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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʘʥʘʣʠʟʠʨʫʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʥʦʣʘ ʚ ʩʫʜʦʚʳʭ 

ʜʚʠʛʘʪʝʣʷʭ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʥʠʟʢʠʝ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʚʳʩʦʢʦʝ 

ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ. ʆʙʩʫʞʜʘʶʪʩʷ ʥʝʜʦʩʪʘʪʢʠ: ʢʦʨʨʦʟʠʷ, ʤʦʜʠʬʠʢʘʮʠʷ 

ʜʚʠʛʘʪʝʣʝʡ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʆʮʝʥʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʚʢʣʶʯʘʷ ʟʘʪʨʘʪʳ ʥʘ ʤʦʜʠʬʠʢʘʮʠʶ ʠ ʩʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʦʧʣʠʚʦʤ. ʄʝʪʘʥʦʣ ï ʧʝʨʩʧʝʢʪʠʚʥʘʷ, ʥʦ ʪʨʝʙʫʶʱʘʷ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʘʣʴʪʝʨʥʘʪʠʚʘ. 
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Abstract. The article analyzes the prospects for using methanol in marine engines. The 

advantages are considered: low greenhouse gas emissions, high octane number, renewable. The 

disadvantages are discussed: corrosion, engine modification, limited infrastructure. The 

economic feasibility is assessed, including the costs of modification and a comparison of the 

cost with traditional fuel. Methanol is a promising alternative, but it requires solving technical 

and economic problems. 

 

Key words: methanol, marine fuel, alternative fuel, methanol synthesis. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʄʠʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ, ʯʪʦ ʯʘʩʪʠʯʥʦ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʦʙʘʣʴʥʳʤ ʨʦʩʪʦʤ 

ʥʘʩʝʣʝʥʠʷ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʚʳʰʝ 80% ʨʦʩʪʘ ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʫʩʠʣʠʚʘʶʱʠʤʩʷ ʚʣʠʷʥʠʝʤ ʥʘ 

ʤʠʨʦʚʫʶ ʵʢʦʥʦʤʠʢʫ ʙʦʣʴʰʦʛʦ ʠ ʨʘʩʪʫʱʝʛʦ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ ʚ ʩʪʨʘʥʘʭ ʩ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʵʢʦʥʦʤʠʢʦʡ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʠ ʠ ʫʩʠʣʠʚʘʝʪ ʚʣʠʷʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʝʝ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ï ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʛʨʫʟʦʚ ʤʦʨʝʤ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ United Nations Conference on Trade and Development 

(UNCTAD) ʩʚʳʰʝ 70% ʩʪʦʠʤʦʩʪʠ ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʣʠ ʧʝʨʝʚʦʟʠʪʩʷ ʥʘ ʙʦʨʪʫ ʩʫʜʦʚ. 

ʇʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʤʠʥʠʤʠʟʘʮʠʝʡ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ï ʧʘʨʘʜʠʛʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʭ ʘʢʪʦʚ 

IMO (International Maritime Organization) ʞʝʩʪʢʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʦʪ ʦʙʲʝʢʪʦʚ ʩʫʜʦʭʦʜʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʨʝʟʦʣʶʮʠʷʤ IMO ʜʣʷ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʩʫʜʥʘ 

ʚʘʣʦʚʦʡ ʚʤʝʩʪʠʤʦʩʪʴʶ Ò 400 ʪ. ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʪʨʝʙʫʝʤʳʡ (Required) ʠ 

ʜʦʩʪʠʞʠʤʳʡ (Attained) ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʠʥʜʝʢʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʥʘ 

EEDI (Energy Efficiency Design Index), ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ EEOI (Energy 

Efficiency Operational Index) ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʦʩʪʨʦʡʢʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. EEDI 

ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʫʜʥʘ ʠ ʜʝʜʚʝʡʪʘ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʙʫʜʝʪ ʫʞʝʩʪʦʯʘʪʴʩʷ ʚʧʣʦʪʴ ʜʦ 2025 ʛ. Attained EEDI 

ʚʳʯʠʩʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ IMO ʠ ʜʦʣʞʝʥ ʙʳʪʴ Ó Required EEDI. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʥʜʝʢʩʦʚ ʠʜʝʥʪʠʯʝʥ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩʫʜʥʘ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ CO2 ʢ ʚʝʣʠʯʠʥʝ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ ʩʫʜʥʘ, ʛ ʉʆ2/ʪ-ʤʠʣʴ: ʊʨʝʙʦʚʘʥʠʷ IMO ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʘ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʪʦʧʣʠʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʛʘʟʦʦʙʨʘʟʥʦʤʫ ʪʦʧʣʠʚʫ. 

ʀʭ ʜʦʣʷ ʚ ʤʠʨʦʚʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʘʣʘʥʩʝ ʩʢʦʨʦ ʧʨʝʚʳʩʠʪ 21% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ 

ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʛʘʟʘ ʠ ʧʨʠʤʝʥʷʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʦʢʩʠʯʥʳʝ ʚʳʙʨʦʩʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʮʝʥʘ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ 

ʛʦʜʳ ʛʘʟʦʦʙʨʘʟʥʦʝ ʪʦʧʣʠʚʦ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʪʴ ʚʩʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʪʨʘʩʣʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ ʧʠʪʘʥʠʷ ɼɺʉ ʛʘʟʦʦʙʨʘʟʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʜʚʫʭ ʪʦʧʣʠʚʥʦʤ 

ʨʝʞʠʤʝ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʜʦʟʘ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ, ʚʧʨʳʩʢʠʚʘʝʤʘʷ ʚ ʮʠʣʠʥʜʨ, 

ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʩʛʦʨʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʵʥʝʨʛʠʠ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ, ʤʦʥʦ ʨʝʞʠʤʘ, ʛʘʟʦʚʦʝ 

ʪʦʧʣʠʚʦ, ʧʦʜʘʚʘʝʤʦʝ ʚ ʜʚʠʛʘʪʝʣʴ, ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ. ɸʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʦʩʪʘʚʝ 

ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʥʘʯʘʣʴʥʦʡ 

ʜʦʟʠʨʦʚʢʠ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʨʝʮʠʨʢʫʣʷʮʠʷ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ ʪ.ʜ. ʇʨʘʚʠʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ 

ɼɺʉ ʩʦ ʩʣʦʞʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦ ʩʫʱʝʩʪʚʫ ʥʘʟʚʘʪʴ 

ʤʥʦʛʦʪʦʧʣʠʚʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʩ 

ʣʶʙʳʤ ʞʠʜʢʠʤ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʳʤ ʪʦʧʣʠʚʦʤ. ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ɺʦʜʦʨʦʜ ʅ 10,78 0,0899 4 75 0,302 807 2,38 

ʄʝʪʘʥ CH4 35,89 0,717 5 15 0,338-0,67 923 9,54 

ʕʪʘʥ C2H6 63,77 1,34 3 12,4 , 0,43-0,856 793 16,7 

ʇʨʦʧʘʥ C3H8 91,28 1,97 2,1 9,5 0,384-0,821 23,8 23,8 

ʋʛʣʝʨʦʜ 

ʤʦʥʦʦʢʩʠʜ 

CO 

12,6 1,25 12,5 74 0,024 881 2,38 

ʉʫʣʴʬʠʜ 

ʚʦʜʦʨʦʜʘ H2S 

 1,54 4,3 45 - 563 7,14 

ʀʟ ʚʩʝʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʛʦʨʶʯʠʭ ʛʘʟʦʚ ʪʦʣʴʢʦ ʤʝʪʘʥ ʷʚʣʷʝʪʩʷ ʠʩʢʦʧʘʝʤʳʤ ʛʘʟʦʤ. 

ʆʩʪʘʣʴʥʳʝ ʛʘʟʳ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʘʥʦʣ. ʄʝʪʘʥʦʣʦʚʦʝ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʙʠʦʪʦʧʣʠʚʦʤ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʜʨʫʛʠʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʢʘʢ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʝʥʟʠʥʦʤ, ʪʘʢ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʄʝʪʘʥʦʣ (CH3OH) ʜʝʰʝʚʣʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʝʤ ʵʪʘʥʦʣʦʚʦʝ ʪʦʧʣʠʚʦ, ʭʦʪʷ ʦʥ ʙʦʣʝʝ ʪʦʢʩʠʯʝʥ, ʯʝʤ ʵʪʘʥʦʣ, ʠ ʠʤʝʝʪ 

ʤʝʥʴʰʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʙʝʥʟʠʥ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʫʛʣʷ, ʙʠʦʤʘʩʩʳ ʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʫʣʘʚʣʠʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʠ ʩʭʝʤʳ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʕʪʦ ʞʠʟʥʝʩʧʦʩʦʙʥʦʝ ʪʦʧʣʠʚʦ, ʠʤʝʶʱʝʝ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʚ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʝʢʪʦʨʝ. ʆʥ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʠʣʠ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ɼɺʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʝʪʘʥʦʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 

ʦʙʳʯʥʦʤʫ ʪʦʧʣʠʚʫ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʦʙʣʘʜʘʝʪ ʪʘʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʢʘʢ ʧʦʣʫʯʝʥʠʝ ʞʠʜʢʦʛʦ 

ʪʦʧʣʠʚʘ, ʧʨʦʩʪʦʪʘ ʭʨʘʥʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʄʝʪʘʥʦʣ ʧʦʣʫʯʘʶʪ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʠʩʭʦʜʥʳʤ ʩʳʨʴʝʤ, 

ʩʧʦʩʦʙʘʤʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʩʠʥʪʝʟ-ʛʘʟ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ. 

ʉʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʥʦʣʘ ʩʣʫʞʠʪ ʩʠʥʪʝʟ-ʛʘʟ (ʩʤʝʩʴ ʅ2; ʉʆ ʠ ʉʆ2), ʢʦʪʦʨʳʡ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʢʦʥʚʝʨʩʠʝʡ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʛʘʟʠʬʠʢʘʮʠʝʡ ʪʚʝʨʜʦʛʦ 

ʪʦʧʣʠʚʘ ʠ ʜʨ. ʊʫʨʢʤʝʥʠʩʪʘʥ, ʦʜʠʥ ʠʟ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʧʦ ʟʘʧʘʩʘʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, 

ʨʘʩʰʠʨʠʣ ʩʚʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʨʳʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ. 28 ʠʶʥʷ 2019 ʛʦʜʘ ʚ 

ɸʭʘʣʩʢʦʤ ʚʝʣʘʷʪʝ ʙʳʣ ʟʘʧʫʱʝʥ ʢʨʫʧʥʝʡʰʠʡ ʚ ʤʠʨʝ ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʕʪʦʪ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʣʫʯʠʚʰʠʡ 

ʩʝʨʪʠʬʠʢʘʪ ʂʥʠʛʠ ʨʝʢʦʨʜʦʚ ɻʠʥʥʝʩʩʘ, ʝʞʝʛʦʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ 1,785 ʤʠʣʣʠʘʨʜʘ 

ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʧʨʦʠʟʚʦʜʷ 600 ʪʳʩʷʯ ʪʦʥʥ ʙʝʥʟʠʥʘ ʤʘʨʢʠ ʕʂʆ-93, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʪʘʥʜʘʨʪʫ ɽʚʨʦ-5, 12 ʪʳʩʷʯ ʪʦʥʥ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ 115 ʪʳʩʷʯ ʪʦʥʥ 

ʩʞʠʞʝʥʥʦʛʦ ʛʘʟʘ. ɿʘʚʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʙʳʣ ʦʪʤʝʯʝʥ 

ʩʝʨʪʠʬʠʢʘʪʦʤ "ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ" ʦʪ ɸʛʝʥʪʩʪʚʘ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʉʐɸ ʠ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʩʝʨʪʠʬʠʢʘʪʦʤ "ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ" ʦʪ ʐʚʝʡʮʘʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ.  

ʅʘ ʟʘʚʦʜʝ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʧʨʝʚʨʘʱʘʶʪ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ. ʇʨʦʮʝʩʩ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʯʠʩʪʢʠ ʛʘʟʘ ʠ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠʥʪʝʟ-ʛʘʟ. ɿʘʪʝʤ ʩʠʥʪʝʟ-ʛʘʟ 

ʧʨʝʚʨʘʱʘʶʪ ʚ ʤʝʪʘʥʦʣ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ 

ʙʝʥʟʠʥʘ.ʇʦʣʫʯʝʥʥʳʡ ʙʝʥʟʠʥ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʦʯʠʩʪʢʠ ʠ ʨʘʟʜʝʣʝʥʠʷ ʥʘ 

ʬʨʘʢʮʠʠ. ʇʦʤʠʤʦ ʙʝʥʟʠʥʘ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʧʦʧʫʪʥʳʡ 

ʛʘʟ. 

ʂʣʶʯʝʚʳʝ ʵʪʘʧʳ: ʦʯʠʩʪʢʘ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ; ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ; ʩʠʥʪʝʟ ʤʝʪʘʥʦʣʘ; 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʥʟʠʥʘ; ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʬʨʘʢʮʠʠ; ʦʯʠʩʪʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʪʦʧʣʠʚʦ; ʦʪʩʫʪʩʪʚʠʝ ʩʝʨʳ ʠ ʘʟʦʪʘ; 

ʇʨʦʜʫʢʮʠʷ: ʙʝʥʟʠʥ ʕʉʆ-93; ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ; ʧʦʧʫʪʥʳʡ ʛʘʟ. 

ɽʞʝʛʦʜʥʦ ʟʘʚʦʜ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ 1,785 ʤʣʨʜ ʤį ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʉʠʥʪʝʟ ʤʝʪʘʥʦʣʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ CuO/ZnO/Al2O3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 220ï280Áʉ ʠ ʜʘʚʣʝʥʠʠ 5ï8 ʄʇʘ ʩ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʴʶ 5000ï10000 ʯï1. ɼʣʷ 

ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ ʠʩʧʦʣʴʟʫʶʪ ʩʠʥʪʝʟ-ʛʘʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: (67% H2 + 33% CO); ʈʘʩʭʦʜ 

ʩʳʨʴʷ ʥʘ ʧʦʣʫʯʝʥʠʝ 1 ʪ ʤʝʪʘʥʦʣʘ ʩʦʩʪʘʚʣʷʝʪ 1650 ʤ
3
 H2 ʠ 825 ʤ

3
 CO. ʇʦʣʫʯʝʥʥʳʡ 

ʤʝʪʘʥʦʣ-ʩʳʨʝʮ ʩʤʝʰʠʚʘʶʪ ʩ ʣʝʛʢʦʡ ʬʨʘʢʮʠʝʡ ʦʪʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ ʘʣʢʘʥʦʣʦʚ ʠ 

ʥʘʧʨʘʚʣʷʶʪ ʚ ʨʝʘʢʪʦʨʳ ʩʠʥʪʝʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʠʥʪʝʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 340é 410Áʉ ʠ ʜʘʚʣʝʥʠʝ 2ï3 ʄʇʘ. ʇʨʦʜʫʢʪ ʠʟ ʨʝʘʢʪʦʨʘ ʩʤʝʰʠʚʘʶʪ ʩ 

ʚʦʜʦʡ ʠ ʣʝʛʢʠʤʠ ʛʘʟʘʤʠ ʠ ʧʦʣʫʯʘʶʪ ʯʠʩʪʳʡ ʠʟʦʤʝʨʠʟʘʪ. ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ 

(% ʧʦ ʤʘʩʩʝ): ʠʟʦʧʘʨʘʬʠʥʳ 38-40; C7ïC8 ʘʣʢʠʣʘʨʝʥʳ 34ï35; ʥʘʬʪʝʥʳ 10ï12; ʦʣʝʬʠʥʳ 6ï

10; ʙʝʥʟʦʣ < 1. ʇʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʘ (ʧʨʠ 15Áʉ) 710ï730 ʢʛ/ʤ
3
; ʜʠʘʧʘʟʦʥ ʢʠʧʝʥʠʷ 37-185Áʉ; 

ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ 67ï93 ʢʇʘ. ʇʨʦʜʫʢʪ ʠʤʝʝʪ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ 90-92. 

ʀʟʦʤʝʨʠʟʘʪ ʩʤʝʰʠʚʘʶʪ ʩ ʘʣʢʘʥʦʣʘʤʠ ʉ2-ʉ6 ʚ ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1ï3:1, 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 1,3ï1,5:1, ʠ ʧʦʣʫʯʘʶʪ ʩʤʝʩʴ ʠʟʦʧʘʨʘʬʠʥʦʚ, ʘʣʢʠʣʘʨʝʥʦʚ ʠ ʘʣʢʘʥʦʣʦʚ 

(ʘʣʢʦʙʝʥʟʠʥ) ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʝ ʪʦʧʣʠʚʦ. ʅʘʧʨʠʤʝʨ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʙʝʥʟʠʥ ʩ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ 98 ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 

ʘʣʢʘʥʦʣʦʚ 1,3:1 ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ (% ʧʦ ʤʘʩʩʝ): ʠʟʦʧʘʨʘʬʠʥʳ - 24; ʘʣʢʠʣʘʨʝʥʳ ï 

21ï22; ʘʣʢʘʥʦʣʳ ï 40; ʥʘʬʪʝʥʳ - 7-8; ʦʣʝʬʠʥʳ ï 5ï6; ʙʝʥʟʦʣ < 0,5. ʇʣʦʪʥʦʩʪʴ ʧʨʦʜʫʢʪʘ 

(ʧʨʠ 15Áʉ) 760ï770 ʢʛ/ʤ
3
; ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ 40-185Áʉ; ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ 

ʧʘʨʘ 67ï93 ʢʇʘ. ʇʝʨʚʳʡ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʩʦʩʪʦʠʪ 

ʠʟ ʨʝʘʢʪʦʨʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʠ ʘʚʪʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʨʠʬʦʨʤʠʥʛʘ, ʘ ʪʘʢʞʝ ʨʝʘʢʪʦʨʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʢʠʩʣʦʨʦʜʘ, 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʧʝʨʝʛʨʝʪʦʡ ʚʦʜʳ.  

ʉʤʝʩʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 450 ʪ/ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300-450Áʉ ʧʦʜʘʶʪ ʚ ʨʝʘʢʪʦʨ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʠʬʦʨʤʠʥʛʘ. ɺ ʨʝʘʢʪʦʨʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʧʨʦʠʩʭʦʜʠʪ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʩʞʠʛʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ2-ʉ7 ʚ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʚʪʦʪʝʨʤʠʯʝʩʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʚʦ ʚʪʦʨʦʤ ʨʝʘʢʪʦʨʝ 

ʨʠʬʦʨʤʠʥʛʘ. ʅʘ ʚʳʭʦʜʝ ʨʝʘʢʪʦʨʘ ʨʠʬʦʨʤʠʥʛʘ ʧʦʣʫʯʘʝʪʩʷ 450 ʪ/ʯ ʚʣʘʞʥʦʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ. 

ɺʣʘʞʥʳʡ ʩʠʥʪʝʟ-ʛʘʟ ʦʭʣʘʞʜʘʶʪ, ʚʦʜʷʥʦʡ ʧʘʨ ʢʦʥʜʝʥʩʠʨʫʶʪ ʠ ʧʦʣʫʯʘʶʪ 370 ʪ/ʯ ʩʫʭʦʛʦ 

ʩʠʥʪʝʟ-ʛʘʟʘ. ɺ ʩʝʧʘʨʘʪʦʨʝ ʩʫʭʦʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ ʜʚʘ ʧʦʪʦʢʘ ʨʘʟʜʝʣʷʶʪʩʷ ʠ ʦʜʥʘ ʯʘʩʪʴ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʣʦʢ 2, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ʚ ʙʣʦʢ 5. ɹʣʦʢ 2 ʩʦʩʪʦʠʪ ʠʟ ʨʝʘʢʪʦʨʘ ʩʠʥʪʝʟʘ 

ʤʝʪʘʥʦʣʘ. ɺ ʨʝʘʢʪʦʨ ʧʦʜʘʝʪʩʷ 290 ʪ/ʯ ʩʫʭʦʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ, ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʪʩʷ 370 ʪ/ʯ 

ʤʝʪʘʥʦʣʘ-ʩʳʨʮʘ (ʯʠʩʪʦʪʘ 94%), ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʣʦʢ 3. ɹʣʦʢ 3 ʩʦʩʪʦʠʪ ʠʟ 

ʨʝʢʫʧʝʨʘʪʠʚʥʦʛʦ ʠʩʧʘʨʠʪʝʣʷ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʢʦʥʚʝʨʩʠʠ 

ʤʝʪʘʥʦʣʘ ʚ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɺ ʨʝʘʢʪʦʨʳ ʧʦʜʘʶʪ 220 ʪ/ʯ ʤʝʪʘʥʦʣʘ ʠ ʥʘ ʚʳʭʦʜʝ 

ʧʦʣʫʯʘʶʪ ʩʳʨʴʝ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʦʣʘ 220 ʪ/ʯ. ʕʪʦʪ ʧʨʦʜʫʢʪ ʨʘʟʤʝʱʝʥ ʚ ʙʣʦʛʝ 4. ɺ 

ʙʣʦʢʝ 4 ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ ʢʦʥʚʝʨʩʠʠ ʤʝʪʘʥʦʣʘ. ɺ ʵʪʦʡ 
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7 
 

 

ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʫʩʪʘʥʦʚʢʝ ʧʨʦʜʫʢʪ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚʦʜʫ ʠ ʣʝʛʢʠʝ ʛʘʟʳ (ʅ2, ʉʆ2, 

ʉʅ4, ʉ2ʅ6 ʠ ʉ2ʅ4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 76 ʪ/ʯ (608 ʪʳʩ. ʪ/ʯ) ʯʠʩʪʳʭ ʞʠʜʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ 90-92. ʠ ʦʪʧʨʘʚʠʪʴ ʚ ʤʠʢʩʝʨ. ɹʣʦʢ 5 ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʘʢʪʦʨʦʚ ʩʠʥʪʝʟʘ ʘʣʢʘʥʦʣʦʚ. ɺ ʙʣʦʢ ʧʦʜʘʝʪʩʷ 80 ʪ/ʯ 

ʩʫʭʦʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ ʠ ʧʦʩʪʫʧʘʝʪ 80 ʪ/ʯ ʚʣʘʞʥʳʭ ʘʣʢʘʥʦʣʦʚ. ʕʪʦʪ ʧʨʦʜʫʢʪ ʨʘʟʤʝʱʝʥ ʚ ʙʣʦʛʝ 

6. ɹʣʦʢ 6 ʩʦʩʪʦʠʪ ʠʟ ʩʝʧʘʨʘʪʦʨʦʚ ʤʦʢʨʳʭ ʘʣʢʘʥʦʣʦʚ ʠ ʩʫʰʠʣʦʢ. ɺ ʵʪʦʡ ʫʩʪʘʥʦʚʢʝ 

ʧʦʣʫʯʘʶʪ ʠ ʥʘʧʨʘʚʣʷʶʪ ʚ ʩʤʝʩʠʪʝʣʴ 60 ʪ/ʯ ʩʪʘʙʠʣʴʥʳʭ ʘʣʢʘʥʦʣʦʚ ʉ2-ʉ6. ʂʦʥʜʝʥʩʘʪʳ 

ʧʝʨʚʦʛʦ, ʯʝʪʚʝʨʪʦʛʦ ʠ ʰʝʩʪʦʛʦ ʘʛʨʝʛʘʪʦʚ ʦʯʠʱʘʶʪʩʷ, ʘ ʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʛʝʥʝʨʘʮʠʠ. ɺ ʩʤʝʩʠʪʝʣʝ ʩʤʝʰʠʚʘʶʪ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʙʣʦʢʘ 4 ʠ ʘʣʢʘʥʦʣʳ ʙʣʦʢʘ 6 ʚ 

ʦʙʲʝʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1ï3:1, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 1,3ï1,5:1, ʠ ʧʦʣʫʯʘʶʪ 136 ʪ/ʯ ʢʦʥʝʯʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ 

ʙʝʥʟʠʥ ʩ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ ʥʝ ʥʠʞʝ 98 (ʧʦ ʤʝʪʦʜʫ ʠʩʧʳʪʘʥʠʡ). 

 
ʈʠʩʫʥʦʢ 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʤʝʪʘʥʦʣʘ ʠʟ CO ʠ H2 

1, 2 ï ʢʦʤʧʨʝʩʩʦʨʳ; 3 ï ʩʢʨʫʙʙʝʨ; 4 ï ʬʠʣʴʪʨ; 5 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 6 ï ʢʦʣʦʥʥʘ ʩʠʥʪʝʟʘ; 7 ï 

ʦʭʣʘʜʠʪʝʣʴ-ʢʦʥʜʝʥʩʘʪʦʨ; 8 ï ʩʝʧʘʨʘʪʦʨ; 9 ï ʢʦʣʣʝʢʪʦʨ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʘʥʦʣʘ ʢʘʢ ʪʦʧʣʠʚʘ ʜʣʷ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ: ʄʝʪʘʥʦʣ ʧʨʠ ʩʛʦʨʘʥʠʠ ʚʳʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʩʘʞʘ ʠ ʦʢʩʠʜʳ ʩʝʨʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ: ʄʝʪʘʥʦʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʙʠʦʤʘʩʩʳ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. 

ɺʳʩʦʢʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ: ʄʝʪʘʥʦʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʦʢʪʘʥʦʚʳʤ ʯʠʩʣʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʚ ʜʚʠʛʘʪʝʣʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ: ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 

ʤʝʪʘʥʦʣʘ ʜʝʣʘʝʪ ʝʛʦ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤ ʚ ʦʙʨʘʱʝʥʠʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ: ʄʝʪʘʥʦʣ ʤʦʞʝʪ ʙʳʪʴ 

ʩʤʝʰʘʥ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʥʦʣʦʚʳʭ ʩʤʝʩʝʡ. 

ɼʦʩʪʫʧʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ. ʄʝʪʘʥʦʣ, ʦʥ ʞʝ ʜʨʝʚʝʩʥʳʡ ʩʧʠʨʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʫʛʣʷ ʠʣʠ ʪʦʨʬʘ. 

ɹʦʣʴʰʘʷ ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʠʷ. ʆʙʲʝʤʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʤʝʪʘʥʦʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʨʝʤ ʠ ʙʳʩʪʨʦ ʨʘʩʪʫʪ.  

 ʇʣʶʩʳ ʢ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʩʫʜʥʝ. ʕʢʦʣʦʛʠʯʝʥ (ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʜʘʞʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʉʇɻ). ʅʝʪ ʚʳʙʨʦʩʦʚ ʢʨʘʡʥʝ ʦʧʘʩʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ - ʤʝʪʘʥʘ, ʯʪʦ 



 

 
8 

 

 

 

8 
 

 

ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʩʚʦʡʩʪʚʝʥʥʦ ʉʇɻ. ɾʠʜʢʦʩʪʴ ʜʦ + 65ÁC, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ 

ʩʘʤʦʛʦ ʪʦʧʣʠʚʘ, ʙʫʥʢʝʨʦʚʢʫ ʠʤ ʩʫʜʦʚ ʠ ʭʨʘʥʝʥʠʝ ʥʘ ʙʦʨʪʫ ʙʝʟ ʢʨʘʡʥʝ ʜʦʨʦʛʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʝʤʢʦʩʪʝʡ ʠ ʦʩʦʙʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʛʨʫʟʢʠ. ʄʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʦʙʲʝʤʘ 

ʩʫʜʦʚʳʭ ʧʦʤʝʱʝʥʠʡ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʚʫʭʪʦʧʣʠʚʥʳʭ ʜʠʟʝʣʝʡ. ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʠ ʪʘʥʢʠ 

ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ ʜʝʰʝʚʣʝ, ʯʝʤ ʜʣʷ ʉʇɻ. ʋʯʠʪʳʚʘʷ ʨʘʟʥʦʩʪʴ ʚ ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʧʣʦʪʝ ʩʛʦʨʘʥʠʷ (ʢʦʣʠʯʝʩʪʚʫ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ 1 ʢʛ ʪʦʧʣʠʚʘ), ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʦʜʠʥʘʢʦʚʦʡ ʘʚʪʦʥʦʤʥʦʩʪʠ ʧʣʘʚʘʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʧʣʠʚʘ ʨʘʟʥʳʭ ʪʠʧʦʚ. ʊ.ʢ. ʉʇɻ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʮʠʩʪʝʨʥʘʭ ʩ ʠʟʦʣʷʮʠʝʡ, ʪʦ 

ʪʨʝʙʫʝʤʦʝ ʥʘ ʩʫʜʥʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʟʘʧʘʩʘ ʉʇɻ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ 

ʦʙʲʸʤʘ ʩʘʤʦʛʦ ʉʇɻ. ʅʘʧʨʠʤʝʨ, ʥʘ RSD59 ʚ ʚʝʨʩʠʠ ʛʘʟʦʭʦʜʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 1:4 (ʸʤʢʦʩʪʴ 

ʮʠʩʪʝʨʥ 250 ʤ
3
, ʦʙʲʸʤ ʧʦʤʝʱʝʥʠʷ ʦʢ. 1000 ʤ

3
). ʅʘʧʨʠʤʝʨ, ʜʣʷ ʭʨʘʥʝʥʠʷ 4270 ɻɼʞ ʵʥʝʨʛʠʠ 

- ʵʪʦ 100 ʪʦʥʥ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʙʲʝʤʦʤ 119 ʤ
3
 ʚ ʮʠʩʪʝʨʥʝ ʦʙʲʝʤʦʤ 131 ʤ

3
, 

ʧʦʪʨʝʙʫʝʪʩʷ 215 ʪʦʥʥ ʤʝʪʘʥʦʣʘ ʦʙʲʝʤʦʤ 271 ʤ
3
 ʚ ʮʠʩʪʝʨʥʝ ʦʙʲʝʤʦʤ 298 ʤ

3
. ɼʣʷ ʩʚʝʜʝʥʠʡ 

- ʫ ʉʇɻ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 88 ʪʦʥʥ, 204 ʤ
3
 ʠ 815 ʤ

3
. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʝʪʘʥʦʣ ʩʥʠʞʘʝʪ 

ʧʦʪʝʨʠ ʩʫʜʦʚʳʭ ʦʙʲʝʤʦʚ ʚ 2,7 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʉʇɻ.  

