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ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʊʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ = ɺʝʩʪʥʠʢ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʍʇʀè. ʉʝʨʠʷ: ʊʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ = Bulletin of the National 

Technical University "KhPI". Series: Techniques in a machine industry: ʟʙ. ʥʘʫʢ. ʧʨ. / ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ çʍʘʨʢʽʚ. ʧʦʣʽʪʝʭʥ. 

ʽʥ-ʪè. ð ʍʘʨʢʽʚ : ʅʊʋ çʍʇɯè, 2022 ð ˉ 2(6). ð126ʩ. ð ISSN 2079-004ʍ. 

ɺʠʜʘʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʦʩʚʽʪʣʝʥʥʶ ʜʦʩʷʛʥʝʥʴ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʄʝʪʘ ʚʠʜʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʧʫʙʣʽʢʘʮʽʾ ʦʨʠʛʽʥʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʪʝʦʨʝʪʠʯʥʦ ʜʦʩʣʽʜʞʫʶʪʴ ʪʘ ʚʜʦʩʢʦʥʘʣʶʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 
ʪʘ ʦʩʥʘʱʝʥʥʷ, ʽʟ ʧʨʠʜʽʣʝʥʥʷʤ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ: ʤʝʪʦʜʘʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʾʭ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ; ʬʦʨʤʫʚʘʥʥʶ ʪʦʯʥʦʩʪʽ ʡ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ; ʤʦʜʝʣʶʚʘʥʥʶ, ʧʨʦʝʢʪʫʚʘʥʥʶ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʙʣʝʤʘʤ 

ʛʥʫʯʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʦʩʢʣʘʜʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; ʩʪʚʦʨʝʥʥʶ, ʫʧʨʘʚʣʽʥʥʶ ʪʘ ʜʽʘʛʥʦʩʪʠʮʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ 
ʤʝʭʘʪʨʦʥʥʠʭ ʩʠʩʪʝʤ; ʽʥʪʝʛʨʦʚʘʥʠʤ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʠʤ ʪʝʭʥʦʣʦʛʽʷʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ; ʧʨʦʙʣʝʤʘʤ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ; ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ ʪʘ ʥʘʥʦʪʝʭʥʦʣʦʛʽʷʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 
 

        ɼʣʷ ʥʘʫʢʦʚʮʽʚ ʪʘ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʪʝʭʥʦʣʦʛʽʡ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʚʠʢʣʘʜʘʯʽʚ ʚʠʱʦʾ ʰʢʦʣʠ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ. 

This issue is devoted to clarify achievements in the mechanical engineering. The purpose of the edition is publishing original researches which explore 
theoretically and improve the engineering processes of machines parts manufacturing and products assembly, equipment, jigs and fixtures with paying 

special attention to stability and reliability of machining methods; assurance of accuracy and quality of surfaces; modeling, design and optimization of 

machining processes; organizational and technical problems of flexible production; automation of operations of mechanical assembly production; creation, 
management and diagnostics of technological and mechatronic systems; integrated and computer technologies in engineering; design problems of systems 

for supporting the life cycle of a machine-building product; physical-mechanical technologies and nanotechnologies in mechanical engineering.he edition 
is intended for scientists and specialists of mechanical engineering, lecturers, post-graduate students and students. 

ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʜʨʫʢʦʚʘʥʦʛʦ ʟʘʩʦʙʫ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ 

ʂɺ ˉ 24359-14199ʈ  ʚʽʜ 10 ʣʶʪʦʛʦ 2020 ʨ. 
.ʄʦʚʘ ʩʪʘʪʝʡ ï ʫʢʨʘʾʥʩʴʢʘ, ʨʦʩʽʡʩʴʢʘ, ʘʥʛʣʽʡʩʴʢʘ. 
 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʊʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚʢʣʶʯʝʥʦ ʜʦ çʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ 

ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʥʘʫʢ, ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ ʪʘ 

ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾè, ʢʘʪʝʛʦʨʽʷ çɹè (ʥʘʢʘʟ ʄʆʅ ʋʢʨʘʾʥʠ ˉ 409 ʚʽʜ 17.03.2022 ʨ.). 
 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʊʝʭʥʦʣʦʛʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚʢʣʶʯʝʥʠʡ ʜʦ ʟʦʚʥʽʰʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʫ 
ʪʦʤʫ ʯʠʩʣʽ ʚ ʥʘʫʢʦʤʝʪʨʠʯʥʫ ʙʘʟʫ ʜʘʥʠʭ Index Copernicus (ʇʦʣʴʱʘ), Google Scholar; ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʫ ʩʚʽʪʦʚʦʤʫ ʢʘʪʘʣʦʟʽ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ 

ʙʘʟʠ ʜʘʥʠʭ Ulrichôs Periodicals Directory (New Jersey, USA).  

ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʚʠʜʘʥʥʷ: http://web.kpi.kharkov.ua/tmms/ru/vestnik-ntu-hpi/ 
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ɺ  ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʟʥʦʩʫ ʪʦʨʮʝʚʠʭ ʬʨʝʟ, ʦʩʥʘʱʝʥʥʠʭ, ʧʨʠ ʦʙʨʦʙʮʽ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ 

ʢʦʤʧʘʫʥʜʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʚʘʨʮʦʚʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʧʽʩʢʫ ʪʘ ʝʧʦʢʩʠʜʥʦ-ʜʽʘʥʦʚʦʾ ʩʤʦʣʠ ʇʦʢʘʟʘʥʦ ʚʧʣʠʚ  ʤʘʨʢʠ ʇʅʊʄ ʥʘ 
ʟʥʦʰʫʚʘʥʥʷ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʩʪʽʡʢʽʩʪʴ  ʪʦʨʮʝʚʠʭ ʬʨʝʟ, ʦʩʥʘʱʝʥʥʠʭ ʥʘʜʪʚʝʨʜʠʤʠ ʢʦʤʧʦʟʠʪʘʤʠ.  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʧʨʝʚʘʣʶʶʯʠʡ ʤʝʭʘʥʽʟʤ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʦʙʨʦʙʮʽ ʪʘʢʦʛʦ ʢʦʤʧʦʟʠʪʫ ï ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʥʦʰʫʚʘʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ  ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ.  
ʂʣʶʯʝʚʽ ʩʣʦʚʘ: ʪʦʨʮʝʚʝ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʇʅʊʄ, ʧʦʣʽʤʝʨʥʠʡ ʢʦʤʧʘʫʥʜ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ,  ʩʪʽʡʢʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ,  

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ. 

 
O. S. MANOVITSKY, S. A. KLIMENKO, A. S. MANOKHIN  

REPAIR OF THE WEAR OF THE MILLS WITH PNTM WHEN PROCESSING THE ABRASIVE POLYMERIC COM POUND 

In the article, the results of the analysis of wear and tear of face milling cutters, equipped with an abrasive polymer compound, which are 
composed of quartz fine-grained sand and epoxy-diane resin, are shown. It has been established that the prevailing mechanism of tool wear during the 

processing of such a composite is abrasive wear. The reliability of the characteristics of wear and tear resistance of the cutting tool in the form of a 

sharpness of cutting was assessed. 

Key words: end milling, PNTM, polymer compound, wear intensity, cutting tool durability, cutting speed. 

 

ɺʩʪʫʧ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʢʽʣʴʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʥʦʰʫʚʥʽʩʪʴ ʪʦʨʮʝʚʠʭ ʬʨʝʟ, ʤʘʶʪʴ 

ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʠʘʣʫ, ʷʢʠʤ ʦʩʥʘʱʝʥʠʡ ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ. ɺ ʟʦʥʽ ʨʽʟʘʥʥʷ ʤʘʻ ʤʽʩʮʝ ʮʠʢʣʽʯʥʝ ʪʝʨʤʦʙʘʨʠʯʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʟʥʦʰʫʚʘʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʪʦʨʮʝʚʠʭ ʬʨʝʟ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʘʫʥʜʫ (ʇʂ), ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʚʘʨʮʝʚʦʛʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʧʽʩʢʫ 

(80 ʦʙ. %) ʪʘ ʝʧʦʢʩʠʜʥʦ-ʜʽʘʥʦʚʦʾ ʩʤʦʣʠ ʂɼɾ-5-20 ʊʋ 2225-597-11131395-01 ʽ ʻ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʟ ʧʦʟʠʮʽʾ ʘʙʨʘʟʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʽʥʩʪʨʫʤʝʥʪ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʢʦʨʦʯʫʻ ʽ ʟʜʝʰʝʚʣʶʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʘʙʨʘʟʠʚʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʩʥʘʱʝʥʥʠʭ 

ʨʽʟʥʠʤʠ ʤʘʨʢʘʤʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʅʊʄ). ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʥʷ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʘʙʦ ʚʠʢʣʶʯʠʪʠ ʟ ʨʦʟʛʣʷʜʫ ʪʘʢʽ ʤʝʭʘʥʽʟʤʠ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ, ʷʢ ʘʜʛʝʟʽʡʥʠʡ, ʜʠʬʫʟʽʡʥʠʡ ʽ 

ʭʽʤʽʯʥʥʠʡ ʟʥʦʩ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʟʘʣʽʟʦ-ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʽʥʰʠʭ ʩʪʘʣʝʡ ʽ ʩʧʣʘʚʽʚ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟ 

ʇʅʊʄ. 

ʅʘʜʪʚʝʨʜʽ ʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ ʪʘ ʩʠʥʪʝʪʠʯʥʦʛʦ ʘʣʤʘʟʫ ʤʘʶʪʴ ʨʽʟʥʫ ʪʚʝʨʜʽʩʪʴ ʪʘ 

ʨʽʟʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʽʥʰʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʣʶʚʘʥʠʭ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʫʞʝ ʚʽʜʯʫʪʥʦ ʧʦʟʥʘʯʘʶʪʴʩʷ ʥʘ ʟʥʦʰʫʚʘʥʥʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʪʦʨʮʝʚʠʭ ʬʨʝʟ. 

ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʜʽʡʩʥʶʻ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʷʢ ʦʜʠʥ ʟ 

ʥʘʡʛʦʣʦʚʥʽʰʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʨʝʟʝʨʫʚʘʥʥʷ, ʪʦʤʫ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʥʦʰʫʚʘʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʤʘʨʦʢ ʇʅʊʄ ʧʨʦ ʪʦʨʮʝʚʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ ʘʙʨʘʟʠʚʥʦʛʦ 

ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʘʫʥʜʘ.  

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. ʆʙʨʦʙʢʘ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʫʥʽʚʝʨʩʘʣʴʥʦ-ʬʨʝʟʝʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜ. 675ʇ ʦʜʥʦʟʫʙʦʶ 

ʬʨʝʟʦʶ ʜʽʘʤʝʪʨʦʤ 150 ʤʤ, ʱʦ ʙʫʣʘ ʦʩʥʘʱʝʥʘ ʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʨʫʛʣʦʾ ʬʦʨʤʠ RNMN 070300 ʽʟ 

ʥʘʜʪʚʝʨʜʠʭ ʢʦʤʧʦʟʠʪʽʚ (ʇʅʊʄ) ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ (ʇʂʅɹ) ʽ ʩʽʥʪʝʪʠʯʥʦʛʦ ʘʣʤʘʟʫ [1, 2]. ʈʝʞʠʤʠ 

ʨʽʟʘʥʥʷ ʙʫʣʠ ʥʘʩʪʫʧʥʠʤʠ: ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ v = 3,9ï12,6 ʤ/ʩ, ʧʦʜʘʯʘ ʥʘ ʟʫʙ ʬʨʝʟʠ Sz = 0,05 ʤʤ/ʟʫʙ, ʛʣʠʙʠʥʘ 

ʨʽʟʘʥʥʷ t = 0,5 ʤʤ. ɺʝʣʠʯʠʥʘ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʟʥʘʯʘʣʘʩʷ ʰʠʨʠʥʦʶ ʬʘʩʢʠ ʟʥʦʩʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ hʟ, ʱʦ 

ʚʠʤʽʨʶʚʘʣʘʩʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʤʽʢʨʦʩʢʦʧʦʤ ʄʄɯ 2. 

ʉʪʽʡʢʽʩʪʴ ʪʦʨʮʝʚʠʭ ʬʨʝʟ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʩʪʽʡʢʽʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ [3], 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʠʨʦʙʽʪʥʦʛʦ ʽ ʩʪʘʣʦʛʦ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʨʦʙʦʪʽ ʟʦ ʚʩʽʤʘ 

ʰʚʠʜʢʦʩʪʷʤʠ ʨʽʟʘʥʥʷ ʚ ʦʙʨʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɼʣʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʪʘʢʫ ʧʨʦʮʝʜʫʨʫ: ï ʟʘʚʜʘʥʥʷ ʧʣʦʱʽ 

ʧʦʚʝʨʭʥʽ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʦʙʨʦʙʠʪʠ ʬʨʝʟʝʨʫʚʘʥʥʷʤ; ï ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʦ 

ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ hʟʥ11; ï ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v1; ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ hʟʢ11 ʧʽʩʣʷ ʧʝʨʰʦʛʦ ʧʨʦʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v1; ï ʟʜʽʡʩʥʝʥʥʷ ʦʙʨʦʙʢʠ ʟʽ ʰʚʠʜʢʽʩʪʶ 

vn; ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ hʟʢ1n ʟʘ ʧʝʨʰʽʡ ʧʨʦʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ  ʰʚʠʜʢʽʩʪʶ vn; ï ʟʜʽʡʩʥʝʥʥʷ 

ʜʨʫʛʦʛʦ ʧʨʦʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v1; ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ hʟʢ21 ʟʘ ʜʨʫʛʽʡ ʧʨʦʭʽʜ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v1; ï ʟʜʽʡʩʥʝʥʥʷ ʜʨʫʛʦʛʦ ʧʨʦʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v2; ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ 

ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ hʟʢ22 ʧʨʠ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ v2; ï ʟʜʽʡʩʥʝʥʥʷ i-ʛʦ ʧʨʦʭʦʜʫ 

ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʰʚʠʜʢʽʩʪʶ vj; ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ hʟʢij ʧʨʠ i-ʤʫ ʧʨʦʭʦʜʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ 

ʰʚʠʜʢʽʩʪʶ vj. 

ʅʘʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʧʦʩʣʽʜʦʚʥʦ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʘ ʢʦʞʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʥʝ 

ʜʦʩʷʛʘʚʩʷ ʨʝʞʠʤ ʧʦʩʪʽʡʥʦʛʦ ʩʪʘʣʦʛʦ ʟʥʦʩʫ hʟʢij =  0,15ï0,20 ʤʤ.  

 
É ʆ.ʉ. ʄʘʥʦʚʠʮʴʢʠʡ, ʉ.ɸ. ʂʣʠʤʝʥʢʦ, ɸ.ʉ. ʄʘʥʦʭʽʥ, 2022 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʯʘʩ ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʫ ʜʣʷ ʢʦʞʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

j

i

njij

i
SB

A

min

0

Ö
=t , 

ʜʝ Űij ï ʯʘʩ, ʭʚ.  i-ʛʦ ʧʨʦʭʦʜʫ ʜʣʷ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ (i =  1ïn; j = 1ï5 ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʪʽʡʢʽʩʥʠʭ 

ʚʠʧʨʦʙʦʚʫʚʘʥʴ); ɸʦʧji ï ʧʣʦʱʘ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʭʦʜʫ, ʤʤ2; ɺ ï ʰʠʨʠʥʘ ʬʨʝʟʝʨʫʚʘʥʥʷ, 

ʤʤ, B = 0,8dʬ (dʬ ï ʜʽʘʤʝʪʨ ʬʨʝʟʠ, ʤʤ; Si
j
min ï ʧʦʜʘʯʘ ʟʘ ʭʚ. ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʭʦʜʫ ʟ ʧʝʚʥʦʶ ʰʚʠʜʢʽʩʪʶ, 

ʤʤ/ʭʚ. 

ʀʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʟʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʬʨʝʟʠ ʟ ʇʅʊʄ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

ij

jiʟ
ʥ

ʟij
ʢ

ij

hh
ʀ

t

-
= , 

ʜʝ ʀij  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʤʤ/ʭʚ. ʜʣʷ i-ʛʦ ʧʨʦʭʦʜʫ ʜʣʷ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ; i =  1ïn; j = 1ï5 ʫ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ ʩʪʽʡʢʽʩʥʠʭ ʚʠʧʨʦʙʦʚʫʚʘʥʴ; hʟʢij  ïʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʭʦʜʫ ʽ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ, ʤʤ; hʟʥij  ï ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʭʦʜʫ ʽ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʤʤ; 

ʧʨʠʯʦʤʫ hʟʥij  = hʟʢ(i-1)j. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʝ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʢʦʞʥʦʾ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʽ ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʫ: 

2
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ʟij
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+
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ʉʪʽʡʢʽʩʪʴ ʬʨʝʟʠ ȹʊij, ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʦʜʠʥ ʧʨʦʭʽʜ ʜʣʷ  j-ʦʾ ʰʚʠʜʢʦʩʪʽ  ʨʽʟʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ ʀij  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ -̔ʦʤʫ ʧʨʦʭʦʜʽ ʜʣʷ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʤʤ/ʭʚ.; ʀ(i-1)j ï 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʭʦʜʫ ʪʘ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʤʤ/ʭʚ.; hʟʩʨ(i-1)j ï 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʭʦʜʫ ʽ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʤʤ; hʟʩʨij ï ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ -̔ʦʤʫ ʧʨʦʭʦʜʽ ʜʣʷ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʽ j-ʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ, ʤʤ. 

ɿʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʬʨʝʟʠ ʥʘ ʢʦʞʥʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʘ ʚʠʟʥʘʯʘʣʘʩʴ 

ʩʢʣʘʜʘʥʥʷʤ ʩʪʽʡʢʦʩʪʽ ʥʘ ʢʦʞʥʦʤʫ ʧʨʦʭʦʜʽ ʜʣʷ ʜʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ: 

ä
=

D=
n

i

ijnj TT
1

, 

ʜʝ Tnj ï ʩʫʤʘʨʥʘ ʩʪʽʡʢʽʩʪʴ ʬʨʝʟʠ ʥʘ j-ʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʟʘ n ʧʨʦʭʦʜʽʚ, ʭʚ.; n  ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ ʥʘ j-ʽʡ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. 

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʬʨʝʟʠ ʥʘ ʢʦʞʥʽʡ ʟʽ ʰʚʠʜʢʦʩʪʝʡ ʨʽʟʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʇʅʊʄ ʚ ʣʦʛʘʨʠʬʤʽʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʙʫʣʠ ʧʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʩʪʽʡʢʦʩʪʽ ʬʨʝʟʠ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʽ 

ʧʨʝʬʝʨʝʥʮʽʾ ʚʠʙʦʨʫ ʤʘʨʢʠ ʤʘʪʝʨʽʘʣʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʤʽʨʢʫʚʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʩʪʽʡʢʦʩʪʽ ʜʦ 

ʘʙʨʘʟʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʨʽʟʥʠʤʠ ʇʅʊʄ, ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʾʭʥʶ ʩʪʽʡʢʽʩʪʴ 

ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʟʥʦʩʫ ʨʽʟʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ ʬʨʝʟʠ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʥʘ ʝʪʘʧʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʘʣʦʛʦ 

ʟʥʦʩʫ. ɿ ʦʛʣʷʜʫ ʥʘ ʪʫ ʦʙʩʪʘʚʠʥʫ, ʱʦ ʢʨʠʪʝʨʽʻʤ ʜʦʧʫʩʪʠʤʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦ ʟʥʦʰʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʬʨʝʟʝʨʫʚʘʥʥʽ ʙʽʣʴʰʦʩʪʽ ʟʘʛʘʨʪʦʚʘʥʠʭ ʟʘʣʽʟʦ-ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʽʥʰʠʭ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʩʧʣʘʚʽʚ ʻ ʟʥʦʩ ʧʦ ʟʘʜʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʜʦʨʽʚʥʶʻ ʰʠʨʠʥʽ ʬʘʩʢʠ hʟ = 0,4 ʤʤ, ʘ ʫʤʦʚʦʶ ʧʝʨʝʭʦʜʫ ʜʦ ʧʝʨʽʦʜʘ ʩʪʘʣʦʛʦ ʟʥʦʩʫ ʻ ʟʥʘʯʝʥʥʷ  hʟ =  

0,15 ï 0,20 ʤʤ, ʧʨʠʡʤʘʻʤʦ ʟʘ ʦʜʥʘʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʥʦʩʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ï hʟ = 0,3 ʤʤ.   

ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʽʚ ʪʘ ʧʨʘʢʪʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʅʊʄ ʫ ʧʨʦʤʠʩʣʦʚʽʡ ʤʝʭʘʥʦʦʙʨʦʙʮʽ, 

ʩʪʽʢʽʩʪʴ ʪʘʢʠʭ ʬʨʝʟ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʘ, ʘ ʚ ʧʝʨʽʦʜʽ ʩʪʘʣʦʛʦ ʟʥʦʩʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ï ʧʦʩʪʽʡʥʘ. ʉʪʽʡʢʽʩʪʴ 

ʬʨʝʟ, ʫ ʮʴʦʤʫ ʚʠʧʚʜʢʫ, ʜʦ ʢʨʠʪʝʨʽʷ ʟʥʦʰʫʚʘʥʥʷ hʟ = 0,3 ʤʤ ʚʠʟʥʘʯʘʣʘʩʴ ʘʣʛʝʙʨʘʾʯʥʦʶ ʝʢʩʪʨʘʧʦʣʷʮʽʻʶ, 

ʧʨʘʚʦʤʽʨʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʦʾ ʜʦʚʝʜʝʥʘ ʚ [4]: 
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ʜʝ T0,3j ï ʩʪʽʡʢʽʩʪʴ ʬʨʝʟʠ ʥʘ j-ʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʚʝʣʠʯʠʥʠ ʟʥʦʩʫ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ hʟ = 0,3 ʤʤ, 

ʭʚ.; Tnj ï  ʩʪʽʡʢʽʩʪʴ ʬʨʝʟʠ ʥʘ j-ʽʡ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʟʘ n ʧʨʦʭʦʜʽʚ ʭʚ.; T(n-1)j  ï ʩʪʽʡʢʽʩʪʴ ʬʨʝʟʠ ʥʘ j-ʽʡ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʟʘ n-1 ʧʨʦʭʦʜʽʚ ʭʚ.; n ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʭʦʜʽʚ ʥʘ j-ʽʡ ʰʜʢʦʩʪʽ ʨʽʟʘʥʥʷ; hʩʨnj ï ʩʝʨʝʜʥʽʡ ʟʥʦʩ ʧʦ ʟʘʜʥʽʡ 



079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022.ˉ2 (6)                                                                                                                   5 

ʧʦʚʝʨʭʥʽ ʥʘ n-ʤʫ ʧʨʦʭʦʜʽ ʟ j-ʦʶ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ, ʤʤ; hʩʨ(n-1)j ï ʩʝʨʝʜʥʽʡ ʟʥʦʩ ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʥʘ (n-1)-ʤʫ 

ʧʨʦʭʦʜʽ ʟ j-ʦʶ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ, ʤʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʨʠʩ. 1, ʘ, ʙ  ʧʨʠʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʟʥʦʩʫ ʪʦʨʮʝʚʠʭ ʬʨʝʟ ʟ ʢʦʤʧʦʟʠʪʘʤʠ 

ʥʘ ʦʩʥʦʚʽ ʢʫʙʽʯʥʦʛʦ ʥʽʪʨʠʜʫ ʙʦʨʫ  çʂʠʙʦʨʠʪè ʪʘ çɻʝʢʩʘʥʠʪ ʈè ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʚʽʜ ʯʘʩʫ ʦʙʨʦʙʢʠ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʧʨʠ ʬʨʝʟʝʨʫʚʘʥʥʽ ʇʂ ʟ ʧʦʩʪʽʡʥʦ-ʟʘʜʘʥʠʤ ʧʝʨʝʪʠʥʦʤ ʟʨʽʟʫ. ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʦʛʦ ʧʦʢʘʟʫʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʩʫʪʪʻʚʦ ʽʥʪʝʥʩʠʬʽʢʫʻ ʘʙʨʘʟʠʚʥʻ ʟʥʦʰʫʚʘʥʥʷ ʪʦʨʮʝʚʦʾ ʬʨʝʟʠ, ʦʩʥʘʱʝʥʦʾ ʇʂʅɹ çʂʠʙʦʨʠʪè. 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʘʣʝʞʥʦʩʪʽ ʟʥʦʩʫ ʬʨʝʟ ʟ ʇʂʅɹ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʽʥʩʪʨʫʤʝʥʪʠ ʚ ʢʦʤʧʦʟʠʪʦʤ çʂʠʙʦʨʠʪè ʻ ʙʽʣʴʰ ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʦʩʥʘʱʝʥʠʤʠ 

ʢʦʤʧʦʟʠʪʦʤ çɻʝʢʩʘʥʠʪ ʈè. ʇʨʦʪʝ, ʩʣʽʜ ʟʘʟʘʥʘʯʠʪʠ, ʱʦ ʟʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʶ ʽʥʩʪʨʫʤʝʥʪʠ, ʦʩʥʘʱʝʥʽ ʇʂʅɹ, 

ʧʦʩʪʫʧʘʶʪʴʩʷ ʬʨʝʟʘʤ ʟ ʥʘʜʪʚʝʨʜʠʤʠ ʢʦʤʧʦʟʠʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʩʽʥʪʝʪʠʯʥʦʛʦ ʘʣʤʘʟʫ. ʅʘ ʨʠʩ. 1, ʚ ʥʘʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʘʣʤʘʟʥʦ-ʪʚʝʨʜʦʤʧʣʘʚʥʽʤʠ ʧʣʘʩʪʠʥʘʤʠ (ɸʊʇ). ɹʽʣʴʰʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘʢʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʇʂ) (ʨʠʩ. 2, ʘ) ʦʙʫʤʦʚʣʝʥʥʘʷ ʙʽʣʴʰʦʶ 

ʪʚʝʨʜʽʩʪʶ ʢʦʤʧʦʟʠʪʫ ʥʘ ʦʩʥʦʚʽ ʘʣʤʘʟʫ, ʷʢʠʤ ʦʩʥʘʱʝʥʽ ʬʨʝʟʠ.  

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʪʦʨʮʝʚʠʭ ʬʨʝʟ ʟ ʇʅʊʄ ʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʟʥʦʰʫʚʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʚʠʙʫʜʦʚʘʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʛʨʘʬʽʢʠ 

ʟʘʣʝʞʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʇʅʊʄ (ʇʂʅɹ çʂʠʙʦʨʠʪè, çɻʝʢʩʘʥʽʪ ʈè ʪʘ 

ɸʊʇ) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ (ʨʠʩ. 2) 
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ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ ʟʥʦʩʫ ʪʦʨʮʝʚʠʭ ʬʨʝʟ ʟ ʇʂʅɹ çʂʠʙʦʨʠʪè (ʘ), çɻʝʢʩʘʥʠʪ ʈè (ʙ) ʪʘ 

ɸʊʇ (ʚ) ʧʦ ʟʘʜʥʽʡ ʧʦʚʝʨʭʥʽ ʚʽʜ ʯʘʩʫ ʦʙʨʦʙʢʠ ( 1 ï v = 3,9 ʤ/ʩ;  

2 ï v = 6,3 ʤ/ʩ; 3 ï v = 9,8 ʤ/ʩ  
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ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʩʪʽʡʢʦʩʪʽ (ʘ) ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ (ʙ) ʪʦʨʮʝʚʠʭ ʬʨʝʟ ʽʟ ʟ 

ʇʅʊʄ çʂʠʙʦʨʠʪè, çɻʝʢʩʘʥʽʪ ʈè (2) ʽ ɸʊʇ (3) ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʨʮʝʚʦʤʫ 

ʬʨʝʟʝʨʫʚʘʥʥʽ ʇʂ (Sz = 0,05 ʤʤ/ʟʫʙ, t = 0,5 ʤʤ) 

 

ɿ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʬʨʝʟʘ ʟ ʇʂʅɹ çɻʝʢʩʘʥʽʪ ʈè ʤʘʻ ʙʽʣʴʰʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʦʩʥʘʱʝʥʠʤ ʇʂʅɹ çʂʠʙʦʨʠʪè, ʦʩʪʘʥʥʽʡ ʟʘ ʮʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʻ ʙʽʣʴʰ ʧʨʘʮʝʟʜʘʪʥʠʤ ʧʨʠ ʦʙʨʦʙʮʽ ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʘʫʥʜʫ (ʢʚʘʨʮʝʚʠʡ ʧʽʩʦʢ ï 80%,  

ʝʧʦʢʩʠʜʥʦ-ʜʽʘʥʦʚʘ ʩʤʦʣʘ ʂɼɾ-5-20 ï 20%) ʧʨʠʙʣʠʟʥʦ ʚ ʧʽʚʪʦʨʠ ʨʘʟʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʬʨʝʟ ʟ ɸʊʇ, ʪʦ ʮʝʡ 

ʽʥʩʪʨʫʤʝʥʪ ʤʘʻ ʥʘʡʚʠʱʫ ʩʝʨʝʜ ʧʦʨʽʚʥʶʚʘʥʠʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʧʨʦʪʝ ʥʘ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʪʘʢʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʟʥʦʰʫʻʪʴʩʷ ʥʘʚʽʪʴ ʪʨʦʭʠ ʽʥʪʝʥʩʠʚʥʽʰʝ, ʥʽʞ ʬʨʝʟʘ ʟ ʇʂʅɹ çʂʠʙʦʨʠʪè. 
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ʉʀʉʊɽʄʀ ʇɸʈɸʄɽʊʈɯɺ ʉʊɸʅʋ ʈʆɹʆʏʀʍ ʇʆɺɽʈʍʆʅʔ ɯ ʊʆʏʅʆʉʊɯ ʈʆɿʄɯʈɯɺ 

ʎʀʃɯʅɼʈʀʏʅʀʍ ɿɸɻɸʈʊʆɺɸʅʀʍ ɿʋɹʏɸʉʊʀʍ ʂʆʃɯʉ ʆʏʀʉʅʆɻʆ ʂʆʄɹɸʁʅʋ ʋʂɼ200-500 

ʅʆɺʆɻʆ ʇʆʂʆʃɯʅʅʗ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʦʚʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʠʭ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʾʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ  

ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʫ ʋʂɼ200-500 ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʘʞʢʠʭ ʨʝʜʫʢʪʦʨʽʚ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ ʋʂɼ200-500  ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ (ʚʪʦʤʥʘ ʤʽʮʥʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʥʪʘʢʪʥʘ 
ʞʦʨʩʪʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʚʫʟʣʘ ʽ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʾʭ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʦʨʝʪʠʯʥʠʭ 
ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʐʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚ ʧʝʨʝʜʘʯʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʛʨʽʰʥʽʩʪʶ ʧʨʦʬʽʣʶ ʟʫʙʘ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ : ʉʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ.  ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ, ʢʨʫʧʥʦʤʦʜʫʣʴʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ, ʦʯʠʩʥʽ ʢʦʤʙʘʡʥʠ ʋʂɼ200-500, ʨʽʞʫʯʠ 
ʯʘʩʪʠʥʠ 

 

NEZHEBOVSKY V. V., BEREZHNYI R.A., PERMYAKOV O.A., KLOCHKO O.O., RYABCHENKO S.V., USTINENKO O.V.  

SYSTEMS OF THE PARAMETERS OF THE CONDITION OF THE WORKING SURFACES AND DIMENSIONS ACCURACY 

OF THE CYLINDRICAL HARDENED GEAR WHEELS OF THE CLEANING COMBINED UKD200 -500 OF THE NEW 

GENERATION  

ɸnnotation. The issues of efficiency improvement in hydrodynamic (liquid) or limit (semi-liquid) modes of friction of gears with an 

asymmetric profile and the effect of the liquid on tooth damage, power loss and temperature in contact, as well as the role of an elastic medium that 
dampens shocks and changes contact lines, are considered. In many gears, the tooth load per tooth is much higher and applied for longer periods of 

time. The asymmetrical shape of the tooth reflects this functional difference. In the case of asymmetric gears, the standard symmetrical toothed tool 

rail is modified by changing the pressure angle of one of the side surfaces. However, this simplistic approach to the design of an asymmetric 
transmission significantly limits the ability to maximize the performance of a wide range of possible applications of these transmissions. As the 

frequency of impact interactions increases, the lubricating layer of high-speed gears with an asymmetric profile ceases to respond to pressure changes, 

and the load value, which determines the smallest layer thickness over time, approaches the minimum stationary component of the spectrum of 
dynamic loads. At the same time, noise and vibration levels are slightly reduced. Therefore, in the calculations of the strength, contact endurance and 

seizure of high-speed gears with an asymmetric profile, the complex influence of the criterion parameters of the lubricant must be taken into account 

not only when determining the allowable stresses, but also when determining the amount of dynamic load amplification due to the impact interaction 
of the teeth. 

Keywords:. gears, asymmetric profile, power, lubricating layer, load, layer thickness, noise and vibration levels, . complex influence of 

criterion parameters. 
 

ɺʩʪʫʧ. ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʫ ʋʂɼ200-500 ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ (ʈʠʩ. 1), ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʠʥʥʦ ʙʘʟʫʚʘʪʠʩʷ ʥʘ ʨʝʪʝʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʛʦ ʘʙʦ 

ʽʥʰʦʛʦ ʚʫʟʣʘ ʚʠʨʦʙʫ ʽ ʫʤʦʚ ʡʦʛʦ ʨʦʙʦʪʠ.  

       
 

ʈʠʩ. 1 - ʂʦʤʙʘʡʥ ʦʯʠʩʥʠʡ ʋʂɼ200-500 

 

ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʘʞʢʠʭ ʨʝʜʫʢʪʦʨʽʚ ʦʯʠʩʥʠʭ ʢʦʤʙʘʡʥʽʚ ʋʂɼ200-500  ʥʝʦʙʭʽʜʥʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ (ʚʪʦʤʥʘ ʤʽʮʥʽʩʪʴ, 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʢʦʥʪʘʢʪʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʚʫʟʣʘ ʽ ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ.  
 

É ɺ.ɺ. ʅʝʞʝʙʦʚʩʴʢʠʡ, ʈ.ɸ. ɹʝʨʝʞʥʠʡ, ʆ.ɸ. ʇʝʨʤʷʢʦʚ, ʆ.ʆ. ʂʣʦʯʢʦ, ʉ.ɺ. ʈʷʙʯʝʥʢʦ, ʆ.ɺ. ʋʩʪʠʥʝʥʢʦ, 2022 
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ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʠʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʚʠʙʽʨ 

ʤʘʪʝʨʽʘʣʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʨʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʾʭ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʢʝʨʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʊʘʢ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʪʘʢʪʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ, 

ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ, ʧʨʠʚʝʜʝʥʠʤʠ ʚ [1, 6, 8, 11] 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʠʟʥʘʯʘʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ çʨʦʙʦʯʠʭ ʦʩʷʭè (ʰʚʠʜʢʦʩʪʽ ʚʽʜʥʦʩʥʦʛʦ ʢʦʚʟʘʥʥʷ, ʨʝʚʝʨʩʠʚʥʦʩʪʽ ʟʫʙʯʘʩʪʦʾ 

ʧʝʨʝʜʘʯʽ, ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʷʚʥʦʩʪʽ ʤʘʩʪʠʣʘ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ). ɿʘʟʚʠʯʘʡ 

ʧʨʦʝʢʪʦʚʘʥʠʡ ʚʫʟʦʣ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʧʨʠʚʽʜʥʠʭ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ 1  (ʈʠʩ. 2) ʧʦʚʠʥʝʥ ʟʘʜʦʚʦʣʴʥʷʪʠ ʜʝʢʽʣʴʢʦʤ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʧʦʢʘʟʥʠʢʘʤ [1, 2, 3, 4, 8].  

 

 
 

ʈʠʩ. 2 ï ʂʦʤʧʦʥʦʚʢʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʋʂɼ200-500 

1 - ʈʽʞʫʯʘ ʯʘʩʪʠʥʘ; 2 - ʈʘʤʘ; 3 - ʇʦʨʪʘʣ; 4 - ʐʥʝʢʦʚʠʡ ʚʠʢʦʥʘʚʯʠʡ ʦʨʛʘʥ (ʣʽʚʠʡ/ʧʨʘʚʠʡ); 5 - ɻʽʜʨʦʜʦʤʢʨʘʪ 

 

ʈʽʞʫʯʘ ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʋʂɼ200-500 (ʨʠʩ.3) ʻ ʫʥʽʬʽʢʦʚʘʥʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʾʾ ʷʢ ʟ 

ʣʽʚʦʛʦ, ʪʘʢ ʽ ʟ ʧʨʘʚʦʛʦ ʙʦʢʫ ʨʘʤʠ. ʈʽʞʫʯʘ ʯʘʩʪʠʥʘ ʻ ʪʨʠʩʪʫʧʽʥʯʘʩʪʠʤ ʨʝʜʫʢʪʦʨʦʤ ʟ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ. ʂʦʞʝʥ 

ʩʪʫʧʽʥʴ ʨʝʜʫʢʪʦʨʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʦʢʨʝʤʽʡ ʛʝʨʤʝʪʠʯʥʽʡ ʢʘʤʝʨʽ, ʟʘʭʠʱʝʥʽʡ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʘʙʨʘʟʠʚʥʠʭ 

ʯʘʩʪʠʥʦʢ. 

ʋ ʢʦʞʥʽʡ ʢʘʤʝʨʽ ʻ ʤʘʩʣʷʥʘ ʚʘʥʥʘ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʪʘ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ. ʂʦʥʪʨʦʣʴ ʨʽʚʥʷ 

ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʘʩʣʷʥʠʭ ʢʘʤʝʨʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʽʥʜʠʢʘʪʦʨʘʤʠ ʨʽʚʥʷ ʤʘʩʪʠʣʘ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʽʟ 

ʟʘʚʘʣʴʥʦʾ ʩʪʦʨʦʥʠ ʨʝʜʫʢʪʦʨʘ [5, 7, 11].. 

ʋ ʢʦʨʧʫʩ ʨʝʜʫʢʪʦʨʘ ʚʙʫʜʦʚʘʥʘ ʪʨʠʢʦʥʪʫʨʥʘ ʩʠʩʪʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʽʟ ʨʦʟʜʽʣʝʥʠʤʠ ʧʘʨʘʣʝʣʴʥʠʤʠ ʧʦʪʦʢʘʤʠ. 

ʆʭʦʣʦʜʞʝʥʥʷ ʰʚʠʜʢʦʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʨʷʤʦʟʫʙʦʾ ʧʝʨʝʜʘʯʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʙʫʜʦʚʘʥʦʛʦ 

ʨʘʜʽʘʪʦʨʘ, ʧʣʘʥʝʪʘʨʥʦʛʦ ʩʪʫʧʝʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʦʢʦʥʪʫʨʥʦʾ ʩʦʨʦʯʢʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʪʠʭʦʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ 

ʧʨʷʤʦʟʫʙʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʯʝʨʝʟ ʚʠʢʦʥʘʥʽ ʚ ʢʦʨʧʫʩʽ ʢʘʥʘʣʠ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʄʽʞ ʜʨʫʛʠʤ ʽ ʪʨʝʪʽʤ ʱʘʙʣʝʤ ʨʝʜʫʢʪʦʨʘ ʨʦʟʪʘʰʦʚʘʥʠʡ ʟʨʽʟʥʠʡ ʝʣʝʤʝʥʪ, ʫ ʚʠʛʣʷʜʽ ʰʣʽʮʝʚʦʛʦ ʚʘʣʫ, ʱʦ 

ʚʠʢʣʶʯʘʻ ʘʚʘʨʽʡʥʠʡ ʚʠʭʽʜ ʟ ʣʘʜʫ ʝʣʝʤʝʥʪʽʚ ʨʝʜʫʢʪʦʨʥʦʾ ʛʨʫʧʠ. ɿʛʣʘʜʞʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʽʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʦʨʩʽʦʥʥʠʤ ʚʘʣʦʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫʩʝʨʝʜʠʥʽ ʚʘʣʫ ʨʦʪʦʨʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʬʽʨʤʠ DAMEL. ʋ ʜʚʠʛʫʥ 

ʪʘʢʦʞ ʚʙʫʜʦʚʘʥʠʡ ʤʝʭʘʥʽʟʤ ʚʠʤʢʥʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ. 
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ʈʠʩ. 3 ï ʈʽʞʫʯʘ ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʋʂɼ200-500 

 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʛʨʘʥʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʨʦʢʫ ʟʘʯʝʧʣʝʥʥʷ 

(ʈʠʩ. 4 ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɻʆʉʊ1643-81. 

 

 

 
 

ʈʠʩ. 4 ï  ɻʨʘʥʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʢʨʦʢʫ ʟʘʯʝʧʣʝʥʥʷ 

ɺʝʨʭʥʻ ʚʽʜʭʠʣʝʥʥʷ - +fpb;ʅʠʞʥʻ ʚʽʜʭʠʣʝʥʥʷ - - fpb ;I - ʥʦʤʽʥʘʣʴʥʠʡ ʢʨʦʢ ʟʘʯʝʧʣʝʥʥʷ; II - ʜʽʡʩʥʠʡ ʧʨʦʬʽʣʴ 

ʟʫʙʘ; III - ʥʦʤʽʥʘʣʴʥʠʡ ʧʨʦʬʽʣʴ ʟʫʙʘ; IV - ʜʽʡʩʥʠʡ ʥʦʤʽʥʘʣʴʥʠʡ ʢʨʦʢ 

 

ʐʫʤʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʪʷʞʝʣʦʥʘʛʨʫʞʝʥʥʳʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ [1, 4, 5, 11]. ʚ ʧʝʨʝʜʘʯʘʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʛʨʽʰʥʽʩʪʶ ʧʨʦʬʽʣʶ ʟʫʙʘ (ʈʠʩ. 5 ). 

 

 
 

 

ʈʠʩ. 5 ï ʇʦʛʨʽʰʥʽʩʪʴ ʧʨʦʬʽʣʶ ʟʫʙʘ 

I - ʜʽʡʩʥʠʡ ʪʦʨʮʝʚʠʡ ʧʨʦʬʽʣʴ ʟʫʙʘ; II - ʥʦʤʽʥʘʣʴʥʽ ʪʦʨʮʝʚʽ ʧʨʦʬʽʣʽ ʟʫʙʘ; III - ʦʩʥʦʚʘʥʷ ʢʦʣʦ; IV - ʤʝʞʽ 

ʘʢʪʠʚʥʦʛʦ ʧʨʦʬʽʣʶ ʟʫʙʘ 

 

ʇʘʨʘʤʝʪʨʠ ʽʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʭʠʣʝʥʥʷ 

ʜʦʧʫʩʢʫ ʥʘ ʥʘʧʨʷʤʠ ʟʫʙʘFɓ   (ʈʠʩ. 6 ). 

 



 

10                      2079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022. 2̄ (6) 

 
 

ʈʠʩ. 6 ï. ʇʦʛʨʽʰʥʽʩʪʴ ʧʨʦʬʽʣʶ ʟʫʙʘ Fɓ 

I - ʜʽʡʩʥʘ ʜʽʣʠʣʴʥʘ ʣʽʥʽʷ ʟʫʙʘ; II - ʥʦʤʠʥʘʣʴʥʳʷ ʜʽʣʠʣʴʥʘ ʣʽʥʽʷ ʟʫʙʘ; III - ʰʠʨʠʥʘ ʟʫʙʯʘʩʪʦʛʦ ʚʽʥʮʷ; IV - 

ʨʦʙʦʯʘ ʚʽʩʴ ʟʫʙʯʘʩʪʦʛʦ ʢʦʣʝʩʘ 

 

ɿ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʚʠʭʦʜʠʪʴ, ʱʦ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʟʥʘʯʥʝ ʯʠʩʣʦ ʦʙʯʠʩʣʝʥʴ ʧʦ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʢʝʨʽʚʥʠʢʽʚ ʧʨʦʛʨʘʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦʢʘʟʘʥʘ ʥʘ  ʈʠʩ. 7. ʅʘ ʦʩʥʦʚʽ ʩʧʽʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʫʤʦʚ ʥʦʨʤʘʣʴʥʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ (ʙʣʦʢ 1) ʽ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ (ʙʣʦʢ 2) ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʾʭ ʟʤʽʥʠ 

(ʙʣʦʢ 3). ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʩʫʤʘʨʥʝ ʟʙʣʠʞʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ, ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʨʠ ʪʝʨʪʽ-

ʢʦʚʟʘʥʥʽ ʟʘ ʫʚʝʩʴ ʪʝʨʤʽʥ ʾʭ ʩʣʫʞʙʠ ʥʝ ʧʦʚʠʥʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 16 - 20 ʤʢʤ, ʘ ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʟʙʣʠʞʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ ʧʣʘʩʪʠʯʥʠʭ ʽ ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʾʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʩʢʣʘʜʘʻ 5 - 6 

ʤʢʤ, ʪʦ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʥʦʩ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ, ʟʘ ʫʚʝʩʴ ʪʝʨʤʽʥ ʾʭ ʩʣʫʞʙʠ ʥʝ 

ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 10 - 14 ʤʢʤ. ɿʥʘʶʯʠ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʋʂɼ200-500 ʪʘ ʨʘʭʫʥʦʢ 

ʬʘʢʪʠʯʥʦʛʦ  ʯʘʩʫ ʨʦʙʦʪʠ  

ʈʽʞʫʯʦʾ ʯʘʩʪʠʥʠ 1 (ʈʠʩ. 2) ʟʘ ʫʚʝʩʴ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʊ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʦʧʫʩʪʠʤʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ 

ʟ'ʻʜʥʘʥʥʷ  J = (10 ... 14)/ ʊ, ʤʢʤ/ʩ [1, 4, 5]. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ 

ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʋʂɼ200-500 ʽ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʾʭ ʟʤʽʥʠ, ʣʽʤʽʪʫʶʯʽ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʣʦʚʠʭ ʝʣʝʤʝʥʪʽʚ 

ʨʝʜʫʢʪʦʨʥʦʾ ʛʨʫʧʠ 15000 ʛʦʜʠʥ; ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʥʝʩʝʥʦʾ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʟ ʪʷʛʦʚʠʤ ʟʫʩʠʣʣʷʤ 300 ʢʅ; 

ʨʽʞʫʯʽ ʯʘʩʪʠʥʠ ʢʦʤʙʘʡʥʘ ʦʙʣʘʜʥʘʥʽ ʽʥʜʠʢʘʪʦʨʘʤʠ ʨʽʚʥʷ ʤʘʩʪʠʣʘ, ʨʦʟʪʘʰʦʚʘʥʽ ʽʟ ʟʘʚʘʣʴʥʦʛʦ ʙʦʢʫ; ʟʘʩʪʦʩʦʚʘʥʘ 

ʚʜʦʩʢʦʥʘʣʝʥʘ ʩʠʩʪʝʤʘ ʟʘʧʨʘʚʢʠ ʢʦʤʙʘʡʥʘ ʤʘʩʪʠʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʚʠʢʣʶʯʘʻ ʧʦʧʘʜʘʥʥʷ ʚ ʨʝʜʫʢʪʦʨʠ 

ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ. ʇʝʨʝʭʽʜ ʚʽʜ ʙʣʦʢʽʚ 1 ʽ 2 ʜʦ ʙʣʦʢʫ 3 ʻ ʥʝʬʦʨʤʘʣʽʟʦʚʘʥʠʤ, ʪ. ʝ. ʚʽʥ ʥʝ ʧʽʜʜʘʻʪʴʩʷ 

ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʯʠʥʥʠʢʘʤʠ ʻ ʥʘʷʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ 

ʜʘʥʽ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʪʦʪʠʧʽʚ ʧʨʦʝʢʪʦʚʘʥʠʭ ʚʫʟʣʽʚ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ 

ʋʂɼ200-500. 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʠʟʥʘʯʝʥʽ ʥʝʦʙʭʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʝʢʪʦʚʘʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʾʭ ʟʤʽʥʠ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʘʙʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʣʴʢʽʩʥʫ ʩʪʦʨʦʥʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʤʽʞ ʮʠʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʽ ʫʤʦʚʘʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʙʣʦʢ 4).  

