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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʛʘʟʦʚ ʠʟ 

ʫʛʣʷ ʠ ʦʪʭʦʜʦʚ ʙʠʦʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ʇʨʠʚʝʜʝʥ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʧʨʦ-

ʮʝʩʩʘ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʨʠʩʫʪʩʪʚʠʝʪ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ (500-1200Á )  

Abstract 

This article discusses the possibilities of obtaining hydrogen and hydrogen-containing gases from coal and 

biomass waste using solar energy. The thermodynamic calculation of the process of gas formation with the pres-

ence of water vapor as an oxidizing agent at temperatures (500-1200 Á) is given. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʛʘʟʠʬʠʢʘʮʠʷ, ʛʝʣʠʦʫʩʪʘʥʦʚʢʘ, ʛʝʣʠʦʨʝʘʢʪʦʨ, ʙʠʦʤʘʩʩʘ. 

Keywords: solar energy, gasification, solar power plant, helioreactor, biomass. 

 

 ɺ ʨʷʜʝ ʩʪʨʘʥ ʰʠʨʦʢʦ ʠʟʫʯʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦ-

ʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʪʘʢ, ʚ ʉʐɸ ʜʦʣʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʱʝʤ ʵʥʝʨ-

ʛʦʙʘʣʘʥʩʝ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ.  

 ɺʦʜʦʨʦʜ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʵʥʝʨʛʦʘʢ-

ʢʫʤʫʣʠʨʫʶʱʝʝ ʚʝʱʝʩʪʚʦ, ʵʥʝʨʛʦʥʦʩʠʪʝʣʴ, ʫʥʠʚʝʨ-

ʩʘʣɹʥʳʡ ʪʦʧʣʠʚʦ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ ʘʙʩʦʣʶʪ-

ʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʦʡ, ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʙʝʥ-

ʟʠʥ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʘ ʠ ʪ.ʧ. ɺʦʜʦʨʦʜ ʧʦʣʫʯʘʶʪ ʠʟ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʫʛʣʷ ʠ ʚʦʜʳ.  

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡ-

ʰʠʤ ʧʨʦʜʫʢʪʦʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠ 

ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʦʧʣʠʚʦ ʙʫʜʫʱʝʛʦ.  

 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʮʝʣʝʡ ʛʘʟʠʬʠ-

ʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʫʛʣʝʩʦʜʝʨʞʘʱʝʛʦ ʤʘʪʝʨʠʘʣ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦ ʛʘʟʠʬʠʢʘʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ, 

ʯʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ (ʛʨʘʬʠʪ), ʙʫʨʳʭ ʫʛʣʝʡ ʠ ʦʪʭʦʜʦʚ 
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ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʣʝʩʥʦʡ (ʦʧʠʣʢʠ) ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ï ʚʠʥʦʛʨʘʜʥʳʭ ʠ 

ʭʣʦʧʢʦʚʳʭ ʩʪʝʙʣʝʡ. 

 ʇʨʦʮʝʩʩʳ ʛʝʣʠʦʛʘʟʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʘ (ɹʄ) c 

H2O ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʩʣʦʞʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʠ-

ʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɽʩʣʠ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʵʪʘʧʝ ʛʝʣʠʦʛʘʟʠʬʠʢʘʮʠʠ ɹʄ ʚ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ ʧʨʦ-

ʠʩʭʦʜʷʪ ʦʢʠʩʣʠʪʝʣʴʥʦ - ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʨʝʘʢʮʠʠ 

ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʪʦ ʧʦʩʪʫʧʘʝʪ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʘʢʮʠʷʤʠ ʛʘʟʠʬʠʢʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ 

ʯʘʩʪʠʮ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ. 

 ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʢʦʥ-

ʚʝʨʩʠʠ ɹʄ ʷʚʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʵʥʜʦʪʝʨʤʠʯʝ-

ʩʢʦʡ ʨʝʘʢʮʠʠ ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʘ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ.  

 ɼʣʷ ʚʳʙʦʨʘ ʫʩʣʦʚʠʡ ʦʨʛʘʥʠʟʘʮʠʠ ʛʘʟʠʬʠʢʘ-

ʮʠʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʝʣʠʦʨʝʘʢʪʦʨʝ ʙʳʣʘ ʧʨʦʚʝ-

ʜʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʩ ʫʛʣʝʨʦʜʦʤ ʩʳʨʴʷ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 700-1500 ʂ. 

 ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʩ ʫʛʣʝʨʦ-

ʜʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʩ ʦʙʨʘ-

ʟʦʚʘʥʠʝʤ ʉʆ ʠ ʅ2. ʇʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʨʝʘʢʮʠʠ 

˞ ˚˛ᵮ˞˛ ˚  ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʠʤʳʤ ʠ ʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʛʘʟʦʚ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʚʦʜʦʨʦʜʘ 

ʧʘʨʳ ʚʦʜʳ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʦʢʠʩʣʠʪʝʣʴ ʥʘ ʫʛʣʝʨʦʜ, ʘ 

ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʨʦʮʝʩʩʝ ʚʦʜʦʨʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʜʦ ʫʛʣʝʨʦʜʘ. ʆʙʝ ʨʝʘʢʮʠʠ ʥʝ ʜʦʭʦ-

ʜʷʪ ʜʦ ʢʦʥʮʘ ʠ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʅ2ʆ, ʅ2, ʉʆ ʠ ʉ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʨʝʘʢʮʠʡ ʠ ʧʦʣʥʦʪʘ ʠʭ ʧʨʦ-

ʪʝʢʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʨʘʚʥʦʚʝʩʠʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʟʣʦʞʝ-

ʥʠʶ ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ɺ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʨʘʚʥʦʚʝʩ-

ʥʳʝ ʩʦʩʪʘʚʳ ʛʘʟʦʚ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚʦ-

ʜʷʥʦʛʦ ʧʘʨʘ ʩ ʫʛʣʝʨʦʜʦʤ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʦʚʳʰʘʶʪʩʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ ʠ ʚʳʭʦʜ ʧʦʣʫʯʘʝʤʳʭ ʛʘʟʦʚ (ʅ2 ʠ ʉʆ). 

 ʅʘʨʷʜʫ ʩ ʨʝʘʢʮʠʝʡ ʉ + ʅ2ʆ = ʉʆ + ʅ2 ʧʨʠ ʧʦ-

ʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʨʝ-

ʘʢʮʠʠ 

˞˛ ˚˛ᵮ˞˛ ˚  

 ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʛʦʨʶʯʠʡ ʛʘʟ, ʩʦʩʪʦʷʱʠʡ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ 

ʉʆ ʠ ʅ2 ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʚʳʭʦʜ. 

ʊʘʙʣʠʮʘ 1. 

ʉʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʩʦʩʪʘʚ ʛʘʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʛʝʣʠʦʨʝʘʢʪʦʨʝ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 
ʉʪʝʧʝʥʴ ʨʘʟʣʦʞʝ-

ʥʠʷ % ʅ2ʆ 

% ʦʙʲʝʤ 

ʉʆ ʅ2 ʅ2ʆ 

700 2,4 3,5 2,3 94,2 

800 17,0 15,3 14,4 70,3 

900 45,0 32,2 30,5 37,3 

1000 66,9 39,4 40,6 20,0 

1100 71,2 42,4 41,0 16,6 

1200 81,9 44,8 45,2 10,0 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

 ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʚʝʱʝ-

ʩʪʚʘʤʠ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʘʥ-

ʪʦʡ ʨʘʚʥʦʚʝʩʠʷ. ɺʝʣʠʯʠʥʘ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʂʨ 

ʦʧʨʝʜʝʣʷʝʪ ʩʪʝʧʝʥʴ ʟʘʚʝʨʰʝʥʥʦʩʪʠ ʨʝʘʢʮʠʠ.  

 ɼʣʷ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʘʟʦʚʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢ-

ʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʝʨʥʩʪʘ.  
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τȟχυὝ

Ўὰὅέὲίὸ
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Ὓ ρ 

ὨὝ

Ὕ
ЎὰὴτὝὨὝ ЎὮ 

 

ʠ ʧʨʠʙʣʠʞʝʥʥʳʝ 

 

ὰὫὑ
ЎὌ

τȟυχυὝ
ρȟχυЎὌὰὫὝ

Ўὦ

ωȟρυ
ЎὭ     ς 

ὰὫὑ
ЎὌ

τȟυχυὝ
ρȟχυЎὌὰὫὝЎὭ          σ 

ʋʨʘʚʥʝʥʠʷ (2) ʠ (3) ʩʦʜʝʨʞʘʪ ʫʩʣʦʚʥʳʝ ʭʠʤʠ-

ʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ:  

Ὥ
‗̉ ̒̐

˟̋ ̉̐

πȟρτ 

ɼʣʷ ʅ2 i ʨʘʚʥʦ 1,6 ʉʆ=3,5; ʜʣʷ ʧʘʨʦʚ ʅ2ʆ=3,6 

Ўὰ σȟυЎὲ ЎὦὝ 

ʛʜʝ ȹn ï ʠʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʤʦʣʝʡ ʧʨʠ ʨʝʘʢʮʠʠ 

Ў̊ Ў̊ Ὗ ὅέὲίὸ 

ʇʦ ʟʘʢʦʥʫ ɼʘʣʴʪʦʥʘ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ i 

ʢʦʤʧʦʥʝʥʪʘ ʨʘʚʥʦ: 

˝
ὲ

ɫὲ
ὖ                                     τ 

ɻʜʝ ni ï ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʤʤ-ʤʦʣʝʡ ʜʘʥʥʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ, 

 Ɇni ï ʦʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʡ ʚ ʩʠʩʪʝʤʝ, 

 ʈ ï ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ, ʄʧʘ. 

ʅʘʧʠʰʝʤ ʫʨʘʚʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

˞ ˚˛ᵮ˞˛ ˚  
ʀʩʭʦʜʥʘʷ ʩʤʝʩʴ 1 0 0 

ʈʘʚʥʦʚʝʩʥʘʷ ʩʤʝʩʴ 1-ʭ ʭ ʭ 

ʆʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʡ ʚ ʩʠʩʪʝʤʝ 

Ɇni = 1 ï ʍ + ʍ + ʍ = 1 + ʍ 

ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʝ ʙʫʜʝʪ: 

˝̊
ˢ

ρ ˢ
Ͻ̋Ƞ ̋˞˛

ˢ

ρ ˢ
Ͻ̋Ƞ         υ 

  ̋̊ ˛

ρ ˢ

ρ ˢ
Ͻ̋ 

˗̋
˝˞ Ͻ̨̊̋

˝̊ ˛
   (6) 

ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʷ (5) ʚ ʫʨʘʚʥʝʥʠʝ (6) 

ʧʦʣʫʯʠʤ: 



6 American Scientific Journal ˉ (23) / 2018 

˗̑
ˢ

ρ ˢ
                                 χ 

ʈʦʙʱ. = 0,1 ʄʧʘ 

ˢ
˗̑

ρ ˗̑
                           ψ  

ʀʟ ʫʨʘʚʥʝʥʠʷ (8) ʦʧʨʝʜʝʣʷʝʤ ʍ ï ʩʦʩʪʘʚ ʨʘʚʥʦ-

ʚʝʩʥʦʡ ʩʤʝʩʠ ʩʠʩʪʝʤʳ ʚ ʤʦʣʴʥʳʭ ʜʦʣʷʭ. 

 ʈʘʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʚ-

ʥʦʚʝʩʥʦʡ ʩʤʝʩʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ή
ὲϽρππ

ɫὲ
Ϸ 

ʛʜʝ ni ï ʢʦʣʠʯʝʩʪʚʦ V- ʤʦʣʝʡ i - ʢʦʤʧʦʥʝʥʪʘ, 

 Ɇni ï ʦʙʱʝʝ ʯʠʩʣʦ ʤʦʣʝʡ ʚ ʩʠʩʪʝʤʝ, 

 qi ï ʩʦʜʝʨʞʘʥʠʝ i ï ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʚʥʦʚʝʩʥʦʡ 

ʩʤʝʩʠ (ʚ ʦʙʲʝʤʥʳʭ ʧʨʦʮʝʥʪʘʭ). 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘ-

ʱʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 500-1200 ʂ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʝ ʚʝʣʠʯʠʥʳ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 500 ʜʦ 1200 ʂ ʜʣʷ ʨʝʘʢʮʠʠ ˞ ˚˛ᵮ˞˛ ˚  

T,K lgK KP X 
ʆʙʲʝʤ, % 

H2O CO H2 

500 -6,654 2,217Ŀ10-7 0 100 0 0 

600 -4,318 4,813Ŀ10-5 0,010 98,62 0,69 0,69 

700 -2,641 2,88Ŀ10-3 0,048 90,88 4,56 4,56 

800 -1,379 4,183Ŀ10-2 0,200 66,62 16,69 16,69 

900 -0,395 0,403 0,536 30,22 34,89 34,89 

1000 -0,393 2,4689 0,844 8,48 45,76 45,76 

1100 1,038 10,9073 0,957 2,20 48,90 48,90 

1200 1,575 37,6051 0,987 0,66 49,67 49,68 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʠ ʙʠʦʤʘʩʩʳ 

(ɹʄ) ʚ ʛʝʣʠʦʫʩʪʘʥʦʚʢʝ ʩʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʛʘʟʳ ʩʦ-

ʩʪʘʚʣʷʝʪ 65 ʤʘʩʩ% ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʩʦʜʝʨ-

ʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪ ~50 ʦʙʲʝʤ%.  

 ʆʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʧʫʪʝʤ ʪʝʧʣʦ ʠʣʠ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʙʠʦ-

ʤʘʩʩʳ ʷʚʣʷʶʪʩʷ ʦʪʭʦʜʳ ʣʝʩʢʦʡ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳ-

ʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʩʪʨʫʞʢʘ, ʦʧʠʣʢʠ ʠ ʪ.) 

ʵʪʦ ʜʚʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦ-

ʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. ʉʪʦʠʤʦʩʪʴ 1 ʢʛ ʚʦʜʦʨʦʜʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦ-

ʤʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 4-7$, ʦʜʥʘʢʦ ʵʢʩʧʝʨʪʳ ʧʨʦʛʥʦʟʠ-

ʨʫʶʪ ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʧʦʢʘʟʘʪʝʣʴ ʩʪʦʠʤʦʩʪʠ 

ʫʜʘʝʪʩʷ ʩʥʠʟʠʪʴ ʜʦ 1-1,5$ ʢʛ ʚ ʦʙʝʠʭ ʚʘʨʠʘʥʪʘʭ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʵʢʦʥʦʤʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʥʝʠʩʩʷʢʘʝʤʘʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ 

(ʉʕ) ʠ ɹʄ, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʝʸ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ 

ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ. 
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ɸʥʥʦʪʘʮʠʷ. 

 ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʚʦʨʯʝʩʪʚʫ ʫʢʨʘʠʥʩʢʦʛʦ ʭʫʜʦʞʥʠʢʘ ʘʨʤʷʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ɺʘʣʝʨʠʷ ɻʝʛʘʤʷʥʘ, 

ʢʦʪʦʨʦʛʦ ʦʪʥʦʩʷʪ ʢ ʢʦʛʦʨʪʝ ʦʜʝʩʩʢʠʭ ʥʦʥʢʦʥʬʦʨʤʠʩʪʦʚ. ʈʘʩʩʤʦʪʨʝʥ ʢʦʨʧʫʩ ʨʘʙʦʪ ʥʘ ʙʘʣʝʪʥʫʶ ʪʝʤʘʪʠʢʫ, 

ʩʦʟʜʘʥʥʳʭ ʚ 1970-ʝ ʛʛ. ʇʨʦʘʥʘʣʘʟʠʨʦʚʘʥʘ ʬʘʙʫʣʘ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʨʠʥʮʠʧʳ, ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, 

ʘʢʮʝʥʪʠʨʦʚʘʥʳ ʩʪʠʣʝʦʙʨʘʟʫʶʱʠʝ ʬʘʢʪʦʨʳ 

Resume. 

 The article is dedicated to the creative work of Ukrainian artist of Armenian origin Valeriy Geghamyan, who 

is referred to the cohort of Odessa nonconformists. Massive of works on a ballet theme, created in the 1970s, has 

been considered, the subject, the compositional principles, color palette, accented by a style-forming factors, have 

been analyzed 
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ʊʚʦʨʯʝʩʪʚʦ ʦʜʝʩʩʢʠʭ ʥʦʥʢʦʥʬʦʨʤʠʩʪʦʚ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʫʢʨʘʠʥʩʢʦʤ ʠʩʢʫʩʩʪʚʦʟʥʘʥʠʠ ʫʞʝ ʥʝ ʷʚ-

ʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ ʣʘʢʫʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʝ 

ʧʘʨʫ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʤʘʩʩʠʚʝ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ 

ʧʦʷʚʠʣʦʩʴ ʥʝʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙ ʵʪʦʤ ʬʝʥʦʤʝʥʝ. 

ɼʠʩʩʝʨʪʘʮʠʷ ʆ. ʂʦʪʦʚʦʡ [6] ʠ ʨʷʜ ʝʝ ʞʝ ʩʪʘʪʝʡ, ʤʦ-

ʥʦʛʨʘʬʠʠ, ʩʪʘʪʴʠ ɸ. ʅʦʩʝʥʢʦ [12], ɺ. ʇʝʪʨʘʰʠʢʘ, ɺ. 

ʇʫʭʘʨʝʚʘ, ɺ. ʉʘʚʯʝʥʢʦ, ʃ. ʉʤʠʨʥʦʡ, ʆ. ʊʘʨʘʩʝʥʢʦ 

[12], ɸ. ʌʝʜʦʨʫʢʘ, ɸ. ʍʣʦʙʳʩʪʠʥʘ, ʜʨ. ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʣʝʛʯʠʣʠ ʜʦʩʪʫʧ ʢ ʧʦʥʠʤʘʥʠʶ ʷʚʣʝʥʠʷ ʚʮʝʣʦʤ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʦʙʰʠʨʥʫʶ ʙʠʙʣʠʦ-

ʛʨʘʬʠʶ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʘ ʦʜʝʩʩʢʦʛʦ ʥʦʥʢʦʥʬʦʨ-

ʤʠʟʤʘ ʚ ʢʦʥʪʝʢʩʪʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʳ 

ʩʪʨʘʥʳ ɯɯ ʧʦʣ. ʍʍ ʚ., ʤʥʦʛʠʝ ʦʪʜʝʣʴʥʳʝ ʘʩʧʝʢʪʳ 

ʧʨʦʙʣʝʤʳ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʩʚʝʱʝʥʥʳʤʠ. 

ʊʘʢ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʪʚʦʨʯʝʩʢʦʤ ʥʘʩʣʝʜʠʠ ʦʜʥʦʛʦ 

ʠʟ ʟʥʘʢʦʚʳʭ ʭʫʜʦʞʥʠʢʦʚ ʵʪʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ 

ʧʣʘʩʪʘ, ɺʘʣʝʨʠʷ ɻʝʛʘʤʷʥʘ. ʄʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʧʦ ʝʛʦ ʪʚʦʨʯʝʩʪʚʫ ʧʦʢʘ ʥʝʪ, ʘ ʦʪʜʝʣʴʥʳʝ 

ʩʚʝʜʝʥʠʷ ʦ ʪʚʦʨʯʝʩʢʦʡ ʙʠʦʛʨʘʬʠʠ ʤʘʩʪʝʨʘ ʤʦʞʥʦ 

ʚʩʪʨʝʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʙʦ ʚ ʰʪʫʜʠʷʭ ʢʦʤ-

ʧʣʝʢʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʣʠʙʦ ʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʳʩʪʘʚ-

ʢʘʭ ʥʦʥʢʦʥʬʦʨʤʠʩʪʦʚ, ʨʝʞʝ ï ʦ ʝʛʦ ʧʝʨʩʦʥʘʣʴʥʦʡ 

ʚʳʩʪʘʚʢʝ [2], ʠʣʠ ʞʝ ʚ ʨʝʜʢʠʭ ʚʦʩʧʦʤʠʥʘʥʠʷʭ ʝʛʦ 

ʫʯʝʥʠʢʦʚ [7; 8; 9]. ʊʚʦʨʯʝʩʪʚʦ ʦʪʜʝʣʴʥʭr ʧʝʨʠʦʜʦʚ, 

ʟʥʘʢʦʚʳʝ ʨʘʙʦʪʳ ʦʩʚʝʱʝʥʳ ʢʨʘʡʥʝ ʩʢʫʜʥʦ [4; 5] ʢʘʢ 

ʚ ʫʢʨʘʠʥʩʢʦʡ, ʪʘʢ ʠ ʚ ʘʨʤʷʥʩʢʦʡ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝ-

ʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɸʨʤʝʥʠʷ ʧʦʣʫʯʠʣʘ ʜʦʩʪʫʧ ʢ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʚʦʨʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʭʫʜʦʞʥʠʢʘ 

ʣʠʰʴ ʧʦʩʣʝ ʝʛʦ ʩʤʝʨʪʠ ï ʩʳʥʦʤ ʭʫʜʦʞʥʠʢʘ ʧʦʩʣʝ 

ʧʨʦʱʘʣʴʥʦʡ ʧʦʩʤʝʨʪʥʦʡ ʚʳʩʪʘʚʢʠ ʚ ʆʜʝʩʩʝ ʙʳʣʦ 

ʨʝʰʝʥʦ ʧʝʨʝʜʘʪʴ ʤʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʡ ʥʘ ʈʦʜʠʥʫ 

ɻʝʛʘʤʷʥʘ [1]. ʅʦ ʠ ʚ ɸʨʤʝʥʠʠ ʝʛʦ ʠʤʷ ʜʦ ʩʠʭ ʧʦʨ 

ʦʞʠʜʘʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘ ʥʘʫʯʥʦʤ, ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʇʦ-ʧʨʝʞʥʝʤʫ ʤʥʦʛʦ ʣʘʢʫʥ, 

ʥʝʩʦʚʧʘʜʝʥʠʡ, ʥʝʚʳʷʩʥʝʥʥʳʭ ʬʘʢʪʦʚ, ʟʘʯʘʩʪʫʶ ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʪʦʯʥʦʩʪʷʤʠ ʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ ï ʠʩʪʦʯʥʠʢʦʚ ʦ ʞʠʟʥʠ ʭʫʜʦʞʥʠʢʘ ʥʝʤʥʦʛʦ, 

ʚʦʩʧʦʤʠʥʘʥʠʷ ʝʛʦ ʟʥʘʢʦʤʳʭ ʜʦʧʦʣʥʷʶʪʩʷ ʩʪʨʘʥʠ-

ʮʘʤʠ ʜʥʝʚʥʠʢʘ, ʘʨʭʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʅʦ ʚ ʙʫ-

ʤʘʛʘʭ ʥʝʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʦʩʪʳʢʦʚʢʠ ʬʘʢʪʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʣʦʩʴ ʚʦ 

ʚʨʝʤʷ ʠ ʚʩʢʦʨʝ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ 

ʚʦʡʥʳ ï ʜʦʢʫʤʝʥʪʳ ʤʝʥʷʣʠ, ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ, ʚʦʩ-

ʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦʩʣʝ ʫʥʠʯʪʦʞʝʥʠʷ. ʄʥʦʛʦ ʝʱʝ ʥʝ-

ʚʳʷʩʥʝʥʥʳʭ ʬʘʢʪʦʚ, ʥʝʤʘʣʦ ʦʧʨʦʪʝʩʪʦʚʘʥʥʳʭ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʥʝʢʦʪʦʨʦʳʝ ʨʘʟʚʝʷʥʥʳʝ ʣʝʛʝʥʜʳ. ʉʣʦʞʥʦʩʪʴ ʚʳʟʳ-

ʚʘʝʪ ʠ ʪʦ, ʯʪʦ ʤʥʦʛʦ ʜʘʥʥʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʘʨʭʠ-

ʚʘʭ ɸʨʤʝʥʠʠ, ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʥʫʞʥʦ ʠʩʢʘʪʴ ʚ 

ʆʜʝʩʩʝ, ʛʜʝ ʞʠʣ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʞʠʟʥʠ ʭʫʜʦʞʥʠʢ, 

ʧʝʨʝʝʭʘʚ ʩʶʜʘ ʧʦʩʣʝ ʘʨʤʷʥʩʢʦʛʦ, ʤʦʩʢʦʚʩʢʦʛʦ, ʙʠ-

ʨʦʙʠʜʞʘʥʩʢʦʛʦ ʠ ʤʘʭʘʯʢʘʣʠʥʩʢʦʛʦ ʧʝʨʠʦʜʦʚ, ʠ 

ʯʘʩʪʴ ʟʘʧʠʩʝʡ ʥʫʞʥʦ ʧʦʜʚʝʨʛʘʪʴ ʧʝʨʝʚʦʜʫ ʠ ʫʥʠʬʠ-

ʢʘʮʠʠ. ɼʘʞʝ ʘʚʪʦʨʩʢʠʝ ʥʘʟʚʘʥʠʷ ʟʥʘʢʦʚʳʭ ʨʘʙʦʪ 

ɻʝʛʘʤʷʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʱʝʧʨʠʥʷ-

ʪʳʭ ʢʨʠʪʠʢʘʤʠ ʚʘʨʠʘʥʪʦʚ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘ-
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ʥʠʷ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʠ ʜʥʝʚʥʠʢʦʚ ʭʫʜʦʞʥʠʢʘ ʤʥʦ-

ʛʦʝ ʤʝʥʷʶʪ ʚ ʧʨʠʚʳʯʥʳʭ ʧʨʝʜʩʪʘʚʣʥʠʷʭ ʦ ʥʝʤ. ʇʦ-

ʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʩʪʘʪʴʠ ï ʘʢʪʫʘʣʠʟʦʚʘʪʴ ʪʚʦʨ-

ʯʝʩʪʚʦ ɺ. ɻʝʛʘʤʷʥʘ, ʦʪʜʝʣʴʥʦ ʩʬʦʢʫʩʠʨʦʚʘʚ ʚʥʠʤʘ-

ʥʠʝ ʥʘ ʦʜʥʦʤ ʠʟ ʝʛʦ ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ, ï 

ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʘʭ ʚ ʞʠʚʦʧʠʩʠ ʭʫʜʦʞʥʠʢʘ, ʧʠʢ ʠʥ-

ʪʝʨʝʩʘ ʢ ʢʦʪʦʨʳʤ ʧʨʠʰʝʣʩʷ ʥʘ 1970-ʝ ʛʛ.  

