
 

 

ʈʝʜʘʢʮʠʦʥʥʳʡ ʩʦʚʝʪ 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʣʘʫʨʝʘʪ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʀʚʘʭʥʶʢ ɻʨʠʛʦʨʠʡ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ). 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ï ʜʦʢʪʦʨ ʧʦʣʠʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʜʦʮʝʥʪ ʄʫʩʠʝʥʢʦ ʊʘʤʘʨʘ ɺʠʢʪʦʨʦʚʥʘ, ʟʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ. 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ (ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ) ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʄʝʜʚʝʜʝʚʘ 

ʃʶʜʤʠʣʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʫʢʦʚʦʜʠʪʝʣʴ ʫʯʝʙʥʦ-ʥʘʫʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ï 6 çʌʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ, ʠʥʞʝʥʝʨʥʦʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʏʉè. 

 

ʏʣʝʥʳ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ: 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʄʠʥʢʠʥ ɼʝʥʠʩ ʖʨʴʝʚʠʯ, ʜʠʨʝʢʪʦʨ 

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ; 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʐʘʨʘʧʦʚ ʉʝʨʛʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ ʢʨʠʤʠʥʘʣʠʩʪʠʢʠ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʠʟ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ; 

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ 

ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɻʨʝʰʥʳʭ ɸʥʪʦʥʠʥʘ ɸʜʦʣʴʬʦʚʥʘ, ʜʝʢʘʥ 

ʬʘʢʫʣʴʪʝʪʘ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ; 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʇʦʣʷʢʦʚ ɸʣʝʢʩʘʥʜʨ ʉʪʝʧʘʥʦʚʠʯ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ; 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʦʯʝʪʥʳʡ ʨʘʙʦʪʥʠʢ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ɹʘʨʙʠʥ 

ʅʠʢʦʣʘʡ ʄʠʭʘʡʣʦʚʠʯ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʋʨʀ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ, ʜʠʨʝʢʪʦʨ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʪʝʭʥʦʩʬʝʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ; 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʣʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʅɸʋʏʅʆ-ɸʅɸʃʀʊʀʏɽʉʂʀʁ ɾʋʈʅɸʃ 
 

ʇʈʀʈʆɼʅʓɽ ʀ ʊɽʍʅʆɻɽʅʅʓɽ ʈʀʉʂʀ 
(ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʀ ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ) 

NATURAL AND TECHNOLO GICAL RISKS  
(PHYSICS-MATHEMATICAL AND APPLIED ASPECTS) 

 

ˉ 3 (31) ï 2019 

 



2 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʇʦʪʘʧʦʚ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʦʡ çʇʨʠʙʦʨʳ ʢʦʥʪʨʦʣʷ ʠ ʩʠʩʪʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʦʯʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ; 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʉʠʣʴʥʠʢʦʚ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ, 

ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʛʦʨʥʦʩʧʘʩʘʪʝʣʴʥʦʛʦ ʜʝʣʘ ʠ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ; 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʂʣʶʡ ɺʘʣʝʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ. 

 

ʉʝʢʨʝʪʘʨʴ ʩʦʚʝʪʘ: 

ʢʘʧʠʪʘʥ ʚʥʫʪʨʝʥʥʝʡ ʩʣʫʞʙʳ ɼʦʤʥʠʯʝʚʘ ɸʥʘʩʪʘʩʠʷ ɺʷʯʝʩʣʘʚʦʚʥʘ, ʨʝʜʘʢʪʦʨ 

ʦʪʜʝʣʝʥʠʷ ʧʨʝʜʧʝʯʘʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʘ ʮʝʥʪʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ 
 

ʇʨʝʜʩʝʜʘʪʝʣʴ ï ʧʦʜʧʦʣʢʦʚʥʠʢ ʚʥʫʪʨʝʥʥʝʡ ʩʣʫʞʙʳ ʉʪʸʧʢʠʥ ʉʝʨʛʝʡ ʄʠʭʘʡʣʦʚʠʯ, 

ʥʘʯʘʣʴʥʠʢ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʘ ʮʝʥʪʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɿʘʤʝʩʪʠʪʝʣʴ ʧʨʝʜʩʝʜʘʪʝʣʷ ï ʤʘʡʦʨ ʚʥʫʪʨʝʥʥʝʡ ʩʣʫʞʙʳ ɸʣʝʢʩʝʝʚʘ ʃʶʜʤʠʣʘ 

ɺʠʢʪʦʨʦʚʥʘ, ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʝʥʠʷ ï ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʘ ʮʝʥʪʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʏʣʝʥʳ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ: 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʑʝʨʙʘʢʦʚ ʆʣʝʛ ɺʷʯʝʩʣʘʚʦʚʠʯ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ  

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʊʘʨʘʥʮʝʚ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ; 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʨʘʙʦʪʥʠʢ ʚʳʩʰʝʡ ʰʢʦʣʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ɸʥʪʶʭʦʚ ɺʘʣʝʨʠʡ ʀʚʘʥʦʚʠʯ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ 

ʠ ʘʥʪʠʢʨʠʟʠʩʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʈʦʤʘʥʦʚ ʅʠʢʦʣʘʡ ʅʠʢʦʣʘʝʚʠʯ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʇʦʜʨʫʞʢʠʥʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ, ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɺʠʥʦʛʨʘʜʦʚ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ, ʠʥʞʝʥʝʨ 

ʦʪʜʝʣʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʥʪʨʘ ʦʨʛʘʥʠʟʘʮʠʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

 

ʉʝʢʨʝʪʘʨʴ ʢʦʣʣʝʛʠʠ: 

ʢʘʧʠʪʘʥ ʚʥʫʪʨʝʥʥʝʡ ʩʣʫʞʙʳ ɼʤʠʪʨʠʝʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʨʝʜʘʢʪʦʨ 

ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʨʝʜʘʢʮʠʦʥʥʦʛʦ ʦʪʜʝʣʘ ʮʝʥʪʨʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʄʆʅʀʊʆʈʀʅɻ ʀ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ 

ʇʈʀʈʆɼʅʓʍ ʀ ʊɽʍʅʆɻɽʅʅʓʍ ʈʀʉʂʆɺ  

 

 

ʇʈʆɹʃɽʄʅʓɽ ɺʆʇʈʆʉʓ ʋʇʈɸɺʃɽʅʀʗ ʕɺɸʂʋɸʎʀɽʁ 

ʃʖɼɽʁ ʀɿ ʊʆʈɻʆɺʓʍ ʂʆʄʇʃɽʂʉʆɺ ɺ ʉʆɺʈɽʄɽʅʅʓʍ 

ʋʉʃʆɺʀʗʍ  
 

ɼ.ʇ. ʂʝʜʘ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ;  

ɻ.ʉ. ɿʦʥʦʚ; 

ʈ.ʖ. ʄʠʭʘʡʣʦʚ.  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 
 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤ ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ 

ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʱʠʪʳ. ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤ ʦʧʦʚʝʱʝʥʠʷ ʠ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ʟʘʚʠʩʠʪ  

ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʨʛʘʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʦʞʘʨʥʦʛʦ ʥʘʜʟʦʨʘ. ʅʘ ʵʪʫ ʧʨʦʙʣʝʤʫ ʪʘʢ ʞʝ ʚʣʠʷʶʪ ʥʝʜʦʩʪʘʪʢʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤ ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ 

ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʲʝʤʦʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʘʢʠʤʠ 

ʞʝ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʠ ʯʘʩʪʦ ʥʝ ʦʙʥʦʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ  ʩʠʩʪʝʤ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤ 

ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤ 

ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ʥʘ ʦʩʥʦʚʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ  

ʠ ʦʙʥʦʚʣʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ, ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤ ʠʥʪʝʛʨʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʩʠʩʪʝʤ 

ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʦʢʘʟʘʪʝʣʠ, ʪʨʝʙʦʚʘʥʠʷ, ʠʥʪʝʛʨʘʮʠʷ  

 
PROBLEM ISSUES OF MANAGING THE EVACUATION OF PEOPLE  

FROM TRADE COMPLEXES UNDER MODERN CONDITIONS 
 

D.P. Keda; G.S. Zonov; R.Yu. Mikhailov. 

Saint-Petersburg university of State service of EMERCOM of Russia 

 

Statistical data indicate the low efficiency of the use of automatic fire extinguishing systems 

and warning systems and evacuation of people in case of fire at the protection facilities. The low 

efficiency of the use of automatic fire extinguishing systems and warning systems and evacuation  

of people in case of fire depends on the characteristic performance indicators of the state fire 

supervision authorities in this direction. This problem is also affected by shortcomings in the design 

of automatic fire extinguishing systems and warning and evacuation systems in case of fire,  

the provision of volumes and maintenance of the organization of operation. The same disadvantages 

are often not updated requirements for the technical characteristics of systems and equipment  
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of automatic fire extinguishing systems and warning systems and evacuation of people in case  

of fire. Ways are proposed for improving the efficiency of the use of automatic fire extinguishing 

systems and warning and evacuation systems in case of fire based on improving and updating  

the regulatory and technical base, conducting research work, implementing integration programs  

for automatic fire extinguishing systems and warning and evacuation systems in case of fire  

with integrated systems security of the protected object. 

Keywords: efficiency, indicators, requirements, integration 

 
ʉʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ (ʉʆʋʕ) ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʵʚʘʢʫʘʮʠʶ ʣʶʜʝʡ ʚ ʙʝʟʦʧʘʩʥʫʶ ʟʦʥʫ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ  

ʟʘ ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʨʝʤʷ ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ  

ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ  

ʥʘ ʦʙʲʝʢʪʘʭ, ʛʜʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʨʘʚʤʘʪʠʟʤʫ  

ʠ (ʠʣʠ) ʛʠʙʝʣʠ ʣʶʜʝʡ. 

ʇʝʨʝʯʝʥʴ ʦʙʲʝʢʪʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʩʥʘʱʝʥʠʶ ʉʆʋʕ ʠ ʩʠʩʪʝʤʘʤʠ ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʝʥ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1ï5]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ï ʵʪʦ 

ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʣʶʜʝʡ ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ ʠ ʧʫʪʷʭ ʵʚʘʢʫʘʮʠʠ.  

ʂʦʣʠʯʝʩʪʚʦ ʛʠʙʝʣʠ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʘʭ  ʚ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʜʘʥʠʷʭ ʠ ʟʜʘʥʠʷʭ 

ʧʦʚʳʰʝʥʥʦʡ ʵʪʘʞʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʲʝʢʪʳ ʩ ʤʘʩʩʦʚʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʣʶʜʝʡ ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʤʠ. ʊʘʢ, ʩʪʘʪʠʩʪʠʢʘ ʠ ʛʨʦʤʢʠʝ ʩʦʙʳʪʠʷ ʛʠʙʝʣʠ ʣʶʜʝʡ ʟʘ ʧʦʩʣʝʜʥʠʝ  

18 ʣʝʪ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ  

ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚʳʜʝʣʠʪʴ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ  

ʢ ʛʠʙʝʣʠ 156 ʯʝʣ. ʚ 2009 ʛ. ʚ ʢʣʫʙʝ çʍʨʦʤʘʷ ʣʦʰʘʜʴè, 38 ʯʝʣ. ʚ 2013 ʛ. ʚ ʈʘʤʝʥʩʢʦʤ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʇʩʠʭʠʘʪʨʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ), 64 ʯʝʣ. ʚ 2018 ʛʦʜʫ ʚ ʛ. ʂʝʤʝʨʦʚʦ 

(ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʡ ʮʝʥʪʨ çɿʠʤʥʷʷ ʚʠʰʥʷè) ʠ ʪ.ʜ. 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʥʘ ʧʦʨʪʘʣʝ ɽʜʠʥʦʡ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ɽʄʀʉʉ), ʜʘʥʥʳʝ ʄʏʉ ʈʦʩʩʠʠ ʦ ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ʚ 2016 ʛ. 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʠʣʦ 139 793, ʧʨʠ ʵʪʦʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ 

ʧʦʞʘʨʘʭ ʧʦʛʠʙʣʦ 8 760 ʠ ʧʦʣʫʯʠʣʠ ʪʨʘʚʤʳ 9 909 ʯʝʣ. ɺ 2017, 2018 ʛʛ. ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ, 

ʛʠʙʝʣʴ ʣʶʜʝʡ ʠ ʪʨʘʚʤʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʩʦʢʨʘʪʠʣʠʩʴ: ʧʦʞʘʨʳ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

133 077 ʠ 132 074 ʯʝʣ., ʧʨʠ ʵʪʦʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ ʧʦʞʘʨʘʭ ʧʦʛʠʙʣʦ 7 824  

ʠ 7 913 ʯʝʣ., ʧʦʣʫʯʠʣʠ ʪʨʘʚʤʳ 9 361 ʠ 9 650 ʯʝʣ. [6]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉʆʋʕ ʧʦʣʥʦʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ (ɸʇʉ).  

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʩʯʸʪʘʭ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʝʛʦ ʥʘʭʦʞʜʝʥʠʠ  

ʚ i-ʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ j-ʛʦ ʩʮʝʥʘʨʠʷ ʧʦʞʘʨʘ [2]. 

ʋʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʧʨʠ ʝʛʦ ʥʘʭʦʞʜʝʥʠʠ ʚ i-ʦʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ j-ʛʦ ʩʮʝʥʘʨʠʷ ʧʦʞʘʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 
 

Qdij = (1 ï Pʵij)(1 - Dij) , 
 

ʛʜʝ Pʵij ï ʚʝʨʦʷʪʥʦʩʪʴ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ i-ʤ ʧʦʤʝʱʝʥʠʠ ʟʜʘʥʠʷ, ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʠ j-ʛʦ ʩʮʝʥʘʨʠʷ ʧʦʞʘʨʘ; Dij ï ʚʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʚ i-ʤ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ j-ʛʦ ʩʮʝʥʘʨʠʷ 

ʧʦʞʘʨʘ. 

 ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʩʯʸʪʳ ʧʦʞʘʨʥʳʭ ʨʠʩʢʦʚ ʠ ʚʨʝʤʝʥʠ ʙʝʟʦʧʘʩʥʦʡ ʵʚʘʢʫʘʮʠʠ 

ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ  

ʦʪ 22 ʠʶʣʷ 2008 ʛ.  ̄ 123-ʌɿ çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠè ʠ ʇʨʠʢʘʟʘ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 30 ʠʶʥʷ 2009 ʛ. ˉ 382 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʤʝʪʦʜʠʢʠ 
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ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ ʚ ʟʜʘʥʠʷʭ, ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʩʪʨʦʝʥʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠè. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ  

ʧʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ  ʬʘʢʪʠʯʝʩʢʦʝ ʚʨʝʤʷ ʙʝʟʦʧʘʩʥʦʡ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ,  

ʥʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʯʸʪʥʳʤ ʟʥʘʯʝʥʠʷʤ. ɺ ʧʨʦʚʦʜʠʤʳʭ ʨʘʩʯʸʪʘʭ ʧʨʠʥʠʤʘʝʪʩʷ 

ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʦʙʲʝʢʪ ʦʙʦʨʫʜʦʚʘʥ ɸʇʉ ʠ ʉʆʋʕ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ [1, 3, 4], ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ (Dij) ʙʫʜʝʪ ʨʘʚʥʘ ʥʝ ʤʝʥʝʝ 0,9,  

ʪʦ ʝʩʪʴ ʩʠʩʪʝʤʳ  ɸʇʉ ʠ ʉʆʋʕ ʚʳʧʦʣʥʷʪ ʩʚʦʠ ʬʫʥʢʮʠʠ. ʆʜʥʘʢʦ ʥʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ  

ʚ ʨʘʩʯʸʪʘʭ ʥʝ ʫʯʪʝʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʧʦʜʛʦʪʦʚʢʘ ʠ ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ 

(ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ),  ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʪʢʣʶʯʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʘʚʘʨʠʡʥʦʛʦ ʨʝʤʦʥʪʘ, ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, 

ʤʦʥʪʘʞʝ, ʩʙʦʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʧʦʤʝʭʠ (ʣʦʞʥʳʝ ʩʨʘʙʘʪʳʚʘʥʠʷ) 

ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʠʯʠʥ. ʇʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ 

ʨʘʩʯʸʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɸʉʇ ʠ ʉʆʋʕ ʥʘ ʦʙʲʝʢʪʝ ʟʘʱʠʪʳ ʥʝ ʚʩʝʛʜʘ ʠ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ 

ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʭ ʬʘʢʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ.  

ʉʫʱʝʩʪʚʫʝʪ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʠʯʠʥ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʆʋʕ.  

ʊʘʢ, ʠʟʫʯʠʚ ʬʦʪʦʛʨʘʬʠʶ (ʨʠʩ. 1), ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʩʚʝʪʦʚʳʭ ʦʧʦʚʝʱʘʪʝʣʝʡ çɺʳʭʦʜè ʚ ʩʦʚʨʝʤʝʥʥʳʭ  ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʥʪʨʘʭ.  

 

 
 

ʈʠʩ. 1. ʈʘʟʤʝʱʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʞʘʨʥʦʛʦ ʦʧʦʚʝʱʘʪʝʣʷ çɺʳʭʦʜè 

ʚ ʪʦʨʛʦʚʦʤ ʮʝʥʪʨʝ çɸʪʤʦʩʬʝʨʘè ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 
ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʬʦʪʦʛʨʘʬʠʠ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʯʸʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ  

ʠ ʠʟʣʫʯʘʶʱʠʭ ʩʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʣʘʤʥʳʭ ʧʘʥʝʣʝʡ ʩʚʝʪʦʚʦʡ ʦʧʦʚʝʱʘʪʝʣʴ ʚ ʉʆʋʕ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʠʜʝʥ ʜʘʞʝ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ 

ʦʩʚʝʱʝʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʟʘʜʳʤʣʝʥʠʷ ʧʦʤʝʱʝʥʠʷ ʦʥ ʧʦʣʥʦʩʪʴʶ ʧʦʪʝʨʷʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ, ʪʘʢ 

ʢʘʢ ʠʟʣʫʯʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʢʣʘʤʥʳʭ  ʧʘʥʝʣʝʡ ʚ ʨʘʟʳ ʙʦʣʴʰʝ, ʯʝʤ ʜʘʥʥʦʛʦ ʦʧʦʚʝʱʘʪʝʣʷ.  
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ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʨʘʟʤʝʱʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʫʢʘʟʘʪʝʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʣʶʜʝʡ ʧʨʠ ʵʚʘʢʫʘʮʠʠ ʨʷʜʦʤ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʤʦʥʠʪʦʨʦʤ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʤʦʞʥʦ ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ  ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʟʘʜʳʤʣʝʥʠʷ ʥʘ ʬʦʥʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʘ ʩʚʝʪʦʚʦʡ ʫʢʘʟʘʪʝʣʴ ʧʦʪʝʨʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ. 

 

 
 

ʈʠʩ. 2. ʈʘʟʤʝʱʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʞʘʨʥʦʛʦ ʦʧʦʚʝʱʘʪʝʣʷ çʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷè 

ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʟʜʘʥʠʠ 

 
ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʦʨʤʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʯʸʪʳ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ɸʇʉ ʠ ʉʆʋʕ, 

ʫʩʪʘʨʝʣʠ ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

 ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʭ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʚʝʪʦʚʳʭ ʦʧʦʚʝʱʘʪʝʣʝʡ  

[3ï5, 7] ʦʪʩʫʪʩʪʚʫʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʠʭ ʠʟʣʫʯʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʪʦ  

ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʠʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʢʣʘʤʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ɼʝʡʩʪʚʫʶʱʠʝ ʥʦʨʤʳ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʉʆʋʕ ʥʝ ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʠ ʨʘʟʤʝʨʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ  

ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʆʋʕ.  

 ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʉʆʋʕ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʟʜʘʥʠʡ ʠ ʪʦʨʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ: 

1. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʪ ɹʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ɸʇʉ ʠ ʉʆʋʕ; 

2. ɸʢʪʠʚʠʟʠʨʦʚʘʪʴ ʥʘʫʯʥʫ  ʁ ʨʘʙʦʪʫ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʦʨʠʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʦʞʘʨʘ ʚ ʟʜʘʥʠʷʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ; 

3. ɺʥʝʩʪʠ ʠʟʤʝʥʝʥʠ ̫ʚ ʉʇ 3.13130.2009. ʧʦ ʫʪʦʯʥʝʥʠʶ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʤʝʱʝʥʠʶ 

ʩʚʝʪʦʚʳʭ ʧʦʞʘʨʥʳʭ ʦʧʦʚʝʱʘʪʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ (ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʤʝʨʦʚ) ʩ ʫʯʸʪʦʤ ʨʘʟʤʝʨʦʚ ʠ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʡ; 

4. ɺʥʝʩʪʠ ʚ ɻʆʉʊ ʈ 53325-2012 ʠʟʤʝʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʚʝʪʦʚʳʭ 

ʧʦʞʘʨʥʳʭ ʦʧʦʚʝʱʘʪʝʣʝʡ ʧʦ ʠʭ ʠʟʣʫʯʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ; 

5. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ɸʇʉ ʠ ʉʆʋʕ ʩ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ; 

6. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʪʝʛʨʘʮʠʠ ʨʝʢʣʘʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʜʘʯ  

ɸʇʉ ʠ ʉʆʋʕ. 
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ʃʠʪʝʨʘʪʫʨʘ 

1. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʌʝʜʝʨ. ʟʘʢʦʥ  

ʦʪ 22 ʠʶʣʷ 2008 ʛ. ˉ 123-ʌɿ. ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚ.-ʧʨʘʚʦʚʦʡ ʩʠʩʪʝʤʳ çʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩè. 

2. ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʚʝʣʠʯʠʥ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ  

ʚ ʟʜʘʥʠʷʭ, ʩʦʦʨʫʞʝʥʠʷʭ ʠ ʩʪʨʦʝʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ: ʇʨʠʢʘʟ ʄʏʉ ʈʦʩʩʠʠ ʦʪ 30 ʠʶʥʷ 2009 ʛ. ˉ 382. ɼʦʩʪʫʧ ʠʟ ʩʧʨʘʚ.-ʧʨʘʚʦʚʦʡ 

ʩʠʩʪʝʤʳ çʂʦʥʩʫʣʴʪʘʥʪʇʣʶʩè 

3. ʉʇ 3.13130.2009. ʉʠʩʪʝʤʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ. ʉʠʩʪʝʤʘ ʦʧʦʚʝʱʝʥʠʷ  

ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʝ. ʊʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ // 

ʕʃɽʂʊʈʆʅʅʓʁ ʌʆʅɼ ʧʨʘʚʦʚʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

URL: http://docs.cntd.ru/document/1200071145 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.08.2019). 

4. ʉʇ 5.13130.2009. ʉʠʩʪʝʤʳ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ. ʋʩʪʘʥʦʚʢʠ ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ. ʅʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  

(ʩ ʠʟʤ. ʠ ʜʦʧ.) // ʕʃɽʂʊʈʆʅʅʓʁ ʌʆʅɼ ʧʨʘʚʦʚʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. URL: http://docs.cntd.ru/document/1200071148 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.08.2019). 

5. ɻʆʉʊ ʈ 53325ï2012. ʊʝʭʥʠʢʘ ʧʦʞʘʨʥʘʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ. 

ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ // ʕʃɽʂʊʈʆʅʅʓʁ ʌʆʅɼ ʧʨʘʚʦʚʦʡ  

ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. URL: http://docs.cntd.ru/document/1200102066 (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 21.08.2019). 

6. ʄʏʉ ʥʘʟʚʘʣʦ ʯʠʩʣʦ ʧʦʛʠʙʰʠʭ ʧʨʠ ʧʦʞʘʨʘʭ ʚ 2018 ʛʦʜʫ ʨʦʩʩʠʷʥ // ʆʬʠʮʠʘʣʴʥʳʡ 

ʩʘʡʪ ʈɹʂ. URL: https://www.rbc.ru/rbcfreenews/5cb5bd6f9a7947238b877970 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

21.08.2019). 
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ɺ ʩʪʘʪʴʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʦʙʩʫʞʜʝʥʠʝ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʩ ʢʦʪʦʨʳʤʠ ʣʶʜʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, 

ʥʦ ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ ʦ ʧʨʠʯʠʥʘʭ, ʠʭ ʧʦʨʦʞʜʘʶʱʠʭ, ʘ ʪʝʤ ʙʦʣʝʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʦʩʪʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʣʶʜʠ ʩʪʘʨʘʶʪʩʷ ʚʳʙʠʨʘʪʴ 

ʧʨʦʩʪʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ, ʜʣʷ ʨʘʟʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʥʝ ʪʨʝʙʫʝʪʩʷ ʟʥʘʥʠʡ, ʚʳʭʦʜʷʱʠʭ  

ʟʘ ʧʨʝʜʝʣʳ ʦʙʱʝʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ.  

