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Abstract 

This work presents the results of the computational analysis for Shuttle orbiter re-entry into the 

dense layers of the Earth's atmosphere along the nominal return trajectory. The computations 

are performed using the software package for numerical simulation of aerothermodynamics 

and aerophysics of arbitrary high-speed aircraft configurations developed in Institute for Prob-

lems in Mechanics Russian Academy of Sciences (IPMech RAS). A numerical investigation 

has been conducted under initial conditions corresponding to points along the lower part of the 

trajectory on which the aerodynamic control surfaces become effective, over a wide range of 

angles of attack, heights and velocities. A series of the most realistic virtual surfaces, which 

contain all the basic elements of the complex prototype configuration and corresponding sur-

face grids as well as volume meshes are created. The developed simulation model is equipped 

with a full set of flight control surfaces, among which are: elevons, body flap and two-part 

rudder. The complex flow pattern, the interactions of shock waves formed around the three-

dimensional orbiter model, the thermal and aerodynamic loads on the aircraft surface, and the 

effect of variation of flight conditions on these characteristics are predicted for winged aero-

space plane arrangement. The efficiency and control-surfaces deflection effect on the local and 

integral aerodynamic characteristics (aerodynamic forces and moments) of the manned orbiter 

vehicle are investigated for several trajectory points under consideration.  

Keywords: reusable space transportation system, controlled atmospheric entry, gas dynamics, 

numerical simulation, computational aerodynamics, software systems, unstructured mesh, com-

puter-aided design (CAD), virtual prototype, comprehensive 3D models. 

 

The computer Shuttle orbiter geometry, tetrahedral computational grid, and the flow structure 

(pressure field, Pa, and Mach number distribution) around a complex configuration under the con-

ditions corresponding to a pair of points along the lower part of the return trajectory   
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʫʩʢʘ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʪʫʧʝʥʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Space Shuttle ʚ ʧʣʦʪʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʥʦʤʠʥʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʘʵʨʦʬʠ-

ʟʠʢʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʠʟʚʦʣʴ-

ʥʦʡ ʬʦʨʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʠʤ. ɸ.ʖ.ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ 

(ʀʇʄʝʭ ʈɸʅ). ʉʢʦʨʦʩʪʴ, ʚʳʩʦʪʘ ʠ ʫʛʣʳ ʘʪʘʢʠ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʧ-

ʨʝʜʝʣʷʝʤʦʤ ʫʩʣʦʚʠʷʤʠ ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʧʨʘʚʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʦʞʥʦʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʩʪʨʦʝʥʘ ʩʝʨʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʦʙʨʘʟʘ, ʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʦʙʲʝʤʥʳʝ ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʠʤʠʪʘʮʠʦʥ-

ʥʘʷ ʤʦʜʝʣʴ ʦʩʥʘʱʝʥʘ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʦʪʢʣʦʥʷʝʤʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ: ʵʣʝʚʦʥʘʤʠ, 

ʧʦʜʬʶʟʝʣʷʞʥʳʤ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʤ ʱʠʪʢʦʤ, ʜʚʫʭʩʝʢʮʠʦʥʥʳʤ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʣʷ 

ʢʦʤʧʦʥʦʚʢʠ ʢʨʳʣʘʪʦʛʦ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʧʦʣʫʯʝʥʳ: ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʣʷ 

ʪʝʯʝʥʠʷ; ʩʪʨʫʢʪʫʨʘ ʠ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝ-

ʢʘʥʠʠ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ʢʦʩʤʦʧʣʘʥʘ; ʪʝʧʣʦʚʳʝ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʪ ʨʝʞʠʤʘ ʧʦʣʝʪʘ. ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʝʢʪʦʨʥʳʭ ʪʦʯʝʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘ-

ʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʦʪʢʣʦʥʝ-

ʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ  ʥʘ ʣʦʢʘʣʴʥʳʝ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʤʦʤʝʥʪʥʳʝ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʨʘʙʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʨʘʟʦʚʘʷ ʢʦʩʤʠʯʝʩʢʘ ̫ʪʨʘʥʩʧʦʨʪʥʘ ̫ʩʠʩʪʝʤʘ, ʫʧʨʘʚʣʷʝʤʳʡ ʩʧʫʩʢ 

ʚ ʘʪʤʦʩʬʝʨʝ, ʛʘʟʦʚʘʷ ʜʠʥʘʤʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʘʵʨʦ-

ʜʠʥʘʤʠʢʘ, ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʝʪʢʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚʠʨʪʫʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ, ʪʨʝʭʤʝʨʥʳʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʦʜʝʣʠ. 

1. ɺʚʝʜʝʥʠʝ  

ʇʨʦʛʨʘʤʤʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ Space Shuttle ʙʳʣʘ ʠʥʠʮʠʠʨʦʚʘʥʘ ʚ 

1969 ʛʦʜʫ ʧʦ ʧʦʨʫʯʝʥʠʶ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʉʐɸ ʧʦ ʘʵʨʦʥʘʚʪʠʢʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (NASA). ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʚ 1971 ʛʦʜʫ ʧʦʣʫ-

ʯʠʣ ʦʬʠʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ ñʂʦʩʤʠʯʝʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘò (Space Transportation Sys-

tem, STS), ʷʚʣʷʣʦʩʴ ʩʦʟʜʘʥʠʝ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʯʝʣʥʦʯʥʦʡ ʜʦʩʪʘʚʢʠ ʧʦʣʝʟʥʳʭ ʛʨʫʟʦʚ ʥʘ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ ʠ ʦʙʨʘʪʥʦ, 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʆʩʥʦʚʥʫ  ʁʮʝʣʴ ï ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʚʳʚʦʜʘ ʛʨʫʟʦʚ ʥʘ ʥʠʟʢʫʶ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ, ʧʣʘ-

ʥʠʨʦʚʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʨʘʟʦʚʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʷʣʩʷ ʧʨʝʜʳʜʫʱʠʡ ʦʧʳʪ ʠ ʨʷʜ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʣʫʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ñɸʧʦʣʣʦʥò ʚ 1960-ʭ ʛʦʜʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ ʥʦʚʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦ-

ʨʘʙʣʷ, ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʦʙʣʠʢ ʢʦʪʦʨʦʛʦ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʚ 1972 ʛ., ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʤʥʦʛʦʨʘ-

ʟʦʚʳʝ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʝ ʫʩʢʦʨʠʪʝʣʠ, ʩʙʨʘʩʳʚʘʝʤʳʡ ʚʥʝʰʥʠʡ ʪʦʧʣʠʚʥʳʡ ʙʘʢ ʠ ʦʨʙʠʪʘʣʴʥʳʡ 

ʢʦʩʤʦʧʣʘʥ, ʦʩʥʘʱʝʥʥʳʡ ʪʨʝʤʷ ʤʘʨʰʝʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ.  

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ ʧʷʪʴ ʘʧʧʘʨʘʪʦʚ Space Shuttle (ʨʠʩ. 1, ʪʘʙʣ. 1) ʠ ʦʜʠʥ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ. 

 

ʈʠʩ. 1. ʇʷʪʴ ʘʧʧʘʨʘʪʦʚ Space Shuttle, ʩʦʟʜʘʥʥʳʭ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ñʂʦʩʤʠʯʝʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝ-

ʤʘò [1] 

ʊʘʙʣʠʮʘ 1 

ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ ʩʝʨʠʠ Space Shuttle [2, 3] 

ʂʦʨʘʙʣʴ 

Space Shuttle 

ʇʝʨʚʳʡ ʧʦʣʝʪ 

(ʤʠʩʩʠʷ) 

ʇʦʩʣʝʜʥʠʡ ʧʦʣʝʪ 

(ʤʠʩʩʠʷ) 
ʏʠʩʣʦ ʧʦʣʝʪʦʚ 

Enterprise (OV-101)   ï 

Columbia (OV-102) 12.04.81 (STS-1) 
ʂʘʪʘʩʪʨʦʬʘ 

01.02.03 (STS-107) 
28 

Challenger (OV-099) 04.04.83 (STS-6) 
ʂʘʪʘʩʪʨʦʬʘ 

28.01.86 (STS-51L) 
10 

Discovery (OV-103) 30.08.84 (STS-41D) 24.02.11 (STS-133) 39 

Atlantis (OV-104) 03.10.85 (STS-51J) 08.07.11 (STS-135) 33 

Endeavour (OV-105) 07.05.92 (STS-49) 16.05.11 (STS-134) 25 

ʇʝʨʚʳʤ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʨʦʪʦʪʠʧ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ Space Shuttle ï ʣʝʪʘʶʱʘʷ ʣʘʙʦ-

ʨʘʪʦʨʠʷ Enterprise OV-101 (Orbiter Vehicle), ʢʦʪʦʨʘʷ ʚ ʢʦʥʮʝ 70-ʭ ʛʛ. ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʪ-

ʨʘʙʦʪʢʠ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ ʠ ʧʦʩʘʜʢʠ ʥʘ ʘʪʤʦʩʬʝʨʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ, ʥʘʟʝʤʥʳʭ ʚʠʙʨʘ-

ʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʩʪʘʨʪʦʚʳʭ ʧʣʦʱʘʜʢʘʭ. ʕʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ Enterprise ʚʳʧʦʣʥʠʣ ʩʝʨʠʶ ʧʦʣʝʪʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥ-

ʥʦʤ Boeing7̀47, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʩʢʦʣʴʢʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʧʣʘʥʠʨʫʶʱʠʭ ʧʦʣʝʪʦʚ ʩ ʦʪʜʝʣʝ-

ʥʠʝʤ ʦʪ ʩʘʤʦʣʝʪʘʥ̀ʦʩʠʪʝʣʷ ʠ ʧʦʩʘʜʢʦʡ ʚ ʧʠʣʦʪʠʨʫʝʤʦʤ ʨʝʞʠʤʝ. Enterprise ʥʝ ʧʨʝʜʥʘʟʥʘ-

ʯʘʣʩʷ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ, ʧʦʵʪʦʤʫ ʥʝ ʙʳʣ ʦʩʥʘʱʝʥ ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʪʝ-

ʧʣʦʚʦʡ ʟʘʱʠʪʦʡ. 
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ʇʷʪʴ ʦʩʪʘʣʴʥʳʭ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʣʝʪʳ ʚ ʢʦʩʤʦʩ ʩ  

12 ʘʧʨʝʣʷ 1981 ʛʦʜʘ ʧʦ 21 ʠʶʣʷ 2011 ʛʦʜʘ. ʂʨʦʤʝ ʧʨʦʪʦʪʠʧʘ Enterprise ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʝʱʝ 

ʜʚʘ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʭ ʤʘʢʝʪʘ. ʇʝʨʚʳʡ (OV-100) ï ʚʳʩʪʘʚʦʯʥʳʡ ʵʢʩʧʦʥʘʪ, ʢʦʪʦʨʳʡ ʫʩʪʘ-

ʥʦʚʣʝʥ ʚ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʂʦʩʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʂʝʥʥʝʜʠ. ɺʪʦʨʦʡ (OV-098) ï 

ʤʘʢʝʪ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʯʝʣʥʦʢʦʚ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʩʪʘʚʣʝʥ ʚ ʈʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʚ ʍʘʥʪʩʚʠʣʣʝ. 