1970-ʝ ʛʛ. ʙʳʣʠ ʦʯʝʥʴ ʧʣʦʜʦʪʚʦʨʥʳʤʠ ʚ ʞʠʟʥʠ 

ɺʘʣʝʨʠʷ ɻʝʛʘʤʷʥʘ. ʋʞʝ ʞʠʚʷ ʚ ʆʜʝʩʩʝ, ɻʝʛʘʤʷʥ ʘʢ-

ʪʠʚʥʦ ʨʘʙʦʪʘʝʪ ʚ ʝʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ, 

ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʫʷ ʩʚʦʶ ʘʨʤʷʥʩʢʫʶ çʟʘʢʚʘʩʢʫè 

ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʶʞʥʦʛʦ ʤʦʨ-

ʩʢʦʛʦ ʛʦʨʦʜʘ. ʍʫʜʦʞʥʠʢ ʙʳʣ ʜʦʚʦʣʴʥʦ ʥʝʣʶʜʠ-

ʤʳʤ, ʩʣʦʞʥʦ ʚʧʠʩʳʚʘʶʱʠʤʩʷ ʚ ʩʦʮʠʫʤ ʯʝʣʦʚʝʢʦʤ 

[8; 9], ʯʴʠʤ ʞʠʟʥʝʥʥʳʤ ʢʨʝʜʦ ʦʪʥʶʜʴ ʥʝ ʙʳʣʘ 

ʫʣʳʙʢʘ ʢʘʢ ʣʫʯʰʠʡ ʦʪʚʝʪ ʥʘ ʣʶʙʦʝ ʩʦʙʳʪʠʝ. ʀ 

ʦʩʢʦʣʦʯʦʩʪʴ ʝʛʦ ʧʦʢʘʣʝʯʝʥʥʦʡ ʥʝ ʚ ʦʜʥʦʤ ʧʦʢʦʣʝ-

ʥʠʠ ʙʠʦʛʨʘʬʠʠ, ʢʨʦʚʦʪʦʯʘʱʝʡ ʤʥʦʛʠʤʠ ʰʨʘʤʘʤʠ 

ʙʦʣʝʟʥʝʥʥʳʭ ʩʦʙʳʪʠʡ, ʦʪʥʶʜʴ ʥʝ ʙʳʣʘ ʤʥʦʛʦʙʝʱʘ-

ʶʱʠʤ ʛʨʫʥʪʦʤ ʜʣʷ ʣʝʛʢʦʡ ʚʧʠʩʳʚʘʝʤʦʩʪʠ ʚ ʩʨʝʜʫ, 

ʢʦʪʦʨʘʷ ʩʘʤʘ ʧʦ ʩʝʙʝ ʜʦʚʦʣʴʥʦ ʢʘʧʨʠʟʥʘ ʠ ʩʧʝʮʠ-

ʬʠʯʥʘ. ʆʜʝʩʩʢʘʷ ʰʢʦʣʘ ʦʯʝʥʴ ʙʦʛʘʪʘ ʪʨʘʜʠʮʠʷʤʠ, 

ʶʞʥʦʨʫʩʩʢʠʡ ʠʤʧʨʝʩʩʠʦʥʠʩʪʠʯʝʩʢʠʡ çʙʘʛʘʞè ʩʜʝ-

ʣʘʣ ʝʝ ʢʦʣʦʨʠʪ ʙʦʛʘʪʳʤ ʠ ʩʘʤʦʜʦʩʪʘʪʦʯʥʳʤ, ʠ ʚʧʫʩ-

ʢʘʪʴ ʚ ʩʚʦʠ ʥʝʜʨʘ ʥʦʚʳʝ ʚʝʷʥʠʷ, ʢ ʪʦʤʫ ʞʝ, ʩʪʦʣʴ 

ʦʪʣʠʯʥʳʝ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ, ʘ ʢʦʝ ʚ ʯʝʤ ʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʝ, ʦʜʝʩʩʢʘʷ ʧʦʯʚʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʝ ʙʳʣʘ ʥʠ-

ʢʦʛʜʘ. ɺʥʝʜʨʠʪʴʩʷ ʚ ʝʝ ʧʦʪʘʝʥʥʳʝ ʩʣʦʠ ʥʝʣʝʛʢʦ, ʥʦ 

ɻʝʛʘʤʷʥ ʚʧʠʩʘʣʩʷ ʚ ʦʜʝʩʩʢʫʶ ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ 

ʞʠʟʥʴ ʜʦʩʪʘʪʦʯʥʦ ʦʨʛʘʥʠʯʥʦ. ɺʝʨʥʝʝ, ʩʪʘʣ ʝʝ ʯʘ-

ʩʪʴʶ, ʥʦ ʥʝ ʧʨʠʩʧʦʩʘʙʣʠʚʘʷʩʴ ʠ ʥʝ ʣʦʤʘʷʩʴ, ʵʪʦʛʦ 

ʚʦʦʙʱʝ ʥʝ ʙʳʣʦ ʚ ʝʛʦ ʭʘʨʘʢʪʝʨʝ. ʀʤʝʷ ʟʘ ʧʣʝʯʘʤʠ 

ʫʞʝ ʥʝ ʪʘʢʦʡ ʤʘʣʳʡ ʦʧʳʪ, ʙʫʜʫʯʠ ʫʯʝʥʠʢʦʤ ʄ. ʉʘ-

ʨʴʷʥʘ, ʧʨʦʠʩʭʦʜʷ ʠʟ ʘʨʠʩʪʦʢʨʘʪʠʯʝʩʢʦʡ ʩʝʤʴʠ, ʧʦ-

ʣʫʯʠʚ ʧʨʝʢʨʘʩʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʜʝʣʘʚ ʢ ʪʦʤʫ ʤʦ-

ʤʝʥʪʫ ʚʝʩʴʤʘ ʥʝʧʣʦʭʫʶ ʢʘʨʴʝʨʫ, ʩʬʦʨʤʠʨʦʚʘʚ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʫʶ ʤʘʥʝʨʫ, ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʣʠʢ, 

ʭʫʜʦʞʥʠʢ ʩʪʘʣ ʯʘʩʪʴʶ ʦʜʝʩʩʢʦʛʦ ʪʚʦʨʯʝʩʢʦʛʦ ʤʠʢ-

ʨʦʢʣʠʤʘʪʘ, ʧʨʠ ʵʪʦʤ ʥʝ ʚʧʠʪʳʚʘʷ ʚ ʩʝʙʷ ʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʪʘʢ, ʯʪʦʙʳ ʦʥʦ ʤʦʛʣʦ ʯʪʦ-ʪʦ ʧʦʤʝʥʷʪʴ ʚ ʝʛʦ 

ʩʪʠʣʝ ʠʣʠ ʦʙʨʘʟʝ ʜʝʡʩʪʚʠʡ. ʆʥ ʦʨʛʘʥʠʯʥʦ ʩʞʠʣʩʷ ʩ 

ʪʚʦʨʯʝʩʢʦʡ ʆʜʝʩʩʦʡ ï ʤʥʦʛʦ ʣʝʪ ʧʨʝʧʦʜʘʚʘʣ, ʩ 1964 

ʛ. ʙʫʜʫʯʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʛʜʝ ʩʪʘʣ ʦʩʥʦʚʘʪʝʣʝʤ ʟʥʘʤʝʥʠʪʦʛʦ 

çʭʫʜʛʨʘʬʘè, ʥʦ ʝʛʦ ʘʨʤʷʥʩʢʠʝ ʢʦʨʥʠ ʥʝ ʩʪʘʣʠ ʤʝʥʝʝ 

ʷʨʢʦ ʚʠʜʥʳ ʚ ʪʚʦʨʯʝʩʢʦʡ ʤʘʥʝʨʝ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʡ 

ʷʟʳʢ ʥʝ ʠʟʤʝʥʠʣʩʷ. ʆʜʝʩʩʘ ʛʦʩʪʝʧʨʠʠʤʥʘ, ʥʦ ʧʨʠ-

ʜʠʨʯʠʚʘ ʠ ʞʝʩʪʢʘ ʚ ʦʪʙʦʨʝ ʪʝʭ, ʢʪʦ ʦʩʪʘʝʪʩʷ ʩ ʥʝʡ 

ʥʘʩʦʚʩʝʤ ʠ ʩʪʘʥʦʚʠʪʩʷ ʝʝ ʯʘʩʪʴʶ. ʅʦ ʠ ɻʝʛʘʤʷʥʘ 

ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʫʩʣʫʞʣʠʚʳʤ ʫʯʝʥʠʢʦʤ, ʛʦʪʦʚʳʤ ʥʦ-

ʩʠʪʴ ʤʘʥʪʠʶ ʟʘ ʭʦʟʷʠʥʦʤ ʧʦʣʦʞʝʥʠʷ. ɺʩʪʨʝʪʠʣʠʩʴ 

ʜʚʘ ʢʨʝʧʢʠʭ ʤʦʥʦʣʠʪʘ, ʠ ʦʜʠʥ ʩʪʘʣ ʯʘʩʪʴʶ ʜʨʫʛʦʛʦ, 

ʥʝ ʫʪʨʘʪʠʚ ʩʚʦʝʛʦ çʗè.  

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʭʫʜʦʞʥʠʢ ʪʚʦʨʯʝʩʢʠ ʦʙʦʛʘ-

ʱʘʣʩʷ, ʥʦ ʥʝ ʪʝʨʷʣ ʩʘʤʦʙʳʪʥʦʩʪʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʝʤ ʦʩʥʦʚʳʚʘʶʱʝʡʩʷ ʥʘ ʥʘʮʠʦʥʘʣʴʥʳʭ ʥʦʪʢʘʭ. 

ɽʛʦ ʤʘʥʝʨʘ ʧʦʣʠʩʝʛʤʝʥʪʥʘ, ʢʘʢ ʣʶʙʦʡ ʭʫʜʦʞʥʠʢ, 

ʦʥ ʠʩʧʳʪʳʚʘʣ ʮʝʣʳʡ ʩʦʥʤ ʚʣʠʷʥʠʡ ʩʪʠʣʝʡ ʠ ʤʘʩʪʝ-

ʨʦʚ, ʢʦʪʦʨʳʭ ʩʯʠʪʘʣ ʜʣʷ ʩʝʙʷ ʘʚʪʦʨʠʪʝʪʘʤʠ ʚ ʠʩʢʫʩ-

ʩʪʚʝ ʠ ʥʝ ʙʦʷʣʩʷ ʫʯʠʪʴʩʷ ʚʩʶ ʞʠʟʥʴ, ʧʨʝʢʣʦʥʷʷʩʴ 

ʧʝʨʝʜ ʤʘʩʪʝʨʩʪʚʦʤ [4]. ʅʦ ʠʤʝʥʥʦ ʛʣʳʙʘ ʘʚʪʦʨʠʪʝʪʘ 

ʝʛʦ ʫʯʠʪʝʣʷ, ʩ ʠʤʝʥʝʤ ʢʦʪʦʨʦʛʦ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ 

ʠʤʷ ʩʘʤʦʛʦ ɻʝʛʘʤʷʥʘ, ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʧʦʷʚ-

ʣʝʥʠʷ ʦʪʪʝʥʢʘ ʪʨʘʛʠʟʤʘ ʚ ʤʘʥʝʨʝ ʭʫʜʦʞʥʠʢʘ. ʆʥ 

ʩʘʤ ʧʨʝʢʣʦʥʷʣʩʷ ʧʝʨʝʜ ʉʘʨʴʷʥʦʤ, ʢʦʪʦʨʦʛʦ ʩʯʠʪʘʣ 

ʜʨʫʛʦʤ, ʥʘʩʪʘʚʥʠʢʦʤ, ʋʯʠʪʝʣʝʤ, ʙʝʟʫʧʨʝʯʥʳʤ ʵʪʘ-

ʣʦʥʦʤ ʚ ʠʩʢʫʩʩʪʚʝ. ʅʝ ʙʫʜʫʯʠ ʥʠ ʚ ʢʦʝʡ ʤʝʨʝ ʵʧʠ-

ʛʦʥʦʤ, ʦʥ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʫʯʠʣʩʷ ʠ ʧʝʨʝʥʠʤʘʣ, ʭʦʪʷ 

ʚ ʝʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ ʥʝʪ ʠ ʪʝʥʠ ʢʦʧʠʨʦʚʘ-

ʥʠʷ, ʚʪʦʨʠʯʥʦʩʪʠ. ʅʦ ʚʝʣʠʯʠʝ ʉʘʨʴʷʥʘ ʥʝʨʝʜʢʦ ʟʘ-

ʪʤʝʚʘʣʦ ʤʦʱʴ ʩʘʤʦʛʦ ɻʝʛʘʤʷʥʘ, ʦʥ ʦʢʘʟʳʚʘʣʩʷ ʚ 

ʪʝʥʠ ʩʚʦʝʛʦ ʚʝʣʠʢʦʛʦ ʥʘʩʪʘʚʥʠʢʘ. ʕʪʦ ʪʦʪ ʩʘʤʳʡ 

ʢʦʤʧʦʥʝʥʪ çʧʴʝʜʝʩʪʘʣʴʥʦʩʪʠè [11], ʢʦʪʦʨʳʡ ʥʝ-

ʨʝʜʢʦ ʣʦʤʘʣ ʩʫʜʴʙʳ ʪʘʣʘʥʪʣʠʚʳʤ ʤʘʩʪʝʨʘʤ, ʦʩʪʘʚ-

ʣʷʷ ʠʭ ʚ ʪʝʥʠ ʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʋʯʠʪʝʣʝʡ. ɼʣʷ ɻʝ-

ʛʘʤʷʥʘ ʥʝ ʙʳʣʦ ʧʨʦʙʣʝʤʦʡ ʧʨʠʟʥʘʚʘʪʴ ʨʦʣʴ ʫʯʝʥʠ-

ʯʝʩʪʚʘ [4] ï ʣʶʙʦʡ ʤʘʩʪʝʨ ʧʨʦʭʦʜʠʪ ʵʪʫ ʩʪʘʜʠʶ, ʥʦ 

ʣʠʰʴ ʠʩʪʠʥʥʳʡ ʭʫʜʦʞʥʠʢ, ʩʠʣʴʥʳʡ ʜʫʭʦʤ, ʩʧʦʩʦ-

ʙʝʥ ʧʨʝʢʣʦʥʠʪʴ ʢʦʣʝʥʦ ʧʝʨʝʜ ʥʘʩʪʘʚʥʠʢʦʤ, ʥʦ ʦʩʪʘ-

ʚʠʪʴ ʝʛʦ ʚʣʠʷʥʠʝ ʚ ʫʯʝʥʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ, ʥʘ ʩʪʘʜʠʠ 

ʩʪʘʥʦʚʣʝʥʠʷ. ɻʝʛʘʤʷʥ ʙʳʣ ʠʟ ʪʘʢʠʭ ʫʯʝʥʠʢʦʚ ï ʦʥ 

ʚʧʠʪʘʣ ʚʦʟʜʝʡʩʪʚʠʝ, ʥʦ ʚʳʰʝʣ ʠʟ çʧʝʣʝʥʦʢè ʫʯʝ-

ʥʠʢʘ, ʧʝʨʝʨʘʙʦʪʘʚ ʚʣʠʷʥʠʝ, ʩʠʥʪʝʟʠʨʦʚʘʚ ʩ ʯʝʨʪʘʤʠ 

ʠʥʳʭ, ʙʣʠʟʢʠʭ ʧʦ ʜʫʭʫ, ʤʘʥʝʨ ʤʘʩʪʝʨʦʚ ʧʨʦʰʣʦʛʦ, 

ʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣ ʚ ʩʦʙʩʪʚʝʥʥʳʡ ʩʪʠʣʴ, ʩʘʤʦʩʪʦ-

ʷʪʝʣʴʥʳʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ. ɿʥʘʯʠʤʦʩʪʴ ʝʛʦ ʫʯʝ-

ʥʠʯʝʩʪʚʘ ʥʝʪʨʫʜʥʦ ʜʦʢʘʟʘʪʴ ï ʦʙ ʫʚʣʝʯʝʥʥʦʩʪʠ ɻʝ-

ʛʘʤʷʥʘ ʮʝʣʳʤ ʨʷʜʦʤ ʤʘʩʪʝʨʦʚ ʧʨʝʞʥʠʭ ʵʧʦʭ ʛʦʚʦ-

ʨʠʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʦ, ʯʪʦ ʫ ʥʝʛʦ ʚ ʪʚʦʨʯʝʩʢʦʤ ʙʘʛʘʞʝ 

ʝʩʪʴ ʥʝʤʘʣʦ ʢʦʧʠʡ, ʚʦʣʴʥʳʭ ʧʝʨʝʨʘʙʦʪʦʢ. ɻʝʛʘʤʷʥ 

ʙʳʣ ʦʯʝʥʴ ʫʚʣʝʯʝʥ ʜʨʝʚʥʝʝʛʠʧʝʪʩʢʠʤ ʠ ʜʨʝʚʥʝʛʨʝ-

ʯʝʩʢʠʤ ʠʩʢʫʩʩʪʚʦʤ, ʦʙʦʞʘʣ ɺʨʫʙʝʣʷ, ʚ ʤʘʥʝʨʝ ʢʦ-

ʪʦʨʦʛʦ ʩʦʟʜʘʣ ʮʝʣʳʡ ʨʷʜ ʨʘʙʦʪ, ʧʳʪʘʷʩʴ ʧʦʩʪʠʯʴ 

ʚʥʫʪʨʝʥʥʶʶ ʩʫʪʴ ʧʦʯʝʨʢʘ, ʘ ʥʝ ʧʨʦʩʪʦ ʩʨʠʩʦʚʘʪʴ 

ʚʥʝʰʥʶʶ ʘʪʨʠʙʫʪʠʢʫ, ʰʪʫʜʠʨʦʚʘʣ ʠ ʢʦʧʠʨʦʚʘʣ ɻʦ-

ʛʝʥʘ ʠ ʄʘʪʠʩʩʘ, ʧʨʝʢʣʦʥʷʣʩʷ ʧʝʨʝʜ ʤʘʩʪʝʨʩʪʚʦʤ 

ʨʫʩʩʢʠʭ ʭʫʜʦʞʥʠʢʦʚ ï ʢʦʧʠʨʦʚʘʣ ʂʦʨʠʥʘ, ʈʝʧʠʥʘ, 

ʉʝʨʦʚʘ, ɹʨʶʣʣʦʚʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʳʙʦʨ ʦʙʨʘʟʮʦʚ 

ʜʣʷ çʧʨʝʧʘʨʠʨʦʚʘʥʠʷè ʤʘʥʝʨʳ ʠ ʧʦʧʳʪʦʢ ʠʟʚʣʝʯʴ 

ʯʪʦ-ʪʦ ʙʣʠʟʢʦʝ ʜʣʷ ʩʚʦʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ çʷè ʥʝ ʙʳʣ 

ʩʣʫʯʘʝʥ, ʚʩʝ ʠʟʙʠʨʘʝʤʦʝ ʦʙʲʝʜʠʥʝʥʦ ʦʙʱʠʤʠ ʯʝʨ-

ʪʘʤʠ. ɻʝʛʘʤʷʥ ʙʳʣ ʧʨʝʢʨʘʩʥʳʤ ʨʠʩʦʚʘʣʴʱʠʢʦʤ, 

ʘʢʘʜʝʤʠʯʝʩʢʘʷ ʚʳʫʯʢʘ ʜʣʷ ʥʝʛʦ ʙʳʣʘ ʥʘ ʧʝʨʚʦʤ ʤʝ-

ʩʪʝ, ʧʦʵʪʦʤʫ ʫʚʣʝʯʝʥʥʦʩʪʴ ʨʫʩʩʢʠʤʠ ʤʘʩʪʝʨʘʤʠ II 

ʧʦʣ. ʍɯʍ ʠ ʥʘʯ. ʍʍ ʚʚ. ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʦʚ ʚʧʦʣʥʝ 

ʧʦʥʷʪʥʘ. ʉʢʣʦʥʥʦʩʪʴ ʢ ʧʦʩʪʠʤʧʨʝʩʩʠʦʥʠʩʪʘʤ, 

ʘʚʘʥʛʘʨʜʫ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ ʣʝʛʢʦ ʦʙʲ-

ʷʩʥʠʪʴ ʪʷʛʦʡ ʢ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʠ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʚ 

ʤʘʥʝʨʝ ʩʘʤʦʛʦ ɻʝʛʘʤʷʥʘ, ʭʦʪʷ ʚ ʝʛʦ ʜʥʝʚʥʠʢʦʚʳʭ 

ʟʘʧʠʩʷʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʝ ʚʝʩʴʤʘ ʣʝʩʪʥʳʝ ʦʪʟʳʚʳ 

ʦ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʤʘʥʝʨʝ. ɺ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʩʫʪʴ ʩʪʦʠʪ ʠʩʢʘʪʴ ʚ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ 

ʚʢʣʘʜʳʚʘʪʴ ʚ ʢʘʪʝʛʦʨʠʶ çʜʝʢʦʨʘʪʠʚʥʦʩʪʴè. ɻʝ-

ʛʘʤʷʥ ʦʪʨʠʮʘʣ ʟʥʘʯʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ, ʘʪʨʠʙʫ-

ʪʠʚʥʦʡ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ, ʚ ʝʛʦ ʞʝ ʨʘʙʦʪʘʭ ʨʝʯʴ ʠʜʝʪ 

ʦ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʢʘʢ ʵʣʝʤʝʥʪʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʩʪʠʣʷ, ʩʠʥʦʥʠʤʠʟʠʨʦʚʘʥʥʦʤ ʩ ʧʣʦʩʢʦʩʪʥʦʩʪʴʶ, 

ʦʙʦʙʱʝʥʥʦʩʪʴʶ, ʣʘʢʦʥʠʯʥʦʩʪʴʶ ʠ ʟʥʘʢʦʚʦʩʪʴʶ ʣʦ-

ʢʘʣʴʥʳʭ ʮʚʝʪʦʚʳʭ ʧʷʪʝʥ. ɸ ʠʥʪʝʨʝʩ ʢ ɺʨʫʙʝʣʶ, ʧʦ-

ʤʠʤʦ ʚʥʝʰʥʠʭ ʘʩʧʝʢʪʦʚ ʤʘʥʝʨʳ, ʠʤʝʝʪ ʠ ʛʣʫʙʠʥ-

ʥʳʝ ʧʨʠʯʠʥʳ ï ʝʛʦ ʚʥʫʪʨʝʥʥʷʷ ʩʣʦʞʥʦʩʪʴ ʠ ʪʨʘʛʠʯ-

ʥʦʩʪʴ ʧʝʨʝʢʣʠʢʘʶʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʧʠʪʘʝʪ ʦʙʨʘʟʳ 

ʩʘʤʦʛʦ ɻʝʛʘʤʷʥʘ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʪʪʝʥʝʥʥʳʝ ʪʨʘʛʠʟ-

ʤʦʤ ʠ ʙʦʣʴʶ [5]. ɻʝʛʘʤʷʥ, ʙʫʜʫʯʠ ʧʨʝʢʨʘʩʥʳʤ ʨʠ-
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ʩʦʚʘʣʴʱʠʢʦʤ, ʦʪʤʝʥʥʳʤ ʢʦʣʦʨʠʩʪʦʤ, ʩʪʠʣʠʟʘʪʦ-

ʨʦʤ, ʭʦʨʦʰʠʤ ʢʦʤʧʦʟʠʪʦʨʦʤ, ʧʦ ʩʫʪʠ ʤʦʛ ʙʳ ʙʳʪʴ 

ʚʝʣʠʢʦʣʝʧʥʳʤ ʪʝʘʪʨʘʣʴʥʳʤ ʭʫʜʦʞʥʠʢʦʤ, ʙʫʜʫʯʠ 

ʤʦʥʫʤʝʥʪʘʣʠʩʪʦʤ, ʯʫʚʩʪʚʫʷ ʬʦʨʤʫ ʦʪ ʧʨʠʨʦʜʳ, ʯʪʦ 

ʙʳʣʦ ʦʪʰʣʠʬʦʚʘʥʦ ʜʣʠʪʝʣʴʥʳʤʠ ʘʢʘʜʝʤʠʯʝʩʢʠʤʠ 

ʰʪʫʜʠʷʤʠ, ʚʩʝ ʞʝ ʙʳʣ ʩʣʦʚʥʦ ʟʘʜʝʨʥʫʪ ʢʠʩʝʝʡ ʚʝ-

ʣʠʯʠʷ ʩʚʦʝʛʦ ʫʯʠʪʝʣʷ, ʉʘʨʴʷʥʘ. ʆʥ ʚʭʦʜʠʣ ʚ ʠʩʪʦ-

ʨʠʶ ʠʩʢʫʩʩʪʚʘ ʢʘʢ ʫʯʝʥʠʢ ʉʘʨʴʷʥʘ, ʥʦ ʥʝ ʢʘʢ ɻʝ-

ʛʘʤʷʥ. ʉʫʜʴʙʳ çʚʝʯʥʦ ʚʪʦʨʳʭè ʧʦʨʦʡ ʩʢʣʘʜʳʚʘ-

ʣʠʩʴ ʪʨʘʛʠʯʥʦ, ʭʦʪʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɻʝʛʘʤʷʥʫ 

ʞʠʟʥʴ ʚʩʝ ʞʝ ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʦ ʙʣʘʛʦʩʢʣʦʥʥʘ ï ʝʛʦ 

ʠʤʷ ʧʦʩʪʝʧʝʥʥʦ ʥʘʯʠʥʘʶʪ ʚʚʳʚʦʜʠʪʴ ʠʟ ʪʝʥʠ ʘʨʪ-

ʢʫʨʘʪʦʨʳ, ʢʦʣʣʝʢʮʠʦʥʝʨʳ, ʭʦʪʷ ʥʘ ʪʦ, ʯʪʦʙʳ ʣʠʯ-

ʥʦʩʪʴ ʭʫʜʦʞʥʠʢʘ ʟʘʥʷʣʘ ʜʦʣʞʥʦʝ ʤʝʩʪʦ ʚ ʠʩʪʦʨʠʠ 

ʠʩʢʫʩʩʪʚʘ, ʥʫʞʥʦ ʝʱʝ ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ.  

