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ʆʉʅʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 X ð ʤʥʦʞʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ 
 R ð ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ 

resRES X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʨʝʩʫʨʩʦʚ (ʘʥʛʣ. resource) 
prPR X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʩʚʦʡʩʪʚ (ʘʥʛʣ. property) 

actACT X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʡ (ʘʥʛʣ. action) 
par prPAR X X X= Ì Ì  ð ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ (ʘʥʛʣ. parameter) 

ch prCH X X X= Ì Ì  ð ʤʥʦʞʝʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʘʥʛʣ. characteristic) 
nam prNAM X X X= Ì Ì  ð ʤʥʦʞʝʩʪʚʦ ʥʘʠʤʝʥʦʚʘʥʠʡ (ʘʥʛʣ. name) 

mesMES X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʤʝʨ (ʘʥʛʣ. measure) 
valVAL X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ (ʘʥʛʣ. value) 

stST X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʩʦʩʪʦʷʥʠʡ (ʘʥʛʣ. state) 
estEST X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʦʮʝʥʦʢ (ʘʥʛʣ. estimation) 
prbPRB X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ (ʘʥʛʣ. problem) 
metMET X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ (ʘʥʛʣ. method) 
modMOD X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ (ʘʥʛʣ. model) 

exEX X X= Ì  ð ʤʥʦʞʝʩʪʚʦ ʵʢʟʦʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ (ʘʥʛʣ. exotic) 
 R Ra b Ì  ð ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʦʥʮʝʧʪʘʤʠ ʠʟ ʤʥʦʞʝʩʪʚʘ 

X a  ʠ ʤʥʦʞʝʩʪʚʘ X b , ʛʜʝ {, " ",resa bÍ  " ",pr  " ",act  " ",mes  " ",val  

" ",st  " ",est  " ",prb  " ",met  " ",mod  " ",par  " ",ch  }nam  
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ɸɿʉ ð ʘʚʪʦʟʘʧʨʘʚʦʯʥʘʷ ʩʪʘʥʮʠʷ 
ɸʄ ð ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 
ɸʂʄ ð ʘʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ 
ɸʇʇ ð ʘʣʛʦʨʠʪʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ 
ɸʈʀɿ ð ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʠʟʦʙʨʝʪʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ  
ɸʉ ʊɸʈɿʂ ð ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ɹɼ ð ʙʘʟʘ ʜʘʥʥʳʭ 
ɹɿ ð ʙʘʟʘ ʟʥʘʥʠʡ 
ɺɿʂ ð ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ɻɸ ð ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ 
ɻʠʀʄɸʉ ð ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʤʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ 
ɻʠʀʉ ð ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ɻʀʉ ð ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 
ɻʉʄ ð ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 
ɼɿʂ ð ʜʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ɼʇ ð ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ 
ɼʉʄ-ʤʝʪʦʜ ð ʤʝʪʦʜ ɼʞʦʥʘ ʉʪʶʘʨʪʘ ʄʠʣʣʷ 
ɿʂ ð ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ɿʂɺʆ ð ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ʩ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ 
ʀʀ ð ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 
ʀʅʉ ð ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 
ʀʉʂ ð ʫʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʣʠʝʥʪʦʚ 
ʀʉʄ ð ʠʤʠʪʘʮʠʦʥʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʀʉʇ ð ʫʯʝʪ ʠʟʤʝʥʝʥʠʷ ʩʪʦʠʤʦʩʪʝʡ ʧʦʝʟʜʦʢ ʦʪ ʢʣʠʝʥʪʘ ʢ ʢʣʠʝʥʪʫ 
ʀʕʉ ð ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ 
ʂɿʂ ð ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ʂʉʇʇʈ ð ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʃʅʇ ð ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʥʝʯʝʪʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 
ʃʇ ð ʣʦʛʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 
ʃʇʈ ð ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʷ 
ʃʏʇ ð ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʯʝʪʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 
ʄɸʉ ð ʤʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ 
ʄɹʉ ð ʤʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ 
ʄɺɹɻ ð ʤʝʪʦʜ ʚʢʣʶʯʝʥʠʷ ʙʣʠʞʘʡʰʝʛʦ ʛʦʨʦʜʘ 
ʄɺɺ ð ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʚʚʦʜʘ/ʚʳʚʦʜʘ 
ʄɺɻ ð ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ 
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ʄɼʇ ð ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
ʄʂʆ ð ʤʝʪʦʜ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ 
ʄʂʆʇ ð ʤʝʪʦʜ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ ʩ ʧʘʨʦʩʦʯʝʪʘʥʠʝʤ 
ʄʃʇ ð ʤʝʪʦʜ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ 
ʄʄʆ ð ʤʝʪʦʜ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʪʞʠʛʘ 
ʄʅʉʂ ð ʤʝʪʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʂʦʭʦʥʝʥʘ 
ʄʅʉʍ ð ʤʝʪʦʜ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʍʦʧʬʠʣʜʘ 
ʄʆʂʇʃʇ ð ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʦʥʠʝʡ ʧʯʝʣ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ 
ʄʈʂʉʂʂ ð ʤʝʪʦʜ ʨʘʩʪʫʱʠʭ ʢʦʣʴʮʝʚʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʢʘʨʪ ʂʦ-
ʭʦʥʝʥʘ 
ʄʉɼɺ ð ʤʝʪʦʜ ʩʘʤʦʛʦ ʜʝʰʝʚʦʛʦ ʚʢʣʶʯʝʥʠʷ 
ʄʉʇ ð ʤʝʪʦʜ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ 
ʄʉʉʂʗʉ ð ʤʝʪʦʜ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʷʚʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 
ʄʌɻʠʀʉ ð ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ʄʌʇʉ ð ʤʝʪʦʜ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤ 
ʅʄʄʉ ð ʥʘʭʦʞʜʝʥʠʝ ʤʘʨʰʨʫʪʘ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ 
ʅʅʇ ð ʥʝʠʟʚʝʩʪʥʳʝ ʥʘʫʢʝ ʧʝʨʝʤʝʥʥʳʝ 
ʅʉ ð ʥʝʯʝʪʢʠʝ ʩʠʩʪʝʤʳ 
ʆɿʂ ð ʦʙʦʙʱʝʥʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ʆʋ ð ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ 
ʇʀ-ʤʝʪʦʜʦʣʦʛʠʷ ð ʧʨʦʙʣʝʤʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 
ʇʇʇ ð ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ 
ʇʉ-ʤʝʪʦʜʦʣʦʛʠʷ ð ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 
ʉɿʂ ð ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ʉʀʀ ð ʩʠʩʪʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 
ʉʂʄ ð ʩʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʉʇ ð ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 
ʉʇʇʈ ð ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʉʋɹɼ ð ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ 
ʊɸʀʈ ð ʪʨʘʥʩʧʦʨʪʥʳʡ ʘʚʪʦʥʦʤʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʦʙʦʪ 
ʌɻʠʀʉ ð ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ʎʂʋ ð ʮʠʬʨʦʚʦʝ ʢʨʦʩʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 
ʕɺʄ ð ʵʣʝʢʪʨʦʥʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ 
ʕʉ ð ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ 
ʗʇɼ ð ʷʟʳʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
CBR-ʩʠʩʪʝʤʘ ð ʩʠʩʪʝʤʘ ʧʨʝʮʝʜʝʥʪʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ (ʘʥʛʣ. case-based 
reasoning) 
PNN ð ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ (ʘʥʛʣ. probabilistic neural network) 
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ɸʚʪʦʥʦʤʥʘʷ ʤʦʜʝʣʴ ð ʤʦʜʝʣʴ, ʠʤʠʪʠʨʫʶʱʘʷ ʣʠʥʠʶ ʨʘʩʩʫʞʜʝʥʠʷ 
ʵʢʩʧʝʨʪʘ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʜʟʘʜʘʯʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʘʪʠʬʠʢʘ-
ʮʠʠ.  

ɸʛʝʥʪ ð ʥʝʢʦʪʦʨʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʫʱʥʦʩʪʴ, ʩʧʦʩʦʙʥʘʷ ʢ ʘʚʪʦ-
ʥʦʤʥʳʤ ʜʝʡʩʪʚʠʷʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʧʦʩʪʘʚʣʝʥʥʳʭ 
ʨʘʟʨʘʙʦʪʯʠʢʦʤ.  

ɻʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ð ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ ʯʝʣʦʚʝʢʘ. 

ɼʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ð ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʡ ʛʠʙʨʠʜʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʩʦ-
ʝʜʠʥʝʥʠʝ ʚ ʥʝʡ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʪ.ʝ. ʝʝ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʠ ʥʘʩʣʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʤʝʪʦʜʦʚ 
ʜʣʷ ʯʘʩʪʝʡ ʟʘʜʘʯʠ, ʪ.ʝ. ʝʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ð ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟ ʪʝʦ-
ʨʠʠ ʛʨʘʬʦʚ. ɼʘʥʳ n ʛʦʨʦʜʦʚ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʘʞʜʳʤʠ ʛʦʨʦʜʘʤʠ dij| 
i,j = 1, é, n. ʂʦʤʤʠʚʦʷʞʝʨ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʛʦʨʦʜʘ, ʜʦʣʞʝʥ ʧʦʩʝʪʠʪʴ n ï 1 
ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ (ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ ʢʘʞʜʳʡ) ʠ ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʳʡ. ɺ 
ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʝʤʫ ʥʫʞʥʦ ʧʦʩʝʱʘʪʴ ʛʦʨʦʜʘ, ʯʪʦʙʳ ʦʙʱʝʝ ʧʨʦʡʜʝʥʥʦʝ 
ʨʘʩʩʪʦʷʥʠʝ ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ? ɺ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʦʠʩʢ 
ʢʨʘʪʯʘʡʰʝʛʦ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ. 

ʂʣʘʩʩ NP ʟʘʜʘʯ ð ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʊʴʶʨʠʥʛʘ ʟʘ ʚʨʝʤʷ, ʨʘʩʪʫʱʝʝ ʩ 
ʨʦʩʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʢʘʢ ʧʦʣʠʥʦʤ ʥʝʢʦʪʦʨʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʪʝ-
ʧʝʥʠ.  

ʂʣʘʩʩ NP-ʧʦʣʥʳʭ ʟʘʜʘʯ ð ʟʘʜʘʯʠ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʢʣʘʩʩ NP, ʢ ʢʦʪʦ-
ʨʳʤ ʩʚʦʜʠʤʘ ʣʶʙʘʷ ʜʨʫʛʘʷ ʟʘʜʘʯʘ ʠʟ ʢʣʘʩʩʘ NP. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ð ʟʘʜʘʯʘ, ʤʦʜʝʣʠʨʫʶʱʘʷ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 
ʦʙʲʝʢʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ð ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʥʷʪʠʡ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ, ʚʤʝʩʪʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘʤʠ, ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʵʪʠʭ ʧʦʥʷʪʠʡ ʧʦ ʪʠʧʘʤ, ʩʠʪʫʘʮʠʷʤ, ʧʨʠʟʥʘʢʘʤ ʚ 
ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʟʘʢʦʥʦʚ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʡ. 

ʂʨʫʧʥʦʟʝʨʥʠʩʪʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ð ʛʠʙʨʠʜʠʟʘʮʠʷ, ʤʦʜʝʣʠ-ʧʦʪʦʤʢʠ 
ʢʦʪʦʨʦʡ ð ʛʠʙʨʠʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʧʦ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʠ ʥʘʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʤʝʪʦʜʦʚ 
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ʨʘʩʩʫʞʜʝʥʠʡ, ʧʨʠʤʝʥʝʥʥʳʭ ʵʢʩʧʝʨʪʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ 
ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. 

ʄʝʣʢʦʟʝʨʥʠʩʪʘʷ ʛʠʙʨʠʜʠʟʘʮʠʷ ð ʛʠʙʨʠʜʠʟʘʮʠʷ, ʤʦʜʝʣʠ-ʧʦʪʦʤʢʠ 
ʢʦʪʦʨʦʡ ð ʛʠʙʨʠʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ ʧʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-
ʥʦʤʫ ʧʨʠʟʥʘʢʫ ʠ ʥʘʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʤʝʪʦʜʦʚ ʨʘʩʩʫ-
ʞʜʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʢʩʧʝʨʪʘʤʠ.  

ʄʝʣʢʦʟʝʨʥʠʩʪʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩ-
ʪʝʤʘ ð ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʚ ʧʘʤʷʪʠ 
ʢʦʤʧʴʶʪʝʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʟʘʜʘʯʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ð ʫʯʝʥʠʝ ʦ 
ʩʪʨʫʢʪʫʨʝ, ʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ.  

ʄʥʦʛʦʘʛʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ð ʩʠʩʪʝʤʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʩʨʝʜʝ 
ʠ ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʵʣʝʤʝʥʪʦʚ ʩʠʩ-
ʪʝʤʳ), ʨʦʣʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʠʩʪʝʤʳ.  

ʄʥʦʛʦʘʛʝʥʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩ-
ʪʝʤʘ ð ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʩʪʨʦ-
ʝʥʥʘʷ ʚ ʨʘʤʢʘʭ ʤʥʦʛʦʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʝʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ð ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʢʦ-
ʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʅɽ-ʬʘʢʪʦʨʳ (ʚ ʩʤʳʩʣʝ, ʧʨʝʜʣʦʞʝʥʥʦʤ ɸ.ʉ. ʅʘʨʠʥʴʷ-
ʥʠ), ʧʨʠʩʫʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ, ʤʦʜʝʣʠʨʫʝʪ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʪʠʧʦʚ 
ʦʙʲʝʢʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ. 

ʅʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ ð ʟʘʜʘʯʘ-ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʜʥʦʨʦʜʥʳʭ 
ʧʦʜʟʘʜʘʯ, ʦʧʠʩʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʦʤ ʵʤʝʨʜʞʝʥʪʥʦʩʪʠ, ʥʝʩʚʦʜʠʤʦʩʪʠ 
ʩʚʦʡʩʪʚ ʟʘʜʘʯʠ ʢ ʩʫʤʤʝ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʧʦʜʟʘʜʘʯ. 

ʅʝʯʝʪʢʘʷ ʮʝʣʴ ʘʛʝʥʪʘ ð ʥʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ, ʟʘʜʘʥʥʦʝ ʥʘ ʤʥʦʞʝʩʪ-
ʚʝ ʩʦʩʪʦʷʥʠʡ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʮʝʣʴ ʘʛʝʥʪʘ. 

ʅʝʯʝʪʢʦʩʪʴ ð ʩʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ, 
ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʫʢʘʟʘʪʴ ʠʭ ʟʥʘʯʝʥʠʝ.  

ʆʙʱʝʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ð ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʩʦʦʙ-
ʱʝʩʪʚʝ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ ʠ (ʠʣʠ) ʣʶʜʴʤʠ, ʦʙʤʝʥʠʚʘʷʩʴ ʩ ʥʠʤʠ ʩʦʦʙ-
ʱʝʥʠʷʤʠ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʧʦʥʷʪʥʦʛʦ ʷʟʳʢʘ ʢʦʤʤʫʥʠʢʘʮʠʡ. 

ʆʙʷʟʘʪʝʣʴʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʘʛʝʥʪʘʤ ð ʟʘʜʘʯʘ, ʢʦʪʦʨʫʶ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʘʛʝʥʪ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʧʦ ʧʨʦʩʴʙʝ (ʧʦʨʫʯʝʥʠʶ) ʜʨʫʛʠʭ 
ʘʛʝʥʪʦʚ ʚ ʨʘʤʢʘʭ ʢʦʦʧʝʨʘʪʠʚʥʳʭ ʮʝʣʝʡ ʠʣʠ ʮʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʘʛʝʥʪʦʚ ʚ 
ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ʆʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘ ð ʟʘʜʘʯʘ, ʥʝ ʠʤʝʶʱʘʷ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝ ʧʦʜʣʝʞʘ-
ʱʘʷ ʨʝʜʫʢʮʠʠ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʆʜʥʦʨʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ ð ʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʝʨʝʤʝʥʥʳʝ 
ʦʜʥʦʛʦ ʢʣʘʩʩʘ. 
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ʆʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ ð ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʥʝ ʩʦ-
ʜʝʨʞʘʱʠʡ ʮʠʢʣʦʚ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʘ ʚʝʨʰʠʥʘ ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʩʪʝʧʝʥʴ ʟʘ-
ʭʦʜʘ (ʚ ʥʝʝ ʥʝ ʚʝʜʫʪ ʜʫʛʠ), ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ð ʝʜʠʥʠʯʥʫʶ ʩʪʝ-
ʧʝʥʴ ʟʘʭʦʜʘ (ʚ ʥʠʭ ʚʝʜʸʪ ʧʦ ʦʜʥʦʡ ʜʫʛʝ). 

ʆʩʪʦʚ ʛʨʘʬʘ ð ʩʚʷʟʥʳʡ ʧʦʜʛʨʘʬ ʙʝʟ ʮʠʢʣʦʚ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʚʩʝ 
ʚʝʨʰʠʥʳ ʛʨʘʬʘ. 

ʇʘʨʦʩʦʯʝʪʘʥʠʝ ð ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ, ʥʝ ʠʤʝʶʱʠʭ ʦʙʱʠʭ ʠʥʮʠʜʝʥʪ-
ʥʳʭ ʚʝʨʰʠʥ. 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ð 
ʤʘʨʰʨʫʪ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʜʣʠʥʳ ʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ 
ʥʘʡʜʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʤ ʤʘʨʰʨʫʪʦʚ ʦʙʭʦʜʘ ʛʦʨʦʜʦʚ.  

ʇʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝ-
ʨʘ ð ʤʝʪʦʜʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʭʦʞʜʝʥʠʝ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. 

ʇʨʦʙʣʝʤʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ð ʨʘʟʚʠʪʠʝ ʧʨʦʙʣʝʤʥʦ-
ʩʪʨʫʢʪʫʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ð ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʣʢʦʟʝʨʥʠ-
ʩʪʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʘʷ 
ʠʟ 21 ʵʪʘʧʘ; ʫʯʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ, ʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʥʮʠʧʘʭ, 
ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʛʠʙʨʠʜʠʟʘʮʠʶ, ʦʙʲ-
ʝʢʪ-ʦʨʠʛʠʥʘʣ ʢʦʪʦʨʦʡ ð ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʦʙʲʝʢʪʳ-ʧʨʦʪʦʪʠʧʳ ð ʤʝʪʦʜʳ 
ʠʟ ʢʣʘʩʩʦʚ ʄʌʇʉ, ʦʙʲʝʢʪ-ʨʝʟʫʣʴʪʘʪ ð ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. 

ʇʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ð ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʘʷ 
ʠʟ 16 ʵʪʘʧʦʚ; ʫʯʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ, ʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʥʮʠʧʘʭ, 
ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʛʠʙʨʠ-
ʜʠʟʘʮʠʶ, ʦʙʲʝʢʪ-ʦʨʠʛʠʥʘʣ ʢʦʪʦʨʦʡ ð ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʦʙʲʝʢʪʳ-
ʧʨʦʪʦʪʠʧʳ ð ʤʝʪʦʜʳ ʠʟ ʢʣʘʩʩʦʚ ʄʌʇʉ, ʦʙʲʝʢʪ-ʨʝʟʫʣʴʪʘʪ ð ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ. 

ʇʫʪʴ ð ʤʘʨʰʨʫʪ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ. 
ʈʘʟʥʦʨʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ ð ʦʪʥʦʰʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʝʨʝʤʝʥʥʳʝ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. 
ʈʝʘʢʪʠʚʥʦʩʪʴ ð ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʩʧʨʠʥʠʤʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ ʠ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ ʠʟʤʝʥʝʥʠʷ. 
ʈʝʘʢʪʠʚʥʳʡ ʘʛʝʥʪ ð ʘʛʝʥʪ, ʫ ʢʦʪʦʨʦʛʦ ʥʝʪ ʨʘʟʚʠʪʦʡ ʤʦʜʝʣʠ ʚʥʝʰ-

ʥʝʛʦ ʤʠʨʘ, ʠʤʝʶʱʠʡ ʧʨʠʤʠʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʩʩʫʞʜʝʥʠʡ, ʯʪʦ ʦʛʨʘʥʠ-
ʯʠʚʘʝʪ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʳ. 

ʉʠʥʝʨʛʝʪʠʢʘ ð ʪʝʦʨʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ, ʢʦʦʧʝʨʘʪʠʚʥʦʛʦ, ʢʦʤʧʣʝʢʩ-
ʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ. 

ʉʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ð ʩʣʦʞʥʘʷ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ, ʵʚʦ-
ʣʶʮʠʦʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʦʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʉʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ð ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʝ ʦʙ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ ʢʘʢ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʱʝʡ ʚ 
ʩʠʩʪʝʤʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ ʧʦʜʩʠʩʪʝʤ. ʆʙʲʝʢʪ ʩʠʥʝʨʛʝʪʠʯʝ-
ʩʢʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ð ʩʣʦʞʥʳʝ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ.  

ʉʣʦʞʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ð ʟʘʜʘʯʘ-ʩʠʩʪʝʤʘ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ 
ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʶʱʘʷ ʵʤʝʨʜʞʝʥʪʥʦʩʪʴʶ, ʜʠʥʘʤʠʯʥʦʩʪʴʶ, 
ʥʝʪʦʯʥʦʩʪʴʶ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʪʦʣʴʢʦ ʢʦʣ-
ʣʝʢʪʠʚʘʤʠ ʣʶʜʝʡ. ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ʥʘʟʳʚʘʝʪʩʷ ʩʣʦʞʥʦʡ, ʝʩʣʠ ʜʣʷ 
ʦʧʠʩʘʥʠʷ ʝʝ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʢʣʘʩʩʦʚ ʧʝ-
ʨʝʤʝʥʥʳʭ ʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʉʦʚʝʨʰʝʥʥʦʝ ʧʘʨʦʩʦʯʝʪʘʥʠʝ ð ʧʘʨʦʩʦʯʝʪʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ 
ʚʝʨʰʠʥʘ ʠʤʝʝʪ ʠʥʮʠʜʝʥʪʥʦʝ ʨʝʙʨʦ.  

ʉʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ð ʩʨʝʜʩʪʚʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘ-
ʥʠʷ ʷʟʳʢʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʣʘʩʩʳ ʧʦ-
ʥʷʪʠʡ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. 

ʊʦʯʢʘ ʨʘʟʥʦʛʣʘʩʠʷ ð ʤʦʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ-ʧʦʜʩʠʩʪʝʤ 
ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʠʙʨʠʜ-
ʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ.  

ʊʦʯʥʦʝ (ʦʧʪʠʤʘʣʴʥʦʝ) ʨʝʰʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ð ʤʘʨʰʨʫʪ ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʜʣʠʥʳ ʠʣʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ 
ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ. 

ʋʧʨʝʞʜʘʶʱʘʷ ʘʢʪʠʚʥʦʩʪʴ ð ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʷʚʣʷʪʴ ʮʝʣʝʥʘʧʨʘʚ-
ʣʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ, ʘ ʥʝ ʪʦʣʴʢʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 
ʩʦʙʳʪʠʷ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ð ʛʠʙʨʠʜʥʘʷ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʥʘʩʣʝʜʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʴ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʎʝʧʴ ð ʤʘʨʰʨʫʪ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ. 
ʎʠʢʣ ð ʟʘʤʢʥʫʪʳʡ ʤʘʨʰʨʫʪ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ. 
ʕʢʟʦʪʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ð ʧʦʥʷʪʠʝ, ʥʝ ʧʨʠʥʘʜʣʝʞʘʱʝʝ ʥʠ ʦʜʥʦʤʫ ʠʟ 

ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʣʘʩʩʦʚ: ʨʝʩʫʨʩʳ, ʩʚʦʡʩʪʚʘ, ʜʝʡʩʪʚʠʷ, ʤʝʨʳ, ʟʥʘʯʝ-
ʥʠʷ, ʩʦʩʪʦʷʥʠʷ, ʦʮʝʥʢʠ, ʟʘʜʘʯʠ, ʤʝʪʦʜʳ, ʤʦʜʝʣʠ, ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ, ʠʤʝʥʘ. 

ʕʤʝʨʜʞʝʥʪʥʦʩʪʴ ð ʥʝʩʚʦʜʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʢ ʩʫʤʤʝ 
ʩʚʦʡʩʪʚ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ɺɺɽɼɽʅʀɽ 

ʉʝʛʦʜʥʷ ʥʘʫʢʘ ʨʘʩʧʦʣʘʛʘʝʪ ʰʠʨʦʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʝʪʦʜʦʚ ʨʝʰʝ-
ʥʠʷ ʟʘʜʘʯ, ʦʜʥʘʢʦ ʠʭ ʧʨʠʣʦʞʝʥʠʝ ʢ ʨʝʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠʜʝʪ 
ʧʦ ʦʜʥʦʡ ʩʭʝʤʝ: ʟʘʜʘʯʘ ʫʧʨʦʱʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʦ-
ʙʨʘʞʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʪʥʦʰʝʥʠʡ 
ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. ɼʝʣʘʝʪʩʷ ʵʪʦ ʪʘʢ, ʯʪʦʙʳ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʠʰʣʘ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʷʟʳʢʦʤ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ, ʧʨʠʥʷʪʳʤ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʠʟ-
ʚʝʩʪʥʦʤ ʤʝʪʦʜʝ. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʝʚʦʜʠʪ ʟʘʜʘʯʫ ʠʟ 
ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʥʘʫʯʥʫʶ ʠ ʜʝʣʘʝʪ ʝʝ çʢʣʘʩʩʠʯʝʩʢʦʡè. ʂʣʘʩ-
ʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ð ʫʜʦʙʥʳʡ ʧʦʣʠʛʦʥ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʦ-
ʛʦ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ. ɽʩʣʠ ʫʜʘʣʦʩʴ ʩʚʝʩʪʠ 
ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ ʙʝʟ ʧʦʪʝʨʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ 
ʦʨʠʛʠʥʘʣʫ, ʪʦ ʤʦʞʥʦ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʠʩʧʦʣʴ-
ʟʦʚʘʪʴʩʷ ʣʶʜʴʤʠ ʚ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʦʝ 
ʩʣʫʯʘʝʪʩʷ ʨʝʜʢʦ ʠ ʪʦʣʴʢʦ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʚʘʝʤʳʭ ʯʝʣʦʚʝʢʦʤ ʩʠʩʪʝ-
ʤʘʭ. ɺ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʙʠʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʩʠʩ-
ʪʝʤʘʭ, ʛʜʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘ-
ʤʠ, ʪʝʭʥʠʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʝʡ, ʫ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʫʧʨʦʱʝʥʥʳʭ 
ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʤʘʣʦ ʰʘʥʩʦʚ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ.  

ʂ ʠʟʚʝʩʪʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʟʘʜʘʯʠ 
ʢʦʤʤʠʚʦʷʞʝʨʘ ʦʪʥʦʩʷʪʩʷ ʤʦʥʦʛʨʘʬʠʠ [1] ʠ [2]. ʀʟʜʘʥʥʘʷ ʚ 1969 ʛ. ʤʦʥʦ-
ʛʨʘʬʠʷ ɺ.ʀ. ʄʫʜʨʦʚʘ çɿʘʜʘʯʘ ʦ ʢʦʤʤʠʚʦʷʞʝʨʝè [3] ð ʝʜʠʥʩʪʚʝʥʥʘʷ ʚ 
ʥʘʰʝʡ ʩʪʨʘʥʝ ʢʥʠʛʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʵʪʦʡ ʟʘʜʘʯʝ.  

ʆʧʠʩʘʥʠʝ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ʟʘʥʠʤʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʨʦʢ: ʝʩʪʴ n 
ʛʦʨʦʜʦʚ, ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʳ ʨʘʩʩʪʦʷʥʠʷ, ʠ ʥʫʞʥʦ 
ʧʦʩʝʪʠʪʴ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ, ʧʨʦʡʜʷ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷ-
ʥʠʝ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʩʣʦʞʥʦʩʪʠ ʨʝʰʠʪʴ ʧʨʦʩʪʳʤ ʧʝʨʝʙʦ-
ʨʦʤ ʵʪʫ ʟʘʜʘʯʫ ʜʘʞʝ ʩ 15 ð 20 ʛʦʨʦʜʘʤʠ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ, 
ʠ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʩʦʟʜʘʶʪʩʷ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝè ʤʝʪʦʜʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ çʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝ-
ʨʘè. ɺ 2006 ʛ. ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʂʌ ʀʇʀ ʈɸʅ, ʜ.ʪ.ʥ. ɸ.ɺ. 
ʂʦʣʝʩʥʠʢʦʚ ʠ ʚʳʧʫʩʢʥʠʢ ʌɻʆʋ ɺʇʆ çʂɻʊʋè ʉ.ɺ. ʃʠʩʪʦʧʘʜ ʦʪʦʰʣʠ ʦʪ 
ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʜʝʡʩʪʚʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-
ʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ: çʧʨʘʢʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ Ÿ ʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠ-
ʚʦʷʞʝʨʘ Ÿ ʤʝʪʦʜ Ÿ ʤʦʜʝʣʴ Ÿ ʵʢʩʧʝʨʠʤʝʥʪ Ÿ ʨʝʟʫʣʴʪʘʪ Ÿ ʨʝʘʣʠʟʘ-
ʮʠʷè ʠ ʨʝʘʣʠʟʦʚʘʣʠ ʜʨʫʛʦʡ ʧʦʜʭʦʜ: çʢʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
Ÿ ʩʥʷʪʠʝ ʦʛʨʘʥʠʯʝʥʠʡ Ÿ ʩʠʥʪʝʟ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ Ÿ ʩʠʥʪʝʟ ʤʝʪʦʜʘ 
Ÿ ʤʦʜʝʣʴ Ÿ ʵʢʩʧʝʨʠʤʝʥʪ Ÿ ʨʝʟʫʣʴʪʘʪ Ÿ ʨʝʘʣʠʟʘʮʠʷè. ʇʨʠ ʵʪʦʤ 
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çʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘè ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʟʘʜʘʯʘ-ʩʠʩʪʝʤʘ ʩ ʥʝ-
ʦʜʥʦʨʦʜʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʣʘʜʘʶʱʘʷ ʵʤʝʨʜʞʝʥʪʥʦʩʪʴʶ, 
ʜʠʥʘʤʠʯʥʦʩʪʴʶ, ʥʝʪʦʯʥʦʩʪʴʶ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ, ʪ.ʝ. ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ 
ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʪʦʣʴʢʦ ʢʦʣʣʝʢʪʠʚʘʤʠ ʣʶʜʝʡ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜʳ 
ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʩʠʥʪʝʟʠʨʫʝʤʳʝ ʠʟ ʥʘʙʦʨʘ ʠʟʚʝʩʪ-
ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʚ ʠ ʠʤʠʪʠʨʫʶʱʠʝ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʨʘʩʩʫʞʜʝ-
ʥʠʷ ʢʦʣʣʝʢʪʠʚʦʚ ʣʶʜʝʡ ð ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

ʂʥʠʛʘ ʩʦʩʪʦʠʪ ʠʟ ʧʷʪʠ ʛʣʘʚ. ʇʝʨʚʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʟʘʜʘʯʝ ʢʦʤʤʠ-
ʚʦʷʞʝʨʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʩʪʘʥʦʚʦʢ ʟʘʜʘʯʠ, ʚʚʝʜʝʥʠʶ ʤʝʨʳ ʩʣʦʞʥʦʩʪʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʠ ʘʥʘʣʠʟʫ ʧʦʥʷʪʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. 
ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤ-
ʤʠʚʦʷʞʝʨʘ ʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʠ ʤʦʜʝʣʠ ʩʠʥʝʨʛʝ-
ʪʠʯʝʩʢʦʛʦ, ʛʠʙʨʠʜʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʢʦʤʤʠʚʦʷʞʝʨʘ. ɺ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʛʠʙʨʠʜʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 
ʩʠʩʪʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ 
ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ [4] ʧʨʦʬʝʩʩʦʨʘ ɸ.ɺ. ʂʦʣʝʩʥʠʢʦʚʘ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʨʘ 
ʤʦʜʝʣʝʡ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʜʣʷ 
ʨʝʰʝʥʠʷ ʚʘʨʠʘʥʪʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ.  

ʏʝʪʚʝʨʪʘʷ ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠ-
ʟʘʮʠʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠ-
ʥʷʪʠʷ ʨʝʰʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʥʦʛʦ-
ʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠʤʝʥʝʥʠʶ ʪʘʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘ-
ʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. 

ɺ ʧʷʪʦʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʪʝʭʥʦ-
ʣʦʛʠʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚ ʠʥʬʦʨʤʘʪʠʢʝ ʠ ʨʘʩʩʤʦʪʨʝʥʘ 
ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʛʠʙʨʠʜʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʨʝʰʝʥʠʷ 
ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. 

ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʩʪʫʜʝʥʪʫ-ʚʳʧʫʩʢʥʠʢʫ ʬʘʢʫʣʴʪʝʪʘ ʘʚʪʦʤʘʪʠʟʘ-
ʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʌɻʆʋ ɺʇʆ çʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè ɼʤʠʪʨʠʶ ɺʘʩʠʣʴʝʚʫ, ʢʦʪʦʨʳʡ 
ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠ-
ʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘè ʠ ʧʨʦʚʝʣ ʵʢʩʧʝʨʠ-
ʤʝʥʪʳ ʩ ʘʣʛʦʨʠʪʤʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. ʆʥ ʪʘʢʞʝ ʷʚʣʷʝʪ-
ʩʷ ʘʚʪʦʨʦʤ ʨʘʟʜ. 2.2. 
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1. ɿɸɼɸʏʀ ʂʆʄʄʀɺʆʗɾɽʈɸ 

1.1. ʂʣʘʩʩʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 

1.1.1. ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ʆʜʥʠ ʟʘʜʘʯʠ ʣʶʜʠ ʨʝʰʘʶʪ ʠʥʪʫʠʪʠʚʥʦ. ɼʨʫʛʠʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ 

ʩʝʨʴʝʟʥʳʭ ʨʘʟʤʳʰʣʝʥʠʡ, ʥʦ ʠʭ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦ. ʊʨʝʪʴʠ ʟʘʜʘʯʠ ʯʝʣʦʚʝʢ ʨʝʰʠʪʴ ʥʝ ʤʦʞʝʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʟʜʘʝʪ-
ʩʷ ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʩ ʜʦʩʪʘʪʦʯʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 
ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʣʠʙʦ ʠʭ ʢʦʤʙʠʥʘʮʠʠ. ɹʦʣʴʰʠʥ-
ʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʦʪʥʦʩʷʪʩʷ ʢ ʵʪʦʤʫ ʪʨʝʪʴʝʤʫ ʪʠʧʫ. 
ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʟʘʜʘʯ. 

ɿʘʜʘʯʘ 1. ʐʘʭʤʘʪʥʳʡ ʢʦʥʴ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʝʱʝ ʕʡʣʝʨʦʤ. ʆʥʘ 
ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʤʘʨʰʨʫʪʘ ʢʦʥʷ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʚʩʝ ʧʦʣʷ ʜʦʩ-
ʢʠ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ. ʂʦʣʠʯʝʩʪʚʦ ʟʘʤʢʥʫʪʳʭ ʤʘʨʰʨʫʪʦʚ (ʛʘʤʠʣʴʪʦʥʦʚʳʭ 
ʮʠʢʣʦʚ) ʙʝʟ ʫʯʸʪʘ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʭʦʜʘ ʨʘʚʥʦ 13 267 364 410 532 [5], ʘ ʩ 
ʫʯʸʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʭʦʜʘ ð ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ. ɿʘʜʘʯʘ ʧʦʜʩʯʝʪʘ ʚʩʝʭ 
ʚʦʟʤʦʞʥʳʭ ʥʝʟʘʤʢʥʫʪʳʭ ʤʘʨʰʨʫʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ ʠ ʥʝ ʨʝʰʝʥʘ 
ʜʦ ʩʠʭ ʧʦʨ. ʀʟʚʝʩʪʥʦ [6], ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʤʢʥʫʪʳʭ ʤʘʨʰʨʫʪʦʚ ʥʝ 
ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʘ ʩʦʯʝʪʘʥʠʡ 63 47

168 1,2 10C º Ö , ʛʜʝ 63 ð ʯʠʩʣʦ ʭʦʜʦʚ ʢʦʥʷ 
ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ (ʯʠʩʣʦ ʢʣʝʪʦʢ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ ʤʠʥʫʩ ʦʜʥʘ ʥʘʯʘʣʴ-

ʥʘʷ ʢʣʝʪʢʘ), ʘ 168 ð ʯʠʩʣʦ ʜʦ-
ʧʫʩʪʠʤʳʭ ʭʦʜʦʚ ʢʦʥʷ ʙʝʟ ʫʯʝʪʘ 
ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʝ 
8 Ĭ 8, ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʶ ʠʟ [7, 
8]: ( ) ( )2 3 2 3 1n p q= Ö - Ö Ö - - , ʛʜʝ 
n ð ʯʠʩʣʦ ʭʦʜʦʚ ʢʦʥʷ ʥʘ ʜʦʩʢʝ 
ʨʘʟʤʝʨʥʦʩʪʴʶ p Ĭ q. ʆʜʠʥ ʠʟ 
ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ ʰʘʭʤʘʪ-
ʥʦʛʦ ʢʦʥʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.1.  

ɿʘʜʘʯʘ 2. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ. ɺ ʄʘʣʘʡʟʠʠ ʚ ʰʪʘʪʝ 
ɼʞʦʭʦʨ ʝʩʪʴ ʩʝʪʴ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ [9]. ɼʚʘʞʜʳ ʚ ʜʝʥʴ ʨʘʙʦʪ-
ʥʠʢʠ ɸɿʉ ʩʦʦʙʱʘʶʪ ʥʘ ʙʘʟʫ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʪʘʪʢʘʭ ʪʦʧʣʠʚʘ, ʠ, ʝʩʣʠ ʟʘʧʘ-
ʩʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʙʦʪʳ ɸɿʉ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, ʦʥʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʧʣʘʥ 
ʧʦʝʟʜʢʠ ʙʝʥʟʦʚʦʟʘ. ɿʘʜʘʯʘ ð ʥʘʡʪʠ ʤʘʨʰʨʫʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʩʪʦʷ-
ʥʠʝʤ ʧʦʝʟʜʢʠ ʙʝʥʟʦʚʦʟʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʙʲʝʭʘʪʴ ʚʩʝ ɸɿʉ ʚ ʪʝʢʫʱʝʤ 
ʧʣʘʥʝ, ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʢʘʞʜʦʡ ʧʘʨʦʡ ɸɿʉ ʠ ʤʝʞʜʫ 
ʢʘʞʜʦʡ ɸɿʉ ʠ ʙʘʟʦʡ. ʅʘ ʨʠʩ. 1.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 
ʟʘʜʘʯʠ, ʛʜʝ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʚʳʜʝʣʝʥ ʞʠʨʥʳʤʠ ʣʠʥʠʷʤʠ. 

ʈʠʩ. 1.1 ð ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ  
ʦ ʰʘʭʤʘʪʥʦʤ ʢʦʥʝ 
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ɿʘʜʘʯʘ 3. ʉʙʦʨ ʤʦʥʝʪ ʠʟ ʪʘʢ-
ʩʦʬʦʥʦʚ ʠʣʠ ʧʦʯʪʳ. ɺ 28 ʛʦʨʦʜʘʭ 
ʥʠʜʝʨʣʘʥʜʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʉʝʚʝʨ-
ʥʘʷ ɻʦʣʣʘʥʜʠʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʧʦʯ-
ʪʦʚʘʷ ʩʣʫʞʙʘ ʫʩʪʘʥʦʚʠʣʘ ʪʘʢʩʦʬʦ-
ʥʳ [10]. ʊʝʭʥʠʯʝʩʢʠʡ ʨʘʙʦʪʥʠʢ 
ʜʦʣʞʝʥ ʦʜʠʥ-ʜʚʘ ʨʘʟʘ ʚ ʥʝʜʝʣʶ 
ʧʦʩʝʱʘʪʴ ʠʭ, ʠʟʳʤʘʪʴ ʤʦʥʝʪʳ, ʧʦ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʥʷʪʴ ʩʧʨʘʚʦʯʥʠ-
ʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʤʦʥʪ. ʂʘʞʜʳʡ 
ʨʘʙʦʯʠʡ ʜʝʥʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʥʝ ʙʦʣʝʝ 445 ʤʠʥ ʥʘʯʠʥʘʝʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʩʪʦʣʠʮʝ ʧʨʦʚʠʥʮʠʠ ð 
ʍʘʨʣʝʤʝ. ɿʘʜʘʯʘ ð ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ, ʟʘ ʢʦʪʦʨʦʝ ʚʩʝ 
ʪʘʢʩʦʬʦʥʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʩʣʫʞʝʥʳ, ʘ ʪʘʢʞʝ ʦʙʱʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʜʘʯʘ ʚʦʟʥʠʢʣʘ ʚ ʛʦʨʦʜʝ ʋʪʨʝʭʪ, ʅʠʜʝʨʣʘʥʜʳ. ɿʜʝʩʴ 
ʦʢʦʣʦ 200 ʧʦʯʪʦʚʳʭ ʷʱʠʢʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʫʩʪʦʰʝʥʳ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 
ʯʘʩʘ ʛʨʫʟʦʚʠʢʘʤʠ, ʦʪʧʨʘʚʣʷʶʱʠʤʠʩʷ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 
ʩʪʘʥʮʠʠ. ɿʘʜʘʯʘ ð ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ ʠ ʥʘʡʪʠ ʤʘʨ-
ʰʨʫʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦʝʟʜʢʠ.  

ʆʙʦʟʥʘʯʠʤ ʵʪʠ ʟʘʜʘʯʠ ɿ31 ʠ ɿ32. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʇʫʩʪʴ ʝʩʪʴ n ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 
ʧʦʩʝʱʝʥʳ m ʨʝʩʫʨʩʘʤʠ, ʚʳʝʟʞʘʶʱʠʤʠ ʠʟ ʙʘʟʳ. ɺ ɿ31 ʦʙʲʝʢʪʳ ð ʛʦʨʦ-
ʜʘ, ʚ ɿ32 ð ʧʦʯʪʦʚʳʝ ʷʱʠʢʠ, ʚ ɿ31 ʨʝʩʫʨʩʳ ð ʨʘʙʦʯʠʝ ʜʥʠ (ʚʨʝʤʷ), ʚ ɿ32 
ð ʘʚʪʦʤʦʙʠʣʠ, ʚ ɿ31 ʙʘʟʘ ð ʛ. ʍʘʨʣʝʤ, ʚ ɿ32 ð ʮʝʥʪʨʘʣʴʥʘʷ ʞʝʣʝʟʥʦʜʦ-
ʨʦʞʥʘʷ ʩʪʘʥʮʠʷ. ʇʫʩʪʴ cij = cji ð ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʝʟʜʢʠ ʤʝʞʜʫ 
ʢʘʞʜʦʡ ʧʘʨʦʡ ʦʙʲʝʢʪʦʚ, i,j Í {1, é, n} Ç {*}, ʛʜʝ * ð ʥʦʤʝʨ ʦʙʲʝʢʪʘ 
çʙʘʟʘè, ei ð ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʲʝʢʪʘ, i Í {1, é, n}. ɼʣʷ ɿ31 ʚʨʝʤʷ 
ð ʧʨʦʠʟʚʝʜʝʥʠʝ 8 ʤʠʥ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʩʦʬʦʥʦʚ ʚ ʛʦʨʦʜʝ, ʘ ʜʣʷ ɿ32 ð 

ʦʜʥʘ ʤʠʥʫʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʫʨʘ ʢʘ-
ʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪ-
ʚʘ ʩʦʩʪʘʚʣʷʝʪ f ʤʠʥ (ʚ ʩʣʫʯʘʝ 
ɿ31 ð 445 ʤʠʥ, ʘ ʜʣʷ ɿ32 ð 
60). ʂʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʨʝʰʝ-
ʥʠʷ ʟʘʜʘʯʠ: ʤʠʥʠʤʘʣʴʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʨʝʜʩʪʚ w ʠ ʦʙʱʝʝ ʚʨʝʤʷ Tw 
ʧʦʩʝʱʝʥʠʷ ʚʩʝʭ ʛʦʨʦʜʦʚ w 
ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 
ɻʨʘʬʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ ʨʝ-
ʰʝʥʠʝ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.3. 
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ʆʙʦʟʥʘʯʝʥʠʷ:

- ʦʙʲʝʢʪʳ (ʜʣʷ ɿ31 ï ʛʦʨʦʜ, ʜʣʷ ɿ32 ï ʧʦʯʪʦʚʳʡ ʷʱʠʢ); 

* - ʙʘʟʘ (ʜʣʷ ɿ31 ï ʛ.ʍʘʨʣʝʤ, ʜʣʷ ɿ32 ï ʮʝʥʪʨʘʣʴʥʘʷ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ);
- ʜʦʨʦʛʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʦʙʲʝʢʪʳ

ʈʠʩ. 1.3 ð ɺʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ  
ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

 

 
ʈʠʩ. 1.2 ð ʉʭʝʤʘ ʟʘʜʘʯʠ ʜʦʩʪʘʚʢʠ ʙʝʥʟʠʥʘ 

ʥʘ ɸɿʉ ʰʪʘʪʘ ɼʞʦʭʦʨ, ʄʘʣʘʡʟʠʷ 
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ɿʘʜʘʯʘ 4. ʇʨʦʢʣʘʜʢʘ ʢʘʙʝʣʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʈʘʩʩʤʦʪʨʠʤ 
ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ ð ʧʨʦʢʣʘʜʢʫ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ ʧʦ 
ʩʪʘʥʜʘʨʪʫ SDH (SONET) [11]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʪʠ SONET ʫʟʣʳ 
ʩʦʝʜʠʥʷʶʪʩʷ ʢʦʣʴʮʦʤ ʦʧʪʦʚʦʣʦʢʥʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʝʜʘʝʪ, ʧʦʣʫ-
ʯʘʝʪ ʠ ʪʨʘʥʩʣʠʨʫʝʪ ʩʦʦʙʱʝʥʠʷ ʯʝʨʝʟ ʤʫʣʴʪʠʧʣʝʢʩʦʨ ʚʚʦʜʘ/ʚʳʚʦʜʘ. 
ʂʦʣʴʮʝʚʳʝ ʩʝʪʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʮʠʬʨʦʚʳʤ ʢʨʦʩʩʠʨʫʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ.  

ʇʝʨʝʜ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥ-
ʥʳʤ ʧʨʦʚʘʡʜʝʨʦʤ ʩʪʦʠʪ ʟʘʜʘʯʘ: 
ʩʦʝʜʠʥʠʪʴ ʢʣʠʝʥʪʦʚ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʭ 
ʢʦʣʴʮʝʚʳʭ ʩʝʪʝʡ SONET ʪʘʢ, 
ʯʪʦʙʳ ʩʪʦʠʤʦʩʪʴ ʧʨʦʢʣʘʜʢʠ 
ʩʝʪʠ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ. ʂʘʞ-
ʜʳʡ ʫʟʝʣ ʚ ʩʝʪʠ ʜʦʣʞʝʥ ʚʭʦ-
ʜʠʪʴ ʪʦʣʴʢʦ ʚ ʦʜʥʦ ʠʟ ʤʥʦʞʝ-
ʩʪʚʘ ʢʦʣʝʮ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝ-
ʩʪʚʫʝʪ ʝʱʝ ʦʜʥʦ ʢʦʣʴʮʦ, ʥʘʟʳ-
ʚʘʝʤʦʝ ʬʝʜʝʨʘʣʴʥʳʤ, ʢʦʪʦʨʦʝ 
ʦʙʲʝʜʠʥʷʝʪ ʚʩʝ ʢʦʣʴʮʘ. ɻʨʘʬʠ-
ʯʝʩʢʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝʪʠ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.4. 

ʇʨʠ ʪʘʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʝʝ ʩʪʦʠʤʦʩʪʴ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʪʦʠʤʦ-
ʩʪʠ ʄɺɺ, ʎʂʋ ʠ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ. ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʢʦʣʠʯʝ-
ʩʪʚʝ ʫʟʣʦʚ ʩʝʪʠ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʄɺɺ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ, ʧʦʵʪʦʤʫ ʝʝ 
ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ, ʠ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʎʂʋ ʠ 
ʜʣʠʥʫ ʦʧʪʦʚʦʣʦʢʥʘ.  

ɿʘʜʘʯʘ 5. ʇʨʝʜʩʢʘʟʘʥʠʝ ʬʫʥʢʮʠʡ ʧʨʦʪʝʠʥʦʚ ʨʘʩʩʤʦʪʨʝʥʦ ʚ [12]. 
ʆʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʧʨʝʜʩʢʘʟʘʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʷ ʧʨʦʪʝʠʥʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʧʨʦʪʝʠʥʳ ʦʪ-
ʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʠʣʠ ʢ ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʇʨʠ 
ʜʘʥʥʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʬʫʥʢʮʠʠ ʥʝʦʧʠʩʘʥʥʳʭ ʧʨʦ-
ʪʝʠʥʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʜʨʫʛʠʤʠ, ʠʟʚʝʩʪ-
ʥʳʤʠ ʧʨʦʪʝʠʥʘʤʠ. ʅʘ ʨʠʩ. 1.5 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʮʝʩʩ ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʫʥʢ-
ʮʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʪʝʠʥʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʮʘ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʠʷ ʧʨʦʪʝʠʥʦʚ, ʘ ʨʝʰʝʥʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʚ ʤʘʪʨʠʮʝ ʢʣʘʩʪʝ-
ʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʛʨʫʧʧʘʤ ʧʨʦʪʝʠʥʦʚ. 
ʇʨʝʜʩʢʘʟʘʥʠʝ ʬʫʥʢʮʠʠ ʧʨʦʪʝʠʥʦʚ ð ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 
ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʫʩʪʴ ʤʘʩʩʠʚ ʵʣʝʤʝʥʪʦʚ aij| i,j = 
1,é, n, ʦʧʨʝʜʝʣʷʝʪ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʝʠʥʘʤʠ i ʠ j. ʊʨʝʙʫ-
ʝʪʩʷ ʥʘʡʪʠ ʧʝʨʝʩʪʘʥʦʚʢʫ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ, ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʜʝʣʠʪʴ 
ʧʦʜʤʥʦʞʝʩʪʚʘ ʩʠʣʴʥʦ ʩʚʷʟʘʥʥʳʭ ʧʨʦʪʝʠʥʦʚ.  
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ɿʘʜʘʯʘ 6. ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ [13]. ɿʘʜʘʯʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʳʯʝʨʪʠʪʴ ʦʜʥʦʡ ʩʧʣʦʰʥʦʡ ʯʝʨʥʦʡ ʣʠʥʠʝʡ  ʙʝʟ 
ʧʝʨʝʩʝʯʝʥʠʡ ʯʝʨʥʦ-ʙʝʣʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ (ʨʠʩ. 1.6). 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʪʪʝʥʢʘʭ ʩʝ-
ʨʦʛʦ. ʀʟʦʙʨʘʞʝʥʠʝ ʧʦʢʨʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʪʦʯʝʢ (ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ), 
ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʝʨʦʛʦ ʮʚʝʪʘ. 
ʇʦʩʪʨʦʝʥʠʝ ʚʟʚʝʰʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ɺʦʨʦʥʦʛʦ (ʤʦʟʘʠʢʠ ɺʦʨʦʥʦʛʦ, ʨʘʟ-
ʙʠʝʥʠʷ ɼʠʨʠʭʣʝ) [14]. ɼʣʷ ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ S (ʨʠʩ. 1.7) ʦʥʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʙʠʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʞʜʫʶ ʦʙʣʘʩʪʴ ʦʙʨʘ-
ʟʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʙʦʣʝʝ ʙʣʠʟʢʠʭ ʢ ʦʜʥʦʤʫ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ 
S, ʯʝʤ ʢ ʜʨʫʛʦʤʫ ʵʣʝʤʝʥʪʫ ʤʥʦʞʝʩʪʚʘ (ʨʠʩ. 1.7) [15]. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʪʦʯʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʝʨʦʛʦ ʮʚʝʪʘ ʚ ʵʪʦʡ ʯʘʩʪʠ ʠʟʦ-
ʙʨʘʞʝʥʠʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ,  ʯʪʦ ʚ ʙʦʣʝʝ ʪʝʤʥʳʭ ʯʘʩʪʷʭ ʦʙʣʘʩʪʠ ʤʝʥʴʰʝ ʧʦ 
ʨʘʟʤʝʨʫ, ʯʝʤ ʚ ʙʦʣʝʝ ʩʚʝʪʣʳʭ, ʘ ʯʠʩʣʦ ʪʘʢʠʭ ʦʙʣʘʩʪʝʡ ʚ ʪʝʤʥʳʭ ʯʘʩʪʷʭ 
ʙʦʣʴʰʝ, ʯʝʤ ʚ ʩʚʝʪʣʳʭ. ɽʩʣʠ ʨʘʟʤʝʩʪʠʪʴ ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʚ ʮʝʥʪʨʝ ʢʘʞ-
ʜʦʡ ʦʙʣʘʩʪʠ ʜʠʘʛʨʘʤʤʳ ɺʦʨʦʥʦʛʦ (ʪʦʯʢʠ S), ʧʦʣʫʯʠʤ ʞʝʣʘʝʤʦʝ ʧʦʢʨʳ-
ʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʨʦʛʦ ʮʚʝʪʘ. ʏʠʩʣʦ ʚʝʨ-
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ʰʠʥ ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, 
ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʜʝʢ-
ʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʠʩʭʦʜ-
ʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʦʛʜʘ 
ʚʳʧʦʣʥʝʥʦ ʨʘʟʤʝʱʝʥʠʝ 
ʚʝʨʰʠʥ ʛʨʘʬʘ, ʪʨʝʙʫʝʪʩʷ 
ʩʦʝʜʠʥʠʪʴ ʠʭ ʩʧʣʦʰʥʦʡ 
ʣʠʥʠʝʡ ʙʝʟ ʧʝʨʝʩʝʯʝʥʠʡ. 

ʏʪʦ ʦʙʱʝʛʦ ʤʝʞʜʫ 
ʟʘʜʘʯʘʤʠ 1 ð 6 ʠ ʚʘʞʥʦ 
ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘʜʘʯʠ 
ʢʦʤʤʠʚʦʷʞʝʨʘ? ʆʩʥʦʚ-
ʥʳʝ ʯʝʨʪʳ ʵʪʠʭ ʟʘʜʘʯ: 1) 
ʣʝʛʢʦ ʬʦʨʤʘʣʠʟʫʝʤʳ; 2) 
ʧʨʝʜʩʪʘʚʠʤʳ ʛʨʘʬʦʤ; 3) 
ʥʘʣʠʯʠʝ ʪʦʣʴʢʦ ʜʝʪʝʨ-
ʤʠʥʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥ-
ʥʳʭ; 4) ʦʜʠʥ ʪʠʧ ʦʙʲʝʢ-
ʪʦʚ (ʥʘʧʨʠʤʝʨ, ʪʘʢʩʦʬʦ-
ʥʳ, ɸɿʉ ʠ ʪ.ʧ.) ʠ ʦʜʥʦ 
ʦʪʥʦʰʝʥʠʝ (ʥʘʧʨʠʤʝʨ, 
çʙʳʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ é 
ʦʪ éè); 5) ʚʳʩʦʢʘʷ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ, 
ʧʨʦʩʪʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ɺʩʝ ʵʪʠ ʩʚʦʡʩʪʚʘ ʟʘʜʘʯ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʢʣʘʩʩʠʯʝʩʢʫʶ ɿʂ, ʘ ʧʝʨʝʯʠʩ-
ʣʝʥʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ɿʂ ʠ ʨʝʰʘʪʴʩʷ ʤʝʪʦʜʘ-
ʤʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ.  

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʘʥʦʚʢʫ ɿʂ ʠ ʧʦʢʘʞʝʤ, ʢʘʢ ʢ 
ʥʝʡ ʩʚʦʜʷʪʩʷ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ. ɿʂ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ɼʘʥʳ n ʛʦʨʦʜʦʚ ʠ ʠʟʚʝʩʪʥʳ 
ʨʘʩʩʪʦʷʥʠʷ dij| i,j = 1, é, n. ʂʦʤʤʠ-
ʚʦʷʞʝʨ, ʚʳʭʦʜʷʱʠʡ ʠʟ ʢʘʢʦʛʦ-ʣʠʙʦ 
ʛʦʨʦʜʘ, ʜʦʣʞʝʥ ʧʦʩʝʪʠʪʴ n ï 1 ʜʨʫ-
ʛʠʭ ʛʦʨʦʜʦʚ (ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ) ʠ ʚʝʨ-
ʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʳʡ. ɺ ʢʘʢʦʤ ʧʦʨʷʜʢʝ 
ʝʤʫ ʥʫʞʥʦ ʧʦʩʝʱʘʪʴ ʛʦʨʦʜʘ, ʯʪʦʙʳ 
ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʳʣʦ ʤʠʥʠ-
ʤʘʣʴʥʳʤ [16]? ʅʘ ʨʠʩ. 1.8 ʧʨʝʜʩʪʘʚ-
ʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ɿʂ. 
ʈʝʟʫʣʴʪʘʪ ʝʝ ʨʝʰʝʥʠʷ ð ʪʫʨ 1ï3ï5ï
2ï1 ʣʠʙʦ ʪʫʨ 1ï2ï5ï3ï1. 
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ʂʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʟʘʜʘʯʠ 1 ð 6 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ɿʂ? ɺ ʟʘ-

ʜʘʯʝ 1 ʦ ʰʘʭʤʘʪʥʦʤ ʢʦʥʝ ʧʨʝʜʩʪʘʚʠʤ ʢʣʝʪʢʠ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ ʚʝʨʰʠ-
ʥʘʤʠ ʛʨʘʬʘ (ʛʦʨʦʜʘʤʠ ʚ ɿʂ). ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ (ʚʝʩ ʨʝʙʝʨ ʛʨʘʬʘ, 
ʜʣʠʥʫ ʜʦʨʦʛ ʚ ɿʂ) ʤʝʞʜʫ ʢʣʝʪʢʘʤʠ ʜʦʩʢʠ ʦʧʨʝʜʝʣʠʤ ʧʦ ʧʨʘʚʠʣʫ: ʝʩʣʠ 
ʭʦʜʦʤ ʢʦʥʷ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʠʟ ʦʜʥʦʡ ʢʣʝʪʢʠ ʚ ʜʨʫʛʫʶ, ʪʦ ʨʘʩʩʪʦʷʥʠʝ 
ʙʫʜʝʪ ʨʘʚʥʦ ʝʜʠʥʠʮʝ, ʘ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ð Ð. ʌʨʘʛʤʝʥʪ ʤʘʪʨʠʯʥʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʢʦʛʦ ʛʨʘʬʘ ʜʘʥ ʥʘ ʨʠʩ. 1.9.  

 

 
 

ʈʠʩ. 1.8 ð ɻʨʘʬʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

 A1 B1 C1 D1 E1 F1 G1 H1 A2 B2 C2 D2 E2 F2 G2 H2 é H8 
A1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð Ð Ð é Ð 
B1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð Ð é Ð 
C1 Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð 1 Ð Ð Ð é Ð 
D1 Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð 1 Ð Ð é Ð 
E1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð 1 Ð é Ð 
F1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð 1 é Ð 
G1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð Ð é Ð 
H1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð 1 Ð Ð é Ð 
A2 Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
B2 Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
C2 1 Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
D2 Ð 1 Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
E2 Ð Ð 1 Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
F2 Ð Ð Ð 1 Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
G2 Ð Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
H2 Ð Ð Ð Ð Ð 1 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

. . . 
. . . 

H8 Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð Ð é Ð 
 

ʈʠʩ. 1.9 ð ʄʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʛʨʘʬʘ ɿʂ  
ʜʣʷ ʟʘʜʘʯʠ ʦ ʰʘʭʤʘʪʥʦʤ ʢʦʥʝ 
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ɽʩʣʠ ʜʣʷ ʪʘʢʦʛʦ ʛʨʘʬʘ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ɿʂ, ʦʥʦ ʙʫʜʝʪ ʩʦ-
ʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʦʙʭʦʜʫ ʜʦʩʢʠ ʰʘʭʤʘʪʥʳʤ ʢʦʥʝʤ. ʊʘʢʠʭ 
ʨʝʰʝʥʠʡ ʤʥʦʞʝʩʪʚʦ, ʘ ʚʩʝ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʠʤʝʶʪ ʜʣʠʥʫ 64. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʟʘʜʘʯʫ 2 ʦ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ (ʨʠʩ. 1.2) ʩ 
ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʦʡ ɿʂ (ʨʠʩ. 1.8), ʟʘʤʝʪʥʘ ʠʭ ʠʜʝʥʪʠʯʥʦʩʪʴ.  

ɿʘʜʘʯʘ 3 ʩʚʦʜʠʪʩʷ ʢ ɿʂ ʟʘʤʝʥʦʡ ʙʘʟʳ (*) ʥʘ m ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʘʟ  
(n + 1,é, n + m) ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʣʷ ʥʠʭ ʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʦʙ-
ʩʣʫʞʠʚʘʥʠʷ ei, ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ cij ʦʪ ʙʘʟ ʜʦ ʦʩʪʘʣʴʥʳʭ ʦʙʲʝʢ-
ʪʦʚ ʠ ʤʝʞʜʫ ʙʘʟʘʤʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 1.10):  

 
en+k = 0;  ci,n+l = ci*;  cn+k,j = c*j;  cn+k,n+l = l,   k, l = 1, é,m, 

 
ʛʜʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ l ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʚʦʡ ʬʫʥʢ-
ʮʠʠ. ɽʩʣʠ ʨʝʰʝʥʠʝ ɿʂ ʩʦʜʝʨʞʠʪ m ï w ʩʚʷʟʝʡ ʤʝʞʜʫ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ 
ʚʝʨʰʠʥʘʤʠ, ʪʦ ʨʝʰʝʥʠʝ ʪʨʝʙʫʝʪ w ʢʦʤʤʠʚʦʷʞʝʨʦʚ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʢʦʤ-
ʤʠʚʦʷʞʝʨʘ ʫʤʝʥʴʰʘʝʪ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʥʘ l, ʪ.ʝ. ïl ʤʦʞʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʪʦʠʤʦʩʪʴ ʜʦʙʘʚʣʝʥʠʷ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʯʪʦ ʧʨʠʚʦ-
ʜʠʪ ʢ ʪʨʝʤ ʮʝʣʝʚʳʤ ʬʫʥʢʮʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʨʝʤ ʟʥʘʯʝʥʠʷʤ l: 
- l = +¤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ min B(m), ʪ.ʝ. ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 
ʧʦʝʟʜʢʠ ʜʣʷ m ʢʦʤʤʠʚʦʷʞʝʨʦʚ; 
- l = 0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ min {B(w)| w=1, é, m}, ʪ.ʝ. ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝ-
ʥʠ ʧʦʝʟʜʢʠ ʦʜʥʦʛʦ ʠʟ ʢʦʤʤʠʚʦʷʞʝʨʦʚ; 
- l = ï¤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ min B (min {w| w=1, é, m}), ʪ.ʝ. ʤʠʥʠʤʠʟʘʮʠʠ 
ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦʝʟʜʢʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʤʠʚʦʷʞʝʨʦʚ. 

ɽʩʣʠ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ð N = {1,é, n + m}, ʘ ʜʣʠʥʳ ʩʚʷʟʳʚʘʶ-
ʱʠʭ ʠʭ ʜʦʨʦʛ ð dij = 0,5ei + cij + 0,5ej ʜʣʷ i, j Í N, ʪʦ ʧʦʣʫʯʘʝʤ ɿʂ ʩ ʦʜ-
ʥʠʤ ʢʦʤʤʠʚʦʷʞʝʨʦʤ.  

ɺ ʨʘʙʦʪʝ [11] ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʟʘʜʘʯʫ 4 ʥʘ ʜʚʝ: ʤʠʥʠʤʠʟʠʨʦ-
ʚʘʪʴ ʯʠʩʣʦ ʧʦʜʩʝʪʝʡ, ʪ.ʝ. ʥʝ-
ʦʙʭʦʜʠʤʳʭ ʎʂʋ, ʠ ʜʣʷ ʢʘʞ-
ʜʦʡ ʧʦʜʩʝʪʠ ʥʘʡʪʠ ʢʦʣʴʮʦ 
ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ, ʦʙʲʝ-
ʜʠʥʷʶʱʝʝ ʚʩʝ ʝʝ ʫʟʣʳ, ʧʨʠ-
ʯʝʤ ʪʨʝʙʫʝʤʘʷ ʧʨʦʧʫʩʢʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʬʝʜʝʨʘʣʴʥʦʛʦ 
ʢʦʣʴʮʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 
ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ. 
ʇʦʩʣʝʜʥʶʶ ʧʦʜʟʘʜʘʯʫ ʧʨʝʜ-
ʣʘʛʘʝʪʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
ʂɿʂ, ʦʙʦʟʥʘʯʠʚ ʫʟʣʳ ʛʦʨʦʜʘ-
ʤʠ, ʘ ʢʘʙʝʣʴ ð ʜʦʨʦʛʦʡ. 

 1 é j é n n + 1 é n + m 
1 c1 1 é c1 j é c1 n c1 * é c1 * . . . 

. . .  . . .  . . . 
. . .  . . . 

i ci 1 é ci j é ci n ci * é ci * . . . 
. . .  . . .  . . . 

. . .  . . . 
n cn 1 é cn j é cn n cn * é cn * 

n + 1 c* 1 é c* j é c* n l é l 
. . . 

. . .  . . .  . . . 
. . .  . . . 

n + m c* 1 é c* j é c* n l é l 
 

ʈʠʩ. 1.10 ð ʄʘʪʨʠʮʘ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʤʝʞʜʫ  
ʦʙʲʝʢʪʘʤʠ ʩ ʚʚʝʜʝʥʥʳʤʠ ʬʠʢʪʠʚʥʳʤʠ ʙʘʟʘʤʠ 
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ɿʘʜʘʯʘ 5 ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ɿʂ. ʏʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʘʜʘ-
ʯʫ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ, ʜʦʣʞʥʘ ʙʳʪʴ ʚʚʝʜʝʥʘ 
ʬʫʥʢʮʠʷ ʢʘʯʝʩʪʚʘ ( )ME r  ʧʝʨʝʩʪʘʥʦʚʢʠ r, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʫʤʤʘʨʥʦʝ 
ʩʭʦʜʩʪʚʦ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ aij ʤʘʪʨʠʮʳ A, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʠʣʫ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʦʪʝʠʥʘʤʠ i ʠ j. ʊʘʢʦʡ ʬʫʥʢʮʠʝʡ ʤʦʞʝʪ ʙʳʪʴ ʩʫʤʤʘ 
ʧʨʦʠʟʚʝʜʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʩʦʩʝʜʥʠʭ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʠ: 

 

 ( )( ) ( ) ( ) ( 1) ( ) ( 1) ( 1) ( ) ( 1) ( )
1 1

1( )
2

n n

i j i j i j i j i j
i j

ME a a a a ar r r r - r r + r - r r + r
= =

r = + + +ää , (1.1) 

 
ʢʦʪʦʨʘʷ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ A ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ  
 

 ( ) ( 1)
0 1

( ) 2
n n

j i j i
i j

ME a ar r +
= =

r = ää . (1.2) 

 
ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ (1.2) ʜʣʷ ʧʨʠʤʝʨʘ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʩʪʘʥʦ-

ʚʦʢ ʤʘʩʩʠʚʘ 4³4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.11. 
 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ 

ʟʘʜʘʯʝ, ʛʜʝ ʦʧʪʠʤʘʣʴʥʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʩʪʘʥʦʚʢʝ r ʩ 
ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ME(r), ʪ.ʝ. ʢ ɿʂ ʩ ʤʘʪʨʠʮʝʡ ʨʘʩʩʪʦʷʥʠʡ: 

 

 
1

n

ij ik jk
k

d a a
=

= -ä . (1.3) 

 
ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ijd , ʧʝʨʝʧʠʰʝʤ (1.3): 

 

 
1

n

ij ik jk
k

d lc a a
=

= -ä , (1.4) 

 

ʛʜʝ lc ð ʢʦʥʩʪʘʥʪʘ, ʙʦʣʴʰʘʷ ʣʶʙʦʡ ʠʟ ʩʫʤʤ 
1

n

ik jk
k

a a
=
ä .  

r1 1 2 3 4  r2 1 2 4 3  r3 3 1 2 4 
1 1 0 1 0  1 1 0 0 1  3 1 1 0 0 
2 0 1 0 1  2 0 1 1 0  1 1 1 0 0 
3 1 0 1 0  4 0 1 1 0  2 0 0 1 1 
4 0 1 0 1  3 1 0 0 1  4 0 0 1 1 
 ME(r1) = 0   ME(r2) = 4   ME(r3) = 8 

ʈʠʩ. 1.11 ð ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʢʘʯʝʩʪʚʘ ʜʣʷ ʧʝʨʝʩʪʘʥʦʚʦʢ ʤʘʩʩʠʚʘ 4³4 
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ʇʦʩʣʝ ʨʝʰʝʥʠʷ ɿʂ ʠ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʩʭʦʜʥʘʷ 
ʤʘʪʨʠʮʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʝʠʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʝʩʪʨʘʠʚʘʝʪʩʷ, 
ʧʦʟʚʦʣʷʷ ʚʳʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʦʪʝʠʥʦʚ ʠ ʧʨʝʜʩʢʘʟʘʪʴ 
ʬʫʥʢʮʠʠ ʝʱʝ ʥʝʠʟʫʯʝʥʥʳʭ ʧʨʦʪʝʠʥʦʚ. 

ɺ ʟʘʜʘʯʝ 6 ʪʨʝʙʫʝʪʩʷ ʩʦʝʜʠʥʠʪʴ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʥʘ ʧʣʦʩʢʦʩʪʠ ʥʝ-
ʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ ʙʝʟ ʧʝʨʝʩʝʯʝʥʠʡ. ɺ [17] ʵʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʜʝʣʘʪʴ, 
ʨʝʰʠʚ ɿʂ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ (ʵʚʢʣʠʜʦʚʫ ɿʂ), ʧʦʣʘʛʘʷ, ʯʪʦ ʚʩʝ 
ʛʦʨʦʜʘ (ʪʦʯʢʠ, ʚʝʨʰʠʥʳ) ʩʚʷʟʘʥʳ ʨʝʙʨʘʤʠ, ʜʣʠʥʘ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ 
ʨʘʚʥʘ ʵʚʢʣʠʜʦʚʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʠʥʮʠʜʝʥʪʥʳʤʠ ʚʝʨʰʠʥʘʤʠ. ʆʜʥʦ ʠʟ 
ʩʚʦʡʩʪʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʵʚʢʣʠʜʦʚʦʡ ɿʂ ð ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʩʝʯʝ-
ʥʠʡ ʝʛʦ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʵʚʢʣʠʜʦʚʦʡ ɿʂ ð ʨʝʰʝʥʠʝ 
ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʧʨʝʨʳʚʥʦʡ ʣʠʥʠʝʡ.   

ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ɿʂ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʣʘʩʩ 
NP-ʧʦʣʥʳʭ ʧʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʚ ʪʝʦʨʠʠ ʘʣʛʦʨʠʪʤʦʚ. 
ʂʣʘʩʩ NP (ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʦʣʠʥʦʤʠʘʣʴʥʳʝ) ʚʢʣʶʯʘʝʪ ʟʘʜʘʯʠ, 
ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʤʘʰʠʥʳ ʊʴʶ-
ʨʠʥʛʘ ʟʘ ʚʨʝʤʷ, ʨʘʩʪʫʱʝʝ ʩ ʨʦʩʪʦʤ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʢʘʢ ʧʦʣʠʥʦʤ ʥʝ-
ʢʦʪʦʨʦʡ ʬʠʢʩʠʨʦʚʘʥʥʦʡ, ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ, ʩʪʝʧʝʥʠ.  
ʊʝʨʤʠʥ NP-ʧʦʣʥʘʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʧʦʧʘʜʘʝʪ ʚ ʢʣʘʩʩ NP, ʠ ʢ ʥʝʡ 
ʩʚʦʜʠʤʘ ʣʶʙʘʷ ʟʘʜʘʯʘ ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ, ʪ.ʝ. ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ NP-ʩʣʦʞʥʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ɿʂ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʣʶʙʘʷ ʟʘʜʘʯʘ ʠʟ ʦʙʰʠʨʥʦʛʦ 
NP ʢʣʘʩʩʘ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ɿʂ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 
ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʝʝ ʨʝʰʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ɿʂ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʜʚʫʭ ʥʘ-
ʧʨʘʚʣʝʥʠʷʭ: 1) ʧʦʩʪʨʦʝʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ɿʂ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʢʦʨʠʪʴ 
ʝʝ ʨʝʰʝʥʠʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ [18] 
(ʪʘʙʣ. 1.1); 2) ʧʨʠʙʣʠʞʝʥʠʝ ɿʂ ʢ ʨʝʘʣʴʥʦʩʪʠ (ʨʘʟʜ. 1.1.3), ʜʦʙʘʚʣʝʥʠʝ 
ʦʙʲʝʢʪʦʚ ʠ ʦʪʥʦʰʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ. 

 
1.1.2. ʌʦʨʤʘʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʇʫʩʪʴ V  ð ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ 1 2, , , nv v v> , ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʛʦʨʦʜʘ, ʘ 
( , )ij i jd d v v¹ | i,j =1, é, n ð ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʘʨʦʡ ʫʟʣʦʚ. ʊʨʝʙʫʝʪʩʷ 

ʥʘʡʪʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
1

( ), ( 1) ( ), (1)
1

n

i i n
i

d d
-

p p + p p
=

+ä  ʩʨʝʜʠ ʚʩʝʭ ( 1)!/ 2n -  

ʧʝʨʝʩʪʘʥʦʚʦʢ p, ʛʜʝ ( )ip  ð i-ʡ ʛʦʨʦʜ ʚ ʚʳʙʨʘʥʥʦʡ ʧʝʨʝʩʪʘʥʦʚʢʝ. ʇʨʠ 
ʵʪʦʤ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ, ʟʘʧ-
ʨʝʪʘ ʥʘ ʧʝʪʣʠ (1.5) ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʥʝʨʘʚʝʥʩʪʚʫ ʪʨʝʫʛʦʣʴʥʠʢʘ (1.6):  

 
 0,    ,    = ,    ,  1,  ij ij ji iid d d d i j n= ¤ =K , (1.5) 

 ,    ,  , 1,  |  ,  ,  .ij jk ikd d d i j k n i j j k j k+ = ¸ ¸ ¸K  (1.6) 
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ʊʘʙʣʠʮʘ 1.1 ð ʇʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʥʦʩʪʠ ʨʝʰʝʥʥʳʭ ɿʂ 
ɻʦʜ ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʈʘʟʤʝʨʥʦʩʪʴ ɿʂ 

(ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʦʜʦʚ) 
ʅʘʟʚʘʥʠʝ (ʢʦʜ) 

ɿʂ 
1954 ɼʞ. ɼʘʥʮʠʛ, ʈ. ʌʘʣʢʝʨʩʦʥ, ʉ. ɼʞʦʥʩʦʥ 49 dantzig42 

1971 ʄ. ʍʝʣʜ, ʈ.ʄ. ʂʘʨʧ 64 64 ʩʣʫʯʘʡʥʳʝ 
ʪʦʯʢʠ 

1975 ʇ.ʄ. ʂʘʤʝʨʠʥʠ, ʃ. ʌʨʘʪʪʘ, ʌ. ʄʘʬʬʠʦʣʠ 67 67 ʩʣʫʯʘʡʥʳʭ 
ʪʦʯʝʢ 

1977 ʄ. ɻʨʦʝʪʩʯʝʣ 120 gr120 
1980 ʍ. ʂʨʦʫʜʝʨ, ʄ.ʋ. ʇʘʜʙʝʨʛ  318 lin318 
1987 ʄ.ʋ. ʇʘʜʙʝʨʛ, ɼʞ. ʈʠʥʘʣʴʜʠ 532 att532 
1987 ʄ. ɻʨʦʝʪʩʯʝʣ, ʆ. ʍʦʣʣʘʥʜ 666 gr666 
1987 ʄ.ʋ. ʇʘʜʙʝʨʛ, ɼʞ. ʈʠʥʘʣʴʜʠ 2 392 pr2392 
1994 ɼ. ɸʧʧʵʣʛʝʡʪ, ʈ.ɹʠʢʩʙʠ, ɺ. ʍʚʘʪʘʣ, ʋ. ʂʫʢ 7 397 pla7397 
1998 ɼ. ɸʧʧʵʣʛʝʡʪ, ʈ.ɹʠʢʩʙʠ, ɺ. ʍʚʘʪʘʣ, ʋ. ʂʫʢ 13 509 usa13509 
2001 ɼ. ɸʧʧʵʣʛʝʡʪ, ʈ.ɹʠʢʩʙʠ, ɺ. ʍʚʘʪʘʣ, ʋ. ʂʫʢ 15 112 d15112 

2004 ɼ. ɸʧʧʵʣʛʝʡʪ, ʈ.ɹʠʢʩʙʠ, ɺ. ʍʚʘʪʘʣ, ʋ. ʂʫʢ,  
ʂ. ʍʝʣʩʛʘʫʥ 24 978 sw24798 

2005 ɼ. ɸʧʧʵʣʛʝʡʪ, ʈ.ɹʠʢʩʙʠ, ɺ. ʍʚʘʪʘʣ, ʋ. ʂʫʢ,  
ʂ. ʍʝʣʩʛʘʫʥ, ɼ. ʕʩʧʠʥʦʟʘ, ʄ. ɻʦʡʢʫʣʠʘ 85 900 pla85900 

2010 ʂ. ʍʝʣʩʛʘʫʥ  1 904 711 World TSP 
 
ʅʘʧʦʤʥʠʤ, ʯʪʦ ʛʨʘʬ G = <X, R> ð ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ X, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʭ ʦʙʲʝʢʪʳ, ʠ ʤʥʦʞʝʩʪʚʦ ʩʦʝʜʠʥʷʶʱʠʭ ʪʦʯʢʠ ʦʪʨʝʟʢʦʚ ʣʠʥʠʡ R, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ [19]. ʊʦʯʢʠ xi Í X,  
i = 1, ..., N ð ʚʝʨʰʠʥʳ ʛʨʘʬʘ, ʘ ʦʪʨʝʟʢʠ ʣʠʥʠʡ rij Í R, i,j = 1, ..., N ð ʜʫ-
ʛʠ (ʝʩʣʠ ʦʪʨʝʟʢʠ ʥʘʧʨʘʚʣʝʥʥʳʝ) ʠʣʠ ʨʝʙʨʘ (ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ) ʛʨʘʬʘ. 
ɺ ɿʂ ʚʝʨʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʦʨʦʜʘ, ʘ ʨʝʙʨʘ ð ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ.  

ɺʝʨʰʠʥʫ xi ʥʘʟʳʚʘʶʪ ʠʥʮʠʜʝʥʪʥʦʡ ʨʝʙʨʫ (ʜʫʛʝ) rij, ʝʩʣʠ ʦʥʘ ʷʚʣʷʝʪʩʷ 
ʝʛʦ ʢʦʥʮʝʚʦʡ ʚʝʨʰʠʥʦʡ, ʘ ʨʝʙʨʦ (ʜʫʛʘ) rij ʠʥʮʠʜʝʥʪʥʦ ʚʝʨʰʠʥʝ xi, ʝʩʣʠ 
ʦʥʦ ʦʛʨʘʥʠʯʝʥʦ ʵʪʦʡ ʚʝʨʰʠʥʦʡ. ʏʠʩʣʦ ʨʝʙʝʨ, ʠʥʮʠʜʝʥʪʥʳʭ ʚʝʨʰʠʥʝ, 
ʥʘʟʳʚʘʶʪ ʩʪʝʧʝʥʴʶ, ʠʣʠ ʚʘʣʝʥʪʥʦʩʪʴʶ, ʚʝʨʰʠʥʳ ʠ ʦʙʦʟʥʘʯʘʶʪ di. ɼʚʝ 
ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʥʘʟʳʚʘʶʪʩʷ ʩʤʝʞʥʳʤʠ, ʝʩʣʠ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ 
ʨʝʙʨʦ ʠʣʠ ʜʫʛʘ, ʘ ʜʚʘ ʨʝʙʨʘ ð ʩʤʝʞʥʳʤʠ, ʝʩʣʠ ʠʤʝʶʪ ʦʙʱʫʶ ʚʝʨʰʠʥʫ. 

ɻʨʘʬ ʥʘʟʳʚʘʶʪ ʨʝʙʝʨʥʦ-ʚʟʚʝʰʝʥʥʳʤ (ʚʝʨʰʠʥʥʦ-ʚʟʚʝʰʝʥʥʳʤ), ʝʩʣʠ 
ʝʛʦ ʨʝʙʨʘ (ʚʝʨʰʠʥʳ) ʠʤʝʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ɿʂ ʨʝʙ-
ʨʘ ʚʟʚʝʰʝʥʳ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ð ʜʣʠʥʦʡ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʤʝʞʥʳʭ ʨʝʙʝʨ ʠʣʠ ʜʫʛ, ʩʦʝʜʠʥʷʶʱʠʭ ʜʚʝ ʚʝʨ-
ʰʠʥʳ xi ʠ xj, ʥʘʟʳʚʘʶʪ ʤʘʨʰʨʫʪʦʤ m(i, j) (ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ð 
ʮʝʧʴʶ, ʘ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ð ʧʫʪʝʤ). ʄʘʨʰʨʫʪ ʦʪʢʨʳʪ, ʝʩʣʠ ʝʛʦ ʢʦʥ-
ʮʝʚʳʝ ʚʝʨʰʠʥʳ ʨʘʟʣʠʯʥʳ, ʠ ʟʘʤʢʥʫʪ, ʝʩʣʠ ʦʥʠ ʩʦʚʧʘʜʘʶʪ. ɿʘʤʢʥʫʪʳʡ 
ʤʘʨʰʨʫʪ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʥʘʟʳʚʘʶʪ ʮʠʢʣʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʦʛʦ ð ʢʦʥʪʫʨʦʤ, ʘ ʮʠʢʣ (ʢʦʥʪʫʨ) ð ʛʘʤʠʣʴʪʦʥʦʚʳʤ, ʝʩʣʠ ʦʥ ʟʘʤʢʥʫʪ ʠ 
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ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʘʞʜʫʶ ʚʝʨʰʠʥʫ ʛʨʘʬʘ ʪʦʣʴʢʦ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ. ɻʨʘʬ, 
ʩʦʜʝʨʞʘʱʠʡ ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ (ʢʦʥʪʫʨ), ʥʘʟʳʚʘʝʪʩʷ ʛʘʤʠʣʴʪʦʥʦʚʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʂɿʂ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʡʪʠ ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ (ʢʦʥʪʫʨ) m ʥʘʠʤʝʥʴʰʝʡ ʜʣʠ-
ʥʳ ʥʘ ʨʝʙʝʨʥʦ-ʚʟʚʝʰʝʥʥʦʤ ʛʨʘʬʝ G = <V, D>, ʚʝʨʰʠʥʳ vi| i = 1, é, N 
ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʦʨʦʜʘ, ʘ ʚʟʚʝʰʝʥʥʳʝ ʨʝʙʨʘ dij| i,j = 1, é, N, i ¸ j 
ï ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠʤʝʨ ʛʨʘʬʘ ʂɿʂ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1.8. 

ɺ ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʩʫʱʝʩʪʚʦʚʘ-
ʥʠʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʮʠʢʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʂɿʂ. ʅʝʦʙʭʦʜʠʤʳʡ 
ʠ ʜʦʩʪʘʪʦʯʥʳʡ ʢʨʠʪʝʨʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ [20] ʠʤʝʝʪ 
ʚʳʩʦʢʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ 
ʚʩʝʛʜʘ ʦʧʨʘʚʜʘʥʥʦ. ɼʨʫʛʠʝ ʜʦʩʪʘʪʦʯʥʳʝ ʢʨʠʪʝʨʠʠ ʩ ʤʝʥʴʰʝʡ ʚʳʯʠʩʣʠ-
ʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʥʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ (ʠ ʥʘʦʙʦʨʦʪ), ʧʦʵʪʦʤʫ 
ʥʘʨʫʰʝʥʠʝ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʥʝ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪʩʪʚʠʝ (ʥʘʣʠ-
ʯʠʝ) ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʮʠʢʣʦʚ ʥʘ ʛʨʘʬʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʧʦʣʝʟʥʦ ʧʨʦʚʝʨʠʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ, ʧʨʝʞʜʝ ʯʝʤ ʥʘʯʠʥʘʪʴ 
ʝʛʦ ʧʦʠʩʢ: ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʠʟʣʦʞʝʥʳ ʚ [21 ð 23], ʘ ʫʩʣʦʚʠʷ ʦʪʩʫʪ-
ʩʪʚʠʷ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʮʠʢʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ [22], [24]. 

 
1.1.3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ʚʦʟʥʠʢʘʝʪ ʚ ʦʙʰʠʨʥʦʤ ʢʣʘʩʩʝ ʧʨʠʣʦʞʝʥʠʡ, ʥʦ 
ʚ ʩʚʦʝʡ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʥʝ ʫʯʠʪʳʚʘʝʪ ʤʥʦʛʠʭ ʘʩʧʝʢʪʦʚ ʟʘ-
ʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʧʨʘʢʪʠʢʝ. ɺʚʝʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 
ʦʪʦʙʨʘʞʘʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʪʦʣʴʢʦ ʛʦʨʦʜʘ ʠ ʜʦʨʦʛʠ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥ-
ʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ çʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ é ʦʪ éè ʠ ʪʦʣʴʢʦ 
ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʚʝʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩ-
ʪʝʤʳ ʢ ʨʝʙʝʨʥʦ-ʚʟʚʝʰʝʥʥʦʤʫ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʛʨʘʬʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ ʥʘʠʤʝʥʴʰʝʡ ʜʣʠʥʳ. ʕʪʦ ʦʙʣʝʛʯʘ-
ʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʨʠʪʦʤ ʯʪʦ ʟʘʜʘʯʘ ʦʙʣʘʜʘʝʪ ʚʳ-
ʩʦʢʦʡ ʢʦʤʙʠʥʘʪʦʨʥʦʡ ʩʣʦʞʥʦʩʪʴʶ, ʧʦʟʚʦʣʷʷ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ 
ʩʦʟʜʘʥʠʠ ʵʚʨʠʩʪʠʢ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʡ. ɺ ʪʦ 
ʞʝ ʚʨʝʤʷ, ʧʨʠ ʵʪʠʭ ʫʧʨʦʱʝʥʠʷʭ ʂɿʂ ʥʝ ʫʯʠʪʳʚʘʝʪ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʪʘʢʠʝ ʢʘʢ ʜʠʥʘʤʠʯʥʦʩʪʴ, ʥʝʯʝʪʢʦʩʪʴ, ʥʝʪʦʯʥʦʩʪʴ, 
ʥʝʜʦʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʜʨ. [25], ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ ʚ ʚʠʜʝ 
ʂɿʂ. ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʂɿʂ ʙʝʟ ʫʯʝʪʘ ʵʪʠʭ ʩʚʦʡʩʪʚ ʨʝʘʣʴ-
ʥʦʛʦ ʤʠʨʘ ʚʝʜʝʪ ʢ ʨʝʰʝʥʠʶ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʩʪʘʪʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴ-
ʥʳʤ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ.  

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʬʦʨʤʫʣʠʨʦʚʦʢ ʂɿʂ ʚʚʝʜʝʥʠʝʤ ʥʦ-
ʚʳʭ ʪʠʧʦʚ ʦʪʥʦʰʝʥʠʡ ʠ ʧʝʨʝʤʝʥʥʳʭ ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʝʣʠʨʫʝ-
ʤʳʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʠʝ ʟʘʜʘʯʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʢʣʘʩʩʠʯʝʩʢʠʤʠ (ʨʘʟʜ. 1.2), 
ʥʘʧʨʠʤʝʨ, ʦʙʦʙʱʝʥʥʫʶ ɿʂ, ɿʂ ʩ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ, ɿʂ ʩ ʜʚʠʞʫʱʠ-
ʤʠʩʷ ʮʝʣʷʤʠ, ʜʠʥʘʤʠʯʝʩʢʫʶ ɿʂ, ʚʝʨʦʷʪʥʦʩʪʥʫʶ ɿʂ. ʈʘʟʜʝʣʝʥʠʝ ɿʂ ʥʘ 
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ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ð ʨʝʟʫʣʴʪʘʪ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʪʝ-
ʧʝʥʠ ʦʙʦʙʱʝʥʥʦʩʪʠ (ʨʠʩ. 1.12). ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʨʘʟʤʝʨ-
ʥʦʩʪʠ ʟʘʜʘʯʠ ʠ ʧʦ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ  ʧʦʜʨʦʙʥʝʝ. 

ʈʘʟʜʝʣʝʥʠʝ ɿʂ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʚʝʩʴʤʘ ʫʩʣʦʚʥʦ, ʪʘʢ ʢʘʢ ʪʦʯʥʫʶ ʛʨʘ-
ʥʠʮʫ ʤʝʞʜʫ ɿʂ ʙʦʣʴʰʦʡ ʠ ʤʘʣʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʫʢʘʟʘʪʴ ʥʝʚʦʟʤʦʞʥʦ. 
ʂʨʠʪʝʨʠʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʩʪʫʧʘʝʪ ʧʨʠʝʤʣʝʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ɿʂ, ʯʪʦ ʚʝʩʴʤʘ ʩʫʙʲʝʢʪʠʚʥʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʤʦʤʝʥʪ, ʠʟʚʝʩʪʥʦ ʦ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʟʘʜʘʯ ʙʦ-
ʣʝʝ ʯʝʤ ʩ ʜʚʫʤʷ ʪʳʩʷʯʘʤʠ ʛʦʨʦʜʦʚ. ʕʪʠ ʟʘʜʘʯʠ ʨʝʰʘʣʠʩʴ ʧʨʦʜʦʣʞʠ-
ʪʝʣʴʥʦʝ ʚʨʝʤʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʕɺʄ, 
ʥʦ ʪʘʢ ʢʘʢ ʥʘ ʧʨʘʢʪʠʢʝ ʪʘʢʠʝ ʟʘʪʨʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʥʝ 
ʧʨʠʝʤʣʝʤʳ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ, ʨʝʰʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ 
ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ, ʥʝ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʮʳ. ʂ ʥʘʩʪʦʷʱʝʤʫ 
ʚʨʝʤʝʥʠ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʠʟ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ð 
ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ð ʧʨʠʤʝʥʠʤ ʧʨʠ ʟʘʜʘʯʝ, ʩʦʜʝʨʞʘʱʝʡ ʦʢʦʣʦ 100 
ʛʦʨʦʜʦʚ, ʧʦʵʪʦʤʫ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʘʟʤʝʨʥʦʩʪʴ ʟʘʜʘʯʠ ʤʦʞʝʪ ʩʯʠ-
ʪʘʪʴʩʷ ʙʦʣʴʰʦʡ, ʝʩʣʠ ʦʥʘ ʙʣʠʟʢʘ ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʵʪʫ ʚʝʣʠʯʠʥʫ. 

ɺʘʞʥʳʡ ʧʨʠʟʥʘʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɿʂ ð ʪʦʧʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʟʘʜʘʯʠ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, 
ʥʘʧʨʠʤʝʨ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʷ (1.5), (1.6). ʅʘ 
ʧʨʘʢʪʠʢʝ ʵʪʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʚ (1.5), 
ʯʘʩʪʦ ʥʘʨʫʰʘʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʧʫʥʢʪʳ i ʠ j ʩʦʝʜʠʥʷʶʪʩʷ ʜʚʫʤʷ ʜʦ-
ʨʦʛʘʤʠ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʜʚʠʞʝʥʠʝʤ ʨʘʟʥʦʡ ʜʣʠʥʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʣʠ-
ʯʘʶʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʂɿʂ: ʩʠʤʤʝʪʨʠʯʥʫʶ, ʢʦʛʜʘ ʫʩʣʦʚʠʝ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 
ʚ (1.5) ʚʳʧʦʣʥʝʥʦ, ʠ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ð ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ. ɽʩʣʠ dij ð 
ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʟʜʘ ʠʟ ʛʦʨʦʜʘ i ʚ ʛʦʨʦʜ j, ʤʦʞʝʪ ʥʘʨʫʰʘʪʴʩʷ ʫʩʣʦʚʠʝ (1.6) 
(ʧʨʦʝʟʜ ʠʟ i ʚ k ʥʘʧʨʷʤʫʶ ʩʪʦʠʪ ʜʦʨʦʞʝ, ʯʝʤ ʧʨʦʝʟʜ ʪʨʘʥʟʠʪʦʤ ʯʝʨʝʟ j). 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʣʠʯʘʶʪ ʤʝʪʨʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ (1.6) ʠ 
ʥʝʤʝʪʨʠʯʝʩʢʫʶ [26] ð ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ. ɽʩʣʠ ʥʝ ʥʫʞʥʦ ʚʦʟʚʨʘʱʘʪʴʩʷ 
ʚ ʠʩʭʦʜʥʳʡ ʧʫʥʢʪ, ʟʘʜʘʯʘ ð ʥʝʟʘʤʢʥʫʪʘʷ (ʦʪʢʨʳʪʘʷ) [27].  

ʏʘʩʪʦ ʢ ʦʛʨʘʥʠʯʝʥʠʷʤ (1.5), (1.6) ʜʦʙʘʚʣʷʶʪ ʥʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 
ʩʦʟʜʘʚʘʷ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ɿʂ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʨʘʙʦʪʘʶʪ 
ʣʫʯʰʝ, ʯʝʤ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʂɿʂ, ʦʜʥʘʢʦ ʦʥʠ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳ ʠ 
ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʳ ʥʘ ɿʂ ʜʨʫʛʦʛʦ ʚʠʜʘ. ʅʘʧʨʠʤʝʨ, ʚ [28] ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ɿʂ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

 
 |  ,  , , 1,  ;  ,  .ij kl il kjd d d d i j k l n i k j l+ + = < <J  (1.7) 

 
ɽʩʣʠ ɿʂ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (1.7), ʪʦ ʧʦ ʘʣʛʦʨʠʪʤʫ [28] ʦʥʘ ʤʦ-

ʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʟʘ ʚʨʝʤʷ O(n2), ʯʪʦ ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʣʶʙʳʤ ʠʟ ʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʂɿʂ. 
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ɺ ʦʪʜʝʣʴʥʳʡ ʢʣʘʩʩ ʚʳʜʝʣʷʶʪʩʷ ɿʂ ʙʝʟ ʪʦʧʦʣʦʛʠʠ, ʦʧʠʩʘʪʴ ʢʦʪʦʨʳʝ ʚ 

ʪʝʨʤʠʥʘʭ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦ.  
ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 1.12 ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʥʦʞʝʩʪ-

ʚʝʥʥʦʩʪʴ ʚʘʨʠʘʥʪʦʚ ɿʂ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʝ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ 
ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ. ɺ ʨʘʟʜ. 2.1.1 ʠ 2.1.2 ʨʘʩ-
ʩʤʦʪʨʝʥʳ ʠʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʪʦʯʥʦʛʦ ʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʂɿʂ. 

1.2. ʇʦʥʷʪʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ 

1.2.1. ʇʦʥʷʪʠʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ 
ʈʘʩʩʤʦʪʨʠʤ ʪʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʢʨʳʪʴ ʧʦʥʷ-

ʪʠʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. ʆʙʱʝ-
ʧʨʠʥʷʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʯ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ [25]. ɸʥʘʣʠʟ [29 ð 46] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʟʘʜʘ-
ʯʝʡ ʯʘʱʝ ʚʩʝʛʦ ʩʦʦʪʥʦʩʷʪ ʜʚʝ ʦʮʝʥʢʠ: çʪʨʫʜʥʦʩʪʴè ʠ çʩʣʦʞʥʦʩʪʴè. ɸʢ-
ʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʦʮʝʥʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʯʝʣʦʚʝʢʘ ʩʚʷʟʘʥʦ ʩ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ ʢʘʢ ʧʨʦʮʝʩʩʦʤ ʩʙʦʨʘ, ʘʥʘʣʠʟʘ, 
ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ 1908 ʛ. ʵʤʧʠʨʠʯʝʩʢʠ ʙʳʣ ʦʪʢʨʳʪ ʟʘʢʦʥ ʁʝʨʢʩʘ-ɼʦʜʩʦʥʘ [30] ʦʙ ʦʧ-
ʪʠʤʫʤʝ ʤʦʪʠʚʘʮʠʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ (ʨʠʩ. 1.13). ʆʥ ʛʣʘʩʠʪ, ʯʪʦ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʚʝ-
ʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʤʦʪʠʚʘʮʠʠ, ʦʜ-
ʥʘʢʦ ʧʦʩʣʝ ʥʝʢʦʪʦʨʦʛʦ ʫʨʦʚʥʷ ʤʦʪʠ-
ʚʘʮʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʜʘʝʪ. ʇʩʠʭʦ-
ʣʦʛʠ ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʪʝʤ, ʯʪʦ ʧʨʠ 
ʩʣʠʰʢʦʤ ʩʠʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ ʚʦʟʥʠ-
ʢʘʝʪ ʠʟʙʳʪʦʯʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʣʠ-
ʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ, ʯʪʦ ʚʝ-
ʜʝʪ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʘʜʝʢʚʘʪʥʦ ʦʮʝ-
ʥʠʚʘʪʴ ʩʠʪʫʘʮʠʶ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ 
ʨʠʩ. 1.13 ʢʨʠʚʳʝ ʦʪʦʙʨʘʞʘʶʪ ʵʤʧʠ-
ʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʨʝʰʝ-
ʥʠʷ ʟʘʜʘʯʠ ʦʪ ʫʨʦʚʥʷ ʤʦʪʠʚʘʮʠʠ, ʧʦ-
ʣʫʯʝʥʥʳʝ ʜʣʷ ʪʨʝʭ ʚʠʜʦʚ ʟʘʜʘʯ: ʪʨʫʜ-

ʥʦʡ, ʩʨʝʜʥʝʡ ʪʨʫʜʥʦʩʪʠ ʠ ʣʝʛʢʦʡ. ɼʣʷ ʪʨʫʜʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʫʤ ʜʦʩʪʠʛʘ-
ʝʪʩʷ ʧʨʠ ʩʣʘʙʦʡ ʤʦʪʠʚʘʮʠʠ, ʘ ʜʣʷ ʣʝʛʢʦʡ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʴʥʦʡ ʤʦ-
ʪʠʚʘʮʠʠ, ʢʦʛʜʘ ʠʟʙʳʪʦʯʥʘʷ ʤʦʪʠʚʘʮʠʷ ʥʝ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʡ ʧʦʚʝʜʝ-
ʥʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʪʨʫʜʥʳʭ ʟʘʜʘʯʘʭ. 

