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ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʥʘʫʯʥʳʤ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʯʝʪʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʰʠʥ, ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, 
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ʨʘʙʦʪʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ ʠ ʤʘʛʠʩʪʨʦʚ ʚʳʩʰʠʭ ʠ 

ʩʨʝʜʥʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ʄʥʝʥʠʝ ʘʚʪʦʨʦʚ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʟʠʮʠʝʡ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ. ʆʪʚʝʪʩʪ-
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I  ʄɸʊɽʈʀɸʃʓ ʀ ʊɽʍʅʆʃʆɻʀʀ ɺ 

ʄɸʐʀʅʆʉʊʈʆɽʅʀʀ 

 

 
 

621.9.067 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɼɽʌɽʂʊʅʓʍ 

ʉʆʉʊʆʗʅʀʁ ʄɽʍɸʊʈʆʅʅʓʍ ʉʀʉʊɽʄ ʉ ʄɽʍɸʅʀɿʄɸʄʀ 

ʎʀʂʃʀʏɽʉʂʆɻʆ ɼɽʁʉʊɺʀʗ. I. ɸʅɸʃʀɿ ʆɹʃɸʉʊɽʁ 

ʈɸɹʆʊʆʉʇʆʉʆɹʅʆʉʊʀ ʇʆɺʆʈʆʊʅʓʍ ʉʊʆʃʆɺ 
 

RESEARCH AND MODELING OF DEFECTIVE STATES OF MECHATRONIC 

SYSTEMS WITH MECHANISMS OF CYCLIC ACTION. I. ANALYSIS OF THE 

AREAS OF WORKING CAPACITY  OF ROTARY TABLES  
 

ɸʣʝʰʠʥ ɸ.ʂ., ʂʦʚʘʣʝʚʘ ʅ.ʃ. ʌʠʨʩʦʚ ɻ.ʀ.  

(ʀʥʩʪʠʪʫʪ ʤʘʰʠʥʦʚʝʜʝʥʠʷ ʠʤ. ɸ.ɸ. ɹʣʘʛʦʥʨʘʚʦʚʘ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, ʈʌ) 

Aleshin A.K., Kovaleva N.L., Firsov G.I.  

(Blagonravov Mechanical Research Institute of RAN, Moscow, Russia) 
 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʧʦʷʚʣʝ-

ʥʠʷ ʜʝʬʝʢʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʭʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚʨʝʤʷ ʮʠʢʣʘ ʠ 

ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʫʛʣʦʚʦʛʦ ʜʝʣʝʥʠʷ. 

The results of experimental studies of the processes of the appearance of defective 

states of turntable mechanisms are presented. The main criteria for the operational state 

of the mechanisms, including the cycle time and the value of the error of angular divi-

sion, are identified. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ, ʜʝʬʝʢʪ, 

ʦʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

Key words: cyclic mechanism, rotary table, defect, operational state area, technical di-

agnostics 
 

ʆʜʥʠʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʚʭʦʜʷʱʠʤʠ ʚ ʩʦʩʪʘʚ ʤʘʰʠʥ ʨʘʟʣʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʟʥʘ-

ʯʝʥʠʷ [1,2], ʚʭʦʜʷʪ ʧʦʚʦʨʦʪʥʳʝ ʩʪʦʣʳ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʢʦʪʦʨʳʭ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚʩʝʡ 

ʤʘʰʠʥʳ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʠʭ ʨʘʙʦʪʳ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 50% ʚʨʝʤʝʥʠ ʭʦ-

ʣʦʩʪʳʭ ʭʦʜʦʚ ʤʘʰʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ, ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʝʤʷ ʮʠʢʣʘ ʨʘʙʦʪʳ ʩʪʦʣʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 

ʜʦʧʫʩʪʠʤʦʝ ʚ 3-4 ʨʘʟʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʫʩʪʨʘʥʝʥʠʝ ʠʭ ʧʦʣʦʤʦʢ ʩʦʧʨʷʞʝʥʦ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʥʪʘʞ-

ʥʦ-ʜʝʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ: ʩʥʷʪʠʝʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʩ ʧʣʘʥʰʘʡʙʳ, ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ, ʜʝʤʦʥʪʘʞʝʤ ʟʘʞʠʤʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʛʨʘʞʜʝʥʠʡ. ɺʩʝ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʝʤʦʥʪʘ. ʂ ʜʝʬʝʢʪʘʤ ʧʦʚʦʨʦʪʥʳʭ 

ʩʪʦʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʘʷ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʫʛʣʦʚʦʛʦ ʜʝʣʝʥʠʷ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 
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ʧʣʘʥʰʘʡʙʳ, ʥʝʜʦʧʫʩʪʠʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʜʝʪʘʣʠ ʤʝʭʘʥʠʟʤʦʚ 

ʧʦʚʦʨʦʪʘ ʠ ʬʠʢʩʘʮʠʠ, ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʚʦʨʦʪʘ ʧʣʘʥʰʘʡʙʳ ʧʨʠ ʨʝ-

ʚʝʨʩʝ, ʧʦʚʳʰʝʥʥʳʝ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʧʦʚʦʨʦʪʘ ʧʣʘʥʰʘʡʙʳ 

ʠ ʛʠʜʨʦʩʠʩʪʝʤʝ, ʥʝʜʦʧʫʩʪʠʤʦ ʙʦʣʴʰʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʦʪ-

ʣʘʜʢʠ ʩʪʦʣʘ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʜʝʬʝʢʪʳ ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʥʘ ʩʪʘʥʢʘʭ, ʩʥʠʞʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, ʧʦʚʳʰʝʥʥʳʡ ʨʘʩ-

ʭʦʜ ʵʥʝʨʛʠʠ, ʩʥʠʞʝʥʠʝ ʪʦʯʥʦʩʪʠ ʬʠʢʩʘʮʠʠ, ʧʦʣʦʤʢʫ ʜʝʪʘʣʝʡ. 

ɼʝʬʝʢʪʳ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ, 

ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʝʬʝʢʪʳ, ʫʩʪʨʘʥʠʤʳʝ ʨʝʛʫʣʠʨʦʚʢʦʡ, ʙʝʟ ʨʘʟʙʦʨʢʠ ʠ 

ʟʘʤʝʥʳ ʜʝʪʘʣʝʡ, ʪʘʢ ʠ ʜʝʬʝʢʪʳ, ʫʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʨʘʟʙʦʨʢʦʡ ʦʪ-

ʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʟʘʤʝʥʦʡ ʜʝʪʘʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ 

ʨʝʤʦʥʪʘ. ʇʦʵʪʦʤʫ ʦʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪ-

ʚʠʷ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ, ʥʘʨʷʜʫ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʢʦʥʩʪ-

ʨʫʢʮʠʡ, ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ʧʨʦ-

ʠʟʚʦʜʩʪʚʦ, ʵʢʩʧʣʫʘʪʘʮʠʷ, ʨʝʤʦʥʪ). ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʟʜʘʥʠʷ 

ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ [3, 4] ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʦʙ-

ʣʘʜʘʶʱʠʭ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʷʚʣʝʥʠʷ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʜʝʬʝʢʪʘ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʤʝʭʘ-

ʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ, ʩʠʣʦ-

ʚʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ - ʫʩʢʦʨʝʥʠʶ, ʩʢʦʨʦʩʪʠ, ʧʝʨʝʤʝʱʝʥʠʶ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʟʚʝʥʴʝʚ, ʜʘʚʣʝʥʠʶ ʚ ʛʠʜʨʦʩʠʩʪʝʤʝ, ʩʠʣʝ ʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ ʚ 

ʩʝʪʠ ʧʠʪʘʥʠʷ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʥʳ ʧʘʩʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʟʣʦʚ; 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ, ʩʠʣʦʚʳʝ ʠ ʪʦʯʥʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʳ ʩ ʜʝʬʝʢʪʘʤʠ; 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʢʞʝ ʜʣʷ ʢʦʥ-

ʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʫʟʣʦʚ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʫʢʘʟʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʩʥʦʚʘʥʘ ʥʘ 

ʪʦʤ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʘ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʦʥʝʥʠʶ ʨʝʘʣʴʥʦʡ ʦʩʮʠʣʣʦʛʨʘʤʤʳ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ, ʜʘʚʣʝʥʠʷ) ʦʪ ʵʪʘʣʦʥʥʦʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʨʘʥʝʝ. ʇʦ ʚʠʜʫ ʠʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʭʘʨʘʢʪʝʨ-

ʥʳʤ ʘʤʧʣʠʪʫʜʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʘʤ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝʥʠʝ 

ʦ ʥʘʣʠʯʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʜʝʬʝʢʪʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʜʚʘ ʪʠʧʘ ʧʦʚʦʨʦʪʥʳʭ 

ʩʪʦʣʦʚ (ʪʘʙʣ. 1). ʇʝʨʚʳʡ - ʩ ʟʫʙʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ ʠ ʤʝʭʘʥʠʟʤʦʤ ʜʚʦʡʥʦʡ 

ʬʠʢʩʘʮʠʠ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩʦʚʦʛʦ ʠ ʢʨʫʧʥʦʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʪʦʨʦʡ - ʩ ʨʝʝʯʥʦʡ ʧʝʨʝʜʘʯʝʡ ʠ ʤʝʭʘʥʠʟʤʦʤ ʬʠʢʩʘʮʠʠ ʠʟ 

ʧʣʦʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʫʩʣʦʚʠʷʭ ʩʝʨʠʡʥʦʛʦ ʠ ʤʝʣʢʦʩʝ-

ʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʝʨʝʥʘʣʘʜ-

ʢʠ ʝʛʦ ʥʘ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʧʦʟʠʮʠʡ ʜʝʣʝʥʠʷ z. ʇʝʨʝʥʘʣʘʞʠʚʘʝʤʦʩʪʴ ʦʮʝʥʠ-

ʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ z. ʋ ʩʪʦʣʦʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʦʥʘ ʙʦʣʴʰʝ ʚ 8 ʨʘʟ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 
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ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʨʝʙʦʚʘʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʧʘʩʧʦʨʪʝ ʥʘ ʧʦʚʦʨʦʪʥʳʝ ʩʪʦʣʳ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʩʦʜʝʨʞʘʪ ʥʝʦʙʭʦʜʠʤʳʭ ʢʨʠʪʝʨʠʝʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʦʥʪʨʦʣʠʨʦ-

ʚʘʪʴ ʪʝʢʫʱʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʚʦʜʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʝ; ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʜʝʬʝʢʪʦʚ. 
 

ʊʘʙʣʠʮʘ 1 - ʇʘʨʘʤʝʪʨʳ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ 
ʇʘʨʘʤʝʪʨ. ʨʘʟʤʝʨʥʦʩʪʴ ɿʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ 

ʩ ʟʫʙʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ ʠ 

ʤʝʭʘʥʠʟʤʦʤ ʜʚʦʡʥʦʡ ʬʠʢ-

ʩʘʮʠʠ 

ʩ ʨʝʝʯʥʦʡ ʧʝʨʝʜʘʯʝʡ ʠ ʤʝʭʘ-

ʥʠʟʤʦʤ ʬʠʢʩʘʮʠʠ ʠʟ ʧʣʦ-

ʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

ʇʝʨʝʥʘʣʘʞʠʚʘʝʤʦʩʪʴ zmax /zmin 6 48 

ɹʳʩʪʨʦʜʝʡʩʪʚʠʝ ʊʮ (ʧʨʠ z = 6 ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʝ), ʩ 

Ò 3,8 Ò 1,4 

ʇʦʛʨʝʰʥʦʩʪʴ ʫʛʣʦʚʦʛʦ ʜʝʣʝʥʠʷ 

ŭɣ 

4 ï 13ôô Ò 6ôô 

ɾʝʩʪʢʦʩʪʴ, ʅ/ʤ 10
7
 ï 3Ĭ10

7
 (ʩʨʝʜʥʷʷ) >10

8
 (ʚʳʩʦʢʘʷ) 

 

ʆʪʩʫʪʩʪʚʠʝ ʫʢʘʟʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʪʦʜʠʢʠ ʠʭ ʦʧʨʝʜʝ-

ʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʨʤ ʥʘ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʠʩʭʦʜʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ. 

ʆʙʣʘʩʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʩʦʩʪʦʷʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʷʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʟʘʪʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʨʘʟʨʘʙʘ-

ʪʳʚʘʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʜʝʬʝʢʪʘ ʨʷʜ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘ-

ʢʦʚ [3, 4]. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʠ ʧʦʚʳʰʘʝʪ ʜʦʩʪʦ-

ʚʝʨʥʦʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʜʝʬʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʩʣʫʞʝʙʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ (ʧʝʨʝʤʝʱʘʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʜʝʪʘʣʠ ʠʟ ʦʜʥʦʡ ʨʘʙʦʯʝʡ 

ʧʦʟʠʮʠʠ ʚ ʜʨʫʛʫʶ ʠ ʪʦʯʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʠʭ ʚ ʧʦʟʠʮʠʷʭ ʦʙʨʘʙʦʪʢʠ). ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʮʠʢ-

ʣʘ ʊʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʦʟʠʮʠʡ ʜʝʣʝʥʠʷ z ʠ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ J ʧʦʜ-

ʚʠʞʥʳʭ ʤʘʩʩ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ŭɣ ʫʛʣʦʚʦʛʦ ʜʝʣʝʥʠʷ. 

ʆʪʩʫʪʩʪʚʠʝ ʚ ʧʘʩʧʦʨʪʝ ʥʘ ʧʦʚʦʨʦʪʥʳʝ ʩʪʦʣʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʥʦʨʤ ʥʘ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʊʮ ʧʨʠʚʦʜʠʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʦʥʦ ʣʠʙʦ ʯʨʝʟʤʝʨʥʦ 

ʫʚʝʣʠʯʝʥʦ (ʜʦ ʯʝʪʳʨʝʭ ʨʘʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ), ʣʠʙʦ ʫʤʝʥʴʰʝ-

ʥʦ. ʋʚʝʣʠʯʝʥʠʝ ʊʮ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʮʠʢʣʦʚʳʭ ʧʦ-

ʪʝʨʴ ʩʪʘʥʢʘ, ʘ ʥʝʦʙʦʩʥʦʚʘʥʥʦʝ ʝʛʦ ʫʤʝʥʴʰʝʥʠʝ - ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʜʝʪʘʣʠ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʦʨʦʪʘ ʠ ʬʠʢʩʘʮʠʠ ʧʣʘʥʰʘʡʙʳ, ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ŭɣ ʫʛʣʦʚʦʛʦ ʜʝʣʝʥʠʷ ʠ ʨʘʟʨʫʰʘʶʪʩʷ ʜʝ-

ʪʘʣʠ ʧʨʠʚʦʜʘ. ʅʘʧʨʠʤʝʨ, ʬʘʢʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʬʠʢʩʘʪʦʨ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʜʦʩʪʠʛʘʶʪ 2 ʪ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʨʷʜʫ ʩ ʢʨʠʪʝ-

ʨʠʷʤʠ ʊʮ ʠ ŭɣ ʥʘʠʙʦʣʴʰʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʣʝʛʯʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʩʢʦʨʝʥʠʝ ʧʣʘʥʰʘʡʙʳ Ů(t), ʯʝʤ ʜʠ-

ʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ (ʜʠʥʘʤʠʯʝʩʢʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʄʜ), ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʜʦʧʫʩʪʠʤʳʝ ʫʩʢʦʨʝʥʠʷ ʧʣʘʥʰʘʡʙʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʙʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʧʦʚʦʨʦʪʥʳʝ ʩʪʦʣʳ 

ʜʦʧʦʣʥʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʥʦʨʤʘʤʠ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʠ ʜʦ-

ʧʫʩʪʠʤʳʤʠ ʫʩʢʦʨʝʥʠʷʤʠ ʧʣʘʥʰʘʡʙʳ. ɽʩʣʠ ʥʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʥʘ ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ŭɣ, ʪʦ ʠʭ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʦʩʥʦʚʘʥʘ ʥʘ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʦʚ ʤʘ-

ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʫʪʦʯʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝ-

ʨʠʝʚ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ. ʆʩʦʙʝʥʥʦʩʪʴ ʝʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʠʤʝʶʱʠʡʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʢʦʥʩʪʨʫʢʪʦʨʘ ʦʛ-

ʨʘʥʠʯʝʥʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʣʘʥʰʘʡʙʳ 0ʩʨ
w

 ʧʦʚʦʨʦʪʥʦʛʦ 

ʩʪʦʣʘ ʦʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ J ʧʦʜʚʠʞʥʳʭ ʤʘʩʩ [2]: 

                                               0

3
ʩʨ 0/ ,K Jw =

                                    (1) 

ʛʜʝ K0 - ʢʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʭʦʜʥʦʩʪʠ. 

ʆʧʨʝʜʝʣʠʚ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘ 

ʫʢʘʟʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (1), ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʪʦʣʘ ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ tʧ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʯʠʩʝʣ ʧʦʟʠʮʠʠ ʜʝʣʝʥʠʷ z ʠ ʤʦ-

ʤʝʥʪʘ ʠʥʝʨʮʠʠ ʧʦʜʚʠʞʥʳʭ ʤʘʩʩ. 
 

 

ʊʘʙʣʠʮʘ 2 -ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʦʨʦʪʥʳʭ 

ʩʪʦʣʦʚ  
ʊʠʧ ʩʪʦʣʘ J, ʢʛʤ

2 
z tʧ, ʩ 

0ʩʨ
w
, ʨʘʜ/ʩ 

K0, 

ʢʛ
1/3
ʤ

2/3
/ʩ

-1 
K0/ʂɣ , 

ʢʛ
1/3
ʤ

2/3
/ʩ

-1
 

ʉ ʤʝʭʘʥʠʟʤʦʤ ʬʠʢʩʘʮʠʠ ʠʟ 

ʧʣʦʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ 

1,2 4 0,82 1,8 1,91 1,67 

2,0 6 0,90 1,2 1,50 1,5 

1,8 48 0,26 0,5 0,62 1,5 

1,5 8 0,8 0,98 1,24 1,4 

ʉ ʟʫʙʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ ʠ 

ʤʝʭʘʥʠʟʤʦʤ ʜʚʦʡʥʦʡ ʬʠʢ-

ʩʘʮʠʠ 

200 3 4,2 0,50 2,89 2,63 

190 3 4,0 0,52 2,97 2,70 

1170 7 4,2 0,21 2,40 2,42 

260 6 3,4 0,31 1,97 1,97 

200 5 2,9 0,43 2,53 2,49 

250 4 4,4 0,36 2,32 2,09 

850 4 5,6 0,28 2,61 2,46 

600 4 5,8 0,27 2,24 2,11 

250 4 6,2 0,25 1,61 1,45 

280 6 3,0 0,35 2,29 2,29 

450 6 2,8 0,37 2,84 2,84 

200 3 5,0 0,42 2,45 2,11 

360 4 4,6 0,34 2,42 2,21 

270 5 4,2 0,30 1,94 1,94 
 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘ-

ʧʳ: ʨʘʟʨʘʙʦʪʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʚʦ-

ʨʦʪʥʦʛʦ ʩʪʦʣʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʧʫʩʪʠʤʳʭ ʫʩʢʦʨʝʥʠʡ ʧʣʘʥʰʘʡʙʳ ʠʟ ʨʘʩʯʝʪʦʚ 

ʥʘ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʦʚ ʧʨʠʚʦʜʘ ʧʦʚʦʨʦʪʘ ʠ ʬʠʢʩʘʮʠʠ (ʦʥʠ ʠʩ-
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ʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʫʪʦʯʥʝʥʠʠ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ, ʥʦ ʠ ʧʨʠ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʠ); ʨʘʩʯʝʪ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʨʝʤʝʥʠ ʧʦʚʦʨʦʪʘ tʧ ʧʣʘʥʰʘʡʙʳ 

ʠ ʟʥʘʯʝʥʠʡ ʧʦʧʨʘʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂɣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʧʦʟʠʮʠʡ 

ʜʝʣʝʥʠʷ z; ʦʧʨʝʜʝʣʝʥʠʝ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʚʨʝʤʝʥʠ tʧ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ z; ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚʨʝʤʝʥʠ ʠ 

ʫʪʦʯʥʝʥʠʝ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʫʪʦʯʥʝʥʠʝ ʟʥʘ-

ʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩ-

ʩʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʠʤʝʝʪʩʷ ʨʘʟʙʨʦʩ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʮʠʢʣʘ ʨʘʙʦʪʳ ʩʪʦʣʦʚ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ z ʠ J (ʪʘʙʣ. 2), ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʩʢʦ-

ʨʦʩʪʴ 0ʩʨ
w
,ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʚʨʝʤʷ ʧʦʚʦʨʦʪʘ tʧ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ J, ʪʘʢ ʠ ʦʪ ʫʛ-

ʣʘ ʧʦʚʦʨʦʪʘ ʧʣʘʥʰʘʡʙʳ ɣ (ʠʣʠ ʯʠʩʣʘ ʧʦʟʠʮʠʡ ʜʝʣʝʥʠʷ z). ʕʪʦ ʥʝʠʟʙʝʞʥʦ 

ʚʥʦʩʠʪ ʠʩʢʘʞʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 0ʩʨ
w

 ʦʪ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ 

J. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʣʠʷʥʠʷ z ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ (1) ʚʚʦʜʠʪʩʷ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʂɣ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ 0ʩʨy
w

 ʥʘ ʫʛʦʣ ɣ ʢ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ 

0ʩʨ /3pw
 ʥʘ ʫʛʦʣ ˊ/3 ʨʘʜʠʘʥ ʂɣ = 0ʩʨy

w
 / 0ʩʨ /3pw

. ʋʛʦʣ ʧʦʚʦʨʦʪʘ ˊ/3 (z = 6) ʷʚʣʷ-

ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʚʦʨʦʪʥʳʭ 

ʩʪʦʣʦʚ. 

ɺ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʚʦʨʦʪʥʳʝ ʩʪʦʣʳ ʩ ʤʝʭʘʥʠʟʤʦʤ ʬʠʢʩʘʮʠʠ 

ʠʟ ʧʣʦʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʦʪʩʫʪʩʪʚʫʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʥʦʨʤʳ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʮʠʢʣʘ ʊʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʧʣʘʥʰʘʡʙʳ ʠ ʥʝ ʧʨʠ-

ʚʦʜʷʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʦʧʫʩʪʠʤʳʝ ʫʩʢʦʨʝʥʠʷ ʧʣʘʥʰʘʡʙʳ Ů [5]. ɺ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʣʠ ʘʚʘʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʚʠʥʪʦʚ 

ʢʨʝʧʣʝʥʠʷ ʧʣʘʥʰʘʡʙʳ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʚ 5 ʨʘʟ 

ʧʨʝʚʳʰʘʣʠ ʜʦʧʫʩʪʠʤʳʝ. ʀʟ ʧʷʪʠ ʦʙʩʣʝʜʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ ʫ ʜʚʫʭ ʥʘʙʣʶʜʘʣʠʩʴ ʫʢʘʟʘʥʥʳʝ ʘʚʘʨʠʡʥʳʝ ʧʦʣʦʤʢʠ. 
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ʪʠʱʠʥʩʢʠʡ ʬʠʣʠʘʣ, ʛ. ʄʳʪʠʱʠ, ʈʌ) 

Bykov V.V., Prohorov V.Y., Belyakov M. S.   

(Bauman Moscow State Technical University, Mytischi Branch) 
 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʠ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʦʙʫʯʝʥʠʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 23.03.03 çʕʢʩʧʣʫʘʪʘʮʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚè.  
 

The article discusses the methodology of end-to-end design, based on the princi-

ples of professional competencies and interdisciplinary relations at each stage of learn-

ing in relation to the field of study 23.03.03 çTechnological Machine Maintenanceè. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʚʦʟʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʞʠʟʥʝʥʥʳʡ ʮʠʢʣʷ, ʩʨʝʜʘ  AutoCAD, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ, ʥʘ-

ʚʳʢʠ ʩʪʫʜʝʥʪʦʚ 

Key words: end-to-end design, life cycle, AutoCAD environment, professional compe-

tencies, technological and transport machines, ability of students 
 

ɺ ʨʷʜʝ ʨʦʩʩʠʡʩʢʠʭ ʚʫʟʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʧʦʜʛʦʪʦʚʢʫ ʙʘʢʘʣʘʚʨʦʚ ʠ 

ʤʘʛʠʩʪʨʦʚ ʧʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʬʠʣʷʤ çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè,  

çʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝ ʠ ʵʣʝʢʪʨʦʥʠʢʘè, çʉʪʨʦʠʪʝʣʴʩʪʚʦè ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜʠʢʘ 

ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ: ʚʳʟʚʘʪʴ ʠʥ-

ʪʝʨʝʩ ʫ ʦʙʫʯʘʶʱʝʛʦʩʷ ʢ ʜʠʩʮʠʧʣʠʥʝ ʠ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ; ʟʘʢʨʝʧʠʪʴ, 

ʩʬʦʨʤʠʨʦʚʘʪʴ  ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ ʧʦʜ-

ʭʦʜ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʌʝʜʝʨʘʣʴʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʩʪʘʥʜʘʨʪʦʤ ï ʫʤʝʪʴ ʠ ʚʣʘʜʝʪʴ;  ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʦʧʝʨʘʮʠʠ ʩ ʢʦʣʣʝʛʘʤʠ 

ʠ ʫʤʝʥʠʷ ʨʘʙʦʪʘʪʴ ʚ ʢʦʣʣʝʢʪʠʚʝ [1, 2]. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ ʪʨʝʙʫʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʝʛʦ ʥʘ ʩʪʫʜʝʥʪʘ, ʧʨʠ 

ʵʪʦʤ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʜʝʣʠʠ ʜʝʣʠʪʩʷ ʧʦ ʵʪʘʧʘʤ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢ-

ʣʘ [3, 4]. 

Product Lifecycle Management (PLM) ï ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʞʠʟʥʝʥ-

ʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʡ ï ʵʪʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʘʷ ʫʧʨʘʚʣʝʥʠʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʟʜʝʣʠʠ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʧʨʦ-

ʮʝʩʩʘʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʩʥʷʪʠʷ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ [5, 6]. ʅʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥ-

ʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ ʠʤʝʶʪʩʷ ʩʚʦʠ ʮʝʣʝʚʳʝ ʫʩʪʘʥʦʚʢʠ. ʊʘʢ, ʥʘ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʧʨʦʠʟʚʦ-
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ʜʠʤʦʤʫ ʠʟʜʝʣʠʶ, ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʫʩʧʝʭʘ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ ʙʦʨʴʙʝ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʇʨʠ ʵʪʦʤ ʚ ʧʦʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʣʘʜʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘ-

ʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʥʦ ʠ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘ-

ʪʘʮʠʶ ʠʟʜʝʣʠʡ. ʇʦʵʪʦʤʫ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʟʜʝʣʠʡ ʥʘʤʠ ʠ ʧʨʝʜʣʦʞʝʥʘ ʩʭʝʤʘ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 23.03.03. çʕʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘ-

ʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚè, ʦʧʨʝʜʝʣʷʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʟʜʝʣʠʷ (ɾʎʀ) ʠ ʦʩʥʦʚʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʩʤ. ʨʠʩ.). 

ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʠ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʠ 

ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.   

ʉ ʵʪʘʧʘ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢ-

ʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ (ʂɼ) ʥʘ ʤʘʰʠʥʫ, ʷʚʣʷʶʱʘʷʩʷ ʦʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

(ʊɼ),  ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʪʘʜʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ 15.301 

ï 2016 [6] ʥʘ ʵʪʦʡ ʞʝ ʩʪʘʜʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʠ ʨʝʤʦʥʪʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʥʘ ʩʪʘʜʠʶ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʘʰʠʥʳ - ʵʢʩ-

ʧʣʫʘʪʘʮʠʷ, ʪʝʭʥʠʯʝʩʢʠʡ ʩʝʨʚʠʩ, ʨʝʤʦʥʪ. ʇʦ ʠʤʝʶʱʝʡʩʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʪʘʜʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʵʢʩʧʣʫʘʪʘʮʠʷ, 

ʪʝʭʥʠʯʝʩʢʠʡ ʩʝʨʚʠʩ, ʨʝʤʦʥʪ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠ ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ [7] (ʩʤ. ʨʠʩ.). 

ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʠ ʦʩʥʦʚʥʫʶ ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʫʶ ʧʨʦʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ çʕʢʩʧʣʫʘʪʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʢʦʤʧʣʝʢʩʦʚè, ʧʨʦʬʠʣʴ çʉʝʨʚʠʩ ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʝʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘè 

ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʦʩʥʦʚʥʘʷ ʠʜʝʷ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʟʘʤʝʥʘ 

ʪʠʧʦʚʳʭ ʟʘʜʘʥʠʡ ʢʫʨʩʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʴʶ ʥʘ ʚʳʧʫʩʢʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʫ-

ʜʝʥʪ ʚʳʧʦʣʥʷʝʪ ʩʝʨʠʶ ʢʫʨʩʦʚʳʭ ʠ ʨʘʩʯʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ, ʚʭʦʜʷʱʠʭ ʚ 

ɺʂʈ ʙʘʢʘʣʘʚʨʘ, ʢʘʢ ʝʝ ʯʘʩʪʠ.  

ɻʨʘʬʠʯʝʩʢʠ ʤʝʪʦʜʠʢʘ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʢʘʬʝʜʨʝ ʃʊ4-ʄʌ 

çʊʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʄʳʪʠ-

ʱʠʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-

ʪʝʪʘ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʟʝʣ ʣʝʩʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʣʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʟʘʜʘʥʠʡ ʜʣʷ ʢʫʨʩʦ-

ʚʳʭ ʨʘʙʦʪ (ʧʨʦʝʢʪʦʚ) ʠ ʨʘʩʯʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ, 

ʪʘʢ ʠ ʦʙʱʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ: ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ; ʦʩʥʦʚʳ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʜʝʪʘʣʠ ʤʘʰʠʥ; ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ, ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ; ʦʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥ; ʪʝʭʥʦʣʦ-

ʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʠ ʩʝʨʚʠʩʥʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ; 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ; ʪʝʭʥʦʣʦ-

ʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʩʝʨʚʠʩʥʳʭ ʫʩʣʫʛ.  



 10 
 

 
ʈʠʩʫʥʦʢ ï  ʉʭʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʤʝʞ-

ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʩʚʷʟʝʡ ʥʘ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʡ 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʟʜʝʣʠʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʟʘʜʘʥʠʠ ʩʪʫʜʝʥʪʫ ʚʳʜʘʝʪʩʷ ʧʝ-

ʯʘʪʥʘʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʫʟʣʘ ʣʝʩʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʰʠʥ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ (ʢʦʨʦʙʢʘ ʧʝʨʝʜʘʯ, ʨʘʟʜʘʪʦʯʥʘʷ ʢʦʨʦʙʢʘ, ʛʣʘʚʥʘʷ 

ʧʝʨʝʜʘʯʘ, ʢʦʨʦʙʢʘ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ, ʧʨʠʚʦʜ ʣʝʙʝʜʢʠ ʠ ʜʨ.) ʠʣʠ ʪʨʘʥʩʧʦʨʪ-

ʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʥʘ ʪʨʘʢʪʦʨʥʦʡ ʙʘʟʝ. ɿʘʜʘʥʠʝ ʥʘ ʩʢʚʦʟʥʦʝ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʝ ʚʳʜʘʝʪʩʷ ʚʳʧʫʩʢʘʶʱʝʡ ʢʘʬʝʜʨʦʡ ʥʘ II  ʢʫʨʩʝ (3 ʩʝʤʝʩʪʨ), ʢʦʛʜʘ 

ʩʪʫʜʝʥʪʳ ʫʯʘʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ  ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥ-

ʪʘʮʠʶ (ʂɼ) ʚ AutoCAD ʩʠʩʪʝʤʝ ʚ ʜʠʩʮʠʧʣʠʥʝ çʂʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘè. 

ʇʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʥʷʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʠʟʚʝʩʪʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʳ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ (ʬʦʨʤʘʪ ɸ1) 

ʠ ʩʧʝʮʠʬʠʢʘʮʠʶ.  ɼʘʣʝʝ ʥʘ II  ʢʫʨʩʝ (4 ʩʝʤʝʩʪʨ) ʚ ʢʫʨʩʝ çʆʩʥʦʚʳ ʢʦʥʩʪʨʫʠ-

ʨʦʚʘʥʠʷ ʠ ʜʝʪʘʣʠ ʤʘʰʠʥè ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʟʫʙʯʘʪʦʡ ʧʝʨʝ-

ʜʘʯʠ ʠ ʚʘʣʘ (ʧʝʨʚʠʯʥʦʛʦ ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʠʣʠ ʚʳʭʦʜʥʦʛʦ) ʚ ʩʦʦʪʚʝʪʩʪ-
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ʚʠʠ ʩ ʟʘʜʘʥʠʝʤ. ɺ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɺʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʴ, 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷè ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʠ ʨʘʩ-

ʯʝʪ ʧʦʩʘʜʦʢ ʜʣʷ ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ ʪʦʯʥʳʭ ʩʦʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʫʟʣʘ. ɺʥʘʯʘʣʝ ʚʳʙʠʨʘʶʪʩʷ ʧʦʩʘʜʢʠ ʧʦʜʰʠʧʥʠʢʦʚ 

ʢʘʯʝʥʠʷ, ʟʘʪʝʤ ʧʦʩʘʜʢʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʥʘ ʚʘʣ, ʩʠʥʭʨʦʥʠʟʘʪʦʨʦʚ, ʬʣʘʥʮʝʚ, 

ʢʨʳʰʝʢ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʪ.ʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʠʝʤ ʩʪʫʜʝʥʪ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʪ ʚ AutoCAD ʨʘʙʦʯʠʡ ʯʝʨʪʝʞ  ʜʝʪʘʣʠ (ʣʠʪʝʨʘ ʈ) ʠ ʝʝ 3-D ʤʦʜʝʣʴ [4]. 

ʅʘ III  ʢʫʨʩʝ ʚ ʜʠʩʮʠʧʣʠʥʝ çʆʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥè 

(5 ʠ 6 ʩʝʤʝʩʪʨʳ) ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʠ ʢʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʪʝʭ-

ʥʦʣʦʛʠʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʠ ʜʝʪʘʣʠ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʟʤʝʨʥʳʭ ʩʚʷ-

ʟʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʩʦʙʠʨʘʝʤʦʩʪʠ ʫʟʣʘ [8]. ʇʨʦʝʢʪʠʨʫʶʪʩʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʠ ʩʙʦʨʢʠ ʫʟʣʘ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

ʫʟʝʣ ʠ ʜʝʪʘʣʴ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʧʨʦʛʨʘʤʤʘ.  

ɺ ʜʠʩʮʠʧʣʠʥʝ çʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ 

ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʧʨʠ ʩʝʨʚʠʩʥʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠè (6 ʩʝʤʝʩʪʨ) ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʠ ʜʝʪʘʣʠ, ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠ ʢʘʨʪʳ ʜʝʬʝʢʪʦʚ ʧʨʦ-

ʝʢʪʠʨʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. ʈʘʟʨʘʙʘʪʳʚʘ-

ʝʪʩʷ ʨʝʤʦʥʪʥʳʡ ʯʝʨʪʝʞ ʜʝʪʘʣʠ (AutoCAD), ʚʳʙʠʨʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦ-

ʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʫʩʪʨʘʥʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩʭʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʦʧʝʨʘʮʠʡ. ʀʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʯʝʨʪʝʞ ʜʝʪʘʣʠ, ʢʘʨʪʘ ʜʝʬʝʢʪʦʚ ʠ ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ ʨʘʙʦ-

ʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʦʜʛʦʪʦʚʢʠ ʙʘʢʘʣʘʚʨʦʚ ʧʦ ʤʝʪʦʜʠʢʝ ʩʢʚʦʟʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʧʦʟʚʦʣʷʝʪ: 

- ʧʦʚʳʩʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʢ ʧʨʠʤʝʥʝʥʠʶ AutoCAD; 

- ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ  

ʜʦʢʫʤʝʥʪʘʮʠʠ; 

- ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ  ʧʨʠ  ʚʳʧʦʣʥʝʥʠʠ  ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ɸʚʘʜʵʥʠ ʖ.ʀ., ɺʠʪʫʰʢʠʥ ɸ.ʅ., ɾʠʛʘʜʣʦ ɸ.ʇ., ʎʚʝʪʢʦʚʘ ɽ.ɺ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʜʦʩʪʦʠʥʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʫʯʝʙʥʦʛʦ ʩʢʚʦʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʬʝʩ-
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ʋɼʂ 37 

ʊɽʍʅʀʏɽʉʂʀɽ ɿʅɸʅʀʗ ʂɸʂ ʂʆʄʇʆʅɽʅʊ ʈɸɿɺʀɺɸʖʑɽʁʉʗ 

ʀʅɼʋʉʊʈʀɸʃʀɿɸʎʀʀ ʉʊʈɸʅʓ 
 

TECHNICAL KNOWLEDGE AS A COMPONENT OF THE COUNTRY'S 

DEVELOPING INDUSTRIALIZATION  
 

ɻʘʣʢʠʥʘ ɸ.ʀ., ɻʨʠʰʘʥ ʀ.ɸ.  
(ʀʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʠʤ. ɸ.ʂ. ɸʡʚʘʟʷʥʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, 

152021, ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʇʝʨʝʩʣʘʚʩʢʠʡ ʨʘʡʦʥ, ʩʝʣʦ ɺʝʩʴʢʦʚʦ, ʫʣ. ʇʝʪʨʘ ʇʝʨ-

ʚʦʛʦ, ʜʦʤ 4 çʘè) 
 

Galkina I .A., Grishaev I .A.  

(A. K. Aylamazyan IPS RAS, 152021, Yaroslavl region, Pereslavsky district, Veskovo 

village, 4 " a " Peter the First street.) 
 

ʈʘʩʢʨʳʪʘ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʜʠʩʮʠʧʣʠʥʘʤ: ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ; ʩʪʘʥʢʦʩʪʨʦʝʥʠʝ; ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ.ʜ. ʜʣʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʥʜʫʩʪʨʠʠ ʩʪʨʘʥʳ, ʧʦʤʝʥʷʚʰʝʡ ʩʚʦʡ ʦʙʣʠʢ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦ-

ʜʦʚ ʚ ʩʚʷʟʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʩʪʨʘʥʝ. 
 

The role of electronic educational resources on technical disciplines: mechanical 

engineering; machine tool construction; technology, etc. for the restoration and devel-

opment of the country's industry, which changed its appearance in the early 90s in con-

nection with certain historical events in the country, is revealed. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ, ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʝʭʥʠʯʝʩʢʠʝ ʟʥʘ-

ʥʠʷ, ʵʣʝʢʪʨʦʥʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ 

Key words: industrialization, training of specialists, technical knowledge, electronic ed-

ucational resources 
 

ʅʘ II  ɻʣʦʙʘʣʴʥʦʤ ʩʘʤʤʠʪʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ɺ.ɺ. 

ʇʫʪʠʥ ʚʳʩʢʘʟʘʣ ʧʨʝʜʣʦʞʝʥʠʝ: çéʥʫʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʤʝʥʝʝ ʨʝʩʫʨʩʦʟʘʪʨʘʪʥʳʝ, ʥʦ ʛʦʨʘʟʜʦ 

ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʝè [1].   

ʈʘʟʨʫʰʝʥʠʝ ʠʥʜʫʩʪʨʠʠ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʧʨʠʚʝʣʦ ʢ ʧʦʪʝʨʝ ʮʝʣʳʭ ʦʪ-

ʨʘʩʣʝʡ ʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʊʘʢ, ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩ-

ʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʚʦʜʠʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʘʤʦʡ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʩʘ-

ʤʦʡ ʚʳʩʦʢʦʦʧʣʘʯʠʚʘʝʤʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ï ʩʚʘʨʱʠʢ. ɺ ʩʝʨʝʜʠʥʝ 1900-ʭ ʛʦ-

ʜʦʚ ʥʘ ʩʦʚʝʱʘʥʠʠ ʩʨʝʜʥʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

https://www.elibrary.ru/contents.asp?id=34256160
https://www.elibrary.ru/contents.asp?id=34256160
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ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛʘ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ  ʩ ʪʨʠʙʫʥ  ʤʫʜʨʳʝ ʨʫʢʦʚʦʜʠʪʝ-

ʣʠ ʂʦʤʠʪʝʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʩʠʣʠ ʜʠʨʝʢʪʦʨʦʚ ʢʦʣʣʝʜʞʝʡ ʩʙʝʨʝʯʴ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʣʣʝʜʞʝʡ, ʧʝʨʝʰʝʜʰʠʭ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʙʫʭʛʘʣʪʝʨʦʚ, 

ʵʢʦʥʦʤʠʩʪʦʚ, ʶʨʠʩʪʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʦʩʠʣʠ ʩʙʝʨʝʯʴ ʢʦʥʪʠʥʛʝʥʪ ʧʨʝʧʦʜʘ-

ʚʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ.  

ʆʙʨʫʰʝʥʠʝ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʩʪʨʘʥʳ, ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʣʘʩʪʘ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʪʝʭʥʦʣʦʛʦʚ, ʧʨʠʚʦʜʠʣʦ ʧʦʨʦʡ ʢ ʘʥʝʢʜʦʪʠʯʝʩʢʠʤ ʩʠʪʫʘ-

ʮʠʷʤ.  

ʊʘʢ ʜʠʨʝʢʪʦʨ ʦʜʥʦʛʦ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ï ʙʳʚʰʠʡ ʜʠʨʝʢʪʦʨ ʚʦʝʥʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʨʘʩʩʢʘʟʳʚʘʣ, ʢʘʢ ʜʦʣʛʦ ʝʛʦ ʩʧʝʮʠʘʣʠʩʪʳ ʠʩʢʘʣʠ ʧʦ ʄʦʩʢʚʝ ʪʝʭ-

ʥʦʣʦʛʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ, ʩʪʦʣʴ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦ-

ʩʪʘʥʦʚʢʠ ʥʘ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʛʦ, ʠʟʦʙʨʝʪʝʥʥʦʛʦ ʠʤʠ ʧʨʠʙʦʨʘ. 

ʇʦʠʩʢʠ ʟʘʢʦʥʯʠʣʠʩʴ, ʢʦʛʜʘ ʥʘʰʣʠ ʪʝʭʥʦʣʦʛʘ, ʪʦʨʛʫʶʱʝʛʦ ʚ ʧʘʣʘʪʢʝ ʥʘ ʞʝ-

ʣʝʟʥʦʜʦʨʦʞʥʦʡ ʧʣʘʪʬʦʨʤʝ. 

ʅʦʚʳʡ ʚʠʪʦʢ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʩʪʨʘʥʳ, ʩʪʘʚʰʠʡ ʚʦʟʤʦʞʥʳʤ ʚ ʫʩʣʦʚʠ-

ʷʭ ʩʘʥʢʮʠʡ ʠ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ, ʧʦʪʨʝʙʦʚʘʣ ʧʦʜʛʦʪʦʚʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝ-

ʮʠʘʣʠʩʪʦʚ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ ʠ ʪ.ʜ. 

ɸʥʘʣʠʟ ɹʘʟʳ ʜʘʥʥʳʭ ʆʌʕʈʅʠʆ (ʩ 1998 ʧʦ 2017 ʛʛ.) [2] ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʘʜʝʥʠʝ ʯʠʩʣʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ.  
 