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʧʘʨʘʜʠʛʤʳ  ʚ  ʨʘʙʦʪʘʭ [1, 2] ʘʚʪʦʨʳ ʨʘʩʩʤʦʪʨʝʣʠ ʨʷʜ ʚʦʧʨʦʩʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʘʭ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ 

ʧʦʷʩʥʝʥʳ ʨʝʰʝʥʠʝʤ ʧʨʦʩʪʳʭ ʟʘʜʘʯʘʭ. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʬʘʢʪ ʪʦʛʦ, 

ʯʪʦ ʩʣʦʞʥʳʝ ʷʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʚ ʨʷʜʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʷ ʦʙʱʥʦʩʪʠ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʩʪʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʶʪʩʷ ʪʦʣʴʢʦ ʛʣʘʚʥʳʝ 

ʬʘʢʪʦʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʟʘʦʩʪʨʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʧʨʦʩʘʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʳʩʦʪʥʳʭ ʨʘʙʦʪ ʧʦʩʨʝʜʩʪʚʦʤ ʣʝʩʪʥʠʮ, ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɼʦʩʪʫʧʥʘʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʷʚʣʝʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʝ ʟʘʢʦʥʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʜʣʷ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʩʧʦʩʦʙʩʪʚʫʶʪ  

ʠʭ ʷʚʥʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʨʘʤʦʪʥʦʩʪʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ɺ ʨʘʙʦʪʝ [3] ʘʚʪʦʨʳ, ʩʣʝʜʫʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʨʘʩʩʤʦʪʨʝʥʠʶ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʩʫʞʜʝʥʠʷ ʪʘʢʦʛʦ ʩʣʦʞʥʦʛʦ ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʷʚʣʝʥʠʷ, 
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ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʨʘʟʨʷʜ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʧʨʦʩʪʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʧʨʦʚʦʜʥʠʢʦʤ ʜʚʫʭ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʪʝʣ. ɺ ʨʘʤʢʘʭ ʪʘʢʦʡ ʤʦʜʝʣʠ ʫʜʘʝʪʩʷ ʦʮʝʥʠʪʴ 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʨʘʟʨʷʜʘ, ʩʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʵʥʝʨʛʠʝʡ ʚʦʩʧʣʘʤʝʥʝʥʠʷ (ʵʥʝʨʛʠʝʡ 

ʟʘʞʠʛʘʥʠʷ ʩʤʝʩʠ) ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʦʙʩʪʘʥʦʚʢʠ. ʂ ʩʦʞʘʣʝʥʠʶ, 

ʬʦʨʤʘʪ ʮʠʪʠʨʫʝʤʦʡ ʩʪʘʪʴʠ ʥʝ ʩʤʦʛ ʚʤʝʩʪʠʪʴ ʚ ʩʝʙʷ ʪʘʢʦʝ ʚʘʞʥʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʘʚʪʦʨʳ ʨʝʰʠʣʠ ʚʝʨʥʫʪʴʩʷ ʢ ʚʦʧʨʦʩʫ 

ʦʧʠʩʘʥʠʷ ʷʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʠ ʜʘʶʪ ʚʦʟʤʦʞʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʵʪʦʤʫ ʷʚʣʝʥʠʶ 

ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ.  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ ʠ ʚʳʜʝʣʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦ ʷʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʧʦʞʘʨʦʚ ʧʨʠ ʚʦʟʛʦʨʘʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ, ʛʜʝ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʞʘʨʦʚ ʚ ʙʳʪʦʚʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʟʜʘʥʠʷʭ. ɹʦʣʝʝ ʪʦʛʦ, ʠʤʝʥʥʦ ʚʦʟʛʦʨʘʥʠʷ ʧʦ ʥʘʟʚʘʥʥʦʡ ʧʨʠʯʠʥʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ  

ʚʦ ʤʥʦʛʠʭ ʪʦʨʛʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʙʦʣʴʰʠʭ ʛʦʨʦʜʦʚ. ɼʦʩʪʘʪʦʯʥʦ ʥʘʧʦʤʥʠʪʴ ʠʟʚʝʩʪʥʳʝ ʧʦʞʘʨʳ 

ʪʦʣʴʢʦ ʟʘ ʧʨʦʰʣʳʡ ʛʦʜ ï ʚ ʛ. ʂʝʤʝʨʦʚʦ ʚ ʊʎ çɿʠʤʥʷʷ ʚʠʰʥʷè ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʞʝʨʪʚʘʤʠ,  

ʚ ʛ. ʏʝʣʷʙʠʥʩʢʝ, ʚ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʝ ʠ ʜʨ. ʅʝ ʚʜʘʚʘʷʩʴ ʚ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʧʨʦʩʘ 

ʢɻʩʧʝʨʪʠʟʳ ʧʦʞʘʨʦʚ [4], ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ 

ʷʚʣʝʥʠʷ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʙʲʝʢʪʠʚʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ ʠ ʠʟʚʝʩʪʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʦʝ ʦʧʠʩʘʥʠʝ  ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʷʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʢʦʥʦʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʠʟʚʝʩʪʥʳʭ ʠʟ ʦʙʱʝʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ.  

ʈʘʩʩʤʦʪʨʝʥʠʝ ʚʦʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʧʦʤʦʱʴ ʁ ʧʨʦʩʪʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʦʙʩʫʞʜʝʥʠʝ ʠʭ ʧʦʩʪʘʥʦʚʢʠ ʠ ʚʦʟʤʦʞʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʘ ʚʟʛʣʷʜ ʘʚʪʦʨʦʚ, ʙʝʟʫʩʣʦʚʥʦ, ʩʣʫʞʘʪ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʝʟʠʩʘ: ʦʩʥʦʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ɸ ʧʦʥʠʤʘʥʠʝ ʠ ʩʦʙʣʶʜʝʥʠʝ ʦʙʲʝʢʪʠʚʥʳʭ ʟʘʢʦʥʦʚ 

ʧʨʠʨʦʜʳ ʷʚʣʷʝʪʩʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʣʶʙʦʡ ʩʬʝʨʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

 ʆʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʇʨʝʞʜʝ ʯʝʤ ʦʙʩʫʞʜʘʪʴ ʷʚʣʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʥʘʤ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʦʤʥʠʪʴ ʨʷʜ ʚʘʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʥʷʪʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʡ, ʚʚʦʜʠʤʳʭ ʚ ʢʫʨʩʝ 

ʦʙʱʝʡ ʬʠʟʠʢʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʥʘʟʳʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ 

(ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ). ʀʟ ʵʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʶʪ ʜʚʘ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʧʨʦʚʦʜʥʠʢʝ (ʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʝ) ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʩʚʦʙʦʜʥʳʝ ʥʦʩʠʪʝʣʠ. ɺʦ-ʚʪʦʨʳʭ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʤʝʞʜʫ ʜʚʫʤʷ ʪʦʯʢʘʤʠ ʧʨʦʚʦʜʥʠʢʘ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

(ʥʘʧʨʷʞʝʥʠʷ) U , ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚ ʧʨʦʚʦʜʥʠʢʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʥʘʟʳʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʝʩʣʠ ʩʚʦʙʦʜʥʳʝ ʥʦʩʠʪʝʣʠ ʜʚʠʛʘʶʪʩʷ  

ʚ ʧʨʦʚʦʜʥʠʢʝ (ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʦʚʦʜʥʠʢʦʤ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ 

const=u
C

, ʘ ʩʘʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʦʧʠʩʳʚʘʝʪʩʷ ʜʚʫʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʚʝʢʪʦʨʥʦʡ 

(ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ j
C
) ʠ ʩʢʘʣʷʨʥʦʡ (ʩʠʣʘ ʪʦʢʘ I ).  

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ï ʚʝʢʪʦʨʥʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʯʘʩʪʠʮ ʥʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʯʘʩʪʠʮ: 
 

.+++--- += uu
CCC

nqnqj
 

 

ɺ ʜʘʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʫʯʪʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ  

ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʥʘʧʨʘʚʣʝʥʠʷʭ.  

ʉʠʣʦʡ ʪʦʢʘ ʥʘʟʳʚʘʝʪʩʷ ʩʢʘʣʷʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ʢʦʣʠʯʝʩʪʚʫ ʟʘʨʷʜʘ, 

ʧʨʦʪʝʢʰʝʤʫ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ: 
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.ñÖ=
S

sdjI
CC

 

  

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʩʠʣʘ ʪʦʢʘ ï ʵʪʦ ʧʦʪʦʢ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʟʜʝʩʴ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ S ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ, ʢʦʪʦʨʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʦʡ. ʏʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʳ ʪʦʢʘ: 
 

,
dt

dq
I =  

  

ʛʜʝ q  ï ʧʦʣʥʳʡ ʟʘʨʷʜ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ.  

ʀʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʟʘʨʷʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʩʠʣʘ ʪʦʢʘ, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʧʨʦʚʦʜʥʠʢʘ, ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ.  

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʦʜʥʦʨʦʜʥʳʡ ʧʨʦʚʦʜʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʇʨʠʣʦʞʠʤ ʢ ʝʛʦ ʦʩʥʦʚʘʥʠʷʤ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʪʦʛʜʘ ʚʥʫʪʨʠ ʧʨʦʚʦʜʥʠʢʘ ʚʦʟʥʠʢʘʝʪ 

ʧʦʩʪʦʷʥʥʦʝ ʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʧʦ ʵʪʦʤʫ ʧʨʦʚʦʜʥʠʢʫ ʧʦʪʝʯʝʪ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ. 

ʉʠʣʘ ʪʦʢʘ I  ʚ ʧʨʦʚʦʜʥʠʢʝ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʥʝʤʫ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʠʣʠ ʥʘʧʨʷʞʝʥʠʝ  

ʥʘ ʝʛʦ ʢʦʥʮʘʭ U  ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ R ʦʢʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ ʟʘʢʦʥʦʤ ʆʤʘ ʜʣʷ 

ʫʯʘʩʪʢʘ ʮʝʧʠ, ʢʦʪʦʨʳʡ ʚ ʠʥʪʝʛʨʘʣʴʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʠʟʚʝʩʪʥʳʡ ʚʠʜ: 
 

,
R

U
I =

 

ʛʜʝ ,
S

R
?
r=  ʛʜʝ rï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʠʥʦʡ ? 

ʠ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ S.  

ʇʨʦʪʝʢʘʥʠʝ ʪʦʢʘ ʧʨʝʢʨʘʪʠʪʩʷ ʧʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʢʦʥʮʘʭ 

ʧʨʦʚʦʜʥʠʢʘ, ʪʘʢ ʢʘʢ ʧʝʨʝʥʦʩ ʟʘʨʷʜʦʚ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʩʪʚʦ 

ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʥʫʞʥʦ ʦʪ ʢʦʥʮʘ ʧʨʦʚʦʜʥʠʢʘ ʩ ʤʝʥʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʥʝʧʨʝʨʳʚʥʦ ʦʪʚʦʜʠʪʴ 

ʟʘʨʷʜʳ, ʘ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʢʦʥʮʫ ʥʝʧʨʝʨʳʚʥʦ ʠʭ ʧʦʜʚʦʜʠʪʴ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʪʦʣʴʢʦ 

ʩ ʧʦʤʦʱʴʶ ʩʠʣ ʥʝʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʭ ʥʘʟʳʚʘʶʪ ʩʪʦʨʦʥʥʠʤʠ ʩʠʣʘʤʠ, ʦʥʠ 

ʤʦʛʫʪ ʠʤʝʪʴ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʫʶ ʧʨʠʨʦʜʫ. ɺʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ ʪʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʧʦʩʪʦʷʥʩʪʚʦ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʦʡ (ʕ.ɼ.ʉ.) e. ʇʦʩʣʝʜʥʷʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʨʘʙʦʪʳ, 

ʩʦʚʝʨʰʘʝʤʦʡ ʩʪʦʨʦʥʥʠʤʠ ʩʠʣʘʤʠ, ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʨʷʜʘ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ  

ʢ ʚʝʣʠʯʠʥʝ ʵʪʦʛʦ ʟʘʨʷʜʘ. ɼʣʷ ʧʦʣʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʩʦʜʝʨʞʘʱʝʡ ʚʥʝʰʥʠʡ ʠʩʪʦʯʥʠʢ  

ʩ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ r  ʠ ʚʥʝʰʥʠʡ ʫʯʘʩʪʦʢ ʮʝʧʠ ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R, ʩʣʝʜʫʝʪ 

ʟʘʢʦʥ ʆʤʘ ʜʣʷ ʧʦʣʥʦʡ ʮʝʧʠ ï ʩʠʣʘ ʪʦʢʘ ʚ ʮʝʧʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ 

ʩʠʣʝ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʱʝʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʮʝʧʠ: 
 

.
rR

I
+

=
e

                                                              (1) 
 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʯʝʨʝʟ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R, ʟʘ ʤʘʣʳʡ ʧʨʦʤʝʞʫʪʦʢ 

ʚʨʝʤʝʥʠ dt, ʥʘ ʥʝʤ ʚʳʜʝʣʷʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ dQ ʠʣʠ ʵʥʝʨʛʠʷ dW, 

ʢʦʪʦʨʫ  ʁʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʟʘʢʦʥʘ ɼʞʦʫʣʷ-ʃʝʥʮʘ: 
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RdtIdWdQ 2==
                                                    (2)         

         
ʉʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠ ̫ʪʘʢʦʡ ʪʝʧʣʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʛʥʦʚʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʪʦʢʘ: 

 

RI
dt

dQ
P 2

0 ==
                                                           (3) 

 

ɽʩʪʝʩʪʚʝʥʥʦ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʚʳʜʝʣʷʶʱʝʛʦʩʷ  

ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ][T,0 , ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚʳʨʘʞʝʥʠʝ (2): 
 

                                             
RdtIdtdtPQ

TT
2

00

0 ññ ==
.                                                   (4)

 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʤʢʥʫʪʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 1. ɿʜʝʩʴ 

ʚʥʫʪʨʝʥʥʷʷ ʮʝʧʴ ʩʦʩʪʦʠʪ ʠʟ ʠʩʪʦʯʥʠʢʘ ʕ.ɼ.ʉ. e ʠ ʦʙʣʘʜʘʝʪ ʚʥʫʪʨʝʥʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ  

ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ r , ʘ ʚʥʝʰʥʠʡ ʫʯʘʩʪʦʢ ʮʝʧʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥʳʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʤʝʥʷʪʴ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ ʦʯʝʥʴ 
ʙʦʣʴʰʦʡ, ʬʦʨʤʘʣʴʥʦ ʙʝʩʢʦʥʝʯʥʦʡ, ʚʝʣʠʯʠʥʳ.  

 
ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ 

 

ʇʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʠʩʪʦʯʥʠʢ ʕ.ɼ.ʉ. ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ. ʕʪʘ ʨʘʙʦʪʘ A ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʣʥʦʡ ʨʘʙʦʪʦʡ ʠʩʪʦʯʥʠʢʘ. ʈʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʚʦ ʚʥʝʰʥʝʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ 

ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʦʡ. ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʧʨʠʥʷʪʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ ʤʦʱʥʦʩʪʠ P, ʪʦ ʝʩʪʴ 

ʨʘʙʦʪʳ, ʩʦʚʝʨʰʘʝʤʦʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʊʘʢ ʢʘʢ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ  

ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʩʦʚʝʨʰʘʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʠʩʪʦʯʥʠʢʘ,  

ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ 0P  ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʟʘʪʨʘʯʝʥʥʦʡ ʤʦʱʥʦʩʪʠ .P  ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ h (ʂ.ʇ.ɼ.) ʠʩʪʦʯʥʠʢʘ. ʅʘʧʦʤʥʠʤ, 

ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʢ ʟʘʪʨʘʯʝʥʥʦʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ h ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ: 

                   .0

P

P
=h                                                                 (5) 
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ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʥʦʡ ʤʦʱʥʦʩʪʠ P  ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ .e
 
ɿʘ ʦʜʥʫ 

ʩʝʢʫʥʜʫ ʧʝʨʝʥʦʩʠʪʩʷ ʦʜʠʥ ʂʫʣʦʥ ʟʘʨʷʜʘ, ʧʦʵʪʦʤʫ: 
 

.
2

rRrR
IP

+
=

+
== Ö eeee  

 

ɺʠʜʥʦ, ʯʪʦ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 0=R  ʠ ʤʦʥʦʪʦʥʥʦ 

ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʰʥʝʡ ʮʝʧʠ (ʨʠʩ. 2). 

ʊʝʧʝʨʴ ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʰʥʝʡ ʮʝʧʠ. 

ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ (3) ʜʣʷ ʤʦʱʥʦʩʪʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʥʘ ʫʯʘʩʪʢʝ ʮʝʧʠ. 

ʊʦʛʜʘ ʠʤʝʝʤ: 

 
( )

.
2

2
2

0 R
rR

RIP Ö
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==
e

  

 

ʇʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʤʝʥʷʝʪʩʷ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ 0=R  ʚʝʣʠʯʠʥʘ 

00 =P , ʢʘʢ ʠ ʧʨʠ ¤=R . ʊʘʢ ʢʘʢ ʧʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 00¸P ,  

ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ R  ʜʦʣʞʥʦ 

ʜʦʩʪʠʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʦʜʠʬʬʝʨʝʥʮʠʨʫʝʤ ʵʪʦ 

ʚʳʨʘʞʝʥʠʝ ʧʦ R. ʕʢʩʪʨʝʤʫʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʢʩʠʤʫʤ, ʦʧʨʝʜʝʣʝʥ ʫʩʣʦʚʠʝʤ  .00 =
dR

dP
 

ʇʦʵʪʦʤʫ ʠʤʝʝʤ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 0P  ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ rR=  ʠ ʨʘʚʥʦ: 

 

.
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2
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r

P
e
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ʅʘʡʜʝʤ ʪʝʧʝʨʴ ʟʘʚʠʩʠʤʦʩʪʴ ʂ.ʇ.ɼ. ʠʩʪʦʯʥʠʢʘ ʦʪ ʟʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ: 
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ʀʪʘʢ, ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ, ʢʦʛʜʘ ʥʝʪ ʥʘʛʨʫʟʢʠ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʘ, ʢʦʛʜʘ ʚʥʝʰʥʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʚʥʦ ʚʥʫʪʨʝʥʥʝʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʂʇɼ 

ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 50 % (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʡ )(RP  ʠ ʧʦʣʝʟʥʦʡ )(0 RP  ʤʦʱʥʦʩʪʝʡ, ʚʳʜʝʣʷʝʤʦʡ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ()Rh

 
ʦʪ  ʚʝʣʠʯʠʥʳ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ʊʝʧʝʨʴ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʪ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ. 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʥʦʡ ʠ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʝʡ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

() ,eIIP =   () ( ).0 rIIUIIP R -== e  

 

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʝʟʥʦʡ ʤʦʱʥʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ  

ʧʨʠ ʟʥʘʯʝʥʠʠ ʩʠʣʳ ʪʦʢʘ .
2r

I
e
=

 
 

ɿʘʚʠʩʠʤʦʩʪʴ ʂʇɼ ʦʪ ʩʠʣʳ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
 

() .10
ö
÷

õ
æ
ç

å
-==
e

h
rI

P

P
I

 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʪ ʩʠʣʳ ʪʦʢʘ. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʣʥʦʡ P(I ) ʠ ʧʦʣʝʟʥʦʡ P0(I ) ʤʦʱʥʦʩʪʝʡ, ʚʳʜʝʣʷʝʤʦʡ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ I . ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ Л( I ) ʦʪ  ʚʝʣʠʯʠʥʳ ʩʠʣʳ ʪʦʢʘ ʚ ʮʝʧʠ 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʟʜʝʩʴ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʩʫʞʜʘʝʤʘ ʫʞʝ ʜʘʞʝ ʠ ʚ ʢʫʨʩʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ, ʧʦʜʨʦʙʥʳʡ ʤʝʪʦʜ ʝʝ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʚʝʜʝʥ ʚ [5]. 

 

ʆʧʠʩʘʥʠʝ ʷʚʣʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ 
 

ʇʨʠʤʝʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢ ʘʥʘʣʠʟʫ  ʧʨʦʮʝʩʩʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʠʤ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʧʦʞʘʨʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʤʝʩʪʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʌʦʨʤʘʣʴʥʦ ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʥʝʰʥʝʡ ʮʝʧʠ ʨʘʚʥʦ ʥʫʣʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʘʛʨʫʟʢʝ ʵʥʝʨʛʠʷ  

ʥʝ ʚʳʜʝʣʷʝʪʩʷ. ʇʦʵʪʦʤʫ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʩʪʨʘʥʥʦ, ʯʪʦ ʤʝʩʪʦ, ʛʜʝ ʧʨʦʠʟʦʰʣʦ ʢʦʨʦʪʢʦʝ 

ʟʘʤʳʢʘʥʠʝ, ʤʦʞʝʪ ʩʪʘʪʴ ʦʯʘʛʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. 

ʆʜʥʘʢʦ ʥʝ ʩʣʫʯʘʡʥʦ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʷʚʣʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʢʘʢ ʧʨʦʮʝʩʩ. 

ʇʦʩʪʘʨʘʝʤʩʷ ʝʛʦ ʦʧʠʩʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ. ʇʫʩʪʴ ʠʤʝʶʪʩʷ ʜʚʘ 

ʧʨʦʚʦʜʥʠʢʘ ʩ ʨʘʟʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʢʦʥʪʘʢʪʝ. ʀʟʥʘʯʘʣʴʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ ʦʯʝʥʴ 

ʚʝʣʠʢʦ, ʥʦ ʚʩʝ-ʪʘʢʠ ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ. ʂʦʥʝʯʥʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʚ ʚʦʟʜʫʭʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ. ʇʨʠ 

ʩʙʣʠʞʝʥʠʠ ʧʨʦʚʦʜʥʠʢʦʚ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʥʠʤʠ ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʜʦʩʪʠʛʘʝʪ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚ ʧʨʦʤʝʞʫʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʙʦʡ ʛʘʟʘ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʘʟʨʷʜ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ 

ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ çʙʳʩʪʨʳʭè ʵʣʝʢʪʨʦʥʦʚ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʳʭ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʠʦʥʠʟʘʮʠʠ 

ʘʪʦʤʦʚ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʠʦʥʠʟʘʮʠʠ ʵʪʦ ʧʨʦʮʝʩʩ ʦʪʨʳʚʘ ʵʣʝʢʪʨʦʥʘ ʦʪ ʘʪʦʤʘ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʚʦʟʨʘʩʪʘʝʪ ʠ ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʢʨʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʨʘʟʨʷʜʘ. 

ʇʨʦʮʝʩʩ ʫʤʝʥʴʰʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʤʝʞʫʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʙʳʩʪʨʦ. ɽʛʦ ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ,  ʢʦʪʦʨʳʝ  ʟʜʝʩʴ ʤʳ ʥʝ ʢʦʥʢʨʝʪʠʟʠʨʫʝʤ. ʆʜʥʘʢʦ, ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ: 

,teRR a-
¤=  

ʛʜʝ ʢʦʥʩʪʘʥʪʘ a, ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʙʨʘʪʥʳʭ ʩʝʢʫʥʜ, ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʵʪʘ ʚʝʣʠʯʠʥʘ ʣʝʞʠʪ  

ʚ ʠʥʪʝʨʚʘʣʝ: ( ) ,1010 179 --- -º ca ʘ ʚʝʣʠʯʠʥʘ ¤R  ï ʥʘʯʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʤʝʞʫʪʢʘ. 

ʕʪʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʤʝʞʫʪʢʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ 

ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʫʜʦʙʥʘ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʝʧʠ ʙʝʟ ʫʯʘʩʪʢʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʊʦʢ ʚ ʮʝʧʠ ʠʟ (1), ʦʯʝʚʠʜʥʦ, 
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ʄʦʱʥʦʩʪʴ (3), ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʫʯʘʩʪʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʨʘʚʥʘ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʥʝʨʛʠʷ (4), ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʧʝʨʴ 

ʚʳʨʘʞʝʥʠʝʤ: 
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ɺʳʯʠʩʣʝʥʠʝ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʭ ʪʨʫʜʥʦʩʪʝʡ ʠ ʧʦʵʪʦʤʫ  

ʤʳ ʧʨʠʚʦʜʠʤ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ: 
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             ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ. ʅʝʪʨʫʜʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ, 

ʚʳʜʝʣʷʶʱʘʷʩʷ ʥʘ ʫʯʘʩʪʢʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʚ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, 

ʢʦʛʜʘ .0

*

ReR t =Ö Ö-
¤

a
 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʨʘʚʥʦ: 
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ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ɿʘ ʵʪʦ ʚʨʝʤʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʳʜʝʣʠʪʩʷ ʧʦʣʦʚʠʥʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʠʣʘʩʴ  

ʙʳ ʟʘ ʚʩʝ ʚʨʝʤʷ ʟʘʤʳʢʘʥʠʷ: 
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ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʝ ʦʧʠʩʳʚʘʶʪ ʜʝʪʘʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʥʝʩʦʤʥʝʥʥʫʶ  ʮʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. 

ʆʮʝʥʠʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʝʣʠʯʠʥʳ 
*t  ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʪʦʯʥʦʤ ʟʥʘʥʠʠ ʵʪʠʭ ʚʝʣʠʯʠʥ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʧʫʩʪʴ ʦʪʥʦʰʝʥʠʝ .1010 1210

0
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 ʊʦʛʜʘ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʚʨʝʤʷ 
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ʊʝʧʝʨʴ ʦʮʝʥʠʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʫʯʘʩʪʢʝ 

ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʟʘ ʦʯʝʥʴ ʤʘʣʦʝ ʚʨʝʤʷ. ʄʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʤʘʣʘ. ʆʜʥʘʢʦ 

ʚʘʞʥʘ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ, ʥʦ ʠ ʦʙʲʝʤ, ʚ ʢʦʪʦʨʦʤ ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʵʪʘ ʵʥʝʨʛʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʦʯʝʥʴ ʤʘʣʦʤ ʦʙʲʝʤʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʙʳʯʥʦ  

ʚ ʤʝʩʪʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʚʦʜʷʱʠʭ 

ʧʨʦʚʦʜʦʚ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʦʯʘʛ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʤʝʩʪʝ, ʟʘʚʠʩʠʪ 

ʦʪ ʦʯʝʥʴ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝʪ ʟʘʜʘʯʠ ʠʭ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ. 

ʅʘʢʦʥʝʮ, ʦʮʝʥʠʤ ʵʥʝʨʛʠʶ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦ ʚʩʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. 

ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ ʜʣʷ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʪʦʛʜʘ ʠʤʝʝʤ: 
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ɺʳʯʠʩʣʝʥʠʝ ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʨʝʟʫʣʴʪʘʪʫ: 
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ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʩʪW  ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʯʪʦ ʚʧʦʣʥʝ 

ʝʩʪʝʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʵʪʘ ʚʝʣʠʯʠʥʘ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, 

ʚʳʜʝʣʷʶʱʝʡʩʷ ʚ ʤʝʩʪʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʇʦʵʪʦʤʫ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʠʜʝʪ ʥʘ ʥʘʛʨʝʚ 

ʧʦʜʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʛʨʝʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ. ɽʩʣʠ  

ʥʝ ʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨ ʟʘʱʠʪʳ, ʪʦ ʥʝʧʨʠʷʪʥʦʩʪʝʡ ʥʝ ʫʜʘʩʪʩʷ ʠʟʙʝʞʘʪʴ.  

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʢʣʶʯʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷʤʠ. ɺʘʞʥʦ, ʯʪʦʙʳ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ 

ʙʳʣʦ ʙʳ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. ɺ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʦʥʦ ʦʪʚʝʯʘʝʪ ʟʥʘʯʝʥʠʷʤ ʧʦʨʷʜʢʘ  

(0,008·0,005) ʩ. 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʨʦʤʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʠ ʜʨʫʛʘʷ ʧʨʠʯʠʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ. ʕʪʫ ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʁʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ. ʏʘʩʪʦ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʛʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʫʯʘʩʪʢʘ 

ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ  

ʥʘ ʥʝʠʩʧʨʘʚʥʦʤ ʫʯʘʩʪʢʝ. ʇʦʜʦʙʥʫʶ ʩʠʪʫʘʮʠʶ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʯʘʩʪʢʘ ʦʯʝʥʴ ʤʘʣʦ, ʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʚʳʜʝʣʷʝʪʩʷ ʵʥʝʨʛʠʷ,  

ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʢʦʥʪʘʢʪʦʚ ʚ ʵʪʦʤ ʤʝʩʪʝ. ʆʧʠʩʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʤʥʦʛʦ ʩʣʦʞʥʝʝ, 

ʯʝʤ ʧʨʦʮʝʩʩ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʤʥʦʛʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʨʘʚʥʠʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ ʥʝʠʩʧʨʘʚʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʯʝʪʘ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʫʩʣʦʚʠʷʤ ʧʨʦʪʝʢʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ, ʩʣʝʜʫʶʱʠʭ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʦʩʪʳʭ ʟʘʢʦʥʦʚ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ, ʘʚʪʦʨʳ ʧʨʝʜʩʪʘʚʠʣʠ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʷʚʣʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʨʠʯʠʥ ʧʦʞʘʨʦʚ ʠʟ-ʟʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʠ.  

ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʤʦʜʝʣʠ ʘʚʪʦʨʳ ʦʮʝʥʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 

ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʜʝʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʘʝʪ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥʳ 

ʚʨʝʤʝʥʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʮʝʧʠ, ʢʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʚʩʪʨʝʯʘʶʱʠʤʩʷ  

ʚ ʨʝʘʣʴʥʦʩʪʠ.  ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʙʝʟʫʩʣʦʚʥʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʜʥʠʤ  

ʠʟ ʬʘʢʪʦʨʦʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʩʪʘʪʴʷ 

ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʨʠʘʣʳ ʘʚʪʦʨʩʢʠʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʟʘʜʘʯ ʠʟ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ çʂʫʨʩ ʦʙʱʝʡ 

ʬʠʟʠʢʠè [6].  
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ʊɽʇʃʆʄɸʉʉʆʇɽʈɽʅʆʉ  ʅɸ ʄɽɾʌɸɿʅʆʁ  

ʇʆɺɽʈʍʅʆʉʊʀ ʇʈʀ ʆʍʃɸɾɼɽʅʀʀ ʉʌɽʈʀʏɽʉʂʀʍ 

ʈɽɿɽʈɺʋɸʈʆɺ ʅɸ ʇʆɾɸʈɽ 

 
ɸ.ɸ. ʂʫʟʴʤʠʥ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

ʅ.ʅ. ʈʦʤʘʥʦʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 

ɸ.ɸ. ʇʝʨʤʷʢʦʚ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 
ʀʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ  

ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ. ʇʨʝʜʣʦʞʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʧʫʱʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʬʦʨʤʳ ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ ʤʝʞʬʘʟʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʪʝʤʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

ʧʘʨ ï ʞʠʜʢʦʩʪʴ ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʆʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ  ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʘʷ ʩʭʝʤʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʬʝʨʠʯʝʩʢʠʡ ʨʝʟʝʨʚʫʘʨ, ʤʝʞʬʘʟʦʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʘʨʦʚʘʷ ʧʣʝʥʢʘ, 

ʧʘʨʦʚʦʡ ʢʘʥʘʣ, ʛʨʘʥʠʮʘ ʨʘʟʜʝʣʘ ʬʘʟ, ʢʨʠʚʠʟʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ, ʧʣʝʥʦʯʥʦʝ ʢʠʧʝʥʠʝ, 

ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʫʩʣʦʚʠʷ 

 

HEAT AND MASS TRANSFER ON THE INTERFACIAL SURFACE  

BY COOLING OF SPHERICAL TANKS ON FIRE 
 

A.A. Kuzmin; N.N. Romanov; A.A. Permyakov. 

Saint-Petersburg university of State fire service of EMERCOM of Russia 

 

The mechanism of the process of cooling the surface of spherical tanks in a fire. Certain 

assumptions of the correctness of the physical model in the mathematical description of the process 

of cooling the surface of a spherical tank are proposed. The estimation of the method of calculating 

the shape of the stationary axisymmetric interfacial surface taking into account the features  
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of the processes of templomassoperenosa at the interface of vapor ï liquid at the boundary 

conditions of the first kind. The value of the nonequilibrium parameter at which  

the quasi-equilibrium scheme at the interface provides sufficient accuracy for engineering 

calculations is determined. 

Keywords: spherical tank, interfacial surface, steam protector, steam channel, interface, 

curved surface section, film boiling, non-equilibrium conditions 

 

ʈʝʟʝʨʚʫʘʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʦʨʶʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʚʘʣʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʴʶ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʞʘʨʳ ʥʘ ʨʝʟʝʨʚʫʘʨʘʭ ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʨʘʟʚʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦ, ʧʨʦʮʝʩʩ ʠʭ ʣʠʢʚʠʜʘʮʠʠ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʦʢ, ʚ ʭʦʜʝ ʪʘʢʠʭ ʧʦʞʘʨʦʚ ʥʘʥʦʩʠʪʩʷ  

ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʘʣʴʥʳʡ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ. ʇʨʠ ʛʦʨʝʥʠʠ  

ʚ ʨʝʟʝʨʚʫʘʨʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʘʞʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʞʘʨʘ ʭʘʨʘʢʪʝʨʥʦ ʤʦʱʥʦʝ ʪʝʧʣʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ ʚʳʩʦʪʘ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʢʝʣʘ ʜʦʩʪʠʛʘʝʪ  

1ï2 ʜʠʘʤʝʪʨʦʚ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ [1]. 

ʆʛʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʚ ʭʦʜʝ ʧʦʞʘʨʦʪʫʰʝʥʠʷ. ɽʩʣʠ ʦʭʣʘʞʜʝʥʠʝ ʥʝ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ 

ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ, ʪʦ ʩʪʝʥʢʘ ʨʝʟʝʨʚʫʘʨʘ ʤʦʞʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʜʦ ʫʨʦʚʥʷ ʨʘʟʣʠʚʘ ʛʦʨʶʯʝʡ 

ʞʠʜʢʦʩʪʠ ʚ ʙʣʠʞʘʡʰʠʝ 5ï15 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ ʛʦʨʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ 

ʟʘʜʘʯ ʧʦʞʘʨʥʦʛʦ ʨʘʩʯʝʪʘ ʚ ʧʨʦʮʝʩʩʝ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʚ ʨʝʟʝʨʚʫʘʨʝ ʪʠʧʘ ʈɺʉ (ʨʝʟʝʨʚʫʘʨ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʘʣʴʥʦʡ) ʩʪʘʥʦʚʠʪʩʷ ʦʭʣʘʞʜʝʥʠʝ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʷʱʝʛʦ 

ʨʝʟʝʨʚʫʘʨʘ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʩʝʜʥʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʠʣʠ, ʚ ʢʨʘʡʥʝʤ ʩʣʫʯʘʝ, ʧʦʜʘʯʠ ʚʦʜʷʥʳʭ ʩʪʚʦʣʦʚ [2]. 

ʇʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦ ʚʩʝʡ ʝʛʦ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʋ ʩʦʩʝʜʥʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʦʭʣʘʞʜʘʝʪʩʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʱʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʦʨʷʱʠʡ ʨʝʟʝʨʚʫʘʨ ʧʦ ʚʩʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʣʫʦʢʨʫʞʥʦʩʪʠ. ʈʘʩʭʦʜ ʚʦʜʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

ʨʝʟʝʨʚʫʘʨʘ ʪʠʧʘ ʈɺʉ ʚ ʜʠʘʧʘʟʦʥʝ 0,2ï0,3 ʣ/ʩ ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ [3]. 

ʇʝʨʚʦʦʯʝʨʝʜʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʜʝʡʩʪʚʠʷ, ʥʘʧʨʘʚʣʝʥʥʳ ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʥʘʨʫʞʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʦʩʝʜʥʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʘ ʪʘʢ ʞʝ ʠʟʣʫʯʝʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ  

ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʦʨʷʱʝʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʜʣʷ ʯʝʛʦ ʧʝʨʚʳʝ ʚʦʜʷʥʳʝ ʩʪʚʦʣʳ ʧʦʜʘʶʪʩʷ 

ʥʘ ʦʭʣʘʞʜʝʥʠʝ ʥʘʚʝʪʨʝʥʥʳʭ ʠ ʧʦʜʚʝʪʨʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ. 

ɽʩʣʠ ʦʙʲʝʤ ʨʝʟʝʨʚʫʘʨʘ ʧʨʝʚʳʰʘʝʪ 5 000 ʤ
3
, ʪʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʘʬʝʪʥʳʝ ʩʪʚʦʣʳ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʨʦʙʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʭʣʘʞʜʝʥʠʶ 

ʨʝʟʝʨʚʫʘʨʦʚ ʪʠʧʘ ʈɺʉ, ʠʤʝʶʱʠʭ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʦʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ 

ʚʩʝ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʪʘʥʦʚʷʪʩʷ ʧʘʨʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ (ʰʘʨʦʚʳʭ) 

ʨʝʟʝʨʚʫʘʨʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʦʨʦʪʘ ʩʞʠʞʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ (ʉʇɻ) [4]. 

ʉʬʝʨʠʯʝʩʢʠʡ ʨʝʟʝʨʚʫʘʨ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ  

ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʨʝʟʝʨʚʫʘʨʦʤ ʪʘʢʦʛʦ ʞʝ ʦʙʲʝʤʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʧʨʠ ʦʜʥʦʤ ʦʙʲʝʤʝ ʙʫʪʘʥʘ, 

ʘ ʪʘʢʞʝ ʝʛʦ ʩʤʝʩʠ, ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʟʜʫʭʘ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ 

ʤʘʪʝʨʠʘʣʘ, ʯʝʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʭʨʘʥʠʣʠʱʘ. 

ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʩʬʝʨʠʯʝʩʢʦʡ, ʘ ʥʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʩʬʝʨʠʯʝʩʢʠʝ ʨʝʟʝʨʚʫʘʨʳ 

ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʫʨʦʚʥʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʭʨʘʥʠʪʩʷ ʚ ʥʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 

ʤʝʪʘʣʣʘ. ʕʣʝʤʝʥʪʳ ʦʙʦʣʦʯʝʢ ʨʝʟʝʨʚʫʘʨʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʟʘʚʦʜʘʭ ʠʟ ʩʪʘʣʠ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʡ 

ʠʣʠ ʭʦʣʦʜʥʦʡ ʰʪʘʤʧʦʚʢʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʜʫʚʘ, ʭʦʣʦʜʥʳʤ ʚʘʣʴʮʝʚʘʥʠʝʤ, ʚʟʨʳʚʦʤ  

ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. 

ʇʨʠ ʦʙʲʝʤʝ ʩʬʝʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 250ï55500 ʤ
3
 ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ 

ʭʨʘʥʷʱʝʛʦʩʷ ʉʇɻ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 0,2ï1,6 ʄʇʘ. ʅʘʠʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ ʜʝʪʘʣʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ  ʷʚʣʷʶʪʩʷ ʣʝʧʝʩʪʢʠ ʜʚʦʷʢʦʡ ʢʨʠʚʠʟʥʳ, ʠʟ ʢʦʪʦʨʳʭ 
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ʩʦʙʠʨʘʝʪʩʷ ʦʙʦʣʦʯʢʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ɼʣʷ ʦʙʦʣʦʯʝʢ ʨʝʟʝʨʚʫʘʨʦʚ ʚʳʙʠʨʘʶʪ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʪʘʣʠ ʩ ʭʦʨʦʰʝʡ ʩʚʘʨʠʚʘʝʤʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʆʜʥʦʩʪʝʥʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʨʝʟʝʨʚʫʘʨʳ ʧʦʣʫʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠʟʦʣʠʨʫʶʪ ʩʣʦʝʤ 

ʩʪʝʢʣʦʚʘʪʳ ʠʣʠ ʧʝʥʦʧʣʘʩʪʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʧʨʠʤʝʥʷʶʪ 

ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʯʝʰʫʝʢ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʚʦʟʜʫʰʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʧʝʥʦʧʣʘʩʪʦʚʳʝ ʠ ʷʯʝʠʩʪʳʝ ʩʪʝʢʣʦʙʣʦʢʠ. ɺʣʘʛʦʠʟʦʣʷʮʠʷ 

ʚʩʧʝʥʝʥʥʳʭ ʘʛʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʘʩʪʠʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʣʠ ʧʦʢʨʳʪʠʷ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʤʦʣʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʙʨʳʟʛʘ ʠʣʠ ʥʘʣʠʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʥʦʣʠʪʥʦʛʦ 

ʩʣʦʷ [5]. 

ɺ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʩʠʣʴʥʦ ʥʘʛʨʝʪʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʧʦʜʚʦʜʘ ʪʝʧʣʦʪʳ  

ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʩʦ ʩʪʦʨʦʥʳ ʧʘʨʘ, ʣʠʙʦ ʩʦ ʩʪʦʨʦʥʳ 

ʞʠʜʢʦʡ ʬʘʟʳ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʛʨʝʚ ʞʠʜʢʦʩʪʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘʨʝʥʠʝʤ, 

ʢʦʛʜʘ ʚʩʷ ʧʦʜʚʦʜʠʤʘʷ ʪʝʧʣʦʪʘ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʠʩʧʘʨʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ. ɽʩʣʠ ʧʘʨʦʚʘʷ ʧʣʝʥʢʘ ʦʪʜʝʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ 

ʞʠʜʢʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʛʨʝʚʘʪʝʣʷ, ʪʦ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʠʜʝʪ ʥʘ ʥʘʛʨʝʚ ʞʠʜʢʦʩʪʠ  

ʩ ʝʝ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘʨʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʘʨʘ ʧʨʝʚʳʩʠʪ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʦʥʢʠʭ ʩʣʦʝʚ. ɼʣʷ ʪʘʢʠʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʭʘʨʘʢʪʝʨʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ [6]. 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ  

ʥʘ ʧʦʞʘʨʝ ʟʘʥʠʤʘʝʪ ʧʦʩʪʘʥʦʚʢʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʤʝʪʦʜʘʭ 

ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʟʘʜʘʝʪʩʷ ʤʘʩʩʦʚʳʡ ʧʦʪʦʢ, ʧʨʠ ʵʪʦʤ  

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚʩʷ ʪʝʧʣʦʪʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʠʩʧʘʨʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

ɺ ʤʝʪʦʜʘʭ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʟʘʜʘʝʪʩʷ ʬʫʥʢʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʘʨʠʚʰʠʭʩʷ ʤʦʣʝʢʫʣ ʧʦ ʚʝʣʠʯʠʥʘʤ ʠʭ ʩʢʦʨʦʩʪʝʡ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ 

ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ ʧʦ ʜʘʚʣʝʥʠʶ. 

ʋʯʝʪ ʩʧʝʮʠʬʠʢʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʞʠʜʢʦʩʪʴ-ʧʘʨ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʬʦʨʤʫ ʤʝʞʬʘʟʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʢʘʟʳʚʘʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ [7]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ 

ʢʠʧʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʛʨʝʚʦʤ ʧʦʣʫʩʬʝʨ rʜʦ ʪʝʤʧʝʨʘʪʫʨ 300ς700 Áʉ, 

ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʧʦʞʘʨʘ [8]. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʚ ʩʧʦʢʦʡʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʉʭʝʤʘʪʠʯʥʦ ʨʘʙʦʯʠʡ ʫʯʘʩʪʦʢ 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ 

çʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ ï ʧʘʨʦʚʘʷ ʧʣʝʥʢʘè, ʛʜʝ Rw  ï ʨʘʜʠʫʩ ʩʬʝʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ;  

r, ű, z ï ʪʝʢʫʱʠʝ ʢʦʦʨʜʠʥʘʪʳ; ŭ, w  ï ʪʦʣʱʠʥʘ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ ʠ ʩʢʦʨʦʩʪʴ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ;  

ho ï ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʝʨʢʘʣʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ  ʜʦ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ;  

j  ï ʧʣʦʪʥʦʩʪʴ ʤʘʩʩʦʚʦʛʦ ʧʦʪʦʢʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ 
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ʇʦʣʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ʚʢʣʶʯʘʝʪ  

ʚ ʩʝʙʷ: 

ï ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʜʣʷ ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʤʘʩʩʠʚʘ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ, ʪʦ ʝʩʪʴ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ;  

ï ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʜʣʷ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʢʘʥʘʣʝ ʤʝʞʜʫ 

ʧʨʦʥʠʮʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ çʧʘʨʦʚʘʷ ʧʣʝʥʢʘ ï ʚʦʜʘè ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʟʝʨʚʫʘʨʘ  

ʩ ʫʯʝʪʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʝʥʠʝʤ;  

ï ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ;  

ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ 

ʨʝʟʝʨʚʫʘʨʘ ʧʨʠʥʠʤʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʧʫʱʝʥʠʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ: 

ï ʧʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ çʦʭʣʘʞʜʘʶʱʘʷ ʚʦʜʘ ï ʧʘʨʦʚʘʷ 

ʧʣʝʥʢʘè ʩʯʠʪʘʝʤ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ  

ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ  

ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʝʣʠʯʠʥʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʝʨʝʧʘʜʘ ȹʊ=Tw-Tf ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ; 

ï ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʜʝʥʩʘʮʠʠ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʝʜʠʥʠʮ;r 

ï ʧʨʠ ʧʦʩʪʦʷʥʩʪʚʝ ʧʦ ʩʝʯʝʥʠʶ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʠ ʜʦʣʠ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʨʘʩʭʦʜʫʝʤʦʛʦ ʥʘ ʠʩʧʘʨʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʠʷ  

Ps ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʜʘʚʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʥʘʜ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ Pb;  

ï ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʧʘʨʘ ʩʯʠʪʘʝʤ ʣʘʤʠʥʘʨʥʳʤ;  

ï ʪʝʧʣʦ ʚ ʧʦʪʦʢʝ ʧʘʨʘ ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʝʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʣʫʯʠʩʪʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ; 

ï ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʠ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ ʧʦʩʪʦʷʥʥʳ;  

ï ʩʢʘʯʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʤʝʞʬʘʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ çʧʘʨʦʚʘʷ ʧʣʝʥʢʘ ï ʚʦʜʘè  

ʠ çʧʘʨʦʚʘʷ ʧʣʝʥʢʘ ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʟʝʨʚʫʘʨʘè ʥʝʟʥʘʯʠʪʝʣʴʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʱʠʤ 

ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʪʠʤʠ ʩʢʘʯʢʘʤʠ ʦʙʳʯʥʦ ʧʨʝʥʝʙʨʝʛʘʶʪ;  

ï  ʚʦʟʤʦʞʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʨʦʚʦʛʦ ʢʘʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʚʝʣʠʯʠʥʦʡ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ Poò ʠ ʜʘʚʣʝʥʠʷ ʥʘʜ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ Pb ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʣʘʤʠʥʘʨʥʦʛʦ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʪʝʯʝʥʠʷ ʧʘʨʘ ʚ ʧʣʝʥʢʝ: 
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ʛʜʝ ɟò ï ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ. 

ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʧʘʨʘ w ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʦʚʳʤ ʨʘʩʭʦʜʦʤ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ  

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʝʯʝʥʠʝʤ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ: 

 

                          ()
( )

( )( )
j

jdr

d

j

j

d
RRr

Rrj

w
ww

w

Ö
Ö-+ÖÖ

+ÖÖÖ

=
ñ

sin

2

2"

0
.                        (2) 

 

ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʧʘʨ ï ʞʠʜʢʦʩʪʴ ʟʘʧʠʩʳʚʘʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʩʦʚʤʝʩʪʥʦʩʪʠ [6]. ʏʘʩʪʴ ʧʝʨʝʥʦʩʠʤʦʛʦ ʧʦʪʦʢʦʤ j ʪʝʧʣʘ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʠʩʧʘʨʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʢ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʩʩʦʚʳʤ ʧʦʪʦʢʦʤ 

ʧʘʨʘ. ɼʘʚʣʝʥʠʝ ʧʘʨʘ ʩʚʷʟʘʥʦ ʩ ʚʥʝʰʥʠʤ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ʛʜʝ ɟ
ô 
ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ; ů ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʚʦʜʳ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ. 

ʂʨʠʚʠʟʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʧʘʨ ï ʞʠʜʢʦʩʪʴ ʂ ʜʣʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʣʫʯʘʷ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝʤ: 
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ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ [9] 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʭʦʜ ʤʦʣʝʢʫʣʷʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ 

ʥʝʨʘʚʥʦʚʝʩʥʦʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʠʤʝʝʪ ʚʠʜ:  
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ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; ʊô ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ. 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q ʯʝʨʝʟ ʤʝʞʬʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʫʨʘʚʥʝʥʠʡ (3), (5) ʠ (6) ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʫʩʣʦʚʠʡ Ps(Tô)=Pb ʠ j=ɔĿq/L 

ʩʣʝʜʫʝʪ: 
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ʋʨʘʚʥʝʥʠʝ (7) ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʧʨʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: z=0; r=0; dz/dr=0. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʠʥʪʝʛʨʘʣʴʥʳʭ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1ï7)  

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʈʫʥʛʝ-ʂʫʪʪʘ ʧʨʠʚʝʜʝʥʦ ʚ [10]. ɼʣʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʝ (4) ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʢ ʩʠʩʪʝʤʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʝʪ 

ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ (ʧʘʨʘʤʝʪʨ ï ʢʨʠʚʠʟʥʘ Kʦ ʚ ʪʦʯʢʝ ʩʠʤʤʝʪʨʠʠ) ʩʝʤʝʡʩʪʚʦ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʜʝʣʘ ʬʘʟ. ɺ ʟʘʜʘʯʘʭ ʛʠʜʨʦʩʪʘʪʠʢʠ ʧʨʠ ʟʘʜʘʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʙʳʯʥʦ 

ʟʘʜʘʶʪʩʷ ʦʙʲʝʤ ʧʫʟʳʨʴʢʘ ʠ ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʫʛʣʘ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʠʥʪʝʛʨʘʣ 
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ʫʨʘʚʥʝʥʠʷ (7) ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ ʚʳʭʦʜʘ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʪʦ ʝʩʪʴ: z=0; dz/dr=0. 

ɺ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʘʤʠ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʧʦʤʠʤʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʬʦʨʤʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʧʦʪʦʢ ʤʘʩʩʳ ʧʨʠ 

ʠʩʧʘʨʝʥʠʠ ʞʠʜʢʦʩʪʠ. ʈʘʩʭʦʜ ʧʘʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʝʨʝʧʘʜ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʢʨʠʚʠʟʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ ʠ ʤʝʥʷʝʪ ʟʥʘʢ, ʪʦ ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʬʘʟ ʧʘʨ ï 

ʞʠʜʢʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʚʦʛʥʫʪʦʡ, ʘ ʚʳʧʫʢʣʦʡ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʠʟʤʝʥʝʥʠʝ ʪʦʣʱʠʥʳ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ  

ʧʦ ʝʝ ʩʝʯʝʥʠʶ.  

 

 
 

ʈʠʩ. 2. ʊʦʣʱʠʥʘ ʧʘʨʦʚʦʡ ʧʣʝʥʢʠ: 1 ï Tw=500 ÁC; 2 ï Tw = 700 ÁC 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʟʝʨʚʫʘʨʘ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ  

ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʦʣʷ ʪʝʧʣʦʪʳ, ʟʘʪʨʘʯʠʚʘʝʤʘʷ  

ʥʘ ʠʩʧʘʨʝʥʠʝ ʞʠʜʢʦʩʪʠ. 

ɺ [8] ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʚʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ 

ʚʦʜʳ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 3Ŀ10
4
 ɺʪ/ʤ

2
. ɺ ʣʦʙʦʚʦʡ ʪʦʯʢʝ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ 

Tw=500ÁC ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩʦʩʪʘʚʣʷʝʪ 1,12Ŀ10
5
ɺʪ/ʤ

2
, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʝʣʠʯʠʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 280 ɺʪ/(ʤ
2
Ŀʂ). ʃʫʯʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ  

ʦʪ ʦʭʣʘʞʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ   ʢ   ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 1,92Ŀ10
4
 ɺʪ/ʤ

2
 ʥʝ ʧʨʝʚʳʰʘʝʪ  

17,2 %. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʧʣʝʥʦʯʥʦʤ ʢʠʧʝʥʠʠ ʥʘ ʧʦʛʨʫʞʝʥʥʳʭ ʩʬʝʨʘʭ 

ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ [10], ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 216 ɺʪ/(ʤ
2
Ŀʂ). 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʧʦʜʪʚʝʨʞʜʘʝʤʳʡ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ [5], ʯʪʦ ʧʨʠ ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʘ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q ʤʝʥʴʰʠʭ ʯʝʤ 10
-3

, 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʘʷ ʩʭʝʤʘ T"=T'=Ts(P") ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʪʦʯʥʦʩʪʴ. 
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ʂ ʟʘʱʠʪʥʦʡ ʩʧʝʮʦʜʝʞʜʝ, ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ ʨʘʙʦʪʳ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ.  

ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʳʭ - ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʜʝ  

ʠ ʨʘʟʣʠʯʥʳʤ ʨʘʩʪʚʦʨʘʤ, ʱʝʣʦʯʘʤ, ʢʠʩʣʦʪʘʤ, ʩʠʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʘʤ ʠ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ, ʧʨʦʜʫʢʪʘʤ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪ.ʜ. 
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ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʞʘʨʘ, ʫʩʣʦʚʠʡ ʨʘʙʦʪ, ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ 

ʧʦʞʘʨʘ, ʚʠʜʘ ʨʝʰʘʝʤʳʭ ʵʢʩʪʨʝʥʥʳʭ ʟʘʜʘʯ, ʧʦʞʘʨʥʳʝ ʠ ʩʧʘʩʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʟʘʱʠʪʳ: ʙʦʝʚʫʶ ʧʦʞʘʨʥʫʶ ʦʜʝʞʜʫ, ʪʝʧʣʦʦʪʨʘʞʘʶʱʫʶ ʦʜʝʞʜʫ ʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʩʪʶʤʳ ʪʝʧʣʦʟʘʱʠʪʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʠʟʦʣʠʨʫʶʱʠʝ ʟʘʱʠʪʥʳʝ ʢʦʩʪʶʤʳ (ʨʠʩ. 1). 
 

 
 

ʈʠʩ. 1. ɺʠʜʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʳʭ 

 

ʇʝʨʚʳʡ ʚʠʜ ʩʧʝʮʠʘʣʴʥʦʡ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ ï ʙʦʝʚʘʷ ʦʜʝʞʜʘ ʧʦʞʘʨʥʳʭ (ɹʆʇ), 

ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʜʨʦʙʥʝʝ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʚʠʜ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ  

ʠ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʤ. 

ɹʆʇ ï ʦʜʝʞʜʘ, ʦʩʥʦʚʥʦʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʘʱʠʪʝ ʯʝʣʦʚʝʢʘ  

ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʧʦʞʘʨʘʭ, ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ  

ʠ ʜʨʫʛʠʭ ʥʝʦʪʣʦʞʥʳʭ ʨʘʙʦʪʘʭ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʧʣʦʭʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʨʠʩ. 2).  

ɹʆʇ ï ʩʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ 

ʟʘʱʠʪʘ ʧʦʞʘʨʥʳʭ ʠ ʩʧʘʩʘʪʝʣʝʡ. ɽʸ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ 

ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʥʦ ʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʘʚʘʨʠʡʥʳʭ ʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ [1ï5]. 

ɽʩʣʠ ʫʛʣʫʙʠʪʴʩʷ ʚ ʠʩʪʦʨʠʶ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ, ʪʦ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʥʘʯʘʣʴʥʦ ʢʘʢ ʚ ʉʉʉʈ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ɹʆʇ ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ  

ʠʟ ʰʝʨʩʪʠ ʠ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʘʥʪʠʧʠʨʝʥʦʚʳʤʠ ʩʦʩʪʘʚʘʤʠ. ʇʨʘʚʜʘ ʪʘʢʠʝ ʵʢʟʝʤʧʣʷʨʳ ʠʤʝʣʠ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ: ʥʠʟʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʘʷ ʧʦʪʝʨʷ ʨʘʟʣʠʯʥʳʭ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʩʣʝ ʯʠʩʪʢʠ ʠ ʩʪʠʨʢʠ ɹʆʇ (ʨʠʩ. 3). 

ɹʆʇ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ: 

ï ʚʦʜʦʩʪʦʡʢʠʡ ʩʣʦʡ;  

ï ʚʝʨʭʥʝʝ ʧʦʢʨʳʪʠʝ;  

ï ʩʲʝʤʥʘʷ ʧʦʜʢʣʘʜʦʯʥʘʷ ʪʢʘʥʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ. 
 

 
ʈʠʩ. 2. ʇʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʚʠʜ ɹʆʇ 
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ʈʠʩ. 3. ɹʆʇ ʜʣʷ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ (ʦʙʨʘʟʝʮ ʊʋ 17-08-249-86) 

 

ɺʝʨʭʥʝʝ ʧʦʢʨʳʪʠʝ ɹʆʇ ī ʵʪʦ ʚʥʝʰʥʠʡ ʩʣʦʡ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʧʦʞʘʨʥʳʭ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ 

ʦʜʝʞʜʳ ʟʘʱʠʱʘʝʪ ʧʦʞʘʨʥʦʛʦ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ, ʧʦʪʦʢʦʚ ʪʝʧʣʘ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʜʨʫʛʠʭ ʧʦʨʘʞʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. 

ɺʦʜʦʟʘʱʠʪʥʳʡ ʩʣʦʡ ɹʆʇ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘʱʠʪʳ ʪʝʣʘ ʧʦʞʘʨʥʦʛʦ ʠ ʩʲʝʤʥʦʡ 

ʧʦʜʢʣʘʜʦʯʥʦʡ ʪʢʘʥʠ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ, ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʝʡ, ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʩʪʚʦʨʦʚ.  

ɺ ʣʶʙʦʡ ʤʦʜʝʣʠ ɹʆʇ ʚʦʜʦʩʪʦʡʢʠʡ ʩʣʦʡ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʤʝʩʪʥʦ ʩ ʚʝʨʭʥʠʤ ʧʦʢʨʳʪʠʝʤ ʠʣʠ 

ʧʦʜʢʣʘʜʦʯʥʦʡ ʪʢʘʥʴʶ. ɼʘʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʦʜʝʞʜʳ ʧʦʞʘʨʥʦʛʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ. 

ʉʲʝʤʥʘʷ ʧʦʜʢʣʘʜʦʯʥʘʷ ʪʢʘʥʴ ɹʆʇ ī ʵʪʦ ʩʣʦʡ, ʦʪʚʝʯʘʶʱʠʡ ʟʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ  

(ʟʘ ʝʸ ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ). ʆʥ ʟʘʱʠʱʘʝʪ ʪʝʣʦ ʧʦʞʘʨʥʦʛʦ ʦʪ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ 

ʧʝʨʝʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʚʝʢʮʠʠ, ʠ ʜʨʫʛʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʩʨʝʜʳ.  

ʆʙʳʯʥʦ ɹʆʇ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʪʝ ʩʦ ʩʣʝʜʫʶʱʠʤ ʩʥʘʨʷʞʝʥʠʝʤ:  

ï ʧʨʦʪʠʚʦʫʜʘʨʥʘʷ ʢʘʩʢʘ (ʩ ʟʘʙʨʘʣʦʤ ʠ ʙʝʟ);  

ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʦʨʛʘʥʦʚ ʜʳʭʘʥʠʷ ʠ ʟʨʝʥʠʷ; 

ï ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʇʊɺ (ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʚʦʦʨʫʞʝʥʠʝ);  

ï ʧʝʨʝʥʦʩʥʘʷ ʨʘʜʠʦʩʪʘʥʮʠʷ;  

ï ʨʝʤʝʥʴ (ʧʦʷʩ ʩʧʘʩʘʪʝʣʷ);  

ï ʩʧʝʮʠʘʣʴʥʘʷ ʟʘʱʠʪʥʘʷ ʦʙʫʚʴ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʨʫʢ. 

ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʞʘʨʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ  

ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʦʷʚʠʣʘʩʴ ʩʨʦʯʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ɹʆʇ 

ʨʘʟʥʳʭ ʪʠʧʦʚ, ʢʦʪʦʨʳʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠʩʴ ʙʳ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ ʠ ʤʘʪʝʨʠʘʣʘʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ  

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɹʆʇ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ɹʆʇ ʧʨʦʚʦʜʷʪʩʷ 

ʠʩʧʳʪʘʥʠʷ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʪʠʧʘ ɹʆʇ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʫʯʠʪʳʚʘʝʪ ʩʧʝʮʠʬʠʢʫ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʙʦʝʚʫʶ ʦʜʝʞʜʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ʇʨʠ 

ʵʪʦʤ ʚʝʨʥʳʡ ʧʦʜʙʦʨ ʙʦʝʚʦʡ ʦʜʝʞʜʳ ʫʤʝʥʴʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʛʠʙʝʣʠ ʣʶʜʝʡ. 
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ʆʜʥʘʢʦ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɹʆʇ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʫʢʘʟʳʚʘʝʤʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ  

ʢ ʪʨʘʚʤʘʪʠʟʤʫ ʠ ʩʤʝʨʪʠ ʧʦʞʘʨʥʳʭ ʠ ʩʧʘʩʘʪʝʣʝʡ. 

ɺʦ ʤʥʦʛʠʭ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʰʴ ʚʠʟʫʘʣʴʥʳʡ 

ʦʩʤʦʪʨ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ʦ ʧʨʠʛʦʜʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ɹʆʇ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʚʝʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʥʘʫʯʥʦʤʫ 

ʦʙʦʩʥʦʚʘʥʠʶ, ʧʨʝʜʧʦʣʦʞʠʚ ʥʝʢʦʪʦʨʳʡ ʧʨʦʮʝʩʩ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʦʧʠʩʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ɹʆʇ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʦʝ ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ɹʆʇ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʩ ʢʦʪʦʨʳʤ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʦʞʘʨʥʳʝ ʠ ʩʧʘʩʘʪʝʣʠ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ 

ʧʘʢʝʪ ʤʘʪʝʨʠʘʣʦʚ: ʪʝʨʤʦʩʪʦʡʢʦʝ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʚʦʣʦʢʥʦ çɸʨʩʝʣʦʥ-ʉè, ʢʦʪʦʨʦʝ ʠʤʝʝʪ 

ʧʝʨʝʧʣʝʪʝʥʠʝ ʩʘʨʞʝʚʦʛʦ ʪʠʧʘ, ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ 223Ñ11 ʛ/ʤ
2
 ʠ ʤʝʤʙʨʘʥʥʦʝ 

ʧʦʢʨʳʪʠʝ 130Ñ30 ʛ/ʤ
2
; ʧʦʣʫʰʝʨʩʪʷʥʦʡ ʚʘʪʠʥ (ʭʦʣʩʪʦʧʨʦʰʠʚʥʦʡ) ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 235 ʛ/ʤ
2
; ʪʢʘʥʴ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʫ  ʁʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 140 ʛ/ʤ

2
. 

ʀʩʧʳʪʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʮʠʢʣʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʠ ʩʦʩʪʦʷʣʦ ʚ ʚʳʷʩʥʝʥʠʠ ʩʪʝʧʝʥʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ɹʆʇ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʦʧʘʨʥʦ ʠ ʩʦʚʤʝʩʪʥʦ. 

ɼʘʥʥʦʝ ʠʩʧʳʪʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ: ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣʳ ʧʦʪʦʢʘ ʧʣʦʪʥʦʩʪʴʶ 

5 000 ɺʪ/ʤ
2
 ʚ ʪʝʯʝʥʠʝ 4 ʤʠʥ ʠ 40 000 ɺʪ/ʤ

2
 ʚ ʪʝʯʝʥʠʝ 5 ʩ. 

ʆʙʨʘʙʦʪʢʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ MathCad [6, 7]. 

ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ɺʦʟʜʝʡʩʪʚʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ 

 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 4), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʫ ʜʘʥʥʦʛʦ ʧʘʢʝʪʘ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʝʯʝʪ  

ʟʘ ʩʦʙʦʡ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ ʩʭʦʞ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʇʫʘʩʩʦʥʘ (ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʫʨʦʚʥʷ ʧʦʚʨʝʞʜʝʥʠʡ), ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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)exp()()( 0
c

ʢʨʢʨ nMn *-*-+= tttt
,
 

 

ʛʜʝ t(n) - ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ [ʩ]; tʢʨ - ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ [c];  

t0 - ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ [c]; n - ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ [ʮʠʢʣ]; M - ʪʝʤʧʦʚʦʡ 

ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʝʡ (ʚʝʣʠʯʠʥʘ, ʦʙʨʘʪʥʘʷ ʢʦʣʠʯʝʩʪʚʫ ʮʠʢʣʦʚ) [ʮʠʢʣ
-1
]; c - ʧʘʨʘʤʝʪʨ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʇʫʘʩʩʦʥʘ (ʝʩʣʠ c = 1, ʪʦ ʧʨʦʮʝʩʩ ʩʪʘʮʠʦʥʘʨʥʳʡ). 

ʊʝʤʧʦʚʦʡ ʧʘʨʘʤʝʪʨ, ʩʦʛʣʘʩʥʦ ʧʨʦʮʝʩʩʫ ʇʫʘʩʩʦʥʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

cb
M

1
=

, 
 

ʛʜʝ b - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʇʫʘʩʩʦʥʘ. 

ʊʘʢʞʝ ʭʦʪʝʣʦʩʴ ʙʳ ʫʧʦʤʷʥʫʪʴ ʧʨʦ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 

0,9996, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʠ ʠ ʝʸ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʈʝʟʁʤʠʨʫʷ ʚʩʸ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʫʩʪʘʥʦʚʣʝʥ ʟʘʢʦʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʩʥʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʘʢʝʪʘ ʤʘʪʝʨʠʘʣʦʚ  

ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʥʘʛʨʫʞʝʥʠʷ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʢʪʦʨʦʚ ʠʟʥʦʩʘ; 

- ʚʳʷʚʣʝʥʘ ʧʦʣʝʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʚʟʘʠʤʦʩʚʷʟʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ  

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʧʦʧʘʨʥʦ ʠ ʩʦʚʤʝʩʪʥʦ;  

- ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ɹʆʇ, ʧʦ ʧʘʨʘʤʝʪʨʫ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ; 

- ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʙʠʨʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ɹʆʇ, ʘ ʪʘʢʞʝ  

ʠʭ ʦʮʝʥʢʫ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʥʝʧʦʣʥʦʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ  

ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʪʦʜʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ɹʆʇ; 

- ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ tʢʨ ʠ t0 ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝ ʟʘʚʠʩʷʪ  

ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʦʮʠʢʣʦʚʦʛʦ ʠʩʧʳʪʘʥʠʷ, ʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʘʢʝʪʘ ʤʘʪʝʨʠʘʣʦʚ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 
ʈʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ ʩʘʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʩʧʦʩʦʙʳ ʝʝ ʩʥʠʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʛʫʣʷʨʥʳʡ ʨʝʞʠʤ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʵʢʩʧʝʨʠʤʝʥʪ, ʧʦʛʨʝʰʥʦʩʪʴ 
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We described a method of construction materials the thermophysical properties studying 

based on the theory of regular thermal regime. The design of the experimental installation  

and the methodology for thermophysical properties measuring are presented.  In order of increasing 

the accuracy of measurements we made analysis of measurement error occurrence sources, 

determined magnitude of error and ways of its reducing.  
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʠ ʚʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʟʚʦʜʩʪʚ.  

ɺ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʨʘʥʴʰʝ 

ʙʳʣʠ ʜʦʩʪʫʧʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʙʦʨʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ. ʀʟ ʩʧʣʘʚʦʚ ʪʠʪʘʥʘ ʠ ʤʘʛʥʠʷ 

ʧʨʦʠʟʚʦʜʷʪ ʩʧʦʨʪʠʥʚʝʥʪʘʨʴ ʠ ʧʨʝʜʤʝʪʳ ʣʠʯʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ  ʤʘʪʝʨʠʘʣʳ 

ʚʩʝ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ,  

ʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʥʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʙʦʣʴʰʝ ʚʳʪʝʩʥʷʶʪ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ 

ʢʘʢ ʢʠʨʧʠʯ, ʙʝʪʦʥ ʠ ʜʝʨʝʚʦ. ɺʚʦʜ ʚ ʵʪʠʭ ʩʬʝʨʘʭ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʧʨʷʞʝʥ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ  

ʩ ʚʦʧʨʦʩʘʤʠ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1]. 
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ɼʣʷ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʭ ʪʘʨʠʬʦʚ ʥʘ ʪʝʧʣʦʥʦʩʠʪʝʣʠ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʥʦʛʦʩʣʦʡʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩ ʫʯʝʪʦʤ ʢʘʢ ʥʝʩʫʱʠʭ, ʪʘʢ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ  

ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ [2]. 

ʅʘ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʣʠʷʶʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʨʝʤʝʥʠ, 

ʬʦʨʤʳ ʩʘʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ. ʕʪʦ ʥʝʚʦʟʤʦʞʥʦ 

ʙʝʟ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʙʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʧʣʦʚʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ ʧʨʠ ʧʦʞʘʨʝ, ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʜʝʪʘʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ. 

ʅʘʧʨʠʤʝʨ, ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝʠʟʙʝʞʥʦ ʚʣʠʷʝʪ ʥʘ ʭʠʤʠʯʝʩʢʠʝ ʠʩʪʦʯʥʠʢʠ 

ʧʠʪʘʥʠʷ ʚ ʧʨʠʙʦʨʘʭ ʦʩʚʝʱʝʥʠʷ ʠ ʧʝʨʝʛʦʚʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʵʪʦʤʫ ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ 

ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʣʶʜʝʡ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʞʘʨʦʚ, ʤʦʞʝʪ ʩʪʘʪʴ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʦʡ. ɼʳʭʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʢʣʘʧʘʥ, ʪʨʫʙʦʧʨʦʚʦʜ, ʧʦʜʚʠʞʥʳʝ ʰʘʨʥʠʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ,  

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʫʯʝʪʘ ʟʥʘʥʠʡ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʧʦʚʝʜʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʉʧʦʩʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʳ ʚ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [3ï6].  

 

ʆʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʥʘʭʦʞʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 
 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʜʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩʥʠʞʘʝʪʩʷ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʚʳʰʘʝʪʩʷ 

ʪʦʯʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʦʜʠʥʘʢʦʚʦ. ʆʜʥʠʤ  

ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʝʛʫʣʷʨʥʦʤ ʪʝʧʣʦʚʦʤ ʨʝʞʠʤʝ.  

ɺ ʪʝʦʨʠʠ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʧʨʦʮʝʩʩʳ ʦʭʣʘʞʜʝʥʠʷ (ʥʘʛʨʝʚʘʥʠʷ) 

ʪʝʣ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʳ (ʜʠʩʢ, ʰʘʨ, ʮʠʣʠʥʜʨ). ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʟʫʯʝʥʠʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʧʦʜʦʙʥʳʭ ʪʝʣ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʠʟʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʦʨʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʪʝʣ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʠʣʠ ʥʘʛʨʝʚʘʥʠʠ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʧʦʩʪʦʷʥʥʳ ï 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʘʟʤʝʨʳ ʪʝʣʘ ʪʘʢʞʝ ʦʩʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ʆʜʥʠʤ  

ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ ʦʭʣʘʞʜʝʥʠʷ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʣ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ 

ʚʥʫʪʨʠ ʪʝʣʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʨʘʚʥʦʤʝʨʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʜʥʦʡ 

ʪʦʯʢʝ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚʩʝʛʦ ʪʝʣʘ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʪʘʢʦʡ ʩʣʫʯʘʡ, 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʣʘ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [7]: 
 

 
 

ʛʜʝ  ᵻï ʧʝʨʝʛʨʝʚ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ; A ʠ U ï ʬʫʥʢʮʠʠ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʬʦʨʤʳ ʪʝʣʘ;  

Ű ï ʚʨʝʤʷ; m ï ʪʝʤʧ ʦʭʣʘʞʜʝʥʠʷ: 
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, 

 

ʛʜʝ C ï ʧʦʣʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʣʘ; Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʚʝʢʪʠʚʥʦ-ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ  

ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; S ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ Ŭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ: 
 

, 
 

ʛʜʝ Ŭʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʢʨʠʪʝʨʠʘʣʴʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ: 
 

Ŭ=ʉ(GrĀPr)
n
, 

 

ʛʜʝ ʉ ʠ n ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʠʟ ʫʩʣʦʚʠʡ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ  

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʝʛʦ ʨʘʟʤʝʨʦʚ [8]; Ŭʣ ï ʢʦʵʬʬʠʮʠʝʥʪ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ: 

 

, 

 

ʛʜʝ Tw, Tf ï ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʂ; Ůʧʨ ï ʧʨʠʚʝʜʝʥʥʘʷ ʩʪʝʧʝʥʴ ʯʝʨʥʦʪʳ: 
 

, 

 

ʛʜʝ Ůw ʠ Ůf ï ʠʟʣʫʯʘʪʝʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʭʦʜʷ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧ ʦʭʣʘʞʜʝʥʠʷ m, ʟʥʘʷ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ Ŭ, ʤʦʞʥʦ ʥʘʡʪʠ ʫʜʝʣʴʥʫʶ 

ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥ ʠʟʛʦʪʦʚʣʝʥ. 
 

