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ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ 

ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ 

çʀɺɸʅʆɺʉʂɸʗ ʇʆɾɸʈʅʆ-ʉʇɸʉɸʊɽʃʔʅɸʗ ɸʂɸɼɽʄʀʗ  
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ʄʀʅʀʉʊɽʈʉʊɺɸ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ  
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ʅʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ : ʩʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ 
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ɺ ʩʙʦʨʥʠʢʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʚʳʩʪʫʧʣʝʥʠʡ ʠ ʩʪʘʪʴʠ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, ʦʪ-

ʨʘʞʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣ-

ʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ; ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; ʧʨʦʙʣʝʤʳ ʠʟʥʦʩʘ ʚ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ. 

ʄʘʪʝʨʠʘʣʳ ʩʙʦʨʥʠʢʘ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʥʘʫʯʥʳʭ ʠ ʠʥʞʝ-

ʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʘʜʲʶʥʢʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ, ʢʫʨʩʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʚʦʧʨʦʩʘʤʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ, ʥʘʫʯʥʦʡ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

The collection contains materials of speeches and articles of conference participants, reflecting 

the results of scientific research in the following areas: improving the reliability and durability of parts, 

mechanisms, assemblies, machines; actual problems of calculation and design of machines and mecha-

nisms; modeling, control, automation of the design of mechanical systems; wear problems in cars and 

mechanisms. 
The materials of the conference collection are intended for a wide range of scientific and engi-

neering-technical workers, adjuncts, graduate students, cadets and students involved in improving the 

reliability and durability of machines and mechanisms, and can be used to improve practical, scientific 

and educational activities. 
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1
ɹʘʣʪʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çɺʆɽʅʄɽʍè ʠʤ. ɼ.ʌ. ʋʩʪʠʥʦʚʘ, 

2
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

ʆʎɽʅʂɸ ɺɽʈʆʗʊʅʆʉʊʀ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ʆʊʂɸɿɸ ʀɿʆʃʗʎʀʆʅʅʆɻʆ 

ʇʆʂʈʓʊʀʗ ʇʆ ʇɸʈɸʄɽʊʈɸʄ ʇʈʆʏʅʆʉʊʀ ʀ ɺʆɼʆʇʆɻʃʆʑɽʅʀʗ  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ, ʜʝʬʝʢʪ, ʧʨʦʯʥʦʩʪʴ, ʠʟʦʣʷʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ, 

ʪʨʫʙʦʧʨʦʚʦʜ. 

ɸʥʥʦʪʘʮʠʷ: ʠʟ-ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳ-

ʪʠʡ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʜʝʬʝʢʪʳ (ʧʦʨʳ, ʪʨʝʱʠʥʳ, ʨʘʩʩʣʦʝʥʠʷ), ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʠʡ. ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩ-

ʣʘ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʭ ʦʪʢʘʟʘ 

ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʤʝʨʘ ʜʝ-

ʬʝʢʪʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʚ ʩʣʫʯʘʝ ʥʘʠʭʫʜʰʝʛʦ ʚʘʨʠʘʥʪʘ, ʧʦ ʧʘ-

ʨʘʤʝʪʨʘʤ ʧʨʦʯʥʦʩʪʠ ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ.   

 
A. Y. Andrushkin, E. N. Kadochnikov 

 
EVALUATION  OF PROBABILITY OF INSULATION COATING FAILURE BY 

STRENGTH AND WATER ABSORPTION PARAMETERS  

 

Keywords: failure probability, defect, strength, insulation coating, pipeline. 

Abstract: Due to technological deviations in the application of insulating coatings, defects 

(pores, cracks, stratification) often occur, which develop during the operation of the pipeline and 

lead to damage. The presence of a significant number of defects and damages of insulation coatings 

causes their failure according to one or more quality parameters. The article discusses the impact of 

the defect size on the probability of failure of the insulation coating, in case of the worst version, by 

the parameters of strength and water absorption 

 

 
ʈʘʟʣʠʚʳ ʥʝʬʪʠ ʠ ʚʳʙʨʦʩʳ ʛʘʟʘ ʦʢʘʟʳʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶ-

ʱʫʶ ʩʨʝʜʫ, ʯʘʩʪʦ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʚʟʨʳʚʘʤʠ ʠ ʧʦʞʘʨʘ-

ʤʠ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʷʚʣʷ-

ʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʘʷ ʠʟʥʦʰʝʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ. ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝ-

ʥʠ ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʦʥʜʦʚ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʘʥʠʡ ï 

60%. 

 ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʥʘʥʝʩʝʥʠʝʤ ʥʘ 

ʠʭ ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʟʘʱʠʱʘʶʱʠʭ ʤʝ-

ʪʘʣʣ ʦʪ ʢʦʨʨʦʟʠʠ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʤʥʦʛʦʩʣʦʡʥʦʝ ʠʟʦʣʷʮʠʦʥʥʦʝ ʧʦʢʨʳʪʠʝ. 

                                                 
1
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ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʦʙʫ-

ʩʣʘʚʣʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʢʘʟʘ ʧʦ ʦʜʥʦʤʫ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʯʝʩʪʚʘ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʢʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳ-

ʪʠʡ, ʷʚʣʷʝʪʩʷ ʧʨʦʯʥʦʩʪʴ. ʉʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʠʞʝ ʤʠʥʠ-

ʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ  ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʟʢʦʡ ʠʥʪʝʥ-

ʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʦʨʨʦʟʠʠ ʩʪʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʝʛʦ ʨʘʟʛʝʨʤʝ-

ʪʠʟʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʪʨʫʙʦʧʨʦʚʦʜ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ [1-6].  

ɺ ʩʣʫʯʘʝ ʥʘʠʭʫʜʰʝʛʦ ʚʘʨʠʘʥʪʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʤʠʥʠʤʘʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ ʠʟʦʣʷ-

ʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ů0min ʠ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ uůmax, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʟʘʧʘʩ ʥʘʜʝʞʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ [7,8]: 

s

Ö-s
= s

min

maxmin0
ʥ

xu
K ,                                                                            (1) 

ʛʜʝ ů0min ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʝʬʝʢʪʥʦʩʪʠ, ʇʘ;  

ʂʥ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʥʘʜʝʞʥʦʩʪʠ;  

uůmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʘ, ʇʘ/ʤ; 

ʭ ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ, ʤ;  

ůmin ï ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʇʘ; 

ɿʘʧʘʩ ʥʘʜʝʞʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʘ x, ʠ ʥʝ ʦʢʘʟʳʚʘʶʱʠʡ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ x=Xʛʘʨ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʚʳʨʘʞʝʥʠʶ (1) ʧʨʠ 

ʫʩʣʦʚʠʠ ʂʥ=1: 

u
X

max

minmin0
ʛʘʨ

s

s-s
= ,                                                                                (2) 

ʛʜʝ Xʛʘʨ - ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ, ʢʦʪʦʨʳʡ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʤ. 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʀʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʝʨʝʧʘʜʝ ʩʫʪʦʯʥʳʭ ʠ ʩʝʟʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʦʩʣʝ ʦʪʢʘʟʘ 

ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʢʦʨʨʦʟʠʨʫʝʪ ʩʪʘʣʴʥʘʷ ʦʩʥʦʚʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʨʨʦʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʘʚʘʨʠʡʥʦʤʫ ʨʘʟ-

ʣʠʚʫ ʠʣʠ ʚʳʙʨʦʩʫ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʭʫʜʰʠʡ ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʙʝʟʜʝʬʝʢʪʥʦ-

ʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ W0max ʤʘʢʩʠʤʘʣʴʥʦ ʠ ʧʦʢʘʟʘʪʝʣʴ uWmax ʤʘʢʩʠʤʘʣʝʥ [7,8].  

ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʘʧʘʩ ʥʘʜʝʞʥʦʩʪʠ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ 

ʚʳʨʘʞʝʥʠʶ: 
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xuW
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max
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= ,                                                                            (3) 

ʛʜʝ ʂʥ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʥʘʜʝʞʥʦʩʪʠ;  

W0max ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ, %;  

uWmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝ-

ʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʘ, %/ʤ; 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʭ ï ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ, ʤ. 

Wmax ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, %; 

ɿʘʧʘʩ ʥʘʜʝʞʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʘ, ʠ ʥʝ ʚʣʠ-

ʷʶʱʠʡ ʥʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ 

x=Xʛʘʨ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʠʟ ʬʦʨʤʫʣʳ (3) ʧʨʠ ʫʩʣʦʚʠʠ ʂʥ=1: 

u
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X

Wmax
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= ,                                                                              (4) 

ʛʜʝ Xʛʘʨ - ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʜʝʬʝʢʪʘ, ʥʝ ʚʣʠʷʶʱʠʡ ʥʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠʟʦʣʷʮʠ-

ʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʤ. 

ɺʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʟʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʠʭ ʜʝʬʝʢʪʥʦʩʪʠ. 
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ɼɽʌɽʂʊɸʄʀ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʆʃʆɻʀʁ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʉ  
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ʪʦʚ (ʅʇʂ) ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʩ ʘʚʘʨʠʡʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʅʇʂ 

ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ-

ʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʷʭ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʅʇʂ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʣʠʙ-

ʨʦʚʢʦʡ.  

 

A. Yu. Andryushkin D. I . Moiseev, E.N. Kadochnikova 

 
IMPROVING THE DURABI LITY OF PARTS WITH E MERGENCY DEFECTS BASED 

ON RECOVERY TECHNOLO GIES USING FILLED POLYMER COMPOSITES 

 

Keywords: composite, restoration, repair, durability. 

Abstract:  The relevance of the use of filled polymer composites (NPC) in the restoration of 

parts with emergency defects to increase their durability is shown. The technology of restoring the 

surface of the part by forming the NPC and its subsequent machining is proposed. The technology 

of restoring the landing holes in the body parts by forming the NPC and its subsequent calibration is 

presented.  

 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʜʦʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 15%. ʕʪʘ ʜʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʟʘ ʩʯʝʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦ-

ʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ʅʇʂ). ʈʦʩʪ ʯʠʩʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʦʟʚʦʣʠʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʕʢʦʥʦʤʠʷ ʨʝʩʫʨʩʦʚ ʧʨʠ ʨʝ-

ʤʦʥʪʝ ʜʝʪʘʣʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʥʦʚʦʡ ʜʝʪʘʣʠ ʜʦʭʦʜʠʪ ʜʦ 80%, ʘ ʪʨʫʜʦ-

ʝʤʢʦʩʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦ ʠʥʦʩʪʨʘʥʥʦʡ ʪʝʭʥʠʢʠ, ʜʣʷ ʢʦʪʦʨʦʡ ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ ʷʚʣʷʶʪʩʷ ʜʝʬʠʮʠʪʥʳʤʠ, ʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳ, ʧʦʵʪʦʤʫ ʨʝʤʦʥʪ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʨʝʩʫʨʩʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪ-

ʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʜʘʝʪ ʙʦʣʴʰʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ.  

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʩ ʘʚʘʨʠʡʥʳ-

ʤʠ ʜʝʬʝʢʪʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʤʝʥʘ ʜʝʪʘʣʠ ʩ ʘʚʘʨʠʡʥʳʤʠ ʜʝʬʝʢ-

ʪʘʤʠ ʥʘ ʥʦʚʫʶ ʜʝʪʘʣʴ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʜʝʪʘʣʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʩʚʘʨʢʘ, ʥʘʧʣʘʚʢʘ, 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʪʝʨʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʜʝʪʘʣʠ. ʊʦ ʝʩʪʴ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʜʝʪʘʣʠ 

ʤʦʛʫʪ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʥʠʟʢʠʤʠ, ʯʪʦ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥʳ ʠʣʠ ʤʝʭʘʥʠʟʤʘ ʨʝʟʢʦ ʩʥʠʟʠʪ-

ʩʷ ʠ ʚʦʟʥʠʢʘʝʪ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩ ʘʚʘʨʠʡ-

ʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅʇʂ ʩ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʠ ʢʦ-

ʣʠʯʝʩʪʚʘ ʘʨʤʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʩʚʷʟʫʶʱʝʛʦ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʩʚʦʡʩʪʚʘ ʅʇʂ ʚ 

ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʇʨʠ ʵʪʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʚʝʨʞʜʝʥʠʷ ʅʇʂ ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ 

200̄ ʉ, ʪʦ ʝʩʪʴ ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ 

ʛʝʦʤʝʪʨʠʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘ-

ʣʝʡ ʩ ʧʦʤʦʱʴʶ ʅʇʂ [1-3]. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʏʘʩʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʣʦʩʢʦʡ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʢʦʥʠʯʝʩʢʦʡ) ʜʝʪʘʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʜʝʬʝʢʪʳ ʚ ʚʠʜʝ ʨʘʢʦʚʠʥ ʠʣʠ ʪʨʝʱʠʥ (ʨʠʩ. 1, ʘ), ʢʦ-

ʪʦʨʳʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʠ.  

 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ: ʘ ï ʧʦʚʝʨʭʥʦʩʪʴ  

ʩ ʥʘʨʫʞʥʳʤ ʜʝʬʝʢʪʦʤ; ʙ ï ʨʘʟʜʝʣʢʘ ʧʦʚʝʨʭʥʦʩʪʠ; ʚ ï ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

 

ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ:  

1. ʧʦʜʛʦʪʦʚʢʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʜʝʬʝʢʪʦʤ, ʚʢʣʶʯʘʶʱʘʷ ʟʘʯʠʩʪʢʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʜʝʣʢʫ ʜʝʬʝʢʪʦʚ (ʨʠʩ. 1, ʘ); 

2. ʥʘʥʝʩʝʥʠʝ ʅʇʂ ʠ ʦʪʚʝʨʞʜʝʥʠʝ ʢʦʤʧʦʟʠʪʘ (ʨʠʩ. 1, ʙ); 

3. ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʢʦʤʧʦʟʠʪʘ ʟʘʧʦʜʣʠʮʦ ʩ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 
ʜʝʪʘʣʠ (ʨʠʩ. 1, ʚ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ: ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʠ ʦʪʚʝʨʞʜʝʥʠʷ ʅʇʂ; 

ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʩʥʘʩʪʢʠ; ʧʨʠʤʝʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʝʜʦʩʪʘʪʢʠ ʪʝʭʥʦʣʦʛʠʠ: ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʧʨʠʧʫʩʢʘ ʠʟ ʅʇʂ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦ-

ʩʪʴʶ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ; ʠʟ-ʟʘ ʨʫʯʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʅʇʂ ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦ-

ʚʝʥʠʷ ʜʝʬʝʢʪʦʚ: ʧʦʨ, ʪʨʝʱʠʥ, ʨʘʩʩʣʦʝʥʠʡ; ʚʣʠʷʥʠʝ ʫʩʘʜʢʠ ʧʨʠ ʩʫʰʢʝ ʠ ʦʪʚʝʨʞʜʝʥʠʠ 

ʅʇʂ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʢʦʨʧʫʩʥʳʭ 

ʜʝʪʘʣʷʭ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʅʇʂ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʣʠʙʨʦʚʢʦʡ. 

ʅʘ ʥʘʜʝʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʥʦʛʠʭ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘ-

ʥʠʟʤʦʚ ʦʢʘʟʳʚʘʝʪ ʪʦʯʥʦʩʪʴ ʧʦʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ. 

 

 
ʈʠʩ. 2. ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʢʘʣʠʙʨʦʚʢʦʡ: ʘ ï ʨʘʟʜʝʣʢʘ  

ʠʟʥʦʰʝʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷ; ʙ ï ʥʘʥʝʩʝʥʠʝ ʅʇʂ; ʚ ï ʢʘʣʠʙʨʦʚʢʘ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ  

ʯʘʩʪʠʯʥʦ ʦʪʚʝʨʞʜʝʥʥʦʤ ʅʇʂ; ʛ- ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʧʦʩʘʜʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ; F ï ʫʩʠʣʠʝ  

ʢʘʣʠʙʨʦʚʘʥʠʷ; d1 ï ʜʠʘʤʝʪʨ ʧʨʦʪʦʯʝʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷ; d2 ï ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʢʘʥʘʚʦʢ;                                  

dʥʦʤ ï ʥʦʤʠʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʊʝʭʥʦʣʦʛʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʢʘʣʠʙʨʦʚʘʥʠʝʤ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ:  

1. ʨʘʩʪʘʯʠʚʘʥʠʝ ʠʟʥʦʰʝʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷ (ʨʠʩ. 2, ʘ); 

2. ʥʘʥʝʩʝʥʠʝ ʅʇʂ ʩ ʧʨʠʧʫʩʢʦʤ ʥʘ ʢʘʣʠʙʨʦʚʢʫ (ʨʠʩ. 2, ʙ); 

3. ʯʘʩʪʠʯʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʅʇʂ (ʜʦ ʧʣʘʩʪʠʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ);  

4. ʢʘʣʠʙʨʦʚʘʥʠʝ ʦʪʚʝʨʩʪʠʷ ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ dʥʦʤ (ʨʠʩ. 2, ʚ); 

5. ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʦʪʚʝʨʞʜʝʥʠʝ ʅʇʂ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʘ (ʨʠʩ. 2, ʛ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ: ʚʳʩʦʢʘʷ ʨʘʟʤʝʨʥʘʷ ʪʦʯʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦ-

ʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ; ʦʪʩʫʪʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ; ʫʤʝʥʴʰʝʥʠʝ ʜʝʬʝʢʪʦʚ (ʧʦʨ, ʪʨʝʱʠʥ, ʨʘʩʩʣʦ-

ʝʥʠʡ) ʚ ʢʦʤʧʦʟʠʪʝ ʚʩʣʝʜʩʪʚʠʝ ʫʧʣʦʪʥʝʥʠʷ ʯʘʩʪʠʯʥʦ ʦʪʚʝʨʞʜʝʥʥʦʡ ʅʇʂ ʧʨʠ ʢʘʣʠʙ-

ʨʦʚʢʝ; ʠʟ-ʟʘ ʜʚʫʭʵʪʘʧʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʅʇʂ ʫʤʝʥʴʰʘʝʪʩʷ ʚʣʠʷʥʠʝ ʫʩʘʜʢʠ ʥʘ ʨʘʟʤʝʨʳ 

ʦʪʚʝʨʩʪʠʷ. 

ʅʝʜʦʩʪʘʪʢʠ ʪʝʭʥʦʣʦʛʠʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʅʇʂ ʩ ʚʳʩʦʢʠʤʠ ʪʠʢʩʦʪʨʦʧʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ï ʢʘʣʠʙʨʦʚ; ʦʪʚʝʨʞʜʝ-

ʥʠʝ ʅʇʂ ʚ ʜʚʘ ʵʪʘʧʘ: ʜʦ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʦʩʪʘʚʦʚ (ʚʦʩʢʦʚʘʷ ʤʘʩʪʠʢʘ, ʤʘʩʣʦ, ʎʀɸʊʀʄ); ʥʝʦʙʭʦʜʠʤʦ ʮʝʥ-

ʪʨʠʨʫʶʱʝʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʩʠ ʧʦʩʘʜʦʯʥʦʛʦ ʦʪʚʝʨ-

ʩʪʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʧʫʩʥʦʡ ʜʝʪʘʣʠ. 
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ʢʦʣʝʩʥʦʡ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʧʨʠʤʝʨʝ ʘʚʪʦʮʠʩʪʝʨʥʳ ɸʎ-5,5-40 (5557) ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ 

çʋʈɸʃè. ʇʦʚʳʩʠʪʴ ʚʥʝʜʦʨʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ 
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ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʘʜʥʠʝ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ. 

  

                                                 
3
É ɹʳʢ ʅ. ʆ., ʇʫʯʢʦʚ ʇ. ɺ., 2020 
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N. O. Byk, P. V. Puchkov 

 

IMPROVING OFF - ROAD FIRE ENGINE CHARCTERISTICS WITH A WHE EL DRIVE  

 

Keywords: engine, crawler, truck, tanker, fire. 

Abstract:  ʊhis article will focus on improving the off-road characteristics of wheeled fire 

equipment on the example of the AC-5.5-40 (5557) tanker based on the URAL car . You can im-

prove the off-road performance of this vehicle to extinguish fires and fires in rural areas by using a 

removable crawler engine that is installed directly on the rear wheels of the car. 

 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʚʩʝʛʦ ʜʚʝ ʙʝʜʳ, ʚʪʦʨʘʷ ʠʟ ʢʦʪʦʨʳʭ  - ʵʪʦ çɸʚʪʦʤʦʙʠʣʴ-

ʥʳʝ ʜʦʨʦʛʠè. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ: ʜʝʨʝʚʝʥʴ, ʩʸʣ, 

ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʝʥʠʡ ʠ ʪ.ʧ., ʧʦʜʲʝʟʜʥʳʝ ʧʫʪʠ ʢ ʢʦʪʦʨʳʤ ʠʤʝʶʪ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ ʠʣʠ ʥʝ ʠʤʝʶʪ ʝʛʦ ʚʦʚʩʝ (ʛʨʫʥʪʦʚʳʝ ʜʦʨʦʛʠ).  ʇʦʜʲʝʟʜʥʳʝ ʧʫʪʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʢ ʪʘʢʠʤ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ ʟʘʪʨʫʜʥʷʶʪ ʦʢʘʟʘʥʠʝ 

ʧʦʤʦʱʠ ʥʘʩʝʣʝʥʠʶ ʚ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʪʘʢʠʤʠ ʩʣʫʞʙʘʤʠ ʢʘʢ ʩʢʦʨʘʷ ʤʝʜʠʮʠʥ-

ʩʢʘʷ ʧʦʤʦʱʴ, ʛʘʟʦʚʘʷ ʩʣʫʞʙʘ, ʧʦʞʘʨʥʘʷ ʦʭʨʘʥʘ, ʧʦʣʠʮʠʷ ʠ ʪ.ʧ.  ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʧʦʞʘʨʘ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʝʩʝʥʥʝʤ ʧʘʣʝ ʩʫʭʦʡ ʪʨʘʚʳ ʣʠʰʴ 

ʩʧʝʮʠʘʣʴʥʘʷ ʧʦʞʘʨʥʘʷ ʪʝʭʥʠʢʘ ʩʤʦʞʝʪ ʜʦʙʨʘʪʴʩʷ ʧʦ ʙʝʟʜʦʨʦʞʴʶ ʜʦ ʤʝʩʪʘ ʧʦʞʘʨʘ. 

ʇʨʝʛʨʘʜʦʡ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʘʰʥʠ, ʨʘʩʢʠʩʰʠʡ 

ʛʨʫʥʪ, ʩʥʝʞʥʳʝ ʟʘʥʦʩʳ, ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʦʣʦʩʳ ʠ ʪ.ʧ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʚʠʜʦʤ ʪʝʭʥʠʢʠ, ʢʦʪʦʨʳʤ ʦʩʥʘʱʘʶʪ ʧʦʞʘʨʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʝ ʯʘʩʪʠ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʘʚʪʦʮʠʩʪʝʨʥʘ ɸʎ-5,5-40 (5557) ʥʘ ʙʘʟʝ ʘʚʪʦʤʦ-

ʙʠʣʷ çʋʈɸʃè. ɼʘʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʚʥʝʜʦʨʦʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʘʤʠ, ʧʦʵʪʦʤʫ ʦʥ ʧʨʠʤʝʥʠʤ ʥʝ ʪʦʣʴʢʦ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ ʩ ʭʦʨʦʰʠʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥ-

ʥʳʤ ʜʦʨʦʞʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʥʦ ʠ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʦʚʳʩʠʪʴ ʚʥʝʜʦʨʦʞʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʲʝʤʥʦʛʦ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠ-

ʪʝʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʟʘʜʥʠʝ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ (ʈʠʩ.1). ɺ ʰʠ-

ʨʦʢʦʤ ʩʤʳʩʣʝ ʛʫʩʝʥʠʯʥʳʡ ʜʚʠʞʠʪʝʣʴ (ʛʫʩʝʥʠʮʘ) ï ʵʪʦ ʟʘʤʢʥʫʪʘʷ ʩʧʣʦʰʥʘʷ ʣʝʥʪʘ ʠʟ 

ʰʘʨʥʠʨʥʦ-ʩʦʝʜʠʥʝʥʥʳʭ ʟʚʝʥʴʝʚ (ʪʨʘʢʦʚ), ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʫʩʝʥʠʯʥʦʤ ʜʚʠʞʠ-

ʪʝʣʝ. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʫʩʝʥʠʮʳ ʠʤʝʶʪʩʷ ʚʧʘʜʠʥʳ ʠʣʠ ʚʳʩʪʫʧʳ, ʩ ʢʦʪʦ-

ʨʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʝʜʫʱʠʝ ʢʦʣʸʩʘ, ʦʧʦʨʥʳʝ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʢʘʪʢʠ ʤʘʰʠʥʳ. 

ɼʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʧʦʚʳʩʠʪʴ ʚʥʝʜʦʨʦʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨ-

ʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʚ ʫʩʣʦʚʠʷʭ ʙʝʟʜʦʨʦʞʴʷ, ʚ ʨʘʟʤʦʢʰʝʤ ʛʨʫʥʪʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʛʣʫ-

ʙʦʢʦʤʫ ʩʥʝʛʫ [1,2]. 

 

 
ʈʠʩ. 1. ɸʚʪʦʮʠʩʪʝʨʥʘ ɸʎ-5,5/40 ʥʘ ʙʘʟʝ ʋʨʘʣ (5557) ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʛʫʩʝʥʠʯʥʳʤ  

ʜʚʠʞʠʪʝʣʝʤ 
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ʉʲʝʤʥʘʷ ʛʫʩʝʥʠʮʘ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ ʢ ʘʚʪʦʤʦʙʠʣʶ ʠ 

ʥʝ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʡ ʠʟʤʝʥʝʥʠʡ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ. ʂʦʥʩʪʨʫʢʮʠʷ ʛʫʩʝʥʠʮʳ ʪʘʢʦʚʘ, 

ʯʪʦ ʦʥʘ ʣʝʛʢʦ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʠ ʜʝʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʟʘʜʥʠʭ ʢʦʣʝʩʘʭ ʘʚʪʦʮʠ-

ʩʪʝʨʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥ ʮʝʣʳʡ ʨʷʜ ʢʦʥʩʪʨʫʢʮʠʡ ʩʲʝʤʥʳʭ ʛʫʩʝʥʠʮ, ʦʪʣʠ-

ʯʘʶʱʠʝʩʷ ʢʘʢ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ, ʤʘʪʝʨʠʘʣʫ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ, ʪʘʢ ʠ ʧʦ ʜʨʫ-

ʛʠʤ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤ.   ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʫʩʝʥʠʮ 

ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʅʘʧʨʠʤʝʨ, ʩʲʝʤʥʳʝ ʛʫʩʝʥʠʮʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʢʦʤʧʘʥʠʝʡ ɸʋɻɽʈ ʜʣʷ ʰʘʩʩʠ 

ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: 

1. ʊʨʘʢʠ ʜʘʥʥʦʡ ʛʫʩʝʥʠʮʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʩ ʛʨʫʥ-

ʪʦʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʟʘʟʦʨʳ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʪʨʘʢʘʤʠ; 

2. ɻʫʩʝʥʠʮʘ ʥʝ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʅʝʚʦʟʤʦʞʥʦ ʟʘʤʝʥʠʪʴ, 

ʚʳʰʝʜʰʠʡ ʠʟ ʩʪʨʦʷ ʪʨʘʢ, ʪʘʢ ʢʘʢ ʚʩʝ ʪʨʘʢʠ ʧʨʠʚʘʨʝʥʳ ʢ ʩʦʝʜʠʥʷʶʱʝʡ ʠʭ ʮʝʧʠ. 

3. ɹʦʣʴʰʦʡ ʚʝʩ ʛʫʩʝʥʠʮʳ. ɻʫʩʝʥʠʮʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʫʛʣʝʨʦʜʠ-

ʩʪʦʡ ʩʪʘʣʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʝ ʚʝʩ (ʧʣʦʪʥʦʩʪʴ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʩʦʩʪʘʚ-

ʣʷʝʪ 7800 ʢʛ/ʤ
3
).  

4. ʇʨʦʪʝʢʪʦʨ ʥʘ ʪʨʘʢʘʭ ʛʫʩʝʥʠʮʳ ʦʪʩʫʪʩʪʚʫʝʪ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠ-

ʞʘʝʪ ʩʮʝʧʣʝʥʠʝ ʛʫʩʝʥʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʫʥʪʘ (ʩʥʝʛʘ). 

ʋʯʠʪʳʚʘʷ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʛʫʩʝʥʠʮʳ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʦʪʜʝʣʴʥʦʛʦ ʟʚʝʥʘ ʛʫʩʝʥʠʮʳ ï ʪʨʘʢʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʪʨʘʢʘ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʘʢʘ ʜʣʷ ʛʫʩʝʥʠʮʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʫʛʦʦʙʨʘʟʥʳʡ 

ʥʝʩʫʱʠʡ ʢʦʨʧʫʩ (1), ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʚʘʨʝʥʳ ʧʣʘʩʪʠʥʳ ʩ ʨʠʛʝʣʷʤʠ (4). ɼʫʛʦʦʙʨʘʟʥʳʡ 

ʢʦʨʧʫʩ ʪʨʘʢʘ ʚʳʛʥʫʪ ʧʦ ʧʨʦʬʠʣʶ ʧʦʢʨʳʰʢʠ ʢʦʣʝʩʘ. ʈʠʛʝʣʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʪʦʯʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ (5) ʥʘ ʢʦʨʧʫʩʝ (1). ʈʠʛʝʣʠ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ. ʉʦʝʜʠ-

ʥʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ (5) ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʢʦʨʧʫʩʫ ʪʨʘʢʘ (4) ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʥʪʘ (6). ʅʘ 

ʢʦʨʧʫʩ (1) ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʥʘʢʣʘʜʢʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ (2). ʇʝʨʬʦʨʘʮʠʷ ʥʘʢʣʘʜʢʠ (2) 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʥʘʢʣʘʜʢʠ. ʅʘʢʣʘʜʢʘ (2) ʦʩʥʘʱʝʥʘ ʛʨʫʥʪʦʟʘʮʝʧʘʤʠ (3) 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʚʝʨʝʥʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ʛʫʩʝʥʠʯʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʩ ʛʨʫʥʪʦʤ, ʩʥʝʛʦʤ ʠ 

ʪ.ʧ. 

ʊʨʘʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʜʚʠʞʥʦ ʚ ʟʘʤʢʥʫʪʫʶ ʩʧʣʦʰʥʫʶ ʣʝʥʪʫ ʩ ʧʦ-

ʤʦʱʴʶ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ (ʨʠʩ. 3).  

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʛʫʩʝʥʠʮʳ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʘ ʜʘʞʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ 

ʢʘʢ ʚʩʝ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʨʘʢʘ ʷʚʣʷʶʪʩʷ ʙʳʩʪʨʦʩʲʝʤʥʳʤʠ ʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ. 

ʅʘʢʣʘʜʢʠ ʪʨʘʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʰʠʨʦʢʠʝ ʧʣʘʩʪʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦȭʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ ʛʫʩʝʥʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʠ ʪʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʩʘ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʛʨʫʥʪ. ɻʨʫʥʪʦʟʘʮʝʧʳ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʝʝ ʩʮʝʧʣʝʥʠʝ ʛʫʩʝʥʠʮʳ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʨʫʥʪʘ.  
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ʘ) ʙ) 

 
 

ʛ) ʚ) 

 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ʪʨʘʢʘ: ʘ ï ʪʨʘʢ ʜʝʪʘʣʠʨʦʚʢʘ (1 ï ʢʦʨʧʫʩ; 2 ï ʥʘʢʣʘʜʢʘ ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ; 

3 ï ʛʨʫʥʪʦʟʘʮʝʧ (ʧʨʦʪʝʢʪʦʨʘ); 4 ï ʨʠʛʝʣʴ; 5 ï ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ; 6 ï ʚʠʥʪ); ʙ ï ʪʨʘʢ 

(ʛʣʘʚʥʳʡ ʚʠʜ); ʚ ï ʪʨʘʢ (ʚʠʜ ʩʙʦʢʫ); ʛ ï ʪʨʘʢ (ʚʠʜ ʩʚʝʨʭʫ) 

   
 

  
ʈʠʩ. 3. ʉʦʝʜʠʥʝʥʠʝ ʪʨʘʢʦʚ ʤʝʞʜʫ ʩʦʙʦʡ:  

1 - ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ;  

2 ï ʩʦʝʜʠʥʠʪʝʣʴʥʦʝ ʢʦʣʴʮʦ 

ʈʠʩ. 4. ʉʦʝʜʠʥʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʩ çʚʠʣʢʘè: 

1 ï ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ;  

2 ï ʧʨʦʫʰʠʥʘ; 3 ïh ʪʠʬʪ-ʩʦʝʜʠʥʠʪʝʣʴ 
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ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʛʫʩʝʥʠʮʳ ʚ ʟʘʤʢʥʫʪʫʶ ʩʧʣʦʰʥʫʶ ʣʝʥʪʫ ʥʘ ʧʦʩʣʝʜʥʝʤ ʪʨʘʢʝ ʥʘ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʝ ʛʫʩʝʥʠʮʳ (1)  ʧʨʝʜʫʩʤʦʪʨʝʥʘ çʚʠʣʢʘè (2) ʩʦ ʰʪʠʬʪʦʤ-

ʩʦʝʜʠʥʠʪʝʣʝʤ (3) (ʈʠʩ. 5 ʠ ʈʠʩ.6). 

 

 
 

ʈʠʩ. 5. ʉʦʝʜʠʥʝʥʠʝ ʛʫʩʝʥʠʮʳ ʚ ʩʧʣʦʰʥʫʶ 

ʣʝʥʪʫ 

ʈʠʩ. 6. ʐʪʠʬʪ ʩʦʝʜʠʥʠʪʝʣʴ: 1 ï ʪʝʣʦ ʰʪʠʬʪʘ;  

2 ï ʦʩʴ; 3 ï ʧʣʘʩʪʠʥʘ 

ʉʦʝʜʠʥʝʥʠʝ ʛʫʩʝʥʠʮʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢ: ʚ ʚʠʣʢʫ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʦ-

ʩʣʝʜʥʝʛʦ ʟʚʝʥʘ  ʧʦʤʝʱʘʝʪʩʷ ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʧʝʨʚʦʛʦ ʪʨʘʢʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʩʦʚʤʝʩʪʠʪʴ ʦʪʚʝʨʩʪʠʷ çʚʠʣʢʠè ʩ ʦʪʚʝʨʩʪʠʝʤ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʝʨʚʦʛʦ ʟʚʝʥʘ, 

ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5.  

ʉʦʝʜʠʥʝʥʠʝ ʧʝʨʚʦʛʦ ʠ ʧʦʩʣʝʜʥʝʛʦ ʪʨʘʢʦʚ ʛʫʩʝʥʠʮʳ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʰʪʠʬʪʘ ï ʩʦʝʜʠʥʠʪʝʣʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʰʪʠʬʪʘ ʩʦʝʜʠʥʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʐʪʠʬʪ ʩʦʝʜʠʥʠʪʝʣʴ ʧʨʦʜʝʚʘʝʪʩʷ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ çʚʠʣʢʝè ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘ-

ʩʪʠʥʳ ʧʦʩʣʝʜʥʝʛʦ ʪʨʘʢʘ ʠ ʦʪʚʝʨʩʪʠʝ ʚ ʚʠʣʢʝ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʧʝʨʚʦʛʦ ʪʨʘʢʘ 

(ʈʠʩ.  5) ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʥʠʭ ʩ ʧʦʤʦʱʴʶ ʧʣʘʩʪʠʥʳ ʧʦʚʦʨʦʪʥʦʡ (3) (ʈʠʩ. 6) [3,4,5]. 

ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʫʩʝʥʠʮʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʟʘʜʥʠʭ ʢʦʣʝʩʘʭ ʘʚʪʦʮʠʩʪʝʨʥʳ 

ɸʎ-5,5/40 ʥʘ ʙʘʟʝ ʋʨʘʣʘ (5557) ʠ ʩʦʝʜʠʥʝʥʥʘʷ ʚ ʟʘʤʢʥʫʪʫʶ ʩʧʣʦʰʥʫʶ ʣʝʥʪʫ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. 

 
ʈʠʩ. 7. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʛʫʩʝʥʠʮʳ ʚ ʩʙʦʨʝ 
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P. I. Valikov, B. V. Stepanov, R. L. Musatov, D. V. Klevetov, D. A. Starostin,  V. S. Gavrilova  

 
WAYS TO IMPROVE THE PERFORMANCE OF ROBOTIC CATERPILLAR FIRE -

FIGHTING MACHINES BY USING MODERN TECHNICAL SOLUTIONS IN THE 

MANUFACTURE OF HYDRODRIVE GEARS OF THE TURNING MECHANISM  

 
Keywords: caterpillar robotic fire fighting complex, hydraulic transmission of turning 

mechanism, axial-piston hydraulic machine, friction pair. 
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Abstract:  The article describes approaches to ensuring the durability of hydroloam gears of 

the mechanism for turning caterpillar robotic fire fighting complexes. This is achieved by reducing 

wear of friction pairs of axial-piston hydraulic machines providing operation of hydraulic transmis-

sion due to obtaining characteristics of surface layer of parts with various technical (design and 

technological) solutions. 

 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʠʢʠ 

ʧʨʠʦʙʨʝʣʦ ʨʦʣʴ ʢʣʶʯʝʚʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʉʪʘʥʦʚʠʪʩʷ ʦʯʝ-

ʚʠʜʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʦʙʦʪʠʟʘʮʠʠ ʤʘʰʠʥ ʚ ʪ.ʯ. ʠ ʜʣʷ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʘ ʨʘʟʚʠʪʠʝ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʥʝʤʳʩʣʠʤʦ ʙʝʟ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʙʦʨʴʙʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʅʝʦʪʲʝʤʣʝʤʳʤ ʢʣʘʩʪʝʨʦʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʧʦ-

ʞʘʨʥʳʭ ʩʣʫʞʙ ʷʚʣʷʶʪʩʷ ʤʘʰʠʥʳ ʥʘ ʛʫʩʝʥʠʯʥʦʤ ʰʘʩʩʠ. ɺ ʈʦʩʩʠʠ ʧʦʜʦʙʥʳʝ ʨʦʙʦʪʦ-

ʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʠʨʦʢʠʤ ʢʣʘʩʩʦʤ ʤʘʰʠʥ, 

ʪʘʢʠʤʠ ʢʘʢ çʄʈʋʇè, çɽʣʴè, çʂʝʜʨè, çʃʫʬè ʠ ʜʨ. [1]. 

ʅʘ ʙʘʟʝ ɸʆ çɺʅʀʀ çʉʠʛʥʘʣè, ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʢʠ ʧʫʥʢʪʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ (ʇɼʋ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʦʞʘʨʥʳʤʠ ʤʘʰʠʥʘʤʠ ʪʷʞʝʣʦʛʦ 

ʢʣʘʩʩʘ ʪʘʢʞʝ ʚʝʜʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʛʫʩʝʥʠʯʥʦʛʦ ʙʨʦʥʠʨʦʚʘʥʥʦ-

ʛʦ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʷʞʝʣʦʛʦ ʢʣʘʩʩʘ ʥʘ ʙʘʟʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ 

ʤʘʰʠʥʳ[2]. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʵʢʠʧʘʞʘ, ʩʠʣʘʤʠ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʙʳ ʦʧʝʨʘʪʠʚʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʥʝʧʦʣʘ-

ʜʦʢ. ɺʚʠʜʫ ʵʪʦʛʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʚ ʮʝʣʦʤ ʠ 

ʢ ʚʭʦʜʷʱʠʤ ʚ ʥʝʝ ʫʟʣʘʤ.  

ʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʛʫʩʝʥʠʯʥʳʤ ʤʘʰʠʥʘʤ ʪʷʞʝʣʦʛʦ ʢʣʘʩʩʘ ʧʦ ʩʢʦʨʦʩʪʠ ʠ 

ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʩʪʫʧʝʥʯʘʪʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʦʨʦʪʘ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʜʚʠʞʝʥʠʝʤ ʤʘʰʠʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʦʨʦʪʘ (ʄʇ) ʪʘʢʠʭ ʤʘʰʠʥ ʛʠʜʨʦʦʙʲʝʤʥʳʭ 

ʧʝʨʝʜʘʯ (ɻʆʇ).  

ɸʆ çɺʅʀʀ çʉʠʛʥʘʣè ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɻʆʇ ʄʇ. ɺ 

ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʦʡ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ɻʆʇ ʄʇ ʚʝʩʦʤʳʡ 

ʚʢʣʘʜ ʙʳʣ ʚʥʝʩʝʥ ʩʦʠʩʧʦʣʥʠʪʝʣʝʤ ʌɻɹʆʋ ɺʆ çʂɻʊɸ ʠʤ. ɺ.ɸ. ɼʝʛʪʷʨʝʚʘè ʠ ʣʠʯʥʦ 

ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʦʨʦʥʦʚʳʤ ʉʝʨʛʝʝʤ ɸʥʜʨʝʝʚʠʯʝʤ. ʇʦʜʨʦʙʥʦ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʜʦʩʪʦ-

ʠʥʩʪʚʘʭ, ʥʝʜʦʩʪʘʪʢʘʭ ʠ ʚʦʟʤʦʞʥʳʭ ʧʫʪʷʭ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ɻʆʇ ʄʇ ʛʫʩʝ-

ʥʠʯʥʳʭ ʤʘʰʠʥ ʠʟʣʦʞʝʥʦ ʚ [3-4]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʩʪʦʠʪ ʟʘʜʘʯʘ ʧʦ ʧʦʚʳʰʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʛʠʜʨʦʦʙʲʝʤʥʳʭ 

ʧʝʨʝʜʘʯ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ. ʇʦʵʪʦʤʫ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʩʚʦʠʭ ʨʘʟʨʘ-

ʙʦʪʢʘʭ ʜʣʷ ɸʆ çɺʅʀʀ çʉʠʛʥʘʣè ʢʘʢ ʨʘʟ ʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʚʳʧʫʩʢʘʝ-

ʤʳʭ ʠʟʜʝʣʠʡ [5]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ɻʆʇ ʄʇ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʠʭ ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ï 

ʘʢʩʠʘʣʴʥʦ-ʧʦʨʰʥʝʚʳʤʠ ʛʠʜʨʦʤʘʰʠʥʘʤʠ ʩ ʥʘʢʣʦʥʥʳʤ ʜʠʩʢʦʤ (ɸʇɻʄʅɼ) (ʩʤ. ʨʠʩʫ-

ʥʦʢ 1). ʈʘʙʦʪʫ ɸʇɻʄʅɼ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʝʮʠʟʠʦʥʥʳʝ ʧʘʨʳ ʪʨʝʥʠʷ 

(ʧʦʨʰʝʥʴ/ʩʪʝʥʢʠ ʦʪʚʝʨʩʪʠʷ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ, ʙʘʰʤʘʢ/ʦʧʦʨʘ, ʩʪʘʣʴʥʦʡ/ʣʘʪʫʥʥʳʡ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴ, ʧʦʨʰʝʥʴ/ʙʘʰʤʘʢ). 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʛʠʜʨʦʤʘʰʠʥʳ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨ ʪʨʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʂʇɼ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʫʪʝʯʝʢ ʯʝʨʝʟ ʫʚʝʣʠʯʝ-

ʥʠʝ ʟʘʟʦʨʦʚ ʠ ʢ ʚʳʭʦʜʫ ɸʇɻʄʅɼ ʠ ʚʩʝʛʦ ɻʆʇ ʄʇ. 

ʀʟʥʦʩ ʧʘʨ ʪʨʝʥʠʷ  ɸʇɻʄʅɼ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ [6] ï ʦʪ ʫʩʪʘ-

ʣʦʩʪʥʦʛʦ ʠ ʘʙʨʘʟʠʚʥʦʛʦ ʜʦ ʠʟʥʦʩʘ ʧʨʠ ʩʭʚʘʪʳʚʘʥʠʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʢʘʞʜʦʤʫ ʠʟ ʚʠʜʦʚ ʠʟʥʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʨʝʮʠʟʠʦʥʥʳʭ ʧʘʨ ʪʨʝ-

ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ɸʇʅɻʄʅɼ ʠ ɻʆʇ ʄʇ, ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʦʛʨʦʤʥʦʤʫ 

ʤʥʦʛʦʦʙʨʘʟʠʶ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʢʘʯʝʩʪʚʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɸʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʠʟʣʦʞʝʥʥʳʡ ʚ [7-10] ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʠʤʠ ʠʟ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ɸʆ çɺʅʀʀ çʉʠʛʥʘʣè ʷʚʣʷʶʪʩʷ: ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʨʝʛʫʣʷʨʥʳʭ ʤʠʢʨʦʨʝʣʴʝʬʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ;  ʥʘʥʝʩʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʜʝʪʘʣʝʡ ʧʦʣʠ-

ʤʝʨʥʳʭ ʧʦʢʨʳʪʠʡ;  ʣʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʪʝʨʤʦʫʧʨʦʯʥʝʥʠʝ). 

 
ʈʠʩ. 1. ʊʚʝʨʜʦʪʝʣʴʥʘʷ 3D ʤʦʜʝʣʴ ɻʆʇ ʄʇ ɿʈʂ çɹʋʂè: ʫʩʝʯʝʥʥʳʡ ʚʠʜ ʩ ʫʢʘʟʘʥʠʝʤ  

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʘʨ ʪʨʝʥʠʷ 

 

ʄʠʢʨʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʚʥʳʤʠ ʚʳʩʦʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ ʧʨʦʬʠʣʷ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʝʡ ʚʝʣʠʯʠʥʳ ʚʳʩʦʪʳ ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʶʱʠʭʩʷ ʚʳʩʪʫʧʦʚ, ʛʣʫʙʠʥʳ ʤʘʩʣʦʝʤʢʠʭ 

ʚʧʘʜʠʥ ʠ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ [11]. ʇʨʠ ʵʪʦʤ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ ʥʘ ʭʘʨʘʢ-



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 

________________________________________________________________________________ 

 

16 

 

ʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʘʨʘʤʝʪʨ ʚʦʣʥʠʩʪʦ-

ʩʪʠ [12].  

ɺ ɸʆ çɺʅʀʀ çʉʠʛʥʘʣè ʧʨʦʚʝʜʝʥ ʨʷʜ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʧʘʨ ʪʨʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʪʦ-

ʯʝʥʠʷ [11] (ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʘʨ ʪʨʝʥʠʷ) ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʦʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʦʚʦʜʢʦʡ [12] (ʜʣʷ ʧʣʦʩʢʠʭ ʠ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʝʪʘʣʝʡ ʧʘʨ ʪʨʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʦʧʦʨʥʦʡ ʢʨʠʚʦʡ 

ʧʨʦʬʠʣʷ ʠ ʚʦʣʥʠʩʪʦʩʪʠ. 

ɺ ʯʘʩʪʠ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦ-

ʜʠʢʘ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʧʘʨ ʪʨʝʥʠʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ [13]. ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʦʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ, ʩʧʦʩʦʙʥʦʛʦ ʨʘʙʦʪʘʪʴ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʘʛʨʫʞʝʥʠʷ ʧʘʨʳ ʪʨʝʥʠʷ ɸʇɻʄʅɼ ɻʆʇ ʄʇ, ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʠʟʥʦʩ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ 

ʥʘʠʤʝʥʴʰʠʤ.  

ʊʘʢʞʝ, ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ (ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ) ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ 

ʧʘʨ ʪʨʝʥʠʷ ɸʇɻʄʅɼ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʉʆ2-ʣʘʟʝʨʦʤ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʧʨʦʯʥʸʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ  ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʧʨʦʯʥʸʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʠʟ ʩʨʝʜʥʝʫʛʣʝ-

ʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,5õ3,5 ʨʘʟʘ. ʇʦʜʨʦʙʥʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʧʦ ʣʘʟʝʨ-

ʥʦʤʫ ʪʝʨʤʦʫʧʨʦʯʥʝʥʠʶ ʠʟʣʦʞʝʥʳ ʚ [14-16]. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʧʦʜʭʦʜʳ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʥʦ-

ʤʫ çʧʨʠʥʮʠʧʫ ʠʥʚʝʨʩʠʠ ʪʝʭʥʦʣʦʛʠʠè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʨʷʜ ʤʝʨʦʧʨʠʷ-

ʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʝʡ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʧʘʨ ʪʨʝʥʠʷ ɸʇɻʄʅɼ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʩʝʭ ʚʠʜʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ɻʆʇ ʄʇ.  
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ʀ. ʀ. ɺʝʜʝʨʥʠʢʦʚʘ
5
 

ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘ 
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INCREASING THE STRENGTH OF THREAD -CONDUCTING PARTS 

 

Keywords: microarc oxidation , electrolyte, properties, structure, wear, hardness, wear re-

sistance. 

Abstract:  The object of research is the problem of increasing the strength of the surfaces of 

thread conductors. 

 

 

ʀʟʤʝʥʝʥʠʝ ʠ ʨʦʩʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʠʢʪʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʫʟʣʳ ʠ ʤʝʭʘ-

ʥʠʟʤʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʦʤ ʚʳʩʦʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʊʘʢʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʢʘʢ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʪʘʢ ʠ ʩʦʟʜʘʥʠʝʤ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʀʟʥʘʰʠʚʘʥʠʝ ʜʝʪʘʣʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʟʦʥʝ ʪʨʝʥʠʷ, ʵʪʦ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʩʥʠʞʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʤʘ-

ʰʠʥ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 

ʘʢʪʫʘʣʴʥʳʡ ʚʦʧʨʦʩ ʜʣʷ ʚʩʝʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʇʨʠ ʨʘʙʦʪʝ ʤʝʭʘʥʠʟʤʦʚ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʰʠʥ ʩʦʟʜʘʶʪʩʷ ʦʯʝʥʴ ʥʝʧʨʦʩʪʳʝ ʫʩʣʦʚʠʷ: 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʷʜʠʣʴʥʳʭ ʢʘʤʝʨ ʤʘʰʠʥ ʧʥʝʚʤʦʤʝ-

ʭʘʥʠʯʝʩʢʦʛʦ ʧʨʷʜʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 100.000 ʤʠʥ
-1
 ʠ ʙʦʣʝʝ), ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʪʨʝʧʘʣʴʥʳʝ, ʯʝʩʘʣʴʥʳʝ, ʣʝʥʪʦʯʥʳʝ ʤʘʰʠʥʳ ʠ ʧʨ.) ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ. ʊʘʢʞʝ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʨʘʙʦʯʠʭ ʤʝʭʘʥʠʟʤʦʚ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʰʠʥ 

ʜʝʡʩʪʚʫʶʪ ʧʨʠ ʩʠʣʴʥʦʡ ʟʘʧʳʣʝʥʥʦʩʪʠ, ʦʙʣʘʜʘʶʱʝʡ ʘʙʨʘʟʠʚʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʧʨʠ 

ʫʩʠʣʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʷʜʠʣʴʥʳʝ ʠ ʪʢʘʮʢʠʝ ʤʘʰʠʥʳ.  ʅʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʥʠʪʝʧʨʦʚʦʜʷʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ, ʠʭ ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʬʦʨʤʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ. ɽʱʝ ʧʝʨʚʳʤʠ ʨʘ-

ʙʦʪʘʤʠ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʫʯʝʥʠʢʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʍʫʜʳʭ ʄ.ʀ., ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʭʘ-

ʨʘʢʪʝʨ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʨʘʟʣʠʯʥʳʤʠ ʪʝʢʩʪʠʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʷʚʣʷʝʪʩʷ 

ʘʙʨʘʟʠʚʥʳʤ ʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʠʟʥʘʰʠʚʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ.[1] ʇʦʵʪʦʤʫ ʥʠʪʝʧʨʦʚʦʜʷʱʠʝ ʜʝʪʘʣʠ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʠʟ-

ʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʧʦʚʳʰʝʥʥʦʡ ʯʠʩʪʦʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʦʙʨʳʚʥʦ-

ʩʪʝʡ ʥʠʪʠ. ʅʠʪʝʧʨʦʚʦʜʥʠʢʠ ʧʨʦʠʟʚʦʜʷʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʩʪʘʣʝʡ (ʉʪʘʣʴ20, 40ʍ, 

12ʍ18ʅ10ʊ), ʣʘʪʫʥʠ (ʃ59, ʃ70), ʘ ʪʘʢʞʝ ʠʟ  ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ (ɸʄʛ2, ɼ16) ʠ ʢʝ-

ʨʘʤʠʢʠ.  
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦ-

ʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢʠʝ ʢʘʢ: ʘʥʦʜʠʨʦʚʘʥʠʝ, ʘʟʦʪʠʨʦʚʘʥʠʝ, ʘʣʤʘʟʥʦʝ ʚʳʛʣʘʞʠʚʘʥʠʝ, 

ʤʘʛʥʠʪʦ-ʠʤʧʫʣʴʩʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʄʀʆ), ʵʣʝʢʪʨʦʭʠʤʠʢʦʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʕʍ-

ʄʆ) ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ ʥʘ ʚʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʠʯʠʥ: ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʩʨʝʜʘʤʠ; ʪʨʫʜʦʝʤʢʦʩʪʴ; ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ; ʵʢʦʥʦʤʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ.  ɸʣʤʘʟʥʦʝ ʚʳ-

ʛʣʘʞʠʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʧʦʚʳʰʝʥʥʫʶ ʭʨʫʧʢʦʩʪʴ ʘʣʤʘʟʘ, ʥʝ ʩʣʝʜʫʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʚʳ-

ʛʣʘʞʠʚʘʥʠʝʤ ʜʠʩʢʨʝʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟ-ʟʘ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʢʘʯʝʩʪʚʘ, ʚʳʛʣʘʞʠʚʘ-

ʥʠ ʁʥʝ ʧʦʜʚʝʨʛʘʶʪ ʠʟʜʝʣʠʷ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʬʦʨʤʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝ-

ʯʝʥʠʠ ʠʣʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʪʚʝʨʜʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʛʥʠʪʦ-ʠʤʧʫʣʴʩʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʟʘʯʘʩʪʫʶ ʧʦʜʚʝʨʛʘʶʪ ʣʝʟʚʠʡʥʳʡ ʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʜʠʥʘʤʠʯʝ-

ʩʢʦʡ ʥʘʛʨʫʟʢʝ ʜʝʪʘʣʠ ʤʘʰʠʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʩʪʦʡʢʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʕʄʍʆ ʦʙʨʘʙʘʪʳʚʘʶʪ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠʟ ʪʨʫʜʥʦʜʝʬʦʨʤʠʨʫʝʤʳʭ, ʧʨʦʯʥʳʭ ʠ 

ʪʚʝʨʜʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʲʝʤʥʦʡ ʟʘʢʘʣʢʠ ʥʘʛʨʝʚʘʥʠʝ ʚ ʧʝʯʠ 

ʙʝʟ ʟʘʱʠʪʥʦʡ ʩʨʝʜʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʠ ʧʦʩʣʝʜʫʶʱʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʫʜʘʣʝʥʠʷ ʠʟ-ʟʘ ʧʣʦʭʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʨʘʙʦ-

ʪʝ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʰʠʥ. ʀʥʜʫʢʮʠʦʥʥʘʷ ʠ ʣʘʟʝʨʥʘʷ ʟʘʢʘʣʢʘ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ 

ʜʦʨʦʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ ʫʙʳʪʦʯʥʳ. 

ɸʟʦʪʠʨʦʚʘʥʠʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪ ʣʝʛʠʨʦʚʘʥʥʫʶ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʫʶ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ 

ʩʪʘʣʠ, ʠ ʪʘʤ, ʛʜʝ ʥʫʞʥʦ ʦʩʦʙʦʝ ʢʘʯʝʩʪʚʦ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝ-

ʨʳ.[2] ʕʪʦʪ ʧʨʦʮʝʩʩ, ʢʘʢ ʠ ʣʘʟʝʨʥʳʡ ʥʘʛʨʝʚ, ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʝʜʦʚʳʭ ʠ ʙʦʣʝʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʧʦʩʦʙʦʚ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʝʧʨʦʚʦʜʷʱʠʭ ʜʝʪʘʣʝʡ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʜʫʛʦʚʦʝ 

ʦʢʩʠʜʠʨʦʚʘʥʠʝ (ʄɼʆ).       

ʄʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ (ʄɼʆ) ï ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʡ ʚʠʜ ʦʙʨʘʙʦʪʢʠ ʠ 

ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʪʘʣʠ, ʘʣʶ-

ʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ), ʚʦʟʥʠʢʰʠʡ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʘʥʦʜʠʨʦʚʘʥʠʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ʄʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ ʜʘ-

ʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʝʨʘʤʠʢʦʧʦʜʦʙʥʳʝ ʧʦʢʨʳʪʠʷ ʩ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʥʦʩʦʩʪʦʡʢʠʝ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡ-

ʢʠʝ, ʪʝʧʣʦʩʪʦʡʢʠʝ, ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʦʢʨʳʪʠʷ. ʍʘʨʘʢʪʝʨʥʦʡ 

ʯʝʨʪʦʡ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪʩʷ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʤʠʢʨʦʨʘʟʨʷʜʦʚ, ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʚʦʟ-

ʜʝʡʩʪʚʫʷ ʥʘ ʬʦʨʤʠʨʫʶʱʝʝʩʷ ʧʦʢʨʳʪʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦ-

ʣʫʯʘʝʤʳʭ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʥʳ, ʘ ʩʚʦʡʩʪʚʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʚʝ-

ʣʠʯʠʚʘʶʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʳʯʥʳʤ ʘʥʦʜʠʨʦʚʘʥʥʳʤ ʧʦʢʨʳʪʠʷʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʄɼʆ ʥʝ ʤʝʥʷʶʪʩʷ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʚʩʣʝʜʩʪʚʠʝ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ ʩʣʦʷ, ʘ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʟʳ ʚʦʟʨʘʩʪʘʶʪ.  

ʀʥʳʤʠ ʚʝʩʢʠʤʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʨʘʙʦʪʢʠ ʄɼʆ ʷʚʣʷʶʪʩʷ ʝʝ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʱʘʪʝʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʥʘʯʘʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦ-

ʛʦ ʦʩʥʘʱʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʣʩʪʳʭ ʧʣʝʥʦʢ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʣʝʝ 

ʯʝʤ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʥʝ ʧʦʟʚʦʣʷʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 
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ʧʦʢʘʟʘʪʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʦʜʘʤ ʤʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ.  

ʉʚʦʡʩʪʚʘ ʄɼʆ-ʧʦʢʨʳʪʠʡ ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ, ʩʦʩʪʘʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʨʝʞʠʤʘ ʧʨʦʮʝʩ-

ʩʘ. ʄɼʆ-ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʘʝʤʳʝ ʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ, ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ [3]:  ʪʦʣʱʠʥʘ ʜʦ 400 ʤʢʤ; ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʜʦ 2500 ʢʛ/ʤʤ
2
; ʧʨʦʙʦʡʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʜʦ 6000 ɺ;  ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ï ʚʳʜʝʨʞʠʚʘʝʪ ʪʝʧʣʦʚʦʡ ʫʜʘʨ ʜʦ 25000 Üʉ; 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ï 1-ʡ ʙʘʣʣ ʧʦ ʜʝʩʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ; ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʘ 

ʫʨʦʚʥʝ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ; ʧʦʨʠʩʪʦʩʪʴ ʦʪ 2 ʜʦ 50 % (ʨʝʛʫʣʠʨʫʝʤʘʷ). 

ʉʣʘʙʳʤ ʟʚʝʥʦʤ ʦʙʨʘʙʦʪʢʠ ʄɼʆ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦʡ ʧʨʦʮʝʩʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ:  1 ï ʭʠʤʠʯʝ-

ʩʢʘʷ ʨʝʘʢʮʠʷ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ ʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʢʨʳʪʠʷ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ; 2 ï ʵʣʝʢ-

ʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʜʦ ʟʘʞʠʛʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʠ ʚ ʤʝ-

ʩʪʘʭ, ʛʜʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʘʟʨʷʜʘ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪ (ʘʥʦʜʠʨʦʚʘʥʠʝ ʚ ʚʦʜʥʳʭ ʨʘʩ-

ʪʚʦʨʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʵʣʝʢʪʨʦʣʠʟ); 3 ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʠʢʨʦʜʫʛʦʚʦʝ ʦʢʩʠʜʠʨʦʚʘʥʠʝ, 

ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʢʦʨʦʪʢʠʝ ʥʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʠʩʢʨʝʥʠʷ; ʛʣʘʚʥʳʡ 

ʵʪʘʧ ʛʦʨʝʥʠʷ ʤʠʢʨʦʜʫʛʦʚʳʭ ʨʘʟʨʷʜʦʚ ʠ, ʥʘʢʦʥʝʮ, ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʣʱʠʥʳ, ʧʝʨʝʭʦʜ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚ ʜʫʛʦʚʦʡ.  

ʈʝʟʶʤʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʛʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩ-

ʩʘ ʤʠʢʨʦʜʫʛʦʚʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʘʚʰʝʛʦ ʝʤʫ ʥʘʯʘʣʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʘʥʦʜʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʧʝʨʝʤʝʱʘʶ-

ʱʠʡʩʷ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʛʨʫʞʝʥʥʦʡ ʚ ʵʣʝʢʪʨʦʣʠʪ, ʢʦʪʦʨʘʷ ʩʚʦʝʦʙ-

ʨʘʟʥʦ ʪʝʨʤʠʯʝʩʢʠ, ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʤʘʪʝʨʠʘʣ 

ʦʩʥʦʚʳ, ʩʘʤʦ ʧʦʢʨʳʪʠʝ ʠ ʵʣʝʢʪʨʦʣʠʪ. ɺ ʠʪʦʛʝ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʶʪʩʷ ʢʝʨʘʤʠ-

ʢʦʧʦʜʦʙʥʳʝ ʧʣʝʥʢʠ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʧʝʢʪʨʝ ʵʣʝʤʝʥʪʥʳʤ ʠ ʬʘʟʦʚʳʤ 

ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʨʘʙʦʯʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʥʘ ʦʜʠʥ-ʜʚʘ ʧʦʨʷʜʢʘ ʚʳʰʝ ï ʜʦ 

1000 ɺ, ʧʨʠʯʝʤ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʧʦʩʪʦʷʥʥʳʡ, ʘ ʧʝʨʝʤʝʥʥʳʡ ʠ ʠʤʧʫʣʴʩʥʳʡ ʪʦʢʠ, 

ʘ ʵʣʝʢʪʨʦʣʠʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ ʢʠʩʣʦʪʥʳʝ, ʘ, ʚ ʦʩʥʦʚʥʦʤ, ʩʣʘʙʦʱʝʣʦʯʥʳʝ. ʂ ʭʘʨʘʢ-

ʪʝʨʥʳʤ ʯʝʨʪʘʤ ʦʧʝʨʘʮʠʠ ʄɼʆ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʥʝʩʪʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʨʷʜ-

ʥʳʭ ʢʘʥʘʣʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟ ʚ ʧʦʢʨʳʪʠʷʭ; 

ʨʘʩʧʘʜ ʚʦʜʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʪʦʤʘʨʥʦʛʦ ʠ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ; ʤʝʩʪʥʦʝ ʧʦ-

ʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʩʚʦʝʦʙʨʘʟʥʳʝ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ 

ʟʦʥʝ ʨʘʟʨʷʜʘ; ʣʦʢʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʚ ʨʘʟʨʷʜʝ ʦʢʩʠʜʦʚ, ʬʦʨʤʠ-

ʨʫʶʱʠʭʩʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʫʪʝʤ. ɻʣʘʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʦʧʝʨʘʮʠʠ ʄɼʆ ʷʚ-

ʣʷʶʪʩʷ: ʥʝʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʙ-

ʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʦʪʩʫʪʩʪʚʠʝ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʦʚ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʦʣʩʪʳʭ (ʜʦ 300-400 ʤʢʤ) ʧʦʢʨʳʪʠʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʦ-

ʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʦʛʦ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʝ ʠʩʢʣʶʯʠʪʝʣʴ-

ʥʦ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ (ʜʦ 2000-2500 ʢʛ/ʤʤ
2
) ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʄɼʆ-ʧʦʢʨʳʪʠʡ. 
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INCREASING RESOURCE AND RELI ABILITY OF DEVICES WITH NANODISPERSED 

MAGNETIC LIQUID  

 

Keywords: bearing, magneto-liquid device, electric motor, ferro-magnetic fluid, sealing. 