ʆʨʙʠʪʘʣʴʥʳʡ ʘʧʧʘʨʘʪ Columbia (OV1̀02) ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠ ʧʝʨʝʜʘʥ ʂʦʩʤʠʯʝʩʢʦʤʫ 

ʮʝʥʪʨʫ NASA ʠʤ. ʂʝʥʥʝʜʠ ʚ 1979 ʛʦʜʫ. ʇʝʨʚʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʧʦʣʝʪ ʢʦʨʘʙʣʷ Space Shuttle 

Columbia ʩʦʩʪʦʷʣʩʷ 12 ʘʧʨʝʣʷ 1981 ʛʦʜʘ. ɿʘ ʚʨʝʤʷ ʩʚʦʝʡ ʩʣʫʞʙʳ ʰʘʪʪʣ ʩʦʚʝʨʰʠʣ 28 ʨʝʡʩʦʚ 

ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ ʠ ʧʨʦʚʝʣ ʚ ʢʦʩʤʦʩʝ 300 ʜʥʝʡ. ɺʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʧʦʩʣʝʜʥʝʛʦ ʧʦʣʝʪʘ 1 ʬʝʚʨʘʣʷ 

2003 ʛʦʜʘ ʧʨʠ ʚʭʦʜʝ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʢʦʩʤʠʯʝʩʢʠʡ ʯʝʣʥʦʢ ʧʦʪʝʨʧʝʣ ʢʘʪʘʩʪʨʦʬʫ, ʧʨʠʯʠ-

ʥʦʡ ʢʦʪʦʨʦʡ ʩʪʘʣʦ ʨʘʟʨʫʰʝʥʠʝ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʦʙʰʠʚʢʠ ʢʦʨʘʙʣʷ ʧʨʠ ʩʪʘʨʪʝ.  

ʏʝʣʥʦʢ Challenger (OV-099) ʙʳʣ ʧʦʩʪʨʦʝʥ ʢ ʠʶʣʶ 1982 ʛʦʜʘ ʠ ʩʦʚʝʨʰʠʣ ʩʚʦʶ ʧʝʨʚʫʶ 

ʦʨʙʠʪʘʣʴʥʫʶ ʤʠʩʩʠʶ 4 ʘʧʨʝʣʷ 1983 ʛʦʜʘ. ʐʘʪʪʣ ʧʦʪʝʨʧʝʣ ʢʘʪʘʩʪʨʦʬʫ ʧʨʠ ʜʝʩʷʪʦʤ ʟʘʧʫʩʢʝ 

28 ʷʥʚʘʨʷ 1986 ʛʦʜʘ. ʈʘʟʨʫʰʝʥʠʝ ʭʚʦʩʪʦʚʦʛʦ ʢʨʝʧʣʝʥʠʷ ʧʨʘʚʦʛʦ ʪʚʝʨʜʦʪʦʧʣʠʚʥʦʛʦ ʫʩʢʦʨʠ-

ʪʝʣʷ ʠ ʥʝʩʫʱʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʣʦ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʚʥʝʰʥʝʛʦ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ ʠ ʜʝʪʦʥʘʮʠʠ 

ʪʦʧʣʠʚʘ ʥʘ 73-ʡ ʩʝʢʫʥʜʝ ʧʦʣʝʪʘ. 

ʄʥʦʛʦʨʘʟʦʚʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ Discovery (OV-103) ʙʳʣ ʧʝʨʝʜʘʥ 

NASA ʚ ʥʦʷʙʨʝ 1982 ʛʦʜʘ. ʇʝʨʚʳʡ ʧʦʣʝʪ ʚ ʢʦʩʤʦʩ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʩʦʚʝʨʰʠʣ 30 ʘʚʛʫ-

ʩʪʘ 1984 ʛʦʜʘ. ɿʘ ʥʝʧʦʣʥʳʭ 27 ʣʝʪ ʩʣʫʞʙʳ Discovery ʩʦʚʝʨʰʠʣ 39 ʧʦʣʝʪʦʚ ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ 

ʠ ʧʨʦʚʝʣ ʚ ʢʦʩʤʦʩʝ 365 ʜʥʝʡ. ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʩʚʦʝʡ ʧʦʩʣʝʜʥʝʡ ʤʠʩʩʠ 9 ʤʘʨʪʘ 

2011 ʛʦʜʘ ʦʥ ʙʳʣ ʧʝʨʝʜʘʥ ʚ ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʫʟʝʡ ʘʚʠʘʮʠʠ ʠ ʢʦʩʤʦʥʘʚʪʠʢʠ ʚ ɺʘʰʠʥʛʪʦʥʝ.  

ʏʝʪʚʝʨʪʳʡ Space Shuttle Atlantis (OV-104) ʙʳʣ ʛʦʪʦʚ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʘʧʨʝʣʝ 1985 ʛʦ-

ʜʘ. ɽʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʜʦʨʘʙʦʪʘʥʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʩ ʫʯʝʪʦʤ ʥʝʜʦʩʪʘʪ-

ʢʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ. ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪ-

ʚʝ ʤʥʦʛʦʨʘʟʦʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Atlantis ʙʳʣʦ ʚʥʝʩʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʫʣʫʯʰʝʥʠʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʰʘʪʪʣʘʤʠ. ʇʝʨʚʘʷ ʦʨʙʠʪʘʣʴʥʘʷ ʤʠʩʩʠʷ ʯʝʣʥʦʢʘ ʥʘʯʘʣʘʩʴ 3 

ʦʢʪʷʙʨʷ 1985 ʛʦʜʘ. ʉ ʦʢʪʷʙʨʷ 1985 ʧʦ ʠʶʣʴ 2011 ʛʦʜʘ ʦʥ ʩʦʚʝʨʰʠʣ 33 ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʘ ʠ 

ʧʨʦʚʝʣ ʥʘ ʦʨʙʠʪʝ 307 ʩʫʪʦʢ. 

ʇʷʪʳʡ ʤʥʦʛʦʨʘʟʦʚʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʨʘʙʣʴ ï Space Shuttle Endeavour (OV-105) ʙʳʣʦ 

ʨʝʰʝʥʦ ʧʦʩʪʨʦʠʪʴ ʚʟʘʤʝʥ ʧʦʪʝʨʧʝʚʰʝʛʦ ʢʘʪʘʩʪʨʦʬʫ ʰʘʪʪʣʘ Challenger. ɸʧʧʘʨʘʪ Endeavour 

ʧʦʧʦʣʥʠʣ ʬʣʦʪ ʘʤʝʨʠʢʘʥʩʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʯʝʣʥʦʢʦʚ ʚ 1991 ʛʦʜʫ ʠ ʩʦʚʝʨʰʠʣ ʩʚʦʡ ʧʝʨʚʳʡ 

ʧʦʣʝʪ 7 ʤʘʷ 1992 ʛʦʜʘ. ɿʘ ʚʨʝʤʷ ʩʣʫʞʙʳ ʰʘʪʪʣ ʚʳʧʦʣʥʠʣ 25 ʧʦʣʝʪʦʚ ʥʘ ʦʨʙʠʪʫ ɿʝʤʣʠ ʠ 

ʧʨʦʚʝʣ ʚ ʢʦʩʤʦʩʝ 299 ʜʥʝʡ. ʉʚʦ ʁʧʦʩʣʝʜʥʶʶ ʤʠʩʩʠʶ Endeavour ʟʘʚʝʨʰʠʣ ʫʩʧʝʰʥʦʡ ʧʦ-

ʩʘʜʢʦʡ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʠʤ. ʂʝʥʥʝʜʠ 1 ʠʶʥʷ 2011 ʛʦʜʘ. 

ɿʘ 30 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʷʪʴ ʰʘʪʪʣʦʚ ʩʦʚʝʨʰʠʣʠ 135 ʧʦʣʝʪʦʚ, 21 152 ʚʠʪʢʘ ʚʦʢʨʫʛ 

ɿʝʤʣʠ ʠ ʧʨʦʣʝʪʝʣʠ 872.7 ʤʣʥ ʢʤ. 

ʄʥʦʛʦʨʘʟʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ Shuttle ʥʘ ʦʨʙʠʪʫ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ ʚʳʩʦʪʝ 200 ï 

500 ʢʤ, ʙʳʣʦ ʜʦʩʪʘʚʣʝʥʦ 1.6 ʪʳʩ. ʪʦʥʥ ʛʨʫʟʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʚʳ-

ʚʦʜʠʤʦʡ ʘʧʧʘʨʘʪʘʤʠ ʥʘ ʥʠʟʢʫʶ ʦʧʦʨʥʫʶ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʥʘʢʣʦʥʝʥʠʝʤ 

ʦʢʦʣʦ 28Á (ʰʠʨʦʪʘ ʢʦʩʤʦʜʨʦʤʘ ʂʘʥʘʚʝʨʘʣ), ʩʦʩʪʘʚʣʷʣʘ 24.4 ʪ.  

