
 

 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʉɽɺɽʈʆ-ʂɸɺʂɸɿʉʂʀʁ ʌɽɼɽʈɸʃʔʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʉʂʌʋ 

 

 

 

 

 
 

 

 

ʄɸʊɽʈʀɸʃʓ  
 

 

I I -ʁ ɽɾɽɻʆɼʅʆʁ ʅɸʋʏʅʆ-ʇʈɸʂʊʀʏɽʉʂʆʁ ʂʆʅʌɽʈɽʅʎʀʀ 

ʉɽɺɽʈʆ-ʂɸɺʂɸɿʉʂʆɻʆ ʌɽɼɽʈɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ 

 

 

 

 

ʋʅʀɺɽʈʉʀʊɽʊʉʂɸʗ ʅɸʋʂɸ ï ʈɽɻʀʆʅʋ 
 

 

 

 

 

 

 

 

 

 

 

 

 
ʅʝʚʠʥʥʦʤʳʩʩʢ, 2014



2 

 

 

ʋɼʂ 66+004.9+332.1 

ɹɹʂ 35+32.81+65.9 

ʄ 34 

 

ʄʘʪʝʨʠʘʣʳ II-ʡ ʝʞʝʛʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ ï 

ʨʝʛʠʦʥʫè/ʧʦʜ ʦʙʱ. ʨʝʜ. ʃ.ɺ. ʇʝʰʢʦʚʦʡ.ï ʉʪʘʚʨʦʧʦʣʴ: ʉʂʌʋ, 2014. ï 228 ʩ. 

 

 

 

 

 

ʉʙʦʨʥʠʢ ʚʢʣʶʯʘʝʪ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ 

ʩʪʫʜʝʥʪʦʚ ʅʝʚʠʥʥʦʤʳʩʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣʘ) ʉʝʚʝʨʦ-

ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʥʘʫʯʥʳʭ 

ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʩʚʦʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʭʥʠʢʝ ʠ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʵʢʦʥʦʤʠʢʝ 

 

ʋɼʂ 66+004.9+332.1 

ɹɹʂ 35+32.81+65.9 

 

 

 

 

 

 

 

É ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2014 

É ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʉʂʌʋ 

  



3 

 

ʉɽʂʎʀʗ ˉ 1 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʰʢʦʚʘ ʃʘʨʠʩʘ ɺʠʢʪʦʨʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʘʰʠʥ ʠ ʘʧʧʘʨʘʪʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʜʠʨʝʢʪʦʨ ʅʊʀ (ʬʠʣʠʘʣ) ʉʂʌʋ.  

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʈɽʂʊʀʌʀʂɸʎʀʀ 

ʅɽʌʊɽʇʈʆɼʋʂʊʆɺ 

ɸ.ʀ. ʉʚʠʜʯʝʥʢʦ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʅʘʜʝʞʥʘʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʦʚ ʨʝʢʪʠʬʠʢʘʮʠʠ 

ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʕɺʄ 

ʧʨʠ ʥʘʣʠʯʠʠ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩʩʘ 

ʨʘʟʜʝʣʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʢʠʧʷʱʠʭ ʩʠʩʪʝʤ ʪʠʧʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʘʜʘʧʪʠʨʦʚʘʥʘ 

ʤʦʜʝʣʴ ʨʝʢʪʠʬʠʢʘʮʠʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʅʊʀ 

ʉʂʌʋ [1]. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ 

ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ çʦʪ ʪʘʨʝʣʢʠ ʢ ʪʘʨʝʣʢʝè, ʚʳʧʦʣʥʷʝʤʳʡ ʧʦ ʩʭʝʤʝ: 

çʦʪ ʢʦʥʮʦʚ ʢʦʣʦʥʥʳ ʢ ʩʝʢʮʠʠ ʧʠʪʘʥʠʷè. 

ɺʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʝʰʝʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ 

ʨʘʟʜʝʣʷʝʤʦʡ ʩʤʝʩʠ, ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. ɾʝʣʘʝʤʳʝ ʩʦʩʪʘʚʳ 

ʜʠʩʪʠʣʣʷʪʘ ʠ ʦʩʪʘʪʢʘ ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ɹʘʛʘʪʫʨʦʚʘ [2], ʘ ʫʪʦʯʥʷʶʪʩʷ ʧʦ 

ʤʝʪʦʜʫ ʍʦʣʘʥʜʘ [3,4]. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʣʦʥʥʳ (ʫʩʣʦʚʠʷ 

ʦʨʦʰʝʥʠʷ, ʯʠʩʣʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʪʘʨʝʣʦʢ Nʪʪ, ʤʝʩʪʦ ʚʚʦʜʘ ʧʠʪʘʥʠʷ) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʌʝʥʩʢʝ-ɸʥʜʝʨʚʫʜʘ, ɼʞʠʣʣʠʣʝʥʜʘ, 

ʄʦʣʦʢʘʥʦʚʘ [5]. ʆʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʠʘʣʦʛʦʚʦʤ 

ʨʝʞʠʤʝ ʧʨʠ ʧʦʤʦʱʠ ʇʕɺʄ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ 

ʨʝʘʣʴʥʳʭ ʪʘʨʝʣʦʢ (ʢʦʣʧʘʯʢʦʚʳʭ, ʢʣʘʧʘʥʥʳʭ, ʩ S-ʦʙʨʘʟʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʩʠʪʯʘʪʳʭ, ʨʝʰʝʪʯʘʪʳʭ ʧʦ ʤʝʪʦʜʠʢʝ [6]), ʫʪʦʯʥʷʶʪʩʷ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʜʦʣʷ ʦʪʛʦʥʘ ʩʳʨʴʷ. 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʩʣʫʞʘʪ ʙʘʟʦʚʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʝʱʝʩʪʚʘ: ʤʦʣʴʥʳʝ ʤʘʩʩʳ ʄ, ʢʛ/ ʢʤʦʣʴ; ʪʝʤʧʝʨʘʪʫʨʳ 

ʢʠʧʝʥʠʷ TK, ÁC; ʧʩʝʚʜʦʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʢʨʠʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

TKR, ʂ; ʢʨʠʪʠʯʝʩʢʠʝ ʜʘʚʣʝʥʠʷ PKR, ʄʇʘ; ʢʨʠʪʠʯʝʩʢʠʝ ʧʣʦʪʥʦʩʪʠ ROKR, 

ʢʛ/ʤ
3
); ʬʘʢʪʦʨʳ ʘʮʝʥʪʨʠʯʥʦʩʪʠ ɤ; ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʠʜʝʘʣʴʥʦ-

ʛʘʟʦʚʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʫʩʣʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʢʠʭ 

(5é10
ʦ
ʉ) ʬʨʘʢʮʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʨʘʟʛʦʥʢʠ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ [7].  
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ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʠʜʝʘʣʴʥʦ-ʛʘʟʦʚʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʜʘʥʥʳʤ [8] ʢʘʢ ʜʣʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʙʣʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ  

ʢʠʧʝʥʠʷ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʧʨʘʚʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ (ʚʢʣʶʯʘʷ 

ʪʠʧʦʨʘʟʤʝʨʥʳʝ ʨʷʜʳ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʘʨʝʣʦʢ, ʤʝʞʪʘʨʝʣʴʯʘʪʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʅʪ, ʜʠʘʤʝʪʨʦʚ ʢʦʣʦʥʥ Dʢ, ʰʪʫʮʝʨʦʚ, ʢ.ʧ.ʜ. ʪʘʨʝʣʦʢ ʠ ʪ.ʜ.) 

ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʤʦʜʝʣʠ. ʆʩʥʦʚʥʘʷ ʠʭ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ 

ʚʠʜʝ ʩ ʧʦʤʦʱʴʶ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʬʦʨʤʫʣ [9, 10], ʘ ʥʝʢʦʪʦʨʳʝ - 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʚ ʚʠʜʝ çʧʦʜʩʢʘʟʦʢè ʠ ʪʘʙʣʠʮ ʜʣʷ ʠʭ ʚʳʙʦʨʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ, ʧʣʦʪʥʦʩʪʠ ʧʘʨʦʚʦʡ 

ʠ ʞʠʜʢʦʡ ʬʘʟ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʷʟʢʦʩʪʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʚʣʠʷʥʠʝ 

ʜʘʚʣʝʥʠʷ ʥʘ ʪʝʧʣʦʝʤʢʦʩʪʴ) ʚʳʯʠʩʣʷʶʪʩʷ, ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦ ʦʙʦʙʱʝʥʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ [11]. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʯʠʩʣʷʶʪʩʷ ʢʘʢ ʜʣʷ ʠʜʝʘʣʴʥʳʭ 

ʩʠʩʪʝʤ (ʈ Ò 0,4 ʄʇʘ).  

ɺʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ, ʩʦʩʪʘʚʳ ʧʨʦʜʫʢʪʦʚʳʭ ʧʦʪʦʢʦʚ ʢʦʣʦʥʥʳ (ʫi ʠ ʭi ï ʤʦʣʴʥʳʝ ʜʦʣʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʠʩʪʠʣʣʷʪʝ ʠ ʦʩʪʘʪʢʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; i = n,1 ; n ï ʯʠʩʣʦ 

ʫʩʣʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ), ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʦʚ, 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʯʠʩʣʘ ʪʘʨʝʣʦʢ, ʧʦʪʘʨʝʣʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 

ʨʘʩʯʝʪ ʪʘʨʝʣʦʢ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʥʦʚʥʳʝ ʨʘʟʤʝʨʳ ʢʦʣʦʥʥʳ ʨʝʢʪʠʬʠʢʘʮʠʠ, 

ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ.  

ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ 

ʢʦʣʦʥʥʳ ʂ-2 ʙʣʦʢʘ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʛʦʥʢʠ ʙʝʥʟʠʥʦʚ [12], ʨʘʟʜʝʣʷʶʱʝʡ 

ʬʨʘʢʮʠʶ ʅʂ-85 ʉʘʤʦʪʣʦʨʩʢʦʡ ʥʝʬʪʠ ʥʘ ʜʚʝ: ʅʂ-62 ʠ 62-85. ʀʩʭʦʜʥʘʷ 

ʩʠʩʪʝʤʘ (ʪʘʙʣʠʮʘ 1) ʧʨʝʜʩʪʘʚʣʝʥʘ ʰʝʩʪʠʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʴʶ ʫʟʢʠʭ 

ʬʨʘʢʮʠʡ (ʫʩʣʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ), ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʠʥʷʪ ʧʦ [13], ʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʣʦʥʥʳ ï ʧʦ [12].  

 

ʊʘʙʣʠʮʘ 1 - ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

 

ʋʩʣʦʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ 
ʈʘʩʭʦʜ ʉʦʜʝʨʞʘʥʠʝ 

ʀʥʪʝʨʚʘʣ ʦʪʙʦʨʘ 

ʢʦʤʧʦʥʝʥʪʘ, Áʉ 
ʢʛ/ʯ 

ʢʤʦʣʴ 

ʯ 

ʤʘʩʩʦʚʳʝ 

ʜʦʣʠ 

ʤʦʣʴʥʳʝ 

ʜʦʣʠ 

28-35 

35-45 

45-55 

55-62 

62-75 

75-85 

11642,4 

11295,9 

11302,2 

8215,2 

13696,2 

6848,1 

145,5 

137,8 

133,0 

94,4 

150,8 

72,2 

0,1848 

0,1793 

0,1794 

0,1304 

0,2174 

0,1087 

0,1983 

0,1877 

0,1812 

0,1287 

0,2056 

0,0984 

ʉʫʤʤʘ 63000,0 733,8 1,00 1,00 
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ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʘʭ 2-4 ʜʣʷ ʦʜʥʦʛʦ ʠʟ 

ʪʠʧʦʚ ʢʦʣʦʥʥ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ (ʢʣʘʧʘʥʥʳʝ ʪʘʨʝʣʢʠ), ʘ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ (ʩʤ. 

ʪʘʙʣʠʮʫ 5) ʩʦʜʝʨʞʠʪ ʚʳʙʦʨʦʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʯʝʪʦʚ.  

 

ʊʘʙʣʠʮʘ 2 ʈʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʣʦʥʥʳ (ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʭʣʘʜʘʛʝʥʪʘ tʥ= 30 Áʉ) 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʫʟʣʘ 

ɼʘʚʣʝʥʠʝ ʈ, ʄʇʘ ʊʝʤʧʝʨʘʪʫʨʘ 

t,ÁC 

ʌʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ɽʤʢʦʩʪʴ 

ʦʨʦʰʝʥʠʷ 

ɺʝʨʭ ʢʦʣʦʥʥʳ 

ʉʝʢʮʠʷ ʧʠʪʘʥʠʷ 

ʅʠʟ ʢʦʣʦʥʥʳ 

0,2930 

0,3430 

0,3500 

0,3529 

 50,00 

 91,41 

101,18 

121,15 

ʞ 

ʧʘʨ 

ʧʘʨ +ʞ 

ʞ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤʠ [12] (ʯʠʩʣʦ 

ʪʘʨʝʣʦʢ 40é60, ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 2é2,5 ʢʛ/ʩʤ
2
, ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʘ 

90é95ÁC) ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʝʝ ʠʭ ʩʦʛʣʘʩʦʚʘʥʠʝ. ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʪʴ ʢʦʣʦʥʥʝ ʩ ʢʣʘʧʘʥʥʳʤʠ 

ʪʘʨʝʣʢʘʤʠ. ɼʣʷ ʵʪʦʡ ʢʦʣʦʥʥʳ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʯʠʩʪʦʪʳ (ʯʝʪʢʦʩʪʠ) ʨʘʟʜʝʣʝʥʠʷ ʢʣʶʯʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 4 ʠ 5 ʤʝʞʜʫ 

ʜʠʩʪʠʣʣʷʪʦʤ ʠ ʦʩʪʘʪʢʦʤ ʥʘ ʯʠʩʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʪʘʨʝʣʦʢ Nʊɼ ʠ ʚʳʩʦʪʫ 

ʢʦʣʦʥʥʳ ʅʂ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. ʇʨʠ ʵʪʦʤ ʧʦʜ 

ʯʠʩʪʦʪʦʡ ʨʘʟʜʝʣʝʥʠʷ ʧʦʥʠʤʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʫʟʢʠʭ ʬʨʘʢʮʠʡ 55-62 (ʪ.ʝ. ʭ4) ʚ 

ʦʩʪʘʪʢʝ (62-85) ʠ 62-75 (ʪ.ʝ. ʫ5) ʚ ʜʠʩʪʠʣʣʷʪʝ (ʅʂ-62).  

 

ʊʘʙʣʠʮʘ 3 - ʉʦʩʪʘʚʳ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʨʦʜʫʢʪʦʚ ʢʦʣʦʥʥʳ  

 

ʋʩʣʦʚʥʳʡ 

ʢʦʤʧʦʥʝʥʪ 

ɼʠʩʪʠʣʣʷʪ ʆʩʪʘʪʦʢ 

 

ʉʦʩʪʘʚ, ʤʦʣʴʥ. 

ʜʦʣʠ, ʫi 

ʂʦʣʠʯʝʩʪʚʦ, 

ʢʤʦʣʴ/ʯ 

ʉʦʩʪʘʚ, 

ʤʦʣʴʥ.ʜʦʣʠ,ʭi 

ʂʦʣʠʯʝʩʪʚʦ, 

ʢʤʦʣʴ/ʯ 

28-35 

35-45 

45-55 

55-62 

62-75 

75-85 

0,2800 

0,2651 

0,2555 

0,1713 

0,0280 

0,0001 

145,5 

137,8 

132,8 

 89,0 

 14,6 

   0,0 

0,0000 

0,0000 

0,0008 

0,0254 

0,6365 

0,3373 

   0,0 

   0,0 

   0,2 

   5,4 

136,3 

  72,2 

ʉʫʤʤʘ 1,0000 519,7 1,0000 214,1 
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ʊʘʙʣʠʮʘ 4 - ʏʠʩʣʦ ʪʘʨʝʣʦʢ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ 

ʩʝʢʮʠʷ 

ʆʪʛʦʥʥʘʷ ʩʝʢʮʠʷ 

ʊʠʧ ʪʘʨʝʣʦʢ 

ʈʘʩʩʪʦʷʥʠʝ Hʪ, ʤ 

ʂ.ʧ.ʜ. ʩʨʝʜʥʠʡ  

ʏʠʩʣʦ ʪʘʨʝʣʦʢ: 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ Nʪʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ Nʪʜ 

ʢʣʘʧʘʥʥʳʝ  

0,70 

0,461 

 

16 

35 

ʢʣʘʧʘʥʥʳʝ  

0,70 

0,713 

 

16 

23 

 

ʊʘʙʣʠʮʘ 5 - ʉʚʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʊʠʧ ʪʘʨʝʣʦʢ Dʢ, ʤ Nʊɼ ʂ.ʧ.ʜ. ʅʪ,ʤ ʅʢ,ʤ Yʥ, % ȹʈ, ʇʘ 

ʂʦʣʧʘʯʢʦʚʳʝ 3,8 62 0,443/0,658 0,7 52,2 5,4/3,2 262/168 

ʂʣʘʧʘʥʥʳʝ 3,8 58 0,461/0,713 0,7 49,3 3,6/0,9 197/127 

ʉ S- ʦʙʨʘʟʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ 
3,8 65 0,422/0,601 0,7 54,3 1,5/0,8 369/235 

ʉʠʪʯʘʪʳʝ 3,6 72 0,372/0,581 1,2 94,4 4,0/0,7 195/125 

ʈʝʰʝʪʯʘʪʳʝ 3 51 0,587/0,736 1,0 60,4 0,1/0,0 65/77 

 

ʇʨʠʤʝʯʘʥʠʷ: ʚ ʯʠʩʣʠʪʝʣʝ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʩʝʢʮʠʠ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʜʣʷ ʦʪʛʦʥʥʦʡ ʩʝʢʮʠʠ; Yʅ ï ʚʝʣʠʯʠʥʘ ʫʥʦʩʘ ʞʠʜʢʦʩʪʠ 

ʩ ʪʘʨʝʣʢʠ; ȹʈ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʨʝʣʢʠ 

 

ʊʘʙʣʠʮʘ 6 - ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʪʘʨʝʣʦʢ (ʢʣʘʧʘʥʥʳʝ ʪʘʨʝʣʢʠ, Dʂ= 3,8 ʤ) 

ʦʪ ʯʠʩʪʦʪʳ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ  

 

ʏʠʩʪʦʪʘ 

ʨʘʟʜʝʣʝʥʠʷ ʫ5 

/ ʭ4 

0,92/0,8

1 

1,87/1,7

0 

2,26/1,9

5 

2,8/2,54 3,79/3,5

2 

4,68/4,3

4 

Nʊɼ 87 69 63 58 51 45 

Hʊ, ʤ 0,8 0,7 0,7 0,7 0,7 0,7 

Hʂ, ʤ 78,3 57,1 53,5 49,3 44,3 40,0 

 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʯʠʩʣʠʪʝʣʝ - ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʩʝʢʮʠʠ ʫ5,%, ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ï ʜʣʷ ʦʪʛʦʥʥʦʡ ʩʝʢʮʠʠ ʭ4,%. 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 6 ʩʣʝʜʫʝʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʬʨʘʢʮʠʠ ʅʂ-85 

ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ 2,5-5% (ʧʦ ʢʣʶʯʝʚʳʤ 

ʫʩʣʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ).  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʰʠʨʥʦʛʦ 

ʢʨʫʛʘ ʟʘʜʘʯ ʨʝʢʪʠʬʠʢʘʮʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʇɸʈʆɺʆʁ ʂʆʅɺɽʈʉʀʀ ʆʂʉʀɼɸ 

ʋɻʃɽʈʆɼɸ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʂʆʄʇʔʖʊɽʈʅʆʁ ʄʆɼɽʃʀ 

ɸ.ʃ. ʇʨʦʩʢʫʨʥʠʥ, ʢʘʥʜ.ʭʠʤ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʭʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʤʤʠʘʢʘ ʦʜʥʦʡ ʠʟ ʩʪʘʜʠʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʩʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚʦʜʷʥʳʤ ʧʘʨʦʤ [1], ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʫʨʘʚʥʝʥʠʶ 

CO + H2O Ú CO2 + H2 + 41 ʢɼʞ/ʤʦʣʴ. 

 

ʈʝʘʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʦʡ, ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ, ʧʨʦʪʝʢʘʶʱʝʡ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʤʦʣʝʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʪʝʧʝʥʴ 

ʧʨʝʚʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʜʘʚʣʝʥʠʷ. 

 ɺ ʢʨʫʧʥʳʭ ʘʛʨʝʛʘʪʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʤʤʠʘʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʣʫʙʦʢʘʷ 

ʢʦʥʚʝʨʩʠʷ ʜʦ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 0,2-0,5% [2, 3]. 

ʇʨʠ ʵʪʦʤ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʥʘ 0,1% ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʚʦʯʥʳʭ 

ʛʘʟʦʚ ʩʥʠʞʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 10%, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ ʘʤʤʠʘʢʫ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 0,7-1,0% [3]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ, ʧʦʟʚʦʣʷʶʱʝʡ ʜʦʩʪʠʯʴ ʤʠʥʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, 

ʩʦʩʪʘʚʣʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ [4]. ʀʩʩʣʝʜʦʚʘʣʩʷ 

ʧʨʦʮʝʩʩ, ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʘʢʪʦʨʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʠʥʷʪʦ: 

ʦʙʲʝʤ ʛʘʟʘ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʨʝʘʢʪʦʨ ʧʨʠ ʥ.ʫ. ï 300000 ʤ
3
/ʯ; 

ʩʦʩʪʘʚ ʛʘʟʘ, % (ʦʙ.): ʉʆ2 ï 10,48; ʉʆ ï 2,31; ʅ2 ï 42,02; N2 ï 14,3; ʉʅ4 ï

 0,18; Ar ï 0,20; H2O ï 30,51. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ ï 200̄ ʉ; 

ɼʘʚʣʝʥʠʝ ï 3 ʄʇʘ; 

ʈʘʟʤʝʨʳ ʯʘʩʪʠʮ ʢʘʪʘʣʠʟʘʪʦʨʘ ï 7 ʤʤ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ, 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʠ ʨʘʩʩʯʠʪʘʪʴ ʦʙʲʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʝʡ ʜʠʬʬʫʟʠʠ ʥʘ ʧʨʦʮʝʩʩ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʦʪ 

ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʜʚʫʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠʤʝʶʱʠʭ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 7 ʤʤ ʠ 4 ʤʤ, ʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʉʆ ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ 

ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

ʦʪ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ 

 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʥʘʯʘʣʴʥʦʡ, ʨʘʚʥʦʡ 2,31% (ʦʙ.) ʜʦ 

0,143% (ʦʙ.), ʷʚʣʷʶʱʝʡʩʷ ʨʘʚʥʦʚʝʩʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʵʪʦʤ ʟʘʜʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ ʥʘ ʚʳʭʦʜʝ (ʥʘʧʨʠʤʝʨ, 0,4% (ʦʙ.)) 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʩ ʯʘʩʪʠʮʘʤʠ d = 4 ʤʤ, ʠʤʝʶʱʠʤʠ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʊʝʧʣʦ, ʚʳʜʝʣʷʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ, ʠʜʝʪ ʥʘ ʨʘʟʦʛʨʝʚ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʪʦʨʦʡ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 20-30̄ ʉ ʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʡ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʚ ʛʘʟʝ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʈ = 3 ʄʇʘ ʜʣʷ ʧʨʠʥʷʪʦʛʦ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ 

ʛʘʟʘ. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ ʨʘʚʥʦʡ 

260̄ ʉ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʨʘʚʥʦ 0,37 %, ʘ ʧʨʠ 240ʉ̄ ï 0,28%.ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʨʝʘʢʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ. ʆʜʥʘʢʦ, 

ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʧʨʦʮʝʩʩʘ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʤʝʥʴʰʘʝʪ 

ʢʦʥʩʪʘʥʪʫ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʭʦʜʘ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ: 0,25; 0,30 ʠ 0,40% (ʦʙ.). 

ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʭʦʜʘ 

ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ  

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʝʝ ʩʥʠʞʝʥʠʠ ʠ ʵʪʘ 

ʨʘʟʥʠʮʘ  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʠʤʝʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷ: 

- ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʉʦʩʪ = 0,25% ï 210̄ ʉ; 

- ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʉʦʩʪ = 0,30% ï 220̄ ʉ; 

- ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʉʦʩʪ = 0,40% ï 240̄ ʉ. 
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ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʛʘʟʘ ʚ ʨʝʘʢʪʦʨ ʟʘʚʠʩʠʪ 

ʪʘʢʞʝ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʤ ʛʘʟʝ (ʨʠʩʫʥʦʢ 5) ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʘʚʣʝʥʠʷ (ʨʠʩʫʥʦʢ 6). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 5, ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʚ 

ʠʩʭʦʜʥʦʤ ʛʘʟʝ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʤʝʱʘʝʪʩʷ ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʦʙʣʘʩʪʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʤ ʛʘʟʝ, ʚʳʜʝʣʷʝʪʩʷ ʤʝʥʴʰʝ ʪʝʧʣʦʪʳ 

ʧʨʠ ʢʦʥʚʝʨʩʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʝʘʢʪʦʨʘ 

ʧʦʚʳʰʘʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. 

  

ʈʠʩʫʥʦʢ 5 ï ɺʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 

ʈʠʩʫʥʦʢ 6 ï ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ 

(ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʆ ï 0,4%) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʡ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʚ ʨʝʘʢʪʦʨ ʢʦʥʚʝʨʩʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʟʘʜʘʥʥʳʤ ʦʩʪʘʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ. ʏʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʠʩʭʦʜʥʦʤ 

ʛʘʟʝ ʠ ʯʝʤ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʝ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ ʧʨʦʜʫʢʪʘʭ ʨʝʘʢʮʠʠ, 

ʪʝʤ ʥʠʞʝ ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʨʝʘʢʪʦʨ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʧʨʘʚʦʯʥʠʢ ʘʟʦʪʯʠʢʘ: ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʦʚ ʠ 

ʞʠʜʢʦʩʪʝʡ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʦʚ. ʆʯʠʩʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʛʘʟʦʚ. ʉʠʥʪʝʟ ʘʤʤʠʘʢʘ. ï ʄ.: ʍʠʤʠʷ, 1986. ʊ.1. ï 512 ʩ. 

2. ʀʣʴʠʥ ɸ.ʇ., ʉʤʠʨʥʦʚ ʅ.ʅ., ʀʣʴʠʥ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʤʤʠʘʢʘ  // ʈʦʩ. ʭʠʤ. ʞ. (ɾ. ʈʦʩ. ʭʠʤ. ʦʙ-ʚʘ ʠʤ. ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘ), 2006, ʪ. L, ˉ3, ʉ.84-93. 
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3. ʆʯʠʩʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʦʚ /ʇʦʜ ʨʝʜ. ʊ.ɸ. ʉʝʤʝʥʦʚʦʡ, 

ʀ.ʃ. ʃʝʡʪʝʩʘ. ï ʄ.: ʍʠʤʠʷ, 1977. ï 487 ʩ. 

4. ʇʨʦʩʢʫʨʥʠʥ ɸ.ʃ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ ʧʘʨʦʚʦʡ ʢʦʥʚʝʨʩʠʠ 

ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ // ʄʘʪʝʨʠʘʣʳ I-ʡ ʝʞʝʛʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

çʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ ï ʨʝʛʠʦʥʫè / ʧʦʜ ʨʝʜ. ʃ.ɺ. ʇʝʰʢʦʚʦʡ. ï ʉʪʘʚʨʦʧʦʣʴ: 

ʉʂʌʋ, 2013, ʉ. 56-60.  

 

ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ʈɸɿɺʀʊʀʗ ʊɽʍʅʆʃʆɻʀʀ 

ʇʆʃʋʏɽʅʀʗ ʂɸʈɹɸʄʀɼɸ 

ɸ.ʃ. ʇʨʦʩʢʫʨʥʠʥ, ʢʘʥʜ.ʭʠʤ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʂ.ʉ. ʂʦʣʠʙʘʙʯʫʢ, ʩʪʫʜʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʂʘʨʙʘʤʠʜ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʦʣʠʤʝʨʦʚ, ʧʣʘʩʪʤʘʩʩ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʣʝʝʚ. 

ʂʘʨʙʘʤʠʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʟʥʦʛʦ ʨʦʜʘ ʫʩʧʦʢʘʠʚʘʶʱʠʭ, 

ʩʥʦʪʚʦʨʥʳʭ ʠ ʜʨʫʛʠʭ ʣʝʢʘʨʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʭ 

ʩʨʝʜʩʪʚ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʢʨʝʤʦʚ, ʟʫʙʥʳʭ ʧʘʩʪ ʠ ʪ. ʧ. 

ʂʘʨʙʘʤʠʜ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʣʘʤʠʥʘ, 

ʞʠʜʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʘʤʠʜʘ ï ʢʘʨʙʘʤʠʜ-ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ 

(ʂɸʉ). 

ʂʘʨʙʘʤʠʜ ʧʦʣʫʯʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʤʤʠʘʢʘ ʩ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ 

ʧʨʠ 12-40 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 160-250Áʉ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʥʘʯʘʣʘ ʢʘʪʘʤʘʨʘʥʘ 

ʘʤʤʦʥʠʷ ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ: 

 

2NH3 + CO2 Ÿ H2N-CO-ONH4.     (1) 

 

ʇʦʩʣʝʜʫʶʱʘʷ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʢʘʨʙʘʤʘʪʘ ʘʤʤʦʥʠʷ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʫʯʝʥʠʶ ʤʦʯʝʚʠʥʳ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʨʝʘʢʮʠʠ: 

 

H2N-CO-ONH4 ź H2N-CO-NH2 + H2O.    (2) 

 

ʉʪʝʧʝʥʴ, ʜʦ ʢʦʪʦʨʦʡ ʵʪʠ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʜʦ ʟʘʚʝʨʰʝʥʠʷ, ʟʘʚʠʩʠʪ, 

ʧʦʤʠʤʦ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʤʤʠʘʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʘ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ 

ʨʘʩʪʚʦʨ, ʩʦʩʪʦʷʱʠʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʠʟ ʤʦʯʝʚʠʥʳ, ʚʦʜʳ, ʥʝʩʚʷʟʘʥʥʦʛʦ 



13 

 

ʘʤʤʠʘʢʘ ʠ ʢʘʨʙʘʤʘʪʘ ʘʤʤʦʥʠʷ. ʊʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʛʘʟʦʚʘʷ ʩʤʝʩʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʭ ʘʤʤʠʘʢʘ ʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ.  

ɺ 60-ʝ ʛʦʜʳ ʚʚʝʜʝʥʳ ʧʨʦʮʝʩʩʳ ʩ ʧʦʣʥʳʤ ʞʠʜʢʦʩʪʥʳʤ ʨʝʮʠʢʣʦʤ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʣʥʦʩʪʴʶ ʚʦʟʚʨʘʱʘʪʴ ʚ ʩʠʩʪʝʤʫ ʥʝ 

ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʨʝʘʛʝʥʪʳ ʉʆ2, NH3 ʠ ʩʥʠʟʠʪʴ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʜʦ 

20-25 ʄʇʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʦʰʣʦ ʚ 70-ʭ ʛʦʜʘʭ ʠ 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʧʨʦʮʝʩʩʦʚ ʦʪʛʦʥʢʠ ʉʆ2 ʠ NH3, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʜʦ 14-18 ʄʇʘ ʠ ʜʦʩʪʠʯʴ ʢʦʥʚʝʨʩʠʠ 

58-62%. 

ɺ 80-ʝ ʛʦʜʳ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʝʘʢʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʝʪ ʧʘʨʦʞʠʜʢʦʩʪʥʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ 

ʨʝʘʢʮʠʷ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʧʘʨʦʚʘʷ ʬʘʟʘ ʩʦʜʝʨʞʠʪ ʉʆ2, NH3, ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʠ ʠʥʝʨʪʥʳʡ ʛʘʟ. ʈʝʘʛʝʥʪʳ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʠʟ 

ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʞʠʜʢʫʶ, ʛʜʝ ʉʆ2 ʨʝʘʛʠʨʫʝʪ ʩʦ ʩʚʦʙʦʜʥʳʤ NH3. ɺ ʞʠʜʢʦʡ 

ʬʘʟʝ ʨʝʘʢʮʠʷ (1) ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʘ ʨʝʘʢʮʠʷ (2) ʷʚʣʷʝʪʩʷ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ. ʀʟʫʯʝʥʠʝ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ ɻ-ɾ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʣʠʤʠʪʠʨʫʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ 

ʩʪʝʧʝʥʠ ʧʨʦʮʝʩʩʦʤ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʆʙʱʘʷ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʞʠʜʢʦʩʪʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ, ʪʘʢ ʠ ʢʠʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʪʘʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʨʝʘʢʪʦʨʝ ʣʦʪʢʠ, 

ʧʝʨʝʛʦʨʦʜʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʝ ʨʝʘʢʮʠʦʥʥʳʝ ʩʝʢʮʠʠ. ɺ ʧʘʪʝʥʪʥʦʤ 

ʜʦʢʫʤʝʥʪʝ US 5767313 ɸ1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʙʘʩʩʝʡʥʦʚʘʷ 

ʨʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʙʘʩʩʝʡʥʦʚʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʨʝʘʢʪʦʨʥʦʡ ʩʝʢʮʠʠ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʨʙʘʤʠʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ Stamicarbon, Snamprogetti, Tecnimont, ʅʀʀʂ, 

ɻʀɸʇ. ɺʩʝ ʵʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʧʦ ʩʪʝʧʝʥʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ, ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʧʦ ʘʧʧʘʨʘʪʫʨʥʦʤʫ 

ʦʬʦʨʤʣʝʥʠʶ, ʧʨʠʤʝʥʷʝʤʳʤ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʠʝʤʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ɿʘʨʫʙʝʞʥʳʝ ʬʠʨʤʳ ʧʨʝʜʣʘʛʘʶʪ ʩʝʛʦʜʥʷ ʫʩʪʘʥʦʚʢʠ ʤʦʱʥʦʩʪʴʶ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪ 1000 ʜʦ 2000 ʠ ʜʘʞʝ 3000 ʪ/ʩʫʪʢʠ. 

ʋʨʩʘʂʘʟʘʣʝ ï ʢʦʤʧʘʥʠʷ ɻʨʫʧʧʳ ʂʘʟʘʣʝ, ʨʘʙʦʪʘʶʱʘʷ ʚ ʦʙʣʘʩʪʠ 

ʢʘʨʙʘʤʠʜʘ ʠ ʩʦʟʜʘʚʰʘʷ ʥʦʚʝʡʰʫʶ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʦʛʦ 

ʘʛʨʝʛʘʪʘ ʢʘʨʙʘʤʠʜʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘʟʳʚʘʝʪʩʷ ʂʦʥʪʫʨ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʣʫʯʰʝʥʥʳʡ ʧʨʦʮʝʩʩ ʩʪʨʠʧʧʠʥʛʘ ʉʆ2.  

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

- ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ CO2 ʚ ʨʝʘʢʪʦʨʝ (ʜʦ 63-64%); 

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʠʧʧʠʥʛʦʚʘʥʠʷ; 

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʜʝʥʩʘʮʠʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʂʦʥʪʫʨʘ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʧʦʪʦʢʘʤʠÊ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʩ ʥʠʟʢʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʚʣʦʞʝʥʠʷʤʠ. 

ʇʦʜʭʦʜʠʪ ʦʥʘ ʪʘʢʞʝ ʜʣʷ ʘʛʨʝʛʘʪʦʚ ʩ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ 

ʢʨʠʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʤʝʝʪ ʤʝʥʴʰʠʝ 

ʨʘʟʤʝʨʳ, ʯʝʤ ʚ ʘʛʨʝʛʘʪʘʭ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ Snamprogetti ʧʨʝʜʩʪʘʚʣʝʥʘ 3-ʩʪʘʜʠʡʥʘʷ ʨʝʢʫʧʝʨʘʮʠʷ CO2 

ʠ ʘʤʤʠʘʢʘ ʜʣʷ ʦʯʠʩʪʢʠ ʢʘʨʙʘʤʠʜʘ. 