ʋ ʙʣʦʮʽ 5 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟʘ 

ʬʠʟʠʢʦʤʝʭʘʥʠʯʝʩʢʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʨʦʟʨʘʭʫʥʦʢ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞʘʭ ʾʭ ʟʤʽʥʠ, ʪ. ʝ. ʧʽʜʙʠʨʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʟʘʜʘʥʽʡ 

ʬʫʥʢʮʽʾ. ʈʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʽʻʶ ʦʙʩʪʘʚʠʥʦʶ, ʱʦ ʥʘ ʘʨʛʫʤʝʥʪ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʨʝʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ 

ʥʝ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʥʝʩʢʽʥʯʝʥʥʠʭ ʤʝʞʘʭ. ʊʦʤʫ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʩʧʽʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʢʽʣʴʢʦʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʤʦʞʣʠʚʠʤ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ 

ʟ ʥʠʭ ʘʙʦ ʨʦʟʰʠʨʠʪʠ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʾʭ ʟʤʽʥʠ ʽ ʧʦʚʪʦʨʠʪʠ ʨʦʟʨʘʭʫʥʦʢ. 
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ʇʂ 

 

 

1 

ʋʤʦʚʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʟʣʦʚ 

ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ 

ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ 

ʋʂɼ200-500 

 

 

 

2 

ʊʝʭʥʽʯʥʽ  ʫʤʦʚʠ 

ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ 

ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ  

ʋʂɼ200-500 

 

 

3 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʾʭ 

ʟ'ʻʜʥʘʥʴ ʪʘ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʾʭ ʟʤʽʥʠ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ ʚʫʟʣʽʚ 

ʪʘ ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ 

ʢʦʤʙʘʡʥʘ  ʋʂɼ200-500 

 

 

 

4 

ɿʘʣʝʞʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥʠ ʪʘ ʟ'ʻʜʥʘʥʴ ʚʽʜ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʘʥʫ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʨʽʞʫʯʦʾ  

ʯʘʩʪʠʥʠ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ  ʋʂɼ200-500 

 

 

5 

ɺʠʙʽʨ ʤʘʪʝʨʽʘʣʫ ʨʽʞʫʯʦʾ ʯʘʩʪʠʥʠ ʦʯʠʩʥʦʛʦ 

ʢʦʤʙʘʡʥʘ ʘ ʋʂɼ200-500 ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ 

ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

 

6 
ʈʦʟʨʘʭʫʥʦʢ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʪʘ 

ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʽʞʫʯʦʾ  

ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ  ʋʂɼ200-500 
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ʅʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʯʠʤ ʰʠʨʰʝ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʠʤ ʣʝʛʰʝ 

ʚʠʨʽʰʠʪʠ ʟʘʚʜʘʥʥʷ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ[1, 4, 5, 11] . ɺʠʯʠʩʣʝʥʽ ʧʘʨʘʤʝʪʨʠ 

ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʪ. ʝ. ʜʦʜʘʪʢʦʚʦ ʥʘʢʣʘʜʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ; 

 

 RaminÒRaÒ Ramax 

 

WzminÒWzÒWzmax                                                                           (1) 
 

kminÒkÒkmax 

 

ɟminÒɟÒɟmax 

 

 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʩʣʽʜ ʦʙʛʨʫʥʪʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʦʚʝʨʭʦʥʴ ʽ ʥʝ ʧʨʘʛʥʫʪʠ ʜʦ ʾʭ ʰʪʫʯʥʦʛʦ ʟʚʫʞʝʥʥʷ . 

ʋ ʙʣʦʮʽ 6 ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʟʘʜʘʥʠʭ ʤʝʞʘʭ ʾʭ ʟʤʽʥʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʯʠʤ ʚʫʞʯʠʡ ʚʠʟʥʘʯʝʥʽ 

ʜʦʧʫʩʪʠʤʽ ʽʥʪʝʨʚʘʣʠ ʟʤʽʥʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʙʣʦʮʽ 3, ʪʠʤ ʚʞʝ ʚʠʭʦʜʷʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʦʧʫʩʪʠʤʽ 

ʤʝʞʽ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʽ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ 

ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ (ʙʣʦʢ 6). 

ʆʪʞʝ, ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʧʦʯʠʥʘʶʯʠ ʟ ʙʣʦʢʫ 4, ʻ ʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ ʬʦʨʤʘʣʽʟʦʚʘʥʠʤ, ʪʦʙʪʦ ʤʦʞʝ ʙʫʪʠ 

ʘʣʛʦʨʠʪʤʠʨʦʚʘʥʦ ʽ ʟ ʫʩʧʽʭʦʤ ʟʜʽʡʩʥʝʥʦ ʥʘ ʇʂ. ɿ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ[1,4]ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʝʢʪʦʨ 

ʧʦʩʪʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʨʠ ʨʽʰʝʥʥʽ ʟʘʜʘʯʽ ʽ ʥʝʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʦʧʪʠʤʽʟʫʶʪʴʩʷ; 

 

=(ŭŭY, ɻ, ʄ, ʈ,ɛ,ůT)                                                                      (2) 

 

= (RRa1, Ra2,ɟ1,ɟ2,W1 ,W)3(                                    )                         ,...2  

 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʯʠʥʥʠʢʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, ʪʝʭʥʽʯʥʠʭ ʦʙʤʝʞʝʥʴ, ʧʦʩʪʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʦʧʪʠʤʽʟʫʶʪʴʩʷ, ʻ ʧʦʯʘʪʢʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ ʫ ʙʣʦʢʘʭ 5 ʽ 6.  

ɹʣʦʢ-ʩʭʝʤʘ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʨʦʟʨʘʭʫʥʢʦʤ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʦ ʦʜʥʽʡ ʟ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʦʤʝʥʪʫ, ʱʦ ʟʦʢʨʝʤʘ 

ʢʨʫʪʠʪʴ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʤʘʣ. 4. ʋ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤʽ ʛʝʥʝʨʘʮʽʷ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ ʥʝʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʨʦʙʠʪʴʩʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ (1). ɼʘʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʜʘʚʘʥʦʛʦ ʤʦʤʝʥʪʫ, ʱʦ ʢʨʫʪʠʪʴ, ʘ ʨʝʟʫʣʴʪʘʪ 

ʨʦʟʨʘʭʫʥʢʫ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ; ʟʘʧʘʤ'ʷʪʦʚʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ʤʦʤʝʥʪʫ, ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʝ ʜʦ 

ʧʦʪʨʽʙʥʦʛʦ, ʘ ʪʘʢʦʞ ʚʝʣʠʯʠʥʠ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ, ʧʨʠ ʷʢʠʭ ʚʦʥʦ ʦʪʨʠʤʘʥʝ. 

ʎʷ ʯʘʩʪʠʥʘ ʘʣʛʦʨʠʪʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʯʝʨʟʽ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽʟ ʟʘʜʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʝʨʝʜʘʚʘʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʢʨʫʪʷʪʴ. ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʦʚʝʨʭʦʥʴ (ʦʜʥʦʛʦ 

ʘʙʦ ʜʝʢʽʣʴʢʦʭ) ʽ ʧʝʨʝʜʘʚʘʥʠʭ ʤʦʤʝʥʪʽʚ, ʱʦ ʢʨʫʪʷʪʴ, ʨʦʙʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ ʜʦʧʫʩʢʽʚ ʥʘ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʧʫʩʢʽʚ ʥʘ ʧʝʨʝʜʘʚʘʥʠʡ ʤʦʤʝʥʪ, ʱʦ ʢʨʫʪʠʪʴ. ʌʫʥʢʮʽʾ ʙʣʦʢʫ 5 ʤʦʞʥʘ 

ʩʪʨʫʢʪʫʨʥʦ ʨʦʟʤʝʞʫʚʘʪʠ ʥʘ ʚʠʙʽʨ ʤʘʪʝʨʽʘʣʽʚ ʽ ʚʠʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ, ʟʚ'ʷʟʘʚʰʠ ʾʭ ʟ ʬʫʥʢʮʽʷʤʠ ʙʣʦʢʫ 6, ʪʦʙʪʦ ʨʦʙʠʪʠ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʝʥʥʷ ʫʩʽʭ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʝʨʭʥʽ ʽ ʤʝʞ ʾʭ 

ʟʤʽʥʠ [1, 4, 5, 11]. 
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ʈʠʩ. 8 . ɹʣʦʢ-ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʘ ʋʂɼ200-500 ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʾʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

 

 

ɺʠʩʥʦʚʢʠ.  ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʶʪʴ ʥʘʜʽʡʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʘ 

ʋʂɼ200-500 ʧʦ ʚʪʦʤʥʽʡ ʤʽʮʥʦʩʪʽ, ʠʟʥʦʩʦʩʪʦʠʢʦʩʪʠ, ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ 

ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʣʝʢʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʟʦʢʨʝʤʘ ʜʣʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ. 
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ʇʦʻʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʧʘʨʘʤʝʪʨʽʚ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʙʤʝʞʝʥʴ 

 

 

5 
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ɺʭʽʜʥʠʡ ʘʣʛʦʨʠʪʤ ʧʦ ʦʜʥʦʤʫ ʟ 

ʬʘʢʪʦʨʽʚ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ, 

ʟʦʢʨʝʤʘ ʱʦʜʦ  
ʄʢʨ 
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ʅʘ ʮʴʦʤʫ ʟʘʚʝʨʰʫʻʪʴʩʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʦ ʦʙʛʨʫʥʪʦʚʘʥʦʤʫ ʚʠʙʦʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʠʟʥʘʯʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ 

ʩʪʘʥʫ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʘʛʘʨʪʦʚʘʥʠʭ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʜʘʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʦʪʞʝ, ʥʘʜʽʡʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʨʦʙʦʪʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʨʽʞʫʯʦʾ  ʯʘʩʪʠʥʘ ʦʯʠʩʥʦʛʦ ʢʦʤʙʘʡʥʘ ʘ ʋʂɼ200-500. 
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ɿɸʉʊɸɺʉʔʂʀʁ ʂ. ʆ. 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʉʀʃ ʃʆɹʆɺʆɻʆ ʆʇʆʈʋ, ʑʆ ɺʀʅʀʂɸʖʊʔ ɺ ʄɸɻʅɯʊʅʆïɸɹʈɸɿʀɺʅʆʄʋ 

ɯʅʉʊʈʋʄɽʅʊɯ ʇʈʀ ʆɹʈʆɹʃɽʅʅɯ ʎʀʃɯʅɼʈʀʏʅʀʍ ɼɽʊɸʃɽʁ ɺ ʂɯʃʔʎɽɺɯʁ ɺɸʅʅɯ 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʪʘ ʚʠʢʦʥʘʥʦ ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʤʽʨʶʚʘʥʥʶ ʩʠʣ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʤʘʛʥʽʪʥʦ-

ʘʙʨʘʟʠʚʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ (ʄɸɯ) ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʝʪʘʣʝʡ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ʽ ʚʠʩʦʪʦʶ 30 ʤʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʧʘʨʘ-, ʬʝʨʦ- ʪʘ 
ʜʽʘʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʢʽʣʴʮʝʚʽʡ ʢʘʤʝʨʽ ʜʽʘʤʝʪʨʦʤ 200 ʤʤ ʟ ʨʦʙʦʯʦʶ ʚʠʩʦʪʦʶ 30 ʤʤ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʦʙʨʦʙʣʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1 ï 3 ʤ/ʩ, 

ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 0,2 ï 0,25 ʊʣ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʣʠ ʦʧʦʨʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʪʘ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʇʨʠ ʤʘʛʥʽʪʥʦïʘʙʨʘʟʠʚʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ (ʄɸʆ) ʣʦʙʦʚʠʡ ʦʧʽʨ ʜʣʷ ʥʝʤʘʛʥʽʪʥʠʭ 
ʜʝʪʘʣʝʡ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʤʘʻ ʤʽʩʮʝ ʡʦʛʦ 

ʣʽʥʽʡʥʝ ʟʨʦʩʪʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʜʣʷ ʧʦʨʦʰʢʽʚ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 400/315 ʤʢʤ 

ʩʪʘʥʦʚʠʪʴ 960 ʅ/ʊʣ, ʘ ʜʣʷ ʨʦʟʤʽʨʫ 200/100 ʤʢʤ ï 720 ʅ/ʊʣ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʣʠ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʧʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ ʟʤʽʥʶʶʪʴʩʷ 
ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 160 ʜʦ 220 ʅ ʪʘ ʚ 1,2 ï 1,45 ʨʘʟʽʚ ʚʠʱʽ, ʥʽʞ ʜʣʷ ʥʝʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʜʽʻʶ ʩʠʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʄɸɯ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷʤ ʟʦʥ ʟʘʢʣʠʥʶʚʘʥʥʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ ʪʘ ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʽʦʜʠʯʥʫ ʟʤʽʥʫ ʩʠʣ ʦʧʦʨʫ ʄɸɯ ʦʙʨʦʙʣʶʚʘʥʽʡ ʜʝʪʘʣʽ ʧʦʙʣʠʟʫ ʾʭ 
ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʘ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʄɸʆ ʧʦʥʘʜ 2 ï 2,5 ʤ/ʩ ʟʘʬʽʢʩʦʚʘʥʽ ʥʝʩʪʽʡʢʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʩʠʣ ʦʧʦʨʫ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʙʫʜʦʚʠ, ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʪʘ ʦʙ'ʻʤʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ 

ʫʤʦʚ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʛʥʽʪʥʦïʘʙʨʘʟʠʚʥʝ ʦʙʨʦʙʣʝʥʥʷ, ʤʘʛʥʽʪʥʦïʘʙʨʘʟʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ, ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ, ʢʽʣʴʮʝʚʘ 

ʨʦʙʦʯʘ ʟʦʥʘ. 
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ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʚʳʧʦʣʥʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʠʣ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʝʤʦʛʦ 

ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ (ʄɸʀ) ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʜʝʪʘʣʷʤ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ʠ ʚʳʩʦʪʦʡ 30ʤʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ 
ʠʟ ʧʘʨʘ- , ʬʝʨʨʦ- ʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʝ ʜʠʘʤʝʪʨʦʤ 200 ʤʤ ʩ ʨʘʙʦʯʝʡ ʚʳʩʦʪʦʡ 30 ʤʤ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʦʙʨʘʙʦʪʢʠ ʚ 

ʜʠʘʧʘʟʦʥʝ 1 ï 3 ʤ/ʩ, ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,2 ï 0,25 ʊʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʣʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʤʘʛʥʠʪʥʳʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʨʠ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ 
(ʄɸʆ) ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʣʷ ʥʝʤʘʛʥʠʪʥʳʭ ʜʝʪʘʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʝ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʝʛʦ ʣʠʥʝʡʥʳʡ ʨʦʩʪ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʚʝʣʠʯʝʥʠʷ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʜʣʷ ʧʦʨʦʰʢʦʚ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 400/315 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ 960 ʅ/ʊʣ, ʘ ʜʣʷ ʨʘʟʤʝʨʘ 200/100 ʤʢʤ ï 720 ʅ/ʊʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʩʠʣʳ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʄɸʆ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 160 ʜʦ 220 ʅ ʠ ʚ 1,2 ï 1,45 ʨʘʟ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʥʝʤʘʛʥʠʪʥʳʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʤʘʛʥʠʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʄɸʀ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʦʥ ʟʘʢʣʠʥʠʚʘʥʠʷ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʪʘʣʠ ʠ ʧʦʣʶʩʥʳʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ 

ʢʦʣʴʮʝʚʦʡ ʚʘʥʥʳ. ʋʩʪʘʥʦʚʣʝʥʦ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʄɸʀ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ ʚʙʣʠʟʠ ʠʭ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʘ 

ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʄɸʆ ʙʦʣʝʝ 2 ï 2,5 ʤ/ʩ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜ 

ʢʦʣʝʙʘʥʠʡ ʩʠʣ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʪʨʦʡʢʠ, ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʦʙʲʝʤʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʫʩʣʦʚʠʡ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʤʘʛʥʠʪʥʦ-ʘʙʨʘʟʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʠʣʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤʘʛʥʠʪʥʘʷ 

ʠʥʜʫʢʮʠʷ, ʢʦʣʴʮʝʚʘʷ ʨʘʙʦʯʘʷ ʟʦʥʘ. 

MAIBORODA  V. S., DZHULII  D. Yu., BESARABETS Yu. Jo., SLOBODIANIUK  I . V., ZASTAVSKYI  K. O. 

INVESTIGATION OF THE DRAG FORCES ARISING IN THE MAGNETO -ABRASIVE TOOL DURING THE FINISHING OF 

CYLINDRICAL PARTS IN THE ANNULAR BATH  

 

The method has been developed and systematic studies have been carried out to measure the drag forces, that exerted by a magneto-abrasive 

tool on machined cylindrical parts with a diameter of 16 mm and the height of 30 mm, made of para-, ferro- and diamagnetic materials, in an annular 
working zone with the diameter of 200 mm with the working height of 30 mm at machining speeds in the range of 1 - 3 m / s, magnetic induction in 

the working areas varying in the range of 0.2 - 0.25 T. It is shown that the drag forces significantly depend on the magnetic and rheological properties 

of the magneto-abrasive tool. During magneto-abrasive finishing (MAF), the drag force for non-magnetic parts is almost the same and does not 
depend on the machining speed, and with an increase in magnetic induction in the working areas, its linear growth takes place. The coefficient of 

magnification of drag force determined by the magnetic field, for powders with a particle size of 400/315 Õm is 960 N/T, and for a size of 200/100 

Õm it is 720 N/T. It is shown that the drag forces during the MAF of ferromagnetic parts vary in the range from 160 to 220 N and are 1.2ï1.45 times 

higher than for non-magnetic parts, which is due to the action of forces of magnetic origin, the features of the interaction of structural elements of 

MAT with machined surfaces and the formation of blocking up zones between the surface of the part and the pole pieces of the annular bath. The 

periodic change in the drag forces of the MAT of the workpiece was established near their average value, and at elevated MAF speeds of more than 
2ï2.5 m/s, instabilities were recorded associated with a periodic decrease in the oscillation amplitudes of the drag forces as a result of rearrangement, 

changes in the dimensions and volumes of the structural elements of the magneto-abrasive tool and the conditions of their interaction with the 

machined surfaces. 
Keywords: magneto-abrasive finishing, magneto-abrasive tool, drag force, magnetic induction, annular working area 
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ɺʩʪʫʧ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ (ʄɸʆ) ʚ ʫʤʦʚʘʭ ʢʽʣʴʮʝʚʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ 

ʟʘʟʦʨʽʚ ʪʘ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʫ ʥʠʭ (ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʚ ʟʦʥʘʭ ʦʙʨʦʙʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 ʊʣ) ʽʩʪʦʪʥʦ 

ʟʘʣʝʞʘʪʠʤʝ ʚʽʜ ʩʠʣ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʚʠʟʥʘʯʘʪʠʤʝʪʴʩʷ ʰʚʠʜʢʽʩʪʶ ʪʘ ʪʨʘʻʢʪʦʨʽʻʶ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʘʣʝʡ ʚ ʤʘʛʥʽʪʥʦ-

ʘʙʨʘʟʠʚʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ (ʄɸɯ), ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʄɸʆ, ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʭ ʧʦʨʦʰʢʽʚ ʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʘʤʦʾ ʜʝʪʘʣʽ. ɿʘʟʥʘʯʝʥʽ 

ʬʘʢʪʦʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʝʨʝʬʦʨʤʫʚʘʥʥʷ ʄɸɯ ʚ ʧʨʦʮʝʩʽ ʄɸʆ, ʩʠʣʘʤʠ ʦʧʦʨʫ, 

ʷʢʽ ʩʧʨʠʯʠʥʷʻ ʄɸɯ ʜʝʪʘʣʷʤ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ. ʉʘʤʝ ʮʽ ʩʠʣʠ ʜʦʟʚʦʣʷʪʴ ʚʩʪʘʥʦʚʠʪʠ ʨʝʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʠʣ, ʟ ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠʪʠʩʥʝʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʾʭ ʛʨʫʧ ʜʦ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ 

ʟʘʟʥʘʯʝʥʠʭ ʩʠʣ ʜʣʷ ʧʨʦʮʝʩʫ ʄɸʆ ʫ ʢʽʣʴʮʝʚʽʡ ʚʘʥʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʙʨʦʙʣʝʥʥʷ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽ. ʆʢʨʝʤʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʝʧʨʷʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [1, 2]. ɺ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʠʢʦʥʘʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʽʥʝʤʘʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʄɸʆ ʨʝʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʚ ʢʽʣʴʮʝʚʽʡ 

ʨʦʙʦʯʽʡ ʟʦʥʽ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʚʠʨʘʞʝʥʽ ʯʝʨʝʟ ʽʥʪʝʛʨʘʣʴʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ 

ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʨʝʘʣʴʥʠʭ ʚʠʨʦʙʽʚ [3 ï 6]. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ 

ʦʨʽʻʥʪʦʚʥʫ ʚʽʜʥʦʩʥʫ ʦʮʽʥʢʫ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʨʽʟʥʽ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʭ ʧʦʨʦʰʢʽʚ, ʚʝʣʠʯʠʥʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ, ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʄɸɯ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʫʚʘʥʥʽ ʄɸɯ ʚ ʢʚʘʟʽʩʪʘʙʽʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʩʪʦʚʧʯʠʢʽʚ ʽ 

ʚʝʨʝʪʝʥʦʧʦʜʽʙʥʠʭ ʬʦʨʤʫʚʘʥʴ [1, 2, 7]. 

ʆʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʨʝʘʣʴʥʽ ʩʠʣʠ ʦʧʦʨʫ ʧʝʨʝʤʽʱʝʥʥʶ ʜʝʪʘʣʝʡ ʫ ʄɸɯ ʧʨʠ ʄɸʆ ʙʝʟʩʫʤʥʽʚʥʦ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʠʪʠ ʩʠʣʠ, ʟ ʷʢʠʤʠ ʄɸɯ ʜʽʻ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽ ʧʦʚʝʨʭʥʽ, ʘ ʡ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʄɸɯ. ʉʢʣʘʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʩʠʣ ʦʧʦʨʫ, ʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʘʥʽʰʝ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʟʽ ʥʝʧʨʷʤʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ, ʟʛʦʜʦʤ, ʟ 

ʧʝʚʥʠʤʠ ʧʨʠʧʫʱʝʥʥʷʤʠ ʧʝʨʝʨʘʭʦʚʫʚʘʣʠʩʷ ʽ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʣʠ ʜʽʡʩʥʦʩʪʽ [2, 8 ï 10]. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʜʽʣʷʪʠ ʜʽʶ ʩʠʣ ʪʘʥʛʝʥʮʽʘʣʴʥʦʛʦ ʪʘ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ [11]. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʩʠʣ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʫ ʢʽʣʴʮʝʚʠʭ ʟʦʥʘʭ ʦʙʨʦʙʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʜʝʪʘʣʝʡ, ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʟʘʩʪʦʩʦʚʫʚʘʥʦʛʦ 

ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ, ʚʠʢʦʥʘʥʽ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ [1, 12] ʜʣʷ ʬʝʨʦ-, ʧʘʨʘ- ʪʘ 

ʜʽʘʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ ʥʘʚʝʜʝʥʽ ʚ [13]. ʄʘʣʠ ʤʽʩʮʝ ʦʢʨʝʤʽ ʩʧʨʦʙʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣ ʥʦʨʤʘʣʴʥʦʛʦ ʦʧʦʨʫ, ʷʢʽ ʩʧʨʠʯʠʥʷʻ 

ʄɸɯ ʤʘʛʥʽʪʥʠʤ ʟʨʘʟʢʘʤ, ʱʦ ʨʫʭʘʶʪʴʩʷ ʚ ʢʽʣʴʮʝʚʽʡ ʚʘʥʥʽ ʚ ʫʤʦʚʘʭ ʩʣʘʙʢʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʇʨʦʪʝ ʷʢ ʩʠʩʪʝʤʘʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʪʘʢ ʽ ʥʘʣʘʛʦʜʞʝʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʠʣ ʥʝ ʥʘʚʦʜʠʣʦʩʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʩʠʣ ʦʧʦʨʫ, ʷʢʽ ʩʧʨʠʯʠʥʷʻ 

ʄɸɯ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʢʽʣʴʮʝʚʽʡ ʨʦʙʦʯʽʡ ʟʦʥʽ, ʨʫʭʦʤʠʤ ʜʝʪʘʣʷʤ, ʚʠʛʦʪʦʚʣʝʥʠʤ ʟ ʧʘʨʘ-, ʬʝʨʦ- ʪʘ ʜʽʘʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʟʘʟʥʘʯʝʥʽ ʩʠʣʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʚʢʦʣʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ, 

ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ, ʪʠʧʫ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ, ʡʦʛʦ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣ ʥʦʨʤʘʣʴʥʦʛʦ ʦʧʦʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʫ ʚʠʛʣʷʜʽ ʙʘʣʢʠ 

ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʫʩʠʣʣʷ ʚ ʜʽʘʧʘʟʦʥʽ 0 ï 400 ʅ. 

ɼʠʥʘʤʦʤʝʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʶʚʘʚʩʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʦʧʨʘʚʮʽ, ʚʩʪʘʥʦʚʣʝʥʽʡ ʥʘ ʛʦʣʦʚʮʽ ʫʩʪʘʥʦʚʢʠ ʪʠʧʫ 

ʢʽʣʴʮʝʚʘ ʚʘʥʥʘ [1, 3, 10]. ʉʧʝʮʽʘʣʴʥʘ ʦʧʨʘʚʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʦʨʦʪʫ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽʟ 

ʟʘʢʨʽʧʣʝʥʠʤ ʥʘ ʥʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʟʨʘʟʢʦʤ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʨʘʜʽʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ. 

ʊʘʨʫʚʘʥʥʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʫ ʟʙʦʨʽ ʚʠʢʦʥʫʚʘʣʠ ʰʣʷʭʦʤ ʧʨʠʢʣʘʜʘʥʥʷ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ 

ʽʤʽʪʫʶʪʴ ʜʽʶ ʄɸɯ ʚ ʧʨʦʮʝʩʽ ʄɸʆ. ɺʝʢʪʦʨ ʧʨʠʢʣʘʜʝʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʽʚʧʘʜʘʚ ʽʟ ʚʝʢʪʦʨʦʤ ʦʙʝʨʪʘʥʥʷ 

ʥʘʚʢʦʣʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ. ʉʠʛʥʘʣ ʟ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʨʝʻʩʪʨʫʚʘʚʩʷ, ʦʙʨʦʙʣʷʚʩʷ ʪʘ ʧʝʨʝʜʘʚʘʚʩʷ ʥʘ 

ʢʦʤʧ'ʶʪʝʨ, ʯʘʩʪʦʪʘ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʩʪʘʥʦʚʠʣʘ 10 ɻʮ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʧʠʩʫʚʘʣʘʩʷ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʚ txt-

ʬʘʡʣ, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʢʦʥʚʝʨʪʫʚʘʣʠ ʫ ʬʦʨʤʘʪ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʩʠʣ ʦʧʦʨʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʟ ʙʦʢʫ ʄɸɯ ʚ ʧʨʦʮʝʩʽ ʄɸʆ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʟʨʘʟʢʘʭ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʪʨʴʦʭ ʪʠʧʽʚ ʤʘʪʝʨʽʘʣʽʚ: ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ 40ʍ13, ʧʘʨʘʤʘʛʥʽʪʥʠʭ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ ï ɼ16ʊ ʪʘ ʪʠʪʘʥʫ 

ï ɺʊ 8 ʪʘ ʜʽʘʤʘʛʥʽʪʥʦʾ ʙʨʦʥʟʠ ɹʨʆʮ. ʆʙʨʦʙʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʚ ʢʽʣʴʮʝʚʽʡ ʢʘʤʝʨʽ ʜʽʘʤʝʪʨʦʤ 200 ʤʤ ʟ ʰʠʨʠʥʦʶ 

ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ 35 ʤʤ ʪʘ ʚʠʩʦʪʦʶ 30 ʤʤ. ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʮʠʣʽʥʜʨʠʯʥʽ ʜʝʪʘʣʽ ʜʽʘʤʝʪʨʦʤ 

16 ʤʤ ʽ ʚʠʩʦʪʦʶ 30 ʤʤ. ʆʙʨʦʙʣʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʤʠ ʧʦʨʦʰʢʘʤʠ ʜʚʦʭ ʪʠʧʽʚ ï ʇʦʣʽʤʘʤ-ʄ ʟ 

ʦʢʨʫʛʣʠʤʠ ʥʝʨʽʚʥʦʚʽʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʨʦʟʤʽʨʦʤ 200/100 ʤʢʤ ʪʘ 400/315 ʤʢʤ, ʪʘ ʌʝʨʦʤʘʧ ï ʦʩʢʦʣʢʦʚʠʤʠ 

ʨʽʚʥʦʚʽʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ [1, 12, 14]. ɺʘʨʽʶʚʘʣʠ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʚʢʦʣʦ ʦʩʽ 

ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ ʚ ʜʽʘʧʘʟʦʥʽ 100 ï 300 ʦʙ/ʭʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʣʽʥʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʄɸʆ ï 1  ï 3 ʤ/ʩ, ʤʘʛʥʽʪʥʦʶ ʽʥʜʫʢʮʽʻʶ ʫ 

ʨʦʙʦʯʽʡ ʟʦʥʽ ʫ ʜʽʘʧʘʟʦʥʽ 0,2 ï 0,25 ʊʣ. ɺ ʢʦʞʥʦʤʫ ʮʠʢʣʽ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʪʘ 

ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʧʠʩ ʥʝ ʤʝʥʰʝ 300 ʧʦʢʘʟʘʥʴ, ʱʦ ʧʝʨʝʜʘʚʘʣʠʩʴ ʟ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʷʣʠ ʪʘ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʶ ʚʝʣʠʯʠʥʫ ʩʠʣʠ ʦʧʦʨʫ, ʦʪʨʠʤʘʥʫ ʟʘ ʮʠʢʣ ʦʙʨʦʙʣʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʩʠʣ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚ ʢʽʣʴʮʝʚʽʡ ʚʘʥʥʽ ʧʨʠ ʨʽʟʥʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʧʨʠ ʄɸʆ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʙʨʦʥʟʠ, ʩʧʣʘʚʽʚ ʪʠʪʘʥʫ ʪʘ ʘʣʶʤʽʥʽʶ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ɺʨʘʭʦʚʫʶʯʠ ʟʘʟʥʘʯʝʥʝ ʚʠʱʝ, ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʫʩʝʨʝʜʥʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʜʣʷ ʧʘʨʘ- ʽ ʜʽʘʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʪʨʠʤʘʥʽ 

ʫʩʝʨʝʜʥʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʣʷ ʯʦʪʠʨʴʦʭ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʭ ʧʦʨʦʰʢʽʚ ʥʘ ʨʠʩ. 1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʤʘʻ ʤʽʩʮʝ ʣʽʥʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʩʠʣ ʦʧʦʨʫ. ʂʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ 

ʦʧʦʨʫ ʜʣʷ ʧʦʨʦʰʢʽʚ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 400/315 ʤʢʤ ʩʪʘʥʦʚʠʪʴ 960 ʅ/ʊʣ, ʘ ʜʣʷ ʨʦʟʤʽʨʫ 200/100 ʤʢʤ ï 720 ʅ/ʊʣ. ʎʝ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʠʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ ʞʦʨʩʪʢʽʩʪʴ ʄɸɯ, ʡʦʛʦ 

ʧʽʜʚʠʱʝʥʠʡ ʦʧʽʨ ʜʦ ʟʤʽʥʠ ʬʦʨʤʠ ʧʨʠ ʄɸʆ. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʧʦʨʦʰʢʦʤ ʇʦʣʽʤʘʤ-ʄ ʩʠʣʠ 
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ʦʧʦʨʫ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʱʝ ʚ 1,2 ï 1,3 ʨʘʟʠ, ʥʽʞ ʧʨʠ ʄɸʆ ʧʦʨʦʰʢʦʤ ʌʝʨʦʤʘʧ. ʎʝʡ ʬʘʢʪ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʢʨʘʱʠʤʠ 

ʤʘʛʥʽʪʥʠʤʠ ʪʘ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʄɸɯ, ʩʬʦʨʤʦʚʘʥʦʛʦ ʟ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ ʇʦʣʽʤʘʤ-ʄ [1]. 

ɿʤʽʥʠ ʩʝʨʝʜʥʽʭ ʩʠʣ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʚʢʦʣʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʄɸʆ ʧʦʨʦʰʢʘʤʠ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 200/100 ʤʢʤ ʥʝʩʫʪʪʻʚʽ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 6 ï 9 ʅ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ 

ʜʦ ʧʦʭʠʙʦʢ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʢʦʥʘʥʥʷʤ ʧʨʦʮʝʩʫ ʄɸʆ. 
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ʚ) ʛ) 

ʈʠʩ. 1 ï ɿʤʽʥʘ ʩʠʣ ʦʧʦʨʫ ʟ ʙʦʢʫ ʄɸɯ ʨʫʭʘʶʯʠʤʩʷ ʥʝʤʘʛʥʽʪʥʠʤ ʟʨʘʟʢʘʤ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ɼ16ʊ, ɺʊ 8, ɹʨʆʮ ʧʨʠ ʄɸʆ ʧʦʨʦʰʢʦʤ 

ʌʝʨʦʤʘʧ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 200/100 ʤʢʤ ï ʘ), 400/315 ʤʢʤ ï ʙ) ʽ ʧʦʨʦʰʢʦʤ ʇʦʣʽʤʘʤ-ʄ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 200/100 ʤʢʤ ï ʚ) ʪʘ 

400/315 ʤʢʤ ï ʛ) 

 

ʇʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʽ ʩʪʘʣʽ 40ʍ13, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʩʠʣ ʦʧʦʨʫ, ʥʽʞ 

ʧʨʠ ʄɸʆ ʥʝʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ, ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʟʦʥʘʭ 

ʦʙʨʦʙʣʝʥʥʷ, ʪʦʜʽ ʷʢ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʝʡ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʩʠʣʠ ʦʧʦʨʫ, 

ʩʧʨʠʯʠʥʝʥʽ ʄɸɯ ʦʙʨʦʙʣʶʚʘʥʠʤ ʜʝʪʘʣʷʤ ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʫʩʝʨʝʜʥʝʥʠʭ ʩʠʣ ʦʧʦʨʫ ʧʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. ʊʘʢ ʧʨʠ ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ 0,2 ʊʣ ʩʠʣʘ ʦʧʦʨʫ ʩʪʘʥʦʚʠʪʴ 131 ï 133 ʅ, ʘ ʧʨʠ 

0,245 ʊʣ ʚʽʜʧʦʚʽʜʥʦ 154 ï 156 ʅ. ɿʙʽʣʴʰʝʥʥʷ ʩʠʣ ʦʧʦʨʫ ʧʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʜʝʪʘʣʽ ʟʘʢʦʥʦʤʽʨʥʦ, ʪʘʢ ʷʢ ʤʘʛʥʽʪʥʘ 

ʩʢʣʘʜʦʚʘ ʩʠʣ ʚʟʘʻʤʦʜʽʾ ʙʽʣʴʰʘ ʽ ʟʨʘʟʢʫ, ʱʦ ʨʫʭʘʻʪʴʩʷ, ʩʢʣʘʜʥʽʰʝ ʨʦʟʨʠʚʘʪʠ ʢʚʘʟʽʩʪʘʙʽʣʴʥʽ ʫʪʚʦʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʚʝʨʝʪʝʥʦʧʦʜʽʙʥʠʭ ʫʱʽʣʴʥʝʥʴ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʄɸʆ ʧʝʨʝʜ ʜʝʪʘʣʣʶ. ʂʨʽʤ ʪʦʛʦ ʯʘʩʪʠʥʘ ʧʦʨʦʰʢʫ, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʢʽʥʮʷʭ ʚʽʷʣʦʧʦʜʽʙʥʠʭ ʬʦʨʤʫʚʘʥʴ [15] ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʢʦʥʫʩʦʧʦʜʽʙʥʠʤʠ ʩʪʦʚʧʯʠʢʘʤʠ, ʷʢʽ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʣʶʩʽʚ ʨʦʙʦʯʦʾ ʢʘʤʝʨʠ, ʟʙʽʣʴʰʫʶʪʴ ʾʭ ʱʽʣʴʥʽʩʪʴ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʽʜʚʠʱʫʻʪʴʩʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʟʦʥ ʟʘʢʣʠʥʶʚʘʥʥʷ ʚ ʄɸɯ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ. 

ʎʴʦʤʫ ʩʧʨʠʷʻ ʽ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʦʩʢʽʣʴʢʠ ʬʝʨʦʤʘʛʥʽʪʥʘ ʜʝʪʘʣʴ ʻ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʩʪʦʪʥʦʾ ʟʤʽʥʠ ʡʦʛʦ ʛʨʘʜʽʻʥʪʘ ʚ ʦʙ'ʻʤʽ ʤʘʛʥʽʪʥʦʛʦ ʟʘʟʦʨʫ. ʄʘʻ ʤʽʩʮʝ ʨʽʩʪ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʟʘʟʦʨʽ ʤʽʞ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ ʪʘ ʧʦʣʶʩʦʤ, ʱʦ ʩʪʚʦʨʶʻ ʧʝʨʝʜʫʤʦʚʠ ʜʣʷ ʟʤʽʱʝʥʥʷ ʦʢʨʝʤʠʭ ʦʙ'ʻʤʽʚ ʧʦʨʦʰʢʫ ʽʟ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʟʘʟʦʨʫ ʜʦ 

ʧʦʣʶʩʥʠʭ ʥʘʢʦʥʝʯʥʠʢʽʚ ï ʚ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʘʛʥʽʪʥʦʶ ʽʥʜʫʢʮʽʻʶ ʪʘ ʜʦʜʘʪʢʦʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʄɸɯ. 
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ʚ) ʛ) 

ʈʠʩ. 2 ï ɿʤʽʥʘ ʩʠʣ ʦʧʦʨʫ ʟ ʙʦʢʫ ʄɸɯ ʨʫʭʘʶʯʠʤʩʷ ʬʝʨʦʤʘʛʥʽʪʥʠʤ ʟʨʘʟʢʘʤ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʪʘʣʽ 40ʍ13 ʧʨʠ ʄɸʆ 

ʧʦʨʦʰʢʦʤ ʌʝʨʦʤʘʧ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 200/100 ʤʢʤ ï ʘ), 400/315 ʤʢʤ ï ʙ) ʽ ʧʦʨʦʰʢʦʤ ʇʦʣʽʤʘʤ-ʄ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 

200/100 ʤʢʤ ʪʘ 400/315 ʤʢʤ ï ʛ) 

 

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʟʘʟʥʘʯʝʥʦʛʦ ʬʘʢʪʫ ʻ ʪʦʧʦʛʨʘʤʠ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ, 

ʟʘʧʦʚʥʝʥʠʭ ʧʦʨʦʰʢʦʤ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʬʝʨʦʤʘʛʥʽʪʥʦʶ ʜʝʪʘʣʣʶ ʽ ʙʝʟ ʥʝʾ (ʨʠʩ. 3). ʌʦʨʤʫʚʘʥʥʷ ʟʦʥ ʟʘʢʣʠʥʶʚʘʥʥʷ 

ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʩʠʣ ʦʧʦʨʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʩʝʚʜʦʟʙʽʣʴʰʝʥʥʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʝʪʘʣʽ ʯʘʩʪʠʥʢʘʤʠ 

ʧʦʨʦʰʢʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʘʣʦʨʫʭʣʠʚʦʤʫ ʩʪʘʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ. 
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ʂʦʦʨʜʠʥʘʪʘ ʚʟʜʦʚʞ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ, ʤʤʂʦʦʨʜʠʥʘʪʘ ʚʟʜʦʚʞ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ, ʤʤʂʦʦʨʜʠʥʘʪʘ ʚʟʜʦʚʞ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ, ʤʤ
 

ʘ) ʙ) ʚ) 
ʈʠʩ. 3 ï ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ ʟʘʧʦʚʥʝʥʠʭ ʧʦʨʦʰʢʦʤ ʌʝʨʦʤʘʧ ʟ 

ʬʝʨʦʤʘʛʥʽʪʥʦʶ ʜʝʪʘʣʣʶ ï ʘ), ʙʝʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ï ʙ), ʚ) ï ʟ ʜʽʘʤʘʛʥʽʪʥʦʶ ʜʝʪʘʣʣʶ 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʪʦʧʦʛʨʘʤ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʠʭ ʟʘʟʦʨʘʭ ʧʦʙʣʠʟʫ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʤʘʛʥʽʪʥʠʭ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ ʚ 

ʟʘʟʦʨʽ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʟʨʘʟʢʘ ʪʘ ʧʦʚʝʨʭʥʝʶ ʧʦʣʶʩʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʤʘʻ ʤʽʩʮʝ ʟʙʽʣʴʰʝʥʥʷ ʥʝ ʤʝʥʰʝ ʥʽʞ ʥʘ 40% 

ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ, ʘ ʜʣʷ ʜʽʘʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ ï ʧʦʥʘʜ 30% ʟʥʠʞʝʥʥʷ. ʇʦʜʽʙʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʩʧʨʠʷʪʠʤʝ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʧʦʨʦʰʢʫ ʚ ʟʦʥʘʭ ʦʙʨʦʙʣʝʥʥʷ, ʷʢʠʡ ʧʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ 

ʟʤʽʱʫʚʘʪʠʤʝʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʟ ʧʽʜʚʠʱʝʥʦʶ ʤʘʛʥʽʪʥʦʶ ʽʥʜʫʢʮʽʻʶ, ʬʦʨʤʫʶʯʠ ʚ ʥʠʭ ʟʦʥʠ ʟʘʢʣʠʥʶʚʘʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠ 

ʄɸʆ ʥʝʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ ʧʨʘʛʥʫʪʠʤʝ ʧʝʨʝʤʽʩʪʠʪʠʩʷ ʟ ʦʙʣʘʩʪʝʡ ʟ ʧʦʥʠʞʝʥʦʶ, ʫ ʥʘʧʨʷʤʢʫ ʜʦ ʦʙʣʘʩʪʝʡ ʟ ʚʠʱʦʶ 

ʤʘʛʥʽʪʥʦʶ ʽʥʜʫʢʮʽʻʶ. ʅʘʷʚʥʽʩʪʴ ʧʦʜʽʙʥʦʛʦ ʝʬʝʢʪʫ, ʷʢʠʡ ʤʘʻ ʤʽʩʮʝ ʚ ʦʙʣʘʩʪʽ ʤʽʞ ʧʦʣʶʩʦʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʪʘʢ 

ʟʚʘʥʦʾ ʧʨʠʛʨʘʥʠʯʥʦʾ ʦʙʣʘʩʪʽ, ʜʝ ʤʦʞʣʠʚʝ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʦʾ "ʤʝʨʪʚʦʾ ʟʦʥʠ" [7, 10, 15], ʜʝ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʡ 

ʧʦʨʦʰʦʢ ʤʘʣʦ ʨʫʭʦʤʠʡ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʧʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ 40ʍ13 ʪʘ ʧʘʨʘʤʘʛʥʽʪʥʦʛʦ ʩʧʣʘʚʫ ʪʠʪʘʥʫ ɺʊ 8. 

ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʽʦʜʠʯʥʫ ʟʤʽʥʫ ʩʠʣ ʦʧʦʨʫ ʄɸɯ ʦʙʨʦʙʣʶʚʘʥʽʡ ʜʝʪʘʣʽ ʧʦʙʣʠʟʫ ʾʭʥʴʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʍʘʨʘʢʪʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʩʠʣ ʦʧʦʨʫ ʧʨʠ ʄɸʆ ʷʢ ʤʘʛʥʽʪʥʠʭ, ʪʘʢ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʧʨʠʢʣʘʜʽ 

ʦʙʨʦʙʣʝʥʥʷ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ 40ʍ13 ʧʦʨʦʰʢʦʤ ʇʦʣʽʤʘʤ-ʄ ʥʘ ʨʠʩ. 4. 

