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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-

 
 

ʈʠʩ. 1.5 ð ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʫʥʢʮʠʡ ʥʝʠʟʚʝʩʪʥʳʭ ʧʨʦʪʝʠʥʦʚ 