ʅʘ ʰʘʪʪʣʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʪʦʣʴʢʦ ʧʠʣʦʪʠʨʫʝʤʳʝ ʟʘʧʫʩʢʠ ʩ ʵʢʠʧʘʞʝʤ ʜʦ 8 ʯʝʣʦʚʝʢ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʯʝʣʥʦʢʠ ʜʦʩʪʘʚʠʣʠ ʚ ʢʦʩʤʦʩ 355 ʘʩʪʨʦʥʘʚʪʦʚ. ʆʨʙʠʪʘʣʴʥʳʡ ʩʘʤʦʣʝʪ ʙʳʣ ʨʘʩ-

ʩʯʠʪʘʥ ʥʘ ʜʚʫʭʥʝʜʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʝ ʥʘ ʦʨʙʠʪʝ. ʉʘʤʳʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʦʣʝʪ (STS-80), 

ʢʦʪʦʨʳʡ ʜʣʠʣʩʷ 17 ʩʫʪʦʢ, ʩʦʚʝʨʰʠʣ Space Shuttle Columbia [2ï4].  

ɿʘʧʫʩʢ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 2) ʚʳʧʦʣʥʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʥʘ ʧʦʣʥʦʡ ʪʷʛʝ ʩʦʙʩʪ-

ʚʝʥʥʳʭ ʤʘʨʰʝʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʰʘʪʪʣʘ ʠ ʜʚʫʭ ʙʦʢʦʚʳʭ ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ (ʦʙ-

ʱʘʷ ʪʷʛʘ ʧʨʠ ʩʪʘʨʪʝ 30 806 ʢʅ), ʧʨʠ ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ ʩʦʟ-

ʜʘʶʪ ʦʢʦʣʦ 80 % ʩʪʘʨʪʦʚʦʡ ʪʷʛʠ ʩʠʩʪʝʤʳ (ʪʷʛʘ ʜʚʠʛʘʪʝʣʝʡ ʜʚʫʭ ʫʩʢʦʨʠʪʝʣʝʡ 25 500 ʢʅ). 

ʉʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʨʘʢʝʪʦʧʣʘʥʘ ʧʦʣʫʯʘʶʪ ʪʦʧʣʠʚʦ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦʜʚʝʩʥʦʛʦ 

ʙʘʢʘ. ʋʩʢʦʨʠʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʪʝʯʝʥʠʝ 123 ʩ ʧʦʩʣʝ ʩʪʘʨʪʘ, ʦʪʜʝʣʷʶʪʩʷ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 45 ʢʤ, 
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ʧʨʠʚʦʜʥʷʶʪʩʷ ʥʘ ʧʘʨʘʰʶʪʘʭ ʚ ʦʢʝʘʥ ʠ, ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʠ ʧʝʨʝʟʘʧʨʘʚʢʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ-

ʚʪʦʨʥʦ. 

ɼʘʣʴʥʝʡʰʠʡ ʧʦʜʲʝʤ, ʠ ʨʘʟʛʦʥ ʩʠʩʪʝʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʨʝʤʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʨʘʟʛʦʥ-

ʥʳʤʠ ʤʘʨʰʝʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ɾʈɼ Rocketdyne (RS-25), ʢʦʪʦʨʳʤʠ ʦʩʥʘʱʝʥ ʦʨʙʠʪʘʣʴʥʳʡ 

ʨʘʢʝʪʦʧʣʘʥ. ʈʘʟʛʦʥʥʳʝ ʜʚʠʛʘʪʝʣʠ  ʧʦʜʧʠʪʳʚʘʶʪʩʷ ʞʠʜʢʠʤ ʚʦʜʦʨʦʜʦʤ ʠ ʢʠʩʣʦʨʦʜʦʤ ʠʟ 

ʙʦʣʴʰʦʛʦ ʧʦʜʚʝʩʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʫ ʟʘ 6.6 ʩʝʢʫʥʜ ʜʦ ʤʦʤʝʥʪʘ ʦʪʨʳʚʘ 

ʦʪ ʩʪʘʨʪʦʚʦʛʦ ʩʪʦʣʘ, ʠ ʚʳʢʣʶʯʘʶʪʩʷ ʥʝʟʘʜʦʣʛʦ ʜʦ ʦʪʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ. ʀʭ 

ʨʘʙʦʪʘ ʧʨʝʢʨʘʱʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ 105 ʢʤ. ɺʥʝʰʥʠʡ ʪʦʧʣʠʚʥʳʡ ʙʘʢ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʢʘʨʢʘʩʦʤ 

ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ 8.5 ʤʠʥʫʪ ʥʘ ʚʳʩʦʪʝ 113 ʢʤ ʠ ʩʛʦʨʘʝʪ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʢʦʨʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʨʘʙʣʷ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʚʳʭʦʜʘ ʥʘ ʫʩʪʦʡʯʠ-

ʚʫʶ ʥʠʟʢʫʶ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ (ʯʝʣʥʦʢ ʚʳʭʦʜʠʪ ʥʘ ʙʘʣʣʠʩʪʠʯʝʩʢʫʶ ʪʨʘʝʢʪʦʨʠʶ) ʠ ʪʨʝʙʫʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʟʛʦʥʥʳʡ ʠʤʧʫʣʴʩ ʜʦ ʚʳʚʝʜʝʥʠʷ ʥʘ ʦʨʙʠʪʫ. ʕʪʦʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʠʤ-

ʧʫʣʴʩ ʚʳʜʘʝʪʩʷ ʜʚʠʛʘʪʝʣʷʤʠ ʩʠʩʪʝʤʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʯʝʨʝʟ 90 ʩʝʢʫʥʜ ʧʦʩʣʝ 

ʦʪʜʝʣʝʥʠʷ ʙʘʢʘ ï ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʯʝʣʥʦʢ, ʧʨʦʜʦʣʞʘʷ ʜʚʠʞʝʥʠʝ ʧʦ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦ-

ʨʠʠ, ʜʦʩʪʠʛʘʝʪ ʝʝ ʘʧʦʛʝʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ ʤʥʦʛʦʨʘʟʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ ï ʦʨʙʠʪʘʣʴʥʳʡ ʧʠʣʦʪʠʨʫʝʤʳʡ ʨʘʢʝʪʦʧʣʘʥ Space Shuttle ʚʳʭʦʜʠʪ ʥʘ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠ-

ʪʫ. ʅʘ ʣʶʙʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʚʳʚʝʜʝʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʣʝʪʘ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ ʨʘʡʦʥ ʩʪʘʨʪʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. 

 

ʈʠʩ. 2. ɺʥʝʰʥʠʡ ʚʠʜ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ Space Shuttle ʠ ʝʛʦ ʦʨ-

ʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ [1] 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʟʢʦʡ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ, ʧʘʨʘʤʝʪʨ rʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʟʘʜʘʯʘʤʠ ʚʳʧʦʣʥʷʝʤʦʡ ʤʠʩʩʠʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʨʦʩ ʦʩʪʘʪʢʦʚ ʪʦʧʣʠʚʘ ʠʟ ʩʠʩʪʝʤʳ ʤʘʨʰʝ-

ʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ ʠʭ ʪʦʧʣʠʚʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ. ʂʦʨʘʙʣʶ ʧʨʠʜʘʝʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʘʷ ʦʩʝʚʘʷ ʦʨʠʝʥʪʘʮʠʷ. ʈʘʩʢʨʳʚʘʶʪʩʷ ʩʪʚʦʨʢʠ ʛʨʫʟʦʚʦʛʦ ʦʪʩʝʢʘ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʪʘʢʞʝ ʠ 

ʨʘʜʠʘʪʦʨʘʤʠ ʩʠʩʪʝʤʳ ʪʝʨʤʦʨʝʛʫʣʷʮʠʠ ʢʦʨʘʙʣʷ. ʉʠʩʪʝʤʳ ʢʦʨʘʙʣʷ ʧʨʠʚʦʜʷʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘ-
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ʮʠʶ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʦʣʝʪʘ (ʦʨʙʠʪʝʨ ʨʘʟʚʝʨʥʫʪ ʜʥʠʱʝʤ ʚ ʩʪʦʨʦʥʫ ʦʪʢʨʳʪʦʛʦ ʢʦʩʤʦʩʘ ʠ ʨʘʩ-

ʢʨʳʪʳʤ ʛʨʫʟʦʚʳʤ ʦʪʩʝʢʦʤ ʢ ɿʝʤʣʝ). ɼʣʷ ʩʦʚʝʨʰʝʥʠʷ ʤʘʥʝʚʨʦʚ ʥʘ ʦʨʙʠʪʝ ʠ ʩʭʦʜʘ ʩ ʥʝʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʜʚʠʛʘʪʝʣʷ ʩʠʩʪʝʤʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ (ʉʆʄ) ʪʷʛʦʡ 27 ʢʅ ʢʘʞ-

ʜʳʡ. ʂʨʦʤʝ ʪʦʛʦ ʉʆʄ ʚʢʣʶʯʘʝʪ ʟʘʜʥʠʡ ʠ ʧʝʨʝʜʥʠʡ ʨʷʜ ʜʚʠʛʘʪʝʣʝʡ ʨʝʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʭʚʦʩʪʦʚʦʡ ʠ ʥʦʩʦʚʦʡ ʯʘʩʪʷʭ ʢʦʩʤʦʧʣʘʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʠ 

ʜʚʠʛʘʪʝʣʠ ʤʘʣʦʡ ʪʷʛʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʨʠʝʥʪʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʥʘ ʦʨʙʠʪʝ. ʉʠ-

ʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ 

ʤʝʪʠʣʛʠʜʨʘʟʠʥ, ʠ ʪʝʪʨʘʦʢʩʠʜ ʜʠʘʟʦʪʘ ï ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʷ. ʊʦʧʣʠʚʦ ʜʣʷ ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ 

ʭʨʘʥʠʪʩʷ ʥʘ ʙʦʨʪʫ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ. 

ʉʧʫʩʢ ʩ ʦʨʙʠʪʳ, ʚʢʣʶʯʘʶʱʠʡ ʚʭʦʜ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʦʨʤʦʞʝʥʠʝ ʠ ʧʦʩʘʜʢʫ, ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ. ʄʘʥʝʚʨ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʚʩʝʭ ʢʦʨʘʙʣʝʡ Space Shuttle. ʕʪʘʧʫ ʚʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʝʜʰʝʩʪʚʫʝʪ ʤʘ-

ʥʝʚʨ ʪʦʨʤʦʞʝʥʠʷ (ʨʠʩ. 3). 

