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ɸʅʅʆʊɸʎʀʗ 

ʉʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʛʝʤʦʣʠʟʠʥʳ ʠʣʠ ʚʝʱʝʩʪʚʘ ʣʠʟʠʨʫʶʱʠʝ ʵʨʠʪʨʦʮʠʪʳ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ ʧʘʪʦʛʝʥʥʦʩʪʠ ʙʘʢʪʝʨʠʡ. ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝ-

ʥʠʝ ʪʠʦʣʟʘʚʠʩʠʤʦʡ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʫʣʴʪʫʨ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʘʤ Esche-

richia, Enterobacter, Citrobacter, Morganella, Serratia, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʪ ʦʚʝʮ, ʩʪʨʘʜʘʶʱʠʭ ʨʘʟʣʠʯ-

ʥʳʤʠ ʛʝʣʴʤʠʥʪʦʟʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ABSTRACT 

The ability to produce hemolysin or substances lysing the red blood cells of humans and animals, is one of 

the factors of pathogenicity of bacteria. The aim of our study was to identify thiol-activated hemolytic activity in 

cultures of enterobacteria belonging to the genera Escherichia, Enterobacter, Citrobacter, Morganella, Serratia, 

which was isolated from sheep suffering from various helminth infections on the territory of the Chechen Republic. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʪʝʨʦʙʘʢʪʝʨʠʠ, ʛʝʤʦʣʠʟʠʥ, ʪʠʦʣ, ʢʫʣʴʪʫʨʘ, ʰʪʘʤʤ, ʩʝʢʨʝʮʠʷ. 

Keywords: enterobacteria, hemolysin, thiol, culture, strain, secretion. 

 

ɺ ʨʘʙʦʪʘʭ ʤʥʦʛʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʨʘʟʥʳʭ ʚʠʜʦʚ ʛʝʣʴʤʠʥʪʦʚ (ʬʘʩʮʠʦʣʳ, ʜʠʢʨʦʮʝʣʠʠ, 

ʜʠʢʪʠʦʢʘʫʣʳ, ʤʶʣʣʝʨʠʠ, ʘʩʢʘʨʠʜʳ, ʥʝʤʘʪʦʜʠʨʳ, 

ʪʨʠʭʦʩʪʨʦʥʛʠʣʳ, ʭʘʙʝʨʪʠʠ ʠ ʜʨ.) ʚ ʦʨʛʘʥʠʟʤʝ ʭʦʟʷ-

ʠʥʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʨʘʟʠʪʦʮʝʥʦʟ, ʩʦʯʣʝʥʘʤʠ ʢʦʪʦ-

ʨʦʛʦ ʷʚʣʷʶʪʩʷ ʛʝʣʴʤʠʥʪʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ 

ʨʘʟʚʠʪʠʷ, ʧʘʪʦʛʝʥʥʳʝ ʧʨʦʩʪʝʡʰʠʝ, ʙʘʢʪʝʨʠʠ ʠ 

ʛʨʠʙʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʟʚʠʚʘʶʪʩʷ ʘʩʩʦʮʠʘʪʠʚ-

ʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʛʝʣʴʤʠʥʪʥʦ-ʧʨʦʪʦʟʦʡʥʦ-ʛʨʠʙ-

ʢʦʚʦ-ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʵʪʠʦʣʦʛʠʠ [1, 4, 5, 6, 9, 10, 12, 

13, 14, 15]. 

ʇʨʠ ʧʦʜʦʙʥʳʭ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ 

ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠ-

ʜʦʚ ʙʘʢʪʝʨʠʡ ʥʝ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ 

ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ 

ʪʨʘʢʪʘ. ɺ ʠʭ ʯʠʩʣʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Enterobacteriaceae. 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʦʣʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ, ʚʳ-

ʜʝʣʝʥʥʦʛʦ ʦʪ ʙʦʣʴʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʠʣʠ ʯʝʣʦʚʝʢʘ, ʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʟʘʙʦʣʝ-

ʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʝʛʦ ʜʦ ʚʠʜʘ ʥʝ ʜʘʝʪ ʦʪʚʝʪʘ ʥʘ 

ʚʦʧʨʦʩ ï ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʥʘʷ ʢʫʣʴʪʫʨʘ ʠʩʪʠʥʥʳʤ 

ʵʪʠʦʣʦʛʠʯʝʩʢʠʤ ʘʛʝʥʪʦʤ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 
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ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʫʩʪʘ-

ʥʦʚʣʝʥʠʝ ʩʪʝʧʝʥʠ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʚʳʜʝʣʝʥʥʦʛʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘ. 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʦʙʣʘʜʘʶʪ ʰʠ-

ʨʦʢʠʤ ʥʘʙʦʨʦʤ ʬʘʢʪʦʨʦʚ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ï ɻ ʪʦ ʘʜʛʝ-

ʟʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʛʝʤʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʧʨʦʜʫʢʮʠʷ ʣʠʟʦʮʠʤʘ ʠ ʘʥʪʠʣʠʟʦʮʠʤʘ, ʤʥʦʞʝʩʪʚʝʥ-

ʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʧʨʝʧʘʨʘʪʘʤ 

ʠ ʪ.ʜ. [1, 2, 3, 5, 6, 7, 10, 11, 12, 13]. ʕʪʠ ʩʚʦʡʩʪʚʘ 

ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʢʘʢ ʭʨʦʤʦʩʦʤʥʳʤʠ ʛʝ-

ʥʘʤʠ, ʪʘʢ ʠ ʥʝʭʨʦʤʦʩʦʤʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʜʝʪʝʨ-

ʤʠʥʘʥʪʘʤʠ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʫ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʫʩʣʦʚʥʦ-

ʧʘʪʦʛʝʥʥʳʭ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ, ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚʳ-

ʷʚʠʪʴ ʧʫʪʠ ʮʠʨʢʫʣʷʮʠʠ ʵʪʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦ-

ʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʠ ʥʘʤʝʪʠʪʴ 

ʤʝʨʳ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʦʪʠʚ ʥʠʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʝʤʦʣʠʪʠʯʝʩʢʠʝ ʰʪʘʤʤʳ ʵʥ-

ʪʝʨʦʙʘʢʪʝʨʠʡ, ʚʳʜʝʣʝʥʥʳʝ ʦʪ ʙʦʣʴʥʳʭ, ʧʨʠ ʟʘʨʘʞʝ-

ʥʠʠ ʙʝʣʳʭ ʤʳʰʝʡ ʠʥʪʨʘʥʘʟʘʣʴʥʦ ʚʳʟʳʚʘʣʠ ʫ ʥʠʭ 

ʙʳʩʪʨʦʪʝʢʫʱʫʶ ʛʝʤʦʨʨʘʛʠʯʝʩʢʫʶ ʧʥʝʚʤʦʥʠʶ. ɻʠ-

ʙʝʣʴ ʞʠʚʦʪʥʳʭ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʵʪʦʤ ʚ ʩʣʝʜʩʪʚʠʝ ʨʘʟ-

ʚʠʚʘʶʱʝʛʦʩʷ ʦʪʝʢʘ ʣʝʛʢʠʭ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʘʧʠʣʣʷʨʦʚ ʟʘ ʩʯʝʪ ʚʳʩʚʦ-

ʙʦʞʜʘʝʤʦʛʦ ʙʘʢʪʝʨʠʷʤʠ ʛʝʤʦʣʠʟʠʥʘ. [19] 

ɺʧʝʨʚʳʝ Aldtsa I. ʠ ʩʦʘʚʪʦʨʘʤʠ ʫ ʫʩʣʦʚʥʦ-ʧʘ-

ʪʦʛʝʥʥʳʭ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʪʠʦʣʟʘ-

ʚʠʩʠʤʳʝ ʛʝʤʦʣʠʟʠʥʳ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʪʠʤʫ-

ʣʠʨʦʚʘʣʘʩʴ ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ (ʪʠʦ-

ʣʛʣʠʢʦʣʘʪ, ʮʠʩʪʝʠʥ ʠ ʜʨ.) [18], ʘʚʪʦʨʳ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʪʘʢʠʝ ʛʝʤʦʣʠʟʠʥʳ ʤʦʛʫʪ ʠʛʨʘʪʴ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʥʝʟʝ ʙʘʢʪʝʨʠʡ ʠ ʠʭ ʦʙʥʘʨʫ-

ʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ. 

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ 

ʪʠʦʣʟʘʚʠʩʠʤʦʡ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʢʫʣʴ-

ʪʫʨ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʦʜʘʤ Esche-

richia, Enterobacter, Citrobacter, Morganella, Serratia. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 190 ʢʫʣʴʪʫʨ Escherichia 

coli, 124 ʰʪʘʤʤʘ Enterobacter cloacae, 51 ʢʫʣʴʪʫʨʘ 

Citrobacter freundii, 74 ʢʫʣʴʪʫʨʳ Morganella mor-

ganii, 29 ʢʫʣʴʪʫʨ Serratia marsescens ʚʳʜʝʣʝʥʥʳʝ 

ʥʘʤʠ ʦʪ ʦʚʝʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʯʝʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, 

ʩʪʨʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ ʛʝʣʴʤʠʥʪʦʟʥʳʤʠ ʠʥʚʘʟʠ-

ʷʤʠ [1, 2, 3, 5, 6, 7, 8, 11, 12]. 

ɼʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʤʷʩʦʧʝʧʪʦʥʥʳʡ ʙʫʣʴʦʥ (ʨʅ 7,2-7,4), 1,5% ʤʷ-

ʩʦʧʝʧʪʦʥʥʳʡ ʘʛʘʨ, 0,7% ʤʷʩʦʧʝʧʪʦʥʥʳʡ ʘʛʘʨ. 

ʀʥʢʫʙʘʮʠʷ ʧʦʩʝʚʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʪʝʨʤʦ-

ʩʪʘʪʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 370ʉ ʚ ʪʝʯʝʥʠʝ 18-24 ʯʘʩʦʚ. 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚʨʝʤʷ ʠʥʢʫʙʘʮʠʠ ʤʝʥʷʣʦʩʴ. 

ɻʝʤʦʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʚʳʷʚ-

ʣʷʣʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʤ ʘʛʘʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 3-5% ʦʪ-

ʤʳʪʳʭ ʚ ʨʘʩʪʚʦʨʝ ʍʝʥʢʩʘ ʵʨʠʪʨʦʮʠʪʦʚ ʢʨʦʣʠʢʘ. 

ʋʯʝʪ ʛʝʤʦʣʠʟʘ ʧʨʦʠʟʚʦʜʠʣʠ ʯʝʨʝʟ 24-48 ʯʘʩʦʚ ʠʥ-

ʢʫʙʘʮʠʠ. 

ʊʠʦʣʟʘʚʠʩʠʤʳʝ ʛʝʤʦʣʠʟʠʥʳ ʚʳʷʚʣʷʣʠ ʥʘ 

ʪʨʠʧʪʠʥʘʟʦʚʦ-ʩʦʝʚʦʤ ʘʛʘʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 3-5% 

ʪʨʠʞʜʳ ʦʪʤʳʪʳʭ ʚ ʨʘʩʪʚʦʨʝ ʍʝʥʢʩʘ ʵʨʠʪʨʦʮʠʪʦʚ 

ʢʨʦʣʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ Albesa ʠ 

ʩʦʘʚʪʦʨʦʚ [18]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʠʬʠ-

ʮʠʨʦʚʘʥʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʠʦʣʟʘʚʠʩʠʤʳʭ ʛʝʤʦʣʠʟʠʥʦʚ: ʢ 1,5% ʤʷʩʦʧʝʧʪʦʥ-

ʥʦʤʫ ʘʛʘʨʫ ʜʦʙʘʚʣʷʣʠ 0,002% L-ʮʠʩʪʝʠʥʘ ʠ 3-5% 

ʦʪʤʳʪʳʭ ʵʨʠʪʨʦʮʠʪʦʚ ʢʨʦʣʠʢʘ. ʉʨʝʜʘ ʨʘʟʣʠʚʘʣʘʩʴ 

ʧʦ 20ʤʣ ʚ ʯʘʰʢʠ ʇʝʪʨʠ. ɻʝʤʦʣʠʟ ʫʯʠʪʳʚʘʣʠ ʯʝʨʝʟ 

24-48 ʯʘʩʦʚ ʠʥʢʫʙʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʂ ʬʘʢʪʦʨʘʤ ʚʠʨʫʣʝʥʪʥʦʩʪʠ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʪʥʦʩʷʪʩʷ ʠ ʬʝʨʤʝʥʪʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʣʝʪʢʦʡ. ʌʝʨʤʝʥʪʳ ʚʠʨʫʣʝʥʪʥʦʩʪʠ 

ʦʙʨʘʟʥʦ ʥʘʟʳʚʘʶʪ ʬʝʨʤʝʥʪʘʤʠ çʟʘʱʠʪʳ ʠ ʘʛʨʝʩ-

ʩʠʠè. ʌʝʨʤʝʥʪʳ ʘʛʨʝʩʩʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʘʪʦʛʝʥʘ ʧʦ ʦʨʛʘʥʠʟʤʫ, ʨʘʟʨʫʰʘʷ ʩʪʨʫʢ-

ʪʫʨʳ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ ʦʨʛʘʥʠʟʤʘ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ 

ʬʝʨʤʝʥʪʦʚ ʘʛʨʝʩʩʠʠ ʷʚʣʷʶʪʩʷ ʛʝʤʦʣʠʟʠʥʳ ï ʩʧʝʮʠ-

ʬʠʯʝʩʢʠ ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʫʶ 

ʤʝʤʙʨʘʥʫ ʵʨʠʪʨʦʮʠʪʦʚ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ 

ʠʭ ʣʠʟʠʩ. ɻʝʤʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʩʨʝʜʠ ʠʩ-

ʩʣʝʜʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ [7]. 

ʊʘʢ ʠʟ 124 ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ Enterobacter 

cloacae ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʣʠ 20 

ʰʪʘʤʤʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 16,1%. ʀʟ 190 ʠʩʧʳʪʘʥ-

ʥʳʭ ʢʫʣʴʪʫʨ Escherichia coli ʛʝʤʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚ-

ʥʳʤʠ ʙʳʣʠ 60, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 31,6%. ʀʟ 29 ʢʫʣʴʪʫʨ 

Serratia marsescens ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 15 ʰʪʘʤʤʦʚ ʪ.ʝ. 51,7%. ʉʨʝʜʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ 74 ʢʫʣʴʪʫʨ Morganella morganii ʛʝ-

ʤʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʙʳʣʠ 40, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 

54,1%. 12 ʢʫʣʴʪʫʨ Citrobacter freundii ʠʟ 51 ʠʩʩʣʝʜʦ-

ʚʘʥʥʦʡ, ʪ.ʝ. 23,5% ʧʨʦʜʫʮʠʨʦʚʘʣʠ ʛʝʤʦʣʠʟʠʥ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʩ ʮʝʣʴʶ ʚʳ-

ʷʚʣʝʥʠʷ ʢʫʣʴʪʫʨ ʩ ʪʠʦʣʟʘʚʠʩʠʤʦʡ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʩʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʦ ʢʘʯʝʩʪʚʦ ʥʝ ʪʘʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʦ ʩʨʝʜʠ ʥʠʭ. ʊʘʢ ʩʨʝʜʠ 124 ʢʫʣʴʪʫʨ Entero-

bacter cloacae ʠ 74 ʢʫʣʴʪʫʨ Morganella morganii ʥʝ 

ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʰʪʘʤʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʪʠʦʣʟʘʚʠ-

ʩʠʤʦʡ ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʰʪʘʤʤʦʚ ʧʨʦʜʫʮʠʨʫ-

ʶʱʠʭ ʪʠʦʣʟʘʚʠʩʠʤʳʝ ʛʝʤʦʣʠʟʠʥʳ ʚʳʷʚʣʝʥʳ ʩʨʝʜʠ 

Citrobacter freundii. ʀʟ 51 ʢʫʣʴʪʫʨʳ ʮʠʪʨʦʙʘʢʪʝʨʠʡ 

ʵʪʦʪ ʬʘʢʪʦʨ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 24 ʰʪʘʤʤʦʚ, ʪ.ʝ. 

ʜʣʷ 47,1% ʢʫʣʴʪʫʨ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʵʪʦʪ ʬʘʢʪʦʨ 

ʩʨʝʜʠ 190 ʢʫʣʴʪʫʨ Escherichia coli ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʮʠʪʨʦʙʘʢʪʝʨʠʷʤʠ. ʊʘʢ ʩʨʝʜʠ ʵʰʝʨʠʭʠʡ ʚʳʷʚʣʝʥʦ 21 

ʰʪʘʤʤʘ ʩʧʦʩʦʙʥʳʭ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʪʠʦʣʟʘʚʠʩʠʤʳʝ 

ʛʝʤʦʣʠʟʠʥʳ, ʯʪʦ ʩʦʩʪʘʚʠʣʷʝʪ 11,1%. 

ʉʧʦʩʦʙʥʦʩʪʴ ʩʝʢʨʝʪʠʨʦʚʘʪʴ ʪʠʦʣʟʘʚʠʩʠʤʳʝ ʛʝ-

ʤʦʣʠʟʠʥʳ ʥʘʠʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʩʨʝʜʠ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ Serratia marsescens. ʊʘʢ ʵʪʦ ʩʚʦʡ-

ʩʪʚʦ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 2 ʰʪʘʤʤʦʚ, ʪ.ʝ. ʜʣʷ 6,9% 

ʠʟ 29 ʠʩʧʳʪʘʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥ-

ʥʳʭ Ŭ-ʛʝʤʦʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʝ ʩʚʦʡʩʪʚʦ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʫʣʴʪʫʨ 

Enterobacteriaceae. ɽʩʣʠ ʨʘʩʧʦʣʦʞʠʪʴ ʠʩʩʣʝʜʦʚʘʥ-

ʥʳʝ ʢʫʣʴʪʫʨʳ ʵʥʪʝʨʦʙʘʢʪʝʨʠʡ ʧʦ ʫʙʳʚʘʥʠʶ ʵʪʦʛʦ 

ʬʘʢʪʦʨʘ, ʪʦ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʦʢʘʞʫʪʩʷ ʰʪʘʤʤʳ 

Morganella morganii (54,1%), ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʨʘʩ-

ʧʦʣʦʞʘʪʩʷ ʢʫʣʴʪʫʨʳ Serratia marsescens (51,7%), ʥʘ 

ʪʨʝʪʴʝʤ ʦʢʘʞʫʪʩʷ ʰʪʘʤʤʳ Escherichia coli (31,6%), 

ʥʘ ʯʝʪʚʝʨʪʦʤ ʤʝʩʪʝ ï ʢʫʣʴʪʫʨʳ Citrobacter freundii 
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(23,5%), ʘ ʥʘ ʧʷʪʦʤ ʤʝʩʪʝ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʛʝʤʦʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʰʪʘʤʤʦʚ ʦʢʘʟʘʣʠʩʴ 

ʰʪʘʤʤʳ Enterobacter cloacae (16,1%). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘ-

ʟʳʚʘʶʪ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʝʢʨʝʪʠʨʦʚʘʪʴ ʪʠʦʣʟʘʚʠ-

ʩʠʤʳʝ ʛʝʤʦʣʠʟʠʥʳ ʥʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 

ʩʚʦʡʩʪʚʦ ʩʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ ʢʫʣʴʪʫʨ ʵʥʪʝʨʦʙʘʢʪʝ-

ʨʠʡ. ʊʘʢ ʩʨʝʜʠ 124 ʢʫʣʴʪʫʨ Enterobacter cloacae ʠ 74 

ʢʫʣʴʪʫʨ Morganella morganii ʥʝ ʫʜʘʣʦʩʴ ʚʳʷʚʠʪʴ ʥʠ 

ʦʜʥʦʛʦ ʰʪʘʤʤʘ ʦʙʣʘʜʘʶʱʝʛʦ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʵʪʦʪ ʬʘʢʪʦʨ ʚʩʪʨʝʯʘʣʩʷ ʫ 

ʢʫʣʴʪʫʨ Citrobacter freundii (47,1%), ʥʘʠʤʝʥʝʝ ï 

ʩʨʝʜʠ Serratia marsescens (6,9%), ʘ Escherichia coli 

(11,1%) ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʚʠʜʘʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ɸʜʛʝʟʠʚʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ 
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ʇʦʨʫʙʣʝʚʘ ʉ.ɺ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

 çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʩʪʫʜʝʥʪ, ʛ. ʉʪʘʚʨʦʧʦʣʴ 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʪʨʦʝʥʠʝ, ʪʦʧʦʛʨʘʬʠʷ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʷ-

ʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 18 ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʚʠʜʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʥʘʪʦʤʠʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ, ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʝʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʧʝʨʠʦʜʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʠʭ ʠʟʤʝʥʝʥʠʡ.  

ABSTRACT 

As a result of studies have explored the structure, topography and morpho-metric parameters of the rectum 

of goats zaanenskaya breed during the first 18 months of postnatal ontogenesis. Set specific features of the anatomy 

of the rectum of the goats, age-related changes in its morphometric parameters, as well as identifying the most 

significant periods of change.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʟʘ, ʟʘʘʥʝʥʩʢʘʷ ʧʦʨʦʜʘ, ʧʨʷʤʘʷ ʢʠʰʢʘ, ʘʥʫʩ, ʩʪʨʦʝʥʠʝ, ʪʦʧʦʛʨʘʬʠʷ, ʤʦʨʬʦʤʝʪʨʠ-

ʯʝʩʢʠʡ, ʦʥʪʦʛʝʥʝʟ, ʧʦʩʪʥʘʪʘʣʴʥʳʡ. 

Keywords: goat, zaanenskaya breed, rectum, anus, structure, topography, morphometry, ontogenesis, post-

natal. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ 

ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʢʦʟʦʚʦʜ-

ʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ ʠ ʬʠʟʠʦʣʦʛʠʠ 

ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ, ʝʛʦ ʚʠʜʦʚʳʭ, ʚʦʟʨʘʩʪʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʠ ʘʜʘʧʪʠʚʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʳʭ ʧʠʪʘʪʝʣʴ-

ʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʚʦʜʦʡ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥ-

ʪʘʤʠ, ʚʠʪʘʤʠʥʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʠ-

ʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʧʝʨʝʚʘ-

ʨʠʚʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʢʨʦʚʴ ʠ ʣʠʤʬʫ ʞʠʚʦʪʥʳʭ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʚ ʢʠʰʝʯʥʠʢʝ. ʅʘʨʫʰʝʥʠʷ ʚ ʝʛʦ ʩʪʨʦʝʥʠʠ ʠ 

ʬʠʟʠʦʣʦʛʠʠ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʥʠʞʝʥʠʝʤ ʧʨʦ-

ʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʠʰʝʯʥʳʭ ʧʘʪʦʣʦʛʠʡ (ʟʘʚʦʨʦʪʳ, 

ʠʥʚʘʛʠʥʘʮʠʠ, ʥʝʢʨʦʟʳ ʩʪʝʥʢʠ ʠ ʜʨ.). ɿʥʘʥʠʝ ʥʦʨ-

ʤʘʣʴʥʦʡ ʘʥʘʪʦʤʠʠ ʢʠʰʝʯʥʠʢʘ ʢʦʟ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʚʦʟʨʘʩʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʢʠʰʝʯʥʦʛʦ 

ʧʠʱʝʚʘʨʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʮʠʦʥʦʚ ʢʦʨʤʣʝʥʠʷ 

ʞʠʚʦʪʥʳʭ, ʜʠʘʛʥʦʩʪʠʢʠ, ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ ʢʘʢ ʧʠʱʝʚʘʨʠ-

ʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʠʩʪʝʤ 

ʦʨʛʘʥʠʟʤʘ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘ-

ʮʠʡ. ʄʦʨʬʦʣʦʛʠʶ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ 

ʞʚʘʯʥʳʭ ʞʠʚʦʪʥʳʭ ʠʟʫʯʘʣʠ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʃ.ʅ. 

ɹʦʨʠʩʝʥʢʦ, ɺ.ʄ. ʐʧʳʛʦʚʘ [1, ʩ. 168], ʇ.ɺ. ɻʨʫʟʜʝʚ, 

ɺ.ɸ. ʇʦʨʫʙʣʝʚ [2, ʩ. 77], ɺ.ɸ. ʄʝʱʝʨʷʢʦʚ [3, ʩ. 48], 

ɺ.ɸ. ʇʦʨʫʙʣʝʚ [4, ʩ. 81; 5, ʩ. 76-77], M. S. May, D. S. 

Neil [6, p. 235] ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʫ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ ʦʩʪʘʶʪʩʷ ʜʝʪʘʣʴʥʦ ʥʝʠʩ-

ʩʣʝʜʦʚʘʥʥʳʤʠ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ, 

ʪʦʧʦʛʨʘʬʠʠ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦ-

ʥʝʯʥʦʛʦ ʩʝʛʤʝʥʪʘ ʪʦʣʩʪʦʛʦ ʦʪʜʝʣʘ ʢʠʰʝʯʥʠʢʘ ï 

ʧʨʷʤʦʡ ʢʠʰʢʠ.  
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ, ʪʦʧʦ-

ʛʨʘʬʠʠ ʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʨʬʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦ-

ʨʦʜʳ ʚ ʧʦʩʪʥʘʪʘʣʴʥʦʤ ʦʥʪʦʛʝʥʝʟʝ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʘʪʝʨʠʘ-

ʣʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ 20 ʢʠ-

ʰʝʯʥʠʢʦʚ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ. ʆʪʙʦʨ ʤʘʪʝʨʠʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʝʢ-

ʪʦʨʘ ʛ. ʉʪʘʚʨʦʧʦʣʷ ʦʪ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ ʯʝʪʳ-

ʨʝʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ: ʥʦʚʦʨʦʞʜʝʥʥʳʝ, ʦʜʥʦʤʝʩʷʯ-

ʥʳʝ, ʯʝʪʳʨʝʭʤʝʩʷʯʥʳʝ ʠ 18-ʤʝʩʷʯʥʳʝ. ʄʘʪʝʨʠʘʣ 

ʙʳʣ ʧʦʣʫʯʝʥ ʦʪ ʢʣʠʥʠʯʝʩʢʠ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ 

ʧʦʩʣʝ ʠʭ ʵʚʪʘʥʘʟʠʠ ʩʦʛʣʘʩʥʦ çʇʨʘʚʠʣ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠ-

ʚʦʪʥʳʭè ʧʫʪʝʤ ʦʙʝʩʢʨʦʚʣʠʚʘʥʠʷ. ɺʦʟʨʘʩʪ ʞʠʚʦʪ-

ʥʳʭ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦ ʟʫʙʥʳʤ ʬʦʨʤʫʣʘʤ ʠ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʚʣʘʜʝʣʴʮʝʚ ʞʠʚʦʪʥʳʭ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʝʧʘʨʠʨʦʚʘʥʠʝ, ʤʦʨʬʦʤʝʪʨʠʷ, ʤʘʢ-

ʨʦʬʦʪʦʛʨʘʬʠʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ.  

ɼʣʠʥʘ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʠʰʢʠ, ʚʥʫʪʨʝʥ-

ʥʠʡ ʦʙʲʝʤ, ʦʙʲʝʤ ʩʪʝʥʢʠ, ʧʦʣʥʳʡ ʦʙʲʝʤ, ʧʣʦʱʘʜʴ 

ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ, ʤʘʩʩʘ, ʧʣʦʪʥʦʩʪʴ ʩʪʝʥʢʠ ʧʨʷ-

ʤʦʡ ʢʠʰʢʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʘʤ, ʧʨʝʜʣʦ-

ʞʝʥʥʳʤ ʇ.ɺ. ɻʨʫʟʜʝʚʳʤ ʠ ɺ.ɸ. ʇʦʨʫʙʣʝʚʳʤ [5, ʩ. 

76-77]. ʄʘʢʨʦʬʦʪʦʩʲʝʤʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦ-

ʤʦʱʠ ʮʠʬʨʦʚʦʛʦ ʬʦʪʦʘʧʧʘʨʘʪʘ SONY Cyber ï shot 

DSC HX7V ʩ ʨʘʟʨʝʰʝʥʠʝʤ 300 dpi. ʎʠʬʨʦʚʳʝ ʜʘʥ-

ʥʳʝ ʦʙʨʘʙʦʪʘʥʳ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʧʦ-

ʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ Microsoft Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʷʤʘʷ ʢʠʰʢʘ 

(intestinum rectum) (ʨʠʩ. 1 ï 8) ʢʦʟ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣ-

ʞʝʥʠʝʤ ʜʠʩʪʘʣʴʥʦʡ ʧʝʪʣʠ ʦʙʦʜʦʯʥʦʡ ʢʠʰʢʠ, ʧʦʜ-

ʚʝʰʝʥʘ ʚ ʪʘʟʦʚʦʡ ʧʦʣʦʩʪʠ ʚʝʥʪʨʘʣʴʥʦ ʦʪ ʢʨʝʩʪʮʦ-

ʚʦʡ ʢʦʩʪʠ ʠ ʧʦʜ ʧʝʨʚʳʤʠ ʭʚʦʩʪʦʚʳʤʠ ʧʦʟʚʦʥʢʘʤʠ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʟʘʜʥʠʤ ʧʨʦʭʦʜʦʤ (ʘʥʫʩʦʤ). ʇʨʷʤʘʷ 

ʢʠʰʢʘ ʚʧʝʨʝʜʠ ʘʥʫʩʘ ʚʝʨʝʪʝʥʦʦʙʨʘʟʥʦ ʨʘʩʰʠʨʷʝʪʩʷ 

ʚ ʘʤʧʫʣʫ ʧʨʷʤʦʡ ʢʠʰʢʠ ï ampulla recti.  

 
 

ʈʠʩʫʥʦʢ 1 ʊʦʥʢʠʡ ʠ ʪʦʣʩʪʳʡ ʦʪʜʝʣʳ ʢʠʰʝʯʥʠʢʘ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ (ʚʠʜ ʩʣʝʚʘ) 

1 ï ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʘʷ ʢʠʰʢʘ; 2 ï ʪʦʱʘʷ ʢʠʰʢʘ; 3 ï ʧʦʜʚʟʜʦʰʥʘʷ ʢʠʰʢʘ; 4 ï ʩʣʝʧʘʷ ʢʠʰʢʘ; 5 ï ʧʨʦʢʩʠ-

ʤʘʣʴʥʘʷ ʧʝʪʣʷ ʦʙʦʜʦʯʥʦʡ ʢʠʰʢʠ; 6 ï ʩʧʠʨʘʣʴʥʘʷ ʧʝʪʣʷ ʦʙʦʜʦʯʥʦʡ ʢʠʰʢʠ; 7 ï ʜʠʩʪʘʣʴʥʘʷ ʧʝʪʣʷ ʦʙʦʜʦʯ-

ʥʦʡ ʢʠʰʢʠ; 8 ï ʧʨʷʤʘʷ ʢʠʰʢʘ. 

 

ɻʨʘʥʠʮʝʡ ʧʨʷʤʦʡ ʢʠʰʢʠ ʩ ʜʠʩʪʘʣʴʥʦʡ ʧʝʪʣʝʡ 

ʦʙʦʜʦʯʥʦʡ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʚʭʦʞʜʝʥʠʷ ʚ ʩʪʝʥʢʫ 

ʢʠʰʢʠ ʧʝʨʚʦʡ ʚʝʪʚʠ ʢʨʘʥʠʘʣʴʥʦʡ ʧʨʷʤʦʢʠʰʝʯʥʦʡ 

ʘʨʪʝʨʠʠ. 

ʇʨʷʤʘʷ ʢʠʰʢʘ ʫ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ ʟʘ ʧʝʨ-

ʚʳʡ ʤʝʩʷʮ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚ ʜʣʠʥʫ ʚ 1,08 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 

1,43 ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ- ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʦʚʝʮ ï ʚ 1,43 ʨʘʟʘ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʤʝʩʷʯʥʦʛʦ ʜʦ 

18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ ʧʦʩʪ-

ʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʣʠʥʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʫ ʢʦʟ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,2 ʨʘʟʘ. 
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ʊʘʙʣʠʮʘ 1 

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘʘʥʝʥʩʢʦʡ ʧʦʨʦʜʳ 

ʇʦʢʘʟʘʪʝʣʠ 
ɺʦʟʨʘʩʪ ʞʠʚʦʪʥʳʭ 

ʥʦʚʦʨʦʞʜʝʥʥʳʝ ʦʜʠʥ ʤʝʩʷʮ ʯʝʪʳʨʝ ʤʝʩʷʮʘ 18 ʤʝʩʷʮʝʚ 

ɼʣʠʥʘ, ʩʤ 12,93Ñ1,95 13,94Ñ0,29 19,98Ñ0,65 28,48Ñ0,73 

ɼʠʘʤʝʪʨ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʤʤ 13,32Ñ0,75 15,16Ñ0,29 18,82Ñ0,19 29,90Ñ1,22 

ɼʠʘʤʝʪʨ ʢʦʥʝʯʥʦʛʦ ʫʯʘʩʪʢʘ, ʤʤ  13,98Ñ0,35 17,02Ñ0,31 25,48Ñ1,55 44,06Ñ8,67 

ɺʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ, ʩʤ3 17,50Ñ0,66 24,32Ñ0,91 53,43Ñ0,41 198,96Ñ10,43 

ʆʙʲʝʤ ʩʪʝʥʢʠ, ʩʤ3 5,85Ñ0,15 6,53Ñ0,18 21,70Ñ0,16 50,42Ñ1,51 

ʇʦʣʥʳʡ ʦʙʲʝʤ, ʩʤ3 23,38Ñ0,33 31,32Ñ0,69 75,57Ñ0,66 248,86Ñ3,59 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʤʤ 0,35Ñ0,01* 0,48Ñ0,23* 0,76Ñ0,01* 1,10Ñ0,00* 

ʇʣʦʱʘʜʴ ʩʪʝʥʢʠ, ʩʤ2 52,50Ñ1,40 70,68Ñ1,37 138,39Ñ0,31 264,10Ñ1,04 

ʄʘʩʩʘ, ʛ 6,40Ñ0,58 7,40Ñ0,34 23,57Ñ0,09 53,06Ñ2,27 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ3 1,10Ñ0,00* 1,11Ñ0,00* 1,09Ñ0,00* 1,07Ñ0,00* 

* - p>0,05     

 

ɼʠʘʤʝʪʨ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ 

ʢʦʟ ʟʘ ʧʝʨʚʳʡ ʤʝʩʷʮ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʚ 1,14 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 

1,24 ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 

1,59 ʨʘʟʘ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠ-

ʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ 

ʦʚʝʮ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝ-

ʥʝʟʘ ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨ-

ʚʳʝ 18 ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʠʘʤʝʪʨ 

ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʫ ʢʦʟ ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʚ 2,24 ʨʘʟʘ. 

ɼʠʘʤʝʪʨ ʢʦʥʝʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ 

ʟʘ ʧʝʨʚʳʡ ʤʝʩʷʮ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚ 1,22 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 1,5 

ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 1,73 

ʨʘʟʘ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʠʘʤʝʪʨʘ ʢʦʥʝʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʩ 

ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 

ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʠʘʤʝʪʨ ʢʦʥʝʯ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

3,15 ʨʘʟʘ. 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʚ 1,37 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 1,58 

ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 1,45 

ʨʘʟʘ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʩ ʦʜʥʦʛʦ ʜʦ ʯʝ-

ʪʳʨʝʭʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʧʨʷʤʦʡ 

ʢʠʰʢʠ ʫ ʢʦʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 4,14 ʨʘʟʘ. 

ɺʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʚ ʪʝʯʝ-

ʥʠʝ ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʚ 1,39 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 2,2 

ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 3,72 

ʨʘʟʘ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚ ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʩ ʯʝʪʳʨʝʭ 

ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʧʨʷ-

ʤʦʡ ʢʠʰʢʠ ʫ ʢʦʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 11,37 ʨʘʟʘ. 

ʆʙʲʝʤ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘ ʧʝʨʚʳʡ ʤʝ-

ʩʷʮ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,12 

ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 3,32 ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ 

ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 2,32 ʨʘʟʘ (ʪʘʙʣ. 1). 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʩʪʝʥʢʠ 

ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʧʦʩʪʥʘ-

ʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʩ ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʝʭʤʝʩʷʯ-

ʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʲʝʤ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʫ ʢʦʟ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 8,69 ʨʘʟʘ. 

ʇʦʣʥʳʡ ʦʙʲʝʤ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘ ʧʝʨʚʳʡ 

ʤʝʩʷʮ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

1,34 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 2,41 ʨʘʟʘ, ʩ ʯʝ-

ʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 3,29 ʨʘʟʘ (ʪʘʙʣ. 

1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʥʦʛʦ 

ʦʙʲʝʤʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯ-

ʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʣʥʳʡ ʦʙʲʝʤ ʧʨʷʤʦʡ ʢʠʰʢʠ ʫ ʢʦʟ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 10,64 ʨʘʟʘ. 

ʄʘʩʩʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʛʦ 

ʤʝʩʷʮʘ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

1,16 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 3,19 ʨʘʟʘ, ʩ ʯʝ-

ʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 2,25 ʨʘʟʘ (ʪʘʙʣ. 

1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ ʧʨʷ-

ʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴ-

ʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʦʪ ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʝʭʤʝʩʷʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟ-

ʚʠʪʠʷ ʤʘʩʩʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʫ ʢʦʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

8,29 ʨʘʟʘ. 

ʇʣʦʱʘʜʴ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʦʛʦ ʤʝʩʷʮʘ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʚ 1,35 ʨʘʟʘ, ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ ï ʚ 1,96 

ʨʘʟʘ, ʩ ʯʝʪʳʨʝʭ ʜʦ 18-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ï ʚ 1,91 

ʨʘʟʘ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʱʘʜʠ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʩ ʦʜʥʦʛʦ ʜʦ ʯʝ-

ʪʳʨʝʭʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʘ ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ 

ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʣʦʱʘʜʴ ʩʪʝʥʢʠ ʧʨʷʤʦʡ 

ʢʠʰʢʠ ʢʦʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 5,03 ʨʘʟʘ. 

ʇʣʦʪʥʦʩʪʴ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘ ʧʝʨʚʳʡ 

ʤʝʩʷʮ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ-

ʚʳʰʘʝʪʩʷ, ʘ ʢ ʯʝʪʳʨʝʭ- ʠ 18-ʤʝʩʷʯʥʦʤʫ ʚʦʟʨʘʩʪʫ 

ʞʠʚʦʪʥʳʭ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 1,07Ñ0,00 ʛ/ʩʤ3 

(ʪʘʙʣ. 1). 

ɺʳʚʦʜʳ. 

1. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ 
ʩʪʝʥʢʠ, ʪʦʣʱʠʥʳ ʠ ʧʣʦʱʘʜʠ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ 

ʢʦʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʦʟʨʘʩʪʝ ʦʪ ʦʜʥʦʛʦ ʜʦ ʯʝʪʳʨʝʭ ʤʝ-

ʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. 
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2.  ɼʠʘʤʝʪʨ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʫʯʘʩʪ-

ʢʦʚ, ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʠ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʧʨʷʤʦʡ 

ʢʠʰʢʠ ʢʦʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 

ʧʝʨʠʦʜ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʘ ʦʪ ʯʝʪʳʨʝʭ ʜʦ 18 

ʤʝʩʷʮʝʚ. 

3.  ɼʣʠʥʘ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦ-

ʣʝʝ ʟʥʘʯʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʝʨʠʦʜʳ ʧʦʩʪʥʘʪʘʣʴ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ ʤʝʩʷʮʘ ʜʦ ʯʝʪʳʨʝʭ, ʘ ʪʘʢʞʝ ʩ ʯʝʪʳ-

ʨʝʭ ʜʦ 18 ʤʝʩʷʮʝʚ. 

4. ʇʣʦʪʥʦʩʪʴ ʩʪʝʥʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʢʦʟ ʟʘ 
ʧʝʨʚʳʝ 18 ʤʝʩʷʮʝʚ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝ ʧʨʝ-

ʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʢ 18-ʤʝʩʷʯ-

ʥʦʤʫ ʚʦʟʨʘʩʪʫ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦ 1,07Ñ0,00 

ʛ/ʩʤ3. 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʴ. 

