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ОЦЕНКА ПОКАЗАТЕЛЕЙ ЭКСПЛУАТАЦИОННОЙ 
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Аннотация. ʉʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʮʝʥ ʥʘ ʫʛʦʣʴ ʥʘ 

ʤʠʨʦʚʦʤ ʨʳʥʢʝ, ʢʦʪʦʨʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 2019ï2020 ʛʛ., ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʙʦʣʝʝ 

ʤʝʜʣʝʥʥʳʤʠ ʪʝʤʧʘʤʠ ʩʥʠʞʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʜʝʪ 

ʚʳʥʫʞʜʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʫʛʣʷ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʧʦʚʳʰʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʢʘʨʴʝʨʥʦʛʦ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʥʘʨʘʙʦʪʢʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʵʢʩʢʘʚʘʮʠʶ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʇʦʜʜʝʨʞʘʥʠʝ ʠ 

ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʛʦʨʥʦʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʩʪʠʞʠʤʦ ʚ ʪʦʤ 

ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʧʨʦʩʪʦʝʚ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʥʘʪʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʫʛʦʣʴʥʦʛʦ ʨʘʟʨʝʟʘ çʂʦʣʳʚʘʥʩʢʠʡè ɸʆ çʉʠʙʠʨʩʢʠʡ ɸʥʪʨʘʮʠʪè ʟʘ 2017ï2019 

ʛʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʦ ʨʝʡʪʠʥʛʦʚʦʝ ʨʘʥʞʠʨʦʚʘʥʠʝ ʛʨʫʧʧ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʦʚ ʤʘʨʢʠ ʕʂɻ-10 ʧʦ ʥʘʜʝʞʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʥʘʨʘʙʦʪʢʫ ʥʘ ʦʪʢʘʟ ʩʨʝʜʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʘʨʢʘ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠʤʝʝʪ ʛʨʫʧʧʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ çʩʠʩʪʝʤʘ ʩʤʘʟʢʠè, ʘ ʩʘʤʫʶ ʥʠʟʢʫʶ ʥʘʨʘʙʦʪʢʫ ʥʘ ʦʪʢʘʟ ï ʛʨʫʧʧʘ 

çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʝʢʫʱʝʤ ʫʨʦʚʥʝ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʦʩʥʦʚʥʳʤ ʛʨʫʧʧʘʤ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʤʧʦʥʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʨʝʙʫʶʱʠʝ 

ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʦʜʜʝʨʞʘʥʠʶ ʠ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʛʦʨʥʦʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʨʘʟʨʝʟʝ çʂʦʣʳʚʘʥʩʢʠʡè. 
 

Ключевые слова: ʢʘʥʘʪʥʳʝ ʢʘʨʴʝʨʥʳʝ ʵʢʩʢʘʚʘʪʦʨʳ, ʕʂɻ-10, ʥʘʜʝʞʥʦʩʪʴ 

ʵʢʩʢʘʚʘʪʦʨʦʚ, ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʨʝʡʪʠʥʛ ʥʘʜʝʞʥʦʩʪʠ. 
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ASSESSMENT OF OPERATIONAL RELIABILITY INDICATORS  

OF PIT ROPE-OPERATED EXCAVATORS  

 

Annotation. The results of the study of operation reliability indicators of rope-

operated excavators for 2017ï2019 in the conditions of the Kolyvansky coal mine of Siberian 

Anthracite JSC are presented. The analysis of changes in reliability indicators of the main 

groups of equipment is performed. The conclusion is made about the current level of 

reliability for the main groups of excavator equipment and the components of the equipment 

that require increasing operational reliability are identified. The rating of reliability among 

rope-operated excavators used in the conditions of the Kolyvansky coal mine has been 

compiled. Recommendations have been developed to maintain and improve the reliability of 

the main groups of equipment and they components for rope-operated excavators in operating 

conditions at the Kolyvansky coal mine. 

 

Keywords: mining equipment, rope excavators, excavator reliability, time to failure, 

average recovery time, excavator reliability rating. 

 

ВВЕДЕНИЕ 

 
ɺ ʠʶʥʝ 2020 ʛ. ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʌ ʫʪʚʝʨʜʠʣʦ ʇʨʦʛʨʘʤʤʫ ʨʘʟʚʠʪʠʷ 

ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2035 ʛ. ʇʦ ʠʪʦʛʘʤ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʫʛʣʷ ʙʫʜʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 485 ʤʣʥ ʪ ʜʦ 668 ʤʣʥ ʪ ʚ 2035 ʛ. ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʨʦʩʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʨʳʥʢʘʭ ʫʛʣʷ. ɼʦʣʷ 

ʦʪʢʨʳʪʦʡ ʜʦʙʳʯʠ ʫʛʣʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘ ʤʦʤʝʥʪ ʦʢʦʥʯʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʫʨʦʚʥʝ 80ï83 % ʠʣʠ 390ï554 ʤʣʥ ʪ, ʧʨʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʤʦʱʥʦʩʪʠ ʨʘʟʨʝʟʘ  

4 ʤʣʥ ʪ [1].  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʚ 2019 ʛ. ʚ ʈʦʩʩʠʠ ʦʙʲʝʤ ʜʦʙʳʯʠ ʙʫʨʦʛʦ ʠ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʩʦʩʪʘʚʠʣ              

439,2 ʤʣʥ ʪ, ʠʟ ʢʦʪʦʨʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ 334,2 ʤʣʥ ʪ, ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ 

ʠʟʥʦʩʘ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ 

ʥʘʯʘʣʦ 2019 ʛ. ʩʦʩʪʘʚʠʣʘ ʧʦ ʛʨʫʧʧʘʤ: çʤʘʰʠʥʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝè ï 64,6 %, 

çʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘè ï 60,4 % [2]. ʉʪʦʷʱʠʝ ʧʝʨʝʜ ʫʛʦʣʴʥʦʡ ʦʪʨʘʩʣʴʶ 

ʟʘʜʘʯʠ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʦʚ ʩ 2,5 ʜʦ 4 ʤʣʥ ʪ ʠʣʠ ʚ 1,6 ʨʘʟʘ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 
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ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʢʘʢ ʟʘ ʩʯʝʪ 

ʚʚʝʜʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʦʛʦ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʤ ʷʚʣʷʶʪʩʷ ʵʢʩʢʘʚʘʪʦʨʳ ʙʦʣʴʰʝʡ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʘʢ ʠ ʟʘ 

ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʧʘʨʢʘ ʢʘʨʴʝʨʥʳʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ. 