ʄʠʥʫʩʳ. ʄʝʥʴʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ 2,1 

ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ. ʊʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʤʝʥʴʰʝ 60ÁC, ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʟʤʝʱʝʥʠʷ ʚ ʤʘʰʠʥʥʦʤ 

ʦʪʜʝʣʝʥʠʠ, ʪʘʥʢʦʚ ʟʘʧʘʩʘ ʠ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʥʦ ʉʇɻ - ʘʥʘʣʦʛʠʯʥʦ. ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ (455ÁC), ʥʠʟʢʦʝ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʪʨʝʙʫʶʱʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʚʦʟʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʮʠʣʠʥʜʨʘʭ. ɺʳʩʦʢʘʷ ʠʩʧʘʨʷʝʤʦʩʪʴ, ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʘʨʦʚʳʭ ʧʨʦʙʦʢ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. ʄʝʥʴʰʘʷ ʚʷʟʢʦʩʪʴ ʫʭʫʜʰʘʝʪ ʩʤʘʟʢʫ 

ʧʣʫʥʞʝʨʥʳʭ ʧʘʨ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ. ʇʦʚʳʰʝʥʥʘʷ ʢʦʨʨʦʟʠʡʥʘʷ ʠ ʵʣʝʢʪʨʦ-

ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʩʢʣʶʯʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ, ʧʦʣʠʤʝʨʥʳʭ ʠ ʨʝʟʠʥʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʚ ʜʠʟʝʣʝ, ʪʘʢ ʠ ʚ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʝ. ʆʜʥʘʢʦ MAN, ABC ʠ Wartsila ʨʝʰʠʣʠ 

ʵʪʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʠ ʫ ʥʠʭ ʝʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʠʛʘʪʝʣʠ. ʇʝʨʚʦʝ ʩʫʜʥʦ, 

ʨʘʙʦʪʘʶʱʝʝ ʥʘ ʤʝʪʘʥʦʣʝ, ʧʦʷʚʠʣʦʩʴ ʚ 2015 ʛʦʜʫ - ʙʳʣ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦ-

ʧʘʩʩʘʞʠʨʩʢʠʡ ʧʘʨʦʤ Stena Germanica (240 ʤʝʪʨʦʚ, 1500 ʧʘʩʩʘʞʠʨʦʚ, 300 ʘʚʪʦʤʦʙʠʣʝʡ) ʩʦ 

ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʤ ʜʠʟʝʣʝʤ ʢʦʤʧʘʥʠʠ Wartsila. ɺ ʠʪʦʛʝ, ʩʝʛʦʜʥʷ ʥʘ ʤʝʪʘʥʦʣʝ ʨʘʙʦʪʘʶʪ 21 

ʩʫʜʥʦ, ʚ ʦʩʥʦʚʥʦʤ ʪʘʥʢʝʨʘ - ʤʝʪʘʥʦʣʦʚʦʟʳ ʠ ʧʘʨʦʤʳ. ʅʝʢʦʪʦʨʳʤʠ ʟʘʧʘʜʥʳʤʠ 

ʢʦʤʧʘʥʠʷʤʠ ʤʝʪʘʥʦʣ ʧʨʝʧʦʜʥʦʩʷʪʩʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʡ ʚʠʜ ʪʦʧʣʠʚʘ ʜʣʷ 

çʧʝʨʝʧʨʳʛʠʚʘʥʠʷè ʵʪʘʧʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʉʇɻ) ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ. ʈʝʯʴ ʠʜʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦ ʛʨʫʧʧʝ Maersk, ʢʦʪʦʨʘʷ ʚ 

2021 ʛʦʜʫ ʘʥʦʥʩʠʨʦʚʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʦʩʴʤʠ ʢʦʥʪʝʡʥʝʨʦʚʦʟʦʚ ʥʘ çʟʝʣʝʥʦʤè ʤʝʪʘʥʦʣʝ 

ʚʤʝʩʪʠʤʦʩʪʴʶ ʧʦ 16 ʪʳʩ. TEUs, ʚ ʬʝʚʨʘʣʝ 2022 ʛʦʜʘ ʢ ʥʠʤ ʜʦʙʘʚʠʣʠ ʝʱʝ ʯʝʪʳʨʝ, ʘ ʚ 

ʦʢʪʷʙʨʝ ð ʝʱʝ ʰʝʩʪʴ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʥʘ ʤʦʱʥʦʩʪʷʭ Hyundai Heavy 

Industries (HHI) ʚ 2025 ʛʦʜʫ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʛʦʜʦʚʳʝ 

ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 1,5 ʤʣʥ ʪʦʥʥ ʚ ʛʦʜ. ʇʨʠ ʚʚʦʜʝ ʚ ʩʪʨʦʡ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʩʫʜʦʚ 

ʝʞʝʛʦʜʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 2,3 ʤʣʥ ʪʦʥʥ. ʇʝʨʝʭʦʜ 

ʥʘ ʤʝʪʘʥʦʣ ʦʙʝʩʧʝʯʠʪ ʥʝʤʝʜʣʝʥʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʚʳʛʦʜʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʠʟʢʫʶ ʢ ʥʫʣʶ 

ʚʳʙʨʦʩʳ SOx ʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ NOx ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʦʙʳʯʥʳʤʠ ʤʦʨʩʢʠʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ ʠʣʠ ʙʠʦʜʠʟʝʣʝʤ. ɺ ʥʦʷʙʨʝ 2020 ʛʦʜʘ ʂʦʤʠʪʝʪ ʧʦ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (IMO) ʧʨʠʥʷʣ 

ʚʨʝʤʝʥʥʳʝ ʥʦʨʤʘʪʠʚʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ, 

ʧʨʝʜʣʦʞʠʚ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠʣʦʚʳʝ ʠ ʤʝʪʠʣʦʚʳʝ ʩʧʠʨʪʳ ʢʘʢ ʚʦʟʤʦʞʥʦʝ ʪʦʧʣʠʚʦ ʜʣʷ 

ʩʫʜʦʚʣʘʜʝʣʴʮʝʚ ʠ ʦʧʝʨʘʪʦʨʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʞʝ ʥʘʭʦʜʷʪʩʷ 

ʜʚʝʥʘʜʮʘʪʴ ʩʫʜʦʚ ʩ ʤʝʪʘʥʦʣʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʟʤʝʱʝʥʳ ʟʘʢʘʟʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʝʱʝ 

10 ʪʘʢʠʭ ʞʝ ʩʫʜʦʚ. 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʩʚʷʟʘʥʦ ʩ 

ʥʝʢʦʪʦʨʳʤʠ ʧʨʦʙʣʝʤʘʤʠ. 

ʂʦʨʨʦʟʠʷ: ʄʝʪʘʥʦʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʥʝʢʦʪʦʨʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʜʚʠʛʘʪʝʣʷʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ 

ʪʦʧʣʠʚʥʳʝ ʩʠʩʪʝʤʳ. 

ʅʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ: ʇʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʤʝʪʘʥʦʣʘ ʥʠʞʝ, ʯʝʤ ʫ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ. 

ɺʳʩʦʢʘʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ: ʄʝʪʘʥʦʣ ʣʝʛʢʦ ʧʦʛʣʦʱʘʝʪ ʚʣʘʛʫ ʠʟ ʚʦʟʜʫʭʘ, ʯʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʴʜʘ ʚ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʧʨʦʚʦʜʷʪʩʷ ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʘʜʢʠ ʢ ʤʝʪʘʥʦʣʫ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʝʛʦ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ. ʊʘʢʞʝ ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ: 
- ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʜʣʷ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ. 

- ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʩʘʜʦʢ ʢ ʤʝʪʘʥʦʣʫ. 

- ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʚʧʨʳʩʢʘ ʠ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. 

- ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʠʧʦʚ ʜʚʠʛʘʪʝʣʝʡ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʤʝʪʘʥʦʣʦʚʳʭ 

ʩʤʝʩʷʭ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʘʥʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʜʣʷ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʫʜʦʩʪʨʦʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʦʙʣʝʤʳ, ʘʢʪʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʪʫ 

ʪʝʭʥʦʣʦʛʠʶ ʠ ʩʜʝʣʘʪʴ ʝʝ ʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ. ʇʝʨʝʭʦʜ ʥʘ ʤʝʪʘʥʦʣʦʚʳʝ ʩʤʝʩʠ 

ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʦʪ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʜʝʣʘʪʴ ʝʛʦ 

ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ. 

ʇʣʶʩʳ - ʞʠʜʢʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ʦʙʲʝʤʘ ʩʫʜʦʚʳʭ ʧʦʤʝʱʝʥʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʉʇɻ, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʜʚʫʭ ʪʦʧʣʠʚʥʳʭ ʜʠʟʝʣʝʡ, ʙʫʨʥʦʝ 

ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʄʠʥʫʩʳ - ʤʘʣʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ, ʧʦʚʳʰʝʥʥʘʷ ʢʦʨʨʦʟʠʡʥʘʷ ʠ ʵʣʝʢʪʨʦ-ʢʦʨʨʦʟʠʦʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʩʠʣʴʥʳʡ ʥʝʨʚʥʦ-ʩʦʩʫʜʠʩʪʳʡ ʷʜ. 
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Abstract. The article shows the relevance of the problem associated with the use of low-quality 

fuel. As a solution, ultrasonic treatment of fuels and lubricants is proposed immediately before 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʤʥʦʛʠʭ ʩʫʜʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʬʠʟʠʯʝʩʢʠ ʠʟʥʦʰʝʥʳ ʠ 

ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʣʠ, ʚ ʩʚʷʟʠ ʯʝʤ, ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ. ɿʥʘʯʠʤʳʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʛʦʨʶʯʝ-

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʥʠʞʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʡ, ʚʘʨʠʘʥʪʦʚ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʥʝ ʪʘʢ ʫʞ ʠ ʤʥʦʛʦ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʚʳʧʫʩʢʘʝʤʘʷ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʭ ʞʝʣʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ, - ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ. ʇʘʨʘʣʣʝʣʴʥʳʡ 

ʠʤʧʦʨʪ ʚʳʟʳʚʘʝʪ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ, ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʛʘʨʘʥʪʠʡʥʦʤʫ ʠ ʧʦʩʪʛʘʨʘʥʪʠʡʥʦʤʫ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ. ʀ ʥʘʢʦʥʝʮ, ʧʨʠʦʙʨʝʪʝʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʢʠʪʘʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ - ʩʚʦʝʦʙʨʘʟʥʘʷ ʣʦʪʝʨʝʷ, ʪʨʫʜʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩ 

ʥʠʟʢʦʡ ʢʫʣʴʪʫʨʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʝʡ ʢʠʪʘʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʪʦʧʣʠʚʘ. ʃʶʙʦʝ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʧʦʣʦʤʢʝ. 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʄʝʨʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʧʨʦʜʣʝʥʠʶ ʠʭ ʨʝʩʫʨʩʘ ʠ ʠʭ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ 

ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʢʘʯʝʩʪʚʫ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʞʜʫ ʪʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʊʋ 38.101567-2014 ʠ ɻʆʉʊ 305ï2013, ɻʆʉʊ 32510ï2013, ɻʆʉʊ 32511ï2013 

[1-4] ʩʪʘʣʦ ʣʫʯʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʟʘʯʘʩʪʫʶ ʟʘʧʨʘʚʣʷʝʤʦʝ 

ʩʫʜʘʤʠ ʪʦʧʣʠʚʦ ʠʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ʥʘʨʫʰʝʥʠʷʤʠ 

ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ, ʙʦʣʴʰʠʤ ʠʟʥʦʩʦʤ ʝʤʢʦʩʪʝʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʟʘʧʦʨʥʦʡ ʘʨʤʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʚʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʣʝʟʥʘʷ ʤʘʩʩʘ ʪʦʧʣʠʚʘ ʚ ʮʝʣʦʤ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʪʨʝʙʫʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦ ʧʨʝʜʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʧʦʜʛʦʪʦʚʢʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʦʜʘʯʝ ʚ ʜʚʠʛʘʪʝʣʴ. 

ʇʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʳʡ 

ʦʪʚʝʪ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʫʜʦʚʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʞʠʜʢʦʩʪʝʡ (ʪʦʧʣʠʚʘ ʠ ʤʦʪʦʨʥʦʛʦ ʤʘʩʣʘ) [5,6]. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʟʘ ʩʯʝʪ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʠʚʢʘ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʨʠʤʝʩʠ ʫʜʘʣʷʶʪʩʷ ʥʘ ʪʦʧʣʠʚʥʦʤ ʠ ʤʘʩʣʷʥʦʤ ʬʠʣʴʪʨʘʭ, ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʶʪʩʷ ʧʦʪʝʨʠ 

ʛʦʨʶʯʝʡ ʤʘʩʩʳ. ʂʨʦʤʝ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʢʨʦ ʫʨʦʚʥʝ, ʫʣʴʪʨʘʟʚʫʢ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʞʠʜʢʦʩʪʠ ʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʫ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʶʪ ʪʨʠ ʛʨʫʧʧʳ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʘʣʢʘʥʳ (#( ), ʥʘʬʪʝʥʳ (#( ) ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

(#( ). ɺ ʯʘʩʪʥʦʩʪʠ, ʬʦʨʤʫʣʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʦʪ #(  ʜʦ 

# ( . 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʚʠʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʜʣʠʥʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʦʯʝʢ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450-550 Áʉ ʘʣʢʘʥʳ ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ 

ʘʣʢʘʥʳ ʠ ʘʣʢʝʥʳ [7]: 

#( ᴼ#( #(  (1) 

ʇʦʣʫʯʝʥʥʳʝ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʝʱʝʩʪʚʘ ʙʳʩʪʨʝʝ ʚʩʪʫʧʘʶʪ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʦʚʳʩʠʪʩʷ ʧʦʣʥʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʪʦ ʝʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. 

ʆʙʨʘʙʦʪʢʘ ʪʦʧʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʧʦʚʳʰʘʝʪ ʧʦʣʥʦʪʫ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ, ʯʪʦ ʩʢʘʞʝʪʩʷ ʥʘ ʂʇɼ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʙʦʪʢʘ ʤʦʪʦʨʥʳʭ ʤʘʩʝʣ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʠʭ 
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ɸʥʥʦʪʘʮʠʷ. ɺʳʧʦʣʥʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʳʤʦʚʦʡ ʪʨʫʙʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʦʨʥʝʚʦʡ ʯʘʩʪʠ 

ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʢʨʫʯʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʸ ʩʪʝʥʦʢ. ʕʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ ʟʘʤʝʪʥʦ ʦʩʣʘʙʝʚʘʝʪ 

ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʚʭʦʜʝ ʦʪʚʦʜʷʱʝʛʦ ʩʪʚʦʣʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʘʥʜʫʩʦʚ ʠʣʠ ʧʝʨʝʛʦʨʦʜʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʜʳʤʦʚʳʝ ʛʘʟʳ, 

ʜʳʤʦʚʘʷ ʪʨʫʙʘ. 

 

NUMERICAL MODELING OF THE WORK PROCESS IN  AN INDUSTRIAL SMOKE 
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Abstract. Mathematical modeling of flue gases in an industrial chimney was performed. The 

calculations showed that a twisted gas stream is formed in the root part of the chimney, which 

reduces the corrosion stability of its walls. This undesirable phenomenon noticeably weakens 

when installing special ramps or partitions at the entrance of the outlet trunk. 

 

Keywords: Mathematical modeling, gas stream, smoke gases, smoke pipe. 

 

ɾʠʟʥʝʥʥʦ ʚʘʞʥʳʤ ʧʨʦʜʫʢʪʦʤ ʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʰʝʡ ʧʨʠʨʦʜʳ 

ʷʚʣʷʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ʈʘʟʚʠʪʠʝ ʮʠʚʠʣʠʟʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʘʩʰʪʘʙʦʚ ʛʦʨʦʜʦʚ ʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʠʭ ʯʠʩʣʦʤ, ʘ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ. ʆʜʥʠʤ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʢʘʢ ʥʘ ʙʳʪʦʚʦʤ, ʪʘʢ ʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ 

ʦʪʭʦʜʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʝʟ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʜʳʤʦʚʳʝ ʪʨʫʙʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʘʪʤʦʩʬʝʨʫ. ɼʳʤʦʚʳʝ ʪʨʫʙʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʙʘʰʝʥʥʦʛʦ ʪʠʧʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʪʚʦʜʘ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʠ ʨʘʩʩʝʠʚʘʥʠʷ ʠʭ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʢʦʪʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʆʪ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʳʤʦʚʳʭ ʪʨʫʙ (ʨʠʩ. 1) 

ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʙʝʩʧʝʨʝʙʦʡʥʘʷ ʨʘʙʦʪʘ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʥʠʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1].  

 

 

 
 

 
ʊʨʝʱʠʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʫʪʝʨʦʚʢʠ 

 
ʈʘʟʨʫʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ 

 
ʉʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʝʥʝ. ʂʦʨʨʦʟʠʷ 

ʘʨʤʘʪʫʨʳ 
ʈʠʩʫʥʦʢ 1 ï ɼʳʤʦʚʘʷ ʪʨʫʙʘ ʠ ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

1 ï ʮʦʢʦʣʴ, 2 ï ʩʪʚʦʣ, 3 ï ʠʟʦʣʷʮʠʷ, 4 ï ʬʫʪʝʨʦʚʢʘ, 5 ï ʩʚʝʪʦʬʦʨʥʘʷ ʧʣʦʱʘʜʢʘ, 6 ï 

ʤʦʣʥʠʝʧʨʠʝʤʥʠʢ, 7 ï ʛʦʣʦʚʢʘ, 8 ï ʭʦʜʦʚʘʷ ʣʝʩʪʥʠʮʘ ʩ ʦʛʨʘʞʜʝʥʠʝʤ, 9 ï ʢʘʙʝʣʴ ʤʦʣʥʠʝʟʘʱʠʪʳ, 10 ï 

ʩʪʷʞʥʳʝ ʢʦʣʴʮʘ, 11 ï ʚʚʦʜ ʙʦʨʦʚʘ ʚ ʬʫʥʜʘʤʝʥʪ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʢʘʟʘʪʝʣʠ ʩʘʤʠʭ ʵʪʠʭ ʩʦʦʨʫʞʝʥʠʡ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ [2] ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ 

ʧʨʦʮʝʩʩʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʵʪʠ ʧʨʦʮʝʩʩʳ ʦʩʪʘʶʪʩʷ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤʠ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʪʘʢʦʛʦ ʨʦʜʘ ʦʙʲʝʢʪʘʭ ʙʦʣʝʝ 

ʫʛʣʫʙʣʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʜʠʘʛʥʦʩʪʠʢʠ. ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʧʨʠʝʤʣʝʤʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʝʪʘʣʴʥʦʤʫ 

ʬʠʟʠʯʝʩʢʦʤʫ ʥʘʪʫʨʥʦʤʫ ʵʢʩʧʝʨʠʤʝʥʪʫ ʩʣʫʞʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʜʠʥʘʤʠʢʠ ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʚʦʜʷʱʝʛʦ ʩʪʚʦʣʘ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʳʤʦʚʦʡ ʪʨʫʙʳ [3-4] ʧʨʝʜʣʦʞʝʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʩʨʝʜʥʝʥʥʳʭ ʧʦ ʌʘʚʨʫ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʟʘʤʢʥʫʪʳʭ k-Ů ï 

ʤʦʜʝʣʴʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʣʫʯʰʝʥʥʳʭ ʧʨʠʩʪʝʥʦʯʥʳʭ ʬʫʥʢʮʠʡ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʠʣʦ ʩʦʩʪʘʚʠʪʴ ʜʝʪʘʣʴʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʢʘʨʪʠʥʫ ʠʟʫʯʘʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʦʙʲʝʤʘ ʩʪʚʦʣʘ 

ʠʥʪʝʥʩʠʚʥʳʭ ʚʪʦʨʠʯʥʳʭ ʪʝʯʝʥʠʡ, ʚʠʭʨʝʚʳʭ ʟʦʥ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʚʩʝʛʦ ʧʦʪʦʢʘ, ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʥʘ ʪʨʝʥʠʝ, ʪʝʧʣʦʦʪʜʘʯʫ ʠ ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ 

ʧʨʠʩʪʝʥʦʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

ɺʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʚʳ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʡ ʥʘ ʩʪʝʥʢʫ ʛʘʟʦʦʪʚʦʜʷʱʝʛʦ ʩʪʚʦʣʘ ʜʳʤʦʚʦʡ 

ʪʨʫʙʳ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ ʚʝʩʴʤʘ ʚʘʞʝʥ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʩʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʭ ʢ ʢʦʨʨʦʟʠʠ ʟʦʥ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʪʝʢʘʝʪ ʚ ʪʝʭ ʩʣʫʯʘʷʭ ʠ ʚ ʪʘʢʠʭ ʤʝʩʪʘʭ, ʛʜʝ 

ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ ʚʥʫʪʨʠ ʩʪʚʦʣʘ ʧʨʝʚʳʰʘʝʪ ʘʪʤʦʩʬʝʨʥʦʝ. ʇʦʩʪʨʦʝʥʠʝ ʵʧʶʨ ʜʘʚʣʝʥʠʡ 

(ʨʠʩ. 2) ʠ ʥʘʭʦʞʜʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʧʦʜʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʛʝʦʤʝʪʨʠʠ ʛʘʟʦʦʪʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʪʨʫʙʳ, ʘ 

ʪʘʢʞʝ ʣʝʛʢʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʜʝʡʩʪʚʫʶʱʠʭ ʜʳʤʦʚʳʭ ʪʨʫʙ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʥʠʤ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

 

ʘ)                                                            ʙ) 

ʈʠʩʫʥʦʢ 2 ï ʕʧʶʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ pD , S, ʌ ʜʣʷ ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʚʳʩʦʪʦʡ 180 ʤʝʪʨʦʚ 

ʨʘʩʩʯʠʪʘʥʥʳʭ: ʘ) ʧʦ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʠ ʙ) ʧʦ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 
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ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʘʤʦʪʷʛʘ; Sʨʌ +D= ï ʬʦʨʤ-ʧʘʨʘʤʝʪʨ ʛʘʟʦʦʪʚʦʜʷʱʝʛʦ ʢʘʥʘʣʘ ʜʳʤʦʚʦʡ 

ʪʨʫʙʳ 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʙʘʟʝ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʦʪʦʨʦʡ ʙʳʣ ʧʨʠʥʷʪ ʨʷʜ ʫʧʨʦʱʘʶʱʠʭ ʜʦʧʫʱʝʥʠʡ, ʠ ʢʦʪʦʨʳʝ ʚ ʧʨʠʥʮʠʧʝ 

(ʧʦ ʧʨʠʯʠʥʝ ʦʜʥʦʤʝʨʥʦʩʪʠ) ʥʝ ʩʧʦʩʦʙʥʳ ʘʜʝʢʚʘʪʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʧʦʪʦʢʘ ʥʘ ʦʯʝʥʴ ʚʘʞʥʦʤ ʚʭʦʜʥʦʤ ʫʯʘʩʪʢʝ ʩʪʚʦʣʘ, ʛʜʝ ʪʝʯʝʥʠʝ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ 

ʪʨʝʭʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʦʪ ʵʪʦʛʦ ʪʝʯʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʘ ʥʘ 

ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʛʘʟʦʦʪʚʦʜʷʱʝʛʦ ʩʪʚʦʣʘ ʜʳʤʦʚʦʡ ʪʨʫʙʳ. 

ɻʣʘʚʥʦʡ ʧʨʠʯʠʥʦʡ ʨʘʟʣʠʯʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ ʦʜʥʦ ʠ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʷʤ ʪʝʯʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʟʘʢʨʫʪʢʠ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʚʠʭʨʝʡ ʠ ʩʫʱʝʩʪʚʝʥʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʚʳʩʦʪʝ ʩʪʚʦʣʘ. ɺʩʣʝʜʩʪʚʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ ʩʪʚʦʣʝ ʧʦʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʩʠʣʳ, ʢʦʪʦʨʳʝ 

ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ (ʢ ʩʪʘʪʠʯʝʩʢʦʤʫ) ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʝʛʦ ʩʪʝʥʢʫ. ʇʦ ʤʝʨʝ 

ʧʨʦʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʢ ʫʩʪʴʶ ʩʪʚʦʣʘ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʩʣʘʙʝʚʘʝʪ ʥʘ 

ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʝ (ʚ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ å 30 ʤʝʪʨʦʚ) ʠ ʜʘʣʝʝ ʧʦʩʪʝʧʝʥʥʦ ʚʳʨʦʞʜʘʝʪʩʷ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʦʩʝʚʳʤ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʦʤʝʨʥʳʤ 

ʧʦ ʩʝʯʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʢʦʨʦʩʪʠ. 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, ʧʨʦʠʩʭʦʜʷʱʘʷ ʧʦ 

ʤʝʨʝ ʝʛʦ ʧʨʦʜʚʠʞʝʥʠʷ ʧʦ ʦʪʚʦʜʷʱʝʤʫ ʩʪʚʦʣʫ ʜʳʤʦʚʦʡ ʪʨʫʙʳ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʜʘʚʣʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʪʚʦʣʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʨʫʙʝ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʩʪʚʦʣʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʧʦʚʳʰʝʥʠʶ 

ʢʦʨʨʦʟʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʛʦ ʩʪʝʥʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʩʣʘʙʣʝʥʠʶ ʟʘʢʨʫʪʢʠ ʧʦʪʦʢʦʚ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚ 

ʮʦʢʦʣʴʥʦʡ ʯʘʩʪʠ ʜʳʤʦʚʦʡ ʪʨʫʙʳ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ 

ʷʚʣʝʥʠʝ ʟʘʤʝʪʥʦ ʦʩʣʘʙʝʚʘʝʪ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʥʘ ʚʭʦʜʝ ʦʪʚʦʜʷʱʝʛʦ ʩʪʚʦʣʘ ʩʧʝʮʠʘʣʴʥʳʭ 
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Annotation. In the context of global climate change and the rapid development of technologies, 

increasing the level of energy efficiency and energy conservation in the field of water transport 

is becoming especially relevant. Recognition of electricity consumers is a key aspect of 

optimizing resource consumption. Modern monitoring and control systems integrated into the 

ship's infrastructure make it possible not only to effectively monitor energy consumption, but 

also to predict loads, which contributes to a more rational use of electricity. Automation of on-
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board processes, including intelligent networks and adaptive control systems, opens up new 

horizons for reducing energy costs. Modern technologies, such as IoT (Internet of Things), help 

to obtain real-time data on the condition of equipment and its costs, providing the ability to react 

quickly to changes in the environment. This, in turn, leads to a pragmatic approach to the 

operation of ships and the improvement of their ecology. Thus, the development and 

implementation of innovative solutions in the field of recognition of electricity consumers in 

water transport can significantly increase the level of energy efficiency, improve financial 

performance and create a sustainable ecosystem for future generations. 
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ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʩʪʨʝʤʷʱʝʛʦʩʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʟʚʠʪʠʶ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ ʠ ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢʪʠʢ ʚ ʦʙʣʘʩʪʠ ʩʫʜʦʭʦʜʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ, ʯʝʤ ʢʦʛʜʘ-

ʣʠʙʦ. [7] 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ, 

ʥʦ ʠ ʫʤʝʥʴʰʘʝʪ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʭʨʘʥʝʥʠʶ ʯʠʩʪʦʪʳ ʤʦʨʝʡ ʠ ʦʢʝʘʥʦʚ. ʈʝʘʣʠʟʘʮʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʦʧʪʠʤʠʟʘʮʠʷ ʤʘʨʰʨʫʪʦʚ ʩʫʜʦʚ, ʘ 

ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʟʘʪʨʘʪ, ʯʪʦ ʜʝʣʘʝʪ ʧʝʨʝʚʦʟʢʠ ʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝ ʪʦʣʴʢʦ 

ʘʢʪʫʘʣʴʥʫʶ, ʥʦ ʠ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʨʘʪʝʛʠʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʙʫʜʫʱʝʛʦ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʊʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʙʠʟʥʝʩʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʛʣʫʙʦʢʦʝ ʧʦʥʠʤʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ 

ʧʨʝʜʧʦʯʪʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʪ ʢʦʤʧʘʥʠʷʤ ʩʦʙʠʨʘʪʴ ʦʙʰʠʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʠʭ ʢʣʠʝʥʪʘʭ, 

ʚʢʣʶʯʘʷ ʠʭ ʧʦʢʫʧʘʪʝʣʴʩʢʠʝ ʧʨʠʚʳʯʢʠ, ʚʢʫʩʦʚʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 

ʙʨʝʥʜʦʤ. [2] 

ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʥʩʦʨʳ ʠ ʢʘʤʝʨʳ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʚ ʪʦʯʢʠ ʧʨʦʜʘʞ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʠ ʥʘʩʪʨʦʝʥʠʷ 

ʧʦʢʫʧʘʪʝʣʷ. ʅʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠ ʘʥʘʣʠʟʘ ʚʠʜʝʦ ʧʦʟʚʦʣʷʶʪ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʣʠʝʥʪʦʚ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʳʝ ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʩʦʟʜʘʚʘʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʦʧʳʪ (ʨʠʩ. 3). 

ʀʥʪʝʛʨʘʮʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ CRM-ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʪʦʯʥʦʡ ʩʝʛʤʝʥʪʘʮʠʠ ʘʫʜʠʪʦʨʠʠ ʠ ʧʨʝʜʩʢʘʟʘʥʠʶ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʪʨʝʥʜʦʚ. ɸʜʘʧʪʠʚʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ ʨʘʟʥʳʭ ʧʣʘʪʬʦʨʤʘʭ, ʧʦʟʚʦʣʷʷ 

ʢʦʤʧʘʥʠʷʤ ʧʨʝʜʣʘʛʘʪʴ ʨʝʣʝʚʘʥʪʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʫʩʣʫʛʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʘʝʪ 

ʫʨʦʚʝʥʴ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ ʢʣʠʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʧʨʦʜʘʞ. [1] 
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ʈʠʩʫʥʦʢ 1 ï ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʘʶʪ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ, ʥʦ ʠ ʬʦʨʤʠʨʫʶʪ ʩʪʨʘʪʝʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʣʠʝʥʪʘʤʠ ʚ 

ʫʩʣʦʚʠʷʭ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʛʦʩʷ ʨʳʥʢʘ. 

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 

 

ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ: [8] 

1. ʉʙʦʨ ʜʘʥʥʳʭ 

- ʉʙʦʨ ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪ-ʩʯʝʪʯʠʢʦʚ ʠ IoT-ʫʩʪʨʦʡʩʪʚ. 