ɼʘʥʥʘʷ ʩʣʦʞʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʪʨʝʙʫʝʪ ʥʝʤʝʜʣʝʥʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʫʪʝʤ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʠʭ ʧʨʦʙʣʝʤ, ʧʨʝʜʩʪʘʚʰʠʭ ʧʝʨʝʜ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʤʦʞʝʪ 

ʩʪʘʪʴ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʠʥʚʝ-

ʩʪʠʨʦʚʘʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʬʘʨʤʘ-

ʮʠʠ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʠʜʝʷ, ʥʘʰʝʜʰʘʷ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʧʨʦʝʢʪʝ: ʚʳʚʝʜʝʥʠʝ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʨʳʥʦʢ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ï ʦʨʠʛʠʥʘʣʴ-

ʥʳʭ ʬʠʪʦʢʦʤʧʦʟʠʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʙʦʣʝʟʥʝʡ ʚʦʣʦʩ 

ʠ ʢʦʞʠ ʛʦʣʦʚʳ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʣʠʧʦʩʦʤʘʣʴʥʦʡ ʬʦʨʤʳ ʜʦʩʪʘʚʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ɼʘʥʥʘʷ ʠʜʝʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʠ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʤʘʣʦʤ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʙʠʟʥʝʩʝ. 

ABSTRACT 

In a modern economic situation a burning issue is the strong importozavisimost. This difficult economic 

situation demands immediate and quick response. In the perspective way of search of solution of the problems, 

appeared before the Russian producers, there can be an import substitution. In the real conditions innovative pro-

cesses need development of small and medium business, investment into basic researches and providing conditions 

in pharmacy. Therefore authors have offered the following innovative idea which has found reflection in the de-

veloped innovative project: removal on the pharmaceutical market of new products ï the original phytocomposi-

tions possessing effective action for treatment and prevention of diseases of hair and head skin on the basis of 

technology of designing of a liposomalny form of delivery of active agents. This idea is of scientific interest and 

became a basis of innovative design in small pharmaceutical business. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʨʤʘʮʠʷ, ʵʢʦʥʦʤʠʢʘ, ʬʠʪʦʢʦʤʧʦʟʠʮʠʠ, ʩʝʙʦʨʝʷ 

Keywords: pharmacy, economy, phytocompositions, seborrhea 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʣʴʶ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʇʨʦʛʨʘʤʤʳ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʈʘʟʚʠʪʠʝ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʤʝ-

ʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘ 2013 ï 2020 ʛʦʜʳè 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʬʘʨ-

ʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ [2, 5]. ʇʣʘʥʠʨʫʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʠ ʥʘʫʢʦʝʤʢʦʡ ʧʨʦʜʫʢ-

ʮʠʠ, ʜʦʣʷ ʢʦʪʦʨʦʡ ʢ 2020 ʛʦʜʫ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʴʩʷ 

ʚ 7 ʨʘʟ, ʜʦʩʪʠʛʥʫʚ 80% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʳʧʫʩʢʘ 

[10, 12]. ʇʨʠ ʵʪʦʤ, ʧʦ ʧʨʦʛʥʦʟʫ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ ʈʌ ʜʦ 2020ʛ. ʧʨʝʜʚʠʜʠʪʩʷ 

ʦʙʱʠʡ ʨʦʩʪ ʦʙʲʝʤʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ (ʌʈ) 

ʜʦ 1500 ʤʣʨʜ. ʨʫʙ. [4,11]. 

ʇʨʠ ʚʳʙʦʨʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʙʠʦʪʝʭʥʦʣʦ-

ʛʠʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤ, ʛʝʥʥʦʡ ʠʥʞʝʥʝʨʠʠ.  

ɸʢʪʫʘʣʴʥʳ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʩ ʣʝʯʝʙʥʦ-ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ [9]. 

ʉʨʝʜʠ ʧʘʨʬʶʤʝʨʥʦ-ʢʦʩʤʝʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

(ʇʂʇ) ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʩʪʨʫʢʪʫʨʝ ʘʩ-

ʩʦʨʪʠʤʝʥʪʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʦʣʦʩ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦ 80% ʥʘʩʝʣʝʥʠʷ ʠʤʝʶʪ ʨʘʟʥʳʝ 
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ʧʨʦʙʣʝʤʳ ʩ ʚʦʣʦʩʘʤʠ ʠ ʢʦʞʝʡ ʛʦʣʦʚʳ. ʂʨʘʡʥʝ 

ʥʘʩʫʱʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʝʙʦʨʝʠ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 

ʦʩʪʨʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʘʷ ʠʤʧʦʨʪʦʟʘʚʠ-

ʩʠʤʦʩʪʴ. 

ʊʘʢ, ʧʦ ʦʮʝʥʢʝ ʘʥʘʣʠʪʠʢʦʚ çʕʢʩʧʨʝʩʩ-ʆʙʟʦʨè 

(ʥʘ ʦʩʥʦʚʝ ʦʬʠʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ, 

ʠʤʧʦʨʪʫ ʠ ʵʢʩʧʦʨʪʫ), ʦʙʲʝʤ ʌʈ ʚ ʦʪʧʫʩʢʥʳʭ ʮʝʥʘʭ 

ʚ 2014 ʛʦʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2013ʛ ʩʥʠʟʠʣʩʷ ʠ ʩʦʩʪʘ-

ʚʠʣ 14%. ʇʦ ʠʪʦʛʘʤ 2014 ʛ. ʙʳʣ ʦʪʤʝʯʝʥ ʥʘʠʙʦʣʴ-

ʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʠʤʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʳʩʦʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʈʦʩʩʠʠ ʦʪ ʠʤʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ-

ʚʝʣʘ ʢ ʨʝʟʢʦʤʫ ʨʦʩʪʫ ʦʙʲʝʤʘ ʨʳʥʢʘ ʬʘʨʤʘʮʝʚʪʠʢʠ ʚ 

ʨʫʙʣʝʚʦʤ ʚʳʨʘʞʝʥʠʠ ʚ 2015 ʛʦʜʫ ʙʣʘʛʦʜʘʨʷ ʨʦʩʪʫ 

ʮʝʥ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʶ ʢʫʨʩʘ ʜʦʣʣʘʨʘ. ɼʘʣʝʝ, ʚ 

2016-2018 ʛʦʜʘʭ ʩʪʦʠʪ ʦʞʠʜʘʪʴ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʦʚ 

ʨʦʩʪʘ ʨʳʥʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʦʩʩʠʡʩʢʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʠʤʧʦʨʪʥʳʝ ʢʦʤʧʦ-

ʥʝʥʪʳ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʂʠʪʘʷ. ʋʜʝʣʴʥʳʡ ʚʝʩ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʩʫʙʩʪʘʥʮʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 1% [6].  

ɼʘʥʥʘʷ ʩʣʦʞʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʪʨʝ-

ʙʫʝʪ ʥʝʤʝʜʣʝʥʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ. ʊʘʢʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʠʭ 

ʧʨʦʙʣʝʤ, ʧʨʝʜʩʪʘʚʰʠʭ ʧʝʨʝʜ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʷʤʠ, ʤʦʞʝʪ ʩʪʘʪʴ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ. ɺ 

ʥʘʩʪʦʷʱʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʪʠʝ ʤʘʣʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʠʥʥʦʚʘ-

ʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʬʘʨʤʘʮʠʠ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʳʚʝʜʝʥʠʝ ʥʘ ʬʘʨʤʘʮʝʚ-

ʪʠʯʝʩʢʠʡ ʨʳʥʦʢ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ï ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʬʠʪʦʢʦʤʧʦʟʠʮʠʡ (ʌʂ), ʦʙʣʘʜʘʶʱʠʭ ʵʬʬʝʢʪʠʚʥʳʤ 

ʜʝʡʩʪʚʠʝʤ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʙʦʣʝʟʥʝʡ 

ʚʦʣʦʩ ʠ ʢʦʞʠ ʛʦʣʦʚʳ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥ-

ʩʪʨʫʠʨʦʚʘʥʠʷ ʣʠʧʦʩʦʤʘʣʴʥʦʡ ʬʦʨʤʳ ʜʦʩʪʘʚʢʠ ʘʢ-

ʪʠʚʥʳʭ ʚʝʱʝʩʪʚ [4]. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
ʈʘʟʨʘʙʦʪʢʫ ʩʦʩʪʘʚʘ ʌʂ ʜʣʷ ʚʦʣʦʩ ʨʘʟʥʦʛʦ ʪʠʧʘ 

ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʪʙʦʨ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʩʙʦʨʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʌʂ 

ʦʩʫʝɦʩʪʚʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥ-

ʥʳʭ ʦ ʩʦʩʪʘʚʝ ʠ ʬʘʨʤʘʢʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤ ʜʝʡʩʪʚʠʠ 

ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʠ-

ʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ (ʃʈʉ). ʀʟʫʯʘʣʠʩʴ ʩʦʦʙʱʝʥʠʷ ʦ 

ʚʣʠʷʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ɹɸɺ) 

ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʦʚʝʥʴ ʩʝʢʨʝʮʠʠ ʩʘʣʴʥʳʭ ʞʝʣʝʟ, ʠʭ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʦʝ, ʧʨʦʪʠ-

ʚʦʤʠʢʨʦʙʥʦʝ, ʚʷʞʫʱʝʝ, ʪʦʥʠʟʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʘʚʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʢʦʞʥʦʝ ʢʨʦʚʦʦʙʨʘ-

ʱʝʥʠʝ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʦʙʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʣʫ-

ʢʦʚʠʮʝ ʚʦʣʦʩ ʠ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʘʣʴ-

ʥʳʭ ʞʝʣʝʟ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʪʨʘʷ ʠ ʭʨʦʥʠʯʝʩʢʘʷ 

ʪʦʢʩʠʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʘʨʘʤʝʮʠʷʤʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ʆʪ-

ʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʩʦʭʨʘʥʝ-

ʥʠʝʤ ʜʚʠʛʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ ʬʦʨʤʳ ʢʣʝʪʦʢ. ɼʘʣʝʝ 

ʠʟʫʯʘʣʘʩʴ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ 

ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʞʠʚʳʭ ʦʩʦʙʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʆʧʠʨʘʷʩʴ ʥʘ ʦʪʜʝʣʴʥʳʝ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯ-

ʥʠʢʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʚʚʝʩʪʠ ʚ ʢʘʢ ʚ 

ʩʦʩʪʘʚ ʜʣʷ ʞʠʨʥʳʭ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚ ʜʣʷ ʩʫʭʠʭ ʚʦʣʦʩ 

ʪʘʢʠʝ ʨʘʩʪʝʥʠʷ, ʢʘʢ: ʢʦʨʝʥʴ ʣʦʧʫʭʘ, ʣʠʩʪ ʢʨʘʧʠʚʳ, 

ʮʚʝʪʢʠ ʨʦʤʘʰʢʠ, ʢʘʣʝʥʜʫʣʳ, ʰʠʰʢʠ ʭʤʝʣʷ, ʧʣʦʜʳ 

ʣʠʤʦʥʘ, ʤʘʩʣʦ ʯʘʡʥʦʛʦ ʜʝʨʝʚʘ ʠ ʤʘʩʣʦ ʟʘʨʦʜʳʰʝʡ 

ʧʰʝʥʠʮʳ [1,7,8]. ʂʘʞʜʦʝ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʨʘʩʪʝʥʠʡ ʫʢʨʝʧʣʷʝʪ ʚʦʣʦʩʷʥʳʝ ʬʦʣʣʠʢʫʣʳ, ʫʣʫʯ-

ʰʘʝʪ ʨʦʩʪ ʠ ʩʪʨʫʢʪʫʨʫ ʚʦʣʦʩʘ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʝʯʝ-

ʥʠʝ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʧʝʨʭʦʪʠ, ʩʪʠʤʫʣʠ-

ʨʫʝʪ ʢʦʞʥʦʝ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ, ʦʙʣʘʜʘʝʪ ʪʦʥʠʟʠʨʫ-

ʶʱʠʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ 

ʢʘʧʠʣʣʷʨʦʫʢʨʝʧʣʷʶʱʠʤ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʥʝʦʙʭʦ-

ʜʠʤʦ ʚʦʣʦʩʘʤ ʣʶʙʦʛʦ ʪʠʧʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʘʣʦʵ, 

ʧʣʦʜʳ ʤʦʨʢʦʚʠ, ʬʫʢʫʩʳ, ʯʝʩʥʦʢ, ʣʠʩʪ ʰʘʣʬʝʷ ʠ 

ʤʘʩʣʦ ʚʠʥʦʛʨʘʜʥʳʭ ʢʦʩʪʦʯʝʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʦʙ-

ʤʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʥʠʤʘʶʪ ʨʘʟʜʨʘʞʝʥʠʝ, ʩʫʭʦʩʪʴ, 

ʩʤʷʛʯʘʶʪ ʠ ʘʢʪʠʚʥʦ ʧʠʪʘʶʪ ʣʫʢʦʚʠʮʳ ʚʦʣʦʩ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʝʨʞʠʚʘʪʴ ʚʣʘʛʫ, 

ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʫʭʠʭ ʚʦʣʦʩ. ɼʣʷ ʞʠʨʥʦʛʦ ʪʠʧʘ 

ʚʦʣʦʩ ʧʦʜʭʦʜʷʪ ʧʣʦʜʳ ʛʨʝʮʢʦʛʦ ʦʨʝʭʘ, ʪʨʘʚʘ ʭʚʦʱʘ 

ʧʦʣʝʚʦʛʦ, ʮʚʝʪʳ ʣʠʧʳ ʠ ʣʫʢ ʨʝʧʯʘʪʳʡ, ʪʘʢ ʢʘʢ ʵʪʠ 

ʨʘʩʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʷʞʫʱʠʤ, ʪʦʥʠʟʠʨʫʶʱʠʤ ʜʝʡ-

ʩʪʚʠʝʤ, ʫʣʫʯʰʘʶʪ ʢʠʩʣʦʨʦʜʥʳʡ ʠ ʥʦʨʤʘʣʠʟʫʶʪ 

ʞʠʨʦʚʦʡ ʦʙʤʝʥʳ ʚ ʢʣʝʪʢʘʭ ʢʦʞʠ ʛʦʣʦʚʳ [3].  

ʆʩʪʨʘʷ ʠ ʭʨʦʥʠʯʝʩʢʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷ-

ʣʘʩʴ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʧʘʨʘʤʝʮʠʷʤʠ 

ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ʆʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʩʪʠ ʧʦʜ-

ʪʚʝʨʞʜʘʣʦʩʴ ʩʦʭʨʘʥʝʥʠʝʤ ʜʚʠʛʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ 

ʬʦʨʤʳ ʢʣʝʪʦʢ. ɼʘʣʝʝ ʠʟʫʯʘʣʘʩʴ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳ-

ʚʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʳʭ ʦʩʦʙʝʡ. ʀʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʟʘ ʚʨʝʤʷ ʵʢʩʧʦ-

ʟʠʮʠʠ 3 ʩʫʪʦʢ, ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʦʩʦʙʝʡ ʚʦʟʨʦʩʣʦ 

ʚʦ ʚʩʝʭ ʧʨʦʙʠʨʢʘʭ. ɺ ʧʨʦʙʠʨʢʘʭ ʩ ʵʢʩʪʨʘʢʪʦʤ ʣʠ-

ʩʪʴʝʚ ʢʨʘʧʠʚʳ, ʪʨʘʚʳ ʭʚʦʱʘ ʠ ʬʫʢʫʩʦʚ ʧʨʠʨʦʩʪ ʧʘ-

ʨʘʤʝʮʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ʫʚʝʣʠʯʠʣʩʷ ʚ 2 

ʨʘʟʘ, ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʩʠʣʠʣʘʩʴ. ʇʦ-ʚʠʜʠ-

ʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʵʪʠʭ ʨʘʩʪʝʥʠʡ 

ʧʨʝʦʙʣʘʜʘʶʪ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʭʣʦ-

ʨʦʬʠʣʣ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʨʦʩʪ ʠ ʜʝʣʝʥʠʝ 

ʢʣʝʪʦʢ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 

1 ʠ 2. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʪʨʘʚ, ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʡ ʃʈʉ 

ʧ/ʧ 
ʆʙʲʝʢʪ ʠʩ-

ʩʣʝʜʦ-ʚʘʥʠʷ 

ʀʩʭʦʜʥʦʝ ʢʦʣ-

ʚʦ ʧʘʨʘʤʝʮʠʡ 

ʚ 1 ʢʘʧʣʝ 

ʂʦʣ-ʚʦ ʧʘʨʘ-

ʤʝʮʠʡ ʩʧʫ-

ʩʪʷ 3 ʩʫʪʦʢ 

ʈʘʟʤʝʨ ʠ ʬʦʨʤʘ 

ʧʘʨʘʤʝʮʠʡ (ʤʢʤ) 
ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ 

1 2 3 4 5 6 

1 ʂʦʥʪʨʦʣʴ 5 Ñ 1 15 Ñ 1 
60 Ñ 3 

ʫʜʣʠʥʝʥʥʳ 
ʄʘʣʦ ʘʢʪʠʚʥʳ 

2 ʂʨʘʧʠʚʘ 5 Ñ 1 28 Ñ 2 
75 Ñ 5 

ʫʜʣʠʥʝʥʥʳ 

ʉʦ ʩʨʝʜʥʝʡ ʜʚʠʛʘ-ʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ 

3 ʍʚʦʱ 5 Ñ 1 30 Ñ 3 
80 Ñ 5 

ʫʜʣʠʥʝʥʥʳ 

ʉʦ ʩʨʝʜʥʝʡ ʜʚʠʛʘ-ʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ 

4 ʌʫʢʫʩʳ 5 Ñ 1 32 Ñ 3 
80 Ñ 5 

ʫʜʣʠʥʝʥʥʳ 

ʉʦ ʩʨʝʜʥʝʡ ʜʚʠʛʘ-ʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ 

5 ʐʘʣʬʝʡ 5 Ñ 1 40 Ñ 4 
80 Ñ 5 

ʫʜʣʠʥʝʥʥʳ 
ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 

6 ʃʦʧʫʭ 5 Ñ 1 52 Ñ 3 
85 Ñ 5 

ʫʜʣʠʥʝʥʥʳ 
ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 

7 ɸʣʦʵ 5 Ñ 1 60 Ñ 4 
85 Ñ 5 

ʫʜʣʠʥʝʥʥʳ 
ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 

 

ɺ ʧʨʦʙʠʨʢʝ ʩ ʵʢʩʪʨʘʢʪʦʤ ʣʠʩʪʴʝʚ ʰʘʣʬʝʷ ʧʨʠ-

ʨʦʩʪ ʫʚʝʣʠʯʠʣʩʷ ʚ 2,5 ʨʘʟʘ, ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʪʘʢʞʝ ʚʦʟʨʦʩʣʘ. ɼʦʤʠʥʠʨʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥ-

ʪʘʤʠ ʚ ʣʠʩʪʴʷʭ ʰʘʣʬʝʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʷʚʣʷʶʪʩʷ 

ʵʬʠʨʥʦʝ ʤʘʩʣʦ, ʬʣʘʚʦʥʦʠʜʳ ʠ ʜʫʙʠʣʴʥʳʝ ʚʝʱʝ-

ʩʪʚʘ. ɺ ʧʨʦʙʠʨʢʝ ʩ ʵʢʩʪʨʘʢʪʦʤ ʢʦʨʥʝʡ ʣʦʧʫʭʘ ʧʨʠ-

ʨʦʩʪ ʚʦʟʨʦʩ ʚ 3,5 ʨʘʟʘ, ʘ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʧʘʨʘ-

ʤʝʮʠʡ ʜʘʣ ʵʢʩʪʨʘʢʪ ʘʣʦʵ ʚ 4 ʨʘʟʘ, ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢ-

ʪʠʚʥʦʩʪʴ ʧʘʨʘʤʝʮʠʡ ʩʪʘʣʘ ʚʳʩʦʢʦʡ. ʃʦʧʫʭ ʠ ʘʣʦʵ 

ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʦʚ, ʧʦʣʠʩʘ-

ʭʘʨʠʜʦʚ ʠ ʬʣʘʚʦʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʫʩʠʣʝʥʥʦʤʫ ʜʝʣʝʥʠʶ ʠ ʨʦʩʪʫ ʢʣʝʪʦʢ. ʋʚʝʣʠʯʠʚʘʶ-

ʱʠʡʩʷ ʪʝʤʧ ʨʦʩʪʘ ʧʘʨʘʤʝʮʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʠʤʫ-

ʣʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʙʝʣʢʦʚʳʡ ʦʙʤʝʥ ʚ ʢʣʝʪ-

ʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʮʠʡ ʚ 

ʩʨʝʜʝ ʩʧʠʨʪʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʮʚʝʪʦʚ ʠ ʧʣʦʜʦʚ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʵʢʩʪʨʘʢʪʳ ʧʣʦʜʦʚ ʦʨʝʭʘ ʛʨʝʮʢʦʛʦ, ʯʝʩʥʦʢʘ 

ʠ ʰʠʰʝʢ ʭʤʝʣʷ ʦʙʣʘʜʘʶʪ ʙʠʦʩʪʘʪʠʯʝʩʢʠʤ ʜʝʡ-

ʩʪʚʠʝʤ, ʪʘʢ ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʠʟʢʠʡ ʪʝʤʧ ʨʘʟʤʥʦʞʝ-

ʥʠʷ (~20 ʦʩʦʙʝʡ). ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʘʨʘʤʝʮʠʡ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʦʙʠʨʢʘʭ ʩ ʜʘʥʥʳʤʠ ʵʢʩʪʨʘʢʪʘʤʠ, 

ʤʘʣʦ ʘʢʪʠʚʝʥ. ʈʝʟʫʣʴʪʘʪʳ ʧʦ ʨʦʩʪʫ ʠ ʨʘʟʤʥʦʞʝʥʠʶ 

ʧʘʨʘʤʝʮʠʡ ʥʝ ʚʳʩʦʢʠ, ʪʘʢ ʢʘʢ ʨʘʩʪʝʥʠʷ ʩʦʜʝʨʞʘʪ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʬʠʪʦʥʮʠʜʳ ʠ ʛʦʨʴʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦ-

ʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʨʘʟʤʥʦʞʝʥʠʝ ʢʣʝʪʦʢ. ɼʣʷ ʵʢʩ-

ʪʨʘʢʪʦʚ ʧʣʦʜʦʚ ʣʠʤʦʥʘ, ʣʫʢʘ ʨʝʧʯʘʪʦʛʦ, ʮʚʝʪʢʦʚ 

ʣʠʧʳ, ʢʘʣʝʥʜʫʣʳ ʠ ʨʦʤʘʰʢʠ ʪʝʤʧ ʨʘʟʤʥʦʞʝʥʠʷ ʩʦ-

ʩʪʘʚʠʣ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ (~30 ʦʩʦʙʝʡ). ɺ ʩʦʩʪʘʚʝ 

ʚʩʝʭ ʨʘʩʪʝʥʠʡ ʜʦʤʠʥʠʨʫʶʪ ʵʬʠʨʥʳʝ ʤʘʩʣʘ, ʬʣʘʚʦ-

ʥʦʠʜʳ ʠ ʚʠʪʘʤʠʥʳ. 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʮʚʝʪʢʦʚ ʠ ʧʣʦʜʦʚ ʃʈʉ 

ʧ/ʧ 
ʆʙʲʝʢʪ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ 

ʀʩʭʦʜʥʦʝ ʢʦʣ-
ʚʦ ʧʘʨʘʤʝʮʠʡ 
ʚ 1 ʢʘʧʣʝ 

ʂʦʣ-ʚʦ ʧʘʨʘ-
ʤʝʮʠʡ ʩʧʫʩʪʷ 
3 ʩʫʪʦʢ 

ʈʘʟʤʝʨ ʠ 
ʬʦʨʤʘ ʧʘʨʘ-
ʤʝʮʠʡ (ʤʢʤ) 

ʍʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ 

1 2 3 4 5 6 

1 ʂʦʥʪʨʦʣʴ 5 Ñ 1 15 Ñ 2 
60 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ʄʘʣʦ ʘʢʪʠʚʥʳ 

2 ʆʨʝʭ ʛʨʝʮʢʠʡ 5 Ñ 2 15 Ñ 3 
70 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ʄʘʣʦ ʘʢʪʠʚʥʳ 

3 ʏʝʩʥʦʢ 5 Ñ 1 20 Ñ 2 
85 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ʄʘʣʦ ʘʢʪʠʚʥʳ 

4 ʍʤʝʣʴ 5 Ñ 1 24 Ñ 2 
80 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ʉʦ ʩʨʝʜʥʝʡ ʜʚʠʛʘ-ʪʝʣʴ-
ʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

5 ʃʠʤʦʥ 5 Ñ 1 28 Ñ 2 
75 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 

6 ʃʫʢ 5 Ñ 1 30 Ñ 4 
80 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ʉʦ ʩʨʝʜʥʝʡ ʜʚʠʛʘ-ʪʝʣʴ-
ʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

7 ʃʠʧʘ 5 Ñ 1 32 Ñ 3 
80 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ʉʦ ʩʨʝʜʥʝʡ ʜʚʠʛʘ-ʪʝʣʴ-
ʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

8 ʈʦʤʘʰʢʘ 5 Ñ 1 36 Ñ 3 
75 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 

9 ʂʘʣʝʥʜʫʣʘ 5 Ñ 1 40 Ñ 3 
80 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 

10 ʄʦʨʢʦʚʴ 5 Ñ 1 50 Ñ 5 
85 Ñ 5 
ʫʜʣʠʥʝʥʥʳ 

ɺʳʩʦʢʦʘʢʪʠʚʥʳʝ 
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ʇʣʦʜʳ ʣʠʤʦʥʘ ʠ ʣʫʢʘ ʩʦʜʝʨʞʘʪ ʪʘʢʞʝ ʬʠʪʦʥ-

ʮʠʜʳ, ʧʦʵʪʦʤʫ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʤʥʦʞʝʥʠʷ ʥʝ-

ʤʥʦʛʦ ʫʩʪʫʧʘʶʪ ʮʚʝʪʢʘʤ ʣʠʧʳ, ʢʘʣʝʥʜʫʣʳ ʠ ʨʦ-

ʤʘʰʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʣʦ-

ʜʦʚ ʤʦʨʢʦʚʠ, ʛʜʝ ʪʝʤʧ ʨʘʟʤʥʦʞʝʥʠʷ ʩʦʩʪʘʚʠʣ ~50 

ʦʩʦʙʝʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʠʤʫʣʠʨʫʶʱʝʤ ʜʝʡ-

ʩʪʚʠʠ ʜʘʥʥʦʛʦ ʵʢʩʪʨʘʢʪʘ. ʇʘʨʘʤʝʮʠʠ ʚ ʵʪʦʡ ʧʨʦ-

ʙʠʨʢʝ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ, ʜʚʠʞʝʥʠʷ ʫʤʝʨʝʥʥʳʝ. 

ʇʣʦʜʳ ʤʦʨʢʦʚʠ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘ-

ʨʦʪʠʥʦʠʜʦʚ, ʬʣʘʚʦʥʦʠʜʦʚ ʠ ʚʠʪʘʤʠʥʦʚ, ʢʦʪʦʨʳʝ 

ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʟʤʥʦʞʝʥʠʝ ʢʣʝʪʦʢ. ɿʘ 

ʪʨʦʝ ʩʫʪʦʢ ʨʘʟʤʝʨʳ ʧʘʨʘʤʝʮʠʡ ʫʚʝʣʠʯʠʣʠʩʴ ʚ ʩʨʝʜ-

ʥʝʤ ʥʘ 20 ʤʢʤ Ñ 5, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʪʠʤʫʣʠ-

ʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʙʝʣʢʦʚʳʡ ʦʙʤʝʥ ʚ ʢʣʝʪʢʘʭ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʟʫʯʘʣʦʩʴ ʧʨʦʪʝʢʪʠʚʥʦʝ ʜʝʡ-

ʩʪʚʠʝ ʵʢʩʪʨʘʢʪʦʚ ʦʪʜʝʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝ-

ʥʠʡ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʘʛʣʷʜʥʦ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ 

(ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 - ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʨʦʪʝʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠ-

ʯʠʝ ʧʨʦʪʝʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʙʠʦ-

ʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʝ-

ʥʠʡ. ʅʘʠʤʝʥʴʰʠʤʠ ʤʝʤʙʨʘʥʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʬʫʢʫʩʳ (ʧʨʦʪʝʢʪʠʚʥʘʷ ʘʢʪʠʚ-

ʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 3 ʤʠʥ. 19 ʩʝʢ. Ñ 5 ʩʝʢ.), ʧʣʦʜʳ ʦʨʝʭʘ 

ʛʨʝʮʢʦʛʦ (3 ʤʠʥ. 34 ʩʝʢ. Ñ 5 ʩʝʢ.), ʣʠʩʪ ʢʨʘʧʠʚʳ (4 

ʤʠʥ. 09 ʩʝʢ. Ñ 2 ʩʝʢ.) ʠ ʪʨʘʚʳ ʭʚʦʱʘ ʧʦʣʝʚʦʛʦ (4 

ʤʠʥ. 14 ʩʝʢ. Ñ 4 ʩʝʢ.). ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʪʝʢ-

ʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʢʘʟʘʣʠ ʘʣʦʵ (6 ʤʠʥ. 50 ʩʝʢ. Ñ 

5 ʩʝʢ.), ʧʣʦʜʳ ʤʦʨʢʦʚʠ (7 ʤʠʥ. 31 ʩʝʢ. Ñ 5 ʩʝʢ.) ʠ 

ʮʚʝʪʢʠ ʨʦʤʘʰʢʠ (7 ʤʠʥ. 32 ʩʝʢ. Ñ 3 ʩʝʢ.). ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʝʤ-

ʙʨʘʥʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʝʥʠʡ ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʪʘʢʠʭ ɹɸɺ, ʢʘʢ ʧʦ-

ʣʠʩʘʭʘʨʠʜʳ, ʬʣʘʚʦʥʦʠʜʳ, ʢʘʨʦʪʠʥʦʠʜʳ, ʪʘʢ ʢʘʢ 

ʠʤʝʥʥʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʘʪʩʷ ʚ ʙʦʣʴʰʝʤ ʢʦ-

ʣʠʯʝʩʪʚʝ ʚ ʨʘʩʪʝʥʠʷʭ, ʧʦʢʘʟʘʚʰʠʭ ʣʫʯʰʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦ ʤʝʤʙʨʘʥʦʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 3%-ʦʡ ʧʝʨʝʢʠʩʴʶ ʚʦʜʦʨʦʜʘ ʥʘ ʧʘ-

ʨʘʤʝʮʠʡ, ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʅʘʠʙʦʣʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʱʠʱʘʪʴ ʢʣʝʪʢʠ ʦʪ ʧʦ-

ʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʝʨʝʢʠʩʥʳʭ ʨʘʜʠʢʘʣʦʚ ʦʙ-

ʣʘʜʘʶʪ ʧʣʦʜʳ ʤʦʨʢʦʚʠ, ʢʦʨʝʥʴ ʣʦʧʫʭʘ ʠ ʘʣʦʵ. 

ʉʣʘʙʦ ʚʳʨʘʞʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʵʢʩ-

ʪʨʘʢʪʘʭ ʮʚʝʪʢʦʚ ʢʘʣʝʥʜʫʣʳ, ʣʠʧʳ, ʬʫʢʫʩʦʚ ʠ ʪʨʘʚʳ 

ʭʚʦʱʘ. ʋ ʦʩʪʘʣʴʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʝʥʠʡ ʧʦʢʘʟʘ-

ʪʝʣʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʨʝʜʥʠʡ ʠ ʩʦʩʪʘ-

ʚʠʣ ~ 2 ʤʠʥ. 41 ʩʝʢ. Ñ 5 ʩʝʢ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʠʝ ɹɸɺ, ʢʘʢ ʬʣʘʚʦ-

ʥʦʠʜʳ, ʪʦʢʦʬʝʨʦʣʳ, ʢʘʨʦʪʠʥʦʠʜʳ ʧʨʠʜʘʶʪ ʘʥʪʠʦʢ-

ʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʝʥʠʷʤ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ 

ʩʦʜʝʨʞʘʪʩʷ, ʪʘʢ ʢʘʢ ʫ ʨʘʩʪʝʥʠʡ ʩ ʥʘʠʙʦʣʴʰʠʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʠʤʝʥʥʦ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʣʫʯʰʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʢʨʠʥʠʥʛʘ ʧʦʢʘʟʘʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʢʣʶʯʝ-

ʥʠʷ ʚ ʩʦʩʪʘʚ ʌʂ ʧʣʦʜʦʚ ʦʨʝʭʘ ʛʨʝʮʢʦʛʦ, ʪʘʢ ʢʘʢ ʦʥ 

ʦʙʣʘʜʘʝʪ ʙʠʦʩʪʘʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʘʧʧʘʨʘʪ 

ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʪʝʤʧʳ ʨʦʩʪʘ Paramecium caudatum, 

ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʤʝʤʙʨʘʥʦʩʪʘʙʠʣʠ-

ʟʠʨʫʶʱʠʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʇʦ ʩʦʩʪʘʚʫ 

ʠ ʬʘʨʤʘʢʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʨʦʤʘʰʢʘ ʠ 
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ʉʧʠʨʪ ʵʪʠʣʦʚʳʡ 96%ʇʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ 3%
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ʢʘʣʝʥʜʫʣʘ ʠʜʝʥʪʠʯʥʳ. ʅʦ ʫ ʮʚʝʪʢʦʚ ʨʦʤʘʰʢʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʪʝʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ 

ʬʦʥʝ ʨʘʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ ʨʘʟʤʥʦʞʝʥʠʶ ʠ ʪʝʤʧʫ 

ʨʦʩʪʘ ʧʘʨʘʤʝʮʠʡ, ʧʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʚʚʝʩʪʠ ʠʭ ʚ 

ʩʦʩʪʘʚ ʌʂ. 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ: ʠʤʧʦʨʪʦʟʘʚʠʩʠʤʦʩʪʠ, ʩʘʥʢʮʠʡ, ʥʘʟʨʝʚ-

ʰʝʡ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʣʦ-

ʩʘʤʠ ʠ ʢʦʞʝʡ ʛʦʣʦʚʳ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠʥʪʝ-

ʨʝʩ ʠʤʝʶʱʠʡʩʷ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠ-

ʷʪʠʡ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʨʝʘʣʠʟʫʶʱʠʡ ʥʘʫʯʥʳʝ ʠʜʝʠ 

ʦʪ ʠʭ ʛʝʥʝʨʘʮʠʠ ʜʦ ʚʳʚʦʜʘ ʥʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʦʚʘʨʦʚ ʥʘ ʨʳʥʦʢ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ, ʩʦʟʜʘ-

ʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʬʠʪʦʢʦʤʧʦʟʠ-

ʮʠʡ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʩʝʙʦʨʝʠ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 
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ɸʅʅʆʊɸʎʀʗ 

ʀʩʩʣʝʜʫʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʦ-

ʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘ-

ʝʤʦʡ ʟʘʜʘʯʠ. 

ABSTRACT 

There is investigated periodic boundary value problem for a nonlinear system of hyperbolic equations. The 

obtained sufficient conditions for existence of a unique multiperiodical solution the consider problem.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʌʨʠʜʨʠʭʩ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ. 

Keywords: boundary value problem, multiperiodical, Friedrichs, hyperbolic system equations. 

 

ɺ ʪʝʦʨʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠ-

ʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷ ʩʚʷʟʳʚʘʶʪ ʢʘʢ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʥʝʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙʣʘʩʪʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʪʝʦʨʠʠ ʫʨʘʚʥʝʥʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʨʘʝʚʦʡ ʟʘ-

ʜʘʯʠ. ʄʥʦʛʦʦʙʨʘʟʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʧʨʦʩʦʚ, ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʟʘʜʘʯ, ʟʘʩʪʘʚʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʢʨʫʛ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝ-

ʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬ-

ʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠ 

ʨʘʟʚʠʪʠʝ ʠʪʝʨʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʫʨʘʚʥʝʥʠʷ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʘʢʪʫʘʣʴʥʳ ʢʘʢ ʜʣʷ ʨʘʩʰʠʨʝ-

ʥʠʷ ʢʣʘʩʩʘ ʨʘʟʨʝʰʠʤʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʪʘʢ ʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢ ʟʘʜʘʯʘʤ 

ʧʨʘʢʪʠʢʠ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʣʥʦʚʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦ-

ʮʝʩʩʳ ʦʧʠʩʳʚʘʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʫʨʘʚʥʝʥʠʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʉʨʝʜʠ ʵʪʠʭ ʟʘ-

ʜʘʯ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ ʢʣʘʩʩʘ ʫʨʘʚʥʝʥʠʡ ʚ 

ʚʠʜʫ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʭ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘ-

ʯʘʭ, ʦʪʤʝʪʠʤ [1]-[3], ʛʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʦʜʨʦʙʥʳʡ ʦʙ-

ʟʦʨ, ʘʥʘʣʠʟ ʟʘʜʘʯ ʠ ʙʠʙʣʠʦʛʨʘʬʠʷ ʧʦ ʵʪʠʤ ʟʘʜʘʯʘʤ.  

ɺʦʧʨʦʩʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʤʥʦ-

ʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝ-

ʥʠʷ ʟʘʜʘʯ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʫʨʘʚʥʝʥʠʷ ʩ ʯʘʩʪ-

ʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʚʦʣʶʮʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ 

ʧʦʩʚʷʱʝʥʘ ʤʦʥʦʛʨʘʬʠʷ [4].  

ʈʘʩʩʤʦʪʨʠʤ ʥʘ  

( ){ }Ttqtxtxt ¢¢+¢¢=W 0,:, , 0>T , 

 

0>q  ʟʘʜʘʯʫ ʜʣʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ
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( )[ ] ( )[ ] 0,,0 ,,0 =- +TTÍÍ qxjqxj xTuxu , nmj ,1+= ,   (4) 

ʛʜʝ 

k

n

k

k
x

b
t

D
µ

µ
+

µ

µ
= ä

=1

1 , 

k

n

k

k
x

s
t

D
µ

µ
+

µ

µ
= ä

=1

2 . 

 

ʅʝʧʨʝʨʳʚʥʘʷ ʥʘ W ʬʫʥʢʮʠʷ 

( ) ( ) ( ) ( ) ( )( )xtuxtuxtuxtuxtu nmm ,,...,,,,,...,,, 11 +=  

ʥʘʟʳʚʘʝʪʩʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ 

ʜʣʷ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚ-

ʥʝʥʠʷ ʧʦ ʌʨʠʜʨʠʭʩʫ (3) ʧʨʠ ʫʩʣʦʚʠʠ (4) ʚ ʰʠʨʦʢʦʤ 

ʩʤʳʩʣʝ ʧʦ ʌʨʠʜʨʠʭʩʫ [5], ʝʩʣʠ ʬʫʥʢʮʠʷ 

( ) ( ) ( ) ( ) ( ) ( )( )xtuxtuxtuxtuxtuxtu nmm ,,...,,,,,...,,,,, 121 +=  

ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʘ ʧʦ t  ʠ x, ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥ-
ʮʠʨʫʝʤʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t  ʚʜʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʫʩʣʦʚʠʶ (4). 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʳʝ 

ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʧʝʨʠ-

ʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3)-(4) ʚ ʰʠʨʦʢʦʤ 

ʩʤʳʩʣʝ. 

ʉʣʝʜʫʷ ʠʜʝʝ [6] ʟʘʜʘʯʫ ʜʣʷ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʛʠ-

ʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ ʧʦ ʌʨʠʜʨʠʭʩʫ 

ʩʚʦʜʠʤ ʚ ʦʙʣʘʩʪʠ hHH
~
³ , 

 

( ){ }TqH ¢¢¢¢= txxt 0,0:, , 0>T , 0>q , { }0,~:~~
>¢= hhuuHh  ʢ ʟʘʜʘʯʝ ʩʝʤʝʡʩʪʚʘ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

( ) ( )iiii
i uFuA

u ~,,
~~,

~~
xtmxt

t
+=

µ

µ
, [ ]T,0Ít , 

n

i Ru Í~
, mi ,1= , 
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( ) ( )jjjj

j
uFuA

u ~,,
~~,

~
~

xtmxt
t

+=
µ

µ
, [ ]T,0Ít , 

n

j Ru Í~ , nmj ,1+= ,   (5) 

( ) ( ) 0,~,0~ =- xx Tuu ii , [ ]q,0Íx , mi ,1= , 

( ) ( ) 0,~,0~ =- xx Tuu jj , [ ]q,0Íx , nmj ,1+= .    (6) 

ɿʜʝʩʴ ( ) ( )xttxt += buu ii ,,~
, ( ) ( )xttxt += suu jj ,,~

 - ʠʩʢʦʤʳʡ n  - ʚʝʢʪʦʨ-ʩʪʦʣʙʝʮ, 

( ) ( )xttxt += bAA ii ,,
~

, ( ) ( )xttxt += sAA jj ,,
~

, ( ) ( )( )xttxttxt ++= bubFuF iiii ,,,~,,
~

, 

( ) ( )( )xttxttxt ++= susFuF jjjj ,,,~,,
~

, mi ,1= , nmj ,1+= ; ( )nbbbb ,...,, 21= , 

( )nssss ,...,, 21=  - n -ʚʝʢʪʦʨʳ; 0>m  - ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. 

