ʯʪʦ ʧʦʜʩʯʠʪʳʚʘʪʴ çʩʨʝʜʥʶʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʙʦʣʴʥʠʮʝè. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʯʠʢʠ ʚʩʝ ʯʘʱʝ ʠʱʫʪ ʙʦʣʝʝ ʩʪʨʦʛʠʡ (ʠ 

ʮʝʣʦʩʪʥʳʡ) ʬʦʨʤʘʣʴʥʳʡ ʙʘʟʠʩ ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ 

ʧʨʦʜʫʢʮʠʷʤʠ. ʀʟʚʝʩʪʥʳ ʧʦʧʳʪʢʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʯʝʪʢʠʝ ʣʦʛʠʢʠ [11], 

ʜʝʩʢʨʠʧʪʠʚʥʳʝ ʣʦʛʠʢʠ [12] ʠ ʜʨʫʛʠʝ ʪʝʦʨʠʠ.  

ʇʦʭʚʘʣʴʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤ 

ʧʨʦʜʫʢʮʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ, ʧʦʣʥʦʩʪʴʶ ʜʝʟʘʚʫʠʨʫʝʪʩʷ ʪʝʤ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʬʘʢʪʦʚ ʠ 

ʧʨʘʚʠʣ ʚ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʘʤʠ ʥʝ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ð ʠʭ ʚʳʩʪʘʚʣʷʶʪ ʵʢʩʧʝʨʪʳ (ʣʶʜʠ ʩ ʥʝʤʘʣʳʤ ʦʧʳʪʦʤ, 

ʥʦ ʚʩʸ ʞʝ ʣʶʜʠ!), ʢʦʪʦʨʳʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ çʩʚʦʡʩʪʚʝʥʥʦ ʦʰʠʙʘʪʴʩʷè. 

ʂʘʢʦʡ ʙʳ ʥʝ ʙʳʣʘ ʧʨʦʜʫʤʘʥʥʦʡ ʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʀʀ ʠ ʥʘ ʢʘʢʦʡ ʙʳ ʩʠʣʴʥʳʡ ʠ ʩʪʨʦʛʠʡ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʙʘʟʠʩ ʦʥʘ ʥʝ ʦʧʠʨʘʣʘʩʴ, ʥʦ, ʝʩʣʠ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ 

ʥʝ ʚʧʦʣʥʝ ʜʦʩʪʦʚʝʨʝʥ ʠ ʠʤʝʝʪ ʦʪʪʝʥʦʢ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ, ʪʦ 

ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʪʘʢʞʝ ʙʫʜʝʪ ʥʦʩʠʪʴ ʭʘʨʘʢʪʝʨ ʚʦʟʤʦʞʥʦʛʦ (ʥʦ 

ʥʝ ʘʙʩʦʣʶʪʥʦʛʦ!). ʕʪʦʪ ʪʝʟʠʩ ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʚʘʞʥʳʭ ʚ ʢʥʠʛʝ, ʠ ʝʩʣʠ ʯʠʪʘʪʝʣʴ ʝʛʦ ʫʩʚʦʠʪ, ʵʪʦ ʧʦʤʦʞʝʪ ʠʟʙʝʞʘʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʛʣʫʙʦʯʘʡʰʠʭ ʨʘʟʦʯʘʨʦʚʘʥʠʡ ʠ ʫʚʝʨʝʥʥʦ ʯʫʚʩʪʚʦʚʘʪʴ 

ʩʝʙʷ ʚ çʙʫʨʣʷʱʠʭ ʚʦʜʘʭ ʦʢʝʘʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘè! 

                                                           

35
 ɺʟʚʝʰʝʥʥʦʝ ʩʨʝʜʥʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʚʠʜʘ: 

(c1*v1+c2*v2+é+cn*vn)/(c1+c2+é+cn), ʛʜʝ ci ð ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʟʘʜʘʥʥʳʝ 

(ʵʢʩʧʝʨʪʦʤ) ʢʦʥʩʪʘʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ çʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷè ʦʪʜʝʣʴʥʦʛʦ 

ʘʨʛʫʤʝʥʪʘ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 
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2.1.5. ʀʛʨʘ ʚ ʚʦʩʝʤʴ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦ-ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʫʜʘʯʥʦ ʚʳʙʨʘʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ D, R, C. ɿʜʝʩʴ ʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʨʦʩʪʳʭ ʛʦʣʦʚʦʣʦʤʦʢ, ʘʢʮʝʥʪʠʨʫʷ 

ʚʥʠʤʘʥʠʝ ʥʘ ʫʜʘʯʥʳʭ ʠ ʥʝʫʜʘʯʥʳʭ ʚʳʙʦʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʛʨʫ ʚ ʚʦʩʝʤʴ (ʧʨʠʤʝʨ ʚʟʷʪ ʠʟ ʢʥʠʛʠ [13]), ʢʦʪʦʨʘʷ 

ʤʥʦʛʠʤ ʟʥʘʢʦʤʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʠʟʚʝʩʪʥʦʡ ʠʛʨʦʡ ʚ ʧʷʪʥʘʜʮʘʪʴ. ʉʫʪʴ 

ʠʛʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʬʠʰʝʢ, ʧʨʦʥʫʤʝʨʦʚʘʥʥʳʭ ʦʪ 1 ʜʦ 8 

ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. 

ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʠʟ ʢʣʝʪʦʢ ʧʦʣʷ 3³3 ʚʩʝʛʜʘ ʩʚʦʙʦʜʥʘ, ʠ ʥʘ ʥʝʝ ʤʦʞʥʦ 

ʧʝʨʝʤʝʱʘʪʴ ʣʶʙʫʶ ʩʦʩʝʜʥʶʶ ʬʠʰʢʫ. ʌʠʰʢʠ ʥʝ ʤʦʛʫʪ çʧʨʳʛʘʪʴè 

ʜʨʫʛ ʯʝʨʝʟ ʜʨʫʛʘ ð ʠʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʝʨʝʜʚʠʛʘʪʴ ʥʘ ʩʦʩʝʜʥʝʝ 

ʩʚʦʙʦʜʥʦʝ ʤʝʩʪʦ.  

ɼʦʧʫʩʪʠʤ, ʫ ʥʘʩ ʠʤʝʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʘʷ (ʩʣʝʚʘ) ʠ ʮʝʣʝʚʘʷ 

(ʩʧʨʘʚʘ) ʧʦʟʠʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ 

ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..14. 

2 8 3

1 6 4

7 5

1 2 3

4

567

8

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..14. ʀʩʭʦʜʥʘʷ ʠ ʮʝʣʝʚʘʷ ʧʦʟʠʮʠʠ ʠʛʨʳ ʚ ʚʦʩʝʤʴ 

ʇʨʝʜʩʪʘʚʠʤ ʟʥʘʥʠʷ ʦʙ ʠʛʨʝ ʚ ʚʦʩʝʤʴ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʧʨʦʜʫʢʮʠʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʠʟ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʤʳʩʣʘ. ʆʙʦʟʥʘʯʠʤ ʧʫʩʪʫʶ ʷʯʝʡʢʫ ʢʘʢ ʬʠʰʢʫ ʩ ʥʦʤʝʨʦʤ 0. ɺ 

ʨʝʟʫʣʴʪʘʪʝ D ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
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D : array  [1..3,1..3] of  0..8  

ʇʨʘʚʠʣʘ R ʪʦʞʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʞʠʜʘʝʤʦ. ʅʘʧʨʠʤʝʨ, 

ʧʨʘʚʠʣʦ çʧʦʜʚʠʥʫʪʴ ʬʠʰʢʫ 1 ʚʥʠʟè ʠʤʝʝʪ ʚʠʜ: 

if  D[i,j]=1 & i<3 & D[i+1,j]=0 then  D[i+1,j]:=1; 

D[i,j]:=0  

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʣʶʙʫʶ ʠʟ ʚʦʩʴʤʠ ʬʠʰʝʢ ʤʦʞʥʦ ʧʦʜʚʠʥʫʪʴ 

ʤʘʢʩʠʤʫʤ ʚ ʯʝʪʳʨʝ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʘʝʪʩʷ ʚʩʝʛʦ 32 ʧʨʘʚʠʣʘ. ʕʪʦ 

ʝʩʪʝʩʪʚʝʥʥʦʝ, ʥʦ ʥʝ ʩʘʤʦʝ ʫʜʘʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʦʙ ʠʛʨʝ.  

ʇʦʧʨʦʙʫʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʘʨʠʘʥʪ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʣʶʙʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʬʠʰʢʠ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʧʫʩʪʦʡ ʷʯʝʡʢʠ. ɺʦʪ ʟʜʝʩʴ ʤʳ 

ʠ ʟʘʢʣʘʜʳʚʘʝʤ ʥʝʤʥʦʛʦ ʩʚʦʝʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ɼʦʙʘʚʠʤ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʝʱʝ ʧʘʨʫ ʯʠʩʝʣ {i,j}  ð ʢʦʦʨʜʠʥʘʪʳ 

ʧʫʩʪʦʛʦ ʤʝʩʪʘ. ʆʙʦʟʥʘʯʠʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʩʪʦʨʦʥʘʤ 

ʩʚʝʪʘ ð ʩʝʚʝʨ, ʟʘʧʘʜ, ʶʛ ʠ ʚʦʩʪʦʢ. 

if  i >1 then  D[ i , j ]:= D[ i - 1, j ]; i := i - 1 (ŷ N ʥʘ ʩʝʚʝʨ) 

if  j<3 then  D[i,j]:=D[i,j+1]; j:=j+1  (Ÿ E ʥʘ ʚʦʩʪʦʢ) 

if  i<3 then  D[i,j]:=D[i+1,j]; i:=i+1  (Ź S ʥʘ ʶʛ) 

if  j>1 then  D[i,j]:=D[i,j - 1]; j:=j - 1 (Ŷ W ʥʘ ʟʘʧʘʜ) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʩʪʘʚʣʝʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʜʣʷ ʠʛʨʳ ʚ 

ʚʦʩʝʤʴ, ʚ ʢʦʪʦʨʦʤ ʚʩʝʛʦ 4 ʧʨʘʚʠʣʘ ʚʤʝʩʪʦ 32. ʕʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ 

ʨʝʟʫʣʴʪʘʪ, ʧʦʪʦʤʫ ʯʪʦ ʯʠʩʣʦ ʧʨʘʚʠʣ n (4 ʠʣʠ 32) ʷʚʣʷʝʪʩʷ ʘʨʛʫʤʝʥʪʦʤ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʧʝʨʝʙʦʨʘ ʜʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ. ɼʣʷ n = 4 

ʤʦʱʥʦʩʪʠ ʩʨʝʜʥʝʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʘʚʝʨʥʷʢʘ ʭʚʘʪʠʪ, ʯʪʦʙʳ ʙʳʩʪʨʦ 

ʧʨʦʠʟʚʝʩʪʠ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʠ ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʘ ʜʣʷ n = 32 ʤʦʞʝʪ ʠ ʥʝ 

ʭʚʘʪʠʪʴ. 

2.1.6. ʂʨʝʩʪʴʷʥʠʥ, ʚʦʣʢ, ʢʦʟʘ ʠ ʢʘʧʫʩʪʘ 

ɺʪʦʨʦʡ ʧʨʠʤʝʨ ð ʠʟʚʝʩʪʥʘʷ ʟʘʜʘʯʘ ʦ ʢʨʝʩʪʴʷʥʠʥʝ, ʢʦʪʦʨʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʚʝʟʪʠ ʥʘ ʜʨʫʛʦʡ ʙʝʨʝʛ ʚʦʣʢʘ, ʢʦʟʫ ʠ ʢʘʧʫʩʪʫ ʪʘʢ, 

ʯʪʦʙʳ ʦʥʠ ʥʝ ʩʲʝʣʠ ʜʨʫʛ ʜʨʫʛʘ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ 

ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..15). ɺ ʣʦʜʢʫ ʢʨʝʩʪʴʷʥʠʥ ʤʦʞʝʪ ʚʟʷʪʴ ʩ ʩʦʙʦʡ 

ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..15. ʂʨʝʩʪʴʷʥʠʥ, ʚʦʣʢ, ʢʦʟʘ ʠ ʢʘʧʫʩʪʘ: ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɽʩʪʝʩʪʚʝʥʥʦ, ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ. ʀʜʝʷ ʪʘʢʦʚʘ ð 

ʢʨʝʩʪʴʷʥʠʥ ʠ ʣʦʜʢʘ ʥʝʨʘʟʣʠʯʠʤʳ, ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʦ ʮʝʣʦʝ. ʊʘʢʞʝ 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʶʙʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʩ ʙʝʨʝʛʘ ʥʘ ʙʝʨʝʛ ʤʛʥʦʚʝʥʥʳʤ. 

ʇʝʨʝʥʫʤʝʨʫʝʤ ʦʙʲʝʢʪʳ: 0 ð ʢʨʝʩʪʴʷʥʠʥ, 1 ð ʚʦʣʢ, 2 ð ʢʦʟʘ, 3 ð 

ʢʘʧʫʩʪʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʦʙʲʝʢʪʘ ʥʘ ʧʨʘʚʦʤ (ʮʝʣʝʚʦʤ) ʙʝʨʝʛʫ ʦʙʦʟʥʘʯʠʤ 

ç1è, ʥʘ ʣʝʚʦʤ (ʠʩʭʦʜʥʦʤ) ð ç0è. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʘʟʘ 

ʜʘʥʥʳʭ D ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʠʜ 

D : array  [0..3] of  0..1  

ʇʨʠ ʵʪʦʤ D[0]  ð ʵʪʦ ʧʦʣʦʞʝʥʠʝ ʢʨʝʩʪʴʷʥʠʥʘ, D[ 1]  ð ʚʦʣʢʘ, 

D[ 2]  ð ʢʦʟʳ ʠ D[ 3]  ð ʢʘʧʫʩʪʳ. ʄʘʩʩʠʚ D ʤʳ ʙʫʜʝʤ ʟʘʧʠʩʳʚʘʪʴ ʚ 

ʚʠʜʝ ʯʝʪʳʨʝʭʟʥʘʯʥʦʡ ʙʠʪʦʚʦʡ ʰʢʘʣʳ. ʅʘʧʨʠʤʝʨ, 0101  ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʢʨʝʩʪʴʷʥʠʥ ʩ ʢʦʟʦʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ, ʘ ʚʦʣʢ ʩ ʢʘʧʫʩʪʦʡ ð 

ʥʘ ʧʨʘʚʦʤ. ʊʦʛʜʘ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ d0 = 0000 , ʘ ʮʝʣʝʚʦʝ 

dk = 1111 . 

ʂʘʢʦʚʦ ʜʦʣʞʥʦ ʙʳʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ? ɽʩʣʠ ʧʦʜʦʡʪʠ ʢ 

ʨʝʰʝʥʠʶ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʚ ʣʦʙ, ʪʦ ʤʦʞʥʦ ʨʘʩʩʫʞʜʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʩʝʛʦ ʠʤʝʝʪʩʷ 16 ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ
36

. 

ʈʘʩʩʤʦʪʨʠʤ ʧʘʨʳ ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ, ʪʘʢʠʝ, ʯʪʦ ʠʟ ʧʝʨʚʦʛʦ ʩʦʩʪʦʷʥʠʝ 

ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʚʦ ʚʪʦʨʦʝ ʟʘ ʦʜʠʥ ʭʦʜ. ʅʘʧʨʠʤʝʨ, 1011­0011 ð 

ʢʨʝʩʪʴʷʥʠʥ ʧʝʨʝʧʣʳʣ ʩ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʥʘ ʣʝʚʳʡ. ʊʘʢʠʭ ʧʘʨ 

                                                           

36
 ʇʨʠ n=4 ʠʤʝʝʪʩʷ 2

4
 = 16 ʨʘʟʣʠʯʥʳʭ ʙʠʪʦʚʳʭ ʰʢʘʣ. 
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ʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, 16*4=64. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʦʧʫʩʪʠʤʳ, ʥʘʧʨʠʤʝʨ, 0101, ʘ ʜʨʫʛʠʝ ʩʦʩʪʦʷʥʠʷ 

ʥʝʜʦʧʫʩʪʠʤʳ, ʥʘʧʨʠʤʝʨ, 0011  ð ʢʦʟʘ ʩʲʝʩʪ ʢʘʧʫʩʪʫ. ʃʝʛʢʦ 

ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʭ ʩʦʩʪʦʷʥʠʡ 10, ʘ ʥʝʜʦʧʫʩʪʠʤʳʭ ð 6. 

ʆʪʙʨʦʩʠʤ ʪʝ ʧʘʨʳ ʩʦʩʪʦʷʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʧʫʩʪʠʤʳʤ. ʆʩʪʘʚʰʠʝʩʷ ʧʘʨʳ, ʘ ʠʭ 40 ʰʪʫʢ, ʷʚʣʷʶʪʩʷ ʧʨʘʚʠʣʘʤʠ 

ʥʘʰʝʡ ʩʠʩʪʝʤʳ.  

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʵʪʦ ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ, ʬʦʨʤʘʣʴʥʘʷ 

ʨʘʙʦʪʘ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʨʫʯʠʪʴ ʢʦʤʧʴʶʪʝʨʫ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ 

ʦʢʘʞʝʪʩʷ ʥʝ ʦʯʝʥʴ ʭʦʨʦʰʠʤ (ʯʝʪʳʨʝ ʜʝʩʷʪʢʘ ʧʨʘʚʠʣ). ʊʘʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʫʜʘʯʥʳʤ. 

ʇʦʧʨʦʙʫʝʤ ʧʦʜʦʡʪʠ ʢ ʟʘʜʘʯʝ ʪʚʦʨʯʝʩʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʪʚʦʨʯʝʩʪʚʦ ʩʦʩʪʦʠʪ ʚ ʧʨʠʚʣʝʯʝʥʠʠ ʦʙʱʠʭ ʟʥʘʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʠʩʭʦʜʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʥʝ ʩʦʜʝʨʞʘʣʠʩʴ.  

1. ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʧʫʩʪʠʤʦ ʠ ʚʩʝ ʧʨʘʚʠʣʘ 

ʩʦʭʨʘʥʷʶʪ ʜʦʧʫʩʪʠʤʦʩʪʴ, ʪʦ ʣʶʙʦʝ ʜʦʩʪʠʞʠʤʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʧʫʩʪʠʤʦ 

(ʧʨʠʥʮʠʧ ʧʦʣʥʦʡ ʠʥʜʫʢʮʠʠ). 

2. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ 

ʜʦʧʫʩʪʠʤʳʝ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ (ʥʝʜʦʧʫʩʪʠʤʳʝ ʥʝ ʤʦʛʫʪ ʚʦʡʪʠ ʚ ʨʝʰʝʥʠʝ 

ʜʘʞʝ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʦʧʫʩʪʠʤʦ (ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʢʦʥʝʯʥʦʝ). ʆʩʪʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʧʨʘʚʠʣʘ, ʩʦʭʨʘʥʷʶʱʠʝ ʜʦʧʫʩʪʠʤʦʩʪʴ. 

ɼʣʷ ʵʪʦʛʦ ʟʘʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʜʘʯʝ, ʧʦ ʩʫʱʝʩʪʚʫ, ʝʩʪʴ ʚʩʝʛʦ ʯʝʪʳʨʝ 

ʚʦʟʤʦʞʥʳʭ ʭʦʜʘ: ʜʚʠʞʝʥʠʝ ʢʨʝʩʪʴʷʥʠʥʘ ʙʝʟ ʦʙʲʝʢʪʘ, ʜʚʠʞʝʥʠʝ 

ʢʨʝʩʪʴʷʥʠʥʘ ʩ ʚʦʣʢʦʤ, ʩ ʢʦʟʦʡ ʠ ʩ ʢʘʧʫʩʪʦʡ. ʊʝʧʝʨʴ ʦʩʪʘʣʦʩʴ 

ʚʳʧʠʩʘʪʴ ʧʨʦʩʪʳʝ ʫʩʣʦʚʠʷ ʜʦʧʫʩʪʠʤʦʩʪʠ ʵʪʠʭ ʭʦʜʦʚ ʠ ʧʦʣʫʯʠʪʴ 

ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ R: 

if  D[1]<>D[2] & D[2]<>D[3]  then   D[0]:= 1 -  D[0]  

if  D[2]<>D[3] & D[0]=D[1]  then   D[0]:= 1 -  D[0] ;  

         D[1]:= 1 -  D[1]  

if  D[0]=D[2]      then   D[0]:=  1 -  D[0];  

        D[2]:= 1 -  D[2]  

if  D[1]<>D[2] & D[0]=D[3]  then   D[0]:=  1 -  D[0];  



97 

 

        D[3]:= 1 -  D[3]  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʟʘʜʘʯʝ 

ʫʣʫʯʰʠʣ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʟʥʘʥʠʡ ʚ ʜʝʩʷʪʴ ʨʘʟ. 

2.1.7. ʍʦʜ ʢʦʥʝʤ 

ɺ ʰʘʭʤʘʪʘʭ ʢʦʥʴ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ çʙʫʢʚʦʡ ɻè ð ʥʘ ʜʚʘ 

ʧʦʣʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠʣʠ ʚʝʨʪʠʢʘʣʠ ʠ ʥʘ ʦʜʥʦ ʧʦʣʝ ʚ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʵʪʦʤ ʦʥ ʥʝ ʜʦʣʞʝʥ ʚʳʭʦʜʠʪ ɹʟʘ 

ʛʨʘʥʠʮʳ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʙʦʣʝʝ ʚʦʩʴʤʠ ʚʦʟʤʦʞʥʳʭ ʭʦʜʦʚ ʢʦʥʝʤ ʠʟ ʜʘʥʥʦʡ 

ʧʦʟʠʮʠʠ (  

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..16). ɽʩʣʠ ʢʦʥʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʢʨʘʶ ʜʦʩʢʠ, ʚʦʟʤʦʞʥʳʭ 

ʭʦʜʦʚ ʤʝʥʴʰʝ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..16. ɺʦʟʤʦʞʥʳʝ ʭʦʜʳ ʢʦʥʝʤ 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʥʘʡʪʠ ʪʘʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʭʦʜʦʚ ʢʦʥʝʤ, ʥʘʯʠʥʘʷ ʩ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʢʦʥʴ ʩʪʘʥʦʚʠʪʩʷ ʥʘ ʢʘʞʜʦʝ ʧʦʣʝ 

ʜʦʩʢʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ.  

ʊʦʛʜʘ ʙʘʟʘ ʜʘʥʥʳʭ D ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

D : array  [ 1..8 ,1..8 ] of  1.. 0,  

ʛʜʝ D[ i ,  j ]  = 1 ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʥʴ ʙʳʣ ʥʘ ʧʦʣʝ ( i , j ) , ʘ 

0 ð ʥʝ ʙʳʣ.
37

  

ʊʦʛʜʘ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ D0 ð ʚʩʝ ʵʣʝʤʝʥʪʳ ʤʘʩʩʠʚʘ D 

ʥʫʣʠ, ʘ ʮʝʣʝʚʦʝ Dk ð ʚʩʝ ʵʣʝʤʝʥʪʳ D ʝʜʠʥʠʮʳ.  

ʇʦʜʩʯʠʪʘʝʤ, ʩʢʦʣʴʢʦ ʚʩʝʛʦ ʨʘʟʣʠʯʥʳʭ ʭʦʜʦʚ ʢʦʥʝʤ ʩʫʱʝʩʪʚʫʝʪ ʚ 

ʰʘʭʤʘʪʘʭ (ʥʘ ʧʫʩʪʦʡ ʜʦʩʢʝ). ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 16 ʧʦʣʝʡ ʚ ʮʝʥʪʨʝ ʜʦʩʢʠ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦ 8 ʭʦʜʦʚ. ɼʣʷ ʧʦʣʝʡ ʧʨʠʤʳʢʘʶʱʝʛʦ ʩʣʦʷ ð ʧʦ 6 ʭʦʜʦʚ, 

                                                           

37
 ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʦʙʦʟʥʘʯʝʥʠʡ ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʤʳ 

ʦʪʭʦʜʠʤ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʰʘʭʤʘʪʥʦʡ ʥʦʪʘʮʠʠ, ʦʙʦʟʥʘʯʘʷ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʠ, 

ʪʘʢ ʠ ʚʝʨʪʠʢʘʣʠ ʮʠʬʨʘʤʠ, ʘ ʧʨʠ ʫʢʘʟʘʥʠʠ ʭʦʜʦʚ ʚ ʰʘʭʤʘʪʥʦʤ ʩʤʳʩʣʝ 

ʠʩʧʦʣʴʟʫʝʤ ʧʨʠʚʳʯʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʨʪʠʢʘʣʝʡ ʣʘʪʠʥʩʢʠʤʠ ʙʫʢʚʘʤʠ. 
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ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʣʝʡ b2, b7, g2, g7, ʚ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʧʦ 4 ʭʦʜʘ. 

ɼʘʣʝʝ, ʠʟ ʧʦʣʝʡ ʥʘ ʢʨʘʶ ʜʦʩʢʠ ʚʦʟʤʦʞʥʳ ʧʦ 4 ʭʦʜʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʛʣʦʚʳʭ ʧʦʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ 2 ʭʦʜʘ, ʠ ʧʦʣʝʡ a2, b1, 

a7, b8, g8, h7, h2, g1, ʠʟ ʢʦʪʦʨʳʭ ʢʦʥʴ ʤʦʞʝʪ ʧʨʳʛʥʫʪʴ ʥʘ 3 ʜʨʫʛʠʭ 

ʧʦʣʷ. ʀʪʦʛʦ ʠʤʝʝʤ: 16*8 + 16*6 + 4*4 + 16*4 + 8*3 +4*2 = 336 ʭʦʜʦʚ 

ʢʦʥʝʤ. 

ʆʯʝʚʠʜʥʦ, ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʥʫʤʝʨʦʚʘʪʴ ʚʩʝ ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʥʳʝ 

ʭʦʜʳ ʠ ʩʦʧʦʩʪʘʚʣʷʪʴ ʠʤ ʧʨʘʚʠʣʘ: ʠʭ ʩʣʠʰʢʦʤ ʤʥʦʛʦ. ɿʘʤʝʥʠʤ 

ʨʝʘʣʴʥʳʝ ʭʦʜʳ ʥʘʙʦʨʦʤ ʠʟ ʚʦʩʴʤʠ ʧʨʦʜʫʢʮʠʡ, ʛʝʥʝʨʠʨʫʶʱʠʭ 

ʜʦʧʫʩʪʠʤʳʝ ʭʦʜʳ ʢʦʥʝʤ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ 

 
ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..16. ʇʨʠ ʵʪʦʤ ʤʳ ʤʦʞʝʤ ʧʨʷʤʦ ʚ ʧʨʘʚʠʣʘ ʚʥʝʩʪʠ ʧʨʦʚʝʨʢʫ 

ʫʩʣʦʚʠʷ ʟʘʜʘʯʠ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʴ ʤʦʞʝʪ ʧʦʧʘʜʘʪʴ ʥʘ ʜʘʥʥʦʝ ʧʦʣʝ ʪʦʣʴʢʦ 

ʦʜʠʥ ʨʘʟ. ʊʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʷ ʭʨʘʥʷʪʩʷ ʚ ʧʝʨʝʤʝʥʥʳʭ i  ʠ j . 

if  i  <= 6 & j  <= 7 & D[ i +2, j +1] = 0 then   

 D[ i +2, j +1] = 1 & i  = i +2 & j  = j +1   

if i <= 7 & j <= 6 & D[i +1, j +2] = 0  then  

 D[i +1, j +2] = 1 & i = i +1 & j = j +2  

if i >= 1 & j <= 6 & D[i - 1, j +2] = 0  then  

 D[i - 1, j +2] = 1 & i = i - 1 & j = j +2   
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if i >= 2 & j <= 7 & D[i - 2, j +1] = 0  then  

 D[i - 2, j +1] = 1 & i = i - 2 & j = j +1   

if i >= 2 & j >= 1 & D[i - 2, j - 1] = 0  then  

 D[i - 2, j - 1] = 1 & i = i - 2 & j = j - 1   

if i >= 1 & j >= 2 & D[i - 1, j - 2] = 0  then  

 D[i - 1, j - 2] = 1 & i = i - 1 & j = j - 2   

if i <= 7 & j >= 2 & D[i +1, j - 2] = 0  then   

 D[i +1, j - 2] = 1 & i = i +1 & j = j ï 2   

if i <= 6 & j >= 1 & D[i +2, j - 1] = 0  then  

 D[i +2, j - 1] = 1 & i = i +2 & j = j - 1   

ʕʢʦʥʦʤʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʣʦʙʦʚʳʤè ʧʦʜʭʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ 

336:8 = 42 ʨʘʟʘ.  

2.2. ʉʊʈɸʊɽɻʀʀ ʋʇʈɸɺʃɽʅʀʗ  

ʄʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

(control strategies) ʜʣʷ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ. ʉʘʤʦʝ ʚʘʞʥʦʝ ʥʘʙʣʶʜʝʥʠʝ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʥʘʠʣʫʯʰʝʡ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʚʩʝ ʩʣʫʯʘʠ ʞʠʟʥʠ. ʆʜʥʘ ʠ ʪʘ ʞʝ 

ʩʪʨʘʪʝʛʠʷ ʤʦʞʝʪ ʭʦʨʦʰʦ ʨʘʙʦʪʘʪʴ ʜʣʷ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ ʠ ʙʳʪʴ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʜʣʷ ʜʨʫʛʦʛʦ. 

ʇʨʝʜʚʘʨʷʷ ʦʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʨʘʟʜʝʣʘ, ʤʳ ʩʜʝʣʘʝʤ ʨʷʜ 

ʟʘʤʝʯʘʥʠʡ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʠ ʟʘʤʝʯʘʥʠʷ ʤʦʛʫʪ ʧʦʢʘʟʘʪʴʩʷ 

ʥʝʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʦʜʥʘʢʦ ʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʳʪʘʝʤʩʷ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʨʠʥʮʠʧʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʥʫʞʥʦʩʪʠ, ʧʦʣʝʟʥʦʩʪʠ) 

ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʢʣʶʯʸʥʥʦʛʦ ʚ ʢʥʠʛʫ ð ʵʪʦ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʢʘʩʘʝʪʩʷ 

ʧʨʠʤʝʯʘʥʠʡ, ʜʦʙʘʚʣʝʥʠʡ ʠ ʰʫʪʦʢ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʪʝʢʩʪʝ. 

ʇʦʛʦʚʦʨʠʤ ʦ ʝʩʪʝʩʪʚʝʥʥʦʩʪʠ ʪʝʨʤʠʥʦʚ, ʦʜʥʦʟʥʘʯʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʡ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʪʨʘʢʪʦʚʦʢ. ʅʘʯʥʝʤ, ʧʦʞʘʣʫʡ, ʩ 

ʛʨʘʬʦʚ, ʪʦʯʥʝʝ, ʩ ʢʣʘʩʩʘ, ʚʘʞʥʦʛʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʢʥʠʛʠ, 

ʥʘʟʳʚʘʝʤʦʛʦ ʢʣʘʩʩʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʜʝʨʝʚʴʝʚ. ɿʘʜʘʜʠʤʩʷ 

ʚʦʧʨʦʩʦʤ, ʢʫʜʘ ʨʘʩʪʝʪ ʜʝʨʝʚʦ ð ʚʚʝʨʭ ʠʣʠ ʚʥʠʟ? ʈʘʟʫʤʝʝʪʩʷ, ʧʝʨʚʳʤ 

ʚ ʛʦʣʦʚʫ ʧʨʠʭʦʜʠʪ ʦʪʚʝʪ çʚʚʝʨʭè, ʥʦ ʪʘʢ ʣʠ ʵʪʦ ʦʯʝʚʠʜʥʦ ʠ 

ʧʨʘʚʠʣʴʥʦ? ɸ ʯʪʦ, ʝʩʣʠ ʚʩʪʘʪʴ ʥʘ ʛʦʣʦʚʫ (ʧʦʤʝʥʷʪʴ ʩʠʩʪʝʤʫ 
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ʢʦʦʨʜʠʥʘʪ)? ʠʣʠ ʚʩʧʦʤʥʠʪʴ ʦ ʢʦʨʥʷʭ
38

 (ʨʘʩʩʤʦʪʨʝʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ 

ʢʘʨʪʠʥʫ)? ʅʘʢʦʥʝʮ, ʤʦʞʥʦ ʧʨʦʩʪʦ ʧʝʨʝʦʧʨʝʜʝʣʠʪʴ ʧʦʥʷʪʠʷ ʚʝʨʭʘ ʠ 

ʥʠʟʘ
39
, ʚʟʘʠʤʥʦ ʧʦʤʝʥʷʚ ʠʭ ʩʤʳʩʣ (ʠʩʭʦʜʷ, ʩʢʘʞʝʤ, ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ 

ʫʜʦʙʩʪʚʘ
40

 ʧʨʠ ʠʟʦʙʨʘʞʝʥʠʠ ʦʙʲʝʢʪʘ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʛʦ ʨʘʟʤʝʨʘ).  