- ʀʥʪʝʛʨʘʮʠʷ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʝ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʧʨʘʟʜʥʠʢʘʭ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʘʭ, 

ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʠʢʦʚʫʶ ʟʘʛʨʫʟʢʫ ʵʥʝʨʛʦʙʣʦʢʦʚ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ 

ʚʳʭʦʜ ʥʘ ʨʝʤʦʥʪ ʠ ʟʘʤʝʥʫ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʟʝʨʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ 

ʫʯʝʪʦʤ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ. ʂʦʥʩʘʣʠʜʘʮʠʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʬʘʢʪʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʜʝʡʪʚʫʶʱʠʭ ʵʥʝʨʛʦʤʦʜʫʣʝʡ ʪʘʢ ʠ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩʫʜʦʚ ʩ ʙʝʨʝʛʘ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʦʱʥʦʩʪʴ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʝʢʪʘ) ʧʦʜʢʣʶʯʘʝʤʳʭ ʩʫʜʦʚ ʨʘʟʣʠʯʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ.[3] ʇʨʠ ʵʪʦʤ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʫʜʦʚ ʩ ʙʝʨʝʛʘ ʚʦ ʚʨʝʤʷ 

ʩʪʦʷʥʢʠ ʚ ʧʦʨʪʫ ʥʝʩʝʪ ʚ ʩʝʙʝ ʵʢʦʥʦʤʠʯʝʩʢʫʶ , ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ.[4;5] 

2. ʇʨʝʜʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

- ʆʯʠʩʪʢʘ ʜʘʥʥʳʭ: ʋʜʘʣʝʥʠʝ ʧʨʦʧʫʱʝʥʥʳʭ ʠ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

- ʅʦʨʤʘʣʠʟʘʮʠʷ ʜʘʥʥʳʭ: ʇʨʠʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʢ ʝʜʠʥʦʤʫ ʤʘʩʰʪʘʙʫ. 

- ɸʫʛʤʝʥʪʘʮʠʷ ʜʘʥʥʳʭ: ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʨʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

3. ɺʳʙʦʨ ʤʦʜʝʣʠ 
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- ɺʳʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʜʝʨʝʚʴʷ 

ʨʝʰʝʥʠʡ, ʩʣʫʯʘʡʥʳʡ ʣʝʩ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ). 

4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚ 

- ʉʦʟʜʘʥʠʝ ʧʨʠʟʥʘʢʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʪ ʠ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, ʯʘʩ, ʜʝʥʴ ʥʝʜʝʣʠ). 

- ɺʢʣʶʯʝʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʩʘʜʢʠ). 

5. ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ 

- ʈʘʟʜʝʣʝʥʠʝ ʜʘʥʥʳʭ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ. 

- ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʘ ʪʨʝʥʠʨʦʚʦʯʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘʩʪʨʦʡʢʘ ʛʠʧʝʨ-ʧʘʨʘʤʝʪʨʦʚ. 

6. ʆʮʝʥʢʘ ʤʦʜʝʣʠ 

- ʇʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʥʘ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʨʠʢ (ʥʘʧʨʠʤʝʨ, 

RMSE, MAE). 

- ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

7. ʇʨʝʜʩʢʘʟʘʥʠʝ 

- ʇʨʠʤʝʥʝʥʠʝ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʙʫʜʫʱʝʤ. 

8. ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʪʨʝʙʣʝʥʠʷ 

- ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʩʢʘʟʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ). 

- ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʝʥʠʡ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ. 

9. ʄʦʥʠʪʦʨʠʥʛ ʠ ʫʣʫʯʰʝʥʠʝ 

- ʇʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

- ʉʙʦʨ ʥʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʤʦʜʝʣʠ. 

 
ʈʠʩʫʥʦʢ 3 ï ɸʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʥʝʦʙʨʘʪʠʤʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʙʦʣʴʰʠʭ 
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ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʧʘʪʪʝʨʥʳ ʠ ʧʨʝʜʧʦʯʪʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʧʨʠʚʳʯʝʢ. [6] 

ʀʩʧʦʣʴʟʫʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ 

ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʦʛʘʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʷ 

ʧʦʩʪʘʚʱʠʢʦʚ ʵʥʝʨʛʠʠ ʢ ʢʦʥʢʨʝʪʥʳʤ ʩʝʛʤʝʥʪʘʤ ʨʳʥʢʘ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʤʦʜʝʣʝʡ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʘʨʠʬʳ, ʥʦ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʯʪʦ ʜʘʝʪ ʰʘʥʩ 

ʠʟʙʝʞʘʪʴ ʧʝʨʝʛʨʫʟʦʢ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʢ 

ʫʩʪʦʡʯʠʚʦʤʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʙʫʜʫʱʝʤʫ, ʚ ʢʦʪʦʨʦʤ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʦʙʝʩʧʝʯʘʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ. 

ɺʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʟʘ ʩʯʝʪ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ɺʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʟʘ ʩʯʝʪ ʨʘʩʧʦʟʥʘʥʠʷ ʣʠʮ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʘʩʧʝʢʪʦʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʫʜʦʭʦʜʩʪʚʝ. ʀʥʪʝʛʨʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʩʩʘʞʠʨʦʚ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʙʦʨʪʫ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ. 

ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʨʢʫ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʝʨʝʚʦʟʢʠ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʦʧʝʨʘʪʦʨʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʦʧʪʠʤʠʟʠʨʫʷ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ. 

ʂ ʪʦʤʫ ʞʝ, ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʥʘ ʩʫʜʥʝ. ʅʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʘʛʨʫʟʢʫ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʠʨʦʚ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ ʧʦʚʳʰʝʥʠʶ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝ 

ʫʨʦʚʥʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʪʨʝʙʫʶʪ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʧʦʜʭʦʜʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʪʦʡʯʠʚʳʝ ʧʨʘʢʪʠʢʠ.  

ɺʦ-ʧʝʨʚʳʭ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ 

ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʪʝʨʠ. ʋʩʪʘʥʦʚʢʘ 

ʜʘʪʯʠʢʦʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʩʫʜʘʭ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 

ʪʦʯʥʦʤʫ ʢʦʥʪʨʦʣʶ ʟʘ ʨʘʩʭʦʜʦʤ ʵʥʝʨʛʠʠ. 

ɺʦ-ʚʪʦʨʳʭ, ʘʢʮʝʥʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʣʥʝʯʥʳʝ ʠ ʚʝʪʨʷʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ. 

ʈʘʟʨʘʙʦʪʢʘ ʛʠʙʨʠʜʥʳʭ ʩʫʜʦʚ, ʩʦʚʤʝʱʘʶʱʠʭ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʥʦʚʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, 

ʩʦʟʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʊʨʝʪʠʡ ʘʩʧʝʢʪ ð ʵʪʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʜʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʠʭ, ʥʦ ʧʨʦʯʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʚʦʜʦʠʟʤʝʱʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʝ. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʊʘʢʞʝ ʚʘʞʥʦ ʧʦʚʳʰʘʪʴ ʢʚʘʣʠʬʠʢʘʮʠʶ ʵʢʠʧʘʞʝʡ, ʦʙʫʯʘʷ ʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʩ ʫʯʝʪʦʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʣʫʯʰʝʥʠʡ ʚ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ. 
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ʄʘʢʘʨʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʧʦʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʧʦʭʠ ʚ ʜʨʫʛʫʶ ʦʪʨʘʞʘʣʩʷ 

ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʠ ʠʟʤʝʥʷʣ ʪʠʧʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʫʜʦʚ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʬʣʦʪʝ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʠʤʝʝʪ ʨʝʘʣʴʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʵʧʦʭʠ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʫʜʘ, ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʪʦʨʠʯʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ.  
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Abstract. The article presents an analysis of the energy epochs of human civilization. It is 

shown how the transition from one energy epoch to another affected water transport and 

changed the types of ship power plants. It is concluded that the use of heat engines using non-

renewable energy resources in the transport fleet currently has no real alternative. In this regard, 

the task of increasing the energy efficiency of marine engines through the use of secondary 

energy resources remains urgent. 

 

Keywords: energy epochs, transport vessels, energy sources, energy efficiency, secondary 

energy resources. 

 

 

ʏʝʣʦʚʝʯʝʩʢʘʷ ʮʠʚʠʣʠʟʘʮʠʷ ʠʤʝʝʪ ʤʥʦʛʦʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʳ 

ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. ʏʝʣʦʚʝʢ ʩʪʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʢ ʨʘʟʫʤʥʦʝ ʩʫʱʝʩʪʚʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʦʙʣʝʛʯʠʪʴ ʩʚʦʶ ʞʠʟʥʴ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʉʦʣʥʮʘ, 

ʦʛʥʷ, ʚʝʪʨʘ ʠ ʪ.ʜ.) ʀʩʪʦʨʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʪʦʨʠʶ ʧʦʠʩʢʘ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ʇʦʠʩʢ ʥʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ ʠ ʩʦʟʜʘʥʠʝ ʩʧʦʩʦʙʦʚ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʚʩʝʭ ʩʬʝʨʘʭ ʞʠʟʥʠ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʬʦʨʤʠʨʦʚʘʥʘ  ʚʩʝʦʙʱʘʷ ʪʝʦʨʠʷ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʧʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʧʦʭ, ʚ ʩʦʩʪʘʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʚʝʢʦʚ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʊʨʘʜʠʮʠʦʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʧʦʭ ʧʦ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1 [1]. 

ʊʘʙʣʠʮʘ 1 

ʊʨʘʜʠʮʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʧʦʭ ʧʦ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ 

ʕʧʦʭʘ 

ʤʫʩʢʫʣʴʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ 

ʕʧʦʭʘ 

ʤʝʭʘʥʦʵʥʝʨʛʝʪʠʢʠ 

ʕʧʦʭʘ 

ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ 

ʕʧʦʭʘ ʷʜʝʨʥʦʡ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʥʘ 

ʥʘ 

ʥʝʚʦʟʦʙʥʦʚʣʷʶʱʠʭʩʷ 

ʨʝʩʫʨʩʘʭ 

ʕʧʦʭʘ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʥʘ 

ʚʦʟʦʙʥʦʚʣʷʶʱʠʭʩʷ 

ʨʝʩʫʨʩʘʭ 

???éVIII -X 

ʚ.ʥ.ʵ. 

VIII -X é XVIII  

ʚ.ʚ. 

XVIII éXXI  ??? 

ʚ.ʚ. 

XXI  ??? ʚ.ʚé. XXI  ??? ʚ.ʚé. 

 

ʇʝʨʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʧʦʭʦʡ ʷʚʣʷʝʪʩʷ ʵʧʦʭʘ ʤʫʩʢʫʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʨʘʙʦʪʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (ʦʭʦʪʘ, ʟʝʤʣʝʜʝʣʠʝ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʱʠ) ʠ 

ʧʫʪʝʰʝʩʪʚʠʡ (ʪʫʨʠʩʪʠʯʝʩʢʠʭ, ʧʦʟʥʦʚʘʪʝʣʴʥʳʭ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʣʶʜʴʤʠ, ʘ 

ʧʦʟʜʥʝʝ ʧʨʠʨʫʯʝʥʥʳʤʠ ʠʤʠ ʜʦʤʘʰʥʠʤʠ ʞʠʚʦʪʥʳʤʠ, ʥʘʯʘʣʘʩʴ ʩ ʧʦʷʚʣʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʠ ʜʣʠʣʘʩʴ ʜʦ ʬʠʢʩʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʯʝʣʦʚʝʢʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ.  

ʇʝʨʚʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʧʦʭʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʩʣʫʞʠʣʘ 

ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʠʱʠ, ʧʨʝʚʨʘʱʘʶʱʘʷʩʷ ʚ ʤʫʩʢʫʣʴʥʫʶ ʩʠʣʫ ʯʝʣʦʚʝʢʘ, ʘ ʧʦʟʞʝ ʠ 

ʧʨʠʨʫʯʝʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʊʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʉʦʣʥʮʘ, ʘ ʟʘʪʝʤ ʠ ʦʛʥʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ 

ʦʙʦʛʨʝʚʘ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ ï ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ, ʚʳʧʣʘʚʢʠ ʤʝʪʘʣʣʦʚ ʠ ʪ.ʧ. ɺ ʵʪʦʡ ʵʧʦʭʝ 

ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʤʫʩʢʫʣʴʥʘʷ ʩʠʣʘ ʧʨʠʫʤʥʦʞʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ï ʨʳʯʘʛʘ, ʚʦʨʦʪʘ ʠ ʪ.ʧ., ʘ ʪʘʢʞʝ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʦʛʦʥʴ ʩʪʘʣʠ ʧʦʣʫʯʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ï ʪʨʝʥʠʝʤ. ʇʦʩʣʝʜʥʝʝ ʜʦʩʪʠʞʝʥʠʝ ʯʝʣʦʚʝʢʘ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʤ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʧʦʭʠ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ, ʨʘʩʭʦʜʦʚʘʣʠʩʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ï ʧʠʱʘ.  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʚʦʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʦʪʩʫʪʩʪʚʫʶʪ ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʝʨʚʦʤ 

ʯʝʣʦʚʝʢʝ, ʠʩʧʦʣʴʟʦʚʘʚʰʝʤ ʧʘʣʢʫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʦʜʢʦʡ, ʢʦʪʦʨʦʝ ʟʘʪʝʤ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʣʦʩʴ ʚ ʚʝʩʣʦ. ʀʩʪʦʨʠʷ ʥʝ ʠʤʝʝʪ ʩʚʝʜʝʥʠʡ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʠʚʦʪʥʳʭ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʩʫʜʦʚ. ʅʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ (ʩʫʜʘʭ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʦʚ,) ʤʫʩʢʫʣʴʥʘʷ ʩʠʣʘ ʣʶʜʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʝʢʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʦʜʳ ʠ ʚʝʪʨʘ. 

ʇʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʚʝʪʨʷʥʳʝ ʠ ʚʦʜʷʥʳʝ ʤʝʣʴʥʠʮʳ ï ʥʘʯʠʥʘʝʪʩʷ ʵʧʦʭʘ ʤʝʭʘʥʦʵʥʝʨʛʝʪʠʢʠ. 

ʅʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʵʪʘ ʵʧʦʭʘ ʧʨʦʷʚʠʣʘʩʴ ʧʦʷʚʣʝʥʠʝʤ ʧʘʨʫʩʦʚ. ʅʝ ʠʟʚʝʩʪʥʦ, ʠʟ ʯʝʛʦ 

ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʝʨʚʳʡ ʧʘʨʫʩ, ʠʟ ʧʘʣʴʤʦʚʦʛʦ ʣʠʩʪʘ ʠʣʠ ʰʢʫʨʳ ʟʚʝʨʷ, ʥʦ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ   ʚʝʢʦʚ ʧʘʨʫʩʘ ʚʳʩʪʫʧʘʣʠ ʦʩʥʦʚʥʳʤʠ ʜʚʠʞʠʪʝʣʷʤʠ ʩʫʜʦʚ, ʚʥʘʯʘʣʝ ʧʦʤʦʛʘʷ 

ʛʨʝʙʮʘʤ, ʘ ʟʘʪʝʤ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʤʝʥʠʚ ʠʭ.   ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʘʨʫʩʥʳʝ ʩʫʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʫʯʝʙʥʳʝ, ʪʫʨʠʩʪʠʯʝʩʢʠʝ, ʩʧʦʨʪʠʚʥʳʝ.  
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ XVII  ʚʝʢʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ï ʧʦʷʚʠʣʠʩʴ ʧʘʨʦʚʳʝ 

ʤʘʰʠʥʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʚ ʨʘʙʦʪʫ ʵʥʝʨʛʠʶ ʩʞʠʛʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʚʩʪʫʧʠʣʦ ʚ 

ʵʧʦʭʫ ʭʠʤʠʯʝʩʢʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ. ɼʘʥʥʘʷ ʵʧʦʭʘ, ʧʨʦʜʦʣʞʘʶʱʘʷʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʧʨʦʰʣʘ ʥʝʩʢʦʣʴʢʦ  ʵʪʘʧʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ 

(ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ). 

ʅʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʬʣʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʩʣʫʞʠʚʰʠʡ ʦʩʥʦʚʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʘʨʦʚʳʭ ʤʘʰʠʥ. ʇʝʨʚʳʤ ʩʫʜʥʦʤ ʩ ʜʚʠʛʘʪʝʣʝʤ, 

ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʢʘʤʝʥʥʦʤ ʫʛʣʝ ʙʳʣ çʇʠʨʦʩʢʘʬè (ʨʠʩ. 1), ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1784 ʛʦʜʫ. 

ʇʦʩʣʝʜʥʠʤ ʢʨʫʧʥʳʤ ʩʫʜʥʦʤ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʢʘʤʝʥʥʦʤ ʫʛʣʝ ʷʚʣʷʝʪʩʷ ʧʘʨʦʭʦʜ çBadgerè, 

ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1955 ʛʦʜʫ (ʨʠʩ. 2). 

 
ʈʠʩʫʥʦʢ 1 ï ʉʫʜʥʦ çʇʠʨʦʩʢʘʬè 

 

 
ʈʠʩʫʥʦʢ 2 ï ʇʘʨʦʭʦʜ çBadgerè 

 

ɺ ʢʦʥʮʝ XIX, ʥʘʯʘʣʝ XX ʚʝʢʦʚ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʘ ʜʣʷ ʪʝʧʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʠʭʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʩʪʘʣʠ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ 

ʬʣʦʪʘ ʥʘ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʥʝʬʪʷʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ʈ. ɼʠʟʝʣʷ ʠ ɻ.ɺ. ʊʨʠʥʢʣʝʨʘ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʘʭ [2, 3].  

ɺ 1904 ï 1908 ʛʦʜʳ, ʚ ʧʝʨʠʦʜ ʩʦʟʜʘʥʠʷ ʧʝʨʚʳʭ ʜʠʟʝʣʴʥʳʭ ʪʝʧʣʦʭʦʜʦʚ ʩ ʜʠʟʝʣʷʤʠ 

ʥʝʨʝʚʝʨʩʠʚʥʦʛʦ ʪʠʧʘ, ʧʨʦʙʣʝʤʫ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʴʶ ʩʫʜʥʘ ʨʝʰʘʣʠ ʩ ʧʦʤʦʱʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ. ʇʝʨʚʳʡ ʨʫʩʩʢʠʡ ʪʝʧʣʦʭʦʜ çɺʘʥʜʘʣè (ʨʠʩ. 3), 



 

 
26 

 

 

 

26 
 

 

ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʧʦʩʪʨʦʝʥʥʳʡ  ʥʘ ʉʦʨʤʦʚʩʢʦʤ ʟʘʚʦʜʝ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʙʳʣ ʦʙʦʨʫʜʦʚʘʥ ʩʠʩʪʝʤʦʡ 

ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʞʝʥʠʷ. ɽʛʦ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʫʧʨʫʛʠʭ ʤʫʬʪ, ʟʘʢʨʝʧʣʝʥʥʳʭ 

ʥʘ ʤʘʭʦʚʠʢʘʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʠʚʦʜʠʤʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʵʪʠʭ ʤʫʬʪ, ʜʠʥʘʤʦ-ʤʘʰʠʥ ʠ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ʪʦʢʘ, ʢʦʤʤʫʪʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ.  

 
ʈʠʩʫʥʦʢ 3 ï ɼʠʟʝʣʴʥʳʡ ʵʣʝʢʪʨʦʭʦʜ çɺʘʥʜʘʣè 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʵʧʦʭʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ 

ʚʘʞʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ: 

ï ʨʘʩʰʠʨʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʬʣʦʪʝ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ [4, 5]; 

ï ʧʦʚʳʰʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ [6-9]. 

ʆʙʝ ʪʝʥʜʝʥʮʠʠ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ ʫʞʝʩʪʦʯʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʩʫʜʦʚʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʫʩʪʘʥʦʚʢʘʤ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʜʳʤʥʦʩʪʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʩʪʨʝʤʣʝʥʠʝʤ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. 

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʨʜʠʥʘʣʴʥʦ ʨʝʰʝʥʘ ʝʩʣʠ ʫʜʘʩʪʩʷ ʧʝʨʝʡʪʠ ʚ ʵʧʦʭʫ  

ʷʜʝʨʥʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʥʘ ʥʘ ʥʝʚʦʟʦʙʥʦʚʣʷʶʱʠʭʩʷ ʨʝʩʫʨʩʘʭ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʣʦʪʫ 

ʵʪʦ ʦʟʥʘʯʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʫʜʦʚ-ʘʪʦʤʦʭʦʜʦʚ [10]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ 

ʚʝʜʝʪʩʷ ʘʢʪʠʚʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʦʚ, ʥʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ çʃʠʜʝʨè (ʨʠʩ. 4). 

 
ʈʠʩʫʥʦʢ 4 ï ɸʪʦʤʥʳʡ ʣʝʜʦʢʦʣ ʧʨʦʝʢʪʘ 10510 çʃʠʜʝʨè. ʀʩʪʦʯʥʠʢ çɸʡʩʙʝʨʛè, çʈʦʩʘʪʦʤʬʣʦʪè 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʘʭ ʚ 

ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ʎʝʣʴʶ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʚ ʵʧʦʭʫ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʚʦʟʦʙʥʦʚʣʷʶʱʠʭʩʷ ʨʝʩʫʨʩʘʭ, ʪʘʢʠʭ ʢʘʢ ʵʥʝʨʛʠʷ ʚʝʪʨʘ, ʧʨʠʣʠʚʦʚ, ʚʦʣʥ, 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʦʢʝʘʥʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʙʠʦʪʦʧʣʠʚʘ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʨʝʩʫʨʩʦʚ ʚʝʜʫʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʦ. ʆʜʥʘʢʦ ʠʭ 

ʨʝʟʫʣʴʪʘʪʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʩʷʪ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʡ ʠʣʠ ʨʝʢʣʘʤʥʳʡ ʭʘʨʘʢʪʝʨ 

ʚʩʣʝʜʩʪʚʠʝ ʦʛʨʦʤʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʩʫʜʥʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʷʚʣʷʝʪʩʷ ʷʭʪʘ çEnergy Observerè 

(ʨʠʩ. 5).   

 
ʈʠʩʫʥʦʢ 5 ï  ʂʘʪʘʤʘʨʘʥ Energy Observer 
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ʂʘʪʘʤʘʨʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʠʙʦʣʝʝ ʷʨʢʦʝ ʧʨʦʷʚʣʝʥʠʝ çʟʝʣʝʥʦʡ ʵʥʝʨʛʝʪʠʢʠè ʚ 

ʩʫʜʦʩʪʨʦʝʥʠʠ. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʩʦʣʥʮʝ ʠ ʚʝʪʝʨ. ʅʘ ʩʫʜʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʪʨʸʭ ʚʠʜʦʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 165 ʤ
2 
ʠ ʧʘʨʫʩʘ ʧʣʦʱʘʜʴʶ 

32 ʤ
2
,
 
 ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘ 360 ʛʨʘʜʫʩʦʚ ʤʘʯʪʘʭ ʚʳʩʦʪʦʡ 12 ʤ  [11]. ʇʨʠ 

ʧʦʜʥʷʪʳʭ ʧʘʨʫʩʘʭ ʢʘʪʘʤʘʨʘʥ ʜʚʠʞʝʪʩʷ ʚʧʝʨʸʜ, ʠ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩ 

ʧʦʤʦʱʴʶ ʛʨʝʙʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʦʚ. ɼʣʷ 

ʭʨʘʥʝʥʠʷ ʚʳʨʘʙʦʪʘʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʚʝ ʩʠʩʪʝʤʳ: ʢʨʘʪʢʦʩʨʦʯʥʘʷ ʠ 

ʜʦʣʛʦʩʨʦʯʥʘʷ. ɼʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʪʠʡ-ʠʦʥʥʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ, ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ï  ʚʦʜʦʨʦʜ. ʅʘ Energy Observer ʚʦʜʦʨʦʜ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ  ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʣʠʟʘ. ʄʦʨʩʢʘʷ ʚʦʜʘ ʦʯʠʱʘʝʪʩʷ, 

ʦʧʨʝʩʥʷʝʪʩʷ ʠ ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ. ʇʦʪʨʝʙʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ʥʘ Energy 

Observer ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʢʦʪʦʨʦʛʦ ʭʠʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʦʜʦʨʦʜʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ. 

ʆʩʥʦʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʜʚʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʩʫʜʥʫ ʜʣʠʥʦʡ 30 ʤ ʨʘʟʚʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʜʦ 12 ʫʟʣʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʚʦʜʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʪʨʘʥʩʧʦʨʪʥʳʡ ʬʣʦʪ ʧʨʦʜʦʣʞʠʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʵʧʦʭʝ 

ʭʠʤʠʯʝʩʢʦʡ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ʠ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʦʭʨʘʥʷʪ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺʚʝʜʝʥʠʝ 

ʆʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ ʪʨʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʪʝʧʣʦʪʫ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ɼʦʣʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʂʨʦʤʝ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʤʝʥʷʝʪʩʷ ʠ ʛʝʦʤʝʪʨʠʷ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ [1], ʜʝʪʘʣʴ 

ʠʟʥʘʰʠʚʘʝʪʩʷ, ʘ ʩʨʦʢ ʝʝ ʩʣʫʞʙʳ ʩʦʢʨʘʱʘʝʪʩʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʠʩʢ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ 

ʪʨʝʥʠʷ [2, 3] ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [4]. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʨʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ ʧʨʠʪʠʨʢʠ 

ʦʙʨʘʟʮʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʜʦʙʘʚʢʠ ʚ ʤʘʩʣʦ ʩʬʝʨʦʠʜʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʩ 

ʜʦʙʘʚʢʘʤʠ ʢʦʙʘʣʴʪʘ ʠ ʭʨʦʤʘ: WC-10Co-4Cr (WC ï 86%; Co ï 10%; Cr ï 4%). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʬʝʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʯʘʩʪʠʮ ʢʝʨʘʤʠʢʠ, ʠʤʝʶʱʘʷ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ, 

ʤʦʞʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʘʟʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. 

ʇʦʜʛʦʪʦʚʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʚ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʪʠʧʘ ʄʀ-1 ʩ ʜʠʘʤʝʪʨʦʤ ʨʦʣʠʢʘ 76 ʤʤ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʰʢʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʩʦʩʪʘʚʣʷʝʪ Ñ1 ʤʤ. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʠʟʤʝʨʷʣʠʩʴ ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ, ʘ ʪʘʢ ʞʝ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʦʝ ʤʦʪʦʨʥʦʝ ʤʘʩʣʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ SAE 10W-30. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʚʘʥʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʪʝʭʥʠʯʝʩʢʠʤ ʩʪʝʢʣʷʥʥʳʤ ʪʝʨʤʦʤʝʪʨʦʤ ʪʠʧʘ ʊʊ6ʄ ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʷ 0-200 Üʉ, 

ʪʦʯʥʦʩʪʴʶ ʦʪʩʯʝʪʘ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ Ñ2 Üʉ. ʀʟʤʝʨʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʘʰʠʥʳ ʪʨʝʥʠʷ ʪʠʧʘ ʄʀ-1 [5] 

 

ʇʨʦʚʝʜʝʥʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʪʨʝʙʫʝʪ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ 

ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ. ʆʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ (ʨʦʣʠʢ-

ʨʦʣʠʢ, ʨʦʣʠʢ- ʢʦʣʦʜʢʘ, ʨʦʣʠʢ-ʚʪʫʣʢʘ ʠ ʪ.ʜ.), ʫʩʠʣʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. ʇʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʢʦʣʦʜʢʠ ʚ ʩʫʧʧʦʨʪ ʠ ʟʘʧʫʩʢʘ ʫʩʪʘʥʦʚʢʠ, ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜ 

ʠʟʤʝʨʝʥʠʷʤʠ ʪʨʝʙʫʝʪʩʷ ʧʨʠʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ.  



 

 
31 

 

 

 

31 
 

 

ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʠʨʘʙʦʪʢʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʨʘʟʮʦʚ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʩʪʘʣʴ 45 ɻʆʉʊ 1050-88 (ʨʦʣʠʢ) ʠ ʩʝʨʳʡ ʯʫʛʫʥ ʉʏ-25 ɻʆʉʊ 1412-85 

(ʢʦʣʦʜʢʘ). ʊʘʢʘʷ ʧʘʨʘ ʤʘʪʝʨʠʘʣʦʚ ʤʦʜʝʣʠʨʫʝʪ ʩʦʧʨʷʞʝʥʠʝ ʧʦʨʰʥʝʚʦʝ ʢʦʣʴʮʦ ï 

ʮʠʣʠʥʜʨʦʚʘʷ ʚʪʫʣʢʘ, ʟʫʙʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʨʝʥʠʷ ʚ ʟʫʙʯʘʪʳʭ 

ʟʘʮʝʧʣʝʥʠʷʭ ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʠʪʴ ʧʘʨʫ ʩʪʘʣʴ ï ʩʪʘʣʴ ʠʣʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʠʩʭʦʜʷ 

ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ. 

ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʥʦʩʘ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʠʟʚʝʩʪʝʥ (ʨʠʩʫʥʦʢ 2). 

ʅʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ I ʠ ʢʦʥʝʯʥʦʤ III 

ʦʪʨʝʟʢʘʭ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʷʜʦʤ ʠʩʪʦʯʥʠʢʦʚ [6, 

7], ʝʩʪʴ ʧʦʧʳʪʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʯʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʩʦʧʨʷʞʝʥʠʡ ʠ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʢʦʥʪʘʢʪʦʚ [8, 9]. ɺ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ I ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ ʧʨʠʨʘʙʦʪʢʠ ʠʣʠ ʧʨʠʪʠʨʢʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʫʤʝʥʴʰʘʶʪʩʷ ʩʠʣʳ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ. ʅʘ 

ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʧʝʨʠʦʜʘ II ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ 

ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ. ʅʘ III ʵʪʘʧʝ ʞʠʟʥʠ ʩʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ 

ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʢ ʤʦʤʝʥʪʫ ʦʢʦʥʯʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʦʪ ʚʨʝʤʝʥʠ 

 

ʉʢʦʨʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʤʘʩʩʳ ʜʝʪʘʣʝʡ ʪʨʝʥʠʷ 

ʠʣʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʬʦʨʤʫʣʦʡ 

0m

m
I m

D
= ,                                                              (1) 

ʛʜʝ ȹm ï ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʨʫʱʝʛʦʩʷ ʦʙʨʘʟʮʘ,  

  m0 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

0l

l
I l

D
= ,                                                             (2) 

ʛʜʝ ȹl ï ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʨʘʟʤʝʨʘ ʠʩʧʳʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ,  

  l0 ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʛʨʫʟʢʝ 760 ʅ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ 

ʛʨʫʟʫ 50 ʢʛ (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʧʫʩʢʘʝʤʦʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʦʡ). ɼʘʚʣʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 7630 ʢʇʘ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ, ʚ ʩʚʷʟʠ 

ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʪʨʝʥʠʝʤ, ʠʟʥʘʰʠʚʘʥʠʝ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ. 

ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 3. 
ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɺʨʝʤʷ, ʤʠʥ ʄʦʤʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʅʤ 

ɺʨʝʤʷ, ʤʠʥ ʄʦʤʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʅʤ 

0 0,31 30 0,27 

0 0,38 90 0,25 

0 0,32 90 0,32 

2 0,28 255 0,28 

5 0,3 270 0,25 

10 0,36 310 0,24 

20 0,28 380 0,27 

 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ 

 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʄʪʨ = f(t) ʩ ʚʝʣʠʯʠʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 0,993. 

3406,000174,01065,11028,81098,11000,2 2538410513

ʪʨ +Ö-ÖÖ+ÖÖ-ÖÖ+ÖÖ-= ---- tttttʄ ,      (3) 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ  

ttttt
dt

dʄ
Ö-ÖÖ+ÖÖ-ÖÖ+ÖÖ-= ---- 00174,0103,3108,241092,71000,10 528310413ʪʨ

 ,         (4) 

ʋʩʣʦʚʠʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʙʫʜʝʪ 

0
ʪʨ
Ý

dt

dʄ
,                                                            (5) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʬʦʨʤʫʣʝ (4) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2 ʠ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ɺʨʝʤʷ, ʤʠʥ 
2ʪʨ

10
dt

dʄ
 

ɺʨʝʤʷ, ʤʠʥ 
2ʪʨ

10
dt

dʄ
 

0 -0,174 200 -0,011 

25 -0,105 225 -0,009 

50 -0,061 250 -0,005 

75 -0,035 275 -0,001 

100 -0,020 300 0,003 

125 -0,014 325 0,004 

150 -0,012 350 -0,001 

175 -0,012 375 -0,017 

 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠʪʠʨʢʠ 

 

ɺʳʚʦʜʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʠʣʴʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 150 ʤʠʥʫʪ. 

ɿʘʪʝʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʪʨʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʯʝʨʝʟ 270 ʤʠʥʫʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʯʠʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʤʦʤʝʥʪʘ ʚ ʧʨʦʤʝʞʫʪʢʝ ʦʪ 150 ʜʦ 270 ʤʠʥʫʪ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʠʪʠʨʢʠ ʦʙʨʘʟʮʦʚ ʚ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ ʩʠʣ ʪʨʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 

150 ʤʠʥʫʪ. 
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ɸʥʥʦʪʘʮʠʷ. ʌʦʨʩʠʨʦʚʢʘ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦ ʤʦʱʥʦʩʪʠ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʪʝʧʣʦʚʳʭ ʠ 
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Abstract. Boosting diesel engines by power leads to an increase in thermal and mechanical 

stresses in the parts forming the combustion chamber. The issues of assessing and predicting the 

stress-strain state of these machine parts are of particular importance and are of both practical 

and scientific interest. 

The factors determining reliability have been studied using the example of the reliability of the 

cylinder cover of a diesel engine. A number of conclusions have been drawn both about the 

nature of the formation of heat flow and heat transfer in the cylinder cover, as well as about the 

stresses arising in it. 

. 
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ɺʚʝʜʝʥʠʝ. ʇʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʠʭ ʤʦʱʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʬʦʨʩʠʨʦʚʘʥʠʷ 

ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [1-4]. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʧʦʠʩʢ ʧʫʪʝʡ 

ʩʦʭʨʘʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ ʵʪʦʪ 

ʚʦʧʨʦʩ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʜʠʟʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ, 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʣʠʯʥʳʝ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʘʥʜʘʨʪʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʪʦʧʣʠʚʘ ʠ ʪ.ʜ. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʪʘʣʝʡ, ʦʙʨʘʟʫʶʱʠʭ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ (ʂʉ). ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʨʝʤʣʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʬʦʨʩʠʨʦʚʘʪʴ ʜʚʠʛʘʪʝʣʴ, ʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʙʦʨʴʙʦʡ ʟʘ ʩʦʢʨʘʱʝʥʠʝ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʆʙʩʫʞʜʝʥʠʝ ʚʦʧʨʦʩʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʚʠʛʘʪʝʣʝ 

ʠʩʧʳʪʳʚʘʶʪ ʜʝʪʘʣʠ, ʦʙʨʘʟʫʶʱʠʝ ʂʉ. ʇʨʠ ʵʪʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʜʠʟʝʣʝʡ ʥʦʩʠʪ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ [5]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʛʥʦʟʥʘʷ ʤʦʜʝʣʴ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʣʶʙʦʡ ʜʝʪʘʣʠ ʙʫʜʝʪ ʠʤʝʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʩʪʘʚʠʚ ʟʘ ʨʘʤʢʘʤʠ ʩʪʘʪʴʠ 

ʩʦʭʨʘʥʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʪʦʣʱʠʥʳ ʜʝʪʘʣʝʡ ʠ ʠʟʤʝʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, 

ʨʘʩʩʤʦʪʨʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʯʘʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʪʝʨʤʦʥʘʛʨʫʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ï ʢʨʳʰʢʠ ʮʠʣʠʥʜʨʘ (ʂʎ). 

ɺ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʜʝʞʥʦʩʪʴ ʂʎ ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʷʜ ʠʟʤʝʥʝʥʠʡ. ɺʦ ʚʨʝʤʷ 

ʵʪʘʧʦʚ ʧʨʠʨʘʙʦʪʢʠ ʠ ʠʟʥʦʩʘ ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚʦ ʚʨʝʤʷ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ï 

ʧʦʚʳʰʘʝʪʩʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʚʦʡʩʪʚʦ ʥʘʜʝʞʥʦʩʪʠ ï ʙʝʟʦʪʢʘʟʥʦʩʪʴ. ʉʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 27.102-2021 [6] ʧʦʜ 

ʙʝʟʦʪʢʘʟʥʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʩʚʦʡʩʪʚʦ ʦʙʲʝʢʪʘ ʥʝʧʨʝʨʳʚʥʦ ʩʦʭʨʘʥʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ 

ʪʝʯʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʠʣʠ ʥʘʨʘʙʦʪʢʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʨʝʞʠʤʘʭ ʠ ʫʩʣʦʚʠʷʭ 

ʧʨʠʤʝʥʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ὖὸ ʥʘ ʟʘʜʘʥʥʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ὸ [7]: 

 

ὖὸ ὖ‚ὸȟὸ π (1) 

ʛʜʝ ‚ ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʜʦ ʧʝʨʚʦʛʦ ʦʪʢʘʟʘ. 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ ὖὸ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʧʦ ʵʢʩʧʦʥʝʥʪʝ, ʜʦʩʪʘʪʦʯʥʦ ʧʦ 

ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʧʨʝʜʝʣʠʪʴ ‚. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʩʦʭʨʘʥʝʥʠʶ 
ʥʘʜʝʞʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʨʦʩʪ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ὖὸ. 

ʋ ʜʚʠʛʘʪʝʣʝʡ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣ ʂʎ.  

ɼʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʦʛʥʝʚʦʝ ʜʥʠʱʝ, ʪʦ ʝʩʪʴ ʧʨʦʩʣʦʡʢʫ ʤʘʪʝʨʠʘʣʘ ʤʝʞʜʫ ʧʨʦʜʫʢʪʘʤʠ 

ʛʦʨʝʥʠʷ ʚ ʂʉ ʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ. ʄʦʜʝʣʴ ʦʛʥʝʚʦʛʦ ʜʥʠʱʘ ʂʎ ʚʳʧʦʣʥʷʶʪ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩ ANSYS. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʠ ʦʛʥʝʚʦʛʦ ʜʥʠʱʘ ʢʨʳʰʢʠ ʮʠʣʠʥʜʨʘ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ  

ʪʠʧʘ ɼ42 (ʜʣʷ ʧʨʠʤʝʨʘ 6ʏʅ30/38): ʘ) ʪʚʝʨʜʦʪʝʣʴʥʘʷ, ʙ) ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ANSYS. ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʫʶ ʪʦʯʢʫ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʂʎ. ʇʦʩʢʦʣʴʢʫ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ ʂʎ 6ʏʅ30/38, ʠʟʛʦʪʦʚʣʝʥʥʘʷ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʝʜʴʶ ʩʝʨʦʛʦ ʯʫʛʫʥʘ, ʪʦ ʜʠʘʛʨʘʤʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

ʧʝʪʣʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʨʠʩ.2. 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʘʛʨʘʤʤʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ) ʧʨʠ ʪʝʨʤʦʮʠʢʣʠʨʦʚʘʥʠʠ 

ʤʘʪʝʨʠʘʣʘ ʢʨʳʰʢʠ ʮʠʣʠʥʜʨʘ: ɸ ïʥʘʯʘʣʴʥʳʝ (ʤʝʭʘʥʠʯʝʩʢʠʝ) ʥʘʧʨʷʞʝʥʠʷ ʚ ʂʎ; ɺ ï ʪʦʯʢʘ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; ɺʉ ï ʣʠʥʠʷ ʨʝʣʘʢʩʘʮʠʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ; ɺɽ ï ʣʠʥʠʷ ʦʩʪʳʚʘʥʠʷ 

ʤʝʪʘʣʣʘ; ♪ ʠ ♫ ï ʫʛʣʳ ʨʝʣʘʢʩʘʮʠʠ ʠ ʧʦʣʟʫʯʝʩʪʠ. ʀʥʜʝʢʩʳ: ʩʙ ï ʩʙʦʨʦʯʥʳʝ (ʤʝʭʘʥʠʯʝʩʢʠʝ) 

ʥʘʧʨʷʞʝʥʠʷ; ʨʝʣʘʢʩ ï ʨʝʣʘʢʩʘʥʮʠʦʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; ʪʝʤʧ. ï ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; 

ʧʦʣʟ. ï ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʟʫʯʝʩʪʠ 

 

ɺ ʪʝʦʨʠʠ ʜʚʠʛʘʪʝʣʝʡ ʪʝʧʣʦʚʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʨʠʥʷʪʦ ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʦʡ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ή̒ ,̓ ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʧʣʘ ὗ, 

ʧʝʨʝʜʘʥʥʳʤ ʯʝʨʝʟ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ Ὂ [8]. 

 

ή̒ ̓  ὗȾ Ὂ 
(2) 

 

ɻʜʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʝʨʝʜʘʥʥʦʛʦ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʦʜʥʦʛʦ ʮʠʣʠʥʜʨʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

ὗ ̆ ̞̗̎ ̖̏̌
                                               (3) 

 

ʛʜʝ ὦ̆ ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʢʛ/(ʢɺʪ ʯ); 

ὔ̞  ̗ï ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʮʠʣʠʥʜʨʘ, ʢɺʪ; 

ὗ̎  ï ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ, ʢɼʞ/ʢʛ; 

ή̏ ̖̌ ï ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ, ʢɺʪ/ ʤ
2
. 

ʂʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʠʟʥʦʩʘ ʧʦ ʪʝʧʣʦʪʝ, ʚʦʩʧʨʠʥʷʪʦʡ ʜʝʪʘʣʷʤʠ ʂʉ ʦʪ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʧʝʨʝʜʘʥʥʦʡ ʚ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ [9]. 

 

Dὗ Dὸ᷿ ‌̐ Ὕ Ὕ̐ ὨὊ̐ ᷿ ‌̋ Ὕ Ὕ̋ ὨὊ̋
̋

᷿ ‌̗ Ὕ Ὕ̗ ὨὊ̗
̗̐

           (4) 

 

ʛʜʝ Dὗ ï ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʚʦʩʧʨʠʥʷʪʦʝ ʜʝʪʘʣʷʤʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʦʪ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʟʘ ʚʨʝʤʷ Dὸȟ ʢɼʞ; 
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DὊ ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʜʝʪʘʣʝʡ ʦʙʨʘʟʫʶʱʠʭ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʠ 

ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ ʨʘʙʦʯʠʤ ʪʝʣʦʤ, ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʱʘʜʝʡ ʧʦʨʰʥʷ ï Ὂ̐, ʢʨʳʰʢʠ 
ʮʠʣʠʥʜʨʘ ïὊ̋, ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ï Ὂ̗, ʤ2

; 

ήВ  ï ʧʣʦʪʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʢɺʪ/ ʤ
2
; 

‌В  ï ʩʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʟʜʝʩʴ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʩʫʤʤʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʠʟʣʫʯʥʠʝʤ, ʢɺʪ(ʤ
2
Ŀ
 

ʂ); 

Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, 
0
ʂ. 

Ὕ̐ȟὝ̋ȟὝ̗ ï ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʨʰʥʷ, ʢʨʳʰʢʠ ʮʠʣʠʥʜʨʘ, ʩʦ ʩʪʦʨʦʥʳ 

ʜʝʪʘʣʠ, 
0
ʂ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ, ʭʦʪʷ ʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʪʨʫʜʦʸʤʢʠʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʪʝʧʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. 

 

„ „ ‐ ᾀὑ  ‌ Ὕ Ὕ                                 (5) 

 

ʛʜʝ Ὁ ï ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ; 

ὺ ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; 

ᾀ ï ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʩʪʠʥʳ; 

‌  ï ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ Ὕ Ὕ; 

‐ ï ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʜʝʬʦʨʤʘʮʠʷ; 

ὑ  ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

 

‐ ᷿ ‌ Ὕ Ὕ Ὠᾀ
Ⱦ

Ⱦ
   ὑ ᷿ ‌ Ὕ Ὕ ᾀὨᾀ

Ⱦ

Ⱦ
                        (6) 

 

ʛʜʝ  ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ, ʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʪʠʯʝʩʢʠ ʦʮʝʥʠʪʴ ʠʟʥʦʩ ʜʝʪʘʣʝʡ (ʚ ʯʘʩʪʥʦʩʪʠ 

ʂʎ) ʥʘ ʨʘʟʥʦʡ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʣʘʛʦʜʘʨʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩ 

ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʥʘ ʠʟʥʦʩ ʂʎ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʝʤʦʥʪʫ. 
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e-mail: maveeveseu@mail.ru 

 
1 
ɺʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʚʷʟʠ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʝʛʦ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ 

ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ, 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʜʝʪʘʣʠ ʜʚʠʛʘʪʝʣʷ. ʇʦʤʠʤʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʜʝʪʘʣʠ ʜʠʟʝʣʷ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʠʯʥʦʤʫ ʚʠʜʫ ʠʟʥʦʩʘ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜʥʦʝ 

ʠʟʥʘʰʠʚʘʥʠʝ. ɼʘʥʥʳʡ ʪʠʧ ʨʘʟʨʫʰʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

ʏʝʤ ʚʳʰʝ ʨʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʨʘʟʨʫʰʘʝʪʩʷ ʤʝʪʘʣʣ. 

ɺʦʜʦʨʦʜʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʪʘʣʠ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ï 

ʚʪʫʣʢʘ ʮʠʣʠʥʜʨʘ ʠ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ. ʇʦʤʠʤʦ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʜʘʚʣʝʥʠʠ, ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ. ʄʘʩʣʷʥʳʡ ʩʣʦʡ 

ʤʝʞʜʫ ʪʨʫʱʠʤʠʩʷ ʜʝʪʘʣʷʤʠ ʠʟ-ʟʘ ʩʚʦʝʡ ʤʘʣʦʡ ʪʦʣʱʠʥʳ ʥʝ ʫʩʪʦʡʯʠʚ ʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʭʦʤʫ ʪʨʝʥʠʶ. ɺ ʨʘʡʦʥʝ ʢʦʥʪʘʢʪʘ, ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʙʝʟ 

ʩʤʘʟʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʘʨʥʳʭ ʪʦʯʝʢ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʠʬʬʫʟʠʷ ʚʦʜʦʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ. ʀʩʭʦʜʷ ʠʟ 

ʠʟʣʦʞʝʥʥʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʤʝʪʘʣʣ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ ʩʫʭʦʛʦ ʪʨʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʦʝ ʥʦʚʦʝ ʢʦʣʴʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ. ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʜʚʘ ʧʦʨʰʥʝʚʳʭ 

ʢʦʣʴʮʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʦʜʥʫ ʧʝʨʚʫʶ ʧʦʨʰʥʝʚʫʶ ʢʘʥʘʚʢʫ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʜʦʨʘʙʦʪʘʥʥʦʝ 

ʧʦʨʰʥʝʚʦʝ ʢʦʣʴʮʦ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʦ ʚʪʦʨʫʶ ʰʪʘʪʥʫʶ ʧʦʨʰʥʝʚʫʶ ʢʘʥʘʚʢʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʥʦʩ, ʢʦʨʨʦʟʠʷ, ʚʦʜʦʨʦʜʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ, ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ, 

ʜʚʠʛʘʪʝʣʴ, ʪʨʝʥʠʝ, ʩʤʘʟʢʘ, ʚʪʫʣʢʘ ʮʠʣʠʥʜʨʘ, ʜʝʪʘʣʠ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

Abstract. Internal combustion engines are being improved due to the need to improve their 

technical and economic performance. The process of development of marine diesel is 

accompanied by changes in the parameters of the working cycle, consisting in an increase in 

pressure and temperature. This increases the load on the engine parts. In addition to operational 

loads, diesel engine parts are subject to various types of wear, one of which is hydrogen wear. 

This type of fracture directly depends on temperature and pressure. The higher the operating 

parameters of the engine, the more intensively the metal is destroyed. The parts of the cylinder 

piston group, the cylinder sleeve and piston rings, are most susceptible to hydrogen wear. In 

addition to operating at high temperatures and pressures, piston rings operate under boundary 

friction conditions. The oil layer between the rubbing parts is unstable due to its small thickness 

and its destruction leads to dry friction. In the contact area, from the interaction of friction parts 

without lubrication, the temperature increases, up to the formation of weld points, resulting in 

increased diffusion of hydrogen into the metal surface. Based on the above, it is necessary to 

exclude the possibility of dry friction in order to reduce the effect of hydrogen on the metal. 

One of the ways to eliminate dry friction is the proposed new O-ring seal. It consists of two 

piston rings installed in one first piston groove and a structurally modified piston ring installed 

in the second regular piston groove. 

 

Keywords: wear, corrosion, hydrogen wear, piston rings, engine, friction, lubrication, cylinder 

sleeve, cylinder piston group parts. 

 

ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʥʘʜʸʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ  ʜʠʟʝʣʝʩʪʨʦʝʥʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʚʠʛʘʪʝʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʝʛʦ ʨʘʟʤʝʨʳ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 

ʜʚʠʛʘʪʝʣʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʜʸʞʥʦʩʪʴ ʜʠʟʝʣʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʝʨʚʳʡ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʣʶʜʝʡ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʜʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʂ 

ʜʘʥʥʦʤʫ ʬʘʢʪʦʨʫ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʝʩʫʨʩʘ ʜʠʟʝʣʷ [1], ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʥʝ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ; 

- ʦʪʩʫʪʩʪʚʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʙʦʪʦʡ ʜʠʟʝʣʷ; 

- ʥʝ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʜʦʚ ʠ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚ, ʥʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʜʚʠʛʘʪʝʣʷ. 

ɺʪʦʨʦʡ ʬʘʢʪʦʨ ʟʘʚʠʩʠʪ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʜʘʚʣʝʥʠʝ 

ʫʚʝʣʠʯʠʚʘʶʪ ʪʝʨʤʦʥʘʧʨʷʞʸʥʥʦʩʪʴ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʧʨʠ ʵʪʦʤ 

ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. ʉʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʨʘʟʨʫʰʝʥʠʡ ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʂ 

ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʚʦʜʦʨʦʜʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʦʪʝʢʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʘʟʨʫʰʝʥʠʶ ʵʪʦʛʦ ʚʠʜʘ ʧʦʜʚʝʨʞʝʥʳ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʢ ʩʪʘʣʴ ʠ 

ʯʫʛʫʥ, ʷʚʣʷʶʱʠʤʠʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. 

ɺʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʵʪʦʤʫ ʦʥ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʩʷ ʠ ʢʘʢ ʚ ʩʘʤʠʭ ʜʝʪʘʣʷʭ, ʧʦʧʘʜʘʷ ʪʫʜʘ ʥʘ ʩʪʘʜʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (ʪʦʧʣʠʚʦ, ʩʤʘʟʦʯʥʦʝ ʤʘʩʣʦ, ʚʦʜʘ) ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʜʝʪʘʣʠ 

ʜʚʠʛʘʪʝʣʷ ʚʦʜʦʨʦʜ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʧʨʠ ʚʳʧʣʘʚʢʝ, ʩʚʘʨʢʝ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʤʝʪʘʣʣ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʜʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ 120 ʄɼʞ/ʢʛ. ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2,5-3 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʪʳ ʩʛʦʨʘʥʠʷ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʨʪʦʚ ʪʦʧʣʠʚ ʥʘ ʩʫʜʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʥʝ ʚʨʝʜʠʪ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʠ ʦʥ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ɺʥʝʜʨʝʥʠʝ 

ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʥʦʛʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʙʶʨʦ. ʗʨʢʠʤ 

ʪʦʤʫ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʩʧʫʩʢ ʩʫʜʥʘ ʧʨʦʝʢʪʘ 00393 ʚ ʘʚʛʫʩʪʝ 2024 ʛʦʜʘ ʥʘ ʚʦʜʦʨʦʜʥʦʤ 

ʪʦʧʣʠʚʝ, ʧʦʩʪʨʦʝʥʥʳʤ ʥʘ ɿʝʣʝʥʦʜʦʣʴʩʢʦʤ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʟʘʚʦʜʝ (ʩʤ. ʨʠʩʫʥʦʢ 1).   

 
ʈʠʩʫʥʦʢ 1 ï ʉʫʜʥʦ ʥʘ ʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ. 

 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʙʠʨʘʷ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʤʳ ʫʚʝʣʠʯʠʚʘʝʤ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʜʦʨʦʜʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʟʥʦʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʚʩʝ ʘʩʧʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʧʦʷʚʣʝʥʠʝʤ.  

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʚʦʜʦʨʦʜʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ [2,3], ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʚʳʷʚʣʝʥʘ ʧʨʠʨʦʜʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʨʠʥʮʠʧ 

ʜʝʡʩʪʚʠʷ. ɸʪʦʤ ʚʦʜʦʨʦʜʘ, ʚ ʩʚʷʟʠ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʠʤʝʝʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʥʠʢʘʪʴ ʚ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʘ, ʧʦʵʪʦʤʫ ʦʧʨʝʜʝʣʠʪʴ ʠʟʥʦʩ ʧʦ ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ 

ʥʝʚʦʟʤʦʞʥʦ. ɼʠʬʬʫʥʜʠʨʫʷ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ, ʚʦʜʦʨʦʜ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʩʦʟʜʘʚʘʷ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʨʘʡʦʥʝ ʝʛʦ ʜʠʩʣʦʢʘʮʠʠ. ɺ ʤʝʪʘʣʣʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ 

ʨʘʡʦʥʦʚ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ: 

- ʤʠʢʨʦʪʨʝʱʠʥʳ; 

- ʥʘ ʛʨʘʥʠʮʝ ʟʸʨʝʥ; 

- ʧʦʣʦʩʪʠ; 

- ʥʝʢʦʛʝʨʝʥʪʥʳʝ ʠ ʢʦʛʝʨʝʥʪʥʳʝ ʚʳʜʝʣʝʥʠʷ; 

- ʧʨʠ ʙʣʠʩʪʝʨʠʥʛʝ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʠʟ-ʟʘ ʨʘʩʢʣʠʥʠʚʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ.  

ɺʦʜʦʨʦʜʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʇʝʨʚʘʷ ï ʵʪʦ 

ʚʦʜʦʨʦʜʥʘʷ ʭʨʫʧʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʧʨʠ ʥʝʙʦʣʴʰʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʙʫʨʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʀʟʥʦʩ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 200Üʉ ʚʦʜʦʨʦʜʦʤ ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʣʠʙʦ ʚʦʜʦʨʦʜʦʤ, 

ʧʦʣʫʯʠʚʰʠʤʩʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ. ʄʝʭʘʥʠʟʤ 

ʨʘʟʨʫʰʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ ʧʨʦʥʠʢʘʶʪ ʚ ʠʤʝʶʱʠʝ ʧʦʚʨʝʞʜʸʥʥʳʝ 

ʫʯʘʩʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ (ʤʠʢʨʦʪʨʝʱʠʥʳ). ʅʘʢʘʧʣʠʚʘʷʩʴ ʩʦ ʚʨʝʤʝʥʝʤ, ʩʦʟʜʘʶʪ 

ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʥʠʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʠʟʙʝʞʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ. ɺʪʦʨʘʷ ï ʵʪʦ ʚʦʜʦʨʦʜʥʘʷ ʢʦʨʨʦʟʠʷ, ʧʨʦʪʝʢʘʶʱʘʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʜʘʚʣʝʥʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʩ 

ʤʝʪʘʣʣʦʤ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʪʘʢ ʠ ʟʘʪʨʘʛʠʚʘʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ. ɼʘʥʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʨʘʪʠʤʳʤ ʧʨʦʮʝʩʩʘʤ, ʠʟʤʝʥʷʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ 

ʤʝʪʘʣʣʘ, ʛʜʝ ʦʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʫʛʣʝʨʦʜʦʤ, ʧʦʛʣʦʱʘʷ ʝʛʦ. ʆʙʝʟʫʛʣʝʨʦʞʠʚʘʥʠʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʤʝʪʘʣʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʨʘʟʨʫʰʝʥʠʝʤ, ʦʙʨʘʟʫʷ 

ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʉʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ ʤʝʪʘʣʣʦʤ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʧʦʵʪʦʤʫ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʳʭ ʤʝʩʪʘʭ.  
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺʪʫʣʢʘ ʮʠʣʠʥʜʨʘ ʠ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ï ʵʪʦ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʢʘʢ 

ʚʦʜʦʨʦʜʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ, ʪʘʢ ʠ ʚʦʜʦʨʦʜʥʦʡ ʢʦʨʨʦʟʠʠ. ʇʨʠ ʚʦʩʧʣʘʤʝʥʝʥʠʠ ʛʦʨʶʯʝʡ 

ʩʤʝʩʠ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 2000Üʉ, ʘ ʜʘʚʣʝʥʠʝ ʩʛʦʨʘʥʠʷ ʧʨʠ ʵʪʦʤ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 8,0-13ʄʇʘ [4], ʯʪʦ ʩʦʟʜʘʸʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʦʜʦʨʦʜʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ. ʇʦʤʠʤʦ ʫʩʣʦʚʠʡ, ʚʳʟʚʘʥʥʳʭ ʨʘʙʦʯʠʤ ʧʨʦʮʝʩʩʦʤ ʜʚʠʛʘʪʝʣʷ, 

ʧʨʠ ʩʛʦʨʘʥʠʠ ʪʦʧʣʠʚʘ, ʚʦʜʦʨʦʜʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʫʩʠʣʠʚʘʝʪʩʷ ʦʪ ʩʠʣ ʪʨʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʘʣʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʠ ʚʪʫʣʢʘ ʮʠʣʠʥʜʨʘ ʷʚʣʷʶʪʩʷ 

ʧʘʨʦʡ ʪʨʝʥʠʷ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʦʤ. ɹʣʘʛʦʜʘʨʷ ʧʣʦʪʥʦʤʫ 

ʧʨʠʣʝʛʘʥʠʶ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʰʥʝʚʦʛʦ ʢʦʣʴʮʘ ʢ ʩʪʝʥʢʝ ʮʠʣʠʥʜʨʘ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʧʨʠʣʝʛʘʥʠʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʣʳ ʫʧʨʫʛʦʩʪʠ ʢʦʣʴʮʘ [5] ʧʨʠʞʠʤʘʶʱʝʡ ʪʝʣʦ ʢʦʣʴʮʘ ʢ çʟʝʨʢʘʣʫè ʚʪʫʣʢʠ 

ʮʠʣʠʥʜʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘ ʪʘʢʪʝ çʩʞʘʪʠʝè ʠ ʥʘ ʪʘʢʪʝ çʨʘʩʰʠʨʝʥʠʝè ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʦʝ ʫʩʠʣʠʚʘʝʪ ʜʘʚʣʝʥʠʝ ʧʨʠʞʠʤʘ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʢʦʣʴʮʘ ʢ ʩʪʝʥʢʝ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʘʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʠʣʳ ʪʨʝʥʠʷ. ʇʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʠ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʠ, ʦʩʦʙʝʥʥʦ ʧʝʨʚʦʝ 

ʧʦʨʰʥʝʚʦʝ ʢʦʣʴʮʦ, ʧʦʩʢʦʣʴʢʫ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʠʣʠʚʘʝʪ ʠʩʧʘʨʝʥʠʝ ʤʘʩʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ʠ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ ʚʷʟʢʠʤ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʜʛʝʟʠʠ ʢ ʨʘʙʦʯʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ. ɻʨʘʥʠʯʥʘʷ ʩʤʘʟʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʪʦʣʱʠʥʦʡ ʤʘʩʣʷʥʦʡ ʧʣʸʥʢʠ, ʥʝ ʜʦʩʪʠʛʘʶʱʝʡ ʨʘʟʤʝʨʦʚ ʜʚʫʭ, ʪʨʸʭ ʤʦʣʝʢʫʣ ʤʘʩʣʘ. 