 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( )nRHC ,  ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝ-

ʧʨʝʨʳʚʥʳʭ ʧʦ t ʠ x ʬʫʥʢʮʠʡ 
nRHu ­:~

 ʩ ʥʦʨ-

ʤʦʡ 
( )

( )xt
xt

,~max~
,

uu
HÍ

= . 

ʇʦʣʦʞʠʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ( )1P , ʝʩʣʠ: 

 

 

i) ʤʘʪʨʠʮʳ ( )xt,
~

iA , ( )xt,
~

jA , mi ,1= , nmj ,1+=  ʥʝʧʨʝʨʳʚʥʳ ʧʦ t ʥʘ H ; ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʳ 

ʧʦ t ʩ q-ʧʝʨʠʦʜʦʤ; 

ii ) ( )ii uF ~,,
~
xt , ( )jj uF ~,,

~
xt , mi ,1= , nmj ,1+=  ʚ ʦʙʣʘʩʪʠ hHH

~
³  ʥʝʧʨʝʨʳʚʥʳ ʠ ʤʥʦʛʦʧʝʨʠʦ-

ʜʠʯʥʳ ʧʦ t ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ hji Huu
~~,~ Í ; 

iii) ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ( )ii uF ~,,
~
xt , ( )jj uF ~,,

~
xt , mi ,1= , nmj ,1+=  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ ʃʠʧ-

ʰʠʮʘ ʧʦ hji Huu
~~,~ Í , mi ,1= , nmj ,1+= . 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (5)-(6) ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

( ) ( ) ( )xtxtxt ,~,~,~ vuu += *
, 

ʛʜʝ ( ) ( ) ( ) ( ) ( ) ( )( ) ( )nnmm RHʉuuuuuu ,,~,...,,~,,~,...,,~,,~,~
121 Í= **

+

**** xtxtxtxtxtxt  - ʨʝʰʝʥʠʝ ʧʝ-

ʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ; 

( ) ( ) ( ) ( ) ( ) ( )( ) ( )nnmm RHʉvvvvvv ,,~,...,,~,,~,...,,~,,~,~
121 Í= + xtxtxtxtxtxt  - ʠʩʢʦʤʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ.  

ʇʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ  

2

~ h
u ¢* , 

2

~ h
v ¢  

ʟʘʜʘʯʫ (5)-(6) ʧʨʠʚʦʜʠʤ ʢ ʚʠʜʫ 

( ) ( )iiii
i vFvA

v ~,,
~~,

~~
xtmxt

t

*+=
µ

µ
, [ ]T,0Ít , 

n

i Rv Í~
, mi ,1= , 

( ) ( )jjjj

j
vFvA

v ~,,
~~,

~
~

xtmxt
t

*+=
µ

µ
, [ ]T,0Ít , 

n

j Rv Í~ , nmj ,1+= ,  (7) 

( ) ( ) 0,~,0~ =- xx Tvv ii , [ ]q,0Íx , mi ,1= , 

( ) ( ) 0,~,0~ =- xx Tvv jj , [ ]q,0Íx , nmj ,1+= .    (8) 

ɿʜʝʩʴ ( ) ( )iiiii vuFvF ~~,,
~~,,

~
+¹ ** xtxt , ( ) ( )jjjjj vuFvF ~~,,

~~,,
~

+¹ ** xtxt , mi ,1= , nmj ,1+= . 

ʏʝʨʝʟ ( )nRHCH ,  ʦʙʦʟʥʘʯʠʤ ʢʣʘʩʩ ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ 

 

( ) ( ) ( ) ( ) ( ) ( )( )xtxtxtxtxtxt ,,...,,,,,...,,,,, 121 nmm gggggg +=  

 q - ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ t ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʥʦʨʤʝ ʯʠʩʣʦʤ 
2

h
. 
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ɺ ʢʣʘʩʩʝ ( )nRHCH ,  ʥʦʨʤʫ ʦʧʨʝʜʝʣʠʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

( ) ( )xt
xt

,supmax
,,

gg
H

RHCH n = . 

ʅʝʪʨʫʜʥʦ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʣʶʙʦʡ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ( ) ( )nRHCHg ,, Íxt  ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ 

( )( ) ( )( ) ( )( ) ( )( ) ( )( )( )xtxtxtxtxtxtxtxtxtxt ,,,
~

,...,,,,
~

,,,,
~

,...,,,,
~

,,,
~

11 gFgFgFgFgF nmm

**

+

*** = : 

)1a  ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦ t; 

)1b  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ʃʠʧʰʠʮʘ ʧʦ ( )xt,g : 

( )( ) ( )( ) ( ) ( )xtxtxtxtxtxt ,,,,,
~

,,,
~

2 ggFgFgF -¢- **
,   (9) 

ʛʜʝ constF =2
; ( )( ) ( )nRHCHgg ,,,, Íxtxt . 

 

)1c  ʦʛʨʘʥʠʯʝʥʘ ʯʠʩʣʦʤ 5F . 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ( )1P , ʪʦ 

ʩʫʱʝʩʪʚʫʝʪ 0>m  ʪʘʢʦʝ, ʯʪʦ ʧʨʠ mm¢¢0  ʟʘ-

ʜʘʯʘ (5)-(6) ʜʦʧʫʩʢʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʤʥʦʛʦʧʝʨʠʦ-

ʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ t ʠʟ ʢʣʘʩʩʘ ( )nRHCH , , ʢʦ-

ʪʦʨʘʷ ʧʨʠ 0­m  ʩʭʦʜʠʪʩʷ ʢ q - ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ 

ʨʝʰʝʥʠʶ ( )xt,~*u  ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʝʡʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ ʩ ʫʩʣʦʚʠʝʤ (6).  

ʇʨʠʚʝʜʝʤ ʩʭʝʤʫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ 1. 

ɺ ʢʣʘʩʩʝ ( )nRHCH ,  ʦʧʨʝʜʝʣʠʤ ʦʧʝʨʘʪʦʨ L
, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʢʘʞʜʫʶ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ 

( ) ( )nRHCHg ,, Íxt  ʚ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ  

( )( )( )=¹ xtxt ,, LgPg  

( ) ( ) ( )( ) ( )( )
ù
ù

ú

ø

é
é

ê

è

ý
ü
û

í
ì
ë

+
ý
ü
û

í
ì
ë

= ñ ññ
**

-

txtxtxxxttxtm
t

dgFdssgsFada
T s

ii

T

ii

0

1

0

,,,
~

,,,
~

,~,~
.   (10) 

 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʷ ( )xt,gP  ʷʚʣʷʝʪʩʷ q - ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦ 

t. 

ɺ ʥʘʯʘʣʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʣʝʤʤʘ. 

ʃʝʤʤʘ. ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ( )1P , ʪʦ ʜʣʷ 

ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ( )xt,gP  ʩʧʨʘʚʝʜʣʠʚʳ ʦʮʝʥʢʠ: 

1. a) ( )
( ) 6

1

,
, MFP

nRHCHg

-¢mgxt ; 

b) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ( )xt,g  ʠ 

( )xt,g  ʠʟ ( )nRHCH ,  

( ) ( )
( )

ggFPP
nRHCHgg -¢- -

7

1

,
,, mgxtxt , 

ʛʜʝ M , 6F , 7F - ʧʦʩʪʦʷʥʥʳʝ. 

ʅʘ ʦʩʥʦʚʝ ʣʝʤʤʳ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ m ʚʳʙʝ-

ʨʝʤ ʠʟ ʫʩʣʦʚʠʷ 

{ }21,min0 mmmm =¢¢ , 

6

1
2MF

hg
m= , 

7

2
2F

g
m = . 

ʋʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ m ʠʟ ʥʝʨʘ-

ʚʝʥʩʪʚ 1 a) - b) ʩʣʝʜʫʶʪ:  

2. a) ( )
( ) 2

,
,

h
P

nRHCHg ¢xt ; 

b) ( ) ( )
( ) ( )nn RHCHRHCHgg ggPP

,, 2

1
,, -¢- xtxt . 

ʉʦʛʣʘʩʥʦ ʦʮʝʥʢʘʤ 2 a)-b) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʧʝʨʘʪʦʨ 

L  ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ mm¢¢0 , ʦʪʦʙʨʘ-

ʞʘʝʪ ʢʣʘʩʩ ( )nRHCH ,  ʚ ʩʝʙʷ, ʧʨʠʯʝʤ ʪʘʢʦʡ ʦʧʝ-

ʨʘʪʦʨ ʙʫʜʝʪ ʩʞʠʤʘʶʱʠʤ ʦʧʝʨʘʪʦʨʦʤ ʚ ʵʪʦʤ ʢʣʘʩʩʝ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʞʘʪʠʷ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. 

ʉʪʨʦʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ 

( ){ }xt,ng  ʧʨʠ ʧʦʤʦʱʠ ʨʝʢʫʨʨʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝ-

ʥʠʡ ( )nRHCHg ,0Í , ( )nn gLg xt,1=+ , 

( ),...2,1,0=n , ʛʜʝ ʜʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ L  ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ (10) ʠ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʚ ʜʘʥʥʦʤ 

ʢʣʘʩʩʝ ʢ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ 
*g . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʚʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʂʘʯʯʠʦʧʦʣʠ-ɹʘ-

ʥʘʭʘ [7, ʉ.39-40].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʪʝʦʨʝʤʝ ʂʘʯʯʠʦʧʦʣʠ-ɹʘ-

ʥʘʭʘ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ ʥʝʧʦʜʚʠʞʥʘʷ ʪʦʯʢʘ 

( )xt,**=gg  ʦʧʝʨʘʪʦʨʘ L  ʚ ʢʣʘʩʩʝ ( )nRHCH ,
, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ  

( )( )xt,**=Lgg . 

ʊʝʤ ʩʘʤʳʤ ʬʫʥʢʮʠʷ ( ) ( )xtxt ,,~ *=gv  ʷʚʣʷ-

ʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝ-

ʥʠʝʤ ʟʘʜʘʯʠ (7)-(8). 

ʊʦʛʜʘ ʬʫʥʢʮʠʷ 

( ) ( ) ( )xtxtxt ,,~,~ **** += guu  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʟʘʜʘʯʝ (5)-(6) ʠ ʷʚʣʷʝʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ q - ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʦ t. ʊʝʦ-

ʨʝʤʘ 1 ʜʦʢʘʟʘʥʘ. 
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ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦ-

ʨʝʤʳ 1. ʊʦʛʜʘ ʟʘʜʘʯʘ (3)-(4) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

( )wq, -ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. 

ɽʩʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦ-

ʩʪʠ ʧʦ ʧʝʨʝʤʝʥʥʳʤ t  ʠ x, ʪʦ ʬʫʥʢʮʠʷ 

( ) ( ) ( ) ( ) ( ) ( )( ) ( )nnmm Rʉxtuxtuxtuxtuxtuxtu ,,,...,,,,,...,,,,, 121 WÍ= + ,  

 

ʦʙʣʘʜʘʶʱʘʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟ-

ʚʦʜʥʳʤʠ 
t

u

µ

µ
 ʠ 

x

u

µ

µ
, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʨʘʚʥʝʥʠʶ 

(3) ʧʨʠ ʚʩʝʭ ( )WÍxt,  ʩ ʫʩʣʦʚʠʷʤʠ (4) ʷʚʣʷʝʪʩʷ ʠ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (3)-(4). 
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ɸʅʅʆʊɸʎʀʗ  
ʈʘʥʝʝ ʙʳʣʘ ʥʘʡʜʝʥʘ ʦʩʦʙʘʷ ʪʦʯʢʘ ʚ ʩʝʤʝʡʩʪʚʝ ʯʘʩʪʦʪʥʳʭ ʢʨʠʚʳʭ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʛʜʝ ʚʝʣʠ-

ʯʠʥʘ ʠʤʧʝʜʘʥʩʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʚʳʷʚʣʝʥʘ ʝʱʝ ʦʜʥʘ 

ʦʩʦʙʘʷ ʪʦʯʢʘ, ʦʙʣʘʜʘʶʱʘʷ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʘ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʯʘʩʪʦʪʝ ʨʝʟʦʥʘʥʩʘ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʝʜʘʥʩʘ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ -1. ʆʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʣʦʞʝʥʠʝ ʵʢʩʪʨʝʤʫʤʦʚ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʳ ʦʪ 

ʯʘʩʪʦʪʳ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʘʢʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʢʦʥʪʫʨʘ. 

ABSTRACT 

Special point previously found in the family of frequency response curves of an RLC circuit, where the value 

of the impedance does not depend on resistance. The second singular point is detected with further analysis with 

similar properties. The point is at the resonance frequency at which the relative value of the imaginary components 

of impedance is constant and equal to -1. The region of existence of imaginary components is defined and studied 

the position of the extrema based on components of frequency. Features of frequency characteristics determined 

for the active components of the circuit. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʨʝʟʦʥʘʥʩ ʪʦʢʦʚ 

Keywords: RLC CIRCUIT, current resonance 

 

ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʯʝʙʥʠʢʘʭ ʧʦ ʵʣʝʢʪʨʦʪʝʭ-

ʥʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ - [1,2], ʫʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦ ʚʥʠʤʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʤʫ ʢʦʥʪʫʨʫ ʩ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʙʦʪʘʭ [3-5] 

ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ ʦʩʦʙʦʡ ʪʦʯʢʠ ʚ ʩʝʤʝʡ-

ʩʪʚʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʘʣʠʩʪʠʯʥʦʡ ʤʦ-

ʜʝʣʠ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ (c ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦ-

ʝʜʠʥʝʥʠʝʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦ-

ʩʪʠ, ʤʦʜʝʣʠʨʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʩʦʝʜʠʥʝʥʠʝʤ ʨʝʟʠʩʪʦʨʘ ʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ). ʅʘ ʯʘ-

ʩʪʦʪʝ, ʨʘʚʥʦʡ 
̑

Ѝ
 (ʛʜʝ fʨ ïʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʘ ʧʨʠ ʥʫ-

ʣʝʚʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ) ʤʦʜʫʣʴ ʠʤʧʝʜʘʥʩʘ ʥʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲ-

ʷʩʥʝʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ.  
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ɺ ʧʨʦʜʦʣʞʝʥʠʝ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʠ 

ʚʳʯʠʩʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪ ʠʤʧʝʜʘʥʩʘ ʢʦʥ-

ʪʫʨʘ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

1. ʄʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ ʢʦʥʪʫʨʘ. 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʝʪ ʚʠʜ 

Ὅά
Ӷ Ӷ Ӷ

Ӷ ӶӶ
, 

ʛʜʝ ὪӶ ï ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ, ὶӶ- ʥʦʨʤʠʨʦʚʘʥ-
ʥʦʝ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝ-

ʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʪʠ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʦʩʦʙʫʶ ʪʦʯʢʫ, ʨʘʩʧʦʣʦ-

ʞʝʥʥʫʶ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ. ɺ ʵʪʦʡ ʪʦʯʢʝ 

ʤʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʠ ʨʘʚʥʘ -1.  

ʆʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʝʤʷ ʘʩʠʤʧʪʦʪʘʤʠ: 

1. ʘʩʠʤʧʪʦʪʦʡ 
Ӷ
 ʧʨʠ ὶӶOÐ , 

2. ʘʩʠʤʧʪʦʪʦʡ 
Ӷ

Ӷ
 ʧʨʠ ὶӶO π, 

3. ʦʪʨʝʟʢʦʤ ʦʩʠ ʦʨʜʠʥʘʪ ʦʪ 0 ʜʦ -Ð. 

ʅʘ ʨʠʩ.1 ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʜʚʝ ʧʝʨʚʳʝ ʘʩʠʤʧʪʦʪʳ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʝ-

ʜʘʥʩʘ. 

 
ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʝʜʘʥʩʘ ʦʪ ʯʘʩʪʦʪʳ ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʳʝ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʵʢʩʪʨʝʤʫʤʳ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʪ ʯʘʩʪʦʪʳ. ʅʘ 

ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʤʥʠʤʦʡ ʯʘʩʪʠ ʠʤʧʝ-

ʜʘʥʩʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦʩʠʪʝʣʴ-

ʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪ 0 ʜʦ 1. ʄʠʥʠʤʫʤ ʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʦʪʥʦ-

ʩʠʪʝʣʴʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʳʝ 

ʪʦʯʢʠ ʢʨʠʚʦʡ ʩʚʷʟʘʥʳ ʩ ʠʟʚʝʩʪʥʳʤ ʫʞʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ Ѝς - ʧʨʠ ʵʪʦʡ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ ʤʠʥʠʤʫʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʝʟʦʥʘʥʩ-

ʥʦʡ ʯʘʩʪʦʪʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɸ ʧʨʠ ʟʥʘʯʝʥʠʠ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ, ʨʘʚʥʦʤ 
Ѝ
, ʤʠʥʠʤʫʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʯʘʩʪʦʪʝ ʧʨʝʚʳʰʘʶʱʝʡ ʧʨʠ-

ʤʝʨʥʦ ʚ 1.1719 ʨʘʟ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ. ʇʦʩʣʝʜʥʷʷ 

ʮʠʬʨʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʢʫʙʠʯʝ-

ʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ. 
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ʈʠʩ.2 ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʝʜʘʥʩʘ ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʤʠʥʠʤʫʤʘ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ). 

 

2. ʈʝʘʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠʤʧʝʜʘʥʩʘ ʢʦʥʪʫʨʘ 

ʈʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʝʪ ʚʠʜ  

ὙὩ
ὶӶ

ρ ὪӶ ὶӶὪӶ
 

ʛʜʝ ὪӶ ʠ ὶӶ- ʚʚʝʜʝʥʳ ʨʘʥʝʝ. 

ʅʘ ʨʠʩ.3 ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ ʠʤʧʝʜʘʥʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʦʨʤʠ-

ʨʦʚʘʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʥʘ ʨʠʩ.4 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʘʢʪʠʚʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʳ 

ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ʈʠʩ.3 ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʦʡ ʯʘʩʪʠ ʠʤʧʝʜʘʥʩʘ. 

ɸ      ɹ 

 
ʈʠʩ.4 ɸ -ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʝʜʘʥʩʘ ʦʪ ʯʘʩʪʦʪʳ ʠ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ɹ ï ʦʙʣʘʩʪʴ ʨʝʟʦʥʘʥʩʘ ʚ ʣʠʥʝʡʥʦʤ ʤʘʩʰʪʘʙʝ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʰʢʘʣʳ ʚ ʨʠʩ. 

4ɸ ʜʣʷ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳ-

ʷʚʠʪʴ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢ-

ʪʠʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠʤʧʝʜʘʥʩʘ. 

ɺ ʣʠʥʝʡʥʦʤ ʤʘʩʰʪʘʙʝ ʨʠʩ.4ɹ ʧʦʢʘʟʘʥʘ ʦʙʣʘʩʪʴ 

ʨʝʟʦʥʘʥʩʘ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘ-

ʯʝʥʠʷʭ ʨʝʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʩʝʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʦʢʨʫʞʥʦʩʪʠ ʩ ʨʘʜʠʫ-

ʩʦʤ, ʨʘʚʥʳʤ  , ʩʤʝʱʝʥʥʦʡ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʜʠʫʩʘ. 

3. ʉʦʦʪʥʦʰʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʠ ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʫʤʘ ʠʤʧʝʜʘʥʩʘ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʠʥʪʝʨʝʩ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʯʪʦ ʯʘʩʪʦʪʘ, ʥʘ ʢʦʪʦʨʦʡ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʘʢʩʠʤʫʤ 

ʠʤʧʝʜʘʥʩʘ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʯʘʩʪʦʪʦʡ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʘ. ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʤʧʝʜʘʥʩʘ ʠ ʯʘʩʪʦʪʳ ʩʦʙ-

ʩʪʚʝʥʥʳʭ (ʟʘʪʫʭʘʶʱʠʭ) ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʘ. 
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ʈʠʩ.3 ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʫʤʘ ʠʤʧʝʜʘʥʩʘ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʠ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʦʪ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ, ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʙʣʘʩʪʴ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠʤʧʝʜʘʥʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪ-

ʨʝʟʢʫ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪ 0 ʜʦ ρ Ѝς , ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʢʦʥʪʫʨʝ ʚʦʟʤʦʞʥʳ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ 0 ʜʦ 2. 

ɺʩʝ ʨʘʩʯʝʪʳ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ ʛʨʘʬʠ-

ʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ LabView 8.0. 

ɺʳʚʦʜʳ: 

1.ʅʘʡʜʝʥʘ ʥʦʚʘʷ ʦʩʦʙʘʷ ʪʦʯʢʘ ʚ ʩʝʤʝʡʩʪʚʝ ʯʘ-

ʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. 

2. ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʴʥʦʡ ʠ ʤʥʠʤʦʡ 

ʢʦʤʧʦʥʝʥʪ ʠʤʧʝʜʘʥʩʘ. 

3. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʯʘʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʢʦʥʪʫʨʘ ʠ ʯʘʩʪʦʪʳ ʤʘʢʩʠʤʫʤʘ ʠʤʧʝ-

ʜʘʥʩʘ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʚ ʢʫʨʩʘʭ ʦʙʫʯʝʥʠʷ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʘ 

ʚʦʟʤʦʞʥʦ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝ-

ʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. 
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ɸʅʅʆʊɸʎʀʗ 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʘʨʘʜʦʢʩʳ ʚ ʪʝʦʨʠʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʝʥʠʷ ʩʨʝʜ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʧʦʣʶ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠ-

ʩʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜ ʠ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʙʝʟ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʦʙʱʝʧʨʠʥʷʪʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʢʦʚ ʠ ʟʘʨʷʜʦʚ. ʈʘʩʩʤʦʪʨʝʥʘ ʨʦʣʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ, ʘ ʪʘʢʞʝ ʠʭ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ. ʆʪʩʫʪʩʪʚʠʝ 

ʧʦʥʠʤʘʥʠʷ ʨʦʣʠ ʵʪʠʭ ʢʦʥʩʪʘʥʪ ʥʝ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʥʷʪʴ ʧʨʠʯʠʥʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʩʨʝʜ. ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʦʰʠʙʦʢ ʠ ʧʘʨʘʜʦʢʩʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʧʨʘʚʠʪʴ ʩʦʟʜʘʚʰʝʝʩʷ 

ʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʬʫʥʢʮʠʡ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝ-

ʤʝʥʠ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠ.̫  

ABSTRACT  
The article discusses paradoxes in the theory of interference, reflection and refraction with respect to the 

boundary of the separation medium and the gravitational field. It is possible to create a new approach to the de-

scription of the interaction of electromagnetic waves at the boundary of environments and in a gravitational field, 

without using the conventional surface currents and charges. The role of constants the speed of light, electric and 

magnetic permeability in Maxwell's equations and their physical meaning. The lack of understanding of the role 

of these constants were not given the opportunity to understand the cause of the interaction at the interface. The 

proposed method of addressing these errors and paradoxes that helped to remedy the situation independent of the 

existence of electromagnetic functions of space and time. This article provides the opportunity to understand the 

nature of this interaction.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ, ʫʨʘʚʥʝʥʠʷ 

ʄʘʢʩʚʝʣʣʘ, ʠʝʨʘʨʭʠʷ.  

Keywords: electric permittivity and magnetic permeability, the system of equations of Dirac, Maxwell equa-

tions, hierarchy.  

 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʠʥ ʠʟ ʧʘʨʘʜʦʢʩʦʚ ʚ ʢʣʘʩʩʠʯʝ-

ʩʢʦʡ ʬʠʟʠʢʝ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʥʮʠʧʦʤ ʩʫʧʝʨʧʦʟʠ-

ʮʠʠ (ʥʝʟʘʚʠʩʠʤʦʛʦ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʚʦʣʥ). ʕʪʦʪ ʧʨʠʥʮʠʧ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʦʣʥʦ-

ʚʦʜʝ. ʇʘʨʘʜʦʢʩ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʙʳ ʚ ʤʠʨʦʟʜʘ-

ʥʠʠ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠʥʮʠʧʳ çʯʠʩʪʦʡè ʘʨʠʬʤʝʪʠʢʠ 

çʦʜʠʥ ʚ ʦʜʠʥè, ʪʦ ʝʩʪʴ ʩʦʙʣʶʜʘʣʩʷ ʙʳ ʪʦʣʴʢʦ ʧʨʠʥ-

ʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ, ʠ ʥʝ ʙʳʣʦ ʙʳ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʚ ʦʙʲʝʢʪʝ, ʪʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ ʚ ʘʨʠʬʤʝʪʠʢʝ 

ʠʤʝʝʤ 5-5=0. ʀ ʟʜʝʩʴ, ʧʘʜʘʶʱʘʷ ʠ ʦʪʨʘʞʸʥʥʘʷ 

ʚʦʣʥʘ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʚ ʧʨʦʪʠʚʦ-

ʬʘʟʝ, ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʦʚʘʣʠ ʙʳ ʜʨʫʛ ʜʨʫʛʘ, ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʠʭ ʵʥʝʨʛʠʠ. ʀ ʪʦ-

ʛʜʘ ʩʨʘʟʫ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: "ɸ ʯʪʦ, ʪʦʛʜʘ ʦʩʪʘʝʪʩʷ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʘʣʝʝ?" ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʦʣʥʦʡ 

ʢʦʤʧʝʥʩʘʮʠʠ ʧʦ ʧʨʠʥʮʠʧʫ ʩʫʧʝʨʧʦʟʠʮʠʠ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ʥʝʪ, ʘ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʝʩʪʴ, ʠ ʟʜʝʩʴ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-
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ʥʦʡ ʚʦʣʥʳ. ʇʝʨʝʬʨʘʟʠʨʫʝʤ: ʝʩʣʠ ʙʳ ʧʨʠ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʠ ʧʨʦʠʟʦʰʣʘ ʢʦʤʧʝʥʩʘʮʠʷ, ʪʦ ʢʘʢʠʤ ʯʫʜʦʤ 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʦʣʥʳ ʩʦ ʩʣʦʞʝʥʠʝʤ ʝʸ ʚ 

ʧʦʩʣʝʜʩʪʚʠʠ? ʉʫʪʴ ʧʨʦʙʣʝʤʳ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʝʩʣʠ 

ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʨʘʟ-

ʥʦʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʜʝʡʩʪʚʠʶ 

ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ, ʪʦ ʢʦʤʧʝʥʩʘʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʠʢʘʢ ʥʝ ʠʟʙʝʞʘʪʴ. ʅʦ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʠʟʙʝʞʥʫʶ 

ʩʚʷʟʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʟʥʘʯʠʪ ʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ. ʌʘʢʪʠʯʝʩʢʠ  ɻ ʪʦ ʠ 

ʝʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʧʫʩʢʫ-

ʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝ 

ʪʦʣʴʢʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʠʥʫʫʤ, ʥʦ 

ʠ ʦʙʱʠʡ ʢʦʥʪʠʥʫʫʤ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚ-

ʣʷʶʱʠʤʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʦʪʜʝʣʠʪʴ ʯʪʦ-ʣʠʙʦ ʥʝ-

ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʦʜʥʦʟʥʘʯʥʦʡ ʩʚʷʟʠ. ʕʪʦ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʝʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʦʙʱʝʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʝ ʪʦʣʴʢʦ ʜʨʫʛ ʚ ʜʨʫʛʘ, ʥʦ 

ʠ ʠʤʝʝʪʩʷ ʚʟʘʠʤʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪ 

ʚʦʣʥʳ ʚ ʵʣʝʤʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʥ-

ʪʠʥʫʫʤʘ, ʠ ʥʘʦʙʦʨʦʪ. ɸ ʠʥʘʯʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʛʦʚʦ-

ʨʠʪʴ ʦ ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ, ʘ ʵʪʦ ʛʦ-

ʚʦʨʠʣʦ ʙʳ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʜʥʦʛʦ 

ʷʚʣʝʥʠʷ ʚ ʜʨʫʛʦʤ. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʠʢʘʢʦʛʦ ʦʪ-

ʢʣʦʥʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʙʳ, ʘ ʪʝʤ ʙʦʣʝʝ 

ʦʛʠʙʘʥʠʝ ʚʦʣʥʦʡ ʧʨʝʧʷʪʩʪʚʠʷ. ʆʜʥʘʢʦ ʵʪʘ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʩʢʨʠʚʣʝʥʠʷ 

ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʩʚʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʩʥʦʚʘ ʦʪ-

ʩʫʪʩʪʚʠʷ ʢʦʤʧʝʥʩʘʮʠʠ ʟʜʝʩʴ ʚ ʪʦʤ, ʯʪʦ ʚʳʯʠʪʘʥʠʝ ʚ 

ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ (ʚʦʣʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ) ʜʦʣʞʥʦ ʜʘʚʘʪʴ ʩʣʦʞʝʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʠ (ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ), ʘ ʠʥʘʯʝ 

ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʭ ʥʝʚʦʟʤʦʞʥʦ, ʝʩʣʠ 

ʷʚʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʜʥʦʦʙʨʘʟʥʦ (ʚ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʩʠʩʪʝʤʝ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʠʤʝʝʤ ʦʜʥʦʟʥʘʯʥʦʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʚʨʝʤʝʥʠ ʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʚʦʣʥʫ ʠ ʥʘʦʙʦʨʦʪ, ʪʘʢ 

ʢʘʢ ʥʠʯʝʛʦ ʠʥʦʛʦ ʠ ʥʝ ʜʘʥʦ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʪʘ-

ʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʙʳʣʦ ʙʳ ʠ ʧʨʠʥʮʠʧʘ ɻʶʡ-

ʛʝʥʩʘ-ʌʨʝʥʝʣʷ. ʅʝʢʦʪʦʨʳʝ ʫʯʸʥʳʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʟʙʝʞʘʪʴ ʧʘʨʘʜʦʢʩʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ 

ʧʨʠ ʚʳʯʠʪʘʥʠʠ, ʚʚʝʣʠ ʧʦʥʷʪʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʚʘʢʫʫʤʘ. ʅʦ ʪʦʛʜʘ ʚʦʧʨʦʩ:"ɸ ʯʝʤ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʠ ʚ ʯʸʤ ʝʛʦ ʪʦʛʜʘ ʠʟʤʝʨʷʪʴ? ʇʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʷ ʠʤʝʶʪ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ, ʘ 

ʟʜʝʩʴ ʯʪʦ ʠʟʤʝʨʷʪʴ?" ʇʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʨʘʢʪʦʚʢʝ 

ʚʘʢʫʫʤ  ʵʪʦ ʩʚʦʝʛʦ ʨʦʜʘ çʯʠʩʪʳʡ ʥʦʣʴè, ʠʟ ʢʦʪʦ-

ʨʦʛʦ ʚʩʝ ʧʦʷʚʣʷʝʪʩʷ, ʠ ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʠʩʯʝʟʘʝʪ, ʠ ʪʦ-

ʛʜʘ ʧʦʜ ʚʘʢʫʫʤʦʤ ʥʘʜʦ ʧʦʥʠʤʘʪʴ ɹʦʛʘ. ʀ ʩʣʝʜʫʶ-

ʱʠʡ ʰʘʛ  ɻ ʪʦ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʟʘʢʦʥʦʚ 

ʬʠʟʠʢʠ, ʨʘʟ ʯʪʦ-ʪʦ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠʟ ʥʠʯʝʛʦ ʠ 

ʫʭʦʜʠʪʴ ʪʫʜʘ ʞʝ. 

ʉʫʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʥʝ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʢʦʤʧʝʥʩʠʨʫʶʪ 

ʜʨʫʛ ʜʨʫʛʘ ʚ ʩʤʳʩʣʝ ʯʠʩʪʦʡ ʘʨʠʬʤʝʪʠʢʠ, ʘ ʚ ʪʦʤ, 

ʯʪʦ ʠʭ ʥʘʣʦʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʳ ʥʝ 

ʥʘʙʣʶʜʘʝʤ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʙʳʣʦ ʨʘʥʴʰʝ. ʅʘʧʨʠ-

ʤʝʨ, ʥʘʣʠʯʠʝ ʥʝʡʪʨʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫ ʜʠ-

ʵʣʝʢʪʨʠʢʘ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʠʵʣʝʢʪʨʠʢʝ ʤʘʛʥʠʪ-

ʥʦʝ ʧʦʣʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʣʦʚʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ ʟʘʤʢʥʫʪʦ ʚʥʫʪʨʠ ʜʠʵʣʝʢʪʨʠʢʘ ʪʘʢ, ʯʪʦ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝ ʜʠʵʣʝʢʪʨʠʢʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɸʥʘ-

ʣʦʛʠʯʥʦ, ʝʩʣʠ ʩʪʦʣʢʥʫʣʠʩʴ ʜʚʘ ʦʙʲʝʢʪʘ ʩ ʨʘʚʥʦʡ ʢʠ-

ʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʤʘʩʩʦʡ, ʠ ʧʨʠ ʵʪʦʤ ʦʥʠ ʧʦ-

ʪʝʨʷʣʠ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʥʘʙʣʶʜʘʝʤʫʶ ʨʘ-

ʥʝʝ, ʪʦ ʵʪʦ ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʠʩʯʝʟʣʘ ʚʦʦʙʱʝ, ʦʥʘ ʧʨʦʩʪʦ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚʦ ʚʥʫʪ-

ʨʝʥʥʶʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. 

ʀʤʝʥʥʦ ʦʙ ʵʪʦʤ ʟʘʙʳʚʘʶʪ ʤʥʦʛʠʝ ʫʯʸʥʳʝ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʪʫʪ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: "ɸ ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ 

ʵʪʠ ʚʟʘʠʤʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʜʘʶʪ 

ʢʦʤʧʝʥʩʘʮʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʘʢ ʙʳ 

ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩʦ-

ʛʣʘʩʥʦ ʘʨʠʬʤʝʪʠʢʝ?" ʅʘ ʯʪʦ ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʙ-

ʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ? ʇʨʝʞʜʝ ʚʩʝʛʦ ʥʘʜʦ ʦʙʨʘʪʠʪʴ ʚʥʠ-

ʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʵʣʝ-

ʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ 

ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʮʝʣʦʝ. ʀʥʳʤʠ ʩʣʦ-

ʚʘʤʠ ʚʳʯʠʪʘʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘ-

ʯʘʝʪ ʩʣʦʞʝʥʠʝ ʚ ʜʨʫʛʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ɸʥʘ-

ʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʨʠ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʩʪʦʷʯʠʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʦʣʥʦʚʦʜʘʭ ʠ 

ʚ ʨʝʟʦʥʘʪʦʨʘʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʪʦ ʜʦʣʞʥʦ ʥʘʙʣʶ-

ʜʘʪʴʩʷ ʠ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʘʢ ʢʘʢ ʬʠʟʠʯʝ-

ʩʢʠʝ ʧʨʠʥʮʠʧʳ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʩʤʝʥʳ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʷ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʡ. ʉʫʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʪʦʷʯʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʧʫʯʥʦ-

ʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʠʣʦʚʳʭ ʣʠʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ 90 ʛʨʘʜʫʩʦʚ (ˊ/2). ʀ 

ʝʩʣʠ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʦ ʤʘʛʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ. ʕʪʦ ʢʘʢ ʨʘʟ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪʨʘ-

ʞʘʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʚ ʚʦʣʥʦʚʦʤ ʚʠʜʝ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʠʜʥʦ, ʯʪʦ ʥʫʣʝʚʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʠ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʝʩʣʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʯʠʪʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ, 

ʪʦ ʟʜʝʩʴ ʞʝ ʝʩʪʴ ʩʣʦʞʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʊʦ ʝʩʪʴ, ʚʝʣʠʯʠʥʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʝ ʤʝʥʷ-

ʝʪʩʷ. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʤʳ ʫʞʝ ʦʪʤʝʯʘʣʠ ʚ [1], ʯʪʦ 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʢʦʤʧʦʥʝʥʪʳ  ʵʪʦ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʤʘʢʩʠ-

ʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ  ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʪʦ ʝʩʪʴ 

ʅ=ʩɽ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʥʘʰʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʝ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʥʘ ʫʨʦʚʥʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ 

ʫʯʸʪʦʤ ʩʦʙʣʶʜʝʥʠʷ ʟʘʢʦʥʘ, ʢʦʛʜʘ ʩʣʦʞʝʥʠʝ ʚ ʦʜʥʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʪʴ ʩʦ ʩʣʫʯʘʝʤ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʢʦʛʜʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʚʦʣʥ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ ʚ ʧʨʦʪʠʚʦʬʘʟʝ?  
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ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʵʪʦ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳ ʦʟʥʘʯʘʪʴ 

ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʢʘʢ ʪʘʢʦʚʦʡ, ʥʦ ʵʪʦ ʪʦʞʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʧʨʘʢʪʠʢʝ. ɺʝʜʴ ʫʯʘʩʪʢʠ ʩ ʚʳʯʠʪʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʡ ʚʦʣʥʳ ʩʤʝʥʷʶʪʩʷ ʫʯʘʩʪʢʘʤʠ ʩʦ ʩʣʦʞʝʥʠʝʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʘ ʝʩʣʠ ʙʳ ʧʨʠ ʚʳʯʠʪʘʥʠʠ 

ʙʳʣʦ ʙʳ ʠʩʯʝʟʥʦʚʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʪʦ ʜʘʣʴ-

ʥʝʡʰʠʭ ʫʯʘʩʪʢʦʚ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʥʝ ʙʳʣʦ ʙʳ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ ʣʠʰʴ ʦʜʥʦ, ʯʪʦ ʟʜʝʩʴ ʟʘʣʦʞʝʥ ʘʥʘʣʦʛʠʯ-

ʥʳʡ ʧʨʠʥʮʠʧ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʣʩʷ ʚ ʚʦʣʥʦʚʦʜʝ ʠ 

ʨʝʟʦʥʘʪʦʨʝ, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʧʦ 

ʧʝʨʝʢʘʯʢʝ ʵʥʝʨʛʠʠ ʜʨʫʛ ʚ ʜʨʫʛʘ ʚʳʩʪʫʧʘʶʪ ʥʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʢʦʥʪʠʥʫʫʤ, ʪʦ ʝʩʪʴ ʵʪʦ ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʫʨʦʚʝʥʴ 

ʠʝʨʘʨʭʠʠ ʚ ʤʠʨʦʟʜʘʥʠʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʝʡ. ɼʨʫʛʦʛʦ ʧʨʦʩʪʦʛʦ ʣʦʛʠʯʥʦʛʦ ʦʙʲ-

ʷʩʥʝʥʠʷ ʥʝʪ. ɺ ʯʸʤ ʞʝ ʵʪʦ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ? ɿʜʝʩʴ 

ʥʘʜʦ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʛʜʘ 

ʩʚʷʟʘʥʦ ʩ ʦʙʤʝʥʦʤ, ʘ ʦʙʤʝʥ ʦʟʥʘʯʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʠ 

ʠʟʣʫʯʝʥʠʝ ʚ ʨʘʚʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʤʳ ʩʯʠʪʘʝʤ ʥʝʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ "ʯʸʨʥʳʭ 

ʜʳʨ" ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʥʘʨʫʰʘʝʪʩʷ ʧʨʠʥʮʠʧ ʪʝʨʤʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʚʦʪ ʧʦʵʪʦʤʫ ʣʞʝʫʯʸ-

ʥʳʝ ʚʳʰʣʠ ʠʟ ʩʦʟʜʘʚʰʝʛʦʩʷ ʧʦʣʦʞʝʥʠʷ ʟʘ ʩʯʸʪ ʪʝ-

ʣʝʧʦʨʪʘʮʠʠ ʯʘʩʪʠʮ, ʯʪʦ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʯʫʜʦʤ. ʆʜ-

ʥʘʢʦ ʨʘʚʥʳʡ ʦʙʤʝʥ ʦʟʥʘʯʘʝʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥ ʟʘ ʩʯʸʪ 

ʧʝʨʝʭʦʜʘ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ. ʂʘʢ ʙʳʪʴ? ʊʫʪ 

ʥʘʜʦ ʚʩʧʦʤʥʠʪʴ ʥʘʰʫ ʪʝʦʨʠʶ, ʘ ʩʫʪʴ ʝʸ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʭʦʜ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʦʟʥʘ-

ʯʘʝʪ ʪʘʢʞʝ ʠ ʩʤʝʥʫ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ. ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠ ʦʥʠ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʨʫʛ ʜʣʷ ʜʨʫʛʘ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʚ ʚʠʜʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʭʦʪʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʠʟ ʥʘʰʝʡ ʩʠʩʪʝʤʳ 

ʠʝʨʘʨʭʠʠ, ʠ ʪʘ, ʠ ʜʨʫʛʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɺ [1] ʤʳ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʢ ʜʨʫʛʦʡ 

ʦʙʷʟʘʪʝʣʴʥʦ ʩʚʷʟʘʥ ʩ ʫʤʥʦʞʝʥʠʝʤ ʠ ʜʝʣʝʥʠʝʤ ʥʘ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʯʠʩʣʠʪʝʣʷ ʠ ʟʥʘʤʝʥʘʪʝʣʷ ʚ ʫʨʘʚʥʝ-

ʥʠʠ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʫʨʘʚʥʝ-

ʥʠʷ ʄʘʢʩʚʝʣʣʘ ʙʝʟ ʠʩʪʦʯʥʠʢʦʚ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʩʤʝʥʷʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ ʠ ʫʨʘʚʥʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦ ʚʪʦʨʠʯʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʪʦ ʝʩʪʴ ʧʨʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʢ 

ʙʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ (ʟʜʝʩʴ ʚʳʯʠʪʘʥʠʝ ʢʠʥʝʪʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘʤʝʥʷʝʪʩʷ ʩʣʦʞʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʴ-

ʥʦʡ ʵʥʝʨʛʠʠ), ʠʣʠ ʠʥʘʯʝ ʧʦʣʫʯʘʶʪ ʪʦ, ʯʪʦ ʥʘʟʳʚʘʶʪ 

"ʧʦʣʷʨʠʟʘʮʠʝʡ" ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʥ-

ʪʠʥʫʫʤʘ (ʥʝ ʧʫʪʘʪʴ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʚʘʢʫʫʤʦʤ, ʢʦ-

ʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʨʝʘʣʴʥʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʦʣʫ-

ʯʘʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ ʩ 

ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʟʘʨʷʜʳ ʚ ʚʠʜʝ ʚʪʦ-

ʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ. ʊʦ 

ʝʩʪʴ ʟʜʝʩʴ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʢʦʛʜʘ ʚ ʧʨʝʞʥʠʡ ʚʟʘʠʤʥʳʡ ʦʙʤʝʥ ʜʦʙʘʚʣʷ-

ʶʪʩʷ ʥʦʚʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦ ʦʙʤʝʥʫ. ɸ ʵʪʦ ʠ ʝʩʪʴ 

ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʠ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʥʝ ʠʩʯʝʟʣʘ, ʘ 

ʧʨʦʩʪʦ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʧʫʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʦʙʤʝʥ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʩʪʷʤʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʫʪʴ ʩʠʣʦʚʦʡ ʣʠʥʠʠ 

ʦʙʤʝʥʘ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝ-

ʥʠʷ, ʠ ʦʙʨʘʪʥʦ, ʧʦ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʩʪʘʣ ʢʦʨʦʯʝ, 

ʦʪʩʶʜʘ ʝʛʦ ʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ. ʉʣʝʜʫʝʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʙʠʝʥʠʝ ʥʘ ʟʘʨʷʜʳ (ʠʩʪʦʯʥʠʢʠ ʠʟʣʫ-

ʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ) ʫʞʝ ʟʘʣʦʞʝʥʦ ʚ ʩʘʤʦ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʜʚʘ ʨʝ-

ʰʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 
2ʄʩɽ= ʠ 

2ʄʩɽ -= , ʠ ʦʙʘ 

ʵʪʠʭ ʟʥʘʯʝʥʠʷ ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ɼʠʨʘʢʘ. 