ʆ.ʂ.ʊʠʭʦʤʠʨʦʚ [31], ʈ.ɸ.ɻʠʣʴʤʘʥʦʚ [32], ɸ.ʄ.ʉʦʭʦʨ [33] ʨʘʩʩʤʘʪʨʠ-
ʚʘʣʠ ʪʨʫʜʥʦʩʪʴ ʟʘʜʘʯʠ ʢʘʢ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʦʪʨʘʞʘʶ-
ʱʫʶ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʟʘʜʘʯʝʡ ʠ ʪʝʤ, ʢʪʦ ʝʝ ʨʝʰʘʝʪ. ʋʨʦʚʝʥʴ ʪʨʫʜʥʦ-
ʩʪʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʟʘʜʘʯʠ, ʥʦ ʠ ʦʪ ʩʧʦʩʦʙʥʦʩʪʝʡ ʃʇʈ. ʀʩʩʣʝʜʦʚʘ-
ʥʠʷ ʚʝʜʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʨʫʜʥʦʩʪʠ, ʧʦʣʫʯʝʥ-
ʥʦʡ ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ [34]. 

ɺ ʨʘʙʦʪʝ [35] ɺ.ʄ. ɻʣʫʰʢʦʚ, ʛʦʚʦʨʷ ʦ ʧʦʥʷʪʠʠ çʩʣʦʞʥʦʡ ʟʘʜʘʯʠè, 
ʩʚʷʟʳʚʘʣ ʩ ʢʘʞʜʦʡ ʩʠʩʪʝʤʦʡ Sx ʚʝʣʠʯʠʥʫ ʌ(Sx) ʩʣʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 
ʵʪʦʡ ʩʠʩʪʝʤʦʡ ð ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʚʳʨʘʙʦʪʢʠ ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʠʩʪʝʤʦʡ ʟʘ ʬʠʢʩʠʨʦ-

ʚʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʇʦ 
ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ Sx ʫʚʝʣʠʯʠ-
ʚʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 
ʨʝʰʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʦʙʱʝʥʠʷ ʤʝʞ-
ʜʫ ʣʶʜʴʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʦʞʥʦʩʪʴ 
P(Sx) ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʨʘʩʪʝʪ 
ʙʳʩʪʨʝʝ, ʯʝʤ ʯʠʩʣʦ ʣʶʜʝʡ N(Sx) ʚ 
ʵʪʦʡ ʩʠʩʪʝʤʝ. ʈʘʩʩʤʦʪʨʠʤ ʨʠʩ 1.14: 
ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʬʠʢʩʠʨʫʝʪʩʷ ʯʠʩʣʦ 
ʣʶʜʝʡ ʚ ʟʘʤʢʥʫʪʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʝ. ʇʦ ʦʩʠ ʦʨʜʠʥʘʪ ð ʩʣʦʞ-
ʥʦʩʪʴ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝ-
ʤʦʡ. ʂʨʠʚʘʷ 3 ʧʦʢʘʟʳʚʘʝʪ ʨʦʩʪ 
ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝ-
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ʤʦʡ ʧʦ ʤʝʨʝ ʝʝ ʨʘʟʚʠʪʠʷ, ʧʨʷʤʘʷ 1 ʦʪʦʙʨʘʞʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪ-
ʚʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ ʨ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʝʥ ʨʝʰʠʪʴ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝ-
ʥʠ ʦʪʜʝʣʴʥʳʡ ʯʝʣʦʚʝʢ, ʧʨʷʤʘʷ 2 (P = ʨN) ð ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʳ ʨʝʰʠʪʴ ʚʩʝ ʯʣʝʥʳ ʩʠʩʪʝʤʳ Sx 
ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɼʦ ʧʨʦʭʦʞʜʝʥʠʷ 1-ʛʦ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʩʠʩʪʝʤʘ Sx ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʦʜʥʠʤ ʯʝʣʦʚʝ-
ʢʦʤ, ʘ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʯʝʨʝʟ 2-ʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʣʶʙʦʡ ʥʝʘʚ-
ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʥʝ ʵʬʬʝʢʪʠʚʝʥ. 

ʆʮʝʥʢʘʤ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [36 ð 46]. ʆʙʦʙʱʘʷ 
ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʙʦʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1) ʥʝʩʦʤʥʝʥʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʝʜʠʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʣʦʞʥʦʩʪʠ 
ʟʘʜʘʯʠ ʠ ʩʦʟʜʘʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʤʝʨʳ ʪʘʢʦʡ ʩʣʦʞʥʦʩʪʠ;  
2) ʧʦʥʷʪʠʝ ʩʣʦʞʥʦʩʪʠ ʤʥʦʛʦʘʩʧʝʢʪʥʦ, ʪ.ʝ. ʤʦʞʝʪ ʠʟʫʯʘʪʴʩʷ ʚ ʨʘʟʥʳʭ 
ʦʪʥʦʰʝʥʠʷʭ, ʧʨʠ ʵʪʦʤ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʫʜʝʣʷʝʪʩʷ ʥʝʦʧ-
ʨʘʚʜʘʥʥʦ ʤʘʣʦ ʚʥʠʤʘʥʠʷ; 
3) ʩʣʝʜʫʝʪ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ, ʢʘʢ ʛʣʘʚʥʳʭ, ʪʘʢʠʭ ʩʧʝʮʠʬʠʮʠ-
ʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʟʘʜʘʯ, ʢʘʢ çʩʦʩʪʘʚʥʦʡ ʭʘʨʘʢʪʝʨè ʠ çʤʥʦʛʦʦʙʨʘʟʠʝè. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʢʦʥʮʝʥʪʨʠʨʫʝʤ ʚʥʠʤʘʥʠʝ ʥʘ çʩʣʦʞʥʦʩʪʠè, ʧʦʣʘʛʘʷ, 
ʯʪʦ çʪʨʫʜʥʦʩʪʴè ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʤʝʪ ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʠ.  

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʟʘʜʘʯ ʚ [25] 
ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè. ʕʪʘ ʤʦʜʝʣʴ ʤʦʞʝʪ 
ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʩʪʝʤʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʟʘʜʘʯ (ʵʣʝʤʝʥʪʦʚ ʩʠʩ-
ʪʝʤʳ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.15, ʛʜʝ ʧʦʜʟʘʜʘʯʠ ʬʠʢʩʠʨʦʚʘʥʳ ʨʘʟʥʦʡ 
ʰʪʨʠʭʦʚʢʦʡ [4]. ʇʦʜʟʘʜʘʯʠ-ʵʣʝʤʝʥʪʳ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, 
ʟʘʰʫʤʣʝʥʥʦʩʪʠ, ʥʝʯʝʪʢʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʤʠ 
ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ. ɼʣʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʟʘʜʘʯʠ ʢʘʢ ʩʠʩʪʝʤʳ ʚ ʝʝ ʩʦʩʪʘʚʝ 
ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʫʤ ʜʚʝ ʧʦʜʟʘʜʘʯʠ, ʦʙʣʘʜʘʶʱʠʝ ʨʘʟʥʦʨʦʜʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ.  

ʀʩʭʦʜʥʫʶ ʟʘʜʘʯʫ  ʩ ʧʦʜʟʘʜʘʯʘʤʠ ʩʚʷʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʷ ʚʢʣʶʯʝʥʠʷ 
çʮʝʣʦʝ-ʯʘʩʪʴè, ʦʙʦʟʥʘʯʝʥʥʳʝ ʥʘ ʨʠʩ. 1.15 ʧʫʥʢʪʠʨʦʤ. ʆʥʠ ʟʘʜʘʶʪ ʩʦʩʪʘʚ 

ʟʘʜʘʯʠ-ʩʠʩʪʝʤʳ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʦʧʨʝ-
ʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʢʘʯʝ-
ʩʪʚʘ ʩʠʩʪʝʤʳ, ʪ.ʝ. ʝʝ ʵʤʝʨʜʞʝʥʪʥʳʭ 
ʩʚʦʡʩʪʚ. ʏʘʩʪʴ ʩʚʷʟʝʡ, ʤʝʞʜʫ ʧʦʜʟʘʜʘʯʘ-
ʤʠ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ ʤʝʞ-
ʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʟʘʜʘʚʘʷ ʧʦʨʷʜʦʢ ʥʘ ʧʨʠ-
ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ, ʚʨʝʤʝʥʥʦʡ ʠ ʜʨʫ-
ʛʠʭ ʰʢʘʣʘʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʦ ʧʦʣʥʦʪʝ 
ʩʚʷʟʝʡ ʥʝ ʨʝʰʝʥ [47], ʭʦʪʷ ʤʦʞʥʦ ʧʨʝʜ-
ʧʦʣʦʞʠʪʴ [48], ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʩ-
ʪʝʤʘ-ʟʘʜʘʯʘ ʥʝ ʨʘʩʧʘʣʘʩʴ ʥʘ ʯʘʩʪʠ, ʥʝʦʙ-
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ʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʚʳʰʝʥʠʝ ʩʠʣʳ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ ʥʘʜ ʤʦʱʥʦ-
ʩʪʴʶ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. ʀʟʤʝʨʝʥʠʷ 
ʩʠʣʳ ʩʚʷʟʝʡ ʪʨʫʜʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʠʭ ʣʠʰʴ ʢʦʩʚʝʥʥʦ. 

ɼʦ ʧʦʷʚʣʝʥʠʷ ʢʚʘʥʪʦʚʳʭ ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʪʝʦʨʠʡ, ʥʝʨʘʚʥʦʚʝʩʥʦʡ 
ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʬʨʘʢʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʫʯʥʳʝ  ʰʢʦʣʳ ʠʩʩʣʝ-
ʜʦʚʘʣʠ ʧʨʦʩʪʳʝ ʩʠʩʪʝʤʳ ʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʠʣʠ (ʠ) ʧʝʨʠʦʜʠʯʝʩʢʠʤ 
ʧʦʚʝʜʝʥʠʝʤ [49]. ʂʘʢ ʦʪʤʝʯʘʝʪ ɺ.ɹ. ʊʘʨʘʩʦʚ, ʤʝʪʦʜʦʣʦʛʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʥʘʫʢʠ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ: 1) ʧʨʝʜʤʝʪ ʥʘʫʢʠ ð 
ʦʙʱʠʝ (ʧʦʚʪʦʨʷʶʱʠʝʩʷ), ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʠ ʦʙʨʘʪʠʤʳʝ ʷʚʣʝʥʠʷ; 2) 
ʥʘʫʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʩʣʫʯʘʡʥʦʩʪʴ; 3) ʥʘʫʯ-
ʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ð ʵʪʦ ʦʙʲʷʩʥʝʥʠʝ ʩʚʦʡʩʪʚ ʮʝʣʦʛʦ ʠʟ ʩʚʦʡʩʪʚ ʯʘʩʪʝʡ; 4) 
ʦʙʱʝʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʦʣʞʥʳ ʚʳʨʘʞʘʪʴʩʷ ʢʘʢ ʪʦʯʥʦʝ, ʥʝʧʨʦʪʠʚʦʨʝ-
ʯʠʚʦʝ ʟʥʘʥʠʝ, ʦʧʠʩʳʚʘʷʩʴ ʩʪʨʦʛʠʤʠ ʣʦʛʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ.  

ʅʘ ʨʠʩ. 1.16 ʧʦʢʘʟʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʝʣʦʚʝʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘ-
ʜʘʯʝ, ʪʨʘʜʠʮʠʦʥʥʦʝ ʜʣʷ ʧʘʨʘʜʠʛʤ ʨʘʮʠʦʥʘʣʠʟʤʘ, ʜʝʪʝʨʤʠʥʠʟʤʘ ʠ ʨʝʜʫʢ-
ʮʠʦʥʠʟʤʘ. ɺ ʠʪʦʛʝ ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʚʦʜʠʣʘʩʴ ʢ 
ʚʚʝʜʝʥʠʶ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʦʢʘʟʳʚʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʧʦʣʫ-
ʯʠʪʴ ʠʛʨʦʚʫʶ ʟʘʜʘʯʫ ʢʘʢ ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʥʫʶ, ʦʛʨʘʥʠʯʝʥʥʫʶ ʤʦʜʝʣʴ 
ʨʝʘʣʴʥʦʩʪʠ. ʇʨʝʜʧʨʠʥʠʤʘʣʘʩʴ ʧʦʧʳʪʢʘ ʚʩʪʨʦʠʪʴ ʪʘʢʫʶ ʤʦʜʝʣʴ ʚ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʜʥʘʢʦ 
ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʯʝʣʦʚʝʢ-ʫʧʨʘʚʣʝʥʝʮ ʝʝ ʥʝ ʧʨʠ-
ʥʠʤʘʝʪ. ɺʩʝ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʘʫʯʥʘʷ ʰʢʦʣʘ, ʩʪʦʷʱʘʷ ʥʘ ʧʦʟʠʮʠʷʭ ʨʘʮʠʦ-
ʥʘʣʠʟʤʘ, çʚʳʨʝʟʘʝʪè ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʠʟ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʫʙʲʝʢʪʠʚʥʦʡ 
ʩʫʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʧʦʥʠʤʘʥʠʶ ʚ ʨʘʤʢʘʭ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝ-
ʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʚʝʜʫʝʤʦʛʦ ʫʯʘʩʪʥʠʢʘʤʠ ʜʘʥʥʦʡ ʰʢʦʣʳ.  

çɺʥʝʜʨʝʥʠʝè ʪʘʢʠʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʠʯʝʛʦ ʥʝ ʤʝʥʷʝʪ ʥʘ ʧʨʘʢ-
ʪʠʢʝ. ʃʇʈ ʧʦ-ʧʨʝʞʥʝʤʫ ʨʝʰʘʝʪ ʦʙʱʫʶ (ʮʝʣʫʶ) ʟʘʜʘʯʫ, ʩʦʜʝʨʞʘʱʫʶ 
ʙʦʣʴʰʝ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ çʥʝ ʚʧʠʩʳʚʘʝʪʩʷè ʚ 

ʝʛʦ ʪʚʦʨʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʉʘ-
ʤʳʡ ʙʦʣʴʰʦʡ ʥʝʜʦʩʪʘʪʦʢ 
ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʦʤ, 
ʯʪʦ ʦʥʠ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ [50]. 

ʇʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴ-
ʪʘʪʘʤʠ ʨʘʮʠʦʥʘʣʠʟʤʘ ʷʚʣʷ-
ʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʘʟʥʦʦʙʨʘ-
ʟʠʷ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʨʝʰʝʥʠʷ ʠʛʨʦʚʳʭ ʟʘʜʘʯ ʠ 
ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 
çʠʛʨʦʚʘʷ ʟʘʜʘʯʘ ð ʤʝʪʦʜʳ 
ʨʝʰʝʥʠʷè. 

 

 ʈʝʘʣʴʥʘʷ 
ʟʘʜʘʯʘ 

ʀʛʨʦʚʘʷ 
ʟʘʜʘʯʘ 

ʉʠʩʪʝʤʥʦʩʪʴ 
ʅʝʦʜʥʦʨʦʜʥʦʩʪ  ɹ

ʎʝʣʦʩʪʥʦʩʪʴ 
ʆʜʥʦʨʦʜʥʦʩʪʴ 
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ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʥʝʜʦʩʪʘʪʦʢ ʨʘʮʠʦʥʘʣʠʟʤʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʚʳʨʘʙʦ-
ʪʘʣ ʚ ʩʦʟʥʘʥʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ 
ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʝʨʥʫʶ ʩʪʝʨʝʦʪʠʧʥʫʶ ʩʭʝʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪ-
ʚʠʡ: ʩʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʡ ʟʘʜʘʯʠ ʢ ʠʛʨʦʚʦʡ ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʦʪʚʝʪʩʪ-
ʚʠʷ çʠʛʨʦʚʘʷ ʟʘʜʘʯʘ ï ʤʝʪʦʜʳè ʜʣʷ ʚʳʙʦʨʘ ʤʝʪʦʜʘ ð ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ 
ð ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʨʦʛʨʘʤʤʳ ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʥʘʥʠʝ ʯʝʣʦʚʝʢʘ, ʦʙʫʯʝʥʥʦʛʦ ʥʘ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʮʠʦ-
ʥʘʣʠʟʤʘ ʠ ʩʪʝʨʝʦʪʠʧʝ çʠʛʨʦʚʘʷ ʟʘʜʘʯʘ ð ʤʝʪʦʜʳè, ʧʝʨʝʩʪʘʝʪ ʚʦʩʧʨʠʥʠ-
ʤʘʪʴ ʩʤʳʩʣ ʧʦʥʷʪʠʷ çʨʝʘʣʴʥʘʷ ʟʘʜʘʯʘè, ʪʘʢ ʢʘʢ ʥʠ ʦʜʥʘ ʨʝʘʣʴʥʘʷ ʟʘʜʘʯʘ 
ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʘʨʘʜʠʛʤʫ ʦʧʳʪʘ ʨʘʮʠʦʥʘʣʠʟʤʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʦʧʳ-
ʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʮʝʜʝʥʪʦʚ çʟʘʜʘʯʘ ð ʤʝʪʦʜè. ʇʦʧʳʪʘʝʤʩʷ ʦʧʨʝʜʝ-
ʣʠʪʴ ʵʪʦʪ ʩʤʳʩʣ, ʠʜʷ ʦʪ ʩʪʝʨʝʦʪʠʧʘ ʥʘʫʯʥʦʛʦ ʤʳʰʣʝʥʠʷ ʢ ʨʝʘʣʴʥʦʡ ʞʠʟ-
ʥʠ: ʚʳʙʝʨʝʤ ʠʛʨʦʚʫʶ ʟʘʜʘʯʫ ʠ ʧʦʧʳʪʘʝʤʩʷ çʚʝʨʥʫʪʴè ʝʡ ʩʚʦʡʩʪʚʘ, ʫʪʨʘ-
ʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʮʠʦʥʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ çʨʝʘʣʴʥʘʷ ʟʘʜʘʯʘ 
Ÿ ʠʛʨʦʚʘʷ ʟʘʜʘʯʘè. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ ɿʂ (ʨʘʟʜ. 1.1.2).  

ɺ ʪʘʙʣ. 1.2 ʜʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʪʘʥʜʘʨʪʥʦʡ (ʢʣʘʩʩʠʯʝʩʢʦʡ) ʟʘʜʘʯʠ ʦ 
ʢʦʤʤʠʚʦʷʞʝʨʝ. ɺʚʝʜʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʠʷ ʯʝʨʝʟ ʢʦʣʠʯʝʩʪʚʦ 
ʦʙʲʝʢʪʦʚ (ʛʦʨʦʜʘ ʠ ʜʦʨʦʛʠ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 
çʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠé ʦʪéè ʠ ʪʦʣʴʢʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʝʨʝ-
ʤʝʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʩʚʝʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʠʩʪʝʤʳ ʢ ʨʝʙʝʨʥʦ-
ʚʟʚʝʰʝʥʥʦʤʫ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ ʛʨʘʬʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ 
ʥʘʡʜʝʥ ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ ʥʘʠʤʝʥʴʰʝʡ ʜʣʠʥʳ.  

 
ʊʘʙʣʠʮʘ 1.2 ð ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʄʦʜʝʣʴ 
ʆʨʠʛʠʥʘʣ ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʆʪʥʦʰʝʥʠʷ ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ 

ɻʦʨʦʜʘ ɺʝʨʰʠʥʳ ʛʨʘʬʘ (ʪʦʯ-
ʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ) 

çʅʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩ-
ʩʪʦʷʥʠʠé ʦʪéè ʂʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥ 

ɼʦʨʦʛʠ ʈʝʙʨʘ ʛʨʘʬʘ (ʦʪʨʝʟʢʠ 
ʣʠʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ) ð ʂʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ 
 

ɺ [51] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʘ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ɿʂ ð ʟʘʜʘʯʘ ʢʦʤʤʠ-
ʚʦʷʞʝʨʘ ʩ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ (ʨʘʟʜ. 1.2.5) ð ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʤʘʨʰʨʫʪʘ 
ʘʚʪʦʤʦʙʠʣʷ, ʨʘʟʚʦʟʷʱʝʛʦ ʟʘʢʘʟʳ ʧʦʪʨʝʙʠʪʝʣʷʤ. ɺʩʝ ʟʘʢʘʟʳ ʟʘʛʨʫʞʝʥʳ ʚ 
ʤʘʰʠʥʫ ʥʘ ʩʢʣʘʜʝ ð ʠʩʭʦʜʥʦʡ ʪʦʯʢʝ ʤʘʨʰʨʫʪʘ ð ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʪʨʝ-
ʙʠʪʝʣʷ ʟʘʜʘʥ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦ-
ʩʝʱʝʥ ʤʘʰʠʥʦʡ, ʟʘʜʘʥʳ ʤʘʪʨʠʮʳ ʨʘʩʩʪʦʷʥʠʡ ʠ ʚʨʝʤʝʥʠ ʧʨʦʝʟʜʘ ʤʝʞʜʫ 
ʧʦʪʨʝʙʠʪʝʣʷʤʠ. ɽʩʣʠ ʤʘʰʠʥʘ ʧʨʠʙʳʚʘʝʪ ʢ ʧʦʪʨʝʙʠʪʝʣʶ ʜʦ ʥʘʯʘʣʘ ʠʥ-
ʪʝʨʚʘʣʘ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʪʦ ʦʥʘ ʦʞʠʜʘʝʪ ʝʛʦ ʥʘʯʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʠ-
ʥʘʝʪʩʷ ʨʘʟʛʨʫʟʢʘ, ʘ ʝʩʣʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʤʘʨ-
ʰʨʫʪ ʣʠʙʦ ʩʯʠʪʘʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤ (ʟʘʜʘʯʘ ʩ ʞʝʩʪʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ 
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ʦʢʥʘʤʠ), ʣʠʙʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʰʪʨʘʬʫ ʟʘ ʦʧʦʟʜʘʥʠʝ (ʟʘʜʘʯʘ ʩ ʤʷʛʢʠʤʠ 
ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ). ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʘʨʰʨʫʪ ʧʦʩʝʱʝʥʠʷ ʧʦʪʨʝʙʠʪʝ-
ʣʝʡ, ʦʙʣʘʜʘʶʱʠʡ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʘʠʚʳʩʰʠʤ ʢʘʯʝʩʪʚʦʤ. 

ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʵʪʦʪ ʚʘʨʠʘʥʪ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ʩ ʂɿʂ (ʪʘʙʣ. 1.2), 
ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʦʙʘʚʠʣʠʩʴ ʜʚʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: 
çʚʨʝʤʷ ʧʨʦʝʟʜʘ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷʤʠè ʠ çʠʥʪʝʨʚʘʣ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ-
ʪʨʝʙʠʪʝʣʷè, ʧʨʠʯʝʤ ʛʨʘʬ ʤʦʜʝʣʠ ʩʪʘʣ ʚʝʨʰʠʥʥʦ- ʠ ʨʝʙʝʨʥʦʚʟʚʝʰʝʥʥʳʤ.  

ʄʦʛʫʪ ʙʳʪʴ ʠ ʜʨʫʛʠʝ ʧʦʩʪʘʥʦʚʢʠ ɿʂ. ʇʨʠ ʵʪʦʤ ʨʘʩʰʠʨʷʝʪʩʷ ʥʝ ʪʦʣʴ-
ʢʦ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʯʪʦ ʦʩʪʘʚʣʷʝʪ ʟʘʜʘʯʫ ʚ 
ʢʣʘʩʩʝ ʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ, ʥʦ ʠ ʚʚʦʜʷʪʩʷ ʥʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʠ ʧʝʨʝʤʝʥ-
ʥʳʝ ʠʟ ʢʣʘʩʩʦʚ: ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ, ʣʦʛʠʯʝʩʢʠʭ, ʥʝʯʝʪʢʠʭ ʠ ʜʨ. [4].  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʜʦʙʥʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʫʪʦʯʥʝʥʠʶ  
ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ: 1) ʩʤʝʱʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʰʢʘʣʝ 
ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪ ʠʛʨʦʚʳʭ, ʧʨʦʩʪʳʭ, ʦʜʥʦʨʦʜʥʳʭ ʢ ʨʝʘʣʴ-
ʥʳʤ, ʩʣʦʞʥʳʤ, ʥʝʦʜʥʦʨʦʜʥʳʤ ʟʘʜʘʯʘʤ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʫʭʦʜ ʦʪ ʢʣʘʩʩʠʯʝ-
ʩʢʦʡ ʠ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʨʝʘʣʴʥʦʡ ɿʂ; 2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ çʟʘʜʘʯ-
ʩʠʩʪʝʤè ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʦʜʥʦʨʦʜʥʳʭ ʧʦʜʟʘʜʘʯ, ʧʨʠʯʝʤ ʦʪʥʦʰʝ-
ʥʠʷ ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʠ ʟʘʜʘʯʘʤʠ ʠʟ ʨʘʟʥʳʭ 
ʦʙʣʘʩʪʝʡ; ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʘʩʪʝʡ, ʢʦʤʙʠʥʠʨʫʝʤʳʭ ʚ çʟʘʜʘ-
ʯʝ-ʩʠʩʪʝʤʝè, ð ʜʚʝ; 3) ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝ-
ʤʝʥʥʳʭ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʯʪʦʙʳ çʟʘʜʘʯʘ-ʩʠʩʪʝʤʘè ʤʦʛʣʘ ʩʯʠʪʘʪʴʩʷ 
ʨʝʰʝʥʥʦʡ ʧʦ ʤʝʨʝ ʠʥʪʝʛʨʘʮʠʠ ʦʙʣʘʩʪʝʡ; ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʠ ʩʣʦʞʥʦʩʪʴ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ. ɻʨʘʬʠʯʝʩʢʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.17.  

 
ʄʥʦʞʝʩʪʚʦ ʩʣʦʞʥʳʭ 
(ʧʨʘʢʪʠʯʝʩʢʠʭ) ʟʘʜʘʯ 

ʀʛʨʦʚʘʷ 
ʟʘʜʘʯʘ 

 .  .  . ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ 
ʀʥʪʝʛʨʘʮʠʷ 

ʈʠʩ. 1.17 ð ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʛʨʦʚʦʡ ʟʘʜʘʯʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝʤ 
ʦʙʣʘʩʪʝʡ ʧʦʜʟʘʜʘʯ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ  
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ʅʘ ʨʠʩ. 1.17 ʠʟʦʙʨʘʞʝʥ ʧʝʨʝʭʦʜ (çʩʧʨʘʚʘ ð ʥʘʣʝʚʦè) ʦʪ ʧʦʥʷʪʠʷ 
çʠʛʨʦʚʘʷ ʟʘʜʘʯʘè ʢ ʧʦʥʷʪʠʶ çʩʣʦʞʥʘʷ ʟʘʜʘʯʘè ʤʝʪʦʜʦʤ ʢʦʤʙʠʥʠʨʦʚʘ-
ʥʠʷ ʧʷʪʠ ʦʙʣʘʩʪʝʡ ʧʦʜʟʘʜʘʯ ʩ ʦʜʥʦʨʦʜʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʇʦʜʟʘʜʘʯʠ 
ʧʦʢʘʟʘʥʳ ʪʦʯʢʘʤʠ, ʘ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʚʥʫʪʨʠ ʦʙʣʘʩʪʝʡ ð ʣʠʥʠʷʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʤʥʦʛʦʦʙʨʘʟʠʝ ð ʤʥʦʞʝʩʪ-
ʚʦ ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʕʣʝʤʝʥʪʳ ʵʪʦʛʦ ʤʥʦʞʝʩʪʚʘ ʦʪʣʠʯʘʶʪʩʷ: 
1) ʢʦʣʠʯʝʩʪʚʦʤ ʦʜʥʦʨʦʜʥʳʭ ʦʙʣʘʩʪʝʡ, ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʚ ʟʘʜʘʯʝ-ʩʠʩʪʝʤʝ; 
2) ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʟʘʜʘʯ ʚ ʦʙʣʘʩʪʷʭ; 3) ʨʘʟʣʠʯʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʤʝʞ-
ʜʫ ʧʦʜʟʘʜʘʯʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʊʘʢʠʝ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʧʦʨʦʜʠʪʴ 
ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʤʦʜʝʣʝʡ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝ 
ð ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʭ ʩʨʘʚʥʝʥʠʝ ʩ ʧʨʘʢʪʠʢʦʡ.  

 
1.2.2. ʇʦʥʷʪʠʝ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ 

ʂ ʧʦʥʷʪʠʶ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʘʥʘʣʠʟ ʩʚʦʡʩʪʚ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʇʨʠʚʝʜʝʤ ʩʧʠʩʦʢ ʵʪʠʭ ʩʚʦʡʩʪʚ [25]. 

ʇʝʨʚʦʝ ð ʩʠʩʪʝʤʥʦʩʪʴ. ʉʣʦʞʥʳʝ ʟʘʜʘʯʠ ð ʟʘʜʘʯʠ-ʩʠʩʪʝʤʳ, ʘʢʮʝʥʪ 
ʚ ʭʦʜʝ ʠʭ ʨʝʰʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʩʤʝʱʝʥ ʥʘ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʟʘʜʘʯʠ.  

ɺʪʦʨʦʝ ð ʨʘʟʥʦʦʙʨʘʟʠʝ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʉʣʦʞʥʳʝ ʟʘʜʘʯʠ ð ʥʝʦʜ-
ʥʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ. ʅʘ ʤʥʦʞʝʩʪʚʝ ʧʦʜʟʘʜʘʯ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ, ʩʫ-
ʱʝʩʪʚʫʶʪ ʧʦʜʤʥʦʞʝʩʪʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʮʝʣʷʤʠ ʠ ʢʨʠʪʝʨʠʷ-
ʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʠ. ʊʘʢʦʝ ʨʘʟʥʦʦʙʨʘ-
ʟʠʝ ð ʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʟʥʘʥʠʡ ʠ ʥʘʣʠʯʠʷ ʤʥʦʞʝʩʪʚʘ 
ʧʘʨʘʜʠʛʤ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʶʪ ʚʘʞʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʥʝ ʩʫ-
ʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ, ʘ ʝʩʪʴ ʥʘʙʦʨ 
ʩʨʝʜʩʪʚ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʧʨʝʜʝʣʘʭ ʯʘʩʪʝʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ, 
ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ-ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʙʣʝʤʘ ʵʨʫʜʠʮʠʠ. ɼʣʷ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʠ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʣʘʜʝʪʴ ʦʜʥʠʤ ʤʝʪʦʜʦʤ 
(ʢʣʘʩʩʦʤ ʤʝʪʦʜʦʚ). ʅʝʦʙʭʦʜʠʤ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ 
ʠ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʜʠʩʮʠʧʣʠʥʘʭ, ʢʦʪʦʨʳʝ çʚʟʷʣʠ ʦʪʚʝʪʩʪ-
ʚʝʥʥʦʩʪʴè ʟʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʯʝʣʦʚʝʢʦʤ. 

ʊʨʝʪʴʝ ð ʜʠʥʘʤʠʯʥʦʩʪʴ. ʉʣʦʞʥʳʝ ʟʘʜʘʯʠ ʠʤʝʶʪ ʥʝʬʠʢʩʠʨʦʚʘʥʥʳʝ 
ʧʨʝʜʤʝʪʥʫʶ ʠ ʧʨʦʙʣʝʤʥʫʶ ʦʙʣʘʩʪʠ, ʠʟʤʝʥʷʶʱʠʝʩʷ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ 
ʩʦʩʪʘʚ ʧʦʜʤʥʦʞʝʩʪʚ ʟʘʜʘʯ-ʵʣʝʤʝʥʪʦʚ. ʅʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦ ʤʝʪʦʜʝ, ʥʘʚʩʝ-
ʛʜʘ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʠ ʧʨʠʤʝʥʷʝʤʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ.  

ʏʝʪʚʝʨʪʦʝ ð ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʩʠʪʫʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʘʥʘʣʠʟʘ ʨʠʩʢʘ ʧʦʩʣʝʜʩʪʚʠʡ. ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 
ʚʳʟʚʘʥʘ ʥʝʧʦʣʥʦʪʦʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʥʝʚʦʟʤʦʞ-
ʥʦʩʪʴʶ ʫʯʝʪʘ ʨʝʘʢʮʠʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʥʝʪʦʯʥʳʤ ʧʦʥʠʤʘʥʠʝʤ 
ʩʚʦʠʭ ʮʝʣʝʡ ʃʇʈ. ʉʧʦʩʦʙ ʩʥʷʪʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ð ʩʫʙʲʝʢʪʠʚʥʳʝ 
ʦʮʝʥʢʠ ʃʇʈ ʠ ʵʢʩʧʝʨʪʦʚ [52].  
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ʇʷʪʦʝ ð ʧʦʣʠʷʟʳʢʦʚʳʡ ʭʘʨʘʢʪʝʨ [4]. ʊʘʢ ʢʘʢ ʩʣʦʞʥʳʝ  ʟʘʜʘʯʠ ð ʟʘ-
ʜʘʯʠ-ʩʠʩʪʝʤʳ, ʪʦ ʠʭ ʨʝʰʝʥʠʷ ð ʩʠʩʪʝʤʘ ʨʝʰʝʥʠʡ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 
ʜʚʫʤʷ ʨʝʰʝʥʠʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʣʠʷʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʘ ʧʦʢʘ-
ʟʘʪʝʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷ-
ʥʠʝʤ ʥʘ ʥʝʛʦ ʠ ʜʨʫʛʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʩʣʦʞʥʳʭ ʟʘʜʘʯʘʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʜ-
ʥʦʛʦ ʵʢʩʧʝʨʪʘ, ʦʙʳʯʥʦ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ ʧʨʠʚʣʝʢʘʶʪʩʷ ʵʢʩʧʝʨʪʳ ʚ ʨʘʟʥʳʭ 
ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʷʭ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʷʟʳʢʠ.   

ʐʝʩʪʦʝ ð ʚʥʫʪʨʝʥʥʷʷ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜ-
ʥʦʩʪʠ. ʇʦ ʯʘʩʪʠʯʥʦʤʫ ʨʝʰʝʥʠʶ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ (ʨʝʰʝʥʠʶ ʧʦʜʟʘʜʘʯʠ) 
ʥʝ ʫʜʘʝʪʩʷ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʧʨʠʛʦʜʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʝʪ ʥʘʜʝʞʥʳʭ ʩʧʦ-
ʩʦʙʦʚ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʦʜʥʠʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ. 

ɸʥʘʣʠʟ ʩʚʦʡʩʪʚ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʨʘʢʪʠʢʠ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʘʞʥʦ ʧʦʣʫʯʠʪʴ ʦʮʝʥʢʫ ʩʣʦʞʥʦʩʪʠ ʠʭ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʨʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʤʦʜʝʣʷʤʠ). ʏʪʦʙʳ ʦʪʦ-
ʙʨʘʟʠʪʴ ʩʣʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʨʝʘʣʠʠ ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʯʝʨʝʟ 
çʧʨʠʟʤʫè ʨʘʟʥʦʦʙʨʘʟʠʷ, ʚ [4] ʙʳʣʠ ʚʚʝʜʝʥʳ ʜʚʝ ʤʦʜʝʣʠ: çʦʜʥʦʨʦʜʥʘʷ 
ʟʘʜʘʯʘè, çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè. ʆʜʥʦʨʦʜʥʳʝ ʟʘʜʘʯʠ ð ʟʘʜʘʯʠ, ʥʝ 
ʠʤʝʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʥʝ ʧʦʜʣʝʞʘʱʠʝ ʨʝʜʫʢʮʠʠ ʚ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 
ʩʦʜʝʨʞʘʪ ʤʠʥʠʤʫʤ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʩʧʝʮʠʬʠʮʠʨʫʶʪʩʷ ʦʜʥʠʤ ʤʝʪʦʜʦʤ 
ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤ (ʪʝʨʤʠʥ ʧʨʝʜʣʦʞʝʥ ʌ.ɽ. ʊʝʤ-
ʥʠʢʦʚʳʤ [53]). ʅʝʦʜʥʦʨʦʜʥʳʝ ʟʘʜʘʯʠ ð ʟʘʜʘʯʠ-ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 
ʦʜʥʦʨʦʜʥʳʭ ʧʦʜʟʘʜʘʯ, ʦʧʠʩʘʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʄʌʇʉ, ʦʙʣʘʜʘʶʱʠʝ 
ʩʚʦʡʩʪʚʦʤ ʵʤʝʨʜʞʝʥʪʥʦʩʪʠ, ʥʝʩʚʦʜʠʤʦʩʪʠ ʩʚʦʡʩʪʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘ-
ʯʠ ʢ ʩʫʤʤʝ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʧʦʜʟʘʜʘʯ. ɺ ʥʘʫʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝ-
ʥʠʷʭ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʄʌʇʉ [47]: 
- ʘʥʘʣʠʪʠʯʝʩʢʠʝ ð ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ 
Sx ʦʪʦʙʨʘʞʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʌ(Sx) ʚ ʪʦʯʢʫ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ, ʩʦʚʝʨʰʘʶʱʫʶ ʜʚʠʞʝʥʠʝ (ʨʠʩ. 1.18,ʘ). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠ, ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ, ʚʘʨʠʘʮʠʦʥʥʦʝ 
ʠʩʯʠʩʣʝʥʠʝ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʪ.ʧ. ʇʨʠʤʝ-
ʥʷʶʪʩʷ, ʝʩʣʠ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʠʤʳ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʚʝ-
ʣʠʯʠʥʘʤʠ, ʘ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ð ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ; 

- ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ð ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʤʝʨʥʦʡ ʩʠʩʪʝ-
ʤʳ Sx ʦʪʦʙʨʘʞʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʌ(Sx) ʚ çʨʘʟʤʳʪʫʶè ʪʦʯʢʫ (ʦʙʣʘʩʪʴ) 
ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʦʚʝʨʰʘʶʱʫʶ ʜʚʠʞʝʥʠʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʝʡ (ʨʠʩ. 1.18,ʙ). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦ-
ʩʪʝʡ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʪʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʪ.ʧ. 
ʆʥʠ ʨʘʩʰʠʨʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʥʝ ʪʨʝʙʫ-
ʶʪ ʚʳʷʚʣʷʪʴ ʚʩʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝ-
ʤʳ, ʟʘʤʝʥʷʷ ʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ 
ʤʝʪʦʜʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ 
ʚʳʙʦʨʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 



 

 34  

 
 
ʈʠʩ. 1.18 ð ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʟʘʜʘʯʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ  

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʩʪʝʤ: ʘ) ð ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ; ʙ) ð ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ; ʚ) ð ʣʦʛʠʯʝʩʢʠʤʠ; 
ʛ) ð ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ; ʜ) ð ʥʝʯʝʪʢʠʤʠ 
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- ʣʦʛʠʯʝʩʢʠʝ ð ʧʝʨʝʚʦʜʷʪ ʩʠʩʪʝʤʫ ʠ ʦʪʥʦʰʝʥʠʷ ʚ ʥʝʡ ʥʘ ʷʟʳʢ ʦʜʥʦʡ 
ʠʟ ʘʣʛʝʙʨ ʣʦʛʠʢʠ (ʩʤ. ʨʠʩ. 1.18,ʚ), ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʝʙʨʘʠ-
ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʚʳʨʘʞʝʥʠʷ ʟʘʢʦʥʦʚ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ. ʇʨʠʤʝʥʷ-
ʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʯ ʚ ʩʠʩʪʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨ ʦʪʥʦʰʝ-
ʥʠʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʘʥʘʣʠ-
ʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʪʨʫʜʥʝʥʳ; 
- ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ð ʦʪʦʙʨʘʞʘʶʪ ʩʠʩʪʝʤʫ Sx ʚ ʟʥʘʢʦʚʫʶ ʤʦʜʝʣʴ, ʢʘʢ 
ʧʦʢʘʟʘʥʦ ʥʘ  ʨʠʩ. 1.18,ʛ (ʦʢʨʫʞʥʦʩʪʴ ʩ ʪʨʝʤʷ ʟʥʘʢʘʤʠ, ʩʦʝʜʠʥʝʥʥʳʤʠ 
ʦʪʥʦʰʝʥʠʷʤʠ, ʛʜʝ ʢʘʞʜʳʡ ʟʥʘʢ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʩʝʢʪʦʨʘ, ʦʙʦʟʥʘʯʘʶʱʠʭ 
ʩʠʥʪʘʢʩʠʩ, ʩʝʤʘʥʪʠʢʫ ʠ ʧʨʘʛʤʘʪʠʢʫ) [25]. ʂ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 
ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʘʧʧʘʨʘ-
ʪʦʤ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʬʦʨʤʘʣʠʟʘʮʠʠ ʟʘʜʘʯ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʧʣʦʭʦ ʬʦʨ-
ʤʘʣʠʟʫʝʤʳʭ ʩʠʪʫʘʮʠʷʭ; 
- ʥʝʯʝʪʢʠʝ ð ʤʝʪʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʤʝʨʥʦʡ ʩʠʩʪʝʤʳ Sx 
ʦʪʦʙʨʘʞʘʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʌ(Sx) ʚ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 
ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.18,ʜ. ʅʝʯʝʪʢʦʝ ʤʥʦʞʝʩʪʚʦ A 
ð ʧʘʨʘ ʦʙʲʝʢʪʦʚ , AU m , ʛʜʝ U ð ʫʥʠʚʝʨʩʫʤ, mA ð ʬʫʥʢʮʠʷ ʧʨʠʥʘʜ-
ʣʝʞʥʦʩʪʠ, ʧʨʠʥʠʤʘʶʱʘʷ ʟʥʘʯʝʥʠʷ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʤʥʦʞʝʩʪʚʝ  
M = [0,1] (ʤʥʦʞʝʩʪʚʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ). ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ 
ʩʠʩʪʝʤʳ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʫʧʨʦʱʘʶʪ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʟʘʜʘʯ, ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʭʦ ʬʦʨʤʘ-
ʣʠʟʦʚʘʥʥʳʭ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʦʪʩʫʪʩʪʚʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ 
ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʜʘʯ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʳʤʠ 
ʟʘʜʘʯʘʤʠ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʟʘʜʘʯʠ, ʘ ʩʣʦʞʥʳʤʠ ð ʥʝʦʜʥʦ-
ʨʦʜʥʳʝ ʟʘʜʘʯʠ-ʩʠʩʪʝʤʳ, ʵʣʝʤʝʥʪʳ-ʧʦʜʟʘʜʘʯʠ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ 
ʨʘʟʣʠʯʥʳʤʠ ʄʌʇʉ.  

 
1.2.3. ʄʝʨʘ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ 

ʀʟʤʝʨʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʠʟʤʝʨʝʥʠʝʤ ʢʦʣʠʯʝ-
ʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. ʀʟʚʝʩʪʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [54 ð 65] ʧʦ 
ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ, ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʠʭ 
ʦʩʥʦʚʝ ɺ.ʀ. ʅʠʢʦʣʘʝʚ [48] ʚʚʦʜʠʪ ʜʣʷ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘ-
ʯʠ ʧʦʢʘʟʘʪʝʣʴ: 

 

 0 11*
0 0 0 1 1 1 1

1 ( ),p lbb bb
p p p l l

p

ʉ C a I a I a I a I
P

+
+ += + + + +  

 



 

 36 

ʛʜʝ pP ð ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ; ( )0 ln ( ! 1) !C k l k l= - + ,  
k ð ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʨʝʰʝʥʠʷ, l ð ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ (ʕɺʄ), ʢʦʪʦ-
ʨʳʝ ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; a ʠ b ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʯʝ-
ʪʘ ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 0 1,  ,  pI I I  ð ʠʥʬʦʨʤʘ-
ʮʠʷ, ʫʯʘʩʪʚʫʶʱʘʷ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ; 1lI +  ð ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ɺ ʨʘʙʦʪʝ [66] ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʝʦʧ-
ʨʝʜʝʣʝʥʥʦʩʪʠ ʠʭ ʬʦʨʤʫʣʠʨʦʚʢʠ: ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ-
ʩʪʨʫʢʪʫʨʥʘʷ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʧʦ ʩʪʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʦʨʠʛʠʥʘʣʘ, ʧʦ 
ʦʨʠʛʠʥʘʣʫ (ʧʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʦʨʠʛʠʥʘʣʘ ʠ ʝʛʦ ʩʨʝʜʳ), ʧʦ ʮʝʣʷʤ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ. ɽʱʝ ʦʜʥʘ ʤʝʨʘ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ð ʦʙʲʝʤ ʧʦʠʩʢʘ, ʢʦʪʦʨʳʡ 
ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʜʣʷ ʠʭ ʨʝʰʝʥʠʷ.  

ʆʧʨʝʜʝʣʷʷ ʤʝʨʫ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ, ʋ.ʕʰʙʠ ʠʩʭʦʜʠʣ ʠʟ ʧʦʥʷ-
ʪʠʷ çʨʘʟʥʦʦʙʨʘʟʠʝè [56], ʫʧʦʪʨʝʙʣʷʷ ʝʛʦ ʚ ʜʚʫʭ ʩʤʳʩʣʘʭ: 1) ʢʦʣʠʯʝʩʪʚʦ 
ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; 2) ʣʦʛʘʨʠʬʤ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦ ʦʩʥʦʚʘʥʠʶ ʜʚʘ.  

ʇʦʩʢʦʣʴʢʫ ʙʘʟʠʩʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ çʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè ʠ 
çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè ʚʳʙʨʘʥ ʝʩʪʝʩʪʚʝʥʥʳʡ ʷʟʳʢ, ʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʙʳʣʠ ʩʚʝʜʝʥʳ ʢ ʨʘʟʥʦʦʙʨʘʟʠʶ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʚʫʭ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ: ʧʝʨʝʤʝʥʥʦʡ ʠ ʦʪʥʦʰʝʥʠʷ (ʨʘʟʜ. 1.2.4). ʉʦ-
ʩʪʘʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʝʨʝʯʥʠ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ (ʪʘʙʣ. 1.3), ʢʦʪʦ-
ʨʳʤʠ ʦʧʝʨʠʨʫʝʪ ʥʘʫʢʘ [4], ʠ ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʵʪʠ ʧʝ-
ʨʝʤʝʥʥʳʝ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1.19. ʅʘ 
ʥʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ G = <VT, RT>, ʛʜʝ ʚʝʨʰʠʥʳ VT 
ð ʢʣʘʩʩʳ ʧʝʨʝʤʝʥʥʳʭ ʠʟ ʪʘʙʣ. 1.3, ʘ ʜʫʛʠ RT ð ʢʣʘʩʩʳ ʦʪʥʦʰʝʥʠʡ ʤʝ-
ʞʜʫ ʧʝʨʝʤʝʥʥʳʤʠ. ʂʣʘʩʩ ʦʪʥʦʰʝʥʠʷ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʢʣʘʩʩʘʤ ʧʝ-
ʨʝʤʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʦʥʦ ʩʚʷʟʳʚʘʝʪ, ʥʘʧʨʠʤʝʨ: çɼʇ ð ɼʇè, çɼʇ ð ʉʇè 
ʠʣʠ çʉʇ ð ɼʇè. ʆʪʥʦʰʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʙʫʜʝʤ ʥʘʟʳ-
ʚʘʪʴ ʦʜʥʦʨʦʜʥʳʤʠ (ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʪʣʷʤʠ ʥʘ ʛʨʘʬʝ G), ʚ ʧʨʦʪʠʚʥʦʤ 
ʩʣʫʯʘʝ ð ʨʘʟʥʦʨʦʜʥʳʤʠ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ð ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 
ʧʨʠʯʠʥʘ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ [25]. ɺʚʦʜʠʤʘʷ ʥʠʞʝ 
ʤʝʨʘ ʥʘʟʚʘʥʘ ʤʝʨʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʠ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 
ʜʚʘ ʧʦʢʘʟʘʪʝʣʷ: 1) ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ ʚ ʤʦʜʝʣʠ ʟʘʜʘʯʠ; 2) 
ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ.  

ʇʨʝʜʩʪʘʚʠʤ ʤʝʨʫ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ, ʠ ʢʣʘʩ-
ʩʠʬʠʮʠʨʫʝʤ ʟʘʜʘʯʠ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʪʦʙʨʘʟʠʚ ʤʥʦʞʝʩʪʚʦ 
ʢʦʤʙʠʥʘʮʠʡ ʪʠʧʦʚ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ʥʘ 
ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ.  
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ʊʘʙʣʠʮʘ 1.3 ð ʂʣʘʩʩʳ ʧʝʨʝʤʝʥʥʳʭ 
ˉ 
ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʢʣʘʩʩʘ ʧʝʨʝʤʝʥʥʳʭ ʄʝʪʦʜʳ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ 

1 ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʝʨʝʤʝʥ-
ʥʳʝ (ɼʇ) 

ʄʝʪʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠ 
ʄʝʪʦʜʳ ʧʦʠʩʢʘ ʵʢʩʪʨʝʤʫʤʦʚ ʬʫʥʢʮʠʡ 
ʄʝʪʦʜʳ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 
ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  

2 ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ 
(ʉʇ) 

ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ 
ʊʝʦʨʠʷ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

3 ʃʦʛʠʯʝʩʢʠʝ ʠʣʠ ʧʨʦʧʦʟʠʮʠʦ-
ʥʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (ʃʇ) 

ʄʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ 
ʄʝʪʦʜʳ ʜʠʩʢʨʝʪʥʦʡ ʤʘʪʝʤʘʪʠʢʠ 

4 ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʥʝʯʝʪʢʠʝ 
ʧʝʨʝʤʝʥʥʳʝ (ʃʅʇ) 

ʊʝʦʨʠʷ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ 
ʄʝʪʦʜʳ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

5 
ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʯʝʪʢʠʝ ʠʣʠ 
ʩʠʤʚʦʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ 
(ʃʏʇ) 

ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʬʦʨʤʘʣʴʥʳʭ ʷʟʳʢʦʚ ʠ ʘʚʪʦʤʘʪʦʚ 
ʄʝʪʦʜʳ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʄʝʪʦʜʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʦʙʨʘʟʮʦʤ 

6 ʅʝʠʟʚʝʩʪʥʳʝ ʥʘʫʢʝ ʧʝʨʝʤʝʥ-
ʥʳʝ (ʅʅʇ) ɹʫʜʫʱʠʝ ʥʘʫʯʥʳʝ ʤʝʪʦʜʳ 
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ʆʙʦʟʥʘʯʠʤ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ (ʪʘʙʣ. 1.3), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 
ʤʦʜʝʣʠ ʟʘʜʘʯʠ, ʢʘʢ x XÍ , ʘ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ð 
y YÍ . ʀ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʨʘʟʥʦ-

ʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ð ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ. ʏʠʩʣʦ ʢʣʘʩʩʦʚ ʧʝ-
ʨʝʤʝʥʥʳʭ ʦʛʨʘʥʠʯʠʤ ʧʷʪʴʶ, ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʚ ʪʘʙʣ. 1.3. ɽʩʣʠ ʨʘʟʥʦ-
ʨʦʜʥʳʝ (ʪ.ʝ. ʩʚʷʟʳʚʘʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ) ʦʪʥʦʰʝʥʠʷ ʦʪ-
ʩʫʪʩʪʚʫʶʪ ʚ ʤʦʜʝʣʠ, ʯʠʩʣʦ ʠʭ ʢʣʘʩʩʦʚ ʨʘʚʥʦ ʥʫʣʶ, ʪ.ʝ.  X Ì } , 

{0}Y Ì Ç} . ʂʨʦʤʝ ʪʦʛʦ, ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ ʯʠʩʣʘ ʢʣʘʩʩʦʚ ʨʘʟ-
ʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ y ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ x, ʠʩʧʦʣʴ-
ʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠ. ʇʫʩʪʴ Gô = <VTô, RTô> ð ʧʦʜʛʨʘʬ ʛʨʘʬʘ G ʢʣʘʩʩʦʚ 
ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʝʣʠ 
ʟʘʜʘʯʠ, ʛʜʝ ʚʝʨʰʠʥʳ VTô ð ʢʣʘʩʩʳ ʧʝʨʝʤʝʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʦʜʝ-
ʣʠ, x = |VTô|, ʘ ʜʫʛʠ RTô ð ʢʣʘʩʩʳ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, y = |RTô|. 
ʀʩʩʣʝʜʫʝʤ ʥʘ ʛʨʘʬʝ Gô ʜʚʘ ʩʣʫʯʘʷ.  

ʉʣʫʯʘʡ 1. ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʜʫʛ ʥʘ ʛʨʘʬʝ Gô ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ 
ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ ʩʚʷʟʘʥʘ ʜʫʛʦʡ ʩ ʢʘʞʜʦʡ ʜʨʫʛʦʡ ʚʝʨʰʠʥʦʡ, ʪ.ʝ. ʛʨʘʬ ð 
ʧʦʣʥʳʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʤ ʜʦʣʞʥʳ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʧʝʪʣʠ, ʪʘʢ ʢʘʢ ʦʥʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʜʥʦʨʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷ (ʪ.ʝ. ʩʚʷʟʳʚʘʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ 
ʦʜʥʦʛʦ ʢʣʘʩʩʘ). ʏʠʩʣʦ ʜʫʛ ʪʘʢʦʛʦ ʛʨʘʬʘ |RTô|, ʪ.ʝ. ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-
ʥʦʝ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ymax, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟ-
ʤʝʱʝʥʠʝ ʙʝʟ ʧʦʚʪʦʨʝʥʠʡ ʠʟ x ʵʣʝʤʝʥʪʦʚ ʧʦ 2:  

 

 ! ,  2
( 2)!max

xy x
x

=
-

K . (1.8) 

 
ʉʣʫʯʘʡ 2. ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʜʫʛ ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʛʨʘʬ Gô ð ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʥʦʝ ʢʦʨʥʝʚʦʝ ʜʝʨʝʚʦ. ʃʶʙʘʷ ʚʝʨʰʠʥʘ ʜʦʩʪʠʞʠʤʘ ʠʟ ʢʦʨʥʷ, 
ʣʠʙʦ ʢʦʨʝʥʴ ʜʦʩʪʠʞʠʤ ʠʟ ʣʶʙʦʡ ʚʝʨʰʠʥʳ. ɺ ʢʦʨʝʥʴ ʥʝ ʟʘʭʦʜʠʪ ʣʠʙʦ ʥʝ 
ʚʳʭʦʜʠʪ ʥʠ ʦʜʥʘ ʜʫʛʘ. ʏʠʩʣʦ ʜʫʛ ʪʘʢʦʛʦ ʛʨʘʬʘ |RTô|, ʪ.ʝ. ʤʠʥʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ ymin: 

 
 1miny x= - . (1.9) 

 
ɽʩʣʠ ʚ ʤʦʜʝʣʠ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʢʣʘʩʩ ʧʝʨʝʤʝʥʥʳʭ (x = 1), 

ʪʦ ʩʦʛʣʘʩʥʦ (1.8) ʟʥʘʯʝʥʠʝ ymax ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʤʦʜʝʣʠ, 
ʛʜʝ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦ-
ʰʝʥʠʡ, ʪ.ʝ.  ymax = ymin = 0.  

ʆʧʨʝʜʝʣʠʤ ʩʦʦʪʚʝʪʩʪʚʠʝ V ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʚʝʢʪʦʨʦʚ (x, y), ʪ.ʝ. ʜʦʧʫʩ-
ʪʠʤʳʭ ʚ ʤʦʜʝʣʠ ʟʘʜʘʯʠ ʧʘʨ (çʯʠʩʣʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭè, çʯʠʩʣʦ ʢʣʘʩ-
ʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡè): 
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 ( ) ( ){ }!, ,  2,  {0},  1 1,  0 .
( 2)!

xV x y x x y x y
x

ë ûî î= Í Í Ç - Çì ü
-î îí ý

} }K J J  (1.10) 

 
ɺʝʢʪʦʨ (1, 0) ʚ (1.10) ʦʙʦʟʥʘʯʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ ʤʦʜʝʣʠ ʟʘʜʘʯʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʢʣʘʩʩ ʧʝʨʝʤʝʥʥʳʭ ʠ ymax ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ɺʝʢʪʦʨ  
 

 ( ),v x y v V X Y= Í Ë Ã  (1.11) 
 
ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ (ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ) ʠ 
ʥʘʟʦʚʝʤ ʤʝʨʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʟʘʜʘʯ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʚʝʜʝʤ ʤʝʪʨʠʢʫ p 
ʤʥʦʞʝʩʪʚʘ V ʢʘʢ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ. ʊʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʝʢʪʦ-
ʨʘʤʠ v1 ʠ v2, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʜʚʝ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ: 

 
 2 2

1 2 2 1 2 1( , ) ( ) ( )p v v x x y y= - + - . (1.12) 
 
ɺʚʝʜʝʥʠʝ ʤʝʪʨʠʢʠ (1.12) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʟʘ-

ʜʘʯ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ ʦʪʦʙʨʘʞʝʥʠʝ H 
ʤʥʦʞʝʩʪʚʘ ʚʝʢʪʦʨʦʚ V (1.10) ʥʘ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ ʟʘʜʘʯ Z = {çʧʨʦ-
ʩʪʳʝè, çʩʣʦʞʥʳʝè}. ʄʦʜʝʣʠ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʦʜʥʦʨʦʜʥʳ, ʪ.ʝ. ʠʩʧʦʣʴʟʫʶʪ 
ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʧʝʨʝʤʝʥʥʳʭ. ʄʦʜʝʣʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʥʝʦʜʥʦʨʦʜ-
ʥʳ ʠ ʩʦʜʝʨʞʘʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ 
ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʛʣʷʜʠʪ ʪʘʢ:  

 
 :  ;h V Z­  

 ( )( ) ( ) ( )
( )

ʝʩʣʠ , 1;0 ,  ʪʦ çʧʨʦʩʪʘʷè,, , ʝʩʣʠ , ,  2,  ʪʦ çʩʣʦʞʥʘʷè 
x y zH x y z x y V x z

ë û= == ì üÍ =í ýK . (1.13) 

 
ɻʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʞʝʥʠʝ H ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.20. ʆʩʴ ʘʙʩʮʠʩʩ 

ð ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ, ʦʩʴ ʦʨʜʠʥʘʪ ð ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʨʘʟ-
ʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʕʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚʘ V (1.10) ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʯ-
ʢʘʤʠ. ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ ʤʥʦʞʝʩʪʚʘ V ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʤʠ, ʠʥ-
ʪʝʨʧʦʣʠʨʫʶʱʠʤʠ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ymax (1.8) ʠ ymin (1.9), ʩʦʦʪʚʝʪʩʪʚʝʥ-
ʥʦ. ʆʪʦʙʨʘʞʝʥʠʝ H ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʯʢʘʤʠ ʥʘ ʧʣʦʩʢʦʩʪʠ (X, Y), ʘ ʪʨʝʪʴʝ 
ʠʟʤʝʨʝʥʠʝ Z ð ʬʠʛʫʨʥʳʤʠ ʩʢʦʙʢʘʤʠ ʧʦʜ ʦʩʴʶ OX . ʆʥʦ ʜʝʣʠʪ ʚʝʨʪʠ-
ʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ ʪʦʯʢʠ ʥʘ ʧʣʦʩʢʦʩʪʠ (X, Y) ʥʘ ʜʚʝ ʦʙʣʘʩʪʠ: ʧʨʦʩʪʳʭ ʠ 
ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ʆʙʣʘʩʪʴ ʧʨʦʩʪʳʭ ʟʘʜʘʯ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʦʜʠʥ ʚʝʢʪʦʨ ð 
ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ, (1; 0), ʘ ʦʙʣʘʩʪʴ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ð ʚʩʝ ʚʝʢʪʦʨʳ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʝ ʯʝʨʥʳʤʠ ʪʦʯʢʘʤʠ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʪʘʙʣ. 1.3 ʙʳʣʦ ʨʘʩʩʤʦʪ-
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ʨʝʥʦ ʧʷʪʴ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥ-
ʥʳʭ, ʦʙʣʘʩʪʴ ʩʣʦʞʥʳʭ ʟʘʜʘʯ 
ʦʛʨʘʥʠʯʝʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ 
ʧʨʷʤʦʡ x = 5.  

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʨʠʩ. 
1.20 ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʨʦʠʩʭʦ-
ʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʣʦʞʥʦʩʪʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯʠ ʟʘ ʩʯʝʪ 
ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʢʣʘʩʩʦʚ 
ʧʝʨʝʤʝʥʥʳʭ ʠ ʨʘʟʥʦʨʦʜʥʳʭ 
ʦʪʥʦʰʝʥʠʡ. ʇʨʠ ʜʚʠʞʝʥʠʠ 
ʩʥʠʟʫ ʚʚʝʨʭ ʟʘʜʘʯʘ ʪʘʢʞʝ ʫʩ-
ʣʦʞʥʷʝʪʩʷ, ʥʦ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝ-
ʥʠʷ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜ-
ʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʧʝʨʝ-
ʤʝʥʥʳʤʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʢʣʘʩʩʦʚ.  

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠ-
ʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ ʠ 
ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, 
ʥʫʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʝʜʤʝʪ-
ʥʫʶ ʦʙʣʘʩʪʴ ʠ ʧʦʩʪʨʦʠʪʴ ʤʦ-
ʜʝʣʴ ʟʘʜʘʯʠ. ɺ ʨʘʟʜ. 1.2.4 ʨʘʩ-
ʩʤʦʪʨʝʥ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ 
ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʝʜʤʝʪʥʦʡ 
ʦʙʣʘʩʪʠ ð ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ð, ʘ ʪʘʢʞʝ  ʷʟʳʢ, ʢʦʪʦʨʳʤ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴ-
ʥʳʝ ʤʦʜʝʣʠ ʟʘʜʘʯʠ.  

 
1.2.4. ʗʟʳʢ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʨʘʢʪʠʢʘ ʨʘʙʦʪʳ ʩ ʷʟʳʢʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʝʭ-
ʥʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʙʠʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ 
[4] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠʭ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ: 1) 
ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʩʪʴ ð ʦʪʩʫʪʩʪʚʠʝ ʫʢʘʟʘʥʠʷ, ʢ ʢʘʢʦʡ ʣʝʢʩʠʯʝʩʢʦʡ 
ʛʨʫʧʧʝ ʦʪʥʦʩʠʪʩʷ ʩʣʦʚʦ, ʠ ʧʨʝʩʫʧʧʦʟʠʮʠʷ ð ʩʤʳʩʣ ʪʝʢʩʪʘ ð ʥʝʩʦʚʦ-
ʢʫʧʥʦʩʪʴ ʩʤʳʩʣʦʚ ʦʙʨʘʟʫʶʱʠʭ ʝʛʦ ʧʨʝʜʣʦʞʝʥʠʡ; 2) ʥʝʩʠʩʪʝʤʘʪʠʟʠʨʦ-
ʚʘʥʥʦʩʪʴ ʟʥʘʥʠʡ ʠ ʟʘʧʫʪʘʥʥʦʩʪʴ ʠʭ ʩʚʷʟʝʡ ʚ ʧʨʝʜʝʣʘʭ ʥʦʩʠʪʝʣʝʡ (ʜʣʠʥ-
ʥʳʡ ʢʦʥʪʝʢʩʪ); 3) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʳʨʘʟʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 
ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʘʙʩʪʨʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʜʨʫʛ ʙʝʟ ʜʨʫʛʘ ʪʨʫʜʥʦʧʦʥʠʤʘʝʤʳ 
(ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ); 4) ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʪʝʨʤʠʥʦʣʦʛʠʠ; 5) ʤʥʦʛʦʯʠʩʣʝʥ-
ʥʳʝ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʩʦʢʨʘʱʝʥʠʷ, ʣʝʢʩʠʢʘ, ʧʦʥʠʤʘʝʤʘʷ ʪʦʣʴʢʦ ʚ 
ʫʟʢʦʤ ʢʨʫʛʫ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

 
 

ʈʠʩ. 1.20 ð ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ  
ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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 ɿʘʜʘʯʘ, ʚʳʨʘʞʝʥʥʘʷ ʥʘ ʗʇɼ, ʠ ʤʘʰʠʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ð ʜʚʘ ʧʦʣʶʩʘ 
ʰʢʘʣʳ çʦʨʠʛʠʥʘʣ-ʧʨʦʛʨʘʤʤʘè, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠ ʤʦʜʝʣʠ, 
ʟʘʥʠʤʘʶʱʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ çʧʨʦʤʝʞʫʪʦʯ-
ʥʳʭè ʤʦʜʝʣʝʡ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘ-
ʮʠʠ ʥʘ ʗʇɼ ʚ ʠʥʬʦʨʤʘʮʠʶ, çʧʦʥʷʪʥʫʶè ʕɺʄ. ʇʦʵʪʦʤʫ ʤʝʪʦʜʦʣʦʛʠʷ 
ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ, ʠʪʝʨʘʮʠʦʥʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʷʟʳʢʘʭ, ʩʚʦʙʦʜʥʳʭ ʦʪ ʥʝʜʦʩʪʘʪʢʦʚ 
ʗʇɼ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʷʟʳʢʦʚ ð ʷʟʳʢ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ.  

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ð ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʦʩʪʦʷʱʘʷ 
ʠʟ ʧʝʨʝʯʥʷ ʧʦʥʷʪʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʧʠʩʘʥʠʷ ʦʙʣʘʩʪʠ, ʩʚʦʡʩʪʚ, ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʥʷʪʠʡ ʧʦ ʪʠʧʘʤ, ʩʠʪʫʘʮʠʷʤ, ʧʨʠʟʥʘʢʘʤ ʚ 
ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ ʟʘʢʦʥʦʚ ʧʨʦʪʝʢʘʥʠʷ ʚ ʥʝʡ ʧʨʦʮʝʩʩʦʚ [67, 68].  

ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʢʘʢ ʩʦʚʦ-
ʢʫʧʥʦʩʪʴ ʦʙʲʝʢʪʦʚ (ʩʫʱʥʦʩʪʝʡ), ʩʚʷʟʝʡ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, 
ʘ ʪʘʢʞʝ ʧʨʦʮʝʜʫʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ. ʉ 
ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʥʝʩʝʥʠʝ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʫʙʲʝʢ-
ʪʠʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘ ð ʵʚʨʠʩʪʠʢ, ʩʧʝʮʠʬʠʮʠʨʫʶʱʠʭ 
ʧʦʥʷʪʠʷ ʨʝʩʫʨʩʘ, ʩʚʦʡʩʪʚʘ, ʜʝʡʩʪʚʠʷ, ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʤʝ-
ʪʦʜʘ, ʤʦʜʝʣʠ, ʘʣʛʦʨʠʪʤʘ, ʧʨʦʛʨʘʤʤʳ ʠ ʨʘʩʢʨʳʚʘʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ 
ʩʚʷʟʘʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʄʠʨ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʥʦʦʙʨʘʟʝʥ ð ʪʝʤʘʪʠʢʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 
ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʥʦʛʠʭ ʫʯʝʥʳʭ [69 ð 72]. 

ʈʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 
ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ, ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʮʝʥʘʨʠʠ ʠ ʬʨʝʡʤʳ. 
ʂ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʛʨʘ-
ʬʳ, ʢʘʪʝʛʦʨʠʘʣʴʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʜʨ.  

ʇʦʩʪʨʦʝʥʠʝ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʧʠʩʘʥʠʠ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʘ ʧʨʠʧʠʩʳʚʘʥʠʝ 
ʟʥʘʯʝʥʠʡ ʧʝʨʚʠʯʥʳʤ ʧʦʥʷʪʠʷʤ ʪʝʦʨʠʠ ʥʘʟʳʚʘʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʪʝʦ-
ʨʠʠ. ɽʩʣʠ ʵʪʠ ʟʥʘʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʘʢʩʠʦʤʘʤ, ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ ʤʦ-
ʜʝʣʴʶ ʪʝʦʨʠʠ. ʇʝʨʝʥʦʩ ʪʝʦʨʝʤ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘ ʠʥʪʝʨʧʨʝʪʠ-
ʨʫʝʤʫʶ ʧʨʝʜʤʝʪʥʫʶ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʠ ʦʙʦʛʘʱʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʪʝʦ-
ʨʠʠ. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʧʦʢʘʟʘʥʘ ɻʸʜʝʣʝʤ, ʜʦ-
ʢʘʟʘʚʰʠʤ, ʯʪʦ ʚʩʷʢʘʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʛʘʪʘʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ, ʬʦʨʤʘʣʴ-
ʥʘʷ ʩʠʩʪʝʤʘ ʥʝʧʦʣʥʘ [73]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʷ ʦʩʥʦʚʳʚʘ-
ʝʪʩʷ ʥʘ ʦʧʠʩʘʥʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʥʝʬʦʨʤʘʣʴʥʦʡ (ʩʦʜʝʨʞʘ-
ʪʝʣʴʥʦʡ) ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ Te  [70]: 
 
 , , ,TH TO A BTTe Te Te Te Te= , (1.14) 
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ʛʜʝ THTe , TOTe  ð ʥʝʦʧʨʝʜʝʣʷʝʤʳʝ ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʪʝʨʤʠʥʳ ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ; ATe  ð ʘʢʩʠʦʤʳ; BTTe  ð  ʚʳʩʢʘʟʳʚʘʥʠʷ-ʪʝʦʨʝʤʳ, ʚʳʚʦʜʠʤʳʝ ʠʟ 

ATe  ʧʦ ʥʝʢʦʪʦʨʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʣʦʛʠʯʝʩʢʠʤ ʧʨʘʚʠʣʘʤ.  
ʋʧʦʨʷʜʦʯʝʥʥʘʷ ʧʘʨʘ ,TH ATe Te  ð ʬʦʨʤʫʣʠʨʦʚʢʘ ʪʝʦʨʠʠ, ʢʦʪʦʨʘʷ 

ʩʦʚʤʝʩʪʥʦ ʩ BTTe  ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ. ɺ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ 
ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʥʷʪʠʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ 
ʩ ʧʦʤʦʱʴʶ ʥʝʬʦʨʤʘʣʴʥʳʭ ʘʢʩʠʦʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ, ʬʦʨʤʫʣʠʨʦʚʢʠ ʢʦ-
ʪʦʨʳʭ ʥʘʟʳʚʘʶʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʝʦʨʠʠ  
(1.14) ʦʧʨʝʜʝʣʠʤ THTe , TOTe , ʪ.ʝ. ʝʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʝ ʷʜʨʦ.  

ʆʧʠʩʘʥʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʛʦ ʷʜʨʘ ʪʝʦʨʠʠ Te. ʆʜʠʥ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 
ʪʝʦʨʠʠ ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥ ɸ.ʀ. ʋʝʤʦʚʳʤ [74], ʧʨʝʜ-
ʣʦʞʠʚʰʠʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʘ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʷʟʳʢʘ ʘʥʘʣʠʟʘ ʠ 
ʩʠʥʪʝʟʘ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ ʪʨʠʘʜʫ ʢʘʪʝʛʦʨʠʡ çʚʝʱʴ ð ʩʚʦʡʩʪʚʦ ð ʦʪ-
ʥʦʰʝʥʠʝè. ɽʝ ʛʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʵʪʠ ʢʘʪʝʛʦʨʠʠ ʦʧʨʝʜʝ-
ʣʷʶʪʩʷ ʜʨʫʛ ʯʝʨʝʟ ʜʨʫʛʘ, ʧʨʠʯʝʤ ʮʝʥʪʨʘʣʴʥʘʷ, ʦʩʥʦʚʥʘʷ ʢʘʪʝʛʦʨʠʷ ð 
ʢʘʪʝʛʦʨʠʷ ʚʝʱʠ [74]. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʢʘʪʝʛʦʨʠʘʣʴʥʦʤ ʷʜʨʝ ʥʝ 
ʜʝʡʩʪʚʫʝʪ ʧʨʘʚʠʣʦ ʦ ʟʘʧʨʝʱʝʥʠʠ ʢʨʫʛʘ ʚ ʦʧʨʝʜʝʣʝʥʠʷʭ ʠ ʯʪʦ ʚ ʥʝʬʦʨ-
ʤʘʣʴʥʦʡ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ (1.14) THTe = TOTe =  {çʚʝʱʴè, çʩʚʦʡ-
ʩʪʚʦè, çʦʪʥʦʰʝʥʠʝè}.  

ʇʦʥʠʤʘʥʠʝ ʚʝʱʠ. ɺʝʱʴ ʠʤʝʝʪ ʛʨʘʥʠʮʳ, ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʡ 
ʛʨʘʥʠʮʳ ʚ ʵʚʦʣʶʮʠʦʥʥʳʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ 
ʧʨʦʮʝʩʩʘʭ ʧʨʝʚʨʘʱʘʝʪ ʦʜʥʫ ʚʝʱʴ ʚ ʜʨʫʛʫʶ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʝʝ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ɺʝʱʴ ð ʩʠʩʪʝʤʘ ʢʘʯʝʩʪʚ. 
ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ: 1) ʨʘʟʣʠʯʥʳʝ ʚʝʱʠ ð ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʢʘʯʝʩʪʚ; 2) ʦʜʥʘ ʠ ʪʘ ʞʝ ʚʝʱʴ ð ʵʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʠʩʪʝʤʘ ʢʘʯʝʩʪʚ;  
3) ʚʝʱʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʚʝʱʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʚʦʩʧʨʠʷʪʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʧʦʥʷʪʠʷ, ʪ.ʝ. ʩʠʩʪʝʤʳ ʧʨʠʟʥʘʢʦʚ-
ʦʪʦʙʨʘʞʝʥʠʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʘʯʝʩʪʚ. ʂʘʯʝʩʪʚʝʥʥʦʝ ʪʦʣʢʦʚʘʥʠʝ  ʚʝʱʠ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʥʠʤʘʥʠʶ  ʧʨʝʜʤʝʪʘ ʚ ʣʦʛʠʢʝ ʠ ʣʠʥʛʚʠʩʪʠʢʝ. ʆʥʦ ʝʜʠʥʦ 
ʚ ʦʥʪʦʣʦʛʠʯʝʩʢʦʤ, ʣʦʛʠʯʝʩʢʦʤ ʠ ʛʨʘʤʤʘʪʠʯʝʩʢʦʤ ʧʣʘʥʘʭ. 

ʇʦʥʠʤʘʥʠʝ ʩʚʦʡʩʪʚʘ. ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ. 
ʂʘʯʝʩʪʚʦ ð ʩʚʦʡʩʪʚʦ, ʛʨʘʥʠʮʘ ʚʝʱʠ. ʉ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʚʝʱʴ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʜʨʫʛʫʶ. ʆʜʥʦ ʢʘʯʝʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʩʫʱʝ ʨʘʟʥʳʤ 
ʚʝʱʘʤ. ɺʝʱʴ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʤʥʦʞʝʩʪʚʦʤ ʢʘʯʝʩʪʚ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ 
ʦʪʜʝʣʷʝʪ ʝʝ ʦʪ ʜʨʫʛʠʭ ʚʝʱʝʡ. ʂʘʯʝʩʪʚʦ ʦʜʥʦʡ ʚʝʱʠ ð ʩʚʦʡʩʪʚʦ ʜʨʫʛʦʡ.  

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʉʚʦʡʩʪʚʦ ð ʪʦ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʘʤʠ ʜʘʥʥʦʡ 
ʚʝʱʠ, ʯʪʦ, ʭʘʨʘʢʪʝʨʠʟʫʷ ʚʝʱʠ, ʥʝ ʦʙʨʘʟʫʝʪ ʥʦʚʳʭ ʚʝʱʝʡ.  
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ʇʦʥʠʤʘʥʠʝ ʦʪʥʦʰʝʥʠʷ. ɺʝʱʴ ʩʦʩʪʦʠʪ ʠʟ ʚʝʱʝʡ ʠʣʠ ʩʚʦʡʩʪʚ. ʀʟ 
ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʨʘʟʥʳʝ ʚʝʱʠ. ʋ ʨʘʟ-
ʥʳʭ ʚʝʱʝʡ ð  ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟ-
ʣʠʯʥʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʩʚʦʡʩʪʚ ʜʘʝʪ ʩʠʩʪʝʤʫ ʩʚʦʡʩʪʚ, ʪ.ʝ. ʚʝʱʴ, ʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʝʱʝʡ ʪʘʢʞʝ 
ʜʘʝʪ ʚʝʱʴ, ʪʦ ʦʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʨʝʟ ʧʦʥʷʪʠʝ ʚʝʱʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʆʪʥʦʰʝʥʠʝ ð ʪʦ, ʯʪʦ ʦʙʨʘʟʫʝʪ ʚʝʱʴ ʠʟ ʵʣʝʤʝʥʪʦʚ 
(ʩʚʦʡʩʪʚ ʠʣʠ ʜʨʫʛʠʭ ʚʝʱʝʡ), ʯʪʦ, ʙʫʜʫʯʠ ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʞʜʫ ʚʝʱʘʤʠ, 
ʦʙʨʘʟʫʝʪ ʥʦʚʳʝ ʚʝʱʠ. 

 ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʚʝʱʝʡ, ʩʚʦʡʩʪʚ ʠ ʦʪʥʦʰʝʥʠʡ. ʄʝʞʜʫ ʢʘʪʝʛʦ-
ʨʠʷʤʠ ʚʝʱʠ, ʩʚʦʡʩʪʚʘ ʠ ʦʪʥʦʰʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ, ʚʳʨʘʞʝʥ-
ʥʘʷ çʪʨʝʫʛʦʣʴʥʠʢʦʤè ɸ.ʀ. ʋʝʤʦʚʘ [74]. ɺʩʝ ʢʘʪʝʛʦʨʠʠ ʩʦʦʪʥʦʩʠʪʝʣʴʥʳ, 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʨʫʛ ʯʝʨʝʟ ʜʨʫʛʘ, ʧʨʠʯʝʤ ʮʝʥʪʨʘʣʴʥʘʷ ʢʘʪʝʛʦʨʠʷ ð ʚʝʱʴ.  

ʆʪʥʦʰʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʩʦʙʳʤ ʩʣʫʯʘʝʤ ʩʚʦʡʩʪʚʘ. ʏʪʦ ʞʝ ʦʪʣʠ-
ʯʘʝʪ ʦʪʥʦʰʝʥʠʷ ʦʪ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ?  ʊʦ, ʯʪʦ ʚʝʱʴ, ʢʦʪʦʨʫʶ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪ ʦʪʥʦʰʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚ ʩʚʦʝʡ ʮʝʣʦʩʪʥʦʩʪʠ, ʘ ʚ ʩʚʦʝʤ ʨʘʟʥʦ-
ʦʙʨʘʟʠʠ, ʪ.ʝ. ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʨʫʛʠʭ ʚʝʱʝʡ ð ʩʚʦʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʦʟ-
ʤʦʞʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʢʘʢ ʩʚʦʡʩʪʚʘ ʦʪʨʘʞʝʥʳ ʚ ʗʇɼ. 
ʉʚʦʡʩʪʚʘ ʧʨʝʜʤʝʪʦʚ ʦʙʦʟʥʘʯʘʶʪʩʷ ʧʨʠʣʘʛʘʪʝʣʴʥʳʤʠ. ʊʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ 
ʚʳʨʘʞʝʥʳ ʠ ʦʪʥʦʰʝʥʠʷ (çʨʘʚʥʳʝ ʚʝʱʠè, çʦʜʥʦʚʨʝʤʝʥʥʳʝ ʜʝʡʩʪʚʠʷè). 

ɺ ʧʨʘʢʪʠʢʝ ʤʳʰʣʝʥʠʷ ʯʝʣʦʚʝʢʘ ʩʚʦʡʩʪʚʦ, ʚʟʷʪʦʝ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʝʱʴ. ʆʥʦ ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ, ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʚʝʱʠ. 

ʇʦʜʦʙʥʦ ʩʚʦʡʩʪʚʫ ʦʪʥʦʰʝʥʠʝ ʨʘʟʣʦʞʠʤʦ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʦʪʥʦʰʝ-
ʥʠʡ, ʪ.ʝ. ʦʥʦ ð ʩʠʩʪʝʤʘ ʦʪʥʦʰʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʝ ʨʘʚʝʥʩʪʚʘ ð  
ʩʠʩʪʝʤʘ ʠʟ ʜʚʫʭ ʦʪʥʦʰʝʥʠʡ çʥʝ ʤʝʥʴʰʝè ʠ çʥʝ ʙʦʣʴʰʝè. ʇʦʩʢʦʣʴʢʫ ʦʪ-
ʥʦʰʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʦʡʩʪʚʦ, ʪʦ ʩʠʩʪʝʤʘ ʦʪʥʦʰʝʥʠʡ ð 
ʩʠʩʪʝʤʘ ʩʚʦʡʩʪʚ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ, ʢʘʢ ʩʠʩʪʝʤʘ ʜʨʫʛʠʭ ʦʪʥʦ-
ʰʝʥʠʡ, ʙʫʜʝʪ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʚʝʱʠ ʠ ʜʦʣʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʚʦʡ-
ʩʪʚʘʤʠ ʪʘʢʠʤʠ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʨʝʬʣʝʢʩʠʚʥʦʩʪʴ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ, ʪʨʘʥ-
ʟʠʪʠʚʥʦʩʪʴ, ʚʘʣʝʥʪʥʦʩʪʴ ʠ ʪ.ʜ. ʄʦʞʥʦ ʜʘʪʴ ʥʝ ʬʦʨʤʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ 
ʦʪʥʦʰʝʥʠʷ, ʘ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ, ʚʨʝʤʝʥʥʳʝ, ʧʨʠ-
ʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʠ ʜʨʫʛʠʝ ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʚʳʯʣʝʥʝʥʠʠ ʚ 
ʷʟʳʢʝ ʛʨʫʧʧ ʦʪʥʦʰʝʥʠʡ, ʥʝʩʫʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ.  

ʇʦʜʦʙʥʦ ʩʚʦʡʩʪʚʘʤ, ʦʪʥʦʰʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʩʣʦʚʘʤʠ, ʦʙʦʟʥʘʯʘʶ-
ʱʠʤʠ ʚʝʱʠ, ʥʘʧʨʠʤʝʨ, çʨʘʚʝʥʩʪʚʦè, çʩʭʦʜʩʪʚʦè, çʧʦʛʨʫʟʢʘè ʠ ʜʨ.  

ɺʝʱʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʦʡʩʪʚʦ. ʊʦʪ ʬʘʢʪ, ʯʪʦ ʚʝʱʴ ʤʦʞʝʪ  
ʙʳʪʴ ʩʚʦʡʩʪʚʦʤ ʜʨʫʛʦʡ ʚʝʱʠ, ʯʘʩʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʷʟʳʢʝ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʳʨʘʞʝʥʠʷ çʪʨʘʥʩʧʦʨʪʥʦʝ 
ʩʨʝʜʩʪʚʦ ʠʤʝʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ ʥʦʤʝʨè ʠ çʥʦʤʝʨ 
ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠʩʚʦʝʥ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʨʝʜʩʪʚʫè. ɺ ʧʝʨʚʦʤ ʚʳʨʘʞʝʥʠʠ 
ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ð ʚʝʱʴ, ʘ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʡ 
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ʥʦʤʝʨ ð ʩʚʦʡʩʪʚʦ. ɺʦ ʚʪʦʨʦʤ ð ʫʞʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʛʠʩʪʨʘʮʠʦʥ-
ʥʳʡ ʥʦʤʝʨ ʠʛʨʘʝʪ ʨʦʣʴ ʚʝʱʠ, ʘ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ð ʩʚʦʡʩʪʚʘ.  

ʉʚʦʡʩʪʚʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ. ʆʜʥʘ ʠ ʪʘ ʞʝ ʚʝʱʴ, 
ʚʟʷʪʘʷ ʚ ʨʘʟʥʳʭ ʦʪʥʦʰʝʥʠʷʭ, ʦʙʣʘʜʘʝʪ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʊʘʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʷʪʥʘ, ʝʩʣʠ ʨʘʩʩʤʘʪ-
ʨʠʚʘʪʴ ʩʘʤʦ ʩʚʦʡʩʪʚʦ ʢʘʢ ʦʪʥʦʰʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 
ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦ ʪʨʘʥʩʧʦʨʪʥʦʝ 
ʩʨʝʜʩʪʚʦ, ʥʦ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ: ʜʦʨʦʞʥʦʝ ʧʦ-
ʢʨʳʪʠʝ, ʚʦʜʠʪʝʣʷ, ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ, ʙʣʘʛʦʜʘʨʷ 
ʜʘʥʥʦʤʫ ʩʚʦʡʩʪʚʫ, ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʡʩʪʚʦ ʦʙʲʝʜʠ-
ʥʷʝʪ ʚʝʱʠ ʚ ʩʠʩʪʝʤʫ, ʪ.ʝ. ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʦʪʥʦʰʝʥʠʷ. ʆʪ-
ʥʦʰʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʘʙʩʪʨʘʛʠʨʫʷʩʴ ʦʪ ʪʝʭ ʚʝʱʝʡ, ʤʝʞʜʫ ʢʦ-
ʪʦʨʳʤʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ. ʉʚʦʡʩʪʚʦ ʞʝ ʚʝʱʠ ð ʵʪʦ ʦʪʥʦʰʝʥʠʝ, ʩʫʱʝʩʪ-
ʚʫʶʱʝʝ ʚ ʪʦʡ ʚʝʱʠ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʘʝʪʩʷ ʜʘʥʥʘʷ ʚʝʱʴ. 

ɺʝʱʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ. ʂʘʞʜʘʷ ʚʝʱʴ ʦʨʛʘʥʠʟʫʝʪ 
ʩʠʩʪʝʤʳ ʠʟ ʜʨʫʛʠʭ ʚʝʱʝʡ. ʅʘʧʨʠʤʝʨ, ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʚʥʫʪʨʝʥʥʠʭ ʦʪʥʦʰʝʥʠʡ ʠ ʦʪʥʦʰʝʥʠʡ ʢ ʜʨʫʛʠʤ 
ʚʝʱʘʤ ð ʜʦʨʦʛʝ, ʛʨʫʟʫ, ʘʪʤʦʩʬʝʨʝ ʠ ʪ.ʜ. ʀʟʤʝʥʷʷ ʦʪʥʦʰʝʥʠʷ ʚʝʱʠ ʢ 
ʜʨʫʛʠʤ ʚʝʱʘʤ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʩʫʱʝʩʪʚʫʝʪ, ʠʟʤʝʥʷʶʪ ʠ ʩʘʤʫ ʚʝʱʴ, ʧʨʝ-
ʚʨʘʱʘʷ ʝʝ ʚ ʜʨʫʛʫʶ. ʆʪʣʠʯʠʝ ʚʝʱʝʡ ʦʪ ʜʨʫʛʠʭ ʦʪʥʦʰʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʵʪʠ ʦʪʥʦʰʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʪʥʦʰʝʥʠʡ-ʩʚʦʡʩʪʚ, ʩʣʦʞʥʳ ʠ 
ʦʭʚʘʪʳʚʘʶʪ ʙʝʩʯʠʩʣʝʥʥʦʝ  ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʚʝʱʝʡ.  

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʛʦ ʷʜʨʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʦʨʠʠ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʛʦ 
ʷʜʨʘ THTe  ʢ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 
ɺʦ-ʧʝʨʚʳʭ, ʢʘʪʝʛʦʨʠʷ ʚʝʱʠ ð ʧʨʝʜʝʣ ʘʙʩʪʨʘʢʮʠʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʨʫʜ-
ʥʦʩʪʠ ʩ ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʩʫʱʝʩʪʚʫʶʪ 
ʪʨʫʜʥʦʩʪʠ ʩ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʥʷʪʠʷ çʟʘʚʠʩʠʤʦʩʪʴè ʤʝʞʜʫ ʢʘʪʝʛʦʨʠʷʤʠ 
ʷʜʨʘ. ʇʦʩʢʦʣʴʢʫ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʠʤʠ ð ʦʪʥʦʰʝʥʠʝ, ʪʦ ʚʦʟʥʠʢʘʝʪ 
ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚ ʪʦʣʢʦʚʘʥʠʠ ʦʪʥʦʰʝʥʠʡ. ɺ-ʪʨʝʪʴʠʭ, ʢʘʪʝʛʦʨʠʷ çʦʪ-
ʥʦʰʝʥʠʝè ʥʦʩʠʪ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʨʘʪʴ ʢʘʪʝʛʦʨʠʶ, 
ʢʦʪʦʨʘʷ, ʷʚʣʷʷʩʴ ʦʪʥʦʰʝʥʠʝʤ, ʙʳʣʘ ʙʳ ʧʨʝʜʤʝʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ. 

ʕʪʠ ʪʨʫʜʥʦʩʪʠ ʧʨʝʦʜʦʣʠʤʳ. ʀʟ ʤʥʦʞʝʩʪʚʘ ʚʝʱʝʡ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠ-
ʚʘʪʴ ʪʦʣʴʢʦ ʚʝʱʠ-ʨʝʩʫʨʩʳ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʩʪʦ ʨʝʩʫʨʩʳ), ʠ ʙʫʜʝʤ ʩʯʠ-
ʪʘʪʴ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ ð ʨʝʩʫʨʩ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʘ ʠʭ 
ʚʦʟʜʝʡʩʪʚʠʷ. ʀʟ ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʰʝʥʠʡ ʚʳʙʝʨʝʤ ʦʪʥʦʰʝʥʠʷ-ʜʝʡʩʪʚʠʷ 
(ʜʘʣʝʝ ð ʧʨʦʩʪʦ ʜʝʡʩʪʚʠʷ), ʧʦʜʯʝʨʢʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʠʥʪʝʨʝʩ ʢ ʦʪʥʦʰʝ-
ʥʠʷʤ ʥʘ ʨʝʩʫʨʩʘʭ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʣʠ ʨʘʟʨʳʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ 
ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

ʆʧʨʝʜʝʣʝʥʠʝ 4. ʈʝʩʫʨʩ ð ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʚʝʱʴ, ʠʤʝʶʱʫʶʩʷ 
ʫ ʩʫʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 
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ʅʘʧʨʠʤʝʨ, ʢʦʤʤʠʚʦʷʞʝʨ, ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʣʠʝʥʪ  ʠ ʜʨ. 
ʆʧʨʝʜʝʣʝʥʠʝ 5. ɼʝʡʩʪʚʠʝ ð ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʦʪʥʦʰʝʥʠʷ ʥʘ 

ʨʝʩʫʨʩʘʭ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʪʫʧʢʦʚ ʠ ʧʦʚʝʜʝʥʠʷ. 
ʅʘʧʨʠʤʝʨ, ʜʦʩʪʘʚʢʘ ʛʨʫʟʘ, ʧʦʝʟʜʢʘ, ʧʦʛʨʫʟʢʘ ʪʦʚʘʨʘ ʠ ʜʨ. 

ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 
ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʦʯʥʠʪʴ ʧʦʥʷ-
ʪʠʝ çʟʘʚʠʩʠʤʦʩʪʴè ʤʝʞʜʫ ʢʘʪʝʛʦʨʠʷʤʠ 
ʨʝʩʫʨʩʘ, ʩʚʦʡʩʪʚʘ ʠ ʜʝʡʩʪʚʠʷ. ɺʳʧʦʣʥʝʥ-
ʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʷʶʪ ʚʠʜ ʪʨʝ-
ʫʛʦʣʴʥʠʢʘ ɸ.ʀ. ʋʝʤʦʚʘ ʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ 
ʨʠʩ. 1.21 ʚ ʚʠʜʝ ʛʨʘʬʘ G . ʄʦʜʝʣʴ ʥʘ  
ʨʠʩ. 1.21 ʩʪʨʫʢʪʫʨʠʨʫʝʪ ʚʥʝʰʥʠʡ ʤʠʨ ʢʘʢ 
ʤʠʨ ʨʝʩʫʨʩʦʚ, ʜʝʡʩʪʚʠʡ, ʩʚʦʡʩʪʚ ʠ ʜʝʚʷʪʠ 
ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ: çʨʝʩʫʨʩ-ʨʝʩʫʨʩè, 
çʜʝʡʩʪʚʠʝ-ʜʝʡʩʪʚʠʝè, çʩʚʦʡʩʪʚʦ-ʩʚʦʡʩʪ-
ʚʦè, çʨʝʩʫʨʩ-ʩʚʦʡʩʪʚʦè ʠ çʩʚʦʡʩʪʚʦ-ʨʝ-
ʩʫʨʩè, çʨʝʩʫʨʩ-ʜʝʡʩʪʚʠʝè ʠ çʜʝʡʩʪʚʠʝ-ʨʝ-
ʩʫʨʩè, ʘ ʪʘʢʞʝ çʜʝʡʩʪʚʠʝ-ʩʚʦʡʩʪʚʦè ʠ 
çʩʚʦʡʩʪʚʦ-ʜʝʡʩʪʚʠʝè, ʢʦʪʦʨʳʝ ʦʙʦʟʥʘʯʠʤ 
r , ʘ ʠʭ ʤʥʦʞʝʩʪʚʘ ð R . 

ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʤʦʜʝʣʠ ð ʝʝ ʨʦʣʝʚʦʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ 
ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʧʨʠ ʧʝʨʝʯʠʩʣʝʥʠʠ ʜʝʚʷʪʠ ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ. ʅʘʧʨʠ-
ʤʝʨ, ʚʳʨʘʞʝʥʠʝ çʨʝʩʫʨʩ-ʨʝʩʫʨʩè ð ʥʝʷʚʥʦ ʚʳʨʘʞʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʩ 
ʜʚʫʤʷ ʨʦʣʷʤʠ, ʧʨʠʯʝʤ ʦʙʝ ʨʦʣʠ ʠʛʨʘʶʪ ʨʝʩʫʨʩʳ. ɺ ʚʳʨʘʞʝʥʠʠ çʨʝʩʫʨʩ-
ʜʝʡʩʪʚʠʝè ʦʜʥʫ ʨʦʣʴ ʟʘʡʤʝʪ ʨʝʩʫʨʩ, ʘ ʜʨʫʛʫʶ ð ʜʝʡʩʪʚʠʝ. ʈʦʣʝʚʦʡ ʭʘ-
ʨʘʢʪʝʨ ʧʨʠʜʘʝʪ ʤʦʜʝʣʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʜʝʣʘʝʪ ʝʝ ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ 
ʩʧʝʮʠʬʠʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʫʩʪʴ { },  ,  X RES PR ACT= , ʛʜʝ resRES X= , prPR X= , actACT X=  
ð ʤʥʦʞʝʩʪʚʘ ʙʘʟʠʩʥʳʭ ʧʦʥʷʪʠʡ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʨʝʩʫʨʩʳ, ʩʚʦʡʩʪʚʘ ʠ 
ʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʪʨʦʠʤ ʥʘ X  ʧʦʣʥʳʡ ʛʨʘʬ ,  G X R=  ʠ 

ʧʦʣʫʯʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʙʘʟʦʚʳʭ ʦʪʥʦʰʝʥʠʡ {  ,res resR R=  ,pr prR  ,act actR  
 ,res prR   ,pr resR  ,res actR  ,act resR  ,act prR } pr actR , ʛʜʝ  res resR ,  pr prR ,  act actR , 
 res prR ,  pr resR ,  res actR ,  act resR ,  act prR ,  pr actR  ð  ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʰʝʥʠʡ 

çʨʝʩʫʨʩ-ʨʝʩʫʨʩè, çʩʚʦʡʩʪʚʦ-ʩʚʦʡʩʪʚʦè, çʜʝʡʩʪʚʠʝ-ʜʝʡʩʪʚʠʝè, çʨʝʩʫʨʩ-
ʩʚʦʡʩʪʚʦè, çʩʚʦʡʩʪʚʦ-ʨʝʩʫʨʩè, çʨʝʩʫʨʩ-ʜʝʡʩʪʚʠʝè, çʜʝʡʩʪʚʠʝ-ʨʝʩʫʨʩè, 
çʜʝʡʩʪʚʠʝ-ʩʚʦʡʩʪʚʦè, çʩʚʦʡʩʪʚʦ-ʜʝʡʩʪʚʠʝè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʛʨʘʬʘ G  ʠʤʝʝʤ THTe = {çʚʝʱʴè, çʩʚʦʡʩʪʚʦè, çʦʪʥʦʰʝʥʠʝè}, 

TOTe =  {çʚʝʱʴè, çʩʚʦʡʩʪʚʦè, çʦʪʥʦʰʝʥʠʝè, çʨʝʩʫʨʩè, çʜʝʡʩʪʚʠʝè}, ʠ 
ʤʦʞʥʦ ʚʚʝʩʪʠ ʘʢʩʠʦʤʘʪʠʢʫ (1.14). 

