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Abstract 

This paper presents some results of CFD calculations and flight dynamics modeling of the EX-

PERT re-entry vehicle. The main goal of this paper is the validation of developed software 

packages for aerodynamics and flight dynamics calculations. The CFD computations were per-

formed using the CFD code ug3D developed in Institute for Problems in Mechanics for numeri-

cal simulations of high-speed flows. Initial data for 6d-o-f computations including aerodynamic 

and mass-inertial characteristics was formed based on free-access data and CFD calculations for 

a wide range of Mach numbers and angles of attack. Flight dynamics computations were per-

formed using the high-speed aircraft flight dynamics solver MODIN considering Earth rotation 

and form. The results of a comparison of the obtained trajectory and flight parameters of the 

EXPERT vehicle with the European Space Agency results are presented.  

Keywords: re-entry, aerothermodynamics, aerodynamic coefficients, flight dynamics, valida-

tion. 

 

Objectôs surface, unstructured volume grid and pressure distribution of re-entry vehicle EXPERT. 

   

  
 

Dependence of altitude (from the left), Mach number (in the middle) and Total angle of attack 

(from the right) on the time of flight for EXPERT vehicle 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʩʧʫʩʢʘʝʤʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ EXPERT (European Experimental 

Re-entry Testbed). ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʚʘʣʠʜʘʮʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʦʜʫʣʝʡ ʨʘʩʯʝʪʘ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ. ʈʘʩʯʝʪʳ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚʳʧʦʣʥʷʣʠʩʴ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ug3D ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦ-

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ. ʅʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʢʠ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ 

ʙʘʥʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʄʘʭʘ ʠ ʫʛʣʦʚ ʘʪʘʢʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘ-

ʤʠʢʠ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ MODIN ʨʘʩʯʝʪʘ ʜʠʥʘ-

ʤʠʢʠ ʧʦʣʝʪʘ ʪʠʧʦʚʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʄʦʜʝʣʠʨʦʚʘʣʦʩʴ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʘ ʩ ʫʯʝʪʦʤ ʢʨʠʚʠʟʥʳ ʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʪʨʘʝʢʪʦʨʠʷʤʠ, ʨʘʩʩʯʠ-

ʪʘʥʥʳʤʠ ɽʚʨʦʧʝʡʩʢʠʤ ʂʦʩʤʠʯʝʩʢʠʤ ɸʛʝʥʪʩʪʚʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʧʫʩʢʘʝʤʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʜʠʥʘʤʠʢʘ ʧʦʣʝʪʘ, ʚʘʣʠʜʘʮʠʷ. 

1. ɺʚʝʜʝʥʠʝ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʧʫʩʢʘʝʤʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [1 3] ï ʦʪ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʜʦ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʪʨʘʙʦʪʢʘ ʩʦʚʤʝʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘ-

ʤʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʩʧʫʩʢʘʝʤʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 

ʧʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʚʘʣʠʜʘʮʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʘʚʪʦʨʩʢʠʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ ʨʘʩʯʝʪʘ ʘʵʨʦ-

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʘʵ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ, ʠ ʜʘʥʥʳʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʚʘʣʠʜʠʨʦʚʘʥʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʢʦʤ-

ʧʣʝʢʩʘʤʠ.  

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʃɸ ʨʘʩʯʝʪʥʳʤ ʤʦʜʫ-

ʣʝʤ ug3D ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʣʠ ʠʩʭʦʜʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ. ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʤʦʜʫʣʝʤ MODIN [4-6] ʧʨʦʠʟʚʦ-

ʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʤ, ʪʘʢ ʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. ɼʘʥʥʳʡ ʧʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʦʮʝʥʠʚʘʪʴ ʪʦʯʥʦʩʪʴ ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʪʜʝʣʴʥʦ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ 
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ʦʮʝʥʠʚʘʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʚʠʞʝʥʠʷ çʚʠʨʪʫʘʣʴʥʦʛʦ ʃɸè (ʘʵʨʦʜʠʥʘʤʠʢʘ ʠ ʜʠʥʘʤʠʢʘ ʧʦʣʝʪʘ 

ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʘʚʪʦʨʘʤʠ ʯʠʩʣʝʥʥʦ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʦʩʪʫʧʥʳʤʠ ʨʘʩʯʝʪʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ [7]. 

2. ʆʧʠʩʘʥʠʝ ʦʙʲʝʢʪʘ 

ɺ ʩʚʷʟʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʛʠʧʝʨʟʚʫʢʦʚʦʤ ʜʚʠʞʝʥʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʚʭʦʜʝ ʚ ʘʪʤʦʩʬʝʨʫ 

ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ, ɽʚʨʦʧʝʡʩʢʦʝ 

ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʚ 2004 ʛʦʜʫ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʫ ʣʝʪʘʶʱʝʡ ʣʘʙʦʨʘʪʦʨʠʠ EXPERT [2]. 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ EXPERT ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʧʝʨʟʚʫ-

ʢʦʚʳʭ ʷʚʣʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ ʣʝʪʥʳʭ ʜʘʥʥʳʭ ʠ ʦʪʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʣʝʪʥʳʭ ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʝʨʝʭʦʜ, ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʫʜʘʨʥʳʭ ʚʦʣʥ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʧʧʘʨʘʪʘ ʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʘʤʠ ʨʝ-

ʘʣʴʥʦʛʦ ʛʘʟʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ. ʊʘʢʞʝ, ʧʦʣʫʯʝʥʥʳʝ ʣʝʪʥʳʝ ʜʘʥʥʳʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʘʣʠʜʘʮʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʩʯʝʪʘ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 

ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʥʘʡʪʠ ʢʦʨʨʝʣʷʮʠʶ ʣʝʪʥʳʭ ʜʘʥʥʳʭ ʩ ʥʘʟʝʤʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. 

