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CALCULATION OF A TWO -BRANCHED COLUMN OF AN INDUSTRIAL BUILDING  

 

ɸʥʥʦʪʘʮʠ ̫

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʨʦʙʥʳʡ ʨʘʩʯʝʪ ʜʚʫʭʚʝʪʚʝʚʦʡ ʢʦʣʦʥʥʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ. ʎʝ-

ʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʥʦʨʤʘʪʠʚʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝ-

ʙʦʚʘʥʠʡ. 

Abstract 

This article describes a detailed calculation of the two-branched column of an industrial building. The aim 

of the work is to select the optimal design taking into account all regulatory and technical requirements. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʦʥʥʘ, ʨʘʤʘ, ʛʠʙʢʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʩʝʯʝʥʠʝ. 

Keywords: column, frame, flexibility, strength, section. 

 

1. ʈʘʩʯʝʪ ʥʘʜʢʨʘʥʦʚʦʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ  

ʇʨʠ ʰʠʨʠʥʝ ʩʝʯʝʥʠʷ ʢʦʣʦʥʥ 500ʤʤ ʠ ʚʳʩʦʪʝ 600ʤʤ ʜʣʠʥʘ ʥʘʜʢʨʘʥʦʚʦʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ 3700. 

1.1.1 ʈʘʩʯʸʪ ʩʝʯʝʥʠʡ ʚ ʧʣʦʩʢʦʩʪʠ ʨʘʤʳ 

ɿʘ ʨʘʩʯʝʪʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʫʩʠʣʠʡ ʧʨʠʥʷʪʦ ʩʦʯʝʪʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ (ʚ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤ ʩʤʳʩʣʝ) ʤʦ-

ʤʝʥʪʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʤʫ ʟʥʘʯʝʥʠʝʤ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ: 

ά̇ὥὼ ψχȟως ̋˚ȟ̍ὓρ ψρȟφχ ̋˚ȟ̍ὔ̒ ̏̏̓ς̃σρȟρ ̋ ȟ̊ὔρ ρψφȟτφ ̋ .̊ 

ɿʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʤʝʩʪʥʦʤʫ ʜʝʡʩʪʚʠʶ ʧʦʩʪʦʷʥʥʳʭ ʢʨʘʥʦʚʳʭ ʠ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʯʝʪʘʥʠʡ ɣ1=0,95, ɣ2=0,9. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ɔb2=1,1. 

ʅʘʜʢʨʘʥʦʚʘʷ ʚʝʪʚʴ ʠʤʝʝʪ ʩʧʣʦʰʥʦʝ ʩʝʯʝʥʠʝ ʩ ʨʘʟʤʝʨʘʤʠ: ς̊ σȟχ Ƞ̍ ὦ υππ ̍ Ƞ̍ Ὤς φππ ̍Ƞ Ὓ
ςππ ̍ Ƞ̍ Ὤ̃ ςυπ ̍ Ƞ̍ Ὤ̑ ̃ ρπυπ ̍ Ƞ̍ Ὤ̑ ̎ ςππ ̍ Ȣ̍  
ɹʝʪʦʥ ˏσπȠ Ὑὦ ρχ ̇˜Ƞ́ Ὑὦὸρȟρυ ̇˜Ȣ́ 
ʇʨʦʜʦʣʴʥʘʷ ʘʨʤʘʪʫʨʘ ʢʣʘʩʩʘ ˍτππȡ Ὑί  Ὑίὧ  σφυ˙˜́ σφȟυ̋Ⱦ̊̒ ̍ςȢ 
ʇʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ ʢʣʘʩʩʘ ˍςτπȡ Ὑίύ  ρχυ˙˜́ ρχȟυ ̋ Ⱦ̊̒ ̍ςȠ ˞  ρȟρ ̍Ȣ  

‫ πȟψυ πȟππψὙὦ πȟχρτȟὬπ πȟωὬ πȟωz φπ υτ ̒ Ƞ̍ ὥ φ ̒ Ƞ̍ 
‚Ὑ  ‫Ⱦρ Ὑίρ  ‫ȾρȟρȾτππ πȟυφ 

ὲȭ ὔȾ ‎ὦς Ὑὦ ὦ Ὤπ ςσρȟρȾρȟρz ρȟρυzυπzυτ πȟπχ 
ὰπ ςὌς ςz σȟχ φȟρτ̍φρτ ̒ Ȣ̍ 

ʆʧʨʝʜʝʣʷʝʤ ʤʦʤʝʥʪʳ ʄ1 ʠ ʄ1l ʦʪ ʧʦʣʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ N ʠ ʝʸ ʜʣʠʪʝʣʴʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʯʘʩʪʠ ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʦʩʠ ʘʨʤʘʪʫʨʳ: 

ὓρ ὓ ὔπȟυὬ ὥ ψχωςςσρȟρπȟυz φπ φ ρτσσψȟτ ̋˚̒Ƞ̍ 
ρ̇ὰ  ὓρ ὔρπȟυὬ ὥ  ψρφχρψφȟτφπȟυz φπ φ ρςφτςȟπτ ̋˚̒Ȣ̍ 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʜʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘʛʨʫʟʢʠ: 

‰ρ ρ ‍ ̇ρὰȾ ὓρ ρ ρz ρςφτςȟπτȾρτσσψȟτ ρȟψψȟ 
Ὡπ ὓȾὔ πȟσψ ̍ 

άὭὲπȟυ‏ πȟπρὰπȾὬ πȟπρ ‎ὦς Ὑὦ πȟυ πȟπρzφρτȾφπ πȟπρzρȟρz ρχ πȟςρ 
‏ ὩπȾὬ σψȾφπ πȟφσ ‏άὭὲπȟςρ 
ὐ ὦὬσȾρς υπzφπσȾρς ωπππππ ̒̍τȢ 

ɿʘʜʘʸʤʩʷ ʚʝʣʠʯʠʥʦʡ ʘʨʤʠʨʦʚʘʥʠʷ: ɛ=0,002 

ὃί  ὃίȭ  ‘ ὦὬπ πȟππςυπυτ υȟτ ̒ ς̍Ƞ 
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ὐί πȟυ ὃίὬπ ὥς πȟυz υȟτz υτ φς φςςπ ̒ τ̍Ƞ 
a ὉίȾὉὦ ςz ρπυȾςȟτz ρπτ ψȟσσ 

ʋʩʣʦʚʥʘʷ ʢʨʠʪʠʯʝʩʢʘʷ ʩʠʣʘ: 

ὔὧὶφȟτὉὦὐπȟρρȾπȟρ ‏  ὥρȾ‰ρ aὐίȾὰπ  
φȟτz ςȟτz ρπσωππππππȟρρȾπȟρ πȟφσ πȟρȾρȟψψ  ψȟσz φςςπȾφρτρψωπ ̋ Ȣ̊ 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʛʠʙʘ: 

– ρȾρ ὔȾὔὧὶ ρȾρ ςσρȟρȾρψωπρȟρτ 
ȭ‏ ὥȾὬπ φȾυτ πȟρρȢ 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ N ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʘʨʤʘʪʫʨʳ As: 

̆ π̆ – πȟυὬ ὥ σψρȟρτ πȟυφπ φ ςωȟσς ̒ Ȣ̍ 
ɿʘʜʘʚʘʷʩʴ ʩʠʤʤʝʪʨʠʯʥʳʤ ʘʨʤʠʨʦʚʘʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʤ: 

aȭ ὲȭὩȾὬπ ρ ὲȭȾςȾρ ȭ‏  πȟπχςωȟσςȾυτ ρ πȟπχȾςȾρ πȟρρ πȟπσσπȠ 
‚ ὲȭρ  ‚Ὑ ςaȭ ‚ὙȾ ρ  ‚Ὑ ςaȭ πȟπχρ πȟυω ςz πȟπσσzπȟυωȾρ πȟυω ςz πȟπσσ

 
πȟπςωχ ‚Ὑ πȟυω 

ʇʨʠʥʠʤʘʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ : ςzςπ ̱τππ ὃί  ὃίȭ ρςȟυφ ̒ ς̍Ȣ 
ʉʝʯʝʥʠʝ 4-4 

ɿʘ ʨʘʩʯʝʪʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʫʩʠʣʠʡ ʧʨʠʥʷʪʦ: 

ά̇ὥὼ φυωȟρτ ̋˚ȟ̍ὓρ  τωρȟωρ ̋˚ȟ̍ὔ̒ ̏̏̓φ̃φφȟτσ̋ȟ̊ὔρ συωȟττ ̋ ȟ̊ὗ ςψȟχψ ̋ Ȣ̊ 
ɿʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʚʤʝʩʪʥʦʤʫ ʜʝʡʩʪʚʠʶ ʧʦʩʪʦʷʥʥʳʭ, ʢʨʘʥʦʚʳʭ ʠ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʯʝʪʘʥʠʡ ɣ1=0,95, ɣ2=0,9. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ɔb2=1,1.  

ʇʦʜʢʨʘʥʦʚʘʷ ʚʝʪʚʴ ʠʤʝʝʪ ʩʧʣʦʰʥʦʝ ʩʝʯʝʥʠʝ ʩ ʨʘʟʤʝʨʘʤʠ: ρ̊ ρσȟσ ̍Ƞ Ὠ ρσππ ̍ Ƞ̍ Ὓ
ςππ ̍ Ƞ̍ Ὤ̃ ςυπ ̍ Ƞ̍ Ὤ̑ ̃ ρπυπ ̍ Ƞ̍ Ὤ̑ ̎ ςππ ̍ Ȣ̍ 
ὰπ ρȟυὌ ρȟυρσȟσ ρωȟωυ ̍Ȣ 
ʇʨʠʚʝʜʸʥʥʳʡ ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ ʩʝʯʝʥʠʷ: 

ὭὶὩὨ πȟςυὅςȾρ σὅςȾὲςὬς̃‪ς πȟυ πȟςυzρρπςȾρ σὅ ρzρπςȾςςz ςςυzρȟυς πȟυ ςπ ̒  ̍
ʇʨʠʚʝʜʸʥʥʘʷ ʛʠʙʢʦʩʪʴ ʧʦʜʢʨʘʥʦʚʦʡ ʚʝʪʢʠ: 

‗ὶὩὨὰπȾὭὶὩὨρωωυȾςπ ωωȟψ ρτ 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤ ʫʯʸʪ ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʛʠʙʘ: 

Ὡπ ὓȾὔ πȟςσ ̍Ƞ ὐ ςὦὬ̃Ⱦρς  ὦὬ̃ὅςȾτ  χȟφωρπφ ̒̍τȠ 
ὓρ ὓάὥὼὔὅȾς φυωρτφφφȟτσzρρπȾς ρπςυφχȟφυ ̋˚̒Ƞ̍ 
ὓρὰ ὓρ  ὔρὅȾς τωρωρσυωȟττzρρπȾς φψωφπ̋˚̒̍Ƞ 

 ρ ρ  ὓρὰȾ ὓρ ρ φψωφπȾρπςυφχȟφυ ρȟφχȠ 
‏ ὩπȾὨ ςςȟψȾρσππȟρχυȠ 

άὭὲπȟυ‏ πȟπρὰπȾὨ πȟπρὙὦ ‎ὦς πȟυ πȟπρzρωωυȾρσππȟπρzρȟρz ρχ ρȟςρχ 
ʇʨʠʥʷʪʦ ‏ άὭὲπȟςςȠ a‏  ψȟσσȢ 
ɿʘʜʘʸʤʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʨʤʠʨʦʚʘʥʠʷ ɛ=0,002: 

ὐί ς‘ὦὬ̃ὅςȾτ ςz πȟππςzυπzςυzρρπςȾτ ρυρππ̒̍τȢ 
ὔὧὶφȟτὉὦὐz πȟρρȾπȟρ ὥρȾ  ρ ‏   aὐίȾὰπς  

φȟτz ςȟτz ρπτ χȟφωρπφz πȟρρȾπȟρ πȟςς πȟρȾρȟφχ ψȟσσzρυρππȾρωωυς ψχτφ̋˚Ƞ 
– ρȾρ ὔȾὔὧὶ ρȾρ φφφȟτσȾψχτφρȟπψ 

ʆʧʨʝʜʝʣʷʝʤ ʫʩʠʣʠʷ ʚ ʚʝʪʚʷʭ: 

ὔ̃ πȟυὔ ὓ –Ⱦὅ φφφȟτσȾς φυωρτρzȟσςȾρρπσσσȟςς χωπȟωχ 
ὔ̃ ρ ρρςτȟρω ̋ Ƞ̊ ὔ̃ ς τυχȟχυ ̋ Ƞ̊ Ὓ ςππ ̒ Ȣ̍ 

ʄʦʤʝʥʪʳ ʚ ʚʝʪʚʷʭ: 

˙̃ ὗὛȾτ σz ςππρυπ̋˚̒̍Ƞ 
Ὡπρ ὓ Ⱦ̃ ὔ̃ ρ ρυπȾρρςτȟρω πȟρσ Ὡπ Ὤ̃Ⱦσπ πȟψσὧ̍Ȣ 

ʇʨʠʥʷʪʦ: 

ὥ ὥ σ̒Ƞ̍ 
Ὡ Ὡπ  Ὤ̃Ⱦς ὥ πȟψσ πȟςυ σ ρπȟσ̒Ƞ̍ Ὤπ ςυ σ ςς ̒ Ƞ̍ 

ὲ  ὔ̃ ρȾ Ὑὦ ‎ὦςὦὬπ ρρςτȟρωȾρȟρz ρȟρυzυπzςς πȟψρȠ 
a ὲὩȾὬπ ρ ὲȾςȾρ ȭ‏ πȟψρρπȟσȾςς ρ πȟψρȾς ρ πȟρρ πȟπτ πȢ 

ʊʘʢ ʢʘʢ a=<0, ʪʦ ʧʨʠʥʠʤʘʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ: τzρφ ̱ ὍὍὍ ὃί  ὃȭί ψȟπτ ̒ ς̍Ȣ 
ɺʝʨʭʥʷʷ ʨʘʩʧʦʨʢʘ: 

ɸʨʤʠʨʦʚʘʥʠʝ ʚʝʨʭʥʝʡ ʨʘʩʧʦʨʢʠ ʧʨʠʥʠʤʘʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. ɺ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʟʦʥʘʭ ʧʦ ʜʚʘ ʧʨʦ-

ʜʦʣʴʥʳʭ ʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ʢʣʘʩʩʘ ɸ400 (As= Aôs =4,02 ʩʤ2> Aôsmin=0,0005bh0. ʀʟ ʘʨʤʘʪʫʨʳ ʵʪʦʛʦ 

ʞʝ ʜʠʘʤʝʪʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʜʚʘ ʥʘʢʣʦʥʥʳʭ ʩʪʝʨʞʥʷ. 

ʊʘʢ ʢʘʢ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ ʨʘʩʧʦʨʢʠ ʧʨʝʚʳʰʘʝʪ 700 ʤʤ, ʪʦ ʫ ʙʦʢʦʚʳʭ ʝʸ ʛʨʘʥʝʡ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʧʦ ʜʚʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʩʪʝʨʞʥʷ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʩ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ ʫ ʢʘʞʜʦʛʦ ʩʪʝʨʞʥʷ: 

ὃί πȟχψυ ̒ ς̍  ὃίάὭὲπȟππρὬ ὥ ὥ ςzπȾσ πȟφφ̒ ς̍Ȣ 
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ʇʦʧʝʨʝʯʥʫʶ ʘʨʤʘʪʫʨʫ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʧʨʠʥʠʤʘʷ ʭʦʤʫʪʳ Ï ɸ200 ʩ ʰʘʛʦʤ 

Sw=400 ʤʤ<Sw=500 ʤʤ. ɺʩʶ ʧʨʦʜʦʣʴʥʫʶ ʥʘʢʣʦʥʥʫʶ ʠ ʧʦʧʝʨʝʯʥʫʶ ʘʨʤʘʪʫʨʳ ʦʙʲʝʜʠʥʷʝʤ ʚ ʜʚʘ ʩʚʘʨʥʳʭ 

ʢʘʨʢʘʩʘ. 

ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʨʘʩʧʦʨʢʘ 

ʀʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ: 

ὓὴ ὗὛȾς σz ςππȾς σππ̋˚̒̍Ȣ 
ʇʦʧʝʨʝʯʥʘʷ ʩʠʣʘ: 

ὗὴ  ὗὛȾὅ σz ςππȾρρπυȟυ̋Ƞ̊ ὦ υπ ̒ Ƞ̍ Ὤ̑ τπ ̒ Ȣ̍ 
ʇʨʠ ʜʚʫʟʥʘʯʥʦʡ ʵʧʶʨʝ ʤʦʤʝʥʪʦʚ ʥʘʟʥʘʯʘʝʤ ʩʠʤʤʝʪʨʠʯʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʠʟ ʫʩʣʦʚʠʷ: 

ὃί  ὃȭί ὓὴȾὙίz Ὤπ ὥ σππȾσφȟυσφ τ πȟςφὧ̍ςȢ 
ʇʨʠʥʷʪʦ: 2Ï8 ɸ400 (As= Aôs =1,01 ʩʤ2). 

ʇʨʦʚʝʨʷʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʸʪʘ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʳ: 

ɾÂσהÂσ2ÂÔÂÈπ πȟφρȟρπȟπωυπσφ ρπχ ̋˚ 1Ð υȟυ ̋ Ȣ̊ 
ʇʦ ʨʘʩʯʸʪʫ ʧʦʧʝʨʝʯʥʘʷ ʘʨʤʘʪʫʨʘ ʥʝ ʥʫʞʥʘ, ʦʜʥʘʢʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʨʠ-

ʥʠʤʘʝʤ ʧʦʧʝʨʝʯʥʳʝ ʩʪʝʨʞʥʠ Ï6 A200 c ʰʘʛʦʤ Sw=150 ʤʤ. ɺʙʣʠʟʠ ʪʦʨʮʘ ʥʘʜʢʨʘʥʦʚʦʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʤ ʜʚʝ ʩʝʪʢʠ ʉ-2 ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩ ʷʯʝʡʢʘʤʠ 60x60 ʤʤ. 

ʇʦʧʝʨʝʯʥʫʶ ʘʨʤʘʪʫʨʫ ʚ ʧʦʜʢʨʘʥʦʚʦʡ ʠ ʥʘʜʢʨʘʥʦʚʦʡ ʚʝʪʚʷʭ ʥʘʟʥʘʯʘʝʤ ʙʝʟ ʨʘʩʯʸʪʘ ʠʟ ʩʪʝʨʞʥʝʡ Ï6 

A200 ʩ ʰʘʛʦʤ Sw=300 ʤʤ<20d=320 ʤʤ. ʆʥʘ ʟʘʚʦʜʠʪʩʷ ʚ ʧʦʜʢʨʘʥʦʚʫʶ ʚʝʪʚʴ ʥʘ ʜʣʠʥʫ ʥʝ ʤʝʥʝʝ 20ds, ʪ.ʝ. 

ʥʘ 35 ʩʤ. ʅʘ ʜʣʠʥʫ ʥʝ ʤʝʥʝʝ 20 ds ʟʘʚʦʜʠʪʩʷ ʚ ʚʝʪʚʠ ʠ ʧʨʦʜʦʣʴʥʘʷ (ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ) ʘʨʤʘʪʫʨʘ ʨʘʩʧʦʨʦʢ. 

2.1 ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʩʝʯʝʥʠʡ ʚʝʪʚʝʡ ʢʦʣʦʥʥʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʠʟ ʧʣʦʩʢʦʩʪʠ 

ʨʘʤʳ 

ʆʙʝ ʚʝʪʚʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʩʞʘʪʠʝ ʩʦ ʩʣʫʯʘʡʥʳʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ ʢʘʢ ʩʧʣʦʰʥʳʝ ʩʝʯʝʥʠʷ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʩʠʣ. 

ʅʘʜʢʨʘʥʦʚʘʷ ʚʝʪʚʴ 

ὦ φπ ̒ Ƞ̍ Ὤ υπ ̒ Ƞ̍ ὰπ ρȟυὌς ρȟυτȟχ χȟπυ ̍Ȣ 
ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ὔάὥὼχχρȟψχ ̋  ̊ὔρ χςχȟςσ ̋  ̊ʠʤʝʝʤ ʧʨʠ ʩʦʯʝʪʘʥʠʠ 

ʧʦʩʪʦʷʥʥʦʡ ʠ ʦʜʥʦʡ ʚʨʝʤʝʥʥʦʡ (ʩʥʝʛʦʚʦʡ) ʥʘʛʨʫʟʦʢ, ʪ.ʝ. 

‚Ὑ πȟχυψȾρ σφυρ πȟχυψȾρȟρȾυππ πȟφς 
ʧʨʠ ɔb2=0,9, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, cʣʫʯʘʡʥʳʡ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ: 

Ὡπ ὬȾσπ υπȾσπ ρȟχ̒Ƞ̍ ‏ ὩπȾὬ ρȟχȾυπ πȟπστ ‏άὭὲπȟυ πȟππρὰπȾὬ πȟπρ ‎ὦςὙὦ  
πȟυ πȟπρzχπυȾυπ πȟπρzπȟωz ρρȟυ πȟςυφ 

ʇʨʠʥʷʪʦ: ‏ άὭὲπȟςυφȠ Ὤ‏  πȟωὬ τυ ̒ Ȣ̍ 

ὲ Ӷ  ὔȾ Ὑὦ ‎ὦςὦὬπ χχρȟψχȾπȟωz ρȟρυzφπzτυ πȟςχȠ ‰ρ ρ χςχȟςσȾχχρȟψχ ρȟωτȠ 
ὐ ὦὬσȾρς φπzυπσȾρς φςυπππ̒̍τȠ ὃί  ὃȭί φȟπσ ̒ ς̍σzρφ ̱τππȠ 

ὐί πȟυz  ὃί ὃȭί Ὤπ ὥ Ӷς πȟυz φȟπστυ υς τψςτ̒̍τȠ ‏ȭ ὥȾὬπ πȟρρȢ 
ὔὧὶ φȟτz ςȟτz ρπσȾχπυσ φςυπππᶻπȟρρȾπȟρ πȟςυφπȟρȾρȟως ψȟσσzτφςτυσφπȠ 

– ρȾρ ωπσȟσȾυσφπρȟςȠ ̆ ρȟςπρȟχ πȟυυπ υ ςς ̒ Ƞ̍ 

a Ӷ πȟσςςςȾτυ ρ πȟσςȾςȾρ πȟρρ πȢ 
ɸʨʤʠʨʦʚʘʥʠʝ ʧʦ ʨʘʩʯʸʪʫ ʠʟ ʧʣʦʩʢʦʩʪʠ ʨʘʤʳ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ʇʦʜʢʨʘʥʦʚʘʷ ʚʝʪʚʴ 

ὔάὥὼςςπωȟρ ̋ Ƞ̊ ὔρ ςρχχȟρ ̋ Ƞ̊ Ὤ υπ ὧ̍Ƞ Ὤπ τυ ὧ̍Ƞ ὦ ς ὦ̃ ςςυ υπ ̒ Ƞ̍ ‎ὦς
πȟωȠ ‚Ὑ πȟφςȠ Ὡπ ̒Ƞ̍ ὰπ πȟψὌρ πȟψρσȟσ ρπȟφ ̍Ƞ ὃί  ὃȭί 
φȟπσ ̒ ς̍ σzρφ ̱ τππȠ  

ὲ Ӷ ςςπωȟρȾπȟωz ρȟρυzυπzτυ πȟωυȠ ‰ρ ρ ςρχχȟρȾςςπωȟρ ρȟωφȠ 
 ὐ ὦὬσȾρς υπzυπσȾρς υςπψππ ̒ τ̍Ƞ 

ὐί πȟυz  ὃί ὃȭί Ὤπ ὥ Ӷς πȟυz φȟπστυ υς τψςτ̒̍τȠ ‏ȭ ὥȾὬπ πȟρρȢ 

‏  ὩπȾὬ ρȟχȾυπ πȟπστ ‏άὭὲπȟυ πȟππρὰπȾὬ πȟπρ ‎ὦςὙὦ  
πȟυ πȟπρzχπυȾυπ πȟπρzπȟωz ρρȟυ πȟςυφ 

ʇʨʠʥʷʪʦ: ŭ= ŭmin=0,256;  

ὔὧὶφȟτz ςȟτz ρπσυςπψππᶻπȟρρȾπȟρ πȟςυφȾρȟωφ πȟρ ψȟσσzτψςτρπφπς  ςςσπ̋˚Ƞ 
– ρȾρ ςςπωȟρȾςτππρςȟυȠ ̆ ρςȟυρȟχ πȟυυπ υ τρȟςυ ̒ Ƞ̍ 

a πȟωυz τρȟςυȾτυ ρ πȟωυȾςȾρ πȟρρ πȟτςȠ 
‚ ὲρ ‚Ὑ ‚ὙςaȾρ ‚Ὑ ςa πȟωυρ πȟφς ςz πȟτςzπȟφςȾρ πȟφς ςz πȟτς  

πȟχς‚Ὑ πȟφςȢ 
ʀʤʝʝʤ ʚʪʦʨʦʡ ʩʣʫʯʘʡ ʚʥʝʮʝʥʪʨʝʥʥʦʛʦ ʩʞʘʪʠʷ: 

ὃί  ὃȭί ὔὩȾὬπ ‚Ⱦὲρ πȟυ‚ ȾὙίὧρ ȭ‏  
ςςπωȟπρτρȟςυȾτυ πȟχςȾπȟωυ ρ πȟυz πȟχςȾσφȟυρ πȟρρ πȢ 

ɸʨʤʠʨʦʚʘʥʠʝ ʧʦ ʨʘʩʯʸʪʫ ʠʟ ʧʣʦʩʢʦʩʪʠ ʢʦʣʦʥʥʳ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

2.2 ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʥʦʨʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʥʘ ʤʦʥʪʘʞʥʳʝ ʥʘʛʨʫʟʢʠ 

ɿʥʘʯʝʥʠʷ ʥʘʛʨʫʟʦʢ q1 ʠ q2 ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ ʢʦʣʦʥʥʳ ʦʧʨʝʜʝʣʷʝʤ ʩ ʫʯʸʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ɓ=1,4: 
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q2=0,5Ŀ0,6Ŀ2500Ŀ1,4=1050 ʢʛʩ/ʤ=10,5 ʢʅ/ʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ q1 ʚʳʯʠʩʣʠʤ ʚʝʩ ʧʦʜʢʨʘʥʦʚʦʡ ʯʘʩʪʠ ʢʦʣʦʥʥʳ ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʚʝʩʦʤ ʚʩʝʡ ʢʦ-

ʣʦʥʥʳ G=16,3 ʪ ʠ ʚʝʩʦʤ ʥʘʜʢʨʘʥʦʚʦʡ ʯʘʩʪʠ Ὃς ρȟπυτȟχ τȟωτ ̓ȡ 
Ὃρ Ὃ Ὃς ρφȟσ  τȟωτ ρρȟσφ ̓Ƞ 

ήρ  Ὃρ‍ȾὌ Ὄς ρȟπὠȾ̒̍ ρπȟω ̋ Ⱦ̊̍Ȣ 
ʆʧʦʨʥʳʡ ʤʦʤʝʥʪ: 

ὓίόὴπȟυήςὰςς πȟυρπȟυτȟχς ρρφ ̋˚Ȣ̍ 
ʇʨʦʣʸʪʥʳʡ ʤʦʤʝʥʪ: 

ὓρ ήὰρςȾψ πȟυὓίόὴρπȟωz ρωȟσυ τȟχςȾψ πȟυz ρρφςστ ̋˚Ȣ̍ 
ʄʦʤʝʥʪ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʥʘ ʦʧʦʨʝ ὃί  ὃȭί ψȟπτ ̒ ς̍ȟᾀί τυ υ τπ ὧ̍ ȡ 

ὓ̒̆ ̘ίόὴὙίὃίᾀί σφȟυψȟπττπ ρρχτπ ̋˚̒  ̍ὓίόὴρρφππ ̋ ὧ̊̍Ȣ 
ʄʦʤʝʥʪ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʧʨʦʣʸʪʥʳʤ ʩʝʯʝʥʠʝʤ ὃί ὃȭί ρςȟπφ ̒ ς̍ȟᾀί υτ φ τψ ὧ̍ ȡ 

ὓ̒̆ ̘ὰ σφȟυρςȟπφτψ ςυρππςστππ ̋˚̒Ȣ̍ 
ʇʨʦʯʥʦʩʪʴ ʩʝʯʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ ʦʙʝʩʧʝʯʝʥʘ. ʇʦʧʝʨʝʯʥʳʝ ʩʪʝʨʞʥʠ Ï6 ɸ-200 ʩ ʰʘʛʦʤ Sw=150 

ʤʤ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʜʨʦʙʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʚʫʭʚʝʪʚʝʚʦʡ ʢʦʣʦʥʥʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘ-

ʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʨʤʘʤ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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DEVELOPMENT OF CRACKING RESISTANCE. FRAGILE  DESTRUCTION OF METAL 

STRUCTURES. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʪʨʝʱʝʥʦʩʪʦʡʢʦʩʪʠ. ʅʘʟʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʢʦʥʮʝʧʮʠʡ, ʨʘʩʩʤʦʪʨʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ.  

Abstract 

The article describes the stages of development of crack resistance. The basic principles of existing concepts, 

critical stresses in metal structures are considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʢʚʘʟʠʭʨʫʧʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʦʭʨʫʧʯʠʚʘʥʠʝ  

Key words: brittle fracture, crack resistance, quasi-brittle fracture, embrittlement 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʘʚʘʨʠʠ ʠ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʣʴ-

ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [6]. 

ʆʧʠʩʘʥʥʳʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʨʘʟʨʫʰʝʥʠʷ, ʠʤʝʶʪ 

ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʘʞʝ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʦʨʫʞʝ-

ʥʠʡ ʧʨʝʚʳʰʘʣʠ ʧʦʨʦʛ ʭʣʘʜʥʦʣʦʤʢʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʩʪʘʣʝʡ. ʇʨʦʙʣʝʤʦʡ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʟʘʥʠʤʘ-

ʣʠʩʴ ʜʦʣʛʠʝ ʛʦʜʳ, ʨʝʰʝʥʠʝ ʥʝ ʥʘʡʜʝʥʦ ʜʦ ʥʘʩʪʦʷ-

ʱʝʛʦ ʚʨʝʤʝʥʠ.  

ʊʨʝʱʝʥʦʩʪʦʡʢʦʩʪʴ ʜʦʣʛʦʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʣʘʩʴ, 

ʦʧʠʨʘʷʩʴ ʥʘ ʣʠʥʝʡʥʫʶ ʤʝʭʘʥʠʢʫ [1, 2]. ʄʝʭʘʥʠʢʦʡ 

ʨʘʟʨʫʰʝʥʠʡ ʥʘʯʘʣ ʟʘʥʠʤʘʪʴʩʷ ʘʥʛʣʠʡʩʢʠʡ ʫʯʝʥʳʡ 

ɻʨʠʬʬʠʪʩ [1ï3], ʠʟʫʯʘʚʰʠʡ ʧʨʠʯʠʥʳ ʥʠʟʢʦʡ ʧʨʦʯ-

ʥʦʩʪʠ ʩʪʝʢʣʘ. ɻʨʠʬʬʠʪʩ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʠʟ-

ʢʘʷ ʧʨʦʯʥʦʩʪʴ ʩʪʝʢʣʘ ʩʚʷʟʘʥʥʘ ʩ ʪʨʝʱʠʥʘʤʠ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʥʠʭ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʧʣʘʩʪʠʥʘ, ʨʘʩʪʷʛʠʚʘʝ-

ʤʘʷ ʥʘʧʨʷʞʝʥʠʝʤ p. 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʪʨʝʱʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʦʙʦ-

ʨʦʪʴ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʘʪʦʤʦʚ. ɼʦʣʞʥʘ ʙʳʪʴ ʟʘʪʨʘ-

ʯʝʥʘ ʨʘʙʦʪʘ, ʨʘʚʥʘʷ W = - Ẵ́2p2/E. 

ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʧʦ ɻʨʠʬʬʠʪʩʫ: -dW 

= dŮ,  
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ʛʜʝ -dW ï ʫʤʝʥʴʰʝʥʠʝ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʥʘʧʨʷ-

ʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʟʛʨʫʟʢʠ ʧʨʠ ʨʦ-

ʩʪʝ ʪʨʝʱʠʥʳ, ʨʘʚʥʦʝ ʫʚʝʣʠʯʝʥʠʶ ʩʚʦʙʦʜʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ dŮ. 

ʂʦʥʝʯʥʘʷ ʬʦʨʤʫʣʘ ɻʨʠʬʬʠʪʩʘ ʠʤʝʝʪ ʚʠʜ: p2 = 

2ɽɔ/ˊǎ,  

ʛʜʝ: ǎ - ʜʣʠʥʘ, p = p*, ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʨʘʩʰʠʨʝʥʠʶ ʪʨʝʱʠʥʳ.  

ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʳʭ ʩʦʧʨʦ-

ʚʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ, 

ʥʘʧʨʠʤʝʨ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ, ʥʘʙʣʶʜʘʶʪʩʷ 

ʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʠ ʬʦʨʤʫʣʘ 

ɻʨʠʬʬʠʪʩʘ ʥʝʧʨʠʤʝʥʠʤʘ. 

 

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʳ ʩ ʪʨʝʱʠʥʦʡ ʚ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʨ 

 

ʈʘʟʨʝʰʝʥʠʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʟʘʨʦʞʜʝʥʠʷ ʪʨʝ-

ʱʠʥʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ 

ʩʪʘʜʠʡ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦ-

ʩʪʷʤ.  

ʂʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʟʘʨʦʞʜʝ-

ʥʠʝ ʪʨʝʱʠʥʳ, ʝʩʪʴ ʢʨʠʪʝʨʠʠ ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʘʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʂʨʠʪʝʨʠʠ ʧʨʦʯʥʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥʳ, ʝʩʪʴ ʢʨʠʪʝʨʠʠ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʕʪʦʪ ʢʨʠʪʝʨʠʡ ʧʦʣʫʯʝʥ ʥʘ 

ʦʩʥʦʚʝ ʩʠʣʦʚʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ.  

ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ɻʨʠʬʬʠʩʪʘ, ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʫ ʚʝʨʰʠʥʮ ʪʨʝʱʠʥʳ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ, ʯʪʦʙʳ ʨʘʟʨʫʰʠʪʴ ʪʝʣʦ. ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝ-

ʯʠʪʴ ʧʦʜʚʦʜ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʚʦʙʦʞʜʘʶ-

ʱʝʡʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʢ ʚʝʨʰʠʥʝ 

ʪʨʝʱʠʥʳ. 
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ʩʠʣʦʚʫʶ ʢʦʥʮʝʧʮʠʶ ʚ ʤʝʭʘʥʠʢʝ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝ-

ʥʠʷ. [4]. ʀʨʚʠʥ ʚʚʝʣ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ 

ʂ=ůãˊǎ 

ʊʘʢ ʞʝ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʧʘʨʘʤʝʪʨ G = ʂ2/ɽ, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʜʚʠʞʝʥʠʶ ʪʨʝ-

ʱʠʥʳ.  

ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ʀʨʚʠʥʘ ʪʨʝʱʠʥʘ ʨʘʩʧʨʦ-

ʩʪʨʦʥʷʝʪʩʷ, ʝʩʣʠ: 

1) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʦʙʦʞʜʘʶʱʝʡʩʷ ʵʥʝʨʛʠʠ 

ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ Gʩ = ŭɻ/ŭS = const 

(ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ); 

2) ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ 

ʜʦʩʪʠʛʘʝʪ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ʂʩ = const (ʩʠʣʦ-

ʚʦʡ ʢʨʠʪʝʨʠʡ). 

ɽ. ʆ. ʆʨʦʚʘʥ ʚ 1952 ʛ. ʫʚʠʜʝʣ, ʯʪʦ ʚ ʤʘʣʦʫʛʣʝ-

ʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʥʘ ʢʦʥʯʠʢʘʭ ʪʨʝʱʠʥ ʧʨʦʠʩʭʦʜʷʪ 

ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ. ʇʦʩʣʝ ʨʘʟʨʫʰʝʥʠʷ ʟʦʥʘ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʦʢʘʟʘʣʘʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥ-

ʥʦʡ ʦʢʦʣʦ ʪʨʝʱʠʥ. ɼʘʥʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʢʚʘʟʠʭʨʫʧʢʦʛʦ.  

ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʚ ʦʩʥʦʚʥʦʤ ʟʘ-

ʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʲʝʤʦʚ 

ʤʘʪʝʨʠʘʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʪʨʝ-

ʱʠʥʳ.  

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ ʆʨʦʚʘʥ ʩʢʦʨʨʝʢʪʠʨʦʚʘʣ 

ʩʭʝʤʫ ɻʨʠʬʬʠʪʩʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʝʪʘʣʣʘʤ [5], 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʚ ʬʦʨʤʫʣʝ ɻʨʠʬʬʠʪʩʘ ʟʘ-

ʤʝʥʠʣ ʩʫʤʤʦʡ (ɔ + ɔʨ) 

ʇʦʥʷʪʠʝ çʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴè ʦʙʲʝʜʠʥʷʝʪ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʦʚ. ʆʩʦʙʝʥʥʦ ʪʨʝʱʝʥʦ-

ʩʪʦʡʢʦʩʪʴ ʚʘʞʥʘ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢ ʢʘʢ ʚ ʥʠʭ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʙʦʣʴʰʘʷ ʧʦʪʝʥʮʠʘʣʴ-

ʥʘʷ ʵʥʝʨʛʠʷ ʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʥʠʭ ʪʨʝʱʠʥ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʙʳʩʪʨʦʝ ʨʘʟʨʫʰʝʥʠʝ.  

ɼʠʥʘʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʋʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʚ ʧʣʦʩʢʦ-

ʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʨʷʞʝʥʠʡ (ʨʠʩ. 

1). ʅʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʣʘʩʪʠ-

ʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ, ʚʷʟʢʦʝ ʷʤʦʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʙʳʚʘʶʪ ʩʣʝʜʫʶʱʠʤʠ: 
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- ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ (ʚ ʦʩʥʦʚʥʦʤ, ʵʪʠ ʧʦ-

ʪʝʨʠ ʙʳʣʠ ʫʯʪʝʥʳ ʆʨʦʚʘʥʦʤ ʠ ʀʨʚʠʥʦʤ ʚʚʝʜʝʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʧʨʘʚʦʢ). 

- ʇʦʪʝʨʠ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʦʩʪʝ ʪʨʝʱʠʥʳ.  

- ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ (ʧʝʨʝʤʝ-

ʱʝʥʠʝ ʩʪʝʥʦʢ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʩʪʫʱʝʡ ʪʨʝʱʠʥʝ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ, ʨʘʟʣʝʪʘʶʱʠʝʩʷ 

ʦʩʢʦʣʢʠ)  

 
ʈʠʩʫʥʦʢ 2. ʂʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʦʜʥʦʨʦʜʥʳʭ (ʩʧʣʦʰʥʳʝ ʢʨʠʚʳʝ)  

ʠ ʩʚʘʨʥʳʭ (ʧʫʥʢʪʠʨ) ʢʦʥʩʪʨʫʢʮʠʡ.  

 

ɸʥʘʣʠʟ ʢʨʠʚʳʭ 1, 2 ʥʘ ʨʠʩ. 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʣʠʥʝʡʥʘʷ ʤʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʟʘʥʠʞʘʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʚʘ-

ʟʠʭʨʫʧʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʛʜʘ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʧʨʝʜʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʤʘʪʝʨʠʘʣʘ. ʂʨʠ-

ʚʘʷ 3 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʢʦʧʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʤʘ-

ʪʝʨʠʘʣʝ ʟʦʥʳ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʣʠ-

ʥʝʡʥʘʷ ʤʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʦʮʝʥʢʠ ʥʠʞʥʝʛʦ ʧʦʨʦʛʘ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ 

ʥʘʯʠʥʘʶʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘ-

ʮʠʠ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʣʠʥʝʡʥʘʷ ʤʝʭʘʥʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʥʝʜʦʦʮʝʥʠʚʘʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʢʚʘʟʠʭʨʫʧʢʦʤ ʨʘʟʨʫʰʝʥʠʠ, ʝʩʣʠ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʠ 

ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢ ʞʝ 

ʣʠʥʝʡʥʘʷ ʤʝʭʘʥʠʢʘ ʥʝ ʠʟʫʯʘʝʪ ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝ-

ʨʠʘʣʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ. 
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ʉʨʝʜʥʝʨʫʩʩʢʠʡ ʬʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 
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ʈʦʩʩʠʷ, ʊʘʤʙʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʧ. ʅʦʚʘʷ ʞʠʟʥʴ  
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DIFFERENTIATION OF WHEAT VARIETIES FOR THEIR RESISTANCE TO THE PATHOGENS 

FUSARIUM EARS 

 

ɸʥʥʦʪʘʮʠʷ  

ʀʟʫʯʝʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʯʝʪʳʨʝʭ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ï ʛʨʠʙʘʤ 

Fusarium avenaceum, F. sporotrichioides ʠ F. poae. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ 

ʬʦʥʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʪ ʃʴʛʦʚʩʢʘʷ 8 ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʢ ʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ. ʏʝʨʝʟ 14 ʠ 30 ʩʫʪʦʢ ʧʦʩʣʝ 

ʠʥʦʢʫʣʷʮʠʠ ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʬʫʟʘʨʠʦʟʦʤ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 1,7 ʠ 10,6 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʩʦʨ-

ʪʦʚ ɼʦʥʵʢʦ, ʉʢʠʧʝʪʨ ʠ ʄʠʨʦʥʦʚʩʢʘʷ 808 ʜʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʠ ʥʘʭʦʜʠʣʠʩʴ ʥʘ 

ʫʨʦʚʥʝ 4,4 ï 9,5 % ʠ 16,6 ï 29,3 %. 

Abstract 

The resistance of four winter wheat varieties to the causative agents of ear fusarium ï fungi Fusarium aven-

aceum, F. sporotrichioides and F. poae was studied. The experiments were conducted on an artificial infectious 

background. It was found that the variety Lgovskaya 8 is more resistant to this disease. After 14 and 30 days after 

inoculation, the infection of plants by fusarium amounted to an average of 1,7 % and 10,6 %, respectively. In 

varieties of Doneko, Skipetr and Mironovskaya 808 these indicators were significantly higher and were at the level 

of 4,4 ï 9,5 % and 16,6 ï 29,3 %. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʩʦʨʪ, ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ, ʛʨʠʙʳ ʨʦʜʘ Fusarium, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʬʝʢʮʠʦʥ-

ʥʳʡ ʬʦʥ, ʫʩʪʦʡʯʠʚʦʩʪʴ.  

Key words: wheat, variety, of ears fusarium, fungi of the genus Fusarium, artificial infectious background, 

resistance. 

 
ʇʰʝʥʠʮʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥ-

ʥʦʡ ʢʫʣʴʪʫʨʦʡ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤ-
ʥʦʤ ʨʝʛʠʦʥʝ (ʎʏʈ) ʩʪʨʘʥʳ ʧʰʝʥʠʮʘ ʟʘʥʠʤʘʝʪ ʙʦʣʴ-
ʰʫʶ ʯʘʩʪʴ ʚʩʝʭ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ. ɿʥʘʯʝʥʠʝ ʵʪʦʡ 
ʢʫʣɹʪʫʨʳ ʚ ʧʠʪʘʥʠʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠ-
ʤʳʤ. ʀʟ ʟʝʨʥʘ ʵʪʦʡ ʢʫʣʴʪʫʨʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʟʣʠʯ-
ʥʳʝ ʭʣʝʙʦʙʫʣʦʯʥʳʝ ʠ ʤʘʢʘʨʦʥʥʳʝ ʠʟʜʝʣʠʷ, ʢʨʫʧʘ. 
ʏʘʩʪʴ ʟʝʨʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʞʠʚʦʪ-
ʥʦʚʦʜʩʪʚʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ. ʆʟʠ-
ʤʘʷ ʧʰʝʥʠʮʘ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ 
ʧʦʪʝʥʮʠʘʣʦʤ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʰʝʥʠ-
ʮʝʡ ʷʨʦʚʦʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ, 
ʛʜʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪ-
ʥʳʤʠ, ʚʦʟʜʝʣʳʚʘʶʪ ʧʰʝʥʠʮʫ ʦʟʠʤʫʶ. ʉʦʚʨʝʤʝʥ-
ʥʳʝ ʩʦʨʪʘ ʵʪʦʡ ʢʫʣʴʪʫʨʳ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳ-
ʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ ʟʝʨʥʘ. ʇʦʩʣʝʜ-
ʥʝʝ ʩʚʷʟʘʥʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʟʝʨʥʝ ʙʝʣʢʘ ʠ 
ʢʣʝʡʢʦʚʠʥʳ. ʅʦ ʥʘ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʬʘʢʪʦʨʳ, ʚ ʪʦʤ 
ʯʠʩʣʝ ï ʧʦʨʘʞʝʥʠʝ ʧʦʩʝʚʦʚ ʧʰʝʥʠʮʳ ʚʦʟʙʫʜʠʪʝ-
ʣʷʤʠ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ. ʆʜʥʠʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ 
ʛʨʠʙʳ ʨʦʜʘ Fusarium. ʕʪʠ ʧʘʪʦʛʝʥʳ ʚʳʟʳʚʘʶʪ ʪʘʢʦʝ 

ʦʧʘʩʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʘʢ ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ ʠ ʟʝʨʥʘ 
ʧʰʝʥʠʮʳ. ɺ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʧʝʨʠʦʜʠʯʝʩʢʠ 
ʚʦʟʥʠʢʘʶʪ ʚʩʧʳʰʢʠ ʵʧʠʬʠʪʦʪʠʡ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ. 
ɿʘʙʦʣʝʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʘ ʢʦʣʦ-
ʩʴʷʭ ʨʦʟʦʚʦʛʦ ʥʘʣʝʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʤʠ-
ʮʝʣʠʡ ʛʨʠʙʘ [4, 480 ʩ.]. ɺ ʙʦʣʝʝ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʝ 
ʚʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʬʫʟʘʨʠʦʟʘ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʦ. 
ɿʘʨʘʞʝʥʥʦʩʪʴ ʢʦʣʦʩʘ ʠ ʟʝʨʥʘ ʚʳʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 
ʧʨʠ ʤʠʢʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [2, ʩ. 46-50; 3, ʩ. 86-
89; 5, 22 ʩ.]. ʅʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʥʥʦʝ ʟʘʙʦʣʝ-
ʚʘʥʠʝ ʥʝ ʥʘʥʦʩʠʪ ʚʨʝʜʘ. ʇʦʜ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫ 
ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʦ-
ʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʟʝʨʥʘ. ɻʣʘʚʥʫʶ ʦʧʘʩʥʦʩʪʴ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʢʦʧʣʝʥʠʝ ʚ ʩʝʤʝʥʘʭ ʨʘʟʣʠʯʥʳʭ ʤʠ-
ʢʦʪʦʢʩʠʥʦʚ. ɺ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʥʠ ʚʳʟʳ-
ʚʘʶʪ ʫ ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʬʠʟʠʦ-
ʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʯʘʩʪʦ ʧʨʠʚʦʜʷʱʠʝ ʢ ʣʝ-
ʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʝʩʴʤʘ 
ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʦʟʜʘʥʠʠ ʫʩʪʦʡʯʠ-
ʚʳʭ ʢ ʬʫʟʘʨʠʦʟʫ ʢʦʣʦʩʘ ʬʦʨʤ ʨʘʩʪʝʥʠʡ. ʅʝ ʤʝʥʝʝ 
ʚʘʞʥʳʤ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʩʢʨʠʥʠʥʛ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʩʦʨʪʦʚ ʧʰʝʥʠʮʳ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʝʥʝʝ ʧʦʨʘʞʘʝʤʳʭ 
ʜʘʥʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʰʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʚ ʦʮʝʥʢʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨ-
ʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʢ ʚʳʟʳʚʘʶʱʠʤ ʬʫʟʘʨʠʦʟ ʢʦ-
ʣʦʩʘ ʚʠʜʘʤ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium, ʨʘʩʧʨʦʩʪʨʘʥʝʥ-
ʥʳʤ ʚ ʎʏʈ. 
ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʦʚ 
ɼʦʥʵʢʦ, ʃʴʛʦʚʩʢʘʷ 8, ʄʠʨʦʥʦʚʩʢʘʷ 808 ʠ ʉʢʠʧʝʪʨ. 
ɺ ʬʘʟʫ ʮʚʝʪʝʥʠʷ ʢʦʣʦʩʴʷ ʧʰʝʥʠʮʳ ʠʥʦʢʫʣʠʨʦʚʘʣʠ 
ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʢʦʥʠʜʠʡ ʛʨʠʙʦʚ Fusarium aven-
aceum, F. sporotrichioides ʠ F. poae. ʉʦʜʝʨʞʘʥʠʝ ʢʦ-
ʥʠʜʠʡ ʚ ʩʫʩʧʝʥʟʠʠ ʩʦʩʪʘʚʣʷʣʦ 105 ʩʧʦʨ/ʤʣ. ɼʣʷ ʩʦ-

ʭʨʘʥʝʥʠʷ ʚʣʘʛʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï ʩʦʟʜʘʥʠʶ ʦʧʪʠ-
ʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʟʘʨʘʞʝʥʠʠ, ʢʦʣʦʩʴʷ ʥʘʢʨʳ-
ʚʘʣʠ ʧʦʣʠʵʪʠʣʝʥʦʚʳʤʠ ʠʟʦʣʷʪʦʨʘʤʠ. ʇʦ ʠʩʪʝʯʝʥʠʠ 
ʩʫʪʦʢ ʠʟʦʣʷʪʦʨʳ ʫʜʘʣʷʣʠ. ʅʘ ʯʝʪʳʨʥʘʜʮʘʪʳʝ ʩʫʪʢʠ 
ʠ ʯʝʨʝʟ ʤʝʩʷʮ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠ ʫʯʝʪʳ 
ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠ-
ʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ [1, 
28 ʩ.].  
ʆʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʢ ʚʦʟʙʫʜʠʪʝʣʷʤ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʥʠ 
ʧʦʨʘʞʘʶʪʩʷ ʟʘʙʦʣʝʚʘʥʠʝʤ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 
(ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1  
ʇʦʨʘʞʝʥʠʝ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʯʝʨʝʟ 14 ʩʫʪʦʢ  

ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ 

ʉʦʨʪ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʇʦʨʘʞʝʥʠʝ ʢʦʣʦʩʘ ʬʫʟʘʨʠʦʟʦʤ, %  

I-ʡ ʫʯʝʪ (14 ʩʫʪʦʢ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ) 

ʉʨʝʜʥʝʝ ʧʦ ʩʦʨʪʫ, % 
ʚʠʜʳ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium 

F.  
avenaceum 

F.  
sporotrichioides 

F. 
poae 

ɼʦʥʵʢʦ 1,7 3,3 8,3 4,4 

ʃʴʛʦʚʩʢʘʷ 8 1,7 3,3 0,0 1,7 

ʉʢʠʧʝʪʨ 6,7 5,0 3,3 5,0 

ʄʠʨʦʥʦʚʩʢʘʷ 808 11,7 6,7 10,0 9,5 

 
ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʥʘ 14-ʝ 

ʩʫʪʢʠ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ, ʚʳʟʳʚʘ-
ʝʤʳʡ ʛʨʠʙʦʤ Fusarium poae, ʥʝ ʨʘʟʚʠʚʘʣʩʷ ʥʘ ʩʦʨʪʝ 
ʃʴʛʦʚʩʢʘʷ 8. ʇʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʢʦʣʦʩʴʷʭ 
ʵʪʦʛʦ ʩʦʨʪʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ. ʅʦ ʜʚʘ ʜʨʫʛʠʭ 
ʚʠʜʘ ʛʨʠʙʘ ï Fusarium avenaceum ʠ F. sporotrichi-
oides ʚʳʟʳʚʘʣʠ ʚʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦʨʘʞʝʥʠʷ. 
ɽʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 1,7 ï 3,3 %. ɺ ʩʨʝʜʥʝʤ 
ʧʦ ʩʦʨʪʫ ʃʴʛʦʚʩʢʘʷ 8 ʫʨʦʚʝʥʴ ʧʦʨʘʞʝʥʠʷ ʬʫʟʘʨʠʦ-
ʟʦʤ ʩʦʩʪʘʚʠʣ 1,7 %. ʅʘ ʩʦʨʪʘʭ ɼʦʥʵʢʦ ʠ ʉʢʠʧʝʪʨ 
ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʦʜ-
ʥʦʤ ʫʨʦʚʥʝ (4,4 ï 5,0 %). ʅʦ ʠ ʟʜʝʩʴ ʦʪʤʝʯʝʥʘ ʨʘʟ-
ʣʠʯʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʦʨʪʦʚ ʢ ʨʘʟʥʳʤ ʚʠʜʘʤ 

ʬʫʟʘʨʠʝʚ. ʊʘʢ, ʩʦʨʪ ɼʦʥʵʢʦ ʤʝʥʴʰʝ ʧʦʨʘʞʘʣʩʷ ʛʨʠ-
ʙʦʤ Fusarium avenaceum (1,7 %) ʠ ʙʦʣʴʰʝ ï ʚʠʜʦʤ 
ʛʨʠʙʘ F. poae (8,3 %). ʅʘ ʩʦʨʪʝ ʉʢʠʧʝʪʨ ʦʪʤʝʯʝʥʘ 
ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʆʥ ʤʝʥʴʰʝ ʙʳʣ ʧʦʨʘʞʝʥ 
ʛʨʠʙʦʤ Fusarium poae (3,3 %) ʠ ʙʦʣʴʰʝ ʚʠʜʘʤʠ F. 
avenaceum ʠ F. sporotrichioides (5,0 ï 6,7 %). ɹʦʣʝʝ 
ʯʝʤ ʥʘ ʜʨʫʛʠʭ, ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ 
ʥʘ ʩʦʨʪʝ ʄʠʨʦʥʦʚʩʢʘʷ 808. ʋʨʦʚʝʥʴ ʧʦʨʘʞʝʥʠʷ ʢʦ-
ʣʦʩʘ ʠʟʫʯʘʝʤʳʤʠ ʚʠʜʘʤʠ ʛʨʠʙʦʚ ʥʘ ʵʪʦʤ ʩʦʨʪʝ ʚʘ-
ʨʴʠʨʦʚʘʣ ʦʪ 6,7 ʜʦ 11,7 % (ʚ ʩʨʝʜʥʝʤ 9,5 %). 
ʏʝʨʝʟ ʪʨʠʜʮʘʪʴ ʩʫʪʦʢ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ ʦʪʤʝ-

ʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʘʞʝʥʠʷ ʢʦʣʦʩʘ 
ʬʫʟʘʨʠʝʚʳʤʠ ʛʨʠʙʘʤʠ (ʪʘʙʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2  
ʇʦʨʘʞʝʥʠʝ ʩʦʨʪʦʚ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʯʝʨʝʟ 30 ʩʫʪʦʢ  

ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ 

ʉʦʨʪ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ 

ʇʦʨʘʞʝʥʠʝ ʢʦʣʦʩʘ ʬʫʟʘʨʠʦʟʦʤ, % 

II -ʡ ʫʯʝʪ (30 ʩʫʪʦʢ ʧʦʩʣʝ ʠʥʦʢʫʣʷʮʠʠ) 

ʉʨʝʜʥʝʝ ʧʦ ʩʦʨʪʫ, % 
ʚʠʜʳ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium 

F.  
avenaceum 

F.  
sporotrichioides 

F. 
poae 

ɼʦʥʵʢʦ 11,6 15,0 23,0 16,5 

ʃʴʛʦʚʩʢʘʷ 8 11,7 11,7 8,3 10,6 

ʉʢʠʧʝʪʨ 25,0 20,0 20,0 21,7 

ʄʠʨʦʥʦʚʩʢʘʷ 808 35,0 25,0 28,0 29,3 

  
ʉʦʨʪ ʃʴʛʦʚʩʢʘʷ 8 ʩʦʭʨʘʥʠʣ ʩʚʦʶ ʣʠʜʠʨʫʶʱʫʶ 

ʧʦʟʠʮʠʶ. ɽʛʦ ʢʦʣʦʩʴʷ ʤʝʥʴʰʝ ʜʨʫʛʠʭ ʧʦʨʘʞʘʣʠʩʴ 
ʛʨʠʙʦʤ Fusarium poae ï ʥʘ 8,3 %. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦ-
ʨʘʞʝʥʠʷ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ï 
11,7 %. ɺ ʩʨʝʜʥʝʤ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 10,6 %. 
ʅʘ ʩʦʨʪʝ ɼʦʥʵʢʦ ʨʘʟʚʠʪʠʝ ʬʫʟʘʨʠʦʟʘ ʙʳʣʦ ʥʠʞʝ 
(11,6 %) ʚ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ, ʛʜʝ ʢʦʣʦʩʴʷ ʙʳʣʠ ʠʥʦʢʫ-
ʣʠʨʦʚʘʥʳ ʛʨʠʙʦʤ Fusarium avenaceum. ʇʨʠ ʟʘʨʘʞʝ-
ʥʠʠ ʚʠʜʦʤ Fusarium poae ʵʪʦʪ ʫʨʦʚʝʥʴ ʧʦʚʳʩʠʣʩʷ 
ʜʦ 23 %. ɼʘʥʥʳʡ ʩʦʨʪ ʥʘʭʦʜʠʣʩʷ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ 
ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʬʫʟʘʨʠʝʚʳʤ ʛʨʠʙʘʤ. ʉʨʝʜʥʷʷ ʚʝ-
ʣʠʯʠʥʘ ʧʦʨʘʞʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 16,5 %. ʇʦʨʘʞʝʥʠʝ 
ʢʦʣʦʩʴʝʚ ʩʦʨʪʘ ʉʢʠʧʝʪʨ ʠʟʫʯʘʝʤʳʤʠ ʚʠʜʘʤʠ ʛʨʠ-

ʙʦʚ ʥʘʭʦʜʠʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʚʘ-
ʨʴʠʨʦʚʘʣʘ ʦʪ 20 ʜʦ 25 % ( ʚ ʩʨʝʜʥʝʤ 21,7 %). ʅʘ ʧʦ-
ʩʣʝʜʥʝʤ ʤʝʩʪʝ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʟʘʙʦʣʝʚʘʥʠʶ 
ʥʘʭʦʜʠʣʩʷ ʩʦʨʪ ʄʠʨʦʥʦʚʩʢʘʷ 808. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ 
ʧʝʨʚʦʤ ʫʯʝʪʝ ʧʦʨʘʞʝʥʠʝ ʢʦʣʦʩʴʝʚ ʵʪʦʛʦ ʩʦʨʪʘ ʙʳʣʦ 
ʚʳʰʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʠ ʩʦʩʪʘʚʠʣʦ 25 ï 35 %.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʦʟʙʫʜʠʪʝ-
ʣʷʤ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʩʦʨʪ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ï 
ʃʴʛʦʚʩʢʘʷ 8. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʠ ʚʳʙʦʨʝ ʤʝʥʝʝ ʧʦ-
ʨʘʞʘʝʤʦʛʦ ʩʦʨʪʘ ʠ ʚ ʩʝʣʝʢʮʠʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 
ʵʪʦʤʫ ʟʘʙʦʣʝʚʘʥʠʶ.  
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TO EVALUATE THE EFFECT OF FUNGICIDES AGAINST THE PATHOGEN SMUT BUNT OF 

WHEAT ON AN ARTIFICIAL INFECTIOUS BACKGROUND  
 

ɸʥʥʦʪʘʮʠʷ 
ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʄʘʢʩʠʤ ʵʢʩʪʨʠʤ, ɺʠʘʣ ʊʊ ʠ ʂʦʣʬʫʛʦ ʩʫʧʝʨ ʥʘ ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦ-

ʣʦʚʥʠ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ 
ʬʦʥʝ. ʀʥʬʝʢʮʠʦʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʘʚʣʷʣʘ 207 ï 211 ʪʳʩʷʯ ʩʧʦʨ ʥʘ ʟʝʨʥʦʚʢʫ. ʇʦʣʥʦʩʪʴʶ (100 %) ʠʥʛʠʙʠ-
ʨʦʚʘʣ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʘ ʧʨʝʧʘʨʘʪ ʄʘʢʩʠʤ ʵʢʩʪʨʠʤ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʫʛʠʭ ʠʩʧʳʪʳʚʘʝ-
ʤʳʭ ʬʫʥʛʠʮʠʜʦʚ (ɺʠʘʣ ʊʊ ʠ ʂʦʣʬʫʛʦ ʩʫʧʝʨ) ʩʦʩʪʘʚʠʣʘ 82,1 ï 93,2 %.  

Abstract 
The influence of preparations Maxim extrim, Vial TT and the Kolfugo super to the causative agent of smut 

bunt of winter wheat. The experiments were carried out in the field, on an artificial infectious background. The 
infectious load was 207 ï 211 thousand spores per grain. Fully (100 %) inhibited the development of the pathogen 
preparation Maxim extreme. The biological effectiveness of the other tested fungicides (Vial TT and Kolfugo su-
per) was 82,1 ï 93,2 %. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʪʚʝʨʜʘʷ ʛʦʣʦʚʥʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʬʝʢʮʠʦʥʥʳʡ ʬʦʥ, ʬʫʥʛʠʮʠʜʳ, ʙʠʦʣʦ-

ʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
Key words: wheat, smut bunt, artificial infectious background, fungicides, biological efficacy. 
 
ɺʦʟʙʫʜʠʪʝʣʠ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ ʧʰʝʥʠʮʳ ï 

Tilletia caries Tul. (ʩʠʥ. Tilletia tritici Wint.) ʠ Tilletia 
levis Kuehn. (ʩʠʥ. Tilletia faetida Liro) ʠʤʝʝʪ ʜʦʩʪʘ-
ʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝ-
ʥʠʮʳ. ɺ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ (ʎʏʈ) ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʩʪʨʝʯʘʝʪʩʷ ʧʝʨʚʳʡ ʠʟ ʚʳʰʝ-
ʥʘʟʚʘʥʥʳʭ ʚʠʜʦʚ. ɺʪʦʨʦʡ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ 
ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ. ɺ ʎʏʈ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦʝ 
ʧʨʦʷʚʣʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʦʩʝʚʘʭ 
ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ɿʘʨʘʟʥʦʝ ʥʘʯʘʣʦ ʚʦʟʙʫʜʠʪʝʣʷ (ʪʝ-
ʣʠʦʩʧʦʨʳ) ʯʘʱʝ ʚʩʝʛʦ ʧʝʨʝʜʘʝʪʩʷ ʩ ʩʝʤʝʥʘʤʠ. ʇʦ-
ʩʣʝ ʧʦʩʝʚʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʨʘʩʪʘʥʠʝʤ ʟʝʨʥʘ, 
ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʨʘʩʪʘʥʠʝ ʪʝʣʠʦʩʧʦʨ ʚ ʙʘʟʠʜʠʠ ʩ ʙʘ-
ʟʠʜʠʦʩʧʦʨʘʤʠ. ʆʥʠ ʩʣʠʚʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʤʠʮʝʣʠʡ, 
ʢʦʪʦʨʳʡ ʧʨʦʥʠʢʘʝʪ ʚ ʨʦʩʪʦʢ ʧʰʝʥʠʮʳ. ɺ ʪʝʯʝʥʠʠ 
ʚʝʛʝʪʘʮʠʠ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʪʝʙʣʷ, ʤʠʮʝʣʠʡ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ ʧʦ ʥʝʤʫ ʠ ʜʦʩʪʠʛʘʝʪ ʢʦʣʦʩʘ. ɿʜʝʩʴ ʦʥ 
ʬʦʨʤʠʨʫʝʪ ʤʘʩʩʫ ʪʝʣʠʦʩʧʦʨ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʦʙʦ-
ʣʦʯʢʠ ï ʛʦʣʦʚʥʝʚʳʝ ʤʝʰʦʯʢʠ. ɺʥʝʰʥʝ ʦʥʠ ʥʘʧʦʤʠ-

ʥʘʶʪ ʩʝʤʝʥʘ ʠ ʪʦʣʴʢʦ ʧʨʠ ʠʭ ʨʘʟʜʘʚʣʠʚʘʥʠʠ ʚʳʩʳ-
ʧʘʝʪʩʷ ʯʝʨʥʘʷ ʤʘʩʩʘ ʩʧʦʨ, ʦʙʣʘʜʘʶʱʘʷ ʥʝʧʨʠʷʪ-
ʥʳʤ, ʩʝʣʝʜʦʯʥʳʤ ʟʘʧʘʭʦʤ. ʇʨʠ ʦʙʤʦʣʦʪʝ ʧʦʨʘʞʝʥ-
ʥʳʭ ʛʦʣʦʚʥʝʡ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʤʝʰʦʯʢʠ ʨʘʟʨʫ-
ʰʘʶʪʩʷ ʠ ʪʝʣʠʦʩʧʦʨʳ ʟʘʨʘʞʘʶʪ ʟʜʦʨʦʚʦʝ ʟʝʨʥʦ [1, 
ʩ. 6 - 8]. ʎʠʢʣ ʨʘʟʚʠʪʠʷ ʧʘʪʦʛʝʥʘ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ. ɺ 
ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʟʘʨʘʞʝʥʠʝ ʩʝʤʷʥ ʤʦʞʝʪ ʦʩʫ-
ʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ ʧʦʯʚʫ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʦʛʜʘ 
ʨʘʟʨʳʚ ʤʝʞʜʫ ʫʙʦʨʢʦʡ ʟʘʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʥʦ-
ʚʳʤ ʧʦʩʝʚʦʤ ʧʰʝʥʠʮʳ ʥʘ ʪʦʤ ʞʝ ʧʦʣʝ ʥʝʚʝʣʠʢ 
(ʦʜʥʘ ï ʜʚʝ ʥʝʜʝʣʠ). ʇʨʠ ʵʪʦʤ ʧʦʯʚʘ ʜʦʣʞʥʘ ʥʘʭʦ-
ʜʠʪʴʩʷ ʚ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʦ ʚʣʘʞʥʦʡ ʧʦʯʚʝ ʪʝ-
ʣʠʦʩʧʦʨʳ ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ ʙʳʩʪʨʦ ʠʟ-
ʨʘʩʪʘʶʪ ʠ ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʟʘʨʘʞʝʥʠʶ [2, 176 
ʩ.]. ʇʦʪʝʨʠ ʫʨʦʞʘʷ ʟʝʨʥʘ ʦʪ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦ-
ʛʫʪ ʜʦʩʪʠʛʘʪʴ 20 ï 30 %. ʅʦ ʙʦʣʝʝ ʚʩʝʛʦ ʦʧʘʩʥʦ ʟʘ-
ʩʧʦʨʝʥʠʝ ʟʝʨʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʪʝʣʠʦʩʧʦʨʘʤʠ ʛʦ-
ʣʦʚʥʠ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʘʣʢʘʣʦʠʜ ʪʨʠʤʝʪʠʣʘʤʠʥ, ʪʦʢ-
ʩʠʯʥʳʡ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʪʝʧʣʦʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ. 
ʉʠʣʴʥʦ ʟʘʩʧʦʨʝʥʥʳʝ ʛʦʣʦʚʥʝʡ ʧʘʨʪʠʠ ʟʝʨʥʘ ʥʝʣʴʟʷ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʠʱʝʚʳʝ ʠ ʬʫʨʘʞʥʳʝ ʮʝʣʠ. ʉ ʧʦ-
ʷʚʣʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ 
ʨʘʩʪʝʥʠʡ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʨʷʜ ʧʨʝʧʘʨʘʪʦʚ, ʩʧʦ-
ʩʦʙʥʳʭ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʘʪʦʛʝʥʘ. 
ʅʦ ʥʝ ʚʩʝ ʬʫʥʛʠʮʠʜʳ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦ ʚʳʩʦʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦ-
ʣʦʚʥʠ. ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʧʨʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʰʝ-
ʥʠʮʳ 10 ï 13 ʪʳʩ. ʩʧʦʨ ʥʘ ʟʝʨʥʦʚʢʫ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 
ʠʩʧʳʪʳʚʘʝʤʳʝ ʧʨʝʧʘʨʘʪʳ ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦ-
ʚʘʣʠ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʰʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʬʫʥʛʠʮʠʜʦʚ ʧʨʦʪʠʚ ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦ-
ʣʦʚʥʠ ʧʰʝʥʠʮʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 
ʠʥʬʝʢʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ.  
ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʄʠʨʦ-
ʥʦʚʩʢʘʷ 808. ʉʝʤʝʥʘ ʧʰʝʥʠʮʳ ʟʘʨʘʞʘʣʠʩʴ ʪʝ-
ʣʠʦʩʧʦʨʘʤʠ ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ (Tilletia 
caries Tul.) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʚʝʩʢʘ ʟʝʨʝʥ ʧʦ-
ʤʝʱʘʣʘʩʴ ʚ ʩʪʝʢʣʷʥʥʫʶ ʙʘʥʢʫ, ʪʫʜʘ ʞʝ ʚʳʩʳʧʘʣʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʘʚʝʩʢʫ ʩʧʦʨ. ɹʘʥʢʫ ʟʘʢʨʳʚʘʣʠ 
ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʢʨʳʰʢʦʡ ʠ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ 
3 ï 4 ʤʠʥʫʪ. ɿʘʪʝʤ ʩʝʤʝʥʘ ʚʳʩʳʧʘʣʠ ʚ ʙʫʤʘʞʥʳʝ 
ʧʘʢʝʪʳ ʩ ʥʦʤʝʨʦʤ ʠ ʦʩʪʘʚʣʷʣʠ ʥʘ ʩʫʪʢʠ. ʇʦ ʠʩʪʝʯʝ-
ʥʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʧʰʝʥʠʮʳ ʦʙ-
ʨʘʙʘʪʳʚʘʣʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʚ ʨʝʢʦʤʝʥ-

ʜʦʚʘʥʥʳʭ ʥʦʨʤʘʭ ʨʘʩʭʦʜʘ. ʆʙʨʘʙʦʪʢʘ ʬʫʥʛʠʮʠ-
ʜʘʤʠ ʧʨʦʚʦʜʠʣʘʩʴ ʘʥʦʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ: ʟʘʩʧʦ-
ʨʸʥʥʳʝ ʛʦʣʦʚʥʝʡ ʩʝʤʝʥʘ ʟʘʩʳʧʘʣʠ ʚ ʙʘʥʢʫ, ʜʦʙʘʚ-
ʣʷʣʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʘ ʧʨʝʧʘʨʘʪʘ, 
ʟʘʢʨʳʚʘʣʠ ʢʨʳʰʢʦʡ ʠ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʪʝʯʝʥʠʠ ʪʦʛʦ 
ʞʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʀʟʫʯʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʥʦʨʤʳ 
ʠʥʬʝʢʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ. ʆʧʪʠʤʘʣʴʥʦʡ ʦʢʘʟʘʣʘʩʴ 
ʚʝʣʠʯʠʥʘ 207 ï 211 ʪʳʩ. ʩʧʦʨ ʥʘ ʟʝʨʥʦʚʢʫ, ʯʪʦ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ 2 ʛʨʘʤʤʘʤ ʩʧʦʨ ʥʘ 100 ʛʨʘʤʤ ʩʝʤʷʥ ʧʰʝ-
ʥʠʮʳ. ʇʨʠ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦʣʥʦʩʪʴʶ ʚʳʷʚʣʷʣʘʩʴ 
ʠʥʛʠʙʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʳʪʳʚʘʝʤʳʭ ʬʫʥʛʠ-
ʮʠʜʦʚ ʠ ʠʭ ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. ʇʦʩʣʝ ʟʘʩʧʦʨʝʥʠʷ 
ʠ ʦʙʨʘʙʦʪʢʠ ʧʨʝʧʘʨʘʪʘʤʠ ʩʝʤʝʥʘ ʚʳʩʝʚʘʣʠʩʴ ʥʘ ʜʝ-
ʣʷʥʢʠ. ʇʣʦʱʘʜʴ ʦʧʳʪʥʦʡ ʜʝʣʷʥʢʠ 0,3 ʢʚʘʜʨʘʪʥʳʭ 
ʤʝʪʨʘ, ʧʦʚʪʦʨʥʦʩʪʴ ʯʝʪʳʨʝʭʢʨʘʪʥʘʷ. ɺ ʢʦʥʪʨʦʣʴ-
ʥʦʤ ʚʘʨʠʘʥʪʝ ʩʝʤʝʥʘ ʥʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʨʝʧʘʨʘ-
ʪʘʤʠ. ʇʦ ʜʦʩʪʠʞʝʥʠʠ ʨʘʩʪʝʥʠʷʤʠ ʧʰʝʥʠʮʳ ʚʦʩʢʦ-
ʚʦʡ ʩʧʝʣʦʩʪʠ, ʠʭ ʚʳʢʘʧʳʚʘʣʠ ʠ ʩʚʷʟʳʚʘʣʠ ʚ ʩʥʦʧʳ. 
ʇʨʠ ʨʘʟʙʦʨʢʝ ʩʥʦʧʦʚ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʟʜʦʨʦ-
ʚʳʭ ʠ ʙʦʣʴʥʳʭ ʢʦʣʦʩʴʝʚ. ɺʳʯʠʩʣʷʣʠ ʧʨʦʮʝʥʪ ʧʦʨʘ-
ʞʝʥʥʳʭ ʧʦ ʧʦʚʪʦʨʝʥʠʶ ʠ ʚʘʨʠʘʥʪʫ. ʈʘʩʯʝʪ ʙʠʦʣʦ-
ʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʧʦ 
ʦʙʱʝʧʨʠʥʷʪʦʡ ʬʦʨʤʫʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʩʪʚʘ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʧʝʮʠʘʣʴʥʫʶ ʤʝʪʦʜʠʢʫ [3, 46 ʩ.]. 
ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʪʝʯʝʥʠʠ 2011 ï 2018 ʛʛ. ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝ ʚʩʝ ʬʫʥʛʠʮʠʜʳ ʩʧʦʩʦʙʥʳ 
ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʘ ʚ ʫʩʣʦ-
ʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʨʘʞʝʥʠʷ (ʪʘʙʣʠʮʘ).  

ʊʘʙʣʠʮʘ 
ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʪʠʚ ʚʦʟʙʫʜʠʪʝʣʷ  

ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ ʧʰʝʥʠʮʳ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ  
(ʩʨʝʜʥʝʝ ʟʘ 2011 ï 2018 ʛʛ.) 

ʇʨʝʧʘʨʘʪ, ʥʦʨʤʘ ʨʘʩʭʦʜʘ 

ʇʦʨʘʞʝʥʠʝ ʪʚʸʨʜʦʡ ʛʦʣʦʚʥʝʡ, % 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, % 
ʚ ʦʧʳʪʝ ʚ ʢʦʥʪʨʦʣʝ 

ʄʘʢʩʠʤ ʵʢʩʪʨʠʤ ʂʉ, 2 ʣ/ʪ 0,0 28,7 100,0 

ɺʠʘʣ ʊʊ ɺʉʂ, 0,4 ʣ/ʪ 2,6 38,5 93,2 

ʂʦʣʬʫʛʦ ʩʫʧʝʨ ʂʉ, 2 ʣ/ʪ 7,2 40,0 82,1 

 
ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʢʦʥʪʨʦʣʝ ʟʘ 

ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʠʣʘ 28,7 ï 40,0 %. ɺ ʚʘʨʠ-
ʘʥʪʘʭ ʦʧʳʪʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʦʚʘʣ ʦʪ 0,0 ʜʦ 
7,2 %. ʅʘʠʙʦʣʴʰʫʶ (100 %) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚ 
ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ ʧʰʝʥʠʮʳ ʧʦʢʘʟʘʣ 
ʧʨʝʧʘʨʘʪ ʄʘʢʩʠʤ ʵʢʩʪʨʠʤ. ɹʣʠʟʢʠʤ ʢ ʥʝʤʫ ʙʳʣ 
ʬʫʥʛʠʮʠʜ ɺʠʘʣ ʊʊ. ʆʥ ʩʥʠʞʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 
ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ 93,2 %. ʄʝʥʝʝ 90 % ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 
ʙʳʣ ʫ ʧʨʝʧʘʨʘʪʘ ʂʦʣʬʫʛʦ ʩʫʧʝʨ. ɽʛʦ ʙʠʦʣʦʛʠʯʝʩʢʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 82,1 %.  
ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʩʪʘ-
ʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠʥʬʝʢʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ (207 ï 211 
ʪʳʩ. ʩʧʦʨ ʥʘ ʟʝʨʥʦʚʢʫ) ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʙʠʦʣʦʛʠ-
ʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʛʠʮʠʜʦʚ-ʧʨʦʪʨʘʚʠʪʝʣʝʡ 
ʩʝʤʷʥ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʪʚʝʨʜʦʡ ʛʦʣʦʚʥʠ 
ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ɺʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʡ 
ʧʨʝʧʘʨʘʪ (ʄʘʢʩʠʤ ʵʢʩʪʨʠʤ) ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʶ-

ʱʠʡ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚʦʟ-
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʘʢʪʠʢʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡ-
ʩʪʚʘ ʧʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʧʰʝ-
ʥʠʮʳ ʦʪ ʛʦʣʦʚʥʝʚʦʡ ʠʥʬʝʢʮʠʠ.  
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PRELIMINARY EVALUATION OF  FUNGICIDES AGAINST THE PATHOGEN OF FUSARIUM THE 

EAR OF WHEAT FUNGUS FUSARIUM AVENACEUM  
 
ɸʥʥʦʪʘʮʠʷ 
ʀʟʫʯʝʥʦ ʜʝʡʩʪʚʠʝ ʬʫʥʛʠʮʠʜʦʚ ʥʘ ʚʦʟʙʫʜʠʪʝʣʷ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʧʰʝʥʠʮʳ ï ʛʨʠʙʘ Fusarium aven-

aceum. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ. ʏʝʨʝʟ ʯʝʪʳʨʥʘʜʮʘʪʴ ʩʫʪʦʢ ʧʦʩʣʝ ʦʙ-
ʨʘʙʦʪʢʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ (100 %) ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʫ ʧʨʝʧʘʨʘʪʦʚ ɿʘʥʪʘʨʘ, ʀʥʧʫʪ, ʄʘʛʥʝʣʣʦ, 
ʆʩʠʨʠʩ ʠ ʇʨʠʘʢʩʦʨ. ʇʦʩʣʝ 30 ʩʫʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘʙʣʶ-
ʜʘʣʦʩʴ ʚ ʚʘʨʠʘʥʪʝ ʦʧʳʪʘ, ʛʜʝ ʧʨʠʤʝʥʷʣʩʷ ʬʫʥʛʠʮʠʜ ɿʘʥʪʘʨʘ.  

Abstract 
Studied the effect of fungicides on the pathogen of fusarium the ear infection of the fungus Fusarium aven-

aceum. The experiments were conducted on an artificial infectious background. Fourteen days after treatment, the 
highest (100 %) efficacy was observed in preparations Zantara, Input, Magnello, Osiris and Priaxor. After 30 
days after treatment, the complete absence of signs of the disease was observed in the variant of the experiment, 
where Zantara fungicide was used. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʬʝʢʮʠʦʥʥʳʡ ʬʦʥ, ʛʨʠʙ Fusarium aven-

aceum, ʬʫʥʛʠʮʠʜʳ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  
Key words: wheat, fusarium ear, artificial infectious background, fungus Fusarium avenaceum, fungicides, 

biological effectiveness. 
 
ʌʫʟʘʨʠʦʟ ʢʦʣʦʩʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʧʰʝʥʠʮʳ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʦʧʘʩʥʳʭ ʠ 
ʚʨʝʜʦʥʦʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʈʦʩʩʠʠ ʵʧʠʬʠʪʦʪʠʠ 
ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʚ ʶʞʥʳʭ ʨʝʛʠʦ-
ʥʘʭ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʯʘʩʪʦʝ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜ-
ʢʦʚ ʠ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʧʝʨʠʦʜ ʦʪ 
ʢʦʣʦʰʝʥʠʷ ʜʦ ʩʦʟʨʝʚʘʥʠʷ ʧʰʝʥʠʮʳ [4, 22 ʩ.]. ɺ ʫʤʝ-
ʨʝʥʥʦʤ ʢʣʠʤʘʪʝ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʩʪʨʘʥʳ ʟʘʨʘʞʝʥ-
ʥʦʩʪʴ ʢʦʣʦʩʘ ʠ ʟʝʨʥʘ ʥʦʩʠʪ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳ-
ʷʚʣ̫ʝʪʩʷ ʧʨʠ ʤʠʢʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [2, ʩ. 46-50; 
6, 22 ʩ.]. ʅʦ ʠ ʟʜʝʩʴ ʚ ʛʦʜʳ ʩ ʦʙʠʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ ʚ 
ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʚʳʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ 
ʧʦʨʘʞʝʥʠʷ ʩʝʤʷʥ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʝʡ [3, ʩ. 
167-169; 5, ʩ. 41-43]. ɺʦʟʙʫʜʠʪʝʣʠ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ 
ʥʘʥʦʩʷʪ ʢʘʢ ʧʨʷʤʦʡ ʫʱʝʨʙ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʩʥʠʞʝʥʠʠ ʫʨʦʞʘʡʥʦʩʪʠ, ʪʘʢ ʠ ʢʦʩʚʝʥʥʳʡ, ʩʚʷʟʘʥ-
ʥʳʡ ʩ ʢʦʥʪʘʤʠʥʘʮʠʝʡ ʟʝʨʥʘ ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʬʫʟʘ-
ʨʠʝʚʳʭ ʛʨʠʙʦʚ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩ-
ʥʳʤ. ɺ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʠʢʦʪʦʢʩʠʥʳ ʩʧʦ-
ʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʝ 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʪʝʨʤʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʝ ʵʪʠ ʚʝʱʝʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʘʛʘ-
ʶʪʩʷ. ɿʝʨʥʦ ʧʰʝʥʠʮʳ, ʩʦʜʝʨʞʘʱʝʝ ʤʠʢʦʪʦʢʩʠʥʳ 
ʬʫʟʘʨʠʝʚʳʭ ʛʨʠʙʦʚ ʚʳʰʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʠʱʝʚʳʝ ʠ 
ʬʫʨʘʞʥʳʝ ʮʝʣʠ. ʇʦʣʥʦʩʪʴʶ ʫʩʪʦʡʯʠʚʳʭ ʢ ʵʪʠʤ ʧʘ-
ʪʦʛʝʥʘʤ ʩʦʨʪʦʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦʢʘ ʥʝ ʩʦʟʜʘʥʦ. 
ʇʦʵʪʦʤʫ ʜʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʬʫʟʘ-
ʨʠʦʟʘ ʢʦʣʦʩʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ 
ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. ɺʠʜʳ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium, ʚʳ-
ʟʳʚʘʶʱʠʭ ʵʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳ. ɺ 
ʫʩʣʦʚʠʷʭ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʢʦ-
ʣʦʩʝ ʠ ʟʝʨʥʝ ʧʰʝʥʠʮʳ ʚʩʪʨʝʯʘʝʪʩʷ ʜʝʚʷʪʥʘʜʮʘʪʴ ʚʠ-
ʜʦʚ ʬʫʟʘʨʠʝʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʨʝʜʦ-
ʥʦʩʥʳʭ ï ʛʨʠʙ Fusarium avenaceum. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʥʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʟʫʯʠʪʴ ʚʣʠʷ-
ʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʬʫʥʛʠʮʠʜʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʬʫʟʘʨʠ-
ʦʟʘ ʢʦʣʦʩʘ, ʚʳʟʳʚʘʝʤʦʛʦ ʜʘʥʥʳʤ ʧʘʪʦʛʝʥʦʤ.  
ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʨʘʩʪʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ ʄʠʨʦʥʦʚ-
ʩʢʘʷ 808. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʢʫʩ-
ʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ. ʂʦʣʦʩʴʷ ʧʰʝʥʠʮʳ ʚ 
ʬʘʟʝ ʮʚʝʪʝʥʠʷ ʦʧʨʳʩʢʠʚʘʣʠ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʢʦ-
ʥʠʜʠʡ ʛʨʠʙʘ Fusarium avenaceum ʠ ʥʘʢʨʳʚʘʣʠ ʧʦ-
ʣʠʵʪʠʣʝʥʦʚʳʤʠ ʠʟʦʣʷʪʦʨʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʩ-
ʧʝʥʟʠʠ ʢʦʥʠʜʠʡ ï 105 ʩʧʦʨ ʚ ʦʜʥʦʤ ʤʠʣʣʠʣʠʪʨʝ. ʏʝ-
ʨʝʟ ʩʫʪʢʠ ʠʟʦʣʷʪʦʨʳ ʩʥʠʤʘʣʠ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 
ʨʘʩʪʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ. ɺ ʢʦʥʪʨʦʣʴ-
ʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʪʝʥʠʷ ʬʫʥʛʠʮʠʜʘʤʠ ʥʝ ʦʙʨʘʙʘʪʳ-
ʚʘʣʠʩʴ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʜʚʫʭʥʝʜʝʣʴʥʦʛʦ ʠ ʤʝʩʷʯʥʦʛʦ 
ʩʨʦʢʦʚ (ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ) ʧʨʦʚʦʜʠʣʠ ʚʠʟʫʘʣʴʥʳʝ 
ʫʯʝʪʳ ʧʦʨʘʞʝʥʠʷ ʢʦʣʦʩʴʝʚ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʦʤ. ɺ 
ʨʘʙʦʪʘʭ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠʥʦʢʫʣʶʤʘ, ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ 
ʟʘʨʘʞʝʥʠʶ ʨʘʩʪʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʠ ʧʦʨʘʞʝʥʠʷ ʢʦʣʦʩʘ ʧʘʪʦʛʝʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝ-
ʪʦʜʠʢʫ ʃ.ʂ. ɸʥʧʠʣʦʛʦʚʦʡ ʠ ɻ.ɺ. ɺʦʣʢʦʚʦʡ [1, 28 ʩ.].  
ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦ-

ʨʘʞʝʥʠʝ ʢʦʣʦʩʴʝʚ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʦʤ ʚ ʢʦʥʪʨʦʣʝ 
ʩʦʩʪʘʚʠʣʦ: ʧʨʠ ʧʝʨʚʦʤ ʫʯʝʪʝ ï 13,3 %, ʚʪʦʨʦʤ ï 36,6 
% (ʪʘʙʣʠʮʘ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʝ 
ʚʩʝ ʬʫʥʛʠʮʠʜʳ ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʣʠ ʨʘʟʚʠʪʠʝ 
ʧʘʪʦʛʝʥʘ. ʇʨʠ ʧʝʨʚʦʤ ʫʯʝʪʝ (ʯʝʨʝʟ 14 ʩʫʪʦʢ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ) ʧʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʷ ʥʝ ʙʳʣʠ ʦʙʥʘʨʫ-
ʞʝʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ, ʛʜʝ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʝʧʘ-
ʨʘʪʳ ɿʘʥʪʘʨʘ, ʀʥʧʫʪ, ʄʘʛʥʝʣʣʦ, ʆʩʠʨʠʩ ʠ ʇʨʠ-
ʘʢʩʦʨ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʩʦʩʪʘʚʠʣʘ 
100 %. ɹʣʠʟʢʦ ʢ ʥʠʤ ʥʘʭʦʜʠʣʠʩʴ ʬʫʥʛʠʮʠʜʳ ɸʙʘ-
ʢʫʩ ʫʣʴʪʨʘ, ɸʙʨʫʩʪʘ ʠ ʇʨʦʟʘʨʦ. ʆʥʠ ʩʥʠʞʘʣʠ ʫʨʦ-
ʚʝʥʴ ʧʦʨʘʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʦʤ ʥʘ 
98,5 ï 99,8 %. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʦʩʪʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩʦʩʪʘʚʠʣʘ 94,0 ï 97,7 %.  
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ɺʣʠʷʥʠʝ ʬʫʥʛʠʮʠʜʦʚ ʥʘ ʧʦʨʘʞʝʥʠʝ ʚʦʟʙʫʜʠʪʝʣʝʤ ʬʫʟʘʨʠʦʟʦʤ ʢʦʣʦʩʘ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚ 

ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʘʨʘʞʝʥʠʷ  

(ʩʦʨʪ ʄʠʨʦʥʦʚʩʢʘʷ 808, ʚʠʜ ʛʨʠʙʘ ï Fusarium avenaceum) 

 ̄

ʧ/ʧ 
ʌʫʥʛʠʮʠʜ, ʥʦʨʤʘ ʨʘʩʭʦʜʘ 

ʇʝʨʚʳʡ ʫʯʝʪ  ɺʪʦʨʦʡ ʫʯʝʪ  

ʇʦʨʘʞʝ-

ʥʠʝ ʢʦ-

ʣʦʩʘ, % 

ɹʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, % 

ʇʦʨʘʞʝ-

ʥʠʝ ʢʦ-

ʣʦʩʘ, % 

ɹʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ, % 

1 ʂʦʥʪʨʦʣʴ 13,3 - 36,6 - 

2 ɸʙʘʢʫʩ ʫʣʴʪʨʘ ʉʕ, 1,5 ʣ/ʛʘ 0,02 99,8 0,7 98,1 

3 ɸʙʨʫʩʪʘ ʂʉ, 1,3 ʣ/ʛʘ 0,2 98,5 0,8 97,8 

4 ɸʢʘʥʪʦ ʧʣʶʩ ʂʉ, 0,6 ʣ/ʛʘ 0,8 94,0 1,3 96,4 

5 ɸʣʴʪʦ ʪʫʨʙʦ ʂʕ, 0,5 ʣ/ʛʘ 0,3 97,7 1,0 97,3 

6 ɸʤʠʩʪʘʨ ʵʢʩʪʨʘ ʉʂ, 1 ʣ/ʛʘ 0,3 97,7 0,3 99,2 

7 ɿʘʥʪʘʨʘ ʂʕ, 1 ʣ/ʛʘ 0,0 100,0 0,0 100,0 

8 ʀʥʧʫʪ ʂʕ, 1 ʣ/ʛʘ 0,0 100,0 0,3 99,2 

9 ʄʘʛʥʝʣʣʦ ʂʕ, 1 ʣ/ʛʘ 0,0 100,0 1,2 96,7 

10 ʆʩʠʨʠʩ ʂʕ, 2 ʣ/ʛʘ 0,0 100,0 5,0 86,3 

11 ʇʨʦʟʘʨʦ ʂʕ, 1 ʣ/ʛʘ 0,2 98,5 1,8 95,1 

12 ʇʨʠʘʢʩʦʨ ʂʕ, 1 ʣ/ʛʘ 0,0 100,0 0,3 99,2 

13 ʈʝʢʩ ʇʣʶʩ ʉʕ, 1 ʣ/ʛʘ 0,5 96,2 0,5 98,6 

14 ʉʦʣʠʛʦʨ ʂʕ 1 ʣ/ʛʘ 0,7 94,7 2,8 92,3 

15 ʉʧʦʨʪʘʢ ʂʉ, 1 ʣ/ʛʘ 0,5 96,2 5,0 86,3 

 

ʏʝʨʝʟ ʤʝʩʷʮ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫ-

ʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʜʝʡʩʪʚʠʷ ʬʫʥʛʠʮʠʜʦʚ. ʀʟ ʠʩ-

ʧʳʪʳʚʘʝʤʳʭ ʩʨʝʜʩʪʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ (100 

%) ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ï 

ʛʨʠʙʘ Fusarium avenaceum ʦʢʘʟʘʣʩʷ ʧʨʝʧʘʨʘʪ ɿʘʥ-

ʪʘʨʘ. ʅʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʙʳʣʠ ʬʫʥʛʠʮʠʜʳ ɸʙʘʢʫʩ 

ʫʣʴʪʨʘ, ɸʤʠʩʪʘʨ ʵʢʩʪʨʘ, ʀʥʧʫʪ, ʇʨʠʘʢʩʦʨ ʠ ʈʝʢʩ 

ʇʣʶʩ. ɼʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʩʥʠʞʘʣʠ ʫʨʦʚʝʥʴ ʧʦʨʘʞʝ-

ʥʠʷ ʢʦʣʦʩʴʝʚ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʦʤ ʥʘ 98,1 ï 99,2 

%. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʦʚ ɸʙʨʫʩʪʘ, ɸʢʘʥʪʦ 

ʧʣʶʩ, ɸʣʴʪʦ ʪʫʨʙʦ, ʄʘʛʥʝʣʣʦ, ʇʨʦʟʘʨʦ ʠ ʉʦʣʠʛʦʨ 

ʩʦʩʪʘʚʠʣʘ 92,3 ï 97,8 %. ʌʫʥʛʠʮʠʜʳ ʆʩʠʨʠʩ ʠ 

ʉʧʦʨʪʘʢ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʙʳʣʠ ʥʘ ʧʦʩʣʝʜʥʝʤ 

ʤʝʩʪʝ. ʀʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 86,3 %.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʬʝʢʮʠʦʥʥʦʛʦ 

ʬʦʥʘ ʧʦʟʚʦʣʠʣʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʠʩʧʳʪʳʚʘʝʤʳʝ 

ʩʨʝʜʩʪʚʘ ʧʦ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʚʦʟʙʫʜʠʪʝʣʷ ʬʫʟʘʨʠʦʟʘ ʢʦʣʦʩʘ ʧʰʝʥʠʮʳ ï 

ʛʨʠʙʘ Fusarium avenaceum. ɺʳʷʚʣʝʥ ʬʫʥʛʠʮʠʜ (ɿʘʥ-

ʪʘʨʘ), ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʫʶʱʠʡ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝ-

ʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘ-

ʙʦʪʝ ʦʪʨʘʞʝʥʳ ʣʠʰʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʧʘʨʘʪʦʚ. ɹʦʣʝʝ ʧʦʜʨʦʙ-

ʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʤʥʦʛʦʣʝʪ-

ʥʝʛʦ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʠ ʤʠʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʟʝʨʥʘ ʩ ʦʙʨʘʙʦʪʘʥʥʳʭ ʬʫʥʛʠʮʠʜʘʤʠ ʢʦʣʦ-

ʩʴʝʚ.  
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INFLUENCE OF THE ROOT ON GROWTH INDICATORS OF CHERRY  

 

ɸʥʥʦʪʘʮʠʷ  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ ʩʦʨʪʦʚ ʯʝ-

ʨʝʰʥʠ ʥʘ ʨʘʟʥʳʭ ʧʦʜʚʦʷʭ ʚ ʫʩʣʦʚʠʷʭ ʇʨʠʢʫʙʘʥʩʢʦʡ ʟʦʥʝ ʩʘʜʦʚʦʜʩʪʚʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. 