 
 

ʈʠʩ. 1.21 ð ʂʘʪʝʛʦʨʠʘʣʴʥʦʝ ʷʜʨʦ 
çʨʝʩʫʨʩ ð ʩʚʦʡʩʪʚʦ ð ʜʝʡʩʪʚʠʝ ð 

ʦʪʥʦʰʝʥʠʝè 
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ɸʢʩʠʦʤʘʪʠʢʘ ʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ.  
ɸʢʩʠʦʤʘ 1 (ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʦʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ, ʦʙʦʟʥʘʯʝʥʠʝ 

ɸ1). ɽʩʣʠ X Xa Ì , ʘ  R Ra a Ì , ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʨʦʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ  

( )1  , co R X Xa a a a= , ʛʜʝ  { }" ",  " ",  " "res pr actaÍ . 
ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

1co ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.22,ʘ. ʆʜʥʦ-
ʨʦʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ ʠʤʝʝʪ ʚ ʢʘʯʝʩʪ-
ʚʝ ʨʦʣʝʡ ʦʜʥʫ ʢʘʪʝʛʦʨʠʶ. ʆʜʥʦʨʦ-
ʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ð ʪʨʠ, ʩʢʦʣʴʢʦ 
ʧʝʪʝʣʴ ʥʘ ʛʨʘʬʝ G . ʆʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʳ ʠʣʠ ʠʟʦʙʨʘʞʝʥʳ, ʝʩʣʠ ʧʝʨʝʤʝʥʥʘʷ a  ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴ 
ʟʥʘʯʝʥʠʷ ʥʘ ʤʥʦʞʝʩʪʚʝ {" ",res  }" "," "pr act . ʆʜʥʦʨʦʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ ð 
ʪʦʯʝʯʥʘʷ ʜʠʘʛʨʘʤʤʘ. ʅʘʧʨʠʤʝʨ, ʚ ʷʟʳʢʝ ʣʦʛʠʩʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʜʥʦ-
ʨʦʣʝʚʳʝ ʢʦʥʩʪʨʫʢʪʳ: ʜʦʨʦʛʘ ʩʦʝʜʠʥʷʝʪ ʢʣʠʝʥʪʦʚ, ʚʦʜʠʪʝʣʴ ʫʧʨʘʚʣʷʝʪ 
ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʪ.ʝ. ʚ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʥʘ ʠʟ 
ʙʘʟʠʩʥʳʭ ʢʘʪʝʛʦʨʠʡ. ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʠʣʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʦʚ ʥʝʚʝʣʠʢʘ. 
ʆʥʠ ʚʳʨʘʞʘʶʪ ʩʤʳʩʣ ʥʘ ʘʙʩʪʨʘʢʪʥʦʤ ʫʨʦʚʥʝ. 

ɸʢʩʠʦʤʘ 2 (ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʚʫʭʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ, A2). ɽʩʣʠ 
,X X Xa b Ì , ʘ    , ,R R R Ra a b b a b Ì , ʪʦ ʩʫʱʝʩʪʚʫʝʪ  ʜʚʫʭʨʦʣʝʚʦʡ ʢʦʥʩʪ-

ʨʫʢʪ ( )2  ,  co R X Xa a a a= a ( ) ( )  ,   , R X X R X Xb b b b a b a ba , ʛʜʝ ,a bÍ  

{ }" ",  " ",  " "res pr act ; a ¸ b . 

ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 2co  ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.22,ʙ. ɼʚʫʭʨʦ-
ʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ ʚʢʣʶʯʘʝʪ ʜʚʘ ʦʜʥʦʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʘ, ʩʚʷʟʘʥʥʳʭ ʦʪ-
ʥʦʰʝʥʠʷʤʠ  Ra b . ɼʚʫʭʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ð ʰʝʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʜʫʛ 
ʥʘ ʛʨʘʬʝ G ). ʇʝʨʝʭʦʜ ʦʪ ʦʜʥʦʨʦʣʝʚʦʡ ʤʦʜʝʣʠ ʢ ʜʚʫʭʨʦʣʝʚʦʡ ʦʟʥʘʯʘʝʪ 
ʧʝʨʝʭʦʜ ʦʪ ʪʦʯʝʯʥʦʡ ʢ ʣʠʥʝʡʥʦʡ ʜʠʘʛʨʘʤʤʝ.  

ʅʘʧʨʠʤʝʨ, ʚ ʷʟʳʢʝ ʣʦʛʠʩʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʫʭʨʦʣʝʚʳʝ ʢʦʥʩʪʨʫʢ-
ʪʳ: ʚʝʩ ʛʨʫʟʘ, ʭʨʫʧʢʠʡ ʛʨʫʟ, ʪ.ʝ. ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʪʦʣʴʢʦ ʜʚʝ ʠʟ ʪʨʝʭ ʙʘʟʠʩ-
ʥʳʭ ʢʘʪʝʛʦʨʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ (ʣʠʥʝʡʥʦʡ ʜʠʘ-
ʛʨʘʤʤʳ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʚʥʝʰʥʝʛʦ ʤʠʨʘ. 

 ɸʢʩʠʦʤʘ 3 (ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʨʝʭʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ, A3). ɽʩʣʠ 
, ,X X X Xa b g Ì , ʘ       , , , , ,R R R R R R Ra a b b g g a g b a g b Ì , ʩʫʱʝʩʪʚʫʝʪ ʪʨʝʭʨʦ-

ʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ ( )3  , co R X Xa a a a= a ( ) , R X Xb b b b a ( ) , R X Xg g g g a  

( ) , R X Xa g a g a ( ) , R X Xb a b a a ( ) , R X Xg b g b , ʛʜʝ , ,a b gÍ {" ",res " ",pr  

}" "act ; a ¸ b ¸ g . 

 
 

ʈʠʩ. 1.22 ð ʇʨʠʤʝʨʳ:  
ʘ) ʦʜʥʦʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ;  
ʙ) ʜʚʫʭʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ 
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ɻʨʘʬʠʯʝʩʢʠ 3co  ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.23. 
ʊʨʝʭʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ð ʚʦʩʝʤʴ (ʯʠʩʣʦ ʚʘ-
ʨʠʘʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʜʫʛ ʛʨʘʬʘ G ). 
ʇʝʨʝʭʦʜ ʦʪ ʜʚʫʭʨʦʣʝʚʦʡ ʤʦʜʝʣʠ ʢ ʪʨʝʭʨʦʣʝʚʦʡ 
ð ʧʝʨʝʭʦʜ ʦʪ ʣʠʥʝʡʥʦʡ ʨʘʟʦʤʢʥʫʪʦʡ ʜʠʘʛʨʘʤʤʳ 
ʢ ʬʠʛʫʨʥʦʡ ʟʘʤʢʥʫʪʦʡ ʜʠʘʛʨʘʤʤʝ,  ʢʦʥʮʝʧʪʫ-
ʘʣʴʥʦ ʧʦʣʥʦʡ ʜʣʷ ʪʨʠʘʜʳ çʨʝʩʫʨʩ ð ʩʚʦʡʩʪʚʦ ð 
ʜʝʡʩʪʚʠʝè ʢʘʨʪʠʥʝ ʤʠʨʘ. ʅʘʧʨʠʤʝʨ, ʚ ʷʟʳʢʝ ʣʦ-
ʛʠʩʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʝʭʨʦʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ: 
ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʝʨʝʚʦʟʠʪ ʭʨʫʧʢʠʡ 

ʛʨʫʟ. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʩʫʨʩʳ, ʩʚʦʡʩʪʚʘ, ʜʝʡʩʪʚʠʷ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷ. 
ɺ ʠʪʦʛʝ, { }1 2 3, ,ATe A A A= , { }1 1 1

1 3,  ...,  CO co co= , 2CO = { 2
1 ,  ...,co  

}26co , { }3 3 3
1 8,  ...,  CO co co= . ʅʘ ʢʘʪʝʛʦʨʠʘʣʴʥʦʤ ʷʜʨʝ (ʤʥʦʞʝʩʪʚʝ X ) 

ʥʝʚʦʟʤʦʞʥʦ ʟʘʜʘʪʴ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʪʦʚ. 
ʈʘʩʰʠʨʝʥʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʛʦ ʷʜʨʘ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪ-

ʥʳʭ ʟʥʘʥʠʡ ʦʙ ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʢʘʪʝʛʦʨʠʘʣʴʥʦʝ ʷʜʨʦ ʨʘʩʰʠʨʠʤ 
par prPAR X X= Ì  ð ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʘʨʘʤʝʪʨʘʤʠ), 

ch prCH X X= Ì  ð ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-
ʤʠ), nam prNAM X X= Ì  ð ʠʤʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʠʤʝʥʘʤʠ),  

mesMES X=  ð ʝʜʠʥʠʮʘʤʠ ʠʟʤʝʨʝʥʠʷ (ʤʝʨʘʤʠ), valVAL X= ð ʟʥʘʯʝʥʠʷ-
ʤʠ ʠ stST X=  ð ʩʦʩʪʦʷʥʠʷʤʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʳʭ ʟʥʘʥʠʡ 
ʦ ʩʫʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʚ X  ʚʢʣʶʯʝʥʳ estEST X=  ð ʦʮʝʥʢʠ  ʠ 

prbPRB X=  ð ʟʘʜʘʯʠ, ʘ ʦ ʩʫʙʲʝʢʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ð metMET X=  ð 
ʤʝʪʦʜ ʠ modMOD X= . ʏʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʷʪʴ ʢʘʪʝʛʦʨʠ-
ʘʣʴʥʦʝ ʷʜʨʦ, ʚʚʝʜʝʤ  exEX X=  ð ʵʢʟʦʪʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ 6. ʇʘʨʘʤʝʪʨ ð ʩʚʦʡʩʪʚʦ, ʠʤʝʶʱʝʝ ʤʝʨʫ. 
ʆʧʨʝʜʝʣʝʥʠʝ 7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ð  ʩʚʦʡʩʪʚʦ, ʚʳʨʘʞʘʶʱʝʝ ʩʪʨʦʝʥʠʝ, 

ʫʩʪʨʦʡʩʪʚʦ, ʦʩʦʙʝʥʥʦʩʪʠ.  
ʆʧʨʝʜʝʣʝʥʠʝ 8. ʀʤʷ ð ʩʚʦʡʩʪʚʦ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʱʝʝ ʨʝʩʫʨʩʳ, ʜʝʡ-

ʩʪʚʠʷ, ʟʘʜʘʯʠ, ʤʝʪʦʜʳ ʠ ʚʳʜʝʣʷʶʱʝʝ ʠʭ ʩʨʝʜʠ ʜʨʫʛʠʭ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ 9. ʄʝʨʘ ð  ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʝʜʠʥʠʮʫ ʧʘʨʘʤʝʪʨʘ 
ʩʚʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʧʦʩʣʝʜʥʝʛʦ.  

ʆʧʨʝʜʝʣʝʥʠʝ 10. ɿʥʘʯʝʥʠʝ ð ʧʦʥʷʪʠʝ ʠʣʠ ʯʠʩʣʦ, ʧʦʢʘʟʳʚʘʶʱʝʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʤʝʨʳ.  

ʆʧʨʝʜʝʣʝʥʠʝ 11. ʉʦʩʪʦʷʥʠʝ ð ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʧʨʦʷʚʣʝʥʠʝ 
ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʝʩʫʨʩʝ ʚ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

 
 

ʈʠʩ.  1.23 ð ʇʨʠʤʝʨ 
ʪʨʝʭʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ 
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ʆʧʨʝʜʝʣʝʥʠʝ 12. ʆʮʝʥʢʘ ð ʧʦʥʷʪʠʝ, ʦʪʦʙʨʘʞʘʶʱʝʝ ʨʝʟʫʣʴʪʘʪ ʚʳ-
ʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ ʥʘ ʦʮʝʥʦʯʥʳʝ ʰʢʘʣʳ.  

ʆʧʨʝʜʝʣʝʥʠʝ 13. ɿʘʜʘʯʘ ð ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʪʦ, ʯʪʦ ʪʨʝʙʫʝʪ 
ʨʘʟʤʳʰʣʝʥʠʷ, ʠ ʩʦʜʝʨʞʘʱʝʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʠʟʚʝʩʪʥʦʝ ʠ ʫʩʣʦʚʠʷ, 
ʢʦʥʢʨʝʪʠʟʠʨʫʶʱʠʝ ʩʚʷʟʠ ʥʝʠʟʚʝʩʪʥʦʛʦ ʩ ʜʘʥʥʳʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ 14. ʄʝʪʦʜ ð ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʩʦʚʦʢʫʧʥʦʩʪʴ ʪʦ-
ʛʦ, ʯʪʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʣʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʩʚʦʝʥʠʝ ʜʝʡʩʪ-
ʚʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʜʯʠʥʝʥʦ ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ 15. ʄʦʜʝʣʴ ð ʧʦʥʷʪʠʝ, ʦʙʦʟʥʘʯʘʶʱʝʝ ʦʙʨʘʟ ʠʣʠ ʧʨʦ-
ʦʙʨʘʟ ʦʨʠʛʠʥʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʘʯʝʩʪʚʝ 
ʝʛʦ çʟʘʤʝʩʪʠʪʝʣʷè, çʧʨʝʜʩʪʘʚʠʪʝʣʷè.  

ʆʧʨʝʜʝʣʝʥʠʝ 16. ʕʢʟʦʪʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ð ʧʦʥʷʪʠʝ, ʥʝ ʧʨʠʥʘʜʣʝʞʘ-
ʱʝʝ ʥʠ ʦʜʥʦʤʫ ʠʟ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʣʘʩʩʦʚ: ,RES  ,PR  ,ACT  

,MES  ,VAL  ,ST  ,EST  ,PRB  ,MET  ,MOD  ,PAR  ,CH  .NAM  
ʈʘʩʰʠʨʝʥʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʛʦ ʷʜʨʘ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʜʨʫʛʠʝ  ʢʦʥʩʪ-

ʨʫʢʪʳ. ʀʭ ʧʨʠʤʝʨʳ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 1.24. 
 

 
ʇʨʘʚʠʣʦ ʩʢʣʝʠʚʘʥʠʷ ʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ. ʏʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʧʦ-

ʩʪʨʦʝʥʠʶ ʤʥʦʞʝʩʪʚʘ ʚʳʩʢʘʟʳʚʘʥʠʡ-ʪʝʦʨʝʤ BTTe  ʪʝʦʨʠʠ (1.14), ʩʬʦʨʤʫ-
ʣʠʨʫʝʤ ʥʘ X  ʧʨʘʚʠʣʦ ʩʢʣʝʠʚʘʥʠʷ (ʚʦ ʚʩʝʭ ʧʨʘʚʠʣʘʭ {, " ",resa bÍ  " ",pr  

" ",act " ",mes " ",val " ",st " ",est " ",prb " ",met " ",mod " ",par " ",ch }nam ):  

1) ʪʨʝʭʨʦʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ 3 3co COÍ  ʝʩʪʴ ʩʭʝʤʘ sch SCHÍ  ʨʦʣʝʚʳʭ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ;  
2) ʝʩʣʠ ( ) 

1 1,sch A R X X Ba a a a= a a  ð ʩʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʤʦʜʝʣʝʡ, ʛʜʝ 1 1,  A B  ð ʬʨʘʛʤʝʥʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʫʩʪʳʝ) ʤʦʜʝʣʠ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʝ ( ) ,R X Xa a a a , ʠʩʢʣʶʯʘʷ ʩʣʫʯʘʡ 1 1A B= = Å , ʠ co = 2A a  

( ) 
2,R X X Ba a a a a  ð ʜʚʫʭ- ʠʣʠ ʪʨʝʭʨʦʣʝʚʦʡ ʢʦʥʩʪʨʫʢʪ, ʛʜʝ 2 2,  A B  ð 

 
 

ʈʠʩ. 1.24 ð ʇʨʠʤʝʨʳ ʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʢʘʪʝʛʦʨʠʘʣʴʥʦʛʦ ʷʜʨʘ 
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ʬʨʘʛʤʝʥʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʩʪʳʝ), ʥʝ ʩʦʜʝʨʞʘʱʠʝ ( ) ,R X Xa a a a , ʠʩʢʣʶ-

ʯʘʷ ʩʣʫʯʘʡ 2 2A B= = Å , ʪʦ sch = ( ) 
1 1 2 2,A R X X B A Ba a a aa a a a  ð ʩʭʝʤʘ 

ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʩʢʣʝʠʚʘʥʠʝ ʚʝʨʰʠʥʦʡ). ʅʘʧʨʠʤʝʨ, 
ʜʣʷ ʩʭʝʤʳ ( ) ,res pr res prsch R X X= a ( ) ,pr pr pr prR X X a ( ) ,pr act pr actR X X  ʠ 

ʢʦʥʩʪʨʫʢʪʘ ( ) ( )  , ,pr mes pr mes pr pr pr prco R X X R X X= a a ( ) ,pr val pr valR X X , ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʢʣʝʠʚʘʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʚʝʨʰʠʥʦʡ ʧʦʣʫʯʠʤ ʩʭʝʤʫ sch =  
( ) ,res pr res prR X X a ( ) ,pr pr pr prR X X a ( ) ,pr act pr actR X X a ( ) ,pr mes pr mesR X X a

( ) ,pr val pr valR X X , ʧʦʢʘʟʘʥʥʫʶ ʥʘ ʨʠʩ. 1.25,ʘ;  

3) ʝʩʣʠ ( ) 
1 1 1,sch A R X X Ba b a b= a a , ( ) 

2 2 2,sch A R X X Bb a b a= a a  ð 

ʩʭʝʤʳ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʧʨʠʯʝʤ 1 2 1 2,  A A B B= =  ð 

ʥʝʧʫʩʪʳʝ ʬʨʘʛʤʝʥʪʳ, ʪʦ ( ) ( )  
3 1 1, ,sch A R X X R X X Ba b a b b a b a= a a a  ð 

ʩʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʜʦʙʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʦʪʥʦ-
ʰʝʥʠʷ). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʚʫʭ ʩʭʝʤ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

( ) ( ) ( )   
1 ,   ,   ,pr pr pr pr res pr res pr pr act pr actsch R X X R X X R X X= a a  ʠ 2sch =  

( ) ( ) ( )   , , ,pr pr pr pr pr res pr res pr act pr actR X X R X X R X Xa a , ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦ-

ʙʘʚʣʝʥʠʷ ʦʙʨʘʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʠʤ ʩʭʝʤʫ (ʨʠʩ. 1.25,ʙ) 3sch =  

( ) ,pr pr pr prR X X a ( ) ( ) ( )   ,  ,  ,pr res pr res res pr res pr pr act pr actR X X R X X R X Xa a ;  

4) ʝʩʣʠ ( ) 
1 1 1,sch A R X X Ba b a b= a a , ( ) 

2 2 2,sch A R X X Ba b a b= a a  ð ʩʭʝ-

ʤʳ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 1 1 2 2,  ,  ,  A B A B  ð ʥʝʧʫʩʪʳʝ ʬʨʘʛ-

ʤʝʥʪʳ, ʪʦ ( ) 
3 1 2 1 2,sch A A R X X B Ba b a b= a a a a  ð ʩʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧ-

ʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʩʢʣʝʠʚʘʥʠʝ ʩʪʦʨʦʥʦʡ). ʇʫʩʪʴ 1sch = ( ) ,pr pr pr prR X X a  

( ) ,res pr res prR X X a ( ) ,pr act pr actR X X , 2sch = ( ) ,res act res actR X X a ( ,res pr resR X  

)prX a  ( ) ,pr mes pr mesR X X , ʪʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʣʝʠʚʘʥʠʷ ʩʪʦʨʦʥʦʡ ʧʦʣʫ-

ʯʠʤ ʩʭʝʤʫ (ʨʠʩ. 1.25,ʚ) 3sch = ( ) ,pr pr pr prR X X a  ( ) ,res act res actR X X a  

( ) ,res pr res prR X X a ( ) ,pr act pr actR X X a ( ) ,pr mes pr mesR X X ;  
5) ʚ ʩʭʝʤʝ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʦʜ-
ʥʦʛʦ ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʦʜʥʦʨʦʣʝʚʦʛʦ ʢʦʥʩʪʨʫʢʪʘ;  
6) ʥʠʢʘʢʠʭ ʜʨʫʛʠʭ ʩʭʝʤ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʥʝʪ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʭʝʤʳ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ sch SCHÍ  

ʩʪʨʦʷʪʩʷ ʠʟ ʢʦʥʩʪʨʫʢʪʦʚ-ʘʢʩʠʦʤ, ʠ ʝʩʪʴ ʚʳʩʢʘʟʳʚʘʥʠʷ-ʪʝʦʨʝʤʳ ʘʢʩʠʦ-
ʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ (1.14), ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʧʨʘʚʠʣʫ ʩʢʣʝʠʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʢʩʠʦʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 
ʤʦʜʝʣʝʡ ʚ ʪʝʦʨʠʠ, ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙ-
ʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʏʪʦʙʳ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩʭʝʤʫ ʢʦʥ-
ʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʚ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʦʣʥʠʪʴ 

 
 

ʈʠʩ. 1.25 ð ʇʨʘʚʠʣʦ ʩʢʣʝʠʚʘʥʠʷ ʨʦʣʝʚʳʭ ʢʦʥʩʪʨʫʢʪʦʚ: 
ʘ) ʩʢʣʝʠʚʘʥʠʝ ʚʝʨʰʠʥʦʡ; ʙ) ʜʦʙʘʚʣʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ; ʚ) ʩʢʣʝʠʚʘʥʠʝ ʩʪʦʨʦʥʦʡ 
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ʢʣʘʩʩʳ ʧʦʥʷʪʠʡ ʠ ʦʪʥʦʰʝʥʠʡ ʠʟ ʙʘʟʦʚʦʛʦ ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʷʜʨʘ ʪʝʦʨʠʠ 
Te  (1.14) ʣʝʢʩʝʤʘʤʠ ʠ ʩʧʝʮʠʬʠʮʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʤʥʦʞʝʩʪʚ ,X R , ʠʩ-
ʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʩʭʝʤʝ, ʪ.ʝ. ʚʳʧʦʣʥʠʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʪʝʦʨʠʠ Te  (1.14). 

ʉʭʝʤʳ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ð ʵʚʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʤʦ-
ʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʨʘʟʥʳʤʠ ʮʝʣʷʤʠ: 1) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʚ ʧʘʤʷʪʠ ʢʦʤ-
ʧʴʶʪʝʨʘ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʝʢʩʪʦʚ [75] ʥʘ ʗʇɼ ʵʢʩʧʝʨʪʦʚ, ʃʇʈ 
ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ [76] ʩ ʮʝʣʴʶ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʭʝʤʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ; 2) ʜʣʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘ-
ʥʠʡ ʦ ʟʘʜʘʯʘʭ, ʤʝʪʦʜʘʭ ʠ ʤʦʜʝʣʷʭ, ʵʣʝʤʝʥʪʘʭ ɻʠʀʉ ʠ ɻʠʀʉ ʚ ʮʝʣʦʤ, ʦ 
ʜʝʡʩʪʚʠʷʭ ʨʘʟʨʘʙʦʪʯʠʢʘ ɻʠʀʉ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ ʦʧʝʨʘʮʠʡ, ʨʘʟʨʘ-
ʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʨʝʜ ʪʝʭʥʦʣʦʛʠʠ ʌɻʠʀʉ.  

ʉʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦ-
ʜʝʣʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. çʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʝʢʩʪʘ ʦʙʨʘʟʫʝʪʩʷ 
ʚ ʩʦʟʥʘʥʠʠ ʧʦʟʥʘʶʱʝʛʦ ʩʫʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ ʟʥʘʥʠʡ ʦ ʷʟʳʢʝ, ʟʥʘʥʠʡ ʦ 
ʤʠʨʝ, ʘ ʪʘʢʞʝ ʦʙʱʠʭ ʟʥʘʥʠʡ ʚ ʪʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʦʡ ʧʦʩʚʷ-
ʱʝʥ ʪʝʢʩʪ. ʊʝʢʩʪʳ ʧʠʰʫʪʩʷ ʜʣʷ ʧʦʩʚʷʱʝʥʥʳʭè [75, ʩ. 127]. ʕʪʦ ʦʪʥʦʩʠʪ-
ʩʷ ʠ ʢ ʪʝʢʩʪʘʤ ʥʘ ʗʇɼ ð ʠʩʪʦʯʥʠʢʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʜʘʯʘʭ ʠ ʤʝʪʦʜʘʭ 
ʠʭ ʨʝʰʝʥʠʷ. ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʧʨʠ ʛʠʙʨʠʜʠʟʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ɿʘʜʘʯʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʜʘʥ 
ʪʝʢʩʪ ʥʘ ʗʇɼ ʠ ʥʝʦʙʭʦʜʠʤʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʝʛʦ ʣʝʢʩʝʤʳ ʧʦ ʩʝʤʘʥʪʠ-
ʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʠ ʧʨʠʩʚʦʠʪʴ ʣʝʢʩʝʤʘʤ ʤʝʪʢʠ ʢʣʘʩʩʦʚ. ʇʫʩʪʴ ʝʩʪʴ ʧʨʝʜ-
ʣʦʞʝʥʠʝ: çʘʚʪʦʤʦʙʠʣʴ ˉ ʦ001ʦʦ39 ʜʦʩʪʘʚʣʷʝʪ ʩʨʦʯʥʳʡ ʛʨʫʟè. ʊʦʛʜʘ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʝʛʦ ʢ ʚʠʜʫ: çʘʚʪʦʤʦʙʠʣʴ (ʨʝʩʫʨʩ) ˉ (ʠʤʷ) 
ʦ001ʦʦ39 (ʟʥʘʯʝʥʠʝ) ʜʦʩʪʘʚʣʷʝʪ (ʜʝʡʩʪʚʠʝ) ʩʨʦʯʥʳʡ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ) 
ʛʨʫʟ (ʨʝʩʫʨʩ)è, ʛʜʝ ʚ ʩʢʦʙʢʘʭ ʫʢʘʟʘʥʳ ʤʝʪʢʠ ʢʣʘʩʩʦʚ. ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦ-
ʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ:  ʧʦʩʪʨʦʝʥʠʝ ʨʦʣʝʚʳʭ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʧʦ ʩʭʝʤʘʤ, ʥʘʧʦʣʥʝʥʠʝ ʩʣʦʚʘʨʝʡ ʧʦʥʷʪʠʷʤʠ ʠ 
ʦʪʥʦʰʝʥʠʷʤʠ, ʠʟʚʣʝʯʝʥʠʝ ʟʥʘʥʠʡ, ʧʦʧʦʣʥʝʥʠʝ ʪʝʢʩʪʘ ʟʥʘʥʠʷʤʠ ʠ ʜʨ.  

ʇʨʦʙʣʝʤʫ ʨʝʰʘʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʫʥʢʮʠʡ ʘʥʘʣʠʟʘ, ʧʨʠʥʷʪʠʷ ʨʝ-
ʰʝʥʠʷ ʦʙ ʦʪʥʝʩʝʥʠʠ ʣʝʢʩʝʤʳ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʣʘʩʩ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ 
ʢʦʤʧʴʶʪʝʨʦʤ. ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʠ ʚʚʦʜʠʪʩʷ ʚ  ʢʦʤʧʴʶʪʝʨ ʤʦʜʝʣʴ ʜʝʡʩʪ-
ʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʭʝʤ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ [76]. ʅʘ ʨʠʩ. 1.26 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ ʠʟ ʩʭʝʤ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 1sch  (1.15), ʠʩʧʦʣʴʟʫʝʤʘʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʟʘʜʘʯʠ. 

ʉʭʝʤʘ 1sch  ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʨʦʣʝʚʳʭ 
ʢʦʥʩʪʨʫʢʪʦʚ ʥʘ ʩʝʤʠ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʷʭ: ʨʝʩʫʨʩʘ, ʩʚʦʡʩʪʚʘ, ʜʝʡʩʪʚʠʷ, 
ʤʝʨʳ, ʟʥʘʯʝʥʠʷ, ʩʦʩʪʦʷʥʠʷ ʠ ʦʮʝʥʢʠ. ɺ ʩʭʝʤʝ ʧʨʠʤʝʥʝʥʳ ʚʩʧʦʤʦʛʘʪʝʣʴ-
ʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʠʤʝʥʠ ʠ ʵʢʟʦʪʠʯʝʩʢʠʭ ʧʦʥʷ-
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ʪʠʡ (ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʤʦʜʝʣʴ ʨʘʩʰʠʨʷʝʤʦʡ ʤʝʪʦʜʦʤ ʣʦʛʠʯʝʩʢʦʛʦ ʟʘʤʳʢʘ-
ʥʠʷ [77]). ʉʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʦ 28 ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ. 
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ʆʪʥʦʰʝʥʠʷ  res resR  ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(ʢʣʘʩʩ-ʧʦʜʢʣʘʩʩ), ʚʢʣʶʯʝʥʠʷ (ʮʝʣʦʝ-ʯʘʩʪʴ), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝ-
ʥʠʷ (ʨʷʜʦʤ, ʥʘ) ʨʝʩʫʨʩʦʚ. ʆʪʥʦʰʝʥʠʷ  act actR  ʤʦʜʝʣʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʠ 
ʦʧʝʨʘʮʠʠ, ʟʘʜʘʚʘʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʶ, ʚʢʣʶʯʝʥʠʝ, ʧʦʜʯʠʥʝʥʥʦʩʪʴ, ʚʨʝ-
ʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʠ ʢʘʫʟʘʣʴʥʳʝ ʩʚʷʟʠ. ʆʪʥʦ-
ʰʝʥʠʷ  pr prR  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩʚʦʡʩʪʚ ʨʝʩʫʨʩʦʚ ʠ ʜʝʡʩʪʚʠʡ. 

 
 

ʈʠʩ. 1.26 ð ʉʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 
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ʆʪʥʦʰʝʥʠʷ  mes mesR  ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʰʢʘʣ ʜʣʷ ʝʜʠʥʠʮ 
ʠʟʤʝʨʝʥʠʷ;  val valR ʟʘʜʘʶʪ ʧʦʨʷʜʦʢ ʥʘ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʟʚʦʣʷʶʪ 
ʨʘʟʣʠʯʘʪʴ ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ, ʚʳʨʘʞʝʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʦ;  st stR  
ʦʪʦʙʨʘʞʘʶʪ ʥʘ ʗʇɼ ʩʤʝʥʫ ʩʦʩʪʦʷʥʠʡ ʨʝʩʫʨʩʦʚ, ʚʳʨʘʞʘʶʪʩʷ ʧʨʠʯʠʥʥʦ-
ʩʣʝʜʩʪʚʝʥʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʝʩʫʨʩʦʚ; 

 est estR  ð ʧʨʝʜʧʦʯʪʝʥʠʷ ʥʘ ʦʮʝʥʦʯʥʳʭ ʰʢʘʣʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʦʨʠʠ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʪʥʦʰʝʥʠʷ ʩʨʘʚʥʝʥʠʷ ʦʮʝʥʦʢ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʮʝ-
ʥʦʢ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʜʝʡʩʪʚʠʡ. 

ʆʪʥʦʰʝʥʠʷ  res prR  ʩʧʝʮʠʬʠʮʠʨʫʶʪ ʨʝʩʫʨʩʳ ʯʝʨʝʟ ʩʚʦʡʩʪʚʘ;  act resR  
ʦʧʨʝʜʝʣʷʶʪ ʜʝʡʩʪʚʠʷ ʥʘ ʨʝʩʫʨʩʘʭ;  act prR  ʟʘʜʘʶʪ ʩʚʦʡʩʪʚʘ ʜʝʡʩʪʚʠʡ, 
ʦʧʨʝʜʝʣʷʷ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʠ ʚʠʜʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʪʥʦʰʝʥʠʷ 

 pr mesR ,  mes valR ,  pr valR  ʩʚʷʟʳʚʘʶʪ ʩʚʦʡʩʪʚʘ, ʤʝʨʳ ʠ ʟʥʘʯʝʥʠʷ ʠ ʭʦʨʦʰʦ 
ʠʟʫʯʝʥʳ ʚ ʪʝʦʨʠʠ ʠʟʤʝʨʝʥʠʡ, ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʠ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦ-
ʞʝʩʪʚ. ʆʪʥʦʰʝʥʠʷ  val prR  ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʝʷʚʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʚʳʨʘʞʝʥʠ-
ʷʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤ-
ʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʠʜʘ çʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦè.  

ʆʪʥʦʰʝʥʠʷ  par prR ,  ch prR ,  nam prR  ð ʦʪʥʦʰʝʥʠʷ ʚʠʜ-ʨʦʜ ʠʣʠ ʧʦʜ-
ʢʣʘʩʩ-ʢʣʘʩʩ,  res stR  ʩʚʷʟʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʩ ʝʛʦ ʥʦʩʠʪʝʣʝʤ ð ʨʝʩʫʨʩʦʤ, 
ʥʘʧʨʠʤʝʨ, ʚʳʧʦʣʥʷʝʤʳʡ ʟʘʢʘʟ, ʧʦʚʨʝʞʜʝʥʥʳʡ ʛʨʫʟ ʠ ʜʨʫʛʠʝ, ʘ  act stR  ð 
ʚʳʧʦʣʥʷʝʤʳʝ  ʩʫʙʲʝʢʪʦʤ ʜʝʡʩʪʚʠʷ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʨʝʩʫʨʩʦʚ. 

 ɺ ʨʘʙʦʪʘʭ [78, 79] ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʘʥʥʦʡ ʦʨʠʛʠʥʘʣʴʥʦʡ ʠ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. 

ʉʭʝʤʘ 1sch SCHÍ  (ʨʠʩ. 1.26) ʩʧʝʮʠʬʠʮʠʨʫʝʪ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʩʪʨʫʢ-
ʪʫʨʫ ʪʝʢʩʪʦʚ ʥʘ ʗʇɼ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 
ʤʦʜʝʣʝʡ. ʂʦʤʧʴʶʪʝʨ ʚʳʜʝʣʷʝʪ ʠʟ ʪʝʢʩʪʘ ʧʨʝʜʣʦʞʝʥʠʷ ʠ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦ 
ʦʯʝʨʝʜʠ ʩʣʦʚʘ ʠʟ ʥʠʭ, ʘ ʠʥʞʝʥʝʨ ʧʦ ʟʥʘʥʠʷʤ, ʚʠʜʷ (ʧʦʤʥʷ) ʩʭʝʤʫ ʨʦʣʝ-
ʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʜʘʝʪ ʦʮʝʥʢʠ ʵʪʦʛʦ ʩʣʦʚʘ ʧʦ ʩʝʤʠʤʝʨʥʦʡ 
( ,RES ,PR ,ACT ,MES ,VAL ,ST )EST  ʤʦʜʝʣʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɽʩʣʠ 
ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʟʘʪʨʫʜʥʝʥʦ, ʣʝʢʩʝʤʘ ð ʵʢʟʦʪʠʯʝʩʢʘʷ. ʇʦʩʣʝ ʫʩʪʘʥʦʚ-
ʣʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʦʮʝʥʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʧʦʣʥʷʶʪʩʷ ʩʣʦʚʘʨʠ. 
ʂʣʘʩʩ EX  ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʣʦʚʘ, ʧʦʧʘʚʰʠʝ ʚ 
ʥʝʛʦ, ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʢʣʘʩʩʦʚ ,RES  ,PR  ,ACT  ,MES  ,VAL  ,ST  
EST , ʠʣʠ ʤʥʦʞʝʩʪʚʦ X  ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʩʰʠʨʝʥʦ ʥʦʚʦʡ ʢʘʪʝʛʦʨʠʝʡ. 

ʄʝʪʦʜ ʠʤʝʝʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠʟʥʘʢ ʢʦʥʚʝʨʛʝʥʮʠʠ ð ʨʘʟ-
ʤʝʨ ʩʣʦʚʘʨʷ ʵʢʟʦʪʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ. ɽʩʣʠ ʦʥ ʦʧʫʩʪʠʪʩʷ ʥʠʞʝ ʧʦʨʦʛʦʚʦʛʦ 
ʟʥʘʯʝʥʠʷ (ʜʦ 10 %), ʧʝʨʚʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʟʘʚʝʨʰʝʥ. ʈʝʣʝ-
ʚʘʥʪʥʦʩʪʴ (1.15) ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʜʘʧʪʘʮʠʝʡ ʦʧʨʝʜʝʣʝʥʠʡ 4 ð 15 ʢ ʪʨʝʤ 
ʠʩʪʦʯʥʠʢʘʤ ʩʤʳʩʣʘ ʩʣʦʚ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ð ʩʣʦʚʘʨʷʤ ɺ.ʀ. ɼʘʣʷ, ʉ.ʀ. 
ʆʞʝʛʦʚʘ, ɹʦʣʴʰʦʡ ʉʦʚʝʪʩʢʦʡ ʕʥʮʠʢʣʦʧʝʜʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [4].  
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ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʂɿʂ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʤ ʫʯʠʪʳ-
ʚʘʪʴ ʪʠʧʳ ʧʝʨʝʤʝʥʥʳʭ. ʆʜʥʘ ʠʟ ʬʦʨʤʫʣʠʨʦʚʦʢ ʂɿʂ: ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ 
ʪʘʢʦʡ ʤʘʨʰʨʫʪ ʦʙʭʦʜʘ n ʢʣʠʝʥʪʦʚ (ʛʦʨʦʜʦʚ), ʯʪʦʙʳ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ 
ʤʘʨʰʨʫʪʘ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʩʪʦʠʤʦʩʪʴ ʧʨʦʝʟʜʘ ʧʦ ʢʘʞ-
ʜʦʡ ʜʦʨʦʛʝ, ʩʦʝʜʠʥʷʶʱʝʡ ʧʘʨʫ ʢʣʠʝʥʪʦʚ. ʇʝʨʝʯʠʩʣʠʤ ʠʩʧʦʣʴʟʫʝʤʳʝ 
ʢʦʥʮʝʧʪʳ ʠ ʦʪʥʦʰʝʥʠʷ, ʨʘʟʙʠʚ ʠʭ ʧʦ ʢʘʪʝʛʦʨʠʷʤ: ʂɿʂRES = 1{res =  
" ",ʤʘʨʰʨʫʪ  2 3" ",  " ",res ʜʦʨʦʛʘ res ʢʣʠʝʥʪ= =  4 " "};res ʢʦʤʤʠʚʦʷʞʝʨ=  

1{ " ",   ʂɿʂPR pr ʠʜʝʥʪʠʬʠʢʘʪʦʨ= = 2 " ",pr ʩʪʦʠʤʦʩʪʴ=  3 " "};pr ʢʣʘʩʩ=  

1 2{ "  ",  " "};ʂɿʂACT act ʩʨʘʚʥʝʥʠʝ ʤʘʨʰʨʫʪʦʚ act ʧʦʝʟʜʢʘ= = =  ʂɿʂVAL =  

1{ " "};val ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ=    
1{ " "};res res res res

ʂɿʂR r ʩʦʝʜʠʥʷʝʪ= =   res pr
ʂɿʂR =  

 
1{ "  "};res prr ʠʤʝʪʴ ʩʚʦʡʩʪʚʦ=    

1{ " ",res act res act
ʂɿʂR r ʦʧʨʝʜʝʣʷʝʪ= =   

2 res actr =  
" "};ʚʳʧʦʣʥʷʝʪ    

1 2{ "  ",  "  "};pr pr pr pr pr pr
ʂɿʂR r ʠʤʝʪʴ ʩʚʦʡʩʪʚʦ r ʚʣʠʷʝʪ ʥʘ= = =  

  
1{ "  "};pr val pr val

ʂɿʂR r ʠʤʝʪʴ ʟʥʘʯʝʥʠʝ= =   
1{ "act res act res

ʂɿʂR r ʠʤʝʪʴ= = ",ʦʙʲʝʢʪʦʤ  
 

2 " "};act resr ʠʩʧʦʣʴʟʫʝʪ=    
1{ "  "}.act pr act pr

ʂɿʂR r ʠʤʝʪʴ ʩʚʦʡʩʪʚʦ= =  
ʀʟ ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ VAL  ʚʩʝʭ ʩʚʦʡʩʪʚ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʦʜʤʥʦʞʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʩʚʦʡʩʪʚʘ çʪʠʧè, ʪʘʢ ʢʘʢ ʥʘʩ ʙʫʜʝʪ ʠʥʪʝʨʝʩʦʚʘʪʴ 
ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʝ-
ʤʳʭ ʚ ʤʦʜʝʣʠ ʟʘʜʘʯʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʂɿʂG  ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘ-
ʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚʳʨʘʞʝʥʠʝʤ: 

 

( )

   
1 1 1 1 1 2 2 4 2

   
1 2 3 2 2 2 1 2 3

   
1 1 2 1 2 3 1 3 1

 
1

( , ) ( , ) ( , )

 ( , ) ( , ) ( , )

 ( , ) ( , ) ( , )

 

act res res act res act
ʂɿʂ

act res act res res res

res pr pr pr pr val

res pr

G r act res r res act r res act

r act res r act res r res res

r res pr r pr pr r pr val

r

= a a a
a a a a

a a a a

a ( )
( )
( )

  
2 1 1 1 3 1 3 1

   
1 2 2 1 2 3 1 3 1

   
1 2 2 1 2 3 1 3 1

  
1 3 1 1 1 3

( , ) ( , ) ( , )

 ( , ) ( , ) ( , )

 ( , ) ( , ) ( , )

 ( , ) ( , )

pr pr pr val

res pr pr pr pr val

act pr pr pr pr val

res pr pr pr

res pr r pr pr r pr val

r res pr r pr pr r pr val

r act pr r pr pr r pr val

r res pr r pr pr r

a a a

a a a a

a a a a

a a a( )
( )( )
( )( ( ))

 
1 3 1

   
2 2 1 2 2 1 2 2 2 2 2

   
2 2 1 1 2 1 2 2 2 2 2

( , )

( , ) ( , ) ( , )

( , ) ( , ) , .

pr val

act res res pr pr pr
y z z y y z

res pr act res pr pr
y z z y y z

pr val

pr pr r act pr r res pr r pr pr

pr pr r res pr r act pr r pr pr

" " ­

" " ­

a

a a a

a a

 

(1.16)

 

 
ɽʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʪʫ ʤʦʜʝʣʴ, ʚ ʥʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʩʭʦ-

ʞʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʦʚ:  
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( )
( )
( )
( )
( )

  
1 2 3 1 3 1

  
1 1 3 1 3 1

  
1 2 3 1 3 1

  
1 2 3 1 3 1

  
1 1 3 1 3 1

( , )  ( , ) ,

( , )  ( , ) ,

( , )  ( , ) ,

( , )  ( , ) ,

( , )  ( , ) .

pr pr pr val

pr pr pr val

pr pr pr val

pr pr pr val

pr pr pr val

r pr pr r pr val

r pr pr r pr val

r pr pr r pr val

r pr pr r pr val

r pr pr r pr val

a

a

a

a

a

 

 
ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʪʠ ʧʷʪʴ ʬʨʘʛʤʝʥʪʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ 
  

1 3 1 3( , )  ( , ),pr pr pr val
j kr pr pr r pr vala  ʛʜʝ   ,j ʂɿʂpr PRÍ    k ʂɿʂval VALÍ . ʆʥʠ 

ʩʚʷʟʳʚʘʶʪ ʩʚʦʡʩʪʚʦ ʠ ʢʣʘʩʩ ʧʝʨʝʤʝʥʥʦʡ (ʪʘʙʣ. 1.3), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 
ʝʛʦ. ʉ ʫʩʣʦʞʥʝʥʠʝʤ ʤʦʜʝʣʠ ʯʠʩʣʦ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʙʫʜʝʪ ʫʚʝʣʠʯʠ-
ʚʘʪʴʩʷ ʠ ʟʘʛʨʦʤʦʞʜʘʪʴ ʤʦʜʝʣʴ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ, ʚʚʝʜʝʤ ʥʦʚʳʡ ʪʠʧ 
ʢʦʥʮʝʧʪʦʚ çʩʚʦʡʩʪʚʦ ð ʢʣʘʩʩè ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʪʠʭ ʬʨʘʛʤʝʥʪʦʚ.  

ʇʫʩʪʴ PT = {  |j kpt 1,  ...,  ,prj N= 3,j ¸ }1,  ...,  valk N=  ð ʤʥʦʞʝʩʪʚʦ 
ʢʦʥʮʝʧʪʦʚ çʩʚʦʡʩʪʚʦ ð ʢʣʘʩʩè. ʂʦʥʮʝʧʪ  çʩʚʦʡʩʪʚʦ ð ʢʣʘʩʩè 

 
1 3( , ) pr pr

jr pr pr a  
1 3( , ),pr val

kr pr val  ʛʜʝ   ,j ʂɿʂpr PRÍ   kval Í ʂɿʂVAL , ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʢʘʢ: ( ) 3, ,j k j kpt pr pr val= . ɼʣʷ ʂɿʂ ʤʥʦʞʝʩʪʚʦ ʢʦʥʮʝʧʪʦʚ 
çʩʚʦʡʩʪʚʦ ð ʢʣʘʩʩè ʧʨʝʜʩʪʘʚʠʤʦ ʢʘʢ: 

 
 { }1 1 1 3 1 2 1 2 3 1 ( , , ),   ( , , ) .ʂɿʂPT pt pr pr val pt pr pr val= = =  
 

ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʂɿʂ (1.16) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ: 
 

 

   
1 1 1 1 1 2 2 4 2

   
1 2 3 2 2 2 1 2 3

   
1 1 2 1 1 2 1 1 1 2 2 1

1

( , ) ( , ) ( , )

( , ) ( , ) ( , )

( , ) ( , ) ( , )

act res res act res act
ʂɿʂ

act res act res res res

res pt res pt res pt

a

G r act res r res act r res act

r act res r act res r res res
r res pt r res pt r res pt

r

= a a a
a a a a
a a a a

a

( )(
( ))

( )(

  
2 2 1 1 3 1 1

  
2 1 2 1 1 2 2 1 1 2 2 1 

 
2 2 1 2 1 

  
2 1 2 1 1 1 2 1 1 2 2 1 

 
2

( , ) ( , )

 ( , ) ( , )

,

 ( , ) ( , )

ct pt res pt

act pt res pt
y z z y

pt pt
y z

res pt act pt
y z z y

pt pt

act pt r res pt

pt pt r act pt r res pt

r pt pt

pt pt r res pt r act pt

r p

" " ­

­

" " ­

­

a a

a a

a

a a

( ))2 1 2 1 , .y zt pt

 
(1.17)
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ʄʳ ʨʘʩʩʤʦʪʨʝʣʠ ʩʭʝʤʫ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
ʩʪʨʫʢʪʫʨʳ ʟʘʜʘʯʠ. ʂʦʛʜʘ ʧʦʜʨʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝ ʥʫʞʥʦ, ʥʘʧʨʠʤʝʨ, 
ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʜʘʯʘʤʠ, ʧʦʣʴʟʫʶʪʩʷ 
ʤʘʢʨʦʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʴʶ ʟʘʜʘʯʠ (1.19), ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʩʚʦʡʩʪʚʘ ʟʘʜʘʯʠ ʚ ʮʝʣʦʤ ʙʝʟ ʫʯʝʪʘ ʝʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ (1.17).  

ʉʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘ-
ʜʘʯʠ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. ɺ [4] ʨʘʩʩʤʦʪʨʝʥʳ ʩʭʝʤʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝ-
ʣʝʡ çʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè, ʢʦʪʦʨʦʡ ʨʝʣʝʚʘʥʪʥʘ ʂɿʂ, ʘ ʪʘʢʞʝ çʥʝʦʜʥʦ-
ʨʦʜʥʘʷ ʟʘʜʘʯʘè, ʢʦʪʦʨʦʡ ʨʝʣʝʚʘʥʪʥʳ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ɿʂ (ʨʘʟʜ. 1.2.5). 

ɼʣʷ ʤʘʢʨʦʫʨʦʚʥʝʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘ-
ʥʳ ʜʨʫʛʠʝ ʩʭʝʤʳ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʨʦ-
ʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʦʜʥʦʨʦʜʥʘʷ 
ʟʘʜʘʯʘè ð hprb  ʯʝʨʝʟ ʧʦʥʷʪʠʷ çʤʝʪʦʜʘè ð hMET , ʩʚʦʡʩʪʚʘ ð PR  ʠ 
ʩʦʩʪʦʷʥʠʷ ð ST : 

 

 

( ) ( )
( ) ( ) ( )

( ) ( )

  
1 1

   
1 1 1

  
1 1 2 1

, ,

,  , ,

, , ,

h prb st h prb pr h

prb met h prb pr h prb pr h

prb prb h prb prb u

prb R prb GL R prb DAT

R prb MET R prb KL R prb SPC

R prb PRB R prb prb

= a a

a a a a

a a

 (1.18) 

 
ʛʜʝ hGL STÌ , hDAT PRÌ , hMET METÌ  ð ʩʭʝʤʳ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧ-
ʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʮʝʣʠ, ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ hprb ; 

hKL PRÌ  ð ʢʣʘʩʩʠʬʠʢʘʪʦʨ ð ʩʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝ-
ʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʬʘʟʫ (ʫʯʝʪ, ʢʦʥʪʨʦʣʴ, ʘʥʘʣʠʟ, ʥʦʨʤʠʨʦʚʘʥʠʝ, ʧʨʦ-
ʛʥʦʟʠʨʦʚʘʥʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ), ʢʣʘʩʩ ʧʝʨʝ-
ʤʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ hprb  (ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ, ʥʝ-
ʯʝʪʢʠʝ ʠʣʠ ʯʝʪʢʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ, ʣʦʛʠʯʝʩʢʠʝ), ʢʣʘʩʩ ʟʘʜʘʯʠ (ʨʘʟʤʝ-
ʱʝʥʠʷ, ʨʘʩʧʠʩʘʥʠʷ, ʤʘʨʰʨʫʪʠʟʘʮʠʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʜʨʫʛʠʝ, ʩʤ. 
ʪʘʙʣ. 7.2 ʚ [4]) ʠ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ-ʦʪʥʦʰʝʥʠʡ çʩʨʘʚʥʝ-
ʥʠʷè, çʧʨʦʩʪʨʘʥʩʪʚʘè, çʚʨʝʤʝʥʠè, çʧʨʠʯʠʥʥʦʩʪʠè ʜʣʷ ʨʝʰʝʥʠʷ hprb ; 

hSPC PRÌ
 
ð ʩʧʝʮʠʬʠʢʘʪʦʨ ð ʩʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝ-

ʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʦ-
ʙʣʝʤʥʦʡ ʩʨʝʜʳ, ʧʨʦʝʢʪʘ, ʩʨʝʜʳ ʵʢʩʧʝʨʪʦʚ, ʠʟʤʝʨʝʥʠʡ, ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ;  

1
prb prbR  ð ʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ hprb  ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ uprb  (1.19);  
2
prb prbR  ð ʦʪʥʦʰʝʥʠʷ ʚʢʣʶʯʝʥʠʷ hprb  ʚ uprb . 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ uprb  ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʭʝʤʫ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ (ʨʠʩ. 1.27):  
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( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )
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1 1 1

   
1 1 1

   
1 2 1 3
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u prb st u prb pr u prb met u

prb pr u prb pr u prb act

prb est u prb prb h prb prb h h

prb prb h

prb R prb GL R prb DAT R prb MET

R prb KL R prb SPC R prb ACT

R prb EV R prb PRB R PRB PRB

R prb PRB

= a a a

a a a a

a a a a
 
(1.19)

 

 
ʛʜʝ uGL STÌ , uDAT PRÌ , uMET METÌ  ð ʩʭʝʤʳ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧ-
ʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʮʝʣʠ, ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʫʩʣʦʚʠʡ; uKL PRÌ  ð ʢʣʘʩ-
ʩʠʬʠʢʘʪʦʨ; uSPC PRÌ  ð ʩʧʝʮʠʬʠʢʘʪʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

uprb , ʩʭʝʤʫ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʃʇʈ, ʩʭʝʤʫ ʨʦʣʝʚʳʭ 
ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʮʠʠ ACT , ʠʩʧʦʣʥʷʶʱʝʡ ʨʝʰʝʥʠʝ uprb ; 

uEV ESTÌ  ð ʵʚʘʣʶʵʡʪʦʨ ð ʩʭʝʤʘ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 
ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʝʨʘʮʠʠ ACT , ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʨʝʰʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ { }1 ,..., h
prb

h h h
N

PRB prb prb=  ʠʟ ʩʦʩʪʘʚʘ uprb , 

ʛʜʝ h
prbN  ð ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ; ( ) 

3 ,prb prb h hR PRB PRB  ð 

¬ ¬ ¬{ }1 ,..., u
prb

u u u

NPRB prb prb=  ð ʤʥʦʞʝʩʪʚʦ ʜʝʢʦʤʧʦʟʠʮʠʡ  ʟʘʜʘʯʠ uprb , 

¬ ( ) 
3, ,  1,...,

u h prb prb u
prbjprb PRB R j N= = , 

 
3
prb prbR  ð ʤʥʦʞʝʩʪʚʦ ʦʪʥʦʰʝʥʠʡ 

ʜʝʢʦʤʧʦʟʠʮʠʠ uprb ; ( ) 
2 1,prb prb hR prb PRB  ð ʩʦʩʪʘʚ uprb ;  

4
prb prbR  ð 

ʦʪʥʦʰʝʥʠʷ uGL  ʠ hGL , uDAT  ʠ hDAT , uMET
 
ʠ hMET . 

 

ɿʘʜʘʯʘ
PRB

Rprb prb

ʄʝʪʦʜ
MET

Rmet met

Rst st

ʉʦʩʪʦʷʥʠʝ
ST

Rpr pr

ʉʚʦʡʩʪʚʦ
PR

R
prb pr R prb st

Rest est

ʆʮʝʥʢʘ
EST

Ract act

ʆʧʝʨʘʮʠʷ
ACT

prb est R prb act

 
ʈʠʩ. 1.27 ð ʉʭʝʤʘ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè 
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ɺ ʨʘʟʜ. 1.2.1 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʨʦʜʥʳʝ ʠ ʥʝʦʜʥʦʨʦʜʥʳʝ ʟʘʜʘʯʠ ʟʘ-
ʥʠʤʘʶʪ ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ ʧʦʣʦʞʝʥʠʷ ʥʘ ʰʢʘʣʝ çʠʟʚʝʩʪʥʦʝ ð ʥʝ-
ʠʟʚʝʩʪʥʦʝè. ʈʘʩʩʤʦʪʨʠʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ʬʦʨʤʫʣʠʨʦʚʢʠ 
ɿʂ. ʇʨʦʚʝʨʠʤ ʠʭ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʫʝʤ ʩʣʦʞʥʫʶ 
ʟʘʜʘʯʫ ʢʦʤʤʠʚʦʷʞʝʨʘ. 

 
1.2.5. ʉʣʦʞʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʂɿʂ. 
ɺʩʝ ʩʚʦʡʩʪʚʘ ʨʝʩʫʨʩʦʚ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ 
ʧʝʨʝʤʝʥʥʳʤʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ (ʩʚʷʟʳʚʘʶʱʠʭ 
ʧʝʨʝʤʝʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ). ɽʩʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ ʧʨʠʤʝʥʠʪʴ ʤʝʨʫ (1.11), ʪʦ ʂɿʂ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʪʦʯʢʫ (1; 0) ʥʘ  
ʨʠʩ. 1.20 ʠ ʧʦʧʘʜʝʪ ʚ ʢʣʘʩʩ ʧʨʦʩʪʳʭ (ʦʜʥʦʨʦʜʥʳʭ) ʟʘʜʘʯ. ʇʦʥʷʪʠʝ ʩʣʦʞ-
ʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʟʜ. 1.2.1, ʘ ʚ ʪʘʙʣ. 1.4 ʦʥʦ ʜʝʪʘʣʠʟʠʨʦ-
ʚʘʥʦ ʜʦ ʤʥʦʞʝʩʪʚʘ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ. 

 
ʊʘʙʣʠʮʘ 1.4 ð ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʄʦʜʝʣʴ 
ʇʝʨʝʤʝʥʥʳʝ ʆʨʠʛʠ-

ʥʘʣ ʆʪʥʦʰʝʥʠʷ ʆʙʨʘʟʳ, ʵʤʦ-
ʮʠʠ, ʭʘʨʘʢʪʝʨ ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʉʪʦʭʘʩʪʠʯʝʩʢʠʝ ʃʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 

ɻʦʨʦʜʘ 
ʋʟʣʳ 
ʆʪʝʣʠ 
ɺʦʢʟʘʣʳ 
ʇʨʦʙʢʠ 
ʥʘ ʫʣʠ-
ʮʘʭ 

ʆʧʨʝʜʝʣʝʥʠʷ 
ɺʢʣʶʯʝʥʠʷ 
ʉʨʘʚʥʝʥʠʷ 
ʇʨʦʩʪʨʘʥʩʪ-
ʚʝʥʥʳʝ 
ɺʨʝʤʝʥʥʳʝ 
ʇʨʠʯʠʥʥʦʩʪʠ 

ʂʘʨʪʘ 
ʉʭʝʤʘ 
 

ʏʠʩʣʦ ʛʦʨʦʜʦʚ 
ʏʠʩʣʦ ʢʣʠʝʥʪʦʚ 
ʈʘʩʩʪʦʷʥʠʷ: 
çʛʦʨʦʜ-ʚʦʢʟʘʣè,  
çʢʣʠʝʥʪ-ʢʣʠʝʥʪè,  
çʚʦʢʟʘʣ-ʢʣʠʝʥʪè 
ʉʪʦʠʤʦʩʪʴ 

ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʇʦʛʦʜʘ 

ʅʘʟʚʘʥʠʷ 
ɸʜʨʝʩʘ 
ʇʦʣʦʞʝʥʠʝ 
ʇʨʝʩʪʠʞʥʦʩʪʴ  ʛʦʩʪʠ-
ʥʠʮʳ 
ɺʦʟʤʦʞʥʦʩʪʠ ʘʛʝʥʪʘ 
ʇʦʛʦʜʘ 

ɼʦʨʦʛʠ 
ʊʨʘʥʩ-
ʧʦʨʪ 
ʇʦʪʦʢʠ 

ʆʧʨʝʜʝʣʝʥʠʷ 
ʉʨʘʚʥʝʥʠʷ 
ʇʨʦʩʪʨʘʥʩʪ-
ʚʝʥʥʳʝ 
ɺʨʝʤʝʥʥʳʝ 
ʇʨʠʯʠʥʥʦʩʪʠ 

ʂʘʨʪʘ 
ʇʫʪʴ 
 

ʈʘʩʩʪʦʷʥʠʷ: 
 çʛʦʨʦʜ-ʛʦʨʦʜè, 
çʛʦʨʦʜ-ʧʦʩʝʣʦʢè 
ʉʢʦʨʦʩʪʴ 
ɿʘʪʨʘʪʳ 
ʉʪʦʠʤʦʩʪʴ  
(ʧʨʦʝʟʜʘ, ʩʝʨʚʠʩʘ) 
ɺʨʝʤʷ ʚ ʧʫʪʠ 

ɺʝʨʦʷʪʥʦʩʪʴ 
ʧʨʦʝʟʜʘ 
ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʇʣʦʪʥʦʩʪʴ 
ʧʦʪʦʢʘ 
ɺʨʝʤʷ ʧʨʠʙʳʪʠʷ 
ɺʨʝʤʷ ʦʪʧʨʘʚ-
ʣʝʥʠʷ 

ʅʘʟʚʘʥʠʷ (ʧʫʥʢʪʦʚ, 
ʜʦʨʦʛ) 
ʂʘʪʝʛʦʨʠʷ ʜʦʨʦʛʠ  
ɿʘʛʨʫʟʢʘ ʤʘʛʠʩʪʨʘʣʠ 
ɺʠʜ ʪʨʘʥʩʧʦʨʪʘ 
ʈʘʩʧʠʩʘʥʠʝ  
ɹʝʟʦʧʘʩʥʦʩʪʴ 
ʆʧʦʟʜʘʥʠʷ 
ʅʘʣʠʯʠʝ ʙʠʣʝʪʦʚ 
ʆʯʝʨʝʜʠ 

ʃʶʜʠ: 
çʃʇʈè, 
çʘʛʝʥʪè, 
çʢʣʠ-
ʝʥʪè 
ʉʝʨʚʠʩ 

ʉʝʤʝʡʥʳʝ 
ʇʦʜʯʠʥʝʥʥʦ-
ʩʪʠ 
ʉʦʛʣʘʩʦʚʘʥʠʷ 
ʇʨʠʥʘʜʣʝʞ-
ʥʦʩʪʴ ʛʨʫʧʧʝ 
ɼʨʫʞʝʩʢʠʝ 

ɸʢʪʠʚʥʦʩʪʴ 
ɸʥʪʠʮʠʧʘʮʠʷ 
ʅʘʜʝʞʥʦʩʪʴ 
ɻʠʙʢʦʩʪʴ 
ʅʘʩʪʦʡʯʠʚʦʩʪʴ 
ʉʪʨʘʭ 
ʕʛʦʠʟʤ 
ɾʘʜʥʦʩʪʴ 

ʂʦʦʨʜʠʥʘʪʳ ʘʛʝʥʪʘ 
ʂʨʠʪʝʨʠʠ ʚʳʙʦʨʘ 

ɺʝʨʦʷʪʥʦʩʪʴ 
ʠʟʤʝʥʝʥʠʷ 
ʤʘʨʰʨʫʪʘ 
ɺʝʨʦʷʪʥʦʩʪʴ 
ʧʦʷʚʣʝʥʠʷ  
ʢʣʠʝʥʪʘ 
 

ʉʫʙʲʝʢʪʠʚʥʳʝ ʦʮʝʥʢʠ 
ʃʠʯʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ 
ʂʨʠʪʝʨʠʠ ʠ ʨʠʩʢ 
ʚʳʙʦʨʘ 
ɿʜʦʨʦʚʴʝ 
ʋʚʝʨʝʥʥʦʩʪʴ  
ʆʰʠʙʢʠ ʘʛʝʥʪʘ  
ɺʘʞʥʦʩʪʴ ʢʣʠʝʥʪʘ 

 
ɺ ʪʘʙʣ. 1.4 ʩʥʷʪʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʝʣʠʨʫʝʤʳʭ ʦʙʲʝʢ-

ʪʦʚ ʦʨʠʛʠʥʘʣʘ, ʜʦʙʘʚʣʝʥ çʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨè, ʨʘʩʰʠʨʝʥ ʩʧʠʩʦʢ 
ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠ (ʠʣʠ) ʠʭ ʩʚʦʡʩʪʚʘʤʠ ʠ ʫʯʪʝʥʳ 
ʝʱʝ ʜʚʘ ʢʣʘʩʩʘ ʧʝʨʝʤʝʥʥʳʭ ð ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʝʩʪʴ 
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ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦ-
ʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ çʛʦʨʦʜʘ-ʜʦʨʦʛʠ-ʣʶʜʠè. 

ʊʘʙʣ. 1.4 ʥʝ ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʦʭʚʘʪ ʚʩʝʛʦ ʤʥʦʞʝʩʪʚʘ ʫʩʣʦʚʠʡ, ʦʙʩʪʦʷ-
ʪʝʣʴʩʪʚ, ʧʨʦʮʝʩʩʦʚ, ʧʝʨʝʤʝʥʥʳʭ, ʘʢʪʫʘʣʴʥʳʭ ʜʣʷ ʢʦʤʤʠʚʦʷʞʝʨʘ ʠ ʃʇʈ, 
ʩʪʨʝʤʷʱʠʭʩʷ ʜʦʩʪʠʯʴ ʮʝʣʝʡ ʩʚʦʝʛʦ ʙʠʟʥʝʩʘ. ɿʘʜʘʯʘ ʪʘʙʣʠʮʳ ð ʧʦʢʘʟʘʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ. ʅʘʧʨʠʤʝʨ, 
ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʙʣʘʩʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ çʛʦʨʦ-
ʜʘ-ʜʦʨʦʛʠ-ʣʶʜʠè ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʃʇʈ ʠʣʠ ʘʛʝʥʪʦʤ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠʟʙʨʘʥʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʕʪʠʤʠ ʦʮʝʥʢʘʤʠ ʤʦʞʥʦ ʚʟʚʝʩʠʪʴ 
ʛʦʨʦʜʘ-ʚʝʨʰʠʥʳ ʛʨʘʬʘ ʠ ʜʦʨʦʛʠ-ʨʝʙʨʘ. ʄʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʣʘʩʪʴ 
ʨʘʩʩʫʞʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 
ʢʘʯʝʩʪʚʝʥʥʳʭ, ʣʦʛʠʯʝʩʢʠʭ (ʧʨʦʧʦʟʠʮʠʦʥʘʣʴʥʳʭ) ʧʝʨʝʤʝʥʥʳʭ, ʫʯʠʪʳʚʘʷ 
ʥʘʟʚʘʥʠʷ ʧʫʥʢʪʦʚ, ʜʦʨʦʛ, ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʝʛʦ ʨʘʩʧʠʩʘʥʠʝ, ʘ ʪʘʢʞʝ 
ʥʘʣʠʯʠʝ ʙʠʣʝʪʦʚ. ʄʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʙʣʘʩʪʠ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʘ ʩ ʥʝ-
ʯʝʪʢʠʤʠ ʦʮʝʥʢʘʤʠ ʚʘʞʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʛʝʥʪʘ ʣʠʮʦʤ, 
ʧʨʠʥʠʤʘʶʱʠʤ ʨʝʰʝʥʠʷ. ʅʘʢʦʥʝʮ ʤʦʞʥʦ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʛʦʨʦʜʘ ʠ ʜʦʨʦ-
ʛʠ ʜʦ ʢʘʨʪ ʠ ʩʭʝʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʦʚ ʠʣʠ ʫʢʨʫʧʥʷʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʨʘ-
ʟʳ ʜʦ ʛʦʨʦʜʦʚ-ʪʦʯʝʢ ʠ ʜʦʨʦʛ-ʦʪʨʝʟʢʦʚ ʣʠʥʠʡ ʥʘ ʧʣʦʩʢʦʤ ʛʨʘʬʝ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʧʦ ʜʝʪʘʣʠʟʘʮʠʠ ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ: 
1) ʩʤʝʱʝʥʠʝ ʟʘʜʘʯʠ ʧʦ ʰʢʘʣʝ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 
(ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ) ʠ ʩʥʠʟʫ ʚʚʝʨʭ (ʜʦʙʘʚʣʝʥʠʝ ʥʦ-
ʚʳʭ ʢʣʘʩʩʦʚ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ) ʦʪ ʧʨʦʩʪʳʭ, ʦʜʥʦʨʦʜʥʳʭ ʢ ʩʣʦʞ-
ʥʳʤ, ʥʝʦʜʥʦʨʦʜʥʳʤ ʟʘʜʘʯʘʤ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʂɿʂ ʢ ʩʣʦʞʥʦʡ 
ʟʘʜʘʯʝ ʢʦʤʤʠʚʦʷʞʝʨʘ; 2) ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ çʟʘʜʘʯ-ʩʠʩʪʝʤè, ʩʦ-
ʩʪʦʷʱʠʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʦʜʥʦʨʦʜʥʳʭ ʧʦʜʟʘʜʘʯ ʠ ʦʪʥʦʰʝʥʠʡ ʤʝ-
ʞʜʫ ʟʘʜʘʯʘʤʠ ʚʥʫʪʨʠ ʦʙʣʘʩʪʠ ʠ ʟʘʜʘʯʘʤʠ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ; 3) ʙʦʣʴ-
ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ, 
ʯʪʦʙʳ çʟʘʜʘʯʘ-ʩʠʩʪʝʤʘè ʙʳʣʘ ʨʝʰʝʥʥʦʡ ʧʦ ʤʝʨʝ ʠʥʪʝʛʨʘʮʠʠ ʦʙʣʘʩʪʝʡ; 
ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʩʪʨʫʢʪʫʨʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʣʘʩʩʠʯʝʩʢʠʝ ɿʂ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟ ʨʘʟʜ. 1.1.3), ʚ 
ʢʦʪʦʨʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂɿʂ ʜʦʙʘʚʣʷʶʪʩʷ ʥʦʚʳʝ ʦʙʲʝʢʪʳ ʠ ʦʪʥʦʰʝʥʠʷ 
ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠʤʝʥʠʚ ʢ ʠʭ ʤʦʜʝʣʷʤ ʤʝʨʫ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 
ʦʧʨʝʜʝʣʠʤ, ʢʘʢʠʝ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʩʣʦʞʥʳʭ. 

ʆʙʦʙʱʝʥʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ [80]. ɺ ʆɿʂ ʤʠʥʠʤʠʟʠʨʫʶʪʩʷ 
ʵʥʝʨʛʦʟʘʪʨʘʪʳ (ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʩʘ ʛʨʫʟʘ ʥʘ ʜʣʠʥʫ ʧʫʪʠ ʜʦ ʧʦʣʫʯʘʪʝʣʷ). 
ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʤʠʥʠʤʘʣʴʥʳʤ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 
ð ʚʝʩ ʛʨʫʟʘ 4pr , ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʘʚʣʝʥ ʢʣʠʝʥʪʫ 3res . ɺ ʜʘʥ-
ʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʯʠ ʨʝʩʫʨʩ çʢʣʠʝʥʪè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 
ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ çʚʝʩ ʪʨʝʙʫʝʤʦʛʦ ʛʨʫʟʘè 4 1pt . ʊʦʛʜʘ 
ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʆɿʂ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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(1.20)

 

 
ʂʘʢ ʚʠʜʥʦ, ʫ ʚʩʝʭ ʢʦʥʮʝʧʪʦʚ çʩʚʦʡʩʪʚʦ ð ʢʣʘʩʩè 1 1pt , 2 1pt  ʠ 4 1pt  ʚ 

ʚʳʨʘʞʝʥʠʠ (1.20) ʚʪʦʨʦʡ ʠʥʜʝʢʩ ð 1, ʪ.ʝ., ʩʦʛʣʘʩʥʦ ʚʚʝʜʝʥʥʳʤ ʚ ʨʘʟʜ. 
1.2.4 ʦʙʦʟʥʘʯʝʥʠʷʤ, ʚʩʝ ʩʚʦʡʩʪʚʘ ð ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ. ɺ ʟʘʜʘʯʝ ʦʪ-
ʩʫʪʩʪʚʫʶʪ ʨʘʟʥʦʨʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷ (ʚʩʝ ʦʪʥʦʰʝʥʠʷ ʚ ʚʳʨʘʞʝʥʠʠ (1.20) 
ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʦʜʥʦʛʦ ʪʠʧʘ). ɽʩʣʠ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬ G = 
<VT, RT>, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 1.19, ʦʥ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ 
ʠʟ ʚʝʨʰʠʥʳ çɼʇè ʠ ʧʝʪʣʠ çɼʇ ð ɼʇè. ɽʩʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʩʪʠ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʴ ʤʝʨʫ (1.11), ʆɿʂ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʪʦʯʢʫ (1; 0) 
ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʠʩ. 1.20 ʠ ʧʦʧʘʜʝʪ ʚ ʢʣʘʩʩ ʧʨʦʩʪʳʭ (ʦʜʥʦʨʦʜʥʳʭ) ʟʘʜʘʯ. 

ɿʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ ʩ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ [51, 81, 82]. ɺ ɿʂɺʆ 
ʪʨʝʙʫʝʪʩʷ ʧʨʦʣʦʞʠʪʴ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʢʦʤʤʠʚʦʷʞʝʨʘ ʧʦ ʧʫʥʢʪʘʤ 
(ʛʦʨʦʜʘʤ), ʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʫʥʢʪʘ ʟʘʜʘʥ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ 
ʢʦʪʦʨʦʛʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʩʝʱʝʥ. ʉʫʱʝʩʪʚʫʶʪ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʟʘ-
ʜʘʯʠ: ʩ ʞʝʩʪʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ, ʢʦʛʜʘ ʦʧʦʟʜʘʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳ, ʠ 
ʩ ʤʷʛʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ, ʢʦʛʜʘ ʟʘ ʦʧʦʟʜʘʥʠʝ ʥʘʟʥʘʯʘʝʪʩʷ ʰʪʨʘʬ. 
ɺ ɿʂɺʆ ʜʣʷ ʢʘʞʜʦʡ ʜʦʨʦʛʠ, ʢʨʦʤʝ ʩʪʦʠʤʦʩʪʠ, ʟʘʜʘʝʪʩʷ ʚʨʝʤʷ ʧʨʦʝʟʜʘ. 
ʈʝʰʝʥʠʝ ð ʤʘʨʰʨʫʪ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʚʳʩʰʠʤ ʢʘʯʝʩʪʚʦʤ. ɺ [51] ʚ ʢʘ-
ʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʤʘʨʰʨʫʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ: 
ʩʪʦʠʤʦʩʪʴ ʤʘʨʰʨʫʪʘ; ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʤʘʨʰʨʫʪʫ ʙʝʟ ʫʯʝʪʘ ʚʨʝʤʝʥʠ 
ʧʨʦʩʪʦʷ; ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʚ ʦʞʠʜʘʥʠʠ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʣʠʝʥʪʦʚ; ʦʧʦʟʜʘʥʠʝ 
(ʜʣʷ ʟʘʜʘʯʠ ʩ ʤʷʛʢʠʤʠ ʚʨʝʤʝʥʥʳʤʠ ʦʢʥʘʤʠ). ʊʦʛʜʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦ-
ʜʝʣʴ ɿʂɺʆ ʩ ʢʨʠʪʝʨʠʝʤ çʩʫʤʤʘʨʥʦʝ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʤʘʨʰʨʫʪʫ ʙʝʟ 
ʫʯʝʪʘ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʷè ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  

 



 

 61 

 

   
1 1 1 1 1 2 2 4 2

   
1 2 3 2 2 2 1 2 3

   
1 1 6 1 1 2 1 1 1 2 6 1

1

( , ) ( , ) ( , )

( , ) ( , ) ( , )

( , ) ( , ) ( , )

act res res act res act
ɿʂɺʆ

act res act res res res

res pt res pt res pt

G r act res r res act r res act

r act res r act res r res res

r res pt r res pt r res pt

r

= a a a
a a a a
a a a a
a

( )(
( ))

   
2 6 1 1 3 1 1 1 3 5 2

  
6 1 6 1 1 2 6 1 1 2 6 1 

 
2 6 1 6 1 

  
5 2 6 1 1 2 6 1 1

( , ) ( , ) ( , )

( , ) ( , )

,

( , )  (

act pt res pt res pt

act pt res pt
y z z y

pt pt
y z

act pt res pt
y z z

act pt r res pt r res pt

pt pt r act pt r res pt

r pt pt

pt pt r act pt r r

" " ­

­

" "

a a a

a a

a

a a( )(
( ))

( )(
( ))

3 5 2 

 
2 5 2 6 1 

  
6 1 6 1 1 1 6 1 1 2 6 1 

 
2 6 1 6 1 

, )

,

( , )  ( , )

, ,

y

pt pt
y z

res pt act pt
y z z y

pt pt
y z

es pt

r pt pt

pt pt r res pt r act pt

r pt pt

­

­

" " ­

­

a

a a

 

(1.21) 

 
ʛʜʝ 5 2pt = ( 5 ,pr 3 ,pr )2val , 5pr = ǌʞʝʣʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʧʦʩʝʱʝʥʠʷǌ, 

2val =  ǌʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʯʝʪʢʦʝǌ, 6 1pt =  ( )6 3 1, ,pr pr val , 6pr =  ǌʜʣʠ-
ʪʝʣʴʥʦʩʪʴǌ. 

ɺ ɿʂɺʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂɿʂ ʨʝʩʫʨʩ çʢʣʠʝʥʪè ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʝ ʯʝʪʢʦʝ ʩʚʦʡʩʪʚʦ çʞʝʣʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʧʦʩʝ-
ʱʝʥʠʷè, ʘ ʨʝʩʫʨʩʳ çʜʦʨʦʛʘè, çʤʘʨʰʨʫʪè ʠ ʜʝʡʩʪʚʠʝ çʧʦʝʟʜʢʘè ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʩʚʦʡʩʪʚʦʤ çʜʣʠʪʝʣʴʥʦʩʪʴè, ʘ ʥʝ ʩʪʦʠʤʦ-
ʩʪʴʶ. ɽʩʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʴ ʤʝʨʫ 
(1.11), ʪʦ ɿʂɺʆ ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʪʦʯʢʫ (2; 1) ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʠʩ. 1.20 ʠ ʧʦ-
ʧʘʜʝʪ ʚ ʢʣʘʩʩ ʩʣʦʞʥʳʭ (ʥʝʦʜʥʦʨʦʜʥʳʭ) ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ 
ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ɼʇ ʠ ʃʇ, ʘ ʪʘʢʞʝ ʦʜʥʦ ʨʘʟʥʦʨʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ 
çɼʇ ð ʃʇè. 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ [83]. ɸʚʪʦʨʳ ɼɿʂ ʧʨʝʜʣʘʛʘ-
ʶʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʜʦʨʦʞʥʳʭ ʧʨʦʙʦʢ ʥʘ ʧʫʪʝʰʝʩʪʚʠʝ ʢʦʤʤʠʚʦʷʞʝʨʘ ʠ  
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʫʤʤʘʨʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʫʪʝʰʝʩʪʚʠʷ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 
ʧʨʦʙʢʠ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʡʜʝʥʥʦʝ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʦʩʪʘʝʪʩʷ 
ʧʨʝʞʥʠʤ, ʥʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʧʫʪʝʰʝʩʪʚʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 
ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ɼɿʂ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1.22). 

 ɺ ʜʘʥʥʦʡ ʟʘʜʘʯʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʂɿʂ ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʪʠʧ ʧʝʨʝ-
ʤʝʥʥʳʭ ð ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ð ʠ ʦʜʠʥ ʪʠʧ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ. ɽʩʣʠ 
ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʴ ʤʝʨʫ (1.11), ʪʦ ɼɿʂ 
ʦʪʦʙʨʘʟʠʪʩʷ ʚ ʪʦʯʢʫ (2; 1) ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʠʩ. 1.20 ʠ ʧʦʧʘʜʝʪ ʚ ʢʣʘʩʩ 
ʩʣʦʞʥʳʭ (ʥʝʦʜʥʦʨʦʜʥʳʭ) ʟʘʜʘʯ. 
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ʛʜʝ 2 3pt = ( )2 3 3, ,pr pr val , 2pr = ǌʩʪʦʠʤʦʩʪʴǌ, 3val = ǌʩʪʦʭʘʩʪʠʯʝʩʢʦʝǌ.  

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʟʘʜʘʯʘ ʢʦʤʤʠʚʦʷʞʝʨʘ [84]. ɺ ɺɿʂ ʢʘʞʜʳʡ ʢʣʠʝʥʪ 
ʧʦʩʝʱʘʝʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʠ ʥʫʞ-
ʥʦ ʥʘʡʪʠ ʪʫʨ ʤʠʥʠʤʘʣʴʥʦʡ ʦʞʠʜʘʝʤʦʡ ʩʪʦʠʤʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʩʝʭ 
ʢʣʠʝʥʪʦʚ. ʕʪʦʪ ʪʫʨ ʠʱʝʪʩʷ ʦʜʠʥ ʨʘʟ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʝʟʜʦʢ. ʄʘʨʰʨʫʪ 
ʦʙʭʦʜʘ ʢʣʠʝʥʪʦʚ, ʧʦʪʨʝʙʦʚʘʚʰʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʧʦʝʟʜʢʝ, 
ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟ ʥʘʡʜʝʥʥʦʛʦ ʪʫʨʘ ʢʣʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ 
ʪʨʝʙʫʶʪ ʧʦʩʝʱʝʥʠʷ ʚ ʜʘʥʥʦʡ ʧʦʝʟʜʢʝ. ʊʘʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ɿʂ ʧʦʣʝʟʥʘ, 
ʝʩʣʠ ʧʦʨʷʜʦʢ ʦʙʭʦʜʘ ʢʣʠʝʥʪʦʚ ʥʝ ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ. 
ʅʝʜʦʩʪʘʪʢʠ ɺɿʂ ʧʨʦʷʚʣʷʶʪʩʷ, ʝʩʣʠ ʩʦʩʪʘʚ ʢʣʠʝʥʪʦʚ ʥʝʩʪʘʙʠʣʝʥ, ʠʭ 
ʯʠʩʣʦ ʥʝʚʝʣʠʢʦ ʠ ʥʝʣʴʟʷ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʦʥʠ ʪʨʝʙʫ-
ʶʪ ʧʦʩʝʱʝʥʠʷ. ʄʦʜʝʣʴ ɺɿʂ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
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ʛʜʝ 7 3pt =  ( 7 ,pr  3 ,pr )3val , ʛʜʝ 7pr = ǌʚʝʨʦʷʪʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʧʦʩʝʱʝʥʠʷǌ, 3val = ǌʩʪʦʭʘʩʪʠʯʝʩʢʦʝǌ.  

ɽʩʣʠ ʜʣʷ ʘʥʘʣʠʟʘ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʠʪʴ ʤʝʨʫ (1.11), 
ʪʦ ɺɿʂ, ɼɿʂ ʠ ɿʂɺʆ ʦʪʦʙʨʘʟʷʪʩʷ ʚ ʪʦʯʢʫ (2; 1) ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʠʩ. 1.20 ʠ 
ʧʦʧʘʜʫʪ ʚ ʢʣʘʩʩ ʩʣʦʞʥʳʭ (ʥʝʦʜʥʦʨʦʜʥʳʭ) ʟʘʜʘʯ.  

ʈʘʩʩʤʦʪʨʝʥʳ ʧʷʪʴ ʬʦʨʤʫʣʠʨʦʚʦʢ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ: ʂɿʂ, ʆɿʂ, 
ɺɿʂ, ɼɿʂ, ɿʂɺʆ. ʇʝʨʚʳʝ ʜʚʝ ʠʟ ʥʠʭ ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪ-
ʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʧʨʦʩʪʳʭ, ʦʜʥʦʨʦʜʥʳʭ, ʧʦʩʣʝʜʥʠʝ ʪʨʠ ð ʢ ʢʣʘʩʩʫ 
ʩʣʦʞʥʳʭ, ʥʝʦʜʥʦʨʦʜʥʳʭ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʚʩʝ ʨʘʚʥʦ ʧʣʦʭʦ 
ʢ ʥʠʤ ʩʚʦʜʷʪʩʷ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ: ʢʦʤʤʠʚʦʷʞʝʨ ð ʪʦʨʛʦʚʝʮ, ʦʥ ʥʝ ʧʫ-
ʪʝʰʝʩʪʚʫʝʪ ʥʘʣʝʛʢʝ, ʚʦʟʤʦʞʥʳ ʧʦʪʝʨʠ ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʡ ʛʨʫʟʘ, ʧʝʨʝ-
ʚʦʟʢʘ ʪʨʝʙʫʝʪ ʨʘʟʣʠʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʉʬʦʨʤʫʣʠʨʫʝʤ ɿʂ ʠʟ 
ʤʥʦʞʝʩʪʚʘ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʙʝʟ ʧʦʜʦʙʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʟʷʚ ʟʘ ʦʩʥʦʚʫ 
ʟʘʜʘʯʫ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʜʦʩʪʘʚʣʷʶʱʝʡ ʛʨʫʟʳ ʢʣʠʝʥʪʘʤ.  

ʇʫʩʪʴ ʫ ʦʨʛʘʥʠʟʘʮʠʠ ð ʥʝʩʢʦʣʴʢʦ ʝʜʠʥʠʮ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 
ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʘʨʰʨʫʪʳ ʜʦʩʪʘʚʢʠ (ʧʦ ʦʜʥʦʤʫ ʜʣʷ ʢʘʞʜʦʛʦ ʪʨʘʥʩ-
ʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ), ʦʭʚʘʪʳʚʘʶʱʠʝ ʚʩʝʭ ʢʣʠʝʥʪʦʚ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 
ʤʘʨʰʨʫʪʦʚ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʢʘʯʝʩʪʚʦ ʠ 
ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʜʦʨʦʛ, ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʦʩʪʘʚʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʢʣʠʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʳ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʪʥʦʰʝʥʠʠ ʧʝʨʩʦʥʘʣʘ. 
ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʘʨʰʨʫʪʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʜʣʠ-
ʪʝʣʴʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʧʦʟʜʘʥʠʷ. ʉʪʦʠʤʦʩʪʴ ð ʟʘʪʨʘʪʳ 
ʥʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ 
ʠʣʠ ʧʦʪʝʨʝʡ  ʛʨʫʟʘ, ʠ ʟʘʨʧʣʘʪʘ ʧʝʨʩʦʥʘʣʘ. ʅʘʜʝʞʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʤʘʨʰʨʫʪʘ. ɺʝʨʦʷʪ-
ʥʦʩʪʴ ʦʧʦʟʜʘʥʠʷ ð ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʛʨʫʟ ʥʝ ʙʫʜʝʪ ʜʦʩʪʘʚʣʝʥ ʚʦ-
ʚʨʝʤʷ ʭʦʪʷ ʙʳ ʦʜʥʦʤʫ ʢʣʠʝʥʪʫ. ʅʝ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʝ ʘʚʪʦ-
ʤʦʙʠʣʠ, ʥʦ ʞʝʣʘʪʝʣʴʥʦ ʜʦʙʠʪʴʩʷ ʨʘʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦ 
ʚʩʝʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 1) ʟʘʧʨʦʩʳ ʢʣʠʝʥʪʦʚ ʥʘ ʜʦʩ-
ʪʘʚʢʫ ʛʨʫʟʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ ʛʨʫʟʘ, ʝʛʦ ʢʦʣʠʯʝʩʪ-
ʚʦ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʜʦʩʪʘʚʢʠ; 2) ʩʚʝʜʝʥʠʷ ʦ ʜʦʨʦʛʘʭ ʢ ʢʣʠ-
ʝʥʪʘʤ: ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ; 3) ʧʘʩʧʦʨʪʥʳʝ ʜʘʥʥʳʝ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʨʘʩʭʦʜ ɻʉʄ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ ʪ.ʧ.); 4) ʛʨʘ-
ʬʠʢʠ ʨʘʙʦʪʳ, ʨʘʟʤʝʨ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʧʝʨʩʦʥʘʣʘ (ʚʦʜʠʪʝʣʝʡ ʠ ʛʨʫʟʯʠ-
ʢʦʚ); 5) ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʝʨʝʚʦʟʠʤʦʤ ʛʨʫʟʝ (ʛʘʙʘʨʠʪʳ, ʭʨʫʧʢʦʩʪʴ ʠ ʪ.ʧ.).  

ɺʳʧʦʣʥʠʤ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʉɿʂ, ʜʣʷ ʯʝʛʦ ʧʝʨʝʯʠʩʣʠʤ 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʵʪʦʤ ʢʦʥʮʝʧʪʳ ʠ ʦʪʥʦʰʝʥʠʷ: ʉɿʂ ʂɿʂRES RES= Ç  

5{ "  ",  res ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ=  6 " ",res ʛʨʫʟ=  7 " ",res ʚʦʜʠʪʝʣʴ=  

8res = " ",ʛʨʫʟʯʠʢ  9 " "};res ʪʦʚʘʨ= 5{ "ʉɿʂ ʂɿʂPR PR pr ʞʝʣʘʝʤʳʡ= Ç =  
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 ",ʠʥʪʝʨʚʘʣ ʧʦʩʝʱʝʥʠʷ  6 8" ",  " ",pr ʜʣʠʪʝʣʴʥʦʩʪʴ pr ʧʨʦʪʷʞʝʥʥʦʩʪʴ= =  

9 "  pr ʬʘʢʪʠʯʝʩʢʘʷ=  ʩʢʦʨʦʩʪʴ   ",ʜʚʠʞʝʥʠʷ  10 "pr ʚʝʨʦʷʪʥʦʩʪʴ=  
",ʦʧʦʟʜʘʥʠʷ  11 " ",pr ʥʘʜʝʞʥʦʩʪʴ=  12 "pr ʢʘʯʝʩʪʚʦ=   ",ʧʦʢʨʳʪʠʷ  

13 "  ",  pr ʪʨʝʙʫʝʤʳʡ ʪʦʚʘʨ=  14 "   ",pr ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʦʛʦ ʪʦʚʘʨʘ=  

15 "pr ʩʪʦʠʤʦʩʪʴ=  ʯʘʩʘ  ",ʨʘʙʦʪʳ 16 "pr ʥʘʥʝʩʝʥʥʳʝ= ʛʨʫʟʫ -ʧʦʚʨʝʞ  
",ʜʝʥʠʷ  17 "   ",pr ʩʪʦʠʤʦʩʪʴ ʢʠʣʦʤʝʪʨʘ ʧʨʦʙʝʛʘ=  18pr =  "ʧʦʢʘʟʘʪʝʣʠ  

 ",ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ  19 "  ",pr ʩʪʦʠʤʦʩʪʴ ʛʨʫʟʘ=  20 "pr ʧʨʝʜʝʣʴʥʘʷ=  
 ",  ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ  21 "  ",pr ʩʦʩʪʘʚ ʛʨʫʟʘ=  22 " ",pr ʮʝʥʘ=  23pr =  
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ʉʨʘʚʥʠʚʘʷ ʢʦʥʮʝʧʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʂɿʂ (1.17) ʠ ʉɿʂ (1.24) ð (1.28), 

ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʦʙʘʚʠʣʠʩʴ: 1) ʪʨʠ ʩʚʦʡʩʪʚʘ ʨʝʩʫʨʩʘ çʜʦʨʦʛʘè: çʢʘ-
ʯʝʩʪʚʦ ʧʦʢʨʳʪʠʷè, çʧʨʦʪʷʞʝʥʥʦʩʪʴè, çʬʘʢʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-
ʥʠʷè; 2) ʪʨʠ ʩʚʦʡʩʪʚʘ ʨʝʩʫʨʩʘ çʢʣʠʝʥʪè: çʞʝʣʘʝʤʳʡ ʠʥʪʝʨʚʘʣ ʧʦʩʝʱʝ-
ʥʠʷè, çʪʨʝʙʫʝʤʳʡ ʪʦʚʘʨè, çʢʦʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʦʛʦ ʪʦʚʘʨʘè; 3) ʚʦʩʝʤʴ 
ʩʚʦʡʩʪʚ ʨʝʩʫʨʩʘ çʢʦʤʤʠʚʦʷʞʝʨè: çʠʜʝʥʪʠʬʠʢʘʪʦʨè ð ʥʘʠʤʝʥʦʚʘʥʠʝ 
ʠʣʠ ʥʦʤʝʨ ʙʨʠʛʘʜʳ ʠ ʥʦʤʝʨ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, çʧʨʝʜʝʣʴʥʘʷ ʩʢʦ-
ʨʦʩʪʴ ʜʚʠʞʝʥʠʷè, çʩʪʦʠʤʦʩʪʴ ʢʠʣʦʤʝʪʨʘ ʧʨʦʙʝʛʘè, çʩʦʩʪʘʚ ʛʨʫʟʘè, 
çʩʪʦʠʤʦʩʪʴ ʛʨʫʟʘè, çʥʘʥʝʩʝʥʥʳʝ ʛʨʫʟʫ ʧʦʚʨʝʞʜʝʥʠʷè, çʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝ-
ʩʪʚʘ ʨʘʙʦʪʳè ð ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, ʚʳʧʦʣ-
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ʥʷʶʱʝʛʦ ʧʝʨʝʚʦʟʢʫ, çʩʪʦʠ-
ʤʦʩʪʴ ʯʘʩʘ ʨʘʙʦʪʳè. ʉʚʦʡ-
ʩʪʚʦ çʩʪʦʠʤʦʩʪʴè ʜʝʡʩʪʚʠʷ 
çʧʦʝʟʜʢʘè ʩʪʘʣʦ ʩʪʦʭʘʩʪʠ-
ʯʝʩʢʠʤ, ʠ ʧʦʷʚʠʣʦʩʴ ʩʪʦʭʘʩ-
ʪʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ çʜʣʠ-
ʪʝʣʴʥʦʩʪʴè ʵʪʦʛʦ ʞʝ ʜʝʡʩʪ-
ʚʠʷ. ɼʦʙʘʚʠʣʠʩʴ ʦʮʝʥʦʯʥʳʝ 
ʢʨʠʪʝʨʠʠ ʤʘʨʰʨʫʪʘ: çʜʣʠ-
ʪʝʣʴʥʦʩʪʴè, çʚʝʨʦʷʪʥʦʩʪʴ 
ʦʧʦʟʜʘʥʠʷè, çʥʘʜʝʞʥʦʩʪʴè. 
ʈʝʩʫʨʩ çʢʦʤʤʠʚʦʷʞʝʨè ʩʪʘʣ 
ʩʦʩʪʘʚʥʳʤ ʠ ʚʢʣʶʯʘʝʪ ʨʝ-
ʩʫʨʩʳ: çʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜ-
ʩʪʚʦè, çʪʦʚʘʨè, çʛʨʫʟè, çʚʦ-
ʜʠʪʝʣʴè ʠ çʛʨʫʟʯʠʢè ð ʢʘ-
ʞʜʳʡ ʩʦ ʩʚʦʠʤ ʥʘʙʦʨʦʤ 
ʩʚʦʡʩʪʚ.  

ɺ ʤʦʜʝʣʠ ʉɿʂ ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʧʷʪʴ ʢʣʘʩʩʦʚ ʧʝʨʝ-
ʤʝʥʥʳʭ ʠ ʩʝʤʴ ʢʣʘʩʩʦʚ ʨʘʟ-
ʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ. ʉʦ-
ʛʣʘʩʥʦ (1.11), ʉɿʂ ʦʪʦʙʨʘ-
ʞʘʝʪʩʷ ʚ ʪʦʯʢʫ (5, 7) ʧʣʦʩ-
ʢʦʩʪʠ ʥʘ ʨʠʩ. 1.20 ʠ ʧʦʧʘʜʝʪ 
ʚ ʢʣʘʩʩ ʩʣʦʞʥʳʭ ʟʘʜʘʯ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʘʞʜʦʡ ɿʂ ʦʧʨʝʜʝʣʝʥʦ ʯʠʩʣʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ 
ʠ ʨʘʟʥʦʨʦʜʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ. ʅʘʥʝʩʝʤ ʵʪʠ 
ʟʥʘʯʝʥʠʷ ʥʘ ʛʨʘʬʠʢ ʥʘ ʨʠʩ. 1.20, ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1.28.  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ɿʂ ʩʪʘʥʦʚʷʪʩʷ 
ʩʣʦʞʥʝʝ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ (ɿʂɺʆ, ɺɿʂ, ɼɿʂ) ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʩʣʦʞ-
ʥʳʭ, ʠʤʝʶʪ ʤʝʨʫ ʩʣʦʞʥʦʩʪʠ v1 = (2, 1). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘ-
ʜʘʯʠ ʝʱʝ ʩʣʦʞʥʝʝ, ʠ ʠʭ ʤʦʜʝʣʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʇ 
ʠ ʉʇ, ʧʦʵʪʦʤʫ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʉɿʂ ʩ ʤʝʨʦʡ ʩʣʦʞʥʦʩʪʠ v2 = (5, 7). 
ʈʘʩʩʪʦʷʥʠʝ (ʨʘʟʥʠʮʘ ʚ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) ʤʝʞʜʫ ʵʪʠʤʠ ʚʝʢʪʦ-
ʨʘʤʠ, ʩʦʛʣʘʩʥʦ (1.12), ʩʦʩʪʘʚʣʷʝʪ 1 2( , ) 6,71p v v º . ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ 
ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ v1 ʠ ʚʝʢʪʦʨʦʤ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʂɿʂ v3 = (1, 0), ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 3 1( , ) 1,41p v v º , ʟʘʤʝʪʥʦ ʟʥʘʯʠʪʝʣʴ-
ʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʣʦʞʥʦʩʪʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʜʦʙʥʳʭ ʉɿʂ ʥʫʞʝʥ 
ʤʝʪʦʜ, ʨʝʣʝʚʘʥʪʥʳʡ ʦʮʝʥʢʘʤ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʥʠʞʝ (5, 7).  