ʇʨʦʮʝʩʩ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʰʝʩʪʴ ʯʘʩʪʝʡ: 

- ʩʠʥʪʝʟ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ (ɺɼ); 

- ʦʯʠʩʪʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʩʨʝʜʥʝʤ ʜʘʚʣʝʥʠʠ (ʉɼ); 

- ʦʯʠʩʪʢʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ (ʅɼ); 

- ʚʘʢʫʫʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ; 

- ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʢʦʥʜʝʥʩʘʪʘ; 

- ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ: ʧʨʠʣʣʠʨʦʚʘʥʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʮʝʩʩʘ Snamprogetti: 

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʥʠʟʢʦʝ ʧʦʪʨʝʙʣʝʥʠʷ ʩʳʨʴʷ, ʤʘʣʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ);  

- ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ;  

- ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ;  

- ʫʪʠʣʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ 
ʢʦʪʣʦʚʦʡ ʚʦʜʳ;  

- ʨʘʙʦʪʘ ʦʪʧʘʨʥʦʡ ʢʦʣʦʥʥʳ; 

- ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ (ʧʨʦʩʪʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʥʠʟʢʘʷ 

ʢʦʨʨʦʟʠʷ, ʚʳʩʦʢʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ); 

- ʧʨʦʩʪʦʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ï ʵʞʝʢʪʦʨ;  

- ʦʙʝʩʧʝʯʝʥʠʝ ʘʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʠ ʧʦʤʦʱʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 
ʨʘʙʦʪʳ ï ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  

ʇʨʦʮʝʩʩʳ Stamicarbon ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ɸʤʤʠʘʢ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʢʘʨʙʘʤʠʜ ʯʝʨʝʟ ʢʘʨʙʘʤʘʪ ʘʤʤʦʥʠʷ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 14 ʄʇʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 180-185ÁC. ʂʦʥʚʝʨʩʠʷ ʘʤʤʠʘʢʘ ʜʦʩʪʠʛʘʝʪ 41 %, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ï 60 %. ʅʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʝ ʘʤʤʠʘʢ ʠ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʦʩʪʫʧʘʶʪ ʚ 

ʩʪʨʠʧʧʝʨ, ʧʨʠ ʵʪʦʤ ʉʆ2 ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʪʠʧʧʝʨ-ʘʛʝʥʪʘ. ʇʦʩʣʝ 

ʢʦʥʜʝʥʩʘʮʠʠ ʉʆ2 ʠ NH3 ʠʜʫʪ ʥʘ ʨʝʮʠʢʣ ʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ. 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʦʝ ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ: ʩʠʥʪʝʟ ʩ 

ʙʘʩʩʝʡʥʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʠʣʠ ʩʠʥʪʝʟ ʩ ʙʘʩʩʝʡʥʦʚʳʤ ʨʝʘʢʪʦʨʦʤ ï 

ʪʝʭʥʦʣʦʛʠʷ Urea 2000plusÊ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʠʥʪʝʟʘ ʢʘʨʙʘʤʠʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʩʩʝʡʥʦʚʦʛʦ 

ʨʝʘʢʪʦʨʘ ʷʚʣʷʶʪʩʷ: 

- ʪʨʝʙʫʝʪʩʷ ʥʘ 40% ʤʝʥʴʰʝ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʚʝʨʪʠʢʘʣʴʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʧʣʝʥʦʯʥʦʛʦ ʪʠʧʘ; 

- ʢʦʥʜʝʥʩʘʪʦʨ ɺɼ ʠ ʨʝʘʢʪʦʨ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ; 

- ʚʳʩʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ; 
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- ʜʣʠʥʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ɺɼ ʠʟ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʦʡ ʩʪʘʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ; 

- ʩʥʠʞʝʥʠʝ ʠʥʚʝʩʪʠʮʠʡ; 

- ʣʝʛʢʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʪʘʙʠʣʴʥʳʡ ʩʠʥʪʝʟ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ 

ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ NH3/CO2. 

ɺ ʧʘʪʝʥʪʥʦʤ ʜʦʢʫʤʝʥʪʝ US 20110160486 ɸ1 ʧʨʝʜʣʦʞʝʥʘ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʘʤʠʜʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʙʘʩʩʝʡʥʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ (ʨʠʩʫʥʦʢ 1) ʠ ʩ ʧʣʝʥʦʯʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

(ʨʠʩʫʥʦʢ 2).  

 

ʈʠʩʫʥʦʢ 1 ï ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʘʤʠʜʘ ʩ 

ʙʘʩʩʝʡʥʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

 
ʈʠʩʫʥʦʢ 2 ï ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʘʤʠʜʘ ʩ 

ʧʣʝʥʦʯʥʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ ʚ ʥʦʚʦʤ ʧʨʦʮʝʩʩʝ Stamicarbon 

Avancore ï ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʘʤʠʜʘ, ʨʘʩʰʠʨʷʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʝʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ Urea 2000plusÊ [2]. 
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AvancoreÈ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʫʣʝʚʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʢʠʩʣʦʨʦʜʘ, ʧʦʵʪʦʤʫ 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʡ. ʊʝʭʥʦʣʦʛʠʷ AvancoreÈ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʜʣʷ ʢʨʫʧʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʙʘʩʩʝʡʥʦʚʳʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʨʝʘʢʪʦʨʦʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʚʳʩʦʪʫ ʫʩʪʘʥʦʚʢʠ ʜʦ 25 ʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʶʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, AvancoreÈ ʤʦʞʥʦ ʪʘʢʞʝ 

ʧʨʠʤʝʥʷʪʴ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʢʘʨʙʘʤʠʜʘ ʩ ʙʘʩʩʝʡʥʦʚʳʤ 

ʨʝʘʢʪʦʨʦʤ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʠ: 

- ʫʜʘʣʝʥʳ ʠʟ ʩʭʝʤʳ: ʚʦʟʜʫʭʦʜʫʚʢʠ, ʢʦʥʚʝʨʪʦʨ ʚʦʜʦʨʦʜʘ ʠ ʠʥʞʝʢʪʦʨ 
ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ (ʉɼ); 

- ʩʠʩʪʝʤʘ ʩʢʨʫʙʙʝʨʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʤʝʥʝʥʘ ʧʨʦʩʪʦʡ ʫʩʪʘʥʦʚʢʦʡ 

ʘʙʩʦʨʙʮʠʠ ʉɼ; 

- ʫʧʨʦʩʪʠʣʦʩʴ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ: ʨʝʘʢʪʦʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 
ʫʨʦʚʥʝ ʟʝʤʣʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʘʯʘ ʢʠʩʣʦʨʦʜʘ; 

- ʥʘʜʝʞʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ: ʨʝʮʠʢʣ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʩʝʢʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʤʝʥʷʶʪ ʩʭʝʤʫ 

ʧʦʪʦʢʦʚ; 

- ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʚʥʦʚʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʳ; 

- ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʶʯʠʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. 

ɺʝʜʫʱʠʡ ʨʦʩʩʠʡʩʢʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʡ ʢʦʤʧʘʥʠʷ 

"ʋʈɸʃʍʀʄ" ʧʦʜʧʠʩʘʣʘ ʩʦʛʣʘʰʝʥʠʝ ʦ ʩʦʚʤʝʩʪʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʠʥʪʝʟʘ ʢʘʨʙʘʤʠʜʘ ʩ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʘʤʠʜʘ ʢʦʤʧʘʥʠʝʡ Stamicarbon. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʜʦʣʞʥʦ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɺ ʝʝ 

ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʳ ʢʘʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʦʙʩʪʚʝʥʥʦʩʪʴ Stamicarbon, ʪʘʢ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ "ʋʈɸʃʍʀʄʘ" ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʈʘʟʨʘʙʦʪʢʠ ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʮʝʧʮʠʠ ʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ CO2 ʚʝʜʫʪʩʷ ʩ 2008 ʛʦʜʘ. ʅʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʘʨʙʘʤʠʜ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩ 

ʤʝʥʴʰʠʤʠ ʢʘʧʠʪʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʛʘ-ʫʩʪʘʥʦʚʦʢ ʢʘʨʙʘʤʠʜʘ, 

ʤʦʱʥʦʩʪʴʶ ʜʦ 5000 ʪʦʥʥ/ʩʫʪʢʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ  

1. ʂʘʨʙʘʤʠʜ. ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʝ ʪʚʝʨʜʦʝ ʘʟʦʪʥʦʝ ʫʜʦʙʨʝʥʠʝ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.eurochem.ru/wp-

content/uploads/2010/10/ʂʘʨʙʘʤʠʜ.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 05.03.2014). 

2. ʂʘʨʙʘʤʠʜ: ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ [çʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://newchemistry.ru/blog.php?id_company=1&n_id=773 

&category =&page=436 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 03.04.2014).  

http://www.eurochem.ru/wp-content/uploads/2010/10/Карбамид.pdf
http://www.eurochem.ru/wp-content/uploads/2010/10/Карбамид.pdf
http://newchemistry.ru/blog.php?id_company=1&n_id=773
http://newchemistry.ru/blog.php?id_company=1&n_id=773
http://newchemistry.ru/blog.php?id_company=1&n_id=773&category
http://newchemistry.ru/blog.php?id_company=1&n_id=773&category=&page=436
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3. ʇʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʘʤʠʜʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Avancore.  

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.newchemistry.ru/ 

letter.php?n_id=7750 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 02.04.2014). 

4. ʈʦʩʩʠʡʩʢʘʷ ʛʘʟʝʪʘ (ʌʝʜʝʨʘʣʴʥʳʡ ʚʳʧʫʩʢ) ˉ6249 ʦʪ 4 ʜʝʢʘʙʨʷ 

2013 ʛ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.rg.ru/printable/ 

2013/ 12/04/karbamid.html   (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 01.12.2013). 

 

ʂʆʅʉʊʈʋʂʎʀʀ ʈɽɸʂʊʆʈʅʓʍ ʋʉʊʈʆʁʉʊɺ ɼʃʗ  

ʉʀʅʊɽɿɸ ʄɽʊɸʅʆʃɸ 

ɸ.ʃ. ʇʨʦʩʢʫʨʥʠʥ, ʢʘʥʜ.ʭʠʤ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ɻ. ʇʝʯʘʪʥʦʚ, ʩʪʫʜʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʘʥʦʣ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʨʤʘʣʴʜʝʛʠʜʘ, ʢʠʩʣʦʪ, 

ʤʝʪʠʣʪʨʝʪʙʫʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1], ʤʠʨʦʚʦʡ ʩʧʨʦʩ ʥʘ 

ʤʝʪʘʥʦʣ ʩ 2010 ʜʦ 2012 ʛʦʜʘ ʚʦʟʨʦʩ ʥʘ 23 %, ʠ ʢʘʢ ʦʞʠʜʘʝʪʩʷ, ʛʦʜʦʚʦʡ ʩʧʨʦʩ 

ʚʦʟʨʘʩʪʝʪ ʩ 61 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ 2012 ʛʦʜʫ ʜʦ ʙʝʩʧʨʝʮʝʜʝʥʪʥʦʛʦ ʫʨʦʚʥʷ ï  

137 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ 2022 ʛʦʜʫ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʥʦʣʘ 

ʙʫʜʝʪ ʚʳʟʚʘʥ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ: ʪʦʧʣʠʚʘ ʜʣʷ ʧʨʷʤʦʛʦ 

ʩʞʠʛʘʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʙʦʪʝ [2] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʩʪʦʱʝʥʠʠ ʟʘʧʘʩʦʚ ʥʝʚʦʟʥʦʙʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʥʦʣʘ ʠ ʢʘʢ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ, ʠ ʢʘʢ ʩʳʨʴʷ ʚ ʩʠʥʪʝʟʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʮʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʠ ʵʪʦʤ çʤʝʪʘʥʦʣʴʥʘʷè ʵʥʝʨʛʝʪʠʢʘ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

çʚʦʜʦʨʦʜʥʦʡè ʵʥʝʨʛʝʪʠʢʦʡ. 

 ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʤʝʪʘʥʦʣʘ ʠʟ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ 

ʤʝʪʘʥʦʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʚʩʝʭ (ʠʣʠ ʧʦʯʪʠ ʚʦ ʚʩʝʭ) 

ʩʣʫʯʘʷʭ ʚʳʩʪʫʧʘʝʪ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʨʫʛʠʝ ʚʠʜʳ 

ʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ï ʵʪʦ ʢʦʢʩʫʶʱʠʡʩʷ ʫʛʦʣʴ, ʦʪʭʦʜʳ ʥʝʬʪʝʧʝʨʝ-

ʨʘʙʦʪʢʠ, ʛʘʟʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʮʝʪʠʣʝʥʘ ʧʠʨʦʣʠʟʦʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʜʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʥʪʝʟʝ ʤʝʪʘʥʦʣʘ 

ʧʨʠ ʥʠʟʢʦʤ ʜʘʚʣʝʥʠʠ ʩʦʩʪʦʷʪ ʠʟ ʦʢʩʠʜʘ ʤʝʜʠ ʠ ʦʢʩʠʜʘ ʮʠʥʢʘ ʥʘ ʥʦʩʠʪʝʣʝ ʠʟ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ: Cu/ZnO/Al2O3. ʕʪʠ ʢʘʪʘʣʠʟʘʪʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʠ ʚ 

ʘʜʠʘʙʘʪʠʯʝʩʢʠʭ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ʇʦʣʫʯʝʥʠʝ ʤʝʪʘʥʦʣʘ ʦʩʥʦʚʘʥʦ ʥʘ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʨʘʚʥʦʚʝʩʥʳʭ 

ʨʝʘʢʮʠʷʭ:  

 

CO + 2H2 <=> ʉʅ3ʆʅ        ïDʅ
0
 = 91 ʢɼʞ/ʤʦʣʴ,   (1) 

CO2 + 3H2 <=> CH3OH + H2O  ïDʅ
0
 = 49 ʢɼʞ/ʤʦʣʴ,   (2) 

CO + H2O <=> CO2 + H2   ïDʅ
0
 = 42 ʢɼʞ/ʤʦʣʴ.  (3) 

 

ʈʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʷʚʣʷʶʪʩʷ ʦʙʨʘʪʠʤʳʤʠ, ʵʢʟʦʪʝʨʤʠʯʝʩ-

ʢʠʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉʤʝʩʪʠʪʴ ʨʘʚʥʦʚʝʩʠʝ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʤʦʞʥʦ 

ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʢʦʥʜʝʥʩʘʮʠʝʡ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ: ʤʝʪʘʥʦʣʘ ʠ ʚʦʜʳ.  

ʀʩʧʦʣʴʟʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʠʧʘ 

ʨʝʘʢʪʦʨʘ, ʩʦʩʪʘʚʘ ʩʳʨʴʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 4-8 ʄʇʘ ʜʣʷ Cu/ZnO/Al 2O3 ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 200-300 C̄. ʆʪʚʦʜ ʪʝʧʣʦʪʳ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʤʝʪʘʥʦʣʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʘ. 

ʉʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʨʘʚʥʦʚʝʩʠʝʤ, ʧʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʪʦʣʴʢʦ ʯʘʩʪʴ ʩʠʥʪʝʟ-ʛʘʟʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʤʝʪʘʥʦʣ. ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ 

ʥʝʦʙʭʦʜʠʤʘ ʮʠʨʢʫʣʷʮʠʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ. ʊʝʧʣʦʚʳʜʝʣʝʥʠʝ 

ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʚʘʪʴ ʨʘʟʙʘʚʣʝʥʠʝʤ ʠʩʭʦʜʥʦʛʦ ʛʘʟʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʦʜʜʫʚʢʦʡ ʭʦʣʦʜʥʦʛʦ ʛʘʟʘ, 

ʚʥʫʪʨʝʥʥʠʡ ʪʝʧʣʦʦʙʤʝʥ, ʦʪʚʦʜ ʪʝʧʣʘ ʧʦʩʪʦʨʦʥʥʠʤ ʭʣʘʜʘʛʝʥʪʦʤ. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʦ 

ʩʧʦʩʦʙʫ ʢʦʥʪʨʦʣʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʩʣʦʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʥʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʨʝʘʢʪʦʨʳ ʩ ʧʨʷʤʳʤ ʛʘʟʦʚʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʥʝʧʨʷʤʳʤ ʛʘʟʦʚʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʠ ʨʝʘʢʪʦʨʘ ʩ ʪʨʫʙʯʘʪʦʡ 

ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ. 

ʈʝʘʢʪʦʨ ʩ ʧʨʷʤʳʤ ʛʘʟʦʚʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚ ʤʠʨʝ ʨʝʘʢʪʦʨʦʤ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ. ʈʝʘʢʪʦʨ 

ʪʘʢʦʛʦ ʪʠʧʘ ʬʠʨʤʳ ICI, ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʭʦʣʦʜʥʳʤʠ ʙʘʡʧʘʩʘʤʠ ʠʟʦʙʨʘʞʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʛʦ ʨʝʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʛʘʟʘ ʜʦ ʩʠʭ ʧʦʨ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ [3].  

ʂʦʤʧʘʥʠʝʡ Methanol Casale ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ, ʥʘʟʚʘʥʥʘʷ ʢʦʥʮʝʧʮʠʝʡ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʂʇʈ), ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʘ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʨʦʤʙʦʚʠʜʥʦʤ ʨʝʘʢʪʦʨʝ, 
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ʢʦʪʦʨʳʡ ʫʞʝ ʤʥʦʛʠʝ ʛʦʜʳ ʷʚʣʷʝʪʩʷ "ʨʘʙʦʯʝʡ ʣʦʰʘʜʢʦʡ" ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʝʪʘʥʦʣʘ (ʨʠʩʫʥʦʢ 2). 

ɿʘʛʨʫʞʘʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʨʘʟʜʝʣʝʥ ʥʘ ʪʨʠ ʩʣʦʷ. ʈʦʤʙʦʚʠʜʥʳʝ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʠ ʟʘʤʝʥʝʥʳ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʥʘʧʨʘʚʣʷʶʱʠʤʠ ʧʦʪʦʢʠ ʦʩʥʦʚʥʦʛʦ 

ʛʘʟʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʩʣʦʝʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʦʪ ʮʝʥʪʨʘ ʨʝʘʢʪʦʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. 

ʉʧʝʮʠʘʣʴʥʳʝ ʨʘʟʙʨʳʟʛʠʚʘʪʝʣʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦʜʘʚʘʝʤʦʛʦ ʦʭʣʘʞʜʘʶʱʝʛʦ ʛʘʟʘ ʜʣʷ ʣʫʯʰʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʝʛʦ ʩ 

ʦʩʥʦʚʥʳʤ ʛʘʟʦʤ. ɼʝʬʣʝʢʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʝ ʣʦʢʘʣʴʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʩʛʣʘʞʠʚʘʥʠʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ.  

 
 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʠʯʥʳʡ ʨʝʘʢʪʦʨ 

ʬʠʨʤʳ ICI, ʩ ʦʭʣʘʞʜʝʥʠʝʤ 

ʭʦʣʦʜʥʳʤʠ ʙʘʡʧʘʩʘʤʠ 

ʈʠʩʫʥʦʢ 2 ï ʈʝʘʢʪʦʨ ʬʠʨʤʳ  

Methanol Casale ʩ ʨʦʤʙʦʚʠʜʥʳʤʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʷʤʠ 

 

ɼʨʫʛʘʷ ʤʦʜʝʣʴ ʨʝʘʢʪʦʨʘ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ ʬʠʨʤʳ Methanol Casale 

ʩʦʜʝʨʞʠʪ ʪʨʫʙʯʘʪʫʶ ʩʠʩʪʝʤʫ ʛʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʧʦʣʢʘʤ ʘʜʠʘʙʘʪʠ-

ʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʌʠʨʤʘ Topsoe ʧʨʝʜʣʘʛʘʝʪ ʩʚʦʶ ʢʦʥʩʪʨʫʢʮʠʶ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ 

ʢʦʥʚʝʨʪʦʨʘ, ʦʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʢʦʪʦʨʦʡ ʚʢʣʶʯʘʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ: 

- ʩʦʙʠʨʘʪʴ ʚʝʩʴ ʛʘʟ, ʧʦʢʠʜʘʶʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨʥʫʶ ʧʦʣʢʫ; 

- ʧʝʨʝʤʝʰʠʚʘʪʴ ʪʱʘʪʝʣʴʥʦ ʦʩʥʦʚʥʦʡ ʛʘʟ ʩ ʙʘʡʧʘʩʥʳʤ ʛʘʟʦʤ; 

- ʨʘʩʧʨʝʜʝʣʷʪʴ ʩʤʝʰʘʥʥʳʡ ʛʘʟ ʦʜʥʦʨʦʜʥʦ ʚ ʩʣʝʜʫʶʱʫʶ 

ʢʘʪʘʣʠʟʘʪʦʨʥʫʶ ʧʦʣʢʫ. 

ɺʦʦʙʱʝ, ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʚ ʨʝʘʢʪʦʨʝ: ʢʘʪʘʣʠʟʘʪʦʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʫ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ ʧʨʠ ʤʝʥʴʰʝʤ 



20 

 

ʦʙʲʝʤʝ ʟʘʛʨʫʟʢʠ ʠʣʠ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʉ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ 

ʢʨʫʧʥʳʭ ʟʘʚʦʜʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʝʪʘʥʦʣʘ ʢʦʤʧʘʥʠʝʡ Casale ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʢʦʥʚʝʨʪʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʪʳʨʝʭ ʩʝʢʮʠʡ. ʇʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʩʣʦʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʛʘʟ ʦʭʣʘʞʜʘʝʪʩʷ 

ʧʘʨʦʤ. ʊʝʧʣʦ, ʦʪʚʦʜʠʤʦʝ ʠʟ ʪʨʝʪʴʝʛʦ ʩʣʦʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘ 

ʦʭʣʘʞʜʝʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʥʦʚʴ ʚ ʨʝʘʢʪʦʨ [3].  ʅʘ 

ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ ʆɸʆ  

çʊʦʣʴʷʪʪʠʘʟʦʪè  ʠʟ ʧʘʪʝʥʪʘ RU 2331625 çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘè. 

1 ï ʢʦʪʣʳ-ʫʪʠʣʠʟʘʪʦʨʳ; 2 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ. 

ʈʠʩʫʥʦʢ 3 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ 

 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʧʘʪʝʥʪʝ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʧʦʟʚʦʣʠʚʰʠʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʥʘ ʚʳʩʦʢʦʤ 

ʫʨʦʚʥʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʠ ʧʨʦʜʣʝʥʠʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʈʝʘʢʪʦʨʳ ʩ ʪʨʫʙʯʘʪʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʨʝʘʢʪʦʨʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʘʷ, 

ʙʣʠʟʢʘʷ ʢ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʤʝʥʴʰʠʝ 

ʦʙʲʝʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʨʝʘʢʪʦʨʦʚ ʙʣʠʟʦʢ ʢ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ, ʥʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠʭ ʙʦʣʝʝ ʩʣʦʞʥʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʥʠ ʜʣʷ 

ʤʝʥʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʊʨʫʙʯʘʪʳʝ ʨʝʘʢʪʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʜʚʫʭ ʢʦʥʩʪʨʫʢʮʠʡ: 

- ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʪʨʫʙʢʠ; 

- ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʤʝʞʪʨʫʙʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥ ʪʨʫʙʯʘʪʳʡ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨʘ Lurgi. 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʙʯʘʪʳʡ ʨʝʘʢʪʦʨ ʩ ʤʝʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, 

ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʫʙʘʭ ʠ ʢʠʧʷʱʝʡ ʚʦʜʦʡ ʩʦ ʩʪʦʨʦʥʳ ʢʦʞʫʭʘ. 

ʆʙʨʘʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 1 ʪʦʥʥʘ ʧʘʨʘ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 1,4 ʤʝʪʨʠʯʝʩʢʠʭ 

ʪʦʥʥʳ ʤʝʪʘʥʦʣʘ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ ʪʠʧʘ ʨʝʘʢʪʦʨʘ ʷʚʣʷʶʪʩʷ: ʥʠʟʢʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ 

ʨʝʘʢʮʠʠ ʠ ʧʨʦʩʪʦʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ 

ʧʘʨʘ.  

 



21 

 

ʈʠʩʫʥʦʢ 4 ï ʊʨʫʙʯʘʪʳʡ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ Lurgi 

 

ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʨʝʘʢʪʦʨʘ ʩ ʪʨʫʙʯʘʪʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦ ʦʪʚʦʜʠʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ʧʘʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚʥʫʪʨʠ ʪʨʫʙʦʢ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʢʘʪʘʣʠʟʘʪʦʨ.  

ʂʦʤʧʘʥʠʷ Methanol Casale ʨʘʟʨʘʙʦʪʘʣʘ ʨʝʘʢʪʦʨ ʩ ʚʦʜʷʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ,  ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ ï ʵʣʝʤʝʥʪʳ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʚʳʧʦʣʥʷʶʱʠʝ ʬʫʥʢʮʠʶ ʦʭʣʘʞʜʝʥʠʷ ʚʤʝʩʪʦ ʪʨʫʙ. ʊʘʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʢʦʤʧʘʢʪʥʦ, ʯʝʤ ʩʠʩʪʝʤʘ ʪʨʫʙʯʘʪʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʆʧʠʩʘʥʠʝ ʧʨʠʚʝʜʝʥʦ ʚ ʧʘʪʝʥʪʝ ɽʈ 1284813 ɸ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʨʝʘʢʪʦʨʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʧʣʘʩʪʠʥʳ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʤʝʨ ʨʝʘʢʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʳʡ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʦʤʧʘʥʠʠ Casale 

ʧʨʦʜʦʣʞʠʣʘ ʨʘʙʦʪʫ ʥʘʜ ʜʘʥʥʳʤ ʪʠʧʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʘʢʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʚ ʧʘʪʝʥʪʥʦʤ ʜʦʢʫʤʝʥʪʝ US 2011052457 ɸ1. 

ɺ ʧʘʪʝʥʪʝ RU 2252209 cʠʥʪʝʟ ʤʝʪʘʥʦʣʘ ʧʨʝʜʣʦʞʝʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʨʘʜʠʘʣʴʥʦ-ʩʧʠʨʘʣʴʥʦʛʦ ʪʠʧʘ.  

ʉʭʝʤʘ ʪʘʢʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. ʇʨʠʤʝʥʝʥʠʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʨʘʜʠʘʣʴʥʦ-ʩʧʠʨʘʣʴʥʦʛʦ ʪʠʧʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ ʨʝʘʢʪʦʨʘʤʠ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ, ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, 

ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʪʝʨʶ ʥʘʧʦʨʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʛʘʟʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʟʝʨʥʠʩʪʳʡ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʣʦʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʟʤʝʱʝʥʥʦʤ 

ʤʝʞʜʫ ʩʧʠʨʘʣʝʦʙʨʘʟʥʳʤʠ ʩʪʝʥʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝʤ ʢʠʧʷʱʝʡ 

ʚʦʜʳ (ʠʣʠ ʜʨʫʛʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ) ʚ ʧʦʣʦʩʪʷʭ ʩʧʠʨʘʣʝʦʙʨʘʟʥʳʭ ʩʪʝʥʦʢ. ʕʪʦ 

ʠʩʢʣʶʯʘʝʪ ʧʝʨʝʛʨʝʚ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʢʘʢ ʧʨʠ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʝʛʦ 

ʨʘʙʦʪʝ.  
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ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʨʝʘʢʪʦʨʘ ʨʘʜʠʘʣʴʥʦ-ʩʧʠʨʘʣʴʥʦʛʦ ʪʠʧʘ 

 

ʆʧʪʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ 

ʤʝʪʘʥʦʣʘ ʠ ʚʳʩʦʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʟʚʠʪʦʡ 

ʪʝʧʣʦʦʙʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʟʤʝʱʝʥʥʦʡ ʚ ʢʘʪʘʣʠʟʘʪʦʨʥʦʤ ʩʣʦʝ.  

ɺ ʚʘʨʠʘʥʪʝ ʢʦʥʚʝʨʪʝʨʘ Linde ʩ ʪʨʫʙʯʘʪʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʪʝʧʣʦ 

ʦʪʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚʥʫʪʨʠ ʧʫʯʢʘ ʪʨʫʙ, ʠʟʦʛʥʫʪʳʭ ʚ 

ʚʠʜʝ ʩʧʠʨʘʣʠ ʠ ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʢʘʪʘʣʠʟʘʪʦʨ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʩʣʦʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʣʠʟʦʢ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʨʝʘʢʪʦʨʘʤʠ ʩ ʧʨʷʤʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʫʙʦʢ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʙʦʣʝʝ ʚʳʩʦʢʘ ʠ ʪʨʝʙʫʝʪʩʷ ʥʘ 60-75% ʤʝʥʴʰʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ [5]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʨʫʙʯʘʪʳʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ.  

ʂʦʤʧʘʥʠʷ Methanol Casale ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʨʘʟʨʘʙʦʪʘʣʘ ʚʝʨʪʠʢʘʣʴʥʳʡ ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ ʩ U-ʦʙʨʘʟʥʳʤʠ 

ʪʨʫʙʢʘʤʠ, ʧʦʤʝʱʝʥʥʳʤ ʚ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ ʨʘʜʠʘʣʴʥʦ-ʘʢʩʠʘʣʴʥʳʤ 

ʧʦʪʦʢʦʤ ʛʘʟʘ (ʧʘʪʝʥʪ WO 2011026713 (A2). ʌʠʨʤʘ Linde ʧʨʝʜʣʘʛʘʝʪ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʝʘʢʪʦʨʳ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ ʩ 

U-ʦʙʨʘʟʥʳʤʠ ʪʨʫʙʢʘʤʠ (ʨʠʩʫʥʦʢ 6). 

ʂʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙ ʧʦ 

ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʠ, ʪʝʤ ʩʘʤʳʤ, ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ. 
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ʈʠʩʫʥʦʢ 6 ï ɻʦʨʠʟʦʥʪʘʣʴʥʳʡ ʪʨʫʙʯʘʪʳʡ ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ 

 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʤʝʪʘʥʦʣʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʨʝʘʢʪʦʨʦʚ. ʊʘʢ, ʚ ʧʘʪʝʥʪʝ RU 2478604 ʉ1 ʧʨʝʜʣʘʛʘʝʪʩʷ 2 ʨʝʘʢʪʦʨʘ. ɺ 

ʧʘʪʝʥʪʥʦʤ ʜʦʢʫʤʝʥʪʝ US 20110065966 A1 ʧʨʝʜʣʦʞʝʥ ʧʨʦʮʝʩʩ ʩ ʜʚʫʤʷ 

ʨʝʘʢʪʦʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʨʘʟʣʠʯʥʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʚʦʜʷʥʦʝ ʠ ʚʦʟʜʫʰʥʦʝ. 

ɺ ʧʘʪʝʥʪʥʦʤ ʜʦʢʫʤʝʥʪʝ US 2010312021 (ɸ1) ʧʨʝʜʣʦʞʝʥʘ ʫʣʫʯʰʝʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʥʦʣʘ ʧʨʠ 

ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʢʦʪʦʨʦʤ ʦʙʨʘʟʫʶʱʠʡʩʷ ʤʝʪʘʥʦʣ ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ  ʠ 

ʧʝʨʝʚʦʜʠʪʩʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʚ ʞʠʜʢʫʶ ʬʘʟʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʢʪʦʨʝ ʙʝʟ 

ʩʥʠʞʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʨʠʚʝʜʝʥ ʤʥʦʛʦʪʨʫʙʥʳʡ ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ, ʚ 

ʨʝʘʢʮʠʦʥʥʳʝ ʪʨʫʙʳ ʢʦʪʦʨʦʛʦ ʟʘʛʨʫʞʝʥ ʢʘʪʘʣʠʟʘʪʦʨ.  

 

 

1 ï ʚʭʦʜ ʩʠʥʪʝʟ-ʛʘʟʘ;  

2 ï ʣʶʢ;  

3 ï ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʝʘʢʪʦʨʘ;  

4 ï ʚʭʦʜ ʞʠʜʢʦʛʦ ʭʣʘʜʘʛʝʥʪʘ;  

5 ï ʚʳʭʦʜ ʩʤʝʩʠ ʞʠʜʢʦʩʪʴ-ʧʘʨ;  

6 ï ʚʝʨʭʥʷʷ ʪʨʫʙʥʘʷ ʨʝʰʝʪʢʘ;  

7 ï ʥʠʞʥʷʷ  ʪʨʫʙʥʘʷ ʨʝʰʝʪʢʘ;  

8 ï ʠʥʝʨʪʥʳʡ ʤʘʪʝʨʠʘʣ;  

9 ï  ʚʳʭʦʜ ʥʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ 

ʠ ʞʠʜʢʦʛʦ ʤʝʪʘʥʦʣʘ;  

11 ï ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ ʦʧʦʨʥʘʷ ʨʝʰʝʪʢʘ;  

13 ï ʪʨʫʙʢʠ, ʟʘʧʦʣʥʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʦʤ.  

14 ï ʢʦʨʧʫʩ ʨʝʘʢʪʦʨʘ 

 

 

ʈʠʩʫʥʦʢ 7 ï ʄʥʦʛʦʪʨʫʙʯʘʪʳʡ ʨʝʘʢʪʦʨ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ 

 

ɺʥʫʪʨʠ ʨʝʘʢʮʠʦʥʥʳʭ ʪʨʫʙ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʯʥʦʡ 

ʩʝʪʢʦʡ (ʨʠʩʫʥʦʢ 8). 
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ʈʠʩʫʥʦʢ 8 

 

ɾʠʜʢʠʡ ʭʣʘʜʦʥʦʩʠʪʝʣʴ 1 ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʩʪʘʣʴʥʦʡ 

ʪʨʫʙʳ 2. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʦʭʣʘʞʜʘʶʱʝʡ ʪʨʫʙʳ, ʥʘ ʥʝʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʯʥʘʷ ʩʝʪʢʘ 3. ɺ ʪʨʫʙʝ 2 

ʨʘʩʧʦʣʦʞʝʥ  ʥʝʧʦʜʚʠʞʥʳʡ ʩʣʦʡ ʢʘʪʘʣʠʟʘʪʦʨʘ 4. ʄʝʪʘʥʦʣ, ʧʦʣʫʯʘʝʤʳʡ ʥʘ 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʢʦʥʜʝʥʩʠʨʫʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʪʨʫʙʳ. 

ʇʣʝʥʢʘ ʢʦʥʜʝʥʩʘʪʘ 5 ʪʝʯʝʪ ʚʥʠʟ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʦʡ ʠ ʧʨʦʚʦʣʦʯʥʦʡ 

ʩʝʪʢʦʡ. 