 

ʈʠʩ. 3. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʩʧʫʩʢʘ ʩ ʦʨʙʠʪʳ ʨʘʢʝʪʦʧʣʘʥʘ Space Shuttle 
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ʀʟ ʩʚʦʝʛʦ ʠʩʭʦʜʥʦʛʦ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʧʦʣʦʞʝʥʠʷ (ʩʘʤʦʣʝʪ ʨʘʩʧʦʣʦʞʝʥ ʜʥʠʱʝʤ ʢ ʦʪʢʨʳ-

ʪʦʤʫ ʢʦʩʤʦʩʫ) ʦʨʙʠʪʝʨ ʨʘʟʚʦʨʘʯʠʚʘʶʪ ʥʘ 180Ü ʧʦ ʫʛʣʫ ʨʳʩʢʘʥʠʷ (ʚʦʢʨʫʛ ʥʦʨʤʘʣʴʥʦʡ ʦʩʠ), 

ʦʨʠʝʥʪʠʨʫʷ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʴʶ ʚʧʝʨʝʜ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ. ɼʚʠʛʘʪʝʣʠ ʦʨʙʠ-

ʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʚʳʜʘʶʪ ʢʦʨʦʪʢʠʡ ʪʦʨʤʦʟʥʦʡ ʠʤʧʫʣʴʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2.5 ʤʠʥʫʪʳ. 

ʉʥʠʞʝʥʠʷ ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (7.8 ʢʤ/ʩ) ʥʘ 100 ʤ/c ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʝʨʠʛʝʡ 

ʦʨʙʠʪʳ ʦʢʘʟʘʣʩʷ ʥʠʞʝ ʫʩʣʦʚʥʦʡ ʛʨʘʥʠʮʳ ʘʪʤʦʩʬʝʨʳ ɿʝʤʣʠ. ʇʦʩʣʝ ʦʪʨʘʙʦʪʢʠ ʪʦʨʤʦʟʥʦʛʦ 

ʠʤʧʫʣʴʩʘ ʘʧʧʘʨʘʪ ʨʘʟʚʦʨʘʯʠʚʘʶʪ ʧʦ ʪʘʥʛʘʞʫ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʧʝʨʝʯʥʦʡ ʦʩʠ) ʥʘ 140Ü. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʪʦʯʢʝ ʚʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ ʫʛʦʣ ʘʪʘʢʠ ʦʨʙʠʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 40Ü. ɺʭʦʜ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʯʝʨʝʟ 28 ʤʠʥ ʧʦʩʣʝ ʧʦʜʘʯʠ ʪʦʨʤʦʟʥʦʛʦ ʠʤʧʫʣʴʩʘ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 122 ʢʤ ʧʨʠ ʵʢʩʪʨʝ-

ʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ (M ~ 25). ʇʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʩʧʫʩʢʘ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʧʦ ʰʪʘʪʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʦʢʦʣʦ ʧʷʪʠ ʤʘʥʝʚʨʦʚ ʪʠʧʘ 

ñʟʤʝʡʢʘò (ʨʠʩ. 3, ʚʥʠʟʫ). ʉʦʭʨʘʥʷʷ ʫʛʦʣ ʪʘʥʛʘʞʘ ʦʢʦʣʦ 40Ü, ʢʦʨʘʙʣʴ ʚʳʧʦʣʥʷʝʪ ʥʝʩʢʦʣʴʢʦ S-

ʦʙʨʘʟʥʳʭ ʧʦʚʦʨʦʪʦʚ ʩ ʢʨʝʥʦʤ ʜʦ 70Á. ʄʘʥʝʚʨʳ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʛʘʩʠʪʴ ʩʢʦʨʦʩʪʴ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʠ ʫʤʝʥʴʰʠʪʴ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ ʢʨʳʣʘ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʡ ʥʝʞʝʣʘ-

ʪʝʣʴʥʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʦʪ ʤʦʤʝʥʪʘ ʚʭʦʜʘ ʚ ʧʣʦʪʥʳʝ ʩʣʦʠ ʘʪʤʦ-

ʩʬʝʨʳ ʜʦ ʤʦʤʝʥʪʘ ʧʨʠʟʝʤʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʯʫʪʴ ʙʦʣʝʝ ʧʦʣʫʯʘʩʘ. ʇʨʠ ʵʪʦʤ ʢʦʩʤʦʧʣʘʥ ʧʨʦ-

ʣʝʪʘʝʪ ʚ ʧʨʝʜʝʣʘʭ ʘʪʤʦʩʬʝʨʳ ʦʢʦʣʦ 7000 ʢʤ. ʆʨʙʠʪʝʨ ʩʦʚʝʨʰʘʝʪ ʧʦʩʘʜʢʫ ʢʘʢ ʩʘʤʦʣʝʪ, ʧʣʘ-

ʥʠʨʫʷ ʩ ʦʨʙʠʪʳ ʥʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʫʶ ʧʦʣʦʩʫ.  

ʇʣʘʥʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ ʪʨʘʝʢʪʦʨʠʠ ʩʧʫʩʢʘ ʚ ʘʪʤʦʩʬʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʢʨʳʣʘʪʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʢʦʨʘʙʣʝʡ Space Shuttle. ʊʨʘʝʢʪʦʨʠʷ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʪʦʨʤʦʞʝʥʠʝʤ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʣʣʠʩʪʠʯʝʩʢʠʤ ʩʧʫʩʢʦʤ), ʟʥʘ-

ʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʧʝʨʝʛʨʫʟʦʢ (ʩ 8 õ 10 g ʜʦ 1.5 g), ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʠʣʦʪʠʨʫʝ-

ʤʳʭ ʤʠʩʩʠʡ. ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʜʥʘʢʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩ-

ʪʘʝʪ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʦʨʘʙʣʠ Space Shuttle ʢ 1990 ʛʦʜʫ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴ 

ʧʦ 24 ʩʪʘʨʪʘ ʚ ʛʦʜ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʩʦʚʝʨʰʠʪ ʜʦ 100 ʧʦʣʝʪʦʚ ʚ ʢʦʩʤʦʩ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʚʩʝʛʦ 135 ʟʘʧʫʩʢʦʚ. ʇʨʦʛʨʘʤʤʘ ñʂʦʩʤʠʯʝʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʠʩʪʝʤʘò ʙʳʣʘ ʟʘ-

ʢʨʳʪʘ ʚ 2011 ʛʦʜʫ. ʇʦʩʣʝʜʥʠʡ ʩʪʘʨʪ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 8 ʠʶʣʷ 2011 ʛʦʜʘ ʢʦʨʘʙʣʝʤ Space 

Shuttle Atlantis. ʄʠʩʩʠʷ ʟʘʚʝʨʰʠʣʘʩʴ 21 ʠʶʣʷ 2011 ʛʦʜʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʢʦʨʘʙʣʠ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʦʧʨʘʚʜʘʣʠ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʚʦʟʣʘʛʘʚʰʠʭʩ ̫ʥʘ ʥʠʭ ʥʘʜʝʞʜ ʧʦ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʚʳʚʝʜʝʥʠʷ ʧʦʣʝʟʥʦʛʦ 

ʛʨʫʟʘ ʥʘ ʦʨʙʠʪʫ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʛʨʝʩʩ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘ-

ʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʷʚʣʝʥʠʶ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʋʩʧʝʭ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʧ-

ʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʘʵʨʦʪʝʨ-

ʤʦʜʠʥʘʤʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʦ-

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʞʘʪʳʭ ʩʨʦʢʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ [5ï10]. ʈʝʘʣʠʟʘʮʠʷ ʢʦʥʮʝʧʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʠʟʜʝʣʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠ ʵʪʦʤ ʦʪ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʦʜʝʣʝʡ, ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʝʨʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ, 

ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʝʣʴʥʘʷ ʪʦʯʥʦʩʪʴ. ʅʘ ʩʪʘʜʠʠ ʥʘʟʝʤʥʳʭ ʠ ʣʝʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʪʦʪʠʧʦʚ ʯʠʩ-

ʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʯʠʩʣʝʥʥʦ-

ʛʦ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʙʳʩʪʨʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʷʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪ,r ʢʘʢ ʠ ʨʷʜʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [11ï18], ʷʚʣ̫-

ʶʪʩʷ:  
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- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʠʢ 

ʨʘʩʯʝʪʘ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʪʝʯʝʥʠʡ; 

- ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʤʦʜʝʣʝʡ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʩʯʝʪʥʦ-

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ ʀʇʄʝʭ ʈɸʅ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ [11ï25];  

- ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ ̫ʘʵʨʦ-

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ï ʦʪ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʜʦ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʥʞʝʥʝʨʦʚ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ; 

- ʜʝʤʦʥʩʪʨʘʮʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʢʦʤʧʴʶʪʝʨ-

ʥʦʡ ʧʦʜʜʝʨʞʢʠ ʚʩʝʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʜʝʣʠʡ ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ.    