ʇʨʠʤʝʨʦʚ ʧʦʜʦʙʥʦʛʦ ʪʦʣʢʘ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ
41
, ʠ 

ʚʩʝ ʦʥʠ ʫʙʝʞʜʘʶʪ ʣʠʰʴ ʚ ʦʜʥʦʤ ð ʥʘʧʨʘʚʣʝʥʠʷ (ʨʘʚʥʦ ʢʘʢ ʠ ʠʭ 

ʠʤʝʥʦʚʘʥʠʝ) ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ, ʠ ʢʘʞʜʳʡ ʨʘʟ, ʝʩʣʠ 

ʵʪʦ ʥʝ ʩʣʝʜʫʝʪ ʠʟ ʢʦʥʪʝʢʩʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʬʠʢʩʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ 

ʦʪʩʯʝʪʘ. 

ɺʦʦʨʫʞʠʚʰʠʩʴ ʵʪʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʚʝʨʥʝʤʩʷ ʢ ʩʪʨʘʪʝʛʠʷʤ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʚʦʜʦʤ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʨʝʯʴ ʠʜʝʪ ʦ ʩʠʩʪʝʤʘʭ 

ʧʨʦʜʫʢʮʠʡ, ʛʜʝ ʙʘʟʦʚʳʤ ʦʙʲʝʢʪʦʤ ʚʳʩʪʫʧʘʝʪ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ (*). ɺ 

ʟʘʧʠʩʠ ʧʨʦʜʫʢʮʠʠ p ­ q ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʤʚʦʣ ç­è, ʢʦʪʦʨʳʡ 

ʥʝʢʦʪʦʨʳʤ ʦʙʨʘʟʦʤ ʟʘʜʘʸʪ ʩʠʩʪʝʤʫ ʦʪʯʝʪʘ: ʜʚʠʞʝʥʠʝ ʦʪ ʘʨʛʫʤʝʥʪʦʚ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ (ʦʪ ʜʘʥʥʳʭ ʢ ʮʝʣʠ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʢʘʢ ʙʳ, ʚ ʧʨʷʤʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʦʪ ʮʝʣʠ ʢ ʜʘʥʥʳʤ ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʦʙʨʘʪʥʦʤ. 

ʊʘʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʨʘʪʝʛʠʡ ʭʘʨʘʢʪʝʨʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʝʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ʵʢʩʧʝʨʪʥʳʝ 

ʩʠʩʪʝʤʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʨʦʛʨʘʤʤ, ʩʠʩʪʝʤʳ ʚʝʨʠʬʠʢʘʮʠʠ ʠ 

ʨʷʜ ʜʨʫʛʠʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ çʙʦʣʝʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡè ʦʙʣʘʩʪʠ 

                                                           

38
 ʀʟʚʝʩʪʥʦ ʧʨʦʩʪʦ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʨʘʩʪʝʥʠʝ ð ʙʘʥʴʷʥ ð ʠʥʜʠʡʩʢʠʡ 

ʬʠʢʫʩ, ʩʚʷʱʝʥʥʦʝ ʜʝʨʝʚʦ ʙʫʜʜʠʩʪʦʚ. ʉ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʚʝʪʚʝʡ ʢ ʟʝʤʣʝ 

ʦʧʫʩʢʘʶʪʩʷ ʦʪʨʦʩʪʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʢʦʨʥʠ, ʨʘʟʨʘʩʪʘʶʪʩʷ, 

ʧʨʠʦʙʨʝʪʘʶʪ ʢʦʣʦʥʥʦʦʙʨʘʟʥʳʡ ʚʠʜ, ʠ ʦʜʥʦ ʜʝʨʝʚʦ ʩʪʘʥʦʚʠʪʩʷ ʮʝʣʦʡ 

ʨʦʱʝʡ. 
39

 ʉʠʤʚʦʣ 'ɾ' ('ʞʠʚʝʪʝ') ʜʨʝʚʥʝʨʫʩʩʢʦʛʦ ʘʣʬʘʚʠʪʘ ʢʘʢ ʨʘʟ ʠ 

ʠʟʦʙʨʘʞʘʝʪ ʜʝʨʝʚʦ (ɾʠʟʥʠ ð ʘʚʪ.), ʧʨʠ ʵʪʦʤ ʦʥ (ʩʠʤʚʦʣ) ʦʙʣʘʜʘʝʪ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʦʩʝʚʳʤʠ ʩʠʤʤʝʪʨʠʷʤʠ!  
40

 ʀʤʝʝʪʩʷ ʚ ʚʠʜʫ çʫʜʦʙʩʪʚʦè ʜʣʷ ʪʝʭ, ʢʪʦ ʧʨʠʚʳʢ ʧʠʩʘʪʴ ʩʣʝʚʘ 

ʥʘʧʨʘʚʦ, ʘ ʥʝ, ʥʘʧʨʠʤʝʨ, ʧʦ-ʘʨʘʙʩʢʠ. 
41

 ɺʩʧʦʤʥʠʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʠʡ ʦʪʯʝʪʘ ʫʛʣʦʚʳʭ ʤʝʨ ʚ 

ʛʝʦʜʝʟʠʠ ʠ ʤʘʪʝʤʘʪʠʢʝ ð çʧʦʩʦʣʦʥʴè ʠ çʧʨʦʪʠʚʦʩʦʣʦʥʴè, ʠ 

çʝʩʪʝʩʪʚʝʥʥʦʩʪʴè ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʞʠʪʝʣʝʡ ʉʝʚʝʨʥʦʛʦ ʠ ʖʞʥʦʛʦ 

ʧʦʣʫʰʘʨʠʡ. 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤ (ʝʸ ʝʱʝ ʥʘʟʳʚʘʶʪ ʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ) ʧʨʠʥʷʪʘ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ: ʮʝʣʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʪʨʘʪʝʛʠʠ
42

 (ʦʪ ʮʝʣʝʚʦʡ 

ʬʦʨʤʫʣʳ ʢ ʘʢʩʠʦʤʘʤ) ʥʘʟʳʚʘʶʪ ʧʨʷʤʳʤʠ, ʘ ʚʝʜʫʱʠʝ ʦʪ ʘʢʩʠʦʤ ʢ 

ʮʝʣʝʚʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ ð ʦʙʨʘʪʥʳʤʠ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʠʪʩʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʳʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʦʙʨʘʪʥʳʡ ʤʝʪʦʜ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʣʝʥʠʥʛʨʘʜʩʢʠʤ ʣʦʛʠʢʦʤ ʉ.ʖ. ʄʘʩʣʦʚʳʤ [16]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, (ʩ ʥʝʢʦʪʦʨʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ, ʨʘʟʫʤʝʝʪʩʷ) 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʨʘʪʥʳʡ ʤʝʪʦʜ ʄʘʩʣʦʚʘ ʠ ʧʨʷʤʘʷ ʚʦʣʥʘ 

ʨʝʘʣʠʟʫʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʪʨʘʪʝʛʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʜʠʢʘʣʴʥʦʝ 

ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʥʘʟʚʘʥʠʷʭ. 

2.2.1. ʂʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʩʪʨʘʪʝʛʠʡ  

ʈʘʟ ʩʪʨʘʪʝʛʠʠ ʨʘʟʣʠʯʥʳ, ʥʫʞʥʳ ʢʨʠʪʝʨʠʠ ʜʣʷ ʠʭ ʩʨʘʚʥʝʥʠʷ. 

ʂʨʠʪʝʨʠʝʚ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʥʝʤʘʣʦ, ʠ ʤʳ ʧʨʠʚʝʜʝʤ ʟʜʝʩʴ ʪʝ, 

ʢʦʪʦʨʳʝ ʥʘʤ ʠʤʧʦʥʠʨʫʶʪ.  

ʅʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..17. ɿʜʝʩʴ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʢʨʠʪʝʨʠʷ:  

- ʢʘʢʘʷ ʜʦʣʷ ʠʥʬʦʨʤʘʮʠʠ, ʫʞʝ ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʷ, ʩʦʭʨʘʥʷʝʪʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

- ʜʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʨʘʟʨʝʰʝʥʳ ʚʦʟʚʨʘʪʳ (ʧʝʨʝʚʦʜ ʙʘʟʳ ʜʘʥʥʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʚ ʥʦʚʦʝ, ʘ ʚ ʦʜʥʦ ʠʟ ʩʪʘʨʳʭ ʩʦʩʪʦʷʥʠʡ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʠ ʢʨʠʪʝʨʠʠ ʥʝ ʷʚʣʷʶʪʩʷ ʚʧʦʣʥʝ 

ʥʝʟʘʚʠʩʠʤʳʤʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʯʪʦʙʳ ʚʝʨʥʫʪʴ ʙʘʟʫ ʚ ʦʜʥʦ ʠʟ ʫʞʝ 

ʧʨʦʡʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʥʫʞʥʦ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʩʦʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʡʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

                                                           

42
 ʀʭ ʧʨʝʜʣʦʞʠʣʠ ʩʥʘʯʘʣʘ ʄ. ɼʵʚʠʩ ʠ ʍ. ʇʘʪʥʝʤ [14], ʘ ʟʘʪʝʤ ʨʘʟʚʠʣ 

ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣ, ʨʘʟʨʘʙʦʪʘʚ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʨʝʟʦʣʶʮʠʠ, ɼʞ. 

ʈʦʙʠʥʩʦʥ [15]. 
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ɺ
ʦ
ʟʚ
ʨ
ʘ
ʪr

ʉʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ

ʇʝʨʚrʡ 

ʧʦʜʭʦʜ̫ ʠɦʡ

ʇʦʠʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ

ʇʦʠʩʢ ʥʘ ʛʨʘʬʝ

ʜʦʧʫʩʢʘʝʪʩ̫ ʣʁ ʙʦʡ 

ʚʦʟʚʨʘʪ

ʩʦʭʨʘʥ̫ʝʪʩ̫ ʚʩ̫ 

ʠʥʬʦʨʤʘʮʠ̫

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..17. ɺʘʨʠʘʥʪʳ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡè, ʧʨʠʚʝʜʝʥʥʘʷ 

ʨʘʥʝʝ (ʩʤ. ʧʘʨʘʛʨʘʬ 0, ʘʣʛʦʨʠʪʤ 2.2), ʧʨʦʩʪʝʡʰʘʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʝʚʦʤʫ ʥʠʞʥʝʤʫ ʫʛʣʫ ʥʘ ʧʣʦʩʢʦʩʪʠ ʩʪʨʘʪʝʛʠʡ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..17. ʕʪʘ ʩʪʨʘʪʝʛʠʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʩʪʨʘʪʝʛʠʡ ʙʝʟʚʦʟʚʨʘʪʥʳʡ ʧʦʠʩʢ. 

ʂʨʦʤʝ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʧʦʠʩʢʘ, ʚ ʵʪʦʡ ʢʥʠʛʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʝʱʝ ʜʚʝ ʧʦʧʫʣʷʨʥʳʝ ʛʨʫʧʧʳ ʩʪʨʘʪʝʛʠʡ: 

1. ʇʦʠʩʢ ʥʘ ʛʨʘʬʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʩʷ ʜʦʩʪʫʧʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʚʦʟʤʦʞʥʳ ʣʶʙʳʝ ʚʦʟʚʨʘʪʳ, ʭʦʪʴ ʚ ʥʘʯʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

2. ʇʦʠʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ ð ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ 

ʥʝʢʦʪʦʨʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʥʝ ʚʩʷ, ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʦʟʚʨʘʪʳ, ʥʦ ʥʝ ʧʨʦʠʟʚʦʣʴʥʳʝ.  

ʃʶʙʫʶ ʩʪʨʘʪʝʛʠʶ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ ð ʧʦ 

ʟʘʪʨʘʪʘʤ ʥʘ ʚʳʙʦʨ ʧʨʘʚʠʣ ʠ ʧʦ ʟʘʪʨʘʪʘʤ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣ. ʇʨʠ 

ʵʪʦʤ, ʝʩʪʝʩʪʚʝʥʥʦ, ʚʦʟʤʦʞʥʦ ʜʚʘ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷ ð ʪʫʧʘʷ, ʥʦ ʙʳʩʪʨʘʷ 

ʩʪʨʘʪʝʛʠʷ ʠ ʫʤʥʘʷ, ʥʦ ʤʝʜʣʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ. ʉʣʠʰʢʦʤ ʙʳʩʪʨʘʷ 

ʩʪʨʘʪʝʛʠʷ ʥʝ ʪʨʘʪʠʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʚʳʙʦʨ ʧʨʘʚʠʣ, ʘ ʩʨʘʟʫ ʙʝʞʠʪ 
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ʚʧʝʨʝʜ, ʧʨʠʤʝʥʷʷ ʠʭ. ʅʦ ʤʦʞʝʪ ʙʳʪʴ, ʵʪʦ ʙʝʛ ʚ ʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʟʘʪʨʘʪ ʥʘ ʙʝʩʮʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʘʚʠʣ. ʉʣʠʰʢʦʤ ʫʤʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩʝʤʴ ʨʘʟ ʦʪʤʝʨʷʝʪ, ʧʨʝʞʜʝ ʯʝʤ 

ʦʪʨʝʟʘʪʴ ʠ ʧʨʠʤʝʥʠʪʴ ʧʨʘʚʠʣʦ. ʄʦʞʝʪ ʙʳʪʴ, ʵʪʦ ʭʦʨʦʰʝʝ ʧʨʘʚʠʣʦ, 

ʧʨʷʤʦ ʚʝʜʫʱʝʝ ʢ ʮʝʣʠ, ʥʦ ʢʘʢʦʚʳ ʙʫʜʫʪ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʪʘʥʠʝ ʥʘ ʤʝʩʪʝ 

ʧʝʨʝʜ ʝʛʦ ʚʳʙʦʨʦʤ? ʂʘʢ ʚʩʝʛʜʘ, ʝʩʪʴ ʠ ʟʦʣʦʪʘʷ ʩʝʨʝʜʠʥʘ, ʛʜʝ ʦʙʱʘʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʦʡ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..18). ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʟʘʪʨʘʪʳ ʨʘʩʪʫʪ ʥʝ ʣʠʥʝʡʥʦ, ʘ ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʦʙʨʘʟʦʤ, 

ʪʦ ʝʩʪʴ ʬʫʥʢʮʠʠ ʟʘʪʨʘʪ ʚʳʧʫʢʣʳ ʚʥʠʟ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..18, ʧʦʵʪʦʤʫ ʫ ʩʫʤʤʳ 

ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʦʙʷʟʘʪʝʣʴʥʦ ʝʩʪʴ ʤʠʥʠʤʫʤ. ɺʩʸ ʠʩʢʫʩʩʪʚʦ 

ʩʦʩʪʘʚʣʝʥʠʷ ʫʩʧʝʰʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʪʳʩʢʘʪʴ 

ʵʪʦʪ ʤʠʥʠʤʫʤ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ.  
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..18. ʉʦʩʪʘʚʣʷʶʱʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʪʨʘʪʝʛʠʠ 

ʫʧʨʘʚʣʝʥʠʷ 

2.2.2. ɹʝʟʚʦʟʚʨʘʪʥʳʡ ʧʦʠʩʢ  

ɹʝʟʚʦʟʚʨʘʪʥʳʡ ʧʦʠʩʢ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʝʛʦ ʥʘʟʚʘʥʠʷ, ð ʵʪʦ 

ʪʘʢʦʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ, ʢʦʛʜʘ ʤʳ ʥʝ ʩʦʙʠʨʘʝʤʩʷ ʚʦʟʚʨʘʱʘʪʴʩʷ ʢ 
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ʧʨʝʜʳʜʫʱʠʤ ʩʦʩʪʦʷʥʠʷʤ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʟʥʘʯʠʪ, ʤʦʞʝʤ ʥʝ ʭʨʘʥʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʠʭ ʩʦʩʪʦʥ̫ʠʷʭ. 

ʇʨʦʩʪʝʡʰʠʤ ʩʣʫʯʘʝʤ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʧʦʠʩʢʘ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʷ 

çʧʝʨʚʳʡ ʧʦʜʭʦʜʷɦ ʠʡè, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ, ʚ ʧʘʨʘʛʨʘʬʝ 0. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʠʩʢ ʚʝʜʝʪʩʷ ʚʩʣʝʧʫʶ, ʥʘʫʜʘʯʫ, ʠ ʨʝʟʫʣʴʪʘʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʧʝʨʝʙʠʨʘʶʪʩʷ (ʘ ʟʥʘʯʠʪ, ʠ 

ʧʨʠʤʝʥʷʶʪʩʷ) ʧʨʘʚʠʣʘ ʧʨʠ ʧʨʦʚʝʨʢʝ. ɽʩʣʠ ʤʳ ʥʠʯʝʛʦ ʥʝ ʟʥʘʝʤ ʦ 

ʟʘʜʘʯʝ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʚʝʣʠʢʦ, ʪʦ ʥʝ ʩʪʦʠʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʪʦ, 

ʯʪʦ ʩʪʨʘʪʝʛʠʷ çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡè ʜʘʩʪ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʊʘʢʞʝ ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʚ ʩʣʫʯʘʝ ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʧʦʠʩʢʘ 

ʤʦʞʥʦ ʚʚʝʩʪʠ ʦʮʝʥʦʯʥʫ ʁʬʫʥʢʮʠ ʁF : D ­ <+
, ʛʜʝ <+

 ð ʤʥʦʞʝʩʪʚʦ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʝʥʥʳʭ ʯʠʩʝʣ. ɿʘʧʠʩʴ F(d) ð ʦʮʝʥʢʘ 

ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ d. ʌʫʥʢʮʠʷ F ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʥʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʘʭ (ʪʝʭ ʩʦʩʪʦʷʥʠʷʭ ʙʘʟʳ, ʛʜʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʦʢʦʥʯʘʥʠʷ) ʬʫʥʢʮʠʷ ʧʨʠʥʠʤʘʣʘ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

t(dk) =def F(dk) = min { dÍD | F(d) }.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ Select , ʨʝʘʣʠʟʫʶʱʘʷ ʩʪʨʘʪʝʛʠʶ 

çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡ, ʫʤʝʥʴʰʘʶʱʠʡ ʦʮʝʥʢʫè, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ, 

ʢʘʢ ʫʢʘʟʘʥʦ ʚ ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..3. ʗʩʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʪʨʘʪʝʛʠʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʥʝ ʭʫʞʝ 

ʩʪʨʘʪʝʛʠʠ çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡè, ʘ ʝʩʣʠ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ʧʦʜʦʙʨʘʥʘ ʫʜʘʯʥʦ, ʪʦ ʪʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʙʫʜʝʪ ʥʘʤʥʦʛʦ ʣʫʯʰʝ.  

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..3. ʉʪʨʘʪʝʛʠʷ ʚʳʙʦʨʘ ʧʨʘʚʠʣʘ çʧʝʨʚʳʡ ʧʦʜʭʦʜʷʱʠʡ, 

ʫʤʝʥʴʰʘʶʱʠʡ ʦʮʝʥʢʫè. 

proc Select  ( d, R)  

 for  r  Í R do  

if r.p( d) & F(r. f ( d)) Ò F( d) then   

 return  ( r )  

end  if  

 end  for  

 return  ( nil )  
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end  proc  

ʄʦʞʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʜʫʨʫ, ʚʳʙʠʨʘʷ ʪʘʢʦʝ ʧʨʘʚʠʣʦ, ʢʦʪʦʨʦʝ ʥʝ 

ʧʨʦʩʪʦ ʫʤʝʥʴʰʘʝʪ ʦʮʝʥʢʫ, ʘ ʫʤʝʥʴʰʘʝʪ ʝʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. 

ʊʘʢʫʶ ʩʪʨʘʪʝʛʠʶ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʤʝʪʦʜʦʤ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ, 

ʠʣʠ ʛʨʘʜʠʝʥʪʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʞʘʜʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ (greedy search). ɺ ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ 

ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʦʩʪʝʡʰʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..4. ʉʪʨʘʪʝʛʠʷ ʚʳʙʦʨʘ ʧʨʘʚʠʣʘ çʥʘʠʩʢʦʨʝʡʰʠʡ ʩʧʫʩʢè. 

proc  Select  ( d, R)  

 m := F( d)  

 rô := nil  

 for r Í R do  

  if  r . p ( d) & F( r . f ( d)) < m then  

   rô:= r 

   m := F(r.f( d))  

  end  if  

 end for  

 return  (rô) 

end proc  

ʀʟ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʫ ʤʝʪʦʜʦʚ 

ʵʪʦʛʦ ʪʠʧʘ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ð ʠʥʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʳ ʧʦʧʘʜʘʥʠʷ ʚ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʠ 

ʧʣʘʪʦ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ ʦʙʥʘʨʫʞʠʪʴ, ʜʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʠʝ ʚʳʯʠʩʣʝʥʠʷ. ʇʦʧʘʚ ʚ ʣʦʢʘʣʴʥʳʡ 

ʤʠʥʠʤʫʤ, ʤʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ ʦʩʪʘʥʦʚʠʪʩʷ ʚ ʥʝʤ, ʥʝ ʥʘʡʜʷ 

ʨʝʰʝʥʠʷ. ʇʦʧʘʚ ʥʘ ʧʣʘʪʦ, ʤʝʪʦʜ ʧʨʠʚʝʜʝʪ ʢ ʙʝʩʮʝʣʴʥʳʤ ʩʣʫʯʘʡʥʳʤ 

ʙʣʫʞʜʘʥʠʷʤ ʧʦ ʧʣʘʪʦ. 

ʄʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ, ʝʩʣʠ ʦʮʝʥʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʫʥʠʤʦʜʘʣʴʥʘ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʛʣʦʙʘʣʴʥʳʡ 

ʤʠʥʠʤʫʤ ʠ ʥʝ ʠʤʝʝʪ ʧʣʘʪʦ. ʅʦ ʯʪʦʙʳ ʧʦʜʦʙʨʘʪʴ ʫʥʠʤʦʜʘʣʴʥʫʶ 
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ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ, ʥʫʞʥʦ ʠʩʯʝʨʧʳʚʘʶʱʠʤ ʦʙʨʘʟʦʤ ʟʥʘʪʴ ʩʚʦʡʩʪʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ, ʘ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʚʝʩʪʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ɺ ʩʣʫʯʘʝ ʠʛʨʳ ʚ ʚʦʩʝʤʴ ʚʦʟʴʤʝʤ 

ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ F ð ʵʪʦ ʯʠʩʣʦ ʰʘʰʝʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʝ ʥʘ ʩʚʦʝʤ 

ʤʝʩʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʬ ʧʦʠʩʢʘ ʵʪʦʡ ʠʛʨʳ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..19). 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..19. ʆʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ F: ʯʠʩʣʦ ʰʘʰʝʢ ʥʝ ʥʘ ʩʚʦʝʤ ʤʝʩʪʝ 

ɿʜʝʩʴ ʫʟʣʳ ʛʨʘʬʘ ʦʙʦʟʥʘʯʘʶʪ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ ʯʠʩʣʘ ʚ 

ʫʟʣʘʭ ð ʵʪʦ ʟʥʘʯʝʥʠʝ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʚ ʜʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ 

ʫʜʘʯʥʦʡ ð ʤʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʧʦʠʩʢʘ ʙʳʩʪʨʦ ʥʘʰʝʣ ʨʝʰʝʥʠʝ. ʅʦ 

ʟʜʝʩʴ ʝʩʪʴ ʵʣʝʤʝʥʪ ʚʝʟʝʥʠʷ: ʠʟ ʫʟʣʘ ʩ ʦʮʝʥʢʦʡ 3 ʧʦʠʩʢ ʧʦʰʝʣ ʥʘ ʩʝʚʝʨ, 

ʘ ʥʝ ʥʘ ʟʘʧʘʜ, ʧʨʦʩʪʦ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʘʚʠʣʦ ʜʚʠʞʝʥʠʷ ʥʘ ʩʝʚʝʨ ʚ ʥʘʰʝʤ 

ʩʧʠʩʢʝ ʧʨʘʚʠʣ ʦʢʘʟʘʣʦʩʴ ʨʘʥʴʰʝ ʧʨʘʚʠʣʘ ʜʚʠʞʝʥʠʷ ʥʘ ʟʘʧʘʜ.  

2.2.3. ʇʦʠʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ  

ɹʝʟʚʦʟʚʨʘʪʥʳʡ ʧʦʠʩʢ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʥʝʧʦʜʭʦʜʷʱʝʛʦ ʧʨʘʚʠʣʘ ʨʝʰʝʥʠʝ ʣʠʙʦ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʚʦʟʤʦʞʥʳʤ, ʣʠʙʦ ʧʨʦʮʝʩʩ ʧʦʠʩʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʤʝʜʣʷʝʪʩʷ. ʄʦʞʥʦ 
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ʧʦʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʩʣʝʜʫʶʱʫʶ ʠʜʝʶ: ʝʩʣʠ ʚ 

ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ 

ʥʘʯʘʪʦʛʦ ʨʝʰʝʥʠʝ ʣʠʙʦ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ, ʣʠʙʦ ʵʪʦʪ ʧʦʠʩʢ ʦʙʝʱʘʝʪ 

ʙʳʪʴ ʩʣʠʰʢʦʤ ʜʦʣʛʠʤ, ʪʦʛʜʘ ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʚʝʨʥʫʪʴʩʷ ʥʘʟʘʜ ʠ 

ʧʦʧʨʦʙʦʚʘʪʴ ʜʨʫʛʦʡ ʧʫʪʴ. 

ʉʪʨʘʪʝʛʠʷ ʧʦʠʩʢʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʱʝʥʠʝ ʥʘʟʘʜ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʨʫʛʦʝ ʧʨʘʚʠʣʦ, ʝʩʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʧʦʜʭʦʜʷʱʠʤ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʠʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ
43

 (Backtracking). 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʜʫʨʫ Backtra ck ing  (ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..5). 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..5. ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ ʜʣʷ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ. 

proc  Backtracking  ( d, R, t )  

 if  t ( d) then return  ( OK) end if  

 if Deadend  ( d) then return  ( fail ) end if  

 Rô := SelectAll (d, R)  

 for  r Í Rô do  

  if  Backtracking (r.f(d), R, t ) = OK then  

return  ( OK)  

end if  

end for  

return  ( fail )  

end  proc  

ʀʜʝʷ ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ ʦʯʝʥʴ ʧʨʦʩʪʘ ʠ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ. ɽʩʣʠ ʜʦʩʪʠʛʥʫʪʦ ʢʘʢʦʝ-ʪʦ ʠʟ ʫʩʣʦʚʠʡ ʦʢʦʥʯʘʥʠʷ, ʪʦ 

ʨʘʙʦʪʫ ʥʫʞʥʦ ʧʨʝʢʨʘʪʠʪʴ ʠ ʚʝʨʥʫʪʴ ʨʝʟʫʣʴʪʘʪ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 

ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ, ʧʨʠʤʝʥʠʤʳʭ ʚ ʜʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ (ʢʦʥʬʣʠʢʪʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʩʤ. ʧʘʨʘʛʨʘʬ 0) ʩ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʠ SelectAll . ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʚ ʮʠʢʣʝ ʧʦ ʧʨʠʤʝʥʠʤʳʤ 

ʧʨʘʚʠʣʘʤ ʨʝʢʫʨʩʠʚʥʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʪʦʡ ʞʝ ʧʨʦʮʝʜʫʨʝ ʧʦʠʩʢʘ ʩ 

                                                           

43
 ʀʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪ ʥʝʫʜʘʯʥʳʡ ʪʝʨʤʠʥ çʦʙʨʘʪʥʦʝ ʧʨʦʩʣʝʞʠʚʘʥʠʝè. 

ʕʪʦʪ ʪʝʨʤʠʥ ʷʚʣʷʝʪʩʷ ʪʦʯʥʳʤ ʧʝʨʝʚʦʜʦʤ ʩ ʘʥʛʣʠʡʩʢʦʛʦ, ʥʦ ʧʣʦʭʦ ʦʪʨʘʞʘʝʪ 

ʩʫʪʴ ʜʝʣʘ.  
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ʚʦʟʚʨʘʪʘʤʠ, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʚʳʙʨʘʥʥʦʛʦ 

ʧʨʘʚʠʣʘ.  

ɺ ʜʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʢʣʶʯʠʪʴ ʬʫʥʢʮʠʶ 

Deadend  ð ʦʙʨʳʚ çʤʝʨʪʚʳʭè ʧʫʪʝʡ (ʪʫʧʠʢʦʚ), ʠʥʘʯʝ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʟʘʮʠʢʣʠʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʮʝʜʫʨʘ Deadend  ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ, 

ʥʘʧʨʠʤʝʨ: 

- ʩʦʚʧʘʜʝʥʠʝ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ D ʩ ʫʞʝ 

ʧʦʩʪʨʦʝʥʥʳʤ ʨʘʥʝʝ; 

- ʦʛʨʘʥʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʧʦʠʩʢʘ ʠ ʪ.ʜ. 

ʇʨʠʤʝʨ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ ʜʣʷ ʟʘʜʘʯʠ ʦ ʚʦʣʢʝ, ʢʦʟʝ ʠ ʢʘʧʫʩʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..20. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʩʝʨʳʤ ʦʪʤʝʯʝʥʳ ʫʟʣʳ, ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʠʜʝʥʪʠʯʥʳ ʫʞʝ ʧʦʩʪʨʦʝʥʥʳʤ 

ʫʟʣʘʤ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʫʟʝʣ 0001. ʕʪʦ ʪʫʧʠʢʦʚʳʡ ʫʟʝʣ ð 

ʧʨʦʜʦʣʞʝʥʠʝ ʧʦʠʩʢʘ ʠʟ ʥʝʛʦ ʥʝʚʦʟʤʦʞʥʦ. ʂ ʩʯʘʩʪʴʶ, ʧʨʦʜʦʣʞʝʥʠʝ ʠ 

ʥʝ ʥʫʞʥʦ, ʪ.ʢ. ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʘʣʛʦʨʠʪʤ ʥʘʭʦʜʠʪ ʮʝʣʝʚʦʡ ʫʟʝʣ 1111. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..20. ʇʦʠʩʢ ʚʦʟʚʨʘʪʘʤʠ ʜʣʷ ʟʘʜʘʯʠ ʦ ʚʦʣʢʝ, ʢʦʟʝ ʠ ʢʘʧʫʩʪʝ 

ɿʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ Deadend  ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʝʨʢʘ 

ʩʦʚʧʘʜʝʥʠʷ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʩ ʧʦʩʪʨʦʝʥʥʳʤ ʨʘʥʝʝ ʥʘ ʵʪʦʤ ʧʫʪʠ. 

ʀʟʚʝʩʪʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʩʦʭʨʘʥʷʶʪʩʷ ʥʝ ʚʩʝ, ʘ ʪʦʣʴʢʦ 

ʢʣʶʯʝʚʳʝ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʠ ʚʦʟʚʨʘʪ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝ ʥʘ ʦʜʠʥ 

ʰʘʛ, ʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ ʥʘʟʘʜ ʢ ʧʦʩʣʝʜʥʝʤʫ ʩʦʭʨʘʥʝʥʥʦʤʫ 

ʩʦʩʪʦʷʥʠʶ.  

ʇʨʠ ʧʦʠʩʢʝ ʩ ʚʦʟʚʨʘʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʭʦʜ ʜʝʨʝʚʘ, ʧʨʠʯʝʤ ʚ 

ʧʘʤʷʪʠ ʭʨʘʥʠʪʩʷ ʥʝ ʚʩʝ ʜʝʨʝʚʦ, ʘ ʪʦʣʴʢʦ ʪʝʢʫʱʠʡ ʧʦʩʪʨʦʝʥʥʳʡ ʧʫʪʴ ʚ 

ʵʪʦʤ ʜʝʨʝʚʝ. ɼʚʠʞʝʥʠʝ ʚʥʠʟ ʧʦ ʜʝʨʝʚʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʢʫʨʩʠʚʥʳʝ 

ʚʳʟʦʚʳ. ɼʚʠʞʝʥʠʶ ʚʚʝʨʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʚʨʘʪʳ. ʅʘ ʈʠʩ. ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..21 ʧʨʝʜʩʪʘʚʣʝʥ 

ʬʨʘʛʤʝʥʪ ʜʝʨʝʚʘ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ ʜʣʷ ʟʘʜʘʯʠ ʦ ʭʦʜʝ ʢʦʥʝʤ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..21. ʌʨʘʛʤʝʥʪ ʜʝʨʝʚʘ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ ʜʣʷ ʟʘʜʘʯʠ ʦ ʭʦʜʝ 

ʢʦʥʝʤ 

ʉʪʘʚʠʤ ʢʦʥʷ ʥʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʣʝ ʜʦʩʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʦʣʷ ʚʟʷʪʦ ʫʛʣʦʚʦʝ ʧʦʣʝ a1. ʇʦʦʯʝʨʝʜʥʦ ʧʝʨʝʩʪʘʚʣʷʷ 

ʢʦʥʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʣʷ, ʠʱʝʤ ʪʘʢʦʝ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʥʝʝ ʢʦʥʴ ʥʝ ʙʳʣ. 