ʆʧʠʩʘʥʠʝ ʫʩʪʘʥʦʚʢʠ 
 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʣʦʨʠʤʝʪʨ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 
 

 
 

ʈʠʩ. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ: 1 ï ʦʩʥʦʚʘʥʠʝ ʢʘʣʦʨʠʤʝʪʨʘ; 2 ï ʢʦʨʧʫʩ; 

3, 4, 5 ï ʪʝʨʤʦʧʘʨʳ; 6 ï ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴ ʪʝʤʧʝʨʘʪʫʨʳ; 

7 ï ʠʛʣʘ; 8 ï ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 
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ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ 1, ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʣʧʘʢʘ 2 (ʢʦʨʧʫʩʘ), ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʧʦʜʥʠʤʘʪʴ ʠ ʦʪʚʦʜʠʪʴ ʚ ʩʪʦʨʦʥʫ, ʠ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʝʨʤʦʤʝʪʨʦʚ 3, 4, 5  

ʩ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʠʟʤʝʨʠʪʝʣʝʤ 6 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʠ ʢʦʨʧʫʩʘ ʧʨʠʙʦʨʘ. ʈʘʙʦʯʠʡ ʩʧʘʡ ʪʝʨʤʦʧʘʨʳ 3, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ, ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʠʛʣʳ 7, ʚʤʦʥʪʠʨʦʚʘʥʥʦʡ ʚ ʮʝʥʪʨ ʦʩʥʦʚʘʥʠʷ ʧʨʠʙʦʨʘ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ 8 ʠʟʛʦʪʦʚʣʝʥ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ, ʚ ʥʸʤ ʚʳʧʦʣʥʝʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ  

ʠʛʣʳ 7, ʥʘ ʢʦʪʦʨʫʶ ʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦ ʥʘʯʘʣʘ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘʶʪ  

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʠʛʣʫ ʠ ʧʦʤʝʱʘʶʪ ʚʥʫʪʨʴ ʢʦʨʧʫʩʘ ʫʩʪʘʥʦʚʢʠ, ʟʘʢʨʳʚʘʷ ʢʦʣʧʘʢ. 

ɼʘʣʝʝ ʦʭʣʘʞʜʘʶʱʠʡʩʷ ʦʙʨʘʟʝʮ ʦʪʜʘʝʪ ʪʝʧʣʦʪʫ ʦʢʨʫʞʘʶʱʝʤʫ ʝʛʦ ʢʦʨʧʫʩʫ  

ʠ ʦʩʥʦʚʘʥʠʶ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ ʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʝʩʴ ʧʨʦʮʝʩʩ ʦʭʣʘʞʜʝʥʠʷ ʬʠʢʩʠʨʫʶʪ 

ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʟʤʝʨʠʪʝʣʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʷʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʨʘʟ,  

ʧʦ ʧʦʣʫʯʝʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ln(T)(Ű) ʦʧʨʝʜʝʣʷʶʪ ʪʝʤʧ ʦʭʣʘʞʜʝʥʠʷ m  

ʠ ʜʘʣʝʝ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ 2ï4 ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ. 
 

ʆʧʠʩʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʄʝʪʦʜʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 
 

ʅʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ 

ʬʘʢʪʦʨʳ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʦʩʥʦʚʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʪʝʦʨʠʠ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ. 

ʕʪʦ ʢʘʩʘʝʪʩʷ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʦʩʪʦʷʥʩʪʚʘ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʳʙʦʨʘ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʠ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ, ʨʘʟʤʝʱʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ ʠ ʩʥʠʞʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʚʦʜʠʤʳʭ 

ʠʟʤʝʨʝʥʠʡ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʩʣʦʚʠʡ 

ʪʝʧʣʦʦʙʤʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʩʩʠʚʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʣʧʘʢ 

(ʢʦʨʧʫʩ ʢʘʣʦʨʠʤʝʪʨʘ) (ʨʠʩ.). ʈʘʟʤʝʨʳ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ ʠ ʩʪʝʥʢʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʩʪʚʦ ʪʝʤʧʝʨʘʪʫʨʳ  

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʘʟʤʝʨ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʦʜʙʠʨʘʣʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʟʘʟʦʨ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʨʧʫʩʘ ʠ ʦʙʨʘʟʮʦʤ ʥʝ ʧʨʝʚʳʰʘʣ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ. ʕʪʦ 

ʚʳʧʦʣʥʝʥʦ, ʯʪʦʙʳ ʟʘʪʨʫʜʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʢʦʣʧʘʢʦʤ  

ʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʮʠʣʠʥʜʨʘ ʠ ʩʚʝʩʪʠ ʚʢʣʘʜ ʢʦʥʚʝʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʧʣʦʦʙʤʝʥʘ Ŭʢ  

ʢ ʤʠʥʠʤʫʤʫ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʦʪʚʦʜ ʪʝʧʣʦʪʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʦʚ ʠ ʢʦʨʧʫʩʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʢʘʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʘʪʝʨʠʘʣ, ʥʘʣʠʯʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʠʣʠ ʧʦʢʨʳʪʠʡ. ʇʨʠ ʵʪʦʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʦʙʤʝʥʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ (ʥʘʧʨʠʤʝʨ, ʧʦʣʠʨʦʚʘʥʥʘʷ 

ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʦʢʨʘʰʝʥʥʘʷ) [9]. ɼʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʣʫʯʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʪʝʧʣʦʦʙʤʝʥʘ Ŭʣ  ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʢʨʳʪʴ ʙʝʩʮʚʝʪʥʳʤ ʣʘʢʦʤ ʚʩʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ 

ʦʜʠʥʘʢʦʚʦʝ ʟʥʘʯʝʥʠʝ Ůw=Ůf=0,9. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ Ŭ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʧʣʦʦʙʤʝʥʝ. ʇʦʵʪʦʤʫ  

ʥʘʭʦʞʜʝʥʠʝ Ŭ ʩ ʧʦʤʦʱʴʶ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʝʛʦ ʪʦʯʥʝʝ 15ï20 % [10]. 
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ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʪʨʦʠʪʴ ʥʘ ʧʨʠʥʮʠʧʝ ʩʨʘʚʥʝʥʠʷ 

ʪʝʤʧʘ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʵʪʘʣʦʥʥʦʛʦ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʜʚʘ ʨʘʚʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʦʙʨʘʟʮʘ: ʦʜʠʥ ʠʟ ʵʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, 

ʤʝʜʴ), ʚʪʦʨʦʡ ʠʟ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʚʪʦʨʫʶ ʪʝʦʨʝʤʫ ɻ.ʄ. ʂʦʥʜʨʘʪʴʝʚʘ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʜʠʥʘʢʦʚʳʝ 

ʫʩʣʦʚʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʪʝʯʝʥʠʝ ʦʧʳʪʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʧʦʣʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʦʙʨʘʟʮʘ 

ʙʫʜʝʪ ʨʘʚʥʘ: 
 

 
 

ʛʜʝ m  ɻï ʪʝʤʧ ʦʭʣʘʞʜʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʪʝʣʘ; C  ɻ ï ʧʦʣʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʵʪʘʣʦʥʥʦʛʦ ʪʝʣʘ;  

m ï ʪʝʤʧ ʦʭʣʘʞʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. ʋʜʝʣʴʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʥʘʡʪʠ, 

ʟʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʝʣʘ ʠ ʝʛʦ ʤʘʩʩʫ: 
 

 
 

ʛʜʝ M ï ʤʘʩʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʛʨʝʚʘ ʦʙʨʘʟʮʘ ʚ ʥʝʤ ʫʩʪʘʥʦʚʣʝʥʘ 

ʪʝʨʤʦʧʘʨʘ ʩ ʧʦʤʦʱʴʶ ʠʛʣʳ 2. ʇʦʩʢʦʣʴʢʫ ʚ ʦʧʳʪʝ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʝʛʨʝʚ ʪʝʣʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ, ʪʦ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʪʝʨʤʦʧʘʨʫ, ʦʜʠʥ  

ʩʧʘʡ 3 ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʟʘʢʨʝʧʣʝʥ ʚʥʫʪʨʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ, ʜʨʫʛʦʡ 4 ʧʦʤʝʱʝʥ ʚ ʢʦʨʧʫʩʝ 

(ʨʠʩ.). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʠʪʝʣʴ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʪʝʨʤʦʧʘʨʝ, ʩʨʘʟʫ 

ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʘʙʦʯʠʭ ʩʧʘʷʭ ʪʝʨʤʦʧʘʨʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʝ ʢ ʪʝʨʤʦʧʘʨʘʤ ʧʦʜʢʣʶʯʝʥ ʠʟʤʝʨʠʪʝʣʴ GM1312 ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʢʦʤʧʝʥʩʘʪʦʨʦʤ 

ʭʦʣʦʜʥʦʛʦ ʩʧʘʷ 6, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʝʛʨʝʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 8 ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʜʦ 1,5 %. ʀʟʤʝʨʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʰʘʛʦʤ ʧʦ ʚʨʝʤʝʥʠ 1 ʩ. 

ʅʘ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʦʨʳ: 

ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʩʧʘʝʤ ʪʝʨʤʦʧʘʨʳ ʠ ʠʛʣʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʥʝʠʜʝʘʣʴʥʳʤ ʢʦʥʪʘʢʪʦʤ ʩʧʘʷ ʠ ʢʦʥʮʦʤ ʠʛʣʳ; 

ï ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʜʫ ʠʛʣʦʡ ʠ ʪʝʣʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʝ ʠʜʝʘʣʴʥʳʤ 

ʢʦʥʪʘʢʪʦʤ ʠʛʣʳ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ; 

ï ʩʪʦʢ ʪʝʧʣʦʪʳ ʠʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ ʧʦ ʠʛʣʝ ʠ ʪʝʨʤʦʧʘʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʝʥʫʣʝʚʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ ʠʛʣʳ ʠ ʪʝʨʤʦʧʘʨʳ. 

ɺʣʠʷʥʠʝ ʪʝʧʣʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʪʝʨʤʦʧʘʨʦʡ ʠ ʪʝʣʦʤ ʥʘ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ [11, 12]. ʆʮʝʥʦʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ q, ʠʜʫʱʝʛʦ ʦʪ ʪʝʣʘ ʚ ʦʩʥʦʚʘʥʠʝ ʧʦ ʠʛʣʝ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

25 ɺʪ/ʤ
2
, ʪʝʧʣʦʚʳʝ ʢʦʥʪʘʢʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ R ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʧʦʨʷʜʢʘ ʪʳʩʷʯʥʳʭ ʤ

2
ʂ/ɺʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʢʦʥʪʘʢʪʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ æT=qĿR ʠ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʧʦʨʷʜʢʘ 25 ʤʂ. ʉʪʦʢ ʪʝʧʣʦʪʳ ʧʦ ʠʛʣʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʨʘʟʥʠʮʫ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤ ʪʝʣʦʤ ʠ ʦʩʥʦʚʘʥʠʝʤ, ʜʣʠʥʦʡ  

ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠʛʣʳ. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʠʜʫʱʠʡ ʯʝʨʝʟ ʠʛʣʫ, ʠʤʝʝʪ ʧʦʨʷʜʦʢ 0,5 ɺʪ (ʧʨʠ 

ʧʝʨʝʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ 30 ʂ), ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5 % ʦʪ ʩʨʝʜʥʝʛʦ ʧʦʪʦʢʘ, ʠʜʫʱʝʛʦ ʩ ʦʙʨʘʟʮʘ 

ʥʘ ʢʦʨʧʫʩ ʧʨʠʙʦʨʘ. 
 

ʉʣʫʯʘʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 
 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʥʳʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 

ï ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʣʠʯʠʥ; 

ï ʩʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ; 

ï ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʧʫʱʝʥʠʷʤʠ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ. 
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ɺ ʦʧʠʩʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʪʝʣʘ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʥʦʚʘʥʠʷ; 

ï ʤʘʩʩʘ ʪʝʣʘ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ, ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ ʠ ʦʩʥʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʨʤʦʧʘʨʳ. ɺ ʦʧʠʩʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʦʧʘʨʘ ʪʠʧʘ ʊ (ʤʝʜʴ-ʢʦʥʩʪʘʥʪʘʥ), ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ŭTT=0,75 % [13]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʜʢʣʶʯʝʥʥʦʝ  

ʢ ʪʝʨʤʦʧʘʨʝ, ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ, ʚ ʧʨʝʜʝʣʘʭ ŭTV=1,5 %. 

ʉʥʠʟʠʪʴ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ ʪʝʨʤʦʧʘʨʳ ʠ ʚʦʣʴʪʤʝʪʨʘ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʤʘʩʩʳ ʪʝʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʝʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʪʝʣʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʚʝʩʳ, ʦʪʢʘʣʠʙʨʦʚʘʥʥʳʝ ʚ ʥʫʞʥʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

ŭM =  

 

ʛʜʝ æM=0,01 ʛ ï ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʚʝʩʦʚ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʤʥʦʛʦʢʨʘʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʪʘʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʤʘʩʩʘ. 

ʉʣʫʯʘʡʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

 

 
 

ʛʜʝ t(P,n) ï ʢʦʵʬʬʠʮʠʝʥʪ ʉʪʴʶʜʝʥʪʘ; S ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʘ ʦʭʣʘʞʜʝʥʠʷ ŭm ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ  

10 % ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʦʩʪʳʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. 

ʄʝʪʦʜ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʧʦ ʦʢʦʥʯʘʥʠʠ ʦʧʳʪʘ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ  

ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʂʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʚʠʜ ʛʨʘʬʠʢʘ ʧʝʨʝʛʨʝʚʘ  

ʦʪ ʚʨʝʤʝʥʠ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʚ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɽʩʣʠ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʠ ʢ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʰʠʙʢʠ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʥʝʚʳʧʦʣʥʝʥʠʝ ʜʦʧʫʱʝʥʠʡ ʪʝʦʨʠʠ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʣʠʯʠʝ ʢʦʥʚʝʢʮʠʦʥʥʳʭ ʪʦʢʦʚ, ʫʪʝʯʢʠ ʪʝʧʣʦʪʳ ʩ ʦʙʨʘʟʮʘ ʥʘ ʢʦʨʧʫʩ ʧʦ ʵʣʝʤʝʥʪʘʤ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
 

ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʠʩʪʦʯʥʠʢʦʚ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʞʠʤʘ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʚʦʟʥʠʢʘʶʱʠʭ ʦʪʢʣʦʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʣʦʚʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʧʫʱʝʥʠʷʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʦʨʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ 

ʵʢcʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʪʨʝʙʫʝʤʳʭ ʫʩʣʦʚʠʡ ʪʝʧʣʦʦʙʤʝʥʘ, ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 10 %. 
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ɺ ʈʦʩʩʠʠ ʧʦʞʘʨʳ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚ ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʶʪ ʧʷʪʥʘʜʮʘʪʴ ʧʨʦʮʝʥʪʦʚ ʦʪ ʚʩʝʭ 

ʩʣʫʯʘʝʚ ʧʦʞʘʨʦʚ ʠ ʟʘʥʠʤʘʶʪ ʚʪʦʨʦʝ ʤʝʩʪʦ, ʫʩʪʫʧʘʷ ʪʦʣʴʢʦ ʣʠʰʴ ʧʦʞʘʨʘʤ ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʝʞʝʛʦʜʥʦ ʩʛʦʨʘʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 23 000 

ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʧʦʞʘʨʘʭ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʦʛʠʙʘʝʪ ʦʢʦʣʦ 200 ʯʝʣʦʚʝʢ  

ʚ ʛʦʜ [1, 2]. ʉʪʘʪʠʩʪʠʢʘ ʛʠʙʝʣʠ ʣʶʜʝʡ ʧʨʠ ʧʦʞʘʨʘʭ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ɼʘʥʥʳʝ ʩʪʘʪʠʩʪʠʢʠ ʧʦʞʘʨʦʚ ʥʘ  ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʚʦʝ ʤʝʩʪʦ  

ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʟʘʛʦʨʘʥʠʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʟʘʥʠʤʘʶʪ ʣʝʛʢʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʯʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʠʭ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʪʘʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ. 

ɺʪʦʨʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʛʨʫʟʦʚʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʟʘʪʝʤ ʠʜʸʪ ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʭʥʠʢʘ,  

ʠ ʧʘʩʩʘʞʠʨʩʢʠʝ ʘʚʪʦʙʫʩʳ [3] .  
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ʈʠʩ. 1. ʉʦʦʪʥʦʰʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʠʙʰʠʭ ʥʘ ʧʦʞʘʨʝ 

ʦʪ ʪʠʧʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ  

ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʶʪʩʷ: 

- ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʠʩʰʝʩʪʚʠʷ (ɼʊʇ); 

- ʪʝʭʥʠʯʝʩʢʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʠʟʥʦʰʝʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ); 

- ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʝʨʝʚʦʟʢʠ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʛʨʫʟʦʚ; 

- ʫʤʳʰʣʝʥʥʳʡ ʧʦʜʞʦʛ; 

- ʥʝʦʩʪʦʨʦʞʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ ʦʛʥʝʤ ʚ ʩʘʣʦʥʝ ʘʚʪʦʤʦʙʠʣʷ; 

- ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ; 

- ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʣʷ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʷʚʣʷʶʪʩʷ ʟʘʛʦʨʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ɼʊʇ, ʥʝʦʩʪʦʨʦʞʥʳʤ 

ʦʙʨʘʱʝʥʠʝʤ ʩ ʦʛʥʸʤ ʠ ʫʤʳʰʣʝʥʥʳʤʠ ʧʦʜʞʦʛʘʤʠ. ɺʩʝ ʵʪʠ ʩʣʫʯʘʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ  

ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ.  

ɼʣʷ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʯʠʥʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ 

ʷʚʣʷʶʪʩʷ: ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʝʨʝʚʦʟʢʠ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʛʨʫʟʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʠʣʠ ʞʝ ʯʨʝʟʤʝʨʥʘ ̫ʠʟʥʦʰʝʥʥʦʩʪ ɹʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʞʘʨ ʚ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʪʨʸʤ 

ʦʩʥʦʚʥʳʤ ʩʮʝʥʘʨʠʷʤ:  

ï ʧʦʞʘʨ ʨʘʟʚʠʚʘʝʪʩʷ ʠʟ ʤʦʪʦʨʥʦʛʦ ʦʪʩʝʢʘ;  

ï ʧʦʞʘʨ ʨʘʟʚʠʚʘʝʪʩʷ ʠʟ ʢʘʙʠʥʳ; 

ï ʧʦʞʘʨ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʢʫʟʦʚʝ ʠʣʠ ʚ ʧʨʠʮʝʧʝ ʩ ʛʨʫʟʦʤ.   

ʃʶʙʦʡ ʧʦʞʘʨ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʨʠ ʩʚʦʙʦʜʥʦʤ ʛʦʨʝʥʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʜʝʣʝʥ ʥʘ ʯʝʪʳʨʝ ʬʘʟʳ: I ï ʥʘʯʘʣʴʥʫʶ, II ï ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦʞʘʨʘ, III ï ʨʘʟʚʠʪʦʛʦ ʧʦʞʘʨʘ 

ʠ IV ï ʟʘʪʫʭʘʶʱʝʛʦ ʧʦʞʘʨʘ [4]. 

ʂʘʞʜʘʷ ʠʟ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʬʘʟ ʧʦʞʘʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʅʘʯʘʣʴʥʘʷ ʬʘʟʘ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ 

ʭʘʨʘʢʪʝʨʥʘ ʥʘʨʘʩʪʘʥʠʝʤ ʧʣʦʱʘʜʠ ʛʦʨʝʥʠʷ, ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʚʳʜʝʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʜʳʤʦʦʙʨʘʟʦʚʘʥʠʝʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʚʳʜʝʣʷʝʪʩʷ ʜʳʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 250ï300 ÁC ï ʵʪʦ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʚʩʝʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʪʦʨʘʷ ʬʘʟʘ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʛʦʨʝʥʠʷ, ʥʘʨʘʩʪʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ  

ʜʦ ʚʝʣʠʯʠʥ, ʨʘʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ  

ʚ ʘʚʪʦʤʦʙʠʣʝ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʝ ʛʦʨʶʯʠʝ ʚʝʱʝʩʪʚʘ ʚʦʩʧʣʘʤʝʥʷʶʪʩʷ, 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, 

ʚʪʦʨʘʷ ʬʘʟʘ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦʞʘʨʘ ʧʝʨʝʭʦʜʠʪ ʚ ʪʨʝʪʴʶ ʬʘʟʫ ʨʘʟʚʠʪʦʛʦ ʧʦʞʘʨʘ. 

ʊʨʝʪʴʷ ʬʘʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʛʘʟʦʦʙʤʝʥʘ, ʩʢʦʨʦʩʪʠ 

ʚʳʛʦʨʘʥʠʷ ʚʝʱʝʩʪʚ ʠ ʪʝʤʧʝʨʘʪʫʨ ʩʨʝʜʳ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʦʞʘʨʘ ʟʘʚʠʩʠʪ 

ʦʪ ʧʦʞʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʛʨʫʟʘ (ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʛʦʨʶʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ). ɺ ʵʪʦʡ ʬʘʟʝ ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 900 ÁC. 
ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʧʦʣʥʦʩʪʴʶ ʚʳʛʦʨʘʝʪ ʟʘ ʜʚʘʜʮʘʪʴ 

ʤʠʥʫʪ, ʘ ʥʘ ʚʪʦʨʦʡ ʤʠʥʫʪʝ ʛʦʨʝʥʠʷ ʧʦʪʫʰʠʪʴ ʧʦʞʘʨ ʦʙʳʯʥʳʤ ʧʦʨʦʰʢʦʚʳʤ ʦʛʥʝʪʫʰʠʪʝʣʝʤ 
ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʚʨʝʞʜʝʥʠʷ ʞʝ ʤʦʛʫʪ ʙʳʪʴ ʬʘʪʘʣʴʥʳʤʠ ʫʞʝ ʯʝʨʝʟ ʧʷʪʴ ʤʠʥʫʪ ʛʦʨʝʥʠʷ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʱʝʨʙʦʚ, ʧʨʠʯʠʥʸʥʥʳʭ ʧʦʞʘʨʦʤ ʚ ʙʦʣʴʰʝʛʨʫʟʥʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ, ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʠ ʪʦ, ʯʪʦ ʧʦʞʘʨ ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʥʘ ʧʝʨʝʚʦʟʠʤʳʝ ʛʨʫʟʳ.  

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʸʪʳ [5, 6] ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʝʩʣʠ ʧʦʞʘʨ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ ʥʝ ʧʦʪʫʰʠʪʴ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ, ʪʦ ʦʛʦʥʴ 

ʦʯʝʥʴ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʩʷ ʧʦ ʩʘʣʦʥʫ, ʙʘʛʘʞʥʦʤʫ ʠ ʤʦʪʦʨʥʦʤʫ ʦʪʩʝʢʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ, ʧʦʢʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʫʥʠʯʪʦʞʠʪ ʝʛʦ.  