ʈʘʥʝʝ ʚ [1] ʤʳ ʧʦʣʫʯʠʣʠ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ:  

cMzHxEicyHtɽ ytzʭ 0000000 /)]/()/[()/( =µµ+µµe+µµ-µµe , (1) 

ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʠʟ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ-

ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ:  

)/()/()/()/( 00 xEcitEyHzʅ txzʫ µµe-µµe=µµ+µµ-  (2) 

ʧʫʪʸʤ ʦʙʳʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ ʩʦ ʩʤʝʥʦʡ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ ʠ ʙʝʟ ʨʘʟʥʠʮʳ ʚ ʢʦ-

ʣʠʯʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. ʋʯʠʪʳʚʘʷ ʥʘʰʝ ʠʟʚʝʩʪ-

ʥʦʝ ʧʨʘʚʠʣʦ, ʯʪʦ ʚʳʯʠʪʘʥʠʝ ʚ ʦʜʥʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʩʪʠ ʦʟʥʘʯʘʝʪ ʩʣʦʞʝʥʠʝ ʚ ʜʨʫʛʦʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʥʦʣʴ ʚ ʣʝʚʦʡ 

ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʠ ʜʚʦʡʥʦʝ ʟʥʘʯʝʥʠʝ 
2

0ʩʄ  ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ 

ʠʜʸʪ ʩʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, 

ʪʦ ʩʧʨʘʚʘ ʚ ʫʨʘʚʥʝʥʠʠ (1) ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʦʣʴ,  ʠ 

ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʠʜʫ ʫʨʘʚʥʝʥʠʷ (2). ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʟʘʢʦʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʜʠʢʪʫʝʪ ʠ ʥʦʚʦʝ 

ʧʨʘʚʠʣʦ ʚ ʤʘʪʝʤʘʪʠʢʝ: ʦʪʜʝʣʝʥʠʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʝʡ ʚ ʣʝʚʦʡ ʠ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʟʥʘ-

ʯʘʝʪ ʚʳʯʠʪʘʥʠʝ ʜʣʷ ʣʝʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ ʠ ʩʣʦʞʝ-

ʥʠʝ ʜʣʷ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʆʜʥʘʢʦ ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʥʝ ʦʟʥʘʯʘʝʪ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʯʝʛʦ-ʣʠʙʦ, ʘ ʪʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʦʙ-

ʤʝʥʘ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʜʚʫʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʝʡ. ʉʦʙʩʪʚʝʥʥʦ ʠʤʝʥʥʦ ʪʘʢʦʡ ʟʘʢʦʥ 

ʜʣʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʦʪʨʘʞʸʥ ʠ ʚ ʩʠʩʪʝʤʝ ʫʨʘʚ-

ʥʝʥʠʡ ɼʠʨʘʢʘ, ʢʦʛʜʘ ʢʘʞʜʦʝ ʫʨʘʚʥʝʥʠʝ ʠʟ ʩʠʩʪʝʤʳ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʦʛʦ ʟʥʘʢʘʤʠ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘ-

ʥʠʷ. 

ʅʝ ʥʘʜʦ ʜʫʤʘʪʴ, ʯʪʦ ʵʪʦ ʤʳ ʚʚʝʣʠ ʧʨʘʚʠʣʦ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʷʚʣʝʥʠʡ ʩ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ. 

ɺʝʜʴ ʥʝʯʪʦ ʘʥʘʣʦʛʠʯʥʦʝ ʚʚʸʣ ʠ ɼʠʨʘʢ. ʆʥ ʚʟʷʣ 

ʫʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʣʦ 
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ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ, ʠ ʧʨʝʜʩʪʘʚʠʣ 

ʝʛʦ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʚʦʣʥʦʚʳʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʢʘʢ ʨʘʟ ʚʦʣʥʦʚʦʡ ʚʠʜ, ʠ ʪʝʤ ʩʘ-

ʤʳʤ ʚʳʙʨʘʣ ʥʦʚʫʶ ʪʦʯʢʫ ʥʘʙʣʶʜʝʥʠʷ ʚ ʠʝʨʘʨʭʠʠ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ  ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʦʙʲʝʢʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦʤ ʚʠʜʝ, ʥʦ ʠ ʚ 

ʚʦʣʥʦʚʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦ-

ʚʳʤ ʜʫʘʣʠʟʤʦʤ. ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ ʥʝ ʫʯʸʣ ɼʠʨʘʢ 

 ʵʪʦ ʪʦ, ʯʪʦ ʯʫʜʝʩ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʠ ʦʜʥʦʟʥʘʯʥʳʭ 

ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ 

ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮʳ, ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʘ ʤʝʩʪʦ ʚʦʣʥʦ-

ʚʳʭ ʬʫʥʢʮʠʡ ʟʘʥʠʤʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʬʫʥʢ-

ʮʠʠ, ʜʣʷ ʯʝʛʦ ʥʘʤʠ ʠ ʙʳʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ 

ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʨʝʟ ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ 

ʦʪʨʘʞʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʠ ʦʙʨʘʪʥʦ ʧʦ ʟʘʤʢʥʫʪʦʡ ʩʠ-

ʩʪʝʤʝ ʩ ʫʩʣʦʚʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʢʘʢ ʢʠ-

ʥʝʪʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʇʦ-

ʥʷʪʥʦ, ʯʪʦ ʚʳʯʠʪʘʥʠʝ ʩ ʧʦʣʫʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 
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 ʦʟʥʘʯʘʝʪ ʢʘʢ ʙʳ ʨʘʟʙʠʝʥʠʝ ʥʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʟʘʨʷʜʳ (ʠʩʪʦʯʥʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫ-

ʯʝʥʠʷ). ʅʦ ʟʜʝʩʴ ʨʘʟʙʠʝʥʠʝ (ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʟʘ-

ʨʷʜʳ) ʚʦʚʩʝ ʥʝ ʦʟʥʘʯʘʝʪ ʠʩʯʝʟʥʦʚʝʥʠʷ ʢʠʥʝʪʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʩ 

ʦʙʤʝʥʦʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ 

ʠʝʨʘʨʭʠʠ,  ʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨ-

ʛʠʠ ʫʞʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ, ʪʦ ʝʩʪʴ çʥʦʚʳʤʠè ʦʙʲʝʢ-

ʪʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʦʪ ʧʨʝʜʳʜʫ-

ʱʠʭ ʦʙʲʝʢʪʦʚ.  

ɽʱʸ ʨʘʟ ʦʪʤʝʪʠʤ, ʯʪʦ ʥʝʣʴʟʷ ʦʪʜʝʣʠʪʴ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʥʪʠʥʫʫʤ, ʦʪʨʘʞʘʶʱʠʡ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʚ ʚʠʜʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʟʘʨʷʜʦʚ 

(ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʨʘʞʘʶ-

ʱʠʭ ʚʟʘʠʤʥʳʡ ʦʙʤʝʥ), ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ. ʆʜʥʘʢʦ ʩʦʚʨʝʤʝʥʥʳʝ ʫʯʸʥʳʝ ʧʦʩʪʦ-

ʷʥʥʦ ʧʳʪʘʶʪʩʷ ʩʜʝʣʘʪʴ ʵʪʦ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʦ-ʧʦʟʠ-

ʪʨʦʥʥʳʡ ʚʘʢʫʫʤ ʠ ʙʦʟʦʥʳ ʍʠʛʛʩʘ ʩ ʛʨʘʚʠʪʦʥʘʤʠ. 

ʇʨʠʯʸʤ ʩʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ ʚ ʪʦʤ, ʯʪʦ ʙʦʟʦʥ ʍʠʛʛʩʘ 

ʩʯʠʪʘʶʪ ʫʞʝ ʦʪʢʨʳʪʳʤ, ʦʜʥʘʢʦ ʦʥ ʧʦʯʝʤʫ-ʪʦ ʧʨʠ 

ʵʪʦʤ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʬʦʪʦʥʳ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʤ ʪʘʢʞʝ ʥʝ ʧʦʥʷʪʥʦ. 

ʇʦʵʪʦʤʫ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʥʠʤʘʪʝʣʴʥʦ ʧʨʦ-

ʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʳ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ  ʠʭ ʘʥʥʠʛʠʣʷʮʠʶ. ʇʨʠ ʘʥʥʠʛʠ-

ʣʷʮʠʠ ʧʘʨʳ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ ʦʙʨʘʟʫʶʪʩʷ ʬʦʪʦʥʳ 

 ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʠ ʟʜʝʩʴ ʠʩʯʝʟʘʶʪ ʟʥʘ-

ʯʝʥʠʷ ʤʘʩʩ ʧʦʢʦʷ, ʢʦʪʦʨʳʝ ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʛʨʘʚʠ-

ʪʘʮʠʶ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ). 

ʅʦ ʤʦʞʝʪ ʣʠ ʠʩʯʝʟʥʫʪʴ ʪʦ, ʯʪʦ ʜʦ ʵʪʦʛʦ ʙʳʣʦ, ʠ ʩ 

ʯʝʤ ʩʚʷʟʘʥʦ ʥʘʣʠʯʠʝ ʤʘʩʩʳ ʧʦʢʦʷ? ɺʝʜʴ ʠʟʚʝʩʪʝʥ ʠ 

ʦʙʨʘʪʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʩʪʦʣʢʥʦʚʝʥʠʝ ʬʦʪʦʥʘ ʩ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʘʨʳ ʵʣʝʢ-

ʪʨʦʥ-ʧʦʟʠʪʨʦʥ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʘʩʩ ʧʦʢʦʷ. ʆʪ-

ʩʶʜʘ ʯʠʩʪʦ ʣʦʛʠʯʝʩʢʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤ-

ʣʝʤʦʡ ʯʘʩʪʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʚʦʣʥ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʢʥʫʪʳʤ ʧʨʦʮʝʩʩʘʤ ʩ 

ʨʘʟʜʝʣʝʥʠʝʤ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, 

ʧʦʜ ʢʦʪʦʨʳʤʠ ʠ ʧʦʥʠʤʘʝʪʩʷ ʵʣʝʢʪʨʦʥ ʠ ʧʦʟʠʪʨʦʥ, ʠ 

ʚ ʢʦʪʦʨʳʭ ʠʤʝʥʥʦ ʚ ʜʠʥʘʤʠʢʝ ʚʟʘʠʤʥʦʛʦ ʦʙʤʝʥʘ 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʩʩʘ ʧʦʢʦʷ. ʇʦʥʷʪʥʦ, ʯʪʦ ʠʩʭʦʜʷ ʠʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʢʥʫʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ, ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦ-

ʝɦʥʠʷ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʥʝ ʧʦ-

ʣʫʯʘʝʤ ʢʦʤʧʝʥʩʘʮʠʠ ʵʥʝʨʛʠʠ, ʘ ʪʦʣʴʢʦ ʠʤʝʝʤ ʧʨʦ-

ʮʝʩʩ ʚʟʘʠʤʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʢʦʥʪʠʥʫʫʤʦʤ ʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ, ʛʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʘʟ ʠ ʘʤʧʣʠʪʫʜ ʜʘʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʚ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʘʭ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝ-

ʭʦʜ ʦʪ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʙʤʝʥʘ ʢ ʟʘʤʢʥʫʪʦʤʫ ʠ 

ʥʘʦʙʦʨʦʪ. ʀʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚʳʯʠʪʘʥʠʝ ʚ 

ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʟʥʘ-

ʯʘʝʪ ʩʣʦʞʝʥʠʝ (ʩʦʟʜʘʥʠʝ ʧʝʨʝʧʘʜʘ ʠʟ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʭ ʟʘʨʷʜʦʚ, ʪʦ ʝʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟ-

ʣʫʯʝʥʠʷ) ʚ ʩʠʩʪʝʤʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ 

ʢʦʥʪʠʥʫʫʤʘ, ʢʘʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ, ʵʪʦ ʠ ʚʳʨʘ-

ʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ɽʱʸ ʨʘʟ ʧʦʜ-

ʯʝʨʢʥʸʤ ʦʜʥʫ ʚʘʞʥʫʶ ʤʳʩʣʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝ-

ʥʠʷ ʥʘ ʟʘʨʷʜʳ ʧʨʦʠʩʭʦʜʠʪ ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠ-

ʯʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ʕʪʦ 

ʧʦʣʥʦʩʪʴʶ ʧʨʦʪʠʚʦʨʝʯʠʪ ʙʳʪʫʶʱʝʡ ʢʦʥʮʝʧʮʠʠ ʦ 

ʷʢʦʙʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. 

ʉʦʙʩʪʚʝʥʥʦ ʚ ʤʠʨʦʟʜʘʥʠʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʯʝʛʦ 

ʧʦʣʥʦʩʪʴʶ ʥʝʟʘʚʠʩʠʤʦʛʦ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʪʘʢʠʝ ʥʝ-

ʟʘʚʠʩʠʤʳʝ ʦʙʲʝʢʪʳ ʥʝ ʫʜʘʣʦʩʴ ʙʳ ʦʙʥʘʨʫʞʠʪʴ ʚ 

ʥʘʰʝʤ ʤʠʨʦʟʜʘʥʠʠ ʥʠʢʘʢʠʤ ʦʙʨʘʟʦʤ. ɼʝʡʩʪʚʠ-

ʪʝʣʴʥʦ, ʢʦʛʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʩʪʘʣʢʠʚʘʝʪʩʷ 

ʩ ʦʙʲʝʢʪʦʤ ʧʨʝʧʷʪʩʪʚʠʷ, ʪʦ ʦʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʥʠʤ. ɸ ʚ ʯʸʤ ʚʳʨʘʞʘʝʪʩʷ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ? ɸ 

ʦʥʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʤʝʥʝ. ʀ ʦʙʤʝʥ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ 

ʧʦʛʣʦʱʘʝʪʩʷ ʯʘʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʢʦʪʦ-

ʨʘʷ ʜʘʸʪ ʧʨʝʧʷʪʩʪʚʠʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʘ ʚ 

ʦʙʤʝʥ ʚʳʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʚ ʧʨʦʪʠ-

ʚʦʬʘʟʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɺʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʚʦʣʥʳ ʚ ʬʘʟʝ ʠ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʦʙʨʘʟʫʝʪ ʟʘ-

ʤʢʥʫʪʳʡ ʮʠʢʣ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢʠ ʧʦʛʣʦ-

ʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ 

ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʟʠʪʨʦʥʘ ʤʳ ʠ ʥʘʙʣʶʜʘʝʤ ʵʪʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʩ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʠʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʟʷʪʳʭ ʦʪ ʠʥʳʭ ʦʙʲʝʢʪʦʚ ʤʠʨʦʟʜʘ-

ʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʫʪʴ ʦʪʩʫʪʩʪʚʠʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʧʨʠ ʢʘʞʫ-

ʱʠʤʩʷ ʚʥʝʰʥʝʤ ʦʙʥʫʣʝʥʠʠ, ʟʘʣʦʞʝʥʘ ʚ ʧʨʠʥʮʠʧʝ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʭʨʘʥʠʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʨʦʪʠʚʦʬʘʟʝ ʠ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʜʚʠʞʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʘʶʱʠʭ ʥʫʣʝʚʦʝ ʟʥʘʯʝ-

ʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʳʭ ʚʥʝʰʥʠʭ ʦʙʲʝʢʪʦʚ ʠʟ-ʟʘ ʟʘ-

ʤʢʥʫʪʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. ʇʦʜʚʝʜʝʤ ʠʪʦʛʠ ʩʢʘʟʘʥʥʦʤʫ: 

1. ʇʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʨʠʬʤʝʪʠ-

ʯʝʩʢʦʛʦ ʚʳʯʠʪʘʥʠʷ, ʙʝʟ ʫʯʸʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ, ʜʘʸʪ ʧʘʨʘʜʦʢʩ ʚ ʚʠʜʝ ʙʝʟʚʦʟʚʨʘʪ-

ʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ.  

2. ʃʶʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝ-

ʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʤ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʤ ʦʙʲʝʢʪʝ ʠʟ-ʟʘ ʚʟʘʠʤ-

ʥʦʛʦ ʦʙʤʝʥʘ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʦʙʲʝʢʪ ʜʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʦʙʲʝʢʪ. ʀʥʳʤʠ 



28 SCIENCES OF EUROPE # 12 (12), 2017 |  PHYSICS AND MATHEMATICS 

ʩʣʦʚʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʜʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʠ ʧʦʩʣʝ  ʵʪʦ ʥʝ ʦʜʥʦ ʠ ʪʦ ʞʝ. 

3. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʦʤʫ ʢʦʥʪʠʥʫʫʤʫ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʟʘʣʦʞʝʥ ʚ 

ʤʝʭʘʥʠʟʤʝ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʜʫʘʣʠʟʤʘ. 

ʕʪʦ ʪʨʝʙʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦ ʚʟʘʠ-

ʤʦʩʚʷʟʠ ʚʦʣʥʦʚʦʡ ʧʨʦʮʝʩʩ ʠ ʜʚʠʞʝʥʠʝ ʚ ʢʦʨʧʫʩʢʫ-

ʣʷʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʠ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʫʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʙʝʟ ʢʦʥ-

ʩʪʘʥʪʳ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ 

ʄʘʢʩʚʝʣʣʘ ʩ ʢʦʥʩʪʘʥʪʦʡ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʟʘʢʦʥʘ ʩʦ-

ʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ. 

4. ʌʠʟʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʢʠʥʝʪʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʚʳʯʠʪʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʟʘʣʦʞʝʥ ʚ ʧʨʠʥʮʠʧʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʤʝʥʘ 

ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʠ ʵʪʦʤ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ ʚ 

ʚʠʜʝ ʟʘʨʷʜʦʚ (ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝ-

ʥʠʷ), ʢʦʪʦʨʳʝ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʜʘʶʪ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʝ ʚʦʣʥʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʝʩʪʴ ʧʨʠʯʠʥʘ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʟʘʨʷʜʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʷ ʩ ʩʦ-

ʙʣʶʜʝʥʠʝʤ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

5. ʆʩʥʦʚʥʳʤ ʚʳʚʦʜʦʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥ-

ʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ (ʦʙʤʝʥ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ) ʷʚ-

ʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ 

ʧʨʦʪʠʚʦʬʘʟʝ, ʦʙʨʘʟʫʶʱʠʭ ʟʘʤʢʥʫʪʳʡ ʫʩʪʦʡʯʠʚʳʡ 

ʦʙʤʝʥ ʚ ʜʠʥʘʤʠʢʝ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘ-

ʥʠʶ ʤʘʩʩʳ ʧʦʢʦʷ. ɸʥʥʠʛʠʣʷʮʠʷ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʜʘʸʪ ʦʙʨʘʪʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʋʯʠʪʳʚʘʷ 

ʟʘʤʢʥʫʪʦʩʪʴ ʤʠʨʦʟʜʘʥʠʷ ʥʘ ʜʚʝ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ ʠ ʩ ʫʯʸʪʦʤ ʠʝʨʘʨʭʠʠ ʠ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʤʳ ʧʨʠ ʫʩʣʦʚʠʠ ʠʥʪʝʨʬʝʨʝʥ-

ʮʠʠ ʠʤʝʝʤ ʢʘʢ ʙʳ ʧʦʣʫʯʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʛʦ ʢʦʥʪʠʥʫʫʤʘ ʩ ʨʘʟʙʠʝʥʠʝʤ ʥʘ ʠʩʪʦʯʥʠʢʠ ʠʟ-

ʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʧʦʪʦʤ ʢʦʛʜʘ ʵʪʠ ʫʩʣʦʚʠʷ 

ʥʝ ʚʳʧʦʣʥʷʶʪʩʷ  ʧʨʦʮʝʩʩ ʘʥʥʠʛʠʣʷʮʠʠ.  

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ, 

ʢʘʢʠʝ ʘʣʦʛʠʟʤʳ ʟʘʣʦʞʝʥʳ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤ-

ʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ, 

ʢʘʢ ʵʪʦ ʩʭʦʜʠʪʩʷ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ [2].  

ʉʫʪʴ ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʢʝ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʣʦʞʝʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦ-

ʚʠʡ , ʠʣʠ, ʢʘʢ ʛʦʚʦʨʷʪ, ʥʘ "ʩʰʠʚʘʥʠʠ" ʨʝʰʝʥʠʷ ʥʘ 

ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʝʡ. ʕʪʠ ʫʩʣʦʚʠʷ "ʩʰʠʚʘʥʠʷ", ʥʘʣʘʛʘ-

ʝʤʳʝ ʥʘ ʚʝʢʪʦʨʳ E, D, B, H, ʣʝʛʢʦ ʚʳʚʝʩʪʠ, ʠʩʧʦʣʴ-

ʟʫʷ ʠʥʪʝʛʨʘʣʴʥʫʶ ʬʦʨʤʫ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ. 

ʇʨʠ ʚʳʚʦʜʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʬʦʨʤʫʣʘ: 

hSlhSS pr=><+- 4)()( DnDnD 12 . (3) 

ɿʜʝʩʴ n ī ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ. ʀʟ ʬʦʨʤʫʣʳ (3) ʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʚʳʩʦʪʝ h, ʩʪʨʝʤʷʱʝʛʦʩʷ ʢ ʥʫʣʶ, ʯʣʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʩ <D> ʠ ɟ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ. ʅʦ 

ʚʦʧʨʝʢʠ ʤʘʪʝʤʘʪʠʢʝ, ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ ʪʨʘʥʩʬʦʨʤʠ-

ʨʫʝʪʩʷ ʚ ʧʦʥʷʪʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ, ʠ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ʥʝ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʬʦʨ-

ʤʫʣʘ: 

ph=- 4)()( 12 nDnD . (4) 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʚʦʜʠʪʩʷ ʬʦʨʤʫʣʘ ʠ ʜʣʷ ʥʘʧʨʷʞʸʥʥʦ-

ʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

cHH /4)()( 12 phn=-nn . (5) 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʟʘʨʷʜ ʟʘʤʝʥʷ-

ʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʪʦʢʦʤ. ɼʦʧʫʱʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʩʜʝʣʘʥʳ ʧʨʠ ʚʳʚʦʜʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʷʚʣʷʶʪʩʷ ʷʚʥʦ ʥʘʪʷʥʫ-

ʪʳʤʠ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ 

ʤʦʞʥʦ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʘ ʨʝʘʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʟʘʨʷʜ ʦʛʨʘʥʠʯʝʥ ʟʘʨʷʜʦʤ ʵʣʝʢʪʨʦʥʘ. ʇʨʠ ʵʪʦʤ 

ʥʘʜʦ ʝʱʸ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʟʜʝʩʴ ʢʘʢ ʙʳ ʧʨʦʠʩʭʦʜʠʪ 

ʚʳʜʝʣʝʥʠʝ ʦʜʥʦʛʦ ʚʠʜʘ çʦʪʨʠʮʘʪʝʣʴʥʦʛʦè ʟʘʨʷʜʘ, ʘ 

çʧʦʣʦʞʠʪʝʣʴʥʳʡè ʟʘʨʷʜ, ʜʘʶʱʠʡ ʦʙʥʫʣʝʥʠʝ  ʧʦ-

ʯʝʤʫ-ʪʦ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʵʪʠ ʫʩʣʦʚʠʷ ʧʦʢʘ-

ʟʳʚʘʶʪ ʦʯʝʥʴ ʚʘʞʥʳʡ ʬʘʢʪ ī ʥʘʣʠʯʠʝ ʨʘʟʨʳʚʘ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʥʘʧʨʷʞʸʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ. ʀʥʘʯʝ ʙʳ ʠ ʩʘʤʠʭ ʛʨʘ-

ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʝ ʙʳʣʦ, ʠ ʣʶʙʦʡ ʦʙʲʝʢʪ ʚ ʩʠʣʫ 

ʧʦʣʥʦʡ ʟʘʤʢʥʫʪʦʩʪʠ ʥʝ ʤʦʛ ʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʢʘʢ ʫʛʦʜʥʦ ʠʟʦʱʨʸʥʥʦ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠ ʚʳʚʦʜʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʟʘʨʷʜʳ ʠ ʪʦʢʠ, ʥʦ 

ʩʫʪʴ ʵʪʠʭ ʫʭʠʱʨʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʫ: ʩʫʱʝ-

ʩʪʚʫʝʪ ʥʝʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʳʚʘ  ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ɖ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜ, ʢʦʪʦʨʦʝ 

ʜʘʸʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʥʘʧʨʷʞʸʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʥʘ ʵʪʦʡ ʩʘʤʦʡ ʛʨʘʥʠʮʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʢʦʝ ʜʚʠʞʝʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘ ʛʨʘʥʠʮʝ 

ʩʨʝʜ, ʯʪʦ ʜʘʩʪ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʧʨʠʚʦʜʷʱʫʶ ʢ ʨʘʟʥʠʮʝ ʥʘʧʨʷʞʸʥʥʦʩʪʝʡ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʦʣʷ ʥʘ ʵʪʦʡ ʩʘʤʦʡ ʛʨʘʥʠʮʝ. ʗʩʥʦ, ʯʪʦ ʤʝʪʦʜ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, 

ʩʪʨʘʜʘʝʪ ʘʣʦʛʠʟʤʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʪʝʤ, ʯʪʦ ʝʩʣʠ 

ʜʘʞʝ ʠ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʭ ʟʘʨʷʜʦʚ ʠ ʪʦʢʦʚ ʜʣʷ ʩʨʝʜ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʩʚʝʪʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʘʨʷʜʦʚ ʠ ʪʦʢʦʚ ʦʙʲʷʩʥʠʪʴ ʥʠ-

ʢʦʠʤ ʦʙʨʘʟʦʤ ʥʝʣʴʟʷ, ʚ ʩʠʣʫ ʦʪʩʫʪʩʪʚʠʷ ʵʪʠʭ 

ʟʘʨʷʜʦʚ ʠ ʪʦʢʦʚ ʚʦʦʙʱʝ ʧʨʠ ʪʘʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦ-

ʚʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʰʝʡ ʪʝʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʤʳ ʥʝ 

ʧʨʠʜʫʤʳʚʘʝʤ ʥʝʢʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʦʢʠ ʠ ʟʘʨʷʜʳ, 

ʘ ʠʩʭʦʜʠʤ ʠʟ ʧʨʠʥʮʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʦʙʤʝʥʘ 

ʦʙʲʝʢʪʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ, 

ʪʘʢ ʢʘʢ ʥʠʯʝʛʦ ʜʨʫʛʦʛʦ ʠ ʥʝʪ. ɺʦʟʴʤʸʤ ʠʟ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ (2) ʚʥʘʯʘʣʝ 

ʪʦʣʴʢʦ ʧʨʘʚʫʶ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʚ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ ʨʦ-

ʪʦʨʘ ʅ ʥʫʣʶ ʪʘʢʞʝ ʨʘʚʥʘ ʥʫʣʶ, ʠ ʦʪʩʶʜʘ ʠʤʝʝʤ: 

0)/()/( 00 =µµe-µµe xEcitE tx . (6) 

ʇʨʠʥʠʤʘʝʤ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʨʝ-

ʤʝʥʠ ʠ ʜʣʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʤʫ ʦʙʱʝʤʫ ʦʜʥʦ-

ʨʦʜʥʦʤʫ ʦʙʲʝʢʪʫ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʵʪʦʛʦ 

ʦʙʲʝʢʪʘ, ʠ ʧʨʠ ʵʪʦʤ tcx µ=µ , ʠ ʪʦʛʜʘ ʩ ʫʯʸʪʦʤ 

ʫʧʨʦʱʝʥʠʷ ʠʤʝʝʤ: 

tx EiE µ=µ , i=-1 . (7) 

ʇʨʠ ʵʪʦʤ tx EE = , ʪʘʢ ʢʘʢ ʠʥʦʝ ʦʟʥʘʯʘʝʪ ʦʪ-

ʩʫʪʩʪʚʠʝ ʟʘʤʢʥʫʪʦʛʦ ʦʙʤʝʥʘ (ʩʠʣʦʚʘʷ ʣʠʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ ʠʤʝʝʪ ʨʘʟʨʳʚʦʚ). ʕʪʦ ʵʢʚʠʚʘ-

ʣʝʥʪʥʦ ʫʨʘʚʥʝʥʠʶ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ: 
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0)()( =- 12 nɽnɽ . (8) 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʦʣʫʯʘʝʤ ʨʘʚʥʳʡ ʟʘʢʦʥ ʦʙ-

ʤʝʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʷʤʠ ʧʦ ʜʣʠʥʝ ʠ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʧʨʦʮʝʩʩ ʢʘʢ ʙʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʟʘʤʢʥʫʪʦʩʪʠ ʚʩʝʛʦ ʤʠ-

ʨʦʟʜʘʥʠʷ.  

ɽʩʣʠ ʞʝ ʚ ʫʨʘʚʥʝʥʠʠ (2) ʚʟʷʪʴ ʧʦ ʦʜʥʦʤʫ ʯʣʝʥʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤ ɽ ʠ ʅ, ʢʦ-

ʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳ ʚ ʚʠʜʝ 

xEcizH ty µµe=µµ // 0 , (9) 

ʠ ʧʨʠ ʵʪʦʤ ʩʯʠʪʘʪʴ, ʯʪʦ xz µ=µ  (ʯʪʦ ʩʦʙ-

ʩʪʚʝʥʥʦ ʦʟʥʘʯʘʝʪ ʦʜʥʦʨʦʜʥʦʩʪʴ, ʠʣʠ ʧʨʠʥʘʜʣʝʞ-

ʥʦʩʪʴ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʦʪʩʯʸʪʘ), ʪʦ ʤʳ ʧʦ-

ʣʫʯʠʤ, ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ, ʢʦʪʦ-

ʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʟʥʘʯʝʥʠʝ 0, ʪʘʢ ʢʘʢ 

tty cEHH == . ʆʪʩʶʜʘ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

tyty EiEHiH 00 , e=e= . (10) 

ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʨʘʚʝʥʩʪʚʘ (10) ɽy 

Í ɽt. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʩʠʣʦʚʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʪʝʨʧʠʪ ʨʘʟʨʳʚ, ʠ ʵʪʦʪ ʨʘʟʨʳʚ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝʤ 0. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʩʣʠ ʥʠʞʥʝʝ 

ʫʨʘʚʥʝʥʠʝ ʚ (10) ʨʘʩʧʠʩʘʪʴ ʚ ʚʠʜʝ 

tyyy EiEEE 02211 e=e-e= , (11) 

ʪʦ ʧʦʣʫʯʠʤ ʠʟʚʝʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (4), ʧʨʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʤ ʨʘʚʝʥʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ. ɸʥʘʣʦʛʠʯʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʜʣʷ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ yHz µµ /  ʠ tEx µµe /0 . ʆʜʥʘʢʦ, ʢʘʢʘʷ ʨʦʣʴ 

ʟʜʝʩʴ ʦʪʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʶ 0? ɺ ʥʘʰʝʡ ʪʝʦʨʠʠ ʟʥʘ-

ʯʝʥʠʝ cu /0=e  ʠ )/(10 uc=m , ʟʜʝʩʴ u  ʩʨʝʜʥʷʷ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ. ʉʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʫ ʩʢʦʨʦʩʪʴ ʦʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʩʢʦʨʦʩʪʴ ʚ ʥʘʰʝʡ 

ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ɜ ʚ ʚʠʜʝ 
2/122

0 )/1(/ ccu n-==e . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʚʠ-

ʜʠʤ, ʯʪʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʩɽ ʠ ʅ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝ-

ʥʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ, ʠ 

ʵʪʘ ʩʚʷʟʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʠʪʝʣʝʤ 
2/122 )/1( cn-

. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ, ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʘʰʝʡ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ (ʩʚʝʪʘ), ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ ʩɽ ʠ ʅ ʦʪʨʘʞʘʶʪ ʚʨʝʤʷ ʠ ʜʣʠʥʫ ʦʙʲʝʢʪʘ (ʘ ʥʠ-

ʯʝʛʦ ʜʨʫʛʦʛʦ ʠ ʙʳʪʴ ʥʝ ʤʦʞʝʪ ʚ ʩʠʣʫ ʟʘʤʢʥʫʪʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ʠ ʩʠʤʤʝʪʨʠʠ), ʪʦ ʨʘʟʜʝʣʝʥʠʝ 

ʩʨʝʜ ʩʚʷʟʘʥʦ ʩ ʜʚʠʞʝʥʠʝʤ ʦʙʲʝʢʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʉʊʆ ʕʡʥʰʪʝʡʥʘ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʨʘʟʣʠʯʠʝ ʦʙʲʝʢʪʦʚ 

ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʚʠʞʝʥʠʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ, ʘ ʠʥʘʯʝ ʦʥʠ ʩʦʩʪʘʚʣʷʣʠ ʙʳ ʝʜʠʥʦʝ ʮʝ-

ʣʦʝ. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʵʪʠ ʦʙʲʝʢʪʳ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʭ ʤʘʩʩ ʠ ʩʢʦʨʦʩʪʝʡ, ʘ ʵʪʦ ʚ ʥʘʰʝʡ ʩʠʩʪʝʤʝ 

ʚʳʛʣʷʜʠʪ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘ ʟʥʘ-

ʯʠʪ ʠ ʦʙʤʝʥ ʢʦʨʧʫʩʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʩʪʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʝʩʪʴ ʧʨʠʯʠʥʘ ʠ ʧʨʠʥ-

ʮʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʬʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʦʢʦʚ ʠ ʟʘʨʷʜʦʚ, ʦʧʠ-

ʩʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʪʦ-

ʨʳʭ ʥʝ ʠʤʝʝʪ ʣʦʛʠʯʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ, ʢʘʢ ʵʪʦ ʩʜʝ-

ʣʘʥʦ ʫ ʥʘʩ.  

ɺ [1] ʤʳ ʦʙʦʩʥʦʚʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 

ʠʝʨʘʨʭʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ ʚ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ɜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʠ-

ʞʝʥʠʝʤ ʵʣʝʢʪʨʦʥʘ ʚʦʢʨʫʛ ʧʨʦʪʦʥʘ. ʈʘʟʣʠʯʠʝ ʩʨʝʜ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚ-

ʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʠʯʝʛʦ ʜʨʫʛʦʛʦ ʧʨʦʩʪʦ ʥʝʪ. ʇʨʠ ʵʪʦʤ 

ʥʝʪ ʥʠʢʘʢʦʡ ʬʘʥʪʘʩʪʠʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʟʘʨʷʜʦʚ ʠ ʪʦʢʦʚ. ʆʪʩʶʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦ-

ʥʷʪʥʦ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʝ ʩʢʘʯʢʠ (ʨʘʟʨʳʚʳ, ʩʠʥʛʫʣʷʨʥʦʩʪʠ) ʚ ʉʊʆ 

ʕʡʥʰʪʝʡʥʘ, ʠ ʧʦʯʝʤʫ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʉʊʆ ʤʝʣʴ-

ʯʘʡʰʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʠʤʝ-

ʶʱʠʝ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ɜi ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ, ʭʦʪʷ ʥʝ 

ʩʤʦʛ ʧʦʥʷʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʘʢʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠ-

ʥʘʪ ʥʘʜʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʦʪʩʯʠʪʳʚʘʪʴ ʵʪʠ ʟʥʘʯʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʨʘʟʨʳʚʳ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘ 

ʵʪʦ ʢʘʢ ʨʘʟ ʠ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʚʟʘʠʤʦʩʚʷʟʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ. ʉʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʤʳ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ ʚʥʫʪʨʠ ʚʩʝʛʦ ʤʠʨʦʟʜʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʤ-

ʧʦʥʝʥʪʳ ɽ ʠ ʅ ʦʢʘʟʳʚʘʶʪʩʷ ʩʚʷʟʘʥʥʳʤʠ ʯʝʨʝʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʟʘʜʘʸʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ (ʦʙ-

ʤʝʥʘ) ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʥʷʪʥʦ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʚʝʪʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʧʦʣʝ, ʪʘʢ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ ɽ ʠ ʅ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʳ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʠʩʢʨʠʚ-

ʣʝʥʠʝ. ʇʦʩʣʝ ʜʘʥʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʣʦʛʠʯʥʦ, ʯʪʦ ʜʣʷ 

ʩʣʫʯʘʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʠʤʝʥʠʤʘ ʬʦʨʤʫʣʘ:  

))/()/(()/()/( 0 xHictHyEzE txzy µµ-µµm=µµ-µµ . (12) 

ʆʪʢʫʜʘ ʧʦʣʫʯʘʝʤ: 

)/()/(1)/( xHcuciyE tz µµ=µµ ; )/(/)/()/( 0 xHuicxHciyH ttz µµ=µµm=µµ ; 

ttz HiHciH 0
2

0 /e=m= ; tz HH ¸ . 
(13) 

ʊʝʧʝʨʴ ʦʪʤʝʪʠʤ ʦʜʥʫ ʚʘʞʥʫʶ ʜʝʪʘʣʴ, ʢʦʪʦʨʫʶ 

ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ ʩʪʘʨʘʶʪʩʷ ʥʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ ʤʝʞʜʫ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ. ʀʩʭʦʜʷ ʠʟ 

ʥʘʣʠʯʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 
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ʩʨʝʜ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʦʡ 

ɻʘʫʩʩʘ ʤʳ ʜʦʣʞʥʳ ʟʘʧʠʩʘʪʴ: 

pr=4divE . (14) 

ɸ ʵʪʦ ʫʞʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ 

ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ, ʪʦ ʝʩʪʴ ʫʨʘʚʥʝ-

ʥʠʶ (8). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʦʜʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʡ ʟʘʨʷʜ, ʜʘʶʱʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʩʦʩʪʘʚʣʷʶʱʠʤʠ 

ʝʩʪʴ, ʘ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʟʘʨʷʜʘ 

ʥʝʪ. ɸ ʵʪʦ ʢʘʢ? ɿʘʭʦʪʝʣʠ  ʚʚʝʣʠ, ʘ ʥʝ ʟʘʭʦʪʝʣʠ  

ʫʙʨʘʣʠ? ʀ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʫʨʘʚʥʝʥʠʝ (4) ʬʘʢ-

ʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʨʘʟʨʳʚʦʚ ʵʪʦʛʦ ʧʦʣʷ ʦʪ ʪʘʢ ʥʘʟʳ-

ʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ c/hn . ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ 

ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʠ ʥʝʟʘʚʠʩʠ-

ʤʦʛʦ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ, ʪʦ ʧʨʠʯʠʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʪʘʢʦʤ ʧʦʜ-

ʭʦʜʝ ʥʝʪ. ʇʨʠʯʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢ-

ʥʫʪʴ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʠ ʥʘʦʙʦ-

ʨʦʪ, ʘ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʢʘʢ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʛʦ ʦʙʲʝʢʪʘ. ʅʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʳʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ  ʵʪʦ 

ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪ ʧʦʜʯʠʥʝʥʠʷ ʵʪʠʭ ʫʨʘʚ-

ʥʝʥʠʡ ʫʩʣʦʚʠʶ ʥʘʣʠʯʠʷ ʧʨʦʝʢʮʠʠ ʥʘ ʚʨʝʤʷ, ʘ ʝʸ ʚ 

ʦʙʳʯʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʄʘʢʩʚʝʣʣʘ  ʥʝʪ.  