ɻʝʦʤʝʪʨʠʷ ʘʧʧʘʨʘʪʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ, ʠʩʭʦʜʷ ʠʟ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʤʘʩʩʝ ʠ ʦʙʲʝʤʫ ʪʨʝʪʴʝʡ 

ʩʪʫʧʝʥʠ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ (ʈʅ), ʘ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʥʦʛʦ ʧʦ-

ʪʦʢʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʦʣʝʪʘ. ʆʙʱʠʡ ʚʠʜ ʃɸ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1 [1]. ʇʨʦʮʝʩʩ 

ʩʙʦʨʢʠ ʣʝʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʃɸ EXPERT 

ɿʘʧʫʩʢ ʘʧʧʘʨʘʪʘ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʩʦʚʝʨʰʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʨʦʩʩʠʡʩʢʦʡ ʈʅ ɺʦʣʥʘ ʩ ʧʦʜ-

ʚʦʜʥʦʡ ʣʦʜʢʠ ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ. ʇʨʠ ʵʪʦʤ, ʣʝʪʘʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʧʦ ʩʫʪʠ ʪʨʝʪʴ-

ʝʡ ʩʪʫʧʝʥʴʶ ʈʅ, ʧʦʩʣʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʚʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʜʦʣʞʥʘ ʦʩʫʱʝʩʪ-

ʚʠʪʴ ʤʷʛʢʦʝ ʧʨʠʟʝʤʣʝʥʠʝ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ ʧʨʠ ʧʦʤʦʱʠ ʧʘʨʘʰʶʪʥʦʡ ʩʠʩʪʝʤ  r

(ʨʠʩ. 3). ʆʜʥʘʢʦ, ʜʦʛʦʚʦʨ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʈʅ ɺʦʣʥʘ ʙʳʣ ʨʘʩʪʦʨʛʥʫʪ ʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʠʜʫʪ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʨʘʚʥʦʮʝʥʥʦʡ ʟʘʤʝʥʳ ʈʅ.  

ʍʘʨʘʢʪʝʨʥʳʝ ʨʘʟʤʝʨʳ, ʧʨʠʥʷʪʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʨʘʚʥʳ lʭʘʨ = 1.55 ʤ ʠ Sʭʘʨ = 1.1877 ʤ
2
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʯʝʪʥʳʡ ʮʝʥʪʨ ʤʘʩʩ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʤʦʤʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ xʮ.ʤ. = 0.899 ʤ ʦʪ ʥʦʩʢʘ. ʄʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. ʆʥʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ, 

ʪʘʢ ʢʘʢ EXPERT ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʲʝʢʪ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ, ʜʚʠʞʫʱʠʡʩʷ ʧʦ ʠʥʝʨʮʠʠ ʙʝʟ 

ʪʷʛʠ. 
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ʊʘʙʣʠʮʘ1 

ʄʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃɸ EXPERT 

ʄʘʩʩʘ ʘʧʧʘʨʘʪʘ, m ʢʛ 436 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ OX, xI  ʢʛĿʤ
2
 50 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ OY ʠ OZ, ,y zI I  ʢʛĿʤ
2
 120 

 

  

ʈʠʩ. 2. ʉʙʦʨʢʘ ʃɸ EXPERT [1] ʈʠʩ. 3. ʉʭʝʤʘ ʧʦʣʝʪʘ ʩʠʩʪʝʤʳ ʈʅ ɺʦʣʥʘ  EXPERT 

3. ʇʦʩʪʨʦʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟ ʦʪ-

ʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

(ʨʠʩ. 4 5). 

 
 

ʈʠʩ. 4. ʂʦʤʧʴʶʪʝʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʃɸ EXPERT ʈʠʩ. 5. ʂʦʤʧʴʶʪʝʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʚ SolidWorks. 

ɺʠʜ ʩʧʝʨʝʜʠ 

ʇʦʩʣʝ ʵʪʦʛʦ, ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ (ʨʠʩ. 6) ʠ ʦʙʲʝʤʥʦʡ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ, ʧʦʣʫ-

ʯʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʵʢʩʧʦʨʪʠʨʦʚʘʥʘ ʚ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ [8 10]. ʈʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ 

ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ug3D ʩʧʦʩʦʙʝʥ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪ-



ɻ.ʉ. ʄʘʢʝʠʯ, ʅ.ɸ. ʍʘʨʯʝʥʢʦ, ʀ.ɸ. ʂʨʶʢʦʚ   çʈʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʢʠ ʠ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʩʧʫʩʢʘʝʤʦʛʦ éè 