ʇʦʜʽʙʥʽ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʩʠʣ ʦʧʦʨʫ ʄɸɯ ʧʨʠ ʄɸʆ ʭʘʨʘʢʪʝʨʥʽ ʷʢ ʜʣʷ ʤʘʛʥʽʪʥʠʭ, ʪʘʢ ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʄɸʆ ʙʽʣʴʰʝ 2 ï 2,5 ʤ/ʩ ʤʘʶʪʴ ʤʽʩʮʝ ʥʝʩʪʽʡʢʦʩʪʽ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʝʨʽʦʜʠʯʥʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʚʝʣʠʯʠʥʠ ʘʤʧʣʽʪʫʜ ʢʦʣʠʚʘʥʴ ʩʠʣ ʦʧʦʨʫ. 
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ʙ) 
ʈʠʩ. 4 ï ɿʤʽʥʘ ʩʠʣʠ ʦʧʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʄɸʆ ʟʨʘʟʢʘ ʟ ʬʝʨʦʤʘʛʥʽʪʥʦʾ ʩʪʘʣʽ 40ʍ13 ʧʨʠ ʦʙʨʦʙʣʝʥʥʽ ʧʦʨʦʰʢʦʤ 

ʇʦʣʽʤʘʤ-ʄ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʝʪʘʣʝʡ ʥʘʚʢʦʣʦ ʦʩʽ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ 1 ʤ/ʩ ʪʘ ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ ʚ ʧʦʨʦʞʥʴʦʤʫ ʟʘʟʦʨʽ 

0,2 ʊʣ ï (ʘ) ʪʘ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ 3 ʤ/ʩ ʪʘ ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ 0,245 ʊʣ ï (ʙ) 

 

ʇʦʜʽʙʥʘ ʧʦʚʝʜʽʥʢʘ ʄɸɯ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʄɸʆ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʝʨʝʙʫʜʦʚʠ, 

ʟʤʽʥʦʶ ʨʦʟʤʽʨʽʚ ʪʘ ʦʙ'ʻʤʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʫʤʦʚʘʤʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʘʙʦ ʟ ʥʘʷʚʥʽʩʪʶ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʫ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ ʜʘʪʯʠʢʘ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ, ʟ 

ʷʢʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʧʠʩ ʜʘʥʠʭ. ɼʘʥʠʡ ʝʬʝʢʪ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ, ʙʽʣʴʰ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 

ʨʝʘʣʴʥʠʭ, ʙʽʣʴʰ ʪʦʯʥʠʭ ʟʥʘʯʝʥʴ. 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʚ ʮʠʢʣʽ ʦʙʨʦʙʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ ʩʠʣ ʦʧʦʨʫ, ʱʦ 

ʩʧʨʠʯʠʥʷʶʪʴʩʷ ʄɸɯ ʧʨʠ ʄɸʆ ʤʘʛʥʽʪʥʠʭ ʪʘ ʥʝʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ ʨʽʟʥʠʤʠ ʧʦʨʦʰʢʘʤʠ. ɿʤʽʥʠ ʘʤʧʣʽʪʫʜʥʠʭ ʟʥʘʯʝʥʴ 

ʢʦʣʠʚʘʥʴ ʩʠʣ ʦʧʦʨʫ ʧʦʙʣʠʟʫ ʾʭʥʴʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʟʘʛʘʣʴʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ 

ʜʣʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʨʽʟʥʠʭ ʫʤʦʚ ʄɸʆ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʴ ʩʠʣ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ ʨʫʭʫ 

ʜʝʪʘʣʝʡ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʦʙʨʦʙʣʝʥʥʷ ʷʢ ʧʘʨʘ-, ʪʘʢ ʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʨʦʰʢʽʚ 

ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 400/315 ʤʢʤ ʽ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 45 ï 70 ʅ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʄɸʆ, ʷʢ ʽ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ ʄɸɯ ʟʘʟʥʘʯʝʥʽ ʢʦʣʠʚʘʥʥʷ ʟʤʝʥʰʫʶʪʴʩʷ ʚ 2 ï 2,5 ʨʘʟʠ ʜʦ 15 ï 20 ʅ. ʊʘʢʘ ʧʦʚʝʜʽʥʢʘ 

ʧʦʨʦʰʢʫ ʧʦʷʩʥʶʻʪʴʩʷ ʧʝʨʝʙʫʜʦʚʘʤʠ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʄɸɯ, ʾʭ ʨʫʡʥʫʚʘʥʥʷʤ, ʟʤʽʥʦʶ ʾʭ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʫʚʘʥʥʷʤ 

ʫʱʽʣʴʥʝʥʠʭ ʦʙ'ʻʤʽʚ ʟ ʧʦʨʦʰʢʫ ʚ ʟʘʟʦʨʽ ʤʽʞ ʧʦʣʶʩʥʠʤ ʥʘʢʦʥʝʯʥʠʢʦʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ, ʨʦʟʨʠʚʦʤ ʚʽʷʣʦʧʦʜʽʙʥʠʭ 

ʫʱʽʣʴʥʝʥʴ, ʢʦʣʠʚʘʥʥʷʤ ʛʨʫʧ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʩʪʦʚʧʯʠʢʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ ʨʫʩʽ ʜʝʪʘʣʝʡ ʚ ʧʦʨʦʰʢʦʚʦʤʫ ʤʘʛʥʽʪʥʦ-

ʘʙʨʘʟʠʚʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄɸɯ, ʟʜʘʪʥʽʩʪʴ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ 

ʧʨʦʚʝʨʪʘʪʠʩʷ ʷʢ ʚʽʜʥʦʩʥʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ ʚʽʜʥʦʩʥʦ ʩʫʤʽʞʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʧʨʝʜʩʪʘʚʥʠʮʴʢʽ 

ʦʙ'ʻʤʠ [1]. 

 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʽ ʩʠʩʪʝʤʘʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʠʣ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ, ʱʦ 

ʩʧʨʠʯʠʥʷʻʪʴʩʷ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʙʨʦʙʣʶʚʘʥʠʤ ʮʠʣʽʥʜʨʠʯʥʠʤ ʜʝʪʘʣʷʤ ʜʽʘʤʝʪʨʦʤ 16 ʤʤ ʽ ʚʠʩʦʪʦʶ 

30 ʤʤ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʧʘʨʘ-, ʬʝʨʦ- ʪʘ ʜʽʘʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʢʽʣʴʮʝʚʽʡ ʢʘʤʝʨʽ ʜʽʘʤʝʪʨʦʤ 200 ʤʤ ʟ ʨʦʙʦʯʦʶ 

ʚʠʩʦʪʦʶ 30 ʤʤ ʧʨʠ ʰʚʠʜʢʦʩʪʷʭ ʦʙʨʦʙʣʝʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ 1 ï 3 ʤ/ʩ, ʤʘʛʥʽʪʥʽʡ ʽʥʜʫʢʮʽʾ ʚ ʨʦʙʦʯʠʭ ʟʦʥʘʭ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ 0,2 ï 0,25 ʊʣ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʣʠ ʦʧʦʨʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʇʨʠ ʄɸʆ ʣʦʙʦʚʠʡ ʦʧʽʨ ʜʣʷ ʥʝʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʽ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ, ʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʫ ʨʦʙʦʯʠʭ ʟʦʥʘʭ ʤʘʻ ʤʽʩʮʝ ʡʦʛʦ ʣʽʥʽʡʥʝ 

ʟʨʦʩʪʘʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʟʙʽʣʴʰʝʥʥʷ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʜʣʷ ʧʦʨʦʰʢʽʚ ʨʦʟʤʽʨʦʤ 

ʯʘʩʪʠʥʦʢ 400/315 ʤʢʤ ʩʪʘʥʦʚʠʪʴ 960 ʅ/ʊʣ, ʘ ʜʣʷ ʨʦʟʤʽʨʫ 200/100 ʤʢʤ ï 720 ʅ/ʊʣ. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʠʣʠ ʣʦʙʦʚʦʛʦ ʦʧʦʨʫ 

ʧʨʠ ʄɸʆ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ ʷʢ ʽ ʜʣʷ ʥʝʤʘʛʥʽʪʥʠʭ ʟʨʘʟʢʽʚ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʽ ʟʤʽʥʶʶʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 160 ʜʦ 220 ʅ, ʮʝ ʚ 1,2-1,45 ʨʘʟʽʚ ʚʠʱʝ, ʥʽʞ ʜʣʷ ʥʝʤʘʛʥʽʪʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʜʽʻʶ ʩʠʣ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʄɸɯ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʬʦʨʤʫʚʘʥʥʷʤ ʟʦʥ 

ʟʘʢʣʠʥʶʚʘʥʥʷ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʪʘ ʧʦʣʶʩʥʠʤʠ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʢʽʣʴʮʝʚʦʾ ʚʘʥʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʝʨʽʦʜʠʯʥʫ ʟʤʽʥʫ 

ʩʠʣ ʦʧʦʨʫ ʄɸɯ ʦʙʨʦʙʣʶʚʘʥʽʡ ʜʝʪʘʣʽ ʧʦʙʣʠʟʫ ʾʭ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʝʨʝʙʫʜʦʚʠ, ʟʤʽʥʦʶ 
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ʨʦʟʤʽʨʽʚ ʪʘ ʦʙ'ʻʤʽʚ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʫʤʦʚʘʤʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 
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ʇʈʆʌɯʃɽʄ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ (ʨʽʜʠʥʥʦʤʫ) ʘʙʦ ʛʨʘʥʠʯʥʦʤʫ (ʥʘʧʽʚʨʽʜʠʥʥʦʤʫ) ʨʝʞʠʤʘʭ ʪʝʨʪʷ 

ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʪʘ ʚʧʣʠʚ ʨʽʜʠʥʠ ʥʘ ʫʰʢʦʜʞʫʚʘʥʽʩʪʴ ʟʫʙʽʚ, ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʥʪʘʢʪʽ, ʘ ʪʘʢʦʞ 

ʚʠʢʦʥʫʻ ʨʦʣʴ ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʜʝʤʧʬʫʻ ʫʜʘʨʠ ʽ ʟʤʽʥʶʻ ʢʦʥʪʘʢʪʥʽ ʣʽʥʽʾ. ʋ ʙʘʛʘʪʴʦʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ ʟʫʙʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥ ʟʫʙ ʻ 

ʟʥʘʯʥʦ ʚʠʱʠʤ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰ ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ. ɸʩʠʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʟʫʙʘ ʚʽʜʙʠʚʘʻ ʮʶ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʨʽʟʥʠʮʶ. ʋ ʨʘʟʽ 
ʘʩʠʤʝʪʨʠʯʥʠʭ ʧʝʨʝʜʘʯ ʩʪʘʥʜʘʨʪʥʘ ʩʠʤʝʪʨʠʯʥʘ ʟʫʙʯʘʩʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʨʝʡʢʘ ʟʤʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʫʪʘ ʪʠʩʢʫ ʦʜʥʽʻʾ ʟ ʙʽʯʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʆʜʥʘʢ ʪʘʢʠʡ ʩʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʘʩʠʤʝʪʨʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʮʠʭ ʧʝʨʝʜʘʯ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʫʜʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʘʩʪʠʣʴʥʠʡ ʰʘʨ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ 
ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʧʝʨʝʩʪʘʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʪʠʩʢʫ, ʘ ʚʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʡʤʝʥʰʫ ʚ ʯʘʩʽ ʪʦʚʱʠʥʫ ʰʘʨʫ, ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʧʝʢʪʨʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʜʥʦʯʘʩʥʦ ʜʝʱʦ ʟʤʝʥʰʫʶʪʴʩʷ ʨʽʚʥʽ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʡ. ʆʪʞʝ, ʫ 

ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ ʥʘ ʢʦʥʪʘʢʪʥʫ ʚʠʪʨʠʚʘʣʽʩʪʴ ʽ ʥʘ ʟʘʾʜʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʢʦʤʧʣʝʢʩʥʠʡ 
ʚʧʣʠʚ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʪʠʣʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʛ, ʘʣʝ ʽ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʝʣʠʯʠʥʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʫʜʘʨʥʫ ʚʟʘʻʤʦʜʽʶ ʟʫʙʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʠ, ʘʩʠʤʝʪʨʠʯʥʠʡ ʧʨʦʬʽʣʴ, ʧʦʪʫʞʥʦʩʪʽ, ʤʘʩʪʠʣʴʥʠʡ ʰʘʨ, ʥʘʚʘʥʪʘʞʝʥʥʷ, ʪʦʚʱʠʥʘ ʰʘʨʫ, ʨʽʚʥʽ ʰʫʤʫ ʪʘ 
ʚʽʙʨʘʮʽʡ, . ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.   
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INFLUENC E OF LUBRICANT ON THE TECHNICAL LEVEL OF HIGH -SPEED GEARBOXES WITH ASYMMETRICAL PROFILE  

ɸnnotation. The issues of efficiency improvement in hydrodynamic (liquid) or limit (semi-liquid) modes of friction of gears with an asymmetric profile 

and the effect of the liquid on tooth damage, power loss and temperature in contact, as well as the role of an elastic medium that dampens shocks and changes 
contact lines, are considered. In many gears, the tooth load per tooth is much higher and applied for longer periods of time. The asymmetrical shape of the 

tooth reflects this functional difference. In the case of asymmetric gears, the standard symmetrical toothed tool rail is modified by changing the pressure angle 

of one of the side surfaces. However, this simplistic approach to the design of an asymmetric transmission significantly limits the ability to maximize the 
performance of a wide range of possible applications of these transmissions. As the frequency of impact interactions increases, the lubricating layer of high-

speed gears with an asymmetric profile ceases to respond to pressure changes, and the load value, which determines the smallest layer thickness over time, 

approaches the minimum stationary component of the spectrum of dynamic loads. At the same time, noise and vibration levels are slightly reduced. Therefore, 
in the calculations of the strength, contact endurance and seizure of high-speed gears with an asymmetric profile, the complex influence of the criterion 

parameters of the lubricant must be taken into account not only when determining the allowable stresses, but also when determining the amount of dynamic 

load amplification due to the impact interaction of the teeth. 
Keywords: gears, asymmetric profile, power, lubricating layer, load, layer thickness, noise and vibration levels,  complex influence of criterion 

parameters. 

 

ɺʩʪʫʧ. ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʪʘ ʦʙ'ʻʢʪʠʚʥʘ ʦʮʽʥʢʘ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʧʨʦʬʽʣʝʤ  [1,2,3] ʜʦʩʷʛʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʪʘ ʜʦʩʪʘʪʥʴʦʾ ʩʠʩʪʝʤʠ ʬʽʟʠʯʥʦ-ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʢʽʙʝʨʥʝʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [4]. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʣʦʢʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ  ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʘʣʴʥʠʭ, ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʽ, ʪʘʢ ʽ ʧʦʦʜʠʥʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʥʝʟʘʣʝʞʥʦʩʪʽ ʟʘ ʧʝʨʝʚʘʛʦʶ ʜʣʷ ʩʧʦʞʠʚʘʯʘ, ʜʦʩʪʘʪʥʴʦʾ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʪʘ 

ʯʫʪʣʠʚʦʩʪʽ, ʪʠʤʯʘʩʦʚʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ. ɺ ʫʤʦʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʝʡ, ʱʦ 

ʧʝʨʝʜʘʶʪʴʩʷ, ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʘ ʧʠʪʦʤʦʾ ʤʘʩʠ ʜʣʷ ʧʨʠʚʦʜʽʚ ʤʘʰʠʥ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʽʜʙʦʨʫ 

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʦʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʫʙʯʘʩʪʠʭ ʽ ʯʝʨʚ'ʷʯʥʠʭ ʧʝʨʝʜʘʯ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ [5]. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʦʩʣʽʜʠʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʽʜʝʶ ʟ ʤʝʪʦʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ  ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʤʫ (ʨʽʜʠʥʥʦʤʫ) ʘʙʦ ʛʨʘʥʠʯʥʦʤʫ (ʥʘʧʽʚʨʽʜʠʥʥʦʤʫ) ʨʝʞʠʤʘʭ ʪʝʨʪʷ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʧʨʦʬʽʣʝʤ ʪʘ ʚʧʣʠʚ ʨʽʜʠʥʠ ʥʘ ʫʰʢʦʜʞʫʚʘʥʽʩʪʴ ʟʫʙʽʚ, ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʫ  ʚ ʢʦʥʪʘʢʪʽ, ʘʣʝ ʽ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʧʨʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʜʝʤʧʬʫʻ ʫʜʘʨʠ ʽ ʟʤʽʥʶʻ ʨʦʟʧʦʜʽʣ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦ ʜʦʚʞʠʥʽ ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ. ʊʘʢ, ʜʣʷ 

ʟʘʢʨʠʪʠʭ ʝʚʦʣʴʚʝʥʪʥʠʭ ʧʝʨʝʜʘʯ ʟ ʧʦʚʝʨʭʥʝʚʦ-ʟʤʽʮʥʝʥʠʤʠ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʟʫʙʘʤʠ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʟʘʧʦʙʽʛʘʥʥʷ ʛʣʠʙʠʥʥʠʤ (ʧʽʜʰʘʨʦʚʠʤ) ʫʰʢʦʜʞʝʥʥʷʤ, ʟʫʤʦʚʣʝʥʠʤ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʯʝʧʣʝʥʥʽ, 

ʢʨʠʪʝʨʽʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʛʦ ʻ ʜʦʙʫʪʦʢ ʢʦʝʬʽʮʽʻʥʪʽʚ ʂʘ Å ʂɓ [6]. 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʝʨʝʜʘʯ ʟ ʦʙ'ʻʤʥʦ-ʟʘʛʘʨʪʦʚʘʥʠʤʠ ʟʫʙʘʤʠ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʦʢʨʫʞʥʠʭ ʰʚʠʜʢʦʩʪʷʭ  (Vʦʢʨ Ò 25 ʤ/ʩ), ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʤʝʞʝʥʠʡ 

ʛʨʘʥʠʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʟ ʟʛʠʥʘʣʴʥʦʾ ʚʠʪʨʠʚʘʣʦʩʪʽ ʘʙʦ ʟʘʾʜʘʥʥʷ WF, WS. ɼʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ  WF ʠ 

WS ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʚʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ ʪʘ ʛʝʦʤʝʪʨʽʾ ʟʘʯʝʧʣʝʥʥʷ (ʤʦʜʠʬʽʢʘʮʽʻʶ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ ʟʫʙʽʚ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ), ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʟʫʙʽʚ ʝʤʧʽʨʠʯʥʠʤ ʧʽʜʙʦʨʦʤ ʤʘʩʪʠʣ ʪʘ ʧʨʠʩʘʜʦʢ, ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʦʚʘʥʠʭ 

ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʝʨʝʜʘʯʠ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘʢʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʚʧʣʠʚ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚ ʟʘʯʝʧʣʝʥʥʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʟʘʾʜʘʥʥʷ (ʘʪʝʨʤʽʯʥʝ ʩʭʦʧʣʶʚʘʥʥʷ) ʚʠʥʠʢʘʻ ʟʥʘʯʥʦ ʨʽʜʰʝ, ʥʽʞ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ, ʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʪʠʭʦʭʽʜʥʠʭ, ʚʘʞʢʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʧʝʨʝʜʘʯʘʭ, ʷʢʱʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʡ ʝʬʝʢʪ ʥʝʜʦʩʪʘʪʥʽʡ 

ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʰʘʨʫ ʤʘʩʪʠʣʘ, ʱʦ ʥʝʩʝ. ɺʥʘʩʣʽʜʦʢ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʟʘʭʠʩʥʠʭ 

ʧʣʽʚʦʢ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʩʧʦʚʽʣʴʥʶʶʪʴʩʷ ʘʙʦ ʚʽʜʩʫʪʥʽ. ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʦʩʥʦʚʦʶ ʟʘʭʠʩʪʫ ʟʫʙʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚʠʩʦʢʦʚ'ʷʟʢʠʭ ʤʘʣʦʦʯʠʱʝʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʤʘʩʪʠʣ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. 
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ʋ ʙʘʛʘʪʴʦʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ ʟʫʙʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʜʠʥ ʟʫʙ ʻ ʟʥʘʯʥʦ ʚʠʱʠʤ ʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʙʽʣʴʰ 

ʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ ʯʘʩʫ. ɸʩʠʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʟʫʙʘ ʚʽʜʙʠʚʘʻ ʮʶ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʨʽʟʥʠʮʶ. 

ɭ ʧʫʙʣʽʢʘʮʽʾ ʧʨʦ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʟʫʙʘʤʠ [1, 2, 3], ʜʝ ʛʝʦʤʝʪʨʽʷ ʟʫʙʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʫʙʯʘʩʪʦʾ ʨʝʡʢʠ ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʪʨʘʜʠʮʽʡʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʰʝʩʪʝʨʝʥʴ ʟʚʠʯʘʡʥʠʭ ʰʝʩʪʝʨʝʥʴ ʽʟ ʩʠʤʝʪʨʠʯʥʠʤʠ ʟʫʙʘʤʠ. ʋ ʨʘʟʽ ʘʩʠʤʝʪʨʠʯʥʠʭ ʧʝʨʝʜʘʯ 

ʩʪʘʥʜʘʨʪʥʘ ʩʠʤʝʪʨʠʯʥʘ ʟʫʙʯʘʩʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʨʝʡʢʘ ʟʤʽʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʫʪʘ ʪʠʩʢʫ ʦʜʥʽʻʾ ʟ ʙʽʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. ʆʜʥʘʢ ʪʘʢʠʡ ʩʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʢʦʥʩʪʨʫʢʮʽʾ ʘʩʠʤʝʪʨʠʯʥʦʾ ʧʝʨʝʜʘʯʽ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʤʘʢʩʠʤʽʟʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʤʦʞʣʠʚʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʮʠʭ ʧʝʨʝʜʘʯ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʪʦʜ Direct Gear Design is ʥʝ ʦʙʤʝʞʝʥʠʡ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʘʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʽʡʢʠ 

ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʘʩʠʤʝʪʨʠʯʥʫ ʛʝʦʤʝʪʨʽʶ ʟʫʙʽʚ ʰʝʩʪʝʨʥʽ, ʦʧʪʠʤʽʟʦʚʘʥʫ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʜʦʜʘʪʢʽʚ ʽʟ ʟʫʙʯʘʩʪʦʶ ʧʝʨʝʜʘʯʝʶ 

[3, 4].ʂʦʝʬʽʮʽʻʥʪ ʘʩʠʤʝʪʨʽʾ ʟʫʙʯʘʩʪʦʾ ʧʝʨʝʜʘʯʽ K ʜʦʨʽʚʥʶʻ: 
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ʜʝ: cos wʩ ï ʢʫʪ ʚʠʭʽʜʥʦʛʦ ʧʨʦʬʽʣʶ, cos wd ïʢʫʪ ʘʩʠʤʝʪʨʽʾ. 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʨʠʢʣʘʜʠ ʢʦʥʩʪʨʫʢʮʽʡ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ, ʜʝ ʟʫʙʯʘʩʪʘ ʧʘʨʘ ʧʝʨʝʜʘʻ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚ ʦʙʦʭ ʥʘʧʨʷʤʢʘʭ, ʘʣʝ ʟʽ ʟʥʘʯʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʪʨʠʚʘʣʽʩʪʶ (ʨʠʩ.1). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʝʬʽʮʽʻʥʪ ʘʩʠʤʝʪʨʽʾ ʟʫʙʯʘʩʪʦʾ 

ʧʝʨʝʜʘʯʽ K ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʚʠʨʽʚʥʶʚʘʥʥʷʤ ʧʦʪʝʥʮʽʘʣʫ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʟʫʙʘ, ʷʢʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʙʦʯʦʾ ʢʦʥʪʘʢʪʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʯʠʩʣʘ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʙʽʯʥʽ ʧʦʚʝʨʭʥʽ ʟʫʙʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʤʦʣʝʢʫʣʷʨʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 

ʋ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ [1, 2, 3] (Vʦʢʨ >25 ʤ/ʩ) ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʾʜʘʥʥʷ, ʷʢ ʦʩʥʦʚʥʦʾ ʬʦʨʤʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʝʭʘʥʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʘʩʪʠʣʘ ʟ ʤʽʢʨʦʜʽʣʷʥʢʘʤʠ ʯʠʩʪʦʛʦ ʤʝʪʘʣʫ, ʪʘ 

ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʫʙʽʚ. ʆʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚʤʽʩʪ 

ʚʦʜʠ ʚ ʤʘʩʪʠʣʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 1%,  ʨʦʙʦʯʝ ʩʝʨʝʜʦʚʠʱʝ ʻ ʦʜʥʦʯʘʩʥʦ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʤ ʽ ʢʦʨʦʟʽʡʥʦ-ʘʛʨʝʩʠʚʥʠʤ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʪʘ ʟʛʠʥʘʣʴʥʦʾ ʚʠʪʨʠʚʘʣʦʩʪʽ ʟʫʙʽʚ ʫ ʟʚ'ʷʟʢʫ ʟ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʧʦʚʝʨʭʥʽ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʨʦʟʚʠʪʢʫ ʚʪʦʤʥʠʭ ʪʨʽʱʠʥ. 

ʋ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʾʜʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʪʘʢʪʥʦʾ ʥʘʧʨʫʛʠ 

(ʘʙʦ ʪʠʩʢʫ P0), ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ VC ʽ ʪʝʤʧʝʨʘʪʫʨʠ T ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ. ʆʜʥʘʢ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚʽʜʩʫʪʥʽʡ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʡ ʢʨʠʪʝʨʽʡ, ʱʦ ʦʜʥʦʟʥʘʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʟʘʾʜʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʪʝʨʪʷ ʪʘ ʫʤʦʚʘʭ ʟʤʘʱʫʚʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ. 

ɺ ʦʩʥʦʚʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʣʘʜʝʥʦ ʪʘʢʽ ʥʘʫʢʦʚʽ ʛʽʧʦʪʝʟʠ: 

ð ʽʥʪʝʥʩʠʚʥʝ ʟʘʾʜʘʥʥʷ ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʷʢʱʦ ʚʽʜʥʦʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ ʤʘʩʪʠʣʘ h0 ʜʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʚʽʜʭʠʣʝʥʥʷ ʚʠʩʦʪʠ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʤʝʥʰʝ ʜʝʷʢʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ [4]; 

ð ʟʘʜʠʨ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʘʟʽ, ʷʢʱʦ ʤʠʪʪʻʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʧʝʨʝʚʠʱʫʻ ʜʝʷʢʝ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ TCR 

ʜʣʷ ʧʝʚʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʪʨʫʪʴʩʷ, ʽ ʩʦʨʪʫ ʤʘʩʪʠʣʘ [5]; 

ð  ʟʘʾʜʘʥʥʷ ʥʘʩʪʘʻ, ʷʢʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʪʫʞʥʦʩʪʽ ʩʠʣ ʪʝʨʪʷ ʚ ʢʦʥʪʘʢʪʽ fP0VC ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʫ ʚʝʣʠʯʠʥʫ [6]. 

ʆʪʞʝ, ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʣʷʥʦʾ ʧʣʽʚʢʠ ʚ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʢʦʥʪʘʢʪʫ 

ʝʣʝʤʝʥʪʽʚ ʟʘʯʝʧʣʝʥʥʷ, ʘ ʩʘʤʝ ʤʽʥʽʤʘʣʴʥʘ ʪʦʚʱʠʥʘ h0, ʢʨʠʪʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ TCR ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ f ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤʠ ʢʦʤʧʣʝʢʩʥʠʤʠ ʢʨʠʪʝʨʽʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʦʯʘʪʦʢ ʪʘ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ 

ʟʘʾʜʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤʠ. 

ɺʥʫʪʨʽʰʥʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʫʙʯʘʩʪʦʤʫ ʟʘʯʝʧʣʝʥʥʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ  [1, 3], ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʾʭ 

ʟʥʠʞʝʥʥʷ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ ʚʽʙʨʘʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʦʾ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ, ʱʦ ʽʩʪʦʪʥʦ ʟʥʠʞʫʻ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʠʭ ʩʝʨʝʜʥʴʦ- ʪʘ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝʜʘʯ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʫʯʘʩʥʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʧʨʠʚʦʜʫ, ʟʦʢʨʝʤʘ, ʝʣʝʢʪʨʠʯʥʠʤ, ʛʽʜʨʘʚʣʽʯʥʠʤ, ʧʥʝʚʤʘʪʠʯʥʠʤ. 

 
 

ʈʠʩ. 1 ï ɸʩʠʤʝʪʨʠʯʥʽ ʟʫʙʯʘʩʪʽ ʧʝʨʝʜʘʯʽ 
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 ʎʝ ʟʫʤʦʚʣʝʥʦ ʽʥʪʝʥʩʠʚʥʦʶ ʜʠʥʘʤʽʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʧʨʦʬʽʣʽʚ ʟʫʙʽʚ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʩʧʦʣʫʯʝʥʥʷ, ʱʦ ʤʘʻ 

ʩʪʦʭʘʩʪʠʯʥʠʡ ʘʙʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʛʝʦʤʝʪʨʽʾ ʟʘʯʝʧʣʝʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʾ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʪʦʯʥʦʩʪʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ). ʅʘʧʨʠʢʣʘʜ, ʫ ʧʝʨʝʜʘʯʘʭ ʽʟ ʟʘʯʝʧʣʝʥʥʷʤ ʅʦʚʽʢʦʚʘ ʪʦʚʱʠʥʘ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ 

ʙʽʣʴʰʘ, ʥʽʞ ʫ ʝʚʦʣʴʚʝʥʪʥʠʭ ʧʝʨʝʜʘʯʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʫ ʧʣʘʚʥʽʩʪʴ ʨʦʙʦʪʠ. ʆʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʝ ʧʝʨʝʩʫʚʘʥʥʷ ʦʙʩʷʛʽʚ ʤʘʩʪʠʣʘ ʜʦ ʪʦʨʮʽʚ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ - "ʙʦʤʙʘʨʜʫʚʘʥʥʷ" ʩʪʽʥʦʢ ʢʦʨʧʫʩʫ ʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʨʝʜʫʢʪʦʨʽʚ ʟ ʟʘʯʝʧʣʝʥʥʷʤ ʅʦʚʽʢʦʚʘ. 

ɺ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʟʫʙʽʚ ʜʣʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʧʨʦʬʽʣʝʤ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʽʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ, ʩʧʨʷʤʦʚʘʥʦʾ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ ʤʘʡʜʘʥʯʠʢʽʚ ʢʦʥʪʘʢʪʫ, 

ʤʘʶʪʴ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ, ʩʧʨʷʤʦʚʘʥʫ ʟʘ ʥʦʨʤʘʣʣʶ (ʧʝʨʽʦʜʠʯʥʦ ʟʙʣʠʞʫʶʪʴʩʷ ʘʙʦ ʚʠʜʘʣʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ). ʇʨʠ 

ʮʴʦʤʫ ʭʘʨʘʢʪʝʨ ʜʠʥʘʤʽʯʥʠʭ ʷʚʠʱ ʫ ʟʘʯʝʧʣʝʥʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʝʨʽʦʜʦʤ ʢʦʣʠʚʘʥʴ ʇ ʽ ʯʘʩʦʤ 

ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʬʘʟ ʟʘʯʝʧʣʝʥʥʷ. 

 ʗʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʪʠʭʦʭʽʜʥʠʭ ʪʘ ʩʝʨʝʜʥʴʦʰʚʠʜʢʽʩʥʠʭ ʧʝʨʝʜʘʯ ʟʘʛʘʩʘʥʥʷ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʣʽʩ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘ ʯʘʩ ʢʦʞʥʦʾ ʟ ʧʦʩʣʽʜʦʚʥʠʭ ʬʘʟ ʟʘʯʝʧʣʝʥʥʷ ʟʫʙʽʚ, ʘ ʜʣʷ ʰʚʠʜʢʦʭʽʜʥʠʭ ï ʧʝʨʽʦʜ ʇ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʯʘʩ ʢʽʣʴʢʦʭ 

ʧʝʨʝʩʧʦʣʫʯʝʥʴ. ʗʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʝʨʝʙʽʛʫ ʨʝʟʦʥʘʥʩʥʠʭ ʷʚʠʱ. 

ʇʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʙʽʣʴʰ ʚ'ʷʟʢʽ ʤʘʩʪʠʣʘ ʢʨʘʱʝ ʜʝʤʧʬʫʶʪʴ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʯʝʧʣʝʥʥʽ ʽ 

ʟʥʠʞʫʶʪʴ ʰʫʤʥʽʩʪʴ ʧʝʨʝʜʘʯ, ʦʜʥʦʯʘʩʥʦ ʤʘʩʪʠʣʦ ʟ ʤʝʥʰʦʶ ʚ'ʷʟʢʽʩʪʶ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʽʜʚʦʜʠʪʴ ʪʝʧʣʦʪʫ ʚʽʜ ʟʫʙʯʘʩʪʠʭ 

ʢʦʣʽʩ, ʢʨʘʱʝ ʨʦʟʙʨʠʟʢʫʻʪʴʩʷ ʽ ʟʤʘʱʫʻ ʝʬʝʢʪʠʚʥʽʰʝ ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ, ʣʝʛʰʝ ʧʨʦʢʘʯʫʻʪʴʩʷ ʯʝʨʝʟ ʬʽʣʴʪʨʠ ʽ 

ʭʦʣʦʜʠʣʴʥʠʢʠ. 

ʇʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʧʝʚʥʦʾ ʨʽʜʢʦʾ ʤʘʩʪʠʣʘ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʾʾ ʜʠʥʘʤʽʯʥʫ ʮ ʘʙʦ ʢʽʥʝʤʘʪʠʯʥʫ v ʚ'ʷʟʢʽʩʪʴ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚ'ʷʟʢʦʩʪʽ ʧʦʢʨʘʱʫʶʪʴʩʷ ʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʤʘʩʣʷʥʦʾ ʧʣʽʚʢʠ, ʱʦ ʨʦʟʜʽʣʷʻ ʧʦʚʝʨʭʥʽ, ʱʦ 

ʟʤʘʱʫʶʪʴʩʷ ʽ ʟʘʧʦʙʽʛʘʻ ʾʭ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʤʝʪʘʣʝʚʠʡ ʢʦʥʪʘʢʪ, ʟʤʝʥʰʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

ʅʘ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ f ʚ'ʷʟʢʽʩʪʴ ʤʘʩʪʠʣʘ ʚʧʣʠʚʘʻ ʘʥʘʣʦʛʽʯʥʠʡ ʚʧʣʠʚʫ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ: ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʮ, v ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʽ ʦʜʥʦʯʘʩʥʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʩʠʣʠ ʦʧʦʨʫ ʚ'ʷʟʢʦʤʫ ʟʩʫʚʫ. ʏʝʨʝʟ 

ʚʽʡʥʫ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ f ʟʤʝʥʰʫʻʪʴʩʷ ʥʝʟʥʘʯʥʦ. ʆʜʥʘ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʚʠʙʦʨʫ ʚ'ʷʟʢʦʩʪʽ 

ʤʘʩʪʠʣʘ ʜʣʷ ʟʤʘʱʫʚʘʥʥʷ ʪʷʞʢʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʟʫʙʯʘʩʪʠʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʧʨʦʬʽʣʝʤ: 

 

 v50= (100...200) / Vʦʢʨ0,4. (2) 

 

ɺʝʣʠʯʠʥʘ ʢʨʠʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ TCR ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʚʪʨʘʪʠ ʦʨʽʻʥʪʘʮʽʾ ʘʜʩʦʨʙʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ 

ʤʦʣʝʢʫʣ ʤʘʩʪʠʣʘ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʧʦʪʝʟʠ ɻ. ɹʣʦʢʫ, ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʪʘ ʫʤʦʚ ʪʝʨʪʷ. 

ɿʥʘʯʝʥʥʷ TCR ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʤʘʰʠʥʘʭ ʪʝʨʪʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʦʙʨʝ 

ʦʯʠʱʝʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʩʪʠʣ ʚʩʪʘʥʦʚʣʝʥʦ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴTCR =115...180 Áʉ [6]. Tn  0,8TB [6].  

 ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʰʦʨʩʪʢʦʩʪʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʚʦʛʦ ʨʦʣʠʢʘ ʚʽʜ ʚʝʣʠʯʠʥʠ RZ = 0,63 ʤʢʤ ʜʦ ʟʥʘʯʝʥʴ 

(0,25...0,3) ʤʢʤ ʧʨʠ ʟʤʘʱʫʚʘʥʥʽ ʤʘʩʪʠʣʦʤ ʄʊ-16ʇ ʜʦʩʷʛʥʫʪʦ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʽʚ ʥʘ 15...20Áʉ, ʘ 

ʛʨʘʥʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʟʘʾʜʘʥʥʶ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 12é20%. ɸʥʘʣʦʛʽʯʥʠʡ, ʘʣʝ ʙʽʣʴʰ ʟʥʘʯʥʠʡ ʝʬʝʢʪ, ʟʘʬʽʢʩʦʚʘʥʠʡ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʘʩʪʠʣʘ Mobilgear 632, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʽʜʨʦʣʽʪʠʯʥʦ ʩʪʘʙʽʣʴʥʠʭ ʧʨʦʪʠʟʥʦʩʥʠʭ ʪʘ 

ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʧʨʠʩʘʜʦʢ, ʘ ʪʘʢʦʞ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʇʨʦʪʠʟʘʜʠʨʥʽ ʧʨʠʩʘʜʢʠ  ʫʪʚʦʨʶʶʪʴ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ ʪʚʝʨʜʽ ʧʣʽʚʢʠ ʟ ʚʠʩʦʢʠʤʠ ʤʘʩʪʠʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʟʘʾʜʘʥʥʷ ʥʘʚʽʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʢʦʥʪʘʢʪʽ. ʆʜʥʦʯʘʩʥʦ ʚʽʜʟʥʘʯʝʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʷʭ ʪʝʨʪʷ, ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʟʘʯʝʧʣʝʥʥʷ ʪʘ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʚʫʟʣʽʚ. 

ʆʙ'ʻʤ ʤʘʩʪʠʣʴʥʦʾ ʚʘʥʥʠ ʚ ʢʦʨʧʫʩʽ ʨʝʜʫʢʪʦʨʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʜʦʩʪʘʪʥʽʤ, ʱʦʙ ʫʧʦʚʽʣʴʥʠʪʠ ʩʪʘʨʽʥʥʷ ʤʘʩʣʘ, ʩʪʚʦʨʠʪʠ 

ʫʤʦʚʠ ʜʣʷ ʚʽʜʩʪʦʶ ʧʨʦʜʫʢʪʽʚ ʟʥʦʰʫʚʘʥʥʷ ʽ, ʥʘʡʛʦʣʦʚʥʽʰʝ, ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʫʤʦʚʠ ʜʣʷ ʪʝʨʪʷ ʧʨʠ ʪʝʧʣʦʚʦʤʫ 

ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʧʝʨʝʜʘʯʽ. ɺ ʫʤʦʚʘʭ, ʢʦʣʠ ʦʙ'ʻʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ  ʤʘʩʪʠʣʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ 

[T], ʤʘʩʪʠʣʦ ʟʙʝʨʽʛʘʻ ʨʦʟʨʘʭʫʥʢʦʚʫ ʚ'ʷʟʢʽʩʪʴ ʽ ʚʠʢʦʥʫʻ ʩʚʦʾ ʬʫʥʢʮʽʾ ʚ ʤʝʞʘʭ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ. ɼʣʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʤʘʩʪʠʣ ʚʩʪʘʥʦʚʣʝʥʦ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ [T] = (80...95) Áɿ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʠʩʘʜʦʢ ʘʙʦ 

ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʩʪʠʣ ʜʦʧʫʩʢʘʶʪʴʩʷ ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ [ʊ] = (100.110) Áɿ. ɿʘʣʝʞʥʦ ʚʽʜ ʪʝʧʣʦʚʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʨʝʜʫʢʪʦʨʘ ʦʙʩʷʛ ʤʘʩʪʠʣʘ, ʱʦ ʟʘʣʠʚʘʻʪʴʩʷ, ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 3,5.10 ʣ ʥʘ 1 ʢɺʪ ʚʪʨʘʯʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ 

0,35.0,7 ʣ ʥʘ 1 ʢɺʪ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ (ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʤʝʥʰʽʡ ʚ'ʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ, ʽ ʥʘʚʧʘʢʠ). ʇʨʠ 

ʦʙʤʝʞʝʥʦʤʫ ʦʙʩʷʟʽ ʢʘʨʪʝʨʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʥʝʦʙʭʽʜʥʦʤʫ ʨʽʚʥʽ ʚ ʩʫʯʘʩʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʟʫʙʯʘʩʪʠʭ ʪʘ ʯʝʨʚ'ʷʯʥʠʭ ʨʝʜʫʢʪʦʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʦʟʚʠʥʝʥʝ ʨʝʙʨʘ ʢʦʨʧʫʩʫ, ʽʥʪʝʥʩʠʚʥʝ ʦʙʜʫʚʘʥʥʷ ʚʝʥʪʠʣʷʪʦʨʦʤ, 

ʚʦʜʷʥʝ ʦʭʦʣʦʜʞʝʥʥʷ ʚʘʥʥʠ ʘʙʦ ʮʠʨʢʫʣʷʮʽʡʥʫ ʤʘʩʪʠʣʴʥʫ ʩʠʩʪʝʤʫ.  ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ n ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʦʜʥʦʯʘʩʥʦ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʢʦʯʝʥʥʷ ʪʘ ʢʦʚʟʘʥʥʷ ʚ ʢʦʥʪʘʢʪʽ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʽ ʧʽʢʦʚʠʭ ʪʠʩʢʘʭ ʚ ʤʘʩʪʠʣʴʥʦʤʫ ʰʘʨʽ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ 

ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʪʨʫʪʴʩʷ. 

  ɿʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʯʝʥʥʷ VK ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʫʙʽʚ, ʟʙʽʣʴʰʝʥʥʶ 

ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʤʦʞʝ ʜʝʱʦ ʟʙʽʣʴʰʫʚʘʪʠʩʴ. ɿʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ VC ʟʤʝʥʰʫʻ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ, ʧʨʦʪʝ ʟʘʛʘʣʴʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʘʢʪʫ ʧʨʠ ʮʴʦʤʫ 

ʟʙʽʣʴʰʫʶʪʴʩʷ, ʪʦʚʱʠʥʘ ʤʘʩʣʷʥʦʾ ʧʣʽʚʢʠ ʟʤʝʥʰʫʻʪʴʩʷ. ʆʪʞʝ, ʟʘʛʘʣʴʥʠʡ ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ ʢʦʯʝʥʥʷ ʪʘ ʢʦʚʟʘʥʥʷ 

ʧʨʦʪʠʣʝʞʥʠʡ: ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʯʝʥʥʷ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘʾʜʘʥʥʷ, ʘ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 
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ʢʦʚʟʘʥʥʷ ʚʠʢʣʠʢʘʻ ʾʾ ʟʤʝʥʰʝʥʥʷ. 

ɯʥʪʝʛʨʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʾ WS = f(n) ʫ ʜʽʘʧʘʟʦʥʽ ʦʢʨʫʞʥʠʭ ʰʚʠʜʢʦʩʪʝʡ ^ʢʨ ʻ [10.50], ʤ/ʩ, ʚʽʜʧʦʚʽʜʘʻ 

ʛʽʧʝʨʙʦʣʽʯʥʽʡ ʬʫʥʢʮʽʾ. ɿʘʟʥʘʯʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ISO/TR 13989 - 1:2000 ʽ ʚʽʜʦʙʨʘʞʝʥʽ ʚ 

ʩʪʘʥʜʘʨʪʽ ʌʈʅ ʥʘ ʨʦʟʨʘʭʫʥʦʢ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʝʚʦʣʴʚʝʥʪʥʠʭ ʧʝʨʝʜʘʯ ʢʦʝʬʽʮʽʻʥʪʦʤ ZL, ʱʦ 

ʽʥʪʝʛʨʘʣʴʥʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʚ'ʷʟʢʦʩʪʽ ʤʘʩʪʠʣʘ ʥʘ ʢʦʥʪʘʢʪʥʫ ʥʘʧʨʫʛʫ: [4, 6] 

 

   (3) 

 

ʇʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʙʣʽʢʫ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʤʽʮʥʦʩʪʽ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ 

ʧʨʦʬʽʣʝʤ ʝʬʝʢʪʫ ʜʝʤʧʬʫʚʘʥʥʷ ʤʘʩʪʠʣʴʥʠʤ ʰʘʨʦʤ ʡʤʦʚʽʨʥʠʭ ʘʙʦ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʫʜʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʟʫʙʽʚ [5, 6, 7]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʠʩʢʨʝʪʥʦ ʟʤʝʥʰʫʚʘʪʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʫ ʨʽʟʥʠʮʶ ʦʩʥʦʚʥʠʭ ʢʨʦʢʽʚ ʟʫʙʽʚ ɼ0, ʱʦ ʚʠʟʥʘʯʘʻ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʟʘʯʝʧʣʝʥʥʽ: ʥʘ ʚʝʣʠʯʠʥʫ 5 ʤʢʤ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ɼ0 >10 ʤʢʤ ʽ 

ʚʝʣʠʯʠʥʫ ɼ0 /2 ʧʨʠ ɼ0 <10 ʤʢʤ. ʎʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʝ ʦʪʨʠʤʘʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ ʚ ʟʘʯʝʧʣʝʥʥʽ, ʟʦʢʨʝʤʘ, ʥʝ ʚʨʘʭʦʚʘʥʦ ʝʬʝʢʪʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʜʦʚʞʠʥʽ 

ʢʦʥʪʘʢʪʥʠʭ ʣʽʥʽʡ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʦʾ ʽʥʪʝʛʨʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʪʘʢʪʫ ʪʘ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʤʘʩʣʷʥʦʾ ʧʣʽʚʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʯʘʩʪʦʪʠ ʧʝʨʝʩʧʦʣʫʯʝʥʥʷ ʟʫʙʽʚ. 

ɺʠʧʨʦʙʫʚʘʥʽ ʟʫʙʯʘʩʪʽ ʢʦʣʝʩʘ ʥʘʚʦʜʷʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ ʯʝʨʝʟ ʤʫʬʪʫ ʆʣʴʜʛʝʡʤʘ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ ʇʅ-45, 

ʚʠʢʦʥʘʥʠʤ ʫ ʚʠʛʣʷʜʽ ʤʦʪʦʨ-ʚʘʛʠ (ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚʠʧʨʦʙʫʚʘʥʦʾ ʟʫʙʯʘʩʪʦʾ ʧʘʨʠ). 

