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Abstract. The spacecraft touchdown on the surface of planets and their satellites is one of 

the crucial stages of the flight, since the surfaces of the planets are insufficiently studied, 

the kinematic parameters of the spacecraft motion may vary in a wide range. 

To dampen the spacecraft touchdown, landing devices, which should ensure a touchdown 

with permissible overloads and a stable spacecraft position on the surface are employed. 

The article considers the descent vehicles that do not have special mechanical shock-

absorbing supports, and energy absorbers are installed directly on the body of the descent 

vehicles. 

At a hard surface touchdown, such as rock outcrops, volcanic rocks, sedimentary rocks, 

the soil practically does not deform, and the energy of the device is being extinguished due 

to the energy absorbers operation. Materials with high plasticity such as foams, 

honeycombs, thin-walled crumpled shells, as well as inflatable shells are being employed 

as energy absorbers for cushioning the descent vehicle. They differ in the magnitude of the 
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maximum relative deformation, maximum compression force, the shape of the 

compression diagram, and elastic recoil energy when removing the external load. 

The article considers the technique for the overloads computing while spherical descent 

vehicles touchdown on the loose and hard ground. 

This technique may be employed for the development of the descent vehicles touchdown 

damping on the surface of planets and their satellites, with regard to various soil models. 

Telemetric data from accelerometers on the spacecraft acceleration at the impact with the 

surface and this impact duration, allows computing the soil bearing capacity and its 

density at the touchdown site by the proposed methodology. 

Touchdown ensuring of the descent vehicles with permissible overloads is especially 

important for vehicles returned to Earth with soil. The design of the descent vehicles to 

confirm the calculated maximum overloads should be tested for strength during throwing 

tests. Besides, the capsule with the soil should remain sealed after touchdown of the 

descent vehicles on any soil to exclude microbiological contamination of the surface of the 

touchdown area. 

Keywords: shock absorption, energy absorbers, soil, overload, soil density, contact 

velocity of the descent vehicle  
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ɺʚʝʜʝʥʠʝ 

ʇʦʩʘʜʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪ ʠ ʠʭ ʩʧʫʪʥʠʢʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʪʘʧʦʚ ʧʦʣʝʪʘ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ, ʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʨʠ ʵʪʦʤ ʘʧʧʘʨʘʪ ʩʦʚʝʨʰʘʝʪ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ 

ʧʦʩʘʜʢʫ [1-3]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʉɸ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʘʤʦʨʪʠʟʠʨʫʶʱʠʭ ʦʧʦʨ, ʘ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʢʦʨʧʫʩʝ ʉɸ. 

ɸʤʦʨʪʠʟʘʮʠʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʉɸ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʘʜʢʫ ʩ ʜʦʧʫʩʪʠʤʳʤʠ 

ʧʝʨʝʛʨʫʟʢʘʤʠ ʥʘ ʛʨʫʥʪʳ ʨʘʟʥʦʡ ʧʨʦʯʥʦʩʪʠ [4-6]. 

ʀʟ ʤʝʭʘʥʠʢʠ ʛʨʫʥʪʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʘʜʢʘ ʛʨʫʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʥʘʛʨʫʟʢʠ, 

ʧʣʦʱʘʜʠ ʦʩʥʦʚʘʥʠʷ ʠ ʩʪʝʧʝʥʠ ʩʞʠʤʘʝʤʦʩʪʠ ʛʨʫʥʪʘ [7,8]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʉɸ ʩ ʨʳʭʣʳʤ ʛʨʫʥʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʩʘʜʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ. ʇʦʜ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʧʦʜ ʧʦʜʦʰʚʦʡ ʪʝʣʘ, 

ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʛʨʫʥʪ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʣʦʡ ʥʘ ʜʘʥʥʫʶ ʛʣʫʙʠʥʫ [1,8]. 

ɻʨʫʥʪʳ ʜʣʷ ʨʘʡʦʥʦʚ ʧʦʩʘʜʢʠ ʥʘ ʃʫʥʫ ʂɸ çʃʫʥʘ-16è ʠ çʉʝʨʚʝʡʝʨè, 

ʠʩʩʣʝʜʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʛʨʫʟʢʠ ʧʨʠ 

ʧʦʩʘʜʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʚʝʩʘ ʘʧʧʘʨʘʪʘ ʠ ʦʮʝʥʠʪʴ ʨʘʙʦʪʫ ʛʨʫʥʪʘ [1]. 