Abstract:  It is proposed to increase the reliability of devices with nanodispersed magnetic 

fluid after surface machining to undergo plastic surface deformation simultaneously with the appli-

cation of a non-magnetic coating, after which the device creates a magnetic field and introduces 

nanodispersed magnetic fluid. 

 

 

ʄʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʚʦʜʦʚ ʚʨʘ-

ʱʘʪʝʣʴʥʦʛʦ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʚʠʜʦʚ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʧʦʜʚʠʞ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʘʢʫʫʤʥʳʭ, ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  ʄʘʛʥʠ-

ʪʦʞʠʜʢʦʩʪʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʫʧʣʦʪʥʝʥʠʷʤʠ (ʩʘʣʴʥʠʢʦʚʳʤʠ, ʤʘʥʞʝʪʥʳʤʠ, ʣʘʙʠʨʠʥʪʥʳʤʠ, ʱʝʣʝʚʳʤʠ ʠ ʜʨ.): ʧʨʦ-

ʩʪʦʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʦʪ-

ʩʫʪʩʪʚʠʝ ʠʟʥʦʩʘ ʚʘʣʘ ʠ ʥʠʟʢʠʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʥʘ ʪʨʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʯʠ-

ʩʪʦ ʞʠʜʢʦʩʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʨʝʥʠʷ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ ʫʩʪʨʦʡʩʪʚʦʤ ʠ ʚʘʣʦʤ; ʧʨʘʢʪʠʯʝʩʢʠ 
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ʥʫʣʝʚʳʝ ʫʪʝʯʢʠ ʛʝʨʤʝʪʠʟʠʨʫʝʤʦʡ ʩʨʝʜʳ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ; ʩʧʦʩʦʙʥʦʩʪʴ 

ʤʘʛʥʠʪʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚʳʪʘʣʢʠʚʘʪʴ ʥʘʨʫʞʫ ʧʦʧʘʜʘʶʱʠʝ ʚ ʨʘʙʦʯʠʡ ʟʘʟʦʨ ʥʝʤʘʛʥʠʪ-

ʥʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʠ ʚʣʘʛʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʶ.  ʄʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʩʦʭʨʘʥʷʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʣʶʙʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʜʘʚʣʝʥʠʡ ʠ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ 

ʩʪʦʷʥʦʯʥʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ.  ʋʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʷʭ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʚʥʫʪʨʝʥʥʠʭ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʦʪ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʚʣʘʛʠ ʠ ʧʳʣʠ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʨʝʩʫʨʩ. ɻʝʨʤʝʪʠʟʘʮʠʷ ʜʚʠʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʚʨʘʱʘʶʱʝʤʫʩʷ ʚʘʣʫ. ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ ʣʝʞʠʪ ʫʥʠʢʘʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʟʘʟʦʨʝ 

ʤʝʞʜʫ ʥʝʧʦʜʚʠʞʥʳʤ ʠ ʧʦʜʚʠʞʥʳʤ ʫʟʣʦʤ ʧʨʠ ʧʦʤʦʱʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ.  ʄʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʛʘʙʘʨʠʪʘʭ ʢʨʳʰʢʠ ʧʦʜʰʠʧʥʠʢʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʥʝʛʦ.  

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ [1-2], ʚʢʣʶʯʘʶʱʠʡ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜʷ-

ʱʠʭ ʜʝʪʘʣʝʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʤʝʭʘʥʠʯʝ-

ʩʢʠʤ ʠʣʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʚʳʩʦʪʳ ʠ ʰʘʛʘ ʥʝʨʦʚʥʦʩʪʝʡ ʰʝ-

ʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʷʱʠʭ ʜʝʪʘʣʝʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʶʪ ʧʣʘʩʪʠʯʝʩʢʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʩʦʟʜʘʶʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ 

ʚʚʦʜʷʪ ʥʘʥʦʜʠʩʧʝʨʩʥʫʶ ʤʘʛʥʠʪʥʫʶ ʞʠʜʢʦʩʪʴ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜʷʱʠʭ ʜʝʪʘʣʝʡ, ʢʦʥʪʘʢ-

ʪʠʨʫʶʱʠʭ ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠ ʫʜʣʠʥʷʝʪ ʦʙ-

ʱʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʩʝ-

ʙʝʩʪʦʠʤʦʩʪʴ. 

ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʡ  ʚʣʠʷʝʪ  ʥʘ ʚʝʣʠʯʠʥʳ ʧʝʨʝʜʘʚʘʝʤʳʭ  ʤʦʤʝʥʪʦʚ ʠ  ʤʦʱʥʦʩʪʠ [3-5]. 

ʅʘ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʣʠʷʶʪ: ʚʝʣʠʯʠʥʘ ʨʘʙʦʯʝʛʦ ʟʘʟʦ-

ʨʘ, ʚʢʣʶʯʘʶʱʘʷ  ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʶʩʦʚ ʠ ʚʪʫʣʢʠ, ʢʦʥʪʘʢ-

ʪʠʨʫʶʱʠʭ ʩ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʷʟʢʦʩʪʴ ʠʩ-

ʧʦʣʴʟʫʝʤʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ, ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ ʫʩʪʨʦʡ-

ʩʪʚʘ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʝʪʘʣʝʡ ʦʙʨʘʟʫ-

ʶʪʩʷ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ [6-7]. ʆʜʥʦʨʦʜʥʦʝ ʤʘʛʥʠʪʥʦʡ ʧʦʣʝ ʦʢʦʣʦ ʰʝʨʦʭʦʚʘʪʦʡ ʤʘʛʥʠ-

ʪʦʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ. ʈʝʣʴʝʬ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʚʧʘʜʠʥ ʠ ʚʳʩʪʫʧʦʚ. ʇʨʠ ʨʘʩʧʦʣʦʞʝʥʠʠ ʪʘʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʤʠʢʨʦʥʝʨʦʚʥʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʣʠʥʠʡ 

ʚʝʢʪʦʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɽʩʣʠ ʧʦʤʝʩʪʠʪʴ ʦʢʦʣʦ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʤʘʛʥʠʪʥʫʶ ʩʨʝʜʫ, ʥʘʧʨʠʤʝʨ, ʤʘʛʥʠʪʥʫʶ ʞʠʜʢʦʩʪʴ, ʪʦ ʤʘʛʥʠʪʥʳʝ 

ʯʘʩʪʠʮʳ ʙʫʜʫʪ ʩʪʨʝʤʠʪʴʩʷ ʧʦʧʘʩʪʴ ʚ ʟʦʥʫ, ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʤʘʢʩʠʤʘʣʴʥʘ, ʪʦ 

ʝʩʪʴ ʢ ʚʝʨʰʠʥʝ ʚʳʩʪʫʧʘ, ʩʦʟʜʘʚʘʷ ʟʜʝʩʴ ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʯʘʩʪʠʮ. ɺʝʨʰʠ-

ʥʳ ʚʳʩʪʫʧʦʚ ʧʦʢʨʳʚʘʶʪʩʷ ʩʣʦʝʤ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʄʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʪʘʢʞʝ  ʚ ʮʝʧʦʯʢʠ ʧʦ ʣʠʥʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ. ʉʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʪʝʤ ʚʳʰʝ, ʯʝʤ ʩʠʣʴʥʝʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʦʯʥʦʩʪʴ ʮʝʧʦʯʝʢ ʠʟ ʯʘʩʪʠʮ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʦʢʦʣʦ ʚʝʨʰʠʥ ʚʳ-

ʩʪʫʧʦʚ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʝʤ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ, ʛʜʝ ʧʦʣʝ ʨʘʚʥʦʤʝʨʥʦʝ. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʎʝʧʦʯʢʠ ʧʨʦʯʥʦ ʩʚʷʟʘʥʳ ʩ ʚʝʨʰʠʥʘʤʠ ʚʳʩʪʫʧʦʚ. ʆʢʦʣʦ ʰʝʨʦʭʦʚʘʪʦʡ ʤʘʛʥʠʪʦʧʨʦʚʦ-

ʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʩ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʚʥʫʪʨʝʥ-

ʥʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʯʘʩʪʠʮ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʣʦʡ ʙʦʣʝʝ ʧʨʦʯʥʳʡ, ʯʝʤ ʩʣʦʠ ʞʠʜʢʦ-

ʩʪʠ ʚ ʨʘʚʥʦʤʝʨʥʦʤ ʧʦʣʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʝʝ ʧʦʜʚʠʞʥʳʡ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʰʝʨʦʭʦ-

ʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʧʦʯʢʠ ʙʫʜʫʪ ʨʘʟʨʫʰʘʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʦʙʣʘʩʪʠ ʦʜʥʦʨʦʜ-

ʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʛʜʝ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʤʝʥʴʰʝ.  ʆʢʦʣʦ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʨʫʜʥʦ ʨʘʟʨʫʰʠʤʳʡ ʩʣʦʡ ʤʝʣʢʦʜʠʩ-

ʧʝʨʩʥʦʡ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʰʝʨʦʭʦʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝ-

ʛʦʩʷ ʚʘʣʘ, ʪʦ ʧʦʷʚʣʝʥʠʝ ʥʝʧʦʜʚʠʞʥʦʛʦ ʩʣʦʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʚʘʣʘ. ɺʦʟʨʘʩʪʘʝʪ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʚʘʣʘ ʫʩʪʨʦʡʩʪʚʘ.  ɽʩʣʠ 

ʪʦʣʱʠʥʘ ʩʣʦʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʩʦʠʟʤʝʨʠʤʘ ʩ ʨʘʙʦʯʠʤ ʟʘʟʦʨʦʤ ʫʩʪʨʦʡʩʪʚʘ, 

ʪʦ ʝʛʦ ʧʦʷʚʣʝʥʠʝ ʩʦʢʨʘʱʘʝʪ ʚʝʣʠʯʠʥʫ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʤʝʪʥʦʤʫ ʫʚʝ-

ʣʠʯʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʩʜʚʠʛʘ ʠ ʥʘʧʨʷʞʝʥʠʶ ʩʜʚʠʛʘ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʳ ʚ ʟʘʟʦʨʝ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʝʥʠʶ ʧʦʪʝʨʴ ʚ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʤ ʫʩʪʨʦʡʩʪʚʝ [8-9]. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ  ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚ ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛ-

ʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʚʢʣʶʯʘʶʱʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ, ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʥʘʥʝʩʝʥʠʝ ʥʝʤʘʛʥʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ) ʠ ʧʣʘ-

ʩʪʠʯʝʩʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʘʛʥʠʪʦʧʨʦʚʦʜʷʱʠʭ ʜʝʪʘ-

ʣʝʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʜʣʷ ʧʦʥʠʞʝʥʠʷ ʚʳʩʦ-

ʪʳ ʠ ʰʘʛʘ ʥʝʨʦʚʥʦʩʪʝʡ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʘʛʥʠʪʦʧʨʦʚʦʜʷʱʠʝ 

ʜʝʪʘʣʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʥʘʥʦʜʠʩʧʝʨʩʥʦʡ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʧʦʩʣʝ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʜʚʝʨʛʘʪʴ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩ ʥʘʥʝʩʝʥʠʝʤ ʥʝʤʘʛʥʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʫʩʪʨʦʡʩʪʚʝ ʩʦʟʜʘʚʘʪʴ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʚʚʦʜʠʪʴ ʥʘʥʦʜʠʩʧʝʨʩʥʫʶ ʤʘʛʥʠʪʥʫʶ ʞʠʜʢʦʩʪʴ. 

ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥʘ  ʧʨʦʬʠʣʦʛʨʘʤʤʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʪʫʣʢʠ ʠʟ ʩʪʘʣʠ 40ʍ13 (Ra =0,945 ʤʢʤ).  

 

 
ʈʠʩ. 1. ʇʨʦʬʠʣʦʛʨʘʤʤʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʠʟ ʩʪʘʣʠ 40ʍ13   

(Ra =0,945 ʤʢʤ) 

 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ  ʚʦʣʥʠʩʪʦʩʪʴ (ʤʤ) ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʠʟ ʩʪʘʣʠ 

40ʍ13 ʩ  ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ  Ra =0,945 ʤʢʤ: ʘ) ï ʧʨʦʜʦʣʴʥʘʷ; ʙ) ï ʧʦʧʝʨʝʯʥʘʷ. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʘ) 

 
ʙ) 

ʈʠʩ. 2. ɺʝʣʠʯʠʥʘ ʚʦʣʥʠʩʪʦʩʪʠ (ʤʤ) ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʠʟ ʩʪʘʣʠ 40ʍ13  

ʩ  ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ  Ra =0,945 ʤʢʤ: ʘ) ï ʧʨʦʜʦʣʴʥʘʷ; ʙ) ï ʧʦʧʝʨʝʯʥʘʷ 

 
ɺʘʞʥʝʡʰʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ ʛʝʨʤʝʪʠʟʘʪʦʨʦʚ, ʨʘʙʦʪʘ-

ʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʝʛʦ ʪʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʠʭ ʥʘʛʨʫʟʦʯʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʧʦʪʝʨʠ 

ʥʘ ʪʨʝʥʠʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʥʝʩʫʱʠʭ ʜʝʪʘʣʝʡ. ʆʙʳʯʥʦ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʦʙ-

ʨʘʱʘʝʪʩʷ ʥʘ ʧʝʨʚʳʝ ʜʚʘ ʬʘʢʪʦʨʘ. ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʘʰʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʝ-

ʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʨʘʟʤʝʨʳ ʩʦʧʨʷʞʝʥʠʷ, ʜʠʘʤʝʪʨ ʚʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘ-

ʤʝʪʨ ʚʪʫʣʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʫʚʝ-

ʣʠʯʝʥʠʶ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʠ ʚʳʭʦʜʫ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʛʝʨʤʝʪʠʟʘʪʦʨʘ ʠʟ ʩʪʨʦʷ 

[10]. ʄʦʤʝʥʪ ʪʨʝʥʠʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚʝʣʠʯʠʥʘʤʠ ʚʦʣʥ  ʠ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʪʫʣʢʠ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ 

ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ ʠ ʨʝʜʫʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʠʩ-
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S. A. Garelina, K. P. Latyshenko 

 
MECHANICAL TRANSMISSION IN EMERGENCY EQUIPMENT  

 

Keywords: mechanical transmission, gear, emergency equipment, discipline çmachine 

partsè. 

Abstract:  The article deals with mechanical transmissions and reducers that are used in 

emergency equipment. The presented material will help to develop professional competence of ca-

dets studying in the specialty 23.03.03 çOperation of transport and technological machines and 

complexesè, and will be useful for improving the professional competence of teachers of this disci-

pline. 

 

 

ʂʘʬʝʜʨʝ ʤʝʭʘʥʠʢʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʨʘʬʠʢʠ ɸʢʘʜʝʤʠʠ ʛʨʘʞʜʘʥʩʢʦʡ ʟʘʱʠʪʳ 

ʄʏʉ ʈʦʩʩʠʠ ʧʦʨʫʯʝʥʦ ʧʨʦʚʦʜʠʪʴ ʟʘʥʷʪʠʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɼʝʪʘʣʠ ʤʘʰʠʥ ʠ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè ʜʣʷ ʢʫʨʩʘʥʪʦʚ 23.03.03, 
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ʠʟʫʯʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʠ 

ʫʟʣʦʚ ʤʘʰʠʥ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʜʘʯ. 

ʅʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʮʝʩʩʫ ʦʙʫʯʝʥʠʷ ʚ ɺʋɿʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʝʨʝʭʦʜ ʦʪ ʩʣʦ-

ʞʠʚʰʝʡʩʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʫʩʚʦʝʥʠʝ 

ʟʥʘʥʠʡ, ʢ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʦʧʳʪʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʥʘ ʦʩʥʦʚʝ 

ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʦʪʠʚʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ. ʇʦʜʛʦʪʦʚʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʘ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʧʣʦʜʦʪʚʦʨʥʫʶ ʨʘʙʦʪʫ ʩʨʘʟʫ ʧʦ ʦʢʦʥʯʘʥʠʠ ɺʋɿʘ, ʧʦʵʪʦʤʫ ʢʫʨʩ 

çɼʝʪʘʣʠ ʤʘʰʠʥ ʠ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷè ʤʳ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʣʠ ʧʦʜ ʙʫ-

ʜʫʱʫʶ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʢʫʨʩʘʥʪʦʚ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ ʚ 

ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʤʝʨ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʨʝʜʫʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʘʚʘ-

ʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. 

ɺ ʩʨʝʜʩʪʚʘʭ ʵʥʝʨʛʦʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ [1, 2] ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʨʘʩʩʤʦʪʨʝʪʴ ʧʝʨʝ-

ʜʚʠʞʥʫʶ ʥʘʩʦʩʥʫʶ ʫʩʪʘʥʦʚʢʫ ʇʅʋ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʪ ʠʟ ʜʚʠʛʘʪʝʣʷ ʩ ʤʫʬʪʦʡ ʩʮʝʧʣʝ-

ʥʠʷ, ʨʝʜʫʢʪʦʨʘ, ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ ʠ ʱʠʪʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʢʠ ʜʚʠʛʘʪʝʣʷ. ɺ 

ʇʅʋ ʫʩʪʘʥʦʚʣʝʥ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʨʝʜʫʢʪʦʨ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʢʦʩʦʟʫʙʳʤʠ ʰʝ-

ʩʪʝʨʥʷʤʠ. 
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ʈʠʩ. 1. ʇʝʨʝʜʚʠʞʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʇʅʋ 100-200 

 
ʋʩʪʘʥʦʚʢʘ ʋɻɹ-50ʄ ʩʣʫʞʠʪ ʜʣʷ ʙʫʨʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦ-

ʣʦʛʠʯʝʩʢʠʭ, ʨʘʟʚʝʜʦʯʥʳʭ ʠ ʜʨʫʛʠʭ ʩʢʚʘʞʠʥ ʚ ʛʨʫʥʪʘʭ I ï IV ʢʘʪʝʛʦʨʠʠ (ʥʘʠʙʦʣʝʝ ʯʘ-

ʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʨʠ ʫʩʪʨʦʡʩʪʚʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ) (ʨʠʩ. 2) [2]. 

 

  
ʈʠʩ. 2. ɹʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʋɻɹ-50 ʠ ʩʭʝʤʘ ʝʸ ʧʨʠʚʦʜʘ 

 
ɺ ʫʩʪʘʥʦʚʢʝ ʚʨʘʱʝʥʠʝ ʦʪ ʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ ʤʫʬʪʫ ʩʮʝʧʣʝʥʠʷ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʚʘʣ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʨʝʚʝʨʩʠʚʥʳʡ ʨʝʜʫʢ-

ʪʦʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʢʦʥʠʯʝʩʢʠʝ ʰʝʩʪʝʨʥʠ, ʧʦʜʘʸʪʩʷ ʥʘ ʚʨʘʱʘʪʝʣʴ, ʘ ʜʘʣʝʝ ï ʯʝʨʝʟ ʟʫʙ-

ʯʘʪʫʶ ʧʝʨʝʜʘʯʫ ʥʘ ʣʝʙʸʜʢʫ ʠ ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʥʝʡ ʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ. ʆʪ ʨʝʚʝʨʩʠʚʥʦʛʦ 

ʨʝʜʫʢʪʦʨʘ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʯʝʨʝʟ ʟʫʙʯʘʪʫʶ ʤʫʬʪʫ ʠ ʧʨʠʚʦʜʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʚʘʣ 

ʚʨʘʱʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʧʦʜʚʠʞʥʳʡ ʚʨʘʱʘʪʝʣʴ ʠ ʢʦʣʦʥʥʫ ʰʥʝʢʦʚ. ʏʝʨʝʟ ʰʢʠʚ, ʫʩʪʘ-

ʥʦʚʣʝʥʥʳʡ ʥʘ ʧʨʠʚʦʜʥʦʤ ʚʘʣʫ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʩ ʧʦʤʦʱʴʶ ʢʣʠʥʦʨʝʤʸʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ʚʨʘʱʝʥʠʝ ʤʦʞʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʙʫʨʦʚʦʡ ʥʘʩʦʩ. ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʠ 

ʩʢʦʨʦʩʪʠ (ʯʘʩʪʦʪʳ) ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʣʝʙʸʜʢʠ, ʚʨʘʱʘʪʝʣʷ ʠ ʙʫʨʦʚʦʛʦ ʥʘʩʦʩʘ. 

ʊʨʘʥʩʤʠʩʩʠʷ ʘʚʪʦʤʦʙʠʣʝʡ [3, 4], ʢʘʢ ʧʨʘʚʠʣʦ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʮʝʧʣʝʥʠʝ, ʢʦ-

ʨʦʙʢʫ ʧʝʨʝʜʘʯ, ʢʘʨʜʘʥʥʫʶ ʧʝʨʝʜʘʯʫ, ʜʠʬʬʝʨʝʥʮʠʘʣ ʠ ʧʨʠʚʦʜʥʳʝ ʚʘʣʳ (ʧʦʣʫʦʩʠ). 

ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʘʚʪʦʤʦʙʠʣʷ (ʨʠʩ. 3) ʩʣʫʞʠʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ. 
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ʈʠʩ. 3. ʂʦʨʦʙʢʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ʂɸʄɸɿ 

 
ʂʦʨʦʙʢʘ ʧʝʨʝʜʘʯ ʘʚʪʦʤʦʙʠʣʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʢʘʨʪʝʨ, ʚʝʜʫʱʠʡ ʚʘʣ ʩ ʰʝʩʪʝʨʥʸʡ, 

ʚʝʜʦʤʳʡ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣʳ, ʥʘʙʦʨ ʰʝʩʪʝʨʸʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʰʝʩʪʝʨʥʶ ʟʘʜʥʝʛʦ ʭʦ-

ʜʘ, ʠ ʤʝʭʘʥʠʟʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ. 

ɸʚʪʦʤʦʙʠʣʴ ɻɸɿ-53 ʠʤʝʝʪ ʯʝʪʳʨʸʭʩʪʫʧʝʥʯʘʪʫʶ ʢʦʨʦʙʢʫ ʧʝʨʝʜʘʯ, ʘ ɿʀʃ-

431410 ï ʧʷʪʠʩʪʫʧʝʥʯʘʪʫʶ (ʨʠʩ. 4). 

 

  
ʈʠʩ. 4. ʇʦʞʘʨʥʘʷ ʤʘʰʠʥʘ ʥʘ ʙʘʟʝ ʘʚʪʦʤʦʙʠʣʷ ɻɸɿ-53 ʠ ɿʀʃ-4314 

 
ʅʘ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʜʣʷ ʧʨʠʚʦʜʘ ʥʘʩʦʩʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʪʨʘʥʩʤʠʩʩʠʶ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ: ʤʝʭʘʥʠʯʝʩʢʘʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʠʩʧʦʣʴʟʫʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʪʨʘʥʩʤʠʩ-

ʩʠʶ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ ʢʦʨʦʙʢʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ (ʂʆʄ) (ʨʠʩ. 5). 

ʂʆʄ-68 ʧʦʞʘʨʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ɿʀʃ-130 (131) (ʨʠʩ. 5 ʘ) ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʜʥʦ-

ʩʪʫʧʝʥʯʘʪʘʷ ʩ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 0,85. ʇʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ ʯʘʩʪʦʪʝ 

ʚʨʘʱʝʥʠʷ 2700 ʦʙ/ʤʠʥ ʩʦʩʪʘʚʣʷʝʪ 70,6 ʢɺʪ. 
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ʈʠʩ. 5. ʂʦʨʦʙʢʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ ɿʀʃ-130 ʠ ʋʨʘʣ-4320 

 
ʂʆʄ ʧʦʞʘʨʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʋʨʘʣ-4320, 5557 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʚʦʜʘ ʧʦ-

ʞʘʨʥʦʛʦ ʥʘʩʦʩʘ ʇʅ-40, ʅʎʇʅ-40/100, ʅʎʇʅ-70/100. ʂʆʄ ï ʤʝʭʘʥʠʯʝʩʢʘʷ, ʦʜʥʦʩʪʫ-

ʧʝʥʯʘʷ ʠ ʪʨʸʭʚʘʣʴʥʘʷ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ï 0,64. ʇʝʨʝʜʘʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ 

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 2700 ʦʙ/ʤʠʥ ʩʦʩʪʘʚʣʷʝʪ 65,3 ʢɺʪ. 

ʀʥʞʝʥʝʨʥʘʷ ʤʘʰʠʥʘ ʨʘʟʛʨʘʞʜʝʥʠʷ (ʀʄʈ) [5] ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʰʠʥʦʡ 

ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʘʩʯʠʩʪʢʠ ʨʘʟʨʫʰʝʥʠʡ ʠ ʟʘʚʘʣʦʚ, ʧʨʦʜʝʣʳʚʘʥʠʷ 

ʧʨʦʭʦʜʦʚ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʏʉ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ (ʨʠʩ. 6). 

 

 
ʈʠʩ. 6. ʀʥʞʝʥʝʨʥʘʷ ʤʘʰʠʥʘ ʨʘʟʛʨʘʞʜʝʥʠʷ 

 
ɽʸ ʦʩʥʘʩʪʢʘ ʩʦʩʪʦʠʪ ʠʟ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʨʝʣʳ, ʢʦʣʝʡʥʦʛʦ ʪʨʘʣʘ, 

ʫʩʪʘʥʦʚʢʠ ʨʘʟʤʠʥʠʨʦʚʘʥʠʷ, ʨʝʜʫʢʪʦʨʘ ʧʨʠʚʦʜʘ. ʄʝʭʘʥʠʟʤ ʧʦʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ ʀʄʈ 
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ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʤʦʪʦʨʘ, ʨʝʜʫʢʪʦʨʘ, ʚʝʜʫʱʝʡ ʰʝʩʪʝʨʥʠ ʠ ʟʫʙʯʘʪʦʛʦ ʚʠʥʪʘ ʧʦʚʦʨʦʪʥʦ-

ʛʦ ʢʨʫʛʘ. ʄʝʭʘʥʠʟʤ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʂʆʄ, ʨʝʜʫʢʪʦʨʘ ʥʘʩʦʩʦʚ ʠ 

ʬʨʠʢʮʠʦʥʥʦʡ ʤʫʬʪʳ, ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʪʨʝʙʫʝʤʳʤ 

ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ ʠ ʯʠʩʣʦʤ ʦʙʦʨʦʪʦʚ ʦʪ ʜʚʠʛʘʪʝʣʷ ʥʘʩʦʩʘʤ ʛʠʜʨʦʩʠʩʪʝʤʳ. ʂʆʄ 

ʩʦʩʪʦʠʪ ʠʟ ʦʜʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʜʚʫʭ ʢʦʥʠʯʝʩʢʠʭ ʰʝʩʪʝʨʸʥ, ʟʫʙʯʘʪʦʡ ʤʫʬʪʳ, ʚʝ-

ʜʦʤʦʡ ʢʦʥʠʯʝʩʢʦʡ ʰʝʩʪʝʨʥʠ ʠ ʟʫʙʯʘʪʦʛʦ ʚʘʣʠʢʘ. ʈʝʜʫʢʪʦʨ ʥʘʩʦʩʦʚ ï ʪʨʸʭʩʪʫʧʝʥʯʘ-

ʪʳʡ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʫʯʘʶ-

ʱʠʤʩʷ ʨʘʟʣʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ (ʨʝʜʫʢʪʦʨʦʚ) ʚ ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. 
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PROPOSAL TO INCREASE THE EFFICIENCY OF DRYING DRY HOSES  
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Abstract:  The article identifies the shortcomings of the drying process of fire hoses; some 

of the methods for removing liquid are considered; it was found that for drying fire hoses, the most 

suitable is the method of vacuum-temperature drying. 
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ʇʝʨʚʦʩʪʝʧʝʥʥʳʤʠ ʟʘʜʘʯʘʤʠ ʣʶʙʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʷʚʣʷʶʪʩʷ 

ʩʧʘʩʝʥʠʝ ʚʩʝʭ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ ʪʫʰʝʥʠʝ ʦʯʘʛʘ ʧʦʞʘʨʘ. ʂʘʢ ʚ ʦʜʥʦʤ, ʪʘʢ ʠ ʚ ʜʨʫʛʦʤ 

ʩʣʫʯʘʝ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʤʫ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ. ʀ 

ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʘ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ, ʧʨʘʚʠʣʴʥʳʡ ʚʳ-

ʙʦʨ ʠ ʧʦʜʦʙʘʶʱʝʝ ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʧʦʜʘʚʘʪʴ ʦʛʥʝʪʫʰʘʱʠʝ ʚʝʱʝʩʪʚʘ ʩ 

ʪʨʝʙʫʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

 ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʠʭ 

ʥʝʧʨʘʚʠʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʥʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʩʣʦʚʠʷʭ ʭʨʘʥʝʥʠʷ ʠ ʩʫʰʢʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʥʥʝʤʫ ʠʟʥʦʩʫ ʠ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʨʘʙʦʪʝ [1]. ʊʝʭʥʠʯʝ-

ʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʨʫʢʘʚʦʚ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ ʠʣʠ ʥʘ ʫʯʝʥʠ-

ʷʭ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: ʦʪʤʘʯʠʚʘʥʠʝ, ʤʦʡʢʘ, ʦʩʤʦʪʨ, ʧʨʦʚʝʨʢʘ, ʩʫʰʢʘ ʠ ʩʤʘ-

ʪʳʚʘʥʠʝ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʣʘʙʳʤ ʟʚʝʥʦʤ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʫʰʢʘ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ. ʄʝʪʦʜ ʩʫʰʢʠ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʚʩʝ 

ʧʨʘʚʠʣʘ ʠ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʬʘʢʪʦʨʳ ʚʦʟʜʝʡʩʪʚʠʷ (ʠʟʣʠʰʥʝʝ ʪʝʧʣʦ, ʩʦʣʥʝʯʥʳʡ 

ʩʚʝʪ, ʩʣʠʰʢʦʤ ʜʦʣʛʠʡ ʠʣʠ ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʩʫʰʢʠ).  

ɻʣʦʙʘʣʴʥʦ ʣʶʙʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʦ ʩʫʰʢʝ ʨʫʢʘʚʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ʝʩʪʝʩʪʚʝʥʥʘʷ ʩʫʰʢʘ (ʧʦʜ ʦʪʢʨʳʪʳʤ ʥʝʙʦʤ ʠʣʠ ʚ ʧʦʤʝʱʝʥʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ) ʠ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʩʫʰʢʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘ-

ʢʠʭ-ʣʠʙʦ ʩʨʝʜʩʪʚ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ). ɽʩʪʝʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʩʫʰʢʠ ʥʝ ʥʫʞʜʘʝʪʩʷ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ, ʪʘʢ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʠʣʴʥʦ ʦʛʨʘ-

ʥʠʯʝʥʘ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʥʘʣʠʯʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʟʘʧʘʩʥʳʭ ʨʫʢʘ-

ʚʦʚ ʥʘ ʩʣʫʯʘʡ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʥʝ ʫʩʧʝʶʪ ʚʳʩʦʭʥʫʪʴ. ʇʦʵʪʦʤʫ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʫʰʢʠ. ʆʧʪʠʤʠʟʘʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʦʟʚʦʣʠʪ ʜʦʙʠʪʴʩʷ ʥʘʠʙʦʣʴʰʝʛʦ ʧʨʠʨʦʩʪʘ ʢʘʯʝʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʧʦʞʘʨʥʳʤʠ ʨʫʢʘʚʘʤʠ. 

ɼʣʷ ʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʤʝʪʦʜʳ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʩʪʠ: ʢʦʥʚʝʢʪʠʚʥʳʡ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ, ʚʘʢʫʫʤʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʡ, ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʚʘʢʫʫ-

ʤʠʨʦʚʘʥʠʝ, ʦʙʱʝʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ. ʇʨʠ ʚʳʙʦʨʝ ʫʩʪʨʦʡʩʪʚʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʪʦʜʘ 

ʩʫʰʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʜʦʧʫʩʪʠʤʳʝ ʨʝʞʠʤʳ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʤʫ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝ-

ʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʤʝʪʦʜʦʚ ʫʜʘʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦʜʨʦʙʥʝʝ: 

- ʢʦʥʚʝʢʪʠʚʥʳʡ ʤʝʪʦʜ: ʩʫʰʢʘ ʠʟʜʝʣʠʷ ʧʫʪʝʤ ʦʙʜʫʚʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʚʥʫʪʨʝʥʥʝʡ, ʚʥʝʰʥʝʡ ʠʣʠ ʦʙʝʠʭ) ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ, ʧʨʠ ʵʪʦʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʫʰʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 20%, ʩʫʰʢʘ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʱʘ-

ʜʠ, ʛʜʝ ʦʙʝʩʧʝʯʝʥʘ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ; 

- ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʪʦʜ: ʩʫʰʢʘ ʚ ʪʝʨʤʦʢʘʤʝʨʝ (ʪʝʨʤʦʰʢʘʬʫ) ʠʣʠ ʚ ʢʘʢʦʤ-

ʣʠʙʦ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʛʦʜʘ) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 15ʉ̄ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʝ ʙʦʣʝʝ 60%; 

- ʦʜʥʦʩʪʦʨʦʥʥʝʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ: ʩʦʟʜʘʥʠʝ ʚʘʢʫʫʤʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʪʝʥ-

ʢʠ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʪʦ ʦʙʜʫʚʦʤ ʠʣʠ ʠʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʦ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʦʙʱʝʝ ʚʘʢʫʫʤʠʨʦʚʘʥʠʝ: ʩʦʟʜʘʥʠʝ ʚʘʢʫʫʤʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʠʟʜʝʣʠʷ ʚ ʪʝʨ-

ʤʦʙʘʨʦʢʘʤʝʨʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʘʢʫʫʤʘ ʚ ʠʟʜʝʣʠʠ ʠ ʢʘʤʝʨʝ ʠ ʪʝʤʧʝʨʘ-
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ʪʫʨʳ ʠʟʜʝʣʠʷ, ʢʦʛʜʘ ʧʝʨʠʦʜ ʥʘʛʨʝʚʘ ʯʝʨʝʜʫʝʪʩʷ ʩ ʧʝʨʠʦʜʦʤ ʚʳʜʝʨʞʢʠ ʙʝʟ ʥʘʛʨʝʚʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:10 (ʧʝʨʚʘʷ ʮʠʬʨʘ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʠʦʜ ʥʘʛʨʝʚʘ, ʚʪʦʨʘʷ ï ʚʳʜʝʨʞʢʘ ʙʝʟ 

ʥʘʛʨʝʚʘ); 

- ʚʘʢʫʫʤʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʪʦʜ: ʩʫʰʢʘ ʠʟʜʝʣʠʷ ʚ ʫʩʪʨʦʡʩʪʚʝ, ʩʥʘʯʘʣʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘʛʨʝʚʘʶʱʝʤ ʨʫʢʘʚ ʜʦ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʪʝʤ, ʧʦ ʝʝ ʜʦʩʪʠʞʝ-

ʥʠʶ, ʩʦʟʜʘʶʱʝʤ ʚʘʢʫʫʤ. 

ʇʨʠ ʩʫʰʢʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʠʪʴ ʥʘʛʨʝʚʘʪʝʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʘ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʰʢʠ ʚʢʣʶʯʠʪʴ ʚʘʢʫʫʤʥʳʡ 

ʥʘʩʦʩ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʚʘʢʫʫʤ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʘʢʫʫʤʥʦʡ ʩʫʰʢʠ ʠʟʜʝʣʠʡ ʜʣʷ 

ʩʫʰʢʠ ʥʘʧʦʨʥʳʭ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʫʰʢʠ. ʋʢʘʟʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʠ ʩʦʚʨʝ-

ʤʝʥʥʳʤ ʠ ʠʜʝʘʣʴʥʦ ʧʦʜʦʡʜʝʪ ʜʣʷ ʩʫʰʢʠ ʚʩʝʭ ʚʠʜʦʚ ʨʫʢʘʚʦʚ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʘʨʷʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʦʢʨʫʞʘʶʱʝʛʦ 

ʜʘʚʣʝʥʠʷ. ʋʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦ-

ʨʦʩʪʴ ʠʩʧʘʨʝʥʠʷ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʩʫʰʢʠ ʣʘʪʝʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʨʫʢʘʚʘ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʠʪʝʡ ʜʠʘ-

ʤʝʪʨʦʤ 77 ʤʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
 

ʊʘʙʣʠʮʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʫʰʢʠ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ  

ʨʘʩʯʝʪʦʚ 

ɺʨʝʤʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ, ʯʘʩ 

1 1,5 2 2,5 3 

ɺʝʩ ʨʫʢʘʚʘ ʧʦʩʣʝ ʩʫʰʢʠ, 

ʢʛ 
11,815 11,230 10,120 9,735 9,735 

ʀʪʦʛ ʈʫʢʘʚ ʥʝ 

ʚʳʩʦʭ 

ʈʫʢʘʚ ʥʝ 

ʚʳʩʦʭ 

ʈʫʢʘʚ 

ʚʳʩʦʭ 

ʈʫʢʘʚ ʧʝʨʝ-

ʩʦʭ 

ʈʫʢʘʚ ʧʝʨʝ-

ʩʦʭ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʩʫʰʢʠ 

ʣʘʪʝʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʨʫʢʘʚʘ ʩ ʧʦʢʨʳʪʠʝʤ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʠʪʝʡ ʜʠʘʤʝʪʨʦʤ 

77 ʤʤ ʩʦʩʪʘʚʣʷʝʪ 2 ʯʘʩʘ. ʉʫʰʢʘ ʨʫʢʘʚʦʚ ʤʝʥʴʰʝʛʦ ʜʠʘʤʝʪʨʘ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʝʱʝ ʙʳʩʪʨʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʢʫʫʤʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʤʝʪʦʜ ʩʫʰʢʠ ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʩʫʰʢʠ ʠ 

ʠʩʢʣʶʯʘʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚr ʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʩʫʰʢʠ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʛʦʪʦʚ-

ʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʞʘʨʥʳʭ ʯʘʩʪʝʡ. 
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DEVELOPMENT AND RESEARCH OF ENERGY -AND RESOURCE-SAVING  

MA CHINES FOR FINE GRINDING OF MATERIALS  

 

Keywords: impact, loading, energy saving, rotor, mill, grinding, particles, granulometric 

composition, intension 

Abstract:  This article discusses ways to further improve multi-stage mills of impact-

reflection principle of action in order to obtain highly dispersed materials while minimizing the spe-

cific energy consumption. 

 

 
ʄʥʦʛʠʝ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʘʷ, ʩʪʨʦʠʪʝʣʴʥʘʷ ʠ ʜʨʫʛʠʝ, ʚ ʧʦ-

ʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮ ʤʝʥʝʝ 30-50ʤʢʤ. 

ʏʘʩʪʠʮʳ ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 20-25ʤʢʤ ʦʙʣʘʜʘʶʪ ʢʘʢ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ, ʪʘʢ ʠ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʝʡ ʠ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦ-

ʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʩʨʝʜʦʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʤʦʱʥʦʛʦ 

ʫʩʢʦʨʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʩʠʩʪʝʤʘʭ ʪʚʝʨʜʦʝ 1 + ʪʚʝʨʜʦʝ 2; ʪʚʝʨʜʦʝ + ʛʘʟ; ʪʚʝʨ-

ʜʦʝ + ʞʠʜʢʦʩʪʴ; ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʥʦʚʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʘʢʦ, ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ. 

ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 3-10ʤʤ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʶʪ 15-25 ʢɺʪĀʯ ʥʘ ʪʦʥʥʫ 

ʧʨʦʜʫʢʪʘ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 20-25ʤʢʤ ʫʜʝʣʴʥʳʝ ʟʘ-

ʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚʦʟʨʘʩʪʘʶʪ ʚ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʨʘʟ ʠ ʩʦʩʪʘʚʣʷʶʪ 20000-60000 ʢɺʪĀʯ ʥʘ 

ʪʦʥʥʫ ʧʨʦʜʫʢʪʘ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʘʰʠʥ ʜʣʷ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʦʩʦʙʝʥʥʦ ʪʚʝʨʜʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ, ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

                                                 
9
 Éɻʫʱʠʥʘ ɽ. ɸ., ɻʫʱʠʥʘ ʊ. ɺ., ɹʣʠʥʠʯʝʚ ɺ. ʅ., 2020 
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ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʮʝʩʩʘ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʢʘʬʝʜʨʝ ʄɸʍʇ ʀɻʍʊʋ ʚ ʤʘʰʠʥʘʭ ʩ ʨʘʟʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʚʦʜʘ 

ʵʥʝʨʛʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʦʩʦʙ ʧʦʜʚʦʜʘ ʵʥʝʨʛʠʠ ʢ ʠʟʤʝʣʴʯʘʝʤʳʤ ʯʘʩʪʠʮʘʤ ʚʳʩʦ-

ʢʦʩʢʦʨʦʩʪʥʳʤ ʫʜʘʨʦʤ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʦʝʤʢʠʤ. 

ʕʪʦʪ ʥʘʫʯʥʳʡ ʬʘʢʪ ʠʤʝʣ ʙʦʣʴʰʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʧʨʠʚʝʣ ʢ ʧʦʷʚ-

ʣʝʥʠʶ ʮʝʣʦʡ ʛʨʫʧʧʳ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʤʝʣʴʥʠʮ ʫʜʘʨʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʪʠʧʘ [], ʨʷʜ 

ʠʟ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʙʳʩʪʨʦ ʙʳʣ ʚʥʝʜʨʝʥ ʚ ʭʠʤʠʯʝʩʢʫʶ ʠ ʧʠʱʝʚʫʶ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʭ ʨʘʙʦʪʳ. 

ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʤʝʣʴʥʠʮ ʫʜʘʨʥʦ-

ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʪʠʧʘ ʥʘʤʠ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʩʦʙʨʘʥʘ ʣʘʙʦʨʘʪʦʨʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʚʘʣʦʤ ʨʦʪʦʨʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʫʜʘʨʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʤʝʣʴʥʠʮʳ ʜʣʷ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ: 1 ï ʙʫʥʢʝʨ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 2 ï ʧʠʪʘʪʝʣʴ 

ʰʥʝʢʦʚʳʡ; 3 ï ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʤʝʣʴʥʠʮʘ; 4 ï  ʪʨʝʭʬʘʟʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ;                             

5, 5ô ï ʪʠʨʠʩʪʦʨʥʳʡ ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 6 ï ʮʠʢʣʦʥ; 7 ï ʩʝʢʪʦʨʥʳʡ ʟʘʪʚʦʨ-ʧʠʪʘʪʝʣʴ; 

8, 11 ï ʝʤʢʦʩʪʠ ʩʙʦʨʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ; 9 ï ʨʫʢʘʚʥʳʡ ʬʠʣʴʪʨ; 10 ï ʰʥʝʢʦʚʳʡ ʧʠʪʘʪʝʣʴ;  

12 ï ʚʠʙʨʘʪʦʨ; 13 - ʚʝʥʪʠʣʷʪʦʨ 

 
ʋʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʘʝʪʩʷ ʰʥʝʢʦʚʳʤ ʧʠʪʘʪʝʣʝʤ 2 ʚʦ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ ʪʨʝʭʩʪʫʧʝʥʯʘ-

ʪʦʡ ʤʝʣʴʥʠʮʳ ʫʜʘʨʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʪʠʧʘ 3 ʚ ʮʝʥʪʨ ʚʨʘʱʘʶʱʝʛʦʩʷ ʨʦʪʦʨʘ ʧʝʨʚʦʡ 

ʩʪʫʧʝʥʠ. ʀʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʜʘʨʥʦ ʥʘʛʨʫʞʘʝʪʩʷ ʩ ʧʦʚʳʰʘʶ-

ʱʠʤʠʩʷ ʩʢʦʨʦʩʪʷʤʠ ʫʜʘʨʘ, ʧʝʨʝʭʦʜʷ ʩ ʧʝʨʚʦʡ ʥʘ ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʩʪʫʧʝʥʠ ʨʦʪʦʨʘ, ʪʘʢ 

ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʠʟʤʝʣʴʯʘʝʤʳʭ ʯʘʩʪʠʮ. 

ʄʝʣʴʥʠʮʘ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʜʠʩʢʘʭ ʙʠʣ ʩʦʟʜʘʝʪ ʚʦʟʜʫʰʥʳʡ ʥʘʧʦʨ, ʢʦʪʦʨʳʡ ʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʡ ʚʳʛʨʫʟʢʠ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʝʨʝʟ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʘʪʨʫʙʦʢ ʚ ʮʠʢʣʦʥ 6. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʚʦʜʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʤʝʣʴʥʠʮʳ ʧʨʠ ʙʦʣʴʰʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʷʭ ʧʦ ʪʚʝʨʜʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʟʘ ʮʠʢʣʦʥʦʤ ʫʩʪʘʥʦʚʣʝʥ ʚʝʥʪʠʣʷʪʦʨ 13, 

ʠʟ ʢʦʪʦʨʦʛʦ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʬʠʣʴʪʨ 9 ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦ-



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʜʫʢʪʘ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 5ʤʢʤ, ʪʘʢ ʢʘʢ ʮʠʢʣʦʥ 6 ʦʪʜʝʣʷʝʪ ʠʟ ʚʦʟʜʫʭʘ, ʚ ʦʩʥʦʚʥʦʤ, ʯʘ-

ʩʪʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ ʙʦʣʝʝ 5ʤʢʤ. 

ʀʟʤʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʣʴʥʠʮʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʠʨʠʩʪʦʨʥʳʤ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 5ô ʚ ʜʚʠʛʘʪʝʣʝ ʧʨʠʚʦʜʘ ʰʥʝʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʤʝʣʴʥʠʮʳ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 10 ʜʦ 150ʢʛ/ʯ. ʏʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ ʤʝʣʴʥʠʮʳ ʠʟʤʝ-

ʥʷʣʦʩʴ ʦʪ 3000 ʜʦ 4365 ʦʙ/ʤʠʥ, ʪʘʢʞʝ ʪʠʨʠʩʪʦʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 5 ʜʚʠ-

ʛʘʪʝʣʷ ʤʦʱʥʦʩʪʴʶ 7ʢɺʪ. ɺʘʣ ʜʚʠʛʘʪʝʣʷ ʞʝʩʪʢʦ ʩʦʝʜʠʥʝʥ ʩ ʚʘʣʦʤ ʨʦʪʦʨʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ 

ʤʘʪʝʨʠʘʣʘ: ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʬʨʘʢʮʠʠ 1 ï 1,6ʤʤ, 0,63 ï 1ʤʤ, 0,4 ï 0,63ʤʤ ʠ ʠʟʚʝʩʪʥʷʢ, 

ʬʨʘʢʮʠʠ  1 ï 1,6ʤʤ, 0,63 ï 1ʤʤ. ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ï ʢʘʢ ʘʙʨʘʟʠʚʥʳʡ ʠ ʧʨʦʯʥʳʡ ʪʨʫʜʥʦ 

ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʩ ʪʚʝʨʜʦʩʪʴʶ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ 7 ʠ ʧʨʦʯʥʦʩʪʴʶ ůʚ = 160 ï 180 

ʄʇʘ. ʀʟʚʝʩʪʥʷʢ ʩʦ ʩʨʝʜʥʝʡ ʪʚʝʨʜʦʩʪʴʶ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ 2,5 ï 4 ʠ ʧʨʦʯʥʦʩʪʴʶ ůʚ = 20 

ï 30 ʄʇʘ. 

ʂʘʢ ʤʳ ʫʞʝ ʫʧʦʤʠʥʘʣʠ, ʠʩʩʣʝʜʫʝʤʘʷ ʤʝʣʴʥʠʮʘ ʤʦʛʣʘ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ ʨʝʞʠʤʝ ʙʝʟ 

ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʚʳʛʨʫʟʢʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ, ʪʘʢ ʠ ʩ ʥʝʡ. 

 
ʈʠʩ. 2. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ D(x) ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ 4365 ʦʙ/ʤʠʥ: 

ʧʝʩʦʢ, ʬʨʘʢʮʠʷ 0,63-1ʤʤ: ʂʨʠʚʘʷ 1 ï ʙʝʟ ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʚʳʛʨʫʟʢʠ;  

ʢʨʠʚʘʷ 2 ï ʩ ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʚʳʛʨʫʟʢʦʡ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʤʘʣʳʭ ʛʘʙʘʨʠʪʘʭ ʤʘʰʠʥʳ: ʜʠʘʤʝʪʨ ʧʝʨ-

ʚʦʡ ʩʪʫʧʝʥʠ ï 200 ʤʤ, ʚʪʦʨʦʡ ï 238 ʤʤ, ʪʨʝʪʴʝʡ ï 288ʤʤ ʠ ʰʠʨʠʥʦʡ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ 

25 ï 30 ʤʤ, ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ ʚʦʟʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʟʤʝʣʴʯʘʪʴ 

ʪʘʢʠʝ ʪʨʫʜʥʦʠʟʤʝʣʴʯʘʝʤʳʝ ʠ ʘʙʨʘʟʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʝʩʢʘ ʠʩ-

ʭʦʜʥʦʡ ʬʨʘʢʮʠʠ 0,63 ï 1 ʤʤ, ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʯʠʩʣʘʭ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ 

(ʤʘʰʠʥʘ ʙʝʟ ʩʝʧʘʨʘʮʠʦʥʥʦʡ ʚʳʛʨʫʟʢʠ).  
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ʊʘʙʣʠʮʘ ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 100 ʤʢʤ ʚ ʧʨʦ-

ʜʫʢʪʘʭ ʠʟʤʝʣʴʯʝʥʠʷ ʦʪ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʨʦʪʦʨʘ (ʠʩʭʦʜʥʘʷ ʬʨʘʢʮʠʷ 0,63 ï 1ʤʤ) 
 

n, ʦʙ/ʤʠʥ ʂʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʀʟʚʝʩʪʥʷʢ 

ɹʝʟ ʩʝʧʘʨʘʮʠʠ ʉ ʩʝʧʘʨʘʮʠʝʡ ɹʝʟ ʩʝʧʘʨʘʮʠʠ ʉ ʩʝʧʘʨʘʮʠʝʡ 

3000 31,6 56,8 55,9 91,8 

3500 38,7 57,8 65 92,3 

4000 40,2 69,3 71,8 96,1 

4365 46,1 75 79,8 98 

 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʡ ʤʝʥʝʝ 100 ʤʢʤ ʠʟʤʝʣʴʯʝʥ-

ʥʦʛʦ ʧʝʩʢʘ ʠ ʠʟʚʝʩʪʥʷʢʘ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʤʝʥʴʰʝʡ ʧʨʦʯʥʦʩʪʠ ʠʟʚʝʩʪʥʷʢʘ ʩʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʨʘʟʤʝ-

ʨʦʤ ʤʝʥʝʝ 100ʤʢʤ ʧʨʠ ʪʦʤ ʞʝ ʯʠʩʣʝ ʫʜʘʨʥʳʭ ʥʘʛʨʫʞʝʥʠʡ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ ʤʘʰʠʥʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ. 

ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʝʣʴʥʠʮ ʫʜʘʨʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʤʘʩʰʪʘʙʘ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ ʚʦʟʜʫʭʘ ʥʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʟʦʥʝ ʥʝʧʨʝʨʳʚʥʦʡ ʠʭ ʚʳʛʨʫʟʢʠ. 

ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʝʩʢʘ ʠ ʠʟ-

ʚʝʩʪʥʷʢʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʢʦʨʧʫʩʘ 

ʤʝʣʴʥʠʮʳ, ʠʟ ʢʦʪʦʨʦʡ ʧʨʦʜʫʢʪʳ ʠʟʤʝʣʴʯʝʥʠʷ ʚʳʭʦʜʷʪ ʩ ʚʦʟʜʫʭʦʤ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ 

ʧʘʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʢʦʨʧʫʩʝ ʤʝʣʴʥʠʮʳ (ʩʝʧʘʨʘʮʠʦʥʥʘʷ ʚʳʛʨʫʟʢʘ). 

ʅʠʞʥʠʡ ʢʨʘʡ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʬʦʨʤʳ ʚʳʛʨʫʟʦʯʥʦʛʦ ʧʘʪʨʫʙʢʘ ʨʘʩʧʦʣʦʞʝʥ ʦʪ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ  ʤʘʰʠʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 12,5ʤʤ. ɺʳʩʦʪʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʦʜ ʥʠʤ ʦʪʙʦʡʥʠʢʦʚ 8 ʤʤ. ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʚʳʛʨʫʟʦʯʥʦʛʦ ʧʘʪʨʫʙʢʘ ʤʳ ʩʯʠʪʘʣʠ, 

ʯʪʦ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʦʢʦʣʦ ʦʪʙʦʡʥʠʢʦʚ ʙʫʜʫʪ ʤʝʥʴʰʝ 12 

ʤʤ, ʧʦʵʪʦʤʫ ʥʠʞʥʠʡ ʢʨʘʡ ʵʣʣʠʧʩʦʚʠʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚʳʧʦʣʥʠʣʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

12,5ʤʤ. ʋʙʨʘʚ ʚʩʝ ʦʪʙʦʡʥʠʢʠ ʩ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʢʦʨʧʫʩʘ ʤʝʣʴʥʠʮʳ ʥʘ 90↔ ʧʦ ʭʦʜʫ 

ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ, ʚʢʣʶʯʘʷ ʠ ʟʦʥʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʛʨʫʟʦʯʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʤʳ ʧʨʦʚʝʣʠ 

ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʧʝʩʢʘ ʠ ʠʟʚʝʩʪʥʷʢʘ. 

ʋʙʨʘʚ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʚʦʟʜʫʭʘ ʠʟ ʟʦʥʳ ʚʳʛʨʫʟʢʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝ-

ʥʠʷ, ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʦʪʙʦʡʥʠʢʠ ʚʳʟʳʚʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʫʣʴʩʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʝʛʦ ʤʘʩʰʪʘʙʘ, ʯʝʤ ʤʳ ʧʨʝʜʧʦʣʘʛʘʣʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴ-

ʥʠʮʳ. 

ʉʨʘʚʥʠʚʘʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʧʝʩʢʘ ʠ ʠʟ-

ʚʝʩʪʥʷʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʤʘʰʠʥʝ ʩ ʦʪʙʦʡʥʠʢʘʤʠ ʚ ʟʦʥʝ 

ʚʳʛʨʫʟʢʠ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʠ ʙʝʟ ʥʠʭ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʠʟʤʝʣʴʯʝʥʠʷ ʙʝʟ 

ʦʪʙʦʡʥʠʢʦʚ ʩʦʜʝʨʞʘʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʚʳʥʦʩʠʣʠʩʴ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ ʚʦʟʜʫʭʘ ʦʢʦʣʦ ʦʪʙʦʡʥʠʢʦʚ ʢʦʨʧʫʩʘ ʤʝʣʴʥʠʮʳ. ʀʟ 

ʪʘʙʣʠʮʳ 1 ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠʟ-

ʚʝʩʪʥʷʢʘ ʩ ʨʘʟʤʝʨʘʤʠ ʤʝʥʝʝ 100 ʤʢʤ ʙʝʟ ʩʝʧʘʨʘʮʠʠ ʧʨʠ ʯʠʩʣʝ ʦʙʦʨʦʪʦʚ 4365 ʦʙ/ʤʠʥ 

ʩʦʩʪʘʚʣʷʝʪ 80%, ʘ ʩ ʩʝʧʘʨʘʮʠʝʡ 98%, ʪ.ʝ. ʧʨʘʢʪʠʯʝʩʢʠ 100%. 

ʆʙ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʤʝʣʴʥʠʮ ʫʜʘʨʥʦ-

ʦʪʨʘʞʘʪʝʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ 

ʜʘʞʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʧʝʩʢʘ ʠ ʠʟʚʝʩʪʥʷʢʘ ʩʦʩʪʘʚʣʷʶʪ 160 

ï 180 ʢɺʪĀʯ/ʪʦʥʥʫ ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʠʟʚʝʩʪʥʷʢʘ ʤʝʥʝʝ 20 

ʤʢʤ, ʧʝʩʢʘ ï ʤʝʥʝʝ 120 ʤʢʤ. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʋʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʛʦ ʞʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʝʣʴʥʠʮ, ʥʘʧʨʠʤʝʨ, ʰʘʨʦʚʳʭ 

ʙʫʜʫʪ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 800 ï 1000 ʢɺʪĀʯ/ʪʦʥʥʫ. 
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FEATURES OF REPAIR OF RAILWAY T RANSPORT BY THE METHOD OF ADDI -

TIONAL REPAIR PARTS  

 
Keywords: method of additional repair parts, pulsed welding processes, railway transport, 

freight car. 

Abstract: The issues of restoring critical parts and assemblies of rolling stock of railway 

transport using the method of additional repair parts are considered. A feature of the restoration is 

the use of pulsed welding methods, which are implemented as an example of the repair of axle box-

es of freight cars. 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʪʦʜʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʥʳʭ ʜʝʪʘʣʝʡ (ʜʘʣʝʝ ɼʈɼ) 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʠ ʨʝʤʦʥʪʝ. ʆʜʥʘʢʦ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʧʦʜʚʠʞ-

ʥʦʤ ʩʦʩʪʘʚʝ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦ 

ʩʣʦʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ. ʆʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-

ʤʦʥʪʘ ʟʘʚʠʩʠʪ ʩʦʙʣʶʜʝʥʠʝ ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʘʩʩʘʞʠʨʦʚ ʠ 

ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ.  

ʇʨʠ ʨʝʤʦʥʪʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʪʠʧʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʩʧʝʮʠʬʠʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ɼʈɼ. 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʪʨʘʩʣʝʚʳʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ [1, 2] ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ɼʈɼ ʧʦʜʣʝʞʘʪ ʠʟʥʦʰʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʨʘʚʣʷʶʱʠʭ 

ʯʝʣʶʩʪʝʡ ʢʦʨʧʫʩʦʚ ʙʫʢʩ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʚʥʫʪʨʝʥʥʠʡ ʙʫʨʪ ʧʦʜʧʷʪʥʠʢʦʚʦʛʦ ʤʝʩʪʘ 

ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʰʢʚʦʨʥʷ ʧʦʜʧʷʪʥʠʢʦʚ ʪʝʣʝʞʝʢ ʚʩʝʭ 

ʪʠʧʦʚ ʂɺɿ-ʎʅʀʀ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʠ ʜʨ.  

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ɼʈɼ ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʨʝʩʩʦʚʘʥʳ ʚ ʨʝ-

ʤʦʥʪʠʨʫʝʤʫʶ ʜʝʪʘʣʴ (ʛʠʣʴʟʳ, ʚʪʫʣʢʠ, ʧʨʦʙʢʠ), ʣʠʙʦ ʢʨʝʧʠʪʴʩʷ ʢ ʥʝʡ ʨʘʟʥʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ (ʨʠʩ. 1.): ʤʝʭʘʥʠʯʝʩʢʠ, ʙʘʥʜʘʞʠʨʦʚʘʥʠʝʤ, ʩ ʧʦʤʦʱʴʶ ʢʣʝʷ (ʢʣʝʝʚʳʝ ʠ ʢʣʝʝʩʚʘʨ-

ʥʳʝ ʩʦʝʜʠʥʝʥʠʷ), ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʚʘʨʢʠ ʚ ʚʘʢʫʫʤʝ, ʧʘʡʢʦʡ, ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʩʚʘʨʢʠ, ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʵʣʝʢʪʨʦʟʘʢʣʝʧʢʘʤʠ [3]. 

ʅʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ ʩʦʝʜʠʥʝʥʠʷ: ʟʘʧʨʝʩʩʦʚʢʘ ʩʦ ʩʚʘʨʢʦʡ ʧʦ ʧʝʨʠʤʝʪʨʫ ʜʝʪʘʣʠ ʩ ʮʝ-

ʣʴʶ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʝʥʠʷ ʢʦʨʨʦʟʠʠ.  

ʇʨʠ ʵʪʦʤ ʥʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʷʚʣʷʶʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʳʝ ʪʝʧʣʦʚʣʦʞʝʥʠʷ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ ʨʝʤʦʥ-

ʪʘ, ʚʦʟʤʦʞʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʤʦʥʪʘ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʚʘʨʢʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʟʠʨʦʚʘʥʥʦʛʦ ʪʝʧʣʦʚʣʦʞʝʥʠʷ ʠ 

ʧʝʨʝʭʦʜʘ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʨʝʨʳʚʠʩʪʳʭ ʩʚʘʨʥʳʭ ʰʚʦʚ ʧʨʠ ʜʫʛʦʚʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʝ. 
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ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʧʦʩʦʙʦʚ ʢʨʝʧʣʝʥʠʷ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠ ʨʝʤʦʥʪʥʦʡ ʜʝʪʘʣʝʡ  

(* - ʢʦʤʙʠʥʘʮʠʷ ʩʧʦʩʦʙʦʚ ʩʚʘʨʢʠ, ʢʦʤʙʠʥʘʮʠʷ  

ʩʚʘʨʢʠ ʩ ʟʘʧʨʝʩʩʦʚʢʦʡ) 

ʈʠʩ. 2 ʆʪʨʝʤʦʥʪʠʨʦʚʘʥʥʘʷ ʙʫʢʩʘ:  

1 ï ʢʦʨʧʫʩ ʙʫʢʩʳ; 2 ï ʤʠʥʫʩʦʚʦʡ  

ʪʦʢʦʚʝʜʫʱʠʡ ʢʘʙʝʣʴ; 3 ï ʧʣʘʥʢʠ 

 

 
 ʇʨʦʮʝʩʩʳ ʩ ʧʨʝʨʳʚʠʩʪʳʤ ʛʦʨʝʥʠʝʤ ʜʫʛʠ ʜʣʷ ʧʣʘʚʷʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʘ ʤʦʛʫʪ ʩʪʘ-

ʙʠʣʴʥʦ ʧʨʦʪʝʢʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʟʘʞʠʛʘʥʠʷ ʜʫʛʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʟ-

ʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʟʘʞʠʛʘʥʠʷ ʜʫʛʠ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩ ʦʙʨʳʚʘʤʠ ʜʫʛʠ ʤʘʣʦʡ ʠ ʙʦʣʴʰʦʡ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʝʩʪʘʙʠʣʴʥʳʤʠ. ʉʪʘʙʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʤʧʫʣʴʩʥʦ-

ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʩ ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʜʫʛʫ ʠʤʧʫʣʴʩʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ, 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʘʫʟʳ ʚ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʟʘʞʠ-

ʛʘʥʠʝʤ ʜʫʛʠ ʚ ʧʨʦʮʝʩʩʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʠʩʪʦʯʥʠʢʘʤ ʧʠʪʘʥʠʷ ʜʣʷ ʠʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ.  

 ʇʨʠʤʝʨʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʨʝʤʦʥʪ ʢʦʨʧʫʩʦʚ ʙʫʢʩ ʛʨʫ-

ʟʦʚʳʭ ʚʘʛʦʥʦʚ ʵʣʝʢʪʨʦʟʘʢʣʝʧʢʘʤʠ ʧʦʜ ʩʣʦʝʤ ʬʣʶʩʘ (ʨʠʩ. 2) ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚ-

ʢʝ. 

ɹʝʩʢʦʥʪʘʢʪʥʦʝ ʟʘʞʠʛʘʥʠʝ ʜʫʛʠ ʜʣʷ ʧʨʠʚʘʨʢʠ ʧʣʘʥʦʢ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʧʣʘʩʪʠʥʝ 

ʢ ʨʝʙʨʘʤ ʙʫʢʩ ʠ ʜʦʟʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʛʦʨʝʥʠʷ ʜʫʛʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʢʘʞʜʦʡ ʵʣʝʢʪʨʦ-

ʟʘʢʣʝʧʢʠ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʳʧʫʢʣʦʩʪʝʡ ʛʦʣʦʚʦʢ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝ ʩʚʘʨʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ.  

 ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʨʘʟʨʫʰʘʶʱʠʤʠ ʠʩʧʳʪʘʥʠ-

ʷʤʠ ʥʘ ʩʨʝʟ ʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʋʩʠʣʠʝ ʨʘʟʨʫʰʝʥʠʷ ʦʙʨʘʟʮʘ ʥʘ 

ʩʨʝʟ ʜʣʷ ʪʦʣʱʠʥʳ ʧʣʘʥʦʢ 4,0 ʤʤ, ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ 9,0 ʤʤ ʩʦʩʪʘʚʠʣʦ 3,7 ʢʅ. ɻʣʫʙʠ-

ʥʘ ʧʨʦʧʣʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 3,0-3,5 ʤʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʩʦ-

ʝʜʠʥʝʥʠʷ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʩʘʜʦʯʥʳʭ ʤʝʩʪ ʧʦʜʰʠʧʥʠʢʦʚ ʢʦʨʧʫʩʦʚ ʙʫʢʩ ʧʦʢʘʟʘ-

ʣʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʦʨʤʘʮʠʡ, ʚʳʟʚʘʥʥʳʭ ʧʨʠʚʘʨʢʦʡ ʧʣʘʥʦʢ ʢ ʨʝʙʨʘʤ. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʤʦʥʪʘ 

ʙʫʢʩ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,5 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ [2]. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʨʝʜʩʪʚʘ ʟʘʱʠ-

ʪʳ, ʪʨʘʚʤʘʪʠʟʤ, ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʯʠʥʳ ʧʦʚʳʰʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʨʘʙʦ-

ʯʠʭ ʤʝʩʪʘʭ ʩʪʨʦʠʪʝʣʝʡ-ʤʦʥʪʘʞʥʠʢʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ  ʥʘ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʤʦʥʪʘʞʥʠʢʦʚ ʦʢʘʟʳ-

ʚʘʝʪ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʵʢʩʧʦʟʠʮʠʠ  ʜʣʷ ʫʯʝʪʘ ʟʥʘʯʠʤʦʩʪʠ ʬʘʢʪʦʨʦʚ ʚ ʦʙʱʫʶ 

ʦʮʝʥʢʫ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʨʘʚʤʘʪʠʟʤʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʤʦʥʪʘʞ-

ʥʠʢʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʰʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʨʝʜʩʪʚ ʩʧʘʩʝʥʠʷ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʝ ʧʦ-

ʚʝʜʝʥʠʝ ʨʘʙʦʪʥʠʢʘ.  

 
T. T. Kaverzneva 

 
SAFETY OF INSTALLATION WORKS ON CONSTRUCTION SITES  

 

Keywords: installation work, construction, safety, protective equipment, injury, combined 

effect. 

Abstract:  He article discusses the causes of increased injuries at the workstations of builders 

and installers. It is shown that the working conditions of installers are influenced by the combined 

effect of a variety of dangerous and harmful production factors, which involves evaluating the ex-

posure to take into account the significance of factors in the overall assessment of working condi-

tions. It is shown that in order to reduce injuries in the workplace of installers, it is necessary to in-

crease the reliability of rescue equipment and control the safe behavior of the employee. 
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ʱʘʜʢʝ [1].  ʉʦʭʨʘʥʝʥʠʝ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ 

ʪʨʝʙʫʝʪ  ʵʬʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ ʪʨʫʜʘ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʨ-

ʛʘʥʠʟʘʮʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʦʙʣʶʜʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʝʭ ʨʘʙʦʪ, ʯʝʪʢʦʛʦ ʠʩʧʦʣ-

ʥʝʥʠʷ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ.  

ɸʥʘʣʠʟ ʧʨʠʯʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʪʨʘʚʤʘʪʠʟʤʦʤ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦ-

ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪʘʭ [1], ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ  ʥʘ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʤʦʥʪʘʞʥʠʢʦʚ ʦʢʘʟʳʚʘʝʪ 

ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʊʘʢ, ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʧʨʠʭʦʜʠʪʩʷ ʧʝʨʝʥʦ-

ʩʠʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʚʝʩ ʜʝʪʘʣʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʬʘʢʪʦʨ ʪʷʞʝʩʪʠ ʪʨʫʜʘ), ʨʘʙʦʪʘʪʴ ʩ 

ʵʣʝʢʪʨʦ- ʠ ʧʥʝʚʤʦ-ʠʥʩʪʨʫʤʝʥʪʦʤ (ʵʣʝʢʪʨʦʦʧʘʩʥʦʩʪʴ, ʚʠʙʨʘʮʠʦʥʥʳʡ ʬʘʢʪʦʨ), ʨʘʙʦʪʘʪʴ 

ʥʘ ʚʳʩʦʪʝ (ʦʧʘʩʥʦʩʪʴ ʧʘʜʝʥʠʷ ʩ ʚʳʩʦʪʳ), ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ 

ʰʫʤʘ ʠ ʟʘʧʳʣʝʥʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʪʴ ʚ ʩʣʦʞʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʉʧʝʮʠʘʣʴʥʘʷ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ ʪʘʢʠʭ ʤʝʩʪʘʭ ʦʙʳʯʥʦ ʦʪʥʦʩʠʪ ʫʩʣʦ-

ʚʠʷ ʪʨʫʜʘ ʢ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ (3.1 ʠʣʠ 3.2).  

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʥʪʘʞʥʠʢʘʤ ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʲʝʢʪʦʚ.  

ʉʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ ʫʩʠʣʠʚʘʝʪ ʠʭ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʟʥʘʯʠʤʦʩʪʠ ʬʘʢʪʦʨʦʚ ʚ ʦʙʱʫʶ ʦʮʝʥʢʫ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ɿʥʘʯʠʤʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʘ 

ʚ ʦʙʱʫʶ ʦʮʝʥʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʵʢʩʧʦʟʠʮʠʠ, ʪʦ ʝʩʪʴ, ʧʦʤʠʤʦ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ 

ʬʘʢʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝ-

ʛʦ ʨʘʙʦʯʝʛʦ ʜʥʷ (ʫʩʨʝʜʥʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʜʥʷ). 

ɼʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʥʪʘʞʥʠʢʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʦʯʝʥʴ ʚʘʞʥʦ ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʦʨʫʞʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ ʫʜʦʚʣʝ-

ʪʚʦʨʷʪʴ: 

1. ʋʩʣʦʚʠʷʤ ʫʩʪʦʡʯʠʚʦʩʪʠ; 

2. ʋʩʣʦʚʠʷʤ ʥʘʜʝʞʥʦʩʪʠ; 

3. ʋʩʣʦʚʠʷʤ ʧʨʦʯʥʦʩʪʠ; 

4. ʋʩʣʦʚʠʷʤ ʠʩʧʨʘʚʥʦʩʪʠ ʚʩʝʭ ʩʠʩʪʝʤ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʫʩʣʦʚʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʣʦʞʝʥʳ ʚ ʪʨʝʙʦʚʘʥʠʷʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

 ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʘʞʜʳʡ ʨʘʙʦʪʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠ-

ʪʳ, ʢ ʢʦʪʦʨʳʤ ʪʘʢʞʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ [2].  

 ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʦʥʪʘʞʥʠʢʘ ʧʦ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷʤ ʥʘ ʚʳʩʦʪʝ ʩʘʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʷʚʣʷʶʪʩʷ ʦʧʦʨʥʦʡ ʣʠʥʠʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʥʪʘʞʥʠʢʘ ʠ 

ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʧʘʜʝʥʠʷ ʩ ʚʳʩʦʪʳ ʩʦʟʜʘʝʪʩʷ ʩʪʨʘʭʦʚʦʯʥʘʷ ʮʝʧʴ ʠʣʠ ʩʠʩʪʝʤʘ,  ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ: 

ʩʪʨʘʭʦʚʦʯʥʫʶ ʧʨʠʚʷʟʴ, ʩʘʤʦʩʪʨʘʭʦʚʦʯʥʳʡ ʬʘʣ, ʢʘʨʘʙʠʥʳ, ʩʪʨʘʭʦʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ 

ʚʠʜʝ ʉʀɿ ʧʦʣʟʫʥʢʦʚʦʛʦ ʪʠʧʘ, ʩʪʨʘʭʦʚʦʯʥʫʶ ʚʝʨʝʚʢʫ, ʘʥʢʝʨʥʫʶ ʪʦʯʢʫ ʜʣʷ ʢʨʝʧʣʝʥʠʷ 

ʚʝʨʝʚʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʨʠʥʮʠʧʘʤ ʧʨʦʯ-

ʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ [3,4]. ʏʪʦʙʳ ʧʨʦʚʝʩʪʠ ʨʘʩʯʸʪ ʥʘʜʸʞʥʦʩʪʠ ʩʪʨʘʭʦʚʦʯʥʦʡ ʧʨʠʚʷʟʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʢʦʥʢʨʝʪʥʳʡ ʵʣʝʤʝʥʪ ʩʪʨʘʭʦʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʩʩʯʠʪʘʪʴ ʚʝʨʦ-

ʷʪʥʦʩʪʴ ʝʛʦ ʦʪʢʘʟʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ, ʥʘʧʨʠʤʝʨ, ʦʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʦ ʧʨʝʜʝʣʴʥʦʡ ʠ 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘʛʨʫʟʢʘʤ. 

 ʏʪʦʙʳ ʩʚʝʩʪʠ ʨʠʩʢ ʧʘʜʝʥʠʷ ʤʦʥʪʘʞʥʠʢʘ ʩ ʚʳʩʦʪʳ ʢ ʤʠʥʠʤʫʤʫ, ʥʫʞʥʦ ʥʝ ʪʦʣʴ-

ʢʦ ʫʯʠʪʳʚʘʪʴ ʧʣʘʥʦʤʝʨʥʳʝ ʜʝʡʩʪʚʠʷ ʩʘʤʦʡ ʧʨʦʮʝʜʫʨʳ ʤʦʥʪʘʞʘ, ʥʦ ʠ ʩʣʝʜʫʶʱʠʝ 
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ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʯʝʣʦʚʝʢʘ: ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʪʘʢ ʢʘʢ ʚʳʩʦʪʘ ʷʚʣʷ-

ʝʪʩʷ ʩʪʨʝʩʩʦʚʦʡ ʩʠʪʫʘʮʠʝʡ ʜʣʷ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ; ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʩʪʨʘ-

ʭʦʚʦʯʥʦʛʦ ʩʥʘʨʷʞʝʥʠʷ. ʄʦʞʥʦ ʩʪʨʦʠʪʝʣʴʥʳʝ ʣʝʩʘ ʠ ʚʳʰʢʠ ʟʘʤʝʥʷʪʴ ʣʠʥʝʡʥʳʤʠ ʦʧʦ-

ʨʘʤʠ ï (ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʚʝʨʝʚʢʘʤʠ ʠʣʠ ʩʪʘʣʴʥʳʤʠ ʪʨʦʩʘʤʠ). 

ʉʪʨʦʧʳ, ʚʳʙʨʘʥʥʳʝ ʧʦ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʠ ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʧʦʣ-

ʥʷʝʤʦʡ ʨʘʙʦʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʚʘ ʚʠʜʘ ʩʪʨʘʭʦʚʢʠ:  

Å ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʥʘ ʚʳʩʦʪʝ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦ ʚʨʝʤʷ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ; 

Å ʘʤʦʨʪʠʟʘʮʠʶ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ ʩʨʳʚʝ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʨʘʙʦʪʫ ʥʘʜ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫ ʨʘʙʦʪʥʠʢʦʚ ʙʝʟ-

ʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ çʯʝʣʦʚʝʯʝʩʢʠʡè ʬʘʢʪʦʨ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʧʦʚʳʰʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ [5, 6, 7]. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʵʪʘ ʟʘʜʘʯʘ 

ʜʣʷ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʛʜʝ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʦʪʥʦʩʷʪʩʷ ʢ ʪʨʝʪʴʝʤʫ ʢʣʘʩʩʫ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʝʤ 

ʚʳʰʝ ʢʣʘʩʩ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʪʝʤ ʙʳʩʪʨʝʝ ʨʘʙʦʪʥʠʢ ʫʩʪʘʝʪ, ʠ ʪʝʤ ʚʝʨʦʷʪʥʝʝ ʩʦʚʝʨʰʝʥʠʝ 

ʦʰʠʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. ʆʰʠʙʦʯʥʳʝ ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʥʝʧʨʝʜ-

ʥʘʤʝʨʝʥʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʦʪ ʩʦʩʪʦʷʥʠʷ ʫʩʪʘʣʦʩʪʠ, ʪʘʢ ʠ ʧʦ ʧʨʠʯʠʥʝ ʧʝʨʝʦʮʝʥʢʠ ʩʚʦʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ, ʞʝʣʘʥʠʷ ʫʩʢʦʨʠʪʴ ʦʢʦʥʯʘʥʠʝ ʨʘʙʦʪʳ, ʧʨʝʥʝʙʨʝʛʘʷ ʪʨʝʙʦ-

ʚʘʥʠʷʤ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

 ʅʘʧʨʘʚʣʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʦ ʦʰʠʙʦʯʥʳʤ ʜʝʡ-

ʩʪʚʠʷʤ, ʩʣʝʜʫʶʱʠʝ: 

1. ʄʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʩʦʩʪʦʷ-

ʥʠʝ ʫʩʪʘʣʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

2. ɻʣʘʩʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ 
ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʚʠʜʝʦʢʘʤʝʨ, ʯʪʦ ʙʫʜʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʨʘʙʦʪʥʠʢʫ 

ʥʝʦʪʚʨʘʪʠʤʦʩʪʴ ʬʠʢʩʘʮʠʠ ʬʘʢʪʘ ʥʘʨʫʰʝʥʠʷ. 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʦʙʫʯʝʥʠʷ 
(ʥʘʧʨʠʤʝʨ, ʚ ʩʬʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʘʣʴʧʠʥʠʟʤʘ). 

  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʅʘ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʤʦʥʪʘʞʥʠʢʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʦʯʝʪʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ.  ɿʥʘʯʠʤʦʩʪʴ ʢʘʞʜʦʛʦ 

ʠʟ ʬʘʢʪʦʨʘ ʚ ʦʙʱʫʶ ʦʮʝʥʢʫ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʵʢʩʧʦʟʠʮʠʠ, ʪʦ ʝʩʪʴ, ʧʦʤʠʤʦ ʦʮʝʥʢʠ 

ʚʝʣʠʯʠʥʳ ʬʘʢʪʦʨʘ, ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦ-

ʪʷʞʝʥʠʠ ʨʘʙʦʯʝʛʦ ʜʥʷ. 

2. ɹʝʟʦʧʘʩʥʦʩʪʴ ʤʦʥʪʘʞʥʠʢʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʭ-

ʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʩʦʦʨʫʞʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʠ ʠ ʠʩʧʨʘʚʥʦʩʪʠ ʚʩʝʭ ʩʠʩʪʝʤ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

3. ʅʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʨʘʙʦʪʫ ʥʘʜ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫ ʨʘʙʦʪʥʠʢʦʚ ʙʝʟʦʧʘʩʥʦʛʦ 
ʧʦʚʝʜʝʥʠʷ ʯʝʨʝʟ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʩʥʠ-

ʟʠʪʴ ʩʦʩʪʦʷʥʠʝ ʫʩʪʘʣʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ; ʯʝʨʝʟ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʘʚʠʣ 
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ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʚ ʩʬʝʨʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʘʣʴʧʠʥʠʟʤʘ).  

4. ʏʪʦʙʳ ʩʪʨʘʭʦʚʦʯʥʳʡ ʪʨʦʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʘʤʦʨʪʠʟʠʨʦʚʘʣ ʫʜʘʨʥʫʶ ʥʘʛʨʫʟʢʫ 
ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʪʨʦʩʘ ʩ ʫʯʝ-

ʪʦʤ ʝʛʦ ʠʟʥʦʩʘ. 
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Abstract:  ʊhe paper studies the strength characteristics of adhesive compounds in order to 

identify effective formative adhesive compositions for the repair of fire truck radiators. 

 

 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʩʥʦʚʥʦʡ, ʩʧʝʮʠʘʣʴʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʦʞʘʨʥʦʡ 

ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪ-

ʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʥʘʨʫʰʘʝʪʩʷ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʩʝʨʜʮʝʚʠʥʳ ʨʘʜʠʘʪʦʨʘ. ʋʩʪʨʘʥʝʥʠʝ ʪʘʢʦʛʦ 

ʜʝʬʝʢʪʘ ʝʞʝʛʦʜʥʦ ʪʨʝʙʫʶʪ ʜʦ 18 % ʪʝʭʥʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʙʝʛʘ. ɺʦʩʩʪʘʥʦʚʣʝ-

ʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʰʠʥ, ʠʤʝʶʱʠʭ ʪʝʯʴ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʨʘʜʠʘʪʦʨʝ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʟʘʤʝʥʦʡ ʚʩʝʛʦ ʨʘʜʠʘʪʦʨʘ, ʣʠʙʦ ʧʘʡʢʦʡ ʪʨʫʙʦʢ 

ʚ ʤʝʩʪʝ ʪʝʯʠ, ʣʠʙʦ ʟʘʛʣʫʰʢʦʡ ʪʨʫʙʦʢ, ʠʤʝʶʱʠʭ ʜʝʬʝʢʪʳ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʝʤʦʥʪʘ ʨʘʜʠʘʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʡʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʩʪʦ ʪʝʯʠ, ʠ 

ʦʥʦ ʜʦʩʪʫʧʥʦ ʜʣʷ ʧʘʡʢʠ. ɿʘʛʣʫʰʘʪʴ ʪʨʫʙʢʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʫ ʨʘʟʙʦʨʥʳʭ ʨʘʜʠʘʪʦʨʦʚ. 

ʋʩʪʨʘʥʝʥʠʝ ʪʝʯʠ ʚ ʪʨʫʙʢʘʭ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʟʘʣʠʚʘʝʤʳʭ ʚ ʩʠʩʪʝ-

ʤʫ ʦʭʣʘʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʣʠʰʴ ʚʨʝʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥ. 

ʆʪʩʶʜʘ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʥʝʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʪʝʭʥʦʣʦ-

ʛʠʷʭ ʨʝʤʦʥʪʘ, ʥʝ ʪʨʝʙʫʶʱʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠ-

ʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʊʝʭʥʦʣʦʛʠʠ ʨʝʤʦʥʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʧʦʟʚʦ-

ʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʟʘʤʝʥʠʪʴ ʩʚʘʨʢʫ, ʥʘʧʣʘʚʢʫ, ʥʦ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʪʝʭʥʠʢʠ ʠ ʧʦʞʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʦʧʘʩʥʦ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʦʭʨʘʥʳ ʪʨʫʜʘ. ʇʨʠʤʝʥʝʥʠʝ ʢʣʝʝ-

ʚʳʭ ʩʦʩʪʘʚʦʚ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʜʠʘʪʦʨʳ ʦʭʣʘʞʜʝʥʠʷ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʥʘ ʧʫʥʢʪʘʭ ʊʆ, ʚʦʜʠ-

ʪʝʣʴʩʢʠʤ ʩʦʩʪʘʚʦʤ. ʐʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʫʩʣʦʞʥʷʝʪ ʚʳʙʦʨ ʢʘʯʝ-

ʩʪʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʦʯʥʦʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶ-

ʱʠʝ ʢʣʝʝʚʳʝ ʩʦʩʪʘʚʳ: ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ çʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷè (ʈʦʩʩʠʷ), ʭʦʣʦʜʥʘʷ ʩʚʘʨ-

ʢʘ çPOXIPOLè (ʈʦʩʩʠʷ), ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ çʄʆʄɽʅʊè (ʈʦʩʩʠʷ), ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ 

çDoneDealè (ʉʐɸ), ʵʧʦʢʩʠʜʥʳʡ ʢʣʝʡ çPermatex Steel Weldè (ʉʐɸ). 

ʀʩʧʳʪʘʥʠʝ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʜʚʠʛʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 14759-69 çʂʣʝʠ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʜʚʠʛʝ (ʩ ʀʟʤʝʥʝʥʠʷʤʠ N 

1, 2, 3)è. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʢʣʝʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʶʤʠʥʠ-

ʝʚʳʝ ʧʣʘʩʪʠʥʳ ʰʠʨʠʥʦʡ 20 ʤʤ, ʜʣʠʥʦʡ 200 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 2 ʤʤ (ʨʠʩʫʥʦʢ 1). ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʘʜʛʝʟʠʠ ʤʝʞʜʫ ʢʣʝʝʚʳʤʠ ʩʦʩʪʘʚʘʤʠ ʠ ʧʣʘʩʪʠʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ 

ʙʳʣʠ ʦʰʣʠʬʦʚʘʥʳ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʩ ʘʙʨʘʟʠʚʦʤ ʩʨʝʜʥʝʡ ʟʝʨʥʠʩʪʦʩʪʠ. ʇʝʨʝʜ ʥʘʥʝ-

ʩʝʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʝʟʞʠʨʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʘʮʝʪʦʥʦʤ. 

ʇʦʜʛʦʪʦʚʢʘ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ ʢ ʧʨʠʤʝʥʝʥʠʶ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʯʝʪʢʦʤ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʢ ʢʘʞʜʦʤʫ ʩʨʝʜʩʪʚʫ. ʇʦʩʣʝ ʩʢʣʝʠʚʘʥʠʷ ʤʝʩʪʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʤʝ-

ʱʘʣʦʩʴ ʧʦʜ ʜʝʩʷʪʠʢʠʣʦʛʨʘʤʤʦʚʳʡ ʛʨʫʟ, ʛʜʝ ʚʳʜʝʨʞʠʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 24 

ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 18-23
0
ʉ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʧʳʪʘʥʠʷ ʥʘ 

ʈ-5. 
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ʈʠʩ. 1. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʧʣʘʩʪʠʥ 

 

ʇʝʨʚʘʷ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 18-23 
0
ʉ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʩʚʝʜʝʥʳ ʚ ʜʠʘʛʨʘʤʤʫ 

(ʨʠʩʫʥʦʢ 2). ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʠʘʛʨʘʤʤʳ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʢʣʝʡ çʉʠʣʘ 

ʧʨʠʪʷʞʝʥʠʷè ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʜʚʠʛ 3,12 ʄʇʘ. ʉʘʤʳʡ 

ʥʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ 2,08 ʄʇʘ ʧʦʢʘʟʘʣ ʢʣʝʡ çPoxipolè. 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʦʙʨʘʟʮʘʤʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18-23 
0
ʉ 

 
ʉʣʝʜʫʶʱʘʷ ʩʝʨʠʷ ʦʧʳʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʦʙʨʘʟʮʘʤʠ, ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʨʘʟʦʛʨʝʪʳʤʠ ʚ ʰʢʘʬʫ ʜʦ 110 
0
ʉ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙ-

ʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 100 ʜʦ 110 
0
ʉ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʦʙʨʘʟʮʘʤʠ  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100-110 
0
ʉ 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3 ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʝʪ ʢʣʝʡ çPoxipolè ʩ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʨʘʟʨʫʰʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʩʜʚʠʛ 4,48 ʄʇʘ. ʉʘʤʳʡ ʥʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ 

0,23 ʄʇʘ ʧʦʢʘʟʘʣ ʢʣʝʡ çPermatex Steel Weldè. ʇʨʠ ʥʘʛʨʝʚʝ ʢʣʝʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʢʣʝʝʤ çPermatex Steel Weldè ʧʦʢʘʟʘʪʝʣʠ ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʠʩʴ, ʪʘʢ ʢʘʢ ʢʣʝʡ ʚ ʩʦʝʜʠʥʝ-

ʥʠʠ ʧʦʪʝʨʷʣ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʠ ʩʪʘʣ ʧʣʘʩʪʠʯʥʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 110 
0
ʉ.  

ʊʘʢʠʝ ʞʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʩʪʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 18-23 
0
ʉ ʠ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʦʙʨʘʟʮʦʚ ʜʦ ʪʝʤʧʝʨʘʪʫ-

ʨʳ 110 
0
ʉ. ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʜʚʠʛ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʠ ʩʪʘʣʴʥʳ-

ʤʠ ʧʣʘʩʪʠʥʘʤʠ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʢʣʝʡ ʤʘʨʢʠ çʉʠʣʘ ʧʨʠʪʷʞʝʥʠʷè ʠ 

çDone Dealè. ɼʘʥʥʳʝ ʤʘʨʢʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʨʘ-

ʜʠʘʪʦʨʦʚ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 
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INCREASED RELIABILITY OF ELECTRICAL WIRING  
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Abstract: Electrical equipment occupies a leading place in the life of modern people, and it 

is also a danger. Thus, monitoring and evaluating the state of electrical products is a priority facing 

a person. Studying the properties and behavior of insulating materials makes it possible to achieve 

fire safety. 

 

 

ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʣʴʥʫʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. ʇʝʨʝʜʘʯʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ (ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʘʙʝʣʝʡ ʠ ʧʨʦʚʦʜʦʚ), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦ-

ʙʣʝʤʫ ʦʮʝʥʢʠ ʠʭ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʘʢ ʥʘʠʚʘʞʥʝʡʰʫʶ. 

ɺ ʈʦʩʩʠʠ, ʩʦʙʩʪʚʝʥʥʦ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ, ʜʦʣʷ 

ʧʦʞʘʨʦʚ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʝʞʝʛʦʜʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʜʦ 25% ʦʪ ʦʙʱʝʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ [1,2,10-12]. ʇʨʠ ʵʪʦʤ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʙʦʣʝʝ 50% ʚʩʝʭ ʧʦʞʘʨʦʚ ʦʪ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʟʘʛʦ-

ʨʘʥʠʷ ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʢ [10-12]. 

ʇʦʞʘʨʥʘʷ ʦʧʘʩʥʦʩʪʴ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʩʚʷʟʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʶʯʠʭ ʠʟʦʣʷ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʨʝʟʠʥʳ, ʧʣʘʩʪʤʘʩʩ ʠ ʪ.ʧ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʠʭ ʚʦʩʧʣʘʤʝ-

ʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʝʨʝʛʨʫʟʢʠ ʧʨʦʚʦʜʦʚ ʠ ʢʘʙʝʣʝʡ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʨʦʪ-

ʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ ʚ 

ʚʠʜʝʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʢʨ ʠ ʜʫʛ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʠʯʠʥ ʟʘʛʦʨʘʥʠʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʷʚ-

ʣʷʶʪʩʷ ʦʙʱʠʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʩʝ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʪʝʧʣʦʚʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʪʦʢʘ ʠ ʛʦʨʶʯʝʩʪʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  
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ʉʥʠʞʝʥʠʝ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɿʘʱʠʪʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ, 

ʠʤʝʷ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʞʠʤʘʭ ʠʭ ʨʘʙʦʪʳ ʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʧʦʞʘʨʦʦʧʘʩʥʦʤʫ ʨʝʞʠʤʫ [5-6]. ɿʘʜʘʯʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʝʨʦʷʪʥʦ-

ʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠʟʦʣʷʮʠʠ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘ-

ʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʢ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʮʝʥʢʠ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚ ʵʣʝʢ-

ʪʨʦʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʷʭ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʥʦ ʤʥʦʛʦʢʨʘʪʥʳʡ ʮʠʢʣʠʯʝʩʢʠʡ ʧʝʨʝʛʨʝʚ 

ʧʨʦʚʦʜʦʢ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʪʝʢʘʥʠʷ ʧʨʝʜʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ, ʪ.ʝ. ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʟʦʣʷʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 40-70 
0
ʉ, ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʦʚ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʧʦʪʝʨʶ ʧʦʩʣʝʜʥʠʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʦʙʦʝʤ ʠʟʦʣʷ-

ʮʠʠ ʠ ʢʦʨʦʪʢʠʤ ʟʘʤʳʢʘʥʠʝʤ [3,4,13]. 

ʀʟʣʦʞʝʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʦʮʝʥʢʫ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʝʜʘʚʘʨʠʡʥʳʭ 

ʨʝʞʠʤʦʚ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ: ʜʝʪʝʨʤʠʥʠʩʪʠʯʝʩʢʠʝ, ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ, ʚʝ-

ʨʦʷʪʥʦʩʪʥʳʝ [4,7-10]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ, ʷʚʣʷʷʩʴ ʛʦʨʶʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʩʚʦʝʡ ʩʫʪʠ, ʙʣʘ-

ʛʦʧʨʠʷʪʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʧʦʞʘʨʘ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ - ʧʨʦʮʝʩ-

ʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʦʞʘʨʘ, ʟʘʯʘʩʪʫʶ ʠʥʠʮʠʠʨʫʶʪʩʷ ʟʘʜʦʣʛʦ ʜʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ 

ʩʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʮʝʩʩʘ ʨʘʟʚʠʪʠʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʬʠ-

ʣʘʢʪʠʯʝʩʢʠʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʝ. 

ʎʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʞʘʨ-

ʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʠʭ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝ-

ʥʠʝ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʟʘʱʠʪʳ.  

ʅʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʚʦʜʦʢ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʠʤʝʥʥʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʝʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. ʅʝʣʠʰʥʠʤ ʙʫʜʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ, ʠʟʦʣʷʮʠʷ ʨʘʙʦʪʘʝʪ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ, ʭʦʪʷ ʪʝʢʫ-

ʱʠʡ ʧʦ ʞʠʣʘʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʘʛʨʝʚ ʪʦʢʦʚʝʜʫʱʝʡ ʞʠʣʳ ʜʦ 

130ÁC, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ, ʢʦʪʦʨʳʝ  ʩʧʦʩʦʙʥʳ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʟʦʣʷ-

ʮʠʠ.  

ʇʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʜʝʩʪʨʫʢ-

ʮʠʠ, ʦʙʫʩʣʦʚʣʝʥ ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʫʜʘʣʝʥʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦ-

ʪʝʨʝ ʵʣʘʩʪʠʯʥʦʩʪʠ. ʕʪʦ, ʚʢʫʧʝ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʤʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ çʫʛʣʝʨʦʜʥʳʭ ʤʦʩʪʠʢʦʚè,  ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝʤ ʤʠʢʨʦʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʷʚʣʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʪʦʢʦʚ ʫʪʝʯʢʠ, ʘ 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʦʙʨʘʟʦʚʘʥʠʝ ʫʧʦʤʷʥʫʪʳʭ çʫʛʣʝʨʦʜʥʳʭ ʤʦʩʪʠʢʦʚè ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʨʦʙʦʷ.  

ʌʘʢʪʦʨʳ ʩʪʘʨʝʥʠʷ ʠʟʦʣʷʮʠʠ ʫʩʫʛʫʙʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʥʘʛʨʫʟʢʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʠʟʦʣʷʮʠʷ ʤʦʞʝʪ ʠʩʧʳʪʳʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂ ʥʘʛʨʫʟʢʘʤ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʠʪʩʷ ʚʠʙʨʘʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʨʘʙʦʪʝ ʨʘʟʣʠʯ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʊʚʝʨʜʳʝ ʜʠʵʣʝʢʪʨʠʢʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʭʨʫʧʢʠʤʠ ʠ ʤʘʣʝʡʰʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʘʙʝʣʴ ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʨʘʟʨʫʰʝ-

ʥʠʶ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʞʝ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠʟʦʣʷʮʠʠ ʚʳʟʳʚʘʶʪ ʤʝʩʪʥʳʡ 

ʪʦʢ ʫʪʝʯʢʠ ʠ ʥʘʛʨʝʚ ʠʟʦʣʷʮʠʠ. ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʜʫʛ. ɺ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʟ-

ʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʘʙʠʪʴ ʟʘʱʠʪʥʳʝ ʬʫʥʢʮʠʠ ʧʦ-

ʢʨʳʪʠʷ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʘʢʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ ʤʦʛʫʪ ʩʪʘʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʩʨʝʜʦʡ. ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʬʘʟʦʚʳʤ 

ʠ ʥʫʣʝʚʳʤ ʧʨʦʚʦʜʘʤʠ, ʣʠʙʦ ʬʘʟʦʡ ʠ ʟʘʟʝʤʣʝʥʥʳʤʠ ʢʦʨʧʫʩʘʤʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʚʦʟ-

ʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ: ʚ ʤʝʩʪʘʭ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʫʛʣʠʚʘʥʠʝ, ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʨʦʩʪ ʪʦʢʦʚ ʫʪʝʯʢʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʛʦʨʘʥʠʶ ʠʟʦʣʷʮʠʠ. ʇʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʩʪʘʨʝʥʠʷ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʢʘʟʳʚʘʝʪ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʩʘʤʦʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʦ-

ʚʦʜʦʢ ʠ ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʣʞʝʥ ʥʘʯʠʥʘʪʴʩʷ ʩ ʢʦʥʪʨʦʣʷ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʠʟʦʣʷʮʠʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʧʨʠʥʷʪʠʝʤ ʤʝʨ ʢ ʣʠʢʚʠʜʘʮʠʠ ʚʳʷʚʣʝʥʥʳʭ 

ʥʘʨʫʰʝʥʠʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ 

ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʘ ʩ  ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚʣʠʷ-

ʥʠʷ ʩʚʦʡʩʪʚ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ  ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ.  
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ON PROBLEMS OF OPERATION OF FIRE EQUIPMENT IN THE CONDITIONS OF 

LOW TEMPERATURES  
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Abstract:  The report describes the difficulties of operating fire fighting equipment in the 

north, identifies key parameters that affect the reliability and durability of fire fighting equipment in 

the north, shows the latest developments of scientists in fire fighting equipment for areas with low 

temperatures, identifies ways to solve some problems associated with the operation of this fire 

fighting equipment. 
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ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʦʯʝʥʴ ʭʦʣʦʜʥʦʛʦ, ʭʦ-

ʣʦʜʥʦʛʦ ʠʣʠ ʫʤʝʨʝʥʥʦ-ʭʦʣʦʜʥʦʛʦ ʢʣʠʤʘʪʘ: ʉʝʚʝʨ ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʋʨʘʣ, ɿʘ-

ʧʘʜʥʘʷ ʠ ɺʦʩʪʦʯʥʘʷ ʉʠʙʠʨʴ, ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ. ɺʩʝ ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʛʝʦʩʪʨʘʪʝʛʠʯʝ-

ʩʢʠʝ ʨʝʛʠʦʥʳ ʩʪʨʘʥʳ.  

ʆʪʩʫʪʩʪʚʠʝ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʵʪʠʭ ʨʝʛʠʦʥʦʚ ʧʦ-

ʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʩʝʚʝʨʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʦʚ ʜʦ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʥʘ ʉʝʚʝʨʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʦʙʳʯʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʏʠʩʣʦ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 60 

ʜʦ 70% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ ʚ ʛʦʜ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʪʫʰʝʥʠʷ 

ʢʨʫʧʥʦʛʦ ʧʦʞʘʨʘ ʥʘ ʉʝʚʝʨʝ ʟʠʤʦʡ ʥʘ 30ï40% ʙʦʣʴʰʝ, ʯʝʤ ʣʝʪʦʤ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚ-

ʣʝʥʦ: ʯʝʤ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʪʝʤ ʜʦʣʴʰʝ ʪʫʰʠʪʩʷ ʧʦʞʘʨ. ʆʜ-

ʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʘʛʨʝʛʘʪʦʚ ʠ ʩʠʩʪʝʤ ʇɸ, ʚʢʣʶʯʘʷ ʧʦʞʘʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʝ ʚʦʦʨʫʞʝʥʠʝ (ʇʊɺ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʩʥʦʚʘʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʚ ɸʨʢʪʠʢʝ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛʦʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʝʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠ-

ʪʠʝ, ʤʦʜʝʨʥʠʟʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʊʦ ʝʩʪʴ ʚ ʟʦʥʘʭ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʝʪ ʙʫʨʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. ɸ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʟʘʱʠʱʘʪʴ. 

ɺ ʭʦʣʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʢʣʘʜʳʚʘʝʪʩʷ ʦʩʦʙʝʥʥʦ 

ʩʣʦʞʥʘʷ ʦʧʝʨʘʪʠʚʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩ ʪʫʰʝʥʠʝʤ ʧʦʞʘʨʦʚ. ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʧʦʞʘʨʦʚ, ʥʦ ʠ ʦʩʣʦʞʥʷʶʪ ʩʘʤ ʧʨʦ-

ʮʝʩʩ ʠʭ ʪʫʰʝʥʠʷ. 

ʋʞʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʦʪ -30Áʉ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʯʥʫʶ ʪʝʭʥʠʢʫ ʩʪʘʥʦ-

ʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -35Áʉ ʧʦʣʦ-

ʤʦʢ ʙʳʚʘʝʪ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ 0Áʉ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳ. ʆʥʘ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ ʙʦʝʚʦʡ 

ʛʦʪʦʚʥʦʩʪʠ ʠ ʪʫʰʠʪʴ ʧʦʞʘʨʳ ʧʨʠ ʣʶʙʦʡ ʧʦʛʦʜʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ çʩʝʚʝʨʥʦʛʦè ʘʚʪʦʤʦʙʠʣʷ 

ʇʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ -

60ÁC, ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʠ ʩʦʟʜʘʚʘʣʩʷ ʫʯʝʥʳʤʠ ɸʢʘʜʝʤʠʠ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʩʦʚʤʝʩʪʥʦ ʩ 

ʠʥʞʝʥʝʨʘʤʠ ʆɸʆ çɺʘʨʛʘʰʠʥʩʢʠʡ ʟʘʚʦʜ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷè, ʧʨʠ ʫʯʘʩʪʠʠ ʗʢʫʪʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. ʈʝʟʫʣʴʪʘʪ ʵʪʦʡ ʨʘʙʦʪʳ ʦʢʘʟʘʣʩʷ ʚʳʰʝ 

ʚʩʝʭ ʦʞʠʜʘʥʠʡ. ɸʚʪʦʤʦʙʠʣʴ ʧʦʣʫʯʠʣʩʷ ʥʝ ʪʦʣʴʢʦ ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳʤ, ʥʦ ʠ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʤʦʞʥʦ ʚ ʩʣʦʞʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʜʦʙʨʦʚʦʣʴʥʳʤʠ ʧʦʞʘʨʥʳʤʠ, ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ. 

ɸʚʪʦʤʦʙʠʣʴ ʩʦ ʩʣʦʞʥʳʤ ʥʘʟʚʘʥʠʝʤ çʍʃ ʇʉɸ-ʉ-6,0-40/100 (IVECO AMT 

6339)ï40ɺʈè (ʇʉɸ-ʉʝʚʝʨ) ʦʪʚʝʯʘʝʪ ʚʩʝʤ ʟʘʜʘʯʘʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʧʝʨʝʜ 

ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ ð ʪʫʰʝʥʠʶ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʠ ʥʘ ʧʨʦ-

ʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʚʝʜʝʥʠʶ ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʞʘʨʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ ʚ ʫʪʝʧʣʝʥʥʦʤ ʤʝʩʪʝ, ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʦʛʨʝʚʘ ʚʦʜʦʧʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʧʣʦʤ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʩʦʩʘ, ʧʦʜʦʛʨʝʚʘʶʱʝʛʦ ʚʦʜʫ ʧʨʠ ʧʦʜʘʯʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʥʦʚʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ ʠʩʢʣʶʯʘʝʪ ʟʘʤʝʨʟʘʥʠʝ ʚʦʜʳ ʚʥʫʪʨʠ ʨʫʢʘʚʦʚ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʪʫʰʝʥʠʠ ʩʝʨʴʝʟʥʳʭ ʧʦʞʘʨʦʚ. ʊʘʢʞʝ ʚ ʘʚʪʦʤʦʙʠʣʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʝ ʫʪʝʧʣʝʥʠʝ ʢʘʙʠʥʳ. 

ʉʧʝʮʠʘʣʠʩʪʘʤʠ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ ʩʜʝʣʘʥ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʝʚʝʨʥʳʭ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠ-

ʣʝʡ:  

1. ɼʦʨʘʙʦʪʢʘ ʰʘʩʩʠ, ʚʢʣʶʯʘʷ: ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʚʠʞʝ-

ʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʩʥʝʞʥʳʭ ʟʘʥʦʩʦʚ ʠ ʙʝʟʜʦʨʦʞʴʷ (ʩʥʝʞʥʳʝ ʠʣʠ ʟʠʤʥʠʝ ʰʠʥʳ, ʣʝʙʝʜʢʘ 

ʜʣʷ ʩʘʤʦʚʳʪʘʩʢʠʚʘʥʠʷ, ʮʝʧʠ ʧʨʦʪʠʚʦʩʢʦʣʴʞʝʥʠʷ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʠʭ ʚʢʣʶʯʝʥʠʝʤ ʠʟ 

ʢʘʙʠʥʳ ʠ ʪ. ʜ.); ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʫʪʝʧʣʝʥʠʶ ʠ ʟʘʱʠʪʝ ʢʘʙʠʥʳ, ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʦʪʩʝ-

ʢʘ, ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ, ʧʦʜʦʛʨʝʚ ʟʝʨʢʘʣ ʟʘʜʥʝʛʦ ʚʠʜʘ ʠ ʪ. ʧ.; ʫʩʪʘʥʦʚʢʘ ʚ ʩʘʣʦʥʝ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘʪʝʣʷ, ʩʠʩʪʝʤ ʦʩʫʰʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʨʘʟʤʦʨʘ-

ʞʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʣʦʙʦʚʦʛʦ ʩʪʝʢʣʘ ʠ ʜʨ.  

2. ɼʦʨʘʙʦʪʢʘ ʧʦʞʘʨʥʦʡ ʥʘʜʩʪʨʦʡʢʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: ʫʪʝʧʣʝʥʠʝ ʮʠʩʪʝʨʥʳ ʠ 

ʧʝʥʦʙʘʢʘ; ʧʦʜʦʛʨʝʚ ʚʦʜʳ ʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ; ʫʪʝʧʣʝʥʠʝ ʠ ʧʦʜʦʛʨʝʚ ʥʘʩʦʩʥʦʛʦ ʦʪʩʝʢʘ 

ʠ ʜʨ.  

ɼʦ ʦʩʚʦʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʚʝʨʥʳʭ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʘʜʘʧʪʘʮʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʧʘʨʢʘ ʧʦʞʘʨʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʵʢʩ-

ʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʞʘʨʥʦʡ ʦʭʨʘʥʳ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦ-

ʩʪʘʚʢʠ ʚ ʨʝʛʠʦʥʳ ʩʝʚʝʨʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʚʩʝʛʜʘ ʙʫʜʝʪ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʳʭ ʟʘʜʘʯ, ʘ ʨʝʟʫʣʴʪʘʪ ï ʩʧʘʩʝʥʥʳʝ ʞʠʟʥʠ ʛʨʘʞʜʘʥ. 
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ʅ. ʅ. ʂʫʟʥʝʮʦʚʘ
15

 
ɺʦʝʥʥʳʡ ʫʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʚʦʝʥʥʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʣ çɺʦʝʥʥʦ-ʚʦʟʜʫʰʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤʝʥʠ 

ʧʨʦʬʝʩʩʦʨʘ ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ ʠ ʖ. ɸ. ɻʘʛʘʨʠʥʘè  

 

ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆɹʃɽʄʓ ɺʆɿʅʀʂʅʆɺɽʅʀʗ ɸɺʊʆʂʆʃɽɹɸʅʀʁ 

ɹʃʆʂʀʈʆɺɸʅʅʓʍ ʂʆʃɽʉ ɺ ʇʈʆʎɽʉʉɽ ʊʆʈʄʆɾɽʅʀʗ ɸɺʊʆʄʆɹʀʃʗ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʙʣʦʢʠʨʦʚʢʘ ʢʦʣʝʩ, ʬʨʠʢʮʠʦʥʥʳʝ ʩʠ-

ʩʪʝʤʳ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʠʟʫʯʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ 

ʤʦʤʝʥʪʳ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʧʦʩʣʝ ʙʣʦʢʠʨʦʚʢʠ ʢʦʣʝʩ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘ ʜʦʨʦʛʝ ʚʦʣʥʦ-

ʦʙʨʘʟʥʦʛʦ ʨʝʣʴʝʬʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʘʢʦʛʦ ʨʦʜʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. 

 

N. N. Kuznetsova  

 

RESEARCH OF THE PROBLEM OF SELF -OSCILLATION OF BLOCKED WHEELS 

DURING VEHICLE BRAKING  

 

Keywords: self-oscillating system, wheel lock, friction systems. 

Abstract:  This report examines the problem of self-oscillation when the car brakes after the 

wheels are locked. The appearance of undulating terrain on the road may be associated with the im-

pact of this type of self-oscillation. 

 

 

 ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʫʭ ʢʦʥʪʘʢʪʥʳʭ ʪʝʣ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʘʚʪʦʢʦʣʝʙʘʥʠʷ, ʢʦ-

ʪʦʨʳʝ ʷʚʣʷʶʪ ʩʦʙʦʡ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʝʡ ʪʝʣ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ [1]. 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ ï ʵʪʦ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʥʝ-

ʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʯʸʤ ʘʤʧʣʠʪʫʜʘ 

ʠ ʧʝʨʠʦʜ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʩʘʤʦʡ ʩʠʩʪʝʤʳ. ʂʦʣʝʙʘʥʠʷ ʥʝ ʟʘ-

ʚʠʩʷʪ ʦʪ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʆʙʨʘʟʦʚʘʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ  ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʥʠ-

ʢʘʶʪ ʪʘʢʠʝ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʥʘʟʳʚʘʝʪʩʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʡ. ʕʥʝʨʛʠʷ ʘʚʪʦ-

ʢʦʣʝʙʘʥʠʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʩʘʤʦʡ ʩʠʩʪʝʤʦʡ ʧʦʩʪʫʧʣʝʥʠʷ ʵʥʝʨ-

ʛʠʠ ʦʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʩʦʟʜʘʝʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʜʠʚʠʪʝʣʴʥʳ ʪʝʤ, ʯʪʦ ʧʝʨʠʦʜʠ-

ʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʝʧʝʨʠʦʜʠʯʝʩʢʦʤ ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɸʚʪʦ-

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʣʠʥʝʡʥʳ ʠ ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳ. ʆʥʠ ʧʦ-

ʩʪʦʷʥʥʦ ʪʝʨʷʶʪ ʵʥʝʨʛʠʶ, ʥʦ ʫ ʥʠʭ ʝʩʪʴ ʢʘʥʘʣ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʳʡ ʧʦʩʪʦʷʥʥʦ ʞʝ ʠ ʚʦʩʧʦʣʥʷʝʪ ʧʦʪʝʨʷʥʥʫʶ ʵʥʝʨʛʠʶ. ʇʦʵʪʦʤʫ ʘʚʪʦʢʦʣʝʙʘʥʠʷ 

ʤʦʛʫʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʦʯʝʥʴ ʜʦʣʛʦ. 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚʝʟʜʝ ʚ ʧʨʠʨʦʜʝ, ʦʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʷʭ. ʅʘʧʨʠʤʝʨ,  ʧʦʶʱʠʝ ʧʝʩʢʠ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʠʥʬʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʝʪʨʘ ʥʘʜ ʤʦʨʩʢʠʤʠ ʚʦʣʥʘʤʠ, ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʡ çʛʦʣʦʩ ʤʦʨʷè, ʠ ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʦ ʘʚʪʦʢʦʣʝʙʘʥʠʷ.   ʅʝʪʨʫʜʥʦ ʜʦʛʘʜʘʪʴʩʷ, ʯʪʦ ʚ ʞʠ-

ʚʦʤ ʦʨʛʘʥʠʟʤʝ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʚʪʦʢʦʣʝʙʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʳ-
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ʭʘʥʠʝ, ʨʘʙʦʪʘ ʩʝʨʜʮʘ ʠ ʪ.ʜ. ʇʨʠʤʝʨʦʤ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʯʘʩʳ ʩ 

ʤʘʷʪʥʠʢʦʤ. ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠ ʠʛʨʝ ʥʘ ʜʫʭʦʚʳʭ ʠ ʩʤʳʯʢʦʚʳʭ ʤʫʟʳʢʘʣʴ-

ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ. ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪ ʥʘʩ ʚʝʟʜʝ.   

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʠʜʘʤʠ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʷʚʣʷʶʪʩʷ ʬʨʠʢʮʠʦʥʥʳʝ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʘʚʪʦʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʪʨʝʥʠʝʤ. ʀʭ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʭʘʨʘʢʪʝʨʥʦʤʫ ʩʢʨʠʧʫ.  

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʠʥʘʤʠʢʠ ʪʘʢʠʭ ʬʨʠʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʟʘʥʠʤʘʝʪʩʷ  ʪʝʦʨʠʷ ʥʝ-

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʚʪʦʢʦʣʝʙʘ-

ʥʠʡ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʝʤ ʙʦʣʝʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʯʘʩʪʦ ʥʝʨʘʟʨʝʰʠʤʦʡ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʨʠʢʮʠʦʥʥʳʭ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠʤʝʝʪ ʩʤʳʩʣ ʥʘʯʠʥʘʪʴ ʩ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʩʠʩʪʝʤʝ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 

ʉʦʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘʣʛʦʨʠʪʤʳ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʢʦʣʝʙʘʥʠʡ 

ʘʚʪʦʤʦʙʠʣʷ ʧʨʠ ʝʛʦ ʵʢʩʪʨʝʥʥʦʤ ʪʦʨʤʦʞʝʥʠʠ ʥʘ ʜʦʨʦʛʝ ʩ ʧʦʣʥʦʡ ʙʣʦʢʠʨʦʚʢʦʡ ʢʦʣʝʩ. 

ʕʪʠ ʟʘʜʘʯʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [2,3]. 

ʂʦʨʧʫʩ ʘʚʪʦʤʦʙʠʣʷ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ C (ʩʤ.ʨʠʩʫʥʦʢ) ʩʦʝʜʠʥʝʥ ʩ ʢʦʣʝʩʘʤʠ ʧʨʫ-

ʞʠʥʘʤʠ ʠ ʜʝʤʧʬʝʨʘʤʠ. ɼʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣ̫ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩ̫ ʚ ʧʣʦʩʢʦʩʪʠ OX1X3. 
ʂʦʨʧʫʩ ʘʚʪʦʤʦʙʠʣʷ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʚʦʢʨʫʛ ʦʩʠ CX2 ʥʘ ʫʛʦʣ ű. 

ʇʫʩʪʴ ʜʚʠʞʝʥʠʷ ʜʚʫʭ ʧʝʨʝʜʥʠʭ ʢʦʣʝʩ ʦʜʠʥʘʢʦʚʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʨʝʜʩʪʘʚʠʪʴ 

ʦʜʥʠʤ ʢʦʣʝʩʦʤ ʩ ʤʘʩʩʦʡ 2m ʠ ʫʜʚʦʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ 2J. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʟʘʜ-

ʥʠʭ ʢʦʣʝʩ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʩʚʷʟʘʥʘ ʩ ʢʦʨʧʫʩʦʤ ʘʚʪʦʤʦʙʠʣʷ. 
 

 

ʈʠʩ.1. ʄʦʜʝʣʴ ʘʚʪʦʤʦʙʠʣʷ 

ʇʫʩʪʴ X1, X3 ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʤʘʩʩ ʢʦʨʧʫʩʘ ʘʚʪʦʤʦʙʠʣʷ. ʈʘʜʠʫʩ-ʚʝʢʪʦʨʳ 

ʮʝʥʪʨʘ ʢʦʣʝʩ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ:  

1 1 3 3 2 1 3

2

( ) ( ( 1) ) ( ) ,

cos 0 sin

( ) 0 1 0 .

sin 0 cos

i

i i iR X E X E ɻ l e d n e

ɻ

j x

j j

j

j j

è ø= + + - - + - +ê ú

å õ
æ ö
=æ ö
æ ö
ç ÷

 

ʛʜʝ ɽ1, ɽ3 ï ʦʨʪʳ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ OX1X3;   e1, e3 ï ʦʨʪʳ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ  
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ʉx1x2x3, ɝi, ni ï ʧʨʦʜʦʣʴʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʮʝʥʪʨʦʚ ʢʦʣʝʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫ-

ʩʘ ʘʚʪʦʤʦʙʠʣʷ. ʂʦʣʝʩʘ ʟʘʙʣʦʢʠʨʦʚʘʥʳ, ʠ ʠʭ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ ʨʘʚʥʘ 

ʥʫʣʶ.  

ʂʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

2 2 2 2 20 1
1 3 1 2

4
(X ) ( )

2 2

J JM
T X m x xj

+
= + + + +,                                                   (1) 

ʛʜʝ ʄ, J0 ï ʤʘʩʩʘ ʠ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʢʦʨʧʫʩʘ ʘʚʪʦʤʦʙʠʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʮʝʥʪʨʘ 

ʤʘʩʩ, xi ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʢʦʣʝʩ. 

ɿʥʘʯʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ: 
2 2 2 2

3 1 1 2 2 1 0 2 0X ( ) ( ) ( )ʇ Mg c c n n n nx x è ø= + + + - + -ê ú                                              (2)
 

ʛʜʝ c1, c2 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʦʜʦʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʠ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠ-

ʣʷ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʣʝʩʘ, n0 ï ʧʦʩʪʦʷʥʥʘʷ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʣʝʩ n1, n2 ʚr -

ʟʳʚʘʶʪ ʩʞʘʪʠʝ ʧʨʫʞʠʥ ʧʝʨʝʜʥʝʡ ʠʣʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ, ʘ ʠʭ ʠʟʤʝʥʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʠʣ. ʇʨʦʜʦʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ɝ1 ɝ2 ʧʦʨʦʞʜʘʶʪ ʫʧʨʫ-

ʛʠʝ ʩʠʣʳ ʜʝʬʦʨʤʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ ʩ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʞʝʩʪʢʦʩʪʠ. ʇʨʠʤʝʤ, 

ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ ʦʜʠʥʘʢʦʚʳ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʧʦʩʣʝ ʙʣʦʢʠʨʦʚʢʠ ʢʦʣʝʩ, 

ʩʢʦʣʴʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ ʜʦʨʦʛʝ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ ʥʝʣʠʥʝʡʥʦʛʦ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʩ 

ʧʘʜʘʶʱʠʤ ʫʯʘʩʪʢʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʩʪʨʦʝʥʥʘʷ ʤʦʜʝʣʴ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʤʦʜʝʣʴ 

ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʢʦʛʜʘ ʪʨʝʥʠʝ ʧʦʢʦʷ ʧʨʝʚʦʩʭʦʜʠʪ ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ [3]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘ ʥʝʢʦʪʦʨʳʭ ʵʪʘʧʘʭ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʘʚʪʦʢʦʣʝʙʘʥʠʷ 

(ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ). ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʢʦʣʝʩ ʘʚʪʦʤʦʙʠʣʷ 

ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʪʘʢʫʶ ʧʨʦʙʣʝʤʫ, ʢʘʢ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘ ʜʦʨʦʛʝ ʚʦʣʥʦʦʙʨʘʟʥʦʛʦ ʨʝʣʴ-

ʝʬʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʘʢʞʝ ʠ ʥʘ ʧʦʢʨʳʪʠʷ ʘʵʨʦʜʨʦʤʦʚ, 

ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʪʷʞʝʣʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʘ ʜʚʠʞʝʥʠʷ ʪʘʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʰʘʝʪʩʷ ʯʠʩʣʦʚʳʤʠ ʧʨʠʤʝʨʘʤʠ 

ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ ʨʦʜʘ ʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ, ʧʦʣʫʯʘʝʤʳʤ ʤʝʪʦʜʦʤ ʫʩʨʝʜ-

ʥʝʥʠʷ ʢʘʥʦʥʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʝʨʝʤʝʥʥʳʭ ʜʝʡʩʪʚʠʝ-ʫʛʦʣ. 

ʈʘʟʣʠʯʘʶʪʩʷ ʩʣʫʯʘʠ çʞʸʩʪʢʦʛʦè ʠ çʤʷʛʢʦʛʦè ʚʦʟʙʫʞʜʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ. ɺ 

ʧʝʨʚʦʤ, çʞʸʩʪʢʦʤè ʩʣʫʯʘʝ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠ-

ʤʦ ʚʳʙʨʘʪʴ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʠʟ ʦʙʣʘʩʪʠ ʧʨʠʪʷʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʮʠʢʣʘ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. ʋʩʣʦʚʠ ̫ʚʦʟʥʠʢʥʦʚʝʥʠʷ çʤʷʛʢʦʛʦè ʚʦʟ-

ʙʫʞʜʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʩʦʙʩʪʚʝʥʥʦ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, 

ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ ʟʘʙʣʦʢʠʨʦʚʘʥʥʳʭ ʢʦʣʝʩ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʤʫʶ ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ ʪʨʝʥʠʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ. 

ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʙʣʦʢʠʨʦʚʘʥʥʳʭ ʢʦʣʝʩ ʚʳʟʳʚʘʶʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʩʠʣʳ ʧʝʨʠʦ-

ʜʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʜʝʡʩʪʚʫʶʪ ʥʘ ʤʘʪʝʨʠʘʣ ʜʦʨʦʛʠ, ʧʦ ʢʦʪʦʨʦʡ 

ʜʚʠʞʝʪʩʷ ʘʚʪʦʤʦʙʠʣʴ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʤʘʪʝʨʠʘʣʘ ʜʦʨʦʛʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʨʝʣʴʝʬ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʩʪʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦ-

ʤʦʙʠʣʝʡ. 
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Abstract:  The article discusses ways to increase the effectiveness of emergency rescue op-

erations in the collapse of buildings and structures, which will reduce the consequences of large-

scale disasters in the country. It is shown that reducing the response time of rescue services to the 

onset of a distress signal, as well as increasing the reliability of rescue equipment when working at 

height, are the most promising areas of emergency rescue services. 

 

 
ɺʚʝʜʝʥʠʝ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ (ɸʉʈ) ʧʦʩʣʝ ʦʙʨʫʰʝʥʠʡ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʩʧʘʩʘʪʝʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʛʫʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʦʧʘʩʥʳʭ 

ʬʘʢʪʦʨʦʚ: ʤʥʦʞʝʩʪʚʦ ʪʨʘʚʤʦʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʠ ʦʙʲʝʢʪʠʚʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ, ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʩʣʫʯʘʡʥʦʩʪʠ, ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʠʥʮʠʧʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙ (ɸʉʉ), ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ (ɸʉʌ) ʠ ʩʧʘʩʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ: 
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- ʧʨʠʥʮʠʧ ʛʫʤʘʥʠʟʤʘ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ ʟʘʜʘʯ ʩʧʘʩʝʥʠʷ ʞʠʟʥʠ ʠ 

ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʟʘʱʠʪʳ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʯʨʝʟʚʳ-

ʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ (ʏʉ); 

- ʧʨʠʥʮʠʧ ʝʜʠʥʦʥʘʯʘʣʠʷ ʨʫʢʦʚʦʜʩʪʚʘ; 

- ʧʨʠʥʮʠʧ ʦʧʨʘʚʜʘʥʥʦʛʦ ʨʠʩʢʘ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

- ʧʨʠʥʮʠʧ ʧʦʩʪʦʷʥʥʦʡ ʛʦʪʦʚʥʦʩʪʠ ʢ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʏʉ ʠ ʧʨʦʚʝʜʝʥʠʶ 

ʨʘʙʦʪ ʧʦ ʠʭ ʣʠʢʚʠʜʘʮʠʠ. (151-ʌɿ çʆʙ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʣʫʞʙʘʭ ʠ ʩʪʘʪʫʩʝ ʩʧʘ-

ʩʘʪʝʣʝʡè, ʩʪʘʪʴʷ 3) [1].  

ʄʏʉ ʈʦʩʩʠʠ ʠʥʠʮʠʠʨʦʚʘʣʦ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʟʘʢʦʥʝ ʧʦʥʷʪʠʷ çʦʧʨʘʚʜʘʥʥʳʡ ʨʠʩʢè 

[2, 3], ʧʦʥʷʪʠʝ ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʜʝʡʩʪʚʠʷ ʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʜʝʡ-

ʩʪʚʠʡ ʩʧʘʩʘʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʧʨʠʥʷʪʠʝ ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʨʘʜʠ ʚʳʧʦʣʥʝʥʠʷ ʧʦ-

ʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʣʶʙʦʡ ʮʝʥʦʡ ʥʝ ʩʯʠʪʘʝʪʩʷ ʧʨʘʚʦʤʝʨʥʳʤ.   

ɸʢʪʫʘʣʴʥʦʩʪʴ  ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʩʧʘʩʝʥʠʷ  ʠ ʩʪʝʧʝʥʴʶ ʛʦʪʦʚʥʦʩʪʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ 

ʦʙʝʩʧʝʯʠʪʴ ʩʧʘʩʝʥʠʝ ʣʶʜʝʡ ʧʨʠ ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʠʣʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ ʦʙʨʫʰʝʥʠʷʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʛʦʪʦʚʥʦʩʪʠ ʘʚʘʨʠʡʥʦ-

ʩʧʘʩʘʪʝʣʴʥʳʭ  ʩʣʫʞʙ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʩʣʝ ʦʙʨʫʰʝʥʠʷʭ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʧʦʚʳʰʝʥʠʠ ʥʘʜʝʞʥʦʩʪʠ ʩʨʝʜʩʪʚ ʩʧʘʩʝʥʠʷ. 

ʂʨʠʪʝʨʠʷʤʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʦʜʙʦʨʝ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ ʧʨʠ ʦʙ-

ʨʫʰʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʷʚʣʷʶʪʩʷ [4]: 

1.ʄʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ. 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ (ʩʦʩʪʘʚ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ɸʉʌ ʜʦʣʞʝʥ ʤʘʢʩʠʤʘʣʴʥʦ, ʵʬʬʝʢʪʠʚʥʦ ʚʳ-

ʧʦʣʥʷʪʴ ʟʘʜʘʯʫ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ɸʉʈ ʧʨʠ ʦʙʨʫʰʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ).  

3. ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ. 

4. ʋʯʝʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

5. ɺʳʩʦʢʦʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ɸʉʌ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʠ ɸʉʌ ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

6. ʆʙʝʩʧʝʯʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʥʘʩʝʣʝʥʠʷ (ʧʦʠʩʢ, ʜʝʙʣʦʢʠʨʦʚʘ-

ʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʦʢʘʟʘʥʠʝ ʧʝʨʚʦʡ ʧʦʤʦʱʠ; ʦʙʝʩʧʝʯʝʥʠʝ ʞʠʣʴʝʤ, ʧʠʪʘʥʠʝʤ, ʚʦ-

ʜʦʡ, ʦʙʦʛʨʝʚ, ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʧʫʥʢʪʦʚ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʇɺʈ). 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʠʪʝʨʠʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʦʜʙʦʨʝ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ɸʉʈ ʧʨʠ ʦʙʨʫ-

ʰʝʥʠʷʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʢʘʢ ʠ ʯʝʤ ʤʦʞʥʦ ʠʭ ʦʙʝʩʧʝʯʠʪʴ. 

- ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʜʦʣʞʥʦ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤ. ʉʧʘʩʘʪʝʣʠ ʧʦʣʴ-

ʟʫʶʪʩʷ ʪʝʨʤʠʥʦʤ çʟʦʣʦʪʦʡ ʯʘʩè, ʪʘʢ ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʪʨʘʚʤʳ ʪʨʝʙʫʶʪ ʦʧʝʨʘʪʠʚʥʦʡ ʜʦ-

ʩʪʘʚʢʠ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚ ʙʦʣʴʥʠʮʫ ʠʣʠ ʦʢʘʟʘʥʠʷ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʥʘ ʤʝʩʪʝ ʧʦʣʫʯʝʥʠʷ 

ʪʨʘʚʤʳ [5].  

- ɺʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʘʩʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ  ʬʠʟʠʢʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. 

- ɺʳʩʦʢʠʡ ʪʝʤʧ ʜʝʡʩʪʚʠʡ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ɸʉʈ. ʇʨʠ ʜʝʬʠʮʠʪʝ 

ʚʨʝʤʝʥʠ ʫʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʯʠ ʠʥʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʨʦʩʪʳʤ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʪʝʤʧʘ ʜʝʡʩʪʚʠʡ, ʪʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʜʝʷʪʝʣʴ-

ʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚʳʙʠʨʘʪʴ ʜʨʫʛʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ, ʪʘʢʪʠʢʠ, ʜʨʫʛʦʡ ʤʝ-

ʪʦʜ (ʩʧʦʩʦʙ), ʦʙʦʨʫʜʦʚʘʥʠʝ [6,7]. 

- ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ ʚʣʠʷʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʙʲʝʤʘ ʨʘʙʦʪ 

ʩʠʣʘʤʠ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʠʨʦʚʘʥʠʡ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦ ʠʭ ʫʜʚʘʠʚʘʶʪ ʠʣʠ ʫʪʨʘʠʚʘʶʪ. 
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- ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʚʩʝʭ ʧʨʠʚʣʝʯʝʥʥʳʭ ʩʣʫʞʙ ʢ ʜʘʥʥʳʤ ʨʘʙʦʪʘʤ. 

- ʅʘ ʚʨʝʤʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ɸʉʌ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ: ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ (ʛʨʦʟʘ, ʜʦʞʜʴ, ʩʥʝʛ), ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʚʨʝʤʷ ʩʫʪʦʢ, ʧʦʚʳʰʝʥʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʥʘ 

ʚʳʩʦʪʝ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʫʩʠʣʠʪʴ ʢʦʥʪʨʦʣʴ ʙʝʟʦʧʘʩʥʦʩʪʠ 

[8,9], ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʞʝ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʪʝ ʦʪʥʦʩʷʪʩʷ 

ʢ ʥʘʠʙʦʣʝʝ ʪʨʘʚʤʦʦʧʘʩʥʳʤ  [10] ʠ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʪʨʘʭʦʚʦʯʥʳʭ ʩʠʩʪʝʤ 

[11]. 

- ʉʦʟʜʘʥʠʝ ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ. ɸʉʌ, ʚʳ-

ʝʭʘʚʰʝʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ,  ʜʦʣʞʥʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʩʥʘʱʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ.  

- ɻʨʘʬʠʢ ʧʦʩʤʝʥʥʦʡ ʨʘʙʦʪʳ (ʝʩʣʠ ʩʧʘʩʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʚ ʦʜʥʫ, ʜʚʝ ʠʣʠ ʪʨʠ ʩʤʝʥʳ, ʪ.ʢ. 

ʩʧʘʩʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ).  

- ʉʦʟʜʘʥʠʝ ʨʝʟʝʨʚʘ ʩʠʣ, ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠʟ-ʟʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʩʥʘʨʷʞʝʥʠʷ (ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ɸʉʈ ʥʘ ʚʳʩʦʪʝ ʧʨʠ ʦʙʨʫʰʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʨʘʙʦʪʝ ʧʦʩʪʦʷʥʥʦ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ ʘʣʴʧʠʥʠʩʪʩʢʘʷ ʚʝʨʝʚʢʘ ʠʟ-ʟʘ 

ʪʨʝʥʠʷ, ʛʨʷʟʥʳʭ ʫʩʣʦʚʠʡ, ʥʝʭʚʘʪʢʠ ʧʨʦʪʝʢʪʦʨʦʚ). 

- ʅʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʟʚʝʜʢʫ, ʦʮʝʥʢʫ ʦʙʩʪʘʥʦʚʢʠ ʠ ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʳ; ʚ ʩʣʫʯʘʝ ʫʭʫʜʰʝʥʠʷ ʧʦʛʦʜʳ, ʧʦʚʪʦʨʥʦʛʦ ʦʙʨʫʰʝʥʠʷ ʠ ʪ. ʜ. ʧʨʠʥʠʤʘʪʴ 

ʵʢʩʪʨʝʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳʝ ʤʝʨʳ. 

- ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʝʤ ɸʉʈ. ʈʘʙʦʪʳ 

ʥʘʯʠʥʘʶʪʩʷ ʧʦ ʧʨʠʙʳʪʠʠ ʧʝʨʚʦʛʦ ɸʉʌ, ʟʘʪʝʤ ʙʦʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪ, ʢʪʦ ʠ ʥʘ ʢʘʢʦʤ ʫʯʘʩʪʢʝ ʨʘʙʦʪʘʝʪ. ʅʘ ʚʳʩʦʪʝ 

ʨʘʙʦʪʘʶʪ ʥʘʠʙʦʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʠ ʠʤʝʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʡ ʜʦʧʫʩʢ. ʈʫʢʦʚʦʜʠʪʝʣʠ 

ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʦʪʚʝʯʘʶʪ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʙʝʟʦʧʘʩʥʦʝ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʥʘ ʚʳ-

ʩʦʪʝ, ʧʨʦʚʦʜʷʪ ʠʥʩʪʨʫʢʪʘʞʠ, ʩʦʩʪʘʚʣʷʶʪ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ (ʇʇʈ), ʧʨʦʚʦʜʷʪ ʧʝ-

ʨʠʦʜʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʉʀɿ. ʈʫʢʦʚʦʜʠʪʝʣʠ ʜʝʞʫʨʥʳʭ ʩʤʝʥ ʠʤʝʶʪ ʪʘʢʞʝ ʢʣʘʩʩʥʦʩʪʴ ʥʝ 

ʥʠʞʝ ʚʪʦʨʦʛʦ. ʆʩʪʘʣʴʥʳʝ ʩʧʘʩʘʪʝʣʠ - ʥʝ ʥʠʞʝ ʪʨʝʪʴʝʛʦ ʢʣʘʩʩʘ ʚʳʧʦʣʥʷʶʪ ʵʪʠ ʨʘʙʦʪʳ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

- ʆʙʝʩʧʝʯʝʥʠʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʥʘʩʝʣʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʜʦʡ 

ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ [12] ʠ ʧʠʱʝʡ.  ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʚʘ ʤʦʙʠʣʴ-

ʥʳʭ ʧʫʥʢʪʘ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ (ʇɺʈ): ʜʣʷ ʧʦʩʪʨʘʜʘʚʰʝʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ɸʉʌ. 

ʇɺʈ ʩʣʫʞʠʪ ʧʫʥʢʪʦʤ ʦʙʦʛʨʝʚʘ, ʪʘʤ ʩʧʘʩʘʪʝʣʠ ʦʢʘʟʳʚʘʶʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞ-

ʢʫ, ʧʦʷʪ ʧʦʩʪʨʘʜʘʚʰʠʭ ʛʦʨʷʯʠʤ ʯʘʝʤ. ɼʣʷ ʣʘʛʝʨʷ ʩʧʘʩʘʪʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ 

ʧʘʣʘʪʢʫ ʜʣʷ ʦʪʜʳʭʘ ʠ ʦʙʦʛʨʝʚʘ. ʋʩʪʘʥʦʚʢʦʡ ʇɺʈ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴʩʷ ʩʤʝʥʘ, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʪʜʳʭʝ. ʆʩʚʝʱʝʥʠʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʩʚʝʪʠʪʝʣʴʥʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ (ʩʚʝʪʦʚʘʷ ʙʘʰʥʷ). 

- ʇʦʜʛʦʪʦʚʢʘ ʩʧʘʩʘʪʝʣʝʡ ʠ ʦʙʫʯʝʥʠʝ. ʇʨʠʥʮʠʧ ʛʦʪʦʚʥʦʩʪʠ ɸʉʉ, ɸʉʌ ʢ ʦʧʝʨʘʪʠʚʥʦʤʫ 

ʨʝʘʛʠʨʦʚʘʥʠʶ ʥʘ ʏʉ ʠ ʧʨʦʚʝʜʝʥʠʶ ʨʘʙʦʪ ʧʦ ʠʭ ʣʠʢʚʠʜʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʩʪʦʷʥʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʠ ʦʙʫʯʝʥʠʝ ʩʧʘʩʘʪʝʣʝʡ ʙʝʟʦʧʘʩʥʦʡ ʨʘʙʦʪʝ ʚ ʣʶʙʳʭ ʏʉ. ʇʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ 

ʚ ʫʩʣʦʚʠʷʭ ʨʠʩʢʘ ʤʦʞʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʠʩʢʫ. ʋ ʩʢʣʦʥʥʳʭ ʢ ʨʠʩʢʫ ʣʶ-

ʜʝʡ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʩʠʭʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʉʢʣʦʥʥʦʩʪʴ ʢ ʨʠʩʢʦʚʦʤʫ ʧʦʚʝʜʝʥʠʶ 

ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʨʠʩʢ, ʧʦʵʪʦʤʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʪʘ-

ʢʠʭ ʩʧʘʩʘʪʝʣʝʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʘ. ʕʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʩʪʘ-

ʥʦʚʢʝ ʩʠʣ ʥʘ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʤʠ ʠ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ ʥʘ ʚʳʩʦʪʝ ʫʩʣʦ-

ʚʠʷʭ ʦʙʨʫʰʝʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ [13]. 

ɺʳʚʦʜʳ: 
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      1. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦ-

ʚʝʜʝʥʠʷ ɸʉʈ, ʠʤʝʝʪ ʧʨʦʙʝʣʳ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʨʘʙʦʪ ʠ ʜʦʧʫʩʢʘʝʪ ʥʝʦʜ-

ʥʦʟʥʘʯʥʦʩʪʴ ʪʨʘʢʪʦʚʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʧʘʩʘʪʝʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʧʠʨʘʪʴʩʷ ʥʘ ʠʤʝʶʱʠʡʩʷ ʦʧʳʪ, ʧʨʦʬʝʩʩʠʦʥʘ-

ʣʠʟʤ ʠ ʟʜʨʘʚʳʡ ʩʤʳʩʣ.   

     2. ʂʘʞʜʳʡ ʠʟ ʢʨʠʪʝʨʠʝʚ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ ʧʦʜʙʦʨʝ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʧʨʦʚʝʜʝʥʠʷ ɸʉʈ 

ʧʨʠ ʦʙʨʫʰʝʥʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʠ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ɸʉʈ. 

     3. ɸʥʘʣʠʟ ʤʝʪʦʜʠʢ ʦʮʝʥʢʠ ʛʦʪʦʚʥʦʩʪʠ ʧʦʢʘʟʘʣ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦ-

ʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ (ʧʦ-

ʢʘʟʘʪʝʣʝʡ) ʛʦʪʦʚʥʦʩʪʠ;  ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ 

ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʪʦʚʥʦʩʪʠ, ʨʘʩʢʨʳʚʘʶʱʝʡ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʠ ʧʦʨʷʜʦʢ ʦʮʝʥʢʠ 

ï ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʪʝʣʝʡ;  ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʯʸʪʘ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʙʱʠʡ 

ʫʨʦʚʝʥʴ ʛʦʪʦʚʥʦʩʪʠ; ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝ-

ʪʦʜʦʚ ʦʮʝʥʢʠ ʛʦʪʦʚʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʛʦʪʦʚʥʦʩʪʠ ʩʧʘʩʘʪʝʣʴʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʧʦ ʧʨʠ-

ʯʠʥʝ ʨʘʟʣʠʯʥʦʛʦ ʠʭ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ, ʦʩʥʘʱʝʥʠʷ, ʰʪʘʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʘʩʰʪʘʙʦʚ ʠ 

ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ, ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. 
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WAYS TO IMPROVE MACHINE RELIABILITY  
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Abstract:  The article discusses various ways and means of improving the reliability of ma-

chines and mechanisms. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴʶ ʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʢ 

ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

ʉʠʩʪʝʤʳ ʠ ʩʨʝʜʩʪʚʘ ʧʦ ʫʣʫʯʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʤʥʦʛʦʦʙ-

ʨʘʟʥʳ ʠ ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘ-
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ʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʙʦʪʳ. ʆʩʫʱʝʩʪʚʣʷʝʤʳʝ ʚ ʵʪʦʡ ʦʪʨʘʩʣʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʜʨʘʟʜʝ-

ʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʫʨʩʦʚ. 

ʆʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʫʨʩʦʚ ï ʫʚʝʣʠʯʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʟʜʝʣʠʡ ʠʟʛʦʪʘʚʣʠ-

ʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʂ ʥʝʤʫ ʦʪʥʦʩʷʪʩʷ ʧʨʠʥʮʠʧʳ ʠʟʛʦʪʦʚʣʝ-

ʥʠʷ ʧʨʦʯʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʫʟʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʟʘ ʩʯʝʪ ʠʭ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʨʝʜʝ. 

ɺʳʰʝʫʢʘʟʘʥʥʳʡ ʢʫʨʩ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʩʪʦʡʢʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʘʰʠʥ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʫʟʣʦʚ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʚʟʘʠ-

ʤʦʩʚʷʟʘʥʦ ʩ ʚʦʧʨʦʩʘʤʠ, ʧʨʝʜʩʪʘʶʱʠʤʠ ʧʝʨʝʜ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʠ 

ʵʢʩʧʣʫʘʪʘʪʦʨʘʤʠ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʥʘʜʝʞʥʦʩʪʠ, ʥʦ ʠ ʠʟ-ʟʘ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʪʘʢʦʛʦ 

ʨʦʜʘ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʚʝʣʠʯʠʚʘʪʴ ʠ ʙʳʩʪʨʦʪʫ ʤʘʰʠʥ, ʩʥʠ-

ʞʘʪʴ ʠʭ ʨʘʟʤʝʨʳ ʠ ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʘ. 

ʂ ʩʨʝʜʩʪʚʘʤ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʩʪʦʡʢʠʭ ʢ ʠʟʥʘʰʠʚʘʥʠʶ, 

ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ ʤʝʭʘʥʠʟʤʳ, ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʤʘʟʳʚʘʥʠʷ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʥʘʩʣʝʜʩʪʚʝʥʥʦʩʪʴ. 

ʅʦ ʢʘʢʠʝ ʙʳ ʩʨʝʜʩʪʚʘ ʫʚʝʣʠʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʥʠ ʧʨʠʤʝʥʷʣʠʩʴ, ʠʭ ʧʨʦ-

ʪʠʚʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ ʥʝ ʙʝʩʢʦʥʝʯʥʦ. ʇʨʠʤʝʥʷʪʴ ʚ ʫʟʣʘʭ ʠ ʘʛʨʝʛʘ-

ʪʘʭ ʪʦʣʴʢʦ ʞʠʜʢʦʩʪʥʦʝ ʪʨʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ʅʝ ʙʳʚʘʝʪ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʙʳ 

ʥʝ ʜʝʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʢʨʠʪʠʯʝ-

ʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɽʩʣʠ ʢʦ ʚʩʝʤʫ ʩʢʘʟʘʥʥʦʤʫ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʙʳʚʘʶʪ ʠʩʪʦʯʥʠʢʠ ʢʘʢ ʚʥʝʰʥʠʭ, ʪʘʢ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʤʘʰʠʥʫ, ʠ ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʢ ʝʝ ʧʘ-

ʨʘʤʝʪʨʘʤ, ʪʦ ʤʦʞʥʦ ʩʤʝʣʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʩʨʝʜʩʪʚʘ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʦʙʷʟʘʪʝʣʴʥʳ, ʥʦ ʥʝʩʦʚʝʨʰʝʥʥʳ. ʆʥʠ ʫʧʠʨʘʶʪʩʷ ʚ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʝʥ-

ʥʦʡ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ.  

ʉʣʝʜʫʶʱʠʡ ʢʫʨʩ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʤʘʰʠʥ ï ʵʪʦ ʟʘʱʠʪʘ ʠ ʦʪʜʝ-

ʣʝʥʠʝ ʦʪ ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʊʫʪ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ: ʤʦʥ-

ʪʘʞ ʤʘʰʠʥ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʚʳʧʦʣʥʝʥʠʝ ʧʳʣʝʟʘʱʠʱʝʥʥʦʡ ʠ ʚʣʘʛʦʟʘʱʠʱʝʥʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. 

ɼʣʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʝʚ ʩʦʟʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ. 

ʂ ʧʨʠʤʝʨʫ, ʩʦʟʜʘʥʠʝ ʧʦʤʝʱʝʥʠʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʦʩʪʦʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞ-

ʥʦʩʪʴ, ʩ ʩʝʨʴʝʟʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʫʨʦʚʥʶ ʟʘʧʳʣʝʥʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʦʙʝʩʧʝ-

ʯʠʚʘʷ ʚʳʧʫʩʢ ʦʯʝʥʴ ʪʦʯʥʳʭ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʜʝʞʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʛʦ ʨʦʜʘ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ ʚʠʙʨʘʮʠʠ ʠ ʟʚʫʢʘ. ʊʘʢʞʝ ʢ ʟʘʱʠʪʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʦʪ-

ʥʦʩʷʪ ʵʢʨʘʥʳ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʪʝʧʣʦʚʳʭ ʠʟʣʫʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʜʠʘʮʠʠ. ɺʳʧʦʣʥʷʶʪ ʟʘ-

ʱʠʪʫ ʦʪ ʚʣʘʛʠ, ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʫʪʠʣʠʟʠʨʫʝʪ ʦʪʭʦʜʳ, ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪ ʬʠʣʴʪʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦʧʣʠʚʘ ʠ ʚʦʟʜʫʭʘ. ʅʦ 

ʠ ʩʧʦʩʦʙʳ ʠʟʦʣʷʮʠʠ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʪʦʞʝ ʥʝ ʙʝʟʛʨʘʥʠʯʥʳ. ʇʦʣʥʦʩʪʴʶ ʠʩ-

ʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʦʪ ʚʨʝʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʝʚʦʟ-

ʤʦʞʥʦ, ʜʘ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦ. ʅʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʘʤʦʡ ʤʘʰʠ-

ʥʳ ʥʝʚʦʟʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ ʢʦʣʝʙʘʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʚʠʙʨʘʮʠʷ, ʪʝʧ-

ʣʦʚʳʜʝʣʝʥʠʝ ʠ ʪ.ʧ. 
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ɺ ʥʝʢʦʪʦʨʳʭ ʤʦʤʝʥʪʘʭ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʥʝ ʟʘ ʩʯʝʪ ʪʨʘʪʳ ʜʝʥʝʛ ʥʘ ʠʟʛʦ-

ʪʦʚʣʝʥʠʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʉʦ ʩʪʦʨʦʥʳ ʥʘʜʝʞʥʦʩʪʠ, ʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦʡ ʙʫʜʝʪ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʰʠʥʳ ʠ ʫʟʣʦʚ, 

ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʚ ʮʝʣʦʤ ʧʨʠ ʫʢʘ-

ʟʘʥʥʦʡ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʪʨʘʪʘʭ ʥʘ ʝʝ ʨʝʤʦʥʪ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʂ ʧʨʠʤʝʨʫ, ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʟʣʘ ʪʨʝʥʠʷ ʩʦʟʜʘʩʪ ʦʯʝʥʴ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ ʪʦʯʥʦʩʪʠ, ʧʦʜʙʦʨ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʤʝʭʘʥʠʟʤʘ ʠ ʜʦʧʫʩʢʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʦʧʨʷʞʝʥʠʝ ʩʥʠʟʠʪ ʚʨʝʤʷ ʧʨʠʨʘʙʦʪʢʠ (ʧʨʠʪʠʨʢʠ), ʘ ʨʘʩʯʝʪ ʤʝʭʘʥʠʟʤʘ 

ʥʘ ʝʛʦ ʠʟʥʦʩ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʜʠʥʘʢʦʚʦ ʨʦʚʥʳʡ ʠʟʥʦʩ, ʠ ʩʥʠʞʝʥʠʷ ʝʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʜʫʢʮʠʠ. 

ɻʣʘʚʥʳʤ ʚʳʙʦʨʦʤ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʫʟʣʘ ʠʣʠ ʤʝʭʘʥʠʟʤʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʜʝʣʘʥʘ ʨʘʩʯʝʪʥʘʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳ-

ʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʠʟʤʘ ʩ ʭʦʜʦʤ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʩʧʦʩʦʙʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʘʜʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʚʳʰʝ ʚ ʩʪʘʪʴʝ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʳ ʤʦʞʝʤ 

ʥʘʡʪʠ ʪʘʢʠʝ ʧʫʪʠ ʨʝʰʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʥʦʩ, ʜʝʬʦʨʤʘʮʠʷ, ʫʩʪʘʣʦʩʪʴ ʥʘ ʚʳʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʟʤʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʥʠʟʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɺʘʞʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ, ʯʪʦʙʳ ʫʩʪʨʦʡʩʪʚʦ ʤʝʭʘʥʠʟʤʘ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʨʝʤʦʥʪʥʦʧʨʠ-

ʛʦʜʥʳʤ, ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤ ʠ ʛʦʪʦʚʳʤ ʢ ʧʨʦʚʝʜʝʥʠʶ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʉʦʚʨʝʤʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʩ ʚʳʩʦʢʠʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʩʧʦʩʘʙʣʠʚʘʥʠʝ ʘʚʪʦʤʘʪʠʢʠ ʜʣʷ ʫʚʝʣʠ-

ʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʦʩʣʦʞʥʝʥʠʷ ʩ ʥʘʜʝʞʥʦʩʪʴʶ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʷʚʠʣʦʩʴ ʢʘʢ 

ʨʘʟ-ʪʘʢʠ ʩ ʝʝ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ, ʩ ʧʦʪʨʝʙʥʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʘʜʝʞʥʦʩʪʠ, ʚ 

ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʝʡʰʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ, ʵʥʝʨʛʦʝʤʢʠʝ ʠ ʩʣʦʞ-

ʥʳʝ ʩʠʩʪʝʤʳ. ʅʦ ʜʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʥʳʤ ʚʦʧʨʦʩʦʤ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʨʝ-

ʰʝʥʳ ʟʘʜʘʯʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ, ʠ ʙʫʜʫʪ ʧʨʦʜʦʣʞʘʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝ 

ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʪʘʨʳʭ ʤʘʰʠʥ ʙʝʟ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʯʝʥʴ ʚʘʞʥʦ ʨʘʟ-

ʚʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʩʪʝʤʫ ʩʤʘʟʳʚʘʥʠʷ, ʢʦʥʩʪʨʫʢʮʠʶ ʘʛʨʝ-

ʛʘʪʦʚ ʠ ʜʝʪʘʣʝʡ. ʇʣʶʩ ʢ ʵʪʦʤʫ ʠʤʝʝʪʩʷ ʝʱʝ ʦʜʥʦ ʩʠʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ. ʕʪʦ ʩʠʩʪʝʤʘ ï ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʦʡ ʘʚʪʦʤʘʪʠʢʠ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʜʦʣʛʦ-

ʩʨʦʯʥʦʡ ʨʘʙʦʪʳ ʤʘʰʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥʘʭ ʮʝʧʝʡ ʩ ʨʘʟʥʦʛʦ ʨʦʜʘ ʤʠʢʨʦ-

ʜʘʪʯʠʢʘʤʠ, ʫʚʝʣʠʯʝʥʠʝ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʘʚʪʦʤʘʪʠʢʦʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠʜʝʡ ʠʥʞʝʥʝʨʥʦʡ ʢʠʙʝʨʥʝʪʠʢʠ ʚ ʧʨʠʥʮʠʧ ʨʘ-

ʙʦʪʳ ʤʘʰʠʥ ʠ ʚʩʝ ʙʦʣʴʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʫʶʪ 

ʤʝʭʘʥʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ. ɺʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʜʠʢʪʫʝʪ ʥʘʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʩ ʪʘʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʘʢ ʩʘʤʦʥʘʩʪʨʘ-

ʠʚʘʥʠʝ ʠ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʩʭʦʞʠ ʩ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʦʤ ʠʤʝʶʪ ʪʘʢʠʝ ʩʠ-

ʩʪʝʤʳ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʤʝʥʷʶʱʠʤʩʷ ʨʝʞʠʤʘʤ ʠ ʫʩʣʦʚʠʷʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦʟ-

ʚʦʣʷʝʪ ʤʘʰʠʥʝ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʟʘʜʘʥʥʫʶ ʨʘʙʦʪʫ, ʥʦ ʠ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ 

ʧʨʷʤʳʝ ʬʫʥʢʮʠʠ ʦʯʝʥʴ ʜʦʣʛʠʡ ʧʝʨʠʦʜ, ʥʝ ʙʦʷʩʴ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ, 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʤʘʰʠʥʝ. ʅʘʩʪʦʷʱʠʝ ʜʦʩʪʠʞʝʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʤʘʰʠʥʘʭ, ʥʘʧʨʠʤʝʨ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ. 

ɺ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʭ ʤʘʰʠʥ ʚʩʪʨʘʠʚʘʶʪʩʷ ʤʠʢʨʦʜʘʪʯʠʢʠ ʩ ʩʠʩʪʝʤʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʘʰʠʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʧʨʘʚʣʷʝʪ ʚʳʧʦʣʥʷʝʤʳʤʠ 

ʜʝʡʩʪʚʠʷʤʠ, ʬʠʢʩʠʨʫʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʥʘʩʪʨʘʠʚʘʝʪ ʥʘ ʥʫʞʥʳʡ ʨʝʞʠʤ. 

ɺ ʙʫʜʫʱʝʤ ʜʘʣʴʥʝʡʰʠʡ ʧʨʦʮʝʩʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʠʜʝʡ ʠ ʧʨʠʤʝ-

ʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʫʢʦʚʦʜʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʥʘʣʘʜʢʠ, ʥʘʩʪʨʦʡʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʫʚʝʣʠʯʝʥʠʝ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʴ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʢʨʳʚʘʶʪ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥʳ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ ʤʝʥʷʶʱʠʤʠʩʷ ʧʨʦʮʝʩʩʘʤʠ, ʤʘʰʠʥʘ ʩʚʷʟʘʥʘ ʩ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʢʘʢ ʩʨʝʜʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ï ʵʪʦ ʧʨʘ-

ʚʠʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ, ʛʜʝ ʫʩʪʘʨʝʚʰʠʝ ʤʝ-

ʪʦʜʳ ʩʪʘʣʠ ʩʦʚʩʝʤ ʥʝʘʢʪʫʘʣʴʥʳ. ʇʦ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʤʝʨʳ: ʬʫʥʢʮʠʷ ʨʝʛʫʣʠʨʦʚʢʠ ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʩʦʧʨʷʛʘʶʱʠʤʠʩʷ ʜʝʪʘʣʷʤʠ; ʧʨʠ ʩʤʝʥʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ï ʬʫʥʢʮʠʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʚʠʞʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ; ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʤʘʩʣʷʥʦʡ ʧʣʝʥʢʠ ʠ ʪ.ʜ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʜʦʩʪʠʞʝʥʠʷ, ʧʦʷʚʣʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʥʘʩʪʦʷʱʠʭ (ʧʦʜʣʠʥʥʳʭ) ʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ. 

ɼʘʥʥʳʡ ʧʫʪʴ ʨʘʟʚʠʪʠʷ ʥʘʜʝʞʥʦʩʪʠ ʜʦʣʞʝʥ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʪʘʢ 

ʢʘʢ ʜʣʷ ʚʩʝʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʤʦʞʥʦ ʟʘʜʘʪʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʤʥʦʛʦʩʣʦʞʥʳʭ ʤʘʰʠʥ, ʢʘʢ ʨʘʟ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʩʧʦʩʦʙʳ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦ-

ʩʦʙʘ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʜʝʞʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʮʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ï 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʣʫʯʝʥʥʘʷ ʚ ʥʘʯʘʣʝ ʩʙʦʨʢʠ ʤʘʰʠʥʳ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʥʫʞʥʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ. 

ɺ ʨʝʘʣʴʥʦʩʪʠ ʩʠʪʫʘʮʠʷ ʪʘʢʘʷ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʤʘʰʠʥ, ʧʘʨʘʤʝʪʨʳ ʝʝ 

ʥʘʜʝʞʥʦʩʪʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʨʠʝʥʪʠʨʦʚʘʯʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʝʞ-

ʥʦʩʪʠ ʤʘʰʠʥ ʤʦʛʫʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʫʢʘʟʘʥʥʳʤ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʦʩʣʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʥʘʜʝʞʥʦʩʪʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʜʝʞ-

ʥʦʩʪʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʛʘʨʘʥʪʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʨʝʛʣʘʤʝʥʪʘʮʠʷ ʪʝʤʧʦʚ 

ʥʘʩʪʫʧʣʝʥʠʷ ʩʪʘʨʝʥʠʷ. ɺʩʝ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʇʦ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʩʦʚʝʨʰʝʥʥʦʡ ʙʫʜʝʪ ʪʘʢʘʷ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʜʣʠ-

ʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ɼʣʷ ʵʪʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʘ ʪʘʢʘʷ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʠ ʧʘ-

ʨʘʤʝʪʨʳ, ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʝʤ ʩʦ-

ʩʪʦʷʥʠʠ. 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʣʠ ʙʳ ʩʚʦʶ ʥʘʜʝʞʥʦʩʪʴ ʧʨʠ ʚʩʝʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʚʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ: ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʭʦʣʦʜʘ. 
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INFLUENCE OF HEAT TREATMENT ON THE COLD RESISTANCE OF STEELS  
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 Abstract:  The object of the research is to determine the possibilities of heat treatment of 

low- alloy steels to improve the complex of mechanical properties responsible for the durability of 

steel in the conditions of climatic cold. 

 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʨʦʩ ʥʘ ʧʨʦʝʢʪʠʨʫʝʤʳʡ ʦʙʲ-

ʝʢʪ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʘʯʝʩʪʚʦ. ʆʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʜʦ-

ʚʣʝʪʚʦʨʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʜʝʪʘʣʷʤ ʤʘʰʠʥ. ʈʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʜʝʪʘʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ 

ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ: ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

(ʠʟʥʦʩʫ, ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʨ.). ɺʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʪʘʪʠ-

ʯʝʩʢʦʤ, ʮʠʢʣʠʯʝʩʢʦʤ ʠ ʫʜʘʨʥʦʤ ʥʘʛʨʫʟʢʘʭ ʜʦʣʞʥʦ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʫʰʝ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʜʦʧʫʩʪʠʤʳʭ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʊʨʝʙʦʚʘʥʠʷ 

ʞʝʩʪʢʦʩʪʠ ʢ ʜʝʪʘʣʠ ʠʣʠ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦʜʷʪʩʷ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʦʢ ʜʝʬʦʨʤʘʮʠʡ, ʥʘʨʫʰʘʶʱʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʟʜʝʣʠʷ, 

ʢ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʧʦʪʝʨʠ ʦʙʱʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʜʣʠʥʥʳʭ ʜʝʪʘʣʝʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ 

ʩʞʘʪʠʶ, ʠ ʤʝʩʪʥʦʡ ï ʫ ʪʦʥʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʜʝʪʘʣʠ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʤʝʭʘʥʠʟʤʘ. ɼʦʩʪʘʪʦʯ-
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ʥʦ, ʯʪʦʙʳ ʜʣʷ ʢʘʞʜʦʡ ʜʝʪʘʣʠ ʚʳʧʦʣʥʷʣʠʩʴ ʥʝ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷ, ʘ 

ʣʠʰʴ ʪʝ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʝʡ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʠʟ-

ʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʪʚʝʯʘʶʱʠʭ 

ʟʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʪʘʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʭʦʣʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʷʭ 

09ɻ2ʉ, ʊʊ309, 32ɻ2ɸ. ʂʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʪʘʢʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʫʜʘʨʥʘʷ 

ʚʷʟʢʦʩʪʴ KCVï40
ʦ
ʉ  ɼʞ/ʩʤ

2
, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ů0,2 ʄʇʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ůʚ ʄʇʘ, 

ʜʦʣʷ ʚʷʟʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ % ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ %, ʧʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʛʦʩ-

ʪʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʠʢʘʤ.  

 ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ, ʟʘʯʘʩʪʫʶ 

ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʦʜʠʥʘʢʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷ-

ʤʠ ʢ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʆʜʥʘʢʦ ʵʪʠ ʩʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʦʟʥʷʪʩʷ ʧʦ ʩʚʦʝ-

ʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ.  

ʉʪʘʣʴ 09ɻ2ʉ ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦ-

ʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦ-

ʥʠʞʝʥʠʝʤ ʜʦʣʠ ʧʝʨʣʠʪʘ, ʪʘʢ ʢʘʢ ʧʣʘʩʪʠʥʢʠ ʮʝʤʝʥʪʠʪʘ ʚ ʩʦʩʪʘʚʝ ʧʝʨʣʠʪʘ ʦʙʣʘʜʘʶʪ 

ʥʠʟʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʨʘʥʠʮʳ çʬʝʨʨʠʪ-ʮʝʤʝʥʪʠʪè ʚ 

ʧʝʨʣʠʪʝ ʠʛʨʘʶʪ ʨʦʣʴ ʧʨʝʧʷʪʩʪʚʠʡ, ʫ ʢʦʪʦʨʳʭ ʩʢʘʧʣʠʚʘʶʪʩʷ ʜʠʩʣʦʢʘʮʠʠ ʧʨʠ ʠʭ 

ʩʢʦʣʴʞʝʥʠʠ, ʠ ʩʣʫʞʘʪ ʤʝʩʪʘʤʠ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝʱʠʥ. ʄʘʨʛʘʥʝʮ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ, 

ʥʝ ʩʥʠʞʘʷ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʢʨʘʩʥʦʣʦʤʢʦʩʪʴ ʩʪʘʣʠ, ʚʳʟʚʘʥʥʫʶ ʚʣʠʷʥʠ-

ʝʤ ʩʝʨʳ. ʆʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ FeS, ʪʘʢ ʢʘʢ ʦʙ-

ʨʘʟʫʝʪ ʩ ʩʝʨʦʡ ʩʦʝʜʠʥʝʥʠʝ ʩʫʣʴʬʠʜ ʤʘʨʛʘʥʮʘ MnS. ʊʘʢ ʞʝ ʤʘʨʛʘʥʝʮ ʠʟʤʝʣʴʯʘʝʪ ʟʝʨʥʦ 

ʬʝʨʨʠʪʘ ʠ ʧʦʚʳʰʘʝʪ (ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ Mn ʚ ʯʠʩʪʦʤ ʞʝʣʝʟʝ 3,4 % ʠ ʙʦʣʝʝ) ʝʛʦ ʧʣʘ-

ʩʪʠʯʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ. ʉʪʘʣʠ ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʝʤʥʠʷ ʚʳʰʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʠʤʝʩʠ (ʦʙʳʯʥʦ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 0,37 %) ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʪʚʝʨʜʦʩʪʴ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤʠ ʦʙʣʘʜʘ-

ʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʘʧʘʩʦʤ ʚʷʟʢʦʩʪʠ, ʘ ʧʨʠ ʨʘʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʧʫʩʢʘ 

ʧʨʝʚʦʩʭʦʜʷʪ ʥʝʣʝʛʠʨʦʚʘʥʥʫʶ ʩʪʘʣʴ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʫʧʘʷ ʝʡ, ʦʜʥʘʢʦ, ʚ 

ʦʪʥʦʰʝʥʠʠ ʚʷʟʢʦʩʪʠ. ɼʦʙʘʚʣʝʥʠʝ ʪʠʪʘʥʘ ʚ ʩʪʘʣʴ 09ɻ2ʉ ʜʝʣʘʝʪ ʝʝ ʥʘʩʣʝʜʩʪʚʝʥʥʦ ʤʝʣ-

ʢʦʟʝʨʥʠʩʪʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʵʪʦʡ ʩʪʘʣʠ. ʇʦʤʠʤʦ ʵʪʦ-

ʛʦ ʪʠʪʘʥ ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠ ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʚ ʩʪʘʣʠ. ʉʪʘʣʴ ʊʊ309 ʠʤʝʝʪ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʩʪʘʣʴ 09ɻ2ʉ.  

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʩʪʘʣʠ ʚʳʰʝ 0,21 % ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Mn ʙʦʣʝʝ 

1,4 % ʫʭʫʜʰʘʝʪ ʩʚʦʡʩʪʚʘ ʠʟ-ʟʘ ʚʳʜʝʣʝʥʠʷ ʧʨʦʩʣʦʝʢ ʮʝʤʝʥʪʠʪʘ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ. 

ʊʘʢʞʝ ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʛʨʫʙʦʛʦ ʙʝʡʥʠʪʘ ʚ ʧʨʦʜʫʢʪʘʭ ʨʘʩʧʘʜʘ ʘʫʩʪʝʥʠʪʘ, ʯʪʦ 

ʫʭʫʜʰʘʝʪ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩʦʜʝʨʞʘʥʠʝ Mn ʚ ʩʦʩʪʘʚʝ ʩʪʘʣʠ 

ʣʠʤʠʪʠʨʫʝʪʩʷ 1,2ï1,4 %. ʇʨʠ ʥʘʣʠʯʠʠ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʯʘʩʪʠʮ ʚ ʤʘʪʨʠʮʝ (ʜʠʩʧʝʨʩʥʦʝ 

ʫʧʨʦʯʥʝʥʠʝ) ʦʙʨʘʟʫʶʪʩʷ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʧʝʪʣʠ ʧʨʠ ʦʛʠʙʘʥʠʠ ʧʨʝʧʷʪʩʪʚʠʡ ʩʢʦʣʴʟʷ-

ʱʠʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ, ʯʪʦ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪ ʨʘʙʦʪʫ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʩʪʘʣʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʣʝʛʠʨʦʚʘʥʠʝ Mo ʠ Cr ï ʵʣʝʤʝʥʪʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʪʘʣʠ 

ʫʧʨʦʯʥʷʶʱʠʝ ʬʘʟʳ ï ʢʘʨʙʠʜʳ ʠ ʢʘʨʙʦʥʠʪʨʠʜʳ, ʯʪʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʣʴʯʝʥʠʝ 

ʟʝʨʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʣʠʙʜʝʥ, ʦʙʣʘʜʘʷ ʭʠʤʠʯʝʩʢʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʬʦʩʬʦʨʫ, ʧʦʥʠʞʘʝʪ 

ʝʛʦ ʭʠʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ, ʯʪʦ (ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʜʠʬʬʫʟʠʠ) ʩʥʠ-

ʞʘʝʪ ʜʠʬʬʫʟʠʦʥʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ ʘʪʦʤʦʚ ʬʦʩʬʦʨʘ ʠ ʪʝʤ ʩʘʤʳʤ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʩʝʛʨʝ-

ʛʘʮʠʶ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ.  
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ʉʪʘʣʴ 32ɻ2ɸ ʠʤʝʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʠʟ ʪʨʝʭ ʚʳʙʨʘʥʥʳʭ. 

ɼʘʥʥʘʷ ʩʪʘʣʴ ʣʝʛʠʨʦʚʘʥʘ Mn ʧʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʢʘʢ ʠ ʩʪʘʣʴ ʊʊ309. ʇʦʤʠʤʦ ʵʪʦ-

ʛʦ ʦʥʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʯʠʩʪʦʪʝ ʧʦ ʚʨʝʜʥʳʤ ʧʨʠʤʝʩʷʤ. ɹʦʣʝʝ ʥʠʢʘ-

ʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʘʥʥʘʷ ʩʪʘʣʴ ʥʝ ʠʤʝʝʪ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʨʝʞʠʤʘʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʪʘʣʴ 09ɻ2ʉ ʦʙʣʘ-

ʜʘʝʪ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʠʟ ʠʩʧʳʪʫʝʤʳʭ ʩʪʘʣʝʡ ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʥʦ ʩʘʤʳʤʠ 

ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʉʪʘʣʴ 32ɻ2ɸ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʜʥʘʢʦ ʧʣʘʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʚʦʩʭʦʜʷʪ 

ʩʪʘʣʴ ʊʊ309. ʉʪʘʣʴ ʊʊ309 ʦʙʣʘʜʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʫʣʫʯ-

ʰʝʥʠʷ ʢʘʨʪʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ. ʉʪʘʣʴ ʊʊ309 ʦʙʣʘʜʘʝʪ ʢʘʢ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʪʘʢ ʠ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ. ʉʪʘʣʴ 32ɻ2ɸ 

ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʥʠʟʢʠʤʠ ʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʉʪʘʣʴ 

09ɻ2ʉ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʝʜʫʶ-

ʱʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʉʪʘʣʴ 09ɻ2ʉ ʷʚʣʷʝʪʩʷ ʥʘʩʣʝʜʩʪʚʝʥʥʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʠ ʩʦʜʝʨʞʠʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ. ʕʪʠ ʜʚʘ ʬʘʢʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʵʪʦʡ ʩʪʘʣʠ ʦʙʣʘʜʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʧʘʩʦʤ ʚʷʟʢʦʩʪʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ 

ʚʘʨʴʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʟʥʘʯʠʪ ʠ ʫʧʨʘʚʣʷʪʴ ʬʘʟʦʚʳʤ ʩʦ-

ʩʪʘʚʦʤ.  

ʅʘʛʨʝʚ ʧʦʜ ʟʘʢʘʣʢʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 920Áʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʫʩʪʝʥʠʪ ʧʦʚʳ-

ʰʝʥʥʦʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʟʝʨʥʘ. ʅʝʟʥʘʯʠʪʝʣʴʥʦ ʟʘʥʠʞʝʥʥʘʷ ʪʝʤ-

ʧʝʨʘʪʫʨʘ ʦʪʧʫʩʢʘ ʧʦʟʚʦʣʷʝʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟ ʦʧʘʩʝʥʠʷ ʧʘʜʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɼʦʣʷ ʚʷʟʢʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʚ ʠʟʣʦʤʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 90 %. ʉʪʘʣʴ ʊʊ309 ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʤʠʤʦ 

ʵʪʦʛʦ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Cr ʠ Mo, ʫʧʨʦʯʥʷʝʪ ʪʚʝʨʜʳʡ 

ʨʘʩʪʚʦʨ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠʟʤʝʣʴʯʘʝʪ ʟʝʨʥʦ ʚ ʩʪʘʣʠ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʢʘʢ ʥʘ ʧʨʦʯʥʦʩʪʥʳʭ, ʪʘʢ ʠ ʥʘ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. ɹʦʣʴʰʦʡ ʟʘʧʘʩ ʩʪʘʣʠ 

ʊʊ309 ʧʦ ʧʨʦʯʥʦʩʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʦʧʘʩʝʥʠʡ ʧʦʜʥʠʤʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʳʩʦʢʦʛʦ ʦʪʧʫʩʢʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʚʷʟʢʦʩʪʠ ʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ. ɼʦ-

ʣʷ ʚʷʟʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʠʟʣʦʤʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 100 %.   

ʉʪʘʣʴ 32ɻ2ɸ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʧʦʚʳ-

ʰʝʥʥʦʡ ʯʠʩʪʦʪʦʡ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ ʠʤʝʪʴ ʜʦʩʪʘ-

ʪʦʯʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʜʥʘʢʦ ʥʝʙʦʣʴʰʦʡ ʟʘʧʘʩ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʝ ʧʦʟ-

ʚʦʣʷʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʘʨʴʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʦʣʷ 

ʚʷʟʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 6 %. ʇʨʠ ʧʦʤʦʱʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʭʣʘʜʦʩʪʦʡʢʦʩʪʴ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ, ʥʦ 

ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʣʠ ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʤʠʪʠʨʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫ-

ʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ 

ʩʪʘʣʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛ-

ʣʝʨʦʜʘ ʚ ʩʪʘʣʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʦʚʳʰʝʥʠʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʠ, ʦʜ-

ʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʪʘʢ ʞʝ ʧʘʜʘʶʪ. ʅʘ ʥʝʣʝʛʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʷʭ ʧʦʣʫʯʝʥʠʝ 

ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʟʘʪʨʫʜʥʝʥʦ. ʀʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʠʜʥʦ, 

ʯʪʦ ʩʪʘʣʴ ʊʊ309 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ, ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʣʠ 

09ɻ2ʉ ʥʠʞʝ, ʯʝʤ ʫ ʊʊ309, ʥʦ ʪʦʞʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ. ʅʘ ʩʪʘʣʠ 32ɻ2ɸ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʡ ʭʣʘʜʦʩʪʦʡʢʦʩʪʠ ʜʦʩʪʠʛʥʫʪʴ ʥʝ ʫʜʘʣʦʩʴ. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʠ 09ɻ2ʉ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

2. 09ɻ2ʉ ï ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ - ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʬʦʨʫʤ: [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

3. ʇʘʩʪʫʭʦʚʘ, ɹ.ʅ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ: ʋʯʝʙʥ ʜʣʷ ʚʫʟʦʚ / ɹ.ʅ. ʇʘʩʪʫ-

ʭʦʚʘ. - ʄ.: ʀʟʜ-ʚʦ ʄɺʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 2009. - 336ʩ.  

4. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ. ʊʝʭʥʦʣʦʛʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʝʜʝʨʥʠʢʦʚʘ ʀ.ʀ. / 

ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘ. ʀʚʘʥʦʚʦ, 

2012. 

5.  ʂʥʦʨʦʟʦʚ, ɹ.ɺ. ʊʝʭʥʦʣʦʛʠʷ ʤʝʪʘʣʣʦʚ /ɹ.ɺ. ʂʥʦʨʦʟʦʚ, ʃ.ʌ. ʋʩʦʚʘ, ɸ.ɺ. ʊʨʝʪʴʷʢʦʚ, 

ʀ.ɸ. ɸʨʫʪʶʥʦʚʘ, ʉ.ʇ. ʐʘʙʘʰʦʚ, ɺ.ʂ. ɽʬʨʝʤʦʚ. ʄʦʩʢʚʘ: "ʄʝʪʘʣʣʫʨʛʠʷ", 1979 ʛ., 904 ʩ. 

6. ʌʝʪʠʩʦʚʘ, ɻ.ʇ.ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʤʝʪʘʣʣʦʚ: ʋʯʝʙʥʠʢ / ɻ.ʇ. ʌʝʪʠʩʦʚʘ. 

- ʄ.: ɺʳʩʰ.ʰʢ., 2008. - 640ʩ.  

7. ʉʦʣʥʮʝʚ, ʖ.ʇ. ʄʝʪʘʣʣʦʚʝʜʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʷ ʤʝʪʘʣʣʦʚ: ʋʯʝʙʥ. ʜʣʷ ʚʫʟʦʚ /ʖ.ʇ. 

ʉʦʣʥʮʝʚ, ɺ.ɸ. ɺʝʩʝʣʦʚ, ɺ.ʇ. ɼʝʤʝʥʮʦʚʘ ʠ ʜʨ. - ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 2011.-512ʩ.  

8.  ʇʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ɺʝʜʝʨʥʠʢʦʚʘ 

ʀ.ʀ. ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʀ. ʃʝʥʠʥʘ. ʀʚʘʥʦ-

ʚʦ, 2013. 

9. ʊʝʭʥʦʣʦʛʠʷ ʫʧʨʦʯʥʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ɺʝʜʝʨʥʠʢʦʚʘ ʀ.ʀ., 

ɽʛʦʨʦʚ ʉ.ɸ. ʉʝʨʚʠʩ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. 2013. ˉ 1 (39). ʉ. 123-129. 

 

ʋɼʂ 69.002.5 

 

ɺ. ʀ. ʅʦʚʠʢʦʚ 
19

 
ʌɻɹʆʋ ɺʆ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ               

ʫʥʠʚʝʨʩʠʪʝʪ, ʛʦʨʦʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʇʆɺʓʐɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ʇɽʈɽɼɸʖʑɽɻʆ ʋʉʊʈʆʁʉʊɺɸ 

ʉɺɽʈʍɺʓʉʆʂʆɻʆ ɼɸɺʃɽʅʀʗ, ʇʈʀʄɽʅʗɽʄʆɻʆ ʇʈʀ ʉʊʈʋʁʅʆʁ 

ʎɽʄɽʅʊɸʎʀʀ ɻʈʋʅʊʆɺ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʡʥʘʷ ʮʝʤʝʥʪʘʮʠʷ, ʙʫʨʦʚʦʡ ʩʪʘʚ, ʫʧʣʦʪʥʠʪʝʣʴʥʘʷ ʤʘʥʞʝʪʘ, ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʝ, ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʚ ʫʟʣʝ çʛʠʜʨʦ-

ʩʲʝʤʥʠʢ-ʙʫʨʦʚʦʡ ʚʘʣè, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʛʨʫʥʪʦʚ. ʇʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʥʳ ʧʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʜʘʥ-

ʥʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ ʫʟʣʝ. ʈʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʫʨʦʚʦʤ ʚʘʣʝ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʤʝʥʷʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʙʣʘʜʘʶʪ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʚʦʡ ʥʘʛʨʫʟʢʠ. 
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Abstract:  The article discusses the issues of improving reliability in the unit "hydraulic 

puller-drill shaft" used in the jet-grouting technology. It was analyzed the materials used for the 

sealing elements of this structural unit. The temperature distribution in the drill shaft is calculated. It 

is shown that the sealing elements of the used high pressure devices have an unsatisfactory degree 

of reliability, due to the high thermal load. 

 

 

ʉʘʤʦʡ ʧʨʦʩʪʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ, ʢʦʪʦʨʘʷ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʘ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʛʨʫʥʪʘ, ʷʚʣʷʝʪʩʷ ʩʭʝʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ 

ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʝʨʝʜʘʶʱʠʭ ʚʳʩʦʢʦʥʘʧʦʨʥʫʶ 

ʩʪʨʫʶ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʦ ʚʩʣʝʜʩʪʚʠʝ ʜʦʚʦʣʴ-

ʥʦ ʚʳʩʦʢʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʝʨʝʜʘʶʱʠʭ ʤʘʛʠʩʪʨʘʣʝʡ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ, ʧʦʚʳʰʘʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʚʳʷʚʣʷʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʦ 

ʜʣʠʥʝ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʚʳʰʝʥʠʶ ʧʨʠʚʦʜʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʟʥʘʯʠʪ, ʦʩʣʦʞʥʷʝʪʩʷ ʧʦʜʙʦʨ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʪʫʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. 

ʀʥʬʦʨʤʘʮʠʷ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ, ʪʘʢ 

ʠ ʟʘʨʫʙʝʞʥʳʭ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʘʩʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʠ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʇʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʳ-

ʚʘʶʱʠʝ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʧʦʣʫʯʘʝʤʦʛʦ ʛʨʫʥʪʦʙʝʪʦʥʘ, ʪʘʢ ʠ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝʥʦ ʚʣʠʷʥʠʶ ʛʨʫʥʪʦʙʝʪʦʥʥʳʭ ʢʦʣʦʥ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʦʨʦʛ 

ʠ ʛʨʫʥʪʦʚ, ʪʦʥʥʝʣʝʡ ʠ ʢʦʪʣʦʚʘʥʦʚ, ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʪ.ʜ. ʇʦʩʢʦʣʴʢʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʚ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʤʘʩʩʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʥʦ-

ʩʪʨʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ, ʪʦ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʚʷʱʝ-

ʥʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ [1], [2], [4] ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʧʨʦʩʘʤ ʠʭ ʥʘʜʸʞ-

ʥʦʩʪʠ. 

ʅʘʠʤʝʥʴʰʝʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʚ ʫʢʘʟʘʥʥʦʡ ʩʭʝʤʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʣʘʜʘʝʪ ʛʠʜʨʦ-

ʩʲʝʤʥʠʢ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʝʡ 

[1]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢʘʭ [6] [9], ʨʘʩʩʤʦʪʨʠʤ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝ-

ʥʷʝʤʳʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʧʣʦʪʥʝʥʠʡ ʜʣʷ ʛʠʜʨʦʩʲʝʤʥʠʢʘ. ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʣʦʪʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʵʣʘʩʪʦʤʝʨʳ, ʭʘʨʘʢʪʝʨʥʳ-

ʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʢʘʫʯʫʢ ʠ ʬʪʦʨʢʘʫʯʫʢ, ʘ ʪʘʢʞʝ ʪʝʨʤʦʧʣʘʩʪʳ ï 

ʧʦʣʠʫʨʝʪʘʥ, ʧʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ ʠ ʜʨ. [5]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʵʣʘʩʪʦʤʝʨʘʤ ʦʪʥʦʩʷʪ: 

1. ɸʢʨʠʣʦ-ʥʠʪʨʠʣʙʫʪʘʜʠʝʥʦʚʳʡ ʢʘʫʯʫʢ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -30Áʉ ʜʦ 

+110Áʉ). ʕʪʦʪ ʚʠʜ ʢʘʫʯʫʢʘ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʣʦʪʥʝʥʠʡ, 

ʪ.ʢ. ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʨʝʢʨʘʩʥʦ ʩʦʚʤʝʩʪʠʤ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʞʠʜʢʦʩʪʷʤʠ. 

2. ʌʪʦʨʢʘʫʯʫʢ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -20Áʉ ʜʦ +200Áʉ). ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ 

ʬʪʦʨʢʘʫʯʫʢʘ ʦʪʥʦʩʷʪ ʭʦʨʦʰʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʭʠʤʠʯʝʩʢʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ. 

3. ʕʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ ʢʘʫʯʫʢ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -50Áʉ ʜʦ +150Áʉ). ʆʩ-

ʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ ʢʘʫʯʫʢʘ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʢʦʥʪʘʢʪʝ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʢʦʥʪʘʢʪʝ ʩ ʧʘʨʦʤ, ʘ ʪʘʢʞʝ ʬʦʩʬʘʪʥʳʤʠ 

ʵʬʠʨʥʳʤʠ ʤʘʩʣʘʤʠ ʠ ʵʪʠʣʝʥʛʣʠʢʦʣʝʚʳʤʠ ʞʠʜʢʦʩʪʷʤʠ. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʊʝʨʤʦʧʣʘʩʪʳ ï ʵʪʦ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʷʪ ʚ 

ʧʣʘʩʪʠʯʥʦʝ ʠʣʠ ʚʷʟʢʦʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʠʟʜʝʣʠʷ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʝʨʤʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʫʨʝʪʘ-

ʥʘ, ʧʦʣʠʘʮʝʪʘʣʠ, ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʳ, ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ. [5] 

1. ʇʦʣʠʘʮʝʪʘʣʴ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -40Áʉ ʜʦ +110Áʉ). ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘʨʷʜʫ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʞʝʩʪ-

ʢʦʩʪʠ ʠ ʪʚʝʨʜʦʩʪʠ. 

2. ʇʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -200Áʉ ʜʦ +200Áʉ). ʍʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʵʬʬʝʢʪ ʩʘʤʦʩʤʘ-

ʟʳʚʘʥʠʷ; ʷʚʣʷʝʪʩʷ ʜʠʵʣʝʢʪʨʠʢʦʤ; ʧʨʠʦʙʨʝʪʘʝʪ ʚʳʩʦʢʠʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʦʣʥʠʪʝʣʝʡ; ʠʥʝʨʪʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʢʦ ʚʩʝʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʞʠʜʢʦ-

ʩʪʷʤ ʠ ʭʠʤʠʢʘʪʘʤ. 

3. ʇʦʣʠʫʨʝʪʘʥ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -40Áʉ ʜʦ +100Áʉ). ʊʝʨʤʦʧʣʘʩʪʠʯʥʳʡ 

ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʣʠʵʬʠʨʦʚ, ʧʨʠʜʘʶʱʠʝ 

ʝʤʫ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: ʭʦʨʦʰʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦ-

ʤʫ ʠʟʥʦʩʫ. 

4. ʇʦʣʠʵʬʠʨʥʘʷ ʩʤʦʣʘ (ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ï ʦʪ -40Áʉ ʜʦ +140Áʉ). ɼʘʥʥʳʡ 

ʧʦʣʠʤʝʨ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʣʝʮ ʧʨʦʪʠʚʦʚʳʜʘʚʣʠʚʘʥʠʷ, ʠʩʧʦʣʴ-

ʟʫʶʱʠʭʩʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʵʣʝʤʝʥʪʦʚ ʫʧʣʦʪʥʝʥʠʷ. 

ʍʘʨʘʢʪʝʨ ʧʦʚʨʝʞʜʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʠʧʘ 

ʫʧʣʦʪʥʝʥʠʷ ʠ ʧʘʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʣʷ ʫʧʣʦʪʥʝʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʟ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʨʘʙʦʪʦʡ ʚ 

ʨʝʞʠʤʝ ʦʪʩʫʪʩʪʚʠʷ ʩʤʘʟʢʠ. ʇʨʠ ʪʨʝʥʠʠ ʫʧʣʦʪʥʝʥʠʷ ʠ ʚʘʣʘ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʪʘ ʠ ʚ 

ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʟʢʠ ʫʨʦʚʝʥʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʚʝʣʠʯʠʥʳ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʪʦʨʦʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ çʂʦʤʧʘʩ-

3DFEMè. ʕʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʧʨʦʯ-

ʥʦʩʪʠ, ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʪ.ʜ. ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʤʦʛʫʪ 

ʙʳʪʴ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨ [7]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʨʦʝʥʳ 3D-ʤʦʜʝʣʴ ʙʫʨʦʚʦʛʦ ʚʘʣʘ, ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʯʘʩʪʴ ʙʫʨʦʚʦ-

ʛʦ ʚʘʣʘ ʛʠʜʨʦʩʲʝʤʥʠʢʘ ʜʣʠʥʦʶ 188 ʤʤ, ʩ ʚʥʫʪʨʝʥʥʠʤ ʛʣʫʭʠʤ ʦʪʚʝʨʩʪʠʝʤ Å45 ʤʤ ʜʣʷ 

ʧʦʜʘʯʠ ʚʦʜʥʦ-ʮʝʤʝʥʪʥʦʡ ʩʤʝʩʠ. ɺ ʜʘʥʥʦʤ ʨʘʩʯʝʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʙʫʨʦʚʦʛʦ 

ʚʘʣʘ ʙʝʟ ʬʣʘʥʮʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʢʨʝʧʣʝʥʠʷ. ʄʘʪʝʨʠʘʣ ʙʫʨʦʚʦʛʦ ʚʘʣʘ çʉʪʘʣʴ 10è, ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʩʝʪʢʠ 

ʧʨʦʠʟʚʝʜʝʥʦ ʵʣʝʤʝʥʪʘʤʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʦʡ ʩʪʦʨʦʥʳ 5 ʤʤ ʠ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʛʫʱʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʨʝʞʝʥʠʷ ʚ ʦʙʲʝʤʝ ï 1 ʠ 1,5 ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʝʪʢʘ ʩʦʜʝʨʞʠʪ 25664 ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 6843 ʫʟʣʦʚ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʜʘʪʴ ʪʝʧʣʦʚʫʶ ʥʘʛʨʫʟʢʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʦʥʪʘʢʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʠ ʚʝʣʠ-

ʯʠʥʳ ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ ʜʘʚʣʝʥʠʠ 36 ʄʇʘ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 7,6 ʢɺʪ 

ʟʘ 3 ʤʠʥʫʪʳ [3], ʧʦʵʪʦʤʫ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʟʘ ʪʦ ʞʝ ʚʨʝʤʷ ʪʝʧʣʦʪʳ ʙʫʜʝʪ 

ʨʘʚʥʷʪʴʩʷ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʦʱʥʦʩʪʠ ʥʘ ʚʨʝʤʷ ʠ ʩʦʩʪʘʚʣʷʪʴ 1368 ʢɼʞ. ʊʘʢ ʞʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʪʝʧʣʦʪʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʝʱʝʩʪʚʘ (ʜʣʷ 

ʩʪʘʣʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 500 ɼʞ/ʢʛʉ̄ [6], [25]), ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ (ʩʦʩʪʘʚʣʷʝʪ 
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9,6 ʢʛ) ʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ (ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 20ʉ̄ ʜʦ ʢʦʥʝʯʥʦʛʦ ʠʩʢʦʤʦ-

ʛʦ (T2)). ʇʦʩʢʦʣʴʢʫ ʟʘʜʘʚʘʝʤʳʤ ʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʦ ʬʦʨ-

ʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ T2 ʠʤʝʝʪ ʚʠʜ: 

12 T
mc

Q
T +

Ö
= ,                                                                           (1) 

ʛʜʝ Q ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ɼʞ; 

ʩ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʝʱʝʩʪʚʘ, ɼʞ/ʢʛʉ̄; 

m ï ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʢʛ; 

T1 ï ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʉ̄. 

ʇʦʜʩʪʘʚʣʷʷ ʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʫʶ ʬʦʨʤʫʣʫ, ʧʦʣʫʯʘʝʤ ʟʥʘʯʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʚʥʦʝ 240ʉ̄, ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʨʠʥʷʪʘ 20ʉ̄. ɺʳʧʦʣʥʠʚ ʚʩʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʯʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ ʙʫʨʦʚʦʛʦ 

ʚʘʣʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʚʘʣʘ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʙʦʣʝʝ 

200̄ ʉ) ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 15 ʤʤ. 

