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Abstract 

The paper verifies the ability of previously proposed modifications of the Godunovôs scheme 

develop physically justified numerical solutions of the inviscid gas dynamics equations. The 

modifications constructed using the approach proposed by Kolgan to improve the accuracy of 

solutions on spatial variables are being considered. As test it is being solved the problems of 

flow around of semi-infinite rectangle and of a circular cylinder by a coaxial supersonic flow. 

The calculations are performed on a rectangular uniform grid. It is shown that the numerical so-

lution can correspond both to stationary and a pulsating flow around with different shape of the 

shock waves in front of the end wall (see figure below) depending on the viscosity of the nu-

merical scheme and the initial parameter distribution. 

Keywords: numerical scheme, Euler equations, perfect gas, supersonic flow around, entropy, 

total enthalpy, bow shock wave, pulsating regime, local inaccuracy. 

   

 a         b 

Isobars on the background of Mach number at flow around circle cylinder by supersonic coaxial 

flow with Mach number of 3: a ï the stationary solution by scheme of Godunov; b ï this is an 

intermediate picture of pulsating solution by Kolganôs scheme. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʨʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʭʝʤʳ ɻʦʜʫʥʦʚʘ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʥʝʚʷʟʢʦ-

ʛʦ ʛʘʟʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʘ, ʧʨʝʜ-

ʣʦʞʝʥʥʦʛʦ ʂʦʣʛʘʥʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥ-

ʥʳʤ. ʈʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʧʣʦʩʢʦʛʦ ʚʳʩʪʫʧʘ ʠ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʢʦʘʢʩʠʘʣʴʥʳʤ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʨʘʚʥʦʤʝʨʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʝʪʢʝ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ, ʪʘʢ ʠ ʧʫʣʴʩʠ-

ʨʫʶʱʝʤʫ ʦʙʪʝʢʘʥʠʶ ʩ ʨʘʟʥʦʡ ʬʦʨʤʦʡ ʫʜʘʨʥʳʭ ʚʦʣʥ ʧʝʨʝʜ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʦʡ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʚʷʟʢʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ, ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ, ʩʦʚʝʨʰʝʥʥʳʡ ʛʘʟ, ʩʚʝʨʭʟʚʫʢʦʚʦʝ 

ʦʙʪʝʢʘʥʠʝ, ʵʥʪʨʦʧʠʷ, ʧʦʣʥʘʷ ʵʥʪʘʣʴʧʠʷ, ʦʪʦʰʝʜʰʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʧʫʣʴʩʠʨʫʶʱʠʡ ʨʝ-

ʞʠʤ, ʣʦʢʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ.  

1. ɺʚʝʜʝʥʠʝ 

ʉʭʝʤʘ ʉ.ʂ. ɻʦʜʫʥʦʚʘ [12] ʦʟʥʘʤʝʥʦʚʘʣʘ ʥʦʚʳʡ ʵʪʘʧ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʛʠʜ-

ʨʦʜʠʥʘʤʠʢʝ.  ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʩʭʝʤʳ: ʫʥʠʬʠʢʘʮʠʷ ʠ ʥʘʛʣʷʜʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʘʣʛʦʨʠʪ-

ʤʘ, ʤʦʥʦʪʦʥʥʦʩʪʴ ʠ ʥʝʫʙʳʚʘʥʠʝ ʵʥʪʨʦʧʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʳʚʥʳʭ ʨʝʰʝʥʠʡ. 

ʇʦʟʜʥʝʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʭʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ ʪʝʯʝʥʠʡ ʥʝʚʷʟʢʦʛʦ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʠ ʫʣʫʯʰʝʥʠʷ ʩʚʷʟʘʥʳ 

ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʚʳʯʠʩʣʝʥʠʷ ʧʦʪʦʢʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʨʘʩʯʝʪʥʳʤʠ 

ʷʯʝʡʢʘʤʠ [4 11]. ʇʝʨʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ɺ.ʇ. ʂʦʣʛʘʥʦʤ [3 4]. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʩʭʝʤʳ ɻʦʜʫʥʦʚʘ ʚ ʩʭʝʤʝ ʂʦʣʛʘʥʘ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʦʡ, 

ʘ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ. ɿʥʘʯʝʥʠʝ ʣʶʙʦʛʦ ʧʘʨʘʤʝʪʨʘ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠʧʠʩʳʚʘ-

ʝʪʩʷ ʪʦʣʴʢʦ ʮʝʥʪʨʫ ʷʯʝʡʢʠ. ʅʘ ʛʨʘʥʠʮʝ ʩ ʩʦʩʝʜʥʝʡ ʷʯʝʡʢʦʡ ʝʛʦ ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʥʦʡ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʨʘʩʧʘʜʝ ʨʘʟʨʳʚʘ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʷʯʝʡʢʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʷʯʝʡʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ, 

ʚ [3] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʙʠʨʘʪʴ ʝʝ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʚ [12] ʧʦʩʪʨʦʝʥʳ 

ʤʦʜʠʬʠʢʘʮʠʠ ʩʭʝʤʳ ɻʦʜʫʥʦʚʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦʪʦʢʠ ʯʝʨʝʟ ʛʨʘʥʠʮʳ 

ʩʦʩʝʜʥʠʭ ʷʯʝʝʢ, ʨʝʰʘʷ ʟʘʜʘʯʫ ʈʠʤʘʥʘ ʜʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʪʦʯʢʝ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʛʨʘʥʠʮʝʡ ʷʯʝʡʢʠ. ʇʦʣʦʞʝʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʜ-

ʥʦʟʥʘʯʥʦ ʟʘʜʘʥʦ ʜʣʷ ʚʩʝʭ ʷʯʝʝʢ ʧʘʨʘʤʝʪʨʦʤ a: 0 0.5a¢ ¢ . ɹʦʣʝʝ ʦʙʱʘʷ ʩʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ a ʦʪ ʛʨʘʜʠʝʥʪʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 
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ʖ.ɺ. ʊʫʥʠʢ  çʇʨʦʙʣʝʤʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʭʝʤʳ ɻʦʜʫʥʦʚʘè 

3 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ: 0.5exp
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. ɿʜʝʩʴ lf¡  ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜ-

ʥʘʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ f ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ l ʦʪ ʮʝʥʪʨʘ ʷʯʝʡʢʠ ʜʦ ʩʝʨʝʜʠʥʳ ʛʨʘʥʠ-

ʮʳ, ʦʪʜʝʣʷʶʱʝʡ ʝʝ ʦʪ ʩʦʩʝʜʥʝʡ ʷʯʝʡʢʠ; h l= . ʀʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ Ŭ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʛʨʘʜʠʝʥʪʘ lf¡ ʩʭʝʤʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʦʡ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʭʝʤʝ ʂʦʣʛʘʥʘ. ʇʨʠ ʵʪʦʤ ʩʭʝʤʥʘʷ ʚʷʟʢʦʩʪʴ ʠ ʜʠʬʬʫʟʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʣʳ-

ʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʝʨʘ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ [12], ʪʦ ʝʩʪʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘ-

ʣʳ. ʇʨʠ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ, ʥʘʧʨʠʤʝʨ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʘʟʨʳʚʦʚ, ʜʘʥʥʘʷ ʤʦ-

ʜʠʬʠʢʘʮʠʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚʷʟʢʦʩʪʠ ʠ 

ʜʠʬʬʫʟʠʠ ʧʦʨʷʜʢʘ ʨʘʟʤʝʨʘ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ. ɺ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪ ʩʭʝʤ-

ʥʦʡ ʚʷʟʢʦʩʪʠ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ a. ɺʝʣʠʯʠʥʘ b ʟʘʜʘʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʩʭʝʤʳ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʩʭʝʤ  rʦʩʪʘʶʪʩʷ ʩʭʝʤʘʤʠ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʥʦ ʧʦʟʚʦʣʷʶʪ ʫʤʝʥʴʰʠʪʴ ʜʠʬʬʫʟʠʶ ʩʭʝ-

ʤʳ ɻʦʜʫʥʦʚʘ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʨʘʩʧʘʜʝ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʨʘʟʨʳʚʘ [12]. ɺ 

[12] ʥʘ ʧʨʠʤʝʨʝ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʦʩʢʠʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʠʜʝ-

ʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʂʦʣʛʘʥʘ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʫʙʳʚʘʥʠʷ ʵʥ-

ʪʨʦʧʠʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʥʝʚʷʟʢʦʛʦ ʛʘʟʘ, ʪʦ ʝʩʪʴ ʤʦʞʝʪ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʬʠʟʠʯʝʩʢʠ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʯʠʩʣʝʥʥʳʤ ʨʝʰʝʥʠʷʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʥʦʪʦʥʥʦʩʪʠ 

ʩʭʝʤʘ ʪʨʝʙʫʝʪ ʤʘʣʦʛʦ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ [12] ʩʭʝʤʳ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʩ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʦʡ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʝ ʯʠʩʣʝʥʥʳʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʦ ʨʘʩʧʘʜʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʨʝʜʝ ʩ ʢʦʘʢʩʠʘʣʴʥʳʤ ʢʦʥ-

ʪʘʢʪʥʳʤ ʨʘʟʨʳʚʦʤ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʙʘʟʝ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʳʭ ʜʣʷ ʩʭʝʤ ɻʦʜʫʥʦʚʘ  

ʂʦʣʛʘʥʘ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ ʦʙʪʝʢʘʥʠʷ ʧʣʦʩʢʦʛʦ ʚʳʩʪʫʧʘ ʠ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʢʦʘʢʩʠʘʣʴʥʳʤ 

ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ.  