ɺ 2019 ʛ. ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʛʦʜʘʤʠ ʦʪʤʝʯʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʮʝʥ ʥʘ ʫʛʦʣʴ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ (ʥʘ 10ï40 % ʚ 

ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ) [3]. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʮʝʥ ʥʘ 

ʫʛʦʣʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʩʥʠʞʝʥʠʷ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʧʦʟʚʦʣʠʪ ʫʛʦʣʴʥʳʤ ʢʦʤʧʘʥʠʷʤ ʚ 

ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʥʦʚʘʮʠʶ ʧʘʨʢʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʪʝʭʥʠʢʠ. ʋʛʦʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʙʫʜʫʪ ʚʳʥʫʞʜʝʥʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʧʦʚʳʰʘʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʢʘʨʴʝʨʥʦʛʦ ʧʘʨʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʨʘʙʦʪʢʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ 

ʵʢʩʢʘʚʘʮʠʶ ʛʦʨʥʦʡ ʤʘʩʩʳ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʝʞʝʛʦʜʥʳʡ ʨʦʩʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘʨʷʜʫ ʩʦ ʩʥʠʞʝʥʠʝʤ ʥʘʨʘʙʦʪʢʠ ʵʢʩʢʘʚʘʪʦʨʘ ʠ 

ʝʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʚʝʜʫʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ 

ʫʛʣʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʢʘ 

ʛʦʨʥʦʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʨʦʩʪʦʝʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 35 % ʬʦʥʜʘ 

ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ [4]. 

ʅʘ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʥʘʪʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʛʝʦʣʦʛʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʘʛʨʫʞʝʥʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ, ʢʘʯʝʩʪʚʦ ʧʨʦʚʝʜʝʥʠʷ 

ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʧʦʜʛʦʪʦʚʢʠ ʟʘʙʦʷ, ʫʨʦʚʝʥʴ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʤʘʰʠʥʠʩʪʘ. ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʵʢʩʢʘʚʘʪʦʨʦʚ (ʤʝʭʘʥʠʯʝʩʢʦʡ, 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ, ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨ.), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ ʧʨʦʩʪʦʷ ʵʢʩʢʘʚʘʪʦʨʦʚ [4, 5, 6, 7]. ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʨʘʙʦʪʢʠ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʝ ʩʠʩʪʝʤʳ ʵʢʩʢʘʚʘʪʦʨʘ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʢʘʚʘʪʦʨʥʦʛʦ 

ʧʘʨʢʘ ʥʘ ʨʘʟʨʝʟʝ çʂʦʣʳʚʘʥʩʢʠʡè ɸʆ çʉʠʙʠʨʩʢʠʡ ɸʥʪʨʘʮʠʪè 

(ʀʩʢʠʪʠʤʩʢʠʡ ʨʘʡʦʥ, ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʨʘʙʦʪʘ 

ʢʘʥʘʪʥʳʭ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ (ʂʂʕ) ʕʂɻ-10 ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʯʝʨʥʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʆɸʆ çʆʄɿè (ʆʙʲʝʜʠʥʸʥʥʳʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ ʟʘʚʦʜʳ) 

(ʊʘʙʣ. 1) ʟʘ ʧʝʨʠʦʜ 2017ï2019 ʛʛ. ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʢʘʟʘʪʝʣʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ: ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʦʪʢʘʟʘʤʠ ï               

MTBF, ʯʘʩ., ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʧʦʩʣʝ ʦʪʢʘʟʘ ï           

MTTR, ʯʘʩ., ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ï ʢʛ; ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ 

ʨʘʙʦʪʳ ï ʈ(t) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [8, 9]. 
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ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʂʂʕ ʥʘ ʨʘʟʨʝʟʝ çʂʦʣʳʚʘʥʩʢʠʡè 

Параметры ЭКГ-10 

ʀʩʭʦʜʥʳʡ ʦʙʲʝʤ ʢʦʚʰʘ, ʤ
3
 10 

ʉʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ 01.01.20 ʛ., ʤ/ʯ 23 677 

ɻʦʜ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 2008-2014 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ, ʪ 442 

ɼʘʚʣʝʥʠʝ ʥʘ ʛʨʫʥʪ, ʢʇʘ 204 

ʈʘʩʯʝʪʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʥʘ ʫʛʦʣ 900, ʩ 26 

ʂʦʣʠʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʝʜ. 5 

  
СТРУКТУРА ПРОСТОЕВ ОСНОВНЫХ ГРУПП  

ОБОРУДОВАНИЯ ПАРКА ККЭ 

 

ɺ ʩʪʘʪʠʩʪʠʢʫ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʘʨʢʘ ʂʂʕ ʚʢʣʶʯʝʥʳ ʧʨʦʩʪʦʠ 

ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ: ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩʠʩʪʝʤʘ ʩʤʘʟʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʦʠ ʧʦ ʧʨʠʯʠʥʘʤ, 

ʦʢʘʟʳʚʘʶʱʠʤ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʚʨʝʤʷ ʥʘʭʦʞʜʝʥʠʷ ʵʢʩʢʘʚʘʪʦʨʘ 

ʚ ʨʘʙʦʪʝ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʦʞʠʜʘʥʠʝ ʨʝʤʦʥʪʘ ï çʦʞʠʜʘʥʠʝ ʨʝʤʦʥʪʘ ʚ 

ʩʝʨʚʠʩʝè, çʦʪʩʫʪʩʪʚʠʝ ʨʝʤʦʥʪʥʦʡ ʙʨʠʛʘʜʳè, çʦʪʩʫʪʩʪʚʠʝ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡè 

ʠ ʚʥʝʰʥʠʝ ʧʨʠʯʠʥʳ ï çʦʪʢʣʶʯʝʥʠʝ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷè, 

çʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè, çʦʩʪʘʥʦʚʢʘ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʦʨʛʘʥʘʤʠè. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʊʘʙʣ. 2 ʠ ʈʠʩ. 1, ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʩʦʩʪʘʚʣʷʶʪ ʦʪʢʘʟʳ ʤʝʭʘʥʠʯʝʩʢʦʡ (54,8 %) ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ (17,5 %) 

ʩʠʩʪʝʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ [6]. 