Abstract 

This work presents studies on the characteristics of the growth and fruiting of cherry varieties on different 

stocks in the Prikuban gardening zone of the Krasnodar Territory. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʝʰʥʷ, ʩʦʨʪ, ʇʨʘʟʜʥʠʯʥʘʷ, ʂʨʫʧʥʦʧʣʦʜʥʘʷ, ʧʦʜʚʦʠ. 

Keywords: sweet cherry, grade, Festive, Large-fruited, stocks. 

 

ʊʦʯʥʳʡ ʚʳʙʦʨ ʧʦʜʚʦʝʚ ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ ï 

ʵʪʦ ʦʩʥʦʚʘ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʚ ʜʘʥʥʦʡ 

ʢʦʥʢʨʝʪʥʦʡ ʟʦʥʝ, ʪʘʢ ʢʘʢ ʨʘʟʨʝʰʘʝʪ ʛʣʫʙʞʝ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʧʦʪʝʥʮʠʘʣʳ ʩʦʨʪʦʚ, ʧʦʜʚʦʝʚ ʠ ʩʦʨʪʦ-ʧʦʜʚʦʡ-

ʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚ ʮʝʣʦʤ [2, ʉ. 158-163; 4, ʉ. 23-28. 

218; 5, ʉ. 127-129; 6, ʉ. 31-32. 214; 7, ʉ. 98- 102.]. 

ʇʨʠ ʵʪʦʤ ʥʝʨʝʜʢʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴ-

ʥʦʩʪʴ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʜʚʦʷ ʤʦʞʝʪ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʨʠ-

ʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʧʨʠʚʦʷ, ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʧʦʜʚʦʡ ʚ ʩʦʩʪʦʷʥʠʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʥʝ ʦʜʥʦʛʦ, ʘ ʥʝʩʢʦʣʴʢʠʭ ʩʦʨʪʦʚ [1, ʉ. 1-24; 3, ʉ. 171-

174].  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ 

ʧʦʜʙʦʨʘ ʧʦʜʚʦʝʚ ʜʣʷ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʦʨʪʦʚ 

ʯʝʨʝʰʥʠ, ʯʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʰʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ. ʎʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʠʟʫʯʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʠ ʧʣʦʜʦʥʦʰʝʥʠʷ ʩʦʨʪʦʚ ʯʝ-

ʨʝʥhʠ ʥʘ ʨʘʟʥʳʭ ʧʦʜʚʦʷʭ ʚ ʫʩʣʦʚʠʷʭ ʇʨʠʢʫʙʘʥ-

ʩʢʦʡ ʟʦʥʝ ʩʘʜʦʚʦʜʩʪʚʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ. ʆʙʲ-

ʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʩʦʨʪʦ-ʧʦʜʚʦʡʥʳʝ ʢʦʤʙʠʥʘʮʠʠ 

ʯʝʨʝʰʥʠ. ʉʭʝʤʘ ʦʧʳʪʘ: ʚʘʨʠʘʥʪ 1 ï ʩʦʨʪ ʯʝʨʝʰʥʠ 

ʇʨʘʟʜʥʠʯʥʘʷ ʧʨʠʚʠʪʳʡ ʥʘ ʘʥʪʠʧʢʫ; ʚʘʨʠʘʥʪ 2 ï 

ʩʦʨʪ ʯʝʨʝʰʥʠ ʇʨʘʟʜʥʠʯʥʘʷ ʧʨʠʚʠʪʳʡ ʥʘ ʯʝʨʝʰʥʶ 

ʜʠʢʫʶ; ʚʘʨʠʘʥʪ 3 ï ʩʦʨʪ ʯʝʨʝʰʥʠ ʂʨʫʧʥʦʧʣʦʜʥʘʷ 

ʧʨʠʚʠʪʳʡ ʥʘ ʘʥʪʠʧʢʫ; ʚʘʨʠʘʥʪ 4 ï ʩʦʨʪ ʯʝʨʝʰʥʠ 

ʂʨʫʧʥʦʧʣʦʜʥʘʷ ʧʨʠʚʠʪʳʡ ʥʘ ʯʝʨʝʰʥʶ ʜʠʢʫʶ. 

ʋʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦ ʦʙʱʝʧʨʠ-

ʥʷʪʳʤ ʤʝʪʦʜʠʢʘʤ. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ ʯʝʪʳʨʝʭ-

ʢʨʘʪʥʘʷ, ʨʘʟʤʝʨ ʫʯʝʪʥʦʡ ʜʝʣʷʥʢʠ ï 1 ʜʝʨʝʚʦ. ɸʛʨʦ-

ʪʝʭʥʠʢʘ ʙʳʣʘ ʦʙʱʝʧʨʠʥʷʪʘʷ ʜʣʷ ʜʘʥʥʦʡ ʟʦʥʳ ʠ 

ʢʫʣʴʪʫʨʳ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝʥʠʷ ʩʦʨʪʦʚ ʯʝʨʝʰʥʠ ʥʘ 

ʨʘʟʥʳʭ ʧʦʜʚʦʷʭ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝ-

ʣʷʝʪ ʫʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʟʘʚʷʟʠ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʫʨʦʞʘʷ. ʂʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝ-

ʥʠʷ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʩʦʨʪʘ ʠ ʚ 

ʤʝʥʴʰʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʜ-

ʚʦʷ. ʇʨʠ ʵʪʦʤ ʟʘ ʦʙʘ ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʘʝʤʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʫ ʩʦʨʪʘ ʂʨʫʧʥʦʧʣʦʜʥʘʷ ʙʳʣ ʙʦʣʝʝ ʚʳʩʦʢ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʩʦʨʪʘ ʇʨʘʟʜʥʠʯʥʘʷ ʥʘ ʦʙʦʠʭ ʧʦʜʚʦʷʭ. ʊʘʢ ʥʘ ʧʦʜʚʦʝ 

ʘʥʪʠʧʢʘ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʫ ʩʦʨʪʘ ʂʨʫʧʥʦʧʣʦʜʥʘʷ 

ʥʘ 15,8 % ʧʨʝʚʳʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʫ ʩʦʨʪʘ ʇʨʘʟʜʥʠʯʥʘʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʚʦʷ 

ʯʝʨʝʰʥʷ ʜʠʢʘʷ ʵʪʠ ʨʘʟʣʠʯʠʷ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ 2,9 % 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝʥʠʷ ʩʦʨʪʘ 

ʂʨʫʧʥʦʧʣʦʜʥʘʷ ʙʳʣʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʦʨʪʘ ʇʨʘʟʜ-

ʥʠʯʥʘʷ ʢʘʢ ʥʘ ʧʦʜʚʦʝ ʘʥʪʠʧʢʘ, ʪʘʢ ʠ ʥʘ ʯʝʨʝʰʥʝ ʜʠ-

ʢʦʡ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʩʦʨʪʦʚ ʯʝʨʝʰʥʠ ʥʘ ʨʘʟ-

ʥʳʭ ʧʦʜʚʦʷʭ 

ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʷ ʷʚ-

ʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʛʦʜʠʯʥʦʛʦ ʧʨʠʨʦʩʪʘ. ʋʨʦʞʘʡ ʩʦ-

ʟʜʘʝʪʩʷ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʦʡ ʣʠʩʪʴʝʚ ʠ ʢʦʨʥʝʡ. 

ɺʘʞʥʦ, ʯʪʦʙʳ ʯʝʨʝʰʥʷ ʠʤʝʣʘ ʝʞʝʛʦʜʥʦ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʥʥʳʝ ʧʨʠʨʦʩʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳ-

ʚʘʪʴʩʷ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʩʪʴʝʚ. ʅʘ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʠ ʪʝʤʧʳ ʨʦʩʪʘ ʧʦʙʝʛʦʚ ʚʣʠʷʶʪ ʧʨʠʨʦʜʘ 

ʨʘʩʪʝʥʠʷ, ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʘʛʨʦ-

ʪʝʭʥʠʢʘ, ʧʦʜʚʦʡ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʦʩʪ ʧʦʙʝʛʦʚ ʧʨʠʚʦʷ. ʇʫʪʝʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʠʪʤʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ ʠ ʩʦʟʜʘʚʘʪʴ ʚ ʜʘʥʥʦʤ ʛʦʜʫ 

ʧʨʠʨʦʩʪʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʟʘʣʦʛʦʤ ʚʳʩʦʢʦʡ ʫʨʦ-

ʞʘʡʥʦʩʪʠ ʩʘʜʘ [20]. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʫʯʝʪʳ ʛʦʜʠʯʥʳʭ ʧʨʠʨʦʩʪʦʚ (ʩʫʤʤʘʨʥʦʛʦ, ʩʨʝʜʥʝʛʦ), 

ʠʭ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  
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ʊʘʙʣʠʮʘ 1 

ʇʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ ʩʦʨʪʦʚ ʯʝʨʝʰʥʠ ʥʘ ʨʘʟʥʳʭ ʧʦʜʚʦʷʭ (ʩʘʜ 1990 ʛʦʜʘ ʟʘʢʣʘʜʢʠ, 

ʩʭʝʤʘ ʧʦʩʘʜʢʠ 7 ʭ 4 ʤ, ʩʨʝʜʥʝʝ ʟʘ 2017-2018 ʛʛ.) 

ɺʘʨʠʘʥʪ ʉʨʝʜʥʝʛʦʜʠʯʥʳʡ ʧʨʠʨʦʩʪ, ʩʤ ʉʫʤʤʘʨʥʳʡ ʛʦʜʠʯʥʳʡ ʧʨʠʨʦʩʪ, ʤ 

2017 ʛ 2018ʛ ʩʨʝʜʥʝʝ ʟʘ 2 ʛʦʜʘ 2017 ʛ 2018 ʛ ʩʨʝʜʥʝʝ ʟʘ 2 ʛʦʜʘ 

ʇʨʘʟʜʥʠʯʥʘʷ /ɸ 33,4 26,4 29,9 37,6 35,2 36,4 

ʇʨʘʟʜʥʠʯʥʘʷ /ʏ 37,8 31,5 34,6 40,4 38,8 39,6 

ʅʉʈ05 2,1 2,2 - 1,3 1,3 - 

ʂʨʫʧʥʦʧʣʦʜʥʘʷ /ɸ 36,8 28,7 32,7 39,1 36,9 38,0 

ʂʨʫʧʥʦʧʣʦʜʥʘʷ /ʏ 39,2 32,4 35,8 44,5 38,3 41,4 

ʅʉʈ05 1,6 1,9 - 1,4 1,0 - 

 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʨʦʩʪʘ ʩʦʨʪʦʚ ʯʝʨʝʰʥʠ ʥʘ 

ʨʘʟʥʳʭ ʧʦʜʚʦʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʛʦʜʠʯʥʦʛʦ ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʧʨʠʨʦʩʪʘ ʫ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ. ʊʘʢʦʝ ʧʦʣʦʞʝ-

ʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʘʜ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʟʨʘʩʪʝ 

ʧʦʣʥʦʛʦ ʧʣʦʜʦʥʦʰʝʥʠʷ ʢʦʛʜʘ ʧʦʣʫʯʘʶʪ ʚʳʩʦʢʠʝ 

ʫʨʦʞʘʠ ʠ ʨʦʩʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫ ʩʦʨʪʦʚ ʇʨʘʟʜʥʠʯ-

ʥʘʷ ʠ ʂʨʫʧʥʦʧʣʦʜʥʘʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʠ ʨʦ-

ʩʪʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʜʚʦʷ ʩʝʷʥʮʝʚ ʯʝʨʝʰʥʠ ʜʠʢʦʡ. ʉʨʝʜʥʝʛʦʜʠʯʥʳʡ 

ʧʨʠʨʦʩʪ ʫ ʩʦʨʪʘ ʇʨʘʟʜʥʠʯʥʘʷ, ʥʘ ʵʪʦʤ ʧʦʜʚʦʝ ʧʨʝ-

ʚʳʰʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʫ ʵʪʦʛʦ ʩʦʨʪʘ ʥʘ 

ʧʦʜʚʦʝ ʘʥʪʠʧʢʘ ʥʘ 13,6 %. ʋ ʩʦʨʪʘ ʂʨʫʧʥʦʧʣʦʜʥʘʷ, 

ʵʪʦ ʧʨʝʚʳʰʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 8,6 %. ʊʘʢʫʶ ʞʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʴ ʤʳ ʚʠʜʠʤ ʧʦ ʩʫʤʤʘʨʥʦʤʫ ʛʦʜʠʯʥʦʤʫ ʧʨʠ-

ʨʦʩʪʫ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʜʚʫʭʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥ-

ʥʦʛʦ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ:  

1. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʮʚʝʪʝʥʠʷ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʘʷ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʧʳʪʘ ʧʨʠ ʵʪʦʤ ʝʝ ʧʦʢʘ-

ʟʘʪʝʣʠ ʫ ʩʦʨʪʘ ʇʨʘʟʜʥʠʯʥʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝ-

ʥʷʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʦʜʚʦʷ, ʘ ʫ ʩʦʨʪʘ ʂʨʫʧʥʦ-

ʧʣʦʜʥʘʷ ʙʳʣʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʜʚʦʷ ʩʝʷʥʮʝʚ ʘʥʪʠʧʢʠ.  

2. ʇʦʢʘʟʘʪʝʣʠ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʠ ʩʫʤʤʘʨʥʦʛʦ 

ʧʨʠʨʦʩʪʘ ʙʳʣʠ ʚʳʰʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʝʷʥʮʝʚ 

ʯʝʨʝʰʥʠ ʜʠʢʦʡ ʫ ʦʙʦʠʭ ʠʟʫʯʘʝʤʳʭ ʩʦʨʪʦʚ.  
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ASSESSMENT OF RESISTANCE OF POTATO VARIETIES TO PHYTOPHTHORA INFESTANS IN 

CONDITIONS OF TAMBOV REGION  

 

ɸʥʥʦʪʘʮʠʷ 
ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʠʪʦʬʪʦʨʦʟʘ ï ʛʨʠʙʫ Phy-

tophthora infestans D. B. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʝʥʴʰʝ ʜʨʫʛʠʭ 

ʧʦʨʘʞʘʣʩʷ ʵʪʠʤ ʧʘʪʦʛʝʥʦʤ ʩʦʨʪ ɺʘʩʠʣʸʢ. ʈʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʵʪʦʤ ʩʦʨʪʝ ʩʦʩʪʘʚʠʣʦ 6,7 %, ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ï 33,3 %. ʅʘ ʜʨʫʛʠʭ ʩʦʨʪʘʭ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʦʩʪʘʚʠʣʠ 12,7 ï 50,7 % ʠ 56,7 ï 100,0 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʩʦʨʪʦʚ ʧʦ ʫʨʦʚʥʶ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʬʠʪʦʬʪʦ-

ʨʦʟʘ.  

Abstract 

The stability of potato varieties to the pathogen of phytophthorosis ï fungus Phytophthora infestans D. B. 

was evaluated. The studies were conducted in the Tambov region. Less than others were amazed by this pathogen 

variety Vasilek. The development of the disease in this varieti was 6,7 %, the prevalence ï 33,3 %. An other 

varieties, these figures were 12,7 ï 50,7 % and 56,7 ï 100,0 %, respectively. The ranking of varieties by the level 

of their resistance to the pathogen of phytophthorosis is carried out. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʪʦʬʝʣʴ, ʩʦʨʪ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʬʠʪʦʬʪʦʨʦʟ, ʨʘʟʚʠʪʠʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ. 

Key words: potato, variety, resistance, phytophthorosis, development, prevalence. 

 

ʂʘʨʪʦʬʝʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦ-

ʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʦʟʜʝʣʳʚʘʝʪʩʷ ʚʦ ʤʥʦ-

ʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʨʪʘ ʵʪʦʡ ʢʫʣʴ-

ʪʫʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʫʨʦʞʘʡʥʦ-

ʩʪʴʶ. ʅʦ ʚʦ ʤʥʦʛʦʤ ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʫʩʣʦʚʠʡ ï ʥʘʣʠʯʠʝʤ 

ʚʣʘʛʠ ʚ ʧʦʯʚʝ, ʟʘʩʦʨʝʥʥʦʩʪʠ ʧʦʩʘʜʦʢ, ʧʦʚʨʝʞʜʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʧʘʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʘʤʠ. ʇʦʩʣʝʜʥʠʝ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ-

ʞʘʪʴ ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ. ʆʩʥʦʚʥʳʤ ʟʘʙʦʣʝʚʘ-

ʥʠʝʤ ʵʪʦʡ ʢʫʣʴʪʫʨʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ 

ʝʝ ʚʦʟʜʝʣʳʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʬʠʪʦʬʪʦʨʦʟ. ɽʛʦ ʚʦʟʙʫ-

ʜʠʪʝʣʴ ï ʛʨʠʙ Phytophthora infestans D. B. ʆʥ ʧʦʨʘ-

ʞʘʝʪ ʣʠʩʪʴʷ, ʩʪʝʙʣʠ ʠ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ. ʅʘ ʣʠ-

ʩʪʴʷʭ ʟʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ 

ʪʝʤʥʦ-ʙʫʨʳʭ ʧʷʪʝʥ. ʏʘʱʝ ʚʩʝʛʦ ʠʭ ʨʘʟʚʠʪʠʝ ʥʘʯʠ-

ʥʘʝʪʩʷ ʩ ʢʨʘʷ ʣʠʩʪʘ. ɺʦ ʚʣʘʞʥʫʶ ʧʦʛʦʜʫ ʩ ʥʠʞʥʝʡ 

ʩʪʦʨʦʥʳ ʥʘ ʧʷʪʥʘʭ ʦʙʨʘʟʫʝʪʩʷ ʙʝʣʦʚʘʪʳʡ ʥʘʣʝʪ, ʩʦ-

ʩʪʦʷʱʠʡ ʠʟ ʟʦʦʩʧʦʨʘʥʛʠʝʥʦʩʮʝʚ ʠ ʟʦʦʩʧʦʨʘʥʛʠʝʚ 

ʧʘʪʦʛʝʥʘ. ʇʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦ 

ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʧʦʩʣʝʜʥʠʡ ʦʪʤʠʨʘʝʪ. ʇʨʠ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʫ 

ʚʦʩʧʨʠʠʤʯʠʚʳʭ ʩʦʨʪʦʚ ʛʠʙʝʣʴ ʣʠʩʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ ʬʠʪʦʬʪʦʨʦʟʦʤ 

ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʚʳʛʣʷʜʷʪ ʢʘʢ ʦʙʦʞʞʝʥʥʳʝ ʦʛ-

ʥʝʤ. ʇʨʠ ʦʪʤʠʨʘʥʠʠ ʣʠʩʪʴʝʚ ʚ ʨʘʥʥʠʝ ʬʘʟʳ ʨʘʟʚʠ-

ʪʠʷ ʢʫʣʴʪʫʨʳ ʢʣʫʙʥʠ ʟʘʚʷʟʳʚʘʶʪʩʷ ʤʝʣʢʠʤʠ ʠʣʠ ʠʭ 

ʦʙʨʘʟʫʝʪʩʷ ʤʘʣʦ. ʇʦʪʝʨʠ ʫʨʦʞʘʷ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 

70 % ʠ ʙʦʣʝʝ. ʇʝʨʚʳʝ ʧʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦʷʚ-

ʣʷʶʪʩʷ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʨʘʩʪʝʥʠʡ, ʚ ʚʠʜʝ ʥʝʙʦʣʴ-

ʰʠʭ ʧʷʪʝʥ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʛʝʥʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʝ ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ, ʚʳʩʦ-

ʢʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ï ʙʦʣʝʝ 75 %, ʚʳʧʘʜʝʥʠʝ 

ʨʦʩʳ ʠʣʠ ʥʘʣʠʯʠʝ ʪʫʤʘʥʘ [4, 480 ʩ.]. ɺʩʝ ʵʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʠ 

ʧʦʯʚʝ ʢʘʧʝʣʴʥʦʞʠʜʢʦʡ ʚʣʘʛʠ. ʇʦ ʥʝʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʝʪʩʷ ʟʘʨʘʟʥʦʝ ʥʘʯʘʣʦ ʛʨʠʙʘ ï ʟʦʦʩʧʦʨʘʥʛʠʠ, ʧʨʦ-

ʨʘʩʪʘʶʱʠʝ ʚ ʟʦʦʩʧʦʨʳ ʠʣʠ ʨʦʩʪʦʢ ʤʠʮʝʣʠʷ. 

ʂʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ ʟʘʨʘʞʘʶʪʩʷ ʟʦʦʩʧʦʨʘʥʛʠʷʤʠ, ʢʦ-

ʪʦʨʳʝ ʩʤʳʚʘʶʪʩʷ ʩ ʣʠʩʪʴʝʚ ʜʦʞʜʝʤ ʠ ʧʦʧʘʜʘʶʪ ʚ 

ʧʦʯʚʫ. ɹʦʣʝʝ ʚʩʝʛʦ ʵʪʦʤʫ ʧʦʜʚʝʨʞʝʥʳ ʢʣʫʙʥʠ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʙʣʠʟʢʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʟʘʨʘʞʘ-

ʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. ʅʘ ʢʣʫʙʥʷʭ ʟʘʙʦʣʝʚʘʥʠʝ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʙʫʨʳʭ, ʩʣʝʛʢʘ ʚʜʘʚʣʝʥʥʳʭ ʧʷ-

ʪʝʥ. ʀʥʬʝʢʮʠʷ ʧʝʨʝʜʘʝʪʩʷ ʩ ʙʦʣʴʥʳʤʠ ʢʣʫʙʥʷʤʠ, 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ [5, 304 ʩ.]. 

ʇʦʣʥʦʩʪʴʶ ʫʩʪʦʡʯʠʚʳʭ ʢ Phytophthora infestans 

ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʧʦʢʘ ʥʝ ʩʦʟʜʘʥʦ. ʉʫʱʝʩʪʚʫʶʪ 

ʬʦʨʤʳ ʨʘʩʪʝʥʠʡ, ʤʝʥʝʝ ʚʦʩʧʨʠʠʤʯʠʚʳʝ ʢ ʵʪʦʤʫ ʟʘ-

ʙʦʣʝʚʘʥʠʶ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʠʷ ʚʦʟʙʫʜʠʪʝʣʷ 

ʬʠʪʦʬʪʦʨʦʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʭʠʤʠ-

ʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ï ʬʫʥʛʠʮʠʜʦʚ. ʅʦ ʠʭ ʧʨʠʭʦ-

ʜʠʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʝʦʜʥʦʢʨʘʪʥʦ (4 ï 5 ʨʘʟ) ʚ ʪʝʯʝʥʠʠ 

ʚʝʛʝʪʘʮʠʠ ʢʫʣʴʪʫʨʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʝʩʣʠ ʚʦʟʜʝʣʳ-

ʚʘʝʤʳʡ ʩʦʨʪ ʢʘʨʪʦʬʝʣʷ ʦʙʣʘʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʘʪʦʛʝʥʫ, ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʛʠʮʠʜ-

ʥʳʭ ʦʙʨʘʙʦʪʦʢ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ [6, 28 ʩ.]. ʂʣʠʤʘ-
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ʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚʧʦʣʥʝ ʙʣʘ-

ʛʦʧʨʠʷʪʥʳ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʵʪʦʡ ʢʫʣʴʪʫʨʳ. ʆʜ-

ʥʘʢʦ ʠ ʟʜʝʩʴ ʨʘʩʪʝʥʠʷ ʢʘʨʪʦʬʝʣʷ ʧʦʜʚʝʨʞʝʥʳ ʧʦʨʘ-

ʞʝʥʠʶ ʬʠʪʦʬʪʦʨʦʟʦʤ. ʇʦ ʜʘʥʥʳʤ ʌʠʣʠʘʣʘ ʌɻɹʋ 

çʈʦʩʩʝʣʴʭʦʟʮʝʥʪʨè ʧʦ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ ʧʝ-

ʨʠʦʜ ʩ 1976 ʧʦ 2017 ʛʛ. ʥʘ ʧʦʩʘʜʢʘʭ ʢʘʨʪʦʬʝʣʷ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 1 

ʜʦ 100 %, ʨʘʟʚʠʪʠʝ ï ʦʪ 0,05 ʜʦ 69,6 % [3]. ʅʘʠʤʝʥʴ-

ʰʠʤ ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ, 

ʥʘʠʙʦʣʴʰʠʤ ï ʚ ʛʦʜʳ ʩ ʦʙʠʣʴʥʳʤ ʚʳʧʘʜʝʥʠʝʤ 

ʦʩʘʜʢʦʚ. ɺʦʟʜʝʣʳʚʘʥʠʝ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʩ ʫʤʝʨʝʥ-

ʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ ʢ ʬʠʪʦʬʪʦʨʦʟʫ ʚ ʵʪʠʭ ʫʩʣʦ-

ʚʠʷʭ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ 

ʠ ʫʤʝʥʴʰʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʝʩʪʠʮʠʜʦʚ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʭʠʤʠʯʝ-

ʩʢʠʭ ʦʙʨʘʙʦʪʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʧʦʩʘʜʦʢ ʢʘʨʪʦ-

ʬʝʣʷ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʦʨʪʦʚ, 

ʤʝʥʝʝ ʧʦʨʘʞʘʝʤʳʭ ʚʦʟʙʫʜʠʪʝʣʝʤ ʬʠʪʦʬʪʦʨʦʟʘ.  

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʧʦʩʘʜʢʠ 

ʢʘʨʪʦʬʝʣʷ ʚ ʭʦʟʷʡʩʪʚʘʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ ʫʯʝʪʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʬʠʪʦʬʪʦʨʦʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦ-

ʜʠʢʠ [1, 378 ʩ.; 2, 415 ʩ.].  

ɺ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ 2017 ï 2018 ʛʛ. ʙʳʣʠ ʦʙ-

ʩʣʝʜʦʚʘʥʳ ʧʦʩʘʜʢʠ ʢʘʨʪʦʬʝʣʷ ʚ çʂʦʣʭʦʟʝ ʇʣʝʤʝʥ-

ʥʦʡ ʟʘʚʦʜ ʠʤ. ʃʝʥʠʥʘè ʠ ʨʷʜʝ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ. 

ʋʯʝʪ ʬʠʪʦʬʪʦʨʦʟʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʩʦʨʪʘʭ ɹʝʣʴ-

ʤʦʥʜʘ, ɺʘʩʠʣʸʢ, ɾʫʢʦʚʩʢʠʡ ʨʘʥʥʠʡ, ʂʦʣʦʙʦʢ, ʄʝ-

ʣʦʜʠʷ, ʄʝʪʝʦʨ, ʈʘʤʦʩ, ʈʦʟʘʨʦ, ʈʦʜʨʠʛʘ ʠ ʉʠʥʝ-

ʛʣʘʟʢʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʘʚʠʣʘ 

33,3 ï 100,0 %, ʨʘʟʚʠʪʠʝ ï ʦʪ 6,7 ʜʦ 50,7 % (ʪʘʙ-

ʣʠʮʘ). ʇʦ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʬʠʪʦʬʪʦ-

ʨʦʟʘ ʠʩʧʳʪʳʚʘʝʤʳʝ ʩʦʨʪʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ. ɺ ʧʝʨʚʫʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʥʘʠʤʝʥʝʝ ʧʦʨʘʞʘʝʤʳʡ ʩʦʨʪ ï ɺʘʩʠʣʸʢ. ʈʘʟʚʠʪʠʝ ʟʘ-

ʙʦʣʝʚʘʥʠʷ ʟʜʝʩʴ ʩʦʩʪʘʚʠʣʦ 6,7 %. ʅʘʠʤʝʥʴʰʝʡ 

ʙʳʣʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ï 33,3 %. ʂʦ ʚʪʦʨʦʡ 

ʛʨʫʧʧʝ ʦʪʥʦʩʠʣʠʩʴ ʩʦʨʪʘ ʉʠʥʝʛʣʘʟʢʘ ʠ ʈʦʟʘʨʦ. ʈʘʟ-

ʚʠʪʠʝ ʬʠʪʦʬʪʦʨʦʟʘ ʥʘ ʣʠʩʪʴʷʭ ʵʪʠʭ ʩʦʨʪʦʚ ʩʦʩʪʘ-

ʚʠʣʦ 12,7 ï 14,3 %. ɺ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʚʭʦʜʠʣʠ ʩʦʨʪʘ 

ʈʘʤʦʩ, ɹʝʣʴʤʦʥʜʘ, ɾʫʢʦʚʩʢʠʡ ʨʘʥʥʠʡ, ʂʦʣʦʙʦʢ ʠ 

ʄʝʣʦʜʠʷ. ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʧʘʪʦʛʝʥʘ ʟʜʝʩʴ ʩʦʩʪʘ-

ʚʠʣ 15,8 ï 18,0 %. ʂ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʝ ʩʣʝʜʫʝʪ ʦʪʥʝ-

ʩʪʠ ʩʦʨʪ ʄʝʪʝʦʨ. ʈʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ ʵʪʦʤ 

ʩʦʨʪʝ ʩʦʩʪʘʚʠʣʦ 28,0 %. ʀ ʚ ʧʦʩʣʝʜʥʶʶ ʛʨʫʧʧʫ ʚʭʦ-

ʜʠʣ ʥʘʠʙʦʣʝʝ ʧʦʨʘʞʘʝʤʳʡ ʬʠʪʦʬʪʦʨʦʟʦʤ ʩʦʨʪ ʈʦ-

ʜʨʠʛʘ. ʋʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 50,7 

%, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ï 100 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʚ 

ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʨʪʦʚ ʢʘʨʪʦʬʝʣʷ ʢ ʚʦʟʙʫʜʠ-

ʪʝʣʶ ʬʠʪʦʬʪʦʨʦʟʘ ï ʛʨʠʙʫ Phytophthora infestans D. 

B. ɺʳʷʚʣʝʥ ʩʦʨʪ (ɺʘʩʠʣʸʢ), ʤʝʥʝʝ ʜʨʫʛʠʭ ʧʦʨʘʞʘʝ-

ʤʳʡ ʵʪʠʤ ʧʘʪʦʛʝʥʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʢʝ ʢʘʨʪʦʬʝʣʝʚʦʜ-

ʩʪʚʘ.  

ʊʘʙʣʠʮʘ  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʬʠʪʦʬʪʦʨʦʟʘ ʥʘ ʩʦʨʪʘʭ ʢʘʨʪʦʬʝʣʷ ʚ ʭʦʟʷʡʩʪʚʘʭ  

ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʉʦʨʪ 
ʌʠʪʦʬʪʦʨʦʟ 

ʨʘʟʚʠʪʠʝ, % ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ, % 

ɺʘʩʠʣʸʢ  6,7 33,3 

ʉʠʥʝʛʣʘʟʢʘ  12,7 56,7 

ʈʦʟʘʨʦ 14,3 65,3 

ʈʘʤʦʩ 15,8 65,7 

ɹʝʣʴʤʦʥʜʘ 16,0 76,7 

ɾʫʢʦʚʩʢʠʡ ʨʘʥʥʠʡ 18,0 73,3 

ʂʦʣʦʙʦʢ  18,0 73,3 

ʄʝʣʦʜʠʷ  18,0 63,3 

ʄʝʪʝʦʨ  28,0 93,3 

ʈʦʜʨʠʛʘ  50,7 100,0 
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PYTHON PROGRAMMING LANGUAGE COMPARISON: DJANGO OR FLASK  

 

ɸʥʥʦʪʘʮʠʷ 

Flask ʠ Django ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘʤʠ ʜʣʷ Python. ʆʥ ʞʝ ʚ ʩʚʦʝ 

ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʷʟʳʢʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʙʣʠʦʪʝʢ, ʧʨʝʜ-

ʥʘʟʥʘʯʝʥʥʳʭ ʠ ʜʣʷ ʆʆʇ, ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʠʛʨ, ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʨʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ, ʠʭ ʦʙʨʘʙʦʪʢʘ 

ʠ ʜʨ. ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ, ʯʪʦ ʩʠʥʪʘʢʩʠʩ ʷʟʳʢʘ ʤʠʥʠʤʘʣʠʩʪʠʯʝʥ. 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ, ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʤʝʞʜʫ Flask ʠ Django. 

ʆʪʤʝʪʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʞʜʫ ʥʠʤʠ. ʇʦ ʢʘʢʦʡ ʧʨʠʯʠʥʝ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ Bootsrap. ʆʪʣʠʯʠʝ ʬʨʝʡʤ-

ʚʦʨʢʘ ʦʪ ʤʠʢʨʦʬʨʝʡʤʚʦʨʢʘ. 

Abstract 

Flask and Django are the two most popular web frameworks for Python. It is the most popular language 

software designed for web development, games, machine learning, data manipulation, processing, etc. The lan-

guage syntax is minimal. In this article, you need to pay attention to the choice between Flask and Django. Note 

the advantages between them. Why choose Bootsrap. The difference between a framework and a microframework. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Python, flask, Django, Bootstrap, ninja2, ʬʨʝʡʤʚʦʨʢ, ʤʠʢʨʦʬʨʝʡʤʚʦʨʢ. 

Key words: Python, flask, Django, Bootstrap, ninja2, framework, microframework. 

 

ʌʨʝʡʤʚʦʨʢ ï ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʱʝʡ ʧʘʨʘʜʠʛʤʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ. 

ʄʠʢʨʦʬʨʝʡʤʚʦʨʢ ʷʚʣʷʝʪʩʷ ʦʙʣʝʛʯʝʥʥʦʡ ʚʝʨ-

ʩʠʝʡ ʬʨʝʡʤʚʦʨʢʘ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʩʝʙʝ 

ʙʳʩʪʨʦʪʫ. 

Python - ʵʪʦ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʚʘʤ ʨʘʙʦʪʘʪʴ ʙʳʩʪʨʝʝ ʠ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ [1]. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ Django - ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʩʦ-

ʟʜʘʥʠʷ ʚʝʙ-ʩʘʡʪʘ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʙʳʚʘʝʪ ʩʣʦʞʥʳʤ ʠ 

ʦʩʥʦʚʘʥ ʥʘ ʙʘʟʝ ʜʘʥʥʳʭ. ʕʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʤʝʥʴʰʝ ʢʦʜʘ, ʙʳʩʪʨʫʶ ʨʘʟʨʘʙʦʪʢʫ. Python ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʷʟʳʢʦʤ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʜʘʞʝ ʜʣʷ 

ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ ʠ ʬʘʡʣʦʚ ʥʘʩʪʨʦʝʢ. ʆʥ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʨʝʘʪʠʚ, ʦʙʥʦʚʣʝʥʠʷ, ʯʪʝʥʠʝ ʠ ʫʜʘ-

ʣʝʥʠʝ ʠʥʪʝʨʬʝʡʩʘ, ʩʦʟʜʘʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʣʝʡ 

ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʜʠʟʘʡʥʘ 

API ʥʘ ʦʩʥʦʚʝ REST. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ Django ʠʩ-

ʧʦʣʴʟʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʚʩʪʨʦʝʥʥʫʶ ʧʦʣʴʟʦʚʘʪʝʣʴ-

ʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʣʝʛʯʘʝʪ ʘʚʪʦʨʠʟʘʮʠʶ ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ API.  

ʊʝʤ ʚʨʝʤʝʥʝʤ, Flask ʥʝ ʪʨʝʙʫʝʪ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʧʝʮʠʘʣʴʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʥ ʥʝ 

ʠʤʝʝʪ ʫʨʦʚʥʷ ʘʙʩʪʨʘʢʮʠʠ ʙʘʟʳ ʜʘʥʥʳʭ, ʚʩʪʨʦʝʥʥʳʭ 

ʩʪʦʨʦʥʥʠʭ ʚʩʪʨʦʝʥʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʦʙʱʠʭ ʬʫʥʢ-

ʮʠʡ ʠʣʠ ʤʝʪʦʜʦʚ ʧʨʦʚʝʨʢʠ ʬʦʨʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʩʰʠʨʝʥʠʡ.  

 ʉʨʘʚʥʝʥʠʝ ʤʝʞʜʫ Django ʠ Flask: 

¶ Django - ʵʪʦ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ 

ʩʨʝʜʘ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʥʘ ʦʩʥʦʚʝ 

Python, ʢʦʪʦʨʘʷ ʩʣʝʜʫʝʪ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʰʘʙʣʦʥʫ. 

ʉʦʜʝʨʞʠʪ ʦʙʳʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʝʢʪʘ. 

¶ Flask - ʵʪʦ ʦʩʥʦʚʘʥʥʳʡ ʥʘ Python ʤʠʢʨʦ-

ʬʨʝʡʤʚʦʨʢ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ ʚʥʝʰʥʠʭ ʙʠʙʣʠʦʪʝʢ. ʆʙʣʘʜʘʝʪ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʝʢʪʘ. 

Django ʩʨʝʜʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

ʩʦʙʩʪʚʝʥʥʳʡ ORM, ʥʘʩʣʝʜʦʚʘʥʠʝ, ʢʵʰʠʨʦʚʘʥʠʝ, 

ʧʦʜʜʝʨʞʢʘ ʢʣʘʩʩʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʩʪʨʫʢʪʫʨʫ ʤʦʜʫʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ 

[2]. 

ʉʨʝʜʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʧʨʠʣʦʞʝʥʠʡ: ʩʠʩʪʝʤʫ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʠʥʪʝʨʬʝʡʩ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ, ʨʘʩ-

ʧʦʣʦʞʝʥʠʝ ʩʝʨʚʝʨʦʚ. 

ʉʦʜʝʨʞʠʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʛʨʦʤʥʘʷ ʧʦʜ-

ʜʝʨʞʢʘ ʩʪʦʨʦʥʥʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ 
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ʨʝʛʫʣʷʨʥʳʝ ʚʳʧʫʩʢʠ ʥʦʚʳʭ ʚʝʨʩʠʡ, ʞʝʩʪʢʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʧʨʠʣʦʞʝʥʠʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʘʥʝʣʴ ʘʜʤʠʥʠ-

ʩʪʨʘʪʦʨʘ. 

Flask ʩʦʜʝʨʞʠʪ ʩʦʙʩʪʚʝʥʥʳʡ ʩʝʨʚʝʨ ʠ ʦʪʣʘʜʯʠʢ 

ʨʘʟʨʘʙʦʪʢʠ, ʚʩʪʨʦʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʤʦʜʫʣʴʥʦʛʦ ʪʝ-

ʩʪʠʨʦʚʘʥʠʷ, ʰʘʙʣʦʥʳ jinja2, ʧʦʜʜʝʨʞʢʫ ʙʝʟʦʧʘʩ-

ʥʳʭ ʬʘʡʣʦʚ cookie, ʤʦʜʫʣʴʥʫʶ ʠ ʣʝʛʢʫʶ ʢʦʥʩʪʨʫʢ-

ʮʠʶ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ [2]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʩʢʦʨʦʩʪʴ, ʧʦʜʜʝʨʞʢʘ NoSQL, 

ʤʠʥʠʤʘʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ, ʣʝʛʢʦ ʩʚʷʟʘʥ ʩ ʨʘʩʰʠʨʝ-

ʥʠʷʤʠ, ʦʪʣʘʜʯʠʢ ʚʩʪʨʦʝʥ ʚ ʙʨʘʫʟʝʨ, ʢʦʨʦʪʢʠʡ ʠ ʧʨʦ-

ʩʪʦʡ ʢʦʜ ʩʨʝʜʠ ʜʨʫʛʠʭ ʬʨʝʡʤʚʦʨʢʦʚ Python. 

Jinja2 - ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʰʘʙʣʦʥʠʟʘʪʦʨ 

ʜʣʷ Python. ʆʥ ʠʤʝʝʪ ʧʦʣʥʫʶ ʧʦʜʜʝʨʞʢʫ Unicode, 

ʦʧʮʠʦʥʘʣʴʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʨʝʜʫ ʚʳʧʦʣʥʝʥʠʷ 

ʚ ʧʝʩʦʯʥʠʮʝ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥ 

BSD. 

ʉʨʝʜʠ ʧʨʦʯʝʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʡ ʪʦʣʴʢʦ 

ʵʪʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ, ʧʦ-

ʵʪʦʤʫ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Bootstrap ʷʚʣʷʝʪʩʷ ʫʜʦʙ-

ʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʝʨʩʪʢʠ ʚʝʙ-ʩʪʨʘʥʠʮ. 

Bootstrap ï ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʠʡ 

ʰʘʙʣʦʥʳ HTML ʠ CSS, ʘ ʪʘʢʞʝ JavaScript-ʨʘʩʰʠʨʝ-

ʥʠʷ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ ʠ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʡ [3]. 

ʇʣʶʩʳ Bootstrap: ʙʳʩʪʨʦʪʘ ʚʝʨʩʪʢʠ, ʘʜʘʧʪʠʚ-

ʥʦʩʪʴ, ʧʦʧʫʣʷʨʥʦʩʪʴ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ CMS ʩʝʨʚʠʩʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʠʣʦʞʝʥʠʷ Flask - ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʦʩʪʨʘ-

ʥʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʚ Django ʧʨʦʝʢʪʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʙʣʦʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʣʝʛʢʦ ʢʦʜʠʨʦʚʘʪʴ ʦʪʜʝʣʴ-

ʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʠ ʦʙʲʝʜʠʥʷʪʴ ʠʭ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. https://www.python.org 

2. https://habr.com/ru/company/skillbox/blog/42

0119/.  

3. https://ru.wikipedia.org/wiki/Bootstrap_(ʬʨʝ
ʡʤʚʦʨʢ). 

4. https://codelessons.ru/bootstrap-3/bootstrap-

dlya-novichkov-chto-eto-i-kak-ego-ustanovit.html. 

5. https://ru.wikipedia.org/wiki/Django.  
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CREATION OF THE GAME -SNAKE IN THE PYTHON PROGRAMMING LANGUAGE ñHOMER 

EATS DONUTSò 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ, ʨʘʩʩʤʦʪʨʝʥʘ ʪʝʤʘ, ʢʘʢ ʩʦʟʜʘʪʴ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ tkinter, ʠʛʨʫ ʟʤʝʡʢʫ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. ʄʦʡ ʚʳʙʦʨ ʧʘʣ ʥʘ ʧʝʨʩʦʥʘʞʘ ɻʦʤʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʝʜʘʝʪ ʧʦʥʯʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʛʦʣʦʚʳ ʟʤʝʠ ï ʛʦʣʦʚʘ ɻʦʤʝʨʘ, ʚ ʢʘʯʝʩʪʚʝ ʷʙʣʦʢ ï ʧʦʥʯʠʢʠ, ʢʦʪʦʨʳʝ ʪʘʢ ʣʶʙʠʪ ʧʝʨʩʦʥʘʞ. ɺ ʧʨʦʮʝʩʩʝ ʠʛʨʳ, 

ʩ ʢʘʞʜʳʤ ʩʲʝʜʝʥʥʳʤ ʧʦʥʯʠʢʦʤ, ʧʝʨʩʦʥʘʞ ʫʜʣʠʥʷʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʠʛʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʎʝʣʴ ʠʛʨʳ ï 

ʩʲʝʩʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʧʦʥʯʠʢʦʚ. 

Abstract 

This article discusses the topic of how to create a snake game in the Python programming language using 

the tkinter library. My choice fell on the character of Homer, who eats donuts. As the head of a snake ï the head 

of Homer, as apples ï the donuts that the character loves so much. During the game, with each donut eaten, the 

character lengthens and the speed of the game increases. The goal of the game is to eat as many donuts as possible.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Python, tkinter, canvas, ʢʣʘʩʩʳ, ʬʫʥʢʮʠʠ, ʤʝʪʦʜʳ. 

Keywords: Python, tkinter, canvas, classes, functions, methods. 
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ɼʣʷ ʥʘʯʘʣʘ, ʩ ʧʦʤʦʱʴʶ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ tkinter ʩʦʟʜʘʜʠʤ ʠʛʨʦʚʦʝ ʦʢʥʦ: 

 

 
 

Tkinter- ʛʨʘʬʠʯʝʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʧʨʦʛʨʘʤʤʳ ʩ ʦʢʦʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚʝʩʴ ʢʦʜ ʙʫʜʝʤ ʨʘʟʤʝʱʘʪʴ ʧʝʨʝʜ root.mainloop() [1]. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʙʝʨʝʪʝ ʯʘʩʪʴ ʢʦʜʘ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘ-

ʥʠʷ Python, ʥʘʧʨʠʤʝʨ, PyCharm, ʪʦ ʧʦʣʫʯʠʪʝ ʚʩʧʣʳʚʘʶʱʝʝ ʦʢʥʦ. 

 

  
 

ɼʘʣʝʝ, ʦʙʲʷʚʣʷʝʤ ʛʣʦʙʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ: 

 

 
 

ʋʩʪʘʥʦʚʠʤ ʦʙʣʘʩʪʴ ʜʣʷ ʨʠʩʦʚʘʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ Canvas: 

 

 
 

ʈʝʘʣʠʟʫʝʤ ʢʣʘʩʩ ʩʝʛʤʝʥʪʘ ʠ ʩʘʤʦʛʦ ɻʦʤʝʨʘ: 

ʉʝʛʤʝʥʪʦʤ ɻʦʤʝʨʘ ʙʫʜʫʪ ʢʨʫʞʦʯʢʠ, ʨʝʘʣʠʟʫʝʤ ʝʛʦ ʩ ʧʦʤʦʱʴʶ create_rectangle ʢʣʘʩʩʘ Canvas ʤʦʜʫʣʷ 

tkinter. 
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ʂʣʘʩʩ ɻʦʤʝʨʘ 
ʀʛʨʦʢ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʘʙʦʨʘ ʢʨʫʞʦʯʢʦʚ. ʆʥ ʩʤʦʞʝʪ ʜʚʠʛʘʪʴʩʷ, ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʨʘʩʪʠ. 

 

 

 

 
ʊʝʧʝʨʴ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ɻʦʤʝʨʘ-ʟʤʝʡʢʫ. ɼʦʙʘʚʠʤ ʩʣʝʜʫʶʱʠʡ ʢʦʜ, ʧʦʩʣʝ c.grid(). 

 

 
 

ɼʘʣʝʝ, ʩʢʘʯʠʚʘʝʤ ʢʘʨʪʠʥʢʠ ʧʦʥʯʠʢʘ ʠ ɻʦʤʝʨʘ ʠʟ ʠʥʪʝʨʥʝʪʘ, ʜʦʙʘʚʣʷʝʤ ʠʭ ʚ ʧʘʧʢʫ ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʚʘʰ 

ʧʨʦʝʢʪ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʝʤ ʚ ʢʦʜʝ ʦʧʠʩʘʥʠʝ ʧʝʨʝʜ c.grid(): 
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ʈʝʘʣʠʟʫʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʉʧʝʨʚʘ ʥʘʧʠʰʝʤ ʬʫʥʢʮʠʶ ʩʦʟʜʘʥʠʷ ʧʦʥʯʠʢʦʚ. ʅʝ ʟʘʙʫʜʴʪʝ ʠʤ-

ʧʦʨʪʠʨʦʚʘʪʴ ʤʦʜʫʣʴ random. ʄʦʜʫʣʴ random ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʯʠʢ ʧʦʷʚʣʷʣʩʷ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʥʘ 

ʠʛʨʦʚʦʤ ʧʦʣʝ [3]. 

 

 
 

ʆʩʪʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ main, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʠʛʨʦʚʳʤ ʧʨʦʮʝʩʩʦʤ. 

 

 

 
 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʦʙʨʘʙʘʪʳʚʘʝʤ ʥʘʞʘʪʠʷ ʢʣʘʚʠʰ. 

 

 
 

ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʦʢʥʘ root.mainloop() ʚʳʟʦʚʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ: 

 

 
 

ɿʘʧʫʩʪʠʤ: 
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1. https://ru.wikiversity.org/wiki/ʂʫʨʩ_ʧʦ_ʙʠʙ-

ʣʠʦʪʝʢʝ_Tkinter_ʷʟʳʢʘ_Python.  

2. https://python-scripts.com/tkinter-introduction. 

3. https://pythonworld.ru/moduli/modul-ran-

dom.html. 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʣʘʛʘʶ ʥʦʚʳʝ ʨʝʞʠʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ (ʘ ʚʦʟʤʦʞʥʦ ʦʩʚʝʪʠʪʝʣʴʥʦʡ 

ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʦʢ) ʩ ʮʝʣʴʶ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢ-

ʪʨʦʜʚʠʛʘʪʝʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʚʠʛʘʪʝʣʷʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʉʦʟʜʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʦ ʩʧʦʩʦʙʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʥʠʟʢʦʦʤʥʳʤ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʧʣʦʚʦʤʫ ʦʙʦ-

ʨʫʜʦʚʘʥʠʶ, ʨʘʙʦʪʘʶʱʝʤʫ ʥʘ ʛʘʟʫ, ʫʛʣʝ, ʜʨʦʚʘʭ ʠ ʪ.ʜ. ʉʝʨʴʝʟʥʘʷ ʟʘʷʚʢʘ ʥʘ ʫʭʦʜ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʝʧʣʦ-

ʩʥʘʙʞʝʥʠʷ, ʪ.ʝ. ʢʦʪʝʣʴʥʳʭ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʅʘʜʝʞʥʦʩʪʴ ʚ ʧʣʘʥʝ ʧʦʞʘʨʦʙʝʟ-

ʦʧʘʩʪʥʦʩʪʠ. 

ɽʩʣʠ ʵʪʠ ʜʚʝ ʠʜʝʠ ʚʦʧʣʦʪʷʪʩʷ ʚ ʞʠʟʥʴ, ʵʪʦ ʙʫʜʝʪ ʧʝʨʚʳʤ ʰʘʛʦʤ ʢ ʫʭʦʜʫ ʦʪ ʝʜʠʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʪ.ʢ. ʵʪʠ ʩʠʩʪʝʤʳ ʦʙʭʦʜʷʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʦ ʚ ʧʣʘʥʝ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʪʥʦʩʪʠ ʜʣʷ ʧʦ-

ʪʨʝʙʠʪʝʣʝʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʠʭ ʩʦʟʜʘʥʠʝ, ʩʦʜʝʨʞʘʥʠʝ ʠ ʨʘʙʦʪʫ. ɸ ʦʟʜʦʨʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʠ 

ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ 

Abstract 

I propose new modes of regulating the power of electric motors (and possibly lighting and thermal loads) in 

order to save electricity and increase the competitiveness of electric motors with respect to internal combustion 

engines. Creation of competitive thermal equipment with a low-resistance heating element in relation to thermal 

equipment operating on gas, coal, wood, etc. Serious application for avoiding district heating, i.e. boiler rooms. 

Significant energy savings. Reliability in terms of fire safety. 

If these two ideas are realized, this will be the first step to moving away from unified energy systems around 

the world, because these systems are very expensive in terms of electrical safety for consumers, energy costs for 

their creation, maintenance and operation. And environmental improvement is hard to overestimate 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʦʡʥʘʷ ʩʠʥʫʩʦʠʜʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʧʦʣʫʢʨʫʛʣʦʡ ʬʦʨʤʦʡ ʚʚʝʨʭʫ, ʵʢʦʥʦʤʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ, ʢʦʥʢʫʨʝʥʪʥʦʩʧʦʩʦʙʥʦʩʪʴ, ʝʜʠʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʦʟʜʦʨʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʠ.; 

Keywords: double sine wave, electric signal with a semicircular shape at the top, energy saving, power reg-

ulation, competitiveness, unified energy systems, environmental improvement .; 

https://ru.wikiversity.org/wiki/Курс_по_библиотеке_Tkinter_языка_Python
https://ru.wikiversity.org/wiki/Курс_по_библиотеке_Tkinter_языка_Python
https://python-scripts.com/tkinter-introduction
https://pythonworld.ru/moduli/modul-random.html
https://pythonworld.ru/moduli/modul-random.html
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1) ɺʚʦʜʷ ʚʪʦʨʫʶ ʩʠʥʫʩʦʠʜʫ, ʫʤʝʥʴʰʘʝʤ ʧʣʦ-
ʱʘʜʴ ʨʘʙʦʯʝʡ ʩʠʥʫʩʦʠʜʳ, ʜʦʙʠʚʘʷʩʴ ʪʝʤ ʩʘʤʳʤ 

ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʠʩʫʥʦʢ 1. ɼʚʦʡʥʘʷ ʩʠ-

ʥʫʩʦʠʜʘ. 

2) ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ 
ʧʦʣʫʢʨʫʛʣʦʡ ʬʦʨʤʦʡ ʚʚʝʨʭʫ. ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʠ-

ʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʧʦʣʫʢʨʫʛʦʤ ʚʚʝʨʭʫ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ, ʨʠʩʫʥʦʢ 1. ɼʚʦʡʥʘʷ ʩʠʥʫʩʦ-

ʠʜʘ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʥʫʣʝ-

ʚʦʡ ʪʦʯʢʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪ.ʝ. 

ʚʝʨʭʥʷʷ ʪʦʯʢʘ ʧʦʪʝʥʮʠʘʣʘ ʩʠʥʫʩʦʠʜʳ ʦʩʪʘʝʪʩʷ ʪʦʡ 

ʞʝ ʚʝʣʠʯʠʥʦʡ, ʘ ʜʣʷ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʚʚʦʜʠʤ çʧʦʜ-

ʩʪʘʚʢʫè ʚ ʚʠʜʝ ʚʪʦʨʦʡ ʩʠʥʫʩʦʠʜʳ ʥʘ ʥʠʟʰʝʤ 

ʫʨʦʚʥʝ. ʏʝʤ ʤʝʥʴʰʝ ʥʘʛʨʫʟʢʘ, ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ ʧʦʜ-

ʥʠʤʘʪʴʩʷ ʥʘʰʘ ʚʪʦʨʘʷ ʩʠʥʫʩʦʠʜʘ, ʫʤʝʥʴʰʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʫʶ ʥʘʰʝʡ ʦʩʥʦʚʥʦʡ ï ʤʝʥʴʰʝʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀ ʯʝʤ ʙʦʣʴʰʝ ʥʘʛʨʫʟʢʘ (ʥʘʯʠʥʘ-

ʝʪʩʷ çʧʨʦʛʠʙè ʚʝʨʭʥʝʡ ʩʠʥʫʩʦʠʜʳ), ʪʝʤ ʥʠʞʝ ʙʫʜʝʪ 

ʦʧʫʩʢʘʪʴʩʷ ʥʠʞʥʷʷ ʩʠʥʫʩʦʠʜʘ, ʫʚʝʣʠʯʠʚʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʫʶ ʦʩʥʦʚʥʦʡ ʩʠʥʫʩʦʠʜʳ - ʙʦʣʴʰʝʝ ʧʦʪʨʝʙʣʝ-

ʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʣʶʙʦʤ ʠʟ ʵʪʠʭ ʨʝʞʠʤʦʚ ʨʘ-

ʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʩʪʘʝʪʩʷ ʥʦʤʠʥʘʣʴʥʳʤ, ʪ.ʝ. ʥʝʠʟ-

ʤʝʥʥʳʤ. ʇʨʠʥʮʠʧ ʢʦʣʝʩʘ. ʋ ʚʝʣʦʩʠʧʝʜʘ ʥʘʛʨʫʟʢʘ 

ʥʘ ʢʦʣʝʩʘ ʥʝʙʦʣʴʰʘʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʰʠʥʳ, ʦʙʦʜ ʠ 

ʩʧʠʮʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʠ ʪʦʣ-

ʱʠʥʳ. ɽʩʣʠ ʞʝ ʚʟʷʪʴ ʘʚʪʦʤʦʙʠʣʴ - ʥʘʛʨʫʟʢʘ 

ʙʦʣʴʰʝ, ʪʦ ʠ ʰʠʥʳ ʩ ʜʠʩʢʦʤ ʙʦʣʝʝ ʧʨʦʯʥʝʝ. ʇʨʠ 

ʵʪʦʤ, ʝʩʣʠ ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʝ ʧʨʠʤʝʥʠʪʴ ʨʝʢʫʧʝʨʘ-

ʮʠʶ ʜʣʷ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʪʦ ʟʘʨʷʜ ʘʢʢʫʤʫ-

ʣʷʪʦʨʦʚ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʣʥʦʮʝʥʥʦʡ ʩʠʥʫ-

ʩʦʠʜʦʡ, ʪ.ʝ. ʚʨʝʤʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʘʨʷʜʘ ʙʘʪʘ-

ʨʝʠ ʤʝʥʴʰʝ, ʯʝʤ ʚʨʝʤʷ ʥʘ ʨʘʟʨʷʜ ʜʣʷ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

 

 
ʈʠʩʫʥʦʢ 1. ɼʚʦʡʥʘʷ ʩʠʥʫʩʦʠʜʘ 

 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ, ʨʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʩ ʧʦʣʫʢʨʫʛʦʤ ʚʚʝʨʭʫ, ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ï ʵʪʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʩ ʧʦʣʫʢʨʫʛʣʦʡ ʚʝʨʭʥʝʡ ʬʦʨʤʦʡ, ʢʨʘʡ ʢʦʪʦ-

ʨʦʡ ʦʧʠʨʘʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛ-

ʥʘʣ ʚ ʤʝʩʪʝ ʥʘʯʘʣʘ ʠʟʛʠʙʘ. ɼʣʷ ʜʚʠʛʘʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝ-

ʨʳʚʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʨ-

ʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠʥʮʠʧ ʪʦʪ ʞʝ. ʏʝʤ ʙʦʣʴʰʝ 

ʥʘʛʨʫʟʢʘ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʷ ʛʝ-

ʥʝʨʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʠ ʙʦʣʴʰʝ ʧʦ ʪʦʣʱʠʥʝ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ. ʀ 

ʥʘʦʙʦʨʦʪ, ʯʝʤ ʤʝʥʴʰʝ ʥʘʛʨʫʟʢʘ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʴ, ʪʝʤ ʤʝʥʴʰʝ ʚʨʝʤʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʪʦʥʴʰʝ ʩ 

ʤʝʥʴʰʠʤ ʟʘʧʘʩʦʤ ʵʥʝʨʛʠʠ. 

 
ʈʠʩʫʥʦʢ 2. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʧʦʣʫʢʨʫʛʦʤ ʚʚʝʨʭʫ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹ.ʌ.ʊʦʢʘʨʝʚ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳè, 
ʄʦʩʢʚʘ ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ 1989 ʛ., 671 ʩʪʨʘʥʠʮʘ. 
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STEP ENGINE 

 

ɸʥʥʦʪʘʮʠʷ:  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʨʦʰʝʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʤʠʢʨʦʧʨʠʚʦʜʘʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʙʳʩʪʨʦʭʦʜʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʜʫʢʪʦʨʘ, ʷʚʣʷʝʪʩʷ ʰʘʛʦʚʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʩʪʘʚʰʠʡ ʫʞʝ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʥʦʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ. ʇʨʝʜʤʝʪʦʤ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ ʰʘʛʦʚʳʡ ʤʠʢʨʦʜʚʠʛʘʪʝʣʴ. 

Abstract:  

Currently, a stepping electric drive, which has already become a traditional actuator of many electronic 

devices and systems, is a good alternative to micro drives, consisting of a fast feedback motor and a mechanical 

gearbox. The subject of research in this work is a stepper motor, and in particular a stepper micromotor. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʣʠʥʝʡʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʜʠʩʢʦʚʳʡ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʤʠʢʨʦʘʢ-

ʪʶʘʪʨʦʥ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ. 

Key words: Step engine, linear engine, disk stepper engine, microactuatron, conversion of electrical energy.  

 

ʐʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʧʨʝʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʠʤʧʫʣʴʩʳ ʚ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ɼʚʠʞʝ-

ʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʢʘʞʜʳʤ ʠʤʧʫʣʴʩʦʤ, ʷʚʣʷʝʪʩʷ ʪʦʯ-

ʥʳʤ ʠ ʧʦʚʪʦʨʷʝʪʩʷ. ʈʦʪʦʨ ʩʜʝʣʘʥ ʠʟ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʘ, ʩʪʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʠ ʚʠʪ-

ʢʦʚ ʢʘʪʫʰʢʠ. ʅʘ ʨʠʩʫʥʢʝ 1 ʨʘʩʩʤʦʪʨʠʤ ʢʘʪʫʰʝʯ-

ʥʫʶ ʦʙʤʦʪʢʫ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʩ 

ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʧʦʣʶʩʘ. ʉʪʘʪʦʨ ʩʦʟʜʘʝʪ ʤʘʛ-

ʥʠʪʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʟʘʩʪʘʚʣʷʝʪ ʨʦʪʦʨ ʚʳʨʘʚʥʠ-

ʚʘʪʴʩʷ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʄʘʛʥʠʪ ʨʦʪʦʨʘ ʚʳʨʘʚ-

ʥʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʧʦʣʴʟʫʷ ʥʘʧʨʷʞʝʥʠʝ 

ʢʘʪʫʰʢʠ ʩʪʘʪʦʨʘ, ʠ ʚʨʘʱʘʝʪʩʷ. ʈʦʪʦʨ ʠ ʩʪʘʪʦʨ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨ ʧʦʣʶ-

ʩʦʚ. ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʦ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʚ ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ, 

ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʩʪʦʡʢʠ ʠ ʰʝʩʪʝʨʥʠ. 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʰʘʛʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. 

 

"The Haydon Switch and Instruments (HSI)" 

ʧʨʝʜʣʘʛʘʝʪ ʙʠʧʦʣʷʨʥʳʝ ʣʠʥʝʡʥʳʝ ʰʘʛʦʚʳʝ ʜʚʠʛʘ-

ʪʝʣʠ, ʢʦʪʦʨʳʝ ʜʚʠʛʘʶʪʩʷ ʩ ʣʠʥʝʡʥʳʤʠ ʰʘʛʦʤ ʜʝ-

ʩʷʪʢʠ ʤʠʢʨʦʤʝʪʨʦʚ. ɺʥʫʪʨʠ ʨʦʪʦʨ ʥʘʨʝʟʥʦʡ, ʠ ʭʦ-

ʜʦʚʦʡ ʚʠʥʪ ʟʘʤʝʥʷʝʪ ʚʘʣ. ʄʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʜʚʠʛʘ-
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ʪʝʣʝʤ ʰʘʛʦʚʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʤʠʢʨʦʢʦʤʘʥʜ. ʂʘʞ-

ʜʳʡ ʧʦʣʥʳʡ ʰʘʛ ʜʚʠʛʘʪʝʣʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʰʘʛʠ. (ʈʠʩʫʥʦʢ 2) [1, ʩ. 1] 

 
ʈʠʩʫʥʦʢ 2. ɼʚʠʛʘʪʝʣʴ HSI. 

 

ʐʚʝʡʮʘʨʩʢʘʷ ʢʦʤʧʘʥʠʷ "Portescap" ʩʦʟʜʘʣʘ 

ʜʠʩʢʦʚʳʡ ʰʘʛʦʚʦʡ ʜʚʠʛʘʪʝʣʴ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ, ʢʦ-

ʪʦʨʳʡ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʚ ʨʦʪʦʨʝ ʠ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʳ ʚ ʩʪʘʪʦʨʝ (ʈʠʩʫʥʦʢ 3). ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʥʘʤʥʦʛʦ ʫʤʝʥʴʰʘʝʪ ʠʥʝʨʮʠʶ ʨʦʪʦʨʘ. [2, ʩ. 2] 

 
ʈʠʩʫʥʦʢ 3. ɼʠʩʢʦʚʳʡ ʜʚʠʛʘʪʝʣʴ " Portescap ". 

 

ʐʘʛʦʚʳʡ ʤʠʢʨʦʜʚʠʛʘʪʝʣʴ 

ɺʨʘʱʘʶʱʠʡʩʷ ʤʘʛʥʠʪʥʳʡ ʤʠʢʨʦʧʨʠʚʦʜ ʩ ʧʝ-

ʨʝʤʝʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʉʠʣʳ ʢʦʥ-

ʪʘʢʪʘ ʨʦʪʦʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʩ ʚʳʭʦʜʥʳʤʠ 

ʩʠʣʘʤʠ ʤʠʥʠʘʪʶʨʥʳʭ ʣʠʥʝʡʥʳʭ ʧʨʠʚʦʜʦʚ. ʈʠʩʫ-

ʥʦʢ 4 ʧʦʢʘʟʳʚʘʝʪ 3-ʬʘʟʥʳʡ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʩʥʘʙʞʝʥʥʳʡ ʟʫʙʯʘʪʳʤ ʢʦʣʝʩʦʤ ʠ ʦʜʥʦʬʘʟʥʳʤ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʪʦʨʤʦʟʦʤ. ɿʘ ʪʨʠ ʤʝʩʷʮʘ ʪʝʩʪʠ-

ʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ 150 000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ʫ ʨʦʪʦʨʦʚ ʜʠʘ-

ʤʝʪʨʦʤ 120 ʤʢʤ ʠ 16 000 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ʜʣʷ ʨʦ-

ʪʦʨʦʚ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ. ʀʟʤʝʨʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʘʱʝ-

ʥʠʷ ʜʦʩʪʠʛʘʣ ρπ ʅʤ. 

 
ʈʠʩʫʥʦʢ 4. ʄʠʢʨʦ-ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʠʟʦʙʨʘʞʝʥ ʜʚʫʭʬʘʟʥʳʡ ʤʠʢʨʦ 

ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʜʠʘʤʝʪʨʦʤ 4ʤʤ, ʩʦʟʜʘʥʥʳʡ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Nidec Copal ʜʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʚʦʣʦʢʦʥʥʦ-

ʦʧʪʠʯʝʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʦʙʣʘʩʪʷʭ. ɼʚʠʛʘ-

ʪʝʣʴ ʪʘʢʞʝ ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʥʘ ʨʦʪʦʨʝ, ʠ 

ʧʦ ʟʘʷʚʣʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʪʠ-

ʭʠʤ ʤʠʢʨʦ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʝʤ.  
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ʈʠʩʫʥʦʢ 5. - ʄʠʢʨʦ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ LPD4, Nidec Copal. 

 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʘʢʪʶʘʪʦʨʦʚ ʥʫʞʥʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ. ʅʫʞʥʳ ʥʦʚʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʢʦʥʪʨʦʣʴ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ (ʩ 

ʫʤʝʥʴʰʝʥʥʦʡ ʨʘʩʩʝʠʚʘʝʤʦʡ ʤʦʱʥʦʩʪʴʶ), ʙʦʣʝʝ 

ʧʨʦʜʚʠʥʫʪʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʛʘʪʝʣʝʡ (ʩʝʛʦʜʥʷ ʜʠ-

ʟʘʡʥʳ ʧʨʠʤʠʪʠʚʥʳ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳ).  

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʜʚʠʛʘʪʝʣʝʡ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʡ ʨʘʟʤʝʨ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴ-

ʟʦʚʘʪʴ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

(ʄʕʄʉ) ʚ ʨʘʟʣʠʯʥʳʭ ʤʠʥʠʘʪʶʨʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

ʥʘʯʠʥʘʷ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʠʤ-

ʧʣʘʥʪʘʪʘʤʠ ʜʣʷ ʯʝʣʦʚʝʢʘ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʠʤʝʥʝʥʠʡ ʄʕʄʉ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʠʙʦ-

ʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʦʞʠʣʘʩʴ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ 

ʫʨʦʚʝʥʴ ʤʠʢʨʦʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʞʠʜʘʪʴ ʥʦʚʦʛʦ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʢʘʯʢʘ ʚ ʨʘʟʚʠʪʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦ-ʧʠ-

ʣʦʪʠʨʫʝʤʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɼʇʃɸ) ʠ 

ʥʘʯʘʣʘ ʥʦʚʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘ-

ʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʃɸ) - ʩʦʟʜʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ 

ʤʠʢʨʦʘʧʧʘʨʘʪʦʚ (ʃʄɸ), ʩʧʦʩʦʙʥʳʭ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʚʦʟʜʫʰʥʫʶ ʨʘʟʚʝʜʢʫ ʠ ʚʳʧʦʣʥʷʪʴ ʨʷʜ ʜʨʫʛʠʭ ʟʘʜʘʯ, 

ʪʨʘʜʠʮʠʦʥʥʦ ʩʪʦʷʱʠʭ ʧʝʨʝʜ ɼʇʃɸ. 

ʉʦʟʜʘʥʠʝ ʃʄɸ ʧʦʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʵʬʬʝʢʪʘ, ʵʪʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʦʟʜʘʥʠʝ 

ʃʄɸ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʚ 

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ ʚ ʢʘʯʝʩʪʚʝ ʧʦʙʦʯʥʦʛʦ ʵʬ-

ʬʝʢʪʘ. 

ʇʦ ʦʮʝʥʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʚ ʈʦʩʩʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ 

ʘʚʠʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʤʘʩʩʦʡ 650 ʛ, 

ʨʘʟʤʘʭʦʤ ʢʨʳʣʘ ʦʢʦʣʦ 400 ʤʤ, ʩ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-

ʣʝʤ, ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟ-

ʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʦʣʝʪʘ 20 ʤʠ-

ʥʫʪ [3, ʩ. 374]. ɺ ʵʪʦʤ ʤʦʞʝʪ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʥʘʰʘ ʪʝʭʥʦʣʦʛʠʷ ʠ ʤʠʥʠʘʪʶʨʥʳʝ ʤʠʢʨʦʜʚʠʛʘʪʝʣʠ. 

ʅʘʫʯʥʳʝ ʦʙʱʝʩʪʚʘ, ʫʥʠʚʝʨʩʠʪʝʪʳ, ʯʘʩʪʥʳʝ 

ʢʦʤʧʘʥʠʠ ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʚʝʜʫʱʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʉʐɸ, ɽʚʨʦʧʳ ʠ ʗʧʦʥʠʠ 

ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠ-

ʮʠʥʳ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʦʙʣʘʩʪʴʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ. ʕʪʦ ʪʘʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʢ ʛʣʘʟʥʘʷ ʭʠʨʫʨ-

ʛʠʷ, ʘʙʜʦʤʠʥʘʣʴʥʘʷ ʭʠʨʫʨʛʠʷ, ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ʠ ʢʦ-

ʣʦʥʦʩʢʦʧʠʷ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʜʜʝʨʞʘʪʴ ʭʠʨʫʨʛʘ 

ʥʘʙʦʨʦʤ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʧʨʦʩʪʷʪ ʧʨʦʮʝ-

ʜʫʨʳ ʠ ʫʤʝʥʴʰʘʪ ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʧʘʮʠʝʥʪʘ, ʧʦʩʣʝ-

ʦʧʝʨʘʮʠʦʥʥʫʶ ʙʦʣʴ ʠ ʚʨʝʤʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʘʢʠʭ ʨʦʙʦʪʦʚ ʜʦʣʞʥʳ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʘʪʶʨʠʟʘʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʚʝ-

ʣʠʯʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ. 

ʉʪʫʜʝʥʪ ʋʥʠʚʝʨʩʠʪʝʪʘ ʇʴʝʨʘ ʠ ʄʘʨʠʠ ʂʶʨʝ 

ʌʨʘʥʯʝʩʢʦ ʏʝʧʦʣʠʥʦ, ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ "ʈʘʟʚʠʪʠʝ 

ʤʠʢʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʭʠʨʫʨʛʠʠ" 

[4, ʩ. 17] ʩʦʩʨʝʜʦʪʦʯʠʣ ʩʚʦʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʘʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʰʫʥʪʠʨʦʚʘʥʠʷ (ɸʂʐ). ɽʛʦ ʮʝʣʴʶ 

ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʨʦʙʦʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʣʝʞʘʱʝʡ 

ʚʠʜʠʤʦʩʪʠ ʚ ʪʝʣʝ ʯʝʣʦʚʝʢʘ ʠ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʨʝʟʘ ʥʘ 

ʝʛʦ ʪʝʣʝ ʚʦ ʚʨʝʤʷ ʦʧʝʨʘʮʠʠ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʨʫʨʛʠʠ ʫʞʝ ʠʤʝʶʪʩʷ ʨʦʙʦʪʳ. 

ɺ ʤʘʣʳʝ ʨʘʟʨʝʟʳ ʚ ʪʝʣʝ, ʯʝʨʝʟ ʪʨʦʘʢʘʨʳ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʯʠʢʦʚ ʨʦʙʦʪʘ-ʱʫʧʘ ʚʚʦʜʷʪʩʷ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ 

ʱʫʧʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʵʥʜʦʩʢʦ-

ʧʠʯʝʩʢʘʷ ʢʘʤʝʨʘ. ʍʠʨʫʨʛ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʝʣʦ ʧʘʮʠ-

ʝʥʪʘ ʯʝʨʝʟ ʢʘʤʝʨʫ ʠ ʨʘʙʦʪʘʝʪ, ʥʘʧʨʘʚʣʷʷ ʢʘʤʝʨʫ ʠ 

ʭʠʨʫʨʛʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʩ ʫʜʘʣʝʥʥʦʛʦ ʧʦʣʦʞʝ-

ʥʠʷ.  

ʂʘʞʜʳʡ ʠʟ ʨʦʙʦʪʦʚ-ʱʫʧʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘ-

ʩʪʝʡ: ʚʥʝ ʪʝʣʘ ʧʘʮʠʝʥʪʘ ʵʪʦ ʤʘʥʠʧʫʣʷʪʦʨ, ʠʤʝʶʱʠʡ 

ʥʝʩʢʦʣʴʢʦ ʩʛʠʙʦʚ, ʚʥʫʪʨʠ - ɦ ʫʧ, ʥʝʩʫʱʠʡ ʚ ʩʝʙʝ ʢʘ-

ʤʝʨʫ ʠʣʠ ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. ʇʦ ʟʘʤʳʩʣʫ 

ʏʝʧʦʣʠʥʦ, ʤʘʥʠʧʫʣʷʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʝʩʢʦʣʴʢʦ 

ʩʦʯʣʝʥʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʦʜʥʫ-ʜʚʝ 

ʪʦʯʢʠ ʩʛʠʙʘ, ʘ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʥʝ ʜʦʣ-

ʞʝʥ ʧʨʝʚʳʰʘʪʴ 10 ʤʤ. ʕʪʠ ʨʘʟʤʝʨʳ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʩʪʘʚʠʪʴ ʤʘʥʠʧʫʣʷʪʦʨ 

ʤʝʞʜʫ ʨʝʙʨʘʤʠ ʚʟʨʦʩʣʦʛʦ ʧʘʮʠʝʥʪʘ. ɼʣʷ ʨʘʙʦʪʳ ʤʘ-

ʥʠʧʫʣʷʪʦʨʘ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʄʕʄʉ, ʠʤʝʶ-

ʱʠʝ ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʠ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɺʦʣʦʢʦʥ-

ʥʳʝ ʄʕʄʉ ʟʘ ʩʯʝʪ ʩʪʝʢʣʷʥʥʳʭ ʯʘʩʪʝʡ ʤʦʛʫʪ ʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ, ʠʤʝʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʨʘʟʤʝʨʳ (ʦʪ 200 ʤʢʤ) ʠ ʤʦʛʫʪ ʦʪʣʠʯʥʦ ʧʦʜʦʡʪʠ ʜʣʷ 

ʵʪʦʡ ʮʝʣʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʤʠʢʨʦ-

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʄʕʄʉ) ʩ ʫʩʧʝʭʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ, ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʜʚʠ-

ʛʘʪʝʣʴ ʙʳʣ ʙʳ ʪʦʣʯʢʦʤ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ. 

ɸʢʩʝʣʝʨʦʤʝʪʨʳ. ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʢʦʤʤʝʨ-

ʯʝʩʢʠ ʫʩʧʝʰʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʄʕʄʉ 
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ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʤʠʥʠʘʪʶʨʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʢʦʨʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʭ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ 

ʨʘʩʢʨʳʪʠʝ ʧʦʜʫʰʝʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʘʚʪʦʤʦʙʠʣʷʭ 

ʧʨʠ ʘʚʘʨʠʷʭ. 

ʄʠʢʨʦʟʝʨʢʘʣʘ. ʋʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ 

ʩʠʩʪʝʤʳ ʧʦʜʚʠʞʥʳʭ ʟʝʨʢʘʣ ʰʠʨʠʥʦʡ ʚʩʝʛʦ 10 

ʤʠʢʨʦʤʝʪʨʦʚ ʧʨʝʜʣʦʞʠʣʘ ʢʦʤʧʘʥʠʷ Texas 

Instruments. ʋʛʦʣ ʥʘʢʣʦʥʘ ʢʘʞʜʦʛʦ ʟʝʨʢʘʣʘ ʥʝʟʘʚʠ-

ʩʠʤʦ ʫʧʨʘʚʣʷʝʪʩʷ ʄʕʄʉ-ʫʩʪʨʦʡʩʪʚʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʤʦʞʥʦ ʣʠʙʦ ʦʪʨʘʞʘʪʴ, ʣʠʙʦ ʙʣʦʢʠʨʦʚʘʪʴ ʩʚʝʪ. 

ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʝʢʪʦʨʘʭ ʜʣʷ 

ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʟʝʥʪʘʮʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʣʘʛʦ-

ʜʘʨʷ ʩʦʚʤʝʱʝʥʠʶ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʄʕʄʉ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʥʝʰʥʠʭ ʚʠʙʨʘʮʠʡ ʩ 

ʄʕʄʉ-ʤʠʢʨʦʟʝʨʢʘʣʘʤʠ ʜʣʷ ʢʦʨʨʝʢʮʠʠ ʣʘʟʝʨʥʦʛʦ 

ʣʫʯʘ, ʢʦʤʧʘʥʠʷ Xerox ʩʦʟʜʘʣʘ ʣʘʟʝʨʥʳʝ ʧʨʠʥʪʝʨʳ ʩ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʝʯʘʪʠ. 

ʄʠʢʨʦʢʘʧʠʣʣʷʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. ʂʨʝʤʥʠʝʚʳʝ 

ʯʠʧʳ ʩ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʜʨʝʩʥʦʡ in vivo ʜʦʩʪʘʚʢʠ ʢʦʥ-

ʪʨʦʣʠʨʫʝʤʳʭ ʢʦʣʠʯʝʩʪʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘ-

ʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʙʦʣʴʥʳʭ ʩʘʭʘʨ-

ʥʳʤ ʜʠʘʙʝʪʦʤ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ 

ʄʕʄʉ-ʫʩʪʨʦʡʩʪʚʦ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʩʝʥʩʦʨ ʥʘ ʛʣʶ-

ʢʦʟʫ ʠ ʜʠʩʧʝʨʛʘʪʦʨ ʠʥʩʫʣʠʥʘ. ʄʠʢʨʦʢʘʧʠʣʣʷʨʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʄʕʄʉ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʚ ʩʪʨʫʡʥʳʭ ʧʨʠʥʪʝʨʘʭ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʯʝʨʥʠʣ ʥʘ ʙʫ-

ʤʘʛʫ. 

ɹʠʦʤʝʜʠʮʠʥʩʢʠʝ ʠʤʧʣʘʥʪʘʪʳ. ʅʝʜʘʚʥʦ 

ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʨʝʤʥʠʝʚʳʝ ʄʕʄʉ-ʫʩʪʨʦʡʩʪʚʘ, ʩʦ-

ʜʝʨʞʘʱʠʝ ʟʚʫʢʦʚʦʡ ʩʝʥʩʦʨ ʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ, ʢʦ-

ʪʦʨʳʡ ʨʘʩʢʣʘʜʳʚʘʝʪ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʥʘ ʌʫʨʴʝ-ʛʘʨ-

ʤʦʥʠʢʠ. ʋʩʪʨʦʡʩʪʚʦ ʠʤʧʣʘʥʪʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚ ʯʝʣʦʚʝʯʝʩʢʦʝ ʫʭʦ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣʫʯʝʥʥʳʝ 

ʌʫʨʴʝ-ʢʦʤʧʦʥʝʥʪʳ ʥʘʧʨʷʤʫʶ ʧʝʨʝʜʘʶʪʩʷ ʩʣʫʭʦ-

ʚʦʤʫ ʥʝʨʚʫ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʛʣʫʭʠʝ ʣʶʜʠ ʦʙʨʝʪʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʣʳʰʘʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘ-

ʪʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʷ ʟʨʝʥʠʷ. ʂʘʢ ʦʞʠʜʘʝʪʩʷ, ʨʳʥʦʢ ʙʠʦʤʝʜʠʮʠʥ-

ʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʄʕʄʉ ʚ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ ʙʫʜʝʪ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʠ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʘʪʝʪʝʨ. ɹʣʘʛʦʜʘʨʷ ʥʦʚʳʤ 

ʜʚʠʛʘʪʝʣʷʤ ʩ ʨʘʟʤʝʨʘʤʠ 0,5 ʤʤ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʙʝʟʙʦʣʝʟʥʝʥʥʦ ʜʦʩʪʠʛʘʪʴ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦ-

ʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʘʨʪʝʨʠʠ ʠʣʠ ʤʦʯʝʪʦʯʥʠʢ. ɺʳʩʦʢʦ-

ʪʦʯʥʘʷ ʨʝʛʫʣʠʨʦʚʢʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʘ ʧʦʟ-

ʚʦʣʷʝʪ ʪʦʯʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʫʣʴʪʨʘʟʚʫʢʠ ʠ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʣʝʢʩʥʦʝ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʄʕʄʉ ʚ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʢʘʢ ʦʧʪʠʯʝʩʢʦʝ ʧʝʨʝ-

ʢʣʶʯʝʥʠʝ, ʤʘʩʩʦʚʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʜʘʪʯʠʢʠ 

ʠʥʝʨʮʠʠ (ʧʦʜʫʰʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ), ʜʘʪʯʠʢʠ ʜʘʚʣʝ-

ʥʠʷ, ʞʠʜʢʦʩʪʥʳʝ ʨʝʛʫʣʷʪʦʨʳ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʜʘʪ-

ʯʠʢʠ. ɾʠʜʢʦʩʪʥʳʝ ʤʠʢʨʦʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʠ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ; ʠʟ-

ʤʝʨʠʪʝʣʠ ʜʘʚʣʝʥʠʷ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʜʚʦʜ-

ʥʦʤ ʧʣʘʚʘʥʠʠ; ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ; ʥʝʙʦʣʴʰʠʝ ʩʧʠʜʦʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʚʝʣʦʩʠʧʝʜʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ; ʮʠʬʨʦʚʳʝ ʠʟʤʝʨʠʪʝʣʠ 

ʜʘʚʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʪʝʩʪʠʨʫʶʪ ʩʦʩʪʦʷʥʠʝ h ʠʥ; ʜʘʪ-

ʯʠʢʠ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʤʦʶʱʠʝ ʤʘʰʠʥʳ, ʧʳ-

ʣʝʩʦʩʳ ʠ ʜʘʞʝ ʚ ʩʧʦʨʪʠʚʥʦʡ ʦʙʫʚʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʘʤʦʨʪʠʟʘʮʠʝʡ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʨʝʟʦʚ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʤʠʥʠʘʪʶʨʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ ʜʘʩʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ. 

ɺ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ - ʜʠʘʛʥʦʩʪʠʢʘ ʩʪʘʥʝʪ ʙʦʣʝʝ 

ʙʳʩʪʨʦʡ ʠ ʪʦʯʥʦʡ, ʘ ʣʝʯʝʥʠʝ ʤʝʥʝʝ ʪʨʘʚʤʠʨʫʶʱʠʤ. 

ɺ ʦʙʣʘʩʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʝʥʠʝ 

ʧʨʠʚʝʜʝʪ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʳʭ ʩʠʩʪʝʤ ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʟʘʪʨʘʪʘʤ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ. ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ - ʚʦʟʨʘʩʪʝʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ. ɺ ʚʦʝʥʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ - ʫʚʝʣʠʯʠʪʩʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʚʳʩʦʪʳ, ʫʤʝʥʴʰʘʪʩʷ ʨʘʟʤʝʨʳ 

ʘʧʧʘʨʘʪʦʚ. ɼʣʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʤʝ-

ʥʝʥʠʝ ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʚʳʩʠʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠ 

ʫʤʝʥʴʰʠʪ ʝʸ ʩʪʦʠʤʦʩʪʴ. 
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LOW -POWERED TWO POLE ASYNCHRONOUS CONDENSER MOTOR 

 

ɸʥʥʦʪʘʮʠʷ:  

ʃʶʙʘʷ ʦʪʨʘʩʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʤʦʱʥʳʭ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʦʵʪʦʤʫ 

ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʠ ʫʣʫʯʰʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʩʠʥʭʨʦʥʥʳʭ ʢʦʥ-

ʜʝʥʩʘʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ. 

Abstract:  

Any industry and production cannot do without the use of low-power electric motors, which are used as 

actuator actuators, therefore, such motors occupy an important place in modern technology and improving their 

characteristics is an urgent task. This paper discusses the various features of asynchronous low-power capacitor 

motors. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʝʤʢʦʩʪʴ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʚʦ-

ʜʦʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

Key words: induction motor, condenser motor, capacity, motor control, input conversion.  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʮʝʣʦʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʝ, ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ ʜʚʠʛʘʪʝʣʝʡ ʩʨʝʜ-

ʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚ-

ʥʦʡ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʚʳʧʦʣʥʷʶ-

ʱʠʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʤʦʱ-

ʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ʚʘʪʪ. ʄʘʣʦ-

ʤʦʱʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʘʢʞʝ ʠ ʚ ʙʳʪʫ.  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʰʠʥʳ 

ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʪʦ ʦʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝ-

ʥʠʷ ï ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 

ʤʝʭʘʥʠʯʝʩʢʫʶ, ʪʦ ʝʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ.  

ɼʨʫʛʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʵʣʝʢʪʨʦʤʘʰʠʥʥʳʝ ʫʩʠʣʠʪʝʣʠ, ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʦʤ ʢʘʢʦʡ-ʣʠʙʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʚʠʞʢʠ ʩ ʧʦʤʦʱʴʶ ʧʫʣʴʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʧʝʨʘʪʦʨʥʦʡ. 

 ʊʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʠ ʤʘʣʦʤʦʱʥʳʝ ʛʝ-

ʥʝʨʘʪʦʨʳ. ʃʶʙʘʷ ʦʪʨʘʩʣʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦ-

ʤʦʱʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʦʚ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʝ ʠ ʫʣʫʯʰʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ 

1. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ʄʘʣʦʤʦʱʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠ ʛʝʥʝʨʘʪʦʨʳ, 

ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯ-

ʥʳʭ ʦʙʣʘʩʪʷʭ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʤʘ-

ʣʦʤʦʱʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʛʝʥʝʨʘʪʦʨʦʚ ʧʦʩʪʦ-

ʷʥʥʦʛʦ ʪʦʢʘ, ʚʨʘʱʘʶʱʠʭʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʵʣʝʢ-

ʪʨʦʤʘʰʠʥʥʳʭ ʫʩʠʣʠʪʝʣʝʡ, ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʢʦʣʣʝʢ-

ʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʩʠʥʭʨʦʥʥʳʭ ʨʝʘʢʪʠʚʥʳʭ ʠ 

ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝ-

ʣʝʡ, ʩʝʣʴʩʠʥʦʚ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʚ 
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ʜʠʘʧʘʟʦʥʝ ʤʦʱʥʦʩʪʝʡ ʦʪ ʜʦʣʝʡ ʚʘʪʪʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʪʝʥ ʚʘʪʪ.  

ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘʠʤʝʥʴʰʠʝ 

ʧʦ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʪʦ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʠʤʝʥʴʰʘʷ ʤʦʱʥʦʩʪʴ ʨʘʚʥʘ ʜʝ-

ʩʷʪʳʤ ʜʦʣʝʡ ʚʘʪʪʘ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ 

ʨʘʚʥʘ 10000-15000 ʦʙ/ʤʠʥ. ɼʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠ-

ʛʘʪʝʣʝʡ ʥʘʠʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʪʘʢʞʝ ʩʦ-

ʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʚʘʪʪʘ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 50 ɻʮ ʠʭ ʩʢʦ-

ʨʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 2000- 2500 ʦʙ/ʤʠʥ, ʘ ʜʣʷ ʯʘʩʪʦʪʳ 

400 ɻʮ ʫʞʝ 8000-12000 ʦʙ/ʤʠʥ[3, ʩ. 32].  

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʡ ʤʘʣʦʤʦʱʥʳʭ 

ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ ʦʙʱʝ-

ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʚʢʣʶʯʘʶʱʠʭ ʚ 

ʩʚʦʡ ʩʦʩʪʘʚ ʚʩʝʚʦʟʤʦʞʥʳʝ ʥʘʤʦʪʦʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʠ ʟʘʜʚʠʞʢʠ.  

ʅʘʤʦʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʭ ʜʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ S1. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʳʤʠ ʨʝʞʠʤʘʤʠ ʥʘʤʦʪʢʠ ʠ ʜʚʠʞʝʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʜʦʙʥʳʭ ʤʝʭʘʥʠʟʤʦʚ.  

2. ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʤʘʣʦʡ 

ʤʦʱʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʥʘʤʦʪʢʠ 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʘʰʠʥ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʤʝʭʘ-

ʥʠʟʤʦʚ ʥʘʤʦʪʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨ-

ʥʦʛʦ ʧʫʩʢʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʦʙʤʦʪʢʠ ʚ ʚʠʜʝ ʜʚʫʭ ʩʝʢ-

ʮʠʡ: ʦʩʥʦʚʥʦʡ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ. ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʩʜʚʠʛ ʬʘʟ ʧʨʠ ʧʫʩʢʝ ʤʘʰʠʥʳ 

ʩʦʟʜʘʚ ʧʨʠ ʵʪʦʤ ʧʫʣʴʩʠʨʫʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. 

ʂʦʥʜʝʥʩʘʪʦʨʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʴ, ʚ ʢʦʪʦʨʦʤ ʚ ʮʝʧʴ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʦʙ-

ʤʦʪʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʜʚʠʛʘ ʬʘʟ ʚʢʣʶʯʝʥ ʢʦʥʜʝʥ-

ʩʘʪʦʨ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʬʘʟʥʳʤ, ʧʨʠ ʵʪʦʤ ʧʠʪʘʝʪʩʷ ʦʥ ʦʪ ʦʜ-

ʥʦʬʘʟʥʦʡ ʩʝʪʠ. ʈʠʩʫʥʦʢ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʭʝʤʫ ʩʜʚʠʛʘ ʬʘʟ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʧʦ-

ʩʪʦʷʥʥʦ ʚʢʣʶʯʝʥʥʦʡ ʝʤʢʦʩʪʴʶ [1, ʩ. 64].  