1970-ʝ ʛʛ. ï ʵʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʦʥ ʫʞʝ ʞʠʣ ʠ ʨʘ-

ʙʦʪʘʣ ʚ ʆʜʝʩʩʝ, ʫ ʥʝʛʦ ʫʞʝ ʙʳʣʘ ʩʝʤʴʷ ï ʞʝʥʘ ʠ ʩʳʥ, 

ʦʥ ʪʨʫʜʠʣʩʷ ʚ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ, ʪ.ʝ. ʥʘʭʦ-

ʜʠʣʩʷ ʩʨʝʜʠ ʩʪʫʜʝʥʪʦʚ, ʢʦʪʦʨʳʤ ʧʨʠʚʠʚʘʣ ʫʚʘʞʝ-

ʥʠʝ ʢ ʪʨʫʜʫ ʭʫʜʦʞʥʠʢʘ, ʟʘʩʪʘʚʣʷʷ ʧʦʩʪʠʛʘʪʴ ʘʟʳ 

ʤʫʰʪʨʳ ʠ ʪʷʞʢʦʡ ʨʘʙʦʪʳ, ʟʘʯʘʩʪʫʶ ʨʫʪʠʥʥʦʡ, 

ʧʨʝʞʜʝ ʯʝʤ ʧʦʣʫʯʠʪʴ ʧʨʘʚʦ ʩʢʟʘʘʪʴ çʷ ï ʭʫʜʦʞʥʠʢ, 

ʪʘʢ ʚʠʞʫè ʠ ʫʡʪʠ ʚ ʩʪʦʨʦʥʫ ʦʪ ʘʢʘʜʝʤʠʟʤʘ. ʉʨʝʜʠ 

ʤʦʪʠʚʦʚ, ʢ ʢʦʪʦʨʳʤ ɻʝʛʘʤʷʥ ʦʙʨʘʱʘʝʪʩʷ ʚ 1970-ʝ 

ʛʛ., ʠ ʢʦʪʦʨʳʝ ʣʶʙʦʤʫ ʭʫʜʦʞʥʠʢʫ ʦʯʝʥʴ ʥʝʣʝʛʢʦ ʚʘ-

ʨʴʠʨʦʚʘʪʴ ʚ ʥʦʚʦʤ ʢʣʶʯʝ, ï ʙʘʣʝʪʥʳʝ ʤʦʪʠʚʳ. ʅʝ-

ʣʝʛʢʦ, ʧʦʪʦʤʫ ʯʪʦ ʢ ʪʝʤʝ ʪʘʥʮʘ, ʙʘʣʝʪʘ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ ʥʝ ʦʜʥʦʡ ʵʧʦʭʠ ʪʷʥʫʣʦ ʦʯʝʥʴ ʤʥʦʛʠʭ ʭʫʜʦʞʥʠ-

ʢʦʚ ï ʫʞ ʦʯʝʥʴ ʚʳʛʦʜʥʘ ʵʪʘ ʪʝʤʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʝʪʦʜʦʚ ʦʙʨʘʟʦʪʚʦʨʯʝʩʪʚʘ, ʢʦʤʧʦʟʠʮʠʦʥʥʦ ʧʨʠʪʷ-

ʛʘʪʝʣʴʥʘ, ʨʠʪʤʠʯʝʩʢʠ ʚʳʠʛʨʳʰʥʘ. ʊʘʥʮʦʚʱʠʮ 

ʠʟʦʙʨʘʞʘʣʠ ʝʱʝ ʜʨʝʚʥʠʝ ʝʛʠʧʪʷʥʝ (ʘ ʫʚʣʝʯʝʥʥʦʩʪʴ 

ɻʝʛʘʤʷʥʘ ʝʛʠʧʝʪʩʢʦʡ ʜʨʝʚʥʦʩʪʴʶ ʠʟʚʝʩʪʥʘ ʠ ʧʦʜ-

ʪʚʝʨʞʜʝʥʘ ʟʘʧʠʩʷʤʠ ʚ ʣʠʯʥʦʤ ʜʥʝʚʥʠʢʝ), ʦʯʝʥʴ ʠʥ-

ʪʝʨʝʩʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʘʢʨʦʙʘʪʦʢ ʠ ʪʘʥʮʦʚʱʠʮ ʫ 

ʜʨʝʚʥʠʭ ʛʨʝʢʦʚ, ʥʘʯʠʥʘʷ ʝʱʝ ʩ ʢʨʠʪʦ-ʤʠʢʝʥʩʢʦʛʦ 

ʧʝʨʠʦʜʘ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʙʝʟ ʪʨʫʜʘ ʤʦʞʥʦ ʫʛʘʜʘʪʴ 

ʚ ʧʘʨʝ ʢʘʨʪʦʥʦʚ ɻʝʛʘʤʷʥʘ 1970-ʭ ʛʛ.,  

ʪʨʫʜʥʦ ʫʩʪʦʷʪʴ ʧʝʨʝʜ ʰʘʨʤʦʤ ʙʘʣʝʪʥʳʭ ʧʘʩʪʝ-

ʣʝʡ ɼʝʛʘ, ʝʛʦ ʞʝ ʙʨʦʥʟʦʚʦʡ ʶʥʦʡ ʪʘʥʮʦʚʱʠʮʳ, ʥʝ 

ʫʚʣʝʯʴʩʷ ʩʤʝʣʦʩʪʴʶ ʠ ʥʝʦʙʳʯʥʦʩʪʴʶ ʚʠʜʝʥʠʷ ʚ 

ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʜʝ ʊʫʣʫʟ-ʃʦʪʨʝʢʘ, ʢʦʪʦʨʳʝ ʩʪʘʣʠ 

ʦʜʦʡ ʤʠʨʫ ʩʮʝʥʳ, ʥʝ ʤʦʞʝʪ ʥʝ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ 

ʪʝʘʪʨʘʣʴʥʘʷ ʜʝʢʦʨʘʪʠʚʥʦʩʪʴ ʙʘʣʝʪʥʳʭ ʠ ʪʝʘʪʨʘʣʴ-

ʥʳʭ ʤʦʪʠʚʦʚ ʨʫʩʩʢʠʭ ʤʘʩʪʝʨʦʚ ʩʝʨʝʙʨʷʥʦʛʦ ʚʝʢʘ ï 

ʚʩʝ ʵʪʦ ʚʜʦʭʥʦʚʣʷʣʦ ʤʥʦʛʠʭ ʤʘʩʪʝʨʦʚ. ʅʝ ʩʪʘʣ ʠʩ-

ʢʣʶʯʝʥʠʝʤ ʠ ɻʝʛʘʤʷʥ. ʆʥ ʪʦʞʝ ʥʝ ʫʩʪʦʷʣ ʧʝʨʝʜ ʪʘʥ-

ʮʝʚʘʣʴʥʦʡ ʩʪʠʭʠʝʡ, ʥʦ ʝʛʦ ʙʘʣʝʪʥʳʡ ʤʠʨ ʩʦʚʝʨ-

ʰʝʥʥʦ ʠʥʦʡ. ʆ ʧʨʠʯʠʥʘʭ ʝʛʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ 

ʙʘʣʝʪʦʤ, ʪʘʥʮʝʤ ʤʦʞʥʦ ʛʘʜʘʪʴ. ɺʝʜʴ ʥʠ ʦʜʥʘ ʠʟ ʨʘ-

ʙʦʪ ʥʝ ʠʤʝʝʪ ʧʨʷʤʦʡ çʧʝʨʝʢʣʠʯʢʠè ʩ ʦʙʨʘʟʮʘʤʠ, ʦʥ 

ʠ ʚ ʩʦʥʤʝ ʙʘʣʝʪʥʳʭ ʦʙʨʘʟʦʚ ʦʩʪʘʣʩʷ ʩʦʙʦʡ. ʆʙʨʘʟʦ-

ʬʦʨʤʠʨʦʚʘʥʠʝ ɻʝʛʘʤʷʥʘ ʚ ʵʪʦʡ ʩʝʨʠʠ ʧʨʦʠʟʚʝʜʝ-

ʥʠʡ, ʧʦʞʘʣʫʡ, ʢʘʢ ʥʝʣʴʟʷ ʙʦʣʝʝ ʥʝʦʙʳʯʥʦ. ʊʘʥʝʮ, 

ʙʘʣʝʪ ʚʩʝʛʜʘ ʘʩʩʦʮʠʠʨʦʚʘʣʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʣʝʛʢʦ-

ʩʪʴʶ, ʧʨʦʟʨʘʯʥʦʩʪʴʶ, ʤʷʛʢʦʡ ʨʠʪʤʠʢʦʡ, ʛʨʘʮʠʝʡ 

ʦʙʨʘʟʦʚ. ɻʝʛʘʤʷʥ ʞʝ ʣʦʤʘʝʪ ʚʩʝ ʩʪʝʨʝʦʪʠʧʳ, ʩʦʭʨʘ-

ʥʷʷ ʩʚʦʡ ʩʪʠʣʴ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. ʆʙʨʘʟʳ ʪʘʥʮʦʚʱʠʮ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʠʤ ʚ 1970-ʝ ʛʛ., ʢʘʢ ʚʩʝʛʜʘ, 

ʜʦʚʦʣʴʥʦ ʪʷʞʝʣʦʚʝʩʥʳ, ʪʝʘʪʨʘʣʴʥʦ-ʧʣʦʩʢʦʩʪʥʳ, 

ʩʭʝʤʘʪʠʯʥʳ. ʇʦ ʩʫʪʠ, ʵʪʦ ʪʠʧʠʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʳ, 

ʚ ʢʘʞʜʦʡ ʠʟ ʨʘʙʦʪ ʭʫʜʦʞʥʠʢ ʧʠʰʝʪ ʥʝ ʚʜʦʭʥʦʚʠʚ-

ʰʫʶ ʢʦʥʢʨʝʪʥʫʶ ʤʦʜʝʣʴ, ʘ ʦʙʦʙʱʝʥʥʳʡ ʦʙʨʘʟ, ʦʪ 

ʚʜʦʭʥʦʚʠʪʝʣʷ ʢʦʪʦʨʦʛʦ ʚ ʨʘʙʦʪʘʭ ʥʝ ʦʩʪʘʝʪʩʷ ʠ 

ʩʣʝʜʘ, ʬʘʢʪʠʯʝʩʢʠ, ʪʘ ʠʣʠ ʠʥʘʷ ʤʦʜʝʣʴ (ʝʩʣʠ ʦʥʘ ʠ 

ʙʳʣʘ) ʧʨʦʩʪʦ ʧʦʩʣʫʞʠʣʘ ʪʦʣʯʢʦʤ ʜʣʷ ʨʦʞʜʝʥʠʷ ʞʝ-

ʣʘʥʠʷ ʨʠʩʦʚʘʪʴ, ʧʠʩʘʪʴ, ʟʘʩʪʘʚʠʣʘ ʫʚʠʜʝʪʴ ʢʨʘʩʦʪʫ 

ʚ ʦʯʝʨʝʜʥʦʡ ʩʶʞʝʪʥʦʡ ʣʠʥʠʠ, ʥʦ ʥʝ ʙʦʣʝʝ, ʣʠʰʴ 

ʩʧʨʦʚʦʮʠʨʦʚʘʚ ʚʩʧʣʝʩʢ ʚʜʦʭʥʦʚʝʥʠʷ ʠ ʦʪʦʡʜʷ ʚ 

ʪʝʥʴ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʦʣʯʢʦʤ ʜʣʷ ʫʚʣʝ-

ʯʝʥʥʦʩʪʠ ɻʝʛʘʤʷʥʘ ʙʘʣʝʪʥʦʡ ʩʪʠʭʠʝʡ ʩʪʘʣʦ ʝʛʦ ʦʙ-

ʱʝʥʠʝ ʩ ʨʦʜʩʪʚʝʥʥʠʮʝʡ, ʠʟʚʝʩʪʥʦʡ ʘʨʤʷʥʩʢʦʡ ʘʢ-

ʪʨʠʩʦʡ ʢʠʥʦ ʠ ʪʘʥʱʦʚʱʠʮʝʡ, ʙʘʣʝʨʠʥʦʡ, ʃʘʫʨʦʡ 

ɺʘʨʪʘʥʷʥ, ʟʥʘʢʦʤʩʪʚʦ ʩ ʝʝ ʪʚʦʨʯʝʩʪʚʦʤ. ʅʠ ʦʜʥʘ ʠʟ 

ʨʘʙʦʪ ʥʝ ʧʦʨʪʨʝʪʥʘ, ʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ 

ʠʥʪʝʨʝʩʦʤ ʢ ʪʚʦʨʯʝʩʪʚʫ ʟʥʘʤʝʥʠʪʦʡ ʘʨʤʷʥʩʢʦʡ ʙʘ-

ʣʝʨʠʥʳ ʠ ʫʚʣʝʯʝʥʥʦʩʪʴʶ ʪʘʥʮʝʚʘʣʴʥʦʡ ʪʝʤʦʡ 

ʤʦʞʥʦ. ʆʙʨʘʟʳ ʥʝ ʧʨʦʩʪʦ ʥʝ ʧʦʨʪʨʝʪʥʳ, ʘ ʪʠʧʠʟʠ-

ʨʦʚʘʥʳ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʙʝʟʣʠʯʝʥʳ, ʛʣʘʟʘ 

ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʦʚʩʝ, ʠʣʠ ʪʦʣʴʢʦ ʥʘʤʝʯʝʥʳ ʧʷʪ-

ʥʘʤʠ, ʯʪʦ ʧʨʠʜʘʝʪ ʝʱʝ ʙʦʣʴʰʝʡ ʦʙʦʙʱʝʥʥʦʩʪʠ ʠ 

ʫʩʣʦʚʥʦʩʪʠ. ɹʦʣʴʰʝ ʢʦʥʢʨʝʪʠʢʠ ʝʩʪʴ ʣʠʰʴ ʚ ʥʝ-

ʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ, ʩʜʝʣʘʥʥʳʭ ʚ ʤʘʥʝʨʝ ɺʨʫʙʝʣʷ.  

ɹʘʣʝʪʥʳʝ ʦʙʨʘʟʳ ʢʠʩʪʠ ɻʝʛʘʤʷʥʘ ʧʨʠʚʣʝʢʘʶʪ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʚʝʨʰʝʥʥʦ ʜʠʩʩʦʥʘʥʩʥʳʤ ʨʝʰʝʥʠʝʤ 

ï ʦʥʠ ʧʨʷʤʦ ʧʨʦʪʠʚʦʨʝʯʘʪ ʫʩʪʦʷʚʰʝʤʫʩʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʶ, ʘʩʩʦʮʠʘʪʠʚʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ ʪʘʥʮʘ, ʙʘʣʝʪʘ. 

ʉʪʠʭʠʷ ʪʘʥʮʘ ï ʵʪʦ ʧʨʝʞʥʝʛʦ ʚʩʝʛʦ ʭʨʫʧʢʦʩʪʴ, ʣʝʛ-

ʢʦʩʪʴ, ʚʦʟʜʫʰʥʦʩʪʴ, ʢʨʘʩʦʪʘ ʜʚʠʞʝʥʠʷ, ʠʟʷʱʝʩʪʚʦ 

ʨʠʪʤʠʢʠ. ɻʝʛʘʤʷʥ ʞʝ ʪʨʘʢʪʫʝʪ ʩʚʦʠ ʦʙʨʘʟʳ ʘʙʩʦ-

ʣʶʪʥʦ ʠʥʘʯʝ, ʥʝ ʦʪʭʦʜʷ ʦʪ ʩʚʦʝʛʦ ʦʙʳʯʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ ʧʝʨʩʦʥʘʞʝʡ, ʦʪ ʪʠʧʠʟʘʮʠʠ ʠ ʤʦʱʠ, ʧʨʠʩʫʪ-

ʩʪʚʫʶʱʠʭ ʠ ʚʦ ʤʥʦʛʠʭ ʝʛʦ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʘʭ. ʃʠʰʴ 

ʠʟʨʝʜʢʘ ʦʥ ʧʨʠʙʝʛʘʝʪ ʢ ʠʥʦʡ ʪʨʘʢʪʦʚʢʝ, ʥʦ ʠ ʚ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʝʧʨʠʥʷʪʳʡ ʰʘʙʣʦʥ 

ʦʙʨʘʟʦʪʚʦʨʯʝʩʪʚʘ ʚ ʢʦʥʪʝʢʩʪʝ ʙʘʣʝʪʥʦʛʦ ʤʠʨʘ. 

ʄʥʦʛʠʝ ʠʟ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʦʚ ʧʠʩʘʣʠʩʴ ʭʫʜʦʞʥʠ-

ʢʦʤ ʥʝ ʥʘ ʭʦʣʩʪʝ, ʘ ʥʘ ʢʘʨʪʦʥʝ, ʠ ʠʥʦʛʜʘ ï ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʪʝʤʧʝʨʳ, ʘ ʥʝ ʤʘʩʣʘ (çɹʘʣʝʨʠʥʘ ʩ ʜʫʤʷ ʚʘ-

ʟʘʤʠè, 1970-ʝ ʛʛ., ʪʝʤʧʝʨʘ, ʤʘʩʣʦ, ʢʘʨʪʦʥ; çɹʘʣʝʪè, 

ʥʘʯ. 1970-ʭ ʛʛ., ʪʝʤʧʝʨʘ, ʤʘʩʣʦ, ʢʘʨʪʦʥ). ʊʝʤʧʝʨʘ ʩ 

ʝʝ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʘʢ ʥʝʣʴʟʷ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʢʘʨʪʦʥʦʚ, ʢʘʢ ʠ ʜʣʷ ʨʘʙʦʪʳ 

ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʪʝʘʪʨʘʣʴʥʳʭ ʜʝʢʦʨʘʮʠʡ ï ʚ ɻʝʛʘʤʷʥʝ 

ʥʝʦʩʧʦʨʠʤʦ ʥʘʣʠʯʠʝ ʥʘʯʘʣʘ ʪʝʘʪʨʘʣʴʥʦʛʦ ʭʫʜʦʞ-

ʥʠʢʘ, ʦʥ ʤʦʛ ʙʳʪʴ ʠ ʧʨʝʢʨʘʩʥʳʤ ʩʮʝʥʦʛʨʘʬʦʤ. ʂ 

ʪʦʤʫ ʞʝ, ʦʥʘ ʭʦʨʦʰʘ ʠ ʜʣʷ ʤʦʥʫʤʝʥʪʘʣʴʥʳʭ ʧʦʣʦ-

ʪʝʥ, ʘ ʨʘʙʦʪʳ ɻʝʛʘʤʷʥʘ ʧʦʯʪʠ ʚʩʝʛʜʘ ʚʝʣʠʢʠ ʧʦ ʨʘʟ-

ʤʝʨʫ, ʯʪʦ, ʢʦʥʝʯʥʦ, ʥʝ ʤʦʛʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘ-

ʥʠʶ ʦʱʫʱʝʥʠʷ ʠʟʷʱʝʩʪʚʘ ʙʘʣʝʪʥʳʭ ʦʙʨʘʟʦʚ, ʠ 

ʵʪʦʛʦ ʚʧʝʯʘʪʣʝʥʠʷ ʭʫʜʦʞʥʠʢ ʜʦʙʠʚʘʣʩʷ ʠʥʳʤʠ ʤʝ-

ʪʦʜʘʤʠ, ʥʦ ʥʝ ʞʝʨʪʚʦʚʘʣ ʨʘʟʤʝʨʘʤʠ ʢʘʨʪʦʥʦʚ ʠ ʭʦʣ-

ʩʪʦʚ. ʇʨʦʪʠʚʦʨʝʯʠʪ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ʰʘʙʣʦʥʫ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʷ ʦ ʙʘʣʝʪʝ ʧʨʝʞʝ ʚʩʝʛʦ ʪʦ, ʯʪʦ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʙʘʣʝʨʠʥ ʚ ʨʘʙʦʪʘʭ ɻʝʛʘʤʷʥʘ ʧʨʦʯʥʦ ʩʪʦʷʪ ʥʘ 

ʟʝʤʣʝ ʥʘ ʢʦʨʝʥʘʩʪʳʭ, ʢʨʝʧʢʠʭ ʥʦʛʘʭ, ʚ ʥʠʭ ʥʝʪ ʥʠ 

ʦʪʪʝʥʢʘ ʛʨʘʮʠʠ ʠ ʠʟʷʱʝʩʪʚʘ, ʩ ʢʦʪʦʨʳʤʠ ʦʙʳʯʥʦ 

ʩʚʷʟʳʚʘʶʪ ʪʘʥʮʦʚʱʠʮ. ʀ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ 

ʢʘʞʜʳʡ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʤʦʥʦʣʠʪʥʦʩʪʴ ʠ ʤʦʱʴ ï 

ʦʥʦ ʯʘʩʪʦ ʩʢʣʦʥʥʦ ʢ ʧʠʨʘʤʠʜʘʣʴʥʦʩʪʠ, ʪ.ʝ. ʥʘʠʙʦ-

ʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʬʦʨʤʘʤ. ʅʝʨʝʜʢʦ ʙʘʣʝʨʠʥʳ ʥʝ ʧʨʦ-

ʩʪʦ ʩʪʦʷʪ ʥʘ ʟʝʤʣʝ, ʘ ʥʝ ʝʜʚʘ ʢʘʩʘʶʪʩʷ ʝʝ ʢʦʥʯʠʢʘʤʠ 

ʧʘʣʴʮʝʚ ʥʦʛ, ʘ ʩʪʦʷʪ, ʧʦʜʦʙʥʦ ʢʦʣʦʩʩʘʤ, ʥʘ ʰʠʨʦʢʦ 

ʨʘʩʩʪʘʚʣʝʥʥʳʭ ʥʦʛʘʭ, ʧʦʯʪʠ ʚʩʝʛʜʘ ï ʧʨʷʤʳʭ, ʢʘʢ ʚ 

ʨʠʪʫʘʣʴʥʦʤ ʰʘʛʝ ʫ ʜʨʝʚʥʠʭ ʝʛʠʧʪʷʥ. ʕʪʦ ʩʢʦʨʝʝ ʤʠ-



10 American Scientific Journal ˉ (23) / 2018 

ʢʝʣʘʥʜʞʝʣʦʚʩʢʠʡ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ, ʩʢʫʣʴ-

ʧʪʫʨʥʳʡ, ʥʦ ʥʝ ʧʩʝʚʜʦʨʫʙʝʥʩʦʚʩʢʠʡ, ʢʘʢ ʠʥʦʛʜʘ ʧʠ-

ʰʫʪ ʦ ʞʝʥʩʢʠʭ ʧʝʨʩʦʥʘʞʘʭ ɻʝʛʘʤʷʥʘ [1]. ʕʪʠ ʦʙ-

ʨʘʟʳ ʩʣʦʚʥʦ ʚʳʨʫʙʣʝʥʳ, ʥʦ ʥʝ ʚʳʣʝʧʣʝʥʳ, ʞʠʚʦ-

ʧʠʩʴ ʨʘʟʤʘʰʠʩʪʘ, ʧʣʦʩʢʦʩʪʥʘ, ʤʘʩʪʝʨ ʧʠʰʝʪ 

ʰʠʨʦʢʠʤʠ ʤʘʟʢʘʤʠ. ʀʥʪʝʨʝʩʥʘ ʝʱʝ ʦʜʥʘ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ: ʧʦʯʪʠ ʚʩʝʛʜʘ ʬʠʛʫʨʳ ʪʘʥʮʦʚʱʠʮ ʟʘʢʦʤ-

ʧʦʥʦʚʘʥʳ ʪʘʢ, ʯʪʦ ʩʪʦʧʳ ʥʦʛ ʩʨʝʟʘʥʳ ï ʪʘʢʦʝ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʷʚʥʦ ʧʨʦʜʫʤʘʥʥʳʤ, 

ʩʤʝʣʳʤ ʥʘʨʫʰʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʚ ʢʦʤʧʦʟʠ-

ʮʠʠ, ʥʦ ʪʦʯʥʦ ʫʤʳʰʣʝʥʥʳʤ: ʪʘʤ, ʛʜʝ ʢʦʤʧʦʟʠʮʠʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʩʪʦʧ, ʦʥʠ ʚʩʝ ʞʝ ʥʝ ʧʨʦʨʠʩʦ-

ʚʘʥʳ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʶʪ ʪʦʞʝ ʥʘʤʝʨʝʥʥʦ (çʊʘʥʝʮè, 

1970-ʝ ʛʛ., ʢʘʨʪʦʥ, ʢʘʨʘʥʜʘʰ). ʊʘʢʘʷ ʯʝʨʪʘ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʚ ʨʘʙʦʪʘʭ çɹʘʣʝʨʠʥʘ ʚ ʙʝʣʦʤè (1970-ʝ ʛʛ., 

ʢʘʨʪʦʥ, ʤʘʩʣʦ), çɹʘʣʝʨʠʥʘ ʩ ʜʚʫʤʷ ʚʘʟʘʤʠè (1970-ʝ 

ʛʛ., ʢʘʨʪʦʥ, ʪʝʤʧʝʨʘ, ʤʘʩʣʦ), çɹʘʣʝʨʠʥʘ ʩ ʚʳʩʦʢʠʤ 

ʚʦʨʦʪʥʠʢʦʤè (1970-ʝ ʛʛ., ʢʘʨʪʦʥ, ʤʘʩʣʦ), çʆʙʥʘʞʝʥ-

ʥʘʷ ʙʘʣʝʨʠʥʘè (1970-ʝ ʛʛ., ʢʘʨʪʦʥ, ʤʘʩʣʦ).  

ʀʩʢʣʶʯʝʥʠʝʤ ʚʦ ʤʥʦʛʠʭ ʘʩʧʝʢʪʘʭ ʤʦʞʥʦ 

ʥʘʟʚʘʪʴ ʢʘʨʪʦʥ çɻʦʣʫʙʦʛʣʘʟʘʷ ʙʘʣʝʨʠʥʘè (ʥʘʯ. 

1970-ʭ ʛʛ., ʢʘʨʪʦʥ, ʤʘʩʣʦ, ʨʠʩ. 1). ɿʜʝʩʴ ʠʥʘʯʝ ʚʩʝ ï 

ʬʦʥ, ʢʦʪʦʨʳʡ ʥʘʧʠʩʘʥ ʚ çʮʚʝʪʘʭ ʟʝʤʣʠè, ʥʦ ʩ 

ʠʥʳʤʠ ʤʘʟʢʘʤʠ, ʩʦʟʜʘʶʱʠʤʠ ʭʘʦʪʠʯʥʦʩʪʴ ʥʘʩʪʨʝ-

ʥʠʷ, ʘ ʥʝ ʧʨʠʝʤʦʤ çʪʝʘʪʨʘʣʴʥʦʛʦ ʟʘʜʥʠʢʘè, ʢʦʛʜʘ 

ʬʦʥ ʜʘʝʪʩʷ ʝʜʠʥʦʡ ʮʝʣʴʥʦʡ ʧʣʘʰʢʦʡ, ʠʥʦʛʜʘ 

ʜʚʫʮʚʝʪʠʝʤ; ʥʦ ʛʣʘʚʥʦʝ ï ʩʘʤ ʪʠʧ ʦʙʨʘʟʘ. ʊʘʢʦʡ ʤʝ-

ʪʦʜ ʥʘʧʠʩʘʥʠʷ ʬʦʥʘ ʤʦʞʥʦ ʚʠʜʝʪʴ ʝʱʝ ʚ ʢʘʨʪʦʥʝ 

çʆʙʥʘʞʝʥʥʘʷ ʙʘʣʝʨʠʥʘè (1970-ʝ ʛʛ., ʢʘʨʪʦʥ, ʤʘʩʣʦ), 

ʘ ʚʦʪ ʪʘʢʦʡ ʪʠʧ ʬʠʛʫʨʳ ï ʥʝʪ, ʦʥ, ʧʦʞʘʣʫʡ, ʠʩʢʣʶ-

ʯʠʪʝʣʝʥ. ɹʘʣʝʨʠʥʘ ʚ ʵʪʦʤ ʢʘʨʪʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʚʝʪʣʦʚʦʣʦʩʦʡ, ʯʪʦ ʙʳʣʦ ʨʝʜʢʦʩʪʴʶ ʜʣʷ ʞʝʥʩʢʠʭ 

ʦʙʨʘʟʦʚ ɻʝʛʘʤʷʥʘ, ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʛʦʣʫʙʳʤʠ ʧʷʪ-

ʥʘʤʠ ʛʣʘʟ, ʯʪʦ ʪʦʞʝ ʧʨʠʜʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ, 

ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʦʨʧʫʩʘ ʧʦʣʥʦʩʪʴʶ ʩʢʨʳʪʘ ʤʘʩʩʠʚʦʤ 

ʧʳʰʥʦʛʦ ʧʣʘʪʴʷ, ʧʦʵʪʦʤʫ ʢʦʨʝʥʘʩʪʦʩʪʴ ʥʦʛ, ʩʪʘʥ-

ʜʘʨʪʥʘʷ ʜʣʷ ʦʙʨʘʟʦʚ ʪʘʥʮʦʚʱʠʮ ʭʫʜʦʞʥʠʢʘ, ʟʜʝʩʴ 

ʦʪʩʫʪʩʪʚʫʝʪ. ɸ ʚʦʪ ʪʦʨʩ, ʰʝʷ, ʨʫʢʠ ï ʚʩʝ ʛʦʚʦʨʠʪ ʦʙ 

ʠʟʷʱʝʩʪʚʝ ʠ ʛʨʘʮʠʠ, ʯʪʦ ʩʪʠʣʴ ʨʝʜʢʦ ʤʦʞʥʦ ʙʳʣʦ 

ʫʚʠʜʝʪʴ ʜʘʞʝ ʚ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʘʭ ʘʨʤʷʥʩʢʦʛʦ ʤʘ-

ʩʪʝʨʘ. ʋʜʣʠʥʝʥʥʘʷ ʰʝʷ, ʪʦʥʢʠʝ ʠ ʵʣʝʛʘʥʪʥʳʝ ʨʫʢʠ, 

ʩʣʝʛʢʘ ʥʘʢʣʦʥʝʥʥʘʷ ʛʦʣʦʚʢʘ ï ʚʩʝ ʜʳʰʠʪ ʛʨʘʮʠʝʡ. 