2. ʈʝʰʝʥʠʝ ʪʝʩʪʦʚʳʭ ʟʘʜʘʯ  

2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʂʘʢ ʚ [4] ʠ [13] ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (X, Y) 

ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʷʤʦʡ ʫʛʦʣ, ʟʘʜʘʶʱʠʡ ʢʦʥʪʫʨ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʚʝʨʭʥʶʶ ʧʦ-

ʣʦʚʠʥʫ ʧʣʦʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʝʨʚʦʤ ʢʚʘʜʨʘʥʪʝ ʧʣʦʩʢʦʩʪʠ XY (ʨʠʩ. 1). ʊʦʨʮʝʚʘʷ 

ʩʪʝʥʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʦʩʠ ʦʨʜʠʥʘʪ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʢʦʥʪʫʨʘ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʘʙʩ-

ʮʠʩʩ. ɿʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʜʠʫʩ 0r  ʮʠʣʠʥʜʨʘ ʠʣʠ ʚʳʩʦʪʘ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʳ ʚr -

ʩʪʫʧʘ. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʨʘʟʙʠʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʷʤʦʡ 0x=  ʥʘ ʜʚʝ ʟʦʥʳ ʠ ʦʛʨʘʥʠʯʝʥʘ ʦʩʴʶ 

ʘʙʩʮʠʩʩ, ʩʪʝʥʢʘʤʠ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ʠ ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ 1 3x x= =-, 2 2x x= = ʠ 5y= . ʈʘʩ-

ʯʝʪʥʘʷ ʩʝʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʨʘʚʥʳʭ ʢʚʘʜʨʘʪʥʳʭ ʷʯʝʝʢ, ʩʪʦʨʦʥʳ ʢʦʪʦʨʳʭ ʧʘʨʘʣʣʝʣʴʥʳ ʢʦʦʨʜʠ-

ʥʘʪʥʳʤ ʦʩʷʤ ʠ ʨʘʚʥʳ T1 N , ʛʜʝ TN  ï ʯʠʩʣʦ ʷʯʝʝʢ ʧʦ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʝ.  

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʦ ʚʩʝʤ ʧʦʣʝ ʪʝʯʝʥʠʷ ʟʘʜʘʝʪʩʷ ʯʠʩʣʦ ʄʘʭʘ 0M  ʥʘʙʝʛʘʶ-

ʱʝʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʝ 0p  ʠ ʧʣʦʪʥʦʩʪʴ 0r, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪʩʷ ʟʘ ʝʜʠʥʠʮʫ, ʩʢʦ-

ʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘʧʨʘʚʣʝʥʘ ʚʜʦʣʴ ʦʩʠ ʘʙʩʮʠʩʩ ʚʦ ʚʩʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʅʘ ʦʩʠ ʘʙʩʮʠʩʩ ʠ 

ʩʪʝʥʢʘʭ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ ï ʫʩʣʦʚʠʷ ʥʝʧʨʦʪʝʢʘʥʠʷ. ʅʘ ʚʝʨʭʥʶʶ ʠ ʧʨʘʚʫʶ ʛʨʘʥʠʮʫ, ʯʝʨʝʟ ʢʦ-

ʪʦʨʳʝ ʧʦʪʦʢ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʩʥʦʩʷʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʙʣʠ-

ʞʘʡʰʠʭ ʷʯʝʝʢ.  