ʇʣʘʥʝʪʳ ʠ ʠʭ ʩʧʫʪʥʠʢʠ ʠʟʫʯʝʥʳ ʧʦʢʘ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʜʘʪʴ ʜʦʩʪʦʚʝʨʥʦ ʠ ʦʜʥʦʟʥʘʯʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʨʫʥʪʘ ʚ ʨʘʡʦʥʝ ʧʦʩʘʜʢʠ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʂɸ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʣʘʥʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʠʭ ʨʘʟʣʠʯʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʚʦʝʦʙʨʘʟʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʧʣʘʥʝʪ, 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʠʣʦʡ ʪʷʞʝʩʪʠ, ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʉʦʣʥʮʘ ʠ ʧʨʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʥʠ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ, ʦʩʦʙʝʥʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʨʝʣʴʝʬʘ ʠ ʩʚʦʡʩʪʚ 

ʛʨʫʥʪʘ. ʇʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʌʦʙʦʩʘ, ʄʘʨʩʘ, ʄʝʨʢʫʨʠʷ, ʘ ʪʘʢʞʝ ʘʩʪʝʨʦʠʜʦʚ, ʧʦʢʨʳʪʳ 

ʨʳʭʣʳʤ ʨʝʛʦʣʠʪʦʤ. ʈʝʛʦʣʠʪ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʨʦʙʣʝʥʠʷ, ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ 

ʩʧʝʢʘʥʠʷ ʨʘʟʥʳʭ ʧʦʨʦʜ ʧʨʠ ʧʘʜʝʥʠʷʭ ʤʝʪʝʦʨʠʪʦʚ ʠ ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ. ʊʦʣʱʠʥʘ ʩʣʦʷ 

ʨʝʛʦʣʠʪʘ ʜʣʷ ʥʠʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,02 ʤ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʜʦ 1 ʤ ʠ ʙʦʣʝʝ ʚ ʤʦʨʩʢʠʭ 

ʨʘʡʦʥʘʭ. ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ   1 ʜʦ 5 ʢʇʘ ʜʣʷ 

ʨʳʭʣʦʛʦ ʛʨʫʥʪʘ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ï ʦʪ 1 ʄʇʘ ʠ ʙʦʣʝʝ. 

ʅʘʧʨʠʤʝʨ, ʙʘʟʘʣʴʪ ʩ ʧʣʦʪʥʦʩʪʴʶ 2,6 ï 3 ʛ/ʩʤ3 ʠʤʝʝʪ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ     

400 ʄʇʘ [1, 8, 9]. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʫʩʪʨʦʡʩʪʚʘ ʘʤʦʨʪʠʟʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʘʜʢʠ ʠ ʛʨʫʥʪʘ. ʈʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʘʜʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʢʣʦʥʘʤʠ, ʥʘʣʠʯʠʝʤ ʣʫʥʦʢ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʤʥʝʡ ʠ ʚʳʭʦʜʘʤʠ 

ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ [12]. ɻʨʫʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʣʦʪʥʦʩʪʴʶ ʠ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʧʨʠ ʧʦʩʘʜʢʝ ʥʘ ʨʳʭʣʳʡ ʛʨʫʥʪ ï ʠʟʤʝʥʝʥʠʝʤ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦ ʛʣʫʙʠʥʝ. 

ʂʦʥʝʯʥʦ, ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʉɸ ʧʨʠ ʧʦʩʘʜʢʝ ʥʘ ʨʳʭʣʳʡ ʛʨʫʥʪ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ, ʥʦ ʠ ʦʪ ʠʥʝʨʮʠʦʥʥʳʭ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʝ ʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʘʤʦʨʪʠʟʘʮʠʠ ʉɸ. 

ʇʨʠ ʧʦʩʘʜʢʝ ʥʘ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ, 

ʢʘʤʥʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʛʨʫʥʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʜʝʬʦʨʤʠʨʫʶʪʩʷ, ʠ ʵʥʝʨʛʠʷ ʘʧʧʘʨʘʪʘ ʛʘʩʠʪʩʷ ʟʘ ʩʯʝʪ ʨʘʙʦʪʳ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʝʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʧʦʛʣʦʠʪʠʪʝʣʝʡ ʜʣʷ ʘʤʦʨʪʠʟʘʮʠʠ ʉɸ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ: ʧʝʥʦʧʣʘʩʪʳ, ʩʦʪʳ, ʪʦʥʢʦʩʪʝʥʥʳʝ ʩʤʠʥʘʝʤʳʝ 

ʦʙʦʣʦʯʢʠ, ʘ ʪʘʢʞʝ ʥʘʜʫʚʥʳʝ ʦʙʦʣʦʯʢʠ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʚʝʣʠʯʠʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʩʠʣʠʝʤ ʧʨʠ ʦʙʞʘʪʠʠ, ʬʦʨʤʦʡ 

ʜʠʘʛʨʘʤʤʳ ʦʙʞʘʪʠʷ, ʵʥʝʨʛʠʝʡ ʫʧʨʫʛʦʡ ʦʪʜʘʯʠ ʧʨʠ ʩʥʷʪʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ [13-15]. 

ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʜʠʘʛʨʘʤʤʘ ʦʙʞʘʪʠʷ - 

ʠʟʤʝʥʝʥʠʝ ʫʩʠʣʠʷ F ʧʦ ʭʦʜʫ h ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʜʠʘʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʙʦʪʫ, ʟʘʪʨʘʯʝʥʥʫʶ ʥʘ ʝʛʦ ʦʙʞʘʪʠʝ. ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʢ ʧʣʦʱʘʜʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʩʦ ʩʪʦʨʦʥʘʤʠ Fmax (ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʩʠʣʠʝ 

ʦʙʞʘʪʠʷ) ʠ hmax (ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ) ʥʘʟʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʥʦʪʳ 

ʜʠʘʛʨʘʤʤʳ ʦʙʞʘʪʠʷ Ẽ. ʏʝʤ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ Ẽ, ʪʝʤ ʤʝʥʴʰʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʘʧʧʘʨʘʪ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʝʡ. 

ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ ʜʣʷ ʉɸ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʪʝʧʣʦʟʘʱʠʪʝ, ʧʦʩʢʦʣʴʢʫ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʪʝʧʣʦʟʘʱʠʪʦʡ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʦʚʤʝʩʪʠʤʳ ʩ ʉɸ [2, 16, 17]. 

ʇʨʠ ʧʦʩʘʜʢʝ ʥʘ ɿʝʤʣʶ ʚʦʟʚʨʘʱʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʳʝ 

ʛʨʫʥʪʳ ʨʘʡʦʥʘ ʧʦʩʘʜʢʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦ ʬʠʟʠʢʦ ï 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʂ ʵʪʠʤ ʛʨʫʥʪʘʤ ʦʪʥʦʩʷʪʩʷ: ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʡ, 

ʛʘʣʝʯʥʠʢʦʚʳʡ, ʛʨʘʚʠʡʥʳʡ, ʧʝʩʯʘʥʳʡ, ʛʣʠʥʠʩʪʳʡ, ʩʫʛʣʠʥʦʢ ʠ ʜʨʫʛʠʝ ʛʨʫʥʪʳ. ʇʨʠ 

ʧʦʩʘʜʢʝ ʉɸ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʛʨʫʥʪ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʝʨʝʛʨʫʟʢʠ ʠ ʛʣʫʙʠʥʫ ʣʫʥʢʠ. 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʝʨʝʛʨʫʟʦʢ ʧʨʠ ʧʦʩʘʜʢʝ ʉɸ ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʥʘ ʨʳʭʣʳʡ ʠ ʪʚʝʨʜʳʡ ʛʨʫʥʪ. 

 

ʇʦʩʘʜʢʘ ʉɸ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʛʨʫʥʪ 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʩʘʜʢʠ ʉɸ ʥʘ ʜʝʬʦʨʤʠʨʫʝʤʳʡ ʛʨʫʥʪ ʧʨʠʤʝʤ ʨʷʜ 

ʜʦʧʫʱʝʥʠʡ: 

1) ʇʨʦʯʥʦʩʪʴ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʝʡ ʉɸ ʙʦʣʴʰʝ ʧʨʦʯʥʦʩʪʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʛʨʫʥʪʘ; 

2) ʂʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʠʤ ʪʝʣʦʤ; 

3)   ʃʦʙʦʚʘʷ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ ʙʣʠʟʢʘ ʢ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʝ; 

4) ɸʧʧʘʨʘʪ ʜʚʠʞʝʪʩʷ ʚ ʛʨʫʥʪʝ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ; 

5) ʕʥʝʨʛʠʷ ʘʧʧʘʨʘʪʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʛʨʫʥʪʝ ʧʝʨʝʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʵʥʝʨʛʠʶ 

ʜʝʬʦʨʤʘʮʠʠ ʛʨʫʥʪʘ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʦʩʘʜʢʠ ʉɸ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʦʩʘʜʢʠ ʉɸ 
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ʋʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

,
 (1) 

ʛʜʝ m ï ʤʘʩʩʘ ʘʧʧʘʨʘʪʘ, V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ, N ï 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ, gʧʣ ï ʫʩʢʦʨʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʧʣʘʥʝʪʳ. 

ʉʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

 (2) 

ʛʜʝ q ï ʨʝʘʢʮʠʷ ʜʘʚʣʝʥʠʷ ʛʨʫʥʪʘ,   ï ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʉɸ ʩ ʛʨʫʥʪʦʤ. 

ʇʨʠʤʝʤ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʩʠʣʳ ʨʝʘʢʮʠʠ ʛʨʫʥʪʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʫʜʘʨʘ, 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʛʨʫʥʪʘ ʧʦ ʛʣʫʙʠʥʝ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʦʛʜʘ: 

 

(3) 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ, ɟ1 ï ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ, 

ɟ2 ï ʢʦʥʝʯʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʘ ʧʦʩʣʝ ʝʛʦ ʫʧʣʦʪʥʝʥʠʷ 

ɽʩʣʠ ʛʣʫʙʠʥʘ ʣʫʥʢʠ h ʥʝʙʦʣʴʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʘʤʝʪʨʦʤ ʢʦʨʧʫʩʘ ʉɸ, ʪʦ 

ʝʩʪʴ  ʪʦʛʜʘ ʧʨʠʙʣʠʞʝʥʥʦ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

 (4) 