ɺʦ ʤʥʦʛʦʤ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʦʝʟʜʘ 

(ʛʨʫʟʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ ʩ ʧʨʠʮʝʧʦʤ) ʟʘʚʠʩʠʪ ʦʪ ʛʨʫʟʘ, ʢʦʪʦʨʳʡ ʦʥ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʘʚʪʦʧʦʝʟʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʧʨʠʮʝʧʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʞʘʨʘ ʚ ʜʚʠʛʘʪʝʣʝ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʦʛʦʥʴ ʚ ʩʯʠʪʘʥʥʳʝ ʤʠʥʫʪʳ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʜʦ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʮʝʧʢʝ ʩ ʥʠʤ ʧʨʠʮʝʧʦʚ. ʇʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʩʮʝʧʢʠ  

ʠ ʪʦʨʤʦʞʝʥʠʷ ʦʙʱʘʷ, ʠ ʧʨʠ ʛʦʨʝʥʠʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ ʥʘ ʧʝʨʝʚʦʟʠʤʳʡ  

ʚ ʧʨʠʮʝʧʘʭ ʛʨʫʟ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʰʪʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʘʚʪʦʤʦʙʠʣʝ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

 

 
 

ʈʠʩ. 2. ɻʦʨʝʥʠʝ ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ (ʪʨʝʪʴʷ ʩʪʘʜʠʷ ʧʦʞʘʨʘ) 

 

ʉʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʠ ʪʦ, ʯʪʦ ʝʩʣʠ ʧʦʞʘʨ ʧʝʨʝʰʸʣ ʚʦ ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʩʪʘʜʠʠ (ʨʠʩ. 2),  

ʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʧʣʦʱʘʜʴ ʧʦʞʘʨʘ ʚʦʟʨʘʩʪʸʪ ʚ ʩʚʷʟʠ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʙʝʥʟʦʙʘʢʘ 

ʠ ʝʛʦ ʩʦʜʝʨʞʠʤʦʛʦ. ʇʨʠ ʦʩʪʘʥʦʚʢʝ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʘʚʪʦʪʨʘʩʩʝ ʦʛʦʥʴ ʤʦʞʝʪ ʧʝʨʝʢʠʥʫʪʴʩʷ  

ʥʘ ʙʣʠʞʘʡʰʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʅʝ ʩʪʦʠʪ ʠʩʢʣʶʯʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʛʥʷ ʥʘ ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ, ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥrʝ ʢ ʘʚʪʦʤʘʛʠʩʪʨʘʣʷʤ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ 

ʥʘʰʝʡ ʩʪʨʘʥʳ.  
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ʉʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ï ʦʜʥʘ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʟʘʜʘʯ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪʝ [7ï9]. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ  

ʥʘ ʧʨʦʬʠʣʘʢʪʠʢʫ ʠʣʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʞʘʨʦʚ ʥʘ ʣʝʛʢʦʚʦʤ ʠ ʛʨʫʟʦʚʦʤ ʘʚʪʦʤʦʙʠʣʴʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ, ʥʘ ʫʣʫʯʰʝʥʠʝ ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʞʘʨʝ, ʤʦʜʝʨʥʠʟʘʮʠʶ ʫʞʝ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʢʘʢ ʥʘ ʪʨʘʥʩʧʦʨʪʝ ʚ ʮʝʣʦʤ, ʪʘʢ  

ʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʧʦʝʟʜʘʭ ʚ ʯʘʩʪʥʦʩʪʠ.  

   ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʦʩʪ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʘʨʢʘ. ɸʚʪʦʪʨʘʥʩʧʦʨʪ ʠʤʝʝʪ ʥʦʚʦʝ ʵʥʝʨʛʦʝʤʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʙʝʥʟʠʥʳ ʠ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ, ʫʞʝʩʪʦʯʘʶʪʩʷ ʨʝʞʠʤʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ. ɸ ʤʝʞʜʫ ʪʝʤ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʘʚʪʦʤʦʙʠʣʝʡ  

ʦʪ ʟʘʛʦʨʘʥʠʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʩʷ ʠ ʙʘʟʠʨʫʝʪʩʷ ʣʠʰʴ  

ʥʘ ʦʜʥʦʤ ʤʝʪʦʜʝ ï ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʞʘʨʘ ʯʝʣʦʚʝʢʦʤ-ʚʦʜʠʪʝʣʝʤ ʠ ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ ʨʫʯʥʳʤ 

ʦʛʥʝʪʫʰʠʪʝʣʝʤ [10].  

ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʨʫʯʥʳʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ʥʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʡ ï ʦʙʥʘʨʫʞʠʪʴ  

ʠ ʧʦʪʫʰʠʪʴ ʧʦʞʘʨ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: 

ï  ʧʦʟʜʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʞʘʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʚʠʪʠʝ ʧʦʞʘʨʘ ʜʦ II  ʠ III  ʩʪʘʜʠʠ; 

ï ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʢʨʳʚʘʥʠʷ ʢʘʧʦʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʧʦʚʳʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʦʨʝʥʠʷ; 

ï ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʦʚ ʚ ʨʘʙʦʪʝ ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʚʦʜʠʪʝʣʝʡ 

ʨʫʯʥʳʭ ʦʛʥʝʪʫʰʠʪʝʣʝʡ (ʧʦʩʪʦʷʥʥʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʠ ʫʜʘʨʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʝʨʝʧʘʜʳ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ  ʪ.ʧ.); 

ï ʩʣʘʙʳʝ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʦʛʥʝʪʫʰʠʪʝʣʷʤʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʚʦʜʠʪʝʣʝʡ; 

ï  ʚʦʟʤʦʞʥʦʩʪʴ ʦʰʠʙʦʢ ʚ ʜʝʡʩʪʚʠʷʭ ʚ ʩʚʷʟʠ ʩʦ ʩʪʨʝʩʩʦʚʦʡ ʩʠʪʫʘʮʠʝʡ (ʧʦʞʘʨ 

ʘʚʪʦʤʦʙʠʣʷ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʦ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʤʫ ʩʮʝʥʘʨʠʶ).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʫʩʪʘʥʦʚʦʢ ʠ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʣʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʪʴ  

ʠ ʧʦʪʫʰʠʪʴ ʧʦʞʘʨ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. ɺʳʧʫʩʢʘʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʝʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʨʪʠʬʠʢʘʪʳ.  

ʇʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʠʞʝ ʬʫʥʢʮʠʠ ʟʘʱʠʪʳ ʦʪ ʟʘʛʦʨʘʥʠʷ. ʂ ʪʘʢʠʤ ʨʝʰʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

ï ʩʠʩʪʝʤʳ ʙʣʦʢʠʨʦʚʢʠ ʪʦʧʣʠʚʦʧʨʦʚʦʜʘ ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʘʚʘʨʠʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ;  

ï ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʪʦʢʦʚʦʡ ʧʝʨʝʛʨʫʟʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʘʚʪʦʤʦʙʠʣʷ; 

ï ʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ [10]; 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʦʛʥʝʪʫʰʠʪʝʣʠ [3, 11] ʠ ʜʨ. 

ʇʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ  

ʠ ʪʫʰʝʥʠʶ ʟʘʛʦʨʘʥʠʡ ʚ ʧʦʜʢʘʧʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʆʆʆ çɻʂ ʕʇʆʊʆʉȻ ʦʛʥʝʪʫʰʠʪʝʣʠ ʥʘ ʙʘʟʝ ʛʝʥʝʨʘʪʦʨʘ ʦʛʥʝʪʫʰʘʱʝʛʦ ʘʵʨʦʟʦʣʷ (ɻʆɸ) 
Ⱥɼʦʧʠʥʛ-2Ȼ, Ⱥɼʦʧʠʥʛ-2ʊʈȻ ʠ ʘʚʪʦʥʦʤʥʘʷ ʫʩʪʘʥʦʚʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

çʇʦʜʢʦʚʘ-01è ɿɸʆ çʇʠʨʦʍʠʤʠʢʘè. ʕʪʠ ʫʩʪʘʥʦʚʢʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ  

ʚ ʧʦʜʢʘʧʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʚʪʦʤʦʙʠʣʷ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʟʘʛʦʨʘʥʠʠ ʧʦʪʫʰʠʪʴ ʧʦʞʘʨ  

ʚ ʤʦʪʦʨʥʦʤ ʦʪʩʝʢʝ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʧʨʠʤʝʨʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ.  ɼʝʩʷʪʢʠ ʬʠʨʤ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʶʪ  

ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚʳʧʫʩʢʘʶʪ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʟʘʜʘʯ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʦʞʘʨʘ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ.  
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ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʵʪʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʶʪʩʷ 

ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʠ ʘʚʪʦʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʠʥʠʮʠʘʪʠʚʥʦʤ ʧʦʨʷʜʢʝ  

ʠ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ.    

ʅʘʜʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʭ 

ʫʩʪʘʥʦʚʦʢ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ ʤʦʪʦʨʥʦʤ ʦʪʩʝʢʝ ʘʚʪʦʤʦʙʠʣʷ ï ʵʪʦ ʯʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ 

ʧʨʦʙʣʝʤʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʝʰʝʥʳ ʚʦʧʨʦʩʳ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ ʚ ʢʘʙʠʥʝ, 

ʧʘʩʩʘʞʠʨʩʢʦʤ ʩʘʣʦʥʝ, ʢʫʟʦʚʝ ʠ ʧʨʠʮʝʧʝ. ʅʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʠʯʝʩʢʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʠʟʚʝʱʝʥʠʷ ʦ ʧʦʞʘʨʝ ʙʦʣʴʰʝʛʨʫʟʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʧʨʦʠʩʰʝʜʰʝʛʦ ʥʘ ʪʨʘʩʩʝ, ʧʦ ʨʘʜʠʦʢʘʥʘʣʘʤ ʚ ʙʣʠʞʘʡʰʫʶ ʧʦʞʘʨʥʫʶ ʯʘʩʪʴ ʠ ʨʷʜ ʜʨʫʛʠʭ 

ʚʦʧʨʦʩʦʚ.   

ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙʣʝʤ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʚʦʧʨʦʩʳ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʝʛʦ ʟʘʱʠʪʳ ʩ ʫʯʸʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ  ʨʘʟʨʘʙʦʪʦʢ.   

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʜʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʠ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ  

ʚ ʛʨʫʟʦʚʦʤ ʠ ʧʘʩʩʘʞʠʨʩʢʦʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʘ ʧʦ ʨʘʟʥʳʤ ʩʮʝʥʘʨʠʷʤ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʨʘʙʦʪʢʫ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʠ ʫʩʪʘʥʦʚʢʘʤ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ  

ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʝ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʪ 

ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʛʠʙʝʣʠ ʣʶʜʝʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʝʨʷʤ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʦʚ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ.    
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʘʩʯʝʪʥʳʤ ʚʨʝʤʝʥʝʤ ʵʚʘʢʫʘʮʠʠ. 

ʅʘ ʧʨʠʤʝʨʝ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʟʚʝʱʘʪʝʣʝʤ 

ʧʦʞʘʨʥʳʤ ʜʳʤʦʚʳʤ, ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤ, ʪʦʯʝʯʥʳʤ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ ʘʧʧʘʨʘʪʘ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ ʠ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ 

ʙʘʟʳ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʩʠʩʪʝʤʘ 

ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ, ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ, ʠʟʚʝʱʘʪʝʣʴ ʧʦʞʘʨʥʳʡ, ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
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The relationship between the probability of performing the function of the main purpose  

by the automatic fire alarm system and the estimated time of evacuation is considered.  

The possibility of using fuzzy sets and fuzzy logic for this purpose is shown on the example  

of assessing the probability of performing the function of the main purpose by the detector to fire 

smoke, optoelectronic, point. The technique of obtaining the fuzzy inference rule base is given. 
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evacuation time, fire detector, the probability of performing the function of the main purpose 

 

ʇʦ ʜʘʥʥʳʤ ʄʏʉ ʈʦʩʩʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʥʘ ʧʦʨʪʘʣʝ ɽʜʠʥʦʡ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ɽʄʀʉʉ), ʚ 2018 ʛ. ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ 

ʧʦʞʘʨʘʭ ʧʦʛʠʙʣʠ 7 913 ʯʝʣ ʠ ʧʦʣʫʯʠʣʠ ʪʨʘʚʤʳ 9 650 ʯʝʣ [1]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʛʠʙʰʠʭ ʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʞʘʨʳ 

ʚ ʞʠʣʦʤ ʩʝʢʪʦʨʝ, ʧʦʞʘʨʳ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʜʘʥʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʪʝʤ, ʯʪʦ ʨʠʩʢʫ ʛʠʙʝʣʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʨʘʟʥʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʚʧʝʨʚʳʝ ʦʢʘʟʘʣʠʩʴ ʚ ʜʘʥʥʦʤ ʟʜʘʥʠʠ, ʧʣʦʭʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʛʦ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʥʝ ʤʦʛʫʪ ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪʴ ʢʨʘʪʯʘʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢ ʚʳʭʦʜʫ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʩʧʘʩʝʥʠʠ ʣʶʜʝʡ ʙʫʜʝʪ ʣʦʞʠʪʴʩʷ ʥʘ ʛʨʘʤʦʪʥʳʝ ʜʝʡʩʪʚʠʷ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʦʙʲʝʢʪʘ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʦʚʝʱʝʥʠʷ ʠ ʨʫʢʦʚʦʜʩʪʚʫ ʧʨʦʮʝʩʩʦʤ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠʭ ʵʚʘʢʫʘʮʠʠ.  

ʉʦʛʣʘʩʥʦ ʧ. 13 ʩʪ. 2 ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 22 ʠʶʣʷ 2008 ʛ. ˉ 123-ʌɿ çʊʝʭʥʠʯʝʩʢʠʡ 

ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè ʧʦʜ ʥʝʦʙʭʦʜʠʤʳʤ ʚʨʝʤʝʥʝʤ ʵʚʘʢʫʘʮʠʠ 

ʧʦʥʠʤʘʝʪʩʷ çʚʨʝʤʷ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʣʶʜʠ ʜʦʣʞʥʳ 

ʵʚʘʢʫʠʨʦʚʘʪʴʩʷ ʚ ʙʝʟʦʧʘʩʥʫʶ ʟʦʥʫ ʙʝʟ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ  
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ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘè [2]. ʕʪʦ ʚʨʝʤʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʣʘʥʳ 

ʵʚʘʢʫʘʮʠʠ, ʚ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʨʝʤʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ʦʧʦʚʝʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʝʡ (ʉʆʋʕ) ʢ ʦʧʘʩʥʳʤ ʬʘʢʪʦʨʘʤ ʧʦʞʘʨʘ, 

ʢʦʪʦʨʳʝ ʥʝ ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʚʘʢʫʘʮʠʠ 

ʣʶʜʝʡ ʠʟ ʛʦʨʷʱʝʛʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ.   

ɺ ʨʝʘʣʴʥʦʩʪʠ ʞʝ ʠʩʪʠʥʥʦʝ ʚʨʝʤʷ ʙʝʟʦʧʘʩʥʦʡ ʵʚʘʢʫʘʮʠʠ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʨʘʩʯʸʪʥʳʤ 

ʢʨʘʡʥʝ ʨʝʜʢʦ, ʧʦʪʦʤʫ ʯʪʦ ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʠ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ (ɸʇʉ), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘʯʘʣʦʤ 

ʨʘʙʦʪʳ ʉʆʋʕ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʨʘʟʨʳʚ, ʦʧʨʝʜʝʣʷʝʤʳʡ, ʚʦ-ʧʝʨʚʳʭ, 

ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʠʟʚʝʱʘʪʝʣʝʡ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʙʥʘʨʫʞʝʥʠʷ ʠʤʠ ʟʘʛʦʨʘʥʠʷ  

ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʧʨʦʷʚʣʝʥʠʷ ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦʪ ʨʘʟʨʳʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʟʜʥʠʤ ʦʙʥʘʨʫʞʝʥʠʝʤ ʟʘʛʦʨʘʥʠʷ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʨʝʘʣʴʥʦʝ 

ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʫʱʝʩʪʚʠʪʴ ʙʝʟʦʧʘʩʥʫʶ ʵʚʘʢʫʘʮʠʶ  

ʠʟ ʟʘʛʦʨʝʚʰʝʛʦʩʷ ʟʜʘʥʠʷ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʩʧʘʩʝʥʠʷ ʚʩʝʭ ʣʶʜʝʡ. 

 ɺ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʨʤʠʥʘ 

çʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʛʦʨʘʥʠʷè ʚʦʦʙʱʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʭʦʪʷ ʢʦʩʚʝʥʥʦ ʚ ʚʠʜʝ 

çʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè ʝʛʦ ʫʯʠʪʳʚʘʶʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

çʚʝʨʦʷʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʦʚè [3].  

ʕʪʠ ʧʦʥʷʪʠʷ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [4], ʘ ʧʦ ʚʦʧʨʦʩʫ 

ʚʚʝʜʝʥʠʷ ʚ ʥʦʨʤʘʪʠʚʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʪʝʨʤʠʥʦʚ çʚʝʨʦʷʪʥʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘè ʠ çʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʘè ʝʩʪʴ ʦʯʝʥʴ 

ʠʥʪʝʨʝʩʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʨʘʙʦʪʝ [5].   

ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʪʝʤʳ, ʦʙʦʟʥʘʯʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [4], ʘʚʪʦʨʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʳʥʝ 

ʩʫʱʝʩʪʚʫʶʱʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ  

ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʧʦʞʘʨʘ. 

ɺ ʨʘʙʦʪʝ [3] ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ()  ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʵʪʦʡ ʩʠʩʪʝʤʳ :  

 

.     

                                   

ʇʨʠ ʵʪʦʤ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩʠʩʪʝʤʳ  

ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʧʦʞʘʨʘ (ʈʙʨʦʙʥ.) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ ʪʝʦʨʠʠ ʥʘʜʸʞʥʦʩʪʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ ʚʳʟʳʚʘʝʪ 

ʥʠʢʘʢʠʭ ʚʦʧʨʦʩʦʚ. ʕʪʠ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ, ʟʘʢʨʝʧʣʝʥʳ  

ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʘ ʨʘʙʦʪʘ ʩʠʩʪʝʤ ʠ ʫʩʪʘʥʦʚʦʢ ʧʦʞʘʨʥʦʡ 

ʘʚʪʦʤʘʪʠʢʠ ʥʝ ʷʚʣʷʝʪʩʷ ʯʝʤ-ʪʦ ʫʥʠʢʘʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ  

ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʢʘʢ ʚ ʦʩʥʦʚʝ ʣʝʞʘʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʧʨʠʥʮʠʧʳ ʠ ʦʜʥʘ  

ʠ ʪʘ ʞʝ ʵʣʝʤʝʥʪʥʘʷ ʙʘʟʘ.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤʦʡ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

(ʈʬʦʥʦʙʥ.), ʪʦ çʧʨʠ ʥʘʣʠʯʠʠ ʦʙʦʩʥʦʚʘʥʠʡ ʚʳʙʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʩʯʸʪʥʦʝ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ, ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘʢʠʭ 

ʦʙʦʩʥʦʚʘʥʠʡ ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʚʳʰʘʶʱʠʤ ʥʝʦʙʭʦʜʠʤʦʝ ʠ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶ, ʯʪʦ ʩʚʝʜʸʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢ ʥʫʣʶè [3].  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ çʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ ʥʫʣʶè, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʟʘʱʠʱʘʝʤʦʤ ʦʙʲʝʢʪʝ ʩʠʩʪʝʤʘ 

ɸʇʉ ʧʦʣʥʦʩʪʴʶ ʥʝʠʩʧʨʘʚʥʘ. ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʪʘʢʦʛʦ ʙʳʪʴ ʥʝ ʜʦʣʞʥʦ.  

ʀ ʚʪʦʨʦʝ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʦʙʲʝʢʪʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʩʠʩʪʝʤʘ ɸʇʉ ʙʝʟ 

ʦʙʦʩʥʦʚʘʥʠʷ ʝʸ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʩʦʩʪʘʚʘ, ʝʩʣʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʩʫʱʝʩʪʚʫʶʪ 

ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʠʩʪʝʤʳ ɸʇʉ, ʚʚʦʜ ʩʠʩʪʝʤʳ ɸʇʉ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, 
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ʧʨʠʸʤʢʘ ʩʠʩʪʝʤʳ ɸʇʉ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʪʝʭʥʠʯʝʩʢʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʠʩʪʝʤʳ ʩ ʦʬʦʨʤʣʝʥʠʝʤ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʩʦʛʣʘʩʦʚʘʥʠʷʤʠ ʠ ʫʪʚʝʨʞʜʝʥʠʷʤʠ.  

ɸ ʝʩʣʠ ʥʘ ʧʨʘʢʪʠʢʝ ʩʣʫʯʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ ɸʇʉ ʥʘ ʦʙʲʝʢʪʝ ʟʘʱʠʪʳ ʫʩʪʘʥʦʚʣʝʥʘ ʙʝʟ 

ʜʦʣʞʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ, ʪʦ ʟʘʥʠʤʘʪʴʩʷ ʵʪʠʤ ʚʦʧʨʦʩʦʤ ʜʦʣʞʥʳ ʥʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʧʦʣʘʛʘʷ, ʯʪʦ ʝʝ çʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʨʘʚʥʘ ʥʫʣʶè, ʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʳʝ ʦʨʛʘʥʳ, ʠ ʥʝ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʧʨʦʠʟʦʡʜʸʪ ʧʦʞʘʨ ʩ ʛʠʙʝʣʴʶ ʣʶʜʝʡ, ʘ ʜʦ ʪʦʛʦ. ʇʦʪʦʤʫ ʯʪʦ ʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 

ɸʇʉ ʥʘ ʦʙʲʝʢʪʝ ʟʘʱʠʪʳ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ: ʥʝʚʳʧʦʣʥʝʥʠʝʤ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʣʠʮʘʤʠ ʪʨʝʙʦʚʘʥʠʡ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʩʚʦʠʭ ʜʦʣʞʥʦʩʪʥʳʭ 

ʦʙʷʟʘʥʥʦʩʪʝʡ. 

ɼʘʣʝʝ ʦʙʨʘʪʠʤʩʷ ʢ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ çʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝè [3]. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʚʳʙʦʨʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʤʝʩʪ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʨʘʚʥʘ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. ʉʠʪʫʘʮʠʷ ʢʨʘʡʥʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘʷ, 

ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʠʞʠʤʘʷ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤ ɸʇʉ ʧʦʜ ʪʝʨʤʠʥʦʤ çʬʫʥʢʮʠʷ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè 

ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨʘ  

ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʘ ʦʧʝʨʘʪʦʨʫ ʚʦ ʚʨʝʤʝʥʥʳʭ ʨʘʤʢʘʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʉʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʦ ʥʘʣʠʯʠʠ ʟʘʛʦʨʘʥʠʷ ʚ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʤʝʨʝ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʨʝʤʝʥʝʤ, ʟʘ ʢʦʪʦʨʦʝ ʧʦʞʘʨʥʳʡ ʠʟʚʝʱʘʪʝʣʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʣʫʯʘʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʜʨʝʩʥʦ-ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʳ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ) ʦʪʨʝʘʛʠʨʫʝʪ  

ʥʘ ʧʦʷʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʞʘʨʘ. 

ʅʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʥʘ ʚʨʝʤʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ ʬʘʢʪʘ ʟʘʛʦʨʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʧʦʞʘʨʥʦʛʦ ʠʟʚʝʱʘʪʝʣʷ ʪʘʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʫʚʝʣʠʯʝʥʠʝ 

ʚʨʝʤʝʥʠ ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʛʦʨʘʥʠʷ, ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ: 

ï ʠʟʤʝʥʝʥʠʷ ʢʦʥʚʝʢʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʠʟ-ʟʘ ʚʨʝʤʝʥʥʦ ʦʪʢʨʳʪʳʭ ʜʚʝʨʝʡ, ʦʢʦʥ, 

ʬʦʨʪʦʯʝʢ, ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ; 

ï ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʤʝʱʝʥʠʡ, ʧʦʚʣʝʢʰʝʝ  

ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʧʦʞʘʨʥʦʡ ʥʘʛʨʫʟʢʠ; 

ï ʩʥʠʞʝʥʠʝ ʥʦʤʠʥʘʣʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʠʟʚʝʱʘʪʝʣʝʡ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʩʪʘʨʝʥʠʷ; 

ï ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠ ̫ʪʝʢʫʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

ï ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʧʦʞʘʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʠ ʠ ʪ.ʜ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʠʩʪʝʤʦʡ ɸʇʉ ʬʫʥʢʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʪʦʣʴʢʦ ʚ ʠʜʝʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ.  

ɽʩʣʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʘʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʘʷ 

ʦʧʘʩʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʫɦʝʩʪʚʣʝʥʘ ʙʝʟʦʧʘʩʥʘʷ ʵʚʘʢʫʘʮʠʷ, ʯʝʤ ʪʦ, ʢʦʪʦʨʦʝ ʦʢʘʞʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ.  

ʇʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤʦʡ 

ɸʇʉ ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʪʘʪʠʩʪʠʢʠ ʨʘʙʦʪʳ ʩʨʝʜʩʪʚ ɸʇʉ ʢʘʢ ʪʘʢʦʚʦʡ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʥʝʯʸʪʢʦʡ 

ʣʦʛʠʢʠ. 