ʉʦʙʩʪʚʝʥʥʦ ʩʫʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠ-

ʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ  ʵʪʦ ʩʣʦʞʝʥʠʝ ʠ 

ʚʳʯʠʪʘʥʠʝ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦ-

ʛʜʘ ʦʜʥʘ ʢʦʤʧʦʥʝʥʪʘ ʤʝʥʷʝʪʩʷ ʥʘ ʩʫʤʤʫ ʠʣʠ ʨʘʟ-

ʥʦʩʪʴ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ, ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʩ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʤ ʢʦʥʪʠʥʫʫʤʦʤ, ʘ ʠʥʘʯʝ ʵʬʬʝʢʪ 

ʧʨʝʣʦʤʣʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʥʠʢʦʠʤ ʦʙʨʘʟʦʤ ʥʝ ʧʦʣʫ-

ʯʠʪʴ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʟʚʘʣʠ çʟʘ-

ʨʷʜʦʤè, ʥʦ ʚʦʪ ʜʘʣʴʰʝ (ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨ-

ʧʦʟʠʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ) ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʤʦʛʫʪ ʪʦʣʴʢʦ ʩʢʣʘʜʳʚʘʪʴʩʷ ʠ ʚʳʯʠ-

ʪʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ, ʘ ʵʪʦ ʠʩʢʣʶʯʘʝʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ. ʂʨʦʤʝ ʪʦʛʦ ʥʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ çʟʘʨʷʜè ʚ 

ʫʨʘʚʥʝʥʠʠ ʵʥʝʨʛʠʠ ʕʡʥʰʪʝʡʥʘ ʥʝʪ ʩʘʤʦʡ ʵʥʝʨʛʠʠ 

(ʠ ʤʳ ʵʪʦ ʦʪʤʝʯʘʣʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʪʴʷʭ), ʠ ʵʥʝʨ-

ʛʠʷ ʦʧʷʪʴ ʪʘʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʳʤ ʠʩʢʨʠʚʣʝʥʠʝʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʟʜʝʩʴ ʠʩʢʣʶʯʠʣʠ ʧʦʜʛʦʥʢʫ 

ʧʦʜ ʨʝʟʫʣʴʪʘʪ, ʘ ʬʠʟʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʩʨʝʜ ʦʙʲʷʩʥʷʝʤ ʥʝ ʟʘ ʩʯʸʪ ʥʝʢʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʪʦʢʦʚ ʠ ʟʘʨʷʜʦʚ (ʢʦʪʦʨʳʭ ʚ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʦʤ ʚʘʢʫʫʤʝ ʥʝʪ, ʘ ʠʩʢʨʠʚʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠ-

ʞʝʥʠʷ ʩʚʝʪʘ ʝʩʪʴ), ʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʨʝʜʘʯʠ ʢʠʥʝʪʠ-

ʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʳʭ ʦʙʲʝʢ-

ʪʦʚ ʩ ʟʘʤʝʱʝʥʠʝʤ ʦʜʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʥʘ ʜʨʫʛʠʝ, ʯʪʦ ʩʦʙʩʪʚʝʥʥʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʥʘ ʧʨʘʢʪʠʢʝ. ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʚʠʜʥʦ, ʯʪʦ ʠʟ-

ʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛ-

ʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ, ʠ 

ʵʪʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʪʦʢʘʤʠ ʠ ʟʘʨʷ-

ʜʘʤʠ. ʇʦ ʜʨʫʛʦʤʫ ʛʦʚʦʨʷ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʙʲʷʩʥʠʪʴ ʨʘʟ-

ʥʠʮʝʡ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ 
2

002211 /1 c=me=me=me , ʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʩʨʝʜ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʠʩʢʨʠʚʣʝʥʠʷ 

22202021110101 /1//1/ me=me=n=me=me=n cʩ

. ʕʪʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʟʥʘʯʝʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʢʘʢ ʵʪʦ 

ʧʨʝʜʣʦʞʝʥʦ ʚ ʥʘʰʝʡ ʪʝʦʨʠʠ [1]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ 

ʫʯʠʪʳʚʘʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʨʝʜʳ ʟʘ ʩʯʸʪ ʠʥʪʝ-

ʛʨʘʣʴʥʳʭ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʦʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʩʪʠ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʚ ʧʨʦʠʟʚʝʜʝʥʠʠ ʢʦʥʩʪʘʥʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʘ ʚ ʠʭ 

ʯʘʩʪʥʦʤ ʦʪ ʜʝʣʝʥʠʷ ʚʠʜʘ: 

222111000 /// me=¸me=¸me= uuu .  
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ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʣʦʞʥʦʩʪʷʭ ʚʳʚʦʜʦʚ ʚ ʩʠʩʪʝʤʘʭ ʌʨʝʛʝ. 

ʉʥʘʯʘʣʘ ʤʳ ʚʚʦʜʠʤ ʧʦʥʷʪʠʝ ʬʦʨʤʫʣʳ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ʠ ʜʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʪʘʚʪʦʣʦʛʠʡ 

ʜʣʠʥʳ n ʠʤʝʶʪ ʧʦʣʠʥʦʤʠʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚʳʚʦʜʦʚ ʚ ʩʠʩʪʝʤʘʭ ʌʨʝʛʝ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʪʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʚʳʚʦʜʳ ʬʦʨʤʫʣ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ʜʣʠʥʳ n. ɼʘʣʝʝ ʤʳ ʜʦʢʘʟʳʚʘʝʤ, ʯʪʦ ʚʩʝ ʙʘ-

ʣʘʥʩʠʨʦʚʘʥʥʳʝ ʪʘʚʪʦʣʦʛʠʠ ʚ ʜʠʟʲʶʥʢʪʠʚʥʦʡ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʜʣʠʥʳ n ʪʘʢʞʝ ʠʤʝʶʪ ʧʦʣʠʥʦʤʠʘʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚʳʚʦʜʦʚ ʚ ʩʠʩʪʝʤʘʭ ʌʨʝʛʝ. ɺ ʢʦʥʮʝ ʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʟʘʤʝʪʦʢ ʦʙ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʩʣʦʞʥʦʩʪʝʡ ʚʳʚʦʜʦʚ ʪʘʚʪʦʣʦʛʠʡ An , Bn ʠ ʬʦʨʤʫʣ ʚ ʬʦʨʤʝ An Bzn, ʛʜe  zʦʜʥʘ ʠʟ ʮʚʷʟʦʢ ȟ᷈᷉̉̌ṓ̉Ȣ 
ABSTRACT 

We present in this paper some results about Frege proof complexities. At first we introduce the notion of 

specific tautologies and show that Frege systems must have a polynomial size )(np  proof for every tautology of 

size n iff the proofs of all specific tautologies of size n are polynomially bounded. Then we show, that all balanced 

tautologies in disjunctive normal form of size n also have Frege proofs with polynomially bounded sizes. Lastly 

we give some notes about relations between the proof complexities of tautologies An and Bn and proof complexities 

of the tautologies in a form An Bzn, where z  is ȟ᷈᷉έὶṓȢ 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʩʣʦʞʥʦʩʪʠ, ʪʝʦʨʠʷ ʩʣʦʞʥʦʩʪʝʡ ʧʨʦʧʦʟʠʮʠʦʥʘʣʴʥʳʭ ʚʳʚʦʜʦʚ, ʩʣʦʞʥʦʩʪʠ 

ʚʳʚʦʜʦʚ, ʩʠʩʪʝʤʳ ʌʨʝʛʝ, ʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʬʦʨʤʫʣʳ. 

Keywords: complexity theory, propositional proof theory, proof complexity, Frege systems, balanced for-

mulas. 

  

1. Introduction  

One of the most fundamental problems of the 

proof complexity theory is to find an efficient proof 

system for classical propositional calculus. There is a 

wide spread understanding that polynomial time com-

putability is the correct mathematical model of feasible 

computation. According to the opinion, a truly "effec-

tive" system must have a polynomial size )(np  proof 

for every tautology of size n . In [1] Cook and Reck-

how named such a system a super system. They showed 

that NP = coNP iff there exists a super system. Lately 

it is proved in [2] that NP=PSPACE by showing that 

arbitrary tautologies of Johansson's minimal proposi-

tional logic admit ñsmall" polynomial-size dag-like 

natural deductions in Prawitz's system for minimal 

propositional logic. As corollary from this result fol-

lows that NP = coNP = PSPACE, hence it must be some 

propositional proof system, which is super system. It is 

well known that many systems are not super. This ques-

tion about Frege system, the most natural calculi for 

propositional logic, is still open. 

In this paper we present some results about Frege 

proof complexities. At first we introduce the notion of 

specific tautologies and show that Frege systems will 

be super iff the proofs of all specific tautologies of size 

n are polynomially bounded. Then we show, that all 

balanced tautologies in disjunctive normal form of size 

n also have proofs with polynomially bounded sizes. 

Lastly we give some results about relations between the 

proof complexities of tautologies An and Bn and proof 

complexities of the tautologies in a form An Bzn, where 

 zis ȟ᷈᷉έὶṓȢ  
2. Preliminaries 

We will use the current concepts of the unit Bool-

ean cube (Ὁ ), a literal, a propositional formula, a dis-

junctive normal form (DNF), a classical tautology, 

Frege proof systems for classical propositional logic, 

proof and proof complexity [1]. Let us recall some of 

them. 

A Frege system ֹו uses a denumerable set of prop-

ositional variables, a finite, complete set of proposi-

tional connectives; ֹו has a finite set of inference rules 
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defined by a figure of the form 
B

AAA m221
 (the rules 

of inference with zero hypotheses are the axioms 

schemes); ֹו must be sound and complete, i.e. for each 

rule of inference 
B

AAA m221
 every truth-value as-

signment, satisfying mAAA 221 , also satisfies B , 

and ֹו must prove every tautology. 

 The particular choice of a language for presented 

propositional formulas is immaterial in this considera-

tion. However, because of some technical reasons we 

assume that the language contains the propositional 

variables ὴ Ὥ ρ and (or) ὴ Ὥ ρȠ Ὦ ρ, logi-

cal connectives ȟ᷈ȟȟṓ and parentheses (,). Note that 

some parentheses can be omitted in generally accepted 

cases. Note that our convention for serial disjunction 

ὃ ὃ᷉ ȣ᷉ ὃ᷉  (conjunction ὃ ὃ᷈ ȣ᷈ ὃ᷈ ) is 

associated from left to right. 

By | • | we denote the size of a formula •, defined 

as the number of all logical signs entries in it. It is ob-

vious that the full size of a formula, which is understood 

to be the number of all symbols is bounded by some 

linear function in | • |. 

2.1. Proof complexity measures 

In the theory of proof complexity four main char-

acteristics of the proof are: t- complexity (length), de-

fined as the number of proof steps, l-complexity (size), 

defined as sum of sizes for all formulas in proof (size), 

s-complexity (space), informal defined as maximum of 

minimal sum of sizes for formulas on blackboard 

needed to verify all steps in the proof (formal defini-

tions are for example in [3]) and w- complexity (width), 

defined as the maximum of sizes of proof formulas. 

Let ה be a proof system and ű be a tautology. We 

denote by ὸ ὰȟίȟύ  the minimal possible value of 

t-complexity (l-complexity, s-complexity, w-complex-

ity) for all ה-proofs of tautology ű. 

By analogy we can define the mentioned proof 

complexity characteristics for the proof of any formula 

A from premises ɜ and denote them respectively by 

ὸṲ ὰṲȟύṲȟίṲ . 

Let M be some set of tautologies. 

Definition 2.1.1. We call the ה-proofs of tautolo-

gies from a set M t-polynomially (l- polynomially, s- 

polynomially, w- polynomially) bounded if there is a 

polynomial p() such that ὸÒ p(ű ) (ὰÒ p(ű ), ίÒ 

p( ű ), ύ Ò p(ű )) for all ű from M. 

Definition 2.1.2. We call the ה-proofs of tautolo-

gies from a set M t-linearly (l- linearly, s- linearly, w- 

linearly) bounded if there is a linear function f() such 

that ὸÒ f( ű ) (ὰÒ f( ű ), ίÒ f( ű ), ύ Ò 

f( ű )) for all ű from M. 

 

2.2. Essential subformulas of tautologies 

For proving the main results we use also the notion 

of essential subformulas, introduced in [4]. 

Let F be some formula and )(FSf  be the set of 

all non-elementary subformulas of formula F . 

For every formula F , for every )(FSfÍj  and 

for every variable p  by 
pFj  is denoted the result of 

the replacement of the subformulas j everywhere in 

F  by the variable p . If )(FSfÎj , then 
pFj  is 

F . 

We denote by )(FVar  the set of variables in F
. 

Definition 2.2.1. Let p  be some variable that 

)(FVarpÎ  and )(FSfÍj  for some tautology 

F . We say that j is an essential subformula in F  

iff 
pFj  is non-tautology. 

We denote by )(FEssf  the set of essential sub-

formulas in tautologyF . 

If F  is minimal tautology, i.e. F  is not a sub-

stitution of a shorter tautology, then 

)(=)( FSfFEssf . 

In [4] the following statement is proved. 

Proposition 1. Let F  be a minimal tautology and 

)(FEssfÍj , then in every ֹו-proof of F  subfor-

mula j must be essential either at least in some axiom, 

used in proof or in formulae A1ṓ (A2ṓ (éṓAm)é) ṓ 

B for some used in proof inference rule 
B

AAA m221

 

. 

Note (1) that for every Frege system the number 

of mentioned essential subformulas is bounded with 

some constant. 

Definition 2.2.2 Let p  and ή be some variables 

that ὴ ɵ ὠὥὶὃ and ή ɵ ὠὥὶὃ for some tautology 

ὃ, • and ‪ are subformulas of A such that neither • nor 

‪ are subformula of each other. We say that • and 

‪ are an essential pair of subformulas in ὃ iff ὃȟ
ȟ

 is 

non-tautology. 

By analogy to statement of Proposition 1. it is not 

difficult to prove the following statement. 

Proposition 2. Let ὃ be a minimal tautology and 

pair •ȟ‪ belong to the set of essential pairs of subfor-

mulas in ὃ, then in every ֹו-proof of ὃ pair •ȟ‪ must 

be essential either at least in some axiom, used in proof 

or in formulae A1ṓ (A2ṓ (éṓAm)é) ṓ B for some 

used in proof inference rule 
B

AAA m221

 

. 

Definition 2.2.3 The set of essential pairs of sub-

formulas in a tautology ὃ is called canonic if every sub-

formula of ὃ has entry into no more than one pair of 

this set.  

Note (2) that for every Frege system the number 

of pairs in the canonic set of essential pairs of subfor-

mulas both for every axiom and for formulae A1ṓ (A2ṓ 

(éṓAm)é) ṓ B of every proof inference rule 

B

AAA m221

 

is bounded with some constant. Really 

by Note (1) the number of essential subformulas both 

for every axiom and for formulae A1ṓ (A2ṓ 
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(éṓAm)é) ṓ B of every proof inference rule 

B

AAA m221

 

is bounded with some constant and they 

can be only in one pair from canonic set of essential 

pairs of subformulas. 

Some of definitions can be given further. 

3. Main results. 

Here we give the main results, mentioned in Intro-

duction. 

3.1. The role of specific formulas  

Definition 3.1. Any propositional formula ὃ is 

called specific if it is in the following form: ὃ ὴṓ
ὃ ὃ᷉ ȣ᷉ ὃ᷉  Ὧ ρȟ where p is a literal (vari-

able or negation of variable), neither ὃ ὃ᷉ ȣ᷉᷉
ὃ nor every ὃ(1 Ὥ Ὧ) are tautology or contradic-

tion and ȿὃȿ
ȿ ȿ

 . 

Theorem 1. Let M be the set of all specific 

tautologies. If ֹו-proofs of formulas from the set M are 

t-polynomially (l- polynomially, s- polynomially, w- 

polynomially) bounded, then ֹו-proofs of all 

tautologies are t-polynomially (l- polynomially, s- pol-

ynomially, w- polynomially) bounded. 

For proving this theorem we at first give two aux-

iliary statements.  

Lemma 3.1. If for a ֹו-proof of any formula B 

from premises ɜ,ὃ ὸȟṲ
ꞈ ὰȟṲ

ꞈ ȟύȟṲ
ꞈ ȟίȟṲ

ꞈ ὲ, 

then ὸṲ ṓ
ꞈ ὰṲ ṓ

ꞈ ȟύṲ ṓ
ꞈ ȟίṲ ṓ

ꞈ ὧὲ for some 

constant c. 

Proof of this statement follows obviously from the 

proof of deduction theorem. 

Lemma 3.2. The ֹו-proofs of formulas from the 

following set  

1) ὅṓ ὄṓὅ 

2)  ὄ ὅ᷉ḳ ὄṓὅ 

3) ὄṓ( ὄṓὅ) 

4) ὅṓ ὄṓὅ ὄ᷈  

5) ὅṓ ὄ ḳ ὄṓὅ 

6) ὄ ὅ᷉ ḳ ὄ᷈ ὅ 

7) ὄ ὅ᷈ ḳ ὄ᷉ ὅ 

8) ὄṓὅ ḳὄ᷈ ὅ 

are t-linearly (l- linearly, s- linearly, w- linearly) 

bounded for every formulas B and C.  

Proof of this statement is obvious. 

Proof of Theorem 1. Given tautology A can be in 

one of the following form a) ὃ ὄ ὅ᷈ , b) ὃ ὄṓ
ὅ, c) ὃ ὄ ὅ᷉ ȟ d) ὃ. Use the tautologies 2),6),7),8) 

of Lemma 2. the formula A can be presented in the form 

a) or b), hence we can observe only these cases.  

In the case a) the formulas ὄ and ὅ must be tau-

tology, hence we can derive every of them and then use 

a proof of formula ὅṓ ὄṓὅ ὄ᷈  derive the formula 

ὃ. So in the case a) proof of ὃ reduces to proofs of two 

smaller tautologies. 

Let we have the case b). If the formula ὅ is tautol-

ogy, then we can derive the formula ὅ, then use a proof 

of ὅṓ ὄṓὅ we can derive ὃȢ If the formula ὄ is 

contradiction, then we can derive the formula ὄ, then 

use a proof of ὄṓ( ὄṓὅ) we can derive ὃȢ In the 

other cases i) if ȿ ὄ ȿ ȿ ὅ ȿ, then we can at first derive 

ὅ from the premise ὄ and by deduction theorem derive 

ὃ with no more than linear increase of complexities 

characteristics (Lemma 3.1.), ii) if ȿ ὅ ȿȿ ὄ ȿ, then we 

can at first derive ὄ from the premise ὅ and by de-

duction theorem derive ὅṓ ὄ  also with no more 

than linear increase of complexities characteristics 

(Lemma 3.1.) and use the proof of formula ὅṓ
ὄ ṓ ὄṓὅ derive ὃ. So in the case b) proof of ὃ 

reduces to proof ὅ from the premise ὄ or to proof ὄ 

from the premise ὅ. 

Later we must analyze as above the formulas ὄ 

and ὅ in the case a) and the formula ὅ or the formula 

ὄ in the case b). Note that in the last case we must 

already take into consideration the truth values of prem-

ises also. 

We do all mentioned steps until we must obtain a 

proof of some literal ὴ from the premises ὃȟὃȟȣȟὃȟ 
every of each is either some subformula or negation of 

some subformula of formula . In the other words we 

must derive the formula ὃ ὃ᷈ ȣ᷈ ὃ᷈ ṓὴ, 
which we can do using the proof of specific formula 

ὴ ṓ ὃ᷉ ὃ ȣ᷉᷉ ὃ . 

So the proof of tautology A reduces to proofs of 

no more than ȿ ὃ ȿ numbers specific tautologies. Every 

step of reducing gives to the size (the others complexi-

ties characteristics) of proof no more than linear in-

crease with some constant c and number of steps is no 

more than log2ȿ ὃ ȿ, hence general increasing is no 

more than ὧ ȿ  ȿ, which is no more thanȿ ὃ ȿ. Note 

that every step of reducing can be also do inversely with 

the same property.  

3.2. Proof complexities of balanced DNF 

Here we investigate the proof complexities char-

acteristics for some set of tautologies, given in DNF 

(DNF-tautologies). 

Definition 3.2.1. A propositional formula called 

balanced if every variable has only two occurrences in 

it: one positive and one with negative. 

It is shown in [5] that problem on polynomially 

bounded sizes of proofs for all tautologies reduced to 

problem on polynomially bounded sizes of proofs for 

all balanced tautologies.  

Definition 3.2.2. DNF-tautology is correct if 

DNF, obtained from it by removing of any conjunct, is 

no tautology already.  

Lemma 3.2. The number of conjuncts in balanced 

correct DNF-tautology with n variables is n+1. 

Proof is given by induction on number n of varia-

bles in a balanced DNF-tautology A. By n=1 we have 

ὃ ὴ᷉ ὴ. Suppose that statement is valid for num-

ber of variables  n. If the number of variables is n+1, 

then correct DNF must have at least one conjunct with 

at least two literals ὴ ȟὴ . After assigning 1 to var-

iable ὴ everywhere in given DNF, both the number of 

variables and the number of conjuncts decrease with 

one, hence the number of conjuncts in primary DNF 

must be n+2. 

Corollary. Every balanced correct DNF-

tautology has at least one conjunct, consisting from one 

li teral. 

Theorem 2. The ֹו-proofs of all balanced correct 

DNF-tautologies are t-polynomially (l- polynomially, 

s- polynomially, w- polynomially) bounded. 
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Proof. Let the variables of given balanced correct 

DNF-tautology ὃ ὑ ὑ᷉ ȣ᷉ ὑ᷉  are 

ὴ,ὴ,é,ὴ. To derive ὃ we take ὃ as premise and 

proof a contradiction. We have ὃ
ὈẒὈẒȣẒὈ , where Ὀ ὑ in a form Ὀ

ὴ ὴ᷉ ȣ᷉ ὴ᷉  (‌ ɴ πȟρȠρ Ὥ ὲ ρ). On 

the base of Ὀ we construct the formula Ὁ by adding 

instead of every variable ὴ from ὴ,ὴ,é,ὴ, which 

has no occurrence in Ὀ, the formula ὴ᷈ ὴ on the j-

th place with disjunction. It is obvious that Ὀ Ὁ and 

this equivalence can derive with polynomially bounded 

characteristics of proof complexities. By these notation 

we have that formula ὃ is equivalent to formula ὃɦ = 

᷈ Ὁ. Now we introduce the new propositional vari-

ables ὴ  (ρ Ὥ ίȟρ Ὦ ὲ), where ὴ  is trueȟ if 

variable ὴ has occurrence in Ὀ and ὴ  is false for the 

opposite case, and construct on the base of Ὁ the new 

disjunctions Ὀɦ  by replacement both primary literals 

and formulas ὴ᷈ ὴ by the corresponding variables 

ὴ . 

Now we take with consideration that the well 

known formulas of Pigeon Hole Principle ὖὌὖ
᷈ ᷉ ὴ ṓ᷉ ᷉ ὴ ὴ᷈  have polyno-

mially bounded size of ֹו-proofs [1]. Use this fact we 

can derive the formulas ᷈ Ὀɦ ṓ
᷉́ ᷉ ὴ ὴ᷈  and then by modus ponens 

derive the formulas Cn= ᷉́ ᷉ ὴ ὴ᷈ . 

Denote by Hn the formulas ᷈ ˊ ᷈ ὴ ᷈

ὴ . It is not difficult to derive formulas Hnṓ  Cn 

with polynomially bounded size. If for every ὭȟὮ we 

denote by [ὴ ] either the primary literal or formula ὴ᷈

ὴ from formula Ὁ, then it is obvious, that  

a) every formula [Hn ] 

= ᷈́ ᷈ ὴ ᷈ὴ  is tautology, 

b) the formulas [Hn ], [Hn 

]ṓ ᷉́ ᷉ ὴ ᷈ὴ  ) and 

[ὖὌὖ ᷈ ᷉ ὴ ṓ᷉ ᷉ ὴ ᷈

ὴ  have polynomially bounded size of ֹו-proofs [1] 

, hence we can derive contradiction.  

3.3. Some properties of ֹו-proofs for the 

formulas in a form A Bz.  

Here we investigate the complexity characteristics 

of ֹו-proofs for formulas in the form ὃ ὄ ὅz, 

where ὄ and ὅ are tautologies and z is ȟ᷈᷉έὶṓȢ 
Theorem 3. 

1.a) There are tautologies ὄ  and ὅ such 

that ὸꞈ ὸꞈ ɡὲȟὰꞈ  = ὰꞈ= ɡὲ , but for ὃ

ὄ ὅ᷉ ὸꞈ ɡρ and ὰꞈ= ɡὲ, 

b) There are tautologies ὄ  and ὅ such 

that ὸꞈ ὸꞈ ɡὲȟὰꞈ  = ὰꞈ= ɡὲ  and for ὃ

ὄ ὅ᷉ ὸꞈ ɡὲ and ὰꞈ= ɡὲ  also. 

2. For every tautologies ὄ  and ὅ if ὃ ὄ ᷈
ὅ, then ὸꞈ= ɡÍÁØ ὸꞈȟὸꞈ  and ὰꞈ= ɡ(max(ὰꞈ  

,ὰꞈ )). 

3.a) For every tautologies ὄ  and ὅ if ὃ ὄ ṓ
ὅ, then ὸꞈ= ʬὸꞈ  and ὰꞈ= ʬ(ὰꞈ )). 

b) There are tautologies ὄ  and ὅ such that for 

ὃ ὄ ṓὅ ὸꞈ= ɱὸꞈ  and ὰꞈ= ɱ(ὰꞈ )). 

Proof. The main role for proof of some points of 

this theorem plays the tautologies Ὀ ὴ

 ȣ ὴẓὴ , the number of essential 

subformulas of which is n. 

For proving the point 1.a) we use the properties of 

essential subformulas for tautologies ὄ Ὀ ὴẓή , 
ὅ  ήẓὈ ὴ and ὃ ὄ ὅ᷉ȟ last of which can 

be derive from the formulas Ὀ ὴẓ ήẓ ήẓὈ ὴ) 

with constant steps and linear sizes.  

For proving the point 1.b) we use the properties 

for the canonic set of essential pair of subformulas for 

the tautologies ὃ ὴȟή  Ὀ ὴ ẓὈ ή ȟ the 

canonic set of essential pair of subformulas for which 

are the pairs ȣ ὴẓὴȟ ȣ ήẓή for 

every Ὥ ɴ ρȟςȟȣȟςὲ. 

Proof of the point 2. is obvious. Really, the 

formula ὃ ὄ ὅ᷈ can be derived by using the 

derivations of tautologies ὄ ȟὅ and Bṓ(Cṓ(B C᷈). 

Every of the formulas ὄ  and ὅ can be derived by 

using the derivations of tautologies ὄ ᷈ ὅ , B ᷈CṓB 

and B ᷈CṓC. 

Proof of the point 3.a) is obvious. 

For proving the point 3.b) we use the properties of 

essential subformulas for tautologies ὃ ὴȟή
 Ὀ ὴ ṓ Ὀ ή Ȣ Really, every essential 

subformula of tautologies Ὀ ή must be esential for 

tautologies ὃ ὴȟή also.  
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ɸʅʅʆʊɸʎʀʗ. 

ʇʨʠʚʝʜʝʥʘ ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʘʤʝʥʥʳʭ ʙʘʣʦʢ, ʫʩʠʣʝʥʥʳʭ ʙʦʢʦʚʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ, ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʙʘʣʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ. ʄʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤʳ ʇʨʘʥʜʪʣʷ ʠ ʛʠʧʦʪʝʟʳ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʩ ʫʯʝ-

ʪʦʤ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʩʣʦʝʚ.  

ABSTRACT 

Developed engineering method for calculating the stone beams, reinforced concrete side plates. The beams 

consist of two vertical layers with different characteristics. The technique is based on the use of Prandtl diagram, 

as well as the hypothesis of plane sections. It takes into account the different properties of the layers. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʢʘ, ʧʣʘʩʪʠʥʘ, ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ, ʜʠʘʛʨʘʤʤʘ, ʠʪʝʨʘʮʠʷ. 

Keywords: beam, plate, the hypothesis of plane sections, chart, iteration. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʘʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʦ ʢʘ-

ʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʩʠʣʝʥʥʳʭ ʙʦʢʦʚʳʤʠ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ɺ ʨʘʙʦʪʘʭ [2-3] ʧʨʠʚʝ-

ʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠ-

ʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʠʢʝ [5], ʥʦ ʩ ʫʯʝʪʦʤ 

ʥʘʣʠʯʠʷ ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʣʦʝʚ ʵʣʝʤʝʥʪʘ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʚ 

ʵʪʠʭ ʨʘʙʦʪʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʘʣʛʦʨʠʪʤ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʨʘʩʯʝʪʦʚ. 

ʈʘʩʯʝʪ ʧʦ ʤʝʪʦʜʠʢʝ [3], ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʝʜʧʦ-

ʩʳʣʢʘʭ [5], ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʨʘʩʯʝʪʦʤ 

ʧʨʦʯʥʦʩʪʠ ʠ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ, 

ʵʪʘ ʤʝʪʦʜʠʢʘ, ʦʜʥʘʢʦ, ʠʤʝʝʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʷ-

ʟʘʥʥʳʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʪʝ-

ʨʘʮʠʷʤʠ. ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʩʣʫʯʘʶʪʩʷ ʪʘʢʞʝ ʟʘʮʠʢ-

ʣʠʚʘʥʠʷ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʳʭʦʜʦʤ ʠʟ ʪʘ-

ʢʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʰʘʛʘ ʫʚʝʣʠʯʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʦʡ ʬʠʙʨʳ ʙʝʪʦʥʘ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʪʷʥʫʪʦʡ ʛʨʘʥʠ. ʆʜʥʘʢʦ, ʧʨʠ ʚʳʯʠʩ-

ʣʝʥʠʠ ʧʨʦʛʠʙʦʚ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʚʠʟʥʳ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦ ʜʣʠʥʝ ʙʘʣʢʠ, ʧʨʠʯʝʤ ʩʜʝʣʘʪʴ ʵʪʦ 

ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʊʦʛʜʘ ʚ ʧʨʦʛʨʘʤʤʝ ʩʣʝ-

ʜʫʝʪ ʟʘʨʘʥʝʝ ʟʘʜʘʪʴ ʰʘʛʠ ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ 

ʥʘ ʩʞʘʪʦʡ ʠ ʨʘʩʪʷʥʫʪʦʡ ʛʨʘʥʷʭ ʵʣʝʤʝʥʪʘ. ʆʜʥʘʢʦ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʧʦ ʜʣʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ ʚ ʩʣʫʯʘʝ ʟʘ-

ʮʠʢʣʠʚʘʥʠʷ ʧʨʠʰʣʦʩʴ ʙʳ ʧʦ-ʨʘʟʥʦʤʫ ʠʟʤʝʥʷʪʴ 

ʫʧʦʤʷʥʫʪʳʝ ʰʘʛʠ ʠʟʤʝʥʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ. ʕʪʦ ʩʦ-

ʟʜʘʝʪ ʥʝʤʘʣʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ. ʈʘʩʩʯʠʪʳʚʘʪʴ ʞʝ ʚ ʦʪʜʝʣʴʥʦʡ ʧʨʦ-

ʛʨʘʤʤʝ ʢʨʠʚʠʟʥʫ ʚ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʙʘʣʢʠ, 

ʘ ʧʦʪʦʤ ʟʥʘʯʝʥʠʝ ʵʪʠʭ ʢʨʠʚʠʟʥ ʧʦʜʩʪʘʚʣʷʪʴ ʚ ʜʨʫ-

ʛʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʛʠʙʦʚ, ʷʚʣʷʝʪʩʷ ʜʦ-

ʩʪʘʪʦʯʥʦ ʥʝʫʜʦʙʥʦʡ ʠ ʛʨʦʤʦʟʜʢʦʡ ʧʨʦʮʝʜʫʨʦʡ.  

ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘ-

ʪʠɹ ̫ ʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩ-

ʯʝʪʘ, ʪʘʢʞʝ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʧʨʠʥʷʪʦʤ ʚ [3] ʧʦʜʭʦʜʝ, 

ʥʦ ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʙʝʞʘʪʴ ʧʨʦʮʝʩʩʘ ʟʘʮʠʢʣʠʚʘʥʠʷ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʘʩ-

ʯʝʪʘ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʥʦʛʦ-

ʢʨʘʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤʠ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʤ ʨʘʩʯʝʪʝ ʧʦ ʤʝʪʦʜʠʢʝ [3] ʚʩʶ ʰʠʨʠʥʫ ʢʘʤʝʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʯʝʪʘʭ ʫʯʠʪʳʚʘʪʴ ʥʝ ʩʣʝʜʫʝʪ. ʀʟ ʨʘʩ-

ʯʝʪʘ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʘʩʪʠʥʳ 

ʠ ʢʘʤʝʥʥʦʡ ʙʘʣʢʠ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʵʢʚʠ-

ʚʘʣʝʥʪʥʫʶ ʰʠʨʠʥʫ ʢʘʤʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘʜʦ ʧʨʠ-

ʥʷʪʴ, ʯʪʦʙʳ ʩʯʠʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʙʘʣʢʫ ʫʩʣʦʚʥʦ 

ʤʦʥʦʣʠʪʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʪʴ 

ʫʩʠʣʠʷ ʚ ʩʚʷʟʷʭ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʢʘʤʝʥʥʫʶ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʘʩʪʠʥʦʡ ʧʦ ʤʝʪʦ-

ʜʠʢʝ [2]. ʂʘʢ ʠʟʚʝʩʪʥʦ (ʩʤ. [2]) , ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩ-

ʯʝʪʘ, ʤʳ ʧʦʣʫʯʘʝʤ ʫʩʠʣʠʷ ʚ ʩʚʷʟʷʭ, ʟʘʪʝʤ ʧʨʠʢʣʘ-

ʜʳʚʘʝʤ ʵʪʠ ʫʩʠʣʠʷ ʢ ʢʘʞʜʦʡ ʙʘʣʢʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʠ 
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ʦʧʨʝʜʝʣʷʝʤ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ ʠ ʧʦʧʝʨʝʯʥʳʝ 

ʩʠʣʳ ʚ ʢʘʞʜʦʡ ʠʟ ʙʘʣʦʢ (ʢʘʤʝʥʥʦʡ ʠ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʦʡ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʢʘʞʜʦʡ ʙʘʣʢʠ.  

ʇʦ ʩʫʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ k ï ʵʪʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʥʘ ʩʢʦʣʴʢʦ ʫʩʠʣʠʚʘʝʪʩʷ 

ʙʘʣʢʘ ˉ1 (ʥʘ ʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʝ ʞʝʩʪʢʦʩʪʴ) 

ʙʣʘʛʦʜʘʨʷ çʧʦʤʦʱʠè ʙʘʣʢʠ ˉ2. ʅʦ ʵʪʘ ʞʝʩʪʢʦʩʪʴ 

ʤʝʥʴʰʝ, ʯʝʤ ʩʫʤʤʘʨʥʘʷ ʞʝʩʪʢʦʩʪʴ ʦʙʝʠʭ ʙʘʣʦʢ 

EJ1+EJ2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʞʝʩʪʢʦʩʪʴ ʚʪʦʨʦʡ 

ʙʘʣʢʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: EJ2=(k-1)EJ1.  

ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦʣʫʯʝʥ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ k=1.4. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʘʷ ʙʘʣʢʘ ʫʩʠʣʝʥʘ ʢʘʤʝʥʥʦʡ ʯʘʩʪʴʶ ʥʘ 

40%. ʊʦʛʜʘ ʫʩʣʦʚʥʳʡ (ʵʢʚʠʚʘʣʝʥʪʥʳʡ) ʤʦʤʝʥʪ 

ʠʥʝʨʮʠʠ ʢʘʤʝʥʥʦʡ ʙʘʣʢʠ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥʘ ʙʳʣʘ ʤʦ-

ʥʦʣʠʪʥʦ ʩʚʷʟʘʥʘ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ, ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʧʦ ʦʯʝʚʠʜʥʦʡ ʬʦʨʤʫʣʝ: 

ὐ
ᶻ

 ,   (1) 

ʛʜʝ EJ1 ï ʞʝʩʪʢʦʩʪʴ ʧʝʨʚʦʡ (ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ) 

ʙʘʣʢʠ, E2 ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʚʪʦʨʦʡ (ʢʘʤʝʥʥʦʡ) 

ʙʘʣʢʠ (ʠʣʠ, ʥʘʦʙʦʨʦʪ). ʇʦʩʣʝ ʵʪʦʛʦ ʦʧʨʝʜʝʣʷʝʤ ʵʢ-

ʚʠʚʘʣʝʥʪʥʫʶ ʰʠʨʠʥʫ ʫʩʠʣʠʚʘʶʱʝʡ ʙʘʣʢʠ ʧʦ ʠʟ-

ʚʝʩʪʥʦʡ ʬʦʨʤʫʣʝ: 

ὦ ρςzὐ ЍὬ   (2) 

ʊʝʧʝʨʴ ʞʝʩʪʢʦʩʪʴ ʫʩʣʦʚʥʦ ʩʧʣʦʰʥʦʡ ʫʩʠʣʝʥ-

ʥʦʡ ʙʘʣʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

EJ=EJ2+E2*Jekv. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʠʣʠ ʫʩʣʦʚʥʫʶ ʰʠ-

ʨʠʥʫ ʫʩʠʣʠʚʘʶʱʝʡ ʙʘʣʢʠ, ʢʦʪʦʨʫʶ ʪʝʧʝʨʴ ʤʦʞʥʦ 

ʧʦʜʩʪʘʚʠʪʴ ʢʘʢ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʨʘʩʯʝʪ ʧʦ ʤʝʪʦ-

ʜʠʢʝ [3] ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʘʩʯʝʪʘ. ʇʦʣʫʯʠʚ ʠʟ 

ʥʝʣʠʥʝʡʥʦʛʦ ʨʘʩʯʝʪʘ ʧʦ ʤʝʪʦʜʠʢʝ [3] ʢʨʠʚʠʟʥʳ, ʜʦ-

ʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʛʠʙʳ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢ ʢʘʢ ʢʘʤʝʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʫʩʠʣʝʥʥʳʝ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ (ʥʘʧʨʠʤʝʨ, ʩʪʝʥʳ) ʷʚʣʷ-

ʶʪʩʷ ʢʦʨʦʪʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʫ ʢʦʪʦʨʳʭ ʦʪʥʦʰʝʥʠʝ 

ʧʨʦʣʝʪʘ ʢ ʚʳʩʦʪʝ ʩʝʯʝʥʠʷ ʤʝʥʴʰʝ 10, ʪʦ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʩʦʩʪʘʚʣʷʶʱʫʶ ʦʙʱʝʛʦ ʧʨʦʛʠʙʘ ʦʪ ʚʣʠʷ-

ʥʠʷ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ. ʕʪʦ ʚʣʠʷʥʠʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʚʳʨʘʞʝʥʠʶ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ [6], ʩ 

ʧʦʧʨʘʚʢʦʡ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʩʣʦʝʚ ʨʘʟʥʦʡ ʞʝʩʪʢʦʩʪʠ 

(ʢʘʤʝʥʥʦʡ ʯʘʩʪʠ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʘʩʪʠʥʳ). ɺʳ-

ʚʦʜ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʠʚʝʜʝʥ 

ʥʠʞʝ. 