ʈʠʩʫʥʦʢ 1 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʕʆʈ ʧʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʶ ʧʦ ʛʦʜʘʤ 

 

ʉʝʛʦʜʥʷ ʧʦʜʛʦʪʦʚʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʟʘʜʘʯ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ 

ʆʌʕʈʅʠʆ ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ [2,3], ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʫʯʝʙʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ. 
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ʈʠʩʫʥʦʢ 2 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʕʆʈ ʧʦ ʫʯʝʙʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʜʠʩʮʠʧʣʠʥʘʤ 

 

 ɺ ʮʝʣʷʭ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʣʝʜʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ [4,5]. 

 

ʈʠʩʫʥʦʢ 3 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʕʆʈ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ 

  

ɺʳʚʦʜʳ:  

04 ʘʧʨʝʣʷ ʧʨʦʠʟʚʝʜʝʥ ʫʩʧʝʰʥʳʡ ʟʘʧʫʩʢ ʨʘʢʝʪʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ  ʩʦʙʨʘʥʘ  

ʪʦʣʴʢʦ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦ-

ʟʚʦʣʠʚʰʠʭ ʚʳʚʝʩʪʠ ʨʘʢʝʪʫ ʩ ʢʦʩʤʦʜʨʦʤʘ ʂʫʨʫ ʧʦ ʢʨʘʪʯʘʡʰʝʡ  ʪʨʘʝʢʪʦʨʠʠ. 

ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʚʳʭʦʜʘ ʩʪʨʘʥʳ ʠʟ ʧʨʦʚʘʣʘ  

ʠʥʜʫʩʪʨʠʠ. ɺʳʭʦʜ ʠʟ ʧʨʦʚʘʣʘ ʩʪʘʣ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʥʘ  ʫʩʣʦʚʠʷʭ  ʧʦʜʛʦ-

ʪʦʚʢʠ ʪʨʝʙʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʭʦʣʦʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ 

ʦʪʢʨʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠ ʨʝʰʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʉʄʊ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ. 

This article discusses the method of cold metal transfer, which opens up complete-

ly new perspectives in solving technical problems when restoring machine parts. The 

use of SMT welding technology allows you to optimize the entire production process and 

ensure the development of production. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʘʨʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʭʦʣʦʜʥʳʡ ʧʝʨʝʥʦʩ, ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ, 

ʵʣʝʢʪʨʦʜ, ʥʘʧʣʘʚʢʘ, ʩʚʘʨʦʯʥʳʡ ʰʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ, ʩʚʘʨʦʯʥʘʷ ʚʘʥʥʘ 

Keywords: welding technologies, cold transfer, digital control, electrode, surfacing, 

welding seam, electric arc, welding bath 
 

ʉʚʘʨʢʘ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʥʦʰʝʥʥʳʭ ʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʤʦʥʪʝ ʤʘʰʠʥ. ʉ ʧʦʤʦʱʴʶ ʩʚʘʨʢʠ 

ʥʘʧʣʘʚʣʷʶʪ ʠʟʥʦʰʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʟʘʚʘʨʠʚʘʶʪ ʪʨʝʱʠʥʳ, ʩʚʘʨʠʚʘ-

ʶʪ ʨʘʟʨʫʰʝʥʥʳʝ ʜʝʪʘʣʠ ʠ ʪ. ʜ. ʉʚʘʨʦʯʥʳʝ ʨʘʙʦʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʧʨʦʩʪʦʪʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʚʘʨʢʘ ʠʤʝʝʪ ʪʘʢʞʝ ʠ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʘʢ - ʥʘʨʫʰʝʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ, ʩʥʠʞʝʥʠʝ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯ-

ʥʦʩʪʠ, ʧʦʷʚʣʝʥʠʝ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʪʨʝ-

ʱʠʥ ʠ ʢʦʨʦʙʣʝʥʠʶ ʜʝʪʘʣʝʡ, ʚʳʛʦʨʘʥʠʶ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. ʂ ʥʘʟʥʘʯʝʥʠʶ ʩʚʘʨʢʠ ʢʘʢ ʩʧʦʩʦʙʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʩʣʝʜʫʝʪ 

ʧʦʜʭʦʜʠʪʴ ʦʩʪʦʨʦʞʥʦ, ʦʩʦʙʝʥʥʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʜʝʪʘʣʠ ʠʟ-

ʛʦʪʦʚʣʝʥʳ ʠʟ ʤʝʪʘʣʣʦʚ, ʩʢʣʦʥʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʠ ʢʦʨʦʙʣʝʥʠʶ. 

ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ CMT (Cold ʄetal Transfer - ʭʦʣʦʜʥʳʡ ʧʝʨʝʥʦʩ ʤʝʪʘʣ-
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ʣʘ) ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʝʚʦʣʶʮʠʝʡ ʚ ʩʚʘʨʦʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʩʚʘʨ-

ʢʠ, ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚ ʦʙʣʘʩʪʠ ʩʧʝʮʠʬʠʢʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. ʉ ʧʦ-

ʤʦʱʴʶ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʩʚʘʨʢʠ, ʢʘʢ ʪʝʭʥʦʣʦʛʠʠ ʩʦʝʜʠʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʷ ʉʄʊ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʚʦʜʠʤʘʷ ʪʝʧ-

ʣʦʪʘ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʩʣʦʚʦ çʭʦʣʦʜʥʳʡè ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʘʟʚʘʥʠʠ ʧʨʦʮʝʩʩʘ. ʇʝʨʚʳʝ ʩʦʦʙʱʝʥʠʷ ʦ 

çʭʦʣʦʜʥʦʤ ʧʝʨʝʥʦʩʝ ʤʝʪʘʣʣʘè ʧʦʷʚʠʣʠʩʴ ʚ 2005 ʛʦʜʫ. ʆʥʠ ʩʪʘʣʠ ʦʜʥʠʤ ʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʠʨʤʳ Fronius [1].  

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʉʄʊ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ ʨʝʤʦʥʪʝ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʪʝʭʥʠʢʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʟʘʜʘʯʠ:  

1) ʚʳʧʦʣʥʠʪʴ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ; 

2) ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʘ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

3) ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʉʄʊ. 

ɼʫʛʦʚʘʷ ʩʚʘʨʢʘ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ð ʵʪʦ ʤʝʪʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝ-

ʞʜʫ ʩʚʘʨʠʚʘʝʤʳʤ ʠʟʜʝʣʠʝʤ ʠ ʢʦʥʮʦʤ ʵʣʝʢʪʨʦʜʘ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʜʫʛʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʠ ʵʣʝʢʪʨʦʜ ʥʘʯʠʥʘʶʪ ʧʣʘ-

ʚʠʪʴʩʷ, ʦʙʨʘʟʫʷ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ, ʘ ʦʙʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʘ ʧʨʠ 

ʵʪʦʤ ʩʦʟʜʘʝʪ ʛʘʟʦʚʫʶ ʟʘʱʠʪʥʫʶ ʩʨʝʜʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʰʚʘ 

[2]. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ: ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʝ-

ʱʝʩʪʚ; ʥʝ ʩʪʘʙʠʣʴʥʦʝ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʦʛʦ ʰʚʘ; ʥʠʟʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

ʦʪʢʣʦʥʝʥʠʝ ʜʫʛʠ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ; ʥʘʨʫʰʝ-

ʥʠʝ ʛʘʟʦʚʦʡ ʟʘʱʠʪʳ ʧʨʠ ʩʜʫʚʘʥʠʠ ʩʪʨʫʠ ʛʘʟʘ ʜʚʠʞʝʥʠʝʤ ʚʦʟʜʫʭʘ; ʧʦʪʝʨʷ ʤʝ-

ʪʘʣʣʘ ʥʘ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝ. 

ʆʪʣʠʯʠʝʤ CMT ʦʪ ʦʙʳʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʝ ʮʠʬʨʦʚʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ. ɺ ʭʦʜʝ ʩʚʘʨʢʠ ʠʣʠ ʧʘʡʢʠ ʪʝʭʥʦʣʦʛʠʠ ʉʄʊ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʧʨʦʚʦʣʦʢʠ, ʧʨʠ ʵʪʦʤ ʮʠʬʨʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʤʦʤʝʥʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ ʦʪʜʝ-

ʣʷʪʴ ʤʝʪʘʣʣ ʚ ʩʚʘʨʦʯʥʫʶ ʚʘʥʥʫ ʙʫʢʚʘʣʴʥʦ ʧʦ ʢʘʧʣʝ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʙʨʳʟʛ. 

ʍʦʪʷ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʦ ʢʘʞʝʪʩʷ ʧʨʦʩʪʳʤ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʩʣʦʞʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʫʛʦʡ 

ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʚʦʣʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ.  

ʇʨʦʮʝʩʩ ʉʄʊ ʚ ʦʩʥʦʚʥʦʤ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʧʝʨʝʜʘʯʠ ʩ ʢʦʨʦʪʢʠʤ ʟʘ-

ʤʳʢʘʥʠʝʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʠʟʢʠʤ ʪʦʢʦʤ ʠ ʥʘʧʨʷʞʝʥʠʝʤ, ʯʪʦ ʦʟʥʘʯʘ-

ʝʪ ʥʠʟʢʠʡ ʧʦʜʚʦʜ ʪʝʧʣʘ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʉʄʊ ʧʨʦʮʝʩʩʘ 
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ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʦʜʘʯʫ ʧʨʦʚʦʣʦʢʠ ʜʣʷ ʧʨʦʮʝʩʩʘ CMT 

ʯʝʨʝʟ ʜʚʠʛʘʪʝʣʠ ʧʦʜʘʯʠ, ʙʦʣʴʰʝ ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ. ʆʙʨʘʟʫʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʚʳʩʦʢʠʡ ʠʤʧʫʣʴʩ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʜʫʛʫ 

ʤʝʞʜʫ ʧʨʦʜʚʠʛʘʶʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʠ ʧʦʜʣʦʞʢʦʡ, ʢʦʪʦʨʘʷ ʠ ʨʘʩʧʣʘʚʣʷʝʪ 

ʥʘʢʦʥʝʯʥʠʢ ʵʣʝʢʪʨʦʜʘ. ʊʦʢ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʩʣʝ ʠʤʧʫʣʴʩʘ, ʢʘʢ ʪʦʣʴʢʦ ʧʦʷʚ-

ʣʷʝʪʩʷ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ ʩʥʠʞʘʝʪʩʷ, ʪʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʥʠʟʢʦʛʦ ʬʦʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʠ ʵʣʝʢʪʨʦʜ ʦʪʚʦʜʠʪʩʷ, ʯʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʪʨʳʚʫ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʢʘʧʣʠ [3].  ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʦʮʝʩʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʦʙʳʯʥʦʡ ʩʚʘʨʢʝ.  

ʎʠʢʣ ʦʙʨʘʙʦʪʢʠ CMT ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʜʭʦʜʷʱʝʛʦ ʚʳ-

ʙʦʨʘ ʩʚʘʨʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʧʝʨʘʮʠʠ ʧʦʜʘʯʠ  ʠ  ʦʪʚʦʜʘ ʧʨʦʚʦʣʦʢʠ ʚʳ-

ʧʦʣʥʷʶʪʩʷ ʚ ʩʨʝʜʥʝʤ 63 ʨʘʟʘ (ʤʘʢʩ. 70 ʨʘʟ) ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ, ʚʦ ʚʨʝʤʷ ʧʦʧʝ-

ʨʝʤʝʥʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʛʦʨʷʯʠʭ ʠ ʭʦʣʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʘʠʤʝʥʴʰʝʛʦ ʪʝʧʣʦʚʣʦʞʝʥʠʷ ʠ 

ʧʨʦʧʣʘʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʠʤ ʙʫʜʝʪ ʨʘʟʙʘʚʣʝʥʠʝ ʠʣʠ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʝ ʩ ʦʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʝʝ ʥʠʟʢʠʤ ʦʢʘʟʳʚʘʝʪʩʷ ʩʦ-

ʜʝʨʞʘʥʠʝ ʬʝʨʨʠʪʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʥʘʧʣʘʚʢʠ. ʇʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʪʩʷ ʮʝʣʳʡ 

ʩʣʦʡ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʶ, ʥʦ ʠ ʩʥʠ-

ʞʝʥʠʝ ʨʘʩʭʦʜʘ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʵʢʦʥʦʤʠʝʡ ʦʢʦʣʦ 50%  

ʀʟʚʝʩʪʥʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʘʚʪʦ-

ʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ELB-Form GmbH, ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʧʫʩʪʦʪʝʣʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʙʦʣʴʰʦʛʦ ʚʝʩʘ. ʆʩʥʦʚʥʦʡ ʩʬʝʨʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ELB-Form GmbH ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʩʚʘʨʢʘ 

ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʫ, ʘ ʠʟ-ʟʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʩʦʝʜʠʥʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʯʝʥʴ ʪʦʯʥʳʤʠ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʠʟʦʛʥʫʪʳʝ ʠʣʠ ʰʪʘʤʧʦʚʘʥʥʳʝ ʜʝʪʘʣʠ ʠʤʝʶʪ ʤʥʦʞʝʩʪʚʦ 

ʜʝʬʝʢʪʦʚ ʥʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʫʩʪʘʥʦʚʢʘ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʪʦʯʥʦʛʦ ʟʘʟʦʨʘ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʤʝʨ ʟʘʟʦʨʘ ʧʦʜ-

ʚʝʨʞʝʥ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ ʜʦʣʞʥʘ ʠʩʢʣʶʯʘʪʴ 

ʚʣʠʷʥʠʝ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ ʜʝʪʘʣʝʡ ʪʘʢʞʝ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪʩʷ, ʯʪʦ ʝʱʝ ʙʦʣʴʰʝ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʡ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʜʚʘ ʩʚʦʡʩʪʚʘ: ʦʯʝʥʴ ʚʳʩʦʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʢʨʳʚʘʪʴ ʟʘʟʦʨ ʠ ʦʯʝʥʴ ʥʠʟʢʦʝ ʪʝʧʣʦʚʣʦʞʝʥʠʝ. ɺʦʪ ʟʜʝʩʴ 

ʪʝʭʥʦʣʦʛʠʷ CMT ʠ ʦʪʢʨʳʚʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʘʯʝʩʪʚʘ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʩʚʘʨʢʠ.  

ʆʜʥʦ ʠʟ ʥʝʩʦʤʥʝʥʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʪʝʭʥʦʣʦʛʠʠ CMT ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʣʝʛʢʠʭ ʠ ʫʣʴʪʨʘ ʣʝʛʢʠʭ ʣʠʩʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ 

ʧʨʠ ʨʝʤʦʥʪʝ ʢʫʟʦʚʦʚ ʠ ʜʨʫʛʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʦ-

ʮʝʩʩ CMT ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʷʪʴ ʥʝʦʜʥʦʨʦʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ɺ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʩʪʘʣʴ ʙʳʣʘ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʝʡʯʘʩ ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʩʪʘʨʘʝʪʩʷ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʛʦ ʘʚʪʦʤʦʙʠʣʷ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʤʘʩʩʳ ʝʛʦ ʢʫʟʦʚʘ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʜʦʙʘʚʠʚ ʥʝʢʦʪʦʨʳʝ ʘʣʶʤʠʥʠʝʚʳʝ ʜʝ-
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ʪʘʣʠ ʩʦ ʩʪʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʝ ʘʣʶʤʠʥʠʷ ʩʦ ʩʪʘ-

ʣʴʶ ʩʚʘʨʢʦʡ ʧʣʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʠʟ-ʟʘ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʭʨʫʧʢʠʭ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʩʣʘʙʣʷʪʴ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʧʦʩʦʙ ʩʚʘʨʢʠ 

ʧʣʘʚʣʝʥʠʝʤ ʩ ʥʠʟʢʠʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʘ ʠ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʤʦʞʝʪ 

ʜʘʪʴ ʨʝʟʫʣʴʪʘʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʶʤʠʥʠʷ ʚ ʵʪʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 2- ɺʥʝʰʥʠʡ ʚʠʜ ʩʚʘʨʥʦʛʦ ʰʚʘ ʧʨʠ ʩʚʘʨʢʝ ʘʣʶʤʠʥʠʝʚʳʭ ʪʨʫʙ-

ʯʘʪʳʭ ʢʘʨʢʘʩʦʚ ʜʣʷ ʩʧʦʨʪʠʚʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ (ELB-Form) 

 

ɺʩʝ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠ ʥʘʭʦʜʠʪ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʥʦ 

ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʧʣʘʢʠʨʦʚʘʥʠʠ, ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʰʪʠʬʪʦʚ ʠ ʩʚʘʨʢʝ ʩ ʨʝʤʦʥʪʦʤ ʪʨʝʱʠʥ. 

ʊʘʢʞʝ ʦʯʝʚʠʜʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ CMT ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʘʣʶ-

ʤʠʥʠʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦʣʱʠʥʦʡ ʜʦ 3 ʤʤ, ʭʨʦʤʦʥʠʢʝʣʝʚʳʝ ʤʘʪʝʨʠʘʣʦʚ (ʪʠ-

ʧʘ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ, ʞʘʨʦʧʨʦʯʥʳʭ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʠ ʪ.ʧ.) ʠ ʩʪʘʣʝʡ 

ʪʦʣʱʠʥʦʡ ʜʦ 2ʤʤ, ʧʨʠ ʥʘʧʣʘʚʢʝ ʥʘ ʦʮʠʥʢʦʚʘʥʥʳʝ ʣʠʩʪʳ. ɼʣʷ ʚʩʝʭ ʚʳʰʝʧʝ-

ʨʝʯʠʩʣʝʥʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʤʝʝʪʩʷ ʦʙʱʝʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʩʚʘʨʢʘ ʠ 

ʥʘʧʣʘʚʢʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʩʢʦʨʦʩʪʷʭ ʚʳʰʝ ʪʝʭ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʦʙʳʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʚʘʨʢʠ ʠ ʥʘʧʣʘʚʢʠ [4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ CMT ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʨʘʟʚʠʪʠʝ ʭʦʨʦʰʦ ʠʟ-

ʚʝʩʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ, ʦʥʘ çʥʦʚʦʝ ʩʣʦʚʦè ʚ ʩʚʘʨʦʯʥʦʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ. ʊʝʭʥʦʣʦʛʠʷ CMT ʩʦʟʜʘʝʪ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠ ʨʝ-

ʰʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʩʚʘʨʢʝ ʠ ʧʘʡʢʝ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʘʚʠʣʴʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʝʩʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ 

ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʟʚʠʪʠʝ ʨʝʤʦʥʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ 

ʨʝʰʝʥʠʡ. 
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Kamynin V.V., Dmitrieva  N.V.  
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʝʜʠʩʪʦʡ ʬʘʟʳ ʥʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʯʫʛʫʥʦʚ.  ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʠ (3,5-4%) ʘʥʪʠ-

ʬʨʠʢʮʠʦʥʥʳʝ ʯʫʛʫʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʪ ʙʨʦʥʟʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ.  

The influence of cuprous phase on the tribological characteristics of the cast iron. 

It was revealed that a high copper content (3,5-4%) antifriction irons practically not in-

ferior to the coefficient of friction bronze. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʜʴ, ʤʝʜʠʩʪʘʷ ʬʘʟʘ, ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ ʯʫʛʫʥ, ʩʪʨʫʢʪʫʨʘ,  

ʜʠʘʛʨʘʤʤʘ, ʫʟʣʳ ʪʨʝʥʠʷ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

Keywords: copper, copper-bearing phase, antifriction cast iron, structure, diagram, 

friction units, tribological properties 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʫʟʣʦʚ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 

ʯʫʛʫʥʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʜʠ (ʙʦʣʝʝ 1,5 %). ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʯʫʛʫʥʳ ɸʏʉ-ʄ ʠ ɸʏɺ-ʄ [1], ʘ ʪʘʢʞʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ ʧʦʣʦʚʠʥ-

ʯʘʪʳʡ ʯʫʛʫʥ [2]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʯʫʛʫʥʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʥʦʩʪʴ ʧʝʨʣʠʪʘ, ʥʦ ʠ ʥʘʣʠʯʠʝ ʚʢʣʶʯʝʥʠʡ ʩʪʨʫʢʪʫʨʥʦ-

ʩʚʦʙʦʜʥʦʡ ʤʝʜʠʩʪʦʡ ʬʘʟʳ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʩʪʝʥ-

ʜʦʚʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠʟ 

ʵʪʠʭ ʯʫʛʫʥʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʫʢʪʫʨʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʟʘʤʝʪʥʦʤ ʫʣʫʯʰʝ-

ʥʠʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʜʝʣʠʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʜʴ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ-ʛʨʘʬʠʪʠʟʘʪʦʨʦʤ ʠ ʧʨʠ ʵʚʪʝʢʪʠ-

ʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʫʛʫʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʨʘʥʝʥʠʶ ʣʝʜʝʙʫʨʠʪʥʦʛʦ ʦʪ-

ʙʝʣʘ ʠ ʠʟʤʝʣʴʯʝʥʠʶ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [3, 4, 5]. ʄʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʧʝʨʣʠʪʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʯʫʛʫʥʘ ʠ ʧʦʚʳʰʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʜʠʩʧʝʨʩʥʦʩʪʴ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʮʝʤʝʥʪʠʪʘ [3]. ʇʦ ʜʘʥʥʳʤ [5] ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʤʝʜʠ ʥʘ ʩʪʝʧʝʥʴ ʧʝʨʣʠʪʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʯʫʛʫʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʸ 

ʩʦʜʝʨʞʘʥʠʶ ʚ ʯʫʛʫʥʝ ʦʢʦʣʦ 1 %. ʇʨʠ ʙʦʣʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʴ ʦʙʨʘʟʫʝʪ 

ʩʦʙʩʪʚʝʥʥʫʶ ʬʘʟʫ, ʥʝ ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʦʩʥʦʚʥʳʭ ʬʘʟʘʭ ʯʫʛʫʥʘ [6]. ʆʜʥʘʢʦ ʵʪʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʰʴ ʪʝʤʧʝʨʘʪʫʨʘʤ, ʙʣʠʟʢʠʤ ʢ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʦʠʜʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦ-

ʪʦʨʳʝ ʚʘʞʥʳ ʚ ʩʣʫʯʘʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʯʫʛʫʥʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʠʥʦʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʨʝʟʦʚ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ Fe-C-Cu. 

ʄʝʜʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʯʫʛʫʥʘ. ʋʧʨʦʯʥʷʷ 

ʬʝʨʨʠʪ ʠ ʧʝʨʣʠʪ, ʤʝʜʴ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʪʚʸʨʜʦʩʪʴ ʯʫʛʫʥʘ. 
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ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʤʝʜʴʶ ʧʝʨʣʠʪʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 600-

700 ʄʇʘ ʠ ʚʳʰʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʥʢʦʡ ʦʙʦʣʦʯʢʠ ʤʝ-

ʜʠ ʚʦʢʨʫʛ ʮʝʤʝʥʪʠʪʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʙʣʦʢʠʨʫʶʱʠʭ ʜʠʬʬʫʟʠʶ ʫʛʣʝʨʦʜʘ. 

ʄʝʜʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʯʫʛʫʥʘʭ, ʥʦ ʠ ʚ ʧʦʨʦʰʢʦʚʳʭ ʘʥʪʠʬʨʠʢ-

ʮʠʦʥʥʳʭ ʞʝʣʝʟʦʛʨʘʬʠʪʦʚʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʧʨʠʯʸʤ ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ ʩʦʜʝʨ-

ʞʘʥʠʝ ʤʝʜʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0,5 ʜʦ 20 % [5]. ʍʦʪʷ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʠ 2-3 % ʚ ʩʪʨʫʢʪʫʨʝ ʩʧʣʘʚʦʚ ʦʙʨʘʟʫʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʤʝ-

ʜʠʩʪʦʡ ʬʘʟʳ, ʥʦ ʦʥʠ ʦʯʝʥʴ ʜʠʩʧʝʨʩʥʳ ʠ ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʳ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ 

ʧʦʜ ʦʙʳʯʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ (5 

% ʠ ʚʳʰʝ) ʦʥʠ ʚʠʜʥʳ ʥʘ ʤʠʢʨʦʰʣʠʬʘʭ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ. 

ʉʧʣʘʚʳ Fe-C-Cu, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ ʛʨʘʬʠʪ ʠ ʤʝʜʠʩʪʘʷ ʬʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʬʨʠʢʮʠʦʥʥʦʡ ʧʘʨʳ ʠ ʚ ʩʚʷʟʠ ʩ ʠʟʙʠʨʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʪʠʭ ʬʘʟ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʩʦʧʨʷʞʸʥʥʦʡ ʜʝʪʘʣʠ. ʊʘʢ ʧʦ ʜʘʥʥʳʤ [5], ʜʣʷ ʧʘʨʳ ʪʨʝʥʠʷ ñʧʦʜ-

ʰʠʧʥʠʢ ʠʟ ʧʦʨʦʰʢʦʚʦʛʦ ʩʧʣʘʚʘ ʞʝʣʝʟʦ-ʛʨʘʬʠʪ ï ʚʘʣ ʠʟ ʩʪʘʣʠ 45ò ʚ ʫʩʣʦʚʠʷʭ 

ʪʨʝʥʠʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʤʘʟʢʠ ʥʘ ʚʦʟʜʫʭʝ ʧʦʜ ʥʘʛʨʫʟʢʦʡ 7,5 ʄʇʘ ʥʘ-

ʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʚʘʣʘ ʩ 

0,43 ʜʦ 0,58 %. ʊʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʜʠʬʬʫʟʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʘʢʞʝ 

ʧʝʨʝʥʦʩ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʤʝʜʠ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʦʨʤʘʮʠʠ 

ʪʨʝʥʠʝʤ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʤʝʜʠ ʜʦ ʟʥʘʯʝʥʠʡ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʤ 700-800 Áʉ [5]. ʍʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʠ ʠʟʙʠ-

ʨʘʪʝʣʴʥʳʡ ʧʝʨʝʥʦʩ ʤʝʜʠ ʚ ʩʨʝʜʝ ʩʤʘʟʢʠ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʛʣʠʮʝʨʠʥʘ [7]. ʇʨʠ 

ʵʪʦʤ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʧʘʨ ʪʨʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,5-2 ʨʘʟʘ ʠ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪʩʷ ʦʪʤʝʯʝʥʥʦʝ ʚʳʰʝ ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʩʦʧʨʷʞʸʥʥʦʛʦ ʪʝʣʘ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʧʫʩʢʘʪʴ ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ, ʦʩʦ-

ʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯʥʦʛʦ ʪʨʝʥʠʷ, ʙʝʟ ʧʦʜʘʯʠ ʩʤʘʟʢʠ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʘʥʪʠʬʨʠʢ-

ʮʠʦʥʥʦʛʦ ʩʧʣʘʚʘ Fe-C-Cu ʩʚʦʙʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʢʘʨʙʠʜʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʮʝʤʝʥʪʠʪʘ) ʜʦ 20-30 % [8]. ʇʨʠ ʵʪʦʤ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ PV ʚʦʟʨʘʩʪʘʶʪ ʜʦ 

30 ʄʇʘĿʤ/ʩ ʜʘʞʝ ʜʣʷ ʧʦʨʠʩʪʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ [5]. ʅʝʜʦʩʪʘʪʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ 

ʩʦʧʨʷʞʸʥʥʦʛʦ ʪʝʣʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨ ʩ ʵʪʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʚʸʨʜʦʩʪʠ 

ʩʦʧʨʷʞʸʥʥʦʡ ʜʝʪʘʣʠ ʜʦ 45-50 HRC ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʠʨʘʙʦʪʢʠ ʧʦʜ-

ʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ ʜʦ 5-12 ʯ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʫʛʫʥʦʚ ʦʢʘʟʳʚʘʝʪ ʤʝʜʠʩʪʘʷ 

ʬʘʟʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ; ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʝʜʠ (3,5-4%) 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʯʫʛʫʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʩʪʫʧʘʶʪ ʙʨʦʥʟʝ ʧʦ ʢʦʵʬʬʠʮʠʝʥ-

ʪʫ ʪʨʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʘʢʠʝ ʩʧʣʘʚʳ ʢʘʢ ʙʨʦʥʟʦ-ʯʫʛʫʥʳ; 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʨʦʥʟʦʡ ʙʨʦʥʟʦ-ʯʫʛʫʥʳ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦʤ ï ʦʥʠ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʠ ʦʙʣʘ-

ʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. 
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ɺʳʷʚʣʝʥʳ ʠ ʠʟʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʥʝʦʙʳʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʧʨʦʚ̫-

ʣʷʶʱʠʭʩʷ ʚ ʣʝʛʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʦʚʦʜʠʪʴ 

ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʩʧʣʘʚʦʚ (ʚʳʩʦʢʦʠʟʥʦʩʦʩʪʦʡʢʠʭ ʠ ʘʥʪʠʬʨʠʢ-ʮʠʦʥʥʳʭ ʯʫʛʫʥʦʚ).  

Identified and presented some unusual structural effects, manifested in the alloy of 

iron-carbon alloys that allow for the development of new alloys (highly wear-resistant 

and anti-friction cast iron). 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʝʛʠʨʦʚʘʥʥʳʡ ʩʧʣʘʚ, ʯʫʛʫʥ, ʘʥʘʣʠʟ, ʜʠʘʛʨʘʤʤʘ ʩʦʩ-ʪʦʷʥʠʷ, 

ʢʦʤʧʦʟʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʵʚʪʝʢʪʠʢʘ, ʢʘʨʙʠʜ, ʩʪʨʫʢʪʫʨʥʳʡ ʵʬʬʝʢʪ 

Keywords: doped alloy, iron, analysis, state chart, composite structure, eutectic, car-
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ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʯʫʛʫʥʦʚ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʘ ʵʚʪʝʢʪʠʢʠ. ʇʨʠ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʵʚʪʝʢʪʠʢʠ ʚ ʯʫʛʫʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʚʳʩʦʢʠʭ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʫʨʦʚʥʝʤ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦ-

ʩʪʠ. ʇʨʠʤʝʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚʘʥʘʜʠʝʚʳʝ ʙʝʣʳʝ ʯʫʛʫʥʳ [1], ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦ-

ʨʳʭ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʣʦʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʫʭʬʘʟʥʳʝ ʤʠʢʨʦʢʦʤʧʦʟʠ-

ʮʠʠ ʩ ʧʣʘʩʪʠʯʥʦʡ ʠ ʚʷʟʢʦʡ ʤʘʪʨʠʮʝʡ, ʘ ʪʘʢʞʝ ʩ ʧʨʦʯʥʳʤ ʠ ʚʳʩʦʢʦʪʚʝʨʜʳʤ 

ʢʘʨʙʠʜʥʳʤ ʢʘʨʢʘʩʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʙʲʝʤʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ. 

ʆʮʝʥʢʘ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥʘ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʝʟʦʚ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (ʭʘ-

ʨʘʢʪʝʨʥʳʭ ʜʣʷ ʣʝʛʠʨʦʚʘʥʥʳʭ ʯʫʛʫʥʦʚ ʠ ʩʪʘʣʝʡ), ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʩʥʦʚʝ ʵʚ-
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ʪʝʢʪʠʯʝʩʢʦʡ ʧʦʣʠʵʜʨʘʮʠʠ ʜʠʘʛʨʘʤʤ ʠ ʝʝ ʩʦʯʝʪʘʥʠʷ ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤʠ ʨʘʟ-

ʨʝʟʘʤʠ ʜʠʘʛʨʘʤʤ [2, 3]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʚ ʩʦʩʪʘʚʝ ʵʚʪʝʢʪʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʝʝ ʤʦʨʬʦʣʦ-

ʛʠʠ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʙʨʘʥʥʳʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʚʳʭʦʜʦʤ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʯʫʛʫʥʘ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʠ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʦʢ ʠʟ ʯʫʛʫʥʦʚ ʧʨʠʥʷʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʀʟʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʙʝʣʳʭ ʠ ʧʦʣʦ-

ʚʠʥʯʘʪʳʭ ʯʫʛʫʥʦʚ ʩ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʢʦʤʧʣʝʢʩʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʭʨʦʤʦʚʘʥʘʜʠʝʚʳʭ ʙʝʣʳʭ ʯʫʛʫʥʘʭ ʦʙʝʩʧʝʯʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭ ʚʠʜʦʚ ʵʚʪʝʢ-

ʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ ï ʜʚʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ A +VC (ɸ ï ʘʫʩʪʝʥʠʪ, VC ï ʢʘʨʙʠʜ 

ʚʘʥʘʜʠʷ) ʠ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʠ ɸ + ʄ7ʉ3 + VC (ʄ7ʉ3 - ʢʘʨʙʠʜ ʪʠʧʘ Cr7C3). 

ʉʪʨʫʢʪʫʨʘ ʪʘʢʠʭ ʯʫʛʫʥʦʚ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʝʮʠʘʣʴ-

ʥʳʭ ʢʘʨʙʠʜʦʚ (ʜʦ 30é35%), ʯʪʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʧʨʦʢʘʣʠʚʘʝʤʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʦʯʝʥʴ ʚʳʩʦʢʫʶ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ [1]. 

ʆʩʦʙʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʘ ʚ ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʳʭ ʙʝʣʳʭ ʯʫʛʫʥʘʭ. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʠʭ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʪʝʨʤʦʢʠʥʝʪʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪʣʠʚʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʩ ʥʘʤʝʯʘʶ-

ʱʠʤʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʫʯʘʩʪʢʦʚ ʘʫʩʪʝʥʠʪʥʦ-ʢʘʨʙʠʜʥʦʡ ʵʚ-

ʪʝʢʪʠʢʠ ʚ ʧʣʘʩʪʠʯʥʦʡ ʠ ʚʷʟʢʦʡ ʘʫʩʪʝʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʫʩʪʝʥʠʪʥʦʡ ʤʘʪʨʠʮʳ (ʪʠʧʘ 

ʩʪʨʫʢʪʫʨʳ ʩʪʘʣʠ ɻ13ʃ) ʠ ʘʨʤʠʨʫʶʱʠʭ ʝʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʨʙʠʜʥʳʭ ʚʢʣʶʯʝ-

ʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʏʫʛʫʥ ʩ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ (ʂʉ ʜʦ 60 ɼʞ/ʩʤ
2
), ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯ-

ʥʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ [4]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʯʫʛʫʥʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ 

ʝʛʦ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʦʨʷʯʝʛʦ ʜʝʬʦʨ-

ʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʣʠʪʝʡʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʥʦ ʠ ʚ ʢʘʯʝʩʪʚʝ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʧʣʘʚʘ. 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʢʦʨʦʩʪʷʭ 

ʩʢʦʣʴʞʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʩ ʢʦʤʧʦʟʠʪʥʦʡ ʩʪʨʫʢʪʫ-

ʨʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʦʡ ʯʝʨʝʜʫʶʪʩʷ ʫʯʘʩʪʢʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʩ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ. ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʜʦʣʞʥʘ ʙʳʪʴ ʫʧʨʦʯʥʷʶʱʘʷ ʬʘʟʘ. ɾʝʣʘʪʝʣʴʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʩʪʨʫʢʪʫʨʝ ʘʥʪʠʟʘʜʠʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʪʚʝʨʜʳʭ ʩʤʘʟʦʢ (ʥʘʧʨʠʤʝʨ, ʛʨʘ-

ʬʠʪʘ), ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʠ ʟʘʧʦʣʥʷʶʱʠʭ çʢʘʨʤʘʥʳè ʥʘ 

ʨʝʣʴʝʬʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. ʄʘʪʨʠʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʪʨʝʥʠʷ ʢʚʘʟʠʦʙʨʘʪʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʛʨʘʬʠʪʦʤ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʜʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠ 

ʪʨʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʚʳʩʦʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ 

ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʂ ʝʩʪʝʩʪʚʝʥʥʳʤ ʢʦʤʧʦʟʠʪʘʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʣʝʛʠʨʦʚʘʥʥʳʝ Fe-C-ʩʧʣʘʚʳ ʩ ʤʥʦʛʦʬʘʟʥʦʡ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦ-
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ʜʝʨʞʘʱʝʡ ʤʘʪʨʠʯʥʫʶ ʬʘʟʫ (ʘʫʩʪʝʥʠʪ ʠʣʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʨʘʩʧʘʜʘ), ʚʢʣʶʯʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʙʠʜʦʚ ʠ ʛʨʘʬʠʪʘ, ʘ ʠʥʦʛʜʘ ʚ ʩʪʨʫʢʪʫʨʝ ʞʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝ-

ʯʠʪʴ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʟ, ʫʣʫʯʰʘʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʧʣʘʚʘ. ʅʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ ʧʦʩʪʨʦʝʥʳ ʩʪʨʫʢʪʫʨʳ ʧʦʣʦʚʠʥʯʘʪʳʭ ʘʥʪʠʬʨʠʢ-

ʮʠʦʥʥʳʭ ʯʫʛʫʥʦʚ ʧʦʚʳʰʝʥʥʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

ʕʚʪʝʢʪʠʯʝʩʢʘʷ ʧʦʣʠʵʜʨʘʮʠʷ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʚ ʢʦ-

ʪʦʨʳʭ ʩʦʯʝʪʘʶʪʩʷ ʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ (Cr, Mn, V, Mo ʠ ʜʨ.) ʠ 

ʵʣʝʤʝʥʪʳ ï ʛʨʘʬʠʪʠʟʘʪʦʨʳ (Si, Al , Cu ʠ ʜʨ.), ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʯʫʛʫʥʦʚ ʩʦ ʩʪʘʙʠʣʴʥʦ ʧʦʣʦʚʠʥʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʩʦʙʝʥ-

ʥʦʩʪʴ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠ ʢʘʨʙʠʜʳ, ʠ ʛʨʘʬʠʪ ʚ ʥʝʡ ʷʚʣʷʶʪʩʷ 

ʩʪʘʙʠʣʴʥʳʤʠ ʬʘʟʘʤʠ ʠ ʥʘʭʦʜʷʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦ-

ʚʝʩʠʠ. ʂʘʨʙʠʜʥʳʝ ʬʘʟʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʦʛʦ ʪʠʧʘ (ʦʪ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʮʝʤʝʥ-

ʪʠʪʘ ʜʦ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʙʠʜʦʚ, ʥʘʧʨʠʤʝʨ, ʪʠʧʘ ʄʉ), ʘ ʛʨʘʬʠʪʥʳʝ ʚʢʣʶʯʝ-

ʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ (ʦʪ ʧʣʘʩʪʠʥʯʘʪʦʡ ʜʦ 

ʰʘʨʦʚʠʜʥʦʡ) ʠ ʨʝʛʫʣʠʨʫʝʤʳʝ ʨʘʟʤʝʨʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʣʫʯʝʥʠʷ ʮʝʣʦʛʦ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʦʚ ʠ ʩʪʨʫʢʪʫʨ ʯʫʛʫʥʦʚ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠ-

ʯʘʶʱʠʤʠʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʣʦʚʠʥʯʘʪʳʝ ʯʫʛʫʥʳ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ (ůɺ ʜʦ 1100 

ʄʧʘ), ʧʦʚʳʰʝʥʥʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ (ʂʉ ʜʦ 20 ɼʞ/ʩʤ
2
), ʚʳʩʦʢʦʡ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʠ (ʥʘ ʫʨʦʚʥʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʙʝʣʳʭ ʯʫʛʫʥʦʚ) ʧʨʠ ʥʠʟʢʦʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʝ ʪʨʝʥʠʷ (ʥʘ ʫʨʦʚʥʝ ʙʨʦʥʟʳ) [4, 5].  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʦʚʠʥʯʘʪʳʭ ʯʫʛʫʥʦʚ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʞʝ ʚʳʷʚʣʝʥʥʳʡ 

ʥʘʤʠ ʵʬʬʝʢʪ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʩʧʣʘʚʦʚ [6]. ɽʛʦ ʩʫʪʴ ʚ ʪʦʤ, ʯʪʦ 

ʟʘ ʩʯʝʪ ʦʩʦʙʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʤʦʢʠʥʝʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʪʣʠʚʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʙʝʣʦʛʦ ʯʫʛʫʥʘ ʩ 

ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ. ʇʨʠ ʦʪʞʠʛʝ ʪʘʢʠʭ ʦʪʣʠʚʦʢ ʧʨʦ-

ʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ ʯʘʩʪʠʯʥʦʡ ʛʨʘʬʠʪʠʟʘʮʠʠ ʠ ʢʘʨʙʠʜʠʟʘʮʠʠ, ʨʘʟʜʝʣʝʥʥʳʝ ʥʘ 

ʩʪʘʜʠʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʧʨʦʤʝʞʫʪʢʘʤʠ. ʇʦʩʣʝ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʘʷ ʢʦʤʧʦʟʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʦʚʠʥʯʘʪʦʛʦ ʯʫ-

ʛʫʥʘ. ʅʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʢʘʨʙʠʜʠʟʘʮʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʦ-

ʛʦ ʛʨʘʬʠʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ, ʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡ-

ʢʦʩʪʠ ʯʫʛʫʥʘ. ʇʨʦʪʝʢʘʥʠʝ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʝʣʠʡ ʠʟ ʪʘʢʠʭ ʯʫʛʫʥʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʪʘʣʣ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠʟʜʝʣʠʡ ʥʝ ʨʘʟʫʧʨʦʯʥʷʝʪʩʷ (ʢʘʢ ʦʙʳʯʥʦ ʧʨʠ ʪʨʝʥʠʠ ʠ ʠʟʥʘʰʠʚʘʥʠʠ), ʘ, 

ʥʘʦʙʦʨʦʪ, ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʫʧʨʦʯʥʝʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʠʟʜʝʣʠʡ.  

ʅʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʦʙʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ ʦʩʥʦʚʘʥʘ ʠ ʨʘʟʨʘʙʦʪ-

ʢʘ ʥʦʚʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʯʫʛʫʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ Fe-C-

ʩʧʣʘʚʦʚ ʥʝʢʦʪʦʨʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (Cu, Sn, ʢʦʤʧʣʝʢʩʦʤ Si + Sn ʠ ʜʨ.) ʧʨʠʚʦ-

ʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʩʪʨʫʢʪʫʨʝ ʵʪʠʭ ʩʧʣʘʚʦʚ ʪʨʝʭʬʘʟʥʦʛʦ ʵʚʪʝʢʪʦʠʜʘ ʧʝʨ-

ʣʠʪʦʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʠ ʠʟʙʳʪʦʯʥʳʭ ʬʘʟ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤʧʦʟʠʪʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʩʪʨʫʢʪʫʨʳ ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ʀʩʧʳʪʘʥʠʷ 

ʵʪʠʭ ʯʫʛʫʥʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʧʦʢʘʟʘʣʠ ʠʭ ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦ-

ʩʦʙʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʝʥʳ ʠʤʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʮʚʝʪʥʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ (ʥʘʧʨʠʤʝʨ ʙʨʦʥʟʳ) [7]. ʆʩʦʙʝʥʥʦ ʵʬ-
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ʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʯʫʛʫʥʦʚ ʚ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʪʨʝ-

ʥʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ ʠ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʩʣʦʞʥʦʡ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʜʫʢʮʠʝʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪʳ 

ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʢʦʥʪʘʢʪʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ (ɺʂʋ). 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, 

ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʚʳʧʦʣʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʵʣʝʤʝʥʪʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʵʪʦʪ ʚʦʧʨʦʩ ʜʣʷ 
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ʠʟʜʝʣʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʟʣʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ çʩʠʩʪʝʤʫè, 

ʢʦʛʜʘ ʠʩʧʦʣʥʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʫʟʣʘ (ʛʝʦʤʝʪʨʠʷ, ʜʦʧʫʩʢʠ) ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ 

ʩʦʧʨʷʛʘʝʤʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʍʍ ʚ. ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʣʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ   

ʩʣʦʞʠʣʘʩʴ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʢʦʪʦʨʦʡ, ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʦʣʦʥʥʳ, ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʧʦʣʥʷʶʪ ʤʦʥʪʘʞ ʠʭ ʥʘ ʬʫʥʜʘʤʝʥʪ ʠ ʚʳʚʝʨʢʫ, ʪ.ʝ. ʢʦʥʪʨʦʣʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʚʝʨʪʠʢʘʣʠ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ɺʂʋ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʪʘʨʝʣʢʠ ʥʘ ʦʧʦʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʧʨʠʚʘʨʝʥʥʳʝ ʚʥʫʪʨʠ ʢʦʣʦʥʥʳ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʣʘʜʢʫ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʣʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʦʣʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʜʝʡʩʪʚʫʶʱʠʭ ɻʆʉʊʦʚ ʠ ʇɹ [1-2], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʙʘʟʳ ʜʣʷ ʨʘʟʤʝʪʢʠ ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʴ ʢʦʣʦʥʥʳ, 

ʧʨʦʝʢʮʠʠ ʢʦʪʦʨʦʡ ʥʘ ʢʦʨʧʫʩʝ ʬʠʢʩʠʨʫʶʪʩʷ, ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʚ ʚʠʜʝ ʯʝʪʳʨʝʭ ʛʣʘʚʥʳʭ ʦʩʝʡ (ʨʠʩ. 1). 

ʇʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʢʦʣʦʥʥʳ ʨʘʟʤʝʯʘʝʪʩʷ ʙʘʟʦʚʘʷ ʧʣʦʩʢʦʩʪʴ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʠ ʧʨʠʚʘʨʢʘ ʦʧʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ɺʂʋ. ɼʣʷ ʚʳʚʝʨʢʠ ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʦʩʠ ʢʦʣʦʥʥʳ, ʧʨʠ ʫʩʪʘʥʦʚʢʝ 

ʝʝ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʥʘ ʜʚʫʭ ʩʤʝʞʥʳʭ ʛʣʘʚʥʳʭ ʦʩʷʭ (ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 

90Á) ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʆʉʊ 36-18-77 [3] ʧʨʠʚʘʨʠʚʘʶʪ ʯʝʪʳʨʝ ʙʦʙʳʰʢʠ. 

ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʪʝʤ, 

ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘ ʚʳʩʪʘʚʣʝʥʳ ʬʨʘʢʮʠʦʥʠʨʫʶʱʠʝ 

ʯʘʩʪʠ ʪʘʨʝʣʦʢ. ʊʘʨʝʣʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʦʧʦʨʥʳʝ ʵʣʝʤʝʥʪʳ (ʩʪʦʣʠʢʠ, 

ʧʦʣʢʠ, ʢʦʣʴʮʘ), ʢʦʪʦʨʳʝ ʫʞʝ ʧʨʠʚʘʨʝʥʳ ʢ ʢʦʨʧʫʩʫ ʢʦʣʦʥʥʳ ʧʨʠ ʝʝ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʦʪʢʣʦʥʝʥʠʡ ʨʘʟʤʝʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘ 

ʧ.7.5.3. ɻʆʉʊ 31838-2012 [1].     

ʆʜʥʘʢʦ, ʧʨʠ ʤʦʥʪʘʞʝ ʢʦʣʦʥʥʳ ʥʘ ʬʫʥʜʘʤʝʥʪ ʚʦʟʤʦʞʥʘ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʢʦʣʦʥʥʳ ʦʪ ʚʝʨʪʠʢʘʣʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʚʪʦʨʥʳʭ ʟʘʤʝʨʦʚ ʧʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ ɺʂʋ, ʦʪʢʣʦʥʝʥʠʝ 

ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʨʝʣʦʢ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʟʘʤʝʨʦʚ, ʘʚʪʦʨʘʤʠ ʙʳʣ ʩʜʝʣʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, 

ʯʪʦ ʚʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ: 

ʘ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʙʘʟ: ʦʩʴ ʢʦʣʦʥʥʳ ʧʨʠ 

ʫʩʪʘʥʦʚʢʝ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ ʠ 

ʦʙʨʘʟʫʶʱʘʷ ʢʦʨʧʫʩʘ ʧʨʠ ʚʳʚʝʨʢʝ ʢʦʣʦʥʥʳ ʥʘ ʬʫʥʜʘʤʝʥʪʝ; 

ʙ) ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʢʦʨʧʫʩʘ ʢʦʣʦʥʥʳ ʚʦʟʥʠʢʰʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ/ʠʣʠ ʤʦʥʪʘʞʘ [5]; 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʚʝʣʠʯʠʥʫ 

ʬʘʢʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʧʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʘʨʝʣʦʢ (ɺʂʋ) ʚ ʢʦʣʦʥʥʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪ ʚ 

ʧʨʦʝʢʪʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʣʘʟʝʨʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

çʋʃʀʂɸè, ʚʢʣʶʯʘʶʱʠʡ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʧʣʦʩʢʦʩʪʥʦʩʪʠ (ʧʘʪʝʥʪ ʈʌ ˉ 2550317 [4]), ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 
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ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʠ ʧʨʦʛʨʘʤʤʘ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʣʘʟʝʨʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çʋʃʀʂɸè (ʀʂ) 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʤʦʥʪʘʞʝ 

ʢʦʣʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ: 

ʘ) ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʢʦʣʦʥʥʳ ʦʪ ʚʝʨʪʠʢʘʣʠ; 

ʙ) ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʂʋ; 

ʚ) ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʴ ʧʝʨʝʣʠʚʥʳʭ ʧʣʘʥʦʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ 

ʛʠʜʨʦʟʘʪʚʦʨʦʚ ʠ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʥʘ ʪʘʨʝʣʢʘʭ (ɺʂʋ); 

ʛ) ʧʨʦʛʠʙ (ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ) ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʘʨʝʣʢʠ.   

ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʀʂ çʋʃʀʂɸè ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʣʦʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʚ ʮʝʭʝ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʨʘʟʤʝʪʢʠ ʢʦʨʧʫʩʘ 

ʢʦʣʦʥʥʳ. 

ɺ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çʋʃʀʂɸè (ʈʠʩ. 2) ʚʭʦʜʷʪ: 

ï ʨʦʪʘʮʠʦʥʥʳʡ ʣʘʟʝʨʥʳʡ ʥʠʚʝʣʠʨ HV401 (ʪʦʯʥʦʩʪʴ  Ñ 0,5 ʤʤ / 10 ʤ); 

ï ʧʨʠʝʤʥʠʢ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ HL700 (ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 0,5 / 1,0 / 

2,0 ʤʤ); 

ï ʮʠʬʨʦʚʦʡ ʣʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ DLE 150 (ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ Ñ2 ʤʤ); 

ï ʢʦʦʨʜʠʥʘʪʥʦ ï ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ ʥʠʚʝʣʠʨʘ; 

ï ʩʪʦʡʢʘ ʧʨʠʝʤʥʠʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʤʠʢʨʦʣʠʬʪʦʤ ʢʦʨʨʝʢʪʦʨʘ 

ʧʦʣʦʞʝʥʠʷ ʠ ʤʘʛʥʠʪʥʳʤ ʜʝʨʞʘʪʝʣʝʤ.    

  
ʈʠʩʫʥʦʢ 1- ʈʘʟʤʝʪʢʘ ʢʦʨʧʫʩʘ ʢʦʣʦʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ 

ʈʠʩʫʥʦʢ 2- ɸʧʧʘʨʘʪʫʨʘ ʠʟʤʝ-

ʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

 

     ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʧʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʘʨʝʣʦʢ ʢʦʣʦʥʥʳ (ʦʩʥʦʚʘʥʘ ʥʘ ʩʧʦʩʦʙʝ ʠʟʤʝʨʝʥʠʷ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ [4]) 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʵʣʝʤʝʥʪʘʭ ʚʥʫʪʨʝʥʥʠʭ ʦʧʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʨʘʟʤʝʯʘʶʪ ʪʦʯʢʠ ʟʘʤʝʨʦʚ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʜʫʛʝ 300 ʤʤ. 

ʈʦʪʘʮʠʦʥʥʳʡ ʣʘʟʝʨʥʳʡ ʥʠʚʝʣʠʨ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ 

ʚʠʜʠʤʦʡ ʩʚʝʪʦʚʦʡ ʧʣʦʩʢʦʩʪʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʮʝʥʪʨʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 
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ʢʦʣʦʥʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʣʦʩʢʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ʧʨʦʭʦʜʠʣʘ ʥʘ 250-

300 ʤʤ ʚʳʰʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʝʨʷʝʤʦʡ ʪʘʨʝʣʢʠ (ʨʠʩ. 3). 

ʅʘ ʧʝʨʚʫʶ ʪʦʯʢʫ ʧʣʦʩʢʦʩʪʠ ʦʧʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʟʘʤʝʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʪʦʡʢʘ ʧʨʠʸʤʥʠʢʘ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʟʘʢʨʝʧʣʸʥʥʳʤ ʥʘ ʥʝʡ ʧʨʠʙʦʨʦʤ. ʉ 

ʧʦʤʦʱʴʶ ʙʝʟʟʘʟʦʨʥʦʛʦ ʤʠʢʨʦʣʠʬʪʘ ʧʦʢʘʟʘʥʠʝ ç0è ʰʢʘʣʳ ʝʛʦ 

ʬʦʪʦʧʨʠʸʤʥʠʢʘ ʩʦʚʤʝʱʘʝʪʩʷ ʧʦ ʚʳʩʦʪʝ ʩʦ ʩʚʝʪʦʚʦʡ ʧʣʦʩʢʦʩʪʴʶ 

ʨʦʪʘʮʠʦʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʥʠʚʝʣʠʨʘ (ʈʠʩ. 4). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʝʨʝʤʝʱʘʷ 

ʩʪʦʡʢʫ ʩ ʧʨʠʸʤʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʩʣʝʜʫʶʱʠʝ ʪʦʯʢʠ ʟʘʤʝʨʦʚ, ʧʦ ʰʢʘʣʝ 

ʧʨʠʙʦʨʘ ʩʯʠʪʳʚʘʶʪ ʧʦʢʘʟʘʥʠʷ ʠ ʟʘʥʦʩʷʪ ʠʭ ʚ ʪʘʙʣʠʮʫ ʜʘʥʥʦʡ ʪʘʨʝʣʢʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ. ʊʘʢʠʝ ʞʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʷʪ ʜʣʷ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʪʘʨʝʣʦʢ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʘʙʣʠʮ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʣʦʞʝʥʠʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʨʝʣʢʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʬʫʥʜʘʤʝʥʪʝ ʢʦʣʦʥʥʳ, ʦʙʦʟʥʘʯʠʪʴ ʦʧʦʨʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʚʳʭʦʜʷʱʠʝ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʢʦʚ ʥʘ ʧʣʦʩʢʦʩʪʥʦʩʪʴ ʠ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ 

ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʨʨʝʢʮʠʠ.   

  
ʈʠʩʫʥʦʢ 3- ʀʟʤʝʨʝʥʠʝ ʧʣʦʩʢʦʩʪʥʦʩʪʠ 

ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʈʠʩʫʥʦʢ 4- ʉʪʦʡʢʘ ʩ ʧʨʠʝʤʥʠʢʦʤ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʀʂ çʋʃʀʂɸè ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ, ʚʠʨʪʫʘʣʴʥʦ ʩʦʚʤʝʱʘʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʩʴ ʢʦʣʦʥʥʳ 

ʩ ʚʝʨʪʠʢʘʣʴʶ, ʠʩʢʣʶʯʠʚ ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʢʦʣʦʥʥʳ ʥʘ ʬʫʥʜʘʤʝʥʪ, 

ʨʘʩʩʯʠʪʘʪʴ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʦʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʘʨʝʣʦʢ ʧʨʠ ʠʭ 

ʨʘʟʤʝʪʢʝ ʠ ʧʨʠʚʘʨʢʝ, ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʣʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

(ʨʠʩ. 5). 

ɺʳʚʦʜʳ 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çʋʃʀʂɸè (ʀʂ) ʠ ʤʝʪʦʜʠʢʠ 

ʠʟʤʝʨʝʥʠʡ ʦʪʢʣʦʥʝʥʠʡ: ʦʩʠ ʢʦʣʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʚʝʨʪʠʢʘʣʠ ʠ ʦʧʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʪʘʨʝʣʦʢ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ, ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʧʨʠ ʩʪʝʥʜʦʚʳʭ 

ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʆɸʆ çɺʦʣʛʦʛʨʘʜʥʝʬʪʝʤʘʰè. 
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ʈʠʩʫʥʦʢ 5 - ʌʠʥʘʣʴʥʳʡ ʦʪʯʝʪ ʧʨʦʛʨʘʤʤʳ çʋʃʀʂɸè 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʀʂ, ʤʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʠ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʦʚ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ, ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

1. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʮʠʬʨʦʚʦʤ ʚʠʜʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʜʫʙʣʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʟʘʤʝʨʦʚ. 

2. ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʀʂ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʠʟʤʝʨʝʥʠʡ. 

3. ɸʚʪʦʥʦʤʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʦʪʦʚʥʦʩʪʠ ʢ ʧʨʦʚʝʜʝʥʠʶ 

ʠʟʤʝʨʝʥʠʡ. 

4. ʂʦʤʧʘʢʪʥʦʩʪʴ ʀʂ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʚʥʫʪʨʠ ʢʦʣʦʥʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʣʝʩʦʚ, ʧʦʜʤʦʩʪʠʡ ʠ ʣʝʩʪʥʠʮ. 

ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʣʘʟʝʨʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çʋʃʀʂɸè, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʧʦʩʦʙʝ ʠʟʤʝʨʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʧʣʦʩʢʦʩʪʥʦʩʪʠ [4], ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʣʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʮʝʭʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʚʳʚʝʨʢʝ ʚʝʨʪʠʢʘʣʴʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʧʨʠ 

ʤʦʥʪʘʞʝ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʫʩʪʘʥʦʚʢʝ ʠ ʨʝʛʫʣʠʨʦʚʢʝ ɺʂʋ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʢʦʣʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʠ ʚ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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SIMULTANEOUS ELECTROLYZE SATURATION BECAME BORON 

AND ALUMINUM  
 

ʂʨʫʢʦʚʠʯ ʄ.ɻ. (ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʨʘʥʩʧʦʨʪʘ (ʄʀʀʊ) ʛ. ʄʦʩʢʚʘ, ʈʌ) 

Krukovich M.G. (Russian University of Transport (MIIT) Moscow) 
 

ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʮʝʩʩ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʪʘʣʝʡ ʙʦʨʦʤ ʠ ʘʣʶʤʠ-

ʥʠʝʤ ʠʟ ʨʘʩʧʣʘʚʦʚ ʩʦʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʩʚʦʡʩʪʚʘ ʧʦ-

ʣʫʯʘʝʤʳʭ ʩʣʦʝʚ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʦʯʝʪʘ-

ʥʠʷ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ. 

A process has been developed for the simultaneous saturation of steels with bo-

ron and aluminum from molten salts using electrolysis. The properties of the obtained 

layers were investigated and the possibility of providing a favorable combination of 

heat resistance and wear resistance was shown. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʩʳʱʝʥʠʝ ʙʦʨʦʤ ʠ ʘʣʶʤʠʥʠʝʤ, ʩʦʣʝʚʘʷ ʚʘʥʥʘ, ʵʣʝʢʪʨʦʣʠʟ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʞʘʨʦʩʪʦʡʢʦʩʪʴ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

Keywords: saturation with boron and aluminum, salt bath, electrolysis, wear re-

sistance, heat resistance, microstructure 
 

ʈʷʜ ʜʝʪʘʣʝʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʠʟʥʘ-

ʰʠʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʝ [1]. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʢʨʦʤʝ ʥʘʩʳʱʝʥʠʷ ʠʟ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʝʱʝ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥ, ʘ ʧʦʣʫʯʘʝʤʳʝ ʩʣʦʠ ʧʦ ʩʪʨʫʢʪʫʨʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝ-

ʯʘʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ. ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦ-

ʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʪʘʣʝʡ ʙʦ-

ʨʦʤ ʠ ʘʣʶʤʠʥʠʝʤ ʧʨʠ ʵʣʝʢʪʨʦʣʠʟʝ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʦʣʝʡ. 

ɹʦʨʦʘʣʠʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʥʘʩʳʱʝʥʠʠ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʩʳʱʝʥʠʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʘʝʤʳʭ ʩʣʦʝʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʙʦʨʠʨʫʶʱʝʡ ʠ ʘʣʠʪʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʠʟ ʧʦʨʦʰʢʦʚ ʚ ʩʤʝʩʷʭ, ʩʦʜʝʨʞʘʱʠʭ 10 15 % ʘʣʠ-

ʪʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʠ ʥʘ ʦʩʥʦʚʝ ʙʦʨʠʜʦʚ, ʧʨʠ ʩʦʜʝʨ-

ʞʘʥʠʠ ʙʦʣʝʝ 80 % - ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ [2].  

ʕʣʝʢʪʨʦʣʠʟʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʚʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʭ 

ʩʦʣʝʚʳʭ ʩʨʝʜʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʩʦʣʝʚʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʙʦʨʦʤ ʠ ʘʣʶʤʠʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʩʤʝʩʴ ʦʢʠʩʣʦʚ Na2O, B2O3 ʠ Al 2O3. ɼʘʥʥʳʡ ʨʘʩʧʣʘʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʚʘʟʠʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ: ʙʫʨʘ (Na2B4O7) ʠ ʘʣʤʁʠʥʘʪ ʥʘʪʨʠʷ 

(NaAlO2). ʅʝʦʙʭʦʜʠʤʳʡ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʩʪʠʛʘʣʩʷ ʨʘʩʧʣʘʚʣʝʥʠʝʤ 

ʩʤʝʰʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ Na2B4O7, Na2CO3 ʠ Al2O3. ʉʦʜʘ (Na2CO3) ʧʨʠ 

ʨʘʩʧʣʘʚʣʝʥʠʠ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʢʠʩʴ ʥʘʪʨʠʷ ʠ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ, ʫʭʦʜʷʱʠʡ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʙʘʚʠʪʝʣʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʞʠʜʢʦʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ ʧʨʠʤʝʥʷʣʩʷ ʭʣʦʨʠʩʪʳʡ ʥʘʪʨʠʡ 
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(NaCl) ʠʣʠ ʧʦʪʘʰ (ʂ2CO3). ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʣʝʚʦʡ ʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʙʦʣʝʝ 

ʧʦʜʚʠʞʥʳʭ ʢʘʪʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʠʣʦ ʢ ʦʩʣʘʙʣʝʥʠʶ ʧʨʦʯ-

ʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʙʦʨʘ ʠ ʘʣʶʤʠʥʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ. 

ʇʨʦʮʝʩʩ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 900 

ï 1050 
ʦ
ʉ. ʅʠʞʥʶʶ ʛʨʘʥʠʮʫ ʠʥʪʝʨʚʘʣ ʦʧʨʝʜʝʣʷʣʘ ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩ-

ʧʣʘʚʦʚ, ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʣʦ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ. ɺʝʨʭʥʷʷ 

ʛʨʘʥʠʮʘ ʦʛʨʘʥʠʯʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʧʣʘʚʣʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʣʷʣʘ 4 ï 6 ʯ. ʅʘʩʳʱʝʥʠʶ ʧʦʜʚʝʨʛʘ-

ʣʠ ʘʨʤʢʦ-ʞʝʣʝʟʦ, ʩʪʘʣʠ 15, 45 ʠ ʋ8.  

ʅʘʠʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʘʪʦʤʦʚ 

ʙʦʨʘ ʥʘ ʢʘʪʦʜʝ, ʧʨʠʥʠʤʘʣʘʩʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘ ʦʙʨʘʟʮʝ ʦʙ-

ʨʘʟʦʚʳʚʘʣʩʷ ʨʘʟʣʠʯʠʤʳʡ ʩʣʦʡ ʙʦʨʠʜʦʚ, ʪʦʣʱʠʥʦʡ 3 ï 5 ʤʢʤ. ʆʥʘ ʩʦʩʪʘʚ-

ʣʷʣʘ 0,05 ɸ/ʩʤ
2
. ʅʘʯʘʣʦ ʚʳʜʝʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ NaAlO2 ʚ 

ʚʘʥʥʝ ʤʝʥʝʝ 50% ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʥʘ ʤʝʜʥʦʤ ʢʘʪʦʜʝ, ʥʘ ʢʦʪʦʨʦʤ ʥʝ ʦʙʨʘ-

ʟʫʶʪʩʷ ʙʦʨʠʜʳ, ʘ ʘʣʶʤʠʥʠʡ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ. ɼʠʬʬʫʟʠʷ ʘʣʶʤʠʥʠʷ 

ʧʨʠ 950 
ʦ
ʉ ʦʢʨʘʰʠʚʘʣʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʜʠ ʚ ʟʦʣʦʪʠʩʪʳʡ ʮʚʝʪ. ʇʣʦʪʥʦʩʪʴ 

ʪʦʢʘ ʚʳʜʝʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʥʘ ʢʘʪʦʜʝ ʧʨʠ ʚʩʝʭ ʩʦʩʪʘʚʘʭ ʵʣʝʢʪʨʦʣʠʪʘ ʩʦ-

ʩʪʘʚʣʷʣʘ ~ 0,15 ɸ/ʩʤ
2
. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠ-

ʣʠ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʪʦʢʘ 0,25 ï 0,35 ɸ/ʩʤ
2
. 

ʉʪʨʫʢʪʫʨʘ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝ-

ʩʢʠʤ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ. ʇʦʣʫʯʘʝʤʳʝ ʩʣʦʠ ʧʦ ʩʪʨʫʢʪʫʨʝ 

ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʪʠʧʘ:  

- ʠʛʦʣʴʯʘʪʳʡ ʩʣʦʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʠʯʥʦʡ ʜʣʷ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ; 

- ʩʣʦʡ ʩ ʜʚʫʭʬʘʟʥʦʡ ʩʪʨʫʢʪʫʨʦʡ Ŭ- ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʢʨʫʧʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʙʦʨʠʜʦʚ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ (ʈʠʩ. 1); 

- ʩʣʦʡ ʥʘ ʦʩʥʦʚʝ Ŭ- ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʘʣʶʤʠʥʠʷ ʚ ʞʝʣʝʟʝ ʩʦ ʩʪʨʦʯʢʦʡ 

ʙʦʨʠʜʦʚ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʉʪʨʫʢʪʫʨʘ ʩʣʦʝʚ ʚʪʦʨʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ Ŭ-ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ 

ʙʦʨʘ ʠ ʘʣʶʤʠʥʠʷ ʚ ʞʝʣʝʟʝ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʙʦʨʠʜʘ Fe2B. ʉʦʦʪʥʦʰʝʥʠʷ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʩʣʦʷ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʙʦʨʠʨʫʶʱʝʡ 

ʠ ʘʣʠʪʠʨʫʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʘʥʥʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 30 % NaAlO2 ʚ ʨʘʩʧʣʘʚʝ ʥʘ ʩʪʘʣʠ 15 

ʢʦʣʠʯʝʩʪʚʦ Ŭ-ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʦ 20 %, ʧʨʠ 40 % NaAlO2 - 45 %, 

ʘ ʧʨʠ 60 % NaAlO2 ï 80 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʫʷ ʩʦʩʪʘʚʦʤ ʵʣʝʢʪʨʦʣʠ-

ʪʘ, ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʙʦʨʦʘʣʠʪʠʨʦ-

ʚʘʥʥʦʛʦ ʩʣʦʷ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ ʩʣʦʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʝʪʩʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʷʶʪʩʷ ʠ ʩʚʦʡʩʪʚʘ. ʆʜ-

ʥʘʢʦ, ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʪʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʪʝʧʝʥʴ ʠʟʤʝ-

ʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦ ʪʦʣʱʠʥʝ ʩʣʦʷ ʠ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʩʝʯʝʥʠʷʤ ʩʦʩʪʘʚʣʷʝʪ ~ 10 %. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʣʦʰʥʳʝ ʙʦʨʠʜʥʳʝ ʩʣʦʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʝʢʩʪʫʨʦʚʘʥʥʦʩʪʠ [3-5]. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʝ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ ʙʦʨʠʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʠʠ ʪʝʢʩʪʫʨʦʚʘʥʥʦʩʪʠ ʙʦʨʠʜʦʚ ʥʝ ʦʙʥʘ-
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ʨʫʞʠʚʘʝʪʩʷ. ʅʠʟʢʘʷ ʪʝʢʩʪʫʨʦʚʘʥʥʦʩʪʴ ʙʦʨʠʜʦʚ ʠʣʠ ʝʝ ʤʠʥʠʤʘʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʙʦʨʘ ʚ ʛʣʫʙʠʥʝ ʙʦʨʦʘʣʠ-

ʪʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʘ ʨʦʩʪ ʚʢʣʶʯʝʥʠʡ ʙʦʨʠʜʦʚ ʦʙʝʩʧʝʯʠʚʘʣʩʷ ʟʘ ʩʯʝʪ  ʧʦʜ-

ʚʦʜʘ ʘʪʦʤʦʚ ʙʦʨʘ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. 

 
  

ʈʠʩʫʥʦʢ 1- ʉʪʨʫʢʪʫʨʘ ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʚʪʦʨʦʛʦ ʪʠʧʘ (ʭ 240).  

ʘ ï ʘʨʤʢʦ-ʞʝʣʝʟʦ, 950 
ʦ
ʉ, 2 ʯ; ʙ ï ʩʪʘʣʴ 45, 1000 

ʦ
ʉ, 4ʯ. 

 

ʇʨʘʢʪʠʢʘ ʨʘʙʦʪʳ ʩ ʨʘʩʧʣʘʚʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʙʦʣʝʝ 50 % NaAlO2, 

ʧʦʢʘʟʘʣʘ ʠʭ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʞʠʜʢʦʪʝʢʫʯʝʩʪʠ ʚ ʨʘʩ-

ʧʣʘʚ ʚʚʦʜʠʣʠ NaCl. ʅʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤ ʦʢʘʟʘʣʩʷ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘ-

ʱʠʡ (% ʧʦ ʤʘʩʩʝ): 20% Na2B4O7, 20% NaAlO2 ʠ 60% Na2O (ʂ2O). ʉʦʜʝʨ-

ʞʘʥʠʝ Na2O (ʂ2O) ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘ-

ʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ Na2O ʟʘ ʩʯʝʪ ʪʝʨʤʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʙʫʨʳ (Na2B4O7) 

ʢʦʣʠʯʝʩʪʚʘ Na2O (ʂ2O) ʟʘ ʩʯʝʪ ʜʦʙʘʚʦʢ Na2CO3 (ʂ2CO3). ʆʧʪʠʤʘʣʴʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 950 ï 1000 
ʦ
ʉ ʩ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴʶ 4 ʯ. ʇʦʣʫʯʘʝʤʳʝ ʪʦʣʱʠʥʳ ʩʣʦʝʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 140 ʠ 125 

ʤʢʤ ʥʘ ʘʨʤʢʦ-ʞʝʣʝʟʝ ʠ ʩʪʘʣʠ 45, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʩʣʦʝʚ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 17000 ï 10000 ʄʇʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʦ-

ʨʦʘʣʠʪʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʶʪ ʧʦ ʵʪʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʯʠʩ-

ʪʳʤ ʙʦʨʠʨʦʚʘʥʥʳʤ (ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ) ʠ ʘʣʠʪʠʨʦʚʘʥʥʳʤ (ʧʦ ʞʘʨʦʩʪʦʡ-

ʢʦʩʪʠ) ʩʣʦʷʤ. ʆʜʥʘʢʦ ʧʦ ʩʦʯʝʪʘʥʠʶ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʥʠ ʫʩʧʝʰʥʦ ʤʦ-

ʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʪʘʢ ʢʘʢ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʫʧʨʦʯʥʝʥʥʳʭ 

ʩʪʘʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʦʨʦʘʣʠʪʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ 45 ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʚ 6 ʨʘʟ, ʘ ʧʦ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʚ 30 ʨʘʟ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 45 ʚ ʟʘʢʘ-

ʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ ʪʚʝʨʜʦʩʪʴ 55ʅRC. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʩ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʥʘʛʨʝʚʘ. ʉ ʧʦʤʦʱʴʶ ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ ʙʳʣ ʫʪʦʯʥʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʣʦʝʚ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

The conditions for obtaining heterogeneous boron layers using electron beam 

heating are considered. Using Mossbauer spectroscopy, the phase composition of the 

layers was determined, which determines the operational properties 
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ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʟʘʚʠ-

ʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ, ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʬʘʟ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʦ-

ʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʣʘʩʪʠʯʥʦʩʪʴ, ʥʦ ʠ 

ʩʦʭʨʘʥʠʪʴ ʝʛʦ ʚʳʩʦʢʫʶ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥ-

ʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʥʘʛʨʝʚʘ. ɻʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʩʣʦʷ ʩ ʨʘʟʦʙʱʸʥʥʳʤʠ ʙʦʨʠʜʘʤʠ. ʇʨʠ ʵʪʦʤ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦ ʢʦʤʧʘʢʪʥʫʶ ʠʛʦʣʴʯʘʪʫʶ ʠʣʠ ʛʣʦʙʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʙʦʨʠʜʦʚ ʟʘʤʝ-
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ʥʠʪʴ ʥʘ ʜʠʩʧʝʨʩʥʫʶ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʠʭ ʦʨʠʝʥʪʘʮʠʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʥʘʛʨʝʚʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʦʙʨʘʙʦʪʢʫ ʢʘʢ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ [1]. ɺʩʝ ʵʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʚʦʡʩʪʚʘ-

ʤʠ ʙʦʨʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ. ʆʜʥʘʢʦ ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʛʦ ʨʘʩ-

ʯʝʪʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʙʫʝʪʩʷ ʥʘʜʝʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʦʙ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝ. 

ʆʜʥʦʡ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪ-

ʩʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʙʱʝʡ 

ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʦʚʝʨʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʧʦʣʠʪʝʨʤʠʯʝ-

ʩʢʠʤ ʨʘʟʨʝʟʘʤ ʩʭʝʤ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ. ʊʝʤʧʝʨʘʪʫ-

ʨʫ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ 

[2], ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʬʘʟ, ʚʭʦʜʷʱʠʭ ʚ 

ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʙʦ-

ʨʠʜʥʳʝ ʩʣʦʠ ʩʦʩʪʦʷʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʬʘʟ: FeB, Fe2B, Fe3B ʠ Ŭ ï ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ ʙʦʨʘ ʚ ʞʝʣʝʟʝ. ʆʜʥʘʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʣʫʯʘʝʤʘʷ ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʠʤʝʝʪ ʨʘʟʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ, ʨʘʟʥʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʤʦʨʬʦʣʦʛʠʶ. 

ʇʨʠʤʝʥʝʥʠʝ ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ 

ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʙʦʨʠʜʥʦʡ ʟʦʥʳ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʬʘʟ ʠ ʦʮʝʥʠʪʴ 

ʚʣʠʷʥʠʝ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʤʝʪʦʜʘ 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʢʦʥʚʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʰʣʠʬʦʚʢʠ ʦʙʨʘʟʮʘ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʩʥʠʤʘʶʪʩʷ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʪʦʯʥʦʛʦ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʛʦ ʜʝʪʝʢʪʦʨʘ [3, 4]. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʘʨʠʘʮʠʠ ʛʘ-

ʟʦʚʦʡ ʘʪʤʦʩʬʝʨʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʠʣʠ ʢʦʥʚʝʨʩʠʦʥʥʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʵʣʝʢ-

ʪʨʦʥʳ ʠʣʠ ʨʝʟʦʥʘʥʩʥʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʦʙʣʘʩʪʠ ʛʣʫʙʠʥʦʡ ʜʦ 0,1-0,2 ʤʢʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ), ʘ ʚʦ ʚʪʦʨʦʤ ï ʩ ʛʣʫʙʠʥʳ ʜʦ 20 ʤʢʤ. 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʩ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩʥʠʤʘʣʠ ʥʘ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʚʠʙʨʘʪʦʨʦʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʧʦ-

ʟʚʦʣʷʶʱʠʤ ʧʝʨʝʤʝʱʘʪʴ ʨʝʟʦʥʘʥʩʥʳʡ ʧʦʛʣʦʪʠʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʦʯʥʠ-

ʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʦʪ ï10 ʤʤ/ʩ ʜʦ +10 ʤʤ/ʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘ-

ʚʘʝʤʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʨʝʟʦʥʘʥʩʥʦʛʦ ɔ-

ʠʟʣʫʯʝʥʠʷ ʩ ʵʥʝʨʛʠʝʡ, ʨʘʚʥʦʡ ɽ=14,4 ʢʵɺ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʮʠʢʣʦʪʨʦʥʝ ʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ ʉʦ
57
, ʚʥʝʜʨʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʦʪʞʠʛʘ ʚ ʤʝ-

ʪʘʣʣʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ. ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʦʟʚʦʣʷ-
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ʝʪ ʧʦʣʫʯʘʪʴ ʦʜʠʥʦʯʥʫʶ ʤʝʩʩʙʘʫʵʨʦʚʩʢʫʶ ʣʠʥʠʶ ʠʩʧʫʩʢʘʥʠʷ ʩ ʰʠʨʠʥʦʡ, 

ʙʣʠʟʢʦʡ ʢ ʝʩʪʝʩʪʚʝʥʥʦʡ ʰʠʨʠʥʝ ʫʨʦʚʥʷ. 

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ɔ-ʢʚʘʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʮʠʥʪʠʣʣʷʮʠ-

ʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʩ ʢʨʠʩʪʘʣʣʦʤ NaJ(Tl) ʪʦʣʱʠʥʦʡ 0,15 ʤʤ. ʈʝʛʠʩʪʨʠʨʫʝ-

ʤʳʝ ʜʝʪʝʢʪʦʨʦʤ ʠʤʧʫʣʴʩʳ ʧʦʩʪʫʧʘʶʪ ʩ ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ ʚ ʨʘʟʣʠʯʥʳʝ ʢʘ-

ʥʘʣʳ ʘʥʘʣʠʟʘʪʦʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʥʦʤʝʨ ʢʘʥʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʳʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʝʩʩʙʘʫ-

ʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʬʠʢʩʠʨʦʚʘʣʩʷ ʥʘ ʜʠʩʧʣʝʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ, 

ʘ ʯʠʩʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚʳʚʦʜʠʣʘʩʴ ʥʘ ʮʠʬʨʦʚʫʶ ʧʝʯʘʪʴ ʠ ʟʘʥʦʩʠʣʘʩʴ ʚ 

ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çUNIVEMè 

ʧʨʦʚʦʜʠʣʘʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʝʢʪʨʘ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʧʝʢʪʨ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʩʥʷʪʳʡ ʩ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ 0,3 ʤʢʤ (ʈʠʩ. 1, ʘ), ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʬʦʨʤʫ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʫʶ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʛʥʠʪʥʦ-

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʙʦʨʠʜʥʳʭ ʬʘʟ ʞʝʣʝʟʘ. ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʘʢʠʭ 

ʬʘʟ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʠ ʦʯʝʥʴ ʭʦʨʦʰʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘʜʝʞʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ʈʘʟʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʥʘ ʩʦ-

ʩʪʘʚʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠ-

ʮʠʶ ʧʦʜʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʳʭ ʬʘʟ (FeB, Fe2B, Fe3B ʠ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ Fe1+xBx ʧʨʠ x < 0,4) ʠ ʫʰʠʨʝʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʜʫʙʣʝʪʘ, ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  ʢʚʘʟʠʘʤʦʨʬʥʦʤʫ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʪʚʝʨʜʦʤʫ ʨʘʩʪʚʦʨʫ 

Fe1+xBʭ  ʧʨʠ x > 0,4 (ʈʠʩ. 1, b). ʉʧʝʢʪʨ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʜʣʷ ʧʨʠʧʦʚʝʨʭʥʦ-

ʩʪʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ (ʈʠʩ.1, c, d) ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ 

ʬʦʨʤʝ: ʚ ʥʝʤ ʧʦʯʪʠ ʠʩʯʝʟʘʝʪ ʮʝʥʪʨʘʣʴʥʘʷ ʧʘʨʘʤʘʛʥʠʪʥʘʷ ʯʘʩʪʴ ʠ ʧʨʦʠʩʭʦ-

ʜʠʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪ 

ʤʘʛʥʠʪʥʳʭ ʙʦʨʠʜʥʳʭ ʬʘʟ. 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʝ 10 ʩʝʢʫʥʜ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ 

ʩʧʝʢʪʨ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʪʦʣʱʠʥʦʡ 0,3 ʤʢʤ (ʈʠʩ.2, ʘ) ʦʯʝʥʴ ʨʝʟ-

ʢʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʦʤ ʧʨʦʩʪʦ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

(ʈʠʩ.1, ʘ). ɺʠʜ ʩʧʝʢʪʨʘ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʙʣʠʟʢʠʤ ʢ ʩʧʝʢʪʨʫ ʛʣʫʙʦʢʦʛʦ (20 

ʤʢʤ) ʩʣʦʷ ʧʨʦʩʪʦ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʉʧʝʢʪʨ ʩʣʦʷ, ʪʦʣʱʠʥʦʡ ~ 20 

ʤʢʤ ʦʙʣʫʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ ʩʘʤʦʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʈʠʩ.2, c, d). 
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ʈʠʩʫʥʦʢ 1 - ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʢʦʥʚʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʙʦʨʠʨʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʪʦʣʱʠʥʦʡ 0,3 ʤʢʤ (ʘ, b) ʠ 

ʪʦʣʱʠʥʦʡ 20 ʤʢʤ (c, d): N%-ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ ʩʧʝʢʪʨʘ; ʈ(ʅ)-

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦ-ʨʘʩʱʝʧʣʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪ 

 
 

 

ʈʠʩʫʥʦʢ 2 - ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʢʦʥʚʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʙʦʨʠʨʦʚʘʥʥʳʭ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʪʦʣʱʠʥʦʡ 0,3 ʤʢʤ (ʘ, b) ʠ ʪʦʣʱʠʥʦʡ 20 ʤʢʤ (c, d) 

ʕʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, Heff, kOe ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, mm/s 

ʕʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, Heff, kOe ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, mm/s 

ʕʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, Heff, kOe 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, 

mm/s 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, mm/s 

ʕʬʬʝʢʪʠʚʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, Heff, kOe 

ʘ b 

ʩ d 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʩʣʦʝʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʙʦʨʠʨʦʚʘʥʠʷ (ʊʘʙʣʠʮʘ). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʤ ʧʦʪʦʢʦʤ ʥʘʠ-

ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʩʭʦʜʷʪ ʚ ʪʦʥʢʦʤ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ: ʦʯʝʥʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʟʳ Fe2B, ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʙʦʨʠʜʥʳʭ ʬʘʟ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʨʘʟ-

ʥʦʡ ʩʪʝʧʝʥʠ, ʥʦ ʥʘʠʙʦʣʝʝ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʘʠʙʦʣʝʝ ʙʦʛʘ-

ʪʦʡ ʙʦʨʦʤ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʬʘʟʳ Fe1+ʭ Bx (x>0,4). ʅʘ ʛʣʫʙʠʥʝ 20 ʤʢʤ ʠʟ-

ʤʝʥʝʥʠʷ ʩʦʭʨʘʥʷʶʪ ʪʫ ʞʝ ʪʝʥʜʝʥʮʠʶ, ʥʦ ʩʘʤʠ ʠʟʤʝʥʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʣʘ-

ʙʝʝ.                                                                                                                    

 

ʊʘʙʣʠʮʘ - ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʄʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ɸʥʘʣʠʟʠ-

ʨʫʝʤʘʷ 

ʪʦʣʱʠʥʘ 

ʩʣʦʷ, ʤʢʤ 

ʉʦʜʝʨʞʘʥʠʝ ʬʘʟ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ (ʦʙʲʸʤʥ. %) ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʊʚʝʨʜʦʬʘʟʥʦʝ ʙʦʨʠʨʦʚʘ-

ʥʠʝ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʙʦʨʠʨʦ-

ʚʘʥʠʝ 

FeB 
Fe2

B 
Fe3B 

Fe1+ʭ Bx 

(x<0,4) 

Fe1+ʭ Bx 

(x>0,4) 

Fe

B 
Fe2B Fe3B 

Fe1+ʭ Bx 

(x<0,4) 

Fe1+ʭ Bx 

(x>0,4) 

0,3 21 14 17 26 22 10 62 2 23 3 

20 18 59 4 19 4 15 65 5 13 2 

ɿʘʢʣʶʯʝʥʠʝ. 

ʄʝʩʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʠʣʘ ʦʧʨʝʜʝʣʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ 

ʬʘʟ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʦʥʘʭ ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ ʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʬʠʟʠʯʝ-

ʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʬʘʟ ʧʨʝʜʦʧʨʝʜʝʣʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʧʨʦʯʥʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ.  

ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʥʘʛʨʝʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʦʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ (2,9Ĭ10
4
 ɺʪ/ʩʤ

2
) ʧʨʠʚʦ-

ʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʙʦʨʠʜʥʳʭ ʩʣʦʷʭ ʧʨʦʠʩʭʦʜʷʪ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʦʙʫ-

ʩʣʦʚʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʤʝʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ ʬʘʟ: ʢʦʣʠʯʝʩʪʚʦ ʙʦʛʘʪʳʭ ʙʦʨʦʤ ʬʘʟ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʙʝʜʥʳʭ ʙʦʨʦʤ ʬʘʟ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ɸʅɸʃʀɿ ʉʊʈʋʂʊʋʈʓ ʀ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʊɽʇʃʆʉʊʆʁʂʀʍ ʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ ʉʊɸʃɽʁ 
 

ANALYSIS OF THE STRUCTURE AND PHYSICAL AND MECHANICAL 

PROPERTIES OF HEAT-RESISTANT STRUCTURAL STEELS 
 

ʄʘʣʝʥʢʦ ʇ.ʀ. 

(ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʫʣʘ, ʈʌ) 

Malenko P.I. 

