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ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʟʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʪʦʢʦʤ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ ʚ ʨʝʞʠʤʝ 

ʩʚʝʨʭʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʢʨʦʢʘʥʘʣʦʚ. ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ 

ʧʨʦʥʠʢʘʶʱʠʭ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨʥʦ ʟʥʘʯʠʤʳʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʤʠʥʠʤʠʟʘʮʠʶ 

ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʧʨʦʥʠʢʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʤʝʪʘʥʠʝ ʯʘʩʪʠʮ, ʨʘʟʤʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʠʢʨʦʢʘʥʘʣʳ, ʩʚʝʨʭʛʣʫʙʦʢʦʝ ʧʨʦʥʠʢʘʥʠʝ,  ʜʝʬʦʨʤʠʨʫʝʤʘʷ ʧʨʝʛʨʘʜʘ 

 

Abstract 

The possibilities of a basis of the dimensional characteristics are researched at 

dynamic treatment of materials by a flow of powder particles in a condition of the superdeep 

penetration and forming by a microcanals. The characteristic dimension of  penetrating 

particles is dimensionally important, minimizing a inertia  in the course of a deforming of 

medium of permeation. 

Keywords: high-speed throwing of particles, dimensional characteristics, microcanals, 

superdeep penetration, deformable barrier  

 

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʥʳʤʠ ʧʦʪʦʢʘʤʠ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʊʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʦʨʘʟʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʚʳʷʚʠʪʴ 

ʠʝʨʘʨʭʠʶ ʠ ʢʦʨʨʝʣʷʮʠʶ ʪʠʧʦʚ ʠ ʫʨʦʚʥʝʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʤʘʪʝʨʠʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ; ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ,  ʚʥʝʜʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʚʟʨʳʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʪʦʢʦʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ ʚ ʨʝʞʠʤʝ  ʩʚʝʨʭʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʘʥʠʷ (ʉɻʇ) 

[1-3]. ʕʬʬʝʢʪ ʉɻʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʥʠʢʘʥʠʝ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ ʥʘ ʛʣʫʙʠʥʫ ʦʪ ʩʪʘ 

ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠ ʙʦʣʝʝ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ 

ʤʠʢʨʦʤʝʪʨʦʚ ʨʘʟʛʦʥʷʶʪ ʵʥʝʨʛʠʝʡ ʚʟʨʳʚʘ ʚ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʠ 1-3.5 ʢʤ/ʩ ʧʦʪʦʢʦʤ 

ʧʣʦʪʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 1000 ʢʛ/ʤ
3
. ɺʦʟʜʝʡʩʪʚʠʝ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʧʨʠ ʜʘʚʣʝʥʠʠ ʩʦʫʜʘʨʝʥʠʷ 

10 ï 30 ɻʇa ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ [1-3].  

ʇʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʉɻʇ ʯʘʩʪʠʮ ʧʨʦʪʝʢʘʝʪ ʥʘ ʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʫʨʦʚʥʷʭ: ʬʨʘʛʤʝʥʪʘʮʠʷ ʟʸʨʝʥ, ʥʘʢʦʧʣʝʥʠʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, 

ʠʩʢʘʞʝʥʠʝ ʘʪʦʤʘʨʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢ ʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʠʢʨʦʢʘʥʘʣʦʚ ʢʘʢ ʦʙʲʸʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʧʨʝʛʨʘʜʳ [1, 7].  

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 7 ð   
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʦʙʦʩʥʦʚʘʥʳ ʨʘʟʤʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉɻʇ, ʪ.ʝ. 

ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʟʤʝʨ  d, ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʥʠʢʘʥʠʝ ʯʘʩʪʠʮ [1]. d 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ ʩʦʪʥʠ ʤʢʤ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʯʘʩʪʠʮ. 

ʉʚʝʨʭʟʚʫʢʦʚʘʷ ʦʙʣʘʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʠʢʦʚ ʩ ʧʨʝʛʨʘʜʘʤʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʧʦʨʷʜʢʘ 10
3
 ï 10

4
 ʤ/ʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ 

ʤʘʪʝʨʠʘʣʝ ʧʨʝʛʨʘʜʳ. ɼʘʚʣʝʥʠʝ ʚ ʧʨʝʛʨʘʜʝ ʘʜʜʠʪʠʚʥʦ ʚʢʣʶʯʘʝʪ ʠʥʝʨʮʠʦʥʥʳʝ ʩʠʣʳ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʝʜʨʝʥʠʶ ʫʜʘʨʥʠʢʘ ʠ ʘʤʧʣʠʪʫʜʫ ʜʘʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʧʨʝʛʨʘʜʝ. 

ʇʨʝʛʨʘʜʘ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʫʞʝʥʠʷ ʯʘʩʪʠʮʘʤʠ ʧʨʠ ʩʚʝʨʭʛʣʫʙʦʢʦʤ ʧʨʦʥʠʢʘʥʠʠ ʫʞʝ ʚʝʜʸʪ 

ʩʝʙʷ ʢʘʢ ʩʞʠʤʘʝʤʘʷ ʚʷʟʢʘʷ ʞʠʜʢʦʩʪʴ.  

ʉʢʦʨʦʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʥʘʛʨʫʞʝʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʧʦʪʦʢʦʤ ʯʘʩʪʠʮ ʧʨʠ ʉɻʇ  

1-3.5 ʢʤ/ʩ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʨʝʞʠʤʘ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʝʱʝʩʪʚʘ ʧʨʝʛʨʘʜʳ ʚ ʨʘʤʢʘʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʩʦʫʜʘʨʝʥʠʠ ʪʚʸʨʜʳʭ ʪʝʣ ʩ ʫʯʸʪʦʤ ʚʷʟʢʠʭ 

ʢʦʤʧʦʥʝʥʪ ʜʝʬʦʨʤʠʨʫʝʤʳʭ ʩʨʝʜ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʉɻʇ.  

ʇʨʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ, ʩʦʫʜʘʨʝʥʠʠ ʪʚʸʨʜʳʭ ʪʝʣ, ʩʚʘʨʢʝ 

ʚʟʨʳʚʦʤ, ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʧʣʘʩʪʠʥ ʚʦʟʥʠʢʘʝʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʩʪʨʫʡʥʳʡ ʨʝʞʠʤ 

ʪʝʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʯʠʩʣʦ Re=ɟv
2
/ʅV [4], ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, v ï ʩʢʦʨʦʩʪʴ ʩʦʫʜʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʅV ï ʪʚʸʨʜʦʩʪʴ ʧʦ ɺʠʢʢʝʨʩʫ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʫʜʘʨʝʥʠʶ ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʧʨʠ ʉɻʇ ʩʦ ʩʪʘʣʴʶ ʦʧʨʝʜʝʣʝʥʦ ʯʠʩʣʦ Re: 

ʜʣʷ ʩʪʘʣʠ ʩ ʧʣʦʪʥʦʩʪʴʶ 7840 ʢʛ/ʤ
3
, ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʩʦʫʜʘʨʝʥʠʷ ʯʘʩʪʠʮ 2 ʢʤ/ʩ ʠ 

ʪʚʸʨʜʦʩʪʴʶ 190 ʅV ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ Re=165. ɺ ʣʦʢʘʣʴʥʳʭ ʟʦʥʘʭ ʚʥʝʜʨʝʥʠʷ ʯʘʩʪʠʮʳ 

ʧʨʠ ʉɻʇ ʧʦʷʚʣʷʶʪʩʷ ʩʣʝʜʳ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʪʝʯʝʥʠʷ (ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ Reʢʨ > 10
3 

ʪʝʯʝʥʠʝ ʥʦʩʠʪ ʪʫʨʙʫʣʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ). ɺʦʢʨʫʛ ʪʨʝʢʘ ʧʨʦʥʠʢʘʶʱʝʡ ʯʘʩʪʠʮʳ ʠʤʝʶʪʩʷ 

ʵʢʩʪʠʥʢʮʠʦʥʥʳʝ ʢʦʥʪʫʨʳ ʠ ʜʝʬʦʨʤʘʮʠʷ ʩʢʦʣʴʞʝʥʠʝʤ ʚʠʭʨʝʚʦʛʦ ʭʘʨʘʢʪʝʨʘ [1]. ɺʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʟʘʢʨʫʪʢʘ ʚʦʢʨʫʛ ʯʘʩʪʠʮʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʦʡ ʬʦʨʤʳ ʪʨʝʢʘ 

ʯʘʩʪʠʮʳ, ʠʩʢʨʠʚʣʸʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʦʨʦʪʘ ʧʦ ʥʝʦʜʥʦʨʦʜʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ 

ʢʦʥʬʠʛʫʨʘʮʠʷʤ, ʥʘʧʨʷʞʸʥʥʳʤ ʜʝʬʝʢʪʘʤʠ ʟʦʥʘʤ. 

ʉʯʠʪʘʷ ʤʘʪʝʨʠʘʣ ʧʨʝʛʨʘʜʳ, ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʘʥʠʷ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʘʥʘʣ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʦʪʝʢʘʝʪ ʪʝʧʣʦʚʘʷ ʩʪʨʫʷ, ʪ.ʝ. ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʨʘʟʦʛʨʝʪʘʷ ʯʘʩʪʠʮʘ, ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʧʨʦʥʠʢʘʥʠʷ ʯʘʩʪʠʮʳ ʚ ʚʷʟʢʦʤ ʚʝʱʝʩʪʚʝ.   

ʋʧʨʦʱʸʥʥʦ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʥʠʷ ʪʝʧʣʦʚʦʡ ʩʪʨʫʠ ʧʦ ʜʣʠʥʥʦʡ ʪʨʫʙʝ, ʜʠʘʤʝʪʨ 

ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʜʠʘʤʝʪʨʫ ʢʘʥʘʣʘ d ʧʨʠ ʉɻʇ, ʩʦ ʩʨʝʜʥʝʡ ʧʦ ʩʝʯʝʥʠʶ ʩʢʦʨʦʩʪʴʶ v ʠ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʴʶ ʞʠʜʢʦʩʪʠ ɜ, ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: d=Re ɜ/v [5]. ʇʨʠ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʨʦʥʠʢʘʥʠʷ v=10
3
 ʤ/ʩ, ʚʷʟʢʦʩʪʠ ɜ0 = 10

-4
 ʤ

2
/ʩ [4-5], ʚ ʠʥʪʝʨʚʘʣʝ 

ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 10 - 10
3
 ʧʨʝʜʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ d ʠʟʤʝʥʷʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ 1 ʜʦ 100 ʤʢʤ (ʨʠʩ.1). ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ 

ʢʘʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 1 ʤʢʤ [1].  

ʀʩʩʣʝʜʫʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʠʪʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ - ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʚʦʙʦʜʥʳʭ ʨʝʞʠʤʘʭ ʧʨʦʪʝʢʘʥʠʷ (ʩʳʧʫʯʝʩʪʠ) ʚ 



ð 8 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʦʨʦʰʢʝ ʠ ʧʨʦʥʠʢʘʥʠʷ ʚ ʞʠʜʢʦʩʪʷʭ, ʛʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʦʩʪʴ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʢʦʣʦ 100 ʤʢʤ. 

ʊʘʢ, ʧʨʦʮʝʩʩ ʧʘʜʝʥʠʷ ʠʣʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ, ʢʘʧʝʣʝʢ, ʰʘʨʠʢʦʚ ʚ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ ʩ ʣʘʤʠʥʘʨʥʳʤ ʦʙʪʝʢʘʥʠʝʤ ʦʧʠʩʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤ ʉʪʦʢʩʘ, ʢʦʪʦʨʳʡ ʭʦʪʷ ʠ 

ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ Re<<1, ʦʜʥʘʢʦ ʪʦʣʴʢʦ ʨʘʟʤʝʨʥʳʡ ʠʥʪʝʨʚʘʣ ʯʘʩʪʠʮ 1-100 ʤʢʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠʤʫʤ ʚʦʟʙʫʞʜʝʥʠʷ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʧʨʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ 

ʧʨʦʥʠʢʘʥʠʷ. ʏʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʙʦʣʴʰʝ ʯʝʤ 100 ʤʢʤ, ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʚ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 

ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʠʣʳ ʠʥʝʨʮʠʠ. ʏʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʢʤ 

ʠʤʝʶʪ ʥʠʯʪʦʞʥʦ ʤʘʣʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʧʨʠ ʦʩʝʜʘʥʠʠ ʠ ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʞʠʜʢʦʩʪʠ. 

ʉʣʝʜʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʳʧʫʯʝʩʪʠ ʧʦʨʦʰʢʦʚ [6], ʯʪʦ 

ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʠʩʪʝʯʝʥʠʷ ʧʦʨʦʰʢʘ ʚ ʚʦʨʦʥʢʝ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʨʘʜʠʫʩʦʤ 100 ʤʤ ʠ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʥʠʤʠ ŭ=1.7 ʤʤ. ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʚ ʚʦʟʜʫʭʝ ʠʩʪʝʯʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ Fe, Cu, Al  ʨʘʟʣʠʯʥʦʡ ʜʠʩʧʝʨʩʠʠ 

ʚ ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ ~ (0.05 ï 0.3) ʤʤ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʫʣʫʯʰʝʥʠʷ 

ʩʳʧʫʯʝʩʪʠ ʧʨʠ ʨʘʟʤʝʨʝ ʦʢʦʣʦ 100 ʤʢʤ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʧʦʨʦʰʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʭʫʜʰʝʥʠʶ ʩʳʧʫʯʝʩʪʠ Vt (ʨʠʩ.2).  

 

 
ʈʠʩ.2. ʀʟʤʝʥʝʥʠʝ ʩʳʧʫʯʝʩʪʠ ʧʦʨʦʰʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 

 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ Su, 

ʢʦʪʦʨʘʷ ʚ ʮʝʣʦʤ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ Su 

ʵʢʚʠʚʘʣʝʥʪʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ Sk ʠ ʩʠʣʘʤ ʠʥʝʨʮʠʠ Fin, ʪ.ʝ. ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʚʝʣʠʯʠʥ Su ~ Sk ~ Fin.  

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ 

ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʯʘʩʪʠʮ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚʦʟʥʠʢʘʶʪ ʩʠʣʳ 

ʩʮʝʧʣʝʥʠʷ, ʧʨʠʚʦʜʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʜʚʠʛʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʦʥʝʥʪʦʡ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʯʘʩʪʠʮ ʚ ʧʨʝʛʨʘʜʳ. 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚʦʡ ʯʘʩʪʠʮʳ 

Su ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʩʚʝʨʭʛʣʫʙʦʢʦʤ ʧʨʦʥʠʢʘʥʠʠ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʯʘʩʪʠʮ 1 ï 1000 ʤʢʤ ʧʦ ʬʦʨʤʫʣʝ  Su = S/V [6], ʛʜʝ S ʠ V ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʲʸʤ ʦʜʥʦʡ ʯʘʩʪʠʮʳ. ʈʘʩʯʸʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʯʘʩʪʠʮ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʙʝʟ ʫʯʸʪʘ ʧʘʨʘʤʝʪʨʘ ʨʝʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʬʦʨʤʳ. 

 

 
ʈʠʩ.3. ʀʟʤʝʥʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʰʢʦʚʳʭ ʯʘʩʪʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʘ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 9 ð   

 

ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʝʨʥʘʷ ʟʦʥʘ ~100 ʤʢʤ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʣʘʩʪʴ ʧʝʨʝʛʠʙʘ ʢʨʠʚʦʡ. ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 1-100 ʤʢʤ ʠʤʝʝʪ ʤʝʩʪʦ 

ʨʝʟʢʦʝ ʫʙʳʚʘʥʠʝ Su ʧʨʠ ʤʘʣʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʚʝʣʠʯʠʥʳ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ɺ ʠʥʪʝʨʚʘʣʝ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 100-1000 ʤʢʤ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʠʥʘʝʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 

ʧʦʩʪʦʷʥʥʦʤʫ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʦʩʪʝ ʚʝʣʠʯʠʥ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ (1-100 ʤʢʤ) ʧʨʠ ʠʭ ʢʦʥʪʘʢʪʥʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʳʧʘʥʠ-̫ʧʨʦʪʝʢʘʥʠʷ ʧʦʨʦʰʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʟʤʝʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 0 ï 1000 ʤʢʤ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʦʢʦʣʦ 100 

ʤʢʤ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Su = 10
3
 - 10 

4
 ʤ

-1
. 

ʆʪʩʶʜʘ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʩʚʝʨʭʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʘʥʠʷ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʧʦʨʷʜʢʘ 100 ʤʢʤ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨʥʦ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʤʠʥʠʤʠʟʘʮʠʶ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜʳ ʧʨʦʥʠʢʘʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ 

ʪʚʝʨʜʦʩʪʴ ʩʧʣʘʚʦʚ ɼ16, 12ʍ18ʅ10ʊ, ɺʊ8. ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʪʚʝʨʜʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʧʣʘʚʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʫʧʨʫʛʠʭ ʚʦʣʥ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ ʠ 

ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʦʩʪʴ, ʧʦʥʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʢʦʥʪʨʦʣʴ 

 

Abstract 

In this work, we studied the effect of low temperatures on the hardness of alloys D16, 

12Kh18N10T, VT8. The relationship between the hardness of the investigated alloys and the 

speed of elastic waves in a wide range of low temperatures is established. It is shown that a 



ð 10 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

decrease in temperature is accompanied by an increase in hardness and speed of ultrasonic 

waves for all investigated alloys. 

Keywords: hardness, low temperatures, ultrasonic testing 

 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ɸʨʢʪʠʢʠ ʠ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʣʠʙʦ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ (ʚ ʧʨʝʜʝʣʘʭ ʟʘʜʘʥʥʳʭ ʥʦʨʤ) ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʝʨʝʧʘʜ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʙʦʣʴʰʦʡ. ʆʜʥʘʢʦ ʦʮʝʥʢʘ 

ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʦʡ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʣʠʟʫʝʤʦʡ ʟʘʜʘʯʝʡ. 

ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʥʪʨʦʣʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ɸʕ) 

ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʦʥʪʨʦʣʷ. ʄʝʪʦʜ ɸʕ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ, ʩʪʨʫʢʪʫʨʥʦ ʦʜʥʦʨʦʜʥʳʭ ʠ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ [1,2]. 

ɺ ʨʘʙʦʪʘʭ [3,4] ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ.  

ʆʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʢ ʢʘʢ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ [5,6]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʝʪʘʣʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ: ɻʎʂ (12ʍ18ʅ10ʊ ʠ ɼ16) ʠ ɻʇʋ (ɺʊ8).  ʄʝʪʘʣʣʳ ʩ ʆʎʂ 

ʨʝʰʝʪʢʦʡ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʠʟʢʦʡ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ [5]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ.1. 

ʊʘʙʣʠʮʘ 1.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ 

 

ʄʘʪʝʨʠʘʣʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʊʆ ʧʦ ʨʝʞʠʤʘʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʘ 2.  

ʈʝʞʠʤʳ ʊʆ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʄʘʪʝʨʠʘʣ ɺʠʜ ʊʆ 

12ʍ18ʅ10ʊ ɿʘʢʘʣʢʘ 1080  

ɼ16 ɿʘʢʘʣʢʘ 500, ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʪʘʨʝʥʠʝ 

ɺʊ8 ɼʚʦʡʥʦʡ ʦʪʞʠʛ 920  2ʯ + 570  1ʯ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʪʠʧʘ ʐʘʨʧʠ ʩ V-

ʦʙʨʘʟʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ (ʨʘʙʦʯʝʝ ʩʝʯʝʥʠʝ 8³10), ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 9454ï78 çʄʝʪʘʣʣʳ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʥʘ ʫʜʘʨʥʳʡ ʠʟʛʠʙ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ, ʢʦʤʥʘʪʥʦʡ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭè. 

ʊʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʦʚ ʟʘʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʤʝʨʘ ʊʐ-2ʄ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʥʜʝʥʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʘʨʠʢ ʜʠʘʤʝʪʨʦʤ 2,5 ʤʤ. ʇʦʩʣʝ ʯʝʛʦ ʧʦ ʜʠʘʤʝʪʨʫ ʦʪʧʝʯʘʪʢʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʘ ʧʦ ʰʢʘʣʝ HB. 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʩʪʝʥʜʝ 

(ʨʠʩ. 1). ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ɸʕ ʧʨʠʤʝʥʷʣʠʩʴ ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʜʘʪʯʠʢʠ ɸʕ 

ʬʠʨʤʳ ɻʣʦʙʘʣʊʝʩʪ (GT350) ʠ ɸʎʇ ʬʠʨʤʳ National Instruments ʤʦʜʝʣʠ 6636 (ʨʠʩ. 1).  

ʄʘʪʝʨʠʘʣ ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, % 

C Si Mn Ni Cr Cu Fe Ti Al  Mg Mo Zr 

12ʍ18ʅ10ʊ 0,11 0,7 0,16 10,2 18,16 ï 
 

0,6 ï ï ï ï 

ɼ16 ï 0,27 0,59 0,08 0,02 4,15 0,03 0,02 92,6 1,4 ï ï 

ɺʊ8 0,02 0,32 ï ï ï ï 0,01 89,35 6,6 ï 3,41 0,18 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 11 ð   

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ 

 
ʈʝʛʠʩʪʨʘʮʠʷ ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ (ʨʠʩ. 1) ʛʝʥʝʨʠʨʫʝʪ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʩ ʯʘʩʪʦʪʦʡ 
ʩʣʝʜʦʚʘʥʠʷ 100 ʄɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 100 ɺ. ʉ ʧʦʤʦʱʴʶ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʛʝʥʝʨʠʨʫʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʚ ʤʘʪʝʨʠʘʣʝ ʦʙʨʘʟʮʘ. ɼʚʘ 
ʘʢʫʩʪʠʯʝʩʢʠʭ ʜʘʪʯʠʢʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 
ʨʝʛʠʩʪʨʠʨʫʶʪ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ. ɼʘʪʯʠʢʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʜʚʫʤ 
ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤ ʢʘʥʘʣʘʤ ɸʎʇ. ʆʮʠʬʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʇʂ ʩ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 
ʦʙʝʩʧʝʯʝʥʠʝʤ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʙʦʪʢʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʩʠʛʥʘʣʦʚ, ʚʳʜʝʣʝʥʠʝ 
ʠʤʧʫʣʴʩʦʚ, ʨʝʛʠʩʪʨʘʮʠʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʘ ʩʦ ʚʪʦʨʦʛʦ ʜʘʪʯʠʢʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʠ, ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ, ʚʳʯʠʩʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ 
ʤʘʪʝʨʠʘʣʝ ʦʙʨʘʟʮʘ.  ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

                                                       V=L/(t2-t1),                                                          (1) 
ʛʜʝ L - ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ, t1 - ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʳ ʧʝʨʚʳʤ ʜʘʪʯʠʢʦʤ, t2 - ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʝʨʝʜʥʝʛʦ ʬʨʦʥʪʘ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʳ ʚʪʦʨʳʤ ʜʘʪʯʠʢʦʤ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ (ʨʠʩ. 1) ʦʭʣʘʞʜʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʚʝʜʝʥʥʳʭ ʢ ʥʠʤ 
ʤʝʜʥʳʭ ʭʣʘʜʦʧʨʦʚʦʜʦʚ ʦʪ ʩʤʝʩʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ ʠ ʩʧʠʨʪʘ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʧʦʨʮʠʷʭ 
ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʳʪʘʥʠʷ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʙʨʘʟʮʘʭ 
ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʪʯʠʢʠ pt100 (ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʧʘ) - (-196é+100ÁC (Ñ1ÁC)).  
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʚʝʨʜʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʚ ʰʠʨʦʢʦʤ 
ʜʠʘʧʘʟʦʥʝ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ.   

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʚʝʨʜʦʩʪʴ ʤʝʪʘʣʣʦʚ ʚʦʟʨʘʩʪʘʝʪ, 

ʥʦ ʩ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 
ɸʥʘʣʠʟ ʨʠʩ. 2 ʠ 3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʦʚ ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʝʜʫʝʪ ʩʚʷʟʘʪʴ ʩ ʨʦʩʪʦʤ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʥʠʞʝʥʠʝʤ 
ʧʣʘʩʪʠʯʥʦʩʪʠ. ʈʦʩʪ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 
ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʫ ʤʝʪʘʣʣʦʚ ʧʨʠ ʝʝ ʩʥʠʞʝʥʠʠ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 
ʧʦʛʣʦʱʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʧʨʫʛʦʡ ʚʦʣʥʳ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 



ð 12 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʥʝʦʙʨʘʪʠʤʳʤ ʧʝʨʝʭʦʜʦʤ ʝʝ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦ [7]. ʇʦʵʪʦʤʫ ʯʝʤ ʚʳʰʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʤʝʪʘʣʣʘ, ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ. ɺ ʨʘʙʦʪʝ [8] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 
ʩʢʦʨʦʩʪʴ ʝʝ ʨʦʩʪʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʫ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ʚʳʰʝ, ʯʝʤ ʫ 
ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ɸʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ (ɼ16, ɸʄʛ3 ʠ ɸʄʛ6) ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʫʶ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʝʝ ʨʦʩʪʘ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʝʪʘʣʣʳ ʩ ʆʎʂ ʨʝʰʝʪʢʦʡ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʫʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʭʨʫʧʢʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ [5,6]. ʅʦ ʦʥʠ ʠʤʝʶʪ ʠ ʥʘʠʤʝʥʴʰʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ [7]. ʇʦʵʪʦʤʫ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʦʣʞʥʘ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʢʘʢ ʥʘ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʭʨʫʧʢʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ, ʪʘʢ ʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ (ʊʚʭ).  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʚʝʨʜʦʩʪʠ (ʨʠʩ. 2) ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 
ʠʩʧʳʪʘʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 
ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ ʦʪ ʪʚʝʨʜʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʨʠʩ. 3). 

 

 
ʘ)                                           ʙ)                                       ʚ) 
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ʘ) ʩʪʘʣʴ 12ʍ18ʅ10ʊ; ʙ) ʩʧʣʘʚ ɺʊ8; ʚ) ʩʧʣʘʚ ɼ16 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʟʥʘʯʝʥʠʷʤ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʤʝʪʘʣʣʘʭ, 

ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʝʝ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʣʦʥʥʦʩʪʴ ʭ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʦ ʛʨʘʥʪʫ ʈʅʌ ˉ 19-19-00332 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʜʭʦʜʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭè. 
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ɸʥʥʦʪʘʮʠʷ 

ʉʪʝʚʠʷ ʤʝʜʦʚʘʷ (Stevia rebaudiana  Bertoni) - ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʨʷʜʦʤ ʮʝʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʠ ʧʠʱʝʚʳʭ ʩʚʦʡʩʪʚ. ʇʦʣʫʯʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʘʞʝʥʮʝʚ ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʪʨʫʜʥʦʩʪʷʤʠ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʘʟʤʥʦʞʝʥʠʷ S. 

rebaudiana ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.  ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʳ ʠ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʤʠʢʨʦʧʦʙʝʛʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ  

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʠ  ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ İ MS ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,5-1,0 ʤʛ/ʣ BA. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Stevia rebaudiana, ʢʣʦʥʘʣʴʥʦʝ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʝ, ʨʝʛʫʣʷʪʦʨʳ 

ʨʦʩʪʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ  

 

Abstract 

Honey stevia (Stevia rebaudiana Bertoni) is a perennial herb characterized by a 

number of valuable medicinal and nutritional properties. Obtaining a large number of 

seedlings of this plant is associated with some difficulties, therefore, the use of 

biotechnological methods for the reproduction of S. rebaudiana is actual. The mineral 

composition  and growth regulators influence of the nutrient medium on the regeneration of 

microshoots has been studied. The highest values of morphometric parameters were obtained 

by cultivation on a İ MS nutrient medium supplemented with 0,5-1,0 mg/l BA. 

Keywords: Stevia rebaudiana, clonal micropropagation, growth regulators, 

reproduction rate 

 

Stevia rebaudiana  Bertoni ï ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ-ʵʥʜʝʤʠʢ ʠʟ 

ʇʘʨʘʛʚʘʷ, ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʩʝʤʝʡʩʪʚʫ Asteraceae [1]. ʈʦʜ Stevia ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 110 

ʚʠʜʦʚ. ɺʦ ʤʥʦʛʠʭ ʯʘʩʪʷʭ ʤʠʨʘ ʩʪʝʚʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʥʝʢʘʣʦʨʠʡʥʳʡ ʧʦʜʩʣʘʩʪʠʪʝʣʴ. 

ʅʘʠʙʦʣʝʝ ʩʣʘʜʢʠʤ ʚʠʜʦʤ ʷʚʣʷʝʪʩʷ S. rebaudiana, ʯʴʠ ʣʠʩʪʴʷ ʚ 30 ʨʘʟ ʩʣʘʱʝ 

ʪʨʦʩʪʥʠʢʦʚʦʛʦ ʩʘʭʘʨʘ, ʪʘʢ ʢʘʢ ʩʦʜʝʨʞʘʪ ʜʠʪʝʨʧʝʥʦʚʳʝ ʛʣʠʢʦʟʠʜʳ (ʩʪʝʚʠʦʟʠʜ, ʩʪʝʚʠʦʣ, 

ʨʝʙʘʫʜʠʦʟʠʜ) [2]. ɼʣʷ ʩʪʝʚʠʠ ʭʘʨʘʢʪʝʨʥʳ ʘʥʪʠʤʠʢʨʦʙʥʳʝ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ, 

ʢʘʨʜʠʦʪʦʥʠʯʝʩʢʠʝ, ʤʦʯʝʛʦʥʥʳʝ, ʛʠʧʦʛʣʠʢʝʤʠʯʝʩʢʠʝ, ʛʠʧʦʪʝʥʟʠʚʥʳʝ ʠ 

ʩʦʩʫʜʦʨʘʩʰʠʨʷʶʱʠʝ ʩʚʦʡʩʪʚʘ. ʃʝʢʘʨʩʪʚʝʥʥʦʝ ʩʳʨʴʝ S. rebaudiana ʧʦʢʘʟʘʥʦ ʜʣʷ 

ʣʝʯʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ [3].  

ʈʘʟʤʥʦʞʝʥʠʝ ʜʘʥʥʦʛʦ ʨʘʩʪʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ. ɼʣʷ ʩʝʤʷʥ 

ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʘʷ ʚʩʭʦʞʝʩʪʴ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʈʘʟʤʥʦʞʝʥʠʝ ʯʝʨʝʥʢʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʪʨʫʜʦʟʘʪʨʘʪʥʳʤ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ. ʂʣʦʥʘʣʴʥʦʝ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʝ S. 

rebaudiana ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʩʪʝʥʠʡ ʟʘ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ [2].  

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʱʝʥʠʡ ʦ ʨʘʟʤʥʦʞʝʥʠʠ ʩʪʝʚʠʠ in vitro. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

Hossain et al. [4] ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ MS ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1,0 ʤʛ/ʣ BA.  Mubarak et al. [5] ʩʦʦʙʱʠʣʠ, ʯʪʦ 

ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʧʦʙʝʛʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘʙʣʶʜʘʣʠ ʥʘ ʩʨʝʜʝ MS ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,5 ʤʛ/ʣ BA. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʐʫʣʴʛʠʥʦʡ ʠ ʜʨ.  [6] ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ MS ʚ  ʫʩʣʦʚʠʷʭ ʢʨʘʩʥʦʛʦ 



ð 14 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʩʚʝʪʘ ʠ ʜʦʙʘʚʣʝʥʠʝʤ 1,0 ʤʛ/ʣ BA, 0,5 ʤʛ/ʣ IAA ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʙʳʣ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ ʩʦʩʪʘʚʠʣ 11,9. 

ʊʘʢ ʢʘʢ ʵʪʘʧ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʤʥʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ, 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʙʦʨʘ ʪʘʢʠʭ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʨʝʛʝʥʝʨʘʥʪʦʚ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʜʥʦʛʦ ʨʘʩʪʝʥʠʷ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʵʪʘʧʘ ʩʦʙʩʪʚʝʥʥʦ 

ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ S. rebaudiana, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʧʦʜʙʦʨʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʦʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʛʝʥʝʨʘʥʪʳ Stevia rebaudiana Bertoni, ʧʦʣʫʯʝʥʥʳʝ 

ʧʫʪʝʤ ʧʨʦʨʘʱʠʚʘʥʠʷ ʠʟ ʩʝʤʷʥ. ʇʦʣʫʯʝʥʠʝ ʩʪʝʨʠʣʴʥʦʡ ʢʫʣʴʪʫʨʳ Stevia rebaudiana 

Bertoni in vitro ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ [7]. ʉʝʤʝʥʘ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʚ 

7%-ʦʤ ʨʘʩʪʚʦʨʝ ʛʠʧʦʭʣʦʨʠʪʘ ʢʘʣʴʮʠʷ (Ca(ClO)2) ʚ ʪʝʯʝʥʠʝ 15-20 ʤʠʥ., ʟʘʪʝʤ 

ʧʝʨʝʥʦʩʠʣʠ ʥʘ ʙʝʟʛʦʨʤʦʥʘʣʴʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ Murashige and Skoog (MS) [8] ʠ 

ʧʨʦʨʘʱʠʚʘʣʠ in vitro ʥʘ ʩʚʝʪʫ. ʇʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʥʘʙʣʶʜʘʣʠ ʯʝʨʝʟ 7-10 ʜʥʝʡ ʧʦʩʣʝ 

ʧʦʤʝʱʝʥʠʷ ʥʘ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʘʥʪʦʚ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʨʦʩʪʢʠ ʩ ʫʜʘʣʝʥʥʳʤʠ ʢʦʨʥʷʤʠ. 

ʅʘ ʩʪʘʜʠʠ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜ MS, Quoirin and Lepoivre (QL) [9],  İ MS ʠ  İ QL (ʩ ʧʦʣʦʚʠʥʥʳʤ 

ʥʘʙʦʨʦʤ ʤʘʢʨʦʩʦʣʝʡ) ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʤʠʢʨʦʧʦʙʝʛʦʚ S. rebaudiana in vitro. ɼʣʷ 

ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ 

ʨʘʩʪʝʥʠʡ ʥʘ ʩʪʘʜʠʠ ʩʦʙʩʪʚʝʥʥʦ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ  ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ 

MS, ʜʦʧʦʣʥʝʥʥʫʶ BA (6-ʙʝʥʟʠʣʘʤʠʥʦʧʫʨʠʥ) ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1; 0,3; 0,5 ʠ 1,0 ʤʛ/ʣ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʝʟʛʦʨʤʦʥʘʣʴʥʫʶ ʩʨʝʜʫ MS. ʀʟʤʝʨʷʣʠ ʜʣʠʥʫ 

ʤʠʢʨʦʧʦʙʝʛʦʚ, ʧʦʜʩʯʠʪʳʚʘʣʠ ʠʭ ʯʠʩʣʦ ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ. ɺ 

ʫʩʣʦʚʠʷʭ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʢʨʦʧʦʙʝʛʠ S. rebaudiana ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ ʦʩʚʝʱʝʥʠʠ (2000 ʣʢ) 

ʠ ʬʦʪʦʧʝʨʠʦʜʝ 16/8 ʯ., ʪʝʤʧʝʨʘʪʫʨʝ 23- 25 Áʉ ʠ ʚʣʘʞʥʦʩʪʠ 70 %. ʆʙʨʘʙʦʪʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʤʝʪʦʜʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Microsoft Office Excel 2010. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʨʝʘʣʠʟʘʮʠʶ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦ 

ʧʨʦʣʠʬʝʨʠʨʫʶʱʝʡ ʢʫʣʴʪʫʨʳ in vitro ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ 

ʧʦʜʙʦʨ ʠ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ [10].  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʨʘʚʥʠʚʘʣʠ ʧʠʪʘʪʝʣʴʥʳʝ ʩʨʝʜʳ, ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ 

ʩʦʩʪʘʚʫ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

S. rebaudiana 

ʇʠʪʘʪʝʣʴʥʘʷ 

ʩʨʝʜʘ 

ɼʣʠʥʘ 

ʤʠʢʨʦʧʦʙʝʛʘ, ʩʤ 

ʏʠʩʣʦ 

ʤʠʢʨʦʧʦʙʝʛʦʚ, ʰʪ. 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʤʥʦʞʝʥʠʷ 

MS (ʢʦʥʪʨʦʣʴ) 4,5Ñ0,1 3,8Ñ0,2 5,1Ñ0,2 

İ MS 4,0Ñ0,1 3,4Ñ0,2 5,0Ñ0,2 

 QL 3,7Ñ0,1 3,0Ñ0,1 4,4Ñ0,1 

İ QL 3,1Ñ0,1 2,8Ñ0,1 4,3Ñ0,3 

 

ʅʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ (5,1Ñ0,2), ʜʣʠʥʘ (4,5Ñ0,1) ʠ ʯʠʩʣʦ 

(3,8Ñ0,2) ʤʠʢʨʦʧʦʙʝʛʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ MS. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ  MS ʠ 1/2 MS ʥʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 15 ð   

 

ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʟʤʥʦʞʝʥʠʷ ʠ ʯʠʩʣʦʤ 

ʤʠʢʨʦʧʦʙʝʛʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ MS ʩ 

ʧʦʣʦʚʠʥʥʳʤ ʥʘʙʦʨʦʤ ʤʘʢʨʦʩʦʣʝʡ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ 

1/2 MS, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ BA. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʛʫʣʷʪʦʨʘ ʨʦʩʪʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʚʝʣʠʯʝʥʠʶ ʜʣʠʥʳ ʤʠʢʨʦʧʦʙʝʛʘ (ʨʠʩ. 

1).  

 

  
ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ BA ʥʘ ʜʣʠʥʫ ʤʠʢʨʦʧʦʙʝʛʘ S. rebaudiana 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʤʠʢʨʦʧʦʙʝʛʦʚ (15,7 Ñ0,2) ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʧʨʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 1,0 BA. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,1 ʠ 

0,3 ʤʛ/ʣ BA ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʜʣʠʥʦʡ ʤʠʢʨʦʧʦʙʝʛʦʚ ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ BA ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʤʥʦʞʝʥʠʷ (ʨʠʩ.2). 

 

  
ʈʠʩ.2. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ BA ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ S. rebaudiana 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1,0 

ʤʛ/ʣ BA ʠ ʩʦʩʪʘʚʠʣ 9,4Ñ0,2. ʆʜʥʘʢʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʩʨʝʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ 0,5 ʤʛ/ʣ BA, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʢʘʟʘʣʘʩʴ ʥʝʩʫʱʝʩʪʚʝʥʥʦʡ 

(9,1Ñ0,3), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʠʪʦʢʠʥʠʥʦʚ ʥʘ ʵʪʘʧʝ 

ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʤʥʦʞʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʵʪʘʧʝ ʤʠʢʨʦʨʘʟʤʥʦʞʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ İ  MS, ʩʦʜʝʨʞʘʱʫʶ 0,5-1,0 ʤʛ/ʣ BA. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ 



ð 16 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʦʚ ʤʘʢʨʦʩʦʣʝʡ ʠ ʨʝʛʫʣʷʪʦʨʦʚ ʨʦʩʪʘ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ 

ʟʘʪʨʘʪ ʧʨʠ ʤʘʩʩʦʚʦʤ ʨʘʟʤʥʦʞʝʥʠʠ ʨʘʩʪʝʥʠʡ S. rebaudiana.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻɿ  ɻɹʉ ʈɸʅ (ˉ118021490111-5). 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ 

ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʢʘʢ ʦʪʜʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʞʝʥʝʨʠʠ, ʝʸ ʨʦʣʠ ʚ 

ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʣʶʜʝʡ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʧʨʦʪʝʟʦʚ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʨʠʥʮʠʧʘʤ ʨʘʙʦʪʳ ʙʠʦʥʠʯʝʩʢʠʭ ʧʨʦʪʝʟʦʚ, ʧʨʦʙʣʝʤʘʤ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: biomedical engineering, orthotics, proprioception, implants, 

artificial organs, the functionality, the bionic prosthetic technology. 

 

Abstract 

This article discusses issues related to the development of bioprosthetics as a separate 

branch of biomedical engineering, its role in the rehabilitation and social adaptation of people 

with physical disabilities. The main directions and prospects of using bioengineering 

technologies in the creation of artificial organs and prostheses are analyzed. Special attention 

is paid to the principles of operation of bionic prostheses and the problems of their use. 