ʇʨʦʛʠʙ ʦʪ ʜʝʡʩʪʚʠʷ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʠʟ ʠʥʪʝʛʨʘʣʘ [6]: 

Ὢ ᷿ὗ ‎z Ὠzὼ   (3) 

ʛʜʝ ὗ  - ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʩʝʯʝʥʠʠ ʭ ʦʪ ʜʝʡ-

ʩʪʚʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʩʢʦʤʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʝʜʠ-

ʥʠʯʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʩʝʯʝʥʠʠ, ʛʜʝ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʧʨʦʛʠʙ; 

gx ½ ʜʝʬʦʨʤʘʮʠʷ ʩʜʚʠʛʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ 

ʬʦʨʤʫʣʝ, ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ [6] ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʩʣʦʝʚ ʙʘʣʢʠ: 

‎
Ȣ

•   (4) 

ʛʜʝ ὗ - ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʩʝʯʝʥʠʠ ʭ ʦʪ ʜʝʡ-

ʩʪʚʠʷ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ; 

jb2 ½ ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʜʣʠʪʝʣʴʥʦʡ ʧʦʣʟʫʯʝʩʪʠ ʙʝʪʦʥʘ ʠ ʧʨʠʥʠʤʘʝʤʳʡ ʧʦ 

[6]; ʧʨʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ jb2 

= 1,0; G1, G2,b1, b2 ð ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʙʝʪʦʥʘ ʠ ʰʠ-

ʨʠʥʳ ʩʝʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʩʣʦʝʚ ʙʘʣʢʠ; 

jcrc ð ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ 

ʪʨʝʱʠʥ ʥʘ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ ʠ ʧʨʠʥʠʤʘʝʤʳʡ ʨʘʚ-

ʥʳʤ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦ ʜʣʠʥʝ ʵʣʝʤʝʥʪʘ, ʛʜʝ ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ 

ʵʣʝʤʝʥʪʘ ʪʨʝʱʠʥʳ - 1,0. ʅʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʠʤʝʶʪʩʷ 

ʪʦʣʴʢʦ ʥʦʨʤʘʣʴʥʳʝ ʪʨʝʱʠʥʳ, ʢʦʵʬʬʠʮʠʝʥʪ jcrc 

ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ ʘʥʘʣʦʛʠʯʥʦ [6], ʥʦ 

ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʥʘʣʠʯʠʝ ʜʚʫʭ ʩʣʦʝʚ: 

• ȟ ȟ
  (5) 

ʊʘʢ ʢʘʢ ʚ ʜʝʬʦʨʤʘʮʠʠ ʩʜʚʠʛʘ gx ʚ ʚʳʨʘʞʝʥʠʠ 

(4) ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʙʘʣʢʠ ʤʥʦʞʠʪʝʣʠ 

1.5űb2/(G1b1h+G2b2h) ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥ-

ʥʦʡ, ʪʦ ʠʭ ʤʦʞʥʦ ʚʳʥʝʩʪʠ ʟʘ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ, ʘ ʧʦʜ 

ʟʥʘʢʦʤ ʦʩʪʘʥʝʪʩʷ ʚʳʨʘʞʝʥʠʝ:  

᷿ὗ ὗz Ὠzὼ ,   (6) 

ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʚʳʯʠʩʣʷʝʪʩʷ. ʊʘʢ, ʟʥʘʯʝʥʠʝ 

ʵʪʦʛʦ ʠʥʪʝʛʨʘʣʘ ʜʣʷ ʩʣʫʯʘʷ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥ-

ʥʦʡ ʩʠʣʳ P ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʫʜʝʪ ʨʘʚʥʦ ʚʝʣʠ-

ʯʠʥʝ Pl/4. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʠʙ ʙʘʣʢʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦ-

ʣʝʪʘ ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʙʫʜʝʪ ʨʘ-

ʚʝʥ: 

Ὢ ‍ϽὖϽὒȾτ   (7) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ɓ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʨʘʞʝʥʠʡ (4), (5) ʠ (6): 

 

‍
Ȣ ȟ ȟ

 ,  (8) 

ʛʜʝ Mx ï ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʩʝʯʝʥʠʠ x. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʨʠʙʣʠʞʝʥʥʫʶ ʤʝʪʦʜʠʢʫ 

ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʘʛʨʘʤʤʳ 

ʇʨʘʥʜʪʣʷ. ʇʨʠ ʵʪʦʤ ʢʘʢ ʦʙʳʯʥʦ ʧʨʠʤʝʤ ʧʨʝʜʧʦ-

ʩʳʣʢʫ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʛʠʧʦʪʝʟʳ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘ-

ʮʠʡ ʚ ʩʝʯʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ‐̒  ʠ ‐̒  ʜʝʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʣʦʝʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʙʘʣʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝ-

ʥʠʷʤ fcm ʥʘ ʜʠʘʛʨʘʤʤʝ çʥʘʧʨʷʞʝʥʠʷ-ʜʝʬʦʨʤʘʮʠʠè. 

ʊ.ʢ. ʤʘʪʝʨʠʘʣʳ ʩʣʦʝʚ ʙʘʣʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʦ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʢʨʘʡʥʝʡ ʩʞʘʪʦʡ 

ʬʠʙʨʳ Ůb ʥʘʧʨʷʞʝʥʠʷ fcm ʜʣʷ ʨʘʟʥʳʭ ʩʣʦʝʚ ʙʫʜʫʪ 

ʨʘʟʥʳʤʠ.  

ɺ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʝ (ʙʦʢʦʚʦʡ ʧʣʘʩʪʠʥʝ) 

ʨʘʩʧʦʣʦʞʝʥʦ n ʩʣʦʝʚ ʧʨʦʜʦʣʴʥʦʡ ʘʨʤʘʪʫʨʳ. ɼʝʬʦʨ-

ʤʘʮʠʷ i-ʪʦʛʦ ʩʣʦʷ ʘʨʤʘʪʫʨʳ Ůsi, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʠʞ-

ʥʝʡ ʛʨʘʥʠ ʵʣʝʤʝʥʪʘ ʜʦ ʦʩʠ ʵʪʦʛʦ ʩʣʦʷ ʘʨʤʘʪʫʨʳ Zsi 

( ʨʠʩ. 1).  
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ʈʠʩ. 1. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʈʘʩʯʝʪ ʚʝʜʝʪʩʷ ʤʝʪʦʜʦʤ ʧʦʜʙʦʨʘ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʩʞʘʪʦʡ ʟʦʥʝ Ůb ʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʶ ʫʩʣʦʚʠʡ ʨʘʚʥʦʚʝ-

ʩʠʷ, ʘ ʪʘʢʞʝ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʛʠʧʦʪʝʟʳ ʧʣʦʩʢʠʭ ʩʝʯʝ-

ʥʠʡ. ʇʨʠ ʟʘʜʘʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ Ůb ʚʦʟʤʦʞʥʦ ʜʚʘ 

ʩʣʫʯʘʷ ʵʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʢʘʞʜʦʛʦ 

ʩʣʦʷ ʵʣʝʤʝʥʪʘ. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʚ ʦʪʜʝʣʴ-

ʥʦʩʪʠ. 

1-ʡ ʩʣʫʯʘʡ. ɼʝʬʦʨʤʘʮʠʷ Ůb ʤʝʥʴʰʝ ʤʘʢʩʠ-

ʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʷ, ʪ.ʝ. 

ŮbÒŮc,i, ʛʜʝ i=1,2 ï ʥʦʤʝʨ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʣʦʷ ʙʘʣʢʠ. 

ʊʦʛʜʘ ʵʧʶʨʘ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʫʜʝʪ ʪʨʝ-

ʫʛʦʣʴʥʦʡ (ʨʠʩ. 2).  

ʀʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʣʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʠ ʫʩʠʣʠʝ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʨʘʚʥʳ: 

ὼ ;   (9)  

ὔȟ ὦὉȟ‐ὼȾς; (10) 

ʛʜʝ Nb,i ï ʫʩʠʣʠʝ ʚ ʩʞʘʪʦʡ ʟʦʥʝ i-ʛʦ ʚʝʨʪʠʢʘʣʴ-

ʥʦʛʦ ʩʣʦʷ ʵʣʝʤʝʥʪʘ; bi ï ʰʠʨʠʥʘ i-ʪʦʛʦ ʩʣʦʷ.

 

 
ʈʠʩ. 2. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʛʜʘ ŮbÒŮc,i 

 

2-ʡ ʩʣʫʯʘʡ. ɼʝʬʦʨʤʘʮʠʷ Ůb ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴ-

ʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʷ, ʪ.ʝ. Ůb>Ůc,i, 

ʊʦʛʜʘ ʵʧʶʨʘ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʙʫʜʝʪ ʪʨʘʧʝ-

ʮʠʝʚʠʜʥʦʡ (ʨʠʩ. 3.). 

ʀʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʦ ʨʠʩʫʥʢʫ 3 

ʚʳʩʦʪʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʵʧʶʨʳ ʜʝʬʦʨʤʘʮʠʡ 

(ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʵʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ) ʨʘʚʥʘ: 

ὼ ὼ    (11) 

ɸ ʫʩʠʣʠʝ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

ὔ ὼ ὼ   (12)  

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʟʥʘʯʝʥʠʝ xc ʧʦ (11), ʧʦʣʫʯʠʤ: 

ὔ ὼ ρ   (13) 
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ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʷ ʚ ʨʘʩ-

ʪʷʥʫʪʦʡ ʟʦʥʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠ-

ʙʣʠʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʘ ʪʘʢʞʝ ʬʘʢʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʨʘʩʪʷʥʫʪʦʛʦ ʙʝʪʦʥʘ, ʧʨʝʥʝ-

ʙʨʝʞʝʤ ʵʪʠʤ ʚʣʠʷʥʠʝʤ. ʊʦʛʜʘ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʢʘʞʜʦʤ ʩʣʦʝ ʘʨʤʘʪʫʨʳ ʙʫʜʫʪ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʟʥʘʯʝʥʠʝʤ ʜʝʬʦʨʤʘʮʠʡ Ůkr ʚ ʢʨʘʡʥʝʡ ʨʘʩʪʷ-

ʥʫʪʦʡ ʬʠʙʨʝ ʩʝʯʝʥʠʷ. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʛʜʘ Ůb>Ůc,i 

 

ʉʫʤʤʘʨʥʦʝ ʫʩʠʣʠʝ Ns ʚʦ ʚʩʝʭ ʩʪʝʨʞʥʷʭ ʘʨʤʘ-

ʪʫʨʳ ʨʘʚʥʦ: 

ὔ В ‐ȟὃȟὉȟ  (14) 

ʛʜʝ As,i, Es,i - ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʡ ʠ ʤʦʜʫʣʠ ʫʧʨʫ-

ʛʦʩʪʠ i-ʪʦʛʦ ʩʣʦʷ ʘʨʤʘʪʫʨʳ. 

ʀʟ ʨʠʩ. 1 ʜʝʬʦʨʤʘʮʠʷ ʢʨʘʡʥʝʛʦ ʨʘʩʪʷʥʫʪʦʛʦ 

ʚʦʣʦʢʥʘ: 

‐  (  15) 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʪʘʢʞʝ ʧʦ ʨʠʩʫʥʢʫ 1 ʣʝʛʢʦ ʚʠ-

ʜʝʪʴ: 

‐ȟ ‐ ‐ ȟ
   (16)  

ʇʦʜʩʪʘʚʠʚ ʩʶʜʘ (15), ʧʦʣʫʯʠʤ: 

‐ȟ ‐Ὤ ‐ὤȟ ‐ (17)  

ʊʦʛʜʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 

ὔ В Ὁȟὃȟ‐Ὤ ‐ὤȟ В Ὁȟὃȟ‐    (18)  

ɿʘʤʝʪʠʤ, ʯʪʦ ʤʥʦʞʠʪʝʣʠ ʧʨʠ ʚʳʩʦʪʝ ʩʞʘʪʦʡ 

ʟʦʥʳ x ʜʣʷ ʫʩʠʣʠʷ Nb ʚ ʩʞʘʪʦʤ ʙʝʪʦʥʝ ʧʦ (10) ʠ (13), 

ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʠʣʠʷ Ns ʚ ʘʨʤʘʪʫʨʝ ʧʦ (18) ʷʚʣʷʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʙʘʣʢʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʚʳ-

ʩʦʪʳ ʩʞʘʪʦʡ ʟʦʥʳ x ʙʫʜʝʤ ʠʤʝʪʴ ʦʜʥʦ ʣʠʥʝʡʥʦʝ 

ʫʨʘʚʥʝʥʠʝ. ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Ns ʤʦʞʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

ὔ ὅ   (19) 

ʛʜʝ ʥʘ ʦʩʥʦʚʘʥʠʠ (18): 

ὄ В Ὁȟὃȟ‐Ὤ ‐ὤȟ ; ὅ В Ὁȟὃȟ‐   (20) 

 

ɺʦʟʤʦʞʥʳʭ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʩʞʘ-

ʪʦʡ ʟʦʥʳ ʤʦʞʝʪ ʙʳʪʴ ʯʝʪʳʨʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦ-

ʦʪʥʦʰʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ Ůb ʢ ʤʘʢʩʠʤʘʣʴʥʳʤ ʜʝʬʦʨ-

ʤʘʮʠʷʤ ʩʣʦʝʚ Ůc,1 ʠ Ůc,2. ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ 

ʩʣʫʯʘʝʚ ʦʪʜʝʣʴʥʦ. 

1-ʡ ʩʣʫʯʘʡ. ŮbÒŮc,1 ʠ ŮbÒŮc,2 . ʊʦʛʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

(10) ʠʤʝʝʤ: 

ὔ ȟ ȟ ὼ Ὀὼ  (21)  

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʩʞʘʪʦʡ 

ʟʦʥʳ (ʠʟ ʫʩʣʦʚʠʷ Nb=Ns): 

Ὀὼ ὅ  (22) 

ʈʝʰʘʷ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (22), ʧʦʣʫʯʠʤ ʠʩ-

ʢʦʤʫʶ ʚʳʩʦʪʫ ʩʞʘʪʦʡ ʟʦʥʳ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ. 

2-ʡ ʩʣʫʯʘʡ. Ůb>Ůc,1 ʠ Ůb>Ůc,2. ʅʘ ʦʩʥʦʚʘʥʠʠ (13) 

ʙʫʜʝʤ ʠʤʝʪʴ: 

 

ὔ
ȟ ȟ

ρ ȟ ȟ ȟ ρ ȟ ὼ Ὀὼ   (23) 
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ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʩʞʘʪʦʡ 

ʟʦʥʳ: 

Ὀὼ ὅ   (24) 

ʈʝʰʘʷ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (24), ʧʦʣʫʯʠʤ ʠʩ-

ʢʦʤʫʶ ʚʳʩʦʪʫ ʩʞʘʪʦʡ ʟʦʥʳ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʫʯʘʷ. 

3-ʡ ʩʣʫʯʘʡ. ŮbÒŮc,1 , ʥʦ Ůb>Ůc,2. ʊʦʛʜʘ ʩʦʩʪʘʚʣʷʶ-

ʱʘʷ ʫʩʠʣʠʷ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ (10), ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʦʷ ï ʧʦ (13): 

ὔ ὼz ȟ ȟ ȟ
ρ ȟ Ὀὼ    (25) 

 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʩʞʘʪʦʡ 

ʟʦʥʳ: 

Ὀὼ ὅ   (26) 

ʈʝʰʘʷ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (26), ʧʦʣʫʯʠʤ ʠʩ-

ʢʦʤʫʶ ʚʳʩʦʪʫ ʩʞʘʪʦʡ ʟʦʥʳ ʜʣʷ ʪʨʝʪʴʝʛʦ ʩʣʫʯʘʷ. 

4-ʡ ʩʣʫʯʘʡ. Ůb>Ůc,1 , ʥʦ ŮbÒŮc,2 . ʊʦʛʜʘ ʩʦʩʪʘʚʣʷ-

ʶʱʘʷ ʫʩʠʣʠʷ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʦʷ ʙʫʜʝʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʧʦ (13), ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʩʣʦʷ ï ʧʦ (10): 

ὔ ὼz ȟ ȟ ȟ
ρ ȟ

Ὀὼ    (27) 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʩʞʘʪʦʡ 

ʟʦʥʳ: 

Ὀὼ ὅ   (28) 

ʈʝʰʘʷ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (28), ʧʦʣʫʯʠʤ ʠʩ-

ʢʦʤʫʶ ʚʳʩʦʪʫ ʩʞʘʪʦʡ ʟʦʥʳ ʜʣʷ ʪʨʝʪʴʝʛʦ ʩʣʫʯʘʷ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʨʠʙʣʠʞʝʥʥʦʡ, ʩ ʜʨʫʛʦʡ ï ʜʦʩʪʘ-

ʪʦʯʥʦ ʧʨʦʩʪʦʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʪʦʯʥʦʡ ʤʝʪʦʜʠʢʦʡ ʧʦ [3], ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʦʜʭʦʜʝ, ʧʨʠʥʷʪʦʤ ʚ ɼʉʊʋ [5] ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʥʝʙʦʣʴʰʦʡ. ʇʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʝʝ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘ (ʦʪʩʫʪʩʪʚʠʝ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʠ ʠʪʝʨʘʮʠʷʭ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ), ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩ-

ʯʝʪʘ, ʧʦʟʚʦʣʷʶʱʫʶ çʚʨʫʯʥʫʶè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

2-7 ʠʪʝʨʘʮʠʡ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʢʘʤʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʫʩʠʣʝʥʥʳʭ ʙʦʢʦʚʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʚʥʦʚʴ ʙʫʜʝʤ ʩʯʠʪʘʪʴ 

ʩʧʨʘʚʝʜʣʠʚʦʡ ʛʠʧʦʪʝʟʫ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ. ʅʘ ʨʠʩ. 4 

ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʢ ʨʘʩʯʝʪʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʜʘʜʠʤ ʜʝʬʦʨ-

ʤʘʮʠʶ ʚ ʥʠʞʥʝʤ (ʧʝʨʚʦʤ) ʩʣʦʝ ʘʨʤʘʪʫʨʳ Ůs,1. ʅʝʠʟ-

ʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʯʠʪʘʝʪʩʷ ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ 

x. ʕʧʶʨʫ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʩʯʠʪʘʝʤ ʧʨʷ-

ʤʦʫʛʦʣʴʥʦʡ ʩ ʚʳʩʦʪʦʡ ɤx. ʀʟ ʧʦʜʦʙʠʷ ʪʨʝʫʛʦʣʴʥʠ-

ʢʦʚ ʜʣʷ ʜʝʬʦʨʤʘʮʠʠ Ůs,i ʥʝʪʨʫʜʥʦ ʟʘʧʠʩʘʪʴ: 

‐ȟ ‐ȟ    (29) 

 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʢ ʨʘʩʯʝʪʫ ʧʦ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʝ 

 

ʋʩʠʣʠʝ Nb ʚ ʩʞʘʪʦʡ ʟʦʥʝ ʵʣʝʤʝʥʪʘ ʨʘʚʥʦ: 

ὔ Ὢȟ ȟὦ Ὢȟ ȟὦ ‫ὼ (30) 

ʛʜʝ fck,prism,1, fck,prism,2 ï ʧʨʠʟʤʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʣʦʷ ʙʘʣʢʠ; b1, b2 ï 

ʰʠʨʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʣʦʝʚ;  

ɤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʵʧʶʨʘ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʩʞʘʪʦʡ ʟʦʥʝ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 0.8 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [4].  

ʉʫʤʤʘʨʥʦʝ ʫʩʠʣʠʝ ʚ ʩʪʝʨʞʥʷʭ ʘʨʤʘʪʫʨʳ 

ʨʘʚʥʦ: 

ὔ В „ȟὃȟ   (31) 

ʛʜʝ „ȟȟὃȟ - ʥʘʧʨʷʞʝʥʠʝ ʠ ʩʝʯʝʥʠʝ i-ʪʦʛʦ ʩʣʦʷ 

ʘʨʤʘʪʫʨʳ, „ȟ ‐ȟὉȟ; Ὁȟ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ i-

ʪʦʛʦ ʩʣʦʷ ʘʨʤʘʪʫʨʳ. ʀʟ ʨʘʚʝʥʩʪʚʘ Nb=Ns ʦʧʨʝʜʝʣʠʤ 

ʚʳʩʦʪʫ ʩʞʘʪʦʡ ʟʦʥʳ: 

ὼ
ȟ ȟ

  (32) 

ʛʜʝ ὪȟȟὪȟ - ʧʨʠʟʤʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʩʣʦʷ; 

ɺʝʣʠʯʠʥʘ Ns ʥʘ ʦʩʥʦʚʘʥʠʠ (29) ʠ (31): 

ὔ В ὃȟὉȟ‐ȟ   (33) 

ʈʘʩʯʝʪ ʚʝʜʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ, 

ʚʢʣʶʯʘʶʱʝʤʫ ʚ ʩʝʙʷ 2-7 ʠʪʝʨʘʮʠʡ. 
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1. ɿʘʜʘʝʤʩʷ ʜʝʬʦʨʤʘʮʠʝʡ ʧʝʨʚʦʛʦ ʩʣʦʷ ʘʨʤʘ-

ʪʫʨʳ Ůs,1. 

2. ʆʧʨʝʜʝʣʷʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʚʳʩʦʪʫ ʩʞʘʪʦʡ 

ʟʦʥʳ ʧʦ (32) ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ὔ Ὢȟὃȟ 

(ʛʜʝ Ὢȟȟὃȟ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʠ ʩʝʯʝʥʠʝ ʘʨʤʘʪʫʨʳ ʧʝʨʚʦʛʦ (ʦʩʥʦʚʥʦʛʦ) 

ʩʣʦʷ). 

3. ʇʦ (29) ʦʧʨʝʜʝʣʷʝʤ ʜʝʬʦʨʤʘʮʠʠ ʚʦ ʚʩʝʭ 

ʩʣʦʷʭ ʘʨʤʘʪʫʨʳ; 

4. ɺʳʯʠʩʣʷʝʤ ʥʘʧʨʷʞʝʥʠʷ ʚ i-ʪʦʤ ʩʣʦʝ ʘʨʤʘ-

ʪʫʨʳ „ȟ ‐ȟὉȟ; 
5. ɺʳʯʠʩʣʷʝʤ ʩʫʤʤʘʨʥʦʝ ʫʩʠʣʠʝ ʚʦ ʚʩʝʡ ʘʨʤʘ-

ʪʫʨʝ Ns ʧʦ (33); 

6. ɺʳʯʠʩʣʷʝʤ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ x ʧʦ (32); 

7. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʚʳʩʦʪʳ ʩʞʘʪʦʡ ʟʦʥʳ x ʥʘ ʧʦ-

ʩʣʝʜʥʝʡ ʠ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʷʭ ʩʦʚʧʘʜʘʶʪ ʩ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʪʦ ʨʘʩʯʝʪ ʟʘʢʦʥʯʝʥ. 

ɽʩʣʠ ʥʝʪ ï ʪʦ ʨʘʩʯʝʪ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʧ. 3.  

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 2-7 ʠʪʝʨʘʮʠʡ ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ. ʆʛʨʘʥʠʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʣʦʝ ʘʨʤʘʪʫʨʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʝ 

ʧʫʥʢʪʘ 4. ɽʩʣʠ ʦʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ, ʪʦ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʨʘʩʯʝʪ-

ʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʠ ʨʘʩʯʝʪ ʧʦʚʪʦʨʷʝʪʩʷ.  

ɽʩʣʠ ʝʩʪʴ ʥʘʜʦʙʥʦʩʪʴ ʫʯʝʪʘ ʫʧʨʦʯʥʝʥʠʷ ʘʨʤʘ-

ʪʫʨʳ, ʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʣʠʥʝʡʥʘʷ ʜʠʘʛʨʘʤʤʘ ʘʨ-

ʤʘʪʫʨʳ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ɼɹʅ [4] (ʨʠʩ. 5). 

ʇʨʠ ʵʪʦʤ, ʪʘʢ ʢʘʢ ʟʘ ʦʩʥʦʚʥʫʶ ʟʘʜʘʥʥʫʶ ʚʝʣʠ-

ʯʠʥʫ ʤʳ ʧʨʠʥʷʣʠ ʟʥʘʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʝʨʚʦʛʦ 

(ʦʩʥʦʚʥʦʛʦ) ʩʣʦʷ ʘʨʤʘʪʫʨʳ ʠ ʦʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʚʝʩʴ 

ʜʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ, ʪʦ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʠ-

ʤʘʝʤ ʟʥʘʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʥʘʧʝʨʝʜ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷ-

ʞʝʥʠʷ ʚ ʘʨʤʘʪʫʨʝ s , ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ ʨʘʩʯʝʪʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦ ʜʠʘʛʨʘʤʤʝ ʥʘ ʨʠʩ. 5 ʤʦʞʝʤ ʟʘ-

ʧʠʩʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ: 
Ў

 ,   (34) 

ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ Ůs,1: 

‐ȟ
Ў Ў

   (35) 

 
ʈʠʩ. 5. ʂ ʨʘʩʯʝʪʫ ʩ ʫʯʝʪʦʤ ʫʧʨʦʯʥʝʥʠʷ ʘʨʤʘʪʫʨʳ 

 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʤ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʧʨʠʚʝʜʝʥ-

ʥʦʤʫ ʚʳʰʝ. ʆʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʜʝ-

ʬʦʨʤʘʮʠʷ ‐ȟ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʟʘʜʘʝʪʩʷ ʧʦ (35). 

ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʘ-

ʤʝʥʥʳʭ ʙʘʣʦʢ, ʫʩʠʣʝʥʥʳʭ ʙʦʢʦʚʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʩ ʫʯʝʪʦʤ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʢʘʢ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦ-

ʩʪʦʷʱʠʭ ʠʟ ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʵʪʠʭ ʩʣʦʝʚ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʨʘʩʯʝʪʘ ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʠ ʜʠʘʛʨʘʤʤʘ 

ʇʨʘʥʜʪʣʷ. ʄʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʟʘʮʠʢʣʠʚʘʥʠʷ ʧʨʠ ʠʪʝʨʘʮʠʷʭ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʙʦʣʴ-

ʰʦʡ ʧʦʪʝʨʠ ʪʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʯʥʳʤ ʥʝʣʠ-

ʥʝʡʥʳʤ ʨʘʩʯʝʪʦʤ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʞʝʥʝʨ-

ʥʘʷ ʤʝʪʦʜʠʢʘ, ʚ ʢʦʪʦʨʦʡ ʘʥʘʣʦʛʠʯʥʦʡ ʩʫʱʝʩʪʚʫʶ-

ʱʠʤ ʤʝʪʦʜʘʤ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʵʧʶʨʘ ʚ 

ʩʞʘʪʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ 

ʛʠʧʦʪʝʟʘ ʧʣʦʩʢʠʭ ʩʝʯʝʥʠʡ ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʨʘʟʣʠʯ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʝʚ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʟʠʟʦʚ ʊ.ʅ. ʂ ʨʘʩʯʝʪʫ ʢʘʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʫʩʠʣʝʥʥʳʭ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʦʡ-

ʤʦʡ / ʊ.ʅ. ɸʟʠʟʦʚ // ɺʽʩʥʠʢ ʆʜʝʩʴʢʦʾ ʜʝʨʞʘʚʥʦʾ ʘʢʘ-

ʜʝʤʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ. ɺʠʧ. 61 ï ʆʜʝʩʘ: 

ʆɼɸɹɸ, 2016. ï ʉ. 3-8.  

2. ɸʟʠʟʦʚ ʊ.ʅ. ʂʘʤʝʥʥʳʝ ʙʘʣʢʠ, ʫʩʠʣʝʥʥʳʝ ʦʜ-

ʥʦʩʪʦʨʦʥʥʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʦʙʦʡʤʦʡ / ʊ.ʅ. ɸʟʠ-

ʟʦʚ, ɸ.ʉ. ʄʳʟʘ // ʈʝʩʫʨʩʦʝʢʦʥʦʤʥʽ ʤʘʪʝʨʽʘʣʠ, ʢʦʥʩ-

ʪʨʫʢʮʽʾ, ʙʫʜʽʚʣʽ ʪʘ ʩʧʦʨʫʜʠ. ɺʠʧ. 32., ï ʈʽʚʥʝ: ʅʘʮ. 

ee es euk

fy

ft

s

D
s

s

De

e

s

s



SCIENCES OF EUROPE # 12 (12), 2017 |  TECHNICAL SCIENCES 41 

ʫʥ-ʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫ-

ʚʘʥʥʷ, 2016. ï ʉ. 428-435. 

3. ɸʟʠʟʦʚ ʊ.ʅ. ʋʯʝʪ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠʟʛʠʙʘʝʤʳʭ ʢʘʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʠʣʝʥ-

ʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ / ʊ.ʅ. ɸʟʠʟʦʚ, 

ɸ.ʉ. ʄʳʟʘ // Sciences of Europe. ï 2016. ï Vol 1, ˉ 

8. ï S. 69-74. 

4. ɼɹʅ ɺ.2.6-98:2009. ʂʦʥʩʪʨʫʢʮʠʾ ʙʫʜʠʥʢʽʚ ʽ 

ʩʧʦʨʫʜ. ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʆʩ-

ʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ. ï ʂʠʾʚ: ʄʽʥʨʝʛʽʦʥʙʫʜ, 2011. ï 71 

ʩ. 

5. ɼʉʊʋ ɹ B.2.6-156:2010. ʂʦʥʩʪʨʫʢʮʽʾ ʙʫʜʠʥ-

ʢʽʚ ʽ ʩʧʦʨʫʜ. ɹʝʪʦʥʥʽ ʪʘ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟ 

ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ. ʇʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ. ï ʂʠʾʚ: 

ʄʽʥʨʝʛʽʦʥʙʫʜ, 2011. ï 110 ʩ. 

6. ʇʦʩʦʙʠʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʙʝʪʦʥʥʳʭ ʠ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʪʷʞʝʣʳʭ ʠ ʣʝʛʢʠʭ ʙʝ-

ʪʦʥʦʚ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ 

ï ʄ.: ʎʀʊʇ, 1986. ï 192 ʩ. 

 

ɼɽʄʆʅ ɸʅɼʈɽɽɺɸ ï ɼɽʁʉʊɺʋʖʑʀʁ ɸʅɸʃʆɻ ɼɽʄʆʅɸ 
ʄɸʂʉɺɽʃʃɸ 

 

ɸʥʜʨʝʝʚ ʖ.ʇ. 

ʅʝʟʘʚʠʩʠʤʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ. 

 

ANDREEV'S DEMON: A FUNCTIONAL ANALOGUE OF THE 
MAXWELL'S DEMON 

 

Andreev U.P. 

Independent researcher. 

 

ɸʅʅʆʊɸʎʀʗ 

ɺ 1867 ʛʦʜʫ ʘʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ɼ.ʂ. ʄʘʢʩʚʝʣʣ ʧʨʠʜʫʤʘʣ ʤʳʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʤʠʬʠʯʝʩʢʠʤʠ ʜʝ-

ʤʦʥʘʤʠ ʩ ʮʝʣʴʶ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʢʘʞʫʱʠʡʩʷ ʧʘʨʘʜʦʢʩ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ɺ 1929 ʛʦʜʫ ʃ. 

ʉʮʠʣʣʘʨʜ ʧʨʝʜʣʦʞʠʣ ʚʘʨʠʘʥʪ ʜʚʠʛʘʪʝʣʷ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʢʦʪʦʨʳʡ ʢʘʢ ʙʳ ʤʦʛ ʥʘʨʫʰʠʪʴ ʚʪʦʨʦʝ ʥʘʯʘʣʦ. 

ɺ "ʌʝʡʥʤʘʥʦʚʩʢʠʭ ʣʝʢʮʠʷʭ ʧʦ ʬʠʟʠʢʝ" ʈ.ʌ. ʌʝʡʥʤʘʥʦʤ ʪʘʢʞʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚʘʨʠʘʥʪ ʜʚʠʛʘʪʝʣʷ ʚ ʚʠʜʝ 

ʭʨʘʧʦʚʠʢʘ ʩ ʩʦʙʘʯʢʦʡ, ʢʘʢ ʚʘʨʠʘʥʪ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʙʳ ʥʘʨʫʰʘʶʱʝʛʦ ʚʪʦʨʦʝ ʥʘʯʘʣʦ. ʅʦ ʚʩʝ ʵʪʠ ʧʨʝʜʣʦ-

ʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʪʘʢ ʠ ʥʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚ ʚʠʜʝ ʨʝʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʫʩʪʨʦʡʩʪʚʦ - "ʜʝʤʦʥ ɸʥʜʨʝʝʚʘ". ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ʤʥʦʞʝʩʪʚʘ ʜʝʤʦʥʦʚ ʄʘʢʩ-

ʚʝʣʣʳ. ʊʦ ʝʩʪʴ, ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʧʫʩʢʘʝʪ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʪʝʥʢʠ ʠ ʥʝ ʧʨʦʧʫʩʢʘʝʪ 

ʩ ʜʨʫʛʦʡ. ʀ ʢʦʥʩʪʨʫʢʮʠʷ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘʩʪʦʣʴʢʦ ʧʨʦʩʪʘ, ʯʪʦ ʝʛʦ ʥʝʩʣʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʚ ʥʘʰʝ ʚʨʝʤʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʠʪʴʩʷ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ABSTRACT  
In 1867, English physicist D.K.Maxwell devised a thought experiment using mythical demons to demonstrate 

an apparent paradox of the second law of thermodynamics. In 1929, L.Scilard offered a one-molecule engine 

version that could supposedly break the second law. In "The Feynman Lectures on Physics", R.P.Feynman offered 

a ratchet-and-pawl engine version that could also hypothetically break the second law. However, all of these ver-

sions were not real, created devices. This article discusses a device - "Andreev's Demon". This device is a complete 

analogue of the Maxwell's Demons; that is, this device allows separate molecules to pass through a wall from one 

side without allowing them to pass through from the other side. The design of this device is so simple that it is 

now easy to construct. As a result, we will have a genuine opportunity to confirm or disprove the second law of 

thermodynamics. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʤʦʥ ɸʥʜʨʝʝʚʘ, ʜʝʤʦʥ ʄʘʢʩʚʝʣʣʘ, ʚʪʦʨʦʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚʝʯʥʳʡ ʜʚʠʛʘ-

ʪʝʣʴ ʚʪʦʨʦʛʦ ʨʦʜʘ. 

Keywords: Andreev's Demon, Maxwell's Demon, the second law of thermodynamics, perpetual motion ma-

chine of the second kind. 

 

ʋ ʄʘʢʩʚʝʣʣʘ ʜʝʤʦʥ ʩʠʜʝʣ ʫ ʟʘʢʨʳʪʦʡ ʜʚʝʨʮʳ ʠ 

ʩʦʨʪʠʨʦʚʘʣ ʤʦʣʝʢʫʣʳ ʧʦ ʩʢʦʨʦʩʪʷʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʦʜʥʦʡ ʧʦʣʦʚʠʥʝ ʩʦʩʫʜʘ ʩʦʙʠʨʘʣʠʩʴ çʛʦʨʷʯʠʝè ʤʦ-

ʣʝʢʫʣʳ, ʘ ʚ ʜʨʫʛʦʡ ʧʦʣʦʚʠʥʝ ï çʭʦʣʦʜʥʳʝè. ʅʦ 

ʤʦʞʥʦ ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʜʝʤʦʥʘ 

ʄʘʢʩʚʝʣʣʘ. ʇʫʩʪʴ ʜʝʤʦʥ ʩʠʜʠʪ ʫ ʜʚʝʨʮʳ ʠ ʦʪʢʨʳ-

ʚʘʝʪ ʝʝ, ʢʦʛʜʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢ ʥʝʡ ʧʦʜʣʝʪʘʝʪ ʣʶ-

ʙʘʷ ʤʦʣʝʢʫʣʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, çʛʦʨʷʯʘʷè ʦʥʘ 

ʠʣʠ çʭʦʣʦʜʥʘʷè. ʂʦʛʜʘ ʢ ʜʚʝʨʮʝ ʧʦʜʣʝʪʘʝʪ ʤʦʣʝ-

ʢʫʣʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʦ ʜʝʤʦʥ ʜʚʝʨʮʫ ʥʝ ʦʪʢʨʳ-

ʚʘʝʪ ʠ ʤʦʣʝʢʫʣʘ ʥʝ ʤʦʞʝʪ ʧʨʦʣʝʪʝʪʴ ʯʝʨʝʟ ʦʪʚʝʨ-

ʩʪʠʝ. ʊʦ ʝʩʪʴ, ʤʦʣʝʢʫʣʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʙʫʜʫʪ ʧʨʦ-

ʣʝʪʘʪʴ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʩ ʜʚʝʨʮʝʡ, ʢʦʪʦʨʦʡ ʫʧʨʘʚ-

ʣʷʝʪ ʜʝʤʦʥ, ʘ ʤʦʣʝʢʫʣʳ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʧʨʦʣʝʪʘʪʴ 

ʥʝ ʙʫʜʫʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʚʣʝʥʠʝ ʚ ʦʜʥʦʡ ʧʦʣʦʚʠʥʝ 

ʩʦʩʫʜʘ ʫʚʝʣʠʯʠʪʩʷ, ʘ ʚ ʜʨʫʛʦʡ ʧʦʣʦʚʠʥʝ - ʫʤʝʥʴ-

ʰʠʪʩʷ. ʇʦʣʫʯʠʚʰʫʶʩʷ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʪʘʢʞʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘ-

ʙʦʪʳ. ʀ ʵʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʥʘʨʫʰʘʪʴ ʚʪʦʨʦʝ ʥʘʯʘʣʦ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 
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ɼʦʧʫʩʪʠʤ, ʯʪʦ ʝʩʪʴ ʧʣʘʩʪʠʥʘ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʠ 

ʜʚʝʨʮʘʤʠ ʫ ʦʪʚʝʨʩʪʠʡ. ʀ ʵʪʠʤʠ ʜʚʝʨʮʘʤʠ ʫʧʨʘʚ-

ʣʷʶʪ ʜʝʤʦʥʳ ʄʘʢʩʚʝʣʣʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʦ-

ʧʫʩʢʘʶʪ ʤʦʣʝʢʫʣʳ ʪʦʣʴʢʦ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ. ɽʩʣʠ 

ʧʣʘʩʪʠʥʘ ʩ ʪʘʢʠʤʠ ʜʝʤʦʥʘʤʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʪ-

ʢʨʳʪʦʤ ʛʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪʦ ʩʠʣʘ ʜʘʚʣʝʥʠʝ 

ʛʘʟʘ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʧʣʘʩʪʠʥʳ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʪʘʢ 

ʢʘʢ ʧʣʦʱʘʜʴ ʧʣʘʩʪʠʥʳ ʜʣʷ ʤʦʣʝʢʫʣ ʩ ʵʪʦʡ ʩʪʦʨʦʥʳ 

ʙʫʜʝʪ ʤʝʥʴʰʝ ʥʘ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʡ ʚ 

ʧʣʘʩʪʠʥʝ. ʏʘʩʪʴ ʤʦʣʝʢʫʣ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʩʪʚʦʨ ʦʪ-

ʚʝʨʩʪʠʡ, ʙʫʜʫʪ ʧʨʦʣʝʪʘʪʴ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦ-

ʨʦʥʫ, ʪʘʢ ʢʘʢ ʜʝʤʦʥʳ ʙʫʜʫʪ ʦʪʢʨʳʚʘʪʴ ʜʚʝʨʮʳ ʧʝ-

ʨʝʜ ʤʦʣʝʢʫʣʘʤʠ ʩ ʵʪʦʡ ʩʪʦʨʦʥʳ. ʊʦ ʝʩʪʴ, ʤʦʣʝʢʫʣʳ 

ʙʫʜʫʪ ʫʜʘʨʷʪʴʩʷ ʪʦʣʴʢʦ ʚ ʩʘʤʫ ʧʣʘʩʪʠʥʫ, ʥʦ ʥʝ ʚ 

ʜʚʝʨʮʳ ʦʪʚʝʨʩʪʠʡ. ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʩʣʝʚʘ Fʃ = P(Sʇ ï 

Sʆ). ʉʠʣʘ ʜʘʚʣʝʥʠʝ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʙʫʜʝʪ ʙʦʣʴʰʝ, 

ʪʘʢ ʢʘʢ ʜʝʤʦʥʳ ʥʝ ʦʪʢʨʳʚʘʶʪ ʜʚʝʨʮʳ ʧʝʨʝʜ ʤʦʣʝ-

ʢʫʣʘʤʠ ʩ ʵʪʦʡ ʩʪʦʨʦʥʳ ʠ ʚʩʝ ʤʦʣʝʢʫʣʳ ʫʜʘʨʷʶʪʩʷ ʠ 

ʦʪʩʢʘʢʠʚʘʶʪ ʢʘʢ ʦʪ ʩʘʤʦʡ ʧʣʘʩʪʠʥʳ, ʪʘʢ ʠ ʦʪ ʟʘʢʨʳ-

ʪʳʭ ʜʚʝʨʦʢ ʥʘ ʦʪʚʝʨʩʪʠʷʭ. Fʇ = PSʇ. ʇʦʵʪʦʤʫ ʥʘ 

ʧʣʘʩʪʠʥʫ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ çʜʝʤʦʥʠʯʝʩʢʘʷè ʩʠʣʘ 

Fɼ = PSʇ - P(Sʇ ï Sʆ) = PSʆ. ʊʦ ʝʩʪʴ, çʜʝʤʦʥʠʯʝʩʢʘʷè 

ʩʠʣʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʩʫʤʤʘʨʥʦʡ ʧʣʦ-

ʱʘʜʠ ʦʪʚʝʨʩʪʠʡ ʚ ʧʣʘʩʪʠʥʝ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʦʪʚʝʨʩʪʠʠ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʧʨʠʙʦʨʳ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ 

ʧʨʦʣʝʪʘʶʱʠʤʠ ʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʤʦʣʝʢʫ-

ʣʘʤʠ. ʂʦʛʜʘ ʜʝʤʦʥʳ ʥʝ ʨʘʙʦʪʘʶʪ, ʪʦ ʜʚʝʨʮʳ ʟʘ-

ʢʨʳʪʳ ʠ ʤʦʣʝʢʫʣʳ ʥʝ ʤʦʛʫʪ ʧʨʦʣʝʪʘʪʴ ʯʝʨʝʟ ʦʪʚʝʨ-

ʩʪʠʷ. N = 0. ʊʦ ʝʩʪʴ, ʚʩʝ ʤʦʣʝʢʫʣʳ, ʣʝʪʝʚʰʠʝ ʚ ʩʪʚʦʨ 

ʦʪʚʝʨʩʪʠʡ, ʫʜʘʨʠʣʠʩʴ ʠ ʦʪʩʢʦʯʠʣʠ ʦʪ ʟʘʢʨʳʪʳʭ ʜʚʝ-

ʨʦʢ ʥʘ ʦʪʚʝʨʩʪʠʷʭ. ʂʦʛʜʘ ʞʝ ʜʝʤʦʥʳ ʟʘʨʘʙʦʪʘʶʪ, ʪʦ 

ʢʘʨʪʠʥʘ ʠʟʤʝʥʠʪʩʷ. ʄʦʣʝʢʫʣʳ ʙʫʜʫʪ ʧʨʦʣʝʪʘʪʴ 

ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʧʦʵʪʦʤʫ N Í 0. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ çʜʝʤʦʥʘ 

ɸʥʜʨʝʝʚʘè ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʵʬʬʫʟʠʝʡ ʚ 

ʨʘʟʨʝʞʝʥʥʦʤ ʛʘʟʝ [1, ʩʪʨ. 353]. ʉʪʝʥʢʘ ʨʘʟʜʝʣʷʝʪ ʦʜ-

ʥʦʨʦʜʥʳʡ ʨʘʟʨʝʞʝʥʥʳʡ ʛʘʟ ʥʘ 2 ʯʘʩʪʠ ɸ ʠ ɹ. ɺ 

ʩʪʝʥʢʝ ʝʩʪʴ ʦʪʚʝʨʩʪʠʷ. ʈʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ ʠ ʪʦʣʱʠʥʘ 

ʩʪʝʥʢʠ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ 

ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ 

ʚʦʟʥʠʢʘʶʪ 2 ʵʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʘ ʤʦʣʝʢʫʣ: ʠʟ ɸ ʚ 

ɹ ʠ ʠʟ ɹ ʚ ɸ. ʕʪʠ ʧʦʪʦʢʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʘʚʠʩʠʤʳ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɽʩʣʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʦʙʝʠʭ ʯʘʩʪʷʭ ʨʘʚʥʳ, ʪʦ ʨʘʚʥʳ ʠ ʵʬʬʫʟʠʦʥʥʳʝ ʧʦ-

ʪʦʢʠ. ʈʘʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʧʨʦʣʝʪʘʝʪ ʠʟ ɸ ʚ 

ɹ ʠ ʠʟ ɹ ʚ ɸ. ʇʦʵʪʦʤʫ N = 0. ʍʦʪʷ ʤʦʣʝʢʫʣʳ ʠ ʧʨʦ-

ʣʝʪʘʶʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʦʙʝ ʩʪʦʨʦʥʳ, ʥʦ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʩʪʝʥʢʘ ʙʝʟ ʦʪʚʝʨʩʪʠʡ, ʪʘʢ ʢʘʢ ʥʝʪ ʧʝʨʝ-

ʥʦʩʘ ʤʦʣʝʢʫʣ ʠʟ ʦʜʥʦʡ ʯʘʩʪʠ ʚ ʜʨʫʛʫʶ. ʈʝʟʫʣʴʪʘʪ 

ʘʥʘʣʦʛʠʯʝʥ ʪʦʤʫ, ʢʦʛʜʘ ʜʚʝʨʮʳ ʟʘʢʨʳʪʳ, ʜʝʤʦʥʳ 

ʄʘʢʩʚʝʣʣʘ ʥʝ ʨʘʙʦʪʘʶʪ ʠ ʥʝ ʧʨʦʧʫʩʢʘʶʪ ʤʦʣʝʢʫʣʳ. 