(Tula State University) 
 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʢʦ- ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʧʣʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʠʭ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʝʞʠʤʦʚ ʪʝʨʤʦʭʠʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

The article presents the results of analysis of the structure and physical and me-

chanical properties of heat-resistant structural steels, taking into account the require-

ments of their rational alloying and optimal assignment of thermochemical treatment 

modes. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʩʪʦʡʢʘʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ, ʩʪʨʫʢʪʫʨʘ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

Key words: heat-resistant structural steel, structure, physical and mechanical proper-

ties, heat treatment 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʟʣʦʚ ʘʚʪʦʤʘʪʠʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʩʚʷʟʳ-

ʚʘʶʱʠʡ ʠʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʢʨʳʪʠʡ ʠ ʚʳʭʦʜʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʪʨʝʥʠʷ. ɼʣʷ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʠ ʤʝʪʦʜʦʚ ʥʘʥʝʩʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʧʨʦʯʥʷʶʱʠʭ ʧʦ-

ʢʨʳʪʠʡ ʠʤʝʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʡ ʥʘʙʦʨ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʥʚʘʨʠʘʥʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʖ.ʅ. ɼʨʦʟʜʦʚʳʤ [1]. ɺʤʝʩʪʝ 

ʩ ʪʝʤ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ, ʠʟʤʝʥʷʶʱʠʡ ʠʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʜʝʣʠʪʴ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪ-

ʥʳʝ ʠ ʦʙʲʸʤʥʳʝ. ɺ ʦʩʥʦʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ (ʩʭʚʘʪʳʚʘʥʠʷ ʠ 

ʟʘʝʜʘʥʠʷ) ʣʝʞʘʪ ʘʜʛʝʟʠʦʥʥʳʝ ʩʠʣʳ ʠ ʩʠʣʳ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ɺ ʦʩʥʦʚʝ ʦʙʲ-

ʸʤʥʦʡ ʧʦʚʨʝʞʜʘʝʤʦʩʪʠ (ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʦʨʦ- ʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ) ʣʝʞʘʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʮʝʩʩʳ [2]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ (ʘʫʩʪʝ-

ʥʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʳʝ ʧʝʨʝʭʦʜʳ) ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ [3, 4]. 

ʋʩʣʦʚʠʷ ʨʘʙʦʪʳ ʫʟʣʦʚ ʘʚʪʦʤʘʪʠʢʠ ʩʪʨʝʣʢʦʚʦ-ʧʫʰʝʯʥʦʛʦ ʚʦʦʨʫʞʝʥʠʷ 

ʦʪʣʠʯʘʶʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ: ʠʤʧʫʣʴʩʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʥʘʛʨʝʚʘʥʠʷ, ʨʝʚʝʨ-

ʩʠʚʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ, ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴʶ ʦʩʪʘʥʦʚʦʢ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʝ-

ʩʫʨʩ ʠʭ ʨʘʙʦʪʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʤʘʪʝʨʠʘʣʘ ʚʩʝʛʦ ʩʝʯʝʥʠʷ ʜʝʪʘʣʠ (ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ), ʪʘʢ ʠ 
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ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ (ʨʝʩʫʨʩʥʘʷ ʜʦʣʛʦʚʝʯ-

ʥʦʩʪʴ). ʇʦʤʠʤʦ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 

ʥʘ ʜʝʪʘʣʠ ʬʨʠʢʮʠʦʥʥʳʭ (ʟʘʱʠʪʥʳʭ) ʧʦʢʨʳʪʠʡ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʧʣʦʩʪʦʡʢʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʝʝ ʩʚʦʡʩʪʚ: ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʫʶ ʦʙʲʝʤʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʚʳʩʦʢʠʡ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʷʟʢʦ-ʭʨʫʧʢʦʛʦ ʧʝʨʝʭʦʜʘ, ʤʠʥʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʨʘʟʫʧʨʦʯʥʝʥʠʷ, 

ʜʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ; ʥʝʦʙʭʦʜʠʤʫʶ ʦʙʲʝʤ-

ʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦʩʣʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (ʚʳʩʦʢʫʶ 

ʚʷʟʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ); ʚʳʩʦʢʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ (ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʠ ʠʟ-

ʥʦʩʦʩʪʦʡʢʠʝ) ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʣʝ-

ʛʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʨʝʞʠʤʦʚ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ [4, 5], ʯʪʦ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ (0,25 

é 0,40 %) ʉ ʩ ʢʘʨʙʦʥʠʪʨʠʜʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʫʢʪʫʨʘ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʝʛʠʨʦʚʘʥ-

ʥʳʭ ʪʝʧʣʦʩʪʦʡʢʠʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʠʧʦʤ ʢʘʨ-

ʙʠʜʦ- ʠ ʥʝʢʘʨʙʠʜʦʦʙʨʘʟʫʶʱʠʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥ-

ʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʠ ʩʪʝʧʝʥʴʶ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʪʘʣʠ ʩ ʣʝʛʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ Mo-Ni-W-V-

Nb-Zr ʩ ʩʦʜʝʨʞʘʥʠʝʤ Crå3 %. ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʨʢʠ ʩʪʘ-

ʣʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʝʤʴ ʤʘʨʦʢ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ-

ʯʝʤ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʘʣʴ 25ʍ3ʄ3ʅɹʎɸ, ʠʤʝʶʱʘʷ ʩʣʝ-

ʜʫʶʱʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʪʘʣʠ 25ʍ3ʄ3ʅɹʎɸ 
  ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

Fe C Cr  Mo Ni Si Mn Nb Zr  S P 

% ʤʘʩʩ. 92,71 0,26 3,0 3,0 0,6 0,12 0,17 0,1 0,02 >0,01 >0,01 
 

ʄʠʢʨʦʪʨʘʚʣʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʘ ʧʣʦʪʥʘʷ, ʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʦ ʚʩʝʭ 

ʦʙʨʘʟʮʘʭ ï ʩʦʨʙʠʪ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʪʝʧʣʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 

 

ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʟʘʛʦʪʦʚʦʢ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʤʧʣʝʪʘʭ ʨʘʟʤʝʨʦʤ 150ʭ120 
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ʤʤ, ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʟʘʛʦʪʦʚʦʢ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʨʦʯʥʦʩʪʠ ʥʘʠ-

ʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʟʮʳ, ʠʤʝʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ (ʩʪʘʣʠ ˉˉ 1,6, ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʘ 2 ï ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʝʡ 
ʅʦʤʝʨ 

ʤʘʨʢʠ 

ʩʪʘʣʠ 

ʄʘʨʢʘ ʩʪʘʣʠ ůʧ.ʮ., 

ʄʇʘ 

ů0,2, 

ʄʇʘ 

ůʚ, 

ʄʇʘ 

ŭ, % ɣ, % KCU, 

ʄɼʞ/ʤ
2
 

Hö, 

ʄʇʘ 

1 25ʍ3ʄ3ʅɹʎɸ 920 1060 1200 15 55 4,9 4800 

2 25ʍ3ʄ3ʅ5ɹʎɸ 960 1040 1200 13,5 42 2,9 3500 

3 25ʍ3ʄ3ʅ5ɺɹʎɸ 940 1030 1220 11 50 3,1 4300 

4 25ʍ3ʄ3ʅʎɸ 850 930 970 - - 3,1 4300 

5 25ʍ3ʄ3ʅʌʎɸ 1100 1180 1330 10,5 48 2,4 3200 

6 25ʍ3ʄ3ʅɺʎɸ 880 960 1120 10 48 4,8 3300 

7 25ʍ3ʄʅʎɸ 880 970 1110 12 48 3,3 4400 

 

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʠ ʩʪʘʣʝʡ ʟʘʛʦʪʦʚʢʠ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʩʣʝʜʫʶʱʠʤ ʨʝʞʠʤʘʤ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3 ï ʈʝʞʠʤʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʪʘʣʝʡ 
ˉ ʧ/ʧ ɺʠʜ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ɺʨʝʤʷ 

ʥʘʛʨʝʚʘ, ʯ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ, 
0
ʉ 

ɺʨʝʤʷ ʚʳ-

ʜʝʨʞʢʠ, ʯ 

ʆʭʣʘʞʜʘʶʱʘʷ 

ʩʨʝʜʘ 

Hö, 

ʄʇʘ 

1 ʅʦʨʤʘʣʠʟʘʮʠʷ 2,0 900 1,0 ʚʦʟʜʫʭ 1970 

2 ɺʳʩʦʢʠʡ ʦʪʧʫʩʢ 2,0-2,5 680 2,0 ʚʦʟʜʫʭ 3860 

3 ɿʘʢʘʣʢʘ 2,5-3,0 1040 0,5 ʚʦʜʘ 3860 

4 ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʦʪʧʫʩʢ 

2,0-2,5 600Ñ20 2,0 ʚʦʟʜʫʭ 2350 

5 ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪ-

ʧʫʩʢ 

2,0-2,5 620-640 4,0 ʚʦʜʘ 1970 

6 ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʦʪ-

ʧʫʩʢ 

2,0-2,5 620-640 8,0 ʚʦʜʘ 1970 

 

ʉʦʚʤʝʩʪʥʳʡ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ (ʜʣʷ ʩʪʘʣʠ 25ʍ3ʄ3ʅɹʎɸ). ʇʦʩʣʝ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ï ʥʦʨʤʘʣʠʟʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʠ ʜʨʦʙʣʝʥʠʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʬʘʟ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2 ʘ). ʄʠʪʨʦʪʚʝʨʜʦʩʪʴ 

ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ~1970 ʄʇʘ. ʇʨʦʚʝʜʝʥʠʝ ʧʦʩʣʝʥʦʨʤʘʣʠʟʘ-

ʮʠʦʥʥʦʛʦ ʦʪʧʫʩʢʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 680 
0
ʉ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʚʠʜʠʤʳʤ ʠʟʤʝʥʝ-

ʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʛʦʪʦʚʢʠ (ʨʠʩ. 2 ʙ), ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʤʠʪʨʦʪʚʝʨʜʦʩʪʴ ʚʦʟ-

ʨʘʩʪʘʝʪ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 3860 ʄʇʘ. ʇʦʩʣʝʜʫʶʱʘʷ ʟʘ-

ʢʘʣʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 1040 
0
ʉ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ ʤʘʨ-

ʪʝʥʩʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 2 ʚ) ʩ ʤʠʪʨʦʪʚʝʨʜʦʩʪʴʶ 3860 ʄʇʘ, ʥʘʭʦʜʷʱʝʡʩʷ 

ʥʘ ʫʨʦʚʥʝ ʤʠʪʨʦʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠ ʚʳʩʦʢʦʛʦ (670 
0
ʉ) ʦʪʧʫʩʢʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 
0
ʉ ʦʪʧʫʩʢ ʟʘʢʘʣʝʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʦʙʫ-

ʩʣʦʚʣʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʦʡ ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʨʣʠʪʥʦʛʦ 

ʢʣʘʩʩʘ (ʨʠʩ. 2 ʛ) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʤʠʪʨʦʪʚʝʨʜʦʩʪʠ ʜʦ ʟʥʘʯʝʥʠʷ 

2350 ʄʇʘ. ʇʦʩʣʝʜʫʶʱʠʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʦʪʧʫʩʢ ʧʨʠ 620 
0
ʉ ʧʦ ʜʘʥʥʳʤ ʤʝ-
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ʪʘʣʣʦʛʨʘʬʠʠ (ʨʠʩ. 2 ʜ) ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʦʛʨʫʙʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ, ʧʨʠ-

ʯʝʤ ʤʠʪʨʦʪʚʝʨʜʦʩʪʴ ʩʥʠʞʘʝʪʩʷ ʜʦ ʠʩʭʦʜʥʦʛʦ ʧʦʩʣʝ ʥʦʨʤʘʣʠʟʘʮʠʠ ʫʨʦʚʥʷ 

1970 ʄʇʘ. ʇʦʚʪʦʨʥʳʡ ʦʪʧʫʩʢ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ~620 
0
ʉ ʝʱʝ ʙʦʣʝʝ 

ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʝʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʚ ʩʪʦʨʦʥʫ ʝʝ ʫʢʨʫʧʥʝʥʠʷ ʠ ʙʦʣʝʝ ʚʳʨʘ-

ʞʝʥʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʩʪʠ (ʨʠʩ. 2 ʝ). ʆʜʥʘʢʦ, ʤʠʪʨʦʪʚʝʨʜʦʩʪʴ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘ-

ʥʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ~1970 ʄʇʘ. ʆʙʨʘʟʫʶʱʘʷʩʷ ʧʨʠ ʵʪʦʤ ʩʪʨʫʢʪʫʨʘ ï ʪʨʦʦʩʪʠʪ. 

 
ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʪʝʧʣʦʩʪʦʡʢʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ 

25ʍ3ʄ3ʅɹʎɸ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʢʫʨʠ-

ʨʫʶʱʠʤʠ ʩʪʘʣʷʤʠ ʷʚʣʷʝʪʩʷ ʩʪʘʣʠ ˉˉ 1 ʠ 6. ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʙʦʨ ʩʪʘʣʠ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳ-

ʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʚʳʙʦʨʘ ʩʣʫʞʘʪ ʪʦʣʱʠʥʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʢʨʳʪʠʷ ʠ 

ʩʢʣʦʥʥʦʩʪʴ ʢ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʶ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ 

ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʠ ʥʦʚʳʭ ʘʨʤʠʨʦʚʘʥʥʳʭ ʚʢʣʘʜʳʰʝʡ, ʦʙʣʘ-

ʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʝʧʣʦʦʪʚʦʜʷʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ. ʆʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ  ʚ 

ʫʟʣʘʭ ʪʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ.  

The designs of wood-metal anti-friction liners of sliding bearings and new rein-

forced liners with increased strength, wear resistance and heat-trapping ability are con-

sidered. The prospects of using the developed bearings in the friction units of technolog-

ical machines are determined. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʚʢʣʘʜʳʰʠ, ʠʟʥʦʩ, ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ, 

ʩʤʘʟʢʘ, ʘʙʨʘʟʠʚʳ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

Key words: antifriction liners, wear, sliding bearings, grease, abrasives, wear re-

sistance 
 

ɼʣʷ ʤʥʦʛʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʚʝ-

ʣʠʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʫʟʣʦʚ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʦ ʪʨʠʙʦʪʝʭʥʠʯʝ-

ʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ, ʪʨʝʙʫʝʤʦʡ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʜʰʠʧʥʠʢʦʚʳʭ 

ʫʟʣʘʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʚ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ 

ʜʨʝʚʝʩʠʥʫ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠ-

ʜʝ ʚʩʪʘʚʦʢ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʬʠʣʷ [1,2].  

ɼʦʩʪʦʠʥʩʪʚʦʤ ʪʘʢʠʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʝ 

ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʩʫʪʩʪʚʠʝ ʰʫʤʘ ʧʨʠ ʨʘʙʦʪʝ, ʭʦʨʦʰʘʷ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʯ-

ʥʦʡ ʩʤʘʟʢʠ ʠʣʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʝʸ. ʂʨʦʤʝ ʪʦʛʦ, ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝ-

ʨʠʘʣʳ ʜʝʰʝʚʣʝ, ʯʝʤ ʩʧʣʘʚʳ ʠʟ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝ-

ʤʳʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ.  

ʆʜʥʘʢʦ ʥʠʟʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʥɹʦʡ ʷʚ-

ʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʚʢʣʘʜʳʰʝʡ ʧʦʜ-

ʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʜʠʩʧʝʨʩʥʦʩʪʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 
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ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨ ʠʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ.  

ʋʣʫʯʰʝʥʠʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧʥʠʢʘ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʨʘʟʣʠʯʥʦʡ 

ʬʦʨʤʳ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʠʣʠ ʢʘʨʢʘʩʘ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ [1].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ 

ʩ ʚʢʣʘʜʳʰʝʤ ʠʟ ʜʨʝʚʝʩʥʦʡ ʦʩʥʦʚʳ ʠ ʪʝʧʣʦʦʪʚʦʜʷʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʧrʦʣʥʝʥ-

ʥʳʭ ʚ ʚʠʜʝ ʢʘʧʩʫʣ ʩ ʦʙʦʣʦʯʢʦʡ, ʟʘʧʦʣʥʝʥʥʦʡ ʣʝʛʢʦʧʣʘʚʢʠʤ ʩʧʣʘʚʦʤ. ʇʨʠ 

ʵʪʦʤ ʦʙʦʣʦʯʢʘ ʢʘʧʩʫʣʳ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʪʝʢʘʥʠʶ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. ʄʘʪʝʨʠʘʣ 

ʦʙʦʣʦʯʢʠ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, ʯʝʤ ʣʝʛ-

ʢʦʧʣʘʚʢʠʡ ʤʘʪʝʨʠʘʣ ʚʥʫʪʨʠ ʥʝʸ. ʆʙʦʣʦʯʢʫ ʠʟ ʤʝʜʠ, ʘʣʶʤʠʥʠʷ, ʩʝʨʝʙʨʘ, ʠʣʠ 

ʙʨʦʥʟʳ ʥʘʥʦʩʷʪ ʥʘ ʷʜʨʦ ʢʘʧʩʫʣʳ ʭʠʤʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦʠʩʢʨʦʚʳʤ ʤʝʪʦ-

ʜʦʤ. ʆʙʲʝʤ ʩʦʜʝʨʞʠʤʦʛʦ ʠ ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ ʢʘʧʩʫʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʨʦʚ-

ʥʝʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʰʠʧʥʠʢʘ, ʘ ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʚ ʟʦʥʝ ʬʨʠʢʮʠʦʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʟʘ 

ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʪʝʧ-

ʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʨʘʙʦ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʦʩʣʦʡʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʬʝʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʪʠʤʠʟʠʨʫʶʱʝʡ ʬʘʟʳ ʚ ʦʙʲʝʤʝ ʜʨʝʚʝʩʥʦʡ ʦʩʥʦʚʳ [2]. ʇʨʠ ʵʪʦʤ ʨʘʟʤʝʨʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʜʦʣʞʥʳ ʫʤʝʥʴʰʘʪʴ ʧʦ ʤʝʨʝ ʠʭ ʟʘʛʣʫʙʣʝʥʠʷ ʦʪ ʨʘʙʦ-

ʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ.  

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʟʘʪʨʘʪ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʧʦʜʰʠʧʥʠʢʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʢʣʘʜʳʰʘ 

ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʜʨʝʚʝʩ-

ʥʳʭ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʣʦʝʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʣʦʡ ʚʳʧʦʣʥʷʝʪ 

ʬʫʥʢʮʠʠ ʘʨʤʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ. ʄʝ-

ʪʘʣʣʠʯʝʩʢʘʷ ʧʦʣʦʩʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ, ʢʘʢ ʩʧʣʦʰʥʦʡ, ʪʘʢ ʠ ʩʦ ʩʢʚʦʟ-

ʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʠʯʝ-

ʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʝʣʢʦʷʯʝʠʩʪʦʡ ʩʝʪʢʠ [3].  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʘʢʦʛʦ ʚʢʣʘʜʳʰʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʥʘʚʠʚʢʠ ʧʦ ʩʧʠʨʘʣʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʨʘʚʢʫ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʣʦʩʳ 

ʠʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʤʝʩʪʦ ʥʝʝ, ʩʝʪʢʠ ʠʟ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʨʦʢʣʝʝʥʥʳʭ ʩʣʦʝʚ ʰʧʦʥʘ ʠʟ ʜʨʝʚʝʩʠʥʳ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ. ɺʘʨʴʠʨʫʷ ʪʦʣʱʠ-

ʥʘʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʨʝʚʝʩʥʦʛʦ ʰʧʦʥʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʤʧʦʟʠʪʘ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʝʛʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʬʨʠʢʮʠʦʥʥʳʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ (ʨʠʩʫʥʦʢ 1).  
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʚʢʣʘʜʳʰʘ ʧʦʜʰʠʧʥʠʢʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘ-

ʤʠ ʚ ʚʠʜʝ ʣʝʥʪʳ ʠ ʧʨʫʞʠʥ: 1 - ʦʧʦʨʥʘʷ ʚʪʫʣʢʘ; 2 - ʜʨʝʚʝʩʥʳʝ ʩʣʦʠ; 3 - ʤʝ-

ʪʘʣʣʠʯʝʩʢʘʷ ʧʦʣʦʩʘ; ʧʨʫʞʠʥʘ 

 

ʉ ʫʯʝʪʦʤ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʦʙʦʩʥʦʚʘʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, 

ʦʙʣʘʜʘʶʱʘʷ ʙʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [4]. ɺ ʧʨʝʜʣʦʞʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʚʚʦʜʠʪʩʷ ʜʝʤʧ-

ʬʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʚ ʚʠʜʝ ʨʘʩʪʷʥʫʪʦʡ ʧʨʫʞʠʥʳ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʥʘʤʘʪʳʚʘʝʪ-

ʩʷ ʧʦ ʩʧʠʨʘʣʠ ʤʝʞʜʫ ʩʣʦʷʤʠ ʧʨʦʢʣʝʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ (ʨʠʩʫʥʦʢ 1). 

ʇʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʘʨʤʠʨʦʚʘʥʥʳʭ ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʚʢʣʘʜʳʰʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚ-

ʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʦʙʲʝʤʝ ʢʦʤʧʦʟʠʪʘ 

ʠ ʟʘʜʘʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʧʨʫʞʠʥʳ ʚ ʩʣʦʝ ʜʨʝʚʝʩʥʦʡ 

ʦʩʥʦʚʳ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩʚʷʟʘʥ ʩ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ ʠ ʫʨʦʚʥʝʤ 

ʦʩʪʘʪʦʯʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʢʣʘʜʳʰʘ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʠ 

ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʴ ʦʪʚʦʜʘ ʪʝʧʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʫʞʠʥʘ ʧʨʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʠ ʚʜʘʚʣʠʚʘʝʪʩʷ ʚ ʩʣʦʠ ʜʨʝʚʝʩʠʥʳ, ʝʝ ʩʞʠʤʘʶʱʠʡ ʵʬʬʝʢʪ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʤʧʬʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʟʜʘʚʘʝʤʦ-

ʛʦ ʚʢʣʘʜʳʰʘ. 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʘʨʤʠʨʦʚʘʥʥʳʭ ʜʨʝ-

ʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʧʦ ʛʨʘ-

ʥʠʯʥʦʡ ʩʤʘʟʢʝ ʠ ʘʙʨʘʟʠʚʥʦ-ʤʘʩʣʷʥʦʡ ʧʨʦʩʣʦʡʢʝ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʧʦʩʪʦʷʥ-

ʥʦʡ, ʮʠʢʣʠʯʝʩʢʦʡ ʠ ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʠ. ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦʜ-

ʚʝʨʛʘʣʠʩʴ ʘʨʤʠʨʦʚʘʥʥʳʝ ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝ-

ʨʠʘʣʳ, ʦʩʥʦʚʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʣʘʩʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʜʨʝʚʝʩʠʥʘ ʙʝʨʝʟʳ, ʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʝʟʦʣʦʚʷʥʥʘʷ ʙʨʦʥʟʘ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʬʦʨʤʝ 

ʧʨʫʞʠʥ, ʘ ʪʘʢʞʝ ʠʟ ʩʝʪʢʠ, ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʪʦʨʦʡ ʩʣʫʞʠʣʘ ʣʘʪʫʥʴ ʤʘʨʢʠ 

ʃ80. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚ ʧʦʚʦʨʦʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʨʝʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʘʨʤʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʫʞʠʥ 

ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ ʠʟ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ. ʊʘʢʠʝ ʚʢʣʘʜʳʰʠ ʧʦʢʘʟʘʣʠ ʭʦ-

ʨʦʰʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9].  
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ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʢʦʪʦʨʳʭ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʜʨʝ-

ʚʝʩʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 - ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʋʩʣʦʚʠʷ 

ʪʨʠʙʦ-

ʪʝʭʥʠ-

ʯʝʩʢʠʭ 

ʠʩʧʳʪʘ-

ʥʠʡ 

ʊʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʉʬʝʨʠʯʝʩʢʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ (ʙʨʦʥ-

ʟʘ) ʚ ʧʨʝʩʩʦʚʘʥʥʦʡ ʙʝʨʝʟʝ 

ɸʨʤʠʨʦʚʘʥʥʳʡ ʠʟ ʣʘʪʫʥʥʦʡ ʩʝʪʢʠ ʠ 

ʙʝʨʝʟʦʚʦʛʦ ʰʧʦʥʘ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʪʨʝʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ,   l, 

ɺʪ/ʤĿʂ 

ʀʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʠʟ-

ʥʘʰʠʚʘʥʠʷ,  

ʛ/ʢʤ  

ʂʦʵʬʬʠʮʠ-

ʝʥʪ 

ʪʨʝʥʠʷ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʠ,  l, 

ɺʪ/ʤĿʂ 

ʀʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʠʟ-

ʥʘʰʠʚʘ-

ʥʠʷ, ʛ/ʢʤ 

ɻʨʘʥʠʯ-

ʥʘʷ 

ʩʤʘʟʢʘ 

0,19 0,17 0, 22 0,15 0,10 0,54 

ɸʙʨʘʟʠʚ 

ʚ  ʤʘʩʣʝ  

0,26 0,22 0,108 0,30 0,15 0,133 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʨʤʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦ-

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ.  ʋʩʪʘʥʦʚʣʝ-

ʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʜʝʤʧʬʠʨʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʫʟʣʦʚ 

ʪʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴ-

ʞʝʥʠʷ ʠ ʧʨʠʣʘʛʘʝʤʳʭ ʥʘʛʨʫʟʦʢ.  
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʚʝʨʝʪʝʥʥʦʛʦ ʫʟʣʘ ʥʘ ʫʧʨʫʛʦʡ ʧʦʜʚʝʩʢʝ ʠ ʠʩʩʣʝʜʫ-

ʝʪʩʷ ʚʣʠʷʥʠʝ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʧʨʦʢʣʘʜʦʢ ʥʘ ʟʚʫʢʦʠʟʣʫʯʝʥʠʝ ʫʟʣʘ. ʇʨʠʚʦʜʷʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ ʩ ʧʦʤʦʱʴʶ 

ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʧʨʦʢʣʘʜʦʢ. 

The dynamics of the spindle assembly on an elastic suspension is considered, and 

the influence of vibration-isolating gaskets on the sound emission of the assembly is in-

vestigated. The results of experimental studies of noise reduction using vibration-

isolating gaskets are presented. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʷʜʠʣʴʥʘʷ ʤʘʰʠʥʘ, ʚʝʨʝʪʝʥʦ, ʰʫʤ, ʚʠʙʨʦʠʟʦʣʷʮʠʷ 

Key words: Spinning machine, spindle, noise, vibration isolation  
 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ ʥʝʦʙʭʦʜʠʤ ʧʨʘ-

ʚʠʣʴʥʳʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʠ ʧʫʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤ-

ʧʣʝʢʩʥʳʡ ʫʯʝʪ ʚʝʩʴʤʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʬʝ-

ʨʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʠʷ. ʤʦʥʪʘʞʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ. ʂʘʢ ʧʦ-

ʢʘʟʳʚʘʝʪ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʙʦʨʴʙʝ ʩ ʰʫʤʦʤ ʠ ʚʠʙʨʘʮʠʝʡ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [1, 2], ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ ʩʥʠʞʝʥʠʷ 

ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʠʩʪʦʯʥʠʢʝ, ʛʘʰʝʥʠʝ ʥʘ ʧʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʚʠʙʨʦʠʟʦʣʷʮʠʷ (ʟʚʫʢʦʠʟʦʣʷʮʠʷ) ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ. ɺ ʥʘ-

ʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʚ ʨʘʟʚʠʪʠʝ ʨʘʙʦʪ [3-6] ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʚʝʩʢʠ ʪʠʧʦʚʦʛʦ ʚʝʨʝʪʝʥʥʦʛʦ ʫʟʣʘ 

ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʰʠʥ ʠ ʥʘʤʝʯʘʶʪʩʷ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʠ ʟʚʫʢʦ-

ʠʟʣʫʯʝʥʠʷ ʚʝʨʝʪʝʥʥʦʛʦ ʫʟʣʘ. 

ʀʟʚʝʩʪʥʦ [7], ʯʪʦ ʚʝʨʝʪʝʥʘ ʠ ʠʭ ʧʨʠʚʦʜ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʷʜʠʣʴʥʳʭ ʤʘʰʠʥ. ɺʝʨʝʪʝʥʥʳʡ ʫʟʝʣ ʢʦʣʴ-

ʮʝʧʨʷʜʠʣʴʥʳʭ ʠ ʢʦʣʴʮʝʢʨʫʪʠʣʴʥʳʭ ʤʘʰʠʥ ʩʦʩʪʦʠʪ ʠʟ ʰʧʠʥʜʝʣʷ ʠ ʧʦʜʚʝʩʢʠ; 

ʭʚʦʩʪʦʚʠʢ ʰʧʠʥʜʝʣʷ ʚʭʦʜʠʪ ʚ ʧʦʜʚʝʩʢʫ ʠ ʩʚʦʙʦʜʥʦ ʚʨʘʱʘʝʪʩʷ ʚ ʥʝʡ ʥʘ ʨʦ-

ʣʠʢʦʚʦʤ ʧʦʜʰʠʧʥʠʢʝ. ʇʦʜʚʝʩʢʘ ʞʝʩʪʢʦ ʢʨʝʧʠʪʩʷ ʢ ʚʝʨʝʪʝʥʥʦʤʫ ʙʨʫʩʫ. ɺʝ-

ʨʝʪʝʥʥʳʡ ʙʨʫʩ ʚʦʟʙʫʞʜʘʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʦʪ ʤʝʭʘʥʠʟʤʦʚ 

ʧʨʠʚʦʜʘ ʤʘʰʠʥʳ ʠ ʩʠʣʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʠ ʩʣʫʯʘʡʥʦʛʦ 
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ʭʘʨʘʢʪʝʨʘ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʛʝʥʝʨʘʪʦʨ (ʠʟʣʫʯʘ-

ʪʝʣʴ) ʚʠʙʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ [4], ʚʚʝʜʝʥʠʝ ʫʧʨʫ-

ʛʦʡ ʜʝʤʧʬʠʨʦʚʘʥʥʦʡ ʧʨʦʢʣʘʜʢʠ ʤʝʞʜʫ ʧʦʜʚʝʩʢʦʡ ʚʝʨʝʪʝʥʘ ʠ ʙʨʫʩʦʤ ʧʦʟʚʦ-

ʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ ʙʨʫʩʘ ʠ ʚʳʟʳʚʘʝʤʳʡ ʠʤ ʚʳʩʦ-

ʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʚʝʩʢʠ ʚʝʨʝʪʝʥ ʥʘ ʠʭ ʚʠʙʨʦʘʢʪʠʚ-

ʥʦʩʪʴ ʠ ʟʚʫʢʦʠʟʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʩʪʝʥʜʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʡ ʚʝʨʝʪʝʥʥʳʡ ʫʟʝʣ 

ɺʅʊ-28-14, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʢʦʣʴʮʝʧʨʷʜʠʣʴʥʳʭ ʠ ʢʦʣʴʮʝʢʨʫ-

ʪʠʣʴʥʳʭ ʤʘʰʠʥʘʭ. ʄʘʪʝʨʠʘʣ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʝʡ ʧʨʦʢʣʘʜʢʠ ʧʦʜʙʠʨʘʣʩʷ ʧʦ 

ʚʠʙʨʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʟʣʘ ʩ ʫʯʝʪʦʤ ʞʝʩʪʢʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʦʪʝʨʴ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ: ʧʣʘʩʪʠʢʘʪ çɸʛʘʪè, ʪʚʝʨʜʘʷ ʨʝʟʠʥʘ, 

ʬʦʣʴʛʦʠʟʦʣ, ʪʝʨʦʜʝʪ 5001 (ʌʈɻ), ɺʄʃ. ʊʦʣʱʠʥʘ ʧʨʦʢʣʘʜʦʢ ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʨʘʚʥʦʡ h = 2 - 5 ʤʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʤʘʪʝʨʠʘʣʦʚ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ 

ʧʨʦʢʣʘʜʦʢ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʩʪʝʥʜʝ ʨʝʟʦʥʘʥʩʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 

ʚʠʙʨʦʩʪʝʥʜʦʤ ʚʝʨʝʪʝʥʥʦʛʦ ʙʨʫʩʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʙʨʘʥʥʳʭ ʧʨʦʢʣʘʜʦʢ ʦʧ-

ʨʝʜʝʣʷʣʘʩʴ ʥʘ ʩʪʝʥʜʝ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ ʥʘ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ 

5000, 7000 ʠ 10 000 ʦʙ/ʤʠʥ. ʀʟʤʝʨʷʣʠʩʴ ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʫʩʘ, ʚʠʙʨʦʧʝʨʝʤʝʱʝʥʠʝ ʰʧʠʥʜʝʣʷ ʠ ʦʢʪʘʚʥʳʡ ʩʧʝʢʪʨ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʧʷʪʠ ʪʦʯʢʘʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0.5 ʤ ʦʪ ʚʝʨʝʪʝʥʥʦʛʦ ʫʟʣʘ. ʂʘʢ ʧʦʢʘ-

ʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʠʣʫʯʰʠʤʠ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʶʪʩʷ çɸʛʘʪè ʠ ʨʝ-

ʟʠʥʘ ʪʦʣʱʠʥʦʡ h = 5 ʤʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʜʘʪʣʠʚʦʩʪʴ ʧʦʜʚʝʩʢʠ ʚ ʟʦʥʝ 

ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʨʘʙʦʯʝʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʜʦ 170 ɻʮ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚ ʧʨʝʜʝʣʘʭ ʩʪʘʥʜʘʨʪʥʦʡ ʞʝʩʪʢʦʡ ʫʩʪʘʥʦʚʢʠ (ʫʚʝʣʠʯʝʥʠʝ ʫʩʢʦʨʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ 1 - 2 ʜɹ). ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʬʦʣʴʛʦʠʟʦʣ, ɺʄʃ, ʪʝʨʦʜʝʪ 5001 

ʜʣʷ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʚʝʨʝʪʝʥʥʦʛʦ ʫʟʣʘ ʦʢʘʟʘʣʠʩʴ ʥʝʧʨʠʛʦʜʥʳ ʚʚʠʜʫ ʤʘʣʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʜʣʷ ʩʪʘʣʠ (ʚ 

ʩʣʫʯʘʝ ʞʝʩʪʢʦʡ ʫʩʪʘʥʦʚʢʠ ʫʟʣʘ), çɸʛʘʪʘè ʠ ʨʝʟʠʥʳ ʧʨʠ ʪʦʣʱʠʥʝ h = 5 ʤʤ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 50 ʜʦ 10000 ɻʮ ʣʝʞʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ 0,001- 

0,1; 0,003-0,03; 0,03-0,3 (ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ). 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ-

ʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ ʜʦ 1 ʢɻʮ ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʋʯʠʪʳʚʘʷ, 

ʯʪʦ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʝ ʧʨʝʚʳʰʘʣʘ 167 ɻʮ (ʧʨʠ 

n= 10000 ʦʙ/ʤʠʥ), ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ [8,9], ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʫ ʣʠʥʝʡ-

ʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ ʪʨʝʭʤʘʩʩʦʚʦʡ 

ʩʠʩʪʝʤʳ, ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʦʣʫʯʠʪʩʷ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ, ʚʳʨʘʞʘʶ-

ʱʝʝ ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʪʨʝʭʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩ-

ʪʦʪ: 

0 sinmx cx kx F t+ + = w 
ʠʣʠ 

                                        
2

0 0 02 sin ,x x x F t+ gw +w = w                                         (1) 

ʛʜʝ 0 /k mw =  - ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ; m - ʧʨʠʚʝʜʝʥʥʘʷ ʤʘʩʩʘ; k - ʞʝʩʪʢʦʩʪʴ; 
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ʩ - ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ; / 2c kmg= . 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʫʟʢʦʧʦʣʦʩʥʳʭ ʩʧʝʢʪʨʦʚ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʚʝʨʝʪʝʥʥʦʛʦ ʙʨʫʩʘ ʠ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʤʘʢʩʠʤʫʤʳ ʚ ʩʧʝʢ-

ʪʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʘʨʤʦʥʠʢʘʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʝʨʝʪʝʥʘ (ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ) 

ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʯʘʩʪʦʪʘʤ ʙʨʫʩʘ, ʚʦʟʙʫʞʜʘʝʤʳʤ ʩʣʫʯʘʡʥʳʤʠ ʠ ʜʝʪʝʨʤʠʥʠʨʦ-

ʚʘʥʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ʦʪ ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ. ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʚʝʩʢʠ (ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʧʨʫʛʦʚʷʟʢʦʛʦ ʵʣʝʤʝʥʪʘ), ʯʪʦʙʳ, ʠʟʙʝʞʘʚ ʫʚʝʣʠʯʝʥʠʷ ʘʤ-

ʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚʝʨʝʪʝʥʘ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʩʢʦʨʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘ-

ʪʦʯʥʫʶ ʚʠʙʨʦʠʟʦʣʷʮʠʶ ʧʦʩʣʝʜʥʝʛʦ ʦʪ ʙʨʫʩʘ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʤʝʝʪ ʚʠʜ  

0 0
0 2 2 2

0 0

sin( )
( ) ( ) ,

[1 ( / ) ] [2 / ]

j t F t
x t H F e

k

w w -j
= w =

- w w + gw w
 

ʛʜʝ 

0
0 2

0

2 /
;

1 ( / )
arctg

è øgw w
j = é ù

- w wê ú H(ɤ) - ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʩ ʚʳʥʫʞ-

ʜʘʶʱʝʡ ʩʠʣʦʡ ʥʘ ʚʭʦʜʝ ʠ ʩʤʝʱʝʥʠʝʤ ʤʘʩʩʳ ʥʘ ʚʳʭʦʜʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ ɔ < 0,5 ʤʦʞʥʦ ʥʝ ʦʧʘʩʘʪʴʩʷ ʩʫʱʝʩʪʚʝʥ-

ʥʦʛʦ ʨʦʩʪʘ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚʝʨʝʪʝʥʘ ʜʘʞʝ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʜʣʷ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ ʤʘʩʩʳ, 

ʧʨʫʞʠʥʳ ʠ ʜʝʤʧʬʝʨʘ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʠʣʫ F'(ɤ), ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʦʩ-

ʥʦʚʘʥʠʝ: 
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0 0( ) [ ( ) ( )] e j t j tF cx kx kH j cH F F ew w +aw = + = w + w w =  
ʛʜʝ  
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=d=

w -w + w w 
ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ 

                                  

2
2 2 2

2 2

0 0 0

1 1
1 1 ,

Q Q

è øå õ å õ å õw w w
é ùd = + - +æ ö æ ö æ ö

w w wé ùç ÷ ç ÷ ç ÷ê ú                          
(2) 

ʛʜʝ Q = 1/ɖ - ʜʦʙʨʦʪʥʦʩʪʴ ʩʠʩʪʝʤʳ; ɖ - ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʜʝʤʧʬʝʨʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʟʚʫʢʦʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʚʘʜʨʘʪʦʤ ʚʠʙ-

ʨʦʩʢʦʨʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʝʪʝʥʥʦʛʦ ʙʨʫʩʘ 
2W Rx=  (ʛʜʝ R - ʘʢʫʩʪʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʨʫʩʘ), ʠ ʠʤʝʷ ʚ ʚʠʜʫ, ʯʪʦ 
( ) ( ) ,x F Z= w w

 ʛʜʝ Z(ɤ) - ʤʝʭʘʥʠ-

ʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʙʨʫʩʘ, ʟʚʫʢʦʠʟʣʫʯʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʝʥʦ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʧʦʜʚʝʩʢʠ ʜʦ ʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 
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ʫʧʨʫʛʦʚʷʟʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʤʦʱʥʦʩʪʠ ʟʚʫʢʦʠʟʣʫʯʝʥʠʷ ʥʘ ʧʦʨʷ-

ʜʦʢ (ȹL ʥʘ 10 ʜɹ) ʩʣʝʜʫʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʥʝ ʤʝʥʝʝ 

ʯʝʤ ʚ 3-4 ʨʘʟʘ, ʧʦʩʢʦʣʴʢʫ 

1 1

2 2

10lg 20lg
W

L
W

d
D = =

d  ʜɹ. ʇʦʜ ʚʠʙʨʦʠʟʦʣʠʨʫʶ-

ʱʠʤ ʵʬʬʝʢʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʥʠʤʘʝʤ ʚʝʣʠʯʠʥʫ ʦʩʣʘʙʣʝʥʠʷ ʚ ʜʝʮʠʙʝʣʘʭ 

ʵʥʝʨʛʠʠ ʢʦʣʝʙʘʥʠʡ ʙʨʫʩʘ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʝʛʦ ʧʨʝʧʷʪʩʪʚʠʷ 

ʤʝʞʜʫ ʚʦʟʙʫʞʜʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʤʝʩʪʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʠʙ-

ʨʘʮʠʠ [10] ɺʀ = 10lg(W21/W22), ʛʜʝ W21 ʠ W22 - ʧʣʦʪʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʧʣʘʩʪʠʥʳ ʙʨʫʩʘ ʜʦ ʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʚʠʙʨʦʠʟʦʣʷʪʦʨʘ. 

ʇʝʨʝʧʘʜ ʫʨʦʚʥʝʡ ʚʠʙʨʘʮʠʠ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ 
/2 /2

2 0.1ɺʀ

/2 /2

10lg 2 ( ) ( ) ( ) 1 10lg[2 10 1],L G d G T d

p p

-p -p

ë ûè øî î
D = j j j j j - = ¶ -ì üé ù

î îê úí ý
ñ ñ

 
ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʜʠʬʬʫʟʥʦʛʦ ʧʦʣʷ ʠʟʛʠʙʥʳʭ ʚʦʣʥ [10] 

ɺʀ = 

/2 /2
2

/2 /2

10lg ( ) 10lg ( ) ( )G d G T d

p p

-p -p

è ø è ø
j j - j j jé ù é ù

ê ú ê ú
ñ ñ

 

ʠ T
2
 + R

2
 = 1 (ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʝʨʴ ɖ = 0), ʛʜʝ ʊ ʠ R - ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; G(ű) - ʫʛʣʦʚʦʡ 

ʩʧʝʢʪʨ ʧʦʣʷ ʚʠʙʨʘʮʠʡ. 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʝʛʦ ʵʬʬʝʢʪʘ ʠʤʝʝʪ ʚʠʜ  

ɺʀ = 10 lg[10
0,1ȹL

 + 1] - 3 ʜɹ. 

ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʢʚʘʜʨʘʪʦʚ ʚʦʟʙʫʞʜʘʶʱʝʡ ʚʠʙʨʘʮʠʶ ʚʝʨʝʪʝʥʥʦʛʦ ʙʨʫʩʘ ʩʠʣʳ P1,2 ʜʦ ʠ ʧʦʩʣʝ 

ʫʩʪʘʥʦʚʢʠ ʧʨʦʢʣʘʜʢʠ ɺʀʥʯ = 10 lg(W21/W22) = 10 lg(
2 2

1 2/x x ) = 20 lg(P1/P2), ʛʜʝ 

1,2x
 = P/z - ʚʠʙʨʦʩʢʦʨʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʫʩʘ; z - ʧʨʠʚʝʜʝʥʥʳʡ ʧʝʨʝʭʦʜ-

ʥʳʡ ʠʤʧʝʜʘʥʩ ʜʣʷ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ. ʀʩʧʦʣʴʟʫʷ ʚʝʣʠʯʠʥʫ ŭ, ʧʦʣʫʯʠʤ 

ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫʣʫ ɺʀʥʯ = 20lg(ŭ1/ŭ2) ʜɹ. ʆʮʝʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʦʣʠʨʦ-

ʚʘʥʥʦʛʦ ʚʝʨʝʪʝʥʘ ʜʣʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ n = 10000 ʦʙ/ʤʠʥ. ʇʦ ʜʘʥʥʳʤ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʜʣʷ çɸʛʘʪʘè ʠ ʨʝʟʠʥʳ f0 = 147 ɻʮ; f = 167 ɻʮ (n = 10000 ʦʙ/ʤʠʥ); 

ɖʩʪʘʣʠ = 0,05; ɖçɸʛʘʪʘè = ɖʨʝʟʠʥʳ = 0,17. ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ ʚ ʬʦʨʤʫʣʫ (2), 

ʧʦʣʫʯʠʤ ʜʣʷ ʩʪʘʣʠ ŭʩʪ =3,8 ʜɹ, ʜʣʷ çɸʛʘʪʘè ʠ ʨʝʟʠʥʳ ŭ12 = 8,2 ʜɹ, ʘ ɺʀ = 

20lg(ŭ1,2/ŭʩʪ) = 6,8 ʜɹ, ʪ.ʝ. ʵʬʬʝʢʪʠʚʥʘʷ ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 9,8 ʜɹ. 

ʅʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʛʜʝ ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʜʣʷ ʩʠʣʦ-

ʚʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʜʣʷ ʧʦʪʦʢʘ ʠʟʛʠʙʥʳʭ ʚʦʣʥ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʧʦʜʰʠʧʥʠʢʘʤʠ 

ʚʝʨʝʪʝʥʘ, ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʚʦʣʥʦʚʦʡ ʪʝʦʨʠʠ [10]: ɺʀ = 10 lg{1 

+ [1 - (f/fʧʧ)
1,5

]
2
} ʜɹ, ʛʜʝ fʧʧ - ʯʘʩʪʦʪʘ ʧʦʣʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ɺʇ 

ʨʘʚʥʘ ʥʫʣʶ: 
3

2 1 21,8 /ʧʧf c E E H h= , E1,2 - ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʦ-

ʢʣʘʜʢʠ ʠ ʙʨʫʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; c2 - ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʧʨʦ-

ʢʣʘʜʢʝ; ʅ - ʰʠʨʠʥʘ ʧʨʦʢʣʘʜʢʠ ʧʦʜ ʧʦʜʚʝʩʢʦʡ; h ï ʪʦʣʱʠʥʘ ʧʨʦʢʣʘʜʢʠ. ʇʨʠ 

f/fʧʧ > 3,5 ɺʀ å 30 lg(f/fʧʧ) ʜɹ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʙʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʚʚʠʜʫ ʜʝʡʩʪʚʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʛʠʙʥʳʭ ʚʦʣʥ ʚ ʧʨʦʜʦʣʴʥʳʝ, ʜʣʷ ʢʦ-

ʪʦʨʳʭ ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ɺʀ = 10 lg[1 + (ɟcS/2Zʫ)
2
], ʛʜʝ Zʫ - ʠʤʧʝ-
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ʜʘʥʩ ʧʨʦʢʣʘʜʢʠ; ɟcS - ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʠʤʧʝʜʘʥʩ ʩʪʝʨʞʥʷ ʜʣʷ ʧʨʦʜʦʣʴ-

ʥʳʭ ʚʦʣʥ [10]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʠʤ ʜʣʷ çɸʛʘʪʘè fʧʧ = 1000 ɻʮ, ʜʣʷ ʨʝ-

ʟʠʥr 580 ɻʮ. ɺʠʙʨʦʠʟʦʣʷʮʠʷ ʜʣʷ çɸʛʘʪʘè ɺʀ = 10 ʜɹ. ʀʟʤʝʨʝʥʠʷ ʚʠʙʨʦʫ-

ʩʢʦʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʝʪʝʥʥʦʛʦ ʙʨʫʩʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʚʠʙʨʦʠʟʦʣʠʨʫʶʱʠʭ ʧʨʦʢʣʘʜʦʢ ʥʘ ʯʘʩʪʦʪʘʭ 20-10 000 ɻʮ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ɺʀ = 10 õ 20 ʜɹ (ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 7000 ʦʙ/ʤʠʥ) ʠ ɺʀ = 5 õ 15 ʜɹ 

(ʧʨʠ 10 000 ʦʙ/ʤʠʥ). 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʩʧʝʢʪʨʘ ʫʨʦʚʥʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʚʨʘʱʘʶʱʠʤʩʷ ʰʧʠʥʜʝʣʝʤ ʚʝʨʝʪʝʥʥʦʛʦ ʫʟʣʘ ɺʅʊ-28-14, ʧʦʣʫʯʝʥʦ, ʯʪʦ ʚ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 63-8000 ɻʮ ʰʫʤ ʩʥʠʟʠʣʩʷ ʥʘ 2 õ 10 ʜɹ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʠʙʨʦʠʟʦʣʷʮʠʠ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦ-

ʜʝʣʠ ʜʣʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʠʙʨʦʠʟʦʣʠʨʦ-

ʚʘʥʥʳʭ ʧʦʜʚʝʩʦʢ ʩʝʨʠʡʥʦ ʚʳʧʫʱʝʥʥʳʭ ʠ ʚʥʦʚʴ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʚʝʨʝʪʝʥ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʦʚ ʥʘʩʳʱʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʣʘʤʠʥʘʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʫʛʣʝʨʦʜʦʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʝʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʧʨʦ ʤʝʞʩʣʦʡʥʳʤ ʛʨʘʥʠʮʘʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʪʦ-

ʢʦʤ ʚ ʩʣʦʡ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʝʤʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. 
 

The article is devoted to the analysis of saturation processes of multilayer metal 

materials having a laminar structure with carbon. Microstructures of the obtained diffu-

sion layers are presented. It was established that predominant diffusion is observed at 

interlayer boundaries with subsequent outflow into the layer. The effect of the chemical 

composition of the composition on the structure of the formed diffusion layer is assessed 
  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʩʣʦʡʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ, ʮʝʤʝʥʪʘʮʠʷ, ʜʠʬʬʫʟʠʷ 

Key words: multilayer materials, Hall-Patch dependence, hardness diffusion, multilayer 

metal materials, carburization, grain boundary diffusion, chemical heat treatment 

 

ɼʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʟʝʨʥʦ-

ʛʨʘʥʠʯʥʘʷ ʜʠʬʬʫʟʠʷ ï ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʦʣʠʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣʘʭ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʡ ʚ ʫʟʢʠʭ (ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʘʪʦʤ-

ʥʳʭ ʩʣʦʝʚ) ʟʦʥʘʭ ʥʘ ʛʨʘʥʠʮʝ ʟʝʨʝʥ ʩ ʨʘʟʣʠʯʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʨʠ-

ʝʥʪʘʮʠʝʡ [1, 2].  

ʄʥʦʛʦʩʣʦʡʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʝʚ ʟʘʩʯʝʪ ʥʘʣʠʯʠʷ ʣʘʤʠʥʘʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ [3]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʟʦʥʘʭ ʢʦʥʪʘʢʪʘ ʟʝʨʝʥ, ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʝʨʝ-

ʥʦʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʦʙʲʝʤʝ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʜʝʬʝʢʪʦʚ, ʧʦʵʪʦʤʫ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ ʟʝʨʝʥ 

ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʫʚʝʣʠʯʠʪʴ ʛʣʫʙʠʥʫ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ, ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʘʞʥʳʤ ʧʦʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʤ ʥʘʩʳʱʝ-

ʥʠʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [4]. 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʤʥʦʛʦʩʣʦʡ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʧʝʨʝʤʝʥʥʦ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʩʪʘʣʝʡ 

08ʍ18ʅ10 ʠ 08ʍ18 ʘʫʩʪʝʥʠʪʥʦʛʦ ʠ ʬʝʨʨʠʪʥʦʛʦ ʢʣʘʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʠʤʝʶʱʠʝ ʪʦʣʱʠʥʫ ʣʘʤʠʥʘʨʥʦʛʦ ʩʣʦʷ 100 ʤʢʤ. ɿʘʛʦʪʦʚʢʘ ʠʤʝʝʪ ʪʦʣʱʠʥʫ 10 

ʤʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ 100 ʰʪ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʚʝ-

ʪʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ OLYMPUS CX 21 ʥʘ ʦʙʨʘʟʮʘʭ, ʚʳʨʝʟʘʥʥʳʭ ʚʜʦʣʴ ʥʘ-

ʧʨʘʚʣʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʩʳʱʝʥʠʝ ʫʛʣʝʨʦʜʦʤ 

ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 950 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʠʝ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʝʚ ʚ ʩʪʘʣʠ 08ʍ18 ʠ 08ʍ18ʅ10 (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 -  ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʮʝʤʝʥʪʦʚʘʥʥʦʛʦ ʩʣʦʷ ʚ ʤʥʦʛʦʩʣʦʡʥʦʤ ʤʘʪʝ-

ʨʠʘʣʝ ʢʦʤʧʦʟʠʮʠʠ 08ʍ18+08ʍ18ʅ10 (ʪʦʣʱʠʥʘ ʣʘʤʠʥʘʨʥʦʛʦ ʩʣʦʷ ï 100 ʤʢʤ)  

 

ʊʘʢ, ʚ ʩʣʦʷʭ ʩʪʘʣʠ 08ʍ18 ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʨʙʠʜʳ ʩ ʧʣʘʩʪʠʥʯʘʪʳʤ ʩʪʨʦʝʥʠ-

ʝʤ, ʩʭʦʞʠʝ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʣʠʪʘ, ʘ ʚ ʩʣʦʷʭ ʩʪʘʣʠ 08ʍ18ʅ10 ï ʢʘʨʙʠʜʳ ʛʣʦʙʫ-

ʣʷʨʥʦʡ ʬʦʨʤʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʘʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʢʦʤʧʦʟʠʮʠʶ, ʦʙ-

ʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʫʛʣʝʨʦʜʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʣʴ 

08ʍ18ʅ10 ʦʙʣʘʜʘʝʪ ɻʎʂ ʨʝʰʝʪʢʦʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʪʚʦʨʝʥʠʶ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ. ʉʣʦʠ ʩʪʘʣʠ 08ʍ18 ʠʤʝʶʪ ʆʎʂ ʨʝʰʝʪʢʫ, ʚ ʢʦʪʦʨʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜʘ ʦʛʨʘʥʠʯʝʥʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʤ ʥʘʩʳʱʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʝʝ: ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʫʛʣʝʨʦʜ ʥʘʯʠʥʘʝʪ ʘʢʪʠʚʥʦ ʜʠʬʬʫʥ-

ʜʠʨʦʚʘʪʴ ʧʦ ʤʝʞʩʣʦʡʥʦʡ ʛʨʘʥʠʮʝ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʘʯʠʥʘ-

ʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʪʪʦʢ ʚ ʩʣʦʠ ʩʪʘʣʠ 08ʍ18ʅ10 ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʘʥʥʦʡ ʨʝʰʝʪʢʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʫʛʣʝʨʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʩʣʦʷʭ ʩʪʘʣʠ 08ʍ18ʅ10 

ʦʙʨʘʟʫʶʪʩʷ ʢʘʨʙʠʜʳ ʛʣʦʙʫʣʷʨʥʦʡ ʬʦʨʤʳ ʪʠʧʘ Cr23C6 . ɺ ʩʣʦʷʭ ʩʪʘʣʠ 08ʍ18 

ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʨʙʠʜʳ ʮʝʤʝʥʪʠʪʥʦʛʦ ʪʠʧʘ Kc (Fe,Cr)3C (ʨʠʩ.2).  

ʉʦʛʣʘʩʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʨʝʟʫ ʪʨʦʡʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ Fe-

C-Cr, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʢʘʨʙʠʜʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʜʥʦʡ ʦʙ-

ʣʘʩʪʠ (ʨʠʩ. 3) ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʫʛʣʝʨʦʜʘ ʠ ʧʦʥʠʞʝʥʥʳʤ ʭʨʦʤʘ 

[5]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ ʤʝʞʩʣʦʡʥʦʡ 

ʛʨʘʥʠʮʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪʪʦʢ ʚ ʩʣʦʠ ʩʪʘʣʠ 08ʍ18 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʠʜʦʚ 

ʭʨʦʤʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʝʜʥʝʥʠʶ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʜʘʥ-

ʥʦʡ ʩʪʘʣʠ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɔ-ʬʘʟ,r ʛʦʪʦʚʦʡ ʨʘʩʪʚʦʨʠʪʴ 

ʥʦʚʫʶ ʧʦʨʮʠʶ ʫʛʣʝʨʦʜʘ. 
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ʘ) ʉʪʘʣʴ 08ʍ18ʅ10 

(ʢʘʨʙʠʜʳ ʛʣʦʙʫʣʷʨʥʦʡ 

ʬʦʨʤʳ ʪʠʧʘ Cr23C6)  

ʙ) ʉʪʘʣʴ 08ʍ18 

(ʢʘʨʙʠʜʳ ʮʝʤʝʥʪʠʪʥʦʛʦ ʪʠʧʘ 

Kc) 

  

ʈʠʩʫʥʦʢ 2 -  ʌʦʨʤʘ ʢʘʨʙʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʩʪʘʣʷʭ 08ʍ18ʅ10 ʠ 08ʍ18 

 
ʈʠʩʫʥʦʢ 3 - ʀʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʨʠ 1000 

ʦ
ʉ ʪʨʦʡʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦ-

ʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Fe-C-Cr [5] 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʭʠ-

ʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʩʣʦʝʚ.  
   ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʇʘʨʢ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʧʝʨʘʪʦʨʦʚ ʚʢʣʶʯʘʝʪ ʢʘʢ ʪʠʧʦʚʳʝ ʚʘʛʦʥʳ, 

ʪʘʢ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʚʘʛʦʥʦʩʪʨʦʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʨʫʟʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩ 

ʫʥʠʢʘʣʴʥʳʤʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʳʩʦʢʠʤʠ ʧʦʢʘ-

ʟʘʪʝʣʷʤʠ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʠ ʩʠʩʪʝʤʫ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʪʘʢʠʭ ʚʘʛʦʥʦʚ. 

ɺ ʈʦʩʩʠʠ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʛʨʫʟʦ-

ʚʳʭ ʚʘʛʦʥʦʚ ʟʘʥʠʤʘʶʪ ɸʆ çʊʠʭʚʠʥʩʢʠʡ ʚʘʛʦʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè ʠ ɸʆ 

çʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ çʋʨʘʣɺʘʛʦʥɿʘʚʦʜè. ʄʦʱʥʦʩʪʴ 

ʊɺʉɿ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 18,4 ʪʳʩ. ʚʘʛʦʥʦʚ ʚ ʛʦʜ, ʚ 2019 ʛʦʜʫ ʚʳʧʫʱʝʥʦ 

21 000 ʚʘʛʦʥʦʚ. ʋɺɿ ʚ 2019 ʛʦʜʫ ʚʳʧʫʩʪʠʣʦ 18 000 ʝʜʠʥʠʮ ʧʦʜʚʠʞʥʦʛʦ ʩʦ-

ʩʪʘʚʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʘʛʦʥʦʚ, ʟʘʷʚʣʝʥʥʳʝ ʊɺʉɿ, ʷʚʣʷʶʪʩʷ ï ʚ 

3 ʨʘʟʘ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʘʛʦʥʘ ʠ ʜʦ 5 ʨʘʟ ʩʥʠʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʨʝʤʦʥʪʦʚ. 

ʅʇʂ çʆʙʲʝʜʠʥʝʥʥʘʷ ɺʘʛʦʥʥʘʷ ʂʦʤʧʘʥʠʷè ʩʦʟʜʘʣʘ ʦʙʰʠʨʥʫʶ ʩʝʨʚʠʩ-

ʥʫʶ ʩʝʪʴ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʘʥʪʠʡʥʦʝ ʠ ʧʦʩʪʛʘʨʘʥʪʠʡʥʦʝ ʦʙʩʣʫʞʠʚʘ-

ʥʠʝ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʣʝʞʢʘʭ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʚʩʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʣʝʠ 1520 ʤʤ ʦʨʛʘʥʠʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʪʝʢʫʱʠʭ ʦʪʮʝʧʦʯʥʳʭ ʨʝʤʦʥʪʦʚ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʥʘ ʚʘʛʦʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʦʣʜʠʥʛʘ ʅʇʂ ʆɺʂ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʥʳ ʩʢʣʘʜʳ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʦʨʦʪʦʤ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʢʦʤ-
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ʧʣʝʢʪʫʶʱʠʭ. 

ɺ ʮʝʣʷʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʝʨʚʠʩʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʍʦʣʜʠʥʛ ʫʩʧʝʰʥʦ 

ʨʝʘʣʠʟʫʝʪ ʠʩʧʦʣʥʝʥʠʝ ʢʦʥʪʨʘʢʪʦʚ ʧʦ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʚʩʝʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʩʧʣʫʘʪʘʥʪʘʤ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʚʘʛʦʥʦʚ ʚ ʨʝ-

ʤʦʥʪʝ, ʢʦʥʪʨʦʣʴ ʟʘ ʠʭ ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ. ʂʦʣʠʯʝʩʪʚʦ ʩʝʨʚʠʩʥʳʭ ʮʝʥʪʨʦʚ ʆɺʂ ʥʘ 

2019 ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ 72. 

ɻʝʦʛʨʘʬʠʷ ʚʳʩʪʨʦʝʥʘ ʩ ʫʯʝʪʦʤ ʧʦʣʠʛʦʥʦʚ ʢʫʨʩʠʨʦʚʘʥʠʷ ʪʠʭʚʠʥʩʢʠʭ ʚʘ-

ʛʦʥʦʚ, ʘ ʪʘʢʞʝ ʧʦʞʝʣʘʥʠʡ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʠ ʘʨʝʥʜʘʪʦʨʦʚ ʧʘʨʢʘ. ʂʘʞʜʦʤʫ ʘʚ-

ʪʦʨʠʟʦʚʘʥʥʦʤʫ ʆɺʂ ʚʘʛʦʥʦʨʝʤʦʥʪʥʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ ʧʨʠʩʚʦʝʥʘ ʦʧʨʝʜʝʣʝʥ-

ʥʘʷ ʢʘʪʝʛʦʨʠʷ. ʇʝʨʚʘʷ ʥʘʟʥʘʯʝʥʘ ʛʦʣʦʚʥʦʤʫ ʩʝʨʚʠʩʥʦʤʫ ʮʝʥʪʨʫ ʊʉɿ çʊʠʪ-

ʨʘʥ-ʕʢʩʧʨʝʩʩè (ʚʭʦʜʠʪ ʚ ʭʦʣʜʠʥʛ çʆɺʂè): ʫ ʥʝʛʦ ʠʤʝʶʪʩʷ ʧʦʣʥʦʤʦʯʠʷ ʧʦ 

ʘʚʪʦʨʠʟʘʮʠʠ ʜʝʧʦ ʠ ʩʥʘʙʞʝʥʠʶ ʠʭ ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʶ 

ʝʞʝʛʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʨʝʤʦʥʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʅʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʦʚʦʜʠʪʩʷ ʧʣʘʥʦʚʳʡ ʨʝʤʦʥʪ ʪʠʭʚʠʥʩʢʠʭ 

ʚʘʛʦʥʦʚ ʠ ʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʪʫʶʱʠʭ (ʢʦʣʝʩʥʳʭ ʧʘʨ, ʪʝʣʝʞʝʢ, ʪʦʨʤʦʟʥʳʭ 

ʩʠʩʪʝʤ, ʘʚʪʦʩʮʝʧʥʳʭ ʫʩʪʨʦʡʩʪʚ). ɼʝʧʦ ʪʨʝʪʴʝʡ ʢʘʪʝʛʦʨʠʠ ʘʚʪʦʨʠʟʦʚʘʥʳ ʥʘ 

ʪʝʢʫʱʠʡ ʦʪʮʝʧʦʯʥʳʡ ʨʝʤʦʥʪ, ʘ ʯʝʪʚʝʨʪʘʷ ʢʘʪʝʛʦʨʠʷ ʚʳʜʝʣʝʥʘ ʜʣʷ ʩʢʣʘʜʦʚ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ. 

ʇʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʢʦʥʪʨʦʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʛʦʥʦʚ ʠ 

ʠʭ ʫʟʣʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘʨʘʱʠʚʘʥʠʝ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʩʨʦʢʘ ʠ ʧʨʦʙʝʛʘ, ʠ ʫʚʝ-

ʣʠʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʜʦ 1 ʤʣʥ. ʢʤ ʠʣʠ 8 ʣʝʪ. ʃʠʤʠʪʠʨʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʢʘʩʩʝʪʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʤʝʞʨʝʤʦʥʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ 

ʦʙʳʯʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ (2 ʛʦʜʘ), ʦʜʥʘʢʦ ʜʘʞʝ ʚʳʩʦʢʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ ʢʘʩʩʝʪʳ ʠʤʝʶʪ ʩʚʦʡ ʧʨʝʜʝʣ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʧʦʩʣʝ 8 ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠ ʧʨʦʙʝʛʘ ʤʝʥʝʝ 500 ʪʳʩ. ʢʤ ʚʘʛʦʥ ʧʦʩʪʫʧʠʣ ʚ ʧʣʘʥʦʚʳʡ ʨʝʤʦʥʪ, ʝʛʦ ʥʘʢʦʧʣʝʥ-

ʥʳʡ ʧʨʦʙʝʛ ʥʝ ʦʙʥʫʣʷʝʪʩʷ, ʘ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʡ ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝ-

ʨʠʦʜ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʧʨʦʙʝʛʘ ʚ 1 ʤʣʥ. ʢʤ ʠʣʠ 16 ʣʝʪ. ʇʨʠ ʵʪʦʤ ʨʝ-

ʤʦʥʪ ʪʝʣʝʞʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʦʩʪʦʷʥʠʶ ʝʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʦʩ-

ʪʠʛʥʫʪʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʠʭʚʠʥʩʢʦʛʦ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ ʤʝʞʜʫ 

ʧʣʘʥʦʚʳʤʠ ʨʝʤʦʥʪʘʤʠ (ʜʦ 1 ʤʣʥ. ʢʤ ʠʣʠ 8 ʣʝʪ) ʚ ʨʘʟʳ ʚʳʰʝ, ʯʝʤ ʫ ʛʨʫʟʦʚʳʭ 

ʚʘʛʦʥʦʚ ʥʘ ʤʘʩʩʦʚʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʝʣʝʞʢʘʭ ʩʦʚʝʪʩʢʦʛʦ ʦʙʨʘʟʮʘ (160 ʪʳʩ. 

ʢʤ ʠʣʠ 2 ʛʦʜʘ). ʉʝʨʚʠʩʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʘʛʦʥʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʢʣʶʯʘʝʪ 

ʥʝ ʪʦʣʴʢʦ ʨʝʤʦʥʪ ʪʝʣʝʞʢʠ, ʥʦ ʠ ʜʨʫʛʠʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷ-

ʶʪʩʷ ʩʝʨʚʠʩʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʢʫʟʦʚʦʚ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʭ ʚʘʛʦʥʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʙʦʪʥʠʢʦʚ ʨʝ-

ʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʪʘʢ ʢʘʢ ʵʣʝʤʝʥʪʳ ʢʫʟʦʚʦʚ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ 

ʘʥʘʣʦʛʠʯʥʳʤ ʫʟʣʘʤ ʪʠʧʦʚʳʭ ʚʘʛʦʥʦʚ. 

ʉʝʛʦʜʥʷ ʩʠʩʪʝʤʘ ʨʝʤʦʥʪʘ ʚʘʛʦʥʦʚ ʚ ʈʦʩʩʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ çʇʦʣʦʞʝʥʠʝʤ ʦ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ 

ʚʘʛʦʥʦʚ, ʜʦʧʫʱʝʥʥʳʭ ʚ ʦʙʨʘʱʝʥʠʝ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠè ʣʠʙʦ ʧʦ ʢʘʣʝʥʜʘʨʥʦʡ ʥʘʨʘʙʦʪʢʝ (ʚʘʛʦʥʳ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝʩʷ ʩʝʟʦʥʥʦ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʚʘʛʦʥʳ), ʣʠʙʦ ʧʦ ʧʨʦʙʝʛʫ 

(ʠʥʪʝʥʩʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ). ʉʦʙʩʪʚʝʥʥʠʢ ʧʦʜʚʠʞʥʦʛʦ 
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ʩʦʩʪʘʚʘ ʟʘʢʣʶʯʘʝʪ ʢʦʥʪʨʘʢʪ ʩ ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʧʣʘʥʦʚʳʭ ʚʠʜʦʚ ʨʝʤʦʥʪʘ, ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʦʙʫʩʣʦʚʣʝʥ ʢʨʠʪʝʨʠʷʤʠ ʤʝʩʪʦʧʦʣʦ-

ʞʝʥʠʷ ʨʝʤʦʥʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʪʦʠʤʦʩʪʴʶ ʠ ʩʨʦʢʘʤʠ ʨʘʙʦʪ. 

ʄʦʥʠʪʦʨʠʥʛ ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ 

ʚʘʛʦʥʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʭ ʦʪʨʘʩʣʷʭ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʛʦʩʫ-

ʜʘʨʩʪʚ ɽʚʨʦʧʳ, ɸʤʝʨʠʢʠ ʠ ɸʟʠʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʩʪʨʘʥ ʟʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ 

ʉʐɸ, ɹʨʘʟʠʣʠʠ, ʂʠʪʘʷ ʠ ʗʧʦʥʠʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʨʦʢʦʚ ʨʝʤʦʥʪʘ ʚʘʛʦʥʦʚ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ; 

- ʨʝʤʦʥʪ ʚʘʛʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʯʠʩʣʦ ʨʝʤʦʥʪʦʚ, ʢʦʪʦʨʳʝ ʚʘʛʦʥ ʧʨʦʭʦʜʠʪ ʟʘ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʨʝʤʦʥ-

ʪʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʘʛʦʥʘ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ 

ʧʨʦʩʪʦʷ ʚʘʛʦʥʘ ʚ ʨʝʤʦʥʪʝ; 

- ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʧʦ 

ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʢʦʥʪʨʘʢʪʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦ-

ʚʝʜʝʥʠʷ ʪʝʢʫʱʝʛʦ ʦʪʮʝʧʦʯʥʦʛʦ ʨʝʤʦʥʪʘ; 

- ʚ ʩʪʨʘʥʘʭ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʜʝʤʦʥʪʠʨʦʚʘʥʥʳʝ ʩ ʚʘʛʦʥʦʚ ʟʘʧʘʩʥʳʝ 

ʯʘʩʪʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʩʝʨʚʠʩʥʳʤʠ ʮʝʥʪʨʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʝ-ʠʟʛʦʪʦʚʠʪʝʣʴ, 

ʦʪʢʫʜʘ ʧʦʩʪʫʧʘʶʪ ʥʦʚʳʝ ʫʟʣʳ ʠ ʜʝʪʘʣʠ; 

- ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʝ ʜʝʧʦ (ʩʝʨʚʠʩʥʳʝ ʮʝʥʪʨʳ) ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ 

ʩʪʨʘʥ ʟʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʉʐɸ, ɹʨʘʟʠʣʠʠ, ʂʠʪʘʷ ʠ ʗʧʦʥʠʠ 

ʟʘʯʘʩʪʫʶ ʧʨʠʥʘʜʣʝʞʘʪ ʢʦʤʧʘʥʠʷʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʚʘʛʦʥʦʚ, ʢʦʪʦʨʳʝ ʦʩʫʱʝ-

ʩʪʚʣʷʶʪ ʨʝʤʦʥʪ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʚʘʛʦʥʦʚ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʧʨʠ-

ʥʷʪʘʷ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʳ, ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʠ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1, ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʭʝʤʘʪʠʯʥʦ ʧʨʠʚʝʜʝ-

ʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʊʘʢ ʢʘʢ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚʘʛʦʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʫʟʣʦʚ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʤʝʞʨʝʤʦʥʪʥʳʤ ʧʨʦʙʝʛʦʤ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘ-

ʙʦʪʳ ʩʝʨʚʠʩʥʳʭ ʮʝʥʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʟʘʤʝʥʫ ʚʳʨʘʙʦʪʘʚʰʠʭ ʨʝʩʫʨʩ ʫʟ-

ʣʦʚ ʠ ʜʝʪʘʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʩʤʦʪʨʝʪʴ ʠ ʩʠʩʪʝʤʫ ʨʝʤʦʥʪʘ ʚʘʛʦʥʦʚ ʠ ʚʥʝ-

ʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʦʙʲʝʤʘʤʠ ʚʳʧʦʣʥʷʝʤʳʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʤʝʞʨʝʤʦʥʪʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ (ʢʘʣʝʥʜʘʨʥʳʤ ʩʨʦʢʦʤ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʦʙʝʛʦʤ). 

ʈʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1) ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʝ ʧʨʦʙʝʛʠ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ; 

2) ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚʘʛʦʥʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 
ʦʪʮʝʧʦʢ ʚ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ; 

3) ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʘʛʦʥʦʚ; 

4) ʨʘʩʧʨʝʜʝʣʠʪʴ ʩʧʝʢʪʨ ʫʩʣʫʛ ʦʢʘʟʳʚʘʝʤʳʭ ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʤʠ ʧʨʝʜ-

ʧʨʠʷʪʠʷʤʠ ʠ ʩʝʨʚʠʩʥʳʤʠ ʮʝʥʪʨʘʤʠ. 
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ʉʦʚʨʝʤʝʥʥʘ̫ ʩʠʩʪʝʤʘ 

ʦʙʩʣʫʞʠʚʘʥʠ̫ ʠ ʨʝʤʦʥʪʘ

ʇʣʘʥʦʚrʝ ʚʠʜr  ʨʝʤʦʥʪʘ ʈʝʤʦʥʪ ʧʦ ʧʦʪʨʝʙʥʦʩʪʠ

ʆʪʜʝʣɹʥr ʝ ʚʠʜr  ʨʝʤʦʥʪʘ ʚ 

ʪʝʯʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙr

ɽʜʠʥr ʡ ʢʦʥʪʨʘʢʪ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʨʝʤʦʥʪ

ʅʝʟʘʠʚʠʩʤr ʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʢʦʤʧʘʥʠʠ ʚrʧʦʣʥ̫ʶɦ ʠʝ ʨʘʙʦʪr 

ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʁ  ʠ ʨʝʤʦʥʪʫ

ʉʝʨʚʠʩʥr ʝ ʮʝʥʪʨr  ʩʚ̫ʟʘʥʥr ʝ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣ̫ʤʠ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ

 
ʈʠʩʫʥʦʢ 1 - ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ 

ʚʘʛʦʥʦʚ 

ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪɹ ʩʝʨʚʠʩʥr ʭ 

ʮʝʥʪʨʦʚ ʚ ʩʦʢʨʘɦ ʝʥʠʠ ʩʨʦʢʦʚ ʠ 

ʧʦʚr ʝhʥʠʠ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ

ʇʦʚr ʝhʥʠʝ ʢʘʯʝʩʪʚʘ ʨʝʤʦʥʪʘ

ʋʚʝʣʠʯʝʥʠʝ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ

ʋʣʫʯh ʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʠʤr ʭ 

ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ

ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥr ʭ 

ʪʝʭʥʦʣʦʛʠʡ

ʉʦʢʨʘɦ ʝʥʠʝ ʩʦʚʦʢʫʧʥʦʛʦ ʩʨʦʢʘ 

ʧʨʦʩʪʦ̫ ʚʘʛʦʥʘ ʚ ʨʝʤʦʥʪʝ
ʉʦʢʨʘɦ ʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʤʦʥʪʦʚ

ɺr ʛʦʜʘ ʜʣ̫ ʦʧʝʨʘʪʦʨʦʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ

ʇʦʣʦʞʠʪʝʣɹʥr ʡ ʬʠʥʘʥʩʦʚrʡ ʨʝʟʫʣɹʪʘʪ 

ʧʦ ʢʦʥʪʨʘʢʪʫ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ

ʈʘʙʦʪʦʩʧʦʩʦʙʥr ʡ ʥʘʣʠʯʥr ʡ ʧʘʨʢ 

ʚʘʛʦʥʦʚ

ʇʨʠʙr ʣɹ ʦʪ ʧʝʨʝʚʦʟʢʠ
 

ʈʠʩʫʥʦʢ 2 - ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝ-

ʤʦʥʪʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ 

 

ʇʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʚʘʛʦʥʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʚʝʣʠʯʠʪʴ ʤʝʞʨʝʤʦʥʪʥʳʝ 

ʧʨʦʙʝʛʠ, ʩʦʢʨʘʪʠʪʴ ʩʪʦʠʤʦʩʪʴ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʚʘʛʦʥʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʥʝ-

ʜʨʝʥʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ ʜʝʪʘʣʝʡ ʧʦʜʚʠʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʤʝʥʝʥʠʠ ʥʦʚʳʭ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʧʦʚʳʰʝʥʥʦʛʦ ʨʝʩʫʨʩʘ. 
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ʇʨʝʜʣʘʛʘʝʪʩʷ ʢ ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤʘ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʧʷʪʴ ʩʮʝʥʘʨʠʝʚ: 

I - ʨʝʤʦʥʪ ʚʘʛʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʜʝ-

ʧʦʚʩʢʦʤʫ ʨʝʤʦʥʪʫ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ. ʉʣʝʜʫʶʱʠʡ ʨʝʤʦʥʪ ʧʦʩʣʝ ʜʘʥʥʦʛʦ ʚʠ-

ʜʘ ʨʝʤʦʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ (ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ) ʯʝʨʝʟ 2 ʛʦʜʘ 

ʠʣʠ ʯʝʨʝʟ 110 ʪʳʩ.ʢʤ ʧʨʦʙʝʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʣʦʞʝʥʠʝʤ ʦ ʩʠʩʪʝʤʝ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʜʦʧʫʱʝʥʥʳʭ ʚ ʦʙʨʘ-

ʱʝʥʠʝ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʧʫʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦ-

ʦʙʱʝʥʠʠ. 

II  - ʨʝʤʦʥʪ ʚʘʛʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʜʝ-

ʧʦʚʩʢʦʤʫ ʨʝʤʦʥʪʫ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ, ʩ ʫʩʪʘʥʦʚʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʫʟʣʘʭ ʪʨʝʥʠʷ ʪʝʣʝʞʝʢ ʤʦʜʝʣʝʡ 18-100 ʧʦ ʧʨʦʝʢʪʫ ʄ 1698.00.000 ʇʂɹ ʎɺ. 

ʉʣʝʜʫʶʱʠʡ ʨʝʤʦʥʪ ʧʦʩʣʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʝʤʦʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ (ʜʣʷ ʙʦʣʴ-

ʰʠʥʩʪʚʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ) ʯʝʨʝʟ 2 ʛʦʜʘ ʠʣʠ ʯʝʨʝʟ 160 ʪʳʩ.ʢʤ ʧʨʦʙʝʛʘ. 

III  - ʨʝʤʦʥʪ ʩ ʨʘʙʦʪʘʤʠ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʫʧʨʦʯʥʝʥʠʶ ʫʟʣʦʚ ʪʨʝʥʠʷ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ 250 ʪʳʩ.ʢʤ (ʠʣʠ 3 ʛʦʜʘ ʧʦ ʢʘʣʝʥʜʘʨ-

ʥʦʤʫ ʩʨʦʢʫ). 

IV - ʨʝʤʦʥʪ ʩ ʨʘʙʦʪʘʤʠ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʫʧʨʦʯʥʝʥʠʶ ʫʟʣʦʚ ʪʨʝʥʠʷ ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ 500 ʪʳʩ.ʢʤ (ʠʣʠ 6 ʣʝʪ ʧʦ ʢʘʣʝʥʜʘʨ-

ʥʦʤʫ ʩʨʦʢʫ). 

V - ʨʝʤʦʥʪ ʜʣʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʚʘʛʦʥʦʚ - 1000 ʪʳʩ.ʢʤ (ʠʣʠ 8 ʣʝʪ ʧʦ ʢʘ-

ʣʝʥʜʘʨʥʦʤʫ ʩʨʦʢʫ). 

ɺʠʜ ʧʨʝʜʩʪʦʷʱʝʛʦ ʨʝʤʦʥʪʘ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʧʨʠʥʮʠʧ ʦʧʣʘʪʳ ʛʘʨʘʥʪʠʨʦ-

ʚʘʥʥʦʛʦ ʤʝʞʨʝʤʦʥʪʥʦʛʦ ʧʨʦʙʝʛʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʠʪʴ ʟʘ ʩʦʙʩʪʚʝʥʥʠʢʦʤ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʘʛʦʥʦʚ, 

ʪʠʧʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʛʦʜʘ ʧʦ-

ʩʪʨʦʡʢʠ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʊʠʪʦʚʘ ɽ.ʅ., ʉʘʤʘʨʢʠʥʘ ʀ.ʂ. ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʚʘʛʦʥʦʚ ʧʨʠ 

ʥʦʚʦʡ ʩʪʨʘʪʝʛʠʠ ʜʝʧʦʚʩʢʦʛʦ ʨʝʤʦʥʪʘ // ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʟʚʠʪʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦ-

ʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʨʦʣʴ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ ʚ ʠʭ ʨʝʰʝʥʠʠ, ʪʨʫʜʳ ʚʪʦʨʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʪ-

ʨʘʩʣʝʚʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʈʦʩʪʦʚ: ʈɻʋʇʉ, 2000. ʉ.73.  

2. ɹʦʨʦʥʝʥʢʦ ʖ.ʇ., ʉʘʤʘʨʢʠʥʘ ʀ.ʂ. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʨʚʠʩʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ // ʐʘʛ ʚ ʙʫʜʫʱʝʝ (ʥʝʜʝʣʷ ʥʘʫʢʠ-2003): ʄʘʪʝʨʠʘʣʳ ʤʝʞ-

ʚʫʟʦʚʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. 

ʉʇɹ: ʇɻʋʇʉ, 2003. 

3. ʉʘʤʘʨʢʠʥʘ ʀ.ʂ., ʇʘʚʝʣʴʝʚ ʀ.ɺ., ɹʝʣʛʦʨʦʜʮʝʚʘ ʊ.ʄ., ʌʝʜʦʨʦʚ ʀ.ɺ. ʆʨʛʘʥʠʟʘʮʠʠ 

ʨʝʤʦʥʪʘ ʛʨʫʟʦʚʳʭ ʚʘʛʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʘʛʦʥʦʚ ʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʝʤʦʥʪʘ // ʇʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ XXI ʚʝʢʘ: ʠʜʝʠ, ʪʨʝʙʦʚʘʥʠʷ, ʧʨʦ-

ʝʢʪʳ : ʤʘʪʝʨʠʘʣʳ ʍIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʉʇʙ. : ʌɻɹʆʋ 

ɺʆ ʇɻʋʇʉ, 2019. 290 ʩ 
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ʋɼʂ 678.073 

ʉʇʆʉʆɹ ʇʆʃʋʏɽʅʀʗ ɺʓʉʆʂʆʇʈʆʏʅʓʍ ʀ ʊɽʇʃʆʉʊʆʁʂʀʍ 

ʕʇʆʂʉʀɼʅʆ-ʅʆɺʆʃɸʏʅʓʍ ʇɽʅʆʇʃɸʉʊʆɺ  
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ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʵʧʦʢʩʠʜʥʦ-ʥʦʚʦʣʘʯʥʳʭ ʧʝʥʦʧʣʘʩʪʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʠ ʘʜʛʝʟʠʠ ʩʦʩʪʘʚʘ ʢ ʤʝʪʘʣʣʫ. 

The authors proposed a method for producing of new epoxy-novolac foam materi-

als to increase operational reliability due to increased strength and adhesion to the 

metal. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʵʧʦʢʩʠʜʥʦ-

ʥʦʚʦʣʘʯʥʳʡ ʧʝʥʦʧʣʘʩʪ, ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʘʜʛʝʟʠʷ 

Key words: heat-insulating composite materials, epoxy-novolac foam, increased 

strength, adhesion 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʳʭ ʧʦʨʠʩʪʳʭ ʠ ʷʯʝʠʩʪʳʭ ʪʝʧʣʦʩʪʦʡʢʠʭ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠ-

ʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʦʜʥʠʤ 

ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʧʦʨʠʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʪʝʨʤʦʩʪʦʡʢʠʭ ʢʦʤʧʦʟʠ-

ʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʷʯʝʠʩʪʳʭ ʢʦʤʧʦʟʠʪʦʚ. 

ɼʘʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʝʙʫʶʱʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʘʚʠʘ- ʠ ʩʫʜʦʩʪʨʦʝʥʠʝ, ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʪ.ʧ. ʕʪʠ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʵʣʘ-

ʩʪʠʯʥʳʭ ʠ ʞʝʩʪʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʥʠʟʢʠʤ ʦʙʲʝʤʥʳʤ ʚʝʩʦʤ, 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ, ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʯʥʦ-

ʩʪʴʶ, ʧʣʘʚʫʯʝʩʪʴʶ, ʚʳʩʦʢʠʤʠ ʵʣʝʢʪʨʦ-, ʪʝʧʣʦ-ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. 

ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʠʩʪʳʝ ʠ ʷʯʝʠʩʪʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʧʨʠ ʤʘʣʦʤ ʦʙʲʝʤʥʦʤ ʚʝʩʝ ʚʩʝʤ ʢʦʤʧʣʝʢʩʦʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ ʠʟʜʝʣʠʡ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʪʝʧʣʦʩʪʦʡʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝ-

ʨʠʘʣʘʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʚʦʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʥʘʩʪʦʷʱʝʝ 
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ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʧʝʥʦʧʣʘʩʪʳ. ʋʢʘʟʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʫʧʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʠʟʢʠʤ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝʤ 

(ʤʝʥʝʝ 1-3% ʧʦ ʤʘʩʩʝ), ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʰʠʨʦ-

ʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʠʘ- ʠ ʩʫʜʦʩʪʨʦʝʥʠʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʪʨʝ-

ʙʫʝʤʦʛʦ ʩʣʦʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʜʝʣʠʡ. 

ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʫʩʠʣʝʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʚʦ 

ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʘʙʦʪ, ʥʘ ʦʩʥʦʚʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʤʦʣ, ʢʘʫʯʫʢʦʚ ʠ ʧʨʠʨʦʜʥʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʥʦʚʳʝ ʪʠʧʳ ʧʣʘʩʪʤʘʩʩ ʠ ʵʣʘʩʪʦʤʝʨʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʧʨʠ ʤʘʣʦʤ ʦʙʲʝʤ-

ʥʦʤ ʚʝʩʝ ʚʩʝʤ ʢʦʤʧʣʝʢʩʦʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʝʨʴʝʟʥʳʝ ʫʩʧʝʭʠ ʚ ʧʦʣʫʯʝʥʠʠ ʧʝ-

ʥʦʧʦʣʠʵʧʦʢʩʠʜʦʚ (ʇʇʕ) ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʝʥʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ ʥʠʟʢʦʢʠʧʷʱʠʭ ʞʠʜʢʦʩʪʝʡ. ɺʩʝ ʵʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʇʇʕ. 

ʕʧʦʢʩʠʜʥʳʝ ʧʝʥʦʧʣʘʩʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ, ʦʪʣʠʯʥʦʡ ʘʜʛʝʟʠʝʡ ʢʦ ʤʥʦʛʠʤ ʤʘʪʝʨʠʘʣʘʤ, ʚʳʩʦʢʦʡ ʬʦʨʤʦ-

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴʶ ʠ ʧʨʝ-

ʢʨʘʩʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ 

ʜʣ̫ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʝʥʦʵʧʦʢʩʠʜʦʚ ï ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʈʦʩʩʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʥʦʧʦʣʠʵʧʦʢʩʠʜʦʚ ʠʩʧʦʣʴʟʫʶʪ ʵʧʦʢʩʠʜʥʦ-

ʜʠʘʥʦʚʳʝ ʦʣʠʛʦʤʝʨʳ ʕɼ-16 ʠ ʕɼ-20, ʕ-41, ʕɼʇ ʠ ʧʨ. 

ʇʝʥʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠ-ʥʦʚʦʣʘʯʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʚʩʧʝʥʠʚʘʶʱʠʭ 

ʢʦʤʧʦʟʠʮʠʡ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ, ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʪʝʧʣʦ-ʠ 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠʟʜʝʣʠʡ ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ [1-2]. 

ʕʧʦʢʩʠʜʥʦ-ʥʦʚʦʣʘʯʥʳʝ ʧʝʥʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʦʰʢʦʚʳʭ ʪʝʨʤʦʨʝʘʢ-

ʪʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥ-

ʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ ʚ ʘʚʠʘʮʠʦʥʥʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ, ʨʘʜʠʦ-

ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʝʥʦʧʣʘʩʪʳ ʪʠʧʘ ʇʕʅ-ʀ (ʊʋ 

6-05-5088-76), ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʦ-ʥʦʚʦʣʘʯʥʦʛʦ ʙʣʦʢʩʦʧʦʣʠʤʝʨʘ ʤʘʨʢʠ 6ʕʀ60-1 (ʊʋ 6-05-

031-493-76) ʠ ʩʦʜʝʨʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʪʚʝʨʞʜʝʥʠʷ 0,5 ʤʘʩ. % ʪʨʠ-

ʵʪʘʥʦʣʘʤʠʥʘ. ɹʣʦʢʩʦʧʦʣʠʤʝʨ 6ʕʀ60-1 ʧʦʣʫʯʘʶʪ ʩʧʣʘʚʣʝʥʠʝʤ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʦʣʳ ʤʘʨʢʠ ʕɼ-16 ʠ ʥʦʚʦʣʘʯʥʦʡ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʤʘʨʢʠ 

ʉʌ-0112. ʇʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʠʤʝʶʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 6 ʤʝʩʷʮʝʚ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʧʝʥʦʧʣʘʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʫʪʝʤ ʚʘʣʴʮʝʚʘʥʠʷ ʥʦʚʦʣʘʯʥʦʡ ʬʝʥʦʣʦʬʦʨ-

ʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʩ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ï ʙʫʪʘʜʠʝʥ-ʘʢʨʠʣʦʥʠʪʨʠʣʴʥʳʤ ʢʘʫ-

ʯʫʢʦʤ, ʦʪʚʝʨʜʠʪʝʣʝʤ ï ʛʝʢʩʘʤʝʪʠʣʝʥʪʝʪʨʘʤʠʥʦʤ ʠ ʧʦʨʦʬʦʨʦʤ ʤʘʨʢʠ ʏʍɿ-



 60 
 

57, ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʧʝʥʦʧʣʘʩʪʳ ʚ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʬʦʨʤʘʭ ʧʨʠ ʧʦ-

ʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [2 (ʉ. 150)]. 

ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʠʭ ʧʝʥʦʧʣʘʩʪʦʚ ʷʚʣʷʶʪʩʷ ʥʠʟʢʘʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ï ʥʝ 

ʚʳʰʝ 130õ150ÁC, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʦʛʨʘ-

ʥʠʯʝʥʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʭʠʤʩʪʦʡʢʦʩʪʴ ï ʦʥʠ ʨʘʟʨʫʰʘʶʪʩʷ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʱʝʣʦʯʝʡ ʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʥʘ-

ʧʨʠʤʝʨ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ). 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʠ ʪʝʨʤʦʩʪʦʡʢʠʭ 

ʧʝʥʦʧʣʘʩʪʦʚ, ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʧʦʟʚʦ-

ʣʷʶʱʠʭ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʪʝʧʣʦ-, ʟʚʫʢʦ- ʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠʟʜʝʣʠʷ, ʘ 

ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʨʘʜʠʦʧʨʦʟʨʘʯʥʳʭ ʫʢʨʳʪʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨ ʜʦ +300ÁC ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʜʦ +400ÁC, ʘ ʪʘʢʞʝ 

ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ. 

ʇʝʥʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʥʦʚʦʣʘʯʥʦʛʦ ʙʣʦʢʩʦʧʦʣʠʤʝʨʘ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʧʝʥʦʧʣʘʩʪʳ ʥʘ ʦʩʥʦʚʝ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʥʦʚʦʣʘʢʦʚ 

ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʥʦ ʚʩʝ ʞʝ ʥʝ ʫʜʦʚ-

ʣʝʪʚʦʨʷʶʪ ʚʦʟʨʦʩʰʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʷʜʘ ʦʪʨʘʩʣʝʡ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ. ʆʥʠ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʜʝʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʧʣʦʩʪʦʡ-

ʢʦʩʪʴ ï ʠʩʭʦʜʥʳʡ ʙʣʦʢʩʦʧʦʣʠʤʝʨ ʠʤʝʝʪ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ʄʘʨʪʝʥʩʫ 

+130ÁC, ʛʦʨʶʯ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 160 ʄʇʘ, ʥʝʫʩʪʦʡʯʠʚ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʝʥʦʧʣʘʩʪ ʩ ʚʳʩʦʢʦʡ ʪʝʧʣʦ-

ʩʪʦʡʢʦʩʪʴʶ, ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʠʟʚʝʩʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʝʥʦʧʣʘʩʪʳ, ʚ ʩʦʯʝʪʘ-

ʥʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʫʩʪʦʡ-

ʯʠʚʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʢʨʳʪʦʛʦ ʧʣʘʤʝʥʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʠ, ʠ ʦʩʫʱʝ-

ʩʪʚʣʷʝʤʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʠʡʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʵʧʦʢʩʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʝʜʣʘ-

ʛʘʝʪʩʷ ʩʤʝʩʴ ʩʨʝʜʥʝ- ʠʣʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʡ ʵʧʦʢʩʠʜʥʦʡ ʜʠʘʥʦʚʦʡ ʩʤʦʣʳ 

(ʩʦʜʝʨʞʘʥʠʝ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ 38%) ʠ ʪʨʠʛʣʠʮʠʜʠʣʠʟʦʮʠʘʥʫʨʘʪʘ, ʠʟʚʝʩʪʥʦ-

ʛʦ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʪʝʨʤʦʩʪʦʡʢʠʭ ʠ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʦ ʪʨʝʙʫʶʱʠʡ 

ʦʩʦʙʳʭ ʧʨʠʝʤʦʚ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʪ.ʢ. ʧʨʠ ʩʤʝʰʝʥʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʦʪʚʝʨʜʠʪʝʣʷʤʠ ʦʥ ʤʛʥʦʚʝʥʥʦ ʦʪʚʝʨʞʜʘʝʪʩʷ. 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʦʯʝʪʘʥʠʝ ʪʨʠʛʣʠʮʠʜʠʣʠʟʦʮʠʘʥʫʨʘʪʘ ʩʦ ʩʨʝʜʥʝ- ʠ ʚʳʩʦ-

ʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʵʧʦʢʩʠʜʥʳʤʠ ʩʤʦʣʘʤʠ, ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ 

ʨʘʩʧʣʘʚʘ, ʧʨʝʜʦʩʪʘʚʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʥʘ ʦʙʦʛʨʝʚʘʝʤʳʭ 

ʚʘʣʴʮʘʭ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʧʦʢʩʠʜʥʦʡ 

ʩʤʝʩʠ ʩ ʥʦʚʦʣʘʯʥʦʡ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʦʡ, ʪ.ʢ. ʠʟʚʝʩʪʥʳʡ ʧʨʠʝʤ 

ʧʦʣʫʯʝʥʠʷ ʵʧʦʢʩʠʥʦʚʦʣʘʯʥʳʭ ʦʣʠʛʦʤʝʨʦʚ (ʙʣʦʢʩʦʧʦʣʠʤʝʨʦʚ), ʦʧʠʩʘʥʥʳʡ 

ʚʳʰʝ ʠ ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʩʤʝʰʝʥʠʠ ʨʘʩʧʣʘʚʦʚ ʚ ʨʝʘʢʪʦʨʝ ʞʠʜʢʦʡ ʠ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʤʘʣʦʘʢʪʠʚʥʦʡ ʩʤʦʣʳ ʕɼ-16 (ʩʦʜʝʨʞʘʥʠʝ ʵʧʦʢʩʠʜʥʳʭ ʛʨʫʧʧ 16%) ʩ 

ʥʦʚʦʣʘʯʥʦʡ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʦʡ ʅʦʚʦʣʘʢ 18 (ʉʌ-010), ʥʝʧʨʠ-

ʝʤʣʝʤ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʥʳʤ ʪʨʠʛʣʠʮʠʜʠʣʠʟʦʮʠʘʥʫ-

ʨʘʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʩʤʦʣʘ ʉʌ-010, ʧʨʠʤʝʥʷʝʤʘʷ ʚʳʰʝ, ʩʦʜʝʨʞʠʪ 8,5% ʩʚʦ-

ʙʦʜʥʦʛʦ ʬʝʥʦʣʘ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪ-

ʚʝʥʥʦ ʫʭʫʜʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʣʠʤʝʨʘ. 
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ɺ ʥʘʰʝʤ ʩʧʦʩʦʙʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʦʣʘʯʥʳʝ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʤʦʣʳ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʦʙʦʜʥʦʛʦ ʬʝʥʦʣʘ ʥʝ ʙʦʣʝʝ 2%, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢ-

ʪʦʨʦʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʦʛʦ ʧʦʣʠ-

ʤʝʨʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʤʦʣʳ ʪʠʧʘ ʉʌ-014 ʥʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʦʣʫʯʝ-

ʥʠʠ ʵʧʦʢʩʠʥʦʚʦʣʘʯʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʧʦ ʩʧʦʩʦʙʫ, ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ, ʠʟ-ʟʘ ʧʦ-

ʚʳʝhʥʥʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʇʦʣʫʯʝʥʠʝ ʧʝʥʦʧʣʘʩʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʤʝʩʠ, ʝʝ ʜʨʦʙʣʝʥʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʦʙʨʘʟʦ-

ʚʘʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʡ ʩʦʩʪʘʚ ʚʦʟʤʦʞʥʦ ʭʨʘʥʠʪʴ ʜʦ 12 ʤʝʩʷʮʝʚ ʙʝʟ ʩʫʱʝʩʪʚʝʥ-

ʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʛʦʪʦʚʳʭ ʠʟ-

ʜʝʣʠʡ ʠʟ ʧʝʥʦʧʣʘʩʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʬʦʨʤʘʭ, ʥʘʛʨʝʚʘʷ ʩʦ-

ʩʪʘʚ ʜʦ 105ÁC ʚ ʪʝʯʝʥʠʝ 40 ʤʠʥʫʪ, ʘ ʟʘʪʝʤ ʧʦʜʥʠʤʘʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 160ÁC 

ʠ ʚʳʜʝʨʞʠʚʘʶʪ 60 ʤʠʥʫʪ. ɺʝʩʴ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʝʪ 100 ʤʠʥʫʪ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ, 

ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʣʘʯʥʳʭ ʬʝʥʦʣʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʧʝʥ, 

ʦʧʠʩʘʥʥʳʡ ʚ [2], ʟʘʥʠʤʘʝʪ ʦʪ 6 ʜʦ 8,5 ʯʘʩʦʚ, ʘ ʚ ʧʨʦʪʦʪʠʧʝ [3] ʦʪ 5 ʜʦ 10 ʯʘ-

ʩʦʚ). 

 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʧʝʥʦʧʣʘʩʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ  
ˉ 

ʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ɺʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ 

ʇʨʠʤʝʨ 1 ʇʨʠʤʝʨ 2 ɸʥʘʣʦʛ ʇʨʦʪʦʪʠʧ 

1 
ʀʥʪʝʨʚʘʣ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʚʩʧʝʥʠʚʘʥʠʷ, ʢʛ/ʤ
3
 

90·500 100·700 100·500 90·300 

2 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʚʩʧʝ-

ʥʠʚʘʥʠʷ, ʤʠʥ 
100 80 360·510 300·600 

3 ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʩʪʨʫʢʮʠʠ, ÁC 370 350 220 280 

4 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ 

ʠʟʛʠʙʝ, ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ: 

20ÁC 

200ÁC 

12 

6,5 

14 

6,7 

1,1·3,2 

0 

1,75·8,1 

0 

5 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ: 

20ÁC 

200ÁC 

300ÁC 

14 

12 

2,1 

16 

14,5 

1,8 

1,2·2,0 

0 

0 

1,8·8,8 

0 

0 

6 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʧʦʩʣʝ 

ʚʳʥʝʩʝʥʠʷ ʠʟ ʧʣʘʤʝʥʠ, ʩʝʢ 
ʛʘʩʥʝʪ ʤʛʥʦʚʝʥʥʦ 6 30 
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ʋɼʂ 621.43.068.4+62-61+62-545.4 
SOME QUESTIONS ON REDUCING THE TOXICITY OF 

EXHAUST GASES AND SWITCHING TO MULTI -FUEL CAPACITY 

THROUGH A CONTROLLED COMPRESSION PROCESS IN INTERNAL  

COMBUSTION  ENGINES  
 

ʅɽʂʆʊʆʈʓɽ ɺʆʇʈʆʉʓ ʇʆ ʉʅʀɾɽʅʀʖ ʊʆʂʉʀʏʅʆʉʊʀ 

ʆʊʈɸɹʆʊɸɺʐʀʍ ɻɸɿʆɺ ʀ ʇɽʈɽʍʆɼʋ ʅɸ ʄʅʆɻʆʊʆʇʃʀɺʅʆʉʊʔ 

ʇʋʊɽʄ ʈɽɻʋʃʀʈʋɽʄʆɻʆ ʇʈʆʎɽʉʉɸ ʉɾɸʊʀʗ ɺ ɼɺʀɻɸʊɽʃʗʍ 

ɺʅʋʊʈɽʅʅɽɻʆ ʉɻʆʈɸʅʀʗ 
 

Naumov A.V., Khusnutdinov A.M., Vasin V.S. 

(Southern Ural State University, Chelyabinsk, Russia) 
 

ʅʘʫʤʦʚ ɸ.ɺ., ʍʫʩʥʫʪʜʠʥʦʚ ɸ.ʄ., ɺʘʩʠʥ ɺ.ʉ. 
(ʌɻɸʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è ʛ. ʏʝʣʷʙʠʥʩʢ, ʈʌ) 
 

The article discusses some issues related to reducing the toxicity of exhaust gases 

and switching to multi-fuel capacity by means of a controlled compression process in in-

ternal combustion engines. Theoretical and constructive directions of work on improv-

ing the working process of the internal combustion engine are described. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʧʦ ʩʥʠʞʝʥʠʶ ʪʦʢʩʠʯʥʦʩʪʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʠ ʧʝʨʝʭʦʜʫ ʥʘ ʤʥʦʛʦʪʦʧʣʠʚʥʦʩʪʴ ʧʫʪʝʤ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʩʞʘʪʠʷ ʚ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ʆʧʠʩʳʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʘʙʦʪʝ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʨʘʙʦʯʝʛʦ ʧʨʦ-

ʮʝʩʩʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 
 

The key words: compression process, internal combustion engine, multi-fuel capacity, 

exhaust gases 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ, ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʤʥʦʛʦʪʦʧ-

ʣʠʚʥʦʩʪʴ, ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ 
 

For engines with compression ignition, the main toxic components of ex-

haust gases are nitrogen oxides, soot, carbon monoxide, and unburned hydrocar-

bons. 

The rate of formation of NOʭ. almost directly proportional to the increase in 

the ignition delay period. At the same time, the temperature of the cycle has a de-

cisive influence on the formation of NOʭ. The formation of carbon monoxide oc-

curs during the period of diffusion burnout and is determined primarily by the 

lack of oxygen. To reduce CO emissions, it is necessary to intensify the diffusion 

of oxygen into the combustion zone in the final combustion phase. Reducing the 
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CH content can be achieved by reducing the ignition delay period, which is direct-

ly affected by the parameters of the air charge at the start of fuel delivery [1]. 

Due to the increased level of supercharging of diesel engines and the need to 

implement measures aimed at reducing the Pz, there is an increased interest in pre-

chamber mixing, including the use of accumulating cavities and devices for con-

trolling the compression ratio. Reducing the compression ratio in the internal 

combustion engine leads to a decrease in the concentration of nitrogen oxides in 

the exhaust gases [1]. The influence of such factors as the ratio of the surface area 

of the combustion chamber to its volume, the shape of the combustion chamber, 

the mixture, the advance angle of fuel supply should be considered for reducing 

the toxicity of the engines. 

The organization of the mixture formation and combustion process has a sig-

nificant impact on the composition of toxic substances in the exhaust gases, and 

the use of a controlled compression process in the internal combustion engine can 

be used to reduce the toxicity of exhaust gases [2]. In this case, the selected con-

trol method must be combined with the intensification of the working process of 

each specific engine. 

Engines with an adjustable compression process can be easily adapted to use 

on different types of fuels, since they can change the temperature and pressure at 

the end of compression, and, consequently, affect the period of ignition delay [2]. 

In addition to satisfactory power and efficiency, these engines have accepta-

ble dynamics of the operating cycle over the entire range of loading modes when 

working on several types of fuels, for example, diesel, gasoline, any mixture of 

them, kerosene, gaseous and liquid fuels. 

In comparison with liquid fuel, gas has a higher octane number (85ï125). 

Especially high anti-knock properties of methane, which is the main component 

of natural associated petroleum gases. An exception among gaseous fuels is hy-

drogen, which has a low octane number (70) and requires special conditions if it 

is used as a motor fuel. When hydrogen is burned, a non- toxic source product is 

formed-water. 

Conventional internal combustion engines do not require large structural 

changes when converting to hydrogen fuel. The key problem of using hydrogen as 

a fuel for internal combustion engines, especially transport vehicles, is its storage 

[3]. 

One of the most effective ways to increase the power and efficiency of car-

buretor engines when converting them from liquid to gaseous fuel is to increase 

the compression ratio. For gas engines, the upper limit of the compression ratio 

determined by detonation is higher and can reach 10ï13 instead of 8ï9 for en-

gines running on liquid fuel. With an increase in the compression ratio at a con-

stant exhaust gas temperature, the engine power increases by 20%; with a con-

stant power, the efficiency increases by 15ï20% and with a constant composition 

of the working mixture, the power increases by 25%, and the efficiency increases 

by 15ï20% [2]. 

On engines that do not have special devices for changing the compression ra-

tio, it is usually increased in two ways: by installing a new cylinder head with a 
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smaller volume of the compression chamber or new pistons with an elongated up-

per part. 

When converting to a gas-liquid process for different types of diesels, the 

compression ratio is selected so that there is an inequality between the tempera-

tures: TJ<TS<TGV (where TJ ï is the self-ignition temperature of the air-liquid fuel 

mixture; TGV ï is the self-ignition temperature of the gas-air mixture). 

For diesels running on gas with a liquid fuel additive, the maximum allowa-

ble compression ratio depends on the method of mixture formation. With jet and 

vortex mixing, it is practically possible to work on gas at a compression ratio of 

16-20 (depending on the speed and size of the engine). 

The 4ʏ 42.5/60, 4ʏ 26/38 and ɹʂ43 BK43 engines were successfully tested 

in the gas-liquid cycle without changing the compression ratio (Ң = 13) [4]. 

When converting from liquid fuel to gas, an interchangeable pre ī chamber 

with a volume of 20-35% of the combustion volume is installed instead of a diesel 

nozzle, which reduces the compression ratio to a level that ensures the non-

detonation combustion of the gaseous fuel. Along with reducing the compression 

ratio, the diesel engine uses a main fuel-gas supply system and an Autonomous 

pre-chamber gas supply system. 

It should be borne in mind that gas engines with electric ignition of the mix-

ture have Һi = 0,26...0,30 and Һc = 0,21...0,26; and for gas-liquid engines, which 

currently have an average flow rate of 15ī20% of the amount of fuel supplied by 

the pump when the engine is running only on liquid fuel, due to a higher compres-

sion ratio, it is characteristic Һi = 0,36...0,45 and Һc = 0,29...0,36. 

Previously, it was experimentally proved that gas-liquid engines, although 

dual-fuel, are more economical and allow switching from liquid fuel to gaseous 

fuel and back at any time, including at full load [5]. 

The adaptation of engines to work on fuels of different fractional composi-

tion is an actual direction of improving the internal combustion engine. When us-

ing high-octane fuels in diesels instead of diesel fuel, their Flammability and, con-

sequently, the dynamics of the cycle deteriorate, which causes an increase in me-

chanical tension and wear of engine parts. At the same time, efficiency is reduced 

and engine power is reduced. 

To ensure multi-fuel capacity, a number of methods are used: variable com-

pression ratio; changing the air temperature at the inlet, recirculation of exhaust 

gases; controlled injection and new principles for organizing the working pro-

cess. 

Recirculation is usually, used in idle and low load modes when the tempera-

tures are too high Ŭ. 

To fully solve the problem of multi-fuel capacity in engines, it is necessary 

to use a complex set of measures to prepare air for the moment of ignition and use 

a controlled system for preparing fuel and feeding it to the combustion chamber. 

Multi -fuel engines of the French company Hispano-Suiza are equipped with 

a separate vortex chamber of automatically adjustable volume [6, 7]. They are 

adapted to work on diesel fuel, kerosene and gasoline. Continental (USA) [8] 

when developing an engine with different fuels, we investigated a large number of 
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combustion chamber variants in order to achieve satisfactory dynamics and effi-

ciency of operating cycles. 

When converting diesel to various light fuels, there is a problem of the dy-

namics of the combustion process and reducing the ignition delay period. 

Therefore, to use gasoline with an octane number greater than 90, Ң = 22...25 

is required. This compression ratio must be the initial highest compression ratio of 

a multi-fuel engine [2]. 

The flammability conditions of the various types of fuel used, as well as the 

method of mixing and parameters of the fuel injection equipment determine the 

range of changes in the compression ratio. 

Engines with an adjustable compression process can be converted to work 

with different types of fuel. However, certain experimental finishing works are re-

quired, for example, the choice of the optimal injection advance angle for the fuel 

grade and measures to ensure the start of the diesel engine at low temperatures, 

which, in turn, can be solved by [9]: 

1) changes in the design of the internal combustion engine (optimization of 

the algorithm for controlling the fuel equipment in the start-up modes, increasing 

the power of the starter, etc.), this direction can also include the use of low-

viscosity (thickened) oils; 

2) the use of special technical means, which are usually divided into two 

groups: 

- prestart preparation tools - systems that ensure the creation of favorable 

conditions for starting before the start of engine scrolling; 

- means of facilitating start-up - systems that ensure the creation of favorable 

conditions for starting after the start of the engine, can include special starting flu-

ids with a low self-ignition temperature, which are injected into the combustion 

chamber at the time of start-up. 
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METHODS FOR DISPOSAL MACHINE PARTS MADE OF 

THERMOPLASTIC MATERIALS  
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʭ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩ-

ʪʘʪʢʠ ʟʘʭʦʨʦʥʝʥʠʷ, ʪʝʨʤʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʫʪʠʣʠʟʘʮʠʠ ʪʝʨʤʦʧʣʘʩʪʦʚ. 

The analysis of various methods of disposal machine parts made of thermoplastic 

materials. The advantages and disadvantages of disposal, thermal, physical, chemical 

and biological methods of disposal of thermoplastics are considered.  
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʫʪʠʣʠ-

ʟʘʮʠʷ, ʧʝʨʝʨʘʙʦʪʢʘ 

Key words: thermoplastic materials, polymer materials, disposal, recycling 
 

ɼʝʪʘʣʠ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʪʝʨʤʦʧʣʘʩʪʦʚ) ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʚʪʦʤʦʙʠʣʝ- ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [1]. ʀʟ ʥʠʭ ʠʟʛʦ-

ʪʘʚʣʠʚʘʶʪ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʠʟʜʝʣʠʷ ʩ ʙʦʣʴʰʦʡ ʤʘʩʩʦʡ (ʙʘʤʧʝʨʳ, ʧʘʥʝʣʴ 

ʧʨʠʙʦʨʦʚ, ʢʘʨʢʘʩʳ ʦʙʣʠʮʦʚʢʠ ʢʨʳʰʠ ʠ ʜʚʝʨʝʡ ʢʫʟʦʚʘ, ʩʠʜʝʥʴʷ ʠ ʜʨ.), ʘ ʪʘʢ-

ʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʜʝʪʘʣʠ ʘʚʪʦʤʦʙʠʣʷ (ʨʘʩʭʦʜ-

ʥʳʝ ʙʘʯʢʠ ʨʘʙʦʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʨʫʯʢʠ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʥʘʢʣʘʜʢʠ, ʜʝʪʘʣʠ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ.). ɹʝʟʦʧʘʩʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠʟ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʟʚʦʣʷʷ ʩʥʠʟʠʪʴ 

ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ [2-4]:  

- ʟʘʭʦʨʦʥʝʥʠʝ; 

- ʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ; 

- ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ; 

- ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʩʧʦʩʦʙʦʚ ʫʪʠʣʠʟʘʮʠʠ, ʠʭ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩ-

ʪʘʪʢʠ (ʪʘʙʣ. 1) [2-6]. 

ɿʘʭʦʨʦʥʝʥʠʝ ʤʫʩʦʨʘ ï ʵʪʦ ʨʘʟʤʝʱʝʥʠʝ ʦʪʭʦʜʦʚ ʚ ʤʦʨʝ, ʧʦʜ ʟʝʤʣʝʡ ʠʣʠ 

ʥʘ ʟʝʤʣʝ, ʥʘ ʫʯʘʩʪʢʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ. ʀʟ-

ʜʝʣʠʷ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʘʭʦʨʘʥʠʚʘʪʴ ʥʘ ʟʝʤ-

ʣʝ ʠʣʠ ʧʦʜ ʟʝʤʣʝʡ (ʩʦ ʩʙʦʨʦʤ ʙʠʦʛʘʟʘ).  

ʊʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʪʭʦ-

ʜʳ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʪʝʨʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʝʪʩʷ ʩʞʠʛʘʥʠʝ, ʧʠʨʦʣʠʟ ʠ 

ʛʘʟʠʬʠʢʘʮʠʷ.  
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʜʝʪʘʣʝʡ ʠʟ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ 

ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ɿʘʭʦʨʦʥʝʥʠʝ - ɼʝʰʝʚʠʟʥʘ. 

- ʅʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ 

- ʋʚʝʣʠʯʝʥʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʜ ʦʨ-

ʛʘʥʠʟʘʮʠʶ ʩʚʘʣʦʢ. 

- ʅʝʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ ʦʪʭʦʜʳ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʳʜʝʣʷʶʪ 

ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ. 

ʊʝʨʤʠʯʝʩʢʠʝ  - ɺʦʟʤʦʞʥʦʩʪʴ ʨʝʢʫʧʝʨʘʮʠʠ 

(ʚʦʟʚʨʘʱʝʥʠʷ, ʧʦʣʝʟʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ) ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʪʝʧʣʘ. 

- ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʪʭʦʜʘʤʠ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ. 

- ʉʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʘ ʦʪʭʦʜʦʚ 

ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ, ʤʘʩʩʳ - ʚ 3 

ʨʘʟʘ. 

- ɹʦʣʴʰʠʥʩʪʚʦ ʦʪʭʦʜʦʚ ʪʝʨʤʦ-

ʧʣʘʩʪʦʚ ʤʦʞʥʦ ʪʝʨʤʠʯʝʩʢʠ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʙʝʟ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʩʦʨʪʠʨʦʚ-

ʢʠ, ʩʫʰʢʠ. 

- ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʩʦʜʝʨʞʘ-

ʱʠʝʩʷ ʚ ʦʪʭʦʜʘʭ, ʬʠʢʩʠʨʫʶʪʩʷ 

ʚ ʢʦʢʩʦʚʦʤ ʦʩʪʘʪʢʝ. 

- ʆʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝ-

ʨʳ ʚʨʝʜʥʳʤʠ ʚʳʙʨʦʩʘʤʠ. 

- ʉʣʦʞʥʦʩʪʴ ʠ ʜʦʨʦʛʦʚʠʟʥʘ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʜʝʬʠʮʠʪ ʟʘʧʯʘʩʪʝʡ. 

- ɺʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘ-

ʪʨʘʪʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ - ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʵʥʝʨʛʦ-

ʧʦʪʨʝʙʣʝʥʠʝ. 

- ʉʥʠʞʝʥʠʝ ʨʠʩʢʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʪʭʦʜʘʤʠ ʧʦʯʚ ʠ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʜʝʣʠʪʴ ʢʦʤ-

ʧʦʥʝʥʪʳ ʜʣʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ. 

- ɼʦʨʦʛʦʚʠʟʥʘ ʠ ʩʣʦʞʥʦʩʪʴ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

- ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʙʦʨʘ ʨʝʘʛʝʥ-

ʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʚʷʟʫʶʱʝʛʦ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ - ʅʘʠʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦ-

ʧʘʩʥʳʡ. 

- ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʚʝ-

ʜʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ. 

- ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʪʠʣʠʟʘʮʠʠ ʥʘ 

ʙʠʦʧʦʣʠʛʦʥʘʭ ʠ ʩʦʟʜʘʥʠʷ ʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ. 

 

ʉʞʠʛʘʥʠʝ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ, ʪʝʭʥʠʯʝʩʢʠ ʦʪʨʘʙʦʪʘʥʥʳʡ, 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʫʥʠʯʪʦʞʝʥʠʷ ʦʪʭʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʡ ʝʱʝ ʩ ʢʦʥʮʘ 19 

ʚʝʢʘ. ʇʨʦʮʝʩʩ ʩʞʠʛʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ 

(ʄʉɿ), ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʘʨʦʚʳʝ ʠʣʠ ʚʦʜʦʛʨʝʡʥʳʝ ʢʦʪʣʳ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʪʦʧʢʘʤʠ. 

ʇʠʨʦʣʠʟʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʦʪʭʦʜʦʚ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʮʝʩʩ ʩʦʧʨʦʚʦ-

ʞʜʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʠʟʦʤʝʨʠʟʘʮʠʠ, ʢʦʥʜʝʥʩʘʮʠʠ. ʇʠʨʦʣʠʟ ʧʨʦʚʦʜʠʪ-
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ʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʘʢʪʦʨʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʫʶ ʰʘʭʪʥʫʶ 

ʧʝʯʴ. ʂʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʧʠʨʦʣʠʟʝ ʠ ʧʦʜʚʝʨ-

ʛʘʝʤʳʭ ʦʯʠʩʪʢʝ, ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʨʷʤʦʤ ʩʞʠʛʘʥʠʠ ʦʪʭʦʜʦʚ. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʳʤʦʚʳʝ ʛʘʟʳ ʤʝʥʴʰʝ ʟʘʛʨʷʟʥʝʥʳ ʣʝʪʫʯʝʡ ʟʦʣʦʡ ʠ ʩʘʞʝʡ, ʯʝʤ ʧʨʠ 

ʧʨʷʤʦʤ ʩʞʠʛʘʥʠʠ ʦʪʭʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʭʝʤʫ ʦʯʠʩʪʢʠ. 

ɻʘʟʠʬʠʢʘʮʠʷ ï ʧʨʦʮʝʩʩ, ʙʣʠʟʢʠʡ ʧʠʨʦʣʠʟʫ. ɻʘʟʠʬʠʢʘʮʠʝʡ ʥʘʟʳʚʘʝʪʩʷ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝ-

ʩʢʦʡ ʤʘʩʩʳ ʦʪʭʦʜʦʚ ʩ ʛʘʟʠʬʠʮʠʨʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ (ʚʦʟʜʫʭʦʤ, ʢʠʩʣʦʨʦʜʦʤ, 

ʚʦʜʷʥʳʤ ʧʘʨʦʤ, ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʠʣʠ ʠʭ ʩʤʝʩʷʤʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʧʦʣʫʯʘʝʪʩʷ ʛʦʨʶʯʠʡ ʛʘʟ, ʩʤʦʣʘ ʠ ʰʣʘʢ. ɹʣʘʛʦʜʘʨʷ ʝʤʫ ʩʥʠʞʘʝʪʩʷ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʦʣʫʯʝʥʥʳʡ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʠ ʛʘʟ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ: ʪʝʨʤʦʢʘʪʘʣʠʟ, 

ʩʦʣʴʚʦʣʠʟ ʠ FBP-ʤʝʪʦʜ.  

ʊʝʨʤʦʢʘʪʘʣʠʟ ʧʨʝʚʨʘʱʘʝʪ ʧʦʣʠʤʝʨʥʳʝ ʦʪʭʦʜʳ ʚ ʞʠʜʢʦʝ ʪʦʧʣʠʚʦ. ʇʨʦ-

ʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ʪʷʞʝʣʳʭ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ, ʙʳʚʰʠʭ ʚ ʫʧʦʪʨʝʙʣʝʥʠʠ ʰʠʥ, 

ʧʣʘʩʪʤʘʩʩ ʠ ʣʠʛʥʠʥʘ ʚ ʢʦʤʧʦʥʝʥʪʳ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘ-

ʪʘʣʠʟʘʪʦʨʘ ʨʘʟʦʚʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚʝ ʰʣʘʤʦʚ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʣʣʫʨʛʠʯʝ-

ʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ.  

ʇʦʥʷʪʠʝ ʩʦʣʴʚʦʣʠʟ ʦʙʲʝʜʠʥʷʝʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ 

(ʤʝʪʘʥʦʣʠʟ, ʛʠʜʨʦʣʠʟ, ʘʮʠʜʦʣʠʟ, ʛʣʠʢʦʣʠʟ, ʘʣʢʦʛʦʣʠʟ). ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʧʝʨ-

ʚʦʡ ʩʪʘʜʠʠ ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʦʣʠʤʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʛʠʜʨʦʦʢʩʠʜʘʤʠ ʤʝʪʘʣ-

ʣʦʚ, ʧʦʣʫʯʘʶʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴ ʠ ʩʦʣʠ ʤʝʪʘʣʣʦʚ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ. ʇʦʪʦʤ 

ʤʘʩʩʫ ʥʘʛʨʝʚʘʶʪ ʜʦ 200-300Áʉ ʠ ʠʩʧʘʨʷʶʪ ʵʪʠʣʝʥʛʣʠʢʦʣʴ. ʉʦʣʠ ʤʝʪʘʣʣʦʚ 

ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʚʳʜʝʣʷʶʪ ʠ ʦʯʠʱʘʶʪ ʧʨʠ 105Áʉ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʩʦʣʝʡ ʙʝʟ ʟʘʛʨʷʟʥʝʥʠʷ 

ʠ ʮʝʥʥʦʛʦ ʤʦʥʦʤʝʨʘ ʩ ʤʝʥʴʰʝʡ ʩʪʦʠʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʦʡ. 

Fluidizedbedprocess (FBP-ʤʝʪʦʜ) ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʠʩʣʝʥʠʝ ʚ ʧʩʝʚ-

ʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ. ʉʫʱʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʚʘʥʥʫ 

ʩ ʪʚʝʨʜʳʤ ʜʠʩʧʝʨʩʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʥʘʧʨʠʤʝʨ ʧʝʩʢʦʤ, ʧʦʤʝʱʘʶʪ ʫʪʠʣʠʟʠ-

ʨʫʝʤʳʡ ʘʨʤʠʨʦʚʘʥʥʳʡ ʇʂʄ, ʘ ʟʘʪʝʤ ʧʦʜʘʶʪ ʛʦʨʷʯʠʡ ʛʘʟ (ʥʘʛʨʝʪʳʡ ʜʦ ʪʝʤʧʝ-

ʨʘʪʫʨʳ 450-550Áʉ), ʦʙʦʛʘʱʝʥʥʳʡ ʢʠʩʣʦʨʦʜʦʤ. ʅʘʛʨʝʪʳʡ ʛʘʟ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʩʣʦʡ ʧʝʩʢʘ, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪ ʧʦʣʠʤʝʨʥʦʝ ʩʚʷʟʫʶʱʝʝ, ʟʘʪʝʤ ʛʦʨʯ̫ʠʡ ʚʦʟʜʫʰ-

ʥʳʡ ʧʦʪʦʢ ʫʥʦʩʠʪ ʚʦʣʦʢʥʘ ʠ ʧʨʦʜʫʢʪʳ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠʟ 

ʟʦʥʳ ʨʝʘʢʮʠʠ. ɺʦʣʦʢʥʘ ʚ ʮʠʢʣʦʥʝ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠ-

ʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ. ʅʝʜʦʦʢʠʩʣʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ 

ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʷʶʪʩʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞ-

ʥʦ ʩʧʨʘʚʠʪʴʩʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʇʂʄ ï ʣʶʙʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘ-

ʪʝʨʠʘʣʳ (ʢʨʘʩʢʠ, ʧʝʥʳ) ʦʢʠʩʣʷʶʪʩʷ, ʘ ʤʝʪʘʣʣʳ (ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʢʘ, 

ʢʨʝʧʝʞ ʠ ʚʩʪʘʚʢʠ) ʦʩʪʘʶʪʩʷ ʚ ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ (ʙʠʦʜʝʛʨʘʜʘʮʠʷ, ʙʠʦʨʘʟʣʦʞʝʥʠʝ) ï ʤʠʢʨʦʙʠʦʣʦ-

ʛʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚ ʧʦʯʚʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʘʭ ʫʪʠʣʠʟʘʮʠʠ [5-6]. 

ʕʪʦʪ ʧʨʦʮʝʩʩ, ʚʳʟʚʘʥʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʣʫʯʝʥʠʶ ʥʘʪʫʨʘʣʴʥʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ.  
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ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ, ʦʩʥʦʚʥʳʤ ʩʧʦʩʦ-

ʙʦʤ ʦʙʨʘʱʝʥʠʷ ʩ ʦʪʭʦʜʘʤʠ ʪʝʨʤʦʧʣʘʩʪʦʚ ʜʦʣʞʥʦ ʩʪʘʪʴ ʠʭ ʧʦʚʪʦʨʥʦʝ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ, ʚʳʧʦʣʥʷʶʱʝʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘʩʪʤʘʩʩ ʪʘʢʫʶ 

ʞʝ ʨʦʣʴ, ʢʘʢʫʶ ʠʛʨʘʝʪ ʤʝʪʘʣʣʦʣʦʤ ʚ ʤʝʪʘʣʣʫʨʛʠʠ.  
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ʠʩʧʦʣʴʟʫʶʱʝʡ ʝʛʦ ʪʝʭʥʠʢʠ, ʨʝʰʘʝʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʝʥʪʠʣʴʥʳʭ ʛʝʥʝʨʘ-

ʪʦʨʦʚ. 

ɺʝʥʪʠʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ (ɺɻ) ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʩʠʣʦʚʳʭ ʧʨʝʦʙʨʘʟʫʶʱʠʭ 

ʟʚʝʥʘ: ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʘʰʠʥʫ (ʕʄ) ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʠ ʚʳʧʨʷʤʠʪʝʣʴʥʳʡ 

ʙʣʦʢ (ɺɹ)(ʨʠʩ.1). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʥʦʩʪʠ ʕʄ ï m ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʫʣʴ-

ʩʘʮʠʷʤ ʚʳʧʨʷʤʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ɺɹ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ 

ʪʘʢʞʝ ʩʛʣʘʞʠʚʘʶʱʠʡ ʬʠʣʴʪʨ (1,2). 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʚʝʥʪʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʚʳʩʦʢʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ. ʆʥʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʷʞʝʣʦʡ ʪʝʭʥʠʢʝ, ʢʦ-

ʪʦʨʘʷ ʤʦʞʝʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʛʝʥʝʨʘʪʦʨʦʚ ʠ 

ʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ. ʕʪʦ ʧʦʚʳʩʠʪ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʦʜʣʠʪ ʧʝʨʠʦʜ 

ʨʘʙʦʪʳ ʙʝʟ ʊʆ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʝʦʫʩʣʦʚʠʷʤʠ. ʀʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ɺɻ ʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʟʘʪʨʫʜʥʝʥʦ ʚʚʠʜʫ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦʜʢʘʧʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʘʚʪʦʤʦʙʠʣʷ (3). 

ɼʣʷ ʥʘʰʠʭ ʮʝʣʝʡ ʙʳʣ ʚʟʷʪ ɺɻ ʩ ʩʦʚʤʝʱʸʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ ʩ ʯʠʩʣʦʤ 

ʟʫʙ-ʮʦʚ ʥʘ ʩʪʘʨʪʝʨʝ ʨʘʚʥʳʤ 6, ʘ ʥʘ ʨʦʪʦʨʝ ʨʘʚʥʦʝ 8. ɹʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚʝʢ-

ʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʨʠʩʫʥʦʢ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ ʥʘ ʭʦ-

ʣʦʩʪʦʤ ʭʦʜʫ (ʭ.ʭ). 

 

 
ʈʠʩʫʥʦʢ 1- ʆʙʦʙɦʝʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʙʣʦʢ-ʩʭʝʤʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ 

ʤʘʰʠʥʥʦ-ʵʣʝʢʪʨʦʥʥʦʡ ʛʝʥʝʨʠʨʫʶʱʝʡ ʩʠʩʪʝʤʝ (ʄʕɻʉ) çʇʝʨʝʤʝʥʥʘʷ ʩʢʦ-

ʨʦʩʪʴ-ʧʦʩʪʦʷʥʥʘʷ ʯʘʩʪʦʪʘ-ʇʉʏʇ + ɺɻ (ʉɻ + ɺɹ) ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʚʦʜʘ ʧʦʩʪʦʷʥʥʳʭ ʦʙʦʨʦʪʦʚ ï ʇʇʆ ʠ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ï ʉɻ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ. ʇʨʠʥʷʪʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʀʄʕ ï ʠʩʪʦʯʥʠʢ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ɺɹ ï ʚʳʧʨʷʤʠʪʝʣʴʥʳʡ ʙʣʦʢ, ʈɺ ï ʨʝʛʫʣʷʪʦʨ ʚʦʟʙʫʞ-

ʜʝʥʠʷ; ɸɹ ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ; ʂ1, ʂ2 - ʢʣʶʯʠ 

 

ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʚʠʜʳ ʫʣʫʯʰʝʥʠʷ ɺɻ: 

 ï ʛʝʥʝʨʘʪʦʨʳ ʨʘʜʠʘʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʩ ʜʠʦʜʘʤʠ ʚ ʬʘʟʘʭ ʷʢʦʨʥʦʡ ʦʙ-

ʤʦʪʢʠ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ, ʧʦʩʪʨʦʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʭ.ʭ. ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʜʠʦʜʦʚ ʚ ʦʙʤʦʪʢʝ ʠ ʩ ʜʠʦʜʘʤʠ.  
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ɹʣʘʛʦʜʘʨʷ ʜʠʦʜʘʤ ʤʦʱʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʩʝʨʠʡʥʳʤʠ ʠʥʜʫʢʪʦʨʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʪʘʢʦʛʦ ʞʝ ʚʝʩʘ ʠ ʨʘʟʤʝʨʘ. 

ʉʣʝʜʫʝʪ ʦʙʦʟʥʘʯʠʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʘʚʦʯ-

ʥʦʡ ʦʙʤʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʥʘʛʨʫʟʢʝ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʪʦʢʘ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʦʪʝʢʘʝʪ ʧʦ ʷʢʦʨʥʦʡ ʦʙʤʦʪʢʝ, ʚʳʜʝʣʷʝʪʩʷ ʚ ʥʘʛʨʫʟ-

ʢʫ. ʇʦ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʠʥʜʫʢʪʦʨʥʦʛʦ ʛʝʥʝʨʘ-

ʪʦʨʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʩʝʨʠʡʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩ 

ʢʦʥʪʘʢʪʥʳʤʠ ʢʦʣʴʮʘʤʠ. 