 

ʈʠʩ. 1. ʄʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʫʯʘʩʪʢʝ ʙʫʨʦʚʦʛʦ ʚʘʣʘ 

 
ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʥʝ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʛʨʫʥʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞ-

ʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʫʟʣʘ çʛʠʜʨʦʩʲʝʤʥʠʢ-ʙʫʨʦʚʦʡ ʚʘʣè ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʛʨʫʟʢʠ, ʣʠʙʦ ʚʣʠʷʪʴ ʥʘ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʚ ʩʠʩʪʝʤʝ çʛʠʜʨʦ-

ʩʲʝʤʥʠʢ-ʙʫʨʦʚʦʡ ʚʘʣè ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʥʝʩʦʤʥʝʥ-

ʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʣʠ ʫʤʝʥʴʰʘʪʴ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʢʦʥʪʘʢʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [8, 10] ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʨʦʚʦʛʦ ʚʘʣʘ. 
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ɼ. ʖ. ʇʘʣʠʥ, ɸ. ɺ. ʊʦʧʦʨʦʚ
20

 
ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 
 

ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʄɸɻʅʀʊʆɾʀɼʂʆʉʊʅʓʍ ʋʇʃʆʊʅɽʅʀʁ 

ʉ ʕʃɸʉʊʆʄɽʈʅʓʄ ʄɸʊɽʈʀɸʃʆʄ ɼʃʗ ɻɽʈʄɽʊʀɿɸʎʀʀ ɺɸʃʆɺ 

ʇʆɾɸʈʅʓʍ ʅɸʉʆʉʆɺ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ, ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʝ 

ʫʧʣʦʪʥʝʥʠʝ, ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ, ʤʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʦʞʠʜ-

ʢʦʩʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʩ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʘʣʦʚ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ.  ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʩ-
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Abstract:  The paper considers the prospects for the development and application of magnet-

ic fluid seals with a magnetic system consisting of a magnetic elastomeric material for sealing the 

shafts of fire pumps. The results of calculations of the distribution of the magnetic field and mag-

netic induction in the working gap of the seal are presented. 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʘʣʦʚ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʫʧʣʦʪʥʝʥʠʷ. ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 90 % ʩʣʫʯʘʝʚ ʘʚʘʨʠʡʥʳʭ ʨʘʟ-

ʨʫʰʝʥʠʡ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʚʳʟʚʘʥʦ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʨʘʙʦʪʦʡ ʪʘʢʠʭ 

ʫʧʣʦʪʥʝʥʠʡ. ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʧʦʜʰʠʧʥʠʢʦ-

ʚʳʭ ʫʟʣʦʚ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʪʝʨʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʛʝʨʤʝʪʠʟʘʪʦʨʦʚ ʩʥʠʞʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ, ʥʦ ʠ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʚʩʝʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ [1, 2].  

ʅʘ (ʨʠʩ. 1) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʣʦʤʢʠ ʥʘʩʦʩʘ [3]. 
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ʈʠʩ. 1. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʧʦʣʦʤʦʢ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ  

 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʛʝʨʤʝʪʠʟʘʪʦʨʦʚ ʚʘʣʘ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʧʦ-

ʞʘʨʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʥʘʩʦʩʘ (ʅʎʇʂ-40/100-4/400) ʷʚʣʷʝʪʩʷ ʪʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝ-

ʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ (ʨʠʩ. 2) [3]. 

ʊʦʨʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ ʨʘʙʦʪʘʝʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʘʣʘ. ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʨʝʚ ʪʨʫʱʠʭʩʷ ʵʣʝ-

ʤʝʥʪʦʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʫʧʣʦʪʥʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ-

ʚʦʜʠʪ ʩʤʘʟʦʯʥʳʡ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʩʦʧʨʷʞʝʥʥʳʤʠ ʜʝʪʘʣʷʤʠ, ʢ ʠʩ-

ʧʘʨʝʥʠʶ ʠ ʚʳʩʳʭʘʥʠʶ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʤʘʟʦʯʥʦʡ ʦʙʦʣʦʯʢʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʫʧʣʦʪʥʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʤʠʥʫʪ. ʇʦʵʪʦʤʫ ʦʙʞʠʛ ʜʝʪʘʣʝʡ ʠʟ ʵʣʘʩʪʦʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʧʦʚʨʝ-

ʞʜʝʥʠʝʤ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ [3]. 

 

 
ʈʠʩ. 2. ʊʦʨʮʝʚʦʝ ʩʠʣʴʬʦʥʥʦʝ ʫʧʣʦʪʥʝʥʠʝ ʚʘʣʘ 
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ɺʩʪʨʝʯʘʶʪʩʷ ʠ ʜʨʫʛʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ 

ʢʘʞʜʫʶ ʜʝʪʘʣʴ ʪʦʨʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚʠʙʨʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʟʚʘʥʦ ʪʨʝʥʠʝʤ ʞʝʩʪʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ ʫʧʣʦʪʥʝʥʠʷ ʦ ʚʘʣ, ʘ ʪʘʢʞʝ ʠʟʥʦʩʦʤ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʡ 

ʧʦʚʳʰʘʝʪʩʷ ʠʟʥʦʩ ʚʨʘʱʘʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʩʝʚʳʤʠ 

ʮʘʨʘʧʠʥʘʤʠ. ʊʨʝʥʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʫʧʣʦʪʥʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦ ʫʜʘʣʷʝʪ ʟʘʱʠʪʥʳʡ ʦʢʩʠʜʥʳʡ ʩʣʦʡ ʩ ʚʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʢʦʨʨʦʟʠʠ [3]. 

ʇʦʚʳʩʠʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʪʴ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨʥʦʛʦ ʥʘʩʦ-

ʩʘ ʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʅʘ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴʥʦʝ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʝ ʫʧʣʦʪʥʝʥʠʝ (ʜʘʣʝʝ) 

ʄɾʋ, ʚ ʢʦʪʦʨʦʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʷʚʣʷʣʩʷ ʤʘʛʥʠʪʥʳʡ ʵʣʘʩʪʦʤʝʨʥʳʡ ʤʘ-

ʪʝʨʠʘʣ ʚ ʬʦʨʤʝ ʢʦʣʴʮʘ [4]. 

 
ʈʠʩ. 3. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ: 1 - ʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʡ ʚʘʣ;  

2 - ʤʘʛʥʠʪʥʦʝ ʵʣʘʩʪʦʤʝʨʥʦʝ ʢʦʣʴʮʦ; 3 - ʢʦʨʧʫʩ ʫʧʣʦʪʥʝʥʠʷ ʠʟ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ;  

4 - ʜʝʤʧʬʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʩʣʫʞʠʪ ʧʦʨʠʩʪʘʷ ʨʝʟʠʥʘ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʘ 

 
ɼʣʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ (ʨʠʩ. 3), ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʤʘʛʥʠʪʥʳʝ ʨʘʩ-

ʯʝʪʳ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ ʢʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ FEMM 4.2. ʈʝ-

ʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʄɾʋ ʷʚʣʷʣʦʩʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ ʠ ʢʘʨʪʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ (ʨʠʩ. 3 ʘ, ʙ) [4]. 

 

 
ʘ)                                                                    ʙ) 

ʈʠʩ. 4. ɼʘʥʥʳʝ ʨʘʩʯʝʪʘ: ʘ) - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ  

ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ; ʙ) - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 
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ʈʝʟʫʣʴʪʘʪʳ ʤʘʛʥʠʪʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʨʘʙʦ-

ʯʝʤ ʟʘʟʦʨʝ ʫʧʣʦʪʥʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 0.27 ʊʣ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ ʄɾʋ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʬʦʨʤʝ ʢʦʣʴʮʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦ-

ʩʪʘʪʦʯʥʫʶ ʚʝʣʠʯʠʥʫ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ ʫʧʣʦʪʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʄɾʋ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠ-

ʯʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʚʨʘʱʘʶʱʝʛʦʩʷ ʫʟʣʘ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʚ ʙʳʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʄɾʋ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟ-

ʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʩʦʝʜʠʥʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʝ ʢʨʦʤʢʠ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [4]. 

 ɼʨʫʛʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʘʣʘ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʄɾʋ ʩ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʬʦʨʤʝ ʰʘʡʙʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʠʩ. 5 [5]. ʐʘʡʙʳ ʪʘʢʦʡ ʬʦʨʤʳ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʤʝʪʦʜʦʤ ʚʳʨʫʙ-

ʢʠ ʢʘʢ ʚ ʙʳʪʦʚʳʭ, ʪʘʢ ʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

 
ʈʠʩ. 5. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ: 1 - ʢʦʨʧʫʩ ʫʧʣʦʪʥʝʥʠʷ ʠʟ  

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 2 - ʤʘʛʥʠʪʥʳʝ ʵʣʘʩʪʦʤʝʨʥʳʝ ʰʘʡʙʳ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʳ ʄɾʋ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʤʘʛʥʠʪʥʳʝ ʨʘʩʯʝʪʳ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʩʯʝʪʦʚ, ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʥʘ (ʨʠʩ. 6 ʘ, ʙ) [5]. 

 

 
ʘ                                                                               ʙ  

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: ʘ - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ  

ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ; ʙ - ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʙʦʯʝʡ 

ʦʙʣʘʩʪʠ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ (ʨʠʩ. 5 ʘ), ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʣʠʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʧʝʨʝʩʝʢʘʝʪ ʨʘ-

ʙʦʯʫʶ ʦʙʣʘʩʪʴ ʄɾʋ. ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʨʘʙʦʯʝʤ ʟʘʟʦʨʝ ʠʤʝʝʪ ʧʠʢʦʚʳʝ ʟʥʘʯʝʥʠʷ 

0.62 ʊʣ (ʨʠʩ. 5 ʙ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʜʣʷ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ-

ʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0.22 ʊʣ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʨʘʙʦ-

ʯʝʡ ʦʙʣʘʩʪʠ ʫʧʣʦʪʥʝʥʠʷ. ʅʘʣʠʯʠʝ ʧʝʨʝʧʘʜʦʚ ʚʝʣʠʯʠʥ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʢʨʘʷʤ ʰʘʡʙ. ʅʘ ʚʥʫʪʨʝʥʥʠʭ ʢʨʦʤʢʘʭ ʤʘʛʥʠʪʥʳʭ ʵʣʘʩʪʦʤʝʨʥʳʭ ʰʘʡʙ ʦʙʨʘʟʫ-

ʶʪʩʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʝ ʧʨʦʙʢʠ (ʨʠʩ. 5 ʙ), ʢʦʪʦʨʳʝ ʫʜʝʨʞʠʚʘʶʪ ʜʝʡʩʪʚʫʶʱʠʡ ʧʝʨʝ-

ʧʘʜ ʜʘʚʣʝʥʠʡ [5].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʄɾʋ ʩ ʤʘʛʥʠʪ-

ʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʵʣʘʩʪʦʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ 

ʬʦʨʤʝ ʰʘʡʙ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʚʘʣʦʚ 

ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ.  
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ʧʦʚʝʜʝʥʠʝ ʊɺʆʇ ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʧʨʝʜʝʣʝʥʳ ʜʘʣʴʥʝʡʰʠʝ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

I. A. Pustovalov, I.  L. Skrypnyk  

 

THE INFLUENCE OF AGGRESSIVE ENVIRONMENTAL FACTORS ON THE            

RELIABILITY OF METAL STRUCTURES WITH A THIN LAYER INF LATABLE 

FLAME RETARDANT COATING APPLIED TO THEM  

 

Keywords: intumescent fire retardant coating, reliability, aging, aggressive environment. 

Abstract:  The features of functioning of metal structures with a thin- layer bulging fire- re-

sistant coating (tvop) under the influence of aggressive environmental factors are considered. An 

experiment was performed showing the behavior of tvos under the influence of environmental fac-

tors. Further research directions are defined.  

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʠ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʦʙʨʝʪʘʶʪ ʘʢʪʫʘʣʴ-

ʥʦʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʩʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚʦʟ-

ʨʦʩʰʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʄʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ [1,2]. ʂ ʥʠʤ ʪʘʢʞʝ ʦʪʥʦʩʷʪ ʤʦʨʩʢʠʝ ʥʝʬʪʝʥʘʣʠʚʥʳʝ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚʳʝ 

ʪʝʨʤʠʥʘʣʳ (ʄʅʅʊ), ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉʝʡʯʘʩ ʚ ʈʌ ʠʭ ʥʘʩʯʠ-

ʪʳʚʘʝʪʩʷ 25. ʄʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʩʪʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳ, 

ʦʜʥʘʢʦ, ʧʨʠ ʧʦʞʘʨʝ ʦʯʝʥʴ ʙʳʩʪʨʦ ʥʘʛʨʝʚʘʶʪʩʷ ʠ ʫʞʝ ʯʝʨʝʟ 15-40 ʤʠʥʫʪ ʧʦʩʣʝ ʝʛʦ 

ʥʘʯʘʣʘ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʩʚʦʠ ʨʘʩʯʝʪʥʳʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʚʘ ʨʘʟʘ, ʘ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠʣʠ ʠʭ ʧʝʨʝʧʘʜʘ ʨʘʟʨʫʰʠʪʴʩʷ [3,4].  
ɿʘʱʠʪʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ:  

- ʧʦʚʳʰʝʥʠʝ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʣʘʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ [5,6]; 

- ʢʦʨʨʦʟʠʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʘʛʨʝʩʩʠʚʥʳʭ 

ʩʨʝʜ [7].  

ʆʙʘ ʵʪʠʭ ʤʝʨʦʧʨʠʷʪʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʩʩʠʚʥʳʭ ʩʨʝʜʩʪʚ ʟʘ-

ʱʠʪr ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʊɺʆʇ [8]. 

ɺʩʣʝʜʩʪʚʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʄʅʅʊ ʥʘ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʚ ʨʝʛʠʦʥʘʭ ʩ ʨʘʟ-

ʣʠʯʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ, ʪʦ ʥʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʟʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [9]. ʅʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʚʣʠʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ: ʩʦʣʝʚʦʡ ʪʫʤʘʥ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, ʵʨʦʟʠʷ, ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʠʩʣʦʪʥʦʩʪʠ. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʝʡ ʊɺʆʇ. 

ʅʘʜʝʞʥʦʩʪʴ ʊɺʆʇ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʦʛʥʝʟʘʱʠʪʥʳʝ 

ʬʫʥʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʚ ʪʝʯʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʊɺʆʇ ʩʦʩʪʦʷʪ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ: ʠʩʪʦʯʥʠʢ ʫʛʣʝʨʦʜʘ, ʢʘ-

ʪʘʣʠʟʘʪʦʨ, ʚʩʧʫʯʠʚʘʶʱʠʡʩʷ ʘʛʝʥʪ, ʧʣʝʥʢʦʦʙʨʘʟʦʚʘʪʝʣʴ. ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʠʟʤʝʥʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʨʦʧʦʨʮʠʷ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʦʩʪʘʚʝ 

ʧʦʢʨʳʪʠʷ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʜʝʞʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʛʫʪ ʚʳʡʪʠ ʟʘ ʧʨʝʜʝʣʳ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʵʪʘʧʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ [10,11]. ʇʦʵʪʦʤʫ ʥʘʜʦ ʩʥʠ-

ʞʘʪʴ ʩʢʦʨʦʩʪʴ ʩʪʘʨʝʥʠʷ ʊɺʆʇ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦ-

ʢʨʳʪʠʷ. 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʪʘʨʝʥʠʷ ʧʦʣʠ-

ʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʦʜʥʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ:  

- ʢʘʯʝʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʶ; 

- ʠʩʢʣʶʯʝʥʠʝ ʧʦʧʘʜʘʥʠʷ ʚ ʤʘʪʨʠʮʫ ʧʦʣʠʤʝʨʘ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʵʣʝʢʪʨʦ-

ʣʠʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʨʦʪʝʢʘʥʠʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʢʦʨʨʦʟʠʠ; 

- ʚʥʝʜʨʝʥʠʝ ʚ ʧʦʣʠʤʝʨ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ), ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʠʟʤʝʥʝʥʠʷ ʧʦʛʦʜʥʳʭ ʷʚʣʝʥʠʡ.  

ɺʚʝʜʝʥʠʝ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʚʳʰʘʝʪ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʥʠ ʧʦʚʳʰʘʶʪ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝ-

ʩʪʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʩʠʣʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝʛʦ ʩ ʩʫʙʩʪʨʘʪʦʤ. 

ʊʘʢ, ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʘʛʨʝʩʩʠʚʥʳʝ ʬʘʢʪʦʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʚʷʟʘʥʳ ʩ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʚʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʦʛʥʝʟʘʱʠʪʥʳʭ ʩʦ-

ʩʪʘʚʘʭ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʘʛʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʤ ʩʪʘ-

ʨʝʥʠʠ.  

ɼʣʷ ʵʪʦʛʦ ʠʩʧʳʪʳʚʘʝʤʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩ ʥʘʥʝʩʝʥʥʳʤ ʊɺʆʇ ʧʦʤʝ-

ʩʪʠʣʠ ʚ QUV (ʧʦʛʦʜʥʳʡ ʪʝʩʪʝʨ). ɺ ʥʝʤ ʩʦʟʜʘʚʘʣʠ ʨʝʘʣʴʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʊɺʆʇ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʤʠʪʘʮʠʷ ʘʪʤʦ-

ʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʊɺʆʇ ʚ ʪʝʯʝʥʠʝ 21 ʮʠʢʣʘ 

(ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʛʦʜʘʤ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ. ʄʦʜʝ-

ʣʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ï ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ; ʚʣʘʞʥʦʩʪʴ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʷ-

ʥʳʭ ʙʨʳʟʛ ʠ ʪʫʤʘʥʘ; ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝ-

ʣʷ.  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʘ ʥʘ ʫʩʢʦʨʝʥʥʦʝ ʩʪʘʨʝʥʠʝ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʧʦʢʨʳʪʠʷ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʶ ʪʦʣʱʠʥʳ ʩʫʭʦʡ 

ʧʣʝʥʢʠ. ʅʘ ʈʠʩ. 1 (ʘ, ʙ) ʧʦʢʘʟʘʥʦ ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 21 ʮʠʢʣʘ 

ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ. 

 
    ʘ              ʙ 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʩ ʥʘʥʝʩʝʥʥʳʤ ʥʘ ʥʠʭ ʊɺʆʇ ʧʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ 

21 ʮʠʢʣʘ ʫʩʢʦʨʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ 

 
ʇʨʦʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ ʪʦʣʱʠʥʘ ʩʫʭʦʡ ʧʣʝʥʢʠ ʧʦʢʨʳʪʠʷ. ɸ ʪʘʢ ʞʝ ʧʦʷʚʣʷʶʪʩʷ ʚʠʜʠʤʳʝ ʜʝʬʝʢ-

ʪʳ (ʪʨʝʱʠʥʳ, ʚʩʧʫʯʠʚʘʥʠʷ, ʦʪʩʣʦʝʥʠʝ ʦʪ ʧʦʜʣʦʞʢʠ).  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝ-

ʥʠʷʤ: 

- ʦʮʝʥʠʪʴ ʚʨʝʤʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʦʣʱʠʥʦʡ ʩʫʭʦʡ ʧʣʝʥʢʠ ʧʦʢʨʳʪʠʷ ʠ 

ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ; 

- ʩʜʝʣʘʪʴ ʨʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʪʦʣʱʠʥʝ 

ʧʣʝʥʢʠ ʠ ʚʝʣʠʯʠʥʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ; 

- ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʶ ʤʘʩʩʳ ʠ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʧʫʯʠʚʘʝʤʦʩʪʠ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʪʦʣʱʠʥʳ ʩʪʘʣʴʥʦʛʦ ʣʠʩʪʘ. 
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Abstract:  ʊhis article offers a technical solution aimed at modernizing the clamp design to 

restore the performance of the pressure hose with a diameter of 55 mm at its transverse break. A 

new clamp design is proposed. 

 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʧʦʨʥʳʝ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ, 

ʯʝʤ ʜʨʫʛʠʝ ʚʠʜʳ ʧʦʞʘʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʦ 85% ʦʪʢʘʟʦʚ ʧʦʞʘʨʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʧʦʞʘʨʥʳʭ ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ. ʆʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʧʦʞʘʨʥʳʭ ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʜʝʬʠʮʠʪʘ ʥʘ ʧʦʞʘʨʝ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʢʨʳʪʠʡ ʠ ʪʝʭ-
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ʥʦʣʦʛʠʡ ʜʣʷ ʠʭ ʩʦʟʜʘʥʠʷ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʢʦʡ ʩʧʦʩʦʙʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘ 

ʧʦʞʘʨʝ ʚ ʢʨʦʪʯʘʡʰʠʝ ʩʨʦʢʠ ʧʨʦʚʝʩʪʠ ʨʝʤʦʥʪ ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʪʨʦʷ ʨʫʢʘʚʘ.  

ʇʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʘ ʥʘʧʦʨʥʳʝ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʨʝʞʜʝʥʠʝ ʨʫʢʘʚʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ ʚʣʝʯʝʪ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ ʧʦʣʥʦʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʜʘʯʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝ-

ʱʝʩʪʚ, ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 

ʧʦʞʘʨʥʳʭ ʥʘʧʦʨʥʳʭ  ʨʫʢʘʚʦʚ ʷʚʣʷʶʪʩʷ: ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʨʘʟʨʳʚʳ ʠ ʧʨʦʢʦʣʳ,  ʧʨʦ-

ʛʘʨʳ, ʧʦʨʝʟʳ ʦʙʦʣʦʯʢʠ, ʦʪʩʣʦʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ ʠ ʨʘʟʲʝʜʘʥʠʝ ʦʙʦʣʦʯʢʠ ʘʛʨʝʩʩʠʚ-

ʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ.  

ʈʘʟʨʳʚ ʧʦʞʘʨʥʳʭ ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ ʥʘ ʧʦʞʘʨʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʧʨʦʢʣʘʜʢʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʠ ʨʘʙʦʯʠʭ ʣʠʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʦʚʳʰʝʥʠʝ 

ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʨʫʢʘʚʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ ʠ 

ʧʦʷʚʣʝʥʠʶ ʩʚʠʱʝʡ, ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʨʳʚʦʚ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʤʠʥʫʪʘ ʧʦʞʘʨʘ ʧʨʠʥʦʩʠʪ ʦʛʨʦʤʥʳʡ ʤʘʪʝʨʠʘʣʴ-

ʥʳʡ ʫʱʝʨʙ ʢʘʢ ʩʘʤʦʤʫ ʟʜʘʥʠʶ ʠʣʠ ʩʦʦʨʫʞʝʥʠʶ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ ʮʝʥʥʦʩʪʷʤ, 

ʥʘʭʦʜʷʱʠʤʩʷ ʚ ʥʝʤ. ʇʦʵʪʦʤʫ ʯʝʤ ʩʢʦʨʝʝ ʙʫʜʝʪ ʣʠʢʚʠʜʠʨʦʚʘʥʦ ʛʦʨʝʥʠʝ, ʪʝʤ ʤʝʥʴʰʠʡ 

ʫʱʝʨʙ ʧʦʞʘʨʦʤ ʙʫʜʝʪ ʥʘʥʝʩʝʥ ʦʙʲʝʢʪʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʫʢʘʚʥʦʡ ʣʠʥʠʠ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ 

ʨʘʟʨʳʚʝ ʥʘʧʦʨʥʦʛʦ ʨʫʢʘʚʘ ʠʣʠ ʧʨʠ ʝʛʦ ʧʦʨʝʟʝ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 100 ʤʤ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʧʦʞʘʨʥʳʭ ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ ʥʘ 

ʧʦʞʘʨʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʫʩʪʨʘʥʝʥʠʷ ʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʀʚʘʥʦʚʩʢʦʡ ʧʦʞʘʨ-

ʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʟʛʦʪʦʚʣʝʥ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʦʧʝʨʘʪʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʜʘʯʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʨʳʚʝ 

ʥʘʧʦʨʥʦʛʦ ʨʫʢʘʚʘ.  ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

ʈʠʩ. 1. ʄʘʢʝʪ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʧʦʨʥʳʭ 

ʨʫʢʘʚʦʚ 

 

ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ  

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ 

(ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ): 1 - ʟʘʞʠʤ; 2 ï ʦʩʴ;  

3 - ʩʦʝʜʠʥʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ ʩ ʧʨʦʫʰʠʥʦʡ; 4 - ʚʠʥʪ  

çɹʘʨʘʰʝʢè; 5 - ʧʦʞʘʨʥʳʡ ʥʘʧʦʨʥʳʡ ʨʫʢʘʚ 
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ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʳʭ ʘʥʘʣʦʛʦʚ; 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦ-

ʚʨʝʞʜʝʥʥʦʛʦ ʨʫʢʘʚʘ ʧʨʠ ʪʫʰʝʥʠʠ ʧʦʞʘʨʘ; ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʘ ʜʘʥ-

ʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʛʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʚʝʩ. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʪʠʧ-ʨʘʟʤʝʨʘ ʨʫʢʘʚʦʚ ʜʠʘʤʝʪʨʦʤ 55 

ʤʤ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʘʧʦʨʥʳʭ ʨʫʢʘʚʦʚ ʩʦʩʪʦʠʪ 

ʠʟ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʚʪʫʣʢʠ ʩ ʧʨʦʫʰʠʥʦʡ (3)  ʠ  ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʥʝʝ ʜʚʫʤʷ ʟʘʞʠʤʘ-

ʤʠ (1) ʥʘ ʦʙʱʝʡ ʦʩʠ (2) (ʨʠʩ. 2). 

ʇʦʩʣʝ ʦʧʳʪʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʥʠʢ ʚʦʧʨʦʩ ʧʦ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʞʠʤʦʚ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɹʦʣʴʰʦʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʟʘ-

ʞʠʤʘ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʠʟʜʝʣʠʷ  ʚ ʮʝʣʦʤ ʠ 

ʧʦʚʳʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘʞʠʤʘ ʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʥʠʟʠʪʴ ʠʟʣʠʰʥʶʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʟʘʞʠʤʦʚ, ʩʦʭʨʘʥʠʚ ʧʨʦʯʥʦʩʪʴ. 

2. ʉʥʠʟʠʪʴ ʤʘʩʩʫ ʫʩʪʨʦʡʩʪʚʘ ʟʘ ʩʯʝʪ ʧʝʨʬʦʨʘʮʠʠ ʜʝʪʘʣʝʡ ʟʘʞʠʤʘ. 

3. ʋʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʳ ʫʩʪʨʦʡʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3ʘ ʠ 3ʙ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʪʘʨʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʟʘʞʠʤʘ ʠ ʥʦʚʘʷ. ɺʩʝ 

ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ʚʳʧʦʣʥʝʥʳ ʚ ʪʨʸʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʯʝʨʯʝʥʠʷ AutoCAD. 

 
ʈʠʩ. 3. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʞʠʤʦʚ ʚ ʧʦʣʦʞʝʥʠʠ çɿɸʂʈʓʊʆè: 

1 ï ʚʝʨʭʥʝʝ ʧʦʣʫʢʦʣʴʮʦ; 2 ï ʥʠʞʥʝʝ ʧʦʣʫʢʦʣʴʮʦ; 3 ï ʧʨʠʞʠʤʥʘʷ ʩʢʦʙʘ; 4 ï ʢʨʦʥʰʪʝʡʥ; 

5 ï ʰʘʨʥʠʨ; 6 ï ʦʨʝʙʨʝʥʠʝ; 7 ï ʧʝʨʬʦʨʘʮʠʷ; 8 ï ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ  : ʘ-  ʟʘʞʠʤ ʩʪʘʨʦʛʦ ʦʙʨʘʟʮʘ; 

ʙ ï ʟʘʞʠʤ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ 

 
ɿʘʞʠʤ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ (ʨʠʩ. 5ʙ) ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʤʘʩʩʫ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʤʝ-

ʪʘʣʣʦʝʤʢʦʩʪʴ. ɺ ʢʦʨʧʫʩʝ ʟʘʞʠʤʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʝʨʬʦʨʘʮʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʝʩʘ ʢʦʥ-

ʩʪʨʫʢʮʠʠ. ʇʝʨʬʦʨʘʮʠʷ ʥʝ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʞʠʤʘ. ʊʘʢʞʝ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʘ ʧʨʠʞʠʤʥʘʷ ʩʢʦʙʘ ʟʘʞʠʤʘ, ʦʥʘ ʩʪʘʣʘ ʣʝʛʯʝ ʠ ʢʦʤʧʘʢʪʥʝʝ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʙʳʣʘ ʠʟʤʝʥʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʰʘʨʥʠʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʜʚʠʞʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʠ 

ʥʠʞʥʝʛʦ ʧʦʣʫʢʦʣʝʮ (ʨʠʩ.4).  

 

 

 
ʈʠʩ. 4. ʐʘʨʥʠʨʥʦʝ  

ʩʦʝʜʠʥʝʥʠʝ ʚʝʨʭʥʝʛʦ ʠ 

ʥʠʞʥʝʛʦ ʧʦʣʫʢʦʣʝʮ  

ʟʘʞʠʤʘ 

 

ʈʠʩ. 5. ɿʘʞʠʤ ʚ ʟʘʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ (ʛʣʘʚʥʳʡ ʚʠʜ): ʘ ï ʩʪʘʨʦʛʦ 

ʦʙʨʘʟʮʘ; ʙ ï ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ 

 

ʇʦʩʣʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʞʠʤʘ ʫʩʪʨʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʣʠʩʴ ʝʛʦ ʛʘʙʘʨʠʪʳ (ʨʠʩ.5). ɻʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʟʘ-

ʞʠʤʦʚ ʩʦʩʪʘʚʣʷʶʪ 95ʭ94 ʤʤ ʠ 62ʭ69 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʝʜʠʥʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ ʩ ʧʨʦʫʰʠʥʦʡ ʧʦʟ.3 (ʨʠʩ.2) ʥʘ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʶʪʩʷ ʠ 

ʬʠʢʩʠʨʫʶʪʩʷ ʢʦʥʮʳ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʝʪʝʨʧʝʣʘ.  

ʅʘ ʨʠʩʫʥʢʘʭ 6ʘ ʠ 6ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʠ ʨʫʢʘʚʥʳʭ ʣʠʥʠʡ ʥʘ ʧʦʞʘʨʝ ʩʪʘʨʦʛʦ ʠ ʥʦʚʦʛʦ ʦʙʨʘʟʮʦʚ. 

 
ʈʠʩ. 6. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʦʧʦʩʦʙʥʦʩʪʠ ʨʫʢʘʚʥʳʭ ʣʠʥʠʡ ʥʘ ʧʦʞʘʨʝ: 

ʘ ï ʩʪʘʨʦʛʦ ʦʙʨʘʟʮʘ; ʙ ï ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʦʭʨʘʥʳ ʪʨʫʜʘ. ɸʚʪʦʨʦʤ ʧʨʠʚʦʜʷʪʩʷ ʩʪʘʪʠʩʪʠʯʝ-
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ʥʳ ʪʨʫʜʘ.  

 

E. Yu. Reshetova, N. A. Kropotova 

 

RELIABILITY OF MECHANICAL SYSTEMS PERFORMANCE AS AN INDICATOR OF 

LABOR PROTECTION  

 

Keywords: reliability of mechanical systems, performance, labor protection index, opera-

tion safety, causes of mechanical systems failures. 

Abstract:  ʊhis article discusses the reliability of mechanical systems as the main indicator 

of labor protection. The author provides statistical data on industrial accidents and their main caus-

es. The author summarizes the disadvantages of ensuring technical operation of mechanical systems 

as an indicator of labor protection.  

 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʥʘʫʢʠ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʝʝ ʚʠʜʦʠʟʤʝʥʷʝʪ, 

ʩʣʝʜʫʷ ʣʦʛʠʢʝ ʧʦʥʠʤʘʥʠʷ, ʠʟʤʝʥʷʝʪʩʷ ʠ ʝʝ ʧʨʦʜʫʢʪ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ 

ʦʙʱʝʩʪʚʘ ʧʦʪʨʝʙʥʦʩʪʠ ʝʛʦ ʨʘʩʪʫʪ ʠ ʩʦʟʜʘʚʘʷ ʨʘʤʢʠ ʥʦʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʢʨʠʪʝʨʠʝʚ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʘʩʰʪʘʙʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʫʪ, ʘ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʝʛʦʜʥʷ 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʪʨʝʙʫʶʪ ʢʦʥʢʨʝʪʥʳʭ ʨʝʰʝʥʠʡ.  

ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʯʘʩʪ-

ʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘʚʘʨʠʡ, ʢʘʪʘʩʪʨʦʬ, ʭʦʪʷ ʠ ʜʠʥʘʤʠʢʘ ʠʭ ʩʥʠʞʘʝʪʩʷ, ʥʦ 
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ʦʩʪʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɸʥʘʣʠʟ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʚ ʈʦʩʩʠʠ [1] ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʘʷ ʚʝʣʠʯʠʥʘ ʚ 2020 ʛ. 

 

ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʘʚʘʨʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ:  

- ʦʪʩʪʫʧʣʝʥʠʝ ʦʪ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʝʢʪʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ;  

- ʥʘʨʫʰʝʥʠʝ ʨʝʛʣʘʤʝʥʪʘ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ;  

- ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ;  

- ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ;  

- ʥʝʦʩʪʦʨʦʞʥʳʝ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʥʠʪʝʣʝʡ ʨʘʙʦʪ;  

- ʥʝʧʨʘʚʠʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. 

ʆʙʦʙʱʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʨʠʯʠʥ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʚ ʈʦʩʩʠʠ ʟʘ 2019 ʛʦʜ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ 2019 ʛ.  

 
ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʠʤ, ʯʪʦ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ ʨʘʙʦʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ (ʪʝʭʥʠʯʝʩʢʠʭ) ʩʠʩʪʝʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 43% ʦʪ ʦʙʱʝ-

ʛʦ ʯʠʩʣʘ ʚʩʝʭ ʧʨʠʯʠʥ, ʘ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ 1773 ʥʝʩʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ. 

ʂ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʪʥʝʩʝʤ ʩʣʝʜʫʶʱʠʝ 

ʠʥʞʝʥʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: 

- ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ;  

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʠʥʩʪʨʫʤʝʥʪʦʚ;  
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͔ͭͻ͎͙ͤͦͦ͡;͔͚ͫͦ͟ ͔͒ͦͯͣͤͭ͊͟ͼ͙͙ 

ͤ͊ͪͯ΄͔͙͔ͤ ͔͍͙͚ͭͪ͋ͦ͊ͤ ͦͻͪ͊ͤ· ͭͪͯ͒͊ 

͔ͤΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͙͍͍͔͎ͨͪͦͦ͒ͫͭͤͤͦͦ͘ 
ͦͤͭͪͦ͟͡Ύ 

ͤ͊ͪͯ΄͔͙͔ͤ ͔͎͔ͪ͊ͣͤͭ͊͡ ͔ͪͣͦͤͭͤ·ͻ ͪ͊͋ͦͭ 

͔͍͔͍͙͔ͤͯ͒ͦͭͦͪͭ͡͡Έ͔ͤͦ ͔ͭͻ͙ͤ;͔͔ͫͦ͟ ͫͦͫͭͦΎ͙͔ͤ 
͍͙ͦ͋ͦͪͯ͒ͦ͊ͤΎ 
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- ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʤʝʭʘʥʠʟʘʮʠʷ ʪʷʞʝʣʳʭ ʨʘʙʦʪ;  

- ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʦʛʨʘʞʜʝʥʠʡ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʨʝʜʩʪʚ ʩʠʛʥʘʣʠ-

ʟʘʮʠʷ ʠ ʙʣʦʢʠʨʦʚʦʢ;  

- ʧʨʦʯʥʦʩʪʥʳʝ ʜʝʬʝʢʪʳ ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ.  

ɸʚʘʨʠʡʥʦʩʪʴ ʩʚʦʡʩʪʚʝʥʥʘ ʤʥʦʛʠʤ ʦʪʨʘʩʣʷʤ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʭʠʤʠʯʝʩʢʦʡ, 

ʫʛʦʣʴʥʦʡ, ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʫ. ʇʨʦʙʣʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʠ ʪ.ʜ. ʈʝʰʝʥʠʝ ʚʦ-

ʧʨʦʩʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ.  
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʯʝʪʳʨʝ ʧʦʟʠʮʠʠ: 

- ʚʦʟʤʦʞʥʳʝ ʩʙʦʠ, ʥʝʧʦʣʘʜʢʠ ʠ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʘʚʘʨʠʷʤ, ʘ 

ʪʘʢʞʝ ʩʮʝʥʘʨʠʷʤ ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡ; 

- ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʜʦʣʞʝʥ ʧʨʠʥʷʪʴ ʨʫʢʦʚʦʜʠ-

ʪʝʣʴ ʚʦ ʠʟʙʝʞʘʥʠʝ ʘʚʘʨʠʠ; 

- ʚʦʟʤʦʞʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʡ; 

- ʤʝʨʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʥʷʪʳ ʧʨʠ ʣʦʢʘʣʠʟʘʮʠʠ ʘʚʘʨʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʝʝ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘʜʝʞʥʦʩʪʴ ʝʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʆʙʦʟʥʘʯʠʤ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʳ: 

- ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʝʪʘʣʝʡ ʩʠʩʪʝʤʳ, ʦʪʢʘʟ ʦʜʥʦʛʦ ʟʚʝʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʦʪʢʘʟʫ ʚʩʝʡ ʩʠʩʪʝʤʳ; 

- ʦʮʝʥʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʘ ʩʣʦʞʥʘ ʠ ʟʘʚʠ-

ʩʠʪ ʦʪ ʤʥʦʛʠʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʵʤʧʠʨʠʢʠ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʧʨʘʢʪʠʢʦʡ; 

- ʦʪʩʫʪʩʪʚʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʦ ʠ ʢʘʞʜʘʷ ʤʝʭʘʥʠʯʝ-

ʩʢʘʷ ʩʠʩʪʝʤʘ ʪʨʝʙʫʝʪ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʪʘ-

ʪʠʩʪʠʢʘ [2]; 

- ʥʘʣʠʯʠʝ ʚʘʨʠʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʩʢʘ-

ʟʘʪʴʩʷ ʥʘ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʩʣʦʞʥʝʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʪʝʤ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʥʘ ʦʙʣʘʜʘʝʪ. ʅʘʨʷʜʫ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ: 

- ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʫʝʤʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘ; 

- ʥʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʦʜʠʥʘʢʦʚʦ ʚʣʠʷʶʪ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦ-

ʞʝʪ ʩʣʫʞʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʧʨʦʠʩʰʝʩʪʚʠʡ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʷʜʘ ʧʨʝʚʝʥʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ:  

- ʚʥʝʜʨʝʥʠʝ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ; 

- ʩʚʷʟʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʟʜʝʣʠʡ ʩ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦʤ; 

- ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʨʩʦʥʘʣ [3]. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʇʨʠʚʝʜʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʪ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ 

ʥʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʘʟʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ, ʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʙʫʜʫʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʚʳʰʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ 

ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ɸ ʠʩʭʦʜʷ ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʴ ʦʭʨʘʥʳ ʪʨʫʜʘ. 
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DEVELOPMENT AND ANALYSIS OF MAGNETIC -LIQUID STRUCTURES  

VIBRATION SENSORS 
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bration. 

Abstract:  ʊhe designs of magneto-liquid vibration sensors with a permanent magnet sensi-

tive element are developed. Taking into account the analysis of the design features of magneto-
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liquid sensors, recommendations are given for their choice for diagnosing vibration of equipment 

for various purposes under various operating conditions. 

 

 

ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʥʠʢʘʶʪ ʚʠʙʨʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ. 

ɼʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʪʯʠʢʠ,  ʠʤʝʶʱʠʝ ʨʘʟʣʠʯ-

ʥʳʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʤʘʩʩʦʛʘʙʘ-

ʨʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1].   

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʚʠʙʨʘʮʠʡ (ʄɾɼɺ). ʀʭ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʦʥʪʘʞʘ, 

ʚʳʩʦʢʠʝ ʥʘʜʸʞʥʦʩʪʴ ʠ  ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ.    

ʂʦʨʧʫʩ ʜʘʪʯʠʢʘ ʢʨʝʧʠʪʩʷ ʢ ʦʪʜʝʣʴʥʦʤʫ ʫʟʣʫ ʤʘʰʠʥʳ ʠʣʠ ʤʝʭʘʥʠʟʤʘ, ʜʣʷ ʢʦʪʦ-

ʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʜʠʘʛʥʦʩʪʠʢʘ ʝʛʦ ʚʠʙʨʦʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʜʘʪʯʠʢʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʠʙʨʦʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ.   

ʂʦʥʩʪʨʫʢʮʠʷ ʣʶʙʦʛʦ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʡ ʩʦʜʝʨʞʠʪ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʝʡʩʪʚʫʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ, ʨʝʞʝ ʥʝʛʘʨʤʦʥʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʶʪ ʩʤʝʱʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʨʧʫʩʝ ʜʘʪʯʠ-

ʢʘ. ɺ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʝ ʥʘʚʦʜʠʪʩʷ ʕɼʉ. ɽʸ ʯʘʩʪʦʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ 

ʚʠʙʨʘʮʠʡ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʙʣʦʢʦʤ. ʕʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʠʪ ʝʛʦ ʦʪʢʣʶʯʝʥʠʝ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʜʦʧʫʩʪʠʤʦ-

ʛʦ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʡ. 

ʄʘʛʥʠʪʥʘʷ ʞʠʜʢʦʩʪʴ (ʄɾ) ʫʜʝʨʞʠʚʘʝʪʩʷ ʧʦʥʜʝʨʦʤʦʪʦʨʥʦʡ ʩʠʣʦʡ ʚ ʟʘʟʦʨʝ, 

ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠ ʚʥʫʪʨʝʥʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʨ-

ʧʫʩʘ ʜʘʪʯʠʢʘ. ʅʘʣʠʯʠʝ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʟʘʟʦʨʝ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʣʝʚʠʪʘʮʠʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝ-

ʥʠʷ. 

ʆʜʥʘ ʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʄɾɼɺ [2] ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1 

 
ʈʠʩ.1. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʡ 
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ɺ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʦʤ ʢʦʨʧʫʩʝ 1 ʜʘʪʯʠʢʘ ʨʘʩʧʦʣʦʞʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 

2 ʚ ʚʠʜʝ ʢʦʣʴʮʝʚʦʛʦ ʤʘʛʥʠʪʘ. ʅʘ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ ʨʘʩʧʦʣʦʞʝʥʘ ʠʟʤʝʨʠ-

ʪʝʣʴʥʘʷ ʦʙʤʦʪʢʘ 3. ɺ ʪʦʨʮʝʚʦʡ ʢʨʳʰʢʝ 4, ʠʤʝʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʝʚʦʛʦ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʧʦ ʨʝʟʴʙʝ ʟʘʢʨʝʧʣʸʥ ʢʦʣʴʮʝʚʦʡ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ 5. ɺ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʦʤ 

ʢʦʨʧʫʩʝ ʨʘʩʧʦʣʦʞʝʥ ʢʦʣʴʮʝʚʦʡ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ 6. ʕʪʠ ʤʘʛʥʠʪʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʦʜʥʦʠʤʝʥʥʳʤʠ ʧʦʣʶʩʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʶʩʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʏʝʨʝʟ  

ʢʦʣʴʮʝʚʳʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ 2 ʠ 6 ʧʨʦʭʦʜʠʪ ʧʦʣʳʡ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʡ ʩʪʝʨʞʝʥʴ 

7. ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 2 ʦʙʨʘʟʫʝʪ ʟʘʟʦʨʳ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩ ʢʦʨʧʫʩʦʤ 1, ʘ ʜʨʫ-

ʛʦʡ ʩ ʧʦʣʳʤ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʤ ʩʪʝʨʞʥʝʤ 7. ɿʘʟʦʨʳ ʟʘʧʦʣʥʝʥʳ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦ-

ʩʪʴʶ (ʄɾ) 8. ʅʘʣʠʯʠʝ  ʩʢʚʦʟʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 9, ʚ ʢʨʳʰʢʝ 4 ʠ ʦʪʚʝʨʩʪʠʷ 10 ʚ ʥʝʤʘʛʥʠ-

ʪʦʧʨʦʚʦʜʥʦʤ ʩʪʝʨʞʥʝ 7 ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʝʥʩʪʚʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʚʦ ʚʥʫʪʨʝʥʥʠʭ 

ʦʙʲʸʤʘʭ ʢʦʨʧʫʩʘ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ.    

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʠʙʨʘʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʝʙʘʥʠʷ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 2. ɽʛʦ ʩʤʝʱʝʥʠʝ ʚʳʟʳʚʘʝʪ ʥʘʚʝʜʝʥʠʝ ʕɼʉ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʙʤʦʪ-

ʢʝ 3, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩʪʦʪʝ ʚʠʙʨʘʮʠʡ. ʉʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ,  ʩʦ-

ʟʜʘʚʘʝʤʳʝ ʢʦʣʴʮʝʚʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 5 ʠ 6, ʥʝ ʜʦʧʫʩʢʘʶʪ ʩʦʧʨʠʢʦʩʥʦʚʝ-

ʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 2 ʩ ʥʠʤʠ.  

ɺ ʜʘʪʯʠʢʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝ-

ʨʝʥʠʡ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʨʮʝʚʦʡ ʢʨʳʰʢʦʡ 4 ʠ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 2, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʜʠʘʧʘʟʦʥ 

ʠʟʤʝʨʷʝʤʳʭ ʚʠʙʨʘʮʠʡ. ʋʤʝʥʴʰʝʥʠʝ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʩʠʣ 

ʦʪʪʘʣʢʠʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʜʚʠʞʥʳʡ ʤʘʛʥʠʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʧʝʨʝʭʦʜʠʪ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʫʶ ʦʙʣʘʩʪʴ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʵʪʦʛʦ ʨʘʩʩʪʦʷʥʠʷ  ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʦʜʚʠʞʥʳʡ 

ʤʘʛʥʠʪ, ʫʤʝʥʴʰʘʶʪʩʷ, ʧʦʚʳʰʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚʠʙʨʘʮʠʡ ʚ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ. 

ʅʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʪʯʠʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ 

ʛʨʘʜʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʥʘ ʄɾ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʢʨʦʤʢʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝ-

ʤʝʥʪʘ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʨʘʩʩʣʦʝʥʠʝ ʄɾ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʘ [3].  

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʨʘʜʠʝʥʪʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ 

ʤʘʛʥʠʪʥʫʶ ʞʠʜʢʦʩʪʴ, ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʘʪʯʠʢʘ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʴʮʝʚʦʡ ʧʦʩʪʦ-

ʷʥʥʳʡ ʤʘʛʥʠʪ ʧʦʤʝʱʸʥ ʚ ʟʘʱʠʪʥʳʡ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʡ ʢʦʞʫʭ [5].  
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ʈʠʩ.2. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ 

ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʡ ʩ ʟʘʱʠʪʥʳʤ ʢʦʞʫʭʦʤ 
 

ʈʠʩ.3. ʂʦʥʩʪʨʫʢʮʠʷ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʦʛʦ 

ʜʘʪʯʠʢʘ ʚʠʙʨʘʮʠʡ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʢʘʪʫʰʢʠ 

 

ɿʘʱʠʪʥʳʡ ʢʦʞʫʭ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ 8 ʠ 9. ɺ ʦʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʘʭ  ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʘʥʘʣʦʛʠʯʥʳ ʜʨʫʛ ʜʨʫʛʫ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʄɾɼɺ (ʨʠʩ.3) [5]  ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʜʦʟʘʧʨʘʚʢʠ  ʙʝʟ  

ʜʝʤʦʥʪʘʞʘ ʩ ʜʝʡʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʥʘʩʪʨʦʝʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʵʪʦʤ ʜʘʪʯʠʢʝ ʚʥʫʪʨʠ ʧʦʣʦʛʦ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʦʛʦ ʩʪʝʨʞʥʷ 1, ʨʘʩʧʦʣʦʞʝʥʘ 

ʢʘʪʫʰʢʘ 2 ʩ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʦʡ 3.  

ʏʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʜʘʪʯʠʢʝ ʷʚʣʷʝʪʩʷ ʢʦʣʴʮʝʚʦʡ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ 

4. ʄʘʛʥʠʪʥʘʷ ʞʠʜʢʦʩʪʴ 5 ʫʜʝʨʞʠʚʘʝʪʩʷ ʧʦʥʜʝʨʦʤʦʪʦʨʥʦʡ ʩʠʣʦʡ ʚ ʟʘʟʦʨʝ ʤʝʞʜʫ 

ʩʪʝʨʞʥʝʤ 1 ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 4.  ʏʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 4 ʦʨʠʝʥʪʠʨʦʚʘʥ 

ʦʜʥʦʠʤʝʥʥʳʤʠ ʧʦʣʶʩʘʤʠ ʢ ʤʘʛʥʠʪʫ 7, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚ ʢʨʳʰʢʝ 6 ʠ ʤʘʛʥʠʪʫ 8, ʨʘʩ-

ʧʦʣʦʞʝʥʥʦʤʫ ʚ ʦʩʥʦʚʘʥʠʠ 9 ʫʩʪʨʦʡʩʪʚʘ. ʏʝʨʝʟ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 4 ʠ ʢʦʣʴʮʝʚʦʡ 

ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ 8 ʤʘʛʥʠʪʥʦʛʦ ʧʦʜʚʝʩʘ ʧʨʦʭʦʜʠʪ ʧʦʣʳʡ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʡ 

ʩʪʝʨʞʝʥʴ 1. ɺ ʪʦʨʮʝʚʦʡ ʢʨʳʰʢʝ 6 ʚʳʧʦʣʥʝʥʦ ʦʪʚʝʨʩʪʠʝ 10. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚʠʙʨʘʮʠʡ ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʝʙʘʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 

4, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʦʛʦ ʧʦʣʦʛʦ ʩʪʝʨʞʥʷ 1. ɺ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʦʙʤʦʪʢʝ 3 ʥʘʚʦʜʠʪʩʷ ʕɼʉ, ʯʘʩʪʦʪʘ ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘ-

ʩʪʦʪʝ ʚʠʙʨʘʮʠʡ. ʉʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ,  ʩʦʟʜʘʚʘʝʤʳʝ ʢʦʣʴʮʝʚʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠ-

ʪʘʤʠ 7 ʠ 8, ʥʝ ʜʦʧʫʩʢʘʶʪ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 4 ʩ ʥʠʤʠ.  

ʇʝʨʝʤʝʱʝʥʠʝʤ ʢʨʳʰʢʠ 6 ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʤʝʥʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʢʦʣʴʮʝʚʳʤʠ ʤʘʛʥʠʪʘʤʠ ʧʦʜʚʝʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʜʠʘ-

ʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʚʠʙʨʘʮʠʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʧʦʜʙʦʨʘ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʜʚʠʞʥʦʛʦ ʢʦʣʴʮʝʚʦʛʦ ʤʘʛʥʠʪʘ 4. 

ʄʘʛʥʠʪʥʘʷ ʞʠʜʢʦʩʪʴ 5 ʫʜʝʨʞʠʚʘʝʪʩʷ ʧʦʥʜʝʨʦʤʦʪʦʨʥʦʡ ʩʠʣʦʡ ʚ ʟʘʟʦʨʝ, ʦʙʨʘʟʦ-

ʚʘʥʥʦʤ ʤʝʞʜʫ ʧʦʣʳʤ ʥʝʤʘʛʥʠʪʦʧʨʦʚʦʜʥʳʤ ʩʪʝʨʞʥʝʤ 1 ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ 

4, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʫʜʝʨʞʘʥʠʝ ʙʝʟ ʢʘʩʘʥʠʷ  ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ ʩʪʝʨʞʥʷ.  
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ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʟʘ-

ʧʨʘʚʢʠ ʠ ʧʝʨʝʟʘʧʨʘʚʢʠ ʫʩʪʨʦʡʩʪʚʘ ʙʝʟ ʝʛʦ ʨʘʟʙʦʨʢʠ ʠ ʜʝʤʦʥʪʘʞʘ ʩ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʥʘʣʠʯʠʝ ʨʝʟʴʙʳ, ʥʘ ʦʙʨʘʱʸʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʣʦʛʦ ʥʝʤʘʛʥʠʪʦʧʨʦ-

ʚʦʜʥʦʛʦ ʩʪʝʨʞʥʷ ʠ ʢʨʳʰʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʩʪʨʦʡʢʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ ʜʘʪʯʠʢʦʚ ʚʠʙʨʘʮʠʡ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ 4  ï 5000 ɻʮ:  

- ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʚʳʰʝ 500 ʤɺ/g; 

- ʜʠʘʧʘʟʦʥ ʫʩʢʦʨʝʥʠʡ 0,2-300 g; 

- ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ Ñ 60ÁC. 

ʄʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʡ ʜʘʪʯʠʢ ʚʠʙʨʘʮʠʡ (ʨʠʩ.1) ʥʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝ-

ʥʠʷ ʨʷʜʘ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʘʢʦ 

ʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʳ ʛʦʨʠ-

ʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʣʝʚʠʪʘʮʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ɺʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʄɾɼɺ (ʨʠʩ. 2). ɺ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʄɾ ʜʝʡʩʪʚʫʝʪ ʧʦʥʠʞʝʥ-

ʥʳʡ ʛʨʘʜʠʝʥʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʯʪʦ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ.  

ʆʙʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʪʯʠʢʦʚ ʤʦʛʫʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʧʦʤʝʱʝʥʠʠ, ʪʘʢ ʠ ʥʘ 

ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. 

ʄɾɼɺ (ʨʠʩ.3) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠʣʠ 

ʟʘʱʠʱʸʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɼʘʪʯʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʟʘʧʨʘʚʢʠ ʜʘʞʝ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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INCREASE OF RELIABILITY OF OPERATION OF EQUIPMENT OF GAS  

DISTRIBUTION POINTS OF PRODUCTION FACILITIES  

 
Keywords: gas-distributing point, flammable gas, fire hazard, explosion protection. 

Abstract:  In modern conditions, the state of technological equipment in most industrial fa-

cilities is in a worn-out state. Therefore, there is a high probability of damage to the equipment with 

the subsequent release of flammable substances into the surrounding space and the creation of con-

ditions for fire or explosion. The article offers solutions aimed at improving the reliability of gas 

control point equipment.  

 

 

ʊʨʝʙʦʚʘʥʠʷ  ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 22.07.2008 ʛ ˉ123 ï ʌɿ çʊʝʭʥʠʯʝʩʢʠʡ ʨʝ-

ʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè [1] ʫʩʪʘʥʘʚʣʠʚʘʶʪ, ʯʪʦ ʢʘʞʜʳʡ ʦʙʲ-

ʝʢʪ ʟʘʱʠʪʳ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʠʩʪʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʎʝʣʴʶ ʩʦ-

ʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʞʘʨʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ ʠ ʟʘʱʠʪʘ ʠʤʫʱʝʩʪʚʘ ʧʨʠ 

ʧʦʞʘʨʝ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝ-

ʙʷ ʩʠʩʪʝʤʫ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʘ, ʩʠʩʪʝʤʫ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ, ʢʦʤʧʣʝʢʩ ʦʨ-

ʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʧʨʠʤʝʨʝ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʧʫʥʢʪʘ (ʜʘʣʝʝ ï ɻʈʇ) ɸʆ 

çɹʘʭʯʠʩʘʨʘʡʩʢʠʡ ʢʦʤʙʠʥʘʪ "ʉʪʨʦʡʠʥʜʫʩʪʨʠʷ"è. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ɻʈʇ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ: 

- ɹʣʦʢ ˉ1 - ʦʯʠʩʪʢʘ ʛʘʟʘ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

- ɹʣʦʢ ˉ2 - ʟʘʤʝʨ ʨʘʩʭʦʜʘ ʛʘʟʘ. 

- ɹʣʦʢ ˉ3 - ʨʝʜʫʮʠʨʦʚʘʥʠʝ ʛʘʟʘ. 

- ɹʣʦʢ ˉ4 - ʦʪʢʣʶʯʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. 
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ɹʣʦʢ ˉ1 - ʩʫʭʦʡ ʦʯʠʩʪʢʠ ʛʘʟʘ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʬʠʣɹ-

ʪʨʦʚ ʪʠʧʘ FA 11/350, ʜʦ ʠ ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʢʣʶʯʘʶʱʝʝ ʟʘʪʚʦʨʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʭ ʦʯʠʱʘʪʴ. ɹʘʡʧʘʩ ʬʠʣʴʪʨʦʚ (ʟʘʪʚʦʨ ˉ 6) ʩʣʫʞʠʪ ʜʣʷ ʧʦʜʘ-

ʯʠ ʛʘʟʘ ʚ ʦʙʭʦʜ ʬʠʣʴʪʨʦʚ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ ʦʪʢʣʶʯʝʥʠʷ. 

ɹʣʦʢ ˉ2 - ʟʘʤʝʨ ʨʘʩʭʦʜʘ ʛʘʟʘ ʩʦʩʪʦʠʪ ʠʟ ʜʠʘʬʨʘʛʤʳ,  ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʨʝʛʠʩʪʨʠ-

ʨʫʶʱʠʤʠ ʧʨʠʙʦʨʘʤʠ ʨʘʩʭʦʜʘ, ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʱʠʪʝ ˉ 1. 

ɹʣʦʢ ˉ3 - ʨʝʜʫʮʠʨʦʚʘʥʠʝ ʛʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ ʥʠʪʢʠ ʪʨʫ-

ʙʦʧʨʦʚʦʜʦʚ ʠʟ ʢʦʪʦʨʳʭ ʦʜʥʘ ʨʘʙʦʯʘʷ, ʜʨʫʛʘʷ ʨʝʟʝʨʚʥʘʷ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʚʦʜʦʤ ʚ 

ʜʝʡʩʪʚʠʝ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ɻʈʇ. 

ɸʥʘʣʠʟ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜʳ. ʇʦʚʳʰʝʥʥʫʶ 

ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ  ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ: ʩʣʦʞʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʡ; ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʨʶʯʝʛʦ ʛʘʟʘ (ʧʨʠʨʦʜʥʳʡ ʛʘʟ), 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʝʤʢʦʩʪʝʡ ʠ ʘʧʧʘʨʘʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʛʘʟ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠ-

ʝʤ ʠ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʝʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ  ʟʘʧʦʨʥʦ-ʧʫʩʢʦʚʦʡ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʦʡ ʠ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ; ʚʳʩʦʢʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʠ ʩʢʦʨʦʩʪʴ ʚʳʛʦʨʘʥʠʷ ʧʨʠ-

ʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘʚʘʨʠʡʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʨʠʨʦʜʥʳʤ ʛʘʟʦʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ [2,3,4]: 

-  ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʣʥ ʩʞʘʪʠʷ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʨʦʜʥʦʛʦ 
ʛʘʟʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ ʦʙʲʝʤʝ çʤʛʥʦʚʝʥʥʦè ʨʘʟʨʫʰʠʚʰʝʡʩʷ ʯʘʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʣʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʣʥ ʩʞʘʪʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʛʘʟʦʚʦʛʦ ʰʣʝʡʬʘ ʠ ʨʘʩʰʠʨʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ; 

- ʪʝʨʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʞʘʨʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʩʣʫʯʘʝ ʚʦʩʧʣʘʤʝ-

ʥʝʥʠʷ ʛʘʟʘ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʨʘʞʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʘʚʘʨʠʡ ʥʘ ʧʣʦʱʘʜʢʝ ʭʨʘʥʝʥʠʷ ʛʦʨʶʯʠʭ 

ʛʘʟʦʚ ʷʚʣʷʶʪʩʷ [2,3]: 

-  ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦ ʬʨʦʥʪʝ ʚʦʟʜʫʰʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ʛʘʟʘ ʧʨʠ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ɻɺʉ; 

-  ʨʘʟʣʝʪ ʦʩʢʦʣʢʦʚ (ʬʨʘʛʤʝʥʪʦʚ) ʪʨʫʙʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

-  ʩʦʟʜʘʥʠʝ ʣʦʢʘʣʴʥʦʡ ʟʦʥʳ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʧʨʠ ʠʩʪʝʯʝʥʠʠ ʛʘʟʘ ʙʝʟ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ; 

-  ʧʨʷʤʦʝ ʦʛʥʝʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʤʝʥʠ ʧʨʠ 

ʛʦʨʝʥʠʠ ʰʣʝʡʬʘ ʛʘʟʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʩʮʝʥʘʨʠʷ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʠ ʧʨʠʥʷʪʦ ʩʣʝʜʫʶʱʠʡ 

ʩʮʝʥʘʨʠʡ: ʫʪʝʯʢʘ ʛʘʟʘ ʠʟ ʛʘʟʦʧʨʦʚʦʜʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ɻʈʇ Ĕ ʧʦʩʪʫʧʣʝʥʠʝ ʛʘʟʘ ʚ 

ʦʙʲʸʤ ʧʦʤʝʱʝʥʠʷ Ĕ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ Ĕ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʙʣʘʢʘ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʩʤʝʩʠ Ĕ ʧʦʧʘʜʘʥʠʝ ʚʟʨʳʚʦʦʧʘʩʥʦʛʦ ʦʙʣʘʢʘ ʚ ʟʦʥʫ ʥʘʭʦʞʜʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ Ĕ ʟʘʞʠʛʘʥʠʝ ɻɺʉ Ĕ ʚʟʨʳʚ ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ Ĕ ʨʘʟʨʫʰʝʥʠʝ ʧʦ-

ʤʝʱʝʥʠʷ ɻʈʇ, ʧʦʧʘʜʘʥʠʝ ʚ ʟʦʥʫ ʚʦʟʤʦʞʥʳʭ ʧʦʨʘʞʘʶʱʠʭ ʬʘʢʪʦʨʦʚ ʣʶʜʝʡ ʠ/ʠʣʠ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ Ĕ ʧʦʨʘʞʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʦʪ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʠ ʪʝʧʣʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ʈʘʟʤʝʨʳ ʠ ʬʦʨʤʘ ʬʘʢʝʣʘ ʟʘʚʠʩʷʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʧʦʚʨʝʞʜʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘʨ-

ʤʘʪʫʨʳ;  ʯʘʱʝ ʚʩʝʛʦ ʬʘʢʝʣ ʦʙʨʘʟʫʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʡ (ʧʨʠ ʠʩʪʝʯʝʥʠʠ ʧʨʦʜʫʢʪʘ ʠʟ 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʢʨʫʛʣʳʭ ʦʪʚʝʨʩʪʠʡ) ʠʣʠ ʚʝʝʨʥʦʡ ʩʪʨʫʝʡ ʠʟ ʱʝʣʝʚʳʭ ʦʪʚʝʨʩʪʠʡ. ɺʳʩʦʪʘ ʧʣʘʤʝʥʠ ʟʘʚʠ-

ʩʠʪ, ʛʣʘʚʥʳʤ  ʦʙʨʘʟʦʤ, ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʝʢʘʶʱʝʛʦ ʧʨʦʜʫʢʪʘ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50 ʤ 

ʠ ʙʦʣʝʝ (ʨʘʩʭʦʜ ʛʘʟʘ ʦʢʦʣʦ 20 ʢʛ/ʩ). ɺʳʭʦʜʷʱʠʡ ʛʘʟ ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ ʛʦʨʠʪ 

ʞʝʣʪʳʤ ʠʣʠ ʢʨʘʩʥʳʤ ʧʣʘʤʝʥʝʤ, ʛʦʨʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤ ʩʚʠʩʪʷʱʠʤ ʰʫ-

ʤʦʤ. ɺʳʩʦʪʘ ʧʣʘʤʝʥʠ ʚ 2 ï 2,5 ʨʘʟʘ ʙʦʣʴʰʝ ʩʨʝʜʥʝʛʦ ʜʠʘʤʝʪʨʘ ʧʣʦʱʘʜʠ ʛʦʨʝʥʠʷ; ʣʠ-

ʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʚʳʛʦʨʘʥʠʷ 90 ʩʤ/ʯ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1300Áʉ ʠ ʙʦʣʝʝ. 