 

ʈʠʩ. 1.28 ð ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ  
ʧʦ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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2. ʄɽʊʆɼʓ ʀ ɸʃɻʆʈʀʊʄʓ ʈɽʐɽʅʀʗ  
ɿɸɼɸʏʀ ʂʆʄʄʀɺʆʗɾɽʈɸ 

2.1. ʄʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ  
ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʇʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʂɿʂ ʦʪʥʦʩʠʪʩʷ ʢ NP-ʧʦʣʥʳʤ ʟʘʜʘ-
ʯʘʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʨʘʟʨʘʙʦʪʘʥ ʵʬʬʝʢʪʠʚ-
ʥʳʡ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʪ.ʝ. ʚʨʝʤʷ ʥʘʭʦʞʜʝ-
ʥʠʷ ʨʝʰʝʥʠʷ ʨʘʩʪʝʪ ʥʝʩʦʨʘʟʤʝʨʥʦ ʙʳʩʪʨʝʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʦʜʦʚ ʚ 
ʂɿʂ. ʇʦʜ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʂɿʂ ʧʦʥʠʤʘʝʪʩʷ ʤʘʨʰʨʫʪ ʤʠʥʠʤʘʣʴʥʦʡ 
ʩʪʦʠʤʦʩʪʠ, ʜʣʠʥʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʤʘʨʰʨʫʪʦʚ ʦʙ-
ʭʦʜʘ ʛʦʨʦʜʦʚ. NP-ʧʦʣʥʦʪʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʜʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʦʯʥʳʭ ʘʣ-
ʛʦʨʠʪʤʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʂɿʂ. ʀʟ-ʟʘ ʚʳʩʦʢʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʪʘ-
ʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʟʘʜʘʯ ʤʘʣʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʜʣʷ ʧʨʦʚʝʨʢʠ 
ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʡ ʚ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʘʭ ʧʦʠʩʢʘ ʧʨʠʙʣʠʞʝʥʥʳʭ 
ʨʝʰʝʥʠʡ. ʇʦʜ ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʤʘʨʰʨʫʪ ʤʠʥʠ-
ʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ, ʜʣʠʥʳ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʠ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʘʣʛʦ-
ʨʠʪʤʦʤ ʤʘʨʰʨʫʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʝʪʦʜʳ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʫʶ ʯʘʩʪʴ ʤʘʨʰʨʫʪʦʚ ʦʙʭʦʜʘ ʛʦʨʦʜʦʚ. ʊʘ-
ʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʝʜʠ ʚʩʝʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʂɿʂ ʙʫʜʝʤ ʚʳʜʝʣʷʪʴ ʘʣʛʦ-
ʨʠʪʤʳ ʪʦʯʥʦʛʦ (ʨʘʟʜ. 2.1.1) ʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ (ʨʘʟʜ. 2.1.2) ʝʝ ʨʝʰʝʥʠʷ. 

 
2.1.1. ʊʦʯʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʉʨʝʜʠ ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʂɿʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʤʝʪʦʜʳ: 
ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ.  

ɸʣʛʦʨʠʪʤ ʧʦʣʥʦʛʦ ʧʝʨʝʙʦʨʘ [85]. ɸʣʛʦʨʠʪʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʜʣʷ ʣʶʙʦʡ ʂɿʂ. ɽʛʦ ʤʦʞʥʦ ʧʨʠʩʧʦʩʦʙʠʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, 
ʥʦ ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ, ʠ 
ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʂɿʂ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ. ʂɿʂ ʩ n ʛʦʨʦʜʘʤʠ 
ʪʨʝʙʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʷ ( 1)!/ 2n -  ʪʫʨʦʚ ʚ ʩʠʤʤʝʪʨʠʯʥʦʡ ʟʘʜʘʯʝ ʠ (n ï 1)! 
ʪʫʨʦʚ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ, ʘ ʬʘʢʪʦʨʠʘʣ (ʪʘʙʣ. 2.1) ʨʘʩʪʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ. 

ʏʪʦʙʳ ʧʨʦʚʦʜʠʪʴ ʧʝʨʝʙʦʨ ʚ ʂɿʂ, ʥʫʞʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴ ʧʝʨʝʩʪʘʥʦʚʢʠ 
ʙʝʟ ʧʦʚʪʦʨʝʥʠʡ n ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, 
ʥʘʧʨʠʤʝʨ, ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʙʦʨʦʤ. ʇʫʩʪʴ ʝʩʪʴ ʘʣʬʘʚʠʪ ʠ ʥʘʙʦ-
ʨʳ ʩʠʤʚʦʣʦʚ ʘʣʬʘʚʠʪʘ (ʙʫʢʚ) ð ʩʣʦʚʘ [85]. ɹʫʢʚʳ ʚ ʘʣʬʘʚʠʪʝ ʫʧʦʨʷʜʦ-
ʯʝʥʳ, ʘ ʤʦʞʥʦ ʫʧʦʨʷʜʦʯʠʪʴ ʠ ʩʣʦʚʘ. ʇʫʩʪʴ ʜʘʥʳ ʩʣʦʚʘ u = (u1, u2, ..., un), 
w = (w1, w2, ..., wn), ʪʦʛʜʘ ʝʩʣʠ u1 J w1, ʪʦ u J w, ʝʩʣʠ u1 = w1, ʪʦ ʩʨʘʚʥʠʪʴ 
ʚʪʦʨʳʝ ʙʫʢʚʳ ʠ ʪ.ʜ. ʕʪʦʪ ʧʦʨʷʜʦʢ ʩʣʦʚ ʥʘʟʳʚʘʝʪʩʷ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʤ.  



 

 72 

ʊʘʙʣʠʮʘ 2.1 ð ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʜʦʧʫʩʪʠʤʳʭ 
ʨʝʰʝʥʠʡ ʂɿʂ ʦʪ ʯʠʩʣʘ ʛʦʨʦʜʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʛʦʨʦʜʦʚ n ʂʦʣʠʯʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ (n ï 1)! 
5 24 
10 ~105 
15 ~1011 
20 ~1017 
25 ~1024 
30 ~1031 
35 ~1038 
40 ~1046 
45 ~1054 
50 ~1063 

 
ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ˊ ʠʟ ʧʷʪʠ ʵʣʝʤʝʥʪʦʚ ˊ(i) = 1, é, 5, ʛʜʝ        

i = 1, é, 5 ð  ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʵʣʝʤʝʥʪʘ ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ. ʃʝʢʩʠʢʦʛʨʘ-
ʬʠʯʝʩʢʠ ʧʝʨʚʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ð 1-2-3-4-5, ʚʪʦʨʘʷ ð 1-2-3-5-4, é, ʧʦ-
ʩʣʝʜʥʷʷ ð 5-4-3-2-1. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʧʝʨʝ-
ʙʦʨʘ. ʇʫʩʪʴ ʜʘʥʘ ʧʝʨʝʩʪʘʥʦʚʢʘ 1-3-5-4-2. ʅʫʞʥʦ ʜʚʠʛʘʪʴʩʷ ʧʦ ʥʝʡ ʩʧʨʘ-
ʚʘ ʥʘʣʝʚʦ, ʧʦʢʘ ʥʝ ʚʩʪʨʝʪʠʤ ʯʠʩʣʦ, ʤʝʥʴʰʝʝ ʧʨʝʜʳʜʫʱʝʛʦ (ʚ ʧʨʠʤʝʨʝ 
ʵʪʦ 3 ʧʦʩʣʝ 5). ʕʪʦ ʯʠʩʣʦ ˊ(i ï 1) ʥʘʜʦ ʫʚʝʣʠʯʠʪʴ, ʧʦʩʪʘʚʠʚ ʚʤʝʩʪʦ ʥʝʛʦ 
ʯʠʩʣʦ ʠʟ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ ˊ(i) ʜʦ ˊ(5). ʏʠʩʣʦ ʙʦʣʴʰʝʝ, ʯʝʤ ˊ(i ï 1) 
ʥʘʡʜʝʪʩʷ, ʪʘʢ ʢʘʢ ˊ(i ï 1) < ˊ(i). ɽʩʣʠ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʯʠʩʝʣ, ʥʫʞʥʦ 
ʚʳʙʨʘʪʴ ʤʝʥʴʰʝʝ ʠʟ ʥʠʭ. ʇʫʩʪʴ ʵʪʦ ˊ(j) | j > iï1. ɿʘʪʝʤ ʯʠʩʣʦ ˊ(i ï 1) ʠ 
ʯʠʩʣʘ ʦʪ ˊ(i) ʜʦ ˊ(5), ʢʨʦʤʝ ˊ(j), ʫʧʦʨʷʜʦʯʠʚʘʶʪʩʷ ʧʦ ʚʦʟʨʘʩʪʘʥʠʶ. ɺ ʨʝ-
ʟʫʣʴʪʘʪʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʝʢʩʠʢʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʨʷʜʢʦʤ ʧʦʣʫʯʠʪʩʷ ʩʣʝ-
ʜʫʶʱʘʷ ʟʘ ˊ ʧʝʨʝʩʪʘʥʦʚʢʘ, ʚ ʧʨʠʤʝʨʝ ð 1-4-2-3-5, ʧʦʪʦʤ 1-4-2-5-3 ʠ ʪ.ʜ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʂɿʂ ʩ n ʛʦʨʦʜʘʤʠ ʥʝ ʥʫʞʥʳ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʟ n 
ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ 1-3-5-4-2 ʠ 3-5-4-2-1 (ʧʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʩʦʝʜʠʥʝʥ ʩ 
ʧʝʨʚʳʤ) ʟʘʜʘʶʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʫʨ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʙʘʟʦʚʳʡ 
ʛʦʨʦʜ ʠ ʧʨʠʩʦʝʜʠʥʷʪʴ ʢ ʥʝʤʫ ʚʩʝ ʧʝʨʝʩʪʘʥʦʚʢʠ ʠʟ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 
ʯʪʦ ʜʘʩʪ (n ï 1)! ʪʫʨʦʚ, ʪ.ʝ. ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʂɿʂ. 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [26]. ʄʝʪʦʜ ʪʨʝʙʫʝʪ 
ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 
[86] ʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʜʘʯʘʤʠ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ n J 18.  

ʇʫʩʪʴ 1v  ð ʥʘʯʘʣʴʥʳʡ ʛʦʨʦʜ, a 2 , , nv v>  ð ʜʨʫʛʠʝ ʛʦʨʦʜʘ; 1( ,k kp = p  

2 ,..., )k k
kp p  ð ʧʝʨʝʩʪʘʥʦʚʢʘ ʠʟ k ʛʦʨʦʜʦʚ, k k

i jp ¸ p , ʧʨʠ i j¸ , , 2,...,i j n= , 

{ }2, ,...,k k
i j nv vp p Í , 1 1

k vp = ; 1 2( , ,...,k k
kf p p 1 1, ,k k

m m- +p p ..., , )k k
k mp p  ð ʬʫʥʢ-

ʮʠʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ, ʩʦʝʜʠʥʷʶʱʝʛʦ ʛʦʨʦʜʘ 1
kp  ʠ 

k
mp , 2,..., 1m k= -  ʠ ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʛʦʨʦʜʘ 2 1,..., ,k k

m-p p  1,...,k k
m k+p p . 

ʊʦʛʜʘ ʬʫʥʢʮʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʣʠʥʳ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʠʟ k ʛʦʨʦʜʦʚ, 
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ʥʘʯʠʥʘʶʱʝʛʦʩʷ ʚ ʛʦʨʦʜʝ 1 1
k vp =  ʠ ʟʘʢʘʥʯʠʚʘʶʱʝʛʦʩʷ ʚ ʛʦʨʦʜʝ k

kp , ʟʘʜʘ-
ʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

 ( )
1 2 1

1 1 2 1 1 1
2, 1

( , ,..., , )
min ( , ,..., , ,..., , ) , ,

k k k k
k k k

k k k k k k k k
k m m k m m k

m k

f
f d

-

- - + -
= -

p p p p =
è ø= p p p p p p + p pê ú

       (2.1) 

 
ʛʜʝ ( ),k k

m kd p p  ð ʜʣʠʥʘ ʜʦʨʦʛʠ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ k
mp  ʠ k

kp . 
ɸʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʂɿʂ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʯʠʩʣʝʥʠʝ (2.1): 
ʐʘʛ 1. ɺʳʯʠʩʣʠʪʴ ʬʫʥʢʮʠʶ: 
 

 ( ) { }2 2 2 2 2 2
2 1 2 1 2 2 2 1 1( , ) , ,   ,..., ,   .nf d v v vp p = p p p Í p =  

 
ʐʘʛ 2. ɺʳʯʠʩʣʠʪʴ ʬʫʥʢʮʠʶ: 
 

{ }3 3 3 2 2 3 3 3 3 3 3 3
3 1 2 3 2 1 2 2 3 2 3 2 2 3 1 1( , , ) ( , ) ( , ),  , ,..., ,  ,  = .nf f d v v vp p p = p p + p p p p Í p ¸ p p  

 
ʐʘʛ  k ï 1 (4 J  k J n). ɺʳʯʠʩʣʠʪʴ ʬʫʥʢʮʠʶ:  
 

( )
1 2 1

1 1 2 1 1 1
2, 1

( , ,..., , )
min ( , ,..., , ,..., , ) , .

k k k k
k k k

k k k k k k k k
k m m k m m k

m k

f
f d

-

- - + -
= -

p p p p =
è ø= p p p p p p + p pê ú

 

 
ʐʘʛ n. ɺʳʯʠʩʣʠʪʴ ʬʫʥʢʮʠʶ 
 

( )
( )
( )

1 1 1 1
1 1 2 1

1 1 1 1 1
1 3 2 2 1

1 1 1 1 1 1
1 2 4 3 3 1

1 1 1 1 1
1 2 1 1

1 1
2

( , ,..., , )
min ( , ,..., , ) , ,

( , , ,..., , ) , ,  ...,

( , ,..., , ) , ,

, ,.

n n n n
n n

n n n k n n
n n

n n n n k n n
n n

n n n k n n
n n n n

n n
i j

f
f d

f d

f d
v

+ + + +
+
+ + + + +

+ + + + + +

+ + + + +
-

+ +

p p p p =
è= p p p p + p pê

p p p p p + p p

øp p p p + p p ú
p p Í{ } 1 1 1

1 1.., ,  , 2,..., ,  ,  ʧʨʠ ,  ,  = .n n n
n i jv i j n i j v+ + += p ¸ p ¸ p

 

 
ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ  O(n2 Ö 2n-1), ʘ 

ʦʙʲʝʤ ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ  n Ö 2n-1, ʛʜʝ n ð ʯʠʩʣʦ ʛʦʨʦ-
ʜʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʇʇ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʯʠʩʣʦ ʥʝʦʙʭʦʜʠʤʳʭ ʚʳʯʠʩʣʝ-
ʥʠʡ ʜʣʷ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʤʘʪʨʠʮʳ ʨʘʚʥʦ ( 1)!n - , ʜʦʩʪʠʛʥʫʪʦ ʩʦʢʨʘʱʝʥʠʝ 
ʦʙʲʝʤʘ ʚʳʯʠʩʣʝʥʠʡ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʘʤʷʪʠ. ʉʦʦʪʥʦʰʝ-
ʥʠʝ (2.1) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʟʘʜʘʯ ʨʘʟʤʝʨʥʦʩʪʠ n > 18. 
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ʄʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ [26]. ʄɺɻ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙ-
ʱʝʡ ʟʘʜʘʯʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ [87]. ɸʣʛʦ-
ʨʠʪʤ ʃʠʪʪʣʘ ʠ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʝʪ ʦʮʝʥʢʫ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʜʣʠʥʳ ʤʘʨ-
ʰʨʫʪʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʳ ʠ 
ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʜʝʥʠʷ [86]. ʂʣʶʯʝʚʳʝ ʧʨʦʮʝʜʫʨʳ ʚ ʤʝʪʦʜʝ ʚʝʪʚʝʡ ʠ ʛʨʘ-
ʥʠʮ ð ʚʝʪʚʣʝʥʠʝ ʜʝʨʝʚʘ ʧʦʠʩʢʘ ʠ ʥʘʭʦʞʜʝʥʠʝ ʛʨʘʥʠʮ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 
ʘʣʛʦʨʠʪʤʘ ð ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʚʝʪʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʙʠ-
ʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ ʂɿʂ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʜ-
ʤʥʦʞʝʩʪʚʘ, ʘ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʮʝʜʫʨʦʡ ʥʘʭʦʞʜʝʥʠʷ 
ʛʨʘʥʠʮ, ʚʳʙʠʨʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʣʷ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝ-
ʛʦ ʤʘʨʰʨʫʪʘ. ʇʦʩʣʝ ʯʝʛʦ ʠʭ ʩʥʦʚʘ ʨʘʟʙʠʚʘʪʴ ʧʨʦʮʝʜʫʨʦʡ ʚʝʪʚʣʝʥʠʷ. 

ʇʨʦʮʝʜʫʨʘ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮ ð ʧʦʠʩʢ ʥʠʞʥʠʭ ʛʨʘʥʠʮ ʜʣʠʥ ʜʣʷ 
ʢʘʞʜʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʤʘʨʰʨʫʪʦʚ. ʇʫʩʪʴ D ð ʤʘʪʨʠʮʘ ʜʣʠʥ ʜʦʨʦʛ, 
ʩʪʨʦʢʘ i ð ʛʦʨʦʜ ʦʪʧʨʘʚʣʝʥʠʷ, ʘ ʩʪʦʣʙʝʮ j ð ʛʦʨʦʜ ʥʘʟʥʘʯʝʥʠʷ ʜʦʨʦʛʠ  
i Ÿ j ʜʣʠʥʦʡ dij. ɽʩʣʠ ʠʟ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʢʠ i (ʠʣʠ ʩʪʦʣʙʮʘ j) ʚʳʯʝʩʪʴ 
ʤʠʥʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ ʵʪʦʡ ʩʪʨʦʢʠ (ʩʪʦʣʙʮʘ), ʧʦʣʫʯʠʤ ʤʘʪʨʠʮʫ, ʫ ʢʦʪʦ-
ʨʦʡ ʚ ʵʪʦʡ ʩʪʨʦʢʝ (ʩʪʦʣʙʮʝ) ʠʤʝʝʪʩʷ ʥʝ ʤʝʥʴʰʝ ʦʜʥʦʛʦ ʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥ-
ʪʘ. ʇʦʚʪʦʨʠʚ ʵʪʫ ʦʧʝʨʘʮʠʶ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʠ ʩʪʦʣʙʮʘ, ʧʦʣʫʯʠʤ ʤʘʪ-
ʨʠʮʫ, ʥʘʟʳʚʘʝʤʫʶ ʧʨʠʚʝʜʝʥʥʦʡ, ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʩʪʦʣʙʮʝ ʢʦʪʦʨʦʡ 
ʠʤʝʝʪʩʷ ʥʝ ʤʝʥʴʰʝ ʦʜʥʦʛʦ ʥʫʣʝʚʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 
ʥʫʣʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʧʨʠʚʝʜʝʥʠʝʤ, ʘ ʚʳʯʠʪʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ð 
ʢʦʥʩʪʘʥʪʘʤʠ ʧʨʠʚʝʜʝʥʠʷ. ʀʭ ʩʫʤʤʫ ʜʣʷ ʚʩʝʡ ʤʘʪʨʠʮʳ ʦʙʦʟʥʘʯʠʤ ʢʘʢ hs, 
ʛʜʝ s ð ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʠʚʝʜʝʥʠʷ (ʠʪʝʨʘʮʠʷ ʘʣʛʦʨʠʪʤʘ).  

ɽʩʣʠ ( ) min ( )ij i ijj
d d= , ʛʜʝ ijd  ð ʜʣʠʥʘ ʜʦʨʦʛʠ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ i ʠ j, ʘ 

( )ij id  ð ʢʦʥʩʪʘʥʪʘ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʩʪʨʦʢʝ i, ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʝʜʝʥʠʷ 

ʧʦ ʩʪʨʦʢʘʤ ʧʦʣʫʯʘʝʤ ʤʘʪʨʠʮʫ (D¡ij) ʩ ʵʣʝʤʝʥʪʘʤʠ ijd ¡ = dij ï ( )ij id . ɽʩʣʠ 

( ) min ( )i j j iji
d d ¡=
$

, ʪʦ ʧʨʦʮʝʩʩ ʧʨʠʚʝʜʝʥʠʷ ʧʦ ʩʪʦʣʙʮʘʤ ʧʨʠʚʦʜʠʪ ʢ ʤʘʪʨʠ-

ʮʝ (D±ij) ʩ  ʵʣʝʤʝʥʪʘʤʠ  ijd ¡¡ = ijd ¡  ï ( )i j jd
$

. ʉʫʤʤʘ h1
 ʢʦʥʩʪʘʥʪ ʧʨʠʚʝʜʝʥʠʷ 

ʥʘ ʧʝʨʚʦʡ ʠʪʝʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 1
( ) ( )

1 1

n n

ij i i j j
i j

h d d
= =

= +ä ä
$

, 

ʛʜʝ n ð ʯʠʩʣʦ ʛʦʨʦʜʦʚ. ʇʫʩʪʴ t ð ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ (ʪʦʯʥʦʝ ʨʝʰʝ-
ʥʠʝ ʂɿʂ), 

( , )
( ) ij

i j t
z t d

Í

= ä  ð ʝʛʦ ʜʣʠʥʘ ʜʦ ʧʨʠʚʝʜʝʥʠʷ, 1

( , )
( ) ij

i j t
z t d

Í

¡¡= ä  ð 

ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ, ʘ h1 ð ʩʫʤʤʘ ʢʦʥʩʪʘʥʪ 
ʧʨʠʚʝʜʝʥʠʷ ʥʘ ʧʝʨʚʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤʘ, ʪʦʛʜʘ z(t) = z1(t) + h1. ʊʘʢ ʢʘʢ 
ʵʣʝʤʝʥʪʳ d±ij ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʳ D±ij ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ, ʪʦ h1 ð ʥʠʞ-
ʥʷʷ ʛʨʘʥʠʮʘ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʜʣʠʥ ʜʦʧʫʩʪʠʤʳʭ ʤʘʨʰʨʫʪʦʚ ʧʨʠ ʤʘʪʨʠʮʝ D 
(ʜʣʷ ʜʘʥʥʦʡ ʂɿʂ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʘʨʰʨʫʪʘ ʩ ʜʣʠʥʦʡ ʤʝʥʴʰʝʡ, ʯʝʤ h1). 



 

 75 

ʇʨʦʮʝʜʫʨʘ ʚʝʪʚʣʝʥʠʷ ʜʝʨʝʚʘ ʨʝʰʝ-
ʥʠʡ ʠʤʝʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝ-
ʪʘʮʠʶ (ʨʠʩ. 2.1). ʈʘʟʙʠʝʥʠʝ ʤʥʦʞʝʩʪʚʘ 
ʤʘʨʰʨʫʪʦʚ ʥʘ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʜ-
ʤʥʦʞʝʩʪʚʘ ʙʫʜʝʤ ʠʟʦʙʨʘʞʘʪʴ ʚ ʚʠʜʝ 
ʜʝʨʝʚʘ ʩ ʚʝʨʰʠʥʘʤʠ, ʦʙʦʟʥʘʯʝʥʥʳʤʠ 
ʧʘʨʘʤʠ ʛʦʨʦʜʦʚ (i, j). ɺʝʨʰʠʥʘ (i, j) 
ʦʙʦʟʥʘʯʘʝʪ ʤʥʦʞʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ, ʩʦ-

ʜʝʨʞʘʱʠʭ ʜʦʨʦʛʫ i Ÿ j, ʘ ʚʝʨʰʠʥʘ ( , )i j  ð ʤʘʨʰʨʫʪʳ, ʚ ʢʦʪʦʨʳʭ ʜʦʨʦʛʘ 
i Ÿ j ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 2.1 ʚʝʨʰʠʥʘ ( , )k l  ʦʙʦʟʥʘʯʘʝʪ 
ʤʥʦʞʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ, ʚ ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʘ ʜʦʨʦʛʘ i Ÿ j ʠ ʚ ʢʦʪʦʨʳʭ 
ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʨʦʛʘ k Ÿ l. ɽʩʣʠ ʠʟ ʥʝʢʦʪʦʨʦʡ ʚʝʨʰʠʥʳ ʧʦʜʥʷʪʴʩʷ ʢ ʢʦʨ-
ʥʶ ʜʝʨʝʚʘ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʚʩʝ ʜʦʨʦʛʠ, ʚʭʦʜʷʱʠʝ ʠ ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʤʘʨ-
ʰʨʫʪʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʤʥʦʞʝʩʪʚʫ, ʦʙʦʟʥʘʯʘʝʤʦʤʫ ʵʪʦʡ ʚʝʨʰʠʥʦʡ. 

ʇʫʩʪʴ X ð ʤʥʦʞʝʩʪʚʦ ʤʘʨʰʨʫʪʦʚ, ʧʦʜʣʝʞʘʱʝʝ ʨʘʟʙʠʝʥʠʶ ʥʘ ʥʝʢʦ-
ʪʦʨʦʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, Y ʠ Y  ð ʤʥʦʞʝʩʪʚʘ ʧʦʩʣʝ ʨʘʟʙʠʝʥʠʷ. ʄʘʨ-
ʰʨʫʪ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ 
Y ʤʘʨʰʨʫʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʜʦʨʦʛʫ i Ÿ j, ʜʣʷ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʥʘʷ ʜʣʠ-
ʥʘ ijd ¡¡ = 0, ʘ ʪʘʢ ʢʘʢ ʪʘʢʠʭ ʜʦʨʦʛ ʥʝʩʢʦʣʴʢʦ (ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʩʪʦʣʙʮʝ 
ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʳ ʩʫʱʝʩʪʚʫʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʪʘʢʦʡ ʥʫʣʝ-
ʚʦʡ ʵʣʝʤʝʥʪ), ʚʦʟʥʠʢʘʝʪ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʳʙʦʨʘ. ʋʩʪʨʘʥʠʤ ʝʝ, ʨʘʩ-
ʩʤʦʪʨʝʚ ʥʠʞʥʠʝ ʛʨʘʥʠʮʳ ʤʥʦʞʝʩʪʚ Y , ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʜʦʨʦʛʫ i Ÿ j. 

ʊʘʢ ʢʘʢ ʠʟ ʛʦʨʦʜʘ i ʢʦʤʤʠʚʦʷʞʝʨ ʜʦʣʞʝʥ ʚʳʝʭʘʪʴ ʚ ʛʦʨʦʜ k (k ¸ j), ʪʦ 
ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʠʟ ʤʥʦʞʝʩʪʚʘ Y ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʠʟ ʜʦʨʦʛ i Ÿ k ʩ 
ʜʣʠʥʦʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʥʘʠʤʝʥʴʰʝʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʦʢʠ i (ʪ.ʝ. 

" min ( " )ik ijj
d d¸ ), ʘ ʧʦʩʢʦʣʴʢʫ ʚ ʛʦʨʦʜ j ʢʦʤʤʠʚʦʷʞʝʨ ʜʦʣʞʝʥ ʚʲʝʭʘʪʴ, 

ʪʦ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʠʟ ʤʥʦʞʝʩʪʚʘ Y  ʩʦʜʝʨʞʠʪ ʧʝʨʝʝʟʜ l Ÿ j (l ¸ i) ʩ 
ʜʣʠʥʦʡ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʥʘʠʤʝʥʴʰʝʛʦ ʵʣʝʤʝʥʪʘ ʩʪʦʣʙʮʘ j (ʪ.ʝ. 

" min ( " )lj iji
d d¸ ). ʆʙʦʟʥʘʯʠʤ ʩʫʤʤʫ ʵʪʠʭ ʜʣʠʥ ʢʘʢ ɗ(i, j). ɺ ʢʘʯʝʩʪʚʝ (i, j) 

ð ʧʘʨʳ ʛʦʨʦʜʦʚ, ʥʘ ʢʦʪʦʨʦʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʙʣʠʞʘʡʰʝʝ ʨʘʟʚʝʪʚʣʝʥʠʝ 
ʤʥʦʞʝʩʪʚʘ X ʥʘ ʤʥʦʞʝʩʪʚʘ Y ʠ Y , ð ʚʳʙʠʨʘʝʤ ʪʫ, ʜʣʷ ʢʦʪʦʨʦʡ ɗ(i, j) ð 
ʥʘʠʙʦʣʴʰʝʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟ ʤʘʪʨʠʮʳ ʫʜʘʣʷʶʪʩʷ i-ʷ ʩʪʨʦʢʘ ʠ j-ʡ ʩʪʦʣʙʝʮ, 
ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʫʩʝʯʝʥʥʘʷ ʤʘʪʨʠʮʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʧʷʪʴ ʚʳʧʦʣʥʷʶʪʩʷ 
ʧʨʦʮʝʜʫʨʳ ʚʝʪʚʣʝʥʠʷ ʠ ʦʮʝʥʢʠ. ʂʦʛʜʘ ʫʩʝʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʜʦʩʪʠʛʘʝʪ 
ʨʘʟʤʝʨʘ 2 Ĭ 2 (ʚʦ ʤʥʦʞʝʩʪʚʝ ʜʦʧʫʩʪʠʤʳʭ ʤʘʨʰʨʫʪʦʚ ʦʩʪʘʝʪʩʷ ʦʜʠʥ 
ʤʘʨʰʨʫʪ), ʧʨʦʚʝʨʷʝʪʩʷ ʫʩʣʦʚʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ: ʝʩʣʠ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ ʥʝ 
ʙʦʣʴʰʝ ʥʠʞʥʝʡ ʦʮʝʥʢʠ ʜʣʠʥʳ ʣʶʙʦʛʦ ʠʟ ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 
ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚ, ʦʥ ð ʦʧʪʠʤʘʣʴʥʳʡ, ʠ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʠʥʘʯʝ 
ʧʨʦʮʝʩʩ ʚʝʪʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʦʮʝʥʢʦʡ. 

 
ʈʠʩ. 2.1 ð ɻʨʘʬ ʧʨʦʮʝʜʫʨʳ ʚʝʪʚʣʝʥʠʷ 
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ʇʨʠʚʝʜʝʤ ʘʣʛʦʨʠʪʤ ʃʠʪʪʣʘ ʠ ʜʨ.: 
1) ʧʦʣʘʛʘʝʤ ʥʦʤʝʨ ʠʪʝʨʘʮʠʠ s = 1 ʠ ʦʩʫʱʝʩʪʚʠʤ ʧʨʠʚʝʜʝʥʠʝ ʤʘʪʨʠʮʳ D 
ʧʦ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ. ʇʦʣʫʯʠʤ ʧʨʠʚʝʜʝʥʥʫʶ ʤʘʪʨʠʮʫ Ds; 
2) ʚʳʯʠʩʣʠʤ ʩʫʤʤʫ hs ʢʦʥʩʪʘʥʪ ʧʨʠʚʝʜʝʥʠʷ (ʦʮʝʥʢʫ ɤ(ʍ) ʤʥʦʞʝʩʪʚʘ X); 
3) ʚʳʙʝʨʝʤ ʜʦʨʦʛʠ-ʧʨʝʪʝʥʜʝʥʪʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚʝʪʚʣʝʥʠʷ ʠ ʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ Y, ʚʩʝ (i, j), ,  1,  ,  i j n i j= ¸ , ʫ ʢʦʪʦʨʳʭ 0s

ijd = ; 

4) ʦʧʨʝʜʝʣʠʤ ɗ(i, j) = s s
ik ljd d+  ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʧʨʝʪʝʥʜʝʥʪʦʚ ʠ ʚʳʙʝʨʝʤ 

ɗ(r, q) = max ɗ(i, j)  ʧʦ ʚʩʝʤ i, j, ʜʣʷ ʢʦʪʦʨʳʭ 0ijd = . ʇʘʨʘ (r, q) ʚʢʣʶʯʘ-

ʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʦ Y ʠ ʷʚʣʷʝʪʩʷ ʟʘʧʨʝʪʥʦʡ ʜʣʷ ʤʥʦʞʝʩʪʚʘ Y ; 
5) ʦʧʨʝʜʝʣʠʤ ʦʮʝʥʢʫ ʜʣʷ ʤʥʦʞʝʩʪʚʘ Y : ɤ(Y ) = ɤ(ʍ) + ɗ(r, q); 
6) ʠʩʢʣʶʯʠʤ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ r-ʶ ʩʪʨʦʢʫ ʠ q-ʡ ʩʪʦʣʙʝʮ 
ʧʨʠʚʝʜʝʥʥʦʡ ʤʘʪʨʠʮʳ Ds ʠ ʧʦʣʘʛʘʝʤ dqr = Ð, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘ-
ʥʠʷ ʟʘʤʢʥʫʪʳʭ ʧʦʜʮʠʢʣʦʚ ʜʣʠʥʳ ʤʝʥʴʰʝʡ, ʯʝʤ n; 
7) ʧʨʦʚʝʨʠʤ, ʠʤʝʝʪ ʣʠ ʫʩʝʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʴ 2 Ĭ 2. ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʦʥʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʜʦʧʫʩʪʠʤʳʝ ʧʘʨʳ ʛʦʨʦʜʦʚ, ʷʚʣʷʶʱʠʝʩʷ ʟʘʤʳ-
ʢʘʶʱʠʤʠ ʜʣʷ ʤʘʨʰʨʫʪʘ ʙʝʟ ʧʦʜʮʠʢʣʦʚ ʤʝʥʴʰʝʡ ʜʣʠʥʳ, ʯʝʤ n. ɽʩʣʠ 
ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 2 Ĭ 2, ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 9, ʝʩʣʠ ʥʝʪ ð ʢ 8; 
8) ʧʨʦʚʝʨʠʤ, ʷʚʣʷʝʪʩʷ ʣʠ ʫʩʝʯʝʥʥʘʷ ʤʘʪʨʠʮʘ ʧʨʠʚʝʜʝʥʥʦʡ. ɽʩʣʠ ʥʝ ʷʚ-
ʣʷʝʪʩʷ, ʪʦ ʦʩʫʱʝʩʪʚʠʤ ʧʨʠʚʝʜʝʥʠʝ ʫʩʝʯʝʥʥʦʡ ʤʘʪʨʠʮʳ, ʦʧʨʝʜʝʣʠʤ hs+1, 
ʧʦʩʣʝ ʯʝʛʦ ɤ(Y) = ɤ(ʍ) + hs+1. ʇʦʣʘʛʘʝʤ s = s + 1 ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 3; 
9) ʧʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ɽʩʣʠ ʦʮʝʥʢʘ ʮʠʢʣʘ ʥʝ 
ʙʦʣʴʰʝ ʦʮʝʥʦʢ, ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚ, ʧʦ-
ʣʫʯʝʥʥʳʡ ʮʠʢʣ ð ʦʧʪʠʤʘʣʴʥʳʡ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʭʦʪʴ ʦʜʥʦ ʤʥʦʞʝʩʪʚʦ 
ʩ ʤʝʥʴʰʝʡ ʦʮʝʥʢʦʡ, ʧʦʣʫʯʝʥʥʳʡ ʮʠʢʣ ʟʘʧʦʤʠʥʘʝʪʩʷ, ʠ ʧʨʦʮʝʩʩ ʚʝʪʚʣʝ-
ʥʠʷ ʩʣʝʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʩ ʤʝʥʴʰʝʡ ʦʮʝʥʢʦʡ. 

ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʘʣʛʦ-
ʨʠʪʤʘ ʃʠʪʪʣʘ ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʝʪ. ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʂɿʂ ʩ n = 100 ð ʦʛʨʦʤ-
ʥʳʡ ʧʨʦʛʨʝʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʘʣʛʦʨʠʪ-
ʤʳ ʪʠʧʘ ʄɺɻ ð ʵʬʬʝʢʪʠʚʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ 
ʚʳʜʝʣʠʪʴ, ʚ ʢʘʢʠʭ ʧʦʜʤʥʦʞʝʩʪʚʘʭ ʜʦʧʫʩʪʠʤʳʭ ʤʘʨʰʨʫʪʦʚ ʚʝʨʦʷʪʥʝʝ 
ʚʩʝʛʦ ʩʦʜʝʨʞʠʪʩʷ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ. 

ʄʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ ʩ ʢʨʘʪʯʘʡʰʠʤ 1-ʜʝʨʝʚʦʤ (ʦʜʠʥ-ʜʝʨʝʚʦʤ). 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʤʤʝʪʨʠʯʥʦʡ ʂɿʂ. ʅʘ ʛʨʘʬʝ 
ʩ ʚʝʨʰʠʥʘʤʠ 1, 2, é, n ʢʨʘʪʯʘʡʰʝʝ 1-ʜʝʨʝʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʨʘʪʯʘʡ-
ʰʠʡ ʦʩʪʦʚ ʛʨʘʬʘ ʥʘ ʚʝʨʰʠʥʘʭ 2, é, n ʧʣʶʩ ʜʚʘ ʢʨʘʪʯʘʡʰʠʭ ʨʝʙʨʘ, ʠʩ-
ʭʦʜʷʱʠʭ ʠʟ ʚʝʨʰʠʥʳ 1 ʢ ʜʨʫʛʠʤ ʚʝʨʰʠʥʘʤ ʦʩʪʦʚʘ. ʇʨʠʤʝʨ ʢʨʘʪʯʘʡʰʝʛʦ 
1-ʜʝʨʝʚʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.2, ʛʜʝ ʜʣʠʥʘ ʨʝʙʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʚʢʣʠʜʦʚʫ 
ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ, ʢʦʪʦʨʦʝ ʦʥʦ ʩʦʝʜʠʥʷʝʪ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 
ʢʨʘʪʯʘʡʰʝʛʦ 1-ʜʝʨʝʚʘ ʚ ʛʨʘʬʝ ɿʂ ʫʜʘʣʷʶʪ ʚʝʨʰʠʥʫ 1, ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ 
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ʧʦʜʛʨʘʬʘ ʩʪʨʦʷʪ ʢʨʘʪʯʘʡʰʠʡ ʦʩʪʦʚ, ʢ ʢʦʪʦʨʦʤʫ ʜʦʙʘʚʣʷʶʪʩʷ ʜʚʘ ʢʨʘʪ-
ʯʘʡʰʠʭ ʨʝʙʨʘ, ʠʥʮʠʜʝʥʪʥʳʭ ʚʝʨʰʠʥʝ 1. ɺ ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʬʘ çʜʝʨʝʚʦè, ʚ 
ʛʨʘʬʝ ç1-ʜʝʨʝʚʦè ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʮʠʢʣ, ʪʘʢ ʢʘʢ ʠʟ ʚʝʨʰʠʥʳ 1 ʠʩʭʦʜʷʪ 
ʜʚʘ ʨʝʙʨʘ. ɺ [88] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʩ ʢʨʘʪʯʘʡʰʝʛʦ 1-ʜʝʨʝʚʘ (ʩʫʤʤʘ ʚʝʩʦʚ 
ʝʛʦ ʨʝʙʝʨ) ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʡ ʦʮʝʥʢʠ ʜʣʠʥʳ ʢʨʘʪʯʘʡ-
ʰʝʛʦ ʤʘʨʰʨʫʪʘ-ʨʝʰʝʥʠʷ ʂɿʂ.  

 

 
ʂʨʘʪʯʘʡʰʠʡ ʦʩʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʧʦ ʘʣʛʦʨʠʪʤʫ ʇʨʠʤʘ [88] 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʢ ʧʦʜʜʝʨʝʚʫ Ts ʨʝʙʨʘ (xi, xj), ʛʜʝ xi Í Ts, 
ʘ xj Î Ts. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʨʠʩʚʦʝʥʠʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ xj 
Î Ts ʤʝʪʢʠ  [Ŭj, ɓj], ʛʜʝ Ŭj ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʝʩʪʴ ʙʣʠʞʘʡʰʘʷ ʢ xj ʚʝʨʰʠʥʘ 
ʧʦʜʜʝʨʝʚʘ Ts, ʘ ɓj ð ʚʝʩ ʨʝʙʨʘ (Ŭj, xj). ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚʝʨʰʠʥʘ xj* ʩ 
ʥʘʠʤʝʥʴʰʝʡ ʤʝʪʢʦʡ ɓj ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ Ts ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʙʨʘ (Ŭj, xj*). 
ɽʩʣʠ Ts  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʩʝ ʚʝʨʰʠʥʳ, ʪʦ ʦʩʪʘʥʦʚʠʪʴʩʷ, ʚ ʧʨʦʪʠʚʥʦʤ 
ʩʣʫʯʘʝ, ʜʣʷ ʚʝʨʰʠʥ xj Î Ts, ʠʥʮʠʜʝʥʪʥʳʭ xj* , ʦʙʥʦʚʠʪʴ ʤʝʪʢʠ [Ŭj, ɓj] ʠ 
ʚʝʨʥʫʪʴʩʷ ʢ ʥʘʯʘʣʫ. ʇʨʠ ʦʙʥʦʚʣʝʥʠʠ ʤʝʪʦʢ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʘʚʠʣʦ: ʝʩʣʠ 
ɓj < d(xj*, xj), ʪʦ ɓj = d(xj*, xj), Ŭj = xj*. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʄɺɻ, ʠʩʧʦʣʴʟʫʶʱʠʡ 1-ʜʝʨʝʚʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ  
ʦʮʝʥʢʠ ʠ ʚʝʪʚʣʝʥʠʷ [89]: 
1) ʥʘʡʪʠ  ʢʨʘʪʯʘʡʰʝʝ 1-ʜʝʨʝʚʦ ʜʣʷ ʛʨʘʬʘ G, ʦʧʠʩʳʚʘʶʱʝʛʦ ʂɿʂ; 
2) ʝʩʣʠ ʜʣʠʥʘ 1-ʜʝʨʝʚʘ ʙʦʣʴʰʝ ʜʣʠʥʳ ʢʨʘʪʯʘʡʰʝʛʦ ʥʘʡʜʝʥʥʦʛʦ ʤʘʨ-
ʰʨʫʪʘ (ʧʨʠ ʧʝʨʚʦʤ ʚʳʟʦʚʝ ʘʣʛʦʨʠʪʤʘ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʦʪʩʫʪʩʪʚʫʝʪ, 
ʘ ʝʛʦ ʜʣʠʥʘ ʨʘʚʥʘ ¤) ð ʨʘʙʦʪʘ ʧʨʝʢʨʘʱʘʝʪʩʷ; 
3) ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ɡi ʜʣʷ ʢʘʞʜʦʡ ʚʝʨʰʠʥʳ 1-ʜʝʨʝʚʘ; 
4) ʝʩʣʠ ɡi = 2, i = 1, 2, é, n, ʪʦ ʥʘʡʜʝʥ ʜʦʧʫʩʪʠʤʳʡ ʤʘʨʰʨʫʪ ʢʦʤʤʠʚʦʷ-
ʞʝʨʘ, ʘʣʛʦʨʠʪʤ ʟʘʢʘʥʯʠʚʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ, ʚʳʜʘʚʘʷ ʜʦʧʫʩʪʠʤʳʡ ʤʘʨʰʨʫʪ 
ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ð ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 5; 
5) ʝʩʣʠ ʝʩʪʴ ʚʝʨʰʠʥʳ ʩ ɡi > 2, ʥʘʡʪʠ ɡs = min ɡi, i = 1, 2, é, n, ɡi > 2. ʊʦ-
ʛʜʘ ʟʘʜʘʯʘ G ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ɡs ʧʦʜʟʘʜʘʯ. ɽʩʣʠ ʚʝʨʰʠʥʝ s ʠʥʮʠʜʝʥʪʥʳ 
ʨʝʙʨʘ (s, i1), (s, i2), é, ( ,  )

s
s iu , ʟʘʜʘʯʘ ,  1 sq q uJ J  ʧʦʣʫʯʘʝʪʩʷ ʟʘʧʨʝʪʦʤ 

(ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ) ʨʝʙʨʘ (s, iq). ʅʘ ʨʠʩ. 2.3 ʧʦʢʘʟʘʥ 
ʬʨʘʛʤʝʥʪ ʜʝʨʝʚʘ ʚʝʪʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʡ ʨʘʟʙʠʝʥʠʝʤ G ʥʘ ɡs ʧʦʜʟʘʜʘʯ; 

 
ʈʠʩ. 2.2 ð ʇʨʠʤʝʨ ʢʨʘʪʯʘʡʰʝʛʦ 1-ʜʝʨʝʚʘ: 

ʘ ð ʛʨʘʬ ɿʂ; ʙ ð ʢʨʘʪʯʘʡʰʝʝ 1-ʜʝʨʝʚʦ 
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6) ʫʩʪʘʥʦʚʠʪʴ q = 1; 
7) ʚʳʟʚʘʪʴ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʯʠ q; 
8) ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʢʨʘʪʯʘʡʰʠʤ ʥʘʡʜʝʥʥʳʤ ʤʘʨʰʨʫʪʦʤ, 
ʝʩʣʠ ʦʥʦ ʣʫʯʰʝ, ʩʜʝʣʘʪʴ ʝʛʦ ʥʦʚʳʤ ʢʨʘʪʯʘʡʰʠʤ ʥʘʡʜʝʥʥʳʤ ʤʘʨʰʨʫʪʦʤ; 
9) ʫʚʝʣʠʯʠʪʴ q ʥʘ 1; 
10)  ʝʩʣʠ q > ɡs, ʟʘʚʝʨʰʠʪʴ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʘ, ʠʥʘʯʝ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 7. 

ɺ ʧʨʦʮʝʩʩʝ ʚʝʪʚʣʝʥʠʷ 
ʜʝʨʝʚʘ ʨʝʰʝʥʠʡ ʤʦʞʝʪ 
ʚʦʟʥʠʢʘʪʴ ʩʠʪʫʘʮʠʷ, ʢʦ-
ʛʜʘ ʛʨʘʬ ʩ ʪʘʢʠʤ ʥʘʙʦʨʦʤ 
ʟʘʧʨʝʱʝʥʥʳʭ ʨʝʙʝʨ ʫʞʝ 
ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʠ ʦʮʝʥʠ-

ʚʘʣʩʷ. ʊʦʛʜʘ ʚʝʨʰʠʥʫ ʜʝʨʝʚʘ ʚʝʪʚʣʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʥʘʡʜʷ ʦʮʝʥʢʫ 
ʛʨʘʬʘ ʩ ʪʘʢʠʤʠ ʞʝ ʟʘʧʨʝʱʝʥʥʳʤʠ ʨʝʙʨʘʤʠ. ɺ [89] ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʨʦʮʝ-
ʜʫʨʳ ʦʮʝʥʢʠ ʚʝʨʰʠʥ ʧʦʠʩʢʦʤ ʧʦ ʜʝʨʝʚʫ ʚʝʪʚʣʝʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʝʤ 1-
ʜʝʨʝʚʘ, ʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʦʮʝʥʠʚʘʥʠʝ ʧʦʠʩʢʦʤ ʧʨʠʤʝʨʥʦ ʚ ʧʷʪʴ ʨʘʟ 
ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʧʦʩʪʨʦʝʥʠʝʤ 1-ʜʝʨʝʚʘ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ 
ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦ-
ʠʩʢʘ. ʇʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʧʨʠ ʫʜʘʯʥʦʤ ʩʦʯʝʪʘʥʠʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʦʮʝ-
ʥʠʚʘʥʠʝ ʧʦʠʩʢʦʤ ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʝʝ ʧʦʚʪʦʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 1-ʜʝʨʝʚʘ. 

 
2.1.2. ʇʨʠʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ  

ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ʇʨʠ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ 

ʙʳʩʪʨʦʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʮʝʥʥʝʝ, ʯʝʤ ʧʦʠʩʢ ʪʦʯʥʦʛʦ ʨʝ-
ʰʝʥʠʷ. ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʝʩʴʤʘ ʧʨʠ-
ʙʣʠʞʝʥʥʳʝ, ʠ ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʣʠʰʝʥʦ ʩʤʳʩʣʘ. ʏʘʩʪʦ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʘʜʝʢʚʘʪʥʳ ʨʝʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʧʨʝʩʣʝʜʫʝʪ ʧʦʣʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʘ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ. 
ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʘʟʚʠʪʠʝ ʧʨʠʙʣʠʞʝʥʥʳʭ 
ʤʝʪʦʜʦʚ ʜʠʩʢʨʝʪʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʠʞʝ.  

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ [90]. ɻʦʨʦʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʘ-
ʶʪʩʷ ʚ ʤʘʨʰʨʫʪ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʦʯʝʨʝʜʥʦʡ ʧʫʥʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʙʣʠ-
ʞʘʡʰʠʤ ʢ ʧʦʩʣʝʜʥʝʤʫ ʚʳʙʨʘʥʥʦʤʫ ʧʫʥʢʪʫ ʩʨʝʜʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ, ʝʱʝ 
ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʤʘʨʰʨʫʪʘ. 

ʄʝʪʦʜ ʚʢʣʶʯʝʥʠʷ ʙʣʠʞʘʡʰʝʛʦ ʛʦʨʦʜʘ [90]. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦ-
ʨʠʪʤ ʩʪʨʦʠʪ ʤʘʨʰʨʫʪ ʧʦ ʪʝʢʫʱʝʤʫ ʧʦʜʤʥʦʞʝʩʪʚʫ ʧʫʥʢʪʦʚ ʦʙʭʦʜʘ, ʫʞʝ 
ʚʢʣʶʯʝʥʥʳʭ ʚ ʤʘʨʰʨʫʪ. ɺ ʤʘʨʰʨʫʪ ʜʦʙʘʚʣʷʝʪʩʷ ʧʫʥʢʪ, ʜʣʷ ʢʦʪʦʨʦʛʦ 
ʥʘʡʜʝʪʩʷ ʙʣʠʞʘʡʰʠʡ ʩʦʩʝʜ ʠʟ ʯʠʩʣʘ ʧʫʥʢʪʦʚ ʤʘʨʰʨʫʪʘ. ʇʫʥʢʪ ʟʘʥʦʩʠʪ-
ʩʷ ʚ ʤʘʨʰʨʫʪ ʧʦʩʣʝ ʩʚʦʝʛʦ ʩʦʩʝʜʘ, ʢʦʪʦʨʦʤʫ ʦʥ çʦʙʷʟʘʥè ʚʢʣʶʯʝʥʠʝʤ. 
ɿʚʝʥʴʷ ʤʘʨʰʨʫʪʘ (ʧʘʨʳ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ) ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ, ʯʪʦʙʳ 
ʨʘʩʰʠʨʝʥʥʳʡ ʤʘʨʰʨʫʪ ʙʳʣ ʜʦʧʫʩʪʠʤʳʤ. 
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ʄʝʪʦʜ ʩʘʤʦʛʦ ʜʝʰʝʚʦʛʦ ʚʢʣʶʯʝʥʠʷ [90]. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʘʣʛʦʨʠʪʤ 
ʩʪʨʦʠʪ ʤʘʨʰʨʫʪ ʧʦ ʪʝʢʫʱʝʤʫ ʧʦʜʤʥʦʞʝʩʪʚʫ ʧʫʥʢʪʦʚ ʦʙʭʦʜʘ, ʫʞʝ ʚʢʣʶ-
ʯʝʥʥʳʭ ʚ ʤʘʨʰʨʫʪ, ʜʦʙʘʚʣʷʷ ʢ ʥʝʤʫ ʧʫʥʢʪ, ʚʢʣʶʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʝʞʜʫ 
ʥʝʢʦʪʦʨʳʤʠ ʩʤʝʞʥʳʤʠ ʧʫʥʢʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʫʚʝʣʠʯʝ-
ʥʠʶ ʩʪʦʠʤʦʩʪʠ (ʜʣʠʥʳ) ʤʘʨʰʨʫʪʘ. 

ʊʨʠ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘ ð çʞʘʜʥʳʝè ʘʣʛʦʨʠʪʤʳ. çɾʘʜʥʳʝè 
ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ ʧʦʰʘʛʦʚʦʤ ʧʦʩʪʨʦʝʥʠʠ ʨʝʰʝʥʠʷ ʦʥʠ ʦʮʝʥʠʚʘʶʪ ʤʘʨ-
ʰʨʫʪʳ ʣʠʰʴ ʥʘ ʰʘʛ ʚʧʝʨʝʜ. ʇʦʵʪʦʤʫ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʥʘ ʧʦʩʣʝʜʥʠʭ ʰʘʛʘʭ 
ʠʤ ʧʨʠʜʝʪʩʷ ʚʳʙʠʨʘʪʴ ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʨʝʙʨʘ. ɺ ʨʘʙʦʪʝ [91] ʫʪʚʝʨʞʜʘʝʪ-
ʩʷ, ʯʪʦ ʪʘʢʠʝ ʘʣʛʦʨʠʪʤʳ ʧʨʠʝʤʣʝʤʦ ʨʝʰʘʶʪ ʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʢʦʤʤʠ-
ʚʦʷʞʝʨʘ, ʥʦ ʥʘ ʥʝʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʧʦʢʘʟʳʚʘʶʪ ʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʄʝʪʦʜ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ [26, 89, 90] ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ ʚʳʧʦʣʥʷʝʤʳʭ ʰʘʛʦʚ. ʅʘ ʧʝʨʚʦʤ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʛʦʨʦʜʦʚ, ʠʥʪʝʨ-
ʧʨʝʪʠʨʫʝʤʳʭ ʢʘʢ ʚʝʨʰʠʥʳ ʧʦʣʥʦʛʦ ʛʨʘʬʘ (ʨʠʩ. 2.4,ʘ), ʜʣʠʥʘ ʢʘʞʜʦʛʦ 
ʨʝʙʨʘ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʚʢʣʠʜʦʚʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ, 
ʘʣʛʦʨʠʪʤ ʇʨʠʤʘ ʩʪʨʦʠʪ ʢʨʘʪʯʘʡʰʠʡ ʦʩʪʦʚ (ʨʠʩ. 2.4,ʙ). ɼʫʙʣʠʨʫʷ ʢʘʞʜʦʝ 
ʨʝʙʨʦ ʠ ʜʘʚʘʷ ʢʨʘʪʥʳʤ ʨʝʙʨʘʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʩʪʦʚ 
ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʤʫʣʴʪʠʛʨʘʬ (ʨʠʩ. 2.4,ʚ). ʕʪʦʪ ʛʨʘʬ ð 
ʵʡʣʝʨʦʚ, ʪʘʢ ʢʘʢ ʝʛʦ ʚʝʨʰʠʥʳ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʤʝʶʪ ʯʝʪʥʫʶ ʩʪʝʧʝʥʴ. 

 

 
ʅʘ 2-ʤ ʰʘʛʝ ʚ ʧʦʩʪʨʦʝʥʥʦʤ ʤʫʣʴʪʠʛʨʘʬʝ ʚʳʜʝʣʷʝʪʩʷ ʤʘʨʰʨʫʪ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʳʡ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʘʞʜʳʡ ʧʫʥʢʪ, ʧʨʠ ʵʪʦʤ ʢʘʞ-
ʜʘʷ ʧʘʨʘ ʩʤʝʞʥʳʭ ʚʝʨʰʠʥ ʧʦʷʚʣʷʝʪʩʷ ʚ ʥʝʤ ʨʦʚʥʦ ʦʜʠʥ ʨʘʟ. ʄʘʨʰʨʫʪ 
ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʟʳʚʘʝʪʩʷ ʵʡʣʝʨʦʚʳʤ ʮʠʢʣʦʤ ʠ ʟʘʜʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʦʙʨʘʟʫʝʪ ʧʝʨʝʩʪʘʥʦʚʢʘ ʩ ʧʦʚʪʦʨʝʥʠʷʤʠ ʥʘ ʤʥʦʞʝ-
ʩʪʚʝ ʥʦʤʝʨʦʚ ʧʫʥʢʪʦʚ ʦʙʭʦʜʘ ʜʣʷ ʧʨʠʥʷʪʦʡ ʥʫʤʝʨʘʮʠʠ ʧʫʥʢʪʦʚ. 

 
ʈʠʩ. 2.4 ð ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ɿʂ ʤʝʪʦʜʦʤ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ: 

ʘ ð ʧʦʣʥʳʡ ʛʨʘʬ ɿʂ; ʙ ð ʢʨʘʪʯʘʡʰʠʡ ʦʩʪʦʚ; 
ʚ ð ʤʫʣʴʪʠʛʨʘʬ; ʛ ð ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ (ʨʝʰʝʥʠʝ ɿʂ) 
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ʅʘ 3-ʤ ʰʘʛʝ ʠʟ ʦʙʭʦʜʘ ʠʩʢʣʶʯʘʶʪʩʷ ʚʩʝ ʧʦʚʪʦʨʥʳʝ ʚʭʦʞʜʝʥʠʷ ʢʘʞ-
ʜʦʛʦ ʧʫʥʢʪʘ, ʧʦʪʦʤʫ ʯʪʦ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʡʣʝʨʦʚʘ ʮʠʢʣʘ ʧʫʥʢʪ ʦʙʭʦʜʘ 
ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʘʨʰʨʫʪʝ ʥʝ ʤʝʥʝʝ ʦʜʥʦʛʦ ʨʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʡʣʝʨʦʚ 
ʮʠʢʣ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʛʘʤʠʣʴʪʦʥʦʚ (ʨʠʩ. 2.4,ʛ), ʪʦʧʦʣʦʛʠʷ ʢʦʪʦʨʦʛʦ ʩʦ-
ʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠ ʦʙʨʘʟʫʝʪ ʜʦʧʫʩʪʠʤʳʡ ʤʘʨ-
ʰʨʫʪ, ʚʦʟʤʦʞʥʦ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ. 

ʄʝʪʦʜ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ ʩ ʧʘʨʦʩʦʯʝʪʘʥʠʝʤ [89]. ʅʘ ʧʝʨʚʦʤ ʰʘ-
ʛʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʦ ʛʨʘʬʘ (ʨʠʩ. 2.5,ʘ) ʩʪʨʦʠʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʦʩʪʦʚ T, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 2.5,ʙ. ʀʟ ʥʝʛʦ ʚʳʜʝʣʷʶʪʩʷ ʚʝʨʰʠʥʳ ʩ ʥʝʯʝʪʥʦʡ 
ʩʪʝʧʝʥʴʶ, ʠ ʥʘ ʧʦʣʥʦʤ ʛʨʘʬʝ, ʩʦʜʝʨʞʘʱʝʤ ʪʦʣʴʢʦ ʵʪʠ ʚʝʨʰʠʥʳ, ʩʪʨʦʠʪ-
ʩʷ ʢʨʘʪʯʘʡʰʝʝ ʩʦʚʝʨʰʝʥʥʦʝ ʧʘʨʦʩʦʯʝʪʘʥʠʝ M (ʨʠʩ. 2.5,ʚ). ʇʘʨʦʩʦʯʝʪʘ-
ʥʠʝ ð ʪʘʢʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʙʝʨ, ʯʪʦ ʣʶʙʳʝ ʜʚʘ ʨʝʙʨʘ ʥʝʩʤʝʞʥʳ. ʉʦʚʝʨ-
ʰʝʥʥʦʝ ʧʘʨʦʩʦʯʝʪʘʥʠʝ ð ʧʘʨʦʩʦʯʝʪʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʚʝʨʰʠʥʘ 
ʠʤʝʝʪ ʠʥʮʠʜʝʥʪʥʦʝ ʨʝʙʨʦ. ɼʘʣʝʝ ʩʪʨʦʠʪʩʷ ʦʙʲʝʜʠʥʝʥʥʳʡ ʤʫʣʴʪʠʛʨʘʬ G 
(ʨʠʩ. 2.5,ʛ) ʩʦ ʚʩʝʤʠ ʨʝʙʨʘʤʠ ʠʟ T ʠ M. ɺ ʛʨʘʬʝ G ʥʘʭʦʜʠʪʩʷ ʵʡʣʝʨʦʚ 
ʤʘʨʰʨʫʪ, ʠ ʠʟ ʥʝʛʦ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚʝʨʰʠʥ ʚʳʜʝʣʷʝʪʩʷ 
ʤʘʨʰʨʫʪ ʢʦʤʤʠʚʦʷʞʝʨʘ (ʨʠʩ. 2.5,ʜ). 

 

 
ʄʝʪʦʜ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ("ʤʝʪʦʜ ʣʦʢʘʣʴʥʳʭ ʫʣʫʯʰʝʥʠʡ") [26, 

92]. ʀʜʝʷ ʄʃʇ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ x Í 
X ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʢʨʝʩʪʥʦʩʪʴ ʙʣʠʟʢʠʭ ʨʝʰʝʥʠʡ A(x) ʠ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘ-
ʮʠʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʪʝʢʫʱʝʤ ʨʝʰʝʥʠʠ x ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʥʘʡʪʠ ʚ ʝʛʦ 

 
 

ʈʠʩ. 2.5 ð ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʂɿʂ ʤʝʪʦʜʦʤ ʢʨʘʪʯʘʡʰʝʛʦ ʦʩʪʦʚʘ ʩ ʧʘʨʦʩʦʯʝʪʘʥʠʝʤ: 
ʘ ï ʧʦʣʥʳʡ ʛʨʘʬ ɿʂ; ʙ ï ʢʨʘʪʯʘʡʰʠʡ ʦʩʪʦʚ; ʚ ï ʢʨʘʪʯʘʡʰʝʝ ʩʦʚʝʨʰʝʥʥʦʝ ʧʘʨʦʩʦʯʝʪʘʥʠʝ;  

ʛ ï ʤʫʣʴʪʠʛʨʘʬ; ʜ ï ʛʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ (ʨʝʰʝʥʠʝ ɿʂ) 
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ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʰʝʥʠʝ, ʠʤʝʶʱʝʝ ʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ɽʩ-
ʣʠ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʫʱʠʤ ʨʝʰʝʥʠʝʤ, ʠʥʘʯʝ ʧʦʠʩʢ 
ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ɼʣʷ ʂɿʂ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʦʢʨʝʩʪʥʦʩʪʝʡ (ʨʠʩ. 2.6). 

çʇʝʨʝʩʪʘʥʦʚʢʘ ʛʦʨʦʜʦʚè. ʆʢʨʝʩʪʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʨʝʰʝʥʠʡ, ʧʦʣʫ-
ʯʘʝʤʳʭ ʠʟ ʠʩʭʦʜʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʤʝʥʦʡ ʧʦʣʦʞʝʥʠʷ ʜʚʫʭ ʛʦʨʦʜʦʚ. 

çɺʩʪʘʚʢʘ ʛʦʨʦʜʘè. ʆʢʨʝʩʪʥʦʩʪʴ ʩʦʜʝʨʞʠʪ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʠʟ 
ʠʩʭʦʜʥʦʛʦ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʩʣʫʯʘʡʥʦʛʦ ʛʦʨʦʜʘ ʚ ʧʝʨʝʩʪʘʥʦʚʢʝ. 

çɺʩʪʘʚʢʘ ʧʦʜʧʫʪʠè. ʆʢʨʝʩʪʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ 
ʠʟ ʠʩʭʦʜʥʦʛʦ ʨʝʰʝʥʠʷ, ʫʜʘʣʝʥʠʝʤ ʧʦʜʧʫʪʠ ʤʘʢʩʠʤʫʤ ʠʟ ʪʨʝʭ (ʨʝʟʫʣʴʪʘʪ 
[92]) ʛʦʨʦʜʦʚ ʠ ʚʩʪʘʚʢʦʡ ʝʛʦ ʚ ʜʨʫʛʦʝ ʤʝʩʪʦ ʚ ʨʝʰʝʥʠʠ. 

çk-ʟʘʤʝʥʘè. ʆʢʨʝʩʪʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʠʩʭʦʜ-
ʥʦʛʦ ʨʝʰʝʥʠʷ ʫʜʘʣʝʥʠʝʤ k ʜʦʨʦʛ ʠ ʟʘʤʝʥʦʡ ʠʭ ʥʦʚʳʤʠ k ʜʦʨʦʛʘʤʠ. 

ʆʢʨʝʩʪʥʦʩʪʴ çʚʩʪʘʚʢʘ ʛʦʨʦʜʘè ð ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʢʨʝʩʪʥʦʩʪʠ çʚʩʪʘʚ-
ʢʘ ʧʦʜʧʫʪʠè, ʘ ʧʦʩʣʝʜʥʷʷ ð ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʢʨʝʩʪʥʦʩʪʠ ç3-ʟʘʤʝʥʘè. 
ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ çʩʠʣʫè ʦʢʨʝʩʪʥʦʩʪʝʡ çʚʩʪʘʚʢʘ 
ʧʦʜʧʫʪʠè, ç2, 3-ʟʘʤʝʥʘè ʠ çʩʣʘʙʦʩʪʴè ʦʢʨʝʩʪʥʦʩʪʠ çʚʩʪʘʚʢʘ ʛʦʨʦʜʘè.  

 

 
ɺʳʙʦʨ ʨʘʟʤʝʨʘ ʦʢʨʝʩʪʥʦʩʪʠ ʚʘʞʝʥ. ʂʘʯʝʩʪʚʦ ʣʦʢʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ ʫʣʫʯʰʘʝʪʩʷ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʘʷ ʦʢʨʝʩʪʥʦʩʪʴ, ʦʜʥʘʢʦ 
ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʩʪʝʪ. ʂʘʯʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʦʧ-
ʪʠʤʫʤʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʢʨʝʩʪʥʦʩʪʠ ʆ (ʭ, 2), ʣʫʯʰʝ, ʯʝʤ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʨʝʩʪʥʦʩʪʠ ʆ (ʭ, 1). ɸʥʘʣʦʛʠʯʥʦ, ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʡ, 
ʧʦʣʫʯʘʝʤʳʭ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ ʆ (ʭ, 3), ʣʫʯʰʝ, ʯʝʤ ʩ ʦʢʨʝʩʪʥʦʩʪʴʶ ʆ (ʭ, 2), 
ʥʦ ʵʪʦ ʫʣʫʯʰʝʥʠʝ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʟʘʪʨʘʪ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʘʟʤʝʨ 
ʦʢʨʝʩʪʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮʘʭ. 
ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʣʦʢʘʣʴʥʳʡ ʧʦʠʩʢ ʥʘʭʦʜʠʪ ʠʤʝʥʥʦ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠ-
ʤʫʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢ ʦʪ ʛʣʦʙʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ.  

ɺʘʞʥʳʡ ʚʦʧʨʦʩ ð ʩʪʨʘʪʝʛʠʷ ʧʝʨʝʤʝʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʚʳ-
ʙʦʨ ʨʝʰʝʥʠʡ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘ ʦʯʝʨʝʜʥʦʡ ʠʪʝʨʘʮʠʠ. ʊʘʢʦʡ ʩʪʨʘʪʝʛʠʝʡ 
ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʦʨ ʧʝʨʚʦʛʦ ʫʣʫʯʰʝʥʠʷ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘ ʥʦʚʦʡ 
ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʙʠʨʘʝʪʩʷ ʧʝʨʚʦʝ ʨʝʰʝʥʠʝ, ʫʣʫʯʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝ-
ʚʦʡ ʬʫʥʢʮʠʠ, ʠʣʠ ʤʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ, ʢʦʛʜʘ ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘ-

 
ʈʠʩ. 2.6 ð ʇʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʡ ʠʟ ʦʢʨʝʩʪʥʦʩʪʝʡ: 

ʘ) ʧʝʨʝʩʪʘʥʦʚʢʘ ʛʦʨʦʜʦʚ; ʙ) ʚʩʪʘʚʢʘ ʛʦʨʦʜʘ; ʚ) ʚʩʪʘʚʢʘ ʧʦʜʧʫʪʠ; ʛ) k-ʟʘʤʝʥʘ, ʧʨʠ k = 3 
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ʥʠʷ ʦʢʨʝʩʪʥʦʩʪʠ ʚʳʙʠʨʘʝʪʩʷ ʨʝʰʝʥʠʝ, ʠʤʝʶʱʝʝ ʥʘʠʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ 
ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʪʨʘʪʝʛʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ð ʧʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ, ʩʥʠ-
ʞʘʶʱʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʪʨʝʚʘʥʠʷ ʚ ʣʦʢʘʣʴʥʳʭ ʦʧʪʠʤʫʤʘʭ ʟʘ ʩʯʝʪ ʟʘʧʦ-
ʤʠʥʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʟʘʧʨʝʪʘ ʧʝʨʝʭʦʜʦʚ ʚ ʥʠʭ ʚ ʪʝʯʝʥʠʝ 
ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ. ʇʨʠ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ ʚʳʙʠʨʘʝʪʩʷ ʣʫʯ-
ʰʠʡ ʩʨʝʜʠ ʥʝʟʘʧʨʝʱʝʥʥʳʭ ʧʝʨʝʭʦʜ ʚ ʦʢʨʝʩʪʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩ-
ʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʚʳʙʨʘʪʴʩʷ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷ-
ʞʝʥʠʷ ʪʝʢʫʱʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʦʧʪʠʤʫʤʘ. ʇʦʠʩʢ ʩ ʟʘʧʨʝʪʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 
[93] ʢʘʢ ʤʝʪʘʵʚʨʠʩʪʠʢʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʣʦ-
ʢʘʣʴʥʦʤ ʧʦʠʩʢʝ. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʠʩʢʘ ʩ ʟʘʧʨʝʪʘʤʠ ð ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʧʘʤʷʪʠ. ʅʘʠʙʦʣʝʝ ʧʨʠʤʝʥʠʤʳ ʩʣʝʜʫʶʱʠʝ ʩʪʨʘʪʝʛʠʠ: 
1) ʟʘʧʦʤʠʥʘʥʠʝ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ 
ʥʝʚʦʟʤʦʞʥʦ ʚʝʨʥʫʪʴʩʷ ʚ ʧʨʝʜʳʜʫʱʠʡ ʣʦʢʘʣʴʥʳʡ ʦʧʪʠʤʫʤ. ʕʪʘ ʩʪʨʘʪʝ-
ʛʠʷ ʪʨʝʙʫʝʪ O(n) ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʤʷʪʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʦʜʥʦʛʦ ʨʝʰʝʥʠʷ; 
2) ʟʘʧʦʤʠʥʘʥʠʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʡ ʚ ʪʫʨʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʥʦʚʦʤʫ ʨʝʰʝ-
ʥʠʶ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ, ʟʘʧʨʝʱʘʝʪʩʷ ʧʨʦʠʟʚʦ-
ʜʠʪʴ ʠʟʤʝʥʝʥʠʷ, ʦʙʨʘʪʥʳʝ ʢ ʪʦʣʴʢʦ ʯʪʦ ʩʜʝʣʘʥʥʳʤ; 
3) ʟʘʧʦʤʠʥʘʥʠʝ ʠ ʟʘʧʨʝʪ ʘʪʨʠʙʫʪʦʚ ʧʝʨʝʭʦʜʘ ʪʘʢʠʭ, ʢʘʢ ʥʘʙʦʨ ʛʦʨʦʜʦʚ, 
ʥʘʙʦʨ ʠʩʢʣʶʯʘʝʤʳʭ/ʜʦʙʘʚʣʷʝʤʳʭ ʨʝʙʝʨ, ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠ-
ʢʦʚ/ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ ʛʦʨʦʜʘ ʠ ʪ.ʧ.  

ɿʘʧʨʝʪʳ ʤʦʛʫʪ ʥʘʨʫʰʘʪʴʩʷ, ʝʩʣʠ ʧʝʨʝʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ 
ʛʣʦʙʘʣʴʥʦ ʣʫʯʰʝʛʦ ʨʝʰʝʥʠʷ. ʂʨʠʪʝʨʠʡ ʥʘʨʫʰʝʥʠʷ ʟʘʧʨʝʪʘ ʥʘ ʧʝʨʝʭʦʜ 
ʥʘʟʳʚʘʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʩʪʨʝʤʣʝʥʠʷ ʠ ʚʤʝʩʪʝ ʩ ʟʘʧʨʝʪʘʤʠ ʦʙʨʘʟʫʝʪ ʢʨʘʪ-
ʢʦʩʨʦʯʥʫʶ ʧʘʤʷʪʴ ʧʦʠʩʢʘ ʩ ʟʘʧʨʝʪʘʤʠ.  

ɼʦʣʛʦʩʨʦʯʥʘʷ ʧʘʤʷʪʴ çʟʘʩʪʘʚʣʷʝʪè ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ ʚ ʥʝ-
ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʰʝʥʠʡ. ʆʥʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫ-
ʝʪ ʯʘʩʪʦʪʳ ʧʦʚʪʦʨʝʥʠʡ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʨʝʰʝʥʠʡ. ɽʩʣʠ ʨʝʰʝʥʠʝ ʥʘʯʠʥʘʝʪ 
ʟʘʮʠʢʣʠʚʘʪʴʩʷ, ʪʦ ʧʦʠʩʢ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʟʘ ʩʯʝʪ ʚʳ-
ʙʦʨʘ ʠʟʤʝʥʝʥʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʜʦʨʦʛʠ, ʨʝʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʝʰʝʥʠʷʭ. 

ʇʦʩʣʝʜʥʠʡ ʠʟ ʵʣʝʤʝʥʪʦʚ ʧʦʠʩʢʘ ʩ ʟʘʧʨʝʪʘʤʠ ð ʩʨʝʜʥʝʩʨʦʯʥʘʷ ʧʘ-
ʤʷʪʴ. ɺ ʥʝʡ ʩʦʙʠʨʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʭʦʨʦʰʝʤ ʣʦʢʘʣʴʥʦʤ ʤʠʥʠʤʫʤʝ, 
ʯʪʦʙʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʙʣʘʩʪʴ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦ-
ʩʪʠ ʦʪ ʥʝʛʦ ʠ ʥʘʡʪʠ ʝʱʝ ʣʫʯʰʝʝ ʨʝʰʝʥʠʝ. 

ʇʨʠ ʤʝʪʘʵʚʨʠʩʪʠʢʝ ʧʦʠʩʢʘ ʩ ʟʘʧʨʝʪʘʤʠ ʤʝʥʷʝʪʩʷ ʦʢʨʝʩʪʥʦʩʪʴ ʩ O(x,r) 
ʥʘ O(x,r,k), ʛʜʝ x ʠ r ð ʮʝʥʪʨʘʣʴʥʘʷ ʪʦʯʢʘ ʠ ʨʘʜʠʫʩ ʦʢʨʝʩʪʥʦʩʪʠ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, ʘ k ï ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ, ʥʘ ʢʦʪʦʨʦʝ ʟʘʧʨʝʱʘʶʪʩʷ ʧʝʨʝʭʦʜʳ. 

ʄʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ. ʅʝʜʘʚʥʦ ʧʦʷʚʠʣʠʩʴ ʤʝʪʦʜʳ, ʠʩʧʦʣʴ-
ʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʩʣʫʯʘʡʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʪʘʣʠ ʦʯʝʚʠʜʥʳʤʠ ʥʝʜʦʩʪʘʪʢʠ 
ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʷʭ, ʠ ʧʝʨʝʙʦʨʥʳʭ 
ʤʝʪʦʜʦʚ [90]. ɺʚʝʜʝʥʠʝ ʩʣʫʯʘʡʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʘʣʛʦ-
ʨʠʪʤʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʘʧʨʠʦʨʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥ-
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ʥʦʩʪʠ, ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʥʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘʜʘʯʠ ʟʘʯʘʩʪʫʶ 
ʧʨʝʚʦʩʭʦʜʷʪ ʠʟʚʝʩʪʥʳʝ ʨʝʛʫʣʷʨʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʦʩʪʝʡʰʠʡ ʚʠʜ ð ʛʨʫʙʳʡ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ. ʈʝʰʝʥʠʝ ʂɿʂ ʧʨʠ 
ʵʪʦʤ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
1) ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʪʨʦʠʤ ʥʘʯʘʣʴʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ, ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ ʢʘʞʜʳʡ ʛʦʨʦʜ ʤʘʨʰʨʫʪʘ; 
2) ʩʪʨʦʠʤ ʤʘʨʰʨʫʪ-ʢʘʥʜʠʜʘʪ ʘʣʛʦʨʠʪʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʰʘʛʘ; 
3) ʩʨʘʚʥʠʚʘʝʤ ʪʝʢʫʱʠʡ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʠ ʤʘʨʰʨʫʪ-ʢʘʥʜʠʜʘʪ. ɽʩ-
ʣʠ ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ-ʢʘʥʜʠʜʘʪʘ ʤʝʥʴʰʝ ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ, ʪʦ ʦʥ 
ʩʪʘʥʦʚʠʪʩʷ ʥʦʚʳʤ ʪʝʢʫʱʠʤ ʢʨʘʪʯʘʡʰʠʤ ʤʘʨʰʨʫʪʦʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫ-
ʯʘʝ ʪʝʢʫʱʠʡ ʢʨʘʪʯʘʡʰʠʡ ʤʘʨʰʨʫʪ ʥʝ ʤʝʥʷʝʪʩʷ; 
4) ʝʩʣʠ ʜʦʩʪʠʛʥʫʪ ʢʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʢʠ, ʪʦ ʘʣʛʦʨʠʪʤ ʟʘʢʘʥʯʠʚʘʝʪ ʩʚʦʶ 
ʨʘʙʦʪʫ, ʠʥʘʯʝ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 2. 

ʆʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʤʝʪʦʜʘ ð ʧʨʦʩʪʦʪʘ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ. ʇʨʠ 
ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʛʦʥʦʚ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝ-
ʰʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦʪ ʧʦʜʭʦʜ ʫʣʫʯʰʘʝʪʩʷ, ʢʦʛʜʘ ʫʜʘʝʪʩʷ ʫʯʝʩʪʴ 
ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʚʳʙʦʨʦʚ, ʪ.ʝ. ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩʣʫʯʘʡʥʳʡ ʧʦʠʩʢ ʩ ʵʚʨʠ-
ʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ. 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ (ʩʤ. ʪʘʢʞʝ ʨʘʟʜ. 5.1) 
ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʛʨʫʧʧʝ ʘʜʘʧʪʠʚʥʳʭ ʤʝʪʦʜʦʚ [90]. ʆʥʠ ʩʦʯʝʪʘʶʪ ʵʣʝ-
ʤʝʥʪʳ ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʦʛʦ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʦʚ, ʧʨʠʤʝʥʷʶʪʩʷ 
ʚ ʢʦʤʙʠʥʘʮʠʷʭ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɺ ʦʩʥʦʚʝ ɻɸ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩ-
ʢʘ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʝʪʚʝʡ ʵʚʦʣʶʮʠʠ. ʇʨʠʤʝʥʷʷ çʬʫʥʢʮʠʶ 
ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠè, ʦʧʨʝʜʝʣʷʶʱʫʶ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʚʳʧʦʣ-
ʥʷʶʱʫʶ ʨʦʣʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ çʚʳʨʘʱʠʚʘʶʪè ʧʦʧʫʣʷʮʠʠ ʦʙʲʝʢʪʦʚ, 
çʛʝʥʥʘʷè ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʘ ʢ ʪʝʢʫʱʝʡ ʩʠʪʫʘʮʠʠ. 
ʅʘ ʨʠʩ. 2.7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ɻɸ.  
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ʈʘʩʩʤʦʪʨʠʤ ʰʘʛʠ ɻɸ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʦʙʳʯʥʦ ʩʣʫʯʘʡ-
ʥʳʤ ʦʙʨʘʟʦʤ ʥʘʯʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʦʩʦʙʝʡ (ʥʘʙʦʨ ʨʝʰʝʥʠʡ). ɿʘʪʝʤ ʤʦ-
ʜʝʣʠʨʫʝʪʩʷ ʨʘʟʤʥʦʞʝʥʠʝ ʦʩʦʙʝʡ. ɼʣʷ ʵʪʦʛʦ ʦʪʙʠʨʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʘʨ 
ʦʩʦʙʝʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʭ ʩʢʨʝʱʠʚʘʥʠʝ ʚ ʢʘʞʜʦʡ ʧʘʨʝ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʥʦ-
ʚʳʝ ʦʩʦʙʠ-ʧʦʪʦʤʢʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʧʦʧʫʣʷʮʠʶ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʕʪʠ 
ʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʝʥ ʢʨʠʪʝʨʠʡ ʦʩʪʘʥʦʚʘ, 
ʥʘʧʨʠʤʝʨ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʦʣʝʥʠʡ, ʧʨʝʜʝʣ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ 
(ʘʣʛʦʨʠʪʤ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʣʫʯʰʝʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙ-
ʣʝʥʥʦʩʪʠ ʥʝ ʙʦʣʴʰʝ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ), ʢʦʣʠʯʝʩʪʚʦ ʧʦʢʦʣʝʥʠʡ ʙʝʟ 
ʧʝʨʝʤʝʥ (ʦʩʪʘʥʦʚʢʘ, ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʢʦʣʝʥʠʡ ʥʝ 
ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʠ) ʠ ʪ.ʧ. 

ʇʨʝʞʜʝ ʯʝʤ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ɻɸ, ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʢʦʜʠʨʦ-
ʚʘʥʠʷ ʨʝʰʝʥʠʡ [94]. ɼʣʷ ʂɿʂ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʠ ʩʧʦʩʦʙʘ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʨʰʨʫʪʦʚ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʦʨ ʜʦʧʫʩ-
ʪʠʤʳʭ ʦʧʝʨʘʮʠʡ ʢʨʦʩʩʦʚʝʨʘ ʠ ʤʫʪʘʮʠʠ:  
1) çʩʦʩʝʜʩʢʦʝè ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪ ʤʘʨʰʨʫʪ ʩʧʠʩʢʦʤ ʠʟ n ʛʦʨʦ-
ʜʦʚ [95]. ɻʦʨʦʜ j ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʟʠʮʠʠ i ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʤʘʨʰʨʫʪ 
ʧʨʦʭʦʜʠʪ ʠʟ ʛʦʨʦʜʘ i ʚ ʛʦʨʦʜ j. ʅʘʧʨʠʤʝʨ, ʚʝʢʪʦʨ (2, 4, 8, 3, 9, 7, 1, 5, 6) 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʠʡ ʤʘʨʰʨʫʪ: 1ï2ï4ï3ï8ï5ï9ï6ï7. ɼʣʷ ʩʦʩʝʜʩʢʦʛʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʦʧʝʨʘʮʠʠ ʢʨʦʩʩʦʚʝʨʘ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʨʝʙʨʘ, 
ʢʫʩʢʠ ʧʦʜʪʫʨʦʚ, ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʢʨʦʩʩʦʚʝʨ, ʢʨʦʩʩʦʚʝʨ ʩʙʦʨʘ ʨʝʙʝʨ; 
2) ʧʦʨʷʜʢʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʜʠʨʫʝʪ ʤʘʨʰʨʫʪ ʩʧʠʩʢʦʤ ʠʟ n ʛʦʨʦʜʦʚ, 
ʚ ʢʦʪʦʨʦʤ i-ʡ ʵʣʝʤʝʥʪ ð ʥʦʤʝʨ ʦʪ 1 ʜʦ nïiï1 (ʥʦʤʝʨ ʛʦʨʦʜʘ ʚ ʩʧʠʩʢʝ 
ʝʱʝ ʥʝ ʧʦʩʝʱʘʚʰʠʭʩʷ ʛʦʨʦʜʦʚ), ʥʘʧʨʠʤʝʨ, ʤʘʨʰʨʫʪ 1ï2ï4ï3ï8ï5ï9ï6ï7 
ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʧʠʩʦʢ (1, 1, 2, 1, 4, 1, 3, 1, 1) [94]. ʆʩʥʦʚʥʦʝ ʧʨʝ-
ʠʤʫʱʝʩʪʚʦ ʧʦʨʷʜʢʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ: ʜʣʷ ʥʝʛʦ ʧʨʠʤʝʥʠʤ ʢʣʘʩʩʠʯʝ-
ʩʢʠʡ ʦʜʥʦʪʦʯʝʯʥʳʡ ʢʨʦʩʩʦʚʝʨ; 
3) çʧʫʪʝʚʦʝè ʧʨʝʜʩʪʘʚʣʝʥʠʝ ð ʥʘʠʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʪʫʨʘ. ʅʘʧʨʠʤʝʨ, ʪʫʨ 5ï1ï7ï8ï9ï4ï6ï2ï3 ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ (5, 1, 7, 8, 9, 4, 
6, 2, 3). ɼʣʷ ʧʫʪʝʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʦʧʝʨʘʮʠʠ ʢʨʦʩʩʦ-
ʚʝʨʘ: ʯʘʩʪʠʯʥʦ ʦʪʦʙʨʘʞʝʥʥʳʡ, ʧʦʨʷʜʢʦʚʳʡ ʠ ʮʠʢʣʠʯʝʩʢʠʡ ʢʨʦʩʩʦʚʝʨʳ.  

ʕʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʢʦʥ-
ʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʪʘʢ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ɻɸ 
ʵʬʬʝʢʪʠʚʥʝʝ ʦʜʥʘ ʦʧʝʨʘʮʠʷ ʢʨʦʩʩʦʚʝʨʘ, ʘ ʢʦʛʜʘ ʫʞʝ ʠʤʝʶʪʩʷ ʜʦʩʪʘʪʦʯ-
ʥʦ ʭʦʨʦʰʠʝ ʨʝʰʝʥʠʷ, ʪʦ ʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʫʜʝʪ ʫ ʜʨʫʛʦʡ ʦʧʝʨʘ-
ʮʠʠ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ 
ʘʣʛʦʨʠʪʤʘ [96]. ʉʫʪʴ ʪʘʢʦʡ ʘʜʘʧʪʘʮʠʠ: ʚ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʧʝʨʘʮʠʠ. ɺʥʘʯʘʣʝ ʦʩʦʙʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ 
ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ɺ ʠʥʜʠʚʠʜʫʫʤʝ ʟʘʧʠʩʳʚʘʝʪʩʷ 
ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʠʧʝ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʦʧʝʨʘʮʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ 
ʦʥ ʙʳʣ ʧʦʣʫʯʝʥ. ɼʘʣʝʝ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʦʧʝ-
ʨʘʮʠʡ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʦʙʝʡ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
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ʪʠʧʘ ʚ ʧʦʧʫʣʷʮʠʠ. ʏʪʦʙʳ ʦʪʜʝʣʴʥʳʝ ʪʠʧʳ ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʯʠʩ-
ʣʝʥʠʡ ʥʝ ʠʩʯʝʟʣʠ, ʜʦʣʞʥʘ ʦʩʪʘʚʘʪʴʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʣʶʙʦʡ ʠʟ 
ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʦʧʝʨʘʮʠʡ. ʊʘʢʦʡ ʤʝʭʘʥʠʟʤ ʫʩʣʦʞʥʷʝʪ ʨʝʘʣʠʟʘʮʠʶ ʘʣʛʦ-
ʨʠʪʤʘ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʶʪʩʷ ʧʨʦʮʝʜʫʨʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʭʨʦʤʦʩʦʤ ʢ ʨʘʟ-
ʥʳʤ ʪʠʧʘʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʦʜʥʘʢʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʘʣʛʦʨʠʪʤʫ ʘʜʘʧʪʠʨʦ-
ʚʘʪʴʩʷ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ. 

ʄʝʪʦʜ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʪʞʠʛʘ [90]. ʄʝʪʦʜ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ ʚʠʜʝ 
ʘʥʘʣʦʛʠʠ ʩ ʧʨʦʮʝʩʩʦʤ ʥʘʛʨʝʚʘʥʠʷ ʠ ʤʝʜʣʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʫʙʩʪʘʥʮʠʠ 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ɸʪʦʤʳ, ʟʘʥʠʤʘʶʱʠʝ ʚ ʥʝʡ 
ʥʝʧʨʘʚʠʣʴʥʦʝ ʤʝʩʪʦ, ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʤʦʛʫʪ ʩʤʝʩʪʠʪʴʩʷ ʚ 
ʥʫʞʥʦʝ ʧʦʣʦʞʝʥʠʝ ð ʠʤ ʥʝ ʭʚʘʪʘʝʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʨʝʦʜʦ-
ʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. ʄʝʪʘʣʣ ʥʘʛʨʝʚʘʶʪ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘ-
ʪʫʨʳ ʠ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʶʪ, ʧʦʟʚʦʣʷʷ ʘʪʦʤʘʤ ʟʘʥʷʪʴ ʧʨʘʚʠʣʴʥʳʝ ʧʦ-
ʣʦʞʝʥʠʷ ʚ ʨʝʰʝʪʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʣʦʙʘʣʴʥʦʤʫ ʤʠʥʠʤʫʤʫ ʵʥʝʨʛʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʄʄʆ ʢ ʨʝʰʝʥʠʶ ʂɿʂ [97]: 
1) ʚʳʙʝʨʝʤ ʜʣʠʥʫ ʤʘʨʰʨʫʪʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʪʦʛʜʘ ʜʣʷ 
ʢʘʞʜʦʛʦ ʤʘʨʰʨʫʪʘ, ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʧʝʨʝʩʪʘʥʦʚʢʦʡ p  ʠʜʝʥʪʠʬʠʢʘʪʦ-
ʨʦʚ (ʥʦʤʝʨʦʚ) ʛʦʨʦʜʦʚ, ʵʥʝʨʛʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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ʛʜʝ E ð ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ; dij ð ʜʣʠʥʘ ʜʦʨʦʛʠ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ i ʠ j;   

( )ip  ð i-ʡ ʧʦ ʧʦʨʷʜʢʫ ʛʦʨʦʜ ʚ ʤʘʨʰʨʫʪʝ p ; n ð ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʦʜʦʚ; 
2) ʚ ʢʘʯʝʩʪʚʝ ʩʣʫʯʘʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʘʨʰʨʫʪʘ p  ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʜʫʨʳ: ʧʝʨʝʥʦʩ ð ʩʣʫʯʘʡʥʘʷ ʯʘʩʪʴ ʤʘʨʰʨʫʪʘ (ʧʝʨʝʩʪʘ-
ʥʦʚʢʠ) p  ʚʳʨʝʟʘʝʪʩʷ ʠ ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʜʨʫʛʦʝ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʝ ʤʝʩʪʦ; 
ʦʙʨʘʱʝʥʠʝ ð ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʳʙʠʨʘʝʪʩʷ ʬʨʘʛʤʝʥʪ ʤʘʨʰʨʫʪʘ (ʧʝ-
ʨʝʩʪʘʥʦʚʢʠ) p , ʠ ʧʦʨʷʜʦʢ ʧʨʦʭʦʞʜʝʥʠʷ ʛʦʨʦʜʦʚ ʚ ʥʝʤ ʤʝʥʷʝʪʩʷ ʥʘ ʦʙ-
ʨʘʪʥʳʡ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʤʘʨʰʨʫʪʘ ʩ 
p  ʥʘ 'p , ʠ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʠʟʠʨʫʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʤʝʥʷʝʪʩʷ ʥʘ 

( ') ( )E E ED = p - p . ʕʥʝʨʛʠʷ ʚʳʙʨʘʥʥʦʡ ʯʘʩʪʠ ʤʘʨʰʨʫʪʘ ʥʝ ʤʝʥʷʝʪʩʷ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ED  ʣʦʢʘʣʴʥʦ, ʙʝʟ ʧʦʣʥʦʛʦ ʧʝ-
ʨʝʩʯʝʪʘ ʵʥʝʨʛʠʠ ʦʙʥʦʚʣʝʥʥʦʛʦ ʩʧʠʩʢʘ; 
3) ʦʧʨʝʜʝʣʝʥʠʝ ʩʭʝʤʳ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʜʥʦʬʦʨʤʘʣʠʟʫʝʤʦ. 
ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʟʘ ʩʨʝʜʥʶʶ ʨʘʟʥʦʩʪʴ ʧʨʠʥʷʪʴ T0, 
ʪʦʛʜʘ Ti = 0,9 Ti-1, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘ 
ʚʪʦʨʦʤ ʰʘʛʝ ʦʧʨʝʜʝʣʝʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʤʘʨʰʨʫʪ 'p  ʠ ʚʳʯʠʩʣʝʥʦ ʠʟʤʝ-
ʥʝʥʠʝ ʵʥʝʨʛʠʠ ED , ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʫʱʠʤ ʤʘʨʰʨʫʪʦʤ p  ʧʦ ʧʨʠʥʮʠʧʫ: 
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ʛʜʝ ʊ ð ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; p ð ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʤʘʨʰʨʫ-
ʪʘ 'p  ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʫʱʝʛʦ ʨʝʰʝʥʠʷ p .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʄʄʆ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ ʩʠʩʪʝʤʳ ʚ ʩʦʩʪʦʷʥʠʷ ʩ 
ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ. ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ 
ʊ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʠʟ ʟʦʥʳ ʧʨʠʪʷʞʝʥʠʷ ʦʜʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠ-
ʤʫʤʘ ʚ ʟʦʥʫ ʜʨʫʛʦʛʦ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʛʣʦʙʘʣʴʥʳʤ. ʅʘ ʧʦʩʣʝʜʥʠʭ 
ʠʪʝʨʘʮʠʷʭ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʟʢʘ, ʪʘʢʦʡ ʚʳʭʦʜ ʤʘʣʦʚʝʨʦʷʪʝʥ. 

ʆʙʳʯʥʦ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʣʘʶʪʩʷ ʧʦʧʳʪʢʠ 
ʫʤʝʥʴʰʠʪʴ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʇʝʨʝʭʦʜ ʢ ʩʣʝʜʫʶʱʝʡ ʪʝʤʧʝʨʘ-
ʪʫʨʝ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʦʛʜʘ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ ʧʦʧʳʪʦʢ ʥʝ ʧʨʠʚʝʣʦ ʢ 
ʫʩʧʝʭʫ. ɺʳʭʦʜ ʠʟ ʘʣʛʦʨʠʪʤʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʯʝʨʧʘʥʠʶ ʟʘʜʘʥʥʦʛʦ ʩʧʠ-
ʩʢʘ ʪʝʤʧʝʨʘʪʫʨ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʜʙʦʨʦʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʄʄʆ ð ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 
ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ.  

ɸʣʛʦʨʠʪʤ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ [90] ð ʨʝʘʣʠʟʘʮʠʷ ʙʠʦʥʠʯʝʩʢʦʛʦ 
ʧʦʜʭʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʞʠʚʳʭ ʢʦʣʦʥʠʡ ʤʫ-
ʨʘʚʴʝʚ. ʄʫʨʘʚʴʠ ʥʘʭʦʜʷʪ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʤʝʞʜʫ ʛʥʝʟʜʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ 
ʧʠʱʠ, ʠʩʧʦʣʴʟʫʷ ʧʘʭʫʯʝʝ ʚʝʱʝʩʪʚʦ ð ʬʝʨʦʤʦʥ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʚʠʞʝ-
ʥʠʷ ʤʫʨʘʚʴʠ ʦʩʪʘʚʣʷʶʪ ʝʛʦ ʥʘ ʟʝʤʣʝ ʠ ʜʚʠʛʘʶʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦ-
ʷʪʥʦʩʪʴʶ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʙʦʣʝʝ ʙʦʛʘʪʦʤ ʬʝʨʦʤʦʥʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʮʝʩʩ ʥʘʭʦʞʜʝʥʠʷ ʤʫʨʘʚʴʷʤʠ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ  
(ʨʠʩ. 2.8). ɼʣʷ ʜʚʠʞʝʥʠʷ ʤʫʨʘʚʴʝʚ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʫʪʠ, ʧʨʠʯʝʤ ʥʠʞ-
ʥʠʡ ʢʦʨʦʯʝ. ɺʥʘʯʘʣʝ (ʨʠʩ. 2.8,ʘ) ʥʘ ʧʫʪʷʭ ʥʝʪ ʬʝʨʦʤʦʥʘ, ʠ ʤʫʨʘʚʴʠ ʚʳ-
ʙʠʨʘʶʪ ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʩ ʨʘʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. ʇʫʩʪʴ 50% ʤʫ-
ʨʘʚʴʝʚ ʚʳʙʠʨʘʶʪ ʥʠʞʥʠʡ ʧʫʪʴ, ʘ 50% ð ʚʝʨʭʥʠʡ. ʊʘʢ ʢʘʢ ʥʠʞʥʠʡ ʧʫʪʴ 
ʢʦʨʦʯʝ, ʪʦ ʤʫʨʘʚʴʠ ʨʘʥʴʰʝ ʜʦʙʠʨʘʶʪʩʷ ʧʦ ʥʝʤʫ ʜʦ ʮʝʣʠ (ʨʠʩ. 2.8,ʙ). 
ʂʦʛʜʘ ʤʫʨʘʚʴʠ ʧʦ ʥʠʞʥʝʤʫ ʧʫʪʠ ʜʦʩʪʠʛʥʫʪ ʮʝʣʠ, ʚʝʨʭʥʠʝ ʙʫʜʫʪ ʚ ʧʫʪʠ 
(ʨʠʩ. 2.8,ʚ). ʂʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ ʥʘ ʥʠʞʥʝʤ ʧʫʪʠ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʠ ʤʫ-
ʨʘʚʴʠ ʦʪʜʘʜʫʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʥʠʞʥʝʤʫ ʧʫʪʠ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ. 
ʏʝʤ ʙʦʣʴʰʝ ʤʫʨʘʚʴʝʚ ʙʫʜʫʪ ʠʟʙʠʨʘʪʴ ʥʠʞʥʠʡ ʧʫʪʴ, ʪʝʤ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-
ʥʝʡ ʦʥ ʙʫʜʝʪ, ʠ ʚʩʢʦʨʝ ʚʩʝ ʤʫʨʘʚʴʠ ʚʳʙʝʨʫʪ ʥʠʞʥʠʡ ʧʫʪʴ (ʨʠʩ. 2.8,ʛ). 