ɺ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  ʜʚʫʤʝʨʥʳʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ 

ʜʣʷ ʧʣʦʩʢʦʛʦ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɻʘʟ ʩʯʠʪʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʳʤ ʩ 

ʧʦʢʘʟʘʪʝʣʝʤ ʘʜʠʘʙʘʪʳ 1.4, ʚʨʝʤʷ t ʥʘ ʨʠʩʫʥʢʘʭ ʦʪʥʝʩʝʥʦ ʢ 0 0 0t r U= , ʛʜʝ 0 0 0U p r= , ʯʠʩ-

ʣʦ ʄʘʭʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 0M 3= . 
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2.2. ʆʙʪʝʢʘʥʠʝ ʧʣʦʩʢʦʛʦ ʚʳʩʪʫʧʘ 

ɺ [13] ʥʝ ʫʢʘʟʘʥʳ ʨʘʟʤʝʨʳ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʵʪʦʤʫ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʯʠʩʣʦ ʨʘʩ-

ʯʝʪʥʳʭ ʷʯʝʝʢ TN , ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʪʦʨʮʝʚʫʶ ʩʪʝʥʢʫ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ. ʉʫʜʷ ʧʦ ʨʠʩʫʥʢʘʤ 

T 8N =. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʚ [13] ʧʨʠ 0M 3=  ʧʦʣʫʯʝʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ. ɺ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʘʷ ʢʘʨʪʠʥʘ ʦʙʪʝʢʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ 

ʂʦʣʛʘʥʘ [4 5].  
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ: ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʧʦʣʫʯʝ-

ʥʦ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ (ʨʠʩ. 1, ʘ), ʂʦʣʛʘʥʘ (ʨʠʩ. 1, ʙ) ʠ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ (ʨʠʩ. 1, 

ʚʛ). ʂʘʢ ʠ ʚ [13] ʦʪʭʦʜ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʚʳʩʪʫʧʘ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʨʘʚʝʥ, 

ʧʨʠʤʝʨʥʦ, 1.5. ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʟʦʙʘʨ ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʯʪʦ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ ʈʫʩʘʥʦʚʘ [13].   

    

   a ʙ 

     

ʚ ʛ 

ʈʠʩ. 1. ʃʠʥʠʠ ʪʦʢʘ ʠ ʠʟʦʙʘʨʳ ʥʘ ʬʦʥʝ ʯʠʩʣʘ ʄʘʭʘ ʚ ʧʦʪʦʢʝ: ʘ ï ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ ʧʨʠ CFL = 0.4; 

ʙ ï ʩʭʝʤʘ ʂʦʣʛʘʥʘ ʧʨʠ CFL = 0.1 ʠ 0.4 (ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʚ  ʩʭʝʤʘ ɻʦ-

ʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʧʨʠ 0.4a=  ʠ CFL = 0.4; ʛ  ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʯʝʥʠ-

ʝʤ a ʧʨʠ 1b=  ʠ CFL = 0.4 

ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ ʠʟʚʠʣʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʠʟʦʙʘʨ ʥʘʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʪʝʥʢʦʡ 

ʚʳʩʪʫʧʘ ʚ ʨʘʩʯʝʪʝ ʧʦ ʩʭʝʤʝ ʂʦʣʛʘʥʘ ʩ ʯʠʩʣʦʤ ʂʫʨʘʥʪʘ CFL = 0.4 (ʨʠʩ. 1, ʙ, ʩʠʥʠʝ ʣʠʥʠʠ). ɺ 

[4] ʠʟʚʠʣʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʠʟʦʙʘʨ ʤʦʛ ʦʩʪʘʪʴʩʷ ʥʝʟʘʤʝʯʝʥʥʳʤ ʠʟ-ʟʘ ʤʘʣʦʡ ʢʨʠʚʠʟʥʳ ʠ ʥʠʟʢʦʡ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʦʪʪʝʨʘ. ɺ ʨʘʙʦʪʝ [5] ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʨʠʩʫʥʢʘʭ ʦʙʣʘʩʪʴ ʥʘʜ ʚr -

ʩʪʫʧʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ CFL = 0.1 ʠʩʢʨʠʚʣʝʥʠʝ ʠʟʦʙʘʨ ʠʩʯʝʟʘʝʪ (ʨʠʩ. 1, ʙ, ʢʨʘʩ-

ʥʳʝ ʣʠʥʠʠ). ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʚʠʣʠʩʪʳʡ ʭʘʨʘʢʪʝʨ ʠʟʦʙʘʨ ʝʩʪʴ 

ʩʣʝʜʩʪʚʠʝ ʥʝʘʙʩʦʣʶʪʥʦʡ ʤʦʥʦʪʦʥʥʦʩʪʠ ʩʭʝʤʳ ʂʦʣʛʘʥʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʘ ʧʨʠ 
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ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʂʫʨʘʥʪʘ [12]. ɺʳʭʦʜ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʛʨʘʬʠʢʦʤ 

ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ F  ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʣʝʥʠʷ (ʨʠʩ. 2, ʘ, 