ɽʩʣʠ ʜʘʚʣʝʥʠʝ ʚ ʯʘʩʪʠ ɸ ʫʚʝʣʠʯʠʪʩʷ, ʪʦ ʠ ʵʬʬʫʟʠ-

ʦʥʥʳʡ ʧʦʪʦʢ ʠʟ ɸ ʚ ɹ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴʩʷ. ʕʬʬʫʟʠ-

ʦʥʥʳʡ ʧʦʪʦʢ ʠʟ ɹ ʚ ɸ ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʳʡ. ʇʦ-

ʵʪʦʤʫ N Í 0. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʨʘʚʥʳ, 

ʪʦ ʧʨʦʣʝʪʘʣʦ ʧʦ 10 ʤʦʣʝʢʫʣ ʩ ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ. N = 

10 ï 10 = 0. ʇʦʩʣʝ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ɸ, ʠʟ ɸ 

ʩʪʘʣʦ ʚʳʣʝʪʘʪʴ 12 ʤʦʣʝʢʫʣ. N = 12 - 10 = 2. ʊʦ ʝʩʪʴ, 

ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟ ɸ ʚ ɹ ʙʳʣʦ ʧʝʨʝʤʝʱʝʥʦ 

ʪʦʣʴʢʦ 2 ʤʦʣʝʢʫʣʳ. ʕʬʬʫʟʠʦʥʥʳʝ ʧʦʪʦʢʠ ʧʦ 10 ʤʦ-

ʣʝʢʫʣ ʠʟ ʢʘʞʜʦʡ ʯʘʩʪʠ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ. 

ʊʫʪ ʥʘʜʦ ʨʘʟʣʠʯʘʪʴ ʵʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʤʦʣʝ-

ʢʫʣ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʦʢ ʛʘʟʘ. ʆʪʚʝʨʩʪʠʝ ʤʘʣʦ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝ-

ʢʫʣ. ɺʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʨʘʟʨʝʞʝʥʥʳʡ ʛʘʟ. ʏʝʨʝʟ ʪʘ-

ʢʦʝ ʦʪʚʝʨʩʪʠʝ ʤʦʛʫʪ ʧʨʦʣʝʪʘʪʴ ʪʦʣʴʢʦ ʦʜʠʥʦʯʥʳʝ 

ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʦʪʚʝʨʩʪʠʷ. ʄʦʣʝ-

ʢʫʣʳ, ʜʚʠʞʫʱʠʝʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʪʝʥʢʝ ʥʝ ʤʦʛʫʪ 

ʧʨʦʣʝʪʝʪʴ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ. ʄʦʣʝʢʫʣʳ, ʜʚʠʛʘʶʱʠ-

ʝʩʷ ʦʪ ʩʪʝʥʢʠ, ʪʘʢʞʝ ʥʝ ʤʦʛʫʪ ʧʨʦʣʝʪʝʪʴ ʯʝʨʝʟ ʦʪ-

ʚʝʨʩʪʠʝ. ʀ, ʵʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʤʦʣʝʢʫʣʳ ʚʳʣʝʪʘʶʪ 

ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʧʦʦʜʠʥʦʯʢʝ. ɺ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʧʦʪʦʢʝ ʛʘʟʘ, ʚʳʭʦʜʷʱʝʤ ʯʝʨʝʟ ʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ, 

ʤʥʦʞʝʩʪʚʦ ʤʦʣʝʢʫʣ ʜʚʠʛʘʶʪʩʷ ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ʀ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʧʦʪʦʢʘ ʨʘʚʥʘ ʚʝʢ-

ʪʦʨʥʦʡ ʩʢʦʨʦʩʪʠ ʚʩʝʭ ʤʦʣʝʢʫʣ ʵʪʦʛʦ ʧʦʪʦʢʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʛʦʚʦʨʠʪʴ ʦʙ ʢʘʢʦʡ-ʪʦ ʦʪʜʝʣʴʥʦʡ ʤʦʣʝʢʫʣʝ 

ʙʝʩʩʤʳʩʣʝʥʥʦ. 

ɸ ʚʦʪ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ çʜʝʤʦʥ ɸʥʜʨʝ-

ʝʚʘè. ʉʤ. ʨʠʩ. 1. 

 
ʈʠʩ. 1. 

 

1 - ʩʦʩʫʜ. 2 ï ʥʝʧʨʦʥʠʮʘʝʤʘʷ ʩʪʝʥʢʘ, ʨʘʟʜʝʣʷʶ-

ʱʘʷ ʩʦʩʫʜ ʥʘ ʜʚʝ ʯʘʩʪʠ ɻ ʠ ɼ. 3 - ʤʝʤʙʨʘʥʘ ʩ ʤʠʢʨʦ-

ʩʢʦʧʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 4 - ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ. ɺ 

- ʛʘʟʦʚʘʷ ʩʨʝʜʘ ʚʦʢʨʫʛ ʩʦʩʫʜʘ. ʇʣʦʱʘʜʠ ʠ ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʚ ʦʙʝʠʭ ʤʝʤʙʨʘʥʘʭ ʨʘʚʥʳ. ʊʦʣʱʠʥʘ 

ʤʝʤʙʨʘʥ ʠ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ ʚ ʥʠʭ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʣʠʥʦʡ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʤʦʣʝʢʫʣ. ʕʪʦ ʠ 

ʝʩʪʴ çʜʝʤʦʥ ɸʥʜʨʝʝʚʘè. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʷ ʦʯʝʥʴ ʧʨʦʩʪʘ ʠ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦ-

ʟʜʘʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʘʢ ʞʝ ʨʘʙʦʪʘʝʪ 

ʵʪʦʪ ʜʝʤʦʥ? 

ʇʫʩʪʴ ʵʪʦʪ ʜʝʤʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʨʝʞʝʥʥʦʤ 

ʛʘʟʝ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʦʪʚʝʨʩʪʠʷʭ ʥʘʭʦʜʷʪʩʷ 

ʧʨʠʙʦʨʳ, ʬʠʢʩʠʨʫʶʱʠʝ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʵʬʬʫʟʠʦʥ-

ʥʳʤʠ ʧʦʪʦʢʘʤʠ ʤʦʣʝʢʫʣ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʘʚʣʝʥʠʷ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʚʥʫʪʨʠ ʩʦʩʫʜʘ ʠ ʩʥʘʨʫʞʠ ʨʘʚʥʳ. 

ʕʬʬʫʟʠʦʥʥʳʝ ʧʦʪʦʢʠ: ʠʟ ɺ ʚ ɻ, ʠʟ ɻ ʚ ɺ, ʠʟ ɺ ʚ ɼ, 

ʠʟ ɼ ʚ ɺ ï ʨʘʚʥʳ. ʇʦʵʪʦʤʫ Nɺ = 0 ʠ Nʥ = 0. ʀʥʜʝʢʩʳ 
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ʚ, ʥ ï ʵʪʦ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʤʝʤʙʨʘʥʳ. ʊʦ ʝʩʪʴ, ʢʦ-

ʛʜʘ ʜʘʚʣʝʥʠʷ ʚ ʯʘʩʪʷʭ ɻ, ɼ ʠ ɺ ʨʘʚʥʳ, ʪʦ ʧʨʠʙʦʨʳ 

ʟʘʬʠʢʩʠʨʫʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʤʝʞʜʫ ɻ, ɼ ʠ ɺ ʧʝʨʝʥʦʩʘ 

ʤʦʣʝʢʫʣ ʥʝʪ. ʊʦ ʝʩʪʴ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʤʙʨʘʥʳ ʢʘʢ 

ʙʳ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ. ʏʪʦ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ ʩʣʫʯʘʶ, 

ʢʦʛʜʘ ʜʝʤʦʥʳ ʄʘʢʩʚʝʣʣʘ ʥʝ ʨʘʙʦʪʘʶʪ ʠ ʥʝ ʧʨʦʧʫʩ-

ʢʘʶʪ ʤʦʣʝʢʫʣʳ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ. 

ɺʢʣʶʯʠʤ ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 4, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʦʪʢʘʯʠʚʘʪʴ ʛʘʟ ʠʟ ʯʘʩʪʠ ɻ ʚ ʯʘʩʪʴ ɼ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʜʘʚʣʝʥʠʝ ʚ ʯʘʩʪʠ ɻ ʫʤʝʥʴʰʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ɺ. ʊʘʢ ʢʘʢ ʛʘʟ ʠʟ ʯʘʩʪʠ ɻ ʦʪʢʘ-

ʯʠʚʘʝʪʩʷ ʚ ʯʘʩʪʴ ɼ, ʪʦ ʜʘʚʣʝʥʠʝ ʚ ʯʘʩʪʠ ɼ ʫʚʝʣʠ-

ʯʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ɺ. ʇʦ-

ʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ ʚ ɻ ʫʤʝʥʴʰʠʣʦʩʴ, ʪʦ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠ ʵʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʠʟ ɻ ʚ ɺ. ʕʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ 

ʠʟ ɺ ʚ ɻ ʦʩʪʘʸʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʚʥʝʰʥʝʝ ʜʘʚ-

ʣʝʥʠʝ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʙʦʨʳ ʚ ʦʪ-

ʚʝʨʩʪʠʷʭ ʚʝʨʭʥʝʡ ʤʝʤʙʨʘʥʳ ʟʘʬʠʢʩʠʨʫʶʪ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʚʣʝʪʘʶʱʠʤʠ ʠ ʚʳʣʝʪʘʶʱʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

N Í 0. ʈʝʟʫʣʴʪʘʪ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦ-

ʨʦʚ ʚ ʦʪʚʝʨʩʪʠʷʭ ʧʣʘʩʪʠʥʳ, ʩ ʨʘʙʦʪʘʶʱʠʤʠ, ʤʠʬʠ-

ʯʝʩʢʠʤʠ ʜʝʤʦʥʘʤʠ ʄʘʢʩʚʝʣʣʘ, ʢʦʛʜʘ ʦʥʠ ʧʨʦʧʫʩ-

ʢʘʶʪ ʤʦʣʝʢʫʣʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ. 

ʊʘʢ ʢʘʢ ʚ ʯʘʩʪʠ ɼ ʜʘʚʣʝʥʠʝ ʫʚʝʣʠʯʠʣʦʩʴ, ʪʦ 

ʫʚʝʣʠʯʠʣʩʷ ʠ ʵʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʠʟ ɼ ʚ ɺ. ʕʬʬʫ-

ʟʠʦʥʥʳʡ ʧʦʪʦʢ ʠʟ ɺ ʚ ɼ ʥʝ ʠʟʤʝʥʠʣʩʷ, ʪʘʢ ʢʘʢ ʚʥʝʰ-

ʥʝʝ ʜʘʚʣʝʥʠʝ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʙʦʨʳ 

ʚ ʦʪʚʝʨʩʪʠʷʭ ʥʠʞʥʝʡ ʤʝʤʙʨʘʥʳ ʪʘʢʞʝ ʟʘʬʠʢʩʠʨʫʶʪ 

ʨʘʟʥʠʮʫ ʚ ʵʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʘʭ. N Í 0. ʈʝʟʫʣʴʪʘʪ 

ʪʘʢʞʝ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦʨʦʚ ʚ ʦʪʚʝʨ-

ʩʪʠʷʭ ʧʣʘʩʪʠʥʳ ʩ ʨʘʙʦʪʘʶʱʠʤʠ ʜʝʤʦʥʘʤʠ ʄʘʢʩ-

ʚʝʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ 

ʫʩʪʘʥʦʚʠʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. ʅʘʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʩʪʘʥʝʪ ʚʣʝʪʘʪʴ ʯʝʨʝʟ ʚʝʨʭʥʶʶ 

ʤʝʤʙʨʘʥʫ, ʥʘʩʪʦʣʴʢʦ ʞʝ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʙʫʜʝʪ ʚʳ-

ʣʝʪʘʪʴ ʯʝʨʝʟ ʥʠʞʥʶʶ ʤʝʤʙʨʘʥʫ. ʅʘʧʨʠʤʝʨ, ʜʦ 

ʚʢʣʶʯʝʥʠʷ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ ʚʩʝ ʵʬʬʫʟʠʦʥʥʳʝ 

ʧʦʪʦʢʠ ʯʝʨʝʟ ʢʘʞʜʦʝ ʦʪʚʝʨʩʪʠʝ ʙʳʣʠ ʨʘʚʥʳ 10 ʤʦ-

ʣʝʢʫʣʘʤ, ʪʘʢ ʢʘʢ ʜʘʚʣʝʥʠʷ ʚ ɺ, ɻ ʠ ɼ ʙʳʣʠ ʨʘʚʥʳ. 

ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʥʘʩʦʩʘ ʧʦʪʦʢʠ ʩʪʘʣʠ ʧʨʠʤʝʨʥʦ 

ʪʘʢʠʤʠ. ʀʟ ɺ ʚ ɻ ï 10 ʤʦʣʝʢʫʣ, ʪʘʢ ʢʘʢ ʚʥʝʰʥʝʝ ʜʘʚ-

ʣʝʥʠʝ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ʀʟ ɻ ʚ ɺ ï 8 ʤʦʣʝʢʫʣ, ʪʘʢ ʢʘʢ 

ʜʘʚʣʝʥʠʝ ʚ ʯʘʩʪʠ ɻ ʫʤʝʥʴʰʠʣʦʩʴ. Nɺ = 10 ï 8 = 2. 

ʀʟ ɼ ʚ ɺ ï 12 ʤʦʣʝʢʫʣ, ʪʘʢ ʢʘʢ ʜʘʚʣʝʥʠʝ ʚ ʯʘʩʪʠ ɼ 

ʫʚʝʣʠʯʠʣʦʩʴ. ʀʟ ɺ ʚ ɼ ï 10 ʤʦʣʝʢʫʣ, ʪʘʢ ʢʘʢ ʚʥʝʰ-

ʥʝʝ ʜʘʚʣʝʥʠʝ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. Nʅ = 12 ï 10 = 2. ʏʝʨʝʟ 

ʚʝʨʭʥʶʶ ʤʝʤʙʨʘʥʫ ʚ ʯʘʩʪʴ ɻ ʚʣʝʪʘʝʪ 2 ʤʦʣʝʢʫʣʳ. 

ʅʦ ʠ ʯʝʨʝʟ ʥʠʞʥʶʶ ʤʝʤʙʨʘʥʫ ʠʟ ʯʘʩʪʠ ɼ ʚʳʣʝʪʘʝʪ 

ʪʘʢʞʝ 2 ʤʦʣʝʢʫʣʳ. ʂʦʣʠʯʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʤʦʣʝ-

ʢʫʣ ʚʥʫʪʨʠ ʩʦʩʫʜʘ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. ʊʦ ʝʩʪʴ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʝʥʦʩʘ ʤʦʣʝʢʫʣ ʠʟ ɺ ʚ ʩʦʩʫʜ ʥʝʪ. 

ʅʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʨʭʥʝʡ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʣʝʚʦʡ ʩʪʦʨʦʥʦʡ ʧʣʘʩʪʠʥʳ ʩ ʜʝʤʦʥʘʤʠ 

ʄʘʢʩʚʝʣʣʘ. ʅʘʨʫʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʞʥʝʡ ʤʝʤ-

ʙʨʘʥʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʘʚʦʡ ʩʪʦʨʦʥʦʡ ʧʣʘ-

ʩʪʠʥʳ ʩ ʜʝʤʦʥʘʤʠ ʄʘʢʩʚʝʣʣʘ. ʊʦ ʝʩʪʴ, ʵʪʠ 2 ʚʣʝʪʝʚ-

ʰʠʝ ʤʦʣʝʢʫʣʳ ʠ 2 ʚʳʣʝʪʝʚʰʠʝ ʤʦʣʝʢʫʣʳ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 2 ʤʦʣʝʢʫʣʳ, ʢʦʪʦʨʳʝ ʧʨʦʣʝʪʝʣʠ ʯʝ-

ʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʧʣʘʩʪʠʥʝ, ʜʚʝʨʮʳ ʢʦʪʦʨʳʭ ʦʪʢʨʳʣʠ 

ʜʝʤʦʥʳ ʄʘʢʩʚʝʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠ ʧʨʦʣʝʪʝʚʰʠʝ 

ʤʦʣʝʢʫʣʳ ʥʝ ʦʢʘʟʘʣʠ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʘʩʪʠʥʫ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʘʥʘʣʦʛʠʯʥʳ. ʀ ʧʦʵʪʦʤʫ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ 

ʥʘ ʩʦʩʫʜ ʩʚʝʨʭʫ ʫʤʝʥʴʰʠʪʩʷ. ɸ ʜʘʚʣʝʥʠʝ ʥʘ ʩʦʩʫʜ 

ʩʥʠʟʫ ʥʝ ʠʟʤʝʥʠʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʩʦʩʫʜ ʩʥʠʟʫ ʙʫ-

ʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ çʜʝʤʦʥʠʯʝʩʢʘʷè ʩʠʣʘ, ʢʘʢ ʥʘ ʧʣʘ-

ʩʪʠʥʫ ʩ ʤʠʬʠʯʝʩʢʠʤʠ ʜʝʤʦʥʘʤʠ. 

ɼʦʧʫʩʪʠʤ, ʝʩʪʴ ʩʦʩʫʜ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʘ ʩʪʝʥʢʘ ï 

ʵʪʦ ʩʪʝʥʢʘ ʩ ʜʝʤʦʥʘʤʠ ʄʘʢʩʚʝʣʣʘ. ʂʦʛʜʘ ʜʝʤʦʥʳ 

ʧʨʦʧʫʩʢʘʶʪ ʤʦʣʝʢʫʣʳ ʚʥʫʪʨʴ ʩʦʩʫʜʘ, ʪʦ ʜʘʚʣʝʥʠʝ 

ʚʥʫʪʨʠ ʨʘʩʪʸʪ ʠ ʛʘʟ ʯʝʨʝʟ ʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ ʚʳʭʦ-

ʜʠʪ ʥʘʨʫʞʫ. ʂʦʛʜʘ ʞʝ ʜʝʤʦʥʳ ʧʨʦʧʫʩʢʘʶʪ ʤʦʣʝ-

ʢʫʣʳ ʠʟ ʩʦʩʫʜʘ ʥʘʨʫʞʫ, ʪʦ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʧʘʜʘʝʪ 

ʠ ʦʢʨʫʞʘʶʱʠʡ ʛʘʟ ʯʝʨʝʟ ʙʦʣʴʰʦʝ ʦʪʚʝʨʩʪʠʝ ʧʦʧʘ-

ʜʘʝʪ ʚ ʩʦʩʫʜ. ʆʙʘ ʵʪʠʭ ʚʘʨʠʘʥʪʘ ʪʘʢʞʝ ʥʝʩʣʦʞʥʦ 

ʩʜʝʣʘʪʴ. ʉʤ. ʨʠʩ. 2. 

 
ʈʠʩ. 2. 

 

ɺʘʨʠʘʥʪ ɽ ʵʢʚʠʚʘʣʝʥʪʝʥ ʪʦʤʫ ʚʘʨʠʘʥʪʫ, ʢʦʛʜʘ 

ʜʝʤʦʥʳ ʄʘʢʩʚʝʣʣʘ ʧʨʦʧʫʩʢʘʶʪ ʤʦʣʝʢʫʣʳ ʚʥʫʪʨʴ 

ʩʦʩʫʜʘ. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ 4 ʦʪʢʘʯʠ-

ʚʘʝʪ ʛʘʟ ʠʟ ʩʦʩʫʜʘ ʥʘʨʫʞʫ. ɺ ʩʦʩʫʜʝ ʩ ʜʝʤʦʥʘʤʠ 

ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʧʨʦʣʝʪʘʝʪ ʚʥʫʪʨʴ - ʟʜʝʩʴ ʪʦʞʝ 

ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʧʨʦʣʝʪʘʝʪ ʚʥʫʪʨʴ. ɺ ʩʦʩʫʜʝ ʩ ʜʝʤʦ-

ʥʘʤʠ ʛʘʟ ʚʳʭʦʜʠʪ ʠʟ ʩʦʩʫʜʘ ï ʟʜʝʩʴ ʪʦʞʝ ʛʘʟ ʚʳʭʦ-

ʜʠʪ ʠʟ ʩʦʩʫʜʘ. ɽʩʣʠ ʥʘʩʦʩ ʩʧʨʷʪʘʪʴ ʚʥʫʪʨʠ ʩʦʩʫʜʘ, 

ʪʦ ʚʥʝʰʥʝ ʥʝ ʦʪʣʠʯʠʪʴ ï ʛʜʝ ʩʦʩʫʜ ʩ ʜʝʤʦʥʘʤʠ, ʘ ʛʜʝ 

ʝʛʦ ʨʘʙʦʪʘʶʱʠʡ ʘʥʘʣʦʛ. ɺʘʨʠʘʥʪ ɾ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʘʨʠʘʥʪʫ, ʢʦʛʜʘ ʜʝʤʦʥʳ ʧʨʦʧʫʩʢʘʶʪ ʤʦʣʝʢʫʣʳ ʠʟ 

ʩʦʩʫʜʘ ʥʘʨʫʞʫ. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ ʥʘʩʦʩ 4 ʟʘʢʘʯʠʚʘʝʪ 

ʚʥʝʰʥʠʡ ʛʘʟ ʚʥʫʪʨʴ ʩʦʩʫʜʘ ʠ ʧʦʵʪʦʤʫ ʙʦʣʴʰʝ ʤʦʣʝ-

ʢʫʣ ʚʳʣʝʪʘʝʪ ʠʟ ʩʦʩʫʜʘ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. ʀ ʵʪʦʪ ʚʘ-

ʨʠʘʥʪ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ʩʦʩʫʜʘ ʩ ʜʝʤʦ-

ʥʘʤʠ. 

ʂʘʢ ʧʠʰʝʪ ʉʠʚʫʭʠʥ ɼ.ɺ. [1, ʩʪʨ. 188], ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʩʦ ʩʪʝʥʢʦʡ ʤʦʞʥʦ ʤʳʩʣʝʥʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʦʣʝʢʫʣʘ 

ʪʦʨʤʦʟʠʪʩʷ ʩʪʝʥʢʦʡ, ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʢʘʢ ʙʳ ʧʨʠ-

ʣʠʧʘʝʪ ʢ ʩʪʝʥʢʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʩʪʝʥʢʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ 

F1. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʤʦʣʝʢʫʣʘ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʩʪʝʥ-

ʢʦʡ, ʫʩʢʦʨʷʝʪʩʷ ʠ ʦʪʩʢʘʢʠʚʘʝʪ ʦʪ ʩʪʝʥʢʠ. ʇʨʠ ʵʪʦʤ 

ʥʘ ʩʪʝʥʢʫ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ F2. ʕʪʘ ʩʠʣʘ ʧʦʜʦʙʥʘ ʩʠʣʝ 

ʦʪʜʘʯʠ ʧʨʠ ʚʳʩʪʨʝʣʝ ʠʟ ʦʨʫʜʠʷ, ʛʜʝ ʨʦʣʴ ʩʥʘʨʷʜʘ 

ʠʛʨʘʝʪ ʦʪʩʢʦʯʠʚʰʘʷ ʤʦʣʝʢʫʣʘ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʠ 2 

ʵʪʘʧʘ ʧʨʦʠʩʭʦʜʷʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʩʦʟʜʘʶʪ ʨʝʟʫʣʴ-

ʪʠʨʫʶʱʫʶ ʩʠʣʫ F = F1 + F2. ʅʦ ʪʘʢ ʢʘʢ ʤʘʩʩʳ ʠ 

ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʤʦʣʝʢʫʣ ʨʘʚʥʳ, ʪʦ ʠ F1 = F2 = F/2. 

ʉʦʩʫʜʳ ʥʘ ʨʠʩ. 2 ʧʦʟʚʦʣʷʶʪ ʨʘʟʜʝʣʠʪʴ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʤʦʣʝʢʫʣʳ ʩʦ ʩʪʝʥʢʦʡ ʥʘ 2 ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ ɾ ʥʘ ʨʠʩ. 2. ʂʦʛʜʘ ʥʘʩʦʩ ʥʝ ʨʘ-
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ʙʦʪʘʝʪ, ʪʦ ʵʬʬʫʟʠʦʥʥʳʝ ʧʦʪʦʢʠ ʤʦʣʝʢʫʣ ʯʝʨʝʟ ʦʪ-

ʚʝʨʩʪʠʷ ʤʝʤʙʨʘʥʳ ʨʘʚʥʳ. N = 0. ɺʩʝ ʩʠʣʳ ʢʦʤʧʝʥ-

ʩʠʨʫʶʪʩʷ. ɽʩʣʠ ʚʢʣʶʯʠʪʴ ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʟʘʢʘʯʠ-

ʚʘʝʪ ʚʥʫʪʨʴ ʩʦʩʫʜʘ ʛʘʟ, ʪʦ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʩʦʩʫʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʵʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʤʦʣʝʢʫʣ ʠʟ 

ʩʦʩʫʜʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ 

ʥʘʩʦʩ ʥʝ ʨʘʙʦʪʘʣ, ʪʦ ʚʳʣʝʪʘʣʦ ʠ ʚʣʝʪʘʣʦ ʧʦ 10 ʤʦ-

ʣʝʢʫʣ ʯʝʨʝʟ ʢʘʞʜʦʝ ʦʪʚʝʨʩʪʠʝ. ʅʘʩʦʩ ʟʘʨʘʙʦʪʘʣ. 

ɺʳʣʝʪʘʪʴ ʩʪʘʣʦ 12 ʤʦʣʝʢʫʣ, ʘ ʚʣʝʪʘʪʴ ʪʘʢʞʝ 10 ʤʦ-

ʣʝʢʫʣ. N = 12 ï 10 = 2. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʯʝʨʝʟ 

ʢʘʞʜʦʝ ʦʪʚʝʨʩʪʠʝ ʩʪʘʣʦ ʚʳʣʝʪʘʪʴ ʧʦ 2 ʤʦʣʝʢʫʣʳ. 

ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʦʩʫʜ, ʦʪ ʢʘʞʜʦʡ ʚʳʣʝʪʘʶ-

ʱʝʡ ʤʦʣʝʢʫʣʳ = F/2. ʇʦʵʪʦʤʫ ʩʠʣʘ ʦʪ ʜʚʫʭ ʚʳʣʝʪʘ-

ʶʱʠʭ ʤʦʣʝʢʫʣ F/2 + F/2 = F. ɼʚʝ ʚʳʣʝʪʝʚʰʠʝ ʤʦʣʝ-

ʢʫʣʳ ʵʢʚʠʚʘʣʝʥʪʥʳ ʦʜʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʥʝʰ-

ʥʝʡ ʤʦʣʝʢʫʣʝ, ʢʦʪʦʨʘʷ ʫʜʘʨʠʣʘʩʴ ʚ ʤʝʤʙʨʘʥʫ ʠ 

ʦʪʩʢʦʯʠʣʘ. ʊʦ ʝʩʪʴ, ʫʚʝʣʠʯʠʚ ʚʥʫʪʨʝʥʥʝ ʜʘʚʣʝʥʠʝ ʚ 

ʩʦʩʫʜʝ, ʤʳ ʢʘʢ ʙʳ ʫʚʝʣʠʯʠʚʘʝʤ ʠ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ 

ʥʘ ʤʝʤʙʨʘʥʫ. ʅʦ ʝʩʣʠ ʩʠʣʘ ʧʨʠ ʦʪʩʢʦʢʝ ʤʦʣʝʢʫʣʳ 

ʜʝʡʩʪʚʫʝʪ ʥʘ ʩʪʝʥʢʫ, ʪʦ ʧʨʠ ʚʳʣʝʪʝ ʤʦʣʝʢʫʣʳ, ʩʠʣʘ 

ʜʝʡʩʪʚʫʝʪ ʥʝ ʥʘ ʤʝʤʙʨʘʥʫ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʤʝʤʙʨʘʥʝ ʩʪʝʥʢʠ. ʅʦ 

ʵʪʦ ʥʝ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʤʝʤʙʨʘʥʘ ʠ ʩʦʩʫʜ ï ɻ ʪʦ ʝʜʠʥʦʝ 

ʮʝʣʦʝ.  

ʉ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʘʦʙʦʨʦʪ, ʚʩʸ ʧʨʦʠʩʭʦʜʠʪ ʠ ʚ 

ʚʘʨʠʘʥʪʝ ɽ ʥʘ ʨʠʩ. 2. ʅʘʧʨʠʤʝʨ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʯʝ-

ʨʝʟ ʢʘʞʜʦʝ ʦʪʚʝʨʩʪʠʝ ʚʣʝʪʘʣʦ ʠ ʚʳʣʝʪʘʣʦ ʧʦ 10 ʤʦ-

ʣʝʢʫʣ. N = 0. ʂʦʛʜʘ ʥʘʩʦʩ ʨʘʙʦʪʘʝʪ ʠ ʦʪʢʘʯʠʚʘʝʪ ʛʘʟ 

ʠʟ ʩʦʩʫʜʘ, ʪʦ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʫʤʝʥʴʰʘʝʪʩʷ ʠ 

ʪʦʣʴʢʦ 8 ʤʦʣʝʢʫʣ ʚʳʣʝʪʘʝʪ ʠʟ ʩʦʩʫʜʘ. N = 10 ï 8 = 

2. ʊʦ ʝʩʪʴ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʩʦʩʫʜ ʚʣʝʪʘʝʪ 

ʪʦʣʴʢʦ 2 ʤʦʣʝʢʫʣʳ. ʕʪʠ 2 ʚʣʝʪʝʚʰʠʝ ʤʦʣʝʢʫʣʫ 

ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 2-ʭ ʧʨʠʣʠʧʰʠʭ ʢ 

ʤʝʤʙʨʘʥʝ ʤʦʣʝʢʫʣ, ʢʘʢ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. ʆʥʠ ʥʝ ʦʪ-

ʩʢʦʯʠʣʠ ʠ ʩʪʘʣʠ ʯʘʩʪʴʶ ʩʦʩʫʜʘ. ʇʦʵʪʦʤʫ ʠ ʩʠʣʘ, 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʦʩʫʜ ʦʪ ʜʚʫʭ ʚʣʝʪʝʚʰʠʭ ʤʦʣʝʢʫʣ 

F/2 + F/2 = F. ɽʩʣʠ ʙʳ ʵʪʠ ʜʚʝ ʤʦʣʝʢʫʣʳ ʫʜʘʨʠʣʠʩʴ 

ʠ ʦʪʩʢʦʯʠʣʠ, ʪʦ ʥʘ ʩʦʩʫʜ ʜʝʡʩʪʚʦʚʘʣʘ ʙʳ ʩʠʣʘ F + F 

= 2F. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦ-

ʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʫʜʝ, ʦʜʥʘ ʚʥʝʰʥʷʷ ʤʦʣʝ-

ʢʫʣʘ ʢʘʢ ʙʳ ʥʝ ʫʜʘʨʠʣʘʩʴ ʚ ʤʝʤʙʨʘʥʫ. ʊʦ ʝʩʪʴ, 

ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʢʘʢ ʙʳ 

ʫʤʝʥʴʰʠʣʦʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʠʣʠ 

ʫʤʝʥʴʰʘʷ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʩʦʩʫʜʝ, ʤʳ ʫʚʝʣʠ-

ʯʠʚʘʝʤ ʠʣʠ ʫʤʝʥʴʰʘʝʤ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʥʘ ʩʦʩʫʜ 

ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ.  

ɽʩʣʠ ʩʦʝʜʠʥʠʪʴ ʵʪʠ 2 ʩʦʩʫʜʘ ʩʪʝʥʢʘʤʠ, ʘ ʥʘʩʦʩ 

ʙʫʜʝʪ ʧʝʨʝʢʘʯʠʚʘʪʴ ʛʘʟ ʠʟ ʦʜʥʦʛʦ ʩʦʩʫʜʘ ʚ ʜʨʫʛʦʡ, 

ʪʦ ʧʦʣʫʯʠʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʢʘʢ ʥʘ ʨʠʩ. 1. ɽʩʣʠ ʧʨʠ 

ʫʜʘʨʝ ʠ ʦʪʩʢʦʢʝ ʤʦʣʝʢʫʣʳ ʦʪ ʩʪʝʥʢʠ ʩʠʣʳ F1 ʠ F2 

ʩʢʣʘʜʳʚʘʶʪʩʷ, ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʠʣʳ ʚʳʯʠʪʘ-

ʶʪʩʷ. ʉʠʣʘ F1, ʦʪ ʚʣʝʪʘʶʱʝʡ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʩʦ-

ʩʫʜʘ ʤʦʣʝʢʫʣʳ, ʜʝʡʩʪʚʫʝʪ ʥʘ ʥʝʧʨʦʥʠʮʘʝʤʫʶ 

ʩʪʝʥʢʫ 2 ʚʥʠʟ. ʉʠʣʘ F2, ʦʪ ʚʳʣʝʪʘʶʱʝʡ ʠʟ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʩʦʩʫʜʘ ʤʦʣʝʢʫʣʳ, ʜʝʡʩʪʚʫʝʪ ʥʘ ʥʝʧʨʦʥʠʮʘʝ-

ʤʫʶ ʩʪʝʥʢʫ 2 ʚʚʝʨʭ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ F = F1 ï 

F2 = 0. ʊʦ ʝʩʪʴ, ʚʣʝʪʘʶʱʫʶ ʠ ʚʳʣʝʪʘʶʱʫʶ ʤʦʣʝ-

ʢʫʣʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʢʦʪʦʨʘʷ 

ʢʘʢ ʙʳ ʧʨʦʣʝʪʝʣʘ ʯʝʨʝʟ ʩʦʩʫʜ ʠ ʥʝ ʦʢʘʟʘʣʘ ʥʘ ʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʝ. 

ɽʩʣʠ ʝʩʪʴ ʜʝʤʦʥ, ʪʦ ʤʦʞʥʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʦ-

ʧʨʦʙʦʚʘʪʴ ʩʜʝʣʘʪʴ "ʚʝʯʥʳʡ" ʜʚʠʛʘʪʝʣʴ ʚʪʦʨʦʛʦ 

ʨʦʜʘ. ʕʪʦ ʥʝ ʩʣʦʞʥʦ. ɼʣʷ ʥʘʯʘʣʘ ʚʳʷʩʥʠʤ, ʢʘʢʠʝ 

ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʩʦʩʫʜ ʧʨʠ ʚʳʣʝʪʝ ʤʦʣʝʢʫʣ. 

ɺʦʟʴʤʸʤ ʩʦʩʫʜ, ʢʘʢ ʥʘ ʨʠʩ. 2ɾ ʠ ʨʘʩʩʤʦʪʨʠʤ ʩʠʣʳ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʦʩʫʜ. ʉʤ. ʨʠʩ. 3. 

 
ʈʠʩ. 3. 