ɺ ɸʂʄ ʧʨʠʤʝʥʷʶʪʩʷ çʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʫʨʘʚʴʠè (ʜʘʣʝʝ ʤʫʨʘʚʴʠ), ʢʦ-
ʪʦʨʳʝ ʠʤʝʶʪ ʧʘʤʷʪʴ, ʢʨʦʤʝ ʬʝʨʦʤʦʥʘ ʠʩʧʦʣʴʟʫʶʪ ʠ ʜʨʫʛʫʶ ʠʥʬʦʨʤʘ-
ʮʠʶ, ʞʠʚʫʪ ʚ ʩʨʝʜʝ, ʛʜʝ ʚʨʝʤʷ ʜʠʩʢʨʝʪʥʦ. ʈʘʩʩʤʦʪʨʠʤ ʝʛʦ ʧʨʠʤʝʥʠʪʝʣʴ-
ʥʦ ʢ ʂɿʂ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ dij ð ʵʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʦʨʦ-

ʜʘʤʠ i ʠ j: ( ) ( )2 2

ij i j i jd x x y y= - + - , ʘ ʂɿʂ ʟʘʜʘʥʘ ʧʦʣʥʳʤ, ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʥʳʤ ʛʨʘʬʦʤ G(V, D), ʛʜʝ V ð ʛʦʨʦʜʘ (|V| = n), D ð ʜʫʛʠ (ʜʦʨʦʛʠ). 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʤ m ʤʫʨʘʚʴʝʚ. ɺ ʥʘʯʘʣʝ ʠʪʝʨʘʮʠʠ ʤʫ-

ʨʘʚʴʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʣʫʯʘʡʥʦ ʧʦ n ʛʦʨʦʜʘʤ, ʘ ʚ ʢʦʥʮʝ çʫʤʠʨʘʶʪè. ʂʘ-
ʞʜʳʡ ʤʫʨʘʚʝʡ ʟʘ ʚʨʝʤʷ ʠʪʝʨʘʮʠʠ ʜʦʣʞʝʥ ʩʜʝʣʘʪʴ n ï 1 ʭʦʜʦʚ, ʯʪʦʙʳ 
ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʳʡ ʧʫʪʴ. ʇʨʘʚʠʣʘ ʭʦʜʘ ʤʫʨʘʚʴʷ: ʚʳʙʠʨʘʪʴ ʛʦʨʦʜ ʩ ʚʝʨʦ-
ʷʪʥʦʩʪʴʶ ʢʘʢ ʬʫʥʢʮʠʝʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʝʢʫʱʠʤ ʛʦʨʦʜʦʤ ʠ ʚʳʙʠ-
ʨʘʝʤʳʤ ʠ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʦʤʦʥʘ ʥʘ ʧʫʪʠ; ʭʨʘʥʠʪʴ ʩʧʠʩʦʢ ʧʦʩʝʱʝʥʥʳʭ 
ʛʦʨʦʜʦʚ ʠ ʚʳʙʠʨʘʪʴ ʛʦʨʦʜ ʩʨʝʜʠ ʛʦʨʦʜʦʚ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʵʪʦʤ ʩʧʠʩʢʝ; 
ʚ ʢʦʥʮʝ ʠʪʝʨʘʮʠʠ ʨʘʟʣʦʞʠʪʴ ʬʝʨʦʤʦʥ ʥʘ ʜʫʛʠ, ʧʦ ʢʦʪʦʨʳʤ ʦʥ ʧʨʦʭʦʜʠʣ. 

ɺʩʝ ʜʫʛʠ ʛʨʘʬʘ ʧʦʢʨʳʚʘʶʪʩʷ ʥʘʯʘʣʴʥʳʤ (ʙʣʠʟʢʠʤ ʢ ʥʫʣʶ) ʟʥʘʯʝʥʠ-
ʝʤ ʬʝʨʦʤʦʥʘ Ű0 . ʇʫʩʪʴ Űij (t) ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʝʨʦʤʦʥʘ ʥʘ ʜʫʛʝ ʤʝʞʜʫ 
ʛʦʨʦʜʘʤʠ i ʠ j ʥʘ t-ʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. ɺ ʢʦʥʮʝ ʠʪʝʨʘʮʠʠ ʩʦ ʚʩʝʭ ʜʫʛ 
ʠʩʧʘʨʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ, ʘ ʢ ʜʫʛʘʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ 
ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʨʰʨʫʪʦʚ, ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ: 

 
 ( 1) (1 ) ( ) ,ij ij ijt tt + = -r t + Dt  (2.2) 
 
ʛʜʝ ɟ ð ʧʘʨʘʤʝʪʨ 0 < ɟ < 1; k

ijDt  ð ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ, ʧʦʣʦʞʝʥʥʦʛʦ 
ʥʘ ʜʫʛʫ, ʩʦʝʜʠʥʷʶʱʫʶ ʛʦʨʦʜ i ʠ j: 
 

 
1

,
m

k
ij ij

k=
Dt = Dtä  (2.3) 

 
ʛʜʝ k

ijDt  ð ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʦʤʦʥʘ, ʦʪʣʦʞʝʥʥʦʛʦ k-ʤ ʤʫʨʘʚʴʝʤ ʥʘ ʜʫʛʫ, 

ʩʦʝʜʠʥʷʶʱʫʶ ʛʦʨʦʜ i ʠ j. ɺʝʣʠʯʠʥʘ k
ijDt  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 { / ,  ʝʩʣʠ -ʡ ʤʫʨʘʚʝʡ ʧʨʦʭʦʜʠʣ ʯʝʨʝʟ ʜʫʛʫ ( ,  ),
0,  ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ,

k k
ij

Q L k i jDt =  (2.4) 

 

 ʘ) ʙ) 

ʚ) ʛ) 

 
 

ʈʠʩ. 2.8 ð ʈʘʩʢʣʘʜʳʚʘʷ ʬʝʨʦʤʦʥ, ʤʫʨʘʚʴʠ ʥʘʭʦʜʷʪ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ 

ʘ) ʙ) 

ʚ) ʛ) 
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ʛʜʝ Q ð ʢʦʥʩʪʘʥʪʘ, ʟʘʜʘʚʘʝʤʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʚ [98] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʟʥʘʯʝʥʠʡ { }1,100,10000QÍ  ʣʫʯʰʝʝ ð 100; Lk ð ʦʙʱʘʷ 
ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ, ʧʨʦʡʜʝʥʥʦʛʦ k-ʤ ʤʫʨʘʚʴʝʤ. ɺʦʟʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 
ʦʙʥʦʚʣʝʥʠʝ ʬʝʨʦʤʦʥʘ ʥʘ ʣʫʯʰʝʤ ʠʟ ʥʘʡʜʝʥʥʳʭ ʧʫʪʝʡ: 

 

 
1( ) ,  ʝʩʣʠ ( , ) ,( 1) (1 ) ( ) ,      

0,            ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ,
gb gb

ij ij ij ij
L i jt t

-
yë Íy

t + = -a t + aDt Dt ì
í

 (2.5) 

 
ʛʜʝ Ŭ ð ʧʘʨʘʤʝʪʨ ʠʩʧʘʨʝʥʠʷ ʬʝʨʦʤʦʥʘ; 

gb
Ly  ð ʜʣʠʥʘ ʛʣʦʙʘʣʴʥʦ ʣʫʯʰʝ-

ʛʦ ʪʫʨʘ ɣgb. 
ɺʝʨʦʷʪʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʤʫʨʘʚʴʷ ʠʟ ʛʦʨʦʜʘ i ʚ j ʥʘ t-ʡ ʠʪʝʨʘʮʠʠ 
 

 [ ] [ ]
al

( )
,   ,

( ) ( )

0,  ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ,
k

ij ij
kk

ij im im
m

t
j al

p t t

a b

a b

Í

ë è ø è øt hê ú ê úî Íî= t hì
î
îí

ä  (2.6) 

 
ʛʜʝ alk ð ʩʧʠʩʦʢ ʛʦʨʦʜʦʚ, ʥʝ ʧʨʦʡʜʝʥʥʳʭ k-ʤ ʤʫʨʘʚʴʝʤ; ɖij = 1/dij ð ʪʘʢ 
ʥʘʟʳʚʘʝʤʘʷ çʚʠʜʠʤʦʩʪʴè; Ŭ ʠ ɓ ð ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʨʠʦʨʠʪʝʪʘ 
ʬʝʨʦʤʦʥʘ ʥʘ ʜʫʛʝ ʠʣʠ ʚʠʜʠʤʦʩʪʠ ɖij ʩʣʝʜʫʶʱʝʛʦ ʛʦʨʦʜʘ. 

ʇʘʨʘʤʝʪʨʳ Ŭ ʠ ɓ ʦʧʨʝʜʝʣʷʶʪ ʚʘʞʥʦʩʪʴ ʬʝʨʦʤʦʥʘ ʠ ʚʠʜʠʤʦʩʪʠ ɖij 
ʩʣʝʜʫʶʱʝʛʦ ʛʦʨʦʜʘ. ɽʩʣʠ Ŭ = 0, ʪʦ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʩʣʝʜʫʶʱʝʛʦ 
ʛʦʨʦʜʘ ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʚʠʜʠʤʦʩʪʴ. ɽʩʣʠ ɓ = 0, ʜʣʷ ʚʳʙʦʨʘ ʛʦʨʦʜʘ ʠʩʧʦʣʴ-
ʟʫʝʪʩʷ ʪʦʣʴʢʦ ʬʝʨʦʤʦʥ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʳ ʣʫʯʰʠʝ ʩʦʯʝʪʘʥʠʷ 
ʧʘʨʘʤʝʪʨʦʚ: (Ŭ = 1; ɓ = 1), (Ŭ = 1; ɓ = 2), (Ŭ = 1; ɓ = 5), (Ŭ = 0,5; ɓ = 5). 

ʄʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʦʥʠʝʡ ʧʯʝʣ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ [99]. 
ʕʪʦʪ ʘʣʛʦʨʠʪʤ ð ʤʦʜʝʣʴ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʯʝʣ ʧʨʠ ʧʦʠʩʢʝ 
ʧʠʱʠ. ʇʦʠʩʢ ʥʝʢʪʘʨʘ ʫ ʧʯʝʣ ʦʨʛʘʥʠʟʦʚʘʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʟ ʫʣʴʷ 
ʚʳʣʝʪʘʶʪ ʥʝʩʢʦʣʴʢʦ ʧʯʝʣ-ʨʘʟʚʝʜʯʠʢʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʧʦʠʩʢ ʥʝʢʪʘʨʘ 
[100]. ʇʦ ʚʦʟʚʨʘʱʝʥʠʠ ʚ ʫʣʝʡ ʦʥʠ ʩ ʧʦʤʦʱʴʶ ʪʘʥʮʘ ʩʦʦʙʱʘʶʪ ʦʩʪʘʣʴ-
ʥʳʤ ʧʯʝʣʘʤ, ʛʜʝ ʠ ʩʢʦʣʴʢʦ ʥʝʢʪʘʨʘ ʠʤ ʫʜʘʣʦʩʴ ʥʘʡʪʠ. ɺ ʫʢʘʟʘʥʥʳʝ ʤʝʩ-
ʪʘ ʦʪʧʨʘʚʣʷʶʪʩʷ ʨʘʙʦʯʠʝ ʧʯʝʣʳ, ʘ ʧʯʝʣʳ-ʨʘʟʚʝʜʯʠʢʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ 
ʥʦʚʳʝ ʧʦʠʩʢʠ. ɺʦʟʚʨʘʱʘʷʩʴ, ʨʘʙʦʯʠʝ ʧʯʝʣʳ ʪʘʢʞʝ ʠʩʧʦʣʥʷʶʪ ʪʘʥʝʮ, 
ʧʨʠʚʣʝʢʘʷ ʚ ʫʢʘʟʘʥʥʦʝ ʤʝʩʪʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʧʯʝʣ. ɸʥʘʣʦʛʠʯʥʘʷ ʘʙʩʪ-
ʨʘʢʮʠʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʯʝʣʠʥʦʡ ʢʦʣʦʥʠʝʡ. ʄʝʪʦʜ 
ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʦʥʠʝʡ ʧʯʝʣ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.9. 

ʈʘʩʩʤʦʪʨʠʤ ʩʪʘʜʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ:  
1) ʩʦʟʜʘʥʠʝ ʥʘʯʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʧʯʝʣ, ʯʠʩʣʦ Nbee ʢʦʪʦʨʳʭ ʨʘʚʥʦ ʯʠʩʣʫ 
ʛʦʨʦʜʦʚ n; 
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2) ʥʘʙʣʶʜʝʥʠʝ ʪʘʥʮʘ: ʢʘʞʜʘʷ 
ʧʯʝʣʘ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʨʝ-
ʰʘʝʪ, ʥʘʙʣʶʜʘʪʴ ʪʘʥʝʮ ʦʜʥʦʡ ʠʟ 
ʧʯʝʣ, ʧʦʩʪʨʦʠʚʰʠʭ ʤʘʨʰʨʫʪ, ʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʜʘʣʴʥʝʡʰʝʤ, 
ʠʣʠ ʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦ. ɽʩʣʠ ʧʯʝʣ, ʚʳʧʦʣʥʷʶ-
ʱʠʭ ʪʘʥʝʮ, ʥʝʪ, ʧʯʝʣʘ ʙʫʜʝʪ ʚʳ-
ʧʦʣʥʷʪʴ ʧʦʠʩʢ ʤʘʨʰʨʫʪʘ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʦ. ɺʝʨʦʷʪʥʦʩʪʴ Pfl ʪʦ-
ʛʦ, ʯʪʦ ʧʯʝʣʘ ʨʝʰʠʪ ʥʘʙʣʶʜʘʪʴ 
ʪʘʥʝʮ ʜʨʫʛʦʡ ʧʯʝʣʳ, ʠʟʤʝʥʷʝʪʩʷ 
ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʠ ʦʧ-
ʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʚʳʨʘʞʝʥʠʝʤ (ʘʜʘʧʪʠʨʦʚʘʥʦ ʠʟ 
[100] ʩ ʪʝʤ, ʯʪʦʙʳ ʥʦʨʤʠʨʦʚʘʪʴ 
ʚʝʨʦʷʪʥʦʩʪʴ): 
 

 

1

1

1

1

0,78,    ( ) 0,95,
0,2,     0,95 ( ) 0,975,
0,02,   0,975 ( ) 0,99,
0,        0,99 ( ) ,
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Pf Pf
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ë Ö <
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 (2.7) 

 
ʛʜʝ Pfcolony ð ʩʨʝʜʥʷʷ ʧʦʣʝʟʥʦʩʪʴ ʧʯʝʣ ʢʦʣʦʥʠʠ: 
 

 
1

1 beeN

colony i
ibee

Pf Pf
N =

= ä , (2.8) 

 
ʛʜʝ  Pfi ð ʧʦʣʝʟʥʦʩʪʴ i-ʡ ʧʯʝʣʳ: 
 

 1
i

i

Pf
L
= , (2.9) 

 
ʛʜʝ Li ð ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ, ʥʘʡʜʝʥʥʦʛʦ i-ʡ ʧʯʝʣʦʡ. ɺʳʙʦʨ ʧʯʝʣʳ, ʪʘʥʝʮ 
ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘʙʣʶʜʝʥʠʷ ʪʘʥʮʘ ʧʯʝʣʘ ʟʘʧʦʤʠʥʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʝʜʧʦʯʠʪʘʝʤʳʡ 
ʤʘʨʰʨʫʪ ɗ ð ʨʝʰʝʥʠʝ ʂɿʂ, ʥʘʡʜʝʥʥʦʝ çʪʘʥʮʫʶʱʝʡè ʧʯʝʣʦʡ ʥʘ ʧʨʝʜʳ-
ʜʫʱʝʡ ʠʪʝʨʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʠ ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 
ʧʦʩʪʨʦʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʨʰʨʫʪʘ;  

 
ʈʠʩ. 2.9 ð ʉʭʝʤʘ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ  
ʢʦʣʦʥʠʝʡ ʧʯʝʣ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ 
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3) ʧʦʩʪʨʦʝʥʠʝ ʤʘʨʰʨʫʪʘ: ʩʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ [99], ʢʘʞʜʘʷ ʧʯʝʣʘ ʚ ʢʘʞ-
ʜʦʤ ʛʦʨʦʜʝ ʩʪʨʦʠʪ ʩʧʠʩʦʢ ʛʦʨʦʜʦʚ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ    ʧʝʨʝʭʦʜʘ Ai,n, ʛʜʝ t 
ð ʥʦʤʝʨ ʧʝʨʝʭʦʜʘ (ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʛʦʨʦʜʘ ʚ ʤʘʨʰʨʫʪʝ), ʠ 
ʤʥʦʞʝʩʪʚʦ Fi,t ʜʦʩʪʫʧʥʳʭ ʛʦʨʦʜʦʚ ʜʣʷ n-ʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʨʝʜʧʦʯʠʪʘʝʤʦʤ 
ʤʘʨʰʨʫʪʝ ɗ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʜʥʦʛʦ ʛʦʨʦʜʘ, ʪ.ʝ. { }( ), ( 1)n tF tq = q + . ʀʟ ʤʥʦ-
ʞʝʩʪʚʘ Ai,t ʚʳʙʠʨʘʝʪʩʷ ʛʦʨʦʜ ʜʣʷ ʧʝʨʝʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʘ:  
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ʛʜʝ ,ij tp  ð ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʙʦʨʘ ʛʦʨʦʜʘ j ʠʟ ʛʦʨʦʜʘ i ʥʘ ʧʝʨʝʭʦʜʝ t;  
Ŭ ð ʜʚʦʠʯʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʣʠ ʥʝʪ ʧʨʝʜ-
ʧʦʯʠʪʘʝʤʳʡ ʤʘʨʰʨʫʪ ɗ ʧʨʠ ʚʳʙʦʨʝ ʛʦʨʦʜʘ; ɓ ð ʧʘʨʘʤʝʪʨ, ʨʝʛʫʣʠʨʫʶ-
ʱʠʡ ʟʥʘʯʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʧʨʠ ʚʳʙʦʨʝ ʩʣʝʜʫʶʱʝʛʦ 
ʛʦʨʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʳʪʘ (ʧʨʝʜʧʦʯʠʪʘʝʤʦʛʦ ʤʘʨ-
ʰʨʫʪʘ); ,ij tr  ð çʧʨʠʛʦʜʥʦʩʪʴè ʜʦʨʦʛʠ ʠʟ ʛʦʨʦʜʘ i ʚ ʛʦʨʦʜ j ʥʘ ʧʝʨʝʭʦʜʝ t: 
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  (2.11) 

 
ʛʜʝ ɚ ð ʚʝʣʠʯʠʥʘ çʧʨʠʛʦʜʥʦʩʪʠè ʜʦʨʦʛʠ, ʚʭʦʜʷʱʝʡ ʚ ʧʨʠʦʨʠʪʝʪʥʳʡ 
ʪʫʨ; ,i tA  ð ʤʦʱʥʦʩʪʴ (ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ) ʤʥʦʞʝʩʪʚʘ ,i tA ;  
4) ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ: ʨʝʰʝʥʠʝ, ʥʘʡʜʝʥʥʦʝ ʢʘʞ-
ʜʦʡ ʠʟ ʧʯʝʣ, ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʣʦʢʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʩ 
ʦʢʨʝʩʪʥʦʩʪʴʶ k-ʟʘʤʝʥʘ, ʛʜʝ k = 2 (ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ k-ʟʘʤʝʥʳ ʜʣʷ        
k = 3 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.6,ʛ); 
5) ʠʩʧʦʣʥʝʥʠʝ ʪʘʥʮʘ: ʝʩʣʠ ʧʯʝʣʘ ʩʤʦʛʣʘ ʧʦʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪ ʢʦʨʦʯʝ 
ʧʨʝʜʳʜʫʱʠʭ ʩʚʦʠʭ ʤʘʨʰʨʫʪʦʚ, ʦʥʘ ʠʩʧʦʣʥʷʝʪ ʪʘʥʝʮ (ʪ.ʝ. ʧʯʝʣʳ ʟʘʧʦʤʠ-
ʥʘʶʪ ʣʫʯʰʠʡ ʠʟ ʩʚʦʠʭ ʤʘʨʰʨʫʪʦʚ). ɼʣʠʪʝʣʴʥʦʩʪʴ ʪʘʥʮʘ (ʯʠʩʣʦ ʧʯʝʣ, 
ʢʦʪʦʨʳʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʪʘʥʝʮ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ:  
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ʛʜʝ K ð ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʥʮʘ. ɽʩʣʠ ʥʠ ʦʜʥʘ 
ʧʯʝʣʘ ʥʝ ʩʤʦʛʣʘ ʥʘʡʪʠ ʤʘʨʰʨʫʪ ʣʫʯʰʝ ʚʩʝʭ ʩʚʦʠʭ ʧʨʝʜʳʜʫʱʠʭ ʤʘʨʰʨʫ-
ʪʦʚ, ʥʠ ʦʜʥʘ ʠʟ ʥʠʭ ʥʝ ʠʩʧʦʣʥʷʝʪ ʪʘʥʝʮ. ʏʪʦʙʳ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʥʝ ʚʦʟʥʠ-
ʢʘʣʘ ʧʦʩʪʦʷʥʥʦ, ʧʨʠʤʝʥʷʝʪʩʷ ʵʚʨʠʩʪʠʢʘ: ʝʩʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʠʪʝʨʘʮʠʡ 
ʘʣʛʦʨʠʪʤʘ ʪʘʥʝʮ ʥʝ ʠʩʧʦʣʥʷʝʪʩʷ, ʪʦ ʚ ʧʘʤʷʪʴ ʢʘʞʜʦʡ ʧʯʝʣʳ ʟʘʧʠʩʳʚʘʝʪ-
ʩʷ ʤʘʨʰʨʫʪ, ʢʦʪʦʨʳʡ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʜʝʩʷʪʴ ʧʨʦʮʝʥʪʦʚ ʜʣʠʥʥʝʝ ʣʫʯʰʝ-
ʛʦ ʤʘʨʰʨʫʪʘ, ʥʘʡʜʝʥʥʦʛʦ ʝʶ;  
6) ʧʨʦʚʝʨʢʘ, ʚʩʝ ʣʠ ʧʯʝʣʳ ʧʦʩʪʨʦʠʣʠ ʩʚʦʠ ʤʘʨʰʨʫʪʳ: ʝʩʣʠ ʜʘ, ʪʦ ʧʝ-
ʨʝʡʪʠ ʢ ʰʘʛʫ 7, ʝʩʣʠ ʥʝʪ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʫʶ ʧʯʝʣʫ ʠ ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 2; 
7) ʧʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ: ʝʩʣʠ ʦʥʦ ʚʳʧʦʣʥʝʥʦ, ʪʦ ʘʣʛʦʨʠʪʤ ʟʘʢʘʥ-
ʯʠʚʘʝʪ ʨʘʙʦʪʫ, ʝʩʣʠ ʥʝʪ, ʧʝʨʝʡʪʠ ʢ ʰʘʛʫ 2. ɺ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ 
ʤʦʞʝʪ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ, ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʜʣʠʥʳ 
ʤʘʨʰʨʫʪʘ ʠ ʪ.ʧ. (ʘʥʘʣʦʛʠʯʥʳ ʫʩʣʦʚʠʷʤ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ). ɺ 
[100] ʚ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʷ ʦʩʪʘʥʦʚʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʢʩʠ-
ʤʘʣʴʥʦʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ BCmax. 

ɺ [100] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʡʜʝʥʳ ʣʫʯʰʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʣ-
ʛʦʨʠʪʤʘ: BCmax = 10 000, Nbee = n, Ŭ = 1, ɓ = 10, ɚ = 0,95, K = 100. 

ʄʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʂʦʭʦʥʝʥʘ. ʆʜʥʘ ʠʟ 
ʧʝʨʚʳʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʂɿʂ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʘʤʦʦʨʛʘ-
ʥʠʟʫʶʱʠʝʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ, ð [101]. ʉʝʪʴ ʂʦʭʦʥʝʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʦʤʫ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʭʦʨʦʰʠʡ ʤʘʨ-
ʰʨʫʪ ʚ ʂɿʂ: ʙʣʠʟʢʠʝ ʛʦʨʦʜʘ ʥʘ ʧʣʦʩʢʦʩʪʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʙʣʠʟʢʠʝ ʪʦʯʢʠ 
ʚ ʦʜʥʦʤʝʨʥʦʤ ʤʘʨʰʨʫʪʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʪʦʣʴʢʦ ʂɿʂ ʥʘ 
ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ (1.5), (1.6). 

ʉʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʢʘʨʪʳ ʂʦʭʦʥʝʥʘ ð ʢʣʘʩʩ ʥʝʡʨʦʩʝʪʝʡ, ʚ ʦʩʥʦʚʝ 
ʢʦʪʦʨʳʭ ð ʢʦʥʢʫʨʝʥʮʠʷ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ [4]. ʆʙʳʯʥʦ ʵʪʦ ʦʜʥʦʩʣʦʡ-
ʥʳʝ ʩʝʪʠ, ʛʜʝ ʢʘʞʜʳʡ ʥʝʡʨʦʥ ʩʚʷʟʘʥ ʩʦ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ L-ʤʝʨʥʦʛʦ 
ʚʭʦʜʥʦʛʦ ʚʝʢʪʦʨʘ V. ʉʠʥʘʧʩʠʯʝʩʢʠʝ ʚʝʩʘ ʥʝʡʨʦʥʘ ʦʙʨʘʟʫʶʪ ʚʝʢʪʦʨ 

( ) ( )
1 ,...,

Tri i
i Lw wè ø= ê úW . ɺ ʥʝʡʨʦʩʝʪʷʭ ʂʦʭʦʥʝʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʦʙʫʯʝʥʠʷ ʙʝʟ ʫʯʠʪʝʣʷ: ʧʨʠ ʦʙʫʯʝʥʠʠ ʥʘ ʚʭʦʜ ʥʝʡʨʦʩʝʪʠ ʧʦʜʘʶʪʩʷ ʚʝʢʪʦ-
ʨʳ V, ʘ ʥʝʡʨʦʩʝʪʴ ʧʦʜʩʪʨʘʠʚʘʝʪ ʚʝʩʘ ʥʝʡʨʦʥʦʚ ʪʘʢ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʘʥʥʳʤ ʚʝʢʪʦʨʦʤ ʠ ʙʣʠʞʘʡʰʠʤʠ ʢ ʥʝʤʫ ʥʝʡʨʦʥʘʤʠ.  

ʅʝʡʨʦʥ w, ʚʝʢʪʦʨ ʚʝʩʦʚ ʢʦʪʦʨʦʛʦ Wi ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʚʝʢʪʦʨʫ V: 
 

 ( )
1,...,

arg min ( , )i
i n

d
=

w = V W , (2.13) 

 
ʩʪʘʥʦʚʠʪʩʷ ʧʦʙʝʜʠʪʝʣʝʤ. ɿʜʝʩʴ d(V, Wi) ð ʨʘʩʩʪʦʷʥʠʝ ʚ ʤʝʪʨʠʢʝ ʤʝʞʜʫ 
V ʠ Wi, ʘ n ð ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʩʣʦʝ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩ-
ʩʪʦʷʥʠʝ ʚ ʝʚʢʣʠʜʦʚʦʡ (2.14) ʠ ʩʢʘʣʷʨʥʦʡ (2.15) ʤʝʪʨʠʢʘʭ (  ð ʝʚʢʣʠ-
ʜʦʚʘ ʥʦʨʤʘ), ʢʦʪʦʨʳʝ ʧʨʠ ʫʩʣʦʚʠʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ: 
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 ( ) 2

1
( , ) ( )

L
i

i i j j
j

d v w
=

= - = -äV W V W , (2.14) 

 ( , ) cos( , )i i i id = Ö =V W V W V W V W . (2.15) 
 
ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ, ʦʥ ʠ ʝʛʦ ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʩʦ-

ʩʝʜʩʪʚʦ ɻw(t) = {j, jÍ[w ï l0, w + l0] mod n}, ʛʜʝ n ð ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦ-
ʥʦʚ, ʩʤʝʱʘʶʪʩʷ (ʤʦʜʠʬʠʮʠʨʫʶʪ ʩʚʦʠ ʚʝʩʘ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ V(t):  

 
 [ ]( 1) ( ) ( ) ( ) ,  ( )i i i it t t t i ɻ tw+ = + h - ÍW W V W , (2.16) 
 
ʛʜʝ hi(t) ð ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʫʯʝʥʠʷ i-ʛʦ ʥʝʡʨʦʥʘ ʠʟ ɻw(t) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝ-
ʥʠ t. ɿʥʘʯʝʥʠʝ hi(t) ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ. 
ɺʝʩʘ ʥʝʡʨʦʥʦʚ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ɻw(t), ʥʝ ʤʝʥʷʶʪʩʷ (ʨʠʩ. 2.10). 

 

 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʄʅʉʂ ʢ ɿʂ [101]. ɺ ʘʣʛʦʨʠʪʤʝ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʜʚʫʭʩʣʦʡʥʘʷ ʥʝʡʨʦʩʝʪʴ ʂʦʭʦʥʝʥʘ. ʌʘʢʪʠʯʝʩʢʠ ʥʝʡʨʦʩʝʪʴ ð ʦʜʥʦ-
ʩʣʦʡʥʘʷ, ʧʝʨʚʳʡ ʩʣʦʡ ʥʝʡʨʦʥʦʚ ð ʬʠʢʪʠʚʥʳʡ ʠ ʩʣʫʞʠʪ ʜʣʷ ʫʜʦʙʩʪʚʘ 
ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʡʨʦʩʝʪʠ. ɺ ʥʝʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝ-
ʥʠʡ, ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʘʯʠ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩʣʦʡ ʂʦʭʦʥʝʥʘ. 
ʇʝʨʚʳʡ ʩʣʦʡ ʩʦʜʝʨʞʠʪ ʪʨʠ ʥʝʡʨʦʥʘ, ʚʪʦʨʦʡ ð n (ʯʠʩʣʦ ʛʦʨʦʜʦʚ). ʂʘʞ-
ʜʳʡ ʥʝʡʨʦʥ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʩʚʷʟʘʥ ʩ ʢʘʞʜʳʤ ʚʳʭʦʜʥʳʤ ʥʝʡʨʦʥʦʤ. ɺʩʝ 
ʩʚʷʟʠ ʠʥʠʮʠʠʨʫʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 1. ɼʣʷ ʢʘʞʜʦʛʦ ʛʦʨʦʜʘ ʧʝʨʚʳʝ ʜʚʝ 
ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ ʚʭʦʜ ʥʝʡʨʦʩʝʪʠ, ð ʢʦʦʨʜʠʥʘʪʳ 
ʛʦʨʦʜʘ, ʘ ʪʨʝʪʴʷ ð ʥʦʨʤʘʣʠʟʫʶʱʠʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʪʘʢ, ʯʪʦʙʳ 
ʚʝʢʪʦʨʳ ʠʤʝʣʠ ʦʜʠʥʘʢʦʚʫʶ ʝʚʢʣʠʜʦʚʫ ʜʣʠʥʫ ʠ ʥʝ ʙʳʣʠ ʢʦʣʣʠʥʝʘʨʥʳ.  

 
ʈʠʩ. 2.10 ð ʇʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚ ʚ ʩʝʪʠ ʂʦʭʦʥʝʥʘ 
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ʆʙʦʟʥʘʯʠʤ ʪʨʝʭʤʝʨʥʳʡ ʚʝʢʪʦʨ ʩʠʥʘʧʩʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʦʪ ʪʨʝʭ ʥʝʡʨʦ-
ʥʦʚ ʚʭʦʜʥʦʛʦ ʩʣʦʷ ʢ j-ʤʫ ʚʳʭʦʜʥʦʤʫ ʥʝʡʨʦʥʫ ʢʘʢ Wj, ʘ ʪʨʝʭʤʝʨʥʳʡ 
ʚʭʦʜʥʦʡ ʚʝʢʪʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ i-ʡ ʛʦʨʦʜ, ð Vi. ʋʨʦʚʝʥʴ ʘʢʪʠʚʘʮʠʠ j-
ʛʦ ʚʳʭʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʧʨʠ ʧʦʜʘʯʝ Vi ʥʘ ʚʭʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʘʣʷʨʥʳʤ 
ʧʨʦʠʟʚʝʜʝʥʠʝʤ Wj

 Ö Vi. ɺʳʭʦʜʥʦʡ ʥʝʡʨʦʥ ʩ ʥʘʠʚʳʩʰʠʤ ʫʨʦʚʥʝʤ ʘʢʪʠʚʘ-
ʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʛʦʨʦʜʘ ð ʦʙʨʘʟ ʛʦʨʦʜʘ. ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʡʨʦʥʘ-
ʦʙʨʘʟʘ (ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʜʣʷ ʜʘʥʥʦʛʦ ʛʦʨʦʜʘ) ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2.11. 

 

 
ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʂɿʂ ð ʦʪʦʙʨʘʞʝʥʠʝ ʚʭʦʜʥʳʭ ʚʝʢʪʦʨʦʚ (ʛʦʨʦʜʦʚ) 

ʥʘ ʥʝʡʨʦʥʳ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ (ʪʦʯʢʠ ʢʦʣʴʮʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʤʘʨʰʨʫʪ 
ʢʦʤʤʠʚʦʷʞʝʨʘ). ʇʦʨʷʜʦʢ ʧʦʩʝʱʝʥʠʷ ʛʦʨʦʜʦʚ ʢʦʤʤʠʚʦʷʞʝʨʦʤ ʦʧʨʝʜʝʣʷ-
ʝʪʩʷ ʧʦʨʷʜʢʦʤ ʩʣʝʜʦʚʘʥʠʷ ʥʝʡʨʦʥʦʚ-ʦʙʨʘʟʦʚ ʥʘ ʢʦʣʴʮʝ. ʈʝʟʫʣʴʪʘʪ ʜʦʩ-
ʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʂʦʭʦʥʝʥʘ: 
1) ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʢʦʵʬ-
ʬʠʮʠʝʥʪʘ ʦʙʫʯʝʥʠʷ Ŭ(0) ʠʟ (2.17), ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʩʦʚ ʥʝʡ-
ʨʦʥʦʚ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʙʫʯʝʥʠʷ, ʠ ʨʘʜʠʫʩʘ ʦʢʨʝʩʪʥʦʩʪʠ l0,  ʧʦʩʣʝ ʯʝʛʦ 
ʰʘʛʠ 2 ð 6 ʧʦʚʪʦʨʷʶʪʩʷ, ʧʦʢʘ Ŭ > 0; 
2) ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʛʦʨʦʜ V, ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʘʢʪʠʚʘʮʠʦʥʥʳʝ 
ʫʨʦʚʥʠ ʥʝʡʨʦʥʦʚ ʚ ʚʳʭʦʜʥʦʤ ʩʣʦʝ; 
3) ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʤʝʨ ʦʙʨʘʟʘ ʛʦʨʦʜʘ w ʚ ʚʳʭʦʜʥʦʤ ʩʣʦʝ ʥʘ ʦʩʥʦʚʝ ʚʳ-
ʯʠʩʣʝʥʥʳʭ ʫʨʦʚʥʝʡ ʘʢʪʠʚʘʮʠʠ; 
4) ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʚʝʢʪʦʨʳ ʩʠʥʘʧʩʠʯʝʩʢʠʭ ʩʚʷʟʝʡ Wj ʜʣʷ 
ʥʝʡʨʦʥʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ɻw(t) = {j, jÍ[w ï l0, w + l0] mod n}: 
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5) ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʜʠʫʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʩʥʘʯʘʣʘ l0 = 0,1n, ʟʘʪʝʤ ʟʘ ʧʝʨ-
ʚʳʝ 10% ʮʠʢʣʦʚ ʩʥʠʞʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ 1, ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ; 
6) ʩʥʠʞʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʫʩʠʣʝʥʠʷ Ŭ (ʟʘ ʧʝʨʚʳʝ 10% ʠʪʝʨʘʮʠʡ 
ʜʦ 10% ʩʚʦʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʟʘ 90% ʦʩʪʘʚʰʠʭʩʷ ʠʪʝʨʘʮʠʡ ʜʦ 0).  

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʙʫʯʝʥʠʷ ʧʦʣʦʞʝʥʠʝ ʛʦʨʦʜʘ ʚ ʤʘʨʰʨʫʪʝ ʦʧʨʝʜʝ-
ʣʠʪʩʷ ʥʦʤʝʨʦʤ ʝʛʦ ʥʝʡʨʦʥʘ-ʦʙʨʘʟʘ ʚ ʚʳʭʦʜʥʦʤ ʩʣʦʝ. ɽʩʣʠ ʧʦʜʘʚʘʪʴ ʥʘ 
ʚʭʦʜ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʩʝʪʠ ʢʦʦʨʜʠʥʘʪʳ ʛʦʨʦʜʘ, ʪʦ ʥʝʡʨʦʥ-ʦʙʨʘʟ ʛʦʨʦʜʘ 
ʙʫʜʝʪ ʠʤʝʪʴ ʥʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʧʦʣʫʯʝʥ 
ʥʦʤʝʨ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʛʦ-
ʨʦʜʘ ʚ ʤʘʨʰʨʫʪʝ. ʀʥʦʛʜʘ ʜʚʘ ʠʣʠ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʛʦʨʦʜʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ 
ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʳʭʦʜʥʦʡ ʥʝʡʨʦʥ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʦʢʘʣʴʥʦʝ ʫʧʦʨʷʜʦ-
ʯʠʚʘʥʠʝ ʵʪʠʭ ʛʦʨʦʜʦʚ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʠ ʪʨʝʙʫʝʪ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʦʡ 
ʦʧʪʠʤʠʟʘʮʠʠ ʯʘʩʪʠ ʤʘʨʰʨʫʪʘ. ɺ ʂɿʂ ʩ 30 ʛʦʨʦʜʘʤʠ ʪʘʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 
ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʝʛʦ ʜʣʠʥʫ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 25%. ɼʣʷ ʟʘʜʘʯ ʙʦʣʴʰʝʡ ʨʘʟ-
ʤʝʨʥʦʩʪʠ ʦʥʘ ʥʝ ʫʣʫʯʰʘʝʪ ʨʝʟʫʣʴʪʘʪ ʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ.  

ʌ. ʌʘʚʘʪʘ ʠ ʈ. ʋʦʣʢʝʨ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄʅʉʂ ʜʣʷ 
ʨʝʰʝʥʠʷ ʂɿʂ ʩ 10 000 ʛʦʨʦʜʦʚ. ʍʦʪʷ ʨʝʰʝʥʠʷ, ʥʘʡʜʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦ-
ʜʦʤ, ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ ʧʦʣʫʯʝʥʥʳʭ ʄʄʆ, ʩʢʦʨʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʥʘ-
ʯʠʪʝʣʴʥʦ ʚʳʰʝ: ʥʝʡʨʦʩʝʪʴ ʥʘʭʦʜʠʪ ʤʘʨʰʨʫʪʳ, ʫʩʪʫʧʘʶʱʠʝ ʧʦ ʢʘʯʝʩʪʚʫ 
ʤʘʨʰʨʫʪʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʄʄʆ, ʧʨʠʤʝʨʥʦ ʥʘ 5%, ʥʦ ʚ ʪʨʠ ʨʘʟʘ ʙʳʩʪʨʝʝ.  

ʄʝʪʦʜ ʨʘʩʪʫʱʠʭ ʢʦʣʴʮʝʚʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ ʢʘʨʪ ʂʦʭʦʥʝ-
ʥʘ (FLEXMAP) ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʘʭ [102, 103]. ʆʪʣʠʯʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ 
ʦʪ ʄʅʉʂ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢ-
ʪʫʨʝ ʥʝ ʟʘʜʘʥʦ, ʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ, ʯʪʦ ʧʦʟʚʦ-
ʣʠʣʦ ʩʥʠʟʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʜʦ O(n) (ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʅʉʂ ʩʦʩʪʘʚʣʷʝʪ O(n2), ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦ-
ʜʘ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ ð O(n2,2)), ʧʨʠʯʝʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʝʰʝʥʠʷ ʙʳʣʠ 
ʣʠʰʴ ʥʘ 9% ʭʫʞʝ ʨʝʰʝʥʠʡ, ʥʘʡʜʝʥʥʳʭ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. 

ɺ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ: ʧʝʨʝʤʝʱʝ-
ʥʠʝ ʠ ʚʩʪʘʚʢʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʥʝʡʨʦʥʦʚ: ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʳʡ ʛʦʨʦʜ V, 
ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʘʢʪʠʚʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʥʝʡʨʦʥʦʚ ʚ ʚʳʭʦʜʥʦʤ ʩʣʦʝ ʧʦ 
ʬʦʨʤʫʣʝ (2.14); ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʨʘʟ ʛʦʨʦʜʘ (ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ) Ww; 
ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ ɤ ʠ ʜʚʘ ʝʛʦ ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʘ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ 
ʛʦʨʦʜʘ V ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʣʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʆʧʝʨʘʮʠʷ 
ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʡʨʦʥʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʰʘʛʠ ʚ 
ʄʅʉʂ (ʨʠʩ. 2.10). ɽʜʠʥʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ð ʨʘʜʠʫʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʚʩʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ.  

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ-
ʣʦʞʝʥʠʷ ʥʝʡʨʦʥʘ, ʜʦʙʘʚʣʷʝʤʦʛʦ ʦʧʝʨʘʮʠʝʡ çʚʩʪʘʚʢʘè. ɽʩʣʠ ʥʝʡʨʦʥ ʩʪʘ-
ʥʦʚʠʪʩʷ ʧʦʙʝʜʠʪʝʣʝʤ ʜʣʷ ʛʦʨʦʜʘ, ʢ ʟʥʘʯʝʥʠʶ ʝʛʦ ʣʦʢʘʣʴʥʦʡ ʦʰʠʙʢʠ err 
ʜʦʙʘʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤ ʠ ʛʦʨʦʜʦʤ: 
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 err errw w w= + -W V . (2.18) 
 
ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ err ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʡʨʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ, ʛʜʝ 

ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʦʜʦʚ. ɺ ʪʘʢʠʭ ʦʙ-
ʣʘʩʪʷʭ ʩʣʝʜʫʝʪ ʜʦʙʘʚʣʷʪʴ ʥʝʡʨʦʥʳ, ʪʘʢ ʢʘʢ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ 
ʚʙʣʠʟʠ ʛʦʨʦʜʘ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʭʦʪʷ ʙʳ ʦʜʠʥ ʥʝʡʨʦʥ. 

ɸʣʛʦʨʠʪʤ ʄʈʂʉʂʂ: 
1) ʠʥʠʮʠʘʣʠʟʘʮʠʷ: ʛʝʥʝʨʠʨʫʝʪʩʷ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟ ʪʨʝʭ ʥʝʡʨʦʥʦʚ, 
ʠʤʝʶʱʠʭ ʩʣʫʯʘʡʥʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 
ʦʰʠʙʦʢ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʨʘʚʥʳʤʠ 0; 
2) ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʜʘʥʥʦʝ ʯʠʩʣʦ nd ʠʪʝʨʘʮʠʡ ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʢʘʧʣʠʚʘ-
ʶʪʩʷ ʟʥʘʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʰʠʙʦʢ err; 
3) ʦʧʨʝʜʝʣʷʝʪʩʷ ñʭʫʜʰʘʷò ʧʘʨʘ i ʠ j ʥʝʡʨʦʥʦʚ ʪʘʢʘʷ, ʯʪʦ i jerr err err= +  
ʤʘʢʩʠʤʘʣʴʥʦ ʜʣʷ ʥʝʡʨʦʩʝʪʠ. ʅʦʚʳʡ ʥʝʡʨʦʥ Wnew ʚʩʪʘʚʣʷʝʪʩʷ ʧʦʩʝʨʝʜʠ-
ʥʝ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ i ʠ j, ʩʦ ʟʥʘʯʝʥʠʝʤ ʣʦʢʘʣʴʥʦʡ ʦʰʠʙʢʠ: 
 
 ( ) ( ) / 3new i jerr err err= +W . 

 
ʇʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʦʰʠʙʢʠ ʥʝʡʨʦʥʦʚ i ʠ j: 
 
 2 / 3i ierr err= Ö ,          2 / 3j jerr err= Ö . 
 
4) ʝʩʣʠ ʜʣʷ ʣʶʙʳʭ ʜʚʫʭ ʛʦʨʦʜʦʚ ʙʣʠʞʘʡʰʠʝ ʢ ʥʠʤ ʥʝʡʨʦʥʳ ʨʘʟʣʠʯʥʳ 
(ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʚʫʭ ʠ ʙʦʣʝʝ ʛʦʨʦʜʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʝʡʨʦʥ 
ð ʧʦʙʝʜʠʪʝʣʴ), ʪʦ ʤʘʨʰʨʫʪ ʥʘʡʜʝʥ. ʀʥʘʯʝ ʧʝʨʝʭʦʜ ʢ ʰʘʛʫ ʜʚʘ.  

ɸʚʪʦʨʳ ʤʝʪʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʠʤʝʝʪ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ 
O(n2), ʠ ʧʨʝʜʣʦʞʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʝʝ 
ʜʦ O(n). ɺ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʢʦʣʴʮʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʙʳʩʪʨʦ ʨʘʟʨʘʩ-
ʪʘʝʪʩʷ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʣʦ-
ʢʘʣʴʥʳʤʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʤʝʥʝ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʠʩʢʘ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝ-
ʣʷ ʥʘ ʰʘʛʝ ʜʚʘ ʣʦʢʘʣʴʥʳʤ ʧʦʠʩʢʦʤ: ʧʦʠʩʢ ʙʣʠʞʘʡʰʝʛʦ ʢ ʛʦʨʦʜʫ ʥʝʡʨʦ-
ʥʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʝʡʨʦʥʦʤ, ʩʪʘʚʰʠʤ ʣʫʯʰʠʤ ʚ ʧʨʦʰʣʳʡ ʨʘʟ, ʠ ʝʛʦ 
ʩʦʩʝʜʷʤʠ ʚ ʨʘʜʠʫʩʝ k. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʘ ʰʘʛʝ ʪʨʠ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ 
çʭʫʜʰʝʡè ʧʘʨʳ ʥʝʡʨʦʥʦʚ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʫ ʧʘʨʫ ʚʭʦʜʷʪ ʥʝʡʨʦʥʳ, 
ʯʘʩʪʦ ʩʪʘʥʦʚʷʱʠʝʩʷ ʧʦʙʝʜʠʪʝʣʷʤʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʯʝʪʚʝʨ-
ʪʦʛʦ ʰʘʛʘ. ʂʦʛʜʘ ʥʝʡʨʦʥ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩʪʘʥʦʚʠʪʩʷ ʧʦʙʝʜʠʪʝʣʝʤ ʜʣʷ ʛʦ-
ʨʦʜʘ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʢʦʣʴʮʦ ʫʞʝ ʩʪʘʙʠʣʠʟʠʨʦ-
ʚʘʣʦʩʴ. ʅʝʡʨʦʥ çʧʨʠʢʣʝʠʚʘʝʪʩʷè ʢ ʥʝʤʫ ʠ ʙʦʣʴʰʝ ʥʝ ʜʚʠʛʘʝʪʩʷ, ʘ ʛʦʨʦʜ 
ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʧʠʩʢʘ ʛʦʨʦʜʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘ ʰʘʛʝ ʧʝʨʝʤʝʱʝʥʠʷ. 
ʂʦʛʜʘ ʵʪʦʪ ʩʧʠʩʦʢ ʩʪʘʥʦʚʠʪʩʷ ʧʫʩʪʳʤ, ʧʦʠʩʢ ʤʘʨʰʨʫʪʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ.  
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ɸʣʛʦʨʠʪʤ ʄʈʂʉʂʂ (FLEXMAP) ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʘʚʪʦʨʘʤʠ ʥʘ 
ʧʨʠʤʝʨʘʭ ɿʂ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʛʦʨʦʜʦʚ 2392 ʠ ʥʘʭʦʜʠʣ ʤʘʨʰʨʫʪʳ, ʧʦ ʢʘʯʝ-
ʩʪʚʫ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 9% ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʨʝʰʝʥʠʡ, ʥʘʡʜʝʥʥʳʭ ʜʨʫʛʠ-
ʤʠ ʤʝʪʦʜʘʤʠ, ʥʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʧʝʨʝʞʘʣ ʠʭ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʄʝʪʦʜ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʷʚʥʦʡ ʩʪʘʪʠʩʪʠʢʠ.  ɺ ʨʘʙʦʪʝ [104] ʜʣʷ ʨʝʰʝʥʠʷ ʂɿʂ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʦʞʝʥʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʢʦʥʢʨʝʪ-
ʥʦʛʦ ʛʦʨʦʜʘ, ʥʦ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʦʨʦʜʦʚ. ʅʘ-
ʧʨʠʤʝʨ, çʮʝʥʪʨ ʤʘʩʩè ð ʩʨʝʜʥʠʡ ʚʝʢʪʦʨ ʜʣʷ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʢʪʦʨʦʚ, 
ʩʦʜʝʨʞʘʱʠʭ ʢʦʦʨʜʠʥʘʪʳ ʛʦʨʦʜʘ ʠʣʠ ʥʝʡʨʦʥʘ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 
ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʫʤʤʘ ʚʝʢʪʦʨʦʚ, ʜʝʣʝʥʥʘʷ ʥʘ ʠʭ ʯʠʩʣʦ. ʆʩʥʦʚʥʦʝ 
ʦʪʣʠʯʠʝ ʤʝʪʦʜʘ ʦʪ ʄʅʉʂ ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʤʦʜʫʣʝʡ ʥʘ ʬʘʟʝ ʦʙʫ-
ʯʝʥʠʷ: 1) ʤʦʜʫʣʷ ʧʨʠʪʷʞʝʥʠʷ, ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʣʷ ʥʝʡʨʦʩʝʪʝʡ ʂʦʭʦʥʝʥʘ, ʩ 
ʮʝʣʴʶ ʧʦʜʩʪʨʦʡʢʠ ʚʝʩʦʚ; 2) ʤʦʜʫʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʮʝʥʪʨʘ 
ʤʘʩʩ ʥʝʡʨʦʥʦʚ ʚ ʪʦʯʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʝʥʪʨʫ ʤʘʩʩ ʛʦʨʦʜʦʚ.  

ʄʦʜʫʣʴ ʧʨʠʪʷʞʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ ʠ ʧʦʜʤʥʦʞʝʩʪ-
ʚʦ ʥʝʡʨʦʥʦʚ ʚʦʢʨʫʛ ʥʝʛʦ ʚ ʩʪʦʨʦʥʫ ʛʦʨʦʜʘ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʦʛʦ ʙʳʣʠ 
ʧʦʜʘʥʳ ʥʘ ʚʭʦʜ ʩʝʪʠ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʥʝʡʨʦʥʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʤʦʜʫʣʝʤ 
ʨʘʩʩʝʠʚʘʥʠʷ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.12. 

 

 
ʇʫʩʪʴ m(t) ð ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ ʚ ʥʝʡʨʦʩʝʪʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. ʕʪʦ 

ʯʠʩʣʦ ʠʟʤʝʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʥʝʡʨʦʥʳ ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʠ ʫʜʘʣʷʪʴʩʷ ʚ 
ʭʦʜʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʝʡʨʦʥ j, 
ʩ ʚʝʢʪʦʨʦʤ ʚʝʩʦʚ Wj(t), ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʛʦʨʦʜʦʤ zj(t), ʝʩʣʠ: 

 
 

ʈʠʩ. 2.12 ð ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʝʪʠ ʂʦʭʦʥʝʥʘ  
ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʢʠ: ʘ) ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʧʨʠʪʷʞʝʥʠʷ;  

ʙ) ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʦʜʫʣʷ ʨʘʩʩʝʠʚʘʥʠʷ 
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 ( ) min ( ) ,   1,..., ( )j i ji
z t t j m t= - =V W . (2.19) 

 
ɺ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘ ʚʭʦʜ ʥʝʡʨʦʩʝʪʠ ʧʦʜʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ 

ʛʦʨʦʜʘ Vi, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ ɤ. ʕʪʦʪ ʥʝʡʨʦʥ ʠ ʝʛʦ ʩʦ-
ʩʝʜʠ ʠʟ ʦʢʨʝʩʪʥʦʩʪʠ ɻw(t) ʧʝʨʝʤʝʱʘʶʪʩʷ ʢ ʛʦʨʦʜʫ Vi: 

 

 
( ) ( ( ) ( )),    ʝʩʣʠ ( ),

( 1) ( ),    ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ,
j j i j

j
j

t t t j ɻ t
t t

w w+ h - Íë
+ = ì

í

W V W
W W  (2.20) 

 
ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʤʝʱʝʥʠʷ jwh  ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ɻʘʫʩʩʘ: 
 

 
2

2

1( , , ) exp
( )2
jl

j t
t
wå õ

h w = -æ öæ ösç ÷
, (2.21) 

 
ʛʜʝ ljɤ = min{|j ï ɤ|, m ï |j ï ɤ|}, ʘ ů(t) ð ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝ-
ʥʠʝ, ʢʦʪʦʨʦʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʢʦʥʮʝ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʚ ků ʨʘʟ, ʩʫʞʘʷ ʦʢ-
ʨʝʩʪʥʦʩʪʴ ɻw(t): 
 
 ( 1) ( ),    0 1.t k t ks ss + = s < <  

 
ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʳʧʦʣʥʝʥʦ ʧʝʨʝʤʝʱʝʥʠʝ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʠ ʝʛʦ 

ʩʦʩʝʜʝʡ, ʥʝʡʨʦʥʳ, ʥʝ ʚʦʰʝʜʰʠʝ ʚ ʦʢʨʝʩʪʥʦʩʪʴ ɻw(t), ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʪʘʢ, 
ʯʪʦʙʳ ʮʝʥʪʨ ʤʘʩʩ ʥʝʡʨʦʥʦʚ ʩʝʪʠ ʩʦʚʧʘʣ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʛʦʨʦʜʦʚ, ʘʩʩʦ-
ʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʠʤʠ, ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʮʝʥʪʨ ʤʘʩʩ ʛʦʨʦʜʦʚ, ʧʨʠʥʘʜ-
ʣʝʞʘʱʠʭ ʧʦʜʤʥʦʞʝʩʪʚʫ ( ){ | 1,..., ( )}

jz t j ʪ tY = =V . 
ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʥʝʡʨʦʩʝʪʠ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ (ʦʧʨʝʜʝʣʝ-

ʥʳ ʦʧʝʨʘʮʠʠ ʠʭ ʚʩʪʘʚʢʠ ʠ ʫʜʘʣʝʥʠʷ). ɺʩʪʘʚʢʘ ʥʝʡʨʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, 
ʝʩʣʠ ʥʝʢʦʪʦʨʳʡ ʥʝʡʨʦʥ ʩʪʘʥʦʚʠʪʩʷ ʧʦʙʝʜʠʪʝʣʝʤ ʜʣʷ ʜʚʫʭ ʛʦʨʦʜʦʚ. ʂʦ-
ʛʜʘ ʦʪʨʘʙʦʪʘʣʠ ʤʦʜʫʣʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʨʘʩʩʝʠʚʘʥʠʷ, ʥʝʡʨʦʥ ʚʩʪʘʚʣʷʝʪʩʷ ʚ 
ʤʝʩʪʝ ʧʣʦʩʢʦʩʪʠ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ (ʚʝʢʪʦʨʳ ʚʝʩʦʚ W 
ʦʙʦʠʭ ʥʝʡʨʦʥʦʚ ʩʦʚʧʘʜʘʶʪ). ɺ ʪʝʯʝʥʠʝ ʠʪʝʨʘʮʠʠ ʥʠ ʦʜʠʥ ʠʟ ʧʘʨʳ ʥʝʡ-
ʨʦʥʦʚ (ʥʦʚʳʡ ʥʝʡʨʦʥ ʠ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ) ʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʙʝʜʠʪʝ-
ʣʝʤ. ɺʣʠʷʥʠʝ ʤʦʜʫʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʥʝʡʨʦʥʳ ʢʦʣʴʮʘ ʠʟʤʝʥʷʝʪʩʷ, ʪʘʢ 
ʢʘʢ ʦʙʘ ʥʝʡʨʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʭʦʪʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʣʠʯʥʳʝ 
ʛʦʨʦʜʘ. ɽʩʣʠ ʥʝʡʨʦʥ ʥʝ ʙʳʣ ʧʦʙʝʜʠʪʝʣʝʤ ʙʦʣʝʝ ʪʨʝʭ ʠʪʝʨʘʮʠʡ ʧʦʜʨʷʜ, 
ʦʥ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʝʪʠ, ʘ ʚʣʠʷʥʠʝ ʤʦʜʫʣʷ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʥʝʡʨʦʥʳ ʢʦʣʴʮʘ 
ʠʟʤʝʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʮʝʥʪʨ ʤʘʩʩ ʥʝʡʨʦʥʦʚ ʩʤʝʱʘʝʪʩʷ.  



 

 98 

ɺ ʨʘʙʦʪʘʭ [105, 106] ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʚʝʩʦʚ, 
ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʝʡʨʦʥʦʚ, ʟʘʢʦʥʳ ʘʜʘʧʪʘʮʠʠ ʧʘʨʘ-
ʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʂʦʭʦʥʝʥʘ ʠ ʥʘʡʜʝʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘ-
ʨʘʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʧʦʩʦʙʳ 
ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʙʫʯʝʥʠʷ Ŭ(t) ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦ-
ʥʝʥʠʷ ů(t), ʢʦʪʦʨʳʝ ʫʩʢʦʨʷʶʪ ʩʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ: 

 
 0,25( ) ,t t-a =  (2.22) 
 ( ) 0( ) ( 1) 1 0,01 ,    10.t t ts = s - - s =  (2.23) 

 
ɺʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ð ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʩʝʪʠ m(t). ɽʩʣʠ ʦʥʦ ʨʘʚ-

ʥʦ ʢʦʣʠʯʝʩʪʚʫ ʛʦʨʦʜʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴ-
ʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʝʡʨʦʩʝʪʠ. ʇʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʝʪʴ ʩ ʥʘʯʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʝʡʨʦʥʦʚ m(0) = 2n. ɼʨʫʛʦʡ ʚʘʞʥʳʡ ʧʘ-
ʨʘʤʝʪʨ ð ʨʘʟʤʝʨ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 
ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʩʚʦʠʭ ʩʦʩʝʜʝʡ. ʕʬʬʝʢʪʠʚʥʳʤ ʨʘʟʤʝʨʦʤ ʦʢʨʝʩʪʥʦʩʪʠ ʘʚ-
ʪʦʨʳ ʩʯʠʪʘʶʪ 40% ʦʪ m(t). ʏʪʦʙʳ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʥʝʡʨʦʥ ʥʝ ʧʦʙʝʞʜʘʣ ʜʣʷ 
ʥʝʩʢʦʣʴʢʠʭ ʛʦʨʦʜʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʢʣʶʯʘʪʴ ʝʛʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʘ 
ʜʘʥʥʦʡ ʠʪʝʨʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ.    

ɺ ʨʘʙʦʪʝ [105] ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝ-
ʪʠ: ʩʣʫʯʘʡʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʡʨʦʥʦʚ; ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʩ ʮʝʥʪʨʦʤ ʚ ʮʝʥ-
ʪʨʝ ʤʘʩʩ ʛʦʨʦʜʦʚ (ʨʠʩ. 2.13,ʘ); ʚ ʚʠʜʝ ʪʫʨʘ ʧʦ ʛʦʨʦʜʘʤ (ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 
ʪʫʨʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ), 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 2.13,ʙ; ʚ ʚʠʜʝ ʨʦʤʙʘ ʧʨʘʚʝʝ ʮʝʥʪʨʘ ʤʘʩʩ ʛʦʨʦʜʦʚ 
(ʨʠʩ. 2.13,ʚ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʠʭʫʜʰʝʡ ʩʪʨʘʪʝʛʠʝʡ ʠʥʠ-
ʮʠʘʣʠʟʘʮʠʠ ʩʝʪʠ ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʩʣʫʯʘʡʥʘʷ ʩʪʨʘʪʝʛʠʷ; ʪʦʧʦʣʦʛʠʷ ʥʝʡʨʦ-
ʥʦʚ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʠ ʪʫʨʘ ʦʢʘʟʳʚʘʝʪ ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʥʫ ʤʘʨʰʨʫʪʘ-
ʨʝʰʝʥʠʷ, ʘ ʥʘʠʣʫʯʰʠʤ ʤʝʪʦʜʦʤ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʝʡʨʦʩʝʪʠ ʦʢʘʟʘʣʦʩʴ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʝʡʨʦʥʦʚ ʧʦ ʢʦʥʪʫʨʫ ʨʦʤʙʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʣʫʯʰʫʶ 
ʩʭʦʜʠʤʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ.  
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ʆʙʦʟʥʘʯʝʥʠʷ:        - ʛʦʨʦʜ;         - ʥʝʡʨʦʥ;        - ʮʝʥʪʨ ʤʘʩʩ ʛʦʨʦʜʦʚ  
ʈʠʩ. 2.13 ð ʉʧʦʩʦʙʳ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ:  

ʘ) ʢʦʣʴʮʦ; ʙ) ʪʫʨ ʧʦ ʛʦʨʦʜʘʤ; ʚ) ʨʦʤʙ 
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ɸʣʛʦʨʠʪʤ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʥʮʠʧʳ, ʧʦʣʫʯʠʣ 
ʥʘʟʚʘʥʠʝ çʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʩʪʫʱʘʷ ʢʦʣʴʮʝʚʘʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ 
ʢʘʨʪʘ ʂʦʭʦʥʝʥʘè. ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʦʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
1) ʠʥʠʮʠʘʣʠʟʘʮʠʷ: ʫʩʪʘʥʦʚʠʪʴ ʥʘʯʘʣʴʥʦʝ ʯʠʩʣʦ ʥʝʡʨʦʥʦʚ m(0) ʨʘʚʥʳʤ 
ʢʦʣʠʯʝʩʪʚʫ ʛʦʨʦʜʦʚ n; ʥʘʯʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪ-
ʢʣʦʥʝʥʠʷ ů(0) = 10; t = 1, ʘ tmin ʨʘʚʥʳʤ ʟʘʜʘʥʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʠʥʠ-
ʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʠʪʝʨʘʮʠʡ; ʫʩʪʘʥʦʚʠʪʴ ʚʝʩʘ  ʥʝʡʨʦʥʦʚ (ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʠʝ ʠʭ ʢʦʦʨʜʠʥʘʪʘʤ ʥʘ ʧʣʦʩʢʦʩʪʠ) ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʨʘʩʧʦʣʦʞʠʣʠʩʴ 
ʧʦ ʢʦʥʪʫʨʫ ʨʦʤʙʘ ʧʨʘʚʝʝ ʮʝʥʪʨʘ ʤʘʩʩ ʛʦʨʦʜʦʚ ʥʘ ʦʜʥʦʡ ʚʳʩʦʪʝ ʩ ʥʠʤ; 
2) ʧʝʨʝʤʝʰʠʚʘʥʠʝ: ʩʣʫʯʘʡʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʷʜʦʢ ʧʦʜʘʯʠ ʚʝʢʪʦʨʦʚ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʢʦʦʨʜʠʥʘʪʳ ʛʦʨʦʜʦʚ, ʥʘ ʚʭʦʜ ʩʝʪʠ, ʧʨʠʩʚʦʠʚ ʢʘʞʜʦʤʫ 
ʠʥʜʝʢʩ i = 1, é, N ʠ ʚʳʙʨʘʚ ʛʦʨʦʜ ʩ ʠʥʜʝʢʩʦʤ i = 1; ʩʙʨʦʩʠʪʴ ʩʪʘʪʫʩ ʙʣʦ-
ʢʠʨʦʚʢʠ (ʩʪʘʪʫʩ ʦʧʨʝʜʝʣʷʝʪ, ʠʩʢʣʶʯʘʝʪʩʷ ʣʠ ʥʝʡʨʦʥ ʠʟ çʩʦʨʝʚʥʦʚʘʥʠʷè 
ʥʘ ʪʝʢʫʱʝʡ ʠʪʝʨʘʮʠʠ) ʜʣʷ ʚʩʝʭ ʥʝʡʨʦʥʦʚ ʩʝʪʠ: inh(j) = false, j = 1, é, m; 
3) ʘʜʘʧʪʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʩʩʯʠʪʘʪʴ a(t) ʠ ů(t) ʧʦ (2.22) ʠ (2.23); 
4) ʩʦʨʝʚʥʦʚʘʥʠʝ: ʚʳʙʨʘʪʴ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ ʜʣʷ ʪʝʢʫʱʝʛʦ ʛʦʨʦʜʘ: 
 
 arg min ,    { | ( ) },j j

j
j inh j falsew = - =V W  

 
ʧʦʩʣʝ ʯʝʛʦ ʠʟʤʝʥʠʪʴ ʩʪʘʪʫʩ ʙʣʦʢʠʨʦʚʢʠ ʥʝʡʨʦʥʘ: inh (ɤ) = true; 
5) ʘʜʘʧʪʘʮʠʷ: ʠʟʤʝʥʝʥʠʝ ʚʝʩʦʚ ʥʝʡʨʦʥʘ-ʧʦʙʝʜʠʪʝʣʷ ʠ ʝʛʦ ʩʦʩʝʜʝʡ ʠʟ 
ɻɤ(t)={j, jÍ[w ï l0, w + l0] mod m}, ʛʜʝ l0 = 0,4m ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷʤ: 
 
 ( )( 1) ( ) ( ) ( ) ( ) ,j j i jt t t t t+ = +a h -W W V W  (2.24) 

 
2

2( ) exp ,ilt wå õ
h = -æ ösç ÷

 (2.25) 

 
ʛʜʝ liɤ = min{|i ï ɤ|, m ï |i ï ɤ|}; ʫʚʝʣʠʯʠʪʴ ʩʯʝʪʯʠʢ ʧʦʙʝʜ ʚʳʙʨʘʥʥʦʛʦ 
ʥʝʡʨʦʥʘ; ʩʯʝʪʯʠʢʠ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ ʥʝʠʟʤʝʥʥʳ, ʪ.ʝ.: 
 

 
( ) 1,    ʝʩʣʠ ,

( 1) ( ),         ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ;
j

j
j

C t j
ʉ t C t

+ = wë
+ = ì

í
 

 
6) ʚʩʪʘʚʢʘ ʥʝʡʨʦʥʘ: ʢʘʞʜʳʝ Tint (ʠʥʪʝʨʚʘʣ ʚʩʪʘʚʢʠ ð ʥʘʩʪʨʘʠʚʘʝʤʳʡ 
ʧʘʨʘʤʝʪʨ ʘʣʛʦʨʠʪʤʘ) ʠʪʝʨʘʮʠʡ ʚʩʪʘʚʣʷʝʪʩʷ ʥʦʚʳʡ ʥʝʡʨʦʥ, ʧʦʟʚʦʣʷʷ ʩʝʪʠ 
ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʜʦ m(t) = 2n. ɺ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t = 
kÖTint, ʛʜʝ k ð ʮʝʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʡʨʦʥ p ʩ ʤʘʢ-
ʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʯʝʪʯʠʢʘ ʧʦʙʝʜ: 
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 ( )( ) arg max ( ) .j
j

p t C t=  

 
ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʩʢʦʣʴʢʠʭ ʥʝʡʨʦʥʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʯʝʪʯʠʢʘ 
ʧʦʙʝʜ ʥʝʡʨʦʥ p ʚʳʙʠʨʘʝʪʩʷ ʩʣʫʯʘʡʥʦ. ʅʦʚʳʡ ʥʝʡʨʦʥ r ʚʩʪʘʚʣʷʝʪʩʷ ʤʝʞ-
ʜʫ p ʠ ʝʛʦ ʩʦʩʝʜʦʤ f = p ï 1. ʉʠʥʘʧʩʠʯʝʩʢʠʝ ʚʝʩʘ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪʩʷ: 
 
 ( )0,5 .r p f= +W W W  
 
ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʦʚ ʧʦʙʝʜ ʥʝʡʨʦʥʦʚ p ʠ r: 
 
 ( 1) 0,5 ( ),                ( 1) 0,5 ( );p p r pC t C t C t C t+ = + =  
 
7) ʫʩʪʘʥʦʚʠʪʴ i = i + 1. ɽʩʣʠ i < n +1, ʧʝʨʝʡʪʠ ʢ ʧ. 4, ʠʥʘʯʝ ð ʢ ʧ. 8; 
8) ʝʩʣʠ t J tmin, ʧʝʨʝʡʪʠ ʢ ʧ. 2, ʠʥʘʯʝ ð ʦʩʪʘʥʦʚ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʡ ʘʚʪʦʨʳ ʤʝʪʦʜʘ ʧʨʝʜʣʘʛʘʶʪ ʟʘʧʫʩ-
ʢʘʪʴ ʝʛʦ ʤʥʦʛʦʢʨʘʪʥʦ ʩʦ ʩʣʝʜʫʶʱʝʡ ʩʪʨʘʪʝʛʠʝʡ: ʟʘʧʫʩʪʠʪʴ ʘʣʛʦʨʠʪʤ 10 
ʨʘʟ ʩ ʧʘʨʘʤʝʪʨʦʤ tmin = 20; ʚʳʙʨʘʪʴ ʠʟ 10 ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʝ-
ʜʳʜʫʱʝʤ ʰʘʛʝ ʣʫʯʰʝʝ; ʟʘʧʫʩʪʠʪʴ ʘʣʛʦʨʠʪʤ ʩ ʧʘʨʘʤʝʪʨʦʤ tmin = 10 ʠʪʝ-
ʨʘʮʠʡ, ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʚ ʚʝʩʘ ʥʝʡʨʦʩʝʪʠ ʤʘʪʨʠʮʝʡ ʚʝʩʦʚ ʜʣʷ ʣʫʯʰʝʛʦ 
ʨʝʰʝʥʠʷ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. 

ɸʚʪʦʨʳ ʤʝʪʦʜʘ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʝʛʦ ʥʘ ʟʘʜʘʯʘʭ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ɿʂ 
TSPLIB [107] ʠ ʩʨʘʚʥʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʩ ʨʝʰʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʙʳʯ-
ʥʦʡ ʩʝʪʴʶ ʂʦʭʦʥʝʥʘ ʠ ʩʝʪʴʶ ʂʦʭʦʥʝʥʘ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 
ʠʥʬʦʨʤʘʮʠʶ. ɺʦ ʚʩʝʭ ʪʝʩʪʘʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʩʪʫʱʘʷ ʢʦʣʴʮʝʚʘʷ 
ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʂʦʭʦʥʝʥʘ  ʧʨʝʚʦʩʭʦʜʠʣʘ ʧʦ ʢʘʯʝʩʪʚʫ ʨʝʰʝ-
ʥʠʡ ʦʩʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪ ʂʦʭʦʥʝʥʘ.  

ʄʝʪʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʍʦʧʬʠʣʜʘ. ɺ [108] ɼʞ. 
ɼʞ. ʍʦʧʬʠʣʜ  ʠ ɼ.ʋ. ʊʵʥʢ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʠʤʠʟʠʨʫʶʱʠʭ 
ʵʥʝʨʛʠʶ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʩʝʪʝʡ ʢ ʨʝʰʝʥʠʶ ʩʠʤʤʝʪʨʠʯʥʦʡ ʵʚʢʣʠʜʦ-
ʚʦʡ ʂɿʂ. ʉʝʪʴ ʍʦʧʬʠʣʜʘ  ð ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ (ʨʠʩ. 
2.14): INi ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ i-ʛʦ ʥʝʡʨʦʥʘ, wij ð ʚʝʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ i-ʛʦ 
ʥʝʡʨʦʥʘ ʢ j-ʤʫ, hi ð ʩʫʤʤʘ ʚʟʚʝʰʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʜʘʥʥʳʭ ʥʘ ʚʭʦʜ i-ʛʦ 
ʥʝʡʨʦʥʘ, OUTi ð ʚʳʭʦʜ i-ʛʦ ʥʝʡʨʦʥʘ. 

ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʥʝʡʨʦʥʘ ʚ ʩʝʪʠ ʍʦʧʬʠʣʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
1

( 1) ( ) ,    0
N

i ij j i i ii
j

OUT t f w OUT t IN T w
=

å õ
+ = + - =æ ö

ç ÷
ä , (2.26) 
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ʛʜʝ f ð ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ, ʢʦʪʦʨʘʷ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʧʦʨʦʛʦʚʦʡ 
ʬʫʥʢʮʠʝʡ ( f (x) = 1, ʧʨʠ x > 0, f (x) = 0, ʧʨʠ x < 0; f (x) ʥʝ ʤʝʥʷʝʪʩʷ ʧʨʠ x 
= 0; Ti ð ʧʦʨʦʛ), ʘ ʧʦʟʞʝ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʥʘ ʩʠʛʤʦʠʜʘʣʴʥʫʶ ʬʫʥʢʮʠʶ: 
 
 1( ) (1 )xf x e-l -= + , (2.27) 
 
ʛʜʝ ɚ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʢʨʫʪʠʟʥʫ ʩʠʛʤʦʠʜʘʣʴʥʦʡ ʬʫʥʢ-
ʮʠʠ. ɽʩʣʠ l ʚʝʣʠʢʦ, f ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʨʦʛʦʚʦʡ ʬʫʥʢʮʠʠ, ʘ ʥʝʙʦʣʴʰʠʝ 
ʟʥʘʯʝʥʠʷ l ʜʘʶʪ ʙʦʣʝʝ ʧʦʣʦʛʠʡ ʥʘʢʣʦʥ.  

ʉʝʪʠ ʍʦʧʬʠʣʜʘ 
ʠʤʝʶʪ ʧʫʪʠ ʩʠʛʥʘ-
ʣʦʚ ʦʪ ʚʳʭʦʜʦʚ ʢ 
ʚʭʦʜʘʤ, ʦʪʢʣʠʢ ʪʘ-
ʢʠʭ ʩʝʪʝʡ ð ʜʠʥʘ-
ʤʠʯʝʩʢʠʡ, ʪ.ʝ. ʧʦʩʣʝ 
ʧʨʠʣʦʞʝʥʠʷ ʚʭʦʜʘ 
ʚʳʯʠʩʣʷʝʪʩʷ ʚʳʭʦʜ 
ʠ ʧʦ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
ʤʦʜʠʬʠʮʠʨʫʝʪ ʚʭʦʜ 
[109], ʠ ʧʨʦʮʝʩʩ ʧʦ-
ʚʪʦʨʷʝʪʩʷ. ʆʩʦʙʝʥ-
ʥʦʩʪʴ ʪʘʢʠʭ ʩʝʪʝʡ ð 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʠʪʝʨʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʚʩʝ ʤʝʥʴʰʠʤ ʠʟ-
ʤʝʥʝʥʠʷʤ ʚʳʭʦʜʘ, ʧʦʢʘ ʚʳʭʦʜ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. ɼʣʷ ʤʥʦʛʠʭ 
ʩʝʪʝʡ ʧʨʦʮʝʩʩ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʪʘʢʠʝ ʩʝʪʠ ð ʥʝʫʩʪʦʡʯʠʚʳʝ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʝʪʠ ʍʦʧʬʠʣʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʚʝ-
ʩʦʚ, ʪ.ʝ. wij = wji, , 1,i j n= , ʘ ʪʘʢʞʝ ʟʘʧʨʝʪʦʤ ʚʣʠʷʥʠʷ ʥʝʡʨʦʥʘ ʥʘ ʩʘʤʦʛʦ 
ʩʝʙʷ wii = 0. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ, ʚʚʝʜʝʤ ʧʦʥʷʪʠʝ çʵʥʝʨʛʠʷ ʥʝʡʨʦ-
ʥʘè ð ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʧʦʣʷ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʥʝʡʨʦʥ, 

1
,

N

i ij j i i
j

h w OUT IN T
=

= + -ä  0iiw =  ʠ ʩʦʩʪʦʷʥʠʷ ʵʪʦʛʦ ʥʝʡʨʦʥʘ OUTi: 

 

 
1

,     0
N

i i i ij j i i i ii
j

E h OUT w OUT IN T OUT w
=

å õ
= Ö = - Ö + - Ö =æ ö

ç ÷
ä . (2.28) 

 
ʊʦʛʜʘ ʵʥʝʨʛʠʷ ʥʝʡʨʦʩʝʪʠ ð ʩʫʤʤʘ ʵʥʝʨʛʠʡ ʚʩʝʭ ʥʝʡʨʦʥʦʚ: 
 

1 1 1 1

1 ,     0
2

N N N N

ij i j i i i i ii
i j i i

E w OUT OUT IN OUT T OUT w
= = = =

= - Ö Ö - Ö + Ö =ää ä ä , (2.29) 
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ʈʠʩ. 2.14 ð ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ʍʦʧʬʠʣʜʘ 
(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʫʣʝʚʳʝ ʚʝʩʘ) 
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ʘ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʥʝʡʨʦʥʘ [109]: 
 

 ( ) [ ]
1

,    0
N

i ij j i i i i i i ii
j

E w OUT IN T OUT h T OUT w
=

è ø
d = - + - d = - - Öd =é ù

ê ú
ä . (2.30) 

 
ɽʩʣʠ hi > Ti, ʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʚʳʭʦʜ 

ʥʝʡʨʦʥʘ i ʜʦʣʞʝʥ ʠʟʤʝʥʠʪʴʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ (ʠʣʠ ʦʩʪʘʪʴʩʷ 
ʙʝʟ ʠʟʤʝʥʝʥʠʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 0iOUTd K  ʠ 0iɽd <  ʠʣʠ ʥʝ ʠʟʤʝʥʠʪʩʷ.  

ɽʩʣʠ hi < Ti, ʪʦ 0iOUTd < , ʘ ʨʘʟʥʠʮʘ ʚ ʩʢʦʙʢʘʭ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ ʜʦʣʞʥʘ ʫʤʝʥʴʰʠʪʴʩʷ ʠʣʠ ʦʩʪʘʪʴʩʷ ʙʝʟ ʠʟʤʝʥʝ-
ʥʠʷ. ʀ ʦʢʦʥʯʘʪʝʣʴʥʦ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ hi = Ti, 0iOUTd =  ʠ ʵʥʝʨʛʠʷ ʦʩʪʘʝʪ-
ʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʥʝʡʨʦʥʘ 
ʫʤʝʥʴʰʠʪ ʵʥʝʨʛʠʶ ʣʠʙʦ ʦʩʪʘʚʠʪ ʝʝ ʙʝʟ ʠʟʤʝʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʵʥʝʨʛʠʷ ʜʦʣʞʥʘ ʜʦʩʪʠʛʥʫʪʴ ʤʠʥʠʤʫʤʘ ʠ ʧʨʝʢʨʘʪʠʪʴ ʠʟʤʝʥʝʥʠʝ. ʇʦ ʦʧ-
ʨʝʜʝʣʝʥʠʶ ʪʘʢʘʷ ʩʝʪʴ ð ʫʩʪʦʡʯʠʚʘʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʩʝʪʝʡ ʍʦʧʬʠʣʜʘ ʢ 
ʨʝʰʝʥʠʶ ɿʂ. ʀʩʧʦʣʴʟʫʝʤ ʩʭʝʤʫ, ʛʜʝ ʧʦʣʦʞʝʥʠʝ 
ʢʘʞʜʦʛʦ ʛʦʨʦʜʘ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʝʪʩʷ ʩʪʨʦʢʦʡ ʠʟ n 
ʥʝʡʨʦʥʦʚ (n ð ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʦʜʦʚ),  ʪ.ʝ. ʜʣʷ ʦʧʠ-
ʩʘʥʠʷ ʚʩʝʛʦ ʤʘʨʰʨʫʪʘ ʪʨʝʙʫʝʪʩʷ n2 ʥʝʡʨʦʥʦʚ 
[108]. ɺ ʵʪʦʡ ʩʪʨʦʢʝ ʚʩʝ ʚʳʭʦʜʳ ʥʝʡʨʦʥʦʚ ʨʘʚʥʳ 0 
ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʢʘʟʳʚʘʶʱʝʛʦ ʧʦʨʷʜʢʦʚʳʡ ʥʦ-
ʤʝʨ ʛʦʨʦʜʘ ʚ ʤʘʨʰʨʫʪʝ. ʀʥʜʝʢʩ ʢʘʞʜʦʛʦ ʥʝʡʨʦʥʘ 
ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʥʦʤʝʨʘ ʩʪʨʦʢʠ 
(ʥʦʤʝʨʘ ʛʦʨʦʜʘ) ʠ ʥʦʤʝʨʘ ʩʪʦʣʙʮʘ (ʧʦʨʷʜʢʦʚʦʛʦ 

ʥʦʤʝʨʘ ʛʦʨʦʜʘ ʚ ʤʘʨʰʨʫʪʝ). ʅʘ ʨʠʩ. 2.15 ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʨʰʨʫʪ ʢʦʤʤʠ-
ʚʦʷʞʝʨʘ, ʛʜʝ ʛʦʨʦʜ ʉ ʧʦʩʝʱʘʝʪʩʷ ʧʝʨʚʳʤ, B ð ʚʪʦʨʳʤ, ʟʘʪʝʤ A, E ʠ D. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʝʪʴ ʍʦʧʬʠʣʜʘ ʨʝʰʘʣʘ ɿʂ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ 
ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʫʯʰʝʤʫ ʪʫʨʫ. ʕʪʘ ʬʫʥʢ-
ʮʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʫʩʪʦʡʯʠʚʳʝ ʤʠʥʠʤʫʤʳ ʪʦʣʴʢʦ ʜʣʷ ʜʦʧʫʩʪʠʤʳʭ ʤʘʨ-
ʰʨʫʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 2.15, ʠ ʧʨʝʜʧʦʯʠʪʘʪʴ 
ʤʘʨʰʨʫʪʳ ʤʘʣʦʡ ʜʣʠʥʳ. ʇʝʨʚʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʵʥʝʨʛʝʪʠ-
ʯʝʩʢʘʷ ʬʫʥʢʮʠʷ: 
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 (2.31) 

 

  ʅʦʤʝʨ ʛʦʨʦʜʘ 
ʚ ʤʘʨʰʨʫʪʝ 

  1 2 3 4 5 
A 0 0 1 0 0 
B 0 1 0 0 0 
C 1 0 0 0 0 
D 0 0 0 0 1 ɻʦ

ʨʦ
ʜʘ

 

E 0 0 0 1 0 
 

ʈʠʩ. 2.15 ð ʇʨʠʤʝʨ  
ʤʘʨʰʨʫʪʘ ʢʦʤʤʠʚʦʷʞʝʨʘ 
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ʛʜʝ A, B, C ð ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. ʇʝʨʚʘʷ ʩʫʤʤʘ ʬʫʥʢʮʠʠ (2.31) 
ʨʘʚʥʘ ʥʫʣʶ, ʢʦʛʜʘ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʪʦʣʴʢʦ ʦʜʠʥ ʥʝʡʨʦʥ ʠʤʝʝʪ ʥʘ ʚʳʭʦʜʝ 
ʟʥʘʯʝʥʠʝ 1, ʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ð 0. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʨʘʚʥʦ ʥʫʣʶ, ʢʦʛʜʘ ʚ 
ʢʘʞʜʦʤ ʩʪʦʣʙʮʝ ʪʦʣʴʢʦ ʦʜʠʥ ʥʝʡʨʦʥ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 1, ʘ ʚʩʝ ʦʩ-
ʪʘʣʴʥʳʝ ð 0. ʊʨʝʪʴʷ ʩʫʤʤʘ ʨʘʚʥʘ ʥʫʣʶ, ʝʩʣʠ ʚ ʤʘʪʨʠʮʝ ʝʜʠʥʠʯʥʦʝ 
ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪ n ʥʝʡʨʦʥʦʚ.  

ɺʪʦʨʦʝ ʫʩʣʦʚʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʩʣʘʛʘʝʤʦʛʦ: 
 

 , 1 , 1( )
2 XY Xi Y i Y i

X Y X i

D d OUT OUT OUT+ -
¸

+äää . (2.32) 

 
ʀʥʜʝʢʩʳ ʚʟʷʪʳ ʧʦ ʤʦʜʫʣʶ n, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ çʢʨʘʝʚʳʭ ʵʬʬʝʢʪʦʚè, 

ʧʦʪʦʤʫ ʯʪʦ ʚ ʤʘʨʰʨʫʪʝ ʛʦʨʦʜ n ʩʚʷʟʘʥ ʢʘʢ ʩ n-1, ʪʘʢ ʠ ʩ 1. ɽʩʣʠ A, B, C 
ð ʙʦʣʴʰʠʝ ʯʠʩʣʘ, ʪʦ ʩʦʩʪʦʷʥʠʷ ʩʝʪʠ ʩ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʵʥʝʨʛʠʠ ʦʧʠ-
ʩʳʚʘʶʪ ʜʦʧʫʩʪʠʤʳʝ ʤʘʨʰʨʫʪʳ ʢʦʤʤʠʚʦʷʞʝʨʘ, ʘ ʦʙʱʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨ-
ʛʠʠ ʩʦʩʪʦʷʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʣʠʥʝ ʤʘʨʰʨʫʪʘ.  

ɼʣʷ ʩʝʪʠ ʩ ʬʫʥʢʮʠʝʡ (2.31) ʚʝʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝʡʨʦʥʦʚ ʨʘʩʩʯʠʪʳ-
ʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
, , 1 , 1(1 ) (1 ) ( ),  

i jX Y XY ij ij XY XY j i j i i jw A B C Dd X Y+ -= - d -d - d -d - - d + d ¸ , (2.33) 
 
ʛʜʝ dij = 1, ʝʩʣʠ i = j, ʠʥʘʯʝ dij = 0. ɺʥʝʰʥʠʝ ʚʭʦʜʳ ʨʘʚʥʳ INi = Cn, ʘ ʧʦʣʝ, 
ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ ʥʝʡʨʦʥ, ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

 ( ), 1 , 1Xi Xj Yi Xj XY Y i Y i
j i Y X X j Y

h A V B V C V n D d V V+ -
¸ ¸

å õ
= - - - - - +æ ö

ç ÷
ä ä ää ä . (2.34) 

 
ʇʨʠ ʨʝʰʝʥʠʠ ɿʂ ʘʚʪʦʨʳ ʤʝʪʦʜʘ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʛʤʦʠ-

ʜʘʣʴʥʫʶ ʘʢʪʠʚʘʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ (ʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ [0, 1]): 
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2
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h
OUT f h

h
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, (2.35) 

 
ʛʜʝ h0 ï ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ. ɻʨʘʬʠʯʝʩʢʠ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 
ʨʠʩ. 2.16. 

ɺ ʟʘʜʘʯʝ ʩ 10 ʛʦʨʦʜʘʤʠ ʩʝʪʴ ʚ 20 ʦʧʳʪʘʭ 16 ʨʘʟ ʥʘʭʦʜʠʣʘ ʜʦʧʫʩʪʠʤʦʝ 
ʨʝʰʝʥʠʝ ɿʂ, ʘ ʚ 50% ʩʣʫʯʘʝʚ ʚʳʜʘʚʘʣʘ ʦʜʥʦ ʠʟ ʜʚʫʭ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ. 
ʇʦʩʢʦʣʴʢʫ ʦʙʱʝʝ ʯʠʩʣʦ ʜʦʧʫʩʪʠʤʳʭ ʤʘʨʰʨʫʪʦʚ 10!/20=181 440, ʢʘʯʝʩʪ-
ʚʦ ʨʝʟʫʣʴʪʘʪʦʚ ʚʧʝʯʘʪʣʷʶʱʝʝ.   
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ɺ ʟʘʜʘʯʝ ʩ 30 ʛʦʨʦʜʘʤʠ, 
ʣʫʯʰʠʡ ʤʘʨʰʨʫʪ ʜʣʷ ʢʦʪʦʨʦʡ 
ʠʤʝʝʪ ʜʣʠʥʫ ʥʝ ʙʦʣʴʰʝ 4,26 
(ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ 
ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʦʪʞʠʛʘ, ʧʦʵʪʦ-
ʤʫ ʥʝʣʴʟʷ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪ-
ʩʪʚʠʝ ʙʦʣʝʝ ʢʦʨʦʪʢʦʛʦ ʪʫʨʘ), 
ʩʝʪʴ ʍʦʧʬʠʣʜʘ ʥʘʭʦʜʠʣʘ ʤʘʨ-
ʰʨʫʪʳ ʜʣʠʥʦʡ ʤʝʥʝʝ 7 ʠ ʚ ʨʝʜ-
ʢʠʭ ʩʣʫʯʘʷʭ ʤʝʥʴʰʝ 6. ʍʦʪʷ 
ʵʪʠ ʤʘʨʰʨʫʪʳ ʚ 1,5 ʨʘʟʘ ʜʣʠʥ-
ʥʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʘʚʪʦʨʳ ʤʝ-

ʪʦʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʝʪʴ ʦʪʙʨʦʩʠʣʘ ʧʨʠʤʝʨʥʦ 1022 ʤʘʨʰʨʫʪʦʚ. 
ʀʩʩʣʝʜʦʚʘʪʝʣʠ [110, 111] ʦʪʤʝʯʘʣʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʠ 

ʍʦʧʬʠʣʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʚ ʯʘʩʪʥʦʩʪʠ, ʂɿʂ. ɺ 
ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚʳʜʝʣʷʶʪʩʷ: 
1) ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʘʯʠ ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʠʣʠ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ; 
2) ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʩʝʪʠ; 
3) ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ (ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ð O(n3)) ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʚʨʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

 
2.1.3. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʂɿʂ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ 
ʄʌʇʉ (ʨʘʟʜ. 1.2.2). ɺʳʜʝʣʷʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ɿʂ: 
ɸʇʇ, ʄɼʇ, ʄɺɻ, ʄɹʉ, ʄʉɼɺ, ʄʂʆ, ʄʂʆʇ, ʄʃʇ, ʄʅʉʂ, ʄʈʂʉʂʂ, 
ʄʉʉʂʗʉ, ʄʅʉʍ. ʇʝʨʚʳʝ ʪʨʠ ð ʪʦʯʥʳʝ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ð 
ʄɺɻ. ʉʨʝʜʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʞʥʦ ʨʝʢʦ-
ʤʝʥʜʦʚʘʪʴ ɸʂʄ, ɻɸ, ʄʄʆ, ʄʆʂʇʃʇ. ʄʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ɿʂ, ʨʘʟʨʘʙʦ-
ʪʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʣʦʛʠʯʝʩʢʠʭ, ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʠ ʥʝʯʝʪʢʠʭ ʄʌʇʉ, ʥʘʡ-
ʜʝʥʦ ʥʝ ʙʳʣʦ. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.2. 

ɸʥʘʣʠʟ ʪʘʙʣ. 2.2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʠ ʦʜʠʥ ʤʝʪʦʜ ʥʝ ʨʝʣʝʚʘʥʪʝʥ ʩʣʦʞ-
ʥʦʩʪʠ ʉɿʂ ʠ ʥʝ ʩʧʦʩʦʙʝʥ ʦʙʨʘʙʦʪʘʪʴ ʤʥʦʞʝʩʪʚʦ ʢʣʘʩʩʦʚ ʧʝʨʝʤʝʥʥʳʭ 
(ʪʘʙʣ. 1.3) ʠ ʦʪʥʦʰʝʥʠʡ. ɼʘʞʝ ʣʶʙʘʷ ʢʦʤʙʠʥʘʮʠʷ ʤʝʪʦʜʦʚ ʠʟ ʪʘʙʣ. 2.2 
ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ, ʪʘʢ ʢʘʢ ʉɿʂ, ʩʦʛʣʘʩʥʦ (1.11), ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ ʤʝʨʦʡ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ v = (5, 7), ʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 
ʪʘʙʣ. 2.2 ʦʙʨʘʙʘʪʳʚʘʶʪ ʪʦʣʴʢʦ ʜʚʘ ʢʣʘʩʩʘ ʧʝʨʝʤʝʥʥʳʭ, ʪ.ʝ. ʨʝʣʝʚʘʥʪʥʳ 
ʟʘʜʘʯʘʤ ʩ v J (2, 1). ɺʳʚʦʜ: ʜʣʷ ʨʝʰʝʥʠʷ ʉɿʂ ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦ-
ʚʳʭ ʧʦʜʭʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʜ. 2.3, ʘ ʪʘʢʞʝ ʚ 4 ʠ 5-ʡ ʛʣʘʚʘʭ. ʕʪʠ 
ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʪʥʦ-
ʰʝʥʠʡ ʚ ʤʦʜʝʣʷʭ ʉɿʂ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʂɿʂ ʩ ʜʨʫ-
ʛʠʤʠ ʤʝʪʦʜʘʤʠ ʀʀ. 

 
 

ʈʠʩ. 2.16 ð ɸʢʪʠʚʘʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ ʥʝʡʨʦʥʘ, 
ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʩʝʪʠ ʍʦʧʬʠʣʜʘ ʧʨʠ ʨʝʰʝʥʠʠ ɿʂ 
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ʊʘʙʣʠʮʘ 2.2 ð ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 
ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʄʝʪʦʜ ʊʠʧ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 
ʇʝʨʝʤʝʥ-

ʥʳʝ 
(ʪʘʙʣ. 1.3) 

ɸʇʇ ʊʦʯʥʳʡ ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ (ʚʨʝʤʷ ʨʝʰʝʥʠʷ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ (n-1)!, ʛʜʝ n ð ʯʠʩʣʦ 
ʛʦʨʦʜʦʚ), ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ ʨʝʰʘ-
ʝʪ ʂɿʂ ʩ 10 ð 15 ʛʦʨʦʜʘʤʠ 

ɼʇ 

ʄɼʇ ʊʦʯʥʳʡ ɹʳʩʪʨʝʝ ɸʇʇ (ʚʨʝʤʷ 
ʨʝʰʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
n2 Ö 2n-1, ʛʜʝ n ð ʯʠʩʣʦ 
ʛʦʨʦʜʦʚ) 

ɺʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʧʘʤʷʪʠ ʕɺʄ (ʦʙʲʝʤ 
ʧʘʤʷʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ  n2 Ö 2n-1, ʛʜʝ n 
ð ʯʠʩʣʦ ʛʦʨʦʜʦʚ), ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 
ʕɺʄ ʨʝʰʘʝʪ ʂɿʂ ʥʝ ʙʦʣʝʝ ʯʝʤ ʩ 18 
ʛʦʨʦʜʘʤʠ 

ɼʇ 

ʄɺɻ ʊʦʯʥʳʡ ɼʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʩʢʦ-
ʨʦʩʪʴ 

ɿʘʪʨʫʜʥʝʥʠʷ ʥʘ ʟʘʜʘʯʘʭ ʙʦʣʴʰʦʡ 
ʨʘʟʤʝʨʥʦʩʪʠ, ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʕɺʄ 
ʨʝʰʘʝʪ ʂɿʂ ʨʘʟʤʝʨʥʦʩʪʴʶ ʜʦ 100 
ʛʦʨʦʜʦʚ 

ɼʇ 

ʄɹʉ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ (ʚʦʟʤʦʞʥʘ ʜʚʫʢʨʘʪ-
ʥʘʷ ʦʰʠʙʢʘ) 

ɼʇ 

ʄɺɹɻ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ (ʚʦʟʤʦʞʥʘ ʜʚʫʢʨʘʪ-
ʥʘʷ ʦʰʠʙʢʘ) 

ɼʇ 

ʄʉɼɺ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ (ʚʦʟʤʦʞʥʘ ʜʚʫʢʨʘʪ-
ʥʘʷ ʦʰʠʙʢʘ) 

ɼʇ 

ʄʂʆ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ (ʚʦʟʤʦʞʥʘ ʜʚʫʢʨʘʪ-
ʥʘʷ ʦʰʠʙʢʘ) 

ɼʇ 

ʄʂʆʇ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ 

ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ (ʚʦʟʤʦʞʥʘ ʧʦʣʫʪʦʨʦ-
ʢʨʘʪʥʘʷ ʦʰʠʙʢʘ) 

ɼʇ 

ʄʃʇ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ɺʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ 
ʥʝʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
ʂʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 
ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ   

ɼʇ 

ʄʉʇ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ 
ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 

ɼʇ,  
ʉʇ 

ɻɸ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘ-
ʯʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 
ʂʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 
ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ   

ɼʇ,  
ʉʇ 

ʄʄʆ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘ-
ʯʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 
ʂʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ 
ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʟʥʘʯʝʥʠʡ 
ʧʘʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ   

ɼʇ,  
ʉʇ 

ɸʂʄ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ 
ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 

ɼʇ,  
ʉʇ 

ʄʆʂʇʃʇ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘ-
ʯʝʩʪʚʦ ʨʝʰʝʥʠʡ 

ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 

ɼʇ,  
ʉʇ 

ʄʅʉʂ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʈʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʟʘʜʘʯʘʤʠ ʥʘ ʧʣʦʩʢʦ-
ʩʪʠ 
ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 

ɼʇ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2.2 

ʄʝʪʦʜ ʊʠʧ ʇʨʝʠʤʫʱʝʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 
ʇʝʨʝʤʝʥ-

ʥʳʝ 
(ʪʘʙʣ. 1.3) 

ʄʈʂʉʂʂ 
(FLEXMAP) 

ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʉʢʦʨʦʩʪʴ ʚʳʰʝ, ʯʝʤ ʫ 
ʄʅʉʂ 

ʈʝʰʘʝʪ ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʥʘ ʧʣʦʩʢʦʩʪʠ 
ʅʝʣʴʟʷ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝ-
ʥʠʷ 
ʊʦʯʥʦʩʪʴ ʥʠʞʝ, ʯʝʤ ʫ ʄʅʉʂ (ʧʨʠʤʝʨ-
ʥʦ  ʥʘ  9%)  

ɼʇ 

ʄʉʉʂʗʉ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʈʘʙʦʪʘʝʪ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʊʦʯʥʝʝ, ʯʝʤ ʄʅʉʂ ʠ 
ʄʈʂʉʂʂ 

ʈʝʰʘʝʪ ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʥʘ ʧʣʦʩʢʦʩʪʠ 
ʅʝʚʦʟʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ 
ʨʝʰʝʥʠʷ 

ɼʇ 

ʄʅʉʍ ʇʨʠʙʣʠ-
ʞʝʥʥʳʡ 

ʇʨʦʩʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʈʝʰʘʝʪ ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʥʘ ʧʣʦʩʢʦʩʪʠ 
ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʜʘʯʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʰʝ-
ʥʠʷ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ 
ʆʯʝʥʴ ʚʳʩʦʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 
ʥʘʩʪʨʦʡʢʝ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʩʝʪʠ 
ʅʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ (ʚʨʝʤʷ ʨʝʰʝʥʠʷ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ n3) 

ɼʇ 

ʆʙʦʟʥʘʯʝʥʠʷ: ɼʇ ð ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ; ʉʇ ð ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ 

2.2. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ  
ʢʣʘʩʩʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʂɿʂ (ʪʘʙʣ. 2.2) ʨʘʟʨʘ-
ʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʦʚʘ-
ʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘè. ʆʥʦ ʧʦʟʚʦʣʷʝʪ: 1) ʪʝʩ-
ʪʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʧʦ ʧʘʨʘʤʝʪʨʫ çʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ 
ʨʝʰʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʦʜʦʚè; 2) ʦʪʦʙʨʘʞʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘ-
ʥʠʷ ʛʨʘʬʠʯʝʩʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ  ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʤʦʚ ʧʦ 
ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ; 3) ʛʦʪʦʚʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 4) 
ʭʨʘʥʠʪʴ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʘʣʛʦʨʠʪʤʳ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʨʝʟʫʣʴʪʘʪʳ  ʵʢʩ-
ʧʝʨʠʤʝʥʪʦʚ; 5) ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʩʚʦʜʠʤʳʝ ʢ ʂɿʂ. 

ʊʝʩʪʠʨʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʙʠʙʣʠʦ-
ʪʝʢ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʙʠʙʣʠʦʪʝʢʫ ʜʦʙʘʚʣʝʥʠʝʤ ʥʦʚʳʭ  ʠʣʠ ʤʦ-
ʜʠʬʠʢʘʮʠʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʝʨʩʠʡ ʘʣʛʦʨʠʪʤʦʚ. ʈʝʘʣʠʟʦʚʘʥʦ ʯʝʪʳʨʝ 
ʘʣʛʦʨʠʪʤʘ: ʞʘʜʥʳʡ (ʄɹʉ), ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ ʛʨʘʥʠʮ (ʄɺɻ), ʛʝʥʝʪʠʯʝʩʢʠʡ 
(ɻɸ) ʠ ʢʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ (ɸʂʄ). ɸʉ ʊɸʈɿʂ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʪʝʩ-
ʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ (ʧʨʦʛʨʘʤʤ) ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ, ʘ ʪʝʩʪʠʨʫʝʪ ʩʦʙʩʪ-
ʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʨʦʚ ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʠ1. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ð ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʛʨʘʬʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʤʘʪ-
ʨʠʮʝʡ ʩʤʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʢʘʢ ʚʨʫʯʥʫʶ, ʪʘʢ ʠ ʛʝʥʝʨʠ-
ʨʦʚʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʟʘʜʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʘʨʘʤʝʪʨʘʤ. ɺ ʘʚ-
ʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʜʣʷ ʛʨʘʬʘ, ʯʪʦʙʳ 
ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʡ. ɺʦʟʤʦʞʥʳ ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ. 

                                                 
1  ʅʘʩʪʦʷʱʠʡ ʨʘʟʜʝʣ, ʘʣʛʦʨʠʪʤʳ ʠ ɸʉ ʊɸʈɿʂ ʨʘʟʨʘʙʦʪʘʥʳ ɼ.ɺ. ɺʘʩʠʣʴʝʚʳʤ 
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ɺ ʭʦʜʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʂɿʂ ʨʝʰʘʝʪʩʷ ʢʘʞʜʳʤ ʘʣʛʦʨʠʪʤʦʤ ʥʘ ʢʘʞʜʦʤ 
ʥʘʙʦʨʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺʨʝʤʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʦʣʫʯʝʥʥʦʝ ʨʝ-
ʰʝʥʠʝ ʬʠʢʩʠʨʫʶʪʩʷ. ɺ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʚʳʟʳʚʘʝʪʩʷ ʢ ʠʩ-
ʧʦʣʥʝʥʠʶ ʘʣʛʦʨʠʪʤ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠʣʠ ʝʛʦ ʦʪʩʫʪ-
ʩʪʚʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʛʨʘʬʠʢʘʤʠ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʚʨʝʤʝʥʠ ʧʦʠʩʢʘ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʝʨʰʠʥ ʛʨʘʬʘ. ʇʦ-
ʩʪʨʦʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʢ-
ʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʝʡ: ʬʘʢʪ ʟʘʧʫʩʢʘ ʘʣʛʦʨʠʪʤʘ ʠ ʦʢʦʥʯʘʥʠʷ ʝʛʦ ʨʘʙʦʪʳ, 
ʥʘʡʜʝʥʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ, ʝʛʦ ʜʣʠʥʘ ʠ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʷ. ɺ 
ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʚʦʜʠʪʩʷ ʦʪʯʝʪ ʩ ʫʢʘʟʘʥʠʝʤ 
ʥʘʠʤʝʥʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ (ʠʣʠ ʘʣʛʦʨʠʪʤʦʚ), ʨʝʰʘʚʰʝʛʦ ʟʘʜʘʯʫ, ʠʩʧʦʣʴ-
ʟʦʚʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʪʘʙʣ. 2.3) ʘʣʛʦʨʠʪʤʳ ʪʝʩʪʠʨʦʚʘʣʠʩʴ 
ʥʘ ʟʘʜʘʯʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʟʚʝʩʪʥʳʡ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ. 
ɺʩʝ ʘʣʛʦʨʠʪʤʳ ʥʘʰʣʠ ʚʝʨʥʦʝ ʨʝʰʝʥʠʝ. ɻɸ ʠ ɸʂʄ ʟʘʤʝʪʥʦ ʫʩʪʫʧʘʶʪ ʧʦ 
ʚʨʝʤʝʥʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʄɺɻ. çʋʩʧʝʭè ʄɹʉ ʠ ʄɺɻ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 
ʥʘʣʠʯʠʝʤ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʢʨʘʪʯʘʡʰʝʛʦ ʤʘʨʰʨʫʪʘ. ʅʘ ʨʠʩ. 2.17 ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʝʨʰʠʥ ʛʨʘʬʘ 
ʜʣʷ ʚʩʝʭ ʯʝʪʳʨʝʭ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʥʘ ʨʠʩ. 2.18 ð ʙʝʟ ʫʯʝʪʘ ɸʂʄ. ʇʦʜ ʛʨʘ-
ʬʠʢʘʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ çʢʦʣʠʯʝʩʪʚʦ ʚʝʨʰʠʥè ʫʢʘʟʘ-
ʥʦ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʨʜʠʥʘʪʳ. 

 
ʊʘʙʣʠʮʘ 2.3 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʠʩʭʦʜʥʳʭ ʜʘʥ-
ʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ  ʠʟʚʝʩʪʥʳʡ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ 

ɸʣʛʦʨʠʪʤʳ 
ʂʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ (ɸʂʄ) ɻʝʥʝʪʠʯʝʩʢʠʡ (ɻɸ) ɾʘʜʥʳʡ (ʄɹʉ) ɺʝʪʚʝʡ ʠ ʛʨʘʥʠʮ (ʄɺɻ) ʂʦʣʠʯʝʩʪ-

ʚʦ ʚʝʨʰʠʥ 
(ʛʦʨʦʜʦʚ) ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝ-

ʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ 

10 1 + 0 + 0 + 0 + 
20 10 + 2 + 0 + 1 + 
30 33 + 4 + 0 + 1 + 
40 80 + 7 + 0 + 2 + 
50 166 + 12 + 0 + 4 + 
60 289 + 21 + 0 + 7 + 
70 467 + 31 + 0 + 10 + 
80 734 + 45 + 0 + 14 + 
90 1063 + 64 + 0 + 19 + 
100 1489 + 85 + 0 + 26 + 
200 15080 + 630 + 1 + 196 + 
300 61571 + 2076 + 1 + 666 + 
400 170210 + 4758 + 2 + 1498 + 
500 380088 + 9410 + 3 + 3236 + 
600 735506 + 16425 + 5 + 7481 + 
700 1302778 + 25885 + 9 + 14266 + 
800 2438561 + 38783 + 10 + 22597 + 
900 3792791 + 55724 + 13 + 32850 + 
1000 5646774 + 76064 + 17 + 45876 + 

ʆʙʦʟʥʘʯʝʥʠʷ: "+" ð ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ; "ï" ð ʨʝʰʝʥʠʝ ʥʝ ʥʘʡʜʝʥʦ 



 

 108  

 
 

 
 

ʈʠʩ. 2.17 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ,  
ʩʦʜʝʨʞʘʱʠʭ ʠʟʚʝʩʪʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ 
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ʈʠʩ. 2.18 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʙʝʟ ʫʯʝʪʘ ɸʂʄ ʥʘ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ,  
ʩʦʜʝʨʞʘʱʠʭ ʠʟʚʝʩʪʥʳʡ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ 



 

 110 

ɺ ʩʣʝʜʫʶʱʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʘʣʛʦʨʠʪʤʳ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʥʘ 
ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʩʦ 100%-ʥʳʤ  ʟʘʧʦʣʥʝʥʠʝʤ ʤʘʪʨʠʮʳ 
ʩʤʝʞʥʦʩʪʠ. ɺ ʪʘʙʣ. 2.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ 
ʩʪʦʣʙʮʝ çʈʝʰʝʥʠʝè ʧʨʠʚʝʜʝʥʘ ʜʣʠʥʘ (ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ) ʥʘʡʜʝʥʥʦʛʦ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʘ ʥʘ ʨʠʩ. 2.19 ð ʠʭ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘ-
ʮʠʷ ʜʣʷ ɻɸ ʠ ʄɹʉ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠ-
ʙʣʠʞʝʥʥʳʝ ʤʝʪʦʜʳ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʟʘʜʘʯʘʤʠ ʙʦʣʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʝʤ 
ʄɺɻ. ɸʂʄ ʜʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ, ʥʦ ʫʩʪʫʧʘʝʪ ʧʦ ʚʨʝʤʝʥʠ ɻɸ. ʅʘ 
ʟʘʜʘʯʘʭ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ɸʂʄ ʫʩʪʫʧʘʣ ʧʦ ʪʦʯʥʦʩʪʠ ɻɸ, ʯʪʦ ʤʦʞʥʦ 
ʦʙʲʷʩʥʠʪʴ ʥʝʨʝʣʝʚʘʥʪʥʦʡ çʥʘʩʪʨʦʡʢʦʡè ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʚʦʛʦ ʠʟ ʘʣʛʦ-
ʨʠʪʤʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʤʫʨʘʚʴʝʚ ʚ ʢʦʣʦʥʠʠ.  
 
ʊʘʙʣʠʮʘ 2.4 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 
ʥʘʙʦʨʘʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɸʣʛʦʨʠʪʤʳ 
ʂʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ 

(ɸʂʄ) ɻʝʥʝʪʠʯʝʩʢʠʡ (ɻɸ) ɾʘʜʥʳʡ (ʄɹʉ) ɺʝʪʚʝʡ ʠ ʛʨʘʥʠʮ 
(ʄɺɻ) 

ʂʦʣʠʯʝ-
ʩʪʚʦ 

ʚʝʨʰʠʥ 
(ʛʦʨʦʜʦʚ) ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ 

10 2 49 0 49 0 76 0 49 
20 17 659 1 672 0 694 7 659 
30 71 382 4 406 0 435 124 375 
40 338 845 8 878 0 910 5881 845 
50 1023 5153 14 5147 0 5210 17855 5061 
60 2478 6532 21 6488 1 6543 557798 6452 
70 796 213 32 241 0 298 3383361 190 
80 1020 240 46 320 0 364 19451803 212 
90 3199 312 69 372 0 482 ï ï 
100 5182 877 85 1220 0 1368 ï ï 
200 95702 51843 707 51106 1 51217 ï ï 
300 139040 1248 2170 1476 2 1989 ï ï 
400 483846 1473 5115 2059 3 2523 ï ï 
500 540416 2260 9953 2809 5 2971 ï ï 
600 5696424 61311 18117 60258 9 60540 ï ï 
700 14703963 213371 39768 210298 27 210412 ï ï 
800 13476185 83697 42969 81776 15 82270 ï ï 
900 9055959 47288 68969 45984 28 46407 ï ï 
1000 ï ï 207083 200100 152 200176 ï ï 

ʆʙʦʟʥʘʯʝʥʠʷ: "ï" ð ʨʝʰʝʥʠʝ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʟʘ ʧʨʠʝʤʣʝʤʦʝ (8 ʯ) ʚʨʝʤʷ  
 
ɺ ʪʨʝʪʴʝʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʪʘʙʣ. 2.5) ʘʣʛʦʨʠʪʤʳ ʪʝʩʪʠʨʦʚʘʣʠʩʴ 

ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ ʜʣʷ ʛʨʘʬʦʚ ʩ 90%-ʥʳʤ  ʟʘʧʦʣʥʝʥʠʝʤ 
ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ. ʕʪʦ ʫʩʣʦʞʥʷʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʥʘ ʛʨʘʬʝ 
ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʛʘʤʠʣʴʪʦʥʦʚʳʭ ʮʠʢʣʦʚ. ʃʫʯʰʠʝ ʨʝʟʫʣʴʪʘ-
ʪʳ ʧʦ ʪʦʯʥʦʩʪʠ ʜʘʝʪ ɸʂʄ. ʆʥ ʥʘʰʝʣ ʨʝʰʝʥʠʷ ʥʘ ʟʘʜʘʯʘʭ ʩ ʩʘʤʦʡ ʙʦʣʴ-
ʰʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʜʘʯ (ʜʦ 1000 ʛʦʨʦʜʦʚ). 

ɺ ʯʝʪʚʝʨʪʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʟ 
ʙʠʙʣʠʦʪʝʢʠ TSPLIB [107, 112]. ɺ ʪʘʙʣ. 2.6 ʩʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦ-
ʚʘʥʠʷ ʪʨʝʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ.  



 

 111 

 
ʊʘʙʣʠʮʘ 2.5 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 
ʥʘʙʦʨʘʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ 90%-ʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ  

ɸʣʛʦʨʠʪʤʳ 
ʂʦʣʦʥʠʠ ʤʫʨʘʚʴʝʚ (ɸʂʄ) ɻʝʥʝʪʠʯʝʩʢʠʡ (ɻɸ) ɾʘʜʥʳʡ (ʄɹʉ) ɺʝʪʚʝʡ ʠ ʛʨʘʥʠʮ (ʄɺɻ) 

ʂʦʣʠʯʝʩʪ-
ʚʦ ʚʝʨʰʠʥ 
(ʛʦʨʦʜʦʚ) ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ ɺʨʝʤʷ, ʤʩ ʈʝʰʝʥʠʝ 

10 2 25 0 27 0 27 0 25 
20 11 67 1 75 0 80 25 62 
30 86 1438 6 1711 0 ʥʝʪ 1972 1436 
40 296 2312 8 2397 0 2387 16560 2282 
50 524 3049 13 3078 0 3054 7653 2999 
60 2355 2772 42 3312 5 ʥʝʪ 61885 2375 
70 2408 2944 52 4239 8 ʥʝʪ 4481312 2881 
80 2979 928 116 3209 9 ʥʝʪ ï ï 
90 8571 3636 101 4003 16 ʥʝʪ ï ï 
100 10706 2078 135 4012 19 ʥʝʪ ï ï 
200 129840 4192 1064 ʥʝʪ 127 ʥʝʪ ï ï 
300 682437 15121 5782 ʥʝʪ 931 ʥʝʪ ï ï 
400 3145332 20393 9069 ʥʝʪ 2149 ʥʝʪ ï ï 
500 39078044 26827 25130 ʥʝʪ 5581 ʥʝʪ ï ï 
600 ï ï 54913 ʥʝʪ 6006 ʥʝʪ ï ï 
700 ï ï 80539 ʥʝʪ 11830 ʥʝʪ ï ï 
800 ï ï 76265 ʥʝʪ 9930 ʥʝʪ ï ï 
900 ï ï 153269 ʥʝʪ 12557 ʥʝʪ ï ï 
1000 ï ï 157081 ʥʝʪ 16591 ʥʝʪ ï ï 

ʆʙʦʟʥʘʯʝʥʠʷ: "ï" ð ʨʝʰʝʥʠʝ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ ʟʘ ʧʨʠʝʤʣʝʤʦʝ (8 ʯ) ʚʨʝʤʷ; ʥʝʪ ð ʘʣʛʦʨʠʪʤ ʥʝ ʥʘʰʝʣ ʥʠ 
ʦʜʥʦʛʦ ʛʘʤʠʣʴʪʦʥʦʚʘ ʮʠʢʣʘ ʥʘ ʛʨʘʬʝ. 
 

 
 

ʈʠʩ. 2.19 ð ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ  
ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ 
ʥʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʘʙʦʨʘʭ ʜʘʥʥʳʭ 
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ɻɸ ʠʟ [113] ʧʦʢʘʟʘʣ ʚʳʩʦʢʠʝ ʧʦ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ. ɸʂʄ [114] ʜʘ-
ʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʝʤʥʦʛʦ ʭʫʞʝ, ʥʦ ʪʘʢʞʝ ʙʣʠʟʢʠʝ ʢ ʦʧʪʠʤʘʣʴʥʳʤ. ʄʝʪʦʜ 
ʨʝʰʝʥʠʷ ʂɿʂ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʢʨʠʚʦʡ ʠʟ [115] 
ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ [2] ʤʦʞʥʦ ʧʦ-
ʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʰʝʥʠʷ ʂɿʂ. 

2.3. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʢ ʨʝʰʝʥʠʶ  
ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʢʦʤʤʠʚʦʷʞʝʨʘ 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʪʘʙʣ. 2.2, ʥʠ ʦʜʠʥ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʂɿʂ ʥʝ ʤʦʞʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ çʯʠʩʪʦʤ ʚʠʜʝè ʜʣʷ ʨʝʰʝʥʠʷ ʉɿʂ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ ʨʝʣʝ-
ʚʘʥʪʥʳ ʩʣʦʞʥʦʩʪʠ ʝʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʚ 
ʨʘʤʢʘʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʀʀ, ʢʦʪʦʨʘʷ ʠʥʪʝʛʨʘʮʠʝʡ ʤʥʦʞʝʩʪ-
ʚʘ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʄʌʇʉ 
(ʨʘʟʜ. 1.2.2), ʩʤʦʞʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʝ (5,  7)vK .  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʂɿʂ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ (ʢʦʣʦʥʠʠ ʤʫ-
ʨʘʚʴʝʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʣʦʥʠʝʡ ʧʯʝʣ), ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʩʠʥʝʨʛʝ-
ʪʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʀʀ. ʕʪʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ 
ʵʬʬʝʢʪʝ, ʚʦʟʥʠʢʘʶʱʝʤ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ. ʄʫʨʘʚʝʡ 
(ʧʯʝʣʘ) ʥʝ ʩʧʦʩʦʙʝʥ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʦʙʭʦʜʘ ʛʦʨʦʜʦʚ, ʦʜʥʘ-
ʢʦ ʢʦʣʦʥʠʷ ʤʫʨʘʚʴʝʚ (ʧʯʝʣ) ʫʩʧʝʰʥʦ ʨʝʰʘʝʪ ʵʪʫ ʟʘʜʘʯʫ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, 
ʯʪʦ ʦʩʦʙʠ ʦʙʱʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʝʨʦʤʦʥʘ (ʪʘʥʮʘ). ʅʝʩʤʦʪʨʷ ʥʘ ʫʩ-
ʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʂɿʂ, ʦʥʠ ʥʝ ʧʦʜʭʦʜʷʪ 
ʜʣʷ ʉɿʂ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʤʠʪʠʚʥʦʩʪʴʶ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ, ʤʦʜʝʣʠ-
ʨʫʶʱʠʭ ʪʦʣʴʢʦ ʜʚʘ ʪʠʧʘ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʜʥʦ ʨʘʟʥʦʨʦʜʥʦʝ ʦʪʥʦʰʝʥʠʝ, 
ʪ.ʝ. ʨʝʣʝʚʘʥʪʥʳ ʟʘʜʘʯʘʤ ʩʦ ʟʥʘʯʝʥʠʝʤ ʤʝʨʳ ʩʣʦʞʥʦʩʪʠ v = (2, 1).  

ɼʣʷ ʨʝʰʝʥʠʷ ʉɿʂ ʪʨʝʙʫʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʂɿʂ ʩ 
ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʀʀ, ʪ.ʝ. ʩʦʟʜʘʥʠʝ  ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʘ ʩʠʩʪʝʤʘ 
ʜʦʣʞʥʘ ʢʘʞʜʳʡ ʨʘʟ ʟʘʥʦʚʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʤʝʪʦʜ ʨʝʰʝʥʠʷ, ʧʦʜʩʪʨʘʠʚʘ-
ʷʩʴ ʧʦʜ ʟʘʜʘʯʫ. ɼʘʥʥʦʤʫ ʫʩʣʦʚʠʶ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʝʪʦʜʦʣʦʛʠʷ ʌɻʠʀʉ. 
ʉʇʇʈ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʦʣʦʛʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʘʚʪʦʥʦʤ-
ʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʘʢ ʛʝʪʝʨʦʛʝʥʥʦʝ ʤʦʜʝʣʴʥʦʝ ʧʦʣʝ, ʥʘʜ ʢʦʪʦ-
ʨʳʤ ʩʪʨʦʠʪʩʷ ʩʠʩʪʝʤʘ, ʢʦʤʙʠʥʠʨʫʶʱʘʷ ʤʦʜʝʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʨʷʜ-
ʢʝ. ɼʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʤʝʪʦʜ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦ-
ʜʷʱʠʡ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʠʶ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʠ, ʚ 
ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʦʣʦʛʠʠ ʌɻʠʀʉ ʧʦʩʚʷʱʝʥ ʜʘʥʥʳʡ ʨʘʟʜʝʣ. 

 
2.3.1. ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ɺ 60 ð70-ʝ ʛʦʜʳ XX ʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʨʳʚ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʦʮʝʩ-
ʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʷʚʣʝʥʠʷʭ ʧʨʠʨʦʜʳ [49]. ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʠʷ ʛʝ-
ʥʝʨʘʮʠʠ ʣʘʟʝʨʘ; ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʢʘʢ ʦʩʥʦʚʘ ʙʠʦʨʠʪ-
ʤʦʚ ʞʠʚʦʛʦ; ʪʝʦʨʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ; ʪʝʦʨʠʷ ʘʢʪʠʚʥʳʭ ʩʨʝʜ ʠ 
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ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ; ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝ-
ʥʠʷ ʧʦ ʥʘʯʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʟʥʘʤʝʥʠʪʳʡ çʵʬʬʝʢʪ ʙʘʙʦʯʢʠè, ʢʦʛʜʘ ʚʟʤʘʭ 
ʝʝ ʢʨʳʣʴʝʚ ʤʦʞʝʪ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʠʪʴ ʜʘʣʴʥʠʡ ʧʨʦʛʥʦʟ; ʪʝʦʨʠʷ ʢʘʪʘ-
ʩʪʨʦʬ, ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤ ʠ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʚ 
ʧʩʠʭʦʣʦʛʠʠ ʠ ʩʦʮʠʦʣʦʛʠʠ; ʪʝʦʨʠʷ ʘʚʪʦʧʦʵʟʠʩʘ ʞʠʚʳʭ ʩʠʩʪʝʤ [49]. 

ʂʨʫʛ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠ ʧʦʜʭʦʜʦʚ ʚ ʠʟʫʯʝʥʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ɻ. ʍʘʢʝʥ 
ʥʘʟʦʚʝʪ ʚ 1970 ʛ. ʩʠʥʝʨʛʝʪʠʢʦʡ ð ʪʝʦʨʠʝʡ ʢʦʣʣʝʢʪʠʚʥʦʛʦ, ʢʦʦʧʝʨʘʪʠʚ-
ʥʦʛʦ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤ. ʉʠʥʝʨʛʝʪʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʨʘʟ-
ʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʦʪʢʨʳʪʳʝ ʩʠʥʝʨʛʝʪʠʢʦʡ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʧʦʷ-
ʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʡ, ʝʜʠʥʦʡ ʢʘʨʪʠʥʳ ʤʠ-
ʨʘ, ʩʦʩʪʘʚʣʝʥʥʦʡ, ʧʦʜʦʙʥʦ ʤʦʟʘʠʢʝ, ʠʟ ʤʥʦʞʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ, ʩʦʙʨʘʥ-
ʥʳʭ ʥʘʫʢʦʡ ʬʘʢʪʦʚ [116]. 

ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ð ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʀʀ, ʠʟʫʯʘʶʱʠʡ 
ʩʣʦʞʥʳʝ, ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʠʩʩʣʝʜʫʷ 
ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ, ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʤʤʫʥʠʢʘʮʠʠ, 
ʵʚʦʣʶʮʠʠ ʠ ʢʦʦʧʝʨʘʮʠʠ ʩʣʦʞʥʳʭ, ʦʪʢʨʳʪʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. 
ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʩʠʩʪʝʤ: ʩʠʩʪʝʤʳ ʤʷʛʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʩʠʩʪʝʤʳ ʩ ʢʦʦʧʝ-
ʨʘʪʠʚʥʳʤ ʧʦʚʝʜʝʥʠʝʤ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʤʥʦʛʦ-
ʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʣʣʝʢʪʠʚʳ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʦʨʛʘʥʠ-
ʟʘʮʠʠ ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. 

ɺ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʀʀ ʠʟʫʯʘʶʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʜʠʥʘ-
ʤʠʢʘ, ʚʟʘʠʤʥʳʝ ʧʝʨʝʭʦʜʳ, ʩʧʦʩʦʙʳ ʨʘʟʨʫʰʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʠʟʚʘʥʦ ʦʙʝʩʧʝʯʠʪʴ ʪʝʦʨʝ-
ʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ.  

ʉʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ ʨʘʜʠʢʘʣʴʥʦ ʠʟʤʝʥʷʝʪ ʦʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ 
ʀʀ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ: ʦʙʲʝʢʪ ð ʯʝʣʦʚʝʢʦ-ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝ-
ʤʳ ʠʥʞʝʥʝʨʠʠ ʟʥʘʥʠʡ; ʧʨʝʜʤʝʪ ð ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ, ʤʝʪʦʜʦʣʦʛʠʠ ʠ 
ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʟʥʘʥʠʷʭ, ʜʣʷ ʚʳʧʦʣʥʝ-
ʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʵʢʩʧʝʨʪʘ. ʉʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʘʨʘʜʠʛʤʘ: 
ʦʙʲʝʢʪ ð ʛʨʫʧʧʘ ʠʣʠ ʩʦʦʙʱʝʩʪʚʦ ʥʝʦʜʥʦʨʦʜʥʳʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 
ʘʛʝʥʪʦʚ; ʧʨʝʜʤʝʪ ð ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʠʠ, ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦ-
ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ: 1) ʩʠʥʪʝʟʘ ʩʚʦʡʩʪʚ ʠ ʧʦʚʝʜʝʥʠʷ ʘʛʝʥʪʦʚ ʧʦ ʤʦʜʝʣʷʤ 
ʛʨʫʧʧʦʚʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʦʪʥʦʰʝʥʠʷʭ ʢʦʦʧʝʨʘʮʠʠ ʠ ʢʦʥʢʫʨʝʥʮʠʠ, ʢʦʥ-
ʬʣʠʢʪʘ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʩʫʙʦʨʜʠʥʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ; 2) ʧʦʩʪʨʦʝʥʠʷ 
ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ ʘʛʝʥʪʦʚ ʥʘ ʙʘʟʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʦʨʛʘʥʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʘʛʝʥʪʦʚ ʠ ʠʭ ʨʦʣʝʡ [49].  

ʇʝʨʝʭʦʜ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʝ ʀʀ ʩʦʩʪʦʠʪ ʚ 
ʪʦʤ, ʯʪʦ ʤʝʥʷʝʪʩʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʘ ʧʨʠʥʮʠʧʳ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 
ʧʦʜʭʦʜʝ ʨʘʟʨʘʙʦʪʯʠʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʜʦʣʞʝʥ ʙʳʣ ʢʦʥʩʪʨʫʠ-
ʨʦʚʘʪʴ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜ ʨʝʰʝʥʠʷ, ʪʦ ʚ ʨʘʤʢʘʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ 
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ʧʘʨʘʜʠʛʤʳ ʦʪ ʥʝʛʦ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʥʦʡ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ʉʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ. 
ʈʘʟʨʘʙʦʪʯʠʢ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʜʨʫʛʠʤ ʩʪʠʣʝʤ ʤʳʰʣʝʥʠʷ, ʰʠʨʦʢʠʤ ʢʨʫ-
ʛʦʟʦʨʦʤ, ʚʣʘʜʝʪʴ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟ ʨʘʟ-
ʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʟʥʘʥʠʡ ʠ ʠʤʝʪʴ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʤʝʪʦʜʦʣʦʛʠʶ ʠʭ 
ʧʦʩʪʨʦʝʥʠʷ. ʂʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʠ ʞʠʚʫʯʝʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʚʳʰʘʶʪʩʷ.   

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚ ʨʘʤʢʘʭ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ 
ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʧʦʜʩʠʩʪʝʤ-ʵʣʝʤʝʥʪʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʷ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʝ ʩʚʦʜʠʪʩʷ ʢ ʩʫʤʤʝ ʬʫʥʢʮʠʡ 
ʧʦʜʩʠʩʪʝʤ-ʵʣʝʤʝʥʪʦʚ. ɺ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʛʣʘʚʥʦʝ ð ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʧʨʘʚʠʣ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʥʥʦ ʙʣʘ-
ʛʦʜʘʨʷ ʠʤ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ.  

ʆʜʥʘ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ð 
ʛʠʙʨʠʜʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʧʦʣʘʛʘʝʪ-
ʩʷ ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʨʝʰʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʢʣʘʩʩ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʄʌʇʉ (ʨʘʟʜ. 1.2.2). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥ-
ʪʝʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ɻʠʀʉ ʩʧʦʩʦʙʥʘ 
ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ 
ʉɿʂ, ʩ v = (5, 7). 

 
2.3.2. ɻʠʙʨʠʜʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʊʝʨʤʠʥ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳè ʧʦʷʚʠʣʩʷ ʚ 1992 ʛ. 
[117]. ɸʚʪʦʨʳ ʚʢʣʘʜʳʚʘʣʠ ʚ ʥʝʛʦ ʩʤʳʩʣ ʛʠʙʨʠʜʦʚ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ 
ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ, ʥʝʡʨʦʩʝʪʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ. ʕʢʩʧʝʨʪʥʳʝ 
ʩʠʩʪʝʤʳ ð ʩʠʤʚʦʣʴʥʳʝ, ʘ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʠ ʛʝʥʝʪʠʯʝ-
ʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ð ʘʜʘʧʪʠʚʥʳʝ ʤʝʪʦʜʳ ʀʀ. ʅʦʚʳʡ ʪʝʨʤʠʥ ʢʘʩʘʣʩʷ ʫʟ-
ʢʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ð ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʥʝʡʨʦʩʝʪʠ.  

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩ 2001 ʧʦ 2010 ʛʛ. ʠʟʜʘʥʦ ʥʝʩʢʦʣʴʢʦ ʢʥʠʛ 
ʧʦ ʛʠʙʨʠʜʥʳʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ: [4, 25, 118 ð 120]. çɻʠʙ-
ʨʠʜʥʳʡ ʧʦʜʭʦʜè ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʪʦʣʴʢʦ ʩʠʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʤʙʠʥʘʮʠʷ 
ʥʝʡʨʦʥʥʳʭ ʠ ʩʠʤʚʦʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʦʩʪʠʛʘʝʪ ʧʦʣʥʦʛʦ ʩʧʝʢʪʨʘ ʢʦʛʥʠ-
ʪʠʚʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ (ʩʧʦʩʦʙʥʦʩʪʝʡ) [121]. 

çɻʠʙʨʠʜè ð  ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ, 
ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʷʟʳʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʤʝ-
ʪʦʜʳ ʚʳʚʦʜʘ. ʇʦʜʩʠʩʪʝʤʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʠ ʠ ʧʦ ʜʝʡʩʪʚʠʶ 
ʢʘʞʜʘʷ ʩ ʢʘʞʜʦʡ [122]. ɸʚʪʦʨʳ [123] ʚʚʝʣʠ ʧʦʥʷʪʠʝ çʛʠʙʨʠʜʥʦʡ ʠʥʪʝʣ-
ʣʝʢʪʫʘʣʴʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳè, ʧʦʜʯʝʨʢʠʚʘʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʘʤʦʦʨ-
ʛʘʥʠʟʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ ʚ ɻʠʀʉ. 

ʇʦʜ ɻʠʀʉ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʩʠʩʪʝʤʫ, ʠʩʧʦʣʴʟʫʶʱʫʶ ʙʦʣʝʝ ʦʜʥʦʛʦ 
ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʕʪʦʤʫ ʦʧ-
ʨʝʜʝʣʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɻʠʀʉ ʥʘ ʨʠʩ. 2.20. 
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ʩʠʩʪʝʤʳè ʦʙʲʝʜʠʥʷʝʪ ʫʯʝʥʳʭ, ʠʩʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʝʩʢʦʣʴʢʠʭ 
ʤʝʪʦʜʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʄʌʇʉ (ʨʘʟʜ. 1.2.2): ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʩʪʘ-
ʪʠʩʪʠʯʝʩʢʠʭ, ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ, ʥʝʯʝʪʢʠʭ ʠ ʜʨʫʛʠʭ ð ʢ ʨʝʰʝʥʠʶ 
ʟʘʜʘʯ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʅʠ ʦʜʠʥ ʠʟ ʢʣʘʩʩʦʚ ʄʌʇʉ ʥʝ ʤʦʞʝʪ ʧʨʝʪʝʥ-
ʜʦʚʘʪʴ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʜʥʠʭ, ʢʦʤʧʝʥʩʠʨʫʷ ʩʣʘʙʳʝ 
ʩʪʦʨʦʥʳ  ʜʨʫʛʠʭ ʟʘ ʩʯʝʪ  ʚʟʘʠʤʦʩʚʷʟʝʡ ʯʘʩʪʝʡ ʮʝʣʦʛʦ, ʜʘʜʫʪ ʥʦʚʦʝ ʠʥʪʝ-
ʛʨʘʪʠʚʥʦʝ ʩʚʦʡʩʪʚʦ ð ʥʦʚʫʶ, ʧʦʣʝʟʥʫʶ ʩʫʱʥʦʩʪʴ, ʙʦʣʝʝ ʧʦʣʥʦʝ ʟʘʜʘʯ-
ʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  

ʂʦʥʮʝʧʮʠʷ ɻʠʀʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ 
ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ [4] ʨʝʰʝʥʠʷ ʉɿʂ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʠʣʴʥʳʝ ʩʪʦ-
ʨʦʥʳ ʤʝʪʦʜʦʚ ʀʀ ʠ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʂɿʂ, ʨʘʙʦʪʘʶʱʠʡ ʩʦ ʚʩʝʤʠ ʪʠʧʘʤʠ 
ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʪʥʦʰʝʥʠʡ ʚ ʉɿʂ (ʪʘʙʣ. 1.4). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ɻʠʀʉ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʫʶ ʠ ʧʨʦʙʣʝʤʥʦ-ʠʥʩʪ-
ʨʫʤʝʥʪʘʣʴʥʫʶ ʤʝʪʦʜʦʣʦʛʠʠ [4, 124], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥʳ 
ɻʠʀʉ ʜʣʷ ʨʝʰʝʥʠʷ ʉɿʂ, ʛʣ. 3 ð 5. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʤʝʪʦʜʦʣʦʛʠʡ ʨʘʟʨʘ-
ʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ 
ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚ ʙʠʦʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʫʧʨʘʚʣʝʥʠʠ ʤʦʨ-
ʩʢʠʤ ʧʦʨʪʦʤ, ʪʨʘʥʩʧʦʨʪʥʳʤ ʫʟʣʦʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʘʪʠʢʠ. ʇʨʠ-
ʚʝʜʝʤ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ([4, 25]).   

 
2.3.3. ʇʦʥʷʪʠʝ ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ  

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 
ʄʝʪʦʜʦʣʦʛʠʷ ʛʠʙʨʠʜʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ð ʫʯʝʥʠʝ ʦ 

ʩʪʨʫʢʪʫʨʝ, ʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ʨʘʟʨʘʙʦʪʯʠʢʘ ɻʠʀʉ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʥʠʝ ʚʳʩʪʫʧʘʝʪ ʚ ʬʦʨʤʝ 

  

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ  

ʀʤʠʪʘʮʠʦʥʥʳʝ   ʩ ʪʘʪʠʩʪʠʯʝʩʢʠʝ     ʤʦʜʝʣʠ 

ɻʝʥʝʪʠʯʝʩʢʠʝ   ʘʣʛʦʨʠʪʤʳ   

ʕʢʩʧʝʨʪʥʳʝ   ʩʠʩʪʝʤʳ   

ʅʝʯʝʪʢʠʝ ʩʠʩʪʝʤʳ   

ʀʩʢʫʩʩʪʚʝʥʥʳʝ   ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ     +  

+   

+  
+  +   

+   

ɻʠʙʨʠʜʥʳʝ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩ ʠʩʪʝʤʳ   

ï 
  

ï  

ï   

ï  

ï   

ï
 

  

 
ʆʙʦʟʥʘʯʝʥʠʷ: + ð ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ;   ï  ð ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ 
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ʧʨʝʜʧʠʩʘʥʠʡ ʠ ʥʦʨʤ, ʬʠʢʩʠʨʫʶʱʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
(ʦʨʛʘʥʠʟʘʮʠʶ) ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠ ʦʧʠʩʘʥʠʡ ʬʘʢʪʠʯʝ-
ʩʢʠ ʚʳʧʦʣʥʷʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʟʥʘʥʠʷ ð ʚʥʫʪʨʝʥ-
ʥʷʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʟʥʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ 
ʟʘʜʘʯ, ʩʠʥʪʝʟʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʙʨʠʜʦʚ.   

ʈʘʟʨʘʙʦʪʢʫ ɻʠʀʉ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʛʠʙʨʠʜʠʟʘʮʠʝʡ [4]. ʆʧʳʪ ʧʦʢʘ-
ʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ çʚʨʫʯʥʫʶè ʌɻʠʀʉ, ʨʝʰʘʶʱʝʡ ʩʣʦʞʥʫʶ ʟʘ-
ʜʘʯʫ, ʟʘʪʨʘʯʠʚʘʝʪʩʷ  3 ð 5 ʯʝʣʦʚʝʢʦ-ʣʝʪ [125]. ɺʳʧʦʣʥʷʷ ʛʠʙʨʠʜʠʟʘʮʠʶ, 
ʨʘʟʨʘʙʦʪʯʠʢ ʠʤʝʝʪ ʜʝʣʦ ʩ ʤʦʜʝʣʴʶ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ (ʦʙʲʝʢʪʦʤ-
ʦʨʠʛʠʥʘʣʦʤ), ʤʦʜʝʣʷʤʠ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ (ʦʙʲʝʢʪʘʤʠ-
ʧʨʦʪʦʪʠʧʘʤʠ), ʤʦʜʝʣʴʶ ɻʠʀʉ (ʦʙʲʝʢʪʦʤ-ʨʝʟʫʣʴʪʘʪʦʤ). ʇʝʨʚʳʝ ʜʚʘ ʦʙʲ-
ʝʢʪʘ ð ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʛʠʙʨʠʜʠʟʘʮʠʠ, ʘ ʧʦʩʣʝʜʥʠʡ ð ʦʩʥʦ-
ʚʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʠʨʫʶʱʘʷ ʪʦ, ʯʪʦ ʜʦʣʞʥʦ ʧʦʷʚʠʪʴʩʷ ʧʦ-
ʩʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ð ʫʯʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ, ʣʦʛʠʯʝ-
ʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʥʮʠʧʘʭ, ʤʝʪʦʜʘʭ ʠ ʩʨʝʜʩʪʚʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘ-
ʙʦʪʯʠʢʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʛʠʙʨʠʜʠʟʘʮʠʶ, ʦʙʲʝʢʪ-ʦʨʠʛʠʥʘʣ ʢʦʪʦʨʦʡ ð 
ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʦʙʲʝʢʪʳ-ʧʨʦʪʦʪʠʧʳ ð ʤʝʪʦʜʳ ʠʟ ʢʣʘʩʩʦʚ ʄʌʇʉ, ʦʙʲ-
ʝʢʪ-ʨʝʟʫʣʴʪʘʪ ð ʌɻʠʀʉ. ʊʘʢ ʢʘʢ ʦʙʲʝʢʪ-ʦʨʠʛʠʥʘʣ ð ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ, ʘ 
ʦʙʲʝʢʪ-ʨʝʟʫʣʴʪʘʪ ð ʌɻʠʀʉ, ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʠ 
ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʦʜʟʘʜʘʯ ʠʟ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʣʦʞʥʦʡ, ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘ-
ʯʠ, ʤʝʪʦʜʦʣʦʛʠʷ ʥʘʟʚʘʥʘ ʧʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʦʡ, ʩʦʢʨʘʱʝʥʥʦ ʇʉ. ʆʙʲ-
ʝʢʪ-ʦʨʠʛʠʥʘʣ (ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ) ʚ ʇʉ-ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʦʜʝ-
ʣʷʤʠ ð hprb  çʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè ʠ uprb  çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè (ʤʦ-
ʜʝʣʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʜʥʦʨʦʜʥʳʭ 
ʟʘʜʘʯ) ð ʥʘ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʫʨʦʚʥʝ.  

ʆʙʲʝʢʪʳ-ʧʨʦʪʦʪʠʧʳ (ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ) ʠʤʝʶʪ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦ-
ʨʦʥʳ, ʥʘʩʣʝʜʫʝʤʳʝ ʤʦʜʝʣʷʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ-ʵʣʝʤʝʥʪʦʚ. ʄʝʪʦʜʳ (ʤʦʜʝ-
ʣʠ) ʜʦʣʞʥʳ ʙʳʪʴ ʩʢʦʤʙʠʥʠʨʦʚʘʥʳ ʚ ʦʙʲʝʢʪʝ-ʨʝʟʫʣʴʪʘʪʝ (ʌɻʠʀʉ) ʜʣʷ 
ʨʝʟʦʥʘʥʩʥʦʛʦ, ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ  
ɻʠʀʉ ʧʦ ʨʝʰʝʥʠʶ ʩʣʦʞʥʳʭ, ʥʝʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ.  

ʇʉ-ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪ ʜʚʝ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ-ʧʨʦʪʦʪʠʧʦʚ: ʤʘʢ-
ʨʦʫʨʦʚʥʝʚʫʶ (ʟʘʧʠʩʴ ʩʚʦʡʩʪʚʘʤʠ) ʠ ʤʠʢʨʦʫʨʦʚʥʝʚʦʝ (ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
ʤʝʪʦʜʘ ʢʘʢ ʩʦʩʪʘʚʥʦʛʦ ʦʙʲʝʢʪʘ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʫʧʨʘʚʣʷʪʴ ʛʠʙʨʠ-
ʜʠʟʘʮʠʝʡ. ʆʙʲʝʢʪʳ-ʨʝʟʫʣʴʪʘʪʳ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʳ ʚ ʇʉ-ʤʝʪʦʜʦʣʦʛʠʠ 
ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ-ʵʣʝʤʝʥʪʘʤʠ, ʢʦʤʙʠʥʠʨʫʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʚʦʩʴʤʠ 
ʢʣʘʩʩʦʚ ʦʪʥʦʰʝʥʠʡ ʠʥʪʝʛʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘʤʠ çʚʭʦʜè, çʚʳʭʦʜè, 
çʩʦʩʪʦʷʥʠʝè ʠ çʛʠʙʨʠʜʥʘʷ ʩʪʨʘʪʝʛʠʷè. ʅʘ ʨʠʩ. 2.21 çʞʠʟʥʝʥʥʳʤ ʮʠʢ-
ʣʦʤè ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʦʛʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (ʦʨʛʘʥʠʟʘʮʠʷ) ʜʝʡʩʪ-
ʚʠʡ ʨʘʟʨʘʙʦʪʯʠʢʘ ʚ ʨʘʤʢʘʭ ʇʉ-ʤʝʪʦʜʦʣʦʛʠʠ. 
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ʈʘʩʩʤʦʪʨʠʤ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ ʌɻʠʀʉ, ʠʭ çʞʠʟʥʝʥʥʳʡ ʮʠʢʣè. 

1) çʀʜʝʥʪʠʬʠʢʘʮʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʨʦʣʝ-
ʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ [25] ʦʧʨʝʜʝʣʷʶʪʩʷ ʮʝʣʴ, ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 
ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʝʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʩʧʝʮʠʬʠʢʘʪʦʨ. 
2) çʈʝʜʫʢʮʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʝʝ ʜʝʢʦʤʧʦʟʠ-
ʮʠʡè. ʇʨʦʜʦʣʞʘʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʠʟʫ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʥʘ 
ʤʦʜʝʣʠ çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè. ɸʢʮʝʥʪʳ ʩʤʝʱʘʶʪʩʷ ʥʘ ʝʝ ʩʦʩʪʘʚ ʠ 
ʩʪʨʫʢʪʫʨʫ. ʀʩʭʦʜʥʘʷ ʟʘʜʘʯʘ-ʩʠʩʪʝʤʘ ʨʝʜʫʮʠʨʫʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʦʜʥʦ-
ʨʦʜʥʳʭ ʧʦʜʟʘʜʘʯ, ʠ ʩʪʨʦʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʜʝʢʦʤʧʦʟʠʮʠʡ.  
3) çʉʧʝʮʠʬʠʢʘʮʠʷ ʧʦʜʟʘʜʘʯè. ʂʘʞʜʘʷ ʧʦʜʟʘʜʘʯʘ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ [25], ʦʧʨʝʜʝ-
ʣʷʶʪʩʷ ʮʝʣʴ ʨʝʰʝʥʠʷ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʠ ʯʘʩʪʠʯʥʦ 
ʩʧʝʮʠʬʠʢʘʪʦʨ. ʇʨʦʮʝʜʫʨʘ ʥʝʬʦʨʤʘʣʴʥʘʷ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ.  
4)  çɺʳʙʦʨ ʤʝʪʦʜʦʚè. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʥʳʭ ʜʝʢʦʤʧʦ-
ʟʠʮʠʡ ʠ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʜʟʘʜʘʯ. ʂʣʘʩʩ ʄʌʇʉ ʚʳʙʠʨʘʝʪʩʷ ʤʦ-
ʜʝʣʴʝʨʦʤ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʙʘʟʦʡ ʟʥʘʥʠʡ.   
5) çʇʨʦʚʝʨʢʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠè ʚʳʧʦʣʥʷʝʪʩʷ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʫ ʤʦ-
ʜʝʣʴʝʨʘ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʪʦʤ, ʯʪʦ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʦʜʝʣʠ 
çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè [25]. ɿʘʢʣʶʯʝʥʠʝ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʩʭʦʜʥʦʡ 
ʟʘʜʘʯʠ ʜʝʣʘʝʪ ʤʦʜʝʣʴʝʨ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʦʢ ʧʦ ʚʳʙʦʨʫ ʤʝʪʦʜʦʚ ʜʣʷ 
ʢʘʞʜʦʡ ʧʦʜʟʘʜʘʯʠ. ɽʩʣʠ ʜʣʷ ʚʩʝʭ ʧʦʜʟʘʜʘʯ ʦʮʝʥʢʠ ʚ ʧʦʣʴʟʫ ʦʜʥʦʛʦ ʠ 
ʪʦʛʦ ʞʝ ʢʣʘʩʩʘ ʄʌʇʉ ʙʫʜʫʪ ʙʣʠʟʢʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 
ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʦʜʝʣʠ çʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè. ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʨʘʙʦʪʳ ʩʣʝʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ ʠʟ ʤʝʪʦʜʦʣʦʛʠʡ ʘʚ-

 

  1 

ʆʙʦʟʥʘʯʝʥʠʷ: 1 ð ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ; 2 ð ʨʝʜʫʢʮʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ 
 ʟʘʜʘʯʠ; 3 ð ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ; 4 ð ʚʳʙʦʨ ʘʚʪʦʥʦʤʥʳʭ ʤʝʪʦʜʦʚ; 
5 ð ʧʨʦʚʝʨʢʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ; 6 ð ʩʧʝʮʠʬʠʢʘʮʠʷ ʦʙʣʘʩʪʝʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʤʝʪʦʜʦʚ; 
7 ð ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʚʷʟʝʡ ʥʝʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ; 8 ð ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡ; 
9 ð ʨʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʦʚ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡ; 10 ð ʨʘʟʨʘʙʦʪʢʘ ʪʘʙʣʠʮʳ 
ʛʠʙʨʠʜʥʳʭ ʩʪʨʘʪʝʛʠʡ; 11 ð ʚʳʙʦʨ ʩʪʨʘʪʝʛʠʠ ʠʟ ʪʘʙʣʠʮʳ; 12 ð ʠʥʠʮʠʘʣʠʟʘʮʠʷ ɻʀʀʉ 
ʧʦ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ (ʩʠʥʪʝʟ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ); 
13 ð ʤʘʰʠʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ; 14 ð ʬʦʨʤʠʨʦʚʘʥʠʝ  
ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚ; 15 ð ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʘʥʘʣʠʟ 
ʨʝʟʫʣʴʪʘʪʦʚ; 16 ð ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ 
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ʈʠʩ. 2.21 ð ʇʨʦʙʣʝʤʥʦ-ʩʪʨʫʢʪʫʨʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʟʘʜʘʯ 
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ʪʦʥʦʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [4]. ɽʩʣʠ ʚ ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʦʙʣʘʩ-
ʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʪ.ʝ. ʭʦʪʷ ʙʳ ʜʣʷ ʜʚʫʭ hprb  ʙʫʜʫʪ ʚʳʙʨʘʥʳ ʨʘʟʣʠʯ-
ʥʳʝ ʢʣʘʩʩʳ ʄʌʇʉ, ʪʦ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʠʙʨʠʜʠʟʘʮʠʠ. 
6) çʈʘʟʨʘʙʦʪʢʘ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʷʤʠ 
ʵʣʝʤʝʥʪʦʚ ʌɻʠʀʉ [4] ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʝ ʤʦʜʝʣʴʥʦʝ ʧʦʣʝ 
ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯ ʠʟ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ. ɽʩʣʠ ʪʘʢʠʝ ʤʦ-
ʜʝʣʠ ʠʤʝʶʪʩʷ, ʦʥʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʵʪʦ ʤʥʦʞʝʩʪʚʦ. ʈʘʙʦʪʳ ʠʜʫʪ ʩʦʛʣʘʩʥʦ 
ʤʝʪʦʜʦʣʦʛʠʠ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡ ʠ ʥʦʩʷʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 
7) çʉʧʝʮʠʬʠʢʘʮʠʷ ʦʙʣʘʩʪʝʡ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʤʦʜʝʣʝʡè. ɸʢʪʫʘʣʴʥʦʩʪʴ 
ʪʘʢʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʩʪʴʶ (ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 
ʠʟʙʳʪʦʯʥʦʩʪʴʶ) ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʚ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯʠ. ʅʘ ʚʳʙʦʨ ʘʣʴ-
ʪʝʨʥʘʪʠʚʳ ʚʣʠʷʶʪ ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʟʚʘʥʳ ʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʘ ʤʥʦʞʝʩʪʚʘ ʠʭ ʟʥʘʯʝʥʠʡ ð ʦʙ-
ʣʘʩʪʷʤʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʤʝʪʦʜʦʚ (ʤʦʜʝʣʝʡ). 
8) çʉʧʝʮʠʬʠʢʘʮʠʷ ʩʚʷʟʝʡ ʩʣʦʞʥʳʭ ʟʘʜʘʯè. ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ-
ʮʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʩ ʫʯʝʪʦʤ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʜʨʫʛʠʤʠ ʩʣʦʞʥʳ-
ʤʠ ʟʘʜʘʯʘʤʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʪʥʦʰʝʥʠʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. 
9) çʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʨʬʝʡʩʦʚ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡè. ʀʥʪʝʨʬʝʡʩʳ ʧʦ-
ʟʚʦʣʷʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʤ ʤʦʜʝʣʴ-
ʥʦʤ ʧʦʣʝ. ʀʭ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʷʤʠ ʷʟʳʢʦʚ ʦʧʠʩʘʥʠʷ 
ʚ ʩʭʝʤʘʭ ʨʦʣʝʚʳʭ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʄʌʇʉ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʥ-
ʪʝʨʬʝʡʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʜʘʧʪʠʨʫʝʤʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʫʪʠʣʠʪʳ, ʩʦʢʨʘ-
ʱʘʶʱʠʝ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʤʝʞʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʤʝʥʘ.  
10)  çʈʘʟʨʘʙʦʪʢʘ ʪʘʙʣʠʮʳ ʛʠʙʨʠʜʥʳʭ ʩʪʨʘʪʝʛʠʡè. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʤʝʥʘ 
ʦʪʥʦʰʝʥʠʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ, ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 
ʦʪʥʦʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠ ʮʝʣʷʤʠ ʩʣʦʞʥʦʡ 
ʟʘʜʘʯʠ ʠ ʧʦʜʟʘʜʘʯ. ʈʘʙʦʪʳ ʟʘʢʘʥʯʠʚʘʶʪʩʷ ʧʦʩʪʨʦʝʥʠʝʤ ʪʘʙʣʠʮʳ ʛʠʙ-
ʨʠʜʥʳʭ ʩʪʨʘʪʝʛʠʡ, ʦʪʦʙʨʘʞʘʶʱʝʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʦʜʟʘʜʘʯʘʤʠ.   
11)  çɺʳʙʦʨ ʩʪʨʘʪʝʛʠʠ ʠʟ ʪʘʙʣʠʮʳ ʛʠʙʨʠʜʥʳʭ ʩʪʨʘʪʝʛʠʡè. ʕʢʩʧʝʨʪ ʚʳ-
ʙʠʨʘʝʪ ʩʪʨʘʪʝʛʠʶ ʠʟ ʪʘʙʣʠʮʳ ʛʠʙʨʠʜʥʳʭ ʩʪʨʘʪʝʛʠʡ ʜʣʷ ʩʠʥʪʝʟʘ ʌɻʠʀʉ. 
ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʦʪʨʘʞʘʝʪ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ 
ʠʟʤʝʥʯʠʚʳʝ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʠ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ ʚʩʷʢʠʡ ʨʘʟ ʟʘʥʦʚʦ. 
12)  çʀʥʠʮʠʘʣʠʟʘʮʠʷ ɻʠʀʉ ʧʦ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʠ (ʩʠʥʪʝʟ ʤʝʪʦʜʘ ʨʝ-
ʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ)è. ɺ ʨʝʞʠʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 
ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʌɻʠʀʉ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʢʦʪʦʨʦʡ ð ʤʝʪʦʜ ʨʝʰʝʥʠʷ 
ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʘʨʭʠʪʝʢʪʫʨʳ ɻʠʀʉ ʨʘʟʨʘʙʦʪʘʥʳ ʵʚʨʠʩʪʠ-
ʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ [25], ʩʫʪʴ ʢʦʪʦʨʳʭ ð ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʦʡ 
ʩʪʨʘʪʝʛʠʠ, ʟʘʜʘʥʥʦʡ ʤʘʪʨʠʮʝʡ çʧʦʜʟʘʜʘʯʘ ð ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ ð 
ʧʦʜʟʘʜʘʯʘè, ʚ ʩʧʠʩʦʢ çʤʦʜʝʣʴ ð ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʮʠʠ ð ʤʦʜʝʣʴè. 
ʕʪʦʪ ʩʧʠʩʦʢ, ʜʦʧʦʣʥʝʥʥʳʡ ʧʝʨʝʯʥʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʪʝʨʬʝʡʩʥʳʭ ʫʪʠ-
ʣʠʪ, ð ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ɻʠʀʉ.   
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13)  çʄʘʰʠʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚè. ɺʳʧʦʣ-
ʥʷʶʪʩʷ ʤʦʜʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ, ʚ ʦʧʨʝʜʝʣʝʥ-
ʥʦʤ ʜʝʢʦʤʧʦʟʠʮʠʝʡ ʧʦʨʷʜʢʝ, ʠʤʠʪʠʨʫʝʪʩʷ ʨʝʰʝʥʠʝ ʧʦʜʟʘʜʘʯ ʠ ʧʦʣʫʯʘ-
ʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʫʩʪʨʘʠʚʘ-
ʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʦ ʦʥ ʤʦʞʝʪ ʥʝ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ. ʆʜʥʘ-
ʢʦ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʠ ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 
14)  çʌʦʨʤʠʨʦʚʘʥʠʝ  ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚè. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ 
ʟʘʥʦʩʠʪʩʷ ʚ ʩʧʠʩʦʢ ʘʣʴʪʝʨʥʘʪʠʚ, ʠ ʩʠʥʪʝʟ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʦʮʝʥ-
ʢʘʤʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʦʜʝʣʴ-
ʥʦʛʦ ʧʦʣʷ. ʊʘʢʠʤ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʤʥʦ-
ʞʝʩʪʚʦ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ɽʩʣʠ ʦʥʦ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 7ð10 ʵʣʝ-
ʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚʨʫʯʥʫʶ, ʪʦ 
ʧʨʝʜʫʩʤʦʪʨʝʥ ʵʪʘʧ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ.  
15)  çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚè. 
ɸʣʴʪʝʨʥʘʪʠʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʦʧʫʣʷʮʠʷ ʠʥʜʠʚʠʜʫʫʤʦʚ, ʵʚʦʣʶ-
ʮʠʷ ʢʦʪʦʨʦʡ ʠʤʠʪʠʨʫʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠ-
ʟʠʨʫʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʩʧʝʮʠʬʠʢʘʪʦʨ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ ʧʦʧʦʣʥʷ-
ʝʪʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʦʧʝʨʘʮʠʠ, ʨʝʘʣʠʟʫʶʱʝʡ ʧʨʠʥʷʪʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʧʦʣʥʷʝʪʩʷ ʵʚʘʣʶʵʡʪʦʨ ð ʩʭʝʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʮʝʥʢʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʟʘʜʘʯ ʠʟ ʩʦʩʪʘʚʘ ʥʝʦʜʥʦʨʦʜʥʦʡ. 
16)  çʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷè. ɹʘʟʳ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ ʠ ʙʘʟʳ ʟʥʘ-
ʥʠʡ ʵʣʝʤʝʥʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ɻʠʀʉ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚ ʘʢʪʫʘʣʴʥʦʤ 
ʩʦʩʪʦʷʥʠʠ. ɺ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʡ ʚ ʟʥʘʥʠʷʭ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ  ʩʦʚʝʨ-
ʰʝʥʩʪʚʫʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʝ ʤʦʜʝʣʴʥʦʝ ʧʦʣʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʫʶ ʇʉ-ʤʝʪʦʜʦʣʦʛʠʶ ʦʪʣʠʯʘʝʪ:  
1) ʧʨʠʤʝʥʝʥʠʝ ʢ ʩʣʦʞʥʳʤ ʟʘʜʘʯʘʤ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʚʩʝʩʪʦʨʦʥ-
ʥʝʤʫ ʠʟʫʯʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʤʦʜʝ-
ʣʷʭ çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè ʠ çʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè; 
2) ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʷʟʳʢʘ  ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʳʭ ɻʠʀʉ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ-ʦʨʠʛʠʥʘʣʦʚ, ʦʙʲʝʢʪʦʚ-
ʧʨʦʪʦʪʠʧʦʚ ʠ ʦʙʲʝʢʪʦʚ-ʨʝʟʫʣʴʪʘʪʦʚ ʛʠʙʨʠʜʠʟʘʮʠʠ; 
3) ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʟʥʘʥʠʷʭ ʤʝʪʦʜʘ ʧʦʜʙʦʨʘ 
ʄʌʇʉ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯ ʠʟ ʜʝʢʦʤʧʦʟʠʮʠʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ; 
4) ʧʨʠʤʝʥʝʥʠʝ ʩʭʝʤ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʥʘʧʨʘʚʣʷʶʱʠʭ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʙʝʞʘʪʴ ʤʥʦʞʝʩʪʚʘ ʦʰʠʙʦʢ; 
5) ʨʘʟʨʘʙʦʪʢʘ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʷ ʜʣʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ, ʚ 
ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʩʪʨʦʠʪʩʷ ʤʝʪʦʜ ʝʝ ʨʝʰʝʥʠʷ; ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦ-
ʛʦ, ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʠʥʪʝʟʘ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ; 
6) ʧʨʠʤʝʥʝʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʛʦ, ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʠʥʷʪʠʷ 
ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʦʜʝʣʝʡ ʠʟ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʦʣʷ ʚ ʩʦʦʪ-
ʚʝʪʩʪʚʠʠ ʩ ʦʙʣʘʩʪʷʤʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʄʌʇʉ.  
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3. ʈɽʐɽʅʀɽ ɿɸɼɸʏʀ ʂʆʄʄʀɺʆʗɾɽʈɸ ʄɽʊʆɼʆʄ 
ʆʈɻɸʅʀɿɸʎʀʀ ʉʇʆʈɸ ʄʆɼɽʃɽʁ ɺ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 

ɻʀɹʈʀɼʅʓʍ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ʉʀʉʊɽʄɸʍ 

ʂ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʩʧʦʨʘ ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. 
ʇʝʨʚʘʷ ð ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʠʟʫʯʝʥʠʷ ʢʥʠʛʠ ɽ.ʉ. ɺʝʥʪʮʝʣʴ [126]. ɺʪʦʨʘʷ 
ʧʨʠʯʠʥʘ ð ʵʪʦ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʙʦʪʦʡ ʃʇʈ ʚ ʉʇʇʈ [25]. 
ʆʧʳʪʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʚ ʭʦʜʝ ʦʙʩʫʞʜʝʥʠʷ ʩʪʘʨʘʝʪʩʷ ʟʘʚʷʟʘʪʴ (ʦʨʛʘʥʠ-
ʟʦʚʘʪʴ) ʚ ʘʫʜʠʪʦʨʠʠ ʵʢʩʧʝʨʪʦʚ ʜʠʩʢʫʩʩʠʶ, ʦʯʝʚʠʜʥʦ, ʭʦʨʦʰʦ ʫʩʚʦʠʚ 
ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ ʨʘʙʦʪʳ ʚ ʢʦʣʣʝʢʪʠʚʝ: çɺ ʩʧʦʨʝ ʨʦʞʜʘʝʪʩʷ ʠʩʪʠʥʘè. 
ʊʨʝʪʴʷ ʧʨʠʯʠʥʘ ð ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʚʟʷʪʳʝ ʠʟ [25], ʛʜʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, 
ʯʪʦ ʵʢʩʧʝʨʪ ʨʝʰʘʝʪ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ: 1) ʦʧʳʪ; 2) ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʝ ʟʥʘʥʠʷ ʠ 3) ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʟʥʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʪʠʭ ʪʨʝʭ ʧʨʠ-
ʯʠʥ ʧʨʠʚʝʣʦ ʢ ʤʳʩʣʠ ʦ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚ 
ʢʦʪʦʨʦʡ ʥʘʜ ʨʝʰʝʥʠʝʤ ɿʂ ʩʧʦʨʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʵʢʩʧʝʨʪʦʚ. ɺ 
ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

3.1. ʇʦʥʷʪʠʝ ʩʧʦʨʘ ʚ ʧʩʠʭʦʣʦʛʠʠ, ʣʠʥʛʚʠʩʪʠʢʝ, ʬʠʣʦʩʦʬʠʠ,  
ʤʘʪʝʤʘʪʠʢʝ, ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ ʠ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ 

ɺ ʩʣʦʚʘʨʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ [127] ʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʧ-
ʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʩʧʦʨè: 
1) ʩʧʦʨ ð ʩʣʦʚʝʩʥʦʝ ʩʦʩʪʷʟʘʥʠʝ, ʦʙʩʫʞʜʝʥʠʝ ʯʝʛʦ-ʣʠʙʦ ʜʚʫʤʷ ʠʣʠ ʥʝ-
ʩʢʦʣʴʢʠʤʠ ʣʠʮʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʩʪʦʨʦʥʘ ʦʪʩʪʘʠʚʘʝʪ ʩʚʦʝ ʤʥʝʥʠʝ; 
2) ʩʧʦʨ ð ʚʟʘʠʤʥʦʝ ʧʨʠʪʷʟʘʥʠʝ ʥʘ ʚʣʘʜʝʥʠʝ, ʦʙʣʘʜʘʥʠʝ ʯʝʤ-ʣʠʙʦ, ʨʘʟ-
ʥʦʛʣʘʩʠʝ, ʨʘʟʨʝʰʘʝʤʦʝ ʩʫʜʦʤ; 
3) ʩʧʦʨ ð ʧʦʝʜʠʥʦʢ,  ʙʠʪʚʘ,  ʝʜʠʥʦʙʦʨʩʪʚʦ, ʩʦʩʪʷʟʘʥʠʝ, ʩʦʧʝʨʥʠʯʝʩʪʚʦ. 

ʆʙʦʙʱʘʷ, ʦʪʤʝʪʠʤ, ʯʪʦ ʩʧʦʨ ð ʩʨʝʜʩʪʚʦ ʨʘʟʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ, ʚʳ-
ʟʳʚʘʶʱʠʭ ʨʘʟʥʦʛʣʘʩʠʷ, ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʷʩ-
ʥʳʤ ʠ ʥʝ ʥʘʰʣʦ ʫʙʝʜʠʪʝʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ɽʩʣʠ ʫʯʘʩʪʥʠʢʠ ʩʧʦʨʘ ʥʝ 
ʧʨʠʭʦʜʷʪ ʢ ʩʦʛʣʘʩʠʶ, ʦʥʠ ʪʝʤ ʥʝ ʤʝʥʝʝ ʣʫʯʰʝ ʫʷʩʥʷʶʪ ʧʦʟʠʮʠʠ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ. ʀʩʢʫʩʩʪʚʦ ʚʝʜʝʥʠʷ ʩʧʦʨʘ ʥʘʟʳʚʘʝʪ-
ʩʷ ʵʨʠʩʪʠʢʦʡ [128]. ʕʨʠʩʪʠʢʘ ð ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ, ʚʦʟʥʠʢʘʶʱʝʝ 
ʥʘ ʩʪʳʢʝ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʬʠʣʦʩʦʬʠʝʡ, ʧʦʩʨʝʜʩʪʚʦʤ 
ʣʦʛʠʢʠ [129 ð 134], ʧʩʠʭʦʣʦʛʠʝʡ [131, 135], ʵʪʠʢʦʡ ʠ ʨʠʪʦʨʠʢʦʡ [136 ð 
143]. ʉʧʦʨ ð ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʚ 
ʢʦʪʦʨʦʡ ʫʪʦʯʥʷʶʪʩʷ ʧʦʟʠʮʠʠ ʧʨʦʪʠʚʦʙʦʨʩʪʚʫʶʱʠʭ ʩʪʦʨʦʥ, ʨʝʰʘʝʪʩʷ 
ʧʨʦʙʣʝʤʘ, çʨʦʞʜʘʝʪʩʷ ʠʩʪʠʥʘè.  
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ʎʝʥʥʦʩʪʴ ʩʧʦʨʘ ʚ ʪʦʤ, ʯʪʦ: 1) ʩʦʨʝʚʥʫʶʪʩʷ ʠʜʝʠ, ʠ ʝʛʦ ʫʯʘʩʪʥʠʢʠ 
ʦʙʦʛʘʱʘʶʪʩʷ ʠʜʝʡʥʦ: ʦʙʤʝʥ ʠʜʝʷʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʙʤʝʥʘ ʚʝʱʘʤʠ, ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʝʥ; 2) ʧʦʩʧʦʨʠʚ, ʩʪʦʨʦʥʳ ʧʨʠʭʦʜʷʪ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʫʷʩʥʝ-
ʥʠʶ ʩʚʦʝʡ ʧʦʟʠʮʠʠ ʠ ʧʦʟʠʮʠʠ ʦʧʧʦʥʝʥʪʘ; 3) ʤʦʞʥʦ ʫʟʥʘʪʴ ʥʦʚʦʝ, ʧʦ-
ʧʦʣʥʠʪʴ ʩʚʦʡ ʙʘʛʘʞ ʟʥʘʥʠʡ.  

ɺʠʜʳ ʩʧʦʨʘ ʤʥʦʛʦʦʙʨʘʟʥʳ [144]. ʉʧʦʨ ʤʦʞʝʪ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ 
ʠʣʠ ʜʝʩʪʨʫʢʪʠʚʥʳʤ, ʫʩʪʥʳʤ ʠʣʠ ʧʠʩʴʤʝʥʥʳʤ, ʦʩʥʦʚʘʪʝʣʴʥʳʤ ʠʣʠ ʧʦ-
ʚʝʨʭʥʦʩʪʥʳʤ, ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʠʣʠ ʬʦʨʤʘʣʴʥʳʤ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʠʜʳ 
ʩʧʦʨʘ ʚʳʜʝʣʝʥʳ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ, ʥʦ ʚ ʞʠʟʥʠ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 
ʫʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʘʩʧʝʢʪʘʤ ʩʧʦʨʘ. ɺʘʞʥʳʡ ʤʦʤʝʥʪ ð ʚʳʙʦʨ 
ʚʠʜʘ ʩʧʦʨʘ: ʜʠʩʢʫʩʩʠʠ, ʜʠʩʧʫʪʘ, ʜʝʙʘʪʦʚ, ʧʦʣʝʤʠʢʠ, ʧʨʝʥʠʡ. ʉʫʱʝʩʪʚʫ-
ʶʪ ʦʙʱʠʝ ʧʨʠʟʥʘʢʠ ʚʠʜʦʚ ʩʧʦʨʘ: ʧʨʝʜʤʝʪ ʩʧʦʨʘ, ʩʦʜʝʨʞʘʪʝʣʴʥʘʷ ʩʚʷʟ-
ʥʦʩʪʴ, ʦʪʢʨʳʪʦʩʪʴ ʢ ʘʨʛʫʤʝʥʪʘʤ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʯʝʨʝʜʥʦʩʪʴ ʚʳʩʪʫʧ-
ʣʝʥʠʡ ʩʧʦʨʷʱʠʭ, ʥʝʜʦʧʫʩʪʠʤʦʩʪʴ ʥʝʢʦʨʨʝʢʪʥʳʭ ʧʨʠʝʤʦʚ ʠ ʥʘʨʫʰʝʥʠʷ 
ʵʪʠʯʝʩʢʠʭ ʥʦʨʤ. ɺ ʩʧʦʨʝ ʥʫʞʥʦ ʫʙʝʜʠʪʴ ʯʝʣʦʚʝʢʘ, ʜʦʢʘʟʘʪʴ ʝʤʫ ʯʪʦ-
ʣʠʙʦ. ɼʦʢʘʟʘʪʴ ʧʦʤʦʛʘʝʪ ʣʦʛʠʢʘ, ʘ ʫʙʝʜʠʪʴ ð ʧʩʠʭʦʣʦʛʠʷ. ʈʘʩʩʤʦʪʨʠʤ, 
ʢʘʢ ʧʦʥʷʪʠʝ çʩʧʦʨè ʪʨʘʢʪʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ. 

ʇʩʠʭʦʣʦʛʠʷ. ɺ ʧʩʠʭʦʣʦʛʠʠ [145] ʩʧʦʨ ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʮʝʩʩʘ 
ʦʙʱʝʥʠʷ ʣʶʜʝʡ, ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤʳ ʠ ʩʧʦʩʦʙʘ ʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ, ʘʨʛʫʤʝʥʪʠʨʫʷ ʠ ʦʧʨʦʚʝʨʛʘʷ ʤʥʝʥʠʝ ʩʦʙʝʩʝʜ-
ʥʠʢʘ, ʧʨʝʪʝʥʜʫʝʪ ʥʘ ʤʦʥʦʧʦʣʴʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʩʪʠʥʳ. ɺ ʩʧʦʨʝ ʧʨʦʷʚ-
ʣʷʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʟʘʜʘʯʫ.  

ʈʘʟʣʠʯʘʶʪ ʩʝʤʴ ʚʘʨʠʘʥʪʦʚ ʚʝʜʝʥʠʷ ʩʧʦʨʘ: 
1) ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ, ʥʝ ʥʘʩʪʘʠʚʘʷ ʥʘ ʩʚʦʝʤ ʧʦʜʭʦ-
ʜʝ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʫʙʝʞʜʝʥʠʷ, ʠʥʪʫʠʮʠʶ ʠ 
ʟʜʨʘʚʳʡ ʩʤʳʩʣ, ʩʢʣʦʥʷʝʪ ʢ ʩʚʦʝʡ ʪʦʯʢʝ ʟʨʝʥʠʷ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʩʧʦʨʘ; 
2) ʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʩʣʝʜʫʷ ʧʨʠʝʤʘʤ ʠ ʧʨʘʚʠʣʘʤ ʬʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ, 
ʠʩʧʦʣʴʟʫʷ ʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʘʨʛʫʤʝʥʪʘʮʠʶ, ʫʯʘʩʪʥʠʢʠ ʜʠʩʢʫʩʩʠʠ 
ʧʨʠʭʦʜʷʪ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʤʫ ʚʳʚʦʜʫ; 
3) ʩʦʬʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʩʪʨʝʤʠʪʩʷ ʧʦʙʝʜʠʪʴ ʦʧʧʦʥʝʥʪʘ, 
ʠʩʧʦʣʴʟʫʷ ʩʦʬʠʟʤʳ [145]; 
4) ʘʚʪʦʨʠʪʘʨʥʳʡ ʧʦʜʭʦʜ: ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʚʪʦʨʠʪʝʪʳ, ʥʘʚʷ-
ʟʳʚʘʝʪ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ; 
5) ʢʨʠʪʠʢʫʶʱʠʡ ʧʦʜʭʦʜ: ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝ-
ʜʦʩʪʘʪʢʘʭ ʦʧʧʦʥʝʥʪʦʚ, ʥʝ ʩʪʨʝʤʠʪʩʷ ʫʚʠʜʝʪʴ ʧʦʟʠʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ ʠ ʥʝ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʩʚʦʝ ʨʝʰʝʥʠʝ; 
6) ʜʝʤʘʛʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʚʝʜʝʪ ʩʧʦʨ ʥʝ ʨʘʜʠ ʠʩʪʠʥʳ, ʘ 
ʯʪʦʙʳ ʫʚʝʩʪʠ ʜʠʩʢʫʩʩʠʶ ʚ ʩʪʦʨʦʥʫ, ʧʨʝʩʣʝʜʫʷ ʣʠʯʥʳʝ ʮʝʣʠ; 
7) ʧʨʘʛʤʘʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ: ʦʜʥʘ ʠʣʠ ʢʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ ʚʝʜʝʪ ʩʧʦʨ ʥʝ 
ʪʦʣʴʢʦ ʨʘʜʠ ʠʩʪʠʥʳ, ʥʦ ʠ ʩʚʦʠʭ, ʠʥʦʛʜʘ ʤʝʨʢʘʥʪʠʣʴʥʳʭ ʮʝʣʝʡ, ʢʦʪʦʨʳʝ 
ʥʝ ʠʟʚʝʩʪʥʳ ʩʦʙʝʩʝʜʥʠʢʘʤ. 
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ɺ ʩʧʦʨʝ ʚʳʜʝʣʷʶʪ ʩʪʘʜʠʠ: 
ɺʚʦʜʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʝ. ʃʇʈ ʠʥʬʦʨʤʠʨʫʝʪ ʫʯʘʩʪʥʠʢʦʚ ʦ ʧʨʦʙʣʝ-

ʤʝ, ʮʝʣʷʭ ʠ ʩʠʪʫʘʮʠʠ, ʧʦʨʦʜʠʚʰʝʡ ʜʠʩʢʫʩʩʠʶ-ʩʧʦʨ. 
ɸʨʛʫʤʝʥʪʘʮʠʷ ʩʪʦʨʦʥ. ʂʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ ʚʳʩʢʘʟʳʚʘʝʪ ʠ ʘʨʛʫʤʝʥʪʠ-

ʨʦʚʘʥʥʦ  ʦʪʩʪʘʠʚʘʝʪ ʩʚʦʶ ʪʦʯʢʫ ʟʨʝʥʠʷ.  
ʆʧʧʦʥʠʨʦʚʘʥʠʝ, ʢʨʠʪʠʯʝʩʢʠʝ ʩʫʞʜʝʥʠʷ. ʂʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ ʦʧʧʦʥʠ-

ʨʫʝʪ, ʦʪʩʪʘʠʚʘʷ ʩʚʦʶ ʧʦʟʠʮʠʶ. 
ɸʢʪʠʚʥʦʝ ʧʨʦʪʠʚʦʙʦʨʩʪʚʦ ʩʪʦʨʦʥ. ʇʨʦʜʦʣʞʝʥʠʝ ʜʠʩʢʫʩʩʠʠ, ʧʦʠʩʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʠ ʩʪʦʨʦʥʥʠʢʦʚ, ʢʦʥʪʨʘʨʛʫʤʝʥʪʘʮʠʷ ʠ ʩʦ-
ʧʦʩʪʘʚʣʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚ. 

ʇʦʠʩʢ ʢʦʤʧʨʦʤʠʩʩʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ʂʘʞʜʘʷ ʠʟ ʩʪʦʨʦʥ 
ʜʦʣʞʥʘ ʧʦʡʪʠ ʥʘ ʫʩʪʫʧʢʠ. ʏʘʩʪʠʯʥʳʡ ʦʪʭʦʜ ʦʪ ʩʚʦʝʡ ʧʦʟʠʮʠʠ, ʝʝ ʧʝʨʝ-
ʩʤʦʪʨ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 

ʇʦʠʩʢ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʰʝʥʠʷ. ɺʳʧʦʣʥʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʚʩʝʛʦ ʢʦʥʩʪ-
ʨʫʢʪʠʚʥʦʛʦ, ʯʪʦ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʢʫʩʩʠʠ/ʩʧʦʨʘ, ʩʙʣʠʞʘ-
ʶʪʩʷ ʧʦʟʠʮʠʠ, ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʚʟʘʠʤʦʧʨʠʝʤʣʝʤʳʝ ʨʝʰʝʥʠʷ.  

ɿʘʚʝʨʰʝʥʠʝ ʩʧʦʨʘ, ʦʙʦʙʱʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. ʃʇʈ ʧʦʜʚʦʜʠʪ ʠʪʦʛʠ 
ʩʧʦʨʘ, ʨʝʟʶʤʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʩʠʭʦʣʦʛʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠ ʢʫʣʴʪʫʨʫ ʩʧʦʨʘ. ʀʟ ʜʚʫʭ ʵʢʩʧʝʨʪʦʚ ʧʦ-
ʙʝʜʠʪʝʣʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʪʦʪ, ʫ ʢʦʛʦ ʙʦʣʴʰʝ ʚʳʜʝʨʞʢʠ ʠ ʩʘʤʦʦʙʣʘʜʘʥʠʷ.  

ʃʠʥʛʚʠʩʪʠʢʘ. ʃʠʥʛʚʠʩʪʠʢʘ [146] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʧʦʨ ʢʘʢ ʨʝʯʝʚʦʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʉʣʳʰʘʪʴ ʠ ʩʣʫʰʘʪʴ ð ʥʝ ʦʜʥʦ ʠ ʪʦ ʞʝ. ʉʣʳʰʘʪʴ ð 
ʬʠʟʠʯʝʩʢʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʟʚʫʢ, ʘ ʩʣʫʰʘʪʴ ð ʧʦʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ ʚʦʩʧʨʠ-
ʥʠʤʘʝʤʳʭ ʟʚʫʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʤʝʥʠʝʤ ʚʳʩʣʫʰʘʪʴ 
ʩʦʙʝʩʝʜʥʠʢʘ, ʚʥʠʢʥʫʪʴ ʚ ʩʫʱʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʛʦʚʦʨʠʪʩʷ, ʦʙʣʘʜʘʶʪ ʥʝ 
ʙʦʣʝʝ ʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʣʶʜʝʡ. ʂʦʛʜʘ ʵʢʩʧʝʨʪ ʥʝ ʩʦʛʣʘʰʘʝʪʩʷ ʩ ʛʦʚʦʨʷ-
ʱʠʤʠ, ʪʦ ʧʨʝʢʨʘʱʘʝʪ ʩʣʫʰʘʪʴ ʠ ʞʜʝʪ ʦʯʝʨʝʜʠ ʚʳʩʢʘʟʘʪʴʩʷ. ʂʦʛʜʘ ʵʢʩ-
ʧʝʨʪ ʥʘʯʠʥʘʝʪ ʩʧʦʨʠʪʴ, ʪʦ ʫʚʣʝʢʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝʤ ʩʚʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʠ ʥʝ ʩʣʳʰʠʪ ʩʦʙʝʩʝʜʥʠʢʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʣʫʰʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴʶ ʧʦʥʠʤʘʥʠʷ ʩʦʙʝ-
ʩʝʜʥʠʢʘ ʠ ʫʤʝʥʠʝʤ ʦʮʝʥʠʪʴ ʧʦʚʝʜʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʦʙʱʝʥʠʷ, ʧʦʥʷʪʴ 
ʷʟʳʢ ʥʝʚʝʨʙʘʣʴʥʦʛʦ ʦʙʱʝʥʠʷ. ʄʠʤʠʢʘ, ʞʝʩʪʳ, ʠʥʪʦʥʘʮʠʷ, ʧʦʟʘ ʤʦʛʫʪ 
ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʦʧʧʦʥʝʥʪʘ, ʝʛʦ ʦʪʥʦʰʝʥʠʠ ʢ 
ʧʨʝʜʤʝʪʫ ʦʙʩʫʞʜʝʥʠʷ, ʨʝʘʢʮʠʠ ʥʘ ʚʳʩʢʘʟʳʚʘʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʩʧʦʨʘ, ʧʦ-
ʟʚʦʣʷʷ ʣʫʯʰʝ ʧʦʥʷʪʴ ʦʧʧʦʥʝʥʪʦʚ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʣʫʰʘ-
ʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʦʛʦ ʨʝʰʝʥʠʷ. 

ʌʠʣʦʩʦʬʠʷ. ʌʠʣʦʩʦʬʠʷ ʠʟʫʯʘʝʪ ʩʧʦʨ ʯʝʨʝʟ ʧʨʠʟʤʫ ʣʦʛʠʢʠ. ʉʧʦʨ ʚ 
ʣʦʛʠʢʝ ð ʜʦʚʦʜʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢ ʧʳʪʘʝʪʩʷ ʫʙʝʜʠʪʴ ʦʧʧʦ-
ʥʝʥʪʘ ʚ ʩʚʦʝʡ ʧʨʘʚʦʪʝ. ʉʧʦʨ ð ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʪʝʦʨʠʠ ʘʨʛʫʤʝʥʪʘʮʠʠ 
[129, 130, 132 ð 134]. ɸʨʛʫʤʝʥʪʘʮʠʷ ð ʧʨʠʚʝʜʝʥʠʝ ʜʦʚʦʜʦʚ ʩ ʮʝʣʴʶ 
ʠʟʤʝʥʝʥʠʷ ʧʦʟʠʮʠʡ ʠʣʠ ʫʙʝʞʜʝʥʠʡ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ʊʝʦʨʠʷ ʘʨʛʫʤʝʥʪʘ-
ʮʠʠ ʠʩʩʣʝʜʫʝʪ ʩʧʦʩʦʙʳ ʫʙʝʞʜʝʥʠʷ ʘʫʜʠʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʯʝʚʦʛʦ ʚʦʟ-
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ʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʩʠʩʪʝʤʫ ʫʪʚʝʨʞʜʝʥʠʡ. ʆʥʘ ʦʙʨʘʱʝʥʘ ʢ ʨʘʟʫʤʫ 
ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʧʨʠʥʷʪʴ ʠʣʠ ʦʪʚʝʨʛʥʫʪʴ ʵʪʦ ʤʥʝʥʠʝ. 

ɼʣʷ ʘʨʛʫʤʝʥʪʘʮʠʠ ʭʘʨʘʢʪʝʨʥʦ ʩʣʝʜʫʶʱʝʝ: 1) ʚʳʨʘʞʝʥʘ ʚ ʷʟʳʢʝ, ʠʤʝ-
ʝʪ ʬʦʨʤʫ ʫʪʚʝʨʞʜʝʥʠʡ; ʪʝʦʨʠʷ ʘʨʛʫʤʝʥʪʘʮʠʠ ʠʩʩʣʝʜʫʝʪ ʚʟʘʠʤʦʩʚʷʟʠ 
ʵʪʠʭ ʫʪʚʝʨʞʜʝʥʠʡ; 2) ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʫʩʠʣʝʥʠʝ ʠʣʠ 
ʦʩʣʘʙʣʝʥʠʝ ʯʴʠʭ-ʪʦ ʫʙʝʞʜʝʥʠʡ; 3) ʩʦʮʠʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ 
ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʣʶʜʝʡ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʠʘʣʦʛ ʠ ʘʢʪʠʚʥʫʶ ʨʝʘʢʮʠʶ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ; 4) ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʫʤʥʦʩʪʴ ʪʝʭ, ʢʪʦ ʝʝ ʚʦʩʧʨʠʥʠʤʘʝʪ, ʠʭ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʚʟʚʝʰʠʚʘʪʴ ʘʨʛʫʤʝʥʪʳ, ʧʨʠʥʠʤʘʪʴ ʠʣʠ ʦʩʧʘʨʠʚʘʪʴ ʠʭ. 

ʉʧʦʨ ð ʩʣʫʯʘʡ ʘʨʛʫʤʝʥʪʘʮʠʠ, ʝʝ ʦʩʪʨʘʷ ʬʦʨʤʘ. ɸʨʛʫʤʝʥʪʘʮʠʷ ʠʤʝʝʪ 
ʧʨʝʜʤʝʪ, ʥʦ ʩʧʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʧʨʝʜʤʝʪʦʤ, ʘ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦʙ ʦʙʲʝʢʪʝ, ʧʨʦʮʝʩʩʝ ʠʣʠ ʷʚʣʝʥʠʠ. ʉʧʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʤʥʝʥʠʷ ʠ ʦʪʩʪʘʠʚʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ ʩʚʦʝʡ ʧʦʟʠ-
ʮʠʠ. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʧʦʨʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʦʛʠʢʠ [146]:  
1) ʝʩʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʯʴ ʩʦʛʣʘʩʠʷ ʙʝʟ ʩʧʦʨʘ, ʥʘʜʦ ʵʪʠʤ ʚʦʩ-
ʧʦʣʴʟʦʚʘʪʴʩʷ; 2) ʩʧʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʪʝʤʫ, ʘ ʝʛʦ ʧʨʝʜʤʝʪ ʜʦʣʞʝʥ ʙʳʪʴ 
ʚʳʷʩʥʝʥ ʟʘʨʘʥʝʝ; 3) ʪʝʤʘ ʥʝ ʜʦʣʞʥʘ ʤʝʥʷʪʴʩʷ; 4) ʩʧʦʨ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴ-
ʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʙʲ-
ʝʢʪʝ; 5) ʩʧʦʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʱʥʦʩʪʴ ʠʩʭʦʜʥʳʭ, ʙʘʟʠʩʥʳʭ ʧʦʟʠʮʠʡ ʩʪʦ-
ʨʦʥ; 6) ʫʩʧʝʰʥʦʝ ʚʝʜʝʥʠʝ ʩʧʦʨʘ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, 
ʚʣʘʜʝʥʠʷ ʤʝʪʦʜʠʢʦʡ ʚʝʜʝʥʠʷ ʩʧʦʨʘ; 7) ʩʧʦʨ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʚʝʱʝʡ, ʦ 
ʢʦʪʦʨʳʭ ʠʜʝʪ ʨʝʯʴ; 8) ʚ ʩʧʦʨʝ ʥʫʞʥʦ ʧʨʦʷʚʣʷʪʴ ʛʠʙʢʦʩʪʴ ʠ ʩʪʨʝʤʠʪʴʩʷ 
ʚʳʷʩʥʠʪʴ ʠʩʪʠʥʫ; 9) ʥʝ ʩʣʝʜʫʝʪ ʙʦʷʪʴʩʷ ʧʨʠʟʥʘʚʘʪʴ ʩʚʦʠ ʦʰʠʙʢʠ, ʛʣʘʚ-
ʥʘʷ ʟʘʜʘʯʘ ð ʚʥʝʩʪʠ ʩʚʦʶ ʜʦʣʶ ʚ ʨʘʟʨʘʙʦʪʢʫ ʦʙʩʫʞʜʘʝʤʦʛʦ ʚʦʧʨʦʩʘ. 

ɺ ʩʧʦʨʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʳ: 
ɿʘʢʦʥ ʪʦʞʜʝʩʪʚʘ: çʂʘʞʜʘʷ ʤʳʩʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʩʫʞʜʝʥʠʷ ʜʦʣʞʥʘ 

ʠʤʝʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ, ʫʩʪʦʡʯʠʚʦʝ ʩʦʜʝʨʞʘʥʠʝè. ɿʘʢʦʥ ʪʦʞʜʝʩʪʚʘ ʪʨʝʙʫʝʪ 
ʚ ʨʘʩʩʫʞʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʩʫʞʜʝʥʠʡ.  

ɿʘʢʦʥ ʧʨʦʪʠʚʦʨʝʯʠʷ: çɼʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʤʳʩʣʠ ʦʙ ʦʜʥʦʤ ʧʨʝʜ-
ʤʝʪʝ, ʚʟʷʪʦʤ ʚ ʦʜʥʦ ʚʨʝʤʷ ʠ ʚ ʦʜʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦ-
ʚʨʝʤʝʥʥʦ ʠʩʪʠʥʥʳʤʠè. ʌʦʨʤʘʣʴʥʘʷ ʣʦʛʠʢʘ ʪʨʝʙʫʝʪ, ʯʪʦʙʳ ʚ ʩʧʦʨʝ ʠ ʦ 
ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʷʚʣʝʥʠʷʭ ʤʳʩʣʠʣʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦ, ʣʦʛʠʯʝʩʢʠ ʧʨʘ-
ʚʠʣʴʥʦ. 

ɿʘʢʦʥ ʠʩʢʣʶʯʝʥʥʦʛʦ ʪʨʝʪʴʝʛʦ: çʀʟ ʜʚʫʭ ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ ʚʳʩʢʘʟʳ-
ʚʘʥʠʡ ʚ ʦʜʥʦ ʚʨʝʤʷ ʠ ʚ ʦʜʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʜʥʦ ʥʝʧʨʝʤʝʥʥʦ ʠʩʪʠʥʥʦè. 
ʕʪʦʪ ʟʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʛʨʫʧʧʫ ʩʫʞʜʝʥʠʡ ð 
ʧʨʦʪʠʚʦʨʝʯʘʱʠʭ. ʇʨʦʪʠʚʦʨʝʯʘʱʠʤʠ ʥʘʟʳʚʘʶʪʩʷ ʜʚʘ ʩʫʞʜʝʥʠʷ, ʚ ʦʜʥʦʤ 
ʠʟ ʢʦʪʦʨʳʭ ʯʪʦ-ʣʠʙʦ ʫʪʚʝʨʞʜʘʝʪʩʷ ʦ ʧʨʝʜʤʝʪʝ, ʘ ʚ ʜʨʫʛʦʤ ʪʦ ʞʝ ʩʘʤʦʝ 
ʦʪʨʠʮʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʘ ʠʩʪʠʥʥʳʤʠ ʠʣʠ ʣʦʞʥʳʤʠ.  

ɿʘʢʦʥ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʩʥʦʚʘʥʠʷ. ʕʪʦʪ ʟʘʢʦʥ ʥʝ ʜʦʧʫʩʢʘʝʪ ʛʦʣʦʩʣʦʚ-
ʥʦʩʪʠ ʫʪʚʝʨʞʜʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʧʦʨʘ, ʪʨʝʙʫʝʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 
ʠʩʪʠʥʥʦʩʪʠ ʤʳʩʣʝʡ.  
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ʇʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ ʣʦʛʠʢʠ ʚ ʩʧʦʨʝ ʜʠʩʮʠʧʣʠʥʠʨʫʝʪ ʤʳʰʣʝʥʠʝ, ʧʦ-
ʚʳʰʘʝʪ ʝʛʦ ʢʫʣʴʪʫʨʫ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʩʪʫʧʣʝʥʠʝ ʙʦʣʝʝ ʘʨʛʫʤʝʥʪʠ-
ʨʦʚʘʥʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʤʦʛʘʝʪ ʠʟʙʝʛʘʪʴ ʣʦʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ 
ʧʨʦʮʝʩʩʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠʩʪʠʥʥʦʩʪʠ ʦʙʩʫʞʜʘʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʚ ʭʦʜʝ 
ʦʧʨʦʚʝʨʞʝʥʠʷ ʣʦʞʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ. 

ʄʘʪʝʤʘʪʠʢʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. ʄʘʪʝʤʘʪʠʢʘ ʚʢʣʶʯʘʝʪ 
ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʣʦʛʠʢʫ, çʚʳʨʦʩʰʫʶè ʠʟ ʬʠʣʦʩʦʬʩʢʦʡ ʣʦʛʠʢʠ. ʇʝʨʚʦ-
ʥʘʯʘʣʴʥʦ ʧʨʝʦʙʣʘʜʘʣʠ ʜʝʪʝʨʤʠʥʠʩʪʩʢʠʡ ʧʦʜʭʦʜ ʠ ʦʜʥʦʟʥʘʯʥʳʝ (çʠʩʪʠ-
ʥʘè, çʣʦʞʴè) ʣʦʛʠʢʠ. ɺ 1958 ʛ. ʉ. ʊʫʣʤʠʥ ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ 
ʤʦʜʝʣʴ ʘʨʛʫʤʝʥʪʘʮʠʠ [147] ʜʣʷ ʶʨʠʩʧʨʫʜʝʥʮʠʠ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʰʝʩʪʠ 
ʦʙʲʝʢʪʦʚ: 1) ʧʨʠʪʷʟʘʥʠʝ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʵʢʩʧʝʨʪʘʤʠ; 
2) ʧʨʘʚʦʤʦʯʠʝ ð ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʦʡ 
ʩʚʷʟʠ ʧʦʩʳʣʦʢ ʠ ʟʘʢʣʶʯʝʥʠʷ; 3) ʬʘʢʪʳ, ʜʘʥʥʳʝ, ʫʣʠʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ; 4) ʧʦʜʢʨʝʧʣʝʥʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʤʠ ð ʧʦʜʜʝʨʞʢʘ ʧʨʠ 
ʬʦʨʤʫʣʠʨʦʚʢʝ ʧʨʘʚʦʚʦʡ ʙʘʟʳ; 5) ʦʧʨʦʚʝʨʞʝʥʠʝ ð ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʬʦʨ-
ʤʫʣʠʨʦʚʢʫ ʧʨʘʚʦʚʦʡ ʙʘʟʳ; 6) ʫʪʦʯʥʠʪʝʣʴ ð ʩʣʦʚʦ ʠʣʠ ʬʨʘʟʘ, ʚʳʨʘ-
ʞʘʶʱʘʷ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ-ʟʘʢʣʶʯʝʥʠʠ.  

ɺ 1974 ð 1987 ʛʛ. ɼ. ʇʦʣʣʦʢ [148, 149] ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʨʘʩʩʫʞʜʝʥʠʷ 
ʘʨʛʫʤʝʥʪʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʩʦʙʠʨʘʪʴʩʷ ʚ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʘʨʛʫʤʝʥʪʘʮʠʠ. ʆʥ ʨʘʟʣʠʯʘʣ ʜʚʘ ʚʠʜʘ ʜʦʢʘ-
ʟʘʪʝʣʴʩʪʚ: ʥʝʫʚʝʨʝʥʥʳʝ ʠ ʫʚʝʨʝʥʥʳʝ. ʋʚʝʨʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʥ ʦʧ-
ʨʝʜʝʣʷʣ ʯʝʨʝʟ ʦʩʦʙʳʡ ʚʠʜ ʟʥʘʥʠʡ ð ʘʥʥʫʣʷʪʦʨʳ, ʥʦʚʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, 
ʨʘʟʨʫʰʘʶʱʠʝ ʦʧʨʘʚʜʘʪʝʣʴʥʫʶ (ʘʨʛʫʤʝʥʪʠʨʫʶʱʫʶ) ʩʠʣʫ, ʢʦʪʦʨʫʶ ʫʚʝ-
ʨʝʥʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʦʣʫʯʠʣʦ ʦʪ ʝʛʦ ʧʦʩʳʣʢʠ. ɼ. ʇʦʣʣʦʢ ʚʚʝʣ ʜʚʘ 
ʚʠʜʘ ʘʥʥʫʣʷʪʦʨʦʚ: ʦʧʨʦʚʝʨʛʘʶʱʠʝ ʠ ʨʘʟʨʝʟʘʶʱʠʝ. ʇʝʨʚʳʡ ð ʜʦʢʘʟʘ-
ʪʝʣʴʩʪʚʦ, ʨʘʟʨʫʰʘʶʱʝʝ ʧʦʩʳʣʢʫ, ʩʦʟʜʘʚʘʷ ʝʡ ʦʧʧʦʟʠʮʠʶ. ʈʘʟʨʝʟʘʶʱʠʡ 
ʘʥʥʫʣʷʪʦʨ ʨʚʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʠ ʟʘʢʣʶʯʝʥʠʝʤ. ɼ. ʇʦʣʣʦʢ 
ʜʘʣ ʘʥʘʣʠʟ ʧʦʥʷʪʠʷ çʦʧʨʘʚʜʘʥʠʝè. 