ɽʩʣʠ ʪʘʢʠʭ ʧʦʣʝʡ ʚʦʦʙʱʝ ʥʝʪ, ʪʦ ʚʦʟʚʨʘʱʘʝʤʩʷ ʥʘ ʧʨʝʜʳʜʫʱʝʝ ʧʦʣʝ ʠ 

ʪʘʢ ʜʘʣʝʝ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʧʨʘʚʠʣ ʧʨʝʜʧʦʣʘʛʘʝʪ ʭʨʘʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭ ʧʦʣʷʭ ʜʦʩʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʢʦʥʴ ʫʞʝ ʧʦʙʳʚʘʣ (ʩʤ. 

ʧʘʨʘʛʨʘʬ 0). ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʚ ʬʫʥʢʮʠʠ Deadend  ʥʝʪ ʥʫʞʜʳ 

ʧʨʦʚʝʨʷʪʴ ʩʦʚʧʘʜʝʥʠʝ ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʩ ʧʦʩʪʨʦʝʥʥʳʤ ʨʘʥʝʝ ʥʘ 

ʵʪʦʤ ʧʫʪʠ. ʎʝʥʦʡ ʭʨʘʥʝʥʠʷ ʥʝʢʦʪʦʨʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʙʘʟʝ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʧʨʦʮʝʜʫʨʫ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ.  

2.2.4. ʇʦʠʩʢ ʥʘ ʛʨʘʬʝ  

ʇʦʠʩʢ ʥʘ ʛʨʘʬʝ (graph search) ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʭʨʘʥʠʪʩʷ ʚʩʷ ʜʦʩʪʫʧʥʘʷ 

ʧʦʣʫʯʝʥʥʘʷ ʨʘʥʝʝ ʠʥʬʦʨʤʘʮʠʷ. ɼʣʷ ʵʪʦʛʦ ʩʦʟʜʘʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʛʨʘʬ ʧʦʠʩʢʘ.  
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ɻʨʘʬ ʧʦʠʩʢʘ ð ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ G (V, E), ʚ ʢʦʪʦʨʦʤ 

ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ V ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ
44

 ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ ʜʘʥʥʳʭ, ʘ 

ʤʥʦʞʝʩʪʚʦ ʜʫʛ E ð ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʡ ʧʨʘʚʠʣ.  

ɺ ʵʪʦʤ ʛʨʘʬʝ ʝʩʪʴ ʥʘʯʘʣʴʥʳʡ ʫʟʝʣ d0 ʠ ʤʥʦʞʝʩʪʚʦ (ʚʦʟʤʦʞʥʦ, 

ʧʫʩʪʦʝ) ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʦʚ ʊ = { dÍD | t(d)} . ʕʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʦʚ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ dt, dtÍT. ɼʫʛʘ ʠʟ ʫʟʣʘ d1 ʚ ʫʟʝʣ 

d2 ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʧʨʘʚʠʣʦ, 

ʧʨʠʤʝʥʠʤʦʝ ʚ ʩʦʩʪʦʷʥʠʠ d1 ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʧʝʨʝʚʦʜʷʱʝʝ ʙʘʟʫ ʚ ʩʦʩʪʦʷʥʠʝ d2. 

d1 Ÿ d2 Í E Ú $ r Í R ( r.p(d1) &  r.f (d1) = d2 ). 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚ ʛʨʘʬʝ ʧʦʠʩʢʘ ʤʦʛʫʪ ʙʳʪʴ ʮʠʢʣʳ, ʧʝʪʣʠ, 

ʤʫʣʴʪʠʜʫʛʠ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʚʷʟʘʥ ʠ ʪ.ʜ. 

ɼʣʷ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʘʣʛʦʨʠʪʤʘʭ ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..6 ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..7: 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..6. ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ. 

proc GraphSearch  ( d, R, t )  

 O := { d}  { ʩʧʠʩʦʢ çʦʪʢʨʳʪʳʭè ʫʟʣʦʚ }  

 C := Å { ʩʧʠʩʦʢ çʟʘʢʨʳʪʳʭè ʫʟʣʦʚ }  

 while  × t ( d) do  

  d := Select  (O)  

  if  d = nil  then  return  ( fail ) end if  

  Open ( d, R);  

 end while  

 return  ( OK)  

end  proc   

                                                           

44
 ʄʳ ʠʩʧʦʣʴʟʫʝʤ ʟʜʝʩʴ ʪʝʨʤʠʥ çʩʦʚʦʢʫʧʥʦʩʪʴè, ʯʪʦʙʳ ʧʦʜʯʝʨʥʫʪʴ, 

ʯʪʦ ʚʩʝ ʫʟʣʳ ʛʨʘʬʘ ʧʦʠʩʢʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳ ʠ ʨʘʟʣʠʯʥʳ, ʥʦ ʨʘʟʥʳʝ ʫʟʣʳ 

ʛʨʘʬʘ ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʦʩʪʦʷʥʠʶ ʙʘʟʳ, 

ʘʥʘʣʦʛʠʯʥʦ, ʚʩʝ ʜʫʛʠ ʛʨʘʬʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳ ʠ ʨʘʟʣʠʯʥʳ, ʥʦ ʨʘʟʥʳʝ ʜʫʛʠ 

ʤʦʛʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʶ ʦʜʥʦʛʦ ʧʨʘʚʠʣʘ. 



113 

 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..7. ʇʨʦʮʝʜʫʨʘ ʨʘʩʢʨʳʪʠʷ ʫʟʣʘ. 

proc  Open ( d, R)  

for  r Í R do  

  if  r.p( d) then  

   if  r.f( d)  Î O & r.f(D) Î C then  

    O := O + r.f (D)  

   end  if  

  end  if  

end  for  

O := O -  {D}  

C := C + {D}  

end  proc  

ɿʜʝʩʴ ʟʥʘʢ + ʦʟʥʘʯʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʩʧʠʩʦʢ, ʘ ʟʥʘʢ ï 

ʦʟʥʘʯʘʝʪ ʫʜʘʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʠʟ ʩʧʠʩʢʘ. 

ʉʧʠʩʦʢ O ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ ʩʧʠʩʢʦʤ ʦʪʢʨʳʪʳʭ ʫʟʣʦʚ (ʦʪ 

ʘʥʛʣʠʡʩʢʦʛʦ Open), ʘ ʩʧʠʩʦʢ C ʪʨʘʜʠʮʠʦʥʥʦ ʥʘʟʳʚʘʝʪʩʷ ʩʧʠʩʢʦʤ 

ʟʘʢʨʳʪʳʭ ʫʟʣʦʚ (ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ Close). ʄʝʞʜʫ ʪʝʤ ʵʪʠ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʥʘʟʚʘʥʠʷ ʤʦʛʫʪ ʚʚʦʜʠʪʴ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʩʧʠʩʦʢ O ð 

ʵʪʦ ʩʧʠʩʦʢ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʝʱʝ ʥʝ ʦʪʢʨʳʚʘʣʠ, ʥʦ ʩʦʙʠʨʘʝʤʩʷ 

ʦʪʢʨʳʪʴ (to be opened), ʘ ʩʧʠʩʦʢ C ð ʵʪʦ ʩʧʠʩʦʢ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʤʳ 

ʫʞʝ ʦʪʢʨʣrʠ, ʠ ʙʦʣʴʰʝ ʦʪʢʨʳʚʘʪʴ ʥʝ ʙʫʜʝʤ (already opened). 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʧʦʩʦʙʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ð 

ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ ʠ ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ. 

ɽʩʣʠ ʩʧʠʩʦʢ O ð ʵʪʦ ʩʪʝʢ, ʪʦ ʝʩʪʴ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʚʳʙʠʨʘʝʪʩʷ 

ʧʦʩʣʝʜʥʠʡ ʧʦʣʦʞʝʥʥʳʡ ʫʟʝʣ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ ʧʦʠʩʢʝ ʚ 

ʛʣʫʙʠʥʫ. 

ɽʩʣʠ ʩʧʠʩʦʢ O ð ʵʪʦ ʦʯʝʨʝʜʴ, ʪʦ ʝʩʪʴ ʜʣʷ ʨʘʩʢʨʳʪʠʷ 

ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʚʳʡ ʧʦʣʦʞʝʥʥʳʡ ʫʟʝʣ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʷʪ ʦ 

ʧʦʠʩʢʝ ʚ ʰʠʨʠʥʫ. 

ʋ ʧʦʠʩʢʘ ʚ ʰʠʨʠʥʫ ʠ ʚ ʛʣʫʙʠʥʫ ʝʩʪʴ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ.  
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ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʠʩʢʘ ʚ ʰʠʨʠʥʫ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʚʩʝʛʜʘ ʙʫʜʝʪ ʥʘʡʜʝʥʦ, ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ. ʇʦʠʩʢ ʚ 

ʰʠʨʠʥʫ ʧʨʦʩʤʘʪʨʠʚʘʝʪ ʚʩʝ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʫʟʣʳ, ʧʦʩʪʝʧʝʥʥʦ 

ʫʜʘʣʷʷʩʴ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ʚ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʛʨʘʬ ʧʦʠʩʢʘ ʙʝʩʢʦʥʝʯʝʥ ʠʣʠ ʦʯʝʥʴ ʚʝʣʠʢ, ʤʦʞʝʪ ʧʨʦʡʪʠ 

ʤʠʤʦ ʨʝʰʝʥʠʷ, ʫʡʪʠ ʚ ʛʣʫʙʠʥʫ ʠ ʥʝ ʚʝʨʥʫʪʴʩʷ.  

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʠʩʢʘ ʚ ʛʣʫʙʠʥʫ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʠʥʦʛʜʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʙʳʩʪʨʝʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ, ʥʘʧʨʠʤʝʨ, 

ʠʩʢʦʤʳʡ ʫʟʝʣ ʥʘʭʦʜʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ. ɺ ʪʘʢʦʡ 

ʩʠʪʫʘʮʠʠ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ ʦʙʷʟʘʪʝʣʴʥʦ ʩʥʘʯʘʣʘ ʨʘʩʢʨʦʝʪ ʚʩʝ ʫʟʣʳ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʤʝʥʴʰʝʤ, ʯʝʤ k, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʵʪʦʛʦ ʥʘʯʥʝʪ ʨʘʩʢʨʳʚʘʪʴ ʫʟʣʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ k, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʠʪʩʷ ʠʩʢʦʤʳʡ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ, ʝʩʣʠ ʧʦʚʝʟʝʪ, 

ʤʦʞʝʪ ʧʦʡʪʠ ʢ ʥʫʞʥʦʤʫ ʫʟʣʫ ʠ ʨʘʩʢʨʳʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʥʘ 

ʧʨʷʤʦʤ ʧʫʪʠ ʜʦ ʮʝʣʠ (ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʚʩʝʛʦ ʨʘʩʢʨʳʚʘʝʪʩʷ kï1 ʫʟʝʣ). 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ 

ʥʘʭʦʜʠʪ ʨʝʰʝʥʠʝ ʧʨʠʤʝʨʥʦ ʚʜʚʦʝ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ. ʅʘ 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..22 

ʧʨʠʚʝʜʝʥʘ ʥʘʛʣʷʜʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʧʨʠʯʠʥ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ʅʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʯʝʨʥʳʤ ʚʳʜʝʣʝʥʳ ʫʟʣʳ, ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʨʘʩʢʨʳʪʳ, ʘ 

ʠʟʚʠʣʠʩʪʘʷ ʩʪʨʝʣʢʘ ʧʦʢʘʟʳʚʘʝʪ ʧʦʨʷʜʦʢ ʨʘʩʢʨʳʪʠʷ ʫʟʣʦʚ. ʍʦʨʦʰʦ 

ʚʠʜʥʦ, ʯʪʦ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ, ʜʚʠʛʘʷʩʴ ʧʦ ʩʧʠʨʘʣʠ, ʤʦʞʝʪ ʧʨʦʡʪʠ ʨʷʜʦʤ 

ʩ ʨʝʰʝʥʠʝʤ ʠ ʫʡʪʠ ʥʘ çʰʪʨʘʬʥʦʡ ʢʨʫʛè, ʘ ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ, ʝʩʣʠ 

ʧʦʚʝʟʝʪ, ʤʦʞʝʪ ʧʦʯʪʠ ʩʨʘʟʫ çʥʘʪʢʥʫʪʴʩʷè ʥʘ ʨʝʰʝʥʠʝ.  
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..22. ʇʦʠʩʢ ʚ ʰʠʨʠʥʫ (ʩʣʝʚʘ) ʠ ʚ ʛʣʫʙʠʥʫ (ʩʧʨʘʚʘ) 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʩʘʤʳʡ ʚʥʫʪʨʝʥʥʠʡ ʦʧʝʨʘʪʦʨ if  ʚ 

ʘʣʛʦʨʠʪʤʝ 2.7. ʇʨʠ ʨʝʰʝʥʠʠ ʣʶʙʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ 

ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʜʠʣʝʤʤʘ ð ʧʨʦʚʝʨʷʪʴ ʠʣʠ ʥʝ ʧʨʦʚʝʨʷʪʴ 

ʜʫʙʣʠʨʦʚʘʥʠʝ ʫʟʣʦʚ? ɼʫʙʣʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ, ʧʦʩʢʦʣʴʢʫ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʘʟʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʡ ʧʨʘʚʠʣ. ɽʩʣʠ ʧʨʦʚʝʨʷʪʴ, ʪʦ ʙʫʜʝʪ 

ʪʨʘʪʠʪʴʩʷ ʣʠʰʥʝʝ ʚʨʝʤʷ ʥʘ ʧʨʦʚʝʨʢʫ ʩʦʚʧʘʜʝʥʠʷ, ʟʘʪʦ ʥʝ ʙʫʜʝʪ 

ʜʫʙʣʠʨʫʶʱʠʭ ʫʟʣʦʚ ʠ ʥʝ ʙʫʜʝʪ ʣʠʰʥʝʡ ʨʘʙʦʪʳ ʥʘ ʠʭ ʧʦʚʪʦʨʥʦʝ 

ʦʪʢʨʳʪʠʝ. ɽʩʣʠ ʥʝ ʧʨʦʚʝʨʷʪʴ, ʪʦ ʥʘʦʙʦʨʦʪ, ʥʝ ʙʫʜʝʤ ʪʝʨʷʪʴ ʚʨʝʤʝʥʠ 

ʥʘ ʧʨʦʚʝʨʢʫ, ʥʦ, ʤʦʞʝʪ ʙʳʪʴ, ʙʫʜʝʤ ʪʝʨʷʪʴ ʚʨʝʤʷ ʥʘ ʧʦʚʪʦʨʥʫʶ 

ʨʘʙʦʪʫ ʩ ʪʝʤʠ ʫʟʣʘʤʠ, ʢʦʪʦʨʳʝ ʫʞʝ ʚʩʪʨʝʯʘʣʠʩʴ.   

ʈʘʩʩʤʦʪʨʠʤ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ ʜʣʷ ʟʘʜʘʯʠ ʦ ʢʨʝʩʪʴʷʥʠʥʝ, ʚʦʣʢʝ, 

ʢʦʟʝ ʠ ʢʘʧʫʩʪʝ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..23). 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..23. ɻʨʘʬ ʧʦʠʩʢʘ ʜʣʷ ʟʘʜʘʯʠ ʦ ʚʦʣʢʝ, ʢʦʟʝ ʠ ʢʘʧʫʩʪʝ ʩ 

ʧʨʦʚʝʨʢʦʡ ʩʦʚʧʘʜʝʥʠʷ ʫʟʣʦʚ 

ɿʘʤʝʪʠʤ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. ɺʦʧʨʝʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ 

ʧʨʝʜʨʘʩʩʫʜʢʫ, ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ ʤʦʞʝʪ ʩʪʨʦʠʪʴ ʤʝʥʴʰʝ ʫʟʣʦʚ, ʯʝʤ 

ʧʦʠʩʢ ʩ ʚʦʟʚʨʘʪʘʤʠ, ʝʩʣʠ ʧʨʦʚʝʨʷʪʴ ʩʦʚʧʘʜʝʥʠʷ (ʩʨʘʚʥʠʪʝ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..20 ʠ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..23, ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʩʪʨʦʝʥʦ 14 ʫʟʣʦʚ, ʘ ʚʦ ʚʪʦʨʦʤ ð ʪʦʣʴʢʦ 10). 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ ʥʘ ʛʨʘʬʝ (ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ) ʤʦʞʝʪ 

ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʝʝ ʧʦʠʩʢʘ ʩ ʚʦʟʚʨʘʪʘʤʠ! 

ʅʦ ʝʩʣʠ ʥʝ ʧʨʦʚʝʨʷʪʴ ʩʦʚʧʘʜʝʥʠʷ, ʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ 

ʦʯʝʥʴ ʤʥʦʛʦ ʣʠʰʥʠʭ ʫʟʣʦʚ, ʧʦʚʪʦʨʷʶʱʠʭ ʫʞʝ ʠʤʝʶʱʠʝʩʷ. ʅʘ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..24 

ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʨʘʬʘ ʧʦʠʩʢʘ ʜʣʷ ʵʪʦʡ ʟʘʜʘʯʠ, 

ʢʦʪʦʨʳʡ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤ. ʊʨʦʝʪʦʯʠʷʤʠ ʥʘ ʵʪʦʤ 

ʨʠʩʫʥʢʝ ʦʙʦʟʥʘʯʝʥʳ ʥʝ ʧʦʢʘʟʘʥʥʳʝ ʧʨʦʜʦʣʞʝʥʠʷ ʛʨʘʬʘ. ʇʦʠʩʢ ʚ 
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ʰʠʨʠʥʫ ʥʘʡʜʝʪ ʨʝʰʝʥʠʝ, ʭʦʪʷ ʠ ʟʘʪʨʘʪʠʪ ʤʥʦʛʦ ʣʠʰʥʝʡ ʨʘʙʦʪʳ, ʘ 

ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ʤʦʞʝʪ çʧʨʦʤʘʭʥʫʪʴʩʷè ʤʠʤʦ ʨʝʰʝʥʠʷ.  
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..24. ɻʨʘʬ ʧʦʠʩʢʘ ʜʣʷ ʟʘʜʘʯʠ ʦ ʚʦʣʢʝ, ʢʦʟʝ ʠ ʢʘʧʫʩʪʝ ʙʝʟ 

ʧʨʦʚʝʨʢʠ ʩʦʚʧʘʜʝʥʠʷ ʫʟʣʦʚ 

ʆʙʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩʪʨʦʛʦʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʦʛʦ, ʥʫʞʥʦ ʠʣʠ ʥʝ ʥʫʞʥʦ ʧʨʦʚʝʨʷʪʴ ʩʦʚʧʘʜʝʥʠʷ, ʜʘʪʴ ʥʝʚʦʟʤʦʞʥʦ. 

ʅʝʬʦʨʤʘʣʴʥʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʩʣʠ ʩʦʚʧʘʜʝʥʠʡ ʥʝʤʥʦʛʦ, ʪʦ 

ʠʭ ʣʫʯʰʝ ʥʝ ʧʨʦʚʝʨʷʪʴ, ʘ ʝʩʣʠ ʤʥʦʛʦ, ʢʘʢ ʚ ʟʘʜʘʯʝ ʧʨʦ ʢʨʝʩʪʴʷʥʠʥʘ, 

ʚʦʣʢʘ, ʢʦʟʫ ʠ ʢʘʧʫʩʪʫ, ʪʦ ʣʫʯʰʝ ʧʨʦʚʝʨʷʪʴ. 

ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʦ ʩʚʦʡʩʪʚʘʭ ʛʨʘʬʘ ʧʦʠʩʢʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʠʛʨʳ ʚ ʚʦʩʝʤʴ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʫʱʝʩʪʚʫʝʪ 8! = 

40 320 ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʩʪʘʥʦʚʦʢ ʚʦʩʴʤʠ ʬʠʰʝʢ ʠ, ʟʥʘʯʠʪ, ʩʫʱʝʩʪʚʫʝʪ 

8!9 = 9! = 362 880 ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ ʜʘʥʥʳʭ (ʯʠʩʣʦ ʧʝʨʝʩʪʘʥʦʚʦʢ 

ʬʠʰʝʢ, ʫʤʥʦʞʝʥʥʦʝ ʥʘ ʯʠʩʣʦ ʧʦʣʦʞʝʥʠʡ ʧʫʩʪʦʡ ʷʯʝʡʢʠ). ʄʦʞʥʦ 

ʜʦʢʘʟʘʪʴ, ʯʪʦ ʚʩʝ ʩʦʩʪʦʷʥʠʷ ɹɼ ʨʘʟʙʠʚʘʶʪʩʷ ʥʘ ʜʚʘ ʤʥʦʞʝʩʪʚʘ: ʩ 
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ʯʝʪʥʳʤ ʯʠʩʣʦʤ ʠʥʚʝʨʩʠʡ ʠ ʩ ʥʝʯʝʪʥʳʤ ʯʠʩʣʦʤ ʠʥʚʝʨʩʠʡ, ʧʨʠʯʝʤ 

ʭʦʜʳ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʭʨʘʥʷʶʪ ʯʝʪʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬ ʧʦʠʩʢʘ 

ʜʣʷ ʠʛʨʳ ʚ ʚʦʩʝʤʴ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʩʚʷʟʥʦʩʪʠ, ʧʨʠʯʝʤ 

ʢʘʞʜʘʷ ʢʦʤʧʦʥʝʥʪʘ ʩʠʣʴʥʦ ʩʚʷʟʘʥʘ. ɽʩʣʠ ʥʘʯʘʣʴʥʦʝ ʠ ʮʝʣʝʚʦʝ 

ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʚʷʟʥʦʩʪʠ, ʪʦ 

ʨʝʰʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʝʩʣʠ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʝ, ʪʦ 

ʨʝʰʝʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ.  

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ R 

ʥʝʷʚʥʦ ʟʘʜʘʝʪ, ʚʦʟʤʦʞʥʦ, ʙʝʩʢʦʥʝʯʥʳʡ ʛʨʘʬ ʧʦʠʩʢʘ, ʧʨʠʯʝʤ ʦʥ ʤʦʞʝʪ 

ʙʳʪʴ ʢʘʢ ʩʚʷʟʥʳʤ, ʪʘʢ ʠ ʥʝʩʚʷʟʥʳʤ, ʩʦʜʝʨʞʘʪʴ ʮʠʢʣʳ ʠʣʠ ʥʝ 

ʩʦʜʝʨʞʘʪʴ ʮʠʢʣʦʚ. ʇʦ ʚʠʜʫ ʦʪʜʝʣʴʥʳʭ ʧʨʘʚʠʣ ʥʠʢʘʢʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʦ 

ʩʚʦʡʩʪʚʘʭ ʛʨʘʬʘ ʧʦʠʩʢʘ ʩʜʝʣʘʪʴ ʥʝʣʴʟʷ.  

ɺ ʪʝʨʤʠʥʘʭ ʛʨʘʬʘ ʧʦʠʩʢʘ ʦʙʨʘʟʥʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʠʩʢ ʩ 

ʚʦʟʚʨʘʪʘʤʠ ð ʵʪʦ ʱʫʧ, ʢʦʪʦʨʳʡ ʤʳ ʟʘʩʦʚʳʚʘʝʤ ʚ ʛʨʘʬ ʧʦʠʩʢʘ ʚ 

ʥʘʜʝʞʜʝ ʥʘʪʢʥʫʪʴʩʷ ʥʘ dt. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʷʚʣʝʥʠʝ ʯʘʩʪʠ 

ʛʨʘʬʘ, ʘ ʯʘʩʪʴ ʛʨʘʬʘ ʦʩʪʘʝʪʩʷ ʩʢʨʳʪʦʡ. ʇʦʠʩʢ ʥʘ ʛʨʘʬʝ ð ʵʪʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʝʧʝʥʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʚʩʝʛʦ ʛʨʘʬʘ, ʢʦʛʜʘ ʥʠʯʝʛʦ 

ʥʝ ʦʩʪʘʝʪʩʷ ʩʢʨʳʪʳʤ. 

2.3. ʉʇɽʎʀɸʃʔʅʓɽ ʉʀʉʊɽʄʓ ʇʈʆɼʋʂʎʀʁ 

ɿʜʝʩʴ ʤʳ ʦʙʩʫʞʜʘʝʤ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʩʠʩʪʝʤ 

ʧʨʦʜʫʢʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ 

ʤʦʞʝʪ ʜʘʪʴ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʘʝʪ ʥʝʦʞʠʜʘʥʥʳʡ ʚʳʠʛʨʳʰ. 

2.3.1.ʆʙʨʘʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʚʩʝʛʜʘ ʥʘʯʠʥʘʣʠ ʧʦʠʩʢ ʦʪ 

ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʘʙʦʪʘʣʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝ 

ʧʦʣʫʯʘʣʠ ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʦʙʳʯʥʦ (ʩʤ. 

ʥʘʯʘʣʦ ʨʘʟʜʝʣʘ 2.2) ʥʘʟʳʚʘʶʪʩʷ ʧʨʷʤʳʤʠ. ʃʦʛʠʯʥʦ ʧʦʩʪʫʧʘʪʴ ʠ 

ʥʘʦʙʦʨʦʪ ð ʧʨʠʤʝʥʷʪʴ ʦʙʨʘʪʥʳʝ ʧʨʘʚʠʣʘ ʠ ʜʚʠʛʘʪʴʩʷ ʦʪ ʮʝʣʝʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢ ʠʩʭʦʜʥʦʤʫ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʦʙʨʘʪʥʳʤʠ. 

ɺʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʦʙʨʘʪʥʘʷ ʩʠʩʪʝʤʘ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ, 

ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʧʨʷʤʘʷ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ 
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ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..25). ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʛʜʝ ʮʝʣʴ ʙʦʣʴʰʝ ð ʚ ʙ·ʣʴʰʫʶ ʤʠʰʝʥʴ ʣʝʛʯʝ ʧʦʧʘʩʪʴ! 

ɼʘʥʥr ʝ

ʎʝʣɹ

ʇʨ̫ʤʘ̫ ʩʠʩʪʝʤʘ ʣʫʯh ʝʆʙʨʘʪʥʘ̫ ʩʠʩʪʝʤʘ ʣʫʯh ʝ

ɼʘʥʥr ʝ

ʎʝʣɹ

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..25. ʇʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ 

ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʤʦʜʝʣʴʥʫʶ ʟʘʜʘʯʫ ʠʟ ʪʝʦʨʠʠ ʯʠʩʝʣ. ɺ ʵʪʦʡ 

ʟʘʜʘʯʝ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʨʘʟʣʘʛʘʝʪʩʷ ʣʠ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʥʘ ʟʘʜʘʥʥʳʝ 

ʤʥʦʞʠʪʝʣʠ.  

ʇʫʩʪʴ ʮʝʣʝʚʦʝ ʯʠʩʣʦ ʨʘʚʥʦ 60, ʘ ʤʥʦʞʠʪʝʣʠ ð 2, 3, 5. 

ʇʨʷʤʘʷ ʩʠʩʪʝʤʘ ʚʳʛʣʷʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ. 

d0 := {2,3,5}, t ( d) := 60 Íd 

R := if  xÍd & yÍd & xyÎd & xy<61 then  d: = dÇ{xy}  

ʇʦʠʩʢ ʚ ʰʠʨʠʥʫ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (19 ʧʨʠʤʝʥʝʥʠʡ 

ʧʨʘʚʠʣ). 

2 3 5     (ʠʩʭʦʜʥʳʝ ʤʥʦʞʠʪʝʣʠ) 

4 6 9 10 15 25  (ʧʦʧʘʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ) 

8 12 18 20 30 50  (ʚʪʦʨʘʷ ʩʪʨʦʢʘ *2) 

27 45      (ʚʪʦʨʘʷ ʩʪʨʦʢʘ *3)  

       (ʚʪʦʨʘʷ ʩʪʨʦʢʘ *5 ï ʥʝʪ ʥʦʚʳʭ) 
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16 24 36 40 60   (ʪʨʝʪʴʷ ʩʪʨʦʢʘ *2 ï ʜʦʩʪʠʛʥʫʪʘ 

ʮʝʣʴ) 

ʇʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (4 ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʘʚʠʣ). 

2 3 5 

15 45 30 60 

ʆʙʨʘʪʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʪʘʢʦʡ. 

d0 := {60}, t ( d) := 1 Íd 

R :=  {  if  xÍd & x:2 then  d := d\ { x}Ç{ x/2}  

i f  xÍd & x:3 then  d := d\ { x}Ç{ x/3}  

if  xÍd & x: 5 then  d := d\ {x} Ç{x/5}   }  

ʇʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (4 ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʘʚʠʣ). 

60  

30 15 5 1 

ʇʦʠʩʢ ʚ ʰʠʨʠʥʫ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (11 ʧʨʠʤʝʥʝʥʠʡ 

ʧʨʘʚʠʣ). 

60 

30 20 12 

15 10 6 4 

5 3 2 

1 

ɿʜʝʩʴ ʮʝʣʴ ð ʝʜʠʥʩʪʚʝʥʥʘʷ, ʘ ʜʘʥʥʳʭ ð ʪʨʠ, ʧʦʵʪʦʤʫ, ʢʘʢ ʠ 

ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʦʙʨʘʪʥʘʷ ʩʠʩʪʝʤʘ ʜʘʝʪ ʯʫʪʴ ʣʫʯʰʠʝ, ʯʝʤ ʧʨʷʤʘʷ, 

ʥʦ ʩʦʧʦʩʪʘʚʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʅʦ ʝʩʣʠ ʧʦʩʪʘʚʠʪʴ ʜʨʫʛʫʶ, ʙʦʣʝʝ ʨʘʩʧʣʳʚʯʘʪʫʶ ʮʝʣʴ: ʢʘʢʠʝ 

ʯʠʩʣʘ, ʤʝʥʴʰʠʝ ʠʣʠ ʨʘʚʥʳʝ 60, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʥʦʞʠʪʝʣʝʡ 2, 3, 

5, ʪʦ ʩʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʧʦʢʘʞʝʪ ʩʦʚʩʝʤ ʜʨʫʛʫʶ ʢʘʨʪʠʥʫ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʷʤʘʷ ʩʠʩʪʝʤʘ ʧʨʠ ʵʪʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʫʩʣʦʚʠʷ ʦʢʦʥʯʘʥʠʷ ʠ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ, ʧʦʢʘ ʥʝ ʦʩʪʘʥʦʚʠʪʩʷ ʚʚʠʜʫ 

ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʤʝʥʠʤʳʭ ʧʨʘʚʠʣ. ʅʘʢʦʧʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʙʫʜʝʪ ʦʪʚʝʪʦʤ ʥʘ ʚʦʧʨʦʩ ʟʘʜʘʯʠ. 

d0 := {2,3,5}  
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R := if xÍd & y Íd & xy Îd & xy<61 then  d:= dÇ{xy}  

ʇʦʠʩʢ ʚ ʰʠʨʠʥʫ ʜʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (22 ʧʨʠʤʝʥʝʥʠ ̫

ʧʨʘʚʠʣ). 

2 3 5     (ʠʩʭʦʜʥʳʝ ʤʥʦʞʠʪʝʣʠ) 

4 6 9 10 15 25  (ʧʦʧʘʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ) 

8 12 18 20 30 50  (ʚʪʦʨʘʷ ʩʪʨʦʢʘ *2) 

27 45      (ʚʪʦʨʘʷ ʩʪʨʦʢʘ *3) 

       (ʚʪʦʨʘʷ ʩʪʨʦʢʘ *5) 

16 24 36 40 60   (ʪʨʝʪʴʷ ʩʪʨʦʢʘ *2) 

54       (ʪʨʝʪʴʷ ʩʪʨʦʢʘ *3) 

32 48      (ʰʝʩʪʘʷ ʩʪʨʦʢʘ *2) 

ʇʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ʜʘʩʪ ʪʘʢʠʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʦʣʴʢʦ ʯʠʩʣʘ ʙʫʜʫʪ 

ʥʘʡʜʝʥʳ ʚ ʜʨʫʛʦʤ ʧʦʨʷʜʢʝ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʦʙʘ ʚʠʜʘ ʧʦʠʩʢʘ ʦʙʦʡʜʫʪ ʦʜʠʥ ʪʦʪ ʞʝ ʛʨʘʬ, ʧʦʩʝʪʠʚ ʢʘʞʜʳʡ ʫʟʝʣ 

ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʰʠʨʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʥʘʰʝʡ ʟʘʜʘʯʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʭʦʜʥʦʡ ð ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤʦʤ ʧʦʠʩʢʘ ʚ 

ʰʠʨʠʥʫ ʚʩʝʛʦ ʣʠʰʴ ʪʨʠ ʫʟʣʘ ʥʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ. ʊʦ ʝʩʪʴ ʚ ʠʩʭʦʜʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʜʣʷ ʧʦʠʩʢʘ ʚ ʰʠʨʠʥʫ ʧʨʷʤʘʷ ʩʠʩʪʝʤʘ ʥʝ ʙʳʣʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʮʝʣʴ, ʬʘʢʪʠʯʝʩʢʠ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʨʝʰʘʣʘ ʙʦʣʝʝ 

ʦʙʱʫʶ ʟʘʜʘʯʫ, ʘ ʥʝ ʪʫ, ʯʪʦ ʪʨʝʙʦʚʘʣʦʩʴ.  