ɼʚʠʞʝʥʠʝ ʣʝʚʦʡ ʨʫʢʠ ʙʘʣʝʨʠʥʳ, ʩʣʦʚʥʦ ʦʧʠʨʘʶ-

ʝɦʡʩʷ ʥʘ ʧʳʰʥʳʝ ʶʙʢʠ, ʧʨʷʤʦʡ, ʩʦ ʩʣʝʛʢʘ ʩʦʛʥʫ-

ʪʳʤ ʧʘʣʴʮʝʤ ʢʠʩʪʠ, ʚʳʟʳʚʘʝʪ ʚ ʧʘʤʷʪʠ ʫʜʠʚʠ-

ʪʝʣʴʥʦ ʢʨʘʩʠʚʳʡ ʧʦ ʨʠʪʤʠʢʝ ʧʦʨʪʨʝʪ ʪʘʥʮʦʚʱʠʮʳ 

ʀʜʳ ʈʫʙʠʥʰʪʝʡʥ ʨʘʙʦʪʳ ɺ. ʉʝʨʦʚʘ, ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ 

ʥʝ ʛʘʨʤʦʥʠʨʦʚʘʣ ʩ ʰʘʙʣʦʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

ʦʙʱʝʩʪʚʘ ʦ ʞʝʥʩʢʦʡ ʛʨʘʮʠʠ.  

ɺ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʘʭ ɻʝʛʘʤʷʥʘ ʝʩʪʴ ʠʥʪʝʨʝʩʥʘʷ 

ʘʣʣʶʟʠʷ ʥʘ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʝ ʤʦʪʠʚʳ, ʧʨʠ ʯʝʤ, ʥʝ 

ʢʣʘʩʩʠʯʝʩʢʦʝ, ʙʦʣʝʝ ʫʩʧʦʢʦʝʥʥʦʝ ʧʣʘʚʥʦʡ ʨʠʪʤʠ-

ʢʦʡ ʠ ʟʘʚʝʨʰʝʥʥʦʩʪʴʶ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʭʝʤ, ʘ 

ʝʱʝ ʥʘ ʘʨʭʘʠʯʝʩʢʦʝ, ʜʘʞʝ ʢʨʠʪʦ-ʤʠʢʝʥʩʢʦʝ. ɺ ʪʘʢʠʭ 

ʨʘʙʦʪʘʭ ʪʨʫʜʥʦ ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʧʘʨʘʣʣʝ-

ʣʝʡ: ʛʜʝ-ʪʦ ï ʩ ʬʨʝʩʢʘʤʠ ʤʠʥʦʡʩʢʦʛʦ ʧʝʨʠʦʜʘ (çɹʘ-

ʣʝʪè, ʥʘʯ. 1970-ʭ ʛʛ., ʢʘʨʪʦʥ, ʪʝʤʧʝʨʘ, ʤʘʩʣʦ), ʛʜʝ-

ʪʦ ï ʩ ʘʨʭʘʠʯʝʩʢʠʤʠ ʢʦʨʘʤʠ ʩ ʠʭ ʩʠʤʤʝʪʨʠʝʡ ʠ 

ʧʨʝʜʩʪʦʷʥʠʝʤ (çɹʘʣʝʨʠʥʘ ʩ ʜʚʫʤʷ ʚʘʟʘʤʠè, 1970-ʝ 

ʛʛ., ʢʘʨʪʦʥ, ʪʝʤʧʝʨʘ, ʤʘʩʣʦ, ʨʠʩ. 2). ʃʶʙʦʧʳʪʥʦ, ʯʪʦ 

ʧʦʩʢʦʣʴʢʫ ʬʠʛʫʨʳ ʢʦʨʝʥʘʩʪʳ ʠ ʤʫʞʝʧʦʜʦʙʥʳ, ʧʦ-

ʤʠʢʝʣʘʥʜʞʝʣʦʚʩʢʠ ʩʣʦʚʥʦ ʚʳʨʫʙʣʝʥʳ ʠʟ ʛʣʳʙʳ, 

ʩʢʦʨʝʝ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴ ʥʝ ʩ ʢʦʨʘʤʠ, ʘ ʩ 

ʢʫʨʦʩʘʤʠ, ʫʭʦʜʷʱʠʤʠ ʢʦʨʥʷʤʠ ʚ ʜʨʝʚʥʝʝʛʠʧʝʪʩʢʠʡ 

ʩʢʫʣʴʧʪʫʨʥʳʡ ʩʦʥʤ ʦʙʨʘʟʦʚ. ɺ ʨʘʙʦʪʝ çɹʘʣʝʨʠʥʘ ʚ 

ʙʝʣʦʤè (1970-ʝ ʛʛ., ʢʘʨʪʦʥ, ʤʘʩʣʦ) ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʢʦʤʧʦʟʠʮʠʠ ʚʠʜʥʘ ʧʦʣʦʩʘ ʦʨʥʘʤʝʥʪʘ ï çʧʝʨʝ-

ʢʣʠʯʢʠè ʩ ʯʝʨʥʦʬʠʛʫʨʥʦʡ ʠ ʢʨʘʩʥʦʬʠʛʫʨʥʦʡ ʚʘʟʦ-

ʧʠʩʴʶ ʜʨʝʚʥʠʭ ʛʨʝʢʦʚ ʩʧʨʷʪʘʪʴ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʩʣʦʞʥʦ, ʦʥʠ ʣʝʞʘʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʠ ʘʩ-

ʩʦʮʠʘʪʠʚʥʦʛʦ ʨʷʜʘ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʦʯʪʠ ʚʩʝ ʙʘʣʝʪʥʳʝ ʦʙʨʘʟʳ ʭʫ-

ʜʦʞʥʠʢʘ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʫʩʤʦʪʨʝʪʴ ʜʨʝʚʥʝʛʨʝʯʝ-

ʩʢʠʝ ʥʦʪʢʠ, ʪʝʧʣʳʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ ï ʛʦʨʷʯʠʝ ʧʦ ʢʦ-

ʣʦʨʠʪʫ. ʆʙʱʝʝ ʮʚʝʪʦʚʦʝ ʟʚʫʯʘʥʠʝ ʵʪʠʭ ʨʘʙʦʪ ʪʦʞʝ 

çʧʝʨʝʢʣʠʢʘʝʪʩʷè ʠ ʩ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʡ ʚʘʟʦʧʠʩʴʶ, ʠ 

ʩ ʢʨʠʪʩʢʠʤʠ ʬʨʝʩʢʘʤʠ. 

  
ʈʠʩʫʥʦʢ 1. ɻʝʛʘʤʷʥ ɺ. çɻʦʣʫʙʦʛʣʘʟʘʷ ʙʘʣʝʨʠʥʘè. 

ʅʘʯ. 1970-ʭ ʛʛ., ʢʘʨʪʦʥ, ʤʘʩʣʦ ʚʘʟʘʤʠè. 

ʈʠʩʫʥʦʢ 2. ɻʝʛʘʤʷʥ ɺ. çɹʘʣʝʨʠʥʘ ʩ ʜʚʫʤʷ 1970-ʝ 

ʛʛ., ʢʘʨʪʦʥ, ʪʝʤʧʝʨʘ, ʤʘʩʣʦ 
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ʃʶʙʦʧʳʪʥʦ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʚ ʢʘʨʪʦʥʝ çɹʘʣʝʪè 

ʦʜʥʘ ʠʟ ʬʠʛʫʨ, ʮʝʥʪʨʘʣʴʥʘʷ, ʭʦʣʦʜʥʘ ʧʦ ʢʦʣʦʨʠʪʫ, 

ʦʩʪʘʣʴʥʦʝ ï ʪʝʧʣʦʝ, ʪʘʢ ʯʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʚʩʧʣʳʪʴ ʚ 

ʧʘʤʷʪʠ çʉʦʙʠʨʘʪʝʣʴ ʰʘʬʨʘʥʘè ʠʟ ʂʥʦʩʩʢʦʛʦ 

ʜʚʦʨʮʘ. ʆʨʥʘʤʝʥʪʘʣʴʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʘʥʪʠʯʥʳʭ 

ʚʘʟ (ʘ ʚ ʢʘʨʪʦʥʝ çɹʘʣʝʨʠʥʘ ʩ ʜʚʫʤʷ ʚʘʟʘʤʠè ʤʳ ʚʠ-

ʜʠʤ ʜʚʝ ʘʤʬʦʨʳ, ʬʣʘʥʢʠʨʫʶʱʠʝ ʬʠʛʫʨʫ ʙʘʣʝʨʠʥʳ, 

ʧʦʜʦʙʥʦ ʘʜʦʨʘʥʪʫ, ʩʦʟʜʘʶʱʫʶ ʮʝʥʪʨʘʣʴʥʫʶ ʦʩʴ 

ʢʦʤʧʦʟʠʮʠʠ) ʩ ʝʛʦ ʩʠʤʤʝʪʨʠʝʡ ʠ ʨʘʟʤʝʨʝʥʥʦʩʪʴʶ 

ʪʦʞʝ ʥʘʣʦʞʠʣʦ ʦʪʧʝʯʘʪʦʢ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʨʝ-

ʰʝʥʠʝ ʨʷʜʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʭʫʜʦʞʥʠʢʘ.  

ʈʠʪʤʠʢʘ ʚ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʘʭ ʢʠʩʪʠ ɻʝʛʘʤʷʥʘ ï 

ʧʦʞʘʣʫʡ, ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʘʩʧʝʢʪʦʚ. ʅʠ 

ʦʜʠʥ ʦʙʨʘʟ ʠʟ ʙʘʣʝʪʥʦʡ ʣʠʥʠʠ ʧʨʦʠʟʚʝʜʝʥʠʡ ʥʝ ʦʙ-

ʣʘʜʘʝʪ ʧʣʘʚʥʦʩʪʴʶ ʠ ʪʝʢʫʯʝʩʪʴʶ ʨʠʪʤʘ ï ʚʩʝ ʬʠ-

ʛʫʨʳ ʦʙʨʘʟʦʚʘʥʳ çʨʫʙʣʝʥʳʤʠè ʬʦʨʤʘʤʠ, ʫʩʫʛʫʙ-

ʣʝʥʥʳʤʠ ʦʩʪʨʳʤʠ ʫʛʣʘʤʠ, ʤʷʛʢʦʩʪʴ ʠ ʧʝʚʫʯʝʩʪʴ 

ʪʘʥʮʝʚʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʘʙʩʦʣʶʪʥʦ ʦʪʩʫʪʩʪʚʫʶʪ, 

ʯʪʦ ʩʥʦʚʘ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ 

ʭʫʜʦʞʥʠʢʘ ʠ ʢ ʵʪʦʡ ʪʝʤʝ. ɼʘʞʝ ʛʦʣʦʚʳ, ʠʟʛʠʙʳ ʨʫʢ, 

ʜʚʠʞʝʥʠʷ ʥʦʛ ï ʚʩʝ ʚʳʩʪʨʦʝʥʦ ʨʝʟʢʠʤʠ ʣʠʥʠʷʤʠ, 

ʥʘʦʪʤʘʰʴ, ʨʘʟʤʘʰʠʩʪʦ, çʥʘ ʚʜʦʭʝè. ɺʩʝ ʢʦʤʧʦʟʠ-

ʮʠʠ ʦʪʢʨʳʪʳ ʜʣʷ ʟʨʠʪʝʣʷ, ʟʘʤʢʥʫʪʳʝ ʧʦʯʪʠ ʦʪʩʫʪ-

ʩʪʚʫʶʪ, ʦʙʨʘʟʳ ʟʘʯʘʩʪʫʶ ʘʥʬʘʩʥʳ, ʯʪʦ ʪʦʞʝ ʧʨʠ-

ʜʘʝʪ ʩʪʘʪʠʯʥʦʩʪʠ. ɺʳʧʘʜʘʶʪ ʠʟ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʨʘʙʦʪʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ 

ʦʜʥʦʡ ʯʝʨʪʦʡ ʠ ʥʝ ʚʧʠʩʳʚʘʶʱʠʝʩʷ ʚʦ ʚʩʝ ʚʳʰʝʧʝ-

ʨʝʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠʯʠʥʘ ʧʨʦʩʪʘ ï 

ʦʥʠ ʩʦʟʜʘʥʳ ʚ ʤʘʥʝʨʝ ɺʨʫʙʝʣʷ. ʇʦʵʪʦʤʫ ʠ ʢʦʣʦʨʠʪ, 

ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ, ʠ ʪʠʧʘʞʠ ï ʚʩʝ ʠʥʦʝ. 

ʋʧʠʚʘʪʴʩʷ ʤʘʥʝʨʦʡ ʨʫʩʩʢʦʛʦ ʤʘʩʪʝʨʘ ɻʝʛʘʤʷʥʫ 

ʧʨʠʭʦʜʠʣʦʩʴ ʯʘʩʪʦ, ʵʪʦ ʥʘʰʣʦ ʚʳʨʘʞʝʥʠʝ ʚ ʮʝʣʦʤ 

ʨʷʜʝ ʝʛʦ ʨʘʙʦʪ. ɺ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʘʭ ʵʪʦ ʷʨʢʦ ʩʢʘʟʘ-

ʣʦʩʴ ʚ ʭʦʣʩʪʘʭ çʆʙʥʘʞʝʥʥʘʷ ʥʘ ʪʝʤʥʦʤ ʬʦʥʝè 

(1970-ʛʛ., ʭʦʣʩʪ, ʤʘʩʣʦ), çɹʘʣʝʨʠʥʘ ʚ ʪʝʤʥʦʤè 

(1970-ʝ ʛʛ., ʭʦʣʩʪ, ʤʘʩʣʦ), çɹʘʣʝʨʠʥʘ ʚ ʩʚʝʪʣʦʤè 

(ʥʘʯ. 1970-ʭ ʛʛ., ʭʦʣʩʪ, ʤʘʩʣʦ). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ʙʘʣʝʪʥʳʭ ʤʦʪʠʚʦʚ, çʚʨʫʙʝ-

ʣʝʚʩʢʠʝè ʥʘʧʠʩʘʥʳ ʥʝ ʥʘ ʢʘʨʪʦʥʝ, ʘ ʥʘ ʭʦʣʩʪʝ. ʀʭ 

ʞʠʚʦʧʠʩʥʘʷ ʤʘʥʝʨʘ ʤʦʟʘʠʯʥʘ, ʦʥʠ ʙʦʣʝʝ ʧʦʭʦʜʷʪ ʥʘ 

ʤʦʥʫʤʝʥʪʘʣʴʥʳʝ ʧʘʥʥʦ, ʚʦ ʚʩʝʭ ʜʦʤʠʥʠʨʫʝʪ ʭʦʣʦʜ-

ʥʘʷ ʛʘʤʤʘ, ʚʩʝ ʦʙʨʘʟʳ ʭʨʫʧʢʠ ʠ ʫʪʦʥʯʝʥʥʳ, ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʚʩʝʭ ʠʥʳʭ ʛʝʛʘʤʷʥʦʚʩʢʠʭ ʪʘʥʮʦʚʱʠʮ. ʀʥʪʝ-

ʨʝʩʥʘ ʠ ʨʘʟʥʠʮʘ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʨʠʝʤʘʭ, ʨʠʪ-

ʤʠʢʝ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʭʦʣʩʪʘʭ ʧʨʠʤʝʥʝʥ ʧʨʠʝʤ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʨʠʪʤʘ, ʬʠʛʫʨʳ ʬʘʢʪʠʯʝʩʢʠ ʚʳʪʷ-

ʥʫʪʳ ʠʟ ʣʝʚʦʛʦ ʚʝʨʭʥʝʛʦ ʫʛʣʘ ʬʦʨʤʘʘ ʚ ʧʨʘʚʳʡ ʥʠʞ-

ʥʠʡ, ʘ ʵʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʠʨʘʤʠʜʘʣʴʥʦ-ʤʦʥʦʣʠʪʥʳʭ 

ʢʘʨʪʦʥʦʚ ʪʝʧʣʦʡ ʛʘʤʤʳ, ʜʘʝʪ ʩʘʤʳʡ ʙʝʩʧʦʢʦʡʥʳʡ ʠ 

ʥʝʨʚʦʟʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʙʦʪʘʤ. ɺʨʫʙʝʣʝʚʩʢʘʷ ʪʨʘʢ-

ʪʦʚʢʘ ʙʘʣʝʪʥʳʭ ʦʙʨʘʟʦʚ ʙʳʣʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ɻʝ-

ʛʘʤʷʥʫ ï ʚ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʤ ʢʣʶʯʝ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʨʫʛʦʛʦ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʥʦ ʦʥ 

ʧʝʨʝʜʘʚʘʣ ʪʦ ʞʝ ʚʥʫʪʨʝʥʥʝʝ ʩʦʩʪʦʷʥʠʝ ï ʥʘʜʣʦʤʘ ʠ 

ʙʝʩʧʦʢʦʡʩʪʚʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʫʩʫʛʫʙʣʷʝʤʦʝ ʠ ʪʝʤ-

ʥʳʤ, ʭʦʣʦʜʥʳʤ ʢʦʣʦʨʠʪʦʤ, ʠʥʦʛʜʘ ʦʙʨʘʟʳ ʟʘʪʝʤʥʷ-

ʣʠʩʴ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʜʦʭʦʜʠʣʦ ʧʦʯʪʠ ʜʦ ʩʠʣʫʵʪʥʦʩʪʠ 

ʠʭ ʪʨʘʢʪʦʚʢʠ (çɹʘʣʝʨʠʥʘ ʚ ʪʝʤʥʦʤè).  

ʉ ʵʪʠʤʠ ʨʘʙʦʪʘʤʠ, ʢʘʢ ʠ ʩʦ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ 

ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ɺ. ɻʝʛʘʤʷʥʘ, ʩʦʧʨʷʞʝʥʦ ʚʩʝ ʝʱʝ 

ʥʝʤʘʣʦ ʚʦʧʨʦʩʦʚ, ʜʘʞʝ ʥʘʟʚʘʥʠʷ, ʨʘʟʤʝʨʳ ʭʦʣʩʪʦʚ 

ï ʟʘʯʘʩʪʫʶ ʧʦʜʘʶʪʩʷ ʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦ-ʨʘʟ-

ʥʦʤʫ. ʍʦʣʩʪ çɹʘʣʝʨʠʥʘ ʚ ʩʚʝʪʣʦʤè ʯʘʩʪʦ ʧʨʝʧʦʜʥʦ-

ʩʠʪʩʷ ʟʨʠʪʝʣʶ ʩ ʥʘʟʚʘʥʠʝʤ çɹʝʣʳʡ ʣʝʙʝʜʴè [8], ʨʘ-

ʙʦʪʘ çɹʘʣʝʨʠʥʘ ʚ ʪʝʤʥʦʤè ï ʢʘʢ çʏʝʨʥʳʡ ʣʝʙʝʜʴè 

[8], ʦʪʣʠʯʘʶʪʩʷ ʠ ʫʢʘʟʳʚʘʝʤʳʝ ʜʘʪʠʨʦʚʢʠ ʧʨʦʠʟʚʝ-

ʜʝʥʠʡ: ʠʭ ʠʥʦʛʜʘ ʦʪʥʦʩʷʪ ʝʱʝ ʢ 1960-ʤ ʛʛ. [8]. ʇʦ-

ʩʢʦʣʴʢʫ ʵʪʠ ʭʦʣʩʪʳ ʭʨʘʥʷʪʩʷ ʚ ʯʘʩʪʥʳʭ ʢʦʣʣʝʢʮʠʷʭ, 

ʠʭ ʠʟʫʯʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʟʘʪʨʫʜʥʝʥʦ, ʠ ʫʪʦʯʥʝʥʠʷ ʚ 

ʜʘʥʥʳʝ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʚʥʦʩʠʪʴ. 
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ɸʥʥʦʪʘʮʠʷ. 

 ʅʘ ʧʨʠʤʝʨʝ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʴʤʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 22 ʧʨʦʜʫʢʪʘʭ ʧʦʢʘʟʘʥʘ ʤʝʪʦ-

ʜʦʣʦʛʠʷ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ, ʚʳʯʠʩʣʷʝʤʦʛʦ ʢʘʢ ʦʪ-

ʥʦʰʝʥʠʝ ʩʫʤʤʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝ-

ʥʠʡ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʢ ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʤʠʥʦʢʠʩʣʦʪ ʢʘʢ ʚʣʠʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʘʢ 

ʟʘʚʠʩʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʠ ʤʥʦʞʝʩʪʚʘ 

ʫʯʠʪʳʚʘʝʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʩʦʩʪʘʚʠʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ ʪʘʙʣʠʮʫ ʩ ʫʯʝʪʦʤ ʤʥʦʞʝʩʪʚʘ 

ʦʙʲʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ 20 ʘʤʠʥʦʢʠʩʣʦʪ. ɿʘʢʦʥ ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʨʘʚʝʥ ʩʫʤʤʝ ʧʦʢʘʟʘʪʝʣʴʥʦʛʦ ʟʘʢʦʥʘ ʠ ʙʠʦʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ ʩʪʨʝʩʩʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʚ ʧʨʦʜʫʢʪʝ. ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʢʦʨʨʝʣʷʮʠʠ ʦʪʜʝʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚʳʧʦʣʥʝʥʳ ʨʝʡʪʠʥʛʠ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʢʘʢ ʚʣʠʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʢʘʢ ʟʘʚʠʩʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 

ʩʚʝʨʭʩʠʣʴʥʳʭ ʩʚʷʟʝʡ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʢʦʨʨʝʣʷʮʠʠ ʙʦʣʝʝ 0.99, ʧʦ ʯʘʩʪʠ ʠʟ 

ʢʦʪʦʨʳʭ ʜʘʥʳ ʛʨʘʬʠʢʠ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʧʦʚʝʜʝʥʠʷ ʧʨʝʜʣʦʞʝʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʥʘ ʧʦʟʠʪʠʚʥʳʝ, ʥʝʡʪʨʘʣʴʥʳʝ ʠ ʥʝʛʘʪʠʚʥʳʝ. ʆʪʜʝʣʴʥʦ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʝʡ-

ʪʠʥʛʘ ʧʨʦʜʫʢʪʦʚ. ɼʘʥʳ ʫʨʘʚʥʝʥʠʷ ʠ ʛʨʘʬʠʢʠ ʨʘʥʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʚ ʧʨʦʜʫʢʪʘʭ. ɼʘʥ ʨʝʡʪʠʥʛ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʦ ʜʠʩʧʝʨʩʠʠ ʦʩʪʘʪʢʦʚ ʦʪ ʫʨʘʚʥʝʥʠʡ ʙʠʥʘʨ-

ʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʨʘʥʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ.  

Abstract. 

 On the example of the table of contents of eight essential amino acids in the 22 products shown methodology 

of factor analysis and definition of correlative coefficient of variation, calculated as the ratio of the sum of the 

coefficients of correlation of stable laws and regularities of binary relations between the amino acids to the product 

of the number of amino acids as the influencing variables and a dependent indicators. It is shown that this criterion 

depends on the composition of products and a plurality of amino acids accounted. Therefore, it suggested a more 

complete view of the table with a set of objects, in which all 20 amino acids based on the contents. Law binary 

relations between amino acids is equal to the sum of an exponential law and biotechnology law stress field in the 

product. According to the individual correlation coefficients of binary relations are made of amino acids affect the 

ratings of both variables and how dependent indicators. We consider the correlation matrix of ultrahigh links es-

sential amino acids with the correlation coefficients more than 0.99, on the part of which are the graphics. By the 

nature of the behavior requested to classify the binary relationship between amino acids of positive, neutral and 

negative. Separately, the rating methodology, see products. Equations given rank distributions and graphics con-

tent of essential amino acids in the products. Given the rating of essential amino acids residues from the dispersion 

equations of binary relations and rank distributions. 
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1. ɺʚʝʜʝʥʠʝ 
ʇʦʜ ʚʳʨʘʞʝʥʠʝʤ çʢʦʨʨʝʣʷʪʠʚʥʘʷ ʚʘʨʠʘʮʠʷè 

ʏʘʨʣʴʟ ɼʘʨʚʠʥ ʨʘʟʫʤʝʝʪ, ʯʪʦ çʚʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦ 

ʚʨʝʤʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʚʥʫʪʨʝʥʥʝ ʩʚʷʟʘʥʘ, ʠ ʢʦʛʜʘ 

ʩʣʘʙʳʝ ʚʘʨʠʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʦʜʥʦʡ 

ʯʘʩʪʠ ʠ ʢʫʤʤʫʣʠʨʫʶʪʩʷ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʪʙʦʨʘ, 

ʜʨʫʛʠʝ ʯʘʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ. é 

ʄʦʜʠʬʠʢʘʮʠʠ ʚ ʩʪʨʦʝʥʠʠ, ʧʨʠʟʥʘʚʘʝʤʳʝ ʩʠʩʪʝʤʘʪʠ-

ʢʘʤʠ ʟʘ ʚʝʩʴʤʘ ʚʘʞʥʳʝ, ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʠʩʢʣʶʯʠ-

ʪʝʣʴʥʦ ʦʪ ʟʘʢʦʥʦʚ ʚʘʨʠʘʮʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ éè [2, ʩ. 

126-128].  

ʅʘʧʨʠʤʝʨ, ʬʠʪʦʮʝʥʦʟ [4] ʦʙʣʘʜʘʝʪ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʪʨʝʤʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʚʦ-

ʧʝʨʚʳʭ, ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʝʡ ʟʥʘʯʝʥʠʡ ʧʘʨʘ-

ʤʝʪʨʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʚʦ-ʚʪʦʨʳʭ, ʢʦʨ-

ʨʝʣʷʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʛʝʥʦʪʠʧʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʠʜʘ 
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ʨʘʩʪʝʥʠʷ; ʚ-ʪʨʝʪʴʠʭ, ʚʘʨʠʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʬʝʥʦ-

ʪʠʧʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʮʠʢʣʘʤʠ ʩʦʣʥʝʯ-

ʥʦʡ ʘʢʪʠʚʥʦʩʪʠ [11], ʚʨʘʱʝʥʠʝʤ ʃʫʥʳ ʚʦʢʨʫʛ 

ɿʝʤʣʠ ʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʚʦʢʨʫʛ ʩʝʙʷ [5].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʝʡ ʏ. 

ɼʘʨʚʠʥʘ, ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʩʫʱʝ-

ʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʥʘʯʘʣʴʥʦʤ ʚʦʟʨʘʩʪʝ ʧʦʚʣʝʢʫʪ 

ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʦʝʥʠʠ ʠ ʫ ʚʟʨʦʩʣʦʛʦ ʩʫʱʝ-

ʩʪʚʘ. çʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʣʦʚʝʢ, ʦʪʙʠʨʘʷ ʠ ʪʝʤ ʩʘʤʳʤ 

ʫʩʠʣʠʚʘʷ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʦʩʦʙʝʥʥʦʩʪʴ, ʧʦʯʪʠ, ʥʘʚʝʨ-

ʥʦʝ, ʥʝʫʤʳʰʣʝʥʥʦ ʤʦʜʠʬʠʮʠʨʫʝʪ ʠ ʜʨʫʛʠʝ ʯʘʩʪʠ ʦʨ-

ʛʘʥʠʟʤʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʘʠʥʩʪʚʝʥʥʳʭ ʟʘʢʦʥʦʚ ʢʦʨʨʝʣʷ-

ʮʠʠè [2, ʩ. 29]. ʃʶʙʘʷ ʥʝʥʘʩʣʝʜʩʪʚʝʥʥʘʷ ʚʘʨʠʘʮʠʷ ʜʣʷ 

ʥʘʩ ʥʝʩʫʱʝʩʪʚʝʥʥʘ. ʅʦ ʯʠʩʣʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘʩʣʝʜ-

ʩʪʚʝʥʥʳʭ ʫʢʣʦʥʝʥʠʡ ʚ ʩʪʨʦʝʥʠʠ, ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ, 

ʪʘʢ ʠ ʦʯʝʥʴ ʚʘʞʥʳʭ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ, 

ʙʝʩʢʦʥʝʯʥʦ.  