 
ʈʠʩʫʥʦʢ 1. ɪʤʢʦʩʪʥʦʡ ʩʜʚʠʛ ʬʘʟ ʩ ʨʘʙʦʯʠʤ ʢʦʥʜʝʥʩʘʪʦʨʦʤ. 

 

 ʈʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʕʪʦ ʜʚʫʭʬʘʟʥʳʡ ʜʚʠʛʘ-

ʪʝʣʴ ʩ ʜʚʫʤʷ ʦʙʤʦʪʢʘʤʠ. ʆʙʤʦʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʩʪʘʪʦʨʝ. ʆʩʠ ʦʙʤʦʪʦʢ ʩʤʝʱʝʥʳ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ ʥʘ 90 ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʨʘʜʫʩʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʝ 

ʦʙʤʦʪʢʠ ʟʘʥʠʤʘʶʪ ʨʘʚʥʦʝ ʯʠʩʣʦ ʧʘʟʦʚ. ʕʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʴ ʧʠʪʘʝʪʩʷ ʦʪ ʦʜʥʦʬʘʟʥʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʪʦʢʘ. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ, ʩʣʝʜʫʶʱʘʷ: ʦʜʥʘ 

ʦʙʤʦʪʢʘ ʧʦʜʢʣʶʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʩʝʪʠ, ʘ 

ʜʨʫʛʘʷ ʯʝʨʝʟ ʢʦʥʜʝʥʩʘʪʦʨ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠ-

ʯʠʝʤ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʦʜʥʦʬʘʟʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʪʦʢʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʦʜʥʦʬʘʟʥʦʛʦ ʜʚʠʛʘ-

ʪʝʣʷ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʷʚʣʷʝʪʩʷ ʧʫʣʴʩʠʨʫʶʱʠʤ. ɺ 

ʧʨʠʚʦʜʘʭ DCL ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ 

ʦʙʤʦʪʦʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩ. 2.  

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʧʨʠʚʦʜʝ DKL-20. 

 

 ʋʧʨʘʚʣʝʥʠʝ ʧʨʠʚʦʜʦʤ ïʜʠʩʢʨʝʪʥʦʝ, ʥʘʧʨʷʞʝ-

ʥʠʝʤ ʧʠʪʘʥʠʷ. ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ ï ʜʠʩʢʨʝʪʥʳʝ ʩʠʛ-

ʥʘʣʳ ʥʘʧʨʷʞʝʥʠʷ. ʅʘʟʥʘʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʣʝʤʤ [2, ʩ. 102]: 

ç2è ï ʧʨʠ ʧʦʜʘʯʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʢʣʝʤʤʫ ç2è ʚʘʣ ʵ/ʧ 1 ʚʨʘʱʘʝʪʩʷ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ 

(ʟʘʢʨʳʪʠʝ); 

 ç3è ï ʧʨʠ ʧʦʜʘʯʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʢʣʝʤʤʫ ç3è ʚʘʣ ʵ/ʧ ʚʨʘʱʘʝʪʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ (ʦʪʢʨʳʪʠʝ); ç4è ï ʢʦʛʜʘ ʚʘʣ ʵ/ʧ ʜʦʩʪʠʛʘʝʪ 

ʧʦʣʦʞʝʥʠʷ ʧʦʣʥʦʛʦ ʟʘʢʨʳʪʠʷ, ʢʦʥʮʝʚʦʡ ʚʳʢʣʶʯʘ-

ʪʝʣʴ çS1è ʩʥʠʤʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʩ ʜʚʠʛʘ-

ʪʝʣʷ ʠ ʧʦʜʘʝʪ ʥʘ ʢʣʝʤʤʫ  

ç4è ʩʠʛʥʘʣ çʧʦʣʥʦʝ ʟʘʢʨʳʪʠʝè; 

ç5è ï ʢʦʛʜʘ ʚʘʣ ʵ/ʧ ʜʦʩʪʠʛʘʝʪ ʧʦʣʦʞʝʥʠʷ ʧʦʣ-

ʥʦʛʦ ʦʪʢʨʳʪʠʷ, ʢʦʥʮʝʚʦʡ ʚʳʢʣʶʯʘʪʝʣʴ çS2è ʩʥʠ-

ʤʘʝʪ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʩ ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʜʘʝʪ  

ʅʘ ʢʣʝʤʤʫç5è ʩʠʛʥʘʣ çʧʦʣʥʦʝ ʦʪʢʨʳʪʠʝè.  

3. ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʝʢʪʠʨʫʝ-

ʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʰʠʥʘʤ. 
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 ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝ-

ʤʳʝ ʢ ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʘʰʠʥʘʤ, ʩ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ, ʪʦ ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʥʘʜʝʞ-

ʥʦʩʪʴ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʱʥʦʩʪʠ, 

ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘ-

ʰʠʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʤʘʩʩʫ, ʛʘʙʘ-

ʨʠʪʳ, ʦʙʣʘʜʘʪʴ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʚʳʪʝ-

ʢʘʝʪ ʚ ʧʨʦʩʪʦʪʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʧʨʦʩʪʦʪʫ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʤʘʰʠʥʳ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʪʘʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʣʦʞʝʥʳ ʟʘʧʘʩʳ 

ʧʨʦʯʥʦʩʪʠ ʚ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ:  

- ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʚʦ ʚʩʝ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ ʤʘʰʠʥʫ ʜʝʪʘʣʠ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʪʦʨ, ʚʘʣ ʨʦʪʦʨʘ, 

ʢʦʨʧʫʩ, ʢʨʝʧʣʝʥʠʝ ʠ ʜʨ.; 

 - ʠʟʦʣʷʮʠʷ ʦʙʤʦʪʦʢ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʚʳʜʝʨʞʠʚʘʶʱʝʡ ʚʦʟʜʝʡʩʪʚʠʝ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝ ʪʝʨʷʪʴ 

ʩʚʦʠʭ ʩʚʦʡʩʪʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ.  

ʊʘʢʞʝ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʆʩʦʙʦʝ ʚʥʠ-

ʤʘʥʠʝ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʦʭʣʘʞʜʝʥʠʶ ʦʙʤʦʪʦʢ, ʪʘʢ 

ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ 10 ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʘʟʳ-

ʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʭ ʠʟʦʣʷʮʠʶ. 

 ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʤʘʰʠʥʳ, ʧʨʠʤʝʥʷʝʤʳʝ 

ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʧʦʤʠʤʦ ʦʙʱʠʭ ʪʨʝ-

ʙʦʚʘʥʠʡ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠ ʩʧʝʮʠʬʠʯʥʳʤ 

ʜʣʷ ʩʚʦʝʡ ʦʙʣʘʩʪʠ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-

ʯʘʷʭ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʧʝʮʠʬʠʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʠʭʦʜʠʪʩʷ ʦʪʩʪʫʧʘʪʴ ʦʪ ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ.  

ʊʘʢ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʤʘʰʠʥʳ ʜʦʣʞʥʳ ʦʙ-

ʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜ-

ʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʚʳʭʦʜʥʦʡ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʪʘʭʦʛʝʥʝʨʘʪʦʨʘʭ, ʣʠʙʦ ʥʘʦʙʦʨʦʪ, ʧʨʠ-

ʣʦʞʝʥʥʦʛʦ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʜʚʠʛʘʪʝʣʶ ʫʧʨʘʚʣʷ-

ʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ. ɼʨʫʛʠʤ ʧʦ-

ʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʥʳʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʤʠʢʨʦʤʘʰʠʥʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ 

ʣʠʥʝʡʥʦʩʪʴʶ ʩʚʦʠʭ ʚʳʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʦʙʣʘʜʘʪʴ ʚʳʩʦ-

ʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʩʦʙʣʶʜʝʥʠʝ 

ʦʧʠʩʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʪʨʝʙʫʝʪ ʦʪʩʪʫʧʣʝʥʠʷ ʦʪ 

ʧʨʠʥʮʠʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʤʘʰʠʥ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʠʤʝ-

ʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʧʦ-

ʛʨʝʰʥʦʩʪʝʡ ʚ ʥʠʭ ʚʳʙʠʨʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴ-

ʰʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʛʨʫʟʢʠ, ʘ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʩʪʘʪʦʨʦʤ ʠ ʨʦʪʦʨʦʤ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝ-

ʥʠʝ. ɺ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʞʝ ʧʦʩʪʫʧʘʶʪ 

ʦʙʨʘʪʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʚʠʚʘʝ-

ʤʦʛʦ ʤʦʤʝʥʪʘ ʚ ʥʠʭ ʚʳʙʠʨʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʥʘʛʨʫʟʢʠ. ʂʦʥʝʯʥʦ, ʧʨʠʤʝʥʝʥʠʝ ʪʘ-

ʢʠʭ ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʥʦ ʜʣʷ 

ʤʠʢʨʦʤʘʰʠʥ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʢʫʜʘ ʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ, ʥʝʞʝʣʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʙʳʩʪʨʦʜʝʡ-

ʩʪʚʠʝ, ʪʦʯʥʦʩʪʴ ʠ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ɸʕʉ - ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ʅʦ 

ʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠ ʫʩʠʣʠʡ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʨʝʘʢʪʦʨ ʚʳʨʘʙʦʪʘʣ ʢɺʪ ʵʥʝʨʛʠʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ 

ʚ ʨʘʙʦʪʝ ɸʕʉ ʠ ʩʘʤʦʛʦ ʨʝʘʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʩʪʦ-

ʷʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʘʢʪʦʨʘ, ʥʝ ʜʦʧʫʩʢʘʷ ʝʝ ʧʦʚʳʰʝʥʠʷ, ʧʦʪʦʤʫ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʤʠʥʫʝ-

ʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺʦ-ʚʪʦʨʳʭ, ʦʜʥʘ ʠʟ ʝʝ ʩʠʩʪʝʤ ʩʣʫʞʠʪ ʦʯʠʩʪʥʳʤ ʩʦʦʨʫʞʝʥʠʝʤ ʨʝʘʢʪʦʨʘ ʦʪ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʛʨʷʟʠ ʠ ʤʫʩʦʨʘ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʠ ʨʦʣʴ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚ ɸʕʉ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

Abstract 

Nuclear power plants are by far the most environmentally friendly and efficient source of energy. But how 

many stages and efforts are required for the reactor to produce kW of energy. One of the main systems in the 

operation of the NPP and the reactor itself is the cooling system. First, it maintains a constant temperature of the 

reactor, preventing its increase, because it can lead to inevitable consequences. Secondly, one of its systems serves 

as a reactor treatment plant from technical dirt and debris. Consider the work and role of the cooling system in 

the NPP in more detail. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ, ʧʦʪʨʝʙʠʪʝʣʠ, ʥʘʩʦʩʳ, ʛʝʥʝʨʘʪʦʨʳ, ʪʨʫʙʦʧʨʦʚʦʜ. 

Keyword: industrial water, consumers, pumps, generators, pipeline. 

 

ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

¶ ʈʋ ï ʨʝʘʢʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ; 

¶ ɻʎʅ ï ʛʣʘʚʥʳʡ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʥʘʩʦʩ; 

¶ ɸʕʉ ï ʘʪʦʤʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ; 

¶ ɹʅʉ ï ʙʣʦʯʥʘʷ ʥʘʩʦʩʥʘʷ ʩʪʘʥʮʠʷ; 

¶ ɸʎʇ ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘ-

ʪʝʣʴ; 

¶ ʄʂ ï ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ; 

¶ ʀʄ ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ;  

¶ ʕɺʄ ï ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘ-

ʰʠʥʘ;  

¶ ʎɸʇ ï ʮʠʬʨʦʘʥʘʣʦʛʦʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 

¶ ʉʂɿ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʟʥʘʯʝʥʠʝ; 

¶ ʌʅʏ ï ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ; 

¶ ʈʌ ï ʨʝʞʝʢʪʦʨʥʳʡ ʬʠʣʴʪʨ. 

 

1. ʉʠʩʪʝʤʘ ʪʝʭʚʦʜʳ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ ʠ ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʳ ʩʝʪʦʢ VB, VA 

1.1 ʅʘʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʝ-

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ VB 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʩʣʫʞʠʪ ʜʣʷ ʪʨʘʥʩ-

ʧʦʨʪʠʨʦʚʢʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ 

ʨʝʘʢʪʦʨʥʦʛʦ ʠ ʪʫʨʙʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʢ ʩʠʩʪʝʤʘʤ 

ʤʘʩʣʦʦʭʣʘʞʜʝʥʠʷ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʝʥʪʠʣʷ-

ʮʠʠ. ʉʠʩʪʝʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʩʦʛʣʘʩʥʦ çʆʩʥʦʚʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ɸʕʉè. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʥʘ ʧʦʪʨʝ-

ʙʠʪʝʣʠ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ ʛʝʨʤʦʟʦʥʝ, ʦʭʣʘʞʜʘʶʱʝʡ 

ʚʦʜʳ: 

1. ʆʭʣʘʜʠʪʝʣʠ ʜʚʠʛʘʪʝʣʝʡ ɻʎʅ 

YD10,20,30,40D01; 

2. ʆʭʣʘʜʠʪʝʣʠ TL14W; 

3. ɺʝʥʪʘʛʨʝʛʘʪʳ ʠ ʦʭʣʘʜʠʪʝʣʠ ʩʠʩʪʝʤʳ TL02 
ʠ TL03. 

ʉʠʩʪʝʤʘ ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ɺɸɹ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʠʩʪʝʤʘʤ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʥʘ ʧʦʪʨʝ-

ʙʠʪʝʣʠ, ʨʘʟʤʝʱʝʥʥʳʝ ʚʥʝ ʛʝʨʤʦʟʦʥʝ, ʦʭʣʘʞʜʘʶʱʝʡ 

ʚʦʜʳ: 

¶ ʆʭʣʘʜʠʪʝʣʠ YD72,82W01 ʤʘʩʣʦʩʠʩʪʝʤ 

ɻʎʅ; 

¶ ʆʭʣʘʜʠʪʝʣʠ ʧʨʦʜʫʚʦʯʥʦʡ ʚʦʜʳ RY10W02 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ; 

¶ ʆʭʣʘʜʠʪʝʣʠ TS10W01,2,3 ʩʠʩʪʝʤʳ ʩʞʠʛʘ-

ʥʠʷ; 

¶ ʆʭʣʘʜʠʪʝʣʴ TL15W01; 

¶ ʆʭʣʘʜʠʪʝʣʴ TK71W01 ʧʦʜʧʠʪʦʯʥʦʡ ʚʦʜʳ 

з ʢʦʥʪʫʨʘ; 

¶ ʆʭʣʘʜʠʪʝʣʴ RR30W01 ʩʠʩʪʝʤʳ ʨʘʩʭʦʣʘ-

ʞʠʚʘʥʠʷ ʈʋ; 

¶ ʇʨʦʙʦʦʪʙʦʨʥʠʢʠ ʧʨʦʜʫʚʦʯʥʦʡ ʚʦʜʳ ʛʠʜ-

ʨʦʝʤʢʦʩʪʝʡ; 

¶ ʇʦʜʰʠʧʥʠʢʠ ɺʇʕʅ 52D01, RL51; 
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¶ ʅʘʩʦʩ UE10D01 ʧʨʦʜʫʚʢʠ ʜʘʪʯʠʢʦʚ 1ʢ; 

¶ ʆʭʣʘʜʠʪʝʣʠ ʩʠʩʪʝʤʳ ʂʋʇ-ʂɺɺʇ; 

¶ ɸʛʨʝʛʘʪʳ UV11D01,2; 

¶ ɸʛʨʝʛʘʪʳ UV10D01-6. 

ʉʠʩʪʝʤʘ ʪʝʭʚʦʜʳ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʡ ʧʦʪʨʝʙʠʪʝ-

ʣʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʠʩʪʝʤ. 

1.2 ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ VB 

ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʪʝʭʚʦʜʳ ʥʝʦʪʚʝʪ-

ʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1. ʇʦ-

ʜʘʯʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʩʧʦʣʥʷ-

ʝʪʩʷ ʠʟ ʧʨʫʜʘ-ʦʭʣʘʜʠʪʝʣʷ. ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʯʠʩʪʢʠ ʥʘ ʚʨʘʱʘʶʱʠʭʩʷ ʩʝʪʢʘʭ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʚʩʘʩʳʚʘʶʱʠʝ ʥʘʩʦʩʦʚ ʪʝʭʚʦʜʳ. 

 

 
ʈʠʩʫʥʦʢ 1.1. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʘ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʥʝʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ VB 

 

ɺ ʩʠʩʪʝʤʫ VB ʧʦʩʪʫʧʘʝʪ ʚʦʜʘ ʦʪ ʥʘʩʦʩʦʚ, ʢʦʪʦ-

ʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ɹʅʉ-1, ʪʘʢʞʝ ʦʪ ʩʠʩʪʝʤʳ ʪʝ-

ʭʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʃʠʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ 

ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʥʘʩʦʩʦʚ ʠ ʪʨʫʙʦʧʨʦʚʦʜ ʪʝ-

ʭʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʝ ʠʤʝʝʪ ʦʪʢʣʶʯʘʶʱʝʡ ʘʨʤʘ-

ʪʫʨʳ.  

ʇʦʜʘʯʘ ʚʦʜʳ ʚʪʦʨʦʛʦ ʵʥʝʨʛʦʙʣʦʢʘ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʛʦ ʠʟ ʥʘʩʦʩʦʚ 2VC20D01 ʠʣʠ 

2VC20D02, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ɹʅʉ-2. ʅʘ ʣʠʥʠʠ, 

ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʥʘʩʦʩʦʚ 

ʠ ʪʨʫʙʦʧʨʦʚʦʜ ʪʝʭʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʝʡ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʪʢʣʶʯʘʶʱʘʷ ʟʘʜʚʠʞʢʘ 1VC12S08, ʨʘʩʧʦʣʦʞʝʥʥʘʷ 

ʚ ʢʘʤʝʨʝ ʧʝʨʝʢʣʶʯʝʥʠʡ N 5. ɺ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦ-

ʚʠʭ̫ ʟʘʜʚʠʞʢʘ ʦʪʢʨʳʪʘ. 

ʂʦʥʪʘʢʪʘ ʩ ʩʠʩʪʝʤʘʤʠ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʩʠʩʪʝʤʘ ʪʝʭʚʦʜʳ ʥʝ ʠʤʝʝʪ. ʆʪʚʦʜ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ, ʛʜʝ ʢʦʥ-

ʪʘʢʪ ʦʭʣʘʞʜʘʶʱʝʡ ʠ ʦʭʣʘʞʜʘʝʤʦʡ ʩʨʝʜ ʦʪʩʫʪ-

ʩʪʚʫʝʪ. 

ʆʪʦʙʨʘʚ ʪʝʧʣʦ ʪʝʭʚʦʜʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʨʫʜ-

ʦʭʣʘʜʠʪʝʣʴ ʧʦ ʩʙʨʦʩʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ. 

1.3 ʅʘʟʥʘʯʝʥʠʝ, ʩʦʩʪʘʚ ʠ ʦʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ 

ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʳ VA 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʣʫʞʠʪ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʚʦʜʳ ʢ ʚʨʘʱʘʶʱʠʤʩʷ ʩʝʪʢʘʤ, ʘ ʪʘʢʞʝ ʦʯʠʩʪʢʠ ʠʭ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ.  

ɺʦʜʘ ʧʦʧʘʜʘʝʪ ʚ ʩʠʩʪʝʤʫ ʦʪ ʥʘʩʦʩʦʚ ʥʝʦʪʚʝʪ-

ʩʪʚʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʯʝʨʝʟ ʟʘ-

ʜʚʠʞʢʫ VA10S01, ʩʣʫʞʘʱʝʡ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʚ ʣʠʥʠʠ ʧʨʦʤʳʚʢʝ.  

ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʳ ʚʨʘʱʘʶ-

ʱʠʭʩʷ ʩʝʪʦʢ VA ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʩʫʥʢʦʤ 1.2. 

ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚʨʘʱʘʶʱʝʡʩʷ ʩʝʪʢʠ ʝʩʪʴ ʧʨʦ-

ʤʳʚʦʯʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʚʘ ʢʦʣʣʝʢʪʦʨʘ ɼʫ 100, ʧʨʦʭʦʜʷʱʠʭ ʚʜʦʣʴ ʧʦʣʦʪʢʘ 

ʩʝʪʢʠ. ɺ ʢʘʞʜʦʤ ʢʦʣʣʝʢʪʦʨʝ 48 ʦʪʚʝʨʩʪʠʡ, ʠʟ ʥʠʭ 

ʚʦʜʘ ʙʴʝʪ ʩʪʨʫʷʤʠ ʧʦʜ ʫʛʣʦʤ 90Á ʜʨʫʛ ʢ ʜʨʫʛʫ ʧʦ 

ʩʝʪʢʝ, ʩʙʠʚʘʷ ʤʫʩʦʨ ʠ ʛʨʷʟʴ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʣʦʪʦʢ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʜʘ ʩ ʤʫʩʦʨʦʤ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʨʠʷ-

ʤʦʢ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥ ʩʝʪʯʘʪʳʡ ʢʦʥʪʝʡʥʝʨ. ɺ 

ʵʪʦʤ ʤʝʩʪʝ ʤʫʩʦʨ ʟʘʜʝʨʞʠʚʘʝʪʩʷ, ʠ ʚʦʜʘ ʩʣʠʚʘʝʪʩʷ 

ʚ ʧʨʠʝʤʥʳʡ ʢʦʚʰ ɹʅʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʥʪʝʡʥʝʨ 

ʦʯʠʱʘʝʪʩʷ ʦʪ ʤʫʩʦʨʘ ʧʝʨʠʦʜʠʯʝʩʢʠ. 
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ʈʠʩʫʥʦʢ 1.2. ʉʭʝʤʘ ʩʠʩʪʝʤʳ ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʳ VA 

 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʤʳʚʢʝ ʚʦʜʦʦʯʠʩʪʥʳʭ ʚʨʘʱʘʶ-

ʱʠʭʩʷ ʩʝʪʦʢ ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʦʨ-

ʤʘʣʴʥʳʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʝʨʝʧʘʜ ʫʨʦʚʥʝʡ ʚʦʜʳ 

ʜʦ ʠ ʧʦʩʣʝ ʩʝʪʢʠ 30-50 ʤʤ. 

ʌʠʣʴʪʨ ʧʨʦʤʳʚʦʯʥʦʡ ʚʦʜʳ ʩʣʫʞʠʪ ʜʣʷ ʫʤʝʥʴ-

ʰʝʥʠʷ ʟʘʩʦʨʝʥʠʷ ʧʨʦʤʳʚʦʯʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚʦ-

ʜʦʦʯʠʩʪʥʳʭ ʩʝʪʦʢ ʚʨʘʱʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʩ ʪʨʝʤʷ 

ʬʠʣʴʪʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʀʟ ʥʘʧʦʨʥʦʡ ʤʘʛʠ-

ʩʪʨʘʣʠ ʥʘʩʦʩʦʚ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʧʦʩʪʫʧʘʝʪ ʛʨʷʟ-

ʥʘʷ ʚʦʜʘ, ʧʨʦʭʦʜʷʱʘʷ ʧʝʨʝʜ ʵʪʠʤ ʯʝʨʝʟ ʩʝʪʢʠ ʬʠʣʴ-

ʪʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʘʶʱʘʷʩʷ ʚ ʧʨʦʤʳʚʦʯʥʫʶ 

ʩʠʩʪʝʤʫ ʩʝʪʦʢ. 

ɼʘʥʥʳʡ ʬʠʣʴʪʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʜʠʥ ʥʘ ʚʝʩʴ 

ʧʨʦʤʳʚʦʯʥʳʡ ʪʨʘʢʪ ʥʘ ʙʦʣʝʝ ʯʝʪʳʨʝʭ ʩʝʪʦʢ ʩ ʫʯʝ-

ʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʚʢʠ. 

1.4 ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ  

ʊʝʨʤʦʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ çʊʉʇ-50è, ʧʦʢʘʟʘʥ-

ʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1.3, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʧʣʘʪʠʥʳ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ: 

¶ ɼʦʣʛʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʤʘʪʝʨʠʘʣ ʤʘʣʦ 
ʧʦʜʚʝʨʞʝʥ ʦʢʠʩʣʝʥʠʶ); 

¶ ʂʦʨʨʝʢʪʥʘʷ ʨʘʙʦʪʘ ʧʨʠʙʦʨʘ. 

 
ʈʠʩʫʥʦʢ 1.3. ʊʝʨʤʦʤʝʪʨ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ʊʘʢʠʝ ʪʝʨʤʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʩʬʝʨʝ ʧʨʠʤʝʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʀʭ ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠʟ ʪʦʥʢʦʡ ʧʨʦʚʦʣʦʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʦʪʚʝʜʝʥʥʦʤ ʜʣʷ ʵʪʦʛʦ ʢʦʨʧʫʩʝ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʜʝ-

ʪʘʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝʦʙʭʦʜʠʤʦʡ ʩʨʝʜʳ 

ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʘ ʊʉʇ-50 ʨʘʚʥʦ 50 ʆʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʦʜ-

ʭʦʜʠʪ ʜʣʷ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ 

ʧʨʘʢʪʠʢʝ ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ ʝʝ 

ʫʨʦʚʝʥʴ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʧʘʩʧʦʨʪʝ ʢʦʥ-

ʢʨʝʪʥʦʡ ʤʦʜʝʣʠ ʜʘʪʯʠʢʘ. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʦʡ 
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ɸʥʥʦʪʘʮʠʷ 

ɸʕʉ - ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʘʤʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ʅʦ 

ʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʠ ʫʩʠʣʠʡ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʨʝʘʢʪʦʨ ʚʳʨʘʙʦʪʘʣ ʢɺʪ ʵʥʝʨʛʠʠ. ʅʘʨʘʚʥʝ ʩʦ ʚʩʝʤʠ ʩʠʩʪʝ-

ʤʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ, ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʠʩʪʝʤʘ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝ-

ʥʝʨʘʪʦʨʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ, ʨʦʣʴ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʨʝ-

ʘʢʪʦʨʘ ɸʕʉ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

Abstract 

Nuclear power plants are by far the most environmentally friendly and efficient source of energy. But how 

many stages and efforts are required for the reactor to produce kW of energy. Along with all systems that ensure 

the operation of the reactor, the steam generator purging system plays an important role. Let us consider the work, 

role and components of the steam generator purging system as part of the NPP reactor in more detail in this work. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʨʝʘʢʪʦʨʥʦʝ ʦʪʜʝʣʝʥʠʝ, ʨʝʘʢʪʦʨ, ʦʯʠʩʪʢʘ, ʨʘʩʰʠʨʠʪʝʣʴ. 

Key words: steam generator, reactor compartment, reactor, cleaning, expander.  

 

ɻʣʘʚʘ 1. ʆʧʠʩʘʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝ-

ʥʝʨʘʪʦʨʦʚ. 

1.1. ʅʘʟʥʘʯʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝ-

ʨʘʪʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʨʝʘʢʪʦʨʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʨʝʘʢʪʦʨʘ 

ɺɺʕʈ-1000. 

ʉʠʩʪʝʤʘ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ ʢʦʪʣʦʚʦʡ ʚʦʜʳ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʩʦ ʩʪʦʨʦʥʳ 

ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʘ. ʏʘʩʪʴ ʢʦʪʣʦʚʦʡ ʚʦʜʳ ʠʟ ʪʝʭ ʤʝʩʪ, 

ʛʜʝ ʥʘʠʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʩʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʢʦʨʨʦʟʠʠ, ʩʦʣʝʡ ʠ ʰʣʘʤʘ ʥʝʧʨʝʨʳʚʥʦ (ʩ ʨʘʩʭʦʜʦʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 7,5 ʤį/ʯ) ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ (ʩ ʨʘʩʭʦ-

ʜʦʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 60 ʤį/ʯ) ʚʳʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ 

ʦʯʠʩʪʢʠ ʦʪ ʥʝʥʫʞʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ 

ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʚʭʦʜʷʪ: ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ 

ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʦʜʫʚʢʠ, ʪʨʫʙʦ-

ʧʨʦʚʦʜʳ ʠ ʟʘʧʦʨʥʘʷ ʘʨʤʘʪʫʨʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʨʦ-

ʜʫʚʢʠ, ʨʘʩʰʠʨʠʪʝʣʴ ʧʨʦʜʫʚʢʠ, ʦʭʣʘʜʠʪʝʣʴ ʧʨʦ-

ʜʫʚʢʠ, ʜʦʦʭʣʘʜʠʪʝʣʴ ʧʨʦʜʫʚʢʠ, ʦʭʣʘʜʠʪʝʣʴ ʜʨʝʥʘ-

ʞʝʡ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʥʘʩʦʩ ʙʘʢʘ ʩʣʠʚʘ ʚʦʜʳ ʠʟ 

ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʙʘʢ ʩʣʠʚʘ ʚʦʜʳ ʠʟ ʧʘʨʦʛʝʥʝʨʘʪʦ-

ʨʦʚ. ʇʦʜʜʝʨʞʘʥʠʝ ʢʘʯʝʩʪʚʘ ʢʦʪʣʦʚʦʡ ʚʦʜʳ ʠ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʜʨʝʥʠʨʦʚʘʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʛʦʚʦʨʷʪ ʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ 

ʚʭʦʜ ʜʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ: ʧʦʜʛʨʫʧʧʳ ʧʨʦ-

ʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ RY10 ʠ ʧʦʜʛʨʫʧʧʳ ʜʨʝʥʠ-

ʨʦʚʘʥʠʷ RY30. ʇʦʜʛʨʫʧʧʘ RY10 ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʘ 

ʧʦʜʛʨʫʧʧʘ RY30 ï ʜʣʷ ʜʨʝʥʠʨʦʚʘʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦ-

ʨʦʚ. ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1. 
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ʈʠʩʫʥʦʢ 1.1. ʋʧʨʦʱʸʥʥʘʷ ʩʭʝʤʘ ʧʨʦʜʫʚʢʠ ʇɻ: 

1 ï ʦʪʛʣʫʰʝʥʥʳʝ ʨʘʟʜʘʶʱʠʝ ʢʦʣʣʝʢʪʦʨʳ ʧʠʪʘʪʝʣʴʥʦʡ ʚʦʜʳ, 2 ï ʧʝʨʝʛʦʨʦʜʢʘ çʩʦʣʝʚʦʛʦè ʦʪʩʝʢʘ,  

3 ï ʜʨʝʥʘʞ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ, 4 ï çʭʦʣʦʜʥʳʡè ʢʦʣʣʝʢʪʦʨ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ,  

5 ï çʛʦʨʷʯʠʡè ʢʦʣʣʝʢʪʦʨ ʧʝʨʚʦʛʦ ʢʦʥʪʫʨʘ 

 

1.2. ʆʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ. 

ɺ ʨʝʞʠʤʘʭ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʩʠʩʪʝʤʦʡ ʚʩʝʭ ʟʘʜʘʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʢʘʯʝʩʪʚʘ ʢʦʪʣʦʚʦʡ ʚʦʜʳ ʚ ʧʘʨʦʛʝʥʝʨʘʪʦ-

ʨʦʚ, ʦʪʢʨʳʪʘ ʘʨʤʘʪʫʨʘ ʥʘ ʣʠʥʠʷʭ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝ-

ʥʝʨʘʪʦʨʦʚ ʠ ʟʘʢʨʳʪʘ ʘʨʤʘʪʫʨʘ ʥʘ ʣʠʥʠʠ 

ʜʨʝʥʠʨʦʚʘʥʠʷ ʢʦʪʣʦʚʦʡ ʚʦʜʳ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ. 

ʇʨʦʜʫʚʦʯʥʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ 

ʦʯʠʩʪʢʫ.  

ɺ ʨʝʞʠʤʘʭ ʜʨʝʥʠʨʦʚʘʥʠʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʘʨ-

ʤʘʪʫʨʘ ʥʘ ʣʠʥʠʷʭ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʟʘ-

ʢʨʳʪʘ, ʘʨʤʘʪʫʨʘ ʥʘ ʣʠʥʠʠ ʜʨʝʥʠʨʦʚʘʥʠʷ ʢʦʪʣʦʚʦʡ 

ʚʦʜʳ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ ʦʪʢʨʳʪʘ.  

1.3. ʅʘʟʥʘʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʰʠʨʠ-

ʪʝʣʷ ʧʨʦʜʫʚʢʠ.  

ʈʘʩʰʠʨʠʪʝʣʠ ʧʨʦʜʫʚʢʠ RY10B01(02) ʪʠʧʘ ʉʇ-

1,5ʋ ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʩ ʩʦʙʦʡ ʩʦʩʫʜʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʪʠʧʘ, ʮʝʣʴʥʦʩʚʘʨʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʦʡ ʦʙʝʯʘʡʢʠ, ʜʚʫʭ ʰʪʘʤʧʦʚʘʥʥʳʭ ʵʣʣʠʧʪʠ-

ʯʝʩʢʠʭ ʜʥʠʱ ʠ ʧʘʪʨʫʙʢʦʚ. ʄʘʪʝʨʠʘʣ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʨʘʩʰʠʨʠʪʝʣʝʡ ï ʫʛʣʝʨʦʜʠʩʪʘʷ ʩʪʘʣʴ 20.  

ʌʫʥʢʮʠʷ ʨʘʩʰʠʨʠʪʝʣʝʡ ʧʨʦʜʫʚʢʠ 

RY10B01(02) ï ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʧʘʨ ʠ ʚʦʜʫ ʧʨʦʜʫʚʦʯ-

ʥʦʡ ʚʦʜʳ. ʇʦʜʚʦʜ ʢ ʥʠʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʘʪʨʫʙʢʦʚ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʰʠʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʮʝʥʪʨʦʙʝʞ-
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ʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʜʫʚʦʯ-

ʥʦʡ ʚʦʜʳ ʥʘ ʪʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʘʢ ʧʘʨ ʠ ʚʦʜʘ. 

ʆʪʩʝʧʘʨʠʨʦʚʘʥʥʳʡ ʧʘʨ ʧʦ ʧʨʦʣʦʞʝʥʥʦʤʫ ʪʨʫʙʦ-

ʧʨʦʚʦʜʫ ɼʫ250 ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʧʨʘʚʫʶ ʤʘʛʠʩʪʨʘʣʴ 

ʜʝʘʵʨʘʪʦʨʦʚ ʪʫʨʙʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʆʪʩʝʧʘʨʠʨʦ-

ʚʘʥʥʘʷ ʧʨʦʜʫʚʦʯʥʘʷ ʚʦʜʘ ʠʟ ʨʘʩʰʠʨʠʪʝʣʷ ʧʨʦʜʫʚʢʠ 

ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʛʝʥʝʨʘʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʨʦ-

ʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʊʘʙʣʠʮʘ 1.1 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʰʠʨʠʪʝʣʠ ʧʨʦʜʫʚʢʠ RY10B01(02) 

ʈʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ, ʢʛĀʩ/ʩʤ2 8,0 

ɼʘʚʣʝʥʠʝ ʛʠʜʨʦʠʩʧʳʪʘʥʠʡ, ʢʛĀʩ/ʩʤ2 11,0 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, Áʉ 170 

ʇʦʣʥʳʡ ʦʙʲʸʤ ʢʦʨʧʫʩʘ, ʤ3 1,5 

 

 
 

1.4. ɼʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʣʠ ʨʝ-

ʢʦʤʝʥʜʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ 

ʨʘʩʰʠʨʠʪʝʣʷ ʧʨʦʜʫʚʢʠ. 

ɼʘʪʯʠʢ ʜʘʚʣʝʥʠʷ DMP 331Pi ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘ-

ʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ ʜʘʪʯʠʢʘʭ. ʆʜʥʦʡ ʠʟ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ ʪʦʨʮʝʚʘʷ 

ʤʝʤʙʨʘʥʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʠʟʤʝʨʷʪʴ ʩʠʛʥʘʣʳ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʜʘʪʯʠʢʘ ʤʦʞʥʦ ʚ ʚʷʟʢʠʭ 

ʩʫʙʩʪʘʥʮʠʷʭ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʘʪ-

ʯʠʢʘ DMP 331Pi ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ 

300ÁC. ʇʦʩʪʘʚʣʷʶʪ ʜʘʪʯʠʢ ʚ ʩʦʩʪʘʚʝ ʩ ʨʝʟʴʙʦʚʳʤ 

ʠʣʠ ʬʣʘʥʮʝʚʳʤ ʩʦʝʜʠʥʝʥʠʝʤ. ɸ ʪʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ʧʦʜ ʟʘ-

ʞʠʤ (Clamp) ʠ ʪʨʫʙʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ (Dairy pipe). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʘ DMP 331Pi ʧʦʟʚʦʣʷʝʪ ʧʨʦ-

ʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʜʚʫʭ ʜʘʚʣʝʥʠʷ: ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚ ɺʇʀ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʪ 1 ʢʇʘ ʜʦ 4 

ʄʇʘ (ʦʪ 0,0102 ʜʦ 40,8 ʢʛĀʩ/ʩʤ2). ʇʦʤʠʤʦ ʩʢʘʟʘʥ-

ʥʦʛʦ ʚʦʟʤʦʞʥʘ ʧʦʩʪʘʚʢʘ ʜʘʪʯʠʢʦʚ ʩ ʥʝʩʪʘʥʜʘʨʪ-

ʥʳʤʠ ʜʠʘʧʘʟʦʥʘʤʠ ʜʘʚʣʝʥʠʡ. ɺ ʩʧʝʮʠʘʣʴʥʦʤ ʠʩ-

ʧʦʣʥʝʥʠʠ ʩ ʪʘʥʪʘʣʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʤʝʤʙʨʘʥʳ ʚʦʟ-

ʤʦʞʥʦ ʠʟʤʝʨʝʥʠʝ ʜʘʚʣʝʥʠʷ ʦʩʦʙʦ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ 
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(ʥʘʧʨʠʤʝʨ ʭʣʦʨ). ʅʘʣʠʯʠʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʙʦʨʘ ʤʝʭʘʥʠʯ, ʚʘʨʠʘʥʪʦʚ ʢʨʝʧʣʝ-

ʥʠʷ ʠʟʜʝʣʠʷ, ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ ʰʠʨʦʢʠʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʪʯʠʢʘ DMP 331Pi. 

1.5. ɺʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʦʪ-

ʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʨʘʩʰʠʨʠʪʝʣʷ ʧʨʦ-

ʜʫʚʢʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɼʘʚʣʝʥʠʝ ʚ ʨʘʩʰʠʨʠʪʝʣʝ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘ-

ʪʦʨʦʚ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 8 ʢʛĀʩ/ʩʤ2 ʩ ʧʦʤʦ-

ʱʴʶ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ ʪʠʧʘ RY10S17, ʢʦʪʦ-

ʨʡr ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʝ ʦʪʚʦʜʘ ʧʘʨʘ ʚ ʜʝ-

ʘʵʨʘʪʦʨʳ ʪʫʨʙʠʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. ʆʪ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚʳʰʝ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʞʜʳʡ ʨʘʩ-

ʰʠʨʠʪʝʣʴ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʟʘʱʠʱʸʥ ʦʜ-

ʥʠʤ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʤ ʢʣʘʧʘʥʦʤ ʪʠʧʘ ʉʇʇʂ-4ʈ-

16 ɼʫ200 ʈʫ16, ʢʦʪʦʨʳʡ ʩʨʘʙʘʪʳʚʘʝʪ, ʝʩʣʠ ʜʘʚʣʝ-

ʥʠʝ ʩʪʘʣʦ ʨʘʚʥʳʤ 8,8 ʢʛĀʩ/ʩʤ2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ-

ʯʠʥʦʡ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʤʦ-

ʞʝʪ ʙʳʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʢʣʘʧʘʥʘ RY10S17 ʠ ʧʨʝʜʦ-

ʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ. ɺʦʟʤʦʞʥʦʝ ʧʦʩʣʝʜʩʪʚʠʝ 

ʦʪʢʣʦʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʦʪ ʜʦʧʫʩʪʠʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ï ʧʦʪʝʨʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʡ ʩʠ-

ʩʪʝʤʳ. 

 

 

 

 

 

ɺʳʚʦʜ 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ ʙʳʣ 

ʠʟʫʯʝʥʳ ʩʠʩʪʝʤʘ ʧʨʦʜʫʚʢʠ ʧʘʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʨʘʩ-

ʰʠʨʠʪʝʣʴ ʧʨʦʜʫʚʢʠ, ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʠ. 

ʊʘʢʞʝ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ 

ʜʘʚʣʝʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʩʠʛʥʘʣ ʥʘʧʨʷʞʝʥʠʷ, ʦʪ-

ʬʠʣʴʪʨʦʚʘʥ, ʦʪʤʘʩʰʪʘʙʠʨʦʚʘʥ, ʧʨʦʠʟʚʝʜʝʥʦ ʘʥʘʣʦ-

ʛʦʚʦ-ʮʠʬʨʦʚʦʝ ʠ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩʠʛʥʘʣ ʩ ʥʘʠʤʝʥʴ-

ʰʠʤʠ ʧʦʤʝʭʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʭʦʜʥʳʤ 

ʩʠʛʥʘʣʦʤ. ɺʩʸ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤ LabVIEW ʠ Multisim. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

5. ɺ.ɺ. ʂʨʠʚʠʥ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠʟʤʝʨʠʪʝʣʴ-
ʥʦʛʦ ʢʘʥʘʣʘ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦ-

ʛʨʘʤʤʘʭ LABVIEW  ʠ MULTISIM: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

/ ɺ.ɺ. ʂʨʠʚʠʥ, ɸ.ɸ. ʊʷʤʘʣʦʚ. - ɺʦʣʛʦʜʦʥʩʢ: ɺʀʊʀ 

ʅʀʗʋ ʄʀʌʀ, 2013. - 187 ʩ. 

6.  ñʀʥʩʪʨʫʢʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʠʪʘʪʝʣʴ-

ʥʦʛʦ ʪʫʨʙʦʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʧʠʪʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʥʘʩʦʩʘò 18ʵ-ʊʎ-1, 2.13ʵ-ʊʎ-1, 

3.17ʵ-ʊʎ-2,4-17ʵ-ʊʎ-2. 

7. ñʊʫʨʙʠʥʘ ʧʘʨʦʚʘʷ ʂ-12-10ʇɸò (ʆʂ-12ɸ) 

ʜʣʷ ʧʨʠʚʦʜʘ ʧʠʪʘʪʝʣʴʥʦʛʦ ʥʘʩʦʩʘò, ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʠ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, 103-ʄ-

0211, ʇʆ ñʂʊɿò, ʂʘʣʫʛʘ, 1984. 

8. ñʉʠʩʪʝʤʘ ʚʦʜʷʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʊʇʅ-1,2ò, 

ʩʭʝʤʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 3.60ʩ ï ʊʎ-2 
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ʋɼʂ 620.9 

ʉʠʜʝʣʝʚ ɸʨʪʝʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ,  

ʀʥʩʪʠʪʫʪ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʅʀʋ çʄʕʀè, ʛ. ʄʦʩʢʚʘ  

ɹʫʨʤʝʡʩʪʝʨ ʄʘʢʩʠʤ ɺʠʪʘʣʴʝʚʠʯ  

ʩʪʫʜʝʥʪ 6 ʢʫʨʩʘ,  

ʀʥʩʪʠʪʫʪ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʅʀʋ çʄʕʀè, ʛ. ʄʦʩʢʚʘ 

ɹʫʣʘʪʦʚ ʈʘʤʠʩ ɺʘʛʠʟʦʚʠʯ 

ʩʪʫʜʝʥʪ 6 ʢʫʨʩʘ,  

ʀʥʩʪʠʪʫʪ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʅʀʋ çʄʕʀè, ʛ. ʄʦʩʢʚʘ 

ʂʦʯʝʨʛʠʥ ɸʣʝʢʩʝʡ ɺʘʣʝʨʴʝʚʠʯ 

ʩʪʫʜʝʥʪ 6 ʢʫʨʩʘ,  

ʀʥʩʪʠʪʫʪ ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʅʀʋ çʄʕʀè, ʛ. ʄʦʩʢʚʘ 

ʄʘʪʫʭʥʦʚ ʊʠʤʫʨ ɸʣʝʢʩʝʝʚʠʯ  
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THE USE OF MACHINE LEARNING ALGORITHMS TO DETERMINE THE TYPE OF DAMAGE 

ON POWER LINES 

 

 

ɸʥʥʦʪʘʮʠʷ 

ʃʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʃʕʇ) ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʦʙʥʘʨʫʞʠʚʘʪʴ ʪʠʧʳ ʠ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʡ ʃʕʇ, 

ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʧʦʚʳʩʠʪʴ ʝʸ ʥʘʜʸʞʥʦʩʪʴ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʃʕʇ ʥʘʧʨʷʞʝʥʠʝʤ 500 ʢɺ ʠ ʜʣʠʥʦʡ 500 ʢʤ ʠʩʩʣʝʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʯʝʪʳʨʝʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʠʧʦʚ ʧʦʚʨʝʞʜʝʥʠʡ 

ʥʘ ʃʕʇ, ʪʘʢʠʝ ʢʘʢ ʙʵʛʛʠʥʛ (Bagging), ʙʫʩʪʠʥʛ (Boosting), ʨʘʜʠʘʣʴʥʦ-ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ (Radial Basis Func-

tion) ʠ ʥʘʠʚʥʳʝ ɹʘʡʝʩʦʚʩʢʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ (Naive Bayes classifier). ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʟʘʱʠʪʫ ʠ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ. 

Abstract 
Power transmission Lines (power lines) are a very important component of the power system, therefore it is 

necessary to predict and detect the types and locations of damage to power lines in order to improve the protection 

system and improve its reliability. In this article to determine the type of damage on power transmission line 500 

kV and a length of 500 km is investigated using four classifiers machine learning for detection and prediction of 

types of damage to power lines, such as bagging (Bagging), boosting (Boosting), radial basis function (Radial 

Basis Function) and naive Bayes classifiers (Naive Bayes classifier). The results show that the use of machine 

learning can improve the protection and efficiency of the power system. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʘ ʧʦʚʨʝʞʜʝʥʠʷ, ʃʕʇ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

Key words: definition of the place of damage, power lines, machine learning, classifiers, electric power sys-

tems. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʝʦʙʭʦʜʠʤʳ ʥʘʜʸʞʥʳʝ ʠ 

ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʠ ʪʦʯʥʳʡ ʘʥʘʣʠʟ ʥʝʠʩʧʨʘʚ-

ʥʦʩʪʝʡ ʚʦʟʜʫʰʥʳʭ ʃʕʇ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʟʘʱʠʪ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʃʕʇ 

ʦʙʳʯʥʦ ʨʘʙʦʪʘʶʪ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʩ ʚʳʜʝʣʝʥʠʝʤ ʥʝʠʩʧʨʘʚʥʦʡ ʟʦʥʳ [1, 2]. ʅʘ ʃʕʇ ʚʦʟ-

ʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʧʦʚʨʝʞʜʝʥʠʡ: 

¶ ʪʨʸʭʬʘʟʥʦʝ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ (ʂɿ); 

¶ ʤʝʞʜʫʬʘʟʥʦʝ ʂɿ; 

¶ ʦʜʥʦʬʘʟʥʦʝ ʂɿ ʥʘ ʟʝʤʣʶ; 

¶ ʜʚʦʡʥʦʝ ʂɿ ʥʘ ʟʝʤʣʶ. 

ʊʨʸʭʬʘʟʥʳʝ ʂɿ ʠ ʂɿ ʥʘ ʟʝʤʣʶ ʩʭʦʞʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʪʦʢʘ ʠ ʥʘʧʨʷʞʝ-

ʥʠʷ), ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 10 

ʪʠʧʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚʤʝʩʪʦ 11 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ [3]. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʚʘʞʥʦ ʨʘʟ-

ʣʠʯʘʪʴ ʠʭ, ʧʦʩʢʦʣʴʢʫ ʪʦʢ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʚ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʘʟʣʠʯʝʥ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʝʢʦʪʦ-

ʨʦʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ ʚʳʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʚʨʝʞʜʝ-

ʥʠʷ [4, 5]. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʣʠ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʃʕʇ 

ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʚʨʝʞʜʸʥʥʦʡ ʟʦʥʳ ʃʕʇ. ʇʦʠʩʢ ʥʝ-

ʠʩʧʨʘʚʥʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʫʜʥʝʥ, ʦʩʦʙʝʥʥʦ ʧʦ 

ʜʣʠʥʥʦʡ ʣʠʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʦʰʠʙʢʦʡ, ʢ ʪʦʤʫ ʞʝ ʙʳʩʪʨʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʝʡ ʤʦʞʝʪ ʧʦʤʦʯʴ ʟʘʱʠʪʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʦʟʚʦʣʷʷ ʦʪʢʣʶʯʠʪʴ ʣʠʥʠʶ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ 

ʧʨʝʞʜʝ, ʯʝʤ ʧʨʦʠʟʦʡʜʝʪ ʢʘʢʦʝ-ʣʠʙʦ ʧʦʚʨʝʞʜʝʥʠʝ, 

ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴ, ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʪʠʧʘ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʢʘʢ çʤʥʦʛʦʩʣʦʡʥʳʡ 

ʧʝʨʮʝʧʪʨʦʥè (Multilayer perceptron), çʩʣʫʯʘʡʥʳʝ 

ʣʝʩʘè (Random forests), ʤʝʪʦʜ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʦʚ 

(Support vector machines), ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʥʘ ʣʠ-

ʥʠʷʭ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ [6, 7], ʦʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʱʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ 

ʢʘʢ ʤʝʪʦʜ çʘʥʩʘʤʙʣʷè, çʙʵʛʛʠʥʛè, çʙʫʩʪʠʥʛè, ʨʘʜʠ-

ʘʣʴʥʦ-ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʠ ʥʘʠʚʥʳʝ ʙʘʡʝʩʦʚʩʢʠʝ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ [3]. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘ-

ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ: 

1. ʅʘʠʚʥʳʡ ʙʘʡʝʩʦʚʩʢʠʡ ʢʣʘʩʩʠʬʠʢʘʪʦʨ 

(ʅɹʂ) ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʣʠʟʘʮʠʠ ʪʝʦʨʝʤʳ ɹʘʡʝʩʘ ʩʦ 

ʩʪʨʦʛʠʤʠ (çʥʘʠʚʥʳʤʠè) ʧʨʝʜʧʦʣʦʞʝʥʠʷʤʠ ʦ ʥʝʟʘ-

ʚʠʩʠʤʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʤʦʜʝʣʴʶ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʨʠʟʥʘʢʦʚ [8]. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʜʣʷ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ.  

2. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʘʣʴʥʦ-ʙʘ-

ʟʠʩʥʳʭ ʬʫʥʢʮʠʡ (ʈɹʌ). ʈɹʌ ï ɻ ʪʦ ʦʪʜʝʣʴʥʘʷ ʢʘʪʝ-

ʛʦʨʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ [9]. ʉʝʪʴ ʈɹʌ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʚ ʣʶʙʦʤ ʪʠʧʝ ʤʦʜʝʣʠ, ʙʫʜʴ ʪʦ ʣʠʥʝʡʥʳʝ ʠʣʠ 

ʥʝʣʠʥʝʡʥʳʝ ʤʦʜʝʣʠ, ʠ ʣʶʙʦʡ ʪʠʧ ʩʝʪʠ, ʪʘʢʦʡ ʢʘʢ 

ʦʜʥʦʫʨʦʚʥʝʚʘʷ ʠʣʠ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ. 

3. çɹʵʛʛʠʥʛè (Bagging Classifier). ʕʪʦʪ ʢʣʘʩʩʠ-

ʬʠʢʘʪʦʨ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɹʨʝʡʤʘʥʦʤ ʚ 1996 ʛʦʜʫ [9]. 

ʄʝʪʦʜ çʙʵʛʛʠʥʛè ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳ-

ʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʫʪʝʤ ʦʙʲʝʜʠʥʝ-

ʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʦʙʫʯʘʶ-

ʱʠʭ ʚʳʙʦʨʦʢ [10, 11]. 

4. çɹʫʩʪʠʥʛè (Boosting classifier). ʇʦʜʭʦʜ çʙʫ-

ʩʪʠʥʛʘè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʚʝʩʪʠ ʩʝʨʠʶ 

ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ ʚ ʥʘʙʦʨʝ ʜʘʥʥʳʭ. ʋʯʝʙʥʳʡ ʥʘʙʦʨ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʚ ʩʛʝ-

ʥʝʨʠʨʦʚʘʥʥʦʤ ʨʷʜʫ, ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʳʜʫʱʝʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ 

ʚ ʩʝʨʠʠ [10, 12]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʘ ʤʦʜʝʣʴ ʃʕʇ ʠ ʝʸ ʧʘʨʘ-

ʤʝʪʨʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʜʣʷ ʵʪʦʛʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ. 

G

500 ʢʤ

R0 = 0,02 ʆʤ/ʢʤ X0 = 0,31 ʆʤ/ʢʤ

B0 = 3,97 ʤʢʉʤ/ʢʤ

500 ʢɺ

f = 50 ɻʮ

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʃʕʇ 

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʠʧʘ ʧʦʚʨʝ-

ʞʜʝʥʠʷ ʙʳʣʦ ʫʢʘʟʘʥʦ 11 ʪʠʧʦʚ ʂɿ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʢʘʟʘʥʳ, ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 

Å ʆʜʥʦʬʘʟʥʦʝ ʂɿ (ʬʘʟʘ A) ʥʘ ʟʝʤʣʶ ï1AG; 

Å ʆʜʥʦʬʘʟʥʦʝ ʂɿ (ʬʘʟʘ B) ʥʘ ʟʝʤʣʶ ï 1BG; 

Å ʆʜʥʦʬʘʟʥʦʝ ʂɿ (ʬʘʟʘ C) ʥʘ ʟʝʤʣʶ ï 1CG; 

Å ʄʝʞʜʫʬʘʟʥʦʝ ʂɿ (A ʠ B) ï 2AB; 

Å ʄʝʞʜʫʬʘʟʥʦʝ ʂɿ (B ʠ C) ï 2BC; 

Å ʄʝʞʜʫʬʘʟʥʦʝ ʂɿ (C ʠ F) ï 2CA; 

Å ɼʚʦʡʥʦʝ ʂɿ (A+B) ʥʘ ʟʝʤʣʶ ï 2ABG; 

Å ɼʚʦʡʥʦʝ ʂɿ (B+C) ʥʘ ʟʝʤʣʶ ï 2BCG; 

Å ɼʚʦʡʥʦʝ ʂɿ (C+A) ʥʘ ʟʝʤʣʶ ï2CAG; 

Å ʊʨʸʭʬʘʟʥʦʝ ʂɿ ï 3ABC; 

Å ʊʨʸʭʬʘʟʥʦʝ ʂɿ ʥʘ ʟʝʤʣʶ ï 3ABCG; 

ʊʨʭyʬʘʟʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

Va, Vb, Vc ʠ ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ Ia, Ib, Ic ʙʳʣʠ 

ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʢʘʞʜʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ (ʂɿ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʣʦʢʘ ʚʳʢʣʶʯʘʪʝʣʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ MATLAB ʜʣʷ 
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ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩ-

ʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚ ʤʝʩʪʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ (ʥʘ ʰʠʥʘʭ ʥʘʛʨʫʟʢʠ) ʜʚʫʭʬʘʟʥʦʛʦ ʂ(AB). 

 

 
ʈʠʩʫʥʦʢ 2. ʆʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ ʚ ʤʝʩʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʂ(AB) 

 

ʇʦʩʣʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʃʕʇ 

ʥʘʙʦʨ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ (0, 1) ʙʳʣ ʥʘʟʥʘʯʝʥ ʚ ʢʘʯʝ-

ʩʪʚʝ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʯʝʪʳʨʸʭ ʚʳʭʦʜʦʚ 

ʥʘʰʝʡ ʩʠʩʪʝʤʳ [ʩʪʨʦʢʘ 1 (A), ʩʪʨʦʢʘ 2 (B), ʩʪʨʦʢʘ 3 

(C) ʠ ʟʝʤʣʷ (G)], ʯʪʦʙʳ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦʚʨʝ-

ʞʜʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʦ ʪʠʧʘʭ ʠ 

ʢʣʘʩʩʘʭ ʂɿ. 

ʊʘʙʣʠʮʘ 1. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʠʜʦʚ ʧʦʚʨʝʞʜʝʥʠʡ (ʂɿ) 

ɺʠʜ ʧʦʚʨʝʞʜʝʥʠʷ 
ɹʠʥʘʨʥʳʝ ʚʝʣʠʯʠʥʳ ʬʘʟ 

ʂʣʘʩʩ 
ʌʘʟʘ ɸ ʌʘʟʘ B ʌʘʟʘ C ɿʝʤʣʷ G 

1AG 1 0 0 1 1 

1BG 0 1 0 1 2 

1CG 0 0 1 1 3 

2AB 1 1 0 0 4 

2BC 0 1 1 0 5 

2CA 1 0 1 0 6 

2ABG 1 1 0 1 7 

2BCG 0 1 1 1 8 

2CAG 1 0 1 1 9 

3ABC 1 1 1 0 10 

3ABCG 1 1 1 1 11 

ʂʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʳʙʦʨʦʢ ʜʘʥʥʳʭ 

ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʠʣʦ 3000. ɼʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʬʠʢʘʪʦ-

ʨʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ (ʅɹʂ, ʈɹʌ, çʙʵʛʛʠʥʛè ʠ 

çʙʫʩʪʠʥʛè) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʤʫʣʷʪʦʨʘ MATLAB, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝ-

ʪʳʨʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ [3]. 

ɺ ʥʘʙʦʨʝ ʜʘʥʥʳʭ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʥʝ-

ʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʦʙʫʯʘʶʱʝʡ ʠ ʪʝ-

ʩʪʦʚʳʭ ʚʳʙʦʨʦʢ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 80% (ʦʙʫʯʘʶʱʘʷ) ʥʘ 20% (ʪʝʩʪʦʚʘʷ) 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦ-

ʛʥʦʟʘ. ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʩʯʠ-

ʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʆʜ-

ʥʘʢʦ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ (ʉʂʆ) ʠ ʩʨʝʜ-

ʥʠʡ ʤʦʜʫʣʴ ʦʪʢʣʦʥʝʥʠʷ (ʉʄʆ) ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʘʢ ʚʪʦʨʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 2. 
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ʊʘʙʣʠʮʘ 2.  

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘʭ 

ʂʣʘʩʩʠʬʠʢʘʪʦʨ 
ʊʦʯʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ 

(%) 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠ-

ʙʢʘ 

ʉʨʝʜʥʠʡ ʤʦʜʫʣʴ ʦʪʢʣʦ-

ʥʝʥʠʷ 

ʅɹʂ 96 0,065 0,023 

ʈɹʌ 98 0,1672 0,05 

ɹʵʛʛʠʥʛ 98 0,1132 0,025 

ɹʫʩʪʠʥʛ 79 0,2734 0,1493 

ʀʟ ʪʘʙʣʠʮʳ 2 ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʝʪʦʜʳ 

ʈɹʌ ʠ çʙʵʛʛʠʥʛʘè ʨʝʘʣʠʟʦʚʘʣʠ ʠ ʜʦʩʪʠʛʣʠ ʩʘʤʦʡ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ï 98%. ʅɹʂ 

ʪʘʢʞʝ ʧʦʢʘʟʘʣ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʜʦʩʪʠʛʥʫʚ 96% 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ. ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʤʝʪʦʜ çʙʫ-

ʩʪʠʥʛʘè ʧʦʢʘʟʘʣ ʧʣʦʭʫʶ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ï 79%. ʊʘʢʞʝ ʈɹʌ ʥʘʙʨʘʣ ʩʘʤʳʝ ʥʠʟʢʠʝ ʉʂʆ ʠ 

ʉʄʆ.  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠ ʠʩʩʣʝʜʦ-

ʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʪʳʨʸʭ ʤʦʱʥʳʭ ʠ ʧʦʧʫʣʷʨ-

ʥʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘ ʃʕʇ 500 ʢɺ ʜʣʠʥʦʡ 500 ʢʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʤʝʪʦʜʳ ʈɹʌ, ʅɹʂ ʠ çʙʵʛʛʠʥʛʘè ʤʦʛʫʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧʘ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʜʦʩʪʠʛʣʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʙʫʩʪʠʥʛʘè ʥʝ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜʳ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚ-

ʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʪʠʧʘ ʂɿ ʥʘ ʚʦʟʜʫʰʥʳʭ ʃʕʇ. 
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ɺʠʥʦʛʨʘʜʦʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʉʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɻʫʣʴʢʦʚ ʖʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʂʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʙʦʟʨʝʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʩʪʘʣʝʡ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʭʠʤʠʯʝ-

ʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

Abstract 

In this article reviews the situation on the Russian and global steel market. It justifies the need to use new 

types of steel. The chemical and physical properties of Russian and foreign manufacturers are analyzed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴ MAGSTRONG, ʩʪʘʣʴ Hardox, ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʭʠʤʠʯʝ-

ʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʡʥʘʷ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʠʠ, ʩʪʨʫʡʥʘʷ ʩʠʩʪʝʤʘ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ. 

Keywords: MAGSTRONG steel, Hardox steel, heat treatment, microstructure, chemical composition, jet ven-

tilation system, jet system air preparation. 

 

ɺʚʝʜʝʥʠʝ 

ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʦʙʣʘʩʪʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ. ɺ ʩʪʨʘʥʘʭ ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʜʣʷ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ ʭʘʨʘʢʪʝʨʥʦ ʧʦʩʪʦʷʥʥʦʝ ʜʚʠʞʝʥʠʝ ʢ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʵʥʝʨʛʠʠ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʥʘ ʜʦʣʶ ʢʦʤʧʣʝʢʩʦʚ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ ʥʘ 

ʤʝʪʘʣʣʘʭ ʠ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠ-

ʤʝʨʥʦ ʜʦ 38-40% ʚʩʝʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ. ɼʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʣʘʥʳ ʧʦ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚ ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚʦ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʆʜʥʘʢʦ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚ ʥʝ ʷʚʣʷʝʪʩʷ 

ʛʘʨʘʥʪʠʝʡ ʩʦʭʨʘʥʝʥʠʷ ʭʦʨʦʰʠʭ ʧʦʟʠʮʠʡ ʥʘ ʤʠʨʦ-

ʚʦʤ ʨʳʥʢʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʜʣʷ ʟʘʱʠʪʳ ʩʦʙ-

ʩʪʚʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʩʪʨʘʥʳ ʩ ʨʘʟʚʠʪʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʴʶ ʫʩʪʘʥʦʚʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʘ, 

ʘ ʠʤʝʥʥʦʤ ʦʛʨʘʥʠʯʠʣʠ ʠʤʧʦʨʪ ʩʳʨʴʷ ʠʟ ʜʨʫʛʠʭ 

ʩʪʨʘʥ, ʯʪʦ ʦʢʘʟʘʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩ-

ʩʠʡʩʢʠʭ ʧʦʩʪʘʚʱʠʢʦʚ. ɺʩʪʘʣ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ ʠ ʤʝ-

ʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʦ ʧʨʝʜʣʦʞʝʥʠʠ ʩʦʚʝʨʰʝʥʥʦ 

ʥʦʚʳʭ ʠʜʝʠ ʚʳʧʫʩʢʘ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʠ ʤʝʪʘʣʣʦ-

ʧʨʦʢʘʪʘ. ʆʜʠʥ ʠʟ ʦʪʚʝʪʦʚ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʝʜʣʦʞʠʣ 

ʇɸʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠ-

ʥʘʪè, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʠʣ ʥʘ 3-ʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚʳʩʪʘʚʢʝ çʄʝʪʘʣʣʦʢʦʥʩʪʨʫʢ-

ʮʠʠ-2018è ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʩʪʘʣʠè 

ʘʩʩʦʨʪʠʤʝʥʪ ʥʦʚʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʠʥʥʦʚʘʮʠ-

ʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴʩʷ ʩʨʘʚʥʝʥʠʝ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘ-

ʣʝʡ ʥʘ ʧʨʠʤʝʨʘʭ MAGSTRONG H500 ʠ HARDOX 

500. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʩʪʘʣʝʡ ʠ ʠʟʜʝʣʠʡ ʠʟ ʤʝʪʘʣʣʘ ʦʩʦʙʦʛʦ ʩʦʩʪʘʚʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʇɸʆ çʄʄʂè ʢʘʢ ʦʩʥʦʚʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ ʟʘ-

ʧʘʜʥʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʢʘʢ ʥʘ ʨʦʩʩʠʡʩʢʦʤ, ʪʘʢ 

ʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ.  

ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘ-

ʜʘʯʠ: 

¶ ʀʟʫʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ 
ʚ ʩʪʘʣʠ ʠ ʚ ʧʨʦʜʫʢʮʠʠ ʠʟ ʤʝʪʘʣʣʘ. 

Á ɺʳʷʚʠʪʴ ʦʩʥʦʚʥʳʭ ʠʛʨʦʢʦʚ ʥʘ ʦʙʱʝʤʠʨʦ-
ʚʦʤ ʨʳʥʢʝ. 

¶ ʀʟʫʯʠʪʴ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ ʩʪʘʣʠ. 

Á ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʩʪʘʣʠ ʠ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ. 

Á ʆʪʤʝʪʠʪʴ ʠʥʦʚʘʮʠʦʥʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 
ʨʝʰʝʥʠʷ 

¶ ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥ-
ʥʳʝ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʠ ʧʦʩʪʘʚʢʦʡ ʩʪʘʣʠ ʜʦ ʢʦʥʝʯʥʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʷ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʚ 2018 

ʛʦʜʫ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʧʨʦ-

ʜʫʢʮʠʶ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʩʚʷ-

ʟʘʥʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʧʨʦʩʘ ʚ ʦʪʯʝʪʥʦʤ ʛʦʜʫ ʥʘ 

ʪʨʫʙʳ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʩʪʨʦ-

ʠʪʝʣʴʩʪʚʝ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦ- ʠ ʥʝʬʪʝʧʨʦʚʦʜʦʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʬʠʥʘʥʩʦʚʳʝ ʦʪ-

ʯʸʪʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʥʘʨʘʚʥʝ ʩ ʧʘʜʝʥʠʝʤ ʩʧʨʦʩʘ 

ʥʘ ʪʨʫʙʳ ʚʦʟʨʦʩ ʩʧʨʦʩ ʥʘ ʤʥʦʛʦʩʝʨʠʡʥʳʝ ʠʟʜʝʣʠʷ 

ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ɼʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʥʘ ʤʠʨʦʚʦʤ 

ʨʳʥʢʝ, ʨʫʢʦʚʦʜʷʱʠʡ ʩʦʩʪʘʚ ʇɸʆ çʄʘʛʥʠʪʦʛʦʨ-

ʩʢʦʛʦ ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘè ʧʨʠʥʷʣ ʨʝ-

ʰʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʫʩʢʘ ʥʦʚʦʡ ʤʘʨʢʠ ʤʝ-

ʪʘʣʣʘ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʚ ʧʨʦʮʝʩʩ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ 

ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ. 

ɺ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʶʟʘ, ʉʐɸ, ʂʘʥʘʜʝ 

ʠ ʜʨʫʛʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ ʚʠʜʝ ʚʟʠʤʘʥʠʷ ʧʣʘʪʳ 

ʟʘ ʟʘʛʨʷʟʥʝʥʠʝ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʘʟʤʝʨʳ ʧʣʘʪʳ ʟʘ 

ʟʘʛʨʷʟʥʝʥʠʝ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʦʚʳ, ʯʪʦʙʳ ʧʦʢʨʳʪʴ 

ʚʩʝ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʥʝʦʙʭʦʜʠ-

ʤʦʛʦ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʝʚʨʦʧʝʡʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʠʥʠʤʠʟʠʨʫʶʪ ʚʣʠʷʥʠʷ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ. ʕʪʠ ʬʘʢʪʦʨʳ ʥʘʪʘʣʢʠʚʘʶʪ ʥʘ 

ʤʳʩʣʴ, ʯʪʦ ʝʚʨʦʧʝʡʩʢʠʤ ʜʝʨʞʘʚʘʤ ʚʳʛʦʜʥʝʝ ʧʨʠʦʙ-

ʨʝʪʘʪʴ ʫʞʝ ʛʦʪʦʚʫʶ ʧʨʦʜʫʢʮʠʶ ʜʣʷ ʝʸ ʜʘʣʴʥʝʡʰʝʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʇɸʆ çʄʄʂè ʠʤʝʝʪ ʚʩʝ 

ʫʩʣʦʚʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʪʴ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʦʩʪʘʚʱʠʢʦʚ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ 

ʜʣʷ ʵʪʠʭ ʩʪʨʘʥ. ʊʘʢ ʢʘʢ ʧʨʝʜʧʨʠʷʪʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʦʤʧʣʝʢʩʫ ʩ ʧʦʣʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʮʠʢʣʦʤ, ʥʘ 

ʢʦʪʦʨʦʤ ʜʦʙʳʯʘ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʛʦʪʦʚʣʝ-

ʥʠʝʤ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʠ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʦʣʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʩʘ-

ʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʝʤ ʩʘʤʳʤ ʤʠʥʠʤʠʟʠʨʫʷ ʟʘ-

ʪʨʘʪʳ ʥʘ ʧʦʩʪʘʚʢʫ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ, ʦʯʠʩʪʢʫ ʩʳ-

ʨʴʷ ʠ ʪ.ʜ. ʋʙʝʞʜʝʥʠʝ ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʚ ʢʦʦʧʝʨʘʪʠʚʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʶʪ ʇɸʆ çʄʄʂè ʥʝ ʪʦʣʴʢʦ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ ʢʘʯʝʩʪʚʝʥ-

ʥʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʝʡ, ʪʝʤ ʩʘʤʳʤ ʩʪʘʚ ʢʨʫʧʥʝʡ-

ʰʠʤ ʵʢʩʧʦʨʪʸʨʦʤ, ʥʦ ʠ ʧʨʝʜʣʦʞʠʪʴ ʚʳʛʦʜʥʳʝ ʦʧʪʦ-

ʚʳʝ ʧʦʩʪʘʚʢʠ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʦʷʚʣʝʥʠʝ ʥʘ ʨʳʥʢʝ 

ʩʪʘʣʠ ʦʩʦʙʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʥʝʪ ʩʝʨʴʸʟʥʳʤ ʰʘʛʦʤ ʢʘʢ 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʜ-

ʧʨʠʷʪʠʷ. 

ʈʳʥʦʢ ʤʝʪʘʣʣʘ 

ʉʦʛʣʘʩʥʦ ʦʬʠʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ, ʥʘʧʨʘʚ-

ʣʝʥʠʝ ʢʦʤʧʘʥʠʠ ʇɸʆ çʄʄʂè ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟ-

ʚʠʪʠʝ ʨʘʙʦʪʳ ʩ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, 

ʧʦʚʳʰʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ, ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʙʠʟʥʝʩʘ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʦʩʪ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʢʦʤʧʘ-

ʥʠʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʳʤ ʦʩʪʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʡ 

ʨʳʥʦʢ. ʂʨʫʧʥʝʡʰʠʤʠ ʨʝʛʠʦʥʘʤʠ ʩʙʳʪʘ ʦʪʝʯʝʩʪʚʝʥ-

ʥʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ 

ʨʳʥʢʝ ʪʨʘʜʠʮʠʦʥʥʦ ʷʚʣʷʶʪʩʷ ʋʨʘʣ ʠ ʇʦʚʦʣʞʴʝ, ʥʘ 

ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ 66% ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʜʘʞ. ɺ ʢʘ-

ʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʇɸʆ çʄʄʂè, ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʪʦʨʦʛʦ ʢ ʟʘʚʝʨʰʝʥʠʶ 2017 ʬʠʥʘʥʩʦ-

ʚʦʛʦ ʛʦʜʘ ʜʦʣʷ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʧʨʦ-

ʜʘʞ ʥʘ ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʩʦʩʪʘʚʠʣʘ 64% ʦʪ ʦʙʱʝʛʦ 

ʦʙʲʝʤʘ ʪʦʚʘʨʥʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʦʧʨʝʜʝ-

ʣʸʥʥʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ.  

 
ʈʠʩ. 1.1. ɼʠʥʘʤʠʢʘ ʮʝʥʦʚʦʛʦ ʢʦʨʠʜʦʨʘ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ ʮʝʥʦʡ ʨʝʘʣʠʟʘʮʠʠ  

ʥʘ ʧʨʠʤʝʨʝ ʇɸʆ çʄʄʂè ʥʘ ʨʳʥʢʝ ʈʌ ʚʢʣʶʯʘʷ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʝʚʦʡ ʢʦʨʟʠʥʳ 

 

ʆʙʨʘʙʦʪʘʚ ʜʘʥʥʳʝ çʄʝʪʘʣʣ ʕʢʩʧʝʨʪè ʠ WSA 

ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʦʙʲʸʤ ʚʳʨʦʩ ʥʘ 1,2 % ʠʣʠ 

ʥʘ 71,7 ʤʣʥ ʪ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥ ʉʅɻ, 

ʦʙʲʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚ 2017 ʛʦʜʫ ʦʩʪʘʣʩʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʡ ʠ ʩʦʩʪʘʚʠʣ 102,1 ʤʣʥ ʪ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ 

ʋʢʨʘʠʥʦʡ ʚʳʧʣʘʚʢʘ ʩʦʩʪʘʚʠʣʘ ʚʩʝʛʦ 22,7 ʤʣʥ ʪ, ʯʪʦ 

ʤʝʥʴʰʝ ʥʘ 6,4 %, ʯʝʤ ʚ 2016 ʛʦʜʫ. 

ʉʨʝʜʥʷʷ ʟʘʛʨʫʟʢʘ ʤʠʨʦʚʳʭ ʩʪʘʣʝʧʣʘʚʠʣʴʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʚ 2017 ʛʦʜʫ ʚʳʨʦʩʣʘ ʥʘ 2,9 ʧ.ʧ. ʛ/ʛ, ʜʦ 

72,3 %. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʨʦʩʪ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥ ʩʦʢʨʘʱʝʥʠʝʤ ʠʟʙʳʪʦʯ-

ʥʳʭ ʠ ʧʦʣʫʣʝʛʘʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʚ ʂʅʈ ʚ 2017 

ʛʦʜʫ. 
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ʈʠʩ. 1.2 ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʘʣʠ ʚ ʤʠʨʝ, ʤʣʥ. ʪ 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʈʦʩʩʪʘʪʘ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦ ʠʪʦʛʘʤ 2017 ʛʦʜʘ ʚʳʨʦʩʣʦ ʥʘ 1% ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ 2016 ʛʦʜʘ, ʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʣʠ ʚ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ ʟʘ ʪʦ ʞʝ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ 71,7 ʤʣʥ ʪ (+1,2% ʢ 

2016 ʛʦʜʫ), ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ (ʙʝʟ ʫʯʝʪʘ ʧʝʨʝʢʘʪʘ) ʜʦʩʪʠʛʣʦ 66 ʤʣʥ ʪ (+1,4%). 

 

 
ʈʠʩ. 1.3. ɼʠʥʘʤʠʢʘ ʧʦʪʨʝʙʣʝʥʠʷ ʩʪʘʣʠ 

 

ʇʨʦʙʣʝʤʳ ʨʝʘʣʠʟʘʮʠʠ 

ɺʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ ʠʤʝʶʪ ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʦʩʦʙʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝ-

ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʚʳʧʫʩʢ ʙʦʣʴʰʠʭ ʦʙʲ-

ʸʤʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʧʨʦ-

ʜʫʢʮʠʠ ʜʦ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. ɼʣʷ ʨʝʰʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʨʝʘʣʠʟʘʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʩʚʦʝʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦ-

ʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʨʸʭʬʘʟ-

ʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʯʠ. ʇʝʯʴ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʟʘʚʝʨ-

ʰʘʶʱʝʤ ʵʪʘʧʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟ-

ʜʝʣʠʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʥʘʟʳʚʘʶ 

ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʝʪʘʣʣ ʩ ʮʝʣʴʶ ʥʘʧʨʘʚʣʝʥ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ. ɼʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʩʦʢʨʘ-

ʪʠʪʴ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ.  

ʀʥʥʦʚʘʮʠʷ  

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʨʦʜʫʢʪ ï ʣʝʛʠʨʦʚʘʥʥʘʷ ʛʦʨʷ-

ʯʝʢʘʪʘʥʘʷ ʩʪʘʣʴ, ʢʦʪʦʨʘʷ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʪʚʝʨʜʦʩʪʴʶ ʦʪ H350 ʜʦ W900. 

ʀʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʘʣʴ ʨʦʩʩʠʡʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ ʇɸʆ çʄʄʂè. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʘʣʴ ʧʨʦʭʦʜʠʪ ʟʘʢʘʣʢʫ ʠ ʦʪʧʫʩʢ. ʆʩʥʦʚʥʦʡ ʫʧʦʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʢʦ ʚʩʝʤ ʚʠʜʘʤ ʠʟʥʦʩʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʨʦʢ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʨʘʟʳ ʚʳʰʝ, ʯʝʤ 

ʫ ʘʥʘʣʦʛʠʯʥʦʛʦ ʤʝʪʘʣʣʦʧʨʦʢʘʪʘ ʠʟ ʜʨʫʛʠʭ ʤʘʨʦʢ 

ʩʪʘʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʩʪʘʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦ-

ʚʳʰʝʥʥʦʡ ʫʜʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʥʘʛʨʫʟʢʘʤ. ʄʝʪʘʣʣʦʧʨʦʢʘʪ, ʠʟʛʦʪʘʚ-

ʣʠʚʘʝʤʳʡ ʠʟ ʪʘʢʦʡ ʩʪʘʣʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ 

ʧʨʦʜʫʢʮʠʠ ʚ ʚʠʜʝ ʣʠʩʪʦʚ, ʪʨʫʙ ʠ ʢʨʫʛʦʚ.  

ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʵʪʦʪ ʧʨʦʜʫʢʪ 

ʢʘʢ çʯʨʝʟʚʳʯʘʡʥʦ ʫʩʪʦʡʯʠʚʳʡ ʢ ʣʶʙʳʤ ʚʠʜʘʤ ʠʟ-

ʥʦʩʘ: ʧʨʠ ʪʨʝʥʠʠ ʠ ʫʜʘʨʝ, ʧʨʠ ʪʨʝʥʠʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ ʠʟʥʦʩʫè. ʇʦ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʴ 

ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʩʚʘʨʠʚʘʝʤʳʝ ʩʪʘʣʠ, ʘ ʧʦ ʟʥʘʯʝ-

ʥʠʶ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʩʨʘʚʥʠʤʘ ʩ ʦʙʳʯʥʳʤʠ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʤʠ ʩʪʘʣʷʤʠ. ʉʪʘʣʴ ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘ-

ʝʪʩʷ, ʠʟʛʠʙʘʝʪʩʷ ʠ ʩʚʘʨʠʚʘʝʪʩʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦ-

ʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʣʠʩʪʦʚʦʡ, ʜʣʷ 

ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʩʪʘʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʦʙʳʯ-

ʥʳʝ ʮʝʭʦʚʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ, ʯʪʦʙʳ ʠʟʛʦʪʦʚʠʪʴ 

ʠʟ ʥʝʝ ʪʨʝʙʫʝʤʫʶ ʜʝʪʘʣʴ ʠʣʠ ʢʦʥʩʪʨʫʢʮʠʶ. ʉʦʯʝʪʘ-

ʥʠʝ ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʤʝʩʝʡ ʠ ʦʯʝʥʴ ʪʦʯʥʳʝ ʜʦʧʫʩʢʠ 

ʧʦ ʪʦʣʱʠʥʝ ʧʦʟʚʦʣʷʶʪ ʛʥʫʪʴ ʣʠʩʪʦʚʫʶ ʩʪʘʣʴ. 
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ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʩʦʢʦʣʝʛʠʨʦ-

ʚʘʥʥʳʭ ʩʪʘʣʝʡ 

ɻʣʘʚʥʳʤ ʢʦʥʢʫʨʝʥʪʦʤ ʧʨʦʜʫʢʮʠʠ ʧʦʜ ʤʘʨʢʦʡ 

MAGSTRONG ʷʚʣʷʶʪʩʷ ʩʪʘʣʠ HARDOX ð ʬʠʨʤʳ 

SSAB Oxelosund AB, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʭʦʞʠʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

MAGSTRONG H500 ʠ HARDOX 500. ʇʦ ʩʚʦʝʤʫ 

ʥʘʟʥʘʯʝʥʠʶ ʵʪʠ ʩʪʘʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʛʦʨʥʦʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʠ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʪ ʚ ʞʝʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʚʳʟʳʚʘʶʱʠʭ ʦʙʱʠʡ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ 

ʫʟʣʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʊʘʙʣʠʮʘ 1.1 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
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ʊʘʙʣʠʮʘ 1.2 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

  MAGSTRONG H500 HARDOX 500 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʄʇʘ 1500 1400 

ʇʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʄʇʘ 1200 1200 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʝʥʠʝ ɸ, % 10 10 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, KCV, ɼʞ/ʩʤ2 30 37 

ʊʚʝʨʜʦʩʪʴ, HBW 475-505 470-530 

ʀʟʛʠʙ 90 min 6t min 6t 

ʋʛʣʝʨʦʜʥʳʡ ʵʢʚʠʚʘʣʝʥʪ, (CEV) 0,75 0,37 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʚʳʰʝ, ʦʙʘ ʤʝʪʘʣʣʘ 

ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʙʘʣʘʥʩʠʨʦʚʢʫ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦ-

ʩʪʘʚʫ. ʊʘʢ ʞʝ ʧʣʶʩʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʨʘʙʦʪʘʥʥʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʟʘʢʘʣʢʠ ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʠʟʥʦʩʦ-

ʩʪʦʡʢʫʶ ʩʪʘʣʴ ʩ ʭʦʨʦʰʝʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʚʳ-

ʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʀʤʝʥʥʦ ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ ʠʤʝʝʪ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʣʠ ʠ ʩʧʣʘʚʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ ʪʘʢʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

ʥʠʢʝʣʴ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ ʠ ʤʦʣʠʙʜʝʥ, ʧʦʤʦʛʘʝʪ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʪʘʣʠ ʧʦʩʣʝ ʟʘʢʘʣʢʠ, ʧʨʠ ʵʪʦʤ ʝʝ ʩʪʦʠʤʦʩʪʴ ʚʚʠʜʫ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ (ʩʘ-

ʤʳʝ ʜʦʨʦʛʠʝ ï ʥʠʢʝʣʴ ʠ ʤʦʣʠʙʜʝʥ, ʥʦ ʠʭ ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 2%) ʥʝʥʘʤʥʦʛʦ ʜʦʨʦʞʝ, 

ʯʝʤ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ. 

ʆʜʥʘʢʦ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʚ ʩʪʘʣʠ HARDOX ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʸ 

ʮʝʥʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʟʘʢʫʧʢʠ ʩʪʘʣʠ 

ʦʧʪʦʤ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʨʘʟʤʝʨʘ ʧʘʨʪʠʠ, 

ʥʘʯʘʣʴʥʘʷ ʮʝʥʘ ʟʘ ʣʠʩʪ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 150 ʪʳʩ. ʨʫʙ-

ʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʪʘʣʠ ʤʘʨʢʠ MAGSTRONG, 

ʠʤʝʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʨʘʩʮʝʥʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 110 ʪʳʩ. ʨʫʙʣʝʡ ʟʘ ʪʦʪ ʞʝ 

ʤʝʪʘʣʣʦʧʨʦʜʫʢʪ.  

ʆʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ ʚ ʚʳ-

ʧʣʘʚʢʝ ʤʝʪʘʣʣʘ 

ʉʪʨʫʡʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʧʦʜ-

ʭʦʜʷʱʠʤ ʪʠʧʦʤ ʚʝʥʪʠʣʷʪʦʨʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-

ʜʦʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ɿʘ ʩʯʝʪ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʵʬ-

ʬʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʚʣʝʯʝʥʠʝ ʙʦʣʴʰʠʭ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ. ʇʨʠ ʧʦʤʦʱʠ ʩʪʨʫʡʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 

 
ʈʠʩʫʥʦʢ 1.4. ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʨʫʡʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʪʨʫʡʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ: 1 ð ʢʦʨʧʫʩ ʚʝʥʪʠ-

ʣʷʪʦʨʘ, 2 ð ʢʨʳʣʴʯʘʪʢʘ; 3 ð ʣʦʧʘʩʪʴ ʢʨʳʣʴʯʘʪʢʠ; 4 ð ʥʦʩʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ; 5 ð ʭʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ; 6 

ð ʦʧʦʨʥʘʷ ʨʘʤʘ;7 ð ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 8 ð ʦʧʦʨʘ ʜʚʠʛʘʪʝʣʷ; 9 ð ʥʘʢʦʥʝʯʥʠʢ; 10 ð ʛʣʫʰʠʪʝʣʴ. 
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ɺʦʟʜʫʰʥʘʷ ʩʪʨʫʷ, ʚʳʭʦʜʷʱʘʷ ʠʟ ʚʝʥʪʠʣʷʪʦʨʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 1.5). 

 
ʈʠʩʫʥʦʢ 1.5 ʉʭʝʤʘ ʩʚʦʙʦʜʥʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʠ 

 

ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʥʘʯʠʥʘ-

ʝʪʩʷ ʩʨʘʟʫ ʟʘ ʚʳʭʦʜʦʤ ʠʟ ʚʝʥʪʠʣʷʪʦʨʘ. ɺ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦʩʪʦʷʥʥʘ. 

ʉʣʝʜʫʶʱʘʷ ʟʦʥʘ, ʵʪʦ ʦʩʥʦʚʥʦʡ ʫʯʘʩʪʦʢ ʩʚʦ-

ʙʦʜʥʦʡ ʩʪʨʫʠ. ʆʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʥʘ ʵʪʦʤ 

ʫʯʘʩʪʢʝ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ ʨʘʟʚʠ-

ʚʘʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, ʪʦ ʫʩʣʦʚʠʷ ʦʩʥʦʚ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ-

ʪʦʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɹʣʘʛʦʜʘʨʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʚʣʝ-

ʯʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ 

ʩʪʨʫʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ ʫʚʝʣʠʯʝʥʠʶ. 

ɼʣʷ ʩʪʨʫʡʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʟʥʘʯʝʥʠʷ ʨʝʘʢʪʠʚ-

ʥʦʡ ʪʷʛʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʅ/ʢɺʪ ʜʦ 40 

ʅ/ʢɺʪ; 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʨʫʠ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʚʣʝʯʝʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʪʨʫʠ ʩ ʚʥʝʰʥʠʤʠ 

ʤʘʩʩʘʤʠ ʚʦʟʜʫʭʘ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʠ ʵʪʦʤ ʦʙʲʝʤ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʴʰʝ. ɺʩʝ ʵʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʨʷʟʥʳʭ 

ʧʨʠʤʝʩʝʡ ʧʦ ʧʦʤʝʱʝʥʠʶ, ʘ ʪʘʢʞʝ ʚʳʨʘʚʥʠʚʘʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ɿʘʢʣʶʯʝʥʠʝ: 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʪʫʘʮʠʷ ʥʘ 

ʨʦʩʩʠʡʩʢʦʤ ʠ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʘʣʠ-

ʟʘʮʠʝʡ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʚʢʘ ʛʦʪʦʚʦʡ 

ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʫʜʦʚʣʝʪʚʦ-

ʨʷʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘʢʘʟʯʠʢʦʚ. ɹʳʣ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʘʥʠʠ ʇɸʆ çʄʄʂè, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʠʣʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦ-

ʧʨʦʯʥʳʭ ʠ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʩʪʘʣʝʡ. ʇʨʦʠʟʚʝʜʝʥʘ 

ʦʮʝʥʢʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʣʝʢʩʘ, ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʥʝ 

ʪʦʣʴʢʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʤʝʪʘʣʣʦ-

ʧʨʦʜʫʢʮʠʠ, ʥʦ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʩʪʘʣʝʡ ʥʘ ʧʨʠ-

ʤʝʨʝ MAGSTRONG H500 ʠ HARDOX 500 ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʘʢ ʭʠʤʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɹʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫ-

ʭʦʧʦʜʛʦʪʦʚʢʠ ʚ ʚʳʧʣʘʚʢʝ ʤʝʪʘʣʣʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɸʙʨʘʤʦʚʠʯ ɹ. ʅ., ʋʩʪʠʥʦʚ ɼ. 

ɸ.ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʛʦʨʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ð ʉʇʙ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʠʥʩʪʠʪʫʪ. 

2004. ð 84 c. ʈʝʞʠʤ ʜʦʩʪʫʧ: 

http://gendocs.ru/v27245/ʘʙʨʘʤʦʚʠʯ_ʙ.ʥ._ʵʣʝʢʪʨʦʧʨ

ʠʚʦʜ_ʠ_ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ_ʛʦʨʥʳʭ_ʧʨʝʜʧʨʠʷʪʠʡ.h

tml(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.03.2017). 

2. ɺʘʭʚʘʭʦʚ ɻ.ɻ. ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ: ʥʘʫʯʥʦʝ 

ʠʟʜʘʥʠʝ. ð ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1989. 

3. ɻʦʪʣʠʙ, ɹ. ʄ. ʆʩʥʦʚʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ ʜʘʚʣʝʥʠʝʤ / ɹ.ʄ. 

ɻʦʪʣʠʙ, ʀ.ɸ. ɼʦʙʳʯʠʥ, ɺ.ʄ. ɹʘʨʘʥʯʠʢʦʚ. - ʄ.: 

ʄʝʪʘʣʣʫʨʛʠʷ, 2013. - 168 c. 

4. ɻʨʠʰʢʦ ɸ.ʇ., ʐʝʣʦʛʘʥʦʚ ɺ.ʀ. 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʤʘʰʠʥʳ ʠ ʫʩʪʘʥʦʚʢʠ: ʋʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ ʜʣʷ ʚʫʟʦʚ. ð ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, 2004. 

5. ʂʣʠʤʦʚʠʮʢʠʡ, ʄ. ɼ. ʇʨʠʙʦʨʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʤʝʪʘʣʣʫʨʛʠʠ / ʄ.ɼ. 

ʂʣʠʤʦʚʠʮʢʠʡ, ɺ.ʀ. ʐʠʰʢʠʥʩʢʠʡ. - ʄ.: 

ʄʝʪʘʣʣʫʨʛʠʷ, 2014. - 296 c. 

6. ʈʫʜʘʢʦʚ, ɺ. ɺ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ (ʧʨʷʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʤʝʥʪʦʤ ʚ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ): ʫʯʝʙ, ʧʦʩʦʙʠʝ 

/ ɺ. ɺ. ʈʫʜʘʢʦʚ, ɸ. ɽ. ʂʦʟʷʨʫʢ; ï ʉʇʙ. ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʝ ʥʘʫʯ. ʠʟʜ-ʚʦ, 2007. 

7. ʌʘʱʠʣʝʥʢʦ ɺ.ʅ. ʈʝʛʫʣʠʨʫʝʤʳʡ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘʩʦʩʥʳʭ ʠ ʚʝʥʪʠʣʷʪʦʨʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ð ʄ.: ɻʦʨʥʘʷ 

ʂʥʠʛʘ, 2011. 

  



ζColloquium - journal Ȼ#17(41),2019 / TECHNICAL SCIENCE 53 

ʋɼʂ 004 

ʅʘʬʠʢʦʚʘ ɸ.ʈ.  

ɼʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰɻʋ, ʉʪʝʨʣʠʪʘʤʘʢ, ʈʦʩʩʠʷ 

ɻʘʣʠʘʩʢʘʨʦʚ ɼ.ʈ. 