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʩʦʟʜʘʥ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ 

ʧʨʦʪʦʪʠʧ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ ʤʥʦʛʦʨʘʟʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʟʘ ʧʨʦ-

ʦʙʨʘʟ ʢʦʪʦʨʦʛʦ ʚʳʙʨʘʥ ʨʘʢʝʪʦʧʣʘʥ ʛʨʫʟʦʚʦʛʦ ʢʦʨʘʙʣʷ Space Shuttle Atlantis. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʦʙʨʘʟʘ, ʚʢʣʶʯʘʷ 

ʦʪʢʣʦʥʷʝʤʳʝ ʦʨʛʘʥ rʫʧʨʘʚʣʝʥʠʷ. ʂʦʤʧʣʝʢʩʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʦʙʲ-

ʝʤʥʳʝ ʩʝʪʢʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʪʝʯʝʥʠʡ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ (ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝ ï ʉʪʦʢʩʘ). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩ-

ʥʦʚʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʯʝʨʪʝʞʠ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʩʭʝʤʳ, ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ʨʝʘʣʴʥʦʛʦ ʠʟʜʝ-

ʣʠʷ, ʦʜʥʘʢʦ ʧʦʚʪʦʨʷʝʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʦʣʫʯʝʥ ʧʦʣʥʳʡ ʥʘʙʦʨ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʤʧʦʥʦʚʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʥʠʞ-

ʥʝʛʦ ʫʯʘʩʪʢʘ ʥʦʤʠʥʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʦʚʝʜʝʥʳ ʦʮʝʥʢʠ ʚʥʝʰʥʠʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ, ʦʧʨʝʜʝʣʝʥʳ ʣʦʢʘʣʴʥʳʝ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʠ ʤʦʤʝʥʪʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ, ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚ-

ʣʝʥʠʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ. ʄʦʜʝʣʠʨʫʝʤʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʚʳ-

ʙʠʨʘʣʩʷ ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʧʨʠʙʣʠʞʝʥʠʡ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʠ ʩʦʚʝʨʰʝʥ-

ʥʦʛʦ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʪʦʨʤʦʞʝʥʠʝ, 

ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʵʪʘʧ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʨʠʪʠʯʥʳʤʠ ʪʝʧʣʦʚʳʤʠ ʥʘʛʨʫʟʢʘʤʠ. 

2. ɺʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʩ 

ʦʪʢʣʦʥʷʝʤʳʤʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʦʙʨʘʟʘ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʦʨʙʠʪʘʣʴ-

ʥʦʡ ʩʪʫʧʝʥʠ ʤʥʦʛʦʨʘʟʦʚʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Space Shuttle Atlantis (ʩʤ. ʨʠʩ. 2). ɻʣʘʚ-

ʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ ʷʚʣʷʣʦʩʴ ʥʘʣʠʯʠʝ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʟʝʤʥʳʭ ʠ ʣʝʪʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʤʝʨʝʥʠʶ ʪʝʧʣʦʚʳʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʠʥʬʦʨʤʘʮʠʠ [26ï35]. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩ-

ʪʝʤʳ Space Shuttle ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ SolidWorks [10] ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩʣʦʞʥʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʨʠʩ. 4). ɻʝʦ-

ʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʫʯʠʪʳʚʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʩʘʤʦʣʝʪʘ, ʠ ʩʦʜʝʨʞʠʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʦʙʨʘ-

ʟʘ. ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ ʚ ʩʪʘʨʪʦʚʦʡ ʠ ʧʦʩʘʜʦʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

2. 



ɸ.ʃ. ɾʝʣʝʟʥʷʢʦʚʘ  çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʫʩʢʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ Space Shuttle...è 

  9 

Space Shuttle ï ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ, ʠʟ ʢʦʛʜʘ-ʣʠʙʦ ʧʦ-

ʩʪʨʦʝʥʥʳʭ. ɽʛʦ ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 37.24 ʤ (ʪʘʙʣ. 2, ʨʠʩ. 4), ʘ ʨʘʟʤʘʭ ʥʠʟʢʦʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʜʝʣʴʪʘʚʠʜʥʦʛʦ ʢʨʳʣʘ ʩ ʜʚʦʡʥʦʡ ʩʪʨʝʣʦʚʠʜʥʦʩʪʴʶ ï 23.8 ʤ (ʫʛʦʣ ʩʪʨʝʣʦʚʠʜʥʦʩʪʠ ʢʦʨʥʝʚʦʡ 

ʯʘʩʪʠ ʢʦʥʩʦʣʠ ʨʘʚʝʥ 81Á, ʢʦʥʮʝʚʦʡ ʯʘʩʪʠ ï 45Á). 

ʊʘʙʣʠʮʘ 2 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝ-

ʤʳ Space Shuttle 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ɺʳʩʦʪʘ ʥʘ ʩʪʘʨʪʦʚʦʡ ʧʦʟʠʮʠʠ, ʤ 56.14 

ɼʣʠʥʘ ʫʩʢʦʨʠʪʝʣʝʡ, ʤ 45.46 

ɼʠʘʤʝʪʨ ʫʩʢʦʨʠʪʝʣʝʡ, ʤ 3.71 

ɼʣʠʥʘ ʚʥʝʰʥʝʛʦ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʤ 47 

ʄʘʩʩʦʚʳʝ ʜʘʥʥʳʝ ʚʩʝʡ ʩʠʩʪʝʤʳ 

ʆʙʱʘʷ ʩʪʘʨʪʦʚʘʷ ʤʘʩʩʘ, ʪ 2000 

ʄʘʩʩʘ ʜʚʫʭ ʫʩʢʦʨʠʪʝʣʝʡ, ʪ 1142 

ʄʘʩʩʘ ʚʥʝʰʥʝʛʦ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ ʧʨʠ ʩʪʘʨʪʝ, ʪ 

   ï ʤʘʩʩʘ ʛʦʨʶʯʝʛʦ (ʞʠʜʢʠʡ ʚʦʜʦʨʦʜ), ʪ 

   ï ʤʘʩʩʘ ʦʢʠʩʣʠʪʝʣʷ (ʞʠʜʢʠʡ ʢʠʩʣʦʨʦʜ), ʪ 

756 

103 

616 

 ʄʘʩʩʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʪ 

   ï ʚʳʚʦʜ ʥʘ ʥʠʟʢʫʶ ʦʧʦʨʥʫʶ ʦʨʙʠʪʫ, ʪ 

   ï ʚʳʚʦʜ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʫʶ ʦʨʙʠʪʫ, ʪ 

 

24.4 

3.8 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʚʳʝ ʜʘʥʥʳʝ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ï ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʣʘʥʝʨʘ 

ʄʘʩʩʘ (ʙʝʟ ʧʦʣʝʟʥʦʛʦ ʛʨʫʟʘ), ʪ   80.0 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ Lmax, ʤ 37.238 

ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ Lref, ʤ 32.770 

ʈʘʟʤʘʭ ʢʨʳʣʘ b, ʤ 23.842 

ɺʳʩʦʪʘ, ʤ 14.120 

ʍʘʨʘʢʪʝʨʥʘʷ ʧʣʦʱʘʜʴ Sref, ʤ
2
 249.909 

ʉʨʝʜʥʷʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʭʦʨʜʘ c, ʤ 12.060 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ  

   ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʦʩʘ ʚʜʦʣʴ ʦʩʠ x, ʤ 21.303 (0.65 Lref) 

   ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʚʝʨʭʫʰʢʠ ʢʠʣʷ ʚʜʦʣʴ ʦʩʠ y, ʤ 11.270 

 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʚ ʧʣʦʪʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩ. 4, 5). ɼʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭʩʝʢʮʠʦʥʥʳʡ ʨʫʣʴ ʥʘʧʨʘʚʣʝʥʠʷ 

ʥʘ ʢʠʣʝ. ʇʦʩʣʝʜʥʠʡ ʩʣʫʞʠʪ ʪʘʢʞʝ ʚʦʟʜʫʰʥʳʤ ʪʦʨʤʦʟʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʚʝʣʠ-

ʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ï ʧʨʠ ʟʘʭʦʜʝ ʥʘ ʧʦʩʘʜʢʫ ʠ ʧʨʠ-

ʟʝʤʣʝʥʠʠ. ʄʝʭʘʥʠʟʘʮʠʷ ʪʨʝʫʛʦʣʴʥʦʛʦ ʢʨʳʣʘ ʩ ʜʚʦʡʥʦʡ ʩʪʨʝʣʦʚʠʜʥʦʩʪʴʶ ʚʢʣʶʯʘʝʪ ʵʣʝʚʦʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʟʘʜʥʠʭ ʢʨʦʤʢʘʭ. ʕʣʝʚʦʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʝʥ (ʧʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʦʪ-

ʢʣʦʥʝʥʠʠ), ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ ʨʫʣʷ ʚʳʩʦʪʳ. ʇʦʜʬʶʟʝʣʷʞʥʳʡ (ʙʘʣʘʥʩʠʨʦʚʦʯ-

ʥʳʡ) ʱʠʪʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʟʘʜʥʝʡ ʯʘʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʧʦʜ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʴʶ 

ʬʶʟʝʣʷʞʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩʠʨʦʚʢʫ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʤʦʱʠ ʚ ʩʦʚʝʨʰʝʥʠʠ 

ʤʘʥʝʚʨʦʚ ʧʦ ʪʘʥʛʘʞʫ. 

ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʣʦʞʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʩʥʘʱʝʥʘ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʦʪʢʣʦ-

ʥʷʝʤʳʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ: ʵʣʝʚʦʥʘʤʠ, ʧʦʜʬʶʟʝʣʷʞʥʳʤ ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʤ ʱʠʪʢʦʤ, ʜʚʫʭ-

ʩʝʢʮʠʦʥʥʳʤ ʨʫʣʝʤ ʥʘʧʨʘʚʣʝʥʠʷ (ʨʠʩ. 5). ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʢʦʩʤʦʧʣʘʥʘ Space Shuttle ʧʦʤʝʱʝʥʳ ʚ ʪʘʙʣ. 3. ʅʘ ʨʠʩ. 5 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʟʜʘʥʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ, ʠʤʠʪʠʨʫʶʱʘʷ 
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ʥʝʩʢʦʣʴʢʦ ʧʦʣʝʪʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʨʦʦʙʨʘʟʘ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʤ ʧʦʣʦʞʝ-

ʥʠʷʤ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ.  