ʇʨʠ ʬʘʢʝʣʴʥʦʤ ʛʦʨʝʥʠʠ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʦʧʘʩʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʞʝ ʚ 

ʧʝʨʚʳʝ 5-10 ʤʠʥ. ʆʤʳʚʘʝʤʳʭ ʧʣʘʤʝʥʝʤ  ʠʣʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚʙʣʠʟʠ ʥʝʛʦ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ  ʛʘʟʘ ʧʦʯʪʠ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʦʧʘʩʥʦʩʪʴ 

ʨʘʟʨʳʚʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ ʥʘʨʘʩʪʘʥʠʷ ʚ ʥʠʭ ʜʘʚʣʝʥʠʷ  ʠ ʩʥʠʞʝ-

ʥʠʷ  ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʩʣʝʜʩʪʚʠʝ ʦʙʦʛʨʝʚʘ. 

ʇʦʤʝʱʝʥʠʝ ʛʘʟʦʨʝʛʫʣʷʪʦʨʥʦʛʦ ʧʫʥʢʪʘ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ 

ɸ çʧʦʚʳʰʝʥʥʘʷ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴè. 

ɻʣʘʚʥʳʡ ʚʠʜ ʘʚʘʨʠʠ ʥʘ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʧʫʥʢʪʘʭ (ʜʘʣʝʝ ï ɻʈʇ)  ï ʫʪʝʯʢʘ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ (ʜʘʣʝʝ ï 

ʏʉ). ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

ʊʘʢ ʢʘʢ ʥʘ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʩʪʘʥʮʠʷʭ, ʦʪʢʫʜʘ ʧʦʜʘʝʪʩʷ ʛʘʟ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʛʘʟʦʧʨʦʚʦ-

ʜʳ, ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʘ ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʘʟʘ, ʠʟ-ʟʘ ʥʘʩʦʩʦʚ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʧʦʜ ʧʝʨʝʤʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʙʣʶʜʘʶʪʩʷ ʩʢʘʯʢʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʦʩʝʪʠ.  

 ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʘʨʠʡʥʳʭ ʨʘʟʨʳʚʦʚ ʥʘ ʛʘʟʦʧʨʦʚʦʜʘʭ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʜʢʣʶʯʝʥ-

ʥʳʭ ʢ ʥʠʤ ʩʦʩʫʜʘʭ ʠ ʘʧʧʘʨʘʪʘʭ ʩʚʷʟʘʥʦ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ ʜʚʫʭ ʚʠʜʦʚ: 

¶ ʚʥʫʪʨʝʥʥʠʤʠ - ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʩʘʤʠʭ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘʭ ʠʣʠ ʩʦʩʫʜʘʭ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʜʠʥʘʤʠʢʫ ʚʳʙʨʦʩʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦ-

ʩʬʝʨʫ; 

¶ ʚʥʝʰʥʠʤʠ - ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʫʯʘʩʪʢʘ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ ʠʣʠ ʩʦʩʫʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʥʝʰʥʠʝ ʵʬʬʝʢʪʳ ʩʦ-

ʧʨʦʚʦʞʜʘʶʪʩʷ: 

¶ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʣʥ ʩʞʘʪʠʷ ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʚʳʙʨʦʰʝʥʥʦʛʦ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʟ ʨʘʟʨʫʰʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʩʦʩʫʜʘ), ʘ ʪʘʢ-

ʞʝ ʚʦʣʥ ʩʞʘʪʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʧʦʜʚʦʜʷʱʠʭ ʠ ʦʪʚʦʜʷʱʠʭ ʛʘʟʦ-

ʧʨʦʚʦʜʦʚ ʠ ʨʘʩʰʠʨʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʩʛʦʨʘʥʠʷ; 

¶ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʘʟʣʝʪʦʤ ʦʩʢʦʣʢʦʚ (ʬʨʘʛʤʝʥʪʦʚ) ʨʘʟʨʫʰʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ (ʩʦʩʫʜʘ, ʘʧʧʘʨʘʪʘ); 

¶ ʪʝʨʤʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʞʘʨʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʇʨʠʯʠʥʳ ʘʚʘʨʠʡ ʩʣʝʜʫʶʱʠʝ: 

¶ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʨʫʞʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʤʣʷ-

ʥʳʭ ʨʘʙʦʪ 99 (26 %); 

¶ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ, ʚʳʟʚʘʥʥʳʝ ʧʦʪʝʨʝʡ ʧʨʦʯʥʦʩʪʠ ʩʚʘʨʥʳʭ 

ʩʪʳʢʦʚ (ʨʘʟʨʳʚʳ) ʠʟ-ʟʘ ʙʨʘʢʘ, ʜʦʧʫʱʝʥʥʦʛʦ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ - 25 (7 %); 

¶ ʢʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ - 19 (5 %); 

¶ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʜʟʝʤʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ - 40 (11 %); 

¶ ʧʨʦʯʠʝ - 31 (8 %). 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʠʯʠʥʘʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʦʪʢʘʟʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʥʦʩʷʪʩʷ: 

¶ ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʜʘʯʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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¶ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ, ʢʦʨʨʦʟʠʷ ʠ ʵʨʦʟʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨ-

ʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ; 

¶ ʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʠʧʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ; 

¶ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʰʠʙʢʘʤʠ ʧʝʨʩʦʥʘʣʘ; 

¶ ʧʨʠʯʠʥʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ. 

ɸʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦ-

ʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠ ʟʘʨʫʙʝʞʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʙʝʩʧʝʯʝ-

ʥʠʶ ʧʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʦʙʲʝʢʪʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘ-

ʟʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡ,  ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʞʘʨʘʤʠ 

ʠ ʚʟʨʳʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʰʝ-

ʥʠʡ.  

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʶʯʝʡ ʩʨʝʜʳ ʥʘ ʦʙʲʝʢʪʝ ʩ ʛʦʨʶʯʠʤ ʛʘʟʦʤ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ  ʩʧʦʩʦʙʘʤʠ: ʠʟʦʣʷʮʠʝʡ ʛʦʨʶʯʝʡ ʩʨʝʜʳ (ʛʘʟ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʫ-

ʙʦʧʨʦʚʦʜʝ); ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʝʭʘʥʠʟʘʮʠʝʡ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʱʝʥʠʝʤ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ; ʫʩʪʘʥʦʚʢʦʡ ʧʦʞʘʨʦʦʧʘʩʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ (ʬʠʣʴʪʨʳ, ʚʝʥʪʠʣʠ, ʦʪʢʣʶʯʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ) ʥʘ ʦʪʢʨʳʪʳʭ ʧʣʦʱʘʜʢʘʭ; ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ ʛʘʟʦʧʨʦʚʦʜʘ ʦʪ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʘʚʘʨʠʡ (ʧʦʜʟʝʤʥʘʷ ʧʨʦ-

ʢʣʘʜʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʬʫʪʣʷʨʦʚ, ʦʙʨʘʙʦʪʢʘ ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ). ɺʦʢʨʫʛ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʛʦ ʛʘʟʦʨʝʛʫʣʷʪʦʨʥʦʛʦ 

ʧʫʥʢʪʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʭʨʘʥʥʘʷ ʟʦʥʘ ʚ ʚʠʜʝ ʪʝʨʨʠʪʦʨʠʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʤʢʥʫʪʦʡ 

ʣʠʥʠʝʡ, ʧʨʦʭʦʜʷʱʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤ ʦʪ ʟʜʘʥʠʷ ɻʈʇ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʶʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʛʘʟʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: 

1. ʇʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʯʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʚ ʩʤʝʩʠ ʩ ʦʢʠʩʣʠʪʝ-

ʣʝʤ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʢʠ; 

ʧʨʠ ʵʪʦʤ ʫʩʣʦʚʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʝʜʫʶʱʝʝ: 

ʉʨ < ʉʅʇʈʇ ʠʣʠ ʉʨ > ʉɺʇʈʇ 

2. ʌʣʝʛʤʘʪʠʟʘʮʠʷ ʥʝʛʦʨʶʯʠʤʠ (ʠʥʝʨʪʥʳʤʠ) ʛʘʟʘʤʠ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʤʝʩʠ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʩ ʦʢʠʩʣʠʪʝʣʝʤ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩ-

ʧʣʘʤʝʥʝʥʠʷ ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʠʤ. 

3. ʇʝʨʝʜ ʟʘʧʦʣʥʝʥʠʝʤ ʛʘʟʦʤ ʨʝʟʝʨʚʫʘʨʳ ʧʨʦʜʫʚʘʶʪ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ. 

4. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʚ 

ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʛʦʨʶʯʠʭ ʛʘʟʦʚ. 

5. ɿʘʱʠʪʘ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʛʦʨʶʯʠʤʠ ʛʘʟʘʤʠ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʧʫʪʝʤ ʦʢʨʘ-

ʰʠʚʘʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʙʝʣʳʡ ʠʣʠ ʩʝʨʝʙʨʠʩʪʳʡ ʮʚʝʪ ʠʣʠ ʫʩʪʨʦʡʩʪʚʦ ʟʘʱʠʪʥʳʭ ʵʢʨʘ-

ʥʦʚ. 

6. ʆʙʦʨʫʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʛʦʨʶʯʠʤʠ ʛʘʟʘʤʠ ʧʨʠʙʦʨʘ-

ʤʠ ʢʦʥʪʨʦʣʷ ʠ ʘʚʪʦʤʘʪʠʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

7. ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʢʣʘʧʘʥʦʚ, ʦʙʨʘʪʥʳʭ ʢʣʘʧʘʥʦʚ ʥʘ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʜʘʨʦʚ. 

8. ʅʝʧʦʣʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʨʝʟʝʨʚʫʘʨʦʚ (ʥʘ 85%). 

9.  ɿʘʱʠʪʘ ʥʘʜʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʛʦʨʶʯʠʤʠ ʛʘʟʘʤʠ ʪʝʧʣʦ-

ʠʟʦʣʷʮʠʝʡ, ʢʦʪʦʨʘʷ ʟʘʜʝʨʞʠʚʘʝʪ ʠʭ ʧʨʦʛʨʝʚ ʧʨʠ ʧʦʞʘʨʘʭ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʪʠʚʦʚʟʨʳʚʥʦʡ ʟʘʱʠʪʳ ʛʘʟʦʚʳʭ 

ʬʠʣʴʪʨʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʨʦʣʦʞʝʥʥʳʭ ʚ ʟʜʘʥʠʠ ɻʈʇ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʷ ʧʨʠ ʘʚʘ-

ʨʠʡʥʦʤ ʚʟʨʳʚʝ ʤʝʪʘʥʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚ ʥʘʨʫʞʥʦʤ 

ʦʛʨʘʞʜʝʥʠʠ (ʩʪʝʥʘʭ) ʧʦʤʝʱʝʥʠʷ ʦʜʠʥʘʨʥʳʝ ʧʨʦʝʤʳ, ʟʘʩʪʝʢʣʝʥʥʳʝ ʩʪʝʢʣʘʤʠ ʪʦʣʱʠ-

ʥʦʡ 3 ʤʤ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚ ʥʘʨʫʞʥʦʤ ʦʛʨʘʞʜʝʥʠʠ (ʩʪʝʥʘʭ) ʧʦʤʝʱʝʥʠʷ 

ʦʜʠʥʘʨʥʳʝ ʧʨʦʝʤʳ, ʟʘʩʪʝʢʣʝʥʥʳʝ ʩʪʝʢʣʘʤʠ ʪʦʣʱʠʥʦʡ 3 ʤʤ ʩ ʨʘʟʤʝʨʘʤʠ  1Ĭ3ʤ ʥʘ 

ʧʣʦʱʘʜʠ ʥʝ ʤʝʥʝʝ Fʦʩʪ. = ʉ1Ā Sʦʩʪ.=1Ā123,5=123,5. ɽʩʣʠ ʞʝ ʧʨʠʤʝʥʷʪʴ ʩʪʝʢʣʦʧʘʢʝʪʳ ʠʟ 

ʜʚʫʭ ʩʪʝʢʦʣ, ʪʦ Sʦʩʪ=545,67 ʤ
2
. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʦʪʠʚʦ-

ʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʜʚʘ ʩʧʦʩʦʙʘ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ 

ʟʘʱʠʪʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʛʦʨʶʯʠʤʠ ʛʘʟʘʤʠ: 

1. ʉʧʦʩʦʙ ʦʛʥʝʧʨʝʛʨʘʞʜʝʥʠʷ ʜʣʷ ʛʘʟʦʧʨʦʚʦʜʦʚ ʩ ʛʦʨʶʯʠʤʠ ʩʤʝʩʷʤʠ. ʀʟʦʙʨʝʪʝ-

ʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʦʛʥʝʧʨʝʛʨʘʞʜʝʥʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʘʟʦʧʨʦʚʦʜʦʚ. ʉʫʱʥʦʩʪʴ ʠʟʦʙʨʝʪʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʚʦʜʝ ʯʘʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ 

ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʚ ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ ʫʩʠʣʠʷ ʥʘ ʦʛʥʝʧʨʝʛʨʘʞʜʘʶʱʠʡ 

ʵʣʝʤʝʥʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʘʯʫ ʛʘʟʘ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. ʎʝʣʴʶ 

ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʢʦʤʤʫ-

ʥʠʢʘʮʠʡ. ʎʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʠʟʚʝʩʪʥʦʤ ʩʧʦʩʦʙʝ, ʚʢʣʶʯʘʶʱʝʤ ʧʨʦʧʫʩʢʘʥʠʝ 

ʛʘʟʘ ʯʝʨʝʟ ʪʨʫʙʯʘʪʳʡ ʢʦʞʫʭ ʠʣʠ ʢʘʩʩʝʪʥʳʡ ʫʟʝʣ ʠ ʧʦʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʨʠ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʠ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʚʦʣʥʳ ʩ ʢʘʩʩʝʪʥʳʤ ʫʟʣʦʤ, ʬʨʦʥʪ ʚʦʣʥʳ ʜʝʣʷʪ ʥʘ ʜʚʘ ʧʦʪʦʢʘ, 

ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʚʳʚʦʜʷʪ ʠʟ ʛʘʟʦʧʨʦʚʦʜʘ, ʘ ʵʥʝʨʛʠʶ ʚʪʦʨʦʛʦ ʧʦʪʦʢʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʚ 

ʟʘʱʠʱʘʝʤʳʡ ʛʘʟʦʧʨʦʚʦʜ, ʛʘʩʷʪ ʧʦʜʚʠʞʥʳʤ ʢʘʩʩʝʪʥʳʤ ʫʟʣʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʛʘʟʦʧʨʦʚʦʜ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʚʟʨʳʚʘ. 

2. ʉʧʦʩʦʙ ʚʟʨʳʚʦʟʘʱʠʪʳ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʦʚ. ʉʫʱʥʦʩʪʴ ʠʟʦʙʨʝʪʝ-

ʥʠʷ: ʩʧʦʩʦʙ ʚʢʣʶʯʘʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʦʚ ʯʝʨʝʟ ʧʣʘʤʝʛʘʩʷʱʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚ-

ʥʫʶ ʥʘʩʘʜʢʫ ʩ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ, ʦʭʣʘʞʜʘʶʱʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʚ ʢʦʪʦʨʳʡ ʧʦʜʘʶʪ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʘʩʘʜʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʠ 

ʧʨʝʢʨʘʱʘʶʪ ʝʛʦ ʧʦʜʘʯʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʘʩʘʜʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʨʠʯʝʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʣʘʤʝʥʠ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪ ʨʘʟʦʛʨʝʚ ʥʘʩʘʜʢʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ɿʘʜʘʯʝʡ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʢ ʚʥʝʜʨʝʥʠʶ ʠʟʦʙʨʝʪʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘ-

ʟʦʥʘ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʥʦʩʪʴ ʩʣʦʷ 0,40-0,90. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʣʘʛʘʝʤʳʤ ʩʧʦʩʦʙʦʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʛʘʟʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʧʣʘʤʝʛʘʩʷʱʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ ʥʘʩʘʜʢʫ, ʢʦʪʦ-

ʨʫʶ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʣʘʤʝʥʠ, ʥʝʟʘʚʠʩʠʤʦ ʧʨʦʥʠʢʣʦ ʣʠ ʦʥʦ ʚ ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʴ 

ʠʣʠ ʥʝʪ, ʨʘʟʦʛʨʝʚʘʶʪ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʥʘʩʘʜʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦʜʘʶʪ ʦʭʣʘʞʜʘ-

ʶʱʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠ ʧʨʝʢʨʘʱʘʶʪ ʝʛʦ ʧʦʜʘʯʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʘʩʘʜʢʦʡ ʪʝʤʧʝʨʘʪʫ-

ʨʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʈʠʩ. 1. ʉʭʝʤʘ  

ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʷ 

ʅʘ ʯʝʨʪʝʞʝ (ʨʠʩ. 1) ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥ 

ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠ ʦʧʳʪʳ. ʇʦʟʠ-

ʮʠʝʡ 1 ʦʙʦʟʥʘʯʝʥ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ, 2 ʩʝʧʘʨʘʮʠʦʥ-

ʥʘʷ ʟʦʥʘ, 3 ʢʦʨʧʫʩ ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʷ, 4 ʪʝʧʣʦʵʣʝʢʪʨʦ-

ʥʘʛʨʝʚʘʪʝʣʴ, 5 ʥʘʩʘʜʢʘ, 6 ʪʝʧʣʦʦʙʤʝʥʥʠʢ, 7 ʛʘʟʦʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ, 8 ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ. 

ɼʠʘʤʝʪʨ ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʷ 100 ʤʤ, ʚʳʩʦʪʘ 700 

ʤʤ. ɺ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

9,5 ʦʙ. ʩʤʝʩʴ ʤʝʪʘʥʘ ʩ ʚʦʟʜʫʭʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʩʘʜʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ ʀʂ-12-70 ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ 1-1,5 ʤʤ. ɻʘʟʦʚʦʟʜʫʰʥʫʶ ʩʤʝʩʴ ʥʘʧʨʘʚʣʷʶʪ ʚ 

ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʴ, ʧʦʜʞʠʛʘʶʪ ʥʘʜ ʚʳʭʦʜʥʳʤ ʧʘʪʨʫʙ-

ʢʦʤ. ʇʣʘʤʷ ʧʨʦʥʠʢʘʝʪ ʚʦ ʚʥʫʪʨʴ ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʷ ʠ 

ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʣʘʤʝʥʠ ʥʘʩʘʜʢʫ ʦʛʥʝʧʨʝʛʨʘʜʠʪʝʣʷ ʥʘʛʨʝʚʘʶʪ, ʧʦʜʘʚʘʷ ʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʘʨ ʠʣʠ ʧʨʦʧʫʩʢʘʷ ʪʦʢ ʯʝʨʝʟ ʪʝʧʣʦʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ. ʇʨʠ ʜʦʩʪʠʞʝ-

ʥʠʠ ʩʣʦʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜʘʯʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʣʠ ʧʨʦ-

ʧʫʩʢʘʥʠʝ ʪʦʢʘ ʧʨʝʢʨʘʱʘʶʪ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʚʳʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʢʠʩ-

ʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʣʘʤʷ ʛʘʩʥʝʪ. ɺ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʦʜʘʶʪ ʪʝʧʣʦʥʦ-

ʩʠʪʝʣʴ (ʚʦʜʫ). ʇʨʠ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦʜʘʯʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʝʢʨʘʱʘʶʪ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ-ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʝʤʦʥʪʫ 

ʥʘʧʦʨʥʳʭ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʠʜ ʨʝʤʦʥʪʘ ʚʦʟʤʦʞʥʦ ʧʨʦ-

ʚʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʪʫʰʝʥʠʶ ʧʦ-

ʞʘʨʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡ-

ʩʪʚʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʤʦʥʪʘ ʥʘʧʦʨʥʳʭ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ. 

 

I. V. Saraev, I. M. Murza 

 

DEVICE FOR RAPID REPAIR OF PRESSURE HOSES IN A FIRE 

 

Keywords: fire hose, repair, pressure fire hoses, damage, failure. 

Abstract:  ʊhe article considers a fundamentally new approach to repairing pressure fire 

hoses. It is noted that the considered type of repair can be carried out directly on the site of emer-

gency rescue operations to extinguish the fire. Along with this, the algorithm of actions for the ap-

plication of the developed device during the repair of pressure fire hoses is presented. 

 

 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʧʦʞʘʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʪ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʧʝʰ-

ʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ. ʇʦʞʘʨʥʳʝ ʨʫʢʘʚʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ, ʥʝʧʨʠʭʦʪʣʠʚʳ ʚ ʨʘʙʦʪʝ ʠ ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ, ʯʝʤ ʜʨʫʛʠʝ ʚʠʜʳ ʧʦʞʘʨʥʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʦʨʫʞʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʦ 85% ʦʪʢʘʟʦʚ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʧʨʠ-

ʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʥʘ ʜʦʣʶ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ [1]. ʇʨʠʯʸʤ ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʪʢʘʟʦʚ, ʦʙ-

ʥʘʨʫʞʝʥʥʳʭ ʥʘ ʨʫʢʘʚʘʭ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ, 60% ʧʨʠʭʦʜʠʪʩʷ ʥʘ çʩʚʠʱʠè, 30% - ʥʘ 

ʨʘʟʨʳʚʳ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʠ 10% ʥʘ ʩʨʳʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʛʦʣʦʚʦʢ, ʚʳʜʘʚʣʠʚʘʥʠʝ 

ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦʣʝʮ. ʀʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʦʚ ʠʟ ʩʪʨʦʷ 25% ʠʟ ʥʠʭ ʦʙʥʘʨʫʞʠ-

ʚʘʶʪʩʷ ʥʘ ʧʦʞʘʨʘʭ ʠ ʫʯʝʥʠʷʭ, 75% ʚʳʷʚʣʷʶʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ [2, 3]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʧʦʨʥʳʝ ʨʫʢʘʚʘ (ʅʈ) ʧʦʣʫʯʘʶʪ ʧʦ-

ʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʢʣʶʯʝʥʳ ʧʨʠ ʨʝʤʦʥʪʝ. ʈʝʤʦʥʪʫ ʧʦʜʣʝʞʘʪ, ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʚʳʤʳʪʳʝ ʠ ʚʳʩʫʰʝʥʥʳʝ ʥʘʧʦʨʥʳʝ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ (ʅʇʈ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʧʦʨʥʳʝ ʧʦʞʘʨʥʳʝ ʨʫʢʘʚʘ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʧʦʚʨʝʞʜʝʥʠʶ, 

ʨʝʤʦʥʪʠʨʫʶʪ ʩʣʝʜʫʶʱʠʤʠ, ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʤʝʪʦʜʠʯʝʩʢʦʤ ʨʫ-

ʢʦʚʦʜʩʪʚʝ [4]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ (ʨʝʤʦʥʪ ʧʦʩʨʝʜʩʪʚʦʤ ʢʣʸʧʢʠ) 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʩʧʦʩʦʙʦʚ ʨʝʤʦʥʪʘ, ʜʘʥʥʳʡ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʥʘʠʤʝʥʴ-

ʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʚʨʝʤʷ ʠ ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ ʧʫʪʝʤ ʢʣʝʧʢʠ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ: ʰʘʡʙʳ 

(Ï25ʤʤ.), ʟʘʢʣʝʧʢʠ (Ï4,7ʤʤ.), ʤʦʣʦʪʦʢ, ʙʦʢʦʨʝʟʳ, ʧʘʩʩʘʪʠʞʠ, ʨʝʟʠʥʦʚʳʝ ʰʘʡʙʳ ʠ 

çʯʝʣʥʦʢè.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ï çʏʝʣʥʦʢè [5] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʢʦʪʦʨʳʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʝʤʦʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʦʩʪʘʚʢʠ ʟʘʢʣʸʧʢʠ, ʰʘʡʙʳ ʠ ʧʨʦʢʣʘʜʢʠ ʢ ʤʝ-

ʩʪʫ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘʧʦʨʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʨʫʢʘʚʘ ï çʩʚʠʱʘè. ʆʙʝʩʧʝʯʠʚʘʝʪ, ʙʳʩʪ-

ʨʳʡ, ʥʘʜʝʞʥʳʡ ʨʝʤʦʥʪ ʨʫʢʘʚʘ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʚ ʙʦʝʚʦʡ ʨʘʩʯʸʪ, ʧʨʠ ʨʘʟʤʝʨʝ çʩʚʠʱʘè 

ʦʪ 5 ʜʦ 10 ʤʤ. 
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ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ çʏʝʣʥʦʢè 

 
ɼʦʩʪʦʠʥʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʧʦʩʦʙʘ ʨʝʤʦʥʪʘ: 

1) ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

2) ʥʝ ʪʨʝʙʫʝʪ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ; 

3) ʙʳʩʪʨʦʪʘ ʨʝʤʦʥʪʘ; 

4) ʩʨʘʟʫ ʧʦʩʣʝ ʨʝʤʦʥʪʘ ʨʫʢʘʚ ʩʪʘʚʠʪʩʷ ʚ ʨʘʩʯʸʪ; 

5) ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʚʳʢʦʚ; 

6) ʥʘʜʸʞʥʦʩʪʴ. 

ʈʝʟʠʥʦʚʘʷ ʰʘʡʙʘ ʚʳʨʝʟʘʝʪʩʷ ʥʦʞʥʠʮʘʤʠ, ʧʦ ʨʘʟʤʝʨʫ ʰʘʡʙʳ, ʠʟ ʨʝʟʠʥʦʚʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʧʦʜʭʦʜʷʱʝʡ ʪʦʣʱʠʥʳ ʠ ʞʝʩʪʢʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ: ʣʸʛʦʯʥʳʡ ʤʝʰʦʢ ʦʪ ʂʀʇ-8 (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʞʘʨʥʦʡ 

ʦʭʨʘʥʝ), ʚʝʣʦʩʠʧʝʜʥʘʷ ʢʘʤʝʨʘ, ʞʛʫʪ ʤʝʜʠʮʠʥʩʢʠʡ ʠ ʜʨʫʛʠʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʤʦʥʪʘ, ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʚʳʛʣʷʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1) ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ ʟʘʢʣʸʧʢʫ ʠ ʥʘʜʝʪʴ ʥʘ ʥʝʸ ʰʘʡʙʫ, ʟʘʪʝʤ ʨʝʟʠʥʦʚʫʶ ʧʨʦ-

ʢʣʘʜʢʫ (ʤʦʞʥʦ ʩʘʤʦʜʝʣʴʥʫʶ, ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ); 

2) ʚʳʜʝʣʠʪʴ ʤʝʩʪʦ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʧʦʨʥʦʛʦ ʧʦʞʘʨʥʦʛʦ ʨʫʢʘʚʘ; 

3) ʧʦʣʫʯʝʥʥʦʝ ʠʟʜʝʣʠʝ ʚʩʪʘʚʣʷʝʤ ʚ ʧʘʟ çʏʝʣʥʦʢʘè; 

4) çʏʝʣʥʦʢè ʧʦʤʝʱʘʝʤ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʧʦʚʨʝʞʜʸʥʥʦʛʦ ʥʘʧʦʨʥʦʛʦ ʧʦ-

ʞʘʨʥʦʛʦ ʨʫʢʘʚʘ ʯʝʨʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʛʦʣʦʚʢʫ; 

5) ʧʨʦʜʚʠʛʘʝʤ çʏʝʣʥʦʢè ʟʘ ʩʯʸʪ ʩʚʦʝʡ ʤʘʩʩʳ ʢ, ʦʪʤʝʯʝʥʥʦʤʫ ʨʘʥʝʝ, ʤʝʩʪʫ 
çʩʚʠʱʘè ʠ ʚʩʪʘʚʣʷʝʤ ʚ ʥʝʛʦ ʟʘʢʣʸʧʢʫ; 

6) ʧʨʠʜʝʨʞʠʚʘʷ ʟʘʢʣʸʧʢʫ ʩʥʘʨʫʞʠ, ʠʟʚʣʝʢʘʝʤ ʝʸ ʠʟ ʧʘʟʘ çʏʝʣʥʦʢʘè; 

7) ʧʨʦʜʚʠʛʘʝʤ çʏʝʣʥʦʢè ʜʘʣʝʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ çʩʚʠʱè ʦʢʘʟʘʣʩʷ ʧʦ ʝʛʦ 
ʮʝʥʪʨʫ ʠ ʦʧʠʨʘʝʤ ʟʘʢʣʸʧʢʫ ʥʘ çʏʝʣʥʦʢè; 

8) ʥʘ ʚʳʩʪʫʧʘʶʱʫʶ ʯʘʩʪʴ ʟʘʢʣʸʧʢʠ ʥʘʜʝʚʘʝʤ ʨʝʟʠʥʦʚʫʶ ʠ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 
ʰʘʡʙʳ; 

9) ʩ ʧʦʤʦʱʴʶ ʤʦʣʦʪʢʘ ʟʘʢʣʸʧʳʚʘʝʤ ʰʘʡʙʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ-

ʞʠʤʘʷ ʰʘʡʙʳ ʜʨʫʛ ʢ ʜʨʫʛʫ; 

10) ʠʟʚʣʝʢʘʝʤ çʏʝʣʥʦʢè ʠʟ ʨʫʢʘʚʘ ʧʦ ʥʘʠʢʨʘʪʯʘʡʰʝʤʫ ʧʫʪʠ; 

11) ʧʨʦʜʦʣʞʘʝʤ ʜʝʡʩʪʚʠʷ ʧʦ ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ ʠʣʠ ʠʩʧʳʪʳʚʘʝʤ ʨʫʢʘʚ ʠ ʩʪʘʚʠʤ 
ʝʛʦ ʚ ʨʘʩʯʸʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʨʝʤʦʥʪʘ ʧʦʞʘʨʥʳʭ ʨʫʢʘʚʦʚ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʨʝʤʦʥʪ ʥʘʧʦʨʥʳʭ ʧʦʞʘʨʥʳʭ 

ʨʫʢʘʚʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʧʦʞʘʨʘ ʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʯʪʦ ʥʝʩʦ-

ʤʥʝʥʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʦ 
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ʪʫʰʝʥʠʶ ʧʦʞʘʨʘ ʟʘ ʩʯʸʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚʠʜʦʚ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʘʚʠʘʮʠʦʥʥʫʶ ʪʝʭʥʠʢʫ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʬʘʢʪʦʨʦʚ (ʦʙʲʝʢʪʠʚʥʳʭ ʠ ʩʫʙʲʝʢʪʠʚʥʳʭ) ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʘʰʠʥ ʠʟʤʝʥʷʝʪʩʷ. ʉʘʤʦʣʝʪ ʚʥʝʟʘʧʥʦ ʠʣʠ ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʝʪ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʜʘʣʴʥʝʡʰʘʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʡ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʣʝʪʦʚ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʝ ʭʘʨʘʢʪʝʨʘ ʦʪʢʘʟʦʚ, ʥʦ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʨʫʧʧʳ ʦʪʢʘʟʦʚ, ʦʙʲʝʜʠʥʠʚ ʠʭ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤʫ ʧʨʠʟʥʘʢʫ. ɺʩʝ ʦʪʢʘʟʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ:  

ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ:  

- ʚʥʝʟʘʧʥʳʡ ʦʪʢʘʟ, ʢʦʪʦʨʳʡ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʙʦʪʝ ʩʘʤʦʣʝʪʘ;  

- ʧʦʩʪʝʧʝʥʥʳʡ ʦʪʢʘʟ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʝʧʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʟʥʘ-

ʯʝʥʠʡ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʙʦʪʝ ʤʘʰʠʥʳ 

(ʝʩʪʝʩʪʚʝʥʥʳʡ ʠʟʥʦʩ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠʣʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʘʛʨʝʛʘʪʘʭ, ʫʟʣʘʭ ʠ ʪ.ʜ.);  

ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ:  

- ʧʨʝʜʦʪʚʨʘʱʘʝʤʳʡ ʦʪʢʘʟ, ʧʦʷʚʣʝʥʠʶ ʢʦʪʦʨʦʛʦ ʧʨʝʜʰʝʩʪʚʫʶʪ ʥʘʙʣʶʜʘʝʤʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʘʤʦʣʝʪʘ ʠʣʠ ʚ ʠʭ ʨʘʙʦ-

ʪʝ;  

- ʥʝʧʨʝʜʦʪʚʨʘʱʘʝʤʳʡ ʦʪʢʘʟ, ʜʦ ʧʦʷʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢʠʝ-

ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ ʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʘʤʦʣʝʪʘ ʠʣʠ ʚ ʠʭ 

ʨʘʙʦʪʝ;  

ʧʦ ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʦʪʢʘʟʘʤʠ:  

- ʥʝʟʘʚʠʩʠʤʳʡ ʦʪʢʘʟ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʜʨʫʛʦʛʦ 

ʦʪʢʘʟʘ ʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʷʭ ʤʘʰʠʥʳ;  

- ʟʘʚʠʩʠʤʳʡ ʦʪʢʘʟ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʜʨʫʛʦʛʦ ʦʪʢʘʟʘ;  

ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʣʝʪʘ: 

- ʧʦʣʥʳʡ ʦʪʢʘʟ, ʚʳʟʳʚʘʶʱʠʡ ʧʦʣʥʦʝ ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʣʝʪʘ;  

- ʯʘʩʪʠʯʥʳʡ ʦʪʢʘʟ, ʚʳʟʳʚʘʶʱʠʡ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʘʤʦ-

ʣʝʪʘ (ʧʦʪʝʨʷ ʤʦʱʥʦʩʪʠ ʚ ʜʚʠʛʘʪʝʣʝ, ʥʘʨʫʰʝʥʠʝ ʚ ʨʘʙʦʪʝ ʨʫʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʜʨ.);  

ʧʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ:  

- ʫʩʪʦʡʯʠʚʳʡ ʦʪʢʘʟ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʨ, 

ʧʨʠʥʷʪʳʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʣʝʪʘ (ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʘ); 

- ʩʘʤʦʫʩʪʨʘʥʷʶʱʠʡʩʷ ʦʪʢʘʟ (ʩʙʦʡ), ʢʦʪʦʨʳʡ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʠʩʯʝʟʘʝʪ ʙʝʟ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ; 

- ʧʝʨʝʤʝʞʘʶʱʠʡʩʷ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʩʙʦʡ; 

ʧʦ ʧʨʠʟʥʘʢʫ ʧʨʦʷʚʣʝʥʠʷ:  

- ʷʚʥʳʡ ʦʪʢʘʟ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ ʚʥʝʰʥʠʤ ʦʩʤʦʪʨʦʤ, ʦʧʨʦʙʦʚʘ-

ʥʠʝʤ ʠʣʠ ʧʫʩʢʦʤ ʜʚʠʛʘʪʝʣʷ;  

- ʥʝʷʚʥʳʡ ʦʪʢʘʟ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ;  

ʧʦ ʦʙʲʝʤʫ ʠ ʭʘʨʘʢʪʝʨʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ:  

- ʨʘʩʩʪʨʦʡʢʘ  ï ʥʘʨʫʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʩʘʤʦʣʝʪʘ ʠʣʠ 

ʘʛʨʝʛʘʪʦʚ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠʣʠ ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʠʩʧʨʘʚʥʳʭ 

ʘʛʨʝʛʘʪʘʭ, ʫʟʣʘʭ ʩʘʤʦʣʝʪʘ;  
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- ʧʦʚʨʝʞʜʝʥʠʝ ï ʩʦʙʳʪʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʥʘʨʫʰʝʥʠʠ ʠʩʧʨʘʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʤʘʰʠʥʳ ʠʣʠ ʝʝ ʘʛʨʝʛʘʪʘʭ, ʫʟʣʘʭ ʠʣʠ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʷʭ;  

- ʘʚʠʘʮʠʦʥʥʦʝ ʧʨʦʠʩʰʝʩʪʚʠʝ ï ʵʪʦ ʩʦʙʳʪʠʝ, ʚʳʟʚʘʥʥʦʝ ʛʨʫʙʳʤ ʥʘʨʫʰʝʥʠʝʤ 

ʧʨʘʚʠʣ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʩʘʤʦʣʝʪʘ;  

ʧʦ ʧʨʠʯʠʥʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ:  

- ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʦʪʢʘʟ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʦʰʠʙʢʘʤʠ ʠʣʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ 

ʧʨʠʥʷʪʳʭ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠʣʠ ʥʝʜʦʨʘʙʦʪʢʘʤʠ; 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʦʪʢʘʟ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʨʫʰʝʥʠʝʤ ʠʣʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ 

ʧʨʠʥʷʪʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠʣʠ ʤʘʪʝʨʠʘʣʘ; 

- ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʦʪʢʘʟ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʥʘʨʫʰʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʠʣ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤʠ ʜʣʷ ʫʩʣʦʚʠʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ.  

ʆʪʢʘʟʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ, ʚʦʟʥʠʢʘʶʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʢʘʢʠʝ ʧʨʠʯʠʥʳ ʠʭ 

ʚʳʟʚʘʣʠ, ʥʘʩʪʫʧʘʶʪ ʣʠʙʦ ʚʥʝʟʘʧʥʦ, ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ (ʩʦʩʪʦʷʥʠʷ), ʣʠʙʦ ʧʦʩʪʝʧʝʥʥʦ. ʇʦʵʪʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝ-

ʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʘʤʦʣʝʪʘ ʨʘʟʣʠʯʘʶʪ ʦʪʢʘʟʳ ʚʥʝʟʘʧʥʳʝ ʠ 

ʧʦʩʪʝʧʝʥʥʳʝ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʘʤʦʣʝʪʦʚ ʚʦ ʚʨʝʤʝʥʠ ʵʪʠ ʜʚʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʛʨʫʧʧʳ ʦʪʢʘʟʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥ-

ʪʝʨʝʩ. ʈʝʟʫʣʴʪʘʪʦʤ ʥʝʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʜʚʠʛʘʪʝʣʷ, ʘʛʨʝʛʘʪʘʭ, ʫʟʣʘʭ, ʚ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮʘʭ ʷʚʣʷʶʪʩʷ ʚʥʝʟʘʧʥʳʝ ʦʪʢʘʟʳ, ʚʳʟʳʚʘʶʱʠʝ ʥʝʦʞʠʜʘʥʥʦʝ (ʠʥʦʛʜʘ 

ʘʚʘʨʠʡʥʦʝ) ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʠʣʠ ʝʛʦ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʠʚʦ-

ʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʡ, ʘ ʠʥʦʛʜʘ ʢʨʠʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʫʟʣʘ 

ʠʣʠ ʩʘʤʦʣʝʪʘ ʚ ʮʝʣʦʤ. ʍʘʨʘʢʪʝʨ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʥʝʣʴʟʷ, ʦʥʠ ʚʦʟʥʠ-

ʢʘʶʪ ʩʣʫʯʘʡʥʦ, ʥʝʦʞʠʜʘʥʥʦ ʠ ʧʨʝʜʩʢʘʟʘʪʴ, ʢʦʛʜʘ ʦʥʠ ʧʨʦʠʟʦʡʜʫʪ, ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ 

ʢʘʢ ʧʦʣʥʦʪʘ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ ʩʘʤʦʣʝʪʘ, ʥʠʯʪʦʞʥʦ 

ʤʘʣʘ.  

ʂ ʚʥʝʟʘʧʥʳʤ ʦʪʢʘʟʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ, ʢʘʢ ʧʦʣʦʤʢʠ ʜʚʠʛʘʪʝʣʷ ʠ 

ʝʛʦ ʩʠʩʪʝʤ, ʘʛʨʝʛʘʪʦʚ, ʫʟʣʦʚ, ʧʝʨʝʛʦʨʘʥʠʝ, ʦʙʨʳʚ, ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʵʣʝʢ-

ʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʜʚʠʛʘʪʝʣʷ ʠ ʪ. ʜ. ʆʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʷʚʣʷʶʪʩʷ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʩʘʤʦʣʝʪʘ, ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ (ʧʝʨʝʛʨʝʚ, ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʚ ʩʠʩʪʝʤʝ ʩʤʘʟʢʠ, ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʝ, ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʜʨ.), ʜʝʬʝʢʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʙʦʝʚʳʝ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʇʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʟʘʨʦʞʜʘʶʪʩʷ ʚ ʚʠʜʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʫʭʫʜʰʝʥʠʡ ʚ ʨʘʙʦʪʝ 

ʩʘʤʦʣʝʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʥʦʩʘ ʪʨʫʱʠʭʩʷ ʯʘʩʪʝʡ, ʜʝʬʦʨʤʘʮʠʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʦʢ, ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʧʣʘ, ʭʦʣʦʜʘ, ʚʣʘʛʠ, ʩʚʝʪʘ ʠ ʜʨʫʛʠʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʧʨʠʚʦʜʷʪ ʢ ʤʝʜʣʝʥʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʷ: ʫʤʝʥʴʰʝ-

ʥʠʶ ʤʦʱʥʦʩʪʠ ʠʣʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʫʚʝʣʠʯʝ-

ʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʭʦʜʘ, ʰʘʪʢʦʩʪʝʡ ʠ ʫʩʠʣʠʡ ʚ ʨʘʙʦʯʠʭ ʤʝʭʘʥʠʟʤʘʭ, ʟʘʛʨʷʟʥʝʥʠʶ ʦʧʪʠ-

ʢʠ ʠ ʪ.ʧ., ʢʦʪʦʨʳʝ ʧʝʨʝʨʘʩʪʘʶʪ ʚ ʦʪʢʘʟ.  

ʅʝʦʙʨʘʪʠʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʩʪʝʧʝʥʥʳʭ ʦʪʢʘʟʦʚ, ʢʦʪʦʨʳʝ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʷʪ 

ʢ ʧʦʩʪʝʧʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟʜʝʣʠʷ. ʕʪʠ ʩʪʨʫʢ-

ʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʘʥʳ ʩ ʜʝʡʩʪʚʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦ-

ʨʦʚ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʩʪʘʨʝʥʠʝ ʠ ʠʟʥʦʩ.  



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʇʨʦʮʝʩʩ ʩʪʘʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʟʘʚʠ-

ʩʷʱʠʤʠ ʢʘʢ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʪʘʢ ʠ ʦʪ 

ʧʨʠʯʠʥ ʚʥʫʪʨʝʥʥʝʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ 

ʩʘʤʦʣʝʪʘ. ʇʦʵʪʦʤʫ ʧʝʨʠʦʜ ʠʟʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʫʟʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʢʦʣʝʙʣʝʪʩʷ 

ʚ ʚʝʩʴʤʘ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ.  

ʇʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʥʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʵʪʦʤʫ ʚ ʩʘʤʦʣʝ-

ʪʝ ʦʥʠ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩ ʥʝʢʦʪʦʨʳʤ ʦʧʦʟʜʘʥʠʝʤ ʣʠʰʴ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʩʤʦʪʨʘ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ. ʅʦ ʧʦʩʪʝʧʝʥʥʳʝ ʦʪʢʘʟʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʥʝʟʘʧ-

ʥʳʭ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʟʘʢʦʥʦʤʝʨʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʷʭ ʩʘʤʦʣʝʪʘ (ʘʛʨʝ-

ʛʘʪʘ, ʫʟʣʘ, ʜʝʪʘʣʠ ʠʣʠ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ). ʇʦʵʪʦʤʫ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʠ ʭʘʨʘʢʪʝʨ ʚʳʟʚʘʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʢʘʟʘʪʴ ʚʨʝ-

ʤʷ ʧʦʷʚʣʝʥʠʷ ʵʪʠʭ ʦʪʢʘʟʦʚ ʠ ʧʨʝʜʧʨʠʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ ʧʦ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ. 

ɺ ʵʪʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʚʥʝʟʘʧʥʳʤʠ ʦʪʢʘʟʘʤʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʤʠ ʩʦʙʦʡ ʯʠʩʪʫʶ ʩʣʫʯʘʡʥʦʩʪʴ, ʠ ʧʦʩʪʝʧʝʥʥʳʤʠ ʦʪʢʘʟʘʤʠ, ʷʚʣʷʶʱʠʤʠʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʥʝʧʨʝʨʳʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʘʙʦʪʝ ʘʛʨʝʛʘʪʦʚ ʠ 

ʩʠʩʪʝʤ ʩʘʤʦʣʝʪʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʢʘʞʜʳʡ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨ 

ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ. ʇʦʜ ʧʘʨʘʤʝʪʨʦʤ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʧʦʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘ-

ʟʦʚ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʚʟʷʪʦʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʦʤʝʥ-

ʪʘ ʚʨʝʤʝʥʠ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʩʘʤʦʣʝʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʘ-

ʟʦʚ (ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ) ʧʨʠ ʠʭ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʦ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʩʘʤʦʣʝʪʘ ʚʦ ʚʨʝʤʝʥʠ. 

 

 
ʈʠʩ.1. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʩʘʤʦʣʝʪʘ ʚʦ ʚʨʝʤʝʥʠ: 

tïʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ; t1 ïʦʢʦʥʯʘʥʠʝ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ; t2ïʥʘʯʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ; t3ïʤʦʤʝʥʪ ʦʪʧʨʘʚʢʠ ʩʘʤʦʣʝʪʘ ʚ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ; Wʧïʧʨʝʜʝʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʳ ʪʠʧʠʯʥʳʝ ʯʝʪʳʨʝ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʷʪ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʚʦ ʚʨʝʤʝʥʠ: ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ (ʦʪ 0 ʜʦ t1); 
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ʦʙʢʘʪʢʠ (ʦʪ t1 ʜʦ t2); ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʧʨʦʚʦʜʷʪʩʷ ʧʣʘʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʠ ʪʝʢʫʱʠʝ ʨʝʤʦʥʪʳ (ʦʪ t2 ʜʦ t3); ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʥʦʩʘ (ʩʪʘʨʝʥʠʷ) (ʦʪ t3 ʜʦ 

t4) ʚ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʠʦʜ ʦʪʢʘʟʦʚ. 

ʅʘ ʫʯʘʩʪʢʝ ʦʪ 0 ʜʦ t1 ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʩʘʤʦʣʝʪʘ ʠʟ-ʟʘ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ 

ʩʢʨʳʪʳʝ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ, ʦʰʠʙʦʢ, ʜʦʧʫʱʝʥʥʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʚ ʧʨʦʮʝʩ-

ʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠ ʜʨ.  

ʅʘ ʫʯʘʩʪʢʝ ʦʪ t1 ʜʦ t2 (ʪ. ʝ. ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʵʢʩʧʣʫʘʪʘʮʠʠ) ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʦʙʲʷʩʥʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ ʩʘʤʦʣʝʪʘ ʠʟ-ʟʘ ʵʣʝʤʝʥʪʦʚ, 

ʠʤʝʶʱʠʭ ʩʢʨʳʪʳʝ ʚʥʫʪʨʝʥʥʠʝ ʜʝʬʝʢʪʳ, ʜʦʧʫʱʝʥʥʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʰʠʙʢʠ 

ʧʠʣʦʪʘ ʠʟ-ʟʘ ʝʛʦ ʥʝʦʧʳʪʥʦʩʪʠ ʠ ʜʨ. ʇʦ ʤʝʨʝ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʜʝʬʝʢʪʥʳʭ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʟʘʤʝʥʳ ʠʩʧʨʘʚʥʳʤʠ ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʩʘʤʦʣʝʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ, ʜʦʩʪʠʛʥʫʚ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ W ɻʩʪʘʥʦʚʠʪʩʷ ʢ ʤʦʤʝʥʪʫ t2 ʧʨʠʙʣʠ-

ʟʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʩʪʦʢ ʦʪ t1 ʜʦ t2 ʛʨʘʬʠʢʘ ʷʚʣʷʝʪʩʷ 

ʫʯʘʩʪʢʦʤ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʢʘʪʢʘ ʜʝʪʘʣʝʡ ʚ ʫʟʣʘʭ ʠ ʘʛʨʝʛʘʪʘʭ ʩʘʤʦ-

ʣʝʪʘ. 

ʅʘ ʫʯʘʩʪʢʝ ʦʪ t2 ʜʦ t3 ʧʘʨʘʤʝʪʨ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʩʘʤʦʣʝʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʦʪʢʘʟʳ ʚ ʦʩʥʦʚʥʦʤ ʥʦʩʷʪ ʚʥʝʟʘʧʥʳʡ ʭʘʨʘʢʪʝʨ. ɽʛʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʥʘʠʙʦʣʴʰʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʝʨʠʦʜʘʤʠ ʠ ʟʘʚʠ-

ʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʧʦʣʥʦʪʳ ʠ ʢʘʯʝʩʪʚʘ ʧʨʦʚʦʜʠʤʦʛʦ ʧʣʘʥʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ, ʘ ʪʘʢ-

ʞʝ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʘʤʦʣʝʪʘ. 

 ʋʯʘʩʪʦʢ ʦʪ t3 ʜʦ t4 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ ʦʪ 

Wʨ ʜʦ Wʧ ʚʩʣʝʜʩʪʚʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʟʥʦʩʘ ʠʣʠ ʩʪʘʨʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʩʘʤʦʣʝʪʘ. 

ʉ ʥʘʩʪʫʧʣʝʥʠʝʤ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʜʘʣʴʥʝʡʰʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠʟʜʝʣʠʷ ʩʪʘʥʦʚʠʪʩʷ ʵʢʦʥʦ-

ʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʠ ʩʘʤʦʣʝʪ ʦʙʳʯʥʦ ʦʪʧʨʘʚʣʷʝʪʩʷ ʚ ʨʝʤʦʥʪ.  

ɼʘʥʥʳʡ ʛʨʘʬʠʢ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʳʚʦʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʩʘʤʳʡ ʩʣʦʞ-

ʥʳʡ ʧʝʨʠʦʜ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʚʦʟʤʦʞʥʳʭ ʦʪʢʘʟʦʚ ʚ ʩʘʤʦʣʝʪʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʧʝʨʠʦʜ ʟʘʚʦʜʩʢʠʭ ʠʩʧʳʪʘʥʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʩʘʤʦʣʝʪʘ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʠʟʚʝ-

ʩʪʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʙʢʘʪʢʫ ʩʘʤʦʣʝʪʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ, ʥʝ ʧʨʠ-

ʨʘʙʦʪʘʥʥʦʛʦ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʘʛʨʝʛʘʪʘ, ʫʟʣʘ ʠʣʠ ʤʝʭʘʥʠʟʤʘ ʙʫʜʝʪ ʥʝʜʦʧʫʩʪʠʤʦ 

ʚʳʩʦʢʘ.  
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ɺ. ʉ. ʉʫʚʦʨʦʚ, ɺ. ɺ. ʂʠʩʝʣʝʚ
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ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 
ʇʆɺʓʐɽʅʀɽ ʅɸɼɽɾʅʆʉʊʀ ʄɽʊɸʃʃʆʂʆʅʉʊʈʋʂʎʀʁ ʇʈʀ ɺʓʉʆʂʀʍ 

ʊɽʄʇɽʈɸʊʋʈɸʍ ɿɸ ʉʏɽʊ ʅɸʅɽʉɽʅʀʗ ʆɻʅɽʉʊʆʁʂʆɻʆ ʇʆʂʈʓʊʀʗ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴ, ʧʦʢʨʳʪʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʟʘʱʠʪʘ, ʧʨʦʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ 

ɸʥʥʦʪʘʮʠʷ: ʇʦʚʳʰʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʦʞʘʨʘʭ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʭ ʢʘʯʝʩʪʚʝʥʥʫʶ ʟʘʱʠʪʫ ʦʪ ʧʝʨʝʛʨʝʚʘ. 

ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʠ ʧʨʠʚʦʜʠʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟ-

ʨʘʙʦʪʘʥʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʦʛʥʝʩʪʦʡʢʦʛʦ ʧʦʢʨʳʪʠʷ. 

 

V. S. Suvorov, V. V. Kiselev 

 

IMPROVING THE RELIABILITY OF METAL STRUCTURES AT HIGH  

TEMPERATURES DUE TO FIRE -RESISTANT COATING  

 

Keywords: steel, coating, temperature, protection, strength, reliability 

Abstract:  Elevated temperatures during fires have a significant impact on the strength prop-

erties of metal structures, reduces the reliability of their further operation. Therefore, it is extremely 

important to ensure their high-quality protection against overheating. The possible methods of pro-

tection are described in the work and the manufacturing technology of the developed protective fire-

resistant coating is described. 

 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʤʦʥʦʣʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʤʝʥʷʶʪʩʷ ʤʦʥʦʣʠʪʥʳʝ ʢʦʣʦʥʥʳ ʠ ʧʣʠʪʳ ʧʝʨʝ-

ʢʨʳʪʠʷ, ʦʙʨʘʟʫʷ ʩʤʝʰʘʥʥʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʩ ʥʝʩʫʱʠʤʠ ʩʪʝʥʘʤʠ ʠ ʢʦʣʦʥ-

ʥʘʤʠ. ɺ ʨʦʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʩʪʫʧʘʶʪ ʢʦʣʦʥʥʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝ-

ʩʪʚʝ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʢʨʳʪʠʷ ʚ ʩʧʦʨʪʠʚʥʳʭ ʟʘʣʘʭ. ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʧʦʢʨʳʪʠʷ ʷʚʣʷʶʪʩʷ ʢʣʝʝʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʙʘʣʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʝʝʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʪʫ ʤʦʥʪʘʞʘ. ʕʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʫʩʪʦʡʯʠʚʳ ʢ ʟʘʛʥʠʚʘʥʠʶ. 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʧʦʞʘʨʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢʘʞʜʳʡ ʰʝʩʪʦʡ ʧʦʞʘʨ ʚʦʟʥʠʢʘʝʪ ʚ ʟʜʘʥʠʷʭ, ʚ ʢʦʪʦ-

ʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ. ʉʦʛʣʘʩʥʦ 

ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʘʢʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪ-

ʨʦʤ ï ʧʨʝʜʝʣʦʤ ʦʛʥʝʩʪʦʡʢʦʩʪʠ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʨʝʤʝʥʥʦʡ 

ʧʨʦʤʝʞʫʪʦʢ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500ÁC. 
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ʏʘʩʪʦ ʧʨʠ ʧʦʞʘʨʘʭ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ. ʅʝʨʝʜʢʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʜʦʩʪʠʛʘʝʪ ʧʦʨʷʜʢʘ 700 
0
ʉ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʞʝ ʧʨʠ 600 

0
ʉ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʪʨʝʭ ʨʘʟ ʧʦ ʟʥʘʯʝʥʠʶ ʧʨʝʜʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.   

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝ-

ʤʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʦʥʠ 

ʦʙʳʯʥʦ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʚʩʝʤ ʧʨʘʚʠʣʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʥʦ 

ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ ʧʦʞʘʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ.  

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʛʥʝʟʘʱʠʪʳ ʦʧʨʝʜʝʣʷʶʪ ʩ ʫʯʝʪʦʤ 

ʪʨʝʙʫʝʤʦʛʦ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʝʝ ʪʠʧʘ ʠ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʢʦʣʦʥʥʳ, ʩʪʦʡʢʠ, ʨʠʛʝʣʠ, ʙʘʣʢʠ, 

ʩʚʷʟʠ), ʚʠʜʘ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ (ʩʪʘʪʠʯʝʩʢʘʷ, ʜʠʥʘʤʠʯʝʩʢʘʷ), 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ ʦʛʥʝʟʘ-

ʱʠʪʝ (ʩʫʭʠʝ, ʤʦʢʨʳʝ ʧʨʦʮʝʩʩʳ), ʩʪʝʧʝʥʠ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʚʝʣʠʯʝ-

ʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʟʘ ʩʯʝʪ ʦʛʥʝʟʘʱʠʪʳ, ʵʩʪʝʪʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʜʨ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ, 

ʧʦʜʚʝʨʛʰʝʡʩʷ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 700 
0
ʉ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʦʭʣʘʞʜʝʥʠʶ. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʦʛʥʝʟʘʱʠʪʥʳʡ ʩʦʩʪʘʚ, ʧʨʠʟʚʘʥʥʳʡ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʥʘ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ 

ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ. ɼʣʷ ʠʩ-

ʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʰʠʥʘ ʈ-5, ʘ ʜʣʷ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ ï ʤʫ-

ʬʝʣʴʥʘʷ ʧʝʯʴ (ʨʠʩ. 1). ɺ ʢʘʯʝʩʪʚʝ ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʪʴ ʤʘʨʢʠ 

ʉʪ3. ʆʙʨʘʟʝʮ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʩʪʘʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʨʘʟʤʝ-

ʨʦʤ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 150 ʤʤ
2
. 

 

 
ʈʠʩ. 1. ʃʘʙʦʨʘʪʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

 
ʀʩʧʳʪʫʝʤʳʡ ʦʙʨʘʟʝʮ ʠʩʧʳʪʳʚʘʣʩʷ ʢʘʢ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʦʛʥʝʟʘʱʠʪʳ, ʪʘʢ ʠ ʩ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝʤ. ʉʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʛʥʝʟʘʱʠʪʳ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʮʝʥʢʫ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʪʝʭʥʦ-

ʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ. ʉʫʭʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʟʚʝʰʠ-

ʚʘʶʪʩʷ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʚʝʩʘʭ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,5 % ʧʦ ʤʘʩʩʝ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ ʚ 

ʩʤʝʩʠʪʝʣʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ɺʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʝ ʤʝʥʝʝ 5 ʤʠʥ. ɾʠʜʢʦʝ 

ʩʪʝʢʣʦ (ɾʉ) ʨʘʟʙʘʚʣʷʝʪʩʷ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝ ʙʦʣʝʝ 80 Áʉ ʧʨʠ ʧʦʩʪʦʷʥ-

ʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʜʦ ʧʣʦʪʥʦʩʪʠ 1,2 ʛ/ʩʤ
3 
(ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 

10078-81). ɼʦʧʫʩʢʘʝʪʩʷ ʨʘʟʙʘʚʣʷʪʴ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ (20 Áʉ) ʧʨʠ ʫʩʣʦ-

ʚʠʠ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʦ 10 ʤʠʥ. ʈʘʟʙʘʚʣʝʥʥʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ 

ʬʠʣʴʪʨʫʝʪʩʷ ʯʝʨʝʟ ʩʠʪʦ ˉ 05 (ɻʆʉʊ 3584-73). ʉʫʭʘʷ ʩʤʝʩʴ ʠ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʟʘʛʨʫʞʘ-

ʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʢʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʥʘʥʝʩʝ-

ʥʠʷ ʧʦʢʨʳʪʠʷ [1].  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

 
ʊʘʙʣʠʮʘ ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

 
ˉ ʦʙ-

ʨʘʟʮʘ 

ʊʠʧ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʦʙʨʘʟʮʘ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟ-

ʮʘ, 
0
ʉ 

ɺʨʝʤʷ ʥʘʛʨʝʚʘ 

ʦʙʨʘʟʮʘ, ʤʠʥ 

ʇʨʝʜʝʣʴʥʘʷ ʧʨʦʯ-

ʥʦʩʪʴ,  

ʄʇʘ 

1 ʉʪʘʣʴʥʦʡ ʦʙʨʘʟʝʮ ʙʝʟ 

ʧʦʢʨʳʪʠʷ 
20 

15 

714,3 

2 ʉʪʘʣʴʥʦʡ ʦʙʨʘʟʝʮ ʙʝʟ 

ʧʦʢʨʳʪʠʷ 

700 

228,4 

3 ʂʨʘʩʢʘ ʦʛʥʝʟʘʱʠʪʥʘʷ 

Ecofire 

345,5 

4 ʂʨʘʩʢʘ ʦʛʥʝʟʘʱʠʪʥʘʷ 

ʆɿʂ-01-ʈ 

358,7 

5 ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʦʛʥʝʟʘ-

ʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ 

378,6 

 
ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚʠʜʠʤ, ʯʪʦ ʦʙʨʘʟʝʮ ʧʦʜʚʝʨʛ-

ʰʝʡʩʷ ʥʘʛʨʝʚʫ ʜʦ 700 
0
ʉ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʪʝʨʷʣ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ. ʉʥʠʞʝʥʠʝ ʩʦ-

ʩʪʘʚʠʣʦ 3,1 ʨʘʟʘ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ ʩʥʠʟʠʣʩʷ ʜʦ 228,4 ʄʇʘ. ʇʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ 

ʧʨʦʯʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʧʦʣʟʫʯʝʩʪʠ ʤʝʪʘʣʣʘ ʟʥʘʯʠʪʝʣʴʥʘ, ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʘ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʩʫʱʠʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʦʡ ʙʫ-

ʜʝʪ ʩʪʘʣʴʥʘʷ ʜʝʪʘʣʴ ʩ ʪʘʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʩʚʦʶ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʦʜʪʚʝʨʜʠʣʠ ʦʛʥʝʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ. ʀʭ ʜʝʡʩʪʚʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʩʧʫʯʠʚʘʥʠʝ ʧʦʢʨʳʪʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ ʥʘ ʟʘʱʠʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʦʛʥʝʟʘʱʠʪʳ ʟʘʚʠʩʠʪ 

ʦʪ ʪʠʧʘ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʠ ʪʝʭ ʥʝʩʢʦʣʴʢʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʠʥʫʪ, ʚ ʪʝʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ, ʤʦʞʝʪ ʩʪʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʫʰʝʥʠʷ ʟʜʘʥʠʷ. ʉʨʘʚʥʠʚʘʷ 

ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʝʟʘʱʠʱʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʠʧʘʤʠ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʤʦʞʝʤ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʯʥʦʩʪʠ ʫ ʦʙʨʘʟ-

ʮʦʚ ʩ ʧʦʢʨʳʪʠʷʤʠ ʚʳʰʝ ʥʘ 51 ï 66 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ-

ʤʝʥʝʥʠʷ ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʥʘʛʨʝʚʫ ʜʦ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚʳʙʠʨʘʷ ʦʛʥʝʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʥʫʞʥʦ 

ʚʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʘʪʴ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʚʦʡʩʪʚʘ. ʇʦʢʘʟʘʪʝʣʴ ʟʘʱʠʪʳ 



ʅɸɼɽɾʅʆʉʊʔ ʀ ɼʆʃɻʆɺɽʏʅʆʉʊʔ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ 
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ʦʪ ʦʛʥʷ ʫ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʝ ʦʜʠʥʘʢʦʚ. ʇʨʝʜʣʦʞʝʥʥʦʝ ʠ ʦʧʠʩʘʥʥʦʝ ʚ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʦʛʥʝʩʪʦʡʢʦʝ ʧʦʢʨʳʪʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʟʘʱʠʪʳ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʚʳʩʦ-

ʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʝ ʫʩʪʫʧʘʝʪ ʧʦʢʘʟʘʪʝʣʷʤ ʟʘʱʠʪʳ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʥʘ ʨʳʥʢʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʦʚ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʦ ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝ ʫʪʷʞʝʣʷʝʪ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ. 
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A. V. Surovegin, G. V. Kuvshinov, M. O. Bakanov, A. V. Maslov 

 

TECHNOLOGICAL METHODS FOR IMPROVING RELIABILITY  

 

Keywords: reliability, durability, friction, wear, repair, car, maintenance. 