ï ʫʣʫʯʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʥʝʨʘʪʦʨʦʚ ʜʦʙʘʚʣʝʥʠʝʤ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ 

ʦʙʤʦʪʢʫ ʚʦʟʙʫʞʜʝʥʠʷ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ, ʧʦʩʪʨʦʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʭ.ʭ. ʛʝʥʝʨʘʪʦʨʘ ʙʝʟ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʩ ʢʦʥʜʝʥ-

ʩʘʪʦʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʚ ʦʙʤʦʪʢʫ ʚʦʟʙʫʞʜʝʥʠʷ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʠʟʚʝʩʪ-

ʥʳʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʦʙʤʦʪʢʝ ʚʦʟʙʫ-

ʞʜʝʥʠʷ, ʢʘʢ ʠ ʚ ʷʢʦʨʥʦʡ ʦʙʤʦʪʢʝ, ʥʘʚʦʜʠʪʩʷ ʕɼʉ, ʠ ʵʪʘ ʕɼʉ ʪʘʢʦʡ ʞʝ ʯʘʩ-

ʪʦʪʳ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʚʠʪʢʦʚ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ. ʆʜʥʘʢʦ, ʚ ʘʚ-

ʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʷʢʦʨʥʦʡ ʦʙʤʦʪʢʠ ʥʝ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ. ʃʠʥʝʡʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʯʪʦ ʩʥʠʤʘʝʪʩʷ ʩ ʷʢʦʨʥʳʭ ʚʳ-

ʚʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʤʘʣʳʤ, ʠ ʜʣʷ ʟʘʤʝʪʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʥʝʨʘʪʦʨʘ ʥʝʦʙʭʦʜʠʤʳ ʢʦʥʜʝʥʩʘʪʦʨʳ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʡ ʸʤʢʦʩʪʠ, ʘ, 

ʟʥʘʯʠʪ, ʠ ʛʘʙʘʨʠʪʦʚ, ʯʪʦ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʝʤ-

ʣʝʤʳʤ. 

ï  ʫʤʝʥʴʰʝʥʠʷ ʚʝʩʘ ʤʝʜʠ ʚ ʦʙʤʦʪʢʝ ʚʦʟʙʫʞʜʝʥʠʷ ʠʥʜʫʢʪʦʨʥʳʭ ʛʝʥʝʨʘ-

ʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʩʪʦʷʱʠʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʫʣʫʯʰʝʥʠʷ ʙʝʩ-

ʢʦʥʪʘʢʪʥʦʛʦ ɺɻ, ʷʚʣʷʶʪʩʷ: ʧʦʩʪʨʦʝʥʠʝ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʛʝʥʝʨʘʪʦʨʘ, 

ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺɻ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠʥʜʫʢʪʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʥʜʫʢʪʠʚʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʦʙʤʦʪʦʢ ɺɻ.   

ɹʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ɺɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʫʣʫʯʰʝʥʠʡ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ.2).  

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʣʫʯʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʤʝʜʥʦʛʦ ʧʨʦʚʦʜʘ ʥʘ ʦʙʤʦʪʢʫ ʚʦʟʙʫʞʜʝʥʠʷ. ʊʘʢ, ʚ 

ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʤʦʱʥʦʩʪʴʶ 400 ɺʪ ʧʦʪʝʨʠ ʤʝʜʠ ʩʦʩʪʘʚʣʷʣʠ 480 ʛʨʘʤʤ, 

ʯʪʦ ʚ 2 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʦʪʝʨʠ ʤʝʜʠ ʥʘ ʷʢʦʨʥʫʶ ʦʙʤʦʪʢʫ. 

ʗʢʦʨʥʘʷ ʦʙʤʦʪʢʘ ʚʳʧʦʣʥʝʥʘ ʪʘʢ, ʯʪʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ. ɽʩʣʠ ʧʦʜʢʣʶʯʠʪʴ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʢʦ ʚʭʦ-

ʜʫ AZ, ʪʦ ʧʦ ʷʢʦʨʥʦʡ ʦʙʤʦʪʢʝ ʙʫʜʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ, ʘ ʩʦʟʜʘʥʥʘʷ 

ʠʤ ʄɼʉ ʙʫʜʝʪ ʩʫʤʤʠʨʦʚʘʪʴʩʷ ʩ ʄɼʉ ʦʙʤʦʪʢʠ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʝʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʣʫʯʰʝʥʠʡ ɺɻ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥ-

ʜʝʥʩʘʪʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭʩʷ ʚ ʦʙʤʦʪʢʫ ʚʦʟʙʫʞʜʝʥʠʷ, ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʤʥʦ-

ʛʦʦʙʝʱʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʨʘʟʨʘʙʘʪʳ-

ʚʘʝʤʳʭ ʠʥʜʫʢʪʦʨʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩ ʩʦʚʤʝʱʝʥʥʳʤʠ ʦʙʤʦʪʢʘʤʠ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʧʝʨʚʠʯʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʢʦʥʢʫ-
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ʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʛʣʫʙʣʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ  ʚ ʙʫʜʫʱʝʤ ʤʦʛʫʪ ʙʳʪʴ ʚʦʧʣʦʱʝʥʳ ʥʘ ʧʨʘʢʪʠʢʝ 
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ʈʘʩʩʤʦʪʨʝʥʳ ʜʝʡʩʪʚʠʷ ʚʦʜʠʪʝʣʝʡ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘ ʫʣʠʮʘʭ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ. ʇʨʝʜʣʦʞʝʥʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʇʨʘʚʠʣʘ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʈʌ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

The actions of drivers of passenger transport on the streets of Voronezh are con-

sidered. It is proposed to make changes to the rules of the road of the Russian Federa-

tion to ensure traffic safety. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʠʮʘ, ʚʦʜʠʪʝʣʴ, ʪʨʘʥʩʧʦʨʪ, ʧʨʘʚʠʣʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

Key words: street, driver, transport, rules, safety 

 

ʅʘ ʩʪʨʘʥʠʮʘʭ ɺʩʝʤʠʨʥʦʡ ʩʝʪʠ ʚ ʩʝʨʝʜʠʥʝ ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʧʦʷʚʠʣʘʩʴ 

ʠʥʬʦʨʤʘʮʠʷ, ʯʪʦ ʜʦʨʦʞʥʳʝ ʢʘʤʝʨʳ ʥʘʯʥʫʪ ʥʘ ʜʦʨʦʛʘʭ ʄʦʩʢʚʳ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ 103 ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʤʘʨʢʠ ʘʚʪʦʤʦʙʠʣʝʡ. ʅʝʡʨʦʩʝʪʴ 

ʦʙʝʩʧʝʯʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʊʉ) ʠ ʧʨʘʚʦ ʝʛʦ ʧʨʦ-

ʝʟʞʘʪʴ ʧʦ ʘʚʪʦʙʫʩʥʦʡ ʧʦʣʦʩʝ ʠʣʠ ʫʯʘʩʪʢʫ, ʛʜʝ ʜʚʠʞʝʥʠʝ ʪʘʢʠʭ ʤʘʰʠʥ ʟʘ-

ʧʨʝʱʝʥʦ [1]. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʢʦʥʪʨʦʣʴ ʟʘ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʧʦʟʚʦ-

ʣʠʪ ʩʥʠʟʠʪʴ ʟʘʜʝʨʞʢʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʛʦ-

ʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʇɻʊ). ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʜʠʪʝʣʠ ʇɻʊ ʠ 

ʷʚʣʷʶʪʩʷ ʚʠʥʦʚʥʠʢʘʤʠ ʩʦʟʜʘʥʠʷ ʦʧʘʩʥʳʭ ʜʦʨʦʞʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʟʘʪʦʨʦʚ. 

ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʚʦʜʠʪʝʣʷʤʠ ʪʨʝʙʦʚʘʥʠʡ ʦʜʥʠʭ ʧʫʥʢʪʦʚ ʇʨʘʚʠʣ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ (ʇɼɼ) ʈʌ ʧʦʙʫʞʜʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʜʨʫʛʠʭ ʧʫʥʢʪʦʚ ʇɼɼ, ʨʘʟʨʝ-

ʰʘʶʱʠʭ ʥʝ ʚʳʧʦʣʥʷʪʴ ʧʨʝʜʳʜʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʝʡʩʪʚʠʷʤʠ ʚʦʜʠʪʝʣʝʡ, ʫʧʨʘʚʣʷʶʱʠʭ ʇɻʊ ʚ 

ʫʩʣʦʚʠʷʭ ʚʳʥʫʞʜʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ (ʧʨʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʊʉ), ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʛ. ɺʦʨʦʥʝʞʝ ʥʘ ʏʝʨ-

ʥʘʚʩʢʦʤ ʤʦʩʪʦʚʦʤ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ɺʦʨʦʥʝʞʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʴʶ 1520 ʤ (ʠʟ ʢʦʪʦʨʳʭ 1140 ʤ ʜʣʠʥʘ ʜʘʤʙʳ ʠ 380 ʤ ʜʣʠʥʘ ʤʦʩʪʘ), ʩʦ-

ʝʜʠʥʷʶʱʝʤ ʧʨʘʚʦ- ʠ ʣʝʚʦʙʝʨʝʞʥʳʝ ʯʘʩʪʠ ʛʦʨʦʜʘ, ʠʤʝʝʪʩʷ ʧʦ ʪʨʠ ʧʦʣʦʩʳ 

ʜʚʠʞʝʥʠʷ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʚʝʯʝʨʥʠʝ ʯʘʩʳ çʧʠʢè ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʣʝʚʳʡ ʧʦ ʚʩʝʤ 

ʪʨʝʤ ʧʦʣʦʩʘʤ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ï 10 ʢʤ/ʯ. ʇʨʦʪʷʞʝʥ-

ʥʦʩʪʴ ʦʯʝʨʝʜʠ ʊʉ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 1500 ʤ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʪʦʨʘ ʚʦʜʠ-

ʪʝʣʠ ʇɻʊ ʤʘʣʦʡ ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʚʤʝʩʪʠʤʦʩʪʠ, ʧʦʩʣʝ ʦʪʲʝʟʜʘ ʦʪ ʦʩʪʘʥʦʚ-

ʢʠ ʠ ʧʨʠ ʚʲʝʟʜʝ ʥʘ ʜʘʤʙʫ, ʩʨʘʟʫ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʚ ʣʝʚʳʡ ʨʷʜ. ʇʦʩʣʝ ʧʨʦʝʟ-

ʜʘ ʜʘʤʙʳ ʚʩʝ ʩʨʝʜʩʪʚʘ ʇɻʊ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʧʨʘʚʳʡ ʨʷʜ ʠ ʜʘʣʝʝ ʥʘʧʨʘʚʦ ʚ 

ʧʨʠʤʳʢʘʥʠʝ (ʧʦʜ ʦʩʪʨʳʤ ʧʦʧʫʪʥʳʤ ʫʛʣʦʤ), ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʦʩʪʘʥʦʚʢʘ ʜʣʷ 

ʚʳʩʘʜʢʠ-ʧʦʩʘʜʢʠ ʧʘʩʩʘʞʠʨʦʚ, ʩ ʜʘʣʴʥʝʡʰʠʤ ʚʳʝʟʜʦʤ ʥʘ ʃʝʥʠʥʩʢʠʡ ʧʨʦ-

ʩʧʝʢʪ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʪʪʷʥʫʪʦʛʦ ʧʦʚʦʨʦʪʘ ʥʘʣʝʚʦ. 

ʅʘ ʧʝʨʝʛʦʥʘʭ ʟʘʛʨʫʞʝʥʥʳʭ ʊʉ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʫʣʠʮ ʚʦʜʠʪʝʣʠ ʇɻʊ ʪʘʢ-

ʞʝ ʧʨʠ ʦʪʲʝʟʜʝ ʦʪ ʦʩʪʘʥʦʚʢʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ 

ʩʨʘʟʫ ʚ ʩʨʝʜʥʠʡ ʠʣʠ ʜʘʞʝ ʚ ʣʝʚʳʡ ʨʷʜ, ʘ ʚ ʢʦʥʮʝ ʧʝʨʝʛʦʥʘ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ 

ʧʨʘʚʳʡ. ɺ ʧʦʛʦʥʝ ʟʘ ʧʘʩʩʘʞʠʨʘʤʠ ʚʦʜʠʪʝʣʠ ʧʦʜʲʝʟʞʘʶʪ ʢ ʧʝʨʝʩʝʯʝʥʠʶ ʧʦ 

ʧʨʘʚʦʤʫ ʨʷʜʫ, ʠʟ ʢʦʪʦʨʦʛʦ ʨʘʟʨʝʰʝʥ ʪʦʣʴʢʦ ʧʦʚʦʨʦʪ ʥʘʧʨʘʚʦ ʠ ʧʝʨʝʩʪʨʘʠ-

ʚʘʶʪʩʷ ʚ ʩʦʩʝʜʥʠʡ ʩʨʝʜʥʠʡ ʠʣʠ ʣʝʚʳʡ ʨʷʜ ʟʘ ʩʪʦʧ-ʣʠʥʠʶ, ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ 

ʚʧʝʨʝʜʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʊʉ. ʊʘʢʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʚʦʜʠʪʝʣʴ ʇɻʊ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʚʳʤ, ʥʘ ʨʘʟʨʝʰʘʶʱʠʡ ʜʚʠʞʝʥʠʝ ʩʠʛʥʘʣ ʩʚʝʪʦʬʦʨʥʦʡ 
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ʩʠʛʥʘʣʠʟʘʮʠʠ, ʧʦʜʲʝʭʘʪʴ ʢ ʦʩʪʘʥʦʚʢʝ ʟʘ ʧʝʨʝʩʝʯʝʥʠʝʤ. 

ʆʧʠʩʘʥʥʳʝ ʤʘʥʝʚʨʳ ʚʦʜʠʪʝʣʝʡ ʇɻʊ ʧʨʠʚʦʜʷʪ ʢ ʙʝʩʧʦʨʷʜʢʫ ʥʘ ʧʨʦʝʟ-

ʞʝʡ ʯʘʩʪʠ, ʫʭʫʜʰʘʶʪ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʜʨʫʛʠʭ ʚʦʜʠʪʝʣʝʡ, ʩʦʟʜʘ-

ʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʬʣʠʢʪʥʳʝ ʪʦʯʢʠ ʠ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʳʭ ʠ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʫʚʝʣʠʯʠʚʘʶʪ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʜʚʠʞʝʥʠʷ ʚʩʝʛʦ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ, ʯʪʦ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. 

ɺʦʜʠʪʝʣʠ ʇɻʊ ʦʙʦʩʥʦʚʳʚʘʶʪ ʪʘʢʠʝ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʧʨʝʜʧʠʩʘʥʠʷʤʠ 

ʧʫʥʢʪʦʚ 5.15.1 ï 5.15.2 çʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦ ʧʦʣʦʩʘʤè ʇʨʠʣʦʞʝʥʠʷ 1 

çɼʦʨʦʞʥʳʝ ʟʥʘʢʠ. 5. ɿʥʘʢʠ ʦʩʦʙʳʭ ʧʨʝʜʧʠʩʘʥʠʡè ʢ ʇɼɼ ʈʌ, ʛʜʝ ʩʢʘʟʘʥʦ 

çéɼʝʡʩʪʚʠʝ ʟʥʘʢʦʚ 5.15.1 ʠ 5.15.2 ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʤʘʨʰʨʫʪʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘè. 

ɹʦʣʝʝ ʦʧʘʩʥʳʝ ʤʘʥʝʚʨʳ ʚʦʜʠʪʝʣʝʡ ʇɻʊ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʧʨʠ ʚʳʧʦʣʥʝ-

ʥʠʠ ʧʦʚʦʨʦʪʘ ʥʘʣʝʚʦ. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʫʣʠʮ ʃʝʥʠʥʩʢʠʡ ʧʨʦ-

ʩʧʝʢʪ ʠ ʫʣ. ɹʨʫʩʠʣʦʚʘ ʣʝʚʳʡ ʧʦʚʦʨʦʪ ʩ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ ʚ ʩʪʦʨʦʥʫ 

ʏʝʨʥʘʚʩʢʦʡ ʜʘʤʙʳ ʨʘʟʨʝʰʝʥ ʪʦʣʴʢʦ ʩ ʣʝʚʦʛʦ ʨʷʜʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝ-

ʥʠ ʩʫʪʦʢ ʦʯʝʨʝʜʴ ʚ ʣʝʚʦʤ ʨʷʜʫ ʃʝʥʠʥʩʢʦʛʦ ʧʨʦʩʧʝʢʪʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 20 

ʊʉ. ɺʦʜʠʪʝʣʠ ʇɻʊ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ ʧʨʝʥʝʙʨʝʛʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤʠ ʇɼɼ ʈʌ, 

ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʊʉ ʚ ʦʯʝʨʝʜʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʣʝʚʳʡ ʧʦʚʦʨʦʪ ʠʟ 

ʩʨʝʜʥʝʛʦ ʨʷʜʘ. ɸ ʠʥʦʛʜʘ, ʠʟ ʧʨʘʚʦʛʦ ʨʷʜʘ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʚ 

ʩʨʝʜʥʠʡ ʨʷʜ ʜʣʷ ʦʞʠʜʘʥʠʷ ʚ ʥʝʤ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ ʩʝʢʮʠʠ çʩʪʨʝʣʢʘ ʥʘʣʝʚʦè, 

ʩʦʟʜʘʚʘʷ ʧʦʤʝʭʠ ʜʨʫʛʠʤ ʊʉ, ʜʚʠʞʫʱʠʤʩʷ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʧʫʥʢʪʝ 9.4 ʇɼɼ ʈʌ ʟʘʧʠʩʘʥʦ: çéʥʘ ʣʶʙʳʭ ʜʦʨʦʛʘʭ, ʠʤʝʶʱʠʭ ʜʣʷ 

ʜʚʠʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʨʠ ʧʦʣʦʩʳ ʠ ʙʦʣʝʝ, ʟʘʥʠʤʘʪʴ ʢʨʘʡʥʶʶ ʣʝ-

ʚʫʶ ʧʦʣʦʩʫ ʨʘʟʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʢʦʛʜʘ ʟʘʥʷʪʳ 

ʜʨʫʛʠʝ ʧʦʣʦʩʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʦʨʦʪʘ ʥʘʣʝʚʦ ʠʣʠ ʨʘʟʚʦʨʦʪʘ, ʘ ʛʨʫʟʦʚʳʤ ʘʚ-

ʪʦʤʦʙʠʣʷʤ ʩ ʨʘʟʨʝʰʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʦʡ ʙʦʣʝʝ 2,5 ʪ ï ʪʦʣʴʢʦ ʜʣʷ 

ʧʦʚʦʨʦʪʘ ʥʘʣʝʚʦ ʠʣʠ ʨʘʟʚʦʨʦʪʘéè. 

ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʥʘ ʦʩʪʘʥʦʚʢʘʭ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʦʜʠ-

ʪʝʣʠ ʇɻʊ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʳʩʘʜʢʫ ʠ ʧʦʩʘʜʢʫ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʃʝʥʠʥʩʢʦʤ ʧʨʦ-

ʩʧʝʢʪʝ (ʦʩʪʘʥʦʚʢʘ ʫʣʠʮʘ ɼʠʤʠʪʨʦʚʘ) ʫ ʨʳʥʢʘ çʇʨʠʜʘʯʘè ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʘʚʦʡ, 

ʥʦ ʠ ʚ ʩʨʝʜʥʝʡ ʧʦʣʦʩʝ ʜʚʠʞʝʥʠʷ ʧʨʠ ʟʘʥʷʪʦʡ ʧʨʘʚʦʡ. ɺ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʩʣʝ-

ʜʫʶʱʠʝ ʧʦʜʲʝʟʞʘʶʱʠʝ ʚʦʜʠʪʝʣʠ ʇɻʊ ʯʘʩʪʦ ʥʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ ʦʯʝʨʝʜʴ 

ʧʝʨʝʜ ʦʩʪʘʥʦʚʢʦʡ ʚ ʦʞʠʜʘʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʲʝʟʜʘ, ʘ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʜʘʞʝ ʚ ʣʝʚʦʤ ʨʷʜʫ ʜʚʠʞʝʥʠʷ, ʦʞʠʜʘʷ ʧʦʜʭʦʜʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʣʷ ʟʘʝʟʜʘ ʚʧʝ-

ʨʝʜ ʦʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʇɻʊ. 

ʊʘʢ, ʢʘʢʦʡ ʠʟ ʧʫʥʢʪʦʚ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ: 9.4 ʇɼɼ ʈʌ ʠʣʠ 5.15.1 - 5.15.2 ʇʨʠʣʦʞʝʥʠʷ 1 ʢ ʇɼɼ 

ʈʌ? ʂʘʢ ʟʘʩʪʘʚʠʪʴ ʚʦʜʠʪʝʣʝʡ (ʦʩʦʙʝʥʥʦ ʇɻʊ) ʙʳʪʴ ʫʚʘʞʠʪʝʣʴʥʳʤʠ ʜʨʫʛ ʢ 

ʜʨʫʛʫ ʠ ʢ ʜʨʫʛʠʤ ʫʯʘʩʪʥʠʢʘʤ ʜʚʠʞʝʥʠʷ? 

ʆʯʝʚʠʜʥʦ, ʪʦʣʴʢʦ ʦʙʦʩʥʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ [2, 3], ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʜʝʡʩʪʚʫʶʱʫʶ ʨʝʜʘʢʮʠʶ ʇɼɼ 

ʈʌ [4, 5, 6, 7] ʠ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʜʝʡʩʪʚʠʡ ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʫʣʠʮʘʭ ʛʦ-

ʨʦʜʦʚ ʧʨʝʜʣʘʛʘʝʤ: 
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1. ʠʩʢʣʶʯʠʪʴ ʠʟ ʧʫʥʢʪʘ 5.15.2 ʇʨʠʣʦʞʝʥʠʷ 1 ʢ ʇɼɼ ʈʌ ʧʨʝʜʣʦʞʝʥʠʝ 

çɼʝʡʩʪʚʠʝ ʟʥʘʢʦʚ 5.15.1 ʠ 5.15.2 ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʤʘʨʰʨʫʪʥʳʝ ʪʨʘʥʩ-

ʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘè; 

2. ʚ ʧʫʥʢʪ 9.4 ʇɼɼ ʈʌ ʟʘʧʠʩʘʪʴ: çéʥʘ ʣʶʙʳʭ ʜʦʨʦʛʘʭ, ʠʤʝʶʱʠʭ ʜʣʷ 

ʜʚʠʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʨʠ ʧʦʣʦʩʳ ʠ ʙʦʣʝʝ, ʟʘʥʠʤʘʪʴ ʢʨʘʡʥʶʶ ʣʝ-

ʚʫʶ ʧʦʣʦʩʫ ʨʘʟʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʢʦʛʜʘ ʟʘʥʷʪʳ 

ʜʨʫʛʠʝ ʧʦʣʦʩʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʦʨʦʪʘ ʥʘʣʝʚʦ ʠʣʠ ʨʘʟʚʦʨʦʪʘ, ʘ ʛʨʫʟʦʚʳʤ ʘʚ-

ʪʦʤʦʙʠʣʷʤ ʠ ʜʨʫʛʠʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʨʝʜʩʪʚʘʤ, ʚʢʣʶʯʘʷ ʧʘʩʩʘʞʠʨʩʢʠʡ 

ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪ, ʩ ʨʘʟʨʝʰʝʥʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʘʩʩʦʡ ʙʦʣʝʝ 2,5 ʪ ï 

ʪʦʣʴʢʦ ʜʣʷ ʧʦʚʦʨʦʪʘ ʥʘʣʝʚʦ ʠʣʠ ʨʘʟʚʦʨʦʪʘéè. 

ʇɼɼ ʈʌ ʜʦʣʞʥʳ ʙʳʪʴ ʯʝʪʢʠʤʠ, ʦʜʥʦʟʥʘʯʥʳʤʠ ʠ ʧʦʥʷʪʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʠʩʰʝʩʪʚʠʷ (ɼʊʇ) ʩ ʫʯʘʩʪʠʝʤ ʇɻʊ (ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʩʤʦʪ-

ʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ), ʵʢʩʧʝʨʪʫ-ʘʚʪʦʪʝʭʥʠʢʫ ʧʨʠ ʦʪʚʝʪʝ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʩʫ-

ʜʦʤ ʚʦʧʨʦʩʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʠʩʰʝʩʪʚʠʷ ʙʫʜʝʪ ʦʯʝʥʴ ʩʣʦʞʥʦ, 

ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʦʝ ʦʜʥʦʟʥʘʯʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʦ ʜʝʡʩʪʚʠʶ ʫʯʘʩʪʥʠʢʦʚ 

ɼʊʇ [8, 9, 10, 11]. ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ: ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʘʪʷʛʠʚʘʥʠʶ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʝʣʘ; ʥʝ ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʦʰʠʙʢʠ 

ʚ ʩʫʜʝʙʥʦʡ ʧʨʘʢʪʠʢʝ; ʥʝ ʦʙʝʩʧʝʯʠʪ ʥʝʠʟʤʝʥʥʦʩʪʴ ʩʫʜʝʙʥʦʛʦ ʨʝʰʝʥʠʷ ʠ ʢʦʥ-

ʩʪʠʪʫʮʠʦʥʥʳʝ ʧʨʘʚʘ ʣʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʝʣʝ ʦ ɼʊʇ. 
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ʅʝʬʪʷʥʳʝ ʢʨʠʟʠʩʳ, ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

(ʆʉ), ʫʩʠʣʝʥʠʝ ʧʨʦʷʚʣʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʪʦʤʫ, 

ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʢʦʥʮʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʨʷʜ ʩʪʨʘʥ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʠ ʠʩʢʘʪʴ ʘʣʴ-

ʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʜʚʠʛʘʪʝʣʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʠ ʷʚʠʣʩʷ ʵʣʝʢʪʨʦʤʦʙʠʣʴ. ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʵʣʝʢʪʨʦʤʦ-

ʙʠʣʴ ʧʦʷʚʠʣʩʷ ʜʘʞʝ ʨʘʥʴʰʝ, ʯʝʤ ɼɺʉ, ʦʜʥʘʢʦ, ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʢ ʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʫ ʧʦʷʚʠʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ï ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʣʝʪ ʥʘʟʘʜ ʚ ʍʍ 

ʩʪʦʣʝʪʠʠ.  

ʉʧʝʮʠʬʠʢʘ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʪʘʢʦʚʘ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ɼɺʉ, ʛʜʝ ʦʩʥʦʚʥʘʷ ʦʧʘʩʥʦʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʶ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ, ʜʣʷ ʜʘʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʝʥ ʵʪʘʧ ʫʪʠʣʠʟʘʮʠʠ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘ ʩʯʝʪ ʦʪʨʘʙʦʪʘʥʥʦʡ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ (ɸʂɹ).    

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴ ɸʂɹ ʜʦʩʪʘʪʦʯʥʘ ʠʟʚʝʩʪʥʘ [1]. ɺ ʮʝʣʦʤ ʧʦ ʩʪʝ-
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ʧʝʥʠ ʦʧʘʩʥʦʩʪʠ ʥʘ ʆʉ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʢʦ 2-ʤʫ ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ï ʚʳʩʦʢʦ ʦʧʘʩʥʳʝ (ʵʢʦʩʠʩʪʝʤʘ ʩʠʣʴʥʦ ʥʘʨʫʰʝʥʘ, 

ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ 30 ʣʝʪ). ʂ ʪʦʤʫ ʞʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ɸʂɹ 

ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʳʨʴʝʤ ʠ ʷʚʣʷʶʪʩʷ ʨʝʜʢʦʟʝ-

ʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʘʧʨʠʤʝʨ, ʦʩʥʦʚʥʳʤ ʢʘʪʦʜʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʣʠ-

ʪʠʡ-ʠʦʥʥʦʡ ɸʂɹ ʷʚʣʷʝʪʩʷ LixCoO2  (ʢʦʙʘʣʴʪʠʪ ʣʠʪʠʷ), ʧʦʣʫʯʘʝʤʳʡ ʚ ʦʩʥʦʚ-

ʥʦʤ ʠʟ ʢʦʙʘʣʴʪʘ. ʂʦʙʘʣʴʪ - ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ, ʩʣʝʛʢʘ ʞʝʣʪʦʚʘʪʳʡ ʤʝʪʘʣʣ ʩ 

ʨʦʟʦʚʘʪʳʤ ʠʣʠ ʩʠʥʝʚʘʪʳʤ ʦʪʣʠʚʦʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʢ 9-ʡ ʛʨʫʧʧʝ ʧʝʨʠʦʜʠ-

ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʟʘʧʘʩʘʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʈʌ ʷʚʣʷʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʤʠʨʦʚʳʤ 

ʣʠʜʝʨʦʤ (7 ʤʝʩʪʦ ʠʣʠ 250 ʪʳʩ. ʪ.) [2].   

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʝ ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʢʘ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʤʠʨʝ, ʧʨʠʯʝʤ ʢʘʢ ʥʘ ɿʘʧʘʜʝ (ʉʐɸ, ʅʠʜʝʨʣʘʥʜʳ, ʌʨʘʥ-

ʮʠʷ, ʐʚʝʮʠʷ, ʀʩʣʘʥʜʠʷ), ʪʘʢ ʠ ʥʘ ɺʦʩʪʦʢʝ (ʂʠʪʘʡ, ʗʧʦʥʠʷ).   

ɺ 2019 ʛ. ʚ ʤʠʨʦʚʦʡ ʧʘʨʢ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʫʚʝʣʠʯʠʣʩʷ ʧʦʯʪʠ ʥʘ 8 ʤʣʥ, ʘ, 

ʧʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ Bloomberg [3], ʢ 2040 ʛʦʜʫ ʦʥ ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 530 

ʤʣʥ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. ʇʦ ʧʨʦʛʥʦʟʘʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʩʪʚʘ - ʨʦʩʪ ʨʳʥʢʘ ʟʘ 2026-2040 ʛʦʜʘ ʩʦʩʪʘʚʠʪ ʙʦʣʝʝ 10 ʨʘʟ.  

ɻʣʘʚʥʝʡʰʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʪʦʨʤʦʟʷʱʠʤʠ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʤʦ-

ʙʠʣʝʡ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ, ʷʚʣʷʶʪʩʷ: 

1 ɿʥʘʯʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʤʦʙʠʣʷ. ɸʥʘʣʠʟ ʪʦʧ-20 ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʧʦʢʫʧʢʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʈʦʩʩʠʠ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʩʨʝʜʥʶʶ ʩʪʦʠʤʦʩʪʴ ʦʪ 

1 ʤʣʥ. ʨʫʙ. ʟʘ  ɺɸɿ Ellada (ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʘʷ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʠ ʩʘʤʘʷ 

ʜʦʩʪʫʧʥʘʷ ʤʦʜʝʣʴ) ʜʦ Tesla  Roadster ʟʘ 20 ʤʣʥ. ʨʫʙ.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʠʟʫʝʤʳʭ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʚ ʩʪʨʘʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʮʝʥʦʚʦʡ 

ʢʘʪʝʛʦʨʠʠ 4-5 ʤʣʥ. ʨʫʙ.   

2 ʅʝʨʘʟʚʠʪʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʉʦʛʣʘʩʥʦ ʦʪʢʨʳʪʳʤ ʜʘʥʥʳʤ ʚ ʩʪʨʘʥʝ 

ʧʦʨʷʜʢʘ 100 ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʄʦʩʢʦʚʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ, ʫʯʠʪʳʚʘʷ ʨʘʟʤʝʨʳ ʈʌ, ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʠʤʘʪʘ ʠ 

ʣʘʥʜʰʘʬʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʩʪʘʥʮʠʡ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʩʦʪʥʠ ʨʘʟ ʙʦʣʴʰʝ. 

3 ʆʪʩʫʪʩʪʚʠʝ ʩʦʮʠʘʣʴʥʦ-ʧʘʨʪʥʝʨʩʢʠʭ ʧʨʦʛʨʘʤʤ ʙʠʟʥʝʩʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ 

ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʣʘʜʝʣʴʮʝʚ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʧʘʨʪʥʝʨʩʢʠʝ ʧʨʦʛʨʘʤʤʳ - ʙʝʩʧʣʘʪʥʘʷ/ʣʴʛʦʪʥʘʷ ʧʦʜʟʘʨʷʜʢʘ ʠ 

ʧʘʨʢʦʚʢʘ, ʚʳʜʝʣʝʥʥʳʝ ʧʦʣʦʩʳ, ʤʠʥʠʤʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʥʘʣʦʛʘ ʠ ʪ.ʧ. 

ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʯʘʪʢʦʚʦʤ ʩʦʩʪʦʷʥʠʠ.  

4 ʅʝʟʨʝʣʦʩʪʴ ʛʨʘʞʜʘʥʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʚ ʚʦʧʨʦʩʘʭ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʧʨʦʩʳ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʘʤʳʤ ʪʝʩ-

ʥʳʤ ʦʙʨʘʟʦʤ ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ. 

ɼʣʷ ʙʦʣʴʰʦʡ ʯʘʩʪʠ ʛʨʘʞʜʘʥ ʩʪʨʘʥʳ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠʦʨʠʪʝ-

ʪʦʤ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʡ, ʘ ʥʝ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ [4].  

5 ʇʨʦʪʠʚʦʜʝʡʩʪʚʠʝ çʥʝʬʪʷʥʦʛʦ ʣʦʙʙʠè. ʈʌ, ʥʘʨʷʜʫ ʩ ʉʘʫʜʦʚʩʢʦʡ ɸʨʘ-

ʚʠʝʡ ʷʚʣʷʝʪʩʷ ʬʣʘʛʤʘʥʦʤ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʝʬʪʝʜʦʙʳʯʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʫ-

ʱʝʩʪʚʫʶʱʝʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʪʨʘʥʳ ʠ ʧʦʣʠʪʠʢʘ ʚʝʨʪʠʢʘʣʴʥʦ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʥʳʭ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʥʝ ʥʘʮʝʣʝʥʘ ʥʘ ʧʝʨʝʚʦʜ ʣʠʯʥʦʛʦ ʪʨʘʥʩ-

ʧʦʨʪʘ ʥʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʠ/ʠʣʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʠʜʳ ʠʩʪʦʯʥʠʢʠ. ʅʝʜʘʣʴʥʦ-

ʚʠʜʥʦʩʪʴ ʠ ʥʝʜʦʦʮʝʥʢʘ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʙʠʟʥʝʩʦʤ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʡ ʧʦ 
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ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʫʞʝ ʧʨʠʚʝʣʠ ʢ çʥʝʦʞʠʜʘʥʥʦʩʪʷʤè ʚ 

ʚʠʜʝ ʩʣʘʥʮʝʚʦʡ ʨʝʚʦʣʶʮʠʠ ʠ ʚʭʦʞʜʝʥʠʶ ʉʐɸ ʚ ʪʨʦʡʢʫ ʤʠʨʦʚʳʭ ʥʝʬʪʷʥʳʭ 

ʵʢʩʧʦʨʪʝʨʦʚ. ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʥʝʬʪʠ ʙʫʜʝʪ ʩʫʞʘʪʴʩʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʠʟ-ʟʘ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. 

6. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʦ ʫʥʠʬʠʢʘʮʠʠ ʢʘʢ ʩʧʦʩʦʙʘ ʟʘʨʷʜʢʠ, ʪʘʢ 

ʩʦʟʜʘʥʠʶ çʝʜʠʥʦʛʦ ʵʪʘʣʦʥʘè ʜʦʣʛʦʚʝʯʥʦʛʦ, ʝʤʢʦʛʦ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦ-

ʛʠʯʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ.   

ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʟʘʨʷʜʢʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʧʦʟʚʦʣʠʣ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʟʘʨʷʜʢʠ: 

ʘ) ʄʝʜʣʝʥʥʘʷ ʟʘʨʷʜʢʘ ï ʧʨʦʮʝʩʩ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʦʪ ʦʙʳʯʥʦʡ ʙʳʪʦʚʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ ʚ ʪʝʯʝʥʠʠ 8-10 ʯʘʩʦʚ. 

ʙ) ɹʳʩʪʨʘʷ ʟʘʨʷʜʢʘ ï ʧʨʦʮʝʩʩ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦ-

ʚʘʥʥʳʭ ʩʪʘʥʮʠʷʭ (ʦʙʳʯʥʦ ʚ ʪʝʯʝʥʠʠ 30 ʤʠʥʫʪ). 

ʚ) ɿʘʤʝʥʘ ʨʘʟʨʷʞʝʥʥʦʡ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ (ɸʂɹ) ʥʘ ʥʦʚʫʶ ï ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ çʛʦʨʷʯʘʷ ʟʘʤʝʥʘè ʚ ʪʝʯʝʥʠʠ 2-3 ʤʠʥʫʪ (ʦʙʳʯʥʦ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʘʨʦʢ ʵʣʝʢʪʨʦʤʦʙʠʣʷ). 

ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ çʨʝ-

ʛʠʦʥʘʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪè. ʊʘʢ, ʚ ʗʧʦʥʠʠ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʳʩʪʨʳʭ 

ʟʘʨʷʜʥʳʭ ʩʪʘʥʮʠʡ, ʘ ʚ ʉʐɸ ï ʤʝʜʣʝʥʥʳʭ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʠʜʘʤʠ 

ɸʂɹ ʷʚʣʷʶʪʩʷ:  

1) ʣʠʪʠʡ-ʩʝʨʥʳʝ; 

2) ʣʠʪʠʡ-ʠʦʥʥʳʝ; 

3) ʤʝʪʘʣʣ-ʚʦʟʜʫʰʥʳʝ. 

4) ʘʣʶʤʠʥʠʡ-ʠʦʥʥʳʝ. 

ʆʩʥʦʚʥʦʡ ʯʝʨʪʦʡ ʣʠʪʠʡ-ʩʝʨʥʳʭ ɸʂɹ ʷʚʣʷʝʪʩʷ ʠʭ ʧʦʚʳʰʝʥʥʘʷ ʝʤʢʦʩʪʴ, 

ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʜʠʘʧʘʟʦʥ ʵʢʩʧʣʫʘʪʘʮʠʠ, çʚʳʥʦʩʣʠʚʦʩʪʴè, ʫʤʝʨʝʥʥʘʷ ʩʪʦʠ-

ʤʦʩʪʴ, ʦʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʝʨʝʟʘʨʷʜʢʠ (ʜʦ 

60 ʮʠʢʣʦʚ). 

ʃʠʪʠʡ-ʠʦʥʥʳʝ ɸʂɹ ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʤʦʱʥʦʩʪʴʶ, ʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, çʞʠʚʫʯʝʩʪʴʶè, ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ 

ʩʣʫʞʙʳ ʜʦ 10 ʣʝʪ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ: ʩʪʦʠʤʦʩʪʴ, ʧʦʞʘʨʦʚ-

ʟʨʳʚʦʦʧʘʩʥʦʩʪʴ,  ʥʝʟʘʱʠʱʝʥʥʦʩʪʴ ʦʪ çʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘè.   

ʄʝʪʘʣʣ-ʚʦʟʜʫʰʥʳʝ ɸʂɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ, ʥʦ ʫʞʝ ʧʦʧʫʣʷʨʥʳʡ ʚʠʜ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ʷʚʣʷʶʪʩʷ: ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʢʦʤʧʘʢʪ-

ʥʦʩʪʴ, ʠʟʥʦʩʪʦʡʢʦʩʪʴ, ʣʝʛʢʦʩʪʴ, çʞʠʚʫʯʝʩʪʴè. ʆʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʩʧʝʢʪʘʤʠ 

ʷʚʣʷʶʪʩʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʟʘʧʥʦʡ ʦʩʪʘʥʦʚʢʠ (ʧʨʠ ʨʘʟʨʷʞʝʥʠʠ) ʠ ʧʦʥʠʞʝʥ-

ʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɸʣʶʤʠʥʠʡ-ʠʦʥʥʳʝ ɸʂɹ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʡ ʚʠʜ, ʦʪʣʠʯʠʪʝʣʴʥʳʤʠ 

ʯʝʨʪʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʝʩʫʨʩ (ʜʦ 7500 ʮʠʢʣʦʚ), ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ, ʧʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ; ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ: ʩʣʦʞʥʦʩʪʴ 

ʟʘʨʷʜʢʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʚ ʩʝʨʚʠʩʝ ʜʣʷ ʟʘ-

ʤʝʥʳ.  

ɺʘʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ ʧʦ ʭʠʤʠʠ ʚ 2019 
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ʛʦʜʫ ʙʳʣʘ ʧʨʠʩʫʞʜʝʥʘ ʟʘ ʨʘʟʨʘʙʦʪʢʫ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʙʘʪʘʨʝʡ, ʦʜʥʠʤ ʠʟ ʣʘʫ-

ʨʝʘʪʦʚ ʢʦʪʦʨʦʡ ʷʚʠʣʩʷ ɽʩʠʥʦ ɸʢʠʨʘ, ʩʦʟʜʘʚʰʠʡ ʚ 1985 ʧʝʨʝʟʘʨʷʞʘʝʤʫʶ ʣʠ-

ʪʠʡ-ʠʦʥʥʫʶ ɸʂɹ [5]. 

ʇʨʦʠʟʚʦʜʠʪʝʣʝʤ ʥʦʤʝʨ ʦʜʠʥ ɸʂɹ ʚ ʤʠʨʝ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʂʅʈ, ʠ ʚ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʩʠʣʴʥʦ ʥʝ ʠʟʤʝʥʠʪʩʷ -  ʪʘʙʣʠʮʘ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʈʘʥʞʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ ʧʦ ʩʦʟʜʘʥʠʶ 

ɸʂɹ ʚ ʤʠʨʝ, %/ʛʦʜ  (ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ Bloomberg) 
ʉʪʨʘʥʘ  2019 2023 

ʂʅʈ  75 65 

ɽʚʨʦʧʝʡʩʢʠʡ ʩʦʶʟ 5 10 

ʉʐɸ 9 10 

ʖʞʥʘʷ ʂʦʨʝʷ 7 3 

ʗʧʦʥʠʷ 3 1 

ʇʨʦʯʠʝ  1 11 

 

ʈʌ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʟʚʦʜʠʪ ɸʂɹ ʜʣʷ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʦʜʥʘʢʦ ʚ 

ʩʪʨʘʥʝ ʦʯʝʥʴ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʦ ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʦʨʦʪʫ ʪʚʝʨʜʳʭ ʢʦʤʤʫ-

ʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ (ʊʂʆ), ʪʦ, ʯʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʨʘʟʚʠʪʦʤ ʤʠʨʝ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩʷʪʢʦʚ ʣʝʪ ʥʘʟʘʜ ï ʥʘʤ ʧʨʝʜʩʪʦʠʪ ʪʦʣʴʢʦ ʩʜʝʣʘʪʴ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ.   

ʋʯʠʪʳʚʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ, ʥʝʦʙʭʦʜʠʤʘ ʥʝ ʧʨʦʩʪʦ ʫʪʠʣʠʟʘʮʠʷ, ʘ ʧʦʣʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ɸʂɹ ʨʘʟ-

ʥʦʛʦ ʪʠʧʘ. ʆʪʷʛʯʘʶʱʠʤ ʫʩʣʦʚʠʝʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʠ ʪʦ, ʯʪʦ ʢʘʞʜʳʡ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʧʳʪʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʩʚʦʡ, ʫʥʠʢʘʣʴʥʳʡ çʪʠʧʦʨʘʟʤʝʨè 

ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʟʘʪʨʫʜʥʠʪ ʠ ʫʜʦʨʦʞʘʝʪ ʧʨʦʮʝʜʫʨʫ ʜʘʣʴ-

ʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ.  