ʛʜʝ R  ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ ʉɸ. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ N ʠ     ʚ ʫʨʘʚʥʝʥʠʝ (1), ʫʨʘʚʥʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʪ ʚʠʜ:  
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 (

(5) 

ʇʨʠ ʚʭʦʜʝ ʘʧʧʘʨʘʪʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʣʘʥʝʪ ʦʥʠ ʠʩʧʳʪʳʚʘʶʪ ʙʦʣʴʰʠʝ 

ʧʝʨʝʛʨʫʟʢʠ . ʇʨʠ ʧʦʩʘʜʢʝ ʧʝʨʝʛʨʫʟʢʠ ʥʘ ʉɸ ʪʘʢ ʞʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʠ 

ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʢʦʥʪʘʢʪʘ, ʤʘʩʩʳ ʘʧʧʘʨʘʪʘ, ʨʘʜʠʫʩʘ ʢʦʨʧʫʩʘ ʉɸ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʨʫʥʪʘ. 

ʇʦʩʢʦʣʴʢʫ ʩʠʣʘ ʪʷʞʝʩʪʠ ʘʧʧʘʨʘʪʘ ʧʨʠ ʧʦʩʘʜʢʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʝʨʝʛʨʫʟʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ, ʪʦ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʠʣʫ 

ʪʷʞʝʩʪʠ ʫʯʠʪʳʚʘʪʴ ʥʝ ʙʫʜʝʤ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʪ ʚʠʜ: 

 (

(6) 

ʇʝʨʝʡʜʝʤ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʦʪ ʧʝʨʝʤʝʥʥʦʡ t ʢ ʧʝʨʝʤʝʥʥʦʡ h [10, 11]: 

 = V  ,   (

(7) 

ʀʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʝ ʧʦʣʫʯʠʤ: 

 

(8) 

ʇʨʠ t = 0, h = 0 ʠ V = V0 ï ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ ʘʧʧʘʨʘʪʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʛʨʫʥʪʘ, ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʚʥʘ C = .     

ɿʥʘʯʝʥʠʝ ʧʝʨʝʛʨʫʟʢʠ ʚ ʎʄ ʘʧʧʘʨʘʪʘ ʙʫʜʝʪ: 

    ʠʣʠ   
(9) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ ʟʥʘʯʝʥʠʷ ʧʝʨʝʛʨʫʟʢʠ ʠʤʝʝʤ ʫʩʣʦʚʠʝ: 
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  (10) 

ʇʦʩʢʦʣʴʢʫ  ʪʦʛʜʘ ʟʥʘʯʝʥʠʝ ʛʣʫʙʠʥʳ ʣʫʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʤʦʤʝʥʪʫ ʥʘʠʙʦʣʴʰʝʡ ʧʝʨʝʛʨʫʟʢʠ ʨʘʚʥʦ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ,      .   

ʅʘʧʨʠʤʝʨ, ʥʘʡʜʝʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʝʨʝʛʨʫʟʢʫ ʜʣʷ ʉɸ çɺʝʥʝʨʘ-7è, 

ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʦʩʘʜʢʫ ʥʘ ʛʨʫʥʪ ʩ ʧʨʦʯʥʦʩʪʴʶ  = (5 - 7)ʢʛ/ʩʤ2, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ ʩʪʝʧʝʥʴ ʩʞʠʤʘʝʤʦʩʪʠ ʨʘʚʥʘ ɟ1/ɟ2  0,9 

[15,16], ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ , ʢʦʥʝʯʥʘʷ 

ʧʣʦʪʥʦʩʪʴ , ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ k = 2,  

ʉɸ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ R = 0,5 ʤ,  ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ ʉɸ   

ʇʦʩʘʜʦʯʥʘʷ ʤʘʩʩʘ ʉɸ çɺʝʥʝʨʘ ï 7è ʩ ʫʯʝʪʦʤ ʦʪʜʝʣʠʚʰʝʡʩʷ ʢʨʳʰʢʠ ʤʘʩʩʦʡ 14 ʢʛ ʠ 

ʚʚʦʜʦʤ ʚ ʜʝʡʩʪʚʠʝ ʧʘʨʘʰʶʪʥʦʡ ʩʠʩʪʝʤʳ ʤʘʩʩʦʡ 12 ʢʛ ʩʦʩʪʘʚʣʷʝʪ 474 ʢʛ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʝʛʨʫʟʢʘ ʨʘʚʥʘ    ʧʨʠ ʵʪʦʤ ʛʣʫʙʠʥʘ ʣʫʥʢʠ 

ʩʦʩʪʘʚʣʷʝʪ 0,054 ʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʙʨʦʩʢʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʤʘʢʝʪʘ ʉɸ çɺʝʥʝʨʘ-7è ʥʘ 

ʘʛʣʦʧʦʨʠʪʦʚʳʡ ʫʧʣʦʪʥʝʥʥʳʡ ʧʝʩʦʢ ʩ ʪʦʣʱʠʥʦʡ ʩʣʦʷ 1 ʤ ʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ  