 

ʈʠʩ. 4. ʉʦʟʜʘʥʥʘʷ ʚʠʨʪʫʘʣʴʥʘʷ 3D ʧʦʚʝʨʭʥʦʩʪʴ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ ʤʥʦʛʦʨʘʟʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ Space Shuttle Atlantis 



ɸ.ʃ. ɾʝʣʝʟʥʷʢʦʚʘ  çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʫʩʢʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ Space Shuttle...è 

  11 

ʊʘʙʣʠʮʘ 3 

ʆʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ Space Shuttle 

ʋʧʨʘʚʣʷʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 
ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ 
ʇʣʦʱʘʜʴ, ʤ

2
 

ɹʘʣʘʥʩʠʨʦʚʦʯʥʳʡ ʱʠʪʦʢ ï11.7
o
 é+22.5

 o
 12.541 

ɺʦʟʜʫʰʥʳʡ ʪʦʨʤʦʟ +87.2
 o
 10.233 

ʈʫʣʴ ʥʘʧʨʘʚʣʝʥʠʷ +22.8
 o
 10.233 

ʕʣʝʚʦʥʳ ï35
 o
 é+20

 o
 19.509 (ʦʜʥʘ ʩʪʦʨʦʥʘ) 

3. ʉʝʪʦʯʥʳʝ ʤʦʜʝʣʠ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʩ ʦʪʢʣʦ-

ʥʷʝʤʳʤʠ ʦʨʛʘʥʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʩʝʨʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ (ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʨʷʜʫ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ [36, 37]) ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʣʩʷ ʥʝ-

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʙʳʣ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʧʦ-

ʩʪʨʦʝʥʠʷ ʙʣʦʯʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʦʢʦʣʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʨʘʟʙʠʝʥʠʷ ʥʘ ʧʦʜʦʙʣʘʩʪʠ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʛʦ ʩʦʧʨʷʞʝʥʠʷ ʙʣʦʢʦʚ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʨʝʛʫʣʷʨʥʳʭ ʪʝʪʨʘʵʜʨʘʣʴ-

ʥʳʭ ʩʝʪʦʢ ʧʦʟʚʦʣʠʣʠ ʦʙʝʩʧʝʯʠʪʴ ʙʳʩʪʨʦʪʫ ʚʳʧʦʣʥʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʫʤʝ-

ʨʝʥʥʳʭ ʟʘʪʨʘʪʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʠʙʢʦʩʪʴ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʩʩʤʦʪʨʝ-

ʥʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʧʫʩʢʘ ʚ ʧʣʦʪʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʂʦʤʧʣʝʢʩʥʦʝ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʶʱʝʝ 

ʨʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʥʘ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ (ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʡ ʜʘʚʣʝʥʠʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʥʪʝʛʨʘʣʴʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ), ʦʮʝʥʢʫ ʫʧʨʘʚ-

ʣʷʝʤʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚʳʯʠʩʣʝʥʠʝ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʪʨʝʙʫʝʪ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʅʘʜʝʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʣʘʛʦʜʘʨʷ ʭʦʨʦʰʝʤʫ ʢʘʯʝʩʪʚʫ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʩʣʦʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦ-

ʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪ (ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʚ ʨʘʤʢʘʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ) ʚʳʩʦ-

ʢʫʶ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʟʘʣʦʞʝʥʥʫʶ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʝʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʩʛʫʱʘʶʪʩʷ ʦʢʦʣʦ ʤʝʣʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

ʦʩʪʨʳʭ ʠ ʩʢʨʫʛʣʝʥʥʳʭ ʢʨʦʤʦʢ. ʇʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʫʟʣʦʚ ʦʙʲʝʤʥʳʭ ʩʝʪʦʢ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ.    

ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʦʢ, ʫʯʝʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʝʪʘʣʝʡ ʢʦʥʬʠʛʫ-

ʨʘʮʠʠ ʠ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʟʤʝʥʷʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʦʦʙʨʘʟʘ ʧʦʪʨʝʙʦʚʘʣ ʩʦʟʜʘ-

ʥʠʷ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʥʝ ʤʝʥʝʝ 10
7
 ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʛʝ-

ʥʝʨʠʨʦʚʘʣʠʩʴ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦʣʦʞʝʥʠʝʤ ʦʨʛʘʥʦʚ ʤʝʭʘʥʠ-

ʟʘʮʠʠ.  

ʅʘ ʨʠʩ. 6ï8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʨʘʟʤʝʨʥʦʩʪʴʶ ʙʦʣʝʝ 10 ʤʣʥ 

ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʩʪʨʦʠʣʠʩʴ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʪʥʳʭ 

ʨʝʞʠʤʦʚ ʧʨʠ ʚʘʨʠʘʮʠʠ ʫʛʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʦʪʢʣʦʥʝ-

ʥʠʠ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʯʝʪʥʳʝ ʩʝʪʢʠ ʩʦʟʜʘʚʘʣʠʩʴ ʜʣʷ ʧʦʣʦʚʠʥʳ ʤʦʜʝʣʠ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʪʫʧʝʥʠ (ʢʦʩʤʦʧʣʘʥʘ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ.    

ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʣʘʥʠʨʫʶʱʝʛʦ ʩʧʫʩʢʘ ʩ ʦʨʙʠʪʳ, ʚʭʦʜʥʘʷ ʛʨʘʥʠʮʘ ʥʝ ʦʢʘʟʳ-

ʚʘʣʘ ʚʣʠʷʥʠʝ ʥʘ ʧʦʪʦʢ ʚʙʣʠʟʠ ʦʙʪʝʢʘʝʤʦʛʦ ʪʝʣʘ. 
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ʈʠʩ. 5. ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ Space Shuttle ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʦʪ-

ʢʣʦʥʷʝʤʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ. ʂʦʥʬʠʛʫʨʘʮʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʧʨʠ ʧʦʚʦʨʦ-

ʪʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʙʘʣʘʥʩʠʨʦʚʦʯʥʦʛʦ ʱʠʪʢʘ, ʵʣʝʚʦʥʦʚ ʠ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ) ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʫʛʣʳ 

ʇʨʠʤʝʥʷʚʰʠʝʩʷ ʘʜʘʧʪʠʚʥʳʝ ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʠʟʦʪʨʦʧʥʦʩʪʴʶ 

ï ʩʦʩʝʜʥʠʝ ʪʨʝʫʛʦʣʴʥʳʝ ʠʣʠ ʪʝʪʨʘʵʜʨʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʘʟʤʝʨʘʤ ʥʝ ʙʦʣʝʝ 

ʯʝʤ ʥʘ 20%. 
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ɺ ʥʝʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ ʪʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʷʯʝʝʢ ʩʦʩʪʘʚʣʷʣʘ 0.1 

ʤ. ʈʘʟʤʝʨ ʪʝʪʨʘʵʜʨʦʚ ʚʙʣʠʟʠ ʥʦʩʦʚʦʡ ʯʘʩʪʠ ʬʶʟʝʣʷʞʘ, ʢʨʦʤʦʢ ʢʨʳʣʘ, ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʚʥʷʣʩʷ 0.001 ʤ. ʈʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʪʨʦʝʥ-

ʥʳʭ ʩʝʪʦʢ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʫʯʝʪʦʤ 

ʩʞʠʤʘʝʤʦʩʪʠ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ ʩ ʠʥʞʝʥʝʨʥʦʡ ʪʦʯʥʦʩʪʴʶ.  

 

ʈʠʩ. 6. ʊʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʠ ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠʷʭ. ʉʪʨʫʢʪʫʨʘ ʧʦʜʨʦʙʥʦʡ ʪʝʪʨʘʵʜʨʘʣʴʥʦʡ ʩʝʪʢʠ ʨʘʟʤʝʨʥʦʩʪʴʶ 10 946 207 

ʷʯʝʝʢ ʚʙʣʠʟʠ ʢʦʥʬʠʛʫʨʘʮʠʠ Space Shuttle Atlantis  



ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ 2017 ʊ.18 (2)            http://chemphys.edu.ru/issues/2017-18-2/articles/716/ 

 14 

  

ʈʠʩ. 7. ʌʨʘʛʤʝʥʪʳ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʦʢ ʨʘʟʤʝʨʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 11 ʤʣʥ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ, ʧʦʩʪʨʦʝʥʥʳʭ 

ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʩʤʦʧʣʘʥʘ Space Shuttle, ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʦʣʦʞʝʥʠ ̫ʫʧʨʘʚʣʷʶʱʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ï ʧʦʜʬʶʟʝʣʷʞʥʦʛʦ ʱʠʪʢʘ ʠ ʵʣʝʚʦʥʦʚ 
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ʈʠʩ. 8. ʌʨʘʛʤʝʥʪʳ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʦʢ, ʩʦʟʜʘʥʥʳʭ ʜʣʷ ʨʝʘʣʠʩʪʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʩʤʦʧʣʘʥʘ Space 

Shuttle, ʧʨʠ ʚʘʨʠʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ  

ʂʘʯʝʩʪʚʦ ʩʦʟʜʘʥʥʳʭ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʨʷʜʫ ʦʙʱʝʧʨʠʥʷʪʳʭ ʢʨʠʪʝʨʠʝʚ 

[36, 37]. ɺ ʯʘʩʪʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ (ʘʩʧʝʢʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʘʥʛʣ. aspect ratio) ʜʣʷ 

ʣʶʙʦʡ ʪʨʝʫʛʦʣʴʥʦʡ ʷʯʝʡʢʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ ʠ ʪʝʪʨʘʵʜʨʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʲʝʤʥʦʡ ʩʝʪ-

ʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 4 ʠ 6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ (ʘʥʛʣ. equiangle skew), ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʡ ʫʛʣʦʚʫʶ ʩʢʦʰʝʥʥʦʩʪʴ, ʜʣʷ ʪʨʝʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʥʴʰʝ 0.65, ʜʣʷ ʪʝʪʨʘ-

ʵʜʨʘʣʴʥʳʭ ï ʤʝʥʴʰʝ 0.7. 

ʇʦʩʪʨʦʝʥʥʳʝ ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʳʧʦʣʥʝʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʢʦʜʦʚ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʚʭʦʜʷʱʠʭ ʚ ʧʨʦ-

ʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʬʠʟʠʢʠ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʦʤʧʦʥʦʚʢʠ ʚʳ-

ʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ.  

4. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʦʡ ʠ ʪʠʧʠʯʥʦʡ ʬʘʢʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʡ ʩʧʫʩʢʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝ-

ʥʠ Space Shuttle, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 9 [5]. 
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ʈʠʩ. 9. ʇʘʨʘʤʝʪʨʳ ʥʦʤʠʥʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ʢʨʫʞʢʠ, 

ʢʚʘʜʨʘʪʳ, ʨʦʤʙʳ), ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʩʧʫʩʢʘ ʩ ʦʨʙʠʪʳ ʨʘʢʝʪʦʧʣʘʥʘ Space Shuttle   

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʨʙʠʪʘʣʴʥʳʡ ʩʘʤʦʣʝʪ ʥʘʯʠʥʘʝʪ ʚʭʦʜ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ ʚʳʩʦʪʝ 122 

ʢʤ, ʧʨʠʥʷʪʦʡ ʟʘ ʫʩʣʦʚʥʫʶ ʛʨʘʥʠʮʫ ʢʦʩʤʦʩʘ, ʩ ʫʛʣʦʤ ʘʪʘʢʠ 40Ü ʠ ʩʢʦʨʦʩʪʴʶ 7.8 ʢʤ/c, ʯʪʦ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʄ = 25. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʘ ʦʪ ʪʦʯʢʠ ʚʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ ʜʦ ʤʝʩʪʘ ʧʦʩʘʜʢʠ ï 

ʙʘʟʳ ɺɺʉ ʕʜʚʘʨʜʩ ʩʦʩʪʘʚʣʷʝʪ 7060 õ 7080 ʢʤ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʜʦ ʤʦʤʝʥʪʘ ʧʦ-

ʩʘʜʢʠ ʦʢʦʣʦ 32 ʤʠʥ. ʋʞʝ ʯʝʨʝʟ 140 ʩ ʧʦʩʣʝ ʚʭʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ (ʥʘ ʚʳʩʦʪʝ 100 ʢʤ) ʩʪʘʥʦʚʠʪ-

ʩʷ ʚʦʟʤʦʞʥʦʡ ʙʘʣʘʥʩʠʨʦʚʢʘ ʦʨʙʠʪʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʅʘ ʚʳʩʦʪʝ 95 ʢʤ (ʯʝʨʝʟ 180 ʩ ʧʦʩʣʝ ʚʭʦʜʘ) ʢʦʩʤʦʧʣʘʥ ʧʝʨʝʭʦʜʠʪ ʢ ʩʦʚʤʝʩʪ-

ʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʚʦʥʦʚ. ʅʘ 280-ʡ ʩʝʢʫʥʜʝ (ʚʳʩʦʪʘ 

84 ʢʤ) ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʪʢʣʶʯʘʶʪʩʷ. 

ʅʘ 250-ʡ ʩʝʢʫʥʜʝ (4-ʡ ʤʠʥʫʪʝ) ʥʘʯʠʥʘʝʪʩʷ ʫʯʘʩʪʦʢ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ ʩʣʝ-

ʜʫʶʱʠʝ 10 ʤʠʥ ʧʦʣʝʪʘ ʷʚʣʷʪʁʩʷ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʤʠ. ʏʝʨʝʟ 7 ʤʠʥ ʧʦʩʣʝ ʚʭʦʜʘ ʥʘ 

ʚʳʩʦʪʝ 78 ʢʤ ʘʧʧʘʨʘʪ ʥʘʯʠʥʘʝʪ ʚʳʧʦʣʥʷʪʴ S-ʦʙʨʘʟʥʳʝ ʤʘʥʝʚʨʳ (ʨʘʟʚʦʨʦʪʳ ʩ ʙʦʣʴʰʠʤ ʢʨʝ-

ʥʦʤ ʜʦ 70Ü), ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ. ɿʘ 14 ʤʠʥ ʜʚʠʞʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚʳ-

ʩʦʪʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 122 ʢʤ ʜʦ 69 ʢʤ, ʘ ʩʢʦʨʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʩ M  = 25 ʜʦ M  = 20. ʅʘ ʜʘʥʥʦʤ 

ʵʪʘʧʝ ʩʧʫʩʢʘ ʩʦʭʨʘʥʷʝʪʩʷ ʫʛʦʣ ʘʪʘʢʠ 40Ü, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ 

ʫʯʘʩʪʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 1850 K. ʅʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ ʦʪʜʝʣʴʥʳʭ ʪʨʘ-

ʝʢʪʦʨʥʳʭ ʪʦʯʝʢ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4. ʉ 4-ʡ ʧʦ 20-ʶ ʤʠʥʫʪʫ 

ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʟʦʥʝ ñʨʘʜʠʦʤʦʣʯʘʥʠʷò, ʚʩʣʝʜʩʪʚʠʝ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʯʝʨʝʟ ʦʢʨʫʞʘʶʱʝʝ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʦʙʣʘʢʦ 

ʧʣʘʟʤʳ. 
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ʇʦʩʣʝ ʛʘʰʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʦʨʙʠʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʢʦʨʘʙʣʴ ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ 

ʢʘʢ ʪʷʞʝʣʳʡ ʧʣʘʥʝʨ ʩ ʥʝʚʳʩʦʢʠʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ, ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʷ ʫʛʦʣ 

ʘʪʘʢʠ. ʅʘ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʠʣʦʪʘʞʥʳʭ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʩʤʦʧʣʘʥʘ, ʪʘʢ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʠʥʪʝʥʩʠʚʥʦʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʩ M  = 8.2 (ʚʳʩʦʪʘ 50.3 ʢʤ) 

ʜʦ ʄ = 2 (ʚʳʩʦʪʘ 20 ʢʤ). ɺʳʜʝʣʝʥʥʳʝ ʪʦʯʢʠ ʥʠʞʥʝʛʦ ʦʪʨʝʟʢʘ ʪʨʘʝʢʪʦʨʠʠ (ʪʘʙʣ. 5), ʜʣʷ ʢʦ-

ʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ ʚʳʯʠʩʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʦʙʦʟʥʘʯʝʥʳ ʚ ʪʘʙʣ. 4 ʞʠʨʥʳʤ ʰʨʠʬ-

ʪʦʤ. ɼʘʥʥʳʡ ʪʨʘʝʢʪʦʨʥʳʡ ʫʯʘʩʪʦʢ ʙʳʣ ʪʘʢʞʝ ʚʳʙʨʘʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʠ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ. ʀʩʭʦʜ-

ʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʘʝʢʪʦʨʥʳʤ ʪʦʯʢʘʤ ʥʠʞʥʝ-

ʛʦ ʫʯʘʩʪʢʘ (ˉ7 ï ˉ12), ʠ ʩʚʦʡʩʪʚʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʦʤʝʱʝʥʳ ʚ ʪʘʙʣ. 5. 

ʊʘʙʣʠʮʘ 4 

ʇʘʨʘʤʝʪʨʳ ʥʦʤʠʥʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʩʧʫʩʢʘ ʚ ʘʪʤʦʩʬʝʨʝ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ 

Space Shuttle 

 ̄ ɺʳʩʦʪʘ, ʢʤ ʉʢʦʨʦʩʪʴ, ʤ/c  ʏʠʩʣʦ ʄʘʭʘ ʋʛʦʣ ʘʪʘʢʠ, ʛʨʘʜ ɺʨʝʤʷ, ʤʠʥ 

1 76 7027 24.40 40 8  

2 74 6766 23.25 40 10 

3 71 6431 21.80 40 12 

4 69 5980 20.00 40 14 

5 64 5544 18.00 38 16 

6 55 3499 10.80 35 20 

7 50.3 2704 8.20 30 21.5 

8 41 2071 6.50 25 22.5 

9 35 1696 5.50 20 23.5 

10 30 1358 4.50 18 24 

11 25 955 3.20 15 25 

12 20 590 2.00 10 26 

ʊʘʙʣʠʮʘ 5 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʩʚʦʡʩʪʚʘ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʪʨʘʝʢʪʦʨ-

ʥʳʭ ʪʦʯʢʘʭ 

ɺʳʩʦʪʘ, ʢʤ 

ʇʘʨʘʤʝʪʨʳ 50.3 41 35 30 25 20 

ʏʠʩʣʦ ʄʘʭʘ 8.2 6.5 5.5 4.5 3.2 2.0 

ʋʛʦʣ ʘʪʘʢʠ, ʛʨʘʜ 30 25 20 18 15 10 

ʊʝʤʧʝʨʘʪʫʨʘ, K 271 253 237 227 222 217 

ɼʘʚʣʝʥʠʝ, ʇʘ 76.9 251 575 1200 2550 5530 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ
3
 9.89³10

4
 3.46³10

3
 8.46³10

3
 1.84³10

2
 4.01³10

2
 8.89³10

2
 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ, ʤ/ʩ 330 319 308 302 298 295 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, 

ʢʛ/(ʤĀʩ) 
1.70³10

5
 1.62³10

5
 1.53³10

5
 1.48³10

5
 1.45³10

5
 1.42³10

5
 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ɺʪ/(ʤĀK) 
0.0240 0.0225 0.0212 0.0203 0.0199 0.0195 

ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʘʜʠʘʙʘʪʳ 

1.4g= . ɺʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ m ʧʨʠʥʠʤʘʣʘʩʴ ʟʘʚʠʩʠʤʦʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T ʧʦ ʟʘʢʦʥʫ ʉʘʟʝʨʣʝʥ-

ʜʘ 

 

3 2
61.458 10

110.4

T

T
m -= ³

+
 (1) 
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5. ɺr ʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ  

ʉʣʦʞʥʘʷ ʢʘʨʪʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʤʦʜʝʣʠ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ Space Shuttle ʚ ʧʦʣʥʦʡ ʢʦʤʧʦʥʦʚʢʝ, ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ  

ʠʤ. ɸ.ʖ. ʀʰʣʠʥʩʢʦʛʦ ʈɸʅ (ʀʇʄʝʭ ʈɸʅ). ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʛʝʥʝʨʘʪʦʨ 

ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʦʢ [38ï41] ʠ ʩʝʨʠʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʜʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʧʦʣʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʕʡʣʝʨʘ ʠ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʝ [12ï14].   