ɺʩʸ ʩʫʱʝʝ ï ʵʪʦ ʚʝʱʠ, ʩʚʦʡʩʪʚʘ ʠ ʦʪʥʦʰʝʥʠʷ 

[10], ʧʨʠʯʝʤ ʚ ʙʠʦʩʝ ʦʪʥʦʰʝʥʠʷ ʫʧʨʘʚʣʷʶʪ ʚʝʱʘʤʠ 

ʠ ʤʝʥʷʶʪ ʠʭ ʩʪʨʫʢʪʫʨʳ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʟʘʢʦʥʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʠ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʴʤʠ 

ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚʦ ʤʥʦʞʝʩʪʚʝ ʠʟ 22 ʧʨʦ-

ʜʫʢʪʘ.  

2. ʂʦʥʮʝʧʮʠʷ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ 
ʀʟʤʝʥʯʠʚʦʩʪʴ (ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ [2]) ʦʙʳʢʥʦ-

ʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʞʠʟʥʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʤ 

ʚʠʜ ʧʦʜʚʝʨʛʘʣʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʧʦʢʦʣʝʥʠʡ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʧʦ ɼʘʨʚʠʥʫ, 

ʠʤʝʶʪʩʷ ʜʚʘ ʬʘʢʪʦʨʘ: ʧʨʠʨʦʜʘ ʦʨʛʘʥʠʟʤʘ (ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʡ ʬʘʢʪʦʨ) ʠ ʩʚʦʡʩʪʚʘ ʜʝʡʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ 

[2, ʩ. 118].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʠʩʭʦʜʥʘʷ 

ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʪʠʧʠʟʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʷ ʥʘ ʙʠʦʪʝʭʥʠʯʝʩʢʠʝ çʟʘʚʠʩʠʤʦ-

ʩʪʠ ʤʘʩʪʝʨʩʪʚʘ ʞʠʟʥʠè ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʚʘʨʠʘʮʠʷ (ʤʥʦʞʝʩʪʚʦ ʫʢʣʦʥʝʥʠʡ ʦʪ ʢʦʨʨʝʣʷʮʠʠ ʧʦ 

ɼʘʨʚʠʥʫ) ʟʘʚʠʩʠʪ ʦʪ çʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘè, ʪ.ʝ. 

ʦʪ ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʩʚʦʡʩʪʚ ʧʦʯʚʳ [7] ʠ ʨʘʩʪʝ-

ʥʠʡ [5].  

ʇʦʯʚʘ ʧʦ ɺ.ɺ. ɼʦʢʫʯʘʝʚʫ [3] ʷʚʣʷʝʪʩʷ ʞʠʚʳʤ 

ʦʨʛʘʥʠʟʤʦʤ. ʇʦʵʪʦʤʫ ʧʨʠʥʮʠʧ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘ-

ʨʠʘʮʠʠ ʧʦ ɼʘʨʚʠʥʫ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʳʷʚʣʷʝʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ [7]. 

ɸʥʘʣʦʛʠʯʥʦ ʘʧʨʠʦʨʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʩ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ [1] ʧʦ ʠʟʤʝʨʝʥʠʶ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʚʳʩʦʢʦ ʢʦʨʨʝʣʷʪʠʚʥʳʤʠ.  

ʀʟ ʢʦʥʮʝʧʮʠʠ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʏ. ɼʘʨ-

ʚʠʥʘ, ʢʦʪʦʨʫʶ ʥʝ ʧʦʥʷʣʠ ʤʘʪʝʤʘʪʠʢʠ ʠ ʥʝ ʨʘʟʚʠʣʠ 

ʙʠʦʣʦʛʠ, ʯʝʪʢʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʩʪʘ 

ʦʙʠʪʘʥʠʷ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʠʣʴʥʝʝ ʜʨʫʛʠʝ ʩʦʯʝʪʘ-

ʥʠʷ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ (ɼʘʨʚʠʥ ʥʘʟʳʚʘʝʪ ʬʘʢʪʦʨʳ 

ʥʘʩʣʝʜʩʪʚʝʥʥʳʤʠ ʫʢʣʦʥʝʥʠʷʤʠ). ʇʦʵʪʦʤʫ ʩʣʘʙʳʝ 

ʬʘʢʪʦʨʥʳʝ ʩʚʷʟʠ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʠʣʴʥʝʝ ʜʣʷ ʠʥʳʭ 

ʩʦʯʝʪʘʥʠʡ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʠʪʦʛʝ ʧʦʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ [8, 12, 14, 15] (ʤʝʪʦʜ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ) ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʥʳʭ ʝʩʪʝʩʪʚʝʥ-

ʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ (ʪʝʭʥʠʯʝʩʢʠʭ) ʦʙʲʝʢʪʦʚ [9].  

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʫʯʠ-

ʪʳʚʘʝʪʩʷ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ, ʭʠ-

ʤʠʯʝʩʢʦʛʦ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ, ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʛʦ ʠ ʧʨ. ʆʥ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʦʙʱʝʡ ʩʫʤʤʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʢ ʢʚʘʜʨʘʪʫ ʦʪ ʢʦʣʠʯʝ-

ʩʪʚʘ ʬʘʢʪʦʨʦʚ ʜʣʷ ʧʦʣʥʦʡ ʪʘʙʣʠʯʥʦʡ ʤʦʜʝʣʠ (ʠʣʠ ʢ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ X  ʠ Y ).  

ɺʠʜ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʥʝ ʚʣʠʷʝʪ ʥʘ ʫʢʘʟʘʥ-

ʥʳʡ ʢʨʠʪʝʨʠʡ, ʘ ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʚʘʨʠʘʮʠʷ ʧʦʣʥʦ-

ʩʪʴʶ ʟʘʚʠʩʠʪ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʩʚʦʡʩʪʚ ʠʟʫʯʘʝʤʦʡ ʩʠ-

ʩʪʝʤʳ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ K  ʚʳ-

ʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ 

2/ NrK ää=  ʠʣʠ 

)/( yx NNrK Öää= ,  (1) 

ʛʜʝ K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘ-

ʮʠʠ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠʣʠ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʱʠʭ ʠʟʫʯʘʝʤʫʶ ʩʠʩʪʝʤʫ, 

rää  ï ʦʙʱʘʷ ʩʫʤʤʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝ-

ʣʷʮʠʠ ʧʦ ʩʪʨʦʢʘʤ ʠ ʩʪʦʣʙʮʘʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪ-

ʨʠʮʳ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ, 

N  ï ʢʦʣʠʯʝʩʪʚʦ ʫʯʠʪʳʚʘʝʤʳʭ ʬʘʢʪʦʨʦʚ ʩʠʤ-

ʤʝʪʨʠʯʥʦʡ ʪʘʙʣʠʮʳ, 

xN , yN  ï ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ ʧʦ ʦʩʷʤ ʢʦ-

ʦʨʜʠʥʘʪ x  ʠ y .  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʤʘʪʝʨʠʠ. ʅʘʧʨʠʤʝʨ, ʚʥʫʪʨʝʥ-

ʥʷʷ ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʚʘʨʠʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴ-

ʪʘʪʘʭ ʘʛʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʧʦʯʚʳ [7], ʪʘʢ 

ʢʘʢ ʚʩʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʨʝʥʳ ʥʘ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʙʝ.  

ʄʝʩʪʘ ʚʟʷʪʠʷ ʧʨʦʙ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʥʫʪʨʝʥʥʶʶ 

ʩʚʷʟʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʨʝʘʢʮʠʡ, ʪʦ ʝʩʪʴ 

ʥʘ ɿʝʤʣʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠ-

ʷʤʠ. ʊʘʢʘʷ ʦʙʱʥʦʩʪʴ ʥʘʟʳʚʘʝʪʩʷ ʵʢʦʩʠʩʪʝʤʥʦʡ [4] 

ʠʣʠ ʙʠʦʩʬʝʨʥʦʡ ʩʫʧʝʨʧʦʟʠʮʠʝʡ. 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʘʷ ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʚʘʨʠʘʮʠʷ ʙʦ-

ʣʝʝ 0.999 ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʤʥʦʞʝʩʪʚʘ ʛʝʥʦʚ [6, 9, 13]. 

ʅʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʥʦ ʙʦʣʝʝ 0.99, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘ-

ʟʘʥʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʪʘʢʘʷ ʚʘʨʠʘʮʠʷ ʩʫʱʝʩʪʚʫʝʪ ʫ 

ʛʨʫʧʧʳ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ.  

 

3. ʅʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʕʪʦ ʥʫʞʥʳʝ ʜʣʷ ʞʠʚʦʪʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʢʦ-

ʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʦʨʛʘʥʠʟʤʝ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ ʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʩ ʧʠ-

ʱʝʡ ʥʝʦʙʭʦʜʠʤʦ (ʪʘʙʣ. 1).  
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ʊʘʙʣʠʮʘ 1 

. ʉʦʜʝʨʞʘʥʠʝ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʧʨʦʜʫʢʪʘʭ [1] (ʛʨʘʤʤ ʥʘ 100 ʛʨʘʤʤ ʧʨʦʜʫʢʪʘ) 

 ̄

ʧ/ʧ 

ʇʨʦʜʫʢʪ ʃʝʡʮʠʥ ʀʟʦ-

ʣʝʡʮʠʥ 

ɻʠʩʪʠ-

ʜʠʥ 

ʊʠʨʦ-

ʟʠʥ 

ɻʣʠ-

ʮʠʥ 

ʃʠʟʠʥ ɺʘʣʠʥ ʄʝʪʠʦ-

ʥʠʥ 

ʌʝʥʠʣʘ-

ʣʘʥʠʥ 

1 ʄʦʣʦʢʦ ʞʝʥʩʢʦʝ 0.108 0.062 0.028 0.060 0.042 0.082 0.072 0.022 0.056 

2 ʄʦʣʦʢʦ ʢʦʨʦʚʴʝ 0.278 0.182 0.081 0.119 0.030 0.218 0.189 0.068 0.136 

3 ʂʝʬʠʨ 0.263 0.173 0.075 0.112 0.056 0.209 0.183 0.063 0.138 

4 ʊʚʦʨʦʛ 0.924 0.548 0.306 0.456 0.184 0.725 0.695 0.263 0.491 

5 ʗʡʮʦ ʢʫʨʠʥʦʝ 1.130 0.830 0.294 0.515 0.370 0.883 0.895 0.378 0.732 

6 ʄʷʩʦ ʛʦʚʷʞʴʝ 1.730 1.060 0.805 0.596 1.447 2.009 1.156 0.528 0.789 

7 ʄʷʩʦ ʢʫʨʠʥʦʝ 1.620 1.117 0.697 0.660 1.519 1.975 1.024 0.494 0.932 

8 ʇʝʯʝʥʴ ʛʦʚʷʞʴʷ 1.543 0.800 0.439 0.470 0.903 1.295 0.987 0.345 0.845 

9 ʊʨʝʩʢʘ 1.222 0.879 0.540 0.439 0.525 1.551 0.929 0.488 0.651 

10 ʂʨʫʧʘ ʨʠʩʦʚʘʷ 1.008 0.369 0.135 0.176 0.630 0.142 0.425 0.223 0.313 

11 ʂʨʫʧʘ ʤʘʥʥʘʷ 0.364 0.258 0.186 0.158 0.263 0.320 0.386 0.103 0.399 

12 ʂʨʫʧʘ ʛʨʝʯʥʝʚʘʷ 0.702 0.301 0.203 0.160 0.796 0.431 0.343 0.183 0.395 

13 ʂʨʫʧʘ ʦʚʩʷʥʘʷ 0.672 0.302 0.137 0.234 0.453 0.384 0.384 0.198 0.363 

14 ʂʨʫʧʘ ʧʰʝʥʥʘʷ 1.040 0.244 0.137 0.226 0.220 0.226 0.333 0.207 0.480 

15 ʂʨʫʧʘ ʧʝʨʣʦʚʘʷ 0.584 0.258 0.152 0.148 0.308 0.286 0.313 0.173 0.331 

16 ɻʦʨʦʭ 1.204 0.780 0.395 0.227 0.48 0.984 0.804 0.160 0.763 

17 ʄʫʢʘ ʧʰʝʥʠʯʥʘʷ 0.567 0.290 0.096 0.149 0.149 0.120 0.387 0.108 0.322 

18 ʄʘʢʘʨʦʥ. ʠʟʜʝʣʠʷ 0.690 0.380 0.133 0.253 0.215 0.139 0.412 0.120 0.488 

19 ʍʣʝʙ ʨʞʘʥʦʡ 0.275 0.146 0.118 0.293 0.217 0.132 0.062 0.062 0.278 

20 ʍʣʝʙ ʧʰʝʥʠʯʥʳʡ 0.550 0.250 0.106 0.162 0.264 0.103 0.286 0.088 0.330 

21 ʇʝʯʝʥʴʝ 0.357 0.171 0.247 0.088 0.172 0.080 0.054 0.054 0.334 

22 ɻʨʠʙʳ ʰʠʠʪʘʢʠ 7.000 4.400 1.800 3.500 - 3.500 5.200 1.800 5.300 

 

ʄʳ ʚʢʣʶʯʠʣʠ ʚ ʩʧʠʩʦʢ ʧʨʦʜʫʢʪ ˉ22 çɻʨʠʙʳ 

ʰʠʠʪʘʢʠè. 

 

4. ʈʝʡʪʠʥʛ ʚʣʠʷʶʱʠʭ ʠ ʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʪʠʚ-

ʥʦʡ ʚʘʨʠʘʮʠʠ ʜʝʚʷʪʠ ʘʤʠʥʦʢʠʩʣʦʪ ʩʨʝʜʠ 22 ʚʠʜʦʚ 

ʧʨʦʜʫʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ 

[9].  

ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ʦʜʥʦʡ ʢʣʝʪʢʝ ʪʘʙʣʠʮʳ 1 ʚ 

ʩʪʨʦʢʝ çɻʨʠʙʳ ʰʠʠʪʘʢʠè ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʛʣʠʮʠʥʘ ʚʥʘʯʘʣʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʬʘʢʪʦʨ-

ʥʳʡ ʘʥʘʣʠʟ [9, ʩ. 82-83, ʪʘʙʣ. 3.30] ʧʦ ʜʝʚʷʪʠ ʬʘʢʪʦ-

ʨʘʤ ʠ 21 ʧʨʦʜʫʢʪʫ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ 

ʚʘʨʠʘʮʠʠ ʙʳʣ ʨʘʚʝʥ 0.9985.  

ɺʩʝ ʙʠʥʘʨʥʳʝ 92ï 9 = 72 ʦʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʟʘʢʦʥʦʤ  
baxy= . 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʘ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪ-

ʨʠʮʘ ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʠ ʨʝʡʪʠʥʛ ʚʦʩʴʤʠ ʬʘʢʪʦʨʦʚ 

ʙʝʟ ʫʯʝʪʘ ʛʣʠʮʠʥʘ ʜʣʷ 22 ʧʨʦʜʫʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʪʘʙ-

ʣʠʮʳ 1.  

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʨʘʚʝʥ 

0.9727, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 0.9985. ɺ ʜʘʣʴʥʝʡ-

ʰʝʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʢʨʦʤʝ ʧʦʢʘʟʘʪʝʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʯʠʪʳʚʘʝʪʩʷ ʙʠʦʪʝʭʥʠʯʝʩʢʠʡ ʟʘʢʦʥ 

[5-9, 12-15] ʩʪʨʝʩʩʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʘ 2. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟ ʛʣʠʮʠʥʘ ʠ ʨʝʡʪʠʥʛ ʬʘʢʪʦʨʦʚ ʧʨʠ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʟʘʢʦʥʦʤ 

ɺʣʠʷʶʱʠʝ 

ʬʘʢʪʦʨʳ 

(ʧʘʨʘ-

ʤʝʪʨʳ x ) 

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

ʉʫʤʤʘ 

rS  

ʄʝ-

ʩʪʦ 

xI  
ʣʝʡ-

ʮʠʥ 

ʠʟʦʣʝʡ-

ʮʠʥ 

ʛʠʩʪʠ-

ʜʠʥ 

ʪʠʨʦ-

ʟʠʥ 

ʣʠ-

ʟʠʥ 

ʚʘ-

ʣʠʥ 

ʤʝʪʠ

-

ʦʥʠʥ 

ʬʝʥʠʣ-

ʘʣʘʥʠʥ 

ʃʝʡʮʠʥ 1 0.9910 0.9550 0.9907 0.8927 0.9937 0.9842 0.9940 7.8013 4 

ʀʟʦʣʝʡʮʠʥ 0.9896 1 0.9738 0.9918 0.9306 0.9972 0.9871 0.9909 7.8610 1 

ɻʠʩʪʠʜʠʥ 0.9603 0.9791 1 0.9725 0.9692 0.9716 0.9722 0.9630 7.7879 5 

ʊʠʨʦʟʠʥ 0.9838 0.9878 0.9484 1 0.8863 0.9889 0.9822 0.9910 7.7684 6 

ʃʠʟʠʥ 0.9163 0.9518 0.9726 0.9575 1 0.9448 0.9449 0.9387 7.6266 8 

ɺʘʣʠʥ 0.9918 0.9969 0.9597 0.9922 0.9145 1 0.9860 0.9924 7.8335 2 

ʄʝʪʠʦʥʠʥ 0.9840 0.9888 0.9668 0.9898 0.9298 0.9888 1 0.9797 7.8277 3 

ʌʝʥʠʣʘʣʘ-

ʥʠʥ 
0.9910 0.9884 0.9446 0.9921 0.8664 0.9907 0.9708 1 

7.7440 
7 

ʉʫʤʤʘ rS  7.8168 7.8838 7.7209 7.8866 7.3895 7.8757 7.8274 7.8497 62.2504 - 

ʄʝʩʪʦ yI  6 2 7 1 8 3 5 4 - 0.9727
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ʊʘʙʣʠʮʘ 3. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟ ʛʣʠʮʠʥʘ ʠ ʨʝʡʪʠʥʛ ʬʘʢʪʦʨʦʚ ʧʨʠ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʠ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʠ ʙʠʦʪʝʭʥʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

ɺʣʠʷʶʱʠʝ  

ʬʘʢʪʦʨʳ  

(ʧʘʨʘ-

ʤʝʪʨʳ x )  

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

ʉʫʤʤ

ʘ rS  

ʄʝ-

ʩʪʦ 

xI  
ʣʝʡ-

ʮʠʥ 

ʠʟʦʣʝʡ-

ʮʠʥ 

ʛʠʩʪʠ-

ʜʠʥ 

ʪʠʨʦ-

ʟʠʥ 

ʣʠ-

ʟʠʥ 

ʚʘ-

ʣʠʥ 

ʤʝʪʠ

-

ʦʥʠʥ 

ʬʝʥʠʣʘʣʘ-

ʥʠʥ 

ʃʝʡʮʠʥ 1 0.9929 0.9757 0.9926 0.9549 0.9940 0.9857 0.9967 7.8925 6 

ʀʟʦʣʝʡʮʠʥ 0.9936 1 0.9843 0.9946 0.9834 0.9986 0.9887 0.9972 7.9404 2 

ɻʠʩʪʠʜʠʥ 0.9869 0.9923 1 0.9918 0.9903 0.9903 0.9921 0.9960 7.9397 3 

ʊʠʨʦʟʠʥ 0.9844 0.9889 0.9665 1 0.9533 0.9889 0.9856 0.9938 7.8614 8 

ʃʠʟʠʥ 0.9887 0.9947 0.9925 0.9935 1 0.9945 0.9873 0.9941 7.9453 1 

ɺʘʣʠʥ 0.9935 0.9981 0.9817 0.9947 0.9849 1 0.9885 0.9961 7.9375 4 

ʄʝʪʠʦʥʠʥ 0.9922 0.9906 0.9797 0.9945 0.9710 0.9923 1 0.9929 7.9132 5 

ʌʝʥʠʣʘʣʘ-

ʥʠʥ 
0.9920 0.9943 0.9672 0.9925 0.9548 0.9932 0.9750 1 7.8690 7 

ʉʫʤʤʘ rS  7.9313 7.9518 7.8476 7.9542 7.7926 7.9519 7.9029 7.9668 63.2991 - 

ʄʝʩʪʦ yI  5 4 7 2 8 3 6 1 - 0.9890
 

 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ 

0.9890 ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʩʨʝʜʠ ʚʣʠʷʶʱʠʭ ʧʝʨʝʤʝʥ-

ʥʳʭ ʦʢʘʟʘʣʩʷ ʣʠʟʠʥ, ʘ ʩʨʝʜʠ ʧʦʢʘʟʘʪʝʣʝʡ ï ʬʝʥʠʣ-

ʘʣʘʥʠʥ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʨʨʝʣʷʪʠʚʥʘʷ ʚʘʨʠʘʮʠʷ ʦʯʝʥʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʩʦʩʪʘʚʫ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʧʨʦʜʫʢʪʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʭ. ʕʪʦʪ ʬʘʢʪ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʟʚʦʣʠʪ 

ʚʳʷʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʩʦʩʪʘʚʳ, ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢ-

ʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʨʘʟʥʳʭ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ.  

 

5. ɿʘʢʦʥ ʩʚʷʟʠ ʤʝʞʜʫ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ 
ʆʥ ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 

)exp( 642

531

aaa xaxaxay -°= , (2) 

ʛʜʝ y  ï ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʧʨʦʜʫʢʪʝ 

ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ (ʛ ʥʘ 100 ʛ ʧʨʦʜʫʢʪʘ), x  ï ʩʦʜʝʨʞʘ-

ʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʧʨʦʜʫʢʪʝ ʢʘʢ ʚʣʠʷʶʱʘʷ ʧʝʨʝ-

ʤʝʥʥʘʷ (ʛ ʥʘ 100 ʛ ʧʨʦʜʫʢʪʘ), 61...aa  ï ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ (2), ʧʨʠʥʠʤʘʶʱʠʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ 

ʭʦʜʝ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ CurveExpert-1.40 (URL: 

http://www.curveexpert.net/). 

ʌʦʨʤʫʣʘ (2) ʧʦʢʘʟʳʚʘʝʪ ʪʨʠ ʪʠʧʘ ʩʪʨʝʩʩʦʚʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʧʨʠ ʚʣʠʷʥʠʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ: ʧʦʟʠʪʠʚʥʳʡ, ʥʝʡʪʨʘʣʴʥʳʡ ʠ ʥʝʛʘʪʠʚʥʳʡ.  

 ʅʝʡʪʨʘʣʴʥʳʡ ʪʠʧ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʙʝʟ ʛʨʠ-

ʙʦʚ ʰʠʠʪʘʢʠ, ʪʦ ʝʩʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ʘʤʠʥʦʢʠʩʣʦʪ ʦʪ 0 ʜʦ 2 (ʤʘʢʩʠʤʫʤ 2.009 ʜʣʷ ʤʷʩʘ ʛʦ-

ʚʷʞʴʝʛʦ). 

ˉ 

ʧ/ʧ 
ʇʨʦʜʫʢʪ ʃʝʡʮʠʥ 

ʀʟʦʣʝʡ-

ʮʠʥ 
ɻʠʩʪʠʜʠʥ ʊʠʨʦʟʠʥ ɻʣʠʮʠʥ ʃʠʟʠʥ ɺʘʣʠʥ 

ʄʝʪʠʦ-

ʥʠʥ 

ʌʝʥʠʣʘ-

ʣʘʥʠʥ 

6 
ʄʷʩʦ ʛʦʚʷ-

ʞʴʝ 
1.730 1.060 0.805 0.596 1.447 2.009 1.156 0.528 0.789 

7 
ʄʷʩʦ ʢʫ-

ʨʠʥʦʝ 
1.620 1.117 0.697 0.660 1.519 1.975 1.024 0.494 0.932 

ʄʘʢʩʠʤʫʤʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʚʷʪʠ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʙʝʟ ʛʨʠʙʦʚ ʰʠʠʪʘʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʚʫʭ ʧʨʦʜʫʢʪʦʚ 

ï ʤʷʩʝ ʛʦʚʷʞʴʝʤ ʠ ʤʷʩʝ ʢʫʨʠʥʦʤ. ɺ ʠʥʪʝʨʚʘʣʝ ʩʦ-

ʜʝʨʞʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʦʪ 2 ʜʦ 7 ʚ ʪʘʙʣʠʮʝ 1 ʦʪʩʫʪ-

ʩʪʚʫʶʪ ʚʠʜʳ ʧʨʦʜʫʢʪʦʚ (ʢʨʦʤʝ ʛʨʠʙʦʚ). ʇʦʵʪʦʤʫ 

ʥʫʞʥʦ ʜʦʧʦʣʥʠʪʴ ʩʧʠʩʦʢ ʠ ʪʘʙʣʠʮʳ 1 ʥʦʚʳʤʠ ʧʨʦ-

ʜʫʢʪʘʤʠ.  

ɺ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0 ʜʦ 7 ʧʦʷʚʣʷ-

ʶʪʩʷ ʜʚʘ ʚʠʜʘ ʧʦʚʝʜʝʥʠʷ: 

ï ʧʦʟʠʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʟʥʘʢʝ ʧʝʨʝʜ ʚʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʦʨʤʫʣʳ (2), ʢʦ-

ʛʜʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʣʠʷʶʱʝʡ ʘʤʠʥʦ-

ʢʠʩʣʦʪʳ ʩʦʜʝʨʞʘʥʠʝ ʟʘʚʠʩʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʥʘʨʘʩʪʘʝʪ ʧʦ ʙʠʦʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ ʩʪʨʝʩʩʦʚʦʛʦ 

ʚʦʟʙʫʞʜʝʥʠʷ; 

ï ʥʝʛʘʪʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ 

ʟʥʘʢʝ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʟʘʚʠʩʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʪʦʨʤʦʟʠʪʩʷ ʦʪ ʜʝʡʩʪʚʠʷ ʚʠʣʷʶʱʝʡ ʘʤʠʥʦʢʠʩʣʦʪʳ.  

 ʕʪʠ ʜʚʘ ʪʠʧʘ ʜʘʶʪ ʦʧʪʠʤʫʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ. 

 

6. ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ 
ʀʟ ʪʘʙʣʠʮʳ 2 ʚʳʙʝʨʝʤ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʥʝ ʤʝʥʴʰʝ 0.99 

(ʪʘʙʣ. 4).  

  

http://www.curveexpert.net/
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ʊʘʙʣʠʮʘ 4. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʚʝʨʭʩʠʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʟʘʢʦʥʦʤ ʧʨʠ ʫʨʦʚʥʝ 

ʘʜʝʢʚʘʪʥʦʩʪʠ 99,0²r  

ɺʣʠʷʶʱʠʝ ʬʘʢ-

ʪʦʨʳ (ʧʘʨʘʤʝʪʨʳ 

x ) 

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

ʣʝʡʮʠʥ ʠʟʦʣʝʡʮʠʥ ʪʠʨʦʟʠʥ ʚʘʣʠʥ ʬʝʥʠʣʘʣʘʥʠʥ 

ʃʝʡʮʠʥ  0.9910 0.9907 0.9937 0.9940 

ʀʟʦʣʝʡʮʠʥ   0.9918 0.9972 0.9909 

ʊʠʨʦʟʠʥ     0.9910 

ɺʘʣʠʥ 0.9918 0.9969 0.9922  0.9924 

ʌʝʥʠʣʘʣʘʥʠʥ 0.9910  0.9921 0.9907  

 

ʅʝʡʪʨʘʣʴʥʳʡ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʧʦ-

ʣʫʯʘʝʪ ʚʩʝʛʦ 15 ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʥʘ ʫʨʦʚʥʝ ʩʚʝʨʭ-

ʩʠʣʴʥʦʡ ʘʜʝʢʚʘʪʥʦʩʪʠ (ʠʣʠ 100³15 / 72 = 20.83%).  

ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʫʧʠʤ ʠ ʩ ʜʘʥʥʳʤʠ ʪʘʙʣʠʮʳ 3 

(ʪʘʙʣ. 5). 