ʊʝʧʝʨʴ ʧʦʩʪʘʨʘʝʤʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʢʘʢʠʝ ʯʠʩʣʘ, ʤʝʥʴʰʠʝ 

ʠʣʠ ʨʘʚʥʳʝ 60, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʤʥʦʞʠʪʝʣʝʡ 2, 3, 5, ʠʩʧʦʣʴʟʫʷ 

ʦʙʨʘʪʥʫʶ ʩʠʩʪʝʤʫ ʧʨʦʜʫʢʮʠʡ. ʉʨʘʟʫ ʷʩʥʦ, ʯʪʦ ʧʨʠʜʝʪʩʷ 60 ʨʘʟ ʟʘʜʘʪʴ 

ʚʦʧʨʦʩ, ʧʨʝʜʩʪʘʚʠʤʦ ʣʠ ʦʯʝʨʝʜʥʦʝ ʯʠʩʣʦ. ʇʨʠ ʵʪʦʤ, ʠʩʧʦʣʴʟʫʷ, 

ʥʘʧʨʠʤʝʨ, ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ, ʙʫʜʝʪ ʥʘʡʜʝʥ ʦʪʚʝʪ ʜʣʷ ʢʘʞʜʦʛʦ ʯʠʩʣʘ, 

ʧʨʠʯʝʤ ʯʠʩʣʦ ʧʨʠʤʝʥʝʥʠʡ ʧʨʘʚʠʣ ʤʠʥʠʤʫʤ = 0 (ʝʩʣʠ ʧʨʦʚʝʨʷʝʤʦʝ 

ʯʠʩʣʦ ʧʨʦʩʪʦʝ), ʤʘʢʩʠʤʫʤ = 5. ɺ ʩʨʝʜʥʝʤ ð ʦʢʦʣʦ ʜʚʫʭ ʧʨʠʤʝʥʝʥʠʡ 

ʧʨʘʚʠʣ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʜʥʦʛʦ ʯʠʩʣʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʨʘʪʥʘʷ 

ʩʠʩʪʝʤʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʧʦʨʷʜʦʢ ʭʫʞʝ, ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʟʘʛʨʦʤʦʞʜʘʪʴ ʢʥʠʛʫ ʫʪʦʤʠʪʝʣʴʥʳʤ ʦʧʠʩʘʥʠʝʤ ʝʝ ʨʘʙʦʪʳ, ð 

ʩʪʦʣʙʮʘʤʠ ʥʝʥʫʞʥʳʭ ʯʠʩʝʣ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʝʩʣʠ ʧʦʪʨʝʙʦʚʘʪʴ 
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ʧʨʦʩʪʦ ʨʘʟʣʦʞʠʪʴ ʯʠʩʣʦ 60 ʥʘ ʤʥʦʞʠʪʝʣʠ, ʪʦ ʦʙʨʘʪʥʘʷ ʩʠʩʪʝʤʘ, 

ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ. 

ɺʳʚʦʜ ʠʟ ʵʪʦʛʦ ʧʨʠʤʝʨʘ ʪʘʢʦʚ: ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ-

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʯʝʥʴ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʜʝʪʘʣʠ ʟʘʜʘʯ. 

ʀʥʦʛʜʘ ʫʯʝʪ ʜʝʪʘʣʝʡ ʚʘʞʥʝʝ ʩʣʝʜʦʚʘʥʠʷ ʦʙʱʠʤ ʧʨʠʥʮʠʧʘʤ. 

2.3.2. ɼʚʫʩʪʦʨʦʥʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 

ʇʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ, ʪʘʢ 

ʢʘʢ ʧʦʠʩʢ ʜʚʠʛʘʝʪʩʷ ʩʪʨʦʛʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ð ʢ ʮʝʣʠ ʠʣʠ ʦʪ ʥʝʝ. 

ʆʜʥʘʢʦ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʦ ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʦʜʥʦ 

ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʥʘʧʨʘʚʣʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʳ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʛʨʝ ʚ ʚʦʩʝʤʴ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʠʛʘʪʴʩʷ ʦʪ 

ʜʘʥʥʳʭ ʢ ʮʝʣʠ ʠ ʦʪ ʮʝʣʠ ʢ ʜʘʥʥʳʤ, ʧʨʦʚʝʨʷʷ, ʥʝ ʧʦʷʚʠʣʦʩʴ ʣʠ ʦʙʱʝʝ 

ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ. ʕʪʦ 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ. 

ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʣʦʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʩʪʨʘʪʝʛʠʷ ʫʧʨʘʚʣʝʥʠʷ, ʪʦ ʜʚʫʩʪʦʨʦʥʥʷʷ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʦʢʘʞʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʝʝ ʦʜʥʦʩʪʦʨʦʥʥʝʡ, ʧʦʩʢʦʣʴʢʫ ʩʫʤʤʘʨʥʦ ʤʝʥʴʰʝ ʫʟʣʦʚ 

ʙʫʜʝʪ ʨʘʩʢʨʳʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʠʩʢʝ ʚ ʰʠʨʠʥʫ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..26).  
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D0 Dt

D

ʎʝʣʝʚʦʡ ʫʟʝʣ

ʄʝʩʪʦ ʚʩʪʨʝʯʠ

ʀʩʭʦʜʥr ʡ ʫʟʝʣ

ɼʚʫʩʪʦʨʦʥʥʘ̫ ʩʠʩʪʝʤʘʇʨ̫ʤʘ̫ ʩʠʩʪʝʤʘ

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..26. ʇʨʝʠʤʫʱʝʩʪʚʦ ʜʚʫʩʪʦʨʦʥʥʝʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 

ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ ʪʘʢ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʠʝ 

ʵʚʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʚʝʜʫʪ ʦʪ ʜʘʥʥʳʭ ʢ ʮʝʣʠ ʠ ʦʪ 

ʮʝʣʠ ʢ ʜʘʥʥʳʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ, ʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ 

ʜʚʫʩʪʦʨʦʥʥʷʷ ʩʠʩʪʝʤʘ ʭʫʞʝ, ʯʝʤ ʣʶʙʘʷ ʦʜʥʦʩʪʦʨʦʥʥʷʷ (ʈʠʩ. ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..27)! 

D0

DtD

ʎʝʣʝʚʦʡ ʫʟʝʣ

ʄʝʩʪʦ ʚʩʪʨʝʯʠ

ʀʩʭʦʜʥr ʡ ʫʟʝʣ

ʆʙʨʘʪʥʘ̫ ʩʠʩʪʝʤʘ

ʇʨ̫ʤʘ̫ ʩʠʩʪʝʤʘ

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..27. ɼʚʫʩʪʦʨʦʥʥʷʷ ʩʠʩʪʝʤʘ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʵʚʨʠʩʪʠʢʘʤʠ  
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2.3.3. ʂʦʤʤʫʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ  

ʉʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʘʚʠʣ R ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʤʤʫʪʘʪʠʚʥʦʡ, ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʫʩʣʦʚʠʷ: 

"dÍD ( r1.p (d) & r2.p (d) ­ r2.p (r1.f (d)) ) 

- ʝʩʣʠ ʜʚʘ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʠʤʳ, ʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʜʥʦʛʦ, 

ʜʨʫʛʦʝ ʦʩʪʘʝʪʩʷ ʧʨʠʤʝʥʠʤʳʤ; 

"dÍD ( r.p(d) & t(d) ­ t(r.f(d)) ) 

- ʝʩʣʠ ʮʝʣʴ ʜʦʩʪʠʛʥʫʪʘ, ʪʦ ʥʘʚʩʝʛʜʘ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣ ʥʝ 

ʦʪʤʝʥʷʝʪ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ; 

"dÍD ( r1.p(d) & r2.p(d) ­ r2.f(r1.f(d)) = r1.f(r2.f(d)) ) 

- ʝʩʣʠ ʜʚʘ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʠʤʳ, ʪʦ ʠʭ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʣʶʙʦʤ 

ʧʦʨʷʜʢʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʚ ʧʘʨʘʛʨʘʬʝ 0 ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʜʣʷ ʯʠʩʝʣ 

ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʪʠʚʥʦʡ. ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʢʦʤʤʫʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʡ ð ʠʛʨʘ ʚ ʚʦʩʝʤʴ, ʘ ʚʦʪ ʟʘʜʘʯʘ ʦ ʢʨʝʩʪʴʷʥʠʥʝ, ʚʦʣʢʝ, ʢʦʟʝ ʠ 

ʢʘʧʫʩʪʝ ð ʵʪʦ ʥʝʢʦʤʤʫʪʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʪʨʝʪʴʝ ʫʩʣʦʚʠʝ, ʫʩʣʦʚʠʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ, ʥʝ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʦʞʥʦ ʧʨʦʠʟʚʦʣʴʥʦ ʧʝʨʝʫʧʦʨʷʜʦʯʠʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʘʚʠʣ, ʪʦ ʝʩʪʴ ʫʪʚʝʨʞʜʝʥʠʝ 

"d (r2.f(r1.f(d)) = r1.f(r2.f(d))), ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʚʝʨʥʦ. ʅʦ ʪʝ 

ʧʨʘʚʠʣʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʠʤʳ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ 

ʣʶʙʦʤ ʧʦʨʷʜʢʝ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʢʦʤʤʫʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʚʦʟʚʨʘʪʥʳʡ 

ʨʝʞʠʤ, ʪʘʢ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣʘ ʥʠʯʝʛʦ ʥʝ ʧʦʨʪʠʪ.  

ʊʝʦʨʝʤʘ. ɺʩʷʢʫʶ ʉʇ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ ʢʦʤʤʫʪʘʪʠʚʥʫʶ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ S = < D , R, C 

> ʩ ʥʘʯʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʙʘʟʳ d0. ʈʘʩʩʤʦʪʨʠʤ ʝʝ ʛʨʘʬ ʧʦʠʩʢʘ G. 

ʇʦʩʪʨʦʠʤ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʧʨʦʜʫʢʮʠʡ S' =< D' , R' , C' >. ɹʘʟʦʡ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʳ S' ʙʫʜʝʪ ʛʨʘʬ ʧʦʠʩʢʘ ʩʠʩʪʝʤʳ S. ʇʨʘʚʠʣʘ R'  ʥʦʚʦʡ 

ʩʠʩʪʝʤʳ ð ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʬʘ ʧʦʠʩʢʘ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʜʝʣʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʪʨʘʪʝʛʠʠ ʉ ʚ ʩʪʘʨʦʡ ʩʠʩʪʝʤʝ 
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(ʨʘʩʢʨʳʪʠʝ ʫʟʣʘ). ʅʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʢʦʤʤʫʪʘʪʠʚʥʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ: 

- ʝʩʣʠ ʚ ʩʪʘʨʦʡ ʩʠʩʪʝʤʝ ʜʚʘ ʫʟʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʧʠʩʢʝ O, ʪʦ 

ʨʘʩʢʨʳʪʠʝ ʦʜʥʦʛʦ ʫʟʣʘ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʢʨʳʪʠʶ ʚʪʦʨʦʛʦ ʫʟʣʘ, ʪʘʢ 

ʯʪʦ ʧʝʨʚʦʝ ʫʩʣʦʚʠʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʦ; 

- ʝʩʣʠ ʚ ʩʪʘʨʦʡ ʩʠʩʪʝʤʝ ʚ ʛʨʘʬʝ ʧʦʠʩʢʘ ʧʦʩʪʨʦʝʥ ʪʝʨʤʠʥʘʣʴʥʳʡ 

ʫʟʝʣ, ʪʦ ʨʘʩʢʨʳʪʠʝ ʜʨʫʛʠʭ ʫʟʣʦʚ ʥʝ ʠʩʢʣʶʯʠʪ ʠʟ ʛʨʘʬʘ ʪʝʨʤʠʥʘʣʴʥʦʛʦ 

ʫʟʣʘ, ʪʘʢ ʯʪʦ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʦ; 

- ʝʩʣʠ ʚ ʩʪʘʨʦʡ ʩʠʩʪʝʤʝ ʜʚʘ ʫʟʣʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʧʠʩʢʝ O, ʪʦ ʠʭ 

ʤʦʞʥʦ ʨʘʩʢʨʳʚʘʪʴ ʚ ʣʶʙʦʤ ʧʦʨʷʜʢʝ, ʧʦʣʫʯʠʪʩʷ ʦʜʠʥ ʠ ʪʦʪ ʞʝ 

ʨʝʟʫʣʴʪʘʪ, ʪʘʢ ʯʪʦ ʪʨʝʪʴʝ ʫʩʣʦʚʠʝ ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʠ ʚʳʧʦʣʥʝʥʦ. ʏ.ʪ.ʜ. 

ɼʦʢʘʟʘʥʥʘʷ ʪʝʦʨʝʤʘ ʤʘʣʦ ʯʪʦ ʜʘʝʪ ʥʘ ʧʨʘʢʪʠʢʝ. ʍʦʪʷ ʧʦʣʫʯʝʥʥʘʷ 

ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʤʤʫʪʘʪʠʚʥʘ, ʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʝʸ 

ʦʙʲʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ. ɺʳʠʛʨʳʰ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʙʝʟʚʦʟʚʨʘʪʥʦʛʦ ʧʦʠʩʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʦʠʛʨʳʰ ʟʘ ʩʯʝʪ 

ʨʘʟʨʘʩʪʘʥʠʷ ʩʠʩʪʝʤ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. 

ʇʦʜʢʨʝʧʠʤ ʦʙʱʠʝ ʦʮʝʥʦʯʥʳʝ ʩʫʞʜʝʥʠʷ ʧʨʠʤʝʨʦʤ 

ʢʦʤʤʫʪʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʥʳʭ ʠʟ: ʧʝʨʝʤʝʥʥʦʡ x, ʥʘʪʫʨʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʦʧʝʨʘʮʠʡ ʩʣʦʞʝʥʠʷ, ʫʤʥʦʞʝʥʠʷ ʠ ʚʦʟʚʝʜʝʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʩʪʝʧʝʥʴ 

(ʧʦʣʠʥʦʤʳ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ). ʀʤʝʝʪʩʷ ʥʘʙʦʨ ʧʨʘʚʠʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ:  

1. ʈʘʩʢʨʳʪʴ ʩʢʦʙʢʠ 

2. ʇʨʠʚʝʩʪʠ ʧʦʜʦʙʥʳʝ 

3. ʋʧʦʨʷʜʦʯʠʪʴ ʧʦ ʩʪʝʧʝʥʷʤ 

ʕʪʠ ʧʨʘʚʠʣʘ ʚʩʝʤ ʠʟʚʝʩʪʥʳ ʩʦ ʰʢʦʣʳ, ʧʦʵʪʦʤʫ ʤʳ ʥʝ ʩʪʘʣʠ 

ʟʘʧʠʩʳʚʘʪʴ ʠʭ ʬʦʨʤʘʣʴʥʦ. ʇʦʧʳʪʘʝʤʩʷ ʫʧʨʦʩʪʠʪʴ ʚʳʨʘʞʝʥʠʝ 

1+ʭ(1+ʭ(3+ʭ+ʭ)) (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..28). 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..28. ʋʧʨʦʱʝʥʠʝ ʚʳʨʘʞʝʥʠʡ 

ɽʩʣʠ ʧʨʘʚʠʣʦ ʯʪʦ-ʪʦ ʤʝʥʷʝʪ ð ʧʨʠʤʝʥʷʝʤ ʝʛʦ. ɼʣʷ ʧʦʣʠʥʦʤʦʚ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ. 

ʌʘʢʪʠʯʝʩʢʠ ʟʜʝʩʴ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʥʝ ʩʦʜʝʨʞʘʣʘ ʫʩʣʦʚʠʡ ð ʵʪʦ 

ʧʨʠʤʝʨ ʩʠʩʪʝʤʳ ʧʦʜʩʪʘʥʦʚʢʠ ʪʝʨʤʦʚ, ʠʣʠ ʩʠʩʪʝʤʳ ʧʨʘʚʠʣ 

ʧʝʨʝʧʠʩʳʚʘʥʠʷ (terms rewriting rules), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʜʥʦʨʦʜʥʳʤ ʩʠʩʪʝʤʘʤ ʧʨʦʜʫʢʮʠʡ. 

ʉʠʩʪʝʤʘ ʧʨʘʚʠʣ ʧʝʨʝʧʠʩʳʚʘʥʠʷ (Term-rewriting system) ð 

ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʧʝʨʝʧʠʩʳʚʘʥʠʷ R, ʦʧʨʝʜʝʣʷʶʱʝʝ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʪʝʨʤʦʚ ʙʠʥʘʨʥʦʝ ʦʪʥʦʰʝʥʠʝ Ÿ (ʦʪʥʦʰʝʥʠʝ ʨʝʜʫʢʮʠʠ). 

ɻʦʚʦʨʷʪ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʘʚʠʣ ʧʝʨʝʧʠʩʳʚʘʥʠʷ R ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʦʤ ʏʸʨʯʘ-ʈʦʩʩʝʨʘ, ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ ʪʝʨʤʦʚ t1 ʠ t2 ʚʳʧʦʣʥʷʝʪʩʷ 

ʨʘʚʥʦʩʠʣʴʥʦʩʪʴ t1 = t2 ʚ ʪʦʤ ʠ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʝʨʤ t3, ʪʘʢʦʡ, ʯʪʦ t1 Ÿ t3 ʠ t2 Ÿ t3. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʉʇʊ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʡ ʠʣʠ ʢʘʥʦʥʠʯʝʩʢʦʡ, ʘ 

ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ R ʢ ʠʩʭʦʜʥʦʡ ʬʦʨʤʫʣʝ ð ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʦʡ.  
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʏʸʨʯʘ-ʈʦʩʩʝʨʘ. 

ʕʪʦ ʦʯʝʥʴ ʩʠʣʴʥʦʝ, ʧʦʣʝʟʥʦʝ ʠ ʨʝʜʢʦʝ ʩʚʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʣʝʛʢʦ ʨʝʰʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʥʦʛʠʝ ʟʘʜʘʯʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʦʚʝʨʢʘ 

ʨʘʚʝʥʩʪʚ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠ ʪ.ʜ. ʆʜʥʘʢʦ ʢʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ 

ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʜʣʷ ʚʩʝʭ ʢʣʘʩʩʦʚ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʥʘʚʝʨʥʦʝ ʠʟʚʝʩʪʥʳ ʯʠʪʘʪʝʣʶ ʢʘʥʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ʜʣʷ 

ʧʦʣʠʥʦʤʦʚ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʜʣʷ ʙʫʣʝʚʳʭ ʬʦʨʤʫʣ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

(ʜʨʦʙʥʦ-ʨʘʮʠʦʥʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʣʦʛʘʨʠʬʤ, ʵʢʩʧʦʥʝʥʪʘ ʠ ʠʭ 

ʩʫʧʝʨʧʦʟʠʮʠʠ) ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ
45

.  

ʇʦʢʘʞʝʤ ʩʫʱʝʩʪʚʝʥʥʦʩʪʴ ʩʚʦʡʩʪʚʘ ʏʝʨʯʘ-ʈʦʩʩʝʨʘ ʧʫʪʝʤ, ʥʘ 

ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʠʤʝʨʘ ʫʧʨʦʱʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ. ʇʦʧʳʪʘʝʤʩʷ 

ʫʧʨʦʩʪʠʪʴ ʚʳʨʘʞʝʥʠʝ x(1+1/x), ʢʦʪʦʨʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʞʥʦ 

ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ x+1. ɼʣʷ ʵʪʦʛʦ ʚ ʥʘʰ ʧʨʠʤʝʨ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ 

ʦʧʝʨʘʮʠʶ ʜʝʣʝʥʠʷ ʠ ʜʚʘ ʧʨʘʚʠʣʘ: 

4. ʇʨʠʚʝʩʪʠ ʢ ʦʙʱʝʤʫ ʟʥʘʤʝʥʘʪʝʣʶ 

5. ʉʦʢʨʘʪʠʪʴ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʪʝʧʝʨʴ ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ! ʊʦ ʝʩʪʴ, ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʢʦʤʤʫʪʘʪʠʚʥʦʡ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʳ ʪʫʧʠʢʠ ʚ 

ʧʦʠʩʢʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʜʠʥ ʠʟ ʧʫʪʝʡ ʥʝ ʨʝʜʫʮʠʨʫʝʪʩʷ ʧʨʘʚʠʣʘʤʠ 1-5 

(ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..29). 

                                                           

45
 ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʟʘʜʘʯʠ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʘ ʵʢʟʘʤʝʥʘʭ ʧʦ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʘʪʝʤʘʪʠʢʝ (çʨʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝè, çʫʧʨʦʩʪʠʪʴ ʚʳʨʘʞʝʥʠʝè), 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʥʦʛʜʘ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ 

ʪʨʝʙʫʶʪ ʠʟʦʙʨʝʪʘʪʝʣʴʥʦʩʪʠ ʠ ʬʘʥʪʘʟʠʠ, ʘ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʟʘʫʯʝʥʥʳʭ ʧʨʘʚʠʣ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʪʩʫʪʩʪʚʠʷ ʢʘʥʦʥʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʜʣʷ ʚʳʨʘʞʝʥʠʡ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʷʭ ʙʳʣʦ ʥʘʡʜʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʚʘʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ.  
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..29. ʊʫʧʠʢʠ ʧʨʠ ʧʦʠʩʢʝ 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʪʫʧʠʢʦʚʳʭ ʚʝʪʚʝʡ, ʜʦʙʘʚʠʤ ʦʙʨʘʪʥʳʝ ʦʧʝʨʘʮʠʠ: 

6. ɺʳʥʝʩʪʠ ʟʘ ʩʢʦʙʢʠ 

ɽʩʣʠ ʚʚʝʩʪʠ ʪʦʣʴʢʦ ʧʨʘʚʠʣʦ 6 (ʚʳʥʝʩʝʥʠʝ ʟʘ ʩʢʦʙʢʠ), ʪʦ ʙʫʜʫʪ 

ʜʚʘ ʚʟʘʠʤʥʦ-ʦʙʨʘʪʥʳʭ ʧʨʘʚʠʣʘ: ʨʘʩʢʨʳʪʠʝ ʩʢʦʙʦʢ ʠ ʚʳʥʝʩʝʥʠʝ ʟʘ 

ʩʢʦʙʢʠ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʟʘʮʠʢʣʠʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʩʚʦʡʩʪʚʦ 

ʏʝʨʯʘ-ʈʦʩʩʝʨʘ ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ-ʧʨʝʞʥʝʤʫ. ʏʪʦʙʳ ʪʫʧʠʢ ʥʘ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..29 ʩʜʝʣʘʪʴ 

ʨʝʜʫʮʠʨʫʝʤʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʧʨʘʚʠʣʦ 7: 

7. ʈʘʟʣʦʞʠʪʴ ʜʨʦʙʴ 

(u + v) / w = u / w + v / w 

ʅʦ ʪʦʛʜʘ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʙʝʩʢʦʥʝʯʥʦʝ ʟʘʮʠʢʣʠʚʘʥʠʝ, ʪʘʢʦʝ, 

ʢʦʪʦʨʦʝ ʧʨʠ ʙʝʟʚʦʟʚʨʘʪʥʦʤ ʧʦʠʩʢʝ ʥʝʚʦʟʤʦʞʥʦ ʨʘʩʧʦʟʥʘʪʴ (ʥʘ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..30 ʦʜʠʥ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʮʠʢʣʦʚ ʦʙʚʝʜʝʥ ʦʚʘʣʦʤ). 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..30. ʎʠʢʣʳ ʧʨʠ ʧʦʠʩʢʝ 

ɺʳʚʦʜ ʧʦ ʜʘʥʥʦʤʫ ʧʨʠʤʝʨʫ: ʢʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʢʮʠʡ ð ʦʯʝʥʴ ʤʦʱʥʦʝ ʠ ʧʦʣʝʟʥʦʝ ʩʚʦʡʩʪʚʦ. ʅʫʞʥʦ 

ʩʪʨʝʤʠʪʴʩʷ ʩʪʨʦʠʪʴ ʢʦʤʤʫʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ, ʘ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʩʪʦʠʪ ʧʨʦʚʝʨʠʪʴ, ʥʝʣʴʟʷ ʣʠ ʥʝʤʥʦʛʦ 

ʦʛʨʘʥʠʯʠʪʴ ʟʘʜʘʯʫ, ʥʦ ʪʘʢ, ʯʪʦʙʳ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʩʪʨʦʠʪʴ 

ʢʦʤʤʫʪʘʪʠʚʥʫʶ ʩʠʩʪʝʤʫ. 

2.3.4. ʈʘʟʣʦʞʠʤʳʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ  

ʂʦʤʤʫʪʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʚʦʙʦʜʫ 

ʚʳʙʦʨʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʘʚʠʣʘ. ʕʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʚʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʜʘʝʪ ʪʘʢʫʶ ʩʚʦʙʦʜʫ. 

ɽʩʣʠ ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʜʫʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥʘ 

(splitting) ʚ ʩʫʤʤʫ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ, ʪʦ ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʥʘʟʳʚʘʶʪ 

ʨʘʟʣʦʞʠʤʦʡ ʩʠʩʪʝʤʦʡ ʧʨʦʜʫʢʮʠʡ. 
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ʍʦʨʦʰʠʡ ʧʨʠʤʝʨ ʨʘʟʣʦʞʠʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʜʘʶʪ 

ʬʦʨʤʘʣʴʥʳʝ ʧʦʨʦʞʜʘʶʱʠʝ ʛʨʘʤʤʘʪʠʢʠ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʦʡ ʧʨʠʤʝʨ 

ʥʘ ʵʪʫ ʪʝʤʫ. ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʧʨʘʚʠʣʘ 

A Ÿ BC 

A Ÿ CT 

C Ÿ TT.  

ɺʦʧʨʦʩ ʢ ʩʠʩʪʝʤʝ ʧʨʦʜʫʢʮʠʡ: ʤʦʞʥʦ ʣʠ ʠʟ ʩʣʦʚʘ AC ʧʦʣʫʯʠʪʴ 

ʮʝʧʦʯʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʦʣʴʢʦ ʩʠʤʚʦʣ T? ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʳ 

ʧʦʠʩʢʘ ʜʣʷ ʦʙʳʯʥʦʡ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..31) ʠ ʨʘʟʣʦʞʠʤʦʡ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..32) ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʳ ʦʩʫʱʝʩʪʚʣʷʝʤ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʭʦʜʳ ʠʟ 

ʥʘʯʘʣʴʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. ɺ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʤʳ ʩʥʘʯʘʣʘ ʨʘʟʣʘʛʘʝʤ 

ʠʩʭʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ (ʩʣʦʚʦ AC) ʥʘ ʜʚʝ ʯʘʩʪʠ (ʩʣʦʚʦ ɸ ʠ ʩʣʦʚʦ ʉ), ʘ 

ʟʘʪʝʤ ʩʪʨʦʠʤ ʛʨʘʬʳ ʧʦʠʩʢʘ ʜʣʷ ʢʘʞʜʦʡ ʯʘʩʪʠ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʥʳʝ ʛʨʘʬʳ ʧʦʠʩʢʘ, ʠ ʠʟ ʥʠʭ ʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʦʣʫʯʠʪʴ ʤʦʞʥʦ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..31 ʩʫʱʝʩʪʚʫʶʪ ʧʫʪʠ (ʠʭ ʪʨʠ, ʣʠʩʪʦʚʳʝ ʫʟʣʳ ʚʳʜʝʣʝʥʳ 

ʮʚʝʪʦʤ), ʚʝʜʫʱʠʝ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ ʚ ʪʝʨʤʠʥʘʣʴʥʳʡ, ʘ ʥʘ ʈʠʩ. 

ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..32 ʠʤʝʝʪʩʷ 

ʦʜʥʘ ʧʘʨʘ ʧʫʪʝʡ, ʚʝʜʫʱʠʡ ʚ ʪʝʨʤʠʥʘʣʴʥʳʝ ʫʟʣʳ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ 

ʯʘʩʪʝʡ ʨʘʟʣʦʞʝʥʠʷ. ʋʟʣʳ, ʚʭʦʜʷʱʠʝ ʚ ʨʝʰʝʥʠʝ, ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..32 ʦʙʚʝʜʝʥʳ ʦʚʘʣʦʤ. 

AC

CTC ATTBCC

BTTC BCTT

BTTTT BTTTT

TTTTC CTTTT

TTTTT TTTTT

BCTT CTTT

BTTTT TTTTT
 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..31. ɻʨʘʬ ʧʦʠʩʢʘ ʜʣʷ ʦʙʳʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..32. ɻʨʘʬ ʧʦʠʩʢʘ ʜʣʷ ʨʘʟʣʦʞʠʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʨʠʩʫʥʢʠ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..31 ʠʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..32, ʪʦ ʣʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

ʧʨʦʜʝʣʳʚʘʝʪʩʷ ʤʥʦʛʦ ʣʠʰʥʝʡ ʨʘʙʦʪʳ: ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣ ʚ 

ʣʝʚʦʡ ʚʝʪʚʠ ʧʨʠʚʦʜʠʪ ʚ ʪʫʧʠʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʵʪʦʤ 

ʧʨʠʤʝʨʝ ʩʦʢʨʘʱʘʝʪ ʛʨʘʬ ʧʦʠʩʢʘ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ! 

ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʜʣʷ ʨʘʟʣʦʞʠʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..8. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..8. ʀʥʪʝʨʧʨʝʪʘʪʦʨ ʨʘʟʣʦʞʠʤʦʡ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ. 

proc Split ( d, R, t )  

 D := Decompose ( d)  

 while  true  do  

  for  dÍD do  

   if  t ( d) then  D :=  D \  { d} end if  

  end for  

  if  D = Å then  return  ( OK) end  if  

  d := SelectD  (D)  
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  D:= D \  { d}  

  r := Select  ( d, R)  

  if  r = nil  then return  ( fail ) end if  

  D := D Ç Decompose (r.f( d))  

 end  while  

end proc  

ʕʪʦ ʘʥʘʣʦʛ ʧʨʦʮʝʜʫʨʳ Production , ʩʘʤʦʡ ʧʝʨʚʦʡ ʠ ʦʙʱʝʡ (ʩʤ. 

ʧʘʨʘʛʨʘʬ 0). ʇʨʦʮʝʜʫʨʘ Decompose ʨʘʟʣʘʛʘʝʪ ʙʘʟʫ ʜʘʥʥʳʭ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ (ʠʣʠ ʦʩʪʘʚʣʷʝʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ, ʝʩʣʠ ʚ ʜʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʙʘʟʫ ʨʘʟʣʦʞʠʪʴ ʥʝʚʦʟʤʦʞʥʦ). ɺ ʠʟʚʝʩʪʥʦʤ ʩʤʳʩʣʝ ʵʪʦ 

ʧʦʭʦʞʝ ʥʘ ʦʧʝʨʘʮʠʶ ʨʘʩʢʨʳʪʠʷ ʫʟʣʘ, ʥʦ ʚʩʝ-ʪʘʢʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʝ, 

ʧʦʵʪʦʤʫ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..32 ʜʫʛʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʣʦʞʝʥʠʶ, ʘ ʥʝ ʨʘʩʢʨʳʪʠʶ, 

ʚʳʜʝʣʝʥʳ ʩʝʨʳʤ ʮʚʝʪʦʤ. ɼʘʣʝʝ, ʬʫʥʢʮʠʷ SelectD  ʘʥʘʣʦʛʠʯʥʘ 

ʬʫʥʢʮʠʠ Select , ʦʥʘ ʬʘʢʪʠʯʝʩʢʠ ʚʳʙʠʨʘʝʪ ʫʟʝʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʳ. 