ɺʨʘʭʦʚʫʶʯʠ ʮʶ ʦʙʩʪʘʚʠʥʫ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʨʘʥʠʯʥʦʛʦ ʪʝʨʪʷ ʧʨʠ 

ʨʽʟʥʠʭ ʰʚʠʜʢʦʩʪʷʭ ʪʝʨʪʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʧʝʮʽʘʣʴʥʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ (ʨʠʩ. 2) ʟʘ ʩʭʝʤʦʶ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʘʨʠ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʧʣʠʚʫ 

ʭʚʠʣʷʩʪʦʩʪʽ ʪʘ ʤʘʢʨʦʚʽʜʭʠʣʝʥʥʷ ʥʘ ʧʨʦʮʝʩ ʪʝʨʪʷ. 

ʊʝʭʥʽʯʥʽ ʜʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʪʘʢʽ: ʜʽʘʤʝʪʨ ʚʠʧʨʦʙʫʚʘʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚʽʜ 100 ʜʦ 240 ʤʤ; 

ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʘʣʫ 400-2100 ʦʙ/ʭʚ; ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʽʻ ʥʘ ʟʫʙʯʘʩʪʫ ʧʘʨʫ, ʜʦ 8000-10 000 ʢʛʤ. 

ʋ ʢʦʤʧʣʝʢʪ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚʭʦʜʷʪʴ: ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʠʣʘʜ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʪʘ ʬʦʨʤʠ 

ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ; ʙʣʦʢ ʞʠʚʣʝʥʥʷ ʱʦʜʦ ʥʴʦʛʦ; ʜʚʘ ʪʘʨʫʚʘʣʴʥʠʭ ʧʨʠʣʘʜʠ. 

ɼʣʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʨʦʙʦʯʦ ʁ ʨʽʜʠʥʦʶ ʜʣʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʩʧʦʣʫʯʘʶʪʴʩʷ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ[8, 9, 12] . 

ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʝʚʦʣʴʚʝʥʪʥʽ ʧʦʚʝʨʭʥʽ ʩʧʦʣʫʯʝʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʻ ʧʣʘʩʪʠʥʢʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʚ ʷʢʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʨʦʙʦʯʘ ʨʽʜʠʥʘ, ʤʘʩʪʠʣʦ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʫʤʽʰʽ ʚʫʛʣʝʚʦʜʥʽʚ ʽ/ʘʙʦ ʛʣʽʮʝʨʠʥʦʚʠʭ 

ʝʬʽʨʽʚ ʚʠʱʠʭ ʥʝʥʘʩʠʯʝʥʠʭ ʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ ʪʘ ʻ ʥʝʧʦʛʘʥʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤ, ʪʘʢ ʷʢ ʤʦʣʝʢʫʣʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʡʦʛʦ 

ʩʢʣʘʜʫ ʤʘʡʞʝ ʥʝ ʧʦʣʷʨʥʽ ʽ ʥʝ ʜʠʩʦʮʽʶʶʪʴ. ʆʩʽ ʦʙʝʨʪʘʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʽʟʦʣʴʦʚʘʥʠʭ ʦʧʦʨʘʭ 3, 4 ʽ 

ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʻʤʥʦʩʪʽ 5 (ʨʠʩ. 3) 

 

 
 

ʈʠʩ. 2  ï ʉʧʝʮʽʘʣʴʥʘ ʤʘʰʠʥʘ ʪʝʨʪʷ ʉʄʊ-1ʉ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ 

 

  

ʄʝʪʦʶ ʚʠʤʽʨʫ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʨʠʣʘʜʫ ʻ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʚʠʤʽʨʽʚ ʚ ʧʝʨʽʦʜ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʩʧʦʣʫʯʝʥʠʭ 

ʝʚʦʣʴʚʝʥʪʥʠʭ ʧʦʚʝʨʭʦʥʴ.   
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ʈʠʩ. 3 ï ʇʨʠʩʪʨʽʡ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ 

 

ʇʨʠʩʪʨʽʡ ʤʽʩʪʠʪʴ ʧʨʦʚʽʜʥʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ ʚ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʠʡ ʝʣʝʢʪʨʦʜ 1 ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, 

ʜʨʫʛʠʡ ʝʣʝʢʪʨʦʜ 2 ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʤʫ ʟʫʙʯʘʩʪʦʤʫ ʢʦʣʝʩʽ. ʑʦʙ ʫʥʠʢʥʫʪʠ ʟʘʤʠʢʘʥʥʷ ʩʭʝʤʠ ï ʚʘʣʠ ʜʘʥʦʾ 

ʧʝʨʝʜʘʯʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʽ ʦʧʦʨʠ 3, 4. ɽʣʝʢʪʨʦʜʠ 1, 2 ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ 5, ʷʢʝ ʚʠʜʘʻ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʻʤʥʦʩʪʽ [10, 11]. 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʢʦʣʽʩ 1, 2 ʪʦʚʱʠʥʘ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʽʩʮʽ ʾʭ 

ʟʘʯʝʧʣʝʥʥʷ. ʍʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʧʦ ʟʫʙʘʭ ʢʦʣʽʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʤʽʨʦʤ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ 

ʨʽʟʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʟʘʯʝʧʣʝʥʥʷ, ʷʢʽ ʟʘʤʽʨʷʶʪʴʩʷ ʧʨʠʩʪʨʦʻʤ 5. 

ɭʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʝʚʦʣʴʚʝʥʪʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʩʧʦʣʫʯʝʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ. 

ʊʦʚʱʠʥʘ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʙʽʯʥʦ ʰʣʷʭʦʤ ʟʘʤʽʨʫ ʻʤʥʦʩʪʽ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫʚʘʥʥʷ. 

ʆʪʞʝ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʻʤʥʽʩʪʶ ʽ ʪʦʚʱʠʥʦʶ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʧʨʦʚʦʜʠʤʦ ʥʘʩʪʨʦʡʢʫ ʧʨʠʣʘʜʫ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʪʦʚʱʠʥʠ ʟʘʟʦʨʫ, ʷʢʘ ʻ ʪʦʚʱʠʥʦʶ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʤʽʞ ʧʣʘʩʪʠʥʢʘʤʠ, ʷʢʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʘʩʣʽ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʟʜʽʡʩʥʶʶʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʩʪʝʥʜʽ ʟʘʤʽʨʷʶʪʴ ʻʤʥʽʩʪʴ ʤʽʞ 

ʧʣʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʘʩʣʽ ʟ ʥʘʩʪʨʦʶʚʘʥʦ ʁʪʦʚʱʠʥʦʶ ʤʽʞ ʥʠʤʠ, ʪʦʚʱʠʥʘ ʤʽʞ ʥʠʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʽʜʥʦ 

ʪʘʙʣ.1. 

 

ʊʘʙʣʠʮ ̫1 ï ʊʘʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ ʧʦ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ 

 

ʊʦʚʱʠʥʘ 

ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʘ, ʤʤ 

ɭʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʉ, ʧʬ 

ʊʠʧʠ ʩʧʦʣʫʯʝʥʠʭ 

ʢʦʣʽʩ 

0.05 35 

ʉ1, ʉ2, ʉ3, ʉ4, 

ʉ5 

0.08 84 

0.1 95 

0.15 140 

0.20 230 

0.25 310 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʠ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʾ ʧʣʽʚʢʠ ʷʢ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚ 

(ʥʴʶʪʦʥʽʚʩʴʢʠʡ ʩʪʘʥ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ) ʪʘʢ ʽ ʜʣʷ ʟʫʙʯʘʩʪʠʭ ʧʝʨʜʘʯ ʟ ʥʝʥʴʶʪʦʥʽʚʩʴʢʠʤ ʩʪʘʥʦʤ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʪʦʙʪʦ ʢʦʣʠ 

ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫʚʘʥʥʷ ʨʦʙʦʯʘ ʨʽʜʠʥʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʧʨʫʞʥʦ-ʥʝʩʪʠʩʣʠʚʠʡ ʩʪʘʥ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʚ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʛʽʜʨʦʢʠʰʝʥ.ɹ 

ɼʣʷ ʥʝʧʨʷʤʦʛʦ ʢʦʥʪʨʦʣʶ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʧʨʠ ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʤʫ ʩʪʘʥʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʟʘʤʽʨʶʚʘʥʥʷ 

ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʩʪʝʥʜʽ ʨʠʩ. 2 ʟʽ ʟʤʽʥʦʶ ʪʦʚʱʠʥʠ ʤʽʞ ʧʣʘʩʪʠʥʘʤʠ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʽʜ 0 ʜʦ 1 

ʤʤ. ʅʘʣʘʰʪʫʚʘʥʥʷ ʪʦʚʱʠʥʠ ʟʘʟʦʨʫ ʚʠʢʦʥʫʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʤʝʨʥʠʭ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽʥʪʝʨʚʘʣ 

ʚʠʤʽʨʶʚʘʥʥʷ 0,1. ɺʠʤʽʨʶʶʯʠ ʻʤʥʽʩʪʴ ʤʽʞ ʧʣʘʩʪʠʥ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʘʩʣʽ ʟ ʧʝʚʥʦʶ ʚʝʣʠʯʠʥʦʶ ʟʘʟʦʨʫ ʘ. ʐʣʷʭʦʤ 

ʟʤʽʥʠ ʰʚʠʜʢʦʩʪʽ, ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʧʨʦʚʦʜʠʪʴʩʷ ʥʝʧʨʷʤʝ ʟʘʤʽʨʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ ʯʝʨʝʟ ʻʤʥʽʩʪʴ, ʨʠʩ 4. 

 



 

28                      2079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022. 2̄ (6) 

 
 

ʈʠʩʫʥʦʢ 4 ï ʉʭʝʤʘ ʧʦʙʫʜʦʚʠ ʧʨʠʩʪʨʦʶ ʪʝʩʪʦʚʦʛʦ ʚʠʤʽʨʫ ʪʦʚʱʠʥʠ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ 

 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʘʯʝʧʣʝʥʥʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʨʠ 

ʥʝʥʴʶʪʦʥʽʚʩʴʢʦʤʫ ʩʪʘʥʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʥʘʜʘʣʽ çʢʦʥʜʝʥʩʘʪʦʨʠè, ʻ ʾʭ ʝʣʝʢʪʨʠʯʥʘ ʻʤʥʽʩʪʴ ʽ ʢʫʪ ʚʪʨʘʪ. ʄʦʞʣʠʚʽ 

ʟʥʘʯʝʥʥʷ ʾʭ ʻʤʥʦʩʪʝʡ ʣʝʞʘʪʴ ʧʨʠʙʣʠʟʥʦ ʚ ʤʝʞʘʭ ʚʽʜ 1 ʧʌ ʜʦ 100 ʧʌ.  

ɼʦʧʫʩʪʠʤʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʝʡ çʢʦʥʜʝʥʩʘʪʦʨʽʚʠè ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʬʝʨʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɭʤʥʽʩʪʴ 

çʢʦʥʜʝʥʩʘʪʦʨʽʚè, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʦʣʠʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʚʠʟʥʘʯʘʪʁɹʩʷ ʟ ʧʦʭʠʙʢʦʶ, ʜʦ 1%.  

ʋ ʢʦʞʥʦʤʫ çʢʦʥʜʝʥʩʘʪʦʨʽè, ʚʢʣʶʯʝʥʦʤʫ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ, ʤʘʶʪʴ ʤʽʩʮʝ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ ʤʘʪʝʨʽʘʣʽ ʜʽʝʣʝʢʪʨʠʢʘ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʽʟʦʣʷʮʽʾ ʤʽʞ ʚʠʚʦʜʘʤʠ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʪʨʘʪ ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʭʝʤʫ çʢʦʥʜʝʥʩʘʪʦʨʘè ʤʦʞʥʘ ʫʷʚʠʪʠ ʚ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ: ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʻʤʥʦʩʪʽ ʉ, ʚʢʣʶʯʝʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦ ʟ ʦʧʦʨʦʤ ʚʪʨʘʪ Rʧ  (ʨʠʩ.5, ʘ), ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʪʽʻʾ ʞ ʻʤʥʦʩʪʽ ʉ, ɦ ʦ hʫʥʪʫʪ̒ɹʩʷ ʦʧʦʨʦʤ ʚʠʪʦʢʫ Rʫ (ʨʠʩ. 5, ʙ). 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ɽʢʚʽʚʘʣʝʥʪʥʽ ʩʭʝʤʠ (ʘ, ʙ) ʽ ʚʝʢʪʦʨʥʘ ʜʽʘʛʨʘʤʘ (ʚ) ʣʘʥʮʶʛʘ ʟ ʢʦʥʜʝʥʩʘʪʦʨʦʤ 

 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʜʥʽʻʾ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʜʦ ʽʥʰʦʾ ʜʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʢʦʨʠʩʪʫʶʪʴʩʷ 

ʬʦʨʤʫʣʦʶ 

 

Rʫ = 1/((2ĀˊĀfĀC)2 ĀRʧ) ,                                                                            (4) 

 

ʜʝ f ï ʯʘʩʪʦʪʘ ʩʪʨʫʤʫ ʚ ʣʘʥʮʶʟʽ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ɿ ʚʝʢʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ. 5, ʚ, ʩʧʨʘʚʝʜʣʠʚʦʶ ʜʣʷ ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ, ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʣʘʥʮʶʟʽ ʟ 

ʢʦʥʜʝʥʩʘʪʦʨʦʤ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʚʪʨʘʪ ʬʘʟʦʚʠʡ ʟʩʫʚ ű ʤʽʞ ʩʪʨʫʤʦʤ I ʽ ʥʘʧʨʫʛʦʶ U ʟʘʚʞʜʠ ʤʝʥʰʝ 90Á. ɺʪʨʘʪʠ ʚ 

ʢʦʥʜʝʥʩʘʪʦʨʽ ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʫʪʦʤ ʚʪʨʘʪ ŭ=90Áï&phi, ʚʠʟʥʘʯʝʥʠʤ ʷʢ ʟʘʟʥʘʯʝʥʦ ʥʘ ʨʠʩ. 5 ʟ ʬʦʨʤʫʣʠ 

 

tg ŭ = Uʧ/Uʩ = Iʫ/Iʩ = 2ĀĀ́fĀCĀRʧ = 1/(2ĀĀ́fĀCĀRʫ).                                                      (5) 

   

ɺʪʨʘʪʠ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʽʥʦʜʽ ʚʠʩʣʦʚʣʶʶʪʴ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʦʪʫʞʥʦʩʪʽ cos ű ʘʙʦ ʩʪʨʫʤʦʤ ʚʠʪʦʢʫ Iʫ, ʚʠʟʥʘʯʝʥʠʤ ʧʨʠ 

ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚʪʨʘʪʠ ʜʫʞʝ ʤʘʣʽ (tg ŭ < 0,001), ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

 

tg ŭ å ŭ å sin ŭ = sin (90Á ï ű) = cos ű.                                                     (6) 

 

ʇʘʨʘʤʝʪʨʠ ʢʦʥʜʝʥʩʘʪʦʨʘ (ʉ, Rn, Ry, ŭ) ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʡʦʛʦ ʨʦʙʦʪʠ ï ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʨʠʢʣʘʜʝʥʦʾ ʜʦ ʥʴʦʛʦ ʥʘʧʨʫʛʠ.  

ʂʦʥʜʝʥʩʘʪʦʨ, ʦʧʽʨ ʚʠʪʦʢʫ ʷʢʦʛʦ ʚʝʣʠʢʠʡ, ʟʜʘʪʥʠʡ ʫʪʨʠʤʫʚʘʪʠ ʪʨʠʚʘʣʠʡ ʯʘʩ ʙʝʟ ʧʦʤʽʪʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʦʪʨʠʤʘʥʠʡ 

ʥʠʤ ʟʘʨʷʜ; ʮʝ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʠʤʠ ʟʘʩʦʙʘʤʠ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʻʤʥʽʩʪʶ ʧʦʥʘʜ 0,01 ʤʢʌ. ʇʨʠ ʧʽʜʢʣʶʯʝʥʥʽ ʜʦ 

ʪʘʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʫ ʦʤʤʝʪʨʘ ʩʪʨʽʣʢʘ ʚʠʤʽʨʶʚʘʯʘ ʦʩʪʘʥʥʴʦʛʦ ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʤʫ ʟʘʨʷʜʫ ʢʽʣʴʢʘ ʚʽʜʭʠʣʠʪʴʩʷ, ʘ ʧʦʪʽʤ 

(ʧʨʠ ʚʝʣʠʢʦʤʫ ʦʧʦʨʽ ʚʠʪʦʢʫ) ʧʦʚʝʨʥʝʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʘʙʦ ʙʣʠʟʴʢʝ ʜʦ ʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ. ʅʘʩʪʫʧʥʽ ʢʦʨʦʪʢʦʯʘʩʥʽ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʥʜʝʥʩʘʪʦʨʫ ʦʤʤʝʪʨʘ, ʧʦʚʪʦʨʶʚʘʥʽ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ, ʥʝ ʧʦʚʠʥʥʽ ʚʠʢʣʠʢʘʪʠ ʚʽʜʭʠʣʝʥʥʷ 

ʩʪʨʽʣʢʠ ʚʠʤʽʨʶʚʘʯʘ. ʇʨʠ ʤʘʣʦʤʫ ʦʧʦʨʽ ʚʠʪʦʢʫ ʧʦʤʽʪʥʝ ʚʽʜʭʠʣʝʥʥʷ ʩʪʨʽʣʢʠ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʧʨʠ ʢʦʞʥʦʤʫ 

ʧʽʜʢʣʶʯʝʥʥʽ ʦʤʤʝʪʨʘ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʥʘ ʚʠʪʽʢ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʻʤʥʽʩʪʶ ʧʦʥʘʜ 100 ʧʌ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʛʦʣʦʚʥʽ 

ʪʝʣʝʬʦʥʠ, ʟ'ʻʜʥʘʥʽ ʧʦʩʣʽʜʦʚʥʦ ʟ ʥʠʟʴʢʦʚʦʣʴʪʥʦʾ ʙʘʪʘʨʝʻʶ. ʇʨʠ ʤʘʣʦʤʫ ʦʧʦʨʽ ʚʠʪʦʢʫ ʢʦʞʥʝ ʧʽʜʢʣʶʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʘ ʜʦ 

ʢʦʥʜʝʥʩʘʪʦʨʫ ʚʠʢʣʠʢʘʻ ʢʣʘʮʘʥʥʷ ʚ ʪʝʣʝʬʦʥʘʭ, ʪʦʜʽ ʷʢ ʧʨʠ ʭʦʨʦʰʦʤʫ ʢʦʥʜʝʥʩʘʪʦʨʽ ʢʣʘʮʘʥʥʷ ʧʨʦʩʣʫʭʦʚʫʻʪʴʩʷ ʣʠʰʝ 

ʧʨʠ ʧʝʨʰʦʤʫ ʧʽʜʢʣʶʯʝʥʥʽ. ɺʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʚʠʪʦʢʫ (ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ) ʤʦʞʝ ʧʨʦʚʦʜʠʪʠʩʷ 

ʽʥʜʫʢʪʦʨʥʠʤ ʘʙʦ ʝʣʝʢʪʨʦʥʥʠʤ ʤʝʛʦʤʝʪʨʦʤ[11] . 



 

29 
2079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022. 2̄ (6) 

ɽʣʝʢʪʨʦʣʽʪʠʯʥʽ ʢʦʥʜʝʥʩʘʪʦʨʠ ʩʣʽʜ ʧʨʠʻʜʥʫʚʘʪʠ ʜʦ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʣʷʨʥʦʩʪʽ 

ʚʢʣʶʯʝʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. ʇʽʜ ʯʘʩ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʚʠʪʦʢʫ ʪʘʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʽʜʣʽʢ 

ʟʜʽʡʩʥʶʚʘʪʠ ʯʝʨʝʟ 10 ʭʚʠʣʠʥ ʧʽʩʣʷ ʾʭ ʚʢʣʶʯʝʥʥʷ ʧʽʜ ʥʘʧʨʫʛʫ, ʢʦʣʠ ʧʨʦʮʝʩ ʟʘʨʷʜʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʘʚʝʨʰʝʥʠʤ. 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʚʦʣʴʪʤʝʪʨʘïʘʤʧʝʨʤʝʪʨʘ, ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʬʘʨʘʜʤʝʪʨʚ̔, ʧʦʨʽʚʥʷʥʥʷ (ʟʘʤʽʱʝʥʥʷ), ʙʨʫʢʽʚʢʠ ʽ ʨʝʟʦʥʘʥʩʥʠʡ. 

ʅʘʧʨʫʛʘ, ʧʨʠʢʣʘʜʝʥʘ ʜʦ çʢʦʥʜʝʥʩʘʪʦʨʫè ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʡʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʽ, ʥʝ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʜʦʧʫʩʪʠʤʦ ʾ ʨʦʙʦʯʦʾ ʥʘʧʨʫʛʠ. ʗʢʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʨʷʜʞʘʻʪʴʩʷ ʜʦ ʟʥʘʯʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, 

ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʡʦʛʦ ʨʦʟʨʷʜ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʢʠ, ʚʢʣʶʯʝʥʦʾ 

ʧʘʨʘʣʝʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨʫ). ɺʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʝʡ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʤʝʪʦʜʦʤ ʚʦʣʴʪʤʝʪʨʘïʘʤʧʝʨʤʝʪʨʘ. ɾʠʚʣʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʭʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ: F = 50...1000 ɻʮ. ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʚʦʭ ʚʘʨʽʘʥʪʘʭ ʥʘ ʨʠʩ. 6. ʂʦʥʜʝʥʩʘʪʦʨ, ʱʦ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʉʭ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʣʘʥʮʶʛ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ 

ʚʽʜʦʤʦʾ ʯʘʩʪʦʪʠ F, ʽ ʨʝʦʩʪʘʪʦʤ (ʘʙʦ ʧʦʪʝʥʮʽʦʤʝʪʨʦʤ) R ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʝ ʟʘ ʫʤʦʚʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʙʦ ʟʨʫʯʥʝ 

ʜʣʷ ʚʽʜʣʽʢʫ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ I ʘʙʦ ʥʘʧʨʫʛʠ U.  

 

 
ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʝʡ ʤʝʪʦʜʦʤ ʚʦʣʴʪʤʝʪʨʘïʘʤʧʝʨʤʝʪʨʘ 

 

ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠʣʘʜʽʚ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ V ʽ mɸ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʧʦʚʥʠʡ ʦʧʽʨ çʢʦʥʜʝʥʩʘʪʦʨʘè 

 

  Z = (R2+X2)0,5=U/I , (7) 

 

ʜʝ R ʽ X=1/(2ĀĀ́FĀCx) ï ʚʽʜʧʦʚʽʜʥʦ ʡʦʛʦ ʘʢʪʠʚʥʘ ʽ ʨʝʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʽ. 

 

ʗʢʱʦ ʚʪʨʘʪʠ ʤʘʣʽ, ʪʦʙʪʦ R<<X, ʪʦ ʻʤʥʽʩʪʴ, ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

 

  Cx = I/(2ĀˊĀFĀU).  (8) 

 

ʉʭʝʤʘ ʥʘ ʨʠʩ.6, ʘ, ʜʘʻ ʜʦʩʠʪʴ ʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʚʝʣʠʢʠʭ ʻʤʥʦʩʪʝʡ, ʦʧʽʨ ʷʢʠʭ X ʟʥʘʯʥʦ ʤʝʥʰʝ 

ʚʭʽʜʥʦʛʦ ʦʧʦʨʫ ʚʦʣʴʪʤʝʪʨʘ V. ʉʭʝʤʘ ʥʘ ʨʠʩ. 6, ʙ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʤʝʥʰʠʭ ʻʤʥʦʩʪʝʡ, ʦʧʽʨ ʷʢʠʭ ʚ 

ʜʝʩʷʪʢʠ ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʦʧʽʨ ʤʽʣʽʘʤʧʝʨʤʝʪʨʘ mA. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʶʚʘʪʠ ʻʤʥʦʩʪʽ ʚ ʤʝʞʘʭ 0,1ï

1 ʤʢʌ ʥʘ ʯʘʩʪʦʪʽ 50 ɻʮ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʤʣ̔̔ʘʤʧʝʨʤʝʪʨʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʥʘ 3 ʤɸ. ʊʘʢ ʷʢ ʦʧʽʨ ʮʠʭ ʻʤʥʦʩʪʝʡ 

X=3200...32000 ʆʤ ʫ ʙʘʛʘʪʦ ʨʘʟʽʚ ʙʽʣʴʰʝ ʙʫʜʴ-ʷʢʦʛʦ ʤʦʞʣʠʚʦʛʦ ʦʧʦʨʫ ʤʣ̔̔ʘʤʧʝʨʤʝʪʨʘ, ʪʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʣʽʜ 

ʧʨʦʚʦʜʠʪʠ ʟʘ ʩʭʝʤʦʶ ʥʘ ʨʠʩ. 6, ʙ, ʧʨʠ ʥʘʧʨʫʟʽ ʞʠʚʣʝʥʥʷ UÓIĀX=0,003Ā3200å10 ɺ. 

ʉʭʝʤʘ ʥʘ ʨʠʩ. 6, ʘ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʽ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʻʤʥʦʩʪʝʡ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ʗʢʱʦ 

ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 1ï2 ɺ, ʪʦ ʚʠʤʽʨ ʜʦʧʫʩʪʠʤʦ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʫʩʪʘʥʦʚʮʽ ʧʝʨʝʤʠʢʘʯʘ ɺ ʚ ʧʦʣʦʞʝʥʥʷ 1. 

ʇʨʠ ʚʝʣʠʢʠʭ ʟʤʽʥʥʠʭ ʥʘʧʨʫʛʘʭ ʤʦʞʣʠʚʝ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚʥʘʩʣʽʜʦʢ ʨʦʟʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ. ʎʷ 

ʥʝʙʝʟʧʝʢʘ ʫʩʫʚʘʻʪʴʩʷ, ʷʢʱʦ ʧʝʨʝʤʠʢʘʯ ɺ ʚʩʪʘʥʦʚʠʪʠ ʚ ʧʦʣʦʞʝʥʥʷ 2. ʇʨʠ ʮʴʦʤʫ ʧʦʩʣʽʜʦʚʥʦ ʟ ʜʞʝʨʝʣʦʤ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʯʘʩʪʦʪʠ F ʚʢʣʶʯʘʻʪʴʩʷ ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʥʘʧʨʫʛʘ ʥʘ ʟʘʪʠʩʢʘʯʘʭ ʷʢʦʛʦ U0 ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʘʤʧʣʽʪʫʜʫ ʟʤʽʥʥʦʾ ʥʘʧʨʫʛʠ. ʊʦʜʽ ʚ ʣʘʥʮʶʟʽ ʙʫʜʝ ʜʽʷʪʠ ʧʫʣʴʩʫʶʯʘ ʥʘʧʨʫʛʘ, ʙʝʟʧʝʯʥʘ ʜʣʷ ʢʦʥʜʝʥʩʘʪʦʨʘ ʟʘ ʫʤʦʚʠ 

ʧʨʘʚʠʣʴʥʦʾ ʧʦʣʷʨʥʦʩʪʽ ʡʦʛʦ ʚʢʣʶʯʝʥʥʷ ʚ ʩʭʝʤʫ. ʇʫʣʴʩʫʶʯʫ ʥʘʧʨʫʛʫ ʤʦʞʥʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʚʢʣʶʯʝʥʥʽ ʚ ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʭʝʤʫ ʜʽʦʜʘ. ʋ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʚʦʣʴʪʤʝʪʨ V ʽ ʤʽʣʽʘʤʧʝʨʤʝʪʨ mA ʧʦʚʠʥʥʽ ʚʠʤʽʨʶʚʘʪʠ ʣʠʰʝ 

ʟʤʽʥʥʽ ʩʢʣʘʜʦʚʽ ʥʘʧʨʫʛʠ ʽ ʩʪʨʫʤʫ, ʜʣʷ ʯʦʛʦ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʟʘʢʨʠʪʦʶ ʩʭʝʤʦʶ ʚʭʦʜʫ. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʤʘʣʠʭ ʯʘʩʪʦʪʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʤʘʭ ʚʽʜʭʠʣʝʥʴ ʪʦʚʱʠʥʠ ʰʘʨʫ 

ʤʘʩʪʠʣʘ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘ ʧʨʠ ʚʝʣʠʢʠʭ ʯʘʩʪʦʪʘʭ ï ʟʤʝʥʰʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ 

ʟʥʘʯʥʦʛʦ ʝʬʝʢʪʫ ʜʝʤʧʬʫʶʯʦʛʦ ʤʘʩʪʠʣʴʥʦʛʦ ʰʘʨʫ. 

ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʫʜʘʨʥʠʭ ʚʟʘʻʤʦʜʽʡ ʤʘʩʪʠʣʴʥʠʡ ʰʘʨ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʧʝʨʝʩʪʘʻ ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʫ ʪʠʩʢʫ, ʘ ʚʝʣʠʯʠʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʡʤʝʥʰʫ ʚ ʯʘʩʽ 

ʪʦʚʱʠʥʫ ʰʘʨʫ, ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʧʝʢʪʨʘ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʆʜʥʦʯʘʩʥʦ 

ʜʝʱʦ ʟʤʝʥʰʫʶʪʴʩʷ ʨʽʚʥʽ ʰʫʤʫ ʪʘ ʚʽʙʨʘʮʽʡ. 

ʆʪʞʝ, ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ, ʥʘ ʢʦʥʪʘʢʪʥʫ ʚʠʪʨʠʚʘʣʽʩʪʴ ʽ ʥʘ ʟʘʾʜʘʥʥʷ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʟʫʙʯʘʩʪʠʭ ʧʝʨʝʜʘʯʘʭ 

ʟ ʘʩʠʤʝʪʨʠʯʥʠʤ ʧʨʦʬʽʣʝʤ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩʪʠʣʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʛ, ʘʣʝ ʽ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʚʝʣʠʯʠʥʠ ʜʠʥʘʤʽʯʥʦʛʦ ʧʦʩʠʣʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʫʜʘʨʥʫ 
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ʄʆɼɽʃʔ ʌʆʈʄʋɺɸʅʅʗ ɼʆʇʆʄɯɾʅʀʍ ʄɸʐʀʅʅʆʈʋʏʅʓʍ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʆʇɽʈɸʎɯʁ  

 
ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ʜʦʧʦʤʽʞʥʠʭ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ  ʧʨʠ ʦʙʨʦʙʮʽ 

ʚʠʨʦʙʽʚ ʥʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʾ ʧʨʘʮʽ, ʷʢʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʩʝʤʘʥʪʠʯʥʠʭ ʤʝʨʝʞʘʭ ʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʙʫʜʦʚʫʚʘʥʥʷ ʚ 
ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʧʝʨʝʜʫʤʦʚʠ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ (ʄʌ ɼʄʈʊʆ). ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ ʤʦʜʝʣʽ ʄʌ ɼʄʈʊʆ. ʇʨʠʚʝʜʝʥʽ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ɺʄʈʊʆ ʽ ʘʣʛʦʨʠʪʤ 
ʬʦʨʤʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʧʝʨʝʭʦʜʽʚ. ʋ ʩʠʩʪʝʤʽ Mathʉad 15 ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʄʈʊʆ ʽ ʪʝʩʪʦʚʠʡ ʧʨʠʢʣʘʜ 

ʨʦʟʨʘʭʫʥʢʽʚ. ʇʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽ ʨʦʟʨʘʭʫʥʢʫ ʝʣʝʤʝʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩ ʟ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʯʥʦʾ ʧʨʘʮʽ. ʅʘ ʧʨʠʢʣʘʜ, ʚ ʪʫʨʙʽʥʦʙʫʜʫʚʘʥʥʽ, ʘʚʽʘʙʫʜʫʚʘʥʥʽ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʘʞʢʠʭ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʥ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʰʠʥʥʦ-ʨʫʯʥʘ ʦʧʝʨʘʮʽʷ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 
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MODEL OF FORMING AUXILIARY MACHINE -HAND TECHNOLOGICAL  OPERATIONS  
In the article the mathematical model of forming of sequence  of auxiliary machine-hand technological operations  is considered at treatment of wares 

on metal-cutting machine tools with the use of hand labour, built on semantic networks  and intended for building in the simulation models of the productive 

system. Basic pre-conditions of creation of model of forming of auxiliary machine-hand technological operations (MF FAMTO) are considered in the article. 

Scientific bases of model of MF FAMTO are set forth. Resulted chart of calculation of indexes of FAMTO and algorithm of forming of sequence of 

implementation of auxiliary transitions. In the system Mathʉad 15 presented model of forming of FAMTO and test example. The offered model can be used 

for forming and calculation of elements technological process with the large stake of the use of hand labour. On an example, in building of turbines, aircraft 
building, at making of heavy metal-cutting machine tools and other 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʰʠʥʥʦ-ʨʫʯʥʘ ʦʧʝʨʘʮʽʷ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʧʦʤʽʞʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦ ʷʢʦʛʦ ʚʽʜʥʦʩʠʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ, ʫ 

ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ ʚʝʣʠʢʫ ʯʘʩʪʢʫ ʟʘʡʤʘʶʪʴ ʦʧʝʨʘʮʽʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʯʥʦʾ ʧʨʘʮʽ. 

(ʜʦʧʦʤʽʞʥʽ ʤʘʰʠʥʥʦ-ʨʫʯʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ (ʄʌ ɼʄʈʊʆ). ɿʥʘʯʥʫ ʯʘʩʪʠʥʫ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʧʝʨʘʮʽʾ 

ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ (ʙʣʠʟʴʢʦ 40%) ʟʘʡʤʘʶʪʴ ʜʦʧʦʤʽʞʥʽ ʦʧʝʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʾ ʨʦʙʦʪʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʄʈʊʆ), ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʢʨʫʧʥʝʥʽ ʥʦʨʤʘʪʠʚʠ 

ʯʘʩʫ, ʷʢʽ ʧʨʠʧʫʩʢʘʶʪʴʩʷ ʟʥʘʯʥʦʾ ʧʦʤʠʣʢʠ ʦʙʯʠʩʣʝʥʴ ʜʽʡʩʥʦʾ ʥʦʨʤʠ ʯʘʩʫ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʘʙʣʦʥʽʚ 

ʪʠʧʦʚʠʭ ʨʦʙʦʯʠʭ ʩʠʪʫʘʮʽʡ, ʷʢʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʫʩʽʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʽʢʦ-ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʣʴʥʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ. 

ʇʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʫ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʤʦʞʣʠʚʦ ʥʘ ʰʣʷʭʫ ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʄʈʊʆ. ɹʘʟʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ 

ʤʘʰʠʥʥʦ-ʨʫʯʥʳʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ.  ʇʦʰʫʢ ʤʘʨʰʨʫʪʫ ʦʙʨʦʙʢʠ ʚ ʄʈʊʆ ʻ ʥʝʦʜʥʦʟʥʘʯʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʚʽʪʴ ʜʣʷ 

ʧʨʦʩʪʦʛʦ ʨʦʙʦʯʦʛʦ ʦʪʦʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʚʠʢʦʥʘʚʮʝʤ ʻ ʣʶʜʠʥʘ, ʥʘ ʷʢʫ ʚʧʣʠʚʘʶʪʴ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʽ ʽ 

ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ.  

ʅʘ ʧʨʠʢʣʘʜ, ʜʣʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʚʝʨʩʪʘʪʥʠʢʘ (ʨʠʩ. 1) ʛʨʘʬ-ʜʝʨʝʚʦ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʦʢʘʨʥʦʾ ʄʈʊʆ 

ʤʘʻ ʰʽʩʪʴ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ: f, e, d, c, b, a (ʨʠʩ 2). 

ʉʠʩʪʝʤʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʨʦʙʦʯʠʭ ʨʫʭʽʚ ʜʦʧʦʤʽʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦʟʚʦʣʷʻ ʥʘʡʜʝʪʘʣʴʥʽʰʝ 

ʚʽʜʦʙʨʘʟʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʾ ʽ ʟʜʽʡʩʥʠʪʠ ʾʾ ʽʤʽʪʘʮʽʶ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʝʨʩʪʘʪʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʽʚ 

ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ.  

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʝ 

ʜʨʽʙʥʦʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʘʜʘʧʪʠʚʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʡʦʛʦ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ ʫʤʦʚʠ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʥʝ ʣʠʰʝ ʩʚʦʻʯʘʩʥʦ ʦʮʽʥʠʪʠ ʚʪʨʘʪʠ ʯʘʩʫ ʘʣʝ ʽ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʭʦʜʷʯʠ ʟ ʧʝʚʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʨʦʟʚʠʪʢʫ ʧʦʪʦʢʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʜʨʽʙʥʦʩʝʨʽʡʥʠʭ ʽ ʩʝʨʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ. 

ɸʥʘʣʽʟ ʧʨʦʙʣʝʤʠ. ʋ ʩʚʽʪʽ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʠ ʤʽʢʨʦʝʣʝʤʝʥʪʥʽ ʙʘʟʦʚʽ ʩʠʩʪʝʤʠ: ʄʊʄ-1 [23] ʽ Worc - 

Factor [22]. ʉʪʚʦʨʝʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ : Most, Univation [30], Wocom4M - Data 

[28], Modapts [12, 24], Plus, TaskMaster 2000 [25] ʽ ʽʥʰʽ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʩʠʩʪʝʤʽ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ɹʉʄ-1 [212] ʬʦʨʤʫʣʘ ʟʘʣʝʞʥʦʩʪʽ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ (1) : 

 

Ti = K iÖSa1ÖPa2Öla3Öja4ÖLa5ÖDa6ÖFa7ÖKocÖKkÖKopÖKyÖKʩʪÖKʧÖKʪ,   ,  (1) 

 

ʜʝ: Ti- ʥʦʨʤʘʪʠʚʥʘʷ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ i -ʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʘ; 

K i - ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʫ ʢʫʪʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ; 

a1, a2, a3, a4, a5, a6, a7 - ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʨʠ, ʢʽʣʴʢʽʩʥʠʭ ʯʠʥʥʠʢʽʚ; 

a1, a2, a3, a4, a5, a6, a7 - ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʨʠ, ʢʽʣʴʢʽʩʥʠʭ ʯʠʥʥʠʢʽʚ; 

Koc- ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʥʝʙʝʟʧʝʢʠ; 
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É ʆ.ʄ. ʐʝʣʢʦʚʠʡ, ʄ.ɯ. ɻʘʩʘʥʦʚ,  ʆ.ʖ. ɿʘʢʦʚʦʨʦʪʥʽʡ, ʖ.ʄ. ɻʣʘʚʯʝʚʘ, ɺ.ɯ. ʃʝʪʶʢ, ɼ.ɺ. ʌʝʜʝʥʶʢ,  2022 

Kk - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʢʦʥʪʨʦʣʶ ; 

Kop - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʦʨʽʻʥʪʘʮʽʾ;  

Ky - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʟʨʫʯʥʦʩʪʽ ʨʦʙʦʪʠ; 

Kʧ - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʱʽʣʴʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ; 

Kʩʪ - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʤʽʨʫ ʦʙʤʝʞʝʥʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ; 

Kʪ - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘ ʪʠʧ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

 
 

ʈʠʩ. 1 ï ʌʨʘʛʤʝʥʪ ʪʦʢʘʨʥʦʾ ʦʧʝʨʘʮʽʾ çɺʩʪʘʥʦʚʣʝʥʥʷ ʚ ʧʘʪʨʦʥʽ ʟ ʟʘʪʠʩʢʦʤ ʟʘʜʥʽʤ ʮʝʥʪʨʦʤè 

 

 
 

ʈʠʩ. 2 ï ɻʨʘʬ-ʜʝʨʝʚʦ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʨʝʘʣʽʟʘʮʽʾ ʪʦʢʘʨʥʦʾ ʦʧʝʨʘʮʽʾ  

"ʋʩʪʘʥʦʚʢʘ ʚ ʧʘʪʨʦʥʽ ʟ ʧʽʜʪʠʩʢʘʥʥʷʤ ʟʘʜʥʽʤ ʮʝʥʪʨʦʤ" 
 

ʋ ʩʠʩʪʝʤʫ ʤʽʢʨʦʝʣʝʤʝʥʪʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʯʘʩʫ ɹʉʄ-1 ʙʫʚ ʟʘʢʣʘʜʝʥʠʡ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʦʙʦʪʠ, ʪʝʤʧʫ ʨʦʙʦʪʠ, ʧʨʠ ʷʢʦʤʫ ʩʪʦʤʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʦʛʦ ʧʦʨʦʛʫ [2, 19, 20, 27, 32, 34]. 

ʊʫʪ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʚʠʪʨʘʪ ʯʘʩʫ ʥʘ ʤʽʢʨʦʝʣʝʤʝʥʪ, ʟʘʣʝʞʥʦʩʪʽ ʥʦʩʷʪʴ ʝʤʧʽʨʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʘ ʟʥʘʯʠʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʙʤʝʞʝʥʝ ʫ ʨʘʤʢʘʭ, ʚʢʘʟʘʥʠʭ ʚ ʜʞʝʨʝʣʽ [2], ʜʽʘʧʘʟʦʥʽʚ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʨʘʭʦʚʫʶʪʴʩʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʽ ʤʽʨʘ ʧʦʛʨʽʰʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ ʟʨʦʩʪʘʻ ʫ ʤʽʨʫ ʥʘʙʣʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ, ʷʢʦʛʦ ʘʙʦ ʟ ʜʘʥʠʭ ʯʠʥʥʠʢʽʚ, ʜʦ ʤʝʞʽ 

ʚʨʘʭʦʚʘʥʦʛʦ ʜʣʷ ʥʴʦʛʦ ʜʽʘʧʘʟʦʥʫ. 
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ɿʦʥʘ ʟʙʝʨʽʛʘʥʥʷ 

ʥ̔ʩʪʨʫʤʝʥʪʘ 

ɿʦʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ɿʦʥʘ  

ʧʨʦʤʽʞʥʦʛʦ  

ʟʙʝʨʛ̔ʘʥʥʷ 
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ʜʣʷ ʟʘʛʦʪ̔ʚʦʢ 
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ʋ ɹʉʄ-1 ʟ ʦʙʣʽʢʦʤ ʚʠʜʽʚ ʨʦʟʨʽʟʥʷʶʪʴ 41 ʤʽʢʨʦʝʣʝʤʝʥʪ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʢʦʞʥʦʤʫ ʤʽʢʨʦʝʣʝʤʝʥʪʫ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʘ 

ʮʽʣʴʦʚʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ - ʪʠʤʯʘʩʦʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʷʢʘ ʚʽʜʙʠʚʘʻ ʟʘʣʝʞʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʡʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʚʽʜ ʥʘʙʦʨʫ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ (ʫʤʦʚ ʧʨʦʪʽʢʘʥʥʷ ʪʨʫʜʦʚʦʛʦ ʧʨʦʮʝʩʫ). 

ʗʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ ʜʞʝʨʝʣʘʭ [2, 18, 19, 26], ʫʩʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʦʩʥʦʚʥʽ ʽ ʜʦʧʦʤʽʞʥʽ (ʪʘʙʣ. 1).  

 

ʊʘʙʣʠʮ ̫1 ï ʇʝʨʝʣʽʢ ʦʩʥʦʚʥʠʭ ʽ ʜʦʧʦʤʽʞʥʠʭ ʨʫʭʽʚ 

ʆʩʥʦʚʥʽ ʨʫʭʠ: ɼʦʧʦʤʽʞʥʽ: 

ʫʟʷʪʠ (ɺ); ʧʨʦʪʷʛʥʫʪʠ ʨʫʢʫ (ʇʈ); 

ʚʩʪʘʥʦʚʠʪʠ (ʋ); ʧʝʨʝʤʽʩʪʠʪʠ (ʇ); 

ʨʦʟ'ʻʜʥʘʪʠ (ʈ); ʧʝʨʝʤʽʩʪʠʪʠ (X); 

ʧʦʚʝʨʥʫʪʠ (ʇʆ); ʧʦʚʝʨʥʫʪʠ ʪʫʣʫʙ (ʇʊ); 

ʦʙʝʨʪʘʪʠ (ɺʈ); ʚʽʜʧʫʩʪʠʪʠ (ʆʊ); 

ʥʘʪʠʩʥʫʪʠ ʨʫʢʦʶ (ʅʈ); ʥʘʛʥʫʪʠʩʷ ʜʦ ʧʽʜʣʦʛʠ (ʅʇ) ; 

ʥʘʪʠʩʥʫʪʠ ʥʦʛʦʶ (ʅʅ); 

ʚʠʧʨʷʤʠʪʠʩʷ (ɺʅʇ) ʪʘ ʪʘʢʝ ʽʥʰʝ 
ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʨʦʟʤʽʨ (ʋʈ). 

 

ʆʩʥʦʚʥʠʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ ʻ ʪʽ, ʷʢʽ ʚʠʨʘʞʘʶʪʴ ʦʩʥʦʚʥʫ ʤʝʪʫ ʚ ʪʨʫʜʦʚʦʤʫ ʧʨʦʮʝʩʽ, ʱʦ ʧʨʦʝʢʪʫʻʪʴʩʷ. ɺʦʥʠ ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚ ʪʨʫʜʦʚʦʤʫ ʧʨʦʮʝʩʽ, ʥʘʚʢʦʣʦ ʷʢʠʭ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ  ʜʦʧʦʤʽʞʥʽ, ʪʘʢʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ 

ʚʠʢʦʥʘʥʥʷ ʽ ʟʚ'ʷʟʦʢ ʤʽʞ ʥʠʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʜʦʧʫʩʢʘʻ ʧʦʙʫʜʦʚʫ ʩʭʝʤ ʨʦʙʦʯʦʛʦ ʦʪʦʯʝʥʥʷ ʽ 

ʚʠʤʘʛʘʻ ʚʽʜ ʥʦʨʤʫʚʘʣʴʥʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʫʩʽʭ ʢʽʣʴʢʽʩʥʠʭ ʯʠʥʥʠʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʥʘ ʾʭ ʦʩʥʦʚʽ [5, 9, 13, 14, 

15, 29, 35, 36]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʛʦ ʥʦʨʤʫʚʘʥʥʷ ʜʦʧʫʩʢʘʻ ʧʦʙʫʜʦʚʫ ʩʭʝʤ ʨʦʙʦʯʦʛʦ ʦʪʦʯʝʥʥʷ ʽ 

ʚʠʤʘʛʘʻ ʚʽʜ ʥʦʨʤʫʚʘʣʴʥʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʫʩʽʭ ʢʽʣʴʢʽʩʥʠʭ ʯʠʥʥʠʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʢʨʦʝʣʝʤʝʥʪʘ ʥʘ ʾʭ ʦʩʥʦʚʽ [1, 2, 19, 20, 

27, 32, 34]. 

ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʩʠʪʫʘʮʽʡ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʜʠʥʘʤʽʯʥʠʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ [16, 17, 

21, 30, 31, 33, 37]. ɸʥʘʣʽʟ ʽ ʟʤʽʥʠ ʨʦʙʣʷʪʴ ʪʘʢʦʞ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʜ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʘ ʥʝ ʥʘʜ ʘʙʩʪʨʘʢʪʥʠʤʠ 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʘʙʦ ʘʣʛʦʨʠʪʤʽʯʥʠʤʠ ʦʧʠʩʘʤʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʥʠʢʦʚʽ ʦʪʨʠʤʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ ʟʘʧʝʨʝʯʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ, ʷʢ ʚ ʘʥʘʣʽʪʠʯʥʠʭ, ʪʘʢ ʽ ʚ ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʦʧʠʩʘʭ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʧʦʜʽʙʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʨʝʙʘ ʤʘʪʠ ʚ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʜʣʷ 

ʦʙʨʦʙʢʠ. ʋ ʨʘʟʽ ʧʨʦʮʝʩʽʚ ʜʦʧʦʤʽʞʥʦʾ ʨʦʙʦʪʠ, ʪʘʢʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʨʦʙʦʯʦʛʦ 

ʦʪʦʯʝʥʥʷ ʫ ʙʫʜʴ-ʷʢʠʡ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʽ ʧʨʦ ʪʝ, ʥʘʜ ʷʢʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʽ ʟʘʣʝʞʥʦ ʚʽʜ ʷʢʠʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʪʽ ʘʙʦ ʽʥʰʽ ʜʽʾ, ʘ ʪʘʢʦʞ ʩʘʤ ʭʘʨʘʢʪʝʨ ʮʠʭ ʜʽʡ, ʪʦʤʫ ʱʦ ʟʥʘʯʥʘ ʾʭ ʯʘʩʪʠʥʘ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʣʶʜʠʥʦʶ. 

ɹʝʣʝʚʩʴʢʠʤ ʂ.ɽ. [3 - 11] ʨʦʟʨʦʙʣʝʥʽ ʧʨʠʥʮʠʧʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʟ ʘʣʛʦʨʠʪʤʽʯʥʠʤ 

ʦʧʠʩʦʤ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ, ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʦʧʠʩʫ, ʚʠʢʦʥʘʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʦʙʦʪʠ. ɺʽʥ ʜʽʡʰʦʚ ʚʠʩʥʦʚʢʫ ʧʨʦ ʪʝ, ʱʦ ʽʤʽʪʘʮʽʷ ʫʩʽʭ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʤʦʜʠʬʽʢʘʮʽʶ ʨʦʙʦʯʦʛʦ ʦʪʦʯʝʥʥʷ ʚ ʘʣʛʦʨʠʪʤʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʥʝʜʦʮʽʣʴʥʘ, ʦʩʢʽʣʴʢʠ ʥʘʜʤʽʨʥʦ ʡʦʛʦ 

ʫʩʢʣʘʜʥʠʪʴ ʽ ʫʥʝʤʦʞʣʠʚʠʪʴ ʧʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʩʢʣʘʜʫ ʦʧʝʨʘʮʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʊʦʤʫ ʘʚʪʦʨʦʤ ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʫʥʽʬʽʢʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʦʧʠʩʫ ʦʙ'ʻʢʪʽʚ-ʦʧʝʨʘʮʽʡ, ʪʘʢ ʫ ʨʦʙʦʪʽ ʉ. ɸ. ʖʨʦʚʩʢʦʛʦ, ɺ. ʍ. 

ʇʝʜʨʦ [19], ʪʨʫʜʦʚʠʡ ʧʨʦʮʝʩ ʧʨʦʧʦʥʫʻʪʴʩʷ ʙʫʜʫʚʘʪʠ ʟ ʤʦʜʝʣʝʡ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʫʢʨʫʧʥʝʥʥʷ. ʄʦʜʝʣʽ ʤʽʞ ʨʽʚʥʷʤʠ 

ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʟʥʘʢʘʤʠ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʯʠʥʥʠʢʘʤʠ. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ʅʠʞʯʠʡ (ʧʝʨʰʠʡ) ʨʽʚʝʥʴ ʫʢʨʫʧʥʝʥʥʷ ʫʪʚʦʨʶʶʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʥʽ ʥʦʨʤʘʪʠʚʠ ɹʉʄ-1. 

ɼʨʫʛʠʡ ʨʽʚʝʥʴ ʫʢʨʫʧʥʝʥʥʷ (ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʫʢʚʦʶ "ɸ") ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʦʜʝʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʦʩʪʠʤ ʪʨʫʜʦʚʠʤ 

ʜʽʷʤ ʟ ʦʜʥʠʤ ʧʨʝʜʤʝʪʦʤ. ʋ ʦʩʥʦʚʽ ʾʭ ʧʦʙʫʜʦʚʠ ʣʝʞʠʪʴ ʚʽʜʥʝʩʝʥʥʷ ʜʦ ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʩʥʦʚʥʠʭ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ʊʨʝʪʽʡ ʨʽʚʝʥʴ ʫʢʨʫʧʥʝʥʥʷ (ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʫʢʚʦʶ "ɹ") ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʠʧʦʚʠʤʠ ʪʨʫʜʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʫʜʦʚʠʤ ʧʨʠʡʦʤʘʤ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʛʦ ʧʨʝʜʤʝʪʘ ʘʙʦ ʟʘʩʦʙʫ ʧʨʘʮʽ. ʎʝ ʦʙ'ʻʜʥʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʤʦʜʝʣʝʡ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʫʢʨʫʧʥʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɺʠʢʣʶʯʝʥʥʷ 

ʩʢʣʘʜʘʶʪʴ ʧʨʦʮʝʩʠ ʪʠʧʫ "ʚʽʜʢʣʘʩʪʠ ʽʥʩʪʨʫʤʝʥʪ ʽ ʫʟʷʪʠ ʽʥʰʠʡ". ʉʢʣʘʜʘʻʪʴʩʷ ʟ 20 ʛʨʫʧ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. 

ʏʝʪʚʝʨʪʠʡ ʨʽʚʝʥʴ ʫʢʨʫʧʥʝʥʥʷ (ʧʦʟʥʘʯʘʻʪʴʩʷ ʙʫʢʚʦʶ "ʂ") ī ʮʝ ʤʦʜʝʣʽ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʢʦʤʧʣʝʢʩʘʤ ʧʨʠʡʦʤʽʚ, ʨʦʙʦʪʠ ʪʘʢʦʛʦ ʦʙ'ʻʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʝʣʝʤʝʥʪʽʚ, ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʭʦʜʠ 

(ʜʣʷ ʧʝʚʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʜʝʪʘʣʝʡ ʽ ʚʞʠʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ). 

ɺʠʜʽʣʷʻʪʴʩʷ 4 ʛʨʫʧʠ ʧʦʜʽʙʥʠʭ ʤʦʜʝʣʝʡ: 
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- ʧʝʨʰʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʤʦʜʝʣʽ, ʚ ʦʩʥʦʚʽ ʷʢʠʭ ʣʝʞʘʪʴ ʪʨʫʜʦʚʽ ʜʽʾ: ʇʈ - ʧʨʦʪʷʛʥʫʪʠ ʨʫʢʫ ʽ ɺ - ʫʟʷʪʠ. ɺʦʥʠ ʬʦʨʤʫʶʪʴʩʷ ʟ 

ʥʘʡʤʝʥʫʚʘʥʴ ʙʘʟʦʚʠʭ ʤʦʜʝʣʝʡ ʟ ʜʦʜʘʚʘʥʥʷʤ ʥʘʡʤʝʥʫʚʘʥʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʤʽʢʨʦʝʣʝʤʝʥʪʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʷʢʘ ʜʦʧʦʚʥʶʻ ʾʾ, ʥʘʧʨʠʢʣʘʜ (1) 
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ʜʝ ɺ1 - ʫʟʷʪʠ ʦʜʥʽʻʶ ʨʫʢʦʶ; 

ɺ2 - ʫʟʷʪʠ ʜʚʦʤʘ ʨʫʢʘʤʠ; 

ʈ1 - ʨʦʟ'ʻʜʥʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʨʫʢʠ; 

ʈ2 - ʨʦʟ'ʻʜʥʘʪʠ, ʚʭʦʧʠʚʰʠʩʴ ʜʚʦʤʘ ʨʫʢʘʤʠ; 

ʍ - ʭʦʜʠʪʠ. 

- ɼʨʫʛʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʙʘʟʦʚʽ ʤʦʜʝʣʽ ʪʠʧʫ "ʧʝʨʝʤʽʩʪʠʪʠ" ʽ "ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʧʣʦʱʠʥʫ", ʜʦ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʜʘʥʽ 

ʤʽʢʨʦʝʣʝʤʝʥʪʠ "ʭʦʜʠʪʠ" (X), "ʧʦʚʝʨʥʫʪʠ ʪʫʣʫʙ" (ʇʊ) ʽ ʽʥ. (3): 
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ʜʝ ʋʇ1 - ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʧʣʦʱʠʥʫ ʦʜʥʽʻʶ ʨʫʢʦʶ (ʜʚʦʤʘ ʨʫʢʘʤʠ); 

ʇ1 -  ʧʝʨʝʤʽʩʪʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʨʫʢʠ (ʜʚʦʭ ʨʫʢ); 

ʋʆ1 - ʚʩʪʘʥʦʚʠʪʠ ʚ ʦʪʚʽʨ ʦʜʥʽʻʶ ʨʫʢʦʶ; 

ʆʊ - ʚʽʜʧʫʩʪʠʪʠ. 

- ʊʨʝʪʷ ʛʨʫʧʘ ʤʦʜʝʣʝʡ ʜʨʫʛʦʛʦ ʨʽʚʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʽʾ ʇʈ-ɺ (ʧʨʦʪʷʛʥʫʪʠ ʨʫʢʫ ʽ ʫʟʷʪʠ). ɰʾ ʛʦʣʦʚʥʫ ʯʘʩʪʠʥʫ ʩʢʣʘʜʘʶʪʴ 

ʤʽʢʨʦʝʣʝʤʝʥʪʠ (4): 
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ʜʝ ʇʆɻ - ʧʦʚʝʨʥʫʪʠ ʧʨʝʜʤʝʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; 

ʇʆɺ - ʧʦʚʝʨʥʫʪʠ ʧʨʝʜʤʝʪ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ; 

ʇɯʈ - ʧʦʚʝʨʥʫʪʠ ʨʫʢʽʚ'ʷ; 

ʇʇ - ʧʝʨʝʤʽʩʪʠʪʠ ʧʦ ʧʦʚʝʨʭʥʽ. 

- ʏʝʪʚʝʨʪʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʥʘʩʪʫʧʥʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʅʈ(5) : 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʄʈʊʆ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ (ʨʠʩ. 3). 
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ʈʠʩ. 3 ï ɻʨʘʬ-ʜʝʨʝʚʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʄʈʊʆ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʟʤʽʩʪ ʪʝʭʥʦʣʦʛʽʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʨʠ ʡʦʛʦ ʜʽʾ ʥʘ ʧʨʦʮʝʩ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ , ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ: 

ʇʦʩʪʽʡʥʽ ʯʠʥʥʠʢʠ: ʦʧʠʩ ʦʧʝʨʘʮʽʾ - ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ : ʢʘʨʪʘ ʽʥʩʪʨʫʢʮʽʾ; ʦʧʠʩ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ - 

ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ : ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʧʣʘʥʫʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ; ʦʧʠʩ ʦʩʥʦʚʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ - ʜʞʝʨʝʣʦ 

ʽʥʬʦʨʤʘʮʽʾ : ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ (ʧʘʩʧʦʨʪ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʽʥʩʪʨʫʢʮʽʷ ʽ ʪʘʢ ʜʘʣʽ), ʨʠʩ. 4, ʘ. 

ʋʤʦʚʥʦ ʧʦʩʪʽʡʥʽ ʯʠʥʥʠʢʠ: ʦʧʠʩ ʦʩʥʦʚʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ - ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ : ʪʝʭʥʽʯʥʘ ʜʦʢʫʤʝʥʪʘʮʽʷ (ʧʘʩʧʦʨʪ, 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʽʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ (ʚʝʨʩʪʘʪʘ) ʪʘ ʽʥ.); ʦʧʠʩ ʦʩʥʦʚʥʦʛʦ ʽ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʽʚ - ʜʞʝʨʝʣʦ 

ʽʥʬʦʨʤʘʮʽʾ : ʪʝʭʥʽʯʥʘ ʣʽʪʝʨʘʪʫʨʘ, ʜʦʢʫʤʝʥʪʘʮʽʷ; ʦʧʠʩ ʟʘʩʦʙʫ ʚʠʤʽʨʫ - ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ : ʧʘʩʧʦʨʪ, ʪʝʭʥʽʯʥʘ 

ʣʽʪʝʨʘʪʫʨʘ, ʜʦʢʫʤʝʥʪʘʮʽʷ, ʨʠʩ. 4, ʙ. 

ɿʤʽʥʥʽ ʯʠʥʥʠʢʠ: ʦʧʠʩ ʦʙ'ʻʢʪʫ "ʚʠʨʽʙ" - ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ : ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ, ʢʨʝʩʣʝʥʥʷ ʟʘʛʦʪʽʚʣʽ ʽ 

ʜʝʪʘʣʽ; ʦʧʠʩ ʧʦʣʦʞʝʥʴ ʦʩʥʦʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚʽʜʥʦʩʥʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʟʘʛʦʪʽʚʣʽ - ʜʞʝʨʝʣʦ ʽʥʬʦʨʤʘʮʽʾ : ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʦʧʝʨʘʮʽʷ, ʨʦʙʦʯʘ ʧʨʦʛʨʘʤʘ, ʨʠʩ. 5. 

ʊʦʜʽ ʮʽʣʴʦʚʘ ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʥʝ ʧʦʚʥʽʩʪʶ, ʘ ʯʘʩʪʢʦʚʦ - ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʝʷʢʦʾ ʚʢʣʶʯʝʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦ 

ʟʥʘʯʠʤʠʭ ʟʘʭʦʜʽʚ ʫ ʨʘʤʢʘʭ ʦʧʝʨʘʮʽʡ ʽ ʧʝʨʝʭʦʜʽʚ:  

 

<ʜʽʷ> Ë <ʧʝʨʝʭʽʜ> Ë <ʦʧʝʨʘʮʽʷ>.     (6) 

 

ʋ ʨʘʤʢʘʭ ʪʠʧʦʚʦʾ ʤʘʰʠʥʥʦ-ʨʫʯʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ (ʄʈʊʆ) ʯʘʩ ʾʾ ʚʠʢʦʥʘʥʥʷ 
Ì ÐÒÎ

T  ʤʘʻ ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʟʘʣʝʞʥʽʩʪʴ (7) 

=
è ø
é ù
ê ú

Ï Î Â èñï

Ì ÐÒÎ

Ä(m, Ã,Ô),Òðóä(N , Êà÷), Í (Ô, Èí ô ),
T f

Î ñí (ÑÒ, Ï Ð,ÂÈ, ÐÈ,ÑÈ),Î ðã(Òðàí ñï , Èí â, Ï Ë)
,   (7) 

 

ʜʝ Ä(m, Ã,Ô) - ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʝʪʘʣʴ: ʤʘʩʫ, ʛʘʙʘʨʠʪʠ, ʬʦʨʤʫ; 
Ï Î Â

Òðóä(N ,Êà÷) - ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʫ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʨʦʙʢʠ : ʢʽʣʴʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʮʽʡ ʦʧʝʨʘʮʽʾ, ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ ʢʦʞʥʦʾ 

ʧʦʚʝʨʭʥʽ (ʢʚʘʣʽʪʝʪ, ʯʠʩʪʦʪʘ); 
èñï

Í (Ô, Èí ô )  - ʥʘʜʽʡʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʄʈʊʆ, ʟʘʣʝʞʥʘ ʚʽʜ ʩʪʘʥʫ ʚʠʢʦʥʘʚʮʷ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ 

ʬʽʟʠʯʥʦʾ ʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ; Î ñí (ÑÒ, Ï Ð, ÂÈ, ÐÈ,ÑÈ)  - ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʩʥʦʚʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʩʥʘʱʝʥʥʷ : ʚʝʨʩʪʘʪ, ʧʨʠʩʪʦʩʫʚʘʥʥʷ,, ʜʦʧʦʤʽʞʥʠʡ, ʨʽʟʘʣʴʥʠʡ, ʚʠʤʽʨʶʚʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪʠ; Î ðã(Òðàí ñï , Èí â, Ï Ë) - 

ʯʠʥʥʠʢʠ, ʚʠʟʥʘʯʫʚʘʥʽ ʦʨʛʘʥʽʟʘʮʽʻʶ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ : ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʴʢʦʶ ʩʠʩʪʝʤʦʶ, ʽʥʚʝʥʪʘʨʝʤ, ʪʠʧʦʤ 

ʧʣʘʥʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʦʙʨʦʙʢʠ. 
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ʈʠʩ. 4 ï ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʟʤʽʩʪ ʪʝʭʥʦʣʦʛʽʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʨʠ ʡʦʛʦ ʜʽʾ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ: ʧʦʩʪʽʡʥʽ (ʘ) ʽ ʫʤʦʚʥʦ ʧʦʩʪʽʡʥʽ (ʙ) ʯʠʥʥʠʢʠ 

 

ɿ ʮʠʭ ʧʦʟʠʮʽʡ, ʢʦʥʢʨʝʪʥʘ ʄʈʊʆ - ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʫʧʨʘʚʣʷʻ, ʜʣʷ ʝʣʝʤʝʥʪʘʨʥʦʶ ʚʠʨʦʙʥʠʯʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʻ 

ʯʘʩʦʚʦʶ ʩʪʨʘʪʝʛʽʻʶ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʜʦʤʘʛʘʶʪʴʩʷ, ʱʦʙ ʨʝʘʣʽʟʫʚʘʣʘʩʴ ʮʽʣʴʦʚʘ  ʬʫʥʢʮʽʷ (7) 

 

MPTO
T min­ .     (7) 

 

ʋ ʤʽʨʫ ʥʘʢʦʧʠʯʝʥʥʷ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ, ʟʘ ʢʦʞʥʦʶ ʛʨʫʧʦʶ ʜʽʡ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ ʽ ʟʥʘʥʴ ʧʨʦ ʜʝʷʢʫ 

ʧʽʜʤʥʦʞʠʥʫ ʝʣʝʤʝʥʪʽʚ ʦʩʥʘʱʝʥʥʷ, ʩʪʦʩʫʥʢʽʚ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʮʝʥʘʨʽʶ ʾʾ ʨʦʟʛʦʨʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ. ʄʈʊʆ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʷʢʦʾ ʢʦʤʙʽʥʘʮʽʾ ʪʘʢʠʭ ʛʨʫʧ (ʨʠʩ.3). 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʤ ʚʠʨʦʙʥʠʯʠʤ ʧʨʦʮʝʩʦʤ ʚʩʷʢʠʡ ʨʘʟ ʜʠʥʘʤʽʯʥʦ ʬʦʨʤʫʻʪʴʩʷ 

ʧʽʜʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʫʧʨʘʚʣʷʶʪʴ ʫʩʽʻʶ ʤʥʦʞʠʥʦʶ ʮʠʭ ʩʠʩʪʝʤ - ʨʦʙʦʯʠʭ ʛʨʫʧ ʜʽʡ. ʎʽ ʩʠʩʪʝʤʠ ʻ 

ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʨʠʩ. 6).  

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʟ ʚʠʢʦʥʫʚʘʥʠʤʠ ʤʘʰʠʥʥʦ-

ʨʫʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ ʟʜʽʡʩʥʝʥʘ ʬʦʨʤʘʣʽʟʘʮʽʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ 

ʚʝʨʩʪʘʪʥʠʢʘ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʥʝʯʽʪʢʠʭ ʩʝʤʘʥʪʠʯʥʠʭ ʤʝʨʝʞ. 

ʆʧʠʩʘʥʘ ʩʧʨʦʱʝʥʘ ʤʦʜʝʣʴ ʨʦʟʨʘʭʫʥʢʫ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʨʛʦʥʦʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ. 

ʇʨʠʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʽ ʦʧʠʩ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʄʈʊʆ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʾ ʧʨʘʮʽ ʥʘ ʨʽʚʥʷʭ: ʚʝʨʩʪʘʪ ʜʽʣʷʥʢʘ, ʣʽʥʽʷ. 
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ʈʠʩ. 5 ï ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʟʤʽʩʪ ʪʝʭʥʦʣʦʛʽʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʨʠ ʡʦʛʦ ʜʽʾ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ: ʟʤʽʥʥʽ ʯʠʥʥʠʢʠ 
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ɸ. ʇʽʜʛʦʪʦʚʢʘ ʚʭʽʜʥʠʭ ʽ ʙʘʟʦʚʠʭ ʜʘʥʠʭ  

 
ɹ. ʈʦʟʨʘʭʫʥʦʢ ʣʦʛʽʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʝʨʘʮʽʾ 

ʈʠʩ. 6 ï ʄʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ 
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ɺ. ʅʦʨʤʫʚʘʥʥʷ ʄʈʊʆ 

 
 

ɻ. ʈʦʟʨʘʭʫʥʦʢ ʤʘʨʰʨʫʪʫ ʧʝʨʝʤʽʱʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʄʈʊʆ ʪʘ ʚʠʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ 

ɿʘʢʽʥʯʝʥʥʷ ʨʠʩ. 6.  

 

 
 

ʈʠʩ. 7 ï ʈʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʤʘʰʠʥʥʦ-ʨʫʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ ʤʦʜʝʣʣʶ(ʨʠʩ. 6)  
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ʂʃʀʄɽʅʂʆ ɻ.ʇ., ʂʆɺɸʃʔʆɺ ɺ.ɼ., ɺɸʉʀʃʔʏɽʅʂʆ ʗ.ɺ., ʐɸʇʆɺɸʃʆɺ ʄ.ɺ., ʑɽʈɹɸʂʆɺɸ ɸ.ʖ. 

ʆʇʊʀʄɯɿɸʎɯʗ ʈɽɾʀʄɯɺ ʈɯɿɸʅʅʗ ʅɸ ɺɸɾʂʀʍ ɺɽʈʉʊɸʊɸʍ 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʾʾ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ.  ɽʬʝʢʪʠʚʥʽʩʪʴ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷʤ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ.  ɽʬʝʢʪʠʚʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʚʩʽʭ ʝʪʘʧʽʚ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ: ʟʘʜʦʚʽʣʴʥʠʭ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʽʟʘʮʽʾ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʚʠʩʪʫʧʘʻ ʝʢʦʥʦʤʽʯʥʠʡ: ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʽʩʪʴ 

ʨʽʟʘʥʥʷ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ, ʩʬʦʨʤʦʚʘʥʦ ʮʽʣʴʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɺʨʘʭʦʚʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʘ 
ʪʘ ʽʥʩʪʨʫʤʝʥʪʘ, ʤʘʪʝʨʽʘʣʠ ʦʙʨʦʙʣʶʚʘʥʠʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ, ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʆʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟʘ ʜʚʦʤʘ ʟʤʽʥʥʠʤ ï ʧʦʜʘʯʝʶ S ʪʘ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ V. ʦʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ 

ʨʽʟʘʥʥʷ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʩʠʤʫʤ ʩʝʨʝʜʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʤʽʥʽʤʫʤ ʩʝʨʝʜʥʴʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ 
ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʢʦʞʥʦʤʫ ʟ ʥʠʭ, ʘ ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ. 

ʉʝʨʝʜʥʽʡ ʬʘʢʪʠʯʥʠʡ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʚʝʣʠʯʠʥʦʶ ʚʠʧʘʜʢʦʚʦʶ. ʇʨʠʡʥʷʪʦ, ʱʦ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʨʦʟʧʦʜʽʣʷʚʩʷ ʟʘ ʟʘʢʦʥʦʤ ɺʝʡʙʫʣʣʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʨʽʟʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ 
ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʷʢ ʥʘ ʧʨʦʪʽʢʘʥʥʷ, ʪʘʢ ʽ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ. ʋ ʨʘʟʽ ʧʽʜʚʠʱʝʥʠʭ ʚʠʤʦʛ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʥʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʠʤʽʟʘʮʽʷ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ, ʚʘʞʢʠʡ ʚʝʨʩʪʘʪ, ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʘʣʴʥʦʩʪʽ, ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

KLYMENKO  G.P., KOVALOV  V.D., VASYLCHENKO  YA.V., SHAPOVALOV  M.V., SHERBAKOVA  A. YU. 

OPTIM IZATION OF CUTTING MODES ON HEAVY MACHINES  
The optimization of the cutting process is of great importance for metalworking in ensuring the high quality of products and increasing its 

competitiveness. Increasing the efficiency of metalworking is based on the designation of optimal cutting parameters. It is determined that the economic 

criterion is the criterion of optimality: discounted costs, prime cost and productivity. The objective functional of the discounted costs and productivity which 
considers feature of cutting on heavy machines is generated. The limitations of the design of the machine and tool, work material and tool material, tool life, as 

well as the limitations caused by the quality of the tool operation is taken into account. Optimization of cutting modes is carried out simultaneously by two 

variables - feed S and cutting speed V. Optimal cutting modes should provide the maximum average productivity and minimum average cost.  If several 
optimality criteria are used, optimization is performed for each of them. The final decision is made by comparing the obtained values. The average actual tool 

life is a random value. It was accepted that the durability period of carbide tools on heavy machine tools was distributed according to the Weibull law. It is 

established that the cutting process is characterized by a large number of interrelated factors influencing both the course and the result of the process. With 
increased requirements to the stability of the technological process of machining of parts, in determining the rational cutting parameters, the tool reliability is 

also taken into account 

Keywords: cutting parameters, heavy machine, optimality criterion, discounted costs, productivity. 

 

ɺʩʪʫʧ. ʐʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʟ ʏʇʋ ʪʘ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ɺʠʤʦʛʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ ʤʝʪʘʣʦʦʙʨʦʙʢʠ, ʧʨʠʧʫʩʢʘʶʪʴ ʨʘʮʽʦʥʘʣʴʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦʨʦʛʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʟʘʜʘʯʘʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʶ ʧʨʦʮʝʩʦʤ ʨʽʟʘʥʥʷ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʝʣʠʢʘ ʫʚʘʛʘ. 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʧʽʜʚʠʱʝʥʥʽ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ.  

ɸʥʘʣʽʟ ʩʪʘʥʫ ʧʠʪʘʥʥʷ. ɯʩʥʫʶʯʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʽ ʰʠʨʦʢʽ ʢʘʪʝʛʦʨʽʾ: ʤʝʪʦʜʠ ʫʤʦʚʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʤʝʪʦʜʠ ʙʝʟʫʤʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ (ʨʠʩ.1).  

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʷʢ ʥʘ ʧʨʦʪʽʢʘʥʥʷ, 

ʪʘʢ ʽ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ˇʨʫʥʪʫʻʪʴʩʷ ʚ ʧʨʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʨʽʟʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ ʾʾ 

ʚʘʨʪʦʩʪʽ. ɽʬʝʢʪʠʚʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʚʩʽʭ ʝʪʘʧʽʚ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ: ʟʘʜʦʚʽʣʴʥʠʭ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ ʘʚʪʦʨʠ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʟʜʘʪʥʦʛʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʽ ʤʦʜʝʣʽ. 

 
 

ʈʠʩ. 1 ï ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ 
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44                      2079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022. 2̄ (6) 

 

ʇʨʦʮʝʩ ʨʽʟʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʷʢ ʥʘ ʧʨʦʪʽʢʘʥʥʷ, 

ʪʘʢ ʽ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʫ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ˇʨʫʥʪʫʻʪʴʩʷ ʚ ʧʨʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʨʽʟʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ ʾʾ 

ʚʘʨʪʦʩʪʽ. ɽʬʝʢʪʠʚʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʚʩʽʭ ʝʪʘʧʽʚ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ: ʟʘʜʦʚʽʣʴʥʠʭ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʧʨʦʮʝʜʫʨ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ ʘʚʪʦʨʠ ʟ ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʙʦʨʫ ʩʧʦʩʦʙʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʠʡ ʚʢʣʶʯʘʻ 

ʚ ʩʝʙʝ ʨʦʟʨʦʙʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʟʜʘʪʥʦʛʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʮʽ ʤʦʜʝʣʽ. 

ɺ ʨʦʙʦʪʽ [1] ʚ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠʡʥʷʪʘ ʤʽʥʽʤʘʣʴʥʘ ʩʦʙʽʚʘʨʪʩ̔ʪʴ ʧʨʦʜʫʢʮʽʾ. ʐʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, 

ʧʦʜʘʯʘ ʽ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʥʠʭ ʟʤʽʥʥʠʭ. ɸʚʪʦʨʘʤʠ ʨʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟ 

ʜʝʢʽʣʴʢʘ ʟʤʽʥʥʠʤʠ. ɺ ʷʢʦʩʪʽ ʦʙʤʝʞʝʥʴ ʚ ʟʘʜʘʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ: ʦʙʤʝʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ 

(ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ V, ʧʦʜʘʯʽ S ʪʘ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ d), ʦʙʤʝʞʝʥʥʷ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʽʥʩʪʨʫʤʝʥʪʫ (Tp) ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 

ʦʙʤʝʞʝʥʥʷ (ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʩʠʣʠ ʨʽʟʘʥʥʷ ʪʘ ʧʦʪʫʞʥʦʩʪʽ). ʆʧʝʨʘʮʽʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʪʦʯʽʥʥʷ ʪʘ ʯʠʩʪʦʚʦʛʦ ʪʦʯʽʥʥʷ ʤʘʶʪʴ 

ʩʚʦʾ ʚʣʘʩʥʽ ʦʙʤʝʞʝʥʥʷ, ʪʦʤʫ ʚʦʥʠ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʢʨʝʤʦ.  

ʄʽʥʽʤʘʣʴʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ, ʟʘ ʚʠʥʷʪʢʦʤ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

UC = CI + CM + CR + CT,          (1) 

ʜʝ CI ï ʚʠʪʨʘʪʠ ʟʘ ʧʨʦʩʪʽʡ ʦʙʣʘʜʥʘʥʥʷ ʯʝʨʝʟ ʦʧʝʨʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ($/ʰʪ.); 

CM ï ʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʟʘ ʬʘʢʪʠʯʥʠʤ ʯʘʩʦʤ ʨʽʟʘʥʥʷ ($/ʰʪ.); 

CR ï ʚʘʨʪʽʩʪʴ ʟʘʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʫ ($/ʰʪ.); 

CT ï ʚʘʨʪʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʟʥʦʰʝʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ($/ʰʪ.). 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʪʨʘʜʠʮʽʡʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʤʝʪʦʜ ʽ ʤʝʪʦʜ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɺ ʨʦʙʦʪʽ [2] ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʧʨʠ ʦʙʨʦʙʮʽ ʟʘʛʦʪʦʚʢʠ ʟ 

ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ çʤʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʫè ʜʣʷ ʙʘʛʘʪʦʚʠʤʽʨʥʠʭ ʬʫʥʢʮʽʡ. ʈʦʟʨʦʙʣʝʥʦ 

ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ ʟ ʪʘʢʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ, ʷʢ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʇ), ʩʦʙʽʚʘʨʪʽʩʪʴ (C), ʨʝʩʫʨʩ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (T) ʽ ʰʦʨʩʪʢʽʩʪʴ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ (Rz). ɺʠʭʽʜʥʽ ʜʘʥʽ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʫ ʢʨʠʪʝʨʽʾʚ ʇ, T, C, Rz, ʟʦʙʨʘʞʝʥʽ ʫ 

ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʝʡ ʇ = f (V), T = f (V), C = f (V), Rz = f (V). ɼʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʙʤʝʞʝʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʯʝʨʝʟ ʚʘʨʽʘʮʽʾ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʟʘʜʘʥʠʭ ʦʙʤʝʞʝʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ. ʆʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʨʠʛʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ, ʢʦʣʠ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ ʧʨʠʡʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Fmin (ʘʙʦ Fmax) ʜʣʷ ʧʝʚʥʦʛʦ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʉʝʨʝʜ ʽʥʦʟʝʤʥʠʭ ʘʚʪʦʨʽʚ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʧʦʰʫʢ ʨʽʰʝʥʴ ʜʣʷ ʟʘʜʘʯ ʦʧʪʠʤʽʟʘʮʽʾ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʾ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ. 

ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ, ʧʨʦʚʝʜʝʥʠʡ ʘʚʪʦʨʘʤʠ [3]. ɺ ʨʦʙʦʪʽ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʤʦʜʝʣʴ ʦʩʥʦʚʥʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʝʥʝʪʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʾʾ ʤʽʥʽʤʽʟʘʮʽʾ. ʄʝʪʦʜ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʚʠʟʥʘʥʦ ʫʩʧʽʰʥʦʶ ʤʝʪʦʜʠʢʦʶ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʾ 

ʟʤʽʥʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʚʽʜʥʦʩʥʦ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ (Vc), ʧʦʜʘʯʫ 

(So) ʪʘ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ (t). ʎʝ ʧʦʻʜʥʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʚʠʩʥʦʚʢʽʚ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʩʠʣʘ ʨʽʟʘʥʥʷ Pz ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʷʢʦʩʪʽ ʬʫʥʢʮʽʾ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ Vʩ ʪʘ ʧʦʜʘʯʽ Sʦ. 

ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʚʠʨʘʞʘʻʪʴʩʷ ʷʢ: 

,      (2) 

 

ʜʝ  ï ʮʝ ʧʦʤʠʣʢʘ, ʷʢʘ ʟʚʠʯʘʡʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʟ ʥʫʣʴʦʚʠʤ ʩʝʨʝʜʥʽʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʛʫʢʫ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ʆʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʽʟʘʥʥʷ ʚʠʙʨʘʥʦ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʦʩʥʦʚʥʫ ʩʠʣʫ ʨʽʟʘʥʥʷ, 

ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ, ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟʥʠʟʠʪʠ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʟʥʦʩ ʽʥʩʪʨʫʤʝʥʪʫ, ʰʫʤʠ ʽ ʚʽʙʨʘʮʽʶ, 

ʧʦʣʽʧʰʫʶʯʠ ʯʠʩʪʦʪʫ ʧʦʚʝʨʭʥʽ.  

ɺ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʧʨʦʜʦʚʞʫʶʪʴ ʧʨʠʚʝʨʪʘʪʠ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʛʽʙʨʠʜʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ ʟʘʚʜʷʢʠ ʾʭ 

ʟʜʘʪʥʦʩʪʽ ʚʠʨʽʰʫʚʘʪʠ ʩʢʣʘʜʥʽ ʢʦʤʙʽʥʘʪʦʨʥʽ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ [4] ʜʦʚʝʣʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ 

ʥʘʜʽʡʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙʨʦʙʢʠ. ɺ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʘʣʛʦʨʠʪʤ ʛʽʙʨʠʜʥʦʛʦ 

ʽʤʽʪʘʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʤʫ ʪʦʯʽʥʥʽ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʧʦʻʜʥʘʥʥʽ ʤʝʪʦʜʫ ʣʦʢʘʣʴʥʦʛʦ ʧʦʰʫʢʫ ʚ ʘʣʛʦʨʠʪʤʽ ʽʤʽʪʘʮʽʾ ʚʽʜʧʘʣʫ ʟ ʛʣʦʙʘʣʴʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʛʝʥʝʪʠʯʥʠʤ 

ʘʣʛʦʨʠʪʤʦʤ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʥʠʢʘʪʠ ʣʦʢʘʣʴʥʠʭ ʤʽʥʽʤʫʤʽʚ ʪʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʚʘʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɺ ʷʢʦʩʪʽ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʜʝʣʴ ʤʽʥʽʤʽʟʘʮʽʾ ʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ 

ʨʦʙʦʪʽ [1]. ɺ ʨʦʙʦʪʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʛʨʘʥʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʪʘ ʦʙʤʝʞʝʥʥʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʥʘ 

ʽʥʩʪʨʫʤʝʥʪ ʪʘ ʟʘʛʦʪʦʚʢʫ. ɺ ʨʦʙʦʪʽ ʜʦʚʝʜʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʛʽʙʨʠʜʥʦʛʦ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ.. 

ʄʘʪʝʨʽʘʣʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʣʠʩʷ ʥʘ 

ʪʝʦʨʽʷʭ ʨʝʛʨʝʩʠʚʥʦʛʦ ʽ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʬʦʨʩʦʚʘʥʠʭ, 

ʧʨʠʩʢʦʨʝʥʠʭ, ʪʨʠʚʘʣʠʭ ʽʩʧʠʪʽʚ, ʤʦʤʝʥʪʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʘʥʢʽʚ, ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ Dmax = 1250ï2500 ʤʤ ʽʟ ʚʠʩʦʪʦʶ ʨʽʟʮʷ ʚʽʜ 40 ʜʦ 

80 ʤʤ. ɼʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʣʠ  ʨʽʟʘʣʴʥʽ ʧʣʘʩʪʠʥʠ ʦʜʥʽʻʾ ʧʘʨʪʽʾ ʟ ʪʚʝʨʜʠʭ ʩʧʣʘʚʽʚ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʦʙʨʦʙʢʠ ʥʘ 

ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʽʟʮʽʚ ʜʣʷ ʚʩʽʭ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʡʤʘʣʠʩʷ ʟʛʽʜʥʦ ʟ  

ʥʦʨʤʘʤʠ ʟʘʚʦʜʫ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʛʣʠʙʠʥʽ ʨʽʟʘʥʥʷ 5ï30 ʤʤ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ ʧʨʠʙʣʠʟʥʦ 

ʚʽʜʧʦʚʽʜʥʦʶ 0,25ï2,0 ʚʽʜ ʝʢʦʥʦʤʽʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʜʘʥʠʭ ʫʤʦʚ.  ʋ ʤʝʞʘʭ ʦʜʥʽʻʾ ʩʝʨʽʾ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʣʠʰʘʣʠʩʷ 



 

45 
2079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022. 2̄ (6) 

ʥʝʟʤʽʥʥʠʤʠ ʚʝʨʩʪʘʪ, ʟʘʛʦʪʦʚʢʘ, ʧʘʨʪʽʷ ʨʽʟʮʽʚ ʽ ʧʘʨʪʽʷ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʧʣʘʩʪʠʥ. ʅʘʧʨʠʢʣʘʜ, ʦʜʝʨʞʘʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʩʪʽʡʢʦʩʪʽ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʤʦʜ. ʂɾ16274ʌ3 ʤʦʜʫʣʴʥʠʤʠ ʨʽʟʮʷʤʠ ʚʠʩʦʪʦʶ ʜʝʨʞʘʚʢʠ ʅ = 45 ʤʤ ʧʨʠ ʦʙʨʦʙʮʽ 

ʚʘʣʢʽʚ ʟʽ ʩʪʘʣʽ 90ʍʌ, ʟ ʨʝʞʠʤʘʤʠ: t = 12 ʤʤ, S = 1,6 ʤʤ/ʦʙ., v = 52 ʤ/ʭʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʩʪʠʯʥʦ 

ʦʙʨʦʙʣʷʣʠʩʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʉʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʽʤ, ʱʦʙ ʟʘ ʜʘʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʦʾ ʜʝʪʘʣʽ ʪʘ ʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʽ 

ɺʇɯɼ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ [5]: 

extrW( ); 

,     (3) 

 
ʜʝ W( ) ï ʢʨʠʪʝʨʽʡ ʷʢʦʩʪʽ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʯʘʩʪʠʥʘ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʫʤʦʚ ʨʽʟʘʥʥʷ);  - ʧʘʨʘʤʝʪʨʠ ʫʤʦʚ ʨʽʟʘʥʥʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ n-ʤʽʨʥʠʡ ʚʝʢʪʦʨ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ; V ï 

ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, S ï ʧʦʜʘʯʘ, t ï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ; ‎ ï ʧʝʨʝʜʥʽʡ ʢʫʪ. D ï ʤʥʦʞʠʥʘ ʜʦʧʫʩʪʠʤʠʭ ʫʤʦʚ ʨʽʟʘʥʥʷ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʤʝʞʝʥʥʷʤʠ, ʥʘʢʣʘʜʝʥʠʤʠ ʥʘ ʝʣʝʤʝʥʪʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʥʝʨʽʚʥʦʩʪʝʡ , ʜʝ  

 - ʜʝʷʢʘ ʬʫʥʢʮʽʷ ʫʤʦʚ ʨʽʟʘʥʥʷ; bi ï ʚʽʜʦʤʽ ʢʦʥʩʪʘʥʪʠ. 

ɺ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ W( ) ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ (3) ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʦ ʝʢʦʥʦʤʽʯʥʽ ʢʨʠʪʝʨʽʾ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʯʥʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʩʠʪʫʘʮʽʾ ʝʢʦʥʦʤʽʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ: 

ʤʽʥʽʤʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʨʝʩʫʨʩ ʽʥʩʪʨʫʤʝʥʪʘ. 

ɿ ʤʝʪʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʚʘʞʣʠʚʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʮʴʦʛʦ ʙʫʜʫʶʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʘʜʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ɺ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʟʘʟʚʠʯʘʡ ʙʝʨʫʪʴ 

ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʦʙʨʦʙʢʫ ʦʜʥʽʻʾ ʜʝʪʘʣʽ (ʰʪʫʯʥʠʡ ʯʘʩ), ʘʙʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʜʝʪʘʣʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʽ 

ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʘʢʩʠʤʫʤ ʩʝʨʝʜʥʴʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʙʦ ʤʽʥʽʤʫʤ ʩʝʨʝʜʥʴʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ. 

ɿʤʽʥʥʘ ʯʘʩʪʠʥʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʉ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʘ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʧʨʠ ʨʦʙʦʪʽ ʦʜʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

 ,    (4) 

 

ʜʝ  - ʦʩʥʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʯʘʩ (ʯʘʩ, ʟʘʪʨʘʯʝʥʠʡ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʶ ʟʤʽʥʫ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʽ ʨʦʟʤʽʨʽʚ 

ʟʘʛʦʪʦʚʢʠ, ʱʦ ʻ ʮʽʣʣʶ ʜʘʥʦʛʦ ʧʝʨʝʭʦʜʫ), ʭʚ.: 

, 

ʜʝ l ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʜʦʚʞʠʥʘ ʨʦʙʦʯʦʛʦ ʭʦʜʫ ʫ ʥʘʧʨʷʤʢʫ ʨʫʭʫ ʧʦʜʘʯʽ, ʨʽʚʥʘ ʩʫʤʽ ʜʦʚʞʠʥʠ lʟ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʽʣʷʥʢʠ 

ʟʘʛʦʪʦʚʢʠ, ʰʣʷʭʫ lʚʨ ʚʨʽʟʘʥʥʷ ʛʦʣʦʚʥʦʾ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʽʥʩʪʨʫʤʝʥʘ ʫ ʟʨʽʟʫʚʘʥʠʡ ʰʘʨ ʽ ʰʣʷʭʫ lʧ ʧʝʨʝʙʽʛʫ, ʥʝʦʙʭʽʜʥʦʛʦ 

ʜʣʷ ʚʠʭʦʜʫ ʽʥʩʪʨʫʤʝʥʪʘ ʽʟ ʢʦʥʪʘʢʪʫ ʟ ʟʘʛʦʪʦʚʢʦʶ. 

 - ʯʘʩ ʧʨʦʩʪʦʶ ʚʝʨʩʪʘʪʘ ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʤʽʥʦʶ ʽʥʩʪʨʫʤʝʥʪʘ; 

 - ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʽʥʩʪʨʫʤʝʥʪʘ ʟʘ ʧʝʨʽʦʜ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ: 

 

, 

 

ʜʝ  - ʥʦʤʽʥʘʣʴʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʘ ʥʘʣʘʜʯʠʢʘ ʟʘ ʭʚʠʣʠʥʫ;  ï ʚʘʨʪʽʩʪʴ ʟʘʛʦʩʪʨʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ, ʱʦ ʟʘʪʫʧʠʚʷ; 

 - ʧʦʯʘʪʢʦʚʘ ʚʘʨʪʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘ;  - ʚʘʨʪʽʩʪʴ ʚʽʜʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʘ;  - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʠʧʘʜʢʦʚʫ 

ʚʪʨʘʪʫ ʽʥʩʪʨʫʤʝʥʪʘ; j ï ʯʠʩʣʦ ʧʝʨʝʪʦʯʫʚʘʥʴ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦ ʡʦʛʦ ʧʦʚʥʦʾ ʘʤʦʨʪʠʟʘʮʽʾ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʇ ʚʠʟʥʘʯʘʶʪʴ ʯʝʨʝʟ ʰʪʫʯʥʠʡ ʯʘʩ : 

 

.       (5) 

 

,      (6) 

 

ʜʝ ;  - ʜʦʧʦʤʽʞʥʠʡ ʯʘʩ, ʟʘʪʨʘʯʫʚʘʥʠʡ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʛʦʪʦʚʢʠ ʥʘ ʚʝʨʩʪʘʪʽ, ʟʥʷʪʪʷ ʾʾ ʘʙʦ 

ʛʦʪʦʚʦʾ ʜʝʪʘʣʽ ʟ ʚʝʨʩʪʘʪʘ, ʧʫʩʢ ʽ ʟʫʧʠʥʢʘ ʚʝʨʩʪʘʪʘ ʽ ʪ.ʧ.;  - ʯʘʩ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ;  - ʯʘʩ ʧʝʨʝʨʚ ʪʘ ʚʽʜʧʦʯʠʥʢʫ. 