 

ʇʨʠ ʥʘʛʥʝʪʘʥʠʠ ʛʘʟʘ ʚʥʫʪʨʴ ʩʦʩʫʜʘ, ʚʥʫʪʨʠ ʩʦ-

ʟʜʘʸʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ Pʀ. ʕʪʦ ʜʘʚʣʝʥʠʝ ʦʢʘ-

ʟʳʚʘʝʪ ʩʠʣʫ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʤʙʨʘʥʫ ʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʫʶ ʩʪʝʥʢʫ. ʇʣʦʱʘʜʠ ʤʝʤʙʨʘʥʳ ʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʡ ʩʪʝʥʢʠ ʨʘʚʥʳ Sʄ = Sʉ. ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ 

ʩʪʝʥʢʫ Fʉ = PʀSʉ. ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʤʙʨʘʥʫ Fʄ = 

Pʀ(Sʄ - Sʆ), ʪʘʢ ʢʘʢ ʧʣʦʱʘʜʴ ʤʝʤʙʨʘʥʳ, ʚ ʢʦʪʦʨʫʶ 

ʫʜʘʨʷʶʪʩʷ ʤʦʣʝʢʫʣʳ, ʤʝʥʴʰʝ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʤʝʤ-

ʙʨʘʥʳ ʥʘ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʡ ʚ ʤʝʤ-

ʙʨʘʥʝ. ʅʦ ʪʘʢ ʢʘʢ Sʄ = Sʉ, ʪʦ Fʄ = Pʀ(Sʉ - Sʆ), ʕʪʠ 

ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʩʦʩʫʜ ʜʝʡ-

ʩʪʚʫʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ Fʈ = Fʉ - Fʄ = PʀSʉ - 

Pʀ(Sʉ - Sʆ) = PʀSʆ. ʄʦʣʝʢʫʣʳ, ʫʜʘʨʷʶʱʠʝʩʷ ʠ ʦʪ-

ʩʢʘʢʠʚʘʶʱʠʝ ʦʪ ʩʪʝʥʢʠ, ʩʦʟʜʘʶʪ ʩʠʣʫ F = F1 + F2. 

ʅʦ ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʚʳʣʝʪʘʶʱʘʷ ʤʦʣʝʢʫʣʘ 

ʩʦʟʜʘʸʪ ʪʦʣʴʢʦ ʩʠʣʫ F2 = F/2. ʇʦʵʪʦʤʫ Fʈ = PʀSʆ/2. 

ʕʪʫ ʩʠʣʫ ʩʦʟʜʘʶʪ ʚʳʣʝʪʘʶʱʠʝ ʤʦʣʝʢʫʣʳ. 

ɽʩʣʠ ʞʝ ʥʘʩʦʩ ʦʪʢʘʯʠʚʘʝʪ ʛʘʟ ʠʟ ʩʦʩʫʜʘ, ʢʘʢ ʥʘ 

ʨʠʩ. 2ɽ, ʪʦ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʚʥʝʰʥʠʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʦʩʫʜʘ ʠ ʤʝʤʙʨʘʥʳ. ʉʤ. ʨʠʩ. 4. 

 
ʈʠʩ. 4 
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ʊʘʢ ʢʘʢ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʤʝʥʴʰʝ ʥʘʨʫʞ-

ʥʦʛʦ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʨʫʞʥʦʝ ʜʘʚʣʝʥʠʝ ʠʟʙʳ-

ʪʦʯʥʳʤ Pʀ. ʕʪʦ ʜʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʠʣʫ ʜʘʚʣʝʥʠʷ 

ʥʘ ʤʝʤʙʨʘʥʫ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʝʥʢʫ. ʇʣʦʱʘʜʠ 

ʤʝʤʙʨʘʥʳ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʝʥʢʠ ʪʘʢʞʝ ʨʘʚʥʳ 

Sʄ = Sʉ. ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʫ Fʉ = PʀSʉ. ʉʠʣʘ 

ʜʘʚʣʝʥʠʷ ʥʘ ʤʝʤʙʨʘʥʫ Fʄ = Pʀ(Sʄ - Sʆ), ʪʘʢ ʢʘʢ ʧʣʦ-

ʱʘʜʴ ʤʝʤʙʨʘʥʳ, ʚ ʢʦʪʦʨʫʶ ʫʜʘʨʷʶʪʩʷ ʤʦʣʝʢʫʣʳ, 

ʤʝʥʴʰʝ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʤʝʤʙʨʘʥʳ ʥʘ ʩʫʤʤʘʨʥʫʶ 

ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʡ ʚ ʤʝʤʙʨʘʥʝ. ʅʦ ʪʘʢ ʢʘʢ Sʄ = Sʉ, 

ʪʦ Fʄ = Pʀ(Sʉ - Sʆ), ʕʪʠ ʩʠʣʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʪ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʩʦʩʫʜ ʜʝʡʩʪʚʫʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ 

ʩʠʣʘ Fʈ = Fʉ - Fʄ = PʀSʉ - Pʀ(Sʉ - Sʆ) = PʀSʆ. ʅʦ ʢʘʢ 

ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʚʣʝʪʘʶʱʘʷ ʤʦʣʝʢʫʣʘ ʩʦʟʜʘʸʪ 

ʩʠʣʫ F1 = F/2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʩʪʝʥʢʠ ʜʝʡʩʪʚʫʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣʘ Fʈ = 

PʀSʆ/2. ʕʪʘ ʩʠʣʘ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʟʘ ʩʯʸʪ 

ʚʣʝʪʘʶʱʠʭ ʚ ʩʦʩʫʜ ʚʥʝʰʥʠʭ ʤʦʣʝʢʫʣ. ɸ ʪʝʧʝʨʴ ʨʘʩ-

ʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʶ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ 

"ʜʝʤʦʥʘ ɸʥʜʨʝʝʚʘ". ʉʤ. ʨʠʩ. 5. 

 
ʈʠʩ. 5. 

 

5 - ʤʘʣʳʡ ʮʠʣʠʥʜʨ. 6 - ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʤʘʣʦʛʦ 

ʮʠʣʠʥʜʨʘ. 7 - ʧʦʨʰʝʥʴ. 8 ʙʦʣʴʰʦʡ ʮʠʣʠʥʜʨ, ʢʦʘʢ-

ʩʠʘʣʴʥʦ ʟʘʢʨʝʧʣʸʥʥʳʡ ʥʘ ʤʘʣʦʤ ʮʠʣʠʥʜʨʝ. 9 - ʤʝʤ-

ʙʨʘʥʘ ʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 10 - 

ʦʧʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʸʥ ʰʪʦʢ ʧʦʨʰʥʷ. ʐʪʦʢ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʧʨʘʚʦʡ ʪʦʨʮʝʚʦʡ 

ʩʪʝʥʢʝ. ʄʝʩʪʦ ʧʨʦʭʦʜʘ ʛʝʨʤʝʪʠʯʥʦ. ɺʥʫʪʨʝʥʥʠʡ 

ʦʙʲʸʤ ʤʘʣʦʛʦ ʮʠʣʠʥʜʨʘ ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʦʪʚʝʨʩʪʠʷ ʚ 

ʤʘʣʦʤ ʮʠʣʠʥʜʨʝ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʸ-

ʤʦʤ ʙʦʣʴʰʠʭ ʮʠʣʠʥʜʨʦʚ. ʇʦʨʰʝʥʴ ʜʝʣʠʪ ʤʘʣʳʡ 

ʮʠʣʠʥʜʨ ʥʘ ʜʚʝ ʯʘʩʪʠ ɻ ʠ ɼ. ʏʘʩʪʴ ɻ ʤʘʣʦʛʦ ʮʠʣʠʥ-

ʜʨʘ ʠ ʙʦʣʴʰʦʡ ʣʝʚʳʡ ʮʠʣʠʥʜʨ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʙʳ 

ʯʘʩʪʴ ɻ ʩʦʩʫʜʘ ʥʘ ʨʠʩ. 1. ʏʘʩʪʴ ɼ ʤʘʣʦʛʦ ʮʠʣʠʥʜʨʘ 

ʠ ʧʨʘʚʳʡ ʙʦʣʴʰʦʡ ʮʠʣʠʥʜʨ ʢʘʢ ʙʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʯʘʩʪʴ ɼ ʩʦʩʫʜʘ ʥʘ ʨʠʩ. 1. ʇʦʨʰʝʥʴ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 

ʥʘʩʦʩʘ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʨʦʚ ʚ ʢʘʢʫʶ-ʣʠʙʦ 

ʩʪʦʨʦʥʫ, ʚ ʦʜʥʦʡ ʯʘʩʪʠ ʜʘʚʣʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɻʘʟ 

ʠʟ ʤʘʣʦʛʦ ʮʠʣʠʥʜʨʘ ʚʳʪʝʩʥʷʝʪʩʷ ʚ ʙʦʣʴʰʦʡ ʮʠ-

ʣʠʥʜʨ ʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʤʦʣʝʢʫʣʳ ʚʳʣʝʪʘʶʪ 

ʥʘʨʫʞʫ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ɹʦʣʴʰʝ ʤʦʣʝʢʫʣ ʚʣʝʪʘʝʪ ʚ ʙʦʣʴʰʦʡ ʩʦʩʫʜ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʫ. ɸ ʠʟ ʙʦʣʴʰʦʛʦ ʮʠʣʠʥʜʨʘ ʛʘʟ ʧʝʨʝʭʦʜʠʪ ʚ 

ʤʘʣʳʡ ʮʠʣʠʥʜʨ. ʂʘʢ ʨʘʙʦʪʘʝʪ ʜʘʥʥʳʡ ʜʚʠʛʘʪʝʣʴ? 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʮʠʣʠʥʜʨʳ ʜʚʠʞʫʪʩʷ ʚʧʨʘʚʦ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʜʘʚʣʝʥʠʝ ʚ ʯʘʩʪʠ ɻ ʧʦʚʳʰʘʝʪʩʷ, ʘ ʚ ʯʘ-

ʩʪʠ ɼ ʧʦʥʠʞʘʝʪʩʷ. ɺ ʯʘʩʪʠ ɻ ʜʝʡʩʪʚʫʶʪ ʧʨʦʪʠʚʦ-

ʜʝʡʩʪʚʫʶʱʠʝ ʩʠʣʳ Fʈ ʠ Fʊ. ʇʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʩʠʣʳ 

Fʈ ʨʘʩʩʤʦʪʨʝʥ ʚʳʰʝ ʥʘ ʧʨʠʤʝʨʘʭ ʩ ʨʠʩ. 3 ʠ 4. ʏʪʦʙʳ 

ʜʚʠʛʘʪʝʣʴ ʟʘʨʘʙʦʪʘʣ, ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ Fʈ > Fʊ. 

Fʈ = PʀSʆ/2. Fʊ = PʀSʊ. ʉʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʣʝʚʫʶ 

ʯʘʩʪʴ ʜʚʠʛʘʪʝʣʷ ʨʘʚʥʘ F = Fʈ - Fʊ = PʀSʆ/2 - PʀSʊ = 

Pʀ(Sʆ/2 - Sʊ). ʅʘ ʧʨʘʚʫʶ ʯʘʩʪʴ ʜʝʡʩʪʚʫʶʪ ʪʘʢʘʷ ʞʝ 

ʩʠʣʘ, ʪʦʣʴʢʦ ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʴʰʦʛʦ 

ʮʠʣʠʥʜʨʘ. F = Pʀ(Sʆ/2 - Sʊ). ɸ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʜʝʡ-

ʩʪʚʫʶʱʘʷ ʥʘ ʜʚʠʛʘʪʝʣʴ Fʉʋʄ = Pʀ(Sʆ/2 - Sʊ) + 

Pʀ(Sʆ/2 - Sʊ) = Pʀ(Sʆ - 2Sʊ). ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ Sʆ > 2Sʊ. 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʨʦʚ ʚʣʝʚʦ ʩʠʣʳ ʧʦʤʝʥʷʶʪʩʷ 

ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʘʦʙʦʨʦʪ. ʅʘ ʮʠʣʠʥʜʨʳ ʪʘʢʞʝ ʙʫʜʝʪ 

ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʘ Fʉʋʄ = Pʀ(Sʆ - 2Sʊ). 

ʄʦʣʝʢʫʣʳ ʜʚʠʞʫʪʩʷ ʭʘʦʪʠʯʥʦ ʧʦ ʚʩʝʤ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤ. ʅʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʜʚʠ-

ʞʫʪʩʷ ʩʪʨʦʛʦ ʧʦ ʦʨʜʠʥʘʪʘʤ. ʈʘʩʧʦʣʦʞʠʤ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ ʪʘʢ, ʯʪʦʙʳ ʦʜʥʘ ʦʨʜʠʥʘʪʘ ʙʳʣʘ ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʘ ʢ ʤʝʤʙʨʘʥʝ. ʊʦʛʜʘ 2 ʜʨʫʛʠʝ ʦʨʜʠʥʘʪʳ 

ʙʫʜʫʪ ʧʘʨʘʣʣʝʣʴʥʳ ʤʝʤʙʨʘʥʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʣʝ-

ʪʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʤʦʛʫʪ ʪʦʣʴʢʦ 1/6 ʯʘʩʪʴ ʚʩʝʭ 

ʤʦʣʝʢʫʣ. ʕʪʘ 1/6 ʯʘʩʪʴ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ 

ʚ ʩʪʦʨʦʥʫ ʤʝʤʙʨʘʥʫ ʧʦ ʦʨʜʠʥʘʪʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʤʝʤʙʨʘʥʝ. ɺ ʮʠʣʠʥʜʨʝ ʩ ʦʪʢʨʳ-

ʪʳʤ ʪʦʨʮʦʤ ʧʦʨʰʝʥʴ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʳʪʝʩʥʷʝʪ ʚʩʝ 

6/6 ʤʦʣʝʢʫʣ, ʣʝʪʷʱʠʭ ʧʦ ʪʨʸʤ ʦʨʜʠʥʘʪʘʤ. ʏʪʦʙʳ ʯʝ-

ʨʝʟ ʤʝʤʙʨʘʥʫ ʚʳʣʝʪʘʣʦ ʩʪʦʣʴʢʦ ʞʝ ʤʦʣʝʢʫʣ, ʥʝʦʙ-

ʭʦʜʠʤʘ ʩʫʤʤʘʨʥʘʷ ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʡ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚ 6 ʨʘʟ ʙʦʣʴʰʝ ʧʣʦʱʘʜʠ ʪʦʨʮʘ ʠʣʠ ʧʦʨʰʥʷ. Sʊ = Sʇ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ Fʉʋʄ = Pʀ(6Sʊ - 2Sʊ) = 4PʀSʊ. ʇʨʠ 

ʥʝʠʟʤʝʥʥʦʤ Sʊ ʩʫʤʤʘʨʥʘʷ ʩʠʣʘ ʟʘʚʠʩʠʪ ʦʪ Pʀ. ʇʨʠ 

ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʮʠʣʠʥʜʨʦʚ, ʚʳ-

ʪʝʩʥʷʪʴʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ ʠʟ ʤʘʣʦʛʦ ʮʠʣʠʥʜʨʘ ʚ ʙʦʣʴʰʦʡ. ʇʦʵʪʦʤʫ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʙʫʜʫʪ ʫʩʧʝʚʘʪʴ ʚʳ-

ʣʝʪʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʧʨʠ ʥʝʙʦʣʴʰʦʤ Pʀ. ʇʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʮʠʣʠʥʜʨʦʚ, ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ, ʚʳʪʝʩʥʷʝʤʦʛʦ ʠʟ ʤʘʣʦʛʦ 

ʮʠʣʠʥʜʨʘ ʚ ʙʦʣʴʰʦʡ ʮʠʣʠʥʜʨ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ Pʀ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ ʩʤʦʛʫʪ 

ʚʣʝʪʝʪʴ ʠ ʚʳʣʝʪʝʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ. ʏʝʤ ʙʦʣʴʰʝ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʮʠʣʠʥʜʨʦʚ - ʪʝʤ ʙʦʣʴʰʝ Pʀ 

ʠ ʪʝʤ ʙʦʣʴʰʝ Fʉʋʄ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʩ ʜʨʫʛʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʚʣʝʪʘʝʪ ʠ ʚʳʣʝʪʘʝʪ ʤʦʣʝ-

ʢʫʣ - ʪʝʤ ʙʦʣʴʰʫʶ ʩʠʣʫ ʦʥʠ ʩʦʟʜʘʶʪ. ʏʝʤ ʚʳʰʝ 

ʩʢʦʨʦʩʪʴ ʮʠʣʠʥʜʨʦʚ - ʪʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʚʳʪʝʩʥʷ-

ʝʪʩʷ ʠ ʟʘʩʘʩʳʚʘʝʪʩʷ. ʇʦʵʪʦʤʫ Fʉʋʄ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʮʠʣʠʥʜʨʦʚ. 
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ʆʩʪʘʸʪʩʷ ʚʳʷʩʥʠʪʴ, ʟʘ ʩʯʸʪ ʢʘʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠ-

ʛʘʶʪʩʷ ʮʠʣʠʥʜʨʳ. ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʫʜ ʥʘ ʨʠʩ. 3, ʢʦ-

ʛʜʘ ʚ ʩʦʩʫʜʝ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʠ ʙʦʣʴʰʝ ʤʦʣʝ-

ʢʫʣ ʚʳʣʝʪʘʝʪ ʠʟ ʩʦʩʫʜʘ. ʕʪʠ ʤʦʣʝʢʫʣʳ ʩʦʟʜʘʶʪ 

ʩʠʣʫ Fʈ, ʜʚʠʛʘʶʱʫʶ ʩʦʩʫʜ. ʄʦʣʝʢʫʣʳ ʚʥʫʪʨʠ ʩʦ-

ʩʫʜʘ ʜʚʠʞʫʪʩʷ ʩʦ ʩʨʝʜʥʝʡ ʪʝʧʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʢʘʢ 

ʠ ʚʥʝʰʥʠʝ ʤʦʣʝʢʫʣʳ. ʀ ʚʳʣʝʪʘʶʪ ʤʦʣʝʢʫʣʳ ʠʟ ʩʦ-

ʩʫʜʘ ʩ ʪʦʡ ʩʨʝʜʥʝʡ ʪʝʧʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʅʦ ʪʘʢ ʢʘʢ 

ʩʦʩʫʜ ʜʚʠʞʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʦʪ ʚʳʣʝʪʘ ʤʦ-

ʣʝʢʫʣ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʚʳʣʝʪʝʚ-

ʰʠʭ ʤʦʣʝʢʫʣ ʙʫʜʝʪ ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʠʭ ʤʦʣʝʢʫʣ. ʊʦ ʝʩʪʴ, ʚʳʣʝʪʘʶʱʠʝ 

ʤʦʣʝʢʫʣʳ ʯʘʩʪʴ ʩʚʦʝʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ-

ʜʘʶʪ ʩʦʩʫʜʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʨʫʞʥʦʛʦ 

ʛʘʟʘ ʫ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʣʝʚʦʛʦ ʙʦʣʴ-

ʰʦʛʦ ʮʠʣʠʥʜʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʦʩʫʜ ʥʘ ʨʠʩ. 4. ʉʠʣʘ Fʈ ʜʝʡʩʪʚʫʝʪ 

ʥʘ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʮʠʣʠʥʜʨʘ, ʪʘʢ 

ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ ʤʝʤʙʨʘʥʳ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʫʤʝʥʴ-

ʰʠʣʦʩʴ ʠʟ-ʟʘ ʚʣʝʪʘʶʱʠʭ ʚ ʮʠʣʠʥʜʨ ʤʦʣʝʢʫʣ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ ʩʠʣʳ ʩʦʩʫʜ ʜʚʠʞʝʪʩʷ. ʕʪʦ ʘʥʘʣʦ-

ʛʠʯʥʦ ʩʣʫʯʘʶ ʜʚʠʞʝʥʠʷ ʧʦʨʰʥʷ ʚ ʮʠʣʠʥʜʨʝ, ʢʦʛʜʘ 

ʜʘʚʣʝʥʠʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚʳʰʝ. ʈʘʩʰʠʨʷʶʱʠʡʩʷ 

ʛʘʟ, ʜʚʠʛʘʷ ʧʦʨʰʝʥʴ, ʩʦʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʠ ʦʭʣʘʞʜʘ-

ʝʪʩʷ. ʇʦʵʪʦʤʫ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʮʠʣʠʥʜʨʦʚ ʚʧʨʘʚʦ, 

ʚʥʝʰʥʠʡ ʛʘʟ ʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʘʚʦʛʦ 

ʙʦʣʴʰʦʛʦ ʮʠʣʠʥʜʨʘ ʙʫʜʝʪ ʦʭʣʘʞʜʘʪʴʩʷ, ʩʦʚʝʨʰʘʷ 

ʨʘʙʦʪʫ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʮʠʣʠʥʜʨʦʚ. ʊʦ ʝʩʪʴ, ʨʘʙʦʪʘ 

ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʮʠʣʠʥʜʨʦʚ ʙʳʣʘ ʩʦʚʝʨʰʝʥʘ 

ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʛʘʟʘ. ʕʪʦʪ ʦʭʣʘ-

ʞʜʸʥʥʳʡ ʛʘʟ ʚʦʩʩʪʘʥʦʚʠʪ ʩʚʦʶ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨ-

ʛʠʶ ʟʘ ʩʯʸʪ ʪʝʧʣʘ ʦʢʨʫʞʘʶʱʝʛʦ ʛʘʟʘ ʠ ʤʦʞʝʪ ʩʥʦʚʘ 

ʩʦʚʝʨʰʘʪʴ ʨʘʙʦʪʫ. ʇʦʣʫʯʠʣʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʝʯ-

ʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʨʘʙʦʪʘʶʱʠʡ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʦʭʣʘ-

ʞʜʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠʯʸʤ ʵʪʦʪ ʜʚʠʛʘ-

ʪʝʣʴ, ʢʘʢ ʠ "ʜʝʤʦʥ ɸʥʜʨʝʝʚʘ", ʥʝ ʥʘʨʫʰʘʶʪ ʥʠ ʦʜʠʥ 

ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ. 
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ɸʅʅʆʊɸʎʀʗ 
ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʚ ʣʝʩʦʫʩʪʨʦʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʞʝʣʘʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʨʘʙʦʯʠʭ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ.  

ʇʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʢʪʦʨʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʠ, ʣʝʩʦʟʘʛʦʪʦʚʢʠ, ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʠ [1]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʝ-

ʮʠʘʣʴʥʘʷ ʪʝʭʥʠʢʘ ʯʘʩʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʠʟ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ (ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʨʫʯʥʳʤ ʪʨʫʜʦʤ). 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʩʦʜʝʨʞʘʥʠʷ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʦʨʦʛ ʥʘ ʦʩʥʦʚʝ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʚʝʩʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʯʪʦ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʦʙʦʩʥʦʚʘʥʠʝ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʜʦʩʪʫʧʥʳʭ ʦʧʝʨʘʮʠʡ, ʦʩ-

ʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [4].  

ʇʨʠʥʷʪʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʦʢʘʞʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʫʩʠʣʠʷ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʠ [8].  

ABSTRACT  
From the point of view of forest management in forest management activities, it is desirable to improve the 

performance and reduce the workload on staff. The objectives are achieved through the use of the tractor for 

transportation, logging, road construction and intensive forest management. However, special equipment is often 

not available because of the relatively high capital cost (as compared to manual labor of the worker). The article 

deals with the positive experience of the content of forest roads on the basis of the wheel of the tractor and the 

additional process equipment, which is a study for a commercial approach to the provision of a number of services 

available, based on the use of this technology. 
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The adoption of these techniques will have a positive impact on efforts to achieve sustainable development 

of road construction under intensive forest management. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ, ʢʦʣʝʩʥʳʡ ʪʨʘʢʪʦʨ, ʥʘʚʝʩʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʦʨʦʛʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʦʨʦʛ, ʠʥʪʝʥʩʠʚʥʦʝ ʣʝʩʦʧʦʣʴʟʦʚʘ-

ʥʠʝ. 

Keywords: Agricultural equipment, wheeled tractors, attachments technological equipment, forestry road 

construction and reconstruction of roads, intensive forest management. 

 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʜʦʚʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘ-

ʥʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨ-

ʩʘʤʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ (ʥʘʚʝʩʥʦʛʦ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ) ʯʘʩʪʦ ʦʟʥʘʯʘʝʪ 

ʧʣʦʭʫʶ ʦʪʜʘʯʫ ʦʪ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʪʨʘʢʪʦʨʥʫʶ 

ʪʝʭʥʠʢʫ, ʯʪʦ ʩʝʨʴʝʟʥʦ ʟʘʪʨʫʜʥʷʝʪ ʫʩʠʣʠʷ ʧʦ ʧʦʚʳ-

ʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ [9].  

ʄʥʦʛʠʝ ʩʝʣʴʩʢʠʝ ʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʜʦ ʩʠʭ ʧʦʨ ʩʪʨʦʷʪʩʷ ʠʟ ʤʝʩʪʥʦʛʦ 

ʠʣʠ ʫʣʫʯʰʝʥʥʦʛʦ ʛʨʫʥʪʘ ʩʦ ʱʝʙʝʥʦʯʥʳʤ ʠʣʠ ʛʨʘ-

ʚʠʡʥʳʤ ʧʦʢʨʳʪʠʝʤ. ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʜʘʥʥʳʭ ʜʦʨʦʛ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʛʨʝʡʜʝʨʦʚ. ʀʟ-ʟʘ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʵʪʠ ʧʦʜ-

ʭʦʜʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʠ ʪʨʝʙʫʶʪ ʚʳʩʦ-

ʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦ-

ʥʘʣʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʷ ʠ ʚʳʩʦʢʠʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʨʘʩʭʦʜʘʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʜʦʨʦʞʥʳʝ 

ʩʝʪʠ ʯʘʩʪʦ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦ-

ʩʪʦʷʥʠʠ [2]. ʇʝʯʘʣʴʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʩʝʢ-

ʪʦʨʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ. ʉʫʱʝʩʪʚʫʝʪ ʧʝʨʩʧʝʢʪʠʚʘ ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʚʝʨʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʩʦ-

ʜʝʨʞʘʥʠʶ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

 ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠ-

ʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʨʦʛʦ-

ʩʪʦʷʱʝʡ, ʪʷʞʝʣʦʡ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ ʧʨʠʚʝʜʝʪ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʘʪʨʘ-

ʪʘʤ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ [3]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦ-

ʜʝʨʞʘʥʠʝ ʠ ʨʝʤʦʥʪ ʜʦʨʦʛ ʩʪʘʥʝʪ ʜʝʰʝʚʣʝ ʠ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʳʤ, ʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ ʜʨʫʛʠʝ ʨʘʩʭʦʜʳ 

ʙʫʜʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʝʥʳ.  

ʅʘʚʝʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʪʨʘʢʪʦʨʦʚ; ʪʘʢʠʝ 

ʢʘʢ ʙʫʢʩʠʨʫʝʤʳʝ ʛʨʝʡʜʝʨʳ, ʧʨʠʮʝʧʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʤʘʣʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ ʠ ʚʥʝʩʪʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʦʜʜʝʨʞʢʫ ʤʝʩʪʥʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʚʝʩʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʘ ʧʨʝʜʧʨʠʷʪʠʷʤ ʩʨʝʜ-

ʥʝʛʦ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʚʠʜʫ ʝʸ ʤʝʥʝʝ ʢʘʧʠʪʘʣʦʸʤ-

ʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʂ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʦʙʣʝʤʘʤ, ʩʪʦʷ-

ʱʠʤ ʧʝʨʝʜ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ʠ 

ʣʝʩʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞ-

ʥʦʛʦ ʚʩʝʩʝʟʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ.  

ɺ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʜʦʨʦʞʥʳʝ ʩʝʪʠ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʙʫʜʫʪ, ʧʦ-ʧʨʝʞʥʝʤʫ ʙʝʟ ʪʚʝʨʜʦʛʦ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʃʝʩʥʦʡ ʠ ʘʛʨʘʨʥʳʡ ʩʝʢʪʦʨ 

ʜʦʣʞʝʥ ʧʨʠʟʥʘʪʴ ʵʪʫ ʩʠʪʫʘʮʠʶ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʥʘʜʣʝʞʘʱʠʝ ʩʪʨʘʪʝʛʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʠ ʫʢʨʝʧʣʝʥʠʷ 

ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ ʜʦʨʦʞʥʳʭ ʩʝʪʝʡ. ʕʪʠ ʩʪʨʘʪʝʛʠʠ 

ʠʤʝʶʪ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʦ-

ʙʣʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʥʠʟʢʦʨʝʥʪʘʙʝʣʴʥʳʭ ʦʪ-

ʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʩʪʨʘʪʝʛʠʠ ʥʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʝʢʪʦʨʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʬʠʥʘʥʩʦ-

ʚʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘʝʤʥʦʛʦ ʢʘ-

ʧʠʪʘʣʘ. ʆʯʝʚʠʜʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘ-

ʮʠʠ ʵʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢ-

ʪʦʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʚʝʩʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʜʣʷ ʜʦʨʦʞʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʦʜʝʨʞʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʦʨʦʛ. ʋʚʝ-

ʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʬʠʥʘʥʩʦʚʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʝ-

ʠʤʫʱʝʩʪʚʘ ʚʦʟʤʦʞʥʳ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʨʘʢʪʦʨʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʚʦʜʦʩʥʘʙʞʝʥʠʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʨʘʙʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ), ʠʨʨʠʛʘʮʠʠ, ʠ ʪʦʤʫ ʧʦ-

ʜʦʙʥʳʭ ʦʧʝʨʘʮʠʡ.  

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʠʟʢʦʝ ʛʦʜʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʯʘʩʪʦ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ 

ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦ-

ʢʦʡ ʩʪʦʠʤʦʩʪʠ ʟʘʝʤʥʦʛʦ ʢʘʧʠʪʘʣʘ. ʕʪʦ ʩʝʨʴʝʟʥʦ ʟʘ-

ʪʨʫʜʥʷʝʪ ʫʩʠʣʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʛ-

ʨʘʨʥʦʡ ʠ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʨʘʢʪʦʨʦʚ ʚ ʣʝʩʥʦʡ ʠ ʜʦʨʦʞʥʦʡ 

ʦʪʨʘʩʣʠ ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʠ ʫʩʢʦʨʷʝʪ ʚʦʟʚʨʘʪ ʠʥʚʝʩʪʠʮʠʡ ʚ 

ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ.  

ʉʣʦʞʥʦʝ ʪʷʞʝʣʦʝ ʠʥʞʝʥʝʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʳ-

ʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʦʡ. ʄʥʦʛʠʝ ʧʨʦʙʣʝʤʳ, ʚʦʟʥʠʢʘʶ-

ʱʠʝ ʚ ʜʦʨʦʞʥʦʤ ʩʝʢʪʦʨʝ ʚ ʦʪʨʘʩʣʷʭ ʩʝʣʴʩʢʦʛʦ ʠ 

ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʚʷʟʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʦʨʦʛʦ-

ʩʪʦʷʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʶ ʜʚʠʞʝʥʠʷ. 

ʂʦʣʝʩʥʳʝ ʪʨʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ 

ʠ ʜʝʰʝʚʳʤ ʤʦʙʠʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʷʛʦʚʦʡ ʤʦʱ-

ʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘ-

ʥʘʭ ʚʳʷʚʠʣʠ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʦʙʩʣʫ-

ʞʠʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʢʦʥʦʤʠʶ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʦʝ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʦ-

ʢʨʘʱʝʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɺʣʠʷʥʠʝ 

ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʠʣʝʥʦ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ 
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ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʝʜʝʨʘʣʴʥʳʭ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʩʪ-

ʥʳʭ ʜʦʨʦʞʥʳʭ ʫʧʨʘʚʣʝʥʠʡ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʚʳʛʦʜʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʠʥʪʝ-

ʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ, ʤʦʞʥʦ ʨʝʟʶʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʉʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʜʦʨʦʞʥʳʝ ʨʘʙʦʪʳ; 

¶ ɺʳʩʦʢʘʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʛʠʙ-

ʢʦʩʪʴ;  

¶ ʉʥʠʞʝʥʠʝ ʢʘʧʠʪʘʣʦʝʤʢʦʩʪʠ ʠ ʦʧʝʨʘʮʠʦʥ-
ʥʳʭ ʟʘʪʨʘʪ; 

¶ ʈʘʩʰʠʨʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʣʝʩʥʦʡ ʪʨʘʢ-
ʪʦʨʥʦʡ ʪʝʭʥʠʢʠ; 

¶ ɺʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʮʝʣʷʭ ʧʦ-
ʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ; 

¶ ɺʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

¶ ʋʣʫʯʰʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ; 

¶ ʈʘʟʚʠʪʠʝ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ; 

¶ ʆʨʛʘʥʠʟʘʮʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠʚʦ-

ʜʷʱʝʝ ʢ ʨʘʟʚʠʪʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ 

ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

¶ ʀʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ; 

¶ ʋʚʝʣʠʯʝʥʠʝ ʥʘʣʦʛʦʚʦʡ ʙʘʟʳ; 

¶ ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʨʘʟʚʠʪʠʝ ʣʝʩʥʦʛʦ ʠ ʘʛʨʘʨ-
ʥʦʛʦ ʩʝʢʪʦʨʘ; 

¶ ʉʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʳʭʣʦʧʦʚ ʚ ʘʪʤʦʩʬʝʨʫ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʣʝʩʥʳʝ ʪʨʘʢʪʦʨʘ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʛʦ ʩʝʢʪʦʨʘ, ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʡ ʜʠʘʧʘʟʦʥ ʧʨʦʚʝ-

ʨʝʥʥʦʛʦ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚ ʩʤʝʞʥʳʭ ʦʪʨʘʩʣʷʭ.  

ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʝʩʥʦʛʦ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ 

ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ ˉ1 

ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʝʩʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʉʝʢʪʦʨ ɺʳʧʦʣʥʷʝʤʳʝ ʦʧʝʨʘʮʠʠ 

ɸʛʨʘʨʥʳʡ 

ʈʘʩʧʘʰʢʘ, 

ɹʦʨʦʥʦʚʘʥʠʝ,  

ʂʫʣʴʪʠʚʘʮʠʷ,  

ɺʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ,  

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʣʫʞʝʙʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ,  

ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʟʝʤʣʠ,  

ʋʜʘʣʝʥʠʝ ʩʦʨʥʷʢʦʚ,  

ʇʦʣʠʚ,  

ʇʦʩʘʜʢʘ, 

ʇʦʩʝʚ,  

ʆʙʨʘʙʦʪʢʘ ʧʝʩʪʠʮʠʜʘʤʠ ʠ ʛʝʨʙʠʮʠʜʘʤʠ ,  

ɿʘʛʦʪʦʚʢʘ. 

ʃʝʩʦʟʘʛʦʪʦʚʢʘ 

ɺʘʣʦʯʥʦ-ʩʫʯʢʦʨʝʟʥʦ-ʨʘʩʢʨʷʞʸʚʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ,  

ʊʨʝʣʝʚʢʘ, 

ʐʪʘʙʝʣʠʨʦʚʘʥʠʝ,  

ʇʦʛʨʫʟʢʘ,  

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ,  

ʇʦʜʛʦʪʦʚʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʨʠʜʦʨʦʚ ʠ ʧʣʦʱʘʜʦʢ. 

ɼʦʨʦʞʥʦʝ  

ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,  

ʋʚʣʘʞʥʝʥʠʝ,  

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʦʧʣʠʚʘ,  

ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʝʭʥʠʢʠ, 

ɹʫʢʩʠʨʦʚʢʘ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ,  

ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, 

ɿʝʤʣʷʥʳʝ ʨʘʙʦʪʳ,  

ɺʥʝʩʝʥʠʝ ʚʷʞʫʱʠʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʠ ʧʦʢʨʳʪʠʷ ʜʦʨʦʛʠ, 

ʋʧʣʦʪʥʝʥʠʝ,  

ɼʨʦʙʣʝʥʠʝ ʠ ʧʨʦʩʝʠʚʘʥʠʝ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ,  

ʋʩʪʨʦʡʩʪʚʦ ʦʙʦʯʠʥ, 

ʆʯʠʩʪʢʘ ʜʦʨʦʛʠ ʦʪ ʛʨʷʟʠ ʠ ʩʥʝʛʘ,  

ʇʦʛʨʫʟʦʯʥʦ-ʧʝʨʝʤʝʩʪʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, 

ʆʙʫʩʪʨʦʡʩʪʚʦ ʜʨʝʥʘʞʥʦʡ ʩʠʩʪʝʤʳ. 

 

ɽʩʪʴ ʤʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʡ, ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʠ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ. (ʈʠʩ 1). 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʩ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

 

ʆʯʝʚʠʜʥʘ, ʚʟʘʠʤʦʩʚʷʟʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʣʝʩ-

ʥʳʭ ʪʨʘʢʪʦʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘʚʝʩʥʳʤ ʦʙʦʨʫ-

ʜʦʚʘʥʠʝʤ ʠ ʫʚʝʣʠʯʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ. 

ʅʘ ʛʨʫʥʪʦʚʳʝ ʠ ʛʨʘʚʠʡʥʦ-ʱʝʙʝʥʦʯʥʳʝ ʜʦʨʦʛʠ 

ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 80 % ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʠ ʜʘʥʥʘʷ ʩʠʪʫʘʮʠʷ, ʚʝʨʦʷʪʥʦ, ʦʩʪʘʥʝʪʩʷ ʚ 

ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ. ʅʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʥʳʭ ʠ ʫʩʪʦʡ-

ʯʠʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʤʦ-

ʙʠʣʴʥʳʤʠ ʜʦʨʦʛʘʤʠ. ʅʫʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʣʝʩʥʦʝ 

ʭʦʟʷʡʩʪʚʦ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʨʦʛ ʢʘʢ ʩʧʦʩʦʙ ʜʦ-

ʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯ-

ʥʦʛʦ ʥʘʚʝʩʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʨʦʛ ʚʦʟʤʦʞʥʦ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦ-

ʨʦʚ ʚ ʣʝʩʦʟʘʛʦʪʦʚʢʘʭ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ [6].  

ʉʦʛʣʘʩʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 

ʀʥʪʝʛʨʘʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʣʘʜʝʣʴʮʝʚ ʢʦʣʝʩʥʳʭ 

ʪʨʘʢʪʦʨʦʚ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʩʚʷʟʘʥʥʦʡ ʩ ʜʦʨʦʞʥʳʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯ-

ʥʠʢ ʜʦʭʦʜʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʥʘʧʨʘʚ-

ʣʝʥ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʧʦʪʝʥ-

ʮʠʘʣʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʤʦʥʪʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʦ-

ʜʝʨʞʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʝʨʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʢʦʣʝʩ-

ʥʳʭ ʪʨʘʢʪʦʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʚʢʣʶʯʝʥʦ ʚ ʣʝʩʦʭʦʟʷʡ-

ʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ, ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʚʳʛʦʜʫ ʠʟ ʠʤʝ-

ʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ 

ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦ-

ʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʦʭʦʜʘ ʩ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ [10]. 

ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʢʪʦʨʦʚ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʛʨʫʥʪʦʚʳʭ ʠ ʛʨʘʚʠʡʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʠ ʜʦʨʦʞʥʳʭ ʬʦʥʜʦʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʣʝʩʥʦʝ 

ʭʦʟʷʡʩʪʚʦ ʚ ʧʨʘʢʪʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʨʦʛ, ʢʘʢ ʩʧʦ-

ʩʦʙʘ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʚʝʩʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʦʜʝʨʞʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʣʝ-

ʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʟʥʘʥʠʡ ʦ ʧʨʠʤʝʥʝʥʠʠ ʢʦʣʝʩʥʳʭ 

ʪʨʘʢʪʦʨʦʚ ʩ ʥʘʚʝʩʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝʤ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʘʢʘʜʝʤʠ-

ʯʝʩʢʠʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʟʜʘʥʠʷʭ. ʊʨʝʙʫʝʪʩʷ 

ʧʨʠʣʦʞʠʪʴ ʫʩʠʣʠʷ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʜʦʩʪʫʧ-

ʥʳʤʠ ʟʥʘʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʢʦʣʝʩʥʦʛʦ ʪʨʘʢʪʦʨʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʦʨʦʞʥʳʭ 

ʨʘʙʦʪ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ [5]. ʉʫʱʝʩʪʚʫʝʪ ʪʘʢʞʝ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦʨʦʚ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʥʘʚʝʩʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʊʘʢ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʪʨʘʢʪʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʪʷʛʦʚʳʭ ʩʨʝʜʩʪʚ ʧʦʢʘʟʳʚʘʝʪ 

ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʦ ʜʘʣʴʥʝʡʰʠʝ ʥʘʰʠ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʫʜʫʪ ʧʦʩʚʷʱʝʥʳ ʚʥʝʜʨʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠ-

ʧʦʚ ʥʘʚʝʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʦʣʝʩʥʳʭ ʪʨʘʢʪʦ-

ʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʭ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʣʦʷʭ ʣʝʩʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʚʪʦ-

ʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʨʝʤʦʥʪʝ [6].  

 

  