ʉʜʝʣʘʝʤ ʚʘʞʥʦʝ ʟʘʤʝʯʘʥʠʝ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʪʘ 

ʜʫʛʘ, ʢʦʪʦʨʘʷ ʧʦʷʚʣʷʝʪʩʷ ʚ ʛʨʘʬʝ ʧʦʠʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʘʚʠʣʘ ʨʘʟʣʦʞʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʜʫʛʦʡ ð ʜʫʛʘ, ʠʩʭʦʜʷʱʘʷ ʠʟ 

ʨʘʟʣʘʛʘʝʤʦʡ ʙʘʟʳ ʠ ʚʝʜʫʱʘʷ ʩʨʘʟʫ ʚ ʥʝʩʢʦʣʴʢʦ ʙʘʟ, ʷʚʣʷʶʱʠʭʩʷ 

ʯʘʩʪʷʤʠ ʨʘʟʣʦʞʝʥʠʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʠʡʪʠ ʢ ʨʝʰʝʥʠʶ, ʥʫʞʥʦ ʥʘʡʪʠ 

ʨʝʰʝʥʠʝ ʜʣʷ ʧʝʨʚʦʡ ʯʘʩʪʠ ʀ ʜʣʷ ʚʪʦʨʦʡ ʯʘʩʪʠ ʀ ʪʘʢ ʜʘʣʝʝ. ʇʦʵʪʦʤʫ 

ʪʘʢʘʷ ʛʠʧʝʨʜʫʛʘ ʥʘʟʳʚʘʝʪʩʷ ʀ-ʜʫʛʦʡ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʠʟ ʫʟʣʘ ʚʳʭʦʜʷʪ 

ʦʙʳʯʥʳʝ ʜʫʛʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʤʝʥʝʥʠʶ ʧʨʘʚʠʣ, ʪʦ ʦʥʠ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʡ ʩʤʳʩʣ: ʯʪʦʙʳ ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʥʫʞʥʦ ʧʨʠʤʝʥʠʪʴ ʧʝʨʚʦʝ 

ʧʨʘʚʠʣʦ, ʀʃʀ ʚʪʦʨʦʝ ʧʨʘʚʠʣʦ, ʀʃʀ ʠ ʪʘʢ ʜʘʣʝʝ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʜʫʛʠ 

ʥʘʟʳʚʘʶʪʩʷ ʀʃʀ-ʜʫʛʘʤʠ. ɽʩʣʠ ʚ ʛʨʘʬʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʣʴʢʦ ʪʘʢʠʝ 

ʜʫʛʠ, ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʛʨʘʬʦʤ ʀ/ʀʃʀ. ɺ ʩʣʝʜʫʶʱʠʭ ʜʚʫʭ ʛʣʘʚʘʭ ʤʳ 

ʚʝʨʥʝʤʩʷ ʢ ʵʪʠʤ ʧʦʥʷʪʠʷʤ ʠ ʦʙʩʫʜʠʤ ʠʭ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ, ʩʤ. 

ʧʘʨʘʛʨʘʬʳ 3.3 ʠ 4.5.1. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʷʟʳʢʦʚ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʦʨʠʷ ʬʦʨʤʘʣʴʥʳʭ 
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ʛʨʘʤʤʘʪʠʢ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɸ. ʅ. ʍʦʤʩʢʠʤ. ɺʢʨʘʪʮʝ ʝʝ ʩʫʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʝʯʥʳʡ ʘʣʬʘʚʠʪ A 

(ʤʥʦʞʝʩʪʚʦ ʩʠʤʚʦʣʦʚ) ʠ ʷʟʳʢ ʥʘʜ ʵʪʠʤ ʘʣʬʘʚʠʪʦʤ. ɿʜʝʩʴ ʷʟʳʢ ð ʵʪʦ 

ʧʨʦʩʪʦ ʤʥʦʞʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ 

(ʮʝʧʦʯʝʢ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʮʝʧʦʯʝʢ 

(ʢʦʪʦʨʳʭ ʟʘʚʝʜʦʤʦ ʙʝʩʢʦʥʝʯʥʦ ʤʥʦʛʦ) ʥʫʞʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʜʝʣʠʪʴ ʪʝ ʠ ʪʦʣʴʢʦ ʪʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʧʦʯʢʘʤʠ ʷʟʳʢʘ (ʝʱʝ 

ʛʦʚʦʨʷʪ çʚʭʦʜʷʪ ʚ ʷʟʳʢè, çʧʨʠʥʘʜʣʝʞʘʪ ʷʟʳʢʫè, çʷʚʣʷʶʪʩʷ 

ʚʳʨʘʞʝʥʠʷʤʠ ʷʟʳʢʘè). 

ɼʣʷ ʦʧʠʩʘʥʠʷ (ʙʝʩʢʦʥʝʯʥʦʛʦ) ʤʥʦʞʝʩʪʚʘ ʮʝʧʦʯʝʢ ʍʦʤʩʢʠʡ 

ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʘʣʴʥʫʶ ʧʦʨʦʞʜʘʶʱʫʶ ʛʨʘʤʤʘʪʠʢʫ ð 

ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʨʘʚʠʣ ʚʠʜʘ a­b, ʛʜʝ a ʠ b ʢʦʥʝʯʥʳʝ ʮʝʧʦʯʢʠ, 

ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ A (ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ 

ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʩʠʤʚʦʣʘʤʠ) ʠ ʠʟ ʩʠʤʚʦʣʦʚ ʥʝʢʦʪʦʨʦʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʣʬʘʚʠʪʘ N (ʵʪʠ ʩʠʤʚʦʣʳ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ 

ʥʝʪʝʨʤʠʥʘʣʴʥʳʤʠ). ɺ ʣʝʚʫʶ ʯʘʩʪʴ ʧʨʘʚʠʣʘ (ʪ. ʝ. ʚ ʮʝʧʦʯʢʫ a) 

ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʚʭʦʜʠʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʥʝʪʝʨʤʠʥʘʣʴʥʳʡ ʩʠʤʚʦʣ. 

ʉʨʝʜʠ ʚʩʝʭ ʥʝʪʝʨʤʠʥʘʣʴʥʳʭ ʩʠʤʚʦʣʦʚ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥ, ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʩʠʤʚʦʣʦʤ (ʠʣʠ ʘʢʩʠʦʤʦʡ) ʛʨʘʤʤʘʪʠʢʠ. 

ɼʘʣʝʝ ʚʩʝ ʦʯʝʥʴ ʧʨʦʩʪʦ. ɺʟʷʚ ʟʘ ʦʩʥʦʚʫ ʘʢʩʠʦʤʫ ʛʨʘʤʤʘʪʠʢʠ, 

ʨʘʟʨʝʰʘʝʪʩʷ ʩʪʨʦʠʪʴ ʥʦʚʳʝ ʮʝʧʦʯʢʠ, ʟʘʤʝʥʷʷ ʚ ʫʞʝ ʧʦʩʪʨʦʝʥʥʦʡ 

ʮʝʧʦʯʢʝ ʣʶʙʦʝ ʚʭʦʞʜʝʥʠʝ ʣʝʚʦʡ ʯʘʩʪʠ ʣʶʙʦʛʦ ʧʨʘʚʠʣʘ ʥʘ ʧʨʘʚʫʶ 

ʯʘʩʪʴ ʵʪʦʛʦ ʧʨʘʚʠʣʘ. ʀ ʪʘʢ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʮʝʧʦʯʢʝ ʥʝ ʦʩʪʘʥʫʪʩʷ 

ʦʜʥʠ ʪʝʨʤʠʥʘʣʴʥʳʝ ʩʠʤʚʦʣʳ. ɺʩʷʢʘʷ ʮʝʧʦʯʢʘ ʪʝʨʤʠʥʘʣʴʥʳʭ 

ʩʠʤʚʦʣʦʚ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʘʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʭʦʜʠʪ ʚ ʷʟʳʢ, ʘ ʝʩʣʠ ʮʝʧʦʯʢʫ ʥʝʣʴʟʷ ʪʘʢ ʧʦʩʪʨʦʠʪʴ, ʪʦ 

ʦʥʘ ʥʝ ʚʭʦʜʠʪ ʚ ʷʟʳʢ.  

ʈʘʟʫʤʝʝʪʩʷ, ʚʩʝ ʵʪʦ ʪʘʢ ʧʨʦʩʪʦ, ʧʦʢʘ ʥʝ ʧʦʩʪʘʚʣʝʥʳ ʨʘʟʥʳʝ 

ʢʘʚʝʨʟʥʳʝ ʚʦʧʨʦʩʳ. ɺʩʷʢʠʡ ʣʠ ʷʟʳʢ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʪʘʢʠʤ 

ʩʧʦʩʦʙʦʤ? ɽʩʣʠ ʜʘʥʘ ʛʨʘʤʤʘʪʠʢʘ ʠ ʢʦʥʢʨʝʪʥʘʷ ʪʝʨʤʠʥʘʣʴʥʘʷ ʮʝʧʦʯʢʘ, 

ʪʦ ʢʘʢ ʫʟʥʘʪʴ, ʧʨʠʥʘʜʣʝʞʠʪ ʦʥʘ ʷʟʳʢʫ ʠʣʠ ʥʝʪ? ʆʜʥʦʟʥʘʯʝʥ ʣʠ 
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ʧʨʦʮʝʩʩ ʧʦʨʦʞʜʝʥʠʷ ʮʝʧʦʯʢʠ? ɿʘʚʠʩʷʪ ʣʠ ʦʪʚʝʪʳ ʥʘ ʧʨʝʜʳʜʫʱʠʝ 

ʚʦʧʨʦʩʳ ʦʪ ʚʠʜʘ (ʬʦʨʤʳ) ʧʨʘʚʠʣ? 

ʅʦ ʝʩʣʠ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʷʩʥʘ, ʪʦ ʤʦʞʥʦ ʦʩʪʘʚʠʪʴ ʵʪʠ (ʚʝʩʴʤʘ 

ʪʨʫʜʥʳʝ) ʚʦʧʨʦʩʳ ʤʘʪʝʤʘʪʠʢʘʤ ʠ ʧʨʠʥʷʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʠʥʪʘʢʩʠʩ 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʣʝʛʢʦ 

ʦʧʠʩʳʚʘʝʪʩʷ  ʧʦʜʢʣʘʩʩʦʤ ʬʦʨʤʘʣʴʥʳʭ ʛʨʘʤʤʘʪʠʢ, ʢʦʪʦʨʳʝ 

ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʪʝʢʩʪʥʦ-ʩʚʦʙʦʜʥʳʤʠ (ʣʝʚʘʷ ʯʘʩʪʴ ʚʩʝʭ ʧʨʘʚʠʣ ʩʦʩʪʦʠʪ 

ʠʟ ʦʜʥʦʛʦ ʥʝʪʝʨʤʠʥʘʣʴʥʦʛʦ ʩʠʤʚʦʣʘ). ɼʣʷ ʵʪʦʛʦ ʧʦʜʢʣʘʩʩʘ ʛʨʘʤʤʘʪʠʢ 

ʚʩʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʮʝʧʦʯʢʠ 

ʷʟʳʢʫ (ʵʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʠʥʪʘʢʩʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ, ʠʣʠ ʨʘʟʙʦʨʦʤ) 

ʥʘʜʝʞʥʦ ʨʝʰʝʥʳ. 

ɺʓɺʆɼʓ ʇʆ ɻʃɸɺɽ 2 

1. ʉʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ð ʵʪʦ ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʡ ʠ ʜʦ ʩʠʭ ʧʦʨ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ.  

2. ʉʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʛʨʘʤʤʥʦ ʨʝʘʣʠʟʫʝʤʳ ʠ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʧʦʣʴʟʫ 

ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʥʦʤ ʧʦʥʠʤʘʥʠʠ ʚʩʝʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ɻʃɸɺɸ 3. ɸʃɻʆʈʀʊʄʓ ʇʆʀʉʂɸ ʈɽʐɽʅʀʗ 

ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʩʪʦʣʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʙʝʟ ʥʘʜʣʝʞʘʱʠʭ 

ʢʦʤʤʝʥʪʘʨʠʝʚ ʤʦʞʝʪ ʚʚʝʩʪʠ ʚ ʟʘʙʣʫʞʜʝʥʠʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʠʱʝʪ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʚ ʥʝʢʦʪʦʨʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʧʦʠʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʜʠʩʢʨʝʪʥʳʤ, 

ʘ ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳʤ; ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʝʯʥʳʤ, ʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʝʩʢʦʥʝʯʥʳʤ; ʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ, ʘ ʤʦʛʫʪ ʙʳʪʴ ʥʝʠʟʚʝʩʪʥʳ; ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʬʠʢʩʠʨʦʚʘʥʳ, ʘ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ 
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ʧʨʠʤʝʥʷʶʪʩʷ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʢʦʪʦʨʳʝ, ʧʦʨʦʡ, 

ʠʤʝʶʪ ʚʝʩʴʤʘ ʤʘʣʦ ʦʙʱʝʛʦ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʩʯʝʨʧʳʚʘʶʱʠʡ 

ʦʙʟʦʨ ʚʩʝʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ʚʦʦʙʱʝ ʚʨʷʜ ʣʠ ʚʦʟʤʦʞʝʥ ʪʝʭʥʠʯʝʩʢʠ, 

ʜʘ ʠ ʮʝʥʥʦʩʪʴ ʪʘʢʦʛʦ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʙʳʣʘ ʙʳ ʩʦʤʥʠʪʝʣʴʥʘ. 

ʇʦʵʪʦʤʫ ʤʳ ʦʛʨʘʥʠʯʠʚʘʝʤʩʷ ʦʜʥʦʡ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʴʶ ð 

ʘʣʛʦʨʠʪʤʘʤʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚ ʧʨʠʢʣʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ɼʘʞʝ ʧʨʠ ʪʘʢʦʤ ʦʛʨʘʥʠʯʝʥʠʠ ʧʦʜʨʦʙʥʘʷ ʘʥʘʣʠʪʠʢʘ ʚʩʝʭ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʦ ʦʙʲʝʤʥʦʡ. ʄʳ 

ʧʦʟʚʦʣʠʤ ʩʝʙʝ ʝʱʝ ʙʦʣʴʰʝ ʩʫʟʠʪʴ ʦʙʣʘʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ, 

ʦʛʨʘʥʠʯʠʚʰʠʩʴ ʘʥʘʣʠʟʦʤ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʦʠʩʢʫ ʚʳʚʦʜʘ ʚ ʩʠʩʪʝʤʘʭ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʧʨʦʜʫʢʮʠʠ, 

ʪ.ʝ. ʠʩʧʦʣʴʟʫʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʚʠʜʘ p ­ q, 

ʚʚʝʜʸʥʥʳʝ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ. ɺ ʩʜʝʣʘʥʥʳʭ ʩʦʛʣʘʰʝʥʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʧʦʠʩʢʘ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʛʨʘʬʦʤ (ʠʣʠ ʩʝʪʴʶ) ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʚʠʜʘ, ʚ ʢʦʪʦʨʦʤ ʫʟʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʬʘʢʪʦʚ, ʘ ʜʫʛʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʮʠʡ
46

. ʈʝʟʫʣʴʪʘʪʦʤ ʧʦʠʩʢʘ 

ʨʝʰʝʥʠʷ ʥʘ ʛʨʘʬʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʤʘʨʰʨʫʪ (ʮʝʧʴ, ʚʳʚʦʜ), 

ʚʝʜʫʱʠʡ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ ʚ ʮʝʣʝʚʦʡ ʫʟʝʣ. ʅʦʚʦʝ ʩʫʞʝʥʠʝ ʦʙʣʘʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʟʫʤʝʝʪʩʷ, ʫʧʨʦʱʘʝʪ ʥʘʰʫ ʟʘʜʘʯʫ, ʦʜʥʘʢʦ ʠ ʪʝʧʝʨʴ ʤʳ 

ʥʝ ʤʦʞʝʤ ʚʳʜʝʣʠʪʴ ʦʜʥʦʛʦ ʥʘʠʣʫʯʰʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ! ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʫʶ (ʝʩʣʠ ʥʝ 

ʦʧʨʝʜʝʣʷʶʱʫʶ) ʨʦʣʴ ʧʨʠ ʧʦʠʩʢʝ ʨʝʰʝʥʠʷ ʠʛʨʘʶʪ ʢʦʥʢʨʝʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʫʟʣʦʚ ʠ ʜʫʛ ʛʨʘʬʘ ʧʦʠʩʢʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʠʢʣʘʜʥʳʤ 

ʥʘʟʥʘʯʝʥʠʝʤ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʠʨʦʜʦʡ ʩʘʤʠʭ ʧʨʦʜʫʢʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʦʜʫʢʮʠʡ 

ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʟʘʜʘʯʝ ʧʦʠʩʢʘ ʤʘʨʰʨʫʪʘ ʥʘ ʛʨʘʬʝ. ʇʦʜʙʠʨʘʷ 

                                                           

46
 ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʚ ʚʠʜʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʛʨʘʬʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, 

ʥʦ ʦʥʦ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʠʣʫʯʰʠʤ ʠʣʠ 

ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ. ʉʫʱʝʩʪʚʫʶʪ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ 

ʵʪʦʡ ʢʥʠʛʠ. 
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ʧʦʜʭʦʜʷʱʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʥʘ ʛʨʘʬʝ, ʤʳ 

ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʬʘ 

ʧʦʠʩʢʘ (ʟʘ ʨʘʩʰʠʬʨʦʚʢʦʡ ʪʝʨʤʠʥʦʚ ʥʘʧʨʘʚʣʷʝʤ, ʥʘʧʨʠʤʝʨ, ʢ ʢʥʠʛʝ 

[17]), ʘ ʠʤʝʥʥʦ: ʷʚʣʷʝʪʩʷ ʣʠ ʛʨʘʬ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ (ʦʨʛʨʘʬ), 

ʜʦʧʫʩʢʘʶʪʩʷ ʣʠ ʚ ʥʝʤ ʮʠʢʣʳ (ʠ ʢʘʢʦʡ ʵʪʠ ʮʠʢʣʳ ʧʨʠʨʦʜʳ), ʤʦʛʫʪ ʣʠ 

ʜʚʘ ʫʟʣʘ ʩʦʝʜʠʥʷʪʴʩʷ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʡ ʜʫʛʦʡ (ʤʫʣʴʪʠʛʨʘʬ), ʷʚʣʷʝʪʩʷ 

ʣʠ ʛʨʘʬ ʤʥʦʛʦʜʦʣʴʥʳʤ (ʠ ʢʘʢʦʡ ʩʪʝʧʝʥʠ), ʯʪʦ ʥʘʤ ʠʟʚʝʩʪʥʦ ʦ 

ʩʚʷʟʥʦʩʪʠ ʠ ʩʪʝʧʝʥʷʭ ʚʝʨʰʠʥ ʛʨʘʬʘ, ʢʘʢʦʚʘ ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚ ʫʟʣʦʚ 

ʠ ʜʫʛ (ʷʚʣʷʝʪʩʷ ʣʠ ʛʨʘʬ ʢʦʥʝʯʥʳʤ), ʷʚʣʷʝʪʩʷ ʣʠ ʛʨʘʬ ʨʘʟʤʝʯʝʥʥʳʤ, 

ʚʟʚʝʰʝʥʥʳʤ (ʠ ʢʘʢʦʚʘ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʩʚʦʡʩʪʚ) ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ɺʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʟʘʜʘʶʪʩʷ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯʠ, 

ʪʦʯʥʝʝ ʚʳʙʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ, ʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫ ʥʘʩ ʝʩʪʴ ʭʦʨʦʰʠʡ 

ʘʣʛʦʨʠʪʤ ʜʣʷ ʘʮʠʢʣʠʯʝʩʢʠʭ ʛʨʘʬʦʚ, ʥʦ ʛʨʘʬ ʧʦʠʩʢʘ ʜʣʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʩʦʜʝʨʞʠʪ ʮʠʢʣʳ, ʪʦ ʦʪ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʘʣʦ ʪʦʣʢʘ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʟʘʜʘʯʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ, ʢʘʢ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʇʨʠʤʝʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʢʣʘʜʥʳʭ 

ʦʙʣʘʩʪʝʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʣʦʛʠʩʪʠʢʘ (ʤʠʥʠʤʠʟʘʮʠʷ ʚʨʝʤʝʥʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʦʚ ʤʝʞʜʫ ʩʢʣʘʜʘʤʠ), ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ 

ʨʦʙʦʪʦʚ (ʚ ʩʨʝʜʝ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ), ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ 

ʠʛʨʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɻʨʘʬʳ ʧʦʠʩʢʘ ʜʣʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʷʚʣʷʶʪʩʷ 

çʚʧʦʣʥʝ ʧʨʠʣʠʯʥʳʤʠè ð ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʦʜʥʦʜʦʣʴʥʳʤʠ 

ʦʨʛʨʘʬʘʤʠ ð ʫʟʣʦʤ ʛʨʘʬʘ ʦʙʳʯʥʦ ʚʳʩʪʫʧʘʝʪ ʧʨʦʩʪʦ ʠʤʷ (ʠʣʠ ʪʦʯʢʘ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ), 

ʧʣʦʪʥʦʩʪʴ ʥʝʚʳʩʦʢʘ (ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʫʟʣʳ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ), ʩʪʝʧʝʥʴ ʫʟʣʘ d ʚʩʝʛʜʘ ʦʮʝʥʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʢʦʥʩʪʘʥʪʦʡ (deg(d) < const << n, ʛʜʝ n ð ʯʠʩʣʦ ʫʟʣʦʚ ʛʨʘʬʘ), ʚʝʩ ʥʘ 

ʜʫʛʝ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʛʦ ʫʟʣʘ ʚ ʜʨʫʛʦʡ, 

ʠʩʭʦʜʥʳʡ ʠ ʮʝʣʝʚʳʝ ʫʟʣʳ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʳ. ʇʨʠ ʵʪʦʤ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʥʘʷ ʯʘʩʪʴ 

ʛʨʘʬʘ ʧʦʠʩʢʘ ʤʦʞʝʪ ʙʳʪʴ ʮʝʣʠʢʦʤ ʨʘʟʤʝʱʝʥʘ ʚ çʙʳʩʪʨʦʡè 
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(ʦʧʝʨʘʪʠʚʥʦʡ) ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ. ʆʩʥʦʚʥʘʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʵʪʦʡ 

ʛʣʘʚʝ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ (ʤʠʥʠʤʠʟʠʨʫʶʱʝʛʦ 

ʨʝʩʫʨʩʥʳʝ ʟʘʪʨʘʪʳ) ʤʘʨʰʨʫʪʘ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʟʣʘ ʢ ʮʝʣʝʚʦʤʫ.  

ɺ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʷʪʴ ʘʣʛʦʨʠʪʤʦʚ: 

- ʦʙʱʠʡ ʘʣʛʦʨʠʪʤ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʨʦʜʫʢʮʠʡ (ʨʘʟʜʝʣ 0); 

- ʬʦʨʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʦʛʦ ʠ ʩʘʤʦʛʦ 

ʠʟʚʝʩʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ (ʨʘʟʜʝʣ 0); 

- ʠʟʷʱʥʳʡ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ (ʨʘʟʜʝʣ ʆʰʠʙʢʘ! 

ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.) 

- ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʘʭ ʀ/ʀʃʀ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʦʙʱʝʛʦ ʘʣʛʦʨʠʪʤʘ, ʚʦʟʥʠʢʘʶʱʝʡ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʦʞʠʤʳʭ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʡ (ʨʘʟʜʝʣ 0); 

- ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʥʘ ʠʛʨʦʚʳʭ ʜʝʨʝʚʴʷʭ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʘʣʴʥʝʡʰʝʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ ʦʙʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʧʦʩʢʦʣʴʢʫ ʠʛʨʦʚʳʝ ʜʝʨʝʚʴʷ ð ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʛʨʘʬʦʚ ʀ/ʀʃʀ, ʠ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʷʚʣʷʶʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʧʨʦʨʘʙʦʪʘʥʥʳʝ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʀʀ ʫʢʘʟʘʥʥʳʭ ʚ ʥʘʯʘʣʝ ʛʣʘʚʳ ʢʣʘʩʩʦʚ (ʨʘʟʜʝʣ 0). 

ʊʘʢʦʡ ʥʘʙʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʟʫʝʪ ʩʠʩʪʝʤʫ, 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʯʠʪʘʪʝʣʴ ʧʦʩʣʝ ʧʨʦʯʪʝʥʠʷ ʛʣʘʚʳ ʤʦʛ 

ʫʚʝʨʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʤʦʨʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʢʨʝʪʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʧʦʠʩʢʘ ð ʦʩʥʦʚʥʳʝ ʤʘʷʢʠ ʤr  ʦʙʦʟʥʘʯʠʣʠ. 

3.1. ʕɺʈʀʉʊʀʏɽʉʂʀʁ ʇʆʀʉʂ 

ʀʩʪʦʨʠʯʝʩʢʠ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠ ʩʘʤʳʤ ʠʟʚʝʩʪʥʳʤ ʚ ʀʀ 

ʘʣʛʦʨʠʪʤʦʤ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ (ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʚʝʩʫ ʠʣʠ ʜʣʠʥʝ) 

ʧʫʪʝʡ ʚ ʛʨʘʬʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʩʯʠʪʘʝʪʩʷ ʘʣʛʦʨʠʪʤ A* (ʯʠʪʘʝʪʩʷ 

ʢʘʢ çɸ-ʟʚʝʟʜʦʯʢʘè, ʠʣʠ çɸ-ʩʪʘʨè). ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʙʳʣ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ 

ʚ 1968 ʛʦʜʫ ʇʠʪʝʨʦʤ ʍʘʨʪʦʤ, ʅʠʣʴʩʦʤ ʅʠʣʴʩʦʥʦʤ ʠ ɹʝʨʪʨʘʤʦʤ 

ʈʘʬʘʵʣʝʤ [18]. ɺ ʠʭ ʨʘʙʦʪʝ ʦʥ ʫʧʦʤʠʥʘʝʪʩʷ ʢʘʢ çʘʣʛʦʨʠʪʤ Aè. ɺ 

ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ ʘʣʛʦʨʠʪʤ ɸ* ʧʨʠʤʝʥʠʤ ʚ ʜʠʩʢʨʝʪʥʦʤ 
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ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʠʩʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʛʨʘʬʦʤ ʧʦʠʩʢʘ ʩ 

ʥʘʛʨʫʞʝʥʥʳʤʠ ʜʫʛʘʤʠ. ʕʪʦʪ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʩʦʨʪʠʨʫʝʪ ʫʟʣʳ 

ʛʨʘʬʘ ʧʦ ʟʥʘʯʝʥʠʶ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʘʷ ʦʮʝʥʠʚʘʝʪ ʜʣʠʥʫ ʢʨʘʪʯʘʡʰʝʛʦ 

ʧʫʪʠ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʜʘʥʥʳʡ ʫʟʝʣ, ʠ ʠʜʫʱʝʛʦ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ 

ʢ ʦʜʥʦʤʫ ʠʟ ʮʝʣʝʚʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʫʯʝʪ ʜʣʠʥ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʠʟ ʫʞʝ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʯʘʩʪʠ ʛʨʘʬʘ 

ʧʦʠʩʢʘ ʠʟ ʘʣʛʦʨʠʪʤʘ ɼʝʡʢʩʪʨʳ ʩ ʵʚʨʠʩʪʠʢʦʡ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ
47

 

ʜʣʷ ʝʱʝ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ ʯʘʩʪʠ ʛʨʘʬʘ. 

3.1.1. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʣʦʞʝʥʠʷ ʧʦʚʪʦʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ 

ʛʨʘʬʘ ʧʦʠʩʢʘ, ʩʜʝʣʘʝʤ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʟʘʤʝʯʘʥʠʡ ʠ ʚʳʧʠʰʝʤ 

ʦʙʱʠʡ ʚʠʜ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ. 

ɻʨʘʬ ʧʦʠʩʢʘ ð ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ G (V, E), ʚ ʢʦʪʦʨʦʤ 

ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ V = { d | d Í D } ð ʵʪʦ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʙʘʟʳ ʬʘʢʪʦʚ (ʚ ʩʤʳʩʣʝ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ), ʘ ʤʥʦʞʝʩʪʚʦ 

ʜʫʛ E ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

E = { d1­d2 | d1, d2 Í D & $ rÍR ( r.p(d1) &  d2 = r.f(d1) ) } . 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʛʨʘʬ ʧʦʠʩʢʘ ʩʫʱʝʩʪʚʝʥʥʦ ʢʦʥʝʯʝʥ, ʝʛʦ ʤʦʞʥʦ 

ʟʘʜʘʪʴ ʷʚʥʦ ʩ ʧʦʤʦɦ ʴʶ ʦʙʳʯʥʳʭ ʩʧʦʩʦʙʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʦʚ ʚ 

ʢʦʤʧʴʶʪʝʨʝ. ɿʘʯʘʩʪʫʶ, ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʠʤʝʥʥʦ ʛʨʘʬ ʧʦʠʩʢʘ 

ʚʳʙʠʨʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ð ʧʦʤʝʪʢʠ 

ʥʘ ʜʫʛʘʭ-ʧʝʨʝʭʦʜʘʭ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʮʠʷʤʠ, ʦʪʜʝʣʴʥʦ ʟʘʜʘʚʘʪʴ 

ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʮʠʡ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʙʝʩʢʦʥʝʯʥʦʛʦ (ʠʣʠ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ) ʛʨʘʬʘ ʤʳ ʥʝ 

ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʩʪʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʦʩʪʦ 

ʧʦʪʦʤʫ, ʯʪʦ ʚʝʩʴ ʛʨʘʬ ʥʝ ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ. ɺʤʝʩʪʦ 

ʵʪʦʛʦ ʤʳ, ʥʘʯʠʥʘʷ ʩ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ d0, ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʨʘʚʠʣ R ʧʦʨʦʞʜʘʝʤ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʛʨʘʬʘ 

ʧʦʠʩʢʘ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʣʠʙʦ ʥʝ ʙʫʜʫʪ ʠʩʯʝʨʧʘʥʳ ʚʳʜʝʣʝʥʥʳʝ 

ʨʝʩʫʨʩʳ, ʣʠʙʦ ʧʦʨʦʞʜʝʥʥʘʷ ʯʘʩʪʴ ʥʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʮʝʣʝʚʦʝ 

                                                           

47
 ʄʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ ʦʧʠʩʘʥ ʚ ʧʘʨʘʛʨʘʬʝ 2.2.2. 
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ʩʦʩʪʦʷʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ dt. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʷʚʥʦʝ 

(ʠʤʧʣʠʮʠʪʥʦʝ) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʘʬʘ ʚ ʢʦʤʧʴʶʪʝʨʝ. ʅʝ̫ ʚʥʦ ʛʨʘʬ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʠ ʨʘʩʢʨʳʪʠʷ ʫʟʣʘ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʦʤʫ ʧʨʘʚʠʣʫ r ʩʦʧʦʩʪʘʚʣʝʥʘ ʩʪʦʠʤʦʩʪʴ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʦʙʦʟʥʘʯʘʝʤʘʷ r.w ʠ ʥʘʟʳʚʘʝʤʘʷ ʩʪʦʠʤʦʩʪʴʶ ʠʣʠ ʚʝʩʦʤ 

(weight) ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʚ ʛʨʘʬʝ ʧʦʠʩʢʘ ʢʘʞʜʘʷ 

ʜʫʛʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʝʩ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʫʛʠ ʥʘʛʨʫʞʝʥʳ, ʧʨʠʯʝʤ 

ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ:  

r = (p,  f,  w), w > 0 . 

ʉʪʦʠʤʦʩʪʴ ʧʫʪʠ ʚ ʛʨʘʬʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʩʪʦʠʤʦʩʪʝʡ 

ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʜʫʛ. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ, ʢʦʪʦʨʳʡ 

ʚʳʯʠʩʣʷʝʪ ʩʪʦʠʤʦʩʪʴ ʧʫʪʝʡ ʦʪ ʠʩʭʦʜʥʦʡ ʚʝʨʰʠʥʳ ʠ (ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ!) ʦʧʨʝʜʝʣʷʝʪ ʧʫʪʴ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ
48

, 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..9. ʆʙʱʠʡ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ. 

proc GS  (d0, R, t )  

 O := {d0};  g(d0) := 0  

 C := Å;   P(d0) := nil  

 while  true  do  

   d := Select (O)  

  if  d = nil  then  return  ( fail ) end  if  

  if  t(d) then  return  ( OK) end  if  

  Open (d)  

 end  while  

end  proc   

 

proc Open (d)  

for  r Í R do  

                                                           

48
 ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʪʝʨʤʠʥʦʣʦʛʠʶ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʫ ʥʘʛʨʫʟʢʠ ʥʘ ʜʫʛʫ ʥʘʟʳʚʘʶʪ ʜʣʠʥʦʡ ʜʫʛʠ. ʉʫʤʤʘ ʜʣʠʥ ʜʫʛ, 

ʚʭʦʜʷʱʠʭ ʚ ʧʫʪʴ, ʥʘʟʳʚʘʝʪʩʷ ʜʠʥʦʡ ʧʫʪʠ, ʘ ʟʘʜʘʯʘ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʢʘʢ 

ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ.  
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  if  r . p( d) then  { ʧʨʘʚʠʣʦ ʧʨʠʤʝʥʠʤʦ}  

   dô := r.f(d)  

   cô := g(d)+r.c  

   if  dô Í O Ù dô Í C then { ʩʪʘʨʳʡ ʫʟʝʣ}  

    if  cô < g(dô) then { ʧʫʪʴ ʣʫʯʰʝ}  

     g(dô) := cô  

     P(dô) := d 

    end  if  

   else  { ʥʦʚʳʡ ʫʟʝʣ }  

    O := O+{dô} 

    g(dô) := cô 

    P(dô) := d 

   end  if  

  end  if  

end  for  

O := O -  {d}  

C := C + { d}  

end  proc  

ʛʜʝ O ð ʩʧʠʩʦʢ çʦʪʢʨʳʪʳʭè, C ð ʩʧʠʩʦʢ çʟʘʢʨʳʪʳʭè ʫʟʣʦʚ (ʩʤ. 