5 

ʥʳʭ ʩʝʪʢʘʭ ʩ ʷʯʝʡʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ (ʪʝʪʨʘʵʜʨʳ, ʧʠʨʘʤʠʜʳ, ʧʨʠʟʤʳ ʠ ʰʝʩʪʠʛʨʘʥʥʠʢʠ), 

ʦʜʥʘʢʦ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʪʝʪʨʘʵʜʨʘʣʴʥʘʷ 

ʦʙʲʝʤʥʘʷ ʩʝʪʢʘ ʨʘʟʤʝʨʦʤ 5.4 ʤʠʣʣʠʦʥʘ ʷʯʝʝʢ (ʨʠʩ. 7). ʉʝʪʢʘ ʠʤʝʝʪ ʦʙʣʘʩʪʠ ʩʛʫʱʝʥʠʷ ʚ ʨʘʡ-

ʦʥʝ ʥʦʩʢʘ ʟʘʪʫʧʣʝʥʥʦʛʦ ʧʦ ʩʬʝʨʝ ʢʦʥʫʩʘ (ʨʠʩ. 8) ʠ ʢʨʦʤʦʢ ʵʣʝʨʦʥʦʚ (ʨʠʩ. 9). 

  

ʈʠʩ. 6. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʈʠʩ. 7. ʆʙʱʠʡ ʚʠʜ ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ 

  

ʈʠʩ. 8. ʉʛʫʱʝʥʠʝ ʩʝʪʢʠ ʚ ʦʙʣʘʩʪʠ ʥʦʩʦʚʦʡ 

ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ 

ʈʠʩ. 9. ʉʛʫʱʝʥʠʝ ʩʝʪʢʠ ʚ ʦʙʣʘʩʪʠ ʵʣʝʨʦʥʦʚ 

ɺ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʷʯʝʝʢ ʩʦʩʪʘʚʣʷʣ 147 ʤʤ. ʈʘʟ-

ʤʝʨ ʪʝʪʨʘʵʜʨʦʚ ʚʙʣʠʟʠ ʥʦʩʢʘ ʘʧʧʘʨʘʪʘ, ʵʣʝʨʦʥʦʚ ʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʨʘʚʥʷʣʩʷ 10 ʤʤ. ʂʘʯʝʩʪʚʦ 

ʩʦʟʜʘʥʥʳʭ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʨʷʜʫ ʦʙʱʝʧʨʠʥʷʪʳʭ ʢʨʠʪʝʨʠʝʚ [11 13]. ɺ ʯʘ-

ʩʪʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʜʣʷ ʣʶʙʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʷʯʝʡʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ ʠ ʪʝʪʨʘ-

ʵʜʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2.6 ʠ 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʘʩʠʤʤʝʪʨʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʛʣʦʚʫʶ ʩʢʦʰʝʥʥʦʩʪʴ, ʜʣʷ ʪʨʝʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʥʴʰʝ 

0.74, ʜʣʷ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ï ʤʝʥʴʰʝ 0.83. ʇʦʩʪʨʦʝʥʥʳʝ ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢʦʜʘ ʨʘʩʯʝʪʘ ʘʵʨʦʪʝʨʤʦʜʠʥʘ-

ʤʠʢʠ ug3D. 

4. ʈʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʢʠ ʦʙʲʝʢʪʘ 

ʈʘʩʯʝʪ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʃɸ EXPERT ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ug3D ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘ-
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ʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ug3D ʨʘʟʨʘʙʦʪʘʥ ʚ ʀʥʩʪʠʪʫʪʝ 

ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ. 

4.1. ʄʦʜʝʣʴ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ug3D ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʪʝʯʝʥʠʡ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʪʢʘʭ. ɺʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʪʝʪʨʘʵʜʨʦʚ, ʧʠʨʘʤʠʜ, ʧʨʠʟʤ 

ʠ ʰʝʩʪʠʛʨʘʥʥʠʢʦʚ. ʄʦʜʫʣʠ ʯʪʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʚʦʣʷʶʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʩʝʪʢʠ, ʩʦʟʜʘʥʥʳʝ ʚ ʨʷʜʝ ʠʟʚʝʩʪʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʝʪʦʢ: Gambit, 

GMSH, Pointwise ʠ ʜʨ. ɺ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ug3D ʧʦʣʦʞʝʥ ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ 

[14, 21], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʚʘʨʠʘʥʪ ʤʝʪʦʜʘ ɻʦʜʫʥʦʚʘ. ɼʣʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠ ʷʯʝʝʢ [15]. 

ɻʨʘʜʠʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʣʠʙʦ ʧʨʠ 

ʧʦʤʦʱʠ ʪʝʦʨʝʤʳ ɻʨʠʥʘ  ɻʘʫʩʩʘ, ʣʠʙʦ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʣʦʞʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ ʙʦʣʴʰʠʭ ʛʨʘ-

ʜʠʝʥʪʦʚ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʝʘʣʠʟʦʚʘʥʳ ʦʛʨʘʥʠʯʠʪʝʣʠ [15, 17, 18]. 

ʅʝʚʷʟʢʠʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʦʯʥʦʛʦ 

ʠʣʠ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʈʠʤʘʥʘ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ug3D ʨʝʘʣʠʟʦʚʘʥʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʧʫʣʷʨʥʳʭ ʨʝʰʘʪʝʣʝʡ ʟʘʜʘʯʠ ʈʠʤʘʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʧʦʣʫʯʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ AUSM [16]. ɻʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʷʭ 

ʷʯʝʝʢ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʚʷʟʢʠʭ ʧʦʪʦʢʦʚ, ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ [19], ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʰʠʙʢʠ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʪʦʜʘ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʧʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʷʚʥʳʝ ʤʝʪʦʜʳ ʈʫʥʛʝ  ʂʫʪʪʳ ʚʪʦʨʦʛʦ ʠʣʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ [20]. ʐʘʛ ʧʦ ʚʨʝ-

ʤʝʥʠ ʚʳʯʠʩʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʥʝʚʷʟʢʦʛʦ ʠ ʚʷʟʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʟʤʝʨ ʰʘʛʘ. 

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʣʘʤʠʥʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 

ʩʪʘʪʴʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪʩʷ ʣʘʤʠʥʘʨʥʳʤ. 

4.2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʇʦʤʠʤʦ ʦʙʲʝʤʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʩʯʝʪʦʚ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʃɸ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. ɹʘʟʘ ʜʘʥʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ʠʟ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʪʨʫʙ) ʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ. ʈʘʩʯʝʪʳ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʦʜʠʪʴ ʧʨʠ 

ʯʠʩʣʝ ʄʘʭʘ ʄ = 15, ʚʳʩʦʪʝ H = 50 ʢʤ ʠ ʩ ʫʛʣʘʤʠ ʘʪʘʢʠ Ŭ = 0Á, 6Á, 10Á, 15Á. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2 

ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʦʚ 

ʏʠʩʣʦ ʄʘʭʘ, M¤ 15 

ʋʛʦʣ ʘʪʘʢʠ, oa  0, 6, 10, 15 

ɼʘʚʣʝʥʠʝ, P ʇʘ 798 

ʊʝʤʧʝʨʘʪʫʨʘ, T K 270 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ, a  ʤ/ʩ 330 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ɟ ʢʛ/ʤ
3
 0.00102 
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4.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʥʘ ʨʠʩ. 10, 11 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʘʧʧʘʨʘʪʘ, ʣʝʪʷʱʝʛʦ ʥʘ ʚʳʩʦʪʝ 50 ʢʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

5000V¤= ʤ/ʩ ʧʦʜ ʫʛʣʘʤʠ ʘʪʘʢʠ 0Á ʠ 10Á. 

  

ʈʠʩ. 10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. 

M 15¤= , o0a=  

ʈʠʩ. 11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. 

M 15¤= , o10a=  

ʅʘ ʨʠʩ. 12 13 ʧʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [3] ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ 

ʜʘʥʥʳʭ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚ ʩʢʦʨʦʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ. ɿʥʘʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ 

ʚ ʩʢʦʨʦʩʪʥʦʡ ʠ ʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (1): 

 
cos sin ,

cos sin

xa x y

ya y x

c c c

c c c

a a

a a

= Ö + Ö

= Ö - Ö
 (1) 

  

ʈʠʩ. 12. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʫʛʣʘ ʘʪʘʢʠ 

ʈʠʩ. 13. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤ-

ʥʦʡ ʩʠʣʳ ʦʪ ʫʛʣʘ ʘʪʘʢʠ 
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ɺʠʜʥʦ ʭʦʨʦʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ ʘʪʘʢʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 10Á. ɺ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʘ ʤʦʜʫʣʝʤ ug3D ʥʝ ʧʨʝʚʳʰʘʝʪ 4% ʚ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 10% ʚ ʨʘʩʯʝʪʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ.  

5. ʈʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʦʙʲʝʢʪʘ 

ʈʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ MODIN, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʪʠʧʦʚʳʭ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ. ʈʘʩʯʝʪ ʜʚʠʞʝʥʠʷ ʃɸ EXPERT ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʤʦʤʝʥʪʘ ʦʪʜʝʣʝʥʠʷ ʦʪ ʫʩʢʦʨʠʪʝʣʷ 3-ʡ 

ʩʪʫʧʝʥʠ ʥʘ ʟʘʘʪʤʦʩʬʝʨʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ, ʩʥʠʤʘʝʤʳʭ 

ʙʦʨʪʦʚʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʝʪʘ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʫʛʦʣ ʘʪʘʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠ-

ʩʝʣ ʄʘʭʘ ʦʪ 5 ʜʦ 15 ʥʝ ʧʨʝʚʳʰʘʣ 3Á. ʈʘʩʯʝʪ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚʳʩʦʪʳ, ʯʠʩʣʘ ʄʘ-

ʭʘ ʠ ʫʛʣʘ ʘʪʘʢʠ ʚ ʜʠʘʧʘʟʦʥ ʟʘʧʫʩʢʘ ʧʘʨʘʰʶʪʥʦʡ ʩʠʩʪʝʤʳ. ɿʘʧʫʩʢ ʧʘʨʘʰʶʪʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʘʭ 14.5 õ 17 ʢʤ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʄʘʭʘ 1.3 õ 2.1. ʋʛʦʣ ʘʪʘʢʠ ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʘʰʶʪʥʦʡ ʩʠʩʪʝʤʳ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 45Á [2]. 