ʉʪʫʜʝʥʪ, ʉʪʝʨʣʠʪʘʤʘʢʩʢʠʡ ʬʠʣʠʘʣ ɹʘʰɻʋ, ʉʪʝʨʣʠʪʘʤʘʢ, ʈʦʩʩʠʷ 

 

ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʆɺ ʉɾɸʊʀʗ ɺ ʉʋɹɼ 

 

Nafikova A.R. 

Associate Professor, Candidate of Physical and Mathematical Sciences 

Sterlitamak branch of Bashkir State University, Sterlitamak, Russia 

Galiaskarov D.R. 

Student, Sterlitamak branch of Bashkir State University, Sterlitamak, Russia 

 

COMPARING COMPRESSION METHODS IN THE DATABASE  

 

ɸʥʥʦʪʘʮʠʷ 

ʕʪʦ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʞʘʪʠʷ ʚ ʈʉʋɹɼ. ʊʘʢ ʞʝ ʨʘʩʩʤʦʪʨʠʤ 

ʜʚʘ ʤʝʪʦʜʘ ʩʞʘʪʠʷ ʚ ʉʋɹɼ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʵʪʦʪ ʦʙʟʦʨ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʩʚʷʱʝʥ ʧʨʦ-

ʙʣʝʤʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʦʜʜʝʨʞʢʠ ʩʞʘʪʠʷ ʚ ʈʉʋɹɼ. 

Abstract 
This article is devoted to the problem of effective support for compression in RDBMS. We also consider two 

compression methods in the DBMS. Based on the foregoing, this review is primarily devoted to the problem of 

effective support for compression in RDBMS. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ; ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʩʣʦʚʘʨʥʦʝ ʩʞʘʪʠʝ, ʤʝʪʦʜʳ ʩʞʘʪʠʷ, ʘʨʠʬʤʝʪʠʯʝ-

ʩʢʦʝ ʩʞʘʪʠʝ, ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʜʜʝʨʞʢʘ ʩʞʘʪʠʷ 

Keywords: statistical coding, dictionary compression, compression methods, arithmetic compression, effec-

tive compression support 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʩʞʘʪʠʷ 

ʚ ʉʋɹɼ 

ɹʦʣʝʝ 20 ʣʝʪ ʨʝʣʷʮʠʦʥʥʳʝ ʉʋɹɼ (ʈʉʋɹɼ) 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʚʦʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ. ʈʝʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʟʘ-

ʤʝʥʠʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʤʝʨʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥ-

ʥʳʭ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʩʝʛʤʝʥʪʝ ʨʳʥʢʘ ʉʋɹɼ ʜʦʤʠ-

ʥʠʨʫʝʪ ʈʉʋɹɼ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʟʘʪʨʘʛʠʚʘʶʪ ʧʨʦʙʣʝʤʫ 

ʧʦʜʜʝʨʞʢʠ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʚ ʉʋɹɼ, 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʈʉʋɹɼ) ʚ ʷʚ-

ʥʦʤ ʠʣʠ ʥʝʷʚʥʦʤ ʚʠʜʝ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʤʝʪʦʜʳ ʩʞʘ-

ʪʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʙʘʟ ʜʘʥʥʳʭ, ʪʘʢʠʤ 

ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʦʙʲʝʢʪʥʳʝ ʦʙʲ-

ʝʢʪʳ. ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʵʪʦʪ ʦʙʟʦʨ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʩʚʷʱʝʥ ʧʨʦʙʣʝʤʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʩʞʘʪʠʷ ʚ ʈʉʋɹɼ. ʕʪʦ ʯʝʪʢʦ ʫʢʘʟʘʥʦ, 

ʝʩʣʠ ʧʨʘʚʠʣʘ ʢʘʩʘʶʪʩʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʠʩʪʝʤ. 

ʄʝʪʦʜʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʴ ʜʘʥʥʳʭ ʦʩ-

ʥʦʚʘʥʳ ʥʘ ʫʩʪʨʘʥʝʥʠʠ ʠʟʙʳʪʦʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʚʨʷʜ ʣʠ ʙʫʜʫʪ ʙʦ-

ʣʝʝ ʜʣʠʥʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʝʤ ʚʝʨʦʷʪʥʳʝ ʩʦʙʳʪʠʷ. 

ɽʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʩʦʙʳʪʠʷ ʨʘʚʥʘ , ʪʘʢʦʝ ʩʦʙʳʪʠʝ 

ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦ ʜʣʷ ʢʦʜʠʨʦʚʘʥʠʷ ʩʣʦʚ ʩ ʜʣʠʥʦʡ 

 ʙʠʪʦʚ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʐʝʥʥʦʥʘ ʜʣʷ 

ʠʩʭʦʜʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʳ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʟʘ-

ʚʠʩʷʪ ʦʪ ʵʪʦʛʦ ʬʘʢʪʘ ʷʚʥʦ ʠʣʠ ʥʝʷʚʥʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʵʢʦʥʦʤʠʯʥʦʛʦ ʢʦʜʠʨʦ-

ʚʘʥʠʷ ʝʜʠʥʠʮʳ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ (ʙʫʢʚʳ, ʩʣʦʚʘ, 

ʩʪʨʦʢʠ, ʮʠʬʨʳ ʠ ʪ.ʜ.) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʤ ʢʦʜʦʚʳʤ ʩʣʦʚʘʤ. ʂʦʜʦʚʳʝ ʩʣʦʚʘ ʩʦʩʪʦʷʪ ʠʟ ʩʝ-

ʨʠʠ ʯʠʩʝʣ, ʦʙʳʯʥʦ ʜʚʦʠʯʥʳʭ ʯʠʩʝʣ. ɺʩʝ ʢʦʤʙʠʥʘ-

ʮʠʠ ʢʦʜʦʚʳʭ ʩʣʦʚ ʦʙʨʘʟʫʶʪ ʢʦʜ. ɽʩʣʠ ʚʩʝ ʢʦʜʦʚʳʝ 

ʩʣʦʚʘ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʜʣʠʥʫ, ʜʣʠʥʘ ʠʩʧʦʣʴʟʫʝ-

ʤʦʛʦ ʢʦʜʘ ʷʚʣʷʝʪʩʷ ʬʠʢʩʠʨʦʚʘʥʥʦʡ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʵʪʦ ʧʝʨʝʤʝʥʥʘʷ. ʂʦʜʠʨʦʚʘʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ, ʝʩʣʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʤʘʩʩʠʚʦʤ ʢʦʜʦʚʳʭ ʩʣʦʚ.  

ʉʪʝʧʝʥʴ ʩʞʘʪʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʦʡ ʦʪʥʦʰʝ-

ʥʠʶ ʦʙʲʝʤʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʢ ʦʙʲʝʤʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʞʘʪʳʭ ʜʘʥʥʳʭ ʠ ʠʟʤʝʨʷʝʪʩʷ ʚʦ ʚʨʝ-

ʤʝʥʠ. 

ɺʩʝ ʩʭʝʤʳ ʩʞʘʪʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʢʣʘʩʩʘ: ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʩʣʦʚʘʨʥʦʝ 

ʩʞʘʪʠʝ. ʉʭʝʤʳ ʩʞʘʪʠʷ ʪʘʢʞʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝ-

ʯʠʚʘʶʪ ʠʣʠ ʦʙʣʝʛʯʘʶʪ ʨʝʘʣʠʟʘʮʠʶ ʵʢʦʥʦʤʠʯʥʳʭ 

ʵʪʘʧʦʚ ʢʦʜʠʨʦʚʘʥʠʷ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ 

ʄʝʪʦʜʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʷʚʥʳʤ 

ʦʙʨʘʟʦʤ ʦʧʠʨʘʶʪʩʷ ʥʘ ʪʝʦʨʝʤʫ ʐʝʥʥʦʥʘ. ʊʘʢʦʡ ʤʝ-

ʪʦʜ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦ-

ʜʠʨʫʝʤʦʛʦ ʵʣʝʤʝʥʪʘ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ) ʠ ʝʛʦ ʩʦʙ-

ʩʪʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʅʘ ʵʪʘʧʝ ʢʦʜʠʨʦʚʘʥʠʷ ʵʣʝ-

ʤʝʥʪ  ʟʘʤʝʥʷʝʪʩʷ ʦʮʝʥʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ , 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʜʦʚʳʤ ʩʣʦʚʦʤ 
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 ʙʠʪʦʚʦʡ ʜʣʠʥʳ. ʕʪʦʪ ʵʪʘʧ ʪʘʢʞʝ 

ʥʘʟʳʚʘʝʪʩʷ ʵʥʪʨʦʧʠʡʥʳʤ ʢʦʜʠʨʦʚʘʥʠʝʤ. ʆʮʝʥʦʯ-

ʥʦʝ ʟʥʘʯʝʥʠʝ  ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʠʟ ʙʝʟ-

ʫʩʣʦʚʥʦʡ ʯʘʩʪʦʪʳ ʧʦʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʘ ʠ ʫʩʣʦʚʥʦʡ 

ʯʘʩʪʦʪʳ. ɼʘʥʥʳʡ ʢʦʥʪʝʢʩʪ ʙʦʣʝʝ ʩʣʦʞʥʳʤ ʩʧʦʩʦ-

ʙʦʤ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʥʥʳʭ ʙʝʟ ʧʦʪʝʨʴ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ, ʝʩʣʠ ʢʦʜʝʨ ʠ ʜʝʢʦʜʝʨ ʨʘʙʦʪʘʶʪ ʩ ʦʜʠʥʘʢʦ-

ʚʦʡ ʦʮʝʥʢʦʡ  ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʇʨʦʙʣʝʤʘ ʢʦʜʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩ ʟʘʜʘʥ-

ʥʳʤʠ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʪʨʘʜʠʮʠʦʥʥʦ ʨʝʰʘʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʍʘʬʬʤʘʥʘ ʠ ʘʨʠʬʤʝʪʠ-

ʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. 

ɸʣʛʦʨʠʪʤ ʍʘʬʬʤʘʥʘ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʜʫʨʫ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʜʦʚ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ, ʩʨʝʜʥʷʷ ʠʟ-

ʙʳʪʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʤʠʥʠʤʘʣʴʥʘ ʜʣʷ ʚʩʝʭ ʥʝʙʣʦʯ-

ʥʳʭ ʢʦʜʦʚ. ʆʧʨʝʜʝʣʷʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟ ʦʜʥʦʛʦ ʠʩ-

ʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʜʥʦ ʢʦʜʦʚʦʝ ʩʣʦʚʦ. ɺ ʢʦʜʠʨʦ-

ʚʘʥʠʠ ʍʘʬʬʤʘʥʘ  ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʜʨʦʙʴʶ, 

ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ 2, ʧʦʪʦʤʫ ʯʪʦ ʩʣʦʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʮʝʣʳʤʠ ʙʠʪʦʚʳʤʠ ʯʠʩʣʘʤʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ-

ʤʝʥʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʢʦʜʠʨʦ-

ʚʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʜʚʦʠʯʥʦʛʦ ʘʣʬʘʚʠʪʘ. ʂʦʜ ʍʘʬʬ-

ʤʘʥʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʝʨʝʚʘ, ʧʦʪʦʤʫ 

ʯʪʦ ʵʪʦ ʧʨʝʬʠʢʩ. ʊʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʫʭ-

ʧʨʦʭʦʜʥʘʷ ʩʭʝʤʘ (ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʍʘʬʬ-

ʤʘʥʘ): ʧʨʠ ʧʝʨʚʦʤ ʚʟʛʣʷʜʝ ʥʘ ʜʘʥʥʳʝ ʚʳʯʠʩʣʷʝʪʩʷ 

ʩʪʘʪʠʩʪʠʢʘ ʧʦʷʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʄʦʜʝʣʴ ʜʘʥʥʳʭ 

ʩʪʨʦʠʪʩʷ, ʠ ʥʘ ʝʝ ʦʩʥʦʚʝ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʜ. ɺʦ ʚʨʝʤʷ 

ʚʪʦʨʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʝ ʩʞʠʤʘʶʪʩʷ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʧʨʠʥʷʪʦʛʦ ʢʦʜʘ. ʆʮʝʥʢʘ ʚʝʨʦʷʪʥʦʩʪʠ 

 ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʷ ʢʦʜʠʨʦʚʘʥʠʷ, 

ʠ ʟʥʘʢ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ɸʜʘʧʪʠʚʥʳʝ ʦʜʥʦʧʨʦʭʦʜʥʳʝ 

ʚʘʨʠʘʥʪʳ ʘʣʛʦʨʠʪʤʘ ʠʟʚʝʩʪʥʳ, ʥʦ ʠʤʝʶʪ ʟʥʘʯʠ-

ʪʝʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʠ ʬʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ. 

ɸʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʠʣʠ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʢʦʜʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʢʦʜʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʵʣʝ-

ʤʝʥʪʦʚ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʩʨʝʜʥʝʤ ʩ ʜʨʦʙʥʳʤ ʯʠʩʣʦʤ ʙʠʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʦʙʳʯʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦ-

ʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʯʝʤ ʢʦʜʠʨʦʚʘʥʠʝ 

ʍʘʬʬʤʘʥʘ. ɹʣʦʢ ʵʣʝʤʝʥʪʦʚ ʢʦʜʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʜʨʦʙʴʶ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʦʮʝʥʦʢ 

ʚʝʨʦʷʪʥʦʩʪʠ  ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʙʣʦʢʘ. ʕʪʦ ʦʧʨʝ-

ʜʝʣʠʣʦ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ. ʏʝʤ  ʤʝʥʴʰʝ, ʪʝʤ 

ʜʣʠʥʥʝʝ ʜʨʦʙʴ, ʠ ʙʦʣʴʰʝ ʪʨʝʙʫʝʪʩʷ ʜʚʦʠʯʥʳʭ ʩʠʤ-

ʚʦʣʦʚ ʜʣʷ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʜʝʢʦʜʠʨʦʚʘ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ ʤʝʪʦʜ ʍʘʬʬʤʘʥʘ, 

ʥʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʙʝʟ 

ʧʦʪʝʨʴ. ʇʦʩʢʦʣʴʢʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʥʝ 

ʪʨʝʙʫʝʪ ʷʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʜʘʧʪʠʚ-

ʥʘʷ ʦʜʥʦʧʨʦʭʦʜʥʘʷ ʩʭʝʤʘ ʜʣʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ 

ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʳʭ, ʠ ʷ ʤʦʛʫ ʵʪʦ ʩʜʝ-

ʣʘʪʴ. 

ʉʣʦʚʘʨʥʦʝ ʩʞʘʪʠʝ 

ʀʜʝʷ ʣʝʢʩʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʟʘʤʝʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠʩ-

ʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʪʘʢʠʝ ʬʨʘʟʳ-ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ 

ʩʣʦʚʘʨʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʤʝʥʷʝʤʦʡ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʄʝʪʦʜʳ ʩʞʘʪʠʷ ʩʣʦʚʘʨʷ ʠʩʧʦʣʴ-

ʟʫʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʪʨʦʢʠ ʧʦʚʪʦʨʷʶʪʩʷ. ʉʣʦʚʘʨʴ 

ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʨʘʟ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥ ʨʘʟ-

ʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʧʨʠʤʝʨ, ʦʥ ʤʦʞʝʪ ʚʢʣʶ-

ʯʘʪʴ ʚ ʩʝʙʷ ʩʪʨʦʢʫ, ʠʤʝʶʱʫʶ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʟʥʘʢʘ, ʛʜʝ - ʯʘʩʪʦʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʜʣʠʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʜʣʠʥʘ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ (ʫʢʘ-

ʟʘʪʝʣʷ) ʩʣʦʚʘʨʥʦʡ ʬʨʘʟʳ. 

ʀʟ ʣʝʢʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ɿʠʚʘ-ʃʝʤʧʝʣʷ. ʄʝʪʦʜʳ ʩʣʦʚʘʨʷ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʵʪʦʤʫ ʢʣʘʩʩʫ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʘ ʩʝʤʝʡʩʪʚʘ: LZ77 (LZ1) ʠ LZ78 (LZ2). ʉʝʤʝʡʩʪʚʦ 

ʩʭʝʤ LZ77 ʦʩʥʦʚʘʥʦ ʥʘ ʦʜʥʦʠʤʝʥʥʦʤ ʤʝʪʦʜʝ. ɺ 

ʵʪʦʤ ʩʝʤʝʡʩʪʚʝ ʤʝʪʦʜʦʚ ʯʘʩʪʴ ʫʞʝ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʜʘʥʥʳʭ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩʣʦʚʘʨʴ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʠ ʦʙʳʯʥʦ ʢʦʜʠʨʫʶʪʩʷ ʫʢʘʟʘʥʠʝʤ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʷ (ʩʤʝʱʝʥʠʷ) ʥʘʯʘʣʘ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʬʨʘʟʳ ʚ ʩʣʦ-

ʚʘʨʝ ʠ ʜʣʠʥʳ ʩʦʚʧʘʜʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʘʨʘ 

<offset, match length> ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʝʤ. ɽʩʣʠ ʟʘ-

ʢʦʜʠʨʦʚʘʥʥʳʡ ʵʣʝʤʝʥʪ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʩʣʦʚʘʨʝ, ʦʥ 

ʙʫʜʝʪ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʧʦʤʝʯʝʥ ʠ ʦʪʦʙʨʘʞʝʥ ʢʘʢ 

ʝʩʪʴ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘʟʳʚʘʶʪʩʷ ʣʠʪʝʨʘʣʘʤʠ. ʆʪ 

ʩʧʦʩʦʙʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʚʘʨʷ ʩʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ 

LZ77 ʙʫʜʝʪ ʘʜʘʧʪʠʚʥʳʤ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʭʝʤʘ ʪʠʧʘ LZ77 ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʢʦʜʠ-

ʨʦʚʘʥʠʷ ʜʣʷ ʫʢʘʟʘʪʝʣʝʡ ʠ ʣʠʪʝʨʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʚ 

ʤʝʪʦʜʝ LZH ʘʣʛʦʨʠʪʤ ʍʘʬʬʤʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʵʢʦʥʦʤʠʯʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ ʫʢʘʟʘʪʝʣʝʡ ʠ ʣʠʪʝʨʘ-

ʣʦʚ. 

ɺ ʩʝʤʝʡʩʪʚʝ ʜʠʘʛʨʘʤʤ LZ78 ʥʝ ʚʩʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ, ʥʘʡʜʝʥʥʳʝ ʚ ʦʙʨʘʙʦʪʘʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥ-

ʥʳʭ, ʚʢʣʶʯʝʥʳ ʚ ʩʣʦʚʘʨʴ, ʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 

çʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠè ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʦʪʝʥʮʠ-

ʘʣʘ ʚ ʙʫʜʫʱʝʤ. ʅʘʧʨʠʤʝʨ, ʚ ʩʧʦʩʦʙʝ LZ 78 ʥʦʚʘʷ 

ʬʨʘʟʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʢʦʥʢʘʪʝʥʘʮʠʷ ʦʜʥʦʡ ʠʟ ʩʣʦ-

ʚʘʨʥʳʭ ʬʨʘʟ, ʠʤʝʶʱʠʭ ʩʘʤʦʝ ʜʣʠʥʥʦʝ ʩʦʚʧʘʜʝʥʠʝ 

ʪʝʢʫʱʝʡ ʢʦʜʠʨʦʚʘʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʩʠʤ-

ʚʦʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʝʤʝʡʩʪʚʘ LZ77, ʩʣʦʚʘʨʴ ʥʝ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʬʨʘʟʫ. ɺ ʤʝʪʦʜʝ LZW, ʢʦʪʦ-

ʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

ʩʝʤʝʡʩʪʚʘ LZ78, ʩʣʦʚʘʨʴ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪʩʷ ʬʨʘ-

ʟʘʤʠ ʚʩʝʭ ʙʫʢʚ ʘʣʬʘʚʠʪʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʟʘʢʦʜʠʨʦʚʘʥʳ. ʌʨʘʟʝ-ʤʘʨʢʝʨʳ ʢʦʜʠʨʫʶʪʩʷ 

ʩʣʦʚʘʤʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʳ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʨʘʟʤʝʨʦʤ ʩʣʦʚʘʨʷ. ɺ ʨʘʤʢʘʭ ʩʝʤʝʡʩʪʚʘ ʤʝʪʦ-

ʜʦʚ LZ78 ʣʝʛʢʦ ʨʝʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʥʝʘʜʘʧ-

ʪʠʚʥʦʝ ʠ ʧʦʣʫʘʜʘʧʪʠʚʥʦʝ ʩʞʘʪʠʝ, ʚ ʢʦʪʦʨʦʤ ʩʣʦ-

ʚʘʨʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥ. 

ʉʣʦʚʘʨʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʝʪʦʜʘʭ ʩʞʘʪʠʷ ʩʣʦ-

ʚʘʨʝʡ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛʠ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʠʭ ʤʝʪʦʜʘʭ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʞʘʪʠʷ ʜʘʥʥʳʭ ʚ ʉʋɹɼ ʷʚʣʷ-

ʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʙʣʘʩʪʴʶ 

ʟʥʘʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʩʞʘʪʠʷ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʧʘ-

ʤʷʪʠ ʠ ʧʦʚʳʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ, 
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ʧʝʨʝʚʝʰʠʚʘʶʪ ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʧʦʜʜʝʨʞʢʠ ʵʢʦʥʦʤʠʯʥʦʛʦ ʢʦʜʠʨʦ-

ʚʘʥʠʷ. 
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RESEARCH OF ACCIDENT MANAGEMENT OF NPP WITH WWPR REACTOR 

 

ɸʥʥʦʪʘʮʠʷ 

ɹʝʟʦʧʘʩʥʦʝ ʠ ʥʘʜʸʞʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʩʥʦʚʦʧʦʣʘ-

ʛʘʶʱʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 

ʚʠʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʦʪ çʢʦʵʬʬʠʮʠʝʥʪ ʙʝʟʦʧʘʩʥʦʩʪʠè ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʘʪʦʤʥʦʛʦ ʨʝʘʢʪʦʨʘ ʢʘʢ ʷʚʣʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʘʥʘʣʠʟʫ ʪʷʞʝʣʳʭ ʟʘʧʨʦ-

ʝʢʪʥʳʭ ʘʚʘʨʠʡ ʥʘ ɸʕʉ. ɺ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʜʘʥʥʘʷ ʪʝʤʘ. 

Abstract 

The safe and reliable existence of nuclear power plants is a fundamental factor that determines the competi-

tiveness of nuclear power in comparison with other types of electricity generation. This ñsafety factorò determines 

the feasibility of a nuclear reactor as a phenomenon. Particular attention is paid to research and analysis of severe 

beyond design basis accidents at nuclear power plants. This topic is analyzed in the article. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʦʤʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʧʨʦʝʢʪʥʘʷ ʘʚʘʨʠʷ, ʨʘʩʯʝʪʥʳʡ ʢʦʜ. 

Keywords: nuclear power plants, safety, beyond design basis accident, calculation code. 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚʩʝ ʙʦʣʝʝ ʛʣʫʙʦ-

ʢʦʤ ʧʦʛʨʫʞʝʥʠʠ ʚ ʧʨʦʙʣʝʤʫ ʪʷʞʝʣʳʭ ʘʚʘʨʠʡ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʦ ʚʪʦʨʫʶ ʠʟ-ʟʘ ʞʝʣʘʥʠʷ 

ʣʶʜʝʡ ʙʳʪʴ ʛʦʪʦʚʳʤʠ ʢ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʨʠ ʣʠʢʚʠ-

ʜʘʮʠʠ ʘʚʘʨʠʠ ʥʘ ʘʪʦʤʥʳʭ ʩʪʘʥʮʠʷʭ. 

ʇʨʦʝʢʪʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʵʥʝʨʛʦʙʣʦʢʦʚ ɸʕʉ ʩ ɺɺʕʈ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ɸʕʉ ʩ ʧʦ-

ʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʪʦʙʳ ʦʙʱʠʡ 

ʨʠʩʢ ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʙʳʣ ʥʘʩʪʦʣʴʢʦ ʤʘʣ, 

ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, ʚ ʨʘʟʫʤʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʧʨʝʜʝʣʘʭ (ʧʨʠʥʮʠʧ ALARA) [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʟʘʧʨʦʝʢʪʥʦʡ ʘʚʘʨʠʠ ʧʨʦʚʝ-

ʜʝʤ ʘʥʘʣʠʟ ʘʚʘʨʠʠ ʥʘ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ çʌʫ-

ʢʫʩʠʤʘ ï 1è, ʛʜʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʪʦ ʩʘʤʦʝ ʥʘʣʦʞʝʥʠʝ 

ʤʘʣʦʚʝʨʦʷʪʥʳʭ ʩʦʙʳʪʠʡ ʜʨʫʛ ʥʘ ʜʨʫʛʘ [2]. 

ɺʦ-ʧʝʨʚʳʭ, ʪʦʣʯʢʦʤ ʧʦʩʣʫʞʠʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʤʘʛʥʠʪʫʜʦʡ 9 ʙʘʣʣʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 160 ʢʤ ʦʪ ʩʪʘʥ-

ʮʠʠ (ʚ ʊʠʭʦʤ ʦʢʝʘʥʝ). 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʤʦʤʝʥʪ ʪʦʣʯʢʘ ʵʥʝʨʛʦʙʣʦʢʠ (ʕɹ) 

1, 2, 3 ʨʘʙʦʪʘʣʠ ʥʘ ʤʦʱʥʦʩʪʠ, ʘ ʕɹ 4, 5, 6 ʥʘʭʦʜʠ-

ʣʠʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʣʘʥʦʚʦʛʦ ʦʩʪʘʥʦʚʘ ʜʣʷ ʧʨʦʚʝʜʝ-

ʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʛʨʫʟʢʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʠʯʝʤ ʥʘ 

ʵʥʝʨʛʦʙʣʦʢʝ 4 ʚʩʷ ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʙʳʣʘ ʚʳʛʨʫʞʝʥʘ ʚ 

ʙʘʩʩʝʡʥ ʚʳʜʝʨʞʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʥʝ ʩʪʘʣʴʥʦʡ 

ʛʝʨʤʝʪʠʯʥʦʡ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ. 

ɺ-ʪʨʝʪʴʠʭ, ʫʩʪʘʨʝʚʰʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʘʢʪʦʨʘ, 

ʘ ʠʤʝʥʥʦ, ʪʦ, ʯʪʦ ʨʝʘʢʪʦʨʳ ʥʘʩʪʦʣʴʢʦ ʤʘʣʳ, ʯʪʦ 

ʚʥʫʪʨʠ ʟʘʱʠʱʸʥʥʦʛʦ ʙʣʦʢʘ ʥʝ ʥʘʰʣʦʩʴ ʤʝʩʪʘ ʜʣʷ 

ʨʝʟʝʨʚʥʦʛʦ ʜʠʟʝʣʴ ï ʛʝʥʝʨʘʪʦʨʘ ʠ ʦʥ ʙʳʣ ʨʘʟʤʝʱʝʥ 

ʚ ʤʝʥʝʝ ʟʘʱʠʱʝʥʥʦʤ, ʪʫʨʙʠʥʥʦʤ ʮʝʭʫ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ 

ʨʘʟʨʫʰʝʥʠʝ ʚʥʝʰʥʝʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʜʣʠʪʝʣʴʥʦʤʫ ʦʙʝʩʪʦʯʠʚʘʥʠʶ ɸʕʉ, ʪʦ ʝʩʪʴ ʢ ʧʦʪʝʨʝ 

ʥʦʨʤʘʣʴʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʚʩʝʭ ʵʥʝʨʛʦʙʣʦʢʦʚ 

ʦʪ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺ-ʧʷʪʳʭ, ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ ʦʢʝʘʥʝ ʧʦʚʣʝʢʣʦ ʟʘ 

ʩʦʙʦʡ ʚʦʣʥʫ ʚʳʩʦʪʦʡ 15 ʤʝʪʨʦʚ (ʧʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥ-

ʥʳʤ ʙʦʣʴʰʝ). ʇʨʠ ʧʨʦʝʢʪʥʳʭ ʛʨʘʥʠʮʘʭ ʚ 6.5 ʤʝʪ-

ʨʦʚ, ɺʦʣʥʘ ʧʨʠʰʣʘ ʢ ʧʣʦʱʘʜʢʝ ʩʪʘʥʮʠʠ ʯʝʨʝʟ ʯʘʩ ʠ 

ʟʘʪʦʧʠʣʘ ʥʝʟʘʱʠʱʝʥʥʳʝ ʜʠʟʝʣʴ ʛʝʥʝʨʘʪʦʨʳ. ʏʝʨʝʟ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʙʳʣʠ ʜʦʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʠʟʝʣʴ ï 

ʛʝʥʝʨʘʪʦʨʳ, ʥʦ ʧʦʜʢʣʶʯʠʪʴ ʠʭ ʥʝ ʙʳʣʦ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʠʟ-ʟʘ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ ʧʣʦʱʘʜʢʝ ɸʕʉ. 

ɺ-ʰʝʩʪʳʭ, ʦʪʩʫʪʩʪʚʠʝ ʜʦʣʞʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ 

ʆʗʊ ɹɺ ʧʨʠʚʝʣʦ ʢ ʚʳʢʠʧʘʥʠʶ ʟʘʧʘʩʘ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʷ ʚ ɹɺ. ʆʛʦʣʝʥʠʶ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʪʦʧʣʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʦʩʪʫ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 
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ʨʝʘʢʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ. ʉʥʘʯʘʣʘ ʥʘ ʵʥʝʨ-

ʛʦʙʣʦʢʝ 4, ʛʜʝ ʙʘʩʩʝʡʥ ʙʳʣ çʧʦʣʥʳʡè, ʘ ʟʘʪʝʤ ʠ ʥʘ 

ʵʥʝʨʛʦʙʣʦʢʘʭ 1-3. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʟʝʨʚʥʳʝ ʜʠʟʝʣʴ ʛʝʥʝʨʘ-

ʪʦʨʳ ʣʠʰʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʧʨʷ-

ʤʫ ʁʬʫʥʢʮʠʶ, ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʧʝʨʝʥʦʩʘ ʠʭ ʚ ʤʝʥʝʝ 

ʟʘʱʠʱʝʥʥʫʶ ʟʦʥʫ, ʥʝʞʝʣʠ ʩʘʤ ʨʝʘʢʪʦʨ, ʠʭ ʫʞʝ 

ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʨʝʟʝʨʚʥʳʤʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʠ-

ʤʝʨʫ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʣʝʜʠʪʴ ʥʘʩʣʦʝʥʠʝ 

ʤʘʣʦʚʝʨʦʷʪʥʳʭ ʩʠʪʫʘʮʠʡ ʧʨʦʠʟʦʰʝʜʰʠʭ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʥʦʝ ʠ ʜʣʠ-

ʪʝʣʴʥʦʝ ʦʙʝʩʪʦʯʠʚʘʥʠʝ ʵʥʝʨʛʦʙʣʦʢʘ - ʵʪʦ ʩʠʣʴʥʳʡ 

ʫʜʘʨ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʮʠʠ. ɺ ʦʧʘʩʥʳʭ ʘʚʘʨʠʡ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʨʝʘʢʪʦʨʘ ʠ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʠʨʝʘʢʪʦʨʥʦʤ ɹɺ. ɺʘʞʥʦ, ʯʪʦ 

ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʵʥʝʨʛʦʙʣʦʢʘʭ ɸʕʉ ʩ ɺɺʕʈ ʪʝʭ-

ʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʧʦʚʨʝʞʜʝ-

ʥʠʝ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʧʦ-

ʪʝʨʠ ʦʩʥʦʚʥʦʛʦ ʠ ʘʚʘʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ. 

ʈʘʙʦʪʘ ʮʠʨʢʫʣʷʮʠʦʥʥʳʭ ʥʘʩʦʩʦʚ, ʧʦʜʘʶʱʠʭ 

ʦʭʣʘʞʜʘʶʱʫʶ ʚʦʜʫ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʪʚʦʜ ʦʩʪʘʪʦʯ-

ʥʳʭ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʦʪ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ (ʗʈ) ʠ 

ɹɺ. ɺ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʡ ʧʦʪʝʨʠ ʦʩʥʦʚʥʦʛʦ ʠ ʘʚʘ-

ʨʠʡʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʝ ʥʦʨʤʘʣʴ-

ʥʦʛʦ ʦʪʚʦʜʘ ʦʩʪʘʪʦʯʥʳʭ ʪʝʧʣʦʚʳʜʝʣʝʥʠʡ ʆʗʊ ʨʝ-

ʰʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʠʟ ʷʜʝʨʥʦʛʦ ʨʝʢ-

ʪʦʨʘ, ɹɺ ʠ ʩʦʩʪʘʚʣʷʝʪ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʟʢʠ ʗʈ 

ʠʣʠ ɹɺ ʪʦʧʣʠʚʦʤ, ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʜʦ ʥʝʩʢʦʣʴ-

ʢʠʭ ʯʘʩʦʚ. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʘ-

ʨʝʥʠʝʤ ʚʦʜʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʯʘʣʫ ʧʘʨʦʮʠʨʢʦ-

ʥʠʝʚʦʡ ʨʝʘʢʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʦʛʦ-

ʣʝʥʠʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʝʢ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʆʗʊ ʫʩʣʦʚʠʷ ʥʦʨ-

ʤʘʣʴʥʦʛʦ ʪʝʧʣʦʦʪʚʦʜʘ ʙʫʜʫʪ ʥʘʨʫʰʝʥʳ, ʯʪʦ ʧʨʠʚʝ-

ʜʝʪ ʢ ʠʭ ʧʦʚʨʝʞʜʝʥʠʶ ʠ ʩʪʘʥʝʪ ʧʨʠʯʠʥʦʡ ʨʘʜʠʘʮʠ-

ʦʥʥʦʡ ʘʚʘʨʠʠ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ çʧʣʘʥʘ ʘʚʘʨʠʠè ʧʨʠʚʝʜʝʥʥʦʛʦ 

ʚʳʰʝ ʩʝʨʴʝʟʥʳʤ ʚʢʣʘʜʦʤ ʚ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 

ʷʚʠʣʩʷ ʧʨʦʮʝʩʩ ʧʝʨʝʛʨʫʟʢʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʧʦ-

ʣʦʚʠʥʝ ʙʣʦʢʦʚ. ɺ ʩʠʣʫ ʬʠʟʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʆʗʊ, ʜʘʞʝ ʧʨʠ ʦʩʪʘʥʦʚʣʝʥʥʦʤ ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʪʝʧʣʦʦʪʚʦʜ 

ʦʪ ʪʦʧʣʠʚʘ. 

ɺ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʧʨʝʢʨʘʱʘʝʪʩʷ ʮʠʨ-

ʢʫʣʷʮʠʷ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʢ ʪʦʤʫ ʞʝ, ʧʨʠ ʧʦʷʚ-

ʣʝʥʠʠ ʚʦʟʤʦʞʥʦʡ ʪʝʯʠ ʚ ʦʙʣʠʮʦʚʢʠ ʠ ʧʨʝʢʨʘʱʝʥʠʠ 

ʚʦʟʜʫʰʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʥʘʜʚʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʥʘʩʪʫʧʘʝʪ ʥʘʨʫʰʝʥʠʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʥʘʜ ʪʝʧʣʦʦʪ-

ʚʦʜʦʤ, ʘ ʠʤʝʥʥʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ɹɺ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʙʳʩʪʨʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʢ ʧʦʣ-

ʥʦʤʫ ʦʩʫʰʝʥʠʶ ʦʪʨʘʙʦʪʘʚʰʠʭ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ 

ʩʙʦʨʦʢ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʪʝʧʣʦʦʪʜʘʯʘ ʢ ʚʣʘʞʥʦʤʫ 

ʚʦʟʜʫʭʫ ʭʫʞʝ, ʯʝʤ ʢ ʚʦʜʝ, ʪʝʤʧ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʩʫʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʊɺʕʃʦʚ ʝʱʝ ʙʦʣʝʝ ʫʚʝʣʠ-

ʯʠʪʩʷ. 

ɺ ʭʦʜʝ ʘʚʘʨʠʠ ʚ ɹɺ ʆʗʊ ʤʦʞʝʪ ʚʳʜʝʣʠʪʴʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʮʠʨʢʦʥʠʷ ʠ ʩʪʘʣʠ ʩ 

ʘʪʤʦʩʬʝʨʦʡ ʢʦʥʪʘʡʥʤʝʥʪʘ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ, ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ. ʏʨʝʟʚʳʯʘʡʥʦ ʚʟʨʳʚʦʦʧʘʩ-

ʥʘʷ ʩʤʝʩʴ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ ʙʫʜʝʪ ʫʛʨʦʞʘʪʴ ʮʝ-

ʣʦʩʪʥʦʩʪʠ ʢʦʥʪʘʡʥʤʝʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʛʨʝʚ ʪʝʧʣʦ-

ʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ ʚ ʙʘʩʩʝʡʥʝ ʚʳʜʝʨʞʢʠ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʠʭ ʨʘʟʨʫʰʝʥʠʶ (ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʊɺʕʃʦʚ ʜʦʩʪʠʛʥʝʪ ʧʨʠʤʝʨʥʦ 900 ᴈ, ʥʘʯʠʥʘʝʪʩʷ ʘʢ-
ʪʠʚʥʘʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʮʠʨʢʦʥʠʝʚʳʭ ʦʙʦʣʦʯʝʢ 

ʊɺʕʃʦʚ ʩ ʚʦʜʷʥʳʤ ʧʘʨʦʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ), 

ʧʣʘʚʣʝʥʠʶ ʠ ʚʳʭʦʜʫ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝ-

ʣʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ʢʦʥʪʘʡʥʤʝʥʪʘ ʠ, ʧʦʩʣʝ ʧʦʪʝʨʠ 

ʝʛʦ ʛʝʨʤʝʪʠʯʥʦʩʪʠ, ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʘʚʘʨʠʶ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ɹɺ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʭʘʨʘʢʪʝʨʥʳʝ ʬʘʟʳ: 

¶ ʥʘʛʨʝʚ ʚʦʜʳ ɹɺ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ; 

¶ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʜʦ 
ʚʝʨʭʘ ʛʦʪʦʚʦʡ ʨʘʟʦʛʨʝʪʴʩʷ ʯʘʩʪʠ ʊɺʉ; 

¶ ʪʷʞʝʣʦʘʚʘʨʠʡʥʘʷ ʬʘʟʘ ʩ ʥʘʛʨʝʚʦʤ ʊɺʉ, ʠʭ 
ʦʢʠʩʣʝʥʠʝʤ, ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʧʝʨʝʤʝʱʝʥʠʝʤ ʤʘʩʩʳ 

ʥʘ ʥʠʞʥʠʝ ʫʨʦʚʥʠ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʝʨʝʡʪʠ ʢ ʧʨʦʙʣʝʤʝ ʚʳʜʝʣʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʦʜʘ, ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʘʢʦʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʷʚ-

ʣʝʥʠʝ, ʢʘʢ ʦʭʨʫʧʯʠʚʘʥʠʝ ʦʙʦʣʦʯʝʢ ʊɺʕʣʦʚ. 

ɼʠʬʬʫʟʠʷ O2 ʚ Zr ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʥʝʩʪʘʙʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʠʭ, ʢʘʢ ZrO2 ʠ ʥʘʩʳ-

ʱʝʥʥʳʡ ʢʠʩʣʦʨʦʜʦʤ Ŭ- ʮʠʨʢʦʥʠʡ (ʆ). ʇʨʠ ʨʘʩʯʸʪʘʭ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʢʨʠʪʝʨʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʩʥʦ-

ʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʝʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʦʢʠʩʣʝʥʠʷ ʦʙʦ-

ʣʦʯʝʢ ʚ 17% ʠ ʢʨʘʡʥʠʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳ-

ʨʘʙʦʪʢʠ H2, ʢʦʪʦʨʳʡ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʦʢʠʩʣʝ-

ʥʠʠ Zr. ɺʳʨʘʙʦʪʢʘ H2 ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 1% ʦʪ 

ʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ H2, ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʙʳ ʚʳʜʝʣʠʪʴʩʷ 

ʧʨʠ ʧʦʣʥʦʤ ʦʢʠʩʣʝʥʠʠ ʪʦʧʣʠʚʥʳʭ ʩʪʝʨʞʥʝʡ [3]. 

ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʵʪʠʭ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʙʦ-

ʣʦʯʢʠ ʤʦʛʫʪ ʨʘʩʪʨʝʩʢʘʪʴʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʠ ʪʦʧ-

ʣʠʚʥʳʝ ʩʪʝʨʞʥʠ ʤʦʛʫʪ ʨʘʟʨʫʰʠʪʴʩʷ ʠ ʧʨʝʚʨʘʪʠʪʴʩʷ 

ʚ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʩʢʦʣʢʠ, ʯʪʦ ʧʨʦʠʟʦʰʣʦ ʥʘ ɸʕʉ 

ñʊʨʠ-ʄʘʡʣ-ɸʡʣʝʥʜò. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ 

ʧʦ ʦʙʦʣʦʯʢʘʤ ʊɺʕʃʦʚ ʠ ʧʨʦʙʣʝʤʝ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦ-

ʨʦʜʘ ʚ ʮʝʣʦʤ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠʚʷʟʢʫ ʵʪʠʭ 

ʜʘʥʥʳʭ ʢ ʧʣʘʥʫ ʘʚʘʨʠʠ ʥʘ ʗʧʦʥʩʢʦʡ ʩʪʘʥʮʠʠ. ʈʝʘʢ-

ʪʦʨʳ çʌʫʢʫʩʠʤʘ-1è ʙʳʣʠ ʟʘʛʣʫʰʝʥʳ, ʪʦ ʝʩʪʴ, ʧʝʨʝ-

ʚʝʜʝʥʳ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʦʜʢʨʠʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, 

ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʮʝʧʥʦʡ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʧʘʜʘʝʪ ʜʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʠʥʠʤʫʤʘ. ʕʤʠʩʩʠʷ ʥʝʡʪʨʦʥʦʚ ʚ 

ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝ-

ʥʠʠ ʧʦʛʣʦʱʘʶʱʠʭ ʩʪʝʨʞʥʝʡ, ʦʜʥʘʢʦ ʦʩʪʘʪʦʯʥʦʝ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʦʭʨʘʥʷ-

ʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ï ʧʦʨʷʜʢʘ 6-7% ʦʪ ʥʦʤʠ-

ʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʘʚʘʨʠʡʥʦʡ ʦʩʪʘ-

ʥʦʚʢʠ; ʣʠʰʴ ʟʘʪʝʤ ʠʜʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʨʘʟʦʛʨʝʚʘ ʪʦʧʣʠʚʥʳʭ ʩʙʦʨʦʢ [1]. ʀʟ-ʟʘ ʚʳʟʚʘʥʥʦʛʦ 

ʧʨʦʭʦʜʦʤ ʮʫʥʘʤʠ ʧʦʚʨʝʞʜʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʵʣʝʢ-

ʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʥʘʩʦʩʥʳʭ ʩʪʘʥʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʚ-

ʰʠʭ ʮʠʨʢʫʣʷʮʠʶ ʚʦʜʳ ʚ ʢʦʥʪʫʨʘʭ ʵʥʝʨʛʦʙʣʦʢʦʚ, 

ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʦʚ ʩʥʠʟʠʣʩʷ, 

ʦʙʥʘʞʠʚ ʪʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. ʃʠʰʝʥʥʳʝ ʦʭʣʘʞʜʝ-

ʥʠʷ ʫʨʘʥʦʚʳʝ ʩʪʝʨʞʥʠ ʩʪʘʣʠ ʨʘʟʦʛʨʝʚʘʪʴʩʷ, ʜʦʩʪʠʛ-

ʥʫʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 12000C, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠ-

ʥʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʮʠʨʢʦʥʠʝʚʳʭ ʦʙʦʣʦʯʝʢ ʪʦʧʣʠʚ-

ʥʳʭ ʢʘʧʩʫʣ. ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʮʠʨʢʦʥʠʡ ʛʦʨʠʪ 
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ʚ ʚʦʜʝ, ʦʪʙʠʨʘʷ ʫ ʤʦʣʝʢʫʣ ʚʦʜʳ ʢʠʩʣʦʨʦʜ. ɺʳʩʚʦ-

ʙʦʜʠʚʰʠʡʩʷ ʚʦʜʦʨʦʜ ʩʢʘʧʣʠʚʘʣʩʷ ʚʥʫʪʨʠ ʚʥʝʰʥʝʡ 

ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʨʝʘʢʪʦʨʘ, ʧʨʦʥʠʢʘʷ ʪʫʜʘ ʠʟ ʘʢ-

ʪʠʚʥʦʡ ʟʦʥʳ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʟʘʪʝʤ, ʢʦ-

ʛʜʘ ʦʧʝʨʘʪʦʨʳ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʦʪʢʨʳʪʴ ʢʣʘʧʘʥʳ 

ʜʣʷ ʩʙʨʦʩʘ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʛʨʦʟʠʚʰʝʛʦ ʨʘʟ-

ʨʫʰʠʪʴ ʩʘʤ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ, ʚʟʨʳʚʦʦʧʘʩʥʳʡ ʛʘʟ 

ʧʨʦʥʠʢ ʧʦʜ ʢʨʳʰʫ ʚʥʝʰʥʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʵʥʝʨʛʦ-

ʙʣʦʢʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠ ʧʨʦʠʟʦʰʝʣ ʚʟʨʳʚ ʥʘ ʧʝʨ-

ʚʦʤ ʠ ʪʨʝʪʴʝʤ ʵʥʝʨʛʦʙʣʦʢʘʭ çʌʫʢʫʩʠʤʳ-1è. ɺ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʳʣʠ ʚʳʙʨʦʰʝʥʳ ʣʝʪʫʯʠʝ ʧʨʦ-

ʜʫʢʪʳ ʷʜʝʨʥʦʛʦ ʜʝʣʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʟʦʪʦʧʳ 

ʡʦʜʘ ʠ ʮʝʟʠʷ. ʅʘ ʚʪʦʨʦʤ ʙʣʦʢʝ ʚʟʨʳʚ ʚʦʜʦʨʦʜʘ ʧʨʦ-

ʠʟʦʰʝʣ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʚ ʥʠʞʥʝʡ ʯʘ-

ʩʪʠ ʨʝʘʢʪʦʨʘ, ʚʳʟʚʘʚ ʫʪʝʯʢʫ ʚʦʜʳ ʠ ʩʦʟʜʘʚ ʩʝʨʴʝʟ-

ʥʫʶ ʫʛʨʦʟʫ ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɹʘʩʩʝʡʥʳ 

ʚʳʜʝʨʞʢʠ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʧʦʩʣʝ 

ʨʘʟʨʫʰʝʥʠʷ ʢʨʳʰʠ ʦʢʘʟʘʣʠʩʴ ʧʦʜ ʦʪʢʨʳʪʳʤ ʥʝʙʦʤ. 

ʀʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ ʦʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʘʨʫʰʝ-

ʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʩʪʝʥʦʢ, ʚʳʟʚʘʥʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝʤ, ʠʟ ʙʘʩʩʝʡʥʦʚ ʫʰʣʘ ʚʦʜʘ, ʩʣʫʞʘʱʘʷ ʝʩʪʝʩʪʚʝʥ-

ʥʳʤ ʟʘʤʝʜʣʠʪʝʣʝʤ ʨʝʘʢʮʠʠ, ʠ ʩʪʝʨʞʥʠ ʦʛʦʣʠʣʠʩʴ. 

ʅʘ ʚʦʟʜʫʭʝ ʦʥʠ ʩʪʘʣʠ ʛʨʝʪʴʩʷ ʠ ʨʘʟʨʫʰʘʪʴʩʷ, ʠʩʧʫʩ-

ʢʘʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʘʵʨʦʟʦʣʠ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʫʪʝʤ ʢʦʩʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ɿʇɸ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝ-

ʥʠʝ ʢʦʜʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ɿʇɸ ʥʘ 

ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝ-

ʪʠʷ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʦʜʦʚ. ʊʘʢ ʥʘʟʳʚʘ-

ʝʤʳʤʠ ʢʦʜʘʤʠ ʧʝʨʚʦʡ ʚʝʣʠʯʠʥʳ ʩʯʠʪʘʶʪ: 

RELAP/SCDAP (ʉʐɸ), MELCOR (ʉʐɸ), 

ICARE/CATHARE (ʌʨʘʥʮʠʷ), MAAP (ʌʨʘʥʮʠʷ), 

ATHLET (ɻʝʨʤʘʥʠʷ), ASTEC (ʌʨʘʥʮʠʷ-ɻʝʨʤʘʥʠʷ). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʭʦʨʦʰʠʡ ʢʦʜ ʜʦʣʞʝʥ ʠʤʝʪʴ ʤʘʢʩʠ-

ʤʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʨʝʘʣʴʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʚʘʨʠʠ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʤ ʢʦʜʦʤ ʜʣʷ ʫʣʫʯʰʝʥʥʦʡ ʦʮʝʥʢʠ 

ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ɿʇɸ ʷʚʣʷʝʪʩʷ ʉʆʂʈɸʊ 

(ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1. ʆʙʲʝʢʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʈʂ ʉʆʂʈɸʊ 

 

ʂʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʝʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩ-

ʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʈʋ ʪʠʧʘ ɺɺʕʈ ʧʨʠ ʪʷʞʝʣʳʭ 

ɿʇɸ ʩ ʧʦʪʝʨʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʩ ʧʣʘʚʣʝʥʠʝʤ ʪʦʧ-

ʣʠʚʘ. ʆʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʧʦ-

ʩʪʨʦʝʥʳ ʥʘ ʧʨʠʥʮʠʧʘʭ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʷʚʣʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ʚ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ. ʂʦʜ ʩʦʜʝʨʞʠʪ ʚ ʩʦʩʪʘʚʝ ʨʘʩ-

ʯʸʪʥʳʭ ʤʦʜʫʣʝʡ ʧʨʦʛʨʘʤʤʳ ʚʩʝʭ ʢʣʶʯʝʚʳʭ ʩʦʙʳ-

ʪʠʡ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʦʪʝʢʘʥʠʶ ɿʇɸ [4]. 

ʆʩʥʦʚʥʳʤʠ ʦʮʝʥʢʘʤʠ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʈʂ ʉʆʂʈɸʊ, ʷʚʣʷʶʪʩʷ: 

¶ ʦʙʲʝʢʪʠʚʥʘʷ ʦʮʝʥʢʘ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʨʦʜʘ 
ʠ ʧʘʨʘ ʜʣʷ ʟʘʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʦʞʘʨʦ-ʚʟʨʳʚʦ-

ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʈʋ; 

¶ ʨʝʘʣʠʩʪʠʯʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʈʋ, ʘʥʘʣʠʟ 
ʦʪʢʣʠʢʘ ʈʋ ʧʨʠ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʦʧʳʪʢʘʭ ʫʧʨʘʚʣʝ-

ʥʠʷ ʘʚʘʨʠʝʡ; 

¶ ʨʝʘʣʠʩʪʠʯʥʘʷ ʦʮʝʥʢʘ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʨʘʩ-
ʧʣʘʚʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʘʚʘʨʠʠ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ɿʇɸ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʢʦʜʘ ʉʆʂʈɸʊ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 

ʚ ʙʣʦʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

¶ ʤʦʜʫʣʴ ʈɸʊɽɻ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʝ ʜʚʫʭʞʠʜʢʦʩʪʥʦʡ ʪʝʧʣʦʛʠʜʨʘʚʣʠʢʠ; 

¶ ʤʦʜʫʣʴ ʉɺɽʏɸ, ʩʦʟʜʘʥ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʛʦʣʝʥʠʠ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʝʘʢʪʦʨʘ; 

¶ ʤʦʜʫʣʴ ɻɽʌɽʉʊ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʦʩʩʦ-
ʟʜʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʥʠʞʥʝʡ ʢʘʤʝʨʝ ʥʘ ʵʪʘʧʝ ʫʜʝʨ-

ʞʘʥʠʷ ʨʘʩʧʣʘʚʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʧʫʩʘ ʨʝʘʢʪʦʨʘ; 

¶ ʤʦʜʫʣʴ ɸʅɻɸʈ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʦʧʠʩʘʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʝ. 
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ɺʩʝ ʩʠʤʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚʝ-

ʨʠʬʠʮʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʰʠʨʥʦʡ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ-ʦʧʳʪʥʦʡ ʙʘʟʳ, ʚʢʣʶʯʘʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʳ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʦʙʦʩʦʙʣʝʥ-

ʥʳʝ ʦʧʳʪʳ ʧʦ ʦʪʜʝʣʴʥʳʤ ʷʚʣʝʥʠʷʤ [4]. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʜʘʣʴʥʝʡ-

ʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʈʂ ʉʆʂʈɸʊ, ʚ ʧʣʘʥʝ 

ʥʘʫʯʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʠʤʝʶʪ ʜʚʘ 

ʧʫʪʠ. ɸ ʠʤʝʥʥʦ ʨʘʩʰʠʨʝʥʠʝ ʪʝʢʫʱʝʡ ʚʝʨʩʠʠ ʨʘʩ-

ʯʝʪʥʦʛʦ ʢʦʜʘ ʉʆʂʈɸʊ. ʀ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʙʣʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝ-

ʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʩ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝ-

ʩʢʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʢʦʜ 

ʉʆʂʈɸʊ ʧʦ ʩʚʦʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʩʪʦʠʪ ʥʘ ʨʘʚʥʳʭ 

ʩ ʣʠʜʠʨʫʶʱʠʤʠ ʤʠʨʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ. 

ʈʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʢʦʜʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʠ 

ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʛʠʙʢʠʭ ʘʨʭʠʪʝʢʪʫʨ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʢʨʘʱʘʪʴʩʷ. ʆʙʷʟʘʪʝʣʴʥʦʡ ʯʘʩʪʴʶ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʩʯʠʪʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ 

ʟʥʘʥʠʡ ʥʘʫʯʥʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʢʘʢ ʧʦ 

ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʪʷʞʸʣʳʭ 

ɿʇɸ, ʪʘʢ ʠ ʤʦʥʠʪʦʨʠʥʛ ʦʪʢʨʳʪʳʭ ʩʚʝʜʝʥʠʡ ʧʦ ʧʨʦ-

ʠʩʰʝʩʪʚʠʷʤ ʥʘ ɸʕʉ çTMIè ʠ ɸʕʉ çʌʫʢʫʩʠʤʘ 

ɼʘʡʯʠè. 
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ANALYSIS OF PROPERTIES OF MATERIALS OF NUCLEAR POWER INSTALLATIONS  

 

ɸʥʥʦʪʘʮʠʷ 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʚʫʭ ʢʦʥʪʫʨʥʦʡ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʢʦʤʧʝʥʩʘʪʦʨʘ ʜʘʚʣʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʘʢʪʦʨʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʪʘʪʴʝ ʧʨʦ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʨʦʚʝʥʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ.  

Abstract 

In order to increase reliability and economic efficiency, an analysis is made of the effectiveness of applying 

the technical proposal for the modernization of two contour nuclear power plants by including a pressure com-

pensator parallel to the reactor. In this regard, the article studies a number of issues that technically confirm the 

level of effectiveness of the technical proposal under consideration. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ̫ ʜʝʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʤʘʪʝʨʠʘʣʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʜʦʧʫʩʪʠʤʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʨʦʛʨʝʚʘ ʠ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ, ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ. 

Keywords: nuclear industry, materials of power plants, permissible heating and cooling rate, margin of 

safety. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʦʟ-

ʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ 

ʦʙʲʝʤʘ. ʆʪʩʶʜʘ ʤʦʞʥʦ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ, ʯʪʦ ʜʘʚʣʝ-

ʥʠʝ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʪʘʥʦʚʠʣʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ ʣʠʰʴ ʚ ʠʜʝʘʣʴʥʳʭ 

ʛʘʟʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ï ʟʘʢʦʥ 

ʐʘʨʣʷ. ɼʣʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝ-

ʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴ-

ʥʦʡ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʴ ʥʘʯʠ-

ʥʘʝʪ ʠʩʧʘʨʷʪʴʩʷ ʙʳʩʪʨʝʝ (ʩʢʦʨʦʩʪʴ ʤʦʣʝʢʫʣ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ), ʤʝʞʜʫ ʞʠʜʢʦʩʪʴʶ ʠ ʧʘʨʦʤ ʥʘʨʫʰʘʝʪʩʷ 

ʨʘʚʥʦʚʝʩʠʝ, ʧʣʦʪʥʦʩʪʴ ʧʘʨʘ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢ ʧʨʦ-

ʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʦʮʝʩʩ ʢʦʥʜʝʥʩʘʮʠʠ 
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ʫʨʘʚʥʦʚʝʩʠʪ ʧʨʦʮʝʩʩ ʠʩʧʘʨʝʥʠʷ. ʕʪʦ ʤʦʞʥʦ ʫʚʠ-

ʜʝʪʴ ʠʟ ʬʦʨʤʫʣʳ ʂʣʘʧʝʡʨʦʥʘ-ʄʝʥʜʝʣʝʝʚʘ p = nkT, 

ʛʜʝ k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ (kå1,38Ŀ10
ī23
ɼʞ/ʂ). 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʚ 

ʦʙʱʝʤ ʪʦ ʠʟʚʝʩʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘʩʳ-

ʱʝʥʠʷ ʧʘʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʘʢʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʳ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʜʘ ʙʳ ʥʝ ʢʠʧʝʣʘ, ʘ ʝʱʝ ʧʨʠ ʵʪʦʤ ʟʘ-

ʧʘʩ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʥʘ 25 ʛʨʘʜʫʩʦʚ ʚʳʰʝ ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʩʳʱʝʥʠʷ ï ʪ.ʝ. ʚʩʢʠʧʘʥʠʝ ʚ ʢʦʥʪʫʨʝ. ʕʪʦ ʪʨʝʙʦʚʘ-

ʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʮʠʨʢʫ-

ʣʷʮʠʠ ʚʦʜʳ ʚ ʧʝʨʚʦʤ ʢʦʥʪʫʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘ-

ʥʦʚʢʠ. ɼʣʷ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʚ ʢʦʤʧʝʥʩʘʪʦʨʝ ʜʘʚʣʝ-

ʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦ ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʦʜʦʛʨʝʚʘ-

ʪʝʣʝʡ ʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʧʨʝʜʩʪʘʚʣʷʝʤ ʫʩʣʦ-

ʚʠʷ ʨʘʙʦʪʳ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʥʳʭ ʠʟʜʝ-

ʣʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

ʂʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʨʘʙʦʪʘʝʪ ʚ ʚʝʩʴʤʘ ʞʝʩʪʢʠʭ 

ʫʩʣʦʚʠʷ, ʘ ʠʤʝʥʥʦ: ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʤʦʱʥʳʝ ʧʦʪʦʢʠ ʨʘʜʠʘʮʠʦʥ-

ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠ-

ʪʝʣʷ. ɺʦʜʘ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʦʡ ʩʨʝʜʦʡ. 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʢʦʨʧʫʩʘ ï ʩʪʘʣʴ 15ʍ2ʅʄʌɸ 

(15ʍ2ʅʄʌɸ-ɸ), ʪʦʣʱʠʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʢʦʨʧʫʩʘ (ʙʝʟ ʥʘʧʣʘʚʢʠ) ï 192,5 ʤʤ, ʤʘʩʩʘ ï 324,4 ʪ 

[1]. 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚʦʜʳ 

 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʨʘʙʦʪʘ ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʦʥʪʫʨʦʚ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʥʘʧʨʠʤʝʨ: ʜʣʷ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ï 460-480 Áʉ, ʜʣʷ ʧʝʨʣʠʪʥʦʡ ʩʪʘʣʠ 

ï 550-560 Áʉ, ʜʣʷ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ï 640-650Áʉ [2]. 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ-1  

ʄʘʨʢʠ ʩʪʘʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ 

ʂʣʘʩʩ ʩʪʘʣʠ ɼʦʧʫʩʪʠʤʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ᴈ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠ-

ʨʝʥʠʷ,ʤʤ/(ʤĿʂ) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʢɼʞ/(ʤĿʯĿʂ) 

ʋʛʣʝʨʦʜʠʩʪʘʷ (ʩʪʘʣʴ 20) 100 ï 450 0,0123 ï 0,0145 184 ï 146 

ʃʝʛʠʨʦʚʘʥʥʘʷ ʧʝʨʣʠʪʥʘʷ 450 ï 580 0,0133 ï 0,0147 142 ï 115 

ʄʘʨʪʝʥʩʠʪʥʦ-ʬʝʨʨʠʪʥʘʷ 500 ï 700 0,0121 ï 0,0126 100 ï 99 

ɸʫʩʪʝʥʠʪʥʘʷ 100 ï 400 

500 ï 700 

0,0171 ï 0,0186 

0,0186 ï 0,0195 

50 ï 78,5 

80,5 ï 95 

 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʠ ʪʘʢʦʡ ʧʘʨʘʤʝʪʨ ʢʘʢ ʜʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʛʨʝʚʘ ʠ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʤʘʪʝʨʠ-

ʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ-2 

ɼʦʧʫʩʪʠʤʳʝ ʩʢʦʨʦʩʪʠ ʧʨʦʛʨʝʚʘ ʠ ʨʘʩʭʦʣʘʞʠʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʠʘ-

ʤʝʪʨʘ (ʛʨʘʜ/ʤʠʥ) 

ʇʨʦʮʝʩʩ ɼʠʘʤʝʪʨ ʪʨʫʙʦʧʨʦʚʦʜʘ x ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ, ʤʤ 

219x29 273x36 325x43 275x62.5 219x52 

ʈʘʟʦʛʨʝʚ 10 8 5 3 4 

ʆʭʣʘʞʜʝʥʠʝ 8 6 5 2 3 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʫʩʣʦ-

ʚʠʷ: ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ; ʯʠʩʣʦ ʠ ʚʝʣʠʯʠʥʫ ʮʠʢ-
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ʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ ʪʝʧ-

ʣʦʩʤʝʥ; ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʢʦ-

ʪʦʨʦʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʘʚʣʝʥʠʝʤ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨ-

ʤʘʭ ʠ ʨʘʟʤʝʨʘʭ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʥʝʡʪʨʦʥ-

ʥʦʝ ʦʙʣʫʯʝʥʠʝ; ʚʣʠʷʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʥʘ ʢʦʨʨʦʟʠ-

ʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ; ʚʣʠʷ-

ʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʘʪʝʨʠʘʣ ʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʩʦʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʚʭʦ-

ʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʚʦʜʦ-ʚʦʜʷʥʳʭ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʚʳʙʦʨʦʤ ʤʘʪʝ-

ʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

[3]. 

ʂʦʨʧʫʩ ʨʝʘʢʪʦʨʘ ʠʩʧʳʪʳʚʘʝʪ ʦʩʥʦʚʥʫʶ 

ʥʘʛʨʫʟʢʫ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 
ʇʨʠ ʧʨʠʥʷʪʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʝʥʠʷʭ 

ʪʦʣʱʠʥʳ ʢʦʨʧʫʩʦʚ ʠ ʥʦʨʤʠʨʫʝʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ 
ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ 
ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʜʝʣ ʪʝ-
ʢʫʯʝʩʪʠ ʥʝ ʤʝʥʝʝ 300 ʄʇʘ ʠ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʝ 
ʤʝʥʝʝ 400 ʄʇʘ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʪʠʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ. 
ɿʘʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʚʦ ʚʩʝʤ ʩʝʯʝʥʠʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 
ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʧʫʩʦʚ ʨʝʘʢʪʦʨʦʚ. 
ʅʦʤʠʥʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʨʧʫʩʝ ʨʝʘʢʪʦʨʘ 

ʧʨʠʥʠʤʘʶʪʩʷ ʥʠʞʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ, ʦʜʥʘʢʦ 

ʤʝʩʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʟʦʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʥʝʦʜ-
ʥʦʨʦʜʥʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʟʦʥʝ ʧʘʪʨʫʙʢʦʚ, ʦʢʘʟʳ-
ʚʘʶʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʥʝʠʟʙʝʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʵʪʠʭ ʤʝʩʪʘʭ ʫʧʨʫʛʦʧʣʘ-
ʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʦʜʦʙʥʳʝ ʥʘʛʨʫʟʢʠ ʤʦʛʫʪ 
ʚʦʟʥʠʢʥʫʪʴ ʠ ʚ ʛʣʘʜʢʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʫ ʦʪʢʣʦʥʝʥʠʡ 
ʦʪ ʥʦʨʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʥʘʧʨʠʤʝʨ, ʰʣʘʢʦ-
ʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ. 
ʕʪʠ ʜʘʥʥʳʝ ʠ ʜʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʟʚʦʣʠʪ ʧʨʦʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨʦ-
ʧʨʠʷʪʠʡ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʦʧʠʩʘʥʥʦʛʦ ʚ ʥʘʯʘʣʝ ʩʪʘ-
ʪʴʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʝʭ-
ʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ 
ʝʛʦ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ. 
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ANALYSIS OF AUTOMATION OF TECHNOLOGICAL PROCESSES AT NPP  
 

ɸʥʥʦʪʘʮʠʷ 
ʉʣʦʞʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʮʝʩʩʘ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʥʘ ɸʕʉ ʩʦʟʜʘʣʠ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʙʣʝʤʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʪʦʯʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦ-
ʤʘʪʠʟʘʮʠʠ.  

Abstract 
The complexity of the equipment and the process of generating energy at nuclear power plants created the 

prerequisites for creating an automated system. In the article analyzes the problems of obtaining objective and 
accurate information about the condition of equipment, as well as conducting production processes using auto-
mation. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʧʦʢʘʟʘʪʝʣʴ ʚʳʨʘ-

ʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
Keywords: nuclear energy, automation, human factor, indicator of electricity generation. 
 
ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʠʛʨʘʝʪ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ 

ʥʘʰʝʡ ʞʠʟʥʠ ʠ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠ-
ʪʠʷ. ʕʥʝʨʛʠʷ ʘʪʦʤʘ ï ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʠʩ-
ʪʦʯʥʠʢ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝ-
ʦʛʨʘʥʠʯʝʥʥʦ ʧʦ ʤʘʩʰʪʘʙʘʤ ʧʨʠʤʝʥʝʥʠʷ, ʵʪʦ ʦʪʢʨʳ-
ʚʘʝʪ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 
ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʛʣʦʙʘʣʴʥʦʤ ʩʤʳʩʣʝ. 

ʇʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ɸʕʉ, ʷʚʣʷʝʪʩʷ 
ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʤʥʦʞʝ-
ʩʪʚʦ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʦʙʱʠʡ ʮʠʢʣ. 
ɹʣʘʛʦʜʘʨʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʨʦʛʨʝʩʩʫ 

ʘʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʘ ʧʦʩʪʦʷʥʥʦ 
ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʦʚʨʝ-
ʤʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʨʘʙʦʯʠʡ ʧʨʦ-
ʮʝʩʩ ʠ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ɸʕʉ ʷʚʣʷʝʪʩʷ ʷʜʝʨʥʳʤ ʦʙʲʝʢʪʦʤ, ʛʣʘʚʥʦʡ ʮʝ-
ʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʵʥʝʨʛʠʠ. ʂʦʥ-
ʪʨʦʣʴ ʥʘʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʫʧʨʘʚ-
ʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʯʝʣʦʚʝʢ, ʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘ-
ʜʘʯʠ ʩʦʟʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ. 
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 
ʥʘʜʝʞʥʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦ-
ʙʣʦʢʘʤʠ ɸʕʉ [1]. 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʶʪ ʠ ʨʝʛʫʣʠʨʫʶʪ ʨʘʙʦʪʫ ɸʕʉ, 
ʦʥʠ ʫʣʫʯʰʘʶʪ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʵʢʦʥʦʤʠʯ-
ʥʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ-ʵʥʝʨʛʠʠ. 
ʂʦʤʧʣʝʢʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʜʝ-

ʣʝʥ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʜʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʣʠ-
ʯʘʪʴʩʷ ʧʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ. ʂ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ 
ʧʦʜʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ, ʜʠʩʪʘʥʮʠ-
ʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʦ- ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʕʪʠ 
ʧʦʜʩʠʩʪʝʤʳ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 
ʤʝʞʜʫ ʩʦʙʦʡ, ʩʦʟʜʘʚʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ, ʩʪʨʫʢ-
ʪʫʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ. ʂʘʞʜʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-
ʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʮʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷ-
ʶʱʠʡ ʦʧʝʨʘʮʠʠ ʧʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʦ 
ʫʧʨʘʚʣʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 
ʩʚʦʝʡ ʧʦʜʛʨʫʧʧʳ ʚ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʵʥʝʨʛʦʙʣʦʢʘ. 
ɽʜʠʥʘʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝ-
ʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʘʪʯʠʢʦʚ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 
ʮʝʥʪʨʦʚ ʠ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʩʦʟʜʘʚʘʷ ʧʨʦʤʳʰʣʝʥʥʫʶ 
ʩʝʪʴ [2]. 
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ɸʕʉ ʫʣʫʯʰʠʪʴ ʧʦ-

ʢʘʟʘʪʝʣʠ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʬʠʢ-
ʩʘʮʠʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʤ ʵʥʝʨʛʦ-
ʙʣʦʢʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ 
ʦʙʦʨʫʜʦʚʘʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 
ʥʘʜʝʞʥʦʩʪʴ ɸʕʉ. 
ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʤʝʝʪ ʦʯʝʥʴ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, 
ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʫʩʣʝʜʠʪʴ ʚʩʝ ʤʦʤʝʥʪʳ ʩʦʩʪʦʷʥʠʷ, 
ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʦʰʠʙʦʢ ʩʠ-
ʩʪʝʤʳ [3]. ʇʦʜʦʙʥʳʝ ʦʰʠʙʢʠ ʥʝʜʦʧʫʩʪʠʤʳ ʥʘ ɸʕʉ, 
ʦʥʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɼʣʷ 
ʵʪʦʛʦ ʥʘ ʧʦʤʦʱʴ ʧʝʨʩʦʥʘʣʫ ɸʕʉ ʩʦʟʜʘʥʳ ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʙʝʨʫʪ ʯʘʩʪʴ ʦʙʷ-
ʟʘʥʥʦʩʪʝʡ ʥʘ ʩʝʙʷ, ʟʘʜʘʯʝʡ ʧʝʨʩʦʥʘʣʘ ʷʚʣʷʝʪʩʷ ʦʪ-
ʩʣʝʞʠʚʘʪʴ ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʮʝʥʪʨʳ ʫʧʨʘʚʣʝ-
ʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʠ ʧʨʠʥʠʤʘʪʴ 
ʙʳʩʪʨʳʝ ʠ ʙʝʟʦʰʠʙʦʯʥʳʝ ʨʝʰʝʥʠʷ. ɿʘ ʩʯʝʪ ʘʚʪʦʤʘ-
ʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʢʨʘʪʷʪʩʷ ʜʝ-
ʥʝʞʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. ʇʨʠ ʙʳʩʪʨʦʤ ʦʙʥʘ-
ʨʫʞʝʥʠʠ ʦʰʠʙʢʠ ʣʝʛʯʝ ʙʫʜʝʪ ʝʸ ʫʩʪʨʘʥʠʪʴ ʠ 
ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ, ʵʪʦ ʦʙʝʟʦʧʘʩʠʪ ʧʨʝʜʧʨʠʷʪʠʝ ɸʕʉ 
ʦʪ ʨʠʩʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʝʨʴʝʟʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ 
ʩʙʦʝʚ, ʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʪʘʢʦʛʦ ʫʨʦʚʥʷ ʠʭ ʙʳʪʴ ʥʝ-
ʜʦʣʞʥʦ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʦʪʯʝʪ ʦ ʨʘʙʦʪʝ, ʨʝʟʝʨʚʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʮʝ-
ʥʠʚʘʥʠʠ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ. 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʦʩʫ-

ʱʝʩʪʚʣʷʪʴ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʝʩʧʝʨʝʙʦʡʥʦ ʠ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠ ʚ ʵʢʩʪʨʝʥʥʳʭ, ʘʚʘʨʠʡ-
ʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʪʩʫʪʩʪʚʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʧʨʠʚʦʜʠʪ ʢ ʧʣʘʯʝʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʇʨʠʤʝ-
ʨʦʤ ʵʪʦʛʦ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ɸʕʉ çʌʦʢʫʩʠʤʘè ʚ 
ʗʧʦʥʠʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʜʘʨʘ ʮʫʥʘʤʠ ʙʳʣʠ ʚʳʚʝ-
ʜʝʥʳ ʠʟ ʩʪʨʦʷ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʛʝʥʝʨʘ-
ʪʦʨʳ, ʵʪʦ ʩʪʘʣʦ ʧʨʠʯʠʥʦʡ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠ-
ʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ [1]. 
ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʘʪʦʤʥʳʭ ʩʪʘʥ-

ʮʠʡ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʙʣʦʢʘʤʠ 
ɸʕʉ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 
ʫʧʨʘʚʣʝʥʠʷ ʫʞʝ ʚʝʜʝʪʩʷ ʥʘ ʤʥʦʛʠʭ ɸʕʉ ʈʦʩʩʠʠ. ʀʭ 
ʧʦʵʪʘʧʥʦʛʦ ʚʥʝʜʨʠʣʠ ʥʘ ʈʦʩʪʦʚʩʢʦʡ, ʂʘʣʠʥʠʥʩʢʦʡ, 
ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʳ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʵʥʝʨʛʦʙʣʦʢʦʚ ʥʘ ʜʝʡ-
ʩʪʚʫʶʱʠʭ ʂʦʣʴʩʢʦʡ (ʚ ʙʣʦʢʘʭ 3,4) ʠ ʅʦʚʦʚʦʨʦʥʝʞ-
ʩʢʦʡ ɸʕʉ. 
ʅʦʚʦʚʦʨʦʥʝʞʩʢʘʷ ɸʕʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʙʦʪʫ 

ʥʘ ʙʘʟʝ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1200, ʩ 2006 ʛʦʜʘ ʚ ʨʘʙʦʪʫ 
ʙʳʣʘ ʚʚʝʜʝʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʦʨʤʘʣʴʥʫʶ ʵʢʩʧʣʫʘ-
ʪʘʮʠʶ ʩʠʩʪʝʤʳ, ʧʨʠ ʵʪʦʤ ʨʝʘʣʠʟʦʚʘʥʘ ʜʠʚʝʨʩʥʘʷ 
ʩʠʩʪʝʤʘ ʟʘʱʠʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʦʛʨʘʤʤʥʳʡ, 
ʘʧʧʘʨʘʪʥʳʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ [4]. 
ɸʪʦʤʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʦʪʝʥ-
ʮʠʘʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ 
ʨʦʩʩʠʡʩʢʦʡ ʘʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʵʪʦ ʧʦʟ-
ʚʦʣʷʝʪ ʚʳʭʦʜʠʪʴ ʥʘ ʤʠʨʦʚʫʶ ʘʨʝʥʫ ʠ ʩʦʪʨʫʜʥʠʯʘʪʴ 
ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʆɸʆ ɺʅʀʀɸʕʉ ʷʚ-
ʣʷʝʪʩʷ ʜʦʯʝʨʥʠʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʢʦʥʮʝʨʥʘ çʈʦʩʵʥʝʨ-
ʛʦʘʪʦʤè, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪ ʥʘʫʯʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ 
ʨʘʟʨʘʙʦʪʢʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ɸʕʉ. ʆʜ-
ʥʦʡ ʠʟ ʨʘʟʨʘʙʦʪʦʢ ɺʅʀʀɸʕʉ ʷʚʣʷʝʪʩʷ, ʚʥʝʜʨʝʥʠʝ 
ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ ɺɺʕʈ, ʧʦʟʚʦ-
ʣʷʶʱʝʡ ʦʙʥʘʨʫʞʠʚʘʪʴ ʘʥʦʤʘʣʠʠ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʠ ʚ ʩʬʝʨʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝ 
ʫʩʪʫʧʘʶʪ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ 
ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʠ. 
ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ɹʝʣʦʨʫʩʩʢʦʡ ɸʕʉ, ʧʨʠ ʫʯʘ-

ʩʪʠʠ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʘʪʦʤʘ, ʙʳʣ ʚʳ-
ʙʨʘʥ ʧʨʦʝʢʪ ɸʉʋ-2006 ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʇʨʦʝʢʪ 
ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 
ʩʪʘʥʜʘʨʪʘʤ. ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ, ʜʦʩʪʠ-
ʞʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ɸʕʉ ʠ ʥʘʜʝʞʥʦʩʪʠ ʥʘ ʩʦʦʨʫʞʝʥʥʦʡ ʩʪʘʥʮʠʠ. ɺʚʦʜ 
ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɹʝʣʦʨʫʩʩʢʦʡ ɸʕʉ, ʟʘʧʣʘʥʠʨʦʚʘʥ 
ʥʘ 2020 ʛʦʜ, ʧʦ ʧʨʦʝʢʪʫ, ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʩʦ-
ʩʪʘʚʣʷʝʪ 60 ʣʝʪ [2]. 
ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʦʡ ʟʘʜʘ-
ʯʝʡ ʧʨʝʜʧʨʠʷʪʠʡ ɸʕʉ. ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦ-
ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ɸʕʉ ʈʦʩʩʠʠ, ʜʘʝʪ ʧʝʨ-
ʩʧʝʢʪʠʚʳ ʥʘ ʜʝʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ɸʕʉ. ɸʚʪʦʤʘʪʠʟʘ-
ʮʠʷ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-
ʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʦʙʝʟʦʧʘʩʠʪʴ ʦʪ ʩʝʨʴʝʟʥʳʭ ʧʦʩʣʝʜ-
ʩʪʚʠʡ. 
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FEATURES OF THE ARCHITECTURE OF MICROPROCESSORS AMD FX  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ 2011 ʛʦʜʫ ʢʦʤʧʘʥʠʷ AMD ʧʨʝʜʩʪʘʚʠʣʘ ʚʝʩʴʤʘ ʥʝʦʜʥʦʟʥʘʯʥʫʶ ʣʠʥʝʡʢʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ AMD FX. 

ɼʘʥʥʘʷ ʣʠʥʝʡʢʘ ʦʙʣʘʜʘʣʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʷʜʝʨ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʢʫʨʝʥʪʘʤʠ, ʥʦ ʠʤʝʣʘ ʥʠʟʢʫʶ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘ ʷʜʨʦ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʤʦʤʝʥʪ ʚʳʭʦʜʘ ʥʝ ʩʤʦʛʣʘ ʩʪʘʪʴ ʫʩʧʝʰʥʦʡ. ʅʦ, ʩʧʫʩʪʷ ʪʨʠ 

ʛʦʜʘ, ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʦʮʝʩʩʦʨʳ AMD FX ʚ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ ʥʘʯʘʣʠ ʧʦʢʘʟʳʚʘʪʴ ʣʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʯʝʤ ʥʘ ʤʦʤʝʥʪ ʚʳʭʦʜʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʭʠʪʝʢʪʫʨʳ ʵʪʦʡ 

ʣʠʥʝʡʢʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ ʠ ʧʨʠʯʠʥʳ ʚʦʟʨʘʩʪʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

Abstract 

In 2011, AMD introduced a highly controversial line of AMD FX microprocessors. This line had a large 

number of cores, compared with competitors, but had poor performance per core, which is why at the time of 

release could not be successful. But, three years later, due to its architecture, AMD FX processors in real tasks 

began to show better results than at the time of release. This article discusses the architectural features of this line 

of microprocessors and the reasons for the increase in performance. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: AMD, AMD FX, ʘʨʭʠʪʝʢʪʫʨʘ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ. 

Key words: AMD, AMD FX, microprocessor architecture, microprocessors. 

 

ɺ ʦʢʪʷʙʨʝ 2011 ʛʦʜʘ ʢʦʤʧʘʥʠʷ AMD ʧʨʝʜʩʪʘ-

ʚʠʣʘ ʣʠʥʝʡʢʫ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ FX. ʏʪʦʙʳ ʦʙʦ-

ʛʥʘʪʴ ʩʚʦʝʛʦ ʙʣʠʞʘʡʰʝʛʦ ʢʦʥʢʫʨʝʥʪʘ Intel, ʩ ʝʛʦ ʣʠ-

ʥʝʡʢʦʡ Sandy Bridge, AMD ʩʜʝʣʘʣʘ ʩʪʘʚʢʫ ʥʘ ʤʥʦ-

ʛʦʧʦʪʦʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʪʘʢʪʦʚʫʶ ʯʘʩʪʦʪʫ, 

ʚʳʧʫʩʪʠʚ 4-ʭ 6-ʠ ʠ 8-ʠ ʷʜʝʨʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ 

[2]. ʇʨʦʮʝʩʩʦʨʳ ʧʦʣʫʯʠʣʠʩʴ ʥʝ ʦʯʝʥʴ ʫʜʘʯʥʳʤ ʧʦ 

ʨʷʜʫ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ 

ʙʳʣʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʨʝʘʣʴ-

ʥʳʭ ʟʘʜʘʯʘʭ: ʧʝʨʚʳʡ ʤʠʢʨʦʯʠʧ Bulldozer ʧʦʜ ʢʦʜʦ-

ʚʳʤ ʥʘʟʚʘʥʠʝʤ Zambezi ʥʝ ʩʤʦʛ ʦʙʦʡʪʠ ʩʚʦʝʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ Phenom II  X6, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

Sandy Bridge [2]. ɺʦ-ʚʪʦʨʳʭ, ʧʨʦʮʝʩʩʦʨʳ ʠʤʝʣʠ ʚʳ-

ʩʦʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʨʘʙʦʯʫʶ ʪʝʤ-

ʧʝʨʘʪʫʨʫ. ɺʩʣʝʜʩʪʚʠʝ ʚʩʝʛʦ ʵʪʦʛʦ, ʧʨʦʮʝʩʩʦʨʳ 

AMD FX ʥʝ ʩʥʠʩʢʘʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʤʦʤʝʥʪ ʚʳ-

ʭʦʜʘ, ʠ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʥʘʟʚʘʪʴ ʧʨʦʚʘʣʴʥʳʤʠ, ʝʩʣʠ 

ʙʳ ʥʝ ʠʭ ʘʨʭʠʪʝʢʪʫʨʘ.  

ʄʥʦʛʦʧʦʪʦʯʥʦʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʫʤʷ ʩʧʦʩʦ-

ʙʘʤʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʷʜʝʨ, ʧʦʜ ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʦ-

ʜʠʪʩʷ ʦʪʜʝʣʴʥʳʭ ʧʦʪʦʢ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʩʘ-

ʤʳʤ ʜʦʨʦʛʠʤ. ɺʦ ʚʪʦʨʦʤ - ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ 

SMT (Simultaneous Multithreading), ʢʦʪʦʨʘʷ ʧʦʟʚʦ-

ʣʷʝʪ ʠʩʧʦʣʥʷʪʴ ʥʝʩʢʦʣʴʢʦ ʧʦʪʦʢʦʚ ʠʥʩʪʨʫʢʮʠʡ ʥʘ 

ʦʜʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʷʜʨʝ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʜʦʙʘʚ-

ʣʷʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʣʠʰʴ ʧʦʤʦʛʘʣʘ ʟʘʜʝʡ-

ʩʪʚʦʚʘʪʴ ʷʜʨʦ ʥʘ ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ, ʝʩʣʠ ʦʜʠʥ ʧʦ-

ʪʦʢ ʚ ʵʪʦʤ ʥʝ ʩʧʨʘʚʣʷʣʩʷ [7]. ɺ ʠʪʦʛʝ AMD ʨʘʟʨʘʙʦ-

ʪʘʣʘ ʩʚʦʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʤʦʜʫʣʴ 

ʧʨʦʮʝʩʩʦʨʘ ʩʦʜʝʨʞʘʣ ʜʚʘ ALU (Arithmetic and Logic 

Unit) ʙʣʦʢʘ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ 

ʣʦʛʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʦʜʠʥ FPU (Floating 

Point Unit) ʙʣʦʢ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʣ ʟʘ ʦʧʝʨʘʮʠʠ ʩ 

ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʠ ʩʦʩʪʦʷʣ ʠʟ ʜʚʫʭ ʥʝʙʦʣʴʰʠʭ 

ʯʘʩʪʝʡ [4, 6]. ʆʙʱʠʤʠ ʙʳʣ ʪʘʢʞʝ L2 ʢʵʰ. ɿʘʯʘʩʪʫʶ, 

ʧʨʦʮʝʩʩʦʨ ʠʤʝʝʪ ʥʘ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʧʦ ʦʜʥʦʤʫ ALU 

ʠ FPU ʙʣʦʢʫ. ɺ ʠʪʦʛʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ FX ʤʦʛʣʠ 

ʨʘʙʦʪʘʪʴ ʩ 8 ʧʦʪʦʢʘʤʠ ʢʦʤʘʥʜ, ʥʦ ʠʤʝʣʠ ʩʣʘʙʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ FPU ʙʣʦʢʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʦʜʥʦʛʦ ʧʦʪʦʢʘ ʦʥ ʟʘʜʝʡʩʪʚʦʚʘʣ ʪʦʣʴʢʦ ʧʦʣʦ-

ʚʠʥʫ ʩʚʦʝʡ ʤʦʱʥʦʩʪʠ, ʠ ʣʠʰʴ ʧʨʠ ʜʚʫʭ ʧʦʪʦʢʘʭ ʤʦʛ 

ʨʘʙʦʪʘʪʴ ʚ ʧʦʣʥʫʶ ʩʠʣʫ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʥʦʚʳʝ 

ʧʨʦʮʝʩʩʦʨʳ ʦʪ AMD ʠʤʝʣʠ ʥʠʟʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʴ ʥʘ ʷʜʨʦ ʠ ʧʨʦʠʛʨʳʚʘʣʠ ʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʨʘʤ Intel Sandy Bridge, ʢʦʪʦʨʳʤ ʜʣʷ ʧʦʣ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ FPU ʙʣʦʢʘ ʭʚʘʪʘʣʦ ʦʜʥʦʛʦ ʧʦ-

ʪʦʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʜʝʥʪʠʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʘʤʠʭ ʙʣʦʢʦʚ. ɺʩʝ ʫʭʫʜʰʘʣʦʩʴ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ 

ʠʛʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ ʪʦʛʦ ʚʨʝʤʝʥʠ ʫʤʝʣʠ ʨʘʙʦʪʘʪʴ 

ʣʠʰʴ ʩ ʤʘʣʳʤ ʯʠʩʣʦʤ ʧʦʪʦʢʦʚ, ʠ ʥʝ ʩʧʦʩʦʙʥʳ ʙʳʣʠ 
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ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʶ ʤʦʱʴ ʘʨʭʠʪʝʢʪʫʨʳ ʧʨʦʮʝʩʩʦʨʦʚ 

FX. 

ɺ 2014 ʛʦʜʫ ʥʘʯʘʣʘʩʴ ʵʨʘ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ, ʠ 

ʚʩʝ ʙʦʣʴʰʝ ʠʛʨ ʠ ʧʨʠʣʦʞʝʥʠʡ ʧʦʣʫʯʘʣʠ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 6, ʘ ʪʦ ʠ 8 ʧʦʪʦʢʦʚ ʜʣʷ ʨʘʙʦʪʳ. 

ʇʨʦʮʝʩʩʦʨʳ FX ʩʪʘʣʠ ʣʫʯʰʝ ʩʝʙʷ ʧʦʢʘʟʳʚʘʪʴ ʚ ʨʝ-

ʘʣʴʥʳʭ ʟʘʜʘʯʘʭ, ʥʦ ʚʩʝ ʨʘʚʥʦ ʥʝ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʚ 

ʧʦʣʥʫʶ ʤʦʱʥʦʩʪʴ. ʊʝʧʝʨʴ ʜʝʣʦ ʙʳʣʦ ʟʘ ʧʦʜʩʠʩʪʝ-

ʤʦʡ ʧʘʤʷʪʠ. ʇʨʦʮʝʩʩʦʨʳ FX ʦʙʣʘʜʘʣ L1, L2 ʠ L3 

ʢʵʰʝʤ. ʀ ʝʩʣʠ ʧʝʨʚʳʡ ʨʘʙʦʪʘʣ ʥʘ ʯʘʩʪʦʪʝ ʷʜʨʘ, ʘ 

ʚʪʦʨʦʡ ʯʫʪʴ ʤʝʜʣʝʥʥʝʝ, ʪʦ ʪʨʝʪʠʡ ʙʳʣ ʟʘʤʝʪʥʦ ʤʝʜ-

ʣʝʥʥʝʡ ʠ ʚʳʩʪʫʧʘʣ ʫʟʢʠʤ ʤʝʩʪʦʤ ʧʨʦʮʝʩʩʦʨʘ. ɺʩʝ 

ʫʩʫʛʫʙʣʷʣʦʩʴ ʪʝʤ, ʯʪʦ L3 ʢʵʰ ʜʦʣʞʝʥ ʙʳʣ ʩʥʘʙʞʘʪʴ 

ʜʘʥʥʳʤʠ ʚʩʝ ʚʦʩʝʤʴ ʧʦʪʦʢʦʚ (ʚ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩʦʨʦʚ 

FX 8 ʠ 9 ʩʝʨʠʠ), ʘ ʜʣʷ ʵʪʦʛʦ ʝʛʦ ʩʢʦʨʦʩʪʠ ʙʳʣʦ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦ. ɺ ʠʪʦʛʝ ʷʜʨʘ ʧʨʦʩʪʘʠʚʘʣʠ, ʦʞʠʜʘʷ ʥʦ-

ʚʳʭ ʠʥʩʪʨʫʢʮʠʡ.  

ʋʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠ ʩʝ-

ʚʝʨʥʦʛʦ ʤʦʩʪʘ (north bridge), ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʣʩʷ 

ʩʘʤ ʢʦʥʪʨʦʣʣʝʨ ʧʘʤʷʪʠ, ʜʘʚʘʣʦ ʦʱʫʪʠʤʳʡ ʧʨʠʨʦʩʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ. ʇʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʩ 1866 ʄɻʮ 

ʜʦ 2400 ʄɻʮ ʧʨʠʨʦʩʪ ʩʦʩʪʘʚʣʷʣ ʦʪ 13% ʜʦ 17% [1]. 

ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ 

ʜʘʥʥʳʭ ʧʨʠ ʢʵʰ ʧʨʦʤʘʭʝ. ɽʩʣʠ ʚ L3 ʢʵʰʝ ʥʝ ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʥʫʞʥʳʭ ʜʘʥʥʳʭ, ʧʨʦʮʝʩʩʦʨ ʦʙʨʘʱʘʝʪʩʷ ʢ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʯʘ-

ʩʪʦʪʫ ʠ ʨʘʙʦʪʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [5]. ʇʨʠ ʧʦʚʳʰʝʥʠʠ 

ʯʘʩʪʦʪʳ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʥʫʞʥʳʝ ʜʘʥʥʳʝ ʥʘʭʦ-

ʜʷʪʩʷ ʙʳʩʪʨʝʝ, ʠ ʧʨʦʮʝʩʩʦʨ ʤʝʥʴʰʝ ʧʨʦʩʪʘʠʚʘʝʪ ʚ 

ʩʣʫʯʘʝ ʢʵʰ ʧʨʦʤʘʭʘ.  