 
ʊʘʙʣʠʮʘ 2. ʉʪʨʫʢʪʫʨʘ ʧʨʦʩʪʦʝʚ ʂʂʕ ʚ ʨʘʟʨʝʟʝ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ  

ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ 2017ï2019 ʛʛ. 

№ 
Категория отказа 

по группе оборудования 
ЭКГ-10 

1 ʄʝʭʘʥʠʯʝʩʢʦʝ (ʄʆ) 54,8 % 

2 ʕʣʝʢʪʨʠʯʝʩʢʦʝ (ʕʆ) 17,5 % 

3 ʉʠʩʪʝʤʘ ʩʤʘʟʢʠ (ʉʉ) 0,5 % 

4 ʆʞʠʜʘʥʠʝ ʨʝʤʦʥʪʘ (ʆʈ) 9,3 % 

5 ɺʥʝʰʥʠʝ ʧʨʠʯʠʥʳ (ɺʇ) 17,9 % 

 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʩʪʦʝʚ ʧʦ ʛʨʫʧʧʝ çʦʞʠʜʘʥʠʝ ʨʝʤʦʥʪʘè 

ʦʙʫʩʣʦʚʣʝʥ ʥʝʧʨʦʚʝʜʝʥʠʝʤ ʨʝʤʦʥʪʦʚ ʚ ʥʦʯʥʫʶ ʩʤʝʥʫ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ. ʇʦ ʛʨʫʧʧʝ çʚʥʝʰʥʠʝ ʧʨʠʯʠʥʳè ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʩʪʦʝʚ ʧʦʣʫʯʝʥʦ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʥʫʪʨʠ 

ʫʯʘʩʪʢʘ ʠʣʠ ʦʪ ʧʦʜʩʪʘʥʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʢʘʥʘʪʥʳʭ 

ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʟʘʥʠʤʘʣʠʩʴ ʢʘʢ ʨʦʩʩʠʡʩʢʠʝ, ʪʘʢ ʠ ʠʥʦʩʪʨʘʥʥʳʝ ʘʚʪʦʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʦʪʢʘʟʦʚ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʵʢʩʢʘʚʘʪʦʨʦʚ 
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ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [10], ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʬʘʢʪʦʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʥʘʨʘʙʦʪʢʫ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ ʥʦʚʦʡ ʧʨʦʜʫʢʪʦʚʦʡ ʣʠʥʝʡʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʀɿ-ʂɸʈʊʕʂʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [5], ʧʨʠʯʠʥʳ ʠ ʭʘʨʘʢʪʝʨ 

ʭʨʫʧʢʠʭ ʨʘʟʨʫʰʝʥʠʡ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ [11], ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʨʘʙʦʪʢʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ ʦʪ ʫʩʣʦʚʠʡ ʠʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ [12], ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʦʯʣʝʥʝʥʥʦʡ ʩʪʨʝʣʳ ʢʘʨʴʝʨʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ ʕʂɻ-15 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ [13], ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʢʘʥʘʪʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʢʘʨʴʝʨʝ 

ʄʫʨʫʥʪʘʫ ʅʘʚʦʠʡʩʢʦʛʦ ɻʄʂ ʦʪʨʘʞʝʥ ʚ [14]. ɺ ʨʘʙʦʪʘʭ ʟʘʨʫʙʝʞʥʳʭ 

ʘʚʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʨʠʯʠʥʳ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʚʰʦʚʦʛʦ 

ʢʦʣʝʩʥʦʛʦ ʵʢʩʢʘʚʘʪʦʨʘ [15], ʦʪʢʘʟʳ ʨʘʙʦʯʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʦʚʰʦʚʦʛʦ 

ʵʢʩʢʘʚʘʪʦʨʘ ERS 1250 Gacko ʚ [16], ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʠ ʘʥʘʣʠʟʘ 

ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʢʦʚʰʦʚʦʤ ʵʢʩʢʘʚʘʪʦʨʝ 

SchRs 650/5 Ĭ 24 Krup ʚ [17]. 

ʆʙʦʙʱʘʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʂʂʕ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ ʝʛʦ 

ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ. 
 

 

 
 
ʈʠʩ. 1. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10  

ʧʦ ʦʩʥʦʚʥʳʤ ʛʨʫʧʧʘʤ ʠ ʧʦʢʘʟʘʪʝʣʷʤ ʠʭ ʦʮʝʥʢʠ: MTBF, MTTR 
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ИССЛЕДОВАНИЕ НАДЕЖНОСТИ МЕХАНИЧЕСКОЙ СИСТЕМЫ  

И ЕЕ КОМПОНЕНТОВ 

 

ʇʦ ʢʘʪʝʛʦʨʠʠ çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè ʫ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 

ʦʪʤʝʯʝʥʦ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 3033 ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

9 263 ʯʘʩʘ, ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ MTBF ʩʦʩʪʘʚʠʣʘ 15,81 ʪʳʩ ʤ
3
, 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ MTTR ï 3,1 ʯʘʩʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ 

ʄʆ ʩʦʩʪʘʚʠʣ 84 %, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʄʆ ï 0,94 ʥʘ 1 ʪʳʩ. ʤ
3
 ʚʳʝʤʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ (100 ʢʦʚʰʝʡ) (ʈʠʩ. 2). 

ʅʘʠʙʦʣʴʰʘʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʵʢʩʢʘʚʘʪʦʨʫ ʩ 

ʛʘʨʘʞʥʳʤ ʥʦʤʝʨʦʤ ˉ 29 ï 27 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  

2,3 ʯʘʩʘ, ʥʘʠʤʝʥʴʰʘʷ, ʧʦ ʵʢʩʢʘʚʘʪʦʨʫ ˉ 18 ï 8,1 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 3,9 ʯʘʩʘ. 