ɺʽʜʦʤʘ ʩʪʽʡʢʽʩʪʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʥʦʩ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ: 

 

.       
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ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʧʦʜʘʯʽ ʧʨʠ 

ʨʦʙʦʪʽ ʪʚʝʨʜʦʩʧʣʘʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

 

 
 

ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʪʘ ʧʦʜʘʯʽ 

 

ʉʪʘʪʠʩʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 45% ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʈɯ) ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʘʞʢʠ ʚʝʨʩʪʘʪʘʭ ʚʠʭʦʜʠʪʴ ʽʟ 

ʣʘʜʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʣʦʤʦʢ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʨʽʚʝʥʴ ʥʘʜʽʡʥʽʩʪʴ ʈɯ. ɼʣʷ ʮʴʦʛʦ ʚ 

ʨʦʙʦʪʽ [6] ʚʠʟʥʘʯʝʥʦ ʮʽʣʴʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʩʪʽʡʢʽʩʪʥʫ ʟʘʣʝʞʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʧʨʠʡʥʷʪʦ, ʱʦ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʨʦʟʧʦʜʽʣʷʚʩʷ ʧʦ ʟʘʢʦʥʫ ɺʝʡʙʫʣʣʘ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ a ʪʘ b, ʘ ʚ ʷʢʦʩʪʽ ʝʢʦʥʦʤʽʯʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʨʠʡʤʘʶʪʴʩʷ ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ q, ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʽʦʜʽʚ ʩʪʽʡʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʂ ʪʘ ʚʽʜ ʨʽʚʥʷ ʥʘʜʽʡʥʦʩʪʽ ‎ ʈɯ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʣʠʰʝ ʪʽ ʚʠʪʨʘʪʠ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʞʠʤʫ ʦʙʨʦʙʢʠ. ʎʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ, ʱʦ ʚʠʨʘʞʘʻ ʧʨʠʚʝʜʝʥʥʽ ʚʠʪʨʘʪʠ ʥʘ ʟʥʽʤʘʥʥʷ ʦʜʠʥʠʮʽ ʦʙ'ʻʤʫ ʤʝʪʘʣʫ ʟ ʟʘʛʦʪʦʚʢʠ ʟʘ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ: 
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ʜʝ ɽ - ʧʨʠʚʝʜʝʥʥʽ ʚʠʪʨʘʪʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ, ʱʦ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʦʜʥʫ ʭʚʠʣʠʥʫ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ, 

ʢʦʧ. / ʩʪ.-ʭʚ; 

 

KEE e+= ,      (9) 

 

ʜʝ E  - ʩʝʨʝʜʥʷ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʝʨʩʪʘʪʦʭʚʠʣʠʥʠ (ʙʝʟ ʚʘʨʪʦʩʪʽ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ) ʢʦʧ/ʩʪ-ʭʚ; 

Ů-ʛʘʣʫʟʝʚʠʡ ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ Ů = 0,12; 

ʂ ï ʧʠʪʦʤʽ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ, ʟʫʤʦʚʣʝʥʽ ʢʘʧʽʪʘʣʴʥʠʤʠ ʚʢʣʘʜʝʥʥʷʤʠ, 

†ʟ ï ʯʘʩ ʧʨʦʩʪʦʶ ʚʝʨʩʪʘʪʘ, ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʟʘʤʽʥʦʶ ʽʥʩʪʨʫʤʝʥʪʫ; 

ɸ̔ ʥ ï ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʦʙʫʤʦʚʣʝʥʽ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʛʨʥ.; 

ʊ(V, S, t, qʨ, ɔ) ï ʩʝʨʝʜʥʽʡ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʡ ʨʦʟʩʽʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ; 
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ʜʝ V, S, t ï ʩʢʣʘʜʦʚʽ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ (ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʧʦʜʘʯʘ ʪʘ ʛʣʠʙʠʥʘ ʚʽʜʧʦʚʽʜʥʦ); 

mv, xv, yv ï ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʷ ʩʪʽʡʢʽʩʪʥʦʾ ʟʘʣʝʞʥʦʩʪʽ; 

qʨ  ï ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ; 

K(q, S) ï ʯʠʩʣʦ ʧʝʨʽʦʜʽʚ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʡʤʦʚʽʨʥʦʩʪʽ ʡʦʛʦ ʨʫʡʥʫʚʘʥʥʷ: ʜʣʷ ʧʝʨʝʪʦʯʫʚʘʥʠʭ 

ʧʣʘʩʪʠʥ ʂ=1/q; ʜʣʷ ʙʘʛʘʪʦʛʨʘʥʥʠʭ ʥʝʧʝʨʝʪʦʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥ ʟ ʯʠʩʣʦʤ ʛʨʘʥʝʡ Z : ʂ=Z(1-q) ; 

h - ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʚʨʘʭʦʚʫʻ ʡʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. 
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ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟʘ ʜʚʦʤʘ ʟʤʽʥʥʠʤ ï ʧʦʜʘʯʝʶ S ʪʘ 

ʰʚʠʜʢʽʩʪʶ ʨʽʟʘʥʥʷ V. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʢʦʞʥʦʤʫ ʟ 

ʥʠʭ, ʘ ʧʨʠʡʥʷʪʪʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ. 

ʉʝʨʝʜʥʽʡ ʬʘʢʪʠʯʥʠʡ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʈɯ ʻ ʚʝʣʠʯʠʥʦʶ ʚʠʧʘʜʢʦʚʦʶ. ɺʽʥ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʚʽʜʤʦʚʠ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʠʜʫ (ʟʥʦʩ ʘʙʦ ʨʫʡʥʫʚʘʥʥʷ)[7]. ʉʝʨʝʜʥʽʡ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʈɯ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʤʽʮʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

      11) 

 

ʜʝ  ʪʘ  ï ʩʝʨʝʜʥʽ ʧʝʨʽʦʜʠ ʩʪʽʡʢʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʟʥʦʩʦʤ ʽ ʨʫʡʥʫʚʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ;  ʪʘ  ï 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ ʚʽʜʤʦʚʠ ʚʽʜʧʦʚʽʜʥʦ ʟʥʦʩʫ ʽ ʨʫʡʥʫʚʘʥʥʷ (qʟ=1- qʨ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʩʫʤʘ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʥʦʩʫ ʽ 

ʨʫʡʥʫʚʘʥʥʷ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ); x ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʽʥʫ ʧʝʨʽʦʜʫ ʩʪʽʡʢʦʩʪʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʫʡʥʫʚʘʥʥʷʤ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ʇʨʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʽʡʢʦʩʪʽ ʈɯ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʫʯʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʚʘʞʢʠʤʠ ʚʝʨʩʪʘʪʘʤʠ 

ʨʦʙʦʯʠʡ ʢʦʨʝʛʫʻ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ (ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʨʛʦʥʦʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʥʘ ʨʦʙʦʯʦʛʦ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʚʝʨʩʪʘʪʘ ʝʢʦʥʦʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʘʜʘʻ, ʪʘʢ ʷʢ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʽʥʩʪʨʫʤʝʥʪ ʜʦ ʚʠʪʨʘʪ ʥʘ ʚʝʨʩʪʘʪ  ʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ. ʈʘʟʦʤ ʟ ʮʠʤ ʧʨʠ ʪʦʯʽʥʥʽ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʧʨʠ Dc> 1600 ʤʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʈɯ. 

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: ʟʘʤʽʥʘ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʩʫʧʦʨʪʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ; ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʤʘʩʘ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʟʚ'ʷʟʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʡʦʛʦ ʨʦʟʤʽʨʽʚ; ʧʦʛʽʨʰʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʦʥʦʶ ʨʽʟʘʥʥʷ 

ʯʝʨʝʟ ʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ. ʇʝʨʝʨʘʭʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʽ 

ʧʩʠʭʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʝʨʩʪʘʪʥʠʢʘ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ʅʘ ʨʠʩ.3 ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ ʟʤʽʥʫ ʧʝʨʽʦʜʫ ʩʪʽʡʢʦʩʪʽ. 

 

 
 

ʈʠʩ. 3 ï ʇʝʨʽʦʜʠ ʩʪʽʡʢʦʩʪʽ ʨʽʟʮʽʚ ʪʘ ʯʘʩ ʾʭ ʟʘʤʽʥʠ 
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ʜʝ ɽ ʠ ɽ1ï ʚʽʜʧʦʚʽʜʥʦ ʚʘʨʪʽʩʪʴ ʭʚʠʣʠʥʠ ʨʦʙʦʪʠ ʽ ʧʨʦʩʪʦʶ ʚʝʨʩʪʘʪʘ, ʢʦʧ-ʭʚ; 

V, S ï ʚʽʜʧʦʚʽʜʥʦ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʤ/ʭʚ., ʧʦʜʘʯʘ, ʤʤ/ʦʙ;  

Űʟ.ʧ., Űʟ.ʘ. ï ʯʘʩ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʪʘ ʘʚʘʨʽʡʥʦʾ ʟʘʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʭʚ; 

ʘʥʘʩ. ï ʚʘʨʪʽʩʪʴ ʦʜʥʽʻʾ ʭʚʠʣʠʥʠ ʯʘʩʫ ʟʘʤʽʥʠ ʪʘ ʥʘʩʪʨʦʡʢʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʢʦʧ-ʭʚ; 

ɸ̔ʥ ï ʚʘʨʪʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʢʦʧ; 

ʂ1, ʂ2 ï ʯʠʩʣʦ ʧʝʨʽʦʜʽʚ ʩʪʽʡʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʧʨʠ ʡʦʛʦ ʧʨʦʬʽʣʘʢʪʠʯʥʽʡ ʪʘ ʘʚʘʨʽʡʥʽʡ ʟʘʤʽʥʽ: ʜʣʷ ʨʽʟʮʽʚ ʟ 

ʤʝʭʘʥʽʯʥʠʤ ʢʨʽʧʣʝʥʥʷʤ ʧʣʘʩʪʠʥ  

ʂ1=Z, ʂ2=Z(1-qʨ), 

ʜʝ Z - ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʝʡ ʧʣʘʩʪʠʥʠ, qʨ ï ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʴ ʛʨʘʥʝʡ ʧʣʘʩʪʠʥʠ ʈ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʜʘʯʝʶ; 

ɤ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʟʤʝʥʰʝʥʥʷ ʊɔ ʧʨʠ ʘʚʘʨʽʡʥʽʡ ʟʘʤʽʥʽ ʽʥʩʪʨʫʤʝʥʪʫ (ʡʤʦʚʽʨʥʽʩʪʴ ʘʚʘʨʽʡʥʦʛʦ ʚʽʜʤʦʚʠ): 
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ʇʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʦʤʫ ʨʽʚʥʶ ʥʘʜʽʡʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ ‎ (ʛʘʤʤʘ ʚʽʜʩʦʪʢʫ): 
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ʜʝ h ï ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘ ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʈɯ, ʱʦ ʚʨʘʭʦʚʫʻ ʨʽʚʝʥʴ ʥʘʜʽʡʥʦʩʪʽ: 
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ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʚʽʪʯʠʟʥʷʥʦʾ ʪʘ ʟʘʢʦʨʜʦʥʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʜʦʟʚʦʣʠʚ ʚʠʷʚʠʪʠ ʥʘʡʙʽʣʴʰ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʢʨʠʪʝʨʽʾ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ï ʝʢʦʥʦʤʽʯʥʽ: ʧʨʠʚʝʜʝʥʽ ʚʠʪʨʘʪʠ, ʩʦʙʽʚʘʨʪʽʩʪʴ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʾʭ ʟʤʽʥʥʽ ʯʘʩʪʠʥʠ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ). ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʽʩʪʴ ʨʽʟʘʥʥʷ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ, ʩʬʦʨʤʦʚʘʥʦ ʮʽʣʴʦʚʠʡ 

ʬʫʥʢʮʽʦʥʘʣ ʧʨʠʚʝʜʝʥʠʭ ʚʠʪʨʘʪ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ.  ɺʢʣʶʯʝʥʥʷ ʜʦ ʮʽʣʴʦʚʠʭ ʬʫʥʢʮʽʡ ʟʚ'ʷʟʢʽʚ ʩʪʽʡʢʦʩʪʽ ʪʘ ʯʠʩʣʘ ʧʝʨʽʦʜʽʚ 

ʩʪʽʡʢʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʠʭ ʤʽʮʥʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʫ, ʟ ʝʣʝʤʝʥʪʘʤʠ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʝʢʩʪʨʝʤʫʤ 

ʮʽʣʴʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʧʝʨʝʚʘʞʥʦ ʚ ʦʙʣʘʩʪʽ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʚʽʣʴʥʽʡ ʚʽʜ ʦʙʤʝʞʝʥʴ, ʱʦ ʩʧʨʦʱʫʻ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʘʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʧʨʠ ʯʦʨʥʦʚʦʤʫ 

ʪʦʯʽʥʥʽ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʚʨʘʭʦʚʫʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʚʝʨʩʪʘʪʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘ, ʤʘʪʝʨʽʘʣʠ 

ʦʙʨʦʙʣʶʚʘʥʠʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ, ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʙʤʝʞʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʽ ʷʢʽʩʪʶ ʧʨʦʮʝʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʋ ʨʘʟʽ ʧʽʜʚʠʱʝʥʠʭ ʚʠʤʦʛ ʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʚʨʘʭʦʚʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʊɽʄʇɽʈɸʊʋʈʀ ʈʆɹʆʏʆɰ ʈɯɼʀʅʀ ɺ ʇɯɼʐʀʇʅʀʂɸʍ ʐʇʀʅɼɽʃʗ 

ʂʈʋɻʃʆʐʃɯʌʋɺɸʃʔʅʆɻʆ ɺɽʈʉʊɸʊʋ ʅɸ ʇʆʍʀɹʂʋ ʁʆɻʆ ʇʆʃʆɾɽʅʅʗ ɺɯɼʅʆʉʅʆ 

ʆɹʈʆɹʃʖɺɸʅʆɰ ɼɽʊɸʃɯ 

ʋ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʘʮʶʶʯʠʭ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʧʨʦʪʷʛʦʤ 

ʨʦʙʦʯʦʛʦ ʜʥʷ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʨʽʟʥʠʭ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ, ʘ ʩʘʤʝ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʢʽʥʮʽʚ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ 
ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʣʘ ʚ ʧʽʜʰʠʧʥʠʢʘʭ  ʰʧʠʥʜʝʣʷ ʥʘ ʚʝʣʠʯʠʥʫ ʡʦʛʦ ʟʤʽʱʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ, ʘ ʩʘʤʝ ʢʦʥʫʩʥʦʩʪʽ, ʜʝʪʘʣʝʡ, ʦʙʨʦʙʣʶʚʘʥʠʭ ʥʘ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʡ ʚʝʨʩʪʘʪ, ʧʝʨʝʜʥʽʡ ʽ ʟʘʜʥʽʡ ʧʽʜʰʠʧʥʠʢʠ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʟʤʽʱʝʥʥʷ 

ʰʧʠʥʜʝʣʷ. 

STEPANOV M .S., LITOVCHENKO P .I ., IVANOVA L .P., IVANOVA M .S. 

STUDY OF THE INFLUENCE OF THE WORKING LIQUID TEMPERATURE IN THE SPINDLE BEARINGS OF A CYLINDRICAL 

GRINDING MACHINE ON THE ERRORS OF ITS POSITION RELATIVE TO THE PART BEING MACHINED  

 

The article presents the results of measurements of the ambient temperature around the working cylindrical grinding machines during the working day. 

The analysis of the behavior of the grinding head spindle of different cylindrical grinding machines during the work shift is performed, namely the results of 

experimental studies of the displacement of the front and rear ends of the grinding head spindle of cylindrical grinding machines are presented. The analysis of 
influence of temperature of working fluids in spindle bearings on its displacement is carried out. Possible changes in the geometric shape, namely, conicity, of 

parts machined on cylindrical grinding machines have been established. 

Keywords: cylindrical grinding machine, front and rear grinder bearings, working fluid temperature, spindle displacement. 

1. ɺʩʪʫʧ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʚʥʘʩʣʽʜʦʢ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʤʽʥʶʻʪʴʩʷ 

ʚʟʘʻʤʥʝ ʧʦʣʦʞʝʥʥʷ ʡʦʛʦ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʯʠʥʷʻ ʧʦʷʚʫ 

ʧʦʭʠʙʦʢ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʭʠʙʢʠ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʜʝʪʘʣʽ, ʻ ʧʝʨʝʢʽʩ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʚʝʨʩʪʘʪʘ ʚʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʥʘʛʨʽʚʫ ʧʽʜʰʠʧʥʠʢʽʚ ʰʧʠʥʜʝʣʷ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ ʩʪʽʥʢʘʭ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ [1-4]. ɿʥʘʥʥʷ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ 

ʧʽʜʰʠʧʥʠʢʘʭ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʟʤʽʱʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʰʧʠʥʜʝʣʷ ʫ ʧʽʜʰʠʧʥʠʢʘʭ 

ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʧʦ ʟʤʝʥʰʝʥʥʶ ʚʧʣʠʚʫ ʚʢʘʟʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ 

ʧʦʭʠʙʢʠ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. 

2. ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ, ʩʪʚʦʨʝʥʥʷʤ ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʦʧʦʥʫʶʪʴ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʦʨʤʘʮʽʾ ʟʘʛʦʪʦʚʦʢ ʽ ʽʥʩʪʨʫʤʝʥʪʽʚ  [5].  

ʅʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʠʪʴ ʚʨʘʭʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ 

ʝʣʝʤʝʥʪʽʚ ʚʝʨʩʪʘʪʽʚ. ʊʝʧʣʦʚʠʡ ʚʧʣʠʚ ʥʘ ʰʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ ʚʠʟʠʚʘʻ ʪʽ ʞ ʩʘʤʽ ʥʘʩʣʽʜʢʠ, ʱʦ ʡ ʩʠʣʦʚʘ ʜʽʷ: ʜʝʬʦʨʤʘʮʽʶ 

ʜʝʪʘʣʝʡ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪʘ. 

ʆʜʥʠʤ ʟ ʝʪʘʧʽʚ ʧʨʠ ʘʥʘʣʽʟʽ ʪʝʧʣʦʚʠʭ ʷʚʠʱ ʫ ʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʽ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʧʣʠʚʫ ʥʘ ʪʦʯʥʽʩʪʴ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽ 

ʟʘʛʦʪʦʚʢʠ. 

ɿʘ ʜʘʥʠʤʠ [6] ʟʤʽʱʝʥʥʷ ʰʧʠʥʜʝʣʷ ʚ ʨʽʟʥʠʭ ʧʣʦʱʠʥʘʭ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʩʦʪʠʭ ʤʽʣʽʤʝʪʨʘ. ʂʨʽʤ ʪʦʛʦ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʬʽʨʤ ʚʠʨʦʙʥʠʢʽʚ ʚʝʨʩʪʘʪʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʱʝʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʧʨʝʮʠʟʽʡʥʠʭ 

ʚʝʨʩʪʘʪʘʭ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ 100 ʤʢʤ [7]. 

3. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥ ʫ ʧʦʣʦʞʝʥʥʽ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ 

ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʚʥʘʩʣʽʜʦʢ ʥʘʛʨʽʚʫ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʰʧʠʥʜʝʣʷ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ. 

4. ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʥʘ 

ʚʝʣʠʯʠʥʫ ʡʦʛʦ ʟʤʽʱʝʥʥʷ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʨʫʧʠ ʢʨʫʛʣʦʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʙʘʟʦʚʽ ʜʝʪʘʣʽ 

ʽ ʚʫʟʣʠ ʷʢʠʭ ʽʜʝʥʪʠʯʥʽ ʘʥʘʣʦʛʽʯʥʠʤ ʜʝʪʘʣʷʤ ʽ ʚʫʟʣʘʤ ʚʝʨʩʪʘʪʽʚ 3ʄ152ɺ, 3ʄ162ɺ, 3ʄ152ɺʌ20 ʪʘ ʽʥʰʠʤ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʥʘʩʪʫʧʥʽ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʭʫ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ 

ʟʤʽʥʶʚʘʣʘʩʷ ʥʘ ʚʝʣʠʯʠʥʫ 2-3Üʉ (ʨʠʩ. 1). ʋ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʝʨʩʪʘʪʽʚ (ˉ1, ˉ4, ˉ5, ˉ6, ˉ7, ˉ8, ˉ9, ˉ10) 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʙʫʣʠ ʦʜʥʘʢʦʚʽ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʘʣʘ 18-22 Üʉ, ʪʽʣʴʢʠ ʫ ʦʜʥʦʤʫ ʚʝʨʩʪʘʪʽ (ʚʝʨʩʪʘʪ ˉ2) 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʢʣʘʜʘʣʘ 12-14 Üʉ. 

 

 

 

É ʄ.ʉ. ʉʪʝʧʘʥʦʚ, ʇ.ɯ. ʃʽʪʦʚʯʝʥʢʦ, ʃ.ʇ. ɯʚʘʥʦʚʘ, ʄ.ʉ. ɯʚʘʥʦʚʘ, 2022 
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ʈʠʩ. 1 ï ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʜʥʷ ʜʣʷ ʚʝʨʩʪʘʪʫ 3ʄ151ɾ 1é10  ï 

ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʚʝʨʩʪʘʪʽʚ 

ʇʨʠ ʘʥʘʣʽʟʽ ʧʦʚʝʜʽʥʢʠ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʘʢʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ 8 ʟ 10 ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʝʨʩʪʘʪʽʚ, 
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ʧʝʨʝʜʥʽʡ ʢʽʥʝʮʴ ʰʧʠʥʜʝʣʷ ʟʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʟʘʛʦʪʦʚʢʠ (ʨʠʩ.2). 

 
 

ʈʠʩ. 2 ï ɿʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʚʝʨʩʪʘʪʽʚ 3ɸ151 ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʜʥʷ:     1é10 ï 

ʧʦʨʷʜʢʦʚʽ ʥʦʤʝʨʠ ʚʝʨʩʪʘʪʽʚ 

ʊʝʥʜʝʥʮʽʷ ʟʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʚ ʙʽʢ ʟʘʛʦʪʦʚʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʧʨʦʪʷʛʦʤ 6 ʛʦʜʠʥ 

ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʽʚ. 

ʋ ʦʜʥʦʤʫ ʟ ʜʚʦʭ ʚʝʨʩʪʘʪʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ (ˉ9), ʧʝʨʝʜʥʽʡ ʢʽʥʝʮʴ ʰʧʠʥʜʝʣʷ ʚ ʧʝʨʰʽ ʜʚʽ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʪʘʢʦʞ 

ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʙʽʢ ʟʘʛʦʪʦʚʢʠ. ɺʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʩʢʣʘʜʘʣʘ ʚʽʜ 5 ʤʢʤ (ʧʝʨʽʦʜ ʨʦʙʦʪʠ 30 ʭʚʠʣʠʥ) ʜʦ 78é83 ʤʢʤ 

(ʧʝʨʽʦʜ ʨʦʙʦʪʠ 330 ʭʚʠʣʠʥ). ʉʝʨʝʜʥʷ ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʰʧʠʥʜʝʣʷ ʩʢʣʘʜʘʣʘ: 21,4 ʤʢʤ ʯʝʨʝʟ 60 ʭʚ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ; 

36,5 ʤʢʤ ʯʝʨʝʟ 180 ʭʚ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ; 33 ʤʢʤ ʯʝʨʝʟ 360 ʭʚ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ. 

ʇʦʚʝʜʽʥʢʘ ʟʘʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʣʘʩʷ ʚʽʜ ʧʦʚʝʜʽʥʢʠ ʧʝʨʝʜʥʴʦʛʦ (ʨʠʩ. 3).  

 

 
ʈʠʩ. 3 ï ɿʤʽʱʝʥʥʷ ʟʘʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ ʚʝʨʩʪʘʪʽʚ 3ɸ151 ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʜʥʷ: 1é10 ï ʧʦʨʷʜʢʦʚʽ 

ʥʦʤʝʨʠ ʚʝʨʩʪʘʪʽʚ 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʝʨʩʪʘʪʽʚ ʟʘʜʥʽʡ ʢʽʥʝʮʴ ʰʧʠʥʜʝʣʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʫ ʨʦʙʦʪʠ ʟʤʽʱʫʚʘʚʩʷ ʚʽʜ 

ʟʘʛʦʪʦʚʢʠ (ʚʝʨʩʪʘʪʠ ˉ1, ˉ4, ˉ5, ˉ7, ˉ8, ˉ9). ɼʣʷ ʽʥʰʠʭ ʚʝʨʩʪʘʪʽʚ ʟʤʽʱʝʥʥʷ ʭʦʯʘ ʡ ʙʫʣʦ ʩʧʨʷʤʦʚʘʥʝ ʚ ʙʽʢ 

ʟʘʛʦʪʦʚʢʠ, ʘʣʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʨʦʙʦʪʠ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʣʦʩʷ (ʚʝʨʩʪʘʪʠ ˉ2 ʽ ˉ6), ʘʙʦ ʡ ʟʦʚʩʽʤ ʟʤʽʥʶʚʘʣʦ ʥʘʧʨʷʤʦʢ 
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(ʚʝʨʩʪʘʪʠ ˉ3 ʽ ˉ10).   

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʣʘ ʚ ʧʽʜʰʠʧʥʠʢʘʭ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʚʝʣʠʯʠʥʫ ʟʤʽʱʝʥʥʷ 

ʰʧʠʥʜʝʣʷ. ɼʣʷ ʦʮʽʥʢʠ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʚʦʜʠʣʠ ʧʘʨʘʤʝʪʨ 

 

 
 

ʜʝ  ï ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʰʧʠʥʜʝʣʷ, ʤʢʤ;  ï ʧʨʠʨʦʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 

ʰʧʠʥʜʝʣʷ, Üʉ. 

 
ʈʠʩ. 4 ï ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʘ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʜʥʷ 
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ɿʘʢʽʥʯʝʥʥʷ ʨʠʩ. 4  

ʇʘʨʘʤʝʪʨ  ʧʦʢʘʟʫʻ ʥʘ ʩʢʽʣʴʢʠ ʤʽʢʨʦʤʝʪʨʽʚ ʟʤʽʱʫʻʪʴʩʷ ʟʘʜʥʽʡ ʘʙʦ ʧʝʨʝʜʥʽʡ ʢʽʥʝʮʴ ʰʧʠʥʜʝʣʷ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʚ ʡʦʛʦ ʧʽʜʰʠʧʥʠʢʘʭ ʥʘ 1 Üʉ.   

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʙʦʪʠ 10 ʚʝʨʩʪʘʪʽʚ ʤʦʜʝʣʝʡ 3ɹ151, 3ɸ161, 3ɹ161 ʽ 3ɸ161 ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨ ʜʣʷ 

ʟʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʢʽʥʮʽʚ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʾ ʙʘʙʢʠ. 

ʗʢ ʚʠʜʥʦ ʟ ʜʽʘʛʨʘʤʠ ʥʘ ʨʠʩ. 4, ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ 7 ʤʢʤ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ 

ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ  ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʥʘ 1 Üʉ , ʱʦ ʥʝʪʠʧʦʚʦ, ʽ ʻ, ʩʢʦʨʽʰ ʟʘ ʚʩʝ, ʚʠʢʣʶʯʝʥʥʷʤ ʟ ʧʨʘʚʠʣ. 

ɺ ʩʝʨʝʜʥʴʦʤʫ, ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʥʘ 1Üʉ ʰʧʠʥʜʝʣʴ ʟʤʽʱʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 1é2,5 ʤʢʤ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ 

ʜʣʷ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʚʝʣʠʯʠʥʘ  ʩʢʣʘʜʘʻ 2,109 ʤʢʤ/Üʉ, ʪʦ ʜʣʷ ʟʘʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʮʷ ʚʝʣʠʯʠʥʘ 

ʩʢʣʘʜʘʻ 1,922 ʤʢʤ/Üʉ.  

ʋ ʧʦʣʦʚʠʥʽ ʚʠʧʘʜʢʽʚ (ʜʣʷ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʚ 6 ʟ 10 ʚʠʧʘʜʢʽʚ, ʜʣʷ ʟʘʜʥʴʦʛʦ  ï ʚ 5 ʟ 10) ʤʦʞʥʘ ʚʚʘʞʘʪʠ, 

ʱʦ  ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʛʦ ʜʥʷ ʟʤʽʥʶʻʪʴʩʷ ʤʘʣʦ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʟʤʽʱʝʥʥʷ ʟʥʘʯʥʝ, ʧʨʠʯʦʤʫ ʟʥʘʯʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʽʜ ʢʽʥʝʮʴ ʨʦʙʦʯʦʾ ʟʤʽʥʠ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʪʘʢʠ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʧʦʚʝʜʽʥʢʘ ʰʧʠʥʜʝʣʽʚ ʥʦʩʠʣʘ ʽʥʰʠʡ ʭʘʨʘʢʪʝʨ, 

ʘ ʩʘʤʝ ï ʟʤʽʱʝʥʥʷ ʢʽʥʮʷ ʰʧʠʥʜʝʣʷ ʥʝ ʚʽʜʧʦʚʽʜʘʣʦ ʨʽʚʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʫ ʧʽʜʰʠʧʥʠʢʘʭ. ʅʘʧʨʠʢʣʘʜ, ʫ 

ʦʜʥʦʛʦ ʟ ʚʝʨʩʪʘʪʽʚ 3ɸ164 ʚʝʣʠʯʠʥʘ ʟʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʩʢʣʘʜʘʣʦ 115 ʤʢʤ, ʘ ʟʘʜʥʴʦʛʦ ï 30 ʤʢʤ, ʧʨʠ ʪʦʤʫ, ʱʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ ʫ ʧʽʜʰʠʧʥʠʢʘʭ ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ 10é40 Üʉ, ʘ ʚ ʟʘʜʥʴʦʤʫ ï ʚ ʤʝʞʘʭ 18é38 Üʉ. 

ʆʪʞʝ, ʚʝʣʠʯʠʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʤʦʞʝ ʥʝ ʟʘʣʝʞʘʪʠ ʚ ʪʘʢʽʡ ʩʪʝʧʝʥʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʠʭ ʨʽʜʠʥ ʫ 

ʧʽʜʰʠʧʥʠʢʘʭ, ʷʢ ʤʦʞʝ ʧʦʢʘʟʘʪʠʩʷ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʧʨʠ ʘʥʘʣʽʟʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʩʣʽʜ 

ʩʧʨʷʤʦʚʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʧʦʰʫʢ ʽʥʰʠʭ ʧʨʠʯʠʥ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʚʧʣʠʚ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʤʽʱʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʚʫʟʣʽʚ 

ʚʝʨʩʪʘʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʦʪʞʝ, ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʟʤʽʱʝʥʥʷ ʢʽʥʮʽʚ ʰʧʠʥʜʝʣʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʧʨʦʰʣʽʬʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ʚʠʥʠʢʘʶʪʴ ʧʦʛʨʽʰʥʦʩʪʽ (ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʟʘʜʘʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ), ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʢʦʥʫʩʥʦʩʪʽ ʫ ʜʝʪʘʣʝʡ, ʦʙʨʦʙʣʝʥʠʭ ʤʝʪʦʜʦʤ ʚʨʽʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ.  

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 5), ʢʦʥʫʩʥʽʩʪʴ ʧʨʦʪʷʛʦʤ ʨʦʙʦʯʦʾ ʟʤʽʥʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʘʞ ʜʦ 
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ʚʠʥʠʢʥʝʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʢʦʥʫʩʘ (ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʜʦ 30 ʭʚʠʣʠʥ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ), ʱʦ ʽʣʶʩʪʨʫʻ ʛʨʘʬʽʢ (ʚʝʨʩʪʘʪ ˉ6). 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʢʦʥʫʩʥʦʩʪʽ (71-210)Ț10-6 ʤʤ ʤʘʣʘ ʤʽʩʮʝ ʚ ʢʽʥʮʽ ʨʦʙʦʯʦʛʦ ʜʥʷ, ʘ ʤʽʥʽʤʘʣʴʥʘ ï    22Ț10-6  ʤʤ 

ï ʚ ʧʝʨʰʽ 30 ʭʚʠʣʠ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʘ. 
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ʉʀʉʊɽʄɸ ɸɼɸʇʊʀɺʅɽ ʂɽʈʋɺɸʅʅʗ ʊʀʉʂʆʄ ʋ ʂʀʐɽʅʗʍ ɻɯɼʈʆʉʊɸʊʀʏʅʀʍ ʆʇʆʈ 

ʐʇʀʅɼɽʃʔʅʆɻʆ ɺʋɿʃɸ ɯ ɿʋʉʀʃʃʗʄ ʅɸʊʗɻʋ ʇʈʀɺʆɼɸ ʇʆɿʀʎɯʆʅʋɺɸʅʅʗ ʐʇʀʅɼɽʃʗ 

ɺɸɾʂʆɻʆ ʊʆʂɸʈʅʆɻʆ ɺɽʈʉʊɸʊɸ 

ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ  ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʪʝʦʨʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ  ʪʘ ʨʦʟʨʦʙʮʽ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʠʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʘ ʪʘʢʦʞ 
ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʥʘʧʨʷʤʥʠʭ ʟ ʪʘʢʠʤʠ ʦʧʦʨʘʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʽʚ 

ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ ʫ ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣʘʭ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʽʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. 

ɻʽʜʨʦʩʪʘʪʠʯʥʽ ʰʧʠʥʜʝʣʴʥʽ ʦʧʦʨʠ  ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʫ ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʪʦʯʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 
ʧʽʜʰʠʧʥʠʢʘʤʠ ʢʦʯʝʥʥʷ. ʈʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʪʠʩʢʦʤ ʫ ʢʠʰʝʥʷʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʽ ʟʫʩʠʣʣʷʤ ʥʘʪʷʛʫ ʧʨʠʚʦʜʫ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʉʠʩʪʝʤʘ  ʜʦʩʠʪʴ ʧʨʦʩʪʠʤʠ ʟʘʩʦʙʘʤʠ ʜʦʟʚʦʣʷʻ ʩʢʦʨʝʛʫʚʘʪʠ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ ʽ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʩʠʩʪʝʤʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʥʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʨʽʟʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʽʜʚʠʱʫʻʪʴʩʷ 
ʥʘʜʽʡʥʽʩʪʴ ʦʧʦʨ, ʪʘʢ ʷʢ ʜʨʦʩʝʣʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʧʨʠ ʨʦʙʦʪʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʨʫʩʽ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʟʘʨʦʩʪʘʥʥʶ ʜʨʦʩʝʣʶʚʘʣʴʥʦʾ ʱʽʣʠʥʠ. ʇʽʜʚʠʱʫʻʪʴʩʷ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʰʘʨʫ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  ɺʠʢʣʶʯʘʶʪʴʩʷ ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʢʠʰʝʥʷʭ 

ʦʧʦʨʠ.   ʈʦʟʨʦʙʣʝʥʦ ʤʝʭʘʪʨʦʥʥʫ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʠʩʢʦʤ ʚ ʢʠʰʝʥʷʭ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ. 
ʈʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʽ ʨʝʛʫʣʷʪʦʨʠ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʦʧʦʨ ʟʽ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ ʧʦ ʧʦʣʦʞʝʥʥʶ ʰʧʠʥʜʝʣʷ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʪʫʣʢʠ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ ʻʤʥʽʩʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʟʘʟʦʨʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʝ ʢʝʨʫʚʘʥʥʷ, ʚʘʞʢʠʡ ʚʝʨʩʪʘʪ, ʰʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ, ʛʽʜʨʦʩʪʘʪʠʯʥʽ ʦʧʦʨʠ 

 

KOVALOV V.D., KLYMENKO G.P., VASYLCHENKO YA.V., SHAPOVALOV M.V., KOVALENKO A.V.  

OPTIMIZATION OF CUTTING MODES ON HEAVY MACHINES  
The work is devoted to improvement of the design theory and development on this basis of adaptive hydrostatic supports of new generation, as well as 

development of methods for optimal design of spindle assemblies and guides with such supports. It is established that the use of fluid friction modes in heavily 

loaded nodes is very relevant for heavy numerically controlled precision machine tools. Hydrostatic spindle bearings are used in heavy lathes, in which the 
required accuracy of rotation is not provided by rolling bearings. An adaptive system for controlling the pressure in the pockets of hydrostatic supports and the 

tensioning force of the positioning drive has been developed. The system makes it possible to adjust the transfer function and exclude the possibility of 
oscillations by rather simple means. By means of the system the accuracy and productivity of machining on metal-cutting machines of different technological 

purposes is significantly increased. The reliability of the supports is increased, since the throttle elements are in motion during operation, which prevents the 

throttle gap from becoming overgrown. Stiffness and load-bearing capacity of the lubricant layer are increased. Debugging work on setting the working 
pressure in the support pockets is eliminated. The mechatronic system of adaptive control of pressure in the pockets of hydrostatic spindle assembly with 

increased accuracy is developed. Adaptive regulators of support power supply systems with spindle position feedback have been developed. A new design of 

hydrostatic bearing sleeve with built-in capacitive clearance sensors is developed 
Keywords: adaptive control, heavy machine tool, spindle assembly, hydrostatic supports. 

 

ɺʩʪʫʧ. ʐʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʝʩʫʯʦʾ ʩʠʩʪʝʤʠ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʞʦʨʩʪʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʚʽʙʨʦʩʪʽʡʢʽʩʪʴ. ʋ ʩʫʯʘʩʥʠʭ ʚʘʞʢʠʭ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʧʨʝʮʠʟʽʡʥʠʭ ʽ ʫʥʽʢʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʧʠʥʜʝʣʴʥʽ ʚʫʟʣʠ ʪʘ ʥʘʧʨʘʚʣʷʶʯʽ ʟ ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʤʠ ʦʧʦʨʘʤʠ ʢʦʚʟʘʥʥʷ ʫ ʷʢʠʭ ʪʦʯʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʰʚʠʜʢʽʩʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʝʨʝʚʝʨʰʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽʥʰʠʭ ʦʧʦʨ ʢʦʚʟʘʥʥʷ ʽ ʢʦʯʝʥʥʷ. ʆʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʜʦʩʣʽʜʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʟʨʦʙʦʢ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʽ ʢʦʤʧʣʝʢʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ, ʱʦ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʽ ʨʝʛʫʣʷʪʦʨʠ ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʛʥʽʪʘʥʥʷ ʤʘʩʪʠʣʘ. ʇʦʜʘʣʴʰʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʦʨʽʾ, ʨʦʟʚʠʪʦʢ ʜʦʩʣʽʜʞʝʥʴ ʽ ʨʦʟʨʦʙʢʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʘʜʘʧʪʠʚʥʠʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʽ ʥʘʧʨʷʤʥʠʭ ʟ ʪʘʢʠʤʠ ʦʧʦʨʘʤʠ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ ʧʨʦʙʣʝʤʦʶ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʥʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʨʽʟʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʧʠʪʘʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʞʠʤʽʚ ʨʽʜʠʥʥʦʛʦ ʪʝʨʪʷ ʫ ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣʘʭ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ 

ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ ʽʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ[1, 2]. ɻʽʜʨʦʩʪʘʪʠʯʥʽ ʰʧʠʥʜʝʣʴʥʽ ʦʧʦʨʠ 

(ɻʐʆ) ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʫ ʷʢʠʭ ʥʝʦʙʭʽʜʥʘ ʪʦʯʥʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʽʜʰʠʧʥʠʢʘʤʠ ʢʦʯʝʥʥʷ. ʊʘʢ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʯʝʥʥʷ 5 ʩʪʫʧʝʥʷ ʪʦʯʥʦʩʪʽ ʽʟ ʚʥʫʪʨʽʰʥʽʤ ʜʽʘʤʝʪʨʦʤ ʧʦʥʘʜ 300 ʤʤ 

ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʪʽʣʴʢʠ ʟʘ ʩʧʝʮʽʘʣʴʥʠʤ ʟʘʤʦʚʣʝʥʥʷʤ, ʽ ʚʘʨʪʽʩʪʴ ʾʭ ʨʦʩʪʝ ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ, ʥʽʞ ʜʽʘʤʝʪʨ. ʎʽ ʤʽʨʢʫʚʘʥʥʷ, 

ʘ ʪʘʢʦʞ ʚʠʩʦʢʽ ʜʝʤʧʬʫʶʯʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚʠʟʥʘʯʠʣʠ ʧʝʨʝʚʘʛʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʧʝʨʝʜ 

ʧʽʜʰʠʧʥʠʢʘʤʠ ʢʦʯʝʥʥʷ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ [3,4]. 

ʐʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʻ ʦʧʦʨʠ, ʨʦʟʨʦʙʣʝʥʽ ʬʽʨʤʦʶ GENDRON (ʌʨʘʥʮʽʷ). [5, 6]. ʌʽʨʤʦʶ SKF (ʐʚʝʮʽʷ) 

ʨʦʟʨʦʙʣʝʥʘ ʪʠʧʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. ʎʽ ʦʧʦʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʣʷ ʚʘʞʢʠʭ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ [7]. 

ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʘʜʘʧʪʠʚʥʽ ɻʐʆ ʟ ʨʝʛʫʣʷʪʦʨʘʤʠ ʥʘʛʥʽʪʘʥʥʷ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʦʧʽʨ ʷʢʠʭ ʘʚʪʦʤʘʪʠʯʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʪʠʣʝʞʥʦ ʟʤʽʥʽ ʪʠʩʢʫ ʚ ʥʝʩʫʯʦʤʫ ʰʘʨʽ. ʊʘʢʽ ʦʧʦʨʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʢʨʘʱʽ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʽ, ʰʚʠʜʢʽʩʥʽ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʜʦʩʪʘʪʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʨʝʛʫʣʷʪʦʨʘ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʚʽʜôʻʤʥʦʾ 

ʧʽʜʜʘʪʣʠʚʦʩʪʽ (ʰʧʠʥʜʝʣʴ ʟʤʽʱʘʻʪʴʩʷ ʥʘʟʫʩʪʨʽʯ ʥʘʚʘʥʪʘʞʝʥʥʶ), ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʧʨʫʞʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʙʘʟʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʝʨʩʪʘʪʘ ʥʘ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ [8]. 

ʉʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ɻʐʆ ʨʽʟʥʦʤʘʥʽʪʥʽ, ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʪʘ ʚʠʷʚʣʷʶʪʴ ʥʝ ʤʝʥʰʠʡ ʚʧʣʠʚ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ, ʥʽʞ ʾʭʥʷ ʢʦʥʩʪʨʫʢʮʽʷ.  
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ʊʠʧ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ɻʐʆ ʧʨʠʟʥʘʯʘʶʪʴ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʜʽʘʧʘʟʦʥʫ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʤʘʢʩʠʤʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʘʨʫ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʘ ʪʘʢʦʞ ʽʥʰʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [9]. 

 ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʨʝʛʫʣʷʪʦʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʙʠʪʽ ʟʘʣʝʞʥʦ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʟʤʽʥʶʚʘʥʦʛʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʧʦʨʫ ʥʘ ʜʚʽ ʛʨʫʧʠ: ʽʟ ʧʣʦʩʢʦʶ ʪʘ ʽʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʢʽʣʴʮʝʚʦʶ 

ʱʽʣʠʥʦʶ [10]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ ʽ ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʜʘʧʪʠʚʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʽ ʧʨʠʚʦʜʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʄʘʪʝʨʽʘʣʠ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʯʘʩʪʢʦʚʠʭ ʧʦʭʽʜʥʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ɼʣʷ 

ʩʠʥʪʝʟʫ ʽ ʘʥʘʣʽʟʫ ʘʜʘʧʪʠʚʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʣʠʩʷ ʥʘ ʪʝʦʨʽʷʭ ʨʝʛʨʝʩʠʚʥʦʛʦ ʽ ʢʦʨʝʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʽʚ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʠʢʠ ʬʦʨʩʦʚʘʥʠʭ, ʧʨʠʩʢʦʨʝʥʠʭ, ʪʨʠʚʘʣʠʭ ʽʩʧʠʪʽʚ, ʤʦʤʝʥʪʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʙʘʥʢʽʚ, ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʨʦʟʨʘʭʫʥʢʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 

ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʧʘʢʝʪʽ ʂʆʄʇɸʉ 3D, ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɸʥʘʣʽʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʠʩʪʝʤ ʨʝʛʫʣʶʚʘʥʥʷ: ʜʨʦʩʝʣʴʥʘ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ "ʥʘʩʦʩ-

ʢʠʰʝʥʷ", ʨʝʛʫʣʷʪʦʨʥʘ ʩʠʩʪʝʤʘ, ʘʜʘʧʪʠʚʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʪʘʢʽ ʚʠʩʥʦʚʢʠ: 

1. ɼʣʷ ʩʭʝʤ ʞʠʚʣʝʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʥʝ ʽʩʥʫʻ ʽʜʝʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ; 

2. ʄʽʥʫʩʠ ʜʨʦʩʝʣʴʥʦʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ: ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ; ʧʽʜʚʠʱʝʥʠʡ ʨʦʟʽʛʨʽʚ ʤʘʩʣʘ; 

ʟʤʝʥʰʫʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʴ;  ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʠʪʨʘʪʘ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʦʢʘʯʫʚʘʥʥʷ ʤʘʩʣʘ;  ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʟʘʩʤʽʯʝʥʥʷ 

ʜʨʦʩʝʣʽʚ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʾʭ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʦʯʠʱʝʥʥʷ. 

3.ʄʽʥʫʩʠ ʞʠʚʣʝʥʥʷ ʪʠʧʫ "ʥʘʩʦʩ-ʢʠʰʝʥʷ":  ʧʦʪʨʽʙʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʩʦʩʽʚ ʤʘʣʦʛʦ ʦʙʩʷʛʫ, ʘʙʦ 

ʙʘʛʘʪʦʧʦʪʦʢʦʚʽ ʥʘʩʦʩʠ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ;  ʻ ʟʘʣʝʞʥʽʩʪʴ ʪʦʚʱʠʥʠ ʤʘʩʣʷʥʦʛʦ ʰʘʨʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. 