ʄʘʩʣʷʥʳʡ ʩʣʦʡ ʪʘʢʦʡ ʪʦʣʱʠʥʳ ʥʝ ʫʩʪʦʡʯʠʚ, ʠ ʨʘʟʨʫʰʘʷʩʴ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʫʭʦʛʦ 

ʪʨʝʥʠʷ, ʯʪʦ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʳʟʳʚʘʶʱʝʡ ʷʚʥʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʤʘʩʣʷʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ çʩʜʫʚʘʥʠʝè ʤʘʩʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ 

ʯʝʨʝʟ ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ (çʟʘʤʦʢè) ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʢʦʣʴʮʘ. çɿʘʤʦʢè ʧʦʨʰʥʝʚʦʛʦ ʢʦʣʴʮʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʥʘʣʠʯʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʥʘ ʧʦʨʰʝʥʴ ʠ ʝʛʦ ʜʝʤʦʥʪʘʞ ʩ ʧʦʨʰʥʷ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ ʨʘʩʰʠʨʝʥʠʷ ʪʝʣʘ ʢʦʣʴʮʘ ʦʪ ʥʘʛʨʝʚʘ, ʠʩʢʣʶʯʘʶʱʝʝ ʝʛʦ 

ʧʦʣʦʤʢʫ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. çʉʜʫʚʘʥʠʝè ʤʘʩʣʷʥʦʡ ʧʣʸʥʢʠ ʩʦ ʩʪʝʥʢʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ ʪʘʢʪʝ çʩʞʘʪʠʝè ʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʥʘ 

ʪʘʢʪʝ çʨʘʩʰʠʨʝʥʠʝè ʯʝʨʝʟ ʪʝʧʣʦʚʦʡ ʟʘʟʦʨ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʥʘʜ ʢʦʣʴʮʝʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʠ ʧʦʜ ʥʠʤ. ɼʚʠʞʝʥʠʝ ʛʘʟʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʟʥʘʯʥʦʤʫ ʫʜʘʣʝʥʠʶ ʩʣʦʷ 

ʩʤʘʟʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ʚ ʨʘʡʦʥʝ çʟʘʤʢʘè. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʫʱʠʭʩʷ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʩʫʭʦʤ ʪʨʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ, ʚʧʣʦʪʴ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʪʦʯʝʯʥʳʭ ʤʦʩʪʠʢʦʚ ʩʚʘʨʢʠ ʚ ʨʘʡʦʥʝ ʢʦʥʪʘʢʪʘ [6], ʧʨʦʚʦʮʠʨʫʷ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʫ: 

Fe3C+2H2=3Fe+CH4 

ʅʘʣʠʯʠʝ ʚʦʜʦʨʦʜʘ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʩʫʪʩʪʚʠʝʤ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

ʇʦʩʢʦʣʴʢʫ ʚʦʜʦʨʦʜʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ 

ʢʦʥʪʘʢʪʘ ʪʨʫʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʜʠʬʬʫʟʠʠ 

ʚʦʜʦʨʦʜʘ ʚ ʤʝʪʘʣʣ, ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʫʭʦʝ 

ʪʨʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʝʛʦ ʠʩʢʣʶʯʠʪʴ.  

ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ çʟʘʤʢʘè ʧʦʨʰʥʝʚʦʛʦ 

ʢʦʣʴʮʘ ʠ ʝʛʦ ʫʩʪʨʘʥʝʥʠʝ ʥʝʚʦʟʤʦʞʥʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʝʛʦ 

ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ 

ʩʤʘʟʳʚʘʥʠʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ʠ ʧʦʨʰʥʝʚʦʛʦ ʢʦʣʴʮʘ. çʉʜʫʚʘʥʠʶè 

ʤʘʩʣʷʥʦʡ ʧʣʸʥʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ ʯʝʨʝʟ çʟʘʤʦʢè ʢʦʤʧʨʝʩʩʠʦʥʥʦʛʦ ʢʦʣʴʮʘ 

ʤʦʞʥʦ ʚʦʩʧʨʝʧʷʪʩʪʚʦʚʘʪʴ, ʧʨʠʤʝʥʠʚ ʥʦʚʦʝ ʢʦʣʴʮʝʚʦʝ ʫʧʣʦʪʥʝʥʠʝ [7], ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʧʝʨʚʫʶ ʧʦʨʰʥʝʚʫʶ ʢʘʥʘʚʢʫ. ɿʘ ʩʯʸʪ ʨʘʟʥʝʩʝʥʠʷ 

çʟʘʤʢʦʚè ʧʨʠ ʤʦʥʪʘʞʝ ʥʘ 180Ü, ʤʳ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʛʘʟʦʚ ʧʦʜ ʧʦʨʰʥʝʚʳʝ ʢʦʣʴʮʘ. ɸ ʚʦ ʚʪʦʨʫʶ ʧʦʨʰʥʝʚʫʶ ʢʘʥʘʚʢʫ ʫʩʪʘʥʦʚʠʪʴ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʝ ʢʦʣʴʮʦ ʩ ʥʝʙʦʣʴʰʠʤʠ ʜʦʨʘʙʦʪʢʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ. ʆʜʥʘ ʠʟ ʜʦʨʘʙʦʪʦʢ 

ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʣʷʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʮʠʣʠʥʜʨʘ. 

ɺʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʦʜʘʯʠ ʤʘʩʣʘ ʥʘ ʨʘʙʦʯʠʝ ʩʪʝʥʢʠ ʚʪʫʣʢʠ 

ʮʠʣʠʥʜʨʘ. ɼʦʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʜʦʨʘʙʦʪʢʠ ʧʦʨʰʥʝʚʦʛʦ ʢʦʣʴʮʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚʦ ʚʪʦʨʫʶ 

ʰʪʘʪʥʫʶ ʢʘʥʘʚʢʫ ʧʦʨʰʥʷ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʟʘ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ 

ʮʠʣʠʥʜʨʘ ʦʪʚʝʯʘʝʪ ʢʦʣʴʮʝʚʘʷ ʢʘʥʘʚʢʘ, ʧʨʦʪʦʯʝʥʥʘʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʜʘʯʠ ʤʘʩʣʘ ʦʪʚʝʯʘʶʪ ʦʪʚʝʨʩʪʠʷ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʥʘʢʦʧʠʪʝʣʴʥʳʭ ʸʤʢʦʩʪʝʡ. ʈʘʟʤʝʨʳ ʢʘʥʘʚʦʢ ʠ ʦʪʚʝʨʩʪʠʡ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʦʚ 

ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʢʦʣʝʮ, ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʷʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, 

ʯʪʦʙʳ ʥʝ ʫʤʝʥʴʰʠʪʴ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʣʝʮ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʢ ʚʦʜʦʨʦʜʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʩʧʦʩʦʙʦʚ: 

1. ʅʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʨʠʘʣʳ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ 
ʛʨʫʧʧʳ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʥʘʚʦʜʦʨʦʞʠʚʘʥʠʶ. ʅʘʧʨʠʤʝʨ, 

ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʪʘʣʴ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʭʨʦʤ ʠ ʚʘʥʘʜʠʡ ʟʘʪʨʫʜʥʷʶʪ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʣʘ; 

2. ʉʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʠʩʢʣʶʯʠʪʴ ʚʦʜʦʨʦʜ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ (ʚʳʧʣʘʚʢʝ) ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʦʩʦʙʳ ʝʛʦ ʩʥʠʞʝʥʠʷ ʫʞʝ ʥʘ ʛʦʪʦʚʳʭ 

ʜʝʪʘʣʷʭ (ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ); 

3. ʀʩʢʣʶʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʘ ʧʨʠ 
ʪʨʝʥʠʠ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. ʅʦʚʦʝ ʢʦʣʴʮʝʚʦʝ 

ʫʧʣʦʪʥʝʥʠʝ, ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʢʦʤʧʨʝʩʩʠʦʥʥʳʭ ʢʦʣʝʮ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʦʜʥʫ 

ʧʦʨʰʥʝʚʫʶ ʢʘʥʘʚʢʫ ʠ ʦʜʥʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʢʦʣʴʮʘ ʩ ʠʟʤʝʥʸʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʦ ʚʪʦʨʫʶ ʰʪʘʪʥʫʶ ʧʦʨʰʥʝʚʫʶ ʢʘʥʘʚʢʫ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʧʨʠʤʝʥʠʤʦʩʪʴ ʥʦʚʦʛʦ ʢʦʣʴʮʝʚʦʛʦ 

ʫʧʣʦʪʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʜʦʨʦʜʘ ʥʘ ʤʝʪʘʣʣ.  
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4. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʩʤʘʟʦʯʥʦʝ ʤʘʩʣʦ ʩ 

ʧʨʠʩʘʜʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʠʩʢʣʶʯʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩ 

ʚʦʜʦʨʦʜʦʤ ʠʣʠ ʢʘʢ ʤʠʥʠʤʫʤ ʢʨʘʪʥʦ ʫʤʝʥʴʰʠʪʴ.  
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ʀʥʩʪʠʪʫʪ ʤʦʨʩʢʦʛʦ ʠ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠʤʝʥʠ ɻʝʨʦʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʄ.ʇ. ɼʝʚʘʪʘʝʚʘ ï 

ʂʘʟʘʥʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çɺʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘè, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʫʜʥʘ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʫʣʫʯʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʛʦʨʘʥʠʷ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ 

ʩʛʦʨʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʧʨʠʩʘʜʢʠ ʚʦʜʦʨʦʜʘ ʢ ʪʦʧʣʠʚʫ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʛʦʨʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɹʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʩʥʠʞʘʝʪʩʷ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʴ, 

ʜʳʤʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ.  
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Abstract. Improvement of ship diesel engines is possible by improving the organization of 

mixture formation and combustion. Intensification of the combustion process of diesel fuel is 

achieved by adding hydrogen to the fuel. This improves the conditions of mixture formation and 

combustion of diesel fuel. Due to this, fuel economy is achieved, heat stress, smoke and toxicity 

of exhaust gases are reduced, which increases environmental safety. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʫʣʫʯʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʛʦʨʘʥʠʷ. ʉʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ, ʦʢʘʟʳʚʘʶʱʝʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʘʢʦʥ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, ʧʨʦʪʝʢʘʝʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʚʫʭ 

ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ: ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘʨʷʜʘ ʠ ʩʧʦʩʦʙʘ ʚʧʨʳʩʢʠʚʘʥʠʷ 

ʪʦʧʣʠʚʘ. ʉ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʧʨʠʩʘʜʢʠ ʢ ʪʦʧʣʠʚʫ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʩʘʜʢʠ ʢ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʩʛʦʨʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʜʦʩʪʠʛʘʝʪʩʷ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʩʥʠʞʘʝʪʩʷ 

ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʜʳʤʥʦʩʪʴ ʠ ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (ʆɻ). 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʠʩʘʜʢʠ ʢ ʪʦʧʣʠʚʫ ʚʦʜʦʨʦʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʠʩʘʜʢʠ ʚʦʜʦʨʦʜʘ ʚ ʪʦʧʣʠʚʦ: 1 ï ʜʠʟʝʣʴ; 2 ï ʛʝʥʝʨʘʪʦʨ ʚʦʜʦʨʦʜʘ; 

3 ï ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ; 4 ï ʩʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ; 5 ï ʪʦʧʣʠʚʥʳʡ ʥʘʩʦʩ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ; 6 ï ʬʦʨʩʫʥʢʘ; 7 ï ʜʘʪʯʠʢ ʥʘʛʨʫʟʢʠ; 8 ï ʪʘʭʦʛʝʥʝʨʘʪʦʨʥʳʡ ʜʘʪʯʠʢ; 9 ï ʥʘʢʦʧʠʪʝʣʴʥʘʷ 

ʢʘʤʝʨʘ ʚʦʜʦʨʦʜʘ; 10 ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ; 11 ï ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ; 

12 ï ʟʘʜʘʪʯʠʢ; 13 ï ʙʣʦʢ ʩʨʘʚʥʝʥʠʷ; 14 ï ʢʘʥʘʣ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʦʧʣʠʚʘ; 15 ï ʢʘʥʘʣ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ: ʪʦʧʣʠʚʘ ʠ ʚʦʜʦʨʦʜʘ; 16 ï ʢʘʥʘʣ ʧʦʜʘʯʠ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ: 

ʪʦʧʣʠʚʘ ʠ ʚʦʜʦʨʦʜʘ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʬʦʨʩʫʥʢʫ; 17,18 ï ʢʘʥʘʣʳ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ; 19, 20 ï 

ʢʘʥʘʣʳ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 21, 22, 23, 24 ï ʢʘʥʘʣʳ ʧʦʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʜʠʟʝʣʷ 1 ʪʘʭʦʛʝʥʝʨʘʪʦʨʥʳʡ ʜʘʪʯʠʢ 8 ʧʦʜʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦ 

ʢʘʥʘʣʫ 21 ʥʘ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 11, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʛʝʥʝʨʘʪʦʨ ʚʦʜʦʨʦʜʘ 2, ʧʦʪʨʝʙʣʷʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʥʘʯʠʥʘʝʪ ʨʘʩʱʝʧʣʷʪʴ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʥʘ ʤʦʣʝʢʫʣʳ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʫʯʝʥʠʝ 

ʚʦʜʦʨʦʜʘ. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 11, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʜʘʪʯʠʢʦʤ ʥʘʛʨʫʟʢʠ 7 ʯʝʨʝʟ ʙʣʦʢ 

ʩʨʘʚʥʝʥʠʷ 13 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʈʝ, 

ʧʦʜʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʵʥʝʨʛʠʶ ʥʘ ʛʝʥʝʨʘʪʦʨ ʚʦʜʦʨʦʜʘ 2, ʚ ʢʦʪʦʨʦʤ ʧʦʣʫʯʘʶʪ ʥʫʞʥʦʝ 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ, ʥʘʧʨʠʤʝʨ ʜʦ 10 % ʦʪ ʤʘʩʩʳ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɼʘʣʝʝ ʚʦʜʦʨʦʜ 

ʯʝʨʝʟ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ 10 ʠ ʢʘʥʘʣ 18 ʧʦʜʘʝʪʩʷ ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ 

ʢʘʤʝʨʫ 4, ʛʜʝ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ. 

ʉʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ (ʨʠʩ. 2) ʩʦʜʝʨʞʠʪ ʧʘʪʨʫʙʦʢ ʪʦʧʣʠʚʥʳʡ 2, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʫʞʝʥʠʝ ʚ 

ʢʦʥʮʝ ʧʘʪʨʫʙʢʘ, ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ 3 ʪʦʞʝ ʠʤʝʝʪ ʩʫʞʝʥʠʝ, ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʧʘʪʨʫʙʦʢ 4, 

ʢʘʤʝʨʫ 1.  

 
ʈʠʩʫʥʦʢ 2 ï ʉʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ: 1 ï ʢʘʤʝʨʘ; 2, 4 ï ʢʘʥʦʥʠʯʝʩʢʠʝ ʪʦʧʣʠʚʥʳʝ ʧʘʪʨʫʙʢʠ; 3 ï 

ʢʘʥʦʥʠʯʝʩʢʠʡ ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ 

 

ʉʝʯʝʥʠʝ ʧʘʪʨʫʙʢʘ 2 ʧʦ ʜʣʠʥʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʦʧʣʠʚʘ ʧʦ 

ʵʪʦʤʫ ʧʘʪʨʫʙʢʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʩʢʦʨʦʩʪʴ. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ, 

ʜʦʩʪʠʛʘʷ ʥʘʠʚʳʩʰʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʪʦʧʣʠʚʘ ʠʟ ʧʘʪʨʫʙʢʘ 2 ʚ ʢʘʤʝʨʫ 1. ʇʦʚʳʰʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʦʧʣʠʚʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ 1; ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʚ ʢʘʤʝʨʝ 1 ʠ ʚ ʧʘʪʨʫʙʢʝ 3, ʚʦʜʦʨʦʜ ʠʟ ʧʘʪʨʫʙʢʘ  

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʩʪʨʫʝʡ ʪʦʧʣʠʚʘ, ʚʳʪʝʢʘʶʱʝʡ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʟ ʧʘʪʨʫʙʢʘ 2. ɺ 

ʩʤʝʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʬʠʟʠʯʝʩʢʘʷ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʘʷ ʘʙʩʦʨʙʮʠʷ ʚʦʜʦʨʦʜʘ ʚ 

ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʠʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʙʳʩʪʨʘʷ 

ʬʠʟʠʯʝʩʢʘʷ ʘʙʩʦʨʙʮʠʷ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʧʨʝʜʧʦʩʳʣʦʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʠʤʝʝʪ ʟʥʘʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʭʝʤʦʩʦʨʙʮʠʠ ʠ ʬʠʟʠʯʝʩʢʦʡ ʘʙʩʦʨʙʮʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʩʭʝʤʳ 

ʥʘʩʳʱʝʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʦʜʦʨʦʜʦʤ ʥʘ ʜʠʟʝʣʝ ʩ ʫʯʝʪʦʤ ʢʦʥʢʨʝʪʥʳʭ ʜʘʚʣʝʥʠʡ, 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʨʘʩʧʦʣʘʛʘʝʤʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ. 

ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʩʰʠʨʷʶʱʠʡʩʷ ʧʘʪʨʫʙʦʢ 4; ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ 

ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʧʦ ʢʘʥʘʣʫ 15 ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʯʝʨʝʟ ʥʘʩʦʩ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 5, ʢʘʥʘʣ 16, ʬʦʨʩʫʥʢʫ 6 ʧʦʩʪʫʧʘʝʪ ʚ ʮʠʣʠʥʜʨ ʜʠʟʝʣʷ 1. ɺʦʜʦʨʦʜ ʩʛʦʨʘʝʪ ʚ 10 ʨʘʟ 

ʙʳʩʪʨʝʝ, ʯʝʤ ʦʙʳʯʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʪʦʧʣʠʚʥʘʷ ʩʤʝʩʴ ʧʦʧʘʜʘʝʪ ʚ 

ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʜʠʟʝʣʷ 1, ʪʘʤ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʙʳʩʪʨʘʷ ʨʝʘʢʮʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ, ʠ ʚʩʝ 

ʪʦʧʣʠʚʦ ʩʛʦʨʘʝʪ ʧʦʣʥʦʩʪʴʶ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʜʥʳʭ ʚʳʭʣʦʧʦʚ, 

ʦʩʦʙʝʥʥʦ ʩʘʞʠ ʠ ʫʛʘʨʥʦʛʦ ʛʘʟʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʧʣʠʚʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ, ʠ ʥʝʤʥʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʝʛʦ ʤʦʱʥʦʩʪʴ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʛʦʨʝʥʠʷ ʵʪʦʛʦ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʦʣʥʦ, ʯʝʤ ʚ 

ʦʙʳʯʥʦʤ ʜʠʟʝʣʝ, ʪʦ ʤʦʱʥʦʩʪʴ ʠ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʚ ʜʠʟʝʣʝ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ʊʝʤ ʩʘʤʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʩʪʦʣʴ ʞʝʣʘʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ 

ʩʦʩʪʘʚʠʪ ʜʦ 10%. 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ ʮʝʣʦʤ ʩʠʩʪʝʤʘ ʦʯʝʥʴ ʙʝʟʦʧʘʩʥʘ, ʭʦʪʷ ʚʦʜʦʨʦʜ ð ʚʟʨʳʚʦʦʧʘʩʥʳʡ ʛʘʟ. ɻʝʥʝʨʘʪʦʨ 

ʚʦʜʦʨʦʜʘ 2 ʷʚʣʷʝʪʩʷ ʜʦʢʘʟʘʥʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ ʠ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɽʩʣʠ 

ʢʘʢʠʝ-ʥʠʙʫʜʴ ʥʝʧʦʣʘʜʢʠ ʙʫʜʫʪ ʦʙʥʘʨʫʞʝʥʳ, ʪʦ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 11 ʩʨʘʟʫ ʧʝʨʝʢʨʦʝʪ 

ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʧʦʜʘʯʠ ʚʦʜʦʨʦʜʘ 10 ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 4 (ʨʠʩ.1). ʇʦʩʣʝ 

ʦʩʪʘʥʦʚʢʠ ʜʠʟʝʣʷ 1 ʩʠʛʥʘʣ ʦʪ ʪʘʭʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʜʘʪʯʠʢʘ 8 ʧʝʨʝʩʪʘʝʪ ʧʦʩʪʫʧʘʪʴ ʥʘ ʙʣʦʢ 

ʫʧʨʘʚʣʝʥʠʷ 11, ʢʦʪʦʨʳʡ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʙʦʪʫ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʦʨʦʜʘ 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʩʘʜʢʘ ʚʦʜʦʨʦʜʘ ʚ ʪʦʧʣʠʚʥʫʶ ʩʠʩʪʝʤʫ ʜʠʟʝʣʷ ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ï ʜʦ 0,1% ʦʪ ʤʘʩʩʳ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʨʝʜʩʪʚʦ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ɼɺʉ. ɼʠʟʝʣʶ, ʠʩʧʦʣʴʟʫʶʱʝʤʫ ʚʦʜʦʨʦʜ ʢʘʢ 

ʧʨʠʩʘʜʢʫ ʢ ʜʠʟʝʣʴʥʦʤʫ ʪʦʧʣʠʚʫ, ʩʚʦʡʩʪʚʝʥʝʥ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʳʙʨʦʩʦʚ ʪʦʢʩʠʯʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʩʛʦʨʘʥʠʷ ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʜʷʥʦʡ ʧʘʨ. 

ɺʳʜʝʣʷʝʪʩʷ ʣʠʰʴ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʘʟʦʪʘ NO2, ʅʦ ʧʨʠ ʵʪʦʤ, 

ʩʤʝʱʘʷ ʧʦʜʘʯʫ ʚʦʜʦʨʦʜʘ ʚ ʮʠʣʠʥʜʨʳ ʚ ʩʪʦʨʦʥʫ ʧʨʦʮʝʩʩʘ ʨʘʩʰʠʨʝʥʠʷ, ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ 

ʮʠʢʣ ʩ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʩʥʠʟʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʛʦʨʘʥʠʷ, ʫʤʝʥʴʰʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ NO2 ʚ ʆɻ, ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʧʦʚʳʩʠʪʴ ʂʇɼ ʥʘ 

ʨʝʞʠʤʘʭ ʯʘʩʪʠʯʥʳʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʠʟʝʣʷ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ. 
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ɸʥʥʦʪʘʮʠʷ: ɺ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʚʥʠʤʘʥʠʷ ʢ ʧʨʦʙʣʝʤʘʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʦʨʤʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʩ ʩʫʜʦʚ, ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʳʥʦʢ ʨʝʯʥʳʭ ʠ ʤʦʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʩ ʩʫʜʦʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʠʟʝʣʴʥʦʛʦ ʠ ʪʷʞʸʣʦʛʦ ʪʦʧʣʠʚʘ, ʩʦʜʝʨʞʘʱʠʭ ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʩʝʨʳ. ʕʪʠ ʚʳʙʨʦʩʳ ʩʪʨʦʛʦ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ɺ ʩʪʘʪʴʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʩʫʜʘʭ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʨʝʯʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʦʚ ʧʣʘʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ 

ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ ʩʫʜʦʚʳʭ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʜʠʟʝʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʢʦʥʚʝʥʮʠʷʤʠ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʠʜʳ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʥʘ ʩʫʜʥʝ ʠ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʞʠʜʢʦʤ ʩʫʜʦʚʦʤ ʪʦʧʣʠʚʝ, ʩʫʜʦʚʦʤ ʜʠʟʝʣʝ ʠ ʩʞʠʞʝʥʥʦʤ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ (ʉʇɻ). 

ʀʩʩʣʝʜʦʚʘʥʦ ʧʦʥʷʪʠʝ çʜʝʢʘʨʙʦʥʠʟʘʮʠʷè ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʠ 

ʚʣʠʷʥʠʝ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʩʫʜʦʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʉʜʝʣʘʥʳ 

ʚʳʚʦʜʳ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʧʝʨʝʭʦʜʘ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʪʦʧʣʠʚʘ ʜʣʷ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʝʢʘʨʙʦʥʠʟʘʮʠʷ, ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ, ʛʘʟʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʥʦʨʤʳ, ʉʇɻ, ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʝ ʨʘʟʚʠʪʠʝ, ʉʕʋ, ʪʦʧʣʠʚʥʳʡ ʙʘʣʘʥʩ. 
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Abstract:  In the context of increasing attention to the problems of climate change and 

environmental pollution, environmental regulations governing emissions of harmful substances 

from ships have a significant impact on the river and sea transportation market. One of the main 

sources of emissions from ships is the use of diesel and heavy fuels containing oxides of 

nitrogen and sulfur. These emissions are strictly regulated by national and international 

standards. The article considers the prospects of using gas fuel on vessels of water transport in 

river and sea navigation regions. The requirements for reducing emissions of toxic substances 

from the exhaust gases of marine gas engines and diesel engines in accordance with 

international environmental conventions are given. The features of the use of gas fuel in marine 

power plants are analyzed, the types of gas fuel used in internal combustion engines, the 

features of its use, storage on the ship and the impact on engine operation are considered. A 

quantitative assessment of emissions of harmful substances from engines running on liquid 

marine fuel, marine diesel and liquefied natural gas (LNG) has been carried out. The concept of 

"decarbonization" is investigated within the framework of modern environmental trends and the 

impact of decarbonization on the environment and ship infrastructure. Conclusions are drawn 

about the prospects for the transition of marine power plants to gas fuel. The advantages of 

using LNG as an alternative fuel for marine power plants have been assessed.  

 

Keywords: Decarbonization, gas fuel, gas engine, environmental standards, LNG, low-carbon 

development, MPP, fuel balance. 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (IMO) ʚʝʜʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʘʚʦʚʦʝ 

ʧʦʣʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʘʚʠʣ ʠ ʩʪʘʥʜʘʨʪʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʩʫʜʦʚ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʝʡ IMO, çʫʛʣʝʨʦʜʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴè ʩʫʜʦʚ 

ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʢʨʘʱʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 2008 ʛʦʜʘ ʥʘ 40% ʢ 2030 ʛʦʜʫ ʠ ʥʘ 

70% ʢ 2050 ʛʦʜʫ [1]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʠʭ ʮʝʣʝʡ ʩʫʜʦʭʦʜʥʳʝ ʢʦʤʧʘʥʠʠ ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʜʣʷ ʩʫʜʦʚ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʳʭ ʪʦʧʣʠʚ [2]. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ 2020 ʛʦʜʫ ʚʩʪʫʧʠʣʠ ʚ ʩʠʣʫ ʠʟʤʝʥʝʥʠʷ, ʚʚʝʜʸʥʥʳʝ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʨʩʢʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ (ʀʄʆ), ʢʘʩʘʶʱʠʝʩʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʩʝʨʳ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʜʘʤʠ ʥʝʬʪʷʥʦʛʦ ʪʦʧʣʠʚʘ. ʈʘʥʝʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 3,5%, ʪʝʧʝʨʴ 

ʦʥ ʩʦʩʪʘʚʣʷʝʪ 0,5% (ʨʠʩ. 1) [3]. 

ɼʣʷ ʟʦʥ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ (ECA), ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʦʧʨʝʜʝʣʸʥʥʳʝ ʤʦʨʩʢʠʝ 

ʨʘʡʦʥʳ ʙʳʣʠ ʚʚʝʜʝʥʳ ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʥʦʨʤʳ ʚʳʙʨʦʩʦʚ (ʨʠʩ. 2). ɺ ECA ʫʨʦʚʝʥʴ 

ʜʦʧʫʩʪʠʤʳʭ ʚʳʙʨʦʩʦʚ ʩʝʨʳ ʙʳʣ ʩʥʠʞʝʥ ʜʦ 0,1%. 

ʂ ʟʦʥʘʤ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʦʨʩʢʠʝ ʨʘʡʦʥʳ: 

¶ ɹʘʣʪʠʡʩʢʦʝ ʠ ʉʝʚʝʨʥʦʝ ʤʦʨʷ; 

¶ ʇʨʠʙʨʝʞʥʳʝ ʨʘʡʦʥʳ ʉʐɸ ʠ ʂʘʥʘʜʳ; 

¶ ʂʘʨʠʙʩʢʠʡ ʤʦʨʩʢʦʡ ʨʘʡʦʥ ʉʐɸ. 

 
ʈʠʩʫʥʦʢ 2 ï ɿʦʥʳ ʢʦʥʪʨʦʣʷ ʟʘʛʨʷʟʥʝʥʠʡ ECA 

 

ʕʪʠ ʤʝʨʳ ʙʳʣʠ ʧʨʠʥʷʪʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʜʦʚ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ɼʝʢʘʨʙʦʥʠʟʘʮʠʷ 

ɼʝʢʘʨʙʦʥʠʟʘʮʠʷ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʙʦʨʴʙʝ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʣʠʤʘʪʘ. ʆʥʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (COϜ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 
ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. 

ʇʝʨʝʭʦʜ ʢ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʤʫ ʨʘʟʚʠʪʠʶ ʚ ʤʦʨʩʢʦʤ ʠ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʙʠʦʜʠʟʝʣʴ, 

ʚʦʜʦʨʦʜ ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʕʪʠ ʚʠʜʳ ʪʦʧʣʠʚʘ ʠʤʝʶʪ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠʣʠ 

ʚʦʦʙʱʝ ʥʝ ʩʦʜʝʨʞʘʪ ʝʛʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ COϜ ʠ ʜʨʫʛʠʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 
ʘʪʤʦʩʬʝʨʫ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ʇʨʠʨʦʜʥʳʡ ʛʘʟ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʯʠʩʪʳʤ ʚʠʜʦʤ 

ʪʦʧʣʠʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʘʟʫʪʦʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʝʛʦʜʥʷ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʫʜʦʚ. ʆʜʥʘʢʦ, ʧʝʨʝʭʦʜ ʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ 

ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʎʝʣʴ ʧʝʨʝʭʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ  ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʚʝʩʪʠ ʢ ʥʫʣʶ ʚʳʙʨʦʩʳ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʠ ʚʣʠʷʶʪ ʥʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ 

1 ʥʦʷʙʨʷ 2022 ʛʦʜʘ ʚʩʪʫʧʠʣʠ ʚ ʩʠʣʫ ʧʦʧʨʘʚʢʠ ʢ ʇʨʠʣʦʞʝʥʠʶ VI ʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʚʝʥʮʠʠ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʩʫʜʦʚ [4]. ɺ ʥʠʭ ʩʦʜʝʨʞʠʪʩʷ ʪʨʝʙʦʚʘʥʠʝ ʢ 

ʩʫʜʘʤ ʝʞʝʛʦʜʥʦ ʫʤʝʥʴʰʘʪʴ ʩʚʦʶ ʫʛʣʝʨʦʜʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ï ʦʙʲʝʤʳ 

ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ.  
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʇʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ 

ʇʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʛʘʟ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʢʦʣʦʛʠʯʥʳʤ ʚʳʙʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʝʛʦ ʩʛʦʨʘʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʤʝʥʴʰʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, 

ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʩʝʨʳ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʜʨʫʛʠʝ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ. ɻʘʟ 

ʦʙʳʯʥʦ ʜʝʰʝʚʣʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʴ ʠʣʠ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʦʵʪʦʤʫ 

ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʫʜʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʠʤʝʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʂʇɼ, 

ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʝʨʝʭʦʜ ʥʘ ʛʘʟʦʚʦʝ ʪʦʧʣʠʚʦ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʊʨʝʙʫʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʟʘʧʨʘʚʢʠ 

ʩʫʜʦʚ ʛʘʟʦʤ, ʯʪʦ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʠʥʚʝʩʪʠʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʭʨʘʥʠʣʠʱ ʛʘʟʘ ʥʘ ʩʫʜʘʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʞʝʩʪʦʯʝʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʨʤ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʩʪʠʤʫʣʦʤ ʜʣʷ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʪʘʢʠʝ ʢʘʢ 

ʛʘʟ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʊʘʙʣʠʮʘ ʩʨʘʚʥʝʥʠʷ ʚʳʙʨʦʩʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʪʦʧʣʠʚʥʳʡ ʙʘʣʘʥʩ ʜʣʷ ʩʫʜʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʚ ʜʦʢʣʘʜʝ Lloydôs 

Register Marine Global Marine Fuel Trends 2030 [5]. ʄʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʜʦʣʷ ʩʫʜʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʠʜʘʭ ʪʦʧʣʠʚʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ. ʕʪʦ 

ʦʪʨʘʞʘʝʪ ʛʣʦʙʘʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ ʧʝʨʝʭʦʜʘ ʥʘ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ ʠ ʵʬʬʝʢʪʠʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʚ ʤʦʨʩʢʦʤ ʠ ʨʝʯʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

 
ʈʠʩʫʥʦʢ 4 ï ʊʦʧʣʠʚʥʳʡ ʙʘʣʘʥʩ ʜʣʷ ʩʫʜʦʚ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ ʩʫʜʦʭʦʜʥʦʡ ʦʪʨʘʩʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʉʨʝʜʠ 

ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʛʘʟʦʚʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ, 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

¶ ʉʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʇɻ). 