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʦ ʛʨʫʧʧʝ çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè ʧʷʪʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʩʨʝʜʥʝʤ, ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʥʠʟʢʦʡ ʠʟ ʚʩʝʭ ʛʨʫʧʧ ʦʩʥʦʚʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʣʘ 12,5 ʪʳʩ. ʤ
3
. ɼʦʣʷ ʧʨʦʩʪʦʝʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 54,8 %. ʅʘ 

ʈʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ʩʨʝʜʠ ʥʘʠʙʦʣʝʝ 

ʚʝʩʦʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʧʧʳ çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè, ʫʜʝʣʴʥʳʡ 

ʚʝʩ ʢʦʪʦʨʳʭ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʦʝʚ ʩʦʩʪʘʚʠʣ ï 78 %. ʇʦ ʩʪʦʣʙʮʫ ʠʪʦʛʦ 

ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʦʩʪʦʷʭ ʧʦ ʚʩʝʤ ʢʦʤʧʦʥʝʥʪʘʤ ʛʨʫʧʧʳ ʄʆ ʟʘ 

2017ï2019 ʛʛ. 

 
ʘ) 
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ʙ) 

 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʘ ʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʧʦ ʛʨʫʧʧʝ ʄʆ (ʘ). 

ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʧʦ ʛʨʫʧʧʝ ʄʆ ʠ ʧʦʢʘʟʘʪʝʣʷʤ 

ʠʭ ʦʮʝʥʢʠ: MTBF, MTTR (ʙ) 

 

ʅʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʤʠ ʫʟʣʘʤʠ ʛʨʫʧʧʳ çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʷʚʣʷʶʪʩʷ: 

Å çʨʘʙʦʯʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝè
1
: 1 331 ʧʨʦʩʪʦʡ (ʠʣʠ 44 % ʦʪ ʧʨʦʩʪʦʝʚ ʧʦ 

ʛʨʫʧʧʝ ʄʆ) ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʦʪʢʘʟʘʤʠ: 964 ʧʨʦʩʪʦʷ ʩʦ ʩʨʝʜʥʠʤ 

ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 0,74 ʯ ï ʧʦʚʨʝʞʜʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʪʢʨʳʚʘʥʠʷ 

ʜʥʠʱʘ ʢʦʚʰʘ, 86 ʧʨʦʩʪʦʝʚ ʩʦ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 4,2 ʯ ï 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʢʦʚʰʘ, 131 ʧʨʦʩʪʦʡ ʩʦ ʩʨʝʜʥʠʤ 

ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 6,1 ʯ ï ʨʝʤʦʥʪ ʩʝʜʣʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, 

103 ʧʨʦʩʪʦʷ ʩʦ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 0,83 ʯ ï ʟʘʤʝʥʘ ʟʫʙʴʝʚ 

ʢʦʚʰʘ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʚʨʝʞʜʝʥʠʡ ʧʦ ʧʦʜʛʨʫʧʧʝ çʨʘʙʦʯʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝè ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦ ʵʢʩʢʘʚʘʪʦʨʫ ˉ 18 ï 326 ʦʪʢʘʟʦʚ, 

ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ï 20,2 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ï 2,4 ʯ; 

                                                           
1 ɺ ʜʘʥʥʫʶ ʧʦʜʛʨʫʧʧʫ ʦʪʥʝʩʝʥʳ ʧʨʦʩʪʦʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʚʨʝʞʜʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʙʦʯʝʛʦ 
ʦʨʛʘʥʘ: ʢʦʚʰ (ʢʦʨʧʫʩ, ʜʥʠʱʝ, ʟʫʙʴʷ, ʧʦʜʚʝʩʢʘ), ʨʫʢʦʷʪʴ, ʩʪʨʝʣʘ, ʩʝʜʣʦʚʦʡ ʧʦʜʰʠʧʥʠʢ, ʛʦʣʦʚʥʳʝ ʙʣʦʢʠ, 

ʧʦʜʚʝʩʢʘ ʩʪʨʝʣʳ, ʤʝʭʘʥʠʟʤ ʦʪʢʨʳʚʘʥʠʷ ʜʥʠʱʘ. 
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Å çʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘè
2
: 547 ʧʨʦʩʪʦʝʚ (ʠʣʠ 18 % ʦʪ ʧʨʦʩʪʦʝʚ ʧʦ 

ʛʨʫʧʧʝ ʄʆ) ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʦʪʢʘʟʘʤʠ: 444 ʧʨʦʩʪʦʷ ʩʦ ʩʨʝʜʥʠʤ 

ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 0,75 ʯ ï ʟʘʤʝʥʘ ʫʧʨʫʛʦʡ ʤʫʬʪʳ ʧʦʜʲʝʤʥʦʡ 

ʣʝʙʝʜʢʠ, 35 ʧʨʦʩʪʦʝʚ ʩʦ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 8,4 ʯ ï 

ʨʝʤʦʥʪ/ʟʘʤʝʥʘ ʜʚʠʛʘʪʝʣʷ ʧʦʜʲʝʤʘ, 68 ʧʨʦʩʪʦʝʚ ʩʦ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 13,4 ʯ ï ʨʝʤʦʥʪ/ʟʘʤʝʥʘ ʨʝʜʫʢʪʦʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʧʦʜʲʝʤʥʦʡ ʣʝʙʝʜʢʠ. ʇʦ ʢʦʤʧʦʥʝʥʪʝ çʫʧʨʫʛʘʷ ʤʫʬʪʘè ʟʘʬʠʢʩʠʨʦʚʘʥʦ 81 % 

ʧʨʦʩʪʦʝʚ ʧʦ ʧʦʜʛʨʫʧʧʝ çʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘè, ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

332,2 ʯ, ʥʘʨʘʙʦʪʢʦʡ ʥʘ ʦʪʢʘʟ 108 ʪʳʩ. ʤ
3
. ʉʘʤʫʶ ʥʠʟʢʫʶ ʥʘʨʘʙʦʪʢʫ 

çʫʧʨʫʛʘʷ ʤʫʬʪʘè ʠʤʝʝʪ ʫ ʵʢʩʢʘʚʘʪʦʨʘ ˉ 18 ï 46,08 ʪʳʩ. ʤ
3
, ʧʨʠ ʩʨʝʜʥʝʤ 

ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 0,79 ʯ; 