ʂʦʥʜʝʥʩʘʮʠʷ ʤʝʪʘʥʦʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʫʚʝʣʠʯʝʥʠʶ 

ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʩʠʥʪʝʟ-ʛʘʟʘ ʠ ʚʳʭʦʜʘ ʤʝʪʘʥʦʣʘ.  ʂʦʥʜʝʥʩʘʮʠʷ ʤʝʪʘʥʦʣʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʭʣʘʜʘʛʝʥʪʘ, 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʩʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʯʘʩʪʠʮʘʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʦʙʲʝʤʘ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʢ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ. ʂʦʥʜʝʥʩʘʮʠʠ ʤʝʪʘʥʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚʥʫʪʨʠ ʨʝʘʢʪʦʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ 

ʧʨʝʜʝʣʘʭ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʧʘʪʝʥʪʝ 

ʧʨʠʚʝʜʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʨʝʘʢʪʦʨʦʚ 

ɺ ʧʘʪʝʥʪʥʦʤ ʜʦʢʫʤʝʥʪʝ US 2010312021 (ɸ1) ʨʘʩʩʤʦʪʨʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ 

ʢʦʥʜʝʥʩʘʮʠʠ ʤʝʪʘʥʦʣʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʨʝʘʢʪʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʦʚ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ, 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ, ʥʦ ʠ ʢʦʥʜʝʥʩʠʨʦʚʘʪʴ ʤʝʪʘʥʦʣ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʉʆ ʠ ʅ2 ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʮʠʨʢʫʣʷʮʠʠ ʩʠʥʪʝʟ-ʛʘʟʘ.  
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ʅɽɻɸʊʀɺʅʆɽ ɺʆɿɼɽʁʉʊɺʀɽ ɺʓɹʈʆʉʆɺ 

ʊʆʇʃʀɺʆʉɾʀɻɸʖʑʀʍ ʋʉʊɸʅʆɺʆʂ ʀ ɸɺʊʆʊʈɸʅʉʇʆʈʊɸ ʅɸ 

ɸʊʄʆʉʌɽʈʅʓʁ ɺʆɿɼʋʍ 

ʅ.ɸ. ʉʪʝʧʦʚʘʷ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʴ, 

ʅ.ʖ. ʉʪʝʧʦʚʘʷ, ʩʪʫʜʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʋʯʠʪʳʚʘʷ ʧʦʩʪʦʷʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʭ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʦʜʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʨʝʛʠʦʥʦʚ ʚ ʮʝʣʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʦʱʫʪʠʤʳʤ ʠ ʥʝʫʢʣʦʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʩʝʛʦʜʥʷ ʣʠʜʠʨʫʶʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʩʪʨʘʥʳ, ʪʘʢʠʝ, ʢʘʢ 

ʉʐɸ, ʛʦʩʫʜʘʨʩʪʚʘ ɿʘʧʘʜʥʦʡ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʂʠʪʘʡ ʠ ʀʥʜʠʷ, ʥʘ 

ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʪʩʷ ʜʦ 85-90 ʧʨʦʮʝʥʪʦʚ ʤʠʨʦʚʳʭ ʩʫʤʤʘʨʥʳʭ 

ʚʳʙʨʦʩʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ.  

ɸʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʪʘʢ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʧʥʦʡ 

ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʦʩʪʘʚʣʷʝʪ ʚ ʟʦʥʫ ʛʦʨʝʥʠʷ ʘʟʦʪ 

(ʦʢʦʣʦ 78 ʧʨʦʮʝʥʪʦʚ), ʢʠʩʣʦʨʦʜ (ʦʢʦʣʦ 21 ʧʨʦʮʝʥʪʘ) ʠ 15 ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʩʦʝʜʠʥʝʥʠʡ ʠ ʵʣʝʤʝʥʪʦʚ (ʜʦ 1 ʧʨʦʮʝʥʪʘ).  ʄʝʞʜʫ ʪʝʤ ʚ ʨʝʘʢʮʠʷʭ 

ʦʢʠʩʣʝʥʠʷ ʫʯʘʩʪʚʫʝʪ ʪʦʣʴʢʦ ʢʠʩʣʦʨʦʜ ʚʦʟʜʫʭʘ, ʘ ʚʩʝ ʜʨʫʛʠʝ ʢʦʤʧʦʥʝʥʪʳ 

ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʚ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥ ʚ ʚʠʜʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʢʩʠʜʳ ʠ ʜʠʦʢʩʠʜʳ 

ʘʟʦʪʘ, ʥʘʟʳʚʘʝʤʳʝ çʚʦʟʜʫʰʥʳʤʠè. ɺ ʦʙʲʝʤʝ ʛʦʨʝʥʠʷ ʚʝʩʴ ʚʦʟʜʫʭ ʥʘʛʨʝʚʘʝʪʩʷ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʩʛʦʨʘʥʠʷ, ʯʘʩʪʴ ʝʛʦ ʦʢʠʩʣʷʝʪ ʢʦʤʧʦʥʝʥʪʳ ʪʦʧʣʠʚʘ, ʘ ʠʟʙʳʪʦʢ 

ʚ ʚʠʜʝ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʷʚʣʷʷʩʴ ʧʨʠʯʠʥʦʡ 

ʪʝʧʣʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʚʳʭʦʜʘ ʚʨʝʜʥʳʭ çʚʦʟʜʫʰʥʳʭè 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʜʳʤʦʚʳʭ ʛʘʟʦʚ. ɺ ʈʦʩʩʠʠ ʥʠ ʥʘ ʦʜʥʦʡ ʠʟ ʊʕʉ ʥʝ 

ʧʨʦʚʦʜʠʪʩʷ ʛʣʫʙʦʢʘʷ ʦʯʠʩʪʢʘ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʠ ʪʝʤ ʙʦʣʝʝ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʦʯʠʩʪʢʘ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ [1]. 

http://www.newchemistry.ru/
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ʅʘʙʣʶʜʘʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʩʪʦʣʝʪʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʩʪʘʣʠ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʝʤʳʭ ʛʣʦʙʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ. ɻʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʣʠʷʥʠʷ ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ ʢʣʠʤʘʪ ʧʦʢʘ ʦʩʪʘʝʪʩʷ 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʵʤʠʩʩʠʷ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʚʳʟʳʚʘʶʱʘʷ 

ʥʝʫʢʣʦʥʥʳʡ ʨʦʩʪ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʷʜʘ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (CO2, H2O, CH4, N2O ʠ ʜʨʫʛʠʭ) ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʪʤʦʩʬʝʨʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ 

ɿʝʤʣʠ.  

ʅʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʠʤʘʪ ʨʘʟʣʠʯʥʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ ʜʘʝʪ ʨʠʩʫʥʦʢ 1, ʥʘ ʢʦʪʦʨʦʤ ʧʨʠʚʝʜʝʥʳ ʛʣʦʙʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʨʩʠʥʛʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʘʪʤʦʩʬʝʨʝ ʟʘ ʧʝʨʠʦʜ 1750-2000 ʛʛ.: ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʤʝʪʘʥʘ, ʦʢʩʠʜʘ 

ʘʟʦʪʘ (I), ʬʨʝʦʥʦʚ, ʦʟʦʥʘ (ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʠ ʪʨʦʧʦʩʬʝʨʥʦʛʦ) [1]. 
 

 
ʈʠʩʫʥʦʢ 1 ï ʆʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʣʠʤʘʪ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ 

 

ʀʟʤʝʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʘʵʨʦʟʦʣʝʡ, 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʚʦʡʩʪʚ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʣʠʷʶʪ ʥʘ 

ʧʦʛʣʦʱʝʥʠʝ, ʨʘʩʩʝʷʥʠʝ ʠ ʠʟʣʫʯʝʥʠʝ ʨʘʜʠʘʮʠʠ ʚ ʪʦʣʱʝ ʘʪʤʦʩʬʝʨʳ ʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʙʘʣʘʥʩʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʪʝʧʣʝʥʠʶ ʠʣʠ ʧʦʭʦʣʦʜʘʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʣʝʜʦʚʳʭ ʢʝʨʥʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʩʥʦʚʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ ï ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ï ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 650 000 ʣʝʪ. ɺ 2005 ʛ. ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʜʦʩʪʠʛʣʘ 370 ppm (ʧʨʦʪʠʚ 280 ppm ʚ ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʳʡ 

ʧʝʨʠʦʜ), ʧʨʠʯʝʤ ʝʝ ʨʦʩʪ ʟʘ 1995-2005 ʛʛ. ʩʦʩʪʘʚʠʣ 1.9 ppm ʚ ʛʦʜ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʣʦʙʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʠ ʟʘʢʠʩʠ ʘʟʦʪʘ ʪʘʢʞʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʩʠʣʠ ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘ ʤʥʦʛʠʝ ʜʝʩʷʪʢʠ 

ʪʳʩʷʯ ʣʝʪ. ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʝʭ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʩ ʩʝʨʝʜʠʥʳ 18-ʛʦ ʚʝʢʘ, ʚ ʦʩʥʦʚʥʦʤ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 
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ʯʝʣʦʚʝʢʘ ï ʩʞʠʛʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

(ʉʆ2), ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʡ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ (CH4 ʠ N2ʆ) [2].  

ʈʦʣʴ ʢʘʞʜʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ ʚ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʨʠʩʫʥʢʘ 2. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʆʩʥʦʚʥʳʝ ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ (ʚʢʣʘʜ ʚ ʧʦʪʝʧʣʝʥʠʝ 1880-1980 ʛʛ.) 

 

ʂʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ ʧʣʘʥʝʪʳ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʠʪʫʘʮʠʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚʚʝʩʪʠ ʨʘʜʠʢʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʘ ʢʘʯʝʩʪʚʦʤ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ, ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʤ ʩʝʨʳ, ʞʝʩʪʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʚʝʜʝʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʥʘ 

ʙʝʥʟʠʥ ʠ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʝʨʝʭʦʜ ʥʘ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʩʦʚʨʝʤʝʥʥʳʤ ʝʚʨʦʧʝʡʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. 

ʇʨʦʙʣʝʤʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. ʇʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʪʨʝʙʦʚʘʥʠʷ ɽʉ ʠ ʉʐɸ ʢ ʚʳʭʣʦʧʘʤ ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦ 

ʧʦʚʳʰʘʶʪʩʷ (ʨʠʩʫʥʦʢ 3).  

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ɽʉ ʢ ʚʳʭʣʦʧʘʤ ʜʚʠʛʘʪʝʣʝʡ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʷʱʠʝʩʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ, ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʠʩʢʦʧʘʝʤʳʭ ʪʦʧʣʠʚ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ 

ʪʚʸʨʜʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ [3-5]. 

ʂʘʞʜʳʡ ʛʘʟ, ʚʳʙʨʘʩʳʚʘʝʤʳʡ ʦʪʜʝʣʴʥʦʡ ʢʘʪʝʛʦʨʠʝʡ ʠʩʪʦʯʥʠʢʦʚ, 

ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʝʩʣʠ ʥʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʫʯʝʪʘ ʛʘʟʦʚ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ɸɹʉʆʈɹʎʀʀ ʆʂʉʀɼʆɺ ɸɿʆʊɸ ʈɸʉʊɺʆʈɸʄʀ 

ɸɿʆʊʅʆʁ ʂʀʉʃʆʊʓ ɺ ʃɽʊʅʀʁ ʀ ɿʀʄʅʀʁ ʇɽʈʀʆɼʓ 

ʅ.ɸ. ʉʪʝʧʦʚʘʷ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʃ.ɺ. ʇʝʰʢʦʚʘ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʄ.ʖ. ʉʪʝʧʦʚʦʡ, ʩʪʫʜʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʟʦʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʪʘʚʠʪ ʟʘʜʘʯʫ 

ʧʦ ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʭʝʤ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ 

ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ 

ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʠʩʣʦʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʵʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (ɯɯ), 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʪʘʢʪʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʤʤʠʘʢʘ ʠ 

ʧʦʩʪʦʷʥʥʦ ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʠʩʣʦʪʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩ 

ʘʙʩʦʨʙʮʠʠ ʥʠʪʨʦʟʥʳʭ ʛʘʟʦʚ. ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ ʦ 

ʥʝʦʜʥʦʟʥʘʯʥʦʤ ʚʣʠʷʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʟʫʯʘʝʤʳʡ ʧʨʦʮʝʩʩ. ʊʝʤʧʝʨʘʪʫʨʘ 
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ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʦʢʠʩʣʝʥʠʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚ 

ʞʠʜʢʦʩʪʥʦʡ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʡ ʪʘʨʝʣʢʝ 

 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʪʘʨʝʣʢʘʭ ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʠʩʣʦʪʳ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʧʦʪʝʨʴ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʩ ʚʳʭʣʦʧʥʳʤʠ ʛʘʟʘʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʪʘʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʫʤʤʘʨʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʘʨʝʣʢʝ. 

ʈʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʢʨʠʚʳʭ, ʧʨʠʯʝʤ 

ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʫʤʘ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʪ ʪʘʨʝʣʢʠ ʢ ʪʘʨʝʣʢʝ 

ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ɺ ʪʘʙʣʠʮʝ 1 ʜʘʥʳ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ çʭʚʦʩʪʦʚʦʤè ʛʘʟʝ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʍʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʘʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʷʜʘ ʬʘʢʪʦʨʦʚ (ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ 

ʢʦʣʦʥʥʳ ʢʘʢ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʘʢ ʠ ʧʦ ʦʙʲʝʤʫ, ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʠʪʨʦʟʥʦʛʦ ʛʘʟʘ ʧʨʠ ʚʭʦʜʝ ʚ ʢʦʣʦʥʥʫ ʠ ʜʨ.). ʇʨʦʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜʜʝʨʞʘʥʠʝ ʧʦʚʳʰʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʝʨʚʳʭ ʪʘʨʝʣʢʘʭ ʠ ʧʦʥʠʞʝʥʠʝ ʝʝ ʩ ʚʳʩʦʪʦʡ ʢʦʣʦʥʥʳ 

ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʥʫʪʴ ʩʥʠʞʝʥʠ ̫ʢʦʥʮʝʥʪʨʘʮʠʠ NOx ʚ ʚʳʭʣʦʧʥʦʤ ʛʘʟʝ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʦʯʠʩʪʢʫ ʧʝʨʝʜ ʚʳʙʨʦʩʦʤ ʚ ʘʪʤʦʩʬʝʨʫ.  
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ʊʘʙʣʠʮʘ 1 ï ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʘʨʝʣʢʘʭ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx ʚ çʭʚʦʩʪʦʚʦʤè ʛʘʟʝ 

 

ʅʦʤʝʨ ʪʘʨʝʣʢʠ 1 2 3 4 5 6 10 ʚʳʰʝ 10 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦ
ʉ 70 55 50 45 35 25 20 < 20 

 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 

ʦʭʣʘʞʜʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʢʦʣʦʥʥʳ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

35
ʦ
ʉ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʢʦʣʦʥʥʳ ʧʦ ʚʳʩʦʪʝ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚʣʠʷʥʠʷ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ:  

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʪʘʨʝʣʢʘʭ ʧʦ ʚʳʩʦʪʝ ʢʦʣʦʥʥʳ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʦʨʦʪʥʦʡ ʚʦʜʳ (ʣʝʪʥʠʡ ʠ ʟʠʤʥʠʡ ʨʝʞʠʤʳ). 

ʅʘ ʨʠʩʫʥʢʝ 2 (ʘ) ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 30 ʪʘʨʝʣʢʝ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ: 1) ʧʨʦʚʝʜʝʥʠʝ ʦʭʣʘʞʜʝʥʠʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʝʞʠʤʘ; 2) ʧʨʦʚʝʜʝʥʠʝ ʦʭʣʘʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ 

ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʪʘʨʝʣʢʘʭ (ʪʘʙʣʠʮʘ 1). ʅʘ ʨʠʩʫʥʢʝ 2 (ʙ) 

ʠʟʦʙʨʘʞʝʥʳ ʵʪʠ ʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʟʠʤʥʝʛʦ ʚʨʝʤʝʥʠ ʛʦʜʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ 

ʚʳʭʣʦʧʥʦʤ ʛʘʟʝ ʩʥʠʞʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ ʧʨʠ 

ʧʦʜʜʝʨʞʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʪʘʨʝʣʢʘʭ ʢʦʣʦʥʥʳ. ɺ 

ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʦʪʭʦʜʷʱʝʤ ʛʘʟʝ 

ʩʦʩʪʘʚʣʷʝʪ 1,131 % ʜʣʷ 2 ʨʝʞʠʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʵʪʦ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʣʷʝʪ 4,615 %. 

  
ʘ ʙ 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ NOx ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 30 

ʪʘʨʝʣʢʝ: (ʘ) ʣʝʪʥʝʝ (ʙ) ʟʠʤʥʝʝ ʚʨʝʤʷ 
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ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʝʞʠʤ



31 

 

ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʟʥʘʯʝʥʠʷʭ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ (80-90%) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ ʝʱʝ ʥʘ 10-20 

ʪʘʨʝʣʢʘʭ (ʨʠʩʫʥʦʢ 3), ʧʦʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʠʞʥʠʭ 

ʪʘʨʝʣʦʢ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʧʨʦʮʝʩʩ.  
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1 ʨʝʞʠʤ                                                           2 ʨʝʞʠʤ 

ʈʠʩʫʥʦʢ 3 ï ʂʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʘʟʦʪʘ, ʧʨʝʚʨʘʱʝʥʥʳʭ ʚ ʢʠʩʣʦʪʫ  

 

ɺʦʟʤʦʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʧʨʠ ʧʦʜʘʯʝ 

ʨʘʩʪʚʦʨʦʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʦʪʦʙʨʘʥʥʦʡ ʩ ʦʪʜʝʣʴʥʦʡ ʪʘʨʝʣʢʠ ʢʦʣʦʥʥʳ ʠ 

ʨʘʟʙʘʚʣʝʥʥʦʡ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 3-5%. ʊʘʢʠʝ ʤʝʨʳ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʙʩʦʨʙʮʠʠ ʠ ʫʜʝʰʝʚʠʪʴ ʧʨʦʮʝʩʩ, ʧʨʠ ʵʪʦʤ ʨʝʰʘʷ ʘʢʪʫʘʣʴʥʳʝ 

ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʌʆʉʌʆɻʀʇʉɸ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ 

ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ 

ʃ.ɺ. ʄʦʩʢʘʣʝʥʢʦ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

 ɽ.ɿ. ɺʘʩʠʣʝʥʢʦ, ʘʩʩʠʩʪʝʥʪ, 

ʂ.ʉ. ʂʦʣʠʙʘʙʯʫʢ, ʩʪʫʜʝʥʪ 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ɽʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʧʦʣʫʯʘʶʪ ʙʦʣʝʝ 100 ʤʣʥ. ʪ ʬʦʩʬʦʛʠʧʩʘ, ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʦʪʚʘʣʘʭ.  ʉʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʬʦʩʬʦʛʠʧʩʘ ʩʣʝʜʫʶʱʠʝ: 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʧʦʣʫʯʝʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ; 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʮʝʤʝʥʪʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʘʭ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

ʆʙʩʫʞʜʘʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʝʥʠʷ ʬʦʩʬʦʛʠʧʩʘ, ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ, ʪʘʢ ʠ ʧʦ ʧʨʦʙʣʝʤʝ ʚ ʮʝʣʦʤ, ʚʝʩʴʤʘ ʥʝʦʜʥʦʟʥʘʯʥʳ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʠ ʠʭ ʩʦʩʪʘʚ ʚ ʬʦʩʬʦʛʠʧʩʝ (ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ï ʕʌʂ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʥʘʣʠʯʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʦʩʬʦʨʠʪʫ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʠʭ ʨʝʞʠʤʘ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʦʢʘʟʳʚʘʶʪ ʤʠʥʝʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʞʝʣʝʟʦ, ʘʣʶʤʠʥʠʡ. 

ʀʭ ʬʦʩʬʘʪʳ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ, ʧʦʥʠʞʘʷ 

ʠʟʚʣʝʯʝʥʠʝ ʈ2ʆ5. ʉʫʱʝʩʪʚʝʥʥʳʝ ʧʦʪʝʨʠ ʬʦʩʬʦʨʘ ʤʦʛʫʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ: 

ʥʝʧʦʣʥʦʪʦʡ ʦʪʤʳʚʢʠ ʦʩʘʜʢʘ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ, ʩʦʦʩʘʞʜʝʥʠʝʤ ʠʦʥʘ ʅʈʆ4
2ï  
ʩ 

ʦʩʘʜʢʦʤ ʬʦʩʬʦʛʠʧʩʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʬʦʩʬʦʛʠʧʩʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʢʘʢ ʧʦ ʧʨʠʨʦʜʝ ʧʨʠʤʝʩʝʡ, ʪʘʢ ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʫ. ɺ ʯʘʩʪʥʦʩʪʠ ʬʦʩʬʦʛʠʧʩ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ ʥʝʨʘʟʣʦʞʝʥʥʦʛʦ 

ʘʧʘʪʠʪʘ, ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʛʣʠʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʬʦʩʬʘʪʳ 

ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ, ʘʣʶʤʠʥʠʷ, ʞʝʣʝʟʘ ʠ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ CaSO4.  

ʅʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʦʩʬʦʛʠʧʩʘ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʫʜʦʙʨʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ. ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʦʧʳʪʳ ʧʦ ʚʚʝʜʝʥʠʶ ʚ ʧʣʘʚ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʬʦʩʬʦʛʠʧʩʘ. ʌʦʩʬʦʛʠʧʩ ʚʚʦʜʠʣʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5ï5%(ʤʘʩʩ.). ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʬʦʩʬʦʛʠʧʩʘ, ʢʦʪʦʨʦʝ ʫʜʘʣʦʩʴ ʚʚʝʩʪʠ ʚ ʧʣʘʚ, ʩʦʩʪʘʚʠʣʦ 5%(ʤʘʩʩ.), 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʧʣʘʚʘ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ. ɺ ʧʘʨʪʠʷʭ ʫʜʦʙʨʝʥʠʡ ʩ ʜʦʙʘʚʢʦʡ 

ʬʦʩʬʦʛʠʧʩʘ ʫʣʫʯʰʘʣʠʩʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ ï ʧʦʚʳʰʘʣʘʩʴ 

ʧʨʦʯʥʦʩʪʴ ʛʨʘʥʫʣ, ʩʥʠʞʘʣʘʩʴ ʩʣʝʞʠʚʘʝʤʦʩʪʴ. ɺ ʫʜʦʙʨʝʥʠʠ, ʩʦʜʝʨʞʘʱʝʤ 

5%(ʤʘʩʩ.)ʬʦʩʬʦʛʠʧʩʘ: 
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- ʚʦʟʨʘʩʪʘʝʪ ʩʪʘʪʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʛʨʘʥʫʣ (ʜʦ 5,65 ʢʛʩ/ʛʨʘʥʫʣʫ, ʜʣʷ 
ʯʠʩʪʦʡ ʩʝʣʠʪʨʳ 2,5ʢʛʩ/ʛʨʘʥʫʣʫ); 

- ʧʨʦʜʫʢʪ ʚʳʜʝʨʞʠʚʘʣ 7 ʪʝʧʣʦʩʤʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20ï60
ʦ
ʉ ʙʝʟ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʛʨʘʥʫʣ (ʜʣʷ ʯʠʩʪʦʡ ʩʝʣʠʪʨʳ 

ʧʨʦʯʥʦʩʪʴ ʩʥʠʞʘʣʘʩʴ ʚ 2 ʨʘʟʘ); 

- ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ ʩʦʩʪʘʚʠʣʦ: 

 

NH4NO3 ï 0,08% ʚ ʯʘʩ; 

NH4NO3 + 0,1% ʬʦʩʬʦʛʠʧʩʘ ï 0,05% ʚ ʯʘʩ; 

NH4NO3 + 5% ʬʦʩʬʦʛʠʧʩʘ ï 0,02% ʚ ʯʘʩ. 

 

- ʫʜʦʙʨʝʥʠʝ ʩ ʜʦʙʘʚʢʦʡ ʬʦʩʬʦʛʠʧʩʘ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʥʘ ʩʣʝʞʠʚʘʝʤʦʩʪʴ 
ʠ ʩʦʭʨʘʥʷʣʦ 100% ʨʘʩʩʳʧʯʘʪʦʩʪʴ ʚ ʪʝʯʝʥʠʠ 6 ʤʝʩʷʮʝʚ. 

ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʫʜʦʙʨʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʜʦ 24%(ʤʘʩʩ.) ʤʝʪʦʜʦʤ 

ʥʘʢʘʪʳʚʘʥʠʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʬʦʩʬʦʛʠʧʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʫʣ 

ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ. ʇʨʠ ʵʪʦʤ ʫʜʦʙʨʝʥʠʝ ʠʤʝʣʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʛʨʘʥʫʣ, ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦ ʢ ʪʝʧʣʦʩʤʝʥʘʤ, ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʪʦʯʢʘ ʩʦʩʪʘʚʠʣ 

67%, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʦʡ ʩʝʣʠʪʨʦʡ ï 60%. ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʨʝʘʢʮʠʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʧʘʨʪʠʠ ʫʜʦʙʨʝʥʠʷ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

Nʦʙ.ɦ=24%(ʤʘʩʩ.) ʩʦʩʪʘʚʠʣʘ 240,0 ʢɼʞ/ʤʦʣʴ, ʜʣʷ ʯʠʩʪʦʡ ʩʝʣʠʪʨʳ 160 

ʢɼʞ/ʤʦʣʴ. ʂʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʦʙʨʝʥʠʝ ʩ 

ʬʦʩʬʦʛʠʧʩʦʤ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʨʳʥʢʝ ʩʣʦʞʥʳʝ NPK-

ʫʜʦʙʨʝʥʠʷ. ʉʦʦʪʥʦʰʝʥʠʷ N:P:K ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʘʭ ʚʝʩʴʤʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳ. ʉʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʦʞʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʷʚʣʷʶʪʩʷ: 

ʵʢʩʪʨʘʢʮʠʦʥʥʘʷ ʬʦʩʬʦʨʥʘʷ ʢʠʩʣʦʪʘ, ʧʫʣʴʧʳ ʩʝʨʥʦʢʠʩʣʦʪʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ 

ʬʦʩʬʦʨʠʪʦʚ, ʧʣʘʚʳ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ, ʘʤʤʠʘʢ, ʩʦʣʠ ʢʘʣʠʷ (ʩʫʣʴʬʘʪʳ ʠ 

ʭʣʦʨʠʜʳ). ʐʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʠʪʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʝ ʩʳʨʴʝ 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʩʜʦʟʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʟʘʜʘʥʥʦʡ ʤʘʨʢʠ ʫʜʦʙʨʝʥʠʷ, ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʝʨʪʥʳʭ ʜʦʙʘʚʦʢ. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʦʛʠʧʩʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʝʛʦ ʚ ʧʫʣʴʧʫ ʠʣʠ ʨʝʪʫʨ ʚ 

ʧʨʦʮʝʩʩʝ ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʦʛʠʧʩʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ ʫʜʦʙʨʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ ʫʜʦʙʨʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʫʣʫʯʰʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦʪʨʝʙʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʚ ʢʘʣʴʮʠʠ ʠ ʩʝʨʝ, 

ʥʦ ʠ ʧʦʚʣʠʷʪʴ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʤʝʥʴʰʘʷ 

ʦʪʚʘʣʳ ʬʦʩʬʦʛʠʧʩʘ. 
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ɺʆʉʇʀʊɸʅʀɽ ʉʇɽʎʀɸʃʀʉʊɸ ɹɽɿʆʇɸʉʅʆɻʆ ʊʀʇɸ 

 

ɻ.ʀ.ʈʦʞʘʥʦʚʩʢʠʡ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ɾ.ʄ. ʄʘʭʦʚʘ, ʘʩʩʠʩʪʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʦʮʠʘʣʴʥʦʤʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ 

ʠ ʟʘʨʫʙʝʞʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʷʭ 

ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚʳʭʦʜ ʠʟ ʢʨʠʟʠʩʘ ʪʝʭʥʦʛʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʠ ʧʝʨʝʭʦʜ ʢ 

ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʤʫ ʦʙʱʝʩʪʚʫ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʵʬʬʝʢʪʠʚʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚ 

ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ. 

ɺʦʩʧʠʪʘʥʠʝ ʩʧʝʮʠʘʣʠʩʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ ʩʦʮʠʘʣʴʥʦʡ ʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜ, - ʟʘʜʘʯʘ, ʙʝʟ 

ʢʦʪʦʨʦʡ ʪʨʫʜʥʦ ʠʩʢʘʪʴ ʚʳʭʦʜ ʠʟ ʢʨʠʟʠʩʦʚ, ʧʦʨʘʞʘʶʱʠʭ ʚʩʝ ʦʙʣʘʩʪʠ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ (ʩʤʷʛʯʝʥʠʶ) 

ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʡ ʙʫʜʫʱʝʛʦ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ʦʙʫʯʝʥʠʝ ï ʩʧʦʩʦʙʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʫʰʝʥʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʙʠʦʩʬʝʨʝ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʛʦʪʦʚʥʦʩʪʴ ʚʥʝʜʨʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʪʨʝʤʠʪʴʩʷ ʧʨʠʥʠʤʘʪʴ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʟʘʤʝʥʘ ʩʠʩʪʝʤʳ ʮʝʥʥʦʩʪʝʡ, ʢʦʨʨʝʢʮʠʷ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʧʝʨʝʩʪʨʦʡʢʘ 
ʩʦʟʥʘʥʠʷ, ʪ.ʝ. ʩʪʘʥʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʣʠʯʥʦʩʪʠ 

ʵʢʦʮʝʥʪʨʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ʠʟʤʝʥʝʥʠʝ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ); 

ʆʙʘ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ 

ʙʫʜʫʱʝʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ ʚ 

ʚʳʩʰʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʰʢʦʣʝ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ: ʦʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʘʚʪʦʨʠʪʘʨʥʫʶ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʧʘʨʘʜʠʛʤʫ; ʩʧʦʩʦʙʩʪʚʫʝʪ ʚ ʥʝ ʤʘʣʦʡ ʩʪʝʧʝʥʠ 
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ʩʪʘʥʦʚʣʝʥʠʶ ʪʝʭʥʦʢʨʘʪʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠʥʞʝʥʝʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʬʦʨʤʠʨʫʝʪ ʫ ʥʝʛʦ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ. 

ɼʣʷ ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ ʭʘʨʘʢʪʝʨʥʦ 

ʧʦʥʠʤʘʥʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʠ ʤʦʪʠʚʘʮʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʪʘʢʠʝ ʧʦʩʪʫʣʘʪʳ: 

- ʯʝʣʦʚʝʢ ï çʚʝʥʝʮ ʧʨʠʨʦʜʳè; 

- ʧʨʠʨʦʜʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʦʙʲʝʢʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʲʝʢʪ 

ʦʭʨʘʥʳ; 

- ʧʨʠʨʦʜʘ ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʚʦʡʩʪʚʘ ʦʙʲʝʢʪʘ, ʥʘʜʝʣʝʥʥʦʛʦ ʣʠʰʴ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʴʶ; 

- ʧʨʠʨʦʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʭʨʘʥʝʥʘ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ (ʜʘʣʴʥʠʡ 

ʧʨʘʛʤʘʪʠʟʤ). 

ʂʨʠʟʠʩʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʜʠʢʪʫʝʪ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠʥʠʤʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʥʝ 

ʨʘʟʨʫʰʘʶʱʠʝ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ. ʇʨʦʬʝʩʩʠʦʥʘʣ ʚ ʣʶʙʦʡ ʦʪʨʘʩʣʠ ʟʥʘʥʠʡ 

ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʵʢʦʮʝʥʪʨʠʯʝʩʢʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʟʥʘʥʠʝʤ ʚ ʧʨʦʪʠʚʦʚʝʩ 

ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʦʤʫ ʩʦʟʥʘʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʚ 

ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʢʘʢ 

ʯʘʩʪʠ ʩʠʩʪʝʤʥʦʛʦ, ʛʣʦʙʘʣʴʥʦʛʦ ʢʨʠʟʠʩʘ ʮʠʚʠʣʠʟʘʮʠʠ. 

ʕʢʦʮʝʥʪʨʠʯʝʩʢʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʦʞʝʥʠʷʭ: 

- ʯʝʣʦʚʝʢ, ʦʙʣʘʜʘʷ ʩʠʣʦʡ ʨʘʟʫʤʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 
ʙʠʦʩʬʝʨʳ ɿʝʤʣʠ, ʚʢʣʶʯʝʥ ʚ ʥʝʝ, ʟʘʚʠʩʠʤ ʦʪ ʥʝʝ ʠ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ 

ʩʦʭʨʘʥʝʥʠʝ; 

- ʧʨʠʨʦʜʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠʤ ʢʘʢ ʩʫʙʲʝʢʪ, ʦʙʣʘʜʘʶʱʠʡ 

ʩʘʤʦʮʝʥʥʦʩʪʴʶ, ʠ ʧʦʵʪʦʤʫ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʭʨʘʥʝʥʘ ʨʘʜʠ ʥʝʝ ʩʘʤʦʡ; 

- ʧʨʠʨʦʜʘ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʘʛʤʘʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʢʘʢ ʨʝʩʫʨʩ, 
ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʙʘʟʦʚʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ (ʚ ʧʠʱʝ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪ.ʧ.), ʥʦ ʠ 

ʮʝʥʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʚ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʘʧʦʪʨʝʙʥʦʩʪʝʡ  (ʚ 

ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ, ʜʦʙʨʦʪʝ, ʢʨʘʩʦʪʝ, ʧʦʨʷʜʢʝ, ʝʜʠʥʩʪʚʝ ʠ ʪ.ʧ.). 

ʕʢʦʮʝʥʪʨʠʯʝʩʢʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʚʥʝʟʘʧʥʦ, ʚ 

ʤʦʤʝʥʪ ʚʨʫʯʝʥʠʷ ʜʠʧʣʦʤʘ ʦ ʚʳʩʰʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ, ʦʥʦ 

ʩʦʟʜʘʝʪʩʷ ʫʩʠʣʠʷʤʠ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʦʪʨʝʙʥʦʩʪʴ ʢ ʩʘʤʦʨʘʟʚʠʪʠʶ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ 

ʦʙʫʯʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʦ ʛʣʘʚʥʳʡ ʠʟ ʥʠʭ ï 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠ ʩʪʫʜʝʥʪʘ ʧʨʠ ʣʶʙʳʭ ʚʠʜʘʭ ʫʯʝʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʩʪʦʯʥʠʢʦʤ ʩʘʤʦʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʩʦʟʥʘʚʘʝʤʳʭ ʩʪʫʜʝʥʪʦʤ 

ʧʨʦʪʠʚʦʨʝʯʠʡ ʚ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʚʦʠʭ ʮʝʥʥʦʩʪʥʳʭ 

ʦʨʠʝʥʪʘʮʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪ ʚʳʷʚʣʷʝʪ 

ʥʘ ʦʩʥʦʚʝ ʩʘʤʦʧʦʟʥʘʥʠʷ. 
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ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʫʜʫʱʝʛʦ 

ʩʧʝʮʠʘʣʠʩʪʘ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ çʘʪʤʦʩʬʝʨʘè ʚʳʩʰʝʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʥʦ 

ʠ ʦʢʨʫʞʘʶʱʘʷ ʝʛʦ ʩʨʝʜʘ. ʇʦʤʠʤʦ ʦʙʱʝʩʦʮʠʘʣʴʥʳʭ, ʣʠʯʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ 

ʯʝʨʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʧʝʮʠʬʠʢʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʩʦʙʳʭ ʩʦʮʠʘʣʴʥʳʭ 

ʦʙʱʥʦʩʪʝʡ, ʯʣʝʥʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʳ: ʢʣʘʩʩʦʚʳʝ ʩʦʮʠʘʣʴʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ, ʥʘʮʠʦʥʘʣʴʥʦ-ʵʪʥʠʯʝʩʢʠʝ, ʩʦʮʠʘʣʴʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ, 

ʧʦʣʦʚʦʟʨʘʩʪʥʳʝ.  

ʂʦʥʬʝʨʝʥʮʠʷ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʨʘʟʚʠʪʠʶ (ʈʠʦ-ʜʝ-ɾʘʥʝʡʨʦ, 

1992ʛ.) ʧʨʠʥʷʣʘ çʇʦʚʝʩʪʢʫ ʜʥʷ ʥʘ XXI   ʚʝʢè, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʣʘ 

ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʩʪʘʣʘ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ ʜʝʡʩʪʚʠʡ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ. 

ʆʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʥʷʪʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ - ʵʪʦ ʧʨʦʙʣʝʤʘ 

ʫʯʝʪʘ ʜʦʣʛʦʩʨʦʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʥʠʤʘʝʤʳʭ ʩʝʛʦʜʥʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʤʠ). ʇʦ ʩʫʱʝʩʪʚʫ, 

ʯʝʣʦʚʝʢ ʨʘʟʫʤʥʳʡ ʜʝʨʞʠʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʟʘʤʝʥ ʧʝʨʝʜ ʩʘʤʠʤ ʩʦʙʦʡ ʠ 

ʧʝʨʝʜ ʙʫʜʫʱʠʤ ʮʠʚʠʣʠʟʘʮʠʠ: ʜʦʩʪʘʪʦʯʥʦ ʣʠ ʦʥ ʨʘʟʫʤʝʥ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʯʠʩʪʦʪʘ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚʳʧʫʩʢʘʝʤʦʡ ʠʤʠ ʧʨʦʜʫʢʮʠʠ ʚʩʝ ʙʦʣʴʰʝ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʈʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʝ 

ʢʦʥʮʝʧʮʠʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʡ, ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪ.ʝ. ʦʪ ʢʘʯʝʩʪʚʘ 

ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʦʚ ʢ ʨʘʙʦʪʝ ʚ ʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʅʘʫʯʥʳʝ ʟʥʘʥʠʷ, 

ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʝʩʦʤʥʝʥʥʦ ʧʦʚʣʠʷʶʪ ʥʘ 

ʚʳʞʠʚʘʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ.  

çʕʢʦʣʦʛʠʷ ʢʘʢ ʪʘʢʦʚʘʷ - ʣʠʰʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʜʣʷ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʠ ʩʨʝʜʦʦʭʨʘʥʥʦʛʦ ʟʥʘʥʠʷ, ʦʩʥʦʚʘ ʥʝʦʪʲʝʤʣʝʤʘʷ ʠ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘʷè. (ʌ.ʈʝʡʤʝʨʩ). ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠʥʞʝʥʝʨʘ 

ʥʝ ʤʦʞʝʪ ʩʧʦʥʪʘʥʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʟʘ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ 

ʟʘʚʝʜʝʥʠʠ. ʆʥʦ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʜʦʚʫʟʦʚʩʢʠʡ ʧʝʨʠʦʜ ʠ ʧʨʠʥʠʤʘʝʪ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʯʝʨʪʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʳʪʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʘʢʪʠʢ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʪʨʘʩʣʠ. 

ʆʜʥʘ ʠʟ ʪʨʫʜʥʦʩʪʝʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʪʦʤ, ʯʪʦ ʚʳʞʠʚʘʶʪ ʪʦʣʴʢʦ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʟʥʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʩʦʟʥʘʥʥʦʛʦ 

ʩʘʤʦʨʘʟʚʠʪʠʷ, ʟʥʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʘ ʩʪʘʥʦʚʷʪʩʷ ʫʱʝʨʙʥʳ ʠ ʫ ʥʝʛʦ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʥʪʨʦʧʦʮʝʥʪʨʠʯʝʩʢʦʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ. ʅʨʘʚʩʪʚʝʥʥʦʝ ʚʦʩʧʠʪʘʥʠʝ, 

ʢʫʣʴʪʫʨʥʳʝ ʪʨʘʜʠʮʠʠ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ ʧʦʚʝʜʝʥʠʷ ʜʦʣʞʥʳ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʶ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ, ʦʩʦʟʥʘʥʥʦ ʚʳʧʦʣʥʷʶʱʝʛʦ ʥʦʨʤʳ ʥʦʚʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʪʠʢʠ - 

ʵʪʠʢʠ ʣʠʯʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʛʦ ʪʠʧʘ. 

ʃʠʯʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʛʦ ʪʠʧʘ - ʵʪʦ ʣʠʯʥʦʩʪʴ ʙʝʟʦʧʘʩʥʘʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʜʣʷ 

ʩʝʙʷ, ʦʢʨʫʞʘʶʱʠʭ, ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʩʧʦʩʦʙʥʘʷ ʟʘʱʠʪʠʪʴ ʩʦʮʠʫʤ ʠ ʧʨʠʨʦʜʫ. ʂ 



37 

 

ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʠʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʧʝʮʠʘʣʠʩʪʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʦʩʦʟʥʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʦʙʱʝʩʪʚʘ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʩʚʦʝ ʛʫʤʘʥʠʩʪʠʯʝʩʢʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ; 

- ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʨʘʟʚʠʪʠʶ, ʧʦʪʨʝʙʥʦʩʪʴʶ ʢ ʪʨʫʜʫ; 

- ʫʤʝʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʠ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʜʣʷ ʩʧʘʩʝʥʠʷ ʧʨʠʨʦʜʳ ʠ 

ʯʝʣʦʚʝʯʝʩʪʚʘ; 

- ʠʤʝʝʪ ʥʘʚʳʢʠ ʠ ʫʤʝʥʠʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʦʧʘʩʥʦʩʪʝʡ; 

- ʦʩʚʦʠʣ ʦʩʥʦʚʳ ʜʝʡʩʪʚʠʡ ʙʝʟʦʧʘʩʥʦʛʦ ʚʠʜʘ. 

ɺ ʋʩʪʘʚʝ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʝ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʝʜʠʥʩʪʚʦʤ ʬʠʟʠʯʝʩʢʦʛʦ, ʜʫʭʦʚʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ. ʅʘʫʯʥʘʷ ʦʩʥʦʚʘ ʪʘʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʟʜʦʨʦʚʴʷ ʚ ʌɻʆʉ ɺʇʆ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʠʩʮʠʧʣʠʥʘʤʠ: ʦʙʱʝʛʫʤʘʥʠʪʘʨʥʳʤʠ, ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʤʠ, ʜʠʩʮʠʧʣʠʥʦʡ çɹʝʟʦʧʘʩʥʦʩʪʴ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠè. ɺ ʜʠʧʣʦʤʥʳʭ ʧʨʦʝʢʪʘʭ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʘʟʜʝʣ 

çɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʝʢʪʘè. 

ʀ ʚ ʟʘʚʝʨʰʝʥʠʝ: ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʟʥʘʥʠʷ - ʵʪʦ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʥʠʡ. 

ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʦʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ, ʯʪʦ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʥʝ ʚ ʩʦʚʝʨʰʝʥʩʪʚʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ). ʇʨʝʜʧʨʠʷʪʠʷ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠʩʧʦʣʴʟʫʶʪ  ʩʝʨʠʡʥʦ 

ʚʳʧʫʩʢʘʝʤʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʠʤʝʶʪ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ  

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʦʛʨʘʥʠʯʝʥʳ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʙʦʩʥʦʚʘʥʳ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʜʚʠʞʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭʩʷ  ʩʨʝʜ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʧʦʩʦʙʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘ ʧʨʦʜʫʢʪ. ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʜʫʢʪʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʤʝʰʠʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʩʩ ʠ  

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʧʨʦʜʫʢʪʘ, 

ʥʘʩʳʱʝʥʠʝ ʤʘʩʩʳ ʚʦʟʜʫʭʦʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʮʠʦʥʥʦ-

ʩʚʷʟʘʥʥʦʡ ʚʣʘʛʠ. ʀʟʛʦʪʦʚʣʝʥʥʘʷ ʤʘʩʩʘ ʚ ʧʨʦʮʝʩʩʝ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʤʦʞʝʪ ʠʛʨʘʪʴ ʘʢʪʠʚʥʫʶ ʠ ʧʘʩʩʠʚʥʫʶ ʨʦʣʴ. ɸʢʪʠʚʥʘʷ ʨʦʣʴ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʦʥʘ ʦʙʨʘʟʫʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʝʜʠʥʷʷ ʚ ʦʜʥʦ ʮʝʣʦʝ ʜʨʫʛʠʝ 

ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʝʧʷʪʩʪʚʫʷ ʠʭ ʤʠʛʨʘʮʠʠ ʠ ʦʩʝʜʘʥʠʶ 

ʇʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ,  ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ, ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʶʙʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ - ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ. 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʧʨʦʚʦʜʠʣʘʩʴ,  ʩ 

ʫʯʘʩʪʠʝʤ ʩʦʪʨʫʜʥʠʢʦʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʥʘ 

ʤʘʰʠʥʘʭ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤ ʤʷʩʥʦʤ ʢʦʤʙʠʥʘʪʝ. ʈʘʙʦʯʠʤ 

ʦʨʛʘʥʦʤ ʤʘʰʠʥʳ ʙʳʣ ʧʫʩʪʦʪʝʣʳʡ ʙʘʨʘʙʘʥ ʩ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ 

ʨʝʙʨʘʤʠ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʦʙʰʠʚʢʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʦʤ ʩʠʣʳ ʘʢʪʠʚʥʦ 

ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʧʨʦʜʫʢʪʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʫʣʫʯʰʘʣʦʩʴ,  ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʙʘʨʘʙʘʥʘ ʚ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʛʨʘʥʠʯʠʚʘʣʘ ʫʩʢʦʨʝʥʠʝ ʚ ʚʝʨʭʥʝʡ ʪʦʯʢʝ 

ʚʝʣʠʯʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʣʘ ʥʝʦʙʭʦʜʠʤʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʠ ʪʨʝʙʫʝʤʦʛʦ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʰʘʣʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʥʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʰʥʝʢʦʚʳʝ 

ʘʧʧʘʨʘʪʳ.  

ʅʘ ʤʷʩʦʢʦʤʙʠʥʘʪʝ ʚ ʉʦʯʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʥʘʣʦʞʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʝʤʢʦʩʪʴ ʧʦ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʬʘʨʰʘ. ʆʜʥʘʢʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʟʦʥʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʜʫʢʪ, ʚʳʩʦʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʘ ʥʝ ʧʦʢʘʟʘʣʠ ʜʦʣʞʥʦʛʦ 

ʵʬʬʝʢʪʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ [1], ʢʦʪʦʨʘʷ 

ʫʩʪʨʘʥʷʝʪ ʥʝʜʦʩʪʘʪʢʠ ʚʳʰʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ. ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʤʧʫʣʴʩʥʳʡ ʚʨʘʱʘʪʝʣʴ ʰʥʝʢʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʘ 
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ʚʨʘʱʝʥʠʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʚʘʣʫ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ 

ʠ ʜʘʣʝʝ ʩʪʫʧʠʮʝ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʢʠʥʝʤʘʪʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʘʣʦʤ ʰʥʝʢʘ. ɺʦʜʠʣʦ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʚʨʘʱʘʝʪʩʷ ʩ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʤʝʩʪʝ ʩ ʩʘʪʝʣʣʠʪʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ 

ʵʢʩʮʝʥʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʘʩʩʳ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʘʩʩ ʥʘ ʩʘʪʝʣʣʠʪʘʭ 

ʥʝʡʪʨʘʣʠʟʫʝʪ ʦʩʝʚʳʝ ʢʦʣʝʙʘʥʠʷ ʟʘ ʩʯʝʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʠʣ 

ʠʥʝʨʮʠʠ ʠ ʩʦʟʜʘʝʪ ʢʨʫʪʠʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɺ ʤʦʤʝʥʪ ʜʝʡʩʪʚʠʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʩʘʪʝʣʣʠʪʦʚ ʧʣʦʩʢʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ 

ʩʪʫʧʠʮʳ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʝʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʝʜʫʱʠʤ ʧʨʦʬʠʣʝʤ ʛʨʘʥʠ 

ʰʥʝʢʘ, ʠʥʪʝʥʩʠʚʥʦ  ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʠʙʨʦʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ 

ʤʘʪʝʨʠʘʣ ʥʝʦʙʭʦʜʠʤʦʛʦ ʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʙʲʝʤʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʨʫʪʠʣʴʥʝ 

ʢʦʣʝʙʘʥʠʝ ʰʥʝʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʚʤʝʱʘʝʪ ʘʢʪʠʚʠʟʘʮʠʶ ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ: ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠ̫ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʘʤʧʣʠʪʫʜʥʦ ï ʯʘʩʪʦʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄʗʉʅʆɻʆ ʉʓʈʔʗ 

 

ɺ. ɸ. ʉʘʤʳʣʠʥʘ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʉʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʩʸ ʝʱʝ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʭʫʜʰʝʥʠʶ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʮʠʘʣʴʥʳʭ ʠ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʩʦʦʪʥʦʰʝʥʠʡ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʠʪʘʥʠʷ ʥʘʩʝʣʝʥʠʷ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʤʠʨʝ ʥʘʢʦʧʣʝʥ ʙʦʛʘʪʳʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʦ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ. ʆʜʥʘʢʦ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʣʫʙʦʢʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ, ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʠʪʴ ʤʥʦʛʠʝ, ʧʦʣʝʟʥʳʝ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʙʠʦʣʦʛʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʠʱʝʚʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʚʦʣʦʢʥʘ, ʢʦʪʦʨʳʝ, ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʩʯʠʪʘʣʠʩʴ ʙʘʣʣʘʩʪʥʳʤʠ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʠʥʪʝʨʝʩʘ, ʦʪ ʢʦʪʦʨʳʭ ʩʪʘʨʘʣʠʩʴ ʦʩʚʦʙʦʜʠʪʴ ʧʨʦʜʫʢʪʳ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ. ʈʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʬʠʥʠʨʦʚʘʥʥʳʭ 
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ʧʨʦʜʫʢʪʦʚ ʧʨʠʚʝʣʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ, ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ (ʚ 2-3 ʨʘʟʘ) 

ʢʦʣʠʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʚ ʨʘʮʠʦʥʝ ʧʠʪʘʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʨʝʟʢʦʤʫ 

ʚʩʧʣʝʩʢʫ ʘʣʠʤʝʥʪʘʨʥʦʟʘʚʠʩʠʤʳʭ ʧʘʪʦʣʦʛʠʡ. 

 ʅʘʨʫʰʝʥʠʝ ʧʠʱʝʚʦʛʦ ʩʪʘʪʫʩʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ 

ʩʠʪʫʘʮʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʠʤʤʫʥʠʪʝʪʘ, ʥʘʨʫʰʝʥʠʶ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʩʩʪʨʦʡʩʪʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʪʝʭʥʦʛʝʥʥʳʭ 

ʛʠʧʝʨʤʠʢʨʦʵʣʝʤʝʥʪʦʟʦʚ ʠ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʨʛʘʥʠʟʤʘ. 

ʂʣʶʯʝʚʳʤʠ ʘʩʧʝʢʪʘʤʠ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʠʪʘʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʠʩʢ ʠ ʧʦʜʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʠ ʦʪʜʝʣʴʥʳʭ 

ʠʥʛʨʝʜʠʝʥʪʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʨʘʟʚʠʪʠʝ ʭʨʦʥʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ, ʧʨʠʜʘʶʱʠʭ ʧʨʦʜʫʢʪʘʤ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ɺʘʞʥʦʝ ʤʝʩʪʦ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ,  ʪʨʘʜʠʮʠʦʥʥʦ, ʦʪʚʦʜʠʪʩʷ 

ʤʷʩʦ- ʠ ʤʦʣʦʢʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʤʷʩʦ, 

ʤʦʣʦʢʦ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʳ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʇʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʠ ʚ ʈʦʩʩʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʦʬʦʣʦʛʠʠ, ʘ ʠʤʝʥʥʦ, ï ʩʦʟʜʘʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʦʢʘʟʳʚʘʶʱʠʭ, ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʠʭ ʚ 

ʝʞʝʜʥʝʚʥʳʡ ʨʘʮʠʦʥ, ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ. 

ɺ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʠ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ 

ʚʭʦʜʷʪ ʧʨʦʜʫʢʪʳ, ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʠʥʛʨʝʜʠʝʥʪʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʨʷʤʳʤ ʙʠʬʠʜʦʛʝʥʥʳʤ ʵʬʬʝʢʪʦʤ, ʥʝʩʝʣʝʢʪʠʚʥʦ 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʨʦʩʪ ʥʦʨʤʦʬʣʦʨʳ, ʦʙʣʘʜʘʶʱʠʝ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʥʜʦ- ʠ ʵʢʟʦʪʦʢʩʠʥʦʚ.  

ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤ,  ʧʨʝʙʠʦʪʠʢʦʤ ʩʘʭʘʨʦʣʠʪʠʯʝʩʢʦʡ ʤʠʢʨʦʬʣʦʨʳ 

ʷʚʣʷʝʪʩʷ ʣʘʢʪʫʣʦʟʘ, ʧʨʷʤʘʷ ʙʠʬʠʜʦʛʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʚʳʟʳʚʘʝʪ 

ʩʦʤʥʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʥʝʩʝʣʝʢʪʠʚʥʦ ʩʪʠʤʫʣʠʨʫʶʱʠʭ ʨʦʩʪ 

ʥʦʨʤʦʬʣʦʨʳ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʣʘʜʘʶɦ ʠʭ ʩʦʨʙʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʤʥʦʛʠʝ ʚʠʜʳ, ʢʘʢ ʨʘʩʪʚʦʨʠʤʦʡ, ʪʘʢ ʠ ʥʝʨʘʩʪʚʦʨʠʤʦʡ, 

ʧʠʱʝʚʦʡ ʢʣʝʪʯʘʪʢʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ - ʪɻʦ ʧʨʦʜʫʢʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʨʪʦʬʝʣʷ, ʤʦʨʢʦʚʠ, ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʩʦʠ, ʧʰʝʥʠʮʳ 

ʠ ʜʨʫʛʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴ.̫ ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʨʦʣʴ ʇɺ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝʤ ʥʘ ʫʩʢʦʨʝʥʠʝ ʪʨʘʥʟʠʪʘ ʢʠʰʝʯʥʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ; 

ʘʢʪʠʚʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʜʝʥʠʷ ʠʟ ʦʨʛʘʥʠʟʤʘ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʠ ʙʠʦ-

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʩʝʥʦʙʠʦʪʠʢʦʚ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʩʦʨʙʮʠʠ; ʠʟʤʝʥʝʥʠʝʤ 

ʚʥʫʪʨʠʢʠʰʝʯʥʦʛʦ ʨʅ ʚ ʢʠʩʣʫʶ ʩʪʦʨʦʥʫ ʟʘ ʩʯʝʪ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʛʝʪʝʨʦʧʦʣʠʩʘʭʘʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʥʠʞʝʥʠʝʤ ʚ ʢʠʰʝʯʥʠʢʝ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ (ʠʥʜʦʣ, 

ʩʢʘʪʦʣ, ʢʨʝʟʦʣ, ʩʚʦʙʦʜʥʳʡ ʘʤʤʠʘʢ). 

ʆʜʥʠʤ ʠʟ ʧʨʝʧʘʨʘʪʦʚ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʧʨʠʚʣʝʢʰʠʤ ʚʥʠʤʘʥʠʝ, ʩʪʘʣ 

ʧʨʝʧʘʨʘʪ çʇʨʦʪʦʮʝʣʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴ ï ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʭʦʣʜʠʥʛʦʚ çDezhou Ruikang Food Co. Ltd (ʂʠʪʘʡ), 

ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ ʧʝʨʝʨʘʙʦʪʢʝ ʟʝʨʥʦʚʳʭ ʠ ʟʝʨʥʦʙʦʙʦʚʳʭ ʢʫʣʴʪʫʨ), 

ʧʨʝʜʩʪʘʚʣʷʝʤʳʡ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʢʦʤʧʘʥʠʝʡ çʇʘʨʪʥʝʨ-ʄè. 

çʇʨʦʪʦʮʝʣʴè, ʢʘʢ ʧʨʦʜʫʢʪ, ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʦʝʚʳʭ 

ʙʝʣʢʦʚʳʭ ʠʟʦʣʷʪʦʚ, ʧʦʣʫʯʘʶʪ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ ʦʙʝʟʞʠʨʝʥʥʦʛʦ 

ʩʦʝʚʦʛʦ ʙʝʣʦʛʦ ʣʝʧʝʩʪʢʘ. ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʘ ð ʦʪ 60 ʜʦ 

300 ʤʝʰ. ʇʨʦʜʫʢʪ çʇʨʦʪʦʮʝʣʴè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʝʛʢʠʡ, ʪʦʥʢʦ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʙʝʣʦʛʦ ʮʚʝʪʘ, ʩʦ ʩʣʘʙʳʤ ʟʘʧʘʭʦʤ ʠ ʥʝʡʪʨʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʨʅ (7,0ï8,0). ʎʝʥʳ ʥʘ çʇʨʦʪʦʮʝʣʴè ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʥʠʞʝ  

ʙʘʤʙʫʢʦʚʦʡ ʢʣʝʪʯʘʪʢʠ ð ʥʘ 40 %,  ʧʰʝʥʠʯʥʦʡ ð ʥʘ 60 %. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʢʣʝʪʯʘʪʢʠ ʚʘʨʴʠʨʫʝʪ ʜʦʚʦʣʴʥʦ 

ʰʠʨʦʢʦ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 15 ʜʦ 35 %, ʯʪʦ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʝʤ ʩʦʙʩʪʚʝʥʥʦ ʢʣʝʪʯʘʪʢʠ, ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʢʦʤʧʣʝʢʩʘ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʧʘʨʘʪʘ ʢʦʥʢʨʝʪʥʦʡ 

ʧʘʨʪʠʠ ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: ʢʣʝʪʯʘʪʢʘ ð75,2 %, ʚʣʘʛʘ ð 6,5%, 

ʞʠʨ ð 0,2 %, ʙʝʣʦʢ ð 16,5 %, ʟʦʣʘ ð 1,6 %. 

ɺʚʠʜʫ ʧʨʠʤʝʥʝʥʠʷ çʱʘʜʷʱʠʭè ʪʝʭʥʦʣʦʛʠʡ, ʠʩʢʣʶʯʘʶʱʠʭ ʚʳʩʦʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝ çʥʦʫ-ʭʘʫè, ʜʘʥʥʳʡ 

ʧʨʝʧʘʨʘʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ ʚʣʘʛʦʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ï (ɺʋʉ), ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʵʤʫʣʴʩʠʠ (ʫʩʪʦʡʯʠʚʳʝ ʵʤʫʣʴʩʠʠ ʠʤʝʶ ʩʦʦʪʥʦʰʝʥʠʝ 

çʇʨʦʪʦʮʝʣʴè : ʤʘʩʣʦ : ʚʦʜʘ = 1 : 5 : 5). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ɺʋʉ 

ʜʦʩʪʠʛʘʝʪ 560% (ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ʧʨʠ ʫʩʢʦʨʝʥʠʠ 

ʚ 5000 g). ʅʘʛʨʝʚʘʥʠʝ ʩʫʩʧʝʥʟʠʡ çʇʨʦʪʦʮʝʣʴè ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʋʉ ʜʦ ʟʥʘʯʝʥʠʡ ï 850-880% (ʧʨʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ). 

ʇʨʠ ʵʪʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʥʘʙʫʭʘʥʠʠ çʇʨʦʪʦʮʝʣʴè 

ʦʙʨʘʟʫʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʦʤʦʛʝʥʥʫʶ ʚʷʟʢʫʶ ʩʫʩʧʝʥʟʠʶ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʚʠʜʥʦ 

ʟʘʤʝʪʥʦʛʦ ʦʪʩʣʦʝʥʠʷ ʚʦʜʳ ʜʘʞʝ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʣʝʪʯʘʪʢʘ : ʚʦʜʘ = 1 : 10 

ʧʦʩʣʝ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ. ɸʥʘʣʠʟ ʥʘʙʫʭʘʝʤʦʩʪʠ ʧʰʝʥʠʯʥʳʭ 

ʢʣʝʪʯʘʪʦʢ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ (çɺʠʪʘʮʝʣʴè), 

ʚʳʷʚʠʣ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʫʶ ɺʋʉ (520%) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʨʠ 

ʛʠʜʨʘʪʠʨʦʚʘʥʠʠ, ʢʦʤʢʦʚʘʪʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʞʠʨʦʫʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ɾʋʉ) 

ʚʳʰʝʦʟʥʘʯʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-25
ʦ 
ʉ ʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ (75-
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ʉ), ʦʪʜʝʣʝʥʠʷ ʞʠʨʦʚʦʡ ʬʘʟʳ ʚ ʵʤʫʣʴʩʠʷʭ ʩ ʧʨʝʧʘʨʘʪʦʤ çʇʨʦʪʦʮʝʣʴè 

ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. ɺ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʳʪʘʥʠʡ ʧʰʝʥʠʯʥʦʡ 

ʢʣʝʪʯʘʪʢʠ, ʦʪʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ. ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ 

çʇʨʦʪʦʮʝʣʴè, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ  ʥʝ ʪʦʣʴʢʦ ʚʩrʦʢʦʡ ʚʷʟʢʦʩʪʴʶ ʝʝ 

ʩʫʩʧʝʥʟʠʡ, ʥʦ ʠ ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʝʝ ʩʪʨʫʢʪʫʨʝ ʙʝʣʢʦʤ, ʧʨʠʜʘʶʱʠʤ ʵʪʦʤʫ 

ʢʦʤʧʣʝʢʩʫ ʜʠʬʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʤʫ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʠʯʝʤ, ʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʪʦʣʴʢʦ ʚ 

ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʧʨʝʧʘʨʘʪʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʧʘʨʘʪʦʚ ʧʰʝʥʠʯʥʳʭ 

ʢʣʝʪʯʘʪʦʢ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ɾʋʉ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʛʠʜʨʘʪʘʮʠʠ (ʚ ʩʫʭʦʤ ʚʠʜʝ). ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʠʤʝʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʧʘʨʘʪʳ ʢʣʝʪʯʘʪʦʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʚʦʜʥʦ-ʞʠʨʦʚʦʡ ʦʩʥʦʚʝ, 

ʛʜʝ ʥʘʤʥʦʛʦ ʘʢʪʫʘʣʴʥʝʝ ʧʦʢʘʟʘʪʝʣʠ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ. 

ʇʠʱʝʚʳʝ ʚʦʣʦʢʥʘ ʧʨʝʧʘʨʘʪʘ çʇʨʦʪʦʮʝʣʴè ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʞʠʨʦʚ ʠ ʥʘʪʨʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤʠ, ʪʘʢ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʤʠ ʬʨʘʢʮʠʷʤʠ, ʦʙʣʘʜʘʶʪ, ʢʘʢ ʫʩʪʘʥʦʚʣʝʥʦ ʨʘʥʝʝ, 

ʚʳʨʘʞʝʥʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʩʩʪʨʦʡʩʪʚʘʭ ʧʨʦʮʝʩʩʦʚ ʧʠʱʝʚʘʨʝʥʠʷ, 

ʧʘʪʦʣʦʛʠʠ ʢʠʰʝʯʥʠʢʘ; ʦʢʘʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ, ʥʘ ʝʛʦ ʤʦʪʦʨʠʢʫ ʠ 

ʤʠʢʨʦʬʣʦʨʫ, ʩʣʫʞʘʪ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʞʝʣʯʝʢʘʤʝʥʥʦʡ ʙʦʣʝʟʥʠ ʠ ʩʥʠʞʝʥʠʷ ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ, ʥʘʨʷʜʫ ʩ ʇɺ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʝʧʘʨʘʪʝ çʇʨʦʪʦʮʝʣʴè  

ʢʘʣʠʷ  ʠ ʙʠʦʜʦʩʪʫʧʥʦʛʦ ʞʝʣʝʟʘ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʢʘʨʜʠʦʚʘʩʢʫʣʷʨʥʦʡ ʠ ʢʨʦʚʝʪʚʦʨʥʦʡ ʩʠʩʪʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, çʇʨʦʪʦʮʝʣʴè ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʦʡʥʳʤ ʢʦʥʢʫʨʝʥʪʦʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʨʝʧʘʨʘʪʘʤ ʧʠʱʝʚʳʭ 

ʚʦʣʦʢʦʥ, ʩʦʚʨʝʤʝʥʥʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʯʝʙʥʦ-ʧʨʦʬʠ-

ʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʦʜʫʢʪʦʚ ʧʦʥʠʞʝʥʥʦʡ ʢʘʣʦʨʠʡʥʦʩʪʠ, ʜʣʷ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʌʊʉ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ, ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʦʚ ʠ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʘ. 

ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʢʦʨʨʝʢʮʠʠ ʧʠʪʘʥʠʷ, ʨʘʟʨʘʙʦʪʦʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ, ʩʦʙʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʦʚʫʶ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʧʨʝʙʠʦʪʠʯʝʩʢʠ-ʩʦʨʙʮʠʦʥʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʦʜ ʪʦʨʛʦʚʦʡ ʤʘʨʢʦʡ çʇʨʦʪʦʃʘʢʪè, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʤʷʩʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʘʨʝʥʳʭ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ ʠ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʨʫʙʣʝʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʷʩʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩ ʤʦʜʫʣʝʤ çʇʨʦʪʦʃʘʢʪè, ʠ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ 

ʫʣʫʯʰʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʥʠʞʝʥʠʝ ʠʭ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ.  
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ɺʳʰʝʦʟʥʘʯʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʰʠʨʦʢʠʡ ʛʨʫʧʧʦʚʦʡ 

ʘʩʩʦʨʪʠʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ (ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʩʥʦʛʦ ʩʳʨʴʷ, ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʧʝʨʝʨʘʙʦʪʢʠ ʙʦʙʦʚ ʩʦʠ), 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ, ʘʜʝʢʚʘʪʥʳʭ ʧʦ ʥʫʪʨʠʝʥʪʥʦʤʫ 

ʩʦʩʪʘʚʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʟʚʦʣʷʪʁ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʮʝʣʳʡ ʨʷʜ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʠʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʩʦʮʠʘʣʴʥʳʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ.  

 

ʆʇʈɽɼɽʃɽʅʀɽ ʆʂʉʀɼʆɺ ɸɿʆʊɸ ɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ 

ʇʆʊʆʂɸʍ 

 

ʉ.ɸ. ʃʠʱʝʥʢʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ɸ.ɸ. ʐʘʙʝʣʴʥʠʢʦʚʘ, ʩʪʫʜʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʠʭ ʥʝʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʪʘʢ ʠ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʟ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʱʝʩʪʚ, ʠʟʳʤʘʝʤʳʭ ʠʟ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʜʣʷ ʮʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚ 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʚʨʘʱʘʝʪʩʷ ʣʠʰʴ 1,5-2,0%. ʆʩʥʦʚʥʘʷ ʞʝ ʝʛʦ ʤʘʩʩʘ 

ʧʝʨʝʭʦʜʠʪ ʚ ʦʪʭʦʜʳ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʙʳʪʦʚʳʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʨʦʚʥʝʤ 

ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ. 

ʆʜʥʘʢʦ, ʠʟʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʙʫʜʝʪ ʩʦʧʫʪʩʪʚʦʚʘʪʴ ʫʩʧʝʭʫ ʚ 

ʦʙʣʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ 

ʨʝʩʫʨʩʦʚ [1]. 

ʂ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʮʝʭ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ. 

ʉʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ NO ʜʦ NO2. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʫʩʢʦʨʷʶʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ NO ʩʦʩʪʘʚʣʷʝʪ 

ʠʩʢʣʶʯʝʥʠʝ, ʠ ʝʸ ʩʢʦʨʦʩʪʴ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʨʘʩʪʘʝʪ [2]. 

ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ NO ʦʙʨʘʪʠʤʘ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩ ʥʝ 

ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʝʪʩʷ, ʥʦ ʠ ʤʦʞʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʲʸʤʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʠʦʢʩʠʜ ʘʟʦʪʘ ʙʫʜʝʪ ʨʘʩʧʘʜʘʪʴʩʷ ʥʘ NO ʠ ʆ2. 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ ɸʨʨʝʥʠʫʩʘ, ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (-7,5 ʢɼʞ), ʘ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʦʫʜʘʨʝʥʠʡ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʫʜʘʨʝʥʠʷ 

ʪʨʝʭ ʤʦʣʝʢʫʣ ʦʯʝʥʴ ʤʘʣʘ. ʇʦʵʪʦʤʫ ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) 
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ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʩʫʤʤʫ ʜʚʫʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʨʝʘʢʮʠʡ. ʄʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʟʦʚʘʥʠʷ NO2 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ [3]: 

 

NO + O2 ź NO3, 

NO3 + NO ź 2NO2. 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʜʚʫʭʩʪʘʜʠʡʥʦʤ ʤʝʭʘʥʠʟʤʝ, 

ʧʝʨʚʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʧʨʠʯʝʤ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʢʦʨʦʩʪʴ ʝʸ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʪʦʨʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷ NO3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ, ʪʘʢ ʢʘʢ 

ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ NO ʧʨʦʪʝʢʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʸʤʘ. ɼʦʙʘʚʣʝʥʠʝ 

ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʪʘʢʞʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʜʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʩʤʝʩʠ NO2, NO ʠ ʆ2 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʘʚʘ [4]. ʆʙʳʯʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʢʠʩʣʝʥʠʝʤ ʜʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ NO ʚ NO2. ʈʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ 

ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ ʚʩʝʭ ʜʨʫʛʠʭ ʨʝʘʢʮʠʡ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʪʨʦʟʥʳʭ ʛʘʟʦʚ, ʧʦʵʪʦʤʫ ʦʥʘ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʚʦʟʥʠʢʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ çʭʚʦʩʪʦʚʳʭè ʛʘʟʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʙʳʣʦ ʣʠʰʴ ʟʥʘʪʴ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ NOʭ ʚʳʙʨʘʩʳʚʘʝʤʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ, ʥʦ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʥʠʪʨʦʟʥʦʛʦ ʛʘʟʘ ʜʦ 

ʦʢʩʠʜʘ ʘʟʦʪʘ (IV), ʪʘʢ ʢʘʢ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʧʦʣʫʯʝʥʠʷ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ NOx ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʦʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʠʢʠ: 

- 205-ɸ çʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʢʦʥʪʘʢʪʠʨʦʚʘʥʠʷè (0,1-7,25 ʤʛ/ʤ
3
); 

- 217-ɸ çɺʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ ʥʘ ʚʳʭʦʜʝ ʠʟ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤè (0,01-0,2); 

- 218-ɸ çɺʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ 

ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤè (0,001-0,2); 

- 905 çʌʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʭʚʦʩʪʦʚʳʭ 

ʛʘʟʘʭè (0,1-0,2 % ʦʙ.); 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʪʦʣʴʢʦ ʩʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʘʟʦʪʘ NOʭ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʟʜʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ (II) ʠ ʦʢʩʠʜʘ ʘʟʦʪʘ (IV). 
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ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʦʢʩʠʜ ʘʟʦʪʘ (IV) ʥʘʭʦʜʠʣʠ ʧʦ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʫʤʤʘʨʥʦʛʦ NOʭ ʠ NO. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠ ʦʪʙʦʨ ʛʘʟʘ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ, % (ʦʙ.): 

 

ʇʦʩʣʝ ʢʦʥʪʘʢʪʥʦʛʦ ʘʧʧʘʨʘʪʘ NO ï 1,0;    NOʭ ï 7,0 

ʇʝʨʝʜ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥʦʡ NO ï 0,3;    NOʭ ï 9,0 

ʅʘ ʚrʭʦʜʝ ʠʟ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʢʦʣʦʥʥ r NO ï 0,2;     NOʭ ï 11,0 

ʀʟ ʢʦʣʣʝʢʪʦʨʘ ʥʘ ʚʳʙʨʦʩ NO ï 0,005; NOʭ ï 0,025 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʠʢʠ 217-ɸ ʠ 905. 

ʇʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʢʘʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʦʢʘʭ, ʯʪʦ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʫʯʘʪʴ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʜʘʚʣʝʥʠʝ, ʠʩʭʦʜʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. 
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ʇʅɽɺʄʆʂʃɸʉʉʀʌʀʂɸʎʀʗ ʄʀʅɽʈɸʃʔʅʓʍ ʋɼʆɹʈɽʅʀʁ ʉ 

ʆɼʅʆɺʈɽʄɽʅʅʓʄ ʆʍʃɸɾɼɽʅʀɽʄ ɻʈɸʅʋʃ 

ɸ.ʄ.ʅʦʚʦʩʝʣʦʚ, ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ɽ.ɹ.ʅʦʚʦʩʝʣʦʚʘ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʳ (ʬʨʘʢʮʠʠ, ʩʦʨʪʘ). ɺ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʪʦʚʘʨʥʦʡ ʬʨʘʢʮʠʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʠʣʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʪʨʝʙʠʪʝʣʷ. [1]  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ 

ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ (ʛʨʦʭʦʯʝʥʠʝ). ɻʨʘʥʫʣʳ 
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ʫʜʦʙʨʝʥʠʡ ʧʦʩʣʝ ʩʫʰʢʠ ʧʦʩʪʫʧʘʶʪ ʚ ʛʨʦʭʦʪ, ʚ ʢʦʪʦʨʦʤ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ 

ʬʨʘʢʮʠʠ ʪʦʚʘʨʥʫʶ, ʤʝʣʢʫʶ ʠ ʢʨʫʧʥʫʶ. ʂʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ʧʦʩʣʝ ʜʨʦʙʣʝʥʠʷ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʤʝʣʢʦʡ ʬʨʘʢʮʠʝʡ ʚ ʧʨʦʮʝʩʩ ʚ ʢʘʯʝʩʪʚʝ ʨʝʪʫʨʘ. 

ʊʦʚʘʨʥʘʷ ʬʨʘʢʮʠʷ ʦʭʣʘʞʜʘʝʪʩʷ ʚ ʦʭʣʘʜʠʪʝʣʝ ʛʨʘʥʫʣ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʥʘ ʩʢʣʘʜ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʭʨʘʥʥʦʩʪʴ ʧʨʦʜʫʢʪʘ, ʥʘʨʷʜʫ ʩ ʚʣʘʞʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ. ʊʝʭʥʦʣʦʛʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʘ ʩ ʪʝʧʣʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʜʫʢʪʘ ʜʦʩʪʠʛʘʝʪ 100
0
ʉ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʝʞʠʚʘʝʤʦʩʪʠ ʠ ʢʦʤʢʦʚʘʥʠʷ ʦʥʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

45
0
ʉ ʜʣʷ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦ-ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ [2]. ɺ ʢʘʯʝʩʪʚʝ ʦʭʣʘʜʠʪʝʣʷ 

ʛʨʘʥʫʣ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʘʧʧʘʨʘʪʳ ʩ 

ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʤ (ʢʠʧʷʱʠʤ) ʩʣʦʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʜʝʣʝʥʠʝ ʪʦʚʘʨʥʦʡ 

ʬʨʘʢʮʠʠ ʠ ʝʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʜʚʫʭ ʘʧʧʘʨʘʪʘʭ ï ʛʨʦʭʦʪʝ ʠ 

ʦʭʣʘʜʠʪʝʣʝ ʢʠʧʷʱʝʛʦ ʩʣʦʷ. 

 ɻʨʦʭʦʯʝʥʠʝ, ʢʘʢ ʣʶʙʦʡ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʩʩʝʚʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʘʝʪʩʷ, ʪʘʢ 

ʢʘʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʩʦʨʝʥʥʦʩʪʴ ʥʘʜʨʝʰʝʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ-ʟʘ 

ʫʤʝʥʴʰʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚ ʦʪʚʝʨʩʪʠʷ ʩʠʪʘ ʯʘʩʪʠʮ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʠʭ ʧʨʦʙʝʛʘ ʠʣʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ ʩʣʦʷ. 

ɻʨʦʭʦʯʝʥʠʶ ʪʘʢ ʞʝ ʩʚʦʡʩʪʚʝʥʥʳ ʪʘʢʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ ʢʘʢ 

ʛʨʦʤʦʟʜʢʦʩʪʴ, ʰʫʤ ʠ ʚʠʙʨʘʮʠʷ ʧʨʠ ʨʘʙʦʪʝ, ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʚʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦʛʦ ʠʟʥʦʩʘ ʩʝʪʦʢ, ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ, ʠʥʪʝʥʩʠʚʥʦʝ ʧʳʣʝʚʳʜʝʣʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʛʨʦʭʦʯʝʥʠʝ ʩʦʨʪʠʨʫʝʪ ʯʘʩʪʠʮʳ ʧʦ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ, ʪʦʛʜʘ ʢʘʢ 

ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʮʠʷ ï ʨʘʟʜʝʣʷʝʪ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ ï ʨʘʟʤʝʨʘʤ, ʤʘʩʩʝ, ʬʦʨʤʝ ʠ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʆʭʣʘʜʠʪʝʣʠ ʛʨʘʥʫʣ ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʛʨʦʤʦʟʜʢʦʩʪʴʶ, 

ʙʦʣʴʰʠʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʥʘʣʠʯʠʝʤ ʧʝʨʝʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʠ ʧʳʣʝʚʳʜʝʣʝʥʠʝʤ. 

 ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʬʨʘʢʮʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʨʠʤʝʥʠʪʴ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʦʭʣʘʞʜʝʥʠʝʤ ʛʨʘʥʫʣ, ʪʦ ʝʩʪʴ ʩʦʚʤʝʩʪʠʪʴ ʜʚʝ ʩʪʘʜʠʠ: ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ 

ʦʭʣʘʞʜʝʥʠʝ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ï ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʝ-ʦʭʣʘʜʠʪʝʣʝ. ʊʘʢʦʡ 

ʘʧʧʘʨʘʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʢʘʤʝʨʥʫʶ ʰʘʭʪʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʚ 

ʢʘʤʝʨʘʭ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʵʣʝʤʝʥʪʳ 

(ʧʦʣʢʠ). ɻʨʘʥʫʣʳ ʫʜʦʙʨʝʥʠʡ ʠʟ ʩʫʰʠʣʢʠ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʝʨʭʥʠʡ ʢʦʥʪʘʢʪʥʳʡ 

ʵʣʝʤʝʥʪ ʧʝʨʚʦʡ ʢʘʤʝʨʳ. ʇʝʨʝʩʳʧʘʷʩʴ ʩ ʧʦʣʢʠ ʥʘ ʧʦʣʢʫ ʛʨʘʥʫʣʳ ʠʥʪʝʥʩʠʚʥʦ 

ʧʨʦʜʫʚʘʶʪʩʷ ʧʦʪʦʢʦʤ ʟʘʭʦʣʦʞʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʥʠʞʥʶʶ 

ʯʘʩʪʴ ʧʝʨʚʦʡ ʢʘʤʝʨʳ. ʂʨʫʧʥʘʷ ʬʨʘʢʮʠʷ ʚʳʛʨʫʞʘʝʪʩʷ ʚʥʠʟʫ ʧʝʨʚʦʡ ʢʘʤʝʨʳ, 
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ʪʦʚʘʨʥʘʷ ʬʨʘʢʮʠʷ ʚʳʛʨʫʞʘʝʪʩʷ ʚʥʠʟʫ ʚʪʦʨʦʡ ʢʘʤʝʨʳ, ʘ ʤʝʣʢʘʷ ʬʨʘʢʮʠʷ 

ʦʩʘʞʜʘʝʪʩʷ ʚ ʮʠʢʣʦʥʝ. ɿʘʧʳʣʝʥʥʳʡ ʚʦʟʜʫʭ ʠʟ ʮʠʢʣʦʥʘ ʦʯʠʱʘʝʪʩʷ ʚ ʬʠʣʴʪʨʝ 

ʧʝʨʝʜ ʚʳʙʨʦʩʦʤ ʚ ʘʪʤʦʩʬʝʨʫ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʰʣʠ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʩ ʢʘʩʢʘʜʦʤ ʢʦʥʪʘʢʪʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ ʩʧʣʦʰʥʳʭ ʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʧʣʘʩʪʠʥ. 

ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʢʦʥʪʘʢʪʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʯʠʩʪʦʪʫ ʧʨʦʜʫʢʪʦʚ ʠ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʧʦ ʪʚʝʨʜʦʡ ʬʘʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʫʧʝʥʯʘʪʳʭ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ [3]. ʊʘʢ, ʧʨʠʤʝʥʝʥʠʝ 

ʩʪʫʧʝʥʯʘʪʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪ ʜʠʘʧʘʟʦʥ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʧʦ ʪʚʝʨʜʦʡ ʬʘʟʝ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 

ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʚʳʩʦʪʫ ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʥʝʚʤʦʢʣʘʩʩʠʬʠʢʘʪʦʨʘ-ʦʭʣʘʜʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʝ ʬʨʘʢʮʠʦʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʛʨʘʥʫʣ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʣʫʯʰʝʥʠʝʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ. 
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ʂʈʀʊɽʈʀɸʃʔʅʓɽ ʇʆʂɸɿɸʊɽʃʀ ʉʌʆʈʄʀʈʆɺɸʅʅʆʉʊʀ 

ʉʆʎʀɸʃʔʅʓʍ ʂʆʄʇɽʊɽʅʎʀʁ ɹʋɼʋʑɽɻʆ ʀʅɾɽʅɽʈɸ 

 

ɽ.ɻ.ɹʘʨʘʥʥʠʢʦʚʘ, ʢʘʥʜ.ʧʝʜ.ʥʘʫʢ, 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʂʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʫʩʠʣʠʚʘʝʪ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ çʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʷʷʩʴ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʟʥʘʥʠʝʚʦʤʫ ʠ ʧʨʠʥʠʤʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʠʣʝʥʠʷ ʝʛʦ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʩʪʠ, ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦ-ʣʠʯʥʦʩʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʝʛʦ ʠ ʛʫʤʘʥʠʩʪʠʯʝʩʢʠ ʥʘʧʨʘʚʣʝʥʥʳʤè[5, ʉ. 26]  
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ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʪʠʤʩʷ ʢ ʘʥʘʣʠʟʫ ʧʦʥʷʪʠʡ 

çʢʦʤʧʝʪʝʥʮʠʷè, çʢʦʤʧʝʪʝʥʪʥʦʩʪʴè,   çʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠè,  

çʩʦʮʠʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠè. 

ɺ çʉʪʨʘʪʝʛʠʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷè ʙʳʣʦ 

ʧʦʜʯʝʨʢʥʫʪʦ, ʯʪʦ ʧʦʥʷʪʠʝ çʢʦʤʧʝʪʝʥʪʥʦʩʪʴè ʰʠʨʝ ʧʦʥʷʪʠʡ çʟʥʘʥʠʝè, 

çʫʤʝʥʠʝè, çʥʘʚʳʢè, ʦʥʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʢʦʛʥʠʪʠʚʥʫʶ ʠ 

ʦʧʝʨʘʮʠʦʥʘʣʴʥʫʶ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʥʦ ʠ ʤʦʪʠʚʘʮʠʦʥʥʫʶ, 

ʵʪʠʯʝʩʢʫʶ, ʩʦʮʠʘʣʴʥʫʶ ʠ ʧʦʚʝʜʝʥʯʝʩʢʫ  ʁ[10, ʉ.14].  

ʂʦʤʧʝʪʝʥʮʠʠ ʚ ʜʦʢʫʤʝʥʪʘʭ ʝʚʨʦʧʝʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʦʧʨʝʜʝʣʝʥʳ  ʢʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʦʥʷʪʠʝ, ʚʳʨʘʞʘʶʱʝʝ ʩʧʦʩʦʙʥʦʩʪʴ 

ʠʥʜʠʚʠʜʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʨʘʟʣʠʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ. ɺ ʜʘʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ.  

ʂʦʤʧʝʪʝʥʮʠʷ ʚʢʣʶʯʘʝʪ: 

1) ʢʦʛʥʠʪʠʚʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʠʠ 

ʠ ʧʦʥʷʪʠʡ, ʘ ʪʘʢʞʝ çʩʢʨʳʪʳʝè ʟʥʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʥʘ ʦʧʳʪʝ; 

2) ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ (ʫʤʝʥʠʷ ʠ ʥʦʫ-ʭʘʫ), ʘ ʠʤʝʥʥʦ ʪʦ, ʯʪʦ 

ʠʥʜʠʚʠʜ ʜʦʣʞʝʥ ʫʤʝʪʴ ʜʝʣʘʪʴ ʚ ʪʨʫʜʦʚʦʡ ʩʬʝʨʝ, ʚ ʩʬʝʨʝ ʦʙʫʯʝʥʠʷ ʠʣʠ 

ʩʦʮʠʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

3) ʣʠʯʥʦʩʪʥʫʶ ʢʦʤʧʝʪʝʥʮʠʶ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʫʤʝʥʠʷ 

ʚ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ; 

4) ʵʪʠʯʝʩʢʫʶ ʢʦʤʧʝʪʝʥʮʠʶ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʣʠʯʥʦʩʪʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡè [2, ʉ. 27]. 

ʅʘ ɺʩʝʤʠʨʥʦʤ ʢʦʥʛʨʝʩʩʝ ʧʦ ʠʥʞʝʥʝʨʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʇʦʨʪʩʤʫʥʜʝ 

ʙʳʣʦ  ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʠʥʦʝ  ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʘʧʨʠʤʝʨ, 

ʢʦʤʤʫʥʠʢʘʪʠʚʥʘʷ ʢʦʤʧʝʪʝʥʮʠʷ  ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʚʣʘʜʝʥʠʝ 

ʣʠʪʝʨʘʪʫʨʥʦʡ ʠ ʜʝʣʦʚʦʡ ʧʠʩʴʤʝʥʥʦʡ ʠ ʫʩʪʥʦʡ ʨʝʯʴʶ ʥʘ ʨʦʜʥʦʤ ʷʟʳʢʝ; 

ʚʣʘʜʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʤʠʨʝ ʠʥʦʩʪʨʘʥʥʳʭ 

ʷʟʳʢʦʚ; ʫʤʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʝʶ, ʫʤʝʥʠʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʦʡ ʠ ʜʨʫʛʠʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʮʠʠ, ʚʢʣʶʯʘʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʝʪʠ; ʟʥʘʥʠʝ 

ʧʩʠʭʦʣʦʛʠʠ ʠ ʵʪʠʢʠ ʦʙʱʝʥʠʷ, ʚʣʘʜʝʥʠʝ ʥʘʚʳʢʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʦʡ ʠʣʠ ʢʦʣʣʝʢʪʠʚʦʤ [6, ʉ.14]. 

ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘ 1980-ʭ ʛʛ. 

ʧʦʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ  ʚ ʚʳʩʰʝʡ 

ʰʢʦʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʧʦʟʠʮʠʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʠ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʜʠʘʣʝʢʪʠʢʘ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴʶ ( ʪʨʫʜʳ ʀ.ɸ. ɿʠʤʥʝʡ  ɸ.ʄ. ʄʘʨʢʦʚʦʡ, ɺ.ʀ. ɹʘʡʜʝʥʢʦ). 

 ʀ.ɸ. ɿʠʤʥʷʷ ʧʨʝʜʣʦʞʠʣʘ ʤʦʜʝʣʴ ʝʜʠʥʦʡ, ʮʝʣʦʩʪʥʦʡ, ʩʦʮʠʘʣʴʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʝʡ ʯʝʪʳʨʝ ʙʣʦʢʘ: 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ, ʣʠʯʥʦʩʪʥʳʡ, ʩʦʮʠʘʣʴʥʳʡ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ. ʇʝʨʚʳʝ ʜʚʘ ʙʣʦʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ, ʫʪʚʝʨʞʜʘʝʪ 

ʘʚʪʦʨ, ʙʘʟʫ, ʥʘ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʩʦʮʠʘʣʴʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 
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ʢʦʤʧʝʪʝʥʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʀ.ɸ. ɿʠʤʥʷʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʦʩʪʘʚ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ,  ʢʦʪʦʨʳʝ ʥʘ ʝʝ ʚʟʛʣʷʜ, ʚʢʣʶʯʘʶʪ  ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ: ʘ) 

ʛʦʪʦʚʥʦʩʪʴ ʢ ʧʨʦʷʚʣʝʥʠʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ (ʪ.ʝ. ʤʦʪʠʚʘʮʠʦʥʥʳʡ ʘʩʧʝʢʪ), ʛʜʝ 

ʛʦʪʦʚʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʦʙʠʣʠʟʘʮʠʷ ʩʫʙʲʝʢʪʥʳʭ ʩʠʣ; ʙ) ʚʣʘʜʝʥʠʝ 

ʟʥʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ (ʪ.ʝ. ʢʦʛʥʠʪʠʚʥʳʡ ʘʩʧʝʢʪ); ʚ) ʦʧʳʪ 

ʧʨʦʷʚʣʝʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʩʠʪʫʘʮʠʷʭ (ʪ.ʝ. ʧʦʚʝʜʝʥʯʝʩʢʠʡ ʘʩʧʝʢʪ); ʛ) ʦʪʥʦʰʝʥʠʝ ʢ ʩʦʜʝʨʞʘʥʠʶ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʦʙʲʝʢʪʫ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ( ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʦʡ ʘʩʧʝʢʪ, 

ʚʳʩʪʫʧʘʶʱʠʡ ʠ ʢʘʢ ʤʦʪʠʚʘʮʠʦʥʥʳʡ); ʜ) ʵʤʦʮʠʦʥʘʣʴʥʦ-ʚʦʣʝʚʘʷ ʨʝʛʫʣʷʮʠʷ 

ʧʨʦʮʝʩʩʘ ʠ ʨʝʟʫʣʴʪʘʘ ʧʨʦʷʚʣʝʥʠʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ.[5, ʉ.24] 

ɸ.ʂ. ʄʘʨʢʦʚʘ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʢʦʤʧʝʪʝʥʮʠʠ ʠ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʠ ʦʧʨʝʜʝʣʷʝʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʢʘʢ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, 

ʧʦʟʚʦʣʷʶʱʝʝ ʜʝʡʩʪʚʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ  ʠ ʦʪʚʝʪʩʪʚʝʥʥʦ (ʜʝʡʩʪʚʝʥʥʘʷ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ), ʢʘʢ ʦʙʣʘʜʘʥʠʝ ʯʝʣʦʚʝʢʦʤ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʫʤʝʥʠʝʤ 

ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʦʚʳʝ ʬʫʥʢʮʠʠ [7]. 

ɸ.ɺ. ʍʫʪʦʨʩʢʦʡ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʥʘʣʠʟʠʨʫʝʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ 

ʢʘʢ  ʦʪʯʫʞʜʝʥʥʦʝ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʝ ʩʦʮʠʘʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ (ʥʦʨʤʘ) ʢ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʫʯʝʥʠʢʘ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ  ʩʬʝʨʝ. 

 ʈ.ʄ. ʇʝʪʨʫʥʝʚʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʜʠʬʠʥʠʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʢʦʤʧʝʪʝʥʮʠʷ ʷʚʣʷʝʪʩʷ ʚʪʦʨʠʯʥʳʤ, ʧʨʦʠʟʚʦʜʥʳʤ ʧʦʥʷʪʠʝʤ ʦʪ 

çʢʦʤʧʝʪʝʥʪʥʦʩʪʠè ʠ ʦʙʦʟʥʘʯʘʝʪ ʩʬʝʨʫ ʧʨʠʣʦʞʝʥʠʷ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ 

ʥʘʚʳʢʦʚ ʯʝʣʦʚʝʢʘ, ʪʦʛʜʘ ʢʘʢ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʝʤʘʥʪʠʯʝʩʢʠ ʧʝʨʚʠʯʥʫʶ ʢʘʪʝʛʦʨʠʶ ʠ ʚʦʧʣʦʱʘʝʪ ʚ ʩʝʙʝ ʠʭ 

ʠʥʪʝʨʠʦʨʠʟʠʨʦʚʘʥʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ, ʩʠʩʪʝʤʫ [8]. 

ʉʦʛʣʘʰʘʷʩʴ ʩ ʪʘʢʠʤ ʧʦʜʭʦʜʦʤ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʜʘʥʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʅ.ɸ. 

ɹʘʥʴʢʦ ʩʯʠʪʘʝʪ, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʝʪʝʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʝ 

ʧʦʥʷʪʠʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʪʘʪʫʩ ʢʘʢʦʛʦ-ʣʠʙʦ ʣʠʮʘ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʞʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʪ.ʝ. ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʝʮʠʘʣʠʩʪʘ 

ʢʘʢ ʩʫʙʲʝʢʪʘ ʜʝʡʩʪʚʫʶʱʝʛʦ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʥʘ ʧʨʘʢʪʠʢʝ ʠʤʝʶʱʠʝʩʷ ʫ ʥʝʛʦ 

ʢʦʤʧʝʪʝʥʮʠʠ.[1, ʉ.48] 

 ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ çʢʦʤʧʝʪʝʥʮʠʡè, ʚ ʥʠʭ 

ʤʦʞʥʦ ʥʘʡʪʠ ʦʙʱʠʝ ʵʣʝʤʝʥʪʳ, ʚʳʷʚʣʷʶʱʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʫʶ ʩʫʪʴ ʜʘʥʥʦʛʦ 

ʢʦʥʮʝʧʪʘ. ʊʘʢ, ʩʜʝʣʘʥʥʳʡ ʥʘʤʠ ʦʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʦʙʣʝʤʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʢʦʤʧʝʪʝʥʮʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ  ʢʘʢ: 

- ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ, ʦ ʢʦʪʦʨʦʡ ʠʥʜʠʚʠʜ ʭʦʨʦʰʦ ʦʩʚʝʜʦʤʣʝʥ, ʠ ʚ 
ʢʦʪʦʨʦʡ ʦʥ ʧʨʦʷʚʣʷʝʪ ʛʦʪʦʚʥʦʩʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʙʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʜʠʚʠʜʘ, ʛʣʫʙʦʢʘʷ ʠ ʫʩʪʦʡʯʠʚʘʷ ʯʘʩʪʴ 
ʣʠʯʥʦʩʪʠ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʧʦʚʝʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʝ ʞʠʟʥʝʥʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ; 

- ʥʝʢʦʪʦʨʳʝ ʚʥʫʪʨʝʥʥʠʝ, ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ 
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ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ (ʟʥʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʘʣʛʦʨʠʪʤʳ ʜʝʡʩʪʚʠʡ, ʩʠʩʪʝʤʳ 

ʮʝʥʥʦʩʪʝʡ ʠ ʦʪʥʦʰʝʥʠʡ), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʷʚʣʷʶʪʩʷ ʚ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʭ 

ʯʝʣʦʚʝʢʘ ʢʘʢ ʘʢʪʫʘʣʴʥʳʭ, ʜʝʷʪʝʣʴʥʦʩʪʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ; 

- ʠʥʪʝʛʨʘʪʠʚʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʟʥʘʥʠʷ, ʫʤʝʥʠʷ, 

ʥʘʚʳʢʠ, ʩʧʦʩʦʙʥʦʩʪʠ, ʤʦʪʠʚʳ, ʫʙʝʞʜʝʥʠʷ, ʮʝʥʥʦʩʪʠ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʠ 

ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ; 

- ʦʙʱʘʷ ʛʦʪʦʚʥʦʩʪʴ ʣʠʯʥʦʩʪʠ ʢ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 
ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʟʥʘʥʠʷʭ, ʥʘʚʳʢʘʭ ʠ ʦʧʳʪʝ; ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʟʥʘʥʠʝʤ ʠ ʩʠʪʫʘʮʠʝʡ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ; 

- ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʧʨʦʮʝʜʫʨʥʳʭ, ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʳʭ ʠ 

ʜʝʢʣʘʨʘʪʠʚʥʳʭ ʟʥʘʥʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʠ ʦʙʦʛʘʱʘʶʪʩʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ 

ʤʝʨʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫ ʥʦʩʠʪʝʣʷ ʢʦʤʧʝʪʝʥʮʠʠ ʨʝʘʣʴʥʳʭ ʞʠʟʥʝʥʥʦ-ʚʘʞʥʳʭ 

ʧʨʦʙʣʝʤ; 

- ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʘ, 
ʢʘʪʝʛʦʨʠʷ ʨʝʟʫʣʴʪʘʪʘ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ  ʦʜʥʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʝʪʝʥʮʠʠ ʙʦʣʴʰʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʚʥʝʰʥʝʝ ʜʝʡʩʪʚʠʝ, ʜʨʫʛʠʝ ï ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ;   

ʟʥʘʥʠʷ ʦʙʦʟʥʘʯʝʥʳ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʘ ʥʘʚʳʢʦʚ; ʪʨʝʪʴʠ ï ʥʘ  ʥʝʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʪʘʢʦʡ ʵʣʝʤʝʥʪ, ʢʘʢ ʩʠʩʪʝʤʘ ʮʝʥʥʦʩʪʝʡ ʠ 

ʦʪʥʦʰʝʥʠʡ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʢʦʤʧʝʪʝʥʮʠʷ ʧʦʥʠʤʘʝʪʩʷ ʥʘʤʠ ʢʘʢ ʩʚʦʡʩʪʚʦ ʣʠʯʥʦʩʪʠ, 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʥʜʠʚʠʜʘ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʜʘʯʘʤʠ, 

ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ  ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʘʬʬʝʢʪʠʚʥʳʭ ʥʘʚʳʢʦʚ, ʥʘʣʠʯʠʝ 

ʤʦʪʠʚʘʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʮʝʥʥʦʩʪʥʳʭ ʫʩʪʘʥʦʚʦʢ.  

ʀʪʘʢ, ʢʦʥʮʝʧʪ çʢʦʤʧʝʪʝʥʮʠʷè ʩʣʝʜʫʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʦʤʧʣʝʢʩʥʦ, ʢʘʢ 

ʩʪʨʫʢʪʫʨʫ, ʩʣʘʛʘʝʤʫʶ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ  

ʧʦʥʠʤʘʶʪ  ʢʦʤʧʝʪʝʥʮʠʶ ʢʘʢ ʜʠʥʘʤʠʯʥʫʶ ʢʘʪʝʛʦʨʠʶ, ʚʢʣʶʯʘʷ  ʚ ʝʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʠʩʘʥʠʝ ʨʘʟʚʠʪʠʷ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʛʣʫʙʦʢʫʶ ʠ ʦʨʠʛʠʥʘʣʴʥʫʶ ʪʨʘʢʪʦʚʢʫ ʜʘʥʥʦʛʦ 

ʪʝʨʤʠʥʘ ʧʨʝʜʣʘʛʘʝʪ ʅ. ʉ. ʉʘʭʘʨʦʚʘ. ʀʟʫʯʠʚ ʵʪʠʤʦʣʦʛʠʶ ʠ ʩʝʤʘʥʪʠʢʫ ʩʣʦʚʘ 

çʢʦʤʧʝʪʝʥʮʠʷè, ʦʥʘ ʧʨʠʭʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʪʦ ʧʦʥʷʪʠʝ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʠʭʦʪʦʤʠʠ 

ʧ ʨʦʮʝʩʩ ʜʝʡʩʪʚʠʷ   ï    ʩ ʦ ʩʪʦʷʥʠʝ 

(ʟʥʘʯʝʥʠʷ çʜʦʙʠʚʘʶʩʴ, ʜʦʩʪʠʛʘʶè)      (ʟʥʘʯʝʥʠʷ çʩʦʦʪʚʝʪʩʪʚʫʶ, ʧʦʜʭʦʞʫ) 

ʅ. ʉ. ʉʘʭʘʨʦʚʦʡ ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ 

çʢʦʤʧʝʪʝʥʮʠʷè ʚ ʬʠʣʦʩʦʬʠʠ, ʣʦʛʠʢʝ, ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʠ ʚʳʷʚʣʝʥʘ ʝʛʦ ʦʙʱʘʷ 

ʢʘʪʝʛʦʨʠʘʣʴʥʘʷ ʩʫʪʴ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ  ʩʧʦʩʦʙʥʦʩʪʠ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ  

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʦʚʤʝʩʪʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʪʢʣʠʢʘʷʩʴ ʥʘ ʚʥʝʰʥʝʝ ʨʘʟʜʨʘʞʝʥʠʝ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʢʮʠʝʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʡ ʨʝʘʢʮʠʠ (ʨʝʬʣʝʢʩʠʠ) ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʝʪʝʥʮʠʷ [9]. ɺ ʧʦʜʦʙʥʦʡ ʪʨʘʢʪʦʚʢʝ ʢʦʤʧʝʪʝʥʮʠʷ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ 

ʨʝʬʣʝʢʩʠʠ ʠʥʜʠʚʠʜʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʝʛʦ 

ʨʝʘʢʮʠʠ ʥʘ ʚʥʝʰʥʝʝ ʨʘʟʜʨʘʞʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʜʨʫʛʠʤʠ ʠʥʜʠʚʠʜʘʤʠ  ï  ʯʣʝʥʘʤʠ ʩʦʮʠʫʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʩʘʤʦʤ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ ʤʳ ʦʧʨʝʜʝʣʠʤ 

ʢʦʤʧʝʪʝʥʮʠʶ ʢʘʢ ʩʚʦʡʩʪʚʦ (ʢʘʯʝʩʪʚʦ), ʪʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʙʣʘʜʘʥʠʝ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʢʠʜʘʷ ʩʪʝʥʳ ʚʫʟʘ, ʚʳʧʫʩʢʥʠʢ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ï ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-

ʨʝʣʝʚʘʥʪʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʪʝʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥ 

ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʝʛʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʩʢʦʣʴʢʦ ʢʦʤʧʝʪʝʥʮʠʡ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʦ ʫ ʚʳʧʫʩʢʥʠʢʘ ʚʫʟʘ? ʇʦ ʤʥʝʥʠʶ ɸ. ʅ. ɼʘʭʠʥʘ, ʚ ʥʘʫʢʘʭ ʥʝʪ 

ʩʤʳʩʣʘ ʨʘʟʤʝʥʠʚʘʪʴʩʷ ʥʘ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʥʘʙʦʨ ʢʦʤʧʝʪʝʥʮʠʡ, ʠ ʤʦʞʥʦ 

ʦʙʦʡʪʠʩʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʯʠʩʣʦʤ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʝʜʫʶʱʝʤ ʚʳʩʢʘʟʳʚʘʥʠʠ: 

çʂʦʤʧʝʪʝʥʮʠʷ ʚʳʧʫʩʢʥʠʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ é (ʩʣʝʜʫʝʪ ʝʝ ʦʧʠʩʘʥʠʝ)è [3]. 

ɺ ʢʦʥʪʝʢʩʪʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ ʘʥʘʣʠʟʫ 

ʚʠʜʦʚ ʢʦʤʧʝʪʝʥʮʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ  ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ             

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ (ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ) ʦʙʱʠʭ 

(ʢʣʶʯʝʚʳʭ, ʙʘʟʦʚʳʭ, ʫʥʠʚʝʨʩʘʣʴʥʳʭ, ʪʨʘʥʩʧʨʝʜʤʝʪʥʳʭ, 

ʤʝʪʘʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠ ʪ. ʜ.), ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʢʦʤʧʝʪʝʥʮʠʡ. 

ʀ.ɸ. ɿʠʤʥʷʷ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ, ʩʦʮʠʘʣʴʥʘʷ ʠ ʢʣʶʯʝʚʘʷ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʘʚʪʦʨ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ: 

- ʚʩʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʦʮʠʘʣʴʥʳ (ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ), 

ʠʙʦ ʦʥʠ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ, ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʩʦʮʠʫʤʝ; ʦʥʠ ʩʦʮʠʘʣʴʥʳ ʧʦ ʩʚʦʝʤʫ 

ʩʦʜʝʨʞʘʥʠʶ; ʦʥʠ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʵʪʦʤ ʩʦʮʠʫʤʝ; 

- ʢʣʶʯʝʚʳʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ï ʵʪʦ ʪʝ ʦʙʦʙʱʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʦʩʥʦʚʥʳʝ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʦʨʤʘʣʴʥʫʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʩʦʮʠʫʤʝ; 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʫʯʝʙʥʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʫʯʝʙʥʦʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʨʝʜʝ; 

- ʩʦʮʠʘʣʴʥʳʝ (ʚ ʫʟʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ) ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʦʙʱʝʩʪʚʦʤ, ʩʦʮʠʫʤʦʤ, ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ, ʩ ʩʘʤʠʤ 

ʩʦʙʦʡ ʠ ʪ.ʜ [4].  
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ʉɽʂʎʀʗ ˉ 2 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʪʝʦʨʠʷ, ʤʝʪʦʜʳ, 
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ʆ ʇʈʆɹʃɽʄɸʍ ʇʆɼɻʆʊʆɺʂʀ ʉʇɽʎʀɸʃʀʉʊʆɺ 
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(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʀʥʬʦʨʤʘʪʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ, ʯʪʦ 

ʦʪʤʝʯʘʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʥʘ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʉʝʨʴʝʟʥʳʤ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʢ ʝʝ ʚʥʝʜʨʝʥʠʶ ʚʦ ʚʩʝ ʩʬʝʨʳ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʜʝʬʠʮʠʪ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʀʊ) ʢʘʢ ʥʘ ʈʦʩʩʠʡʩʢʦʤ, ʪʘʢ ʠ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ ʪʨʫʜʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʷʜʦʤ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ. 

- ʨʳʥʦʢ ʀʊ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʫʣʷʨʥʦ 

ʧʦʷʚʣʷʶʪʩʷ, ʘ ʩʬʝʨʘ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ; 

- ʥʘ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʘʢʪʠʚʥʦ ʨʝʘʣʠʟʫʶʪʩʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ, ʪʨʝʙʫʶʱʠʝ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʪ. ʧ.; 

- ʚ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘʭ ʥʫʞʜʘʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʚ 

ʈʦʩʩʠʠ ʤʘʣʳʡ ʠ ʩʨʝʜʥʠʡ ʙʠʟʥʝʩ. 

ʉʠʪʫʘʮʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʬʝʨʘ ʀʊ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʘʤʦʡ 

ʨʘʟʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʂʦʤʧʘʥʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʨʳʥʢʝ, ʯʘʩʪʦ ʚʳʥʫʞʜʝʥʳ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʥʮʠʧ çʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘè ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʥʠʤʘ ̫ʥʘ 

ʨʘʙʦʪʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʞʝʣʘʶʱʠʭ ʠ ʫʚʦʣʴʥʷʷ ʟʘʪʝʤ ʧʦʣʦʚʠʥʫ ʠʟ ʥʠʭ. ʇʦ 

ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʧʨʠʯʠʥʳ ʧʦʜʦʙʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʠʝ: 

- ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʳʭ ʤʝʪʦʜʦʚ ʩʝʣʝʢʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʜʦʢʫʤʝʥʪ ʦʙ 
ʦʙʨʘʟʦʚʘʥʠʠ ʯʘʩʪʦ ʥʝ ʦʪʦʙʨʘʞʘʝʪ ʨʝʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠʭ ʢʚʘʣʠʬʠʢʘʮʠʠ; ʝʱʝ 

ʤʝʥʴʰʝ ʜʦʚʝʨʠʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʙʝʩʝʜʦʚʘʥʠʷ ʩ ʧʨʝʪʝʥʜʝʥʪʦʤ ʥʘ ʚʘʢʘʥʪʥʫʶ ʜʦʣʞʥʦʩʪʴ); 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʥʝʟʨʝʣʦʩʪʴ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʤʝʩʪʦ ʚ ʀʊ-ʢʦʤʧʘʥʠʠ 

(ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʚʳʧʫʩʢʥʠʢʦʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʦʪʦʨʚʘʥʳ ʦʪ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʣʠʡ; ʦʥʠ ʥʝ ʛʦʪʦʚʳ ʢ ʧʨʠʥʷʪʠʶ ʥʘ ʩʝʙʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʘʤʦʢʦʥʪʨʦʣʶ, ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʝ). 
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- ɺʩʝ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʳʩʰʝʤʫ) ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤʫ ʀʊ-ʦʙʨʘʟʦʚʘʥʠʶ, ʠʤʝʶʱʝʤʫ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ [1]: 

- ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʝʢʨʘʱʘʶʱʝʛʦʩʷ ʨʘʟʚʠʪʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ; 

- ʦʙʷʟʘʪʝʣʴʥʘʷ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʦʙʥʦʚʣʝʥʠʷ ʀʊ; 

- ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʥʘʮʠʦʥʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ 

ʚʩʣʝʜʩʪʚʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʣʦʙʘʣʠʟʘʮʠʠ. 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʘ 

(ʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ) ʦʜʥʦʡ ʠʟ ʣʫʯʰʠʭ ʚ ʤʠʨʝ. ʋ ʙʫʜʫʱʠʭ ʠʥʞʝʥʝʨʦʚ 

ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʩʠʩʪʝʤʥʦʝ ʤʳʰʣʝʥʠʝ, ʦʥʠ ʧʦʣʫʯʘʣʠ ʩʝʨʴʝʟʥʫʶ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ. ʅʘʣʠʯʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʧʦʟʚʦʣʷʣʦ ʯʝʣʦʚʝʢʫ ʥʘʭʦʜʠʪʴ ʩʝʙʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʧʦʟʚʦʣʷʣʦ 

ʩʧʝʮʠʘʣʠʩʪʫ ʫʩʧʝʰʥʦ ʨʘʩʪʠ çʚʝʨʪʠʢʘʣʴʥʦè ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʦʡ 

ʧʨʦʬʝʩʩʠʠ. ʇʨʘʛʤʘʪʠʯʥʳʡ ʟʘʧʘʜʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʟʘʫʯʠʚʘʥʠʠ ʪʠʧʦʚʳʭ çʧʨʘʚʠʣʴʥʳʭè ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴ 

ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ [2]. ʕʪʦ ʜʘʝʪ ʩʧʝʮʠʘʣʠʩʪʘʤ ʚʦʟʤʦʞʥʦʩʪʠ 

çʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦè ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʟʥʳʭ ʢʦʤʧʘʥʠʷʭ, ʥʦ ʠ ʚ 

ʨʘʟʥʳʭ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ.  

ɺ ʀʊ-ʠʥʜʫʩʪʨʠʠ ʨʘʟʚʠʪʘ ʧʨʝʞʜʝ ʚʩʝʛʦ çʛʦʨʠʟʦʥʪʘʣʴʥʘʷè 

ʩʧʝʮʠʘʣʠʟʘʮʠʷ. ʆʩʥʦʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʀʊ (ʘʧʧʘʨʘʪʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ) ʫʥʠʚʝʨʩʘʣʴʥʳ. 

ʇʦʵʪʦʤʫ ʀʊ-ʩʧʝʮʠʘʣʠʩʪ ʥʝ ʦʱʫʱʘʝʪ ʠʟʤʝʥʝʥʠʡ ʚ ʩʧʝʮʠʬʠʢʝ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʩʤʝʥʝ ʤʝʩʪʘ ʨʘʙʦʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʚʳʩʰʝʤ ʦʙʨʘʟʦʚʘʥʠʠ ʩʣʦʞʠʣʘʩʴ ʥʝʥʦʨʤʘʣʴʥʘʷ 

ʩʠʪʫʘʮʠʷ. ɽʩʣʠ ʨʘʥʴʰʝ ʩʧʝʮʠʘʣʠʩʪʘ çʟʘʢʘʟʳʚʘʣʦè ʠ çʧʦʪʨʝʙʣʷʣʦè 

ʛʦʩʫʜʘʨʩʪʚʦ, ʦʧʣʘʯʠʚʘʷ ʝʛʦ ʦʙʫʯʝʥʠʝ ʠʟ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ, ʪʦ ʩʝʡʯʘʩ 

ʩʧʝʮʠʘʣʠʩʪʦʚ çʟʘʢʘʟʳʚʘʝʪè ʛʦʩʫʜʘʨʩʪʚʦ ʚ ʣʠʮʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ, ʘ çʧʦʪʨʝʙʣʷʝʪè, ʚ ʦʩʥʦʚʥʦʤ, ʙʠʟʥʝʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ 

ʛʦʪʦʚʷʪ ʥʝ ʪʝʭ, ʢʪʦ ʨʝʘʣʴʥʦ ʥʫʞʝʥ, ʠ ʥʝ ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʥʫʞʥʦ. ʀʟʤʝʥʠʪʴ 

ʵʪʫ ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠʥʷʪʠʝʤ ʩʣʝʜʫʶʱʠʭ ʤʝʨ. 

1) ʀʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʨʳʥʢʘ ʪʨʫʜʘ ʚ ʩʬʝʨʝ ʀʊ. ʏʪʦʙʳ ʥʘʧʦʣʥʠʪʴ 

ʨʳʥʦʢ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʘʙʦʪʦʜʘʪʝʣʶ, 

ʥʝʦʙʭʦʜʠʤʘ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʩʠʩʪʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʚ ʦʙʣʘʩʪʠ ʀʊ. ɻʨʘʜʘʮʠʷ 

ʫʨʦʚʥʝʡ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʨʘʙʦʪʥʠʢʦʚ [2]: 

- ʢʦʜʠʨʦʚʱʠʢʠ/ʪʝʩʪʠʨʦʚʱʠʢʠ (ʚ ʩʬʝʨʝ ʀʊ ʪʨʝʙʫʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʤʝʥʥʦ ʪʘʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʪʘʢʦʛʦ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ) 

ʛʦʪʦʚʷʪʩʷ ʚ ʢʦʣʣʝʜʞʝ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʫʟʝ) ʚ ʪʝʯʝʥʠʝ 1,5-2 ʣʝʪ. ʀʤ 

ʧʨʝʧʦʜʘʶʪʩʷ ʪʝ ʞʝ ʜʠʩʮʠʧʣʠʥ,r ʯʪʦ ʠ ʙʘʢʘʣʘʚʨʘʤ, ʥʦ ʚ ʤʝʥʴʰʝʤ ʦʙʲʝʤʝ ʠ ʩ 
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ʧʨʘʢʪʠʯʝʩʢʠʤ ʫʢʣʦʥʦʤ. ʇʨʠ ʩʤʝʥʝ ʘʧʧʘʨʘʪʥʳʭ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʣʘʪʬʦʨʤ 

ʦʥʠ ʙʳʩʪʨʦ ʧʝʨʝʫʯʠʚʘʶʪʩʷ; 

- ʨʘʟʨʘʙʦʪʯʠʢʠ ʇʆ, ʩʠʩʪʝʤʥʳʝ ʘʥʘʣʠʪʠʢʠ, ʘʥʘʣʠʪʠʢʠ ʙʘʟ ʜʘʥʥʳʭ ʩ 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ çʙʘʢʘʣʘʚʨè (ʧʦ ʜʘʥʥʳʤ ʬʠʨʤʳ ç1ʉè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʭʚʘʪʘʝʪ ʠʤʝʥʥʦ ʠʭ) ʛʦʪʦʚʷʪʩʷ ʚ ʚʫʟʝ ʚ ʪʝʯʝʥʠʝ 4 ʣʝʪ ʜʣʷ ʨʘʙʦʪʳ, ʪʨʝʙʫʶʱʝʡ 

ʦʩʥʦʚʘʪʝʣʴʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʆʥʠ ʜʦʣʞʥ r ʟʥʘʪʴ ʨʘʟʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʫʤʝʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʮʝʥʘʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʪʨʫʢʪʫʨʫ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʤʦʜʝʣʠ ʙʘʟ ʜʘʥʥʳʭ ʠ ʪ. ʧ.; 

- ʤʝʥʝʜʞʝʨ rʧʨʦʝʢʪʦʚ, ʢʦʦʨʜʠʥʘʪʦʨ,r ʙʠʟʥʝʩ-ʘʥʘʣʠʪʠʢʠ, ʤʝʥʝʜʞʝʨ r

ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʢʘʯʝʩʪʚʦʤ ʩ ʢʚʘʣʠʬʠʢʘʮʠʝʡ çʤʘʛʠʩʪʨè ʛʦʪʦʚʷʪʩʷ ʚ ʚʫʟʝ ʚ 

ʪʝʯʝʥʠʝ 1,5-2 ʣʝʪ. ʆʥʠ ʜʦʣʞʥʳ ʫʤʝʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʝʩʪʠ ʩʣʦʞʥʳʝ 

ʧʨʦʝʢʪʳ, ʧʦʥʠʤʘʪʴ ʦʨʛʘʥʠʟʘʮʠ ʁ ʙʠʟʥʝʩʘ, ʟʥʘʪʴ ʦʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʩʦʥʘʣʦʤ. 

ɺ ʠʜʝʘʣʝ ʤʝʞʜʫ ʩʪʫʧʝʥʷʤʠ ʦʙʫʯʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʚʨʝʤʝʥʥʳʝ 

ʨʘʟʨʳʚʳ, ʯʪʦʙʳ ʯʝʣʦʚʝʢ ʤʦʛ ʥʘʢʦʧʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʠ ʫʞʝ ʥʘ ʝʛʦ ʙʘʟʝ 

ʧʨʠʥʠʤʘʪ ɹ ʨʝʰʝʥʠʝ, ʧʨʦʜʦʣʞʠʪʴ ʣʠ ʦʙʫʯʝʥʠʝ (ʚʦʟʤʦʞʥʦ, ʧʦ ʜʨʫʛʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ) ʠʣʠ ʜʘʣʴʰʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʣʶʜʷʤ ʚʦʚʨʝʤʷ ʠʟʤʝʥʠʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ (ʪʘʢ ʢʘʢ ʥʝʪ ʛʘʨʘʥʪʠʡ, ʯʪʦ ʚʩʝʤ ʧʦʣʫʯʠʚʰʠʤ ʫʟʢʦʧʨʦʬʠʣʴʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʚʪʨʘ ʥʘʡʜʝʪʩʷ ʨʘʙʦʯʝʝ ʤʝʩʪʦ).  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʫʯʝʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʦ ʠʭ ʥʫʞʥʦ ʩʦʚʩʝʤ ʥʝʤʥʦʛʦ, ʠ 

ʛʦʪʦʚʠʪʴ ʠʭ ʤʦʞʥʦ ʚ ʪʝʯʝʥʠʝ 5-6 ʣʝʪ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʝ. ɸʢʮʝʥʪ ʜʦʣʞʝʥ 

ʜʝʣʘʪʩɹʷ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʪʫʜʝʥʪʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʥʝ ʤʝʥ̫ʁʪʩʷ ʩʦ ʩʤʝʥʦʡ ʀʊ.  

2) ʀʟʤʝʥʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʫ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʨʝʚʰʠʭ 

ʧʦʥʷʪʠʡ ʠ ʧʦʜʭʦʜʦʚ. ɺ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʩʪʫʜʝʥʪʫ ʜʘʶʪʩʷ ʣʠʙʦ ʥʝ ʚʩʝʛʜʘ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʣʠʙʦ ʙʳʩʪʨʦ ʫʩʪʘʨʝʚʘʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʧʦʜʛʦʪʦʚʢʫ ʫʯʝʥʳʭ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʠʣʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʭʘʢʝʨʦʚ-

ʦʜʠʥʦʯʝʢ) ʧʨʠ ʪʦʤ, ʯʪʦ ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʫʜʝʥʪʦʚ ʥʝ ʩʦʙʠʨʘʶʪʩʷ 

ʟʘʥʠʤʘʪʴʩʷ ʥʘʫʯʥʦʡ ʠʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴ.ʁ ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʧʨʠʚʠʚʘʶʪʩʷ ʚ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦʤ 

ʦʙʲʝʤʝ.  

ɼʝʡʩʪʚʫʷ ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʚʫʟʳ ʦʨʠʝʥʪʠʨʫʶʪʩʷ 

ʥʘ ʪʦ, ʯʪʦʙʳ ʠʭ ʚʳʧʫʩʢʥʠʢʠ ʦʙʣʘʜʘʣʠ ʥʝʢʦʪʦʨʳʤ ʤʠʥʠʤʘʣʴʥʳʤ (ʘ ʚʦʚʩʝ ʥʝ 

ʦʧʪʠʤʘʣʴʥʳʤ) ʦʙʲʝʤʦʤ ʟʥʘʥʠʡ ʠ ʫʤʝʥʠʡ. ʆʧʠʨʘʷʩʴ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ 

ʧʦʜʛʦʪʦʚʢʠ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʪʘʥʜʘʨʪʘʭ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʩʣʘʙʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʠʩʮʠʧʣʠʥʳ [1]: 

- çɺʝʨʠʬʠʢʘʮʠʷ ʠ ʘʪʪʝʩʪʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ)è. 

ɿʜʝʩʴ ʠʟʫʯʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʦʚʝʨʢʠ ʇʆ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʩʭʦʜʥʦʡ 

ʩʧʝʮʠʬʠʢʘʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠ ʁʇʆ ʠ ʩʦʩʪʘʚʣʝʥʠʶ 

ʧʨʦʛʨʘʤʤʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 
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- çʕʚʦʣʶʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷè. ɿʜʝʩʴ ʠʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʇʆ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʚʦʧʨʦʩʳ (ʨʝʠʥʞʠʥʝʨʠʥʛ, ʨʝʬʘʢʪʦʨʠʥʛ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤ ʠ ʪ. ʜ.); 

- çʂʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷè. ɿʜʝʩʴ ʠʟʫʯʘʶʪʩʷ ʩʪʘʥʜʘʨʪʳ 

ʢʘʯʝʩʪʚʘ ʇʆ ʠ ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʢʘʯʝʩʪʚʦʤ; 

- çʋʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠè. ɿʜʝʩʴ ʠʟʫʯʘʝʪʩ ̫ ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʦʨʛʘʥʠʟʘʮʠ ̫ʠ ʤʦʥʠʪʦʨʠʥʛ ʚʩʝʭ ʬʘʟ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʇʆ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ; 

- çʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʧʨʘʢʪʠʢʘè. ɿʜʝʩʴ ʠʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ, 

ʛʨʫʧʧʦʚʦʡ ʧʩʠʭʦʣʦʛʠʠ, ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 

ʉʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ ʀʊ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ 

ʪʨʝʙʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʮʠʡ. ʋ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʠʤʝʶɦʠʭ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʀʊ-ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʧʝʮʠʘʣʠʩʪʘʤ 

ʤʦʛʫʪ ʙʳʪʴ ʜʨʫʛʠʤʠ (ʫʯʠʪʳʚʘʪʴ ʠʭ ʤʥʝʥʠʝ ʪʝʤ ʙʦʣʝʝ ʚʘʞʥʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʩʪʘʶʪʩʷ ʨʘʙʦʪʘʪʴ ʚ ʩʚʦʝʤ ʨʝʛʠʦʥʝ). 

ʏʘʩʪʠʯʥʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʠʩʮʠʧʣʠʥ ʥʘʮʠʦʥʘʣʴʥʦ-ʨʝʛʠʦʥʘʣʴʥʦʛʦ (ʚʫʟʦʚʩʢʦʛʦ) ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʵʣʝʢʪʠʚʥʳʭ ʜʠʩʮʠʧʣʠʥ, ʦʜʥʘʢʦ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʠʟʤʝʥʠʪʴ ʩʠʪʫʘʮʠʶ ʤʦʞʝʪ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʧʦʣʴʟʫ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʨʝʜʤʝʪʦʚ (ʧʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʪʘʥʜʘʨʪʳ ʧʦʢʦʣʝʥʠʷ ç3+è ʜʘʶʪ ʪʘʢʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ, ʥʦ ʦʥʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʝ ʫʪʚʝʨʞʜʝʥʳ). ʉʫʱʝʩʪʚʝʥʥʫʶ 

ʧʦʤʦʱʴ ʤʦʞʝʪ ʪʘʢʞʝ ʦʢʘʟʘʪʴ ʧʨʠʚʣʝʯʝʥʠʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ. 

3) ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘ. ʈʝʘʣʠʷʤʠ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʀʊ ʧʨʠʤʝʨʥʦ ʨʘʟ ʚ ʛʦʜ, ʥʦʚʳʭ 

ʢʦʥʮʝʧʮʠʡ ð ʨʘʟ ʚ 3 ʛʦʜʘ (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʪ ʠʜʝʠ ʜʦ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ), ʥʦʚʳʭ 

ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ ʠ ʇʆ ð ʨʘʟ ʚ 5 ʣʝʪ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ çʛʦʨʠʟʦʥʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷè, ʦʧʨʝʜʝʣʷʝʤʳʡ ʥʦʨʤʘʪʠʚʥʳʤʠ ʩʨʦʢʘʤʠ ʦʙʫʯʝʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 

4 (ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ) ʠʣʠ 5 (ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ) ʣʝʪ. ɿʘ ɻʪʦ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʝʤʳʝ 

ʩʪʫʜʝʥʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʫʩʪʘʨʝʚʘʁʪ, ʘ ʥʘ 

ʨʳʥʢʝ ʪʨʫʜʘ ʬʦʨʤʠʨʫʝʪʩʷ ʜʨʫʛʘʷ ʩʪʨʫʢʪʫʨʘ ʩʧʨʦʩʘ ʥʘ ʩʧʝʮʠʘʣʠʩʪʦʚ.  

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ, ʟʘʢʨʝʧʣʝʥʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ, ʠʟʤʝʥʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. ʈʘʟʫʤʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʨʥʳʡ ʧʝʨʝʩʤʦʪʨ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʬʝʨʳ ʀʊ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

çʘʤʦʨʬʥʳʭè ʥʘʟʚʘʥʠʡ ʧʨʝʜʤʝʪʦʚ (ʥʘʧʨʠʤʝʨ, çʈʘʟʨʘʙʦʪʢʘ ʇʆ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʝʡè) ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʩʤʝʥʝ ʧʨʦʛʨʘʤʤʥʦʡ ʠʣʠ ʘʧʧʘʨʘʪʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ, ʥʝ ʤʝʥʷʷ 

ʨʘʙʦʯʝʛʦ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ. 

4) ʀʟʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʈʝʛʫʣʷʨʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚ ʀʊ-ʢʦʤʧʘʥʠʷʭ ʠ 
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ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʪʜʝʣʘʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʩ ʫʯʝʪʦʤ ʙʳʩʪʨʦʪʳ ʫʩʪʘʨʝʚʘʥʠʷ ʀʊ) 

ð ʦʙʲʝʢʪʠʚʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʨʠʯʝʤ ʧʦʚʳʰʘʪʴ ʵʪʫ ʢʚʘʣʠʬʠʢʘʮʠʶ 

ʨʘʟʫʤʥʦ ʥʝ ʨʘʟ ʚ 5 ʣʝʪ, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʘ ʭʦʪʷ ʙʳ ʨʘʟ ʚ 2-3 

ʛʦʜʘ. ʇʝʨʝʧʦʜʛʦʪʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ (ʪʘʢ, ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ 

ɽʚʨʦʧʳ ʠ ʉʐɸ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʧʨʦʰʝʜʰʠʝ ʩʪʘʞʠʨʦʚʢʫ, ʩʘʤʠ ʧʨʦʚʦʜʷʪ 

ʩʝʤʠʥʘʨʳ ʥʘ ʢʘʬʝʜʨʘʭ, ʧʦʤʦʛʘ ̫ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʝʨʝʜʦʚʦʛʦ ʦʧʳʪʘ [1]).  

5) ʀʟʤʝʥʝʥʠʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʥʦʰʝʥʠʷ çʚʫʟ ð ʨʘʙʦʪʦʜʘʪʝʣʴè ʠʤʝʶʪ ʷʚʥʦ 

ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʯʝʙʥʳʤ ʟʘʚʝʜʝʥʠʷʤ: ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʧʝʨʚʳʝ ʦʙʷʟʘʥʳ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʶ ʧʦʜʛʦʪʦʚʢʠ 

ʩʪʫʜʝʥʪʦʚ, ʚʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʟʘʧʦʣʫʯʠʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ çʜʘʨʦʤè. 

ʈʘʙʦʪʦʜʘʪʝʣʷʤ ʩʣʝʜʫʝʪ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʦʙʫʯʝʥʠʝ. ʂʦʥʝʯʥʦ, ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʮʝʣʝʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʦʛʫʪ 

ʩʝʙʝ ʧʦʟʚʦʣʠʪʴ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʅʦ ʩʫʱʝʩʪʚʫʶʪ ʠ 

ʤʝʥʝʝ ʦʙʨʝʤʝʥʠʪʝʣʴʥʳʝ ʬʦʨʤʳ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʪʘʢʠʝ ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʧʝʨʝʜʘʯʘ ʚʫʟʫ ʚ ʧʦʩʪʦʷʥʥʦʝ ʠʣʠ ʚʨʝʤʝʥʥʦʝ ʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʇʆ. ɺʫʟʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ ʜʘʚʘʪʴ ʨʘʙʦʪʦʜʘʪʝʣʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʚʣʝʢʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʩʪʘʨʰʝʢʫʨʩʥʠʢʦʚ ʢ 

ʨʝʰʝʥʠʶ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʘʥʠʷ ʩʤʦʞʝʪ ʦʮʝʥʠʪʴ, ʧʦʜʭʦʜʠʪ 

ʣʠ ʝʡ ʩʪʫʜʝʥʪ, ʘ ʩʪʫʜʝʥʪ ð ʧʦʜʭʦʜʠʪ ʣʠ ʝʤʫ ʧʨʝʜʣʦʞʝʥʥʘʷ ʨʘʙʦʪʘ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ɽʱʝ ʢ ʦʜʥʦʡ ʬʦʨʤʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ð ʤʘʩʩʦʚʦʤ ʚʥʝʜʨʝʥʠʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʀʊ-ʢʦʤʧʘʥʠʷʭ, ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʘʚʪʦʨ ʦʪʥʦʩʠʪʩʷ ʩʜʝʨʞʘʥʥʦ: ʚʩʝ-ʪʘʢʠ ʧʨʝʧʦʜʘʚʘʥʠʝʤ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʝʣʴʟʷ ʟʘʥʠʤʘʪʴʩʷ çʤʝʞʜʫ ʜʝʣʦʤè.  

ɸʥʘʣʠʟʠʨʫʷ ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ: 

1) ʅʘ ʨʳʥʢʝ ʪʨʫʜʘ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚ ʨʘʟʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʯʪʦʙʳ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʙʠʟʥʝʩʘ ʙʳʣʠ ʫʜʦʚʣʝʪʚʦʨʝʥʳ. 

2) ʂʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʘʤ ʠ ʩʦʜʝʨʞʘʥʠʝ ʠʭ 

ʧʦʜʛʦʪʦʚʢʠ ʜʦʣʞʥʳ ʦʧʝʨʘʪʠʚʥʦ ʤʝʥʷʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʀʊ. 

3) ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʫʯʝʙʥʳʤ ʟʘʚʝʜʝʥʠʝʤ ʠ ʨʘʙʦʪʦʜʘʪʝʣʝʤ ʢʘʢ 

ʧʦʪʨʝʙʠʪʝʣʝʤ ʚʳʧʫʩʢʥʠʢʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʚʟʘʠʤʦʚʳʛʦʜʥʳʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʝʧʦʜʘʚʘʥʠʶ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ ʠ 

ʠʥʬʦʨʤʘʪʠʢʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ [ʊʝʢʩʪ] : ʇʝʨ. ʩ ʘʥʛʣ. ʅ.ʀ. ɹʦʡʢʦ [ʠ ʜʨ.]; ʨʝʜ. 

ʧʝʨ. ɺ.ʃ. ʇʘʚʣʦʚ [ʠ ʜʨ.]. ð ʄ. : ʀʅʊʋʀʊ.ʈʋ çʀʥʪʝʨʥʝʪ-ʋʥʠʚʝʨʩʠʪʝʪ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡè, 2007. ð 462 ʩ. 

2. ʇʨʦʙʣʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʀʊ-ʠʥʜʫʩʪʨʠʠ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʀ.ɺ. ʄʝʥʜʟʝʙʨʦʚʩʢʠʡ. ð ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
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&op=view&id=250, ʩʚʦʙʦʜʥʳʡ. 

 

ʈɸɿʈɸɹʆʊʂɸ ʆɹʃɸʏʅʆɻʆ ʇʈʆʊʆʂʆʃɸ ɸʋʊɽʅʊʀʌʀʂɸʎʀʀ 

ʂʃʀɽʅʊʆɺ 

ɼ.ʉ. ʐʘʨʠʭʠʥ, ʩʪʫʜʝʥʪ, 

ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ɺ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʪʠʧʘ ʫʯʘʩʪʥʠʢʦʚ: n 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ (U1,U2,é.Un), m ʩʝʨʚʝʨʦʚ (S1,S2,é.Sm) ʠ ʩʠʩʪʝʤʥʳʡ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨ (Admin). ʇʦʣʴʟʦʚʘʪʝʣʴ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʫ Admin, ʢʘʢ ʪʦʣʴʢʦ 

ʙʫʜʝʪ ʧʦʟʚʦʣʝʥ ʜʦʩʪʫʧ ʢ ʩʝʨʚʝʨʘʤ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ 

ʨʝʩʫʨʩʘʤʠ. ʇʦʣʴʟʦʚʘʪʝʣ ɹ ʥʝ ʜʦʣʞʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʥʘ 

ʢʘʞʜʦʤ ʩʝʨʚʝʨʝ. IDi ʠ Pi ʦʙʦʟʥʘʯʘʶʪ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʧʘʨʦʣʴ ʧʦʣʴʟʦʚʘʪʝʣʷ 

Ui. ʂʘʞʜʳʡ ʩʠʤʚʦʣ Pi ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʙʫʢʚ ʘʥʛʣʠʡʩʢʦʛʦ ʘʣʬʘʚʠʪʘ, 

ʧʨʦʧʠʩʥʳʭ ʠʣʠ ʩʪʨʦʯʥʳʭ, ʜʝʩʷʪʠʯʥʳʭ ʮʠʬʨ, ʠʣʠ null. ɺʝʣʠʯʠʥʘ u ʦʧʨʝʜʝʣʷʝʪ 

ʩʝʨʚʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʣʫʛʠ ʜʣʷ Ui. ɽʩʣʠ Ui ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ Sj, ʪʦ j-ʳʡ 

ʙʠʪ ʜʚʦʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ u ʨʘʚʝʥ ʝʜʠʥʠʮʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ j-ʳʡ ʙʠʪ 

ʜʚʦʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ u ʥʫʣʝʚʦʡ. ɼʣʷ ʢʦʜʠʨʦʚʘʥʠʷ Pi, ʢʘʞʜʳʡ ʝʛʦ ʩʠʤʚʦʣ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʜʝʩʷʪʠʯʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʥʫʣʷ ʜʦ 62: 

null = 0, a-z = 1-26, A-Z = 27-52, 0-9 = 53-62.  

ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʚʳʙʠʨʘʝʪ ʙʦʣʴʰʦʝ ʧʨʦʩʪʦʝ ʯʠʩʣʦ p ʠ ʧʨʠʤʠʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ g ʧʦʣʷ ɻʘʣʫʘ GF(p). ʂʨʦʤʝ ʪʦʛʦ, Admin ʚʳʙʠʨʘʝʪ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ Q 

ʩʠʩʪʝʤʳ ʰʠʬʨʦʚʘʥʠʷ ɻʆʉʊ 28147-89, ʢʦʪʦʨʳʡ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʤʝʞʜʫ 

ʩʝʨʚʝʨʘʤʠ.  

ʇʨʦʪʦʢʦʣ ʦʙʣʘʯʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚʢʣʶʯʘʝʪ ʬʘʟʫ ʨʝʛʠʩʪʨʘʮʠʠ, ʬʘʟʫ 

ʚʭʦʜʘ, ʠ ʬʘʟʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. 

ʌʘʟʘ ʨʝʛʠʩʪʨʘʮʠʠ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʦʛʜʘ Ui ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩ ʥʘ 

ʨʝʛʠʩʪʨʘʮʠʶ ʢ Admin. ʇʦʣʴʟʦʚʘʪʝʣʴ Ui ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʠʨʘʝʪ ʩʚʦʡ ʧʘʨʦʣʴ 

Pi, ʟʘʪʝʤ ʧʝʨʝʜʘʸʪ Pi ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʙʝʟʦʧʘʩʥʦʛʦ ʢʘʥʘʣʘ. ɿʘʪʝʤ, Admin ʠʩʧʦʣʴʟʫʝʪ Q, ʯʪʦʙʳ ʚʳʯʠʩʣʠʪʴ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ IDi Ui-ʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ID i = EQ(Pi). 

ɿʘʪʝʤ, Admin ʬʦʨʤʠʨʫʝʪ u, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʩʝʨʚʝʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ 

ʫʩʣʫʛʠ ʜʣʷ Ui. ɽʩʣʠ Ui ʠʤʝʝʪ ʜʦʩʪʫʧ Sj, ʪʦʛʜʘ ʙʠʪ j ʜʚʦʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

u ʨʘʚʝʥ ʝʜʠʥʠʮʝ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʙʠʪ j ʜʚʦʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ u 

ʥʫʣʝʚʦʡ. ɿʘʪʝʤ, Admin ʢʦʜʠʨʫʝʪ Pi, ʧʦʩʣʝ ʯʝʛʦ ʥʦʨʤʘʣʠʟʫʝʪ Pi ʠ u, ʧʦʣʫʯʘʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʠʟ ʜʠʘʧʘʟʦʥʘ [0, 1]. ʅʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ Admin 

ʦʪʧʨʘʚʣʷʝʪ Ui-ʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ IDi ʠ u ʧʦʩʨʝʜʩʪʚʦʤ ʙʝʟʦʧʘʩʥʦʛʦ ʢʘʥʘʣʘ. 

ʂʨʦʤʝ ʪʦʛʦ, Admin ʦʪʧʨʘʚʣʷʝʪ ʢʣʶʯ Q ʥʘ ʢʘʞʜʳʡ ʩʝʨʚʝʨ.  

http://hrliga.com/index.php/uploads/%3C/phpBB2/index.php?module=profession&op=view&id=250
http://hrliga.com/index.php/uploads/%3C/phpBB2/index.php?module=profession&op=view&id=250
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ʌʘʟʘ ʚʭʦʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ Ui ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩʳ ʜʣʷ ʚʭʦʜʘ ʚ 

ʩʠʩʪʝʤʫ Sj. ʇʦʣʴʟʦʚʘʪʝʣʴ Ui ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʩʣʫʛʘʤ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʳ 

ʚʚʦʜʠʪ IDi ʠ u, ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪ Pi ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ mod
T

iP

iZ g p= , ʛʜʝ T 

ʦʙʦʟʥʘʯʘʝʪ ʰʪʘʤʧ ʚʨʝʤʝʥʠ Ui. ɿʘʪʝʤ, Ui ʧʦʩʳʣʘʝʪ {ID i, Zi, u, T} ʥʘ Sj. 

ʌʘʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ, ʢʦʛʜʘ Sj ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩ Ui ʥʘ ʚʭʦʜ 

ʚ ʩʠʩʪʝʤʫ. Tô ʦʙʦʟʥʘʯʘʝʪ ʚʨʝʤʷ ʧʨʠʝʤʘ. ɽʩʣʠ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ Tô ʠ ʊ ʙʦʣʴʰʝ, 

ʯʝʤ ʨʘʟʨʝʰʝʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʜʣʷ ʟʘʜʝʨʞʢʠ ʧʝʨʝʜʘʯʠ ʠ 

ʜʝʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʘʩʦʚ, ʪʦ Sj ʜʘʝʪ ʦʪʢʘʟ Ui ʥʘ ʟʘʧʨʦʩ ʦ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ. Sj 

ʜʝʢʦʜʠʨʫʝʪ ʧʦʣʫʯʝʥʥʳʡ IDi. ʀʩʧʦʣʴʟʫʷ Q ʩʝʨʚʝʨ Sj ʧʦʣʫʯʘʝʪ Pi = DQ(ID i) ʠ 

ʟʘʪʝʤ ʚʳʯʠʩʣʷʝʪ mod
T

iP
g p. ɽʩʣʠ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʨʘʚʝʥ Zi, ʪʦʛʜʘ Sj 

ʜʘʝʪ ʦʪʢʘʟ Ui ʥʘ ʟʘʧʨʦʩ ʦ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ. ɽʩʣʠ j-ʳʡ ʙʠʪ ʜʚʦʠʯʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ u ʨʘʚʝʥ ʥʫʣʶ, ʪʦ Sj ʜʘʝʪ ʦʪʢʘʟ Ui ʥʘ ʟʘʧʨʦʩ ʦ 

ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, Sj ʢʦʜʠʨʫʝʪ Pi ʠ ʥʦʨʤʘʣʠʟʫʝʪ Pi. ɿʘʪʝʤ, 

Sj ʩʨʘʚʥʠʚʘʝʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʟʘʢʦʜʠʨʦʚʘʥʥʳʡ Pi ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ u ʩ 

ʚʝʣʠʯʠʥʘʤʠ, ʭʨʘʥʷʱʠʤʠʩʷ ʥʘ ʩʝʨʚʝʨʝ. ɽʩʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦ, Sj 

ʧʨʠʥʠʤʘʝʪ ʟʘʧʨʦʩ ʥʘ ʚʭʦʜ ʦʪ Ui. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ Sj ʜʘʝʪ ʦʪʢʘʟ Ui ʥʘ 

ʟʘʧʨʦʩ ʦ ʚʭʦʜʝ ʚ ʩʠʩʪʝʤʫ.  

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʪʦʢʦʣ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʦʙʣʘʯʥʳʤ ʧʨʦʪʦʢʦʣʘʤ, ʥʦ ʚ ʩʣʫʯʘʝ ʥʝʜʦʚʝʨʠʷ ʢ ʦʙʣʘʢʫ ʩʦ 

ʩʪʦʨʦʥʳ ʢʣʠʝʥʪʦʚ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʭʘʥʠʟʤ ʟʘʱʠʪʳ ʦʪ ʥʝʙʣʘʛʦʥʘʜʝʞʥʦʡ 

ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʳ. ʂʣʠʝʥʪʳ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦʪ 

ʦʙʣʘʢʘ, ʝʩʣʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʩʫʨʩʳ ʦʙʣʘʢʘ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʠ 

ʦʙʨʘʙʦʪʢʠ ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɼʣʷ ʟʘʱʠʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʠ 

ʧʨʦʪʦʢʦʣʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪ ɹʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʦʣʥʝʥʠʷ ʥʘ 

ʢʣʠʝʥʪʩʢʠʭ ʤʘʰʠʥʘʭ ʯʘʩʪʝʡ ʦʙʱʝʛʦ ʟʘʜʘʥʠʷ.  

ʇʫʩʪʴ a ʠ b ʙʫʜʫʪ ʜʚʘ ʯʠʩʣʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʣʦʞʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ 

ʦʙʣʘʢʘ c a b= +. ʇʫʩʪʴ { }1 2, ,..., nP p p p=  ʙʫʜʝʪ ʥʘʙʦʨʦʤ ʦʩʥʦʚʘʥʠʡ ʩʠʩʪʝʤʳ 

ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ [1], ʪʘʢʠʤ ʯʪʦ ʜʠʘʧʘʟʦʥ 2 , 2P PM a b M- ¢ < . ʂʣʠʝʥʪ 

ʛʝʥʝʨʠʨʫʝʪ n ʯʘʩʪʝʡ ʯʠʩʣʘ ( )1 2, ,..., na a a a=  ʠ ʯʠʩʣʘ ( )1 2, ,..., nb b b b= . ɿʘʪʝʤ 

ʢʣʠʝʥʪ ʧʦʩʳʣʘʝʪ ʟʘʧʨʦʩ ʦʙʣʘʢʫ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʝʥʠʷ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʤʦʜʫʣʶ ip. ʂʣʠʝʥʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʩ ʠʟ n 

ʚʳʯʝʪʦʚ ( )1 2, ,..., nc c c c= , ʧʦʣʫʯʠʚ ʠʭ ʠʟ ʦʙʣʘʢʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʢʘ ʯʠʩʣʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ 2Pc a b M= + > , 

, 4Pa b M² . ʆʙʣʘʢʦ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʯʘʩʪʷʤ ʜʘʥʥʳʭ ia , ib  ʠ ʤʦʜʫʣʷʤ ip . 

ʂʣʠʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ 

ʜʘʥʥʳʤ ʧʦ ʤʦʜʫʣʶ ʈ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʦʜʥʦ ʦʙʣʘʢʦ, ʘ ʥʝʩʢʦʣʴʢʦ, ʥʘʧʨʠʤʝʨ, ʨʝʟʫʣʴʪʘʪʳ 
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( )1,..., kc c  ʧʦʣʫʯʠʪʴ ʥʘ ʦʜʥʦʤ ʦʙʣʘʢʝ, ( )1,...,k mc c+  ʧʦʣʫʯʠʪʴ ʥʘ ʜʨʫʛʦʤ ʦʙʣʘʢʝ, 

ʠ ( )1,...,m nc c+  ʥʘ ʪʨʝʪʴʝʤ ʦʙʣʘʢʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʣʘʢʘ ʥʝ ʤʦʛʫʪ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʘʥʥʳʝ. ɺʦ-ʚʪʦʨʳʭ, ʢʣʠʝʥʪʳ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ 

ʚʳʯʠʩʣʝʥʠʷ ʥʘʜ ʥʝʢʦʪʦʨʳʤ ʧʦʜʤʥʦʞʝʩʪʚʦʤ ʦʩʥʦʚʘʥʠʡ, ʥʘʧʨʠʤʝʨ, ʢʣʠʝʥʪ 

ʚʳʧʦʣʥʷʝʪ ʚʳʯʠʩʣʝʥʠʷ ( )1,..., kc c , ʢʦʛʜʘ ʦʙʣʘʢʦ ʚʳʯʠʩʣʷʝʪ ( )1,...,k nc c+ . ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʦʙʣʘʯʥʳʭ ʧʨʦʪʦʢʦʣʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤʳ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʚʘ 

ʪʠʧʘ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ: ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʤʦʜʫʣʝʡ.  

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʚ 

ʢʣʘʩʩʘʭ ʚʳʯʝʪʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʫʛʘʜʳʚʘʥʠʷ ʩʝʢʨʝʪʘ ʧʦ i-ʦʤʫ 

ʦʩʪʘʪʢʫ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ( )i Pp M . ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʩʪʠ ʚ ʩʭʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʯʝʪʦʚ ʥʝʢʦʪʦʨʫʶ ʩʣʫʯʘʡʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ. ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʰʠʬʨʦʚʘʥʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ 

ʬʦʨʤʦʡ c pq m= +, ʛʜʝ ʩ ï ʟʘʰʠʬʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ m, ʨ ï ʩʝʢʨʝʪʥʳʡ 

ʢʣʶʯ, q ï ʩʣʫʯʘʡʥʦʝ ʯʠʩʣʦ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ c ʠ m ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

m ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʢʦʤ ʦʪ ʜʝʣʝʥʠʷ ʩ ʥʘ ʨ. ɺʘʞʥʦʡ ʜʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʧʨʦʪʦʢʦʣʦʚ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, ʫʤʥʦʞʝʥʠʝ) 

ʩʦʦʙʱʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʰʠʬʨʦʪʝʢʩʪʘ. ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ 

ʚ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʘʭ ʚʚʝʜʝʥʠʝ ʩʣʫʯʘʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʘʜʜʠʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ aa a g G¡= + , ʛʜʝ 
ag GÍ , G ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʮʝʣrʭ ʯʠʩʝʣ, G  ï ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ G. ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʯʠʩʣʝʥʠʷ ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ moda G¡ . 

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʤʦʜʫʣʝʡ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ ʦʙʣʘʢʫ ʙʫʜʫʪ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ. ʆʩʥʦʚʘʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʦʙʣʘʢʫ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʧʦʠʩʢʘ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʩʪʘʥʝʪ ʤʝʥʴʰʝ PM ), ʯʪʦ ʩʥʠʟʠʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʜʘʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʳʯʠʩʣʝʥʠʷ ʥʘ 

ʦʙʣʘʢʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʘʢʪʫʘʣʴʥʳʝ ʤʦʜʫʣʠ ʥʝ ʙʳʣʠ ʨʘʩʢʨʳʪʳ ʦʙʣʘʢʫ. 

ɸʥʘʣʦʛʠʯʥʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚ 

ʤʦʜʫʣʠ ʚʥʝʩʪʠ ʥʝʢʦʪʦʨʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʩʢʨʳʚʘʶʱʫʶ ʠʩʪʠʥʥʫʶ ʚʝʣʠʯʠʥʫ 

ʦʪ ʦʙʣʘʢʘ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʫʣʝʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʘʚʝʥʩʪʚʝ ( )mod mod modi i ix p p x p¡ = , ʛʜʝ 
ii i pp p r¡= , 

ipr  ï ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʡ 

ʩʣʫʯʘʡʥʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʫʣʷ ip  ʩʠʩʪʝʤʳ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʙʣʘʢʝ, ʧʦ ʤʦʜʫʣʶ ip¡ 

ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʯʠʩʣʝʥʠʷ 

ʦʩʪʘʪʢʘ ʦʪ ʜʝʣʝʥʠʷ ʥʘ ʤʦʜʫʣʴ ip . 
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ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʢʦʥʪʨʤʝʨʘʤʠ. ʇʫʩʪʴ m ʙʫʜʝʪ 

ʭʵʰʠʨʦʚʘʥʥʳʤ ʠ ʥʘʙʠʪʳʤ ʩʦʦʙʱʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʧʠʩʘʪʴ. 

ʉʝʢʨʝʪʥʘʷ ʵʢʩʧʦʥʝʥʪʘ D (ʨʘʟʤʝʨʘ d) ʜʘʥʘ ʚ ʬʦʨʤʝ ʚʳʯʝʪʦʚ: mod 1pD D p= -, 

mod 1qD D q= -. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʂʠʪʘʡʩʢʦʡ ʪʝʦʨʝʤʳ 

ʦʙ ʦʩʪʘʪʢʘʭ (ʂʊʆ): 

1. ɺʳʯʠʩʣʠʪʴ ()
mod

p
pm m=  ʠ 

()
mod

q
qm m= . 

2. ɼʣʷ ʢʘʞʜʦʛʦ ()im  ʩʣʫʯʘʡʥʦ ʚʳʙʠʨʘʝʪʩʷ ʜʚʘ ʥʘʙʦʨʘ ʦʩʥʦʚʘʥʠʡ 

{ }1: ,..., kp pb  ʠ b. 

3. ʇʨʝʜʩʪʘʚʠʪʴ ʢʘʞʜʳʡ ()im  ʚ b ʢʘʢ 
() (){ }1 ,...,
i i

km m , ʛʜʝ () ()
mod

i i

j jpm m= . 

4. ɼʦʙʘʚʠʪʴ ʨʘʥʜʦʤʠʟʘʮʠʶ (ʢ ʵʢʩʧʦʥʝʥʪʝ ʠ ʢ ʩʦʦʙʱʝʥʠʶ). 

5. ɺʳʯʠʩʣʠʪʴ ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʦʩʪʘʪʦʯʥʳʭ 

ʢʣʘʩʩʦʚ (ʉʆʂ) ʜʣʷ ʢʘʞʜʦʛʦ ()i
jm  ʩ ()

i

jD . ʇʨʠ ʢʘʞʜʦʡ ʦʧʝʨʘʮʠʠ ʩʣʫʯʘʡʥʦ 

ʚʳʙʠʨʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ (ʩʝʨʚʝʨ/ʢʣʠʝʥʪ). 

6. ʀʩʧʦʣʴʟʦʚʘʪʴ ʂʊʆ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ()( )mod
iD

i

ipm . 

7. ʀʩʧʦʣʴʟʦʚʘʪʴ ʂʊʆ ʜʣʷ ʧʦʣʫʯʝʥʠʷ modD Nm . 

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʤʦʜʫʣʝʡ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ 

ʩʧʦʩʦʙʦʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤ ʩʢʨʳʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʪ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʳ, ʯʝʤ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʇʆʉʆɹɸ ʇɸʈɸʃʃɽʃʔʅʆɻʆ 

ʇʈʆɻʈɸʄʄʀʈʆɺɸʅʀʗ ɸʃɻʆʈʀʊʄʆɺ ʆɹʃɸʏʅʓʍ ʇʈʆʊʆʂʆʃʆɺ 

 

ɼ.ʉ. ʐʘʨʠʭʠʥ, ʩʪʫʜʝʥʪ, 

ɸ.ɸ. ɽʚʜʦʢʠʤʦʚ, ʢʘʥʜ.ʪʝʭ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʚ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʝ ʩ ʛʝʪʝʨʦʛʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ ʢʣʠʝʥʪʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʟʢʠʤ ʤʝʩʪʦʤ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʡ ʜʦʩʪʫʧ ʢ ʫʟʣʘʤ ʦʙʣʘʢʘ. ʂʦʥʬʣʠʢʪʥʘʷ ʩʠʪʫʘʮʠʷ 

ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʜʚʘ ʵʣʝʤʝʥʪʘ ʚʝʢʪʦʨʘ ʟʘʜʘʥʠʷ, ʧʦʜʚʝʨʛʘʝʤʳʝ ʦʙʨʘʙʦʪʢʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ, ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʦʜʠʥ 

ʠ ʪʦʪ ʞʝ ʫʟʝʣ ʦʙʣʘʢʘ ʠʣʠ ʥʘ ʥʝʩʫʱʝʩʪʚʫʶʱʠʡ ʫʟʝʣ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʜʣʷ 

ʙʝʟʦʰʠʙʦʯʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʝʨʚʝʨʦʚ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ [1]. 

ʇʫʩʪʴ ʨ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʤ ʩʝʨʚʝʨʦʚ ʦʙʣʘʢʘ, m ï ʢʦʣʠʯʝʩʪʚʦ ʚʠʨʪʫʘʣʴʥʳʭ 

ʤʘʰʠʥ ʥʘ ʢʘʞʜʦʤ ʩʝʨʚʝʨʝ. ʌʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʟʘʜʘʝʪʩʷ 

ʧʘʨʦʡ ʮʝʣʳʭ ʯʠʩʝʣ ( ),u v , ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ u-ʫʶ ʚʠʨʪʫʘʣʴʥʫʶ ʤʘʰʠʥʫ ʥʘ 

v-ʦʤ ʩʝʨʚʝʨʝ, ʧʨʠʯʝʤ 0 1u m¢ ¢ -, 0 1v p¢ ¢ -. ʃʦʛʠʯʝʩʢʠʡ ʘʜʨʝʩ 

ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʠʤ ʮʝʣʳʤ ʯʠʩʣʦ d (0 1d pm¢ ¢ -). 

ʌʠʟʠʯʝʩʢʠʡ ʠ ʣʦʛʠʯʝʩʢʠʡ ʘʜʨʝʩʘ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ 

ʫʩʣʦʚʠʷʤ: 

- - modv d p¹ ; 

- - ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʘʜʨʝʩʘʤʠ. 

ɽʩʣʠ ʨ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʯʠʩʣʦʤ, ʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʩʭʝʤʳ 

ʦʪʦʙʨʘʞʝʥʠʷ ʤʝʞʜʫ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʣʦʛʠʯʝʩʢʠʤʠ ʘʜʨʝʩʘʤʠ ʚʠʨʪʫʘʣʴʥʳʭ 

ʤʘʰʠʥ.  

ɺʦ-ʧʝʨʚʳʭ, ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʣʦʛʠʯʝʩʢʦʛʦ 

ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

modv d p¹ , du
p

é ù=
é ùê ú

. 

ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ d up v= +. ʇʦʣʫʯʝʥʠʝ ʣʦʛʠʯʝʩʢʦʛʦ 

ʘʜʨʝʩʘ ʠʟ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ɽʚʢʣʠʜʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʣʦʛʠʯʝʩʢʦʛʦ 

ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

modv d p¹ , 
1

du
p

é ù=
-é ùê ú

. 
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ɺʳʯʠʩʣʝʥʠʝ u ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ 2 1rp= +, ʥʦ ʧʨʠ ʵʪʦʤ ʪʦʣʴʢʦ 

( )1p p-  ʠʟ d ʘʜʨʝʩʦʚ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ u m< . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 1 p  

ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ ʙʫʜʝʪ ʧʨʦʩʪʘʠʚʘʪʴ.  

ɺ-ʪʨʝʪʴʠʭ, ʬʠʟʠʯʝʩʢʠʡ ʘʜʨʝʩ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʠʟ ʣʦʛʠʯʝʩʢʦʛʦ 

ʘʜʨʝʩʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

modv d p¹ , modu d m= . 

ɺʩʝ ʪʨʠ ʩʭʝʤʳ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ p ʠ m ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʥʦ 

ʧʨʦʩʪʳʤʠ ʯʠʩʣʘʤʠ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʂʠʪʘʡʩʢʫʶ 

ʪʝʦʨʝʤʫ ʦʙ ʦʩʪʘʪʢʘʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʤʝʞʜʫ 

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʣʦʛʠʯʝʩʢʠʤʠ ʘʜʨʝʩʘʤʠ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ d ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ: 

- ʩ ʧʦʤʦʱʴʶ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʙʘʟʠʩʦʚ [1]: 

1 1

p m pm

d v m u p
m p

= +

; 

- ʩ ʧʦʤʦʱʴʶ ʧʦʣʠʘʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ [2]: 

m

u v
d v p

p

-
= +

. 

- ʇʨʝʜʣʦʞʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʬʣʠʢʪʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʫʟʣʦʚ ʦʙʣʘʢʘ ʟʘ ʩʯʝʪ ʟʘʜʘʥʠʷ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʜʦʚʳʤʠ ʩʣʦʚʘʤʠ ʙʦʣʴʰʝʛʦ, ʯʝʤ ʧʨʠ ʧʨʷʤʦʤ 

ʢʦʜʠʨʦʚʘʥʠʠ. 

- ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʨʝʙʦʚʘʥʠʝ ʢ ʚʟʘʠʤʥʦʡ ʧʨʦʩʪʦʪʝ 
ʤʦʜʫʣʝʡ p ʠ m, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ɽʚʢʣʠʜʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʘʜʨʝʩʦʚ. ʆʜʥʦʟʥʘʯʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʣʦʛʠʯʝʩʢʠʭ ʘʜʨʝʩʦʚ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʘʜʨʝʩʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʰʠʙʦʢ. 

- ʇʫʩʪʴ ʧʨʦʛʨʘʤʤʘ ʈ ʧʝʨʝʜʘʝʪʩʷ ʦʙʣʘʢʫ, ʢʦʪʦʨʦʤʫ ʥʝʪ ʜʦʚʝʨʠʷ, 
ʧʨʠʯʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʚʠʜʘ ʜʦʚʝʨʠʷ ʦʙʣʘʢʫ. ɺʦ-ʧʝʨʚʳʭ, ʥʝʜʦʚʝʨʠʝ 

ʤʦʞʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʚʩʝ ʦʙʣʘʢʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʶʙʳʝ ʦʧʝʨʘʮʠʠ, 

ʪʨʝʙʫʶʱʠʝ ʜʦʚʝʨʠʷ, ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʢʣʠʝʥʪʦʤ. ɺʦ-ʚʪʦʨʳʭ, ʣʠʰʴ ʯʘʩʪʴ 

ʦʙʣʘʢʘ ʤʦʞʝʪ ʥʝ ʚʳʟʳʚʘʪʴ ʜʦʚʝʨʠʷ. ʆʙʣʘʢʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ, ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʥʦ ʷʜʨʦ, ʠʩʧʦʣʴʟʫʶʱʝʝ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʧʨʝʜʝʣʷʪʴ ʧʦʪʦʢʠ ʧʨʦʮʝʩʩʘ ʤʝʞʜʫ ʷʜʨʘʤʠ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʠʣʠ 

ʦʪʩʫʪʩʪʚʠʷ ʜʦʚʝʨʠʷ.  

- ʇʨʦʛʨʘʤʤʘ ʈ ʨʘʟʜʝʣʷʪʩʷ ʥʘ n ʧʦʪʦʢʦʚ. ɺʩʝ ʧʝʨʝʤʝʥʥʳʝ ʟʘʱʠʱʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ ʧʦ n ʤʦʜʫʣʷʤ. 

ʂʘʞʜʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʦʪʦʢ ʙʫʜʝʪ ʠʤʝʪʴ ʦʜʥʦʪʠʧʥʳʡ ʧʦʪʦʢ ʢʦʤʘʥʜ, ʥʦ 
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ʨʘʟʥʳʝ ʜʘʥʥʳʝ. ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʨʳ GPU. ɺ ʪʝʨʤʠʥʦʣʦʛʠʠ GPU ʢʘʞʜʳʡ ʧʦʪʦʢ 

ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ Warp. ɺ ʧʨʝʜʝʣʘʭ Warp ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʜʣʷ ʤʦʜʫʣʷʨʥʦʡ ʨʝʜʫʢʮʠʠ ʠʣʠ ʜʣʷ ʦʪʜʝʣʴʥʦʡ ʚʝʪʚʠ 

ʧʨʦʛʨʘʤʤʳ. n ʧʦʪʦʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʜʠʥ ʧʦʪʦʢ ʜʣʷ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʠʣʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ n 

ʦʪʜʝʣʴʥʳʤ ʷʜʨʘʤ.  

- ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʰʠʙʦʯʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʈ ʚ ʩʠʩʪʝʤʝ 

ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʜʝʥʠʝ ʠʟʙʳʪʦʯʥʦʩʪʠ. ʀʟʙʳʪʦʯʥʫʶ 

ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʨʝʧʦʣʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʢʘ ʯʠʩʣʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʤʦʜʫʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʚ ʦʙʣʘʯʥʦʡ ʩʠʩʪʝʤʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʝ ʩʠʩʪʝʤʳ ʦʩʪʘʪʦʯʥʳʭ: ʩ ʥʘʙʦʨʦʤ ʦʩʥʦʚʘʥʠʡ 

{ }1 2, ,..., nP p p p= , 
1

n

P ii
M p

=
=Ô , ʠ ʩ ʥʘʙʦʨʦʤ { }1 2, ,..., nQ q q q= , 

1

n

Q ii
M q

=
=Ô . 

ʇʫʩʪʴ 
PY  ʠ QY  ʙʫʜʫʪ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʥʘʙʦʨʦʚ ʦʩʥʦʚʘʥʠʡ P ʠ 

Q, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪ ʩʯʠʪʘʝʪʩʷ ʢʦʨʨʝʢʪʥʳʤ, ʝʩʣʠ P QY Y=  ʠʣʠ 

P P Q QM Y M Y- = -. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʩʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʥʘʣʠʯʠʝ ʦʰʠʙʢʠ.  

- ɼʚʘ ʥʘʙʦʨʘ ʦʩʥʦʚʘʥʠʡ P ʠ Q ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʜʣʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʘ ʧʦʪʦʢʘ ʩ 

ʥʘʙʦʨʘʤʠ P ʠ Q ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ 2n ʫʟʣʘʭ ʦʙʣʘʢʘ. ʆʙʲʝʜʠʥʝʥʠʝ 

ʜʚʫʭ ʧʦʪʦʢʦʚ ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʜʫʨʳ ʨʘʩʰʠʨʝʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ 

ʢʦʥʢʘʪʝʥʘʮʠʠ ʜʚʫʭ ʢʦʜʦʚʳʭ ʩʣʦʚ. ʈʘʩʰʠʨʝʥʠʝ ʦʩʥʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ. ʂʦʥʢʘʪʝʥʘʮʠʷ ʜʚʫʭ ʢʦʜʦʚʳʭ ʩʣʦʚ 

ʦʙʝʩʧʝʯʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʚʳʯʠʩʣʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʜʚʫʭ 

ʨʘʟʥʳʭ ʦʙʣʘʯʥʳʭ ʩʠʩʪʝʤʘʭ.  

- ʇʦʜ ʢʦʥʢʘʪʝʥʘʮʠʝʡ ʢʦʜʦʚʳʭ ʩʣʦʚ ʜʚʫʭ ʥʘʙʦʨʦʚ ʦʩʥʦʚʘʥʠʡ 

P Q=Å ʧʦʥʠʤʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ { } { }1 2 1 2 1 2 2, ,..., , , ,..., , ,...,n n nP Q p p p q q q m m m= = . 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʠʩʝʣ ( )1 2, ,...,P nY a a a=  ʠ ( )1 2 2, ,...,Q n n nY a a a+ +=  ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʜʚʫʭ ʦʙʣʘʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʙʦʨʘʤ P ʠ Q, ʢʦʛʜʘ 

ʧʦʣʫʯʝʥʠʝ { }1 2 2, ,...,P Q nY a a a=  ʧʦ ʤʦʜʫʣʶ PQ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʣʠʝʥʪ: 

1 1

P QPQ P Q PQ

Y Y Q Q Y P P- -= Ö Ö + Ö Ö
. 

- ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʲʝʜʠʥʝʥʠʶ ʧʦʪʦʢʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʤʦʜʠʬʠʢʘʮʠʶ ʢʦʜʦʚʳʭ ʩʣʦʚ: 

( )( )

( )

1 2 1 2 2 1 2

* *

1 2 2

, ,..., , , ,..., , ,..., ,0,0,...,0

0,0,...,0, , ,..., .

n n n n nPQ

n n n P Q

Y a a a a a a a a a

a a a Y Y

+ +

+ +

= = +

+ = +
 

*

PY  ʠ 
*

QY  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʝʨʝʩʯʝʪʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʙʘʟʠʩʦʚ ʧʨʠ 

ʨʘʩʰʠʨʝʥʠʠ ʦʩʥʦʚʘʥʠʡ: 
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, 1 ,
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʫʶ ʩʠʩʪʝʤʫ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ, ʚ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘʙʦʨ ʦʩʥʦʚʘʥʠʡ ( )1 2, ,..., np p p  ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʜʣʷ ʟʘʜʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ)1
0,

n

ii
p

=

è
êÔ , ʠ ʥʘʙʦʨ ʦʩʥʦʚʘʥʠʡ ( )1 2, ,..., mq q q  ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʠ ʜʣʷ ʟʘʜʘʥʠʷ ʠʥʪʝʨʤʦʜʫʣʷʨʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ. ɺ 

ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦʡ ʉʆʂ ʦʩʥʦʚʘʥʠʷ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʚʳʙʠʨʘʶʪʩʷ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʦʧʝʨʘʮʠʠ ʧʦ ʤʦʜʫʣʶ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ: 

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

, ,..., , , ,..., ,..., , ,...,
n n n

m m m
p p p p p p p p p

q q q q q q q q q

A A A A A A A A A A
+ + ++ + + + + +

+ + + + + + + + +å õå õå õ å õ
=æ ö æ öæ öæ ö
ç ÷ ç ÷ç ÷ç ÷

. 

ɽʩʣʠ ʦʧʝʨʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʫʤʥʦʞʝʥʠʝ, ʪʦ ʤʦʜʫʣʠ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

( )
2

1
1

m

i ni
Q q p

=
= ² -Ô , 

ʛʜʝ np  ï ʥʘʠʙʦʣʴʰʝʝ ʦʩʥʦʚʘʥʠʝ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʉʆʂ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʢʨʳʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʪ ʦʙʣʘʢʘ, ʦʙʝʩʧʝʯʠʚ ʟʘʱʠʪʫ ʦʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʪʦʢʦʣʦʚ. 
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ʅɽʏɽʊʂʆ-ʃʆɻʀʏɽʉʂɸʗ ʉʀʉʊɽʄɸ ɿɸʑʀʊʓ 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʗ 

 

ʖʨʯʝʥʢʦ ɸ.ʄ., ʩʪʫʜʝʥʪ, 

ʂʦʣʜʘʝʚ ɸ.ʀ., ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʨʘʩʰʠʨʷʪʴʩʷ. ʕʪʦ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʧʨʦʯʥʦʩʪʴʶ, ʥʠʟʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʨʘʩʭʦʜʘʤʠ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʠʪʘʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʢʦʥʪʨʦʣʷ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʭʦʨʦʰʠʤ ʠʥʞʝʥʝʨʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʥʦʚʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʅʝʠʩʧʨʘʚʥʦʩʪʴ ʚ ʜʚʠʛʘʪʝʣʝ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʣʠʙʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ʇʨʦʙʣʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʟʫʯʘʝʪʩʷ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [1-2]. ɺ ʠʭ ʦʪʟʳʚʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʣʠʯʥʳʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʚ ʩʪʘʪʦʨʝ ʜʚʠʛʘʪʝʣʷ ʠ ʠʭ ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥʘʭ, ʘ ʪʘʢʞʝ 

ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʧʦʩʣʝʜʥʠʝ ʪʝʥʜʝʥʮʠʠ ʠ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʚʠʛʘʪʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʢʦʤʧʴʶʪʝʨʦʚ 

ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʟʘʱʠʪʳ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʦʯʥʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʚ 

ʜʚʠʛʘʪʝʣʝ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʳʪʥʳʝ ʠʥʞʝʥʝʨʳ ʯʘʩʪʦ ʚʳʥʫʞʜʝʥʳ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʠ/ʠʣʠ ʥʘʙʣʶʜʘʝʤʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ 

ʟʘʯʘʩʪʫʶ ʥʝʦʜʥʦʟʥʘʯʥʳ. ʇʦʜʭʦʜ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ (fuzzy logic) ʧʦʟʚʦʣʷʝʪ 

ʧʦʤʦʯʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚ ʪʘʢʠʭ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʥʘʧʦʤʠʥʘʝʪ 

ʧʨʦʮʝʩʩ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʝʭʥʠʢʘ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʤʦʞʝʪ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʉʦʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ 

ʤʦʞʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʪʝʨʤʠʥʦʚ ʪʘʢʠʭ ʢʘʢ 

çʭʦʨʦʰʝʝè, çʧʣʦʭʦʝè, çʧʝʨʝʛʨʫʟʢʘè, çʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠè ʠ ʪ.ʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʚ ʧʦʥʷʪʠʷʭ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ʄʦʥʠʪʦʨʠʥʛ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʦʨʥʳʭ ʪʦʢʦʚ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʘʤʧʣʠʪʫʜ ʪʦʢʦʚ ʩʪʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʝʯʝʪʢʠʝ ʧʦʜʤʥʦʞʝʩʪʚʘ. 
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ɹʘʟʘ ʟʥʘʥʠʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʠʪʫʘʮʠʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ 

ʜʚʠʛʘʪʝʣʝ, ʚʢʣʶʯʘʶʱʘʷ ʙʘʟʫ ʧʨʘʚʠʣ ʠ ʙʘʟʫ ʜʘʥʥʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ʉʦʩʪʦʷʥʠʝ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. 

ʉʫʞʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʜʚʠʛʘʪʝʣʷ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʛʦ 

ʚʳʚʦʜʘ ʩʧʦʩʦʙʥʳ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʜʠʘʛʥʦʩʪʠʢʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ 

ʚʳʨʘʞʘʪʴʩʷ ʚ ʨʘʩʧʣʳʚʯʘʪʳʭ ʧʦʥʷʪʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʝʣʦʚʝʯʝʩʢʦʤʫ 

ʤʳʰʣʝʥʠʶ ʪʘʢʠʭ ʢʘʢ çʫʩʣʦʚʥʦ ʙʝʟʦʧʘʩʥʳʡ ʨʝʞʠʤè, çʥʝʤʥʦʛʦ ʧʝʨʝʛʨʫʞʝʥè, 

ʦʙʣʘʜʘʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʤʧʴʶʪʝʨʘ ʠ ʪ.ʜ. 

ʊʘʢʠʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʳʨʘʞʝʥʳ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʦʡ. ʉʪʨʫʢʪʫʨʳ ʥʝʯʝʪʢʦ-ʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʨʠʩʫʥʢʝ 2 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʠʛʥʘʣʳ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʪʦʢʘ ʧʝʨʝʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʅʝʯʝʪʢʘʷ ʩʠʩʪʝʤʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʘʙʦʨ ʧʨʘʚʠʣ. ʕʪʠ 

ʧʨʘʚʠʣʘ ʚ ʥʝʯʝʪʢʦ-ʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʝ ʦʧʠʩʳʚʘʶʪ ʫʩʣʦʚʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʦʝʛʦ ʨʦʜʘ ʥʘʜʝʞʥʦʩʪ ɹʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 1ï ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ 

 

ʈʠʩʫʥʦʢ 2 ï ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ ʜʚʠʛʘʪʝʣʷ 
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ʊʘʢ ʢʘʢ ʜʚʠʛʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ, 

ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ, ʧʦʪʨʝʙʣʷʝʤʳʡ ʜʚʠʛʘʪʝʣʝʤ, ʠ ʚʥʫʪʨʝʥʥʷ ̫

ʪʝʤʧʝʨʘʪʫʨʘ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʤʝʥʥʦ ʘʤʧʣʠʪʫʜ r

ʪʦʢʦʚ ʩʪʘʪʦʨʘ. ɺr ʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʤʥʦʞʝʩʪʚʘ (ʊ), ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʡ, 

ʧʨʠʩʚʦʝʥʥʭr ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʟʥʘʯʝʥʠʡ ʪʦʢʦʚ 

ʩʪʘʪʦʨʘ ʥʘʙʦʨ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʊ = {ʅʦʣʴ (ʅ ), ʄʘʣʳʡ (ʄ), ʉʨʝʜʥʠʡ (ʉ), ɹʦʣʴʰʦʡ (ɹ), ʆʯʝʥʴ ɹʦʣʴʰʦʡ 

(ʆɹ)} ; 

ʘ ʜʣʷ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ: 

T = {ʆʙʨʳʚ ʬʘʟʳ, ʈʘʟʨʫʰʝʥʠʝ, ʂʨʠʪʠʯʝʩʢʘʷ ʇʝʨʝʛʨʫʟʢʘ, ʇʝʨʝʛʨʫʟʢʘ, 

ʅʦʨʤʘ} . 

ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʘʷ ʙʘʟʘ ʧʨʘʚʠʣ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʦʭʚʘʪʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʨʘʙʦʯʠʝ ʠ ʧʦʚʨʝʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʜʚʠʛʘʪʝʣʷ. 
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ɿɸɼɸʏɸ ɺɽʂʊʆʈʅʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʉʂʆʈʆʉʊʔʖ 

ɸʉʀʅʍʈʆʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ ɺ ɸʇʇɸʈɸʊɽ ʅɽʏɽʊʂʆʁ ʃʆɻʀʂʀ 

 

ʅ.ɸ.ʍʚʦʩʪʦʚ, ʩʪʫʜʝʥʪ, 

ɸ. ʀ. ʂʦʣʜʘʝʚ, ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʊʨʝʭʬʘʟʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʟ-ʟʘ ʠʭ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ 

ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʢ ʥʘʛʨʫʟʢʝ, ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʪʴ 

ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʩʚʷʟʠ ʤʝʞʜʫ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʠ 

ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʠʭ ʢʦʥʪʨʦʣʴ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷ ʧʨʠʦʙʨʝʣ ʤʝʪʦʜ ʚʝʢʪʦʨʥʦʛʦ 
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ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ, ʩʠʩʪʝʤʘ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ [1] 

ʥʝʣʠʥʝʡʥʘ, ʧʦʵʪʦʤʫ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʨʝʛʫʣʷʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ 

ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʦ. ʆʜʥʘʢʦ ʧʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʱʝʥʠʝ ʢ ʥʝʯʝʪʢʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʨʘʚʜʘʥʥʳʤ, ʥʦ ʠ ʚʧʦʣʥʝ ʘʢʪʫʘʣʴʥʳʤ. 

ʉʪʨʫʢʪʫʨʥʦ FUZZY-ʨʝʛʫʣʷʪʦʨ [1] ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ, 

ʚʳʧʦʣʥʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ: ʬʘʟʟʠʬʠʮʠʨʦʚʘʥʠʝ; 

ʬʘʟʟʠ-ʣʦʛʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ; ʜʝʬʘʟʟʠʬʠʥʠʨʦʚʘʥʠʝ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ FUZZY-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʰʠʙʢʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɼʣʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʠʤʤʝʪʨʠʯʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʡ 

ʪʦʯʢʠ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʯʝʪʳʨʴʤʷ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʪʝʨʤʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ FUZZY-ʨʝʛʫʣʷʪʦʨ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ɺ ʩʪʨʫʢʪʫʨʝ 

ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʳ: 

- çʦʰʠʙʢʘ ʙʦʣʴʰʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷè, 

- çʦʰʠʙʢʘ ʤʘʣʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷè, 

- çʦʰʠʙʢʘ ʤʘʣʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷè, 

- çʦʰʠʙʢʘ ʙʦʣʴʰʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷè. 

ɿʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ FUZZY-ʩʠʩʪʝʤʝ ʩʦʜʝʨʞʠʪ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʙʣʦʢʠ. ʉ ʜʘʪʯʠʢʦʚ ʩʠʛʥʘʣʦʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ 

ʩʠʛʥʘʣʳ ʧʦʩʪʫʧʘʶʪ ʚ ʫʩʪʨʦʡʩʪʚʘ ʩʨʘʚʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʯʠʪʘʥʠʝ ʯʝʪʢʠʭ ʚʝʣʠʯʠʥ, ʠʟʤʝʨʝʥʥʳʭ ʠ ʚʳʯʠʩʣʝʥʥʳʭ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ʉʠʛʥʘʣʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʦʰʠʙʢʝ e, ʝʸ ʠʥʪʝʛʨʘʣʫ ʠ ʝʸ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜ FUZZY-

ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʇʦʩʣʝ ʬʘʟʟʠʬʠʮʠʨʦʚʘʥʠʷ ʦʙʘ ʩʠʛʥʘʣʘ ʫʞʝ ʚ ʚʠʜʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ FUZZY-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʦʛʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ, ʧʨʠʯʝʤ ʚ ʧʨʘʢʪʠʢʝ ʧʦʩʪʨʦʝʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʳʯʥʦʝ ʯʝʣʦʚʝʯʝʩʢʦʝ ʧʦʥʠʤʘʥʠʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʦʡ ʜʣʷ FUZZY-ʣʦʛʠʯʝʩʢʠʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʚʳʩʢʘʟʳʚʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʨʘʥʝʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʮʠʡ 

ɽʉʃʀ ..., ʊʆɻɼɸ, ʥʘʧʨʠʤʝʨ: 

ɽʉʃʀ çʦʰʠʙʢʘ ʙʦʣʴʰʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷè, ʊʆ çʥʘʟʘʜ ʩʥʠʟʠʪʴè; 

ɽʉʃʀ çʦʰʠʙʢʘ ʤʘʣʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷè, ʊʆ çʥʘʟʘʜ ʧʦʩʪʦʷʥʥʦè; 

ɽʉʃʀ çʦʰʠʙʢʘ ʤʘʣʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷè, ʊʆ çʚʧʝʨʝʜ ʧʦʩʪʦʷʥʥʦè; 

ɽʉʃʀ çʦʰʠʙʢʘ ʙʦʣʴʰʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷè, ʊʆ çʚʧʝʨʝʜ ʧʦʚʳʩʠʪʴè. 
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ɺ ʢʘʯʝʩʪʚʝ FUZZY-ʣʦʛʠʯʝʩʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟʜʝʩʴ ʚʳʩʪʫʧʘʝʪ ʥʝʢʦʪʦʨʳʡ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʦʧʝʨʘʪʦʨ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʧʨʠʥʷʪʳʡ ʦʧʪʠʤʘʣʴʥʳʤ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʝʪʢʠʭ 

ʟʥʘʯʝʥʠʡ ʚʳʯʠʩʣʝʥʥʳʭ ʚʝʣʠʯʠʥ ʚʳʧʦʣʥʷʝʪʩʷ ʦʙʨʘʪʥʘʷ ʦʧʝʨʘʮʠʷ ï 

ʜʝʬʘʟʟʠʬʠʮʠʨʦʚʘʥʠʝ. ʅʘ ʚʭʦʜ ʙʣʦʢʘ ʜʝʬʘʟʟʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʜʘʶʪʩʷ 

ʚʳʯʠʩʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʘ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ, ʪʦ ʝʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ ʥʝʯʝʪʢʠʤ ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ 

MATLAB [2]. 