¶ ʉʞʘʪʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʅɻ). 

¶ ɹʠʦʛʘʟ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚʳʩʦʢʦʫʛʣʝʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, 

ʪʘʢʠʤ ʢʘʢ ʥʝʬʪʴ ʠ ʫʛʦʣʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʩʥʠʞʝʥʠʶ 

ʵʤʠʩʩʠʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʩʝʨʳ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ 

ʧʨʷʤʦʝ ʩʞʠʛʘʥʠʝ ʉʇɻ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʚʳʙʨʦʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ, ʩʫʱʝʩʪʚʫʝʪ ʜʠʩʢʫʩʩʠʷ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʨʦʩʦʚ ʤʝʪʘʥʘ, ʢʦʪʦʨʳʡ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʘʨʥʠʢʦʚʳʤ ʛʘʟʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʸʥʥʦʝ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʩʦʚʝʪʦʤ ʧʦ ʯʠʩʪʦʤʫ ʪʨʘʥʩʧʦʨʪʫ (ICCT) 

[6] ʚ ʷʥʚʘʨʝ 2020 ʛʦʜʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʇɻ ʤʦʞʝʪ ʠʤʝʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʠʧʦʚ ʜʚʠʛʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʵʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʚʝʨʛʣʦʩʴ 

ʢʨʠʪʠʢʝ ʩʦ ʩʪʦʨʦʥʳ ʦʪʨʘʩʣʝʚʳʭ ʦʨʛʘʥʠʟʘʮʠʡ.  ɻʝʨʤʘʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ Maritime LNG 

Platform ʫʢʘʟʳʚʘʣʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʢʦʨʨʝʢʪʥʳʭ ʠʣʠ ʫʩʪʘʨʝʚʰʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʚʳʰʝʥʠʶ ʦʮʝʥʢʠ ʚʳʙʨʦʩʦʚ ʤʝʪʘʥʘ. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʨʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (IMO) ʪʘʢʞʝ 

ʧʨʠʟʥʘʸʪ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʮʝʧʦʯʝʢ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʠ 

ʚ ʩʝʢʪʦʨʝ ʉʇɻ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ. ɸʩʩʦʮʠʘʮʠʷ 

ʧʦʜʯʸʨʢʠʚʘʝʪ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʚʘʞʥʫʶ ʨʦʣʴ ʙʫʜʝʪ ʠʛʨʘʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʉʇɻ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʳʙʨʦʩʳ ʤʝʪʘʥʘ, ʫʣʫʯʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʙʘʣʘʥʩ ʪʦʧʣʠʚʘ.  

ʉʇɻ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʢʦʣʦ 

200 ʩʫʜʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʠʩʧʦʣʴʟʫʶʪ ʉʇɻ, ʝʱʸ ʦʢʦʣʦ 300 ʩʫʜʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺ ʵʪʫ ʩʪʘʪʠʩʪʠʢʫ ʥʝ ʚʢʣʶʯʝʥʳ ʦʢʦʣʦ 600 ʤʝʪʘʥʦʚʦʟʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. 

ʇʝʨʩʧʝʢʪʠʚʳ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʛʥʦʟʳ ʪʘʢʦʚʳ, ʯʪʦ ʢ 2030 ʛʦʜʫ ʚ ʩʝʛʤʝʥʪʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ 

ʦʙʲʝʤ ʉʇɻ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 20-30 ʤʣʥ. ʪʦʥʥ ʠ 40 ʤʣʥ. ʪʦʥʥ ʢ 2040 ʛʦʜʫ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 

ʦʢʦʣʦ 10% ʩʧʨʦʩʘ ʥʘ ʩʫʜʦʚʦʝ ʪʦʧʣʠʚʦ ʧʦ ʧʨʦʛʥʦʟʘʤ CAI International. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʢ 

ʩʝʨʝʜʠʥʝ XXI  ʚʝʢʘ, ʧʦ ʤʥʝʥʠʶ DNV GL, ʜʦʣʷ ʉʇɻ ʚ ʤʠʨʦʚʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʩʫʜʦʚʦʛʦ 

ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʪ 40 ʜʦ 80%. [7] 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ [8]:  

1. ʕʢʦʣʦʛʠʯʥʦʩʪʴ. ʉʇɻ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʠʜʘʤʠ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʆʥ ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʚʳʙʨʦʩʳ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʩʝʨʳ. 

2. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʚʠʜʘʤʠ ʩʫʜʦʚʦʛʦ 

ʪʦʧʣʠʚʘ, ʉʇɻ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʉʇɻ 

ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʣʦʛʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʟʫʪʦʤ. 

3. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪ.ɹ ʉʇɻ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʝʧʣʦʪʚʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʝʤ ʫ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʩʫʜʦʚʳʭ ʪʦʧʣʠʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʧʣʠʚʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʡ ʞʝ ʤʦʱʥʦʩʪʠ. 

4. ʉʦʚʤʝʩʪʠʤʦʩʪʴ. ʉʇɻ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʜʘʭ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʝʩʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʶ, ʪʘʢ ʢʘʢ ʉʇɻ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʛʥʦʟʳ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʉʇɻ ʜʣʷ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʉʇɻ ʩʪʘʥʝʪ 

ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʪʦʧʣʠʚʘ ʜʣʷ ʤʦʨʩʢʠʭ ʩʫʜʦʚ ʚ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʉʇɻ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ, ʪʘʢʠʭ ʢʘʢ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ, 

ʪʘʢʠʝ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʭʨʘʥʝʥʠʷ ʉʇɻ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʉʇɻ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʜʘʭ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʚʝʨʪʠʨʫʝʤʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʢʘʪʝʨʘ ʩ ʚʦʜʦʤʝʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʦʪʤʝʯʝʥʳ ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ.  ʈʘʩʩʤʦʪʨʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʚʝʨʪʠʨʫʝʤʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʚ ʩʦʩʪʘʚʝ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ ʩ ʚʦʜʦʤʝʪʥʳʤ 

ʜʚʠʞʠʪʝʣʝʤ.  
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Abstract. The article discusses the cooling system of the engine of a high-speed boat with a 

water-jet propulsion. Various versions of cooling systems for a convertible transport engine 

have been analyzed, their advantages and disadvantages have been noted. The prospects of 

using convertible transport engines as part of a ship's power plant with a water-jet propulsor 

have been shown. 
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ʉʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ ʈʦʩʩʠʠ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʢʦʨʦʩʪʥʳʭ 

ʚʳʩʦʢʦʤʘʥʝʚʨʝʥʥʳʭ ʩʫʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʦʜʦʠʟʤʝʱʝʥʠʷ. ʊʘʢʠʝ ʩʫʜʘ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʵʬʬʝʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʠʭ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦ ʤʝʣʢʦʚʦʜʴʶ ʠ 

ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʟʘʩʦʨʝʥʥʦʩʪʠ ʬʘʨʚʘʪʝʨʘ.  ʅʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʚʦʜʦʝʤʦʚ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʦʜʚʦʜʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ ʚ ʚʠʜʝ ʢʘʤʝʥʥʳʭ ʛʨʷʜ, ʟʘʪʦʥʫʚʰʠʭ ʜʝʨʝʚʴʝʚ ʠ ʜʨʫʛʠʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ 

ʧʨʦʜʚʠʞʝʥʠʷ ʩʫʜʥʘ. ʉʫʜʘ ʪʘʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʠʤʝʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ 

ʫʩʪʘʥʦʚʢʫ, ʦʩʥʘʱʝʥʥʫʶ ʚʦʜʦʤʝʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ. ɺʦʜʦʤʝʪʥʳʡ ʜʚʠʞʠʪʝʣʴ ʥʝ ʠʤʝʝʪ 

ʚʳʩʪʫʧʘʶʱʠʭ ʯʘʩʪʝʡ ʥʠʞʝ ʢʦʨʧʫʩʘ ʩʫʜʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʚʠʛʘʪʴʩʷ, ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʣʠʰʴ 

ʪʦʣʴʢʦ ʦʩʘʜʢʦʡ ʢʦʨʧʫʩʘ ʩʫʜʥʘ. ʉʫʜʘ, ʦʩʥʘʱʝʥʥʳʝ ʚʦʜʦʤʝʪʦʤ ʠʤʝʶʪ ʧʨʝʢʨʘʩʥʫʶ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ, ʙʳʩʪʨʳʡ ʨʘʟʛʦʥ ʟʘ ʩʯʝʪ ʤʦʱʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ 

ʪʦʨʤʦʞʝʥʠʝ ʟʘ ʩʯʝʪ ʨʝʚʝʨʩʠʚʥʦ ʨʫʣʝʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʚʢʫʧʝ ʩ ʦʪʣʠʯʥʦʡ 

ʧʨʦʭʦʜʠʤʦʩʪʴʶ ʥʘʜʝʣʷʝʪ ʩʫʜʥʦ ʚʳʩʦʢʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʳ ʩʪʦʨʦʞʝʚʦʤʫ ʠʣʠ ʧʘʪʨʫʣʴʥʦʤʫ ʩʢʦʨʦʩʪʥʦʤʫ  ʢʘʪʝʨʫ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 

ʧʨʝʩʝʯʝʥʠʷ ʥʝʟʘʢʦʥʥʦʛʦ ʚʳʣʦʚʘ ʙʠʦʨʝʩʫʨʩʦʚ ʠ ʦʭʨʘʥʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʳ ʥʘʰʝʡ ʩʪʨʘʥʳ 

[1].  

ɺʦʜʦʤʝʪʥʳʝ ʜʚʠʞʠʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

[2], ʧʦʵʪʦʤʫ ʢ ʜʚʠʛʘʪʝʣʶ, ʨʘʙʦʪʘʶʱʝʤʫ ʚ ʧʘʨʝ ʩ ʚʦʜʦʤʝʪʦʤ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʧʝʨʝʯʝʥʴ ʚʳʧʫʩʢʘʝʤʳʭ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʭ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʦʚʦʣʴʥʦ ʤʘʣ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʕʪʠ ʜʚʠʛʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʤʧʘʢʪʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ, ʥʝʙʦʣʴʰʠʤ ʚʝʩʦʤ, ʚʳʩʦʢʦʡ ʣʠʪʨʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ, 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʦʙʦʨʦʪʥʳʤʠ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʳʧʫʩʢʘʝʤʳʭ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ ʚʦʜʦʤʝʪʥʳʭ ʜʚʠʞʠʪʝʣʝʡ [3]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʝʩ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ 

ʜʘʶʪ ʦʱʫʪʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʢʦʨʦʩʪʥʦʛʦ ʢʘʪʝʨʘ. ʈʘʙʦʯʠʡ ʨʝʞʠʤ 

ʜʚʠʛʘʪʝʣʷ ʚʦʜʦʤʝʪʥʦʛʦ ʩʫʜʥʘ ʭʘʨʘʢʪʝʨʝʥ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʦʚ, ʯʪʦ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʧʦʩʪʦʷʥʩʪʚʦʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʦʪʦʨʝʩʫʨʩ. ʇʨʠ 

ʢʦʥʚʝʨʪʘʮʠʠ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʨʷʜ ʝʛʦ ʩʠʩʪʝʤ. 

ɺʳʙʦʨ ʛʨʘʤʦʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʨʝʞʠʤʘ ʜʚʠʛʘʪʝʣʷ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ʆʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʡ ʥʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ, ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʨʪʠʨʦʚʘʥʠʷ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʟʘʟʦʨʳ ʚ ʮʠʣʠʥʜʨʦ-

ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʝ, ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʠ ʪ.ʜ. ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʚʠʛʘʪʝʣʷ ʨʘʚʥʦʡ 80-90 ʛʨʘʜʫʩʦʚ. ʈʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ 

ʚʦʜʷʥʦʡ ʨʫʙʘʰʢʠ ʜʚʠʛʘʪʝʣʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 10 ʛʨʘʜʫʩʦʚ. ʈʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʥʝʜʦʧʫʩʪʠʤʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʨʠʚʦʜʠʪ  ʢ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ. ɺ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʪʘʢ 

ʞʝ ʩʦʜʝʨʞʘʪʴʩʷ ʩʝʨʥʠʩʪʳʝ ʛʘʟʳ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʵʪʦʤ ʢʦʥʜʝʥʩʘʪʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʢʪʨʦʣʠʪʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʥʦʤʫ ʢʦʨʨʦʟʠʦʥʥʦʤʫ ʠʟʥʦʩʫ  

ʮʠʣʠʥʜʨʦ-ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʝʝ ʨʘʩʭʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ 

ʜʚʠʛʘʪʝʣʷ. ɹʦʣʴʰʦʡ ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʬʦʨʤʘʮʠʷʤ ʜʝʪʘʣʝʡ ʜʚʠʛʘʪʝʣʷ. 

ɸʚʪʦʪʨʘʢʪʦʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʦʩʥʘʱʝʥʳ ʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʨʦʣʠ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʚʳʩʪʫʧʘʝʪ ʨʘʜʠʘʪʦʨ ʦʭʣʘʞʜʝʥʠʷ, ʦʙʜʫʚʘʝʤʳʡ ʚʩʪʨʝʯʥʳʤ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʧʦʪʦʢʦʤ ʦʪ ʚʝʥʪʠʣʷʪʦʨʘ, ʧʨʠʚʦʜʠʤʦʛʦ ʚ ʜʝʡʩʪʚʠʝ ʣʠʙʦ ʩʘʤʠʤ 

ʜʚʠʛʘʪʝʣʝʤ, ʣʠʙʦ ʵʣʝʢʪʨʦʤʦʪʦʨʦʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ. ʂʦʛʜʘ ʜʚʠʛʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʢʨʳʪʦʤ ʤʦʪʦʨʥʦʤ ʦʪʩʝʢʝ, ʧʨʦʮʝʩʩ ʦʪʚʝʜʝʥʠʷ 

ʪʝʧʣʘ ʦʪ ʚʦʟʜʫʰʥʦʛʦ ʨʘʜʠʘʪʦʨʘ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʅʘʠʣʫʯʰʠʤ 

ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʜʚʫʭʢʦʥʪʫʨʥʫʶ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ (ʨʠʩ.1).  

ʐʪʘʪʥʳʡ ʨʘʜʠʘʪʦʨ ʜʚʠʛʘʪʝʣʷ ʜʝʤʦʥʪʠʨʫʝʪʩʷ ʠ ʥʘ ʝʛʦ ʤʝʩʪʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʡ ʚʦʜʦ-ʚʦʜʷʥʦʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ. ʅʘʩʦʩ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʝʨʤʦʩʪʘʪ 

ʦʩʪʘʝʪʩʷ ʰʪʘʪʥʳʤ. ɺʦ ʚʥʫʪʨʝʥʥʝʤ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʮʠʨʢʫʣʠʨʫʝʪ 

ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʜʚʠʛʘʪʝʣʷ. ɺʦ ʚʥʝʰʥʝʤ 

ʢʦʥʪʫʨʝ ʮʠʨʢʫʣʠʨʫʝʪ ʟʘʙʦʨʪʥʘʷ ʚʦʜʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʮʠʨʢʫʣʷʮʠʠ ʚʦʜʳ ʚʦ ʚʥʝʰʥʝʤ 

ʢʦʥʪʫʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʦʜʷʥʦʡ ʥʘʩʦʩ ʩ ʧʨʠʚʦʜʦʤ ʦʪ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 

ʜʚʠʛʘʪʝʣʷ. ɺʤʝʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʴ ʚʦʜʳ, ʦʪʚʝʜʝʥʥʦʡ 

ʠʟ ʩʧʨʷʤʣʷʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʚʦʜʦʤʝʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ.   ʆʙʷʟʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ ʦʪ ʧʝʩʢʘ ʠ ʛʨʷʟʠ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʟʘʩʦʨʝʥʠʷ   ʚʦʜʦ-ʚʦʜʷʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʧʝʩʢʦʣʦʚʫʰʢʠ ʠ ʬʠʣʴʪʨʳ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʘʢʪʥʦʩʪʴ. ʅʝʜʦʩʪʘʪʢʦʤ- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʯʠʩʪʢʫ 

ʟʘʙʦʨʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʧʝʩʢʦʣʦʚʫʰʝʢ ʠ ʬʠʣʴʪʨʦʚ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʳʩʪʨʦ 

ʟʘʙʠʚʘʪʴʩʷ ʤʫʩʦʨʦʤ ʧʨʠ ʝʟʜʝ ʧʦ ʤʝʣʢʦʚʦʜʴʶ. 

 
ʈʠʩʫʥʦʢ 1 ï ɼʚʫʭʢʦʥʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʪʠʧʦʤ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʘʷ ʦʜʥʦʢʦʥʪʫʨʥʘʷ 

ʩʠʩʪʝʤʘ [4], ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠʣʠ ʚʦʜʦʤʝʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʦʤʳʚʘʶʪʩʷ ʟʘʙʦʨʪʥʦʡ ʚʦʜʦʡ (ʨʠʩ.2). 

 
ʈʠʩʫʥʦʢ 2 ï ʆʜʥʦʢʦʥʪʫʨʥʘʷ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 

 

ʊʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʠ ʜʥʠʱʘ ʩʫʜʥʘ ʠ ʵʣʝʤʝʥʪʳ ʚʦʜʦʤʝʪʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ (ʚʦʜʦʚʦʜ, ʩʧʨʷʤʣʷʶʱʠʡ ʘʧʧʘʨʘʪ), ʚ ʢʦʪʦʨʳʝ ʚʩʪʨʦʝʥʘ ʚʦʜʷʥʘʷ ʨʫʙʘʰʢʘ 

ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʦʡ. ʆʪʩʫʪʩʪʚʫʝʪ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ 

ʦʭʣʘʞʜʝʥʠʷ, ʟʘʙʦʨʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʢʦʨʧʫʩʝ ʩʫʜʥʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʩʦʩ, ʬʠʣʴʪʨʳ 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ ʠ ʪʜ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʯʠʩʪʢʠ 

ʬʠʣʴʪʨʦʚ, ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʙʩʣʫʞʠʚʘʝʤʦʡ ʠ ʥʝʫʷʟʚʠʤʦʡ 

ʜʣʷ ʚʥʝʰʥʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ 

ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʥʠʱʝʚʳʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ, ʚʦʜʷʥʦʡ ʨʫʙʘʰʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʚ ʚʦʜʦʚʦʜ ʠʣʠ ʩʧʨʷʤʣʷʶʱʠʡ ʘʧʧʘʨʘʪ ʚʦʜʦʤʝʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ ʠ ʫʚʝʣʠʯʝʥʥʳʡ ʦʙʲʝʤ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɺʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʩʫʜʥʘ, 

ʦʩʥʘʱʝʥʥʦʛʦ ʚʦʜʦʤʝʪʥʳʤ ʜʚʠʞʠʪʝʣʝʤ, ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʩʢʦʨʦʩʪʥʳʭ ʚʦʜʦʤʝʪʥʳʭ ʢʘʪʝʨʦʚ ʩ 

ʢʦʥʚʝʨʪʠʨʫʝʤʳʤʠ ʘʚʪʦʪʨʘʢʪʦʨʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚ ʜʚʫʭʢʦʥʪʫʨʥʫʶ ʩʭʝʤʫ ʩ ʚʦʜʦ-ʚʦʜʷʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ, ʣʠʙʦ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ- ʚ ʟʘʤʢʥʫʪʫʶ ʦʜʥʦʢʦʥʪʫʨʥʫʶ ʩʠʩʪʝʤʫ ʩ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ, 

ʦʤʳʚʘʝʤʳʤ ʟʘʙʦʨʪʥʦʡ ʚʦʜʦʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʢʦʨʧʫʩʝ ʚʦʜʦʤʝʪʥʦʛʦ 

ʜʚʠʞʠʪʝʣʷ, ʣʠʙʦ ʚ ʜʥʠʱʝ ʩʫʜʥʘ. ɺʳʙʦʨ ʩʭʝʤʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʢʦʥʚʝʨʪʠʨʫʝʤʦʛʦ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʫʜʦʚʦʡ ʛʠʜʨʦʧʨʠʚʦʜ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʩʠʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʣʦʚʠʡ ʜʣʷ ʚʦʟʨʘʩʪʘʥʠʷ ʨʠʩʢʘ ʧʦʷʚʣʝʥʠʷ ʚʥʝʟʘʧʥʳʭ ʦʪʢʘʟʦʚ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʠʝʤʣʝʤʳʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʩ ʚʳʩʦʢʦʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ. ʇʨʝʜʣʦʞʝʥ, 

ʥʘ ʧʨʠʤʝʨʝ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʤʝʪʦʜ ʦʮʝʥʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʘʙʦʪʦʩʧʩʦʙʥʦʩʪʠ 

ʛʠʜʨʦʩʠʩʪʝʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʙʝʟ ʨʘʟʙʦʨʢʠ 

ʛʠʜʨʦʩʠʩʪʝʤʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 
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Abstract. The ship hydraulic drive performs important functions in difficult conditions of 

external environment and force impact. Such a combination contributes to the formation of 

conditions for increasing the risk of sudden failures, which is unacceptable when operating 

vessels with high autonomy. A method for assessing the residual service life of hydraulic 

systems is proposed using hydraulic cylinders as an example. The proposed method allows 

diagnostics to be carried out without disassembling the hydraulic system, which helps save 

labor and material resources. 

 

Keywords: marine hydraulic drive, hydraulic cylinders, hydraulic systems, diagnostics, service 

life assessment. 

 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʧʦʩʪʘʥʦʚʣʝʥʠʷʭ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʨʘʟʚʠʪʠʝ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ (ʨʘʩʧʦʨʷʞʝʥʠʝ ˉ2115-ʨ ʦʪ 1 ʘʚʛʫʩʪʘ 2022ʛ.), 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ (ʨʘʩʧʦʨʷʞʝʥʠʝ ʦʪ 27 ʥʦʷʙʨʷ 2021 ʛʦʜʘ ˉ3363-ʨ). ʇʨʠʥʷʪʘʷ ʚ 2021ʛ. 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʩʪʨʘʪʝʛʠʷ ʈʌ ʜʦ 2030 ʛʦʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ 

ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

2020 ʛʦʜʦʤ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʪ 222 ʤʣʥ. ʪʦʥʥ ʢ 2035 ʛʦʜʫ. ɼʦʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʧʝʨʝʚʦʟʦʢ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ) 

ʚʳʨʘʩʪʝʪ ʩ 1,5-1,6% ʚ 2019-2020 ʛʛ. ʜʦ 2,6-2,7% ʢ 2035 ʛ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʫʜʝʣʷʝʪʩʷ ʠ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʋʢʘʟʦʤ ʛʫʙʝʨʥʘʪʦʨʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʦʪ 15 

ʷʥʚʘʨʷ 2021 ʛʦʜʘ ʩʦʟʜʘʥʘ ʨʘʙʦʯʘʷ ʛʨʫʧʧʘ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ 

ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʦʙʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 

ʇʝʨʤʩʢʦʤ ʢʨʘʝ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʜʦʚ ʚ ʈʌ ʧʦ ʛʦʜʘʤ ʚ ʧʝʨʠʦʜ ʩ 2019 ʧʦ 2023ʛ. ʧʨʠʚʝʜʝʥʦ ʚ 

ʊʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʅʘʣʠʯʠʝ ʪʝʭʥʠʯʝʩʢʠ ʛʦʜʥʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [1] 

ɺʠʜ ʩʫʜʥʘ  ɸʙʩʦʣʶʪʥʦʝ 

ʦʪʢʣʦʥʝʥʠʝ, 

ʝʜ. 

2019 2020 2021 2022 2023 

ɻʨʫʟʦʚʳʝ 4603 4444 4404 4415 4328 -275 

ʇʘʩʩʘʞʠʨʩʢʠʝ 2252 2302 2339 2356 2414 162 

ɹʫʢʩʠʨʥʳʝ 2844 2733 2720 2690 2652 -192 

ʅʝʪʨʘʥʩʧʦʨʪʥʳʝ 7291 6925 6526 6434 5953 -1338 

ʀʪʦʛʦ 16990 16404 15989 15895 15347 -1643 

 

ʉʪʘʪʠʩʪʠʢʘ ʧʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʢʘʟʳʚʘʝʪ ʠʭ 

ʤʘʣʫʶ ʥʘʜʝʞʥʦʩʪʴ ʠ ʤʘʣʳʡ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚ ʠʩʧʨʘʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʫʜʦʚʳʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʥʦʚʳʝ 

ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʭ ʠʟʥʦʩʘ, ʦʩʦʙʝʥʥʦ ʢʦʪʦʨʳʝ ʠʩʢʣʶʯʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʤʦʥʪʘʞʘ ʠʣʠ ʨʘʟʙʦʨʢʠ. ɺ ʧʨʠʦʨʠʪʝʪʝ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʚʘʪʴ ʨʝʩʫʨʩ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤ ʠ ʦʪʜʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʦ 

ʚʨʝʤʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ, ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʀʟʤʝʥʷʶʱʠʝʩʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʤʘʰʠʥ ʦʮʝʥʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ [2-5]. ɺ ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʶʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʜʘʚʣʝʥʠʝ, ʯʠʩʪʦʪʫ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ 

ʚʠʙʨʘʮʠʠ ʠ ʰʫʤʘ, ʩʦʟʜʘʚʘʝʤʳʝ ʛʠʜʨʦʤʘʰʠʥʘʤʠ ʚʦ ʚʨʝʤʷ ʩʚʦʝʡ ʨʘʙʦʪʳ.  

ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʩʠʩʪʝʤ ʠ ʛʠʜʨʦʤʘʰʠʥ [6-11] ʧʦʟʚʦʣʠʣ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʦʚʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʦʪʢʣʠʢʘ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʪʦʯʢʝ ʧʦʜʢʣʶʯʝʥʠʷ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʢ ʛʠʜʨʦʮʠʣʠʥʜʨʫ. ʉʜʝʣʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ʀʤʠʪʘʮʠʝʡ 

ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʟʘʧʠʨʘʥʠʝ ʩʣʠʚʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʞʝʩʪʢʦʩʪʠ ʛʠʜʨʦʣʠʥʠʠ ʠʜʫʱʝʡ ʦʪ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʚ ʛʠʜʨʦʙʘʢ, ʟʘʧʠʨʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʣʠʚʥʦʡ ʛʠʜʨʦʣʠʠʠ ʢʘʢ ʤʦʞʥʦ ʙʣʠʞʝ ʢ 

ʛʠʜʨʦʮʠʣʠʥʜʨʫ. ʇʨʦʚʝʜʝʥʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʩ 

ʠʩʧʨʘʚʥʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ ʥʘ ʧʦʨʰʥʝ ʠ ʥʝʠʩʧʨʘʚʥʳʤʠ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʩʪʝʥʜʝ, ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ. ʇʨʠʤʝʨ ʛʨʘʬʠʢʦʚ ʠʩʧʨʘʚʥʦʛʦ 

ʠ ʥʝʠʩʧʨʘʚʥʦʛʦ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2. 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʜʘʚʣʝʥʠʷ ʠʩʧʨʘʚʥʦʛʦ ʛʠʜʨʦʮʠʣʠʥʜʨʘ 

 

 

ʈʠʩʫʥʦʢ 2 ï ɻʨʘʬʠʢ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʠʤʝʶʱʝʛʦ ʚʥʫʪʨʝʥʥʠʝ ʫʪʝʯʢʠ ʯʝʨʝʟ 

ʫʧʣʦʪʥʝʥʠʷ ʧʦʨʰʥʷ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʨʘʩʪʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʥʘʧʦʨʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 

ʟʘʤʝʨʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʭʦʜʝ ʚ ʛʠʜʨʦʮʠʣʠʥʜʨ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʠʩʧʨʘʚʥʦʤ 

ʛʠʜʨʦʮʠʣʠʥʜʨʝ ʛʨʘʬʠʢ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʢʨʫʪʠʟʥʫ ʣʠʥʠʠ (ʨʠʩ. 1). ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 2) ʣʠʥʠʷ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʠʤʝʝʪ ʙʦʣʝʝ ʧʦʣʦʛʦʝ ʚʦʟʚʳʰʝʥʠʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʝʡ 

ʞʝʩʪʢʦʩʪʴʶ ʩʠʩʪʝʤʳ ʧʦʨʰʝʥʴ-ʫʧʣʦʪʥʝʥʠʝ-ʛʠʣʴʟʘ. ʇʦʪʝʨʷ ʞʝʩʪʢʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʥʦʩʦʤ 

ʫʧʣʦʪʥʝʥʠʷ ʥʘ ʧʦʨʰʥʝ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ ʩʤʦʞʝʪ ʧʝʨʝʪʝʯʴ ʯʝʨʝʟ 

ʫʧʣʦʪʥʝʥʠʝ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ 

ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʫʛʣʘ 

ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʠʩʧʨʘʚʥʦʤ ʠ ʥʘ ʠʩʧʳʪʫʝʤʦʤ ʛʠʜʨʦʮʠʣʠʥʜʨʝ. ʋʛʦʣ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʧʦʨʘ ʚ ʩʣʠʚʥʦʡ ʣʠʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʋʩʪʘʥʦʚʠʚ ʚʣʠʷʥʠʝ ʥʘ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ ʚʝʣʠʯʠʥʫ ʚʷʟʢʦʩʪʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʜʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʫʧʣʦʪʥʝʥʠʡ ʠ ʛʠʣʴʟʳ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʙʝʟ 

ʩʥʷʪʠʷ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩ ʩʫʜʥʘ, ʧʨʦʠʟʚʦʜʷ ʜʠʘʛʥʦʩʪʠʢʫ ʥʘ ʤʝʩʪʝ ʧʦʣʫʯʠʚ ʯʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʝʛʦ ʨʘʙʦʪʳ. ʊʘʢʦʡ ʤʝʪʦʜ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʟʠʪʴ ʚʨʝʤʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʛʠʜʨʦʤʘʰʠʥ, ʚʨʝʤʝʥʥʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠʟʜʝʨʞʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʮʝʥʢʦʡ ʨʝʩʫʨʩʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʩʫʜʦʚʦʤ ʛʠʜʨʦʧʨʠʚʦʜʝ. 
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ʧʨʠʤʝʥʝʥʠʷ ʩʠʥʭʨʦʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʩʠʥʭʨʦʥʥʦʛʦ 
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Abstract. The article discusses the issues of increasing energy efficiency through the use of a 

synchronous electric generator machine as a synchronous compensator. This technical solution 

makes it possible to ensure the necessary level of supply voltage, which is especially important 

during the ship's parking in the port with a large branching of the coastal electrical network and 

a significant distance from the power center. 
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ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʫʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʷʚʣʷʝʪʩʷ ʚʩʝʩʪʦʨʦʥʥʷʷ ʧʨʦʨʘʙʦʪʢʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʣʘʚʫʯʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʂʦʥʢʨʝʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʠ ʧʨʠʥʮʠʧʦʚ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ[1]. ʊʘʢ ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʝ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʦʜʥʘʢʦ ʨʦʩʪ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʩʫʜʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʧʨʦʨʘʙʦʪʢʠ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʘʷ ʧʨʘʢʪʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʚʦʧʨʦʩʳ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

 ï ʊʨʝʙʦʚʘʥʠʝ ʦ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʥʘ 

(Energy Efficiency Design Index, EEDI) 

 ï ʊʨʝʙʦʚʘʥʠʝ ʦ ʨʘʟʨʘʙʦʪʢʝ ʧʣʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʫʜʥʘ (Ship 

Energy Efficiency Management Plan, SEEMP). ʕʪʦʪ ʧʣʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʢʫʤʝʥʪ, 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʀʄʆ ʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʧʫʪʠ ʠ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʫʜʦʚ 

 ï ʄɸʈʇʆʃ 73/78. ʇʨʠʣʦʞʝʥʠʝ VI (ʧʝʨʝʩʤʦʪʨʝʥʥʦʝ) ʢ ʂʦʥʚʝʥʮʠʠ "ʇʨʘʚʠʣʘ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʩ ʩʫʜʦʚ" 

ʅʘ ʢʘʞʜʦʤ ʩʫʜʥʝ ʜʦʣʞʝʥ ʠʤʝʪʴʩʷ ʢʦʥʢʨʝʪʥʳʡ ʜʣʷ ʜʘʥʥʦʛʦ ʩʫʜʥʘ ʧʣʘʥ ʫʧʨʘʚʣʝʥʠʷ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʩʫʜʥʘ (ʇʋʕʉ). ʆʥ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʯʘʩʪʴʶ ʩʫʜʦʚʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ (ʉʋɹ).  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʥʘ (Energy Efficiency Design Index, EEDI). 
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(1) 

 

ʊʨʝʙʫʝʤʳʡ (ʥʦʨʤʘʪʠʚʥʳʡ) EEDI ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ 

Engine power (P) 

P eff(i) ï Main engine power reduction due to individual technologies for mechanical energy 

efficiency ʉʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ  

P AEff(i)  ï Auxiliary engine power reduction due to individual technologies for electrical 

energy efficiency ʉʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ  

P PTI(i) ï Power of individual shaft motors divided by the efficiency of shaft generators. 

ʄʦʱʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʚʘʣʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ 

P AE ï Combined installed power of auxiliary engines ʉʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʤʦʱʥʦʩʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

P ME(i) ï Individual power of main engines ʀʥʜʠʚʠʜʫʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ 

CO2 Emissions(C) 

CFME ï Main engine composite fuel factor ʉʦʩʪʘʚʥʦʡ ʪʦʧʣʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʛʣʘʚʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ 

CFAE ï Auxiliary engine fuel factor ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

CFME(i) ï Main engine individual fuel factor ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʦʧʣʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

Specific fuel consumption (SFC) 

SFCME ï Main engine (composite) ɻʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ (ʩʦʩʪʘʚʥʦʡ) 

SFCAE ï Auxiliary engine ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ 

SFCAE* ï Auxiliary engine (adjusted for shaft generators) ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ 

(ʜʣʷ ʚʘʣʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ) 

SFCME(i) ï Main engine(individual) ɻʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ (ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ) 

Correction and adjustment factors 

f eff (i) ï Availability factor of individual energy efficiency technologies(=1,0 if readily 

available) ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʩʪʫʧʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (=1,0, 

ʝʩʣʠ ʦʥʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳ) 

f j ï Correction factor for ship specific design element. E.g. ice ï classed ship which require 

extra weight for thicker hulls ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʫʜʥʘ. 

fw ï Coefficient indicating the decrease in ship speed due to weather and environmental 

conditions ʢʦʵʬʬʠʮʠʝʥʪ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʠʟïʟʘ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ  

f i ï Capacity adjustment factor for any technical/ regulatory limitation on capacity(=1,0 if 

none) ʇʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʤʝʩʪʠʤʦʩʪʠ ʜʣʷ ʣʶʙʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ / ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʚʤʝʩʪʠʤʦʩʪʠ 

Ship design parameters  

Vref  ï Ship speed at maximum design load condition. ʉʢʦʨʦʩʪʴ ʩʫʜʥʘ  

Capacity ï Deadweight Tonnage (DWT) rating for bulk ships and tankers; a percentage of 

DWT for Containerships  DWT indicates how mush can be loaded onto a ship ɺʤʝʩʪʠʤʦʩʪʴ ï 

ʧʦʢʘʟʘʪʝʣʴ ʜʝʜʚʝʡʪʘ (DWT)  

ɺʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʝ (1) ʜʘʥʥʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʯʝʪʳʨʝ ʯʣʝʥʘ ʚ ʯʠʩʣʠʪʝʣʝ ʠ ʦʜʠʥ ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ: ʚʳʙʨʦʩʳ ʦʪ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; ʚʳʙʨʦʩʳ ʦʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ; 

ʚʳʙʨʦʩʳ ʦʪ ʨʘʙʦʪʳ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ/ʵʣʝʢʪʨʦʤʦʪʦʨʘ (ʦʙʨʘʪʠʤʦʛʦ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ PTO/PTI); 

ʪʝʭʥʦʣʦʛʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʘʙʦʪʘ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʨʫʟʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. [2] 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʯʝʪ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ ʫʯʠʪʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʚʝʟʝʥʥʦʛʦ ʛʨʫʟʘ. ʆʜʥʘʢʦ ʩʪʦʷʥʢʘ ʚ ʧʦʨʪʫ ʤʦʞʝʪ 

ʟʘʥʠʤʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ, ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ, ʥʘʧʨʠʤʝʨ: ʟʘʙʘʩʪʦʚʢʠ, 

ʟʘʜʝʨʞʢʘ ʛʨʫʟʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʩʣʦʞʥʦʩʪʠ ʚ ʦʬʦʨʤʣʝʥʠʠ ʠ 

ʪ.ʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʨʝʤʷ ʩʪʦʷʥʢʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʤʝʩʷʮʘ ʠʣʠ 

ʨʝʞʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ.  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʚʦʟʢʘ ʛʨʫʟʘ ʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʧʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʠʩʭʦʜʠʪ. ʀʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ, ʧʨʠ 

ʜʣʠʪʝʣʴʥʳʭ ʩʪʦʷʥʢʘʭ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʩʫʜʥʘ ʩ 

ʙʝʨʝʛʘ, ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʢʚʘʪʦʨʠʠ 

ʧʦʨʪʘ[3;4]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʨʝʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʩʪʦʷʥʢʠ ʩʫʜʥʘ, ʜʘʞʝ ʥʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ ʚʳʛʣʷʜʠʪ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦ. ʊʘʢ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʵʢʦʥʦʤʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

( ) S--=D KPWʎʎʕ aʙʩ
 (2) 

 

ʛʜʝ ʎʩ - ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʨʫʙ/ʢɺʪ ʯ; 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʎʙ - ʩʪʦʠʤʦʩʪʴ ʧʦʪʨʝʙʣʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʙʝʨʝʛʦʚʦʡ ʩʝʪʠ, ʧʨʠ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩʫʜʥʘ ʩ ʙʝʨʝʛʘ, ʨʫʙ/ʢɺʪ ʯ; 

Wn- ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʨʠʝʤʥʠʢʘʤʠ ʩʫʜʥʘ ʦʪ ʙʝʨʝʛʦʚʦʡ ʩʝʪʠ 

ʚ ʪʝʯʝʥʠʠ ʥʘʚʠʛʘʮʠʠ, ʢɺʪ ʯ; 

ʈʘ - ʥʦʨʤʘ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ ʦʪ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʥʘʫʩʪʨʦʡʩʪʚʦ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʠʪʘʥʠʷ ʩʫʜʦʚ ʵʣʝʤʝʥʪʦʚ ʙʝʨʝʛʦʚʦʡ ʩʝʪʠ; 

ʂ× = ʂʙ + ʂʩ-ʩʫʤʤʘʨʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʧʦ ʙʝʨʝʛʫ(ʊʉ) ʠ ʩʫʜʥʫ( ʂ. ʩ ),ʨʫʙ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʫʜʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʕʪʦ 

ʦʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʥʦ, ʩ ʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʪʦ ʩʶʜʘ ʦʪʥʦʩʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʟʘʪʨʘʪʳ ʛʦʨʶʯʝ 

ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʥʦ ʠ ʤʦʪʦʨʝʩʫʨʩ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʇʨʦʚʝʜʝʥʠʝ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠʣʠ ʟʘʤʝʥʳ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʪʨʝʙʫʝʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʚʨʝʤʝʥʠ, ʫʯʸʪʘ ʫʜʘʣʸʥʥʦʩʪʠ ʤʥʦʛʠʭ ʨʝʤʦʥʪʥʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʙʘʟ ʬʣʦʪʘ, ʘ 

ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʨʘʙʦʪ. ɺʩʝ ʵʪʦ ʝʱʝ ʨʘʟ ʧʦʜʯʸʨʢʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʠʷ, ʫʧʨʦʱʝʥʠʷ 

ʠ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʫʜʥʘ ʩ ʙʝʨʝʛʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʙʝʨʝʛʦʚʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚ ʚʦ ʚʨʝʤʷ ʩʪʦʷʥʢʠ. ɺʪʦʨʦʡ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʳ - ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʫʜʘ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʠ ʨʝʢʘ ʤʦʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 10% ʦʪ ʭʦʜʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʝʜʦʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂ ʧʨʠʯʠʥʘʤ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʷʪʦ 

ʦʪʥʦʩʠʪʴ ʥʘʣʠʯʠʝ ʧʝʨʝʢʘʪʦʚ ʥʘ ʨʝʢʘʭ, ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʭʦʜʷʱʠʭ ʧʨʦʪʷʞʝʥʥʳʭ  

ʫʯʘʩʪʢʦʚ ʩʫʜʦʚʦʛʦ ʭʦʜʘ ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʘʣʦʛʝʥʝʨʘʪʦʨ.  

ʀʩʭʦʜʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʠ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ 

ʚ ʙʝʨʝʛʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʚʦʧʨʦʩ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʢʘʟʘʥʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʚ 

ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʚʘʣʘ ʦʪ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

(ʧʝʨʝʚʦʜ ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʣʴ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ) ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. 

ʉʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʩʠʥʭʨʦʥʥʦʛʦ ʪʝʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʜʝʡʩʪʚʠʷ ʜʚʠʛʘʪʝʣʷ, ʩʦʟʜʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪ ʦʪʜʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʚʦʟʙʫʜʠʪʝʣʷ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤ 

ʨʝʞʠʤʝ (ʧʨʠ cosj = 1) ʧʦʯʪʠ ʥʝ ʧʦʪʨʝʙʣʷʝʪ ʠʟ ʩʝʪʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʣʘʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 

ʆʙʤʦʪʢʘ ʩʪʘʪʦʨʘ ʪʨʝʭʬʘʟʥʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʤʦʪʢʠ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʢ ʪʨʝʭʬʘʟʥʦʡ ʩʝʪʠ ʧʦ ʦʙʤʦʪʢʝ 

ʩʪʘʪʦʨʘ ʧʨʦʭʦʜʷʪ ʪʦʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʚʨʘʱʘʶʱʝʝʩʷ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʊʘʢ ʢʘʢ ʧʦʪʦʢʠ 

ʩʪʘʪʦʨʘ ʠ ʨʦʪʦʨʘ ʚʨʘʱʘʶʪʩʷ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

p

f
n

60
=  (3) 

ʛʜʝ   f  - ʯʘʩʪʦʪʘ ʩʝʪʠ, ɻʮ; 

       ʨ  -  ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʪʦ ʵʪʠ ʧʦʪʦʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʝʧʦʜʚʠʞʥʳ. 

ʇʨʠ ʦʩʣʘʙʣʝʥʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʦʪʦʨʘ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʦʢʦʤ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʧʦʪʨʝʙʣʷʝʪ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʘ ʧʨʠ ʫʩʠʣʝʥʠʠ - 

ʛʝʥʝʨʠʨʫʝʪ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʧʠʪʘʶʱʫʶ ʩʝʪʴ. ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ U - 

ʦʙʨʘʟʥʳʝ ʢʨʠʚʳʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʥʘʛʨʫʟʦʢ P0, P1 ʠ P2. 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ I, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʠʟ ʩʝʪʠ, ʜʣʷ ʢʘʞʜʦʡ ʥʘʛʨʫʟʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ cos j = 1. ʃʝʚʘʷ ʯʘʩʪʴ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʜʦʚʦʟʙʫʞʜʝʥʥʦʡ ʤʘʰʠʥʝ, 

ʧʦʪʨʝʙʣʷʶʱʝʡ ʠʟ ʩʝʪʠ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʧʨʘʚʘʷ - 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʧʝʨʝʚʦʟʙʫʞʜʝʥʥʦʡ ʤʘʰʠʥʝ, ʛʝʥʝʨʠʨʫʶʱʝʡ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʩʝʪʴ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʝʪʠ. 

ʇʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʢʪʠʚʥʦʡ ʥʘʛʨʫʟʢʠ Pʅ ʠ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʢʣʝʤʤʘʭ 

ʜʚʠʛʘʪʝʣʷ Uʅ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

j
h

tg
P

Q
H

H
H =  (4) 

ʛʜʝ ɖʥ ï ʥʦʤʠʥʘʣʴʥʳʡ ʂʇɼ; 

      tgűʥ =0,484,ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ cosűʥ = 0,9. 

 
ʈʠʩʫʥʦʢ 1 ï U-ʦʙʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 

ʇʨʠ ʥʝʜʦʛʨʫʟʢʝ ʜʚʠʛʘʪʝʣʷ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ b = ʈ /ʈʥ < 1 ʚʦʟʤʦʞʥʘ ʝʛʦ 

ʧʝʨʝʛʨʫʟʢʘ ʧʦ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ a = Q /Qʥ > 1. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʛʝʥʝʨʠʨʫʝʤʦʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ  ʧʦ 

ʬʦʨʤʫʣʝ, ʢɺɸʨ 

ʥ

ʥʥʤ
ʤ

tgʈ
Q

h

ja
=  (5) 

 

ʛʜʝ aʤ ï ʥʘʠʙʦʣʴʰʘʷ ʜʦʧʫʩʢʘʝʤʘʷ  ʥʘʛʨʫʟʢʘ  ʜʚʠʛʘʪʝʣʷ ʧʦ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʪʠʧʘ ʜʚʠʛʘʪʝʣʷ, ʟʘʛʨʫʟʢʠ ʧʦ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ b ʠ ʦʪ ʟʥʘʯʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʝʛʦ ʟʘʞʠʤʘʭ KU=U/Uʥ; U, Uʥ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʘʢʪʠʯʝʩʢʦʝ ʠ 

ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʟʘʪʨʘʪ ʥʘ ʛʝʥʝʨʘʮʠʶ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩʠʥʭʨʦʥʥʳʤ 

ʜʚʠʛʘʪʝʣʝʤ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ, ʢɺʪ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ 
2
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʛʜʝ D1 ʠ D2  - ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʢɺʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ çʙʝʨʝʛ - ʩʫʜʥʦè, ʘ 

ʠʤʝʥʥʦ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʷ  ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʫʨʦʚʥʷ ʧʨʦʚʘʣʘ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ ʚʨʝʤʝʥʠ ʧʨʦʚʘʣʘ ʥʘʧʨʷʞʝʥʠʷ.  

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ: ʇʂ ï 

ʙʝʨʝʛʦʚʘʷ ʧʠʪʘʶʱʘʷ ʢʦʣʦʥʢʘ; ʑʇɺʀ ï ʱʠʪ ʧʠʪʘʥʠʷ ʦʪ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ; ɻʈʑ ï ʛʣʘʚʥʳʡ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʱʠʪ; ʉɻ ï ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ; ʇɼ ï ʧʨʠʚʦʜʥʦʡ ʜʚʠʛʘʪʝʣʴ; Ï ï ʪʦʯʢʘ 

ʧʦʜʢʣʶʯʝʥʠʷ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʘ 

 

ʅʘ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʧʦ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ ʚʘʣʦʛʝʥʝʨʘʪʦʨʘ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʝʧʷʪʩʪʚʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʟʘʠʤʦʨʘʩʯʝʪʦʚ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʢʘʢ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʧʦʨʪʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʉʭʝʤʘ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʠ ʩʫʜʦʚ ʩ ʙʝʨʝʛʘ ( ʨʠʩʫʥʦʢ 2) ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ 

ʩʝʙʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ [5] ʠʣʠ ʧʦ ʠʩʪʦʯʥʠʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ [6], ʯʪʦ , 

ʚ ʪʦʤ ʯʠʩʣʝ, ʦʪʢʨʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʡ ʩʠʥʭʨʦʥʥʦʡ 

ʤʘʰʠʥʳ, ʚ ʨʝʞʠʤʝ ʩʠʥʭʨʦʥʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʰʠʥʘʭ ʧʠʪʘʥʠʷ ʛʨʫʧʧʳ ʩʫʜʦʚ ʧʦʣʫʯʘʶʱʠʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʦʪ ʨʷʜʦʤ ʩʪʦʷʱʠʭ 

ʢʦʣʦʥʦʢ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʫʜʦʚ ʩ ʙʝʨʝʛʘ. 
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ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʤʦʨʩʢʦʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ.  ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʩʫʜʦʩʪʨʦʝʥʠʠ ʚ ʙʣʠʞʘʡʰʠʝ ʧʷʪʴ 

ʣʝʪ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʝʨʝʭʦʜʫ ʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, 

ʚʢʣʶʯʘʷ ʫʞʝʩʪʦʯʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʨʘʟʚʠʪʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʳ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʫ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. 

ʀʟʫʯʝʥʳ ʧʣʘʥʳ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʩʫʜʦʭʦʜʥʳʭ ʢʦʤʧʘʥʠʡ ʧʦ ʨʘʩʰʠʨʝʥʠʶ ʧʘʨʢʘ ʩʫʜʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʨʘʟʚʠʪʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʙʫʥʢʝʨʦʚʢʝ 

ʩʫʜʦʚ, ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʙʘʣʣʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʝʡ ʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʨʳʥʦʢ ʩʫʜʦʚ ʥʘ 

ʛʘʟʦʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ. 
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Abstract. This article looks at trends in the use of natural gas as a marine engine fuel in the 

national shipbuilding industry over the next five years. The main factors contributing to the 

transition to natural gas utilization are discussed, including the tightening of international 

environmental standards, the development of technological and infrastructural frameworks, and 

government support. Plans of shipbuilding and shipping companies to expand the fleet of 

natural gas-fuelled vessels were studied. As a result of the analysis, it was found that the LNG 

fuelled ship market will develop if the regulatory framework is finalized, ship bunkering 

infrastructure is developed, production of gas-fuelled equipment is localized, and the existing 

technology for converting diesel engines to natural gas is upgraded. 
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʥʜʝʥʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʉʇɻ (ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ) ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ. ʉʇɻ ï ʵʪʦ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʦʭʣʘʞʜʝʥʥʳʡ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʠʥʫʩ 162 ʛʨʘʜʫʩʘ ʧʦ ʎʝʣʴʩʠʶ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʧʝʨʝʭʦʜʠʪ ʚ 

ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʦʙʲʝʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 600 ʨʘʟ. ʉʇɻ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʠ 

ʭʨʘʥʠʪʩʷ ʚ ʢʨʠʦ-ʝʤʢʦʩʪʷʭ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʪʨʝʙʫʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦʝ ʦʩʥʘʱʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʢʨʠʦʛʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ [1] ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʉʇɻ 

ʠʤʝʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʦʤ. ɺʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʦʢʩʠʜʦʚ ʩʝʨʳ, 

ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ ʤʝʥʴʰʝ ʥʘ 80%, ʘ ʰʫʤʥʦʩʪʴ ʥʘ 50 %, ʨʠʩʫʥʦʢ 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʪʦʧʣʠʚʘ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. 

 

ʏʪʦ ʢʘʩʘʪʝʣʴʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʦ ʮʝʥʘ ʥʘ ʉʇɻ ʥʘ 30-50% ʥʠʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʀʟʥʦʩ ʛʘʟʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʠʟʝʣʝʡ, ʚ 

ʩʣʝʜʩʪʚʠʠ ʫʤʝʥʴʰʝʥʥʦʛʦ ʥʘʛʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʞʠʞʝʥʠʷ ʩʤʘʟʢʠ. ʉʦʢʨʘʱʘʶʪʩʷ ʟʘʪʨʘʪʳ 

ʥʘ ʨʝʤʦʥʪ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

 
ʈʠʩʫʥʦʢ 2 ï ʎʝʥʳ ʥʘ ʩʫʜʦʚʦʝ ʪʦʧʣʠʚʦ: HFO ï ʪʷʞʸʣʳʡ ʬʣʦʪʩʢʠʡ ʤʘʟʫʪ, VLSFO ï ʥʠʟʢʦʩʝʨʥʠʩʪʦʝ 

ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, MGO ï ʛʘʟʦʡʣʴ 

 

ʆʜʥʘʢʦ, ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʩʫʱʝʩʪʚʫʶʪ 

ʩʣʦʞʥʦʩʪʠ ʪʘʢʠʝ, ʢʘʢ ʥʝʜʦʩʪʘʪʦʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʜʦʨʦʛʦʚʠʟʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʜʦʩʪʘʪʦʢ ʙʫʥʢʝʨʦʚʦʯʥʳʭ ʩʫʜʦʚ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʠʦʛʝʥʥʳʝ ʝʤʢʦʩʪʠ ʩʪʦʷʪ ʜʦʨʦʞʝ ʚ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

10 ï 15 ʨʘʟ, ʯʝʤ ʦʙʳʯʥʳʝ ʙʘʣʣʦʥʳ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʩʚʷʟʠ ʩʦ ʩʣʦʞʥʦʩʪʴʶ 

ʢʦʥʩʪʨʫʢʮʠʠ ʝʤʢʦʩʪʠ. ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʫʜʦʚ ʥʘ ʉʇɻ ʚʳʰʝ ʥʘ 10 ï 

30%, ʯʝʤ ʜʣʷ ʩʫʜʦʚ ʥʘ ʜʠʟʝʣʝ [2]. ʊʨʫʜʥʦʩʪʠ ʩ ʙʫʥʢʝʨʦʚʢʦʡ ʠ ʣʦʛʠʩʪʠʢʦʡ, ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʦʣʥʦʮʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʇɻ ʩʫʜʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʦʩʪʨʦʝʥʦ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʦʜʥʦ ʩʫʜʥʦ ʙʫʥʢʝʨʦʚʱʠʢ çɼʤʠʪʨʠʡ ʄʝʥʜʝʣʝʝʚè ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʠ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ, ʘ 

ʥʘ ɼʘʣʴʥʝʤ ʚʦʩʪʦʢʝ ʦʩʪʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʦʚʝʜʝʥʠʷ ʙʫʥʢʝʨʦʚʢʠ ʪʘʥʢʝʨʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʉʇɻ ʚ ʨʦʩʩʠʡʩʢʠʭ ʧʦʨʪʘʭ [3]. ʎʝʥʘ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʫʜʦʚ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʘ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʢʫʧʘʪʝʣʷ, ʧʫʪʝʤ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʯʘʩʪʠ 

ʧʦʪʨʘʯʝʥʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʫʜʥʘ. ʄʦʞʥʦ ʙʫʜʝʪ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʨʠʦʛʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʝʨʠʡʥʦʩʪʠ. 

ʅʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ. 

ʉʦʛʣʘʩʥʦ ʧʣʘʥʫ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʦʙʳʯʘ 

ʩʞʠʞʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʪʴʩʷ ʚ 6 ʨʘʟ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʥʘʯʝʥʠʡ 2018 

ʛʦʜʘ [4]. ɼʣʷ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʜʦʚʦʛʦ ʤʦʪʦʨʥʦʛʦ 

ʪʦʧʣʠʚʘ ʥʝʦʙʭʦʜʠʤʘ ʥʘʮʠʦʥʘʣʴʥʘʷ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʙʘʟʘ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʘ ʥʘ ʬʣʦʪʝ. ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʤʝʥʝʥʠʝ ʉʇɻ ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ ʪʦʣʴʢʦ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ [5,6]. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ ʩʪʘʪʴʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʝʡʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʥʳ ʦʧʠʩʳʚʘʶʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʧʨʘʚʠʣʘ ʧʨʠʝʤʢʠ, ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ ʠ ʭʨʘʥʝʥʠʝ ʉʇɻ, ʘ ʪʘʢʞʝ 

ʛʘʨʘʥʪʠʠ ʧʦʩʪʘʚʣʷʶʱʝʡ ʩʪʦʨʦʥʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ [7].ʪ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʘʥʜʘʨʪʳ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʝʥʠʡ 

ʢʘʩʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʠʷ ʙʫʥʢʝʨʦʚʢʠ ʉʇɻ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʟʨʳʚʦ-ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ [8]. ɼʣʷ 

ʙʝʟʦʧʘʩʥʦʡ ʙʫʥʢʝʨʦʚʢʠ ʩʫʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʥʠʝ, ʢʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʦʥʘ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥʜʘʨʪʝ ʄɸʂʆ: IACS Rec 142 LNG 

bunkering guidelines ʚ ʧ. 3.2 ʦʧʠʩʘʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʙʫʥʢʝʨʦʚʢʠ ʩʫʜʦʚ 

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʘʢʦ, ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ ɻʆʉʊ ʈ 70618-2022 ʥʝ ʦʧʠʩʘʥʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ [9,10]. ʉʣʝʜʫʝʪ ʘʢʪʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʜʦʢʫʤʝʥʪ ʠ ʜʦʧʦʣʥʠʪʴ 

ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʳʭ ʜʦʢʫʤʝʥʪʦʚ.  

ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʱʝ ʥʝ ʩʦʟʜʘʥ ʩʪʘʥʜʘʨʪ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʡ ʧʨʠʤʝʥʝʥʠʝ ʉʇɻ ʥʘ ʩʫʜʘʭ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ, ʢʘʢ ʜʣʷ 

ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʪʨʘʥʩʧʦʨʪʘ, ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʝʥʠʷ, 

ʫʯʠʪʳʚʘʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʦʤʠʤʦ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʭʚʘʪʢʘ ʚ ʥʦʨʤʘʪʠʚʥʦ - 

ʧʨʘʚʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʦʧʠʩʘʥ ʧʣʘʥ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʫʜʦʚ ʥʘ ʉʇɻ. ʅʝ 

ʩʤʦʪʨʷ ʥʘ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ ʥʝʜʦʩʪʘʪʢʠ, ʚʝʜʝʪʩʷ ʧʣʘʥʦʚʘʷ ʨʘʙʦʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʟʜʘʥʠʷ ʨʝʯʥʦʛʦ ʠ ʤʦʨʩʢʦʛʦ ʬʣʦʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ɼʣʷ ʫʩʧʝʰʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ 2025 ʛʦʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʯʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ, ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ 

ʙʫʢʩʠʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʘʟʦʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ, ʚʢʣʶʯʘʶʱʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʪʘʢʠʭ ʩʫʜʦʚ ʚ 

2025-2030 ʛʦʜʘʭ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʣʴʛʦʪʥʳʭ ʢʨʝʜʠʪʦʚ, ʘ ʪʘʢʞʝ ʪʘʨʠʬʥʦ-ʥʘʣʦʛʦʚʳʭ ʣʴʛʦʪ 

ʤʦʛʫʪ ʫʩʢʦʨʠʪʴ ʨʘʩʰʠʨʝʥʠʝ ʧʘʨʢʘ ʉʇɻ ʩʫʜʦʚ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʤʝʨʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʩʫʜʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ (ʉʇɻ) 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʟʘʢʨʝʧʣʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʘʭ: 

ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 27 ʘʧʨʝʣʷ 2017 ʛ. ˉ 502 ʠ ʇʦʩʪʘʥʦʚʣʝʥʠʶ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 4 ʜʝʢʘʙʨʷ 2019 ʛ. ˉ 1584. ɼʘʥʥʳʝ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʫʪʚʝʨʞʜʘʶʪ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʧʨʘʚʠʣʘ ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʯʘʩʪʠ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʦʩʪʨʦʡʢʫ ʠʣʠ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ñʵʢʦʣʦʛʠʯʥʳʭ ʩʫʜʦʚò. 

ɸʥʘʣʠʟ ʨʳʥʢʘ ʬʣʦʪʘ ʉʇɻ. 