Å çʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʩʪʦʠè: 582 ʧʨʦʩʪʦʷ (ʠʣʠ 19 % ʦʪ ʧʨʦʩʪʦʝʚ ʧʦ 

ʛʨʫʧʧʝ ʄʆ) ʩʦʛʣʘʩʥʦ ʦʧʝʨʘʪʠʚʥʦʡ ʦʪʯʝʪʥʦʩʪʠ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ 

ʨʘʟʨʝʟʘ çʂʦʣʳʚʘʥʩʢʠʡè ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 37 ʧʨʦʩʪʦʝʚ ʩʦ ʩʨʝʜʥʠʤ 

ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 6,3 ʯ ï ʘʚʘʨʠʡʥʳʝ ʨʝʤʦʥʪʳ (ʥʝ ʩʦʜʝʨʞʘʪ 

ʨʘʩʰʠʬʨʦʚʢʠ), 545 ʧʨʦʩʪʦʝʚ ʩʦ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ         

2 ʯ ï ʧʨʦʯʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʝʤʦʥʪʳ (ʥʝ ʩʦʜʝʨʞʘʪ ʨʘʩʰʠʬʨʦʚʢʠ). ʂ ʜʘʥʥʦʡ 

ʧʦʜʛʨʫʧʧʝ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʣʶʙʳʝ ʧʦʣʦʤʢʠ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʚʳʰʝ 

ʧʦʜʛʨʫʧʧ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤʳ ʄʆ. 

ʆʪʜʝʣʴʥʦʛʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʛʨʫʧʧʫ ʦʪʢʘʟʦʚ ʧʦ ʧʨʠʯʠʥʝ ʧʦʣʦʤʦʢ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʵʢʩʢʘʚʘʪʦʨʦʚ (ʨʘʤʘ). ʇʦ ʜʘʥʥʦʡ ʛʨʫʧʧʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ 100 ʦʪʢʘʟʦʚ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1 442,74 ʯ, 

ʥʘʨʘʙʦʪʢʦʡ ʥʘ ʦʪʢʘʟ 298,61 ʪʳʩ. ʤ
3
 ʠ ʩʨʝʜʥʠʤ ʚʨʝʤʝʥʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

14,43 ʯ. ʉʘʤʘʷ ʥʠʟʢʘʷ ʥʘʨʘʙʦʪʢʘ ʧʦ ʨʘʤʝ ʚʳʷʚʣʝʥʘ ʫ ʵʢʩʢʘʚʘʪʦʨʘ  ̄18 ï 

108,3 ʪʳʩ. ʤ
3
, ʧʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 13,97 ʯ. ʇʨʠ ʵʪʦʤ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʠ ɾʫʨʥʘʣʦʚ ʫʯʝʪʘ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʂɻ-10 ʥʝ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ 

ʠʩʪʠʥʥʳʝ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʧʦ ʨʘʤʝ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʪʘʢ ʢʘʢ ʤʝʣʢʠʝ ʦʪʢʘʟʳ ʚ 

ʜʘʥʥʳʭ ʞʫʨʥʘʣʘʭ ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ. ʆʪʤʝʪʢʠ ʜʝʣʘʶʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʘʤʝʥʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, ʫʯʝʪ ʥʘʨʘʙʦʪʢʠ ʤʝʞʜʫ 

ʦʪʢʘʟʘʤʠ ʪʘʢʞʝ ʥʝ ʚʝʜʝʪʩʷ. 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʚ ʨʘʟʨʝʟʝ ʢʦʤʧʦʥʝʥʪ ʛʨʫʧʧʳ ʄʆ ʠ ʧʘʨʢʘ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 4, ʫʜʝʣʴʥʳʡ ʚʝʩ ʢʦʤʧʦʥʝʥʪ ʚ ʩʪʨʫʢʪʫʨʝ 

ʦʪʢʘʟʦʚ ʧʦ ʛʨʫʧʧʝ ʄʆ ʥʘ ʈʠʩ. 5. 

 

 

                                                           
2 ɺ ʜʘʥʥʫʶ ʧʦʜʛʨʫʧʧʫ ʦʪʥʝʩʝʥʳ ʧʨʦʩʪʦʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʪʢʘʟʦʤ ʜʚʠʛʘʪʝʣʝʡ ʠ ʨʝʜʫʢʪʦʨʦʚ ʧʦʜʲʝʤʘ, 

ʫʧʨʫʛʦʡ ʤʫʬʪʳ. 
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ʈʠʩ. 3. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʥʘʠʙʦʣʝʝ ʚʝʩʦʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʫʧʧʳ ʄʆ ʕʂɻ-10 

 
 

 
 

ʈʠʩ. 4. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʧʦ ʛʨʫʧʧʝ ʄʆ 
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ʈʠʩ. 5. ʋʜʝʣʴʥʳʡ ʚʝʩ ʢʦʤʧʦʥʝʥʪ ʚ ʩʪʨʫʢʪʫʨʝ ʦʪʢʘʟʦʚ ʧʦ ʛʨʫʧʧʝ ʄʆ ʕʂɻ-10  

 

ИССЛЕДОВАНИЕ НАДЕЖНОСТИ СИСТЕМЫ 

ЭЛЕКТРИЧЕСКОГО ОБОРУДОВАНИЯ И ЕЕ КОМПОНЕНТОВ 

 

ʇʦ ʢʘʪʝʛʦʨʠʠ çʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè (ʈʠʩ. 6) ʫ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʦʪʤʝʯʝʥʦ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 969 ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

1 984 ʯʘʩʘ, ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ MTBF ʩʦʩʪʘʚʠʣʘ 49,5 ʪʳʩ. ʤ
3
, 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ MTTR ï 2 ʯʘʩʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ 

ʕʆ ʩʦʩʪʘʚʠʣ 96 %, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʄʆ ï 0,98 ʥʘ 1 ʪʳʩ. ʤ
3
 ʚʳʝʤʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ.  

ʅʘʠʙʦʣʴʰʘʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʵʢʩʢʘʚʘʪʦʨʫ ʩ 

ʛʘʨʘʞʥʳʤ ʥʦʤʝʨʦʤ ˉ 29 ï 78 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

2,2 ʯ, ʥʘʠʤʝʥʴʰʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʢʩʢʘʚʘʪʦʨʘ ˉ 18 ï 30 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ 

ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 2,4 ʯ.  

ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʦ ʛʨʫʧʧʝ çʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè ʧʷʪʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʩʦʩʪʘʚʠʣʘ 49,5 ʪʳʩ. ʤ
3
. ɺ ʮʝʣʦʤ ʧʦ ʛʨʫʧʧʝ ʵʢʩʢʘʚʘʪʦʨʦʚ ʜʦʣʷ 

ʧʨʦʩʪʦʝʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 17,5 %. 
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ʘ) 

 
ʙ) 

 

ʈʠʩ. 6. ʉʪʨʫʢʪʫʨʘ ʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʧʦ ʛʨʫʧʧʝ ʕʆ (ʘ). 

ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʧʦ ʛʨʫʧʧʝ ʕʆ ʠ ʧʦʢʘʟʘʪʝʣʷʤ 

ʠʭ ʦʮʝʥʢʠ: MTBF, MTTR (ʙ) 



36 
  

 

ТРАНСПОРТНЫЕ СИСТЕМЫ И ТЕХНОЛОГИИ 

TRANSPORTATION SYSTEMS AND TECHNOLOGY  

ОБЗОРЫ 

 REVIEW S 

 

 

 

Received: 19.10.2020 Revised: 11.11.2020 Accepted: 30.12.2020 

Поступил: 19.10.2020 Одобрена: 11.11.2020 Принята: 30.12.2020 
 

ʇʝʨʝʯʝʥʴ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʦʜʠʣʩʷ ʢ ʜʠʘʛʥʦʩʪʠʢʝ, ʨʝʤʦʥʪʫ ʠ ʥʘʣʘʜʢʝ 

ʵʣʝʢʪʨʦʩʠʩʪʝʤʳ, ʟʘʤʝʥʘʤ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʵʣʝʢʪʨʦʘʧʧʘʨʘʪʫʨʳ, 

ʥʘʧʨʠʤʝʨ, ʜʘʪʯʠʢʦʚ, ʨʝʣʝ, ʧʨʦʚʦʜʦʚ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʛʝʥʝʨʘʪʦʨʦʚ ʠ 

ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚ ʢʘʪʝʛʦʨʠʠ 

çʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè ʠʤʝʶʪʩʷ ʧʨʦʩʪʦʠ, ʢʦʪʦʨʳʝ ʦʪʥʝʩʝʥʳ ʢ 

ʧʦʜʛʨʫʧʧʝ çʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʩʪʦʠè ʠ ʠʭ ʜʦʣʷ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʦʝʚ 

ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 14 % ʠʣʠ 137 ʧʨʦʩʪʦʝʚ. çʅʝʦʧʨʝʜʝʣʝʥʥʳʝè ʧʨʦʩʪʦʠ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʫ ʛʨʫʧʧʫ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ 

ʧʨʦʩʪʦʠ ʧʦ ʟʘʤʝʥʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʩʠʩʪʝʤʳ. ʆʙʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʚ ʨʘʟʨʝʟʝ ʢʦʤʧʦʥʝʥʪ ʛʨʫʧʧʳ ʕʆ ʠ ʧʘʨʢʘ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 7. 

 

 
 

ʈʠʩ. 7. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʧʦ ʛʨʫʧʧʝ ʕʆ 
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ИССЛЕДОВАНИЕ НАДЕЖНОСТИ СИСТЕМЫ СМАЗКИ  

И ЕЕ КОМПОНЕНТОВ 

 

ʇʦ ʢʘʪʝʛʦʨʠʠ çʩʠʩʪʝʤʘ ʩʤʘʟʢʠè (ʈʠʩ. 8) ʫ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪʤʝʯʝʥʦ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 28 ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 38 ʯʘʩʦʚ, 

ʩʨʝʜʥʷʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ MTBF ʩʦʩʪʘʚʠʣʘ 1 713 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ MTTR ï 1,3 ʯ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʕʆ ʩʦʩʪʘʚʠʣ 

99,9 %, ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʉʉ ï 0,99 ʥʘ 

1 ʪʳʩ. ʤ
3
 ʚʳʝʤʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ.  

ʅʘʠʙʦʣʴʰʘʷ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʢʩʢʘʚʘʪʦʨʘ ˉ 17 ï

3 925 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 0,2 ʯ, ʥʘʠʤʝʥʴʰʘʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʢʩʢʘʚʘʪʦʨʘ ˉ 25 ï 741 ʪʳʩ. ʤ
3
, ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʥʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1,3 ʯ. ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʦ ʛʨʫʧʧʝ çʩʠʩʪʝʤʘ ʩʤʘʟʢʠè ʧʷʪʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʩʦʩʪʘʚʠʣʘ 1 713 ʪʳʩ. ʤ
3
. ɺ ʮʝʣʦʤ ʧʦ ʛʨʫʧʧʝ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʜʦʣʷ ʧʨʦʩʪʦʝʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0,5 %. 

 

 

 
 

a) 
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ʙ) 

 
ʈʠʩ. 8. ʉʪʨʫʢʪʫʨʘ ʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʧʦ ʛʨʫʧʧʝ ʉʉ (ʘ). 

ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʧʦ ʛʨʫʧʧʝ ʉʉ ʠ ʧʦʢʘʟʘʪʝʣʷʤ 

ʠʭ ʦʮʝʥʢʠ: MTBF, MTTR (ʙ) 

 
АНАЛИЗ ОТКАЗОВ ПО ГРУППЕ «ОЖИДАНИЕ РЕМОНТА» 

 

ʇʦ ʢʘʪʝʛʦʨʠʠ çʦʞʠʜʘʥʠʝ ʨʝʤʦʥʪʘè ʫ ʵʢʩʢʘʚʘʪʦʨʦʚ ʦʪʤʝʯʝʥʦ ʩʫʤʤʘʨʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ 515 ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 6 597 ʯ. ʇʨʠ ʘʥʘʣʠʟʝ 

ʧʦʜʛʨʫʧʧ, ʚʭʦʜʷʱʠʭ ʚ ʜʘʥʥʫʶ ʢʘʪʝʛʦʨʠʶ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 430 ʦʪʢʘʟʦʚ 

ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 5 458 ʯ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʞʠʜʘʥʠʝ ʨʝʤʦʥʪʘ, 

85 ʧʨʦʩʪʦʝʚ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 1 570 ʯ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ. ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ 1 ʯ ʧʨʦʩʪʦʷ ʂʂʕ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ 

2019 ʛʦʜʫ ʨʘʩʩʯʠʪʘʥʘ ʠʩʭʦʜʷ ʠʟ ʧʨʷʤʳʭ ʟʘʪʨʘʪ (ʌʆʊ ʧʝʨʩʦʥʘʣʘ, 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʘʤʦʨʪʠʟʘʮʠʷ, ʟʘʧʘʩʥʳʝ ʯʘʩʪʠ) ʩʦʩʪʘʚʠʣʘ ʜʣʷ ʧʘʨʢʘ ʕʂɻ-10 

– 5 079,23 ʨʫʙ./ʯ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʩʪʦʠ ʧʦ ʦʞʠʜʘʥʠʶ ʨʝʤʦʥʪʘ ʩʪʦʠʣʠ 

ʜʣʷ ʢʦʤʧʘʥʠʠ ï 7,9 ʤʣʥ. ʨʫʙ., ʧʨʦʩʪʦʠ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ï 

4,9 ʤʣʥ. ʨʫʙ. 
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ЗАКЛЮЧЕНИЕ 
 

ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʢʩʢʘʚʘʪʦʨʦʚ ʥʘ ʨʘʟʨʝʟʝ 

çʂʦʣʳʚʘʥʩʢʠʡè ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʜʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʂʂʕ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʩʪʘʚʣʝʥ ʨʝʡʪʠʥʛ ʥʘʜʝʞʥʦʩʪʠ 

(ʈʠʩ. 9).  

1.1. ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʦ ʛʨʫʧʧʝ çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè 

ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʥʠʟʢʦʡ ʩʨʝʜʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʠ 

ʩʦʩʪʘʚʠʣʘ 15,8 ʪʳʩ. ʤ
3
. ʅʘʠʤʝʥʴʰʘʷ ʨʝʩʫʨʩʥʘʷ ʥʘʨʘʙʦʪʢʘ ʧʦ ʜʘʥʥʦʡ ʛʨʫʧʧʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʢʩʢʘʚʘʪʦʨʘ ˉ 18 ï 816 ʦʪʢʘʟʦʚ, ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ 

8,1 ʪʳʩ. ʤ
3
 ʧʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 3,9 ʯ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ 

ʨʝʩʫʨʩ ʥʘʨʘʙʦʪʢʠ ʜʦʩʪʠʛʥʫʪ ʧʦ ʵʢʩʢʘʚʘʪʦʨʫ ˉ 29, ʫ ʢʦʪʦʨʦʛʦ ʥʘʨʘʙʦʪʢʘ ʥʘ 

ʦʪʢʘʟ ʩʦʩʪʘʚʠʣʘ 27,3 ʪʳʩ. ʤ
3
 ʧʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,3 ʯ. 

ʅʘʠʤʝʥʝʝ ʥʘʜʝʞʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ: 

Å ʧʦʜʛʨʫʧʧʘ çʨʘʙʦʯʠʡ ʦʨʛʘʥè: ʤʝʭʘʥʠʟʤ ʦʪʢʨʳʚʘʥʠʷ ʜʥʠʱʘ ʢʦʚʰʘ, 

ʧʦ ʢʦʪʦʨʦʤʫ ʠʤʝʣʦ ʤʝʩʪʦ 964 ʧʨʦʩʪʦʷ, ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʟʣʘ 

ʩʦʩʪʘʚʠʣʦ 709 ʯ. ʏʘʱʝ ʚʩʝʛʦ ʜʘʥʥʳʡ ʫʟʝʣ ʦʪʢʘʟʳʚʘʣ ʫ ʵʢʩʢʘʚʘʪʦʨʦʚ ˉ 18 ʠ 

ˉ 29, ʧʦ ʢʦʪʦʨʳʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦ 209 ʦʪʢʘʟʦʚ; 

Å ʧʦʜʛʨʫʧʧʘ çʤʝʭʘʥʠʟʤ ʧʦʜʲʝʤʘè: ʧʦ ʫʧʨʫʛʦʡ ʤʫʬʪʝ ʧʦʜʲʝʤʥʦʡ 

ʣʝʙʝʜʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 444 ʦʪʢʘʟʘ, ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ 332 ʯ. ʏʘʱʝ ʚʩʝʛʦ ʜʘʥʥʳʡ ʫʟʝʣ ʦʪʢʘʟʳʚʘʣ ʫ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ˉ 18 ʠ ˉ 29, ʧʦ ʢʦʪʦʨʳʤ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 143 ʠ 116 ʦʪʢʘʟʦʚ. 

1.2. ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʦ ʛʨʫʧʧʝ çʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè 

ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ, ʯʝʤ ʧʦ ʛʨʫʧʧʝ çʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝè ʠ ʩʦʩʪʘʚʠʣʘ 

49,5 ʪʳʩ. ʤ
3
. ʅʘʠʤʝʥʴʰʘʷ ʨʝʩʫʨʩʥʘʷ ʥʘʨʘʙʦʪʢʘ ʧʦ ʜʘʥʥʦʡ ʛʨʫʧʧʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʵʢʩʢʘʚʘʪʦʨʘ ˉ 18 ï 218 ʦʪʢʘʟʦʚ, ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ 

30 ʪʳʩ. ʤ
3
 ʧʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,4 ʯ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ 

ʨʝʩʫʨʩ ʥʘʨʘʙʦʪʢʠ ʜʦʩʪʠʛʥʫʪ ʧʦ ʵʢʩʢʘʚʘʪʦʨʫ ˉ 29, ʫ ʢʦʪʦʨʦʛʦ ʥʘʨʘʙʦʪʢʘ ʥʘ 

ʦʪʢʘʟ ʩʦʩʪʘʚʠʣʘ 78,4 ʪʳʩ. ʤ
3
 ʧʨʠ ʩʨʝʜʥʝʤ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,2 ʯ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʧʦ ʛʨʫʧʧʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʯʘʩʪʠ 

ʧʨʦʩʪʦʝʚ ʧʦ ʥʘʣʘʜʢʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʥʘʣʘʜʢʝ ʟʘʧʫʩʢʘ ï 643 ʦʪʢʘʟʘ, 

ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ï 1 083 ʯ. 