4. ʄʽʥʫʩʠ ʨʝʛʫʣʷʪʦʨʽʚ ʜʣʷ ʨʦʟʽʤʢʥʫʪʠʭ ʦʧʦʨ - ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʛʫʣʶʚʘʪʠ ʦʧʽʨ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʩʪʽ ʚʠʪʨʘʪʠ. ʇʨʠ ʚʝʣʠʢʦʤʫ ʟʤʽʥʽ ʪʠʩʢʫ ʚ ʢʠʰʝʥʷʭ ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʦʢʨʝʤʽ ʨʝʛʫʣʷʪʦʨʠ ʥʝ ʦʜʥʘʢʦʚʽ. ʈʝʛʫʣʷʪʦʨʠ 

ʱʽʣʠʥʥʦʛʦ ʪʠʧʫ ʩʭʠʣʴʥʽ ʜʦ ʟʘʩʤʽʯʝʥʥʷ, ʙʽʣʴʰʽʩʪʴ ʨʝʛʫʣʷʪʦʨʽʚ ʤʘʻ ʥʠʟʴʢʝ ʚʣʘʩʥʝ ʜʝʤʧʬʽʨʫʚʘʥʥʷ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʨʝʛʫʣʶʚʘʥʥʷ ʞʠʚʣʝʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʠʩʢʦʤ ʚ ʢʠʰʝʥʷʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʪʦʢʘʨʥʦʛʦ ʚʝʨʩʪʘʪʘ. ʉʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ 

ʧʨʦʩʪʠʤʠ ʟʘʩʦʙʘʤʠ ʩʢʦʨʝʛʫʚʘʪʠ ʧʝʨʝʜʘʚʘʣʴʥʫ ʬʫʥʢʮʽʶ ʽ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʴ, ʩʧʨʦʱʫʻ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʉʠʩʪʝʤʘ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩ ʜʘʪʯʠʢʽʚ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ, ʨʝʛʫʣʴʦʚʘʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ ʥʘ ʢʦʞʥʽʡ ʢʠʰʝʥʽ, 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʫʧʨʘʚʣʽʥʥʷ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. ʇʨʠʥʮʠʧ 

ʜʽʾ ʜʘʥʦʾ ʩʭʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʻʤʥʽʩʥʠʡ ʜʘʪʯʠʢ ʚʽʜʩʪʘʥʽ 1, ʟʯʠʪʫʻ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʢʠʰʝʥʷʭ 2, ʩʠʛʥʘʣ 

ʟ ʜʘʪʯʠʢʘ ʥʘʜʭʦʜʠʪʴ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ 3. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʘ ʦʩʥʦʚʽ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʧʝʨʝʪʚʦʨʶʻ ʩʠʛʥʘʣ ʟ 

ʻʤʥʽʩʥʦʛʦ ʜʘʪʯʠʢʘ ʧʨʦ ʟʤʽʥʝʥʫ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚ ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʫ ʚ ʢʠʰʝʥʽ. ɿʘ ʘʣʛʦʨʠʪʤʦʤ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʪʠʩʢ ʚ ʢʦʞʥʽʡ ʢʠʰʝʥʽ, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʫʩʫʥʝʥʥʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʦʩʴʦʚʦʾ ʣʽʥʽʾ ʰʧʠʥʜʝʣʷ, ʚʽʜʧʦʚʽʜʥʽ 

ʩʠʛʥʘʣʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ 4. ʅʝʦʙʭʽʜʥʠʡ ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ ʩʪʚʦʨʶʻʪʴʩʷ ʥʘʩʦʩʘʤʠ 5, ʧʨʠʚʦʜʠʪʴʩʷ ʚ 

ʜʽʶ ʝʣʝʢʪʨʦʜʚʠʛʫʥʦʤ 6.  

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʰʧʠʥʜʝʣʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʠʡ ʜʘʪʯʠʢ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʘʟʦʨʫ ʚ ʢʠʰʝʥʽ. ɼʦ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘʟʦʨʦʤ ʚ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨʘʭ ʚʽʜʥʦʩʷʪʴʩʷ ʻʤʥʽʩʥʽ ʜʘʪʯʠʢʠ, ʷʢʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʚʦʜʽʚ ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʜʦ ʧʣʘʪʠ ʫʧʨʘʚʣʽʥʥʷ (ʨʠʩ 2).  

ɭʤʥʽʩʥʠʡ ʜʘʪʯʠʢ ʚʽʜʩʪʘʥʽ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʥʜʝʥʩʘʪʦʨ, ʩʢʣʘʜʝʥʠʡ ʟ ʜʚʦʭ ʧʣʘʩʪʠʥ, ʨʦʟʜʽʣʝʥʠʭ ʜʽʝʣʝʢʪʨʠʢʦʤ. 

ɭʤʥʽʩʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜ ʟʤʽʥʠ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʟʤʽʥʽ ʚʽʜʩʪʘʥʽ ʤʽʞ ʦʙʢʣʘʜʠʥʢʘʤʠ. 
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ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʰʧʠʥʜʝʣʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʠʡ ʜʘʪʯʠʢ  

ʋ ʛʽʜʨʦʩʪʘʪʠʯʥʦʤʫ ʧʽʜʰʠʧʥʠʢʫ ʦʜʥʽʻʾ ʧʣʘʩʪʠʥʦʶ ʩʣʫʞʠʪʴ ʰʧʠʥʜʝʣʴ, ʘ ʽʥʰʠʡ ïʤʽʜʥʘ ʧʣʘʩʪʠʥʘ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʜʥʽ ʢʠʰʝʥʽ ʚʪʫʣʢʠ. ɺ ʷʢʦʩʪʽ ʜʽʝʣʝʢʪʨʠʢʘ ʚʠʩʪʫʧʘʻ ʤʘʩʣʦ. 

 

 
 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʻʤʥʽʩʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

 

 

ɽʈʉ ʚ ʣʘʥʮʶʟʽ ʞʠʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 

 
 

ʜʝ  ï ʥʘʧʨʫʛʘ ʥʘ ʦʙʢʣʘʜʠʥʢʘʭ ʜʘʪʯʠʢʘ; 

     ï ʥʘʧʨʫʛʘ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʨʝʟʠʩʪʦʨʽ. 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʆʤʘ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʨʝʟʠʩʪʦʨʘʭ: 

 

 
 

ʜʝ  ï ʩʠʣʘ ʩʪʨʫʤʫ ʦʜʥʽʻʾ ʛʽʣʢʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ; 

     ï ʦʧʽʨ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʨʝʟʠʩʪʦʨʘ.  

ʉʪʨʫʤ ʚ ʛʽʣʢʘʭ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ: 

 

 
 

ʜʝ  ï ʥʘʧʨʫʛʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ; 

      ï ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʻʤʥʽʩʥʦʛʦ ʜʘʪʯʠʢʘ;  

     ï ʢʨʫʛʦʚʘ ʯʘʩʪʦʪʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ;  

   C ï ʻʤʥʽʩʪʴ ʜʘʪʯʠʢʘ. 

ɭʤʥʽʩʪʴ ʜʘʪʯʠʢʘ:  

 

 
 

ʜʝ  ï ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʙʢʣʘʜʢʘʤʠ ʜʘʪʯʠʢʘ; 

    S ï ʧʣʦʱʘ ʦʙʢʣʘʜʢʠ ʜʘʪʯʠʢʘ;  

     ï ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʤʘʩʣʘ;  

     ï  ʚʽʜʥʦʩʥʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʚʘʢʫʫʤʫ. 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʱʝ ʥʘʚʝʜʝʥʠʭ ʚʠʨʘʟʽʚ ʥʘʧʨʫʛʘ ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʨʝʟʠʩʪʦʨʽ ʦʜʥʽʻʾ ʛʽʣʢʠ ʤʦʩʪʘ: 
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ɺʠʷʚʣʷʻʪʴʩʷ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʠʤ ʢʦʨʝʥʶ ʢʚʘʜʨʘʪʥʦʤʫ ʟ ʚʝʣʠʯʠʥʠ ʨʦʙʦʯʦʛʦ ʟʘʟʦʨʫ ʚ ʦʧʦʨʽ. ʅʘʧʨʫʛʘ ʜʣʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʤʦʩʪʘ ʚ ʮʽʣʦʤʫ ʙʫʜʝ ʚʜʚʽʯʽ ʙʽʣʴʰʘ. ʃʘʥʮʶʞʢʠ ʟ ʝʣʝʤʝʥʪʽʚ VT1, VT2, R4, R5, C3, C4 ï ʫʪʚʦʨʶʶʪʴ 

ʜʚʦʭ ʢʘʥʘʣʴʥʠʡ ʩʠʥʭʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʧʨʷʤʣʝʥʥʷ ʚʠʩʦʢʦ ʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʨʝʟʠʩʪʦʨʽʚ. ʃʘʥʮʶʞʦʢ  R3, VD1 ï ʟʘʙʝʟʧʝʯʫʻ ʩʠʥʭʨʦʥʥʠʡ ʜʝʪʝʢʪʦʨ, ʩʠʥʭʨʦʥʽʟʫʶʯʦʶ ʥʘʧʨʫʛʦʶ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ. 

ʆʪʨʠʤʘʥʠʡ ʩʠʛʥʘʣ ʧʦʩʠʣʶʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ DA1. 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʥʘ ʽʩʥʫʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʻ 

ʢʝʨʦʚʘʥʠʡ ʟʘʧʦʙʽʞʥʠʡ ʢʣʘʧʘʥ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʫʩʪʘʥʦʚʮʽ ʥʘ ʢʦʞʥʫ ʢʠʰʝʥʶ ʰʚʠʜʢʦʜʽʶʯʦʛʦ ʜʘʪʯʠʢʘ ʟʘʟʦʨʫ, 

ʽ ʫʩʪʘʥʦʚʮʽ ʥʘ ʞʠʚʠʣʴʥʫ ʤʘʛʽʩʪʨʘʣʴ ʢʠʰʝʥʽ ʢʝʨʦʚʘʥʦʛʦ ʧʦ ʪʠʩʢʫ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ. ʂʦʥʩʪʨʫʢʮʽʷ ʪʘʢʦʛʦ ʢʣʘʧʘʥʘ 

ʧʦʢʘʟʘʥʘ ʨʠʩ. 3.  

ʎʝʡ ʢʣʘʧʘʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʛʦ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ ʪʠʤ, ʱʦ ʟʘʤʽʩʪʴ ʥʘʞʠʤʥʦʾ ʧʨʫʞʠʥʠ ʚ ʥʴʦʤʫ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʞʠʤʥʠʡ ʧʨʠʩʪʨʽʡ ʤʘʛʥʽʪʦʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢʠʡ ʧʨʠʩʪʨʽʡ ʩʧʨʘʚʝʜʣʠʚʦ ʙʫʜʝ ʥʘʟʚʘʪʠ ʥʝ ʢʣʘʧʘʥʦʤ, 

ʘ ʨʝʛʫʣʷʪʦʨʦʤ, ʦʩʢʽʣʴʢʠ ʚ ʤʝʞʘʭ ʜʽʘʧʘʟʦʥʫ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʥ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʚ ʨʝʞʠʤʽ ʜʨʦʩʝʣʶʚʘʥʥʷ. 

 

 
 

ʈʠʩ. 3 ï  ʂʦʥʩʪʨʫʢʮʽʷ ʢʝʨʦʚʘʥʦʛʦ ʟʘʧʦʙʽʞʥʦʛʦ ʢʣʘʧʘʥʘ 

1 ï ʢʦʨʧʫʩ ʟ ʥʝʤʘʛʥʽʪʥʦʛʦ ʩʧʣʘʚʫ; 2 ï ʢʝʨʥ; 3 ï ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʢʘʨʢʘʩ; 4 ïʢʦʪʫʰʢʘ; 5 ï ʤʘʛʥʽʪʦʧʨʦʚʽʜ; 6 ï ʧʦʩʪʽʡʥʠʡ 

ʤʘʛʥʽʪ; 7 ï ʢʨʠʰʢʘ; 8 ï ʥʘʧʨʘʚʣʷʶʯʠʡ ʩʪʝʨʞʝʥʴ; 9 ï ʧʨʫʞʠʥʘ. 

 

ʋ ʩʚʦʶ ʯʝʨʛʫ ʟʫʩʠʣʣʷ F ʥʘʪʠʩʢʥʦʛʦ ʧʨʠʩʪʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ɸʤʧʝʨʘ: 

 

 
 

ʜʝ ɺ - ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʚ ʨʦʙʦʯʦʤʫ ʟʘʟʦʨʽ ʧʨʠʩʪʨʦʶ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ 6; 

I - ʚʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʚ ʢʦʪʫʰʮʽ 4; 

L - ʨʦʙʦʯʘ ʜʦʚʞʠʥʘ ʧʨʦʚʽʜʥʠʢʘ ʚ ʢʦʪʫʰʮʽ 4. 

 

ʇʨʦʚʝʣʠ ʨʦʟʨʘʭʫʥʢʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 

ʧʘʢʝʪʽ ʂʆʄʇɸʉ 3D, ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʊʠʧ ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ ʧʦ 

ʄʠʟʝʩʫ SVM [ʄʇʘ] 0.000026 61.937571 
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ʈʠʩ. 4 ï ɽʢʚʽʚʘʣʝʥʪʥʝ ʥʘʧʨʫʞʝʥʥʷ 

 

 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪ ʩʫʤʘʨʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʊʠʧ ʄʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʉʫʤʘʨʥʝ ʣʽʥʽʡʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ 
USUM [ʤʤ] 0 0.063994 

 

 

 
 

 

 

 

 

 

 

ʈʠʩ. 5 ï ʉʫʤʘʨʥʝ ʣʽʥʽʡʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 
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ʈʠʩ. 6 ï 3D ʤʦʜʝʣʴ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

 



 

62                      2079ï004ʍ. ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2022. 2̄ (6) 

 
 

ʈʠʩ. 8 ï ɹʣʦʢ - ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʩʫʯʘʩʥʠʭ ʚʘʞʢʠʭ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʤʝʪʘʣʦʦʙʨʦʙʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʧʨʝʮʠʟʽʡʥʠʭ ʽ ʫʥʽʢʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʧʠʥʜʝʣʴʥʽ ʚʫʟʣʠ ʪʘ ʥʘʧʨʘʚʣʷʶʯʽ ʟ ʙʝʟʢʦʥʪʘʢʪʥʠʤʠ ʛʽʜʨʦʩʪʘʪʠʯʥʠʤʠ ʦʧʦʨʘʤʠ ʢʦʚʟʘʥʥʷ ʫ 

ʷʢʠʭ ʪʦʯʥʽʩʪʴ, ʟʜʘʪʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʰʚʠʜʢʽʩʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʚʝʨʰʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʽʥʰʠʭ ʦʧʦʨ ʢʦʚʟʘʥʥʷ ʽ ʢʦʯʝʥʥʷ. ʆʩʥʦʚʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦʩʣʽʜʞʝʥʴ ʽ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʟʨʦʙʦʢ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʽ ʢʦʤʧʣʝʢʩʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ, 

ʱʦ ʤʘʶʪʴ ʚʙʫʜʦʚʘʥʽ ʨʝʛʫʣʷʪʦʨʠ ʘʜʘʧʪʠʚʥʦʛʦ ʥʘʛʥʽʪʘʥʥʷ ʤʘʩʪʠʣʘ. ʈʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʪʠʩʢʦʤ ʫ 

ʢʠʰʝʥʷʭ ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʦʧʦʨ ʽ ʟʫʩʠʣʣʷʤ ʥʘʪʷʛʫ ʧʨʠʚʦʜʫ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʉʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʩʢʦʨʝʛʫʚʘʪʠ ʧʝʨʝʜʘʚʘʣʴʥʫ 

ʬʫʥʢʮʽʶ ʽ ʚʠʢʣʶʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʣʠʚʘʥʴ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʪʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʥʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ ʨʽʟʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʇʽʜʚʠʱʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʦʧʦʨ, ʞʦʨʩʪʢʽʩʪʴ 

ʽ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʰʘʨʫ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʢʣʶʯʘʶʪʴʩʷ ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʛʦ 

ʪʠʩʢʫ ʚ ʢʠʰʝʥʷʭ ʦʧʦʨʠ. ʈʦʟʨʦʙʣʝʥʦ ʤʝʭʘʪʨʦʥʥʫ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʠʩʢʦʤ ʚ ʢʠʰʝʥʷʭ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ. ʈʦʟʨʦʙʣʝʥʦ ʘʜʘʧʪʠʚʥʽ ʨʝʛʫʣʷʪʦʨʠ ʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʦʧʦʨ ʟʽ ʟʚʦʨʦʪʥʠʤ 

ʟʚ'ʷʟʢʦʤ ʧʦ ʧʦʣʦʞʝʥʥʶ ʰʧʠʥʜʝʣʷ. ʈʦʟʨʦʙʣʝʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʚʪʫʣʢʠ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʽʟ ʚʙʫʜʦʚʘʥʠʤʠ 

ʻʤʥʽʩʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʟʘʟʦʨʫ. 
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ʊɽʍʅʆʃʆɻɯʏʅɯ ɿɸʂʆʅʆʄɯʈʅʆʉʊɯ ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ ʊɸ ʇʈʆɼʋʂʊʀɺʅʆʉʊɯ 

ʄɽʍɸʅɯʏʅʆɰ ʆɹʈʆɹʂʀ 

 
ʈʦʟʨʦʙʣʝʥʦ ʫʪʦʯʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʚ 

ʷʢʽʡ ʫʟʘʛʘʣʴʥʝʥʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʥʘʡʤʝʥʰʽ ʧʨʫʞʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʰʣʷʭʦʤ ʩʫʪʪʻʚʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʰʚʠʜʢʽʩʪʶ ʢʨʫʛʘ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ. ʆʜʥʘʢ 

ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ (ʜʦ 10 ʨʘʟʽʚ), ʥʽʞ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ, ʱʦ ʦʙʤʝʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ. ʊʦʤʫ ʥʘ 
ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ. ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʝʭʥʦʣʦʛʽʡ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʽʟʘʥʥʷ, ʷʢʽ 

ʟ ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʰʣʽʬʫʚʘʥʥʶ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙʨʦʙʢʫ ʦʪʚʦʨʽʚ ʚ ʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʩʚʝʨʜʣʘʤʠ ʟ ʨʽʟʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ, ʟʙʽʣʴʰʫʶʯʠ 
ʜʽʘʤʝʪʨ ʟʘ ʧʨʦʭʦʜʘʤʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʧʨʦʩʪʽʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ, ʥʽʞ ʧʨʠ ʦʙʨʦʙʮʽ ʦʩʴʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ. ʇʨʠ 

ʨʦʟʬʨʝʟʫʚʘʥʥʽ ʦʪʚʦʨʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʱʝ ʙʽʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ, ʰʣʽʬʫʚʘʥʥʷ, ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʝ ʨʽʟʘʥʥʷ 
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TECHNOLOGICAL REGULARITIES OF IMPROVING ACCURACY AND PRODUCTIVITY OF MECHANICAL PROCESSING  

 

An updated mathematical model for determining the elastic displacements that occur in the technological system during machining, which summarizes 

the analytical description of the elastic displacement during grinding and blade machining. This allowed us to establish that the smallest elastic displacements 
can be ensured during grinding by significantly exceeding the speed of the cutting speed during blade machining. However, the energy consumption of 

processing is much higher (up to 10 times) than with blade processing, which limits the technological capabilities of grinding. Therefore, in finishing 

operations to effectively use the technology of blade processing. This is especially true of high-speed cutting technologies, which from a kinematic point of 
view are not inferior to grinding and provide a reduction in elastic displacements, energy consumption and increase the accuracy and productivity of 

processing. It is established that processing of openings in several passes is expedient to carry out drills with various diameters, increasing diameter on passes. 

It is shown that it is easier to ensure the required accuracy when boring than when machining with axial tools. By milling holes, an even greater increase in 
machining accuracy and productivity can be achieved. 

Keywords: elastic displacements, technological system, grinding, energy consumption of processing, high-speed cutting 
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ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ʇʆɺʓʐɽʅʀʗ ʊʆʏʅʆʉʊʀ ʀ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʄɽʍɸʅʀʏɽʉʂʆʁ 

ʆɹʈɸɹʆʊʂʀ 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʫʪʦʯʥʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʨʫʛʠʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʚ ʢʦʪʦʨʦʡ ʦʙʦʙʱʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʫʧʨʫʛʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʠ ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʝ ʫʧʨʫʛʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʧʫʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʝʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʴʶ 

ʢʨʫʛʘ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠ ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ (ʜʦ 10 ʨʘʟ), ʯʝʤ ʧʨʠ ʣʝʟʚʠʡʥʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʰʣʠʬʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʥʘ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʳʝ ʩ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝ ʫʩʪʫʧʘʶʪ 

ʰʣʠʬʦʚʘʥʠʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʫʧʨʫʛʠʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʙʦʪʢʫ ʦʪʚʝʨʩʪʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʚʝʨʣʘʤʠ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ, ʫʚʝʣʠʯʠʚʘʷ ʜʠʘʤʝʪʨ ʧʦ 

ʧʨʦʭʦʜʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʘʩʪʘʯʠʚʘʥʠʠ ʧʨʦʱʝ ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ, ʯʝʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʩʝʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʇʨʠ 

ʨʘʩʬʨʝʟʝʨʦʚʳʚʘʥʠʠ ʦʪʚʝʨʩʪʠʡ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʝʱʝ ʙʦʣʴʰʝʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʫʛʠʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʰʣʠʬʦʚʘʥʠʝ, ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʨʝʟʘʥʠʝ 
 

ɺʩʪʫʧ. ʉʫʯʘʩʥʝ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʡ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʚʠʩʦʢʦʦʙʝʨʪʦʚʠʭ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʽʟ 

ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʏʇʋ) ʪʠʧʫ çʦʙʨʦʙʥʠʡ ʮʝʥʪʨè ʪʘ ʧʨʦʛʨʝʩʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʘʣʴʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʽ ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʟʘʢʦʨʜʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ɯʟ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʟ'ʷʚʠʣʠʩʷ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʫʩʧʽʰʥʦʤʫ ʚʠʭʦʜʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʤʽʞʥʘʨʦʜʥʽ 

ʨʠʥʢʠ. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʮʠʭ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʽʟ ʏʇʋ ʪʘ ʨʽʟʘʣʴʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ. ʌʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʾʭ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʤʘʛʘʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦ ʚʤʽʪʠ ʚʠʟʥʘʯʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʦʙʨʦʙʢʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʪʦʯʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ɼʣʷ ʮʴʦʛʦ ʚʘʞʣʠʚʦ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʫʞʥʠʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʷʢʽ ʻ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤ ʯʠʥʥʠʢʦʤ  ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʙʨʦʙʢʠ. ɼʣʷ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʨʦʙʦʪʽ 

ʟʘʧʨʦʚʘʜʞʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʚʠʥʠʢʘʶʯʠʭ ʚ ʧʨʦʮʝʩʘʭ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʣʝʟʦʚʦʾ 

ʦʙʨʦʙʢʠ.  

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʇʨʦʙʣʝʤʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʧʨʠʜʽʣʝʥʦ ʜʦʩʪʘʪʥʴʦ 

ʚʝʣʠʢʫ ʫʚʘʛʫ [1; 4; 6; 7]. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʝʪʦʜʽʚ ʰʣʽʬʫʚʘʥʥʷ [3; 9; 12], ʜʝ ʦʩʪʘʪʦʯʥʦ ʬʦʨʤʫʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ 

ʦʧʝʨʘʮʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʡ ʢʽʥʮʝʚʦʾ ʦʙʨʦʙʢʠ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʙʨʦʙʢʠ [2; 3; 5; 13]. ʆʜʥʘʢ, ʧʨʠ ʮʴʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʫʞʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʚ ʫʤʦʚʘʭ 
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ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ ʧʦʚʥʦ. ʎʝ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʾʭ ʧʨʘʢʪʠʯʥʦʾ 

ʨʝʘʣʽʟʘʮʽʾ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʟ ʻʜʠʥʠʭ ʧʦʟʠʮʽʡ ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, 

ʚʠʥʠʢʘʶʯʠʭ ʚ ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ, ʡ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʚʠʟʥʘʯʠʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ  

ʰʣʷʭʽʚ  ʾʭ ʟʤʝʥʰʝʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ  ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: 

Å ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ: ʪʦʯʥʽʩʪʴ ʨʦʟʤʽʨʫ ʡ ʪʦʯʥʽʩʪʴ 

ʬʦʨʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʣʝʟʦʚʽʡ 

ʦʙʨʦʙʮʽ; 

Å ʚʩʪʘʥʦʚʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʩʠʩʪʝʤʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ, ʪʘ  ʦʙˇʨʫʥʪʫʚʘʪʠ ʫʤʦʚʠ ʾʭ ʟʤʝʥʰʝʥʥʷ; 

Å  ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʚʠʥʠʢʘʶʯʠʭ ʚ ʧʨʦʮʝʩʘʭ ʰʣʽʬʫʚʘʥʥʷ ʡ ʣʝʟʦʚʦʾ 

ʦʙʨʦʙʢʠ, ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʦʙˇʨʫʥʪʫʚʘʪʠ ʫʤʦʚʠ ʟʜʽʡʩʥʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʪʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʨʦʙʦʪʽ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʧʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ (ʧʦʭʠʙʢʠ ʨʦʟʤʽʨʫ ʪʘ ʬʦʨʤʠ ʧʦʚʝʨʭʥʽ), 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʦʯʽʥʥʽ, ʰʣʽʬʫʚʘʥʥʽ, ʨʦʟʪʦʯʫʚʘʥʥʽ, ʩʚʝʨʜʣʽʥʥʽ ʡ ʬʨʝʟʫʚʘʥʥʽ, ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ y  ʧʨʠ ʧʦʟʜʦʚʞʥʴʦʤʫ ʪʦʯʽʥʥʽ ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʽʚʥʷʥʥʷʤ ʨʽʚʥʦʚʘʛʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ yP  ʽ ʧʨʫʞʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʣʠ 

yʩÖ  [8]: 
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ʜʝ  ʩ ï ʧʨʠʚʝʜʝʥʘ ʞʦʨʩʪʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʅ/ʤ; 
s ï ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ, ʅ/ʤ2;  

yzʨʽʟ P/Pʂ = ï ʢʦʝʬʽʮʽʻʥʪ ʨʽʟʘʥʥʷ;  

zP , yP  ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʪʘ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʅ; 

S  ï ʧʦʜʘʯʘ, ʤ/ʦʙ.;  

tï ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ, ʤ; 

j ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʨʽʟʮʷ ʚ ʧʣʘʥʽ. 

ʊʦʜʽ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (1), ʚʝʣʠʯʠʥʘ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʽʥʩʪʨʫʤʝʥʪʫ 1y  

ʚʠʟʥʘʯʠʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 
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ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʫ n ʧʨʫʞʥʝ ʧʝʨʝʤʽʱʝʥʥʷ y ʚʠʟʥʘʯʘʻʪʴʩʷ: 
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ʋ ʧʽʜʩʫʤʢʫ ʧʨʠʡʰʣʠ ʜʦ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ ʟʽ ʟʥʘʤʝʥʥʠʢʦʤ 
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. ʆʪʞʝ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʘ n ʚʝʣʠʯʠʥʘ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ny  ʙʝʟʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʩʠʤʧʪʦʪʠʯʥʦ 

ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʦʶ ʥʝʩʢʽʥʯʝʥʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ: 
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1
1 ï ʧʝʨʰʠʡ ʯʣʝʥ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ;  

VtSQ ÖÖ=  ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ3/ʩ;  

V  ï ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʤ/ʩ.  

ɯʟ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ (2) ï (5), ʚʠʜʥʦ, ʱʦ ʧʨʠ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʫʞʥʝ ʧʝʨʝʤʽʱʝʥʥʷ 1y  ʤʝʥʰʝ, 

ʥʽʞ ʥʘ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʧʨʦʭʦʜʽ (ʪʦʙʪʦ nyy <1 ). ʆʪʞʝ, ʝʬʝʢʪʠʚʥʦ ʟʥʽʤʘʥʥʷ ʚʩʴʦʛʦ ʧʨʠʧʫʩʢʫ ʧʨʠ ʧʦʟʜʦʚʞʥʴʦʤʫ 

ʪʦʯʽʥʥʽ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ 

ʚʠʥʠʢʘʻ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ.  

ʇʨʠ ʢʨʫʛʣʦʤʫ ʧʦʚʟʜʦʚʞʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʰyzʨʽʟ ʂP/Pʂ ==  (ʜʝ ʂh ï ʢʦʝʬʽʮʽʻʥʪ ʰʣʽʬʫʚʘʥʥʷ), ʘ ʨʘʜʽʘʣʴʥʘ  

ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ yP  ʚʠʨʘʞʘʻʪʴʩʷ [11]: 
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,                                                                      (6) 

ʜʝ    ʜʝʪVtHQ ÖÖ=  ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ3/ʩ;  

H ï ʰʠʨʠʥʘ ʰʣʽʬʫʚʘʥʥʷ, ʤ. 

ʊʦʜʽ, ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ (1) ʽ (6),  ʧʨʫʞʥʝ ʧʝʨʝʤʽʱʝʥʥʷ y  ʚʠʟʥʘʯʘʪ̒ʴʩʷ: 
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ɿʘ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ yP  ʽ ʧʨʫʞʥʦ-

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʣʠ yʩÖ,  ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (7), ʤʘʻʤʦ: 
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ʇʽʩʣʷ ʧʝʨʝʪʚʦʨʝʥʴ ʨʽʚʥʷʥʥʷ (8) ʚʝʣʠʯʠʥʘ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 1y  

ʚʠʟʥʘʯʠʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ: 
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ʇʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ y ʟʘ n ʧʨʦʭʦʜʘʤʠ ʢʨʫʛʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ: 
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ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʝʡ (9) ï (11) ʧʦʢʘʟʫʻ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʛʝʦʤʝʪʨʠʯʥʘ ʧʨʦʛʨʝʩʽʷ ʟʽ ʟʥʘʤʝʥʥʠʢʦʤ 
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ʪʦʙʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʘ n ʚʝʣʠʯʠʥʘ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ny  ʙʝʟʧʝʨʝʨʚʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ: 
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ï ʧʝʨʰʠʡ ʯʣʝʥ ʛʝʦʤʝʪʨʠʯʥʦʾ ʧʨʦʛʨʝʩʽʾ;,   

ʜʝʪVtHQ ÖÖ=  ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ3/ʩ;  

H  ï ʰʠʨʠʥʘ ʰʣʽʬʫʚʘʥʥʷ, ʤ;  

ʜʝʪV , ʢʨV  ï ʰʚʠʜʢʦʩʪʽ ʜʝʪʘʣʽ ʪʘ ʢʨʫʛʘ, ʤ/ʩ.  

 ʗʢ ʚʽʜʦʤʦ, ʚʽʜʥʦʰʝʥʥʷ s/ ʨʽʟʂ  ʧʨʠ ʪʦʯʽʥʥʽ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʽʞ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ (ʫ ʟʚôʷʟʢʫ ʟ ʤʝʥʰʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʪʝʨʪʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ). ʊʦʤʫ, ʧʦʨʽʚʥʶʶʯʠ ʟʘʣʝʞʥʦʩʪʽ (5) ʽ (12), ʪʘ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʫʤʦʚʫ VVʢʨ> , ʧʨʠ 

ʪʦʯʽʥʥʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʤʝʥʰʝʥʥʷ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ny  ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʙʨʦʙʢʠ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, ʫ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʦʪʚʦʨʫ ʣʝʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

[10]. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʝʥʦ ʧʦʭʠʙʢʫ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ (ʷʢ ʨʽʟʥʠʮʶ ʥʘʡʙʽʣʴʰʦʛʦ 1y  ʽ ʥʘʡʤʝʥʰʦʛʦ 2y  

ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʴ ʫ ʜʚʦʭ ʧʨʦʪʠʣʝʞʥʠʭ ʥʘʧʨʷʤʘʭ) ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ (ʨʠʩ. 1) ʟʘ ʧʨʦʭʦʜʘʤʠ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʨʦʟʙʽʞʥʦʩʪʽ ʦʩʝʡ ʨʽʟʮʷ ʪʘ ʦʪʚʦʨʫ ʥʘ ʚʝʣʠʯʠʥʫ D:   
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ʜʝ   D+=tt1 ; tt =2  ï ʤʘʢʩʠʤʘʣʴʥʘ ʡ ʤʽʥʽʤʘʣʴʥʘ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ, ʤ. 
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ʈʠʩ. 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʦʪʚʦʨʫ ʽʟ ʧʦʯʘʪʢʦʚʠʤ ʜʽʘʤʝʪʨʦʤ d 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ (13) ï (15), ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʘ n ʚʝʣʠʯʠʥʘ ny  ʧʨʘʛʥʝ ʜʦ 

ʥʫʣʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʫʩʫʥʫʪʠ ʧʦʭʠʙʢʫ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ ʫ ʚʠʛʣʷʜʽ ʥʝʚʽʩʝʩʠʤʝʪʨʠʯʥʦʩʪʽ. ɿʘ ʫʤʦʚʠ 

( 1>
ÖÖ

Ö

js cosS

ʂʩ ʨʽʟ
) ʤʦʞʥʘ ʟʥʘʯʥʦ ʰʚʠʜʰʝ ʜʦʤʦʛʪʠʩʷ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ  ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʨʽʟʮʷʤʠ ʽʟ ʩʠʥʪʝʪʠʯʥʠʭ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ ʡ ʛʦʩʪʨʦʪʦʶ ʨʽʞʫʯʦʾ ʢʨʦʤʢʠ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s. ɺʠʭʦʜʷʯʠ ʽʟ 
ʮʴʦʛʦ, ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʙʽʨʥʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʽ ʢʝʨʘʤʽʯʥʠʭ ʨʽʟʮʽʚ ʟʽ ʟʥʦʩʦʩʪʽʡʢʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʟʘʢʦʨʜʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ ʧʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʚʝʨʜʣʘ ʟʘ n ʧʨʦʭʦʜʽʚ ʧʨʠ ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʽ ʦʪʚʦʨʫ ʟʽ ʟʤʽʱʝʥʥʷʤ ʦʩʽ 

ʩʚʝʨʜʣʘ ʟ ʮʝʥʪʨʦʤ ʆ ʚʽʜʥʦʩʥʦ ʦʩʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ ʟ ʮʝʥʪʨʦʤ ʆ0 ʥʘ ʚʝʣʠʯʠʥʫ D (ʨʠʩ. 2):  
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ʈʠʩ.  2 ï ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʷ ʦʪʚʦʨʫ (ʘ) ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʫʞʥʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʩʚʝʨʜʣʘ ʧʨʠ ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʽ ʦʪʚʦʨʫ ʟ ʧʦʯʘʪʢʦʚʠʤ ʜʽʘʤʝʪʨʦʤ d (ʙ) 

 

ʉʫʤʘʨʥʝ ʫʪʦʯʥʝʥʥʷ ʩʫʤe  ʪʘ ʫʪʦʯʥʝʥʥʷ ʥʘ ʧʨʦʭʦʜʽ e ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ: 
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ʆʩʢʽʣʴʢʠ ʫʪʦʯʥʝʥʥʷ ʥʘ ʧʨʦʭʦʜʽ 1>e , ʪʦ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (20),  ʚʽʜʥʦʰʝʥʥʷ 1
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ʢʦʞʥʠʤ ʥʘʩʪʫʧʥʠʤ ʧʨʦʭʦʜʦʤ ʩʚʝʨʜʣʘ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ 0­ny . ʎʝ ʪʘʢʦʞ ʚʠʧʣʠʚʘʻ 

ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ (16) ï (18). ʆʜʥʘʢ, ʧʦʭʠʙʢʘ ʬʦʨʤʠ ʦʪʚʦʨʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʚʝʣʠʯʠʥʦʶ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʩʚʝʨʜʣʘ 

ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ, ʷʢʝ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (16). ʏʠʤ ʚʦʥʦ ʤʝʥʰʝ, ʪʠʤ ʤʝʥʰʝ ʧʦʭʠʙʢʘ ʬʦʨʤʠ ʦʪʚʦʨʫ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʯʠʩʝʣʴʥʠʢʘ ʟʘʣʝʞʥʦʩʪʽ (16), ʟʤʝʥʰʫʚʘʪʠ, ʘ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ 

ʟʥʘʤʝʥʥʠʢʘ ʟʘʣʝʞʥʦʩʪʽ (16), ʥʘʚʧʘʢʠ, ʟʙʽʣʴʰʫʚʘʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʤʽʨʥʠʤʠ ʦʩʴʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

(ʩʚʝʨʜʣʘʤʠ, ʟʝʥʢʝʨʘʤʠ, ʨʦʟʛʦʨʪʢʘʤʠ) ʻ ʧʝʨʝʚʠʱʝʥʥʷ ʜʽʘʤʝʪʨʦʤ ʦʙʨʦʙʣʝʥʦʛʦ ʦʪʚʦʨʫ ʜʽʘʤʝʪʨʘ ʽʥʩʪʨʫʤʝʥʪʘ ʫ ʟʚ'ʷʟʢʫ ʟ 

ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʨʠʧʫʩʢʫ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ, ʡ ʚʠʥʠʢʘʶʯʠʤʠ ʧʨʫʞʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ. ʎʝ, ʷʢ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ (ʪʦʯʥʦʩʪʽ ʡʦʛʦ ʨʦʟʤʽʨʫ ʡ ʬʦʨʤʠ). 

ɺʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʩʚʝʨʜʣʽʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʙʽʨʥʠʭ 

ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʽ ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʧʦʢʨʠʪʪʷʤʠ. ʊʘʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʚʝʨʜʣʘ Ï33 ʤʤ (ʢʦʨʧʫʩ ʩʚʝʨʜʣʘ 

KSE250350390; ʨʽʞʫʯʘ ʧʣʘʩʪʠʥʘ SM565330 ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʤʘʪʝʨʽʘʣʫ PREMIUM HSS M48 ʟʽ ʟʥʦʩʦʩʪʽʡʢʠʤ ʧʦʢʨʠʪʪʷʤ 

TiAlN) ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʾ YG1 (ʇʽʚʜʝʥʥʘ ʂʦʨʝʷ) ʥʘ ʦʧʝʨʘʮʽʾ ʛʣʠʙʦʢʦʛʦ ʩʚʝʨʜʣʽʥʥʷ (ʟ ʛʣʠʙʠʥʦʶ 220 ʤʤ ʽ ʚʠʭʦʜʦʤ 

ʥʘ ʮʠʣʽʥʜʨʠʯʥʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʟ ʤʘʪʝʨʽʘʣʫ 09ɻʉ2) ʧʦʢʘʟʘʣʦ ʡʦʛʦ ʚʠʩʦʢʫ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚ 2 ʨʘʟʠ 

ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ.  ʆʩʥʦʚʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ t ʦʪʚʦʨʫ ʩʢʣʘʚ 2 ʭʚ., ʘ ʟʘ ʽʩʥʫʶʯʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʩʚʝʨʜʣʽʥʥʷ 

ʦʪʚʦʨʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʦʛʦ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ï 4 ʭʚ. (ʨʠʩ. 3). ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ 450 

ʤʤ/ʭʚ.; ʧʦʜʘʯʘ 0,33 ʤʤ/ʦʙ; ʧʦʜʘʯʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚʠʢʦʥʫʚʘʣʘʩʷ ʯʝʨʝʟ ʜʝʨʞʘʚʢʫ ʚ ʟʦʥʫ ʨʽʟʘʥʥʷ. ʋ ʧʨʦʮʝʩʽ 

ʨʽʟʘʥʥʷ ʤʘʣʦ ʤʽʩʮʝ ʽʥʪʝʥʩʠʚʥʝ ʜʨʦʙʣʝʥʥʷ ʡ ʚʠʜʘʣʝʥʥʷ ʩʪʨʫʞʢʠ. ʆʙʨʦʙʢʘ ʜʝʪʘʣʽ (ʽʟ 48 ʦʪʚʦʨʘʤʠ) ʟʜʽʡʩʥʝʥʘ ʟʘ 96 ʭʚ. 

ʉʪʽʡʢʽʩʪʴ ʨʽʞʫʯʦʾ ʧʣʘʩʪʠʥʠ ʩʢʣʘʣʘ 72 ʦʪʚʦʨʠ ʘʙʦ 1,5 ʜʝʪʘʣʽ (144 ʭʚʠʣʠʥʠ). ʊʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʜʦʟʚʦʣʠʣʦ ʚʠʢʣʶʯʠʪʠ ʟ ʥʘʣʘʛʦʜʞʝʥʥʷ ʦʧʝʨʘʮʽʶ ʧʨʦʤʽʞʥʦʛʦ ʩʚʝʨʜʣʽʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ
ʪʝʭʥʦʣʦʛʽʷ

     ɼʽʶʯʘ
ʪʝʭʥʦʣʦʛʽʷ
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ʈʠʩ.  3 ï ɿʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ t ʦʪʚʦʨʫ ʩʚʝʨʜʣʽʥʥʷʤ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʪʘ ʜʽʶʯʦʶ ʪʝʭʥʦʣʦʛʽʷʤʠ 

 

ʅʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʷʢʱʦ ʦʙʨʦʙʢʘ ʦʪʚʦʨʫ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʚʠʢʦʥʫʻʪʴʩʷ ʩʚʝʨʜʣʦʤ ʽʟ 

ʜʽʘʤʝʪʨʦʤ, ʨʽʚʥʠʤ ʟʘʜʘʥʦʤʫ ʜʽʘʤʝʪʨʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ, ʪʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ ʦʪʚʦʨʫ 

ʚʝʣʠʯʠʥʦʶ D. ʇʨʠʯʦʤʫ, ʫʩʫʥʫʪʠ ʮʶ ʧʦʭʠʙʢʫ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʨʦʭʦʜʘʭ ʩʚʝʨʜʣʘ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʦʙʨʦʙʢʫ ʦʪʚʦʨʫ ʟʘ 
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ʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʩʚʝʨʜʣʘʤʠ ʨʽʟʥʠʭ ʜʽʘʤʝʪʨʽʚ, ʟʙʽʣʴʰʫʶʯʠ ʜʽʘʤʝʪʨ ʚʽʜ ʧʨʦʭʦʜʫ ʜʦ ʧʨʦʭʦʜʫ. 

ɸʥʘʣʦʛʽʯʥʦ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʽʘʤʝʪʨʠ ʟʝʥʢʝʨʽʚ ʽ ʨʦʟʚʝʨʪʦʢ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʚʦʨʽʚ ʟʘ ʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ 

ʟʘʜʘʥʫ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ.  

ʇʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʦʪʚʦʨʫ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʨʠʧʫʩʢʦʤ, ʪʦʙʪʦ ʧʨʠ ʡʦʛʦ ʦʙʨʦʙʮʽ ʥʝʤʽʨʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʜʽʘʤʝʪʨ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ ʬʦʨʤʫʻʪʴʩʷ ʣʠʰʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʟʮʷ ʘʙʦ ʜʝʪʘʣʽ, 

ʪʦʜʽ ʷʢ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ (ʧʨʠ ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʽ ʦʪʚʦʨʫ) ʜʽʘʤʝʪʨ ʦʪʚʦʨʫ ʚʠʟʥʘʯʘʚʩʷ ʩʫʤʦʶ ʜʽʘʤʝʪʨʘ ʩʚʝʨʜʣʘ ʪʘ 

ʡʦʛʦ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ. ʆʪʞʝ, ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ ʦʪʚʦʨʫ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʜʦʤʦʛʪʠʩʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʡʦʛʦ 

ʦʙʨʦʙʢʠ, ʥʽʞ ʧʨʠ ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʽ. ɼʣʷ ʮʴʦʛʦ ʜʦʩʪʘʪʥʴʦ ʢʝʨʫʚʘʪʠ ʣʠʰʝ ʚʝʣʠʯʠʥʦʶ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʽʟʮʷ. ʊʘʢ, 

ʧʨʠ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʨʽʟʮʷ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 1y  ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʠʭʦʜʷʯʠ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ [11]: 
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ʜʝ  1yP , 1zP  ï ʨʘʜʽʘʣʴʥʘ ʡ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ, ʅ.  

ɿʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ 1y , ʟʛʽʜʥʦ ʟʘʣʝʞʥʦʩʪʽ (21), ʤʦʞʥʘ ʟʙʽʣʴʰʝʥʥʷʤ ʜʨʫʛʦʛʦ ʜʦʜʘʥʢʘ, ʱʦ ʻ ʚ ʟʥʘʤʝʥʥʠʢʫ. ʇʨʠ 

ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʽ ʨʽʟʮʷ ʚʝʣʠʯʠʥʘ ʡʦʛʦ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 2y  ʚʠʟʥʘʯʠʪʴʩʷ: 
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ʇʨʠ n -ʤʫ ʧʨʦʭʦʜʽ ʤʘʻʤʦ: 
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ʍʘʨʘʢʪʝʨ ʟʤʽʥʠ ny , ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (23), ʧʽʜʢʦʨʷʻʪʴʩʷ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ, ʪʦʜʽ [9]: 
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+=1  ï ʫʪʦʯʥʝʥʥʷ ʥʘ ʧʨʦʭʦʜʽ.  

ʗʢ ʚʠʜʥʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʨʦʭʦʜʽʚ ʨʽʟʮʷ n  ʚʝʣʠʯʠʥʘ ny  ʟʙʽʣʴʰʫʻʪʴʩʷ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʪʦʯʫʚʘʥʥʷ 

ʦʪʚʦʨʫ ʚʠʢʦʥʫʚʘʪʠ   ʟʘ  1 ï 3  ʧʨʦʭʦʜʠ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ, ʟʙʽʣʴʰʫʶʯʠ ʚʽʜʥʦʰʝʥʥʷ  
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ʂʩ ʨʽʟ
). ɺʠʭʦʜʷʯʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (24), ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ ny  ʧʨʠ ʟʘʜʘʥʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ VtSQ ÖÖ=  ʤʦʞʥʘ 

ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ V, ʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʫʶʯʠ ʧʦʜʘʯʫ S ʘʙʦ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ t.  