ʕʨʘ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʠ ʜʘʣʘ ʧʨʦʮʝʩʩʦʨʘʤ ʣʠ-

ʥʝʡʢʠ AMD FX ʥʦʚʫʶ ʞʠʟʥʴ. ɽʩʣʠ ʚ 2011 ʛʦʜʫ ʦʥʠ 

ʥʝ ʤʦʛʣʠ ʩʦʨʝʚʥʦʚʘʪʴʩʷ ʜʘʞʝ ʩ ʤʣʘʜʰʠʤʠ ʤʦʜʝ-

ʣʷʤʠ Sandy Bridge, ʪʦ ʪʝʧʝʨʴ, ʟʘ ʩʯʝʪ ʫʤʝʥʠʷ ʧʨʦ-

ʛʨʘʤʤ ʨʘʙʦʪʘʪʴ ʩ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴʶ, ʧʨʦʮʝʩʩʦʨʳ 

FX ʧʦʢʘʟʳʚʘʶʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʫʞʝ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩʦ ʩʨʝʜʥʠʤʠ, ʘ ʠʥʦʛʜʘ ʠ ʩʪʘʨʰʠʤʠ ʤʦʜʝʣʷʤʠ 

ʪʦʡ ʞʝ ʣʠʥʝʡʢʠ. ɺʩʝ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʨʭʠʪʝʢ-

ʪʫʨʳ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʤʥʦʛʦʧʦʪʦʯʥʦʩʪʴ. ʕʪʘ 

ʠʩʪʦʨʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʤʝʣʦʤ ʨʘʩʧʘʨʘʣʣʝʣʠ-

ʚʘʥʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʷʜʝʨ 

ʜʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪʳ, ʥʝʞʝʣʠ ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʷʜʨʘ. 
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ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚʩʝ ʙʦʣʴʰʝ ʩʘʡʪʦʚ ʧʝʨʝʭʦʜʷʪ ʥʘ ʧʨʦʪʦʢʦʣ HTTPS, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘ-

ʱʠʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʀ ʵʪʦ ʭʦʨʦʰʦ: ʜʘʥʥʳʝ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʦʪ ʢʣʠʝʥʪʘ ʢ ʩʝʨʚʝʨʫ, ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ 

ʧʝʨʝʭʚʘʪʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʚʦʠʭ ʮʝʣʷʭ. ʅʦ ʥʘʩʢʦʣʴʢʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʥ ʤʦʞʝʪ ʦʙʝʟʦʧʘʩʠʪʴ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ? ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʫʛʨʦʟʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ HTTPS 

ʩʦʝʜʠʥʝʥʠʷ. 

Abstract 

Currently, more and more sites are switching to the HTTPS protocol, which provides a secure connection. 

And this is good: the data transmitted from the client to the server becomes more difficult to intercept and use for 

their own purposes. But how truly can it protect users? This article discusses the main threats that exist when 

using an HTTPS connection. 
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HTTPS ï ʵʪʦ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʪʦʢʦʣʘ HTTP, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʪʦ-

ʢʦʣ SSL ʠ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ-

ʱʠʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ [3]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥ 

ʥʘʙʠʨʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʪʦʤʫ ʝʩʪʴ 

ʨʷʜ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʟʘʱʠʱʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʫʩʣʦʞʥʷʝʪ ʨʝʘʣʠʟʘʮʠʶ ʘʪʘʢʠ ʧʦʩʨʝʜʥʠʢʘ (man in 

the middle), ʚʦ-ʚʪʦʨʳʭ, Google ʧʦʚrh ʘʝʪ ʧʨʠʦʨʠʪʝʪ 

ʫ ʩʘʡʪʦʚ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʦ HTTPS ʧʨʦʪʦʢʦʣʫ, 

ʚ-ʪʨʝʪʴʠʭ, ʠʟʚʝʩʪʥʳʝ ʙʨʘʫʟʝʨʳ, ʪʘʢʠʝ ʢʘʢ Firefox 

ʠʣʠ Google Chrome, ʤʘʨʢʠʨʫʶʪ ʩʘʡʪʳ ʩ ʧʨʦʩʪʳʤ 

HTTP ʢʘʢ ʥʝʙʝʟʦʧʘʩʥʳʝ [1, 6]. ɺ ʩʣʝʜʩʪʚʠʝ ʚʩʝʛʦ 

ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ HTTPS ʩʪʘʣʦ, ʩʚʦʝʛʦ ʨʦʜʘ, 

çʭʦʨʦʰʠʤ ʪʦʥʦʤè ʠ ʫ ʩʘʡʪʦʚ ʥʝ ʦʩʪʘʝʪʩʷ ʚʳʙʦʨʘ 

ʢʨʦʤʝ ʢʘʢ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʥʝʛʦ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ 

80% ʧʨʦʮʝʥʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ, ʯʪʦ ʪʘʢʦʡ 

ʩʘʡʪ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʝʥ [4]. ʀ, ʢʘʟʘʣʦʩʴ ʙʳ, ʚʩʝ 

ʧʨʝʢʨʘʩʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʟʘʱʠʱʝʥʥʳʭ ʩʘʡʪʦʚ ï ʪʝʤ 

ʣʫʯʰʝ. ʅʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ HTTPS ʥʝ ʜʘʝʪ ʛʘʨʘʥʪʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʪʦʤʫ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ.  

ʉʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ HTTP ʠ HTTPS. 

ɼʘʞʝ ʝʩʣʠ ʩʘʡʪ ʠʩʧʦʣʴʟʫʝʪ ʟʘʱʠʱʝʥʥʳʡ ʧʨʦʪʦʢʦʣ, 

ʚʩʝ ʨʘʚʥʦ ʥʝʪ ʛʘʨʘʥʪʠʠ, ʯʪʦ ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʛʨʫ-

ʞʘʶʱʠʝʩʷ ʩʢʨʠʧʪʳ ʠ ʩʪʠʣʠ. ʂ ʧʨʠʤʝʨʫ, ʩʘʤ ʩʘʡʪ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ HTTPS, ʘ, JavaScript ʢʦʜ ʟʘʛʨʫ-

ʞʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ HTTP. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʧʦʜʤʝʥʠʪʴ ʟʘʛʨʫʞʘʝʤʳʡ ʢʦʜ ʠ 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ HTML ʩʪʨʘʥʠʮʳ. ʅʝ-

ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʯʘʩʪʴ ʩʘʡʪʦʚ ʧʦʜʛʨʫʞʘʶʪ ʢʦʥʪʝʥʪ ʩʦ 

ʩʪʦʨʦʥʥʠʭ ʨʝʩʫʨʩʦʚ, ʥʝ ʠʩʧʦʣʴʟʫʷ ʰʠʬʨʦʚʘʥʠʝ. 

ʉʧʘʩʝʥʠʝʤ ʦʪ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤ HSTS, ʢʦʪʦ-

ʨʳʡ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʘʢʪʠʚʠʨʫʝʪ HTTPS ʩʦʝʜʠʥʝʥʠʝ 

[2]. 

ɸʥʘʣʠʟ ʪʨʘʬʠʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ TLS 

ʰʠʬʨʦʚʘʥʠʝ ʟʘʱʠʱʘʝʪ ʧʝʨʝʜʘʚʘʝʤʳʡ ʪʨʘʬʠʢ, ʝʩʪʴ 

ʩʧʦʩʦʙ ʚʳʷʩʥʠʪʴ, ʥʘ ʢʘʢʠʝ ʨʝʩʫʨʩʳ ʵʪʦʪ ʪʨʘʬʠʢ ʦʪ-

ʧʨʘʚʣʷʝʪʩʷ. ʂ ʧʨʠʤʝʨʫ, ʩʝʪʝʚʦʡ ʘʥʘʣʠʟʘʪʦʨ 

WireShark ʦʪʦʙʨʘʞʘʝʪ IP ʘʜʨʝʩʘ, ʥʘ ʢʦʪʦʨʳʝ ʦʪ-

ʧʨʘʚʣʷʝʪʩʷ ʪʨʘʬʠʢ. ʅʦ ʥʘ ʦʜʥʦʤ IP ʤʦʞʝʪ ʙʳʪʴ ʥʝ-

ʩʢʦʣʴʢʦ ʩʘʡʪʦʚ ʠʟ-ʟʘ ʯʝʛʦ ʥʝʣʴʟʷ ʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʢʘ-

ʢʠʝ ʠʟ ʥʠʭ ʧʦʩʝʱʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ. ɿʜʝʩʴ ʥʘ ʧʦʤʦʱʴ 

ʧʨʠʭʦʜʠʪ SSL ʩʝʨʪʠʬʠʢʘʪ, ʦʥ ʫʥʠʢʘʣʝʥ ʜʣʷ ʢʘʞ-

ʜʦʛʦ ʩʘʡʪʘ, ʩʦʜʝʨʞʠʪ ʝʛʦ ʜʦʤʝʥʥʦʝ ʠʤʷ ʠ ʧʝʨʝʜʘ-

ʝʪʩʷ ʚ ʥʝʟʘʰʠʬʨʦʚʘʥʥʦʤ ʚʠʜʝ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʩʦʝʜʠ-

ʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʪʨʘʬʠʢʘ 

ʤʦʞʥʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʠʝ ʩʘʡʪʳ ʠ ʢʦʛʜʘ ʧʦʩʝ-

ʱʘʣ ʧʦʣʴʟʦʚʘʪʝʣʴ [7]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦ ʥʝ 

ʥʝʩʝʪ ʷʚʥʦʡ ʫʛʨʦʟʳ ʠ ʜʘʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

HTTPS ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴ-

ʥʦʩʪʴ ʠ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʠʥ-

ʪʝʨʥʝʪʝ ʤʦʞʝʪ ʧʦʧʘʩʪʴ ʚ ʯʫʞʠʝ ʨʫʢʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʬʠʰʠʥʛʦʚʳʝ ʩʪʨʘ-

ʥʠʮʳ, ʢʦʪʦʨʳʝ ʤʘʩʢʠʨʫʶʪʩʷ ʧʦʜ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʩ ʮʝʣʴʶ ʧʦʭʠʱʝʥʠʷ ʣʦʛʠʥʦʚ, ʧʘʨʦʣʝʡ ʠ ʜʨʫʛʦʡ 

ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ, ʪʘʢʠʝ 

ʩʘʡʪʳ ʠʩʧʦʣʴʟʫʶʪ HTTPS ʧʨʦʪʦʢʦʣ, ʚʝʜʴ ʙʨʘʫʟʝʨʳ 

ʤʘʨʢʠʨʫʶʪ ʪʘʢʠʝ ʩʘʡʪʳ ʢʘʢ ʙʝʟʦʧʘʩʥʳʝ, ʯʪʦ ʧʦʚʳ-

ʰʘʝʪ ʜʦʚʝʨʠʝ ʩʨʝʜʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠ-

ʩʪʠʢʝ, ʯʝʪʚʝʨʪʴ ʚʩʝʭ ʬʠʰʠʥʛʦʚʳʭ ʘʪʘʢ ʩʦʚʝʨʰʘ-

ʶʪʩʷ ʧʦ ʟʘʱʠʱʝʥʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ [4]. ɺʩʝ ʵʪʦ ʛʦ-

ʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʫʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʘʤ 

ʩʘʡʪ, ʘ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʪʦʢʦʣ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʩʦʝʜʠʥʝʥʠʝ.  

ɿʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ ʟʘʧʦʣʫʯʠʪʴ SSL ʩʝʨʪʠ-

ʬʠʢʘʪ ʠ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʟʦʚʘʪʴ ʘʪʘʢʫ ʧʦʩʨʝʜ-

ʥʠʢʘ. ʆʥ ʩʦʟʜʘʩʪ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ ï ʩ ʩʝʨʚʝʨʦʤ ʠ 

ʞʝʨʪʚʦʡ. ɼʣʷ ʩʝʨʚʝʨʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʙʫʜʝʪ ʚʳʛʣʷ-

ʜʝʪʴ ʢʘʢ ʦʙʳʯʥʳʡ ʢʣʠʝʥʪ, ʘ ʜʣʷ ʢʣʠʝʥʪʘ ï ʢʘʢ ʩʝʨ-

ʚʝʨ [6]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʟʘʰʠʬʨʦʚʘʥʥʦʤʫ ʩʦʝʜʠʥʝ-

ʥʠʶ, ʦʥʠ ʚʩʝ ʨʘʚʥʦ ʧʦʧʘʜʘʶʪ ʚ ʯʫʞʠʝ ʨʫʢʠ ʚ ʯʠ-

ʩʪʦʤ ʚʠʜʝ. ɺʩʝ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʥʦʛʜʘ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʪʴ ʠʣʠ ʧʦʜʜʝʣʳʚʘʪʴ ʩʝʨʪʠ-

ʬʠʢʘʪ. ʀʥʦʛʜʘ ʜʦʩʪʘʪʦʯʥʦ ʚʩʪʘʚʠʪʴ ʚ ʢʦʤʧʴʶʪʝʨ 

ʞʝʨʪʚʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʜʧʠʩʘʥʥʳʡ ʩʝʨʪʠʬʠʢʘʪ, 

ʢ ʧʨʠʤʝʨʫ, ʩ ʧʦʤʦʱʴʶ ʚʨʝʜʦʥʦʩʥʦʡ ʧʨʦʛʨʘʤʤʳ. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ʗʥʜʝʢʩʘ, ʦʢʦʣʦ 400 ʪʳʩʷʯ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʗʥʜʝʢʩ.ɹʨʘʫʟʝʨʘ ʧʦʜʚʝʨʞʝʥʳ ʵʪʦʡ 

ʦʧʘʩʥʦʩʪʠ [5]. ʂ ʩʯʘʩʪʴʶ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʙʨʘʫʟʝʨʦʚ 

ʟʥʘʶʪ ʦʙ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʠ ʚʩʷʯʝʩʢʠ ʙʦʨʶʪʩʷ ʩ ʥʝʡ. 

ʆʥʠ ʧʦʥʠʤʘʶʪ, ʯʪʦ ʥʝʣʴʟʷ ʩʣʝʧʦ ʜʦʚʝʨʷʪʴ ʩʝʨʪʠʬʠ-

ʢʘʪʘʤ ʠʟ ʩʠʩʪʝʤʥʦʛʦ ʭʨʘʥʠʣʠʱʘ, ʧʦʪʦʤʫ ʧʨʦʚʝʨʷʶʪ 

ʢʘʞʜʳʡ ʧʦ ʩʧʠʩʢʫ ʠʟʚʝʩʪʥʳʭ ʘʚʪʦʨʠʪʝʪʥʳʭ ʮʝʥ-

ʪʨʦʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʧʦʣʴʟʦʚʘ-

ʪʝʣʷ, ʝʩʣʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʳ 

[5]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ HTTPS ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʜʘʝʪ 

ʧʦʣʥʦʡ ʟʘʱʠʪʳ, ʥʦ ʟʘʩʪʘʚʣʷʝʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ 

ʧʨʦʜʝʣʳʚʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʨʘʙʦʪʳ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʘʪʘʢʠ. ʅʦ ʪʦ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʙʫʜʫʪ ʫʩʧʝʰʥʳʤʠ ʟʘ-

ʚʠʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʅʫʞʥʦ 

ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʯʪʦ ʜʘʝʪ 

ʙʨʘʫʟʝʨ ʧʨʠ ʧʦʩʝʱʝʥʠʠ ʩʘʡʪʦʚ; ʥʘ ʩʘʤ ʩʘʡʪ ʠ ʝʛʦ 

ʘʜʨʝʩ; ʥʘ ʪʝ ʧʨʦʛʨʘʤʤʳ, ʯʪʦ ʚʳ ʩʪʘʚʠʪʝ ʠʟ ʥʝʠʟʚʝʩʪ-

ʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺʩʝʛʜʘ ʥʫʞʥʦ ʙʳʪʴ ʦʩʪʦʨʦʞʥʳʤ, 

ʢʘʢʠʤ ʙʳ ʩʘʡʪ ʥʝ ʙʳʣ ʥʘʜʝʞʥʳʡ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ. 
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CAN ARTIFICIAL INTELLIGENCE REPLACE A JUDGE?  
 
ɸʥʥʦʪʘʮʠʷ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭ-

ʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʚ ʶʨʠʜʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
Abstract 
This article discusses the possibility of using modern information technologies, including artificial intelli-

gence in legal activities. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʩʫʜʝʙʥʦʝ ʜʝʣʦ, ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠ. 
Key words: artificial intelligence, court case, paperwork, information technology. 

 
ʈʦʙʦʪʠʟʘʮʠʷ. ʀʤʝʥʥʦ ʧʦʜ ʵʪʠʤ ʩʣʦʚʦʤ ʤʦʞʥʦ 

ʦʙʲʝʜʠʥʠʪʴ ʥʘʟʚʘʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʚʩʝʭ ʤʝʪʦʜʦʚ ʦʨ-
ʛʘʥʠʟʘʮʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʚʠʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʤʠʨʝ. ʏʝʣʦʚʝʯʝʩʪʚʦ, ʩʪʦʷ ʥʘ ʧʦʨʦʛʝ ʛʨʘʥʜʠ-
ʦʟʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʠʨʦʚʦʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʪʨʝʤʷʩʴ ʩʦʟʜʘʪʴ ʘʚʪʦʥʦʤʥʳʡ, ʘʙʩʦ-
ʣʶʪʥʦ ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʯʝʣʦʚʝʢʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥ-
ʪʝʣʣʝʢʪ, ʚʩʝ ʯʘʱʝ ʟʘʜʘʝʪʩʷ ʬʠʣʦʩʦʬʩʢʠʤ, ʛʫʤʘʥʠ-
ʪʘʨʥʳʤ ʠ ʜʘʞʝ ʵʪʠʯʝʩʢʠʤ ʚʦʧʨʦʩʦʤ: ʤʦʞʝʪ ʣʠ ʠʩ-
ʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʪʴ 
ʯʝʣʦʚʝʢʘ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʬʝʩʩʠʠ? ɸ ʚ ʯʘʩʪʥʦʩʪʠ, 
ʩʤʦʞʝʪ ʣʠ ʦʥʳʡ ʟʘʤʝʥʠʪʴ ʩʫʜʴʶ ʚ ʜʝʣʦʧʨʦʠʟʚʦʜ-
ʩʪʚʝ?  
ɺ ʤʠʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝ-

ʥʠʷ ʩʫʜʝʙʥʦʛʦ ʜʝʣʘ, ʨʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 
ʜʚʘ ʠʟ ʥʠʭ ï ʧʦ ʥʦʨʤʘʪʠʚʥʦʤʫ ʧʨʘʚʦʚʦʤʫ ʘʢʪʫ ʚ 
ʈʦʩʩʠʠ ʠ ʧʦ ʩʫʜʝʙʥʦʤʫ ʧʨʝʮʝʜʝʥʪʫ ʚ ʉʐɸ. 
ʉʝʡʯʘʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʯʠ-

ʥʘʶʪ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʠ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʵʪʦʤ 
ʩʣʫʯʘʝ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ɺ ʫʯʝʙʥʳʭ ʧʨʦ-
ʛʨʘʤʤʘʭ ʙʫʜʫʱʠʭ ʶʨʠʩʪʦʚ ʫʞʝ ʥʝ ʧʝʨʚʳʡ ʛʦʜ ʝʩʪʴ 
ʪʘʢʠʝ ʜʠʩʮʠʧʣʠʥʳ ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʴ, ʧʨʘʚʦʚʘʷ ʠʥʬʦʨʤʘʪʠʢʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠ ʚ ʶʨʠʜʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪʘʢ ʜʘʣʝʝ. 
ɺʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ IT ʫʞʝ ʥʝʯʪʦ ʩʘʤʦ ʩʦ-
ʙʦʡ ʨʘʟʫʤʝʶʱʝʝʩʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʞʝ ʠʥʪʝʣʣʝʢʪ 
ʷʚʣʷʝʪʩʷ ʚ ʵʪʦʡ ʧʨʦʮʝʩʩʠʠ ʦʯʝʥʴ ʚʘʞʥʳʤ ʠʥʩʪʨʫ-
ʤʝʥʪʦʤ ʠ ʥʝʟʘʤʝʥʠʤʳʤ ʧʦʤʦʱʥʠʢʦʤ. ʇʦʵʪʦʤʫ 
ʚʧʦʣʥʝ ʦʞʠʜʘʝʤʦ ʙʳʣʦ ʧʦʷʚʣʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʟʘʤʝʱʝʥʠʷ ʩʫʜʴʠ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ 
ʩʫʙʲʝʢʪʦʚ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣ-
ʣʝʢʪʦʤ. 
ʇʦʞʘʣʫʡ, ʩʪʦʠʪ ʥʘʯʘʪʴ ʩ ʪʦʛʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʩʪʦʣʴ ʨʘʟʚʠʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, 
ʩʢʦʣʴʢʦ ʨʘʟʚʠʪʦ ʝʛʦ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ. ʄʘʰʠʥ-
ʥʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʢʦʛʜʘ ʤʘʰʠʥʘ çʫʯʠʪʩʷè ʧʨʠʥʠ-
ʤʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʣʠ ʚʳʧʦʣʥʷʪʴ ʢʘ-
ʢʦʝ-ʣʠʙʦ ʜʝʡʩʪʚʠʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʦʩ-
ʥʦʚʝ ʨʘʥʝʝ ʜʘʥʥʦʡ ʚʥʝʩʝʥʥʦʡ ʚ ʥʝʝ ʠʥʬʦʨʤʘʮʠʠ. 
ʂʦʥʝʯʥʦ, ʝʩʣʠ ʟʘʛʨʫʟʠʪʴ ʚ çʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʫʜʴʶè 

ʚʩʝ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʢʘʞʜʦʤ ʠʟʚʝʩʪʥʦʤ ʠ ʜʦʩʪʫʧʥʦʤ 
ʩʫʜʝʙʥʦʤ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʝ, ʢʘʞʜʦʤ ʜʝʣʝ ʠ ʦ ʢʘʞʜʦʤ 
ʚʳʥʝʩʝʥʥʦʤ ʨʝʰʝʥʠʠ, ʦʥ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʤʦʞʝʪ, 
ʝʩʣʠ ʙʫʜʝʪ ʪʦʤʫ ʦʙʫʯʝʥ, ʚʳʥʝʩʪʠ ʙʘʟʦʚʦʝ ʨʝʰʝʥʠʝ 
ʥʘ ʦʩʥʦʚʝ ʚʘʨʠʘʥʪʦʚ ʧʦʭʦʞʠʭ ʜʝʣ ʠʟ ʧʨʦʰʣʦʛʦ, ʠ 
ʵʪʦ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʜʘʞʝ ʩʦʚʧʘʩʪʴ ʩ ʪʝʤ, ʯʪʦ ʙʫʜʝʪ 
ʚʳʥʝʩʝʥʦ ʩʫʜʴʝʡ-ʯʝʣʦʚʝʢʦʤ ʧʦ ʪʦʤʫ ʞʝ ʜʝʣʫ. 
ɺ ʧʨʠʥʮʠʧʝ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʝʪ 
ʟʘʤʝʥʠʪʴ ʩʫʜʴʶ, ʥʦ ʥʝ ʚʩʝ ʪʘʢ ʧʨʦʩʪʦ. ʆʯʝʨʝʜʥʦʝ 
ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʩʪʘʪʴ ʘʙʩʦʣʶʪʥʦ ʫʥʠʢʘʣʴ-
ʥʳʤ, ʥʝ ʠʤʝʶʱʠʤ ʩʝʙʝ ʘʥʘʣʦʛʦʚ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʢʦ-
ʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ ʩʫʜʴʷ. ɺ ʪʘ-
ʢʦʤ ʩʣʫʯʘʝ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʝ ʩʤʦʞʝʪ 
ʚʳʥʝʩʪʠ ʚʝʨʥʦʝ ʠʣʠ ʚʦʦʙʱʝ ʢʘʢʦʝ-ʣʠʙʦ ʨʝʰʝʥʠʝ ï 
ʦʥ ʧʨʦʩʪʦ ʥʝ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʥʫʞʥʳʤʠ ʬʘʢʪʘʤʠ 
ʠ ʧʨʠʤʝʨʘʤʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ 
ʙʫʜʝʪ ʟʥʘʪʴ, ʯʪʦ ʜʝʣʘʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ. ʀʩʢʫʩʩʪʚʝʥ-
ʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʝ ʙʫʜʝʪ ʢʦʤʧʝʪʝʥʪʝʥ ʚ ʜʘʥʥʦʤ ʩʣʫ-
ʯʘʝ, ʘ ʤʦʞʥʦ ʣʠ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʫʜʴʠ, 
ʝʩʣʠ ʦʥ ʥʝ ʚ ʩʠʣʘʭ ʚʳʥʝʩʪʠ ʨʝʰʝʥʠʝ ʧʦ ʢʘʢʦʤʫ-
ʣʠʙʦ ʜʝʣʫ?  
ʈʘʩʩʤʘʪʨʠʚʘʷ ʤʝʪʦʜʳ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʘ ʈʦʩ-

ʩʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ çʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʫ-
ʜʴʷè ʤʦʞʝʪ ʣʠʰʴ ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ 
ʧʨʠʛʦʚʦʨʘ, ʥʦ ʥʝ ʙʦʣʝʝ ʪʦʛʦ. ɹʘʟʦʡ ʜʣʷ ʩʫʜʦʧʨʦʠʟ-
ʚʦʜʩʪʚʘ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʘʚʦʚʳʝ 
ʘʢʪʳ, ʘ ʥʘ ʦʩʥʦʚʝ ʣʠʰʴ ʢʦʥʩʪʠʪʫʮʠʠ ʠ ʫʛʦʣʦʚʥʦʛʦ 
ʢʦʜʝʢʩʘ ʥʝʚʦʟʤʦʞʥʦ ʚʳʥʝʩʪʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ɺʩʝ 
ʞʝ ʚ ʢʘʞʜʦʤ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦ ʝʩʪʴ ʪʦʥ-
ʢʦʩʪʠ, ʚʥʠʢʥʫʪʴ ʚ ʢʦʪʦʨʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʠʥʪʝʣ-
ʣʝʢʪʫ, ʫʚʳ, ʥʝ ʜʘʥʦ. ʋʤʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʞʜʳʡ 
ʦʪʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʦʧʨʝʜʝ-
ʣʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʯʝʣʦʚʝʢʘ 
ʧʝʨʝʜ ʤʘʰʠʥʦʡ, ʧʦʪʦʤʫ ʢʘʢ ʦʥʘ ʫʤʝʝʪ ʣʠʰʴ ʜʝʡ-
ʩʪʚʦʚʘʪʴ ʧʦ ʟʘʜʘʥʥʦʤʫ ʝʡ ʰʘʙʣʦʥʫ. ʂʦʥʝʯʥʦ, ʤʘ-
ʰʠʥʘ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʫʜʴʝ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʙʘʟʦʚʳʭ 
ʘʩʧʝʢʪʘʭ ʜʝʣʘ, ʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʦʚʝʩʪʠ ʝʛʦ ʜʦ 
ʢʦʥʮʘ ʠ ʚʳʥʝʩʪʠ ʬʠʥʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦʥʘ ʚʨʷʜ ʣʠ 
ʢʦʛʜʘ-ʥʠʙʫʜʴ ʩʤʦʞʝʪ.  
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ʅʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʙʝʟʦʛʦʚʦ-
ʨʦʯʥʘʷ ʥʝʧʨʝʜʚʟʷʪʦʩʪʴ ʠ ʥʝʧʦʜʢʫʧʥʦʩʪʴ. ɽʤʫ 
ʥʝʣʴʟʷ ʥʘʜʘʚʠʪʴ ʥʘ ʞʘʣʦʩʪʴ ʠʣʠ ʥʘʯʘʪʴ ʫʛʨʦʞʘʪʴ, 
ʧʦ ʧʨʠʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʝʛʦ ʵʤʦʮʠʡ ʠ ʯʫʚʩʪʚ, ʝʤʫ 
ʥʝʣʴʟʷ ʜʘʪʴ ʚʟʷʪʢʫ, ʥʝʣʴʟʷ ʧʦʛʦʚʦʨʠʪʴ ʩ ʥʠʤ ʪʝʪ-ʘ-
ʪʝʪ. ʆʥ ï ʥʝ ʞʠʚʦʝ ʩʫʱʝʩʪʚʦ, ʠ ʧʦʪʦʤʫ ʝʤʫ ʥʝʪ ʥʠ-
ʢʘʢʦʛʦ ʜʝʣʘ ʜʦ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠ ʜʦ ʯʝʣʦʚʝʢʘ ʚ 
ʧʨʠʥʮʠʧʝ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʣʠʰʴ ʩʣʝʜʫʝʪ 
ʟʘʣʦʞʝʥʥʦʡ ʚ ʩʝʙʝ ʧʨʦʛʨʘʤʤʝ, ʥʝ ʟʥʘʷ ʥʠʯʝʛʦ ʜʨʫ-
ʛʦʛʦ. ʅʦ ʚ ʵʪʦʤ ʠ ʝʛʦ ʥʝʜʦʩʪʘʪʦʢ. ʉʫʭʦʝ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʟʘʢʦʥʘ ʧʨʠ ʚʳʥʝʩʝʥʠʠ ʨʝʰʝʥʠʷ ʝʱʝ ʥʝ ʛʘʨʘʥ-
ʪʠʨʫʝʪ ʝʛʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ. 

 ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʚ 
ʙʣʠʞʘʡʰʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ 
ʠʥʪʝʣʣʝʢʪ ʥʝ ʩʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ, ʠʣʠ ʜʘʞʝ ʥʘʧʦʣʦ-
ʚʠʥʫ, ʟʘʤʝʥʠʪʴ ʩʫʜʴʶ ʚ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʝ, ʜʘ ʠ ʚʦ-
ʦʙʱʝ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʨʘʙʦʪʝ, ʟʘʪʨʘʛʠʚʘʶʱʝʡ ʛʫʤʘʥʠ-
ʪʘʨʥʳʝ ʧʨʦʙʣʝʤʳ. ʆʥ ʝʱʝ ʥʝ ʥʘʩʪʦʣʴʢʦ ʨʘʟʚʠʪ ʠ 
ʩʧʦʩʦʙʝʥ ʜʝʡʩʪʚʦʚʘʪʴ ʣʠʰʴ ʩʣʝʜʫʷ ʟʘʜʘʥʥʦʤʫ ʙʘʟʦ-
ʚʦʤʫ ʰʘʙʣʦʥʫ, ʯʪʦ ʚʨʷʜ ʣʠ ʧʨʠʤʝʥʠʤʦ ʚ ʩʫʜʝʙʥʳʭ 
ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʘʭ ʥʘʰʠʭ ʨʝʘʣʠʡ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ, 
ʧʦʨʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦ ʩʫʜʴʙʝ ʯʝʣʦʚʝʢʘ. ʇʨʠ ʵʪʦʤ 
ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʤʦʞʝʪ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ 
ʤʝʥʝʝ ʨʫʪʠʥʥʦʡ ʠ ʤʫʪʦʨʥʦʡ, ʚʝʜʴ ʚʩʶ çʙʫʤʘʞʥʫʶè 
ʨʘʙʦʪʫ ʠ ʨʘʙʦʪʫ ʩ ʜʘʥʥʳʤʠ ʩʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʤʘ-
ʰʠʥʘ. ʂ ʧʨʠʤʝʨʫ, ʚʦ ʌʨʘʥʮʠʠ ʫʞʝ ʜʘʚʥʦ ʧʨʘʢʪʠʯʝ-
ʩʢʠ ʠʩʢʣʶʯʠʣʠ ʙʫʤʘʞʥʳʝ ʥʦʩʠʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚ ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʣʠʰʴ ʵʣʝʢ-
ʪʨʦʥʥʳʝ ʚʘʨʠʘʥʪʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʩʪʦʷʱʝʛʦ ʜʦʢʫ-
ʤʝʥʪʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ- ʠ ʪʨʫʜʦ-
ʟʘʪʨʘʪʳ. ɸ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ 
ʧʨʠʯʠʥʦʡ ʚʥʝʜʨʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʚ ʣʶʙʳʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ.  
ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʩʧʦ-

ʩʦʙʝʥ ʧʨʠʥʠʤʘʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ 
ʨʝʰʝʥʠʝ. ɺʩʝ ʝʛʦ ʜʝʡʩʪʚʠʷ ʧʦʣʥʦʩʪʴʶ ʦʩʥʦʚʘʥʳ ʥʘ 
ʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʚʣʦʞʠʣ ʚ ʥʝʛʦ ʯʝʣʦʚʝʢ, ʠ 
ʥʘ ʪʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘʭ ʨʝʰʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ 
ʦʥ ʝʛʦ ʢʦʛʜʘ-ʪʦ ʧʦʜʚʝʣ. ɺʩʝ ʞʝ, ʯʝʣʦʚʝʢ ï ʝʜʠʥ-
ʩʪʚʝʥʥʳʡ ʚ ʥʘʰʝʤ ʤʠʨʝ ʦʙʣʘʜʘʪʝʣʴ ʞʠʚʦʛʦ ʠʥʪʝʣ-
ʣʝʢʪʘ, ʠ ʦʥ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʦʢʘ, ʪʦʯʥʦ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʟʘʤʝʥʝʥ ʯʝʤ-ʣʠʙʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʚ ʧʦʜʦʙʥʳʭ 
ʜʝʣʘʭ, ʛʜʝ ʚʘʞʥʦ ʥʝ ʪʦʣʴʢʦ ʩʣʝʜʦʚʘʥʠʝ ʧʨʘʚʠʣʘʤ ʠ 
ʟʘʢʦʥʘʤ, ʥʦ ʠ ʛʫʤʘʥʠʟʤ, ʩʦʚʝʩʪʴ ʠ ʯʝʩʪʴ.  
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. ʂʘʢʦʝ ʙʫʜʫʱʝʝ ʞʜʝʪ ʶʨʠʩʪʦʚ ʚ ʵʧʦʭʫ ʮʠʬ-

ʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï URL: 
https://www.eos.ru/eos_delopr/eos_delopr_intesting/1
07/16553/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ ï 29.07.2019) 

2. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʩʫʜʝ, ʙʦʪʳ-
ʶʨʠʩʪʳ ʠ ʢʨʘʫʜʬʘʥʜʠʥʛ ʧʨʘʚʦʚʳʭ ʩʧʦʨʦʚ ï ʢʘʢ 
ʥʘʯʠʥʘʝʪʩʷ LegalTech-ʨʝʚʦʣʶʮʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ]. ï URL: https://rb.ru/opinion/legaltech/ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ ï 30.07.2019) 
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ɸʥʥʦʪʘʮʠʷ 

ʉ ʜʨʝʚʥʝʡʰʠʭ ʚʨʝʤʝʥ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʯʝʣʦʚʝʢʦʤ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʛʨʘʣʠ ʚʘʞ-

ʥʫʶ, ʘ ʠʥʦʛʜʘ ʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʧʦʭʝ ʢʨʫʛ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʟʜʘʥʥʳʭ 

ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢ. ʅʘʧʦʣʥʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʥʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝ-

ʥʠʝʤ. ʀʤʝʷ ʥʘʙʦʨ ʫʥʠʢʘʣʴʥʝʡʰʠʭ ʩʚʦʡʩʪʚ, ʚ ʥʘʰʝ ʚʨʝʤʷ ʦʥʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙ-

ʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʪʨʘʩʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʥʦʡ ʧʨʦʜʫʢʮʠʠ - ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʜʠʥʘ-

ʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʨʘʩʣʝʡ ʧʦʪʨʝʙʣʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʩʝ ʩʬʝʨʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ 

ʪʚʝʨʜʦʩʪʠ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂʊʅ ɸ ʩ ʥʘʧʦʣʥʠʪʝ-

ʣʷʤʠ: ʛʠʜʨʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ, ʢʚʘʨʮʝʤ ɹ, ʢʨʠʩʪʦʙʘʣʠʪʦʤ, ʙʝʣʦʡ ʩʘʞʝʡ, ʘʵʨʦʩʠʣʦʤ. ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʥʠ ʪʚʝʨʜʦʩʪʠ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 24-ʭ ʦʙʨʘʟʮʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʚʝʨʜʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʨʝʙʫʝ-

ʤʳʤʠ ʫʨʦʚʥʷʤʠ ʩʣʫʞʝʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

Abstract 

Since ancient times, the materials used by man in the process of his activity have played an important and 

sometimes decisive role in the process of evolution. In the modern era, the range of materials created and used in 

various fields is extremely wide. Filled polymers are no exception. Having a set of unique properties, nowadays 

they are widely used in many areas of science and technology. The industry of production of polymers and polymer 

products is one of the most dynamically developing, and the number of branches of consumption of polymeric 

materials covers almost all spheres of industrial production. The aim of the study is to evaluate the hardness 

indicators of filled polymers based on polydimethylsiloxane rubber SKTN A with fillers: aluminum hydroxide, 

quartz B, cristobalite, white carbon, aerosil. The study made it possible to determine the PCM hardness levels on 

the basis of the components considered, as well as to reveal the nature of the influence of the mass content of the 

considered fillers on the change in material properties. Conducted tests of 24 samples to determine the hardness. 

The results obtained can be used to select the compositions of promising composite materials with the required 

levels of performance characteristics. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʧʦʣʥʝʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʠʩʧʳʪʘʥʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʪʚʝʨʜʦʩʪʠ, ʢʘʫʯʫʢ, ʧʦʢʘʟʘʪʝʣʠ ʢʘ-

ʯʝʩʪʚʘ. 

Keywords: filled polymers, tests, hardness indicators, rubber, quality indicators. 

 

ʊʝʨʤʠʥ çʧʦʣʠʤʝʨè ʚ 1833 ʛʦʜʫ ʚʚʝʣ ʚ ʥʘʫʢʫ 

ʰʚʝʜʩʢʠʡ ʫʯʝʥʳʡ ʁʝʥʩ ʗʢʦʙ ɹʝʨʮʝʣʠʫʩ[1]. ʅʦ ʰʠ-

ʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʥʘʫʢʠ ʥʘʯʘʣʦʩʴ ʚ 20 ʚʝʢʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʨʦʚʦʡ ʚʳʧʫʩʢ ʧʦʣʠʤʝʨʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʜʦʩʪʠʛ ʫʨʦʚʥʷ ʙʦʣʝʝ 90 ʤʣʥ. ʪʦʥ ʚ ʛʦʜ. ɺ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪʧʦʣʠʤʝʨʳ ʧʦ ʦʙʲʝʤʫ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʝʚʦʩʭʦʜʷʪ ʪʘʢʠʝ ʪʨʘʜʠʮʠʦʥ-

ʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ. ʇʦʣʠʤʝʨʳ 

ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʢʘʢ ʣʝʛʢʦʩʪʴ, ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʭʦʨʦ-

ʰʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʪʦʡʢʦʩʪʴ ʢ ʘʛʨʝʩ-

ʩʠʚʥʳʤ ʩʨʝʜʘʤ ʠ ʜʨ., ʤʥʦʛʠʝ ʧʦʣʠʤʝʨʳ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʣʝʛʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ. ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʨʫʜʥʦ ʥʘʟʚʘʪʴ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʙʳ ʥʝ ʧʨʠ-

ʤʝʥʷʣʠʩʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʚʥʠʭ ʩʦʯʝʪʘʶʪʩʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝ-

ʩʪʚʘ.ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʷʚ-

ʣʷʝʪʩʷ ʪʚʝʨʜʦʩʪʴ. ʊʚʝʨʜʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʝʝ ʟʥʘʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʩʦʩʪʘʚʦʤ 

ʠ ʫʩʣʦʚʠʷʤʠ ʚʥʝʰʥʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ, ʩʢʦʨʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷʫʩʠʣʠʷ, 

ʜʨʫʛʠʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ). ʇʦ ʟʥʘʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ 

ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʢʘʟʘ-

ʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂʊʅ ɸ ʩ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ: ʛʠʜʨʦʢʩʠʜʦʤ ʘʣʶʤʠʥʠʷ, ʢʚʘʨʮʝʤ 

ɹ, ʢʨʠʩʪʦʙʘʣʠʪʦʤ, ʙʝʣʦʡ ʩʘʞʝʡ, ʘʵʨʦʩʠʣʦʤ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨ-

ʥʘʷ ʦʩʥʦʚʘ ʠ ʥʘʧʦʣʥʠʪʝʣʴ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʡ 

ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʦʚʘʥ ʩʠʣʠʢʦʥʦʚʳʡ ʢʘʫʯʫʢ ʉʂʊʅ ɸ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʛʠʜʨʦʢʩʠʜ 

ʘʣʶʤʠʥʠʷ, ʢʚʘʨʮ, ʢʨʠʩʪʦʙʘʣʠʪ, ʙʝʣʘʷ ʩʘʞʘ, ʘʵʨʦ-

ʩʠʣ.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

2. ʇʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ 24-ʭ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟ-

ʮʦʚ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʩ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʙʝʟ ʥʝʝ. 

3. ʆʮʝʥʢʠ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʚʝʨʜʦʩʪʠ 
ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

4. ʆʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ, ʦʙʣʘʜʘʶ-
ʱʠʭ ʥʘʠʣʫʯʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʚʝʨʜʦʩʪʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚʳʙʨʘʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ 

ʛʝʦʤʝʪʨʠʝʡ ʦʙʨʘʟʮʳ. ʄʦʜʠʬʠʢʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʟʤʝʨʦʚ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥ ʠ ʟʦʥ ʟʘʢʨʝʧ-

ʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠʟʛʦʪʦʚ-

ʣʷʣʠʩʴ ʧʣʦʩʢʠʝ ʢʚʘʜʨʘʪʥʳʝ (ʚʠʜ ʩʚʝʨʭʫ) ʦʙʨʘʟʮʳ 

ʪʦʣʱʠʥʦʡ 5 ʤʤ (ʨʠʩ.1). 
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ʈʠʩ.1.ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʩʪʷʞʝʥʠʝ  

ʧʦ ɻʆʉʊ ʈ 54553-2011 

 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʤʘʪʨʠʮʳ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʧʦʣʥʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

 

ʊʘʙʣ. 1 

ʌʨʘʛʤʝʥʪ ʪʘʙʣʠʮʳ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʣʠʢʦʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʉʂʊʅ ɸ  

ʚ ʤʘʩʩʦʚʳʭ ʜʦʣʷʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ˉ ʦʙ-

ʨʘʟʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ 

ʩʚʷʟʫʶʱʝʛʦ, ʤʘʩʩ. % 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠ-

ʪʝʣʷ(ʝʡ), ʤʘʩʩ. % 

ʨʝʞʠʤ ʦʙʨʘʙʦʪʢʠ 

ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʇʨʠʤʝʯʘ-

ʥʠʝ 

ɻʠʜʨʦʢʩʠʜ + ʂʚʘʨʮ ɹ 

1 40 
ʂʚʘʨʮ ɹ ï 30 

Al(OH)3 ï 30 
1  

2 50 
ʂʚʘʨʮ ɹ ï 25 

Al(OH)3 ï 25 
1  

3 60 
ʂʚʘʨʮ ɹ ï 20 

Al(OH)3 - 20 
1  

4 40 
ʂʚʘʨʮ ɹ ï 30 

Al(OH)3 ï 30 
2  

5 50 
ʂʚʘʨʮ ɹ ï 25 

Al(OH)3 ï 25 
2  

6 60 
ʂʚʘʨʮ ɹ ï 20 

Al(OH)3 - 20 
2  

 

ʉʦʛʣʘʩʥʦ ʟʘʜʘʯʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʚʝʨʜʦʩʪʠ. ʀʩʧʳʪʘʥʠʷ ʟʘʢʣʶ-

ʯʘʶʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʥʳ ʧʦʛʨʫʞʝʥʠʶ ʚ ʥʝʝ ʠʥʜʝʥʪʦʨʘ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʪʚʝʨʜʦʤʝʨ NOVOTEST ʊʐ-ɸ (ʨʠʩ.2)- ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʠʙʦʨʦʚ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʮʝʭʦʚʳʭ ʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

 
ʈʠʩ. 2. ʊʚʝʨʜʦʤʝʨ NOVOTEST ʊʐ-ɸ 

 

ʆʮʝʥʢʘ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʣʫʯʘʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝʤ ʧʦʢʘʟʘʥʠʡ ʪʚʝʨʜʦʤʝʨʘ. ʈʠʩʫʥʢʠ 3,4 

ʥʘʛʣʷʜʥʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʘʵʨʦʩʠʣʦʤ ʠ ʙʝʣʦʡ ʩʘʞʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ.3. ʀʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʘʵʨʦʩʠʣʦʤ 

 

 
ʈʠʩ.4. ʀʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʙʝʣʦʡ ʩʘʞʝʡ (100) 

 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢʠ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘʧʦʣʥʠʪʝʣʷ ʚ 

ʩʦʩʪʘʚʝ ʚʦʟʨʘʩʪʘʝʪ ʠ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʢʘʢ ʦʙʨʘʟʮʦʚ ʩ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʦʡ, ʪʘʢ ʠ ʙʝʟ ʦʙʨʘʙʦʪʢʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʠʙʦʣʴʰʝʡ ʪʚʝʨʜʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʙʝʣʦʡ ʩʘʞʠ, 

ʧʨʦʰʝʜʰʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ (ʨʠʩ.5). 

 

 
ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʚʝʨʜʦʩʪʠ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʦʡ ʩʘʞʠ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʥʠ ʪʚʝʨʜʦʩʪʠ ʇʂʄ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʳ-

ʷʚʠʪʴ ʫʨʦʚʥʠ ʪʚʝʨʜʦʩʪʠ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨ 

ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʨʝʙʫʝʤʳʤʠ ʫʨʦʚʥʷʤʠ ʩʣʫʞʝʙ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1.ʉʫʪʷʛʠʥ ɺ.ʄ.ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ: 

ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ. ʄ. ʉʫʪʷʛʠʥ, ʆ. ʉ. ʂʫʢʫʨʠʥʘ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠ-

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ī ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤ-

ʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2010. ï 96 ʩ. 

2. ʉʚʠʨʠʜʦʚ ɽ.ɹ. ʂʥʠʛʘ ʦ ʧʦʣʠʤʝʨʘʭ: ʩʚʦʡʩʪʚʘ 

ʠ ʧʨʠʤʝʥʝʥʠʝ,ʠʩʪʦʨʠʷ ʠ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʘʪʝʨʠ-

ʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ / 

ɽ.ɹ. ʉʚʠʨʠʜʦʚ,ɺ.ʂ.ɼʫʙʦʚʳʡ; ʉʝʚ.(ɸʨʢʪʠʯ.) ʬʝ-

ʜʝʨ.ʫʥ-ʪ.-2-ʝ ʠʟʜ;ʠʩʧʨ. ʠ ʜʦʧ.-ɸʨʭʘʥʛʝʣʴʩʢ: 

ʉɸʌʋ,2016.-392 ʩ.:ʠʣ. 
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ʀʙʨʘʛʠʤʦʚ ɸ.ʄ. 

ʇʨʦʬʝʩʩʦʨ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅʀʋ ʄɻʉʋ) 

ɼʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ  

ɽʚʜʦʢʠʤʦʚ ɸ.ɽ. 

ɸʩʧʠʨʘʥʪ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅʀʋ ʄɻʉʋ) 
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THE DEFINITION OF BEARING ABILITY OF ELEMENTS OF STEEL FRAME MANUFACTURING 

DEFECTS OF STRUCTURES 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʳʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʨʘʟʨʫ-

ʰʝʥʠʶ ʜʝʬʝʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʩ ʫʯʝʪʦʤ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʮʝʣʦʩʪʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫ-

ʘʮʠʡ. ɺʳʷʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʤʝʪʦʜʠʢ ʫʯʝʪʘ ʜʝʬʝʢʪʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʨʦʙʣʝʤʳ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʃʀʈɸ-ʉɸʇʈ.  

Abstract 

This article discusses the issues of providing resistance to progressive destruction of defective elements of 

the frame, taking into account emergency situations. The results were obtained to determine a holistic approach 

to integrated safety and prevention of accidents. The absence of developed methods of accounting for defects in 

the manufacture of structures was revealed. The problems of the reliability of the LYRA-CAD software complex 

are determined. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʪʘʣʴʥʦʡ ʢʘʨʢʘʩ ʦʜʥʦʵʪʘʞʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʜʘʥʠʷ, ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʝ ʨʘʟʨʫ-

ʰʝʥʠʝ, ʜʝʬʝʢʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

Key words: Steel frame of one-storey industrial building, progressive destruction, defects in the manufacture 

of structures. 

 

ɺɺɽɼɽʅʀɽ: ʆʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʥʠʞʝʥʠʝ ʩʨʦʢʦʚ ʠʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʫʚʝʣʠʯʝʥʠʝ ʨʝ-

ʤʦʥʪʥʦʛʦ ʧʝʨʠʦʜʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʠ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʢʘʧʠʪʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʦʟʥʠʢʘʶ-

ʱʠʭ ʥʘ ʩʪʘʜʠʠ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʦʥʪʘʞʘ ʩʦ-

ʦʨʫʞʝʥʠʷ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʪ ʠʟʤʝʥʯʠ-

ʚʦʩʪʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʪʘʣʠ ʚʦ ʚʨʝʤʝʥʠ.  

ɺʦʧʨʦʩʳ ʠʟʫʯʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ 

ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝ-

ʣʝʡ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʵʪʠ ʚʦʧʨʦʩʳ 

ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ [8, 10]. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʦʙʳʯʥʦ ʫʜʝʣʷʝʪʩʷ ʘʥʘʣʠʟʫ ʧʨʠʯʠʥ ʧʦʷʚʣʝʥʠʷ ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʠ ʩʧʦʩʦʙʦʚ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. ɺʦʧʨʦʩ 

ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʙʝʟ ʫʩʪʨʘʥʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʠʭ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʨʘʟʨʫʰʝʥʠʶ ʦʪ-

ʨʘʞʝʥ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʷʚʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ.  

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ, ʢʘʢ ʦʪʝʯʝ-

ʩʪʚʝʥʥʳʭ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ, ʧʦʩʚʷʱʝʥʦ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʕʣʝʤʝʥʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ, 

ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ, 

ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʫʩʠʣʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩ ʜʝʬʝʢʪʘʤʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷʤʠ ʯʘʩʪʦ ʫʩʠ-

ʣʠʚʘʶʪʩʷ ʙʝʟ ʜʦʣʞʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʠʭ 

ʬʘʢʪʠʯʝʩʢʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʬʘʢʪʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ ʠ 

ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʕʪʦ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʦ ʩ ʦʪ-

ʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʨʘʩ-

ʯʝʪʫ ʧʦʚʨʝʞʜʝʥʥʳʭ ʠ ʜʝʬʝʢʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʨʘʟʨʫʰʝʥʠʶ.  

ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ 



ζColloquium - journal Ȼ#17(41),2019 / TECHNICAL SCIENCE 71 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʫʩʣʦ-

ʚʠʷʭ, ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. ʕʪʘ ʟʘʜʘʯʘ ʜʦʣʞʥʘ ʨʝʰʘʪʴʩʷ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʫʯʝʪʦʤ ʚʣʠʷ-

ʥʠʷ ʠʤʝʶʱʠʭʩʷ ʜʝʬʝʢʪʦʚ ʠ ʥʘʢʦʧʠʚʰʠʭʩʷ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʚʨʝʞʜʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʫʩʠʣʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʩʪʘʣʴʥʦʛʦ ʢʘʨʢʘʩʘ, ʥʘ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʦʙʨʫʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʝ-

ʬʝʢʪʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʦʜ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤ ʦʙʨʫʰʝʥʠʝʤ ʧʦʥʠʤʘ-

ʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʦ-

ʚʨʝʞʜʝʥʠʷ ʚ ʚʠʜʝ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ ʦʪ ʵʣʝʤʝʥʪʘ ʢ 

ʵʣʝʤʝʥʪʫ, ʢʦʪʦʨʦʝ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʫʰʝʥʠʶ ʚʩʝʛʦ ʩʦʦʨʫʞʝʥʠʷ ʠʣʠ ʥʝʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʙʦʣʴʰʦʡ ʝʛʦ ʯʘʩʪʠ.  

ʉʦʛʣʘʩʥʦ, ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʥʦʨʤ ɻʆʉʊ 

27751-88 [3] ʠ ʧ.5.1 ʉʇ 56.13330.2011 [4] ʧʨʝʜʧʠ-

ʩʳʚʘʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʳʭ 

ʦʧʘʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʨʦʛʨʝʩʩʠ-

ʨʫʶʱʝʤʫ ʦʙʨʫʰʝʥʠʶ. ʅʦ ʘʚʪʦʨʳ ʤʝʪʦʜʠʢ ʥʝ ʧʨʠ-

ʚʦʜʷʪ. ʆʜʥʘʢʦ ʨʝʢʦʤʝʥʜʫʝʪ ʢ ʧʨʠʤʝʥʝʥʠʶ ʨʘʩʯʝʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚ 

ʈʦʩʩʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʪʘʢʠʭ ʢʘʢ ʃʀʈɸ, 

SCAD, ANSYS, ʉʊɸɼʀʆ, Nastran ʠ ʜʨ. 

ɺ ʪʦʞʝ ʚʨʝʤʷ, ʚʥʝʩʝʥʥʳʝ ʚ ʧʦʣʦʞʝʥʠʷ [3,4,5] 

ʠʟʤʝʥʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʚʳʟʳʚʘʝʪ ʫ ʥʝʢʦ-

ʪʦʨʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʦʟʨʘʞʝʥʠʷ. ʕʪʠ ʚʦʟʨʘʞʝʥʠʷ 

ʢʘʩʘʶʪʩʷ ʪʦʛʦ, ʯʪʦ ʧʦʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝ-

ʣʠʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʚʫʯʝ-

ʩʪʠ ʟʜʘʥʠʷ ʚ ʨʘʤʢʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ 

ʩʠʪʫʘʮʠʷʭ ʠʟʫʯʘʝʪʩʷ ʫʞʝ ʜʘʚʥʦ [6].  

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʨʴʝʟʥʦ ʠʩʩʣʝʜʫʝʪʩʷ ʩ 

1990ʛ. ʊʘʢ ʚ [7] ʜʘʥ ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, ʥʘ ʦʩ-

ʥʦʚʝ ʙʦʣʝʝ ʧʷʪʠʜʝʩʷʪʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ. ʅʘ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʘʥʥʳʡ ʚʦ-

ʧʨʦʩʦʤ ʟʘʥʠʤʘʣʠʩʴ ʪʘʢʠʝ ʫʯʝʥʥʳʝ ʢʘʢ ʖ.ʄ. ʉʪʨʫ-

ʛʘʮʢʠʡ, ʇ.ɻ. ɽʨʝʤʝʝʚ, ɻ.ɸ. ɻʝʥʠʝʚ, ʖ.ʀ. ʂʫʜʠʰʠʥ, 

ɻ.ʀ. ʐʘʧʠʨʦ ʠ ʜʨ. [8-10]. 

ɺ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʨʦʛʨʝʩʩʠʨʫ-

ʶʱʝʤʫ ʦʙʨʫʰʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ:  

- ʋʩʠʣʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʛʦ 

ʟʜʘʥʠʷ; 

-ʃʦʢʘʣʴʥʦʝ ʫʩʠʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ; 

-ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʣʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʟʜʘʥʠʷ ʢʘʢ 

ʩʠʩʪʝʤʫ.  

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʠ ʙʦʣʝʝ ʯʘʩʪʥʳʝ ʤʝʪʦʜʳ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʝʜʫʧʨʝ-

ʞʜʝʥʠʷ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʷ [11]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʯʪʦ, ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʠ ʧʫʙ-

ʣʠʢʘʮʠʷʭ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʦʜʥʦʟʥʘʯʥʦʩʪʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʦʙʨʫʰʝʥʠʶ. ɺʦ 

ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʧʨʦʯʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ, ʜʦʩʪʦʚʝʨ-

ʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʳʭ ʥʝ ʚʩʝʛʜʘ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʯʠʩʣʝʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʠ ʨʝʘʣʴʥʳʤ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʝʤ.  

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ: ʆʙʦʩʥʦʚʘʥʠʝ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʧʨʦʪʠʚʣʷʪʴʩʷ ʧʨʦʛʨʝʩʩʠ-

ʨʫʶʱʝʤʫ ʦʙʨʫʰʝʥʠʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʨʘʩʯʝʪʘ.  

ɼʘʥʥʳʡ ʨʘʩʯʝʪ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʚʫʤʷ ʤʝ-

ʪʦʜʘʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚ-

ʥʦʚʝʩʠʷ ʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.  

ʂʠʥʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʚʷʟʘʥ ʩ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʠ ʦʙʲʸʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʘ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʧʦʟʚʦʣʷʶʪ, ʢʘʢ 

ʧʨʦʚʝʨʠʪʴ, ʪʘʢ ʠ ʧʦʜʦʙʨʘʪʴ ʩʝʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. 

ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʷ ʢ ʧʨʦʛʨʝʩʩʠʨʫʶ-

ʱʝʤʫ ʦʙʨʫʰʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʦʩʦ-

ʙʦʝ ʩʦʯʝʪʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ, ʚʢʣʶʯʘʶ-

ʱʠʭ ʜʣʠʪʝʣʴʥʳʝ ʠ ʧʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʦʩʦʙʳʭ ʥʘʛʨʫʟʦʢ [12].  

ʈʘʩʯʝʪʦʤ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʦʚʝʨʝʥʳ ʚʩʝ ʚʦʟʤʦʞ-

ʥʳʝ ʩʭʝʤʳ ʨʘʟʨʫʰʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʚ ʵʣʝ-

ʤʝʥʪʘʭ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʭ ʥʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʨʘʟ-

ʨʫʰʝʥʠʝ, ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ. 

ʏʪʦ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ, ʚ ʢʘʯʝ-

ʩʪʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɸ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʜʝʬʝʢʪʥʳʭ ʵʣʝʤʝʥʪʘʭ ʩʪʘʣʴ-

ʥʦʛʦ ʢʘʨʢʘʩʘ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚʳʜʝʨʞʘʣʠ ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʦʙʨʫʰʝʥʠʷ. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʧʦʟʚʦʣʷʪ ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʨʘʙʦʪ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ ʫʪʦʯʥʠʪʴ ʢʨʠ-

ʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʩʫʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʟʜʘʥʠʷ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʟʘʜʘʯ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʩʯʝʪʘʭ ʩʣʝʜʫʶʱʠʡ ʤʝʪʦʜ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʩʯʝʪ ʥʘ ʧʨʦʛʨʝʩʩʠʨʫ-

ʶʱʠʝ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʇʂ ʃʀʈɸ-ʉɸʇʈ 

ʥʘ ʦʩʥʦʚʝ ʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʢʦʥʩʪʨʫʢʮʠʡ.  

ʐʘʛʠ ʨʘʩʯʝʪʘ, ʩʣʝʜʫʶʱʠʝ:  

- ʩʦʟʜʘʝʤ ʨʘʩʯʝʪʥʫʶ ʩʭʝʤʫ, ʟʘʜʘʝʤ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ, ʥʘʟʥʘʯʘʝʤ ʪʠʧʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ 

ʞʝʩʪʢʦʩʪʠ. ɼʣʷ ʫʯʸʪʘ ʬʠʟʠʯʝʩʢʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʠ (ʬʣʘʥʮʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʘʣʦʢ ʚ ʦʩʷʭ 

ɽ-ɼ/3) ʚʳʙʠʨʘʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʧʳ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ 410, 442, 444).  

- ʢ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ ʜʚʘ ʟʘ-

ʛʨʫʞʝʥʠʷ: ʧʝʨʚʦʝ ʤʦʜʝʣʠʨʫʝʪ ʧʦʩʪʦʷʥʥʳʝ ʠ ʜʣʠ-

ʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ, ʚʪʦʨʦʝ ʧʦʟʚʦ-

ʣʷʝʪ ʫʯʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʢ ʚʝʨʭʥʝʤʫ ʫʟʣʫ ʨʘʟʨʫʰʝʥʥʦʡ ʢʦʣʦʥʥʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʣʦʞʠʪʴ ʫʩʠʣʠʝ, ʩʦʩʪʘʚʣʷʶʱʝʝ ʦʧʨʝʜʝʣʝʥʥʫʶ 
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ʯʘʩʪʴ ʦʪ ʫʩʠʣʠʷ ʚ ʵʪʦʡ ʢʦʣʦʥʥʝ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ 

ʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʦʢ ʠʟ ʧʝʨʚʦʛʦ ʟʘʛʨʫʞʝʥʠʷ; 

- ʩ ʧʦʤʦʱʴʶ çʄʦʥʪʘʞʥʳʭ ʪʘʙʣʠʮè ʤʦʜʝʣʠʨʫ-

ʶʪʩʷ ʩʪʘʜʠʠ ʦʙʨʫʰʝʥʠʷ. ʌʦʨʤʠʨʫʝʪʩʷ ʜʚʝ ʩʪʘʜʠʠ. 

ɺ ʧʝʨʚʫʶ ʚʭʦʜʷʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʟ ʠʩ-

ʢʣʶʯʝʥʠʷ, ʚʦ ʚʪʦʨʫʶ ï ʚʩʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʟʨʫ-

ʰʘʝʤʦʛʦ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʩʷʭ ɽ-ɼ/3;  

- ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʣʠʥʝʡʥʦʛʦ ʨʘʩʯʝʪʘ ʩʠ-

ʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝʩʩʘ ʤʦʥʪʘʞʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘ-

ʜʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʣʠʥʝʡʥʳʭ ʟʘʛʨʫʞʝʥʠʡ ʨʘʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʫ ʩʪʘʜʠʡ ʤʦʥʪʘʞʘ. ɼʣʷ ʚʪʦʨʦʛʦ ʥʝʣʠʥʝʡ-

ʥʦʛʦ ʟʘʛʨʫʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʳʜʫ-

ʱʝʝ ʥʘʛʨʫʞʝʥʠʝ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʸʪʘ ʷʚʣʷʶʪʩʷ ʫʩʠʣʠʷ, ʥʘʧʨʷ-

ʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʪʘʧʦʚ ʧʨʠʣʦ-

ʞʝʥʠʷ ʥʘʛʨʫʟʢʠ, ʢʘʨʪʠʥʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ, 

ʤʝʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ, ʠʥʬʦʨ-

ʤʘʮʠʷ ʦʙ ʵʣʝʤʝʥʪʘʭ, ʨʘʟʨʫʰʘʶʱʠʭʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ. ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ 

ʥʘʛʨʫʟʢʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʘʟʨʫʰʘʝʪʩʷ ʧʝʨʚʳʡ ʵʣʝʤʝʥʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦ ʥʝʡ ʩʫʜʠʪʴ ʦʙ ʠʤʝʶʱʠʭʩʷ ʟʘʧʘ-

ʩʘʭ ʧʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ: ɼʣʷ 

ʦʮʝʥʢʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʜʝʬʝʢʪʥʳʭ 

ʵʣʝʤʝʥʪʘʭ ʩʪʘʣʴʥʦʛʦ ʢʘʨʢʘʩʘ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʦʙʨʫʰʝʥʠʶ ʨʘʩʩʤʦʪʨʝʥ ʨʝʘʣʴ-

ʥʳʡ ʧʨʠʤʝʨ ʦʙʩʣʝʜʦʚʘʥʥʦʛʦ ʟʜʘʥʠʷ ʢʦʪʝʣʴʥʦʡ.  

ʆʙʩʣʝʜʫʝʤʦʝ ʟʜʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʙʲʝʤʦʚ, ʩʙʣʦʢʠʨʦʚʘʥʥʳʭ ʚ ʦʜʠʥ ʨʘʟʥʦʚʳʩʦʪ-

ʥʳʡ ʦʙʲʝʤ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʢʨʘʡʥʠʭ ʦʩʷʭ 64,0Ĭ55,0 ʤ, 

ʙʣʦʢʠ ʨʘʟʜʝʣʝʥʳ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʤʠ ʰʚʘʤʠ. ɺ 

ʦʩʷʭ ɸ-ɾ/01-7 ʥʘʭʦʜʠʪʴʩʷ ʢʦʪʝʣʴʥʦʝ ʦʪʜʝʣʝʥʠʝ, ʜʝ-

ʘʵʨʘʪʦʨʥʘʷ ʵʪʘʞʝʨʢʘ, ʟʘʣ ʪʷʛʦʜʫʪʴʝʚʳʭ ʫʩʪʘʥʦʚʦʢ 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 18,0 ʤ ʧʨʦʣʝʪʦʚ ʜʣʠ-

ʥʦʡ 42 ʤ, ʚ ʦʩʷʭ ʀ-ʄ/1-7 ʥʘʭʦʜʠʪʴʩʷ ʪʫʨʙʠʥʥʦʝ ʦʪ-

ʜʝʣʝʥʠʝ ʧʨʦʣʝʪʦʤ 15,0 ʤ, ʜʣʠʥʦʡ 36,0 ʤ, ʚ ʦʩʷʭ ʅ-

ʇ/1-7 ʥʘʭʦʜʠʪʴʩʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʦʤʝʱʝʥʠʷ 

(ʈʋʉʅ 0,4ʢɺ. ɻʈʋ. ɻʑʋ) ʧʨʦʣʝʪʦʤ 6,0 ʤ ʜʣʠʥʦʡ 

36,0 ʤ, ʚ ʦʩʷʭ ɸ-ɾ/8-10 ï 36,0Ĭ18,0 ʤ ʥʘʭʦʜʠʪʴʩʷ 

ʧʦʤʝʱʝʥʠʷ ʭʠʤʚʦʜʦʦʯʠʩʪʢʠ (ʍɺʆ). ʄʝʞʜʫ ʢʦʪʝʣʴ-

ʥʳʤ ʠ ʪʫʨʙʠʥʥʳʤ ʦʪʜʝʣʝʥʠʷʤʠ ʚ ʦʩʷʭ ɾ-ʀ/1-7 ï 

6,0Ĭ36,0 ʤ ʥʘʭʦʜʠʪʴʩʷ ʯʝʪʳʨʝʭʵʪʘʞʥʦʝ ʙʫʥʢʝʨʥʦʝ 

ʦʪʜʝʣʝʥʠʝ (ʵʪʘʞʝʨʢʠ), ʧʦʵʪʘʞʥʦ ʩʚʷʟʘʥʥʦʝ ʩ ʪʨʝʭ-

ʵʪʘʞʥʦʡ ʜʝʘʵʨʘʪʦʨʥʦʡ ʵʪʘʞʝʨʢʦʡ ʥʘ ʦʪʤ. +3,600 ʤ 

ʠ +7,200 ʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʟʜʘʥʠʷ ï ʨʘʤʥʦ-ʩʚʷʟʝ-

ʚʘʷ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʤʥʘʷ ï ʚ ʧʦʧʝʨʝʯ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʂʘʨʢʘʩ ï ʩʪʘʣʴʥʦʡ ʦʜʥʦʷʨʫʩʥʳʡ 

ʜʚʫʭʧʨʦʣʝʪʥʳʡ (L=2Ĭ18ʤ) ʚ ʦʩʷʭ ɸ-ɾ, ʦʜʥʦʧʨʦ-

ʣʝʪʥʳʡ (L=15ʤ) ʚ ʦʩʷʭ ʀ-ʄ, (L=6 ʤ)  ʚ ʦʩʷʭ ʅ-ʇ, 

(L=2Ĭ9 ʤ)  ʚ ʦʩʷʭ 8-10, (L=6 ʤ)  ʚ ʦʩʷʭ ɾ-ʀ; ʰʘʛ 

ʢʦʣʦʥʥ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 6ʤ. ʉʭʝʤʘ ʟʜʘ-

ʥʠʷ ʩʤ. ʨʠʩ. 1 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʧʣʦʰʥʦʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙ-

ʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʝʬʝʢʪʳ ʠ ʧʦʚʨʝʞʜʝ-

ʥʠʷ (ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʙʦʣʪʳ ʚʦ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝ-

ʥʠʷʭ ʙʘʣʦʢ ʧʦʢʨʳʪʠʷ ʚ ʦʩʷʭ 01-7/ɸ-ɻ ʠ 01-7/ɻ-ɾ, 

ʥʝʟʘʪʷʥʫʪʳ ʜʦ ʪʨʝʙʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʥʘʪʷʞʝʥʠʷ) 

ʪʨʝʙʫʶʱʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʦ ʩʨʝʜʩʪʚʘʤ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʥʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʧʨʦʚʝʜʝʥ ʜʣʷ 

ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʙʦʨʢʠ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʘ ʠ ʉʇ 70.13330.2012 çʅʝ-

ʩʫʱʠʝ ʠ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠè. ʊʘʢ ʞʝ ʫʯʠ-

ʪʳʚʘʣʠʩʴ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʩʯʝʪʫ, ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʶ, ʠʟʛʦʪʦʚʣʝʥʠʶ ʠ ʤʦʥʪʘʞʫ ʬʣʘʥʮʝʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʪʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡè, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʎʅʀʀ ʇʨʦʝʢʪ ʩʪʘʣʴʢʦʥʩʪʨʫʢʮʠʷ 

ʠʤ. ʄʝʣʴʥʠʢʦʚʘ, ʚ 1989 ʛ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʢʦʥʪʨʦʣʶ ʧʦʜʣʝʞʘʣʦ 

ʬʣʘʥʮʝʚʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʘʣʢʠ ʧʦʢʨʳʪʠʷ ʧʦ ʦʩʠ 6/ɸ-

ɻ (ʩʤ. ʬʦʪʦ 14-16), ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʪʨʦʣʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ʂʦʥʪʨʦʣʴ ʥʘʪʷʞʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʦʣʪʦʚ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʠʥʘʤʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʢʣʶʯʘ ʧʦ ʚʝʣʠʯʠʥʝ ʤʦʤʝʥʪʘ ʟʘʢʨʫʯʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʣʩʷ, ʧʦ ʬʦʨʤʫʣʝ 31 ʨʝʢʦʤʝʥʜʘʮʠʡ 

ʎʅʀʀʇʉʂ: 

ʄʢʨ=nĬKĬB0Ĭd=1036,8 ʅĬʤ 

ʛʜʝ: n=1,0 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʧʨʠʥʠʤʘʝʤʳʡ ʧʨʠ 

ʢʦʥʪʨʦʣʝ ʫʩʠʣʠʷ ʥʘʪʷʞʝʥʠʷ ʙʦʣʪʦʚ; 

K=0,18 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ-

ʢʨʫʯʠʚʘʥʠʷ; 

B0=240000 ʅ ï ʪʨʝʙʫʝʤʦʝ ʧʨʦʝʢʪʦʤ 

(0395.ʅ1ʉ01.007.00-ʂʄ1) ʫʩʠʣʠʝ ʥʘʪʷʞʝʥʠʷ; 

d=0,024 ʤ ï ʥʦʤʠʥʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ 

ʙʦʣʪʘ. 

ʌʘʢʪʠʯʝʩʢʦʝ ʥʘʪʷʞʝʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʙʦʣ-

ʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ 700 ʅĬʤ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝ-

ʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʘ. 

ɺʳʚʦʜ ï ʌʘʢʪʠʯʝʩʢʠ ʩʤʦʥʪʠʨʦʚʘʥʥʳʝ ʬʣʘʥʮʝ-

ʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʨʦʝʢʪʘ (0395.ʅ1ʉ01.007.00-ʂʄ1) ʠ ʉʇ 

70.13330.2012 ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʧʦʩʣʫʞʠʣʦ ʥʝ ʩʦʙʣʶʜʝʥʠʝ ʥʘ 

ʩʪʘʜʠʠ ʤʦʥʪʘʞʘ, ʪʨʝʙʦʚʘʥʠʡ ʉʇ 70.13330.2012.  

ɺʳʷʚʣʝʥʳ ʜʝʬʝʢʪʳ ʚʦ ʬʣʘʥʮʝʚʳʭ ʩʦʝʜʠʥʝ-

ʥʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʥʠʞʝʥʠʝʤ ʥʝʩʫʱʝʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʨʝʙʳʚʘʥʠʷ ʣʶ-

ʜʝʡ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʝʜʝʥʠʝ ʩʪʨʘʭʦʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʫʩʠʣʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʡ). 

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʛʨʝʩ-

ʩʠʨʫʶʱʝʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʦʙʨʫ-

ʰʝʥʠʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. (ʨʠʩ.1, 2, 3) 
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ʈʠʩ. 1 ʄʦʟʘʡʢʘ ʫʩʠʣʠʡ N (ʪ.).  

ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʩʷʭ ɽ-ɼ/3 

 

 
ʈʠʩ. 2 ʄʦʟʘʡʢʘ ʧʝʨʝʤʝʱʝʥʠʡ ʧʦ ʦʩʠ Z (ʤʤ)  

ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʩʷʭ ɽ-ɼ/3 

 



74 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#17(41),2019 

 
ʈʠʩ. 3 ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʝʯʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʘʨʢʘʩʘ ʧʦ I ʛʨʫʧʧʝ ʧʨʝʜʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ  

ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʩʷʭ ɽ-ɼ/3 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ˉ 

ʧ/ʧ 
ʂʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 

ɼʦʧʫʩʪʠʤʦʝ  

ʟʥʘʯʝʥʠʝ ʧʦ 

ʉʇ 70.13330.2012, 

ʤʤ 

ɼʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝ-

ʥʠʝ ʧʦ ʈʝʢʦʤʝʥʜʘ-

ʮʠʷʤ ʎʅʀʀʇʉʂ, 

ʤʤ 

ʌʘʢʪʠ-

ʯʝʩʢʦʝ 

ʟʥʘʯʝ-

ʥʠʝ, ʤʤ 

ʇʨʠʤʝ-

ʯʘʥʠʝ 

1 

ʇʨʦʩʚʝʪ ʤʝʞʜʫ ʬʣʘʥʮʘʤʠ ʧʦʩʣʝ 

ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯ-

ʥʳʭ ʙʦʣʪʦʚ ʧʦ ʣʠʥʠʠ ʩʪʝʥʦʢ ʠ 

ʧʦʣʦʢ ʧʨʦʬʠʣʷ 

- 0,2 0,0 

ʉʦʦʪ-

ʚʝʪ-

ʩʪʚʫʝʪ 

2 

ʇʨʦʩʚʝʪ ʤʝʞʜʫ ʬʣʘʥʮʘʤʠ ʧʦʩʣʝ 

ʧʨʝʜʥʘʧʨʷʞʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯ-

ʥʳʭ ʙʦʣʪʦʚ ʧʦ ʢʨʘʷʤ ʬʣʘʥʮʝʚ, 

ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 32 ʤʤ 

- 1,0 0,5 

ʉʦʦʪ-

ʚʝʪ-

ʩʪʚʫʝʪ 

3 

ʑʫʧ ʪʦʣʱʠʥʦʡ 0,1 ʤʤ ʥʝ ʜʦʣ-

ʞʝʥ ʧʨʦʥʠʢʘʪʴ ʚ ʟʦʥʫ ʨʘʜʠʫʩʦʤ 

40 ʤʤ ʦʪ ʦʩʠ ʙʦʣʪʘ 

0,1 0,1 0,3 

ʅʝ ʩʦ-

ʦʪʚʝʪ-

ʩʪʚʫʝʪ 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʝ ʦʙʨʫʰʝʥʠʝ 

ˉ 

ʧ/ʧ 

ʇʘʨʘʤʝʪʨʳ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦ-

ʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʃʠʥʝʡʥʦ-ʫʧʨʫ-

ʛʠʡ ʨʘʩʯʝʪ ʧʨʠ 

ʧʨʦʝʢʪʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʈʘʩʯʝʪ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ ʬʣʘʥʮʝ-

ʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʩʷʭ ɽ-ɼ/3  

ʃʠʥʝʡʥʦ-

ʫʧʨʫʛʠʡ 

ʨʘʩʯʝʪ 

ʆʜʥʦʩʪʘʜʠʡʥʳʡ 

ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ 

ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʠ 

ɼʚʫʭʩʪʘʜʠʡʥʳʡ 

ʨʘʩʯʝʪ ʩ ʫʯʝʪʦʤ 

ʬʠʟʠʯʝʩʢʦʡ ʠ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʥʝ-

ʣʠʥʝʡʥʦʩʪʠ 

1 
ʅʘʠʙʦʣʴʰʠʡ ʤʦʤʝʥʪ ʚ 

ʙʘʣʢʝ ɻ-ɾ/3  
196 281 220 201 

2 

ʅʘʠʤʝʥʴʰʠʡ ʤʦʤʝʥʪ 

(ʦʧʦʨʥʳʡ) ʚ ʙʘʣʢʝ ʚ 

ʦʩʷʭ ɾ/3, ʪʤ 

54,8 21,2 18,7 16,5 

3 
ʅʦʨʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʚ 

ʙʘʣʢʝ, ʪ 
16,9 -729 -650 -729 

4 
ʅʦʨʤʘʣʴʥʦʝ ʫʩʠʣʠʝ ʚ 

ʢʦʣʦʥʥʝ ʚ ʦʩʷʭ ɾ/3, ʪ 
-36,5 -133,6 -77 -70 

5 

ʅʘʠʙʦʣʴʰʠʡ ʤʦʤʝʥʪ ʚ 

ʢʦʣʦʥʥʝ ʚ ʦʩʷʭ ɾ/3, 

ʪʤ 

0,6 18 14 12 

6 
ʇʝʨʝʤʝʱʝʥʠʝ ʫʟʣʘ ʚ 

ʦʩʷʭ ɽ-ɼ/3, ʤʤ 
-143 -3840 -4510 -4621 

7 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ 

(ʢʦʣʦʥʥ) ʚʳʰʝʜʰʠʭ 

ʠʟ ʩʪʨʦʷ  

0 7 10 12 

8 

ʇʨʦʮʝʥʪ ʵʣʝʤʝʥʪʦʚ 

ʚʳʰʝʜʰʠʭ ʠʟ ʩʪʨʦʷ ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ (38 ʰʪ.), % 

0 18 26 32 

 

 
ʈʠʩ. 1 ʇʣʘʥ ʟʜʘʥʠʷ ʢʦʪʝʣʴʥʦʡ 



76 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#17(41),2019 

ʇʨʦʚʦʜʷ ʦʮʝʥʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ, ʤʦʞʥʦ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʨʘʩʯʝʪ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʚʳ-

ʭʦʜʘ ʠʟ ʩʪʨʦʷ ʬʣʘʥʮʝʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʩʷʭ ɽ-ɾ/3 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʦʧʦʨʥʳʡ ʠ ʧʨʦʣʝʪʥʳʡ ʠʟʛʠʙʘ-

ʶʱʠʝ ʤʦʤʝʥʪʳ ʚ 1,3-1,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʪʝ ʞʝ ʤʦ-

ʤʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʣʠʥʝʡʥʦ-ʫʧʨʫʛʦʛʦ 

ʨʘʩʯʝʪʘ.  

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʘʣʢʠ ʧʦʢʨʳʪʠʷ ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʧʨʦʛʦʥʘʤʠ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʦʙʦ-

ʣʦʯʢʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚ ʥʠʭ ʚʦʟʥʠʢʘʝʪ ʩʞʠʤʘʶ-

ʱʠʝ ʫʩʠʣʠʷ. ɼʘʥʥʳʝ ʫʩʠʣʠʷ, ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʢʦʥ-

ʩʪʨʫʢʮʠʝʡ ʧʦʢʨʳʪʠʷ, ʘ ʠʤʝʥʥʦ ʧʨʦʛʦʥʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʦʜʷ ʘʥʘʣʠʟ, ʜʘʥʥʳʡ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʝʝ ʥʝʩʫʱʠʡ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝ-

ʥʠʠ ʨʘʙʦʪ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ɺʓɺʆɼʓ: ʨʘʥʝʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʨʤʘʪʠʚ-

ʥʳʝ ʜʦʢʫʤʝʥʪʳ [1-6], ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʦʜʠʢʠ ʠ ʧʨʠ-

ʤʝʨʳ ʨʘʩʯʸʪʘ ʩ ʧʦʤʦʱʴʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʟʘʱʠʪʝ ʦʪ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʦʙʨʫʰʝʥʠʷ. ʇʨʝʜʣʦ-

ʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʢʨʘʡʥʝ ʪʨʫʜʦʸʤʢʘ ʚ 

ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʧʨʘʢʪʠʢʝ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʣʦʞ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʫʶ ʬʦʨʤʫ ʨʘʟʨʫʰʝʥʠʷ ʥʘʜʦ ʫʩʪʘ-

ʥʘʚʣʠʚʘʪʴ ʧʝʨʝʙʦʨʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʩʭʝʤ ʣʦʢʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʈʝʢʦʤʝʥʜʘʮʠʷʭ ʥʝʪ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʨʦʛʠʙʦʚ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʫʟʣʦʚ. ɺ 

ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʥʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʧʨʘʢʪʠʢʝ ʩʪʨʦʠʪʝʣʴ-

ʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʝʪ ʝʜʠʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʟʘʱʠʱʝʥ-

ʥʳʭ ʦʪ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʛʦ ʦʙʨʫʰʝʥʠʷ. ʅʝʪ ʝʜʠʥʦʡ 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʟʘ ʧʦ-

ʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʈʌ ʩʪʘʪʴʠ ʥʘ ʪʝʤʫ ʞʠʚʫʯʝʩʪʠ ʟʜʘ-

ʥʠʡ. 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʝʨʚʝʨʥʦʡ ʚʝʙ-ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʙ-ʧʨʠʣʦ-

ʞʝʥʠʡ ʠ ʚʝʙ-ʩʝʨʚʠʩʦʚ ASP.NET ʠ ʩʝʨʚʝʨʥʳʤ ʷʟʳʢʦʤ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ PHP. 

Abstract 

This article describes the difference between a server-side web platform for creating dynamic web applica-

tions and ASP.NET web services and a server-side scripting language for PHP web development.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ASP.NET; PHP; ʨʘʟʣʠʯʠʷ, ʨʘʟʥʠʮʘ. 

Keywords: ASP.NET; PHP; differences, difference. 

 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ASP.NET ʠ PHP 

ASP.NET - ʵʪʦ ʩʝʨʚʝʨʥʘʷ ʚʝʙ-ʧʣʘʪʬʦʨʤʘ, ʨʘʟ-

ʨʘʙʦʪʘʥʥʘʷ Microsoft. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠ-

ʢʘʤ ʩʦʟʜʘʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʠ ʚʝʙ-

ʩʝʨʚʠʩʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʦʛʨʘʤʤʠʩʪʫ ʧʣʘʪʬʦʨʤʫ 

ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʥʠ ʩʦʟʜʘʶʪ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʚʝʙ-ʩʪʨʘʥʠʮʳ. PHP - ʵʪʦ ʩʝʨʚʝʨʥʳʡ 

ʷʟʳʢ ʩʮʝʥʘʨʠʝʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʚʝʙ-ʨʘʟʨʘ-

ʙʦʪʢʠ. ʆʥ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʤ ʢʦʥʪʝʥʪʦʤ, ʦʪʩʣʝʞʠʚʘ-

ʥʠʷ ʩʝʘʥʩʦʚ ʠ ʩʦʟʜʘʥʠʷ ʩʘʡʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʤ-

ʤʝʨʮʠʠ.  

ASP.NET 

ʇʦʤʠʤʦ ʧʣʘʪʬʦʨʤʳ ʚʝʙ-ʨʘʟʨʘʙʦʪʢʠ, ASP.NET 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʦʜʝʣʴ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, 

ʢʦʤʧʣʝʢʩʥʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʨʘʟ-

ʣʠʯʥʳʝ ʜʨʫʛʠʝ ʩʣʫʞʙʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘ-

ʪʝʣʴʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʜʝʞʥʦʛʦ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 

ʜʣʷ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺʧʝʨʚʳʝ 

ʦʥʘ ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʚ ʷʥʚʘʨʝ 2002 ʛʦʜʘ ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʝʝʤʥʠʢʦʤ ʪʝʭʥʦʣʦʛʠʠ Microsoft Active Server 

Pages (ASP). ASP.NET ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʷʟʳʢʘ, ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶ-

ʙʦʡ ʷʟʳʢ, ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ .NET, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʠʣʦʞʝʥʠʡ.  

C# ʠ VB.NET - ʜʚʘ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʷʟʳʢʘ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ. VB.NET ʥʘʧʨʷ-

ʤʫʶ ʦʩʥʦʚʘʥ ʥʘ Visual Basic, ʪʦʛʜʘ ʢʘʢ C# ʙʳʣ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʚʤʝʩʪʝ ʩ .NET Framework. ʇʣʘʪʬʦʨʤʘ 

ASP.NET ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʣʠʯʥʫʶ ʧʦʜʜʝʨʞʢʫ 

HTML, CSS ʠ JavaScript. ʇʦʩʢʦʣʴʢʫ ʦʥʘ ʧʦʩʪʨʦʝʥʘ 

ʥʘ Common Language Runtime (CLR), ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʧʠʩʘʪʴ ʢʦʜ, ʠʩʧʦʣʴʟʫʷ ʣʶʙʦʡ ʧʦʜ-

ʜʝʨʞʠʚʘʝʤʳʡ ʷʟʳʢ .NET.  

ASP.NET ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʝʙ-ʩʪʨʘʥʠʮ. ʕʪʘ ʧʣʘʪʬʦʨʤʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʣʝʛʢʠʡ ʠ ʙʳʩʪʨʳʡ ʩʧʦʩʦʙ ʦʙʲʝʜʠʥʝʥʠʷ ʩʝʨ-

ʚʝʨʥʦʛʦ ʢʦʜʘ ʩ HTML. ʈʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʩʦʟʜʘ-

ʚʘʪʴ ʵʣʝʛʘʥʪʥʳʝ ʩʘʡʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʚʝʡ-

ʰʠʤ ʚʝʙ-ʩʪʘʥʜʘʨʪʘʤ. ʊʘʢʞʝ ʧʦʤʦʛʘʝʪ ʜʦʙʘʚʣʷʪʴ 

ʚʠʜʝʦ, ʩʩʳʣʢʠ ʥʘ ʩʘʡʪʳ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʝʡ. 

ASP.NET - ʵʪʦ ʥʘʜʝʞʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦ-

ʪʦʨʦʡ ʨʘʟʨʘʙʦʪʯʠʢʠ ʤʦʛʫʪ ʧʠʩʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʣʶ-

ʙʦʛʦ ʪʠʧʘ.  

PHP 

PHP ʥʘʯʘʣ ʩʚʦʡ ʧʫʪʴ ʢʘʢ ʥʝʙʦʣʴʰʦʡ ʧʨʦʝʢʪ ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʢʦʪʦʨʳʡ ʩʦ ʚʨʝʤʝʥʝʤ 

ʨʘʟʚʠʚʘʣʩʷ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʧʫʣʷʨʥʳʭ 

ʙʘʟ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʥʪʝʛʨʠ-

ʨʦʚʘʪʴ ʩ PHP-ʢʦʜʦʤ. ʕʪʦʪ ʢʦʜ ʦʙʳʯʥʦ ʦʙʨʘʙʘʪʳʚʘ-

ʝʪʩʷ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʤ PHP, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʦʚʘʥ ʚ 

ʚʠʜʝ ʤʦʜʫʣʷ ʥʘ ʚʝʙ-ʩʝʨʚʝʨʝ.  

ɺʝʙ-ʩʝʨʚʝʨ ʦʙʲʝʜʠʥʷʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝ-

ʪʠʨʦʚʘʥʥʦʛʦ ʠ ʠʩʧʦʣʥʷʝʤʦʛʦ ʢʦʜʘ PHP, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʛʦ ʪʠʧʘ, ʚʢʣʶʯʘʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

PHP ʜʦʚʦʣʴʥʦ ʙʳʩʪʨ ʚ ʩʚʦʝʤ ʠʩʧʦʣʥʝʥʠʠ. ʆʥ ʨʘʙʦ-

ʪʘʝʪ ʙʦʣʝʝ ʧʣʘʚʥʦ, ʢʦʛʜʘ ʩʢʦʤʧʠʣʠʨʦʚʘʥ ʢʘʢ ʤʦ-

ʜʫʣʴ Apache ʥʘ ʩʪʦʨʦʥʝ Unix. PHP ʪʘʢʞʝ ʧʦʜʜʝʨʞʠ-

ʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʥʳʭ ʧʨʦʪʦʢʦ-

ʣʦʚ, ʪʘʢʠʭ ʢʘʢ POP3, IMAP ʠ LDAP.  

ɼʦʙʘʚʣʝʥʥʘʷ ʧʦʜʜʝʨʞʢʘ Java ʠ ʨʘʩʧʨʝʜʝʣʝʥ-

ʥʳʭ ʦʙʲʝʢʪʥʳʭ ʘʨʭʠʪʝʢʪʫʨ ʚʧʝʨʚʳʝ ʩʜʝʣʘʣʘ ʤʥʦʛʦ-

ʫʨʦʚʥʝʚʫʶ ʨʘʟʨʘʙʦʪʢʫ ʨʝʘʣʴʥʦʩʪʴʶ ʚ ʵʢʦʩʠʩʪʝʤʝ 

PHP. PHP ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʙʝʩʧʣʘʪʥʳʭ 
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ʙʠʙʣʠʦʪʝʢ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ. ɺ ʦʩʥʦʚ-

ʥʦʤ ʵʪʦ ʠʥʪʝʨʥʝʪ ʩʠʩʪʝʤʳ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʤʦʜʫ-

ʣʷʤʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ FTP-ʩʝʨʚʝʨʘʤ ʠ ʤʥʦʛʠʤ ʩʝʨʚʝ-

ʨʘʤ ʙʘʟ ʜʘʥʥʳʭ. ɽʩʪʴ ʨʘʟʥʳʝ ʬʫʥʢʮʠʠ, ʟʥʘʢʦʤʳʝ 

ʧʨʦʛʨʘʤʤʠʩʪʘʤ ʥʘ C, ʥʘʧʨʠʤʝʨ, ʚ ʩʝʤʝʡʩʪʚʝ 

çstdioè, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʩʙʦʨʢʘʭ 

PHP.  

ʂʣʶʯʝʚʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ASP.NET ʠ PHP 

ASP.NET ʠ PHP ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʥʘ 

ʨʳʥʢʝ. ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ASP.NET ʠ PHP:  

ASP.NET ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜ-

ʥʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʪʦʛʜʘ ʢʘʢ PHP ʜʣʷ ʟʘʧʫʩʢʘ ʩʝʨʚʝ-

ʨʦʚ ʚ ʥʝʙʦʣʴʰʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ.  

ASP.NET ʠʤʝʝʪ ʧʨʠʣʠʯʥʫʶ ʜʦʣʶ ʨʳʥʢʘ ʚ 

ʤʠʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ PHP ʩ ʦʪ-

ʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʳʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʣʶ ʨʳʥʢʘ, 

ʯʝʤ ASP.NET.  

ʉʦʦʙʱʝʩʪʚʦ PHP ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʯʝʤ ASP.NET. 

ASP.NET ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠ ʩʦʟʜʘʥʠʷ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. ʅʘʩʪʦʣʴʥʳʝ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ PHP ʨʘʙʦʪʘʶʪ ʤʝʜʣʝʥʥʝʝ. 

ASP.NET ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, 

ʛʜʝ ʢʣʶʯʝʚʳʤʠ ʚʦʧʨʦʩʘʤʠ ʷʚʣʷʶʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʪʦʛʜʘ ʢʘʢ PHP ʜʣʷ ʧʨʠʣʦʞʝ-

ʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʦʣʴ-

ʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʘʤ.  

ʇʣʘʪʬʦʨʤʘ ASP.NET ʠʥʬʦʨʤʠʨʫʝʪ ʨʘʟʨʘʙʦʪ-

ʯʠʢʦʚ, ʝʩʣʠ ʦʥʠ ʜʦʧʫʩʪʠʣʠ ʢʘʢʫʶ-ʣʠʙʦ ʦʰʠʙʢʫ ʚ 

ʢʦʜʠʨʦʚʘʥʠʠ ʧʝʨʝʜ ʢʦʤʧʠʣʷʮʠʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʙʦ-

ʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʦʡ ʦʰʠʙʢʘʤ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ PHP ʥʝʪ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʟʚʦ-

ʣʷʶʱʝʡ ʨʘʟʨʘʙʦʪʯʠʢʫ ʟʥʘʪʴ ʦ ʧʣʦʭʦʤ ʢʦʜʝ ʥʘ ʵʪʘʧʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʤʧʠʣʷʮʠʠ.  

ʀʟʫʯʝʥʠʝ ʠ ʧʦʥʠʤʘʥʠʝ ASP.NET ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʥʦʚʠʯʢʘ, ʠ ʜʣʷ ʝʛʦ 

ʦʩʚʦʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʚʨʝʤʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ PHP, ʷʚ-

ʣʷʶʱʠʡʩʷ ʷʟʳʢʦʤ ʩʮʝʥʘʨʠʝʚ, ʣʝʛʯʝ ʠʟʫʯʘʪʴ ʠ ʧʦʥʠ-

ʤʘʪʴ.  