5 ʢʛ/ʩʤ2 ʥʘ ʛʣʫʙʠʥʝ 50 ʤʤ, ʦʩʝʚʘʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʝʛʨʫʟʢʘ ʩʦʩʪʘʚʠʣʘ 

 ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦʡ ʧʝʨʝʛʨʫʟʢʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʈʘʩʭʦʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʝʨʝʛʨʫʟʢʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʜʦʧʫʱʝʥʠʷʤʠ, ʧʨʠʥʷʪʳʤʠ ʧʨʠ ʨʘʩʯʝʪʝ, ʘ ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʝʤ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ ʚʧʣʦʪʴ ʜʦ ʝʛʦ 

ʦʩʪʘʥʦʚʢʠ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ  ʧʦʛʨʫʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ, ʧʨʠʤʝʤ 

ʧʨʠʙʣʠʞʝʥʥʦ ʜʣʷ ʩʢʦʨʦʩʪʠ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

  (11) 

ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ  ʇʨʠ t = 0, h = 0, ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʘʚʥʘ ʥʫʣʶ 

= 0.       

ɺʳʯʠʩʣʠʤ ʠʥʪʝʛʨʘʣ   .                           (12)   

ʋʩʢʦʨʝʥʠʝ ʨʘʚʥʦ: 

                                                                                    

  (

13) 

 

ʇʦʜʩʪʘʚʣʷʷ (11), (12), (13) ʚ ʫʨʘʚʥʝʥʠʝ (6) ʠ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 

  (14) 

ʇʨʦʠʥʪʝʛʨʠʨʫʝʤ ʵʪʦ ʨʘʚʝʥʩʪʚʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ  ʧʦʣʫʯʠʤ: 

 

(

15) 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉɸ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʥʝʝ, ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ ʨʘʚʥʦ   ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ 4, 

ʥʘʡʜʝʤ ʛʣʫʙʠʥʫ ʧʦʛʨʫʞʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʛʨʫʥʪʝ  ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ 

(4) ʛʣʫʙʠʥʫ ʣʫʥʢʠ  ʠ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʉɸ ʚ ʛʨʫʥʪʝ   , ʥʘʡʜʝʤ 
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ʚʨʝʤʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʝʛʨʫʟʢʘ , 

ʨʘʚʥʦʝ t=0,0094c. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʉɸ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʝ ʨʘʚʥʘ 

V = 5,4 ʤ/ʩ. ʀʟʤʝʥʝʥʠʝ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʚʨʝʤʝʥʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʧʝʨʝʛʨʫʟʢʠ ʠ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ  

ʉɸ ʚ ʛʨʫʥʪʝ ʧʦ ʚʨʝʤʝʥʠ. 

 

ʇʦʩʘʜʢʘ ʉɸ ʥʘ ʪʚʝʨʜʳʡ ʥʝʜʝʬʦʨʤʠʨʫʝʤʳʡ ʛʨʫʥʪ 

ɼʣʷ ʘʤʦʨʪʠʟʘʮʠʠ ʉɸ ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʦʩʘʜʢʫ ʥʘ ʪʚʝʨʜʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʜʣʷ ʨʷʜʘ ʉɸ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʷʚʣʷʶʪʩʷ ʠ ʪʝʧʣʦʟʘʱʠʪʦʡ ʉɸ [2, 17]. 

ʇʨʠ ʚʭʦʜʝ ʉɸ ʚ ʘʪʤʦʩʬʝʨʫ ʧʣʘʥʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 11 ʢʤ/ʩ ʥʘ ʣʦʙʦʚʦʡ ʯʘʩʪʠ 

ʚʦʟʥʠʢʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʨʤʦʞʝʥʠʷ ʧʦʨʷʜʢʘ 10000 Üʉ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʩʠʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʉɸ, ʦʥʠ ʠʤʝʶʪ ʤʦʱʥʫʶ 

ʪʝʧʣʦʟʘʱʠʪʫ ʚ ʚʠʜʝ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʦʚʳʭ ʩʦʪ ʠ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʠʟ ʘʙʣʷʮʠʦʥʥʦʛʦ 

n 

V 
h 
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ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ ʩ ʵʬʬʝʢʪʠʚʥʦʡ ʵʥʪʘʣʴʧʠʝʡ  

[18,19]. 

ʉʦʪʦʚʳʝ ʧʘʢʝʪʳ ʘʧʧʘʨʘʪʦʚ çɺʝʥʝʨʘ -7, 8è (ʨʠʩʫʥʦʢ 3) ʚʳʧʦʣʥʝʥʳ ʧʦ ʪʠʧʫ 

ʪʨʝʭʩʣʦʡʥʦʡ ʧʘʥʝʣʠ, ʩ ʪʦʣʱʠʥʦʡ ʧʘʢʝʪʘ 50 ʤʤ. ɺʝʣʠʯʠʥʘ ʦʙʞʘʪʠʷ ʩʦʪ ʩʦʩʪʘʚʣʷʝʪ  

40 ʤʤ. 