Keywords: ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ, ʢʣʶʯʝʚʦʝ 

ʩʣʦʚʦ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ ʢʣʶʯʝʚʦʝ ʩʣʦʚʦ 

 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 17 ð   

 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩʝʤʠʤʠʣʴʥʳʤʠ ʰʘʛʘʤʠ. ɺʩʸ, ʯʪʦ ʝʱʸ ʚʯʝʨʘ 

ʢʘʟʘʣʦʩʴ ʥʝʩʙʳʪʦʯʥʦʡ ʤʝʯʪʦʡ ʠ ʦʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʚʦʦʙʨʘʞʝʥʠʷ, ʩʪʘʥʦʚʠʪʩʷ ʘʙʩʦʣʶʪʥʦʡ 

ʨʝʘʣʴʥʦʩʪʴʶ. ʉʘʤʳʝ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʟʦʙʨʝʪʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʨʦʥʠʢʘʶʪ 

ʚʦ ʚʩʝ ʩʬʝʨʳ ʥʘʰʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʘʥʦʚʷʩʴ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʩʪʠʤʫʣʦʤ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. 

ʆʜʥʠʤ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʙʠʦʠʥʞʝʥʝʨʠʷ.  

ɹʠʦʠʥʞʝʥʝʨʠʷ (ʘʥʛʣ. Bioengineering) ʠʣʠ ʙʠʦʤʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷ ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʨʘʟʚʠʚʘʶʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ 

ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ [1]. ʂ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʦʡ ʙʠʦʠʥʞʝʥʝʨʠʠ ʦʪʥʦʩʠʪʩʷ 

ʢʘʢ ʩʦʟʜʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʠ ʧʦʠʩʢ 

ʩʧʦʩʦʙʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʤʝʪʦʜʘʤʠ ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʆʪʜʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʠʥʞʝʥʝʨʠʠ ï ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ï

ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʩʦʟʜʘʥʠʝʤ ʧʨʦʪʝʟʦʚ ʫʪʨʘʯʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʢʦʥʝʯʥʦʩʪʝʡ 

ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʝʪʦʜʦʚ.  

ɺʘʞʥʝʡʰʝʡ ʮʝʣʴʶ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʭʦʜʩʪʚʘ ʤʝʞʜʫ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʤ ʠ ʥʘʪʫʨʘʣʴʥʳʤ ʦʨʛʘʥʦʤ, ʘ ʟʥʘʯʠʪ, ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʣʶʜʝʡ, ʦʱʫʪʠʚʰʠʭ ʩʝʙʷ ʬʠʟʠʯʝʩʢʠ ʥʝʧʦʣʥʦʮʝʥʥʳʤʠ, ʦʢʘʟʘʚʰʠʤʠʩʷ 

ʧʝʨʝʜ ʩʫʨʦʚʦʡ ʨʝʘʣʴʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ ʩʣʦʚʦ çʠʥʚʘʣʠʜè ʟʚʫʯʠʪ ʢʘʢ ʧʨʠʛʦʚʦʨ. 

ʀʜʝʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʢʦʥʝʯʥʦʩʪʝʡ ʟʘʨʦʜʠʣʘʩʴ ʦʯʝʥʴ ʜʘʚʥʦ, ʝʱʸ ʩ 

ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʸʥ. ʇʝʨʚʳʝ ʧʨʦʪʝʟʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʠʟ ʪʢʘʥʠ, ʜʝʨʝʚʘ ʠ 

ʤʝʪʘʣʣʘ. ʀʭ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʙʳʣʦ ʩʦʟʜʘʪʴ ʫ ʯʝʣʦʚʝʢʘ ʯʫʚʩʪʚʦ ʧʦʣʥʦʮʝʥʥʦʩʪʠ ʚ 

ʦʙʱʝʩʪʚʝ. ɺ 2001 ʛʦʜʫ ʥʘ ʨʘʩʢʦʧʢʘʭ ʚ ʉʘʢʢʘʨʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʧʨʦʪʝʟ ʙʦʣʴʰʦʛʦ ʧʘʣʴʮʘ 

ʥʦʛʠ, ʜʘʪʠʨʫʝʤʳʡ 950ï710 ʛʛ. ʜʦ ʥ.ʵ. ʆʥ ʙʳʣ ʚʳʧʦʣʥʝʥ ʠʟ ʜʝʨʝʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʧʨʦʪʝʟʘ ʢʦʞʘʥʦʡ ʥʠʪʠ.  

ʇʝʨʚʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʪʝʟ ʥʦʛʠ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʙʨʦʥʟʳ ʠ ʞʝʣʝʟʘ, ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʚ ʀʪʘʣʠʠ ʚ 1858 ʛʦʜʫ. ɽʛʦ ʩʦʟʜʘʥʠʝ ʢ ʜʘʪʠʨʫʝʪʩʷ 300 ʛ. ʜʦ ʥ.ʵ. ɹʝʟʫʩʣʦʚʥʦ, 

ʧʝʨʚʳʝ ʧʨʦʪʝʟʳ ʙʳʣʠ ʤʘʣʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʩʦʟʜʘʚʘʣʠ ʣʠʰʴ ʠʣʣʶʟʠʶ ʫʪʨʘʯʝʥʥʦʡ 

ʢʦʥʝʯʥʦʩʪʠ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʥʝ ʧʦʟʚʦʣʷʣʠ ʯʝʣʦʚʝʢʫ ʚʝʨʥʫʪʴʩʷ ʢ ʧʦʣʥʦʮʝʥʥʦʡ ʞʠʟʥʠ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʥʘʚʳʢʠ 

ʚ ʦʙʣʘʩʪʠ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ, ʪ.ʢ. ʧʨʦʙʣʝʤʘ ʟʘʤʝʱʝʥʠʷ ʫʪʨʘʯʝʥʥʳʭ ʦʨʛʘʥʦʚ ʦʩʪʘʚʘʣʘʩʴ 

ʘʢʪʫʘʣʴʥʦʡ. ʋʩʪʨʦʡʩʪʚʘ ʩʪʘʥʦʚʠʣʠʩʴ ʚʩʸ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ, ʤʦʜʝʨʥʠʟʠʨʦʚʘʣʠʩʴ, 

ʧʨʝʪʝʨʧʝʚʘʣʠ ʤʥʦʞʝʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʚ ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ʇʝʨʚʘʷ ʩʝʨʴʸʟʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʦʪʝʟʘ ʛʦʣʝʥʠ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʫʯʸʥʳʤ 

ʇʠʪʝʨʦʤ ɺʝʨʜʘʡʥʦʤ ʚ 1696 ʛʦʜʫ. ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʧʨʦʪʝʟ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʬʠʢʩʘʮʠʠ. ɽʛʦ 

ʤʦʜʝʣʴ ʧʦʟʞʝ ʩʪʘʥʝʪ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʪʝʟʦʚ. ɺʩʣʝʜ ʟʘ ʇʠʪʝʨʦʤ ɺʝʨʜʘʡʥʦʤ 

ʨʘʙʦʪʘʣʠ ʥʘʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʪʝʟʦʚ ʋʠʣʴʷʤ ʉʝʣʬʦ, ɹʝʥʜʞʘʤʠʥ ʇʘʣʤʝʨ, 

ɼʫʛʣʘʩ ɹʣʘʡ, ɼʶʙʫʘ ʇʘʨʤʣʠ. ʂ ʢʦʥʮʫ XIX ʚʝʢʘ  ʥʝʤʝʮʢʠʡ ʙʠʦʣʦʛ ɻʫʩʪʘʚ ɻʝʨʤʘʥ 

ʧʨʝʜʣʦʞʠʣ ʟʘʤʝʥʠʪʴ ʧʨʦʪʝʟʳ ʠʟ ʞʝʣʝʟʘ ʠ ʤʝʜʠ ʥʘ ʘʣʶʤʠʥʠʝʚʳʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ 

ʜʦʩʪʠʯʴ ʣʸʛʢʦʩʪʠ ʠ ʙʦʣʴʰʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʦʪʝʟʦʚ. ʅʦ ʩʧʦʩʦʙʳ ʠʭ ʢʨʝʧʣʝʥʠʷ ʢ 

ʪʝʣʫ ʠ ʬʠʢʩʘʮʠʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʙʳʣʠ ʚʩʸ ʪʝ 

ʞʝ ʢʦʞʘʥʳʝ ʨʝʤʥʠ. 

XX ʚʝʢ ï ʚʨʝʤʷ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ ʠ ʤʝʜʠʮʠʥʳ. ɺʦʟʤʦʞʥʦʩʪʠ 

ʙʠʦʠʥʞʝʥʝʨʠʠ ʠ ʥʦʚʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʦʙʣʘʩʪʠ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ 

ʧʦʤʦʛʣʠ ʩʜʝʣʘʪʴ ʧʨʦʪʝʟʳ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ, ʧʦʜʚʠʞʥʳʤʠ, çʫʤʥʳʤʠè, ʘ ʠʭ 

ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʰʣʦ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ʀʟʦʙʨʝʪʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʧʦʣʠʤʝʨʦʚ 

ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʯʫʪʴ ʣʠ ʥʝ ʠʜʝʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʣʸʛʢʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʙʠʦʥʠʯʝʩʢʠʡ ʧʨʦʪʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʫʩʪʨʦʡʩʪʚʦ. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢʠʭ ʧʨʦʪʝʟʦʚ ʷʚʣʷʶʪʩʷ ʢʘʨʢʘʩ, 

ʤʝʭʘʥʠʢʘ ʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ. 



ð 18 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʂʘʨʢʘʩ ï ʬʫʥʜʘʤʝʥʪ ʧʨʦʪʝʟʘ, ʧʨʠʜʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʶ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʧʣʘʩʪʠʢʘ ʠ ʣʝʛʢʠʭ ʤʝʪʘʣʣʦʚ. 

ʄʝʭʘʥʠʢʘ ï ʩʝʨʚʦʧʨʠʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. ʗʚʣʷʷʩʴ ʘʤʦʨʪʠʟʘʪʦʨʘʤʠ, ʦʥʠ ʩʤʷʛʯʘʶʪ ʥʘʛʨʫʟʢʫ ʧʨʠ ʨʘʙʦʪʝ ʧʨʦʪʝʟʘ. 

ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ï ʩʝʨʜʮʝ ʧʨʦʪʝʟʘ. ɺ ʙʣʦʢ ʚʭʦʜʷʪ ʜʘʪʯʠʢʠ, ʩʝʥʩʦʨʳ ʠ 

ʧʨʦʮʝʩʩʦʨʳ. ʀʭ ʟʘʜʘʯʘ ï ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣ ʠ ʚʦʚʨʝʤʷ ʝʛʦ ʦʙʨʘʙʘʪʳʚʘʪʴ. ɼʘʪʯʠʢʠ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜʘʚʘʪʴ ʩʠʛʥʘʣʳ ʦʪ ʤʦʟʛʘ ʢ ʠʟʜʝʣʠʶ, ʥʦ ʠ ʥʘʦʙʦʨʦʪ. 

ʇʨʦʪʝʟ ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ ʯʘʩʪʠ ʪʝʣʘ ʩ ʧʦʤʦʱʴʶ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʩʣʦʸʚ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʢʦʞʠ, ʢʦʪʦʨʘʷ ʦʙʨʘʪʥʦ ʩʠʤʤʝʪʨʠʯʥʘ ʙʠʦʤʝʭʘʥʠʢʝ ʥʠʞʝʣʝʞʘʱʝʡ ʪʢʘʥʠ. 

ɼʘʙʳ ʧʦʣʫʯʠʪʴ ʠʜʝʘʣʴʥʫʶ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ, ʫʯʝʥʳʝ ʩʦʟʜʘʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʥʫʞʥʦʡ ʢʦʥʝʯʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʄʈʊè. 

ɺ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʢʦʞʫ ʚʰʠʚʘʝʪʩʷ ʫʤʥʳʡ ʤʘʪʝʨʠʘʣ. ʆʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠʤʝʝʪ ʩʚʦʡʩʪʚʦ ʩʪʘʥʦʚʠʪʴʩʷ ʤʷʛʢʠʤ ʠʣʠ ʞʝ, ʥʘʦʙʦʨʦʪ, ʪʚʸʨʜʳʤ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʠʟʫʯʠʚ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ ʤʳʰʮʘʤʠ, ʧʨʠʤʝʥʠʣʠ ʪʦʪ 

ʞʝ ʩʘʤʳʡ ʧʨʠʥʮʠʧ ʠ ʚ ʧʨʦʪʝʟʝ: ʧʨʠ ʢʘʩʘʥʠʠ ʙʠʦʥʠʯʝʩʢʦʛʦ ʧʨʦʪʝʟʘ ʦ ʢʘʢʫʶ-ʣʠʙʦ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʦʮʝʩʩʦʨ ʟʘʜʘʸʪ ʩʠʩʪʝʤʝ ʞʸʩʪʢʦʩʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʷʛʯʘʝʪ 

ʩʪʦʣʢʥʦʚʝʥʠʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʙʠʦʥʠʯʝʩʢʦʤ ʧʨʦʪʝʟʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʧʨʦʧʨʠʦʮʝʧʮʠʠ. 

ʇʨʦʧʨʠʦʮʝʧʮʠʷ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʦʱʫʱʘʪʴ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʯʘʩʪʝʡ ʪʝʣʘ ʠ 

ʚʝʣʠʯʠʥʫ ʧʨʠʢʣʘʜʳʚʘʝʤʦʛʦ ʚ ʜʚʠʞʝʥʠʠ ʫʩʠʣʠʷ [3]. ɼʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʥʘ 

ʘʤʧʫʪʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʚʨʝʞʜʸʥʥʳʝ ʥʝʨʚʳ ʠ 

ʩʨʘʱʠʚʘʶʪʩʷ ʩʫʭʦʞʠʣʠʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʭ ʤʳʰʮ. ɹʣʘʛʦʜʘʨʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ 

ʥʝʨʚʥʳʤ ʦʢʦʥʯʘʥʠʷʤ ʠ ʤʳʰʮʘʤ, ʧʨʠʩʦʝʜʠʥʸʥʥʳʡ ʧʨʦʪʝʟ ʦʱʫʱʘʝʪʩʷ ʢʘʢ ʦʙʳʯʥʘʷ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʝʯʥʦʩʪʴ. ʇʨʦʪʝʟʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʝʡʨʦʙʠʦʣʦʛʘ 

ʕʥʜʨʶ ʐʚʘʨʪʮʘ, ʟʘʩʪʘʚʠʣʠ ʠʟʤʝʥʠʪʴ ʞʠʟʥʴ ʧʘʨʘʣʠʟʦʚʘʥʥʳʭ ʣʶʜʝʡ. ʇʝʨʚʳʤ 

ʧʘʮʠʝʥʪʦʤ ʩʪʘʣʘ ʞʝʥʱʠʥʘ, ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʧʝʨʘʮʠʷ ʧʦ ʫʩʪʘʥʦʚʢʝ ʙʠʦʨʫʢʠ. 

ʆʥʘ ʩʪʨʘʜʘʣʘ ʦʪ ʪʷʞʝʣʦʛʦ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɹʦʣʝʟʥʴ ʧʨʠʚʝʣʘ 

ʧʘʮʠʝʥʪʢʫ ʢ ʧʦʪʝʨʝ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚʦ ʚʩʝʤ ʪʝʣʝ. ɺ ʝʝ ʤʦʟʛ ʙʳʣʠ 

ʠʤʧʣʘʥʪʠʨʦʚʘʥʳ ʵʣʝʢʪʨʦʜʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʠ ʧʨʦʭʦʜʠʣʦ ʫʧʨʘʚʣʝʥʠʝ 

ʙʠʦʥʠʯʝʩʢʠʤ ʧʨʦʪʝʟʦʤ ʨʫʢʠ. ɺ ʪʘʢʦʤ ʧʨʦʪʝʟʝ ʨʫʢʠ ʪʘʢʪʠʣʴʥʳʝ ʩʠʛʥʘʣʳ ʧʝʨʝʜʘʶʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʩʝʥʩʦʨʦʚ, ʚʩʪʨʦʝʥʥʳʭ ʚ ʢʦʥʯʠʢʠ ʩʦʟʜʘʥʥʦʡ ʣʘʜʦʥʠ, ʟʘʧʷʩʪʴʷ ʠ ʧʘʣʴʮʝʚ. 

ɼʘʥʥʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʘʮʠʝʥʪʢʝ ʦʱʫʱʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʘʤʦʛʦ 

ʧʨʦʪʝʟʘ, ʥʦ ʯʫʚʩʪʚʦʚʘʪʴ ʠ ʩʞʠʤʘʪʴ ʙʠʦʨʫʢʦʡ ʧʨʝʜʤʝʪʳ. 

ʉʝʛʦʜʥʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʚ ʦʙʣʘʩʪʠ ʙʠʦʠʥʞʝʥʝʨʠʠ ʧʦʟʚʦʣʷʶʪ ʚʞʠʚʣʷʪʴ 

ʧʨʦʪʝʟʳ ʜʘʞʝ ʚʥʫʪʨʴ ʪʝʣʘ (ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʦʩʫʜʳ, ʩʫʩʪʘʚʳ ʠ ʜʘʞʝ ʦʨʛʘʥʳ). ɺ ʢʦʥʮʝ XX 

ʚʝʢʘ ʥʘʯʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʢʘʨʜʠʦʧʨʦʪʝʟʘ, ʩʧʦʩʦʙʥʦʛʦ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʫ ʩʝʨʜʮʝ. ʊʘʢ, ʚ 

2000 ʛʦʜʫ, ʧʝʨʚʳʡ ʪʘʢʦʡ ʧʨʦʪʝʟ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʇʠʪʝʨʫ ʍʘʫʪʦʥʫ, ʢʦʪʦʨʦʤʫ ʙʳʣʦ 

ʩʫʞʜʝʥʦ ʞʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʜʝʣʴ. ʆʜʥʘʢʦ ʦʧʝʨʘʮʠʷ ʫʜʣʠʥʠʣʘ ʩʨʦʢ ʝʛʦ ʞʠʟʥʠ ʥʝ ʥʘ 

ʥʝʜʝʣʠ ʠʣʠ ʤʝʩʷʮʳ, ʘ ʥʘ ʮʝʣʳʭ ʩʝʤʴ ʣʝʪ. [2] 

ʅʘʩʪʦʷʱʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ 

ʙʠʦʥʠʯʝʩʢʦʛʦ ʛʣʘʟʘ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʤʦʛʘʶʱʝʝ ʥʝʟʨʷʯʠʤ ʣʶʜʷʤ ʯʘʩʪʠʯʥʦ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʟʨʝʥʠʝ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʪʝʟ ʩʝʪʯʘʪʢʠ, ʘ ʠʤʝʥʥʦ ʧʦʣʠʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ ʩ ʬʦʪʦʜʠʦʜʘʤʠ. ʉʠʛʥʘʣʳ ʧʨʦʠʟʚʦʜʷʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʡʨʦʥʳ ʚ ʩʝʪʯʘʪʢʝ ʛʣʘʟʘ. 

ɺʩʪʨʦʝʥʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ ʬʠʢʩʠʨʫʝʪ ʢʘʨʪʠʥʢʫ ʠ ʩʦʭʨʘʥʷʝʪ ʝʝ ʚ ʧʨʦʮʝʩʩʦʨʝ. ʆʪʪʫʜʘ 

ʩʠʛʥʘʣ ʦʪʧʨʘʚʣʷʝʪʩʷ ʨʝʩʠʚʝʨʫ ʠ ʬʦʪʦʩʝʥʩʦʨʫ, ʢʦʪʦʨʳʡ ʚʞʠʚʣʸʥ ʚ ʩʝʪʯʘʪʢʫ ʛʣʘʟʘ. ʏʝʨʝʟ 

ʦʧʪʠʯʝʩʢʠʡ ʥʝʨʚ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʧʝʨʝʜʘʶʪʩʷ ʚ ʤʦʟʛ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ 

ʪʘʢʦʛʦ ʛʣʘʟʘ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʠʜʝʪʴ ʤʠʨ ʚ ʯʝʨʥʦ-ʙʝʣʦʤ ʩʚʝʪʝ ʠ 

ʨʘʩʧʣʳʚʯʘʪʦ, ʥʦ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʜʦ ʵʪʦʛʦ ʙʳʣʠ ʘʙʩʦʣʶʪʥʦ ʩʣʝʧʳʤʠ, ʦʯʝʥʴ ʨʘʜʳ ʵʪʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ. [4] 

ʉʝʛʦʜʥʷ ʧʨʠʤʝʥʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ 3D-ʧʨʠʥʪʝʨʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʫʶ ʩʪʨʘʥʠʮʫ ʚ 

ʠʩʪʦʨʠʠ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ: ʦʪ ʧʝʯʘʪʠ ʠʤʧʣʘʥʪʘʪʦʚ ʠ ʧʨʦʪʝʟʦʚ ʢ ʧʝʯʘʪʠ ʪʘʢʠʭ ʦʨʛʘʥʦʚ, 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 19 ð   

 

ʢʘʢ ʩʝʨʜʮʝ, ʧʦʯʢʠ ʠ ʧʝʯʝʥʴ. ʄʦʞʥʦ ʣʠʰʴ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ 

ʦʨʛʘʥʳ ʜʘʞʝ ʙʫʜʫʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʦ ʬʫʥʢʮʠʷʤ ʥʘʪʫʨʘʣʴʥʳʝ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʩʝʛʦʜʥʷ ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʤʝʜʠʮʠʥʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʠʨʥʦʝ ʚʨʝʤʷ, ʪʳʩʷʯʠ ʣʶʜʝʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʢʘʞʜʳʡ ʛʦʜ ʧʦʧʘʜʘʶʪ ʚ ʪʨʫʜʥʫʶ ʞʠʟʥʝʥʥʫʶ ʩʠʪʫʘʮʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʪʨʘʚʤʘʪʠʟʤʦʤ ʠʣʠ 

ʘʤʧʫʪʘʮʠʝʡ ʢʦʥʝʯʥʦʩʪʝʡ, ʩ ʫʪʨʘʪʦʡ ʬʫʥʢʮʠʡ ʦʨʛʘʥʦʚ ʚʩʣʝʜʩʪʚʠʝ ʪʷʞʸʣʳʭ ʙʦʣʝʟʥʝʡ. 

ɹʠʦʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ʜʘʸʪ ʪʘʢʠʤ ʣʶʜʷʤ ʥʦʚʳʡ ʰʘʥʩ ʥʘ ʧʦʣʥʦʮʝʥʥʫʶ ʞʠʟʥʴ, 

ʚʦʟʚʨʘʱʘʝʪ ʠʭ ʢ ʨʝʘʙʠʣʠʪʘʮʠʠ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʤʦʜʝʣʝʡ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʦʷʪ ʦʯʝʥʴ ʜʦʨʦʛʦ (ʦʪ ʪʨʸʭ ʜʦ ʧʷʪʠ ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ), ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʠʭ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ. ʂ ʩʯʘʩʪʴʶ, ʥʘʫʢʘ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ ʠ ʙʳʩʪʨʳʝ ʪʝʤʧʳ ʝʸ 

ʨʘʟʚʠʪʠʷ ʦʩʪʘʚʣʷʶʪ ʥʘʜʝʞʜʫ ʥʘ ʪʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʙʠʦʧʨʦʪʝʟʳ ʩʪʘʥʫʪ 

ʜʦʩʪʫʧʥʳ ʢʘʞʜʦʤʫ, ʢʪʦ ʚ ʥʠʭ ʥʫʞʜʘʝʪʩʷ. ʍʦʯʝʪʩʷ ʚʝʨʠʪʴ, ʯʪʦ ʧʨʦʠʟʦʡʜʸʪ ʵʪʦ ʦʯʝʥʴ 

ʩʢʦʨʦ. ʋʞʝ ʩʝʡʯʘʩ ʚ ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʪʝʟʳ ʚʩʪʨʦʝʥʳ ʬʫʥʢʮʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʣʘʪʝʞʝʡ, ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʪʝʟʦʚ ʩ ʜʠʩʧʣʝʷʤʠ, ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʠʤʝʶʱʠʤʠ 

ʩʭʦʜʩʪʚʦ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʤʘʨʪʬʦʥʘʤʠ ʩ ʛʦʣʦʩʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʅʝ ʟʘ ʛʦʨʘʤʠ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʙʠʦʥʠʯʝʩʢʦʝ ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ʩʪʘʥʝʪ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʝ ʪʦʣʴʢʦ 

ʩʙʳʚʰʝʡʩʷ ʤʝʯʪʦʡ, ʥʦ ʠ ʤʝʪʦʜʦʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʣʘ ʠ, ʚʦʟʤʦʞʥʦ, 

ʧʦʤʦʞʝʪ ʦʪʢʨʳʪʴ ʯʝʣʦʚʝʯʝʩʪʚʫ ʧʫʪʴ ʢ ʙʝʩʩʤʝʨʪʠʶ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʪʩʪʨʝʣʘ ʥʘʨʝʟʥʦʛʦ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʧʫʣʴ ʠ 

ʛʠʣʴʟ ʚ ʮʝʣʷʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʨʫʞʠʷ ʠ ʝʛʦ ʘʪʪʝʩʪʘʮʠʠ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʠ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʪʩʪʨʝʣʝ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʬʘʢʪʦʨʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʙʦʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʨʝʟʥʦʝ ʦʛʥʝʩʪʨʝʣʴʥʦʝ ʦʨʫʞʠʝ, ʧʫʣʷ, ʛʠʣʴʟʘ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʩʣʝʜʳ, ʥʝʜʝʬʦʨʤʠʨʫʶʱʝʝ ʪʦʨʤʦʞʝʥʠʝ, ʢʦʥʪʨʦʣʴʥʳʡ ʦʪʩʪʨʝʣ 

 

Abstract 

The modernised mechanised complex of monitoring shooting of the rifled fire-arms, 

intended for catching of bullets and barrels with a view of identification of the weapon and its 

certification is created. Complex upgrading allows more economical and to use effectively the 

material resources at monitoring shooting, to improve the quality of procedure and 

productivity, safety at negative actions of the human factor and technical malfunctions. 

Keywords: rifled weapon, bullet, barrel, identification  tracks, braking without 

deformation, monitor shooting 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʄɺɼ, 

ʯʘʩʪʥʳʤʠ ʦʭʨʘʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʪʠʨʘʤʠ, ʘ ʪʘʢʞʝ ʛʨʘʞʜʘʥʘʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ 

ʦʭʦʪʦʚʝʜʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ ʛʨʘʞʜʘʥʘʤʠ, ʧʨʠʦʙʨʝʪʘʶʱʠʤʠ ʦʨʫʞʠʝ ʜʣʷ 

ʩʘʤʦʦʙʦʨʦʥʳ, ʪʨʝʙʫʝʪ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʩʬʝʨʝ ʦʙʦʨʦʪʘ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʌ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʢʨʠʤʠʥʘʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ 

ʚʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ. ɸʪʪʝʩʪʘʮʠʷ ʥʘʨʝʟʥʦʛʦ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʨʦʟʳʩʢʘ ʚ ʩʣʫʯʘʝ ʫʪʨʘʪʳ, ʭʠʱʝʥʠʷ, ʘ ʪʘʢ ʞʝ  

ʨʘʩʢʨʳʪʠʷ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʩʦʚʝʨʰʸʥʥʳʭ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ (ʇʨʠʢʘʟ ʄɺɼ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ˉ118). ɸʪʪʝʩʪʘʮʠʷ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ. ɸʪʪʝʩʪʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʝʜʠʥʠʮʳ ʦʨʫʞʠʷ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʫʣʘʚʣʠʚʘʥʠʝ ʧʫʣʴ ʠ ʛʠʣʴʟ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʢʦʥʪʨʦʣʴʥʦʤ ʦʪʩʪʨʝʣʝ ʠ 

ʧʝʨʝʜʘʯʘ ʠʭ ʚ ʎʝʥʪʨʘʣʴʥʫʶ ʧʫʣʝʛʠʣʴʟʦʪʝʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʨʫʞʠʝ 

ʧʦ ʧʫʣʷʤ ʠ ʛʠʣʴʟʘʤ ʚ ʩʣʫʯʘʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʫʞʠʷ ʚ 

ʧʨʝʩʪʫʧʥʳʭ ʮʝʣʷʭ.  

ʇʨʦʮʝʜʫʨʘ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ [1-3]. ɺ ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ [1, 3, 4], ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʜʚʦʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʮʝʥʪʨʘʭ. ʇʨʠ 

ʩʦʟʜʘʥʠʠ  ʢʦʤʧʣʝʢʩʦʚ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ ʨʝʰʘʝʪʩʷ ʨʷʜ ʟʘʜʘʯ ʧʦ ʪʦʯʥʦʤʫ 

ʥʘʚʝʜʝʥʠʶ ʦʨʫʞʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʩʧʫʩʢʘ, ʫʣʘʚʣʠʚʘʥʠʶ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 21 ð   

 

ʧʫʣʴ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ ʠ ʚʳʙʨʦʰʝʥʥʳʭ ʠʟ ʧʘʪʨʦʥʥʠʢʘ ʩʪʨʝʣʷʥʳʭ ʛʠʣʴʟ. 

ʄʝʭʘʥʠʟʤʳ ʠ ʜʝʪʘʣʠ ʥʘʨʝʟʥʦʛʦ ʦʨʫʞʠʷ, ʢʦʪʦʨʳʝ ʦʩʪʘʚʣʷʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʣʝʜʳ ʥʘ 

ʧʫʣʷʭ ʠ ʛʠʣʴʟʘʭ ï ʩʪʨʝʣʷʶʱʠʡ, ʧʦʜʘʶʱʠʡ ʧʘʪʨʦʥʳ, ʚʳʙʨʘʩʳʚʘʶʱʠʡ ʛʠʣʴʟʳ ʤʝʭʘʥʠʟʤ 

ʠ ʚʠʥʪʦʚʳʝ ʥʘʨʝʟʳ ʩʪʚʦʣʘ. 

ʋʣʘʚʣʠʚʘʥʠʝ ʜʦʣʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʘ ʧʫʣʷʭ ʠ ʛʠʣʴʟʘʭ 

ʦʩʪʘʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʩʣʝʜʳ ʥʘʨʝʟʦʚ ʢʘʥʘʣʘ ʩʪʚʦʣʘ, ʩʣʝʜʳ ʦʪ ʫʜʘʨʘ ʙʦʡʢʘ ʧʦ 

ʢʘʧʩʶʣʶ-ʚʦʩʧʣʘʤʝʥʠʪʝʣʶ, ʘ ʪʘʢʞʝ ʩʣʝʜʳ ʥʘ ʛʠʣʴʟʘʭ ʦʪ ʚʳʙʨʘʩʳʚʘʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʋʣʘʚʣʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ ʥʝ ʜʦʣʞʥʳ ʜʝʬʦʨʤʠʨʦʚʘʪʴ ʧʫʣʠ ʠ 

ʛʠʣʴʟʳ ʠ ʥʝ ʥʘʥʦʩʠʪʴ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ [1].  

ʈʘʟʨʘʙʦʪʘʥ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʦʪʩʪʨʝʣʘ ʜʣʷ ʘʚʪʦʤʘʪʦʚ ʠ ʢʘʨʘʙʠʥʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʫʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 690 - 840 ʤ/ʩ, 

ʤʘʩʩʦʡ ʧʫʣʠ 7.9 ï 9.6 ʛ. ʠ ʜʫʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʚ ʠʥʪʝʨʚʘʣʝ 1300 - 3500 ɼʞ , ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʣʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʭʦʪʥʠʯʴʝʛʦ ʦʨʫʞʠʷ ï ʢʘʨʘʙʠʥʦʚ 7.62 ʤʤ çʊʠʛʨè, çɸʨʭʘʨè, 

çʉʘʡʛʘè, çʉʦʙʦʣʴè, çɺʝʧʨʴè, çʃʦʩʴè, çɹʘʨʩè ʠ ʜʨ. (ʪʘʙʣʠʮʘ). 

ʊʘʙʣʠʮʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʣʴ ʠ ʧʘʪʨʦʥʦʚ ʦʨʫʞʠʷ 
ʊʠʧ ʦʨʫʞʠʷ ʂʘʣʠʙʨ ʠ ʪʠʧ ʧʫʣʠ ɼʫʣʴʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ ʄʘʩʩʘ ʧʫʣʠ, ʛ 

ɸʚʪʦʤʘʪ ɸʂʄ 7.62, ʩʪʘʣʴ ʆɹ/ʇʉ 710-740 7.9 

ɺʠʥʪʦʚʢʘ ʉɺɼ 7.62, ʩʪʘʣʴ ʆɹ/ʇʉ 820-840 9.6 

ʂʘʨʘʙʠʥ ʉʘʡʛʘ 7.62, ʩʪʘʣʴ ʆɹ/ʇʉ 720 7.9 

ɸʚʪʦʤʘʪ ɸʂʄ 7.62, ʩʪʘʣʴ ʆɹ/ʊʋʉ 710-740 7.9 

ɺʠʥʪʦʚʢʘ ʉɺɼ 7.62, ʩʪʘʣʴ ʆɹ/ʊʋʉ 820-840 9.6 

ʇʨʠʤʝʯʘʥʠʝ - ʆɹ ï ʦʙʦʣʦʯʝʯʥʘʷ ʩʚʠʥʮʦʚʘʷ ʧʫʣʷ, ɹʆ ï ʩʚʠʥʮʦʚʘʷ ʧʫʣʷ ʙʝʟ ʦʙʦʣʦʯʢʠ, 

ʆɹ/ʇʉ ï ʦʙʦʣʦʯʝʯʥʘʷ ʧʫʣʷ ʩ ʧʨʦʩʪʳʤ ʩʪʘʣʴʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ, ʆɹ/ʊʋʉ ï ʧʫʣʷ ʩ 

ʪʝʨʤʦʫʧʨʦʯʥʝʥʥʳʤ ʩʪʘʣʴʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ.  

 

ʂʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʯʘʩʪʠ: 

ʜʝʨʞʘʪʝʣʴ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʦʨʫʞʠʷ ʩ ʛʠʣʴʟʦʫʣʘʚʣʠʚʘʪʝʣʝʤ, ʙʣʦʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʪʦʨʤʦʞʝʥʠʷ ʧʫʣʠ ʠ ʙʣʦʢ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʧʫʣʠ. 

ʄʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʝʭʢʨʘʪʥʦʛʦ 

ʚʳʩʪʨʝʣʘ ʠʟ ʦʨʫʞʠʷ [2]. ʆʨʫʞʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʝʨʞʘʪʝʣʝ - 1 ʠ ʟʘʞʠʤʝ - 2 ʠ ʩ 

ʧʦʤʦʱʴʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʝʨʝʜʥʝʛʦ ʫʧʦʨʘ - 6 ʚʳʩʪʘʚʣʷʝʪʩʷ ʦʩʴ ʩʪʚʦʣʘ ʚʜʦʣʴ ʣʠʥʠʠ 

ʧʨʠʮʝʣʠʚʘʥʠʷ - 4. ʋʣʘʚʣʠʚʘʥʠʝ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʛʠʣʴʟ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʫʩʪʨʦʡʩʪʚʘ - 5.  

ɹʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʚʳʩʪʨʝʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʵʣʝʢʪʨʦʩʧʫʩʢʘ ï 3. ɺʳʩʪʨʝʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʪʦʣʴʢʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʨʠ 

ʚʢʣʶʯʸʥʥʦʤ ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ ʠ ʩʚʝʪʦʚʦʡ ʢʦʥʪʨʦʣʴʥʦʡ ʠʥʜʠʢʘʮʠʠ. ʇʨʠ ʦʩʝʯʢʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʳʡ ʚʳʩʪʨʝʣ. ʇʦʩʣʝ ʚʳʩʪʨʝʣʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʦʪʢʣʶʯʘʝʪʩʷ. ɼʣʷ 

ʪʦʯʥʦʛʦ ʧʨʠʮʝʣʠʚʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʣʘʟʝʨʥʳʡ  ʧʨʠʮʝʣ. 

 

 
ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ ʥʘʨʝʟʥʦʛʦ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ 

ʦʨʫʞʠʷ 

 



ð 22 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʅʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʫʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʭʨʦʥʦʛʨʘʬʫ ñʉOMPETITIVE EDGE  

DYNAMICS (CED) Millenniumò  ï 7.  
ɹʣʦʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ï 8 ʫʩʪʘʥʦʚʣʝʥ  ʚ ʧʦʧʝʨʝʯʥʦʡ ʩʪʘʥʠʥʝ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʟʘ ʩʯʸʪ ʧʦʧʝʨʝʯʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʰʪʫʨʚʘʣʘ ï 9 ʧʨʦʠʟʚʦʜʠʪʴ 
ʩʝʨʠʠ ʚʳʩʪʨʝʣʦʚ ʙʝʟ ʟʘʤʝʥʳ ʙʣʦʢʘ ʪʦʨʤʦʞʝʥʠʷ.  10 ï ʵʣʝʤʝʥʪʳ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 
ʪʦʨʤʦʞʝʥʠʷ ʧʫʣʠ. 11 ï ʟʘʜʥʠʡ ʘʤʦʨʪʠʟʘʪʦʨ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʝʨʠʠ ʚʳʩʪʨʝʣʦʚ ʚ ʧʨʦʮʝʜʫʨʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ ʧʨʠʤʝʥʸʥ 
ʥʘʢʣʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʧʫʣʴ - 12, ʦʙʣʠʮʦʚʘʥʥʳʡ ʧʣʘʩʪʠʯʥʳʤ ʨʝʟʠʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. 
ʅʘʢʦʧʠʪʝʣʴ ʧʫʣʴ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʢʘʨʤʘʥʘ, ʚʳʥʝʩʝʥʥʦʛʦ ʟʘ ʦʩʥʦʚʥʦʡ ʢʦʥʪʫʨ ʫʯʘʩʪʢʘ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʙʦʨ ʦʪʩʪʨʝʣʷʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʩʣʝ ʩʝʨʠʠ ʚʳʩʪʨʝʣʦʚ.  

ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʩʦʭʨʘʥʝʥʠʝ ʦʩʥʦʚʥʳʭ 
ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ. ʇʦʣʫʯʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʦʚ ʥʘ ʧʫʣʝ ʦʪʨʘʞʘʶʪ 
ʥʘʧʨʘʚʣʝʥʠʝ ʚʠʥʪʦʚʳʭ ʥʘʨʝʟʦʚ, ʜʠʘʤʝʪʨ ʢʘʥʘʣʘ ʩʪʚʦʣʘ ʧʦ ʧʦʣʷʤ ʠ ʥʘʨʝʟʘʤ, ʛʣʫʙʠʥʫ, 
ʰʠʨʠʥʫ ʠ ʰʘʛ ʥʘʨʝʟʦʚ. ʅʘ ʢʘʯʝʩʪʚʦ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʩʣʝʜʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 
ʥʘʩʪʨʝʣ ʠ ʠʟʥʦʩ ʩʪʚʦʣʘ.  ɼʣʷ çʤʷʛʢʦʛʦ ʥʝʜʝʬʦʨʤʠʨʫʶʱʝʛʦè ʪʦʨʤʦʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪ 
ʚʦʟʜʫʰʥʦʝ, ʩʪʨʫʡʥʦ-ʞʠʜʢʦʩʪʥʦʝ ʪʦʨʤʦʞʝʥʠʝ,  ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʩʨʝʜʳ, ʧʦʣʝʚʳʝ ʩʠʩʪʝʤʳ 
ʠ ʜʨ. ɺ ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʦʚʝʜʝʥʳ  ʩʝʨʠʠ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʧʦʜʙʦʨʫ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʚ ʧʨʠʤʝʥʝʥʠʠ ʠ 
ʜʦʩʪʫʧʥʳʭ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ. ʆʧʨʝʜʝʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ çʥʝʜʝʬʦʨʤʠʨʫʶʱʠʭè ʩʨʝʜ -  
ʚʦʜʘ,  ʘʤʦʨʬʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʙʣʦʯʥʦʛʦ ʠ ʩʪʨʫʞʝʯʥʦʛʦ ʪʠʧʘ,  ʣʠʩʪʦʚʘʷ ʠ  ʥʠʪʝʚʠʜʥʘʷ 
ʨʝʟʠʥʘ, ʙʫʤʘʞʥʘʷ ʤʠʰʫʨʘ ʠ ʜʨ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʜʙʦʨʘ ʪʦʨʤʦʟʥʳʭ ʩʨʝʜ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʩʠʩʪʝʤ ʦʨʫʞʠʷ ʚ ʟʘʜʘʥʥʦʤ 
ʠʥʪʝʨʚʘʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʥʠʤʘʶʪ ʧʨʦʬʠʣʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʤʝʨʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʫʣʠ ʧʦ ʢʦʥʪʫʨʫ, ʧʦʣʫʯʘʝʤʳʡ ʧʝʨʝʩʝʯʝʥʠʝʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʦʩʠ ʧʫʣʠ ʧʣʦʩʢʦʩʪʴʶ. 
ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʯʠʤʳʭ 
ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʘʭ. ʇʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʸʨʪʦʢ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʣʴ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʦʬʠʣʦʛʨʘʤʤ 
ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʧʨʠʤʝʥʠʤʦʩʪʠ ʪʦʨʤʦʟʥʳʭ ʩʨʝʜ. 

ɼʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʙʣʦʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ 
ʧʨʠʤʝʥʝʥʘ ʢʦʤʧʦʟʠʮʠʷ ʠʟ ʧʘʨʘʬʠʥʘ ʩʦʩʪʘʚʘ ʉ18ʅ38 ï ʉ35ʅ72 ʧʣʦʪʥʦʩʪʴʶ 0.880 ï 0.915 
ʛ/ʩʤ

3
 ʠ ʜʨʫʛʠʭ ʩʤʝʩʝʡ ʘʤʦʨʬʥʳʭ ʪʚʸʨʜʳʭ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʤʝʩʝʚʘʷ 

ʢʦʤʧʦʟʠʮʠʷ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʩʧʣʘʚʘ ʪʚʸʨʜʳʭ ʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʩʧʝʮʠʘʣʴʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʚʝʨʩʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʘʥʠʷ ʚ ʪʦʨʤʦʟʥʦʤ ʙʣʦʢʝ ʠ 
ʪʨʘʝʢʪʦʨʠʠ ʧʫʣʠ. ʆʪʢʣʦʥʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʫʣʠ ʦʪ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʦʩʝʚʦʡ 
ʪʨʘʝʢʪʦʨʠʠ ʪʦʨʤʦʟʥʦʛʦ ʙʣʦʢʘ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʡ ʠʟʥʦʩ ʢʘʥʘʣʘ ʩʪʚʦʣʘ, 
ʚʦʟʤʦʞʥʳʡ ʟʘʚʦʜʩʢʦʡ ʙʨʘʢ ʧʫʣʠ, ʘ ʪʘʢ ʞʝ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʤʝʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 
ʪʦʨʤʦʟʥʦʡ ʩʨʝʜʳ ʠʟ-ʟʘ ʧʦʧʘʜʘʥʠʷ ʫʯʘʩʪʢʦʚ ʫʧʣʦʪʥʝʥʠʡ ʚ ʧʘʨʘʬʠʥʦʚʦʡ ʩʤʝʩʠ ʠʣʠ 
ʩʣʫʯʘʡʥʦ ʦʢʘʟʘʚʰʠʭʩʷ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ (ʵʣʝʤʝʥʪʦʚ ʧʫʣʴ ʦʪ ʧʨʝʜʳʜʫʱʠʭ 
ʚʳʩʪʨʝʣʦʚ).  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʙʣʦʢʘ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʠ ʟʘʜʥʝʛʦ 
ʘʤʦʨʪʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʠʩʪʦʚʘʷ ʨʝʟʠʥʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ 
ʪʚʸʨʜʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʴʥʦʛʦ 
ʦʪʩʪʨʝʣʘ ʦʛʥʝʩʪʨʝʣʴʥʦʛʦ ʦʨʫʞʠʷ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʠ ʢʦʥʪʨʦʣʴʥʦʤ ʦʪʩʪʨʝʣʝ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 
ʩʙʦʷʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʪʩʪʨʝʣʘ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʯʝʪ ʦʧʦʨ ʃʕʇ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. 

ʆʥʠ ʷʚʣʷʶʱʠʭʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. ʇʦʜʦʙʥʳʝ ʠʟʜʝʣʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʫʧʘʶʱʝʡ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʝʝ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʜʘʯʠ ʧʦ ʩʝʪʠ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʩʠʣʦʚʳʭ ʧʨʦʚʦʜʦʚ, ʧʝʨʝʜʘʶʱʠʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʦʧʦʨʘʭ ʃʕʇ ʧʨʦʷʚʣʷʶʪʩʷ ʩʢʨʳʪʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʚʠʜʝ ʨʘʟʨʫʰʝʥʠʷ 

ʩʚʘʨʦʯʥʳʭ ʰʚʦʚ ʩʦʝʜʠʥʝʥʠʡ. ɺʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʘʚʘʨʠʡʥʫʶ ʨʘʙʦʪʫ ʃʕʇ ʚ ʨʝʞʠʤʝ 

ʥʦʨʤʘʣʴʥʦʡ ʠ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʪʠʤʠʟʘʮʠʷ, ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʧʦʨʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʥʘʛʨʫʟʢʘ, ʥʘʧʨʷʞʝʥʠʝ, ʧʨʦʯʥʦʩʪʴ, ʩʪʦʡʢʘ. 
 

Abstract 

Calculation of transmission line supports is carried out when designing distribution 

networks. They are one of the key elements of high-voltage power lines. Such products are 

used for distribution of incoming electricity and its further transmission over the network and 

are intended for fixing power wires that transmit electricity. As a result of long-term 

operation, hidden faults appear in the transmission line supports in the form of destruction of 

welding joints. It is important to ensure trouble-free operation of power lines in normal and 

emergency mode. 

Keywords: optimization, metal construction, computer-aided design, support, 

stability, load, stress, strength, rack. 
 
ʆʧʦʨʘ ï ʵʪʦ ʠʥʞʝʥʝʨʥʳʡ ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʨʘʟʨʫʰʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʏʪʦʙʳ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʧʦʣʥʷʣʘ ʟʘʣʦʞʝʥʥʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʬʫʥʢʮʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʠʟʜʝʣʠʷ [1, 2]. ʊʠʧʦʚʳʝ ʧʨʦʝʢʪʳ ʪʘʢʠʭ ʦʧʦʨ ʥʝ ʚʩʝʛʜʘ ʦʪʚʝʯʘʶʪ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʭ ʧʨʠʭʦʜʠʪʩʷ ʜʦʧʦʣʥʷʪʴ ʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ. ʇʨʠ ʵʪʦʤ ʣʶʙʳʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʦʣʞʥʳ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʜʝʣʠʝ ʤʦʞʝʪ 

ʠʩʧʳʪʳʚʘʪʴ ʨʝʛʫʣʷʨʥʳʝ ʚʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʥʘ ʥʝʤ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʣʝʜʷʥʘʷ ʢʦʨʢʘ. ʋʯʝʪ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʟʘʷʚʣʝʥʥʦʡ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ [3, 4]. ʆʧʦʨʳ ʠ 

ʙʘʰʥʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʤʝʶʪ ʙʦʣʴʰʦʡ ʟʘʧʘʩ 
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ð 24 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʧʨʦʯʥʦʩʪʠ. ɺ ʥʠʭ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʢʘʪʳʚʘʝʤʳʝ ʧʨʦʬʠʣʠ, ʧʨʦʠʟʚʝʜʝʥʘ ʫʥʠʬʠʢʘʮʠʷ 

ʦʧʦʨ, ʦʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʇʨʘʚʠʣʴʥʳʡ ʨʘʩʯʝʪ ʥʘʛʨʫʟʢʠ ʥʘ ʦʧʦʨʫ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʚʘʨʠʘʥʪ, ʧʦʣʥʦʩʪʴʶ 

ʦʪʚʝʯʘʶʱʠʡ ʩʪʘʥʜʘʨʪʘʤ ʧʨʦʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʈʘʩʯʝʪ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʶ, ʩʧʦʩʦʙʥʫʶ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʚʦʟʣʦʞʝʥʥʳʝ ʥʘ ʥʝʝ ʬʫʥʢʮʠʠ 

ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ [5, 6]. ʆʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʦʨ ʠ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ʆʞʠʜʘʝʤʘʷ ʥʘʛʨʫʟʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʠʟʜʝʣʠʝ, ʢʦʪʦʨʦʝ ʥʝ ʪʦʣʴʢʦ ʩʧʨʘʚʠʪʩʷ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʥʦ ʠ ʩʦʭʨʘʥʠʪ 

ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʩʣʫʯʘʝ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʘʩʩʝ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʘʤʘ ʦʧʦʨʘ, ʥʦ ʠ ʢʦʥʩʦʣʠ, ʧʨʦʚʦʜʘ, ʦʩʥʦʚʘʥʠʝ. ɺ ʦʩʥʦʚʝ 

ʨʘʩʯʝʪʘ ï ʤʝʪʦʜ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʡ ʪʨʝʙʦʚʘʥʠʷ, ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʟʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʳ: ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʟʛʦʪʦʚʣʝʥʘ ʦʧʦʨʘ, ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ, ʭʘʨʘʢʪʝʨʘ ʠ 

ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʦʢ [7]. ʉʣʝʜʫʶʱʠʡ ʧʨʝʜʝʣʴʥʳʡ ʨʝʞʠʤ ï ʘʚʘʨʠʡʥʳʡ, ʪ. ʝ. ʧʨʠ ʦʙʨʳʚʝ 

ʧʨʦʚʦʜʦʚ ʠ ʪʨʦʩʦʚ. ɺ ʪʘʢʦʤ ʨʝʞʠʤʝ ʙʘʰʥʷ ʨʘʙʦʪʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʣʛʦ, ʥʦ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʨʘʩʯʝʪ ʤʦʜʝʣʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʝʰʝʪʯʘʪʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʧʦʚʳʰʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [8, 9].  

 

 
ʈʠʩʫʥʦʢ 1 - ʇʨʦʚʦʜʘ ʠ ʪʨʦʩ ʥʝ ʦʙʦʨʚʘʥʳ: ʘ) ʧʨʦʚʦʜʘ ʩʚʦʙʦʜʥʳ ʦʪ ʛʦʣʦʣʝʜʘ; ʙ) ʧʨʦʚʦʜʘ ʧʦʢʨʳʪʳ 

ʛʦʣʦʣʝʜʦʤ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 25 ð   

 

ʇʨʠ ʨʘʩʯʝʪʝ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʛʨʫʟʢʠ: ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʧʨʦʚʦʜʘ 

(ʪʨʦʩʘ); ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʦʚʦʜ (ʪʨʦʩ); ʚʝʩ ʛʦʣʦʣʝʜʥʳʭ ʦʪʣʦʞʝʥʠʡ; ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʅʘʛʨʫʟʢʠ ʥʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʶ ʙʘʰʥʠ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʘ 

[4]. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʘʨʪʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʩʣʫʯʘʝʚ, 

ʢʦʛʜʘ: 

½ ʜʝʡʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚʝʪʨʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʦʜ ʫʛʣʦʤ 45Áʢ ʪʨʘʚʝʨʩʝ; 

½ ʧʨʦʚʦʜʘ ʧʦʢʨʳʪʳ ʛʦʣʦʣʝʜʦʤ (ʨʠʩ.1); 

½ ʦʙʦʨʚʘʥ ʦʜʠʥ ʧʨʦʚʦʜ; 

½ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʠ ʩʚʘʨʥʦʛʦ ʰʚʘ, ʥʝ ʨʘʙʦʪʘʝʪ ʦʜʠʥ ʠʟ ʨʘʩʢʦʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1é3 

ʂʦʛʜʘ ʦʙʦʨʚʘʥ ʦʜʠʥ ʧʨʦʚʦʜ, ʥʘʧʨʷʞʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʦ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʩʪʦʡʢʘʤ ʢʦʥʩʪʨʫʢʮʠʠ 80é90 ʄʇʘ, ʢʨʦʤʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ï 145ʄʇʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ï ʚ 

ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʪʨʘʚʝʨʩʳ ʢ ʢʦʥʩʪʨʫʢʮʠʠ 187 ʄʇʘ. ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʢʨʝʧʣʝʥʠʷ ʦʜʥʦʛʦ 

ʨʘʩʢʦʩʘ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ, ʛʜʝ ʙʳʣ ʨʘʩʢʦʩ (ʨʠʩ. 3). ʉʨʝʜʥʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʪʦʡʢʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʛʨʘʬʠʢʝ (ʨʠʩ. 4)  

ʇʨʠ ʨʘʟʨʫʰʝʥʠʠ ʢʨʝʧʣʝʥʠʷ ʨʘʩʢʦʩʘ ʥʘʜ ʪʨʘʚʝʨʩʦʡ ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʣʦ ʤʝʥʴʰʝ, 

ʯʝʤ ʧʨʠ ʦʙʦʨʚʘʥʥʦʤ ʧʨʦʚʦʜʝ (156 ʠ 187), ʥʦ ʩʪʦʡʢʠ ʙʘʰʥʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʛʨʫʞʝʥʳ ʧʦ ʚʩʝʡ ʜʣʠʥʝ (ʨʠʩ. 4)  

ʅʘʤʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʳ ʧʨʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʨʘʩʢʦʩʦʚ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʩʪʦʡʢʘʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʩʪʘʚʰʠʭʩʷ ʠʩʧʨʘʚʥʳʭ ʨʘʩʢʦʩʘʭ. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʬʝʢʪʥʦʛʦ ʨʘʩʢʦʩʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʉʦʛʣʘʩʥʦ 

ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʦʨʳ 

ʦʢʘʟʳʚʘʶʪ ʥʠʞʥʠʝ ʨʘʩʢʦʩʳ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʘʧʨʷʞʝʥʠʝ ʚ ʦʧʦʨʝ ʠ ʚ ʩʝʯʝʥʠʠ ʇ35-1. ʆʙʦʨʚʘʥ ʦʜʠʥ ʧʨʦʚʦʜ. 

 



ð 26 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

 
ʈʠʩʫʥʦʢ 3 -  ʇʦʚʨʝʞʜʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʨʘʩʢʦʩʦʚ: ʘ) ʥʠʞʥʝʛʦ; ʙ) ʚʚʝʨʭʫ ʥʘʜ ʪʨʘʚʝʨʩʦʡ 

 

 
ʈʠʩʫʥʦʢ 4 - ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʩʪʦʝʢ ʦʪ ʥʦʤʝʨʘ ʨʘʩʢʦʩʦʚ: ʨʷʜ1 ï ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʨʝʜʠʥʝ 

ʨʘʩʢʦʩʘ; ʨʷʜ2 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʨʘʩʢʦʩʝ ʚʙʣʠʟʠ ʟʦʥʳ ʢʨʝʧʣʝʥʠʷ (1- ʥʠʞʥʠʡ ʨʘʩʢʦʩ, 13 ï 

ʚʝʨʭʥʠʡ).  

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʦʨ ʃʕʇ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʳʟʳʚʘʝʪ 
ʦʧʘʩʝʥʠʡ. ʄʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ ʚʳʧʦʣʥʝʥʘ ʩ ʟʘʧʘʩʦʤ ʧʨʦʯʥʦʩʪʠ 

1,27é2,7 ʨʘʟʘ. 

2. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʣʝʝ 10 (ʨʠʩ. 2). 

3. ʇʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʦʩʤʦʪʨʝ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʩʚʘʨʥʳʭ ʰʚʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʦʨ, ʪ.ʢ. ʧʨʠ ʥʘʨʫʰʝʥʠʠ 

ʦʜʥʦʛʦ ʩʚʘʨʥʦʛʦ ʰʚʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʵʪʦʡ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʜʦ 2,1 ʨʘʟʘ (ʨʠʩ. 3). 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʥʘ 

ʙʠʦʜʠʟʝʣʝ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʙʠʦʜʠʟʝʣʷ. ʆʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʪʦʧʣʠʚʘ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʜʠʟʝʣʴ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ, ʤʦʪʦʨʥʳʝ ʤʘʩʣʘ. 

 

Abstract 
This article analyzes the features of operation of biodiesel engines. The positive and 

negative aspects of using biodiesel are considered. The most promising alternative fuels for 
use in diesel engines are identified. 

Keywords: biodiesel, kinematic viscosity, performance indicators, engine oils. 
 
ʋʤʝʥʴʰʝʥʠʝ ʤʠʨʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʚ ʯʘʩʪʥʦʩʪʠ, 
ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʙʠʦʜʠʟʝʣʴ. 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʧʨʝʚʳʰʘʝʪ ʥʘ ʧʦʨʷʜʦʢ 
ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ.  ʇʨʠ ʥʦʨʤʘʣʴʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ 
ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ɼʊ (ɜ=3,54 ʤʤ

2
/ʩ) ʥʘ ʫʨʦʚʝʥʴ ʥʠʞʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ 

ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ. ʊʘʢ, ʧʨʠ t=20Áʉ ʚʷʟʢʦʩʪʴ ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ ʩʦʩʪʘʚʣʷʝʪ ɜ=75 ʤʤ
2
/ʩ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʠʩʪʝʤ ʪʦʧʣʠʚʦʧʦʜʘʯʠ 
ʜʠʟʝʣʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ t = 20Áʉ 
ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ ʚ ʩʠʩʪʝʤʝ ʪʦʧʣʠʚʦʧʦʜʘʯʠ ʩʦʩʪʘʚʣʷʝʪ  t = 40-60Áʉ [2; 3]), ʚʷʟʢʦʩʪʴ 
ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʠ t = 40Áʉ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ɜ = 37 ʤʤ

2
 /ʩ. 

ɿʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ [4] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 
ʚʷʟʢʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʙʠʦʜʠʟʝʣʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ, ʚʳʟʳʚʘʶʪ 
ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʢʘʧʝʣʴ ʪʦʧʣʠʚʘ ʚʧʨʳʩʢʠʚʘʝʤʦʛʦ; ʨʦʩʪʘ ʜʣʠʥʳ ʠ 
ʫʤʝʥʴʰʝʥʠʝ ʫʛʣʘ ʨʘʩʧʳʣʝʥʠʷ ʬʘʢʝʣʘ ʪʦʧʣʠʚʘ ʚʧʨʳʩʢʠʚʘʝʪʩʷ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʥʘʨʫʰʝʥʠʶ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ 
ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ. 



ð 28 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʨʘʙʦʪ [5], ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʟʝʣʷ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʫʤʝʥʴʰʝʥʠʷ 
ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʙʠʦʜʠʟʝʣʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ. 
ʇʨʠ ʥʘʛʨʝʚʝ ʜʦ 90Áʉ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʫʣʫʯʰʝʥʠʝ 
ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʟʝʣʷ. ʅʘʛʨʝʚ ʜʦ 120Áʉ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜ 
ʪʦʧʣʠʚʘ ʜʠʟʝʣʝʤ. ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʧʨʠʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʥʝ ʧʨʠʚʦʜʷʪ ʜʘʥʥʳʝ ʦ ʩʥʠʞʝʥʠʠ 
ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʠʟʝʣʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘʛʨʝʚʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʫʪʴ 
ʦʧʪʠʤʠʟʘʮʠʠ ʩʤʝʩʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʠʣʦʚʳʭ ʠʣʠ ʵʪʠʣʦʚʳʭ 
ʵʬʠʨʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʜʣʷ ʣʝʪʥʝʛʦ ʠ ʟʠʤʥʝʛʦ ʧʝʨʠʦʜʦʚ 
ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʟʝʣʷ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʣʩʷ ʟʘʪʨʫʜʥʝʥʥʳʡ ʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ ʥʘ ʩʤʝʩʠ 40% 
ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 60% ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ. ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚ ʵʪʠʭ 
ʫʩʣʦʚʠʷʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʦʛʨʝʚ ʩʤʝʩʝʚʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ ʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ 
ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʧʦʜʦʛʨʝʚ ʪʦʧʣʠʚʘ ʙʳʣ ʥʫʞʝʥ [3]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 
ʫʯʝʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ 
ʜʠʟʝʣʝʡ ʥʘ ʙʠʦʜʠʟʝʣʝ ʠ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚʘʭ ʷʚʣʷʝʪʩʷ ʦʪʣʦʞʝʥʠʝ ʢʦʢʩʘ ʥʘ ʨʘʩʧʳʣʠʪʝʣʝ 
ʬʦʨʩʫʥʢʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ ʩʤʦʣʠʩʪʳʭ ʚʝʱʝʩʪʚ. 
ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʪʦʧʣʠʚʥʦʡ ʙʘʟʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʦʚʝʜʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʝʨ ʧʦ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʵʪʠʭ ʥʝʛʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʫ ʜʦʧʦʣʥʝʥʠʡ ʢ ʨʫʢʦʚʦʜʩʪʚʫ ʧʦ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʦʚ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʩʧʳʣʠʪʝʣʝʡ ʬʦʨʩʫʥʦʢ. 