ʀʜʝʠ ɼ. ʇʦʣʣʦʢʘ ʥʘʰʣʠ ʨʘʟʚʠʪʠʝ ʚ ʀʀ: ɼ. ɼʦʡʣ [150] ʨʘʟʨʘʙʦʪʘʣ 
ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ; ʈ. ʈʝʡʪʝʨ [151] ð ʣʦʛʠʢʫ 
ʫʤʦʣʯʘʥʠʡ; ɺ.ʂ. ʌʠʥʥ ð ʣʦʛʠʢʫ ʘʨʛʫʤʝʥʪʘʮʠʠ ʠ ɼʉʄ-ʤʝʪʦʜ ʘʚʪʦʤʘʪʠ-
ʯʝʩʢʦʛʦ ʧʦʨʦʞʜʝʥʠʷ ʛʠʧʦʪʝʟ [152 ð 154]. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 
ʜʣʷ ʫʯʝʪʘ ʚ ʨʘʩʩʫʞʜʝʥʠʷʭ ʤʥʦʛʦʦʙʨʘʟʠʷ ʤʥʝʥʠʡ ʦʪʢʨʳʣʠ ʚ ʤʘʪʝʤʘʪʠʢʝ 
ʤʥʦʛʦʟʥʘʯʥʳʝ ʣʦʛʠʢʠ [155, 156]. 

ɼʣʷ ʫʯʝʪʘ ʧʣʶʨʘʣʠʟʤʘ ʤʥʝʥʠʡ [157] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʣʶʨʘʣʠʩʪʠ-
ʯʝʩʢʘʷ ʠ n-ʫʩʨʝʜʥʷʶʱʘʷ ʣʦʛʠʢʠ [158, 159]. ʇʦʩʣʝʜʥʷʷ ʚʚʝʜʝʥʘ, ʯʪʦʙʳ 
ʦʪʨʘʟʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ. ɺ n-
ʫʩʨʝʜʥʷʶʱʝʡ ʣʦʛʠʢʝ ʟʥʘʯʝʥʠʷ ʫʪʚʝʨʞʜʝʥʠʷ A ð ʫʧʦʨʷʜʦʯʝʥʥʘʷ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ n ʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ A1, é, An. ʇʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦ-
ʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʦʙʦʟʥʘʯʘʝʪ ʤʥʝʥʠʝ çʟʘè, ʦʪʨʠʮʘʪʝʣʴʥʦʝ ð çʧʨʦ-
ʪʠʚè. ʏʝʤ ʙʦʣʴʰʝ ʯʠʩʣʦ, ʪʝʤ ʤʥʝʥʠʝ ʩʠʣʴʥʝʝ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʪ ʘʚʪʦʨʠʪʝʪ 
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ʵʢʩʧʝʨʪʘ. ʊʦʛʜʘ ʟʥʘʯʝʥʠʝ ( )1( ) ... navg A A A n= + +  ð ʦʪʦʙʨʘʞʘʝʪ ʤʥʝ-
ʥʠʝ ʵʢʩʧʝʨʪʦʚ. ɿʥʘʯʝʥʠʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʦʪʨʠʮʘʥʠʷ: 

 
 [ ] ( )1_ ( ) 2 ( ),  ...,  2 ( )nnot avg A A avg A A avg A= - Ö - Ö , 
 
ʧʨʠʯʝʤ ( )_ ( ) ( )avg not avg A avg A= - . ʇʝʨʝʤʝʥʥʘʷ ʩ ( ) 0avg A =  ʦʙʦʟʥʘ-
ʯʘʝʪ ʥʘʣʠʯʠʝ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʤʥʝʥʠʡ. ʄʘʢʩʠʤʫʤ ʨʘʟʣʠʯʠʷ ʧʘʨ ʯʠʩʝʣ ʚ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ A1, é, An ð ʩʪʝʧʝʥʴ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ. ʅʘ ʩʨʝʜʥʝʤ 
ʘʨʠʬʤʝʪʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʳ ʦʙʦʙʱʝʥʠʷ ʙʠʥʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʢʦʥʲʶʥʢ-
ʮʠʠ ʠ ʜʠʟʲʶʥʢʮʠʠ. ɽʩʣʠ n = 2 (ʜʫʘʣʴʥʘʷ ʣʦʛʠʢʘ), ʤʦʞʥʦ ʫʯʝʩʪʴ çʦʩʥʦʚ-
ʥʦʝè ʠ çʦʧʧʦʟʠʮʠʦʥʥʦʝè ʤʥʝʥʠʷ. ɼʫʘʣʴʥʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ P ʩʦ ʟʥʘʯʝ-
ʥʠʝʤ (P1, P2) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʃʦʛʠʯʝʩʢʦʝ ʦʪʨʠʮʘʥʠʝ 
ð ʦʪʨʘʞʝʥʠʝ ʪʦʯʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ. ʂʦʥʲʶʥʢʮʠʠ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʪʦʯʢʘ ʙʣʠʞʝ ʢ ʦʩʠ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʜʠʟʲʶʥʢʮʠʠ ð ʜʘʣʴʰʝ.  

ɿʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʷ ʵʧʠʩʪʠʤʠʩʪʠ-
ʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʠʣʠ ʩʪʝʧʝʥʠ ʜʦʚʝʨʠʷ. ʉʪʝʧʝʥʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦ-
ʪʝʟʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ð ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʜʦʧʦʜʦʙʠʷ 
ʪʦʛʦ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʟʘʩʣʫʞʠʚʘʝʪ ʜʦʚʝʨʠʷ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪ ʩ ʧʦʤʦ-
ʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ (ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ), ʢʘʢ ʨʘʟʥʠʮʳ 
ʤʝʞʜʫ ʩʪʝʧʝʥʴʶ ʜʦʚʝʨʠʷ ʠ ʥʝʜʦʚʝʨʠʷ [160]. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʨʝʥʥʦʩʪʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ (ʩʠʩʪʝʤʘʭ ʩ ʙʘʟʘʤʠ ʟʥʘʥʠʡ) 
ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʥʝʩʪʨʦʛʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ð ʪʝʦʨʠʷ ɼʝʤʧʩʪʝʨʘ ð ʐʝʬ-
ʬʝʨʘ [160], ʛʜʝ ʤʦʜʝʣʠʨʫʶʪʩʷ ʨʘʩʩʫʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦ-
ʩʪʠ, ʥʝʪʦʯʥʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʢ ʥʝʟʥʘʥʠʷ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʝʧʝʥʠ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ ʥʝʭʚʘʪʢʠ ʜʦʚʝʨʠʷ. ɺʟʚʝʰʝʥʥʳʝ 
ʦʮʝʥʢʘʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʤʦʛʫʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʯʝ-
ʪʘʤ ʥʦʚʳʭ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʦʮʝʥʦʢ. 

ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʠʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʀʀ ʢ ʩʧʦʨʫ ʢʘʢ ʢ ʣʦʛʠʢʝ ʷʚʣʷʝʪʩʷ 
ʧʦʜʭʦʜ ʢ ʩʧʦʨʫ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ ʚ ʤʥʦ-
ʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ [49, 161]. ʄɸʉ ʠʜʝʘʣʴʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʪʨʝ-
ʙʫʶʱʠʭ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ, ʪʦʯʝʢ ʟʨʝʥʠʷ ʠ ʩʫʱʥʦ-
ʩʪʝʡ. ʕʪʠ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠ ʢʦʥʢʫʨʝʥʪ-
ʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʭʝʤ ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʷ, ʦʜʥʦʡ ʠʟ ʬʦʨʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʷ. ʆʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʩʚʦʡʩʪʚ ʘʛʝʥʪʘ ð ʩʦʮʠʘʣʴʥʦʩʪʴ ð ʩʧʦʩʦʙʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 
ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʝʰʝʥʠʝ 
ʟʘʜʘʯʠ, ʧʨʠʯʝʤ ʟʘʯʘʩʪʫʶ ʚʦʟʥʠʢʘʶʪ ʩʧʦʨʳ, ʢʦʛʜʘ ʨʘʟʥʳʝ ʘʛʝʥʪʳ ʧʦ-
ʨʘʟʥʦʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ. ɺ ʄɸʉ ʚʦʟʤʦʞʥʦ ʦʪʦʙʨʘʟʠʪʴ 
ʩʪʨʘʪʝʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʦʙʤʝʥʘ ʟʥʘʥʠʷʤʠ: ʢʦʦʧʝʨʘʮʠʶ, 
ʢʦʤʧʨʦʤʠʩʩ, ʢʦʥʢʫʨʝʥʮʠʶ, ʢʦʥʬʦʨʤʠʟʤ, ʩʦʣʠʜʘʨʥʦʩʪʴ ʠ ʫʢʣʦʥʝʥʠʝ. 
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ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʚ ʀʀ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ [117] ʨʘʟʚʠʚʘʝʪʩʷ ʠʥʪʝʛʨʘ-
ʮʠʷ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ð ʛʠʙʨʠʜʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝ-
ʤʳ [4, 25, 118 ð 120], ʚ ʯʘʩʪʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʠʙʨʠʜʥʳʝ ʠʥʪʝʣ-
ʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ɽʩʣʠ ʚ ʄɸʉ ʧʦʜʟʘʜʘʯʫ ʨʝʰʘʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-
ʥʳʡ ʘʛʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʜʨʫʛʠʤʠ ʘʛʝʥʪʘʤʠ, ʪʦ ʚ 
ʌɻʠʀʉ ʝʝ ʨʝʰʘʝʪ ʘʚʪʦʥʦʤʥʘʷ ʤʦʜʝʣʴ ʢʘʢ ʯʘʩʪʴ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʤʦʜʝʣʴ-
ʥʦʛʦ ʧʦʣʷ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʜʘʥʘ ʩʪʨʘʪʝʛʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ.  

ɽʱʝ ʦʜʥʘ ʢʦʥʮʝʧʮʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʦʨʘ ʚ ʀʀ ð ʩʦʟʜʘʥʠʝ ʩʣʝʜʷ-
ʱʝʡ ʩʠʩʪʝʤʳ ʪʠʧʘ çʜʦʩʢʘ ʦʙʲʷʚʣʝʥʠʡè [161]. ɺ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ 
ʵʪʠʭ ʩʠʩʪʝʤ ʣʝʞʠʪ ʩʣʝʜʫʶʱʘʷ ʠʜʝʷ: 1) ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʥʘʭʦʜʠʪʩʷ ʦʢʦ-
ʣʦ ʜʦʩʢʠ ʦʙʲʷʚʣʝʥʠʡ ʠ ʧʳʪʘʝʪʩʷ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ; 2) ʵʢʩʧʝʨʪ ð ʩʧʝ-
ʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ, ʠʤʝʶʱʝʡ ʦʪʥʦʰʝʥʠʝ ʢ ʟʘʜʘʯʝ; 3) ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʦ-
ʙʣʝʤʳ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʟʘʧʠʩʘʥʳ ʥʘ ʜʦʩʢʝ; 4) ʵʢʩʧʝʨʪʳ ʩʤʦʪʨʷʪ ʥʘ 
ʜʦʩʢʫ, ʜʫʤʘʶʪ ʥʘʜ ʪʝʤ, ʯʝʤ ʧʦʤʦʯʴ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ; 5) ʝʩʣʠ ʵʢʩ-
ʧʝʨʪ ʯʫʚʩʪʚʫʝʪ, ʯʪʦ ʝʤʫ ʝʩʪʴ ʯʪʦ ʩʢʘʟʘʪʴ, ʦʥ ʚʳʧʦʣʥʷʝʪ ʨʘʩʩʫʞʜʝʥʠʷ, 
ʚʳʯʠʩʣʝʥʠʷ ʠ ʟʘʧʠʩʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʥʘ ʜʦʩʢʝ; ʥʦʚʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ 
ʧʦʟʚʦʣʠʪʴ ʜʨʫʛʠʤ ʵʢʩʧʝʨʪʘʤ ʚʥʝʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʟʘ-
ʜʘʯʠ; 6) ʧʨʦʮʝʩʩ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʢʦʛʜʘ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʘ. ʉʚʦʡʩʪʚʘ ʩʠʩ-
ʪʝʤʳ ʩ çʜʦʩʢʦʡ ʦʙʲʷʚʣʝʥʠʡè: 1) ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʧʳʪʘ; 2) ʨʘʟʥʦʦʙʨʘʟʠʝ 
ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; 3) ʛʠʙʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʘʭ 
ʜʦʩʢʠ ʦʙʲʷʚʣʝʥʠʡ; 4) ʦʙʱʠʡ ʷʟʳʢ ʠʥʪʝʨʬʝʡʩʘ; 5) ʫʯʝʪ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-
ʟʫʣʴʪʘʪʦʚ; 6) ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʩʦʙʳʪʠʡ; 7) ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ; 
8) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʚʳʚʦʜ. çɼʦʩʢʘ ʦʙʲʷʚʣʝʥʠʡè ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʦ ʠ ʚ ʄɸʉ ʜʣʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʘʛʝʥʪʦʚ. 

ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ. ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜʳ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʠ ʤʥʝ-
ʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ. 

ʄʝʪʦʜ ɼʝʣʴʬʠ [162] ð ʧʨʦʮʝʩʩ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʯʘʩʪʥʠʢʠ 
ʉʇʇʈ ʧʨʠʭʦʜʷʪ ʢ ʢʦʥʩʝʥʩʫʩʫ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʜʠʩʢʫʩʩʠʠ. ʄʝʪʦʜ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʚʳʨʘʙʦʪʢʝ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʤʳʰʣʝʥʠʷ ʯʣʝʥʦʚ ʛʨʫʧʧʳ, ʧʨʝʧʷʪʩʪʚʫ-
ʝʪ ʢʦʥʬʨʦʥʪʘʮʠʠ ʵʢʩʧʝʨʪʦʚ, ʧʦʟʚʦʣʷʷ ʫʯʠʪʳʚʘʪʴ ʤʥʝʥʠʝ ʤʝʥʴʰʠʥʩʪʚʘ.  

ʆʙʤʝʥ ʤʥʝʥʠʷʤʠ [162] ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʉʇʇʈ, ʢʦʛʜʘ ʧʦʟʠʮʠʠ ʵʢʩʧʝʨ-
ʪʦʚ ʨʘʟʜʝʣʠʣʠʩʴ ʠ ʢʘʞʜʘʷ ʢʦʘʣʠʮʠʷ ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʩʚʦʝʡ ʪʦʯʢʝ ʟʨʝʥʠʷ. 
ʆʙʤʝʥ ʤʥʝʥʠʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ ʠ ʠʩʢʣʶʯʘʝʪ ʢʦʥʬʨʦʥʪʘʮʠʶ. 

3.2. ʉʧʦʨ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ɺ ʤʦʜʝʣʠ çʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʱʝʩʪʚʦè ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʢʦʣ-
ʣʝʢʪʠʚʥʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ. ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʝʜ-
ʧʨʠʷʪʠʠ, ʟʘʪʨʘʛʠʚʘʶʪ ʠʥʪʝʨʝʩʳ ʤʥʦʛʠʭ ʣʶʜʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝ-
ʝʪ ʩʚʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʦʙʣʝʤʫ. ɺʦʟʨʦʩʣʦ ʢʦʣʠʯʝʩʪʚʦ 
ʟʘʜʘʯ, ʧʨʘʚʠʣʴʥʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ 
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ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʵʢʩʧʝʨʪʦʚ. ɼʦʩʪʠʛʥʫʚ ʢʦʥʩʝʥʩʫʩʘ ʤʝʞʜʫ ʟʘʠʥʪʝʨʝʩʦ-
ʚʘʥʥʳʤʠ ʣʠʮʘʤʠ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʠ ʦʙ ʫʩʧʝʰʥʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ. ʆʧ-
ʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʤʠʥʠʤʠʟʠʨʫʝʪ ʠʣʠ ʤʘʢʩʠʤʠʟʠʨʫʝʪ ʢʨʠʪʝʨʠʡ ʦʧʪʠ-
ʤʘʣʴʥʦʩʪʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ. ʉʣʦʞʥʳʝ ʟʘʜʘʯʠ 
ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʩʠʩʪʝʤʥʦʩʪʠ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʜʠʥʘʤʠʯʥʦʩʪʠ, 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʠʤʝʶʪ ʧʦʣʠʷʟʳʢʦʚʦʡ ʭʘʨʘʢʪʝʨ ʠ ʚʥʫʪʨʝʥʥʶʶ ʥʝʩʦ-
ʛʣʘʩʦʚʘʥʥʦʩʪʴ (ʨʘʟʜ. 1.2.2), ʠ ʚʳʜʝʣʠʪʴ ʚ ʪʘʢʠʭ ʟʘʜʘʯʘʭ ʢʨʠʪʝʨʠʡ ʦʧʪʠ-
ʤʘʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 
ʨʘʮʠʦʥʘʣʴʥʦʤ ʨʝʰʝʥʠʠ, ʫʯʠʪʳʚʘʶʱʝʤ ʚʩʝ ʢʨʠʪʝʨʠʠ. ʕʪʦ ʨʝʰʝʥʠʝ ʥʝ 
ʛʘʨʘʥʪʠʨʫʝʪ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʩʝʭ ʢʨʠʪʝʨʠʝʚ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝ-
ʟʫʣʴʪʘʪ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ.  

 ʆʜʥʘ ʠʟ ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʘ ʣʶʜʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
ð ʩʦʚʝʱʘʥʠʝ ʟʘ ʢʨʫʛʣʳʤ ʩʪʦʣʦʤ. ʉʦʟʜʘʝʪʩʷ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ, ʚ ʩʦʩʪʘʚ 
ʢʦʪʦʨʦʡ ʚʭʦʜʷʪ ʃʇʈ ʠ ʵʢʩʧʝʨʪʳ ʨʘʟʥʳʭ ʧʨʦʬʝʩʩʠʡ.  ʅʘ ʩʦʚʝʱʘʥʠʠ ʧʝʨ-
ʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʥʠʤʘʶʪ ʟʥʘʥʠʷ ʵʢʩʧʝʨʪʦʚ ʠ ʃʇʈ. ʃʶʜʠ ʨʘʟ-
ʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʵʢʩʧʝʨʪʳ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʤʝʶʪ ʨʘʟ-
ʥʳʡ, ʥʦ ʙʦʣʝʝ ʫʧʨʦʱʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʦʜʥʫ ʠ ʪʫ ʞʝ ʟʘʜʘʯʫ. ʕʪʦ ʧʦʟʚʦʣʷ-
ʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʝ ʧʦʣʥʦ, ʥʝ ʫʧʫʩʢʘʷ ʜʝʪʘʣʝʡ, ʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʥʘ 
ʦʩʥʦʚʝ ʝʝ ʘʥʘʣʠʟʘ. ʄʦʜʝʣʴ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ, ʧʨʠ ʢʦʪʦ-
ʨʦʤ ʚ ʦʙʩʫʞʜʝʥʠʠ ʧʨʦʙʣʝʤʳ ʫʯʘʩʪʚʫʶʪ ʵʢʩʧʝʨʪʳ ʠ ʃʇʈ, ʧʦʣʫʯʠʣʦ ʥʘ-
ʟʚʘʥʠʝ çʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡè [25, 52].  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʉʇʇʈ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʦʯʝʚʠʜʥʳ. ɼʣʷ 
ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʧʦʜʭʦʜ, ʪʨʝʙʫ-
ʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʚ, ʫʯʝʪ ʤʥʝʥʠʡ ʨʘʟʥʳʭ ʵʢʩʧʝʨʪʦʚ. ɺ ʉʇʇʈ 
ʵʢʩʧʝʨʪ ʨʝʰʘʝʪ ʯʘʩʪʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʝʛʦ ʦʙʣʘʩʪʠ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ, ʠ ʚʳʩʢʘʟʳʚʘʝʪ ʤʥʝʥʠʝ ʧʦ ʧʦʚʦʜʫ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʮʝʣʦʤ.  

ʏʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʟʘʜʘʯʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʥʳ 
ʨʝʛʣʘʤʝʥʪ ʨʘʙʦʪʳ ʵʢʩʧʝʨʪʦʚ ʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʉʇʇʈ. 
ʃʇʈ ʤʦʞʝʪ ʟʘʜʘʪʴ ʚʨʝʤʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ, ʢʦʛʜʘ 
ʵʢʩʧʝʨʪʳ ʜʦʣʞʥʳ ʚʩʪʫʧʘʪʴ ʚ ʩʧʦʨ; ʧʦʨʷʜʦʢ ʠʣʠ ʦʯʝʨʝʜʥʦʩʪʴ ʚʳʩʪʫʧʣʝ-
ʥʠʷ ʵʢʩʧʝʨʪʦʚ ʧʨʠ ʦʪʩʪʘʠʚʘʥʠʠ ʩʚʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ; ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ 
ʦʪʥʦʰʝʥʠʝ ʧʦʜʯʠʥʝʥʥʦʩʪʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʘʨʛʫʤʝʥʪʘʤʠ. ʂʘʢ ʧʨʘʚʠ-
ʣʦ, ʃʇʈ ʨʝʜʫʮʠʨʫʝʪ ʟʘʜʘʯʫ, ʫʢʘʟʳʚʘʝʪ ʦʯʝʨʝʜʥʦʩʪʴ ʚʳʩʪʫʧʣʝʥʠʷ ʵʢʩ-
ʧʝʨʪʦʚ ʠ ʠʛʨʘʝʪ ʨʦʣʴ çʢʦʥʪʨʦʣʝʨʘè ʧʨʦʮʝʩʩʘ, ʩʣʝʜʠʪ ʟʘ ʭʦʜʦʤ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʨʦʚʦʜʠʪ ʘʥʘʣʠʟ, ʦʙʲʝ-
ʜʠʥʷʝʪ ʚʟʛʣʷʜʳ ʵʢʩʧʝʨʪʦʚ ʠ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ. 

 
3.2.1. ɺʠʜʳ ʩʧʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ɺ ʉʇʇʈ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʜʚʘ ʚʠʜʘ ʩʧʦʨʘ: ʜʠʩʢʫʩʩʠʶ ʠ ʧʦʣʝʤʠʢʫ. 
ɼʠʩʢʫʩʩʠʷ [144, 163] ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʝʨʠʷ ʚʳʩʢʘʟʳʚʘʥʠʡ ʫʯʘ-

ʩʪʥʠʢʦʚ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʥʦʩʪʴ ʦʙʩʫʞʜʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ ʪʝʤʘ ʜʠʩʢʫʩʩʠʠ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʜʦ ʝʝ ʥʘʯʘʣʘ.  
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ʆʪ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʧʦʨʦʚ ʜʠʩʢʫʩʩʠʷ ʦʪʣʠʯʘʝʪʩʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ 
ʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʎʝʣʴ ʜʠʩʢʫʩʩʠʠ ð ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʠʷ ʫʯʘʩʪʥʠʢʦʚ. ʆʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ ð 
ʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʪʝʨʧʠʤʦʩʪʴ ʢ ʤʥʝʥʠʶ ʦʧʧʦʥʝʥʪʘ, ʞʝʣʘʥʠʝ 
ʜʦʩʪʠʛʥʫʪʴ ʢʦʤʧʨʦʤʠʩʩʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʠʥʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʘʨ-
ʛʫʤʝʥʪʦʚ. ɼʠʩʢʫʩʩʠʷ ʩʦʜʝʨʞʠʪ ʜʦʣʶ ʢʦʤʧʨʦʤʠʩʩʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʨʠʝʥʪʠ-
ʨʦʚʘʥʘ ʥʘ ʧʦʠʩʢ ʨʝʰʝʥʠʷ, ʘ ʥʝ ʥʘ ʪʦʨʞʝʩʪʚʦ ʧʦʟʠʮʠʠ ʵʢʩʧʝʨʪʘ. ʉʨʝʜʩʪʚʘ 
ʜʠʩʢʫʩʩʠʠ ʦʙʷʟʘʥʳ ʧʨʠʟʥʘʚʘʪʴʩʷ ʚʩʝʤʠ ʝʝ ʫʯʘʩʪʥʠʢʘʤʠ. ʀʪʦʛ ʜʠʩʢʫʩʩʠʠ 
ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʠʥʪʝʟ (ʢʦʤʙʠʥʘʮʠʶ) ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʧʦʣʫ-
ʯʝʥʥʳʭ ʦʪ ʨʘʟʥʳʭ ʵʢʩʧʝʨʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʝʝ ʨʝʰʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 1) ʜʠʩʢʫʩʩʠʷ ʚ ʉʇʇʈ ð ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʵʢʩʧʝʨʪʦʚ ʠ ʃʇʈ; 2) ʫʯʘʩʪʥʠʢʠ ʜʠʩʢʫʩʩʠʠ ð ʵʢʩʧʝʨʪʳ ʚ ʩʚʦʠʭ ʦʙʣʘʩʪʷʭ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʩʢʘʟʳʚʘʶʱʠʝ ʩʚʦʠ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʨʝʰʘʝʤʫʶ ʟʘʜʘʯʫ; 
3) ʃʇʈ ʟʥʘʢʦʤʠʪ ʩ ʟʘʜʘʯʝʡ ʵʢʩʧʝʨʪʦʚ, ʧʨʠʥʠʤʘʝʪ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝ-
ʥʠʝ; 4) ʮʝʣʴ ʜʠʩʢʫʩʩʠʠ ð ʜʦʩʪʠʞʝʥʠʝ ʨʝʰʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʛʦ ʫʯʘ-
ʩʪʥʠʢʦʚ ʩʧʦʨʘ, ʢʦʥʩʝʥʩʫʩʘ; 5) ʫʯʘʩʪʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, 
ʠʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʯʠ; 
ʢʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʩʚʦʠʤ ʤʝʪʦʜʦʤ.  

ʇʦʣʝʤʠʢʘ  [164, 165]  ð ʚʠʜ ʩʧʦʨʘ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʫʩʠʣʠʷ ʩʪʦʨʦʥ 
ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʪʚʝʨʞʜʝʥʠʝ (ʧʦʙʝʜʫ) ʩʚʦʝʡ ʧʦʟʠʮʠʠ. ʆʪʣʠʯʠʪʝʣʴʥʳʝ 
ʯʝʨʪʳ ʧʦʣʝʤʠʢʠ: 1) ʫʪʚʝʨʞʜʝʥʠʝ ʩʚʦʝʡ ʧʦʟʠʮʠʠ; 2) ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʦ-
ʣʝʤʠʢʝ ʚʦʣʴʥʳ ʚ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʩʧʦʨʘ, ʝʛʦ ʩʪʨʘʪʝʛʠʠ ʠ ʪʘʢʪʠʢʠ. ɺ ʧʦ-
ʣʝʤʠʢʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʪʨʘʪʝʛʠʠ ʫʙʝʞʜʝʥʠʷ ʧʨʦʪʠʚʥʠʢʘ ʚ 
ʩʚʦʝʡ ʧʨʘʚʦʪʝ, ʧʦʙʝʜʳ ʣʶʙʦʡ ʮʝʥʦʡ, ʧʨʦʮʝʩʩʘ ʨʘʜʠ ʩʘʤʦʛʦ ʩʧʦʨʘ. ɺ ʧʦ-
ʣʝʤʠʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʪʠʯʝʩʢʠʝ ʧʨʠʝʤʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʚʦʜʦʚ ʦʧ-
ʧʦʥʝʥʪʘ ʧʨʦʪʠʚ ʥʝʛʦ; ʧʨʠʚʝʜʝʥʠʝ ʫʪʚʝʨʞʜʝʥʠʷ ʦʧʧʦʥʝʥʪʘ ʢ ʘʙʩʫʨʜʫ; 
ʦʙʩʫʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ, ʚʳʜʚʠʥʫʚʰʝʛʦ ʪʦ ʠʣʠ ʠʥʦʝ ʩʦʦʙʨʘʞʝʥʠʝ; ʟʘʦʩʪ-
ʨʝʥʠʝ ʩʧʦʨʘ ʥʘ ʚʥʦʚʴ ʦʪʢʨʳʚʰʝʤʩʷ ʘʨʛʫʤʝʥʪʝ ʦʧʧʦʥʝʥʪʘ; ʘʪʘʢʘ ʚʦʧʨʦ-
ʩʘʤʠ ʦʧʧʦʥʝʥʪʘ, ʟʘʩʪʘʚʣʷʶʱʘʷ ʝʛʦ ʟʘʱʠʱʘʪʴʩʷ, ʩʦʟʜʘʶʱʘʷ ʜʣʷ ʘʪʘ-
ʢʫʶʱʝʛʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʧʦʨʘ. ɺ ʧʦʣʝʤʠʢʝ ʜʦʧʫʩʢʘʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʠʝʤʦʚ, ʢʘʢ ʟʘʭʚʘʪ ʠʥʠʮʠʘʪʠʚʳ, ʚʥʝʟʘʧʥʦʩʪʴ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʚʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ, ʥʘʚʷʟʳʚʘʥʠʝ 
ʩʚʦʝʛʦ ʩʮʝʥʘʨʠʷ ʩʧʦʨʘ ʠ ʪ.ʧ. ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʦʙʝʜʠʚʰʠʡ ʚ ʧʦʣʝ-
ʤʠʢʝ ʵʢʩʧʝʨʪ ʥʝʩʝʪ ʜʦʣʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʨʝʰʝʥʠʝ. 

ɻʣʘʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʦʣʝʤʠʢʦʡ ʠ ʜʠʩʢʫʩʩʠʝʡ ð ʠʭ ʮʝʣʠ ʠ ʩʨʝʜ-
ʩʪʚʘ. ʎʝʣʴ ʜʠʩʢʫʩʩʠʠ ð ʜʦʩʪʠʞʝʥʠʝ ʩʦʛʣʘʩʠʷ ʵʢʩʧʝʨʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ, ʘ ʧʦʣʝʤʠʢʠ ð  ʧʦʙʝʜʘ ʥʘʜ ʜʨʫʛʦʡ ʩʪʦʨʦʥʦʡ, ʫʪʚʝʨ-
ʞʜʝʥʠʝ ʩʚʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʉʨʝʜʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʜʠʩʢʫʩʩʠʠ, ʧʨʠ-
ʟʥʘʶʪʩʷ ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ. ɺ ʧʦʣʝʤʠʢʝ ʫʯʘʩʪʥʠʢ ʧʨʠʤʝʥʷʝʪ ʪʝ ʩʨʝʜʩʪ-
ʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʝʤʫ ʧʦʙʝʜʠʪʴ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʜʦʧʫʩʢʘʶʪ ʣʠ 
ʵʪʠ ʩʨʝʜʩʪʚʘ ʜʨʫʛʠʝ ʫʯʘʩʪʥʠʢʠ. ʈʘʟʣʠʯʠʝ ʮʝʣʝʡ ʠ ʩʨʝʜʩʪʚ ʜʠʩʢʫʩʩʠʠ ʠ 
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ʧʦʣʝʤʠʢʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʪʦʛʦ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʪʦʨʦʥʘ ʚ ʜʠʩʢʫʩ-
ʩʠʠ ʠʤʝʥʫʝʪʩʷ çʦʧʧʦʥʝʥʪʦʤè, ʘ ʚ ʧʦʣʝʤʠʢʝ ð çʧʨʦʪʠʚʥʠʢʦʤè. 

ɼʣʷ ʉʇʇʈ ʜʠʩʢʫʩʩʠʷ ð ʥʘʠʙʦʣʝʝ çʧʦʜʭʦʜʷʱʘʷè ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʧʦ-
ʨʘ, ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʚʘʞʥʘ ʢʦʣʣʝʢʪʠʚʥʘʷ ʚʳʨʘʙʦʪʢʘ ʨʝʰʝʥʠʷ, ʥʘʭʦʞʜʝʥʠʝ 
ʢʦʥʩʝʥʩʫʩʘ ʠ ʢʦʤʧʨʦʤʠʩʩʘ, ʘ ʥʝ ʫʪʚʝʨʞʜʝʥʠʝ ʩʚʦʝʡ ʧʦʟʠʮʠʠ.  

 
3.2.2. ʄʝʩʪʦ ʩʧʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʉʧʦʨ ʚ ʉʇʇʈ ʟʘʥʠʤʘʝʪ ʢʣʶʯʝʚʫʶ ʧʦʟʠʮʠʶ ʢʘʢ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʵʢʩʧʝʨʪʦʚ, ʩʧʦʩʦʙ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʟʥʘʥʠʡ ʠ ʥʘʭʦʞʜʝʥʠʷ ʨʘʮʠʦ-
ʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʅʘ ʨʠʩ 3.1 ʧʦʢʘʟʘʥʦ ʤʝʩʪʦ ʩʧʦʨʘ ʚ ʉʇʇʈ. ɺʥʝʰʥʠʡ 
ʧʨʷʤʦʫʛʦʣʴʥʠʢ ð ʚʥʝʰʥʷʷ ʩʨʝʜʘ ʉʇʇʈ. ʕʣʝʤʝʥʪʳ ʉʇʇʈ: ʃʇʈ ʠ ʵʢʩ-
ʧʝʨʪʳ ð ʠʟʦʙʨʘʞʝʥʳ ʦʚʘʣʘʤʠ, ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʫʯʘʩʪʠʝ ʚ ʩʧʦ-
ʨʝ. ʃʇʈ ʠ ʵʢʩʧʝʨʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʦʠʤʠ ʤʦʜʝʣʷʤʠ ʣʠʯʥʦʩʪʠ: ʦʧʳʪʦʤ, 
ʟʥʘʥʠʷʤʠ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʳʰʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ. ʕʣʝʤʝʥʪ çɺʣʘʜʝʣʝʮ 
ʟʘʜʘʯʠè ð ʦʨʛʘʥʠʟʘʮʠʷ ʠʣʠ ʣʠʮʦ, ʢʦʪʦʨʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ, 
ʠʩʪʦʯʥʠʢ ʟʘʜʘʯʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ. ʕʣʝʤʝʥʪ çʉʇʆʈè 
ð ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʧʝʨʪʦʚ ʠ ʃʇʈ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ 
çʥʝʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè (1.19) ʧʦʩʨʝʜʩʪʚʦʤ ʦʧʳʪʘ, ʟʥʘʥʠʡ ʠ ʜʝʡʩʪʚʠʡ 
ʃʇʈ ʠ ʵʢʩʧʝʨʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ.  

ɺ ʩʠʤʚʦʣʴʥʦʤ ʚʠʜʝ ʩʧʦʨ ʚ ʉʇʇʈ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ: 
  

 ( , , )
uu met uEXP dm prb dec½½½­ ,  (3.1) 

 
ʛʜʝ 1 2{ ,  ,  ..., }

expNEXP exp exp exp=  ð çʤʦʜʝʣʠ ʣʠʯʥʦʩʪʝʡ ʵʢʩʧʝʨʪʦʚè (ʠʭ 
ʟʥʘʥʠʷ ʠ ʦʧʳʪ), EXP RESÌ  (RES ð ʤʥʦʞʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʨʘʟʜ. 1.2.4), 

expN  ð ʯʠʩʣʦ ʵʢʩʧʝʨʪʦʚ ʚ ʉʇʇʈ; dm  ð çʤʦʜʝʣʴ ʣʠʯʥʦʩʪʠ ʃʇʈè, 

dmÍ RES ; uprb  ð ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʢʘʢ ʥʝʦʜ-
ʥʦʨʦʜʥʦʡ ʟʘʜʘʯʠ; umet  ð ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ uprb , ʪ.ʝ.  ʤʝʭʘʥʠʟʤ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ EXP , dm  ʠ uprb  ʚ udec ; udec  ð ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ uprb , ʦʜʥʦ ʠʟ ʤʥʦʞʝʩʪʚʘ uDEC  ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ 

u udec DEC RESÍ Ì , ʧʨʠʯʝʤ udec  ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʞʝʩʪʚʦʤ (ʤʫʣʴʪʠʤ-
ʥʦʞʝʩʪʚʦʤ, ʥʝʯʝʪʢʠʤ ʤʥʦʞʝʩʪʚʦʤ).  

ɺ ʩʧʦʨʝ, ʚʦʟʥʠʢʘʶʱʝʤ ʚ ʉʇʇʈ, ʫʯʘʩʪʚʫʶʪ ʵʢʩʧʝʨʪʳ ( EXP ) ʠ ʃʇʈ 
( dm ), ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʫ ( uprb ) ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ ( umet ). ɺ ʭʦʜʝ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʳ ʧʦʣʫʯʘʶʪ ʨʝʟʫʣʴʪʘʪ ( udec ). ɹʫʜʝʤ ʨʘʟʣʠʯʘʪʴ 
ʜʚʘ ʚʘʨʠʘʥʪʘ ʤʝʭʘʥʠʟʤʘ ʩʧʦʨʘ: ʧʦʣʝʤʠʢʘ ʠ  ʜʠʩʢʫʩʩʠʷ. 
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ɺʘʨʠʘʥʪ 1 ð 
çʄʝʭʘʥʠʟʤ ʧʦʣʝ-
ʤʠʢʠè. ʄʝʭʘʥʠʟʤ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠʥ-
ʬʦʨʤʘʮʠʠ (metu) ʜʣʷ 
ʧʦʣʝʤʠʢʠ ʠʟʦʙʨʘʞʝʥ 
ʥʘ ʨʠʩ. 3.2. ɿʜʝʩʴ 
ʧʦʢʘʟʘʥʳ ʜʚʘ ʵʢʩ-
ʧʝʨʪʘ exp1 ʠ exp2 ʠ 
ʨʝʟʫʣʴʪʘʪʳ 1

udec  ʠ 

2
udec  ʨʝʰʝʥʠʷ ʠʤʠ 

ʟʘʜʘʯʠ. ɺʟʘʠʤʦʜʝʡ-
ʩʪʚʠʝ ʵʢʩʧʝʨʪʦʚ ʚ 
ʧʦʣʝʤʠʢʝ ʥʦʩʠʪ ʭʘ-
ʨʘʢʪʝʨ ʢʦʥʢʫʨʝʥʮʠʠ, 

çʧʦʙʝʞʜʘʝʪè ʦʜʠʥ ʠʟ ʵʢʩʧʝʨʪʦʚ, ʘ ʨʝʰʝʥʠʝ ʵʢʩʧʝʨʪʘ-ʧʦʙʝʜʠʪʝʣʷ ʧʨʠʥʠ-
ʤʘʝʪʩʷ ʚʩʝʤʠ ʵʢʩʧʝʨʪʘʤʠ. ʅʘ ʨʠʩ. 3.2 ʚ ʧʦʣʝʤʠʢʝ ʧʦʙʝʜʫ ʦʜʝʨʞʘʣ ʧʝʨ-
ʚʳʡ ʵʢʩʧʝʨʪ exp1, ʝʛʦ ʨʝʰʝʥʠʝ 1

udec  ʧʨʠʥʷʪʦ ʚʪʦʨʳʤ ʵʢʩʧʝʨʪʦʤ.  
ʂʦʥʢʫʨʝʥʮʠʶ ʥʘ ʨʠʩ. 

3.2 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 
ʚʠʜʝ ʤʦʜʝʣʠ çʯʝʨʥʳʡ 
ʷʱʠʢè. ʅʘ ʚʭʦʜʝ ð ʵʢʩ-
ʧʝʨʪʳ exp1 ʠ exp2 ʩʦ 
ʩʚʦʠʤʠ ʨʝʰʝʥʠʷʤʠ ʠʩ-
ʭʦʜʥʦʡ ʟʘʜʘʯʠ 1

udec  ʠ 

2
udec ; ʥʘ ʚʳʭʦʜʝ ð ʵʢʩʧʝʨʪʳ exp1 ʠ exp2 ʩ ʦʜʥʠʤ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘ-

ʯʠ 1
udec  ʠʣʠ 2

udec . ʇʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-
ʟʦʤ: 
1) ɽʩʣʠ ʜʦ ʢʦʥʢʫʨʝʥʮʠʠ 1 1 2 2 1 2(  ) ʠ (  ) ʠ u u u uexp dec exp dec dec dec> , ʪʦ ʧʦʩʣʝ 
ʢʦʥʢʫʨʝʥʮʠʠ 1 1 2 1(  ) ʠ (  )u uexp dec exp dec . 
2) ɽʩʣʠ ʜʦ ʢʦʥʢʫʨʝʥʮʠʠ 1 1 2 2 1 2(  ) ʠ (  ) ʠ u u u uexp dec exp dec dec dec< , ʪʦ ʧʦʩʣʝ 
ʢʦʥʢʫʨʝʥʮʠʠ 1 2 2 2(  ) ʠ (  )u uexp dec exp dec . 

ɺʘʨʠʘʥʪ 2 ð çʄʝʭʘʥʠʟʤ ʜʠʩʢʫʩʩʠʠè. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3.3, ʤʦʜʝʣʴ 
çʯʝʨʥʳʡ ʷʱʠʢè ʜʣʷ ʜʠʩʢʫʩʩʠʠ ʠʤʝʝʪ ʜʨʫʛʦʡ ʚʠʜ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʩ-
ʧʝʨʪʦʚ ʦʙʣʘʜʘʝʪ ʭʘʨʘʢʪʝʨʦʤ ʠʥʪʝʛʨʘʮʠʠ. ʊʘʢʘʷ ʬʦʨʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʪʦʯʥʦ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʢʦʛʜʘ ʵʢʩʧʝʨʪʳ ʭʦʪʷʪ ʚʳʨʘʙʦ-
ʪʘʪʴ ʨʝʰʝʥʠʝ ʠ ʧʨʠʡʪʠ ʢ ʢʦʥʩʝʥʩʫʩʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʘʮʠʠ ʵʢʩʧʝʨʪʳ 

exp1    1
udec  

exp2    2
udec  

 

ʂʦʥʢʫʨʝʥʮʠʷ 
ʵʢʩʧʝʨʪʦʚ  
exp1 ʠ exp2 

exp1    1
udec  

exp2    1
udec  

ʈʠʩ. 3.2 ð ʄʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  
ʠʥʬʦʨʤʘʮʠʠ ʚ ʧʦʣʝʤʠʢʝ 

 

                             ʉʇʇʈ 
 
 
 
 
 
 
 
                                        

 
 

ʉʇʆʈ 
 

ʉʣʦʞʥʘʷ 
ʟʘʜʘʯʘ 

ʈʝʟʫʣʴʪʘʪ 
ʨʝʰʝʥʠʷ 

ɺʥʝʰʥʷʷ ʩʨʝʜʘ 

ɺ
ʣ
ʘ
ʜ
ʝ
ʣ
ʝ
ʮ 
 
ʟ
ʘ
ʜ
ʘ
ʯ
ʠ 
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ʧʨʠʥʠʤʘʶʪ ʦʙʱʝʝ ʨʝʰʝ-
ʥʠʝ u

ʩʨdec , ʢʦʪʦʨʦʝ ʬʦʨ-
ʤʠʨʫʝʪʩʷ ʠʟ ʯʘʩʪʥʳʭ ʨʝ-
ʰʝʥʠʡ ʵʢʩʧʝʨʪʦʚ 1

udec  ʠ 

2
udec . ʆʩʦʙʝʥʥʦʩʪʴ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ð ʠʥʪʝʛʨʘ-
ʪʦʨ ð ʃʇʈ, ʧʦʤʦʛʘʶʱʝʝ 
ʵʢʩʧʝʨʪʘʤ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʦʙʱʝʝ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʩʪʦʨʦʥʳ ʩʧʦʨʘ: ʵʢʩʧʝʨʪʦʚ, ʃʇʈ.  
ɽʩʣʠ 1

udec  ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʨʝʰʝʥʠʷ, ʠʤʝʶʱʠʤʩʷ ʫ ʃʇʈ, 
ʣʫʯʰʝ, ʯʝʤ 2

udec , ʪʦ u
ʩʨdec = 1

udec , ʠ, ʥʘʦʙʦʨʦʪ, ʝʩʣʠ 2
udec  ʧʦ ʚʩʝʤ ʢʨʠʪʝ-

ʨʠʷʤ ʣʫʯʰʝ, ʯʝʤ 1
udec , ʪʦ u

ʩʨdec  = 2
udec . ɼʠʩʢʫʩʩʠʷ ʩʭʦʞʘ ʩ ʢʦʥʢʫʨʝʥʮʠ-

ʝʡ, ʥʦ ʦʜʥʘ ʠʟ ʩʪʦʨʦʥ ʦʜʝʨʞʠʚʘʝʪ çʧʦʙʝʜʫè. ʃʇʈ ʚʳʙʠʨʘʝʪ ʨʝʰʝʥʠʝ 
ʵʢʩʧʝʨʪʘ, ʠ ʵʪʦ ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʙʱʠʤ ʨʝʰʝʥʠʝʤ ʉʇʇʈ ʣʠʰʴ ʚ 
ʩʣʫʯʘʝ ʦʙʲʝʢʪʠʚʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ (ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʦ ʉʣʝʡʪʝʨʫ [166] 
ʠʣʠ ʩʣʘʙʦʛʦ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʧʦ ʇʘʨʝʪʦ [166]). ɺ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʃʇʈ 
ʠ ʵʢʩʧʝʨʪʳ ʬʦʨʤʠʨʫʶʪ u

ʩʨdec , ʢʦʤʙʠʥʠʨʫʷ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʥʠʡ ʠ ʚʳʙʠ-
ʨʘʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʠʩʭʦʜʷ ʠʟ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʇʦʜ ʢʦʤʙʠʥʘ-
ʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʩʢʫʩʩʠʠ ʧʦʥʠʤʘʝʪʩʷ: ʝʩʣʠ ʠʟ  ʨʝʰʝʥʠʡ 1

udec , 2
udec , 

ʥʝʣʴʟʷ ʚʳʙʨʘʪʴ ʣʫʯʰʝʝ, ʪʦ u
ʩʨdec  ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠʟ 1

udec  ʠ 2
udec  

ʧʦ ʤʝʭʘʥʠʟʤʫ, ʟʘʚʠʩʷʱʝʤʫ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ. ɼʣʷ ʢʦʤʙʠʥʘʮʠʡ ʚʦʟ-
ʤʦʞʥʳ ʚʠʜʳ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ (ʠʥʪʝʛʨʘʮʠʠ) ʨʝʰʝʥʠʡ: 1) ʦʙʲʝʜʠʥʝʥʠʝ 
ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ u

ʩʨdec = 1 2
u udec decÇ ; 2) ʧʝʨʝʩʝʯʝʥʠʝ ʤʥʝ-

ʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ u
ʩʨdec = 1 2

u udec decÆ ; 3) ʨʘʟʥʦʩʪʴ ʤʥʝʥʠʡ 
ʵʢʩʧʝʨʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ u

ʩʨdec = 1 2\u udec dec ; 4) ʩʠʤʤʝʪʨʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ 
ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ u

ʩʨdec = 1 2  u udec decD . ʇʨʠʤʝʥʠʤʦʩʪʴ ʚʠʜʘ 
ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʚʠʜ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ 
ʪʠʧʘ ʠ ʩʧʝʮʠʬʠʢʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ.  

 
3.2.3. ʆʨʛʘʥʠʟʘʮʠʷ ʩʧʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʚʘʨʠʘʥʪʘ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʨʘ ʚ ʉʇʇʈ: 1) ʧʦʟʘʜʘʯʥʦ-
ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʩʧʦʨ ʠ 2) ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ-ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʩʧʦʨ. 

ʇʦʟʘʜʘʯʥʦ-ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʩʧʦʨ. ʃʇʈ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʉʇʇʈ 
ʜʦʣʞʥʦ ʨʝʜʫʮʠʨʦʚʘʪʴ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʥʘ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ð ʧʦʜʟʘʜʘʯʠ, 
ʧʦʥʷʪʴ, ʢʦʛʦ ʠʟ ʵʢʩʧʝʨʪʦʚ ʧʨʠʛʣʘʩʠʪʴ ʢ ʫʯʘʩʪʠʶ ʚ ʦʙʩʫʞʜʝʥʠʠ, ʧʨʦʜʫ-
ʤʘʪʴ ʧʦʨʷʜʦʢ ʠʭ ʚʳʩʪʫʧʣʝʥʠʡ. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʉʇʇʈ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 
ʪʦʣʴʢʦ ʥʘʜ çʨʝʛʫʣʷʨʥʳʤʠè ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʥʘ ʧʦʩʪʦʷʥʥʳʭ 

exp1    1
udec  

exp2    2
udec  

ʀʥʪʝʛʨʘʮʠʷ 
ʟʥʘʥʠʡ  

ʵʢʩʧʝʨʪʦʚ  
exp ʠ exp  

exp1    u
ʩʨdec  

exp2   u
ʩʨdec  

 

ʃʇʈ 
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ʚʨʝʤʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʜʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʦʧʠʩʘʥʳ 
ʤʦʜʝʣʴʶ çʦʜʥʦʨʦʜʥʘʷ ʟʘʜʘʯʘè (1.18). ʃʇʈ ʜʦʣʞʥʦ ʨʘʟʜʝʣʠʪʴ ʟʘʜʘʯʫ ʥʘ 
ʯʘʩʪʠ ʠ, ʚʳʩʣʫʰʘʚ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʠʪʴ ʦʙʱʝʝ 
ʨʝʰʝʥʠʝ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʩʫʞʜʝʥʠʷ ʨʝʰʝʥʠʝ ʧʦʜʟʘʜʘʯ ʵʢʩʧʝʨʪʘʤʠ ʜʦʣʞʥʦ 
ʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ [25, 167] ʩʦ ʩʪʦʨʦʥʳ ʃʇʈ: ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʤʦʞʥʦ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ, ʫʩʣʦʚʠʡ ʠ ʧʝʨʝʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʮʝʣʝʡ.  

ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ-ʨʝʜʫʮʠʨʦʚʘʥʥʳʡ ʩʧʦʨ. ʕʪʦʪ ʚʘʨʠʘʥʪ ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʪʩʷ ʩʧʦʥʪʘʥʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʜʘʯʠ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʃʇʈ 
ʥʝ ʩʤʦʞʝʪ ʧʦʜʛʦʪʦʚʠʪʴʩʷ, ʧʦʥʷʪʴ ʠ ʨʝʜʫʮʠʨʦʚʘʪʴ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʄʘʢ-
ʩʠʤʫʤ, ʯʪʦ ʦʥ ʤʦʞʝʪ, ð ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʪʴ ʟʘʜʘʯʫ ʧʦ ʧʨʦʬʝʩʩʠʷʤ ʵʢʩ-
ʧʝʨʪʦʚ. ʇʨʠ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʦʩʥʦʚʥʳʝ ʜʝʡʩʪʚʠʷ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʟʘ 
ʢʨʫʛʣʳʤ ʩʪʦʣʦʤ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʃʇʈ ʨʘʩʩʢʘʞʝʪ ʦ ʧʨʦʙʣʝʤʝ, ʫ ʢʘʞʜʦʛʦ 
ʵʢʩʧʝʨʪʘ ʚʦʟʥʠʢʘʝʪ ʢʦʛʥʠʪʠʚʥʳʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ, ʫʧʨʦʱʝʥʥʳʡ ʦʙ-
ʨʘʟ ʟʘʜʘʯʠ. ʏʝʤ ʙʦʣʴʰʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʉʇʇʈ, ʪʝʤ 
ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʙʦʣʴʰʝ ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 
ʨʝʟʫʣʴʪʘʪʘ. ʇʦ ʩʫʱʝʩʪʚʫ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʉʇʇʈ ʚʚʦʜʠʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʘʷ ʠʟʙʳʪʦʯʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʢʩʧʝʨʪʫ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʩʦ ʩʚʦʝʡ ʧʨʦ-
ʬʝʩʩʠʦʥʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʙʤʝʥʠʚʘʪʴʩʷ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʠ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʢʫʩʩʠʠ. ʈʦʣʴ ʃʇʈ ð ʢʦʥʪʨʦʣʴ 
ʧʨʦʮʝʩʩʘ, ʝʛʦ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʠʝ, ʧʨʠʥʷʪʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʠ ʦʢʦʥʯʘ-
ʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʡ.  

ʉʣʦʞʥʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʨʘʟʣʠʯʥʳʭ, ʯʘʩʪʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, 
ʩ ʧʦʟʠʮʠʡ ʵʢʩʧʝʨʪʦʚ, ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʩʫʱʠ ʩʚʦʡ ʧʦʜʭʦʜ ʢ ʨʝ-
ʰʝʥʠʶ ʟʘʜʘʯʠ ʠ ʩʚʦʡ ʤʝʭʘʥʠʟʤ ʨʘʩʩʫʞʜʝʥʠʷ. ɺʤʝʩʪʦ ʦʜʥʦʡ ʤʦʜʝʣʠ 
ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ ʤʦʜʝʣʝʡ, ʢʦʣʠʯʝʩʪʚʦ 
ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʠʩʣʫ ʵʢʩʧʝʨʪʦʚ. ʊʘʢʘʷ ʨʝʜʫʢʮʠʷ ʟʘʜʘʯʠ ʥʘʟʳʚʘ-
ʝʪʩʷ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ [168], ʘ ʝʝ ʫʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ð ʩʪʨʘʪʦʡ.  

ʇʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ ʵʢʩʧʝʨʪ ʦʙʣʘʜʘʝʪ ʦʧʳʪʦʤ ʠ ʟʥʘʥʠʷʤʠ ʚ ʨʘʤʢʘʭ 
ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʠ, ʪ.ʝ. ʥʝʢʦʪʦʨʦʡ ʤʦʜʝʣʴʶ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪʦ ʩʧʦʨ 
ʵʢʩʧʝʨʪʦʚ ʚ ʉʇʇʈ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥ ʧʦʥʷʪʠʝʤ çʩʧʦʨ ʤʦʜʝʣʝʡè ʚ 
ʂʉʇʇʈ. ʅʝʦʪʲʝʤʣʝʤʳʝ ʯʝʨʪʳ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ð ʧʦʣʠʷʟʳʢʦʚʦʡ ʭʘʨʘʢʪʝʨ 
ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʨʘʟʥʦʨʦʜʥʳʭ ʣʠʥʠʡ ʨʘʩʩʫʞʜʝʥʠʡ. 

 
3.2.4. ʉʧʦʨ ʢʘʢ ʨʝʛʣʘʤʝʥʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ  

ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʆʪʤʝʪʠʤ ʭʘʨʘʢʪʝʨʥʫʶ ʯʝʨʪʫ ʩʧʦʨʘ ʚ ʉʇʇʈ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʢʩʧʝʨ-

ʪʦʚ ʚ ʉʇʇʈ ð ʧʨʦʮʝʩʩ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʟʥʘʥʠʷʤʠ, ʦʙʲʷʩʥʝʥʠʷʤʠ, ʨʝ-
ʰʝʥʠʷʤʠ ʟʘʜʘʯʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʙʳʣ ʩʧʦʨ ʚ ʉʇʇʈ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 
ʃʇʈ ʨʝʜʫʮʠʨʦʚʘʣʦ ʟʘʜʘʯʫ. ʀʤʝʥʥʦ ʨʝʜʫʢʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʩʠʩʪʝʤʫ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʵʢʩʧʝʨʪʦʚ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʧʦʨʦʤ. ʇʨʠ ʵʪʦʤ ʃʇʈ 
ʟʘʜʘʝʪ ʧʦʨʷʜʦʢ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 1) ʢʘʞʜʳʡ ʵʢʩʧʝʨʪ ʨʝʰʘʝʪ ʫʧʨʦʱʝʥʥʳʡ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʦʙʨʘʟ ʟʘʜʘʯʠ, ʧʨʠ ʵʪʦʤ ʮʝʣʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʝʨʝʥʦ-
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ʩʠʪʩʷ ʥʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʦʙʨʘʟʳ; 2) ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʨʝʰʝ-
ʥʠʷ ʵʢʩʧʝʨʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʚʳʷʩʥʷʶʪ 
ʧʦʟʠʮʠʶ, ʨʘʟʨʝʰʘʶʪ ʩʧʦʨ ʠʣʠ ʧʨʦʪʠʚʦʨʝʯʠʝ (ʩ ʫʯʘʩʪʠʝʤ ʠʣʠ ʙʝʟ ʫʯʘ-
ʩʪʠʷ ʃʇʈ); 3) ʧʨʠʥʠʤʘʶʪ ʦʙʱʝʝ ʨʝʰʝʥʠʝ; 4) ʢʦʨʨʝʢʪʠʨʫʶʪ ʜʘʥʥʳʝ ʜʣʷ 
ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʩʩʫʞʜʝʥʠʷ ʠ 5) ʧʨʦʜʦʣʞʘʶʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʜʦ ʩʣʝʜʫʶ-
ʱʝʛʦ ʩʧʦʨʥʦʛʦ ʤʦʤʝʥʪʘ ʠʣʠ ʜʦ ʝʝ ʟʘʚʝʨʰʝʥʠʷ.  

çʊʦʯʢʘ ʨʘʟʥʦʛʣʘʩʠʷè ð ʤʦʤʝʥʪ ʥʘ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʝ, ʢʦʛʜʘ ʵʢʩʧʝʨʪʳ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ. ʊʦʯʢʠ ʨʘʟʥʦʛʣʘʩʠʷ ʚʳʙʠʨʘʶʪʩʷ ʃʇʈ ʠ ʷʚʣʷʶʪʩʷ ʜʣʷ 
ʥʝʛʦ ʪʦʯʢʘʤʠ çʚʤʝʰʘʪʝʣʴʩʪʚʘè ʚ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ʉʧʦʨ ʚ ʉʇʇʈ ð ʷʚʣʝʥʠʝ ʤʥʦʛʦʛʨʘʥʥʦʝ: ʵʪʦ ʤʝʭʘʥʠʟʤ ʧʨʠʥʷʪʠʷ ʨʝ-
ʰʝʥʠʷ, ʩʠʩʪʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʢʩʧʝʨʪʦʚ. ʆʥ ʦʧʨʝʜʝʣʷʝʪ ʧʦʨʷʜʦʢ ʨʝ-
ʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʨʝʛʣʘʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ ʉʇʇʈ.  

 
3.2.5. ʉʪʨʫʢʪʫʨʘ ʩʧʦʨʘ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʆʧʨʝʜʝʣʷʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʨʦʮʝʩʩʘ ʩʧʦʨʘ ð ʝʛʦ ʫʯʘʩʪʥʠʢʠ (ʨʠʩ. 3.4). 
ʃʇʈ ð ʯʝʣʦʚʝʢ, ʨʫʢʦʚʦʜʷʱʠʡ ʤʝʨʦʧʨʠʷʪʠʝʤ ʠ ʚʳʙʠʨʘʶʱʠʡ ʨʝʰʝʥʠʝ 
ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ. ɺʣʘʜʝʣʝʮ ʧʨʦʙʣʝʤʳ ð ʣʠʮʦ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʨʝʰʘʪʴ 
ʟʘʜʘʯʫ ʚ ʩʠʣʫ ʩʣʫʞʝʙʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ ʦʪʚʝʯʘʝʪ ʟʘ ʢʘʯʝʩʪʚʦ ʨʝʰʝʥʠʷ. 
ɸʢʪʠʚʥʳʝ ʛʨʫʧʧʳ ð ʦʙʲʝʜʠʥʝʥʠʷ ʣʶʜʝʡ ʩ ʦʙʱʠʤʠ ʠʥʪʝʨʝʩʘʤʠ ʧʦ ʦʪ-
ʥʦʰʝʥʠʶ ʢ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ, ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠ-
ʟʘʮʠʠ, ʢʦʥʢʫʨʝʥʪʳ). ʕʢʩʧʝʨʪʳ ð ʩʧʝʮʠʘʣʠʩʪʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʧʝʮʠʘʣʴ-
ʥʳʤʠ ʟʥʘʥʠʷʤʠ, ʦʧʳʪʦʤ, ʜʘʥʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-
ʥʠʷ. ʂʦʥʩʫʣʴʪʘʥʪ-ʘʥʘʣʠʪʠʢ ð ʣʠʮʦ, ʚʳʧʦʣʥʷʶʱʝʝ ʬʫʥʢʮʠʠ: 1) ʦʢʘʟʘ-
ʥʠʝ ʧʦʤʦʱʠ ʃʇʈ ʠ ʚʣʘʜʝʣʴʮʫ ʧʨʦʙʣʝʤʳ ʚ ʧʦʥʠʤʘʥʠʠ ʟʘʜʘʯʠ; 2) ʦʨʛʘʥʠ-
ʟʘʮʠʷ ʨʘʙʦʪʳ ʩ ʵʢʩʧʝʨʪʘʤʠ; 3) ʚʳʷʚʣʝʥʠʝ ʨʦʣʠ ʠ ʧʦʟʠʮʠʠ ʘʢʪʠʚʥʳʭ 
ʛʨʫʧʧ; 4) ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ʆʢʨʫ-
ʞʝʥʠʝ ʃʇʈ ð ʩʦʪʨʫʜʥʠʢʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʘʢ ʢʘʢ ʩʧʦʨ ð ʤʝʭʘʥʠʟʤ ʉʇʇʈ (ʨʠʩ. 3.1), ʝʝ ʯʘʩʪʴ, ʪʦ ʚ ʥʝʤ ʫʯʘʩʪ-
ʚʫʶʪ ʥʝ ʚʩʝ ʣʠʮʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ. ɹʫ-
ʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʩʧʦʨʝ ʫʯʘʩʪʚʫʶʪ ʃʇʈ ʠ ʵʢʩʧʝʨʪʳ. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 
ʩʧʦʨʘ ʚ ʉʇʇʈ ʥʫʞʥʦ ʫʯʝʩʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʯʘʩʪʥʠʢʘʤ ʩʧʦʨʘ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦ ʃʇʈ. 
ʅʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʃʇʈ ʧʨʠ-
ʚʝʣʦ ʙʳ ʢ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ 
ʟʘʜʘʯʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʝ ʨʝʰʝ-
ʥʠʷ: ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʤʝʪʦ-
ʜʘʭ ʨʝʰʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʝ. ʂʦʣʠ-
ʯʝʩʪʚʦ ʵʢʩʧʝʨʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ 
ʚ ʩʧʦʨʝ, ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ 
ʟʘʜʘʯʠ. ɽʩʣʠ ʟʘʜʘʯʘ ʧʨʦʩʪʘʷ, ʪʦ 
ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-
ʩʪʚʘ ʵʢʩʧʝʨʪʦʚ, ʘ ʝʩʣʠ ʩʣʦʞʥʘʷ 

ɺʣʘʜʝʣʝʮ 
ʧʨʦʙʣʝʤʳ 

ʂʦʥʩʫʣʴʪʘʥʪ-
ʘʥʘʣʠʪʠʢ 

ʕʢʩʧʝʨʪʳ ɸʢʪʠʚʥʳʝ 
ʛʨʫʧʧʳ 

ʆʢʨʫʞʝʥʠʝ 
ʃʇʈ 

ʃʇʈ 

ʈʠʩ. 3.4 ð ʉʦʩʪʘʚ ʫʯʘʩʪʥʠʢʦʚ 
ʜʣʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ 
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ʠ ʪʨʝʙʫʝʪ ʫʯʘʩʪʠʷ ʵʢʩʧʝʨʪʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʪʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʢʦ-
ʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʧʦʨʝ. ʏʝʤ ʙʦʣʴʰʝ ʵʢʩʧʝʨʪʦʚ ʫʯʘ-
ʩʪʚʫʶʪ ʚ ʩʧʦʨʝ, ʪʝʤ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʘʝʪ ʃʇʈ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʝʤʫ ʣʫʯʰʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʦʜ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢ-
ʪʠʚʥʦʤʫ ʧʨʠʥʷʪʠʶ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʫʩʣʦʞʥʷ-
ʝʪʩʷ ʢʦʦʨʜʠʥʘʮʠʷ ʵʢʩʧʝʨʪʦʚ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠ ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʚʳʙʦʨ ʵʢʩʧʝʨʪʦʚ ʠ ʃʇʈ. ʃʇʈ ð ʮʝʥʪʨʘʣʴʥʘʷ 
ʬʠʛʫʨʘ ʚ ʩʧʦʨʝ. ʆʥʦ ʠʥʠʮʠʠʨʫʝʪ ʩʧʦʨ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʧʦʵʪʦʤʫ ʚʳ-
ʙʦʨ ʃʇʈ ʦʧʨʝʜʝʣʝʥ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ. ɺʳʙʦʨ ʵʢʩʧʝʨʪʦʚ ð ʦʜʥʘ ʠʟ 
ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ ʜʣʷ ʃʇʈ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʧʦʨʘ ʃʇʈ ʨʝ-
ʜʫʮʠʨʫʝʪ ʟʘʜʘʯʫ ʥʘ ʩʪʨʘʪʳ, ʢʘʞʜʦʡ ʩʪʨʘʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʡ ʵʢʩʧʝʨʪ. 
ɺʳʙʦʨ ʵʢʩʧʝʨʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʦʙʣʘʩʪʠ ʟʘʪʨʘʛʠʚʘʝʪ ʟʘʜʘʯʘ ʠ 
ʧʨʠʚʣʝʯʝʥʠʝ ʢʘʢʠʭ ʵʢʩʧʝʨʪʦʚ ʧʦʤʦʞʝʪ ʃʇʈ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʧʦʨ. ʀʟʦ-
ʙʨʘʟʠʤ ʧʨʦʮʝʩʩ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ-ʨʝʜʫʮʠʨʦʚʘʥʥʦʛʦ ʩʧʦʨʘ (ʨʠʩ. 3.5).  
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ʈʠʩ. 3.5 ð ʉʪʨʫʢʪʫʨʘ ʩʧʦʨʘ ʚ ʉʇʇʈ 

ʆʙʦʟʥʘʯʝʥʠʷ:        ð ʪʦʯʢʘ ʨʘʟʥʦʛʣʘʩʠʷ;                ð ʦʙʤʝʥ ʤʥʝʥʠʷʤʠ;  
               ð ʚʳʧʦʣʥʝʥʠʝ ʜʝʡʩʪʚʠʷ (ʨʘʩʩʫʞʜʝʥʠʝ, ʨʝʜʫʢʮʠʷ ʟʘʜʘʯʠ, ʚʳʜʘʯʘ ʨʝʰʝʥʠʷ ʠ ʪ.ʜ.) 
 

ʈʝʜʫʢʮʠʷ ʟʘʜʘʯʠ 

 ʈʝʰʝʥʠʝ  
ʩʣʦʞʥʦʡ  
ʟʘʜʘʯʠ 
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ʅʘ ʨʠʩ. 3.5 ʚʠʜʥʦ, ʯʪʦ ʩʧʦʨ ð ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ 
ʉʇʇʈ: 
1) ʧʦʜʙʦʨ ʵʢʩʧʝʨʪʦʚ ð ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʚ ʉʇʇʈ. ɻʣʘʚʥʦʝ ʜʣʷ 
ʃʇʈ ð ʚʳʙʨʘʪʴ ʵʢʩʧʝʨʪʦʚ, ʟʥʘʥʠʷ ʢʦʪʦʨʳʭ ʧʦʤʦʛʫʪ ʚ ʭʦʜʝ ʜʠʩʢʫʩʩʠʠ 
ʵʬʬʝʢʪʠʚʥʦ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ; 
2) ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʯʠ. ʉʚʝʜʝʥʠʷ ʦ ʟʘʜʘʯʝ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦʩʪʫʧʘʶʪ ʢ 
ʃʇʈ. ʃʇʈ ʚʣʘʜʝʝʪ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʟʘʜʘʯʝ ʠ ʩʦʦʙʱʘʝʪ ʝʝ ʵʢʩ-
ʧʝʨʪʘʤ. ʕʢʩʧʝʨʪ ʘʥʘʣʠʟʠʨʫʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʧʝʨʝʜ ʥʠʤ ʟʘʜʘʯʫ, ʚʳʜʝʣʷʝʪ 
ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʴ ʠ ʤʝʪʦʜʳ ʝʝ ʨʝʰʝʥʠʷ; 
3) ʨʝʜʫʢʮʠʷ ʟʘʜʘʯʠ ʥʘ ʩʪʨʘʪʳ. ʕʢʩʧʝʨʪʳ ð ʩʧʝʮʠʘʣʠʩʪʳ ʠʥʦʛʜʘ ʚ ʦʯʝʥʴ 
ʫʟʢʦʡ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦ ʩʚʦʠʤʠ ʗʇɼ. ʈʝʰʘʝʤʘʷ ʚ ʉʇʇʈ ʟʘʜʘʯʘ 
ð ʩʣʦʞʥʘʷ, ʧʦʣʠʷʟʳʢʦʚʘʷ, ʠ ʃʇʈ ʨʝʜʫʮʠʨʫʝʪ ʟʘʜʘʯʫ ʥʘ ʩʪʨʘʪʳ. ʂʘʞʜʘʷ 
ʩʪʨʘʪʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʵʢʩʧʝʨʪʘ ʦ ʨʝʰʘʝʤʦʡ ʟʘʜʘ-
ʯʝ. ʇʝʨʝʜ ʵʢʩʧʝʨʪʦʤ ʩʪʦʠʪ ʮʝʣʴ ð ʨʝʰʝʥʠʝ ʠʩʭʦʜʥʦʡ ʦʙʱʝʡ ʟʘʜʘʯʠ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʦʜʟʘʜʘʯ ʵʢʩʧʝʨʪʘʤʠ ʘʚʪʦʥʦʤʥʦ, ʮʝʣʝʚʘʷ 
ʬʫʥʢʮʠʷ ʫ ʥʠʭ ʦʜʠʥʘʢʦʚʘʷ; 
4) ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʘʤʠ. ʕʢʩʧʝʨʪ ʨʝʰʘʝʪ ʧʦʜʟʘʜʘʯʫ ʚ ʧʨʝʜʝʣʘʭ 
ʩʚʦʝʡ ʩʪʨʘʪʳ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʢʩʧʝʨʪʳ ʦʙʤʝʥʠʚʘʣʠʩʴ ʠʥʬʦʨʤʘʮʠ-
ʝʡ, ʤʥʝʥʠʷʤʠ, ʚʩʪʫʧʘʣʠ ʚ ʜʠʩʢʫʩʩʠʠ. ʉʧʦʨ ʚ ʉʇʇʈ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦ-
ʩʪʘʚʣʷʶʱʠʭ: ʨʝʰʝʥʠʝ ʧʦʜʟʘʜʘʯ ʵʢʩʧʝʨʪʘʤʠ ʠ ʨʘʟʨʝʰʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ 
ʧʨʦʪʠʚʦʨʝʯʠʡ. ʉʧʦʨʳ ʚʦʟʥʠʢʘʶʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʪʘʧʘʭ ʨʝʰʝʥʠʷ. ɺ 
ʵʪʠ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʪʦʯʢʠ ʨʘʟʥʦʛʣʘʩʠʷ ʵʢʩʧʝʨʪʳ ʜʝʣʷʪʩʷ ʩʚʦʠʤʠ 
ʤʳʩʣʷʤʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 
ʩʧʦʨʘ. ɺʨʝʤʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʨʘʟʥʦʛʣʘʩʠʷ ʦʧʨʝʜʝʣʷ-
ʶʪʩʷ ʃʇʈ ʠ ʟʘʚʠʩʷʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʠ ʨʘʟʙʠʝʥʠʷ ʝʝ ʥʘ ʧʦʜʟʘʜʘʯʠ. 
ɽʩʣʠ ʧʦʜʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʵʢʩʧʝʨʪʘʤʠ, ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʝʱʝ ʥʘ ʧʦʜʟʘʜʘ-
ʯʠ, ʪʦ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʵʢʩʧʝʨʪ ʧʦʣʫʯʘʝʪ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʯ-
ʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʕʢʩʧʝʨʪʳ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʵʪʘʧʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦ-
ʛʫʪ ʧʦʣʫʯʠʪʴ ʨʘʟʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺʨʝʤʝʥʥʘʷ ʛʨʘʥʠʮʘ ʵʪʠʭ ʵʪʘʧʦʚ ʠ ʝʩʪʴ 
çʪʦʯʢʘ ʨʘʟʥʦʛʣʘʩʠʷè, ʚ ʢʦʪʦʨʦʡ ʵʢʩʧʝʨʪʳ çʩʧʦʨʷʪè ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʘ-
ʚʠʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʥʘ ʵʪʦʤ ʵʪʘʧʝ. ʅʘʧʨʠʤʝʨ, ʚ ʟʘʜʘʯʝ ʢʦʤʤʠʚʦʷʞʝʨʘ 
ʪʘʢʠʤ ʵʪʘʧʦʤ ʤʦʞʝʪ ʩʪʘʪʴ ʚʳʙʦʨ ʦʯʝʨʝʜʥʦʛʦ ʛʦʨʦʜʘ. ʅʘ ʨʠʩ. 3.5 ʢ çʪʦʯ-
ʢʘʤ ʨʘʟʥʦʛʣʘʩʠʷè ʚʝʜʫʪ ʧʫʥʢʪʠʨʥʳʝ ʩʪʨʝʣʢʠ ʦʪ ʦʩʥʦʚʥʳʭ ʣʠʥʠʡ ʨʘʩʩʫ-
ʞʜʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʚ ʵʪʠʭ ʪʦʯʢʘʭ ʵʢʩʧʝʨʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʤʥʝʥʠʷʤʠ ʠ 
ʫʯʘʩʪʚʫʶʪ ʚ ʜʠʩʢʫʩʩʠʠ. ʉʧʦʨ ʵʢʩʧʝʨʪʦʚ ʥʘʙʣʶʜʘʝʤ ʜʣʷ ʃʇʈ, ʯʪʦ ʧʦʢʘ-
ʟʘʥʦ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ, ʘ ʩʪʨʝʣʢʠ ʥʘ ʝʝ ʢʦʥʮʘʭ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚ ʵʪʠʭ 
ʪʦʯʢʘʭ ʃʇʈ ʧʦʣʫʯʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠ ʤʦʞʝʪ ʧʦ-
ʚʣʠʷʪʴ ʥʘ ʥʝʛʦ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ çʪʦʯʢʘʭ ʨʘʟʥʦʛʣʘʩʠʷè ð 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʥʠʬʠʢʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʥʝʩʤʦʪʨʷ ʥʘ 
ʘʚʪʦʥʦʤʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʦʤ, ʚ çʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʷè ʵʢʩʧʝʨ-
ʪʳ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴ ʜʨʫʛ ʜʨʫʛʘ ʠ ʦʜʥʦʟʥʘʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʦʣʫ-
ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦ ʠʪʦʛʘʤ ʩʧʦʨʘ ʚ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʷ ʚʦʟʤʦʞʥʳ 
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ʚʘʨʠʘʥʪʳ: ʘ) ʧʨʠʥʷʪʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʜʥʦʛʦ ʵʢʩʧʝʨʪʘ; ʙ) ʧʨʦʜʦʣʞʝʥʠʝ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ; ʚ) ʧʨʠʥʷʪʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝ-
ʥʠʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʤʥʝʥʠʷ ʵʢʩʧʝʨʪʦʚ. ɺ ʚʳʨʘʙʦʪʢʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 
ʨʝʰʝʥʠʷ, ʢʘʢ ʠ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʜʥʦʛʦ ʵʢʩ-
ʧʝʨʪʘ, ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʃʇʈ. ʂʦʛʜʘ ʢʦʥʬʣʠʢʪ ʨʘʟʨʝʰʝʥ, ʧʨʠʥʷʪʦʝ 
ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʨʘʩʩʫʞʜʝʥʠʡ 
ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ; 
5) ʧʦʣʫʯʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠʥʷʪʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʦʣʫ-
ʯʝʥʥʳʝ ʵʢʩʧʝʨʪʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʃʇʈ. ɺʠʜ ʧʨʝʜʩʪʘʚʣʝ-
ʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʠʷ ʵʢʩʧʝʨʪʦʚ: ʘ) ʵʢʩʧʝʨʪʳ ʧʨʠʰʣʠ ʢ ʢʦʥ-
ʩʝʥʩʫʩʫ, ʠ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʪʨʝʙʦʚʘʥʠʷʤ ʚʩʝʭ ʵʢʩ-
ʧʝʨʪʦʚ; ʙ) ʵʢʩʧʝʨʪʳ ʥʝ ʧʨʠʰʣʠ ʢ ʢʦʥʩʝʥʩʫʩʫ, ʜʦʩʪʠʛʣʠ ʯʘʩʪʠʯʥʦʛʦ ʩʦ-
ʛʣʘʩʠʷ ʠʣʠ ʢʘʞʜʳʡ ʵʢʩʧʝʨʪ ʦʩʪʘʣʩʷ ʧʨʠ ʩʚʦʝʤ ʤʥʝʥʠʠ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʥʘ ʨʠʩ. 3.5 çʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝè ʧʨʠʥʠʤʘʝʪʩʷ ʃʇʈ ʥʘ ʦʩ-
ʥʦʚʝ çʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚè. ʃʇʈ ʤʦʞʝʪ ʧʨʠʥʷʪʴ ʨʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨ-
ʪʦʚ ʠʣʠ ʦʪʢʣʦʥʠʪʴ ʝʛʦ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʨʘʙʦʪʘʪʴ ʨʝʟʫʣʴʪʘʪ. ʆʙʨʘʪ-
ʥʘʷ ʩʚʷʟʴ ʥʘ ʨʠʩ. 3.5 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʃʇʈ ʤʦʞʝʪ ʧʦʚʪʦʨʥʦ ʠʥʠʮʠʠʨʦ-
ʚʘʪʴ ʧʨʦʮʝʩʩ ʩʧʦʨʘ, ʠʟʤʝʥʠʚ ʩʦʩʪʘʚ ʵʢʩʧʝʨʪʦʚ ʠʣʠ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ.   

3.3. ʉʧʦʨ ʤʦʜʝʣʝʡ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ  
ʛʠʙʨʠʜʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʀʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʠʥʬʦʨʤʘ-
ʮʠʷ çʩʣʦʞʥʘʷ ʟʘʜʘʯʘè ʧʨʦʭʦʜʠʪ ʮʝʧʦʯʢʫ ʪʨʘʥʩʬʦʨʤʘʮʠʠ: ʨʝʜʫʢʮʠʷ ð 
ʨʝʰʝʥʠʝ ð ʠʥʪʝʛʨʘʮʠʷ. ɺʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘ-
ʯʠ, ʛʨʘʤʦʪʥʦ ʚʳʧʦʣʥʠʪʴ ʝʝ ʜʝʢʦʤʧʦʟʠʮʠʶ ʠ ʧʦʜʦʙʨʘʪʴ ʤʝʪʦʜʳ ʜʣʷ ʢʘʞ-
ʜʦʡ ʧʦʜʟʘʜʘʯʠ, ʥʦ ʠ ʛʨʘʤʦʪʥʦ ʚʳʧʦʣʥʠʪʴ ʠʥʪʝʛʨʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝ-
ʰʝʥʠʷ ʧʦʜʟʘʜʘʯ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʠʥʪʝʛʨʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʦʧʝʨʘʮʠʷ ʠʣʠ 
ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʚ ʵʬ-
ʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʚ ʮʝʣʦʤ. 

ɺ ʩʧʦʨʝ ʠʜʝʪ ʦʙʤʝʥ ʤʥʝʥʠʷʤʠ, ʟʥʘʥʠʷʤʠ, ʚʘʨʠʘʥʪʘʤʠ ʨʝʰʝʥʠʷ, ʢʦʤ-
ʙʠʥʠʨʦʚʘʥʠʝ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʢʦʪʦʨʳʝ ʩʦ ʩʚʦʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʫʯʠʪʳ-
ʚʘʷ ʧʦʟʠʮʠʠ ʦʧʧʦʥʝʥʪʦʚ, ʧʨʠʭʦʜʷʪ ʢ ʢʦʥʩʝʥʩʫʩʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦ-
ʮʝʩʩ ʩʧʦʨʘ ʚ ʉʇʇʈ ð ʠʥʩʪʨʫʤʝʥʪ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ. 

ʆʨʛʘʥʠʟʘʮʠʶ ʩʧʦʨʘ ʚ ʉʇʇʈ ʨʘʩʩʤʦʪʨʠʤ ʚ ʪʝʨʤʠʥʘʭ  
ʌɻʠʀʉ. ɸʚʪʦʥʦʤʥʳʝ ʤʦʜʝʣʠ ð ʤʦʜʝʣʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʩʩʫʞʜʝʥʠʷ 
ʵʢʩʧʝʨʪʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʜʟʘʜʘʯ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʘʪʠʬʠʢʘ-
ʮʠʠ. ʈʝʰʘʷ ʧʦʜʟʘʜʘʯʫ ʠ ʧʦʣʫʯʘʷ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ, ʘʚʪʦʥʦʤʥʘʷ ʤʦʜʝʣʴ ʚ 
ʭʦʜʝ ʩʧʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩ-
ʭʦʜʠʪ ʘʛʨʝʛʠʨʦʚʘʥʠʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʠʣʠ ʠʥʪʝʛʨʘʮʠʷ ʯʘʩʪʥʳʭ ʨʝʰʝ-
ʥʠʡ ʚ ʦʜʥʦ ʦʙʱʝʝ ʨʝʰʝʥʠʝ. ʉʧʦʨ ð ʤʝʭʘʥʠʟʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʘʚʪʦʥʦʤ-
ʥʳʭ ʤʦʜʝʣʝʡ, ʝʜʠʥʩʪʚʝʥʥʘʷ çʪʦʯʢʘè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝ-
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ʣʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʢʦʦʨʜʠʥʠʨʫʶʱʝʡ ʤʦʜʝʣʴʶ ʃʇʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʪʝʨʤʠʥʘʭ ʌɻʠʀʉ ʩʧʦʨ ð ʤʝʭʘʥʠʟʤ ʠʥʪʝʛʨʘʮʠʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦʜ-
ʟʘʜʘʯ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʷʭ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡ 
ʌɻʠʀʉ ʚ ʩʧʦʨʝ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.6. ʕʪʦ ʦʪ-
ʥʦʰʝʥʠʝ ʥʘ ʪʨʦʡʢʝ çʂʦʦʧʝʨʘʮʠʷ ð ʂʦʤʧʨʦ-
ʤʠʩʩ ð ʂʦʥʩʝʥʩʫʩè. ʂʦʦʧʝʨʘʮʠʷ ð ʘʚʪʦʥʦʤ-
ʥʘʷ ʤʦʜʝʣʴ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯʠ 
ʫʯʠʪʳʚʘʝʪ ʧʦʟʠʮʠʶ ʤʦʜʝʣʠ-ʦʧʧʦʥʝʥʪʘ ʜʣʷ 
ʧʨʠʥʷʪʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʂʦʤʧʨʦ-
ʤʠʩʩ ð ʘʚʪʦʥʦʤʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʦʪʢʘʟʘʪʴʩʷ 
ʦʪ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯʠ ʚ ʧʦʣʴʟʫ ʨʝʰʝ-

ʥʠʷ ʤʦʜʝʣʠ-ʦʧʧʦʥʝʥʪʘ. ʂʦʤʧʨʦʤʠʩʩ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ, ʘ ʥʝ 
ʦʪʩʪʘʠʚʘʥʠʝ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. ʂʦʥʩʝʥʩʫʩ ð ʧʨʠʥʠʤʘʝʤʦʝ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 
ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʷʤ ʧʦʜʟʘʜʘʯ ʚʩʝʭ ʤʦʜʝʣʝʡ. ʕʪʠ 
ʩʪʨʘʪʝʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʦʨʤʠʨʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ, ʘ ʫʩʪʦʡʯʠʚʦʝ ʧʨʦ-
ʪʝʢʘʥʠʝ ʩʧʦʨʘ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ ʚ ʩʧʦʨʝ ʤʦʞʥʦ 
ʚʳʜʝʣʠʪʴ ʚʩʝ ʪʨʠ ʵʣʝʤʝʥʪʘ: ʢʦʦʧʝʨʘʮʠʶ, ʢʦʤʧʨʦʤʠʩʩ ʠ ʢʦʥʩʝʥʩʫʩ. 

ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʚʪʦʥʦʤʥʳʭ 
ʤʦʜʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʩʧʦʨʘ ð ʠʥʪʝʛʨʘʮʠʷ ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ (ʘʛʨʝʛʠ-
ʨʦʚʘʥʠʝ) ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦʜʟʘʜʘʯ, ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʥʦʤʥʳʤʠ ʤʦʜʝ-
ʣʷʤʠ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʉʧʦʨ ʚ ʂʉʇʇʈ ð ʩʧʦʨ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʘʩʩʫ-
ʞʜʝʥʠʷ ʵʢʩʧʝʨʪʦʚ, ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ ʚ 
ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʤʥʝʥʠʷ ʵʢʩʧʝʨʪʦʚ ʨʘʩʭʦʜʷʪʩʷ. ʉʧʦʨ ð ʤʝʭʘʥʠʟʤ ʢʦʤ-
ʤʫʥʠʢʘʮʠʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʝʣʝʡ ʚ ʂʉʇʇʈ. ʉʪʨʘʪʝʛʠʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ çʂʦʦʧʝʨʘʮʠʶ ð ʂʦʤʧʨʦ-
ʤʠʩʩ ð ʂʦʥʩʝʥʩʫʩè, ʘ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
ʢʘʢ ʘʛʨʝʛʠʨʫʶʱʠʡ ʠ ʢʦʤʙʠʥʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ. ʕʪʦ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʠʪʴ: 
1) ʘʚʪʦʥʦʤʥʳʝ ʦʙʲʝʢʪʳ, ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʫ; 2) ʩʪʨʘʪʝʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʷ ʘʛʝʥʪʦʚ: çʢʦʦʧʝʨʘʮʠʷ-ʢʦʤʧʨʦʤʠʩʩ-ʢʦʥʩʝʥʩʫʩè; 3) ʘʨʭʠʪʝʢʪʫʨʫ 
ʌɻʠʀʉ ʚ ʨʘʤʢʘʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʦ-ʨʝʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ. 

ʉʧʦʨ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʥʦʤ ʚʟʛʣʷʜʝ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʩʧʦʨʝ ʛʣʘʚʥʳʡ ʵʣʝʤʝʥʪ ð ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
ʤʦʜʝʣʝʡ, ʜʠʩʢʫʩʩʠʷ. ʈʝʰʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ, ʘ 
ʢʘʞʜʘʷ ʘʚʪʦʥʦʤʥʘʷ ʤʦʜʝʣʴ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝ-
ʣʷʤʠ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʝʪʩʷ ʪʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ, ʢʦ-
ʛʜʘ ʘʚʪʦʥʦʤʥʦʝ ʨʝʰʝʥʠʝ ʧʦʜʟʘʜʘʯ ʦʙʲʝʜʠʥʷʝʪ ʤʦʜʝʣʠ ʚ ʪʦʯʢʝ ʩʧʦʨʘ ʜʣʷ 
ʨʝʰʝʥʠʷ ʦʙʱʝʡ ʟʘʜʘʯʠ. ʂʘʞʜʘʷ ʘʚʪʦʥʦʤʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʝ 
ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚ ʩʧʦʨʝ ð ʧʨʦʮʝʩʩ ʚʳ-
ʙʦʨʘ ʧʫʪʠ ʨʝʰʝʥʠʷ, ʢʦʛʜʘ ʩʪʘʣʢʠʚʘʶʪʩʷ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯ, ʧʦ-

ʂʦʦʧʝʨʘʮʠʷ 

ʂʦʥʩʝʥʩʫʩ ʂʦʤʧʨʦʤʠʩʩ 
ʈʠʩ. 3.6 ð ʉʪʨʘʪʝʛʠʷ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʚʪʦʥʦʤʥʳʭ 
ʤʦʜʝʣʝʡ ʚ ʩʧʦʨʝ 
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ʣʫʯʝʥʥʳʝ ʘʚʪʦʥʦʤʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ 
ʦʙʱʝʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ.  

3.4. ʀʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʚ ʟʘʜʘʯʘʭ ʢʦʤʤʠʚʦʷʞʝʨʘ  
ʤʝʪʦʜʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʨʘ ʤʦʜʝʣʝʡ 

ʇʨʠʚʦʜʠʤʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ ʨʦʣʠ ʵʢʩʧʝʨʪʦʚ ʠ ʃʇʈ ʠ ʤʝʭʘʥʠʟʤ 
ʠʥʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ʵʢʩʧʝʨʪʦʚ ʚ ʂʉʇʇʈ ʤʝʪʦʜʦʤ ʩʧʦʨʘ ʤʦʜʝʣʝʡ. 

ʋʩʣʦʚʠʝ ʟʘʜʘʯʠ: ʢʦʤʤʠʚʦʷʞʝʨ ʜʦʣʞʝʥ ʧʦʩʝʪʠʪʴ n ʛʦʨʦʜʦʚ, ʧʦʙʳʚʘʚ ʚ 
ʢʘʞʜʦʤ ʦʜʠʥ ʨʘʟ. ʅʫʞʥʦ ʥʘʡʪʠ ʪʘʢʦʡ ʤʘʨʰʨʫʪ ˊ, ʯʪʦʙʳ ʧʨʦʡʜʝʥʥʦʝ 
ʨʘʩʩʪʦʷʥʠʝ (lˊ) ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ, ʘ ʧʨʠʙʳʣʴʥʦʩʪʴ (pˊ) ð ʤʘʢʩʠʤʘʣʴ-
ʥʦʡ. ʇʨʠʙʳʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʧʨʦʜʘʞʝʡ ʪʦʚʘʨʘ ʚ ʛʦʨʦʜʝ ʠ ʥʘ ʧʫʪʠ ʩʣʝʜʦ-
ʚʘʥʠʷ ʠʟ ʦʜʥʦʛʦ ʛʦʨʦʜʘ ʚ ʜʨʫʛʦʡ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʜʣʠʥʳ ʤʘʨ-
ʰʨʫʪʘ ʙʫʜʫʪ ʨʘʩʪʠ ʥʝ ʪʦʣʴʢʦ ʟʘʪʨʘʪʳ ʥʘ ʧʫʪʝʰʝʩʪʚʠʝ, ʥʦ ʠ ʧʨʠʙʳʣʴ ʦʪ 
ʧʨʦʜʘʞʠ ʪʦʚʘʨʦʚ. ʅʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʜʣʠ-
ʥʘ ʤʘʨʰʨʫʪʘ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ð li j, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʠʙʳʣʴʥʦʩʪʴ 
ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ð pi j. ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ɿʂ 
ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʧʨʝʜʦʧʨʝʜʝ-
ʣʷʝʪ ʧʦʠʩʢ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʨʝʣʝʚʘʥʪʥʦʛʦ ʦʙʦʠʤ ʢʨʠʪʝʨʠʷʤ. 

ɼʣʠʥʳ ʤʘʨʰʨʫʪʦʚ ʤʝʞʜʫ ʚʩʝʤʠ ʧʫʥʢʪʘʤʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʘʪʨʠʮʝ 
ʨʘʩʩʪʦʷʥʠʡ L. ʅʘ ʜʣʠʥʫ ʤʘʨʰʨʫʪʘ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ:  
1) li j =  lj i (ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʛʦʨʦʜʘʤʠ ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʦʜʥʘ ʜʦʨʦ-
ʛʘ); 2) li j > 0; 3) li i = 0. ʅʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʙʳʣʴʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʷʝ-
ʤʫʶ ʤʘʪʨʠʮʝʡ ʧʨʠʙʳʣʴʥʦʩʪʠ P, ʪʘʢʞʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ: 1) 
ʨi j = ʨj i; 2) ʨi j K 0; 3) ʨi i = 0. ɻʨʘʬ ɿʂ ʜʣʷ ʯʝʪʳʨʝʭ ʛʦʨʦʜʦʚ ʠ ʤʘʪʨʠʮʳ L ʠ 
P ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ. 3.7. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʨʰʨʫʪ ʠʟ ʧʫʥʢʪʘ 1 
ʚ ʧʫʥʢʪ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟ ʤʘʪʨʠʮ L ʠ ʈ. 

ɼʣʷ ʨʝʰʝʥʠʷ ɿʂ ʩʦʟʜʘʥʘ ʉʇʇʈ. ʇʨʠʛʣʘʰʝʥʳ ʜʚʘ ʵʢʩʧʝʨʪʘ: ʵʢʩʧʝʨʪ-
ʵʢʩʧʝʜʠʪʦʨ ʩʪʨʦʠʪ ʤʘʨʰʨʫʪʳ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʘʩʩʪʦʷʥʠʷ; ʵʢʩʧʝʨʪ-
ʬʠʥʘʥʩʠʩʪ ʨʘʩʩʫʞʜʘʝʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʴʥʦʩʪʠ. 

ɺ ʟʘʜʘʯʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ 
ʦʜʥʦʨʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷ. ʆʥʘ ʩʦʛʣʘʩʥʦ (1.11) ʠʤʝʝʪ ʤʝʨʫ ʩʣʦʞʥʦʩʪʠ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʷ v = (1, 0) ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʧʨʦʩʪʳʭ ʟʘʜʘʯ. ɼʣʷ ʝʝ ʨʝʰʝ-
ʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʚʘʪʴ ɻʠʀʉ, ʦʜʥʘʢʦ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ɿʂ, ʯʪʦʙʳ 
ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʌɻʠʀʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʧʦ ʇʉ-
ʤʝʪʦʜʦʣʦʛʠʠ (ʨʠʩ. 2.21) ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ɼʣʷ ʨʝʰʝʥʠʷ ɿʂ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʜʝʢʦʤʧʦʟʠʮʠʶ ʟʘʜʘʯʠ ʥʘ ʩʪʨʘʪʳ ʠ 
ʧʦʜʟʘʜʘʯʠ. ʊʘʢʠʭ ʩʪʨʘʪ ʙʫʜʝʪ ʜʚʝ, ʪʘʢ ʢʘʢ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʠʥʠʤʘʶʪ 
ʫʯʘʩʪʠʝ ʜʚʘ ʵʢʩʧʝʨʪʘ. ʈʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ð ʤʘʨʰʨʫʪ, ʦʙʣʘʜʘʶ-
ʱʠʡ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 1) ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʠʥʠʤʘʣʴʥʦ; 
2) ʧʦʣʫʯʝʥʥʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʠʙʳʣʴ ʤʘʢʩʠʤʘʣʴʥʘ; 3) ʢʦʤʤʠʚʦʷʞʝʨ 
ʜʦʣʞʝʥ ʧʦ ʦʜʥʦʤʫ ʨʘʟʫ ʧʦʩʝʪʠʪʴ ʚʩʝ ʛʦʨʦʜʘ. 
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ʊʘʢ ʢʘʢ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦʙʠʪʴʩʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝʚʦʟʤʦʞʥʦ, ʠʤʝʝʤ ʚ ʚʠʜʫ, 
ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʘ ʧʨʠ-
ʙʳʣʴʥʦʩʪʴ ð ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ. ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʚʘʨʠʘʥʪ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʷ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳ ʧʦʣʫʯʝʥʠʝ ʨʘʮʠʦ-
ʥʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʤʘʨʰʨʫʪ ˊ, ʫʜʦʚ-
ʣʝʪʚʦʨʷʶʱʠʡ ʫʩʣʦʚʠʷʤ: 1) ʜʣʠʥʘ ʤʘʨʰʨʫʪʘ lˊ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠ-
ʥʠʤʘʣʴʥʦʡ; 2) ʧʨʠʙʳʣʴʥʦʩʪʴ ʤʘʨʰʨʫʪʘ pˊ ʜʦʣʞʥʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʘʢʩʠ-
ʤʘʣʴʥʦʡ: 

 

 

3

( ) ( 1) (4) (1)
1

3

( ) ( 1) (4) (1)
1

min ,

max .

i i
i

i i
i

l l l

p p p

p
p p + p p

=

p
p p + p p

=

ë å õ
= +î æ ö

î ç ÷
ì

å õî = +æ öî ç ÷í

ä

ä
 (3.2) 

 
ʕʢʩʧʝʨʪ-ʵʢʩʧʝʜʠʪʦʨ ʙʫʜʝʪ ʠʩʢʘʪʴ ʤʘʨʰʨʫʪ ˊ ʩ ʥʘʠʤʝʥʴʰʠʤ ʨʘʩʩʪʦʷ-

ʥʠʝʤ, ʪ.ʝ. 
3

( ) ( 1) (4) (1)
1

min i i
i

l l lp
p p + p p

=

å õ= +æ ö
ç ÷
ä , ʘ ʵʢʩʧʝʨʪ-ʬʠʥʘʥʩʠʩʪ ð ʩ ʥʘʠ-

ʙʦʣʴʰʝʡ ʧʨʠʙʳʣʴʥʦʩʪʴʶ, ʪ.ʝ. 
3

( ) ( 1) (4) (1)
1

max i i
i

p p pp
p p + p p

=

å õ
= +æ ö

ç ÷
ä . 