 

ASP.NET ʠ PHP. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ 

 ASP.NET PHP 

ʊʠʧ 
ʌʨʝʡʤʚʦʨʢ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ ʩʦʟʜʘʥ 

Microsoft 

ʉʝʨʚʝʨʥʳʡ ʷʟʳʢ ʩʮʝʥʘʨʠʝʚ ʩʦʟʜʘʥ ʈʘʩʤʫʩʦʤ 

ʃʝʨʜʦʨʬʦʤ 

ʇʦʜʜʝʨʞʢʘ 
ʂʨʫʧʥʳʝ ʠ ʩʨʝʜʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʧʨʠ-

ʣʦʞʝʥʠʷ 
ʄʘʣʳʝ ʠ ʩʨʝʜʥʠʝ ʚʝʙ-ʨʝʰʝʥʠʷ 

ʈʝʰʝʥʠʷ 
ɹʦʣʴʰʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 

ɹʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʢʣʠʝʥʪʫ, ʧʦʣʴʟʦ-

ʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʘʤ 

ʉʦʦʙʱʝʩʪʚʦ 
ɺʳʜʝʣʝʥʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩ ʤʝʥʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʉʦʦʙʱʝʩʪʚʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʩ ʤʦʤʝʥʪʘ ʝʛʦ 

ʦʪʢʨʳʪʠʷ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʆʯʝʥʴ ʙʝʟʦʧʘʩʥʳʡ 
ʄʝʥʝʝ ʚʩʪʨʦʝʥʥʘʷ ʬʫʥʢʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʯʝʤ 

.NET 

ʉʢʦʨʦʩʪʴ 
ɼʦʩʪʦʡʥʘʷ ʩʢʦʨʦʩʪʴ, ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʘʷ 

ʜʣʷ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 
ʄʝʜʣʝʥʥʝʝ ʜʣʷ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ 

ʅʘʩʪʨʦʡʢʘ ʄʝʥʝʝ ʩʢʣʦʥʥʘ ʢ ʥʘʩʪʨʦʡʢʝ 
ʈʘʩʰʠʨʝʥʥʘʷ ʥʘʩʪʨʦʡʢʘ ʚʳʟʳʚʘʝʪ ʦʰʠʙʢʠ, ʧʦ-

ʵʪʦʤʫ ʢʦʜʠʨʦʚʘʥʠʝ ʭʫʞʝ, ʯʝʤ ʚ .NET 

ɿʘʢʣʶʯʝʥʠʝ 

PHP - ʩʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʚ ʤʠʨʝ ʠ ʠʥʪʝʨʥʝʪʝ 

ʷʟʳʢ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ ʩ ʤʥʦʞʝ-

ʩʪʚʦʤ ʧʨʠʣʦʞʝʥʠʡ. ɽʛʦ ʩʦʦʙʱʝʩʪʚʦ ʙʦʣʴʰʦʝ ʠ ʩʚʦ-

ʙʦʜʥʦ ʜʦʩʪʫʧʥʦ ʚ ʀʥʪʝʨʥʝʪʝ. ʈʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ 

ʥʘʯʘʪʴ ʨʘʙʦʪʘʪʴ ʩ PHP ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʧʦ-

ʩʢʦʣʴʢʫ ʝʛʦ ʣʝʛʯʝ ʦʩʚʦʠʪʴ. ʕʪʦ ʧʣʘʪʬʦʨʤʘ ʩ ʦʪʢʨʳ-

ʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ASP.NET. PHP 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʠ ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘ, ʪʦʛʜʘ ʢʘʢ ASP.NET - ʵʪʦ ʧʨʷʤʦʡ 

ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ.  

ʌʨʝʡʤʚʦʨʢ ASP.NET ʠʤʝʝʪ ʩʘʤʳʡ ʫʜʠʚʠʪʝʣʴ-

ʥʳʡ ʥʘʙʦʨ ʙʠʙʣʠʦʪʝʢ. ʆʥ ʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʙʦʣʴʰʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʬʫʥʢʮʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʫ 

ʩʦʟʜʘʚʘʪʴ ʚʝʙ-ʩʘʡʪ ʩʦ ʚʩʪʨʦʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʝ-

ʨʝʪʘʩʢʠʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʯʠʢʘʤ PHP ʥʝ ʭʚʘʪʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʚʝʙ-ʬʨʝʡʤʚʦʨʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ASP.NET. ʇʨʦʛʨʘʤ-

ʤʠʩʪ ʤʦʞʝʪ ʧʠʩʘʪʴ ʢʦʜ ʥʘ ʣʶʙʦʤ ʷʟʳʢʝ, ʪʘʢʦʤ ʢʘʢ 

C#, VB ʠ F# ʚ ʩʠʩʪʝʤʝ ASP.NET. PHP ʧʦʟʚʦʣʷʝʪ ʨʘʟ-

ʨʘʙʦʪʯʠʢʘʤ ʛʠʙʢʦ ʩʦʟʜʘʚʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʷ 

ʠʤ ʚʳʙʠʨʘʪʴ ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʚʝʙ-ʬʨʝʡʤʚʦʨ-

ʢʦʚ.  

ASP.NET ʠ PHP ʨʘʙʦʪʘʶʪ ʵʬʬʝʢʪʠʚʥʦ, ʫʯʠʪʳ-

ʚʘʷ ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʚʦʝʤʫ ʚʢʫʩʫ. ʆʥʠ ʠʤʝʶʪ 

ʩʚʦʠ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ. ʀʤʝʥʥʦ ʥʘʚʳʢʠ ʨʘʟʨʘʙʦʪ-

ʯʠʢʘ ʠ ʪʨʝʙʦʚʘʥʠʷ ʙʠʟʥʝʩ-ʢʝʡʩʘ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ʆʙʟʦʨ ASP.NET [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. - 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://docs.microsoft.com/ru-

ru/aspnet/overview (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.08.2019) 

2. ʆʩʥʦʚʳ ʦʩʥʦʚ PHP [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 
- ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://codeharmony.ru/materials/30 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.08.2019) 
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INVESTIGATION OF INFLUENCE OF FUEL QUALITY ON THE OPERATION OF SHIPPING 

INTERNAL COMBUSTION ENGINE.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʳ ʢʘʢ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ ʟʘʚʠʩʠʪ ʥʘ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʜʚʠʛʘʪʝʣʷ. ʇʦʵʪʦʤʫ 

ʧʨʠ ʚʳʙʦʨʝ ʪʦʧʣʠʚʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʝʛʦ ʢʘʯʝʩʪʚʦ ʠ ʢʘʢ ʦʥʦ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ ʨʘʙʦʪʫ ɼɺʉ. 

Abstract 

This article describes how the quality of fuel depends on the reliable operation of the engine. Therefore, when 

choosing fuel, its quality and how it will affect the operation of the engine are considered. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʪʦʧʣʠʚʦ ʤʘʣʦʚʷʟʢʦʝ ʩʫʜʦʚʦʝ, ʜʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ, 

ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʠʩʘʜʢʠ. 

Key words: fuel quality, low-viscosity marine fuel, diesel fuel, anti-wear properties, additives. 

 

ʊʷʞʝʣʳʝ ʤʦʪʦʨʥʳʝ ʠ ʩʫʜʦʚʳʝ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴ-

ʟʫʶʪ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʂ ʢʦ-

ʪʝʣʴʥʳʤ ʪʦʧʣʠʚʘʤ ʦʪʥʦʩʷʪ ʪʦʧʦʯʥʳʝ ʤʘʟʫʪʳ ʤʘʨʦʢ 

40 ʠ 100, ʚʳʨʘʙʘʪʳʚʘʝʤʳʝ ʧʦ ɻʆʉʊ 10585ð 75, ʢ 

ʪʷʞʝʣʳʤ ʤʦʪʦʨʥʳʤ ʪʦʧʣʠʚʘʤ ð ʬʣʦʪʩʢʠʝ ʤʘʟʫʪʳ 

ʌ-5 ʠ ʌ-12 ʧʦ ɻʆʉʊ 10585-75, ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ 

ɼʊ ʠ ɼʄ ð ʧʦ ɻʆʉʊ 1667-68. ʂ ʩʫʜʦʚʳʤ ʪʦʧʣʠʚʘʤ 

ʦʪʥʦʩʷʪ ʜʠʩʪʠʣʣʷʪʥʦʝ ʪʦʧʣʠʚʦ ʊʄʉ ʧʦ ʊʋ 

38.101567ð 87 ʠ ʦʩʪʘʪʦʯʥʳʝ ʪʦʧʣʠʚʘ ʉɺʊ, ʉɺʃ, 

ʉɺʉ ʧʦ ʊʋ 38.1011314-90. 

ʅʘʩʪʦʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʶʪʩʷ ʥʘ ʪʦʧʣʠʚʦ ʤʘʣʦʚʷʟʢʦʝ ʩʫʜʦʚʦʝ ʧʦʣʫʯʘʝʤʦʝ 

ʠʟ ʜʠʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢʮʠʡ ʧʨʷʤʦʡ ʧʝʨʝʛʦʥʢʠ ʠ ʚʪʦ-

ʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ. 

ʊʦʧʣʠʚʦ ʤʘʣʦʚʷʟʢʦʝ ʩʫʜʦʚʦʝ ʜʦʣʞʥʦ ʠʟʛʦʪʘʚ-

ʣʠʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘʩʪʦʷʱʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ, ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʡ ʩ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʠ ʫʪʚʝʨʞʜʝʥʥʦʡ ʚ ʫʩʪʘʥʦʚʣʝʥ-

ʥʦʝ ʧʦʨʷʜʢʝ. 

ʊʦʧʣʠʚʦ ʤʘʣʦʚʷʟʢʦʝ ʩʫʜʦʚʦʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ 

ʪʨʝʭ ʚʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʝʨʳ: 

I ʚʠʜ - ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʩʝʨʳ ʥʝ ʙʦʣʝʝ 0,5 %; 

ʢʦʜ ʆʂʇ 02 5195 0301 

II ʚʠʜ - ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʩʝʨʳ ʥʝ ʙʦʣʝʝ 1,0 %; 

ʢʦʜ ʆʂʇ 02 5195 0302 

III ʚʠʜ - ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʩʝʨʳ ʥʝ ʙʦʣʝʝ 1,5 %; 

ʢʦʜ ʆʂʇ 02 5195 0303 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʧʣʠʚʘ ʤʘʣʦʚʷʟʢʦʛʦ ʩʫʜʦ-

ʚʦʛʦ ʨʘʟʨʝʰʘʝʤʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʢ, ʜʦʧʫ-

ʱʝʥʥʳʭ ʢ ʧʨʠʤʝʥʝʥʠʶ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. 

ʊʦʧʣʠʚʦ ʤʘʣʦʚʷʟʢʦʝ ʩʫʜʦʚʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʨʢʝ ɼʄɸ MS IPO - 8217. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʚʧʝʨʚʳʝ ʦʩʚʘʠʚʘʶʱʠʭ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚʘ ʤʘʣʦʚʷʟʢʦʛʦ ʩʫʜʦʚʦʛʦ, ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʝʛʦ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ ʧʦ ɻʆʉʊ 15.001. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʣʠʚʘ ʤʘʣʦʚʷʟʢʦʛʦ ʩʫʜʦʚʦʛʦ 

ʜʦʧʫʩʢʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʦʛʣʘʩʦʚʘʚ-

ʰʠʭ ʥʘʩʪʦʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʚʥʝʩʝʥʥʳʭ, 

ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴ, ʚ ʢʘʪʘʣʦʞʥʳʡ ʣʠʩʪ ʧʨʦʜʫʢʮʠʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ. 

ʊʦʧʣʠʚʦ ʤʘʣʦʚʷʟʢʦʝ ʩʫʜʦʚʦʝ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʥʘʩʪʦʷʱʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʫʢʘʟʘʥʥʳʤ ʚ ʪʘʙʣʠʮʝ. 

ʉʫʜʦʚʦʝ ʤʘʣʦʚʷʟʢʦʝ ʪʦʧʣʠʚʦ ʧʦ ʊʋ 38.101567-

87 ð ʵʪʦ ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʦʝ ʪʦʧʣʠʚʦ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʤʦʪʦʨʥʦʛʦ ɼʊ ʠ ʩʫʜʦʚʦʛʦ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʪʦʧ-

ʣʠʚʘ, ʧʦʣʫʯʘʝʤʳʭ ʩʤʝʰʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʠ 

ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢʮʠʡ. ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʚʤʝʩʪʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʤʘʣʦ-

ʚʷʟʢʦʛʦ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʥʝʛʠʜʨʦʦʯʠ-

ʱʝʥʥʳʝ ʧʨʷʤʦʛʦʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʠ ʚʘʢʫʫʤʥʳʝ 

ʜʠʩʪʠʣʣʷʪʳ, ʧʨʦʜʫʢʪʳ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ð ʣʝʛʢʠʝ ʠ ʪʷʞʝʣʳʝ ʛʘʟʦʡʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʢʦʢʩʦʚʘʥʠʷ. 

ʉʫʜʦʚʦʝ ʤʘʣʦʚʷʟʢʦʝ ʪʦʧʣʠʚʦ ʧʦ ʊʋ 38.101567-

87 ð ʵʪʦ ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʦʝ ʪʦʧʣʠʚʦ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʤʦʪʦʨʥʦʛʦ ɼʊ ʠ ʩʫʜʦʚʦʛʦ ʚʳʩʦʢʦʚʷʟʢʦʛʦ ʪʦʧ-

ʣʠʚʘ, ʧʦʣʫʯʘʝʤʳʭ ʩʤʝʰʝʥʠʝʤ ʦʩʪʘʪʦʯʥʳʭ ʠ 

ʩʨʝʜʥʝʜʠʩʪʠʣʣʷʪʥʳʭ ʬʨʘʢʮʠʡ. ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ 

ʚʤʝʩʪʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ʂʦʤʧʦʥʝʥʪʘʤʠ ʤʘʣʦ-

ʚʷʟʢʦʛʦ ʩʫʜʦʚʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʥʝʛʠʜʨʦʦʯʠ-

ʱʝʥʥʳʝ ʧʨʷʤʦʛʦʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʠ ʚʘʢʫʫʤʥʳʝ 

ʜʠʩʪʠʣʣʷʪʳ, ʧʨʦʜʫʢʪʳ ʚʪʦʨʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ð ʣʝʛʢʠʝ ʠ ʪʷʞʝʣʳʝ ʛʘʟʦʡʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʢʦʢʩʦʚʘʥʠʷ. 

ʇʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ. 

ɼʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʩʤʘʟʦʯʥʳʤ ʤʘʪʝ-

ʨʠʘʣʦʤ ʜʣʷ ʜʚʠʞʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘ-
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ʨʘʪʫʨʳ ʙʳʩʪʨʦʭʦʜʥʳʭ ʜʠʟʝʣʝʡ, ʪʨʫʱʠʭʩʷ ʧʘʨ ʧʣʫʥ-

ʞʝʨʥʳʭ ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ, ʟʘʧʦʨʥʳʭ ʠʛʣ, ʰʪʠʬ-

ʪʦʚ ʠ ʜʨ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʱʠʭʩʷ ʧʘʨ ʧʨʠ ʢʦʥ-

ʪʘʢʪʝ ʩ ʪʦʧʣʠʚʦʤ ʦʙʨʘʟʫʝʪʩʷ ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ, ʦʙʣʘ-

ʜʘʶʱʠʡ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʦʪ ʦʯʝʥʴ 

ʪʦʥʢʠʡ ʛʨʘʥʠʯʥʳʡ ʩʣʦʡ (ʪʦʣʱʠʥʘ ʤʝʥʴʰʝ 1 ʤʢʤ) 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʩʤʘʟʦʯʥʦʡ ʧʣʝʥʢʠ. ʆʥ ʧʨʝʜʦʪ-

ʚʨʘʱʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʨʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʶʪʩʷ ʩʠʣʘ ʪʨʝʥʠʷ ʠ ʠʟʥʦ-

ʩʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ. 

ʇʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʪʦʧʣʠʚʘʭ ʤʦʣʝʢʫʣʳ ʛʝʪʝʨʦ-

ʘʪʦʤʥʳʭ ʩʝʜʠʥʝʥʠʡ ʩʝʨʳ, ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʘʟʦʪʘ, 

ʠʤʝʷ ʧʦʩʪʦʷʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʧʨʠʪʷʛʠʚʘ-

ʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ, ʩʪʨʦʛʦ ʦʨʠʝʥʪʠʨʫʶʪʩʷ 

ʚ ʩʣʦʷʭ ʠ ʩʦʟʜʘʶʪ ʩʤʘʟʦʯʥʫʶ ʧʣʝʥʢʫ, ʢʦʪʦʨʘʷ 

ʫʤʝʥʴʰʘʝʪ ʪʨʝʥʠʝ ʠ ʠʟʥʦʩ. 

ʉʤʘʟʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʭʫʞʝ, ʯʝʤ ʫ ʤʘʩʝʣ, ʪʘʢ, ʢʘʢ ʠ ʚʷʟʢʦʩʪʴ, ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʇɸɺ ʚ ʪʦʧʣʠʚʘʭ ʤʝʥʴʰʝ, ʯʝʤ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʘʩ-

ʣʘʭ. ʇʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚ ʫʣʫʯʰʘ-

ʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʇɸɺ, ʚʷʟʢʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʢʠʧʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ 

ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʠ ʧʝʨʝʭʦ-

ʜʦʤ ʥʘ ʚʳʨʘʙʦʪʢʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʦʧʣʠʚ, 

ʛʠʜʨʦʦʯʠʩʪʢʫ ʠʭ ʧʨʦʚʦʜʷʪ ʚ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ 

ʵʪʦʤ ʠʟ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʫʜʘʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʝʨʫ, ʢʠʩʣʦʨʦʜ ʠ ʘʟʦʪ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʝʪ ʥʘ ʠʭ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʆʧʳʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ 0,005% ʚ ʐʚʝʮʠʠ, ʥʘʨʷʜʫ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʤʦʤʝʥʪʘʤʠ ð ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ ʚ ʚʳʭʣʦʧʥʳʭ ʛʘʟʘʭ, ʚʳʷʚʠʣ ʥʝʛʘʪʠʚʥʳʝ ʧʦ-

ʩʣʝʜʩʪʚʠʷ ð ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ 

ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʩʤʘʟʳʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʠʟʥʦʩʘ ʦʪʤʝʯʝʥ ʫʞʝ ʧʦʩʣʝ 5000 ʢʤ ʧʨʦʙʝʛʘ, ʢʨʦʤʝ 

ʪʦʛʦ, ʠʤʝʣʘ ʤʝʩʪʦ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʘʝʜʘ-

ʥʠʷ ʜʝʪʘʣʝʡ ʥʘʩʦʩʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 

ʉʐɸ ʠ ɻʝʨʤʘʥʠʠ, ʪʘʢʞʝ ʧʦʢʘʟʘʣʠ ʥʠʟʢʫʶ ʩʤʘʟʳʚʘ-

ʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʣʦʭʠʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʣʦʩʝʨʥʠʩʪʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʣʠ ʧʦʣʦʤʢʠ ʠʥʞʝʢʪʦʨʥʳʭ 

ʥʘʩʦʩʦʚ. ʂʦʤʧʘʥʠʷ Shell ʧʨʦʚʝʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʦʧʨʦʩʘ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʦʧʣʠʚ ʫʩʣʦʚʠʷʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʧʨʠ ʵʪʦʤ, ʠʩʭʦʜʷ 

ʠʟ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ 

ʢʝʨʦʩʠʥʘ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʩʤʘʟʳ-

ʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʦʧʣʠʚʘ. ʇʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʥʘʨʷʜʫ ʩ ʜʦʨʦʞʥʳʤʠ ʠ ʩʪʝʥʜʦʚʳʤʠ ʠʩʧʳʪʘ-

ʥʠʷʤʠ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʪʦʧʣʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʚʢʣʶʯʘʣʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʦʧʣʠʚ. 

ʇʦ ʩʫʱʝʩʪʚʫ, ʠʤʝʶʪʩʷ ʪʨʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯ-

ʰʝʥʠʷ ʩʤʘʟʳʚʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʜʠʟʝʣʴʥʳʭ ʪʦʧ-

ʣʠʚ: 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝ-

ʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ, ʢʦʪʦʨʳʝ ʩʚʦʜʷʪ ʢ ʤʠ-

ʥʠʤʫʤʫ ʫʜʘʣʝʥʠʝ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

ʩʤʝʰʝʥʠʝ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʩ ʧʨʦʜʫʢʪʘʤʠ ʩ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʠ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʢ, ʧʨʠʜʘʶʱʠʭ ʪʦʧʣʠʚʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʤʘʣʦʩʝʨʥʠʩʪʦʛʦ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭ ʧʝʨʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʣʫʯʰʝʥʠʷ ʩʤʘʟʳʚʘʶ-

ʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤʣʝʤʳʤ, ʪʘʢ 

ʢʘʢ ʧʦʣʫʯʘʝʤʦʝ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʪʦʧʣʠʚʦ ʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʪʨʦʛʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʩʪʘʥʜʘʨʪʘʤ. ʇʦʵʪʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʩʘʜʦʢ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʝʘʣʴ-

ʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʍʦʪʷ ʚ ʧʨʠʥʮʠʧʝ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʚʘʨʠʘʥʪʦʚ 

ʧʦʚʳʰʝʥʠʷ ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʟʝʣʴʥʳʭ 

ʪʦʧʣʠʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʩʘʜʦʢ, ʥʘ ʧʨʘʢʪʠʢʝ ʠʭ ʚʳʙʦʨ 

ʜʦʩʪʘʪʦʯʥʦ ʫʟʦʢ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʧʨʠʩʘʜʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʤʦʪʦʨʥʳʭ ʠ ʠʥʜʫʩʪʨʠ-

ʘʣʴʥʳʭ ʤʘʩʣʘʭ, ʩʣʠʰʢʦʤ ʘʛʨʝʩʩʠʚʥʳ ʚ ʪʦʧʣʠʚʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʠʟ ʵʪʠʭ ʧʨʠʩʘʜʦʢ ʩʦʜʝʨʞʘʪ 

ʩʝʨʫ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ, ʠʣʠ 

ʬʦʩʬʦʨ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʱʠʡ ʥʘ ʩʠʩʪʝʤʫ 

ʦʯʠʩʪʢʠ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʧʦʜʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʨʠʩʘʜʢʠ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʪʝʭ ʧʨʠʩʘʜʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʧʨʠʜʘʪʴ ʪʦʧʣʠʚʘʤ ʩʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 

ʫʨʦʚʥʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʩʝʨʳ - 0,2% ʤʘʝ. ʀ ʘʨʦʤʘʪʠʢʠ 25-30% ʤʘʝ. 

ʉʤʘʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 

ʦʮʝʥʠʚʘʣʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʪʨʠʙʦʤʝʪʨʝ SRV 

ʬʠʨʤʳ Optimol, ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʮʝʩ-

ʩʦʚ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʠʙʦʨ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝ-

ʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʛʨʫʟʢʠ, ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʩ-

ʧʳʪʘʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʨʝ-

ʞʠʤʘ ʪʨʝʥʠʷ. 

ɼʣʷ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦ-

ʙʨʘʥʳ ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ. ʆʮʝʥʦʯʥʳʤʠ ʧʦʢʘʟʘʪʝ-

ʣʷʤʠ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʙʳʣʠ: ʜʠʘ-

ʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʫʜʝʣʴʥʘʷ 

ʥʘʛʨʫʟʢʘ. ʃʫʯʰʠʤʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ, ʤʘʣʳʡ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ ʠ ʚʳʩʦʢʫʶ 

ʫʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʩʘʜʦʢ, ʫʣʫʯʰʘʶʱʠʭ ʧʨʦʪʠʚʦʠʟ-

ʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ, ʠʩʧʳʪʘʥʳ 

ʩʣʦʞʥʳʝ ʵʬʠʨʳ ʧʝʥʪʘʵʨʠʪʨʠʪʘ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʤʦʥʦʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʬʨ. ʉ5-ʉʜ I ʵʬʠʨ ʇʕʊ), 

ʩʣʦʞʥʳʝ ʵʬʠʨʳ 2-ʵʪʠʣʛʝʢʩʘʥʦʣʘ ʣ ʩʝʙʘʮʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ (ʵʬʠʨ ɼʆʉ), ʩʣʦʞʥʳʡ ʵʬʠʨ ʧʝʥʪʘʵʨʠ-

ʪʨʠʪʘ, ʩʝʙʘʮʠʥʦʚʦʡ ʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪ (ʵʬʠʨ 

ʇɸʉ), ʥʘʬʪʝʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʟʘ-

ʨʫʙʝʞʥʳʝ ʧʨʠʩʘʜʢʠ, ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʬʠʨʤʘʤʠ. 

ʇɸʉ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʤʘʟʦʯʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʠʙʦʨʝ SRV ʥʝʢʦ-

ʪʦʨʳʭ ʟʘʨʫʙʝʞʥʳʭ ʧʨʠʩʘʜʦʢ (ʩʤ. ʪʘʙʣ. 2) ʧʦʢʘʟʳ-

ʚʘʶʪ, ʯʪʦ ʧʨʠʩʘʜʢʠ Paradyne 639 ʠ Paradyne 655 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʚʝʜʝ-

ʥʠʝ ʧʨʠʩʘʜʢʠ CD-2 ʜʘʞʝ ʚ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

(0,0001% ʤʘʝ.) ʫʤʝʥʴʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʫʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ. ʅʘʩʪʦʷʱʠʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʫʣʫʯʰʝʥʠʷ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʩʘʜʦʢ. ʇʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʜʦʙʘʚʦʢ, ʠʤʝʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ ʩʳʨʴʝʚʫʶ 

ʙʘʟʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʜʦʣ-

ʞʘʝʪʩʷ. 

ʉ ʧʨʦʙʣʝʤʘʤʠ ʫʭʫʜʰʝʥʠʷ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʩʚʦʡʩʪʚ ʪʦʧʣʠʚ ʩʪʦʣʢʥʫʣʠʩʴ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ 

ʞʝʩʪʢʦʡ ʛʠʜʨʦʦʯʠʩʪʢʝ. ʊʦʛʜʘ ʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʦʚʘʨʥʳʭ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ ʦʢʘʟʳʚʘʶʪ 

ʥʝ ʪʦʣʴʢʦ ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʠ ʬʨʘʢʮʠʦʥ-

ʥʳʡ ʩʦʩʪʘʚ, ʚʷʟʢʦʩʪʴ ʪʦʧʣʠʚʘ. ʋʜʘʣʝʥʠʝ ʝʩʪʝʩʪʚʝʥ-

ʥʳʭ ʛʝʪʝʨʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʨʷʤʦʛʦʥ-

ʥʳʭ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ (ʩʝʨʥʦʢʠʩʣʦʪʥʘʷ, ʘʜʩʦʨʙ-

ʮʠʦʥʥʘʷ, ʛʠʜʨʦʦʯʠʩʪʢʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʣʦ ʠʭ 

ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠ-

ʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʧʪʠʤʫʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʩʚʦʡʩʪʚ ʪʦʧʣʠʚʘ. 

ɼʦʙʘʚʣʝʥʠʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ 0,05-0,15% ʚʳʟʳʚʘʣʦ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ, ʘ ʫʚʝ-

ʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʙʦʣʝʝ 0,15% ʧʨʠʚʦʜʠʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʘ ʤʝʪʘʣʣʘ. ʊʠʦʬʝʥʳ ʦʢʘʟʳʚʘʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡ-

ʩʪʚʘ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʪʠʦʬʝʥʦ-

ʚʦʡ ʩʝʨʳ ʧʦʨʷʜʢʘ 0,15-0,25% ʤʘʝ, ʠʟʥʦʩ ʤʝʪʘʣʣʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 25-35%. ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʝʨʢʘʧʪʘʥʳ ʠ ʜʠʩʫʣʴʬʠʜʳ ʚ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ 0,001% ʤʘʝ, ʥʝ ʫʭʫʜʰʘʣʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ. ɺ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʤʝʨʢʘʧʪʘʥʳ ʦʢʘʟʳʚʘʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚ ʥʘ ʠʭ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʢʘʟʘʣʦ ʫʭʫʜʰʝʥʠʝ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʨʷʜʫ: ʙʠʮʠʢʣʠʯʝʩʢʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛ-

ʣʝʚʦʜʦʨʦʜʳ, ʥʘʬʪʝʥʦʚʳʝ, ʧʘʨʘʬʠʥʦʚʳʝ. 

 ʇʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ 

ʠʟʫʯʝʥʳ ʤʘʣʦ. ʆʮʝʥʢʫ ʠʭ ʧʨʦʚʦʜʠʣʠ, ʚ ʦʩʥʦʚʥʦʤ, 

ʧʫʪʝʤ ʟʘʤʝʨʘ ʠʟʥʦʩʦʚ ʧʣʫʥʞʝʨʦʚ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ 

ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʜʠʟʝʣʴ-

ʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ɽʚʨʦʧʝ, ʙʳʣ ʦʪʤʝʯʝʥ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʠʟʥʦʩʘ ʪʦʧʣʠʚʥʳʭ ʠʥʞʝʢʪʦʨʥʳʭ 

ʥʘʩʦʩʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʚʳʭʦʜʫ ʠʭ ʠʟ ʩʪʨʦʷ. ʇʨʠʯʠ-

ʥʦʡ ʵʪʦʛʦ ʩʪʘʣʦ ʩʥʠʞʝʥʠʝ ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦ-

ʩʪʠ ʪʦʧʣʠʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʛʣʫʙʠʥʳ ʛʠʜʨʦ-

ʦʯʠʩʪʢʠ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ 

ʪʦʧʣʠʚ ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʳ ð 0,05; 0,1; 0,2% ʤʘʝ. ʊʦʧʣʠʚʘ ʠʤʝʣʠ ʙʣʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʚʷʟʢʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ, ʩʦ-

ʜʝʨʞʘʥʠʶ ʠ ʩʦʩʪʘʚʫ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʯʪʦ ʠʩʢʣʶʯʘʣʦ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚ, ʣʠʰʴ ʦʙʨʘʟʝʮ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 

0,2% ʠʤʝʣ ʙʦʣʝʝ ʥʠʟʢʫʶ 50%-ʥʫʶ ʪʦʯʢʫ ʧʝʨʝʛʦʥʢʠ 

ð 256Áʉ ʧʨʦʪʠʚ 275 ʠ 277Áʉ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʩʝʨʳ 0,05 ʠ 0,1%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʘʢ ʢʘʢ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʚ ʝʛʦ ʩʦʩʪʘʚ ʧʨʠʰʣʦʩʴ ʚʦʚʣʝʯʴ ʬʨʘʢʮʠʠ ʢʝ-

ʨʦʩʠʥʘ. ɺʩʝ ʦʙʨʘʟʮʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ɻʆʉʊ 305-82. 

ʉʤʘʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʜʠ-

ʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʦʮʝʥʠʚʘʣʠ ʥʘ ʚʠʙʨʘʮʠʦʥʥʦʤ ʪʨʠʙʦ-

ʤʝʪʨʝ SRV ʬʠʨʤʳ Optimol, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʤ ʜʣʷ 

ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ. ʈʘʙʦʯʘʷ ʯʘʩʪʴ 

ʪʨʠʙʦʤʝʪʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʤʝʨʫ, ʛʜʝ ʥʘʭʦ-

ʜʠʪʩʷ ʫʟʝʣ ʪʨʝʥʠʷ ʧʣʘʩʪʠʥʘ ï ʰʘʨ. ʇʨʠʙʦʨ ʧʦʟʚʦ-

ʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʛʨʫʟʢʠ, 

ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʨʝʞʠʤʘ ʪʨʝ-

ʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠʩʧʳʪʘʥʠʡ ʜʠʟʝʣʴ-

ʥʳʭ ʪʦʧʣʠʚ: ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ð 60 ʤʠʥ; ʥʘʛʨʫʟʢʘ 

ð 5 ʢʛʩ. ʆʮʝʥʦʯʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʣʠʩʴ ʚʝʣʠ-

ʯʠʥʳ ʜʠʘʤʝʪʨʘ ʧʷʪʥʘ ʠʟʥʦʩʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʠ ʫʜʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ. ʃʫʯʰʠʤʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʥʠʟʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʤʘʣʳʡ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ 

ʠ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ. 

ɿʘ ʨʫʙʝʞʦʤ ʦʮʝʥʢʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ 

ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʧʨʠʙʦʨʝ HFRR ʥʘ 

ʫʟʣʝ ʪʨʝʥʠʷ ʧʣʘʩʪʠʥʘ - h ʘʨ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʥʘ ʧʨʠ-

ʙʦʨʝ HFRR ʜʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠ-

ʟʦʚʘʪʴʩʷ ʫʨʦʚʥʝʤ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʥʝ ʙʦ-

ʣʝʝ 460 ʤʤ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʩ 0,01 ʜʦ 0,5% ʫʣʫʯʰʘʶʪʩʷ 

ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ. ʊʘʢ, 

ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʫʤʝʥʴʰʘʶʪʩʷ ʥʘ 68 ʠ 75% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ ʵʪʦʤ 

ʫʜʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 10 ʨʘʟ. ɿʘ ʨʫ-

ʙʝʞʦʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ 

ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʟʥʘʯʝʥʠʷ ʢʦ-

ʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨ-

ʞʘʥʠʝʤ ʩʝʨʳ 0,2% ʤʘʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʜʠʟʝʣʴʥʳʭ 

ʪʦʧʣʠʚ ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦ-

ʜʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠ-

ʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʥʦ ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, 

ʦʩʦʙʝʥʥʦ ʢʦʥʝʮ ʢʠʧʝʥʠʷ ʪʦʧʣʠʚʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʚʷʟ-

ʢʦʩʪʴ. 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʘ ʢʠʧʝʥʠʷ 

ʪʦʧʣʠʚʘ ʩʥʠʞʘʝʪʩʷ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ ʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝ-

ʥʠʷ ʪʦʧʣʠʚʘ (50%-ʥʘʷ ʪʦʯʢʘ ʧʝʨʝʛʦʥʢʠ) ʥʝ ʦʢʘʟʳ-

ʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡ-

ʩʪʚʘ. ʉʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩ 5,3 ʜʦ 3,7 ʤʤ2/ʩ 

ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ: 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ ʠ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʪʨʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩ-

ʩʣʝʜʦʚʘʥ ʣʝʛʢʠʡ ʛʘʟʦʡʣʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ 

ʩ ʫʩʪʘʥʦʚʢʠ ɻ-43-107 ð ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʪʦ-

ʚʘʨʥʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ. ɼʣʷ ʵʪʦʛʦ ʣʝʛʢʠʡ ʛʘ-

ʟʦʡʣʴ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʙʳʣ ʧʦʜʚʝʨʛʥʫʪ 

ʘʜʩʦʨʙʮʠʦʥʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ I, II, III ʠ IV ʛʨʫʧʧʳ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʚ 1999 
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ʛ. ʚ ɽʚʨʦʧʝʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ʥʘ ʜʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ 

ʙʫʜʝʪ ʚʥʝʩʝʥʘ ʥʦʨʤʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʮʠʢʣʠʯʝ-

ʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʙʳʣʠ ʠʩʩʣʝʜʦ-

ʚʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ III 

ʠ IV ʛʨʫʧʧ. ʆʥʠ ʜʦʙʘʚʣʷʣʠʩʴ ʚ ʛʠʜʨʦʦʯʠʱʝʥʥʦʝ ʜʠ-

ʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ (ʩʳʨʴʝʤ ʛʠʜʨʦʦʯʠʩʪʢʠ ʩʣʫʞʠʣʠ 

ʪʦʣʴʢʦ ʧʨʷʤʦʛʦʥʥʳʝ ʜʠʟʝʣʴʥʳʝ ʬʨʘʢʮʠʠ) ʚ ʢʦʣʠʯʝ-

ʩʪʚʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʦʜʝʨʞʘʥʠʶ ʣʝʛʢʦʛʦ ʛʘ-

ʟʦʡʣʷ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ 20 ʠ 40%. 

ɼʦʙʘʚʣʝʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʛʨʫʧʧʳ ʫʣʫʯʰʘʝʪ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ 0,05%. ɸʨʦ-

ʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ IV ʛʨʫʧʧʳ ʚ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʜʝʨʞʘʥʠʶ ʣʝʛʢʦʛʦ ʛʘ-

ʟʦʡʣʷ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʜʦ 20%, ʪʘʢʞʝ 

ʫʤʝʥʴʰʘʶʪ ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʠʟʥʦʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ IV 

ʛʨʫʧʧʳ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʠʚʦʠʟ-

ʥʦʩʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʛʨʫʧʧʳ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʭ ʩʚʦʡʩʪʚ ʜʠ-

ʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʪʠʚʦʠʟʥʦʩ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨ-

ʞʘʥʠʷ ʩʝʨʳ, ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʷʟʢʦʩʪʠ ʪʦʧ-

ʣʠʚʘ. ʇʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ 

ʩʚʦʡʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ 

III ʠ IV ʛʨʫʧʧ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʥʝ-

ʞʝʣʘʪʝʣʴʥʳʤ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠ-

ʩʪʳʭ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚʘʭ. 
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Abstract 

The article discusses the process and advantages of preventive maintenance system of tractors. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʨʝʤʦʥʪʘ, ʪʝʭʥʠʯʝʩʢʘʷ ʛʦʪʦʚʥʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʜʠʘʛʥʦʩʪʠʢʘ, ʧʝʨʝʦʜʠ-
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʪʨʘʢʪʦʨʦʚ, ʧʨʠʰʣʠ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷ-

ʝʪʩʷ: ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʤʦʥʪʘ 

ï ʦʙʲʝʜʠʥʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʩʨʝʜʩʪʚ, ʜʦʢʫʤʝʥ-

ʪʘʮʠʠ ʠ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʰʠʥ 

ʧʫʪʝʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʅʘʟʥʘʯʝʥʠʝ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʨʝʤʦʥʪʘ ï ʧʦʜʜʝʨʞʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʫʨʦʚʥʷ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʤʘʰʠʥ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʟʘʪʨʘʪʝ ʬʠʥʘʥʩʦ-

ʚʳʭ ʩʨʝʜʩʪʚ ʠ ʨʘʙʦʯʝʡ ʩʠʣʳ [1]. 

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʩʠʩʪʝʤʝ ʨʘʮʠʦʥʘʣʴʥʝʝ 

ʚʩʝʛʦ ʧʨʦʚʦʜʠʪʴ ʨʝʤʦʥʪ ʪʨʘʢʪʦʨʦʚ ʩ ʧʝʨʠʦʜʠʯʥʦ-

ʩʪʴʶ 1700é2100 ʤʦʪʦ-ʯʘʩʦʚ ʥʘʨʘʙʦʪʢʠ ʧʦ ʨʝʟʫʣʴ-

ʪʘʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʥʘʤʠ ʩʧʦʩʦʙʘ ʧʨʠʥʠʤʘʝʤ 

ʩʭʝʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ 

ʪʨʘʢʪʦʨʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ɼ    ʝ    ʬ    ʝ    ʢ    ʪ    ʘ    ʮ    ʠ    ʷ    

ʅ    ʦ    ʚ    ʳ    ʝ    ʜ    ʝ    ʪ    ʘ    ʣ    ʠ    ,    ʧ    ʦ    ʚ    ʦ    ʟ    ʤ    ʦ    ʞ    ʥ    ʦ    ʩ    ʪ    ʠ    
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ʨ    ʝ    ʤ    ʦ    ʥ    ʪ    ʘ    

ʂ    ʦ    ʥ    ʪ    ʨ    ʦ    ʣ    ʴ    
ʢ    ʘ    ʯ    ʝ    ʩ    ʪ    ʚ    ʘ    

ʈ    ʝ    ʛ    ʫ    ʣ    ʠ    ʨ    ʦ    ʚ    ʘ    ʥ    ʠ    ʝ    ,    
ʠ    ʩ    ʧ    ʳ    ʪ    ʘ    ʥ    ʠ    ʝ    ,    ʦ    ʙ    ʢ    ʘ    ʪ    ʢ    ʘ    ʉ    ʙ    ʦ    ʨ    ʢ    ʘ    

ɺ    ʦ    ʩ    ʩ    ʪ    ʘ    ʥ    ʦ    ʚ    ʣ    ʝ    ʥ    ʠ    ʝ    
ʜ    ʝ    ʪ    ʘ    ʣ    ʝ    ʡ    

ʋ    ʪ    ʠ    ʣ    ʴ    
ʅ    ʘ    ʨ    ʫ    ʞ    ʥ    ʘ    ʷ    
ʤ    ʦ    ʡ    ʢ    ʘ    

ʂ    ʦ    ʤ    ʧ    ʣ    ʝ    ʢ    ʪ    ʦ    ʚ    ʘ    ʥ    ʠ    ʝ    

ʈ    ʘ    ʟ    ʙ    ʦ    ʨ    ʢ    ʘ    
ʘ    ʛ    ʨ    ʝ    ʛ    ʘ    ʪ    ʦ    ʚ    ʠ    
ʫ    ʟ    ʣ    ʦ    ʚ    ʥ    ʘ    ʜ    ʝ    ʪ    ʘ    ʣ    ʠ    
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ʨ    ʝ    ʤ    ʦ    ʥ    ʪ    ʘ    

ʂ    ʦ    ʥ    ʪ    ʨ    ʦ    ʣ    ʴ    
ʢ    ʘ    ʯ    ʝ    ʩ    ʪ    ʚ    ʘ    

ʈ    ʝ    ʛ    ʫ    ʣ    ʠ    ʨ    ʦ    ʚ    ʘ    ʥ    ʠ    ʝ    ,    
ʠ    ʩ    ʧ    ʳ    ʪ    ʘ    ʥ    ʠ    ʝ    ,    ʦ    ʙ    ʢ    ʘ    ʪ    ʢ    ʘ    ʉ    ʙ    ʦ    ʨ    ʢ    ʘ    

ɺ    ʦ    ʩ    ʩ    ʪ    ʘ    ʥ    ʦ    ʚ    ʣ    ʝ    ʥ    ʠ    ʝ    
ʜ    ʝ    ʪ    ʘ    ʣ    ʝ    ʡ    
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ʤ    ʦ    ʡ    ʢ    ʘ    

ʂ    ʦ    ʤ    ʧ    ʣ    ʝ    ʢ    ʪ    ʦ    ʚ    ʘ    ʥ    ʠ    ʝ    

ʈ    ʘ    ʟ    ʙ    ʦ    ʨ    ʢ    ʘ    
ʘ    ʛ    ʨ    ʝ    ʛ    ʘ    ʪ    ʦ    ʚ    ʠ    
ʫ    ʟ    ʣ    ʦ    ʚ    ʥ    ʘ    ʜ    ʝ    ʪ    ʘ    ʣ    ʠ    

ʋ    ʩ    ʪ    ʘ    ʥ    ʦ    ʚ    ʢ    ʘ    
ʘ    ʛ    ʨ    ʝ    ʛ    ʘ    ʪ    ʦ    ʚ    ʠ    ʫ    ʟ    ʣ    ʦ    ʚ    
ʥ    ʘ    ʪ    ʨ    ʘ    ʢ    ʪ    ʦ    ʨ    

ʇ    ʨ    ʝ    ʜ    ʨ    ʝ    ʤ    ʦ    ʥ    ʪ    ʥ    ʦ    ʝ    
ʜ    ʠ    ʘ    ʛ    ʥ    ʦ    ʩ    ʪ    ʠ    ʨ    ʦ    ʚ    ʘ    ʥ    ʠ    ʝ    

ʄ    ʦ    ʡ    ʢ    ʘ    
ʜ    ʝ    ʪ    ʘ    ʣ    ʝ    ʡ    

ʈʠʩ.1. ʄʦʜʝʣʴ ʦʧʝʨʘʮʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  

 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʝʨʝʜ ʨʝ-

ʤʦʥʪʦʤ ʪʨʘʢʪʦʨ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʦʢʩ ʜʣʷ ʥʘʨʫʞʥʦʡ 

ʤʦʡʢʠ. ʏʠʩʪʳʡ ʠ ʩʫʭʦʡ ʪʨʘʢʪʦʨ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʯʘʩʪʦʢ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʛʜʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʲʝʤʳ ʧʨʝʜ-

ʩʪʦʷʱʠʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ [2]. 

ʇʝʨʝʜ ʨʝʤʦʥʪʦʤ ʜʠʘʛʥʦʩʪʠʢʘ ʪʨʘʢʪʦʨʦʚ ʨʝʛʣʘ-

ʤʝʥʪʠʨʫʝʪʩʷ ʧʦ ɻʆʉʊ 20793-89. ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʪʝʢʫʱʝʤʫ ʠʣʠ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝ-

ʤʦʥʪʫ, ʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʚʳʷʚʣʷʝʪ ʜʝʬʝʢʪ ʣʠʙʦ ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʝʪʘʣʴ ʥʝ ʪʨʝʙʫʝʪ ʨʝʤʦʥʪʘ. 

ʄʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʣʠʯʥʳ. 

ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʦʪʢʘʟʘ ʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʤʘʰʠʥ ʘ, ʪʘʢ ʞʝ ʚʳʜʘʯʠ ʨʝʢʦʤʝʥ-

ʜʘʮʠʠ. 

 ʈʝʰʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʚʝʨʢʘ ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʤʘʰʠʥʳ ʚ ʮʝʣʦʤ ʠʣʠ ʝʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ;  

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ, ʥʘʨʫʰʠʚʰʠʭ ʠʩʧʨʘʚ-

ʥʦʩʪʴ ʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʘʰʠʥʳ; 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʶʪ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʦ ʧʨʦʚʝʜʝʥʠʠ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ɺ ʦʩʥʦʚʫ ʦʨʛʘʥʠʟʘʮʠʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʣʦ-

ʞʝʥ ʧʨʠʥʮʠʧ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʠ ʨʘʟʜʝʣʝʥʠʷ ʪʨʫʜʘ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ ʧʨʦʚʦʜʷʪ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥ-

ʥʳʝ ʤʘʩʪʝʨʘ ʠ ʩʣʝʩʘʨʠ-ʜʠʘʛʥʦʩʪʳ ʠʣʠ ʤʘʩʪʝʨʘ-

ʥʘʣʘʜʯʠʢʠ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘ-

ʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. 

ɼʣʷ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʰʠʥ 

ʧʨʠʤʝʥʷʶʪ ʜʚʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ: ʩ ʧʦʤʦ-

ʱʴʶ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ (ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ, ʠʣʠ ʩʫʙʲ-

ʝʢʪʠʚʥʳʡ) ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ (ʦʙʲʝʢʪʠʚʥʳʡ). 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʦʩʤʦʪʨ, ʚʩʣʫʰʠ-

ʚʘʥʠʝ, ʧʨʦʚʝʨʢʘ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʱʫʧʴ, ʥʘ ʦʩʥʦʚʘ-

ʥʠʠ ʢʦʪʦʨʳʭ ʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʘʛʨʝ-

ʛʘʪʘ, ʚʦʟʤʦʞʥʳ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ï ʧʨʠʤʝʥʝʥʠʝ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʘʛʨʝʛʘʪʦʚ [3, 4]. 

ʇʦʩʣʝ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʪʨʘʢʪʦʨʘ ʜʝʤʦʥʪʠʨʫʶʪ 

ʫʟʣʳ ʠ ʘʛʨʝʛʘʪʳ, ʪʨʝʙʫʶʱʠʝ ʨʝʤʦʥʪʘ. ʉʥʷʪʳʝ ʫʟʣʳ 

ʠ ʘʛʨʝʛʘʪʳ ʨʘʟʙʠʨʘʶʪ ʥʘ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨ-

ʛʘʶʪ ʧʨʦʮʝʩʩʫ ʤʦʡʢʠ. 

ʏʠʩʪʳʝ ʜʝʪʘʣʠ ʜʝʬʝʢʪʫʶʪ, ʚ ʧʨʦʮʝʩʩʝ ʥʝʛʦʜ-

ʥʳʝ ʜʝʪʘʣʠ ʧʦʩʪʫʧʘʶʪ ʚ ʫʪʠʣʴ, ʪʨʝʙʫʶʱʠʝ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ï ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʘ ʛʦʜʥʳʝ ʜʝʪʘʣʠ ʧʦ-

ʩʪʫʧʘʶʪ ʥʘ ʫʯʘʩʪʦʢ ʢʦʤʧʣʝʢʪʦʚʢʠ. ʅʝʛʦʜʥʳʝ ʜʝ-

ʪʘʣʠ ʟʘʤʝʥʷʶʪʩʷ ʥʦʚʳʤʠ. 

ɼʘʣʝʝ ʜʝʪʘʣʠ ʢʦʤʧʣʝʢʪʫʶʪʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʩʙʦʨʢʠ ʚ ʘʛʨʝʛʘʪʳ ʠ ʫʟʣʳ. ʇʦʩʣʝ ʩʙʦʨʢʠ ʘʛʨʝ-

ʛʘʪʳ ʠ ʫʟʣʳ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʠʨʫʶʪ, ʠʩʧʳ-

ʪʳʚʘʶʪ ʠ ʦʙʢʘʪʳʚʘʶʪ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷ-

ʝʪʩʷ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ. ʂʦʥʪʨʦʣʴ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʢʦʤʧʝʪʝʥʪʥʳʡ ʩʧʝʮʠʘʣʠʩʪ, ʢʦʪʦʨʳʡ 

ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʧʦʜʪʝʢʦʚ ʩʤʘʟʢʠ, 

ʦʪʩʫʪʩʪʚʠʝ ʟʘʝʜʘʥʠʡ ʠ ʟʘʢʣʠʥʠʚʘʥʠʡ, ʥʘʣʠʯʠʝ ʣʶʬ-

ʪʦʚ, ʦʩʝʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʪ.ʜ. [3, 4]. 

ɸʛʨʝʛʘʪʳ ʠ ʫʟʣʳ, ʧʨʦʰʝʜʰʠʝ ʢʦʥʪʨʦʣʴ ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʪʨʘʢʪʦʨ. 

ʈʘʙʦʪʳ ʧʦ ʨʝʤʦʥʪʫ ʪʨʘʢʪʦʨʦʚ ʠʤʝʶʱʠʝ ʩʣʦʞ-

ʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʢʚʘʣʠʬʠ-

ʮʠʨʦʚʘʥʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠʣʠ ʧʨʠ ʠʭ ʫʯʘʩʪʠʠ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʪʨʘʢʪʦʨʦʚ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʧʣʘʥ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʠ ʨʝʤʦʥʪʘ - ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʣʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʙʳʩʪʨʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʝʤʦʥʪʘ, ʠ ʜʠʘ-

ʛʥʦʩʪʠʢʠ ʪʨʘʢʪʦʨʦʚ. 
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THE ANALYSIS OF WAYS OF MAINTENANCE OF MACHINE AND TRACTOR PARK  
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ɸʥʥʦʪʘʮʠʷ  
ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʣʠʪʴ ʙʝʟʦʪʢʘʟʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʘʰʠʥʥʦ-

ʪʨʘʢʪʦʨʥʦʛʦ ʧʘʨʢʘ ʚ ʥʘʧʨʷʞʝʥʥʳʝ ʧʝʨʠʦʜʳ, ʥʦ ʠ ʧʨʦʜʣʠʪʴ ʨʝʩʫʨʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʠʢʠ. ɺ ʩʪʘʪʴʝ ʨʘʩ-

ʩʤʦʪʨʝʥʳ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

Abstract 

Maintenance allows not only to prolong trouble-free operation of machine and tractor Park in the intense 

periods, but also to prolong a resource of the used equipment. The article describes the technology used in the 

maintenance. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʥʘʜʝʞʥʦʩʪʴ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʦʧʝ-

ʨʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ. 

Keywords: maintenance, reliability, diagnostics, failure, operational-routing 

 

ɺ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʧʝʨʝʜʚʠʞʥʳʝ ʩʨʝʜʩʪʚʘ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʭʦʜʠʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʦʩʥʘʱʝʥʠʝ ʠ ʩʦʦʨʫʞʝʥʠʷ. ʆʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʚʠʜʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʠʭ ʢʘʯʝʩʪʚʦ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ 

ʪʨʫʜʘ ʠ ʚʨʝʤʝʥʠ, ʯʪʦ ʚ ʮʝʣʦʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳ-

ʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʦʡ ʛʦʪʦʚʥʦʩʪʠ ʠ ʣʫʯʰʝʤʫ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʤʘʰʠʥ. ʅʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʩʧʦʩʦ-

ʙʦʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʳʡ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʟʘʮʠʠ ʠ 

ʨʘʟʜʝʣʝʥʠʠ ʪʨʫʜʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʇʨʠ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʠʙʦ-

ʣʝʝ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʨʝʜʩʪʚ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠ ʧʨʠ-

ʙʦʨʦʚ ʚʳʧʦʣʥʷʶʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʟʚʝʥʘ, ʘ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ 

ʦʧʝʨʘʮʠʠ ï ʤʝʭʘʥʠʟʘʪʦʨ. 

ʉʧʦʩʦʙʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ 

ʙʳʚʘʶʪ ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʳʝ, ʪʘʢ ʠ ʧʝʨʝʜʚʠʞʥʳʝ. ʂ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʦʙʲʝʢʪʘʤ ʧʨʠʥʘʜʣʝʞʘʪ: ʧʫʥʢʪʳ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʙʨʠʛʘʜ, ʦʪʜʝʣʝʥʠʡ, ʦʪʨʷ-

ʜʦʚ), ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʙʘʟʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ (ʮʝʥʪʨʘʣʴʥʳʝ ʫʩʘʜʴʙʳ ʭʦʟʷʡʩʪʚ 

ʠ ʩʧʝʮʦʪʜʝʣʝʥʠʷ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ) 

ʠ ʩʪʘʥʮʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ (ʨʝ-

ʤʦʥʪʥʦ-ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʢʦʤʧʣʝʢʩʳ, ʤʝʞʭʦʟʷʡ-

ʩʪʚʝʥʥʳʝ ʦʙʲʝʜʠʥʝʥʠʷ ʠ ʧʨʝʜʧʨʠʷʪʠʷ) [1]. 

ɺ ʚʠʜʫ ʥʝʧʨʦʩʪʳʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘ-

ʰʠʥ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʤʝʱʘʪʴ 

ʤʦʙʠʣʴʥʳʝ ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʨʝʜʩʪʚʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʳʡ ʧʝʨʠʦʜ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦ ʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʥʘʜʝʞʥʦʩʪʠ. 

ʇʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʤʘʰʠʥʳ ʧʨʦ-

ʚʝʨʷʶʪ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʝʸ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʨʘʚʥʠʚʘʶʪ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ. 

ʈʦʣʴ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʟ-

ʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʤʘʰʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʥʦʤʠʥʘʣʴ-

ʥʳʤʠ, ʜʦʧʫʩʪʠʤʳʤʠ ʠ ʧʨʝʜʝʣʴʥʳʤʠ. ʅʦʤʠʥʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʦʜ-ʠʟʛʦʪʦ-

ʚʠʪʝʣʴ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʥʘʠʙʦʣʴʰʠʡ ʩʨʦʢ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʫʟʣʦʚ, 

ʘʛʨʝʛʘʪʦʚ ʠ ʤʘʰʠʥʳ ʚ ʮʝʣʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ, ʧʦ ʤʝʨʝ ʠʟʥʘʰʠʚʘʥʠʷ ʪʨʫʱʠʭʩʷ ʩʦʧʨʷʞʝ-

ʥʠʡ, ʟʘʛʨʷʟʥʝʥʠʷ ʬʠʣʴʪʨʦʚ, ʚʦʟʜʫʭʦʦʯʠʩʪʠʪʝʣʷ, 

ʫʭʫʜʰʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʝʣ, ʟʥʘ-

ʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʫʭʫʜʰʘʶʪʩʷ. ʇʨʠ ʜʦ-
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ʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʫʪʨʘʯʠʚʘʝʪʩʷ 

ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʩʣʝʜʩʪʚʠʝ ʘʚʘʨʠʡʥʳʡ ʠʟʥʦʩ 

ʠ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘ-

ʪʝʣʝʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʦʩʪʦʡ ʤʘ-

ʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠ-

ʯʠʥʘʤ, ʩʥʠʞʘʶʪʩʷ ʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʶʪ ʨʘʩʭʦʜ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʘ. ʏʪʦʙʳ ʥʝ ʜʦ-

ʧʫʩʪʠʪʴ ʵʪʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦʧʫʩʢʘʝʤʳʝ ʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʫʟʣʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʝʟʦʪʢʘʟʥʫʶ ʨʘʙʦʪʫ 

ʤʘʰʠʥʳ ʜʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʣʘʥʦʚʦʛʦ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ɺ ʚʠʜʫ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʘʰʠʥ ʠ ʨʘʟʣʠʯʥʦʛʦ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʜʘʞʝ ʧʨʠ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ ʊʆ ʚʦʟʥʠʢʘʶʪ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʫʩʪʨʘʥʷʪʴ, ʥʝ ʜʦʞʠʜʘ-

ʷʩʴ ʧʣʘʥʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʊʘʢʦʝ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʤʘʰʠʥʳ ʥʘʟʳʚʘʶʪ 

ʷʚʦʯʥʳʤ ʠ ʧʨʦʚʦʜʷʪ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ. 

ʇʘʨʘʤʝʪʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʟʣʦʚ ʠ ʘʛ-

ʨʝʛʘʪʦʚ ʤʘʰʠʥʳ ʨʘʟʜʝʣʷʶʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ 

ʨʝʩʫʨʩʥʳʝ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 

ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʨʦʤʳʚʢʦʡ ʠʣʠ ʟʘ-

ʤʝʥʦʡ ʬʠʣʴʪʨʦʚ, ʟʘʤʝʥʦʡ ʤʘʩʣʘ, ʧʨʦʚʝʜʝʥʠʠ ʨʝʛʫ-

ʣʠʨʦʚʦʢ ʠ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ, ʚʢʣʶʯʘʷ ʫʩʪʨʘʥʝʥʠʝ 

ʤʝʣʢʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʝʩʫʨʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦ 

ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʨʝʤʦʥʪ ʠʣʠ ʟʘ-

ʤʝʥʘ ʫʟʣʘ (ʘʛʨʝʛʘʪʘ). 

ɽʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʙʫʜʝʪ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʧʨʝʚʳ-

ʰʘʝʪ ʜʦʧʫʩʪʠʤʫʶ ʚʝʣʠʯʠʥʫ, ʝʛʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 

ʜʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʞʝ ʨʝʟʫʣʴʪʘʪ ʠʟ-

ʤʝʨʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ, ʪʦ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʣʠ ʨʝʤʦʥʪ ʦʙʲʝʢʪʘ ʜʠ-

ʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʷʪ, ʨʘʩʩʯʠʪʳʚʘʷ ʥʘ ʪʦ, 

ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʦʯʝʨʝʜʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʧʘʨʘʤʝʪʨ ʥʝ 

ʧʨʝʚʳʩʠʪ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʨʘʢʪʦʨʦʚ ï ʩʦʚʨʝ-

ʤʝʥʥʦʝ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ 

ʦʧʝʨʘʮʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʠ 

ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥʳ. 

ʅʘʨʫʰʝʥʠʝ ʮʠʢʣʠʯʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫ-

ʞʠʚʘʥʠʷ, ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʠ ʚʳ-

ʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʦʪʢʘ-

ʟʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʨʝʩʫʨʩʘ ʠ ʩʥʠʞʝʥʠʝ ʵʢʦʥʦʤʠʯʥʦ-

ʩʪʠ ʨʘʙʦʪʳ ʤʘʰʠʥʳ. [2-4] 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʨʘʟʥʦʦʙ-

ʨʘʟʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʚʝʜʝʥʠʷ ʊʆ ʠ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʬʦʨʤʦʡ ʧʨʦʚʝʜʝʥʠʷ ʊʆ 

ʷʚʣʷʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʴʥʦ-ʜʠʘʛʥʦʩʪʠʯʝ-

ʩʢʠʭ ʨʘʙʦʪ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʦʧʝʨʘʮʠʡ ʧʦ ʊʆ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʯʝʪʢʦ 

ʩʧʣʘʥʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʦʙʷʟʘʪʝʣʴ-

ʥʳʭ ʨʘʙʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʢʘ-

ʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʠʪʴ ʦʧʝʨʘʮʠʠ ʧʦ ʊʆ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦ ʫʩʪʨʘʥʠʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʪʘʥʮʠʷʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʥʘ ʢʨʫʧʥʳʭ 

ʨʝʤʦʥʪʥʦ-ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʦʨʦʰʦ 

ʨʘʟʚʠʪ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʊʆ-1 ʩ ʵʣʝʤʝʥʪʘʤʠ ɼ-1 

ʠ ʊʆ-2 (ʊʆ-3) ʩ ʵʣʝʤʝʥʪʘʤʠ ɼ-2 ʦʪʜʝʣʴʥʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ɼʘʥʥʳʝ ʚʠʜʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʘʛʨʝʛʘʪʥʦ-ʙʨʠʛʘʜʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ 

ʧʦʪʦʯʥʦ-ʢʦʥʚʝʡʝʨʥʦʡ ʣʠʥʠʠ, ʪ.ʝ. ʫʯʘʩʪʢʠ ʜʣʷ ʧʨʦ-

ʚʝʜʝʥʠʷ ʊʆ ʠʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʧʦʩʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʥʘ ʢʘʞʜʦʤ ʧʦʩʪʫ ʠʤʝʝʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʙʦʨʳ, ʩʪʝʥʜʳ ʜʣʷ ʧʨʦ-

ʚʝʨʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʊʆ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʠʩʪʝʤ. ʅʘ ʧʨʝʜʧʨʠʷ-

ʪʠʷʭ ʩ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʧʘʨʢʦʤ ʪʝʭʥʠʢʠ ʚ ʦʩʥʦʚ-

ʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʧʦʩʪʦʚ ʧʨʦʝʟʜʥʦʛʦ ʠʣʠ ʪʫʧʠʢʦʚʦʛʦ ʪʠʧʘ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʥʘ ʪʘʢʦʤ ʧʦʩʪʫ ʨʘʩʧʦʣʦʞʝʥʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʊʆ ʠʣʠ ʜʠʘʛʥʦ-

ʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʘʰʠʥʳ 

[1]. 

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥ ʥʘ ʧʦʩʪʘʭ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʭʦʨʦʰʝʡ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ 

ʨʘʙʦʯʠʭ. ʆʨʛʘʥʠʟʘʮʠʷ ʪʨʫʜʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ: 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʨʘʙʦʯʠʭ; 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ; ʨʘʚʥʫʶ ʟʘ-

ʛʨʫʟʢʫ ʢʘʞʜʦʛʦ ʨʘʙʦʯʝʛʦ; ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʧʫʩʢ-

ʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʪʦʚ ʠ ʣʠʥʠʡ; ʫʜʦʙʥʦʝ ʚʳʧʦʣ-

ʥʝʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʢʘʞʜʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ ʙʝʟ 

ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ; ʨʘʚʥʦʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʤʘʰʠʥ ʥʘ 

ʢʘʞʜʦʤ ʧʦʩʪʫ ʣʠʥʠʠ. 

ʆʧʝʨʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʩʦʜʝʨ-

ʞʘʪ ʧʝʨʝʯʝʥʴ ʠ ʥʦʨʤʫ ʚʨʝʤʝʥʠ ʦʧʝʨʘʮʠʡ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ. ʕʪʦʪ ʧʝʨʝʯʝʥʴ ʩʦʩʪʘʚʣʷʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ 

ʦʧʝʨʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʝʨʝʯʝʥʴ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʩʝʭ ʦʧʝʨʘʮʠʡ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʤʝʞʜʫ ʚʩʝʤʠ ʨʘʙʦʯʠʤʠ ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʧʦʩʪʫ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʨʝʤʦʥʪʘ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʨʘʙʦʪ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʥʘʛʨʫʟʢʘ ʥʘ ʧʦʩʪʘʭ ʙʳʣʘ ʨʘʚʥʦʤʝʨʥʦʡ ʠ ʙʳʣʘ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʦʡ ʪʝʭʥʠʢʠ ʥʘ ʧʦʩʪʫ 

ʠ ʠʟʙʝʞʘʪʴ ʪʦʛʦ ʯʪʦ ʙʳ ʨʘʙʦʯʠʝ ʤʝʰʘʣʠ ʜʨʫʛ ʜʨʫʛʫ.  

ʂʘʞʜʳʡ ʨʘʙʦʯʠʡ ʟʥʘʝʪ, ʧʝʨʝʯʝʥʴ ʦʧʝʨʘʮʠʡ, ʢʦ-

ʪʦʨʳʝ ʦʥ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ ʥʘ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʘ-

ʰʠʥʝ. ɸʚʪʦʤʦʙʠʣʠ, ʢʦʪʦʨʳʝ ʧʦ ʧʣʘʥʫ ʜʦʣʞʥʳ 

ʧʨʦʡʪʠ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʧʦʩʪʫʧʘʶʪ (ʧʦ ʫʢʘʟʘʥʠʶ 

ʜʠʩʧʝʪʯʝʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʥʘ ʧʦʩʪʳ, ʠ ʢʘʞʜʳʡ ʨʘ-

ʙʦʯʠʡ ʚʳʧʦʣʥʷʝʪ ʟʘʢʨʝʧʣʝʥʥʳʝ ʟʘ ʥʠʤ ʦʧʝʨʘʮʠʠ. 

[4,5] 
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CALCULATION OF THE TEMPERATURE MODE OF OPERATION OF THE POWER 

TRANSFORMER FOR EACH LOAD MODE.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦ ʩʠʣʦʚʦʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʥʘʛʨʫʟʦʯʥʦʤ ʨʝʞʠʤʝ, ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʪ ʝʛʦ ʥʘʛʨʫʟʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʛʨʫ-

ʟʦʯʥʦʛʦ ʨʝʞʠʤʘ, ʪʘʢ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ. 

Abstract 

This article refers to the power transformer, load mode, a graph of transformer temperature changes from 

its load, calculated for each load mode, as well as calculations of oil temperature in the upper layers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʣʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʥʘʛʨʫʟʢʘ, ʥʘʛʨʫʟʦʯʥʳʡ ʨʝʞʠʤ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, 

ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ. 

Key words: Power transformer, load, load mode, temperature mode, insulation deterioration. 

 

ʅʘʛʨʫʟʢʘ ʩʠʣʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʩʤʝʥʫ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʚʦʝʡ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ, ʠ ʤʦ-

ʞʝʪ ʠʤʝʪʴ ʜʚʘ ʠ ʙʦʣʝʝ ʤʘʢʩʠʤʫʤʦʚ ʟʘ ʩʤʝʥʫ. ɺ ʵʪʠʭ 

ʩʣʫʯʘʷʭ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʧʨʷʤʦʫʛʦʣʴʥʳʡ 

ʛʨʘʬʠʢ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʨʘʩʯʝʪʘʭ. ɺʳʭʦʜʦʤ ʠʟ ʵʪʦʡ ʩʠʪʫʘ-

ʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ. ʈʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ [1, 2, 3]. ɼʣʷ ʢʘʞʜʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʝʨʝʨʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ-

ʪʝʨʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝ-

ʤʝʥʠ ʥʘʛʨʝʚʘ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝ-

ʞʠʤʘ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ (ʨʝʢʫʨ-

ʩʠʚʥʳʝ ʚʳʯʠʩʣʝʥʠʷ). ɺ ʥʘʯʘʣʝ ʨʘʩʯʝʪʘ ʟʘʜʘʝʪʩʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʊʧ, ʯ, (ʩʫʪʢʠ, ʩʤʝʥʘ) ʚ ʪʝʯʝ-

ʥʠʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʨʝʞʠʤʘ [4, 5, 6] ʢʘʙʝʣʷ. ɿʘʪʝʤ ʟʘʜʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ - N, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʙʫʜʝʪ ʧʨʦ-

ʠʟʚʦʜʠʪʴʩʷ ʧʝʨʝʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʪʨʘʥʩʬʦʨ-

ʤʘʪʦʨʘ, ʠ ʠʭ ʜʣʠʪʝʣʴʥʦʩʪʴ - æt, 

ЎἼ ▪˟

╝
, i=0..N 

ʛʜʝ i - ʥʦʤʝʨ ʪʝʢʫʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, i-1 - 

ʥʦʤʝʨ ʧʨʝʜʳʜʫʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʣʶʙʦʛʦ i-ro ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʫ 

ʧʝʨʝʛʨʝʚʘ ʤʘʩʣʘ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʦʭʣʘʞʜʘʶʱʝʡ ʩʨʝʜʳ ɗʤ.ʚ.ʩ.i Áʉ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ 

ג̇ ˏ˞ ג̇ ˏȢ˞̊˛ Ͻ̇
Ͻ Ͻ̠░ Ͻρ ̆

Ў

ג̇ ˏ˞ Ͻ̆
Ў

           (1) 

 

ʛʜʝ K j - ʟʘʛʨʫʟʢʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚʦ ʚʨʝʤʷ ʪʝ-

ʢʫʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ; 

Ổi-1- ʦʪʥʦʰʝʥʠʝ ʦʤʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙ-

ʤʦʪʢʠ ʚʦ ʚʨʝʤʷ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʟʘʛʨʫʟʢʠ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʘ - ʂʠ 

 

►̨ ░̇

►̨ Ȣ̇̊

ˏ˪ ˙ˏ˞ ˛ Ȣ̇̊˚˟

ˏ˪ ˙ˏȢ˞̊˛˙ ˛ Ȣ̇̊˚Ȣ˟̊˛˙
, 

 

Ű - ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʘ, ʯ, ʚʦ ʚʨʝʤʷ i-ʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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† †̎̏Ͻ̍
˙ˏȢ˞ɣ ˙ˏȢ˞ɣ

˙ˏȢ˞ɣ ˙ˏȢ˞ɣ

Ͻ̇ג ˏȢ˞̊˛˙ , 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ[7, 8, 9] ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʚʦ 

ʚʨʝʤʷ i-ro ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ᾔM.B.c.i., Áʉ, ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

˙ˏ˞ ג̇ ˏȢ˞          (2) 

 

ʛʜʝ ᾔBir ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, Áʉ, ʩ ʫʯʝʪʦʤ ʪʝʧ-

ʣʦʚʦʡ ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʜʣʷ i-ro ʠʥ-

ʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

 

ρ ̆
Ў

Ͻ̆
Ў

       (3) 

 

ɼʣʷ i-ro ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʧʝʨʝʛʨʝʚ ʥʘʠʙʦʣʝʝ 

ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ ʦʙʤʦʪʢʠ ʥʘʜ ʤʘʩʣʦʤ ʚ ʚʝʨʭʥʠʭ 

ʩʣʦʷʭ ʤʘʩʣʘ ᾔʦ.ʤ.ʥʥʪ.ʥ ,Áʉ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ג̨ Ȣ̇̊ ˚˟ ג̨ Ȣ̇̊ ˚Ȣ˟̊˛ Ͻ̇ ▪̠Ͻ░ Ͻρ ̆
Ў

ג̨ Ȣ̇̊ ˚˟ ג̨ Ȣ̇̊ ˚Ȣ˟̊˛˙ Ͻ̆
Ў

, (2.60) 

 

ʛʜʝ ŰoBi - ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ[10, 11, 12], ʯ, ʚʦ ʚʨʝʤʷ ʪʝʢʫʱʝʛʦ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

†̨ˎ †̨ Ȣˎ̊ ˛ Ͻ̇
˛ Ȣ̇̊˚Ȣ˟ɣ ˛ Ȣ̇̊˚Ȣ˟ɣ

˛ Ȣ̇̊˚Ȣ˟ɣ ˛ Ȣ̇̊˚Ȣ˟ɣ

Ͻ̨‮ Ȣ̇̊ ˚Ȣ˟̊˛ ,̇ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ ʦʙ-

ʤʦʪʢʠ ʜʣʷ i-ro ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ᾔo.HHT .i, Áʉ, ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

˛ Ȣ̇̊˚˟ ̨‮ Ȣ̇̊ ˚Ȣ˟ ̨‮ ˙˞         (4) 

 

ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʥʦʩʘ ʨʘʩ-

ʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʝ 2.62 ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʉʦʚʤʝʩʪʥʦ ʩ ʛʨʘʬʠʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʥʦʩʘ ʠʟʦ-

ʣʷʮʠʠ ʚ ʪʦʤ ʞʝ ʤʘʩʰʪʘʙʝ ʧʦʢʘʟʘʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʠʙʦʣʝʝ ʥʘʛʨʝʪʦʡ ʪʦʯʢʠ ʦʙʤʦʪʢʠ[13,14,15,16], 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ ʠ 

ʝʝ ʙʘʟʠʩʥʘʷ ʚʝʣʠʯʠʥʘ ʧʨʠ ʢʦʪʦʨʦʡ ʠʟʥʦʩ ʠʟʦʣʷʮʠʠ 

ʨʘʚʝʥ ʥʦʤʠʥʘʣʴʥʦʤʫ. 

 

 
ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʥʦʩʘ ʠʟʦʣʷʮʠʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ  

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʤʦʪʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ 

 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʩʣʘ ʚ ʚʝʨʭʥʠʭ 

ʩʣʦʷʭ ʤʘʩʣʘ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [17, 18, 19, 20] 

ʤʦʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʙʜʫʚ ʨʘʜʠʘʪʦʨʦʚ ʫ ʪʨʘʥʩ-

ʬʦʨʤʘʪʦʨʦʚ ʩ ʚʦʟʜʫʰʥʳʤ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʦʭʣʘ-

ʞʜʝʥʠʝʤ ʚʢʣʶʯʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ "ʇʨʘ-

ʚʠʣ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥ-

ʮʠʡ ʠ ʩʝʪʝʡ" (ʇʊʕ) [83] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʩʣʘ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʚʳʰʝ 55 Áʉ ʠʣʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʝ-

ʣʠʯʠʥʳ ʪʦʢʘ ʩʚʦʝʛʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 45 Áʉ ʠ ʧʨʠ ʚʝʣʠʯʠʥʝ ʪʦʢʘ 

ʤʝʥʴʰʝ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ, 

ʧʦʵʪʦʤʫ ʚʦ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦ-

ʵʬʬʠʮʠʝʥʪ m ʨʘʚʥʳʡ 0,8 - ʜʣʷ ᾔʤ.ʚ.ʩ. < 45 Áʉ ʠ I < 

Iʥ; 0,9 - ʜʣʷ ᾔʤ.ʚ.ʩ.> 55 Áʉ ʠ I > Iʅ. 
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CONTROL OF INDICATORS OF METAL STRUCTURE DURING THE CYCLE OF 

TECHNOLOGICAL PROCESSING  

 

Abstract:  

This article examines the diagnostic features of monitoring the structure of the metal during the processing 

cycle of the process, noted the temperature and physical changes in the heat treatment process. A technique for 

fixing and regulating temperature conditions is proposed, which ensures the release of steels and metal products 

with special properties. 

ɸʥʥʦʪʘʮʠʷ:  

ɺ ʩʪʘʪʴʝ ʜʘʸʪʩʷ ʦʮʝʥʢʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʚʦ ʚʨʝʤʷ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʦʙʨʘʙʦʪʢʠ, ʦʪʤʝʯʘʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦ-

ʦʙʨʘʙʦʪʢʠ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʧʦʜʭʦʜʳ ʧʦ ʚʳʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʬʠʢʩʘʮʠʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʞʠʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʧʫʩʢ ʩʪʘʣʝʡ ʠ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ, ʪʝʨʤʦʦʙʨʘ-

ʙʦʪʢʘ, ʩʪʨʫʡʥʘʷ ʩʠʩʪʝʤʘ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ. 

Keywords: metal structure, technological cycle, temperature conditions of heat treatment, jet system air prep-

aration. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʜʣʷ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚ-

ʣʷʝʪʩʷ ʚʳʧʫʩʢ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʩʝʛʤʝʥʪʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʨʳʥʢʘ. ɺ ʤʝ-

ʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʝʤʫ ʵʪʘʧʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʦʛʦ ʧʝʨʝ-

ʜʝʣʘ. ɺʦʧʨʦʩ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʧʫʩʢ ʤʝʪʘʣʣʘ ʩ ʦʩʦʙʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ ʠ ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʥʝ ʦʩʫʱʝʩʪʚʠʤ ʙʝʟ 

ʚʥʝʜʨʝʥʠʷ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ. 

ʆʜʥʘʢʦ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʧʨʝʮʠʟʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʦ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʮʠʢʣʘ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʤʝʪʘʣʣʘ ʚ 1Áʉ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʷ. 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘ ʩʪʨʫʡʥʦʡ ʚʦʟʜʫ-

ʭʦʧʦʜʛʦʪʦʚʢʠ, ʘ ʪʘʢ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠ ʘʥʘʣʠʟʠ-

ʨʫʶʪʩʷ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦ ʚʨʝʤʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ ʷʚʣʷʝʪʩʷ ʟʘʚʝʨʰʘʶʱʠʤ ʵʪʘ-

ʧʦʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʬʠʢʩʘʮʠʠ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦʣ-

ʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚʳʰʝ 

ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʘʣʷʤ, ʯʴʷ ʜʦʣʷ ʫʛʣʝ-

ʨʦʜʘ ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 0,7 %. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʟʘʚʝʨʰʘʶʱʝʛʦ ʵʪʘʧʘ ʪʝʨʤʦʦʙ-

ʨʘʙʦʪʢʠ ʵʪʘ ʩʪʘʣʴ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʴʶ 

ʠ ʧʨʦʯʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʝʪʘʣʣʘ ʜʘʞʝ 1Áʉ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʥʳʤ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʷ ʠ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʆʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ ʚʳʧʣʘʚʢʠ 

ʤʝʪʘʣʣʘ 

ʉʪʨʫʡʥʳʝ ʚʝʥʪʠʣʷʪʦʨʳ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤ ʧʦʜ-

ʭʦʜʷʱʠʤ ʪʠʧʦʤ ʚʝʥʪʠʣʷʪʦʨʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦ-

ʜʦʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. ɿʘ ʩʯʝʪ ʠʥʞʝʢʮʠʦʥʥʦʛʦ ʵʬ-

ʬʝʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʦʚʣʝʯʝʥʠʝ ʙʦʣʴʰʠʭ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ. ʇʨʠ ʧʦʤʦʱʠ ʩʪʨʫʡʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪʩʷ ʪʝʨʤʦʦʙʨʘʙʦʪʢʫ ʤʝʪʘʣʣʦʚ ʠ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. 
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ʈʠʩ. 1 ʂʦʥʩʪʨʫʢʮʠʷ ʩʪʨʫʡʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʪʨʫʡʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ: 1 ð ʢʦʨʧʫʩ ʚʝʥʪʠʣʷ-

ʪʦʨʘ, 2 ð ʢʨʳʣʴʯʘʪʢʘ; 3 ð ʣʦʧʘʩʪʴ ʢʨʳʣʴʯʘʪʢʠ; 4 ð ʥʦʩʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ; 5 ð ʭʚʦʩʪʦʚʦʡ ʦʙʪʝʢʘʪʝʣʴ; 

6 ð ʦʧʦʨʥʘʷ ʨʘʤʘ;7 ð ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 8 ð ʦʧʦʨʘ ʜʚʠʛʘʪʝʣʷ; 9 ð ʥʘʢʦʥʝʯʥʠʢ; 10 ð ʛʣʫʰʠʪʝʣʴ. 

ɺʦʟʜʫʰʥʘʷ ʩʪʨʫʷ, ʚʝʥʪʠʣʷʪʦʨʘ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ (ʨʠʩʫʥʦʢ 2). 

 
ʈʠʩ. 2 ʉʭʝʤʘ ʩʚʦʙʦʜʥʦʡ ʘʩʠʤʤʝʪʨʠʯʥʦʡ ʩʪʨʫʠ 

 

ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʚʦʙʦʜʥʦʡ ʩʪʨʫʠ ʥʘʯʠʥʘ-

ʝʪʩʷ ʩʨʘʟʫ ʟʘ ʚʳʭʦʜʦʤ ʠʟ ʚʝʥʪʠʣʷʪʦʨʘ. ɺ ʜʘʥʥʦʤ 

ʫʯʘʩʪʢʝ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ ʧʦʩʪʦʷʥʥʘ. [5] 

ʉʣʝʜʫʶʱʘʷ ʟʦʥʘ, ʵʪʦ ʦʩʥʦʚʥʦʡ ʫʯʘʩʪʦʢ ʩʚʦ-

ʙʦʜʥʦʡ ʩʪʨʫʠ. ʆʩʝʚʘʷ ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʥʘ ʵʪʦʤ 

ʫʯʘʩʪʢʝ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ ʨʘʟʚʠ-

ʚʘʝʪʩʷ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, ʪʦ ʫʩʣʦʚʠʷ ʦʩʥʦʚ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ-

ʪʦʢʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. [3] 

ɹʣʘʛʦʜʘʨʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʚʣʝ-

ʯʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʚ 

ʩʪʨʫʶ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʝ ʫʚʝʣʠʯʝʥʠʶ. [7]  

ɼʣʷ ʩʪʨʫʡʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ ʟʥʘʯʝʥʠʷ ʨʝʘʢʪʠʚ-

ʥʦʡ ʪʷʛʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʅ/ʢɺʪ ʜʦ 40 

ʅ/ʢɺʪ. [1] 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʩʪʨʫʠ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʚʣʝʯʝʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʪʨʫʠ ʩ ʚʥʝʰʥʠʤʠ 

ʤʘʩʩʘʤʠ ʚʦʟʜʫʭʘ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʠ ʵʪʦʤ ʦʙʲʝʤ ʩʪʘʥʦʚʠʪʴʩʷ ʙʦʣʴʰʝ. ɺʩʝ ʵʪʦ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʦʢʦʚ 

ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʘʭ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʚʳ-

ʨʘʚʥʠʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ. [6] 

ʇʨʠʯʠʥʳ ʙʨʘʢʘ ʧʨʦʜʫʢʮʠʠ 

ɼʝʬʝʢʪʳ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʦʛʫʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ. ɺ ʦʜ-

ʥʦʤ ʩʣʫʯʘʝ ʵʪʠ ʧʨʠʯʠʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ 

ʩ ʧʨʦʮʝʩʩʦʤ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʘ ʚ ʜʨʫʛʦʤ ï ʩ ʭʘʨʘʢ-

ʪʝʨʦʤ ʩʪʘʣʠ, ʢʦʥʩʪʨʫʢʮʠʝʡ ʜʝʪʘʣʠ ʠʣʠ ʪʝʭʥʦʣʦʛʠʝʡ 

ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ɼʝʬʝʢʪʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʨʤʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʩʚʷʟʠ ʩ ʥʘʨʫ-

ʰʝʥʠʝʤ ʟʘʜʘʥʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʝʚʘ ʠʣʠ ʦʭʣʘʞʜʝ-

ʥʠʷ, ʧʦʚʳʰʝʥʠʝʤ ʠʣʠ ʧʦʥʠʞʝʥʠʝʤ (ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʟʘʜʘʥʥʦʡ) ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ, ʥʝ-

ʧʨʘʚʠʣʴʥʦʡ ʟʘʛʨʫʟʢʦʡ ʜʝʪʘʣʝʡ ʚ ʧʝʯʠ, ʥʝʚʝʨʥʳʤ 

ʚʳʙʦʨʦʤ ʘʪʤʦʩʬʝʨʳ.[4] 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʂʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʚʩʝʛʦ ʮʠʢʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ, ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ ʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʠʷ ʣʶʙʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʙʲʝʢʪʦʤ ʢʦʥ-

ʪʨʦʣʷ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʛʦ-

ʪʦʚʘʷ ʧʨʦʜʫʢʮʠʷ. ʂ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦ-

ʮʝʩʩʘ ʢʦʥʪʨʦʣʷ ʦʪʥʦʩʷʪ: ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʠʭ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʠ ʩʪʦʠʤʦʩʪʴ. 

ʋʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʟʘ ʩʯʝʪ 

ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʤ 

ɺ ʨʘʟʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʷ, ʘ 

ʪʘʢʞʝ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʚ ʧʝʯʠ. ʄʝʞʜʫ ʚʥʝʰʥʠʤʠ 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʘʤʠ ʚʳʧʦʣʥʝ-

ʥʠʷ ʦʧʝʨʘʮʠʡ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪʩʷ ʠ ʩʪʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ ʚ ʪʝʨʤʠʯʝʩʢʦʤ 
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ʦʙʦʨʫʜʦʚʘʥʠʠ (ʧʝʯʠ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥ-

ʥʦʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʣʫʯʘʝʤʦʛʦ ʠ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʝʧʣʘ. ɺ ʩʣʫʯʘʝ ʥʘʨʫ-

ʰʝʥʠʷ ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʩʪʨʝʤʠʪʩʷ ʝʛʦ ʚʳ-

ʨʦʚʥʷʪʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʣʠʙʦ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦ-

ʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʣʠʙʦ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʜʝʪʘʣʝʡ. 

ʊʘʢ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʩʘʜʢʠ, ʥʦ ʧʨʠ ʩʦʭʨʘ-

ʥʝʥʠʠ ʧʨʝʞʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʧʝʨʝʛʨʝʚ ʜʝʪʘʣʝʡ, ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʤʘʩʩʳ ʥʝʜʦʛʨʝʚ.  

ʊʝʧʣʦʚʠʟʠʦʥʥʳʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ  

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʝʧʣʦʚʠʟʦʨʳ - 

ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʩʨʝʜʩʪʚ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥ-

ʪʨʦʣʷ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʵʪʠʭ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʭ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʣʝʞʠʪ ʪʝʨʤʦʛʨʘʬʠʷ, ʪ.ʝ. 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ 

ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʤʦʥʠ-

ʪʦʨʝ ʀʂ ʠʟʦʙʨʘʞʝʥʠʷ (ʪʝʨʤʦʛʨʘʤʤʳ). 

ʆʩʥʦʚʥʦʡ ʦʪʨʘʩʣʴʶ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʪʘʣʝʣʠʪʝʡʥʘʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ, ʛʜʝ ʚʩʝ ʵʪʘʧʳ ʨʘʙʦʪʳ ʧʨʦʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳ-

ʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʚʝʜʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʧʨʦ-

ʚʝʨʦʢ ʢʦʚʰʝʡ, ʜʨʫʛʦʛʦ ʦʛʥʝʫʧʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʩʘʤʦʡ ʩʪʘʣʠ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʚʳʷʚʣʝʥʠʶ ʧʦʚʨʝʞʜʝ-

ʥʠʡ, ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʢʦʥʪʨʦʣʷ ʥʘʜ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʠʤʝʩʝʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʧʣʘʚʣʝʥʠʠ.  

 
ʈʠʩ. 3 ʌʫʥʢʮʠʠ ʠ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʧʣʦʚʠʟʦʨʘ. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʪʝʧʣʦʚʠʟʦʨʘ Fluke 

TI32 ʬʠʨʤʳ Fluke Corporation (ʉʐɸ) ʥʘ ʤʝʪʘʣʣʫʨ-

ʛʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ.  

ɼʘʥʥʳʡ ʧʨʠʙʦʨ, ʦʙʣʘʜʘʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤʠ ʪʝʭ-

ʥʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʢʘʢ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʠʝʤʣʝʤʳʡ ʨʘʙʦʯʠʡ ʪʝʤʧʝʨʘʪʫʨ-

ʥʳʡ ʜʠʘʧʘʟʦʥ ʢʘʤʝʨʳ ï20 ï 600Áʉ ʠ ʚʳʩʦʢʘʷ ʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʴ (0,2Áʉ), ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʦʙʲʝʢʪʦʚ, ʢʘʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʚʢʠ, ʥʝʧʨʝ-

ʨʳʚʥʦʡ ʨʘʟʣʠʚʢʝ, ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʧʨʦʢʘʪʢʝ, ʪʘʢ 

ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʯʝʡ ʠ ʢʦʚʰʝʡ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ. 

ʂʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʪʝʧ-

ʣʦʚʠʟʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦ-

ʣʫʯʝʥʠʷ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢ ʞʝ ʀʂ-

ʠʟʦʙʨʘʞʝʥʠʡ ʚʦ ʚʩʝʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷʭ, ʯʪʦ ʫʧʨʦ-

ʱʘʝʪ ʧʨʦʮʝʩʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʛʨʘʤʤ ʧʨʠ ʠʟʫʯʝ-

ʥʠʠ ʥʝʯʸʪʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʲʝʢʪʦʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʪʨʦʣʷ. ɺʘʞʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʚ ʩʬʝʨʝ 

ʩʪʘʣʝʣʠʪʝʡʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʢʦʥ-

ʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.[2]  

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ ʪʝʨʤʦʛʨʘʤʤʘ ʠ ʣʠʥʝʡʥʳʡ 

ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʥʘʯʝʥʠʡ ʚʥʝʰʥʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʩʚʦʜʘ ʧʝʯʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. ʂʘʢ ʚʠʜʥʦ, ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʜʦʩʪʠʛʘʶʪ 200Áʉ, ʧʦʩʣʝʜʥʝʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʦʙʣʘ-

ʩʪʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʠʟʥʦʩʘ ʬʫʪʝʨʦʚʢʠ ʩʚʦʜʘ ʧʝʯʠ. 
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ʈʠʩ. 4 ʚʠʜ ʪʝʨʤʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʝʯʠ, ʚʠʜʝʦʤʘʪʝʨʠʘʣ ʩʝʢʪʦʨʘ ʢʦʥʪʨʦʣʷ. 

 

ʄʝʪʦʜʠʢʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦ ʚʥʝʜʨʷʪʴ ʘʩʧʝʢʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʚʦʜʠʪʴ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʨʝʜʤʝʪʦʚ ʠ ʵʣʝ-

ʤʝʥʪʦʚ ʠʟʫʯʝʥʠʷ ʧʨʠ ʦʪʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʪʝʤʧʝʨʘʪʫʨ ʚʥʝʰʥʝʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʜʠʥʘ-

ʤʠʢʝ. 

ʅʘ ʨʠʩ 5. ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʦʜʠʥ ʠʟ ʚʠʜʦʚ 

ʬʫʥʢʮʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʪʝʨʤʦʛʨʘʤʤʳ ʩʚʦʜʘ 

ʧʝʯʠ. ʇʨʠ ʚʳʙʦʨʝ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ ʫʯʠʪʳ-

ʚʘʣʩʷ ʠʟʥʦʩ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ 

ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 350-

450Áʉ . 

 
ʈʠʩ. 5 ɺʠʜ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʙʨʘʥʥʦʛʦ ʩʝʢʪʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

 

ʄʝʪʦʜʠʢʘ ʧʠʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʇʠʨʦʤʝʪʨ ï ʵʪʦ ʪʝʨʤʦʤʝʪʨ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʪʝʣʘ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʈʘʙʦʪʘ ʵʪʦʛʦ 

ʧʨʠʙʦʨʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʤʝʨʝ ʤʦʱʥʦʩʪʠ ʪʝʧʣʦ-

ʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʵʪʦʪ ʧʨʠʙʦʨ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝ-

ʨʘʪʫʨʫ ʚ ʩʘʤʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. ʆʜʥʠʤ ʠʟ 

ʪʘʢʠʭ ʧʨʦʙʣʝʤʘʪʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦ-

ʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʢʦʥ-

ʪʘʢʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʩʝʢʪʦʨʝ ʩʪʨʫʡ-

ʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʡ 

ʪʠʧ ʧʠʨʦʤʝʪʨʘ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʧʝʨ-

ʚʠʯʥʳʤ ʧʨʠ ɸʈ (ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ) 

ʪʝʤʧʝʨʘʪʫʨ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʠʧ ʧʠʨʦ-

ʤʝʪʨʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʧʪʠʯʝʩʢʦʛʦ ʤʝʥʴʰʝʡ ʪʦʯʥʦ-

ʩʪʴʶ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ ɸʈ 

ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢ ʞʝ ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʢʦʨʨʝʢʮʠʠ ʟʥʘʯʝʥʠʡ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ʇʦʵʪʦʤʫ, ʧʠʨʦʤʝʪʨ ʦʧʪʠʯʝ-

ʩʢʦʛʦ ʪʠʧʘ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʭʝʤʫ ʢʘʢ ʦʙʨʘʟʮʦʚʳʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠʤʝʝʪ ʚʠʜ (ʨʠʩʫʥʦʢ 6): 
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ʈʠʩ. 6. ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 

çʆè - ʦʧʝʨʘʪʦʨ;  

çʆʇè - ʦʧʪʠʯʝʩʢʠʡ ʧʠʨʦʤʝʪʨ;  

çʋʉè - ʫʩʪʨʦʡʩʪʚʦ ʩʨʘʚʥʝʥʠʷ;  

çʈʇ1è - ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʠʨʦʤʝʪʨ; 

çʂʋè - ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

çʈʇ2éʈʇnè - ʨʷʜ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʠʨʦʤʝʪʨʦʚ;  

çʋʋè - ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

çʀè - ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʜʠʩʧʣʝʡ ʦʧʝʨʘʪʦʨʘ. 