ʌʠʨʤʘ Porsche ʧʨʦʚʝʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ 
ʨʘʧʩʦʚʦʛʦ ʤʘʩʣʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʠ 
ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʟʝʣʝʡ [6]. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʜʠʟʝʣʠ ʩ ʨʘʟʜʝʣʝʥʥʳʤʠ ʠ ʥʝʨʘʟʜʝʣʝʥʥʳʤʠ 
ʢʘʤʝʨʘʤʠ ʩʛʦʨʘʥʠʷ, ʩ ʪʫʨʙʦʥʘʜʫʚʦʤ ʠ ʦʭʣʘʞʜʝʥʠʝʤ ʥʘʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʙʝʟ 
ʥʘʜʜʫʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʄʕʈʄ ï ʥʘ ʨʝʞʠʤʘʭ 
ʚʥʝʰʥʝʡ ʩʢʦʨʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 
ʩʥʠʞʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʙʦʪʦʡ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. ʇʨʦʙʣʝʤʫ 
ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʫʛʣʝʨʦʜʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʜʝʪʘʣʷʭ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʄʕʈʄ ï, ʥʝ 
ʦʪʤʝʯʝʥʦ. ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʄʕʈʄ ï ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʪʝʨʷ ʝʛʦ ʪʝʢʫʯʝʩʪʠ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ - 5Áʉ. 

ʈʘʙʦʪʳ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ [7] ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʝʦʜʥʦʟʥʘʯʥʦʤ 
ʚʣʠʷʥʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʥʘ ʨʝʩʫʨʩ ʠ ʥʘʜʝʞʥʦʩʪʴ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ 
ʜʠʟʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʥʘʩʦʩʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʧʳʣʠʪʝʣʝʡ 
ʬʦʨʩʫʥʦʢ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʙʠʦʜʠʟʝʣʷ ʧʦʯʪʠ ʚʜʚʦʝ ʚʳʰʝ, ʯʝʤ ʫ ʜʠʟʝʣʴʥʦʛʦ 
ʪʦʧʣʠʚʘ, ʠ ʫʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʙʠʦʜʠʟʝʣʷ ʷʚʣʷʶʪʩʷ ʬʦʩʬʦʣʠʧʠʜʳ ʠ 
ʚʦʩʢʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʨʦʮʝʩʩ ʠʟʥʦʩʘ ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʥʘʩʦʩʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 
ʙʫʜʝʪ ʜʨʫʛʦʡ, ʯʪʦ ʧʦʚʣʠʷʝʪ ʥʘ ʨʝʩʫʨʩ ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ɺʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʙʠʦʜʠʟʝʣʝ ʠ 
ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚʘʭ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ. 
ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʜʚʠʛʘʪʝʣʷ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʩ ʤʘʩʩʦʚʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʥʝ ʙʦʣʝʝ 0,2%. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʙʦʣʝʝ 0,2%, ʩʨʦʢʠ ʟʘʤʝʥʳ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʢʨʘʪʠʪʴ 
ʚʜʚʦʝ, ʪʦ ʝʩʪʴ ʜʦ 250 ʤʦʪʦʯʘʩʦʚ ʠʣʠ 8 ʪʳʩ.ʢʤ. ʧʨʦʙʝʛʘ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʩʝʨʘ 
ʧʨʠ ʩʛʦʨʘʥʠʠ ʚ ʜʚʠʛʘʪʝʣʝ ʦʙʨʘʟʫʝʪ ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ 
ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ ʠ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʠʟʥʦʩʫ 
ʜʦʙʘʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦʝ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʨʝʩʫʨʩ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ 
ʛʨʫʧʧʳ ʜʠʟʝʣʷ. ɼʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʜʝʪʘʣʷʭ ʮʠʣʠʥʜʨʦ-
ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʚ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʜʦʙʘʚʣʷʝʪʩʷ ʱʝʣʦʯʥʘʷ ʧʨʠʩʘʜʢʘ, ʩʦʜʝʨʞʘʥʠʝ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 29 ð   

 
ʢʦʪʦʨʦʡ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʴʰʝ 7,5 ʤʛ ʂʆʅ ʥʘ 1 ʛ ʤʘʩʣʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʠʟʝʣʴʥʦʛʦ 
ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ ʜʦ 0,2%.   

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ 
ʚ ʪʦʧʣʠʚʝ ʩ 0,2% ʜʦ 0,5% (ʩʦʛʣʘʩʥʦ ɻʆʉʊ 305-82 ʩʦʜʝʨʞʘʥʠʝ 0,5% ʧʨʝʜʝʣʴʥʦ 
ʜʦʧʫʩʪʠʤʳʤ ʫʨʦʚʥʝʤ), ʠʟʥʦʩ ʜʚʠʛʘʪʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 25%. ʉʦʜʝʨʞʘʥʠʝ 
ʩʝʨʳ ʚ ʙʠʦʜʠʟʝʣʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 0,001%, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʫʪʚʝʨʞʜʘʪʴ ʦ ʝʝ 
ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ. ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʜʠʟʝʣʷ ʠʣʠ ʩʤʝʩʝʚʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ 
ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʩʥʠʟʠʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʨʦʢʠ ʟʘʤʝʥʳ ʤʦʪʦʨʥʦʛʦ 
ʤʘʩʣʘ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʚ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʜʣʷ ʜʠʟʝʣʝʡ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʱʝʣʦʯʥʘʷ ʧʨʠʩʘʜʢʘ, ʢʦʪʦʨʘʷ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʱʝʣʦʯʥʦʛʦ ʯʠʩʣʘ. ɿʘʤʝʥʘ ʤʘʩʣʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʘ, ʢʦʛʜʘ 
ʱʝʣʦʯʥʦʝ ʯʠʩʣʦ ʫʤʝʥʴʰʠʪʩʷ ʥʘ 30 ... 40% ʦʪ ʥʘʯʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʀʟ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʨʧʦʨʘʮʠʠ çLubrizolè ʠʥʪʝʨʚʘʣʳ ʟʘʤʝʥʳ 
ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʛʨʫʧʧʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ API CG-4 ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 32000 ʢʤ 
ʧʨʦʙʝʛʘ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 1000 ʤʦʪʦʯʘʩʦʚ ʥʘʨʘʙʦʪʢʠ ʚ ʫʩʣʦʚʠʷʭ 
ʤʘʣʦʩʝʨʥʠʩʪʦʛʦ ʪʦʧʣʠʚʘ (ʜʦ 0,05%). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ (ʙʦʣʝʝ 
0,2%) ʩʨʝʜʥʠʡ ʧʨʦʙʝʛ ʜʦ ʟʘʤʝʥʳ, ʩʦʩʪʘʚʣʷʝʪ 8000 ʢʤ (250 ʤʦʪʦʯʘʩʦʚ). 

ʇʦʣʴʩʢʠʤʠ ʠ ʰʚʝʡʮʘʨʩʢʠʤʠ ʫʯʝʥʳʤʠ ʚʳʧʦʣʥʝʥʳ ʩʦʚʤʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʨʘʙʦʪʳ ʜʠʟʝʣʷ ʥʘ ʩʤʝʩʝʚʳʭ ʩʦʩʪʘʚʘʭ ʠʟ ʨʘʧʩʦʚʦʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 
ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʇʨʦʚʝʜʝʥʳ ʨʝʩʫʨʩʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʤʝʩʝʚʳʭ ʩʦʩʪʘʚʘʭ B7, B20, 
B30 ʠ B100. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʜʦʣʠ ʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʚ ʩʤʝʩʝʚʳʭ ʩʦʩʪʘʚʘʭ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʢʠʩʣʝʥʠʷ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʠ ʩʦʢʨʘʱʝʥʠʶ ʝʛʦ ʩʨʦʢʘ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʩʫʨʩʝ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ 
ʛʨʫʧʧʳ. 

ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʩ ʧʨʦʮʝʥʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʝʤ 
ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʫʯʝʥʳʤʠ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʚ 
ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ SAE 15W-40 ʜʦʙʘʚʣʷʣʦʩʴ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʤʝʪʠʣʦʚʳʝ ʵʬʠʨʳ 
ʨʘʧʩʦʚʦʛʦ, ʘʨʘʭʠʩʦʚʦʛʦ, ʩʦʝʚʦʛʦ ʤʘʩʣʘ ʠ ʢʫʨʠʥʦʛʦ ʞʠʨʘ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʩʪʘʚʝ 5%, 10%, 
20% ʠ 30%. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʤʦʪʦʨʥʦʡ ʤʘʩʣʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʥʠʞʘʝʪ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪ ʠʟʥʦʩ ʜʝʪʘʣʝʡ. 
ʉʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʚʣʠʷʥʠʶ ʥʘ ʤʘʩʣʦ ʤʝʞʜʫ ʜʚʫʤʷ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ ʥʝ 
ʦʙʥʘʨʫʞʝʥʦ. 

ʀʤʝʶʱʘʷʩʷ ʥʘ ʩʝʛʦʜʥʷ ʢʨʘʡʥʝ ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ 
ʚʣʠʷʥʠʷ ʪʠʧʘ ʙʠʦʜʠʟʝʣʷ ʠ ʝʛʦ ʩʤʝʩʝʡ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʝʡ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʪʦʨʤʦʟʠʪ ʧʝʨʝʭʦʜ ʢ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚ ʜʣʷ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʠʦʜʠʟʝʣʷ  ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʙʘʟʝ ʵʪʠʣʦʚʳʭ ʵʬʠʨʦʚ ʨʘʧʩʦʚʦʛʦ, 
ʧʦʜʩʦʣʥʝʯʥʦʛʦ ʠ ʩʦʝʚʦʛʦ ʤʘʩʝʣ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʥʦʚʝʡʰʝʡ 9-ʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ ʠ 

ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʫʧʝʥʝʡ ʄʝʪʦʜʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ, ʦʩʝʨʘʜʠʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʢʦʣʝʩʦ, 

ʙʝʟʣʦʧʘʪʦʯʥʳʡ ʜʠʬʬʫʟʦʨ, ʂʇɼ 

 

Abstract 

The paper presents the features of the latest 9th version of the program for calculating 

and optimal gas-dynamic design of centrifugal compressors and compressor stages called 

Universal Modeling Method. 

Key words: centrifugal compressor, 3D impeller, vaneless diffuser, efficiency 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʥʪʨʦʙʝʞʥʳʝ ʢʦʤʧʨʝʩʩʦʨʳ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʢʝ ʧʨʦʤʳʰʣʝʥʥʦ 

ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ. ɿʘʜʘʯʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʟʘʜʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʜʘʚʣʝʥʠʡ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʭʦʜʝ ʠ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʂʇɼ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʛʣʘʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ï ʩʪʦʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʧʨʠʚʦʜ ʢʦʤʧʨʝʩʩʦʨʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʤʝʪʦʜʦʚ. 

ɺ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

(ʉʇʙʇʋ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʨʝʩʩʦʨʦʚ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʪʝʨʴ 

ʥʘʧʦʨʘ ʚ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʠ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʄʝʪʦʜ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʄʋʄ). ʆʧʠʩʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʘʭ [1,2].  

ʅʘʢʦʧʣʝʥʠʝ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʄʝʪʦʜʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʦʚʦʚʚʝʜʝʥʠʷ 9-ʡ ʚʝʨʩʠʠ ʄʋʄ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʝʪʫ ʆʈʂ 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦʪʦʢʘ ʧʦ ʚʳʩʦʪʝ ʣʦʧʘʪʦʢ ʆʈʂ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʝʪʫ ʧʦʪʝʨʴ ʚ ʥʠʭ ʜʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʉʤʝʱʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʣʠʥʠʠ ʪʦʢʘ ʦʪ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʙʣʠʞʝ ʢ ʧʝʨʠʬʝʨʠʠ, 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ [3] ʥʝ ʜʦ ʢʦʥʮʘ ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʟʠʪʨʝʭʤʝʨʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʩʯʝʪʫ ʧʦʪʝʨʴ ʚ ʣʦʧʘʪʦʯʥʳʭ ʨʝʰʝʪʢʘʭ ʆʈʂ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 31 ð   

 

ɼʣʷ ʵʪʦʛʦ ʚ 9-ʡ ʚʝʨʩʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʝ ʚ ʣʦʧʘʪʦʯʥʦʡ ʨʝʰʝʪʢʝ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 8 ʣʠʥʠʡ ʪʦʢʘ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʫʜʘʨʥʳʝ ʧʦʪʝʨʠ, 

ʧʦʪʝʨʠ ʪʨʝʥʠʷ ʥʘ ʣʦʧʘʪʢʘʭ ʠ ʧʦʪʝʨʠ ʩʤʝʰʝʥʠʷ. ʇʦʪʝʨʠ ʪʨʝʥʠʷ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ (ʥʘ ʦʩʥʦʚʥʦʤ ʠ ʧʦʢʨʳʚʘʶʱʝʤ ʜʠʩʢʘʭ) ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ 1-ʡ ʠ 8-ʡ ʣʠʥʠʷʭ 

ʪʦʢʘ, ʧʦʪʝʨʠ ʩʤʝʰʝʥʠʷ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʰʠʨʠʥʘ ɹʃɼ ʙʦʣʴʰʝ ʚʳʩʦʪʳ ʣʦʧʘʪʦʢ ʆʈʂ ʥʘ 

ʚʳʭʦʜʝ 3/ 2ʩʤb bz
 ʪʘʢ ʞʝ ʩʯʠʪʘʶʪʩʷ ʚ ʦʜʥʦʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

ʇʦʢʘʟʘʪʝʣʴ ʧʦʣʠʪʨʦʧʳ ʧʨʦʮʝʩʩʘ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ 1 ʠ 2 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ 

ʠʟ ʩʫʤʤʳ ʧʦʪʝʨʴ ʥʘ ʢʘʞʜʦʡ ʣʠʥʠʠ ʪʦʢʘ:  

( )

( ) ( )

8
2 2 2 2

1 2 0 1 3/ 2 1 1 1 1

1

8
2 2 1 2

8 1 8 1 *
1 0 1

(
1 1

2 ) / 1

u ʪʨʣi ʩʤi ʩʤb b ʦʛʨi i

i

ʦʛʨi i ʫʜi i T ʧʨ ʪʨ

i

k k
w w w

k k

T T
w w

T T

h l z z z z

z z y b b

- = =

=

= =

=

¡¡ ¡¡ ¡¡= - + + + +
- +

è øå õ¡
¡¡ ¡¡+ + + + -é ùæ ö

¡ç ÷ê ú

ä

ä
,        (1) 

ʛʜʝ 
*

0T  ï ʧʦʣʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ ʚ ʩʪʫʧʝʥʴ; 
2T  ï ʩʪʘʪʠʯʝʩʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʳʭʦʜʝ ʠʟ ʈʂ; 
ʪʨʣiz  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʥʘ ʣʦʧʘʪʢʘʭ; 

ʩʤiz  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʪʝʨʴ ʩʤʝʰʝʥʠʷ; w¡¡ ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʢʦʩʦʤ ʩʨʝʟʝ ʤʝʞʣʦʧʘʪʦʯʥʦʛʦ ʢʘʥʘʣʘ 

ʈʂ; 
ʦʛʨz  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʪʨʝʥʠʷ ʥʘ ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ; 

ʫʜiz  ï

 ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʘʨʥʳʭ ʧʦʪʝʨʴ; 
Ty  ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʝʡ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʪʦ ʠʣʠ ʠʥʦʝ ʟʘʜʘʥʠʝ ʜʠʘʛʨʘʤʤ 

ʩʢʦʨʦʩʪʝʡ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʮʝʧʮʠʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʩʢʦʨʦʩʪʴʶ ʥʘ ʚʭʦʜʝ ʚ ʤʝʞʣʦʧʘʪʦʯʥʳʡ ʢʘʥʘʣ ʠ ʤʝʩʪʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 

ʨʘʩʯʝʪʥʦʤ ʨʝʞʠʤʝ ʠ ʜʘʣʝʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʥʘʤ ʚʭʦʜʝ w¡¡ʠ ʩʨʝʜʥʝʡ ʥʘʛʨʫʟʢʦʡ 
ʣʦʧʘʪʦʢ wD ʥʘ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʚ ʧʨʝʜʝʣʘʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘʯʠʥʘʷ ʩ 5-ʡ ʚʝʨʩʠʠ, ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʨʘʙʦʯʝʛʦ ʢʦʣʝʩʘ (ʈʂ) 

ʩʣʫʞʠʪ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʘʩʩʦʚʳʭ ʨʘʩʯʝʪʦʚ ʜʠʘʛʨʘʤʤ 

ʩʢʦʨʦʩʪʝʡ ʧʦ ʧʨʦʛʨʘʤʤʝ 3ɼʄ.023 [4,3]. ɺ ʥʝʡ ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ 

ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʦʧʘʪʦʢ ʙʳ ʩʚʷʟʘʥ ʧʘʨʘʤʝʪʨʘʤʠ 
ʙʫʌ  ʠ 

ʊʨʘʩʯy . 

ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ X(41), ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʚʝʣʠʯʠʥʫ 

ʧʝʨʝʩʪʨʦʡʢʠ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʣʦʧʘʪʦʯʥʫʶ ʨʝʰʝʪʢʫ, ʚ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ 

ʨʘʩʯʝʪʘ 
ʙʫʌ  ʧʦʷʚʠʣʘʩʴ ʥʝʢʦʪʦʨʘʷ ʥʝʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ. ɼʣʷ ʈʂ ʩ 

ʢʦʥʢʨʝʪʥʦʡ ʬʦʨʤʦʡ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʬʦʨʤʘ ʜʠʘʛʨʘʤʤʳ ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ. ʅʦ ʧʨʠ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʦʜʝʣʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ X(41) ʜʠʘʛʨʘʤʤʳ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʥʳʝ. 

ɿʥʘʯʝʥʠʝ ʍ(41) ʚʣʠʷʝʪ ʥʘ ʙʫʌ , ʘ ʦʥ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘ 
ʊʙʫy  ʠ wD . ʇʦʵʪʦʤʫ 

ʜʠʘʛʨʘʤʤʘ ʩʢʦʨʦʩʪʝʡ ʤʝʥʷʝʪʩʷ, ʯʝʛʦ, ʚ ʧʨʠʥʮʠʧʝ, ʙʳʪʴ ʥʝ ʜʦʣʞʥʦ.  

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ ʚ ʧʨʠʚʝʜʝʥʥʳʭ 

ʚʳʰʝ ʫʨʘʚʥʝʥʠʷʭ ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ 
ʙʫʌ = 

0i=F . ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ 
0i=F  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʙʝʟʫʜʘʨʥʦʛʦ ʚʭʦʜʘ ʙʝʟ ʫʯʝʪʘ ʥʘʛʨʫʟʢʠ ʣʦʧʘʪʦʢ 
1 1 1 0ʣi b b¡ ¡= - =. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ 
0i=F  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ 0T i=y  ʟʥʘʯʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʬʦʨʤʫʣʘʭ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʩʢʦʨʦʩʪʝʡ. ɿʥʘʯʝʥʠʝ 
0i=F  
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʠʪʝʨʘʮʠʦʥʥʦ, ʚ ʪʦʤ ʞʝ ʮʠʢʣʝ, ʯʪʦ ʠ ʙʫF . 