ɺ ʪʘʙʣʠʮʝ 5 ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦʩʴ ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʚʝʨʭʩʠʣʴʥʳʭ ʩʚʷʟʝʡ, ʠʭ ʩʪʘʣʦ 33 ʠʣʠ 45.83%. 

ʄʘʪʨʠʮʘ ʦʩʪʘʣʘʩʴ ʧʦʣʥʦʡ ï ʧʦ ʚʦʩʝʤʴ ʩʪʨʦʢ ʠ 

ʩʪʦʣʙʮʦʚ.  

 

ʊʘʙʣʠʮʘ 5. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʚʝʨʭʩʠʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ  ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʠ ʙʠʦʪʝʭʥʠʯʝʩʢʠʤ 

ʟʘʢʦʥʦʤ ʧʨʠ ʫʨʦʚʥʝ ʢʦʨʨʝʣʷʮʠʠ 99,0²r  

ɺʣʠʷʶʱʠʝ 

ʬʘʢʪʦʨʳ 

(ʧʘʨʘʤʝʪʨʳ 

x ) 

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

ʣʝʡʮʠʥ ʠʟʦʣʝʡʮʠʥ ʛʠʩʪʠʜʠʥ ʪʠʨʦʟʠʥ ʣʠʟʠʥ ʚʘʣʠʥ 
ʤʝʪʠ-

ʦʥʠʥ 

ʬʝʥʠʣʘ- 

ʣʘʥʠʥ 

ʃʝʡʮʠʥ  0.9929  0.9926  0.9940  0.9967 

ʀʟʦʣʝʡʮʠʥ 0.9936   0.9946  0.9986  0.9972 

ɻʠʩʪʠʜʠʥ  0.9923  0.9918 0.9903 0.9903 0.9921 0.9960 

ʊʠʨʦʟʠʥ        0.9938 

ʃʠʟʠʥ  0.9947 0.9925 0.9935  0.9945  0.9941 

ɺʘʣʠʥ 0.9935 0.9981  0.9947    0.9961 

ʄʝʪʠʦʥʠʥ 0.9922 0.9906  0.9945  0.9923  0.9929 

ʌʝʥʠʣʘʣʘ-

ʥʠʥ 
0.9920 0.9943  0.9925  0.9932   

ʆʜʥʘʢʦ ʧʦʚʝʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʪʨʝʥʜʫ (2) ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʝʡ [6, 7, 13, 15]. ʏʪʦʙʳ ʠʜʝʥʪʠʬʠ-

ʮʠʨʦʚʘʪʴ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʳ ʦʪ ʧʦʚʝʜʝʥʠʷ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʧʨʠ ʚʟʘʠʤʥʦʤ ʚʣʠʷʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʪʘʙʣʠʮʫ 1 ʪʘʢʞʝ ʟʘʤʝʥʠ-

ʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ.  

ʆʩʦʙʝʥʥʦ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʠʜʳ 

ʧʨʦʜʫʢʪʦʚ, ʜʘʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʪ 2 ʜʦ 7.  

 

 

 

7. ɻʨʘʬʠʢʠ ʙʠʥʘʨʥʳʭ ʩʚʷʟʝʡ 

ɺʣʠʷʥʠʝ ʢʘʞʜʦʡ ʥʝʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʨʫʛʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʦʢʘʟʘʥʦ ʯʝ-

ʪʳʨʴʤʷ ʛʨʘʬʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʥʘ ʨʠʩʫʥʢʘʭ ʨʘʩʩʪʘʚ-

ʣʝʥʳ ʧʦ ʫʙʳʚʘʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ. ʀʟ 

72 ʛʨʘʬʠʢʦʚ ʚ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʦ ʚʩʝʛʦ 32 ʛʨʘʬʠʢʘ 

(ʨʠʩ. 1-8). ʆʥʠ ʜʘʶʪ ʥʘʛʣʷʜʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʘ-

ʨʠʘʮʠʷʭ ʬʦʨʤʫʣʳ (2). ʇʨʠ ʵʪʦʤ ʚʪʦʨʘʷ ʩʦʩʪʘʚʣʷʶ-

ʱʘʷ ʦʙʱʝʡ ʤʦʜʝʣʠ (2) ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʥʳʡ ʫʨʦʚʝʥʴ 

ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʠ (ʧʦʟʠʪʠʚʥʳʡ ʠʣʠ ʥʝʛʘʪʠʚʥʳʡ) 

ʟʘʚʠʩʠʤʦʡ ʦʪ ʚʣʠʷʶʱʝʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʫ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʠ.  

 

 

 

 
1) ʚʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9967 2) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʘʣʠʥʘ 0.9940 
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3) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 0.9929 4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9926 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʣʝʡʮʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ (ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ: S  - 

ʜʠʩʧʝʨʩʠʷ; r  - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ) 

  
1) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʘʣʠʥʘ 0.9986 2) ʚʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9972 

  
3) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9946 4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʝʡʮʠʥʘ 0.9936 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʠʟʦʣʝʡʮʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  

ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʟʠʪʠʚʥʳʡ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʥʝʟʘ-

ʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʧʦʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʚʳʧʫʢʣʘʷ 

ʢʨʠʚʘʷ, ʘ ʥʝʛʘʪʠʚʥʳʡ ʪʠʧ ʧʦʚʝʜʝʥʠʷ ï ʢʘʢ ʚʦʛʥʫʪʘʷ 

ʢʨʠʚʘʷ. ʇʦ ʚʣʠʷʥʠʶ ʛʠʩʪʠʜʠʥʘ ʠ ʤʝʪʠʦʥʠʥʘ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ-

ʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʪʠʧʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 3, ʥʝʡʪʨʘʣʴʥʳʡ 

ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʦʪ 0 ʜʦ 0.5.   

  
1) ʚʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9960 2) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 0.9923 

  
3) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʝʪʠʦʥʠʥʘ 0.9921 4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9918 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʛʠʩʪʠʜʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  
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1) ʚʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9938 2) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 0.9889 

  
3) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʘʣʠʥʘ 0.9889  4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʝʪʠʦʥʠʥʘ 0.9856 

ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʪʠʨʦʟʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  

 

ɺʳʧʫʢʣʦʩʪʴ ʠʣʠ ʚʦʛʥʫʪʦʩʪʴ ʛʨʘʬʠʢʘ ʠʤʝʝʪ 

ʨʘʟʥʫʶ ʜʣʠʥʫ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʦʧʦʣ-

ʥʝʥʠʝ ʩʧʠʩʢʘ ʠʟ ʪʘʙʣʠʮʳ 1 ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʨʦ-

ʜʫʢʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʤʠʥʦʢʠʩʣʦʪʳ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 7, ʧʦʟʚʦʣʠʪ ʫʪʦʯʥʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʤʦʜʝʣʠ (2) ʠ ʜʦʧʦʣʥʠʪʴ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʝʡ.  

ʆʜʥʘʢʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʭʘʨʘʢʪʝʨ (ʢʦʥ-

ʩʪʨʫʢʮʠʷ) (2) ʦʪ ʨʘʩʰʠʨʝʥʠʷ ʩʧʠʩʢʘ ʧʨʦʜʫʢʪʦʚ ʥʝ 

ʠʟʤʝʥʠʪʩʷ.  

  
1) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 0.9947 2) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʘʣʠʥʘ 0.9945 

  
3) ʚʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9941 4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9935 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʣʠʟʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  

 

ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʣʠʟʠʥʘ ʥʘ ʜʨʫʛʠʝ ʘʤʠʥʦʢʠʩ-

ʣʦʪʳ ʠʤʝʶʪ ʚʦʛʥʫʪʳʡ ʚʠʜ, ʯʪʦ ʦʪʥʦʩʠʪ ʠʭ ʢ ʥʝʛʘ-

ʪʠʚʥʦʤʫ ʚʣʠʷʥʠʶ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʫʪʦʡ 

ʭʘʨʘʢʪʝʨ ʧʦʜʲʝʤʘ ʢʨʠʚʳʭ, ʧʨʠʯʝʤ ʙʦʣʝʝ ʧʷʪʠ ʨʘʟ 

ʧʦʩʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʟʠʥʘ 2.5-2.8.  
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ɺʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 0.9981 ɺʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9961 

  
ɺʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9947 ɺʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʝʡʮʠʥʘ 0.9935 

ʈʠʩʫʥʦʢ 6. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʚʘʣʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  

 

  
1) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9945 2) ʚʣʠʷʥʠʝ ʥʘ ʬʝʥʠʣʘʣʘʥʠʥ 0.9929 

  
3) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʘʣʠʥʘ 0.9923 4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʝʡʮʠʥʘ 0.9922 

ʈʠʩʫʥʦʢ 7. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʤʝʪʠʦʥʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  

 

ʅʘ ʨʠʩʫʥʢʝ 7 ʭʦʨʦʰʦ ʚʠʜʥʦ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥ-

ʥʦʝ ʚʣʠʷʥʠʝ ʤʝʪʠʦʥʠʥʘ ʥʘ ʜʨʫʛʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʧʦ 

ʨʘʟʥʦʡ ʜʣʠʥʝ ʚʦʛʥʫʪʦʡ ʠʣʠ ʚʳʧʫʢʣʦʡ ʯʘʩʪʠ.  

  
1) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 0.9943 2) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʘʣʠʥʘ 0.9932 

S = 0.06087285

r = 0.99814599

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.8 4.8 5.70.01

0.81

1.62

2.42

3.22

4.03

4.83

S = 0.10408595

r = 0.99608997

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.8 4.8 5.70.01

0.98

1.95

2.91

3.88

4.85

5.82

S = 0.08104695

r = 0.99470708

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.8 4.8 5.70.01

0.65

1.29

1.92

2.56

3.20

3.84

S = 0.17731512

r = 0.99349770

X Axis (units)
Y

 A
x

is
 (

u
n

it
s

)
0.0 1.0 1.9 2.9 3.8 4.8 5.70.01

1.29

2.57

3.85

5.13

6.41

7.69

S = 0.08490342

r = 0.99453259

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 0.3 0.7 1.0 1.3 1.6 2.00.01

0.65

1.29

1.92

2.56

3.20

3.84

S = 0.14473265

r = 0.99287310

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 0.3 0.7 1.0 1.3 1.6 2.00.01

0.98

1.95

2.91

3.88

4.85

5.82

S = 0.14991235

r = 0.99233017

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 0.3 0.7 1.0 1.3 1.6 2.00.01

0.96

1.91

2.86

3.81

4.76

5.71

S = 0.19425647

r = 0.99219072

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 0.3 0.7 1.0 1.3 1.6 2.00.01

1.29

2.57

3.85

5.13

6.41

7.69

S = 0.10624362

r = 0.99434155

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.9 4.9 5.80.01

0.81

1.62

2.42

3.22

4.03

4.83

S = 0.13727079

r = 0.99317012

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.9 4.9 5.80.01

0.96

1.91

2.86

3.81

4.76

5.71



20 American Scientific Journal ˉ (23) / 2018 

  
3) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʠʨʦʟʠʥʘ 0.9925 4) ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʝʡʮʠʥʘ 0.9920 

ʈʠʩʫʥʦʢ 8. ɻʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ ʜʨʫʛʠʝ ʥʝʟʘʤʝʥʠʤʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ  

 

ʅʘʧʨʠʤʝʨ, ʧʦʟʠʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʢʦʨʦʪʢʦʤ 

ʦʪʨʝʟʢʝ ʘʙʩʮʠʩʩ ʦʪ 0.3 ʜʦ 1.3. ʅʦ ʚʣʠʷʥʠʝ ʬʝʥʠʣʘʣʘ-

ʥʠʥʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʝʡʮʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʦʩʠ ʘʙʩʮʠʩʩ. 

 

 

8. ʇʘʨʘʤʝʪʨʳ ʜʚʫʭʯʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ (2) ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ 6. ʧʨʠ 

ʟʘʧʠʩʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʟʠʪʠʚʥʘʷ ʬʦʨʤʘ ʫʨʘʚʥʝʥʠʷ 

(2). ʊʦʛʜʘ ʥʝʛʘʪʠʚʥʳʡ ʪʠʧ ʣʝʛʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʟʥʘʢʫ ʧʝʨʝʜ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʠ 

3a . 

ʊʘʙʣʠʮʘ 6. 

 ʇʘʨʘʤʝʪʨʳ ʟʘʢʦʥʦʚ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ  

ɺʣʠʷʶʱʘʷ  

ʧʝʨʝʤʝʥʥʘʷ 

ɿʘʚʠʩʠʤʳʡ  

ʧʦʢʘʟʘʪʝʣʴ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ )exp( 642

531

aaa xaxaxay -+=  

1a  2a  3a  4a  5a  6a  

ʃɽʁʎʀʅ 

ʀɿʆʃɽʁʎʀʅ 
0.62905 

 
0.99985 

-

6.22460ʝ8 
18.71644 22.22097 1 

ɻʀʉʊʀɼʀʅ 0.46897 0.69905 -203.9818 5.54825 6.84333 1 

ʊʀʈʆɿʀʅ 0.31097 1.24392 1581527.7 6.39206 30.05027 1 

ʃʀɿʀʅ 1.76396 0.36696 -10.59470 1.39906 2.30544 1 

ɺɸʃʀʅ 0.64740 1.07056 
-

2.25214ʝ9 
20.99985 24.13061 1 

ʄɽʊʀʆʅʀʅ 0.48396 0.67505 -0.29303 0.55052 0.23317 1.99910 

ʌɽʅʀʃɸʃɸʅʀʅ 0.49792 1.21483 9595683.7 9.34738 22.79351 1 

ʀɿʆʃɽʁʎʀʅ 

ʃɽʁʎʀʅ 1.52478 1.02860 9999.058 5.12916 14.70289 1 

ɻʀʉʊʀɼʀʅ 0.72596 0.61893 -14.41016 2.32975 4.77636 1 

ʊʀʈʆɿʀʅ 0.53135 1.27240 0.28389 0.53468 2.90970 0.96123 

ʃʀɿʀʅ 0.38710 0.49498 1180.425 5.57652 6.79209 0.50461 

ɺɸʃʀʅ 0.45360 1.64113 110.61568 2.64866 5.26502 0.54772 

ʄɽʊʀʆʅʀʅ 0.47411 0.90274 
-

5.01711ʝ9 
17.79059 26.41250 1 

ʌɽʅʀʃɸʃɸʅʀʅ 1.82668 1.01048 -1.62256 1.77226 0.47849 0.98417 

ɻʀʉʊʀɼʀʅ 

ʃɽʁʎʀʅ 27.41879 0.87946 -25.49275 0.90894 0.0024500 6.46573 

ʀɿʆʃɽʁʎʀʅ 2.37692 1.13214 -1461.648 7.62827 7.35461 1 

ʊʀʈʆɿʀʅ 13.24185 0.71994 -12.51376 0.72283 0.0021289 7.06274 

ʃʀɿʀʅ 1.84717 1.08523 18030.334 6.91718 11.01985 1 

ɺɸʃʀʅ 2.68511 1.12890 -196399.8 10.54932 12.37680 1 

ʄɽʊʀʆʅʀʅ 3.80692 1.14221 -3.87156 1.34613 0.22711 1.01776 

ʌɽʅʀʃɸʃɸʅʀʅ 9.10329 1.11668 -8.35584 1.28670 0.0058888 7.06020 

ʊʀʈʆɿʀʅ 

ʃɽʁʎʀʅ 2.59556 0.79268 -3.75738 2.23306 2.86196 1 

ʀɿʆʃɽʁʎʀʅ 1.12082 0.78105 501.15485 5.56113 6.29215 0.56901 

ɻʀʉʊʀɼʀʅ 0.27432 0.36988 10.20796 3.95035 1.99234 0.99868 

ʃʀɿʀʅ 1.19035 0.86085 33729.083 8.35215 0.24870 1 

ɺɸʃʀʅ 1.51279 0.98152 0.43938 1.04759 1.13609 1 

ʄɽʊʀʆʅʀʅ 0.59313 0.88555 6.42624ʝ8 15.23516 24.55075 1 

ʌɽʅʀʃɸʃɸʅʀʅ 1.76155 0.87936 
-
954.86339 

5.43980 8.87500 1 

ʃʀɿʀʅ 

ʃɽʁʎʀʅ 0.00075787 7.01566 1.14549 0.45402 0 0 

ʀɿʆʃɽʁʎʀʅ 1.36349ʝ-5 9.78172 -0.70109 0.62975 0.00085077 1 

ɻʀʉʊʀɼʀʅ 10.01954 0.35029 -9.79594 0.35070 0.012317 1.67629 

ʊʀʈʆɿʀʅ 0.0015120 6.01054 0.38061 0.46654 0 0 

ɺɸʃʀʅ 43.74284 1.05348 -42.92471 1.06386 2.82820ʝ-6 7.29991 

ʄɽʊʀʆʅʀʅ 0.0023803 4.95210 0.30405 0.56965 0 0 

S = 0.09953516

r = 0.99247803

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.9 4.9 5.80.01

0.65

1.29

1.92

2.56

3.20

3.84

S = 0.19672723

r = 0.99198999

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 1.0 1.9 2.9 3.9 4.9 5.80.01

1.29

2.57

3.85

5.13

6.41

7.69
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ɺʣʠʷʶʱʘʷ  

ʧʝʨʝʤʝʥʥʘʷ 

ɿʘʚʠʩʠʤʳʡ  

ʧʦʢʘʟʘʪʝʣʴ 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ )exp( 642

531

aaa xaxaxay -+=  

1a  2a  3a  4a  5a  6a  

ʌɽʅʀʃɸʃɸʅʀʅ 6.48222ʝ-6 10.79484 0.67506 0.45753 0.0070620 3.91832 

ɺɸʃʀʅ 

ʃɽʁʎʀʅ 1.68957 0.86202 -117442.4 10.37155 13.19709 1 

ʀɿʆʃɽʁʎʀʅ 8.89512 0.31783 -3.15020 0.37852 0.47580 1 

ɻʀʉʊʀɼʀʅ 0.39220 0.92312 1.52857ʝ9 30.20624 22.94088 1 

ʊʀʈʆɿʀʅ 5.55544 0.19325 -5.74250 0.21851 0.13204 1 

ʃʀɿʀʅ 0.25082 0.32497 2549189.8 8.13192 14.52145 0.37751 

ʄɽʊʀʆʅʀʅ 0.28301 0.65777 0.80760 5.65024 1.75757 1 

ʌɽʅʀʃɸʃɸʅʀʅ 24.03443 0.29124 -23.90412 0.29549 0.028464 1 

ʄɽʊʀʆʅʀʅ 

ʃɽʁʎʀʅ 4.09975 0.91089 -10326.19 6.26159 10.67398 1 

ʀɿʆʃɽʁʎʀʅ 2.73865 0.86374 -11.08877 1.73777 3.36038 0.78234 

ɻʀʉʊʀɼʀʅ 0.50538 0.54222 40603.795 10.31218 9.20729 1 

ʊʀʈʆɿʀʅ 8.66195 0.51160 -8.30592 0.51879 0.14181 1.36907 

ʃʀɿʀʅ 1.28140 0.76009 32657.836 6.21189 9.37323 0.63848 

ɺɸʃʀʅ 6.11986 1.09075 -4.51311 1.31031 0.036284 4.15755 

ʌɽʅʀʃɸʃɸʅʀʅ 11.68668 0.79065 -10.57130 0.82831 0.0067570 6.19146 

ʌɽʅʀʃɸʃɸʅʀʅ 

ʃɽʁʎʀʅ 0.49906 0.54080 1.69424 1.51814 0.24648 1 

ʀɿʆʃɽʁʎʀʅ 0.78238 1.03541 1492111.7 13.06361 15.57889 1 

ɻʀʉʊʀɼʀʅ 0.15533 0.44260 3.56380 3.23930 1.77093 0.75946 

ʊʀʈʆɿʀʅ 0.97692 0.76653 -4.16141 1.55679 2.59353 0.73740 

ʃʀɿʀʅ 0.56678 1.09143 630.15239 6.90628 6.09093 1 

ɺɸʃʀʅ 0.0046610 4.20571 7.63182 2.40205 1.91020 1 

ʄɽʊʀʆʅʀʅ 0.35060 0.98095 1886.0969 8.08271 9.83812 1 

 

ʊʦʛʜʘ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ (ʪʘʙʣ. 7) ʪʨʠ 

ʪʠʧʘ ʧʦʚʝʜʝʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ (ʢʦʜ: 1 

ï ʧʦʟʠʪʠʚʥʳʡ; 0 ï ʥʝʡʪʨʘʣʴʥʳʡ; -1 ï ʥʝʛʘʪʠʚʥʳʡ). 

ʊʘʙʣʠʮʘ 7. 

 ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ɺʣʠʷʶ-

ʱʠʝ  

ʬʘʢʪʦʨʳ  

(ʧʘʨʘ-

ʤʝʪʨʳ x )  

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

ʉʫʤʤʘ 

ʢʦʜʦʚ 

ʄʝ-

ʩʪʦ ʣʝʡ-

ʮʠʥ 

ʠʟʦʣʝʡ-

ʮʠʥ 

ʛʠʩʪʠ-

ʜʠʥ 

ʪʠʨʦ-

ʟʠʥ 

ʣʠ-

ʟʠʥ 

ʚʘ-

ʣʠʥ 

ʤʝʪʠ-

ʦʥʠʥ 

ʬʝʥʠʣ-

ʘʣʘʥʠʥ 

ʃʝʡʮʠʥ 0 -1 -1 1 -1 -1 -1 1 -3 5 

ʀʟʦʣʝʡ-

ʮʠʥ 
1 0 -1 1 1 1 -1 -1 

1 
3 

ɻʠʩʪʠʜʠʥ -1 -1 0 -1 1 -1 -1 -1 -5 6 

ʊʠʨʦʟʠʥ -1 1 1 0 1 1 1 -1 3 2 

ʃʠʟʠʥ 1 -1 -1 1 0 -1 1 1 1 3 

ɺʘʣʠʥ -1 -1 1 -1 1 0 1 -1 -1 4 

ʄʝʪʠʦ-

ʥʠʥ 
-1 -1 1 -1 1 -1 0 -1 

-3 
5 

ʌʝʥʠʣ-

ʘʣʘʥʠʥ 
1 1 1 -1 1 1 1 0 

5 
1 

ʉʫʤʤʘ 

ʢʦʜʦʚ -1 -3 1 -1 5 -1 1 -3 -2 
- 

ʄʝʩʪʦ  3 4 2 3 1 3 2 4 - - 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ 

ʘʤʠʥʦʢʠʩʣʦʪ ʦʙʱʘʷ ʩʫʤʤʘ ʢʦʜʦʚ ʙʫʜʝʪ ʧʨʠʙʣʠ-

ʞʘʪʴʩʷ ʢ ʥʫʣʶ. ʂʘʢ ʧʝʨʝʤʝʥʥʘʷ ʧʦ ʧʦʟʠʪʠʚʥʦʤʫ 

ʚʣʠʷʥʠʶ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ï ʬʝʥʠʣʘʣʘʥʠʥ, ʘ ʩʨʝʜʠ 

ʟʘʚʠʩʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʣʠʟʠʥ.  

9. ɼʦʙʨʦʪʥʦʩʪʴ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʡʪʠʥʛ 

ʧʨʦʜʫʢʪʦʚ 

ʊʘʙʣʠʯʥʘʷ ʤʦʜʝʣʴ ï ʵʪʦ ʜʦʙʨʦʪʥʘʷ ʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʦʣʥʘʷ ʪʘʙʣʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʫʩʪʦʡ-

ʯʠʚʳʭ ʟʘʢʦʥʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ɼʦʙʨʦʪʥʦʩʪʴ ʧʦ-

ʥʠʤʘʝʪʩʷ ʢʘʢ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʯʠʩʝʣ, ʧʝʨʚʠʯʥʦʩʪʴ ʧʦ-

ʢʘʟʘʪʝʣʝʡ (ʚ ʬʘʢʪʦʨʥʦʤ ʘʥʘʣʠʟʝ ʚʥʘʯʘʣʝ ʥʝ ʜʦʧʫʩ-

ʢʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʘʤʠ, 

ʧʘʨʘʤʝʪʨʳ), ʩʠʩʪʝʤʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦ ʫʯʠʪʳʚʘʝʤʦʤʫ ʤʥʦʞʝʩʪʚʫ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʨʦʚʝʨʠʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʪʘʙʣʠʮʳ 1 ʥʘ ʜʦʙ-

ʨʦʪʥʦʩʪʴ.  
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ʋ ʣʙʁʳʭ ʬʘʢʪʦʨʦʚ ʝʩʪʴ ʚʝʢʪʦʨʥʘʷ ʦʨʠʝʥʪʘʮʠʷ 

ʠ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʦʚʝʜʝʥʠʷ:  

ʘ) ʣʫʯʰʝ ʙʦʣʴʰʝ ʧʦ ʚʝʢʪʦʨʫ çʣʫʯʰʝʭʫʞʝè, 

ʨʘʥʛ 0=R  ʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤʫ, ʠ ʨʘʥʞʠʨʦʚʘʥʠʝ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʫʙʳʚʘʥʠʶ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʘ;  

ʙ) ʣʫʯʰʝ ʤʝʥʴʰʝ, ʧʦʵʪʦʤʫ ʨʘʥʛ 0=R  ʜʘʝʪʩʷ 

ʤʠʥʠʤʫʤʫ, ʠ ʨʘʥʞʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʶʪ ʧʦ ʚʦʟʨʘʩ-

ʪʘʥʠʶ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʘ.  

ʀʟ ʛʠʧʦʪʝʟʳ ï ʯʝʤ ʙʦʣʴʰʝ ʩʦʜʝʨʞʘʥʠʝ ʣʶʙʦʡ 

ʥʝʟʘʤʝʥʠʤʦʡ ʘʤʠʥʦʢʠʩʣʦʪʳ ʚ ʣʶʙʦʤ ʧʨʦʜʫʢʪʝ, ʪʝʤ 

ʣʫʯʰʝ ï ʧʨʠʥʠʤʘʝʪʩʷ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʚʝʢʪʦʨʘ ʧʦ-

ʚʝʜʝʥʠʷ.  

ʈʘʥʞʠʨʫʝʤ ʢʘʞʜʫʶ ʘʤʠʥʦʢʠʩʣʦʪʫ ʠʟ ʪʘʙʣʠʮʳ 

1 ʚ Excel ʚ ʧʨʦʛʨʘʤʤʝ ʈɸʅɻ. ɺ ʬʫʥʢʮʠʠ 

=ʈɸʅɻ(ɽ3;ɽ$3:ɽ$24;0) ʧʨʠʥʷʪʳ ʦʙʦʟʥʘʯʝʥʠʷ: ɽ ï 

ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩʪʦʣʙʮʘ; ɽ3, ɽ$3 ï ʧʝʨʚʘʷ ʩʪʨʦʢʘ; 

ɽ$24 ï ʧʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ 1; 0Ù1 ï ʨʘʥʞʠ-

ʨʦʚʘʥʠʝ ʧʦ ʫʙʳʚʘʥʠʶ (0) ʠʣʠ ʚʦʟʨʘʩʪʘʥʠʶ (1).  

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪ I  ʧʦ 

ʫʙʳʚʘʥʠʶ ʧʦʢʘʟʘʪʝʣʷ (ʪʘʙʣ. 8).  

ʊʘʙʣʠʮʘ 8. 