ʢʨʠʚʘʷ ɸ1). ʉʭʝʤʘ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʩ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯ-

ʢʦʡ (0.4a=  ʠ 1b=  ʥʘ ʨʠʩ. 1, ʚ ʠ 1, ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʜʘʶʪ ʙʣʠʟʢʠʝ ʨʝʰʝʥʠʷ, ʙʦʣʝʝ ʜʝʪʘʣʴ-

ʥʳʝ, ʯʝʤ ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ, ʥʦ ʤʝʥʝʝ ʧʦʜʨʦʙʥʳʝ, ʯʝʤ ʩʭʝʤʘ ʂʦʣʛʘʥʘ. ʇʦ ʩʠʣʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʨʘʩʯʝʪʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 3 % (ʨʠʩ. 2, ʘ).  

        

ʘ      ʙ 

 

ʚ 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʫʩʪʘʥʦʚʣʝʥʠʷ: ʘ  ʩʭʝʤʳ ɻʦʜʫ-

ʥʦʚʘ (ɸ1), ʂʦʣʛʘʥʘ (ɸ2) ʠ ɻʦʜʫʥʦʚʘ  ʂʦʣʛʘʥʘ ʧʨʠ 0.4a=  (ɸ04), 1b=  ʠ 0.5b=  ʥʘ ʩʝʪʢʝ ʩ T 8N = ;  

ʙ ï ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ (ɸ1, CFL = 0.4); ʚ ï ʩʭʝʤʘ ʂʦʣʛʘʥʘ (ɸ2, CFL = 0.1) ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ TN  

ʅʘ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʢʝ ʧʨʠ T 40N ²  ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ ʚʦʟʥʠʢʘʶʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʟʘʪʫʭʘʶʱʠʝ ʧʫʣʴʩʘʮʠʠ, ʢʦʪʦʨʳʝ ʥʘ ʢʘʨʪʠʥʝ ʪʝʯʝʥʠʷ ʙʝʟ ʠʟʦʣʠʥʠʡ ʟʘʤʝʪʠʪʴ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʝʚʦʟʤʦʞʥʦ (ʨʠʩ. 3, ʘ, avi_1). ʅʝ ʤʝʥʷʝʪʩʷ ʠ ʧʦʣʦʞʝʥʠʝ ʦʪʦʰʝʜʰʝʛʦ ʩʢʘʯʢʘ. ɸʤʧʣʠʪʫʜʘ 

ʧʫʣʴʩʘʮʠʡ ʩʠʣʳ F  ʥʝ ʧʨʝʚʳʰʘʝʪ 1.5 % ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʨʠʩ. 2, ʙ). ʇʫʣʴʩʘʮʠʠ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʩʪʚʠʝʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʦʱʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʧʝʨʝʜ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʦʡ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʷ. ʉʦ ʚʨʝʤʝʥʝʤ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ ʤʦʛʫʪ ʦʩʣʘʙʝʚʘʪʴ ʠ ʧʝʨʝʭʦʜʠʪʴ ʚ ʟʚʫ-

ʢʦʚʳʝ. ʅʘ ʛʨʫʙʦʡ ʩʝʪʢʝ ʚʷʟʢʦʩʪʴ ʩʭʝʤʳ ʙʳʩʪʨʦ ʧʦʜʘʚʣʷʝʪ ʵʪʠ ʚʦʟʤʫʱʝʥʠʷ. ʏʠʩʣʝʥʥʦʝ ʨʝʝh-

ʥʠʝ ʥʘ ʤʝʣʢʦʡ ʩʝʪʢʝ ʪʦʯʥʝʝ ʧʨʠʙʣʠʞʘʝʪ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʥʝʚʷʟʢʦʛʦ ʛʘʟʘ, ʚ ʢʦ-
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ʪʦʨʦʤ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʜʘʚʣʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʜʦʙʥʳʝ ʧʫʣʴʩʘʮʠʠ 

ʚʨʷʜ ʣʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʦʩʢʦʣʴʢʫ, ʚ ʯʘʩʪʥʦʩʪʠ, ʨʝʘʣʴʥʳʡ ʛʘʟ ʦʙʣʘʜʘʝʪ 

ʚʷʟʢʦʩʪʴʶ. 

ʉʭʝʤʘ ʂʦʣʛʘʥʘ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ, ʯʝʤ ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ, ʧʦʵʪʦʤʫ ʧʫʣʴʩʘʮʠʠ 

ʧʨʦʠʩʭʦʜʷʪ ʩ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʨʠʩ. 2, ʚ). ʇʨʠ 

ʵʪʦʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʪʝʯʝʥʠʷ, ʬʦʨʤʘ ʠ ʧʦʣʦʞʝʥʠʝ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʝʨʝʜ 

ʚʳʩʪʫʧʦʤ (ʨʠʩ. 3, ʙ, avi_2). 