ð 32 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʝʟʣʦʧʘʪʦʯʥʦʛʦ ʜʠʬʬʫʟʦʨʘ (ɹʃɼ), ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʦʙʦʙʱʝʥʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ɹʃɼ ʩ 2 2/b D  = 0.006-0,100 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʧʳʪʝ ʅʀʃ ɻɼʊʄ ʆ.ɸ. ʉʦʣʦʚʴʸʚʘ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [5] ʨʘʟʨʘʙʦʪʘʣʘ ʥʦʚʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ɹʃɼ. ʆʧʳʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʪʝʯʝʥʠʷ ʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʙʝʟʣʦʧʘʪʦʯʥʳʭ ʜʠʬʬʫʟʦʨʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ 2
b/D = 0,014 ï 0,100, ʩ 

ʨʘʜʠʘʣʴʥʦʡ ʜʣʠʥʦʡ 4 2
D /D  ʜʦ 2,0, ʚ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ 2

a= 10 ï 90
0
.  

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ɹʃɼ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʤʘʣʦʨʘʩʭʦʜʥʳʭ 

ʩʪʫʧʝʥʝʡ ʬʠʨʤʳ ʂʣʘʨʢ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʟʘʚʳʰʝʥʠʶ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʂʇɼ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʨʝʥʥʳʤ. ʆʜʥʘ ʠʟ ʧʨʠʯʠʥ ʵʪʦʛʦ ï ʥʝʜʦʦʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʪʝʨʴ ɹʃɼ.  

ɼʣʷ ʧʦʚʝʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʣʦʨʘʩʭʦʜʥʳʭ ʩʪʫʧʝʥʝʡ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʫʟʢʠʭ ɹʃɼ ʚ ʧʨʦʛʨʘʤʤʝ ANSYS CFX. ʈʘʩʩʯʠʪʘʥʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʬʬʫʟʦʨʦʚ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ 
2/b D =0.006, 0.008, 0.010, 

0,012. ɼʠʘʧʘʟʦʥʳ ʠʟʤʝʨʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʚʣʝʥʳ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ EXEL ʤʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝʨʴ 2 4 2 2( , , , ,Re, )c ʰf b D k=z a l  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʪʦʤ 

ʞʝ ʚʠʜʝ, ʯʪʦ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʡ ʚʝʨʩʠʠ ʤʦʜʝʣʠ [5], ʦʜʥʘʢʦ ʩʠʩʪʝʤʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ 

ʬʦʨʤʫʣ ʠʤʝʝʪ ʩʦʚʝʨʰʝʥʥʦ ʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ. ɺʳʧʦʣʥʝʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚʣʠʷʥʠʷ 2 2 2 2/ , , cb D a l : 
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ʛʜʝ: 2 2 2, ( / , )ʩA B f b D l=  

ʇʦʧʨʘʚʢʘ ʥʘ ʚʣʠʷʥʠʝ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ï ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʩʜʝʣʘʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʘʩʪʠʥʢʠ, ʥʦ ʩ ʫʯʝʪʦʤ 

ʩʧʝʮʠʬʠʢʠ ʧʦʩʪʘʥʦʚʢʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʫʛʣʘ ʚʳʭʦʜʘ ʧʦʪʦʢʘ ʠʟ ɹʃɼ ʚʳʧʦʣʥʝʥʘ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʜʠʘʧʘʟʦʥʘ ɹʃɼ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʠʨʠʥʦʡ 20.006 / 0.014b D¢ ¢ , 2 20.014 / 0.033b D< ¢  

ʠ 2 20.033 / 0.100b D< ¢ .  

ʇʦʣʫʯʝʥʥʘʷ ʩʠʩʪʝʤʘ ʠʟ 54 ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʣʠʯʘʝʪʩʷ ʭʦʨʦʰʝʡ 

ʪʦʯʥʦʩʪʴʶ 98.9%. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ 20ʉɽ (ʧʦʨʷʜʢʘ 

0.27%) ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʬʠʨʤʳ ʂʃɸʈʂ 

(ʧʦʨʷʜʢʘ 0.56%).  

ʀʜʝʥʪʠʬʠʢʘʮʠʷ 9-ʡ ʚʝʨʩʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʆʩʥʦʚʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ ʩʝʤʝʡʩʪʚʘ 20 ʉɽ. ɺ 

ʩʦʩʪʘʚʝ ʩʝʨʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʪʫʧʝʥʠ ʩ ʙʝʟʣʦʧʘʪʦʯʥʳʤʠ ʜʠʬʬʫʟʦʨʘʤʠ ʈʂ+ɹʃɼ (ʃɼ) 

+ʆʅɸ. ɼʠʘʧʘʟʦʥ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʪʫʧʝʥʝʡ: 
ʨʘʩʯF = 

0.028 ï 0.080, Tʨʘʩʯy  = 0.40 ï 0.67, ʚʪD  = 0.25 ï 0.373, 
2 2/b D  = 0.03 ï 0.061; 4D  = 

1.42 ï 1.60, 
uM  = 0.60 ï 0.80.  

ʇʨʦʮʝʩʩ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʧʝʨʝʙʦʨʘ ʟʥʘʯʝʥʠʡ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩ ʨʘʩʯʝʪʦʤ ʂʇɼ ʠ ʩʨʘʚʥʝʥʠʝʤ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 33 ð   

 

ʟʥʘʯʝʥʠʝʤ. ʆʪʙʠʨʘʣʠʩʴ ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ ( )X i , ʧʨʠ ʢʦʪʦʨʳʭ ʩʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʨʘʩʯʝʪʘ ʂʇɼ ʤʠʥʠʤʘʣʴʥʘ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʥʘʯʘʣʘ ʜʣʷ ʩʪʫʧʝʥʝʡ ʩ 

ɹʃɼ. ʉʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ (ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʂʇɼ 

ʩʦʩʪʘʚʠʣʘ 0,513 %, ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʧʷʪʠ ʪʦʯʢʘʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ ʥʘʠʙʦʣʴʰʝʛʦ 

ʨʘʩʭʦʜʘ) ʩʦʩʪʘʚʠʣʘ 1,00 %. 

ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʦʪʝʨʠ ʚ ʃɼ. ʉʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦʛʦ 

(ʤʘʢʩʠʤʘʣʴʥʦʛʦ) ʂʇɼ ʩʦʩʪʘʚʠʣʘ 0,525 %, ʧʦʛʨʝʰʥʦʩʪʴ ʧʦ ʧʷʪʠ ʪʦʯʢʘʤ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʯʢʠ ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʩʭʦʜʘ) ʩʦʩʪʘʚʠʣʘ 1,12 %.  

ɿʘʢʣʶʯʝʥʠʝ 

ʅʦʚʘʷ ʚʝʨʩʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʄʋʄ ʧʦʟʚʦʣʠʣʘ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʪʴ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʣʝʤʝʥʪʘʭ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʮʝʥʪʨʦʙʝʞʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ, 

ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʪʦʨʳʭ ʝʝ ʤʦʞʥʦ 

ʛʘʨʘʥʪʠʨʦʚʘʥʘ ʧʨʠʤʝʥʷʪʴ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʕʉɼ-200-30ʊ-

400ʄ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʞʸʩʪʢʦʩʪʴ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʚ 

ʦʪʩʝʢʝ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʮʠʷ, ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ, ʞʝʩʪʢʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ. 

 

Abstract 
The article presents a mathematical model of a power plant ESD-200-30T-400M, 

which allows to approximately determine the rigidity of vibration isolators of the floor in the 

operator's compartment during operation of a diesel generator set. 

Keyword: vibration, vibration isolators, rigidity, mathematical model. 

 



ð 34 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ʅʘ ʩʪʘʜʠʠ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʸ ʥʘʟʥʘʯʝʥʠʶ, 

ʤʘʩʩʳ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ, ʢʦʤʧʦʥʦʚʢʘ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʥʘ ʨʘʤʝ 

ʤʘʰʠʥʳ, ʧʘʨʘʤʝʪʨʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ ʫʪʦʯʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʯʝʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʫʟʣʦʚ ʤʘʰʠʥʳ [1]. 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʚʠʙʨʘʮʠʠ ʯʝʣʦʚʝʢʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʕʉɼ-200-

30ʊ-400ʄ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʚʠʙʨʦʟʘʱʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʪʦʨʳʭ 

ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʚ ʦʪʩʝʢʝ ʦʧʝʨʘʪʦʨʘ 
ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʜʨʫʛʠʭ ʘʛʨʝʛʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʪʘʢ ʞʝ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ ʧʦʣʘ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʫʩʪʘʥʦʚʣʝʥʳ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ 

ʠ ʢʦʛʜʘ ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʵʪʦ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ ʥʘ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʚʳʩʪʘʚʣʝʥʳ ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ. 

 

 
1 ï ʧʦʣ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ, 2 ï ʧʣʘʪʬʦʨʤʘ ʩʪʘʥʮʠʠ, 3 ï ʦʧʦʨʥʳʝ ʩʪʦʡʢʠ. 

ʈʠʩʫʥʦʢ 1. ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʄ>>m). 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʠʙʨʦʟʘʱʠʪʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʤʘʩʩʳ m ʧʨʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʩʦ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʤʘʩʩ ʦʩʥʦʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷʤʠ 

ʟʘʱʠʱʘʝʤʦʡ ʤʘʩʩʳ m (m<<M) ʠ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʚʦʟʤʫʱʘʶʱʝʡ ʩʠʣʳ P(t) = P0 sin ɩt 

(ʨʠʩʫʥʦʢ 2).  

 

 
ʈʠʩʫʥʦʢ 2. ï ʋʧʨʦʱʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʡ ʩʠʣʳ ʦʩʥʦʚʘʥʠʝ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʧʦ ʟʘʢʦʥʫ S(t). ɿʘʜʘʯʘ 

ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʟʜʝʩʴ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʘʢʮʠʠ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ, ʧʝʨʝʜʘʚʘʝʤʦʡ ʥʘ ʟʘʱʠʱʘʝʤʳʡ ʦʙʲʝʢʪ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʢʦʣʝʙʣʶʱʝʡʩʷ ʯʘʩʪʠ (ʧʦʣ) ʤʘʩʩʦʡ m ʩ ʫʯʝʪʦʤ ʤʘʩʩ ʦʧʝʨʘʪʦʨʘ ʠ 

ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʦʣʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 35 ð   

 

ʇʨʠʥʷʪʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ ʧʨʠʚʦʜʠʪʩʷ ʢ ʩʠʣʝ ʫʧʨʫʛʦʩʪʠ, ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʧʝʨʝʤʝʱʝʥʠʷ y. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʪʦʯʝʯʥʦʡ ʤʘʩʩʳ m 

ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʦʩʥʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

[ ] ,)()( cytSmymʠʣʠcytSym --=-=+ ########
   (1) 

ʛʜʝ ʩ ï ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ. 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʤʝʱʝʥʠʝ S ʦʩʥʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʧʨʠʥʷʪʦʡ 

ʩʭʝʤʳ ʥʝʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʈ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. 

),()()(
21

tStStS +=
     (2) 

ʛʜʝ S1(t) ï ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʦʩʥʦʚʘʥʠʷ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʚʳʟʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʚ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʣʳ ʈ (ʨʠʩʫʥʦʢ 3ʘ); 

S2(t) ï ʩʤʝʱʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʛʣʫ ű ʧʦʚʦʨʦʪʘ ʦʩʥʦʚʘʥʠʷ ʢʘʢ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʤʘʩʩ, ʚʳʟʚʘʥʥʦʝ ʥʝʮʝʥʪʨʘʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʩʠʣʳ ʈ, jÖ=bS
2

 

(ʨʠʩʫʥʦʢ 3ʙ). 

 

 
ʈʠʩʫʥʦʢ 3. ï ʋʧʨʦʱʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʩʥʦʚʘʥʠʷ (ʘ) ʠ 

ʧʦʚʦʨʦʪʘ ʦʩʥʦʚʘʥʠʷ (ʙ) 

 

ʇʝʨʝʤʝʱʝʥʠʝ S1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʄ: 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3) ʠʤʝʝʪ ʚʠʜ: 
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ʋʛʦʣ ʧʦʚʦʨʦʪʘ ű ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʨʘʱʝʥʠʷ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʦʢʨʫʛ ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʮʝʥʪʨ ʤʘʩʩ (ʚʨʘʱʘʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʄ): 
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ʛʜʝ I ï ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʦʩʥʦʚʘʥʠʷ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (5) ʠʤʝʝʪ ʚʠʜ: 
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ð 36 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (3) ʠ (5), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʷʭ (4) ʠ (7), ʤʘʩʩʘ 

m, ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ʀʟ ʫʨʘʚʥʝʥʠʡ (3) ʠ (7) ʩʣʝʜʫʝʪ: 
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ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (9) ʠʤʝʝʪ ʚʠʜ: 
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ʛʜʝ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʘʤʧʣʠʪʫʜʦʡ ɸ ʠ ʯʘʩʪʦʪʦʡ 

m

c
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 (ʢʦʥʩʪʘʥʪʳ ɸ ʠ Ŭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʟʘʜʘʯʠ), ʘ ʚʪʦʨʦʝ ï 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ w ʠ ʘʤʧʣʠʪʫʜʦʡ 
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ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɹʣʘʛʦʜʘʨʷ ʥʝʠʟʙʝʞʥʦʤʫ ʥʘʣʠʯʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ, ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʫʜʫʪ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʟʘʪʫʭʘʪʴ. ɼʣʷ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʪ.ʝ. ʧʦʩʣʝ ʟʘʪʫʭʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ, ʨʝʰʝʥʠʝ 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ɸʙʩʦʣʶʪʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ Z ʤʘʩʩʳ m ʝʩʪʴ ʩʫʤʤʘ ʧʝʨʝʤʝʱʝʥʠʷ (11) ʠ ʦʩʥʦʚʘʥʠʷ 

S(t). ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (2), (4), (7) ʧʦʣʫʯʠʤ: 
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ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʨʘʚʝʥʩʪʚʦ (12) ʧʦ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʚʠʙʨʦʩʢʦʨʦʩʪʠ: 
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ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʤʘʩʩʦʡ m ʩ Ą Ð, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ (12): 
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ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦʣʫʯʘʝʪ ʚʠʜ: 
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Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 37 ð   

 
ɸʥʘʣʠʟʫ ʧʦʜʣʝʞʘʪ ʚʳʨʘʞʝʥʠʷ (13) ʠ (15). ʇʨʠʯʝʤ, ʚ (15) ʚʩʝ ʚʭʦʜʷʱʠʝ ʚʝʣʠʯʠʥʳ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʳ (ʦʧʨʝʜʝʣʝʥʳ) ʠ ʥʝ ʧʦʜʣʝʞʘʪ ʚʘʨʴʠʨʦʚʘʥʠʶ. ɺ (13) ʤʦʞʥʦ ʜʦʙʠʚʘʪʴʩʷ 

ʪʨʝʙʫʝʤʳʭ ʟʥʘʯʝʥʠʡ Z#, ʚʘʨʴʠʨʫʷ ʩ ʠ ʤʘʩʩʫ m. ɼʣʷ m ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʫʩʪʠʤʳʡ 
ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ m1ÒmÒm2. 

ɺ ʫʨʘʚʥʝʥʠʷʭ (13) ʠ (15) I ï ʦʩʝʚʦʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʩʠʩʪʝʤʳ, ʧʨʠʙʣʠʞʝʥʥʦ 

ʩʦʩʪʘʚʣʷʝʪ 
3109,1 Ö  ʢʛĀʤ

2
; ʘ, ʚ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʮʝʥʪʨʘ ʤʘʩʩ ʦʩʥʦʚʘʥʠʷ 

(ʧʣʘʪʬʦʨʤʳ) ʜʦ ʩʠʣʳ P(t) = P0 sin ɩt ʠ ʜʦ ʮʝʥʪʨʘ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʩ ʜʝʡʩʪʚʫʶʱʝʡ 
ʥʘ ʥʝʛʦ ʥʘʛʨʫʟʢʦʡ (ʨʠʩʫʥʦʢ 1). ʇʨʠʥʷʪʦ:  

ʘ =1850 ʤʤ; b= 2825 ʤʤ; m= 275 ʢʛ; ʄ = 14225 ʢʛ. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʚʠʙʨʦʩʢʦʨʦʩʪʴ ʚ ʦʢʪʘʚʥʳʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ ʚ 

ʜʠʘʧʘʟʦʥʝ 16é63 ɻʮ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʝ 1,1Ā10
-2

 ʤ/ʩ, ʪ.ʝ. 
2101,1 -Ö¢Z#  ʤ/ʩ. 

[2]. 
ʀʟ ʬʦʨʤʫʣʳ (13) ʥʘʭʦʜʠʤ ʪʨʝʙʫʝʤʫʶ ʞʝʩʪʢʦʩʪʴ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʥʘ 

ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʧʨʠ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ f = 25ɻʮ ʠʣʠ 
10,1572 -== ʩfpw  

ʇʨʠʥʠʤʘʝʤ ʚʝʣʠʯʠʥʫ ʦʩʪʘʪʦʯʥʦʛʦ ʜʠʩʙʘʣʘʥʩʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʠ ʤʘʭʦʚʠʢʘ ʫ 
ʜʚʠʛʘʪʝʣʝʡ ʪʠʧʘ V12-90 ɼ=(1,9é4,0)10

-3
 ʢʛĀʩ

2
, ʪʦʛʜʘ 

4,11782,197103 232

0
=ÖÖ== -ɼwP  ʢʛ = 1150 ʅ. 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (2.13) ʦʪʥʦʩʠʪʝʣʴʥʦ ʞʝʩʪʢʦʩʪʠ ʩ ʧʨʠ 1cos =tw , ʠʤʝʝʤ: 
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ʈʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʩʪʘʚʣʷʝʤ ʚ (16) ,ʪʦʛʜʘ ʉå 616,8 ʢʅ/ʤ 
ʜʣʷ 4-ʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ.  

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʩ ʷʚʣʷʝʪʩʷ ʪʨʝʙʫʝʤʦʡ ʞʝʩʪʢʦʩʪʴʶ 
ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʥʘ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ (16) ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʧʨʠʙʣʠʞʸʥʥʳʡ ʨʘʩʯʸʪ 
ʞʝʩʪʢʦʩʪʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ. 

***  
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʕʉɼ-200-30ʊ-

400ʄ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʞʸʩʪʢʦʩʪʴ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʚ 

ʦʪʩʝʢʝ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʝʞʠʤʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʮʠʷ, ʚʠʙʨʦʠʟʦʣʷʪʦʨʳ, ʞʝʩʪʢʦʩʪʴ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ. 



ð 38 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 

Abstract 
The article presents a mathematical model of a power plant ESD-200-30T-400M, 

which makes it possible to determine the rigidity of vibration isolators of the floor in the 

operator's compartment when a diesel generator set is operating in transport mode. 

Keyword: vibration, vibration isolators, rigidity, mathematical model 

 

ʕʣʝʢʪʨʦʩʪʘʥʮʠʷ ʕʉɼ-200-30ʊ-400ʄ (ʕʉɼ), ʩʤʦʥʪʠʨʦʚʘʥʥʘ ̫ ʚ ʢʫʟʦʚʝ ʠ 
ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʰʘʩʩʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʨʠʮʝʧʘ ʄɸɿ-5224ɺ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʠʪʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʨʝʤʝʥʥʳʤ ʪʦʢʦʤ ʥʘʧʨʷʞʝʥʠʝʤ 400/230ɺ ʯʘʩʪʦʪʦʡ 50ɻʮ ʧʦ 

ʯʝʪʳʨʝʭʧʨʦʚʦʜʥʦʡ ʩʭʝʤʝ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ. ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʈʘʙʦʪʘ ʘʛʨʝʛʘʪʦʚ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʕʉɼ ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʫ  ʁ

ʚʠʙʨʘʮʠʶ, ʢʦʪʦʨʘ ̫ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʥʝ ʪʦʣʴʢʦ ʯʝʣʦʚʝʢʘ-ʦʧʝʨʘʪʦʨʘ, ʥʦ ʠ ʚʩʝʛʦ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʩʪʘʥʮʠʠ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʠ 

ʤʝʭʘʥʠʟʤʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʠʙʨʘʮʠʶ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʷʚʣʷʶʪʩʷ ʜʚʘ ʜʠʟʝʣʴ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʘ ʦʜʠʥ ʪʠʧʘ ɸɼ-200 ʤʦʱʥʦʩʪʴʶ 200 ʢɺʪ, ʚʪʦʨʦʡ ʪʠʧʘ ɸɼ-30 

ʤʦʱʥʦʩʪʴʶ 30 ʢɺʪ, ʜʚʠʛʘʪʝʣʷ-ʜʠʟʝʣʷ ʪʠʧʘ 1ɼ12ɺ-300, ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʠʧʘ 

ɻʉʌ-200, ʜʚʠʛʘʪʝʣʷ-ʜʠʟʝʣʷ ʪʠʧʘ ʗɸɿ-ʄ204ɻ, ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʠʧʘ ɼɻʌ-82-4ʢ 

[1]. 