 ʈʝʡʪʠʥʛ ʧʨʦʜʫʢʪʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ 

ˉ 

ʧ/ʧ 
ʇʨʦʜʫʢʪ ʃʝʡʮʠʥ 

ʀʟʦ- 

ʣʝʡ- 

ʮʠʥ 

ɻʠʩ- 

ʪʠ- 

ʜʠʥ 

ʊʠʨʦ- 

ʟʠʥ 
ʃʠʟʠʥ ɺʘʣʠʥ 

ʄʝ- 

ʪʠʦ- 

ʥʠʥ 

ʌʝʥʠ- 

ʣʘ- 

ʣʘʥʠʥ 

ʉʫʤʤʘ 

ʨʘʥʛʦʚ 

Rä  

ʄʝʩʪʦ 

ʧʨʦʜʫʢʪʘ 

I  

1 
ʄʦʣʦʢʦ 

ʞʝʥʩʢʦʝ 
21 21 21 21 20 19 21 21 165 21 

2 
ʄʦʣʦʢʦ 

ʢʦʨʦʚʴʝ 
18 17 19 18 13 17 17 20 139 19 

3 ʂʝʬʠʨ 20 18 20 19 14 18 18 19 146 20 

4 ʊʚʦʨʦʛ 9 7 6 5 7 7 6 7 54 8 

5 
ʗʡʮʦ ʢʫʨʠ-

ʥʦʝ 
6 4 7 3 6 5 4 5 40 6 

6 
ʄʷʩʦ ʛʦʚʷ-

ʞʴʝ 
1 2 1 2 1 1 1 3 12 2 

7 
ʄʷʩʦ ʢʫʨʠ-

ʥʦʝ 
2 1 2 1 2 2 2 1 13 3 

8 
ʇʝʯʝʥʴ ʛʦ-

ʚʷʞʴʷ 
3 5 4 4 4 3 5 2 30 4 

9 ʊʨʝʩʢʘ 4 3 3 6 3 4 3 6 32 5 

10 
ʂʨʫʧʘ ʨʠ-

ʩʦʚʘʷ 
8 9 14 12 15 8 7 17 90 13 

11 
ʂʨʫʧʘ ʤʘʥ-

ʥʘʷ 
16 13 10 15 10 11 15 10 100 14 

12 
ʂʨʫʧʘ 

ʛʨʝʯʥʝʚʘʷ 
10 11 9 14 8 13 10 11 86 10 

13 
ʂʨʫʧʘ ʦʚ-

ʩʷʥʘʷ 
12 10 12 9 9 12 9 12 85 9 

14 
ʂʨʫʧʘ 

ʧʰʝʥʥʘʷ 
7 16 12 11 12 14 8 9 89 12 

15 
ʂʨʫʧʘ ʧʝʨ-

ʣʦʚʘʷ 
13 13 11 17 11 15 11 14 105 15 

16 ɻʦʨʦʭ 5 6 5 10 5 6 12 4 53 7 

17 
ʄʫʢʘ ʧʰʝ-

ʥʠʯʥʘʷ 
14 12 18 16 18 10 14 16 118 16 

18 
ʄʘʢʘʨʦʥ. 

ʠʟʜʝʣʠʷ 
11 8 15 8 16 9 13 8 88 11 

19 
ʍʣʝʙ ʨʞʘ-

ʥʦʡ 
19 20 16 7 17 20 19 18 136 18 

20 
ʍʣʝʙ ʧʰʝ-

ʥʠʯʥʳʡ 
15 15 17 13 19 16 16 15 126 17 

21 ʇʝʯʝʥʴʝ 17 19 8 20 21 21 20 13 139 19 

22 
ɻʨʠʙʳ ʰʠ-

ʠʪʘʢʠ 
0 0 0 0 0 0 0 0 0 1 

 

ʊʨʠ ʤʝʩʪʘ ʚ ʨʝʡʪʠʥʛʝ ʟʘʥʷʣʠ ʧʨʦʜʫʢʪʳ: ʛʨʠʙʳ, 

ʤʷʩʦ ʛʦʚʷʞʴʝ ʠ ʢʫʨʠʥʦʝ.  

ʈʝʡʪʠʥʛ ʚ ʪʘʙʣʠʮʝ 8 ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʘʤʠ I . 

ʉʘʤʦʝ ʣʫʯʰʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦʣʫ-

ʯʠʪʩʷ, ʝʩʣʠ 0=äR . ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʛʨʠʙʳ 

ʰʠʠʪʘʢʠ ʚʦ ʤʥʦʞʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʧʦ ʜʘʥʥʳʤ ʪʘʙ-

ʣʠʮʳ 1 ʧʦʣʫʯʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ ʧʝʨʚʦʝ 

ʤʝʩʪʦ. ɼʣʷ ʚʪʦʨʦʛʦ ʤʝʩʪʘ ʩʫʤʤʘ ʨʘʥʛʦʚ ʨʘʚʥʘ 12. 

ɼʘʣʝʝ ʤʦʞʝʤ ʤʝʩʪʘ I  ʙʨʘʪʴ ʟʘ ʦʙʲʷʩʥʷʶʱʫʶ ʧʝʨʝ-

ʤʝʥʥʫʶ, ʘ ʩʫʤʤʫ ʨʘʥʛʦʚ Rä  ʠʟ ʪʘʙʣʠʮʳ 8 ʟʘ ʧʦ-

ʢʘʟʘʪʝʣʴ.  
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ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʱʝʡ ʬʦʨʤʫʣʳ ʪʨʝʥʜʘ 

[9] ʧʦʣʫʯʝʥʘ (ʨʠʩ. 9) ʬʦʨʤʫʣʘ 

90719.0)1(25609.10 -=ä IR . (3) 

  
ɻʨʘʬʠʢ ʧʦ ʤʦʜʝʣʠ (3) ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʤʦʜʝʣʠ (3)  

ʈʠʩʫʥʦʢ 9. ɻʨʘʬʠʢʠ ʨʝʡʪʠʥʛʘ ʧʨʦʜʫʢʪʦʚ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 

 

ʆʩʪʘʪʢʠ ʧʦʩʣʝ (3) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʢ ʪʨʝʥʜʫ ʚʦʟʤʦʞʥʘ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ. ʇʦ-

ʣʦʚʠʥʘ ʘʤʧʣʠʪʫʜʳ ʜʦʩʪʠʛʘʝʪ ʜʦʣʠ 100³17.3524 / 

85 = 20.41%. ɺ ʩʪʘʪʴʝ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʘʜʘʧʪʘʮʠʶ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ, ʪʘʢ ʢʘʢ ʥʫʞʥʘ ʪʘʙʣʠʮʘ ʜʣʷ ʚʩʝʭ 20 

ʘʤʠʥʦʢʠʩʣʦʪ. ʂʘʞʜʫʶ ʘʤʠʥʦʢʠʩʣʦʪʫ ʠʟ ʚʦʩʴʤʠ 

ʨʘʩʩʤʦʪʨʠʤ ʦʪʜʝʣʴʥʦ.  

 

10. ʈʘʥʛʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʥʛʠ R 

ʜʦʣʞʥʳ ʥʘʯʠʥʘʪʴʩʷ ʩ ʥʫʣʷ, ʧʨʠʯʝʤ ʨʘʥʛʦʚʳʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʦʜʯʠʥʷʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘ-

ʢʦʥʫ (ʨʦʩʪʘ ʠʣʠ ʛʠʙʝʣʠ). 

ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʪʨʝʥʜʘ [9] 

ʧʦʣʫʯʝʥʳ (ʨʠʩ. 10) ʬʦʨʤʫʣʳ: 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʝʡʮʠʥʘ 
044232.0

16790.5)0069383.0exp(99985.6 IL RRL --= ;   (4) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʦʣʝʡʮʠʥʘ 
097771.0

16653.3)00062254.0exp(39916.4 II RRI --=   5) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʩʪʠʜʠʥʘ 

)72614.0exp(79477.1
48719.0

HRH -=     (6) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʠʨʦʟʠʥʘ 

068084.0
78248.249967.3 YRY -=     (7) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʟʠʥʘ 

)0056940.0exp(31631.1)021832.0exp(47649.3
50137.0

KKK RRRK --=   (8) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʘʣʠʥʘ 

)08777.1exp(56943.2)89763.2exp(20003.5
56874.099053.0

VVV RRRV -+-= ;  (9) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʠʦʥʠʥʘ 
11680.0

21781.1)00098714.0exp(79957.1 MM RRM --= ; (10) 

- ʨʘʥʛʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʝʥʠʣʘʣʘʥʠʥʘ 

061528.0
23519.429876.5 FRF -= .   (11) 
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ʛʠʩʪʠʜʠʥʘ ʪʠʨʦʟʠʥʘ 

  
ʣʠʟʠʥʘ ʚʘʣʠʥʘ 

  
ʤʝʪʠʦʥʠʥʘ ʬʝʥʠʣʘʣʘʥʠʥʘ 

ʈʠʩʫʥʦʢ 10. ɻʨʘʬʠʢʠ ʨʘʥʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ  

 

ʉʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʫʨʘʚʥʝʥʠʡ ʙʠ-

ʥʘʨʥʳʭ ʠ ʤʦʥʘʨʥʳʭ (ʧʦ ʨʘʥʛʘʤ) ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʚʦʩʝʤʴʶ ʥʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʟʘʧʠʰʝʤ 

ʚ ʤʘʪʨʠʮʫ ʜʠʩʧʝʨʩʠʡ (ʪʘʙʣ. 9). 

ʂʘʢ ʚʣʠʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʧʦ 

ʤʠʥʠʤʫʤʫ ʩʫʤʤʳ ʜʠʩʧʝʨʩʠʡ ʦʢʘʟʘʣʩʷ ʠʟʦʣʝʡʮʠʥ, ʘ 

ʩʨʝʜʠ ʟʘʚʠʩʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ï ʤʝʪʠʦʥʠʥ.  

ʊʘʙʣʠʮʘ 9. 

 ʄʘʪʨʠʮʘ ʜʠʩʧʝʨʩʠʡ ʦʩʪʘʪʢʦʚ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ  

ʠ ʨʝʡʪʠʥʛ ʬʘʢʪʦʨʦʚ ʧʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʠ ʙʠʦʪʝʭʥʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤ 

ɺʣʠʷʶʱʠʝ  

ʬʘʢʪʦʨʳ  

(ʧʘʨʘ-

ʤʝʪʨʳ x )  

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

ʉʫʤʤʘ 
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ʄʝʩʪʦ S

yI  7 5 2 3 8 6 1 4 - 0.1231 

 

  

S = 0.02522339

r = 0.99809582

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 3.9 7.7 11.6 15.4 19.3 23.10.00

0.33

0.66

0.99

1.32

1.65

1.98

S = 0.03378254

r = 0.99897439

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 3.9 7.7 11.6 15.4 19.3 23.10.01

0.65

1.29

1.93

2.56

3.20

3.84

S = 0.09350628

r = 0.99533222

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 3.9 7.7 11.6 15.4 19.3 23.10.01

0.65

1.29

1.93

2.56

3.20

3.84

S = 0.07006395

r = 0.99832970

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 3.9 7.7 11.6 15.4 19.3 23.10.01

0.96

1.91

2.86

3.81

4.76

5.71

S = 0.02756143

r = 0.99764475

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 3.9 7.7 11.6 15.4 19.3 23.10.00

0.33

0.66

0.99

1.32

1.65

1.98

S = 0.06658600

r = 0.99821349

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 3.9 7.7 11.6 15.4 19.3 23.10.01

0.98

1.95

2.91

3.88

4.85

5.82



American Scientific Journal  ̄(23) / 2018 25 

ʉʨʝʜʥʷʷ ʜʠʩʧʝʨʩʠʷ ʜʣʷ ʚʩʝʭ 82 = 64 ʢʣʝʪʦʢ ʤʘʪ-

ʨʠʮʳ ʨʘʚʥʘ 1231.0=D . 

 

11. ɿʘʢʣʶʯʝʥʠʝ 
ʄʳ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠ ʧʨʠʥʮʠʧ ʢʦʨʨʝʣʷʪʠʚʥʦʡ 

ʚʘʨʠʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʨʛʘʥʠʟʤʳ ʧʦ ʏ. ɼʘʨʚʠʥʫ, ʥʦ 

ʠ ʥʘ ʧʦʧʫʣʷʮʠʠ (ʚ ʩʪʘʪʴʝ ʧʦʧʫʣʷʮʠʷ ʠʟ ʚʦʩʴʤʠ ʘʤʠ-

ʥʦʢʠʩʣʦʪ) ʠ ʜʘʞʝ ʥʘ ʣʶʙʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʪʝʭ-

ʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [9]. ʕʪʦʪ ʧʨʠʥʮʠʧ 

ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʥʦ-

ʩʪʠ ʨʘʟʥʦʨʦʜʥʳʝ ʩʠʩʪʝʤʳ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʢʦʪʦ-

ʨʦʤʫ ʤʥʦʞʝʩʪʚʫ ʬʘʢʪʦʨʦʚ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ, ʢʘʢ 

ʦʙʦʙʱʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʥʳʭ ʤʥʦ-

ʞʝʩʪʚ ʦʜʥʦʨʦʜʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʣʫ-

ʯʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʧʫ-

ʣʷʮʠʠ ʛʝʥʦʚ [6, 13] ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨ-

ʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʥʝ ʤʝʥʝʝ 0.9999.  

ɺ ʧʨʠʤʝʨʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʫʨʦʚʝʥʴ ʘʜʝʢʚʘʪʥʦ-

ʩʪʠ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʠʟ ʚʦʩʴʤʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦ-

ʢʠʩʣʦʪ ʨʘʚʝʥ ʥʝ ʤʝʥʴʰʝ 0.99. ʊʝʤ ʩʘʤʳʤ ʧʦʷʚʣʷ-

ʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʙʫʜʫʱʝʤ ʩʦʟʜʘʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦʡ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʣʷ ʩʠʩʪʝʤʳ ʠʟ 20 ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʩʦʪʝʥ ʦʙʲʝʢʪʦʚ, 

ʚʢʣʶʯʘʷ ʠ ʧʨʦʜʫʢʪʳ.  

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʥʦʩʪʴ ʤʝʞʜʫ ʥʝʟʘʤʝʥʠ-

ʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʦʢʘʟʘʣʘʩʴ ʩʚʝʨʭʩʠʣʴʥʦʡ ʠ 

ʦʥʘ ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʦʩʪʦʡ ʬʦʨʤʫʣʝ ʜʚʫʭʯʣʝʥʥʦʛʦ 

ʪʨʝʥʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʢʘʟʘʪʝʣʴʥʳʡ ʠ ʙʠʦʪʝʭʥʠʯʝ-

ʩʢʠʡ ʟʘʢʦʥʳ. ʆʪʩʫʪʩʪʚʠʝ ʚʪʦʨʦʛʦ ʯʣʝʥʘ ʦʧʨʝʜʝʣʷʝʪ 

ʥʝʡʪʨʘʣʴʥʳʡ ʪʠʧ ʧʦʚʝʜʝʥʠʷ, ʘ ʟʥʘʢʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʪʦʨʦʛʦ ʯʣʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʦʟʠʪʠʚʥʳʡ (+) ʠʣʠ 

ʥʝʛʘʪʠʚʥʳʡ (-) ʪʠʧ ʧʦʚʝʜʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʠʟʫʯʘ-

ʝʤʦʡ ʩʠʩʪʝʤʝ ʧʨʦʜʫʢʪʦʚ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ ʢʘʢʠʭ-ʪʦ ʥʘʙʦʨʘʭ ʧʨʦʜʫʢʪʦʚ 

ʥʫʞʥʳ ʙʦʣʝʝ ʪʦʯʥʳʝ (ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ, 

ʤʝʥʴʰʝʡ ʥʘ ʧʦʨʷʜʦʢ) ʜʘʥʥʳʝ.  
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ɸʥʥʦʪʘʮʠʷ.  
ʄʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʢʘʟʘʥ ʥʘ ʧʨʠʤʝʨʝ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʰʝʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜ-

ʛʨʫʧʧʳ ɽɽɽ ʧʦ ʢʦʣʝʙʘʥʠʷʤ ʚ 2013 ʛʦʜʫ ʫ ʙʘʣʘʥʩʘ ʤʘʩʩʳ 2528 ʣʝʜʥʠʢʦʚ ɿʝʤʣʠ. ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʪʨʝʥʜʘ 

ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʫʩʪʦʡʯʠʚʳʭ ʟʘʢʦʥʦʚ ʧʦ ʦʙʦʙʱʝʥʥʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʘʤʧʣʠʪʫʜʦʡ ʠ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʷ. ɻʨʘʬʠʢʠ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ ʦʙʦʙʱʝʥʥʦʡ ʤʦʜʝʣʠ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ ʢʘʨʪʠʥʫ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʚʩʝʭ 

ʰʝʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʛʨʫʧʧʳ ɽɽɽ ʫ ʢʦʣʝʙʘʥʠʡ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚ. ʇʦ ʚʳʷʚʣʝʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʤʦʞʥʦ ʧʨʦ-

ʚʝʩʪʠ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ.  

Abstract. 

The method of identification is shown on the example of tabular data of measurements of six parameters of 

subgroup of EEE on fluctuations in 2013 at balance 

of mass of 2528 glaciers of Earth. The equations of a trend and oscillatory indignations 

on the basis of steady laws on the generalized wave function in the form of an asymmetric wavelet signal 

with variables of amplitude and the period of fluctuation are received. Schedules of components of the generalized 

model of a wavelet signal allow to see visually a picture of mutual influence of all six parameters of subgroup of 

EEE at fluctuations of mass of glaciers. On the revealed equations it is possible to carry out the amplitude-fre-

quency analysis. 
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1. ɺʚʝʜʝʥʠʝ 
ʄʳ ʧʨʠʜʝʨʞʠʚʘʝʤʩʷ ʢʦʥʮʝʧʮʠʠ ɼʝʢʘʨʪʘ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʠ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʥʘʧʨʷʤʫʶ ʢʘʢ ʢʦʥʝʯʥʦʛʦ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʠʣʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ɼʣʷ ʪʘʢʦʛʦ ʦʙʦʙʱʝʥʠʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʢʣʘʩʩ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ [1-8, 10-12].  

ʋʩʣʦʚʠʷʤ ʬʠʟʠʯʝʩʢʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʷʚʣʝ-

ʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʘʩʠʤʤʝʪʨʠʯʥʘʷ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʠʷ ʚʠʜʘ 
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ʛʜʝ y  ï ʧʦʢʘʟʘʪʝʣʴ (ʟʘʚʠʩʠʤʳʡ ʬʘʢʪʦʨ), i  ï 

ʥʦʤʝʨ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʦʜʝʣʠ (17), m ï ʢʦʣʠʯʝʩʪʚʦ 

ʯʣʝʥʦʚ ʚ ʤʦʜʝʣʠ (1), x  ï ʦʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ 

(ʚʣʠʷʶʱʠʡ ʬʘʢʪʦʨ), 101...aa  ï ʧʘʨʘʤʝʪʨʳ, ʧʨʠʥʠ-

ʤʘʶʱʠʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʭʦʜʝ ʩʪʨʫʢʪʫʨʥʦ-ʧʘ-

ʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (URL: 

http://www.curveexpert.net/) ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʢʦʣʠʯʝ-

ʩʪʚʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1).  

ʉʠʛʥʘʣ ï ʵʪʦ ʤʘʪʝʨʠʘʣʴʥʳʡ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨ-

ʤʘʮʠʠ. ɸ ʠʥʬʦʨʤʘʮʠʷ ʥʘʤʠ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʤʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʠʛʥʘʣ ʤʦʞʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ, 

ʥʦ ʝʛʦ ʧʨʠʸʤ ʥʝ ʦʙʷʟʘʪʝʣʝʥ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʷʜ ʧʨʦ-

ʩʪʳʭ ʯʠʩʝʣ ʠʟʚʝʩʪʝʥ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʣʝʪ, ʥʦ ʩʫʪʴ 

ʝʛʦ ʢʘʢ ʤʥʦʞʝʩʪʚʘ ʩʠʛʥʘʣʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣʘ ʨʘʩ-

ʢʨʳʪʘ [12].  

ʉʠʛʥʘʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʠʣʠ ʝʛʦ ʯʘʩʪʴ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʥʦ-

ʞʝʩʪʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʛʥʘʣʦʚ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, 

ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʨʷʜʳ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟ-

ʤʝʨʝʥʠʡ ʚʦ ʤʥʦʛʠʭ ʪʦʯʢʘʭ ʧʣʘʥʝʪʳ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʛʣʦʙʘʣʴ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʝʤʥʦʡ 

ʩʨʝʜʳ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠʩʢʦʤʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦ ʠʟʚʝʩʪʥʳʤ ʪʘʙʣʠʯ-

ʥʳʤ ʤʦʜʝʣʷʤ ʜʦʩʪʘʪʦʯʥʘ ʫʩʝʯʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

(ʧʦ ʬʦʨʤʫʣʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ) ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʚʝʡʚʣʝʪʘ [10-12] ʪʠʧʘ 
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ä
=

=
m

i

iyy
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, 

))/(cos()exp( 86531
742

i

a

ii

a

i

a

ii axaaxxaxay iii -+-= p ,   (2) 

 

ʛʜʝ y  - ʧʦʢʘʟʘʪʝʣʴ (ʟʘʚʠʩʠʤʳʡ ʬʘʢʪʦʨ), 

)/cos( 8iiii apxAy -= p , i  - ʥʦʤʝʨ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʤʦʜʝʣʠ (2), m - ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʚ ʤʦʜʝʣʠ 

(2), x  - ʦʙʲʷʩʥʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʚʣʠʷʶʱʠʡ ʬʘʢ-

ʪʦʨ), 81...aa  - ʧʘʨʘʤʝʪʨʳ, ʧʨʠʥʠʤʘʶʱʠʝ ʯʠʩʣʦ-

ʚʳʝ ʟʥʘʯʝʥʠʷ ʚ ʭʦʜʝ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʦʨʤʫʣʳ (2), 

)exp( 42

31
ii a

i

a

ii xaxaA -=  - ʘʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʚʝʡʚʣʝʪʘ (ʦʩʴ y ), 

ia

iii xaap 7

65 +=  - ʧʦʣʫʧʝʨʠʦʜ ʚʦʣʥʳ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ ʚʦʟʤʫʱʝʥʠʷ (ʦʩʴ x ).  

ʇʦ ʬʦʨʤʫʣʝ (2) ʩ ʜʚʫʤʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ e (ʯʠʩʣʦ ʅʝʧʝʨʘ ʠʣʠ 

ʯʠʩʣʦ ʚʨʝʤʝʥʠ) ʠ p (ʯʠʩʣʦ ɸʨʭʠʤʝʜʘ ʠʣʠ ʯʠʩʣʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ) ʦʙʨʘʟʫʝʪʩʷ ʠʟʥʫʪʨʠ ʠʟʫʯʘʝʤʦʛʦ ʷʚʣʝ-

ʥʠʷ ʠ/ʠʣʠ ʧʨʦʮʝʩʩʘ ʢʚʘʥʪʦʚʘʥʥʳʡ ʚʝʡʚʣʝʪ-ʩʠʛ-

ʥʘʣ.  

ʇʦʥʷʪʠʝ ʚʝʡʚʣʝʪ-ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʘʙʩʪʨʘʛʠ-

ʨʦʚʘʪʴʩʷ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʨʷʜʦʚ ʠʟʤʝʨʝʥʠʡ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʪʦʣʴʢʦ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʨʷʜʦʚ, ʥʦ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʙʠʥʘʨʥʳʭ ʦʪ-

ʥʦʰʝʥʠʡ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ) ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʘʜ-

ʜʠʪʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʚ ʚʠʜʝ ʚʝʡʚʣʝʪʦʚ.  

 

2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ɺ ʛʝʦʵʢʦʣʦʛʠʠ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʳʝ 

ʚʠʜʳ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ [6], ʠ ʩʨʝʜʠ ʥʠʭ, ʥʝʩʦ-

ʤʥʝʥʥʦ, ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʣʝʜʥʠʢʠ, ʢʘʢ ʨʝʛʫ-

ʣʷʪʦʨʳ ʢʣʠʤʘʪʘ. ɺ ʩʪʘʪʴʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʣʝʜʥʠʢʦʚ ʟʘ 2013 ʛʦʜ ʜʘʥʳ ʚʧʝʨʚʳʝ. 

ʇʦ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ [9] ʚ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʥ 

ʬʨʘʛʤʝʥʪ ʤʘʪʨʠʮʳ, ʚʢʣʶʯʘʶʱʝʡ ʰʝʩʪʴ ʬʘʢʪʦʨʦʚ 

(ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʨʠʥʷʪʳ ʧʦ ʦʨʠʛʠʥʘʣʫ).  

ʊʘʙʣʠʮʘ 1. 

 ʄʘʪʨʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʝʜʥʠʢʦʚ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ˉ ʧ/ʧ 

ʐʠʨʦʪʘ  

EEE6,  

ʛʨʘʜ 

ɼʦʣʛʦʪʘ  

EEE7,  

ʛʨʘʜ 

ɺʳʩʦʪʘ  

EEE8 

ʥʘʜ ʫʨʦʚʥʝʤ  

ʤʦʨʷ, ʤ 

ɿʠʤʥʠʡ  

ʙʘʣʘʥʩ  

ʤʘʩʩʳ  

ɽɽɽ9, ʤʤ 

ʃʝʪʥʠʡ  

ʙʘʣʘʥʩ  

ʤʘʩʩʳ  

ɽɽɽ10, ʤʤ 

ɻʦʜʦʚʦʡ  

ʙʘʣʘʥʩ  

ʤʘʩʩʳ  

ɽɽɽ11, ʤʤ 

1   100   100 

2   398   500 

é é é é é é é 

71   1073   -63 

72 -54.78136 -68.40169 1038 1015 -644 371 

73 -54.78182 -68.40249 1036 947 -540 406 

é é é é é é é 

101 -54.78048 -68.40171 1073 743 -984 -241 

102 -16.3032 -68.108 5053   -958 

103 -16.3025 -68.1083 5056   -1385 

é é é é é é é 

620   4058   120 

621   3796 20 -3719 -3699 

622   3828 99 -2565 -2466 

é é é é é é é 

2526 60.40417 -148.9067 1053   -2090 

2527 60.41974 -148.9207 1283   0 

2528 60.42495 -148.9371 1367   960 

ɼʘʥʥʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝʩʠʤʤʝʪʨʠʯʥʦ (ʪʘʙʣ. 2). 
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. ʂʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʥʳʭ ʪʦʯʝʢ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚ, ʰʪ. 

ɺʣʠʷʶʱʠʝ ʬʘʢʪʦʨʳ 
x  

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

EEE6 EEE7 EEE8 EEE9 EEE10 EEE11 

EEE6 - POINT 

LATITUDE  
 [decimal degree] 

1623 1623 1623 388 388 1591 

EEE7 - POINT 

LONGITUDE  
 [decimal degree] 

1623 1623 1623 388 388 1591 

EEE8 - POINT 

ELEVATION  

[m a.s.l.] 

1623 1623 2467 531 531 2467 

EEE9 - POINT 

WINTER BALANCE  

[mm w.e.] 

388 388 531 531 531 531 

EEE10 - POINT 

SUMMER BALANCE  

[mm w.e.] 

388 388 531 531 531 531 

EEE11 - POINT 

ANNUAL BALANCE  

[mm w.e.] 