ʄʦʜʫʣʴ ʪʨʝʭʤʝʨʥʦʡ ʘʵʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʝʘʣʠʟʫʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʫʶ ʩʭʝʤʫ ʩʢʚʦʟʥʦʛʦ ʩʯʝʪʘ, ʙʝʟ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʳʚʦʚ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʛʘʟʦʚʦʡ 

ʜʠʥʘʤʠʢʠ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʘʤ [42,43] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ. ʉʧʝʮʠʬʠʢʫ ʨʝʘʣʠ-

ʟʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʩʦʩʪʘʚʣʷʶʪ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʩʘʤʦʡ ʧʨʦʮʝʜʫʨʳ ʨʘʩʱʝʧʣʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʪʝʪʨʘʵʜʨʘʣʴʥʳʭ ʩʝʪʢʘʭ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʥʝʨʝʛʫʣʷʨʥʳʭ ʩʝʪʢʘʭ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦʪʦʢʘ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ, ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫ-

ʯʘʪʴ ʢʘʨʪʠʥʫ ʪʨʝʭʤʝʨʥʦʛʦ ʪʝʯʝʥʠʷ ʩʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʫʜʘʨʥʳʭ ʚʦʣʥ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʟʘʜʘʯʘ ʪʝʯʝʥʠʷ ʩʦʚʝʨʰʝʥʥʦʡ ʚʷʟʢʦʡ 

ʩʞʠʤʘʝʤʦʡ ʩʨʝʜʳ. ɼʣʷ ʩʪʦʣʙʮʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ( ), , , ,
T

u Er r r r r=w v w  ʩʠʩ-

ʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʝʢʪʦʨʥʦʤ ʚʠʜʝ:  

 
() () () () () ()

t x y z x y z

µ µ µ µ µ µµ
+ + + = + +

µ µ µ µ µ µ µ

x y z x y zF w F w F w G w G w G ww
, (2) 

ʛʜʝ 

( )2, ,
T

u u p u u uE pur r r r r= + +xF v, w, ,  ( )2 = , , ,
T

u p E pr r r r r+ +yF v v v vw, v v , 

( )2, ,
T

u p E pr r r r r= + +zF w w vw, w , w w ; 

ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ; 

( )0, , , ,
T

xx yx zx xx yx zx xu qt t t t t t= + + -xG v w ,  ( )0, , , ,
T

xy yy zy xy yy zy yu qt t t t t t= + + -yG v w  

( )0, , , ,
T

xz yz zz xz yz zz zu qt t t t t t= + + -zG v w  

ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʚʷʟʢʦʛʦ ʧʦʪʦʢʘ;  

r ï ʧʣʦʪʥʦʩʪʴ; p ï ʜʘʚʣʝʥʠʝ; , ,u v w  ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ; E ï ʫʜʝʣʴʥʘʷ ʧʦʣʥʘʷ 

ʵʥʝʨʛʠʷ ʛʘʟʘ; abt  ï ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʚʷʟʢʠʭ ʥʘʧʨʷʞʝʥʠʡ (, , ; , ,x y z x y za b= = ); qʭ, qy, qz 

ï ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʦʣʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʩʦʚʝʨʰʝʥʥʦʛʦ ʛʘʟʘ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʨʘʩʱʝʧʣʝʥʠʠ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠʩʭʦʜʥʦʡ ʥʝ-

ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ ï ʉʪʦʢʩʘ (2). ʉʪʘʮʠʦʥʘʨʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʝʩʣʠ 

ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ, ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʠʷ. ʈʘʩʯʝʪ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʙʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʦʚ ʧʝʨʝʥʦʩʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʚʳʯʠʩʣʷʶʪʩʷ ʵʬʬʝʢʪʳ 

ʧʝʨʝʥʦʩʘ, ʫʯʠʪʳʚʘʶʱʠʝ ʦʙʤʝʥ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ï ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʪʦʢʠ ʤʘʩʩʳ ʯʝʨʝʟ 

ʛʨʘʥʠʮʳ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʥʦʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʢʦʥʯʘ-

ʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩ-

ʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ.  

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʤʝʥʪʳ ʤʝʪʦʜʘ ʢʦ-

ʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʧʦ ʢʦʥʪʨʦʣʴʥʦʤʫ ʦʙʲʝʤʫ (ʪʝʪʨʘʵʜʨʘʣʴʥʦʤʫ ʵʣʝʤʝʥʪʫ). 



ɸ.ʃ. ɾʝʣʝʟʥʷʢʦʚʘ  çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʧʫʩʢʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʫʧʝʥʠ Space Shuttle...è 

  19 

 
4

,

1

1 1 1
d d

Ŭ
i i i

j j
i i j i

jV i i iV S

f f
V f S n f

V V V

a

a =

µ µ
= = Ö º

µ µ
äñ ñi S , 

 ( ), , , , , , 1... , 1...4, , , ; , ,f u p q i N j x y z x y za abt a b= = = = =v w  (3) 

ɿʜʝʩʴ iV  ï ʦʙʲʝʤ i-ʛʦ ʪʝʪʨʘʵʜʨʘ; j
iS  ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ j-ʡ ʛʨʘʥʠ i-ʛʦ ʵʣʝʤʝʥʪʘ; ,i jna  ï x, 

y ʠʣʠ z-ʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʝʜʠʥʠʯʥʦʡ ʥʦʨʤʘʣʠ j-ʡ ʛʨʘʥʠ i-ʛʦ ʵʣʝʤʝʥʪʘ. ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ 

ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʝʰʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʜʥʦ-

ʪʠʧʥʳʭ ʧʦʜʟʘʜʘʯ ʧʦ ʚʳʯʠʩʣʝʥʠʶ ʧʦʪʦʢʦʚ ʯʝʨʝʟ ʛʨʘʥʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʲʝʤʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʭʝʤʘ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ ʚʷʟʢʦʩʪʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʚʘʨʠʘʥʪʘ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʝʨʚʳʤ ʧʦʨʷʜʢʦʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʥʘ ʥʝʦʨʪʦ-

ʛʦʥʘʣʴʥʳʭ ʩʝʪʢʘʭ ʩʭʝʤʥʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʡ ʜʠʬʬʫʟʠʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʩʦʠʟʤʝʨʠʤʘ ʩ ʬʠʟʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʠʣʠ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʠʪʴ ʝʝ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʚʥʦʩʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʰʝʥʠʷ, ʥʝʫʩʪʨʘʥʠʤʫʶ ʧʨʦʩʪʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ ʷʯʝʝʢ, ʠ ʩʪʘ-

ʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʭʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʨʘʩʯʝʪʘ ʚʷʟʢʠʭ 

ʪʝʯʝʥʠʡ ʥʘ ʪʝʪʨʘʵʜʨʘʣʴʥʦʤ ʨʘʟʙʠʝʥʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʯʠʩʣʝʥʥʦʡ ʩʭʝʤʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʚ 

ʨʘʤʢʘʭ ʤʝʪʦʜʘ ʨʘʩʱʝʧʣʝʥʠʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 

ʧʦʪʦʢʦʚ AUSM (Advection Upstream Splitting Method) [44], ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʱʝʧʣʝʥʠʠ 

ʚʝʢʪʦʨʘ ʧʦʪʦʢʦʚ ʠʩʢʦʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʧʦʜʭʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʟʦʥ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥʪʦʚ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʧʦʨʷʜʢʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʦ ʧʝʨʚʦʛʦ). 

6. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʅʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʙʣʠʟʠ ʢʨʳʣʘʪʦʛʦ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʘʤʦʣʝʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 10ï17 ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʝʢʪʦʨʥʳʭ ʪʦʯʝʢ. 

ʈʠʩ. 10, 11 ʜʘʁʪ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʘʨʪʠʥʝ ʪʝʯʝʥʠʷ ʠ ʩʣʦʞʥʳʭ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʶʪʩʷ ʚʙʣʠʟʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʦʙʪʝʢʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʤ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ. ɿʘ-

ʤʝʪʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʦʪʦʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʜ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʬʶʟʝʣʷʞʘ ʠ ʚʝʨʭʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʢʨʳʣʘ.  

ʅʘ ʨʠʩ. 12, 13 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʜʘʚʣʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴ-

ʥʦʤ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʦʣʷ ʧʘʨʘʤʝʪʨʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʪʫʧʝʥʠ Space Shuttle ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ. ɺ ʦʢʨʫʞʘʶʱʝʡ ʚʦʟʤʫʱʝʥʥʦʡ ʦʙʣʘʩʪʠ 

(ʨʠʩ. 12, 13) ʦʙʨʘʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʠ ʧʦʥʠʞʝʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʪʝʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʶʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʟʜʘʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʩʝ-

ʪʦʯʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʝʰʠʪʴ ʩʪʨʫʢʪʫʨʫ ʪʝʯʝʥʠʷ ʠ ʧʨʦʷʚʠʪʴ ʦʙʣʘʩʪʠ ʨʘʟʨʝʞʝʥʠʷ ʠ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʜʘʞʝ ʚ 

ʨʘʤʢʘʭ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩʫʥʢʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʘ ʟʦʥʘ ʧʦ-

ʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʙʣʠʟʠ ʧʦʜʚʝʪʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʠ ʢʨʳʣʘ. 

ʈʠʩʫʥʦʢ 14 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘ-

ʨʘʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʝ ʷʚʣʷʶʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤʠ. ʃʠʥʝʡʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʜʘʚʣʝʥʠʡ ʥʘ ʢʦʨʧʫʩʝ ʠ ʢʨʳʣʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʯʝʥʠ-

ʷʭ ʜʣʷ ʫʩʣʦʚʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʜʝʣʝʥʥʳʤ ʪʦʯʢʘʤ ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ, ʧʦʢʘ-

ʟʘʥʳ ʥʘ ʨʠʩ. 15. ɻʨʘʬʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʩʪʘʚʠʪʴ ʙʦʣʝʝ ʷʩʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʊʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʠʩʧʳʪʳʚʘʝʤʳʝ ʢʦʩʤʦʧʣʘʥʦʤ, ʫʩʧʝʚʘʶʪ ʩʥʠʟʠʪʴʩʷ ʢ ʤʦʤʝʥʪʫ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ, ʦʜʥʘʢʦ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝ ʝʱʝ ʚʝʣʠʢʘ. 

 

ʈʠʩ. 10. ʇʦʣ̫ ʯʠʩʝʣ ʄʘʭʘ ʦʢʦʣʦ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʨʙʠʪʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ Space Shuttle ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʤ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ ʜʣʷ ʚʳʜʝʣʝʥʥʳʭ ʪʦʯʝʢ ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ   
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