 ʉ ʮʝʣʴʶ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʙʱʝʡ ʜʝʤʦʥʩʪʨʘʮʠʠ 

ʩʭʝʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʠʧ ʧʠʨʦ-

ʤʝʪʨʘ, ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

4%. ʋʨʘʚʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʝʪ ʚʠʜ: 

 
ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7 ʠ 8. 

 
ʈʠʩ. 7. ɻʨʘʜʠʨʦʚʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 
ʈʠʩ. 8. ʉʝʤʝʡʩʪʚʦ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʠʨʦʤʝʪʨʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʩʠʥʪʝʟʫ 

ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ. ʋʩʪʨʦʡʩʪʚʘ ʩʨʘʚʥʝ-

ʥʠʷ, ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʟʘʚʝʨʰʘʶʱʠʡ 

ʵʪʘʧ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʦ-

ʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʤʦʞʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʙʨʘʢʘ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘʤʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʤʝʪʘʣʣʘ ʧʫʪʸʤ ʬʠʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ. ʂʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʘ 

ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ ʤʝʪʘʣʣʘ ʚʦ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. 
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ɹʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʪʨʫʡʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ 

ʚʳʧʣʘʚʢʠ ʤʝʪʘʣʣʘ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʠʥʮʠʧ ʨʘ-

ʙʦʪʳ ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʪʝʧʣʦʚʠʟʦʨʘ Fluke 

TI32 ʥʘ ʧʨʠʤʝʨʝ ʤʘʨʪʝʥʦʚʩʢʦʡ ʧʝʯʠ. ɹʳʣʦ ʧʨʦʚʝ-

ʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʠʨʦʤʝʪʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʧʦ ʨʝʟʫʣʴʪʘʪʦʤ, ʢʦʪʦʨʦʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʚʳʩʰʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʪʦʯʝʢ ʧʦ 

ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʣʘʚʣʷʝʤʳʭ ʠʟʜʝʣʠʷ.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʠʨʦʚʦʡ ʦʧʳʪ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʠʥʪʝ-

ʛʨʘʮʠʠ ʚʝʪʨʦʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʠ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. ʈʘʩʩʤʦʪ-

ʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʤʝʪʦʜ ʚʠʨʪʫʘʣʴ-

ʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ, ʠ ʧʨʦʚʝʜʝʥʘ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

Abstract:  

This article analyzes the world experience in improving the quality of electricity in the integration of wind 

power plants and wind power plants to the existing electrical network. Various methods of improving the quality 

of electricity are considered: reactive power compensation, control of the wind turbine operation mode, energy 

storage systems, the method of a virtual synchronous machine, and their comparative characteristics are carried 

out. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ, ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʠʨʪʫʘʣʴʥʘʷ ʩʠʥʭʨʦʥʥʘʷ ʤʘ-

ʰʠʥʘ. 

Keywords: power quality, wind generators, electric power systems, reactive power compensation, energy 

storage systems, virtual synchronous machine. 

 

ʊʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʂʕ) ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤ-

ʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ (ʂʈʄ). ʂʈʄ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʙʘʪʘʨʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 

(ɹʂ), ʰʫʥʪʠʨʫʶʱʠʭ ʨʝʘʢʪʦʨʦʚ (ʐʈ), ʩʠʥʭʨʦʥʥʳʭ 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ (ʉʂ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʴ-

ʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʥʘʙʠʨʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʛʠʙʢʦʡ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (FACTS), ʢ 

ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʫʧʨʘʚʣʷʝʤʳʡ ʰʫʥʪʠʨʫʶʱʠʡ ʨʝʘʢ-

ʪʦʨ (ʋʐʈ), ʩʪʘʪʠʯʝʩʢʠʡ ʪʠʨʠʩʪʦʨʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ 

(ʉʊʂ), ʩʪʘʪʠʯʝʩʢʠʡ ʩʠʥʭʨʦʥʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ 

(ʉʊɸʊʂʆʄ) [1-4]. ʅʠʞʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɹʘʪʘʨʝʠ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ (ɹʉʂ) 

ʦʙʳʯʥʦ ʪʨʝʙʫʶʪ 5-ʤʠʥʫʪʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʟʨʷʜʘ, 

ʧʨʝʞʜʝ ʯʝʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʚʢʣʶʯʝʥʳ, ʥʦ 

ʝʩʪʴ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʙʦʣʝʝ 

ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʩ-

ʥʦʚʝ. ʇʦʵʪʦʤʫ ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʪʦʣʴʢʦ ʢʦʥʪʨʦ-

ʣʠʨʦʚʘʪʴ ʤʝʜʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ɹʉʂ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩʫʥʦʢ 1. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ɹʉʂ 

 

ɺʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ɹʉʂ ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʜʘʚʘʝʤʦʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 

ʦʪ ʥʘʧʨʷʞʝʥʠʷ. ʀʟ-ʟʘ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ɹʉʂ ʩʯʠʪʘ-

ʶʪʩʷ ʫʩʪʘʨʝʚʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʥʦʚʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʧʦʷʚʠʚʰʠʤʠʩʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. 

ʐʫʥʪʠʨʫʶʱʠʝ ʨʝʘʢʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʢʣʶʯʝʥʠʝʤ. ʉ ʠʭ 

ʧʦʤʦʱʴʶ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʝʜ-

ʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. ʈʝʘʢʪʠʚ-

ʥʘʷ ʤʦʱʥʦʩʪʴ, ʧʦʛʣʦʱʘʝʤʘʷ ʰʫʥʪʠʨʫʶʱʠʤ ʨʝʘʢʪʦ-

ʨʦʤ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʫ ɹʉʂ, ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʋʧʨʘʚʣʷʝʤʳʝ ʰʫʥʪʠʨʫʶʱʠʝ ʨʝʘʢʪʦʨʳ (ʋʐʈ) 

ï ɻ ʪʦ ʰʫʥʪʠʨʫʶʱʠʝ ʨʝʘʢʪʦʨʳ, ʦʩʥʘʱʝʥʥʳʝ ʫʩʪʨʦʡ-

ʩʪʚʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ (ʈʇʅ), ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʩ ʧʦʤʦ-

ʱʴʶ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ʀʩʧʦʣʴʟʫʷ ʋʐʈ, ʤʦʞʥʦ ʜʦ-

ʙʠʪʴʩʷ ʙʦʣʝʝ ʧʣʘʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʚ [5], ʧʦʢʘʟʳ-

ʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʥʘ ʢʨʫʧʥʳʭ 

ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʋʐʈ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʘ 

(ʋʐʈʊ) ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩʫʥʦʢ 2. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʋʐʈʊ 

 

ʉʪʘʪʠʯʝʩʢʠʡ ʪʠʨʠʩʪʦʨʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ (ʉʊʂ), 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʪʦʷʥʥʫʶ ʰʫʥ-

ʪʠʨʫʶʱʫʶ ʸʤʢʦʩʪʴ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʝʘʢʪʠʚʥʦʤʫ 

ʩʦʧʨʦʪʠʚʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʪʠʨʠʩʪʦʨʦʚ (ʨʠʩʫʥʦʢ 3). ʉʊʂ ʧʦʣʥʦʩʪʴʶ ʩʦ-

ʩʪʦʠʪ ʠʟ ʩʪʘʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʜʚʠ-

ʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ. 

ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʪʠʨʠʩʪʦʨʦʚ ʧʦʟʚʦʣʷʶʪ ʢʦʥ-

ʪʨʦʣʠʨʦʚʘʪʴ ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʚ ʤʘʩʰʪʘʙʝ ʚʨʝ-

ʤʝʥʠ ʜʦ ʧʦʨʷʜʢʘ 100 ʤʠʣʣʠʩʝʢʫʥʜ. ʇʨʠ ʨʘʙʦʪʝ ʪʠ-

ʨʠʩʪʦʨʦʚ ʚʦʟʥʠʢʘʶʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʪʦʢʘ, ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʂʕ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʵʪʦʛʦ ʪʠʧʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʷʤʫʶ 

ʧʦʜʢʣʶʯʝʥʦ ʢ ʰʠʥʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʷʝʪ ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

 
ʈʠʩʫʥʦʢ 3. ʊʠʧʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʉʊʂ, ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ɺʕʉ 

 

ʉʪʘʪʠʯʝʩʢʠʡ ʩʠʥʭʨʦʥʥʳʡ ʢʦʤʧʝʥʩʘʪʦʨ 

(ʉʊɸʊʂʆʄ) ï ɻ ʪʦ ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦ-

ʚʘʪʝʣʷ ʠʩʪʦʯʥʠʢʘ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪ 

ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʧʦ-

ʪʨʝʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ [6]. ɺʤʝʩʪʦ ʪʠʨʠʩʪʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝ-

ʢʣʶʯʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ IGBT (ʙʠʧʦʣʷʨʥʳʡ ʪʨʘʥʟʠ-

ʩʪʦʨ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ) ʠʣʠ IGCT 

(ʪʠʨʠʩʪʦʨ ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ) ʜʣʷ ʧʨʠ-

ʸʤʘ ʠʣʠ ʚʳʜʘʯʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʫʶ ʩʝʪʴ (ʨʠʩʫʥʦʢ 4). ʇʦʵʪʦʤʫ ʠʤʝʝʪ ʣʫʯʰʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʉʊʂ; ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʩʠʩʪʝʤʳ 

ʧʘʜʘʝʪ ʥʘʩʪʦʣʴʢʦ, ʯʪʦʙʳ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʉʊɸʊʂʆʄ ʜʦʩʪʠʛ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ, ʝʛʦ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʚʳʭʦʜʥʘʷ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʥʝ ʙʫʜʝʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ [6]. ʇʦʵʪʦʤʫ ʦʥ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 

ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʠʞʝ ʧʨʝʜʝʣʘ. 
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ʈʠʩʫʥʦʢ 4. ʊʠʧʦʚʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʉʊɸʊʂʆʄ, ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ ɺʕʉ 

 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʉʊɸʊʂʆʄ ʷʚʣʷʝʪʩʷ 

ɺʕʉ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʐʦʪʣʘʥʜʠʠ, ʛʜʝ ʩ ʝʸ ʧʦ-

ʤʦʱʴʶ ʦʧʝʨʘʪʦʨʫ ʩʝʪʠ ʫʜʘʣʦʩʴ ʧʨʝʦʜʦʣʝʪʴ ʪʨʫʜʥʦ-

ʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʥʳʤ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʦʚʘʥʠʡ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ: ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʝʘʢʪʠʚ-

ʥʦʡ ʤʦʱʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ. 

ʊʘʢʞʝ ʧʦʣʫʯʠʣʦʩʴ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʜʦʧʫʩʪʠʤʦʤʫ ʫʨʦʚʥʶ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʭ. ʇʦʩʢʦʣʴʢʫ ɺʕʉ ʧʦʜʢʣʶʯʝʥʘ ʯʝʨʝʟ ʜʚʝ ʢʘʙʝʣʴ-

ʥʳʝ ʃʕʇ ʥʘʧʨʷʞʝʥʠʝʤ 33 ʢɺ ʢ ʙʣʠʞʘʡʰʝʡ ʧʦʜ-

ʩʪʘʥʮʠʠ 132/33 ʢɺ, ʪʦ ʦʥʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʯʘʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʯʝʨʝʟ ʩʝʢʮʠʦʥʥʳʡ ʚʳʢʣʶʯʘ-

ʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʦʙʝ ʯʘʩʪʠ ɺʕʉ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʘʚ-

ʪʦʥʦʤʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚ 

ʫʩʪʘʥʦʚʢʝ ʜʚʫʭ ʉʊɸʊʂʆʄ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 

12,5 ʄʚʘʨ [7]. 

ɺʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʤʦʛʫʪ ʚʳʜʘʚʘʪʴ ʠ ʧʦʪʨʝʙʣʷʪʴ 

ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ. ʇʨʦ-

ʩʪʳʝ ʠʥʜʫʢʮʠʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ ʦʙʳʯʥʦ ʠʩʧʦʣʴ-

ʟʫʶʪ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʜʣʷ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʱʥʦʩʪʠ ʥʘ ʢʣʝʤʤʘʭ ʤʘ-

ʰʠʥʳ ʜʦ ʝʜʠʥʠʮʳ, ʙʣʠʟʢʦʡ ʢ ʝʜʠʥʠʮʝ. ɺʕʋ ʩ 

ʛʝʥʝʨʘʪʦʨʦʤ ʜʚʦʡʥʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʤʦʛʫʪ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʙʦʪʘʪʴ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʱʥʦ-

ʩʪʠ (ʥʘʧʨʠʤʝʨ, ʦʪ 0,95 ʠʥʜʫʢʪʠʚʥʦʛʦ ʜʦ 0,95 ʸʤ-

ʢʦʩʪʥʦʛʦ). ʂʦʥʢʨʝʪʥʘʷ ʪʫʨʙʠʥʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟ-

ʣʠʯʥʦʝ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʥʘ-

ʤʠʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [8]. ʈʝʛʫʣʠʨʦʚʦʯʥʳʡ 

ʜʠʘʧʘʟʦʥ ʜʣʷ ʢʘʞʜʦʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʫʥʠʢʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʦʪʦʨʘʷ ʫʢʘʟʳʚʘʝʪʩʷ 

ʚ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʦʪ ʟʘʚʦʜʘ ʠʟʛʦ-

ʪʦʚʠʪʝʣʷ, ʊʠʧʦʚʘʷ PQ-ʜʠʘʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 5. 

 
ʈʠʩʫʥʦʢ 5. ʊʠʧʦʚʘʷ PQ-ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ PQ-ʜʠʘʛʨʘʤʤʳ, ɺʕʋ ʠʤʝʝʪ ʫʟʢʠʝ 

ʨʝʛʫʣʠʨʦʚʦʯʥʳʝ ʜʠʘʧʘʟʦʥʳ ʧʦ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦ-

ʩʪʠ ʧʨʠ ʚʳʜʘʯʝ ʤʘʣʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʵʪʦ ʷʚ-

ʣʷʝʪʩʷ ʩʝʨʴʸʟʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦ-

ʚʳʰʝʥʠʷ ʂʕ. 

ʉʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ (ʉʅʕ), ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʝʪʠ, ʯʘʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʣʝʤ-

ʤʘʭ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʜʝʨʞʘʥʠʷ ʣʦ-

ʢʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨ-

ʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ 

ʵʥʝʨʛʠʠ: ʤʝʭʘʥʠʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ, ʭʠʤʠ-

ʯʝʩʢʦʡ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ, ʪʝʧʣʦʚʦʡ, ʠ ʪ.ʜ. ʂʣʘʩʩʠ-

ʬʠʢʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʝ ʟʘʧʘʩʸʥʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 6 [9]. 
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ʅʘʢʦʧʠʪʝʣʠ

ʥɻʝʨʛʠʠ

ʄʝʭʘʥʠʯʝʩʢʠʝ
ʕʣʝʢʪʨʦ-

ʭʠʤʠʯʝʩʢʠʝ
ʍʠʤʠʯʝʩʢʠʝ

ʕʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥrʝ
ʊʝʨʤʠʯʝʩʢʠʝ

1. ʅʘʩʦʩʥrʝ ɻʕʉ

2. ʍʨʘʥʝʥʠʝ 

ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ;

3. ʄʘʭʦʚʠʢʠ.

ɸʢʢʫʤʫʣ̫ʪʦʨr :

4. ʉʚʠʥʮʦʚʦ-

ʢʠʩʣʦʪʥrʝ;

5. NiCd;

6. NiMh;

7. Li-on;

8. NaS.

_______________

9. ʆʢʠʩʣʠʪʝʣɹʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣɹʥrʝ 

ʣɻʝʢʪʨʦʜr ;

10. ɻʠʙʨʠʜʥrʝ 

ʣɻʝʢʪʨʦʜr .

11. ɺʦʜʦʨʦʜ;

12. ʊʦʧʣʠʚʥrʝ 

ʣɻʝʤʝʥʪr;

13. ʉʠʥʪʝʪʠʯʝʩʢʠʡ 

ʧʨʠʨʦʜʥrʡ ʛʘʟ;

14. ʉʫʧʝʨ-

ʢʦʥʜʝʥʩʘʪʦʨr ;

15. ʅʘʢʦʧʠʪʝʣɹ ʥʘ 

ʦʩʥʦʚʝ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ.

16. ɺʦʜ̫ʥʦʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʪʝʧʣʦʚʦʡ 

ʥɻʝʨʛʠʠ.

17. ʂʨʠʦʛʝʥʥrʡ 

ʥʘʢʦʧʠʪʝʣɹ;

18. ɺr ʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʪʝʧʣʦʚʦʡ 

ʥɻʝʨʛʠʠ.

ʈʠʩʫʥʦʢ 6. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʉʅʕ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʙʦʣʝʝ ʫʩʪʦʷʚʰʝʡʩʷ ʪʝʭ-

ʥʦʣʦʛʠʝʡ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʘʭʦʚʠʢʠ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʩʫʧʝʨʤʘʭʦʚʠʢʠ ʠʟ ʫʛʣʝʧʣʘʩʪʠʢʘ ʠ ʩʪʘʣʴʥʳʭ 

ʣʝʥʪ. ɼʣʷ ʨʘʙʦʪʳ ʩ ɺʕʋ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʭʘʥʠʯʝ-

ʩʢʠʝ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʥʘʢʦʧʠʪʝʣʠ. ʉʘʤʳʝ ʧʦʧʫʣʷʨʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʩʪʘ-

ʥʦʚʢʠ ʥʘ ɺʕʉ ï ʩʫʧʝʨʤʘʭʦʚʠʢʠ ʠ ʥʠʢʝʣʝʚʳʝ ʤʝ-

ʪʘʣʣ-ʛʠʙʨʠʜʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʥʘʠʣʫʯʰʠʤʠ ʫʜʝʣʴʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʸʤʢʦʩʪʠ. 

ʄʝʪʦʜ ʚʠʨʪʫʘʣʴʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ 

(ɺʉʄ) ï ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʡ ʤʝʪʦʜ. ʅʦʚʳʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʢʦʪʦʨʳʡ ʧʦʟ-

ʚʦʣʷʝʪ ʩʦʚʤʝʩʪʠʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤʫ ʩ ʚʦʟʦʙʥʦʚʣʷʝ-

ʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʘʞʝ ʚ ʩʣʘʙʳʭ 

ʵʥʝʨʛʦʩʝʪʷʭ [10, 11]. ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ çʚʠʨʪʫʘʣʴʥʦʤè ʫʚʝʣʠʯʝʥʠʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ʂʦʤʙʠʥʘʮʠʷ 

ʅɺʀʕ ʠ ʉʅʕ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʘʥʘʣʦʛ ʩʪʘʪʦʨʘ 

ʚʠʨʪʫʘʣʴʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʤʘʰʠʥʳ (ʨʠʩʫʥʦʢ 7) [11]. 

ʕʪʦʪ ʤʝʪʦʜ ʝʱʸ ʥʝ ʥʘʰʸʣ ʩʚʦʝʛʦ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʦ ʩ ʫʜʝʰʝʚʣʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚ 

ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʦʥ ʩʤʦʞʝʪ ʚʥʝʜʨʷʪʴʩʷ ʚ ʤʠʢ-

ʨʦʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʘ 

ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ 

ʥʘ ʦʩʥʦʚʝ ɺʀʕ ʚ ʢʨʫʧʥʳʝ ʵʥʝʨʛʦʩʠʩʪʝʤʳ [12]. 

 
ʈʠʩʫʥʦʢ 7. ʄʝʪʦʜ ɺʉʄ: (ʘ) ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʢʦʥʮʝʧʮʠʷ [10]. (ʙ) ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʧʦʪʦʢ ʨʝʘʢʪʠʚ-

ʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ ʢʦʣʝʙʘʥʠʡ ʤʝʩʪʥʦʡ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʛʝʥʝʨʘʮʠʠ ʩʪʦʨʦʥʘ (ʩʣʝʚʘ) ʠ 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʥʘ ʩʪʦʨʦʥʝ ʩʝʪʠ (ʩʧʨʘʚʘ). 

 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ, ʥʦ ʤʠʨʦʚʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʥʝʪ. ʂ ʪʦʤʫ ʞʝ, ʚʦ ʤʥʦʛʠʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʘʣʠʟʘʮʠʷʭ ʤʝʪʦʜʘ ɺʉʄ ʙʳʣʦ ʦʙ-

ʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʠʥʚʝʨʪʦʨʦʚ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʫʩʪʦʡʯʠʚʫʶ ʨʘʙʦʪʫ, 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʤ [13]. 

ʇʦ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʤʝʪʦʜʘʤ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ɺʕʉ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʜʦʣʞʝʥ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʝ ʤʦʱʥʦʩʪʠ ɺʕʋ, ʢʣʘʩʩʘ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʠʧʘ ʪʫʨʙʠʥʳ ɺʕʋ, 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʳʩʪʨʦʪʝ ʫʧʨʘʚʣʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʠʡ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʦʧʝʨʘʪʦʨʦʤ ʩʝʪʠ, ʠ ʪʝʭʥʠʢʦ-ʵʢʦ-

ʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʊʘʢʞʝ ʦʯʝʥʴ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʣʘʥ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʪʠ. ʋʧʨʘʚʣʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʘʝʤʦʝ ʪʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʘʤʠ ʠʣʠ 

ʙʘʪʘʨʝʷʤʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʩʣʠʰʢʦʤ 

ʤʝʜʣʝʥʥʳʤ ʜʣʷ ʚʥʝʟʘʧʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘʛʨʫʟʢʠ, ʦʙ-

ʥʘʨʫʞʝʥʥʳʭ ʚ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ [6]. ʉʦ-

ʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱ-

ʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʉʊɸʊʂʆʄ ʠ ʉʊʂ, ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʥʘ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ, ʠʥʦʛʜʘ 

ʵʪʦ ʜʘʝʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦ-

ʙʝʥʥʦʩʪʴʶ ʠʭ ʨʘʙʦʪʳ, ʦʜʥʘʢʦ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ 

ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʩʪʦʠʤʦʩʪʴ, ʟʘʯʘʩʪʫʶ ʩʨʘʚʥʠʤʫʶ ʩʦ 

ʩʪʦʠʤʦʩʪʴʶ ʩʘʤʦʡ ɺʕʋ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʧʦ-
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ʩʢʦʣʴʢʫ ʦʥʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʨʦʛʠʤ ʨʝʰʝʥʠʝʤ. ɺʳʰʝ-

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢ ʞʝ ʢʘʞʜʳʡ ʠʟ 

ʤʝʪʦʜʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʝ ʥʘ ʛʨʫʧʧʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʆʙʳʯʥʦ ʢʦʤʙʠʥʠʨʫʶʪ ʥʝ-

ʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʂʈʄ. 
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ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʝʪʥʫʶ 

ʥʘʛʨʫʟʢʫ ʮʝʭʦʚ (ʥʠʟʢʦʚʦʣʴʪʥʫʶ ʠ ʚʳʩʦʢʦʚʦʣʴʪ-

ʥʫʶ), ʧʦʩʣʝ ʦʧʨʝʜʝʣʠʪʴ ʮʝʥʪʨ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʠ ʧʦʩʪʨʦʠʪ ʢʘʨʪʦʛʨʘʤʤʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʪʝʨʴ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳ-

ʙʠʨʘʶʪʩʷ ʯʠʩʣʦ ʠ ʤʦʱʥʦʩʪʴ ʮʝʭʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘ-

ʪʦʨʥʳʭ ʧʦʜʩʪʘʥʮʠʡ (ʜʘʣʝʝ ʊʇ) ʠ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʦʡ 

ʧʦʥʠʟʠʪʝʣʴʥʦʡ ʧʦʜʩʪʘʥʮʠʠ (ʜʘʣʝʝ ɻʇʇ) ʩ ʦʧʨʝʜʝ-

ʣʝʥʠʝʤ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ɺ ʮʝʣʷʭ 

ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʝʣʘʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʚ ʩʝ-

ʪʷʭ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʜʘʣʝʝ ɺʅ ʠ 

ʅʅ). ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʚʳʙʦʨ ʪʨʘʩʩ ʣʠʥʠʡ ʤʝʞʮʝʭʦʚʦʡ ʩʝʪʠ ʠ ʚʳʙʦʨ 

ʩʭʝʤʳ ʩʝʪʠ, ʚʳʙʦʨ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʩʝʯʝʥʠʡ ʢʘʙʝʣʴʥʳʡ ʣʠʥʠʡ 

(ʜʘʣʝʝ ʂʃ), ʟʘʱʠʪʥʦʡ ʠ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʯʝʪ ʪʦʢʦʚ ʂɿ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʩʪʦʡʢʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʠ ʵʣʝʢʪʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʪʦʢʦʚ ʂɿ. 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʪʨʝʙʫʶʪʩʷ 

ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʪʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ 24 ʮʝʭʦʚ. ʇʘʨʘ-

ʤʝʪʨʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.1. ʇʠʪʘʥʠʝ ʮʝʭʦʚʳʭ ʊʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʂʃ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

1.2. ʄʦʱʥʦʩʪʴ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʪ ʩʠʩʪʝʤʳ ʧʦ ʚʦʟ-

ʜʫʰʥʦʡ ʣʠʥʠʠ (ʜʘʣʝʝ ɺʃ) 110 ʢɺ (ʪʘʙʣʠʮʘ 1.3), ʧʦ-

ʩʪʫʧʘʝʪ ʥʘ ɻʇʇ, ʩʦʩʪʦʷʱʘʷ ʠʟ 2-ʭ ʧʦʥʠʟʠʪʝʣʴʥʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʪʘʙʣʠʮʘ 1.4). 

ʊʘʙʣʠʮʘ 1.1 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ 

ˉ 

ʧʧ 

ɿʜʘʥʠʝ 

(ʩʦʦʨʫʞʝʥʠʝ) 

Sʮʝʭʘ, 

ʢɺ*ɸ 

ʋʩʣʦʚʠʷ 

ʧʠʪʘʥʠʷ 

ʪʠʧ 

ʧʦʜʩʪʘʥʮʠʠ 
ʂʟ 

ʢʘʪʝʛʦ-

ʨʠʷ 

1 ʉʳʨʴʝʚʦʡ ʮʝʭ (0,4 ʢɺ) 2145,18 4*630 2*ʜʚʫʭʪʨʘʥʩʬ. 0,85 2;3 

 ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʉɼ 10 ʢɺ 4535,98 
ʥʘʧʨ. ʦʪ ʰʠʥ 

ɻʇʇ 
     

2 ʎʝʭ ʭʨʘʥʝʥʠʷ ʤʝʣʶʱʠʭ ʪʝʣ 155,65 ʧʠʪ. ʦʪ 5    2;3 

3 ʎʝʭ ʧʦʤʦʣʘ (0,4 ʢɺ) 2737,21 4*1000 2*ʜʚʫʭʪʨʘʥʩʬ. 0,70 1;2 

 ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʉɼ 10 ʢɺ 5837,43 
ʥʘʧʨ. ʦʪ ʰʠʥ 

ɻʇʇ 
     

4 ʍʠʤʚʦʜʦʦʯʠʩʪʢʘ 1017,82 2*1000 ʜʚʫʭʪʨʘʥʩʬ.  0,71 1 

5 ʎʝʭ ʦʙʞʠʛʘ 2813,70 4*1000 2*ʜʚʫʭʪʨʘʥʩʬ. 0,74 1;2 

6 ʎʝʤʝʥʪʥʳʝ ʩʠʣʦʩʳ 65,30 ʧʠʪ. ʦʪ 3   2 

7 ʄʝʭʘʥʠʯʝʩʢʠʡ ʮʝʭ 176,82 ʧʠʪ. ʦʪ 19   2 

8 ʇʨʝʩʩʦʚʳʡ ʮʝʭ 1448,23 2*1000 ʜʚʫʭʪʨʘʥʩʬ.  0,72 1;2 

9 ɻʘʨʘʞ 157,98 ʧʠʪ. ʦʪ 10   3 

10 ʂʦʪʝʣʴʥʘʷ 830,84 2*630 ʜʚʫʭʪʨʘʥʩʬ.  0,85 2;3 

11 ʅʘʩʦʩʥʘʷ ʭʦʟʩʪʦʢʦʚ 83,45 
ʧʠʪ. ʦʪ 10 (ʨʝ-

ʟʝʨʚ ʦʪ 23) 
  1 

12 ʉʢʣʘʜ ʠʟʚʝʩʪʥʷʢʘ 435,65 ʧʠʪ. ʦʪ 23   2;3 

13 ɿʘʚʦʜʦʫʧʨʘʚʣʝʥʠʝ 399,20 ʧʠʪ. ʦʪ 4    2 

14 ʉʪʦʣʦʚʘʷ 179,47 ʧʠʪ. ʦʪ 15   3 

15 ʕʣʝʢʪʨʦʬʠʣʴʪʨʳ ʢ ʧʝʯʘʤ 912,12 4*630 2*ʜʚʫʭʪʨʘʥʩʬ.  0,61 1 

16 
ʀʥʞʝʥʝʨʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʢʦʨʧʫʩ 
249,20 ʧʠʪ. ʦʪ 15    2 

17 ʅʘʩʦʩʥʘʷ ʧʨʦʤʩʪʦʢʦʚ 198,55 
ʧʠʪ. ʦʪ 20 (ʨʝ-

ʟʝʨʚ ʦʪ 15) 
  1 

18 
ɼʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʤʘʩ-

ʪʝʨʩʢʘʷ 
322,57 ʧʠʪ. ʦʪ 20   2;3 

 

19 
ʎʝʭ ʜʨʦʙʣʝʥʠʷ ʛʠʧʩʘ 1020,66 2*1000 ʜʚʫʭʪʨʘʥʩʬ.  0,73 2 

20 ʎʝʭ ʜʨʦʙʣʝʥʠʷ  1293,53 4*630 2*ʜʚʫʭʪʨʘʥʩʬ.  0,82 2;3 

 21 ʉʢʣʘʜ ʢʣʠʥʢʝʨʘ 269,34 ʧʠʪ. ʦʪ 19   2;3 

22 ʊʨʘʥʩʧʦʨʪʥʳʡ ʮʝʭ 263,58 ʧʠʪ. ʦʪ 20    2 

23 
ʂʦʤʧʨʝʩʩʦʨʥʘʷ ʩʪʘʥʮʠʷ (0,4 

ʢɺ) 
339,85 2*1000 ʜʚʫʭʪʨʘʥʩʬ.  0,60 1 

 ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʉɼ 10 ʢɺ 13672,26 
ʥʘʧʨ. ʦʪ ʰʠʥ 

ɻʇʇ 
    

24 ʂʫʟʥʝʯʥʦ-ʧʨʝʩʩʦʚʳʡ ʮʝʭ 317,70 ʧʠʪ. ʦʪ 23   2 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʜʘʣʝʝ ʉɼ) ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 1.5. 
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ʊʘʙʣʠʮʘ 1.2 

ʇʘʨʘʤʝʪʨʳ ʂʃ, ʧʠʪʘʶʱʠʝ ʮʝʭʦʚʳʝ ʊʇ 

ˉ ʣʠʥʠʠ Sʨ,ʢɺ*ɸ Iʨ, ɸ Iʧ/ʘ, ɸ Fʵʢ,ʤʤ2 Fʩʪ,ʤʤ2 I, ɸ F ʢʟ, ʤʤ^2 Fʧʨʠʥ,ʤʤ^2 

ɻʇʇ-ʊʇ1 2145,18 61,93 123,85 44,23 50 140 70 2*70 

ʊʇ1.1-ʊʇ1.2 2145,18 61,93 123,85 44,23 50 140 70 2*70 

ɻʇʇ-ʊʇ5.1 2969,35 85,72 171,44 61,23 70 165 70 2*95 

ʊʇ5.1-ʊʇ5.2 2969,35 85,72 171,44 61,23 70 165 70 2*95 

ɻʇʇ-ʊʇ10 1072,27 30,95 61,91 22,11 35 115 70 2*70 

ɻʇʇ-ʊʇ3.1 2802,51 80,90 161,80 57,79 70 165 70 2*70 

ʊʇ3.1-ʊʇ3.2 2802,51 80,90 161,80 57,79 70 165 70 2*70 

ɻʇʇ-ʊʇ4 1417,02 40,91 81,81 29,22 35 115 70 2*70 

ɻʇʇ-ʊʇ8 1448,23 41,81 83,61 29,86 35 115 70 2*70 

ɻʇʇ-ʊʇ15.1 1539,34 44,44 88,87 31,74 35 115 70 2*70 

ʊʇ15.1-ʊʇ15.2 1539,34 44,44 88,87 31,74 35 115 70 2*70 

ɻʇʇ-ʊʇ19 1466,82 42,34 84,69 30,25 35 115 70 2*70 

ɻʇʇ-ʊʇ20.1 1755,66 50,68 101,36 36,20 50 140 70 2*70 

ʊʇ20.1-ʊʇ20.2 1755,66 50,68 101,36 36,20 50 140 70 2*70 

ɻʇʇ-ʊʇ23 1176,65 33,97 67,93 24,26 35 115 70 2*70 

ʢʘʙʝʣʠ ʜʣʷ 4535,98 130,94 130,94 93,53 95 205 70 2*95 

ʉɼ (10 ʢɺ) 
5837,43 168,51 168,51 120,37 150 275 70 2*150 

13672,3 197,34 197,34 140,96 150 275 70 4*150 

¶ ɿʘʚʦʜ ʧʠʪʘʝʪʩʷ ʦʪ ʧʦʜʩʪʘʥʮʠʠ ʵʥʝʨʛʦʩʠ-
ʩʪʝʤʳ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʘʥʩ ʬʦʨʤʘʪʦʨʳ 160 ʄɺɸ 

220/110 ʢɺ. 

¶ ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʜʩʪʘʥʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 
ʜʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ 15 [ʢʤ]. 

¶ ɿʘʚʦʜ ʨʘʩʧʦʣʦʞʝʥ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, 
ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʶʛ. 

¶ ɻʦʩʧʦʜʩʪʚʫʶʱʠʝ ʚʝʪʨʘ ʟʘʧʘʜʥʳʝ. 

¶ ʄʦʱʥʦʩʪʴ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʩʪʦ-
ʨʦʥʝ 220 ʢɺ 4000 ʄɺɸ. 

¶ ʀʤʝʝʪʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʚʝʪʢʘ. 

ʊʘʙʣʠʮʘ 1.3 

ɼʘʥʥʳʝ ɺʃ 110 ʢɺ 

ʤʘʨʢʘ ʧʨʦ-

ʚʦʜʘ 
Uʥʦʤ, ʢɺ 

F, 

ʤʤ2 
Iʜʦʧ, ɸ Iʨ, ɸ Iʧ.ʘʚʘʨ, ɸ Fʢʦʨ, ʤʤ2 ʉʝʯʝʥʠʝ ʧʨʦʚʦʜʘ, ʧʨʠʥʷʪʦʛʦ 

ʢ ʫʩʪʘʥʦʚʢʝ 

ɸʉ-70 110 70 265 80.71 161.42 70 70 

 ʊʘʙʣʠʮʘ 1.4  

ʇʘʨʘʤʝʪʨʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ɻʇʇ 

ʊʠʧ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ,%ʢU  
ʢɺʪ

PʢD  

ʢɺʪ

PʭD  ,%ʭI  
ʢʚʘʨ

QʭD  

ʊʈɼʅ-25000/110 10.5 120 25 0.75 175 

 

 ʊʘʙʣʠʮʘ 1.5  

ʇʘʨʘʤʝʪʨʳ ʉɼ 

ʢɺʪʈʥ,  ,ʥU ʢɺ ʥcosj  %,h  Kʧ= Iʇ/Iʅʆʄ 

1250 10 0.9 94.0 6.48 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝ-

ʞʠʤʘ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ETɸP 16.0. 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʟʘʚʦʜʘ. ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʚʩʝʭ ʜʘʥʥʳʭ ʟʘʚʦʜʘ ʚ ʧʨʦ-

ʛʨʘʤʤʫ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝ-

ʞʠʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʷ çLoad Flow Analy-

sis Modeè. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝ-

ʞʠʤʘ ʚ ʚʠʜʝ ʦʪʯʝʪʥʦʡ ʪʘʙʣʠʮʳ 1.6 ʠ ʪʘʙʣʠʮʳ 1.7. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ ʚʳʢʣʶʯʘʪʝʣʠ 

ʙʳʣʠ ʫʙʨʘʥʳ ʠʟ ʩʭʝʤʳ. ʊʘʢʞʝ, ʧʦʣʦʞʝʥʠʝ ʢʦʥʪʘʢ-

ʪʦʚ çOpenè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʢʣʶʯʘʪʝʣʴ ʦʪʢʣʶʯʝʥ. 

ɺʩʝ ʥʘʩʪʨʦʡʢʠ ʟʘʜʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨ-

ʪʦʤ ʄʕʂ, ʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʝʜʠʥʠʮ ʠ ʯʘʩʪʦ-

ʪʦʡ 50 ɻʮ. 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʝʜʝʥ ʤʝʪʦʜʦʤ çAdaptive Newton-

Raphsonè. ʕʪʦʪ ʫʣʫʯʰʝʥʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-

ʈʘʬʩʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʤʝʥʴʰʠʭ ʰʘʛʦʚ ʜʣʷ 

ʠʪʝʨʘʮʠʡ, ʛʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫʩʣʦʚʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʜʠʚʝʨʛʝʥʮʠʠ. ʄʝʥʴʰʠʝ ʧʨʠʨʘʱʝʥʠʷ ʤʦʛʫʪ ʧʦʤʦʯʴ 

ʜʦʩʪʠʯʴ ʨʝʰʝʥʠʷ ʜʣʷ ʧʦʪʦʢʘ ʥʘʛʨʫʟʢʠ ʜʣʷ ʥʝʢʦʪʦ-

ʨʳʭ ʩʠʩʪʝʤ, ʛʜʝ ʦʙʳʯʥʳʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

ʤʦʞʝʪ ʥʝ ʜʦʩʪʠʯʴ ʵʪʦʛʦ [1]. 

ʄʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʙʣʠ-

ʞʝʥʠʠ ʨʷʜʘ ʊʝʡʣʦʨʘ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʠ ʧʦʰʘʛʦʚʳʭ 

ʰʘʛʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʝʰʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʣʠʥʝʡ-

ʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ / ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʧʨʠʨʘʱʝʥʠʡ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ: 

Ὢὼ ὥ Ўὼ Ὢὼ  , 



102 TECHNICAL SCIENCE / ζColloquium - journal Ȼ#17(41),2019 

ʀʥʢʨʝʤʝʥʪʥʳʝ ʰʘʛʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʧʫʪʝʤ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʥʘʯʝʥʠʷ ὥ, ʯʪʦʙʳ ʥʘʡʪʠ ʚʦʟʤʦʞ-
ʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʨʝʰʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʝʪʦʜ 

ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʥʘʛʨʫʟʢʠ ʤʦʞʝʪ ʫʣʫʯʰʠʪʴ ʩʭʦ-

ʜʠʤʦʩʪʴ ʜʣʷ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʝʤ-

ʢʦʩʪʠ (ʪʦ ʝʩʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʨʝʘʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ). ʊʘʢʞʝ ʩʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʠʪʴ ʩʭʦʜʠʤʦʩʪʴ ʜʣʷ ʩʠʩʪʝʤ ʩ 

ʦʯʝʥʴ ʤʘʣʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʦ ʵʪʦ 

ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ [1]. 

ʆʜʥʠʤ ʠʟ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝ-

ʥʠʡ ʠʟ-ʟʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʰʘʛʦʚ ʚ ʨʝʰʝʥʠʠ [1]. 

ʊʘʙʣʠʮʘ 1.6  

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʜʣʷ ʚʝʪʚʝʡ 

id ʚʝʪʚʠ 

ʧʦʪʦʢ ʦʪ-ʢ-ʰʠʥʝ ʧʦʪʦʢ ʢ-ʦʪ-ʰʠʥʳ ʇʦʪʝʨʠ % ʥʘʧʨ. ʰʠʥʳ Ud, 

% ʧʘʜ. 

ʚ Uʟʥʘʯ. 
ʄɺʪ ʄʚʘʨ ʄɺʪ ʄʚʘʨ ʢɺʪ ʢʚʘʨ ʠʟ ʚ 

Line 9 7.069 3.76 -7.04 -3.731 28.2 28.9 105.2 104.7 0.51 

Line 3 7.069 3.76 -7.04 -3.731 28.2 28.9 105.2 104.7 0.51 

T10 14.081 7.462 -2.886 -0.797 83.9 2145.9 104.7 100.9 3.81 

T10 0 0 -11.111 -4.519   104.7 97.6 7.11 

ʂʃ5.1 1.1 0.862 -1.095 -0.862 4.2 0.2 100.9 100.7 0.25 

ʂʃ5.2 0.547 0.429 -0.544 -0.429 3.5 0.2 100.7 100.2 0.41 

T55 0.548 0.433 -0.542 -0.407 5.7 25.9 100.7 97.7 2.93 

T54 -0.538 -0.404 0.544 0.429 5.7 25.6 97.3 100.2 2.92 

Cable9 2.922 1.189 -2.908 -1.187 14.5 1.5 97.6 97.2 0.43 

 

ʊʘʙʣʠʮʘ 1.7  

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʨʝʞʠʤʘ ʜʣʷ ʰʠʥ 

id ʰʠʥʳ U, % P, ʄɺʪ Q, ʄʚʘʨ S, ʄɺɸ I, ɸ cosű, % 

bus 87 104.712 14.081 7.462 15.936 76.4 88.4 

ʢ 2 ʩʝʢʮʠʠ 100.904 2.886 0.7971 3.612 196.8 79.9 

ʦʪ 2ʩʝʢʮʠʠ 100.904 1.1 0.8623 1.398 76.87 79.9 

5 100.655 0.5472 0.4293 1.394 76.1 78.6 

5.1 97.728 0.5425 0.4069 0.678 1001.5 80 

5,2 100.244 0.5438 0.4292 0.693 38.0 78.5 

5ô2 97.329 0.5381 0.4035 0.673 997.4 80 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʠ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ETAP 16.0 ʵʣʝʢ-

ʪʨʦʩʝʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʧʨʝʜʝʣʝʥʥʦ 

ʩʣʝʜʫʶʱʝʝ: 

1. ʈʘʟʦʙʨʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʵʣʝʢʪʨʦʩʝʪʠ. 

2. ʀʟʫʯʝʥ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 
ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ. 

3. ʇʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʚʩʝʛʦ ʟʘʚʦʜʘ ʚ ETAP 16.0. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʡ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʘʥʥʳʡ ʚʳʙʦʨ ʧʦʟʚʦʣʠʪ ʧʦʚʳ-

ʩʠʪ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʧʦʟʚʦʣʠʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʳʡ ʫʱʝʨʙ ʚ ʧʝʨʝʨʳʚʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ.  

Cʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ETAP Userguide. Certification No. 1002889 

QM08. ï Southern California: Inc Operation Technol-

ogy, October 2016. ï 5447 ʩ. 

 

ʋɼʂ 620.9 
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CALCULATION OF SHORT CIRCUITS OF THE INDUSTRIAL ENTERPRISE ELECTRIC 

NETWORK WITH INSPECTION IN ETAP 16.0  

 

ɸʥʥʦʪʘʮʠʷ:  
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Abstract:  

In this work, we will consider the calculation of the short-circuit currents of the electric network of an indus-

trial enterprise using the example of a cement plant with subsequent verification in the ETAP 16.0 software pack-

age. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʯʝʪ ʪʦʢʦʚ ʂɿ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʝʪʴ, ʨʘʩʯʝʪ ʨʝ-

ʞʠʤʘ, ETAP. 

Keywords: short circuit current calculation, industrial enterprises, power grid, calculation mode, the ETAP. 

 

ɺ ʢʫʨʩʦʚʦʤ ʧʨʦʝʢʪʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ 

ʪʦʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ (ʂɿ) ʚ ʪʦʯʢʘʭ, ʦʧʨʝʜʝʣʷ-

ʶʱʠʭ ʚʳʙʦʨ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʫ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ɻʇʇ, ʮʝʭʦʚʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ 

(ʨʘʜʠʘʣʴʥʦʡ ʠ ʤʘʛʠʩʪʨʘʣʴʥʦʡ) ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠ-

ʛʘʪʝʣʷ. 

 ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪ ʪʦʢʘ ʪʨʸʭʬʘʟ-

ʥʦʛʦ ʂɿ, ʪ.ʢ. ʦʥ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪ ʜʣʷ ʦʜʥʦʡ ʬʘʟʳ. ɼʣʷ ʨʘʩ-

ʯʸʪʘ ʪʦʢʦʚ ʂɿ ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʫ ʟʘʤʝ-

ʱʝʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦ-

ʩʥʘʙʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʤʝʱʝʥʳ ʵʢʚʠʚʘʣʝʥʪ-

ʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʦʩʣʝ ʜʝʣʘʝʪʩʷ ʨʘʩ-

ʯʝʪ ʪʦʢʦʚ ʂɿ ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ (ʨʠʩʫʥʦʢ 1.1). 

 
ʈʠʩʫʥʦʢ 1.1 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʪʦʯʢʘʤʠ ʂɿ 

 

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʧʦʚʨʝ-

ʞʜʝʥʥʳʭ ʰʠʥ ʩʭʝʤʳ: bus86, 87, 40, 48, 44; 2 ʩʝʢ. 

10.5 ʢɺ; ʠ ʰʠʥʳ 5 ʮʝʭʘ (5, 5.1, 5.2, 5ô2). ʇʨʠ ʜʘʥʥʦʤ 

ʨʘʩʯʝʪʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʦʜʧʠʪʢʘ ʦʪ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠ-

ʛʘʪʝʣʝʡ ʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ (Continuous) ʠ ʧʨʝʨʳ-

ʚʠʩʪʦʤ (Intermittent) ʨʝʞʠʤʝ ʨʘʙʦʪʳ. ʇʨʠ ʨʘʩʯʝʪʝ 

ʪʦʢʦʚ ʂɿ ʚ ʧʨʦʛʨʘʤʤʝ ETAP 16.0 ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

çʉè (Method C). ʄʝʪʦʜ ʉ - ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʯʘʩʪʦʪʘ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ k ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ R/X ʩ ʠʟʤʝʥʝʥʥʦʡ ʯʘʩʪʦʪʦʡ. R/X ʨʘʩ-

ʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ, ʘ ʟʘʪʝʤ ʫʤʥʦ-

ʞʘʝʪʩʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʥʦʞʝʥʠʷ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʯʘʩʪʦʪʳ [1].  

ʈʘʩʯʝʪʳ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ, 

ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʘʩʯʝʪʘʤʠ ʠʟ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ 

(ʪʘʙʣʠʮʘ 1.1). ʇʨʠ çʨʫʯʥʦʤè ʨʘʩʯʝʪʝ ʪʦʢʦʚ ʂɿ ʧʨʠ-

ʤʝʥʷʣʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ (ʜʘʣʝʝ ɻʆʉʊ) 

[2] ʜʣʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʚʳʰʝ 1000 ɺ ʠ ɻʆʉʊ [3] 

ʜʣʷ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʥʠʞʝ 1000 ɺ. 

ʊʘʙʣʠʮʘ 1.1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʂɿ ʚ ETAP ʠ ʚ ʢʫʨʩʦʚʦʤ 

id ʰʠʥʳ 
)̋,̈ ʢA 

ʠʟ ETAP 

)̋,̈ ʢA 

ʠʟ ʢʫʨʩʦʚʦʛʦ 
, % 

bus87 9.308 9.068 2.65 

bus44 13.132 12.867 2.06 

bus40 14.081 13.488 4.4 

2 ʩʝʢʮʠʷ 6.239 6.550 4.5 

5 5.977 5.904 1.24 

5.1 23.956 22.992 4.3 

5.2 4.349 4.340 0.21 

5ô2 23.143 21.933 5.5 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʭʦʜʷʪʩʷ ʩ ʨʘʩʯʝʪʦʤ ʪʦ-

ʢʦʚ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʠʟ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʘ. ʅʘ 

ʨʠʩʫʥʢʝ 1.2 ʠʟʦʙʨʘʞʝʥ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʦʢʦʚ 

ʂɿ ʥʘ ʩʭʝʤʝ ʚ ʧʨʦʛʨʘʤʤʝ ETAP 16.0.  
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ʈʠʩʫʥʦʢ 1.2 ï ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʪʦʢʦʚ ʂɿ 
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STUDY OF THE POSSIBILITY OF USING AN 18 -PULSE CONVERTER IN ORDER TO IMPROVE 

THE POWER QUALITY OF AN INDUSTRIAL ENTERPRISE USING THE PCFLO  
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ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

Abstract:  

In this work, we consider the possibility of using an 18-pulse converter in order to improve the quality of 

electricity. 
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electric network, mode calculation, PCFLO. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʥʝʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʕʪʦ ʩʚʷʟʘʥʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ, ʙʦʣʝʝ ʩʦ-

ʚʝʨʰʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʙʳʯʥʳʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʪʦʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʠʥʫʩʦ-

ʠʜʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʪʦʢʘʤʠ. ʆʜʥʘʢʦ ʥʝʣʠ-

ʥʝʡʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʢʦʤʤʫʪʠʨʫʝʤʳʝ ʥʘʛʨʫʟʢʠ ʙʫ-

ʜʫʪ ʠʩʢʘʞʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ ʠ ʩʠʛʥʘʣʳ ʪʦʢʘ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʠʩʢʘʞʝʥʥʳʝ 

ʬʦʨʤʳ ʚʦʣʥ ʤʦʛʫʯ ʙʳʪʴ ʠʟʫʯʝʥʳ ʧʫʪʝʤ ʠʟʫʯʝʥʠʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘ-

ʣʠʟ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʠʩʩʣʝʜʫʝʪ ʛʝʥʝʨʘʮʠʶ ʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʚʩʝʡ ʩʠʩʪʝʤʝ [1]. 

ʇʨʦʛʨʘʤʤʘ PCFLO ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʪʦʢʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʥʘ ʩʧʦʩʦʙʥʘ ʨʘʩʩʯʠʪʘʪʴ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ - 

"Loadflow", ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦ-

ʩʪʘʚ - "Full Harmonic Solution", ʨʘʩʩʯʠʪʘʪʴ ʯʘʩʪʦʪ-

ʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ - 

"Harmonic Impedance Scan". 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʜʘʶʪʩʷ ʚ excel 

ʬʘʡʣʳ BDAT ʠ LDat. ɼʣʷ ʥʘʯʘʣʘ ʦʙʨʘʪʠʤ ʚʥʠʤʘ-

ʥʠʝ, ʢʘʢʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩ-

ʯʝʪʦʚ ʚ BDAT (ʦʧʠʩʘʥʠʝ ʚ ʧʨʠʣʦʞʝʥʠʝ): 

Å ʥʘʠʤʝʥʦʚʘʥʠʝ ʠ ʥʫʤʝʨʘʮʠʷ ʫʟʣʦʚ ʩʝʪʠ; 

Å ʪʠʧ ʫʟʣʘ; 

Å ʤʦʱʥʦʩʪʴ ʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ; 

Å ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʤʧʝʥʩʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ; 

Å ʪʠʧ. ʤʦʱʥʦʩʪʴ ʠ cosű ʥʝʣʠʥʝʡʥʦʡ 

ʥʘʛʨʫʟʢʠ. 

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ LDAT: 

Å ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʫʟʝʣ ʚʝʪʚʠ: 

Å ʘʢʪʠʚʥʦʝ ʠ ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʝʪʚʠ: 

Å ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ; 

Å ʬʘʟʦʚʳʡ ʫʛʦʣ ʦʙʤʦʪʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: 

Å ʪʠʧ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ. 

ʅʘ ʚʳʭʦʜʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʨʦʛʨʘʤʤʳ 

ʧʦʣʫʯʘʝʪʩʷ ʬʘʡʣ "out5 ʚ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʝʥʳ: 

Å ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ ʫʟʝʣ ʚʝʪʚʠ: 

Å ʤʦʱʥʦʩʪʴ ʥʘʛʨʫʟʦʢ; 

Å ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ; 

Å ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʚʝʪʚʠ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷ-

ʪʠʷ: 

¶  ɿʘʚʦʜ ʧʠʪʘʝʪʩʷ ʦʪ ʧʦʜʩʪʘʥʮʠʠ ʵʥʝʨʛʦʩʠ-

ʩʪʝʤʳ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʘʥʩ ʬʦʨʤʘʪʦʨʳ 160 ʄɺɸ 

220/110 ʢɺ. 

¶  ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʜʩʪʘʥʮʠʠ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 

ʜʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ 15 [ʢʤ]. 
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¶  ɿʘʚʦʜ ʨʘʩʧʦʣʦʞʝʥ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʶʛ. 

¶  ɻʦʩʧʦʜʩʪʚʫʶʱʠʝ ʚʝʪʨʘ ʟʘʧʘʜʥʳʝ. 

¶  ʄʦʱʥʦʩʪʴ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʩʪʦ-

ʨʦʥʝ 220 ʢɺ 4000 ʄɺɸ. 

¶  ʀʤʝʝʪʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʚʝʪʢʘ. 

ɺʩʝʛʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʨʘʩʧʦʣʦʞʝʥʦ 24 ʮʝʭʘ, ʚ 

3-ʭ ʠʟ ʥʠʭ ʠʤʝʝʪʩʷ ʚʳʩʦʢʦʚʦʣʴʪʥʘʷ ʥʘʛʨʫʟʢʘ - ʉɼ 

ʥʘ 10 ʢɺ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʭʝ ˉ23 ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʜʣʷ ʧʠʪʘʥʠʷ 3 ʉɼ 

ʤʦʱʥʦʩʪʴʶ 1600 ʢɺʪ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʡ 

ʥʘ ʙʘʟʝ 6-ʧʫʣʴʩʥʦʛʦ ʚʝʥʪʠʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʩʝʪʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʱʥʘʷ ʥʝʣʠʥʝʡʥʘʷ 

ʥʘʛʨʫʟʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚ-

ʥʦʡ ʤʦʱʥʦʩʪʠ, ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʫʨʦʚʥʠ ʥʝʩʠ-

ʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʉʕʉ ʧʨʝʜʧʨʠ-

ʷʪʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ Loadflow ʠ ʬʘʡʣʦʚ vsoln ʠ out5 

ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪʳ, ʟʘʪʝʤ ʧʦ ʫʨʦʚʥʷʤ ʥʘʧʨʷʞʝ-

ʥʠʷ ʚ ʮʝʭʘʭ ʩʪʨʦʠʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ ʫʨʦʚʥʝʡ ʥʘʧʨʷ-

ʞʝʥʠʷ ʚ ʮʝʭʘʭ ʧʨʝʜʧʨʠʷʪʠʷ (ʨʠʩʫʥʦʢ 1). ʇʦ ʜʘʥʥʳʤ 

ʠʟ ʬʘʡʣʘ out5 ʙʝʨʫʪʩʷ ʫʨʦʚʥʠ ʧʦʪʝʨʴ ʚ ʚʝʪʚʷʭ, ʠ 

ʩʪʨʦʠʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ (ʨʠʩʫʥʦʢ 2). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ "Full harmonic solution" ʠ ʬʘʡ-

ʣʦʚ thd ʧʦʣʫʯʘʝʤ ʜʘʥʥʳʝ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʥʝʩʠʥʫ-

ʩʦʠʜʘʣʴʥʦʩʪʠ ʚ ʮʝʭʘʭ. ɿʘʪʝʤ ʩʪʨʦʠʪʩʷ ʛʠʩʪʦʛʨʘʤʤʘ 

ʫʨʦʚʥʝʡ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʭʘʭ 

(ʨʠʩʫʥʦʢ 3).

 

 
ʈʠʩʫʥʦʢ 1 ï ɻʠʩʪʦʛʨʘʤʤʘ ʫʨʦʚʥʝʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʭʘʭ ʧʨʝʜʧʨʠʷʪʠʷ 

 
ʈʠʩʫʥʦʢ 2 ï ʋʨʦʚʝʥʴ ʧʦʪʝʨʴ ʚ ʚʝʪʚʷʭ ʧʨʝʜʧʨʠʷʪʠʷ 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʝʪ (ʂʅ) ʚ ʫʟʣʝ ˉ 

82, ʢʦʪʦʨʳʡ ʨʘʚʝʥ 8.14%, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠ-

ʤʦʝ ʟʥʘʯʝʥʠʝ 8% [3]. ʊʘʢʞʝ ʧʨʝʚʳʰʝʥʠʷ ʂʅ ʟʘʬʠʢ-

ʩʠʨʦʚʘʥʳ ʚ 15, 35, 52, 82, 200 ʠ 233 ʫʟʣʘʭ. ʕʪʦ ʦʙʲ-

ʷʩʥʷʝʪʩʷ ʪʝʤ. ʯʪʦ ʚ ʮʝʭʘʭ 52, 82, 202 ʫʩʪʘʥʦʚʣʝʥʳ 

ʢʦʥʜʝʥʩʘʪʦʨʥʳʝ ʙʘʪʘʨʝʠ (ɹʂ). ɽʤʢʦʩʪʴ ɹʂ ʩʦʚ-

ʤʝʩʪʥʦ ʩ ʠʥʜʫʢʪʠʚʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʩʝʪʠ ʩʦ-

ʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʨʦʩʪʘ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ. ɼʣʷ ʵʪʠʭ ʫʟʣʦʚ 

ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʘʙ-

ʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1  

ʉʧʝʢʪʨʳ ʛʘʨʤʦʥʠʢ ʥʘʧʨʷʞʝʥʠʡ 

 

ʈʠʩʫʥʦʢ 3 ï ɻʠʩʪʦʛʨʘʤʤʘ ʫʨʦʚʥʝʡ ʥʝʩʠʥʫʩʦʠʜʘʣʴ 

 

ʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʮʝʭʘʭ 

ʈʘʩʯʝʪ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʩʝʪʠ ʜʣʷ ʪʦʯʢʠ ʰʠʥ ʅʅ ɻʇʇ (ʫʟʝʣ 3) ʧʨʦʚʦ-

ʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ "Harmonic impedance scan" ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʚ ʬʘʡʣʝ zbusl. ʀʟ ʬʘʡʣʘ 

zbusl ʙʝʨʝʪʩʷ ʘʤʧʣʠʪʫʜʥʘʷ ʠ ʬʘʟʦʚʫʶ ʯʘʩʪʦʪʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʫʟʣʘ 3 (ʨʠʩʫʥʦʢ 4 

ʠ ʨʠʩʫʥʦʢ 5). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʚʠʜʥʦ, 

ʯʪʦ ʨʝʟʦʥʘʥʩ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 13-ʡ 

ʛʘʨʤʦʥʠʢʝ. 
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ʈʠʩʫʥʦʢ 4 ï ʏʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ ʜʣʷ ʫʟʣʘ 3 

 
ʈʠʩʫʥʦʢ 5 ï ʌʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʝʪʠ ʜʣʷ ʫʟʣʘ 3 

 

ʇʨʦʠʟʚʦʜʠʪʴʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʥʝʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ (ʜʘʣʝʝ ʅʅ) ʙʫʜʝʪ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʬʘʟʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝ-

ʣʝʡ. ɼʣʷ ʵʪʦʛʦ ʤʝʥʷʝʪʩʷ ʪʠʧ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩ 6-ʪʠ 

ʧʫʣʴʩʥʦʛʦ ʥʘ 18-ʪʠ ʧʫʣʴʩʥʳʡ. ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ 

ʥʦʚʦʛʦ ʫʨʦʚʥʷ ʅʅ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ 5% 

ʅʅ ʧʨʝʦʙʣʘʜʘʝʪ ʚʦ ʚʩʝʭ ʮʝʭʘʭ ʧʨʝʜʧʨʠʷʪʠʷ [4]. 

ʅʘʠʙʦʣʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʅʅ ʨʘʚʝʥ 1.34% ʚ 3 

ʫʟʣʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 18-ʪʠ ʧʫʣʴʩʥʳʡ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʴ ʫʤʝʥʴʰʘʝʪ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʥʘʧʨʷ-

ʞʝʥʠʷ, ʪ.ʢ. ʝʛʦ ʩʧʝʢʪʨ ʪʦʢʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʢʩʠʤʫʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [5]. 
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ʈʠʩʫʥʦʢ 6 ï ʅʦʚʳʡ ʫʨʦʚʝʥʴ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʡ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢ-

ʪʨʦʩʝʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʘʥʝʪ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʥʘʜʝʞʥʝʡ. 
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STUDY OF THE INFLUENCE OF LEVELS OF NON-SINUSOIDAL VOLTAGE ON THE 

EFFECTIVENESS OF RELAY PROTECTION OPERATION  

 

 

ɸʥʥʦʪʘʮʠʷ:  

ɺ ʜʘʥʥʦʡ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʨʘʙʦʪʳ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ETAP 16.0.  

Abstract:  

In this work, we consider the influence of non-sinusoidality on the effectiveness of relay protection using the 

ETAP 16.0 program. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʳʡ ʨʝʞʠʤ, ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ, ʬʠʣʴʪʨʳ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ, ʢʘʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʵʣʝʢ-

ʪʨʠʯʝʩʢʘʷ ʩʝʪʴ, ʨʘʩʯʝʪ ʨʝʞʠʤʘ, ETAP 16.0. 

Keywords: non-sinusoidal mode, relay protection, filters of the highest harmonics, power quality, higher 

harmonics, industrial converters, industrial enterprise, electric network, mode calculation, ETAP 16.0. 
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ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙʣʝʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷ-

ʥʠʷ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘ ʨʘʙʦʪʫ ʨʝʣʝʡʥʦʡ ʟʘ-

ʱʠʪʳ ʦʯʝʥʴ ʚʘʞʥʘ ʠ ʘʢʪʫʘʣʴʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʠʨʝ. ɼʦʣʷ ʥʝʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʛʘʨʤʦʥʠ-

ʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ. ʇʦʵʪʦʤʫ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʨʠʩʢʦʚ ʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʝ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʩʰʠʭ ʛʘʨʤʦ-

ʥʠʢ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʛʘʨʤʦ-

ʥʠʢʠ ʩʠʣʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʨʘʙʦʪʫ ʨʝʣʝ ʦʪ ʧʝʨʝʛʨʫʟʦʢ 

ʧʦ ʪʦʢʫ ʠ ʦʪ ʩʚʝʨʭʪʦʢʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʥʝ-

ʣʠʥʝʡʥʳʭ ʥʘʛʨʫʟʦʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ETAP. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦʤ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʠʣʦʚʦʡ ʩʝʪʠ 

ʚʦʟʥʠʢʘʝʪ ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʨʝʣʝʡʥʳʡ ʟʘʱʠʪ, ʠ ʧʨʠ 

ʩʙʦʝ ʚ ʩʠʩʪʝʤʝ ʦʥʠ ʙʫʜʫʪ ʦʪʢʣʶʯʝʥʳ ʚ ʥʝʧʨʘʚʠʣʴ-

ʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʈʝʣʝ ʧʝʨʝʛʨʫʟʢʠ ʧʦ ʪʦʢʫ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʩ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʘʩʳʱʘʪʴ ʠ 

ʠʩʢʘʞʘʪʴ ʪʝʢʫʱʫʶ ʬʦʨʤʫ ʩʠʛʥʘʣʘ, ʚʳʟʳʚʘʷ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʴ ʨʝʣʝ. ʅʘʩʳʱʝʥʠʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ ʟʘʱʠʪʥʳʭ ʨʝʣʝ. 

ʅʘʩʳʱʝʥʥʦʩʪʴ ʊʊ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ ʧʨʠʩʫʪ-

ʩʪʚʠʷ ʛʘʨʤʦʥʠʢ, ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʥʘʩʳʱʝʥʥʘʷ 

ʊʊ ʥʝ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʝʣʝʢʪʠʚʥʫʶ ʠ ʥʘʜʝʞʥʫʶ 

ʨʘʙʦʪʫ ʚʦ ʚʨʝʤʷ ʚʳʩʦʢʠʭ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʥʘʛʨʫʟʢʘ, ʘ ʠʤʝʥʥʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʤʘʨʢʠ çToshiba PWM 

ASDè. ɺʳʙʠʨʘʝʪʩʷ ʜʘʥʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚ 

ʥʘʩʪʨʦʡʢʘʭ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ Static Load Editor 

ï ʊʇ5.2, ʚʦ ʚʢʣʘʜʢʝ Harmonic ʥʘʞʘʪʠʝʤ ʥʘ 

çLibraryéè (ʨʠʩʫʥʦʢ 1). 

ʇʦʩʣʝ ʵʪʦʛʦ ʫʢʘʟʳʚʘʝʪʩʷ ʥʫʞʥʳʝ ʰʠʥʳ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʚ ʥʘʩʪʨʦʡʢʘʭ 

çEdit Study Caseè, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʫʩʢʘʝʪʩʷ çRun Har-

monic Load Flowè. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʣʷ ʰʠʥ: 2 

ʩʝʢʮʠʷ, 5, 5.2 ʠ 5.1. ʊʨʝʙʫʝʪʩʷ ʩʫʤʤʘʨʥʳʡ ʫʨʦʚʝʥʴ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 2 ʩʝʢʮʠʠ ʦʪ 

20% ʠ ʙʦʣʝʝ. ʇʨʠ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʦʞʠʜʘʝʪʩʷ ʥʝʩʝ-

ʣʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ.  

 
ʈʠʩʫʥʦʢ 1 (ʩʢʨʠʥʰʦʪ) ï ʆʢʥʦ ʜʣʷ ʚʳʙʦʨʘ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ çToshiba PWM ASDè 

 

ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʨʘʩʯʝʪʘ ʚ ETAP 16.0 ʧʦʣʫʯʘʝʤ 

ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʬʨʘʛʤʝʥʪʝ ʨʘʩ-

ʯʝʪʥʦʡ ʩʭʝʤʳ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʨʦʚʥʝʡ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʚ ETAP 16.0 

 

ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ Thevenin/Nor-

ton Equivalent for All  Sources (Recommended 

Method) (ʕʢʚʠʚʘʣʝʥʪ ʊʝʚʝʥʠʥʘ / ʅʦʨʪʦʥʘ ʜʣʷ ʚʩʝʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʤʝʪʦʜ). ʇʨʠ ʚʳʙʦʨ-

ʥʦʤ ʤʝʪʦʜʝ ʚʩʝ ʪʠʧʳ ʠʩʪʦʯʥʠʢʦʚ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʤʦʜʝʣʴʶ ʊʝʚʝ-

ʥʠʥʘ / ʅʦʨʪʦʥʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʤʦʜʝʣʠ çɺè ʠʣʠ çʉè. 

ɽʩʣʠ ʵʪʘ ʟʘʧʠʩʴ INI-ʬʘʡʣʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ False, 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ɺ; ʝʩʣʠ ʚʚʝʜʝʥʦ ʟʥʘʯʝʥʠʝ True, 

ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʤʦʜʝʣʴ C. ɺ ʤʦʜʝʣʠ çBè ʪʦʢ ʛʘʨ-

ʤʦʥʠʢʠ (Iha, ʪ. ʝ. 5% ʜʣʷ ʛʘʨʤʦʥʠʢʠ 5-ʛʦ ʧʦʨʷʜʢʘ) ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ (Isource) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʢʪʨʫ ʛʘʨ-

ʤʦʥʠʢ, ʫʢʘʟʘʥʥʦʤʫ ʜʣʷ ʠʩʪʦʯʥʠʢʘ. ʀʟ-ʟʘ ʨʘʟʜʝʣʝ-

ʥʠʷ ʪʦʢʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 

ʚʝʣʠʯʠʥʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʩʠ-

ʩʪʝʤʫ, ʙʫʜʝʪ ʤʝʥʴʰʝ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʟʘʚʠʩʠʪ 

ʦʪ ʟʥʘʯʝʥʠʡ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʠʩʪʝʤʳ. ɺ ʤʦʜʝʣʠ çCè ʪʦʢ ʛʘʨʤʦʥʠʢ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʯʠʩʪʦʛʦ ʪʦʢʘ (Isource) ʨʝʛʫʣʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʬʘʢʪʠʯʝʩʢʘʷ ʧʦʜʘʯʘ ʪʦʢʘ ʛʘʨʤʦʥʠʢ ʚ ʩʠʩʪʝʤʫ 

(Iha, ʪ. ʝ. 5% ʜʣʷ ʛʘʨʤʦʥʠʢʠ 5-ʛʦ ʧʦʨʷʜʢʘ) ʩʦʦʪʚʝʪ-

ʩʪʚʦʚʘʣʘ ʩʧʝʢʪʨʫ ʛʘʨʤʦʥʠʢ, ʫʢʘʟʘʥʥʦʤʫ ʜʣʷ ʠʩʪʦʯ-

ʥʠʢʘ [1]. 

ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦ-

ʩʪʠ KU ʜʣʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʥʘ ʩʝʢʮʠʠ 2 ʩʦʩʪʘʚʣʷʝʪ 

20.64 %. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʧʝʢ-

ʪʨʦʚ ʥʘ 2 ʩʝʢʮʠʠ 10 ʢɺ ʚʳʙʠʨʘʝʪʩʷ ʢʦʤʘʥʜʘ 

çHarmonic Analysis Plotsè (ʨʠʩʫʥʦʢ 3 ʘ, ʙ). ʅʘ ʨʠ-

ʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʫʟʣʘ 2 ʩʝʢʮʠʠ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʠʜʥʦ, ʯʪʦ ʚ ʥʝ-

ʣʠʥʝʡʥʦʡ ʥʘʛʨʫʟʢʝ ʧʨʝʦʙʣʘʜʘʝʪ ʛʘʨʤʦʥʠʢʠ ʩ ʥʦʤʝ-

ʨʦʤ 5, 7, 11 ʠ 13 ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʚʳʩʰʠʭ ʛʘʨ-

ʤʦʥʠʢ ʩ ʥʦʤʝʨʦʤ 17 ʠ 19, ʫʨʦʚʝʥʴ ʥʝʩʠʥʫʩʦʠʜʘʣʴ-

ʥʦʩʪʠ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʴʰʝ 1%. ɺ ɻʆʉʊ [2] 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷ-

ʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ: KU5=4%, KU7=3%, KU11=2%, 

KU13=2%, KU17=1.5%, KU19=1%, ʘ ʩʫʤʤʘʨʥʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝ-

ʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 5% ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ 10 

ʢɺ [2]. 

ʋʭʫʜʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʦʩʪʦʤ ʯʠʩʣʘ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠ-

ʢʦʚ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ 

ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ 
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ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʘʷ ʥʘʧʨʷʞʝʥʠʷ (ʘ) ʠ ʩʧʝʢʪʨ ɺɻ (ʙ) ʜʣʷ 2 ʩʝʢʮʠʠ 10 ʢɺ ʧʨʠ KU=20.64% 

 
ʈʠʩʫʥʦʢ 4 ï ɸʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʫʟʣʘ 2 ʩʝʢʮʠʠ 

ʥʝʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʟʘʱʠʪʳ.  

 

ʈʘʩʯʝʪ ʫʩʪʘʚʦʢ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʦʙʳʯʥʦ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʦʤ ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ [3]. 

ʇʨʦʚʝʜʝʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʫʨʦʚʥʝʡ ʥʝ-

ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʝ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʩʝʪʠ (ʨʠʩʫʥʦʢ 5, 6).  

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝ-

ʣʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʬʠʨʤʳ ABB, ʝʝ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʪʩʫʪʩʪʚʠʝ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʨʦʚʥʶ ʥʝʩʠʥʫʩʦʠʜʘʣʴ-

ʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ.  

ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʨʝʣʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʦʢʘ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ - ʮʠʬʨʦ-

ʚʦʡ ʚʳʙʦʨʢʠ, ʮʠʬʨʦʚʫʶ ʬʠʣʴʪʨʘʮʠʶ, ʘʩʠʥʭʨʦʥ-

ʥʫʶ ʚʳʙʦʨʢʫ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʠʟʤʝʨʝʥʠʝ [4]. 

ʊʝʨʤʠʥʘʣʴʥʘʷ ʟʘʱʠʪʘ REF 541 ɸBB ʠʤʝʝʪ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʜʥʦʡ ʠʟ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʧʦ 

13 ʛʘʨʤʦʥʠʢʫ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʡ 

ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʪʴ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʥʝʩʠ-

ʥʫʩʦʠʜʘʣʴʥʦʩʪʠ [5]. 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʬʠʣʴʪʨʦʚ ʧʷʪʦʡ, ʩʝʜʴ-

ʤʦʡ, ʦʜʠʥʥʘʜʮʘʪʦʡ, ʪʨʠʥʘʜʮʘʪʦʡ ʠ ʩʝʤʥʘʜʮʘʪʦʡ 

ʛʘʨʤʦʥʠʢʠ ʥʘʭʦʜʷʪ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

ὗ̕ ὗ̕ ὗ̕ ὗ̕ ὗ̕ ὗ̕ , 

ʛʜʝ ὗ̕ ςϽὗ̕ τϽὗ̕ φϽὗ̕ ψϽὗ̕ . 

ʉʥʘʯʘʣʘ ʚʳʯʠʩʣʷʝʪʩʷ ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

ʩʝʤʥʘʜʮʘʪʦʡ ʛʘʨʤʦʥʠʢʠ 

ὗ̕ ψϽὗ̕ φϽὗ̕ τϽὗ̕ ςϽὗ̕

ὗ̕  ȟ 

ɽʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ: 

ὗ̕
ὗ̕

ςρ

ρσυπ

ςρ
φτȢςψφ ̋ ̃́ ̑ȟ 

ɼʘʣʝʝ ʚʩʝ ʦʩʪʘʣʴʥʳʝ: 

ὗ̕ ψϽὗ̕ υρτȢςψψ ̋ ̃́ ̑ȟ 
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ὗ̕ τϽὗ̕ ςυχȢρττ ̋ ̃́ ̑ȟ 

ὗ̕ ςϽὗ̕ ρςψȢυχς ̋ ̃́ ̑ȟ 
ὗ̕

ψ

φ
Ͻὗ̕ ψυȢχρυ ̋ ̃́Ȣ̑ 

 
ʈʠʩʫʥʦʢ 5 ï ʈʘʙʦʪʳ ʈɿ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʦ ʚʨʝʤʷ ʂɿ ʥʘ ʦʰʠʥʦʚʢʝ ʊ54 

 
ʈʠʩʫʥʦʢ 6 ï ʈʘʙʦʪʳ ʈɿ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʦ ʚʨʝʤʷ ʂɿ ʥʘ ʚʳʚʦʜʘʭ Syn4 

 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʩʠʣʦʚʳʭ ʬʠʣʴʪʨʦʚ ʚʳʩʰʠʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʝʤʢʦʩʪʝʡ 

ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (ʜʘʣʝʝ ʌʂʋ) ʠ 

ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʨʝʘʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʟʦ-

ʥʘʥʩʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʯʘʩʪʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʘʨ-
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ʤʦʥʠʢʠ ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʪʠʤʦʡ ʟʘʛʨʫʟʢʠ ʢʦʥʜʝʥʩʘʪʦ-

ʨʦʚ ʷ ʨʝʘʢʪʦʨʦʚ ʧʦ ʪʦʢʫ ʠ ʜʦʧʫʩʪʠʤʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʪ-

ʢʣʦʥʝʥʠʷ ʠʥʜʫʢʪʠʚʥʦʩʪʝʡ ʷ ʝʤʢʦʩʪʝʡ ʦʪ ʥʦʤʠʥʘʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ 

[6]. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʬʠʣʴʪʨʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝ-

ʰʘʶʪʩʷ ʜʚʝ ʟʘʜʘʯʠ: ʩʥʠʞʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝ-

ʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʥ ʢʦʤʧʝʥʩʘʮʠʷ ʧʦʩʪʦ-

ʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʩʦʯʝʪʘʥʠʷʭ 

ʩ ʨʝʘʢʪʦʨʘʤʠ, ʚʳʙʨʘʥʥʳʤʠ ʠʟ ʫʩʣʦʚʠʡ ʦʪʩʪʨʦʡʢʠ 

ʦʪ ʨʝʟʦʥʘʥʩʘ, ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʢʦʥʜʝʥʩʘʪʦʨʳ ʩ 

ʫʯʝʪʦʤ ʧʝʨʝʛʨʫʟʢʠ ʠʭ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʳhʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʟʘ ʨʝʘʢʪʦʨʦʤ ʠ ʧʦʚʳʰʝʥʠʷ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʚʳʩ-

ʰʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ [6]. 

ʇʘʨʘʤʝʪʨʳ ʫʟʢʦʧʦʣʦʩʥʳʭ ʬʠʣʴʪʨʦʚ ʨʘʩʩʯʠʪʳ-

ʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 

1) ʝʤʢʦʩʪʴ ʬʠʣʴʪʨʘ: 

˞̕
ί ρ

ί
Ͻ
ὗ̕

‫ϽὟ
ȟ 

ʛʜʝ s ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ (ʥʦʤʝʨ ʛʘʨʤʦ-

ʥʠʢʠ) ʥʘʩʪʦʡʢʠ ʬʠʣʴʪʨʘ; 

ɤ ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ; 

U ï ʜʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʥʦʤʠʥʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʩʝʪʠ. 

2) ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʘ: 

ὒ̕
ρ

‫ Ͻὅ̕
 ȟ 

ʛʜʝ ‫  ï ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʥʘʩʪʨʦʡʢʠ ʬʠʣʴʪʨʘ. 

3) ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ ʥʘ 

ʥʘʩʪʨʦʡʢʝ ʯʘʩʪʦʪʳ: 

ὼ̕
ὒ̕

ὅ̕
 ȟ 

4) ʜʦʙʨʦʪʥʦʩʪʴ ʜʦʣʞʥʘ ʣʝʞʘʪʴ ʚ ʧʨʝʜʝʣʘʭ 
20õ80: 

Ὠ
ὼ̕

ὶ
 ȟ 

ʛʜʝ r ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ. 

ɼʣʷ ʬʠʣʴʪʨʘ 5-ʡ ʛʘʨʤʦʥʠʢʠ: 

˞̕
υ ρ

υ
Ͻ
υρτȢςψψϽρπ

σρτϽρπυππ
ρτȢςφ ̍ ̋ ȟl  

ὒ̕
ρ

σρτϽυ ϽρτȢςφϽρπ
πȢψπς ̍ ː ȟ̎ 

ὼ̕
πȢπππψπς

ρτȢςφϽρπ
χȢυπρ ̨ ȟ̍ 

Ὠ̕
χȢυπρ

πȢςυ
σπȢ 

ɼʣʷ ʬʠʣʴʪʨʘ ʬʠʣʴʪʨʦʚ ʛʘʨʤʦʥʠʢ ʜʨʫʛʠʭ ʧʦʨʷʜ-

ʢʦʚ ʨʘʩʯʝʪ ʘʥʘʣʦʛʠʯʝʥ ʜʣʷ 5-ʦʡ ʛʘʨʤʦʥʠʢʠ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʜʘʪʴ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʬʠʣʴʪʨʦʚ ɺɻ ʚ ETAP 16.0 ʥʝʦʙʭʦʜʠʤʦ ʚʦ 

ʚʢʣʘʜʢʝ çEditè ʚʳʙʨʘʪʴ ʬʠʣʴʪʨ ʠ ʚʥʝʩʪʠ ʵʪʠ ʜʘʥʥʳʝ 

ʚ ʥʘʩʪʨʦʡʢʘʭ çHarmonic Filter Editorè (ʨʠʩʫʥʦʢ 7).  

 
ʈʠʩʫʥʦʢ 7 (ʩʢʨʠʥʰʦʪ) ï ʆʢʥʦ ʥʘʩʪʨʦʝʢ ʜʣʷ ʚʚʦʜʘ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʭ ʬʠʣʴʪʨʦʚ ɺɻ 

 

ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʚʩʝʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 

ʢʘʞʜʦʛʦ ʬʠʣʴʪʨʘ ɺɻ ʟʘʧʫʩʢʘʝʤ çRun Harmonic 

Load Flowè ʠ ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʘʪ ʥʦʚʦʛʦ ʩʫʤʤʘʨ-

ʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 4.08 % (ʨʠʩʫʥʦʢ 

8). 

ɿʘʪʝʤ ʧʨʦʩʣʝʜʠʤ ʢʘʢ ʠʟʤʝʥʠʣʘʩʴ ʢʨʠʚʘʷ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʧʝʢʪʨ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶ-

ʱʠʡ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʢ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʝ ʌʂʋ (ʨʠʩʫʥʦʢ 9 ʘ, ʙ). ʋʨʦʚʝʥʴ 5-ʦʡ ʛʘʨʤʦ-

ʥʠʢʠ ʩʥʠʟʠʣʩʷ ʩ 8% ʜʦ 1.8%, ʜʣʷ 7-ʦʡ ʛʘʨʤʦʥʠʢʠ 

ʧʨʦʠʟʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ 17.4% ʜʦ 2.9%, ʜʣʷ 

11-ʦʡ ʛʘʨʤʦʥʠʢʠ ï ʩ 7.1% ʜʦ 1.5%, ʜʣʷ 13-ʦʡ ʛʘʨʤʦ-

ʥʠʢʠ ï ʩ 3.95% ʜʦ 1.8% ʠ ʜʣʷ 17-ʦʡ ʛʘʨʤʦʥʠʢʠ ï ʩ 

0.9% ʜʦ 0.8%. 
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ʈʠʩʫʥʦʢ 8 ï ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩ ʥʦʚʳʤ ʩʫʤʤʘʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷ-

ʞʝʥʠʷ ʜʣʷ 2 ʩʝʢʮʠʠ 10 ʢɺ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʩʝʡ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʩʪʘʙʠʣʴʥʦʡ ʦ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʝ ʈɿ 

ʬʠʨʤʳ ABB, ʥʘ ʢʦʪʦʨʫʶ ʥʝ ʚʦʟʜʝʡʩʪʚʦʚʘʣʠ ʩʤʦʜʝ-

ʣʠʨʦʚʘʥʥʳʝ ɺɻ. ɺʳʙʦʨ ʟʘʱʠʪ ʜʘʥʥʦʡ ʬʠʨʤʘ ʧʦʚʳ-

ʩʠʪ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʧʦʟʚʦʣʠʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʠʥʘʥʩʦʚʳʡ ʫʱʝʨʙ ʚ ʧʝʨʝʨʳʚʘʭ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

 
 

ʈʠʩʫʥʦʢ 9 ʘ, ʙ ï ʂʨʠʚʘʷ ʥʘʧʨʷʞʝʥʠʷ (ʘ) ʠ ʩʧʝʢʪʨ ɺɻ (ʙ) ʜʣʷ 2 ʩʝʢʮʠʠ 10 ʢɺ ʧʨʠ KU=4.08% (ʟʝʣʝʥʳʡ ʮʚʝʪ) 

ʠ ʧʨʠ KU=20.64% (ʢʨʘʩʥʳʡ) 
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ɸʥʥʦʪʘʮʠʷ:  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚʳʙʦʨ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʵʣʝʢʪʨʦʩʝʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʧʨʠʤʝʨʝ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʚʝʨʢʦʡ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ETAP 

16.0.  

Abstract:  

In this work, we will consider the choice of relay protection for the power grid of an industrial enterprise 

using the example of a cement plant with subsequent verification in the ETAP 16.0 software package. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ, ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʩʝʪʴ, ʨʘʩʯʝʪ ʨʝʞʠʤʘ, ETAP. 

Keywords: relay protection, selectivity, industrial enterprise, electric network, mode calculation, ETAP. 

 

ʈʝʣʝʡʥʘʷ ʟʘʱʠʪʫ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʜʣʷ ʩʠʥ-

ʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ (ʜʘʣʝʝ ʉɼ), ʮʝʭʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʜʘʣʝʝ ʊʇ), ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ (ʜʘ-

ʣʝʝ ʂʃ) ʠ ʜʣʷ ʛʣʘʚʥʦʡ ʧʦʥʠʟʠʪʝʣʴʥʦʡ ʧʦʜʩʪʘʥʮʠʠ 

(ʜʘʣʝʝ ɻʇʇ). 

ɿʘʱʠʪʘ ʦʪ ʂɿ ʤʝʞʜʫ ʬʘʟʘʤʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʈɿ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʠ ʫʩʪʘʥʦʚʢʘ ʝʝ ʦʙʷʟʘʪʝʣʴʥʘ 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʈɿ ʜʚʠʛʘʪʝʣʝʡ ʜʦ 5000 

ʢɺʪ ʦʪ ʂɿ ʚʳʙʨʘʥʘ ʪʦʢʦʚʘʷ ʦʪʩʝʯʢʘ (ʜʘʣʝʝ ʊʆ) ʥʘ 

ʨʝʣʝ ɸBB REM 630. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ 

ʨʝʣʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ ʨʝʣʝ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. 

ʪʠʧ ʟʘʱʠʪʳ ʪʠʧ ʨʝʣʝ Iʩ.ʨ., ɸ Iʩ.ʟ., ɸ kʯ tc.ʟ., ʩ 

ʊʆ ɸBB REM 630 38.7 774 29.39 0.02 

ʄʊɿ ɸBB REM 630 10.158 117.3 9.48 80 

ɿʘʱʠʪʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʨʠ ʤʝʞʜʫʬʘʟʥʳʭ ʂɿ 

ʚʳʧʦʣʥʷʝʤ ʥʘ ʨʝʣʝ ɸBB REF 541. ɿʘʱʠʪʫ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪ ʩʦ ʩʪʦʨʦʥʳ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. ɺ ʟʦʥʫ ʜʝʡ-

ʩʪʚʠʷ ʦʪʩʝʯʢʠ ʚʭʦʜʷʪ ʦʰʠʥʦʚʢʘ, ʚʳʚʦʜʳ ʠ ʯʘʩʪʴ ʦʙ-

ʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʩʦ ʩʪʦʨʦʥʳ ʧʠʪʘʥʠʷ (ʪʘʙ-

ʣʠʮʘ 2).  

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ ʟʘʱʠʪʳ ʜʣʷ ʮʝʭʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʪʠʧ ʟʘʱʠʪʳ ʪʠʧ ʨʝʣʝ Iʩ.ʨ., ɸ Iʩ.ʟ., ɸ kʯ tc.ʟ., ʩ 

ʊ 5.1 ʊʆ ɸBB REF 541 38 1140 9.081 0.05 

ʊ 5.1 ʄʊɿ ɸBB REF 541 9 270 6.147 1 

ʊ 5.2 ʊʆ ɸBB REF 541 36 1080 6.97 0.05 

ʊ 5.2 ʄʊɿ ɸBB REF 541 9 270 5.94 1 
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ʅʘ ʧʨʠʤʝʨʝ ʧʦʢʘʞʝʤ, ʢʘʢ ʚʥʦʩʠʪʴ ʨʘʩʯʝʪʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʚʳʙʦʨʘ ʈɿ ʚ ETAP 16.0 ʀʟʦʙʨʘʟʠʤ ʦʢʥʦ 

ʥʘʩʪʨʦʝʢ çOvercurrent Relay Editor-Relay18è ʜʣʷ 

ʚʳʙʦʨʘ ʪʨʝʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʘ ʨʝʣʝ ʥʘ ʧʨʠʤʝʨʝ Re-

lay18 (ʨʠʩʫʥʦʢ 1). ɺ ʦʢʥʝ çLibraryè ʚʳʙʠʨʘʝʤ ʥʝʦʙ-

ʭʦʜʠʤʦʝ ʨʝʣʝ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ETAP. ʇʦʩʣʝ ʯʝʛʦ ʟʘ-

ʜʘʝʤ ʧʘʨʘʤʝʪʨʳ ʜʣʷ çOvercurrentè (ʄʊɿ). ʋʢʘʟʳʚʘ-

ʝʪʩʷ ʪʠʧ ʚʨʝʤʷʪʦʢʦʚʦʡ ʢʨʠʚʦʡ ʜʣʷ ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ, 

ʜʠʘʧʘʟʦʥ ʪʦʢʦʚ ʩʨʘʙʘʪʳʚʘʥʠʷ: ʪʦʢʠ ʩʨʘʙʘʪʳʚʘʥʠʷ ʚ 

ɸʤʧʝʨʘʭ ʦʪʥʝʩʝʥʥʳʝ ʢ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʳʤ ʮʝ-

ʧʷʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Relay Amps, Prim. Amps), ʘ 

ʪʘʢʞʝ ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ ʥʘ ʩʨʘʙʘʪʳʚʘʥʠʝ ʟʘʱʠʪʳ 

(Time Dial). ɼʣʷ çInstantaneousè (ʊʆ) ʚʚʦʜ ʘʥʘʣʦʛʠ-

ʯʝʥ ʄʊɿ [1]. 

 

 
ʈʠʩʫʥʦʢ 1 (ʩʢʨʠʥʰʦʪ) ï ʆʢʥʦ ʥʘʩʪʨʦʝʢ ʜʣʷ ʚʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ Relay18 ʚ ETAP  

 

ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʘʤ ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦ-

ʚʦʢ (ʜʘʣʝʝ ʇʋʕ) [18] ʜʣʷ ʟʘʱʠʪʳ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ 

ʦʪ ʤʝʞʜʫʬʘʟʥʳʭ ʂɿ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʟʘʱʠʪʫ ʚ ʚʠʜʝ ʊʆ ʠ ʄʊɿ ʩ ʥʝʟʘ-

ʚʠʩʠʤʦʡ ʦʪ ʪʦʢʘ ʂɿ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ [18]. ʊʦʢʦ-

ʚʫʶ ʦʪʩʝʯʢʫ ʚʳʧʦʣʥʷʝʤ ʥʘ ʨʝʣʝ ɸBB REF 541 (ʪʘʙ-

ʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʚʳʙʦʨʘ ʟʘʱʠʪʳ ʜʣʷ ʂʃ 

ʢʘʙʝʣʴ ʪʠʧ ʟʘʱʠʪʳ ʪʠʧ ʨʝʣʝ Iʩ.ʨ., ɸ Iʩ.ʟ., ɸ kʯ tc.ʟ., ʩ 

ʂʃ 5.1 ʊʆ ɸBB REF 541 149.4 5977 1.81 0.055 

ʂʃ 5.1 ʄʊɿ ɸBB REF 541 2 80 135.08 2 

ʂʃ 5.2 ʊʆ ɸBB REF 541 108.7 4349 2.38 0.055 

ʂʃ 5.2 ʄʊɿ ɸBB REF 541 2 80 129.41 1.5 

ʂʃ 1 ʄʊɿ ɸBB REF 541 20 2400 9.48 0.6 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʤʦʞʥʳ ʧʦʚʨʝʞʜʝ-

ʥʠʷ ʚ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ ʥʘ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʢʦʤ-

ʤʫʪʘʮʠʦʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. ʄʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ 

ʦʧʘʩʥʳʝ ʥʝʥʦʨʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʥʝ ʩʚʷʟʘʥ-

ʥʳʝ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʠʣʠ ʝʛʦ ʩʦ-

ʝʜʠʥʝʥʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʥʝʥʦʨʤʘʣʴ-

ʥʳʭ ʨʝʞʠʤʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʘ-

ʥʦʚʢʠ ʥʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʉʦʛʣʘʩʥʦ ʇʋʕ [2], ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʤʦʱ-

ʥʦʩʪʴʶ 6.3 ʄɺɸ ʠ ʙʦʣʝʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʜʦʣʴʥʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʪʦʢʦʚʘʷ ʟʘʱʠʪʘ ʙʝʟ ʚʳʜʝʨʞʢʠ 

ʚʨʝʤʝʥʠ [2]. 