      

        a     ʙ 

ʈʠʩ. 3. ʀʟʦʙʘʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ (ʘ) ʠ ʂʦʣʛʘʥʘ (ʙ) ʧʨʠ T 40N =  ʚ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ: ʢʨʘʩʥʳʝ, ʟʝʣʝʥʳʝ ʠ ʩʠʥʠʝ ʣʠʥʠʠ 

ʉʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ  ʂʦʣʛʘʥʘ ʢʘʢ 

ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ, ʪʘʢ ʠ ʧʝʨʝʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ a (ʨʠʩ. 4). ʅʘ ʨʠʩʫʥʢʝ 5, ʘ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʠʟʤʝʥʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʪʝʢʘʥʠʷ ʚʳʩʪʫʧʘ. 

ʂʨʠʚʘʷ Bet ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʭʝʤʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ a ʧʨʠ 2b= , ʘ ʢʨʠʚʳʝ ɸ025 ʠ ɸ04 

ʧʦʣʫʯʝʥʳ ʧʨʠ 0.25a=  ʠ 0.4.  ɺʳʭʦʜ ʥʘ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʣʠʯʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦ ʨʘʙʦʪʘʶʱʝʡ ʩʭʝʤʥʦʡ ʚʷʟʢʦʩʪʠ ʜʘʞʝ ʧʨʠ ʤʘʣʦʤ ʨʘʟʤʝʨʝ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʷʟʢʦʩʪʠ, ʩʭʝʤʘ ʂʦʣʛʘʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʪʘʮʠʦ-

ʥʘʨʥʦʤʫ ʨʝʰʝʥʠʶ ʧʨʠ ʙʦʣʝʝ ʫʜʘʯʥʦʤ ʚʳʙʦʨʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʦʚʦʮʠʨʫʝʪ ʤʦʱʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ 

(ʨʠʩ. 5, ʙ, ʣʠʥʠʷ A2ʉ). 

        
a ʙ 

ʈʠʩ. 4. ʉʪʘʮʠʦʥʘʨʥʦʝ ʦʙʪʝʢʘʥʠʝ ʚʳʩʪʫʧʘ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ  ʂʦʣʛʘʥʘ ( T 40N = ):  

ʘ  ʣʠʥʠʠ ʪʦʢʘ ʠ ʠʟʦʙʘʨʳ ʥʘ ʬʦʥʝ ʯʠʩʣʘ ʄʘʭʘ ʧʨʠ 2b= ; ʙ ï ʠʟʦʙʘʨʳ ʧʨʠ 2b=  ʠ 0.4a=  

(ʢʨʘʩʥʳʝ ʠ ʩʠʥʠʝ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) 
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a       ʙ 

ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʚʳʩʪʫʧʘ:  

ʘ ï ʧʦ ʩʭʝʤʘʤ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʧʨʠ T 40N = ; ʙ ï ʧʨʦʜʦʣʞʝʥʠʝ ʨʘʩʯʝʪʘ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ 

(ʢʨʠʚʘʷ A1C) ʠ ʂʦʣʛʘʥʘ (ʢʨʠʚʘʷ A2C) ʧʨʠ T 60N =  

ɺ ʵʪʦʤ ʨʘʩʯʝʪʝ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝ-

ʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ  ʂʦʣʛʘʥʘ ʧʨʠ 2b=  ʠ T 60N =  (ʨʠʩ. 5, ʙ, ʣʠʥʠʷ Bet = 2). 

ɸʥʘʣʦʛʠʯʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ, ʥʘʯʘʪʦʝ ʩ ʢʨʠʚʦʡ Bet = 2, ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʧʫʣʴʩʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʦʙʪʝʢʘʥʠʷ ʢʘʢ ʧʨʠ CFL = 0.4, ʪʘʢ ʠ ʧʨʠ CFL = 0.1 (ʨʠʩ. 5, ʙ, ʢʨʠʚʘʷ 

ɸ1ʉ). ɺʠʜʠʤʦ, ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʘ ʩʭʝʤʥʦʡ ʚʷʟʢʦʩʪʠ ʥʘ ʤʝʣʢʦʡ ʩʝʪʢʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʫʣʴʩʘʮʠʡ. 

2.3. ʈʘʩʯʝʪ ʦʙʪʝʢʘʥʠʷ ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ ʢʦʘʢʩʠʘʣʴʥʳʤ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʧʦʪʦʢʦʤ 

ɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʙʪʝʢʘʥʠʝ ʮʠʣʠʥʜʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʨʝʞʠʤʝ ʩ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʦʪʦʰʝʜʰʝʡ ʚʦʣʥʦʡ [14]. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʰʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ (ʨʠʩ. 6, ʘ) ʠ ʥʘ ʤʝʣʢʠʭ ʩʝʪʢʘʭ ( T 40N ² ) ʧʦ ʩʭʝʤʘʤ 

ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʧʨʠ 0.25a=  ʠ 0.4, ʘ ʪʘʢʞʝ ʧʨʠ 2b=  (ʨʠʩ. 6, ʙʚ, avi_3). ʇʨʠ 0.4a= , ʪ.ʝ. 

ʧʨʠ ʥʝʚʳʩʦʢʦʡ ʩʭʝʤʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ, ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʚʳʩʪʫʧʘ ʠʟʦʙʘʨʳ 

ʥʝʤʦʥʦʪʦʥʥʳ. ʆʧʪʠʤʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʭʝʤʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʦʡ 

( 2b= ): ʜʝʪʘʣʠʟʘʮʠʷ ʢʘʨʪʠʥʳ ʙʣʠʟʢʘ ʢ ʨʘʩʯʝʪʫ ʧʨʠ 0.4a= , ʥʦ ʠʟʦʙʘʨʳ ʤʦʥʦʪʦʥʥʳ. ʇʦʣʫ-

ʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʙʣʠʟʢʘ ʢ ʪʦʡ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʚ [13]: ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʦʪʭʦʜ ʛʦʣʦʚʥʦʡ ʚʦʣʥʳ ʠ ʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʢʘʯʢʘ SF 

ʥʘʜ ʦʙʨʘʟʫʶʱʝʡ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 6, ʚ). ʂʘʢ ʠ ʚ [13], ʧʨʠʤʝʨʥʦ, ʚ 4.2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ 

ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʨʠ ʧʦʜʭʦʜʝ ʢ ʪʦʨʮʫ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ ʯʝʪʚʝʨʪʴ ʦʪ ʦʩʠ ʧʦ ʨʘʜʠʫʩʫ.  

ʇʨʠ ʥʝʙʦʣʴʰʦʤ ʯʠʩʣʝ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ (T 20N ¢ ) ʨʘʩʯʝʪ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ  ʂʦʣʛʘʥʘ 

ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʰʝʥʠʡ ʩ ʧʫʣʴʩʘʮʠʷʤʠ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʥʘ ʛʨʘʬʠʢʝ ʠʟʤʝʥʝ-

ʥʠʷ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 % (ʨʠʩ. 7, ʘ). ʇʫʣʴʩʘʮʠʠ ʫʩʧʝʰ-

ʥʦ ʧʦʜʘʚʣʷʶʪʩ ̫ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ b. ʊʘʢ ʥʘ ʩʝʪʢʝ ʩ T 8N =  ʧʨʠ 3b=  ʩʭʝʤʘ ɻʦʜʫʥʦ-

ʚʘ ï ʂʦʣʛʘʥʘ ʜʘʝʪ ʩʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ (ʨʠʩ. 7, ʘ).   

ʉʭʝʤʘ ʂʦʣʛʘʥʘ ʥʝ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ ʦ ʨʝʞʠʤʝ ʦʙʪʝʢʘʥʠʷ ʮʠʣʠʥʜʨʘ. 

ʇʨʠ T 20, 40N =  ʠ 80 ʦʙʪʝʢʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ (ʨʠʩ. 7, ʙ), ʘ ʧʨʠ T 8N =  

ʠ 60 ï ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʫʣʴʩʠʨʫʶʱʝʡ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʚʦʣʥʳ ʧʝʨʝʜ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʦʡ 

(ʨʠʩ. 6, ʛ, avi_4).  
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a     ʙ 

       

ʚ      ʛ 

ʈʠʩ. 6. ʈʝʰʝʥʠʷ ʧʨʠ T 60N =  ʠ CFL = 0.1: ʘ ï ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ (ʣʠʥʠʠ ʪʦʢʘ ʠ ʠʟʦʙʘʨʳ ʥʘ ʬʦʥʝ ʯʠʩʣʘ 

ʄʘʭʘ); ʙ ï ʠʟʦʙʘʨʳ ʨʝʰʝʥʠʡ ʧʦ ʩʭʝʤʝ ɻʦʜʫʥʦʚʘ  ʂʦʣʛʘʥʘ ʧʨʠ 0a= , 0.25, 0.4 ʠ 2b=  (ʯʝʨʥʳʝ, ʟʝʣʝ-