1.3. ʅʘʨʘʙʦʪʢʘ ʥʘ ʦʪʢʘʟ ʧʦ ʛʨʫʧʧʝ çʩʠʩʪʝʤʘ ʩʤʘʟʢʠè ʧʷʪʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʚ ʩʨʝʜʥʝʤ ʦʢʘʟʘʣʘʩʴ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʤ ʠ ʩʦʩʪʘʚʠʣʘ ï 1 713 ʪʳʩ. ʤ
3
, 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ï 1,3 ʯ. ʇʝʨʝʯʝʥʴ ʨʘʙʦʪ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʩʠʩʪʝʤʳ ʩʤʘʟʢʠ ʥʘ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʵʢʩʢʘʚʘʪʦʨʘʭ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʦʜʠʣʩʷ ʢ 

ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʧʦʜʘʯʠ ʩʤʘʟʦʯʥʦʡ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʣʦʩʪʴ ʥʘʩʦʩʘ, 

ʣʠʙʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʩʤʘʟʦʯʥʦʡ ʩʠʩʪʝʤʳ, 

ʚʦʟʦʙʥʦʚʣʝʥʠʶ ʝʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 
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ʘ) 

 

 
ʙ) 

 
ʈʠʩ. 9. ʉʪʨʫʢʪʫʨʘ ʥʝʧʣʘʥʦʚʳʭ ʧʨʦʩʪʦʝʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʚʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡʥʦʩʪʠ 

ʟʘ 2017-2019 ʛʛ. (ʘ). ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʢʘʟʦʚ ʵʢʩʢʘʚʘʪʦʨʦʚ ʕʂɻ-10 ʠ 

ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʦʮʝʥʢʠ: MTBF, MTTR ʟʘ 2017-2019 ʛʛ. (ʙ) 
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2. ʇʦʢʘʟʘʪʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʢʘʥʘʪʥʳʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ʨʘʟʨʝʟʘ çʂʦʣʳʚʘʥʩʢʠʡè ɸʆ çʉʠʙʠʨʩʢʠʡ ɸʥʪʨʘʮʠʪè ʠʤʝʶʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʦʪʦʚʥʦʩʪʠ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʊʘʙ. 3): 
 

ʊʘʙʣʠʮʘ 3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʦʪʦʚʥʦʩʪʠ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʘʨʢʘ 

ʕʂɻ-10 ʨʘʟʨʝʟʘ çʂʦʣʳʚʘʥʩʢʠʡè ʟʘ ʧʝʨʠʦʜ 2017ï2019 ʛʛ. 

Гаражный 

номер 

экскаватора 

Год 

ввода 

Наработка за 2017-

2019гг, тыс м
3
 

Коэффициент 

готовности, % 

Вероятность 

безотказной работы 

компоненты  

на 1 тыс. м
3
 

17 2008 7,9 64 0,88 

18 2008 6,6 54 0,81 

24 2011 8 71 0,88 

25 2012 7,4 73 0,88 

29 2014 18,1 86 0,94 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʦʪʦʚʥʦʩʪʠ ʵʢʩʢʘʚʘʪʦʨʦʚ 

ʥʝ ʧʨʝʚʳʰʘʶʪ ʩʨʝʜʥʝʦʪʨʘʩʣʝʚʦʡ ʫʨʦʚʝʥʴ 85ï89 %, ʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 81ï94 %. ʊʘʢʞʝ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʧʦ ʧʨʠʯʠʥʝ 

ʘʚʘʨʠʡʥʳʭ ʧʨʦʩʪʦʝʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʨʦʢʦʤ ʩʣʫʞʙʳ. 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʨʘʚʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʦʪʦʚʥʦʩʪʠ 

ʵʢʩʢʘʚʘʪʦʨʦʚ ˉ 17ï25 ʩ ʵʢʩʢʘʚʘʪʦʨʦʤ ˉ 29. 

3. ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʲʝʢʪʫʨʳ ʫʛʦʣʴʥʳʭ ʨʳʥʢʦʚ ʚ ʤʠʨʝ, ʩʥʠʞʝʥʠʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʫʛʣʷ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʮʝʥ ʥʘ ʫʛʦʣʴ ʠ ʙʫʜʝʪ ʚʳʥʫʞʜʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʫʛʣʷ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʧʦʚʳʰʘʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʢʘʨʴʝʨʥʦʛʦ ʧʘʨʢʘ ʛʦʨʥʦʚʳʝʤʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʨʘʙʦʪʢʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ ʥʘ ʵʢʩʢʘʚʘʮʠʶ ʛʦʨʥʦʡ ʤʘʩʩʳ. ʇʦʜʜʝʨʞʘʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʥʘʜʝʞʥʦʩʪʠ ʛʦʨʥʦʚʳʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʘʟʨʝʟʝ çʂʦʣʳʚʘʥʩʢʠʡè 

ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʩʣʝʜʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ: 

Å ʚʥʝʜʨʝʥʠʷ ʧʦʣʠʪʠʢʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʟʘʤʝʥʫ ʨʘʩʭʦʜʥʳʭ ʠ ʠʟʥʘʰʠʚʘʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʳʭ ʩʨʦʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʢʩʢʘʚʘʪʦʨʦʚ; 

Å ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ 

ʥʦʯʥʫʶ ʩʤʝʥʫ (ʩʦʢʨʘʱʝʥʠʝ ʩʤʝʥʥʦʛʦ ʧʨʦʩʪʦʷ); 

Å ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʚ ʮʝʣʷʭ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʠ 

ʨʘʩʭʦʜʦʚ ʥʘ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪʳ; 

Å ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ 

ʩʦʙʳʪʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ, ʚ ʪ.ʯ. ʧʨʠ ʦʪʢʘʟʘʭ ʛʦʨʥʦʚʳʝʤʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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