5.1. ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ʊʘʢ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʣʝʪʘ-

ʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʩʧʫʩʢ ʚ ʧʣʦʪʥʳʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʯʠʩʝʣ ʄʘʭʘ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʝʛʦ ʜʚʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʨʘʝʢʪʦʨʠʷ ʧʦʣʝʪʘ 

ʙʝʨʝʪ ʥʘʯʘʣʦ ʥʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʠ ʧʨʝʦʜʦʣʝʚʘʝʪ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʟʘ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʝʩʬʝʨʠʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʩʢʦʨʦʩʪʠ 

ʝʝ ʚʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʚʝʪʨʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʩʝʟʦʥʥʳʭ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦ-

ʩʬʝʨʳ. ʆʙʲʝʢʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦ ʪʚʝʨʜʦʝ ʪʝʣʦ, ʪʦ ʝʩʪʴ ʚʣʠʷʥʠʝ ʫʧʨʫʛʠʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚ ʚʠʜʝ ʵʣʣʠʧʩʦʠʜʘ ʂʨʘʩʦʚ-

ʩʢʦʛʦ (ʨʠʩ. 14). ɽʛʦ ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ ʠ ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩʳ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  

ʵ 6378160r = ʤ, ʧ 6356775r = ʤ. 

 

ʈʠʩ. 14. ʕʣʣʠʧʩʦʠʜ ʂʨʘʩʦʚʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 
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ʊʝʢʫʱʘʷ ʚʳʩʦʪʘ ʮʝʥʪʨʘ ʤʘʩʩ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʨʘʟʥʠʮʳ ʨʘʜʠʫʩ-

ʚʝʢʪʦʨʘ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʘʧʧʘʨʘʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ɿʝʤʣʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ 

ɿʝʤʣʠ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʜʘʥʥʦʡ ʰʠʨʦʪʝ (2) 

 ( )2 2
ʵ ʟ ʮ1 sinH r r e j= - - , (2) 

ʛʜʝ 
2
ʟ 0.0033528e =  ï ʢʚʘʜʨʘʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʵʣʣʠʧʩʦʠʜʘ, ʘ ʮj  ï ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʰʠʨʦʪʘ. 

ɹʝʟʨʘʟʤʝʨʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʨʘʩʯʝʪʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʣʠʧʩʦʠʜʘ ʂʨʘ-

ʩʦʚʩʢʦʛʦ ʨʘʟʣʦʞʠʤ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʜʦ ʚʪʦʨʦʛʦ ʯʣʝʥʘ 

 ( )22 1
ʮ2 2

1 1 3sin
a a

g
r r

j
è øå õ

= + -æ öé ù
ç ÷ê ú

, (3) 

ʛʜʝ r  = r/r0 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʮʝʥʪʨʘ ʤʘʩʩ ʦʙʲʝʢʪʘ; r0 = 6371250 ʤ ï ʩʨʝʜʥʠʡ 

ʨʘʜʠʫʩ ɿʝʤʣʠ; g0 = 9.80665 ʤ/ʩ
2
 ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; 

a1 = 0.001623, a2 = 1.001357 ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʀʟ-ʟʘ ʤʦʜʝʣʠʨʫʝʤʦʡ ʵʣʣʠʧʩʦʠʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʚʝʢʪʦʨ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʫʩʢʦ-

ʨʝʥʠʷ g  ʦʪʢʣʦʥʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ r ʥʘ ʫʛʦʣ Ů. 

 
1

ʮ2
arcsin sin 2

a

r
e j

è øå õ
= é ùæ ö

é ùç ÷ê ú

 (4) 

ɺ ʣʶʙʦʡ ʥʝʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ɿʝʤʣʝʡ, ʥʘ 

ʦʙʲʝʢʪ ʜʝʡʩʪʚʫʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ 

ʎʊ ʎʊF ma= . ʎʝʥʪʨʦʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ ʎʊ 0 0 ʮcosa g a r j= , ʛʜʝ ( )20 0 ɿ 0 0.003455a r g=è W ø=ê ú  ï 

ʙʝʟʨʘʟʤʝʨʥʦʝ ʮʝʥʪʨʦʙʝʞʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʘ 5
ɿ 7.2921 10-W = ³  ʨʘʜ/ʩ  ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʫʪʦʯʥʦ-

ʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʥʝ-

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʝʟ ʪʷʛʠ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʪʨʘʝʢʪʦʨʥʳʝ ʦʩʠ ʩ ʫʯʝʪʦʤ ʥʝʩʬʝʨʠʯʥʦʩʪʠ, ʫʛ-

ʣʦʚʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (5): 
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 (5) 

ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: , ,xʢ yʢ zʢn n n  ï ʧʨʦ-

ʝʢʮʠʠ ʧʝʨʝʛʨʫʟʦʢ ʥʘ ʦʩʠ ʩʢʦʨʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʃɸ 

0ʢʨV V V= , ʛʜʝ 0 0 0 7904.47ʢʨV g r= = ʤ/ʩ; V  ï ʟʝʤʥʘʷ ʩʢʦʨʦʩʪʴ; q ï ʪʨʘʝʢʪʦʨʥʳʡ ʫʛʦʣ; cy  ï 
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ʫʛʦʣ ʢʫʨʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʨʠʜʠʘʥʘ; g ï ʫʛʦʣ ʕʡʣʝʨʘ (ʢʨʝʥ); r  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ 

ʃɸ ʜʦ ʮʝʥʪʨʘ ɿʝʤʣʠ; ʮ ʮ,j l ï ʛʝʦʮʝʥʪʨʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʠ ʜʦʣʛʦʪʘ. 

ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʜʦʧʦʣʥʷʶʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʚ 

ɿʝʤʥʦʡ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (6) [22] 
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ɼʠʥʘʤʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʩʚʷʟʘʥ-

ʥʳʝ ʦʩʠ (7) [23] 
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 (7) 

ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ , ,x y zw w w ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ ʠ ʪʘʥʛʘʞʘ; 

, ,x y zM M MS S S ï ʧʨʦʝʢʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʤʦʤʝʥʪʘ ʚʩʝʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʦʙʲʝʢʪ; , ,x y zI I I  ï 

ʦʩʝʚʦʡ ʠ ʧʦʧʝʨʝʯʥʳʝ ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʦʙʲʝʢʪʘ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ ʩʚʷʟʘʥʥʳʝ 

ʦʩʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʧʨʦʠʟʚʦʜʥʳʭ ʫʛʣʦʚ ʕʡʣʝʨʘ , ,g y J (8) [23]: 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ (58) ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʜʣʷ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʙʝʟ ʪʷʛʠ ʩ ʫʯʝʪʦʤ ʥʝʩʬʝʨʠʯʥʦʩʪʠ ʠ ʚʨʘʱʝ-

ʥʠʷ ɿʝʤʣʠ. 

ɸʣʛʦʨʠʪʤ ʫʯʝʪʘ ʚʝʪʨʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ (ʨʠʩ. 15) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ, ʧʦʜ-

ʨʦʙʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ [24]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ (58) ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʦʡ ʟʝʤʥʘʷ 

ʩʢʦʨʦʩʪʴ V  ʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʪʨʘʝʢʪʦʨʠʠ q ʠ ʧʫʪʠ cy, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʟʝʤ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 16). 

ɿʦʥʘʣʴʥʳʝ xgW  ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ygW  ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʪʘʢʞʝ ʦʧ-

ʨʝʜʝʣʷʶʪʩʷ ʚ ʥʦʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʢʪʦʨ ʚʦʟ-

ʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ (9) ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʚ ʥʦʨʤʘʣʴʥʦʡ ʉʂ (10). 
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ʈʠʩ. 15. ɸʣʛʦʨʠʪʤ ʫʯʝʪʘ ʚʝʪʨʦʚʳʭ 

ʚʦʟʤʫʱʝʥʠʡ 
ʈʠʩ. 16. ɿʝʤʥʘʷ ʮ ʮ ʮO X Y  ʠ ʥʦʨʤʘʣʴʥʘʷ g g gO X Y  ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

 aV V W= - , (9) 

cos cosaxg xg xg c xgV V W V Wq y= - = -, 

sinayg yg yg ygV V W V Wq= - = -, 

cos sinazg zg zg c zgV V W V Wq y= - =- - (10) 

ʄʦʜʫʣʴ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ 

 2 2 2
a axg ayg azgV V V V= + +  (11) 

ɼʘʥʥʘʷ ʚʦʟʜʫʰʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʨʷʜʫ ʩ ʫʛʣʘʤʠ ʘʪʘʢʠ a, ʩʢʦʣʴʞʝʥʠʷ b ʠ ʚʦʟʜʫʰʥʦ-

ʩʢʦʨʦʩʪʥʦʛʦ ʫʛʣʘ ʢʨʝʥʘ ag, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʚʦʟʜʫʰʥʦʡ ʩʢʦ-

ʨʦʩʪʠ (12), ʦʧʨʝʜʝʣʷʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʃɸ.  

( ) ( )sin cos sin sin cos cos sin sin cos sina a a ab q J g y y g y y q J gè ø= - - - -ê ú , 

( ) ( )cos sin cos cos sin sin sin cos cos
sin

cos

a a a aq J g y y g y y q J g
a

b

è ø- + - -ê ú= , 

( )cos sin sin cos sin sin cos cos sin
sin

cos
a

a

a b J J a b g b g
g

q

- -
=  (12) 

ɿʜʝʩʴ aq  ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʚʝʢʪʦʨʘ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʢ ʧʣʦʩʢʦʩʪʠ ʤʝʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (13), ʘ 

ay  ï ʫʛʦʣ ʤʝʞʜʫ ʧʨʦʝʢʮʠʝʡ ʚʝʢʪʦʨʘ aV  ʥʘ ʤʝʩʪʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ g g gO X Y  (ʧʫ-

ʪʝʚʦʡ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧaV ) ʠ ʦʩʴʶ g gO X , ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʝʚʝʨ (14). 
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 arcsin
ayg

a

a

V

V
q= , (13) 

 
ʧ

arcsin
azg

a

a

V

V
y =  (14) 

ɼʘʣʝʝ, ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ (15), ʨʘʩʩʯʠʪʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ (11) ʠ 

ʚʦʟʜʫʰʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʫʛʣʦʚ ʘʪʘʢʠ, ʩʢʦʣʴʞʝʥʠʷ ʠ ʢʨʝʥʘ (12), ʧʦʩʪʫʧʘʶʪ ʚ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʛʨʫ-

ʟʦʢ.  