45 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʡ ʧʦʨʷʜʦʢ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ 

ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦʞʘʨʥʳʤʠ ʠʟʚʝʱʘʪʝʣʷʤʠ ʜʳʤʦʚʳʤʠ, ʪʦʯʝʯʥʳʤʠ, ʦʧʪʠʢʦ-

ʵʣʝʢʪʨʦʥʥʳʤʠ, ʧʦʨʦʛʦʚʳʤʠ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʪʠʧ ʧʦʞʘʨʥʳʭ ʠʟʚʝʱʘʪʝʣʝʡ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʟʚʝʱʘʪʝʣʴ 

ʧʦʞʘʨʥʳʡ ʀʇ 212-141 ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʘʥʠʠ çʈʫʙʝʞè (ʨʠʩ.), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʥʥʝʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʟʘʛʦʨʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʧʦʷʚʣʝʥʠʝʤ ʜʳʤʘ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʟʚʝʱʘʪʝʣʷ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʪʘʢʠʝ ʦʙʲʝʢʪʳ, ʢʘʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ, ʜʝʪʩʢʠʝ ʩʘʜʳ, 

ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ  

ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

  

 

ʈʠʩ. ʀʟʚʝʱʘʪʝʣʴ ʧʦʞʘʨʥʳʡ ʜʳʤʦʚʦʡ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʡ ʪʦʯʝʯʥʳʡ ʀʇ 212-141 

 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʠʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʥʝʯʸʪʢʦʡ 

ʣʦʛʠʢʠ. 

ʀʟʚʝʱʘʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʨʦʟʝʪʢʠ ʠ ʜʘʪʯʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʣʘʩʪʤʘʩʩʦʚʳʡ 

ʢʦʨʧʫʩ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥʘ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʠ ʧʣʘʪʘ ʩ ʨʘʜʠʦʵʣʝʤʝʥʪʘʤʠ. 

ʉʦʛʣʘʩʥʦ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʚʝʱʘʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʘʜʳʤʣʝʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʣʘʙʣʷʶʱʝʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʚ ʧʨʝʜʝʣʘʭ  

ʦʪ 0,05 ʜʦ 0,2 ʜɹ/ʤ; ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʟʚʝʱʘʪʝʣʷ ï ʥʝ ʙʦʣʝʝ 9 ʩ. 

ʀʟʚʝʱʘʪʝʣʴ ʩʦʭʨʘʥʷʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ: 

ī ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 10 ʤ/ʩ; 

ī ʬʦʥʦʚʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʦ 12 000 ʣʢ ʦʪ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʩʚʝʱʝʥʠʷ. 

ʉʨʦʢ ʩʣʫʞʙʳ ʥʝ ʤʝʥʝʝ 10 ʣʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ ʪʘʢʦʛʦ 

ʪʠʧʘ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʝʪʴ ʦʪ ʩʨʦʢʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ 

(ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʠʟ-ʟʘ ʩʪʘʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʧʪʦʧʘʨʳ) ʠ ʧʦʤʝʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴ ʩʝʙʷ ʚ ʟʘʱʠʱʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ (ʠʟʤʝʥʝʥʠʷ ʢʦʥʚʝʢʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʨʝʤʝʥʥʦ ʦʪʢʨʳʪʳʤʠ ʜʚʝʨʥʳʤʠ ʠ ʦʢʦʥʥʳʤʠ ʧʨʦʸʤʘʤʠ, ʨʘʙʦʪʦʡ ʩʠʩʪʝʤ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ). 

ʊʦʛʜʘ, ʧʝʨʝʭʦʜʷ ʢ ʦʧʠʩʘʥʠʶ ʩʠʪʫʘʮʠʠ ʚ ʪʝʨʤʠʥʘʭ ʥʝʯʸʪʢʦʡ ʣʦʛʠʢʠ, ʚʚʦʜʠʤ ʜʚʝ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ: ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʤʝʭ, ʢʦʪʦʨʳʝ  

ʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ [6].  

ɺʳʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʯʸʪʢʦʛʦ ʚʳʚʦʜʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʠʟʚʝʱʘʪʝʣʝʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʝʨʤʦʚ ʜʣʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʉʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘè 

ʦʧʨʝʜʝʣʠʤ çʅʠʟʢʘʷè, çʉʨʝʜʥʷʷè, çɺʳʩʦʢʘʷè. 
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ʉʦʛʣʘʩʥʦ ʧʦʣʦʞʝʥʠʷʤ ʪʝʦʨʠʠ ʥʝʯʝʪʢʠʭ ʤʥʦʞʝʩʪʚ, ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʚʨʝʤʝʥʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ, 

ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʪʝʨʤʫ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ çʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘè. ʉʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʬʫʥʢʮʠʝʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ɛ(t)ɻ, ʛʜʝ tʵ ï ʚʨʝʤʷ ʦʪ ʥʘʯʘʣʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʞʘʨʥʦʛʦ ʠʟʚʝʱʘʪʝʣʷ. ʇʨʦʮʝʩʩ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʟʥʘʯʝʥʠʡ tʵ 
ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ɛ(t)ɻ ʚ ʪʝʨʤʠʥʘʭ ʥʝʯʸʪʢʦʡ ʣʦʛʠʢʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʬʘʟʟʠʬʠʢʘʮʠʠ,  

ʪʦ ʝʩʪʴ ʧʝʨʝʚʦʜʘ ʟʥʘʯʝʥʠʡ tʵ ʚ ʥʝʯʝʪʢʠʡ ʬʦʨʤʘʪ. ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ  

ɛ(t)ɻ ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʪʦʣʴʢʦ ʠʟ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ, ʠʥʪʫʠʮʠʠ (ʦʧʳʪʘ), ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ.  

ʊʝʨʤʘʤʠ ʚʪʦʨʦʡ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ çʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʤʝʭè ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʤ 

ʧʦʥʷʪʠʷ çʅʠʟʢʘʷè, çʉʨʝʜʥʷʷè, çɺʳʩʦʢʘʷè.  

ɺʳʭʦʜʥʘʷ ʧʝʨʝʤʝʥʥʘʷ çʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʠʟʚʝʱʘʪʝʣʝʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷè ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʪʝʨʤʘʤʠ: çʦʯʝʥʴ ʚʳʩʦʢʘʷè, çʚʳʩʦʢʘʷè, 

çʩʨʝʜʥʷʷè, çʥʠʟʢʘʷè. 

ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʚʭʦʜʦʤ ʠ ʚʳʭʦʜʦʤ ʧʦʩʪʨʦʠʤ ʪʘʙʣʠʮʫ ʥʝʯʝʪʢʠʭ ʧʨʘʚʠʣ 

(ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʘ 1. ɺʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʀʇ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
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 ʉʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ 

 ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 

ʅʠʟʢʘʷ ʆʯʝʥʴ ʚʳʩʦʢʘʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ 

ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʉʨʝʜʥʷʷ ʅʠʟʢʘʷ 

 

ʂʘʞʜʘʷ ʟʘʧʠʩʴ ʚ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʚʦʝʤʫ ʥʝʯʝʪʢʦʤʫ ʧʨʘʚʠʣʫ: 

ï çɽʩʣʠ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʧʦʞʘʨʥʦʛʦ ʠʟʚʝʱʘʪʝʣʷ ʥʠʟʢʘʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʤʝʭ ʥʠʟʢʘʷ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʦʯʝʥʴ ʚʳʩʦʢʘʷè; 

ï çɽʩʣʠ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʧʦʞʘʨʥʦʛʦ ʠʟʚʝʱʘʪʝʣʷ ʚʳʩʦʢʘʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʤʝʭ ʩʨʝʜʥʷʷ, ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʦʯʝʥʴ ʚʳʩʦʢʘʷè ʠ ʪ.ʜ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʸʤ ʧʦʩʪʘʚʠʪʴ  

ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʤʫ ʟʥʘʯʝʥʠʶ ʣʠʥʛʚʠʩʪʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ ʦʪ ʥʫʣʷ  

ʜʦ ʝʜʠʥʠʮʳ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʠʪ ʩʪʝʧʝʥʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ 

ʪʝʨʤʫ.   

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʦʧʨʦʩʦʤ ʵʢʩʧʝʨʪʦʚ ʜʣʷ ʦʙʦʟʥʘʯʝʥʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ (ʪʘʙʣ. 2ï4). 
 

ʊʘʙʣʠʮʘ 2. ʕʢʩʧʝʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ 
 

ɺʳʨʘʙʦʪʢʘ ʨʝʩʫʨʩʘ 

ʧʦʞʘʨʥʦʛʦ 

ʠʟʚʝʱʘʪʝʣʷ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ 
ɿʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ 

ʅʠʟʢʘʷ, i=1 
ʀʟʚʝʱʘʪʝʣʴ ʚʳʨʘʙʦʪʘʣ ʤʝʥʝʝ 

25 % ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʩʫʨʩʘ 
0ï0,20 

ʉʨʝʜʥʷʷ, i=2 
ʀʟʚʝʱʘʪʝʣʴ ʚʳʨʘʙʦʪʘʣ ʦʪ 25 %  

ʜʦ 50 % ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʩʫʨʩʘ 
0,2ï0,50 

ɺʳʩʦʢʘʷ, i=3 
ʀʟʚʝʱʘʪʝʣʴ ʚʳʨʘʙʦʪʘʣ ʙʦʣʝʝ 50 %  

ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʝʩʫʨʩʘ 
0,5ï1,0 
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ʊʘʙʣʠʮʘ 3. ʕʢʩʧʝʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʦʤʝʭ 
ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 

ɿʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ 

ʅʠʟʢʘʷ, j=1 

ʀʤʝʝʪʩʷ ʦʜʠʥ ʚʠʜ ʧʦʤʝʭʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ  

ʝʸ ʥʝ ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ  

ʙʦʣʝʝ ʯʝʤ ʥʘ 20 % 

0ï0,20 

ʉʨʝʜʥʷʷ, j=2 

ʀʤʝʶʪʩʷ ʜʚʘ ʠ ʙʦʣʝʝ ʚʠʜʘ ʧʦʤʝʭ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ  

ʥʝ ʧʨʝʚʳʰʘʝʪ  

20 % ʦʪ ʫʨʦʚʥʷ ʬʦʥʘ ʠʣʠ ʦʜʠʥ ʚʠʜ ʧʦʤʝʭʠ  

ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʥʘ  

ʦʪ 20 % ʜʦ 40 % 

0,20ï0,40 

ɺʳʩʦʢʘʷ, j=3 
ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʤʝʭʠ  

ʥʘ 40 % ʧʨʝʚʳʰʘʝʪ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ. 
0,40ï1,0 

 
ʊʘʙʣʠʮʘ 4. ʕʢʩʧʝʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʠʟʚʝʱʘʪʝʣʝʤ ʧʦʞʘʨʥʳʤ 

ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

 
ɺʝʨʦʷʪʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ 

ʠʟʚʝʱʘʪʝʣʝʤ ʬʫʥʢʮʠʠ 

ʦʩʥʦʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʂʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 
ɿʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ 

ʆʯʝʥʴ ʚʳʩʦʢʘʷ, k=1 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʘʱʠʱʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʠʟʚʝʱʘʪʝʣʠ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʥʘ ʬʦʥʝ 

ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 

0,95ï0,90 

ɺʳʩʦʢʘʷ, k=2 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʘʱʠʱʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʠʟʚʝʱʘʪʝʣʠ 

ʠʤʝʶʪ ʩʨʝʜʥʶʶ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʥʘ ʬʦʥʝ 

ʥʠʟʢʦʡ ʠʣʠ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 

0,90ï0,80 

ʉʨʝʜʥʷʷ, k=3 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʘʱʠʱʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʠʟʚʝʱʘʪʝʣʠ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʥʘ ʬʦʥʝ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ ʠʣʠ ʩʨʝʜʥʶʶ ʩʪʝʧʝʥʴ 

ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʥʘ ʬʦʥʝ ʩʨʝʜʥʝʡ ʠʣʠ ʚʳʩʦʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ ʠʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ 

ʥʘ ʬʦʥʝ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 

0,80ï0,70 

ʅʠʟʢʘʷ, k=4 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʟʘʱʠʱʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʠʟʚʝʱʘʪʝʣʠ 

ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ʥʘ ʬʦʥʝ 

ʩʨʝʜʥʝʡ ʠʣʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ 

0,70ï0,60 

 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚʚʝʜʸʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

1. ʇʦʢʘʟʘʪʝʣʴ ʚʳʨʘʙʦʪʢʠ ʨʝʩʫʨʩʘ ï X; 

2. ʇʦʢʘʟʘʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʤʝʭ ïY; 

3. ɿʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ ï Z; 

4. ʏʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ï N; 

5. ʅʦʤʝʨʘ ʧʦʢʘʟʘʪʝʣʷ ï i, j, k. 

ʊʦʛʜʘ ʙʘʟʘ ʧʨʘʚʠʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʥʝʯʸʪʢʠʭ ʚʳʩʢʘʟʳʚʘʥʠʡ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ, ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1: ɽʉʃʀ ʈʝʩʫʨʩ = Xi ʀ ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʤʝʭ = Yj, ʊʆ ɺʝʨʦʷʪʥʦʩʪʴ = Zk, 

2: ɽʉʃʀ ʈʝʩʫʨʩ = Xi ʀ ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʤʝʭ = Yj, ʊʆ ɺʝʨʦʷʪʥʦʩʪʴ = Zk, 

ééééééééééééééééééééééééééééé.. 

N: ɽʉʃʀ ʈʝʩʫʨʩ = Xi ʀ ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʤʝʭ = Yj ʊʆ ɺʝʨʦʷʪʥʦʩʪʴ = Zk 
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ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʙʘʟʳ ʧʨʘʚʠʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦʞʘʨʥʳʤ ʠʟʚʝʱʘʪʝʣʝʤ ʬʫʥʢʮʠʠ ʦʩʥʦʚʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʝʸ ʨʘʩʯʸʪʘ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʠʪ ʩ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʠʚʘʪʴ ʚʨʝʤʷ, ʥʘ ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʚʘʢʫʘʮʠʠ 

ʣʶʜʝʡ ʧʨʠ ʜʘʥʥʦʤ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ. 
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ɺʦʝʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ) ɺʦʝʥʥʦʡ ʘʢʘʜʝʤʠʠ 
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ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʘʟʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʝʥʥʦʛʦ ʛʦʨʦʜʢʘ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʉʪʘʥʮʠʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʚʦʝʥʥʦʛʦ ʛʦʨʦʜʢʘ, ʜʦ ʩʪʝʧʝʥʠ, 

ʜʦʧʫʩʢʘʶʱʝʡ ʚʳʙʨʦʩ ʚ ʘʢʚʘʪʦʨʠʶ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɼʘʥʥʫʶ ʩʪʘʥʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʫʯʝʙʥʦʝ ʤʝʩʪʦ ʠ ʢʘʢ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʯʥʳʝ ʚʦʜʳ, ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʩʪʘʥʮʠʷ ʦʯʠʩʪʢʠ 
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ORGANIZATION OF THE SYSTEM OF CLEANING OF DOMESTIC 

WASTEWATER WATER BASES TO ENSURE A MILITARY CITY 

EDUCATIONAL PROCESS 
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V.I. Musatov; G.V. Makarchuk,  

Military Institute (engineering) of the Military academy of logistics named after general  

of the army A.V. Khrulev 

 
The article substantiates the need to build in the territory of the base of the educational 

process of the military camp of the sewage treatment plant. The station is intended for sewage 

treatment coming from the military camp to a degree that allows discharge into the waters  

of the Gulf of Finland. This station can be used simultaneously as a training place and as a sewage 

treatment plant. 

Keywords: wastewater, sewage treatment plants, treatment station 

 

ɺ 2021 ʛ. ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʛʦʜ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʕʩʪʦʥʠʷ, 

ʈʦʩʩʠʷ ʠ ʌʠʥʣʷʥʜʠʷ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴ ʩʦʚʤʝʩʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʵʢʦʣʦʛʠʠ. 

ɻʦʜ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ  ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʘʥ ʠ ʣʶʜʝʡ, 

ʢʦʪʦʨʳʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʩʦʭʨʘʥʝʥʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʢʘʢ ʫʥʠʢʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ. 

ʄʠʥʠʩʪʨ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʉʝʨʛʝʡ ɼʦʥʩʢʦʡ 

ʦʪʤʝʪʠʣ, ʯʪʦ ʧʨʦʝʢʪ ʚ ʧʨʘʚʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʚʩʝʤʠʨʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʦʭʨʘʥʝʥʠʠ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚʩʝ ʛʦʩʫʜʘʨʩʪʚʘ. çʕʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʣʶʜʝʡ ï  

ʥʝ ʬʦʨʤʘʣʴʥʦʝ, ʘ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʦʩʪʳʭ ʚʝʱʘʭ: ʩʦʭʨʘʥʷʪʴ ʩʚʦʡ ʜʦʤ ʚ ʯʠʩʪʦʪʝ, ʧʦʨʷʜʢʝ, 

ʯʪʦʙʳ ʚʩʝʤ ʙʳʣʦ ʢʦʤʬʦʨʪʥʦ ʪʘʤ ʞʠʪʴ. ɺ ʵʪʦʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚʩʝ ʛʦʩʫʜʘʨʩʪʚʘ  

ʠ ʧʨʘʚʠʪʝʣʴʩʪʚʘè, ï ʧʦʷʩʥʠʣ ʤʠʥʠʩʪʨ. 

ɺʧʝʨʚʳʝ ɻʦʜ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʦʰʝʣ ʚ 1996 ʛ. ɺ 2014 ʛ. ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ ʪʨʝʭ 

ʩʪʨʘʥ: ʈʦʩʩʠʠ, ʌʠʥʣʷʥʜʠʠ ʠ ʕʩʪʦʥʠʠ, ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚʪʦʨʦʡ ʨʘʟ. ɺ ʵʪʦʤ ʛʦʜʫ ʘʢʮʝʥʪ  

ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʜʝʣʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʦʭʨʘʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʠ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʠ ʢʫʣʴʪʫʨʥʳʭ ʚʦʧʨʦʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʟʘʱʠʪʦʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ [1]. 

ʂʦʤʧʣʝʢʩ ʩʦʦʨʫʞʝʥʠʡ ʠ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʥʘʙʞʝʥʠʝ ʚʦʜʦʡ ʚʩʝʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩʫʪʦʢ ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩ ʪʨʝʙʫʝʤʳʤ ʢʘʯʝʩʪʚʦʤ, 

ʥʘʟʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʉʠʩʪʝʤʘ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ 

ʯʘʩʪʴʶ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ  

ʠ ʦʙʲʝʢʪʦʚ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʂ ʦʩʥʦʚʥʳʤ ʟʘʜʘʯʘʤ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ: 

 ʟʘʙʦʨ ʚʦʜʳ; 

 ʦʯʠʩʪʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʚʦʜʳ; 

 ʭʨʘʥʝʥʠʝ ʚʦʜʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ; 

 ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʧʦʜʘʯʘ ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʷʤ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʘ ʫʪʨʘʯʠʚʘʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 

ʢʘʯʝʩʪʚʦ, ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʦʯʥʫʶ ʚʦʜʫ ʠ ʧʦʜʣʝʞʠʪ ʫʜʘʣʝʥʠʶ ʠʟ ʟʦʥʳ ʧʦʪʨʝʙʣʝʥʠʷ. 

ʉʪʦʯʥʦʡ ʚʦʜʦʡ ʥʘʟʳʚʘʝʪʩʷ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʳʪʦʚʳʭ ʠʣʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʣʷʭ ʧʦʣʫʯʠʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ, ʠʟʤʝʥʠʚʰʠʝ ʝʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʉʪʦʯʥʳʝ ʚʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʙʳʪʦʚʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ. ɹʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʟʘʛʨʷʟʥʝʥʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʣʶʜʝʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʦ ʝʩʪʴ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʫʭʫʜʰʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. 

https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA
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ʉʪʦʯʥʳʝ ʚʦʜʳ ʦʪʚʦʜʷʪʩʷ ʚ ʚʦʜʦʸʤʳ ʩ ʪʝʨʨʠʪʦʨʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ  

ʠ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʘʥʘʣʠʟʘʮʠʠ ʠʣʠ ʩʘʤʦʪʸʢʦʤ. 

ɺ ʤʘʣʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩ ʯʠʩʣʝʥʥʦʩʪʴʶ ʥʘʩʝʣʝʥʠʷ ʜʦ 10ï20 ʪʳʩ. ʯʝʣ, ʚʢʣʶʯʘʷ 

ʚʦʝʥʥʳʝ ʛʦʨʦʜʢʠ, ʜʦʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʦʙʱʝʤ ʚʦʜʦʦʪʚʝʜʝʥʠʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʧʦʵʪʦʤʫ ʦʙʨʘʟʫʶʱʠʝʩʷ ʟʜʝʩʴ ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʪʚʝʯʘʶʪ ʩʚʦʝʤʫ ʦʧʨʝʜʝʣʝʥʠʶ. 

ɽʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʠʝʤʥʠʢʘʤʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʦʩʥʦʚʥʦʤ ʩʣʫʞʘʪ ʚʦʜʦʝʤʳ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʩʘʤʦʦʯʠʱʘʶʱʝʡʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ-

ʤʠʥʝʨʘʣʠʟʘʪʦʨʦʚ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʠʝ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ, ʦʢʠʩʣʷʶʪʩʷ 

ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʝʪʩʷ. ʉʪʦʯʥʳʝ 

ʚʦʜʳ, ʩʙʨʘʩʳʚʘʝʤʳʝ ʚ ʚʦʜʦʝʤ, ʨʘʟʙʘʚʣʷʶʪʩʷ ʝʛʦ ʚʦʜʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʧʦʪʦʢʝ ʩʤʝʩʠ ʩʥʠʞʘʝʪʩʷ. ʅʦ ʥʝ ʩʣʝʜʫʝʪ ʧʨʝʫʚʝʣʠʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʦʜʦʝʤʘ. ʉʪʦʯʥʳʝ ʚʦʜʳ ʧʝʨʝʜ ʩʙʨʦʩʦʤ ʚ ʚʦʜʦʝʤ ʥʝʦʙʭʦʜʠʤʦ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʦʯʠʱʘʪʴ.   

ɸʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʨʘʙʦʪʘ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʙʘʟʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ɺʦʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʤʝʥʠ ʛʝʥʝʨʘʣʘ ʘʨʤʠʠ ɸ.ɺ. ʍʨʫʣʝʚʘ (ʩ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ 5 000 ʯʝʣ.), ʨʘʩʧʦʣʦʞʝʥʥʦʡ  

ʥʘ ʙʝʨʝʛʫ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. 

ɹʘʟʘ ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ɺʦʝʥʥʦʡ ʘʢʘʜʝʤʠʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʦʩʝʣʢʝ ʇʨʠʚʝʪʥʠʥʩʢʦʝ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʦʙʫʯʝʥʠʷ ʢʫʨʩʘʥʪʦʚ ʘʢʘʜʝʤʠʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ, ʢʫʨʩʘ 

ʦʙʱʝʚʦʡʩʢʦʚʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʢʦʤʧʣʝʢʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʧʣʘʥʫ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʏʠʩʣʝʥʥʦʩʪʴ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʙʘʟʳ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʠ ʧʣʘʥʘ 

ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ. çʇʠʢʦʚʳʝè ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʘʥʮʠʶ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʠʭʦʜʷʪʩʷ  

ʥʘ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʚʦʜʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʠ ʢʫʨʩ 

ʦʙʱʝʚʦʡʩʢʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

ɹʘʟʘ ʦʙʝʩʧʝʯʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʙʝʨʝʛʫ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, 

ʚʳʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʝʛʦ ʘʢʚʘʪʦʨʠʶ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʰʝʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʚʦʜʘʤʠ ʚʦʜʦʝʤʘ [2]. 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ  ʦʙʱʠʡ ʜʣʷ ʪʨʝʭ ʩʪʨʘʥ: ʈʦʩʩʠʠ, ʕʩʪʦʥʠʠ ʠ ʌʠʥʣʷʥʜʠʠ. ɽʛʦ ʧʣʦʱʘʜʴ 

ʩʦʩʪʘʚʣʷʝʪ 29,5 ʪʳʩ. ʢʚ. ʢʤ, ʜʣʠʥʘ 420 ʢʤ, ʰʠʨʠʥʘ ʦʪ 70 ʜʦ 130 ʢʤ. ɿʘʣʠʚ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ 

ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʴʶ ɹʘʣʪʠʢʠ. ʀʥʦʛʜʘ ʥʘ ʙʝʨʝʛʘʭ ʥʘʭʦʜʷʪ ʞʠʚʦʪʥʳʭ, ʟʘʥʝʩʝʥʥʳʭ ʚ ʂʨʘʩʥʫʶ 

ʢʥʠʛʫ: ʜʝʪʸʥʳʰʝʡ ʩʝʨʦʛʦ ʪʶʣʝʥʷ ʠ ʙʘʣʪʠʡʩʢʦʡ ʢʦʣʴʯʘʪʦʡ ʥʝʨʧʳ. ɿʘʣʠʚ ʠʟʜʘʚʥʘ ʙʦʛʘʪ 

ʧʨʦʤʳʩʣʦʚʦʡ ʨʳʙʦʡ, ʥʦ ʥʘʯʠʥʘʷ ʩ 2006 ʛ. ʝʸ ʯʠʩʣʝʥʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʘʩʴ  

ʠʟ-ʟʘ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʳ  ʥʘʩʳʱʝʥʠʷ ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  

ʌʠʥʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʵʚʪʨʦʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ, ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʪʦʨʳʭ  ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ʇɸɺ) ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʬʦʩʬʦʨʥʦʡ ʦʩʥʦʚʝ. 