ʧʘʨʘʛʨʘʬ 2.2.4). 

ʇʦʤʠʤʦ ʦʙʳʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʞʝ ʦʙʩʫʞʜʘʚʰʠʭʩʷ ʩʧʠʩʢʦʚ 

ʦʪʢʨʳʪʳʭ ʠ ʟʘʢʨʳʪʳʭ ʫʟʣʦʚ, ʧʨʦʮʝʜʫʨʘ ʠʩʧʦʣʴʟʫʝʪ ʝʱʝ ʜʚʝ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ð g(d) ð ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ d0 ʜʦ d 

ʠʟ ʪʝʭ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʳ ʢ ʵʪʦʤʫ ʤʦʤʝʥʪʫ. ɿʘʤʝʪʠʤ, ʯʪʦ g(d0) = 0, ʜʣʷ 

ʧʨʦʯʠʭ ʫʟʣʦʚ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ g(d) ʥʝʠʟʚʝʩʪʥʦ ʠ ʧʦ ʤʝʨʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤʘ ʟʥʘʯʝʥʠʝ g(d) ʜʣʷ ʜʘʥʥʦʛʦ ʫʟʣʘ d ʤʦʞʝʪ ʨʘʟʚʝ ʯʪʦ 

ʫʤʝʥʴʰʘʪʴʩʷ.  

ʆʩʦʙʦʛʦ ʦʙʩʫʞʜʝʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʳʭ P(d)  ð ʵʪʘ 

ʩʪʨʫʢʪʫʨʘ ʭʨʘʥʠʪ ʜʣʷ ʫʟʣʘ d ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʫʟʝʣ ʥʘ ʥʘʡʜʝʥʥʦʤ 

ʢʨʘʪʯʘʡʰʝʤ ʧʫʪʠ ʦʪ d0 ʜʦ d. ʊʘʢʦʡ ʧʨʠʝʤ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʭʨʘʥʠʪʴ ʤʥʦʞʝʩʪʚʦ ʧʫʪʝʡ, ʚʝʜʫʱʠʭ ʦʪ ʫʟʣʘ d0 ʩʨʘʟʫ ʢʦ ʚʩʝʤ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʫʟʣʘʤ.  
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ɺ ʵʪʦʤ ʘʣʛʦʨʠʪʤʝ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʝʩʪʴ ʜʚʝ ʬʫʥʢʮʠʠ ð Select  

ʠ Open. ʅʝʬʦʨʤʘʣʴʥʦ ʛʦʚʦʨʷ, ʧʝʨʚʘʷ ʠʟ ʥʠʭ ʝʩʪʴ çʧʦʠʩʢè, ʘ ʚʪʦʨʘʷ ð 

çʥʘ ʛʨʘʬʝè. 

ʌʫʥʢʮʠʷ Select  ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʷʝʪ ʦʯʝʨʝʜʥʦʡ ʫʟʝʣ 

ʜʣʷ ʨʘʩʢʨʳʪʠʷ. ɽʩʣʠ ʬʫʥʢʮʠʷ Select  ( O)  ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ 

FIFO (First In First Out), ʪʦ ʝʩʪʴ, ʝʩʣʠ ʩʧʠʩʦʢ O ð ʵʪʦ ʦʯʝʨʝʜʴ, ʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ. ʕʪʦʪ ʤʝʪʦʜ ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʭʦʞʜʝʥʠʝ 

ʧʫʪʠ ʢ ʮʝʣʝʚʦʤʫ ʫʟʣʫ, ʝʩʣʠ ʪʘʢʦʡ ʧʫʪʴ ʩʫʱʝʩʪʚʫʝʪ. ɽʩʣʠ ʬʫʥʢʮʠʷ 

Select  ( O)  ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ LIFO (Last In First Out), ʪʦ ʝʩʪʴ, 

ʝʩʣʠ ʩʧʠʩʦʢ O ð ʵʪʦ ʩʪʝʢ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ; ʵʪʦʪ ʤʝʪʦʜ 

ʧʦʜʦʙʝʥ ʧʦʠʩʢʫ ʩ ʚʦʟʚʨʘʪʘʤʠ, ʥʦ ʭʨʘʥʠʪʩʷ ʫʞʝ ʥʝ ʦʜʠʥ ʪʝʢʫʱʠʡ, ʘ ʚʩʝ 

ʧʨʦʩʤʦʪʨʝʥʥʳʝ ʧʫʪʠ. 

ʇʦʠʩʢ ʚ ʰʠʨʠʥʫ ʠ ʧʦʠʩʢ ʚ ʛʣʫʙʠʥʫ ð ʵʪʦ ʧʨʠʤʝʨʳ 

ʥʝʠʥʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʜʫʨ ʧʦʠʩʢʘ. ɽʩʣʠ ʧʨʦ ʟʘʜʘʯʫ ʥʠʯʝʛʦ 

ʥʝʠʟʚʝʩʪʥʦ, ʪʦ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʝʠʥʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʧʨʦʮʝʜʫʨʳ, ʥʦ ʥʘ ʤʥʦʛʦʝ ʧʨʠ ʵʪʦʤ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʥɹʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʜʘʯʝ. ʊʘʢʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʯʘʩʪʦ ʥʘʟʳʚʘʝʪʩʷ ʵʚʨʠʩʪʠʯʝʩʢʦʡ. ʉʤʳʩʣ ʵʪʦʛʦ ʪʝʨʤʠʥʘ 

ʨʘʩʢʨʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ.  

3.1.2. ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ 

ɼʨʝʚʥʝʛʨʝʯʝʩʢʦʝ ʩʣʦʚʦ çʵʚʨʠʩʪʠʢʘè (ϘϨϤЮϦϝϬ ð ʦʪʳʩʢʠʚʘʶ, 

ʦʪʢʨʳʚʘʶ) ʠʤʝʝʪ ʤʥʦʛʦ ʙʣʠʟʢʠʭ, ʥʦ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʧʦʩʦʙʦʚ 

ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʷʟʳʢʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ, ʩʨʝʜʠ 

ʧʨʦʯʠʭ, ʥʘʡʪʠ ʩʣʝʜʫʶʱʠʝ ʪʦʣʢʦʚʘʥʠʷ ʵʪʦʛʦ ʧʦʥʷʪʠʷ.  

ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ð ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, 

ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʶʪʩʷ ʬʦʨʤʘʣʴʥʳʤ ʤʝʪʦʜʘʤ 

ʨʝʰʝʥʠʷ, ʦʧʠʨʘʶʱʠʤʩʷ ʥʘ ʪʦʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ 

ʧʦʣʫʯʘʝʤʳʝ ʨʝʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʣʫʯʰʠʤʠ, ʥʝʫʜʘʯʥʘʷ ʵʚʨʠʩʪʠʢʘ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʠ ʢ ʧʦʣʫʯʝʥʠʶ ʥʘʠʭʫʜʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ! ɺ ʪʦ ʞʝ ʚʨʝʤʷ 
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ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʫʜʘʯʥʳʭ ʵʚʨʠʩʪʠʢ (ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʟʘʜʘʯ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ
49

 ʧʦʣʫʯʝʥʠʝ ʧʨʠʝʤʣʝʤʳʭ ʨʝʰʝʥʠʡ ʟʘ 

ʜʦʧʫʩʪʠʤʫʶ ʮʝʥʫ.  

ʕʚʨʠʩʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ð ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʵʚʨʠʩʪʠʢʘ 

ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʩʫʱʠʭ ʯʝʣʦʚʝʢʫ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʰʝʥʠʷ ʪʚʦʨʯʝʩʢʠʭ ʟʘʜʘʯ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʫʥʠʚʝʨʩʘʣʴʥʳ ʧʦ ʩʚʦʝʤʫ 

ʭʘʨʘʢʪʝʨʫ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʨʝʰʘʝʤʦʡ ʧʨʦʙʣʝʤʳ.
50

 

ʕʚʨʠʩʪʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ð ʩʧʦʩʦʙ ʥʘʧʠʩʘʥʠʷ 

ʧʨʦʛʨʘʤʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʛʨʘʤʤʠʩʪ ʥʝ ʢʦʜʠʨʫʝʪ ʛʦʪʦʚʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ, ʘ ʧʳʪʘʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʪʦʪ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʠʤʘʝʤʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʤ, ʧʦ ʝʛʦ 

ʤʥʝʥʠʶ, ʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʢ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ. ʂʘʢ ʠ 

ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʥʝ ʜʘʶʪ 

ʘʙʩʦʣʶʪʥʦʡ ʛʘʨʘʥʪʠʠ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʕʚʨʠʩʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ð ʩʧʝʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ 

(ʩʦʢʨʘʪʠʯʝʩʢʠʝ ʙʝʩʝʜʳ) ʠʣʠ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, 

ʠʩʪʦʨʠʯʝʩʢʠ ʚʦʩʭʦʜʷʱʠʡ ʢ ʉʦʢʨʘʪʫ. ʄʝʪʦʜ ʩʦʩʪʦʠʪ ʚ ʟʘʜʘʥʠʠ 

ʦʙʫʯʘʶʱʠʤʩʷ ʩʝʨʠʠ ʥʘʚʦʜʷʱʠʭ ʚʦʧʨʦʩʦʚ ʠ ʧʨʠʤʝʨʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʦʥʠ ʢʘʢ ʙʳ ʩʘʤʠ ʦʪʳʩʢʠʚʘʶʪ ʨʝʰʝʥʠʝ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʧʦʥʠʤʘʝʤ ʪʝʨʤʠʥ çʵʚʨʠʩʪʠʢʘè ʚ ʙʦʣʝʝ 

ʫʟʢʦʤ ʩʤʳʩʣʝ. 

                                                           

49
 ʇʦʜʯʝʨʢʥʝʤ ʝʱʝ ʨʘʟ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʳ ʤʦʞʝʤ ʜʘʞʝ ʥʝ ʚʧʦʣʥʝ 

ʧʦʥʠʤʘʪʴ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʪʘ ʠʣʠ ʠʥʘʷ çʫʜʘʯʥʘʷè ʵʚʨʠʩʪʠʢʘ ʠ ʧʦʯʝʤʫ ʦʥʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ çʧʨʠʝʤʣʝʤʦʩʪʴè ʨʝʰʝʥʠʷ! ɺʩʸ ʵʪʦ, ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ, 

ʩʨʦʜʥʠ ʚʦʣʰʝʙʩʪʚʫ, ʥʦ ʚʦʣʰʝʙʩʪʚʫ ʢʦʥʢʨʝʪʥʦʤʫ, ʜʝʡʩʪʚʫʶʱʝʤʫ, ʘ 

ʧʦʪʦʤʫ ð ʧʦʣʝʟʥʦʤʫ! 
50

 ʕʚʨʠʢʘ! (ʙʫʢʚʘʣʴʥʦ ð ʷ ʥʘʰʝʣ!), ʩʦʛʣʘʩʥʦ ʧʨʝʜʘʥʠʶ, ʚʦʩʢʣʠʮʘʥʠʝ 

ɸʨʭʠʤʝʜʘ ʧʨʠ ʦʪʢʨʳʪʠʠ ʠʤ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʛʠʜʨʦʩʪʘʪʠʢʠ. ɺ ʧʝʨʝʥʦʩʥʦʤ 

ʩʤʳʩʣʝ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʨʘʜʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʢʘʢʦʡ-ʣʠʙʦ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʦʚʦʡ ʠʜʝʠ. 
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ʕʚʨʠʩʪʠʢʘ ð ʵʤʧʠʨʠʯʝʩʢʦʝ
51

 ʧʨʘʚʠʣʦ, ʫʧʨʦʱʘʶʱʝʝ ʠʣʠ 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ ʧʨʠ ʧʦʠʩʢʝ ʨʝʰʝʥʠʷ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʩʦʚʝʨʰʝʥʥʦ 

ʢʦʥʢʨʝʪʥʳʡ ʩʧʦʩʦʙ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚ ʜʘʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ð 

ʧʦʠʩʢ ʥʘ ʛʨʘʬʝ ʜʣʷ ʩʠʩʪʝʤʳ ʧʨʦʜʫʢʮʠʡ, ʤʳ ʤʦʞʝʤ ʝʱʝ ʙʦʣʝʝ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ. 

ʕʚʨʠʩʪʠʢʘ ð ʥʘʙʦʨ ʧʨʘʚʠʣ ʚʳʙʦʨʘ ʦʯʝʨʝʜʥʦʛʦ ʫʟʣʘ ʜʣʷ 

ʨʘʩʢʨʳʪʠʷ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʵʚʨʠʩʪʠʢʠ, ʚʝʩʪʠ ʢ 

ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʚʨʠʩʪʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʦʛʘʜʢʠ ʠ ʠʥʪʫʠʮʠʶ, ʘ ʥʝ 

ʥʘ ʪʦʯʥʳʝ ʟʥʘʥʠʷ, ʵʚʨʠʩʪʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ʜʦʩʪʫʧʥʫʶ, ʥʦ ʦʛʨʘʥʠʯʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ, ʪʘʢʫʶ, ʢʘʢ ʦʧʠʩʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʪʝʢʫʱʠʭ ʦʪʢʨʳʪʳʭ 

ʫʟʣʦʚ, ʠ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʚʳʙʦʨ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʘʠʣʫʯʰʠʡ. ʕʚʨʠʩʪʠʢʘ ð ʵʪʦ ʣʠʰʴ ʧʨʝʜʣʦʞʝʥʠʝ ʜʣʷ ʚʳʙʦʨʘ 

ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ, ʦʩʥʦʚʳʚʘʶʱʝʝʩʷ ʥʘ ʦʧʳʪʝ ʠ ʟʜʨʘʚʦʤ ʩʤʳʩʣʝ. 

ɸʣʛʦʨʠʪʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʵʚʨʠʩʪʠʢʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ.  

ʕʚʨʠʩʪʠʢʠ ʫʤʝʥʴʰʘʶʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʘʚʠʣ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʩʦʢʨʘʱʘʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʡ 

ʧʨʘʚʠʣ. ʅʦ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʠʭ ʵʚʨʠʩʪʠʢ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʢʘʢʠʭ-ʪʦ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʨʠʚʥʦʩʠʪ ʩʚʦʠ ʟʘʪʨʘʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʥʠʧʫʣʷʮʠʠ ʩ 

ʛʨʘʬʦʤ ʧʦʠʩʢʘ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʦʥ ʚʝʣʠʢ, ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʟʘʪʨʘʪ (ʝʱʝ 

ʨʘʟ ʩʤ. ʨʠʩ. 2.5). 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʦʙʱʘʷ ʩʫʤʤʘ, ʩʢʣʘʜʳʚʘʶʱʘʷʩʷ 

ʠʟ ʟʘʪʨʘʪ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣ, ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʨʢʫ ʠ ʨʘʩʢʨʳʪʠʝ 

ʫʟʣʦʚ ʠ ʟʘʪʨʘʪ ʥʘ ʵʚʨʠʩʪʠʢʫ. ʊʦʯʥʝʝ ʛʦʚʦʨʷ, ʤʳ ʭʦʪʠʤ 

                                                           

51
 ʕʪʦ ʩʣʦʚʦ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ! ʆʥʦ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʘʚʠʣʦ ʥʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ 

ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ çʫʧʨʦʱʝʥʠʝè ʠ çʦʛʨʘʥʠʯʝʥʠʝè ʧʦ ʯʴʝʤʫ-ʪʦ ʤʥʝʥʠʶ ʠ ʚʦʚʩʝ 

ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. 
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ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʩʫʤʤʳ ʧʦ ʚʩʝʤ ʩʣʫʯʘʷʤ 

ʧʨʠʤʝʥʝʥʠʷ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ.  

ʏʪʦʙʳ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʪʦʯʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʚʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʷ, ʯʪʦ ʤʳ ʠ ʜʝʣʘʝʤ ʚ ʩʣʝʜʫʶʱʝʤ ʧʘʨʘʛʨʘʬʝ. 

3.1.3. ʆʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ʕʚʨʠʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʣʶʙʫʶ ʬʦʨʤʫ. ɺ ʀʀ 

ʧʨʠʥʷʪʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʵʚʨʠʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʚʠʜʝ ʦʮʝʥʦʯʥʦʡ 

ʬʫʥʢʮʠʠ F(d). 

ʆʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ F ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʜʦʧʫʩʪʠʤʳʭ 

ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʳ (ʙʘʟʳ ʬʘʢʪʦʚ) ʠ ʧʨʠʥʠʤʘʝʪ ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʦʚʳʝ 

ʟʥʘʯʝʥʠʷ F: D ­ y. ʇʨʠʯʝʤ ʦʙʳʯʥʦ ʚʳʙʠʨʘʶʪ ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘ ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʘʭ ʝʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ 

ʤʠʥʠʤʘʣʴʥʦ F(dt) = min { dÍD | F(d) } . ɽʩʣʠ ʟʘʜʘʥʘ ʪʘʢʘʷ ʦʮʝʥʦʯʥʘʷ 

ʬʫʥʢʮʠʷ, ʪʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ Select , ʠʩʧʦʣʴʟʫʷ ʠʜʝʶ 

ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ (ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..10). 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..10. ʌʫʥʢʮʠʷ ʚʳʙʦʨʘ ʫʟʣʘ ʜʣʷ ʨʘʩʢʨʳʪʠʷ. 

Proc  Select (O)  

  m := ¤ 

 dô := nil  

 for  d Í O do  

  if  F(d) < m then   

   dô := d  

 m := F(d)  

  end  if  

 end  for  

 return (dô) 

end  proc  

ʀʣʠ, ʢʦʨʦʯʝ: 

Select  (O) := min  F( d), d Í O 
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ɼʣʷ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ F ʧʨʝʜʣʦʞʝʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʠʜʝʡ 

ʨʝʘʣʠʟʘʮʠʠ. ʉʣʦʚʦ çʦʮʝʥʦʯʥʘʷè ʦʟʥʘʯʘʝʪ, ʯʪʦ F (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ) 

ʙʣʠʟʢʘ ʢ ʢʘʢʠʤ-ʣʠʙʦ ʚʘʞʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʠʩʢʘ. ʅʠʞʝ 

ʧʨʠʚʝʜʝʥ ʩʧʠʩʦʢ ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʧʳʪʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ: 

- ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ d ʧʨʠʥʘʜʣʝʞʠʪ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʫʪʠ; 

- ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʫʟʣʘ d ʜʦ ʮʝʣʝʚʦʛʦ ʤʥʦʞʝʩʪʚʘ ʫʟʣʦʚ T;  

- ʚʝʩ ʧʫʪʠ ʦʪ ʠʩʭʦʜʥʦʡ ʚʝʨʰʠʥʳ d0 ʜʦ ʮʝʣʝʚʦʡ ʚʝʨʰʠʥʳ dt ʯʝʨʝʟ 

ʪʝʢʫʱʫʶ ʚʝʨʰʠʥʫ d. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʠʤʝʥʥʦ ʧʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

F(d) = g(d) + h(d), 

ʛʜʝ g(d) ð ʬʘʢʪʠʯʝʩʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʫʪʠ ʦʪ ʠʩʭʦʜʥʦʡ ʚʝʨʰʠʥʳ d0 

ʜʦ d (ʫʞʝ ʦʧʨʝʜʝʣʝʥʘ ʥʘʤʠ ʚ ʧʨʦʮʝʜʫʨʝ Open); h(d) ð ʵʚʨʠʩʪʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ ʧʫʪʠ ʦʪ d ʜʦ ʮʝʣʝʚʦʡ ʚʝʨʰʠʥʳ dt. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʥʘ ʧʨʠʤʝʨʝ 

ʠʛʨʳ ʚ 8 [13] (ʫʞʝ ʦʙʩʫʞʜʘʚʰʝʡʩʷ ʥʘʤʠ ʚ ʧʘʨʘʛʨʘʬʝ 2.1.4). ɺʚʝʜʝʤ 

ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ F(d) ʢʘʢ ʩʫʤʤʫ ʛʣʫʙʠʥʳ ʚ ʜʝʨʝʚʝ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʫʥʢʮʠʠ g(d)) ʠ ʯʠʩʣʘ hʘʰʝʢ ʥʝ ʥʘ ʩʚʦʝʤ ʤʝʩʪʝ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʫʥʢʮʠʠ h(d)). ʄʳ ʚʠʜʠʤ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..33), ʯʪʦ ʩ ʪʘʢʦʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ ʧʦʠʩʢ ʥʘ 

ʛʨʘʬʝ ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʳʩʪʨʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʝʰʝʥʠʶ. 

ʉʜʝʣʘʝʤ ʥʝʩʢʦʣʴʢʦ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʵʪʦʤʫ ʧʨʠʤʝʨʫ:  

- h(dt) = 0, ʪʘʢ ʢʘʢ ʚ ʮʝʣʝʚʦʡ ʧʦʟʠʮʠʠ ʚʩʝ ʰʘʰʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʩʚʦʝʤ ʤʝʩʪʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ; 

- h(d) ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʭʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪʴ, ʯʪʦʙʳ ʧʝʨʝʡʪʠ ʠʟ d ʚ dt; 

- ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ F(d) ʜʣʷ ʨʘʩʢʨʳʚʘʝʤʳʭ ʫʟʣʦʚ ʥʝ ʫʙʳʚʘʝʪ; 

ʝʩʣʠ ʚʟʷʪʴ ʬʫʥʢʮʠʶ F ʪʦʣʴʢʦ ʢʘʢ ʛʣʫʙʠʥʫ ʚ ʜʝʨʝʚʝ, ʪʦ ʝʩʪʴ 

ʧʦʣʦʞʠʪʴ h=0, ʪʦ ʧʦʣʫʯʠʪʩʷ ʧʨʦʩʪʦ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ. 
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ɺ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʤʳ ʦʙʦʙʱʠʤ ʠ ʠʩʪʦʣʢʫʝʤ ʵʪʠ 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..33. ɻʨʘʬ ʧʦʠʩʢʘ ʜʣʷ ʠʛʨʳ ʚ 8 ʩ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʝʡ F. 

3.2. ʉɺʆʁʉʊɺɸ ɸʃɻʆʈʀʊʄɸ ɸ* 

ɸʣʛʦʨʠʪʤ ɸ* ʦʙʣʘʜʘʝʪ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʠ 

ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪ ʝʛʦ ʰʠʨʦʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ. 
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ʉʘʤʳʤ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʘʣʛʦʨʠʪʤʘ, ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦʝ
52

 

ʫʩʣʦʚʠʝ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʘʣʛʦʨʠʪʤ ɸ* ʛʘʨʘʥʪʠʨʦʚʘʥʦ 

ʥʘʭʦʜʠʪ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ. ʕʪʦ ʩʪʨʦʛʦ 

ʧʦʢʘʟʘʥʦ ʚ ʧʝʨʚʦʤ ʧʘʨʘʛʨʘʬʝ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ. ɺʦ ʚʪʦʨʦʤ ʧʘʨʘʛʨʘʬʝ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ ɸ*, ʦʙʨʘʟʥʦ ʛʦʚʦʨʷ, çʜʦʙʨʦ ʧʦʤʥʠʪè ð ʯʝʤ 

ʙʦʣʝʝ ʠʥʬʦʨʤʠʨʦʚʘʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʘʣʛʦʨʠʪʤʫ ʦʮʝʥʦʯʥʘʷ 

ʬʫʥʢʮʠʷ, ʪʝʤ çʣʫʯʰʝè ʚʝʜʝʪ ʩʝʙʷ ʘʣʛʦʨʠʪʤ. ʅʘʢʦʥʝʮ, ʚ ʪʨʝʪʴʝʤ 

ʧʘʨʘʛʨʘʬʝ ʨʘʟʜʝʣʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʚʳʙʨʘʥʘ 

ʨʘʟʫʤʥʦ, ʝʩʣʠ ʦʥʘ ʩʦʛʣʘʩʦʚʘʥʘ ʩ ʤʝʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ, ʪʦ ʘʣʛʦʨʠʪʤ ɸ* ʥʝ ʪʦʣʴʢʦ ʥʘʭʦʜʠʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʚ ʢʦʥʮʝ, ʥʦ ʠ ʚʩʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʦʷʥʠʷ ʣʝʞʘʪ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʫʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʘʣʛʦʨʠʪʤ 

ɸ* ʚʝʜʝʪ ʩʝʙʷ ʧʨʦʩʪʦ ʠʜʝʘʣʴʥʦ: ʥʘʠʣʫʯʰʠʤ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʤ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʧʘʨʘʛʨʘʬʝ ʤʳ ʢʦʥʩʪʘʪʠʨʫʝʤ, ʯʪʦ ʠʜʝʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʥʝ 

ʚʩʝʛʜʘ ʛʘʨʘʥʪʠʨʦʚʘʥʦ: ʠʥʦʛʜʘ ɸ* ʦʩʪʘʚʣʷʝʪ ʞʝʣʘʪʴ ʤʥʦʛʦ ʣʫʯʰʝʛʦ. 

3.2.1. ʊʝʦʨʝʤʘ ʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

ɼʘʜʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ. ɼʣʠʥʫ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ
53

 ʠʟ ʫʟʣʘ d1 ʚ ʫʟʝʣ d2 ʦʙʦʟʥʘʯʠʤ s(d1, d2). ʇʫʩʪʴ  

F* (d) = g*(d) + h* (d) 

ʝʩʪʴ ʪʦʯʥʘʷ ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ ʫʟʣʘ d0 ʢ ʫʟʣʫ dt, 

ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʫʟʝʣ d. ɿʜʝʩʴ g*(d) ð ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ 

d0 ʢ d, h*(d) ð ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ d ʢ dt, ʪʦ ʝʩʪ ɹg* (d) = s(d0, 

d), h* (d) = s(d, dt).  

                                                           

52
 ʋʩʣʦʚʠʝ ʠʤʝʥʥʦ ʜʦʩʪʘʪʦʯʥʦʝ, ʥʦ ʥʝ ʥʝʦʙʭʦʜʠʤʦʝ. ɼʘʞʝ ʝʩʣʠ 

ʫʩʣʦʚʠʝ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ, ʘʣʛʦʨʠʪʤ ɸ* ʤʦʞʝʪ ʥʘʡʪʠ ʨʝʰʝʥʠʝ, ʝʩʣʠ 

ʧʦʚʝʟʝʪ, ʥʦ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʵʪʦʛʦ ʥʝʣʴʟʷ. 
53

 ʀʥʦʛʜʘ ʚ ʧʦʧʫʣʷʨʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʀʀ ʵʪʫ ʚʝʣʠʯʠʥʫ ʥʘʟʳʚʘʶʪ 

ʨʘʩʩʪʦʷʥʠʝʤ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʵʪʦ ʥʝʢʦʨʨʝʢʪʥʦ, ʧʦʪʦʤʫ ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʜʦʩʪʠʞʠʤʦʩʪʴ ʚ ʦʨʛʨʘʬʝ ʚʦʚʩʝ ʥʝ 

ʦʙʷʟʘʥʘ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ. 
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ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ, ʣʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ "d F* (d) ² s(d0, dt). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʪʴ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʠʟ ʜʚʫʭ ʢʨʘʪʯʘʡʰʠʭ ʦʪʨʝʟʢʦʚ ʠ 

ʧʨʦʭʦʜʷʱʠʡ ʯʝʨʝʟ ʟʘʜʘʥʥʳʡ ʫʟʝʣ d, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʢʦʨʦʯʝ ʩʘʤʦʛʦ 

ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ. ʆʙʦʟʥʘʯʠʤ M = F* (d0) = h* (d0) = s(d0, dt) ð ʵʪʦ 

ʦʧʪʠʤʫʤ, ʜʣʠʥʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ, ʙʝʟ ʚʩʷʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʬʫʥʢʮʠʠ F* , g* , h*  ʠ ʯʠʩʣʦ M ʥʘʤ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, 

ʥʝʠʟʚʝʩʪʥʳ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʦʮʝʥʦʯʥʫʶ ʬʫʥʢʮʠʶ ʚ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʝ: 

F(d) = g(d) + h(d), 

ʛʜʝ ʬʫʥʢʮʠʷ g ð ʫʞʝ ʦʧʨʝʜʝʣʝʥʘ ʥʘʤʠ ʚ ʧʨʦʮʝʜʫʨʝ Open. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ɸ* ʜʣʷ g(d) ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ: g(d) Ó 

g* (d), ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʦ ʝʱʝ ʥʝ ʚʩʝ ʧʫʪʠ ʧʦʩʪʨʦʝʥʳ, ʠ ʧʨʠ ʨʘʩʢʨʳʪʠʠ 

ʫʟʣʦʚ ʠ ʧʦʩʪʨʦʝʥʠʠ ʥʦʚʳʭ ʧʫʪʝʡ ʦʮʝʥʢʘ g(d) ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʥʦ 

ʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʥʴʰʝ g* (d).  

ʇʦʜ ʚʦʧʨʦʩʦʤ ʦʩʪʘʝʪʩʷ ʬʫʥʢʮʠʷ h(d) ð ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʜʦ ʨʝʰʝʥʠʷ. ʗʩʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʤʳ ʥʝ ʤʦʞʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʦʯʥʦ ʫʢʘʟʘʪʴ ʵʪʫ ʬʫʥʢʮʠʶ, 

ʤʳ ʤʦʞʝʤ ʪʦʣʴʢʦ ʧʨʠʜʫʤʳʚʘʪʴ ʝʝ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ, 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʜʘʯʥʦ. ʅʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʷ, ʚʳʙʨʘʥʥʘʷ ʚ ʧʘʨʘʛʨʘʬʝ 0 

ʜʣʷ ʠʛʨʳ ʚ 8, ʦʢʘʟʘʣʘʩʴ ʦʯʝʥʴ ʫʜʘʯʥʦʡ. ʆʥʘ ʧʦʟʚʦʣʠʣʘ ʙʳʩʪʨʦ ʥʘʡʪʠ 

ʨʝʰʝʥʠʝ.  

ʅʘʩʢʦʣʴʢʦ ʩʣʫʯʘʡʥʦ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ? ʂʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʦʨʷʜʦʢ 

ʨʘʩʢʨʳʪʠʷ ʫʟʣʦʚ, ʯʪʦʙʳ ʘʣʛʦʨʠʪʤ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʥʘʭʦʜʠʣ ʨʝʰʝʥʠʝ? 

ʆʪʚʝʪ ʥʘ ʵʪʠ ʚʦʧʨʦʩʳ ʜʘʝʪ ʧʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ ʪʝʦʨʝʤʘ
54

.    

                                                           

54
 ʕʪʫ ʪʝʦʨʝʤʫ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʪʝʦʨʝʤʦʡ ʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʘ ɸ*. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʤʦʞʥʦ ʥʘʡʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʫʯʝʙʥʠʢʝ ʦʜʥʦʛʦ 

ʠʟ ʘʚʪʦʨʦʚ ʪʝʦʨʝʤʳ [13]. ʇʨʠʚʦʜʠʤʦʝ ʟʜʝʩʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʠʩʧʦʣʴʟʫʝʪ 

ʠʜʝʠ ʘʚʪʦʨʦʚ ʪʝʦʨʝʤʳ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ. 
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ɻʦʚʦʨʷʪ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʩʦʩʪʦʷʪʝʣʝʥʆʰʠʙʢʘ! 

ɿʘʢʣʘʜʢʘ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. (ʠʣʠ ʯʘʩʪʠʯʥʦ ʢʦʨʨʝʢʪʝʥ), ʝʩʣʠ ʦʥ ʥʘʭʦʜʠʪ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʧʨʠ ʫʩʣʦʚʠʠ ʯʪʦ ʪʘʢʦʡ ʧʫʪʴ ʩʫʱʝʩʪʚʫʝʪ. 

ʊʝʦʨʝʤʘ. ɽʩʣʠ "d h(d) ¢ h* (d), ʪʦ ʘʣʛʦʨʠʪʤ ɸ* ʩʦʩʪʦʷʪʝʣʝʥ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʦʩʥʦʚʘʥʦ ʥʘ ʩʝʨʠʠ ʣʝʤʤ. ɺʩʝ ʣʝʤʤʳ 

ʜʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ h ¢ h*. ʃʝʤʤʘ 1 ʠ ʪʝʦʨʝʤʘ 

ʜʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ "rÍR (r.w > 0), ʪʦ ʝʩʪʴ ʚʝʩ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ ʩʪʨʦʛʦ ʧʦʣʦʞʠʪʝʣʝʥ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ 

ʩʤʳʩʣʫ ʟʘʜʘʯʠ ʚʩʝ ʬʫʥʢʮʠʠ F* , g* , h* , F, g, h ʠ ʯʠʩʣʦ M 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ.  