Abstract: Wear is one of the main, ongoing reasons for the deterioration of the technical 

condition of the machine. Wear products appearing in the friction zone often increase the wear rate, 

which helps to reduce the life of the rubbing elements.  

 

 

ʅʘʜʝʞʥʦʩʪʴ - ʵʪʦ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʚʦ ʚʨʝʤʝʥʠ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝ-

ʜʝʣʘʭ ʚʩʝ ʧʘʨʘʤʝʪʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʬʫʥʢʮʠʡ ʚ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʦʙʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʥʘʜʸʞʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʢ ʧʦʞʘʨʥʦʡ 

ʠ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. ʅʘʭʦʜʷʩʴ ʚ ʜʝʞʫʨʥʦʤ ʨʝʞʠʤʝ, ʦʥʘ ʧʦʩʪʦʷʥʥʦ 

ʜʦʣʞʥʘ ʙʳʪʴ ʛʦʪʦʚʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ. ʅʠʟʢʠʡ 

                                                 
29

 Éʉʫʨʦʚʝʛʠʥ ɸ. ɺ., ʂʫʚʰʠʥʦʚ ɻ. ɺ., ɹʘʢʘʥʦʚ ʄ. ʆ., ʄʘʩʣʦʚ ɸ. ɺ., 2020 
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ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʧʦʣʥʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʝʨʴʝʟʥʳʤ ʟʘʪʨʘʪʘʤ ʥʘ 

ʨʝʤʦʥʪ, ʜʣʠʪʝʣʴʥʦʤʫ ʧʨʦʩʪʦʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢ ʘʚʘʨʠʷʤ.  

ʅʘʜʝʞʥʦʩʪʴ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠ-

ʥʳ, ʘ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ï ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʨʝʘʣʠʟʫʝʪʩʷ ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ. ʈʘʩʩʤʦʪʨʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝ-

ʥʠʷ ʥʘʜʝʞʥʦʩʪʠ. 

ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1) ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʪʝʨʤʠʯʝʩʢʠʤʠ, 

ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ; 

2) ʥʘʥʝʩʝʥʠʝ ʫʧʨʦʯʥʷʶʱʠʭ, ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʠ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʜʝʪʘʣʠ ʤʘʰʠʥ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʷʭ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʩʪʘʪʠʯʝ-

ʩʢʦʡ ʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ), ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʞʘʨʦ-

ʧʨʦʯʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. ʇʝʨʚʠʯʥʦʡ ʟʘʜʘʯʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʫʪʝʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʥʠʞʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʧʦʚʳʰʝʥʠʶ ʮʠʢʣʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʢʦʨʨʦʟʠ-

ʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʨʘʙʦʪʢʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʧʦʛʨʘʬʠʷ ʩʦʧʨʷʛʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʘʷ ʬʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʠʩʭʦʜʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʝʡ ʫʟʣʘ ʠ 

ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʜʘʚʘʣʘ ʪʦʧʦʛʨʘʬʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʣʠʟʢʫʶ ʢ ʦʧʪʠ-

ʤʘʣʴʥʦʡ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ (ʜʨʦʙʝʩʪʨʫʡʥʫʶ ʦʙʨʘʙʦʪʢʫ, 

ʦʙʢʘʪʳʚʘʥʠʝ ʰʘʨʠʢʘʤʠ ʠ ʨʦʣʠʢʘʤʠ, ʘʣʤʘʟʥʦʝ ʚʳʛʣʘʞʠʚʘʥʠʝ, ʜʦʨʥʦʚʘʥʠʝ ʠ ʜʨ.). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʣʝʧ, ʪ.ʝ. ʫʧʨʦʯʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʧʨʠ ʠʭ 

ʧʣʘʩʪʠʯʝʩʢʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʣʱʠʥʘ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 0,3ï1,5 ʤʤ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ 

ʪʚʝʨʜʦʩʪʴ ʥʘ 20ï40 % ʠ ʧʦʚʳʰʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʷʜʘ ʜʝʪʘʣʝʡ (ʟʫʙʯʘ-

ʪʳʭ ʢʦʣʝʩ, ʦʩʝʡ, ʧʨʫʞʠʥ ʠ ʜʨ.) ʚ 2ï10 ʨʘʟ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʧʨʦʯ-

ʥʝʥʥʳʭ ʩʣʦʝʚ ʤʝʪʘʣʣʘ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥ ʧʨʦʷʚʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʣʘ-

ʩʪʠʯʝʩʢʦʤʫ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ ʠ ʭʠ-

ʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʝʪʘʣʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʧʨʦʯʥʝʥʠʝ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʘʣʣ ʚ ʦʙʲʝʤʝ ʜʝʪʘʣʠ ʦʩʪʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʩʪʠʯʥʳʤ ʠ ʚʷʟ-

ʢʠʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʝʪʘʣʝʡ ʧʨʠ ʫʜʘʨ-

ʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʫʧʨʦʯʥʝʥʥʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʦʟʥʠʢʘʶʪ ʙʦʣʴʰʠʝ 

ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʩʞʘʪʠʷ, ʢʦʪʦʨʳʝ ʦʩʣʘʙʣʷʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʠ ʧʦʚʳʰʘʶʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʩʪʘʣʦʩʪ-

ʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʝʪʘʣʝʡ ʦʩʪʘʶʪʩʷ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. 

ɿʘʢʘʣʢʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠ-

ʦʥʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʪʘʣʝʡ. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʟʘʢʘʣʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʫʢʨʘʪʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. ɽʩʣʠ ʜʝʪʘʣʴ ʠʩ-

ʧʳʪʳʚʘʝʪ ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʱʠʥʦʡ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʜʦ 
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3 ʤʤ, ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʱʠʥʳ ʙʦʣʝʝ 3 ʤʤ. ʍʠʤʠʢʦ-

ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʫʧʨʦʯʥʷʶʱʝʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʪʘʣʴʥʳʭ ʠʟʜʝ-

ʣʠʡ ʚ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʨʝʜʘʭ ʠ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʪʚʝʨʜʦʩʪʴ ʠ ʠʟ-

ʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʫʩʪʘʣʦʩʪʥʫʶ ʠ ʢʦʥʪʘʢʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ, ʘ ʪʘʢʞʝ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ. ɺ ʵʪʦʤ ʧʣʘʥʝ ʚʦʟʤʦʞʥʦʩʪʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚʳʰʝ, ʯʝʤ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʤʝʥʷʝʪ ʥʝ ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,02 ʜʦ 3 ʤʤ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷ-

ʶʪʩʷ ʮʝʤʝʥʪʘʮʠʷ (ʥʘʩʳʱʝʥʠʝ ʫʛʣʝʨʦʜʦʤ), ʘʟʦʪʠʨʦʚʘʥʠʝ (ʥʘʩʳʱʝʥʠʝ ʘʟʦʪʦʤ), ʥʠʪʨʦ-

ʮʝʤʝʥʪʘʮʠʷ ʠ ʮʠʘʥʠʨʦʚʘʥʠʝ (ʥʘʩʳʱʝʥʠʝ ʫʛʣʝʨʦʜʦʤ ʠ ʘʟʦʪʦʤ), ʘʣʠʪʠʨʦʚʘʥʠʝ (ʥʘʩʳ-

ʱʝʥʠʝ ʘʣʶʤʠʥʠʝʤ) ʠ ʭʨʦʤʠʨʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ ʥʘʩʳʱʝʥʠʷ ʪʠʪʘ-

ʥʦʤ, ʚʘʥʘʜʠʝʤ, ʚʦʣʴʬʨʘʤʦʤ, ʮʠʨʢʦʥʠʝʤ, ʤʝʜʴʶ ʠ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ. ʂʘʞʜʳʡ ʠʟ 

ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʣʱʠʥʫ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʠ 

ʨʘʟʣʠʯʥʳʡ ʫʨʦʚʝʥʴ ʫʩʠʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ.  

ʀʦʥʥʦʝ ʣʝʛʠʨʦʚʘʥʠʝ (ʠʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ) ʪʘʢʞʝ ʦʩʥʦʚʘʥʦ ʥʘ ʙʦʤʙʘʨʜʠʨʦʚʘ-

ʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʧʫʯʢʘʤʠ ʠʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (10ï200 ʢʵɺ). ʉ ʧʦʤʦʱʴʶ 

ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʘʟʦʪʠʨʦʚʘʥʠʝ, ʙʦʨʠʨʦʚʘʥʠʝ, ʦʢʩʠʜʠʨʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʜʝʪʘʣʠ ʠ ʝʛʦ ʣʝʛʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦ-

ʝʚ. 

ʄʝʪʦʜʳ ʣʘʟʝʨʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʦʪʣʠʯʘʶʪʩʷ ʚʚʦʜʦʤ ʣʝʛʠʨʫ-

ʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʥʘʥʦʩʷʪ ʪʦʥʢʦʝ ʧʦʢʨʳʪʠʝ ʠʟ ʤʦʜʠʬʠʢʘʪʦʨʘ (ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʤ ʦʩʘʞʜʝ-

ʥʠʝʤ ʠʣʠ ʧʣʘʟʤʝʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ) ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʝʛʦ ʠʤʧʣʘʥʪʘʮʠʶ ʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʡ ʩʣʦʡ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, 

ʫʟʣʦʚ ʠ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʢʨʳʪʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʠʟʥʦʩʦʩʪʦʡ-

ʢʠʭ, ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ, ʟʘʱʠʪʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ, ʩʧʝʮʠʘʣʴʥʳʭ. ʉʦʟʜʘʥʠʝ ʧʦʢʨʳʪʠʡ 

ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʝʪʘʣʝʡ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʣʦʷ (0,05ï2 ʤʤ) ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʪʨʝʙʫʝʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʩʦʯʝʪʘʥʠʝ ʩʚʦʡʩʪʚ, ʧʨʠʩʫʱʠʭ ʢʘʢ ʤʘʪʝʨʠʘʣʫ ʧʦʢʨʳʪʠʷ, ʪʘʢ ʠ 

ʤʘʪʝʨʠʘʣʫ ʦʩʥʦʚʳ (ʜʝʪʘʣʠ), ʘ ʪʘʢʞʝ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʠ ʩ ʧʦʢʨʳʪʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ 

ʩʘʤʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʧʦʢʨʳʪʠʷ 

ʩ ʦʩʥʦʚʦʡ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 

ʦʙʳʯʥʦ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʵʪʠ ʤʝʪʦʜʳ ʦʪ ʩʧʦʩʦʙʦʚ ʭʠʤʠʢʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʦʡ ʦʙʨʘʙʦʪʢʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ 

ʧʨʠʧʫʩʢ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʠ ʜʦʧʫʩʢ ʥʘ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʠʟʥʦʩ. 

ʇʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʢʨʳʪʠʷʤ ʤʘʣʫʶ ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʩ ʦʩʥʦʚʦʡ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʨʳ-

ʪʠʷ ʠʟ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʝʨʘʤʠʢʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʝ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʜʠʘʧʘʟʦʥ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭ-

ʥʦʩʪʥʳʭ ʩʣʦʝʚ ʜʝʪʘʣʠ. 

ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʧʦʢʨʳʪʠʷ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʚʢʣʶʯʘʷ ʢʘʨʙʠʜʳ, ʦʢʩʠʜʳ, ʥʠʪʨʠʜʳ ʠ ʬʦʩʬʘʪʳ ʤʝʪʘʣʣʦʚ. ʀʭ ʬʦʨʤʠʨʫʶʪ ʥʘ ʧʦ-



ʇʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘʛʨʝʛʘʪʦʚ, ʤʘʰʠʥ 
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ʚʝʨʭʥʦʩʪʠ ʩʪʘʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ, ʩʥʠʞʝʥʠʷ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʧʦʚʳʰʝʥʠʷ ʞʘʨʦ- ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. ʊʦʣʱʠʥʘ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ 

ʟʘʚʠʩʠʪ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʇʦʢʨʳʪʠʷ ʤʘʣʦʡ ʪʦʣʱʠʥʳ (2ï5 ʤʢʤ) ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʟʘʱʠʪʳ ʜʝʪʘʣʝʡ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ; ʧʦʢʨʳʪʠʷ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ (ʜʦ 1-2 

ʤʤ) ï ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʢ ʞʠʜʢʠʤ ʘʛʨʝʩʩʠʚʥʳʤ ʩʨʝʜʘʤ. 

ʂʘʨʙʠʜʥʳʝ, ʥʠʪʨʠʜʥʳʝ ʠ ʢʘʨʙʠʜʦʥʠʪʨʠʜʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘʥʦʩʷʪ ʥʘ ʩʪʘʣʴʥʳʝ ʜʝ-

ʪʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʴ ʠʤʝʶʪ ʧʦʢʨʳʪʠʷ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʷʭ 

ʧʣʘʟʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʪʦʣʱʠʥʝ 4ï10 ʤʢʤ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ ʠʟ ʥʠʪ-

ʨʠʜʘ ʪʠʪʘʥʘ (ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ) ʚ 2ï5 ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʘʥʘʣʦʛʠʯʥʫʶ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʫ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. ɼʣʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ ʢʘʨʙʠʜʘ, ʥʠʪʨʠʜʘ ʠ ʢʘʨʙʦʥʠʪʨʠʜʘ ʪʠ-

ʪʘʥʘ, ʘ ʪʘʢʞʝ ʢʘʨʙʠʜʦʚ ʭʨʦʤʘ ʠ ʤʦʣʠʙʜʝʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʶʪ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʩʤʘʟʦʢ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʫʟʣʘʭ ʤʘʰʠʥ, ʛʜʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʞʠʜʢʠʝ 

ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʪ. ʜ.) 

ʄʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʪ, ʜʠʩʫʣʴʬʠʜ ʤʦʣʠʙʜʝ-

ʥʘ, ʜʠʩʫʣʴʬʠʜ ʚʦʣʴʬʨʘʤʘ, ʘ ʪʘʢʞʝ ʛʘʣʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʈʘʙʦʯʠʝ ʪʝʤʧʝ-

ʨʘʪʫʨʳ ʪʚʝʨʜʦʩʤʘʟʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʚʦʟʜʫʭʝ ʜʦʩʪʠʛʘʶʪ 400ï500 Áʉ ʧʨʠ ʥʠʟʢʦʤ 

(ʦʢʦʣʦ 0,1) ʠ ʩʪʘʙʠʣʴʥʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʪʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʜʘʯʠ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʥʘ ʙʘʟʝ ʛʣʫʙʦʢʠʭ, ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʢʦʥʩʪʨʫʠʨʦ-

ʚʘʥʠʝ ʫʟʣʦʚ ʪʨʝʥʠʷ ʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʩʫ-

ʱʝʩʪʚʝʥʥʦ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʞʠʟʥʠ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʰʠʥ, ʩʥʠʟʠʪʴ ʚʨʝʜʥʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʠʭ ʩʪʦʠʤʦʩʪʠ. 
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ʚʣʘʞʥʦʩʪʴ. 
ɸʥʥʦʪʘʮʠʷ: ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʟ ʜʝʨʝʚʘ ʚʦʟʚʦʜʷʪʩʷ ʧʦʢʨʳʪʠʷ, ʧʝʨʝʢʨʳʪʠʷ, ʩʪʝʥʳ ʠ ʧʝʨʝʛʦʨʦʜʢʠ 

ʟʜʘʥʠʡ ʠ ʤʥʦʛʠʝ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʥʝʩʫʱʠʝ ʥʘ ʩʝʙʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ. ɼʝʨʝ-

ʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʠʯʥʦʤʫ ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ: ʫʚʣʘʞʥʝʥʠʶ, ʚʳʩʫ-

ʰʠʚʘʥʠʶ, ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢ-
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ASSESSMENT OF RELIABILITY OF WOODEN STRUCTURES UNDER THE ACTION 

OF VARIOUS EXTERNAL  FACTORS 

 

Keywords: wood, construction, strength, mechanical damage, moisture. 

Abstract:  Various types of wooden structures are successfully used in modern construction. 

Coatings, ceilings, walls and partitions of buildings and many engineering structures bearing signif-

icant loads are built from wood. Wooden structures are exposed to various external influences: wet-

ting, drying, mechanical damage. The paper presents the results of studies of the strength properties 

of coniferous wood depending on various external factors. 

 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʘʚʠʩʠʪ 

ʦʪ ʝʝ ʩʚʦʡʩʪʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʝʯʴ ʠʜʝʪ ʦ ʩʫʯʢʦʚʘʪʦʩʪʠ, ʩʨʝʜʥʝʡ ʰʠʨʠʥʝ ʛʦʜʠʯʥʳʭ 

ʢʦʣʝʮ, ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʦʣʦʢʦʥ ʠʣʠ ʩʤʦʣʷʥʳʭ ʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘ-

ʯʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʜʦʧʫʩʢʘʶʪʩʷ ʚ ʠʟʚʝʩʪʥʳʭ ʧʨʝʜʝʣʘʭ. ɺʦʟʤʦʞʥʳ ʠ ʪʘʢʠʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʘʢ ʪʨʝʱʠʥʳ, ʧʦʨʘʞʝʥʠʷ ʛʨʠʙʘʤʠ ʠʣʠ ʥʘʩʝʢʦʤʳʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʚʦʟʥʠʢʥʫʪʴ ʢʘʢ ʜʦ ʚʘʣʢʠ ʣʝʩʘ, ʪʘʢ ʠ ʧʦʩʣʝ ʥʝʝ. 

ʎʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʜʨʝʚʝʩʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦ-

ʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʝʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ, ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ (ʚʜʦʣʴ ʚʦʣʦʢʦʥ), ʜʝʣʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʤʝʥʝʥʠʝ ʜʝʨʝ-

ʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʧʦʢʨʳʪʠʷʭ ʦʙʱʝʩʪʚʝʥʥʳʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. ɺ ʥʠʭ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʫʯʰʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʟʘʱʠʪʳ ʦʪ ʛʥʠʝʥʠʷ. ɹʣʘʛʦ-

ʜʘʨʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦʪʝ ʜʨʝʚʝʩʠʥʘ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʞʠʣʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʪʪʝʜʞʥʦʛʦ ʪʠʧʘ. ʄʘʣʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ ʧʦ-

ʧʝʨʝʢ ʚʦʣʦʢʦʥ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʦʛʨʘʞʜʘʶʱʠʭ ʯʘʩʪʷʭ ʦʪʘʧʣʠ-

ʚʘʝʤʳʭ ʟʜʘʥʠʡ. ʍʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʠʤʫʱʝ-
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ʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʝʟʤʝʪʘʣʣʴʥʳʭ (ʦʩʦʙʝʥʥʦ ʢʣʝʝʥʳʭ) ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʜʣʷ ʧʦʢʨʳʪʠʡ ʭʠʤʠʯʝʩʢʠʭ ʮʝʭʦʚ ʠ ʩʢʣʘʜʦʚ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʢʘʯʝʩʪʚʫ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫ-

ʝʤʦʛʦ ʜʣʷ ʨʘʩʪʷʥʫʪʳʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʥʝʝ ʚʳʩʦʢʠʝ - ʢ ʤʘʪʝʨʠʘʣʫ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤʫ ʜʣʷ 

ʩʞʘʪʳʭ ʠ ʠʟʛʠʙʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʥʠʞʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ - ʢ ʤʘʪʝʨʠʘʣʫ ʜʣʷ ʥʝʦʪʚʝʪ-

ʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʥʘʩʪʠʣʦʚ ʠ ʦʙʨʝʰʝʪʦʢ ʧʦʜ ʢʨʦʚʣʶ), ʧʦʚʨʝʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ 

ʥʘʨʫʰʘʝʪ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɼʣʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ ʚ ʦʩʥʦʚʥʦʤ ʭʚʦʡʥʳʝ ʧʦʨʦʜʳ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ - ʩʦʩʥʫ ʠ ʝʣʴ, ʟʘʪʝʤ ʣʠʩʪʚʝʥʥʠʮʫ, ʧʠʭʪʫ ʠ ʢʝʜʨ. ʃʠʩʪʚʝʥʥʳʝ ʧʦʨʦʜʳ (ʦʩʠʥʫ, 

ʙʝʨʝʟʫ, ʦʣʴʭʫ, ʣʠʧʫ ʠ ʪʦʧʦʣʴ) ʧʨʠʤʝʥʷʶʪ ʣʠʰʴ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʦʧʘʣʫʙʢʠ, ʣʝʩʦʚ ʠ ʧʦʜʤʦʩʪʝʡ. ɼʫʙʦʚʘʷ ʜʨʝʚʝʩʠʥʘ 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ ʟʘʛʥʠʚʘʥʠʶ, ʦʜʥʘʢʦ ʦʥʘ ʥʘʠʙʦʣʝʝ 

ʜʝʬʠʮʠʪʥʘ ʠ ʜʦʨʦʛʘ. ʇʦʵʪʦʤʫ ʝʝ ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʜʝʪʘʣʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʝ-

ʨʝʚʷʥʥʳʤʠ ʜʝʪʘʣʷʤʠ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ  ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʝʨʝʚʷʥʥʳʝ ʢʫʙʠʢʠ ʩ ʨʘʟʤʝʨʘʤʠ ʩʪʦʨʦʥ 50 ʤʤ. ʄʘʪʝʨʠʘʣ 

ʢʫʙʠʢʦʚ ï ʩʦʩʥʘ ʠ ʜʫʙ. 

ʀʩʧʳʪʘʥʠʝ ʜʝʨʝʚʷʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ 

ʧʨʝʩʩʝ ʇʉʋ-10. ɼʝʨʝʚʷʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʧʦʜ ʧʨʝʩʩ ʠ ʥʘʛʨʫʞʘʣʠ ʜʦ ʨʘʟʨʫʰʝ-

ʥʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʨʝʜʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʦʧʨʝʜʝʣʷʣʠ ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷ-

ʞʝʥʠʝ ʦʙʨʘʟʮʦʚ ʥʘ ʩʞʘʪʠʝ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʜʝʨʝʚʷʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚ ʥʠʭ ʙʳʣʠ 

ʧʨʦʩʚʝʨʣʝʥʳ ʦʪʚʝʨʩʪʠʷ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʥʘʛʨʝʚʫ ʠ ʫʚʣʘʞʥʝʥʠʶ (ʨʠʩ. 1). 
 

  

ʈʠʩ. 1. ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʢ ʠʩʧʳʪʘʥʠʷʤ 
 

ɼʚʘ ʦʙʨʘʟʮʘ ʧʨʠʥʷʣʠ ʟʘ ʵʪʘʣʦʥʥʳʝ. ʕʪʦ ʦʙʨʘʟʝʮ ʠʟ ʩʦʩʥʳ ʠ ʦʙʨʘʟʝʮ ʠʟ ʜʫʙʘ. ɺ ʥʠʭ ʦʪ-

ʩʫʪʩʪʚʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ. ɼʨʫʛʠʝ ʜʚʘ ʦʙʨʘʟʮʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʭʘ-

ʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʚ ʥʠʭ ʙʳʣʠ ʧʨʦʩʚʝʨʣʝʥʳ ʧʦ ʦʪʚʝʨʩʪʠʷ. ʊʨʝʪʴʷ ʧʘʨʘ ʦʙʨʘʟʮʦʚ ʧʦʜ-

ʚʝʨʛʘʣʘʩʴ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 100 ʯʘʩʦʚ. ʏʝʪʚʝʨʪʘʷ ʧʘʨʘ ʦʙʨʘʟʮʦʚ ʥʘʛʨʝʚʘʣʘʩʴ ʚ ʤʫ-

ʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 150 
0
ʉ, ʧʷʪʘʷ ʧʘʨʘ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250 

0
ʉ.  ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
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ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʜʝʨʝʚʷʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ ʫʯʝʩʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ï 

ʥʘʛʨʝʚʫ, ʫʚʣʘʞʥʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʦʩʘʜʢʦʚ, ʥʘʣʠʯʠʶ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

 ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʥʠʞʥʶʶ ʦʧʦʨʥʫʶ ʧʣʠʪʫ, ʧʦʩʣʝ ʯʝʛʦ 

ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚʝʨʭʥʝʡ ʧʣʠʪʦʡ. ɿʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʢ ʠʩʧʳʪʫʝʤʳʤ ʦʙʨʘʟ-

ʮʘʤ, ʧʦʚʳʰʘʣʦʩʴ ʤʝʜʣʝʥʥʦ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʛʦ ʪʨʝʩ-

ʢʦʤ ʜʨʝʚʝʩʠʥʳ ʠ ʥʘʯʘʣʦʤ ʜʚʠʞʝʥʠʷ ʩʪʨʝʣʢʠ ʜʠʥʘʤʦʤʝʪʨʘ ʢ ʥʫʣʶ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʞʘʪʠʝ ʠ ʠʟʫʯʘʣʠʩʴ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʟʨʫ-

ʰʝʥʠʡ. ɿʥʘʯʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʇʦʨʦʜʘ ʜʨʝ-

ʚʝʩʠʥʳ 

ɺʠʜ ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ 

ʇʨʝʜʝʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ ʜʦ 

ʨʘʟʨʫʰʝʥʠʷ, 

ʅ 

ʇʨʝʜʝʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ, 

ʄʇʘ 

ʉʥʠʞʝʥʠʝ 

ʧʨʦʯʥʦʩʪʠ, 

% 

1 ʉʦʩʥʘ ʕʪʘʣʦʥ (ʙʝʟ ʚʦʟʜʝʡ-

ʩʪʚʠʷ) 

35000 14 - 

2 ɼʫʙ ʕʪʘʣʦʥ (ʙʝʟ ʚʦʟʜʝʡ-

ʩʪʚʠʷ) 

48000 19,2 - 

3 ʉʦʩʥʘ ʉʚʝʨʣʝʥʠʝ ʦʪʚʝʨʩʪʠʷ 32000 12,8 9 

4 ɼʫʙ ʉʚʝʨʣʝʥʠʝ ʦʪʚʝʨʩʪʠʷ 41000 16,4 15 

5 ʉʦʩʥʘ ɺʳʤʘʯʠʚʘʥʠʝ 8000 3,2 78 

6 ɼʫʙ ɺʳʤʘʯʠʚʘʥʠʝ 12000 4,8 75 

7 ʉʦʩʥʘ ʅʘʛʨʝʚ ʜʦ 150 
0
ʉ 24000 9,6 32 

8 ɼʫʙ ʅʘʛʨʝʚ ʜʦ 150 
0
ʉ 29000 11,6 43 

9 ʉʦʩʥʘ ʅʘʛʨʝʚ ʜʦ 250 
0
ʉ 15000 6 58 

10 ɼʫʙ ʅʘʛʨʝʚ ʜʦ 250 
0
ʉ 21000 8,4 57 

 

 ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʅʘʣʠʯʠʝ ʚ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʚʠʜʝ 

ʦʪʚʝʨʩʪʠʡ, ʧʨʦʧʠʣʦʚ, ʧʨʦʢʦʣʦʚ, ʧʨʦʨʝʟʦʚ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦ-

ʩʪʠ. 

2) ʕʢʩʧʣʫʘʪʘʮʠʷ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʠ. 

3) ʇʨʦʯʥʦʩʪʴ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴ-

ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʝʨʝʚʦ, ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʟʥʘʯʠʪʝʣʴʥʦ ʪʝʨʷʝʪ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʨʝʚʷʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʣʝʜʫʝʪ ʦʙʨʘʱʘʪʴ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʠʭ ʟʘʱʠʪʫ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ.  
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ɺ ʩʙʦʨʥʠʢʝ: ʇʦʞʘʨʥʘʷ ʠ ʘʚʘʨʠʡʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. / ʉʙʦʨʥʠʢ ʤʘʪʝʨʠʘʣʦʚ XI ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
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210. 
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ʌɻɹʆʋ ɺʆ ʀʚʘʥʦʚʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

ʄɽʊʆɼʀʂɸ ʇʆɺʓʐɽʅʀʗ ʅɸɼɽɾʅʆʉʊʀ ɼɽʊɸʃɽʁ ʄɸʐʀʅ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʦʨʠʷ ʥʘʜʝʞʥʦʩʪʠ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʜʝʪʘʣʠ, ʘʥʘʣʠʟ ʦʪʢʘʟʦʚ.  

ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʢʘʢ ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɸʚʪʦʨʦʤ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʯʝʨʝʟ ʢʦʤʧʴʶʪʝʨ-

ʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʵʪʘʧʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʵʪʘʧʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ.  
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author provides a method for improving reliability through a computer experiment, which includes 

the stages of the experiment and the stages of determining reliability.  

 

 

ɸʥʘʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʠʛʨʘʝʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ 

ʟʘʜʘʯʘʭ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʥʝʷʚ-

ʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʵʪʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʪʨʫʜʦʝʤʢʠʤ 

ʧʨʦʮʝʩʩʦʤ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʧʨʠʝʤʣʝʤʳʤ ʠʣʠ ʥʝʚʦʟʤʦʞʥʳʤ. ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, 

ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʝʢʪʘʭ ʷʚʣʷ-

ʝʪʩʷ ʙʦʣʝʝ ʦʙʰʠʨʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʪʨʫʜʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʷʚʥʫʶ ʬʫʥʢʮʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʶʱʠʭ ʥʝʷʚʥʳʝ ʬʫʥʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʇʦʵʪʦʤʫ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦʜʥʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʨʝʰʝʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʢʘʢ ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ ʚ ʠʥʞʝ-

ʥʝʨʥʳʭ ʤʘʰʠʥʘʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʥʘʜʝʞʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪ ʬʠʥʠʰʥʳʝ ʠ ʫʧʨʦʯʥʷʶʱʠʝ ʧʨʦʮʝʜʫʨʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ. ʅʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʙʨʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʦʪ-

ʜʝʣʢʝ ʠ ʫʧʨʦʯʥʝʥʠʠ ʚʳʧʫʩʢʘʝʤʳʭ ʠʟʜʝʣʠʡ, ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ [1]. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʩʦʚʩʝʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʫʛʘʜʘʪʴ ʧʦʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʝʛʦ ʦʪʢʘʟʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʫʝʪ 

ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʤʝʶʱʠʤʩʷ ʧʨʦʯʥʦʩʪʥʳʤ ʨʘʩʯʝʪʦʤ ʢʘʢ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, 

ʯʪʦ ʜʘʥʥʦʝ ʩʫʞʜʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʣʝʟʝʥ ʜʣʷ ʧʨʦʛʥʦʟʠ-

ʨʦʚʘʥʠʷ ʦʪʢʘʟʘ ʦʙʦʨʫʜʦʚʘʥʠʷ [2]. ɺʳʜʝʣʠʤ ʵʪʘʧʳ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʝʭʘʥʠʟ-

ʤʘ: 

- ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʦʪʢʘʟʦʚ;  

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʘʣʠ / ʤʝʭʘʥʠʟʤʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʨʘʩʯʝʪ ʥʘ 

ʧʨʦʯʥʦʩʪʴ; 

- ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ ʥʘ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ. 

ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʦʪʢʘʟʦʚ ï ʵʪʦ ʵʪʘʧ ʚʳʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʤ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʜʝʪʘʣʴ / ʤʝʭʘʥʠʟʤ. ɺʩʝ ʚʦʟʤʦʞʥʳʝ ʨʝʞʠʤʳ ʦʪʢʘʟʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ 

ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ:  

- ʬʫʥʢʮʠʠ ʦʙʲʝʢʪʘ; 

- ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ; 

- ʧʨʠʯʠʥʳ ʠ ʚʠʜʳ ʦʪʢʘʟʦʚ,  

- ʧʦʩʣʝʜʩʪʚʠʷ ʦʪʢʘʟʦʚ, ʠʣʠ ʩʙʦʝʚ ʨʘʙʦʪʳ ʚʩʝʡ ʩʠʩʪʝʤʳ / ʤʝʭʘʥʠʟʤʘ; 

- ʤʝʭʘʥʠʟʤʳ ʦʪʢʘʟʘ; 

- ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʦʪʢʘʟʦʚ ʜʝʪʘʣʠ / ʤʝʭʘʥʠʟʤʘ - ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʠ ʧʨʦʛʥʦ-

ʩʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ; 

- ʧʨʝʚʝʥʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʟʥʘʯʠʤʳʭ ʵʪʘʧʦʚ, ʧʨʠ ʧʣʘʥʠʨʦ-

ʚʘʥʠʠ ʣʶʙʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʨʠʩ. 1. 
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ʈʠʩ. 1. ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʘʥʘʣʠʟʘ ʚʢʣʶʯʘʝʪ: 

- ʫʨʦʚʝʥʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ: ʧʦʜʙʦʨ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩʦʩʪʦʷʥʠʷ ʠ 

ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ; 

- ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦ-

ʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚʦʩʧʦʣʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʘʩʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ ʚʘʣ: ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ, ʥʘʣʠʯʠʝ ʟʘʜʠʨʦʚ, ʫʩʪʘ-

ʣʦʩʪʥʳʡ ʠʟʥʦʩ, ʢʦʨʨʦʟʠʷ ʠ ʫʭʫʜʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪ.ʜ. ʌʠʟʠʯʝ-

ʩʢʠʡ ʧʨʦʮʝʩʩ ʦʪʢʘʟʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦ-

ʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʘʣʘ: ʪʠʧ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, 

ʪʚʝʨʜʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʥʘʜʝʞʥʦʩʪʴ, ʦʙʨʘʙʦʪʢʘ, ʠ ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʦʣʫʯʘʝʤ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʦʪ ʨʘʩʪʫʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʪʘʣʠ, ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʆʪʢʘʟ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʜʝʪʘʣʠ / ʤʝʭʘʥʠʟʤʘ 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʦʡ ʥʘʛʨʫʟʢʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʘ ʦʜʥʘ ʜʝʪʘʣʴ, ʢʦʪʦʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʟʘʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦ-

ʩʪʠ ʚʩʝʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʴʶʪʝʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʘʛʨʘʤʤʳ, ʨʠʩ. 2.  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʝʪʘʣʠ / ʤʝʭʘʥʠʟʤʘ, ʢʦʪʦʨʳʝ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥ ʥʘ ʨʝʞʠʤʝ ʦʪʢʘʟʘ, ʥʘʜʝʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʷ ʠʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʘʣʝʝ ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦʜʙʦʨ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʧʨʝʦʜʦ-

ʣʝʪʴ ʦʪʢʘʟ ʧʨʠ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ, ʫʚʝʣʠʯʠʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʠ, ʤʳ 

ʠʤʝʝʤ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʩʝʛʦ ʤʝʭʘʥʠʟʤʘ. ʊʘʢʠ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ-

ʤʝʥʠʤ ʤʝʪʦʜ ʩʪʨʫʢʪʫʨʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʝʪʘʣʷʤ/ ʤʝʭʘʥʠʟʤʘʤ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʦʪʢʘʟʘ ʨʘʙʦʪʳ ʦʧʦʨ ʚʘʣʦʚ ʢʘʢ ʨʘʟʨʫʰʝʥʠʝ ʧʦʜʰʠʧʥʠ-

ʢʦʚ, ʨʠʩ. 3, ʧʨʠʯʠʥʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

 
         ʘ                                                         ʙ 

ʈʠʩ. 3. ʈʘʟʨʫʰʝʥʠʝ ʰʘʨʠʢʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ: ʘ ï ʨʘʟʨʫʰʝʥʠʝ ʪʝʣ, ʙ - ʨʘʟʨʫʰʝʥʠʝ ʥʘʨʫʞʥʦʛʦ 

ʢʦʣʴʮʘ  

 
ʊʘʙʣʠʮʘ ʇʨʠʯʠʥʳ ʦʪʢʘʟʘ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 
ʇʨʠʯʠʥʳ ʦʪʢʘʟʘ ʄʝʭʘʥʠʟʤʳ ʦʪʢʘʟʘ 

ʀʟʥʦʩ ʅʝʜʦʩʪʘʪʦʯʥʦ ʩʤʘʟʢʠ 

ʋʩʪʘʣʦʩʪʥʳʡ ʠʟʥʦʩ ʂʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʈʦʩʪ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ. 

ʈʘʟʨʫʰʝʥʠʝ ʈʦʩʪ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚʧʣʦʪʴ ʜʦ ʚʳʢʨʘʰʠʚʘʥʠʷ, ʨʘʟ-

ʨʫʰʝʥʠʷ. 

 
 ɼʣʷ ʫʯʝʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚʚʦʜʠʪʩʷ ʤʦʜʝʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʥʝʦʧʨʝʜʝ-

ʣʝʥʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʢʘʟ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʢʨʳʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥ-

ʥr ʭ ʧʦ ʥʘʛʨʫʟʢʝ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʝʪʘʣʠ, ʨʠʩ. 4. 
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ʈʠʩ. 4. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʥʘʜʝʞʥʦʩʪʠ 

 

ʇʦʤʦʱʴ ʚ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʩ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ, ʧʦʟʚʦ-

ʣʷʝʪ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʨʝʞʠʤʳ ʦʪʢʘʟʦʚ ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʨʝʞʠʤʳ ʠ ʠʩʢʣʶʯʝʥʳ ʦʰʠʙʢʠ ʦʧʝʨʘʪʦʨʘ / ʯʝʣʦʚʝʢʘ, ʦʙʝʩʧʝ-

ʯʝʥʳ ʦʩʥʦʚʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ, ʧʨʠʚʝʜʝʥʦ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʘʣʠ / ʤʝʭʘʥʠʟʤʘ, ʦʙʝʩʧʝʯʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠʣʠ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʪʢʘʟʦʚ [3]. 

ʎʝʥʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʤʝʪʦʜʠʢʘ ʝʝ ʧʦʚʳʰʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʵʬʬʝʢʪʠʚʥʦʤ ʨʝʰʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ / ʤʝʭʘʥʠʟʤʘ ʠʣʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺʳʧʦʣʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʧʦʥʠʤʘʥʠʝ ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ ʦʪʢʘʟʘ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʚʩʝʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʜʝʞʥʦʩʪʠ - ʵʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʫʩʧʝʭ ʢʦʤʧʣʝʢʩʥʳʡ ʯʝʨ-

ʪʝʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʨʘʩʯʝʪʥʦʝ ʩʨʝʜʩʪʚʦ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪ-

ʥʳʭ ʬʫʥʢʮʠʡ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʠʟʦʙʨʘʞʝʥʠʡ (ʙʣʦʢʦʚ) [4]. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʩʠʩʪʝʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥ ʙʣʦʢʦʤ, ʘ ʩʚʷʟʠ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʢʘʟʘʥʠʷ ʥʘ ʪʦ, ʯʪʦ 

ʢʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʘʚʠʣʴʥʦ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ. ɽʩʣʠ ʩʦʝʜʠʥʝʥʠʝ 

ʩʫʱʝʩʪʚʫʝʪ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʝʯʥʳʤʠ ʪʦʯʢʘʤʠ ʜʠʘʛʨʘʤʤʳ, ʪʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʠʩʪʝ-

ʤʘ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʠʣʠ ʯʪʦ ʢʘʢʦʡ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʞʠʤ ʦʪʢʘʟʘ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ 

ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʘʜʝʞʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʭʘʥʠʟʤʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʠ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ:  

- ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪ; 

- ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʦʯʥʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ 

ʠ ʤʝʭʘʥʠʟʤʘ ʚ ʮʝʣʦʤ; 

- ʧʨʠʯʠʥʥʳʝ ʵʬʬʝʢʪʳ ʦʪʢʘʟʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʧʫʪʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʬʠ-

ʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʩʦʙʳʪʠʷ ʦʪʢʘʟʘ; 

- ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʨʝʰʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʠ ʧʦʠʩʢ ʘʥʘ-

ʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, ʚ ʩʚʷʟʠ ʩ ʥʦʚʳʤʠ ʦʪʢʨʳʪʠʷʤʠ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʤʘʟʢʠ.  
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DEVELOPMENT OF SAFETY MEASURES WHEN WORKING WITH A PNEUMO -

HYDRAULIC DRIVE OF A HYDRAULIC SAFETY INSTRUMENT  

 

Keywords: fire fighting equipment, seal, failure. 

Abstract: The main failures of fire pumps and the reasons why they occur are considered. 

There are reasons why the use of traditional sealing devices is limited to improve the durability and 

reliability of fire pumps. 

 

ɺ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʝ ʧʨʠʤʝʥʷʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʥʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʜʥʦʡ ʠʟ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʯʘʩʪʝʡ ʟʘ ʜʝʩʷʪʠʣʝʪʥʠʡ ʧʝʨʠʦʜ (ʪʘʙʣʠʮʘ 1). ʂʘʢ ʚʠ-

ʜʠʤ ʠʟ ʪʘʙʣʠʮʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʫʧʣʦʪʥʝʥʠʡ ʩʨʝʜʠ ʚʩʝʛʦ 

ʯʠʩʣʘ ʦʪʢʘʟʦʚ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ ʜʦʩʪʠ-

ʛʘʶʪ 40%. ʇʨʠʯʝʤ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʮʝʥʪ ʦʪʢʘʟʦʚ (ʜʦ 30%) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʘʥʞʝʪʥʳʝ 

ʫʧʣʦʪʥʝʥʠʷ, ʘ ʧʨʠʯʠʥʦʡ ʚʳʭʦʜʘ ʠʭ ʠʟ ʩʪʨʦʷ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ ʨʘʙʦʯʝʡ ʢʨʦʤʢʠ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʦʡ ʠʟ ʵʣʘʩʪʦʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ [1, 2, 3] ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʝʤ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʠʩʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʫʧʣʦʪʥʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ.  

ʇʦʩʢʦʣʴʢʫ ʚ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʫʧʣʦʪʥʝ-

ʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʝʝ ʘʥʘʣʠʟ ʠ ʚʳʷʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʧʨʠʤʝʥʷʝʤʳʭ ʛʝʨ-

ʤʝʪʠʟʘʪʦʨʦʚ. 

ɸʥʘʣʠʟ ʪʠʧʦʚ ʫʧʣʦʪʥʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʠʤʝʨʝ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ. ɼʣʷ ʘʥʘ-

ʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʦʢʫʤʝʥʪʘʮʠʷ, ʧʦʩʪʘʚ-

ʣʷʝʤʘʷ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʢʦʥʩʪʨʫʢʮʠʠ ʰʝʩʪʠ ʥʘʩʦʩʦʚ: 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʧʦʞʘʨʥʳʡ ʥʘʩʦʩ ʇʅ-40ʋɺ ʠ ʝʛʦ ʚʘʢʫʫʤʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʇʅ-

40ʋɺ.01, ʥʘʩʦʩʳ ʮʝʥʪʨʦʙʝʞʥʳʝ ʧʦʞʘʨʥʳʝ ʇʅ-40ʋɺ.01, ʇʅ-40ʋɺ.02 (ʇʅ-60), 

ʅʎʇʅ- 40/100.  
ʊʘʙʣʠʮʘ 1 ʅʝʠʩʧʨʘʚʥʦʩʪʠ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ 

 

ʅʘʠʤʝʥʦ-

ʚʘʥʠʝ ʪʠʧʘ 

ʥʘʩʦʩʘ 

ʇʨʠʟʥʘʢ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʇʨʠʯʠʥʘ  

ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʇʦʢʘʟʘʪʝʣʠ 

ʥʝʠʩʧʨʘʚʥʦ-

ʩʪʠ, % 

 

 

 

ʇʅ  

ʇʦʞʘʨʥʳʡ ʥʘʩʦʩ ʩʥʘʯʘʣʘ ʧʦʜʘʝʪ 

ʚʦʜʫ, ʟʘʪʝʤ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ʉʪʨʝʣʢʘ ʤʘ-

ʥʦʤʝʪʨʘ ʩʠʣʴʥʦ ʢʦʣʝʙʣʝʪʩʷ  

ʅʝʧʣʦʪʥʦʩʪʠ ʚ ʩʘʣʴʥʠʢʘʭ 

ʧʦʞʘʨʥʦʛʦ ʥʘʩʦʩʘ  

 

 

5 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʚʘʢʫʫʤʥʦʡ ʩʠ-

ʩʪʝʤʳ ʚ ʧʦʣʦʩʪʠ ʧʦʞʘʨʥʦʛʦ 

ʥʘʩʦʩʘ ʥʝ ʩʦʟʜʘʝʪʩʷ ʨʘʟʨʝʞʝʥʠʝ  

ʅʝʧʣʦʪʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ 

ʩʘʣʴʥʠʢʦʚ ʥʘʩʦʩʘ  

 

3 

 

 

ʇʎʅ 

ʀʟ ʜʨʝʥʘʞʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʥʘʩʦʩʘ 

ʩʪʨʫʡʢʦʡ ʪʝʯʝʪ ʚʦʜʘ 

 

ʅʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʢʦʥʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ  

 

30 

ʅʝ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʨʫʢʦʷʪʢʘ ʜʦ-

ʟʘʪʦʨʘ  

ʇʦʷʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʪʨʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ 

ʢʦʨʨʦʟʠʠ  

10 

ɹʦʣʴʰʦʡ ʨʘʩʭʦʜ ʤʘʩʣʘ ʚ ʤʘʩʣʷ-

ʥʦʡ ʚʘʥʥʝ ʧʦʜʰʠʧʥʠʢʦʚ ʚʘʣʘ  

ʀʟʥʦʩ ʤʘʥʞʝʪ   

30 

 

 

 

ʇʎʅɺ-

4/400  

ʀʟ ʜʨʝʥʘʞʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʥʘʩʦʩʘ 

ʩʪʨʫʡʢʦʡ ʪʝʯʝʪ ʚʦʜʘ 

 

ʅʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ 

ʢʦʥʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ  

 

40 

ʇʦʞʘʨʥʳʡ ʥʘʩʦʩ ʥʝ ʩʦʟʜʘʝʪ ʥʝ-

ʦʙʭʦʜʠʤʦʛʦ ʥʘʧʦʨʘ  

ʀʟʥʦʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʢʦ-

ʣʝʮ  

 

15 
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ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʦʩʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʫʧʣʦʪʥʝʥʠʷ ʚʦʟʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦ 

ʚʳʧʦʣʥʷʝʤʳʤ ʬʫʥʢʮʠʷʤ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʭ ʢʘʪʝʛʦʨʠʠ: 1) ʫʧʣʦʪʥʝʥʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, 2) 

ʫʧʣʦʪʥʝʥʠʷ ʟʘʱʠʱʘʶʱʠʝ ʦʧʦʨʥʦ-ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʫʟʣʳ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʫʧʣʦʪʥʝʥʠʡ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʘʛ-

ʨʝʛʘʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʨʮʦʚʳʝ ʫʧʣʦʪʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʨʮʦʚʳʭ ʫʧʣʦʪʥʝʥʠʡ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʚʳʩʦʢʠʤ ʫʜʝʨʞʠʚʘʝʤʳʤ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʡ (ʜʦ 6 ʄʇʘ) ʠ ʥʘʣʠʯʠʝʤ ʚ ʧʝ-

ʨʝʢʘʯʠʚʘʝʤʦʡ ʚʦʜʝ ʟʘʛʨʷʟʥʝʥʠʡ. 

ɼʣʷ ʟʘʱʠʪʳ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʥʞʝʪʳ. ʊʘʢʠʝ 

ʫʧʣʦʪʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʥʘ ʂʄɾʋ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʦʞʥʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʧʦʞʘʨʥʳʭ ʥʘʩʦʩʦʚ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦ-

ʩʪʠ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ. 

ɼʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʩʚʷʟʘʥʘ ʩ ʵʢʩʧʣʫʘʪʘʮʠʝʡ 

ʙʘʟʦʚʳʭ ʰʘʩʩʠ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʫʧʣʦʪʥʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʚʠʛʘʪʝʣʷʭ, ʪʨʘʥʩʤʠʩʩʠʷʭ ʠ ʧʨʦʯʠʭ ʫʟʣʘʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʦʢʨʘʱʘʶʪ 

ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʜʝʣʘʶʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʜʘʣʴʥʝʡʰʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ʅʘʧʨʠʤʝʨ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʢʘʨʜʘʥʥʦʡ ʧʝʨʝʜʘʯʠ ʦʙʳʯʥʦ ʧʨʦ-

ʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʨʝʟʢʠʭ ʩʪʫʢʦʚ ʚ ʢʘʨʜʘʥʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʞʘʨʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʘʚʪʦʤʦʙʠʣʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʤʦʤʝʥʪ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʡ ʧʝ-

ʨʝʜʘʯʠ ʥʘ ʜʨʫʛʫʶ ʠ ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʚʠʛʘʪʝʣʷ 

(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʪʦʨʤʦʞʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʢ ʨʘʟʛʦʥʫ) [4]. ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝ-

ʶʱʠʡʩʷ ʨʷʜ ʧʨʠʯʠʥ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʪʨʘʥʩʤʠʩʩʠʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʠʯʠʥʦʡ ʫʪʝʯʢʠ 

ʤʘʩʣʘ ʠʟ ʩʘʣʴʥʠʢʦʚ ʢʘʨʜʘʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʠʟʥʦʩ ʧʨʦʙʢʦʚʳʭ ʢʦʣʝʮ ʩʘʣʴ-

ʥʠʢʦʚ ʢʘʨʜʘʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ (12 %), ʪʝʯʴ ʟʘʜʥʝʛʦ ʤʦʩʪʘ ï ʠʟʥʦʩ ʩʘʣʴʥʠʢʦʚ ʭʚʦʩʪʦ-

ʚʠʢʘ (13%) [5]. 

ʋʯʠʪʳʚʘʷ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ ʚ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʝ ʦʛʨʘʥʠʯʝʥʦ ʥʠʟʢʠʤ ʨʘʙʦʯʠʤ 

ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʧʫʩʢʘʝʪʩʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʳ-

ʤʳʚʘʥʠʝʤ ʤʘʛʥʠʪʥʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʨʘʙʦʯʝʛʦ ʟʘʟʦʨʘ ʧʨʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʞʠʜʢʠʭ ʩʨʝʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠ-

ʢʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʛʥʠʪʦʞʠʜʢʦʩʪʥʳʭ 

ʫʧʣʦʪʥʝʥʠʡ.  
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ʜʠʘʪʦʨʦʚ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 
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ANALYSIS OF RADIATOR DESIGNS USED IN FIRE TRUCKS  

 

Keywords: part, repair, radiator, reliability, strength. 

Abstract:  ʊhe paper analyzes the design of radiators used in fire trucks. The review re-

vealed the advantages and disadvantages of various radiator designs, which will be taken into ac-

count when developing a method for repairing fire truck radiators. 

 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʢʘʯʝʩʪʚʝʥʥʦʝ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ 

ʨʝʘʛʠʨʦʚʘʥʠʝ ʠ ʧʦʩʪʦʷʥʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʪʝʭʥʠʢʠ; ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ 

ʚ ʪʝʯʝʥʠʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʝʞʨʝʤʦʥʪʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʩʨʦʢʦʚ ʠʭ ʩʣʫʞʙʳ ʜʦ ʨʝʤʦʥʪʘ ʠ 

ʩʧʠʩʘʥʠʷ; ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʩʤʘʟʦʯʥʳʭ, ʛʦʨʶʯʝʛʦ ʠ ʜʨʫʛʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ɺ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʢʦʪʦʨʳʝ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʧʦ-

ʞʘʨʥʦʡ ʦʭʨʘʥʳ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʧʣʦʚʦʡ ʨʝ-

ʞʠʤ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʷʚʣʷʶʪʩʷ ʨʘʜʠʘʪʦʨʳ ʦʭʣʘʞʜʝʥʠʷ. ʂʦʥ-

ʩʪʨʫʢʮʠʠ ʨʘʜʠʘʪʦʨʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʙʘʢʦʚ, ʚʠʜʫ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʷ-

ʝʤʦʛʦ ʧʨʠ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʬʦʨʤʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʶ ʪʨʫʙʦʢ ʩʝʨʜʮʝʚʠʥʳ. 

ʈʘʜʠʘʪʦʨ ʩʦʜʝʨʞʠʪ ʜʚʘ ʙʘʯʢʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʙʦʢʘʤ (ʨʠ-

ʩʫʥʦʢ 1) ʠʣʠ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ (ʨʠʩʫʥʦʢ 2). ʉʝʨʜʮʝʚʠʥʳ ʨʘʜʠʘʪʦʨʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʣʘʪʫʥʥʳʝ ʠ ʘʣʶʤʠʥʠʝʚʳʝ. ʈʘʜʠʘʪʦʨʳ ʩ ʩʝʨʜʮʝʚʠʥʦʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʩʙʦʨʥʳʤʠ ʠ ʩʚʘʨʥʳʤʠ. ɹʘʢʠ ʩʦʝʜʠʥʝʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʪʨʫʙʦʢ. ʊʨʫʙʢʠ ʤʦʛʫʪ ʙʳʪʴ ʢʨʫʛʣʦʛʦ ʠʣʠ ʦʚʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʰʘʭʤʘʪʥʦʤ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ. ɼʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʩʝʨʜʮʝʚʠʥʳ ʨʘʜʠʘʪʦʨʘ ʪʨʫʙʢʠ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʦʥʢʠʭ ʧʣʘʩʪʠʥ. ʊʘʢʠʝ ʨʘʜʠʘʪʦʨʳ ʥʘʟʳʚʘʶʪʩʷ ʪʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʝ (ʨʠ-
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ʩʫʥʦʢ 1). ʄʝʞʜʫ ʪʨʫʙʢʘʤʠ ʨʘʜʠʘʪʦʨʘ ʤʦʞʝʪ ʙʳʪʴ ʫʣʦʞʝʥʘ ʚ ʚʠʜʝ ʛʘʨʤʦʰʢʠ ʪʦʥʢʘʷ 

ʣʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʨʘʜʠʘʪʦʨʳ ʥʘʟʳʚʘʶʪ ʪʨʫʙʯʘʪʦ-ʣʝʥʪʦʯʥʳʝ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ ʨʘʜʠʘʪʦʨʘ ʣʝʥʪʫ ʠ ʧʣʘʩʪʠʥʳ ʧʨʠʧʘʠʚʘʶʪ ʢ ʪʨʫʙʢʘʤ. ʇʨʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʠ ʪʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʭ ʨʘʜʠʘʪʦʨʦʚ ʦʭʣʘʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʘʡʢʘ ʧʣʘʩʪʠʥ ʢ ʪʨʫʙʢʘʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʝʧ-

ʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʘʨʢʦʡ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ. 

  
ʈʠʩ. 1. ʊʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʡ ʨʘʜʠʘʪʦʨ  

ʩ ʙʦʢʦʚʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʢʦʚ 
ʈʠʩ. 2. ʊʨʫʙʯʘʪʦ-ʣʝʥʪʦʯʥʳʡ ʨʘʜʠʘʪʦʨ ʩ 

ʚʝʨʭʥʠʤ ʠ ʥʠʞʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʢʦʚ 

 

ʊʨʫʙʯʘʪʦ ï ʣʝʥʪʦʯʥʳʝ ʨʘʜʠʘʪʦʨʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʩʝʨʜʮʝʚʠʥʳ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʶʪʩʷ ʘʚʪʦʤʦʙʠʣʷʭ ʂɸʄɸɿ, ʋʈɸʃ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ 

ɸʎ-5.5-40(5557) ʠ ɸʎ-6,0-40(43118) ʩʪʦʠʪ ʪʨʫʙʯʘʪʦ-ʣʝʥʪʦʯʥʳʡ ʨʘʜʠʘʪʦʨ, ʩʝʨʜʮʝʚʠʥʘ 

ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʝʢʮʠʡ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʣʝʥʪʘʤʠ. ʂʘʞʜʘʷ ʩʝʢʮʠʷ 

ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʩʢʦʦʚʘʣʴʥʳʭ ʮʝʣʴʥʦʪʷʥʫʪʳʭ ʣʘʪʫʥʥʳʭ ʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʝʨʪʠ-

ʢʘʣʴʥʦ ʚ ʪʨʠ ʨʷʜʘ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ. ʅʘ ʪʨʫʙʢʠ ʦʧʘʷʥʳ ʤʝʜʥʳʝ ʣʝʥʪʳ, ʩʣʦʞʝʥʥʳʝ 

ʛʘʨʤʦʰʢʦʡ. ɺʝʨʭʥʠʝ ʠ ʥʠʞʥʠʝ ʙʘʢʠ ʩʦʝʜʠʥʝʥʳ ʩ ʩʝʨʜʮʝʚʠʥʦʡ ʩ ʧʦʤʦʱʴʶ ʧʘʡʢʠ ʘʨ-

ʛʦʥʦʤ. ʂʘʞʜʘʷ ʙʦʢʦʚʠʥʘ ʨʘʜʠʘʪʦʨʘ ʠʤʝʝʪ ʜʚʘ ʢʨʦʥʰʪʝʡʥʘ. ʅʠʞʥʠʝ ʢʨʦʥʰʪʝʡʥʳ ʩʣʫ-

ʞʘʪ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʨʘʜʠʘʪʦʨʘ ʥʘ ʨʘʤʝ ɸʎ, ʚʝʨʭʥʠʝ ð ʜʣʷ ʬʠʢʩʘʮʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 

ʅʘ ʘʚʪʦʤʦʙʠʣʠ ʂɸʄɸɿ ʪʘʢ ʞʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʨʫʙʯʘʪʦ-ʣʝʥʪʦʯʥʳʝ ʪʨʝʭʨʷʜ-

ʥʳʝ ʠʣʠ ʯʝʪʳʨʝʭʨʷʜʥʳʝ ʨʘʜʠʘʪʦʨʳ ʩ ʪʨʫʙʢʘʤʠ ʦʚʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʩ ʚʝʨʭʥʠʤ ʠ ʥʠʞ-

ʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʙʘʯʢʦʚ. ɺ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʪʨʫʙʯʘʪʦ-

ʣʝʥʪʦʯʥʳʝ, ʪʘʢ ʠ ʪʨʫʙʯʘʪʦ-ʧʣʘʩʪʠʥʯʘʪʳʝ ʨʘʜʠʘʪʦʨʳ. 

ʅʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʘʪʦʨʦʚ ʷʚʣʷʶʪʩʷ 

ʘʣʶʤʠʥʠʡ ʠ ʤʝʜʴ (ʪʘʙʣʠʮʘ). ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪ ʧʨʦʢʘʪ ʠʟ ʤʝʜ-

ʥʳʭ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʤʘʣʫʶ ʪʦʣʱʠʥʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʮʠʦ-

ʥʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ, ʥʦ ʠ ʨʘʜʠʘʪʦʨʘ ʚ ʮʝʣʦʤ. 

ɺʩʝ ʞʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʤʝʜʥʳʤʠ: ʥʝʙʦʣʴʰʫʶ 

ʤʘʩʩʫ ʢʦʥʩʪʨʫʢʮʠʠ; ʚʳʩʦʢʠʝ ʘʥʪʠ- ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ; ʣʫʯʰʠʡ ʢʦʥ-

ʪʘʢʪ ʤʝʞʜʫ ʪʨʫʙʢʘʤʠ ʠ ʨʝʙʨʘʤʠ; ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ. 
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ʊʘʙʣʠʮʘ ʊʠʧ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʨʢʠ ʤʘʪʝʨʠʘʣʦʚ ʨʘʜʠʘʪʦʨʦʚ ɼɺʉ 

 

ʄʘʨʢʘ 

ʘʚʪʦʤʦʙʠʣʷ, 

 

ʄʘʨʢʘ 

ʜʚʠʛʘʪʝʣʷ 

ʄʦʱʥʦʩʪʴ 

ʜʚʠʛʘʪʝʣʷ, 

ʂɺʪ 

ʊʠʧ ʧʦʚʝʨʭʥʦ-

ʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ 

ʨʘʜʠʘʪʦʨʘ 

ʄʘʪʝʨʠʘʣ 

ʪʨʫʙʢʠ 

ʄʘʪʝʨʠʘʣ 

ʧʣʘʩʪʠʥʳ 

(ʣʝʥʪʳ) 

ʄʘʪʝʨʠʘʣ 

ʙʘʯʢʦʚ 

ʂʘʤɸɿ-4310 740.10-20 154,4 
ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʃʘʪʫʥʴ ʄʝʜʴ ʃʘʪʫʥʴ 

ʂɸʄɸɿ 

43118 
740.30-260 180 

ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʃʘʪʫʥʴ ʃʘʪʫʥʴ ʃʘʪʫʥʴ 

ʂɸʄɸɿ 

43253 

Cummins 6 

ISBe 210 
155 

ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʃʘʪʫʥʴ ʃʘʪʫʥʴ ʃʘʪʫʥʴ 

ʋʈɸʃ 5557 
ʗʄɿ-

236ʅɽ2 
220,6 

ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʃʘʪʫʥʴ ʄʝʜʴ ʃʘʪʫʥʴ 

ʋʨʘʣ- 43202 
ʗʄɿ-

236ʅɽ2 
185 

ʊʨʫʙʯʘʪʦ- 

ʧʣʘʩʪʠʥʯʘʪʘʷ 
ʃʘʪʫʥʴ ʃʘʪʫʥʴ ʃʘʪʫʥʴ 

ɿʀʃ-131 ɿʀʃ-131 110,2 
ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʃʘʪʫʥʴ ʄʝʜʴ ʃʘʪʫʥʴ 

ʋʈɸʃ-43206 
ʗʄɿ-

236ʅɽ2 
185 

ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʃʘʪʫʥʴ ʃʘʪʫʥʴ ʃʘʪʫʥʴ 

ɿʀʃ-130 130 110 
ʊʨʫʙʯʘʪʦ- 

ʣʝʥʪʦʯʥʘʷ 
ʄʝʜʴ ʄʝʜʴ ʃʘʪʫʥʴ 

 
ʈʘʜʠʘʪʦʨʳ ʪʘʢʞʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩ ʪʨʫʙʢʘʤʠ ʢʨʫʛʣʦʛʦ ʠ ʦʚʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ (ʨʠ-

ʩʫʥʦʢ 3), ʘ ʚ ʩʚʘʨʥʳʭ ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʜʠʘʪʦʨʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʘʢʪʘ ʦʨʝʙʨʝʥʠʷ 

ʠ ʪʨʫʙʦʢ ʧʨʠʤʝʥʷʶʪ ʩʚʘʨʢʫ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ.  

 
ʈʠʩ. 3. ʈʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʜʠʘʪʦʨʦʚ 
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʜʠʘʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʨʘʜʠʘʪʦʨʳ ʚʳʧʦʣʥʷʶʪ ʦʜʠʥʘʢʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʨʘʙʦʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠʭ ʨʘʟʣʠʯʥʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʨʘʟʨʘʙʦʪʢʫ ʝʜʠʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʭ ʨʝʤʦʥʪʘ. 
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ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʈɸʉʏɽʊɸ ʀ ʂʆʅʉʊʈʋʀʈʆɺɸʅʀʗ 

ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ. ʄʆɼɽʃʀʈʆɺɸʅʀɽ, ʋʇʈɸɺʃɽʅʀɽ, 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʄɽʍɸʅʀʏɽʉʂʀʍ ʉʀʉʊɽʄ 
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ʌɻɹʆʋ ɺʆ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ 3-ʍ ʄɽʈʅʓʍ ʄʆɼɽʃɽʁ 

ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ ʇʈʀʄɽʅʗɽʄʓʍ ɺ ʀʅʊɽʈɸʂʊʀɺʅʓʍ  

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄɸʍ ʇʈʀ ʃʀʂɺʀɼɸʎʀʀ ʏʉ  

ʅɸ ʇʆʊɽʅʎʀɸʃʔʅʆ ʆʇɸʉʅʓʍ ʆɹʒɽʂʊɸʍ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʣʠʢ-

ʚʠʜʘʮʠʠ ʏʉ, ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ, 3-ʭ ʤʝʨʥʳʝ ʤʦʜʝʣʠ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 3-ʭ ʤʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ 

ʣʠʢʚʠʜʘʮʠʠ ʏʉ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ. ɺ ʩʪʘʪʴʝ ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ: 

ʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (3D), ʊʨʝʭʤʝʨʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʩʠʩʪʝʤ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ.  