ʈʘʟʣʠʚʳ ʥʝʬʪʠ, ʙʳʪʦʚʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʦʢʠ, ʩʦʜʝʨʞʘʱʠʝ  ʷʜʦʚʠʪʳʝ ʜʣʷ ʬʣʦʨʳ ʠ ʬʘʫʥʳ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ,  ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʵʚʪʨʦʬʠʢʘʮʠʠ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ  

ʠʟ ʛʣʘʚʥʳʭ ʪʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʤʧʦʟʠʫʤʦʚ ʧʦ ʵʢʦʣʦʛʠʠ ɹʘʣʪʠʢʠ. ɹʦʣʴʰʦʝ ʙʝʩʧʦʢʦʡʩʪʚʦ  

ʫ ʫʯʸʥʳʭ ʌʠʥʣʷʥʜʠʠ, ʐʚʝʮʠʠ, ʕʩʪʦʥʠʠ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ ʚʳʟʳʚʘʶʪ ʧʨʦʝʢʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʨʪʦʚ, ʘ ʪʘʢʞʝ ʫʧʣʦʪʥʝʥʠʝ ʪʨʘʬʠʢʘ ʩʫʜʦʚ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʍʝʣʴʩʠʥʢʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʦʤʠʩʩʠʷ ʧʦ ʟʘʱʠʪʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ [3]. 

ɿʘʣʠʚ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʤʥʦʛʠʭ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʝʛʦ 

ʙʝʨʝʛʫ [4]. 

ɺʳʚʦʜ ʠʟ ʩʪʨʦʷ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʙʨʦʩ ʩʪʦʯʥʳʭ ʚʦʜ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ  

ʚ ʘʢʚʘʪʦʨʠʶ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʚʦʜ, ʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʧʨʷʤʦʡ ʫʛʨʦʟʳ ʠʭʪʠʦʬʘʫʥʝ ʟʘʣʠʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʳʙʥʘʷ ʬʘʫʥʘ ʨʘʡʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

https://ru.wikipedia.org/wiki/%D0%A1%D0%B0%D0%BC%D0%BE%D1%82%D1%91%D0%BA
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ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʠʩʪʨʝʙʣʝʥʘ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʝʪ 

ʩʦʦʨʫʞʝʥʠʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʩʪʨʦʛʦ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʚʦʜʳ ʚ ʟʘʣʠʚʝ ʩʪʘʚʠʪ ʧʦʜ 

ʫʛʨʦʟʫ ʠʭ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ [2]. 

ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʘʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʦʡ ʚʦʜʦʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ  

ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʘʢʚʘʪʦʨʠʶ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʢʨʘʪʠʪʴ ʩʙʨʦʩ ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʢʦʚ ʚ ʘʢʚʘʪʦʨʠʶ ʨʝʢʠ 

ʅʝʚʳ, ʝʝ ʧʨʠʪʦʢʦʚ ʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʢʦʤʝʥʜʘʮʠʠ 28ɽ/5 çʆʯʠʩʪʢʘ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜè ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʦʪ ʞʠʣʠʱʥʦʛʦ ʩʝʢʪʦʨʘ (ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ) ʠʣʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʙʨʘʥʳ ʠ ʦʯʠʱʝʥʳ ʜʦ ʩʙʨʦʩʘ ʚ ʚʦʜʥʳʡ ʦʙʲʝʢʪ, ʧʝʨʝʣʠʚʳ ʯʝʨʝʟ 

ʦʙʚʦʜʥʳʝ ʢʘʥʘʣʳ ʜʦʧʫʩʪʠʤʳ ʪʦʣʴʢʦ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 

ʵʢʦʣʦʛʠʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʚʝʜʝʥʠʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʣʦʛʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʠ ʫʛʦʣʦʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ  

ʟʘ ʩʙʨʦʩ ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʦʜʦʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʤʝʨʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʘʨʫʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʙʨʦʩʦʤ 

ʩʪʦʢʦʚ ʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʫʱʝʨʙʘ, ʢʦʪʦʨʳʡ ʥʘʥʦʩʠʪʩʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɽʩʣʠ ʥʘʨʫʰʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʩʚʷʟʘʥʥʳʤ, 

ʥʘʧʨʠʤʝʨ, ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʜʦʝʤʘ, ʛʠʙʝʣʴʶ ʨʳʙʳ, ʪʦ ʤʦʞʝʪ ʥʘʩʪʫʧʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ  

ʠ ʫʛʦʣʦʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  

ɺʦʜʥʳʤ ʢʦʜʝʢʩʦʤ ʟʘ ʥʘʨʫʰʝʥʠʷ ʚʦʜʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʝʨʳ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʠ ʫʛʦʣʦʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʢʦʥʢʨʝʪʠʟʘʮʠʷ ʠʭ ʥʝ ʧʨʠʚʦʜʠʪʩʷ 

ʠ ʜʦʣʞʥʘ ʧʨʠʥʠʤʘʪʴʩʷ ʧʦ ʜʝʡʩʪʚʫʶʱʝʤʫ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ. 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʨʫʰʝʥʠʷ ʧʨʠ ʩʙʨʦʩʘʭ ʩʪʦʢʦʚ ʩ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚ ʚʠʜʝ ʰʪʨʘʬʦʚ, ʥʘʣʘʛʘʝʤʳʭ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʳ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʤʝʨʘ ʥʝ ʠʟʙʘʚʣʷʝʪ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʫʩʪʨʘʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʚʦʟʤʝʱʝʥʠʷ ʥʘʥʝʩʝʥʥʦʛʦ ʫʱʝʨʙʘ. 

ʂʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʧʨʘʚʦʥʘʨʫʰʝʥʠʷʭ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʥʘʨʫʰʝʥʠʡ (ʂʦɸʇ ʈʌ): 

 ʩʘʤʦʚʦʣʴʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʟʘʭʚʘʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; 

 ʟʘʩʦʨʝʥʠʝ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜ, ʥʘʨʫʰʝʥʠʝ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʚʦʜʦʦʭʨʘʥʥʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ 

ʚʝʜʝʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜ; 

 ʩʘʤʦʚʦʣʴʥʳʝ ʨʘʙʦʪʳ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʟʘʙʦʨ ʚʦʜʳ ʙʝʟ ʧʣʘʥʘ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠʣʠ ʩ ʝʛʦ ʥʘʨʫʰʝʥʠʝʤ, ʙʝʩʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ, ʦʪʩʫʪʩʪʚʠʝ 

ʫʯʝʪʘ ʩʙʨʘʩʳʚʘʝʤʳʭ ʚʦʜ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʝ ʝʛʦ ʚʝʜʝʥʠʝ; 

 ʧʦʚʨʝʞʜʝʥʠʝ, ʧʨʝʜʥʘʤʝʨʝʥʥʳʡ ʚʳʚʦʜ ʠʟ ʩʪʨʦʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʩʦʦʨʫʞʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʰʝʥʠʝʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʋʛʦʣʦʚʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʛʦʣʦʚʥʳʤ ʢʦʜʝʢʩʦʤ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʟʘ ʩʣʝʜʫʶʱʠʝ ʥʘʨʫʰʝʥʠʷ: 

 ʟʘʩʦʨʝʥʠʝ, ʟʘʛʨʷʟʥʝʥʠʝ, ʘ ʪʘʢʞʝ ʠʩʪʦʱʝʥʠʝ ʚʦʜ, ʠʩʪʦʯʥʠʢʦʚ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ 

ʟʘʙʦʨ ʧʠʪʴʝʚʦʡ ʚʦʜʳ (ʝʩʣʠ ʫʢʘʟʘʥʥʳʝ ʜʝʷʥʠʷ ʧʨʠʚʝʣʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʚʨʝʜʫ ʨʘʩʪʠʪʝʣʴʥʦʤʫ 

ʠʣʠ ʞʠʚʦʪʥʦʤʫ ʤʠʨʫ). ʅʘʢʘʟʘʥʠʝ ʟʘ ʜʘʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʙʦʡ ʰʪʨʘʬ  

ʚ ʨʘʟʤʝʨʝ ʦʪ 100 ʜʦ 200 ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʧʣʘʪʳ ʪʨʫʜʘ, ʣʠʙʦ ʘʨʝʩʪ ʥʘ 3 ʤʝʩʷʮʘ; 

 ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ʜʝʷʥʠʷ, ʧʨʠʯʠʥʠʚʰʠʝ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʣʶʜʝʡ, ʧʨʠʚʝʜʰʠʝ ʢ ʤʘʩʩʦʚʦʡ 

ʛʠʙʝʣʠ ʨʳʙʳ ʥʘʢʘʟʳʚʘʶʪʩʷ ʰʪʨʘʬʦʤ ʦʪ 200 ʜʦ 500 ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʦʧʣʘʪʳ ʪʨʫʜʘ  

ʠ 3 ʛʦʜʘʤʠ ʟʘʢʣʶʯʝʥʠʷ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʪʴʠ ʂʦɸʇ ʈʌ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʘʢʘʟʘʥʠʝ ʥʝ ʪʦʣʴʢʦ  

ʟʘ ʩʚʝʨʰʠʚʰʝʝʩʷ ʥʘʨʫʰʝʥʠʝ ʧʨʠ ʩʙʨʦʩʝ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʦ ʪʘʢʞʝ  

ʠ ʟʘ ʥʝʧʨʠʥʷʪʠʝ ʤʝʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʤʝʨʘ ʥʘʢʘʟʘʥʠʷ ʟʘʚʠʩʠʪ 

ʦʪ ʟʥʘʯʠʤʦʩʪʠ ʚʦʜʦʝʤʘ ʚ ʨʝʛʠʦʥʝ ʠ ʨʝʘʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 
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ʀʟʤʝʥʝʥʠʷ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʚʝʜʝʥʠʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʣʦʛʘ, ʚʩʪʫʧʷʪ ʚ ʩʠʣʫ ʩ 2020 ʛ. ʅʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʣʦʛʘ ʧʨʠʟʥʘʶʪʩʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʫʶ  

ʠ ʠʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʦʢʘʟʳʚʘʶʱʫʶ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʧʨʠʟʥʘʚʘʝʤʦʝ ʦʙʲʝʢʪʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʦʪʭʦʜʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʪʚʝʨʜʳʭ ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʣʦʛʘ ʧʨʠʟʥʘʶʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʠʟʠʯʝʩʢʠʝ ʣʠʮʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʢʦʪʦʨʳʤʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʠʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʦʪʭʦʜʳ. 

ʆʙʲʝʢʪʦʤ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʧʨʠʟʥʘʝʪʩʷ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʙʨʦʩʘ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʝʥʥʳʝ  

ʚ ʧʝʨʝʯʝʥʴ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢ ʥʝ ʚʝʜʝʪ ʨʘʟʜʝʣʴʥʦʛʦ ʫʯʝʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ, 

ʩʫʤʤʘ ʥʘʣʦʛʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʣʦʛʦʚʦʡ ʩʪʘʚʢʠ ʠ ʝʜʠʥʦʡ ʥʘʣʦʛʦʚʦʡ 

ʙʘʟʳ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ. ʉʪʘʚʢʠ ʧʣʘʪʳ ʟʘ ʩʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

 
ʊʘʙʣʠʮʘ 1. ʉʪʘʚʢʠ ʧʣʘʪʳ ʟʘ ʩʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ 

 

 ̄

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʉʪʘʚʢʠ ʧʣʘʪʳ ʟʘ 1 ʪ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

1 ɹʇʂ ʧʦʣʥ. 243 

2 ɺʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ 977,2 

3 ʅʠʪʨʘʪ-ʘʥʠʦʥ 14,9 

4 ʅʠʪʨʠʪ-ʘʥʠʦʥ 7 439 

5 ʅʝʬʪʝʧʨʦʜʫʢʪʳ 14 711,7 

6 ʌʦʩʬʘʪʳ (ʧʦ ʬʦʩʬʦʨʫ) 3 679,3 

7 ʍʣʦʨ ʩʚʦʙʦʜʥʳʡ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʠ ʭʣʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 73 553 403 

 

ʉ 2021 ʛ. ʥʘʣʦʛʦʚʳʝ ʩʪʘʚʢʠ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʬʘʢʪʠʯʝʩʢʦʝ 

ʠʟʤʝʥʝʥʠʝ (ʚ ʩʨʝʜʥʝʤ ʟʘ ʛʦʜ) ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʮʝʥ ʥʘ ʪʦʚʘʨʳ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʬʝʜʝʨʘʣʴʥʳʤ ʦʨʛʘʥʦʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʬʫʥʢʮʠʠ  

ʧʦ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚ ʩʬʝʨʝ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʪʯʝʪʥʦʩʪʠ ʜʣʷ ʚʪʦʨʦʛʦ ʧʦ ʧʦʨʷʜʢʫ ʛʦʜʘ, ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʛʦʜʫ ʥʘʣʦʛʦʚʦʛʦ ʧʝʨʠʦʜʘ. 

ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʤ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʚʥʝʜʨʝʥʠʶ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ 

ʠʩʯʠʩʣʝʥʠʠ ʥʘʣʦʛʘ ʢ ʥʘʣʦʛʦʚʳʤ ʩʪʘʚʢʘʤ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: 

ʂʦʵʬʬʠʮʠʝʥʪ 0 ï ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʲʝʤʘ ʠʣʠ ʤʘʩʩʳ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʩʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 

ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʙʲʝʢʪʝ, ʦʢʘʟʳʚʘʶʱʝʤ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ  

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʂʦʵʬʬʠʮʠʝʥʪ 1  ʟʘ ʦʙʲʝʤ ʠʣʠ ʤʘʩʩʫ ʚʳʙʨʦʩʦʚ ʠʣʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʘʪʠʚʦʚ ʜʦʧʫʩʪʠʤʳʭ ʩʙʨʦʩʦʚ, ʥʦʨʤʘʪʠʚʦʚ 

ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ 25  ʟʘ ʦʙʲʝʤ ʠʣʠ ʤʘʩʩʫ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʝʜʝʣʘʭ ʚʨʝʤʝʥʥʦ ʨʘʟʨʝʰʝʥʥʳʭ ʚʳʙʨʦʩʦʚ, ʚʨʝʤʝʥʥʦ ʨʘʟʨʝʰʝʥʥʳʭ 

ʩʙʨʦʩʦʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ 100  ʟʘ ʦʙʲʝʤ ʠʣʠ ʤʘʩʩʫ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʨʝʚʳʰʘʶʱʠʭ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʦʙʲʝʢʪʦʚ 1 ʢʘʪʝʛʦʨʠʠ ʦʙʲʝʤ  

ʠ ʤʘʩʩʫ, ʘ ʪʘʢʞʝ ʧʨʝʚʳʰʘʶʱʠʭ ʫʢʘʟʘʥʥʳʝ ʚ ʜʝʢʣʘʨʘʮʠʠ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʜʣʷ ʦʙʲʝʢʪʦʚ 2 ʢʘʪʝʛʦʨʠʠ ʪʘʢʠʝ ʦʙʲʝʤ ʠ ʤʘʩʩʫ. 
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ɺ ʩʣʫʯʘʝ ʥʝʩʦʙʣʶʜʝʥʠʷ ʩʥʠʞʝʥʠʷ ʦʙʲʝʤʘ ʠʣʠ ʤʘʩʩʳ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʚ ʪʝʯʝʥʠʝ 6 ʤʝʩ̫ʮʝʚ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʩʨʦʢʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʣʘʥʦʤ ʤʝʨʦʧʨʠʷʪʠʡ  

ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʣʠ ʧʨʦʛʨʘʤʤʦʡ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʠʩʯʠʩʣʝʥʥʳʡ ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʣʦʛʦʚʳʝ ʧʝʨʠʦʜʳ ʥʘʣʦʛ ʟʘ ʦʙʲʝʤ ʠʣʠ ʤʘʩʩʫ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʩʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʨʝʚʳʰʘʶʱʠʝ ʥʦʨʤʘʪʠʚʳ 

ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ, ʥʦʨʤʘʪʠʚʳ ʜʦʧʫʩʪʠʤʳʭ ʩʙʨʦʩʦʚ ʠʣʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ, 

ʧʦʜʣʝʞʠʪ ʧʝʨʝʩʯʝʪʫ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 100. 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʚʩʪʫʧʘʝʪ ʚ ʩʠʣʫ ʩ 1 ʷʥʚʘʨʷ 2020 ʛ., ʥʦ ʥʝ ʨʘʥʝʝ 1 ʷʥʚʘʨʷ ʛʦʜʘ, 

ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʛʦʜʦʤ ʝʛʦ ʧʨʠʥʷʪʠʷ, ʠ ʥʝ ʨʘʥʝʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʩʦ ʜʥʷ ʦʬʠʮʠʘʣʴʥʦʛʦ ʝʛʦ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ. 

ʊʨʝʪʴʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʥʘʷ ʨʝʬʦʨʤʘ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʩʦʟʜʘʥʦ ʌʝʜʝʨʘʣʴʥʦʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʎʝʥʪʨʘʣʴʥʦʝ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝè, ʟʘʤʝʥʠʚʰʝʝ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʧʘʥʠʠ ʤʠʥʠʩʪʝʨʩʪʚʘ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʦʢʘʟʘʥʠʝʤ 

ʫʩʣʫʛ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ (ʵʢʩʧʣʫʘʪʘʮʠʷ) 

ʦʙʲʝʢʪʦʚ ʚʦʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ ʚ ʠʥʪʝʨʝʩʘʭ 

ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ 

ʠ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ. ɼʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʰʪʨʘʬʘʤ ʧʦʜʚʝʨʛʘʣʠʩʴ 

çʘʫʪʩʦʨʩʠʥʛʦʚʳʝè ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʞʝ ʚʨʝʤʷ ʫʧʨʘʚʣʝʥʠʝ ʥʝʩʝʪ ʧʦʣʥʫʶ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʙʨʦʩ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʦʪ ʦʙʲʝʢʪʦʚ ʚʦʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ  

ʚ ʚʦʜʦʝʤʳ. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʌʠʥʩʢʠʡ ʟʘʣʠʚ ï ʵʪʦ ʚʦʜʦʝʤ, ʧʦʧʘʜʘʶʱʠʡ ʧʦʜ 

ʜʝʡʩʪʚʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʈʝʢʦʤʝʥʜʘʮʠʠ 28ɽ/5 ʍʝʣʴʩʠʥʩʢʦʡ 

ʢʦʥʚʝʥʮʠʠ ʦʪ 15 ʥʦʷʙʨʷ 2007 ʛ. [5], ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʦʜʳ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʍʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʠʣʠ ʩʪʦʯʥʳʝ ʚʦʜʳ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʶʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʢʘʥʘʣʠʟʘʮʠʠ 

ʠ ʦʯʠʱʘʶʪʩʷ ʥʘ ʩʪʘʥʮʠʷʭ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʥʘʛʨʫʟʢʦʡ ʩʪʦʢʦʚ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʦʙʲʝʤʫ 

ʩʪʦʢʦʚ ʦʪ 2 000 ʜʦ 10 000 ʞʠʪʝʣʝʡ, ʜʦʣʞʥʳ ʦʯʠʱʘʪʴʩʷ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʩʙʨʦʩʝ: 

ï ʩʥʠʞʝʥʠʝ ɹʇʂ5 ʤʠʥʠʤʫʤ ʥʘ 80 % ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  15 ʤʛ/ʣ;  

ï ʩʥʠʞʝʥʠʝ ʬʦʩʬʦʨʘ ʦʙʱʝʛʦ ʤʠʥʠʤʫʤ ʥʘ 80 % ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  1 ʤʛ/ʣ;  

ï ʩʥʠʞʝʥʠʝ ʘʟʦʪʘ ʦʙʱʝʛʦ ʤʠʥʠʤʫʤ ʥʘ 30 %  ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  35 ʤʛ/ʣ; 

ʋʯʠʪʳʚʘʷ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ɹʘʟʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʊʘʙʣʠʮʘ 2. ʅʝʦʙʭʦʜʠʤʘʷ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʚʝʱʝʩʪʚʘ 

ʉʦʜʝʨʞʘʥʠʝ  

ʚ ʚʦʜʦʝʤʝ 

ʉʦʜʝʨʞʘʥʠʝ 

ʚ ʩʪʦʯʥʦʡ 

ʚʦʜʝ 

ɼʦʧʫʩʪʠʤʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʘ 

ʚʳʭʦʜʝ 

ʅʝʦʙʭʦʜʠʤʘʷ 

ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 

ɺʟʚʝʰʝʥʥʳʝ ʚ-ʚʘ 91 ʤʛ/ʣ 188 ʤʛ/ʣ 12 ʤʛ/ʣ 90 % 

ɹʇʂʧʦʣʥ 2 ʤʛ/ʣ 209 ʤʛ/ʣ 15 ʤʛ/ʣ 95 % 

Nʦʙ ɦ 1,11 ʤʛ/ʣ 37,7 ʤʛ/ʣ 35 ʤʛ/ʣ 10 % 

Pʦʙ ɦ 0,015 ʤʛ/ʣ 7,25 ʤʛ/ʣ 1 ʤʛ/ʣ 90 % 

 

ʇʨʦʝʢʪʠʨʦʚʘʪʴ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʚʦʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʩʣʝʜʫʝʪ  

ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʯʠʩʪʢʠ.  ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʙʲʝʢʪʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʫʯʝʙʥʳʝ ʮʝʣʠ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʧʦʜʛʦʪʦʚʢʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ. 

ʉ ʫʯʝʪʦʤ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʨʝʜʣʦʞʝʥʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʣʠʥʠʡ ʦʯʠʩʪʢʠ ʚʦʜʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʩʪʘʚʦʤ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʚ ʫʯʝʙʥʳʭ ʮʝʣʷʭ (ʨʠʩ.). 
 



54 

 
 

ʈʠʩ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ, ʩʪʦʷʱʠʝ 

ʧʝʨʝʜ ʩʪʘʥʮʠʝʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʦʯʠʱʘʷ ʚʦʜʫ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʘʥʮʠʷ ʷʚʣʷʝʪʩʷ ʫʯʝʙʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʯʠʩʪʢʝ 

ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʦʙʲʝʢʪʦʚ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ. 

 

ɺʳʚʦʜ r

1. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ  

ʢ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʜʣʷ ʦʙʲʝʢʪʦʚ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ, ʫʯʠʪʳʚʘʷ ʚʩʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ 

ʬʘʢʪʦʨʳ. ɼʘʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʮʝʣʠ, 

ʦʯʠʱʘʷ ʩʪʦʯʥʳʝ ʚʦʜʳ ʜʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʈʦʩʩʠʡʩʢʠʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ 

ʥʦʨʤ, ʪʘʢ ʠ ʫʯʝʙʥʳʝ, ʩʧʦʩʦʙʩʪʚʫʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʦʨʦʥʳ. 

2. ʈʘʟʨʘʙʦʪʢʫ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʪʘʥʮʠʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʚ ʥʘʠʙʦʣʝʝ ʢʨʘʪʢʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʝ, 

ʚʩʪʫʧʘʶʱʠʤʠ ʚ ʩʠʣʫ ʩ 2020 ʛ., ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʤʠ ʥʘʩʪʫʧʣʝʥʠʝ ʫʛʦʣʦʚʥʦʡ  

ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʩʙʨʦʩ ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʦʜʦʝʤ. 
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