 

ʈʠʩ. 3. ʉʧʫʩʢʘʝʤʳʝ ʘʧʧʘʨʘʪʳ çɺʝʥʝʨʘ ï 7,8è: 

1 ï ʧʘʨʘʰʶʪʥʘʷ ʩʠʩʪʝʤʘ (ʇʉ); 2 ï ʢʨʳʰʢʘ ʇʉ; 3 ï ʧʠʨʦʪʦʣʢʘʪʝʣʴ; 4 ï ʜʝʤʧʬʝʨ;  

5 ï ʪʝʧʣʦʟʘʱʠʪʘ - ʘʤʦʨʪʠʟʘʪʦʨ; 6 ï ʪʝʧʣʦʟʘʱʠʪʘ. 
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ʊʦʣʱʠʥʘ ʪʝʧʣʦʟʘʱʠʪʳ ʠʟ ʘʩʙʦʪʝʢʩʪʦʣʠʪʘ ʣʦʙʦʚʦʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʦʚ  

çʃʫʥʘ ï 16, 20, 24è (ʨʠʩʫʥʦʢ 4) ʨʘʚʥʘ 19 ʤʤ, ʪʦʣʱʠʥʘ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʦʚʳʭ ʩʦʪ ʩ 

ʷʯʝʡʢʦʡ  5 Ĭ 5 ʠ ʧʨʦʯʥʦʩʪʴʶ  ʨʘʚʥʘ 14 ʤʤ. 

 

ʈʠʩʫʥʦʢ 4. ɺʦʟʚʨʘʱʘʝʤʳʡ ʘʧʧʘʨʘʪ çʃʫʥʘ ï 16è: 

1 ï ʧʘʨʘʰʶʪʥʘʷ ʩʠʩʪʝʤʘ; 2 ï ʢʨʳʰʢʘ ʧʘʨʘʰʶʪʥʦʛʦ ʦʪʩʝʢʘ; 3 ï ʛʠʙʢʠʝ ʰʪʳʨʴʝʚʳʝ 

ʘʥʪʝʥʥʳ; 4 ï ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ ʩ ʛʨʫʥʪʦʤ; 5 ï ʢʨʳʰʢʘ; 6 ï ʜʝʤʧʬʝʨ;  

7 ï ʪʝʧʣʦʟʘʱʠʪʘ ï ʘʤʦʨʪʠʟʘʪʦʨ; 8 ï ʪʝʧʣʦʟʘʱʠʪʘ. 

ɼʣʷ ʉɸ, ʠʤʝʶʱʠʭ ʩʬʝʨʠʯʝʩʢʫʶ ʣʦʙʦʚʫʶ ʬʦʨʤʫ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʬʦʨʤʘʮʠʠ ʩʦʪ ʠʤʝʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʩʦʪ ʦʜʠʥʘʢʦʚʦʡ ʞʝʩʪʢʦʩʪʠ ʫʩʠʣʠʝ ʦʙʞʘʪʠʷ ʩʦʪ ʠʤʝʶʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʠʣʠʷ ʧʨʠ ʧʦʩʘʜʢʝ ʉɸ ʥʘ ʪʚʝʨʜʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʵʥʝʨʛʠʶ ʘʧʧʘʨʘʪʘ ʧʨʠ ʧʦʩʘʜʢʝ ʠ ʨʘʙʦʪʫ 

ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʘʧʧʘʨʘʪʘ ʤʘʩʩʦʡ m ʩʦʚʝʨʰʘʶʱʝʛʦ ʧʦʩʘʜʢʫ ʩʦ 

ʩʢʦʨʦʩʪʴʶ V ʨʘʚʥʘ  . 

ʇʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʘʧʧʘʨʘʪʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ ʨʘʚʥʘ: 

 , (16) 

ʛʜʝ  ï ʚʝʩ ʘʧʧʘʨʘʪʘ ʥʘ ʧʣʘʥʝʪʝ,  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ. 

ʈʘʙʦʪʘ ʦʙʞʘʪʠʷ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ ʨʘʚʥʘ: 

 , (

17) 

ʛʜʝ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʜʠʘʛʨʘʤʤʳ ʦʙʞʘʪʠʷ,        ï ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʫʩʠʣʠʝ ʦʙʞʘʪʠʷ,        ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

ʇʨʠʨʘʚʥʷʚ ʵʥʝʨʛʠʶ ʘʧʧʘʨʘʪʘ ʢ ʨʘʙʦʪʝ ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʷ, ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ 

ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʠʣʳ ʦʙʞʘʪʠʷ: 

 +    (18) 

ʀʟ ʚʳʨʘʞʝʥʠʷ ʚʠʜʥʦ, ʯʝʤ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʠ ʙʦʣʴʰʝ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʪʝʤ ʤʝʥʴʰʝ  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʴʰʝ ʧʝʨʝʛʨʫʟʢʠ 