 

T. N. ɸntoshinʘ 

  

MODELING AND DESIGNING OF 3 -DIMENSIONAL ENVIRONMENTAL MODELS 

USED IN INTERACTIVE INFORMATION SYSTEMS IN ELIMINATION  

OF EMERGENCIES AT POTENTIALLY HAZARDOUS OBJECTS  

 

Keywords: information systems, modeling, designing, emergency response, system ap-

proach, potentially dangerous objects, 3-dimensional models. 

Abstract: The article discusses the modeling and design of 3-dimensional environmental 

models used in interactive information systems for emergency response at potentially hazardous 

facilities. The basic definitions are given in the article: Three-dimensional modeling (3D), Three-

dimensional user interface. The basic principles of designing interfaces of systems of a three-

dimensional environmental model are considered. 

 

 

ɺʦʧʨʦʩʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ 3-D ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳ ʚ ʥʘʰʝ ʚʨʝʤʷ.  

ɺ ʈʦʩʩʠʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʪʳʩʷʯʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ, ʚʟʨʳʚʯʘʪʳʭ ʠ ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʏʨʝʟʚʳʯʘʡʥʳʝ ʩʠ-
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ʪʫʘʮʠʠ ʥʘ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢ ʛʠʙʝʣʠ ʣʶʜʝʡ, ʞʠʚʦʪʥʳʭ ʨʘʩʪʝ-

ʥʠʡ, ʥʦ ʠ ʥʘʥʝʩʪʠ ʥʝʚʦʩʧʦʣʥʠʤʳʡ ʫʱʝʨʙ ʚʩʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  

çɸʚʘʨʠʠ ʥʘ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ 

ʜʣʷ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʧʨʠʥʠʤʘʶʱʠʭ ʫʯʘʩʪʠʝ ʚ ʜʝʡʩʪʚʠʷʭ ʧʦ ʣʠʢʚʠʜʘ-

ʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʧʨʦʚʝʜʝʥʠʶ ʘʚʘʨʠʡʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʥʝʦʪ-

ʣʦʞʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʧʦʠʩʢʫ ʠ ʩʧʘʩʘʥʠʶ ʣʶʜʝʡ, ʣʠʯʥʳʡ ʩʦʩʪʘʚ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ, ʧʦʜʚʝʨʛʥʫʪ ʪʘʢʠʤ ʦʧʘʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʢʘʢ:  

1) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʚʘʨʠʡʥʳʤʠ ʭʠʤʠʯʝʩʢʠ ʦʧʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ɸʍʆɺ) ʠ 

ʦʪʨʘʚʣʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ;  

2) ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʨʘʙʦʪʝ ʚ ʟʦʥʝ ʯʨʝʟʚʳʯʘʡʥʦʡ 

ʩʠʪʫʘʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʦʙʣʘʢʘ ɸʍʆɺ;  

3) ʚʟʨʳʚʳ ʚʟʨʳʚʦʧʦʞʘʨʦʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʛʘʟʦʚʳʭ ʠ ʧʳʣʝʚʳʭ ʩʤʝʩʝʡ. ʉ ʨʦʩʪʦʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʦʙʣʘʩʪʴ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʥʝ ʤʦʛʣʘ ʦʩʪʘʪʴʩʷ ʚ ʩʪʦʨʦʥʝè [1]. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʳʰʝ ʩʢʘʟʘʥʥʦʝ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

3D ʤʦʜʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤʘʭ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʏʉ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʘʭ ʥʫʞʥʦ ʧʦʜʦʡʪʠ ʥʝ 

ʪʦʣʴʢʦ ʢ ʚʦʧʨʦʩʘʤ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʏʉ, ʥʦ ʠ ʠʟ-

ʤʝʥʝʥʠʶ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʥʪʝʨʬʝʡʩʘ ʩʠʩʪʝʤʳ.   

çɺ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʡ, ʩʢʨʳʪʦʡ ʨʘʥʥʝʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ, ʩʪʘʥʦʚʠʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʩʦʚʤʝʱʝʥʠʝ 3D ʩʨʝʜʳ ʠ ʨʝʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʧʨʠʥʮʠʧʝ, ʚʩʝ ʪʝʭʥʦʣʦʛʠʠ ʚʦ ʤʥʦʛʦʤ ʩʭʦʜʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʙʱʝʛʦ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦʚʤʝʱʝʥʠʶ ʠ ʦʪʦʙʨʘʞʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʚʠʨ-

ʪʫʘʣʴʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʙʣʘʩʪʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʝʘʣʠʟʘʮʠʠè [2]. 

 çʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʥʪʝʨʬʝʡʩʦʚ, ʩʨʝʜʩʪʚ ʪʨʸʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʩʠʩʪʝʤ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʢ ʩʦ-

ʚʝʨʰʝʥʥʦ ʥʦʚʦʤʫ ʪʝʯʝʥʠʶ, ʢʦʪʦʨʦʝ ʥʘʯʘʣʠ ʥʘʟʳʚʘʪʴ çʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè. 

ʆʧʨʝʜʝʣʝʥʠʝ çʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè ʥʦʩʠʪ ʤʥʦʞʝʩʪʚʦʤ ʪʝʨʤʠʥʦʚ, ʥʘʧʨʠʤʝʨ, 

ʜʦʧʦʣʥʝʥʥʘʷ, ʨʘʩʰʠʨʝʥʥʘʷ, ʩʤʝʰʘʥʥʘʷ, X- ʨʝʘʣʴʥʦʩʪʴ, ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʠ ʪ.ʧ.è [3].  

çʊʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (3D) ï ʵʪʦ ʧʨʦʪʦʪʠʧ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʟʜʘʚʘ-

ʝʤʘʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʨʝʘʣʠʩʪʠʯʥʦ ʨʝʘʛʠʨʫʶʱʘʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤè [4]. 

ʆʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ï ʠʥʥʦʚʘʮʠ-

ʦʥʥʳʝ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʢʘ-

ʯʝʩʪʚʝʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʘʥʠʤʘʮʠʶ. ʇʨʠ ʪʱʘʪʝʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʥʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʛʦ ʪʠʧʘ ʠʥʪʝʨʬʝʡʩʘ, ʢʦʪʦʨʳʡ ʧʦʣʥʦʩʪʴʶ 

ʤʝʥʷʝʪ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ   ʠ ʨʝʘʣʠʟʘʮʠʠ ʯʝʣʦʚʝʢʘ ʩ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʩʠʩʪʝʤ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: 

1.çʀʟʦʛʥʫʪʳʡè ʠʥʪʝʨʬʝʡʩ. ʊʘʢʦʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʦʙʨʘʱʝʥ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

2.ʄʝʥʴʰʝ ʢʦʥʪʝʥʪʘ. 

3.ʆʢʨʫʞʝʥʠʝ. 

ʊʨʝʭʤʝʨʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ - ʵʪʦ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʪʨʝʭʤʝʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ ʢʦʤʧʴʶʪʝʨʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʜʘʯʠ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʢʦʥʪʝʢʩʪʝ. 

https://kartaslov.ru/%D1%81%D0%B8%D0%BD%D0%BE%D0%BD%D0%B8%D0%BC%D1%8B-%D0%BA-%D1%81%D0%BB%D0%BE%D0%B2%D1%83/%D1%83%D1%89%D0%B5%D1%80%D0%B1


ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʩʯʝʪʘ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ,  

ʫʧʨʘʚʣʝʥʠʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 
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ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʚ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʷʚʣʷʝʪʩʷ çʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦè. ʉʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʪʦʙ-

ʨʘʞʘʶʪ ʚʠʨʪʫʘʣʴʥʦʝ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʦ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʪʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ - ʥʘʧʨʠʤʝʨ, ʤʘʥʠʧʫʣʠʨʫʷ 2D-ʚʠʜʞʝʪʘʤʠ, ʚʚʦʜʦʤ 

ʢʦʦʨʜʠʥʘʪ ʠʣʠ ʚʳʙʦʨʦʤ ʵʣʝʤʝʥʪʦʚ ʠʟ ʤʝʥʶ. ʕʪʦ ʥʝ 3D-ʠʥʪʝʨʬʝʡʩʳ. 

ʂʣʶʯʝʚʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 3D-ʠʥʪʝʨʬʝʡʩʳ ʷʚʣʷ-

ʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʧʦʣʴ-

ʟʦʚʘʪʝʣʷ, ʦʨʠʝʥʪʘʮʠʶ ʠ/ʠʣʠ ʜʚʠʞʝʥʠʝ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʵʪʦʪ ʚʚʦʜ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  ʕʪʦʪ ʦʪʩʣʝʞʠʚʘʝʤʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʚʚʦʜ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʠʢʪʦʛʨʘʤʤ ʞʝʩʪʦʚ, ʧʨʷʤʦʛʦ ʥʘʚʝʜʝʥʠʷ ʥʘ ʧʫʥʢʪʳ ʤʝʥʶ, ʫʧʨʘʚʣʝ-

ʥʠʷ, ʟʘʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʬʠʛʫʨ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʮʝʣʝʡ. ʊʨʝʭʤʝʨʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʚʚʦʜʝ, ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʳ ʚʠʨʪʫʘʣʴʥʦʡ 

ʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʥʘʩʪʨʦʡʢʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ ʵʢʨʘʥʘ ʠ ʭʫʜʦʞʝʩʪʚʝʥ-

ʥʳʝ ʠʥʩʪʘʣʣʷʮʠʠ, ʠ ʵʪʦ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 3-ʭ ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʠʥʪʝʨʘʢʪʠʚ-

ʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʏʉ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢ-

ʪʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʙʘʟʦʚʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝ-

ʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ, ʦʨʠʝʥʪʘʮʠʶ, ʣʠʥʝʡʥʫʶ ʠʣʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʠ/ʠʣʠ ʣʠʥʝʡʥʦʝ ʠʣʠ 

ʫʛʣʦʚʦʝ ʫʩʢʦʨʝʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʦʙʲʝʢʪʦʚ.  

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʝʭʤʝʨʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʠʩʪʝʤʘʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʛʦ ʪʨʝʭʤʝʨ-

ʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʚʚʦʜʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: 

1. 3D ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʤʠʨʝ (ʚ ʚʦʟʜʫʭʝ), ʘ ʥʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʤ ʥʝʪ ʪʨʝʥʠʷ ʠʣʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʜʚʠʞʝʥʠʷ 

ʙʦʣʝʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʠ ʪʦʯʥʳʤʠ. 

2. ʋ ʣʶʜʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ ʪʨʝʤʦʨ ʨʫʢ, ʢʦʪʦʨʳʡ ʚʳʟʳʚʘʝʪ ʨʝʟ-

ʢʠʝ ʜʚʠʞʝʥʠʷ ʚ ʚʦʟʜʫʭʝ. 

3. ʀʥʪʝʨʬʝʡʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʨʝʭʤʝʨʥʦʤ ʥʘʚʝʜʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʠʚʝʜʝʥʠʷ ʣʫʯʝʡ (ʪʦ ʝʩʪʴ ʤʝʪʘʬʦʨʳ ʣʘʟʝʨʥʦʛʦ ʫʢʘʟʘʪʝʣʷ), ʫʩʠʣʠʚʘʶʪ ʵʪʦʪ ʪʨʝʤʦʨ 

ʨʫʢ, ʪʘʢ ʯʪʦ ʦʥ ʫʭʫʜʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʚʜʦʣʴ ʣʫʯʘ. 
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Abstract:  The developed three-dimensional model of the stand for maintenance and repair 

of fire engine engines is presented. The main advantages of the design in comparison with similar 

devices are shown. 

 

 

ʇʦʞʘʨʥʳʝ ʘʚʪʦʤʦʙʠʣʠ ʩʦʟʜʘʶʪʩʷ ʥʘ ʙʘʟʝ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʥʘ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʝ ʜʚʠʛʘʪʝʣʠ. ʅʘ ʧʦʞʘʨʥʳʭ 

ʘʚʪʦʤʦʙʠʣʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʯʝʪʳʨʝʭʪʘʢʪʥʳʝ ʢʘʨʙʶʨʘʪʦʨʥʳʝ ʠʣʠ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ. 

ʆʪ ʠʭ ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʨʘʟʚʠʚʘʝʤʦʡ ʠʤʠ ʤʦʱʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʧʝʨʘʪʠʚʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ 

ʧʦʞʘʨʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʜʘʯʠ ʦʛʥʝʪʫʰʘʱʠʭ ʚʝʱʝʩʪʚ. ʇʦʵʪʦʤʫ 

ʫʩʧʝʰʥʦʩʪʴ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʈʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʷ-

ʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʜʨʫʛʠʭ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ɺ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ ʯʘʩʪʷʭ ʘʚʪʦʤʦʙʠʣʠ ʩʦʜʝʨʞʘʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʧʦʤʝʱʝʥʠʠ. ʇʨʠ ʚʳʟʦʚʝ ʥʘ ʧʦʞʘʨ ʚʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʠ-

ʨʫʶʪʩʷ ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʝʚʘ. ɺʪʦʨʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʦʪʙʦʨ ʤʦʱʥʦʩʪʠ ʦʪ ʥʝʛʦ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʦʜʠʥ 

ʯʘʩ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʵʢʚʠʚʘʣʝʥʪʝʥ ʧʨʦʙʝʛʫ, ʨʘʚʥʦʤʫ ʦʢʦʣʦ 

ʧʷʪʠʜʝʩʷʪʠ ʢʠʣʦʤʝʪʨʦʚ, ʧʦʵʪʦʤʫ ʧʨʠʚʝʜʝʥʥʳʡ ʧʨʦʙʝʛ ʘʚʪʦʤʦʙʠʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

                                                 
35

 É ɹʘʨʘʥʦʚ ɼ. ɸ., ʇʦʢʨʦʚʩʢʠʡ ɸ. ɸ., 2020 
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ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʦ-

ʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʧʨʠ ʪʫʰʝʥʠʠ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ. 

ɼʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʛʨʝʛʘʪʦʚ ʠ ʪʨʝʙʫ-

ʝʪ ʧʨʠ ʨʝʤʦʥʪʝ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ, ʪʘʢ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʪ ʧʦ ʨʘʟʙʦʨʢʝ ʜʚʠʛʘʪʝʣʷ ʥʘ ʫʟʣʳ ʠ ʜʝʪʘʣʠ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘ-

ʪʨʘʪ ʪʨʫʜʘ, ʥʦ ʠ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʦʨʢʠ ʤʥʦʛʠʝ ʜʝʪʘʣʠ ʧʦʣʫʯʘʶʪ ʧʦʚʨʝʞʜʝ-

ʥʠʷ: ʩʨʳʚ ʠ ʟʘʙʦʠʥʳ ʨʝʟʴʙʳ, ʪʨʝʱʠʥʳ, ʧʦʣʦʤʢʠ, ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʈʘʟʙʦʨʢʫ ʠ ʩʙʦʨʢʫ ʜʚʠʛʘʪʝʣʷ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʙʦ-

ʨʦʯʥʦ-ʩʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʩʪʘʥʮʠʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪ ʩʪʝʥʜʳ. 

ʉʪʝʥʜʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʚʝʰʠʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ ʩ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʧʦ ʝʛʦ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʨʝʤʦʥʪʫ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʠʣʠ 

ʫʯʘʩʪʢʘ. 

ʉʪʝʥʜʳ ʜʣʷ ʨʘʟʙʦʨʢʠ ʠ ʩʙʦʨʢʠ ʘʛʨʝʛʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʢʦʥ-

ʩʪʨʫʢʮʠʡ. ʕʪʦ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʛʨʝʛʘʪʦʚ, ʠʭ ʨʘʟʤʝʨʦʚ ʠ 

ʤʘʩʩʳ, ʘ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʧʨʠ  ʧʦʪʦʯʥʦʤ ʠʣʠ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʧʦʩʦʙʘʭ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ, ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʫʩʪʘʥʦʚʢʫ ʠ ʩʥʷʪʠʝ ʘʛʨʝʛʘʪʘ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʝʥʜʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʙʦʨʢʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʦʨʦʪʘ 

ʘʛʨʝʛʘʪʘ ʚ ʫʜʦʙʥʦʝ ʜʣʷ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʩʪʦʧʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʢʣʶʯʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʚʦʨʘʯʠʚʘ-

ʥʠʷ ʘʛʨʝʛʘʪʦʚ. 

ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʪʝʥʜʘ ʜʣʷ ʨʝʤʦʥʪʘ ʜʚʠʛʘʪʝʣʝʡ ʧʦ-

ʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʩʪʝʥʜʘ: 1 - ʦʩʥʦʚʘʥʠʝ, 2 - ʨʦʣʠʢʠ, 3 -  ʧʣʘʥʰʘʡʙʘ, 4 - ʦʧʦʨʘ,  

5 - ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ, 6 - ʯʝʨʚʷʯʥʳʡ ʨʝʜʫʢʪʦʨ 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʝʥʜʘ ʜʣʷ ʨʝʤʦʥʪʘ ʜʚʠʛʘʪʝʣʝʡ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ 

1, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʢʦʣʝʩʘ 2, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʤʝʱʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʚ ʤʘʩʪʝʨʩʢʦʡ. 

ʅʘ ʜʚʫʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʧʦʨʘʭ 4 ʟʘʢʨʝʧʣʝʥʘ ʨʘʤʘ, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʚʦʜ, ʩʦ-

ʩʪʦʷʱʠʡ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 5 ʠ ʯʝʨʚʷʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 6. ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʧʨʠʚʦʜʠʪ ʚ 

ʜʚʠʞʝʥʠʝ ʧʣʘʥʰʘʡʙʫ 3 ʩ ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʥʝʡ ʢʦʨʦʙʢʦʡ ʧʝʨʝʜʘʯ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʩʪʝʥʜʘ ʷʚʣʷʶʪʩʷ: 

- ʪʦʯʥʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʟʘʱʠʪʫ ʦʪ 

ʦʧʨʦʢʠʜʳʚʘʥʠʷ; 

- ʫʟʝʣ ʟʘʢʨʝʧʣʝʥʠʷ ʩʧʦʩʦʙʝʥ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʥʘ 360 ʛʨʘʜʫʩʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 

ʬʠʟʠʯʝʩʢʦʡ ʩʠʣʳ ʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʥʫʞʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʣʝʛʯʘʝʪʩʷ 

ʨʘʙʦʪʘ ʤʘʩʪʝʨʘ, ʚʳʧʦʣʥʷʶʱʝʛʦ ʧʝʨʝʙʦʨʢʫ ʠʣʠ ʨʝʤʦʥʪ ʘʛʨʝʛʘʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʜʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʜʚʠʛʘʪʝʣʝʡ ʧʦʞʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʚʳʧʦʣʥʝ-

ʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʠʣʦʚʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ. 
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Abstract:  a method is proposed for determining the path traversed by fire from the fire cen-

ter to the doorway, the path traversed by fire that went beyond the doorway at the time of free de-

velopment of the fire. 

 

 

ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʦʞʘʨʘ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʦʟʤʦʞʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʷʚ-

ʣʷʝʪʩʷ ʧʣʦʱʘʜʴ ʧʦʞʘʨʘ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʬʦʨʤʳ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ 

ʧʣʦʱʘʜʠ ʧʦʞʘʨʘ (ʌʇʇ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʨʠ ʨʘʩʯʝʪʝ ʦʩʥʦʚʥʳʭ ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʞʘʨʘ (ʆɻʇʇ), ʪʘʢʠʭ ʢʘʢ: ʧʣʦʱʘʜʴ ʧʦʞʘʨʘ - 
ʇ

S , ʬʨʦʥʪ ʧʦʞʘʨʘ 

- 
ʇ
ʌ , ʧʝʨʠʤʝʪʨ ʧʦʞʘʨʘ - )ʈ

ʇ
. 

ʌʦʨʤʘ ʧʣʦʱʘʜʠ ʧʦʞʘʨʘ ʚ ʧʦʤʝʱʝʥʠʠ ʟʘʚʠʩʠʪ ʦʪ: ʨʘʟʤʝʨʦʚ ʧʦʤʝʱʝʥʠʷ, ʝʛʦ 

ʢʦʥʬʠʛʫʨʘʮʠʠ; ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ; ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ. 

ɺ ʟʜʘʥʠʠ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʦʞʘʨʘ ʧʝʨʝʭʦʜ ʦʛʥʷ ʠʟ ʦʜʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʚ ʜʨʫʛʦʝ, ʚ 

ʦʩʥʦʚʥʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʜʚʝʨʥʳʝ ʧʨʦʝʤʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤʠ ʧʦʣʦʞʝ-

ʥʠʷʤʠ (ʠʟʤʝʥʝʥʠʝ ʌʇʇ ʚ ʨʘʟʚʠʪʠʠ ʧʦʞʘʨʘ) ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʆɻʇʇ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʯʘʛʘ ʧʦʞʘʨʘ ʜʦ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ (
ɼ

R ) ʥʝ ʝʩʪʴ ʧʨʷʤʘʷ, ʩʦʝʜʠ-

ʥʷʶʱʘʷ ʦʯʘʛ ʧʦʞʘʨʘ ʩ ʮʝʥʪʨʦʤ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ.  

ɿʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʯʘʛʘ ʧʦʞʘʨʘ ʜʦ ʮʝʥʪʨʘ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʧʨʠʥʠʤʘʝʪʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟ ʜʚʫʭ ʚʝʣʠʯʠʥ (1). 

ɼ0

Y

ɼ

ɼ0

ʍ

ɼ

YYR

ʍʍR

-=

-=
      (1) 

ʛʜʝ: 
ʍ

ɼ
R  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʯʘʛʘ ʧʦʞʘʨʘ ʜʦ ʮʝʥʪʨʘ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʧʦ ʦʩʠ ʍ, ʤ; 

Y

ɼ
R  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʦʯʘʛʘ ʧʦʞʘʨʘ ʜʦ ʮʝʥʪʨʘ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʧʦ ʦʩʠ Y, ʤ; 

ɼɼ
Y,ʍ  ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ, ʤ; 

00
Y,ʍ  ï ʢʦʦʨʜʠʥʘʪʳ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʤ. 

ʇʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʦʛʥʝʤ, ʚʳʰʝʜʰʠʤ ʟʘ ʧʨʝʜʝʣʳ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ: 

ɼʇ

ɼ

ʇ
RLL -= ,     (2) 

ʛʜʝ: 

0Lɼʇ<  - ʦʛʦʥʴ ʥʝ ʜʦʰʝʣ ʜʦ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ. 

0Lɼʇ=  - ʦʛʦʥʴ ʜʦʰʝʣ ʜʦ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ, ʥʦ ʥʝ ʚʳʰʝʣ ʟʘ ʝʛʦ ʧʨʝʜʝʣʳ. 

0Lɼʇ>  - ʧʨʦʝʤʘ. ʜʚʝʨʥʦʛʦ ʧʨʝʜʝʣʳ ʟʘ ʚʳʰʝʣ ʦʛʦʥʴ  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʌʇʇ ʚ ʩʤʝʞʥʦʤ ʧʦʤʝʱʝʥʠʠ ʩʣʝʜʫʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ 

ʦʛʦʥʴ ʚ ʩʤʝʞʥʦʝ ʧʦʤʝʱʝʥʠʝ ʧʨʦʰʝʣ ʯʝʨʝʟ ʜʚʝʨʥʦʡ ʧʨʦʝʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʩʤʝʞ-

ʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʦʯʘʛ ʧʦʞʘʨʘ ʢʘʢ ʙʳ ʧʝʨʝʤʝʩʪʠʣʩʷ ʚ ʮʝʥʪʨ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ.  

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʨʦʚʝʜʝʥʠʶ ʧʦʞʘʨʥʦ-ʪʘʢʪʠʯʝʩʢʠʭ ʫʯʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲ-

ʝʢʪʘʭ, ʜʝʣʦʚʳʭ ʠʛʨ, ʩʦʩʪʘʚʣʝʥʠʠ ʜʦʢʫʤʝʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ 

ʢʘʢ ʨʘʟʨʘʙʦʪʢʘ ʦʧʝʨʘʪʠʚʥʳʭ ʧʣʘʥʦʚ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʌʇʇ, ʨʘʩʯʝʪ 

ʆɻʇʇ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʢʘʞʜʦʤʫ ʧʦʤʝʱʝʥʠʶ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʝʥʠʝ ʦʪʜʝʣʴʥʦ.  
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ɺ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʥʘ ʨʘʩʩʪʘʥʦʚʢʫ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʧʦ ʪʫʰʝʥʠʶ 

ʧʦʞʘʨʘ ʨʘʩʩʯʠʪʳʚʘʶʪ 
ʇS  ʠ 

ʇʌ . 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ ʧʦʵʪʘʧʥʦʛʦ ʨʘʩʯʝʪʘ ʆɻʇʇ ʚ ʟʜʘʥʠʠ ʠʟ ʥʝʩʢʦʣʴ-

ʢʠʭ ʧʦʤʝʱʝʥʠʡ. 

 

 
ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʆɻʇʇ ʚ ʟʜʘʥʠʠ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʤʝʱʝʥʠʡ 

 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʆɻʇʇ ʥʝʦʙʭʦʜʠʤʦ ʚ ʟʜʘʥʠʠ ʧʨʦ-

ʥʫʤʝʨʦʚʘʪʴ ʚʩʝ ʧʦʤʝʱʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ ʧʦʤʝʱʝʥʠʷ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʦʯʘʛ ʧʦʞʘʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʪʘʣʴʥʦ ʨʘʙʦʪʫ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ. 

ɹʣʦʢ 1 ɺʚʦʜ ʜʘʥʥʳʭ ʧʦ ʧʦʤʝʱʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʦʯʘʛ ʧʦʞʘʨʘ (ʧʦʤʝ-

ʱʝʥʠʝ ˉ 1) 

¶ ʨʘʟʤʝʨʳ ʧʦʤʝʱʝʥʠʷ - ʜʣʠʥʘ ʧʦ ʦʩʠ ʍ, ʰʠʨʠʥʘ ʧʦ ʦʩʠ Y ( Y;ʍ ); 

¶ ʢʦʦʨʜʠʥʘʪʳ ʦʯʘʛʘ ʧʦʞʘʨʘ ʧʦ ʦʩʠ ʍ, ʧʦ ʦʩʠ Y ( 00 Y;ʍ ); 

¶ ʢʦʣʠʯʝʩʪʚʦ ʜʚʝʨʥʳʭ ʧʨʦʝʤʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʩʦʩʝʜʥʠʝ ʧʦʤʝʱʝʥʠʷ; 

¶ ʢʦʦʨʜʠʥʘʪʳ ʜʚʝʨʥʳʭ ʧʨʦʝʤʦʚ ʧʦ ʦʩʠ ʍ, ʧʦ ʦʩʠ Y ( ɼiɼiY;ʍ ). 

ɹʣʦʢ 2 ʈʘʩʯʝʪ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʦʛʥʝʤ ʦʪ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʟʘ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʧʦ-

ʞʘʨʘ (ʇL ). 
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ɹʣʦʢ 3 ʈʘʩʯʝʪ ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʦʛʥʝʤ ʯʝʨʝʟ ʜʚʝʨʥʦʡ ʧʨʦʝʤ ʚ ʩʦʩʝʜʥʝʝ ʧʦʤʝ-

ʱʝʥʠʝ (
ɼi

ʇL ). 

 
ʛʜʝ: k ï ʢʦʣʠʯʝʩʪʚʦ ʜʚʝʨʥʳʭ ʧʨʦʝʤʦʚ. 

 

ɹʣʦʢ 4 ʆʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ ʧʣʦʱʘʜʠ ʧʦʞʘʨʘ. 

 
ʛʜʝ: 

F ï ʬʦʨʤʘ ʧʣʦʱʘʜʠ ʧʦʞʘʨʘ; 

R1, R2, R3, R4 ï ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʯʘʛʘ ʜʦ ʧʨʝʧʷʪʩʪʚʠʷ (ʩʪʝʥʳ) ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʚʝʢʪʦʨʘʤ. 
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ɹʣʦʢ 5 ʈʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʞʘʨʘ (
ʇS , 

ʇʌ ). 
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ɹʣʦʢ 6 ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ (ʩʤ. ʪʘʙʣ.). 

 
ʊʘʙʣʠʮʘ. ʇʘʨʘʤʝʪʨʳ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʇʦʢʘʟʘʪʝʣʠ 

ʆʙʦʟʥʘ-

ʯʝʥʠʝ 

ɿʥʘʯʝʥʠʝ ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 

ʇʦʤʝʱʝʥʠʝ  ̄ = ___  

ɺʨʝʤʷ ʨʘʟʚʠʪʠʷ ʧʦʞʘʨʘ 
Pt  = ___ ʤʠʥ.; 

ʃʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ 
ʃV  = ___ ʤ/ʤʠʥ.; 

ʇʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʦʛʥʝʤ 
ʇL  = ___ ʤ; 

ʌʦʨʤʘ ʧʣʦʱʘʜʠ ʧʦʞʘʨʘ F  = ___  

ʇʣʦʱʘʜʴ ʧʦʞʘʨʘ 
ʇS  = ___ ʤ

2
; 

ʌʨʦʥʪ ʧʦʞʘʨʘ 
ʇʌ  = ___ ʤ; 

ʇʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʦʛʥʝʤ ʯʝʨʝʟ i-ʪʳʡ ʜʚʝʨʥʦʡ 

ʧʨʦʝʤ 

ɼi

ʇL  = ___ ʤ. 

 

ɹʣʦʢ 7 ɺʳʙʦʨ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ. 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ 0Lɼiʇ> , ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʛʥʷ ʯʝʨʝʟ i-ʪʳʡ ʜʚʝʨʥʦʡ ʧʨʦʝʤ ʚ 

ʩʤʝʞʥʦʝ ʧʦʤʝʱʝʥʠʝ, ʨʘʩʯʝʪ ʆɻʇʇ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ. 

ɹʣʦʢ 8 ɺʚʦʜ ʜʘʥʥʳʭ ʧʦ ʩʤʝʞʥʦʤʫ ʧʦʤʝʱʝʥʠʶ, ʚ ʢʦʪʦʨʦʝ ʧʨʦʥʠʢ ʦʛʦʥʴ ʯʝʨʝʟ 

ʜʚʝʨʥʦʡ ʧʨʦʝʤ. 

¶ ˉ  ʧʦʤʝʱʝʥʠʷ; 

¶ ʨʘʟʤʝʨʳ ʧʦʤʝʱʝʥʠʷ ï ʜʣʠʥʘ ʧʦ ʦʩʠ ʍ, ʰʠʨʠʥʘ ʧʦ ʦʩʠ Y ( Y;ʍ ); 

¶ ʢʦʦʨʜʠʥʘʪʳ ʦʯʘʛʘ ʧʦʞʘʨʘ ʧʦ ʦʩʠ ʍ, ʧʦ ʦʩʠ Y ( 00 Y;ʍ ), ʧʦʣʘʛʘʷ, ʯʪʦ ʦʯʘʛ ʧʦʞʘʨʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʨʦʠʟʦʰʣʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ; 

¶ ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ ʦʛʥʝʤ ʯʝʨʝʟ ʜʚʝʨʥʦʡ ʧʨʦʝʤ (
ɼi

ʇL ). 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʌʇʇ, ʧʫʪʠ ʧʨʦʡʜʝʥʥʦʛʦ ʦʛʥʝʤ ʜʦ ʜʚʝʨʥʦʛʦ 

ʧʨʦʝʤʘ, ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʛʦ ʦʛʥʝʤ, ʚʳʰʝʜʰʠʤ ʟʘ ʧʨʝʜʝʣʳ ʜʚʝʨʥʦʛʦ ʧʨʦʝʤʘ ʚ ʩʤʝʞʥʦʝ 

ʧʦʤʝʱʝʥʠʝ, ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦ ʠ ʜʦʩʪʦʚʝʨʥʦ: ʚʳʧʦʣʥʠʪʴ ʩʭʝʤʫ ʨʘʟʚʠʪʠʷ 

ʧʦʞʘʨʘ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; ʨʘʩʩʯʠʪʘʪʴ ʆɻʇʇ ʜʣʷ ʦʮʝʥʢʠ ʩʣʦʞʠʚʰʝʡʩʷ 

ʦʙʩʪʘʥʦʚʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʩʯʝʪʘ ʩʠʣ ʠ ʩʨʝʜʩʪʚ ʥʘ ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ. 
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ɸ. ɸ. ɹʦʡʢʦʚ
37

 
ʌɻɹʆʋ ɺʆ ʄʀʈʕɸ ï ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʆ ʅɽʉɺʗɿɸʅʅʓʍ ʉʀʉʊɽʄɸʍ ɻɽʆʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ʀ ʄɸʐʀʅʅʆʁ ɻʈɸʌʀʂʀ 2-ɻʆ ʈʆɼɸ ɺ ʂʆʅʊɽʂʉʊɽ ɺʆɿʄʆɾʅʆʉʊɽʁ 

ʉʆɺʈɽʄɽʅʅʓʍ ʉɸʇʈ 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉɸʇʈ, ʥʝʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, CAD-

ʩʠʩʪʝʤʳ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ. 

ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʧʦʥʷʪʠʝ ʥʝʩʚʷʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ. ʇʨʠʚʦʜʠʪʩʷ ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʩʚʷʟʘʥ-

ʥʳʭ ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ 2-ʛʦ ʨʦʜʘ ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦ-

ʛʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ. ʌʦʨʤʫʣʠʨʫʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

 

A. A. Boykov 

 

ON UNBOUND SYSTEMS OF GEOMETRIC MODELING AND C OMPUTER GRAPHICS 

OF THE 2ND KIND IN T HE CONTEXT OF POSSIBILITIES OF MODERN CA D 

 

Keywords: CAD, unbound systems of geometric modeling, constructive geometrical mod-

eling, constructive geometrical algorithm. 

Abstract: The term of an unbound system of geometric modeling and computer graphics is 

analized. A review of the possibilities of implementing unbound systems of geometric modeling 

and computer graphics of the 2nd kind based on modern CAD technologies is given. The concept of 

such a system on the basis of constructive geometric algorithms is formulated. 

 

 

ʊʝʨʤʠʥ çʥʝʩʚʷʟʘʥʥʳʝ ʩʠʩʪʝʤʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʘʰʠʥʥʦʡ 

ʛʨʘʬʠʢʠè (ʅʉɻʄʄɻ) ʚʚʝʜʝʥ ʠ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ [1-3] ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʠʩʪʝʤ, 

ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 2D ʠʟʦʙʨʘʞʝʥʠʡ ʠ 3D ʤʦʜʝʣʝʡ. ʅʉɻʄʄɻ 2-ʛʦ 

ʨʦʜʘ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʦʩʥʦʚʝ 2D-ʠʟʦʙʨʘʞʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ 

3D-ʤʦʜʝʣʴ, ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʦ ʣʶʙʦʝ ʥʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ 3D-ʤʦʜʝʣʴ ʤʦʞʝʪ 

ʙʳʪʴ ʧʝʨʝʩʪʨʦʝʥʘ. ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʘʜʝʢʚʘʪʥʦ ʤʝʥʷʝʪ 

ʛʝʦʤʝʪʨʠʶ 3D-ʤʦʜʝʣʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʠʤʝʥʥʦ ʨʝʰʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʥʘʯʝʨʪʘʪʝʣʴ-

ʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʪ.ʝ. ʛʝʥʝʨʘʮʠʷ 3D-ʤʦʜʝʣʠ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʜʝʣʷʣʘʩʴ 

ʢʘʢ ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ. ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʚ ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʧʦʣʫʯʠʣʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʘʣʛʦʨʠʪʤʳ ʩʠʥʪʝʟʘ 3D-ʤʦʜʝʣʝʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʩʣʦʞʥʳ ʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ [4]. 
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ʇʦʢʘʞʝʤ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ GOMS [5], ʯʪʦ ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʪʦʣʴʢʦ ʥʘ ʦʩ-

ʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʝʢʮʠʡ ʤʝʥʝʝ ʚʳʛʦʜʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʝʤʘʤʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʚ ʉɸʇʈ. ʆʙʦʟʥʘʯʠʤ ʩʨʝʜʥʝʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ: ʫʢʘʟʘʥʠʝ (ʚʳʙʦʨ) ʦʙʲʝʢʪʘ ʥʘ 

ʵʢʨʘʥʝ ï s, ʥʘʞʘʪʠʝ ʢʦʤʘʥʜʥʦʡ ʢʥʦʧʢʠ (ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʠ) ï a, ʚʚʦʜ ʦʜʥʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ï t. 

ʇʫʩʪʴ ʪʨʝʙʫʝʪʩʷ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ (ʨʠʩ. 1). 

 

 
ʈʠʩ. 1. ʏʝʨʪʝʞ ʧʨʦʩʪʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʚʟʷʪ ʠʟ [4] 

 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʜʣʷ ʉɸʇʈ ʪʠʧʘ çʂʦʤʧʘʩ-3Dè ʩʧʦʩʦʙ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʪʨʝ-

ʙʫʝʪ: ʚʳʙʨʘʪʴ ʙʘʟʦʚʫʶ ʧʣʦʩʢʦʩʪʴ (s), ʩʦʟʜʘʪʴ çʵʩʢʠʟè (a), ʚʳʯʝʨʪʠʪʴ ʧʨʷʤʦʫʛʦʣʴʥʠʢ 

(a+t+t), ʚʳʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ çʵʣʝʤʝʥʪ ʚʳʜʘʚʣʠʚʘʥʠʷè ʠ ʫʢʘʟʘʪʴ ʚʳʩʦʪʫ (a+ t). ɺʩʝʛʦ ï 

s+3Ŀa+3Ŀt. ʇʨʠ ʧʦʣʥʦʩʪʴʶ ʜʚʫʭʤʝʨʥʦʤ ʧʦʜʭʦʜʝ ʪʨʝʙʫʝʪʩʷ: ʚʳʯʝʨʪʠʪʴ ʪʨʠ ʧʨʷʤʦ-

ʫʛʦʣʴʥʠʢʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʣʠʥʘʤʠ ʩʪʦʨʦʥ (a+3Ŀ(s+t+t)), ʚʳʙʨʘʪʴ ʬʠʛʫʨʳ (s), ʚʳ-

ʧʦʣʥʠʪʴ ʢʦʤʘʥʜʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ (a). ʇʨʠ ʩʘʤʦʤ ʦʧʪʠʤʘʣʴʥʦʤ ʩʧʦʩʦʙʝ ʧʦʩʪʨʦ-

ʝʥʠʷ ï 4Ŀs+2Ŀa+6Ŀt. ɼʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʨʘʜʠʮʠʦʥʥʳʡ (ʦʪʤʝʪʠʤ, ʥʝ ʩʘʤʳʡ ʙʳʩʪʨʳʡ) 

ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʚʳʠʛʨʘʪʴ ʚʨʝʤʷ ï 3Ŀsïa+3Ŀt. ʉʦʟʜʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʙʦʣʝʝ ʩʣʦʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪ ʝʱʝ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʯʝʨʪʝʞ, 

ʧʦʜʦʙʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʟʳʢʘʤ, ʯʘʩʪʦ ʠʟʙʳʪʦʯʝʥ: ʝʩʣʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʦʨ-

ʤʳ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʛʦ ʠ ʜʘʞʝ ʧʦʣʦʚʠʥʳ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʭ ʚʩʝ ʨʘʚʥʦ ʧʨʠʭʦʜʠʪʩʷ ʧʦʢʘ-

ʟʳʚʘʪʴ ʥʘ ʚʩʝʭ ʚʠʜʘʭ ʯʝʨʪʝʞʘ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʥʝ ʫʤʘʣʷʝʪ ʜʨʫʛʠʭ ʜʦʩʪʦʠʥʩʪʚ ʯʝʨʪʝ-

ʞʝʡ ï ʠʟʙʳʪʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʪʠʚ ʦʰʠʙʦʢ, ʧʣʦʩ-

ʢʘʷ ʤʦʜʝʣʴ ʧʨʦʱʝ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʥʝ ʪʨʝʙʫʝʪ ʚʨʘʱʝʥʠʷ ʧʨʝʜʤʝʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʠʣʫʯʰʝʛʦ ʚʠʜʘ, ʚʩʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʚʠʜʳ, ʨʘʟʨʝʟʳ, ʩʝʯʝʥʠʷ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʠ ʧʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʉɸʇʈ ʩ çʧʣʦʩʢʠʤè ʠʥʪʝʨʬʝʡʩʦʤ ʥʝ 

ʫʩʪʫʧʘʶʪ çʪʨʝʭʤʝʨʥʳʤè ʠʣʠ ʜʘʞʝ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʜʣʷ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʚʳʩʪʫʧʘʝʪ ʥʝ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʣʦʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ 3D-ʤʦʜʝʣʴ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 3D-ʤʦʜʝʣʴʶ. ʉ ʵʪʠʭ ʧʦʟʠ-

ʮʠʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ ʦʨʛʘʥʠʟʘʮʠʠ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʚ 

ʩʚʝʪʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʝʨʪʝʞʝʡ ʚ 3D-ʤʦʜʝʣʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʨʘʙʦʪʘʪʴ ʩ ʘʨʭʠʚʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ [4]. ɿʜʝʩʴ ʥʝ ʪʨʝʙʫ-
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ʝʪʩʷ ʩʪʨʦʠʪʴ ʯʝʨʪʝʞʠ ʟʘʥʦʚʦ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʯʝʨʪʝʞʘʭ ʠʟ ʘʨʭʠʚʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʜʝʪʘʣʝʡ ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʠʪʴ ʩʠʥʪʝʟ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ (ʧʦʜʨʦʙʥʝʝ ʚ 

[3, 4, 7]). 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʭ ʘʩʩʦʮʠʘʪʠʚʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 3D-

ʤʦʜʝʣʴʶ ʠ ʯʝʨʪʝʞʦʤ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʤ ʥʘ ʝʝ ʦʩʥʦʚʝ, ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘ T-

Flex [8], ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʪʨʘ-

ʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ ʧʨʠ ʧʦʤʦʱʠ 

ʧʣʦʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. ʄʦʞʥʦ ʪʘʢʞʝ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʩʠʩʪʝʤ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʣʦʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ [6]. 

ʅʘʢʦʥʝʮ, ʦʪʤʝʪʠʤ ʝʱʝ ʦʜʥʫ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʜʦʩʪʦʠʥʩʪʚ ʩʠʩʪʝʤ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ çʧʣʦʩʢʠʭè ʤʦʜʝʣʝʡ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ ([9ï13] ʠ ʜʨ.), ʤʥʦʛʠʝ 

ʠʥʞʝʥʝʨʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʤʥʦʞʝʩʪʚʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʧʣʦʩʢʦʩʪʠ. ɺ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 2.052 ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ ʩʦʩʪʦʠʪ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ɻʕ), ʢʦʪʦʨʳʝ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ï ɻʕ, ʦʙʨʘʟʫʶʱʠʝ ʛʝʦʤʝʪʨʠʶ ʠʟʜʝ-

ʣʠʷ, ʠ ɻʕ, ʦʙʨʘʟʫʶʱʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʕʣʝʤʝʥʪʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʠ (ɻʆʉʊ 2.052) çʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʠʟʜʝʣʠʷè. ʆʯʝʚʠʜʥʦ, ʵʪʫ ʬʫʥʢʮʠʶ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ 

ʠʣʠ ʥʦʤʦʛʨʘʤʤʳ, ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʢʦʥʢʫʨʠʨʫʶʱʠʝ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦ-

ʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʢʣʶʯʝʚʳʭ ʩʧʦʩʦʙʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ [10]. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ɻʆʉʊ 2.052 ʷʚʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʜʝʢʣʘʨʠʨʫʝʪʩʷ, ʠ 

ʧʦʜ ɻʕ ʧʦʥʠʤʘʶʪʩʷ ʠʤʝʥʦʚʘʥʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ï ʪʦʯʢʠ, ʣʠʥʠʠ, ʧʦʚʝʨʭʥʦʩʪʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʣʘ; ʦʜʥʘʢʦ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʪʦʯʢʠ, ʧʨʷ-

ʤʳʝ ʠ ʣʠʥʠʠ ʥʝʢʦʪʦʨʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʤʳ ʤʦʞʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦ-

ʤʝʪʨʠʠ, ʥʦʤʦʛʨʘʬʠʠ ʠ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʠ 

ʧʦʤʦʱʠ ʪʦʣʴʢʦ ʪʘʢʠʭ ʧʣʦʩʢʠʭ ɻʕ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

[10, 13], ʠ ʦʧʨʝʜʝʣʷʪʴ ʛʝʦʤʝʪʨʠʶ ʤʦʜʝʣʠ ʯʝʨʝʟ ʧʨʦʝʢʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʵʪʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ. ʀʟʤʝʥʷʷ ʛʝʦʤʝʪʨʠʶ ʧʣʦʩʢʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʦʜʝ-

ʣʝʡ, ʤʳ ʫʧʨʘʚʣʷʝʤ ʛʝʦʤʝʪʨʠʝʡ 3D-ʤʦʜʝʣʠ. ʊʦ ʝʩʪʴ ʧʦʣʫʯʘʝʤ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʜʣʷ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʜʦ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʚʦʟʤʦʞʥʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʉɸʇʈ ʫʞʝ ʩʝʡʯʘʩ. ʕʪʘ ʚʦʟʤʦʞʥʦʩʪʴ, ʬʘʢʪʠʯʝʩʢʠ, ʟʘʣʦʞʝʥʘ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʉɸʇʈ, 

ʛʜʝ, ʫʧʨʘʚʣʷʷ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʤʠ ʵʩʢʠʟʘʤʠ, ʧʨʦʝʢʪʠʨʦʚʱʠʢ ʤʝʥʷʝʪ 3D-ʤʦʜʝʣʴ. ʇʨʠ 

ʧʦʤʦʱʠ ʚʥʝʜʨʷʝʤʳʭ ʤʦʜʫʣʝʡ [14, 15] ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʡ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʚ 

ʉɸʇʈ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʝʱʝ ʙʦʣʝʝ ʧʦʣʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʥʷʪʠʷ ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʩ ʧʦʟʠʮʠʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʉɸʇʈ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʯʝʨʪʳ ʫʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʫʧʨʘʚʣʝʥʠʠ 3D-ʤʦʜʝʣʴʶ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʅʉɻʄʄɻ 2-ʛʦ ʨʦʜʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʩʚʝʪʝ ʪʝʨʤʠʥʦʣʦʛʠʠ ɻʆʉʊ 2.052. 
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ʈʆɹʆʊɸ  

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʣʘʥʩʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʨʦʙʦʪ, ʢʦʣʝʩʥʳʡ ʜʚʠʞʠʪʝʣʴ 

ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʘ ʢʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʛʦ ʙʘʣʘʥʩʠʨʫʶ-

ʱʝʛʦ ʨʦʙʦʪʘ, ʧʨʠʚʝʜʝʥʳ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ. ʇʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʜʚʫʭʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ.  

 

D. A. Bulanov, S. O. Kozhevnikov 

 

CONCEPT OF BUILDING A BALANCING TWO -WHEELED ROBOT  

 

Keywords: Balancing systems, robot, wheel drive 

Abstract: The paper presents the concept of building a two-wheeled balancing robot , a 

block diagram and a conceptual model. Possible applications of a two-wheeled robot are shown: 

transportation of various loads in cramped conditions. 

 

 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʙʘʣʘʥʩʠʨʫʶʱʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʩʝʛʚʝʡ, ʙʘʣʘʥʩʠʨʫʶʱʠʝ ʨʦʙʦʪʳ ʠ ʪ.ʜ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʜʚʫʭʢʦʣʝʩʥʳʭ ʙʘʣʘʥʩʠʨʫʶʱʠʭ ʨʦʙʦʪʦʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ, ʥʘ ʫʣʠʮʝ ʠ ʪ.ʜ. 

ʉʦʟʜʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʙʘʣʘʥʩʠʨʫʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʘʣʘʥʩʠʨʫʶ-

ʱʠʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʷʚʣʷʝʪʩʷ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʫʜʝʨʞʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ.  

ɹʘʣʘʥʩʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʫʩʪʨʦʡʩʪʚ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʝ-

ʚʝʨʥʫʪʳʡ ʤʘʷʪʥʠʢ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦ-

ʪʘʭ [1,2] ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ 2-ʛʦ ʨʦʜʘ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʩʪʨʦʝ-

ʥʠʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʴʶ [2].  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʝʘʣʴʥʳʭ ʙʘʣʘʥʩʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʙʳʣʘ ʩʦʙʨʘʥʘ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʙʦʪʘ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʨʦʙʦʪʘ ʧʨʠʚʝ-

ʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʠ ʚʳʢʣʶʯʝʥʥʦʤ ʧʠʪʘʥʠʠ ʥʝʫʩʪʦʡʯʠʚʘ ʠ ʷʚʣʷʝʪʩʷ ʤʦʜʝ-

ʣʴʶ ʧʝʨʝʚʝʨʥʫʪʦʛʦ ʤʘʷʪʥʠʢʘ. ʈʦʙʦʪ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʝʢʮʠʦʥʥʦʡ ʨʘʤʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʷʨʫʩʦʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʟʤʝ-

ʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʨʦʙʦʪʘ. ʊʘʢ, ʥʘ ʚʝʨʭʥʝʤ ʷʨʫʩʝ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʤʝʱʘʪʴ ʵʣʝʤʝʥʪʳ 

ʠʤʝʶʱʫʶ ʙʦʣʴʰʫʶ ʤʘʩʩʫ, ʘ ʥʘ ʥʠʞʥʝʡ ʧʦʣʢʝ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʢʦʣʝʩʘ ï ʥʘʠʤʝʥʴʰʫʶ. 

 

                                                 
38
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʨʦʙʦʪʘ: 1 ï ʘʢʩʝʣʝʨʦʤʝʪʨ MPU6050; 2 ï Arduino 

UNO; 3 ï ʤʦʜʫʣʴ Bluetooth; 4 ï ʜʨʘʡʚʝʨ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ L298n;  

5 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 

 
ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʜʚʫʭʢʦʣʝʩʥʦʛʦ ʨʦʙʦʪʘ: 1 ï ʰʘʩʩʠ ʨʦʙʦʪʘ; 2 ï ʤʦʜʫʣʴ ʧʠʪʘʥʠʷ; 

3 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘʤʠ; 4 ï ʙʣʦʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ; 5 ï ʘʢʩʝʣʝʨʦʤʝʪʨ;  

6 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ ʩ ʢʦʣʝʩʦʤ 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʦʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʘʪʳ Arduino UNO 

ʠ ʩʠʣʦʚʦʡ ï ʜʨʘʡʚʝʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ L298n. ʇʦʜʜʝʨʞʘʥʠʝ ʨʘʚʥʦ-

ʚʝʩʠʷ ʨʦʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ MPU6050, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʜʚʘ ʪʨʝʭʦʩʝʚʳʭ ʜʘʪʯʠʢʘ, ʘʢʩʝʣʝʨʦʤʝʪʨ ʠ ʛʠʨʦʩʢʦʧ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʫʣʷ ʩʚʷʟʠ Bluetooth ʩ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʫʩʪʨʦʡ-

ʩʪʚʘ ʩʦʚʤʝʩʪʠʤʦʛʦ ʩ ʆʉ Android. 

ɺʳʧʦʣʥʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʜʚʠʞʝʥʠʷ  ʤʦʜʝʣʠ ʙʘʣʘʥʩʠʨʫʶʱʝ-

ʛʦ  ʨʦʙʦʪʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʧʠʩʘʥʠʠ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-
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ʪʳʚʘʪʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ: ʪʨʝʥʠʝ ʢʦʣʝʩ ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʩʚʦʙʦʜʥʳʡ ʭʦʜ 

ʧʨʠʚʦʜʦʚ ʠ ʜʨʫʛʠʭ. 

ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʨʦʙʦʪʘ ʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ 

ʫʯʝʩʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʜʣʷ ʨʝʘʣʴʥʳʭ ʙʘ-

ʣʘʥʩʠʨʫʶʱʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ɹʘʣʘʥʩʠʨʫʶʱʠʡ ʜʚʫʭʢʦʣʝʩʥʳʡ ʨʦʙʦʪ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʥʠʟʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʯʝʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜ-

ʩʪʚʘ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʛʨʫʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʚ ʩʪʝʩʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 
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Abstract:  The article discusses the capabilities of modern software tools designed not only 

for three-dimensional modeling, but also to ensure reliable analysis of various designs in order to 
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ɺ ʥʘʰʝ ʚʨʝʤʷ ʪʨʝʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 

ʥʘʫʯʥʳʝ ʨʘʩʯʝʪʳ, ʠʥʞʝʥʝʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʟʠ-

ʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 3D ʛʨʘʬʠʢʘ ʦʙʣʘʜʘʝʪ ʦʙʰʠʨʥʳʤʠ ʚʦʟ-

ʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʯʝʨʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝ-

ʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ ʪʨʸʭʤʝʨʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʥʘʛʣʷʜʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ (ʨʠʩ. 1), ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʤʘʢʝʪʳ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ (ʨʠʩ. 2). ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʧʦʜ-

ʜʝʨʞʢʘ ʥʝʢʦʪʦʨʳʭ ʨʘʟʜʝʣʦʚ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʥʘʧʨʠʤʝʨ, ʧʝʨʩʧʝʢʪʠʚʳ, ʘʢ-

ʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ, ʪ.ʢ. ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʠʟʦʙ-

ʨʘʞʝʥʠʡ ʚ ʪʨʸʭʤʝʨʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʠʤʝʥʥʦ ʥʘ ʥʠʭ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʯʝʨʪʝʞʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦ-

ʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ (ʨʠʩ. 2) ʢʘʢ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ, ʪʘʢ ʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʘʟʫʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ CAE-ʧʨʦʛʨʘʤʤʝ 

(Computer Aided Engineering) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʨʘʩʯʝʪʥʦʡ. ʆʪʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠ-

ʤʠ ʤʦʜʝʣʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʣʠʯʠʝʤ ʫ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

             
ʈʠʩ. 1. ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʠʟʜʝʣʠʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

 

ʂ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ʦʪʥʦʩʷʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʠʟʜʝʣʠʝ ʥʘʛʨʫʟʢʠ, ʟʘʢʦʥ ʠʭ 

ʠʟʤʝʥʝʥʠʷ ʠ ʫʩʣʦʚʠʝ ʟʘʢʨʝʧʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ ʠ ʟʘʜʘʪʴ ʢʨʠʪʝ-

ʨʠʠ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. ʕʪʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦ-

ʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʠʥ-

ʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʜʘʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʢ ʝʝ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʦʙʱʝʛʦ 

ʧʦʚʝʜʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʷʚʣʷʶʪʩʷ: ʨʝʘʢ-

ʮʠʠ ʚ ʦʧʦʨʘʭ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʮʝʥʪʨʫ ʪʷʞʝ-

ʩʪʠ ʤʦʜʝʣʠ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ ʠ ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʡ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦ ʵʣʝʤʝʥʪʘʤ ʤʦʜʝʣʠ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʥʝʡʥʳʭ, ʫʛʣʦʚʳʭ ʠ ʩʫʤʤʘʨʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ [1]. ʇʦʣʫʯʝʥʥʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʩʤʦʞʝʪ ʣʠ ʦʙʲʝʢʪ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ 
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ʫʩʣʦʚʠʷʭ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʦʠʟʚʝʩʪʠ ʩʚʦʝ-

ʚʨʝʤʝʥʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʦʙʲʝʢʪʘ, ʦʙʝʩʧʝʯʠʚ ʝʤʫ ʜʦʣʛʦʚʝʯʥʦʩʪʴ.  

 

 
ʈʠʩ. 2. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʝʪʘʣʝʡ ʠ ʫʟ-

ʣʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʜʥʦʡ ʠʟ ʉɸʇʈ (ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ), 

ʠʤʝʶʱʝʡ ʚʳʰʝ ʫʢʘʟʘʥʥʳʡ ʤʦʜʫʣʴ CAE ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟʘ ʠ ʧʨʦʚʝʨ-

ʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ [2]. ʉ ʧʦʤʦʱʴʶ ʉɸɽ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ: ʨͨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʫʟʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʪʝʨʤʠʯʝʩʢʠʡ ʠ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ; ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʘʢ ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ; ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʠʣʠ ʧʨʦʮʝʩʩʦʚ.  ʄʦʜʫʣʴ ʧʨʦʯʥʦʩʪ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʠʤʝʶʪ ʪʘʢʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʢʘʢ ʂʆʄʇɸʉ-3D (ʨʠʩ. 3), 

SolidWorks (ʨʠʩ. 4), Autodesk Inventor ʠ ʪ.ʧ. [3]. 

 

 
ʈʠʩ. 3. ʇʨʦʯʥʦʩʪʥʦʡ ʘʥʘʣʠʟ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʚ APM FEM 

(ʤʦʜʫʣʴ ʂʆʄʇɸʉ-3D) 

 

http://ascon.net/ru/showcase/gallery/items/?bm_id=22007
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ʈʠʩ. 4. ʉʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʝʪʘʣʠ ʚ Solidworks Simulation 

 
ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʨʳ ʧʦ ʠʭ ʧʨʝʜʫ-

ʧʨʝʞʜʝʥʠʶ ʠ ʧʣʘʥ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʦ-

ʤʫ ʦʙʲʝʢʪʫ. 

ʅʦ ʚʩʝʛʜʘ ʩʪʦʠʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʜʘʞʝ ʩʘʤʳʝ çʫʤʥʳʝè ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʦʤ-

ʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʨʫʢʘʭ ʯʝʣʦʚʝʢʘ, ʘ ʨʝ-

ʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʩʧʝʮʠʘ-

ʣʠʩʪʘ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʪʨʫʜ ʢʦʪʦʨʦʛʦ ʠ ʧʨʠʟʚʘʥ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʠ ʧʨʦʛʨʘʤʤʳ. 

ʈʘʩʯʝʪʥʳʝ ʤʦʜʫʣʠ ʜʘʣʝʢʦ ʥʝ ʠʜʝʘʣʴʥʳ, ʚʩʝ ʦʥʠ ʩʣʦʞʥʳ ʚ ʦʩʚʦʝʥʠʠ, ʯʪʦ ʚʳʟʚʘ-

ʥʦ ʢʘʢ ʚʝʣʠʯʠʥʦʡ ʬʫʥʢʮʠʦʥʘʣʘ, ʪʘʢ ʠ ʥʝʫʜʦʙʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʘ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤ; ʘ ʪʘʢ ʞʝ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʚʩʝ ʝʱʝ ʥʝ ʩʧʦʩʦʙʥʳ ʨʝʰʠʪʴ ʚʩʝ ʧʨʦ-

ʙʣʝʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʆʜʥʘʢʦ, ʰʘʛ ʟʘ ʰʘʛʦʤ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʢʘʧʣʠʚʘʶʪ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʠ ʥʝʫʢʣʦʥʥʦ ʨʘʩʰʠʨʷʶʪ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʝʢʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʤʝʭʘʥʠʟʤʦʚ, ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ 

ʞʝʩʪʢʦʩʪʴ ʢʘʢ ʮʝʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ ʝʝ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯ-

ʥʳʭ ʫʩʣʦʚʠʡ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʝʱʝ 

ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠʥʷʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. 
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ʌɻɺʆʋ ɺʆ ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʚʷʟʠ ʠʤ. ʄʘʨʰʘʣʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʉ.ʄ. ɹʫʜʝʥʥʦʛʦ 

 

ɸʅɸʃʀɿ ɼʆʉʊʆɺɽʈʅʆʉʊʀ ʈɽɿʋʃʔʊɸʊʆɺ ʊɽʍʅʀʏɽʉʂʆɻʆ 

ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʠʢʘ ʩʚʷʟʠ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ɸʥʥʦʪʘʮʠʷ: ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʝʭʥʠʢʠ ʩʚʷʟʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚ-

ʣʝʥʠʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʪʨʘʪʠʪʩʷ ʥʘ ʧʦʠʩʢ ʦʪʢʘʟʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʩʥʠʞʝʥʠʠ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʛʦ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʪʝʭʥʠʢʠ ʩʚʷʟʠ. 
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ANALYSIS OF THE RELIABILITY OF TECHNICAL RESULTS DIAGNOSTICS  

 

Keywords: reliability of technical diagnostics, communication technology and automated 

control systems. 

Abstract: When restoring communication technology and automated control systems, most 

of the time is spent searching for failures. The effectiveness of the technical diagnostic system plays 

a decisive role in reducing the time spent on restoring communication technology samples. 

 

 

ɺ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʭʥʠʢʠ ʩʚʷʟʠ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ (ʊʉ ʠ ɸʉʋ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʧʦʜ ʢʦʪʦ-

ʨʳʤ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʜʠʘʛʥʦʩʪʠʨʦ-

ʚʘʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ (ʉʊɼ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʢʘʟʘʪʝʣʴ ï ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʉʊɼ ʦʧʨʝʜʝʣʷʝʪ ʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʘʭʦʜʠʪʩʷ ʦʙʲʝʢʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥ-

ʪʦʚ ʉʊɼ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʜʦʣʝʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʆʧʝʨʘʪʦʨ ʠ ʩʨʝʜʩʪʚʘ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝ ʩʚʦʙʦʜʥʳ ʦʪ ʦʰʠʙʦʢ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʤ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʠʩ-

ʭʦʜʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ: ʧʨʘʚʠʣʴʥʳʡ ʜʠʘʛʥʦʟ, ʦʰʠʙʦʯʥʳʡ ʠ ʥʝʧʦʣʥʳʡ. ʂʨʘʡʥʝ ʞʝʣʘ-

ʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʨʠ ʦʰʠʙʦʯʥʦʤ ʠ ʥʝʧʦʣʥʦʤ ʜʠʘʛʥʦʟʝ ʧʨʠʥʷʪʦʝ ʨʝʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʊʉ ʠ ɸʉʋ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʨʝʤʦʥʪʥʦʤ ʦʨ-

ʛʘʥʝ ʥʝ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. 

ʊʠʧʠʯʥʦʡ ʟʘʜʘʯʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦ-

ʩʪʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʨʝʰʘʝʤʘʷ ʩ ʧʦ-

ʟʠʮʠʡ ʦʙʱʝʡ ʪʝʦʨʠʠ ʧʨʦʚʝʨʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʛʜʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝ-

ʩʪʚʘ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ɼ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ 
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