 

 
1 ï ʘʛʨʝʛʘʪʥʳʡ ʦʪʩʝʢ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ; 2 ï ʜʠʟʝʣʴ 1-ɼ12 ɺ-300;  

3 ï ʛʝʥʝʨʘʪʦʨ ɻʉʌ-200; 4 ï ʜʠʟʝʣʴ ʗɸɿ-ʄ204ɻ; 5 ï ʛʝʥʝʨʘʪʦʨ ɼɻʌ-82-4ɹ; 

6 ï ʦʪʩʝʢ ʦʧʝʨʘʪʦʨʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ 

ʈʠʩʫʥʦʢ 1. ï ʉʭʝʤʘ ʢʦʤʧʦʥʦʚʢʠ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ  

ʕʉɼ-200-30ʊ-400ʄ. 

 

ʋʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʘʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʵʣʘʩʪʦʤʝʨʳ) ï ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʩ ʚʠʙʨʘʮʠʝʡ. ɺʠʙʨʦʠʟʦʣʷʪʦʨʳ ʚʳʙʠʨʘʶʪʩʷ ʧʦ ʪʨʝʙʫʝʤʦʡ ʞʝʩʪʢʦʩʪʠ ʉ 

ʠʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʡ ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʱʠʱʘʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʤ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʶ ʢʦʣʝʙʘʥʠʡ. 

ʇʦʣʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʧʨʠʮʝʧʘ, ʚ ʢʫʟʦʚʝ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥʘ ʜʠʟʝʣʴ-

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʠ ʦʪʩʝʢ ʦʧʝʨʘʪʦʨʘ ʟʘʜʘʯʘ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘʷ, ʥʦ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʚʪʦʤʦʙʠʣʶ ʦʥʘ ʨʝʰʝʥʘ [2]. ʆʛʨʘʥʠʯʠʤʩʷ ʟʜʝʩʴ ʨʘʩʩʤʦʪʨʝʥʠʝʤ 

ʩʠʣʴʥʦ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʦʡ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʤʘʩʩ (ʨʠʩʫʥʦʢ 2): mʨ ï 

ʤʘʩʩʘ ʰʘʩʩʠ ʩ ʢʫʟʦʚʦʤ ʠ ʨʘʟʤʝʱʝʥʥʳʤ ʚ ʥʝʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; mʢ ï ʤʘʩʩʘ ʦʪʩʝʢʘ ʩ 

ʦʧʝʨʘʪʦʨʦʤ ʠ ʱʠʪʦʤ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʮʝʥʪʨ ʤʘʩʩ mʨ ʩʯʠʪʘʝʤ ʨʘʩʧʦʣʦʞʝʥʥʳʤ 

ʩʠʤʤʝʪʨʠʯʥʦ ʤʝʞʜʫ ʨʝʩʩʦʨʘʤʠ (ʪʦʨʩʠʦʥʘʤʠ) ʩ ʩʫʤʤʘʨʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʉʨ. ʉʫʤʤʘʨʥʘʷ 
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ʞʝʩʪʢʦʩʪʴ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʝʪʳʨʝʭ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʜ ʧʦʣʦʤ ʦʪʩʝʢʘ 

ʦʧʝʨʘʪʦʨʘ ʨʘʚʥʘ ʉʢ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʪʦʨʩʠʦʥʦʚ ʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʩʯʠʪʘʝʤ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʡ, ʚʦʟʤʫʱʘʝʤʳʭ ʥʘʝʟʜʦʤ ʚʩʝʭ ʢʦʣʝʩ ʧʨʠʮʝʧʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʥʝʨʦʚʥʦʩʪʠ ʜʦʨʦʛʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʚʦʣʥʳ ʍʥ. 

 

 
ʈʠʩʫʥʦʢ 2. ï ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʧʦʜʚʝʩʢʠ ʧʣʘʪʬʦʨʤʳ ʠ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʪʠʧʘ 

ʕʉɼ. 

 

ʕʪʘ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʜʘʣʝʢʘ ʦʪ ʠʩʪʠʥʥʦʡ, ʥʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʪʠʧʘ ʕʉɼ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʦʨʘ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ.  

ʉʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʠ ʧʦʣʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʳ ʤʦʞʝʤ 

ʠʩʩʣʝʜʦʚʘʪʴ ʪʦʣʴʢʦ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʤʘʩʩ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ.  

ɿʘʜʘʯʫ ʤʦʞʥʦ ʫʧʨʦʩʪʠʪʴ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʫʶ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʕʉɼ, ʧʨʠ ʢʦʪʦʨʦʡ ʯʘʩʪʦʪʘ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʜ ʢʦʣʝʩʘʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ 

ʥʝʨʦʚʥʦʩʪʠ ʩ ʘʤʧʣʠʪʫʜʦʡ ʍʥ ʜʘʣʝʢʘ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʊʦʛʜʘ 

ʤʦʞʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ɓʨ ʠ ɓʢ ʥʝ ʠʛʨʘʶʱʠʝ ʨʦʣʠ ʚʜʘʣʠ ʦʪ ʨʝʟʦʥʘʥʩʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʚʦʟʤʫʱʝʥʠʠ ʠʤʝʶʪ ʚʠʜ [1]: 

( ) 0
122
=-+ xxcxm

kk
##

( ) 0
121

=-+++
Hkk

xcxʩʩʭcxm
rrr

##
,      (1) 

ʛʜʝ ʍ1, ʍ2 ï ʘʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩ ʨʘʤʳ ʩ ʧʣʘʪʬʦʨʤʦʡ ʠ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʍʥ ï ʘʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʦʣʦʪʥʘ ʜʦʨʦʛʠ ʧʨʠ 

ʥʘʝʟʜʝ ʥʘ ʥʝʨʦʚʥʦʩʪʠ ʜʦʨʦʛʠ; ʉʨ, ʉʢ ï ʞʝʩʪʢʦʩʪʴ ʧʦʜʚʝʩʢʠ ʨʘʤʳ ʩ ʧʣʘʪʬʦʨʤʦʡ ʠ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʝʨʷ ʠʟʚʝʩʪʥʦʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʧʨʦʙʥʦʝ ʨʝʰʝʥʠʝ ʠ ʜʝʣʷ ʚʩʝ ʯʣʝʥʳ ʫʨʘʚʥʝʥʠʡ ʥʘ 

tsinw. ʛʜʝ ɤ ï ʯʘʩʪʦʪʘ ʚʦʟʤʫʱʝʥʠʷ (tsinʍʍ ʥ w-= ), ʥʘʭʦʜʠʤ ʦʢʦʥʯʘʪʝʣʴʥʦ: 
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ʀʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʍ1 ʠ ʍ2 

.ʕʪʦ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ, ʥʦ ʦʥʦ ʚʘʞʥʦ, ʪʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. 

ɼʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚ ʫʨʘʚʥʝʥʠʷ (2) ʚʚʝʩʪʠ ʦʙʦʟʥʘʯʝʥʠʷ: 
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=w2 , ʛʜʝ ɤ1 ʠ ɤ2 ï ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʨʘʤʳ ʚʢʣʶʯʘʷ 

ʧʣʘʪʬʦʨʤʫ, ʠ ʧʦʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜʩʪʘʚʣʷʷ ʍ1 ʥʘʡʜʝʥʥʦʝ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ (2) ʚʦ ʚʪʦʨʦʝ ʠ ʜʝʣʷ ʚʩʝ 

ʯʣʝʥʳ ʥʘ ʉʨ , ʧʦʣʫʯʠʤ:  
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ʇʝʨʝʤʝʱʝʥʠʝ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʍ2 ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʣʞʥʦ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ [3]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 10-100 ɻʮ 

ʧʝʨʝʤʝʱʝʥʠʝ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʡ ɸ= (12,5 é1,25 )10
-3
ʤ. 

ʇʦʣʘʛʘʷ ʍ2=ɸ ʠ ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (4) ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʢ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʥʝʨʦʚʥʦʩʪʝʡ ɤ ʨʘʚʥʘ ʯʘʩʪʦʪʝ 

ʢʦʣʝʙʘʥʠʡ ʢʦʣʝʩ ɤ1, ʪʦ ʝʩʪʴ ɤ=ɤ1. 

ʊʦʛʜʘ ʠʟ ʫʨʘʚʥʝʥʠʡ (2, 4) ʚʠʜʥʦ: 
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ʀʟ ʫʨʘʚʥʝʥʠʷ (6) ʥʘʭʦʜʠʤ ʞʝʩʪʢʦʩʪʴ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ ʧʦʣʘ ʚ ʦʪʩʝʢʝ ʦʧʝʨʘʪʦʨʘ: 
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ɺ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʜʩʪʘʚʠʤ ʬʠʟʠʢʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʪʠʧʘ ʕʉɼ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ʍʥ= 0,15ʤ; ʉʨ= 450 ʢʅ/ʤ; ɤå 3 ʩ
-1

; ɤ2 å31,5 ɻʮ, ʍ2 =ɸ =0,012 ʤ, ʧʦʣʫʯʠʤ ʧʦ 
ʤʦʜʫʣʶ ʉʢ =620 ʢʅ/ʤ. 

ɿʥʘʢ ʤʠʥʫʩ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (7), ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚʝʨʪʠʢʘʣʴʥʳʝ 
ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʤʳ ʩ ʧʣʘʪʬʦʨʤʦʡ ʧʨʠ ʥʘʝʟʜʝ ʥʘ ʥʝʨʦʚʥʦʩʪʴ (ʍʥ) ʠ ʧʦʣʘ ʦʪʩʝʢʘ 
ʦʧʝʨʘʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʠ 
ʞʝʩʪʢʦʩʪʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩ ʬʠʟʠʢʦ-
ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʧʨʦʱʝʥʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ 
ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʣʝʙʘʥʠʡ ʧʦʣʘ ʦʪʩʝʢʘ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʜʚʠʞʝʥʠʠ 
ʤʘʰʠʥʳ ʧʦ ʥʝʨʦʚʥʦʩʪʷʤ ʜʦʨʦʛʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʚʣʠʷʥʠʝ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ ʤʦʩʪʦʚ. 

***  

1. ɼʨʦʟʜ ɸ.ɺ., ʂʦʣʪʘʢʦʚ ɸ.ɸ., ʃʝʦʥʦʚ ɸ.ɸ., ʇʨʠʣʝʧʢʦ ɽ.ɺ. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʪʦʯʥʠʢʦʚ 
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ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʚʳʷʚʣʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ 
ʫʩʪʘʥʦʚʢʦʡ ʚ ʈʦʩʩʠʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʘʨʢʘ ʣʝʛʢʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʠ ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʛʠʙʨʠʜʥʳʝ 
ʘʚʪʦʤʦʙʠʣʠ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

 

Abstract 
This article identifies and substantiates the need to improve the maintenance and repair 

of vehicles with a hybrid power plant. The problems of technical operation of vehicles with a 
hybrid power plant in Russia are considered. The analysis of the park of light hybrid vehicles 
is  presented. 

Key words: cars with a hybrid power plant, hybrid cars, maintenance of hybrid cars. 
 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʚʪʦʤʦʙʠʣʷʤ ʩ ʜʚʠʛʘʪʝʣʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʧʨʠʭʦʜʷʪ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʢʦʪʦʨʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʝʨʚʳʤʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ɻʠʙʨʠʜʥʳʤ ʘʚʪʦʤʦʙʠʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʚʤʝʱʘʝʪ 
ʚ ʩʚʦʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʘ ʪʠʧʘ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩʦʚʤʝʩʪʥʦ: ɼɺʉ 



ð 42 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ[1]. ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ 
ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʳ. 

ʉʝʛʦʜʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʢʘ ʣʝʛʢʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚʦ 
ʚʩʸʤ ʤʠʨʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ 
ʩʨʝʜʩʪʚʘʤ ʚ ʨʘʤʢʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. [2]. ʉʪʘʪʠʩʪʠʢʘ ʧʨʦʜʘʞ ʣʝʛʢʦʚʳʭ 
ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʉʐɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʘʪʠʩʪʠʢʘ ʧʨʦʜʘʞ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʉʐɸ 

 

ʉʪʘʪʠʩʪʠʢʘ ʧʨʦʜʘʞ ʣʝʛʢʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ɽʚʨʦʧʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2. ʉʪʘʪʠʩʪʠʢʘ ʧʨʦʜʘʞ ʣʝʛʢʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ɽʚʨʦʧʝ 

 

ɺ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ (ʗʧʦʥʠʷ, ʂʠʪʘʡ, ʖʞʥʘʷ ʂʦʨʝʷ) ʧʨʦʜʘʞʘ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 1,1 ʤʣʥ. ʰʪ. ʟʘ ʢʘʞʜʳʝ 5 ʣʝʪ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʘʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ [5]. 

 

 
ʈʠʩʫʥʦʢ 3. ɻʣʘʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 



Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ  ð 43 ð   

 

ɻʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʥʘʙʠʨʘʶʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʫ ʧʦʢʫʧʘʪʝʣʝʡ, ʧʦʩʢʦʣʴʢʫ 

ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 
1. ʕʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ. ʃʝʛʢʦʚʳʝ ʛʠʙʨʠʜʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʚ ʩʨʝʜʥʝʤ 
ʨʘʩʭʦʜʫʶʪ 6,5 ʣ /100 ʢʤ ʚ ʛʦʨʦʜʩʢʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʠ 4,8 ʣ /100 ʢʤ ʚ 
ʟʘʛʦʨʦʜʥʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ [3].    

2. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʂʦʤʙʠʥʠʨʫʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ɼɺʉ, 
ʛʠʙʨʠʜʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʩʥʠʞʘʶʪ ʦʙʲʸʤ ʚʨʝʜʥʳʭ ʚʳʭʣʦʧʥʳʭ 
ʛʘʟʦʚ, ʚʳʜʝʣʷʝʤʳʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

3. ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʦʢʫʧʢʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ 
ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʤʥʦʛʠʭ ʩʪʨʘʥ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʫʙʩʠʜʠʠ ʥʘ 
ʧʨʠʦʙʨʝʪʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ [4]. 

ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʛʠʙʨʠʜʥʳʭ 
ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʫʢʘʟʘʥʥʳʤ ʚ ʧʦʣʦʞʝʥʠʠ ʦ 
ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʥʦʨʤʘʪʠʚʥʘʷ 
ʠʥʬʦʨʤʘʮʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 
ʧʝʨʝʯʝʥʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʘ ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ 
ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʆʪʩʫʪʩʪʚʠʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʩʚʷʟʘʥʥʳʭ ʩ 
ʪʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʠ ʨʝʤʦʥʪʦʤ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʝ ʧʦʟʚʦʣʷʝʪ 
ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʠ ʧʦʜʛʦʪʦʚʢʠ ʘʚʪʦʤʝʭʘʥʠʢʦʚ ʚʦ ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. 

ʇʨʠ ʵʪʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ (ɻʉʋ) 
ʦʨʠʝʥʪʠʨʫʶʪ ʚʣʘʜʝʣʴʮʝʚ ʜʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ 
ʥʘ ʜʠʣʝʨʩʢʠʭ ʮʝʥʪʨʘʭ, ʢʦʪʦʨʳʤ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʝʭʥʦʣʦʛʠʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʨʝʤʦʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʠ 
ʥʘʢʦʧʠʪʝʣʷʭ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ʆʜʥʘʢʦ ʚ ʈʦʩʩʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ, ʪʘʢʠʝ ʩʝʨʚʠʩʥʳʝ ʮʝʥʪʨʳ ʨʘʩʧʦʣʦʞʝʥʳ 
ʵʧʠʟʦʜʠʯʝʩʢʠ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻʉʋ ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʥʘ ʩʪʘʥʮʠʷʭ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʝʤʦʥʪʠʨʫʶʱʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ 
ʢʦʤʧʦʥʦʚʢʦʡ ʩʠʣʦʚʳʭ ʘʛʨʝʛʘʪʦʚ. 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʧʨʦʙʝʛʝ 125-150 
ʪʳʩ.ʢʤ. ʧʦʯʪʠ ʫ 17% ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ  ʛʠʙʨʠʜʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ 7% ʫʩʪʨʦʡʩʪʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʢʘʟʦʚ 
ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʚʦ ʚʨʝʤʷ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʦʙʩʣʫʞʠʚʘʥʠʷ.  

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ  ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 
ʘʚʪʦʤʦʙʠʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

¶ ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩʥʠʤʘʝʪ ʥʘʛʨʫʟʢʫ ʩ ɼɺʉ. 
ʇʦʵʪʦʤʫ ʟʘʤʝʥʘ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ ʫ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʘʚʪʦʤʦʙʠʣʷʤʠ. 

¶ ɹʣʘʛʦʜʘʨʷ ʬʫʥʢʮʠʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʚ ʛʠʙʨʠʜʥʳʭ 
ʘʚʪʦʤʦʙʠʣʷʭ ʪʦʨʤʦʟʥʳʝ ʢʦʣʦʜʢʠ ʠʩʧʳʪʳʚʘʶʪ ʤʝʥʴʰʝ ʪʝʧʣʘ ʠ ʪʨʝʥʠʷ, 
ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʜʦʣʛʦʚʝʯʥʳʤʠ. ʇʦʵʪʦʤʫ ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ 
ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʯʝʤ 
ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

¶ ʈʝʛʫʣʷʨʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ 
ʙʘʪʘʨʝʠ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʝʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. 

¶ ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʤʘʩʣʦ 0W-20. ʇʦʣʥʦʩʪʴʶ ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ Motul Hybrid 
0W-20 ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʠʙʨʠʜʥʳʭ 
ʘʚʪʦʤʦʙʠʣʷʭ. 



ð 44 ð     Ⱦɑəɐɑəɢɔɔ ɜɌɓɎɔɞɔɫ əɌɟɖɔ ɔ ɚɍɜɌɓɚɎɌəɔɫ 

 
ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʈʦʩʩʠʠ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʝʨʥʳʭ ʨʝʰʝʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ 
ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʝʨʝʯʥʷ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. ʕʪʦ 
ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ɻʉʋ ʘʚʪʦʤʦʙʠʣʝʡ.  
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ɸʥʥʦʪʘʮʠʷ 
ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʠʣʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠʭʦʜʠʪʩʷ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦʨʦʚ. ɼʣʷ ʠʭ 
ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʫʯʝʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ  ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 
ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 
ʜʣʷ ʦʮʝʥʢʠ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ. ɼʣʷ  
ʦʮʝʥʠʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʶ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, 
ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

 
Abstract 
A large number of factors have to be taken into account when solving tasks to ensure 

or improve the level of industrial safety. For their systematization and accounting, the 
application of system analysis methods is proposed and justified. Examples of using the 
morphological method for evaluating and selecting optimal solutions from a variety of 
possible solutions are given. To evaluate technical and other solutions for improving working 
conditions, improving the environmental friendliness of production, and implementing 
environmental protection measures, we propose a method for calculating their effectiveness. 

Keywords: industrial safety, improvement of working conditions, system analysis, 
morphological method.  

 
ɺ ʨʝʰʝʥʠʷʭ ʟʘʜʘʯ ʧʦ ʩʦʟʜʘʥʠʶ ʙʝʟʦʧʘʩʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠʣʠ ʠʭ ʫʣʫʯʰʝʥʠʶ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʵʨʛʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʭʦʜʠʪʩʷ 
















































































































































































