ʧʨʠ ʧʦʩʘʜʢʝ: 
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(19) 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʣʥʦʪʳ ʩʦʪʦʚʦʛʦ ʧʘʢʝʪʘ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʘʧʧʘʨʘʪʝ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʨʘʚʝʥ 

ʇʦʩʢʦʣʴʢʫ ʜʝʬʦʨʤʘʮʠʷ ʩʦʪ ʥʝʙʦʣʴʰʘʷ, ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʘʧʧʘʨʘʪʘ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʦʛʜʘ: 

 , (20) 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʉɸ çɺʝʥʝʨʘ ï 7, 8è ʤʘʩʩʦʡ 474 ʢʛ ʠ ʨʘʜʠʫʩʦʤ 0,5 ʤ, 

ʩʦʚʝʨʰʘʶʱʠʭ ʧʦʩʘʜʢʫ ʥʘ ʧʘʨʘʰʶʪʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɺʝʥʝʨʳ 

ʨʘʚʥʦʡ 6 ʤ/ʩ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʩʝʚʘʷ ʧʝʨʝʛʨʫʟʢʘ ʨʘʚʥʘ= 90. ɼʣʷ ʉɸ  

çʃʫʥʘ -16, 20, 24è ʤʘʩʩʦʡ 34 ʢʛ ʠ ʨʘʜʠʫʩʦʤ 0,25 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʝʨʝʛʨʫʟʢʘ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʧʦʩʘʜʢʠ 5ʤ/ʩ ʩʦʩʪʘʚʠʣʘ = 200. 

ɼʣʷ ʘʤʦʨʪʠʟʘʮʠʠ ʉɸ çɺʝʥʝʨʘ ï 7,8è ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʪʳ ʠʟ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ 

ʩ ʰʝʩʪʠʛʨʘʥʥʦʡ ʬʦʨʤʦʡ ʷʯʝʡʢʠ 2,5  0,1 ʤʤ. ɺʝʣʠʯʠʥʫ ʩʠʣʳ ʩʤʷʪʠʷ ʧʘʢʝʪʘ ʩʦʪ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

 , (21) 

    ʛʜʝ R ï ʨʘʜʠʫʩ ʉɸ,       h  ï  ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʞʘʪʠʝ ʩʦʪʦʚʦʛʦ ʧʘʢʝʪʘ,          ï 

ʥʘʧʨʷʞʝʥʠʝ ʩʞʘʪʠʷ ʩʦʪ. 

ʉʠʣʘ ʩʤʷʪʠʷ ʧʘʢʝʪʘ ʩʦʪ ʩ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ 2,5  0,1 ʤʤ, ʜʣʷ ʢʦʪʦʨʳʭ        

ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʙʞʘʪʠʠ ʩʦʪ ʜʣʷ ʉɸ çɺʝʥʝʨʘ -7, 8è ʨʘʚʥʘ  

 =  440000 ʅ. 

ɼʣʷ ʘʤʦʨʪʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʘʨʩʠʘʥʩʢʦʡ ʩʪʘʥʮʠʠ (ɸʄʉ) çʄʘʨʩ ï 3è 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʝʥʦʧʣʘʩʪ. ʆʙʱʠʡ ʚʠʜ ʉɸ çʄʘʨʩ ï 3è ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 5 [2, 20]. 
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ʈʠʩ. 5. ʉʧʫʩʢʘʝʤʳʡ ʘʧʧʘʨʘʪ çʄʘʨʩ ï 3è: 

1 ï ʜʚʠʛʘʪʝʣʴ ʫʚʦʜʘ ʉɸ; 2 ï ʜʚʠʛʘʪʝʣʴ ʚʚʦʜʘ ʚʳʪʷʞʥʦʛʦ ʧʘʨʘʰʶʪʘ; 3 ï ʘʥʪʝʥʥʳ 

ʩʚʷʟʠ ʩ ʦʨʙʠʪʘʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ; 4 ï ʧʘʨʘʰʶʪʥʳʡ ʢʦʥʪʝʡʥʝʨ; 5 ï ʘʥʪʝʥʥʘ 

ʨʘʜʠʦʚʳʩʦʪʦʤʝʨʘ; 6 ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʢʨʘʥ; 7 ï ʧʨʠʙʦʨʳ ʠ ʘʧʧʘʨʘʪʫʨʘ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 8 ï ʦʩʥʦʚʥʦʡ ʧʘʨʘʰʶʪ; 9 ï ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʤʘʨʩʠʘʥʩʢʘʷ ʩʪʘʥʮʠʷ. 