ɺ ʩʚʝʪʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʦʩʪʘ ʯʠʩʣʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ    

ʧʨʦʜʦʣʞʘʶʱʫʶʩʷ ʚ ʩʪʨʘʥʝ çʤʫʩʦʨʥʫʶ ʨʝʬʦʨʤʫè ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦʝ ʧʨʠ-

ʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʠʪʴ ʦʙʨʘʱʝʥʠʶ ʠ ʩʦʟʜʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ɸʂɹ.   
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THE CAPACITOR START -UP 
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ʈʘʩʩʤʦʪʨʝʥʘ ʨʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ) ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤ-

ʧʝʨʘʪʫʨ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʵʣʝʢʪʨʦ-ʩʪʘʨʪʝʨʥʦʛʦ ʧʫʩʢʘ ɼɺʉ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

The device for the capacitor start-up of the internal combustion engine (DVS) in 

conditions of increased loads and low temperatures is considered, which helps to im-

prove the conditions of electro-starter start-up of the DVS at low temperatures 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʧʫʩʢ, ʢʦʥʜʝʥ-

ʩʘʪʦʨ (ʠʦʥʠʩʪʦʨ), ʧʦʚʳʰʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʦʥʠʞʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ 

Key words: internal combustion engine, capacitor start, capacitor (ionistor), increased 

loads, lowered temperatures 
 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦ-ʩʪʘʨʪʝʨʥʦʛʦ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʩ ʩʠʩʪʝ-

ʤʘʤʠ ʧʫʩʢʘ, ʩʥʘʙʞʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʤʦʱʥʦ-

ʩʪʴʶ. ʉʠʩʪʝʤʘ ʩʦʜʝʨʞʠʪ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʠ ʢʦʥʜʝʥʩʘʪʦʨʥʫʶ ʙʘʪʘʨʝʠ, ʩʪʘʨ-

ʪʝʨ, ʧʝʨʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ, ʪʷʛʦʚʦʝ ʨʝʣʝ ʩ ʟʘʤʳʢʘʶʱʠʤ ʢʦʥ-

ʪʘʢʪʦʤ, ʚʳʢʣʶʯʘʪʝʣʴ ʧʫʩʢʘ, ʢʣʝʤʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʝʰʥʝʤʫ 

ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ, ʨʝʟʠʩʪʦʨ ʠ ʜʠʦʜ, ʚʪʦʨʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʚʳʢʣʶʯʝʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʙʤʦʪʢʫ ʧʝʨʚʦʛʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʢʣʶʯʘʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʵʣʝʢʪʨʦ-ʩʪʘʨʪʝʨʥʦʛʦ ʧʫʩʢʘ ʷʚ-

ʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʚʝʩʪʠ ʜʚʠʛʘʪʝʣʴ ʘʚʪʦʤʦʙʠʣʷ, ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʢʦʪʦ-

ʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʆʥ ʤʦʞʝʪ ʧʦʜʚʝʩʪʠ ʚ ʩʘ-

ʤʳʡ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʤʦʤʝʥʪ. ʇʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʝʛʦ ʛʣʫʙʦʢʠʡ ʨʘʟʨʷʜ ʠʟ-ʟʘ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʛʜʝ ʘʢʢʫʤʫʣʷʪʦʨ ʪʝʨʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ, ʠʣʠ ʜʦʣʛʠʤ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ. ʇʦʤʦʯʴ ʚ ʵʪʦʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʢʦʪʦ-

ʨʳʡ  ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʩʨʝʜ-

ʥʝʤ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 10 ʣʝʪ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʘʢʢʫʤʫʣʷʪʦʨʦʤ 

ʵʪʦ ʚʥʫʰʠʪʝʣʴʥʘʷ ʮʠʬʨʘ. ʆʩʥʦʚʥʳʤ ʠ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷ-

ʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʣʶʙʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢ ʢʘʢ ʘʢ-

ʢʫʤʫʣʷʪʦʨ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʷʝʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʥʫʞʥʦ ʟʘ-

ʨʷʜʠʪʴ ʢʦʥʜʝʥʩʘʪʦʨ, ʘ ʵʪʦ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʧʨʠʤʝʨʥʦ 15 ʤʠʥʫʪ (1, 2). 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʨʷʜʘ ʫʩʣʦ-
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ʚʠʡ ʨʘʙʦʪʳ. ʇʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ ʠʣʠ ʚ ʠʥʳʭ 

ʤʝʩʪʘʭ, ʛʜʝ ʦʪʤʝʪʢʘ ʥʘ ʛʨʘʜʫʩʥʠʢʝ ʥʠʞʝ ʥʫʣʷ. ɺ ʫʩʣʦʚʠʷʭ ʪʷʞʝʣʦʡ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ, ʛʜʝ ʥʝ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠ ʣʶʙʦʤ ʫʜʦʙʥʦʤ ʤʦʤʝʥʪʝ ʧʦʤʝʥʷʪʴ ʘʢ-

ʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʡ ʨʝʩʫʨʩ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘʨʷʜ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠʤʝʝʪ ʩʚʦʡʩʪ-

ʚʦ ʙʳʩʪʨʦʛʦ ʨʘʟʨʷʜʘ. ɽʩʣʠ ʚ ʧʣʦʭʫʶ ʧʦʛʦʜʫ ʠʣʠ ʧʨʠ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ 

ʥʫʞʥʦ ʩʨʦʯʥʦ ʟʘʚʝʩʪʠ ʜʚʠʛʘʪʝʣʴ, ʪʦ ʧʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ.1) ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʂʦʥʜʝʥʩʘʪʦʨʥʳʡ ʧʫʩʢ ʤʦʞʝʪ ʧʨʠ-

ʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʚʠʛʘʪʝʣʷʭ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʫʧʦʤʷʥʫʪʳʭ ʨʘʥʴ-

ʰʝ, ʥʦ ʠ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʨʝʭʬʘʟʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɼʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʟʘʨʷʜʝ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ 

ʧʫʩʢʘ ʧʦʟʚʦʣʷʝʪ ʜʚʠʛʘʪʝʣʶ ʣʝʛʢʦ ʟʘʚʝʩʪʠʩʴ. ʂʦʥʜʝʥʩʘʪʦʨʥʳʡ ʧʫʩʢ ʵʢʦʥʦʤʠʪ 

ʟʘʨʷʜ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʨʠ ʧʫʩʢʝ, ʪʘʢ ʢʘʢ ʢʦʥʜʝʥʩʘʪʦʨ, ʥʦ ʚ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʦʥʠʩʪʦʨ, ʥʘʢʘʧʣʠʚʘʝʪ ʟʘʨʷʜ ʠ ʤʛʥʦʚʝʥʥʦ ʝʛʦ ʦʪʜʘʝʪ.  

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʜʝʥʩʘʪʦʨʥʦʛʦ ʧʫʩʢʘ 

 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʝʨʝʜ ʧʫʩʢʦʤ ʜʚʠʛʘʪʝʣʷ 

ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʟʘʨʷʞʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʥʘʧʨʷʞʝ-

ʥʠʷ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʟʘʨʷʜʦʤ ʙʘʪʘʨʝʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʛʨʝʚ ʤʘʩʣʘ ʚ ʢʘʨʪʝʨʝ 

ɼɺʉ, ʝʩʣʠ ʢʦʥʪʘʢʪʳ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʟʘʤʢʥʫʪʳ, ʯʪʦ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʩʣʘ ʚ ʢʘʨʪʝʨʝ. ʇʨʠ ʵʪʦʤ ʪʦʢ ʦʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ ʧʨʦʭʦʜʠʪ ʧʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʶ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʘʨʪʝʨʝ ʜʚʠʛʘʪʝʣʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦ-

ʛʨʝʚ ʤʘʩʣʘ ʚ ʢʘʨʪʝʨʝ. ʇʦʩʣʝ ʨʘʟʤʳʢʘʥʠʷ ʢʦʥʪʘʢʪʦʚ ʟʘ ʩʯʝʪ ʠʟʛʠʙʘ ʙʠʤʝʪʘʣ-

ʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʪʦʢ ʧʦ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʶ ʧʨʝʨʳʚʘʝʪʩʷ ʠ ʧʦʜʘʝʪʩʷ ʢʦ-

ʤʘʥʜʘ ʥʘ ʨʘʟʨʝʰʝʥʠʝ ʧʫʩʢʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʦ-

ʩʣʝ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʩʢ ɼɺʉ, ʨʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʨʘʙʦʪʳ ʧʨʦʪʦʪʠʧʘ. 

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦ-ʩʪʘʨʪʝʨʥʦʛʦ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 

ʩʦʜʝʨʞʘʱʘʷ ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ, ʢʦʥʜʝʥʩʘʪʦʨʥʫʶ ʙʘʪʘʨʝʶ, ʩʪʘʨʪʝʨ, 

ʧʝʨʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ, ʪʷʛʦʚʦʝ ʨʝʣʝ ʩ ʟʘʤʳʢʘʶʱʠʤ ʢʦʥʪʘʢ-

ʪʦʤ, ʚʳʢʣʶʯʘʪʝʣʴ ʧʫʩʢʘ, ʢʣʝʤʤʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʚʥʝʰʥʝʤʫ ʠʩʪʦʯʥʠʢʫ 

ʪʦʢʘ, ʨʝʟʠʩʪʦʨ ʠ ʜʠʦʜ, ʚʪʦʨʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʦ ʝʛʦ 

ʚʢʣʶʯʝʥʠʷ, ʧʨʠʯʝʤ ʧʝʨʚʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʚʢʣʶʯʝʥ ʤʝʞʜʫ 
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ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʠ ʢʦʥʜʝʥʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʷʤʠ, ʢʣʝʤʤʳ ʩʦʝʜʠʥʝʥʳ ʩ ʢʦʥʜʝʥ-

ʩʘʪʦʨʥʦʡ ʙʘʪʘʨʝʝʡ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ, ʢʦʥʜʝʥʩʘʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʩʦʝʜʠʥʝʥʘ ʯʝʨʝʟ 

ʚʪʦʨʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʩ ʟʘʤʳʢʘʶʱʠʤ ʢʦʥʪʘʢʪʦʤ ʪʷʛʦʚʦʛʦ ʨʝ-

ʣʝ, ʢʦʪʦʨʦʝ ʩʦʝʜʠʥʝʥʦ ʩ ʚʳʢʣʶʯʘʪʝʣʝʤ ʧʫʩʢʘ, ʫʩʪʨʦʡʩʪʚʦ ʚʢʣʶʯʝʥʠʷ ʩʦʝʜʠ-

ʥʝʥʦ ʩʦ ʚʪʦʨʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩ ʚʳʢʣʶʯʘʪʝʣʝʤ ʧʫʩʢʘ, ʘ 

ʜʠʦʜ ʚʢʣʶʯʝʥ ʤʝʞʜʫ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʝʡ ʠ ʢʦʥʪʘʢʪʦʤ ʪʷʛʦʚʦʛʦ ʨʝʣʝ, 

ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ ʩʥʘʙʞʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʦʡ ʧʝʨʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʚʳʢʣʶʯʘʪʝʣʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ, ʵʣʝʢʪʨʦ-

ʥʘʛʨʝʚʘʪʝʣʝʤ ʤʘʩʣʘ, ʧʨʠʯʝʤ ʚʳʢʣʶʯʘʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʛʨʝʚʘ ʤʘʩʣʘ 

ʚʢʣʶʯʝʥ ʤʝʞʜʫ ʧʝʨʚʳʤ ʚʳʭʦʜʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ ʧʝʨʚʦʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʪʝʣʷ ʠ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʝʤ ʤʘʩʣʘ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʚʢʣʶʯʝʥʠʷ ʧʨʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ, ʚʪʦʨʦʡ ʚʳʚʦʜ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʷ ʤʘʩʣʘ ʠ ʚʪʦʨʦʡ ʚʳʚʦʜ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʡ ʦʙʤʦʪʢʠ ʧʝʨʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʩʦʝʜʠʥʝʥʳ ʩ ʢʦʨʧʫʩʦʤ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. 

ʀʩʧʦʣʴʟʫʝʤ ʢʦʥʜʝʥʩʘʪʦʨ ʩ ʥʘʧʨʷʞʝʥʠʝʤ 24ɺ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʫʩʢ ʜʚʠ-

ʛʘʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ ʪʘʢ ʢʘʢ ʜʚʠʛʘʪʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʩʣʫʞʠʪ ʢʦʥʜʝʥʩʘʪʦʨ (ʠʦ-

ʥʠʩʪʦʨ), ʢʦʪʦʨʳʡ ʟʘʨʷʞʘʝʪʩʷ ʠ ʦʪʜʘʝʪ ʥʘʢʦʧʣʝʥʥʫʶ ʵʥʝʨʛʠʶ ʥʘ ʩʪʘʨʪʝʨ. ɺ 

ʩʭʝʤʝ ʥʘʭʦʜʠʪʴʩʷ ʨʝʟʠʩʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʜʘʯʠ 

ʪʦʢʘ. 

ɽʩʣʠ ʥʘ ʢʣʝʤʤʳ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʦʜʢʣʶʯʠʪʴ ʚʦʣʴʪʤʝʪʨ, ʪʦ ʤʦʞʥʦ ʦʪʤʝ-

ʪʠʪʴ, ʢʘʢ ʧʨʠ ʟʘʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ ʥʘʧʨʷʞʝʥʠʝ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʩ 24ɺ ʧʨʠ-

ʤʝʨʥʦ ʜʦ 8ɺ. ʉʪʘʨʪʝʨ ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ 12ɺ ʩʦʭʨʘʥʠʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 8ɺ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʦ-

ʛʥʘʣʠ ʙʦʣʴʰʠʤ ʥʘʧʨʷʞʝʥʠʝʤ. ʀʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʤʳ ʟʥʘʝʤ, ʯʪʦ 

ʟʘ 10 ʩʝʢʫʥʜ ʜʚʠʛʘʪʝʣʴ ʜʦʣʞʝʥ ʟʘʧʫʩʪʠʪʴʩʷ.  

ʄʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʪʝʤ, ʯʪʦ ʚ ʥʝʤ 

ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʦ ʫʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʯʪʦʙʳ ʩ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥ-

ʜʝʥʩʘʪʦʨ ʧʝʨʝʢʣʶʯʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩ ʧʝʨʚʦʛʦ ʧʦ ʚʪʦʨʦʡ ʠ ʪʘʢ ʜʘʣʝʝ. ɺ ʪʘʢʦʡ 

ʩʭʝʤʝ ʥʘʧʨʷʞʝʥʠʝ ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʝ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʥʘʤ ʟʥʘʯʝ-

ʥʠʷ. ʂʦʥʜʝʥʩʘʪʦʨʳ ʧʦʦʯʝʨʝʜʥʦ ʙʫʜʫʪ ʨʘʟʨʷʞʘʪʴʩʷ ʚ ʪʝʯʝʥʠʝ 2,5 ʩʝʢʫʥʜ. 

ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʧʷʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥ-

ʥʳʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʠ ʧʝʨʝʤʝʥʥʳʡ ʨʝʟʠʩʪʦʨ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʪʝʯʝʥʠ-

ʝʤ ʚʨʝʤʝʥʠ. ʏʝʨʝʟ ʢʘʞʜʳʝ 2,5 ʩʝʢʫʥʜ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ ʩʣʝʜʫʶʱʠʡ ʢʦʥʜʝʥ-

ʩʘʪʦʨ, ʵʪʠʤ ʜʝʡʩʪʚʠʝʤ ʤʳ ʥʝ ʜʘʜʠʤ ʥʘʧʨʷʞʝʥʠʶ ʦʧʫʩʪʠʪʴʩʷ ʥʠʞʝ ʥʝʦʙʭʦ-

ʜʠʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʛʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʢʦʥʜʝʥʩʘ-

ʪʦʨʥʦʛʦ ʧʫʩʢʘ. ʅʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʙʨʘʪʥʦʡ ʟʘʨʷʜʢʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʳ 

ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʜʠʦʜ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ.  

ʇʨʠ ʟʘʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ ʢʦʥʜʝʥʩʘʪʦʨ ʨʘʟʨʷʞʘʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʘ 

ʠʤʝʥʥʦ 2,5 ʩʝʢʫʥʜ ʜʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʟʘʪʝʤ ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʥʘ 

ʩʣʝʜʫʶʱʠʡ, ʵʪʦ ʩʜʝʣʘʥʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʫʩʢʦʚʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʝʨʞʘʣʦʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ 24 ï 12 ɺ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʛʘʨʘʥʪʠʨʦ-

ʚʘʥʥʳʡ ʟʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʧʫʩʢʝ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʚʳʩʦʢʦʤ ʥʘ-

ʧʨʷʞʝʥʠʠ ʧʫʩʢʦʚʦʡ ʪʦʢ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʘʝʪ ʙʦʣʴʰʦʡ ʠʤʧʫʣʴʩ ʜʣʷ ʟʘʧʫʩʢʘ 
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ʜʚʠʛʘʪʝʣʷ. 

ʊʝʭʥʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʷ ʵʣʝʢʪʨʦ-

ʩʪʘʨʪʝʨʥʦʛʦ ʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫ-

ʨʘʭ ʠ ʧʦʥʠʞʝʥʠʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʘʢʢʫʤʫʣʷʪʦʨʘ. 
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This paper presents the main types of fuel systems used in cars. 
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ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʪʝʨʧʝʣʘ ʦʪ ʥʘʯʘʣʘ ʩʚʦʝʛʦ 

ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʅʝʢʦʛʜʘ ʧʦʧʫʣʷʨʥʳʡ ʨʷʜʥʳʡ ʪʦʧʣʠʚʥʳʡ 

ʥʘʩʦʩ ʜʘʚʥʦ ʫʞʝ ʟʘʤʝʥʝʥ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʩʦʚʨʝʤʝʥʥʘʷ ʬʦʨʩʫʥʢʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʚʦʝʡ ʧʨʝʜʰʝʩʪʚʝʥʥʠʮʳ. ʀʟ-ʟʘ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, 

ʚʳʩʦʢʦʛʦ ʂʇɼ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʜʠʟʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʷ ʧʦʣʫʯʠʣʠ ʚʩʝʦʙ-

ʱʝʝ ʦʜʦʙʨʝʥʠʝ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ, ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʠ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ. 

ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʩ ʨʷʜʥʳʤ ʥʘʩʦʩʦʤ  

ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʩ ʨʷʜʥʳʤ ʥʘʩʦʩʦʤ  ʩʦʩʪʦʷʣʘ ʠʟ ʧʦʜʢʘʯʠʚʘʶʱʝʛʦ ʥʘ-

ʩʦʩʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦʧʣʠʚʥʳʭ 

ʪʨʫʙʦʢ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʬʦʨʩʫʥʦʢ. ʋʧʨʘʚʣʝʥʠʝ ʪʦʧʣʠʚʥʳʤ ʥʘʩʦʩʦʤ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʠ, ʧʝʜʘʣʴʶ ʘʢʩʝʣʝʨʘʪʦʨʘ ʯʝʨʝʟ ʪʨʦʩ ʠʣʠ ʩʠʩʪʝʤʫ 

ʨʳʯʘʛʦʚ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩ ʨʷʜʥʳʤ ʥʘʩʦʩʦʤ  ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ  ʇʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʟʘʙʠʨʘʝʪ ʪʦʧʣʠʚʦ ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ ʠ ʧʦ-

ʜʘʝʪ ʝʛʦ ʚ ʧʦʣʦʩʪʴ ʥʘʩʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʧʝʜʘʣʠ ʘʢʩʝʣʝʨʘʪʦʨʘ ʨʝʡʢʘ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ ʟʘʥʠʤʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʦʟʳ ʪʦʧʣʠʚʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ 

ʬʦʨʩʫʥʦʢ ʚʧʨʳʩʢʠʚʘʶʪʩʷ ʚ ʮʠʣʠʥʜʨʳ ʜʚʠʛʘʪʝʣʷ. ʀʟʣʠʰʢʠ ʪʦʧʣʠʚʘ ʯʝʨʝʟ 

ʦʙʨʘʪʥʳʡ ʢʣʘʧʘʥ ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘʟʘʜ ʚ ʙʘʢ. ɼʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʘʩʦʩʘ ʩ 
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ʜʚʠʛʘʪʝʣʝʤ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʢʠ ʥʘ ʪʦʧʣʠʚʥʦʤ ʥʘʩʦʩʝ ʠ ʥʘ ʤʘʭʦʚʠʢʝ ʜʚʠʛʘʪʝ-

ʣʷ. ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠ-

ʣʝʡ ʟʘʪʨʦʥʫʣʦ ʣʠʰʴ ʫʧʨʘʚʣʝʥʠʝ ʧʦʜʘʯʝʡ ʪʦʧʣʠʚʘ. ʋʧʨʘʚʣʝʥʠʝ ʫʞʝ ʥʝ ʙʳʣʦ 

ʤʝʭʘʥʠʯʝʩʢʠʤ (ʩ ʧʦʤʦʱʴʶ ʪʨʦʩʠʢʘ ʠʣʠ ʩʠʩʪʝʤʳ ʨʳʯʘʛʦʚ). ʋʧʨʘʚʣʝʥʠʝ ʧʦ-

ʜʘʯʝʡ ʪʦʧʣʠʚʘ ʚʟʷʣʘ ʥʘ ʩʝʙʷ ʵʣʝʢʪʨʦʥʠʢʘ. ʆʙʨʘʙʦʪʘʚ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʣʫʯʘʝ-

ʤʫʶ ʦʪ ʜʘʪʯʠʢʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ, ʙʣʦʢ ʧʦʩʳʣʘʝʪ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʡ ʩʠʛʥʘʣ ʥʘ ʩʦʣʝʥʦʠʜ ʫʧʨʘʚʣʝʥʠʷ ʨʝʡʢʦʡ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ. ʕʪʠ 

ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʷʶʪ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ ʚ ʮʠʣʠʥʜʨʳ ʜʚʠʛʘʪʝʣʷ. ʉʠʩʪʝʤʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʟʚʦʣʠʣʘ ʨʝʘʣʠʟʦʚʘʪʴ ʪʘʢʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʢʘʢ ʩʪʘʙʠʣʠ-

ʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ (ʢʨʫʠʟ-ʢʦʥʪʨʦʣʴ), ʫʩʪʘʥʦʚʢʘ ʦʙʦʨʦʪʦʚ ʜʚʠʛʘʪʝʣʷ 

ʚʨʫʯʥʫʶ, ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʦʛʨʘʥʠʯʝʥʠʝ ʜʳʤʣʝʥʠʷ, ʘ ʪʘʢ-

ʞʝ ʩʧʝʮʠʘʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʭʦʣʦʜʥʦʛʦ ʟʘʧʫʩʢʘ ʜʚʠʛʘʪʝʣʷ.  

ʊʦʧʣʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤʠ 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ ʩʪʘʣʠ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʠ. 

ʇʦʜʦʙʥʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʩ ʘʙʙʨʝʚʠʘʪʫʨʦʡ PDE. ʀʟ ʧʨʠʚʳʯʥʦʡ 

ʜʣʷ ʥʘʩ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʦʩʪʘʣʩʷ ʣʠʰʴ ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ, ʧʨʘʚʜʘ, 

ʜʘʚʣʝʥʠʝ ʪʦʧʣʠʚʘ ʩʦʟʜʘʚʘʝʤʦʝ ʥʠʤ, ʚʳʨʦʩʣʦ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʦʧʣʠʚʦ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʦʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʠʣʠʥʜʨ. ʅʘʩʦʩ-ʬʦʨʩʫʥʢʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʨʘʩʧʨʝ-

ʜʝʣʠʪʝʣʴʥʳʤ ʚʘʣʦʤ. ɼʚʠʞʝʥʠʝ ʦʪ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ ʢ ʥʘʩʦʩ-

ʬʦʨʩʫʥʢʝ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʨʦʣʠʢʦʚʳʡ ʪʦʣʢʘʪʝʣʴ, ʰʪʘʥʛʫ ʪʦʣʢʘʪʝʣʷ ʠ ʢʦʨʦ-

ʤʳʩʣʦ. 

ʅʘʩʦʩ-ʬʦʨʩʫʥʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʢʘʞʜʦʤ ʮʠʣʠʥʜʨʝ ʜʚʠʛʘʪʝʣʷ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʣʝʢʪʨʦʥʥʦʤʫ ʙʣʦʢʫ ʫʧʨʘʚʣʷʪʴ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦ 

ʜʣʷ ʢʘʞʜʦʛʦ ʮʠʣʠʥʜʨʘ. ʕʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʦʧʣʠʚʦʧʦʜʘʯʝʡ 

ʪʝʧʝʨʴ ʧʦʣʫʯʠʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ, ʢʘʢ ʮʠʢʣʦʚʫʶ ʧʦʜʘʯʫ ʢʘʞʜʦʡ 

ʥʘʩʦʩ-ʬʦʨʩʫʥʢʠ, ʪʘʢ ʠ ʤʦʤʝʥʪ ʚʧʨʳʩʢʠʚʘʥʠʷ ʪʦʧʣʠʚʘ ʚ ʢʘʞʜʳʡ ʮʠʣʠʥʜʨ 

ʜʚʠʛʘʪʝʣʷ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ  ʰʝʩʪʝʨʝʥʯʘʪʳʡ ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʟʘʙʠʨʘʝʪ ʪʦʧʣʠʚʦ ʠʟ ʪʦʧ-

ʣʠʚʥʦʛʦ ʙʘʢʘ ʠ ʧʦʜʘʝʪ ʝʛʦ ʚ ʪʦʧʣʠʚʥʳʡ ʢʦʣʣʝʢʪʦʨ. ʊʦʧʣʠʚʥʳʡ ʢʦʣʣʝʢʪʦʨ 

ʨʘʩʧʨʝʜʝʣʷʝʪ ʪʦʧʣʠʚʦ ʢ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤ. ɼʘʚʣʝʥʠʝ ʚ ʪʦʧʣʠʚʥʦʤ ʢʦʣʣʝʢʪʦʨʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʝʨʝʧʫʩʢʥʳʤ ʢʣʘʧʘʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 4,5-7,5 bar. ʊʦʧʣʠʚʦ ʩʚʦ-

ʙʦʜʥʦ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʫ ʠ ʪʦʣʴʢʦ ʚ ʤʦʤʝʥʪ ʚʧʨʳʩʢʘ, ʧʦ ʩʠʛ-

ʥʘʣʫ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ, ʟʘʢʨʳʚʘʝʪʩʷ ʢʣʘʧʘʥ ʠ ʪʦʛʜʘ ʪʦʧʣʠʚʦ, ʟʘʢʣʶʯʝʥʥʦʝ 

ʚ ʬʦʨʩʫʥʢʝ, ʩʞʠʤʘʝʪʩʷ ʧʣʫʥʞʝʨʦʤ ʠ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʨʘʩʧʳʣʠʪʝʣʝʤ ʚ ʮʠ-

ʣʠʥʜʨ ʜʚʠʛʘʪʝʣʷ. ʄʦʤʝʥʪʦʤ ʟʘʢʨʳʪʠʷ ʠ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʙʣʦʢʦʤ. 

ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʩ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤʠ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ 

 ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʩ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤʠ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʫʩʪʘʥʘʚʣʠʚʘʝ-

ʤʘʷ ʥʘ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʧʳʣʠʪʝʣʴ ʬʦʨʩʫʥʢʠ ʦʪ-

ʢʨʳʪ ʚ ʧʨʦʮʝʩʩʝ ʬʘʟʳ ʟʘʧʦʣʥʝʥʠʷ. ʕʪʘ ʪʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʚʩʪʨʝʯʘʪʴ-

ʩʷ ʩ ʘʙʙʨʝʚʠʘʪʫʨʦʡ HPI (High Pressure Injection). ʅʘʩʦʩ-ʬʦʨʩʫʥʢʠ ʢʘʞʜʦʡ 

ʛʨʫʧʧʘ ʮʠʣʠʥʜʨʦʚ ʫʧʨʘʚʣʷʶʪʩʷ ʩʚʦʝʡ ʧʘʨʦʡ ʢʣʘʧʘʥʦʚ. ʆʜʠʥ ʠʟ ʥʠʭ ʨʝʛʫʣʠ-

ʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʧʦʜʘʚʘʝʤʦʝ ʚ ʮʠʣʠʥʜʨʳ ʜʚʠʛʘʪʝʣʷ, ʘ ʚʪʦʨʦʡ ʤʦ-
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ʤʝʥʪ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 6-ʪʠ 

ʥʘʩʦʩ-ʬʦʨʩʫʥʦʢ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, 4-ʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʣʘʧʘ-

ʥʦʚ ʫʧʨʘʚʣʷʶʱʠʭ ʥʘʩʦʩ ʬʦʨʩʫʥʢʘʤʠ, ʠ ʪʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʝʛʦ ʥʘʩʦʩʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤʠ ʦʪʢʨʳʪʦʛʦ 

ʪʠʧʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʰʝʩʪʝʨʝʥʯʘʪʳʡ ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʟʘʙʠʨʘʝʪ 

ʪʦʧʣʠʚʦ ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʙʘʢʘ ʠ ʧʦʜʘʝʪ ʝʛʦ ʚ ʪʦʧʣʠʚʥʳʡ ʢʦʣʣʝʢʪʦʨ ʯʝʨʝʟ ʢʣʘ-

ʧʘʥ ʦʪʩʝʯʢʠ ʪʦʧʣʠʚʘ. ɼʘʚʣʝʥʠʝ ʚ ʪʦʧʣʠʚʥʦʤ ʢʦʣʣʝʢʪʦʨʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʝ-

ʨʝʧʫʩʢʥʳʤ ʢʣʘʧʘʥʦʤ ʚ ʧʨʝʜʝʣʘʭ 14-16 bar (ʚ ʙʦʣʝʝ ʨʘʥʥʠʭ ʩʠʩʪʝʤʘʭ 17-20 

bar). ʇʦʜʘʯʘ ʪʦʧʣʠʚʘ ʠʟ ʪʦʧʣʠʚʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʢ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘʤ ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʪʦʧʣʠʚʥʳʤʠ ʢʣʘʧʘʥʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʦʧ-

ʣʠʚʥʦʤ ʢʦʣʣʝʢʪʦʨʝ. 

ʂ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʝ ʧʦʜʭʦʜʷʪ ʪʨʠ ʪʦʧʣʠʚʥʳʭ ʢʘʥʘʣʘ: ʧʦ ʦʜʥʦʤʫ ʢʘʥʘʣʫ ʧʦ-

ʩʪʫʧʘʝʪ ʪʦʧʣʠʚʦ ʜʣʷ ʧʦʜʘʯʠ ʚ ʮʠʣʠʥʜʨ, ʧʦ ʚʪʦʨʦʤʫ ï ʪʦʧʣʠʚʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠ̫ ʦʧʝʨʝʞʝʥʠʷ ʚʧʨʳʩʢʠʚʘʥʠʷ, ʧʦ ʪʨʝʪʴʝʤʫ ʢʘʥʘʣʫ ʪʦʧʣʠʚʦ ʦʪʚʦʜʠʪʩʷ ʚ ʙʘʢ. ɺ 

ʧʨʦʮʝʩʩʝ ʟʘʧʦʣʥʝʥʠʷ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʠ ʪʦʧʣʠʚʦʤ ʨʘʩʧʳʣʠʪʝʣʴ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳ-

ʪʳʤ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʩʫʥʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʜʧʨʫʞʠʥʝʥʥʘʷ ʟʘʧʦʨʥʘʷ ʠʛʣʘ, ʟʘ-

ʧʠʨʘʶʱʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʠʣʠʝʤ ʨʘʩʧʳʣʠʪʝʣʴ. ʇʦʩʣʝ ʚʧʨʳʩʢʠʚʘʥʠʷ ʪʦʧʣʠ-

ʚʘ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘ ʤʝʭʘʥʠʯʝʩʢʠ ʟʘʢʨʳʚʘʝʪʩʷ ʫʩʠʣʠʝʤ ʦʪ ʢʫʣʘʯʢʘ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʦʛʦ ʚʘʣʘ. ɿʘʪʝʤ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʚʘʣʦʤ 

ʚ ʟʘʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ ʜʦ ʩʣʝʜʫʶʱʝʡ ʬʘʟʳ ʟʘʧʦʣʥʝʥʠʷ ʪʦʧʣʠʚʦʤ. 

ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ Common Rail 

ʊʨʝʙʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ɽʚʨʦ5 ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʝ ʪʦʧ-

ʣʠʚʥʦʡ ʩʠʩʪʝʤʳ Common Rail, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʩʝʭ ʧʨʝ-

ʜʳʜʫʱʠʭ. ʆʩʦʙʝʥʥʦʩʪʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʩʦʩ-ʬʦʨʩʫʥʢʘ 

ʩʠʩʪʝʤʳ Common Rail ʥʝ ʠʤʝʝʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʢʫʣʘʯʢʘʤʠ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʦʛʦ ʚʘʣʘ. ʌʦʨʩʫʥʢʘ ʫʧʨʘʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʦ, ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝ-

ʣʝʤ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʧʦʨʰʥʷ, ʠʛʣʳ ʚʧʨʳʩʢʠʚʘʶʱʝʛʦ ʩʦʧʣʘ, ʧʨʫʞʠʥʳ ʠ ʪʦʧʣʠʚ-

ʥʦʛʦ ʢʣʘʧʘʥʘ, ʠʤʝʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʅʘʩʦʩ-ʬʦʨʩʫʥʢʘ ʧʦ-

ʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʚ ʛʠʜʨʦʘʢʢʫʤʫʣʷʪʦʨʝ ʥʘ-

ʩʦʩʦʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 500 ʜʦ 2400 ʙʘʨ. 

ʂʦʛʜʘ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ, ʠ ʦʥ ʦʪʢʨʳʚʘʝʪ-

ʩʷ, ʪʦʧʣʠʚʦ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨ. ʄʦʤʝʥʪ ʚʧʨʳʩʢʘ ʪʦʧʣʠʚʘ ʠ ʮʠʢʣʦʚʘʷ 

ʧʦʜʘʯʘ ʟʘʜʘʶʪʩʷ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʚʧʨʳʩʢʘ ʠ 

ʜʘʚʣʝʥʠʝ ʪʦʧʣʠʚʘ ʚ ʥʘʢʦʧʠʪʝʣʝ ʦʧʨʝʜʝʣʷʶʪ ʦʙʲʝʤ ʪʦʧʣʠʚʘ, ʚʧʨʳʩʢʠʚʘʝʤʦʛʦ 

ʚ ʮʠʣʠʥʜʨ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ Common Rail ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʊʦʧʣʠʚʦʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʟʘʙʠʨʘʝʪ ʪʦʧʣʠʚʦ ʠʟ ʙʘʢʘ. ʊʦʧʣʠʚʦ 

ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʩʘʩʳʚʘʶʱʠʡ ʬʠʣʴʪʨ. ʀʟ ʚʩʘʩʳʚʘʶʱʝʛʦ ʬʠʣʴʪʨʘ ʪʦʧʣʠʚʦ ʧʦ-

ʩʪʫʧʘʝʪ ʚ ʦʭʣʘʜʠʪʝʣʴ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʟʘʪʝʤ ʠʟ ʦʭʣʘʜʠʪʝʣʷ ʙʣʦʢʘ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʜʘʝʪʩʷ ʚ ʧʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ. ʇʦʜʢʘʯʠʚʘʶʱʠʡ ʥʘʩʦʩ ʧʦʜʥʠʤʘʝʪ 

ʜʘʚʣʝʥʠʝ ʪʦʧʣʠʚʘ ʜʦ 9-12 ʙʘʨ ʠ ʧʦʜʘʝʪ ʪʦʧʣʠʚʦ ʚ ʥʘʧʦʨʥʳʡ ʬʠʣʴʪʨ. 

ʇʦʩʣʝ ʥʘʧʦʨʥʦʛʦ ʬʠʣʴʪʨʘ ʪʦʧʣʠʚʦ ʧʦʜʘʝʪʩʷ ʢ ʢʣʘʧʘʥʫ ʜʦʟʠʨʦʚʘʥʠʷ ʪʦ-

ʧʣʠʚʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʥʘ ʪʦʧʣʠʚʥʦʤ ʥʘʩʦʩʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʂʣʘʧʘʥ ʜʦ-

ʟʠʨʦʚʘʥʠʷ ʪʦʧʣʠʚʘ ʨʝʛʫʣʠʨʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʪʦʧʣʠʚ-

ʥʳʡ ʥʘʩʦʩ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦ ʩʠʛʥʘʣʫ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ 
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ʅʘʩʦʩ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʝʪ ʜʘʚʣʝʥʠʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ 3 000 ʙʘʨ. ʊʦʧʣʠʚʦ ʧʦʩʪʫʧʘʝʪ ʚ ʥʘʢʦʧʠʪʝʣʴ ʯʝʨʝʟ ʪʨʫʙʦʧʨʦʚʦʜ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʆʪ ʥʘʢʦʧʠʪʝʣʷ ʪʦʧʣʠʚʦ ʧʨʦʭʦʜʠʪ ʢ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʰʪʫʮʝʨʘʤ 

ʬʦʨʩʫʥʦʢ. ʂʦʛʜʘ ʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʢʣʘʧʘʥ ʚ ʬʦʨʩʫʥʢʝ ʧʦʜʘʝʪʩʷ ʧʠʪʘʥʠʝ, 

ʬʦʨʩʫʥʢʘ ʦʪʢʨʳʚʘʝʪʩʷ, ʠ ʪʦʧʣʠʚʦ ʚʧʨʳʩʢʠʚʘʝʪʩʷ ʚ ʮʠʣʠʥʜʨ. ʉʦʚʨʝʤʝʥ-

ʥʳʝ ʪʦʧʣʠʚʥʳʝ ʩʠʩʪʝʤʳ ʛʨʫʟʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʥʠʞʘʶʪ ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘ-

ʙʦʪʘʚʰʠʭ ʛʘʟʦʚ, ʫʣʫʯʰʘʶʪ ʪʦʧʣʠʚʥʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʆʥʠ ʦʯʝʥʴ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʢʘʯʝʩʪʚʫ ʪʦʧʣʠʚʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʩʝʨʳ ʚ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ ʜʦʣʞʥʦ ʙʳʪʴ 10 ppm.  
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ʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄɸɼʀ), ʛ. ʄʦʩʢʚʘ, ʈʌ) 

Marenkov I.G. (Moscow automobile and road construction state technical university 

(MADI)) 
 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʠ-

ʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʩʧʦʩʦʙʳ ʠʭ ʫʩʪʨʘʥʝ-

ʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʠ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʧʠʪʳʚʘʶʱʠʭ ʩʦʩʪʘʚʦʚ. 

The analysis of problems arising during the operation of non-metallic elements of 

the air suspension of road vehicles is carried out. The causes of the most common de-

fects and ways to eliminate them are analyzed. It is shown that one of the promising 

ways to increase the durability of air suspension elements of road vehicles is the use in 

the manufacture and maintenance of polymer impregnating compounds. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʨʦʞʥʳʝ ʤʘʰʠʥʳ, ʧʦʜʚʝʩʢʘ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. 

Key words: road vehicles, suspension, non-metallic materials. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʦʨʦʞʥʳʭ ʤʘʰʠʥ (ɼʄ) ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʧʦʜʚʝʩʢʠ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʠ, ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʜ-

ʚʝʩʢʘʤʠ, ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʛʠʙʢʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʚʳʩʦʪʳ ʝʟʜʳ, ʧʣʘʚ-

ʥʦʩʪʠ ʭʦʜʘ, ʧʨʦʩʪʦʪʝ ʦʙʩʣʫʞʠʚʘʥʠʷ [1-2]. 

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ɼʄ ï ʵʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʞʝʩʪʢʠʝ ʜʠʥʘʤʠʯʝ-

ʩʢʠʝ ʨʝʞʠʤʳ ʥʘʛʨʫʞʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʧʦʜʚʝʩʢʠ ʠʟ-ʟʘ ʪʷʞʝʣʳʭ ʜʦʨʦʞ-

ʥʳʭ ʫʩʣʦʚʠʡ. ɼʚʠʞʝʥʠʝ ʧʦ ʜʦʨʦʛʘʤ ʙʝʟ ʪʚʝʨʜʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʥʘ ʵʣʝʤʝʥʪʳ ʧʦʜʚʝʩʢʠ. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʘ 

ʥʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʧʦʜʚʝʩʢʠ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʫʜʘʨʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʥʘ ʢʦʨʧʫʩ ʤʘʰʠʥʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʥʝʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ ɼʄ, ʚʳʷʚʣʝʥʠʝ ʪʠʧʦʚʳʭ ʜʝʬʝʢʪʦʚ, ʧʨʠʯʠʥ ʠʭ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʷ ʠ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʝʥʠʷ. 

ʇʦʜʚʝʩʢʘ ʣʶʙʦʡ ʤʘʰʠʥʳ ʩʦʩʪʦʠʪ ʠʟ ʥʘʧʨʘʚʣʷʶʱʝʛʦ, ʫʧʨʫʛʦʛʦ, ʛʘʩʷʱʝ-

ʛʦ ʫʩʪʨʦʡʩʪʚ ʠ ʵʣʝʤʝʥʪʦʚ ʢʨʝʧʣʝʥʠʷ ʧʦʜʚʝʩʢʠ. ʂʨʝʧʣʝʥʠʝ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ 

ʧʦʜʚʝʩʢʠ ʢ ʣʦʥʞʝʨʦʥʫ ʨʘʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʨʦʥʰʪʝʡʥʘ. ɺ ʨʦʣʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚʳʩʪʫʧʘʝʪ ʨʳʯʘʛ. ɺ ʧʥʝʚʤʘ-

ʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʝ ɼʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. 

ʋʧʨʫʛʠʡ ʵʣʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʥʝʚʤʦʙʘʣʣʦʥ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʘʨ-

ʤʠʨʦʚʘʥʥʦʡ ʨʝʟʠʥʳ, ʚ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʚʦʟʜʫʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʦʪ ʢʦʤʧʨʝʩ-

ʩʦʨʘ. ɻʘʩʷʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʚ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʝ ʷʚʣʷʝʪʩʷ ʘʤʦʨʪʠʟʘ-

ʪʦʨ (ʨʠʩ. 1).  

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʧʦʜʚʝʩʢʠ:  

1 ï ʨʳʯʘʛ, 2 ï ʧʥʝʚʤʦʙʘʣʣʦʥ, 3 ï ʘʤʦʨʪʠʟʘʪʦʨ, 4 ï ʢʨʦʥʰʪʝʡʥ 

 

ʉ ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʳʯʘʛʘ) ʧʦʜʚʝʩʢʠ ʦʩʴ ɼʄ ʩʦ-

ʝʜʠʥʷʝʪʩʷ ʩ ʨʘʤʦʡ. ʏʝʨʝʟ ʨʳʯʘʛ ʥʘ ʨʘʤʫ ʧʝʨʝʜʘʶʪʩʷ ʚʩʝ ʩʠʣʳ, ʚʦʟʥʠʢʘʶʱʠʝ 

ʚ ʢʦʥʪʘʢʪʝ ʢʦʣʝʩʘ ʩ ʜʦʨʦʛʦʡ. ʆʥ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʢʠʥʝʤʘʪʠʢʫ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʩʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ ʤʘʰʠʥʳ. 

ʇʨʠ ʥʘʝʟʜʝ ʢʦʣʝʩʘ ʥʘ ʧʨʝʧʷʪʩʪʚʠʝ ʦʥʦ ʧʦʜʥʠʤʘʝʪʩʷ, ʠ ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ 

ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʫʧʨʫʛʠʤ ʵʣʝʤʝʥʪʦʤ, ʢʦʪʦʨʦʝ ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʠ ʪʘʢʠʤ ʦʙʨʘ-