 , ,a xa a ya a zaX C qS Y C qS Z C qS= = = , (15) 

ʛʜʝ , ,xa ya zaC C C  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʯʠʩʣʘ ʄʘʭʘ aM V a= , 

ʫʛʣʘ ʘʪʘʢʠ a ʠ ʩʢʦʣʴʞʝʥʠʷ b, ʘ q   ʩʢʦʨʦʩʪʥʦʡ ʥʘʧʦʨ 20.5 aq Vr= . 

ɺ ʫʨʘʚʥʝʥʠʷʭ ʜʚʠʞʝʥʠʷ (5 8) ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʝʨʝʛʨʫʟʦʢ ʚ ʪʨʘʝʢʪʦʨʥʦʡ ʩʠʩʪʝ-

ʤʝ ʢʦʦʨʜʠʥʘʪ, ʘ ʩʠʣʳ ʠ ʤʦʤʝʥʪʳ ʧʦʣʫʯʘʶʪʩʷ ʚ ʚʦʟʜʫʰʥʦ-ʩʢʦʨʦʩʪʥʦʡ ʉʂ (15). ɼʣʷ ʪʦʛʦ, ʯʪʦ-

ʙʳ ʧʨʠʚʝʩʪʠ ʩʠʣʳ ʢ ʜʦʧʫʩʪʠʤʦʤʫ ʫʨʘʚʥʝʥʠʷʤʠ (5 8) ʚʠʜʫ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʷʜ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʡ. ɼʣʷ ʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʃɸ ʚ ʩʚʷʟʘʥʥʳʭ ʦʩʷʭ (16). 

A cos cos sin sin cosx a a aR X Y Zb a a b a=- + - , 

Ay cos sin cos sin sina a aR X Y Zb a a b a= + + , 

Az sin cosa aR X Zb b=- +  (16) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʃɸ ʚ ʩʚʷʟʘʥʥʳʭ  

ʦʩʷʭ (17) 

 
AA A

0 0 0

, ,
yx z

x y z

RR R
n n n

mg mg mg
= = =  (17) 

ɿʘʪʝʤ, ʦʧʨʝʜʝʣʠʤ ʧʝʨʝʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʝʤʥʦʡ 

ʩʢʦʨʦʩʪʠ (18) 

cos cos cos sin sinxc x c c y c c z cn n n nb a b a b= - + , 

sin cosyc x c y cn n na a= + , 

sin cos sin sin coszc x c c y c c z cn n n nb a b a b=- + + , (18) 

ʛʜʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʫʛʣʳ ʘʪʘʢʠ ʩʢʦʣʴʞʝʥʠʷ ʠ ʢʨʝʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʩʢʦʨʦʩʪʥʳʤ 

(12), ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʟʝʤʥʦʡ ʩʢʦʨʦʩʪʠ (19) 

( ) ( )sin cos sin sin cos cos sin sin cos sinc c cb q J g y y g y y q J gè ø= - - - -ê ú , 

( ) ( )cos sin cos cos sin sin sin cos cos
sin

cos

c c

c

q J g y y g y y q J g
a

b

è ø- + - -ê ú= , 

( )cos sin sin cos sin sin cos cos sin
sin

cos
c

a b J J a b g b g
g

q

- -
=  (19) 

ʀ, ʥʘʢʦʥʝʮ, ʩʢʦʨʦʩʪʥʳʝ ʧʝʨʝʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʟʝʤʥʦʡ ʩʢʦʨʦ-

ʩʪʠ (18) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʧʨʦʝʢʮʠʷʤ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʦʩʠ ʪʨʘʝʢʪʦʨʥʦʡ ʉʂ (20), ʥʝʦʙʭʦ-

ʜʠʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʃɸ ʩ 6 ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ (58). 

 ʢx xcn n= ,   ʢ cos siny yc c zc cn n ng g= - ,   zʢ sin cosyc c zc cn n ng g= +  (20) 
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5.2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ 

ʀʩʭʦʜʷ ʠʟ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʣʝʪʘʪʝʣʴ-

ʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʝʟ ʪʷʛʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘʤ ʧʦʜʲʝʤʥʦʡ ʠ ʙʦʢʦʚʦʡ ʩʠʣʳ, ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʦʤʝʥʪʘ ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ ʠ 

ʪʘʥʛʘʞʘ, ʘ ʪʘʢʞʝ ʜʝʤʧʬʠʨʫʶʱʠʭ ʤʦʤʝʥʪʦʚ ʢʨʝʥʘ, ʨʳʩʢʘʥʠʷ ʠ ʪʘʥʛʘʞʘ; ʤʦʤʝʥʪʘʤ ʠʥʝʨʮʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ OX, OY ʠ OZ ʠ ʢʦʦʨʜʠʥʘʪʘʤ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ 

ʧʣʦʩʢʦʩʪʷʭ. 