1591 1591 2467 531 531 2467 

 

ʂʘʞʜʳʡ ʠʟ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʜʚʘ ʩʦʩʪʦʷ-

ʥʠʷ: ʚʦ-ʧʝʨʚʳʭ, ʬʘʢʪʦʨ ʢʘʢ ʚʣʠʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ 

x; ʚʦ-ʚʪʦʨʳʭ, ʵʪʦʪ ʞʝ ʬʘʢʪʦʨ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʟʘ-

ʚʠʩʠʤʳʡ ʧʦʢʘʟʘʪʝʣʴ y . ʇʦ ʥʠʤ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, 

ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʧʦ ʦʙʱʝʡ ʤʦ-

ʜʝʣʠ (2) ʧʦʜʯʠʥʷʶʪʩʷ ʙʠʦʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ [1-

8]. ʀʟ-ʟʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ 

çʣʫʯʰʝʭʫʞʝè ʫ ʟʥʘʯʝʥʠʡ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʥʝ 
ʚʳʷʚʣʷʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʥʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʡ. ʇʦʵʪʦʤʫ ʨʝʡʪʠʥʛ ʣʝʜʥʠʢʦʚ ʪʘʢʞʝ ʥʝ ʧʨʦʚʦ-

ʜʠʤ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʥ-

ʛʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʚʝʥ 1, ʘ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ 

ʧʨʦʚʝʜʝʤ ʫ ʚʩʝʭ 62 ï 6 = 30 ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ.  

 

3. ʈʝʡʪʠʥʛ ʬʘʢʪʦʨʦʚ ʢʘʢ ʚʣʠʷʶʱʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʤʝʪʦʜ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʟʘʜʫʤʳʚʘʪʴʩʷ ʘʧʨʠʦʨʠ ʦ ʩʦʦʪʥʦʰʝ-

ʥʠʷʭ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʟʫʯʘʝʤʦʡ 

ʩʠʩʪʝʤʳ (ʚ ʥʘʰʝʤ ʧʨʠʤʝʨʝ ʠʟ ʪʘʙʣʠʮʳ 1 ʩʠʩʪʝʤʘ 

ʩʦʜʝʨʞʠʪ 2528 ʣʝʜʥʠʢʦʚ). ɺ ʠʪʦʛʝ ʩʙʠʚʘʝʪʩʷ ʧʩʠʭʦ-

ʣʦʛʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ: ʤʥʦʛʠʝ ʙʠ-

ʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʥʠʭ ʦʢʘʞʫʪʩʷ ʥʝʦʞʠʜʘʥ-

ʥʳʤʠ. ʇʦʵʪʦʤʫ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʥʘʰʘ ʧʨʘʢʪʠʢʘ [1], 

ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʦʜʥʠʤ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʨʘʚʥʝ-

ʥʠʝʤ ʪʠʧʘ (1) ʧʦʟʚʦʣʷʝʪ ʥʘʭʦʜʠʪʴ ʥʝʦʞʠʜʘʥʥʳʝ 

ʥʘʫʯʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ [1-8]. 

ɽʩʣʠ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʦʨʥʳʝ ʩʚʷʟʠ ʥʝʦʙʳʯʥʳ ʠ ʧʨʠ 

ʵʪʦʤ ʚʳʩʦʢʦ ʘʜʝʢʚʘʪʥʳ, ʪʦ ʟʜʝʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. ʇʨʠʯʝʤ ʟʘ-

ʯʘʩʪʫʶ ʥʘ ʫʨʦʚʥʝ ʠʟʦʙʨʝʪʝʥʠʡ ʤʠʨʦʚʦʡ ʥʦʚʠʟʥʳ 

[11]. ʇʨʠ ʵʪʦʤ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʧʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʶ ʟʘʢʦʥʘ (1) ʥʘ ʦʜʥʦʤ ʙʠʥʘʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʤʳ ʥʘʟʚʘʣʠ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʦʤ [2, 5].  

ɹʝʟ ʫʯʝʪʘ ʚʦʣʥ, ʪʦ ʝʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʫ ʦʯʝʥʴ ʜʣʠʥʥʦʡ ʚʦʣʥʳ, ʥʝʩʦʠʟʤʝʨʠʤʦ 

ʙʦʣʴʰʝʡ ʧʦ ʧʝʨʠʦʜʫ ʢʦʣʝʙʘʥʠʷ ʠʥʪʝʨʚʘʣʫ ʠʟʤʝʨʝ-

ʥʠʡ, ʦʙʨʘʟʫʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ-

ʥʳʝ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ. ʆʥʠ ʚʩʝ ʷʚʣʷʶʪʩʷ ʯʘʩʪ-

ʥʳʤʠ ʩʣʫʯʘʷʤʠ ʬʦʨʤʫʣʳ (2). 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʘ ʢʚʘʜʨʘʪʥʘʷ ʢʦʨʨʝʣʷʮʠ-

ʦʥʥʘʷ ʤʘʪʨʠʮʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʙʠʥʘʨ-

ʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʚʩʝʤʠ ʧʨʠʥʷʪʳʤʠ ʧʦ ʠʩ-

ʭʦʜʥʳʤ ʜʘʥʥʳʤ ʠʟ ʪʘʙʣʠʮʳ 1 ʰʝʩʪʴʶ ʧʝʨʝʤʝʥ-

ʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ.  

ɿʜʝʩʴ ʞʝ ʜʘʥ ʨʝʡʪʠʥʛ ʬʘʢʪʦʨʦʚ.  

ʊʘʙʣʠʮʘ 3. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʠ ʨʝʡʪʠʥʛ ʬʘʢʪʦʨʦʚ ʧʦ ʙʠʥʘʨʥʳʤ ʦʪʥʦʰʝʥʠʷʤ 

ɺʣʠʷʶʱʠʝ  

ʬʘʢʪʦʨʳ x  

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) ʉʫʤʤʘ 

rä  

ʄʝʩʪʦ 

xI  EEE6 EEE7 EEE8 EEE9 EEE10 EEE11 

EEE6  1 0.9732 0.9491 0.4425 0.3985 0.4551 4.2184 2 

EEE7 0.9688 1 0.4305 0.4154 0.4629 0.4156 3.6932 3 

EEE8 0.8178 0.8611 1 0.7201 0.6835 0.4421 4.5246 1 

EEE9 0.2237 0.4492 0.5431 1 0.2265 0.4721 2.9146 6 

EEE10 0.6408 0.5571 0.1557 0.2301 1 0.7309 3.3146 5 

EEE11 0.3703 0.4978 0.1719 0.5363 0.7592 1 3.3355 4 

ʉʫʤʤʘ rä  4.0214 4.3384 3.2503 3.3444 3.5306 3.5158 22.0009 - 

ʄʝʩʪʦ yI  2 1 6 5 3 4 - 0.6111 

ʇʨʠʤʝʯʘʥʠʝ. ɺʳʜʝʣʝʥʳ ʪʨʝʥʜʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʦʣʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʚʘʨʠʘʮʠʠ ʜʣʷ 

2528 ʣʝʜʥʠʢʦʚ ɿʝʤʣʠ ʨʘʚʝʥ 22.0009 / 62 = 0.6111. 

ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʟʣʠʯ-

ʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʨʘʟʥʳʭ ʛʨʫʧʧ ʣʝʜʥʠʢʦʚ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʚʩʝʭ ʣʝʜʥʠ-

ʢʦʚ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʥʘʧʨʠ-

ʤʝʨ, ʩ ʧʫʩʪʳʥʷʤʠ ʠʣʠ ʩ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʢʣʘʩ-

ʩʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ.  

ʀʟ ʰʝʩʪʠ ʚʣʠʷʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʧʝʨʚʦʤ 

ʤʝʩʪʝ ʦʢʘʟʘʣʩʷ ʬʘʢʪʦʨ ɽɽɽ8. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ-

ʤʝʩʪʠʣʩʷ ʬʘʢʪʦʨ ɽɽɽ6, ʘ ʥʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ï ɽɽɽ7. 

ʉʨʝʜʠ ʟʘʚʠʩʠʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʬʘʢʪʦʨ ɽɽɽ7. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʨʘʩʧʦʣʦ-

ʞʠʣʩʷ ʬʘʢʪʦʨ ɽɽɽ6, ʘ ʥʘ ʪʨʝʪʴʝʤ ï ɽɽɽ10.  

 

 

 

 

4. ʉʠʣʴʥʳʝ ʙʠʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ 

ʇʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʦʨʨʝʣʷʮʠʠ ʙʦʣʝʝ 0.7 ʙʠ-

ʥʘʨʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʬʘʢʪʦʨʘʤʠ ʩʪʘʥʦʚʷʪʩʷ 

ʩʠʣʴʥʳʤʠ (ʪʘʙʣ. 4). ʂʘʢ ʧʨʘʚʠʣʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʢ ʪʨʝʥʜʫ ʫʯʝʪ ʚʦʣʥʦʚʦʛʦ ʚʦʟʤʫʱʝʥʠʷ ʜʘʝʪ ʟʥʘʯʠ-

ʪʝʣʴʥʳʡ ʨʦʩʪ ʘʜʝʢʚʘʪʥʦʩʪʠ ʚʳʷʚʣʷʝʤʦʡ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ (2). ʅʦ ʣʝʜʥʠʢʠ ʧʦʢʘ ʥʝ ʠʤʝʶʪ 

ʜʦʙʨʦʪʥʳʭ ʜʘʥʥʳʭ, ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʟʥʘʯʝʥʠʷ ʫ ʰʝ-

ʩʪʠ ʬʘʢʪʦʨʦʚ ʠʤʝʶʪ ʧʫʩʪʳʝ ʢʣʝʪʢʠ: ʥʘʠʣʫʯʰʝʡ 

ʤʘʪʨʠʮʝʡ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ ʩ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥ-

ʥʳʤʠ ʢʣʝʪʢʘʤʠ. 

ʀʟ-ʟʘ ʥʠʟʢʦʡ ʧʦʣʥʦʪʳ ʤʘʪʨʠʮʳ ʠʟ 30 ʬʦʨʤʫʣ 

ʧʦʣʫʯʠʣʠ ʚʩʝʛʦ ʚʦʩʝʤʴ ʩʠʣʴʥʳʭ ʩʚʷʟʝʡ, ʯʪʦ ʩʦʩʪʘʚ-

ʣʷʝʪ 22.2%. ʇʨʠ ʵʪʦʤ ʢʘʢ ʚʣʠʷʶʱʘʷ ʧʝʨʝʤʝʥʥʘʷ 

ʬʘʢʪʦʨ EEE9 - POINT WINTER  BALANCE  ʠʩ-

ʢʣʶʯʠʣʩʷ. ʅʦ ʢʘʢ ʟʘʚʠʩʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʭʨʘ-

ʥʠʣʠʩʴ ʚʩʝ ʰʝʩʪʴ ʬʘʢʪʦʨʦʚ. ʀʟ ʚʦʩʴʤʠ ʩʠʣʴʥʳʭ 

ʩʚʷʟʝʡ ʪʨʠ (37.50%) ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʥʜʘʤ. 

ʊʘʙʣʠʮʘ 4. 

 ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʩʠʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ 7.0>r  

ɺʣʠʷʶʱʠʝ ʬʘʢ-

ʪʦʨʳ x  

ɿʘʚʠʩʠʤʳʝ ʬʘʢʪʦʨʳ (ʧʦʢʘʟʘʪʝʣʠ y ) 

EEE6 EEE7 EEE8 EEE9 EEE10 EEE11 

EEE6 - POINT 

LATITUDE  
 0.9732 0.9491    

EEE7 - POINT 

LONGITUDE  
0.9688      

EEE8 - POINT 

ELEVATION  
0.8178 0.8611  0.7201   

EEE10 - POINT 

SUMMER 

BALANCE  

     0.7309 

EEE11 - POINT 

ANNUAL 

BALANCE  

    0.7592  

 

ʀʝʨʘʨʭʠʷ ʫ ʩʠʣʴʥʳʭ ʬʘʢʪʦʨʥʳʭ ʩʚʷʟʝʡ ʩʣʝʜʫ-

ʶʱʘʷ (ʪʘʙʣ. 5):  

1) 0.9732 ï ɽɽɽ7 = f(EEE6);  

2) 0.9688 ï EEE6 = f(EEE7);  

3) 0.9491 ï EEE8 = f(EEE6);  

4) 0.8611 ï EEE7 = f(EEE8);  

5) 0.8178 ï EEE6 = f(EEE8);  

6) 0.7592 ï EEE10 = f(EEE11);  

7) 0.7309 ï EEE11 = f(EEE10);  

8) 0.7201 ï EEE9 = f(EEE8). 

ɺ ʪʘʙʣʠʮʝ 5 (ʨʠʩ. 1-7) ʜʘʥʳ ʧʘʨʘʤʝʪʨʳ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʦ ʦʙʱʝʡ ʬʦʨʤʫʣʝ (2), ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʟʘʧʠʩʘʥʳ ʚ ʢʦʤʧʘʢʪʥʦʡ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ 

ʩ ʧʷʪʴʶ ʟʥʘʯʘʱʠʤʠ ʮʠʬʨʘʤʠ.  

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 5 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦ-

ʨʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʟʘʤʝʥʘ ʧʝʨʝ-

ʤʝʥʥʳʭ ʠʟ-ʟʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫ ʚʣʠʷʶʱʠʭ 

ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʣʠʥʝʡ-

ʥʘʷ ʩʚʷʟʴ ʦʢʘʟʳʚʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʣʶʙʳʭ ʥʘ 

ʦʩʠ ʮʝʣʳʭ ʯʠʩʝʣ, ʘ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʠ ʨʘʙʦ-

ʪʘʶʪ ʪʦʣʴʢʦ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʦʩʠ ʘʙʩʮʠʩʩ. 
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ʊʘʙʣʠʮʘ 5. 

 ʇʘʨʘʤʝʪʨʳ ʩʠʣʴʥʳʭ ʙʠʥʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʢʦʨʨʝʣʷʮʠʠ 7,0²r  

ʇʦʢʘʟʘ-

ʪʝʣʠ  
y  

ɸʩʠʤʤʝʪʨʠʯʥʳʡ ʚʝʡʚʣʝʪ ))/(cos()exp( 86531
742

i

a

ii

a

i

a

ii axaaxxaxay iii -+-= p  ʂʦʵʬ. 

ʢʦʨ-

ʨʝʣ. r  
ɸʤʧʣʠʪʫʜʘ (ʧʦʣʦʚʠʥʘ) ʢʦʣʝʙʘʥʠʷ ʇʦʣʫʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʉʜʚʠʛ  

ia1
 

ia2
 

ia3
 

ia4
 

ia5
 

ia6
 

ia7
 

ia8
 

ɺʣʠʷʥʠʝ ʰʠʨʦʪʳ ɽɽɽ6, ʛʨʘʜ 

ɽɽɽ71 

ʈʠʩ. 1 

4.23078 0 -0.16452 0.54045 0 0 0 0 

.9732 -0.31020 1.48076 0 0 0 0 0 0 

132.72384 0 8.79872ʝ-5 1.76602 4.87479 0.29176 0.56033 0.24849 

ɽɽɽ81 

ʈʠʩ. 1 

1.66509ʝ6 0 0.31234 0.94742 0 0 0 0 
0.9491 

7.82146ʝ-5 4.91282 0.018337 1.20027 0 0 0 0 

ɺʣʠʷʥʠʝ ʜʦʣʛʦʪʳ ɽɽɽ7, ʛʨʘʜʫʩ 

ɽɽɽ62 

ʈʠʩ. 2 

64.56655 0 0.00076040 1.01838 0 0 0 0 

0.9688 
-1.24710ʝ-15 6.59346 0 0 0 0 0 0 

-2.35962ʝ-7 5.20107 0.042456 1 12.92183 0.0036148 1.03167 2.65582 

-0.00052866 3.02216 0.025670 1 3.80507 
9.27492ʝ-

5 
1 4.71131 

ɺʣʠʷʥʠʝ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ɽɽɽ8, ʤ 

ɽɽɽ7 

ʈʠʩ. 3 

-87.70507 0 
-8.09363ʝ-

5 
1.07588 0 0 0 0 

0.8611 
2.50470ʝ-6 2.55776 0.00026769 1.12617 0 0 0 0 

-9.59526ʝ-8 3.19687 0.0017158 0.99993 157.16690 0.28654 0.88567 6.01043 

ɽɽɽ6 

ʈʠʩ. 4 

7.25053 0 
-

0.00032396 
1.09546 0 0 0 0 

0.8178 -6.85611ʝ-17 5.03862 0 0 0 0 0 0 

-0.00012515 2.24860 0.0020534 1 2922.5439 -0.48413 0.99988 
-

2.92162 

ɽɽɽ9 

ʈʠʩ. 5 

59.61396 0 -0.14457 0.46269 0 0 0 0 

0.7201 
-2.90947ʝ-7 3.11597 0 0 0 0 0 0 

-0.00062264 2.34099 0.0018640 1.00057 846.23612 -0.042840 0.99814 
-

0.80809 

ɺʣʠʷʥʠʝ ʛʦʜʦʚʦʛʦ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚ ɽɽɽ11, ʤʤ 

ɽɽɽ103 

ʈʠʩ. 6 

-28940.548 0 0 0 0 0 0 0 
0.7592 

270.01817 0.52442 2.61663ʝ-5 0.99761 0 0 0 0 

ɺʣʠʷʥʠʝ ʣʝʪʥʝʛʦ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʣʝʜʥʠʢʦʚ, ʤʤ 

ɽɽɽ113 

ʈʠʩ. 7 

-11303.0999 0 0 0 0 0 0 0 
0.7308 

9.38697 0.76192 0 0 0 0 0 0 

ʇʨʠʤʝʯʘʥʠʷ: 1 90+=xx ; 2 190+=xx ; 3 12000+=xx . 

 

ʇʦ ʬʦʨʤʫʣʝ (2) ʘʩʠʤʤʝʪʨʠʯʥʳʡ ʚʝʡʚʣʝʪ ʩʠʛ-

ʥʘʣ ʧʦʢʘʟʳʚʘʝʪ ʢʚʘʥʪʳ ʧʦʚʝʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʣʝʜ-

ʥʠʢʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʢʚʘʥ-

ʪʦʚʫʶ ʬʠʟʠʢʫ ʣʝʜʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʤʘʢʨʦ ʦʙʲʝʢʪʦʚ ʥʘ 

ʧʣʘʥʝʪʝ ɿʝʤʣʷ. ʂʦʥʝʯʥʦ ʞʝ, ʚ ʤʠʢʨʦʤʠʨʝ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʯʘʩʪʠʮ ʤʝʥʝʝ ʘʪʦʤʘ ʜʝʡʩʪʚʫʝʪ ʢʚʘʥʪʦʚʘʷ ʤʝ-

ʭʘʥʠʢʘ ʥʘ ʫʨʦʚʥʝ ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʝʜʝʥʠʷ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʶʙʳʝ 

ʤʘʢʨʦʦʙʲʝʢʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʙʦʣʝʝ ʘʪʦʤʘ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʡ ʘʜʘʧʪʘʮʠʝʡ ʧʦʢʘʟʳʚʘʶʪ (ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ) ʢʚʘʥʪʳ ʧʦʚʝʜʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʥʷʪʠʝ 

çʢʚʘʥʪʦʚʘʷ ʟʘʧʫʪʘʥʥʦʩʪʴè ʨʝʘʣʴʥʘ ʜʣʷ ʧʦʚʝʜʝʥʠʷ ʚ 

ʣʶʙʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʕʪʦ ʠ ʝʩʪʴ ʢʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ ʤʘʢʨʦʦʙʲʝʢʪʦʚ.  

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʚ ʜʨʫʛʠʭ ʩʪʘʪʴʷʭ, ʢʚʘʥʪʦ-

ʚʘʷ ʟʘʧʫʪʘʥʥʦʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝ-

ʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɸ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʣʠʷʶʪ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʣʝʜʥʠʢʦʚ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʩʫ-

ʱʝʩʪʚʫʶʪ ʯʝʪʢʠʝ ʚʦʣʥʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʧʦʚʝʜʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʣʝʜʥʠʢʦʚ ʥʘ ɿʝʤʣʝ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʬʘʢ-

ʪʦʨʘ ɽɽɽ6. 

  
ʊʨʝʥʜ ʠʟ ʜʚʫʭ ʯʣʝʥʦʚ ɽɽɽ7 ʂʦʣʝʙʘʥʠʝ ɽɽɽ7 
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ʊʨʝʥʜ ʠ ʢʦʣʝʙʘʥʠʝ ɽɽɽ7 ʆʩʪʘʪʢʠ ɽɽɽ7 ʧʦʩʣʝ ʪʨʝʭ ʯʣʝʥʦʚ ʤʦʜʝʣʠ 

  
ʊʨʝʥʜ ʠʟ ʜʚʫʭ ʯʣʝʥʦʚ ɽɽɽ8 ʆʩʪʘʪʢʠ ɽɽɽ7 ʧʦʩʣʝ ʜʚʫʭ ʯʣʝʥʦʚ ʤʦʜʝʣʠ 

 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʤʦʜʝʣʝʡ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ ɽɽɽ6 ʥʘ ʠʟʤʝʥʝʥʠʝ ʬʘʢʪʦʨʦʚ ɽɽɽ7 ʠ ɽɽɽ8 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ 

ɽɽɽ7 = f(ɽɽɽ6) ʩʦʜʝʨʞʠʪ ʪʨʠ ʯʣʝʥʘ, ʠʟ ʢʦʪʦʨʳʭ 

ʧʝʨʚʳʝ ʜʚʘ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʩʪʴʶ ʜʚʫʭ ʟʘʢʦʥʦʚ: ʚʦ-

ʧʝʨʚʳʭ, ʟʘʢʦʥʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ; ʚʦ-ʚʪʦ-

ʨʳʭ, ʧʦʢʘʟʘʪʝʣʴʥʦʛʦ ʟʘʢʦʥʘ. ʊʨʝʪʴʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʷʚʣʷʝʪʩʷ ʚʝʡʚʣʝʪʦʤ ʧʦ ʬʦʨʤʫʣʝ (2) ʩ ʦʯʝʥʴ ʚʳʩʦ-

ʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ 0.9362. ʇʦʵʪʦʤʫ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʠʥʘʨʥʦʛʦ ʦʪʥʦ-

ʰʝʥʠʷ ʚʳʧʦʣʥʷʝʪ ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʧʦ ʟʘʢʦʥʫ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʛʠʙʝʣʠ ʠ 

ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʨʘʚʝʥ 2³4.87479 º 

9.75 ʛʨʘʜʫʩʦʚ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʰʠʨʦʪʳ ʢʦʣʝʙʘ-

ʥʠʝ ʫʩʧʦʢʘʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʨʦʩʪʘ ʧʦʣʫʧʝʨʠʦʜʘ.  

ʆʩʪʘʪʢʠ ɽɽɽ7 ʧʦʩʣʝ ʪʨʝʭ ʯʣʝʥʦʚ ʤʦʜʝʣʠ 

ʠʤʝʶʪ ʟʥʘʯʠʤʳʝ ʟʥʘʯʝʥʠʷ ʥʘ ʰʠʨʦʪʘʭ 40-65 ʛʨʘʜʫ-

ʩʦʚ. ʇʦʵʪʦʤʫ, ʝʩʣʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʚʦʟʤʦʞʝʥ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ ʤʠʢʨʦʚʦʣʥ ʧʦ ʦʩʪʘʪʢʘʤ 

ʜʣʷ ʵʪʦʡ ʰʠʨʦʪʳ.  

ʌʫʥʢʮʠʷ ɽɽɽ8 = f(EEE6) ʩʦʩʪʦʠʪ ʚʩʝʛʦ ʠʟ 

ʜʚʫʭʯʣʝʥʥʦʛʦ ʪʨʝʥʜʘ. ʇʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮʳ 5 ʦʥ ʩʦ-

ʜʝʨʞʠʪ ʩʫʤʤʫ ʠʟ ʜʚʫʭ ʟʘʢʦʥʦʚ: ʚʦ-ʧʝʨʚʳʭ, ʟʘʢʦʥʘ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʛʠʙʝʣʠ; ʚʦ-ʚʪʦʨʳʭ, ʙʠʦʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʟʘʢʦʥʘ [1-8]. ʆʩʪʘʪʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʝʙʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʬʦʨ-

ʤʫʣʦʡ (1), ʦʜʥʘʢʦ ʘʜʝʢʚʘʪʥʦʩʪʴ ʚʦʣʥʦʚʦʡ ʩʦʩʪʘʚʣʷ-

ʶʱʝʡ ʙʫʜʝʪ ʦʯʝʥʴ ʤʘʣʦʡ.  

ʆʩʪʘʣʴʥʳʝ ʛʨʘʬʠʢʠ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʦʙʲ-

ʷʩʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʣʝʜʥʠʢʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʧʨʠ-

ʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ [1], ʠʤʝʶʪ ʟʘʢʦʥʦʤʝʨʥʳʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ.  

  
ɼʚʫʭʯʣʝʥʥʳʡ ʪʨʝʥʜ ʇʝʨʚʦʝ ʢʦʣʝʙʘʥʠʝ ɽɽɽ6 
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ʊʨʝʥʜ ʠ ʢʦʣʝʙʘʥʠʝ ɽɽɽ6 ɺʪʦʨʦʝ ʢʦʣʝʙʘʥʠʝ ɽɽɽ6 

  

ʊʨʝʥʜ ʠʟ ʜʚʘ ʢʦʣʝʙʘʥʠʷ ʆʩʪʘʪʢʠ ɽɽɽ6 ʧʦʩʣʝ ʯʝʪʳʨʝʭʯʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢʠ ʤʦʜʝʣʝʡ ʚʣʠʷʥʠʷ ɽɽɽ7 ʥʘ ʠʟʤʝʥʝʥʠʝ ɽɽɽ6 

 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʠ EEE6 = f(EEE7) ʨʘʚʥʦ ʯʝʪʳʨʝʤ, ʯʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʨʦ-

ʛʨʘʤʤʥʦʡ ʩʨʝʜʳ CurveExpert-1.40.  

ɼʣʷ ʧʦʣʥʦʛʦ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʩʨʝʜʫ ʧʦ 

ʥʘʰʠʤ ʩʮʝʥʘʨʠʷʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʣʷ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ ʧʝʪʘʬʣʦʧʥʦʛʦ ʢʣʘʩʩʘ. ʇʨʠ 

ʵʪʦʤ ʥʦʚʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝ-

ʤʦʚ ʪʘʙʣʠʮʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʫʥʠʚʝʨʩʘʣʴ-

ʥʦʡ ʜʣʷ ʥʘʫʢʠ.  

 

  
ʊʨʝʥʜ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʟʘʢʦʥʦʚ ʂʦʣʝʙʘʥʠʝ  

  
ʊʨʝʥʜ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʪʨʝʭʯʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢʠ ʤʦʜʝʣʝʡ ʚʣʠʷʥʠʷ ɽɽɽ8 ʥʘ ʠʟʤʝʥʝʥʠʝ ɽɽɽ7 
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ʊʨʝʥʜ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʟʘʢʦʥʦʚ ʂʦʣʝʙʘʥʠʝ  

  
ʊʨʝʥʜ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʪʨʝʭʯʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢʠ ʤʦʜʝʣʝʡ ʚʣʠʷʥʠʷ ɽɽɽ8 ʥʘ ʠʟʤʝʥʝʥʠʝ ɽɽɽ6 

 

  
ʊʨʝʥʜ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʟʘʢʦʥʦʚ ʂʦʣʝʙʘʥʠʝ  

  
ʊʨʝʥʜ ʠ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʚʦʟʤʫʱʝʥʠʝ ʆʩʪʘʪʢʠ ʧʦʩʣʝ ʪʨʝʭʯʣʝʥʥʦʡ ʤʦʜʝʣʠ 

ʈʠʩʫʥʦʢ 5. ɻʨʘʬʠʢʠ ʤʦʜʝʣʝʡ ʚʣʠʷʥʠʷ ɽɽɽ8 ʥʘ ʠʟʤʝʥʝʥʠʝ ɽɽɽ9 
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