 

ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ FUZZY-ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ 

 

ʇʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ MATLAB ʩʦʜʝʨʞʠʪ ʚʩʪʨʦʝʥʥʳʝ ʙʣʦʢʠ 

FUZZY-ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺ ʩʠʩʪʝʤʝ ʥʝʯʝʪʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʢʘʧʣʠʚʘʶʱʘʷʩʷ ʦʰʠʙʢʘ 

ʠʟʤʝʨʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʠ ʚʳʯʠʩʣʝʥʠʷ ʥʝʥʘʙʣʶʜʘʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʦʙʲʝʢʪʘ, 

ʧʦʩʢʦʣʴʢʫ ʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʩ ʥʝʢʦʪʦʨʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʧʦʥʷʪʠʷʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʣʠʟʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ 

ʚʳʭʦʜʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʘʩʠʥʭʨʦʥʥʦʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ ʩ ʥʝʯʝʪʢʠʤ ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʅʘ 

ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ w, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʄ ʧʨʠ ʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʠ 

ʥʘʙʨʦʩʝ - ʩʙʨʦʩʝ ʥʘʛʨʫʟʢʠ ʜʣʷ FUZZY-ʨʝʛʫʣʷʪʦʨʘ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʂʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʦʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ï ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. ʅʦ ʧʨʠ ʵʪʦʤ FUZZY-ʨʝʛʫʣʷʪʦʨ 

ʧʨʝʚʦʩʭʦʜʠʪ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʩʯʸʪʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʝ 

 

ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ w ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʄ ʧʨʠ ʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ 

ʠ ʧʨʠ ʥʘʙʨʦʩʝ - ʩʙʨʦʩʝ ʥʘʛʨʫʟʢʠ ʜʣʷ FUZZY-ʨʝʛʫʣʷʪʦʨʘ ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʂʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʦʙʦʠʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ï ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. ʅʦ ʧʨʠ ʵʪʦʤ FUZZY-ʨʝʛʫʣʷʪʦʨ 

ʧʨʝʚʦʩʭʦʜʠʪ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʢʪʦʨʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʘʩʠʥʭʨʦʥʥʳʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʘ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʲʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ. 

ɸʣʛʦʨʠʪʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʝʩʪʠʩʴ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ. ɸʣʛʦʨʠʪʤ ʥʝʯʝʪʢʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʲʝʤʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 32-ʭ ʨʘʟʨʷʜʥʦʤ ʦʜʥʦʢʨʠʩʪʘʣʴʥʦʤ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʝ, 

ʥʘʧʨʠʤʝʨ, TMS32OC32. 
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ʃʠʪʝʨʘʪʫʨʘ: 

1. ʉʦʚʨʝʤʝʥʥʦʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʧʦʜ ʨʝʜ. ɸ. ɻ. ʅʘʨʦʜʠʮʢʦʛʦ , ʉʇʙ: 

ʉʇʙʕʂ, 2004 

2. ɼʴʷʢʦʥʦʚ ɺ., ʂʨʫʛʣʦʚ ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʨʘʩʰʠʨʝʥʠʷ 
MATLAB . ï ʉʇʙ.: ʇʠʪʝʨ, 2001. 

 

ʈɽɸʃʀɿɸʎʀʗ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆʁ ʀɼɽʅʊʀʌʀʂɸʎʀʀ ɺ 

ʉʀʉʊɽʄɽ ʆʉʊɸʊʆʏʅʓʍ ʂʃɸʉʉʆɺ. 

 

ɼ. ɺ. ʉʘʤʦʡʣʝʥʢʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʇʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʫʢʪʫʨʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʉʪʨʫʢʪʫʨʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʩʪʨʦʠʪ 

ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʜʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ. ʉʪʨʦʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩʪʨʫʢʪʫʨʥʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʦʥʘ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʩʧʝʮʠʘʣʠʩʪʘ ʚ ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʦʠʩʢʘ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʠʟ ʵʪʦʛʦ 

ʧʦʜʤʥʦʞʝʩʪʚʘ. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ 

ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʪʘʥʜʘʨʪʥʳʡ ʚʠʜ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʜʠʩʢʨʝʪʥʦʡ ʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ Z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 
1 2

0 1 2

1 2

1 2

...( )
( )

( ) 1 ...

m

m

n

n

b b z b z b zB z
G z

A z a z a z a z

- - -

- - -

+ + + +
= =

+ + + + . 

ʆʪ ʪʘʢʦʡ ʬʦʨʤʳ ʧʨʦʩʪʦ ʧʝʨʝʡʪʠ ʢ ʫʨʘʚʥʝʥʠʶ ʩʠʩʪʝʤʳ ʚ ʨʘʟʥʦʩʪʥʦʡ 

ʬʦʨʤʝ: 

1 1 2 2 0 1 1 2 2... ...k k k n k n k k k m k my a y a y a y b u bu b u b u- - - - - -+ + + + = + + + +. 

ɺr ʭʦʜʥʘ ̫ʚʝʣʠʯʠʥʘ ʩʠʩʪʝʤʳ: 

0 1 1 2 2 1 1... ...k k k k m k m k n k ny b u bu b u b u a y a y- - - - -= + + + + - - -. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʩʦʛʣʘʩʦʚʘʣʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʪʦ ʝʩʪʴ, ʯʪʦʙʳ ʚ ʢʘʞʜʳʡ 

ʜʠʩʢʨʝʪʥʳʡ ʦʪʩʯʝʪ ʚʨʝʤʝʥʠ k ʧʦʣʫʯʠʪʴ ʥʘʠʤʝʥʴʰʝʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ke 

ʤʝʞʜʫ ʚʳʭʦʜʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʤʦʜʝʣʠ 
Ĕ

ky  ʠ ʩʠʩʪʝʤʳ ky : 
Ĕ 0k k ky ye= - ­. 

ʂʨʘʪʢʦ ʟʘʜʘʯʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ:  
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0 1

Ĕ 0 , 1...
m n

k k k i k k i

i i

sol y b u a y k Nq - -

= =

ë û
= - - = =ì ü

í ý
ä ä

. 

ɺʝʢʪʦʨ ɗ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʤʘʪʨʠʮʘ ʌ 

ʢʚʘʜʨʘʪʥʘʷ ʠ ʥʝʚʳʨʦʞʜʝʥʥʘʷ: 

 ɗ = ʌ
-1
ĿY, (1) 

ʛʜʝ ʌ
-1
 ð ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʌ, 

 

1 1 2( , ,..., , , ,..., ), 1...k k k k m k k k nu u u y y y k N- - - - -F = - - - =, 

1

...

n

y

Y

y

å õ
æ ö
=æ ö
æ ö
ç ÷

;. 

ʅʘ ʧʨʘʢʪʠʢʝ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʧʦ ʬʦʨʤʫʣʝ (1) ʥʝʚʦʟʤʦʞʥʦ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ: 

1. ɺ ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʭ ʚʩʝʛʜʘ ʩʦʜʝʨʞʘʪʩ ̫ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, 

ʧʦʤʝʭʠ ʠ ʩʣʫʯʘʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

2. ʉʠʩʪʝʤʘ ʧʦʣʫʯʝʥʘ ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʪʨʫʢʪʫʨ r ʤʦʜʝʣʠ, 

ʢʦʪʦʨʘʷ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʘ ɗ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʦʧʨʝʜʝʣʝʥʥʦʡ ʠ 

ʥʝʩʦʚʤʝʩʪʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʠʱʫʪ ʧʩʝʚʜʦʨʝʰʝʥʠʝ, ʪʦ ʝʩʪʴ ʪʘʢʦʡ ʚʝʢʪʦʨ ɗ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʜʘʝʪ ʚʝʢʪʦʨ ʥʝʚʷʟʢʠ YqF - . 

ʇʩʝʚʜʦʨʝʰʝʥʠʝ ʧʦʣʫʯʘʶʪ ʦʜʥʠʤ ʠʟ ʜʚʫʭ ʩʧʦʩʦʙʦʚ: 

 
1

T TYq
-

è ø= F F Fê ú , 

Yq +=F  
 

ʛʜʝ ʌ
T
 ð ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ʌ; ʌ

+
 ð ʧʩʝʚʜʦʦʙʨʘʪʥʘʷ 

ʤʘʪʨʠʮʘ ʌ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʝʨʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʢʪʦʨʘ ɗ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʠʭ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʩʨʝʜʩʪʚʘʤʠ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ: 

- ʦʧʝʨʘʮʠʷ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ï ʤʦʜʫʣʴʥʘʷ; 

- ʦʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ ï ʤʦʜʫʣʴʥʘʷ; 

- ʦʧʝʨʘʮʠʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ ʤʘʪʨʠʮʳ ï ʤʦʜʫʣʴʥʘʷ; 

- ʦʧʝʨʘʮʠʷ ʥʘʭʦʞʜʝʥʠʷ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ï ʥʝ ʤʦʜʫʣʴʥʘʷ. 

ʅʘʭʦʞʜʝʥʠʝ ʦʙʨʘʪʥʦʡ ʤʘʪʨʠʮʳ ʥʝ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʪʘʢ 

ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʜʝʣʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ. ʆʜʥʘʢʦ, 

ʜʝʣʝʥʠʝ ʥʘ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʘʪʨʠʮʳ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʫʞʝ ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʉʆʂ ʚ ʇʉʉ, ʪʘʢ ʢʘʢ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʥʦ ʥʝ 

ʚʣʠʷʝʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʠʟʫʝʤ ʚ ʩʠʩʪʝʤʝ ʦʩʪʘʪʦʯʥʳʭ 

ʢʣʘʩʩʦʚ. 
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ʆʧʠʩʘʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ 

ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

- ʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ʩʦʙʨʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʩʠʩʪʝʤʦʡ (ʧʘʩʩʠʚʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ). 

- ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ʧʦʨʷʜʢʘ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ). 

- ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʤʦʞʥʘ ʚ ʣʶʙʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. 

- ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʚʦʟʤʦʞʥʘ ʧʨʠ ʨʘʙʦʪʘʶʱʝʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. 

- ʧʨʦʩʪʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʩʨʝʜʩʪʚʘʤʠ ʤʦʜʫʣʷʨʥʦʡ ʘʨʠʬʤʝʪʠʢʠ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇʃʀʉ ɺ ʉʀʉʊɽʄɸʍ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ 

ʈɽɻʋʃʀʈʆɺɸʅʀʗ 

 

ɼ. ɺ. ʉʘʤʦʡʣʝʥʢʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʥʫʞʜʘʶʱʠʭʩʷ ʚ 

ʚʳʩʦʢʦʪʦʯʥʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʠʥʪʝʛʨʘʣʴʥʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ (ʇʀɼ ʢʦʥʪʨʦʣʣʝʨʳ). ʕʪʠ ʢʦʥʪʨʦʣʣʝʨʳ 

ʦʙʳʯʥʦ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʜʠʩʢʨʝʪʥʦʤ ʚʠʜʝ ʠ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʠʣʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ. ɺ ʨʷʜʝ ʧʨʠʣʦʞʝʥʠʡ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ 

ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʝ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʝʥʠʝ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʩ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ (ʃʉʕʇ) ʤʦʞʝʪ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ. 

ʆʜʥʘʢʦ ʠʭ ʥʠʟʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘʯʘʩʪʫʶ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
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ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʦʟʨʘʩʪʘʥʠʝ ʦʙʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ 

ʜʘʥʥʳʭ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʩʠʩʪʝʤʘ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ (ʉʆʂ) ʧʦʢʘʟʘʣʘ ʩʝʙʷ ʢʘʢ 

ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʆʂ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʩʦʢʦʪʦʯʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʚʳʩʦʢʠʤ 

ʦʙʲʝʤʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʧʝʨʘʮʠʷʭ 

ʩʣʦʞʝʥʠʷ, ʚʳʯʠʪʘʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ ʥʘʜ ʙʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ, ʯʠʩʣʦ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʤʦʜʫʣʷʤ ʩ ʥʝʙʦʣʴʰʦʡ ʨʘʟʨʷʜʥʦʩʪʴʶ, ʦʧʝʨʘʮʠʠ ʥʘʜ 

ʢʦʪʦʨʳʤʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʦʩʪʘʪʦʢ ʧʦ ʢʘʞʜʦʤʫ 

ʠʟ ʤʦʜʫʣʝʡ ʚ ʉʆʂ ʨʘʚʥʦʟʥʘʯʝʥ ʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʠʛʥʘʣʘ ʧʝʨʝʥʦʩʘ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʣʥʫʶ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʩʠʩʪʝʤʳ. 

ʆʜʥʘʢʦ ʦʧʝʨʘʮʠʷ ʜʝʣʝʥʠʷ ʚ ʉʆʂ, ʘ ʪʘʢʞʝ ʧʝʨʝʚʦʜ ʠʟ ʧʦʟʠʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩʯʠʩʣʝʥʠʷ (ʇʉʉ) ʚ ʉʆʂ ʠ ʠʟ ʉʆʂ ʚ ʇʉʉ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʩʤʦʪʨʦʚʳʤʠ ʪʘʙʣʠʮʘʤʠ (ʇʊ) ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʪʠʭ 

ʦʧʝʨʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʯʠʩʣʷʶʪʩʷ ʜʣʷ ʚʩʝʭ ʤʦʜʫʣʝʡ ʠ 

ʭʨʘʥʷʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʧʦ ʦʙʲʝʤʫ ʟʘʧʦʤʠʥʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʩʠʩʪʝʤʫ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ, ʚʦʟʤʦʞʥʦ, 

ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʩ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʝ ʇʀɼ ʢʦʥʪʨʦʣʣʝʨʳ. 

 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʕʌʌɽʂʊʀɺʅʆɻʆ ʐʀʌʈʆɺɸʅʀʗ 

 

ɺ. ʅ. ɹʘʥʥʠʢʦʚ, ʩʪʫʜʝʥʪ, 

ɼ. ɺ. ʉʘʤʦʡʣʝʥʢʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ 

ʰʠʬʨʦʚʘʥʠʷ ʧʦʜʥʠʤʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʜʝʰʠʬʨʫʝʤʦʩʪʠ 

ʠʟʚʝʩʪʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʰʠʬʨʦʚʘʥʠʷ ʥʝʪ, ʥʦ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʚʠʨʪʫʘʣʴʥʦʝ ʰʠʬʨʦʚʘʥʠʝ 

ʠ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʛʠʧʝʨʵʣʣʝʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʘʢʝʪʦʤ NISTSTS, ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʘʚʪʦʨʘʤʠ [1,2], ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʥʝ ʫʩʪʫʧʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʜʠʩʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʚʝʜʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʨʦʩʪʘ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʚ ʭʦʜʝ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʤʝʪʦʜʦʚ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ ʫʩʣʦʞʥʝʥʠʝʤ ʚʠʨʪʫʘʣʴʥʳʭ 

ʚʳʙʦʨʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʘʥʩʘʤʙʣʷ ʢʣʶʯʝʡ. ɺ ʨʘʙʦʪʝ [3] ʨʘʩʩʤʦʪʨʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʥʝʜʝʰʠʬʨʫʝʤʦʩʪʴ. 

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʦʝ ʰʠʬʨʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ 

ʥʝʜʝʰʠʬʨʫʝʤʦʩʪʴ, ʯʝʤ ʤʝʪʦʜ PRIJNDEL, ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘ ʢʦʥʬʝʨʝʥʮʠʡ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʀʥʩʪʠʪʫʪʘ ʉʪʘʥʜʘʨʪʦʚ ʠ ʊʝʭʥʦʣʦʛʠʡ (NIST) ʉʐɸ ʚ 1997-

2000ʛʛ. 

ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʰʠʬʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʤʥʦʛʦʯʣʝʥʦʚ ʚ ʘʣʛʦʨʠʪʤʝ 

ʰʠʬʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʛʠʧʝʨʵʣʣʠʧʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ 

ʘʚʪʦʨʦʤ [4]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʥʠʭ ʪʨʝʙʫʝʪʩʷ 

ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʘʷ ʜʣʠʥʘ ʢʣʶʯʘ ʧʦ ʩʨʘʚʥʝʥʠʶ, ʥʘʧʨʠʤʝʨ, ʩ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʠʩʪʝʤʦʡ RSA. ʂʨʦʤʝ ʪʦʛʦ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʟʣʦʤʘ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʵʣʝʤʝʥʪʘʤʠ ʦʩʥʦʚʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʩʣʦʞʝʥʠʠ ʪʦʯʝʢ ʠ 

ʜʠʚʠʟʦʨʦʚ ʠ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʘʤʷʪʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ʏʪʦ, ʦʜʥʘʢʦ, ʥʝ ʠʛʨʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ, ʝʩʣʠ ʩʠʩʪʝʤʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʚ ʬʘʡʣʘʭ, ʘ ʥʝ ʚ ʦʪʢʨʳʪʦʡ ʩʝʪʠ. ʊʘʢʞʝ ʉ. 

ʀ. ɸʣʝʰʥʠʢʦʚ ʧʨʝʜʣʦʞʠʣ, ʯʪʦ ʚ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ çʙʳʩʪʨʦʡè 

ʘʨʠʬʤʝʪʠʢʠ ʚ ʢʦʥʝʯʥʳʭ ʧʦʣʷʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʟʘʱʠʪʳ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʟʘʱʠʪʳ. 

ʇʦʤʠʤʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʝʩʪʴ ʠ 

ʜʝʡʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʧʨʦʪʦʢʦʣʳ ʰʠʬʨʦʚʘʥʠʷ. ɸʚʪʦʨʳ ɺ. ʅ. ʅʠʢʠʪʠʥ, ɼ. 

ɺ. ʖʨʢʠʥ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ [5] ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʝʡʩʪʚʫʶʱʠʝ ʧʨʦʪʦʢʦʣʳ 

ʰʠʬʨʦʚʘʥʠʷ. ɸʚʪʦʨʳ ʧʦʣʫʯʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʟʘʱʠʱʝʥʥʦʛʦ ʢʘʥʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʪʢʨʳʪʦʤʫ ʠ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚʣʠʷʝʪ ʥʘ 

ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 
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ʉ.ɸ. ʏʝʨʥʦʚ, ʩʪʫʜʝʥʪ, 

 ɼ. ɺ. ʉʘʤʦʡʣʝʥʢʦ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, 

ʅʝʚʠʥʥʦʤʳʩʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

(ʬʠʣʠʘʣ) ʉʂʌʋ, ʛ. ʅʝʚʠʥʥʦʤʳʩʩʢ 

 

ʊʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ, ʭʦʪʷ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʩʫʱʝʩʪʚʫʶʪ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ 

ʟʘʱʠʪʳ ʵʪʠʭ ʩʝʪʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʘʪʘʢ ʥʘ Wi-Fi ʩʝʪʠ ʩʪʘʥʜʘʨʪʘ 802.11 

ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ ʨʝʘʣʠʟʘʮʠʠ Wi-Fi (ʩʪʘʥʜʘʨʪ IEEE 

802.11), ʨʝʞʠʤʳ ʨʘʙʦʪʳ Wi-Fi ʩʝʪʝʡ. 

ɺ 802.11 ʩʝʪʷʭ ʝʩʪʴ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ: Ad-hoc ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

(ʫʧʨʘʚʣʷʝʤʳʡ ʯʝʨʝʟ ʪʦʯʢʠ ʜʦʩʪʫʧʘ). 

ʈʝʞʠʤ Ad-hoc ʠʩʧʦʣʴʟʫʝʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʩʝʪʝʡ, ʚ 

ʢʦʪʦʨʳʭ ʢʦʤʧʴʶʪʝʨʳ ʦʙʱʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʥʘʧʨʷʤʫʶ.  

ɺ ʨʝʞʠʤʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʫʟʣʳ ʩʚʷʟʳʚʘʶʪʩʷ ʠ ʦʙʤʝʥʠʚʘʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʯʝʨʝʟ ʝʜʠʥʩʪʚʝʥʥʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ.  

ʉʝʪʴ ʤʦʞʝʪ ʠʤʝʪʴ ʤʥʦʛʦ ʪʦʯʝʢ ʜʦʩʪʫʧʘ, ʘ ʢʣʠʝʥʪʳ ð ʧʝʨʝʜʚʠʛʘʪʴʩʷ 

ʤʝʞʜʫ ʥʠʤʠ, ʧʝʨʝʢʣʶʯʘʷʩʴ ʩ ʦʜʥʦʡ ʥʘ ʜʨʫʛʫʶ.ɺ ʩʝʪʷʭ ʥʘ ʦʩʥʦʚʝ ʪʦʯʝʢ 

ʜʦʩʪʫʧʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʥʷʪʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʩʩʦʮʠʘʮʠʠ. 

ʇʨʝʞʜʝ ʯʝʤ ʢʣʠʝʥʪ ʤʦʞʝʪ ʥʘʯʘʪʴ ʦʙʱʘʪʴʩʷ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ, ʝʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʚʦʶ ʧʦʜʣʠʥʥʦʩʪʴ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʧʦʩʣʘʪʴ 

ʟʘʧʨʦʩ ʘʩʩʦʮʠʘʮʠʠ. 

ʈʝʞʠʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʚ Wi-Fi ʩʝʪʷʭ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʨʝʞʠʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ: ʦʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʠ 

ʦʙʱʝʜʦʩʪʫʧʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ (SharedKey). 

ʆʪʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ð ʵʪʦ ʦʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 

ʣʶʙʦʡ ʤʦʞʝʪ ʩʚʷʟʘʪʴʩʷ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ. 



78 

 

ʆʙʱʝʜʦʩʪʫʧʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʦʪʦʢʦʣʘ ʰʠʬʨʦʚʘʥʠʷ WEP (WiredEquivalentPrivacy), ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʚʦʜʘ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ 

ʦʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʟʘʧʨʦʩʘ ʠ ʦʪʚʝʪʘ ʢʣʠʝʥʪ ʤʦʞʝʪ ʥʘʯʘʪʴ ʧʦʩʳʣʘʪʴ ʜʘʥʥʳʝ. 

ɹʦʣʝʝ ʪʦʛʦ, ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʤʦʛʫʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʰʠʬʨʦʚʘʪʴ ʬʨʝʡʤʳ 

ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤ WEP.ʇʨʦʪʦʢʦʣ WEP ʠʩʧʦʣʴʟʫʝʪ ʜʦʚʦʣʴʥʦ 

ʥʝʩʪʦʡʢʠʡ ʘʣʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ RC4 ʥʘ ʩʪʘʪʠʯʝʩʢʦʤ ʢʣʶʯʝ. ʉʫʱʝʩʪʚʫʝʪ 64-

, 128-, 256- ʠ 512-ʙʠʪʥʦʝ WEP-ʰʠʬʨʦʚʘʥʠʝ. ʏʝʤ ʙʦʣʴʰʝ ʙʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʢʣʶʯʘ, ʪʝʤ ʙʦʣʴʰʝ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʢʣʶʯʝʡ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʚʟʣʦʤʫ. ʏʘʩʪʴ WEP-ʢʣʶʯʘ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ (40 ʙʠʪ ʚ ʩʣʫʯʘʝ 64-ʙʠʪʥʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ), ʘ ʜʨʫʛʘʷ (24 ʙʠʪ) ð ʜʠʥʘʤʠʯʝʩʢʦʡ (ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ), ʪ. 

ʝ. ʤʝʥʷʶʱʝʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʝʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʢʘʢ ʩʪʨʦʠʪʩʷ ʧʨʦʪʦʢʦʣ WEP, ʦʙʨʘʪʠʚ ʚʥʠʤʘʥʠʝ 

ʥʘ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʝ ʩʪʦʨʦʥʳ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʱʠʪʳ. 

ʆʙʱʠʡ ʚʠʜ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ WEP ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʧʨʦʪʦʢʦʣʘ WEP 

 

ʀʪʘʢ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʘʢʝʪʦʚ ʧʦ Wi-Fi ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ WEP 

ʦʪʧʨʘʚʠʪʝʣʴ ʠ ʧʦʣʫʯʘʪʝʣʴ ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʠʡ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ k, ʧʝʨʝʜʘʥʥʳʡ 

ʧʦ ʟʘʱʠʱʝʥʥʦʤʫ ʢʘʥʘʣʫ.ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʩʣʘʪʴ ʩʦʦʙʱʝʥʠʝ M, ʦʪʧʨʘʚʠʪʝʣʴ 

ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

ɺʦ - ʧʝʨʚʳʭ, ʦʥ ʨʘʩʩʯʠʪʳʚʘʝʪ ʢʦʥʪʨʦʣʴʥʫʶ ʩʫʤʤʫ ʩʦʦʙʱʝʥʠʷ M ʠ 

ʧʨʠʙʘʚʣʷʝʪ ʝʝ ʢ ʩʘʤʦʤʫ ʩʦʦʙʱʝʥʠʶ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝ P. 

ɺʦ - ʚʪʦʨʳʭ, ʦʥ ʚʳʙʠʨʘʝʪ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ v ʠ ʛʝʥʝʨʠʨʫʝʪ 

ʢʣʶʯʝʚʦʡ ʧʦʪʦʢ ð ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʙʘʡʪ, ʟʘʚʠʩʷʱʠʭ ʦʪ v ʠ 

ʢʣʶʯʘ k. ɻʝʥʝʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ 
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RC4. ʅʘ ʪʨʝʪʴʝʤ ʰʘʛʝ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʝʨʘʮʠʷ XOR ʢ P ʠ ʢʣʶʯʝʚʦʤʫ ʧʦʪʦʢʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʟʘʰʠʬʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ C. 

 

C = P xor RC4(v,k) 

 

ɼʘʥʥʳʡ ʚʝʢʪʦʨ ʧʝʨʝʜʘʝʪʩʷ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ. 

ʇʦʣʫʯʘʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʳʡ 

ʚʝʢʪʦʨ v ʠ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ k, ʦʥ ʛʝʥʝʨʠʨʫʝʪ ʢʣʶʯʝʚʦʡ ʧʦʪʦʢ ʥʘ ʦʩʥʦʚʝ 

ʘʣʛʦʨʠʪʤʘ ʰʠʬʨʦʚʘʥʠʷ RC4. ɿʘʪʝʤ ʧʨʠʤʝʥʷʝʪ ʦʧʝʨʘʮʠʶ XOR ʢ ʧʘʨʝ 

ʟʘʰʠʬʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʉ ʠ ʢʣʶʯʝʚʦʛʦ ʧʦʪʦʢʘ RC4 (v,k), ʧʦʣʫʯʘʷ 

ʩʦʦʙʱʝʥʠʝ Mô, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ cô.ʅʘ ʪʨʝʪʴʝʤ 

ʵʪʘʧʝ ʧʨʦʚʝʨʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʠ ʦʪʧʨʘʚʣʝʥʥʦʡ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ. 

ɽʩʣʠ ʦʥʠ ʨʘʚʥʳ, ʪʦ ʠʩʭʦʜʥʦʝ ʩʦʦʙʱʝʥʠʝ ʫʩʧʝʰʥʦ ʧʝʨʝʜʘʥʦ.WEP ʠʩʧʦʣʴʟʫʝʪ 

ʧʦʪʦʯʥʳʡ ʰʠʬʨ RC4 ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʢʣʶʯʝʚʦʛʦ ʧʦʪʦʢʘ. ɺʩʷ ʥʘʜʝʞʥʦʩʪʴ 

ʧʨʦʪʦʢʦʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʟʘʱʠʱʝʥʥʦʩʪʠ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʆʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʪʦʢʦʣʘ WEP ð ʵʪʦ ʜʣʠʥʘ 

ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʣʶʯʘ. ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʤʝʣʘ ʜʣʠʥʫ ʢʣʶʯʘ ʚ 

64 ʙʠʪʘ: 40 ʙʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʣʶʯ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʘʙʦʥʝʥʪʘʤʠ, ʠ 24 

ʙʠʪʘ ʥʘ ʚʝʢʪʦʨ ʠʥʠʮʠʘʣʠʟʘʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʚʝʨʩʠʷ ʧʨʦʪʦʢʦʣʘ WEP ʩ ʜʣʠʥʦʡ 

ʢʣʶʯʘ 128 ʙʠʪ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʘʤ ʢʣʶʯ ʠʤʝʝʪ ʜʣʠʥʫ 104 ʙʠʪʘ, ʘ ʚʝʢʪʦʨ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ ð 24 ʙʠʪʘ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʳʡ 

ʦʙʲʝʤ ʢʣʶʯʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ ʧʦʟʚʦʣʠʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʧʦʜʦʙʨʘʪʴ ʢʣʶʯ, 

ʠ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʪʘʢʠ, ʢʦʤʧʨʦʤʝʪʠʨʫʶʱʠʝ ʵʪʦʪ ʧʨʦʪʦʢʦʣ. 

ɸʪʘʢʘ ʥʘ ʥʝʟʘʱʠʱʝʥʥʫʶ ʦʙʱʫʶ ʪʦʯʢʫ ʜʦʩʪʫʧʘ Wi-Fi. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʠʭ ʤʦʜʝʣʝʡ ʪʝʣʝʬʦʥʦʚ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʪʴ Wi-Fi ʩʝʪʴ, ʠʩʧʦʣʴʟʫʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʫʩʪʨʦʡʩʪʚʘ ʫʷʟʚʠʤʳʤʠ ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʘʪʘʢ. ɿʘʱʠʪʦʡ ʦʪ ʧʦʜʦʙʥʦʡ ʘʪʘʢʠ 

ʩʪʘʥʝʪ ʧʨʠʤʝʥʝʥʠʝ ʰʠʬʨʦʚʘʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ Wi-Fi ʪʨʘʬʠʢʘ, ʯʪʦ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʝʪʠ, ʥʦ ʧʦʪʨʝʙʫʝʪ ʦʪ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʚʘʞʥʦʩʪʠ 

ʵʪʦ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʛʨʘʞʜʝʥʠʷ ʩʝʪʠ ʦʪ ʜʘʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

ɸʪʘʢʘ ʥʘ WEP ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʭʚʘʯʝʥʥʳʭ ʩʦʦʙʱʝʥʠʡ. 

ʇʨʦʪʦʢʦʣ WEP, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʦʪʦʢʦʚʦʤ ʰʠʬʨʝ RC4. RC4 ð ʚʧʦʣʥʝ ʥʘʜʝʞʥʳʡ ʘʣʛʦʨʠʪʤ, ʥʦ ʝʛʦ 

ʥʝʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ ʫʷʟʚʠʤʦʩʪʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʥʦʡ ʦʰʠʙʢʦʡ ʷʚʣʷʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝ ʜʚʫʭ ʨʘʟʥʳʭ 

ʩʦʦʙʱʝʥʠʡ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʢʣʶʯʝʚʳʤ ʧʦʪʦʢʦʤ. 

ʀʟ-ʟʘ ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ WEP-ʧʨʦʪʦʢʦʣʘ ʧʦʷʚʣʷʝʪʩʷ ʫʛʨʦʟʘ 

ʧʝʨʝʭʚʘʪʘ ʠ ʨʘʩʰʠʬʨʦʚʢʠ Wi-Fi ʪʨʘʬʠʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚʘʞʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʜʘʥʥʳʝ: ʧʘʨʦʣʠ, ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʝ 

ʜʦʢʫʤʝʥʪʳ, ʙʘʥʢʦʚʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. 
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ɸʪʘʢʘ ʦʙʭʦʜʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ WEP. 

WEP ʠʤʝʝʪ ʝʱʝ ʦʜʥʫ ʚʝʩʦʤʫʶ ʫʷʟʚʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʦʩʫʱʝʩʪʚʣʷʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʦʧʘʩʥʳʝ ʘʪʘʢʠ.ʇʨʦʪʦʢʦʣ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʩʦʟʜʘʥ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʯʪʦ ʢʣʠʝʥʪ 

ʟʥʘʝʪ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ k ʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ. ʉʭʝʤʘ 

ʫʢʘʟʘʥʥʦʡ ʦʧʝʨʘʮʠʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

 

WEP ɺʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: ʪʦʯʢʘ ʜʦʩʪʫʧʘ ʧʝʨʝʜʘʝʪ 

ʢʣʠʝʥʪʫ ʩʦʦʙʱʝʥʠʝ (ʟʘʧʨʦʩ) ʦʪʢʨʳʪʳʤ ʪʝʢʩʪʦʤ; ʢʣʠʝʥʪ ʰʠʬʨʫʝʪ ʝʛʦ ʥʘ 

ʢʣʶʯʝ k ʠ ʦʪʧʨʘʚʣʷʝʪ ʦʙʨʘʪʥʦ (ʦʙʳʯʥʦʝ WEP-ʰʠʬʨʦʚʘʥʠʝ); ʪʦʯʢʘ ʜʦʩʪʫʧʘ 

ʧʨʦʚʝʨʷʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʰʠʬʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʠʤʝʶʱʠʡʩʷ ʫ ʥʝʝ ʢʣʶʯ k, ʠ 

ʚ ʩʣʫʯʘʝ ʫʩʧʝʭʘ ʘʫʪʝʥʪʠʬʠʮʠʨʫʝʪ ʢʣʠʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʫ ʫʜʘʩʪʩʷ ʧʝʨʝʭʚʘʪʠʪʴ ʧʘʨʫ ʦʪʢʨʳʪʳʡ ʪʝʢʩʪ (ʟʘʧʨʦʩ) / 

ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʪʝʢʩʪ (ʦʪʚʝʪ ʢʣʠʝʥʪʘ), ʦʥ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʚʦʜʠʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʘʪʘʢʠ (ʚʥʝʜʨʷʪʴ ʧʘʢʝʪʳ), ʥʦ ʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʠʪʴ 

ʥʘʧʘʜʝʥʠʝ ʥʘ ʧʨʦʪʦʢʦʣ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʚʳʜʘʚ ʩʝʙʷ ʟʘ ʣʝʛʠʪʠʤʥʦʛʦ ʢʣʠʝʥʪʘ. 

ɸʪʘʢʠ ʦʪʢʘʟʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ Wi-Fi. 

ʎʝʣʴ ʣʶʙʦʡ ʘʪʘʢʠ ʪʠʧʘ ʦʪʢʘʟ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ 

ʧʦʤʝʭʠ ʧʨʠ ʜʦʩʪʫʧʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʩʝʪʝʚʳʤ ʨʝʩʫʨʩʘʤ. ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʘʪʘʢʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʩʳʣʢʝ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʬʠʢʪʠʚʥʳʭ ʧʘʢʝʪʦʚ, ʟʘʧʦʣʥʷʶʱʠʭ ʣʝʛʘʣʴʥʳʡ ʪʨʘʬʠʢ ʠ ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʟʘʚʠʩʘʥʠʶ ʩʠʩʪʝʤ. 

ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʠʩʪʝʤʳ ʦʩʦʙʝʥʥʦ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʪʘʢʦʛʦ ʨʦʜʘ ʘʪʘʢʘʤ 

ʠʟ-ʟʘ ʧʫʪʝʡ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ OSI ʩʪʝʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʤʝʞʜʫ ʩʦʙʦʡ. ɸʪʘʢʘ ʥʘ ʬʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʚʚʠʜʫ ʧʨʦʩʪʦʪʳ ʨʝʘʣʠʟʘʮʠʠ, ʯʝʤ ʚ 

ʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʪʘʢ ʢʘʢ ʩʨʝʜʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 