ʄʘʩʩʦʚʦ-ʠʥʝʨʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʘʵ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʄʘʭʘ ʠ ʫʛʣʦʚ ʘʪʘʢʠ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʨʠʩ. 1719 [2]. 

  
ʈʠʩ. 17. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʯʠʩʣʘ ʄ ʠ ʫʛʣʘ ʘʪʘʢʠ 

ʈʠʩ. 18. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʲʝʤʥʦʡ 

ʩʠʣʳ ʦʪ ʯʠʩʣʘ ʄ ʠ ʫʛʣʘ ʘʪʘʢʠ 

 

ʈʠʩ. 19. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʤʝʥʪʘ ʪʘʥʛʘʞʘ ʦʪ ʯʠʩʣʘ ʄ ʠ ʫʛʣʘ ʘʪʘʢʠ 

ʇʘʨʘʤʝʪʨʳ ʪʦʯʢʠ ʥʘʯʘʣʘ ʨʘʩʯʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 3 ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʩʪʴʶ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʯʘʣʴʥʳʡ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (58) [2]. 
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ʊʘʙʣʠʮʘ 3 

ʅʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʘ 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʚʳʩʦʪʘ, ʤ 100 000 

ɼʦʣʛʦʪʘ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, Á 162.26 

ɻʝʦʜʝʟʠʯʝʩʢʘʷ ʰʠʨʦʪʘ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʠ, Á 52.60 

ʉʢʦʨʦʩʪʴ, ʤ/ʩ 5 000 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʪʨʘʝʢʪʦʨʠʠ, Á  5.5 

ʋʛʦʣ ʢʫʨʩʘ, Á 355.95 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʩʣʫʯʘʡ ʯʝʪʢʦ ʧʨʠʚʷʟʘʥ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠ-

ʥʘʪʘʤ ʪʦʯʢʠ ʩʪʘʨʪʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʘʪ 

ʩʪʘʨʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʦʪʳ ʠ 

ʚʨʝʤʝʥʠ ʛʦʜʘ ʧʫʩʢʘ. ɺ ʨʘʩʯʝʪʥʦʤ ʤʦʜʫʣʝ MODIN ʫʯʝʪ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʦ-

ʛʣʘʩʥʦ ʩʧʨʘʚʦʯʥʦʡ ʤʦʜʝʣʠ ʘʪʤʦʩʬʝʨʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ 4 ʎʅʀʀ ʄʆ ʈʌ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦ-

ʣʝʪʥʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩʝʟʦʥʥʳʭ ʟʦʥʘʣʴʥʳʭ ʠ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʘ-

ʨʘʤʝʪʨʦʚ ʘʪʤʦʩʬʝʨʳ [25-26] ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʡ [27]. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ, ʥʘ ʨʠʩ. 20 21 

ʜʘʥʳ ʩʨʝʜʥʝʤʝʩʷʯʥʳʝ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʦʪʥʦʩʪʠ ʠ ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʷʮʝʚ ʧʫʩʢʘ. 

  

ʈʠʩ. 20. ɿʘʚʠʩʠʤʦʩʪʠ ʟʦʥʘʣʴʥʦʛʦ ʚʝʪʨʘ ʦʪ ʰʠʨʦʪʳ 

ʠ ʜʦʣʛʦʪʳ (H = 12 ʢʤ, ʷʥʚʘʨʴ) 

ʈʠʩ. 21. ɿʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʠ ʰʠʨʦʪʳ (ʠʶʣʴ) 

5.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʩʧʫʩʢʘʝʤʦʛʦ ʣʝʪʘ-

ʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠʚʦʜʷʪʩʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʳʩʦʪʳ, ʯʠʩʣʘ ʄʘʭʘ, 

ʧʨʦʜʦʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʦʪ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ, ʩʣʝʜʘ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʘʙʩʦʣʶʪʥʦʛʦ ʫʛʣʘ ʘʪʘ-

ʢʠ ʦʪ ʯʠʩʣʘ ʄ ʧʦʣʝʪʘ ʩ ʨʘʩʯʝʪʘʤʠ, ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʳʤ ɽʚʨʦʧʝʡʩʢʠʤ ʢʦʩʤʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪ-

ʚʦʤ ʩʦʣʚʝʨʦʤ ASTOS [28]. ʆʮʝʥʠʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʘʥʘʣʝ ʨʳʩʢʘʥʠʷ ʠ ʪʘʥʛʘʞʘ 

ʥʘ ʩʦʚʧʘʜʝʥʠʝ ʩʨʘʚʥʠʚʘʝʤʳʭ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʪʦʣʴʢʦ ʧʨʠ ʯʠʩʣʝ ʄ = 15, ʢʦʪʦʨʦʝ ʣʝ-

ʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʧʨʦʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʥʘ ʤʘʣʳʭ ʫʛʣʘʭ ʘʪʘʢʠ, ʛʜʝ ʦʪʣʠʯʠʷ ʨʘʩʯʝʪ-

ʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʨʠʩ. 12 13), ʚʣʠʷʥʠʝ ʚʢʣʶʯʝʥʠʷ ʜʘʥʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ ʚ ʙʘʥʢ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʧʦʣʝʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʠʜʠʤʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ. 