ʇʣʘʥʳ ʥʘ ʧʦʩʪʨʦʡʢʫ ʩʫʜʦʚ ʧʦ ʪʠʧʘʤ ʠ ʚʝʨʬʷʤ ʠʟʛʦʪʦʚʠʪʝʣʷʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [3], ʜʦ 2027 

ʛʦʜʘ ʧʦ ʧʣʘʥʫ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ 13 ʩʫʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
ʊʘʙʣʠʮʘ 1 

ʇʣʘʥ ʧʦʩʪʨʦʡʢʠ ʩʫʜʦʚ ʩ 2024 ʧʦ 2027 ʛʛ. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʧʦʩʪʨʦʝʥʳ ʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʩʫʜʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʉʇɻ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʪʘʢʠʝ, ʢʘʢ ʨʝʯʥʦʝ ʧʨʦʛʫʣʦʯʥʦʝ-ʵʢʩʢʫʨʩʠʦʥʥʦʝ ʩʫʜʥʦ ñʏʘʡʢʘ-

ʉʇɻò, ʪʘʥʢʝʨ ʢʣʘʩʩʘ çɸʬʨʘʤʘʢʩè çɺʣʘʜʠʤʠʨ ʄʦʥʦʤʘʭè. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ ʢʨʫʧʥʦʡ 

ʩʫʜʦʚʣʘʜʝʣʴʯʝʩʢʦʡ ʢʦʤʧʘʥʠʡ, ʢ 2030 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʩʪʨʦʡʢʘ ʝʱʝ ʧʦʨʷʜʢʘ 30 ʤʦʨʩʢʠʭ 

ʠ 40 ʨʝʯʥʳʭ ʩʫʜʦʚ ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ [11,12]. ʉʪʨʫʢʪʫʨʘ ʩʫʜʦʚ ʥʘ ʉʇɻ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʘʨʢ ʩʫʜʦʚ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ ʪʦʧʣʠʚʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ - ʧʦʷʚʣʷʝʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʚʠʪʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ. ʆʪʝʯʝʩʪʚʝʥʥʦʝ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʝ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʥʝ ʚʳʧʫʩʢʘʝʪ 

ʩʝʨʠʡʥʦ ʩʫʜʦʚʳʝ ɼɺʉ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʥʘ ʉʇɻ, ʦʜʥʘʢʦ ʝʩʪʴ ʢʦʤʧʘʥʠʠ, 

ʢʦʪʦʨʳʝ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʩʤʦʛʫʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʜʚʠʛʘʪʝʣʠ ʪʘʢʦʛʦ ʪʠʧʘ ʩʝʨʠʡʥʦ, ʥʘʧʨʠʤʝʨ: 

ɸʆ ñʈʋʄʆò, ʆʆʆ çʇʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʂɸʄɸɿè, ʆʆʆ "ʅʇʂ 

ɻʦʜ ʀʤ ̫ ʊʠʧ ʩʫʜʥʘ ɺʣʘʜʝʣʝʮ ɺʝʨʬʴ 

2024 
ʅʫʨʩʫʣʪʘʥ 

ʅʘʟʘʨʙʘʝʚ 
ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 

2024 
ɺʘʣʝʥʪʠʥ 

ʇʠʢʫʣʴ 
ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 

2024 2368 ʊʘʥʢʝʨ-ʯʝʣʥʦʢ ʉʦʚʢʦʤʬʣʦʪ Samsung 

2024 
ɸʣʝʢʩʘʥʜʨ 

ɹʝʛʛʨʦʚ 
ʅʝʬʪʷʥʦʡ / ʭʠʤʠʯʝʩʢʠʡ ʉʦʚʢʦʤʬʣʦʪ ɿʚʝʟʜʘ 

2024 
ɸʣʝʢʩʝʡ 

ɹʦʛʦʣʶʙʦʚ 
ʅʝʬʪʷʥʦʡ / ʭʠʤʠʯʝʩʢʠʡ ʉʦʚʢʦʤʬʣʦʪ ɿʚʝʟʜʘ 

2024 
ʀʚʘʥ 

ɸʡʚʘʟʦʚʩʢʠʡ 
ʅʝʬʪʷʥʦʡ / ʭʠʤʠʯʝʩʢʠʡ ʉʦʚʢʦʤʬʣʦʪ Samsung 

2025 ʙʝʟ ʠʤʝʥʠ ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 

2026 ʙʝʟ ʠʤʝʥʠ 
ʄʘʣʦʪʦʥʥʘʞʥʳʡ ʉʇɻ 

ʪʘʥʢʝʨ 
- - 

2026 ʙʝʟ ʠʤʝʥʠ 
ʄʘʣʦʪʦʥʥʘʞʥʳʡ ʉʇɻ 

ʪʘʥʢʝʨ 
- - 

2026 ʙʝʟ ʠʤʝʥʠ ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 

2026 ʙʝʟ ʠʤʝʥʠ ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 

2027 ʙʝʟ ʠʤʝʥʠ ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 

2027 ʙʝʟ ʠʤʝʥʠ ʅʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʈʦʩʥʝʬʪʝʬʣʦʪ ɿʚʝʟʜʘ 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ʄʦʨʩʚʷʟʴʘʚʪʦʤʘʪʠʢʘ", ʆʆʆ çɺʦʣʞʩʢʠʝ ʀʥʜʫʩʪʨʠʘʣʴʥʳʝ ɼʚʠʛʘʪʝʣʠè. ɼʘʥʥʳʝ ʬʠʨʤʳ 

ʣʠʙʦ ʫʞʝ ʧʨʝʜʩʪʘʚʠʣʠ ʧʨʦʪʦʪʠʧʳ ɼɺʉ, ʣʠʙʦ ʫʞʝ ʠʟʛʦʪʦʚʠʣʠ ʠ ʧʦʩʪʘʚʠʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʘ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʢʦʤʧʘʥʠʷ ʆʆʆ çʇʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʂɸʄɸɿè 

ʧʦʩʪʘʚʠʣʘ ʩʚʦʠ ʜʚʠʛʘʪʝʣʠ ʥʘ ʩʫʜʥʦ ʧʨʦʝʢʪʘ 03622 çʏʘʡʢʘ-ʉʇɻè [13]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʜʘ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʉʇɻ, ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʛʣʦʙʘʣʴʥʘʷ ʪʝʥʜʝʥʮʠʷ 

ʢ ʵʢʦʣʦʛʠʟʘʮʠʠ ʩʫʜʦʭʦʜʩʪʚʘ ʜʝʣʘʶʪ ʝʛʦ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʢʘʢ ʜʣʷ ʩʫʜʦʭʦʜʥʳʭ 

ʢʦʤʧʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ. 

 
ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʘ ʩʫʜʦʚ ʩ ʜʚʠʛʘʪʝʣʷʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʉʇɻ [3] 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʨʘʟʚʠʪʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ ʙʫʥʢʝʨʦʚʢʝ ʩʫʜʦʚ, ʣʦʢʘʣʠʟʘʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʙʘʣʣʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʠʟʝʣʝʡ ʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʨʳʥʦʢ ʩʫʜʦʚ ʥʘ ʛʘʟʦʤʦʪʦʨʥʦʤ 

ʪʦʧʣʠʚʝ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ. 
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ɺʦʣʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʩʯʠʪʘʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʵʢʦʥʦʤʠʯʥʳʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʥʠʭ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʪʝʧʣʘ: ʦʢʦʣʦ 30ï40% 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʫʭʦʜʠʪ ʩ ʦʪʨʘʙʦʪʘʚʰʠʤʠ ʛʘʟʘʤʠ, ʘ 10ï20% ð ʩ ʦʭʣʘʞʜʘʶʱʠʤʠ 

ʩʨʝʜʘʤʠ. ɼʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʨʝʯʥʳʭ ʩʫʜʘʭ, ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʚ 

60-90 ʛʦʜʘʭ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʄʦʨʘʣʴʥʦ ʜʚʠʛʘʪʝʣʠ ʫʞʝ 

ʫʩʪʘʨʝʣʠ, ʥʘ ʥʠʭ ʦʪʩʫʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ ʢʘʢʦʡ-ʣʠʙʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, ʘ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʦʥʠ ʫʞʝ ʜʘʚʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʚʠʛʘʪʝʣʠ, ʟʘ 

ʚʨʝʤʷ ʩʚʦʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʯʪʠ ʠʩʯʝʨʧʘʣʠ ʩʚʦʡ ʨʝʩʫʨʩ ʧʦ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ, ʘ ʟʘʪʨʘʪʳ ʥʘ 

ʥʦʚʳʝ ʜʝʪʘʣʠ ʠ ʨʘʙʦʪʳ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʩʨʘʚʥʠʤʳ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʦʢʫʧʢʫ 

ʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʇʦ ʜʘʥʥʳʤ ʧʨʠʯʠʥʘʤ ʧʨʝʜʣʦʞʝʥʘ ʯʘʩʪʠʯʥʘʷ ʠʭ ʟʘʤʝʥʘ ʥʘ 

ʧʘʨʦʪʫʨʙʠʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʠʭ ʚ ʭʦʜʦʚʦʤ ʨʝʞʠʤʝ ʩʫʜʥʘ, ʧʦʟʚʦʣʠʪ 

ʠʩʢʣʶʯʠʪʴ ʧʦʣʥʦʩʪʴʶ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ, ʪʘʢ 

ʢʘʢ ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʥʘ ʧʘʨʫ ʛʝʥʝʨʠʨʫʝʤʦʤ ʫʪʠʣʠʟʘʮʠʦʥʥʳʤʠ 

ʢʦʪʣʦʘʛʨʝʛʘʪʘʤʠ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʪʨʘʢʪʝ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʛʣʘʚʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ. ɺʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʦʢ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ ʙʫʜʫʪ ʧʠʪʘʪʴʩʷ 

ʧʘʨʦʤ ʦʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʢʦʪʣʦʘʛʨʝʛʘʪʘ. ʇʦʩʪʘʥʦʚʢʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʧʦʟʚʦʣʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʠʭ ʨʘʙʦʪʫ, ʦʙʝʩʧʝʯʠʪ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ   ʥʘ ʩʫʜʘʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʣʘʚʘʥʠʷ. 
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Abstract. Internal combustion engines are considered to be among the most economical. 

However, significant heat losses also occur in them: about 30-40% of the thermal energy goes 

with exhaust gases, and 10-20% with cooling media. Diesel generators, which are installed on 

river vessels, were produced in the 60-90 years and are still in operation. Morally, the engines 

are already outdated, they lack elements of any automation, and they have not met the 
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requirements of environmental standards for a long time. The engines themselves, during their 

operation, have almost exhausted their resource in terms of wear and tear, and the cost of new 

parts and major repairs is comparable to the cost of buying new engines. For these reasons, a 

partial replacement with steam turbine generators has been proposed. Their operation in the 

ship's running mode will completely eliminate the fuel consumption of the auxiliary power 

plant, since the steam turbines will be powered by steam generated by the recovery boilers 

installed on the exhaust gas path of the main engines. During shutdowns of the main engines, 

the steam turbines will be powered by steam from an auxiliary boiler unit. The installation of 

steam generators will significantly improve their operation, ensure efficiency and environmental 

friendliness on inland navigation vessels. 

 

Keywords: steam turbine installations, heat recovery, generators, fuel, auxiliary installations. 

 

ɺʚʝʜʝʥʠʝ 
ʇʘʨʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʠʟʝʣʴʥʦʡ, ʣʝʛʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʧʪʠʤʘʣʴʥʫʶ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʚʦʡʩʪʚʫ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʧʘʨʦʪʫʨʙʦʭʦʜʘʭ, ʩʥʠʟʠʚ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʜʦ 80 ʦʙ/ʤʠʥ ʠ 

ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʚʨʘʱʘʶʱʠʝʩʷ ʚʠʥʪʳ, ʫʜʘʣʦʩʴ ʫʤʝʥʴʰʠʪʴ ʤʦʱʥʦʩʪʴ 

ʫʩʪʘʥʦʚʢʠ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʟʘʜʘʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ) ʥʘ 14ï16%. 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ ʧʘʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚʳʰʝ, ʯʝʤ 

ʫ ʜʠʟʝʣʴʥʳʭ. ʅʘʧʨʠʤʝʨ, ʟʘ 10 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʫʨʙʠʥ ʥʘ ʪʘʥʢʝʨʘʭ ʪʠʧʘ çʉʦʬʠʷè ʧʨʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʚʩʢʨʳʪʠʷʭ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ ʧʦʪʨʝʙʦʚʘʣʩʷ ʨʝʤʦʥʪ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ. 

ʏʠʩʣʦ ʦʩʪʘʥʦʚʦʢ ʚ ʩʣʝʜʩʪʚʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʥʘ 1000 ʯʘʩʦʚ ʨʘʙʦʪʳ ʧʘʨʦʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʩʫʜʦʚ ʪʠʧʘ çʃʝʥʠʥʩʢʠʡ ʂʦʤʩʦʤʦʣè ʠ çʉʦʬʠʷè ʩʦʩʪʘʚʠʣʦ 0,2 ï 

0,15%, ʘ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʧʨʠʯʠʥ ʚʳʥʫʞʜʝʥʥʦʡ ʦʩʪʘʥʦʚʢʠ ʚ ʩʨʝʜʥʝʤ ʟʘʪʨʘʯʠʚʘʣʦʩʴ 1,5 ï 4,5 

ʯʘʩʘ. ʈʝʤʦʥʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʚʩʣʝʜʩʪʚʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ, ʫʤʝʥʴʰʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʠʟʝʣʴʥʳʤʠ. ʅʝ ʤʘʣʦ ʚʘʞʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ ʛʘʙʘʨʠʪʥʳʝ ʠ 

ʤʘʩʩʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ. ʆʥʠ ʙʣʘʛʦʧʨʠʷʪʥʝʝ ʜʠʟʝʣʴʥʳʭ. ʄʘʩʩʘ ʧʘʨʦʚʦʡ 

ʪʫʨʙʠʥʳ ʧʨʠ ʨʘʚʥʦʡ ʤʦʱʥʦʩʪʠ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʘʥʘʣʦʛʠʯʥʦʡ ʜʠʟʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

[1]. ɸ ʛʘʙʘʨʠʪʳ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʘʰʠʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʫʚʝʣʠʯʘʪʩʷ ʥʘ 5 ï 10 

ʤʝʪʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʫʨʙʠʥ.  

ʉʦʜʝʨʞʘʥʠʝ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ 

[2], ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʜʥʘ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, 

ʥʦ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʆʜʠʥ ʠʟ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʠʤʝʝʪ 

ʪʝʧʣʦʪʘ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ (260-650Áʉ), ʘ ʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʢʘʢ ʥʘʩʳʱʝʥʥʳʡ, ʪʘʢ ʠ ʧʝʨʝʛʨʝʪʳʡ ʧʘʨ ʜʘʚʣʝʥʠʝʤ ʜʦ 1.5 ʄʧʘ ʚ 

ʫʪʠʣʠʟʘʮʠʦʥʥʳʭ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ ʧʘʨʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [3], ʧʨʠʚʦʜʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʇʨʝʜʣʘʛʘʝʤ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʧʨʝʞʥʠʭ ʜʠʟʝʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʥʘ ʧʘʨʦʪʫʨʙʠʥʥʳʝ 

ʛʝʥʝʨʘʪʦʨʳ, ʧʘʨʦʚʳʝ ʪʫʨʙʠʥʳ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʨʘʩʭʦʜʦʚʘʪʴ ʧʘʨ ʛʝʥʝʨʠʨʫʝʤʳʡ 

ʫʪʠʣʠʟʘʮʠʦʥʥʳʤʠ ʢʦʪʣʦʘʛʨʝʛʘʪʘʤʠ ʥʘ ʨʝʯʥʳʭ ʩʫʜʘʭ ʠʤʝʶʱʠʭ ʧʘʨʦʚʫʶ ʩʠʩʪʝʤʫ. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʠ ʵʥʝʨʛʦʨʝʩʫʨʩʳ, ʧʦʪʨʝʙʣʷʝʤʳʝ ʜʠʟʝʣʴʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ - ʠʩʢʣʶʯʘʶʪʩʷ, ʘ 

ʨʘʙʦʪʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʦʪʳ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ 

ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʩʤ. ʨʠʩʫʥʦʢ 1).  
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

ɼʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʘʥʥʳʝ ʫʪʠʣʠʟʘʮʠʦʥʥʳʝ ʢʦʪʣʦʘʛʨʝʛʘʪʳ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʥʘ ʤʥʦʛʠʭ 

ʩʫʜʘʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʥʠ 

ʙʫʜʫʪ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʘʨʘ ʜʣʷ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ. ʊʫʨʙʠʥʘ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ 

ʥʘ ʛʝʥʝʨʘʪʦʨ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʯʥʦ ʠ ʵʢʦʣʦʛʠʯʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʘ 

ʥʫʞʜʳ ʩʫʜʥʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʪʘ ʧʘʨʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʫʜʥʝ 

1. ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ; 2. ʫʪʠʣʠʟʘʮʠʦʥʥʳʡ ʢʦʪʣʦʘʛʨʝʛʘʪ; 3. ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

ʢʦʪʣʦʘʛʨʝʛʘʪ; 4. ʧʘʨʦʚʦʡ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨ; 5. ʢʦʥʜʝʥʩʘʪʦʨ; 6. ʪʝʧʣʳʡ ʷʱʠʢ; 7. ʧʠʪʘʪʝʣʴʥʳʡ 

ʥʘʩʦʩ; 8. ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ; 9. ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʰʠʙʝʨʥʘʷ ʟʘʩʣʦʥʢʘ 

 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʤʝʩʪʦ ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʥʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʫʜʥʘ ʩ ʧʦʣʥʦʡ ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʦʡ. ɼʘʥʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ:  

1. ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ; 

2. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʰʠʨʝʥʠʷ ʧʘʨʘ ʜʦ ʚʝʩʴʤʘ ʥʠʟʢʦ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ; 

3. ʆʪʩʫʪʩʪʚʠʝ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ; 

4. ʅʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ; 

5. ʉʦʩʨʝʜʦʪʦʯʝʥʠʝ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ ʚ ʦʜʥʦʤ ʘʛʨʝʛʘʪʝ; 

6. ʂʦʤʧʘʢʪʥʦʩʪʴ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ; 

7. ʄʘʣʳʝ ʚʠʙʨʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ; 

8. ʆʪʣʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʢ ʤʘʩʩʝ. 

9. ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ; 
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ʄʘʪʝʨʠʘʣʳ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

10. ʕʢʦʥʦʤʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ (ʪʦʧʣʠʚʦ ʠ ʤʘʩʣʦ);  

11. ʊʘʢ ʞʝ ʢ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ. 

ʂ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʘʤ ʧʘʨʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʦʪʥʦʩʠʪʩʷ: 

1. ʅʝ ʨʝʚʝʨʩʠʚʥʦʩʪʴ; 

2. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʧʘʨʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʂʇɼ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʥʝ ʧʦʣʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʆʜʥʘʢʦ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʧʨʦ ʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʠʣʠʷ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚʦ ʚʨʝʤʷ 

ʨʘʙʦʪʳ. ɺ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʧʘʨʦʚʳʭ ʪʫʨʙʠʥʘʭ, ʢʨʦʤʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʫʩʠʣʠʡ, ʢʦʪʦʨʳʝ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʨʘʙʦʯʠʝ ʣʦʧʘʪʢʠ ʩʦʟʜʘʶʪ ʧʦʣʝʟʥʳʡ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ, ʥʘ ʨʦʪʦʨ 

ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʚʘʣʘ. ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʪʦʢʘ ʧʘʨʘ ʦʥʠ ʩʪʨʝʤʷʪʩʷ ʩʜʚʠʥʫʪʴ ʨʦʪʦʨ. ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʦʚ 

ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ ʩʦʟʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʩʝʚʳʝ ʫʩʠʣʠʷ, 

ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʥʘʛʨʫʟʢʫ ʥʘ ʫʧʦʨʥʳʡ ʧʦʜʰʠʧʥʠʢ. ʏʪʦʙʳ ʩʥʠʟʠʪʴ ʵʪʠ ʫʩʠʣʠʷ, ʩʪʨʝʤʷʪʩʷ 

ʫʨʘʚʥʦʚʝʩʠʪʴ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʨʦʪʦʨ ʪʫʨʙʠʥʳ ʚ ʦʩʝʚʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʛʨʫʟʦʯʥʳʭ ʦʪʚʝʨʩʪʠʡ ʚ ʜʠʩʢʘʭ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʜʠʘʤʝʪʨʘ ʧʝʨʝʜʥʝʛʦ ʢʦʥʮʝʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʪʫʨʙʠʥʳ. ʈʘʟʛʨʫʟʦʯʥʳʝ ʦʪʚʝʨʩʪʠʷ ʩʥʠʞʘʶʪ 

ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ, ʘ ʫʚʝʣʠʯʝʥʥʳʡ ʜʠʘʤʝʪʨ ʫʧʣʦʪʥʝʥʠʡ ʩʦʟʜʘʝʪ ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʝ 

ʫʩʠʣʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʧʘʨʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʫʧʦʨʥʳʡ 

ʧʦʜʰʠʧʥʠʢ [4].  

ʆʜʥʦʛʦ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʘ ʪʦʯʥʝʝ ʥʝ ʨʝʚʝʨʩʠʚʥʦʩʪʠ ʧʘʨʦʚʳʭ 

ʪʫʨʙʠʥ, ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʫʪʝʤ ʨʘʙʦʪʳ ʪʫʨʙʠʥʳ ʥʘ ʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʨʘʱʝʥʠʷ. 

ʇʨʦʠʟʚʦʜʠʤʳʡ ʫʪʠʣʠʟʘʮʠʦʥʥʳʤʠ ʢʦʪʣʦʘʛʨʝʛʘʪʘʤʠ ʧʘʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʜʣʷ ʧʘʨʦʚʦʡ ʪʫʨʙʠʥʳ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ. ʏʪʦ ʚ ʥʦʤʠʥʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʅʦ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʧʘʨʘ ʚ ʪʫʨʙʠʥʫ ʦʥ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɻʝʥʝʨʠʨʫʝʤʳʡ 

ʚ ʫʪʠʣʠʟʘʮʠʦʥʥʳʭ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ ʧʘʨ ʷʚʣʷʝʪʩʷ ʚʣʘʞʥʳʤ ʠʣʠ çʦʩʪʨʳʤè, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʣʦʧʘʪʦʯʥʳʭ ʘʛʨʝʛʘʪʘʭ ʚ ʩʚʷʟʠ ʩ ʵʨʦʟʠʦʥʥʳʤ ʠʟʥʦʩʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ 

ʣʦʧʘʪʦʢ ʪʫʨʙʠʥʳ. ʏʪʦʙʳ ʵʪʦʛʦ ʠʟʙʝʞʘʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʨʦʧʝʨʝʛʨʝʚʘʪʝʣʴ, ʢʦʪʦʨʳʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʝʨʚʳʤ ʥʘ ʧʫʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. ʊʘʢʞʝ ʦʥ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʦʜʘʯʠ ʧʘʨʘ 

ʚ ʪʫʨʙʠʥʫ ʩ ʚʳʩʦʢʦʡ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʪʘʢ ʢʘʢ ʧʦ ʤʝʨʝ ʧʨʦʭʦʞʜʝʥʠʷ ʩʢʚʦʟʴ 

ʪʫʨʙʠʥʫ ʧʘʨ ʨʘʩʰʠʨʷʝʪʩʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʝʨʷʝʪ ʩʚʦʶ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʠʤʝʪʴ ʟʘʧʘʩ. ʊʘʢʞʝ ʧʦʜʘʚʘʝʤʳʡ ʧʘʨ ʥʫʞʥʦ ʩʝʧʘʨʠʨʦʚʘʪʴ, ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʧʦʧʘʜʘʥʠʷ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʘʨʘ ʚ 

ʪʫʨʙʠʥʫ [5]. 

ɼʣʷ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʪʠʣʠʟʘʮʠʠ ʪʝʧʣʘ, ʝʩʪʴ ʛʦʪʦʚʳʝ ʨʝʰʝʥʠʷ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ. ʆʜʥʠʤ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʧʘʨʦʚʳʭ ʪʫʨʙʦʘʛʨʝʛʘʪʦʚ ʥʘ ʨʳʥʢʝ 

ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʣʦʯʥʳʝ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ çʂʘʣʫʞʩʢʠʡ 

ʪʫʨʙʠʥʥʳʡ ʟʘʚʦʜè, ʢʦʤʧʘʥʠʠ ʚ ɹʝʣʦʨʫʩʩʠʠ çʇʈʆʄʇʈʀɺʆɼè (ʩʤ. ʨʠʩʫʥʦʢ 2). ʆʜʥʘʢʦ 

ʜʦʤʠʥʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʟʘʥʠʤʘʶ ʢʠʪʘʡʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʤʧʘʥʠʷ 

Qingdao Quickleader International Trade ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʘʨʦʚʳʝ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʚ 

ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʠ ʥʘʯʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʞʝʛʦ 

ʧʘʨʘ. ʊʫʨʙʦʛʝʥʝʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʦʩʪʘʚʣʷʶʪʩʷ ʚ ʩʦʙʨʘʥʥʦʤ ʚʠʜʝ ʥʘ ʦʙʱʝʡ ʨʘʤʝ ʠ 

ʜʨʫʛʠʝ. 

ɼʣʷ ʦʙʥʦʚʣʝʥʠʷ ʩʫʜʦʚ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʧʦʩʪʨʦʡʢʠ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʫʜʦʚ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʘʨʦʛʝʥʝʨʘʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ.  
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ʉʝʢʮʠʷ I. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ 

 
ʈʠʩʫʥʦʢ 2 ï ʊʫʨʙʦʛʝʥʝʨʘʪʦʨ ʥʘ ʦʙʱʝʡ ʨʘʤʝ ʚ ʩʙʦʨʝ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʩʫʜʥʘ, ʩʥʠʞʝʥʠʝ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʪʝʧʣʦʪʳ ʚ ʘʪʤʦʩʬʝʨʫ ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʳʤʠ. 

ʉʥʘʯʘʣʘ ʧʦʪʨʝʙʫʝʪʩʷ ʦʮʝʥʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʝʯʥʳʭ ʩʫʜʘʭ 

ʧʘʨʦʚʳʭ ʫʪʠʣʠʟʘʮʠʦʥʥʳʭ ʢʦʪʣʦʘʛʨʝʛʘʪʦʚ, ʚʳʜʝʨʞʘʪʴ ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʦʙʱʝʩʪʚ ʠ ʥʘʜʟʦʨʥʳʭ ʦʨʛʘʥʦʚ.   ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, 

ʧʘʨʦʚʳʝ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʪʘʢ ʢʘʢ ʧʘʨʦʚʳʝ ʧʦʨʰʥʝʚʳʝ 

ʤʘʰʠʥʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʨʘʡʥʝ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʝʨʠʡʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʳʙʦʨ ʙʣʦʯʥʦʛʦ ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʙʫʜʝʪ ʦʙʦʩʥʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʢʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʥʘʩʪʨʦʡʢʝ ʠ ʧʨʦʚʝʜʝʥʠʶ ʦʧʳʪʦʚ ʧʦ ʪʝʨʤʠʯʝʩʢʦʤʫ 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʥʘ ʩʪʝʥʜʝ. ʇʨʦʚʝʜʝʥʘ ʜʦʨʘʙʦʪʢʘ ʩʪʝʥʜʘ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʪʦʧʣʠʚʘ ʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʤʘʩʩʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʚʳʧʦʣʥʝʥʘ 

ʪʘʨʠʨʦʚʢʘ ʧʦ ʨʘʩʭʦʜʫ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʙʘʢʝ. 

ʆʧʨʝʜʝʣʝʥ ʧʣʘʥ ʦʪʩʝʠʚʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʠʥʠʤʫʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʦʧʳʪʘ ʢ ʜʨʫʛʦʤʫ. ʆʪʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ ʚʦʜʳ, ʪʝʨʤʠʯʝʩʢʦʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ, ʦʪʩʝʠʚʘʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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Abstract. Technical and design, organizational and metrological measures for setting up and 

conducting experiments on thermal neutralization of oily waters at the stand are considered. The 

stand for measuring fuel and oil-containing water consumption has been finalized in a mass 

manner, calibration for the consumption of oil-containing water has been performed depending 

on the pressure in the tank. A screening experiment plan has been defined that ensures a 

minimum of technological operations during the transition from one experiment to another. The 

methodology of conducting experiments has been developed. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚʩʣʝʜʩʪʚʠʝ 

ʧʨʦʪʝʯʝʢ ʚʦʜʳ, ʪʦʧʣʠʚʘ ʠ ʤʘʩʣʘ, ʢʦʥʜʝʥʩʘʮʠʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʥʘ ʭʦʣʦʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠ 

ʧʨʦʯʠʭ ʧʨʠʯʠʥ ʥʝʠʟʙʝʞʥʦ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ (ʅʉɺ). ʉʙʨʦʩ 

ʅʉɺ ʟʘ ʙʦʨʪ ʟʘʧʨʝʱʝʥ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ, ʘ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ ʩʫʜʘʭ ʜʣʷ 

ʦʯʠʩʪʢʠ ʅʉɺ, ʭʦʪʷ ʠ ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʅʉɺ, 

ʥʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʵʪʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʜʦʩʪʠʞʝʥʠʝ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʯʠʩʪʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʫʨʦʚʥʝ 

1...10 ppm ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʘʮʠʦʥʘʣʴʥʳʤ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, 

ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦʧʘʜʘʝʪ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ [1-6]. 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʫʪʠʣʠʟʘʮʠʠ ʅʉɺ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʣ ʙʳ ʧʦʣʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʚʦʜʳ. ɺʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ [6] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʥʫʶ ʫʪʠʣʠʟʘʮʠʶ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʧʦʩʦʙ ʪʝʨʤʠʯʝʩʢʦʛʦ 

(ʦʛʥʝʚʦʛʦ) ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ, ʠ ʨʘʟʣʦʞʝʥʠʝ 

ʥʝʬʪʝʦʩʪʘʪʢʘ ʩ ʝʛʦ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʞʠʛʘʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ ʜʣʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʨʦʩʦʚʫʶ ʪʝʧʣʦʪʫ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʛʣʘʚʥʳʭ ʠ/ʠʣʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ (ʦʛʥʝʚʦʛʦ) 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉɺ ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʩʧʳʣʝʥʠʝ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʛʘʟʦʚʳʧʫʩʢʥʦʡ 

ʩʠʩʪʝʤʝ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʣʦʠʟʫʯʝʥʦ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩ ʧʦʟʠʮʠʡ ʝʛʦ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʫʜʦʚʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʮʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʛʥʝʚʦʛʦ (ʪʝʨʤʠʯʝʩʢʦʛʦ) 

ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʉɺ ʥʘ ʙʘʟʝ ʩʫʜʦʚʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʀʟ-ʟʘ ʨʠʩʢʘ ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʩʪʝʥʜʝ [7] 

(ʨʠʩʫʥʦʢ 1), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ʚʳʩʪʫʧʘʝʪ ʛʘʟʦʚʘʷ ʛʦʨʝʣʢʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʝʥʜ ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʚʦʜ 