ʥʳʝ, ʩʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʣʠʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); ʚ ï ʣʠʥʠʠ ʪʦʢʘ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʧʝʨʝʯʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʠ 2b= ; ʛ ï ʩʭʝʤʘ ʂʦʣʛʘʥʘ (ʤʛʥʦʚʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʣʴʩʠʨʫʶʱʝʛʦ ʪʝʯʝʥʠʷ) 

        

a        ʙ 

ʈʠʩ. 7. ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʣʠʥʜʨʘ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝ-

ʥʠʷʭ TN : ʘ  ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʧʨʠ 0.25a=  (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʠ 2b=  (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ); 

ʙ ï ʩʭʝʤʘ ʂʦʣʛʘʥʘ   



ʖ.ɺ. ʊʫʥʠʢ  çʇʨʦʙʣʝʤʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʢʦʪʦʨʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʩʭʝʤʳ ɻʦʜʫʥʦʚʘè 

9 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʦʙʪʝʢʘʥʠʷ ʮʠʣʠʥʜʨʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷ-

ʥʠʷ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʧʫʣʴʩʘʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʭʝʤʥʦʡ ʚʷʟʢʦʩʪʴʶ, ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʚʳʥʦʩʘ ʚʦʟʤʫʱʝʥʠʡ ʠʟ ʦʙʣʘʩʪʠ ʧʝʨʝʜ ʪʦʨʮʝʚʦʡ ʩʪʝʥʢʦʡ. ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʩʭʝʤʘ ʂʦʣʛʘʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [12], ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʥʝʫʙʳʚʘʥʠʷ ʵʥ-

ʪʨʦʧʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʨʝʰʝʥʠʷ.  

2.4. ʆ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ 

ʂʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʭʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʠʥʪʝʛʨʘʣʴ-

ʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: ʧʦʪʦʢʫ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ. ɺ ʩʣʫʯʘʝ ʪʝʯʝʥʠʡ ʚ ʥʝʦʛʨʘʥʠʯʝʥ-

ʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʝʩʪʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʦ 

ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʙʪʝʢʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʜʦʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʝʣ ʧʨʠ ʩʪʘʮʠʦʥʘʨʥʦʤ ʦʙʪʝʢʘʥʠʠ.  ɺ ʩʣʫʯʘʝ ʩʭʝʤʳ 

ʂʦʣʛʘʥʘ ʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʨʝʰʝʥʠʡ, ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚ 

ʨʘʩʯʝʪʘʭ ʧʦ ʩʭʝʤʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʪʦʯʢʦʡ. ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʢʨʝʩʪ-

ʥʦʩʪʠ ʫʛʣʦʚʦʡ ʪʦʯʢʠ (0x= ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦ ʩʭʝʤʝ ʂʦʣʛʘʥʘ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʜʘʝʪ ʩʭʝʤʘ ɻʦʜʫʥʦʚʘ ï ʂʦʣʛʘʥʘ ʧʨʠ 0.4a= . 

      

a       ʙ 

ʈʠʩ. 8. ɼʘʚʣʝʥʠʝ (ʩʧʣʦʰʥʳʝ) ʠ ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ (ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ) ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ: ʘ  ʚʳʩʪʫʧʘ ʧʨʠ ; ʙ  ʢʨʫʛʦʚʦʛʦ ʮʠʣʠʥʜʨʘ T 60N =  

ɸʧʨʠʦʨʠ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʯʝʪʳ ʧʦ ʩʭʝʤʝ ʂʦʣ-

ʛʘʥʘ. ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʧʦʣʥʦʡ ʵʥʪʘʣʴʧʠʠ  

   

ʠ ʬʫʥʢʮʠʠ ʵʥʪʨʦʧʠʠ  

  

ʚ ʨʘʩʯʝʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʠʩ. 8. ɺ ʠʜʝʘʣʝ , ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʘʷ ʵʥʪʘʣʴʧʠʷ ʚ ʫʩʣʦʚʠ-

ʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʥʪʨʦʧʠʷ ʧʨʝʪʝʨʧʝʚʘʝʪ ʥʝʦʜ-

ʥʦʨʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʛʦʣʦʚʥʫʶ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʧʦʵʪʦʤʫ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩ-

ʯʝʪʦʚ ʧʦ ʵʥʪʨʦʧʠʠ ʩʣʝʜʫʝʪ ʦʮʝʥʠʚʘʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ.  