 

ʉɸ ʚʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ ʄʘʨʩʘ (ʅ = 100 ʢʤ) ʩʦ ʩʢʦʨʦʩʪʴʶ ï 6 ʢʤ/ʩ, ʧʨʠ ʵʪʦʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʢʨʘʥ (ɸʕ) ʟʘʱʠʱʘʝʪ ɸʄʉ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʨʠ ʪʦʨʤʦʞʝʥʠʠ ʉɸ ʜʦ ʩʢʦʨʦʩʪʠ 400 ʤ/ʩ ʚʚʦʜʠʪʩʷ ʧʘʨʘʰʶʪʥʘʷ ʩʠʩʪʝʤʘ. ʇʦʩʣʝ 

ʩʙʨʦʩʘ ɸʕ ʦʩʥʦʚʥʦʡ ʧʘʨʘʰʶʪ ʠʟʚʣʝʢʘʝʪ ʠʟ ʧʘʨʘʰʶʪʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 

ʪʚʝʨʜʦʪʦʧʣʠʚʥʳʡ ʜʚʠʛʘʪʝʣʴ ʤʷʛʢʦʡ ʧʦʩʘʜʢʠ ʠ ʜʘʣʴʥʝʡʰʝʝ ʪʦʨʤʦʞʝʥʠʝ ɸʄʉ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʰʶʪʥʦ-ʨʝʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ (ʇʈʉ). ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʨʷʜʢʘ 6,5 ʤ/ʩ ʧʨʦʠʩʭʦʜʠʪ ʦʪʜʝʣʝʥʠʝ ʇʈʉ ʠ 

ɸʄʉ ʩʦʚʝʨʰʘʝʪ ʩʚʦʙʦʜʥʦʝ ʧʘʜʝʥʠʝ ʩ ʚʳʩʦʪʳ   1,5 ï 7 ʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʄʘʨʩʘ. 

ʉʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ ɸʄʉ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʩʘʜʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ  

12 ʤ/ʩ. ʆʥʘ ʛʘʩʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʠʟ ʧʝʥʦʧʣʘʩʪʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʥʘ ʜʦʧʫʩʪʠʤʫʶ ʧʝʨʝʛʨʫʟʢʫ 200. ʂʦʥʩʪʨʫʢʮʠʷ ɸʄʉ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 6. 

 

ʈʠʩ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʤʘʨʩʠʘʥʩʢʘʷ ʩʪʘʥʮʠʷ: 

1 - ʘʤʦʨʪʠʟʘʪʦʨ ʠʟ ʧʝʥʦʧʣʘʩʪʘ ʣʦʙʦʚʦʡ ʯʘʩʪʠ ɸʄʉ; 2 ï ʢʦʞʫʭ ʠʟ ʩʪʝʢʣʦʪʝʢʩʪʦʣʠʪʘ;  

3 ï ʣʝʧʝʩʪʢʠ ʩʠʩʪʝʤʳ ʚʝʨʪʠʢʘʣʠʟʘʮʠʠ; 4 ï ʚʳʪʝʩʥʠʪʝʣʴʥʳʡ ʤʝʰʦʢ; 5 ï ʟʘʱʠʪʥʳʡ 

ʢʦʞʫʭ ʨʘʩʢʨʳʚʘʝʤʳʭ ʣʝʧʝʩʪʢʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʘʥʮʠʠ; 6 ï ʘʤʦʨʪʠʟʘʪʦʨ ʠʟ 

ʧʝʥʦʧʣʘʩʪʘ ʟʘʱʠʪʥʦʛʦ ʢʦʞʫʭʘ; 7 ï ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʨʠʙʦʨʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳ. 
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ʀʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʦʢ ʧʝʥʦʧʣʘʩʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʵʥʝʨʛʦʧʦʛʣʦʪʠʪʝʣʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʚʩʧʝʥʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 

ʧʝʥʦʧʣʘʩʪʳ, ʪʘʢʠʝ ʢʘʢ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ (ʇʇʉ), ʧʝʥʦʧʦʣʠʫʨʝʪʘʥ (ʇʇʋ), 

ʧʝʥʦʧʦʣʠʵʪʠʣʝʥ (ʇʇʕ) ʠ ʜʨʫʛʠʝ. ʇʝʥʦʧʣʘʩʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʧʣʦʪʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ, 

ʜʠʘʧʘʟʦʥʦʤ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʨʫʛʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʈʘʟʨʫʰʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʩʞʘʪʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ.  

ʇʝʥʦʧʣʘʩʪʳ ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʭʦʨʦʰʦ 

ʩʢʣʝʠʚʘʶʪʩʷ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʤʝʪʘʣʣʘʤ ʠ ʥʝʤʝʪʘʣʣʘʤ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʥʦʧʣʘʩʪʦʚ ʜʣʷ ʚʩʝʥʘʧʨʘʚʣʝʥʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʭ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʘʨʘʪʦʚ ʩʣʦʞʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠ 

ʫʜʘʨʝ.  

ʅʘ ʨʠʩʫʥʢʝ 7 ʧʦʢʘʟʘʥʳ ʜʠʘʛʨʘʤʤʳ ʦʙʞʘʪʠʷ ʥʝʢʦʪʦʨʳʭ ʧʝʥʦʧʣʘʩʪʦʚ. 

  

ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʳ ʦʙʞʘʪʠʷ ʧʝʥʦʧʣʘʩʪʦʚ. 

 ( ʢʛ/ʤ3) 