ʃʝʤʤʘ 1. ɽʩʣʠ ʘʣʛʦʨʠʪʤ A*  ʥʝ ʟʘʢʘʥʯʠʚʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ, ʪʦ 

ʦʮʝʥʢʘ ʨʘʩʢʨʳʚʘʝʤʦʛʦ ʫʟʣʘ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʊʦ ʝʩʪʴ "N 

$k F(dk) > N. 

ɿʘʤʝʯʘʥʠʝ. ɿʜʝʩʴ k ð ʵʪʦ ʥʦʤʝʨ ʰʘʛʘ ʘʣʛʦʨʠʪʤʘ ɸ*, ʘ dk ð 

ʫʟʝʣ, ʨʘʩʢʨʳʚʘʝʤʳʡ ʥʘ ʵʪʦʤ ʰʘʛʝ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ e = min { rÍR | r.w}  > 0 ð ʤʠʥʠʤʘʣʴʥʳʡ 

ʚʝʩ ʧʨʘʚʠʣʘ, ʘ m=|R| ð ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʣ. ʇʫʩʪʴ p ð ʛʣʫʙʠʥʘ
55

 ʫʟʣʘ 

dk ʚ ʜʝʨʝʚʝ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʘʤʫʶ ʤʝʥʴʰʫʶ ʛʣʫʙʠʥʫ ʫʟʝʣ ʠʤʝʝʪ, ʢʦʛʜʘ 

ʚʩʝ ʨʘʥʝʝ ʨʘʩʢʨʳʪʳʝ ʫʟʣʳ ʣʝʞʘʪ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʷʨʫʩʘʭ ʜʝʨʝʚʘ ʠ ʧʨʠ 

ʵʪʦʤ ʷʨʫʩʳ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʳ. ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʚ pï1 ʷʨʫʩʝ 

m-ʠʯʥʦʛʦ ʜʝʨʝʚʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʜʝʨʞʠʪʩʷ 1+m+m
2
+é+m

pï1
 = (m

p
ï

1)/(mï1) ʫʟʣʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, k < (m
p
ï1)/(mï1) < m

p 
(ʧʨʠ m > 2). 

ʊʦʛʜʘ p > logmk. ɺʦʟʴʤʝʤ ʪʝʧʝʨʴ k > m
N/e
. ʀʤʝʝʤ: F(dk) > g(dk) > e p > e 

logmk > e logm m
N/e

 = N. ʏ.ʪ.ʜ. 

ʃʝʤʤʘ 2. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʪʦ ʚ ʩʧʠʩʢʝ 

ʦʪʢʨʳʪʳʭ ʫʟʣʦʚ ʚʩʝʛʜʘ ʝʩʪʴ ʫʟʝʣ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʵʪʦʤʫ ʧʫʪʠ, 

ʦʮʝʥʢʘ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ M. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ A = <d0, é, dt> ð ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ. 

ɼʘʣʝʝ ʠʥʜʫʢʮʠʷ ʧʦ ʰʘʛʘʤ ʘʣʛʦʨʠʪʤʘ.  

ɹʘʟʘ ʠʥʜʫʢʮʠʠ: d0 Í  A ʠ F(d0) = h(d0) < h*(d0) = M.  
                                                           

55
 ɻʣʫʙʠʥʦʡ ʫʟʣʘ ʚ ʢʦʨʥʝʚʦʤ ʜʝʨʝʚʝ ʥʘʟʳʚʘʝʪʩʷ ʯʠʩʣʦ ʜʫʛ ʥʘ ʧʫʪʠ ʦʪ 

ʢʦʨʥʷ ʜʦ ʫʟʣʘ. 
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ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ. ʆʪʢʨrʪʠʝ ʫʟʣʘ ʠʟ ɸ ʦʩʪʘʚʣʷʝʪ 

ʥʘʩʣʝʜʥʠʢʘ ʚ ʆ. ɿʥʘʯʠʪ, ʚ ʩʧʠʩʢʝ O ʚʩʝʛʜʘ ʝʩʪʴ ʫʟʝʣ ʠʟ A, ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ ʦʜʠʥ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʠ ʥʝʩʢʦʣʴʢʦ. ʇʫʩʪʴ ʪʝʧʝʨʴ d' Í  O, d' Í  A, ʠ 

d' ð ʩʘʤrʡ ʣʝʚrʡ ʫʟʝʣ ʠʟ ʪʘʢʠʭ ʫʟʣʦʚ (ʩʤ. ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..34), ʪʦ ʝʩʪʴ ʚʩʝ ʫʟʣʳ ʣʝʚʝʝ 

d' ʥʘ ʧʫʪʠ ʫʞʝ ʦʪʢʨʳʪʳ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʧʠʩʢʝ C. ʊʦʛʜʘ g(d') = g*(d'), 

ʧʦʩʢʦʣʴʢʫ ʦʪʨʝʟʦʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ ʪʘʢʞʝ ʦʧʪʠʤʘʣʝʥ. ʀʤʝʝʤ F(d) = 

g(d')+h(d') = g*(d')+h(d') ¢ g*(d')+h*(d') = F*(d') = M, ʪ.ʢ. "d Í  A F*(d) 

= M. ʏ.ʪ.ʜ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..34. ʂ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʃʝʤʤʳ 2. 

ʃʝʤʤʘ 3. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʪʦ 

ʦʪʢʨʳʚʘʝʪʩʷ ʚʩʝʛʜʘ ʫʟʝʣ, ʦʮʝʥʢʘ ʢʦʪʦʨʦʛʦ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ M. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʦ ʣʝʤʤʝ 2 $d Í  O F(d) ¢ M, ʥʦ ʬʫʥʢʮʠʷ 

Select  ʚʩʝʛʜʘ ʚʳʙʠʨʘʝʪ ʤʠʥʠʤʫʤ. ʏ.ʪ.ʜ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʪ ʧʨʦʪʠʚʥʦʛʦ ʟʘ ʪʨʠ 

ʰʘʛʘ. 

ʇʝʨʚʳʡ ʰʘʛ. ʇʫʩʪʴ $ɸ ð ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ ʠ ʘʣʛʦʨʠʪʤ ʥʝ 

ʟʘʢʘʥʯʠʚʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ. ʊʦʛʜʘ ʧʦ ʣʝʤʤʝ 1 $k F(dk) > M, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʣʝʤʤʝ 3. ɿʥʘʯʠʪ, ʘʣʛʦʨʠʪʤ ʟʘʢʘʥʯʠʚʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ. 

ɺʪʦʨʦʡ ʰʘʛ. ɸʣʛʦʨʠʪʤ ʤʦʞʝʪ ʟʘʢʦʥʯʠʪʴʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ fail  ʠʣʠ 

OK . ʈʝʟʫʣʴʪʘʪ fail ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʝʩʣʠ ʩʧʠʩʦʢ ʆ ʧʫʩʪ. ʅʦ ʧʦ ʣʝʤʤʝ 

2 ʩʧʠʩʦʢ ʆ ʥʝ ʧʫʩʪ, ʟʥʘʯʠʪ, ʘʣʛʦʨʠʪʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩ ʨʝʟʫʣɹʪʘʪʦʤ 

ʆʂ. 
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ʊʨʝʪʠʡ ʰʘʛ. ʇʫʩʪʴ ʘʣʛʦʨʠʪʤ ɸ* ʟʘʢʦʥʯʠʣ ʨʘʙʦʪʫ ʩ ʨʝʟʫʣʴʪʘʪʦʤ 

ʆʂ, ʥʦ ʥʘʡʜʝʥʥʳʡ ʧʫʪʴ ʈ ð ʥʝ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ. ʈʘʩʩʤʦʪʨʠʤ 

ʧʦʩʣʝʜʥʠʡ ʚʳʟʦʚ ʬʫʥʢʮʠʠ Select , ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʘʣʛʦʨʠʪʤ ʟʘʢʦʥʯʠʣ 

ʨʘʙʦʪʫ. ʇʫʩʪʴ ʬʫʥʢʮʠʷ Select  ʚʙrʨʘʣʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʢʨʳʚʘʝʤʦʡ 

ʚʝʨʰʠʥʳ dt. ʅʦ h*(dt)=0, ʩʣʝʜʦʚʘʪʝʣʴʥʦ h(dt)=0. ʆʪʩʶʜʘ  

F(dt) = g(dt)+h(dt) = g(dt) > g*(dt) = F*(dt) = M, 

ʪʦ ʝʩʪʴ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚʝʨʰʠʥʘ ʩ ʦʮʝʥʢʦʡ ʙʦʣʴʰʝ M, ʯʪʦ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʣʝʤʤʝ 3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤ A* ʟʘʢʘʥʯʠʚʘʝʪ ʨʘʙʦʪʫ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ ʆʂ ʠ ʥʘʭʦʜʠʪ ʧʨʠ ʵʪʦʤ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ. ʏ.ʪ.ʜ. 

ʉʣʝʜʩʪʚʠʝ 1. ʃʶʙʘʷ ʚʝʨʰʠʥʘ dÍ O, ʜʣʷ ʢʦʪʦʨʦʡ F(d) < M, 

ʙʫʜʝʪ ʨʘʩʢʨʳʪʘ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʦʩʣʝʜʥʠʤ ʚʳʙʠʨʘʝʪʩʷ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʫʟʝʣ dt ʩ 

ʦʮʝʥʢʦʡ F(dt)=M, ʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʫʟʝʣ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʦʮʝʥʢʦʡ. ʏ.ʪ.ʜ. 

ʉʣʝʜʩʪʚʠʝ 2. ʇʦʠʩʢ ʚ ʰʠʨʠʥʫ ʩʦʩʪʦʷʪʝʣʝʥ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʠ ʧʦʠʩʢʝ ʚ ʰʠʨʠʥʫ: h = 0, F = g, ʠ 

ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʜʣʷ h: 0 ¢ h* . ʏ.ʪ.ʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʩ ʠʛʨʦʡ ʚ 8, ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʧʘʨʘʛʨʘʬʝ 0. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʬʫʥʢʮʠʷ h ð ʯʠʩʣʦ ʰʘʰʝʢ ʥʝ ʥʘ ʩʚʦʝʤ ʤʝʩʪʝ ð ʥʝ 

ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʯʠʩʣʘ ʰʘʛʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʥʳ, ʯʪʦʙʳ ʧʦʩʪʘʚʠʪʴ 

ʚʩʝ ʰʘʰʢʠ ʥʘ ʩʚʦʠ ʤʝʩʪʘ. ɺʝʜʴ ʟʘ ʦʜʠʥ ʭʦʜ ʤʳ ʩʪʘʚʠʤ ʥʘ ʤʝʩʪʦ ʥʝ 

ʙʦʣʝʝ ʯʝʤ ʦʜʥʫ ʰʘʰʢʫ! 

3.2.2. ʉʨʘʚʥʝʥʠʝ ʦʮʝʥʦʯʥʳʭ ʬʫʥʢʮʠʡ 

ʇʫʩʪʴ ʜʘʥʳ ʜʚʝ ʦʮʝʥʦʯʥʳʝ ʬʫʥʢʮʠʠ: 

F1(d) = g1(d) + h1(d),  

F2(d) = g2(d) + h2(d).  

ʇʨʠʯʝʤ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʦ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ: 

h1(d) ¢ h* (d), 
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h2(d) ¢ h* (d). 

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ h2(d) ʙʦʣʝʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ, ʯʝʤ 

h1(d), ʝʩʣʠ "d ḑt h2(d) > h1(d). ʇʫʩʪʴ h2(d) ð ʙʦʣʝʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʬʫʥʢʮʠʷ, ʯʝʤ h1(d). ʊʦʛʜʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ F2 ʙʫʜʝʪ ʨʘʩʢʨʳʪʦ ʥʝ 

ʙʦʣʝʝ ʫʟʣʦʚ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ F1, ʪʦ ʝʩʪʴ ʙʦʣʝʝ 

ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʙʳʩʪʨʝʝ ʥʘʭʦʜʠʪ ʨʝʰʝʥʠʝ. 

ʂʘʢ ʧʨʠʤʝʨ ʨʘʩʩʤʦʪʨʠʤ ʠʛʨʫ ʚʦʩʝʤʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ 

ʧʘʨʘʛʨʘʬʘʭ 2.1.4. ʠ 0. ɺ ʥʘʰʝʡ ʪʝʨʤʠʥʦʣʦʛʠʠ g(d) ð ʛʣʫʙʠʥʘ ʚ ʜʝʨʝʚʝ 

ʠʛʨʳ, h(d) ð ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʯʠʩʣʘ ʰʘʰʝʢ ʥʝ ʥʘ ʩʚʦʝʤ ʤʝʩʪʝ. ʊʘʢ 

ʚʳʙʨʘʥʥʘʷ ʬʫʥʢʮʠʷ h(d) ʚ ʠʛʨʝ 8, ʦʯʝʚʠʜʥʦ, ʙʦʣʝʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ, 

ʯʝʤ ʬʫʥʢʮʠʷ h(d) ʧʨʠ ʧʦʠʩʢʝ ʚ ʰʠʨʠʥʫ (h=0). 

ʊʝʦʨʝʤʘ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʠ ʬʫʥʢʮʠʷ F2 

ʙʦʣʝʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ, ʯʝʤ ʬʫʥʢʮʠʷ F1, ʪʦ ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ 

ʧʦʠʩʢʘ ʚʩʷʢʠʡ ʫʟʝʣ, ʨʘʩʢʨʳʪʳʡ ʧʦ F2, ʨʘʩʢʨʳʪ ʠ ʧʦ F1. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʥʜʫʢʮʠʷ ʧʦ k ð ʛʣʫʙʠʥʝ ʫʟʣʘ d ʚ ʜʝʨʝʚʝ 

ʧʦʠʩʢʘ ʧʦ F2 (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..35). 

ɹʘʟʘ ʠʥʜʫʢʮʠʠ. ɻʣʫʙʠʥʘ ʨʘʚʥʘ ʥʫʣʶ (d0). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʠʙʦ ʦʙʘ 

ʘʣʛʦʨʠʪʤʘ ʨʘʩʢʨʳʚʘʶʪ ʫʟʝʣ d0, ʣʠʙʦ ʦʙʘ ʥʝ ʨʘʩʢʨʳʚʘʶʪ (ʧʨʠ d0 = dt). 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ. ʇʫʩʪʴ d ð ʫʟʝʣ, ʚʳʙʨʘʥʥʳʡ ʜʣʷ 

ʨʘʩʢʨʳʪʠʷ ʧʦ F2 ʥʘ ʰʘʛʝ k. ʇʫʩʪʴ S1 ʠ S2 ʤʥʦʞʝʩʪʚʘ ʨʘʩʢʨʳʪʳʭ ʜʦ d 

ʫʟʣʦʚ ʧʦ F1 ʠ F2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʠʥʜʫʢʮʠʦʥʥʦʤʫ ʧʨʝʜʧʦʣʦʞʝʥʠʶ 

S1 ʩʦʜʝʨʞʠʪ ʫʟʣʦʚ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ S2, ʟʥʘʯʠʪ ʚ S1 ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝ 

ʫʟʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʧʘʩʪʴ ʚ d, ʯʝʤ ʚ S2 (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ 

ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..35). ʇʦʵʪʦʤʫ g1(d) ¢ g2(d). 

ɼʘʣʝʝ ʦʪ ʧʨʦʪʠʚʥʦʛʦ. ʇʫʩʪ ɹʘʣʛʦʨʠʪʤ ʟʘʢʦʥʯʝʥ ʠ d ʥʝ ʨʘʩʢʨʳʪ ʧʦ F1. 

ʇʦ ʩʣʝʜʩʪʚʠʶ 1 ʢ ʪʝʦʨʝʤʝ ʦ ʩʦʩʪʦʪ̫ʝʣʴʥʦʩʪʠ F1(d) Ó M. ʅʦ ʧʦ F2 ʫʟʝʣ 

d ʨʘʩʢʨʳʪ, ʟʥʘʯʠʪ F2(d) ¢ M. ʀʤʝʝʤ g1(d) + h1(d) Ó M Ó g2(d) + h2(d) Ó 

g1(d) + h2(d), ʦʪʢʫʜʘ h1(d) Ó h2(d), ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ. ʏ.ʪ.ʜ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..35. ʂ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʪʝʦʨʝʤʳ ʦ ʩʨʘʚʥʝʥʠʠ ʦʮʝʥʦʯʥʳʭ 

ʬʫʥʢʮʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʝʱʝ ʨʘʟ ʧʨʠʤʝʨ ʩ ʠʛʨʦʡ ʚ 8 ʚ ʧʘʨʘʛʨʘʬʝ 0. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʦʯʝʥʴ ʭʦʨʦʰʘ: 

ʦʥʘ ʥʝ ʪʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ 

ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ, ʥʦ ʦʥʘ ʠ çʧʨʝʜʝʣʴʥʦ ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷè. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʬʫʥʢʮʠʶ h ð ʯʠʩʣʦ ʰʘʰʝʢ ʥʝ ʥʘ 

ʩʚʦʝʤ ʤʝʩʪʝ ð ʥʝʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ, ʪʦ ʝʩʪʴ, 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʵʚʨʠʩʪʠʢʫ h', ʪʘʢʫʶ, ʯʪʦ "d h'(d) > h(d). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..33 ʚʠʜʥʦ, ʯʪʦ ʙʳʚʘʶʪ ʪʘʢʠʝ ʫʟʣʳ d, ʚ ʢʦʪʦʨʳʭ h(d) = 

h*(d), ʘ ʟʥʘʯʠʪ ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʤʘʞʦʨʘʥʪʘ h' ʥʘʨʫʰʘʝʪ ʫʩʣʦʚʠʝ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. 

3.2.3. ʄʦʥʦʪʦʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ɻʦʚʦʨʷʪ, ʯʪʦ ʬʫʥʢʮʠʷ h ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʦʥʦʪʦʥʥʦʤʫ 

ʦʛʨʘʥʠʯʝʥʠʶ (ʠʣʠ ʥʝʨʘʚʝʥʩʪʚʫ ʪʨʝʫʛʦʣʴʥʠʢʘ), ʝʩʣʠ  

"d h(d) ¢ h(r.f(d))+r.w &  h(dt) = 0, 

ʛʜʝ r ð ʧʨʘʚʠʣʦ ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʫʟʣʘ d ʚ ʫʟʝʣ r.f(d). 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʵʚʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʣʦʢʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʘ 

ʩ ʚʝʩʦʤ ʜʫʛ (ʧʨʘʚʠʣ). 

ʊʝʦʨʝʤʘ. ɽʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʦʮʝʥʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʦʥʦʪʦʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʠ ʩʫʱʝʩʪʚʫʝʪ 
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ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʪʦ ʘʣʛʦʨʠʪʤ ɸ* ʚʩʝʛʜʘ ʚʳʙʠʨʘʝʪ ʜʣʷ ʨʘʩʢʨʳʪʠʷ 

ʚʝʨʰʠʥʫ, ʢ ʢʦʪʦʨʦʡ ʫʞʝ ʥʘʡʜʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ, ʪ.ʝ. g(d) = g* (d). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʥʜʫʢʮʠ ̫ʧʦ ʜʣʠʥʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ. 

ɹʘʟʘ ʠʥʜʫʢʮʠʠ: g(d0) = g* (d0) = 0. 

ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʝʭʦʜ. ʇʫʩʪʴ ʚʳʙʨʘʥʘ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʚʝʨʰʠʥʘ 

d  ̧d0 ʠ ʧʫʩʪʴ A=d0, d1, é, di, é, d ð ʦʧʪʠʤʘʣʴʥʳʡ ʧʫʪʴ. ʀʤʝʝʤ 

"i g*(di)+h(di) ¢ g*(di)+w(di,di+ 1)+h(di+1) 

ʧʦ ʤʦʥʦʪʦʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ. ɼʘʣʝʝ 

di, di+1Í A ­ g* (di)+w(di,di+1) = g* (di+1). 

ʀʤʝʝʤ 

"i g*(di) + h(di) ¢ g*(di+ 1) + h(di+ 1), 

ʠ ʧʦ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ 

"i g*(di) + h(di) ¢ g*(d) + h(d). 

ʇʫʩʪʴ ʪʝʧʝʨʴ dk ð ʧʝʨʚʘʷ ʦʪʢʨʳʪʘʷ ʚʝʨʰʠʥʘ ʥʘ ʧʫʪʠ A, ʪ.ʝ. dk Í 

A, dk Í O &  "j<k dj Í C. ʊʘʢʦʡ ʫʟʝʣ ʩʫʱʝʩʪʚʫʝʪ, ʪ.ʢ. d0 Í C, d Í O. ɺʩʝ 

ʚʝʨʰʠʥʳ ʥʘ ʧʫʪʠ ɸ ʣʝʚʝʝ dk, ʪ.ʝ. ʚʩʝ ʟʘʢʨʳʪʳʝ ʚʝʨʰʠʥʳ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ dk ʥʘ ʧʫʪʠ ɸ, ʫʞʝ ʨʘʩʢʨʳʪʳ, ʟʥʘʯʠʪ g(dk) = g* (dk). 

ʊʘʢ ʢʘʢ ʘʣʛʦʨʠʪʤ A* ʧʨʠ ʨʘʩʢʨʳʪʠʠ ʦʯʝʨʝʜʥʦʛʦ ʫʟʣʘ ʠʟ ʜʚʫʭ 

ʫʟʣʦʚ d ʠ dk ʚʳʙʠʨʘʝʪ ʫʟʝʣ d, ʪʦ F(d) ¢ F(dk). ʀʪʘʢ, ʠʤʝʝʤ: 

g(d)+h(d) = F(d) ¢ F(dk) = g(dk)+h(dk) = g* (dk)+h(dk) ¢ g*(d)+h(d). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, g(d) ¢ g*(d). ʅʦ"d g(d) Ó g* (d) ʠ ʟʥʘʯʠʪ g(d) = 

g* (d). ʏ.ʪ.ʜ. 

ʉʣʝʜʩʪʚʠʝ. ɽʩʣʠ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʤʦʥʦʪʦʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ, ʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʥʘʯʝʥʠʡ 

ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʚʳʙʠʨʘʝʤʳʭ ʫʟʣʦʚ ʥʝ ʫʙʳʚʘʝʪ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʨʘʩʢʨʳʪʳ ʫʟʣʳ d1, d2 (ʧʦʜʨʷʜ). ɽʩʣʠ ʚ 

ʤʦʤʝʥʪ ʨʘʩʢʨʳʪʠʷ ʫʟʣʘ d1 ʫʞʝ d2 Í O, ʪʦ ʧʦ ʧʦʩʪʨʦʝʥʠʶ A* ʠʤʝʝʤ 

F(d1) ¢ F(d2). ʀʥʘʯʝ d2 ʜʦʣʞʝʥ ʧʦʧʘʜʘʪʴ ʚ ʆ ʧʨʠ ʨʘʩʢʨʳʪʠʠ d1. ʀʤʝʝʤ: 

F(d2) = g(d2) + h(d2) = g* (d2) + h(d2) = g* (d1) + w(d1, d2) + h(d2) = 

= g(d1) + w(d1,d2) + h(d2) Ó g(d1) + h(d1) = F(d1). ʏ.ʪ.ʜ. 
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3.2.4. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ɸ* 

ʇʨʠ ʚʩʝʭ ʩʚʦʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʠ ʟʘʩʣʫʛʘʭ ʘʣʛʦʨʠʪʤ ɸ* ʠʤʝʝʪ 

ʮʝʣʳʡ ʨʷʜ ʠʤʤʘʥʝʥʪʥʦ ʧʨʠʩʫʱʠʭ ʝʤʫ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʢʘʢ ʥʝʜʦʩʪʘʪʢʠ. 

1. ɺ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʘʣʛʦʨʠʪʤ ɸ* ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ 

ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʧʘʤʷʪʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʚ 

ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝʪ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʡ ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʠʜʝʪʩʷ 

ʧʨʠʤʝʥʷʪʴ ʧʦʠʩʢ ʚ ʰʠʨʠʥʫ, h=0. ɼʦʧʫʩʪʠʤ (ʭʫʜʰʠʡ ʩʣʫʯʘʡ!) ʯʪʦ ʚ 

ʣʶʙʦʤ ʩʦʩʪʦʷʥʠʠ ʚʩʝ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʠʤʳ, ʠ ʧʫʩʪʴ ʵʪʠʭ ʧʨʘʚʠʣ n. 

ʇʫʩʪʴ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʜʫʛ
56

 ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʧʫʪʠ ʦʪ d0 ʢ dt ʨʘʚʥʦ s. 

ʊʦʛʜʘ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʦʝʥʥʳʭ ʫʟʣʦʚ 

ʛʨʘʬʘ ʧʦʠʩʢʘ ʩʦʩʪʘʚʠʪ ʥʝ ʤʝʥʝʝ 1+n+n
2
é+n

sï1 
= (n

sï1
ï1)/(nï1). 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʢʨʠʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ 

ʦʪ ʵʚʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ F. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʳʰʝ ʤʳ ʦʪʤʝʪʠʣʠ, 

ʯʪʦ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʚʨʠʩʪʠʢʠ, ʘʣʛʦʨʠʪʤ ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ ʩʦʚʝʨʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʷʱʝʝ ʦʪ ʯʠʩʣʘ ʜʫʛ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʚ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʝʩʪʴ 

ʧʨʝʜʝʣʴʥʦ ʠʥʬʦʨʤʠʨʦʚʘʥʥʘʷ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ, ʪʘʢʘʷ ʯʪʦ 

"d (h(d) = h*(d)), ʠ ʚʜʦʙʘʚʦʢ ʚʳʧʦʣʥʝʥʦ ʤʦʥʦʪʦʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ, ʪʦ 

ʘʣʛʦʨʠʪʤ ɸ* (ʚ ʭʫʜʰʝʤ ʩʣʫʯʘʝ!) ʧʦʩʪʨʦʠʪ ns+1 ʫʟʣʦʚ, ʧʦʩʢʦʣʴʢʫ, ʧʦ 

ʪʝʦʨʝʤʝ ʧʨʝʜʳʜʫʱʝʛʦ ʧʘʨʘʛʨʘʬʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʢʨʳʚʘʪʴʩʷ ʙʫʜʫʪ 

ʧʦʜʨʷʜ ʫʟʣʳ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʧʫʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʣʫʯʘʝ 

ʠʜʝʘʣʴʥʦʡ
57

 ʵʚʨʠʩʪʠʢʠ ʘʣʛʦʨʠʪʤ ɸ* ʤʦʞʝʪ ʠʤʝʪʴ ʪʨʫʜʦʝʤʢʦʩʪʴ, 

ʣʠʥʝʡʥʫʶ ʧʦ ʯʠʩʣʫ ʜʫʛ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʫʪʠ. 

3. ɸʣʛʦʨʠʪʤ ɸ* ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʙʘʟʳ ʬʘʢʪʦʚ ʠ 

ʠʩʧʦʣʴʟʫʝʪ ʝʝ ʚʩʝʛʜʘ ʮʝʣʠʢʦʤ. ʕʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʩʪʦʯʠʪʝʣʴʥʦ ʧʦ 

                                                           

56
 ʈʝʯʴ ʠʜʝʪ ʠʤʝʥʥʦ ʦ ʢʦʣʠʯʝʩʪʚʝ ʜʫʛ, ʘ ʥʝ ʦ ʜʣʠʥʝ ʧʫʪʠ, ʪ.ʝ. ʥʝ ʦ 

ʩʫʤʤʝ ʚʝʩʦʚ ʜʫʛ. 
57

 ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʝʩʣʠ h=h*, ʪʦ ʬʫʥʢʮʠʶ h ʫʞʝ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʵʚʨʠʩʪʠʯʝʩʢʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʦʯʥʦʡ 

ʬʫʥʢʮʠʝʡ h*. 
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ʧʘʤʷʪʠ ʠ ʜʣʷ ʦʯʝʥʴ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʧʨʠʝʤʣʝʤʳʤ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʜʚʠʞʝʥʠʠ ʨʦʙʦʪʘ ʚ 

ʩʨʝʜʝ ʩ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʙʘʟʘ ʬʘʢʪʦʚ ʦʯʝʥʴ ʥʝʚʝʣʠʢʘ ð ʢʦʦʨʜʠʥʘʪʳ 

ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʨʦʙʦʪʘ, ʠ ʘʣʛʦʨʠʪʤ ɸ* ʧʦʢʘʟʳʚʘʝʪ ʥʝʧʣʦʭʠʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʅʦ ʝʩʣʠ ɸ* ʧʨʠʤʝʥʠʪʴ ʚ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʝ ʥʘʜ ʙʦʣʴʰʦʡ 

ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ, ʪʦ ʬʦʨʤʘʣʴʥʦ ʛʦʚʦʨʷ, ʢʘʞʜʦʤʫ ʫʟʣʫ ʚ 

ʛʨʘʬʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʳʡ ʩʣʝʧʦʢ (ʜʘʤʧ) ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʠʯʝʤ 

ʩʦʩʝʜʥʠʝ ʦʪʣʠʯʘʶʪʩʷ, ʤʦʞʝʪ ʙʳʪʴ, ʪʦʣʴʢʦ ʦʜʥʦʡ ʟʘʧʠʩʴʶ. 

4. ɸʣʛʦʨʠʪʤ ɸ* ʥʝ ʫʯʠʪʳʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʫʩʣʦʚʠʡ ʚ ʧʨʘʚʠʣʘʭ 

ʠ ʧʦʚʪʦʨʥʦ ʚʳʯʠʩʣʷʝʪ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ, ʚʦʟʤʦʞʥʦ, ʫʞʝ 

ʧʨʦʚʝʨʷʣʠʩʴ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʰʘʛʘʭ. ʕʪʦ ʚʝʩʴʤʘ ʨʘʩʪʦʯʠʪʝʣʴʥʦ ʧʦ 

ʚʨʝʤʝʥʠ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ, ʧʨʠ ʧʨʦʚʝʨʢʝ ʧʦʣʦʞʝʥʠʷ 

ʨʦʙʦʪʘ, ʚʳʯʠʩʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʧʨʝʜʳʜʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ, 

ʥʝʣʴʟʷ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʪʳ ʠʟʤʝʥʠʣʠʩʴ. ʅʦ 

ʧʨʠ ʧʨʦʚʝʨʢʝ ʚʳʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʩʣʦʞʥʦʛʦ ʫʩʣʦʚʠʷ ʜʣʷ ʙʦʣʴʰʦʡ 

ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ, 99% ʨʘʙʦʪʳ ʫʞʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʠ 

ʧʨʦʚʝʨʢʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʜʘʥʥʳʭ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. 

5. ɸʣʛʦʨʠʪʤ ɸ* ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʩʣʫʯʘʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʦʠʩʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʧʨʦʜʫʢʮʠʠ, ʠʣʠ ʮʝʣʴ, ʠʣʠ ʚʝʩʘ ʧʨʘʚʠʣ 

ʤʦʛʫʪ ʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ
58
, ʪʦ ʚʩʝ ʨʘʩʩʫʞʜʝʥʠʷ 

ʧʨʝʜʳʜʫʱʠʭ ʪʨʝʭ ʧʘʨʘʛʨʘʬʦʚ ʫʪʨʘʯʠʚʘʶʪ ʩʠʣʫ. ʉʦʩʪʦʷʪʝʣʴʥʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ ɸ* ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʚʳʙʦʨ ʜʘʣʴʥʝʡʰʝʛʦ ʧʫʪʠ ʠʟ 

ʥʝʢʦʪʦʨʦʛʦ ʫʟʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʤʳ ʧʦʧʘʣʠ ʚ ʵʪʦʪ ʫʟʝʣ. ɺ 

ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʵʪʦ ʥʝ ʪʘʢ: ʜʘʞʝ ʜʣʠʥʘ ʧʫʪʠ ʦʪ 

ʪʝʢʫʱʝʛʦ ʫʟʣʘ ʜʦ ʮʝʣʝʚʦʛʦ ʫʟʣʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʦʛʦ, ʢʘʢ ʤʳ ʧʦʧʘʣʠ ʚ ʪʝʢʫʱʠʡ ʫʟʝʣ. 

                                                           

58
 ʂʦʥʝʯʥʦ, ʧʨʠ ʠʛʨʝ ʚ 8 ʧʨʘʚʠʣʘ ʥʝ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʰʘʰʝʢ. ʅʦ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʚʦʡʩʢʘʤʠ ʧʨʦʪʠʚʥʠʢ ʚʧʦʣʥʝ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ 

ʩʚʦʶ ʪʘʢʪʠʢʫ ʠ ʩʪʨʘʪʝʛʠʶ ʧʦ ʭʦʜʫ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʷ ʚ 

ʩʨʘʞʝʥʠʝ ʥʦʚʳʡ ʚʠʜ ʦʨʫʞʠʷ. 
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ʉʢʘʟʘʥʥʦʝ ʚ ʵʪʦʤ ʧʘʨʘʛʨʘʬʝ ʦʪʥʶʜʴ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʣʛʦʨʠʪʤ 

ɸ* ʥʠʢʫʜʘ ʥʝ ʛʦʜʝʥ ʠ ʝʛʦ ʥʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. ʉʦʚʩʝʤ ʥʘʧʨʦʪʠʚ, 

ʘʣʛʦʨʠʪʤ ɸ* ð ʵʪʦ ʣʫʯʰʝʝ ʠʟʚʝʩʪʥʦʝ ʨʝʰʝʥʠʝ, ʝʩʣʠ ʥʝʪ ʥʠʢʘʢʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʥʢʨʝʪʠʟʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʟʘʜʘʯʠ. 

ɽʩʣʠ ʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʝʩʪʴ, ʪʦ ɸ* ʤʦʞʥʦ ʠ ʥʫʞʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. ʆʜʥʘ ʠʟ ʩʘʤʳʭ 

ʵʣʝʛʘʥʪʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

3.3. ʇʆʀʉʂ ʅɸ ɻʈɸʌɸʍ ʀ/ʀʃʀ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʟʣʦʞʠʤʳʭ ʩʠʩʪʝʤ ʧʨʦʜʫʢʮʠʠ ʙʳʣʦ ʚʚʝʜʝʥʦ 

ʧʦʥʷʪʠʝ ʛʨʘʬʦʚ ʀ/ʀʃʀ. ɺ ʪʘʢʦʤ ʛʨʘʬʝ ʚʝʨʰʠʥʳ ð ʵʪʦ ʩʦʩʪʦʷʥʠʷ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠʣʠ ʠʭ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʣʠʙʦ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʘʚʠʣʘ, ʣʠʙʦ ʨʘʟʣʦʞʝʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. ʕʪʦ ʠʤʝʥʥʦ ʛʨʘʬ, ʘ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʪʦʣʴʢʦ ʜʝʨʝʚʦ 

ʧʦʠʩʢʘ. ʆʜʥʘ ʠ ʪʘ ʞʝ ʚʝʨʰʠʥʘ d ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʣʦʞʝʥʠʷ d1 ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʘʚʠʣʘ ʢ d2. ɻʨʘʬʳ ʀ/ʀʃʀ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʠ ʚ ʀʀ. ɸʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ, ʧʦʜʦʙʥʳʝ ɸ*, 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʠ ʫʪʦʯʥʷʶʪʩʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʣʫʯʘʝ ʛʨʘʬʦʚ 

ʀ/ʀʃʀ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʛʠʧʝʨʛʨʘʬʦʚ 

ʠʟʚʝʩʪʥʳ ʝʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

3.3.1. ɻʨʘʬ ʀ/ʀʃʀ 

ʋʪʦʯʥʠʤ ʦʧʨʝʜʝʣʝʥʠʷ. 

ɻʨʘʬ ʀ/ʀʃʀ ð ʵʪʦ ʛʠʧʝʨʛʨʘʬ, ʪʦ ʝʩʪʴ ʧʘʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʫʟʣʦʚ { d}  ʠ ʤʥʦʞʝʩʪʚʘ k-ʜʫʛ, ʧʨʠʯʝʤ k-ʜʫʛʘ ð ʵʪʦ ʧʘʨʘ 

d­(d1,é,dk), ʛʜʝ d ð ʥʘʯʘʣʴʥʳʡ ʫʟʝʣ k-ʜʫʛʠ, ʘ { d1,é,dk}  ð ʤʥʦʞʝʩʪʚʦ 

ʢʦʥʮʝʚʳʭ ʫʟʣʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʦʙʳʯʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ 

ʛʨʘʬ ð ʵʪʦ ʛʠʧʝʨʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʜʫʛʘ ð ʵʪʦ 1-ʜʫʛʘ. ʊʘʢ ʞʝ 

ʢʘʢ ʠ ʚ ʦʙʳʯʥʦʤ ʦʨʛʨʘʬʝ, ʚ ʛʠʧʝʨʛʨʘʬʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʥʷʪʠʝ 

ʧʫʪʠ (ʛʠʧʝʨʧʫʪʠ). 

ɻʠʧʝʨʧʫʪʴ ʚ ʛʠʧʝʨʛʨʘʬʝ ð ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʥʦʞʝʩʪʚ 

ʫʟʣʦʚ, <S1, é, Sn>, ʧʨʠʯʝʤ ʜʣʷ ʢʘʞʜʦʛʦ ʫʟʣʘ dÍSi, 1 ¢ i ¢ nï1, 
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ʩʫʱʝʩʪʚʫʝʪ ʨʦʚʥʦ ʦʜʥʘ k-ʜʫʛʘ d­(d1,é,dk), ʪʘʢʘʷ, ʯʪʦ " 1¢ j ¢ k 

(djÍSi+1). 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʧʝʨʧʫʪʠ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʦʙʦʙʱʝʥʠʝʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʫʪʠ, ʥʦ ʛʠʧʝʨʧʫʪʴ ʚ ʛʠʧʝʨʛʨʘʬʝ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʢʘʢ 

ʛʨʘʬ, ʘ ʥʝ ʢʘʢ ʦʜʥʘ ʯʝʨʝʜʫʶʱʘʷʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʟʣʦʚ ʠ ʜʫʛ. ʀʟ 

ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ ʚʳʙʠʨʘʝʪʩʷ ʨʦʚʥʦ ʦʜʥʘ k-ʜʫʛʘ. ʀʟ ʢʘʞʜʦʡ 

ʧʦʣʫʯʝʥʥʦʡ ʚʝʨʰʠʥʳ ʩʥʦʚʘ ʚʳʙʠʨʘʝʪʩʷ ʨʦʚʥʦ ʦʜʥʘ k-ʜʫʛʘ ʪ.ʜ.  

ʉʨʝʜʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʛʠʧʝʨʧʫʪʝʡ ʥʘʤ ʠʥʪʝʨʝʩʥʳ ʪʝ, ʢʦʪʦʨʳʝ 

ʥʘʯʠʥʘʶʪʩʷ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʚ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. 

ɻʨʘʬ ʨʝʰʝʥʠʷ G(d0, T) ð ʵʪʦ ʛʠʧʝʨʧʫʪʴ ʠʟ d0 ʚʦ ʤʥʦʞʝʩʪʚʦ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʦʚ T. 

ʄʦʞʥʦ ʜʘʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʨʝʢʫʨʩʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʬʘ 

ʨʝʰʝʥʠʷ G(d0, T): 

1. ɽʩʣʠ d0 Í T, ʪʦ G = d0. 

2. ɽʩʣʠ d0 Î T, ʠ ʠʟ d0 ʠʩʭʦʜʠʪ k-ʜʫʛʘ d0­(d1,é,dk), ʧʨʠʯʝʤ 

ʩʫʱʝʩʪʚʫʶʪ ʛʨʘʬʳ ʨʝh ʝʥʠʷ G1, G2, é, Gk ʜʣʷ ʫʟʣʦʚ d1, d2, é, dk, ʪʦ  

G = d0­(d1,é,dk) Ç G1Ç  G2ÇéÇ Gk . 

ʉʪʦʠʤʦʩʪʴ (ʚʝʩ) ʛʨʘʬʘ ʨʝʰʝʥʠʷ (ʪʦ ʝʩʪʴ ʜʣʠʥʘ ʧʫʪʠ ʚ 

ʛʠʧʝʨʛʨʘʬʝ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦɦ ʴʶ ʠʥʜʫʢʪʠʚʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ: 

w(G(d,T)) = w(d­(d1,é,dk)) + S w(G(di,T)). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠ ʪʘ ʞʝ k-ʜʫʛʘ ʧʨʠ ʧʦʜʩʯʝʪʝ ʜʣʠʥʳ ʤʦʞʝʪ 

ʫʯʠʪʳʚʘʪʴʩʷ ʤʥʦʛʦ ʨʘʟ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ (ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ 

ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..36). ʇʦʣʦʞʠʤ, ʯʪʦ ʫʟʣʳ 5 ʠ 6 ʪʝʨʤʠʥʘʣʴʥʳʝ, ʘ 

ʫʟʝʣ 0 ʥʘʯʘʣʴʥʳʡ. ʄʦʞʝʤ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʜʚʘ ʛʨʘʬʘ 

ʨʝʰʝʥʠʷ (ʥʘ ʨʠʩʫʥʢʝ ʦʥʠ ʦʙʚʝʜʝʥʳ). 
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1+(2+(2)+(2))=7

2+(2+(1+2))=7

c(k-ʜʫʛʘ)=k0

1 2 3

4

5 6

 

ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..36. ɻʠʧʝʨʛʨʘʬʳ ʨʝʰʝʥʠʷ ʠ k-ʜʫʛʠ 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʠʥʘ k-ʜʫʛʠ ʨʘʚʥʘ k, ʪʦ  

- ʜʣʠʥʘ ʧʝʨʚʦʛʦ ʛʨʘʬʘ ʨʝʰʝʥʠʷ = 1+(2+(2)+(2)) = 7, 

- ʜʣʠʥʘ ʚʪʦʨʦʛʦ ʛʨʘʬʘ ʨʝʰʝʥʠʷ = 2+(2+(1+2)) = 7, 

ʪʘʢ ʢʘʢ ʩʦʛʣʘʩʥʦ ʠʥʜʫʢʪʠʚʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʢʦʪʦʨʳʝ k-ʜʫʛʠ 

ʤʦʛʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ.  

3.3.2. ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʀ/ʀʃʀ 

ɼʣʷ ʧʦʠʩʢʘ ʧʫʪʝʡ ʚ ʛʠʧʝʨʛʨʘʬʝ ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ, 

ʦʙʦʙʱʘʶʱʠʝ ʦʙʭʦʜʳ ʚ ʛʣʫʙʠʥʫ ʠ ʚ ʰʠʨʠʥʫ ʥʘ ʦʙʳʯʥʳʭ ʛʨʘʬʘʭ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʦʙʦʙʱʘʶʱʠʭ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʪʜʝʣʴʥʦʛʦ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʟʣʘ ʧʨʦʮʝʜʫʨʘ 

ʧʦʠʩʢʘ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʅʘʤ ʥʫʞʥʦ ʥʝ ʧʨʦʩʪʦ ʜʦʩʪʠʯʴ ʦʪʜʝʣʴʥʦʛʦ 
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ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʟʣʘ, ʘ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬ ʨʝʰʝʥʠʷ, ʚʩʝ ʚʝʪʚʠ ʢʦʪʦʨʦʛʦ 

ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʚ ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʘʭ.  

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʀ/ʀʃʀ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʦʮʝʥʦʯʥʦʡ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ 

ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ. 

ɸʣʛʦʨʠʪʤ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʀ/ʀʃʀ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʩʣʝʜʫʶʱʝʤ. 

ʇʫʩʪʴ ʛʨʘʬ ʘʮʠʢʣʠʯʝʩʢʠʡ, ʠʤʝʝʪʩʷ ʦʮʝʥʦʯʥʘʷ ʬʫʥʢʮʠʷ F, ʠ h 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʤʦʥʦʪʦʥʥʦʩʪʠ (ʤʦʥʦʪʦʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ): 

h(d) ¢ w(d,(d1,é,dk)) + S h(di) 

ʠ ʫʩʣʦʚʠʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ (ʪʦ ʝʩʪʴ ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʡ ʦʮʝʥʢʦʡ 

ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ): 

h(d) ¢ h*(d). 

ʇʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʘʭ ʀ/ʀʃʀ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..11. ʆʩʥʦʚʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʀ/ʀʃʀ. 

proc  GS ʠ/ʠʣʠ (d0,  R,  T)  

 G := d0  {ʯʘʩʪʠʯʥʳʡ ʛʨʘʬ ʨʝʰʝʥʠʷ} 

 s( d0) := d0 Í T {ʦʪʤʝʪʢʘ ʫʟʣʘ} 

F(d 0):= h(d 0)  

 while  ×s(d 0) do  

  d := Select (G)  

  if  D = nil  then  return  ( fa il ) end  if  

  Open (d, G)  

 end  while  

end  proc  

ɿʜʝʩʴ s( d): bool  ð ʦʪʤʝʪʢʘ ʫʟʣʘ, ʦʙʦʟʥʘʯʘʶʱʘʷ, ʥʘʡʜʝʥ ʣʠ 

ʜʣʷ ʵʪʦʛʦ ʫʟʣʘ ʛʠʧʝʨʧʫʪʴ, ʚʝʜʫʱʠʡ ʚ ʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ. ɽʩʣʠ 

s( d) =true , ʛʠʧʝʨʧʫʪʴ ʥʘʡʜʝʥ, ʪʦ ʫʟʝʣ ʥʘʟʳʚʘʝʪʩʷ ʨʘʟʨʝʰʝʥʥʳʤ (ʦʪ 

ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ solved). 
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ʇʨʦʮʝʜʫʨʘ Select  ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʛʨʘʬʘ ʧʦʠʩʢʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʯʘʩʪʠʯʥʳʡ ʛʨʘʬ ʨʝʰʝʥʠʷ ʠ ʚʳʙʠʨʘʝʪ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʥʘ 

ʵʪʦʤ ʛʨʘʬʝ ʥʝʨʘʩʢʨʳʪʳʡ ʫʟʝʣ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..12. ʇʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʫʟʣʘ ʜʣʷ ʨʘʩʢʨʳʪʠʷ.  

proc  Select (G)  

 O := {d 0}  

  for  dÍ O do   

  for  q = (d ­d1,é,dk) Í  Q(d) do  

   if  x(d ­d1,é,dk) then { ʜʫʛʘ ʦʪʤʝʯʝʥʘ}  

    O:=O -  { d}  { ʫʜʘʣʷʝʤ ʥʘʯʘʣʴʥʳʡ}  

    O:=O + ( { d1,é,dk} \ T)  {  ʢʦʥʮʝʚʳʝ }  

   end  if  

  end  for  

 end  for  

 m :=  ́

 d'  := nil  

 for  d Í O do  

  if  F(d)<m then   

   dô := d 

   m := F(d)  

  end  if  

 end  for  

 return  ( dô) 

end  proc   

ɿʜʝʩʴ ʆ ð ʢʦʥʮʝʚʳʝ ʚʝʨʰʠʥʳ ʯʘʩʪʠʯʥʦʛʦ ʛʨʘʬʘ ʨʝʰʝʥʠʷ, 

Q(d)  ð ʤʥʦʞʝʩʪʚʦ ʜʫʛ ʫʟʣʘ d, x( q)  ð ʦʪʤʝʪʢʘ ʜʫʛʠ q. 

ɺ ʵʪʦʡ ʧʨʦʮʝʜʫʨʝ ʬʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʨʘʟ ʟʘʥʦʚʦ ʧʨʦʛʦʥʷʝʪʩʷ 

ʬʨʦʥʪ ʨʝʰʝʥʠʷ ʦʪ d0 ʢ ʢʦʥʮʝʚʳʤ ʚʝʨʰʠʥʘʤ ʧʦ ʦʪʤʝʯʝʥʥʳʤ k-ʜʫʛʘʤ. 

ʇʨʦʮʝʜʫʨʘ ʆpen  ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ. ʆʥʘ ʨʘʩʢʨʳʚʘʝʪ 

ʚʳʙʨʘʥʥʫʶ ʚʝʨʰʠʥʫ, ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʦʮʝʥʢʠ ʚʝʨʰʠʥ, ʦʪʤʝʯʘʝʪ k-ʜʫʛʠ 

ʠ ʦʪʤʝʯʘʝʪ ʨʘʟʨʝʰʝʥʥʳʝ ʚʝʨʰʠʥʳ, ʪʦ ʝʩʪʴ ʚʝʨʰʠʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ 
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ʥʘʡʜʝʥ ʛʠʧʝʨʧʫʪʴ ʚ ʪʝʨʤʠʥʘʣʴʥʳʝ ʚʝʨʰʠʥʳ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʟʘʪʨʦʥʫʪʴ ʚʝʩʴ ʛʨʘʬ. 

ɸʣʛʦʨʠʪʤ ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..13. ʇʨʦʮʝʜʫʨʘ Open. 

proc  Open ( d, G) { ʨʘʩʢʨʳʪʠʝ ʚʝʨʰʠʥʳ}  

 for  rÍ R do  

  if  r.p(d) then   

   G := G + (d ­ d1,é,dk)   

   for  i from  1 to  k do  

    if  diÎ G then  F(d i ):=h(d i ) end  if  

    s(d i ) := d i Í T 

   end  for   

  end  if   

 end  for   

 { ʇʝʨʝʩʯʝʪ ʦʮʝʥʦʢ ʠ ʦʪʤʝʪʦʢ}  

 C := {d}  

 while  C  ̧ Å do  

  { ʚʳʙʦʨ ʚʝʨʰʠʥ ʜʣʷ ʧʝʨʝʩʯʝʪʘ}  

  for  dôÍ C do  

   if  P(dô) Æ C = Å then  d:=dô end if  

  end  for  

  C := C -  {d}  

  m :=  ́

  for  q=(d ­ d1,é,dk) Í Q(d) do  

   wô:=w(q) + S F(d i )  

   if  wô < m then  

    x( q(d)) := false  

    x(q) := true  

    s(d):= &s(d i )  

    m := wô  

   end  if   

  end  for  

  if  s(d) Ù F(d) m̧ then   

   F(d):=m  
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   C := C + U(d)  

  end  if   

 end  while  

end  proc  

ɿʜʝʩʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

Q( d)  ð ʤʥʦʞʝʩʪʚʦ ʠʩʭʦʜʷʱʠʭ ʠʟ d ʜʫʛ (ʚ G),  

P( d)  ð ʤʥʦʞʝʩʪʚʦ ʧʦʪʦʤʢʦʚ d ʚ G,  

q( d)  ð ʦʪʤʝʯʝʥʥʘʷ ʜʫʛʘ ʠʟ d,  

x( q)  ð ʦʪʤʝʪʢʘ ʜʫʛʠ,  

U( d)  ð ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʢʦʚ d ʚ G ʚʜʦʣʴ ʦʪʤʝʯʝʥʥʳʭ ʜʫʛ,  

s( d)  ð ʦʪʤʝʪʢʘ ʫʟʣʘ, ʦʟʥʘʯʘʶʱʘʷ ʯʪʦ ʠʟ ʥʝʛʦ ʧʦʩʪʨʦʝʥ 

ʛʠʧʝʨʧʫʪʴ ʜʦ ʮʝʣʠ. 

ʇʦʚʪʦʨʠʤ ʝʱʝ ʨʘʟ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʵʪʠʤ ʪʨʝʤ ʧʨʦʮʝʜʫʨʘʤ. 

ʇʨʦʮʝʜʫʨʘ GS ʠ/ʠʣʠ ʧʦʧʝʨʝʤʝʥʥʦ ʚʳʟʳʚʘʝʪ ʧʨʦʮʝʜʫʨʳ Select  ʠ 

Open ʧʦʢʘ ʣʠʙʦ ʦʢʘʞʝʪʩʷ ʪʘʢ, ʯʪʦ ʥʠʢʘʢʦʡ ʫʟʝʣ ʥʝ ʥʘʡʜʝʥ ʜʣʷ 

ʨʘʩʢʨʳʪʠʷ (ʨʝʟʫʣʴʪʘʪ fail ), ʣʠʙʦ ʠʩʭʦʜʥʳʡ ʫʟʝʣ d0 ʦʢʘʞʝʪʩʷ 

ʨʘʟʨʝʰʝʥʥʳʤ. ʇʨʦʮʝʜʫʨʘ Select  ʩʪʨʦʠʪ ʬʨʦʥʪ ʪʝʢʫʱʝʛʦ ʯʘʩʪʠʯʥʦʛʦ 

ʛʨʘʬʘ ʨʝʰʝʥʠʷ ʧʦ ʦʪʤʝʯʝʥʥʳʤ ʜʫʛʘʤ ʠ ʚʳʙʠʨʘʝʪ ʫʟʝʣ ʩ ʥʘʠʤʝʥʴʰʝʡ 

ʦʮʝʥʢʦʡ ʚ ʵʪʦʤ ʬʨʦʥʪʝ. ʇʨʦʮʝʜʫʨʘ Open ʩʥʘʯʘʣʘ ʨʘʩʢʨʳʚʘʝʪ 

ʚʳʙʨʘʥʥʫʶ ʚʝʨʰʠʥʫ, ʘ ʟʘʪʝʤ ʧʝʨʝʩʯʠʪʳʚʘʝʪ ʦʮʝʥʢʠ ʫʟʣʦʚ, ʦʪʤʝʯʘʝʪ 

ʜʫʛʠ ʠ ʚʝʨʰʠʥʳ. ʇʨʠ ʵʪʦʤ ʜʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝʪ ʧʝʨʝʦʮʝʥʠʪʴ ʚʝʩʴ 

ʛʨʘʬ. ɺ ʵʪʠʭ ʧʨʦʮʝʜʫʨʘʭ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʦʥʷʪʠʝ ʧʨʘʚʠʣʘ ʦʙʦʙʱʘʝʪ 

ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣʘ, ʪʘʢ ʠ ʨʘʩʱʝʧʣʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

k-ʜʫʛʠ. 

3.3.3. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ 

ʀ/ʀʃʀ 

ʅʘ ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..37 ï ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..41 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ 

ʀ/ʀʃʀ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʨʘʬʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʈʠʩ. ʆʰʠʙʢʘ! 

ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ ʦʪʩʫʪʩʪʚʫʝʪ..36. 
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ʅʘ ʵʪʠʭ ʨʠʩʫʥʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

ʉʦʩʪʦʷʥʠʷ ʙʘʟʳ, ʪʦ ʝʩʪʴ ʫʟʣʳ ʛʨʘʬʘ ʀ/ʀʃʀ, ʦʙʦʟʥʘʯʘʶʪʩʷ ʢʨʫʞʢʘʤʠ. 

ɽʩʣʠ ʢʨʫʞʦʢ ʟʘʢʨʘʰʝʥ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʧʦʣʫʯʝʥʦ 

ʫʩʣʦʚʠʝ s( d)  = 1, ʪʦ ʝʩʪʴ ʥʘʡʜʝʥ ʛʨʘʬ ʨʝʰʝʥʠʷ ʠʟ ʜʘʥʥʦʛʦ ʫʟʣʘ ʚ 

ʪʝʨʤʠʥʘʣʴʥʳʝ ʫʟʣʳ (ʢʦʪʦʨʳʤʠ ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʷʚʣʷʶʪʩʷ ʫʟʣʳ 5 ʠ 

6). 1-ʜʫʛʠ ʦʙʦʟʥʘʯʘʶʪʩʷ ʦʙʳʯʥʳʤʠ ʩʪʨʝʣʢʘʤʠ, k-ʜʫʛʠ (ʚ ʵʪʦʤ ʧʨʠʤʝʨʝ 

k = 2) ʦʙʦʟʥʘʯʘʶʪʩʷ ʙʦʣʝʝ ʧʣʦʪʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ 

ʯʝʨʪʦʯʢʫ, ʩʦʝʜʠʥʷʶʱʫʶ ʚʝʪʚʠ k-ʜʫʛʠ. ʏʠʩʣʦ ʨʷʜʦʤ ʩ ʫʟʣʦʤ ʷʚʣʷʝʪʩʷ 

ʪʝʢʫʱʝʡ ʦʮʝʥʢʦʡ ʵʪʦʛʦ ʫʟʣʘ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ h ʜʣʷ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʫʟʣʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 0, ʘ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ð 1. 

ʊʘʢʘʷ ʬʫʥʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ, ʦʯʝʚʠʜʥʦ. 

ɼʣʠʥʘ k-ʜʫʛʠ ʨʘʚʥʘ k. ʆʪʤʝʯʝʥʥʘʷ ʜʫʛʘ, ʠʩʭʦʜʷʱʘʷ ʠʟ ʜʘʥʥʦʛʦ ʫʟʣʘ, 

ʦʪʤʝʯʝʥʘ ʞʠʨʥʦʡ ʧʦʣʦʩʢʦʡ. ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʨʠʩʫʥʢʦʚ ʦʙʨʘʟʫʝʪ 

ʧʦʷʩʥʝʥʠʝ ʢ ʧʨʦʮʝʜʫʨʘʤ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʀ/ʀʃʀ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..37. ʐʘʛ 1. ʅʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ɺ ʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʛʨʘʬ ʨʝʰʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʫʟʣʘ d0, ʵʪʦʪ ʞʝ ʫʟʝʣ ʦʙʨʘʟʫʝʪ ʬʨʦʥʪ ʨʝʰʝʥʠʷ, ʠʤʝʥʥʦ ʝʛʦ ʚʳʙʠʨʘʝʪ 

ʬʫʥʢʮʠʷ Select , ʧʦʪʦʤʫ ʯʪʦ ʙʦʣʴʰʝ ʚʳʙʠʨʘʪʴ ʥʝʢʦʛʦ, ʘ ʧʨʦʮʝʜʫʨʘ 

Open ʨʘʩʢʨʳʚʘʝʪ ʵʪʦʪ ʫʟʝʣ. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..38. ʐʘʛ 2. ʇʝʨʚʦʝ ʨʘʩʢʨʳʪʠʝ ʫʟʣʘ 

ʇʦʩʣʝ ʧʝʨʚʦʛʦ ʰʘʛʘ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʦʮʝʥʦʢ ʚ ʫʟʝʣ d0 

ʚʦʟʚʨʘʱʘʶʪʩʷ:  
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- ʩʣʝʚʘ = 1 (ʦʮʝʥʢʘ ʫʟʣʘ d1) + 1 (ʩʪʦʠʤʦʩʪʴ ʜʫʛʠ d0­d1) = 2;  

- ʩʧʨʘʚʘ = 1 (ʦʮʝʥʢʘ ʫʟʣʘ d2) + 1 (ʦʮʝʥʢʘ ʫʟʣʘ d3) + 2 (ʩʪʦʠʤʦʩʪʴ 

ʜʫʛʠ d0­(d2,d3) ) = 4. 

ʆʮʝʥʢʘ ʩʣʝʚʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʧʦʵʪʦʤʫ ʦʪʤʝʯʘʝʪʩʷ ʜʫʛʘ 

d0­d1, ʠ ʩʣʝʜʫʶʱʠʤ ʙʫʜʝʪ ʦʪʢʨʳʚʘʪʴʩʷ ʫʟʝʣ d1. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..39. ʐʘʛ 3. ɺʪʦʨʦʝ ʨʘʩʢʨʳʪʠʝ ʫʟʣʘ 

ʇʦʩʣʝ ʚʪʦʨʦʛʦ ʰʘʛʘ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʦʮʝʥʦʢ ʚ ʫʟʝʣ d0 

ʚʦʟʚʨʘʱʘʶʪʩʷ:  

- ʩʣʝʚʘ = 1 (ʦʮʝʥʢʘ ʫʟʣʘ d4) + 1 (ʦʮʝʥʢʘ ʫʟʣʘ d2) + 2 (ʩʪʦʠʤʦʩʪʴ 

ʜʫʛʠ d1­(d4,d2) ) + 1 (ʩʪʦʠʤʦʩʪʴ ʜʫʛʠ d0­d1) = 5 ð ʦʮʝʥʢʘ ʚʦʟʨʘʩʪʘʝʪ; 

- ʩʧʨʘʚʘ = 1 (ʦʮʝʥʢʘ ʫʟʣʘ d2) + 1 (ʦʮʝʥʢʘ ʫʟʣʘ d3) + 2 (ʩʪʦʠʤʦʩʪʴ 

ʜʫʛʠ d0­(d2,d3) ) = 4 ð ʦʮʝʥʢʘ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʊʝʧʝʨʴ ʦʮʝʥʢʘ ʩʧʨʘʚʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʧʦʵʪʦʤʫ ʦʪʤʝʯʘʝʪʩʷ 

ʜʫʛʘ d0­(d2,d3), ʠ ʩʣʝʜʫʶʱʠʤ ʙʫʜʝʪ ʦʪʢʨʳʚʘʪʴʩʷ ʫʟʝʣ d2. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..40. ʐʘʛ 4. ʊʨʝʪʴʝ ʨʘʩʢʨʳʪʠʝ ʫʟʣʘ 

ʇʦʩʣʝ ʪʨʝʪʴʝʛʦ ʰʘʛʘ ʤʳ ʧʦʧʘʜʘʝʤ ʚ ʪʝʨʤʠʥʘʣʴʥʳʝ ʫʟʣʳ d5, d6. 

ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʦʙʘ ʫʟʣʘ, ʚ ʢʦʪʦʨʳʝ ʚʝʜʝʪ 2-ʜʫʛʘ d2­(d5,d6), ʫʟʝʣ d2 

ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ ʨʘʟʨʝʰʝʥʥʳʡ. ʇʨʠ ʵʪʦʤ ʝʛʦ ʦʮʝʥʢʘ ʨʘʚʥʘ 2 

(ʩʪʦʠʤʦʩʪʴ ʠʩʭʦʜʷʱʝʡ 2-ʜʫʛʠ). ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʦʮʝʥʦʢ ʚ ʫʟʝʣ d0 

ʚʦʟʚʨʘʱʘʶʪʩʷ:  

- ʩʣʝʚʘ = 1 (ʦʮʝʥʢʘ ʫʟʣʘ d4) + 1 (ʦʮʝʥʢʘ ʫʟʣʘ d2) + 2 (ʩʪʦʠʤʦʩʪʴ 

ʜʫʛʠ d1­(d4,d2) ) + 1 (ʩʪʦʠʤʦʩʪʴ ʜʫʛʠ d0­d1) = 5 ï ʦʮʝʥʢʘ ʥʝ ʤʝʥʷʝʪʩʷ; 

- ʩʧʨʘʚʘ = 2 (ʦʮʝʥʢʘ ʫʟʣʘ d2) + 1 (ʦʮʝʥʢʘ ʫʟʣʘ d3) + 2 (ʩʪʦʠʤʦʩʪʴ 

ʜʫʛʠ d0­(d2,d3) ) = 5 ð ʦʮʝʥʢʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʘ ʧʦʪʦʤʫ ʦʪʤʝʪʢʘ ʜʫʛʠ 

d0­(d2,d3) ʩʦʭʨʘʥʷʝʪʩʷ. 

ʉʣʝʜʫʶʱʠʤ ʙʫʜʝʪ ʦʪʢʨʳʚʘʪʴʩʷ ʫʟʝʣ d3. 
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ʈʠʩ. ʆʰʠʙʢʘ! ʊʝʢʩʪ ʫʢʘʟʘʥʥʦʛʦ ʩʪʠʣʷ ʚ ʜʦʢʫʤʝʥʪʝ 

ʦʪʩʫʪʩʪʚʫʝʪ..41. ʐʘʛ 5. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʨʝʰʝʥʠʷ 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʦʪʢʨʳʚʘʝʪʩʷ ʫʟʝʣ d3. ʇʦʩʢʦʣʴʢʫ ʜʫʛʘ d3­d2 

ʚʝʜʝʪ ʚ ʫʞʝ ʨʘʟʨʝʰʝʥʥʳʡ ʫʟʝʣ, ʫʟʝʣ d3, ʘ ʟʘ ʥʠʤ ʠ ʫʟʝʣ d0 ʧʦʣʫʯʘʶʪ 

ʦʪʤʝʪʢʫ s=1. ʇʨʠ ʧʝʨʝʩʯʝʪʝ ʦʮʝʥʦʢ ʚ ʫʟʝʣ d0 ʚʦʟʚʨʘʱʘʝʪʩʷ: 2 (ʦʮʝʥʢʘ 

ʫʟʣʘ d4) + 3 (ʦʮʝʥʢʘ ʫʟʣʘ d3) + 2 (ʩʪʦʠʤʦʩʪʴ ʜʫʛʠ d0­(d2,d3) ) = 7. 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʟʘʚʝʨʰʝʥʘ. 

3.4. ʇʆʀʉʂ ʅɸ ʀɻʈʆɺʓʍ ɼɽʈɽɺʔʗʍ 

ʀʜʝʷ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʘʭ ʀ/ʀʃʀ ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʛʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʩʦʙʳʡ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʛʨʘʬʘ ʀ/ʀʃʀ, ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ ʠʛʨʦʚʳʤ ʜʝʨʝʚʦʤ. 

3.4.1. ʀʛʨʦʚʳʝ ʜʝʨʝʚʴʷ 

ɼʦʧʫʩʪʠʤ, ʠʤʝʝʪʩʷ ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʘʷ (ʝʩʪʴ ʩʦʧʝʨʥʠʢ) 

ʜʠʩʢʨʝʪʥʘʷ (ʯʠʩʣʦ ʧʦʟʠʮʠʡ ʥʝ ʙʦʣʝʝ ʯʝʤ ʩʯʝʪʥʦʝ) ʠʛʨʘ ʩ ʧʦʣʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ (ʚʩʝ ʧʨʘʚʠʣʘ ʟʘʨʘʥʝʝ ʠʟʚʝʩʪʥʳ ʠ ʧʦʟʠʮʠʷ ʦʪʢʨʳʪʘ). ɺ 

ʥʝʡ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʚʘ ʠʛʨʦʢʘ Max ʠ Min , ʢʦʪʦʨʳʝ ʭʦʜʷʪ ʧʦ 

ʦʯʝʨʝʜʠ, ʧʨʠʯʝʤ Max ʭʦʜʠʪ ʧʝʨʚʳʤ.  
























































































































