ɿʘʱʠʪʫ ʦʩʫʱʝʩʪʚʣʷʝʤ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ 

ʨʝʣʝ ʪʠʧʘ ABB PADHA (ʪʘʙʣʠʮʘ 4). 
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ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʙʦʨʘ ʟʘʱʠʪʳ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ɻʇʇ. 

ʊʨʘʥʩʬʦʨʤʘʪʦʨ 

ɻʇʇ 
ʪʠʧ ʟʘʱʠʪʳ ʪʠʧ ʨʝʣʝ Iʩ.ʨ., ɸ Iʩ.ʟ., ɸ kʯ tc.ʟ., ʩ 

ʊ-10 ɼɿʊ ABB PADHA 8.6 2179.82 4.96 0.02 

ʊ-10 ʄʊɿ ABB REF 541 7.4 296 3.32 2.5 

ɼʣʷ ʚʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʊʊ3 ʚ ʧʨʦ-

ʛʨʘʤʤʝ ETAP ʥʝʦʙʭʦʜʠʤʦ ʦʪʢʨʳʪʴ ʥʘʩʪʨʦʡʢʠ 

çCurrent Transformer Editor ïCT3è (ʨʠʩʫʥʦʢ 2). ɺʚʦ-

ʜʠʪʩʷ ʪʦʢ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʠ ʊʊ 

(çPrimaryè ʠ çSec.è), ʘ ʪʘʢʞʝ ʫʢʘʟʘʪʴ ʢʣʘʩʩ ʪʦʯʥʦ-

ʩʪʠ ʠ ʤʦʱʥʦʩʪʴ ʊʊ (çDesignationè ʠ çBurdenè) 

 
ʈʠʩʫʥʦʢ 2 (ʩʢʨʠʥʰʦʪ) ï ʆʢʥʦ ʥʘʩʪʨʦʝʢ çCurrent Transformer Editor ïCT3è ʜʣʷ ʚʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʚ 

ɽTAP 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʨʝʣʝ 

ɺ ʜʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ETAP 16.0 

ʤʦʞʥʦ ʫʙʠʪʴʩʷ ʚ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʙʦʨʘ ʨʝʣʝʡʥʦʡ ʟʘ-

ʱʠʪʳ ʠ ʧʨʦʚʝʨʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʳʢʣʶʯʘ-

ʪʝʣʝʡ. ʉʥʘʯʘʣʘ ʩʤʦʜʝʣʠʨʫʝʤ ʪʨʝʭʬʘʟʥʦʝ ʂɿ ʥʘ 

ʦʰʠʥʦʚʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ T-54 (ʨʠʩʫʥʦʢ 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʨʝʭʬʘʟʥʦʛʦ ʂɿ ʥʘ ʦʰʠʥʦʚʢʝ ʊ54 



ζColloquium - journal Ȼ#17(41),2019 / TECHNICAL SCIENCE 119 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʂɿ ʥʘ ʊ54 ʩʨʘʙʘʪʳʚʘʶʪ ʚʳ-

ʢʣʶʯʘʪʝʣʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ:  

1) CB262 ʦʪ ʊʆ Relay18 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝ-

ʤʝʥʠ 0.07 ʩ; 

2) ʉB12 ʦʪ ʊʆ Relay17 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 

0.075 ʩ; 

3) CB262 ʦʪ ʄʊɿ Relay18 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝ-

ʤʝʥʠ 1.02 ʩ; 

4) ʉB12 ʦʪ ʄʊɿ Relay17 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝ-

ʤʝʥʠ 1.52 ʩ; 

5) ʉB5 ʦʪ ʄʊɿ Relay16 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 

2.02 ʩ; 

6) ʉB19 ʦʪ ʄʊɿ Relay7 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 

2.52 ʩ. 

ɺ ʩʝʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʟʘʱʠʪ ʧʨʠ ʜʘʥʥʦʤ ʧʦ-

ʚʨʝʞʜʝʥʠʠ ʤʦʞʥʦ ʪʘʢʞʝ ʫʙʝʜʠʪʴʩʷ ʥʘ ʢʘʨʪʝ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 4). ʅʘ ʥʝʡ ʠʟʦʙʨʘʞʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʪʠʧ ʟʘʱʠʪʳ ʠ ʪʠʧ ʨʝʣʝ, ʪʦʢ ʩʨʘʙʘ-

ʪʳʚʘʥʠʷ ʟʘʱʠʪʳ Iʉɿ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʱʠʪʳ ʂʏ ʠ ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ Time Delay. ʊʘʢʞʝ ʥʘ ʢʘʨʪʝ ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʠ ʫʢʘʟʘʥʘ ʩʭʝʤʘ ʟʘʱʠʱʘʝʤʦʛʦ ʫʯʘʩʪʢʘ (ʦʪ ʊ54 

ʜʦ ʊ10). 

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʧʨʦʚʝʨʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ ʂɿ ʥʘ ʚʳ-

ʚʦʜʘʭ ʜʚʠʛʘʪʝʣʷ Syn4 (ʨʠʩʫʥʦʢ 5). 

 
ʈʠʩʫʥʦʢ 5 ï ʇʨʦʚʝʨʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʪʨʝʭʬʘʟʥʦʤ ʂɿ ʥʘ Syn4. 

 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʂɿ ʥʘ ʚʳʚʦʜʘʭ ʜʚʠʛʘʪʝʣʷ 

Syn4 ʩʨʘʙʦʪʘʣʘ ʨʝʣʝʡʥʘʷ ʟʘʱʠʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦ-

ʨʦʡ ʦʪʢʣʶʯʠʣʠʩʴ ʚʳʢʣʶʯʘʪʝʣʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1) CB15 ʦʪ ʊʆ Relay24 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 

0.04 ʩ; 
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ʈʠʩʫʥʦʢ 4 ï ʂʘʨʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʥʘ ʦʰʠʥʦʚʢʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʊ54 
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ʈʠʩʫʥʦʢ 5 ï ʂʘʨʪʘ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʥʘ Syn4 

 

2) CB70 ʦʪ ʄʊɿ Relay25 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝ-

ʤʝʥʠ 0.62 ʩ; 

3) CB19 ʦʪ ʄʊɿ Relay7 ʩ ʚʳʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 

2.52 ʩ; 

4) ʉɺ15 ʦʪ ʄʊɿ (ʧʝʨʝʛʨʫʟʢʘ) Relay24 c ʚʳ-

ʜʝʨʞʢʦʡ ʚʨʝʤʝʥʠ 13.968 ʩ.  

ɺ ʩʝʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʟʘʱʠʪ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ 

ʥʘ ʚʳʚʦʜʘʭ ʜʚʠʛʘʪʝʣʷ Syn4 ʤʦʞʥʦ ʪʘʢʞʝ ʫʙʝʜʠʪʴʩʷ 

ʥʘ ʢʘʨʪʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 5). ʅʘ ʥʝʡ ʠʟʦʙʨʘ-

ʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʪʠʧ ʟʘʱʠʪʳ ʠ ʪʠʧ 

ʨʝʣʝ, ʪʦʢ ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ Iʉɿ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʱʠʪʳ ʂʏ ʠ ʚʳʜʝʨʞʢʘ ʚʨʝʤʝʥʠ 

ʩʨʘʙʘʪʳʚʘʥʠʷ Time Delay. ʊʘʢʞʝ ʥʘ ʢʘʨʪʝ ʩʝʣʝʢʪʠʚ-

ʥʦʩʪʠ ʫʢʘʟʘʥʘ ʩʭʝʤʘ ʟʘʱʠʱʘʝʤʦʛʦ ʫʯʘʩʪʢʘ (ʦʪ Syn4 

ʜʦ ʊ10). 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ETAP Userguide. Certification No. 1002889 

QM08. ï Southern California: Inc Operation Technol-

ogy, October 2016. ï 5447 ʩ. 

2. ʇʨʘʚʠʣʘ ʋʩʪʨʦʡʩʪʚ ʕʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ʉʆ 

153-34.20.120ï2003. ï 7-ʝ ʠʟʜʘʥʠʝ, 2003. ï 500 ʩ.  
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INTEGRATION OF MULTILEVEL AUTOMATION SYSTEMS  

 

Abstract:  
The use of automated systems can reduce the development time of automation projects and direct cash costs 

for their development. 

ɸʥʥʦʪʘʮʠʷ:  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ʧʦ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʷʤʳʝ ʜʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʨʘʟʨʘʙʦʪʢʫ. 

 

Key words: automated systems, SCADA-systems, cost reduction, production processes, management  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, SCADA- ʩʠʩʪʝʤʳ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ, ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʧʨʘʚʣʝʥʠʝ. 

 

SCADA-ʩʠʩʪʝʤʘ ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʨʦ-

ʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʎʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

SCADA ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʦʧʝʨʘʪʦʨʫ ʫʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ, ʦʙʣʘʜʘʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʥʝʛʦ. 

ʋʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʩʭʝʤʘʪʠʯʥʦ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ ʥʘ ʨʠ-

ʩʫʥʢʝ 1:  

 

 
ʈʠʩʫʥʦʢ 1. ʋʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ 
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SCADA-ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʶʪ ʟʘ ʧʦʣʫʯʝʥʠʝ ʠʥ-

ʬʦʨʤʘʮʠʠ ʩ ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ, ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʦ ʝʩʪʴ ʦʪ ʜʘʪʯʠʢʦʚ ʯʝʨʝʟ ʫʩʪʨʦʡʩʪʚʘ ʩʦʧʨʷʞʝʥʠʷ, 

ʦʪ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦ-

ʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘ-

ʮʠʷ ʧʦʩʪʫʧʘʝʪ ʩʦ ʩʪʫʧʝʥʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜ 

SCADA-ʩʠʩʪʝʤ. ʅʘ SCADA-ʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ, ʧʨʠʥʷʪʠʝ 

ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ 

ʫʨʦʚʥʷ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʦʮʝʩʩ ʧʦʩʪʫʧʣʝʥʠʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʥʠʟʫ, ʠ 

ʩʚʝʨʭʫ. ʅʘ ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘ-

ʮʠʷ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʨʘʙʦʪʫ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝ-

ʣʦʤ, ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ [1]. 

ʆʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʠʟʜʝʨʞʝʢ, ʢʦʥʢʫʨʝʥʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʪʦʣʴʢʦ 

ʩʚʦʝʚʨʝʤʝʥʥʘʷ, ʪʦʯʥʘʷ ʠ ʜʦʩʪʦʚʝʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʥʫʞʝʥ ʢʣʘʩʩ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʜʦʩʪʘʚʢʫ 

ʥʫʞʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʵʪʠʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʘʟʨʘʙʦʪʢʫ ɸʉʋ 

ʊʇ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʩʦ SCADA-ʫʨʦʚʥʷ ʥʘ ʫʨʦʚʝʥʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. ʈʷʜ ʬʠʨʤ ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦʤ, ʥʘʧʨʠʤʝʨ, Fix Bos, InTrack, InBatch. ʉʦʟʜʘ-

ʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʤʦʜʝʣʠʨʫʶʪ ʠ 

ʧʨʦʩʣʝʞʠʚʘʶʪ ʢʘʞʜʫʶ ʩʪʘʜʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠʭ ʥʘʟʥʘʯʝʥʠʝʤ. 

ʂʦʥʮʝʧʮʠʷ SCADA ʧʨʝʜʦʧʨʝʜʝʣʝʥʘ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʚʩʝʤ ʭʦʜʦʤ 

ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

SCADA ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʜʝʪ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʭʨʘʥʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ, ʧʝʨʝʜʘʯʠ, ʦʪʦʙ-

ʨʘʞʝʥʠʷ, ʩʙʦʨʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ [3]. 

ʉʠʩʪʝʤʘ SCADA ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʨʫʞʝʩʪʚʝʥ-

ʥʳʡ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ (HMI/MMI ). 

ʇʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʠʩ-

ʧʝʪʯʝʨʘ ʩ ʩʠʩʪʝʤʦʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʥʷʪʥʦʩʪʴ ʨʳʯʘ-

ʛʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʧʦʣʥʦʪʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʩʧʨʘ-

ʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʧʦʜʩʢʘʟʢʘʤʠ ʠ ʪ.ʜ. ʊʘʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʦʜʷʪ ʢ ʥʫʣʶ ʢʨʠʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʜʠʩʧʝʪʯʝʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ. 

ʂʦʥʮʝʧʮʠʷ SCADA, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝ-

ʥʠ,̫ ʧʦʤʦʛʘʝʪ ʝʱʝ ʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ, ʢʦʪʦ-

ʨʳʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʠʩʴ ʥʝʨʘʟʨʝʰʠʤʳʤʠ. ʉʠ-

ʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢ-

ʪʦʚ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʧʨʷʤʳʝ ʜʝʥʝʞʥʳʝ ʟʘʪʨʘʪʳ 

ʥʘ ʠʭ ʨʘʟʨʘʙʦʪʢʫ [2]. ʉʝʡʯʘʩ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷ-

ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩ-

ʩʘʤʠ. 

ʉʠʣʴʥʦʝ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʘʢʝʪʦʚ, ʜʝʣʘʝʪ ʩʠʩʪʝʤʫ ʣʝʛʢʦʡ ʚ ʦʩʚʦʝʥʠʠ ʠ ʜʦ-

ʩʪʫʧʥʦʡ ʜʣʷ ʙʦʣʴʰʦʛʦ ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂ ʪʦʤʫ 

ʞʝ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʙʣʠʟʢʘ ʢ ʠʥʪʫʠ-

ʪʠʚʥʦʤʫ ʚʦʩʧʨʠʷʪʠʶ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ SCADA-ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʇʃʂ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʢʘʢ 

RealFlex, Factory Link, InTouch. GENESIS ʩʧʦʩʦʙʥʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʜʨʘʡʚʝʨʦʚ. ʕʪʦʪ ʢʨʠʪʝ-

ʨʠʡ ʠʭ ʜʝʣʘʝʪ ʙʝʟʫʩʣʦʚʥʳʤʠ ʣʠʜʝʨʘʤʠ [2]. 

ʉʦʟʜʘʥʠʝ ʧʨʠʢʣʘʜʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʦʩʥʦʚʝ ʢʦʪʦ-

ʨʦʡ ʙʫʜʝʪ ʣʝʞʘʪʴ ʦʜʥʘ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ SCADA-

ʩʠʩʪʝʤ, ʩʦʢʨʘʱʘʝʪ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʟʥʘʥʠʡ ʚ ʦʙ-

ʣʘʩʪʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɸ ʵʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʙʦʣʴʰʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʦʩʚʦʝʥʠʠ 

ʟʥʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʢʣʘʜʥʦʡ ʦʙʣʘʩʪʠ [1]. 

ʌʠʨʤʳ-ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʨʝʤʷʪʩʷ ʨʝʛʫʣʷʨʥʦ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ. ɺʥʝʜʨʷʶʪ ʚ 

SCADA-ʩʠʩʪʝʤʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʘʪʳʚʘʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘ-

ʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦ-

ʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʜʘʞʝ 

ʝʩʣʠ ʧʦʪʨʝʙʠʪʝʣʴ ʥʝ ʩʨʘʟʫ ʩʦʙʠʨʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʚʩʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɺʥʝʜʨʝʥʠʝ SCADA ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʩʪʫʧ]. 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  http://asu.uz/news/vnedrenie-scada-

sistemi-avtomatizirovannih-sistem-upravleniya-

gazotransportnih-sistem (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

11.08.2019). 

2. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ SCADA- ʩʠʩʪʝʤʳ [ʕʣʝʢ-

ʪʨʦʥʥʳʡ ʜʦʩʪʫʧ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://en-

res.ru/stati/scada.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.08.2019). 

3. ʉʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʩʪʫʧ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http://bourabai.kz/dbt/scada.htm (ʜʘʪʘ ʦʙʨʘ-

ʱʝʥʠʷ 11.08.2019). 
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ʂʦʨʦʣʝʚ ɺ. ʀ. 

ʩʪʫʜʝʥʪ 

2 ʢʫʨʩ ʤʘʛʠʩʪʨʘʪʫʨʳ, ʢʘʬʝʜʨʘ çʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʘʧʧʘʨʘʪʳè 
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WIND POWER PLANT  

 

Abstract:  

This article analyzes the design of a wind-driven powerplants, the principle of its action. Various modes of 

operation of a wind-driven powerplants are considered. In addition, special attention is paid to the prospects for 

the development of wind energy in Russia. 

ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʥʮʠʧ ʝʝ 

ʜʝʡʩʪʚʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʘʤ ʨʘʟʚʠʪʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʈʦʩʩʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɺʝʪʝʨ, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʵʥʝʨʛʠʷ, ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ. 

Key words: Wind, speed of wind, energy, regulation system. 

 

ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʵʪʦ ʠʩ-

ʪʦʯʥʠʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

ʧʦʪʦʢʦʚ ʵʥʝʨʛʠʠ. ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʠʷ ʥʝ ʷʚʣʷ-

ʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. 

ʏʘʩʪʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

ʥʘʟʳʚʘʶʪ ʥʝʪʨʘʜʠʮʠʦʥʥʳʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʜ ʪʨʘʜʠ-

ʮʠʦʥʥʳʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʩʞʠʛʘʥʠʠ ʫʛʣʷ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ 

ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ (ʊʕʉ, ɸʕʉ ʠ ɼɺʉ)  

ʇʨʠʯʠʥʳ ʚʦʟʨʘʩʪʘʥʠʷ ʠʥʪʝʨʝʩʘ ʢ ʚʦʟʦʙʥʦʚʣʷʝ-

ʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ: ʩʦʢʨʘʱʝʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʟʘʧʘʩʦʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ (ʥʝʬʪʠ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ), ʨʦʩʪ ʮʝʥ ʥʘ ʥʠʭ, ʚʦʧʨʦʩʳ ʵʢʦʣʦ-

ʛʠʠ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʩʪʘʥʦʚʷʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʠ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ, ʧʦʵʪʦʤʫ ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʪʝʪ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʤ ʪʝʤʘʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨ-

ʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʵʥʝʨʛʠʝʡ ʚʝʪʨʘ.  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ɺʕʋ: 

1) ʕʥʝʨʛʠʷ ʚʝʪʨʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʣʦʧʘʩʪʠ ʚʝʪ-

ʨʦʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʠʚʦʜʠʪ ʠʭ ʚ ʜʚʠʞʝʥʠʝ.  

2) ɺʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʣʦʧʘʩʪʝʡ, ʯʝʨʝʟ ʚʘʣ 

ʠ ʨʝʜʫʢʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʛʝ-

ʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʠʛʘʪʝʣʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʉ ʪʘʢʠʭ ʛʝ-

ʥʝʨʘʪʦʨʦʚ ʢʘʢ ʧʨʘʚʠʣʦ ʩʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ 12 ɺ, 24 ɺ ʠʣʠ 48 ɺʦʣʴʪ. 

3) ʇʦʣʫʯʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩ ʛʝʥʝʨʘʪʦʨʘ ʧʦʩʪʫ-

ʧʘʝʪ ʥʘ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʟʘʨʷʞʘʝʪ 

ʙʣʦʢʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱ-

ʥʦʩʪʠ. 

4) ɸʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʪʘʢʞʝ ʧʦʜʢʣʶ-

ʯʝʥʳ ʢ ʧʦʚʳʰʘʶʱʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʥʘʧʨʷʞʝ-

ʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ɼʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʚʦʣʴʪ-

ʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘ-

ʪʘʨʝʡ (12ɺ, 24ɺ, 48ɺ) ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʦʝ ʧʝʨʝʤʝʥ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʦʜʥʦʬʘʟʥʦʝ 220 ɺ, 50 ɻʮ ʠʣʠ ʪʨʝʭ-

ʬʘʟʥʦʝ 380 ɺ, 50 ɻʮ ʠ ʜʨ.)[1, ʩ. 74]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

http://supply.in.ua/shemy/preobrazovateli-naprygenij/preobrazovateli-naprygenija.html
http://supply.in.ua/shemy/preobrazovateli-naprygenij/preobrazovateli-naprygenija.html


ζColloquium - journal Ȼ#17(41),2019 / TECHNICAL SCIENCE 125 

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

 

ʀʤʝʥʥʦ ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ ʠ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ 

ʧʨʦʜʫʢʪʦʤ ʛʝʥʝʨʘʮʠʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʄʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʣʦʱʘʜʴʶ ʝʛʦ 

ʣʦʧʘʩʪʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʪʫʨʙʠʥʘ ʤʦʱʥʦʩʪʴʶ ʚ 3 

ʄɺʪ ʠʤʝʝʪ ʣʦʧʘʩʪʠ ʧʦ 40 ʤʝʪʨʦʚ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺʕʋ: 

     ʅʝʦʪʲʝʤʣʝʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʪ ʢʦʪʦ-

ʨʦʡ ʟʘʚʠʩʠʪ ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ, 

ʷʚʣʷʝʪʩʷ ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʝʛʦ ʣʦʧʘʩʪʠ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʠʘʧʘʟʦʥ ʨʘ-

ʙʦʪʳ ʣʶʙʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʣʠ ʙʳʪʦʚʦʛʦ ʚʝʪʨʦ-

ʛʝʥʝʨʘʪʦʨʘ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʦʪ  3 

ʜʦ 25 ʤ/ʩ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚ 

12 ï 15 ʤ/ʩ, ʧʨʠ ʢʦʪʦʨʦʡ ʛʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʦʪʜʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ.[2, ʩ. 425] 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʜʥʦ, ʯʪʦ 

ʤʦʱʥʦʩʪʴ ʥʘʯʠʥʘʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘ ʩʢʦʨʦʩʪʠ 

ʚʝʪʨʘ 3 ʤ/c ʠ ʨʘʩʪʝʪ ʜʦ 12-13ʤ/c, ʜʘʣʝʝ ʩ ʧʦʚʳʰʝ-

ʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʤʦʱʥʦʩʪʴ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ɺʕʋ ʙʫʜʝʪ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ɺʕʋ ʪʨʝʙʫʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 12 ʜʦ 15ʤ/c. 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʨʝʤʝʥʠ. 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʴ, ʨʘʟʚʠʚʘʝ-

ʤʘʷ ʛʝʥʝʨʘʪʦʨʦʤ ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʚʦ 

ʚʨʝʤʷ ʧʠʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʧʨʝʚʳ-

ʰʘʝʪ ʫʨʦʚʝʥʴ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘ-

ʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʦʡ. 

ʀʟʙʳʪʦʯʥʫʶ ʵʥʝʨʛʠʶ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʳʭ ʚʝʪʨʦʚ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʷʜʘ ʮʝʣʝʡ, ʥʘʧʨʠʤʝʨ ʜʣʷ 

ʧʦʜʲʸʤʘ ʚʦʜʳ ʠʟ ʘʨʪʝʟʠʘʥʩʢʠʭ ʩʢʚʘʞʠʥ ʠ ʟʘʢʘʯʢʠ 

ʝʸ ʚ ʥʘʢʦʧʠʪʝʣʠ, ʦʙʝʩʩʦʣʠʚʘʥʠʷ ʚʦʜʳ, ʨʘʟʦʛʨʝʚʘ 

ʪʝʧʣʦʚʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʠ ʪ. ʧ.[3, ʩ. 40].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ɺʕʉ ʚʦʧʣʦʱʝʥʦ ʤʥʦʞʝʩʪʚʦ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠʜʝʡ, ʦʪʚʝʯʘʶʱʠʭ ʧʦʩʣʝʜʥʠʤ ʜʦʩʪʠ-

ʞʝʥʠʷʤ ʥʘʫʢʠ. ɺʦʪ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʧʝʨʝʯʝʥʴ ʫʥʠ-

ʢʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʚʝʪʨʦʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʡ: 

¶ ʉʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ 
ʘʪʘʢʠ (ʠʟʤʝʥʷʝʪ ʫʛʦʣ ʟʘʢʣʠʥʠʚʘʥʠʷ ʣʦʧʘʩʪʝʡ, ʫʜʝʨ-

ʞʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʥʫʞʥʳʡ ʫʛʦʣ ʘʪʘʢʠ); 

¶ ʉʠʩʪʝʤʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʝʪʨʦʢʦʣʝʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʛʨʫʟʢʠ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ʚʳʙʠʨʘʝʪ ʦʧʪʠʤʘʣʴʥʳʡ 

ʨʝʞʠʤ ʨʘʙʦʪʳ); 

¶ ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʳʩʢʘʥʠʝʤ - ʵʣʝʢ-

ʪʨʦʥʥʳʡ ʬʣʶʛʝʨ (ʧʦʚʦʨʘʯʠʚʘʝʪ ʛʦʥʜʦʣʫ ʩ ɺʕʋ ʧʦ 

ʦʩʦʙʦʤʫ ʟʘʢʦʥʫ ʩ ʫʯʝʪʦʤ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʚʝʪʨʘ, ʝʛʦ ʧʦʨʳʚʦʚ ʠ ʪʫʨʙʫʣʝʥʮʠʠ); 

¶ ʉʠʩʪʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʘʛ-
ʥʠʪʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʘʩʠʥʭʨʦʥʥʳʝ ʛʝ-

ʥʝʨʘʪʦʨʳ ʩ ʨʦʪʦʨʦʤ "ʙʝʣʠʯʴʷ ʢʣʝʪʢʘ"). 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʟʘʧʫʱʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʦ-

ʚʝʨʰʝʥʥʦ ʥʦʚʘʷ ɺʕʋ, ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʥ ʚʳʩʦ-

ʢʦʚʦʣʴʪʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩʦ ʩʪʘʪʦʨʦʤ, 

ʠʤʝʶʱʠʤ ʦʙʤʦʪʢʠ ʠʟ ʢʘʙʝʣʷ, ʠ ʤʥʦʛʦʧʦʣʶʩʥʳʤ 

ʨʦʪʦʨʦʤ ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ. ʇʦʣʫʯʘʝʤʳʡ ʧʝ-

ʨʝʤʝʥʥʳʡ ʪʦʢ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ ʚʳʧʨʷʤʣʷʝʪʩʷ, ʘ ʟʘ-

ʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʠʥʚʝʨʪʦʨʦʤ ʚ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ 

ʩʝʪʝʚʦʡ ʯʘʩʪʦʪʳ. ʈʝʜʫʢʪʦʨ ʛʝʥʝʨʘʪʦʨʫ ʥʝ ʥʫʞʝʥ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʠʟʢʦʦʙʦʨʦʪʥʳʡ. ʊʘʢʠʝ ʫʩʪʘʥʦʚʢʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ɺʕʉ ʤʦʱʥʦʩʪʴʶ ʦʪ 500 ʢɺʪ 

ʜʦ 5 ʄɺʪ ʠ ʚʳʰʝ. 

ɿʘ ʩʦʩʪʦʷʥʠʝʤ ɺʕʉ ʠ ʨʝʞʠʤʘʤʠ ʠʭ ʨʘʙʦʪʳ ʩʣʝ-

ʜʠʪ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ, ʢʫʜʘ ʧʦ ʤʦʜʝʤʥʳʤ ʢʘʥʘ-

ʣʘʤ ʧʦʩʪʫʧʘʝʪ ʚʩʷ ʪʝʢʫʱʘʷ ʠʥʬʦʨʤʘʮʠʷ. ɽʩʣʠ, 

ʥʘʧʨʠʤʝʨ, ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚʦʟʥʠʢʘʶʪ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʳʝ ʚʩʧʣʝʩʢʠ ʥʘʧʨʷʞʝʥʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʬʣʠʢʢʝʨʥʳʡ ʵʬʬʝʢʪ), ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʢʦʨʦʪʢʠʭ, 

ʩʠʣʴʥʳʭ ʧʦʨʳʚʘʭ ʚʝʪʨʘ ʣʠʙʦ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʥʘʛʨʫʟʢʠ, ʠʭ ʛʘʩʷʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʣʝʢʪʨʦʥʠʢʘ ʠ ʘʚʪʦʤʘʪʠʢʘ 

ʥʘʜʝʞʥʦ ʟʘʱʠʱʝʥʳ ʦʪ ʧʦʩʪʦʨʦʥʥʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʘʤʦʡ 

ʩʝʪʠ ʠ ʧʝʨʝʢʣʶʯʘʶʱʠʭ ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ) ʨʘʜʠʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʟʝʤʣʝʥʠʝʤ ʠ ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ. ɺʘʞ-

ʥʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʠʟʦʣʷʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ[4, ʩ. 34]. 

ʉʠʩʪʝʤʳ "ʚʝʪʨʦ-ʜʠʟʝʣʴ" 

ɺ ʢʨʫʧʥʳʭ ʵʥʝʨʛʦʩʝʪʷʭ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʧʦʜʘʯʘ 

ʵʥʝʨʛʠʠ, ʧʨʠʩʫʱʘʷ ʚʩʝʤ ʚʝʪʨʦʘʛʨʝʛʘʪʘʤ, ʫʨʘʚʥʠʚʘ-

ʝʪʩʷ ʠʭ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ. ɸʚʪʦʥʦʤʥʳʝ ʩʝʪʠ 

ʤʦʱʥʦʩʪʴʶ 0,5-4 ʄɺʪ ʪʦʞʝ ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʪʴ ʥʘʜʝʞʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʦʪ ɺʕʉ, ʝʩʣʠ ʦʥʠ ʨʘʙʦʪʘʶʪ ʚ 

ʧʘʨʝ ʩ ʜʠʟʝʣʝʤ. ɼʣʷ ʩʠʩʪʝʤ "ʚʝʪʨʦ-ʜʠʟʝʣʴ" ʝʚʨʦʧʝʡ-

ʩʢʠʝ ʢʦʤʧʘʥʠʠ ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥ-

ʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʘʩʧʨʝʜʝʣʷʶʱʝʝ ʥʘʛʨʫʟʢʫ ʤʝʞʜʫ 

ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʠ ʜʠʟʝʣʝʤ. ʋʞʝ 

ʝʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʩʝʛʦ ʟʘ ʜʚʝ ʩʝ-

ʢʫʥʜʳ ʦʪʢʣʶʯʠʪʴ ʜʠʟʝʣʴ ʠʣʠ ʚʥʦʚʴ ʚʢʣʶʯʠʪʴ ʝʛʦ ʚ 

ʨʘʙʦʪʫ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʝʩʫʨʩ ʜʠ-

ʟʝʣʝʡ ʠ ʵʢʦʥʦʤʠʪʩʷ ʜʦ 67% ʪʦʧʣʠʚʘ ʚ ʛʦʜ. 

ʅʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʙʦʣʴʰʠʝ ʠ ʤʘʣʳʝ ɺʕʉ 

ʤʦʛʣʠ ʙʳ ʨʘʙʦʪʘʪʴ ʥʘ ʦʛʨʦʤʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʈʦʩ-

ʩʠʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ, ʚʝʜʴ ʥʘʰʘ ʩʪʨʘʥʘ ʦʙʣʘʜʘʝʪ 

ʤʦʱʥʳʤ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʦʮʝ-

ʥʠʚʘʝʤʳʤ ʚ 40 ʤʣʨʜ ʢɺʪ.ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʛʦʜ. 

ʊʘʢʠʝ ʨʘʡʦʥʳ, ʢʘʢ ʆʙʩʢʘʷ ʛʫʙʘ, ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪ-

ʨʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ, ʧʦ ʤʠʨʦʚʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʘʤʳʤ ʚʝʪʨʝʥʳʤ ʟʦʥʘʤ. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ 

ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 50-80 ʤ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʝʪʨʦ-

ʘʛʨʝʛʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ɺʕʉ, ʩʦʩʪʘʚʣʷʝʪ 11-12 ʤ/ʩ. 

(ɿʘʤʝʪʠʤ, ʯʪʦ "ʟʦʣʦʪʳʤ" ʧʦʨʦʛʦʤ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ 

ʩʯʠʪʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ 5 ʤ/ʩ - ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʦʢʫ-

ʧʘʝʤʦʩʪʴʶ ʩʪʘʥʮʠʡ.) 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʘʥʦʤʘʣʴʥʳʝ ʣʦʢʘʣʴʥʳʝ 

ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʚʝʪʝʨ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ. ʕʪʦ, 

ʥʘʧʨʠʤʝʨ, ʨʘʡʦʥ ɺʣʘʜʠʚʦʩʪʦʢʘ, ʛʜʝ ʚʦʟʜʫʰʥʳʝ 

ʤʘʩʩʳ ʫʩʪʨʝʤʣʷʶʪʩʷ ʠʟ ʇʨʠʭʘʥʢʘʡʩʢʦʡ ʨʘʚʥʠʥʳ ʚ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʉʝʚʝʨʦ-ʂʦʨʝʡʩʢʠʤʠ ʛʦʨʘʤʠ ʠ ʭʨʝʙ-
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ʪʦʤ ʉʠʭʦʪʵ-ɸʣʠʥʴ ʠ ʜʘʣʝʝ - ʧʦ ʘʢʚʘʪʦʨʠʠ ɸʤʫʨ-

ʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘ ʦʩʪʨʦʚʘʭ ʙʣʠʟ ɺʣʘʜʠʚʦʩʪʦʢʘ ʩʨʝʜ-

ʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʥʘ ʚʳʩʦʪʝ 150 ʤ (50-ʤʝʪ-

ʨʦʚʘʷ ɺʕʉ ʥʘ ʭʦʣʤʝ ʚʳʩʦʪʦʡ 100 ʤ) ʥʝ ʙʳʚʘʝʪ ʥʠʞʝ 

11 ʤ/ʩ (ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ɽʚʨʦʧʳ ʧʘʨʘʤʝʪʨ 

ʥʝʜʦʩʷʛʘʝʤʳʡ). 

ʇʨʦʝʢʪʳ ɺʕʉ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʝʪʴ, ʜʣʷ ʫʩʣʦ-

ʚʠʡ, ʥʘʧʨʠʤʝʨ, ʦʯʝʥʴ ʚʝʪʨʝʥʦʛʦ ʇʨʠʤʦʨʴʷ ʦʢʫʧʘ-

ʶʪʩʷ ʟʘ 5-7 ʣʝʪ, ʩʠʩʪʝʤʳ "ʚʝʪʨʦ-ʜʠʟʝʣʴ" - ʟʘ 2 ʛʦʜʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʚʝʪʨʦʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʡ ʙʫʜʫʪ ʩʦʢʨʘʱʘʪʴʩʷ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦ-

ʚʠʷ ʠ ʙʦʣʴʰʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʚʝʪʨʦʵʥʝʨʛʝ-

ʪʠʢʠ, ʫ ʥʘʩ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʥʠ ʦʛʨʦʤʥʳʭ ʚʝʪʨʦʧʘʨ-

ʢʦʚ, ʥʠ ʝʜʠʥʠʯʥʳʭ ɺʕʉ ʚʦʢʨʫʛ ʩʝʣʴʩʢʠʭ ʧʦʩʝʣʢʦʚ 

ʠ ʜʘʯʥʳʭ ʫʯʘʩʪʢʦʚ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ - ʦʪʩʫʪʩʪʚʠʝ 

ʠʥʚʝʩʪʠʮʠʡ. ɺ ɽʚʨʦʧʝ ʚ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʧʨʝʚʘʣʠ-

ʨʫʝʪ ʥʘʨʦʜʥʳʡ ʙʠʟʥʝʩ. ɺʕʉ ʩʪʨʦʷʪ ʢʦʦʧʝʨʘʪʠʚʳ ʠ 

ʘʢʮʠʦʥʝʨʥʳʝ ʦʙʱʝʩʪʚʘ, ʧʨʠʯʝʤ ʙʝʟ ʚʩʷʢʠʭ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʜʦʪʘʮʠʡ. ɺ ʈʦʩʩʠʠ ʞʝ ʦʩʫʱʝʩʪʚʠʪʴ ʜʦʨʦ-

ʛʦʩʪʦʷʱʠʝ ʧʨʦʝʢʪʳ ʧʦʜ ʩʠʣʫ ʪʦʣʴʢʦ ʛʦʩʩʪʨʫʢʪʫʨʘʤ 

ʠʣʠ ʢʨʫʧʥʦʤʫ ʙʠʟʥʝʩʫ. ʇʨʝʜʧʨʠʥʠʤʘʪʝʣʴ, ʦʪʚʘ-

ʞʠʚʰʠʡʩʷ ʧʦʩʪʨʦʠʪʴ ɺʕʉ ʠʣʠ ʚʝʪʨʦʧʘʨʢ ʚ ʈʦʩʩʠʠ, 

ʥʝʠʟʙʝʞʥʦ ʧʦʥʝʩʝʪ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʫʙʳʪʢʠ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʫ ʥʘʩ ʥʠ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ, ʥʠ ʥʘ ʚʝʜʦʤ-

ʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥ ʧʦ-

ʨʷʜʦʢ ʧʦʢʫʧʢʠ ʵʥʝʨʛʠʠ ɺʕʉ ʵʣʝʢʪʨʦʩʝʪʷʤʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʚʦʟʥʠʢʥʫʪ ʧʨʦʙʣʝʤʳ ʩ ʟʝʤʣʝʦʪʚʦʜʦʤ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʝ ʧʨʝʛʨʘʜʳ. 

ʀ ʚʩʝ ʞʝ ʜʝʣʦ, ʢʘʞʝʪʩʷ, ʩʜʚʠʥʫʣʦʩʴ ʩ ʤʝʨʪʚʦʡ 

ʪʦʯʢʠ. ʉʝʡʯʘʩ ʚ ʩʪʨʘʥʝ ʩʪʨʦʠʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʝʪʨʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʝʤʦʥ-

ʩʪʨʘʮʠʦʥʥʳʭ. ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʧʨʦʝʢʪʦʚ ʚ ʜʘʥ-

ʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ɸʟʦʚʩʢʘʷ ɺʕʉ, ʤʦʱʥʦʩʪʴʶ 90 

ʄɺʪ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʚ 

ʩʚʦʝ ʚʨʝʤʷ ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʦʪʩʪʘʚʘʥʠʷ ʦʪ 

ɿʘʧʘʜʘ, ʩʝʛʦʜʥʷ ʩʦʢʨʘʱʘʝʪ ʜʘʥʥʦʝ ʦʪʩʪʘʚʘʥʠʝ. ʇʦ-

ʵʪʦʤʫ ʧʫʪʴ ʫ ʥʘʩ ʪʦʣʴʢʦ ʦʜʠʥ: ʧʨʠʣʦʞʠʪʴ ʫʩʠʣʠʷ ʠ 

ʧʦʩʣʝʜʦʚʘʪʴ ʧʨʠʤʝʨʫ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʚʝʪʨʦʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. 
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Abstract:  

The article analyzes the possibility and effective use of micro hydroelectric power plants, implemented in the 

form of various engineering solutions. With their help, it is possible to provide electricity to the population of 

remote and mountainous areas, as well as farms. It is much cheaper and more profitable than the construction of 

power lines or the operation of diesel plants. 
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ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ɻʕʉ) ï ʵʪʦ ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ 

ʠʩʧʦʣʴʟʫʶʱʘʷ ʵʥʝʨʛʠʶ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ. 

ʄʠʢʨʦɻʕʉ ï ɻ ʪʦ ʢʦʤʧʘʢʪʥʘʷ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠ-

ʩʪʘʷ, ʙʳʩʪʨʦʦʢʫʧʘʝʤʘʷ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʚʳʨʘ-

ʙʘʪʳʚʘʶʱʘʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʠ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʜʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʫʩʪʘʥʦʚʢʘʭ ʤʦʱʥʦʩʪʴʶ ʦʪ 1 ʜʦ 1000 ʢɺʪ[1, ʩ .27].  

ʅʘʟʥʘʯʝʥʠʝ ʤʠʥʠ- ʠ ʤʠʢʨʦɻʕʉ: ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʜʝʨʝʚʝʥʴ, ʜʘʯʥʳʭ ʧʦʩʝʣʢʦʚ, ʬʝʨ-

ʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ; ʘ ʪʘʢʞʝ ʤʝʣʴʥʠʮ, ʭʣʝʙʦʧʝʢʘʨʝʥ, 

ʥʝʙʦʣʴʰʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʚ ʦʪʜʘʣʝʥʥʳʭ, ʛʦʨʥʳʭ ʠ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʥʝʪ ʧʦʙʣʠʟʦʩʪʠ ʣʠ-

ʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʪʦʨʳʭ ʚ ʜʘʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ[2, ʩ. 33].  

ʂʘʢ ʧʨʘʚʠʣʦ, ʤʠʢʨʦɻʕʉ ʨʘʙʦʪʘʶʪ ʥʘ ʘʚʪʦʥʦʤ-

ʥʫʶ ʥʘʛʨʫʟʢʫ, ʦʜʥʘʢʦ ʦʥʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʠ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʩ ʩʝʪʴʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʤʠʢʨʦɻʕʉ ʩʪʨʦʷʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʨʝʛʫʣʠʨʫʝ-

ʤʳʭ ʪʫʨʙʠʥ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʫʩʪʨʦʡʩʪʚʘʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ ʝʝ ʧʘʨʘʤʝʪʨʦʚ. ʂ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʢʘʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʧʘ-

ʨʘʤʝʪʨʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ 

ʥʦʤʠʥʘʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦ-

ʪʦʡ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ ʵʥʝʨʛʠʠ ʧʦʪʦʢʦʚ ʚʦʜʳ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝʦʙ-

ʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʧʷʪʴ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ [3, ʩ. 94]: 

1) ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʪʫʨʙʠʥʳ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʣʝʤʝʥʪʳ ʛʠʜʨʦʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1.ʘ.); 

2) ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʤʝʞʜʫ ʪʫʨʙʠʥʦʡ ʠ ʛʝʥʝ-

ʨʘʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʠʚʦʜʳ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ (ʨʠʩʫʥʦʢ 1.ʙ.); 

3) ʩʠʩʪʝʤʳ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʯʘʩʪʦʪʳ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠ-

ʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ï ʛʝʥʝ-

ʨʘʪʦʨʦʚ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʯʘ-

ʩʪʦʪʝ ʚʨʘʱʝʥʠʷ (ʨʠʩʫʥʦʢ 1.ʚ.); 

4) ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʯʝʩʢʠ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦʪʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʭ ʥʘʧʨʷʞʝ-

ʥʠʝ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ; 

5) ʩʠʩʪʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʝ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʤʦʤʝʥʪʘ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʦʤʦ-

ʱʴʶ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ 

ʥʘʛʨʫʟʢʠ (ʨʠʩʫʥʦʢ 1.ʛ.). 

 
ʈʠʩʫʥʦʢ 1. ɺʘʨʠʘʥʪʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ: 

W ï ʵʥʝʨʛʠʷ ʧʦʪʦʢʘ ʚʦʜʳ; ɻʊ ï ʛʠʜʨʦʪʫʨʙʠʥʘ; ɻ ï ʛʝʥʝʨʘʪʦʨ; ʅ ï ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ; ɸɹʅ ï ʘʚʪʦʙʘʣ-

ʣʘʩʪʥʘʷ ʥʘʛʨʫʟʢʘ; ʇʇʉ ï ʧʨʠʚʦʜ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ; ʄɺʀ ï ʤʘʰʠʥʥʦ-ʚʝʥʪʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ. 

 

ʆʮʝʥʠʚʘʷ ʤʘʰʠʥʥʦ-ʚʝʥʪʠʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʚʳʭʦʜʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʛʠʜ-

ʨʦʜʚʠʛʘʪʝʣʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʵʥʝʨ-

ʛʠʠ ʪʨʝʙʫʝʪʩʷ ʫʩʣʦʞʥʝʥʠʝ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʜʦ-

ʨʦʞʘʥʠʝ) ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ.  

ʇʨʠ ʧʦʩʪʦʷʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʪʦʢʘ ʚʦʜʳ ʠ 

ʥʝʠʟʤʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʘʙʦʯʠʭ ʣʦʧʘʩʪʝʡ ʯʘ-

ʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʛʠʜʨʦʪʫʨʙʠʥʳ  ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʤʠʢʨʦɻʕʉ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʫʪʝʤ ʠʟʤʝʥʝ-

ʥʠʷ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʛʝʥʝʨʘ-

ʪʦʨʘ[4, ʩ 121].  
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ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʠʢʨʦɻʕʉ ʘʚʪʦʙʘʣʣʘʩʪʥʦʛʦ ʪʠʧʘ. 

 

ʇʨʠʥʮʠʧ ʘʚʪʦʙʘʣʣʘʩʪʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʧʘ-

ʨʘʣʣʝʣʴʥʦ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ ʩʪʘʥʮʠʠ ʯʝʨʝʟ ʨʝʛʫʣʷ-

ʪʦʨ ʧʦʜʢʣʶʯʘʝʪʩʷ ʪʘʢʘʷ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ ʙʘʣʣʘʩʪʥʘʷ 

ʥʘʛʨʫʟʢʘ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʚʝʣʠʯʠʥʘ ʙʘʣʣʘʩʪʥʦʡ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦ-

ʤʦʱʠ ʨʝʛʫʣʷʪʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʫʤʤʘʨʥʘʷ 

ʥʘʛʨʫʟʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʦʩʪʘʚʘʣʘʩʴ 

ʥʝʠʟʤʝʥʥʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʣʣʘʩʪʥʦʡ ʥʘʛʨʫʟʢʠ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʧʣʦʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝ-

ʤʝʥʪʳ. ʀ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʜʦ 80% ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʘʚʪʦʥʦʤʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʪʨʘʪʠʪ ʥʘ ʧʦʣʫ-

ʯʝʥʠʝ ʪʝʧʣʘ, ʚʳʜʝʣʷʝʤʘʷ ʥʘ ʙʘʣʣʘʩʪʥʳʭ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʷʭ ʵʥʝʨʛʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʘ. 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

- ʠʩʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠʟ 

ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɿʘʤʝʥʘ ʠʭ ʩʪʘʪʠʯʝʩʢʠʤ ʨʝ-

ʛʫʣʷʪʦʨʦʤ ʵʢʦʥʦʤʠʯʥʦ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʘʝʪ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʤʠʢʨʦɻʕʉ. ʆʮʝʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʛʫʣʷ-

ʪʦʨʘ ʘʚʪʦʙʘʣʣʘʩʪʘ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʚʩʝʛʦ 20% ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʛʠʜʨʦʪʫʨ-

ʙʠʥʳ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʚʳʩʦʢʦʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʢʘ-

ʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦ-

ʧʠʪʘʥʠʷ. ɽʩʣʠ ʫʜʘʸʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ, ʚ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʳʭ ʪʠʧʘʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʤʦʛʫʪ ʧʨʠʤʝ-

ʥʷʪʴʩʷ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ɸʚʪʦʙʘʣ-

ʣʘʩʪʥʳʡ ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʯʝʪʘʝʪʩʷ ʩ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝʤ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʩ ʝʤʢʦʩʪʥʳʤ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝʤ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʚ ʘʚʪʦʥʦʤʥʳʭ ʤʠʢʨʦɻʕʉ ʢʘʢ 

ʩʠʥʭʨʦʥʥʳʝ, ʪʘʢ ʠ ʘʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ[4, ʩ. 125]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʫʩʣʦʚʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʤʝʩʪʦʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

(ʥʘʧʦʨ ʥʝ ʙʦʣʝʝ 2 ʤʝʪʨʦʚ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʦʜʦ-

ʪʦʢʘ ʥʝ ʙʦʣʝʝ 1ʤ/ʩ), ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʠʢʨʦɻʕʉ ʩ ʩʠʬʦʥʥʳʤ ʚʦʜʦʪʦʢʦʤ. ʆʥʘ ʥʝ ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʚʳʧʦʣʥʝʥʥʫʶ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʩʝʨʠʡ-

ʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʨʠ ʵʪʦʤ ʚʳʨʘʙʘʪʳʚʘʝʪ ʜʦ 3 ʢɺʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

 
ʈʠʩʫʥʦʢ 3. ʅʠʟʢʦʥʘʧʦʨʥʘʷ ʤʠʢʨʦɻʕʉ ʩ ʩʠʬʦʥʥʳʤ ʚʦʜʦʪʦʢʦʤ. 

 

ɺ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʪʫʨʙʠʥʳ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʧʦʣʫʧʦʛʨʫʞʝʥʥʘʷ ʦʩʝʚʘʷ ʦʙʨʘʪʠʤʘʷ ʣʦ-

ʧʘʩʪʥʘʷ ʤʘʰʠʥʘ (ʪʫʨʙʠʥʘ ʂʘʧʣʘʥʘ), ʫʩʪʘʥʘʚʣʠʚʘʝ-

ʤʘʷ ʚ ʚʝʨʭʥʝʤ ʙʴʝʬʝ, ʢ ʚʳʭʦʜʫ ʢʦʪʦʨʦʡ ʧʦʜʩʦʝʜʠ-

ʥʷʝʪʩʷ ʩʠʬʦʥ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʤʘʣʦʡ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠ, 

ɻʊ ï ʛʠʜʨʦʪʫʨʙʠʥʘ; 

ɻ ï ʛʝʥʝʨʘʪʦʨ; 

ʅ ï ʥʘʛʨʫʟʢʘ; 

ʈɹʅ ï ʨʝʛʫʣʷʪʦʨ ʙʘʣʣʘʩʪʥʦʡ 

ʥʘʛʨʫʟʢʠ; 

ɹʅ ï ʙʘʣʘʩʪʥʘʷ ʥʘʛʨʫʟʢʘ. 
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ʚʳʙʦʨ ʧʘʣ ʥʘ ʩʝʨʠʡʥʫʶ ʘʩʠʥʭʨʦʥʥʫʶ ʤʘʰʠʥʫ 

ɸʀʈ100L6 ʤʦʱʥʦʩʪʴʶ 2,2 ʢɺʪ, ʩ ʥʘʧʨʷʞʝʥʠʝʤ 

Uʥ=220/380 ɺ ʠ ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 945 ʦʙ/ʤʠʥ 

(ʩʤ. ʇʨʠʣʦʞʝʥʠʝ ɸ). 

ɿʘʧʫʩʢ ʩʠʬʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʦʧʘʩʪʥʦʡ ʤʘ-

ʰʠʥʦʡ, ʚʢʣʶʯʘʝʤʦʡ ʚ ʨʝʞʠʤʝ ʥʘʩʦʩʘ ʠ ʧʨʠʚʦʜʠʤʦʡ 

ʚʦ ʚʨʘʱʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʟʨʝʞʝʥʠʷ ʚ ʢʦʣʝʥʝ ʩʠʬʦʥʘ, ʨʘʟʛʦʥ 

ʧʦʪʦʢʘ ʚ ʥʝʤ ʜʦ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʫʞʝ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ, ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʦʛʦ 

ʨʘʟʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʥʘʩʦʩ ʧʝʨʝʡʜʝʪ ʚ ʪʫʨʙʠʥʥʳʡ 

ʨʝʞʠʤ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʳʰʝ ʩʠʥʭʨʦʥ-

ʥʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʨʘʩʢʨʫʯʠʚʘʚʰʠʡ ʥʘʩʦʩ, ʧʝ-

ʨʝʭʦʜʠʪ ʚ ʛʝʥʝʨʘʪʦʨʥʳʡ ʨʝʞʠʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʜʣʷ 

ʟʘʧʫʩʢʘ ʠ ʛʝʥʝʨʘʮʠʠ ʧʦʟʚʦʣʷʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʦʡ-

ʪʠʩʴ ʙʝʟ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʧʫʩʢʘ ʩʠʬʦʥʘ ʩ 

ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ. ʈʘʟʛʦʥ 

ʧʦʪʦʢʘ ʚ ʩʠʬʦʥʝ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʠʥʝ, ʪ.ʝ. ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʳʩʪ-

ʨʦʭʦʜʥʫʶ ʣʦʧʘʩʪʥʫʶ ʤʘʰʠʥʫ ʠ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠ-

ʛʘʪʝʣʴ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʥʝʦʙʭʦ-

ʜʠʤʦʛʦ ʜʣʷ ʧʨʠʚʦʜʘ ʛʝʥʝʨʘʪʦʨʘ ʚ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʘʭ 

ʤʠʢʨʦɻʕʉ. 

ʆʜʥʘʢʦ ʦʧʠʩʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩ ʘʩʠʥʭʨʦʥʥʦʡ ʤʘ-

ʰʠʥʦʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴʩʷ ʩ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦ-

ʥʦʤʥʳʤʠ ʩʝʪʷʤʠ, ʛʜʝ ʤʠʢʨʦɻʕʉ ʷʚʣʷʝʪʩʷ ʝʜʠʥ-

ʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʠ ʩʝʪʷʤʠ ʩ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʡ ʤʦʱʥʦʩʪʴʶ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʘ ʚʨʝʤʷ ʧʫʩʢʘ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʫʩʢ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦʧʨʦ-

ʚʦʞʜʘʝʪʩʷ ʙʨʦʩʢʘʤʠ ʧʫʩʢʦʚʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʝ, ʧʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ, ʤʦʛʫʪ 

ʚʳʟʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʞʝ-

ʣʘʪʝʣʴʥʦʝ ʜʣʷ ʜʨʫʛʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʚ ʤʠʢʨʦɻʕʉ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʨʘʙʦʪʳ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʠ ʠʩ-

ʪʦʯʥʠʢʦʤ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ʉʭʝʤʘ ʨʘʙʦʪʳ ʘʚʪʦʥʦʤʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ ʠ ʠʩ-

ʪʦʯʥʠʢʦʤ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ: ɿʋ ï ʟʚʝʥʦ ʫʧʨʘʚʣʝʥʠʷ; ɸɻ ï ʘʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ; ʇʏ ï ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ; ʀɹʇ ï ʠʩʪʦʯʥʠʢ ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʧʠʪʘʥʠʷ; ɹ ï ʙʘʣʣʘʩʪ (ʪʦʨʤʦʟʥʦʡ ʨʝʟʠʩʪʦʨ); ʅ ï 

ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ. 

 

ʈʘʙʦʪʘ ʩ ʩʝʨʠʡʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʳ 

ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

- ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʦʡ, ʥʝ 

ʪʨʝʙʫʶʱʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ; 

- ʘʩʠʥʭʨʦʥʥʦʤʫ ʛʝʥʝʨʘʪʦʨʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ ʙʣʦʢʦʚ ʚʦʟʙʫʞʜʝ-

ʥʠʷ (ʜʣʷ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʚʩʪʨʦʝʥ-

ʥʦʛʦ ʚ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ ʢʦʥʜʝʥʩʘʪʦʨʘ); 

- ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝ-

ʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʣʘʚʥʳʡ ʧʫʩʢ ʙʝʟ ʙʨʦʩʢʦʚ ʪʦʢʘ 

ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʘ ʩ ʜʨʫʛʦʡ ï ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ 

ʪʫʨʙʠʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ; 

- ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʠ-

ʨʫʶʪʩʷ; 

- ʥʘ ʚʳʭʦʜʝ ï ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥ-

ʥʦʛʦ ʪʦʢʘ 380 ɺ; 

- ʢ ʚʳʭʦʜʫ ʇʏ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʚ ʧʘʨʘʣʣʝʣʴ 

ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʪʦʨʦʚ; 

- ʤʦʞʥʦ ʨʘʙʦʪʘʪʴ ʙʝʟ ʀɹʇ ʦʪ ʩʣʘʙʦʡ ʦʜʥʦʬʘʟ-

ʥʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ; 

- ʧʨʦʩʪʦʪʘ ʩʭʝʤʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʩʝ-

ʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʄʠʥʫʩʳ: 

   -ʥʘ ʚʳʭʦʜʝ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʢʦʪʦʨʳʡ ʥʘʜʦ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʜʣʷ ʥʫʞʜ ʧʦʪʨʝʙʠʪʝʣʷ. 

ʆʜʥʘʢʦ ʵʪʦ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʨʠ 

ʧʦʤʦʱʠ ʥʦʚʳʭ ʥʠʟʢʦʚʦʣʴʪʥʳʭ ʩʠʩʪʝʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. LVDC (ʥʠʟ-

ʢʦʚʦʣʴʪʥʳʝ ʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ). LVDC ʩʝʪʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʧʨʦʚʦʜʥʳʝ ʠʣʠ ʪʨʝʭʧʨʦ-

ʚʦʜʥʳʝ ʣʠʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʇʦʜʢʣʶʯʝʥʠʝ ʢ 

ʥʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʚʝʨʪʦʨʦʚ, ʧʨʝʦʙ-

ʨʘʟʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʝ LVDC, ʚ ʥʘʧʨʷʞʝʥʠʝ, ʥʝʦʙ-

ʭʦʜʠʤʦʝ ʧʦʪʨʝʙʠʪʝʣʶ. 
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AREAS OF APPLICATION OF VENTIL -INDUCTOR GENERATOR  

 

Abstract:  

The SRM can operate as a motor or generator, depending on the settings fixed on the controller. The con-

troller determines the operations mode of the SRM. Advances in Power Electronics have made it relatively 

straightforward to implement the requirements of the SRM controller while meeting design goals. Accordingly, 

interest in machines of this type began to increase. This article is devoted to switched-reluctance generators and 

their fields of application. 

ɸʥʥʦʪʘʮʠʷ:  
ɺʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʨʥʘʷ ʤʘʰʠʥʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʜʚʠʛʘʪʝʣʴ ʠʣʠ ʛʝʥʝʨʘʪʦʨ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʩʪʨʦʝʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ. ʂʦʥʪʨʦʣʣʝʨ ʦʧʨʝʜʝʣʷʝʪ ʨʝʞʠʤ ʨʘʙʦʪʳ ʚʝʥʪʠʣʴʥʦ-ʠʥ-

ʜʫʢʪʦʨʥʦʡ ʤʘʰʠʥʳ. ɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʧʦʟʚʦʣʠʣʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʫʶ ʨʝʘʣʠʟʘʮʠʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʘʣ ʚʦʟʨʘʩʪʘʪʴ ʠʥʪʝʨʝʩ ʢ ʤʘʰʠʥʘʤ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ɼʘʥʥʘʷ 

ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʳʤ ʛʝʥʝʨʘʪʦʨʘʤ ʠ ʦʙʣʘʩʪʷʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʜʫʢʪʦʨʥʘʷ ʤʘʰʠʥʘ, ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʘʷ ʤʘʰʠʥʘ, ʠʥʜʫʢʪʠʚʥʦʩʪʴ, ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. 

Key words: Inductor machine, switched-reluctance machine, inductivity,  conversion of energy, monitor con-

trol. 

 

ɺʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ ð ʵʪʦ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʪʠʧ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʝʣʷ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ 

ʩʚʦʡʩʪʚʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, ʠ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ʂʘʢ ʚʩʷʢʠʡ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝ-

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʦʩʪʫ-

ʧʘʝʪ ʦʪ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ, ʧʝʨʝʜʘʚʘʝʤʫʶ ʚ ʥʘʛʨʫʟʢʫ. ʂʘʢ ʩʠʩʪʝʤʘ ʨʝ-

ʛʫʣʠʨʫʝʤʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ɺʀɻ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʡ 

ʥʘʛʨʫʟʢʠ: ʨʝʛʫʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʤʦʱʥʦʩʪʴ ʠ ʪ. 

ʜ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ɺʀɻ ʥʘʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦʝ ʰʠ-

ʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. 

1. ɺʝʪʨʦʵʥʝʨʛʝʪʠʢʘ. 

ɺʝʪʝʨ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠ-

ʢʘʤ ʵʥʝʨʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʠʟ-ʟʘ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʟʝʤʣʠ ʚʝʪʝʨ ʠʤʝʝʪ ʥʝʧʦʩʪʦʷʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚ ʤʝʩʪʝ ʥʘʭʦʞʜʝʥʠʷ ʚʝʪʨʦ-

ʫʩʪʘʥʦʚʢʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʘʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʚʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦ-

ʪʘʭ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ. ʇʦʤʠʤʦ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ (ʘʩʠʥʭʨʦʥʥʳʝ ʤʘʰʠʥʳ ʩ ʬʘʟʥʳʤ 

ʨʦʪʦʨʦʤ ʜʚʦʡʥʦʛʦ ʧʠʪʘʥʠʷ, ʠʥʜʫʢʪʦʨʥʳʝ ʛʝʥʝʨʘ-

ʪʦʨʳ, ʩʠʥʭʨʦʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ) ʚ ʥʘʰʝ ʚʨʝʤʷ ʚʩʝ 

ʯʘʱʝ ʥʘʯʠʥʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨ-

ʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ ʠʩ-

ʧʦʣʴʟʫʝʤʳʤʠ ʤʘʰʠʥʘʤʠ ɺʀɻ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫ-

ʱʝʩʪʚ: ʙʝʩʢʦʥʪʘʢʪʥʦʩʪʴ ʨʦʪʦʨʘ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʘ 

ʥʝʤ ʦʙʤʦʪʦʢ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʤʘʰʠʥʳ, ʤʘ-

ʣʝʥʴʢʘʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʤʘʰʠʥʳ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʦʙʤʦʪʦʢ ʠʣʠ ʤʘʛʥʠʪʦʚ ʥʘ ʨʦʪʦʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʘʰʠʥʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝ-

ʥʠʷ ʨʦʪʦʨʘ, ʦʩʪʘʚʘʷʩʴ ʥʘʜʝʞʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ. 

ʊʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʦʡ 

ʤʘʰʠʥʳ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʚ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʭ ʤʦʞʥʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ 

ʩʪʦʠʤʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʫʚʝ-

ʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦ ʵʣʝʢ-

ʪʨʦʤʝʭʘʥʠʯʝʩʢʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʵʥʝʨʛʠʠ.[1] 

ʆʙʰʠʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʠʤʦʩʪʠ 

ɺʀɻ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ ʙʳʣʠ ʧʨʦ-

ʚʝʜʝʥʳ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʣʦʧʘ-

ʩʪʝʡ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ. ʀʭ ʮʝʣʴʶ ʙʳʣʦ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜ-

ʥʦʡ ʤʦʱʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʘ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ. 

 

2. ɸʚʠʘʪʝʭʥʠʢʘ. 

ʆʙʳʯʥʦ ʛʝʥʝʨʘʪʦʨʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʜʣʷ ʘʚʠʘʮʠʦʥʥʳʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʪʨʝʭʢʘʩʢʘʜʥʳʡ 

ʛʝʥʝʨʘʪʦʨ, ʨʠʩʫʥʦʢ 2, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʩʠʥʭʨʦʥ-

ʥʳʭ ʤʘʰʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʤ ʚʘʣʫ: ʦʩʥʦʚ-

ʥʘʷ ʤʘʰʠʥʘ ï ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʩ ʷʚʥʦʧʦʣʶʩ-

ʥʳʤ ʨʦʪʦʨʦʤ, ʚʦʟʙʫʜʠʪʝʣʴ(ʦʙʤʦʪʢʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʪʦʨʝ) ʠ ʧʦʜʚʦʟʙʫʜʠʪʝʣʴ (ʩʠʥʭʨʦʥ-

ʥʘʷ ʤʘʰʠʥʘ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠ-

ʪʦʚ).  

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʮʝ-

ʧʴʶ ʚʦʟʙʫʞʜʝʥʠʷ, ʨʝʛʫʣʠʨʫʶʱʝʡ ʧʦʪʦʢ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʤʘʰʠʥʝ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʛʝʥʝʨʠ-

ʨʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʧʦʩʪʦʷʥ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ, ʪʘʢ ʢʘʢ ʚʩʝ ʧʨʠ-

ʙʦʨʳ ʥʘ ʙʦʨʪʫ ʪʨʝʙʫʶʪ ʧʦʩʪʦʷʥʥʦʝ ʚʳʭʦʜʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 208 ɺ ʠ ʯʘʩʪʦʪʫ 400 ɻʮ. ɼʣʷ ʧʦʜʜʝʨʞʘ-

ʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʥʝʦʙʭʦʜʠʤʳʭ ʫʨʦʚ-

ʥʷʭ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʚʳ-

ʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʦʩʪʦʷʥʥʦʝ, ʟʘ-

ʪʝʤ ʦʙʨʘʪʥʦ ʚ ʧʝʨʝʤʝʥʥʦʝ. 

 
ʈʠʩʫʥʦʢ 2. ɸʚʠʘʮʠʦʥʥʳʡ ʪʨʝʭʢʘʩʢʘʜʥʳʡ ʛʝʥʝʨʘʪʦʨ. 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ, ʚʩʝ ʯʘʱʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʝʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ 

ɺʀɻ, ʠʟ-ʟʘ ʝʛʦ ʥʘʜʝʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʨʦʪʦʨ ʩʜʝʣʘʥ ʠʩ-

ʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʩʪʘʣʴʥʳʭ ʧʣʘʩʪʠʥ (ʥʝʪ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʦʚ ʠʣʠ ʦʙʤʦʪʦʢ, ʢʘʢ ʚ ʪʨʝʭʢʘʩʢʘʜʥʦʤ ʛʝʥʝʨʘ-

ʪʦʨʝ). ʊʘʢʞʝ ɺʀɻ ʣʫʯʰʝ ʧʝʨʝʥʦʩʠʪ ʘʛʨʝʩʩʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʨʫ-

ʛʠʤ ʚʘʞʥʳʤ ʬʘʢʪʦʤ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʫʩʪʦʡ-

ʯʠʚʦʩʪʴ ʢ ʩʙʦʷʤ ʨʘʙʦʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ ɺʀɻ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʜʘʞʝ ʧʨʠ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʜʥʦʡ ʠʟ 

ʬʘʟ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʟʘʨʝʟʝʨʚʠʨʦʚʘʥʳ. 

ʕʪʘ ʢʦʤʙʠʥʘʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʜʝʣʘʝʪ ɺʀɻ ʥʘʠʙʦ-

ʣʝʝ ʨʝʥʪʘʙʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʘʚʠʘʪʝʭʥʠʢʠ. ʊʘʢʞʝ ɺʀɻ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʩʪʘʨʪʝʨ ʩ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʤʦʪʦʨʘ 

ʩ ʛʝʥʝʨʘʪʦʨʦʤ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʷ-

ʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 
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ʣʠʰʴ ʥʝʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝ-

ʥʠʷ[2].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʚʩʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ɺʀɻʘ, ʝʛʦ ʚʩʝ ʯʘʱʝ ʚʳʙʠʨʘʶʪ ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʡ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʛʝʥʝ-

ʨʘʪʦʨ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʥʫʞʜ ʘʚʠʘʪʝʭʥʠʢʠ. ɺʀɻ 

ʦʙʲʝʜʝʥʷʝʪ ʚ ʩʝʙʝ ʟʘʚʠʜʥʳʝ ʢʘʯʝʩʪʚʘ ʠʥʜʫʢʪʦʨʥʳʭ 

ʤʘʰʠʥ ʠ ʙʝʩʢʦʣʣʝʢʪʦʨʥʳʭ ʤʘʰʠʥ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ. [3] 

 

 
ʈʠʩʫʥʦʢ 3. ɹʣʦʢ-ʩʭʝʤʘ ʘʚʠʘʮʠʦʥʥʦʛʦ ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

 

3. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ ʚ 

ʘʚʪʦʤʦʙʠʣʷʭ. 

ɸʚʪʦʤʦʙʠʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʤʘʩʩʦ-

ʚʳʭ ʚʠʜʦʚ ʘʚʪʦʥʦʤʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʫʩʢʦ-ʛʝʥʝʨʘʪʦʨ-

ʥʘʷ ʫʩʪʘʥʦʚʢʘ ʘʚʪʦʤʦʙʠʣʷ, ʢʘʢ ʠ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ, 

ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʫʩʪʨʦʡʩʪʚ - ʩʠʥʭʨʦʥ-

ʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʪʘʨʪʝʨʘ ʥʘ ʦʩʥʦʚʝ ʜʚʠʛʘʪʝʣʷ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɿʘ ʩʪʦʣʴ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝ-

ʤʝʥʠ ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʨʘʟʚʠʪʠʝ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʙʳʩʪʨʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʦʧʦʪʨʝʙʠʪʝʣʝʡ ʚ ʥʦ-

ʚʳʭ ʤʦʜʝʣʷʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʠʭ ʛʝʥʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫ-

ʯʘʝʚ ʧʨʠʚʦʜ ʛʝʥʝʨʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʨʝʩʫʨʩ ʢʦʪʦʨʦʡ ʠ ʧʝʨʝʜʘʚʘʝ-

ʤʳʡ ʤʦʤʝʥʪ ʦʛʨʘʥʠʯʝʥʳ. 

ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʝʩʫʨʩʘ ʛʝʥʝʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʳʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʚʝʥʪʠʣʴʥʦ-ʠʥ-

ʜʫʢʪʦʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ. ʆʥ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʣʝʥʯʘʪʳʡ ʚʘʣ ɼɺʉ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʠʟʥʘʰʠ-

ʚʘʝʤʳʭ ʯʘʩʪʝʡ. 

ɺ ʩʪʘʨʪʝʨʥʦʤ ʨʝʞʠʤʝ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʨʝʜʫʢ-

ʪʦʨʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʤʘʭʦʚʠʢʦʤ ɼɺʉ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʠ ʩ 

ʤʝʥʴʰʠʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ. ʕʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʝ-

ʘʣʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ "ʩʪʦʧ-ʩʪʘʨʪ", ʵʢʦʥʦʤʷʱʫʶ ʪʦʧ-

ʣʠʚʦ ʚʦ ʚʨʝʤʷ ʦʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʠʣʷ, ʢʦʪʦʨʘʷ ʟʘ-

ʛʣʫʰʘʝʪ ɼɺʉ, ʝʩʣʠ ʤʘʰʠʥʘ ʧʨʦʩʪʘʠʚʘʝʪ ʜʦʣʴʰʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʠ ʧʫʩʢʘʝʪ ʜʚʠ-

ʛʘʪʝʣʴ ʩ ʥʘʯʘʣʦʤ ʜʚʠʞʝʥʠʷ[4]. 

ɻʝʥʝʨʘʪʦʨ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʪʦʨʤʦʟ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʩʪʝʧʝʥʷʭ 

ʪʦʨʤʦʞʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʠ ʪʦʧʣʠʚʘ ʟʘ 

ʩʯʝʪ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ. ʉʫʤʤʘʨʥʘʷ ʵʢʦʥʦʤʠʷ 

ʪʦʧʣʠʚʘ, ʘ ʟʥʘʯʠʪ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜ-

ʥʳʭ ʚʳʙʨʦʩʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 

ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʀʉɻʋ) ʥʘ ʙʘʟʝ 

ʚʝʥʪʠʣʴʥʦ-ʠʥʜʫʢʪʦʨʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ, 

ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʟʘʨʫʙʝʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [5], 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 20%.  

ʉʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ ʥʘ ʙʘʟʝ ɺʀʄ - ʚʝʥʪʠʣʴʥʦ-

ʠʥʜʫʢʪʦʨʥʳʡ ʩʪʘʨʪʝʨ-ʛʝʥʝʨʘʪʦʨ (ɺʀʉɻ) - ʠʤʝʝʪ 

ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɺʀʄ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʪʘʢ ʠ ʩ 

ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ. 

ɺʀʉɻ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʜʠʘʤʝʪʨ ʚʘʣʘ ʨʦʪʦʨʘ, ʯʪʦ 

ʚʳʟʚʘʥʦ ʠʥʪʝʛʨʘʮʠʝʡ ʝʛʦ ʩ ʜʠʩʢʦʤ ʩʮʝʧʣʝʥʠʷ ʘʚʪʦ-

ʤʦʙʠʣʷ. ʉʮʝʧʣʝʥʠʝ ʨʘʟʤʝʱʘʝʪʩʷ ʚʥʫʪʨʠ ʨʦʪʦʨʘ 

ɺʀʉɻ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʚʳʩʪʫʧʘʝʪ ʤʘʭʦʚʠʢʦʤ ɼɺʉ. 

ɼʣʠʥʘ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʙʦʣʴʰʘʷ ʠ 

ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʤʝʱʝʥʠʝʤ ɺʀʉɻ ʚ ʘʚʪʦʤʦʙʠʣʝ. 
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ʈʠʩʫʥʦʢ 4. ɼʠʘʧʘʟʦʥʳ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ɺʀʄ ʠ ɺʀʉɻ. 

 

ɼʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ɺʀʉɻ, ʢʘʢ ʚ 

ʩʪʘʨʪʝʨʥʦʤ, ʪʘʢ ʠ ʚ ʛʝʥʝʨʘʪʦʨʥʦʤ ʨʝʞʠʤʝ, ʜʦʣʞʝʥ 

ʙʳʪʴ ʰʠʨʦʢʠʤ ʠ ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʪʴ ʜʠʘʧʘʟʦʥ 

ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ɼɺʉ. ʆʩʦʙʝʥʥʦʩʪʴ 

ɺʀʉɻ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ 

ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ɺʀʄ ʜʦʣʞʥʘ ʨʘ-

ʙʦʪʘʪʴ ʠ ʢʘʢ ʩʪʘʨʪʝʨ, ʠ ʢʘʢ ʛʝʥʝʨʘʪʦʨ, ʯʪʦ ʠʩʢʣʶʯʘ-

ʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɺʀʄ ʥʘ ʦʜʠʥ ʠʟ ʨʝʞʠʤʦʚ 

(ʨʠʩʫʥʦʢ 4 ʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʘʧʘʟʦʥʳ ʨʘʙʦʯʠʭ 

ʩʢʦʨʦʩʪʝʡ ʩʪʘʨʪʝʨʘ ʠ ʛʝʥʝʨʘʪʦʨʘ ʜʦʣʞʥʳ ʚʟʘʠʤʥʦ 

ʧʝʨʝʢʨʳʚʘʪʴʩʷ (ʨʠʩʫʥʦʢ 4 ʙ). 

ɺʀʉɻ ʘʚʪʦʤʦʙʠʣʷ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʠʤ 

ʧʫʩʢʦʚʳʤ ʤʦʤʝʥʪʦʤ, ʯʪʦ ʚ ʩʫʤʤʝ ʩ ʥʠʟʢʠʤ ʥʘʧʨʷ-

ʞʝʥʠʝʤ ʧʠʪʘʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʥʠʟʢʠʤ ʥʘʧʨʷʞʝ-

ʥʠʝʤ ʙʦʨʪʦʚʦʡ ʩʝʪʠ, ʠ ʰʠʨʦʢʠʤ ʨʘʙʦʯʠʤ ʜʠʘʧʘʟʦ-

ʥʦʤ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʝ.  
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SOLUTION OF THE PR OBLEM OF CORROSION OF HOLLOW CONDUCTORS.  

 

 

ɸʥʥʦʪʘʮʠʷ:  
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʝ ʧʦʷʚʣʝʥʠʷ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʘ ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʈʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ. 

Abstract:  

This article analyzes methods of combating corrosion and preventing its occurrence on various metal sur-

faces, and in particular, on the surface of hollow conductors. The use of octadecylamine-based surfactants is 

considered to prevent emergency situations associated with malfunctions of cooling systems. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʨʨʦʟʠʷ, ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ, ʠʥʛʠʙʠʪʦʨ, ʦʢʪʘʜʝʮʠʣʘʤʠʥ, ʧʦʣʳʡ ʧʨʦʚʦʜʥʠʢ. 

Key words: Corrosion, coolant, inhibitor, octadecylamine, hollow conductor. 

 

ʉʧʦʩʦʙʳ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʚ ʦʭʣʘʞʜʘʶʱʫʶ ʚʦʜʫ 

ʚʚʦʜʷʪ ʠʥʛʠʙʠʪʦʨʳ ï ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʩʚʷʟʳ-

ʚʘʪʴ ʠʦʥʳ ʤʝʜʠ ʚ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝ-

ʥʠʷ. ɺ ʩʠʩʪʝʤʘʭ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ ʠ ʦʪʣʦʞʝʥʠʡ (ʀʂʆ), 

ʚʢʣʶʯʘʶʱʠʡ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ (ʄʕɸ), ʙʝʥʟʦʪʨʠʘ-

ʟʦʣ (ɹʊɸ) ʠ ʬʦʨʤʘʣʴʜʝʛʠʜ (ʌɼʎ). 

ɽʱʸ ʦʜʠʥ ʩʧʦʩʦʙ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ï ʧʨʠʤʝ-

ʥʝʥʠʝ ʧʦʣʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʯʝʪʳʨʝʭʧʦʣʶʩʥʳʭ 

ʪʫʨʙʦʛʝʥʝʨʘʪʦʨʘʭ GIGATOP (Alstom, ʌʨʘʥʮʠʷ) ʜʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʨʞʥʝʡ 

ʩʪʘʪʦʨʘ. 

 
ʈʠʩʫʥʦʢ 1. ʉʪʝʨʞʝʥʴ ʩʪʘʪʦʨʘ ʩ ʦʭʣʘʞʜʘʶʱʝʡ ʪʨʫʙʢʦʡ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 

 

ɹʦʨʴʙʘ ʩ ʢʦʨʨʦʟʠʝʡ ʩ ʧʦʤʦʱʴʶ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 

ʇʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʥʘʟʳ-

ʚʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ 

ʜʚʫʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʘʟ (ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ 

ʬʘʟ) ʠʣʠ ʜʚʫʭ ʪʝʣ, ʦʥʠ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʠ ʦʙʨʘʟʫʶʪ 

ʜʘʥʥʳʝ ʬʘʟʳ. ʅʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʫʶʪ ʩʣʦʡ ʧʦʚʳ-

ʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ð ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʣʦʡ. 

ʆʯʝʥʴ ʤʥʦʛʠʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚ-

ʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʣ ʥʘ ʨʘʟʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʦʥʠʞʘʷ ʝʸ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʥʘʟʳ-

ʚʘʶʪ ʪʦʣʴʢʦ ʪʝ ʚʝʱʝʩʪʚʘ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʳʭ ʚ ʨʘʩ-

ʪʚʦʨʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (ʜʝʩʷʪʳʝ ʠ ʩʦ-

ʪʳʝ ʜʦʣʠ %) ʚʳʟʳʚʘʝʪ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʚʝʱʝʩʪʚʘ ʜʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
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ʇɸɺ  ð ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦ-

ʨʳʝ ʠʤʝʶʪ ʘʤʬʠʬʠʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʪʦ ʝʩʪʴ ʠʭ ʤʦ-

ʣʝʢʫʣʳ ʠʤʝʶʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʧʦʣʷʨʥʫʶ 

ʯʘʩʪʴ, ʛʠʜʨʦʬʠʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ (ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʛʨʫʧʧʳ -ʆʅ, -ʉʆʆʅ, -SOOOH, -O- ʠ ʪ. ʧ., ʠʣʠ, 

ʯʘʱʝ, ʠʭ ʩʦʣʠ -ʆNa, -ʉʆʆNa, -SOOONa ʠ ʪ. ʧ.) ʠ 

ʥʝʧʦʣʷʨʥʫʶ (ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ) ʯʘʩʪʴ, ʛʠʜʨʦʬʦʙ-

ʥʳʡ ʢʦʤʧʦʥʝʥʪ.  

ʈʘʟʚʠʪʠʝ ʢʦʨʨʦʟʠʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʘʨʦʚʦʜʷ-

ʥʦʛʦ ʪʨʘʢʪʘ ʘʪʦʤʥʳʭ, ʪʝʧʣʦʚʳʭ ʠ ʛʠʜʨʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʪʘʥʮʠʡ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʝʩʫʨʩ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʡ. 

ʋʱʝʨʙ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʢʦʨʨʦʟʠʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʥʳʭ ʧʦʚʨʝʞʜʝ-

ʥʠʡ (ʪʨʝʱʠʥʘ, ʷʟʚʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ 

ʨʘʟʨʘʙʦʪʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʟʚʠʪʠʷ ʢʦʨʨʦʟʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ ʧʣʸʥʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʩʝʨʚʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʙʘ-

ʟʠʨʫʶʱʝʝʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢ-

ʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ). ʉʝʛʦʜʥʷ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢ-

ʪʠʢʝ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʠʟ-

ʚʝʩʪʥʦʡ, ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʱʠʪʠʪʴ ʦʪ 

ʢʦʨʨʦʟʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʦʚʦʜʷ-

ʥʳʭ ʪʨʘʢʪʦʚ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʵʥʝʨʛʦʙʣʦʢʦʚ ʚ ʮʝʣʦʤ, ʚʢʣʶʯʘʷ ʧʘʨʦʛʝʥʝʨʘʪʦʨ, ʢʦʥ-

ʜʝʥʩʘʪʥʦ-ʧʠʪʘʪʝʣʴʥʳʡ ʪʨʘʢʪ, ʪʫʨʙʠʥʫ, ʚʩʶ ʩʠʩʪʝʤʫ 

ʨʝʛʝʥʝʨʘʮʠʠ, ʪʨʫʙʦʧʨʦʚʦʜʳ ʠ ʘʨʤʘʪʫʨʫ, ʥʘʩʦʩʳ.  

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʇɸɺ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ ʧʨʠ ʥʘʥʦ-

ʫʨʦʚʥʝʚʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʩʚʦʡʩʪʚ ʇɸɺ ʢʘʢ ʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʪʦ ʝʩʪʴ ʵʬʬʝʢʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʤʦʣʝʢʫʣ ʚ ʤʠʢʨʦʪʨʝʱʠʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ), ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʫʧʘʢʦʚʢʠ. 

3. ʉʦʭʨʘʥʥʦʩʪʴ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ ʇɸɺ ʥʘ ʚʩʝʡ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

4. ʆʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

5. ʅʘʣʠʯʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʬɻʬʝʢʪʦʚ ï ʦʪʩʣʦʝʥʠʝ, ʨʘʟʨʳʭʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʭʣʦʨʠʜʳ, ʩʫʣʴ-

ʬʘʪʳ) ʠ ʦʪʣʦʞʝʥʠʡ ʚ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʭʥʦʣʦ-

ʛʠʠ. 

6. ʇʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʥʝʩʤʘʯʠʚʘʝʤʦʩʪʠ (ʛʠʜ-

ʨʦʬʦʙʥʦʩʪʠ) ʥʘ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

7. ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʧʣʝʥʦʢ ʥʝ ʪʨʝʙʫʝʪ 

ʩʧʝʮʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

8. ʉʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʧʝʨʘ-

ʮʠʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʩʧʦʩʦ-

ʙʘʤʠ. 

 
ʈʠʩʫʥʦʢ 3. ʀʣʣʶʩʪʨʘʮʠʷ ʵʬʬʝʢʪʘ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʇɸʂ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

 
ʈʠʩʫʥʦʢ 4. ʕʬʬʝʢʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʇɸɺ ʚ ʢʘʚʝʨʥʳ ʠ ʪʨʝʱʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D1%84%D0%B8%D1%84%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%BE%D1%84%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɸɺ ʪʘʢʞʝ ʫʚʝʣʠ-

ʯʠʚʘʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʳʭ ʧʨʦʚʦʜʥʠ-

ʢʦʚ ʦʙʤʦʪʢʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʣʦʝʚ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ 

ʞʠʜʢʦʡ ʩʨʝʜʳ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʤʝʥʴʰʠʪʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʟʘ ʩʯʝʪ 

ʦʩʣʘʙʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʚʠʭʨʝʡ. 

 
ʈʠʩʫʥʦʢ 5. ʍʘʨʘʢʪʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʫʙʥʳʭ ʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
ʈʠʩʫʥʦʢ 6. ʍʘʨʘʢʪʝʨʥʳʡ ʚʠʜ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ (ʉʪ 10): ʘ- ʙʝʟ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ 

ʥʝʬʪʠ (30 ʩʫʪʦʢ); ʙ-  ʩ ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ ʧʦʩʣʝ ʚʳʜʝʨʞʢʠ ʚ ʥʝʬʪʠ (30 ʩʫʪʦʢ). 

 

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʟʘʢʫʧʦʨʢʠ ʧʦʣʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ 

ʘʤʠʥ ʦʢʪʘʜʝʮʠʣʘʤʠʥ (ʆɼɸ). ʇʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ 

ʘʤʠʥ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʤʝ-

ʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʣʝʥʢʠ, 

ʢʦʪʦʨʳʝ ʟʘʱʠʱʘʶʪ ʤʝʪʘʣʣ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʫʛʣʝʢʠʩ-

ʣʦʪʳ ʠ ʢʠʩʣʦʨʦʜʘ. ʆʙʱʘʷ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʘʤʠʥʦʚ CnH2n+1NH2, ʦʜʥʠʤ 

ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ ʩʯʠ-

ʪʘʝʪʩʷ ʦʢʪʘʜʝʮʠʣʘʤʠʥ, ʦʥ ʦʪʚʝʯʘʝʪ ʬʦʨʤʫʣʝ 

C18H37NH2. ʄʦʣʝʢʫʣʳ ʆɼɸ ʦʙʣʘʜʘʶʪ ʨʝʜʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʨʘʚʥʝ ʩ 

ʨʘʟʨʳʭʣʝʥʠʝʤ ʠ ʦʪʩʣʦʝʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʧʨʦʥʠʢʘʶʪ 

ʚ ʢʘʚʝʨʥʳ ʠ ʪʨʝʱʠʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʚʳʪʝʩʥʷʶʪ ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ ʥʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʭʣʦ-

ʨʠʜʳ, ʩʫʣʴʬʘʪʳ), ʪʝʤ ʩʘʤʳʤ, ʫʤʝʥʴʰʘʷ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʤʝʪʘʣʣʘ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝʤ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʧʨʠ ʧʦʩʪʦʷʥ-

ʥʦʤ ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʩʝʨʚʘʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʭ-

ʥʦʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ 

ʆɼɸ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʫʧʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʯʠʩʪʦʡ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞ-

ʥʫʶ ʟʘʱʠʪʫ ʤʝʪʘʣʣʘ ʦʪ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʟʨʳʭʣʝʥʠʠ ʪʚʝʨʜʳʭ ʦʪʣʦʞʝ-

ʥʠʡ (ʦʢʩʠʜ ʩʦʣʠ, ʤʝʪʘʣʣʘ, ʜʨ. ʚʨʝʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʠ ʵʣʝʤʝʥʪʳ). 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʩʠʥʪʝʟʘ ʦʢʪʘʜʝ-

ʮʠʣʘʤʠʥ ʠʩʧʦʣʴʟʫʶʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʚʨʘʱʝ-

ʥʠʝʤ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦ ʩʭʝʤʝ: 
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C17H35CO2H + NH3 Ÿ 

C17H35CN (ʢʘʪʘʣʠʟʘʪʦʨ Al 2O3, 350ð400 ÁC) 

C17H35CN + H2 Ÿ C18H37NH2 (80ð150 ÁC) 

ʅʘʣʠʯʠʝ ʚ ʚʦʜʝ ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ ʚ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚʳʰʝ 0,1 ʤʛ/ʢʛ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʞʘʝʪ ʟʘ-

ʱʠʪʥʳʡ ʵʬʬʝʢʪ ʧʨʠʤʝʥʝʥʠʷ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ 

ʘʤʠʥʦʚ. ʇʨʠ pH<7 ʥʘʣʠʯʠʝ ʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʘʪʦʚ 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʘʤʠʥʦʚ. 

ɼʣʷ ʜʦʙʘʚʣʝʥʠʷ ʘʤʠʥʦʚ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ 

ʠʣʠ ʢʦʥʜʝʥʩʘʪ ʧʨʠ 80Áʉ ʧʨʠʛʦʪʘʚʣʠʚʘʶʪ ʜʚʫʭʧʨʦ-

ʮʝʥʪʥʫʶ ʚʦʜʥʫʶ ʵʤʫʣʴʩʠʶ ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʛʦʪʦʚʠʪʴ ʵʤʫʣʴʩʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʥʜʝʥʩʘʪ. ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʪʘ ʦʢʪʘʜʝ-

ʮʠʣʘʤʠʥʘ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯ-

ʥʳʭ ʩʦʣʝʡ, ʘ ʪʘʢʞʝ ʠʦʥʦʚ ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ , ʝʛʦ 

ʥʝʣʴʟʷ ʩʤʝʰʠʚʘʪʴ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʥʜʝʥʩʘʪʘ ʠʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥ-

ʥʦʡ ʚʦʜʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ 80Áʉ ʧʨʠʛʦʪʦʚʣʷʶʪ 

ʜʚʫʭʧʨʦʮʝʥʪʥʫʶ ʚʦʜʥʫʶ ʵʤʫʣʴʩʠʶ ʘʤʠʥʘ. ʊʝʤʧʝ-

ʨʘʪʫʨʘ ʵʤʫʣʴʩʠʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ 75 Áʉ. 

ʕʤʫʣʴʩʠʷ ʧʦʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʧʨʠ ʧʦʤʦʱʠ ʥʘʩʦʩʦʚ-

ʜʦʟʘʪʦʨʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦʟʠʨʦʚʘʥʠʝ 

ʘʤʠʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʚʠʜʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʦʡ ʚ 

ʚʦʜʝ ʩʦʣʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʨʘʩʪʚʦʨʘ ʘʮʝʪʘʪʘ ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ ʦʜʥʫ ʯʘʩʪʴ ʧʦ 

ʤʘʩʩʝ ʘʮʝʪʘʪʘ ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ ʚ ʬʦʨʤʝ ʯʝʰʫʝʢ ʜʦ-

ʙʘʚʣʷʶʪ ʢ ʚʦʩʴʤʠ ʯʘʩʪʷʤ ʭʦʣʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠ 

ʧʝʨʝʤʝʰʠʚʘʶʪ ʠʭ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʯʝʰʫʡʢʠ ʥʝ ʙʫ-

ʜʫʪ ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʞʠʨʥʘʷ ʛʫʩʪʘʷ 

ʤʘʩʩʘ. ʇʦʣʫʯʝʥʥʘʷ ʤʘʩʩʘ ʧʨʠʙʘʚʣʷʝʪʩʷ ʢ ʨʘʩʯʝʪ-

ʥʦʤʫ ʦʙʲʝʤʫ ʛʦʨʷʯʝʛʦ ʢʦʥʜʝʥʩʘʪʘ ʚ ʩʤʝʩʠʪʝʣʴʥʦʤ 

ʙʘʢʝ ʠ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʧʦʣʫ-

ʯʠʪʩʷ ʛʦʤʦʛʝʥʥʳʡ ʨʘʩʪʚʦʨ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʘʢ 

ʧʦʜʦʛʨʝʚʘʶʪ ʜʦ 77 Áʉ. ɺ ʫʩʣʦʚʠʷʭ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʦʜʥʦʧʨʦʮʝʥʪʥʳʡ ʨʘʩʪʚʦʨ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʫʤʝ-

ʨʝʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʢʘʯʠʚʘʶ-

ʱʝʛʦ ʥʘʩʦʩʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʚʦʨʘ ʘʮʝʪʘʪʘ ʦʢʪʘʜʝ-

ʮʠʣʘʤʠʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʝ ʥʠʞʝ 75 Áʉ. ʈʘʩʪʚʦʨ 

ʧʦʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʘʢ ʩʪʘʥʜʘʨʪʥʳʤʠ ʭʠ-

ʤʠʯʝʩʢʠʤʠ ʥʘʩʦʩʘʤʠ-ʜʦʟʘʪʦʨʘʤʠ ʩ ʢʠʩʣʦʪʦʩʪʦʡʢʦʡ 

ʬʫʪʝʨʦʚʢʦʡ.  ɺ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʮʝʪʘʪʘ ʦʢʪʘʜʝ-

ʮʠʣʘʤʠʥʘ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʠʦʥʦʚ ʤʘʛʥʠʷ ʠ ʢʘʣʴʮʠʷ, 

ʘ ʪʘʢʞʝ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʩʦʣʝʡ. ɸʮʝʪʘʪ ʦʢ-

ʪʘʜʝʮʠʣʘʤʠʥʘ ʥʝʣʴʟʷ ʩʤʝʰʠʚʘʪʴ ʩ ʚʝʱʝʩʪʚʘʤʠ, ʢʦ-

ʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʥʘ ʵʣʝʢ-

ʪʨʦʩʪʘʥʮʠʷʭ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʩʪʚʦʨ ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʦʜʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʙʘʢ. 
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