ʂʘʞʜʦʤʫ ʵʢʩʧʝʨʪʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʤʦʜʝʣʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: ʵʢʩ-
ʧʝʨʪʫ-ʵʢʩʧʝʜʠʪʦʨʫ ð ʵ-ʤʦʜʝʣʴ, ʨʝʰʘʶʱʘʷ ʟʘʜʘʯʫ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘ-
ʮʠʠ ʧʨʦʡʜʝʥʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʵʢʩʧʝʨʪʫ-ʬʠʥʘʥʩʠʩʪʫ ð ʬ-ʤʦʜʝʣʴ, ʨʝʰʘʶ-
ʱʘʷ ʟʘʜʘʯʫ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ. ʄʦʜʝʣʠ ʙʫʜʫʪ 

L 1 2 3 4 
1  l1 2 l1 3 l1 4 
2 l2 1  l2 3 l2 4 
3 l3 1 l3 2  l3 4 
4 l4 1 l4 2 l4 3  

 

ʈ 1 2 3 4 
1  ʨ1 2 ʨ1 3 ʨ1 4 
2 ʨ2 1  ʨ2 3 ʨ2 4 
3 ʨ3 1 ʨ3 2  ʨ3 4 
4 ʨ4 1 ʨ4 2 ʨ4  3  

 ɻʦʨʦʜ 1 ɻʦʨʦʜ 2 

ɻʦʨʦʜ 3 ɻʦʨʦʜ 4 

ʈʠʩ. 3.7 ð ɻʨʘʬ ɿʂ, ʘ ʪʘʢʞʝ ʤʘʪʨʠʮʳ ʨʘʩʩʪʦʷʥʠʷ (L) ʠ ʧʨʠʙʳʣʴʥʦʩʪʠ (P) 
 



 

 141 

ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʜʠʩʢʫʩʩʠʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʦʡ ʃʇʈ ʧʨʠʤʝʪ ʦʢʦʥʯʘ-
ʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ. ɺ ʩʧʦʨʝ ʢʘʞʜʳʡ ʵʢʩʧʝʨʪ ʜʦʣʞʝʥ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 
ʩʚʦʶ ʯʘʩʪʥʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ, ʪʘʢ ʠ ʦʙʱʫʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ (3.2). 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʯʘʣʴʥʳʡ ʛʦʨʦʜ ʠ ʦʧ-
ʨʝʜʝʣʠʪʴʩʷ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʯʝʢ ʨʘʟʥʦʛʣʘʩʠʡ (ʨʘʟʜ. 3.2.5). ʇʫʩʪʴ ʥʘ-
ʯʘʣʴʥʳʡ ʧʫʥʢʪ ð ʛʦʨʦʜ 1. ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʨʘʟʥʦʛʣʘʩʠʷ ʧʦʣʦʞʠʤ ʨʘʚ-
ʥʳʤ 2, ʚ ʭʦʜʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʵʢʩʧʝʨʪʳ ʙʫʜʫʪ ʚʩʪʫʧʘʪʴ ʚ ʩʧʦʨ ʜʚʘʞʜʳ: 
ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʫʥʢʪʦʚ ʩʣʝʜʦʚʘʥʠʷ. ʏʝʪʚʝʨʪʳʡ 
ʧʫʥʢʪ ʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ ʚʳʙʨʘʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʪʘʢ ʢʘʢ ʦʥ ʦʩʪʘʥʝʪʩʷ 
ʧʦʩʣʝʜʥʠʤ, ʠ ʩʧʦʨ ʧʨʠ ʝʛʦ ʚʳʙʦʨʝ ʥʝ ʚʦʟʥʠʢʥʝʪ. 

ɸʣʛʦʨʠʪʤ ʚʳʙʦʨʘ ʤʘʨʰʨʫʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟ-
ʥʳʤ. ʇʫʩʪʴ ʵʪʦ çʞʘʜʥʳʡè ʘʣʛʦʨʠʪʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʵʢʩ-
ʧʝʨʪʳ ʚʳʙʠʨʘʶʪ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦ ʜʣʠʥʝ (ʵʢʩʧʝʨʪ-ʵʢʩʧʝʜʠʪʦʨ) ʠ ʤʘʢʩʠ-
ʤʘʣʴʥʳʡ ʧʦ ʧʨʠʙʳʣʴʥʦʩʪʠ (ʵʢʩʧʝʨʪ-ʬʠʥʘʥʩʠʩʪ) ʤʘʨʰʨʫʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 
ʧʨʝʜʣʦʞʝʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʧʫʥʢʪʘ ʚʳʙʨʘʥ ʛʦʨʦʜ 
1, ʧʝʨʝʜ ʵʢʩʧʝʨʪʘʤʠ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʜʚʠʞʝʥʠʷ ʚ ʦʜʠʥ ʠʟ  ʧʫʥʢ-
ʪʦʚ ʧʦʜʤʥʦʞʝʩʪʚʘ V = {2, 3, 4}. ʇʫʩʪʴ ʧʦ ʵ-ʤʦʜʝʣʠ ʚʳʙʨʘʥ ʛʦʨʦʜ 2, ʘ ʧʦ 
ʬ-ʤʦʜʝʣʠ ð ʛʦʨʦʜ 4 (ʨʠʩ. 3.8). 

 

 
ɺ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʷ ʤʦʜʝʣʠ ʦʙʤʝʥʠʚʘʶʪʩʷ çʤʥʝʥʠʷʤʠè, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ð ʧʘʨʘʤʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʫ:  
 

 1 2 1 4 1 2 1 4

1 2 1 4 1 2 1 4

ɽʩʣʠ  ʠ , ʪʦ ʚ ʩʧʦʨʝ ʧʦʙʝʞʜʘʝʪ ʵ-ʤʦʜʝʣʴ;
ɽʩʣʠ  ʠ , ʪʦ ʚ ʩʧʦʨʝ ʧʦʙʝʞʜʘʝʪ ʬ-ʤʦʜʝʣʴ.

l l p p
l l p p
< >
> <

 (3.3) 

 
ɺʣʘʜʝʣʝʮ ʧʨʘʚʠʣʘ ð ʃʇʈ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʘʚʠʣʘ ʤʦʜʝʣʠ ʩʧʦʨʷʪ, 

ʧʨʦʠʩʭʦʜʠʪ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʥʘ ʵʪʘʧʝ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ. ɽʩʣʠ ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʦʜʝʣʴʶ ʦʢʘʟʘʣʩʷ ʣʫʯʰʠʤ ʣʠʰʴ 
ʧʦ ʦʜʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʧʦʩʦʙʳ ʦʮʝʥ-
ʢʠ: ʚʚʝʜʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʷ ʃʇʈ, ʚʚʝʜʝʥʠʝ ʦʮʝʥʦʯʥʦʡ 
ʰʢʘʣʳ ʠ ʧʨʦʝʢʮʠʷ ʢʘʞʜʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʵʪʫ ʰʢʘʣʫ. ʇʫʩʪʴ ʚ ʧʝʨʚʦʡ ʪʦʯʢʝ 
ʨʘʟʥʦʛʣʘʩʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʃʇʈ, ʙʳʣʦ ʧʨʠʥʷʪʦ 
ʨʝʰʝʥʠʝ ʵ-ʤʦʜʝʣʠ, ʪʦʛʜʘ ʦʥʘ ʩʯʠʪʘʝʪʩʷ ʧʦʙʝʜʠʪʝʣʴʥʠʮʝʡ, ʝʝ ʨʝʰʝʥʠʝ 

ɻʦʨʦʜ 1 ɻʦʨʦʜ 2 

ɺʳʙʦʨ ʧʦ ʵ-ʤʦʜʝʣʠ 

ɻʦʨʦʜ 1 

ɻʦʨʦʜ 4 

ɺʳʙʦʨ ʧʦ ʬ-ʤʦʜʝʣʠ 

ʈʠʩ. 3.8 ð çʄʥʝʥʠʷè ʵ- ʠ ʬ-ʤʦʜʝʣʝʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 
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ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʜʣʷ ʟʘʜʘʯʠ ʚ ʮʝʣʦʤ, ʠ ʬ-ʤʦʜʝʣʴ ʙʫʜʝʪ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʝʨʝʜ ʤʦʜʝʣʷʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʜʚʠʞʝʥʠʷ 
ʚ ʦʜʠʥ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʛʦʨʦʜʦʚ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚʘ V = {3, 4}. ʇʫʩʪʴ ʵ-
ʤʦʜʝʣʴ ʚʳʙʨʘʣʘ ʛʦʨʦʜ 3, ʘ ʬ-ʤʦʜʝʣʴ ð ʛʦʨʦʜ 4 (ʨʠʩ. 3.9). 

 

 
çʄʥʝʥʠʷè ʤʦʜʝʣʝʡ ʥʝ ʩʦʚʧʘʣʠ, ʧʦʵʪʦʤʫ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʷ 

ʩʧʦʨʷʪ ʵ-ʤʦʜʝʣʴ ʠ ʬ-ʤʦʜʝʣʴ. ʂʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʤʘʨʰʨʫʪʘ, ʚʳʙʨʘʥʥʦʛʦ ʵ-
ʤʦʜʝʣʴʶ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ð modʵ 2 = (l2 3, p2 3), ʘ ʬ-ʤʦʜʝʣʴʶ ð modʬ 2 = 
(l2 4, p2 4). ʄʦʜʝʣʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʧʘʨʘʤʠ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʨʘʚʥʠ-
ʚʘʶʪʩʷ ʧʦ ʧʨʘʚʠʣʫ (3.3). ʇʫʩʪʴ ʚʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʡ ʙʳʣʦ ʧʨʠ-
ʥʷʪʦ ʨʝʰʝʥʠʝ ʬ-ʤʦʜʝʣʠ. ɽʝ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʪʦʨʳʤ 
ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʜʣʷ ʟʘʜʘʯʠ ʚ ʮʝʣʦʤ, ʠ ʵ-ʤʦʜʝʣʴ ʙʫʜʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʩ-
ʩʫʞʜʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. 

  ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʝʨʝʜ ʤʦʜʝʣʷʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʜʚʠʞʝ-
ʥʠʷ ʚ ʦʜʠʥ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʧʫʥʢʪʦʚ ʠʟ ʧʦʜʤʥʦʞʝʩʪʚʘ V = {3}. ʊʘʢ ʢʘʢ 
ʧʦʜʤʥʦʞʝʩʪʚʦ V ð ʦʜʥʦʵʣʝʤʝʥʪʥʦʝ, ʪʦ ʝʛʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ ʠ 
ʩʪʘʥʝʪ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʦʤ ʥʘʟʥʘʯʝʥʠʷ ʢʦʤʤʠʚʦʷʞʝʨʘ. ɼʘʣʝʝ ʢʦʤʤʠ-
ʚʦʷʞʝʨ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʛʦʨʦʜ. ʅʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʢʦʤʤʠʚʦʷʞʝʨʘ (ʨʠʩ. 3.7) ʤʝʪʦʜʦʤ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.10. 

 

 
ʇʨʦʮʝʩʩ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ʥʘʙʣʶʜʘʝʤ ʜʣʷ ʃʇʈ, ʠ ʦʥʦ ʤʦʞʝʪ ʚʥʦʩʠʪʴ 

ʢʦʨʨʝʢʪʠʚʳ, ʝʩʣʠ ʨʝʰʝʥʠʷ ʤʦʜʝʣʝʡ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʈʠʩ. 3.9 ð çʄʥʝʥʠʷè ʤʦʜʝʣʝʡ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ 

ɻʦʨʦʜ 1 ɻʦʨʦʜ 2 

ɻʦʨʦʜ 3 

ɺʳʙʦʨ ʧʦ ʵ-ʤʦʜʝʣʠ 
 ɻʦʨʦʜ 1 ɻʦʨʦʜ 2

ɻʦʨʦʜ 4 

ɺʳʙʦʨ ʧʦ ʬ-ʤʦʜʝʣʠ 
 

ɻʦʨʦʜ 1  ɻʦʨʦʜ 2 

ɻʦʨʦʜ 3 ɻʦʨʦʜ 4 

ɻʦʨʦʜ 1 ɻʦʨʦʜ 2 

 ɻʦʨʦʜ 4 ɻʦʨʦʜ 3 

ʈʠʩ. 3.10 ð ɻʨʘʬ ɿʂ (ʩʣʝʚʘ) ʠ ʝʝ ʨʝʰʝʥʠʝ,  
ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʧʦʨʘ ʤʦʜʝʣʝʡ (ʩʧʨʘʚʘ) 
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ʃʇʈ ð ʵʪʦ ʥʦʩʠʪʝʣʴ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, ʪ.ʝ. ʧʨʘʚʠʣʘ (3.3), ʨʝʰʘʶʱʠʡ 
ʟʘʜʘʯʫ ʚ ʮʝʣʦʤ ʠ ʦʮʝʥʠʚʘʶʱʠʡ ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʩʭʦʜʷ ʠʟ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʩʧʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ (ʠʥʪʝʛʨʘʮʠʷ) ʟʥʘʥʠʡ. ʀʟʦʙʨʘ-
ʟʠʤ ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʧʦʨʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ɿʂ 
(ʨʠʩ. 3.11). ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ð ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʩʫʞʜʝʥʠʡ ʧʦ 
ʘʚʪʦʥʦʤʥʳʤ ʤʦʜʝʣʷʤ, ʧʨʝʨʳʚʘʶʱʠʭʩʷ ʩʧʦʨʘʤʠ ʚ ʪʦʯʢʘʭ ʨʘʟʥʦʛʣʘʩʠʷ. 
ʄʦʤʝʥʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʯʝʢ ʨʘʟʥʦʛʣʘʩʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ 
ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʟʘʜʘʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʌɻʠʀʉ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ɿʂ ʪʦʯʢʠ ʨʘʟʥʦʛʣʘʩʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʳʙʦʨʝ ʦʯʝʨʝʜ-
ʥʦʛʦ ʛʦʨʦʜʘ ʚ ʤʘʨʰʨʫʪʝ. 

 

 
ʂ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʷ ʤʦʜʝʣʴ çʧʦʜʭʦʜʠʪè ʩ ʥʝʢʦʪʦʨʳʤ ʨʝʰʝʥʠʝʤ  

ʧʦʜʟʘʜʘʯʠ. ʄʦʜʝʣʠ ʩʧʦʨʷʪ. ʉʧʦʨ ʨʘʟʨʝʰʘʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ (3.3), ʚʣʘʜʝʣʝʮ 
ʢʦʪʦʨʦʛʦ ð ʃʇʈ. ʄʦʜʝʣʠ ʩʧʦʨʷʪ ʥʝ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʨʘʟʥʦʛʣʘʩʠʷ, ʪʘʢ ʢʘʢ 
ʥʝ ʚʩʝʛʜʘ ʠʤʠʪʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ çʧʦʜʭʦʜʠʪè ʢ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʷ ʩ ʨʘʟ-
ʥʳʤʠ ʤʦʜʝʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ.  

ɺ ʤʝʪʦʜʝ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ʚ ʂʉʇʇʈ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʫʨʦʚʥʷ ʠʥʪʝ-
ʛʨʘʮʠʠ ʟʥʘʥʠʡ: 1) ʠʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʤʦʜʝʣʝʡ ʚ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʡ: ʤʦ-
ʜʝʣʴ, ʨʝʰʘʶʱʘʷ ʧʦʜʟʘʜʘʯʫ, ʩʪʘʣʢʠʚʘʝʪʩʷ ʚ ʩʧʦʨʝ ʩ ʜʨʫʛʦʡ ʤʦʜʝʣʴʶ; 
ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʠ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ, ʭʘ-
ʨʘʢʪʝʨʠʟʫʶʱʠʭ ʟʘʜʘʯʫ; ʚ ʪʦʯʢʝ ʨʘʟʥʦʛʣʘʩʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʝʝ çʩʠʣʴ-
ʥʦʝè ʟʥʘʥʠʝ, ʜʘʣʝʝ ʟʥʘʥʠʷ ʢʦʤʙʠʥʠʨʫʶʪʩʷ ʧʦ ʦʩʥʦʚʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢ-
ʮʠʠ, ʠ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʜʘʣʴʥʝʡʰʠʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ; ʬʦʨʤʫʣʘ ʠʥ-
ʪʝʛʨʘʮʠʠ ʟʥʘʥʠʡ ð ʧʨʦʜʫʢʮʠʦʥʥʳʝ ʧʨʘʚʠʣʘ ʚʠʜʘ çɽʩʣʠ é ʪʦ éè;  
2) ʠʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʨʝʰʝʥʠʷ 
ʟʘʜʘʯʠ, ʢʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʝ-

ʀʩʭʦʜʥʳʝ 
ʜʘʥʥʳʝ  

(ʤʘʪʨʠʮʳ 
ʨʘʩʩʪʦʷʥʠʷ 
ʠ ʧʨʠʙʳʣʴ-

ʥʦʩʪʠ) 

 
dec1

u 

ʈʝʟʫʣʴʪʘʪ 
(ʤʘʨʰʨʫʪ, 
ʧʝʨʝʩʪʘ-

ʥʦʚʢʘ  
ʛʦʨʦʜʦʚ) 

modʵ  dec1
u 

modʬ dec2
u 

 
 dec2

u 
 

modʵ  dec1
u 

modʬ dec2
u 

 
decu 

modʵ  decu 

modʬ decu 

ʊʦʯʢʠ ʨʘʟʥʦʛʣʘʩʠʷ 

ʉʧʦʨ 

ʈʠʩ. 3.11 ð ʀʥʪʝʛʨʘʮʠʷ ʟʥʘʥʠʡ ʚ ʩʧʦʨʝ ʤʦʜʝʣʝʡ 
 

ʆʙʦʟʥʘʯʝʥʠʷ:                ð ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʙʣʦʢʘ ʩʧʦʨʫ;  
           ð ʧʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʃʇʈ 

ʆʮʝʥʢʘ 
ʘʣʴʪʝʨʥʘʪʠʚ 

ʆʮʝʥʢʘ 
ʘʣʴʪʝʨʥʘʪʠʚ 
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ʰʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʥʫʞʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ; ʧʨʠ ʘʛ-
ʨʝʛʠʨʦʚʘʥʠʠ ʨʝʰʝʥʠʡ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʟʥʘʥʠʷ ʘʛʝʥʪʦʚ; ʬʦʨʤʫʣʘ ʠʥʪʝʛʨʘ-
ʮʠʠ ʟʥʘʥʠʡ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ð ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 
ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 1

udec Ç 2
udec Ç  

udec . ʇʝʨʚʳʡ ʚʠʜ ʠʥʪʝʛʨʘʮʠʠ ʥʘʟʦʚʝʤ ʠʥʪʝʛʨʘʮʠʝʡ ʚʛʣʫʙʴ (çʩʪʘʣʢʠʚʘ-
ʶʪʩʷè ʟʥʘʥʠʷ ʤʦʜʝʣʝʡ) (ʨʠʩ. 3.12,ʘ), ʘ ʚʪʦʨʦʡ ʚʠʜ ð ʠʥʪʝʛʨʘʮʠʝʡ ʚʰʠʨʴ 
(ʘʛʨʝʛʘʮʠʷ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ) (ʨʠʩ. 3.12,ʙ). 

 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʂʉʇʇʈ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʧʦʨʘ 

ʤʦʜʝʣʝʡ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ çʨʝʜʫʢʮʠʷ-ʨʝʰʝʥʠʝ-ʠʥʪʝʛʨʘʮʠʷè. ʈʝ-
ʜʫʢʮʠʷ ð ʨʘʟʙʠʝʥʠʝ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʦʜʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ð ʨʝʰʝ-
ʥʠʝ ʵʢʩʧʝʨʪʦʤ ʩʚʦʝʡ ʧʦʜʟʘʜʘʯʠ, ʠʥʪʝʛʨʘʮʠʷ ð ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ, ʘʛʨʝʛʠ-
ʨʦʚʘʥʠʝ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʪʘʤʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʠ ʚʝʨʪʠ-
ʢʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. 

3.5. ʇʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ  
ʤʝʪʦʜʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʦʨʘ ʤʦʜʝʣʝʡ 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ (ʜʦʩʪʘʚʢʠ ʪʦʚʘ-
ʨʦʚ ʩʦ ʩʢʣʘʜʘ ʚ ʪʦʨʛʦʚʳʝ ʪʦʯʢʠ) ʤʝʪʦʜʦʤ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ʩ ʝʜʠʥʩʪʚʝʥʥʦʡ 
ʪʦʯʢʦʡ ʨʘʟʥʦʛʣʘʩʠʷ ʚ ʢʦʥʮʝ ʨʘʩʩʫʞʜʝʥʠʡ. 

ɺʦʜʠʪʝʣʴ ʟʘʛʨʫʞʘʝʪ ʚ ʛʨʫʟʦʚʠʢ ʪʦʚʘʨʳ ʩʦ ʩʢʣʘʜʘ ʠ ʨʘʟʚʦʟʠʪ ʠʭ ʧʦ 
ʪʦʨʛʦʚʳʤ ʪʦʯʢʘʤ. ʇʫʥʢʪ ʩʦ ʩʢʣʘʜʦʤ ð ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʜʚʠʞʝʥʠʷ. ʋ 
ʚʦʜʠʪʝʣʷ ʝʩʪʴ ʩʧʠʩʦʢ ʧʫʥʢʪʦʚ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ. ɺʩʝ ʧʫʥʢʪʳ ʩʚʷʟʘ-
ʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʜʦʨʦʛʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʚʝʟʪʠ ʪʦʚʘʨʳ ʠ ʚʝʨʥʫʪʴʩʷ, 
ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʧʫʥʢʪ ʧʦʩʝʱʘʝʪʩʷ ʦʜʠʥ ʨʘʟ. ɺʦʜʠʪʝʣʶ ʚʳʜʘʶʪʩʷ ʢʦ-
ʤʘʥʜʠʨʦʚʦʯʥʳʝ ʠ ʦʛʦʚʘʨʠʚʘʶʪʩʷ ʩʨʦʢʠ ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʪʳ. ʇʨʠ ʜʚʠʞʝ-
ʥʠʠ ʠʟ ʦʜʥʦʛʦ ʧʫʥʢʪʘ ʚ ʜʨʫʛʦʡ ʪʨʘʪʠʪʩʷ ʯʘʩʪʴ ʢʦʤʘʥʜʠʨʦʚʦʯʥʳʭ. ɺ ʠʜʝ-
ʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʧʦʩʝʪʠʪʴ ʚʩʝ ʧʫʥʢʪʳ, ʥʦ ʵʪʦ ʤʦʞʝʪ 
ʦʢʘʟʘʪʴʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʜʝʥʝʛ, ʚʨʝʤʝʥʠ ʠʣʠ ʪʦʛʦ ʠ ʜʨʫ-
ʛʦʛʦ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʪʘʢʦʛʦ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ, ʯʪʦʙʳ ʧʦʩʝ-
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ʪʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʧʫʥʢʪʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ 
ʠ ʤʠʥʠʤʘʣʴʥʦʤ ʧʨʦʡʜʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ.   

ɺʦʜʠʪʝʣʴ, ʥʘʭʦʜʷʩʴ ʚ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʝ,  ʩʶʜʘ ʞʝ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ. ʅʘ 
ʚʳʙʦʨ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʫʥʢʪʘ ʚʣʠʷʶʪ ʬʘʢʪʦʨʳ: ʜʣʠʥʘ ʤʘʨʰʨʫʪʦʚ, ʚʨʝʤʷ 
ʠ ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʧʫʥʢʪʘ, ʪʘʢ ʢʘʢ ʚʦʜʠʪʝʣʴ ʫʯʠʪʳʚʘ-
ʝʪ ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʠʯʠʷ ʥʘ ʥʝʡ ʧʨʦʙʦʢ. ʇʦʩʝʪʠʪʴ ʚʩʝ 
ʪʦʨʛʦʚʳʝ ʪʦʯʢʠ ʚʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ (ʨʘʙʦʯʫʶ ʩʤʝ-
ʥʫ). ʉʬʦʨʤʫʣʠʨʫʝʤ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ. 

ɿʘʜʘʥʳ n ʛʦʨʦʜʦʚ, ʨʘʩʩʪʦʷʥʠʷ, ʩʪʦʠʤʦʩʪʴ ʠ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞ-
ʜʫ ʛʦʨʦʜʘʤʠ. ɺʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʚʳʝʭʘʪʴ ʠʟ ʧʝʨʚʦʛʦ ʛʦʨʦʜʘ, ʧʦʩʝʪʠʪʴ ʧʦ 
ʨʘʟʫ ʚʩʝ ʛʦʨʦʜʘ ʠ ʚʝʨʥʫʪʴʩʷ ʚ ʠʩʭʦʜʥʳʡ. ɺ ʢʘʢʦʤ ʧʦʨʷʜʢʝ ʥʫʞʥʦ ʦʙʲʝʟ-
ʞʘʪʴ ʛʦʨʦʜʘ, ʯʪʦʙʳ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʧʨʝʚʳʩʠʣʠ ʢʦʤʘʥʜʠʨʦ-
ʚʦʯʥʳʭ, ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʨʰʨʫʪʘ ʙʳʣʦ ʥʝ ʙʦʣʴʰʝ ʩʨʦʢʘ ʥʘ ʚʳʧʦʣ-
ʥʝʥʠʝ ʟʘʜʘʥʠʷ ʠ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʳʣʦ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤ? 

ʇʫʩʪʴ ʜʣʠʥʘ ʜʦʨʦʛʠ ð li j; ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ð ti j; ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝ-
ʥʠʷ ð ci j ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ i, j. ʉʬʦʨʤʠʨʫʝʤ ʤʘʪʨʠʮʳ: ʨʘʩʩʪʦʷʥʠʡ (L),  
ʚʨʝʤʝʥ (T) ʠ ʩʪʦʠʤʦʩʪʝʡ (C) ʥʘ ʧʝʨʝʝʟʜ ʠʟ ʦʜʥʦʛʦ ʛʦʨʦʜʘ ʚ ʜʨʫʛʦʡ. ʊʨʝ-
ʙʫʝʪʩʷ ʥʘʡʪʠ ʤʘʨʰʨʫʪ ˊ, ʜʣʠʥʘ ʠ ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʙʫʜʫʪ ʩʪʨʝʤʠʪʴʩʷ 
ʢ ʩʚʦʠʤ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ: 
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ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚʨʝʤʷ ʧʦʝʟʜʢʠ ʥʝ ʧʨʝʚʳʩʠʪ ʠʥʪʝʨʚʘʣʘ ʛʨʊ : 
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ɼʣʷ ʨʝʰʝʥʠʷ ɿʂ ʤʝʪʦʜʦʤ ʩʧʦʨʘ ʤʦʜʝʣʝʡ ʚ ʌɻʠʀʉ ʨʘʟʨʘʙʦʪʘʥʘ 

çʉʠʩʪʝʤʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠ-
ʤʝʥʪʦʚ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʨʘʩʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʦʚ. 

ɺ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʪʨʠ ʤʝʪʦʜʘ ʨʘʩʩʫʞʜʝʥʠʷ ʵʢʩʧʝʨʪʦʚ: 
1) ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ çɽʩʣʠ é ʪʦ éè [4]; 
2) ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ [169]; 
3) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ [169]. 

ʉʠʩʪʝʤʘ ð ʵʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 
ʟʘʜʘʯʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʝʭ ʤʝʪʦʜʦʚ ʨʘʩʩʫʞʜʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʧʦ-
ʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠʟʙʳʪʦʯʥʳʭ ʤʦʜʝʣʝʡ. 
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ʂʘʞʜʘʷ ʤʦʜʝʣʴ ʨʘʩʩʫʞʜʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʥʦʤʥʦʝ ʨʝʰʝʥʠʝ ʧʦ-
ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʥʳʭ 
ʤʦʜʝʣʝʡ ʨʘʩʩʫʞʜʝʥʠʷ ʠ ʩʘʤ ʨʘʟʨʝʰʠʪʴ ʩʧʦʨ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʉʂʄ ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʠʤʠʪʠʨʫʷ ʪʨʠ ʣʠʥʠʠ ʨʘʩ-
ʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʘ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʤʦʜʝʣʠ ʃʇʈ.   

ʀʤʠʪʠʨʫʝʪʩʷ ʨʝʰʝʥʠʝ ʉɿʂ ʚ ʉʇʇʈ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʃʇʈ ʠ ʪʨʝʭ ʵʢʩ-
ʧʝʨʪʦʚ: ʵʢʩʧʝʜʠʪʦʨʘ, ʬʠʥʘʥʩʠʩʪʘ ʠ ʘʥʘʣʠʪʠʢʘ. ʕʢʩʧʝʨʪʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʦʪʜʝʣʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʴ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ, ʵʢʩʧʝʨʪʫ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ð ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʚʠʜʘ çɽʩʣʠ 
é ʪʦ éè, ʘ ʵʢʩʧʝʨʪʫ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ð ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʢ-
ʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ. ʅʘʟʦʚʝʤ ʵʪʠ ʤʦʜʝʣʠ ʵ-, ʬ- ʠ ʘ-ʤʦʜʝʣʴʶ. 

ɺ ʉʂʄ ʢʘʞʜʘʷ ʣʠʥʠʷ ʨʘʩʩʫʞʜʝʥʠʷ ʠʤʠʪʠʨʫʝʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʵʢʩ-
ʧʝʨʪʦʤ. ʊʘʢ ʢʘʢ ʵʢʩʧʝʨʪ ʚʠʜʠʪ ʟʘʜʘʯʫ ʧʦ-ʩʚʦʝʤʫ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ, ʪʦ 
ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʧʦʜʟʘʜʘʯʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜ-
ʩʪʘʚʣʝʥʠʷʤ ʦ ʥʝʡ ʪʨʝʭ ʵʢʩʧʝʨʪʦʚ. ʕʢʩʧʝʨʪ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯʠ ʬʦʨ-
ʤʠʨʫʝʪ ʩʚʦʡ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʧʦʜʟʘʜʘʯ 
ʧʦʩʪʫʧʘʶʪ ʚ ʤʦʜʝʣʴ ʃʇʈ, ʩʨʘʚʥʠʚʘʶʪʩʷ, ʠ ʚʳʙʠʨʘʝʪʩʷ ʧʦʜʭʦʜʷʱʠʡ. ɺ 
ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʃʇʈ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʚʝʜʝʥʠʷ 
ʦʙ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʚʳʙʦʨʝ ʤʘʨʰʨʫʪʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʥʘ 
ʦʩʥʦʚʝ ʧʨʘʚʠʣ. ɺ ʤʦʜʝʣʠ ʃʇʈ ʚʳʯʠʩʣʷʝʪʩʷ çʧʦʙʝʜʠʪʝʣʴè ʩʧʦʨʘ. ɿʘʯʘʩ-
ʪʫʶ ʩʣʦʞʥʦ ʚʳʙʨʘʪʴ ʨʝʰʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ: 1) ʨʝʟʫʣʴʪʘʪ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ; 2) ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʨʝʰʝʥʠʷ 
ʧʦʜʟʘʜʘʯ ʝʩʪʴ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʝ ʦʜʥʦʟʥʘʯʥʦ 
ʦʮʝʥʠʪʴ ʧʨʠʥʷʪʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ. ʕʢʩʧʝʨʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʩʚʦʠ ʨʝ-
ʰʝʥʠʷ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʜʦʚʝʨʠʝ ʢ ʥʠʤ ʃʇʈ. ɺ ʉʂʄ ʜʣʷ ʵʪʦʛʦ ʠʤʠʪʠʨʫ-
ʝʪʩʷ ʘʨʛʫʤʝʥʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʝ: 
ʤʦʜʝʣʴ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ, ʧʨʦʜʫʢʮʠʦʥʥʫʶ ʙʘʟʫ ʟʥʘʥʠʡ ʠ 
ʤʦʜʝʣʴ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ. 

ʈʘʩʩʫʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʳʪʘ. ʇʨʠʥʠʤʘʷ ʨʝʰʝʥʠʝ ʥʘ ʦʩ-
ʥʦʚʝ ʦʧʳʪʘ, ʵʢʩʧʝʨʪ ʥʝ ʩʪʨʦʠʪ ʮʝʧʦʯʝʢ ʨʘʩʩʫʞʜʝʥʠʡ, ʘ ʦʧʝʨʠʨʫʝʪ ʟʥʘ-
ʥʠʷʤʠ ʦ ʨʝʰʝʥʠʷʭ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ. ɽʛʦ ʧʘʤʷʪʴ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʥʘʡʪʠ 
ʧʦʜʭʦʜʷʱʠʡ ʧʨʝʮʝʜʝʥʪ [25]. ʕʢʩʧʝʨʪ ʩʦʧʦʩʪʘʚʣʷʝʪ ʩʠʪʫʘʮʠʠ ʠ ʬʦʨʤʠ-
ʨʫʝʪ ʨʝʰʝʥʠʝ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ. ʈʘʩʩʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 
ʚ ʉʂʄ ʠʤʠʪʠʨʫʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ çʞʠʟʥʝʥʥʦʤʫ ʮʠʢʣʫè CBR-ʩʠʩʪʝʤ [25]. 

ɺ ʩʠʩʪʝʤʝ ʉʂʄ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʠʤʠ-
ʪʘʮʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʘ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʨʦʣʴ ʧʘʤʷʪʠ ʯʝʣʦʚʝʢʘ ʠʛ-
ʨʘʝʪ ʙʘʟʘ ʧʨʝʮʝʜʝʥʪʦʚ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʫʩʣʦʚʠʷ ʨʝʰʝʥʥʳʭ ʟʘʜʘʯ ʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʨʝʰʝʥʠʷ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʜʘʯʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʚ 
ʙʘʟʝ ʪʘʢʦʛʦ ʧʨʝʮʝʜʝʥʪʘ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞ ʥʘ ʝʝ ʫʩʣʦʚʠʷ. ʉʭʦʜ-
ʩʪʚʦ ʧʨʝʮʝʜʝʥʪʘ ʚʳʨʘʞʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʜʦʙʠʷ Kʧʧ, ʟʥʘʯʝʥʠʝ ʢʦ-
ʪʦʨʦʛʦ ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ [0, 1]; ʯʝʤ ʙʦʣʴʰʝ ʝʛʦ ʟʥʘʯʝʥʠʝ, ʪʝʤ ʧʨʝʮʝ-
ʜʝʥʪ ʨʝʣʝʚʘʥʪʥʝʝ ʫʩʣʦʚʠʶ ʧʦʜʟʘʜʘʯʠ.  
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ʉʫʪʴ ʤʝʭʘʥʠʟʤʘ ð ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʟʘʜʘʯʠ ʩ ʧʨʝʮʝʜʝʥʪʘʤʠ, 
ʦʧʠʩʳʚʘʶʱʠʤʠ ʨʝʰʝʥʠʝ ʧʦʭʦʞʠʭ ʟʘʜʘʯ, ʠʟ ʙʘʟʳ ʧʨʝʮʝʜʝʥʪʦʚ. ɹʘʟʘ 
ʧʨʝʮʝʜʝʥʪʦʚ ð ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʝʢʮʠʠ ʫʩʣʦʚʠʷ ʠ ʩʝʢʮʠʠ 
ʨʝʰʝʥʠʷ. ʉʝʢʮʠʷ ʫʩʣʦʚʠʷ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʣʦʚʘ Precedent ʠ ʩʦʜʝʨʞʠʪ 
ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʩʧʠʩʦʢ ʛʦʨʦʜʦʚ; ʥʘʯʘʣʴʥʳʡ ʛʦʨʦʜ ʤʘʨʰʨʫʪʘ; 
ʚʨʝʤʷ, ʚʳʜʝʣʝʥʥʦʝ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʤʘʨʰʨʫʪʘ; ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘ-
ʤʠ ʛʦʨʦʜʦʚ. ʆʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʛʦʨʦʜʘʤʠ ʟʘʜʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ, 
ʚʨʝʤʝʥʝʤ, ʩʪʦʠʤʦʩʪʴʶ ʠ ʠʤʝʝʪ ʬʦʨʤʘʪ: 

 
<ʇʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ><ʇʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ> l <ɿʥʘʯʝʥʠʝ ʜʣʠʥʳ>, 

<ʇʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ><ʇʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ> t <ɿʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ>, 
<ʇʫʥʢʪ ʦʪʧʨʘʚʣʝʥʠʷ><ʇʫʥʢʪ ʥʘʟʥʘʯʝʥʠʷ> c <ɿʥʘʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ>. 
 
ʉʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʟ ʩʝʢ-

ʮʠʠ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʠʪ ʩʝʢʮʠʷ ʨʝʰʝʥʠʷ. ʆʥʘ ʥʘʯʠʥʘʝʪʩʷ ʩʣʦʚʦʤ Result ʠ 
ʚʢʣʶʯʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ: ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʘʨʰʨʫʪ-ʨʝʰʝʥʠʝ, ʜʣʠʥʫ, 
ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ. 

ʄʦʜʝʣʴ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʚ ʩʠʩʪʝʤʝ ʉʂʄ ʬʫʥʢʮʠʦʥʠʨʫ-
ʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʙʠ-
ʨʘʝʪ ʬʘʡʣ, ʩʦʜʝʨʞʘʱʠʡ ʙʘʟʫ ʧʨʝʮʝʜʝʥʪʦʚ. ɼʣʷ ʚʳʙʦʨʘ ʧʨʝʮʝʜʝʥʪʘ ʧʘʨʘ-
ʤʝʪʨʳ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʝʮʝʜʝʥʪʘ. ʇʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ. ɸʣʛʦʨʠʪʤ 
ʩʨʘʚʥʝʥʠʷ: 
1) ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʩʧʠʩʢʘ ʛʦʨʦʜʦʚ ʚ ʧʨʝʮʝʜʝʥʪʝ ʠ ʚ ʟʘʜʘʯʝ; 
2) ʧʨʦʚʝʨʷʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʛʦʨʦʜʘ ʚ ʧʨʝʮʝʜʝʥʪʝ ʠ ʚ ʟʘʜʘʯʝ; 
3) ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʠ ʧʨʝʮʝʜʝʥʪʘ (ʛʨʘʥʠʯʥʦʝ ʚʨʝʤʷ, 
ʨʘʩʩʪʦʷʥʠʝ, ʚʨʝʤʷ ʠ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʠ ʛʦʨʦʜʦʚ); 
4) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʣʷ ʧʘʨʳ ʛʦʨʦʜʦʚ ʠ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ-
ʜʦʙʠʷ Kʧ, ʢʦʪʦʨʳʡ ʫʤʥʦʞʘʝʪʩʷ ʥʘ çʟʥʘʯʠʤʦʩʪʴè ʧʘʨʘʤʝʪʨʘ w (ʟʘʜʘʶʪʩʷ 
ʵʢʩʧʝʨʪʘʤʠ ʜʣʷ ʨʘʩʩʪʦʷʥʠʷ, ʚʨʝʤʝʥʠ ʠ ʩʪʦʠʤʦʩʪʠ); 
5) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʧʨʝʮʝʜʝʥʪʘ Kʧʧ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ʂʧʨ ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʨʘʩʩʪʦʷʥʠʷ; ʂʧʚ ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦ-
ʙʠʷ ʚʨʝʤʝʥʠ; ʂʧʩ ð ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʩʪʦʠʤʦʩʪʠ; ʂʧʛʨ ð ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʧʦʜʦʙʠʷ ʛʨʘʥʠʯʥʦʛʦ ʚʨʝʤʝʥʠ; wʛʨ ð ʚʝʩ ʧʘʨʘʤʝʪʨʘ çʛʨʘʥʠʯʥʦʝ 
ʚʨʝʤʷè; wʨ ð ʚʝʩ ʧʘʨʘʤʝʪʨʘ çʨʘʩʩʪʦʷʥʠʝè; wʚ ð ʚʝʩ ʧʘʨʘʤʝʪʨʘ çʚʨʝʤʷè; 
wʩ ð ʚʝʩ ʧʘʨʘʤʝʪʨʘ çʩʪʦʠʤʦʩʪʴè.                                   



 

 148 

ʇʨʝʮʝʜʝʥʪ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʦʙʠʷ ʚʳ-
ʙʠʨʘʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʪʝʢʫʱʝʡ 
ʩʠʪʫʘʮʠʠ. ɸʜʘʧʪʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʤʘʨʰʨʫʪʘ ʚʳʙʠʨʘʝʪʩʷ ʤʘʨʰʨʫʪ ʠʟ ʧʨʝʮʝʜʝʥʪʘ, ʥʦ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʨʘʩ-
ʩʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʟʘʜʘʯʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʷʪʠ ʛʦʨʦʜʦʚ A, 
B, C, D, E ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʙʳʣ ʚʳʙʨʘʥ ʧʨʝʮʝʜʝʥʪ 
ʩ ʤʘʨʰʨʫʪʦʤ ABDECA. ʊʘʢ ʢʘʢ ʧʨʝʮʝʜʝʥʪ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʟʘʜʘʯʝʡ, ʪʦ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʛʦ ʤʘʨʰʨʫʪʘ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʨ-
ʰʨʫʪʘ ʚ ʟʘʜʘʯʝ. ʏʪʦʙʳ ʤʘʨʰʨʫʪ ʦʪʚʝʯʘʣ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ, ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴ ʧʫʥʢʪʦʚ ʤʘʨʰʨʫʪʘ ʙʝʨʝʪʩʷ ʠʟ ʧʨʝʮʝʜʝʥʪʘ, ʘ ʧʘʨʘʤʝʪʨʳ ʝʛʦ 
ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʟʘʜʘʯʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʜʣʷ ʧʦʣʴʟʦʚʘ-
ʪʝʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʦʜʦʙʠʷ. 
ʏʝʤ ʚʳʰʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʜʦʚʝʨʠʷ ʫ ʃʇʈ ʚʳʟʳʚʘʝʪ 
ʨʝʟʫʣʴʪʘʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ.  

ʈʘʩʩʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʚʠʜʘ çɽʩʣʠ é  
ʪʦ éè. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʵʢʩʧʝʨʪʳ ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʩʧʦʣʴ-
ʟʫʶʪ ʧʨʘʚʠʣʘ çɽʩʣʠ é ʪʦ éè, ʦʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝ ʟʘʜʫʤʳ-
ʚʘʶʪʩʷ ʥʘʜ ʵʪʠʤ. ʂʦʛʜʘ ʵʢʩʧʝʨʪʘ ʩʧʨʦʩʷʪ, ʧʦʯʝʤʫ ʦʥ ʧʨʠʥʷʣ ʪʘʢʦʝ ʨʝ-
ʰʝʥʠʝ, ʦʥ ʩʤʦʞʝʪ ʚʳʩʪʨʦʠʪʴ ʮʝʧʦʯʢʫ ʨʘʩʩʫʞʜʝʥʠʡ, ʥʦ ʩ ʫʩʣʦʞʥʝʥʠʝʤ 
ʧʨʦʮʝʩʩʘ ʨʘʩʩʫʞʜʝʥʠʡ, ʢʦʛʜʘ ʮʝʧʦʯʢʠ ʨʘʩʩʫʞʜʝʥʠʡ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʠ-
ʪʝʣʴʥʦʡ ʜʣʠʥʳ, ʦʙʲʷʩʥʠʪʴ ʧʨʠʥʷʪʦʝ ʨʝʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʪʨʫʜʥʝʝ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʨʘʟʨʘʙʦʪʘʥʘ ʙʘʟʘ 
ʟʥʘʥʠʡ, ʩʦʜʝʨʞʘʱʘʷ ʧʨʘʚʠʣʘ çɽʩʣʠ é ʪʦ éè, ʨʝʘʣʠʟʫʶʱʠʝ ʤʝʭʘʥʠʟʤ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʚʠʜʠʪ, ʢʘ-
ʢʠʝ ʧʨʘʚʠʣʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʦʥ ʣʠʰʴ ʚʚʦ-
ʜʠʪ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʪ.ʝ. ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʟʳ ʬʘʢʪʦʚ. 

ʇʨʘʚʠʣʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʚ ʉʂʄ ʜʝʣʷʪʩʷ ʥʘ ʛʨʫʧʧʳ:  
1) ʚʳʙʦʨʘ ʣʫʯʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ; 2) ʜʦʙʘʚʣʝ-
ʥʠʷ ʣʫʯʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʢ ʪʝʢʫʱʝʤʫ ʤʘʨʰʨʫʪʫ; 3) ʟʘʚʝʨʰʝʥʠʷ ʨʘʩʩʫ-
ʞʜʝʥʠʷ, ʢʦʛʜʘ ʚʩʝ ʛʦʨʦʜʘ ʧʨʦʡʜʝʥʳ; 4) ʦʩʪʘʥʦʚʢʠ ʨʘʩʩʫʞʜʝʥʠʡ, ʢʦʛʜʘ 
ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʨʰʨʫʪʘ ʧʨʝʚʳʩʠʪ ʣʠʤʠʪ. ɺʩʝʛʦ ʚ ʙʘʟʝ ʟʥʘʥʠʡ 39 
ʧʨʘʚʠʣ. ʅʘ ʨʠʩ. 3.13 ʧʦʢʘʟʘʥʘ ʯʘʩʪʴ ʛʨʘʬʘ ʀ/ʀʃʀ ʜʣʷ ʙʘʟʳ ʟʥʘʥʠʡ.  

ʕʪʦʪ ʧʦʜʛʨʘʬ ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʩʨʘʚʥʝʥʠʷ ʠ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʠʟ ʜʚʫʭ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ. ʇʝʨʚʳʡ ʤʘʨʰʨʫʪ ʠʤʝʝʪ ʧʘʨʘʤʝʪʨʳ: ʜʣʠʥʘ 
( 1l
p ), ʚʨʝʤʷ ( 1t

p ), ʩʪʦʠʤʦʩʪʴ ( 1cp ). ɺʪʦʨʦʡ ʤʘʨʰʨʫʪ ð ʜʣʠʥʘ ( 2l
p ), ʚʨʝʤʷ 

( 2t
p ), ʩʪʦʠʤʦʩʪʴ ( 2cp ). ʇʘʨʘʤʝʪʨ ɸ ð ʩʣʫʞʝʙʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʩʦʢʨʘʱʝ-

ʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʠʩʢʘ ʥʘ ʛʨʘʬʝ ʀ/ʀʃʀ. ʇʘʨʘʤʝʪʨ tʧʨ ð ʵʚʨʠʩʪʠʯʝ-
ʩʢʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʧʫʥʢʪʘʤʠ. 
ʇʦʜʛʨʘʬ ʥʘ ʨʠʩ. 3.13 ʠʟʦʙʨʘʞʘʝʪ ʧʨʘʚʠʣʘ: 1) ɽʩʣʠ 1 2l lp pJ  ʠ 1 2t tp pJ  ʠ 

1 2c cp p> , ʪʦ ɸ; 2) ɽʩʣʠ ɸ ʠ 2 ʧʨt tp J  ʠ 2 1 1 2/ /l l c cp p p p> , ʪʦ ɸʣʴʪʝʨʥʘʪʠʚʘ 1;  
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3) ɽʩʣʠ ɸ ʠ 2 ʧʨt tp J  ʠ 2 1 1 2/ /l l c cp p p pJ , ʪʦ ɸʣʴʪʝʨʥʘʪʠʚʘ 2. ɸʣʴʪʝʨʥʘʪʠʚʘ 
1 ʠ ɸʣʴʪʝʨʥʘʪʠʚʘ 2 ð ʧʨʘʚʘʷ ʯʘʩʪʴ ʧʨʦʜʫʢʮʠʦʥʥʦʛʦ ʧʨʘʚʠʣʘ ʜʣʷ ʚʳʙʦʨʘ 
ʧʝʨʚʦʛʦ ʠʣʠ ʚʪʦʨʦʛʦ ʤʘʨʰʨʫʪʘ ʜʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʜʚʠʞʝʥʠʷ.  

 

 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʜʘʯʠ ʚ ʉʂʄ ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʚʠ-

ʜʘ çɽʩʣʠ é ʪʦ éè ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʚʝ-
ʨʝʥʥʦʩʪʠ ʵʢʩʧʝʨʪʘ ʚ ʧʨʠʥʷʪʦʤ ʨʝʰʝʥʠʠ ʠ ʠʤʠʪʠʨʫʝʪʩʷ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩ-
ʪʝʤʦʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʦʙʦʣʦʯʢʝ KAPPA PC [170]. 

ʈʘʩʩʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ. ɺ ʩʠʩʪʝʤʝ ʉʂʄ ʨʘʟ-
ʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ çʩʦ-
ʧʨʦʚʦʞʜʝʥʠʷè ʧʨʦʮʝʩʩʘ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʚʠʜʘ çɽʩʣʠ é 
ʪʦ éè. ʄʝʭʘʥʠʟʤ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ 
ʨʘʙʦʪʘʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʩʫʞʜʝʥʠʷʤ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ çɽʩʣʠ ... ʪʦ éè. 
ʌ-ʤʦʜʝʣʴ ʧʨʦʚʦʜʠʪ ʚʳʯʠʩʣʝʥʠʷ, ʥʘʭʦʜʠʪ ʨʝʰʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʛʦ 
ʧʦʣʴʟʦʚʘʪʝʣʶ, ʘ-ʤʦʜʝʣʴ ʩʦʦʙʱʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩʪʝʧʝʥʴ ʫʚʝʨʝʥʥʦʩʪʠ ʚ 
ʧʨʠʥʷʪʠʠ ʵʪʦʛʦ ʨʝʰʝʥʠʷ. ɺ ʩʠʩʪʝʤʝ ʉʂʄ ʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʬʘʢ-
ʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʜʝʣʠʨʫʶʪʩʷ ʚ ʩʪʵʥʜʬʦʨʜʩʢʦʡ ʘʣʛʝʙʨʝ ʬʘʢʪʦʨʘ ʫʚʝ-
ʨʝʥʥʦʩʪʠ [169]. ʈʘʩʩʫʞʜʝʥʠʷ ʘ-ʤʦʜʝʣʠ ð çʨʘʩʩʫʞʜʝʥʠʷ ʥʘ ʨʘʩʩʫʞʜʝʥʠ-
ʷʭè, ʦʥʘ ʘʥʘʣʠʟʠʨʫʝʪ ʬʘʢʪʳ ʠ ʨʘʩʩʫʞʜʝʥʠʷ ʬ-ʤʦʜʝʣʠ, ʜʝʣʘʝʪ ʚʳʚʦʜ ʦʙ 
ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʧʨʠʥʷʪʦʤ ʬ-ʤʦʜʝʣʴʶ ʨʝʰʝʥʠʠ.  

ʇʨʦʮʝʩʩ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ 
ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ: ʚʳʙʦʨ ʧʫʥʢʪʘ ʩʣʝʜʦʚʘʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʣʴ-
ʪʝʨʥʘʪʠʚ ʠ ʜʦʙʘʚʣʝʥʠʝ ʧʫʥʢʪʘ ʢ ʤʘʨʰʨʫʪʫ.  

ʇʫʥʢʪ ʩʣʝʜʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʧʦʧʘʨʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚ. 
ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʧʘʨʳ ʘʣʴʪʝʨʥʘʪʠʚ ʣʫʯʰʘʷ ʦʩʪʘʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 
ʩʨʘʚʥʝʥʠʷ. ʂʦʛʜʘ ʚ ʩʧʠʩʢʝ ʦʩʪʘʝʪʩʷ ʦʜʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʦʥʘ ʧʨʠʟʥʘʝʪʩʷ 
ʣʫʯʰʝʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʡ ʛʦʨʦʜ ʜʦʙʘʚʣʷʝʪʩʷ ʢ ʤʘʨʰʨʫʪʫ. 

ʇʨʠ ʧʦʧʘʨʥʦʤ ʩʨʘʚʥʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚ ʣʫʯʰʘʷ ʚʳʙʠʨʘʝʪʩʷ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʘʚʠʣʘ, ʥʘʧʨʠʤʝʨ, Rule1. ʀʟʚʝʩʪʥʳ ʬʘʢʪʦʨ ʫʚʝʨʝʥʥʦ-
ʩʪʠ ʚ ʧʨʝʜʧʦʩʳʣʢʘʭ ʵʪʦʛʦ ʧʨʘʚʠʣʘ (CFp) ʠ ʬʘʢʪʦʨ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʩʘʤʦʤ 

A

2 ʧʨt tp <  2 1 1 2/ /l l c cp p p p>  1 2t tp pJ  1 2c cp p>  
2 ʧʨt tp <  2 1 1 2/ /l l c cp p p pJ  1 2l lp pJ  

ɸʣʴʪʝʨʥʘʪʠʚʘ 1 ɸʣʴʪʝʨʥʘʪʠʚʘ 2 

. .

ʈʠʩ. 3.13 ð ʏʘʩʪʴ ʛʨʘʬʘ ʀ/ʀʃʀ ʜʣʷ ʚʳʙʦʨʘ ʣʫʯʰʝʛʦ ʠʟ ʜʚʫʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ 
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ʧʨʘʚʠʣʝ (CFr) [169]. ʌʘʢʪʦʨ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʚʳʙʦʨʝ ʣʫʯʰʝʡ ʘʣʴʪʝʨʥʘʪʠ-
ʚʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ (ʉFa) = (CFp) * (CFr). ʊʘʢ ʢʘʢ ʣʫʯʰʘʷ ʘʣʴʪʝʨʥʘʪʠ-
ʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ, ʠʤʝʝʤ ʬʘʢʪʦʨʳ ʫʚʝ-
ʨʝʥʥʦʩʪʠ (CFa1), é, (CFaN), ʘ ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠ-
ʝʤ ʧʨʘʚʠʣ: Rule1 ʠ Rule2 ʠ é ʠ RuleN, ʦʙʦʙʱʝʥʥʳʡ ʬʘʢʪʦʨ ʫʚʝʨʝʥʥʦʩʪʠ 
ʚ ʝʝ ʚʳʙʦʨʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ min{CFa1, CFa2, é, CFaN}. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʳ (ʧʫʥʢʪʘ) ʢ ʤʘʨʰʨʫʪʫ ʬʘʢʪʦʨ ʫʚʝʨʝʥ-
ʥʦʩʪʠ ʵʢʩʧʝʨʪʘ ʚ ʤʘʨʰʨʫʪʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [169]: 

 
 CFm + CFa ï (CFm * CFa), 
 
ʛʜʝ CFm ʠ CFa ð ʬʘʢʪʦʨʳ ʫʚʝʨʝʥʥʦʩʪʠ ʘ-ʤʦʜʝʣʠ ʚ ʤʘʨʰʨʫʪʝ ʜʦ ʠ ʧʦ-
ʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʛʦʨʦʜʘ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ð ʨʘʮʠʦ-
ʥʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ð ʙʫʜʝʪ ʚʳʯʠʩʣʝʥʦ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ  
ʘ-ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʵʪʦʛʦ ʤʘʨʰʨʫʪʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʪʝʨʦʛʝʥʥʦʝ ʤʦʜʝʣʴʥʦʝ ʧʦʣʝ ʜʣʷ ʨʝʰʝʥʠʷ ɿʂ ʤʝʪʦ-
ʜʘʤʠ ʌɻʠʀʉ ʚʢʣʶʯʘʝʪ ʪʨʠ ʤʦʜʝʣʠ: ʵ-ʤʦʜʝʣʴ, ʬ-ʤʦʜʝʣʴ ʠ ʘ-ʤʦʜʝʣʴ. 

3.6. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ ʦʨʛʘʥʠʟʘʮʠʝʡ ʩʧʦʨʘ ʤʦʜʝʣʝʡ 

ʇʫʩʪʴ ʚʦʜʠʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʝʪʠʪʴ 10 ʛʦʨʦʜʦʚ: A, B, C, D, E, F, G, 
H, J, K. ɼʚʠʞʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚ ʛʦʨʦʜʝ ɸ. ʀʟʚʝʩʪʥʳ ʨʘʩ-
ʩʪʦʷʥʠʷ, ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ. ɺʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʚʢʣʶʯʘʝʪ: ʚʨʝʤʷ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ 
ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ, ʧʨʦʩʪʦʠ ʚ ʦʞʠʜʘʥʠʠ ʨʘʟ-
ʛʨʫʟʢʠ ʪʦʚʘʨʘ, ʧʨʦʩʪʦʠ ʚ ʦʞʠʜʘʥʠʠ ʦʪʧʨʘʚ-
ʢʠ. ʉʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ 
ʚʢʣʶʯʘʝʪ ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ, ʘʤʦʨʪʠʟʘʮʠʶ 
ʘʚʪʦʤʦʙʠʣʷ, ʟʘʨʧʣʘʪʫ ʚʦʜʠʪʝʣʷ. ʅʘ ʨʠʩ. 3.14 
ʠʟʦʙʨʘʞʝʥ ʛʨʘʬ ɿʂ, ʘ ʚ ʪʘʙʣ. 3.1 ð 3.3 ʜʘʥʳ 
ʨʘʩʩʪʦʷʥʠʷ, ʚʨʝʤʝʥʘ ʜʚʠʞʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʠ 
ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ʥʘ ʨʠʩ. 3.14. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 
ʪʘʙʣ. 3.1 ð 3.3, ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʧʨʦʛʨʘʤʤʥʦ. 

ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʜʘʥʥʳʭ: ʨʘʩʩʪʦʷʥʠʝ 10 < li j < 120 (ʢʤ); ʚʨʝʤʷ 30 < ti j 
< 180 (ʤʠʥ); ʩʪʦʠʤʦʩʪʴ 100 < ci j < 400 (ʫʩʣ.ʝʜ.). ʅʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʠʷ 
ʚʦʜʠʪʝʣʶ ʦʪʚʦʜʠʪʩʷ ʣʠʤʠʪ ʊʛʨ = 1480 ʤʠʥ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ 
ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʚʠʜʘ çɽʩʣʠ é ʪʦ éè ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʚʨʠ-
ʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ tʧʨ ð ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʝʟʜʘ ʤʝʞʜʫ ʜʚʫ-
ʤʷ ʣʶʙʳʤʠ ʛʦʨʦʜʘʤʠ (tʧʨ = 120 ʤʠʥ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʦʮʝʥʢʠ ʚʳʙʠ-
ʨʘʝʪʩʷ ʧʨʘʚʠʣʦ, ʧʨʦʜʦʣʞʘʶʱʝʝ ʨʘʩʩʫʞʜʝʥʠʝ.  
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ʊʘʙʣʠʮʘ 3.1 ð ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ li j (ʢʤ) 

 ɸ B C D E F G H J K 
A  18 11 75 54 17 26 110 108 20 
B 18  89 45 51 39 14 37 22 61 
C 11 89  115 88 51 87 58 104 114 
D 75 45 115  79 100 112 64 98 85 
E 54 51 88 79  45 81 101 89 66 
F 17 39 51 100 45  93 102 45 29 
G 26 14 87 112 81 93  11 83 58 
H 110 37 58 64 101 102 11  55 91 
J 108 22 104 98 89 45 83 55  91 
K 20 61 114 85 66 29 58 91 91  

 
ʊʘʙʣʠʮʘ 3.2 ð ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ti j (ʤʠʥ) 

 ɸ B C D E F G H J K 
A  126 110 157 165 121 64 175 171 147 
B 126  177 169 126 119 65 95 64 159 
C 110 177  175 140 124 158 116 162 177 
D 157 169 175  136 166 172 142 161 175 
E 165 126 140 136  133 163 170 163 145 
F 121 119 124 166 133  174 162 139 170 
G 64 65 158 172 163 174  85 153 103 
H 175 95 116 142 170 162 85  110 146 
J 171 64 162 161 163 139 153 110  155 
K 147 159 177 175 145 170 103 146 155  

 
ʊʘʙʣʠʮʘ 3.3 ð ʉʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʛʦʨʦʜʘʤʠ ci j (ʫʩʣ.ʝʜ.) 

 ɸ B C D E F G H J K 
A  202 132 329 328 175 332 398 398 391 
B 202  391 395 215 292 354 231 315 321 
C 132 391  388 314 275 328 323 399 385 
D 329 395 388  367 366 381 278 355 382 
E 328 215 314 367  298 399 361 362 298 
F 175 292 275 366 298  393 356 376 296 
G 332 354 328 381 399 393  128 390 361 
H 398 231 323 278 361 356 128  229 322 
J 398 315 399 355 362 376 390 229  327 
K 391 321 385 382 298 296 361 322 327  

 



 

 152 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʤ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨ-
ʰʨʫʪʳ ʧʦ ʪʨʝʤ ʢʨʠʪʝʨʠʷʤ: ʚʨʝʤʝʥʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʶ. ɺʳʯʠʩʣʝ-
ʥʠʷ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʧʦ ʤʝʪʦʜʫ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʧʦ-
ʨʘ ʤʦʜʝʣʝʡ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ  ʪʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪ 1. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ð ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟ 
ʪʘʙʣ. 3.1 ð 3.3. ɹʳʣʠ ʫʯʪʝʥʳ ʠ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 
1) ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʜʦʨʦʛʘʤ ʦʪ ʠʣʠ ʢ ʧʫʥʢʪʫ B ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʟ-
ʨʦʩʣʦ ʥʘ 40 ʤʠʥ, ʘ ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ð ʥʘ 150 ʫʩʣ. ʝʜ. 
2) ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʜʦʨʦʛʘʤ ʦʪ ʠʣʠ ʢ ʧʫʥʢʪʫ D ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʟ-
ʨʦʩʣʦ ʥʘ 10 ʤʠʥ, ʘ ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ð ʥʘ 120 ʫʩʣ. ʝʜ. 
3) ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʜʦʨʦʛʘʤ ʦʪ ʠʣʠ ʢ ʧʫʥʢʪʫ H ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʟ-
ʨʦʩʣʦ ʥʘ 40 ʤʠʥ, ʘ ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ð ʥʘ 100 ʫʩʣ. ʝʜ. 
4) ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʜʦʨʦʛʘʤ ʦʪ ʠʣʠ ʢ ʧʫʥʢʪʫ F ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʟ-
ʨʦʩʣʦ ʥʘ 50 ʤʠʥ, ʘ ʩʪʦʠʤʦʩʪʴ ʜʚʠʞʝʥʠʷ ð ʥʘ 150 ʫʩʣ. ʝʜ. 

ʀʤʠʪʘʮʠʷ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ ʚʠʜʘ 
çɽʩʣʠ é ʪʦ éè (ʬ-ʤʦʜʝʣʴ ʠ ʘ-ʤʦʜʝʣʴ). ʇʦʩʢʦʣʴʢʫ ʘ-ʤʦʜʝʣʴ ʜʦʧʦʣʥʷʝʪ 
ʨʘʩʩʫʞʜʝʥʠʷ ʬ-ʤʦʜʝʣʠ, ʵʪʘ ʣʠʥʠʷ ʨʘʩʩʫʞʜʝʥʠʡ ʚ ʦʪʜʝʣʴʥʫʶ ʥʝ ʦʬʦʨʤ-
ʣʝʥʘ. ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʬ-ʤʦʜʝʣʠ ʠ ʘ-ʤʦʜʝʣʠ 
ʦʙʨʘʟʫʶʪ ʩʦʶʟ, ʪʘʢ ʢʘʢ ʣʠʥʠʷ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥ-
ʥʦʩʪʠ ʧʦʤʦʛʘʝʪ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ ʨʝʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʧʨʠ ʨʘʩʩʫʞʜʝʥʠʠ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ çɽʩʣʠ é ʪʦ éè. 

ʄʘʨʰʨʫʪ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʘʚʠʣ ʠʟ ʙʘʟʳ ʟʥʘʥʠʡ. ʅʘ ʵʪʘ-
ʧʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʫʥʢʪ ʩʣʝʜʦʚʘʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜ-
ʥʦʛʦ ʠʟ ʧʨʘʚʠʣ.  

ʅʘ ʬ-ʤʦʜʝʣʠ ʧʦʣʫʯʠʤ ʤʘʨʰʨʫʪ: ACEKGHJBFDA. ɽʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ: ʜʣʠʥʘ lp  ð 525 ʢʤ; ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ tp  ð 1479 ʤʠʥ; ʩʪʦʠʤʦʩʪʴ 
cp  ð 3804 ʫʩʣ. ʝʜ. 

ʋʚʝʨʝʥʥʦʩʪʴ ʘ-ʤʦʜʝʣʠ ʚ ʵʪʦʤ ʤʘʨ-
ʰʨʫʪʝ ð 0,9376 ð ʚʳʯʠʩʣʝʥʘ ʧʝʨʝ-
ʤʥʦʞʝʥʠʝʤ ʫʚʝʨʝʥʥʦʩʪʝʡ ʘ-ʤʦʜʝʣʠ ʚ 
ʢʘʞʜʦʤ ʧʨʘʚʠʣʝ, ʧʨʠʤʝʥʷʝʤʦʤ ʧʨʠ ʨʝ-
ʰʝʥʠʠ ʟʘʜʘʯʠ. ʄʘʨʰʨʫʪ ʠʟʦʙʨʘʞʝʥ 
ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 3.15, ʧʫʥʢʪʠʨʦʤ 
ʧʦʢʘʟʘʥʳ ʥʝʚʳʛʦʜʥʳʝ ʧʝʨʝʭʦʜʳ, ʩʪʦʠ-
ʤʦʩʪʴ ʠ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʚʦʟʨʦʩʣʠ, ʘ 
ʩʧʣʦʰʥʦʡ ʪʦʥʢʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʳ 
ʧʝʨʝʭʦʜʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝ 
ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ 
ʥʘ ʨʠʩ. 3.14. 
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ʀʤʠʪʘʮʠʷ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ 
ʦʩʥʦʚʝ ʦʧʳʪʘ (ʵ-ʤʦʜʝʣʴ). ʉ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʵ-ʤʦʜʝʣʠ  ʧʦʣʫʯʠʤ ʤʘʨʰʨʫʪ: 
ACHGBJFKEDA. ɽʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
ʜʣʠʥʘ lp  ð 410 ʢʤ; ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ 
tp  ð 1467 ʤʠʥ; ʩʪʦʠʤʦʩʪʴ cp  ð 3958 
ʫʩʣ. ʝʜ. ʄʘʨʰʨʫʪ ʠʟʦʙʨʘʞʝʥ ʞʠʨʥʦʡ 
ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 3.16, ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘ-
ʥʳ ʥʝʚʳʛʦʜʥʳʝ ʧʝʨʝʭʦʜʳ, ʩʪʦʠʤʦʩʪʴ ʠ 
ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʚʦʟʨʦʩʣʠ, ʘ ʩʧʣʦʰʥʦʡ 
ʪʦʥʢʦʡ ʣʠʥʠʝʡ ð ʧʝʨʝʭʦʜʳ, ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ ʥʘ ʨʠʩ. 3.14. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʥʠʡ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʘʚʠʣ ʚʠʜʘ çɽʩʣʠ é ʪʦ éè ʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ. ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥ-
ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʤ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʧʦ ʪʨʝʤ ʢʨʠʪʝʨʠʷʤ: 
ʚʨʝʤʝʥʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʶ. ɺʳʯʠʩʣʝʥʠʷ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʧʦ 
ʤʝʪʦʜʫ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 1 ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 
3.4, ʘ ʥʘ ʨʠʩ. 3.17 ʜʘʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʠ-
ʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʨʰʨʫʪʦʚ. 

 
ʊʘʙʣʠʮʘ 3.4 ð ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʉɿʂ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 1 

ʆʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʘ ʄʘʨʰʨʫʪ ɼʣʠʥʘ 
(ʢʤ) 

ɺʨʝʤʷ 
(ʤʠʥ) 

ʉʪʦʠ-
ʤʦʩʪʴ 

(ʫʩʣ.ʝʜ.) 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ 
ʧʨʘʚʠʣ çɽʩʣʠ é ʪʦ éè 
ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʨʝʥʥʦʩʪʠ, ʧʦ-
ʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʘ 
ʫʚʝʨʝʥʥʦʩʪʠ = 0,94 

ACEKGH 
JBFDA 

525 1479 3804 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ = 0,94 

ACHGBJ 
FKEDA 

410 1467 3958 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠ-
ʪʝʨʠʡ ð ʨʘʩʩʪʦʷʥʠʝ) 

ACFKGH 
BJEDA 

462 1487 3836 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠ-
ʪʝʨʠʡ ð ʚʨʝʤʷ) 

AGKECJ 
BHDFA 

582 1482 4106 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠ-
ʪʝʨʠʡ ð ʩʪʦʠʤʦʩʪʴ) 

ACEKJH 
GFBDA 

574 1644 3877 
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ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 1 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ ʧʦʟʚʦʣʷʶʪ 
ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ. ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʧʦ ʵʪʠʤ 
ʤʘʨʰʨʫʪʘʤ ʊʛʨ = 1480. ʄʠʥʠʤʘʣʴʥʳʡ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ð ʤʘʨʰʨʫʪ, ʧʦʣʫ-
ʯʝʥʥʳʡ ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ, ʘ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦ ʩʪʦʠʤʦʩʪʠ 
ð ʤʘʨʰʨʫʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ. ʆ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ 
ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʚʦʨʠʪ ʪʦ, ʯʪʦ ʧʦ ʢʨʠʪʝʨʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʘʨʰʨʫʪ, 
ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ, ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʣʫʯʰʝʤʫ ʤʘʨʰʨʫʪʫ ʧʦ 
ʨʘʩʩʪʦʷʥʠʶ. ɺ ʵʪʦʤ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯʠ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ 
ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʝ ʤʘʨʰʨʫʪʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʣʫʯʰʝ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʘ 
ʜʨʫʛʦʡ ð ʧʦ ʨʘʩʩʪʦʷʥʠʶ. ɺʳʙʦʨ ʟʘʚʠʩʠʪ ʦʪ ʃʇʈ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 
ʚʘʨʠʘʥʪ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʵ-ʤʦʜʝʣʴʶ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʥʠ ʦʜʠʥ ʠʟ 
ʧʝʨʝʭʦʜʦʚ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʫʚʝʣʠʯʝʥʳ. 

ʕʢʩʧʝʨʠʤʝʥʪ 2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ð ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟ 
ʪʘʙʣ. 3.1 ð 3.3, ʦʜʥʘʢʦ ʚʦʟʨʦʩʣʘ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʜʦʨʦʛʘʤ: 
AC ʥʘ 150 ʫʩʣ.ʝʜ.; CF ʥʘ 250 ʫʩʣ.ʝʜ.; BJ ʥʘ 100 ʫʩʣ.ʝʜ.; FB ʥʘ 100 
ʫʩʣ.ʝʜ.; JH ʥʘ 300 ʫʩʣ.ʝʜ.; HG ʥʘ 150 ʫʩʣ.ʝʜ.; GK ʥʘ 200 ʫʩʣ.ʝʜ.; KE ʥʘ 50 
ʫʩʣ.ʝʜ.; ED ʥʘ 100 ʫʩʣ.ʝʜ.; DA ʥʘ 150 ʫʩʣ.ʝʜ. ʕʪʠ ʬʘʢʪʳ ʫʯʪʝʥʳ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʟʘʜʘʯʘ ʙʳʣʘ ʧʨʠʙʣʠʞʝʥʘ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ, ʪʘʢ ʢʘʢ ʚ ʨʝʘʣʴʥʦʩʪʠ 
ʧʘʨʘʤʝʪʨʳ ʟʘʜʘʯ ʨʝʜʢʦ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. 

ʈʠʩ. 3.17 ð ʉʨʘʚʥʝʥʠʝ ʤʘʨʰʨʫʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 1 
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ʀʤʠʪʘʮʠʷ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ ʚʠʜʘ 
çɽʩʣʠ é ʪʦ éè (ʬ-ʤʦʜʝʣʴ ʠ ʘ-ʤʦʜʝʣʴ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬ-ʤʦʜʝʣʠ 
ʧʦʣʫʯʠʤ ʤʘʨʰʨʫʪ: ACFBGHDKEJA. ʆʥ ʧʦʢʘʟʘʥ ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ  

ʨʠʩ. 3.18, ʘ ʩʧʣʦʰʥʦʡ ʪʦʥʢʦʡ ʣʠʥʠʝʡ 
ʠʟʦʙʨʘʞʝʥʳ ʧʝʨʝʭʦʜʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʦʪʦʨʳʭ ʥʝ ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʝʨʝʭʦʜʘʤʠ ʥʘ ʨʠʩ. 3.14. ʍʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ ʤʘʨʰʨʫʪʘ: ʜʣʠʥʘ lp  ð 538 ʢʤ; ʟʘʪʨʘ-
ʯʝʥʥʦʝ ʚʨʝʤʷ tp  ð 1299 ʤʠʥ; ʩʪʦʠʤʦʩʪʴ 
cp  ð 3549 ʫʩʣ.ʝʜ. 

ʄʘʨʰʨʫʪ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ 
ʧʨʘʚʠʣ ʠʟ ʙʘʟʳ ʟʥʘʥʠʡ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʳʙʦʨ ʧʫʥʢʪʘ ʩʣʝʜʦʚʘ-
ʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʦʜʥʦʛʦ ʠʟ ʧʨʘʚʠʣ. ʋʚʝʨʝʥʥʦʩʪʴ ʘ-ʤʦʜʝʣʠ 
ʚ ʵʪʦʤ ʤʘʨʰʨʫʪʝ ð 0,8496. 

ʀʤʠʪʘʮʠʷ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ 
ʦʩʥʦʚʝ ʦʧʳʪʘ (ʵ-ʤʦʜʝʣʴ). ʉ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʵ-ʤʦʜʝʣʠ ʧʦʣʫ-
ʯʠʤ ʤʘʨʰʨʫʪ: ACFKGHBJEDA. ʆʥ ʧʦ-
ʢʘʟʘʥ ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 3.19, ʘ 
ʩʧʣʦʰʥʦʡ ʪʦʥʢʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʳ 
ʧʝʨʝʭʦʜʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝ 
ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ 
ʥʘ ʨʠʩ. 3.14. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʨʰʨʫʪʘ: 
ʜʣʠʥʘ lp  ð 462 ʢʤ; ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ 
tp  ð 1207 ʤʠʥ; ʩʪʦʠʤʦʩʪʴ cp  ð 3836 
ʫʩʣ. ʝʜ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʧʨʠ ʚʳ-
ʙʦʨʝ ʧʨʝʮʝʜʝʥʪʘ = 0,9866.  

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʥʠʡ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʘʚʠʣ  çɽʩʣʠ é ʪʦ éè ʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ. ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 
ʚʳʯʠʩʣʠʤ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 2 ʧʦ ʢʨʠʪʝʨʠʷʤ 
ʚʨʝʤʝʥʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʷ. ɺʳʯʠʩʣʝʥʠʷ ð ʧʦ ʤʝʪʦʜʫ ʙʣʠʞʘʡʰʝ-
ʛʦ ʩʦʩʝʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 2 ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.5, ʘ ʥʘ ʨʠʩ. 3.20 
ʜʘʥʘ ʠʭ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 

ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 2 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ɿʂ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ ʧʦʟʚʦʣʷʶʪ 
ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʦʙʭʦʜʘ ʛʦʨʦʜʦʚ. ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ 
ʧʦ ʵʪʠʤ ʤʘʨʰʨʫʪʘʤ ʥʝ ʙʦʣʴʰʝ ʣʠʤʠʪʘ ʊʛʨ = 1480. ʄʘʨʰʨʫʪ, ʧʦʣʫʯʝʥʥʳʡ 
ʧʨʠ ʨʝʰʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʦʧʳʪʘ, ʩʦʚʧʘʣ ʩ ʤʘʨʰʨʫʪʦʤ, ʣʫʯʰʠʤ ʧʦ ʨʘʩ-
ʩʪʦʷʥʠʶ. ʆ ʭʦʨʦʰʝʤ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʦʚʦʨʠʪ ʠ ʪʦ, ʯʪʦ ʧʦ ʢʨʠʪʝ-
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ʨʠʶ ʩʪʦʠʤʦʩʪʠ ʤʘʨʰʨʫʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʨʝʰʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ, 
ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʣʫʯʰʝʤʫ ʤʘʨʰʨʫʪʫ ʧʦ ʩʪʦʠʤʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝ-
ʥʠʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʝ ʤʘʨʰʨʫʪʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ 
ʣʫʯʰʝ ʧʦ ʩʪʦʠʤʦʩʪʠ, ʜʨʫʛʦʡ ð ʧʦ ʨʘʩʩʪʦʷʥʠʶ, ʦʙʘ ʤʘʨʰʨʫʪʘ ʜʘʶʪ ʭʦ-
ʨʦʰʝʝ ʨʝʰʝʥʠʝ. ɺʳʙʦʨ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʯʪʝʥʠʡ ʃʇʈ. 

 
ʊʘʙʣʠʮʘ 3.5 ð ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʉɿʂ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 2 

ʆʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʘ ʄʘʨʰʨʫʪ ɼʣʠʥʘ 
(ʢʤ) 

ɺʨʝʤʷ 
(ʤʠʥ) 

ʉʪʦʠ-
ʤʦʩʪʴ 

(ʫʩʣ.ʝʜ.) 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘ-
ʚʠʣ çɽʩʣʠ é ʪʦ éè  
ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʨʝʥʥʦʩʪʠ, ʧʦʣʫ-
ʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥ-
ʥʦʩʪʠ = 0,8496 

ACFBG
HDKEJA 

538 1299 3549 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ = 0,9866 

ACFKG
HBJEDA 

462 1207 3846 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠʪʝ-
ʨʠʡ ð ʨʘʩʩʪʦʷʥʠʝ) 

ACFKG
HBJEDA 

462 1207 3846 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠʪʝ-
ʨʠʡ ð ʚʨʝʤʷ) 

AGBJHC
FEDKA 

455 1134 3966 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠʪʝ-
ʨʠʡ ð ʩʪʦʠʤʦʩʪʴ) 

ACEKJH
GFBDA 

575 1452 2999 

 

ʈʠʩ. 3.20 ð ʉʨʘʚʥʝʥʠʝ ʤʘʨʰʨʫʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 2 



 

 157 

ʕʢʩʧʝʨʠʤʝʥʪ 3. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ð ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟ 
ʪʘʙʣ. 3.1 ð 3.3, ʥʦ ʚʦʟʨʦʩʣʠ ʨʘʩʩʪʦʷʥʠʷ, ʩʪʦʠʤʦʩʪʠ ʠ ʚʨʝʤʷ ʧʝʨʝʜʚʠʞʝ-
ʥʠʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʜʦʨʦʛʘʤ:  
1) AC: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 5 ʢʤ, ʚʨʝʤʷ ʥʘ 10 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 70 ʫʩʣ.ʝʜ.;  
2) CF: ʨʘʩʩʪʦʷʥʠʝ ʚ ʜʚʘ ʨʘʟʘ, ʚʨʝʤʷ ʥʘ 40 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 40 ʫʩʣ.ʝʜ.;  
3) BJ: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 20 ʢʤ, ʚʨʝʤʷ ʥʘ 70 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 200 ʫʩʣ.ʝʜ.;     
4) FB: ʨʘʩʩʪʦʷʥʠʝ ʚ ʜʚʘ ʨʘʟʘ, ʚʨʝʤʷ ʚ ʜʚʘ ʨʘʟʘ, ʩʪʦʠʤʦʩʪʴ ʥʘ 40 ʫʩʣ.ʝʜ.;  
5) JH: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 30 ʢʤ, ʚʨʝʤʷ ʥʘ 50 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 150 ʫʩʣ.ʝʜ.;  
6) HG: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 10 ʢʤ, ʚʨʝʤʷ ʥʘ 60 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 80 ʫʩʣ.ʝʜ.;  
7) GK: ʨʘʩʩʪʦʷʥʠʝ ʚ ʜʚʘ ʨʘʟʘ, ʚʨʝʤʷ ʥʘ 80 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 200 ʫʩʣ.ʝʜ.;  
8) KE: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 50 ʢʤ, ʚʨʝʤʷ ʥʘ 50 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 120 ʫʩʣ.ʝʜ.;  
9) ED: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 30 ʢʤ, ʚʨʝʤʷ ʥʘ 60 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 300 ʫʩʣ.ʝʜ.;  
10)  DA: ʨʘʩʩʪʦʷʥʠʝ ʥʘ 5 ʢʤ, ʚʨʝʤʷ ʥʘ 20 ʤʠʥ, ʩʪʦʠʤʦʩʪʴ ʥʘ 90 ʫʩʣ.ʝʜ. 

ʀʤʠʪʘʮʠʷ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ ʚʠʜʘ 
çɽʩʣʠ é ʪʦ éè (ʬ-ʤʦʜʝʣʴ ʠ ʘ-ʤʦʜʝʣʴ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬ-ʤʦʜʝʣʠ 

ʧʦʣʫʯʠʤ ʤʘʨʰʨʫʪ: ACHGBEFKJDA. ʆʥ 
ʧʦʢʘʟʘʥ ʞʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩ. 3.21, ʘ 
ʩʧʣʦʰʥʦʡ ʪʦʥʢʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʳ 
ʧʝʨʝʭʦʜʳ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝ 
ʠʟʤʝʥʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʭʦʜʘʤʠ 
ʥʘ ʨʠʩ. 3.14. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʨʰʨʫʪʘ: 
ʜʣʠʥʘ lp  ð 503 ʢʤ; ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ 
tp  ð 1368 ʤʠʥ; ʩʪʦʠʤʦʩʪʴ cp  ð 2997 
ʫʩʣ.ʝʜ. ʄʘʨʰʨʫʪ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠʤʝ-
ʥʝʥʠʝʤ ʧʨʘʚʠʣ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʘʟʝ 
ʟʥʘʥʠʡ. ʋʚʝʨʝʥʥʦʩʪʴ ʘ-ʤʦʜʝʣʠ ʚ ʤʘʨ-
ʰʨʫʪʝ ð 0,95.  

 ʀʤʠʪʘʮʠʷ ʣʠʥʠʠ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ (ʵ-ʤʦʜʝʣʴ). ʉ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʵ-ʤʦʜʝʣʠ ʧʦʣʫʯʝʥ ʤʘʨʰʨʫʪ:   ACHGBEFKJDA. ɽʛʦ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ: ʜʣʠʥʘ lp  ð 503 ʢʤ; ʟʘʪʨʘʯʝʥʥʦʝ ʚʨʝʤʷ tp  ð 1368 ʤʠʥ; 
ʩʪʦʠʤʦʩʪʴ cp  ð 2997 ʫʩʣ.ʝʜ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ʧʨʠ ʚʳʙʦʨʝ ʧʨʝʮʝ-
ʜʝʥʪʘ = 0,9776. ʇʦʣʫʯʝʥʥʳʡ ʤʘʨʰʨʫʪ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʨʰʨʫʪʦʤ, ʢʦʪʦʨʳʡ 
ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʨʝʰʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʥʠʡ ʨʘʩʩʫʞʜʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʘʚʠʣ ʚʠʜʘ çɽʩʣʠ é ʪʦ éè ʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ. ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʚʳʯʠʩʣʠʤ ʦʧʪʠʤʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 3 ʧʦ ʢʨʠʪʝ-
ʨʠʷʤ: ʚʨʝʤʝʥʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʶ (ʚʳʯʠʩʣʝʥʠʷ ð ʤʝʪʦʜʦʤ ʙʣʠ-
ʞʘʡʰʝʛʦ ʩʦʩʝʜʘ). ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 3  ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.6, ʘ ʥʘ 
ʨʠʩ. 3.22 ʜʘʥʘ ʠʭ ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ. 
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ʇʦ ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 3 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦ-
ʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ, ʧʦʟʚʦʣʷ-
ʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʦʙʭʦʜʘ ʛʦʨʦʜʦʚ. ɺʨʝʤʷ ʜʚʠʞʝ-
ʥʠʷ ʧʦ ʵʪʠʤ ʤʘʨʰʨʫʪʘʤ ʥʝ ʙʦʣʴʰʝ ʊʛʨ=1480. ʄʘʨʰʨʫʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 
ʨʝʰʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʦʧʳʪʘ, ʩʦʚʧʘʣ ʩ ʤʘʨʰʨʫʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʨʝ-
ʰʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ 
ʨʝʰʝʥʠʷ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʠ ʪʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ 
ʩʪʦʠʤʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʪʦʣʴʢʦ ʣʫʯʰʝʤʫ ʤʘʨʰʨʫʪʫ ʧʦ ʩʪʦʠ-
ʤʦʩʪʠ, ʘ ʧʦ ʢʨʠʪʝʨʠʶ ʨʘʩʩʪʦʷʥʠʷ ð ʣʫʯʰʝʤʫ ʤʘʨʰʨʫʪʫ ʧʦ ʨʘʩʩʪʦʷʥʠʶ. 
ʇʦ ʦʩʪʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʜʨʫʛʠʝ ʤʘʨʰʨʫʪʳ.  

 
ʊʘʙʣʠʮʘ 3.6 ð ʈʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʉɿʂ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 3 

ʆʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʘ ʄʘʨʰʨʫʪ ɼʣʠʥʘ 
(ʢʤ) 

ɺʨʝʤʷ 
(ʤʠʥ) 

ʉʪʦʠ-
ʤʦʩʪʴ 

(ʫʩʣ.ʝʜ.) 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʧʨʘ-
ʚʠʣ çɽʩʣʠ é ʪʦ éè  
ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʨʝʥʥʦʩʪʠ, ʧʦʣʫ-
ʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʬʘʢʪʦʨʘ ʫʚʝ-
ʨʝʥʥʦʩʪʠ = 0,95 

ACHGBE 
FKJDA 

503 1368 2997 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 
ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ = 0,9776 

ACHGBE 
FKJDA 

503 1368 2997 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠʪʝ-
ʨʠʡ ð ʨʘʩʩʪʦʷʥʠʝ) 

ACHGBJ 
FKDEA 

473 1425 3551 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠʪʝ-
ʨʠʡ ð ʚʨʝʤʷ) 

AGBHCE 
FJKDA 

569 1259 3356 

ʄʝʪʦʜ ʙʣʠʞʘʡʰʝʛʦ ʩʦʩʝʜʘ (ʢʨʠʪʝ-
ʨʠʡ ð ʩʪʦʠʤʦʩʪʴ) 

AFKBEC 
HGDJA 

643 1391 2986 

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʝʰʝʥʠʠ ʤʝʪʦʜʘʤʠ ʨʘʩʩʫʞ-

ʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʧʦʣʫʯʝʥʳ 
ʘʜʝʢʚʘʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʨʘʮʠʦ-
ʥʘʣʴʥʳʝ ʤʘʨʰʨʫʪʳ, ʥʝ ʫʩʪʫʧʘʶʱʠʝ, ʘ ʠʥʦʛʜʘ ʠ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʤʘʨʰʨʫ-
ʪʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʦʧʪʠʤʠʟʘʮʠʝʡ ʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ʋʜʘʣʦʩʴ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʧʦʨ ʤʦʜʝʣʝʡ, ʪʘʢ ʢʘʢ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʟʥʳ-
ʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʦʜʥʘʢʦ ʦʙʘ ʨʝʟʫʣʴʪʘʪʘ 
ʙʳʣʠ ʘʜʝʢʚʘʪʥʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʚʳʙʦʨʘ ʤʦʜʝʣʠ 
ʨʘʩʩʫʞʜʝʥʠʷ ʩʣʫʞʘʪ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʚʝʨʝʥʥʦʩʪʠ ʵʢʩʧʝʨʪʘ ʚ ʨʝʰʝʥʠʠ 
(ʨʝʰʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ) ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʝʧʝʥʠ 
ʧʦʜʦʙʠʷ ʟʘʜʘʯʠ ʧʨʝʮʝʜʝʥʪʫ (ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ). ʈʝʰʝʥʠʝ ʥʘ ʦʩ-
ʥʦʚʝ ʦʧʳʪʘ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʪʨʝʙʫʝʪ 
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ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʡ ʙʘʟʳ ʧʨʝʮʝʜʝʥʪʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬ-ʤʦʜʝʣʠ ʧʦʟʚʦʣʷ-
ʝʪ ʧʦʣʫʯʘʪʴ ʨʝʰʝʥʠʷ ʚ ʣʶʙʦʡ ʩʠʪʫʘʮʠʠ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. 

 

 
ʇʨʠʤʝʥʝʥʠʝ ʘ-ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʘʨʰʨʫʪ, ʧʦʣʫʯʝʥʥʳʡ ʩ 

ʧʦʤʦʱʴʶ ʧʨʘʚʠʣ. ʆʮʝʥʢʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʚʳʙʦʨʝ ʵʪʦʛʦ 
ʤʘʨʰʨʫʪʘ. ʉʘʤʦʝ ʥʠʟʢʦʝ ʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 2 ʠ ʨʘʚʥʦ 
0,84. ɸʥʘʣʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
ʵʪʦ ʨʝʰʝʥʠʝ ʧʦ ʢʘʯʝʩʪʚʫ ʫʩʪʫʧʘʝʪ ʠʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʉʘʤʦʝ ʚʳʩʦʢʦʝ 
ʟʥʘʯʝʥʠʝ ʬʘʢʪʦʨʘ ʫʚʝʨʝʥʥʦʩʪʠ ʨʘʚʥʦ 0,95 ʠ ʧʦʣʫʯʝʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 3. 
ɸʥʘʣʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʨʰʨʫʪʦʚ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʤʘʨʰʨʫʪ ð 
ʦʜʠʥ ʠʟ ʣʫʯʰʠʭ, ʧʨʠʯʝʤ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʩʦʚʧʘʣʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʨʰʨʫ-
ʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʝʰʝʥʠʠ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ. 

ʈʠʩ. 3.22 ð ʉʨʘʚʥʝʥʠʝ ʤʘʨʰʨʫʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 3 
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4. ʈɽʐɽʅʀɽ ʉʃʆɾʅʆʁ ɿɸɼɸʏʀ ʂʆʄʄʀɺʆʗɾɽʈɸ 
ʂʆʃʃɽʂʊʀɺɸʄʀ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓʍ ɸɻɽʅʊʆɺ 

4.1. ʄʥʦʛʦʘʛʝʥʪʥʳʝ ʩʠʩʪʝʤʳ 

4.1.1. ʀʩʪʦʢʠ ʤʥʦʛʦʘʛʝʥʪʥʦʛʦ ʧʦʜʭʦʜʘ 
ʅʘʫʯʥʳʝ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ʚʝʜʫʪʩʷ ʙʦʣʝʝ ʪʨʝʭ 

ʜʝʩʷʪʠʣʝʪʠʡ. ʅʝʢʦʪʦʨʳʝ ʠʩʪʦʯʥʠʢʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʢʦʨʥʠ ʤʥʦʛʦʘʛʝʥʪ-
ʥʦʛʦ ʧʦʜʭʦʜʘ ʫʭʦʜʷʪ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɼʞ. ʬʦʥ ʅʝʡʤʘʥʘ [171]. ʆʜʥʘʢʦ 
ʪʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥʠ ʦʬʦʨʤʠʣʠʩʴ ʚ ʤʥʦʛʦʧʣʘʥʦʚʳʡ ʨʘʟʜʝʣ ʀʀ.  

ʇʝʨʚʳʤʠ ʩʦʚʝʪʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʨʝʘʣʠʟʫʶʱʠʤʠ ʢʦʥʮʝʧʮʠʶ ʘʚʪʦ-
ʥʦʤʥʳʭ ʘʛʝʥʪʦʚ, ʩʪʘʣʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʰʢʦʣʦʡ ʅ.ʄ. ɸʤʦʩʦʚʘ ʩʠʩʪʝʤʘ 
ʊɸʀʈ (ʪʨʘʥʩʧʦʨʪʥʳʡ ʘʚʪʦʥʦʤʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʦʙʦʪ) ʠ ʧʨʦ-
ʛʨʘʤʤʘ çɾʠʚʦʪʥʦʝè, ʩʦʟʜʘʥʥʘʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ʄ. ɹʦʥʛʘʨʜʘ. ʇʝʨ-
ʚʳʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʄɸʉ ʩʯʠʪʘʶʪʩʷ ʨʘʙʦʪʳ  
ɺ. ʃʝʩʩʝʨʘ [172], ʂ. ʍʴʶʠʪʪʘ [173] ʠ ɼ. ʃʝʥʘʪʘ [174]. ʉ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʨʘʙʦʪ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʪʨʫʜʘʭ ɺ.ɹ. ʊʘʨʘʩʦʚʘ [49], 
ɺ.ʌ. ʍʦʨʦʰʝʚʩʢʦʛʦ ʠ ɺ.ʀ. ɻʦʨʦʜʝʮʢʦʛʦ [175, 176]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ [49] ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.1. 
 

 
ɺ ʄɸʉ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʤʦʜʝʣʠʨʫʶʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʢʦʦʧʝʨʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʢʣʘʩʩʠʯʝʩʢʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʙʘʟʘʤʠ ʟʥʘʥʠʡ ʠ ʨʝʰʘʪʝʣʷʤʠ. 
ʎʝʥʪʨʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ð ʠʤʠʪʘʮʠʷ ʨʘʙʦʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʛʨʫʧʧ 
ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʤʝʪʦʜʘʤʠ ʨʘʩʩʫʞʜʝʥʠʡ ʥʘ ʣʦʛʠʢʦ-ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 
(ʩʠʤʚʦʣʴʥʳʭ) ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʤʦʜʝʣʴʶ 
ʉʇʇʈ ʥʘ ʨʠʩ. 4.2. ʉʪʨʝʣʢʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʵʢʩʧʝʨʪʦʚ, ʧʦʢʘʟʳʚʘʶʪ ʠʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʏʘʩʪʴ ʵʢʩʧʝʨʪʦʚ ʧʦʜʯʠʥʷʝʪʩʷ ʜʨʫʛʠʤ ʵʢʩʧʝʨʪʘʤ ʧʦ 
ʩʣʫʞʙʝ, ʪ.ʝ. ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʪʥʦʰʝʥʠʷ ʧʦʜʯʠʥʝʥʥʦʩʪʠ, ʦʙʨʘʟʫʶ-
ʱʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʉʇʇʈ.  

ɺ ʭʦʜʝ ʦʙʩʫʞʜʝʥʠʷ ʘʛʝʥʪʳ-ʵʢʩʧʝʨʪʳ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ, ʟʥʘ-
ʥʠʷʤʠ ʠ ʯʘʩʪʠʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʟʘʜʘʯʠ. ʄʝʪʦʜʳ ʠʥʪʝʛʨʘʮʠʠ ʦʪʣʠʯʘʶʪ-

 ʄʥʦʛʦʘʛʝʥʪʥʳʝ 
ʩʠʩʪʝʤʳ 

ʈʘʩʧʨʝʜʝʣʝʥʥʳʡ 
ʠʩʢʫʩʩʪʚʝʥʥʳʡ  

ʠʥʪʝʣʣʝʢʪ 

ɼʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ 
ʠʩʢʫʩʩʪʚʝʥʥʳʡ  

ʠʥʪʝʣʣʝʢʪ 

ʀʩʢʫʩʩʪʚʝʥʥʘʷ  
ʞʠʟʥʴ 

 
 

ʈʠʩ. 4.1 ð ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʥʦʛʦʘʛʝʥʪʥʳʭ ʩʠʩʪʝʤ ɺ.ɹ. ʊʘʨʘʩʦʚʘ 
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ʩʷ ʩʧʦʩʦʙʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʟʘʜʘʯ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ, ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʚʣʘʩʪʥʳʭ ʧʦʣ-
ʥʦʤʦʯʠʡ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ 
ʘʛʝʥʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ-
ʣʠʯʠʝ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ, 
ʃʇʈ, ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʚ ʢʦʥʬʣʠʢʪʥʳʭ ʩʠʪʫʘʮʠʷʭ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʩʣʦʞʥʦʡ ʟʘʜʘ-
ʯʠ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʫʧʧʘ 
ʘʛʝʥʪʦʚ, ʩʪʨʦʠʪʩʷ ʢʦʥʮʝʧʪʫ-
ʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠ ʚʚʦʜʷʪʩʷ 
ʢʨʠʪʝʨʠʠ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ. 

ɺ ʄɸʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʜʝʷʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ, ʤʦʜʝʣʠʨʫʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ ʘʛʝʥʪʘ ʚ ʜʠʥʘʤʠ-
ʯʝʩʢʦʤ ʤʠʨʝ. ʅʘʨʷʜʫ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠ ʨʝʩʫʨʩʘʤʠ ʦʧʠʩʳ-
ʚʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʘʛʝʥʪʦʚ, ʨʝʰʘʝʤʳʝ ʥʘ ʣʦʢʘʣʴʥʳʭ ʢʦʥʮʝʧʪʫ-
ʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʠ ʢʨʠʪʝʨʠʷʭ. ʅʘ ʨʠʩ. 4.3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʷ ʘʛʝʥʪʦʚ ʚ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʄɸʉ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʙʦʪʢʠ ʩʦʙʳʪʠʷ 
X. ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʦʧʨʝʜʝʣʝʥ ʮʠʬʨʘʤʠ. 

 

 
ɺ ʄɸʉ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʜʝʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪʝ ʚʳʞʠʚʘʥʠʷ, ʘʜʘʧʪʘʮʠʠ ʠ ʩʘʤʦ-
ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʜʠʥʘʤʠʯʥʦʡ, ʚʨʘʞʜʝʙʥʦʡ ʩʨʝʜʝ [49]. ʇʦʚʝʜʝʥʠʝ ʤʥʦʛʦ-
ʘʛʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦ-

 

é 

ʃʇʈ 

ʕʢʩʧʝʨʪ 1 ʕʢʩʧʝʨʪ 2 ʕʢʩʧʝʨʪ n

ɺʥʝʰʥʷʷ 
ʩʨʝʜʘ 

 
ʈʠʩ. 4.2 ð ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʉʇʇʈ 

 
ɺʥʝʰʥʷʷ  

ʩʨʝʜʘ 
1. ʉʦʙʳʪʠʝ X 

2. ʇʦʤʦʛʠʪʝ!!! ʅʝ 
ʤʦʛʫ ʩʘʤ ʦʙʨʘʙʦ-
ʪʘʪʴ ʩʦʙʳʪʠʝ X 

3. ʄʦʛʫ ʦʙʨʘʙʦʪʘʪʴ 
ʩʦʙʳʪʠʝ X. ʇʨʠʰʣʠ 
ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ 
D, ʚʳʜʝʣʠ ʨʝʩʫʨʩʳ R. 

4. ʍʦʨʦʰʦ, ʚʳ-
ʩʳʣʘʶ ʜʘʥʥʳʝ D, 
ʚʳʜʝʣʷʶ ʨʝʩʫʨʩʳ 
R. ɺʝʨʥʠ ʨʝʟʫʣʴ-
ʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 

5. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ 
ɸʛʝʥʪ 

 ɸʛʝʥʪ 
 

ɸʛʝʥʪ 
 

ɸʛʝʥʪ 
 

ʈʠʩ. 4.3 ð ʉʭʝʤʘʪʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʄɸʉ 