 

ʅʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (24) ʚʘʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ny  ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ 

ʰʣʽʬʫʚʘʥʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʫʪ j=0; 1=jcos ; ʜʝʪVV =  ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʚʩʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ ʣʝʟʦʚʦʾ 

ʦʙʨʦʙʢʠ, ʟʘʣʠʰʘʶʪʴʩʷ ʩʧʨʘʚʝʜʣʠʚʠʤʠ ʡ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʜʝʪʘʣʽ 

ʜʝʪV  ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʧʦʜʘʯʽ S ʡ ʛʣʠʙʠʥʠ ʰʣʽʬʫʚʘʥʥʷ t. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʪʦʯʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʗʢ ʚʽʜʦʤʦ, ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʧʘʨʘʤʝʪʨ s ʙʽʣʴʰʝ, ʥʽʞ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʽʟ-ʟʘ ʽʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʨʪʷ  ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʊʦʤʫ ʫʪʦʯʥʝʥʥʷ ʥʘ ʧʨʦʭʦʜʽ e ʙʫʜʝ ʤʝʥʰʝ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ 
n-e  ʽ ʟʤʝʥʰʝʥʥʷ ʤʥʦʞʥʠʢʘ ( )n--e1  ʫ ʟʘʣʝʞʥʦʩʪʽ (24). ʎʝ ʧʝʚʥʦʶ ʤʽʨʦʶ ʢʦʤʧʝʥʩʫʚʘʪʠʤʝ 

ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ny  ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ s. ʊʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ny  ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ 

ʥʝ ʙʫʜʝ ʥʘʩʪʽʣʴʢʠ ʟʥʘʯʥʠʤ ʧʦʨʽʚʥʷʥʦ ʟ ʣʝʟʦʚʦʶ ʦʙʨʦʙʢʦʶ. ʇʨʠ ʛʣʠʙʠʥʥʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʟ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʜʝʪʘʣʽ ʜʝʪV  ʚʝʣʠʯʠʥʘ ny  ʟʙʽʣʴʰʠʪʴʩʷ. ʆʪʞʝ, ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʭʝʤʫ 

ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. 

ʇʨʠ ʨʦʟʬʨʝʟʫʚʘʥʥʽ ʦʪʚʦʨʫ ʚʝʣʠʯʠʥʘ ny  ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʪʠʤ ʩʘʤʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ, ʱʦ ʡ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ 

ʪʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ. ʊʘʢ, ʧʨʫʞʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʧʝʨʰʠʡ ʽ n -ʥʠʡ ʧʨʦʭʦʜʠ ʚʠʟʥʘʯʠʪʴʩʷ:  
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ʜʝ   ʜʝʪVtHQ ÖÖ=  ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ3/ʩ;  

H  ï ʰʠʨʠʥʘ ʬʨʝʟʫʚʘʥʥʷ, ʤ;  

ʜʝʪV , 
ʬʨV  ï ʰʚʠʜʢʦʩʪʽ ʜʝʪʘʣʽ ʪʘ ʬʨʝʟʠ, ʤ/ʩ. 

ʇʦʨʽʚʥʶʶʯʠ ʟʘʣʝʞʥʦʩʪʽ (25) ʽ (26), ʚʠʜʥʦ, ʱʦ ʥʘ ʧʝʨʰʦʤʫ ʧʨʦʭʦʜʽ ʚʝʣʠʯʠʥʘ  ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʤʝʥʰʝ, ʥʽʞ 

ʥʘ n -ʤʫ ʧʨʦʭʦʜʽ. ʆʩʢʽʣʴʢʠ ʧʨʠ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʤʫ ʨʦʟʬʨʝʟʫʚʘʥʥʽ ʦʪʚʦʨʫ ʚʽʜʥʦʰʝʥʥʷ s/ ʨʽʟʂ  ʤʝʥʰʝ, ʥʽʞ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ, ʘ ʢʨʬʨ VV º , ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ (ʽʟ ʧʦʨʽʚʥʷʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ (12) ʽ (26)) ʚʝʣʠʯʠʥʘ ny  ʙʫʜʝ ʤʝʥʰʦʶ, ʥʽʞ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʦʨʽʚʥʷʥʦ ʽʟ  ʰʣʽʬʫʚʘʥʥʷʤ. ʎʝ ʪʘʢʦʞ ʚʢʘʟʫʻ 

ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʟʘʤʽʩʪʴ 

ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʣʽʬʫʚʘʥʥʷ. 

ʆʪʞʝ, ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʢʫ ʦʪʚʦʨʫ ʨʦʟʬʨʝʟʫʚʘʥʥʷʤ ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʫʤʦʚʘʭ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʽʟʘʥʥʷ. ɿʘʚʜʷʢʠ 

ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʭ ʨʽʞʫʯʠʭ ʣʝʟ ʬʨʝʟʠ, ʮʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʮʝʩʘʤʠ ʨʦʟʪʦʯʫʚʘʥʥʷ ʡ ʚʥʫʪʨʽʰʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʡ, ʪʠʤ ʙʽʣʴʰʝ, ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʮʝʩʦʤ 

ʨʦʟʩʚʝʨʜʣʶʚʘʥʥʷ ʦʪʚʦʨʫ. ʎʠʤ ʧʦʢʘʟʘʥʦ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʪʦʯʥʦʩʪʽ ʤʝʪʦʜʠ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʥʝʤʽʨʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ (ʨʽʟʮʷʤʠ, ʰʣʽʬʫʚʘʣʴʥʠʤʠ ʢʨʫʛʘʤʠ, ʬʨʝʟʘʤʠ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʝ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʥʽʞ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʤʽʨʥʠʤʠ ʦʩʴʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ (ʩʚʝʨʜʣʘʤʠ, ʟʝʥʢʝʨʘʤʠ, 

ʨʦʟʛʦʨʪʢʘʤʠ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʦʙʦʪʽ ʦʜʝʨʞʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽ ʧʦʣʽʧʰʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ 

ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʠʭ 

ʤʦʜʝʣʝʡ ʪʠʤ, ʱʦ ʫʟʘʛʘʣʴʥʶʻ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʥʠʢʘʶʯʦʛʦ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʣʝʟʦʚʽʡ 

ʦʙʨʦʙʮʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʽʟ ʻʜʠʥʠʭ ʧʦʟʠʮʽʡ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʦʙʨʦʙʢʠ (ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s) 

ʚʠʢʦʥʘʪʠ ʪʝʦʨʝʪʠʯʥʝ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʪʦʯʽʥʥʷ, 

ʰʣʽʬʫʚʘʥʥʷ, ʨʦʟʪʦʯʫʚʘʥʥʷ, ʩʚʝʨʜʣʽʥʥʷ ʡ ʬʨʝʟʫʚʘʥʥʷ) ʪʘ ʚʠʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʚʘʨʽʘʥʪʠ ʚʠʩʦʢʦʪʦʯʥʦʾ ʡ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʾ ʬʽʥʽʰʥʦʾ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

ɺʠʩʥʦʚʢʠ. 1. ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʫʪʦʯʥʝʥʫ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ, ʚ ʷʢʽʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ ʫʟʘʛʘʣʴʥʝʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʧʨʫʞʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʥʘʡʤʝʥʰʽ 

ʧʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʰʣʷʭʦʤ ʩʫʪʪʻʚʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʰʚʠʜʢʽʩʪʶ ʢʨʫʛʘ ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ. ʆʜʥʘʢ ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟʥʘʯʥʦ ʙʽʣʴʰʝ (ʜʦ 10 ʨʘʟʽʚ), ʥʽʞ ʧʨʠ ʣʝʟʦʚʽʡ 

ʦʙʨʦʙʮʽ, ʱʦ ʦʙʤʝʞʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ. ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ, ʦʩʦʙʣʠʚʦ, ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʨʽʟʘʥʥʷ, ʷʢʽ ʟ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ ʥʝ ʧʦʩʪʫʧʘʶʪʴʩʷ ʰʣʽʬʫʚʘʥʥʶ ʪʘ ʦʜʥʦʯʘʩʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ʝʥʝʨʛʦʻʤʥʦʩʪʽ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

2. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʧʨʫʞʥʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʫ ʦʙʨʦʙʢʠ ʧʨʠ ʪʦʯʽʥʥʽ ʟ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʶ 

ʞʦʨʩʪʢʽʩʪʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʮʽʣʴʥʦ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʽʥʩʪʨʫʤʝʥʪʫ ʘʙʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʫʞʥʫ ʩʭʝʤʫ ʰʣʽʬʫʚʘʥʥʷ ʟ ʬʽʢʩʦʚʘʥʠʤ ʨʘʜʽʘʣʴʥʠʤ ʟʫʩʠʣʣʷʤ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ 

ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦ ʟʥʷʪʪʷ ʧʨʠʧʫʩʢʫ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ 

ʩʭʝʤʘʤʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʾ ʦʙʨʦʙʢʠ ʘʙʨʘʟʠʚʥʠʤʠ ʪʘ ʣʝʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ.  

3. ʊʝʦʨʝʪʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʦʪʚʦʨʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʽʨʥʠʭ ʪʘ ʥʝʤʽʨʥʠʭ 

ʣʝʟʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʚʦʨʽʚ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʧʨʠʧʫʩʢʦʤ 

ʦʩʴʦʚʠʤʠ ʙʘʛʘʪʦʣʝʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʫʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʱʦ ʟʥʠʞʫʶʪʴ ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʊʦʤʫ 

ʦʙʨʦʙʢʫ ʦʪʚʦʨʽʚ ʚ ʢʽʣʴʢʘ ʧʨʦʭʦʜʽʚ ʜʦʮʽʣʴʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʩʚʝʨʜʣʘʤʠ ʟ ʨʽʟʥʠʤʠ ʜʽʘʤʝʪʨʘʤʠ, ʟʙʽʣʴʰʫʶʯʠ ʜʽʘʤʝʪʨ ʚʽʜ 

ʧʨʦʭʦʜʫ ʜʦ ʧʨʦʭʦʜʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʭʠʙʢʫ ʦʙʨʦʙʢʠ, ʻ ʥʝʩʧʽʚʚʽʩʥʽʩʪʴ ʦʩʴʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʡ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ. ʊʝʦʨʝʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʦʙʨʦʙʮʽ ʦʪʚʦʨʽʚ ʥʝʤʽʨʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ, ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ, ʥʽʞ ʧʨʠ ʦʙʨʦʙʮʽ ʦʩʴʦʚʠʤʠ 

ʽʥʩʪʨʫʤʝʥʪʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ ʡ ʟʤʝʥʰʫʚʘʪʠ ʧʦʜʘʯʫ ʪʘ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʨʽʟʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʩʠʥʪʝʪʠʯʥʠʭ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʨʦʟʬʨʝʟʫʚʘʥʥʽ ʦʪʚʦʨʽʚ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʱʝ ʙʽʣʴʰʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʾʭ ʦʙʨʦʙʢʠ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʚʠʩʦʢʦʪʦʯʥʦʾ ʦʙʨʦʙʢʠ 

ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʻ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʨʪʷ ʚ 

ʟʦʥʽ ʨʽʟʘʥʥʷ. 
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ɺɸɾʂʆʆɹʈʆɹʃʖɺɸʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɿ ʊɺɽʈɼʀʄ ɿʄɸʑʋɺɸʅʅʗʄ 
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ʟʤʝʥʰʫʻ ʚ 1,4é2,1 ʨʘʟʠ ʧʦʩʪʢʦʥʪʘʢʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʰʦʨʩʪʢʽʩʪʴ ʚ 1,3é1,6 ʨʘʟʠ ʧʨʠ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʩʧʣʘʚʫ ɺʊ22 ʽ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ. 

ʇʨʠ ɸɯʐ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʊɿʄ ʥʘ Ra ʽ ʊʧʢ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘʣʝ ʾʭ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ 1,1é1,5 ʨʘʟʠ.  
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ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʪʚʸʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ6, ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ22 ʠ ʞʘʨʦʧʨʦʯʥʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 10ʍ11ʅ23ʊ3ʄʈ. ʆʮʝʥʢʘ 
ʧʨʦʚʝʜʝʥʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ Ra ʠ ʧʦʩʪʢʦʥʪʘʢʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊʧʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʚʸʨʜʦʛʦ 
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ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚ 1,3é1,6 ʨʘʟʘ ʧʨʠ ʘʣʤʘʟʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʩʧʣʘʚʘ ɺʊ22 ʠ ʩʪʘʣʠ 10ʍ11ʅ23ʊ3ʄʈ. ʇʨʠ ɸʀʐ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ 
ʊʉʄ ʥʘ Ra ʠ ʊʧʢ ʥʝ ʤʝʥʷʝʪʩʷ, ʥʦ ʠʭ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 1,1é1,5 ʨʘʟʘ. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʪʚʸʨʜʦʡ ʩʤʘʟʢʝ ʜʦʩʪʠʛʥʫʪʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 10ʍ11ʅ23ʊ3ʄʈ ï  

Ra = 0,22é0,39 ʤʢʤ ʠ Ra = 0,38é0,49 ʤʢʤ ʧʨʠ ɸʐ ʠ ɸʀʐ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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SEVIDOVA  ɽ.K., SHELKOVOY  A.N., RUDNEV A.V., GUTSALENKO  YU.G. 

EXPERIMENTAL STUDIES OF TEMPERATURE OF DIAMOND GRINDING OF HEAVYLY PROCESSED MATERIALS WITH SOLID 

LUBRICATION  

 

The influence of hard lubrication on the processes of diamond grinding (DG) and diamond spark grinding (DSG) of hard-working materials - hard alloy 

VK6, titanium alloy VT22 and heat-resistant stainless steel 10H11N23T3MP was studied. The conditions of the performed experimental researches are 
described. The evaluation was performed according to the parameters of the surface roughness parameter Ra of the postcontact temperature Tpk. It was found 

that the use of solid lubricants (SL) based on stearic acid (65%) and molybdenum disulfide (35%) reduces 1.4é 2.1 times post-contact temperature and 

roughness 1.3é 1.6 times with diamond grinding of alloy VT22 and steel 10ʍ11ʅ23ʊ3ʄʈ. At DSG the character of influence of SL on Ra and Tpk does not 
change, but their absolute values increase in 1,1é 1,5 times.  

Key words: solid lubricant, diamond grinding, diamond-spark grinding, roughness, difficult-to-process materials, post-contact temperature. 

1. ɺʩʪʫʧ. ʊʚʝʨʜʽ ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ (ʊɿʄ) ʷʢ ʨʽʟʥʦʚʠʜ ʟʤʘʱʫʚʘʣʴʥʦ-ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ 

(ɿʆʊɿ) ʧʦʯʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ ʰʣʽʬʫʚʘʥʥʷ, ʫ 80-ʭ ʨʦʢʘʭ 20 ʩʪʦʨʽʯʯʷ [1 - 4]. 

ɰʭ ʜʦʮʽʣʴʥʽʩʪʴ ʥʝʟʘʧʝʨʝʯʥʘ ʫ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ɿʆʊɿ ʫʩʢʣʘʜʥʝʥʦ, ʥʝ ʧʨʠʧʫʩʪʠʤʦ ʘʙʦ ʥʝ 

ʟʘʙʝʟʧʝʯʫʻ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʝʬʝʢʪʫ. ɸʣʝ ʢʦʞʝʥ ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʙʦʨʫ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʊɿʄ. 

2.ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ [1 ï 10], ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ 

ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʻ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʊɿʄ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʽ 

ʧʦʢʘʟʥʠʢʠ ʦʙʨʦʙʢʠ ʥʘʚʽʪʴ ʜʣʷ ʤʝʪʘʣʽʚ ʦʜʥʽʻʾ ʛʨʫʧʠ. ʄʘʨʢʘ ʤʘʪʝʨʽʘʣʫ, ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʰʣʽʬʫʚʘʥʥʷ, ʤʘʨʢʘ ʢʨʫʛʘ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ. ʂʦʞʝʥ ʤʘʪʝʨʽʘʣ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʊɿʄ. ʃʽʜʝʨʦʤ ʚ ʨʦʟʨʦʙʮʽ ʽ ʚʠʢʦʨʠʩʪʘʥʥʽ ʊɿʄ ʟʘʣʠʰʘʻʪʴʩʷ ʘʚʽʘʢʦʩʤʽʯʥʘ 

ʢʦʨʧʦʨʘʮʽʷ Boeing (ʉʐɸ). ʂʦʨʧʦʨʘʮʽʷ ʚʠʧʫʩʢʘʻ ʤʘʩʪʠʣʘ ʚ ʰʠʨʦʢʦʤʫ ʘʩʦʨʪʠʤʝʥʪʽ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʚʦʾʭ ʧʦʪʨʝʙ, ʘ ʡ ʜʣʷ 

ʽʥʰʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

3. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʪʚʝʨʜʦʛʦ ʟʤʘʱʫʚʘʥʥʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʘʣʤʘʟʥʦʛʦ ʪʘ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ 

ʰʣʽʬʫʚʘʥʥʷ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ɺʂ6, ɺʊ22 ʽ 10ʍ11ʅ23ʊ3ʄʈ. 

4. ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʦ ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʪʚʝʨʜʦʛʦ ʟʤʘʱʫʚʘʥʥʷ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ɿʆʊɿ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʩʪʠʣʘ ʚ ʪʦʯʥʦ 

ʚʠʟʥʘʯʝʥʦʤʫ ʤʽʩʮʽ. ʂʨʽʤ ʪʦʛʦ, ʊɿʄ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʽ ʟʨʫʯʥʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪ, ʥʝ 

ʚʠʟʠʚʘʶʪʴ ʢʦʨʦʟʽʾ ʜʝʪʘʣʝʡ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʥʝ ʟʘʙʨʫʜʥʶʶʪʴ ʨʦʙʦʯʽ ʤʽʩʮʷ. 

ɼʦ ʩʢʣʘʜʫ ʊɿʄ ʟʘʟʚʠʯʘʡ ʚʭʦʜʷʪʴ ʙʘʟʦʚʽ ʥʘʧʦʚʥʶʚʘʯʽ ʘʙʦ ʟʚôʷʟʢʠ, ʘʥʪʠʬʨʠʢʮʽʡʥʽ, ʧʨʦʪʠʟʥʦʩʥʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʪʘ 

ʭʽʤʽʯʥʦ-ʘʢʪʠʚʥʽ ʢʦʤʧʦʥʝʥʪʠ [5 - 10], ʷʢʽ ʟʥʠʞʫʶʪʴ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʪʝʨʪʷ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ, ʱʦ ʩʧʨʠʷʻ 

ʧʦʢʨʘʱʝʥʥʶ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʽ ʨʦʟʰʠʨʝʥʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʚʝʨʜʦʛʦ 

ʟʤʘʱʫʚʘʥʥʷ ʜʣʷ ʤʝʪʘʣʦʦʙʨʦʙʢʠ ʧʦʚôʷʟʘʥʠʡ ʩʘʤʝ ʟ ʨʦʟʨʦʙʢʦʶ ʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʥʦʚʠʭ ʚʠʜʽʚ ʪʚʝʨʜʠʭ ʤʘʩʪʠʣ.  
ɿʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʥ ̔ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʚʠʙʨʘʥʽ ʧʨʝʜʩʪʘʚʥʠʢʠ ʟ 3-ʭ ʛʨʫʧ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʰʠʡ ï 

ʮʝ ʪʚʝʨʜʠʡ ʩʧʣʘʚ ɺʂ6, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʞʫʯʠʭ ʧʣʘʩʪʠʥ ʫʩʽʭ ʚʠʜʽʚ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ. 
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ɯʟ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʙʨʘʥʦ ʩʧʣʘʚ ɺʊ22 (Fe ï 0,5 - 1,5%, C ï ʜʦ 0,1%, Si ï ʜʦ 0,15%, Cr  

ï 0,5 ï 2%, Mo ï 4 - 5,5%, V ï 4 - 5,5%, N ï ʜʦ 0,05%, Al  ï 4,4 - 5,9%, Zr  ï ʜʦ 0,3%, O ï ʜʦ 0,2%, H ï ʜʦ 0,015%, Ti  ï 

78,485 - 86,6%). 

ʉʧʣʘʚ ɺʊ22 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʠʣʦʚʠʭ ʜʝʪʘʣʝʡ ʽ ʟʚʘʨʥʠʭ ʚʫʟʣʽʚ ʧʣʘʥʝʨʽʚ (ʩʠʣʦʚʽ ʙʘʣʢʠ, 

ʣʦʥʞʝʨʦʥʠ, ʰʧʘʥʛʦʫʪʠ, ʚʫʟʣʠ ʘʛʨʝʛʘʪʽʚ, ʥʝʨʚʶʨʠ, ʨʝʣʴʩʠ ʟʘʢʨʠʣʢʽʚ ʽ ʧʝʨʝʜʢʨʠʣʢʽʚ), ʩʠʣʦʚʽ ʜʝʪʘʣʽ ʽ ʚʫʟʣʠ ʰʘʩʽ 

(ʧʽʜʢʦʩʠ, ʢʦʨʦʤʠʩʣʦ ʚʽʟʢʘ, ʰʣʽʮ-ʰʘʨʥʽʨʠ, ʛʘʣʴʤʽʚʥʽ ʚʘʞʝʣʽ). ʋʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʛʦʪʦʚʣʷʪʠ ʝʣʝʤʝʥʪʠ ʰʘʩʽ. ɼʦʣʷ ʜʝʪʘʣʝʡ ʽʟ ʩʧʣʘʚʫ ɺʊ22 ʚ ʢʦʥʩʪʨʫʢʮʽʷʤ ʰʘʩʽ ʩʢʣʘʜʘʻ ~30% [11]. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʪʠʪʘʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʥʦʩʷʪʴ ʚʘʞʢʫ ʦʙʨʦʙʣʶʚʘʥʽʩʪʴ ʨʽʟʘʥʥʷʤ, ʟʦʢʨʝʤʘ ʰʣʽʬʫʚʘʥʥʷʤ, ʯʝʨʝʟ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʥʘʣʠʧʘʥʥʷ, ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʧʦʛʘʥʠʭ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [12].  

ʇʨʝʜʩʪʘʚʥʠʢʦʤ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʘ ʚʠʙʨʘʥʘ ʜʠʩʧʝʨʩʽʡʥʦ ʪʚʝʨʜʽʶʯʘ ʩʪʘʣʴ 

10ʍ11ʅ23ʊ3ʄʈ. ʉʢʣʘʜ: C ï ʜʦ 0,1%, Cr  ï 10 ï 15%, Ni ï 21 ï 25%, Ti  ï 2,6 ï 3,2%, Mo ï 1 ï 1,6%, Si ï ʜʦ 0,6%, Mn  ï 

ʜʦ 0,6%, Al  ï ʜʦ 0,8%, S ï ʜʦ 0,01%, ɺ ï ʜʦ 0,02%, ʈ ï ʜʦ 0,025%, Fe ~ 59%. 

ʉʪʘʣʴ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʟʘ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʘʛʨʝʩʠʚʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʣʦʧʘʪʢʠ, ʜʝʪʘʣʽ ʜʣʷ ʪʫʨʙʽʥ, ʜʠʩʢʠ, ʧʨʫʞʠʥʠ.  

ʄʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ ʰʣʽʬʫʚʘʥʥʷ ï ʘʣʤʘʟʥʦʛʦ (ɸʐ) ʽ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ, 

ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ ʅʊʋ çʍʇɯè. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʘʟʽ ʫʥʽʚʝʨʩʘʣʴʥʦ-ʟʘʪʦʯʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ ʤʦʜʝʣʽ ɿɼ642ɽ, 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʜʣʷ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ (ʨʠʩ. 1).  

 
 

ʈʠʩ. 1 ï ʄʦʜʝʨʥʽʟʦʚʘʥʠʡ ʫʥʽʚʝʨʩʘʣʴʥʦ-ʟʘʪʦʯʥʠʡ ʚʝʨʩʪʘʪ ʤʦʜ. ɿɼ642ɽ 

ɺ ʫʤʦʚʘʭ ɸɯʐ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʣʤʘʟʥʽ ʢʨʫʛʠ ʟ ʤʝʪʘʣʝʚʦʶ ʟʚ'ʷʟʢʦʶ: ɸʉ6 50/40 100% ʄ1-01. ʂʣʘʩʠʯʥʝ ʘʣʤʘʟʥʝ 

ʰʣʽʬʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʢʨʫʛʘʤʠ ʟ ʙʘʢʝʣʽʪʦʚʦʶ ʟʚ'ʷʟʢʦʶ: ɸʉ4 50/40 100% ɺ1-01. 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʩʢʣʘʜ ʊɿʄ ʰʫʢʘʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʚʣʘʩʥʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʽʚ 

[13 - 16]. ɿʦʢʨʝʤʘ, ʟʘ ʙʘʟʦʚʫ ʦʩʥʦʚʫ ʙʫʣʘ ʚʟʷʪʘ ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʚʠʱʠʭ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ. ʆʩʢʽʣʴʢʠ ʾʾ ʤʦʣʝʢʫʣʘ ʧʦʣʷʨʥʘ, ʪʦ ʩʘʤʘ ʧʦ ʩʦʙʽ ʢʠʩʣʦʪʘ ʻ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʶ ʨʝʯʦʚʠʥʦʶ ʽ ʤʦʞʝ ʩʘʤʦʩʪʽʡʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʟʤʘʱʫʚʘʣʴʥʫ ʬʫʥʢʮʽʶ ʥʘ ʶʚʝʥʠʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ. ʇʣʽʚʢʘ ʢʠʩʣʦʪʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʦʾ ʘʜʩʦʨʙʮʽʾ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʪʠʧʦʚʠʭ ʧʨʠʢʣʘʜʽʚ ʛʨʘʥʠʯʥʦʛʦ ʟʤʘʱʫʚʘʥʥʷ. ʆʢʨʽʤ ʩʘʤʦʩʪʽʡʥʦʾ 

ʟʤʘʱʫʚʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʚ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʩʢʣʘʜʘʭ ʊɿʄ ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʟʚ'ʷʟʫʶʯʦʾ ʨʝʯʦʚʠʥʠ ʜʣʷ 

ʢʣʘʩʠʯʥʠʭ ʪʚʝʨʜʠʭ ʤʘʩʪʠʣ (ʟʤʘʱʫʚʘʯʽʚ) ï ʜʠʩʫʣʴʬʽʜʫ ʤʦʣʽʙʜʝʥʫ, ʛʨʘʬʽʪʫ, ʛʝʢʩʘʛʦʥʘʣʴʥʦʤʫ ʥʽʪʨʠʜʫ ʙʦʨʫ ʽ ʪ.ʧ. ʎʽ ʜʘʥʽ 

ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʊɿʄ. 

ʉʢʣʘʜʦʚʽ ʽʥʛʨʝʜʽʻʥʪʠ ʊɿʄ ʟʚʘʞʫʚʘʣʠ ʥʘ ʪʝʭʥʽʯʥʠʭ ʚʘʛʘʭ AXIS BTU-210 ʽ ʟʤʽʰʫʚʘʣʠ ʚ ʩʢʣʷʥʽʡ ʻʤʥʦʩʪʽ. ʉʫʤʽʰ 

ʨʦʟʪʦʧʣʶʚʘʣʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʦʜʥʦʨʽʜʥʦʾ ʩʫʙʩʪʘʥʮʽʾ, ʷʢʫ ʚʠʣʠʚʘʣʠ ʚ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʫ ʬʦʨʤʫ 

ʜʣʷ ʚʠʣʠʚʦʢ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʦʚʽʪʨʽ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʢʠ ʊɿʄ ʪʦʚʢʘʯʝʤ ʚʠʰʪʦʚʭʫʚʘʣʠ ʟ ʬʦʨʤʠ. 

ʅʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʊɿʄ ʥʘʥʦʩʠʣʠ ʯʝʨʝʟ ʜʚʘ ʧʦʜʚʽʡʥʽ ʭʦʜʠ ʥʘ ʪʨʝʪʴʦʤʫ ʙʝʟ ʟʤʽʥʠ ʡʦʛʦ 

ʰʚʠʜʢʦʩʪʽ. 

ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʽʾ ʙʫʜʴ-ʷʢʠʭ ɿʆʊɿ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ. ɰʾ ʟʥʠʞʝʥʥʷ ʚ ʫʩʽʭ ʧʨʦʮʝʩʘʭ 

ʨʽʟʘʥʥʷ, ʟʦʢʨʝʤʘ, ʰʣʽʬʫʚʘʥʥʽ, ʩʧʨʠʷʪʣʠʚʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ï ʟʤʝʥʰʫʶʪʴʩʷ ʟʘʣʠʰʢʦʚʽ 

ʥʘʧʨʫʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʽ ʡʦʛʦ ʪʦʚʱʠʥʘ, ʟʥʠʢʘʶʪʴ ʧʨʠʧʘʣʠ. ʆʜʥʦʯʘʩʥʦ ʧʦʢʨʘʱʫʶʪʴʩʷ ʫʤʦʚʠ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʡʦʛʦ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. 

ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʊɿʄ ʻ ʟʤʘʱʫʚʘʣʴʥʘ, ʘ ʥʝ ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʜʽʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʝʬʝʢʪʠʚʥʝ ʟʤʘʱʫʚʘʥʥʷ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʪʝʨʪʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ 

ʛʝʥʝʨʦʚʘʥʦʛʦ ʪʝʧʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤʦʞʥʘ ʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʊɿʄ ʥʘ ʰʣʽʬʫʚʘʣʴʥʠʡ 
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ʧʨʦʮʝʩ ʚ ʮʽʣʦʤʫ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʤʝʪʦʜʠʯʥʦ ʫʩʢʣʘʜʥʝʥʝ ʽ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ 

ʰʪʫʯʥʽ ʪʝʨʤʦʧʘʨʠ, ʢʽʥʮʽ ʷʢʠʭ ʚʠʚʦʜʷʪʴ ʚ ʧʣʦʱʠʥʫ ʰʣʽʬʫʚʘʥʥʷ [17]. 

ʅʘʤʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʜʽʶ ʊɿʄ ʤʦʞʥʘ ʷʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ ʟʘ ʧʦʩʪʢʦʥʪʘʢʪʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʧʢ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ (ʟʨʘʟʢʘ) ʥʘ ʾʾ ʚʠʭʦʜʽ ʽʟ ʟʦʥʠ ʢʦʥʪʘʢʪʫ ʟ ʢʨʫʛʦʤ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʽ ʚʠʤʽʨʶʚʘʣʠ ʙʝʟʢʦʥʪʘʢʪʥʠʤ ʩʧʦʩʦʙʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ ʧʽʨʦʤʝʪʨʘ Flus IR-833, 

ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʦʛʦ ʥʘ ʢʨʦʥʰʪʝʡʥʽ ʚʝʨʩʪʘʪʘ ʥʘ ʚʽʜʩʪʘʥʽ 10-15 ʤʤ ʚʽʜ ʧʣʦʱʠʥʠ ʟʨʘʟʢʘ (ʨʠʩ. 2). 
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1 ï ʧʽʨʦʤʝʪʨ; 2 ï ʟʨʘʟʦʢ (ʜʝʪʘʣʴ); 3 ï ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʩʪʢʦʥʪʘʢʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʗʢʽʩʪʴ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʦʮʽʥʶʚʘʣʠ ʧʦʢʘʟʥʠʢʦʤ ʰʦʨʩʪʢʦʩʪʽ Ra ʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʾʾ ʩʪʘʥʫ ʥʘ ʧʨʝʜʤʝʪ ʥʘʷʚʥʦʩʪʽ 

ʜʝʬʝʢʪʽʚ ï ʪʨʽʱʠʥ, ʧʨʠʧʘʣʽʚ ʽ ʪ.ʧ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 3 ï 5) ʧʦʢʘʟʫʻ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) ʥʝʦʜʥʦʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ, ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ.  

ɿʘ ʤʘʣʦʾ ʧʦʧʝʨʝʯʥʦʾ ʧʦʜʘʯʽ (0,005 ʤʤ/ʧʦʜʚ. ʭʽʜ) ʯʠʥʥʠʢ ʧʦʩʪʢʦʥʪʘʢʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ʜʽʾ ʊɿʄ ʤʘʡʞʝ 

ʥʽʚʝʣʶʻʪʴʩʷ ʥʘ ʚʩʽʭ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʝʪʘʣʘʭ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʤʽʥʽʤʘʣʴʥʠʤ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ ʧʨʠ 

ʮʴʦʤʫ ʨʝʞʠʤʽ, ʘ ʧʦ-ʜʨʫʛʝ ï ʥʘʩʪʫʧʥʠʤ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʥʘ ʧʦʚʽʪʨʽ. ɼʘʥʠʡ ʝʬʝʢʪ ʦʩʦʙʣʠʚʦ 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʥʘʡʙʽʣʴʰ ʪʝʧʣʦʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ɺʂ6 
ɺʪ

60
ʤ ʂ

å õ
lºæ ö

Öç ÷
 ʽ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʥʴʦʤʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʧʦʜʘʯʽ ʜʦ 0,01 ʤʤ/ʧʦʜʚ.ʭʽʜ. 
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 - ʙʝʟ ɿʆʊɿ; 

 - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) 

ʈʠʩ. 3 ï ʊʝʤʧʝʨʘʪʫʨʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ6 ʤʝʪʦʜʦʤ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 
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 - ʙʝʟ ɿʆʊɿ; 

 - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) 

ʈʠʩ. 4 ï ʊʝʤʧʝʨʘʪʫʨʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ22 ʤʝʪʦʜʦʤ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 
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 - ʙʝʟ ɿʆʊɿ; 

 - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) 

ʈʠʩ. 5 ï ʊʝʤʧʝʨʘʪʫʨʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ ʤʝʪʦʜʦʤ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 

ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʦ ʊɿʄ ʟʤʝʥʰʫʻ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʚ ʟʦʥʽ ʰʣʽʬʫʚʘʥʥʷ, ʘ, ʚʽʜʧʦʚʽʜʥʦ ʽ ʧʦʩʪ-ʢʦʥʪʘʢʪʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, 

ʧʨʠ ʦʙʨʦʙʮʽ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ22 ʽ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ ï ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ 
ɺʪ

22...12
ʤ ʂ

lº
Ö

 

ʚʽʜʧʦʚʽʜʥʦ, ʩʭʠʣʴʥʠʭ ʜʦ ʥʘʣʠʧʘʥʥʷ ʽ ʥʘʚʦʣʽʢʘʥʥʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪ [18]. ʂʦʤʙʽʥʘʮʽʷ ʩʘʤʝ ʮʠʭ ʯʠʥʥʠʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʛʝʥʝʨʘʮʽʾ ʚʠʩʦʢʠʭ ʢʦʥʪʘʢʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʦʜʘʯʽ ʜʦ 0,01 ʽ 0,015 ʤʤ/ʧʦʜʚ.ʭʽʜ ʟʥʘʯʝʥʥʷ 
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ʊʧ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 1,4é2,1 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʮʝʩʦʤ ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ. 

ʈʝʞʠʤ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ (ʨʠʩ. 6 ï 8) ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʊɿʄ ʥʘ ʧʦʢʘʟʥʠʢʠ 

ʧʨʦʮʝʩʫ ʥʘ ʚʩʽʭ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʠ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʫʤʦʚʘʭ ɸɯʐ, ʷʢ ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ, ʪʘʢ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ, ʤʘʶʪʴ ʙʽʣʴʰʽ ʘʙʩʦʣʶʪʥʽ 

ʟʥʘʯʝʥʥʷ, ʥʽʞ ʧʨʠ ʢʣʘʩʠʯʥʦʤʫ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ. ɰʭ ʨʽʟʥʠʮʷ ʟʨʦʩʪʘʻ ʚʽʜ 3...6Ü ʥʘ ʩʧʣʘʚʽ ɺʂ6 ʜʦ 8...40Ü ʥʘ ʩʪʘʣʽ 

10ʍ11ʅ23ʊ3ʄʈ. 

ʌʘʢʪ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʰʣʽʬʫʚʘʥʥʷ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʾʾ ʟʥʘʯʝʥʥʷ ʥʘ ʚʠʭʦʜʽ ʽʟ ʢʦʥʪʘʢʪʫ, ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʚʚʝʜʝʥʥʷʤ ʜʦʜʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟʘ ʫʤʦʚ ɸɯʐ [19]. 
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 - ʙʝʟ ɿʆʊɿ; 

 - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) 

ʈʠʩ. 6 ï ʊʝʤʧʝʨʘʪʫʨʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ6 ʤʝʪʦʜʦʤ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ 
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 - ʙʝʟ ɿʆʊɿ; 

 - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) 

ʈʠʩ. 7 ï ʊʝʤʧʝʨʘʪʫʨʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ22 ʤʝʪʦʜʦʤ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ  
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 - ʙʝʟ ɿʆʊɿ; 

 - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʊɿʄ (ʉʪʂ 65% + MoS2 35%) 

ʈʠʩ. 8 ï ʊʝʤʧʝʨʘʪʫʨʘ ʰʣʽʬʫʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ ʤʝʪʦʜʦʤ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ  

ɺʠʩʥʦʚʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʊɿʄ ʥʘ ʦʩʥʦʚʽ ʩʪʝʘʨʠʥʦʚʦʾ ʢʠʩʣʦʪʠ (65%) ʽ ʜʠʩʫʣʴʬʽʜʫ ʤʦʣʽʙʜʝʥʫ (35%) ʥʝʦʜʥʦʟʥʘʯʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ɺʂ6, ɺʊ22 ʽ 10ʍ11ʅ23ʊ3ʄʈ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. 

ɺ ʫʤʦʚʘʭ ʘʣʤʘʟʥʦ-ʽʩʢʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʊɿʄ ʥʘ ʧʦʢʘʟʥʠʢʠ ʰʦʨʩʪʢʦʩʪʽ ʽ ʧʦʩʪʢʦʥʪʘʢʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʘʣʝ ʾʭ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ 1,1é1,5 ʨʘʟʠ. 

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʊʧʢ ʟʨʦʩʪʘʻ ʧʨʠ ʦʙʨʦʙʮʽ ʤʝʪʘʣʽʚ ʟ ʥʠʟʴʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ. ʁʦʛʦ ʤʦʞʥʦ ʝʬʝʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʝʪʘʧʽ ʧʝʨʚʠʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʢʣʘʜʽʚ ʊɿʄ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɿʄ ï ʤʽʥʽʤʘʣʴʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʽ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʠʞʝʥʥʷ 

ʧʦʩʪʢʦʥʪʘʢʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ï ʜʦʩʷʛʥʫʪʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʞʘʨʦʤʽʮʥʦʾ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ, ʱʦ ʻ 

ʧʽʜʩʪʘʚʦʶ ʚʚʘʞʘʪʠ ʮʝʡ ʩʢʣʘʜ ʪʚʝʨʜʦʛʦ ʤʘʩʪʠʣʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʦʙʨʦʙʢʠ ʩʭʦʞʠʭ ʤʘʪʝʨʽʘʣʽʚ.  
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ʊɸʈɽʃʔʅʀʂ ɺ.ɹ., ʇʀʈʆɻʆɺ ɺ.ʆ. 

 

ʇɯɼɺʀʑɽʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ɺɸʃɯɺ ɺɯɼʎɽʅʊʈʆɺʀʍ ʅɸʉʆʉɯɺ ʂʆʄɹɯʅʆɺɸʅʀʄʀ 

ʄɽʊʆɼɸʄʀ. 

 
ɺ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʷʢʠʡ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʷʚʠʣʠʩʴ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 
ʰʠʡʦʢ ʚʘʣʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ. ɺʦʥʠ ʦʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʽ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ ʤʝʪʦʜʫ ʝʣʝʢʪʨʦʽʩʢʨʦʚʦʛʦ ʣʝʛʫʚʘʥʥʷ (ɽɯʃ) (ʮʝʤʝʥʪʘʮʽʷ, 

ʥʘʥʝʩʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʦʢʨʠʪʴ ʟ ʜʠʩʫʣʴʬʽʜʦʤ ʤʦʣʽʙʜʝʥʫ (ʄʦS2), ʧʦʢʨʠʪʴ ʩʢʣʘʜʫ Al-C-B)  ʽ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʘʞʢʦ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ ʤʝʪʦʜʫ. 
ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʘʛʦʚʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ, ʢʦʥʪʘʢʪʫʶʯʠʭ ʚ ʫʤʦʚʘʭ ʟʤʘʱʝʥʥʷ 

ʪʫʨʙʽʥʥʠʤ ʤʘʩʣʦʤ ʊ-22 ʟ ʙʘʙʽʪʦʚʠʤʠ ʚʢʣʘʜʠʰʘʤʠ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ (ʇʂ) ʧʦ ʩʭʝʤʽ çʜʠʩʢ-ʚʢʣʘʜʠʰè, ʚ 1,15 ʨʘʟʠ ʙʽʣʴʰʠʡ ʯʠʤ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʚ 2,50 ʽ 4,41 ʨʘʟʠ ʥʽʞ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʮʝʤʝʥʪʘʮʽʾ ʤʝʪʦʜʦʤ ɽɯʃ (ʎɽɯʃ) + ʙʝʟʘʙʨʘʟʠʚʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʬʽʥʽʰʥʘ ʦʙʨʦʙʢʘ (ɹʋʌʆ) ʽ ɽɯʃ (ʄʦ+S) 
+ ɹʋʌʆ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ ʙʽʣʴʰʠʡ ʯʠʤ ʩʪʘʣʽ 30ʍ13 ʚ 1,09 ʨʘʟʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʚ  2,83 ʽ 5,85 ʨʘʟʠ ʥʽʞ 

ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʎɽɯʃ + ɹʋʌʆ ʽ ɽɯʃ (ʄʦ+S) + ɹʋʌʆ. ʇʨʠ ʮʴʦʤʫ ʙʫʚ ʚʠʟʥʘʥʠʡ ʥʘʡʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ  0,025 ʽ 0,030, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʧʦʢʨʠʪʪʷʤ ʟ 

ʄʦS2, ʩʬʦʨʤʦʚʘʥʠʤ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ 40ʍ ʽ ʦʙʨʦʙʣʝʥʠʤ ɹʋʌʆ. 
ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʣʽʥʽʡʥʦʛʦ ʟʥʦʩʫ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13, ʷʢ ʟʤʽʮʥʝʥʠʭ, ʪʘʢ ʽ ʥʝ ʟʤʽʮʥʝʥʠʭ, ʧʦʢʘʟʘʚ, ʱʦ ʫ ʚʩʽʭ ʟʨʘʟʢʽʚ ʩʧʦʯʘʪʢʫ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʝ ʧʽʩʣʷ 2-ʭ ʛʦʜʠʥ ʩʪʠʨʘʥʥʷ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʩʪʘʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʽ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʘʛʘʜʫʻ 

ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʅʘʡʢʨʘʱʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʟʨʘʟʢʠ ʟʤʽʮʥʝʥʽ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ɽɯʃ (ʄʦ+S) + ɹʋʌʆ, ʟʥʦʩ ʷʢʠʭ ʧʽʩʣʷ 8 ʛʦʜ 

ʽʩʧʠʪʽʚ ʩʢʣʘʜʘʻ 0,9 ʽ 1,1 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ 40ʍ.  

ɺʘʛʦʚʠʡ ʽ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʙʝʟ ʟʤʽʮʥʝʥʥʷ ʙʽʣʴʰʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʟʤʽʮʥʝʥʠʤʠ ʟʨʘʟʢʘʤʠ ʟʽ ʩʪʘʣʽ 30ʍ13, ʷʢʽ ʚʠʧʨʦʙʫʚʘʣʠʩʴ ʫ ʧʘʨʽ ʟ 

ʢʦʥʪʨʪʽʣʦʤ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ8 ʚ ʫʤʦʚʘʭ ʨʷʩʥʦʛʦ ʟʤʘʱʝʥʥʷ ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ ʤʘʩʪʠʣʦʤ ɯ40ɸ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 21,7 ʽ 14,2 %; ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʨʘʟʢʘʤʠ ʟʽ 
ʩʪʘʣʽ 40ʍ ʟ ʧʦʢʨʠʪʪʷʤ, ʥʘʥʝʩʝʥʠʤ ʤʝʪʦʜʦʤ ɽɯʃ ʩʢʣʘʜʫ (Al-C-B) ʟ ʥʘʩʪʫʧʥʦʶ ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 77,8 ʽ 84,7 %; ʽ ʟʽ ʩʪʘʣʽ 30ʍ13 ʟ ʘʥʘʣʦʛʽʯʥʦʶ 

ʦʙʨʦʙʢʦʶ  ɽɯʃ (Al-C-B) + ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 98,0 ʽ 71,8 %. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʮʝʥʪʨʦʚʠʡ ʥʘʩʦʩ, ʰʠʡʢʠ ʚʘʣʽʚ, ʧʽʜʰʠʧʥʠʢ ʢʦʚʟʘʥʥʷ, ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ ʣʝʛʫʚʘʥʥʷ, ʙʝʟʘʙʨʘʟʠʚʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʬʽʥʽʰʥʘ ʦʙʨʦʙʢʘ, 
ʟʥʦʩ, ʤʘʰʠʥʘ ʪʝʨʪʷ. 

 

TARELNYK V.B., PIROGOV V.O.  

INCREASING THE DURABILITY OF CENTRIFUGAL PUMP SHAFTS BY COMBINED METHODS.  

The article analyzes the literature, which showed that in recent years there have been new technological methods of strengthening the surface layers of 

the centrifugal pumps shafts necks. They are based on the use of environmentally friendly method of electrospark alloying (ESA) (cementation, application of 
combined coatings with molybdenum disulfide (MoS2), coatings of Al-C-B) and without comparative tests for wear resistance is difficult to prefer one method 

or another. Studies on the friction machine ʉʄʎ -2 found that the weight wear of round specimens of polished steel 40X, in contact with lubrication of turbine 
oil T-22 with babbitt inserts of the sliding bearing according to the scheme "disk-insert", 1.15 times greater than steel 30X13 and, respectively, 2.50 and 4.41 

times than 40X steel after cementation by ESA (CESA) + non-abrasive ultrasonic finishing (NAUF) and ESA (Mo + S) + NAUF. In turn, the linear wear of 

polished steel 40X round samples is greater than steel 30X13 1.09 times and, respectively, 2.83 and 5.85 times than steel 40X after CESA + NAUF and ESA 
(Mo + S) + NAUF. The lowest coefficient of friction was recognized as 0.025 and 0.030, which belongs to the coating of MoS2, formed, respectively, on 

samples of steel 30X13 and 40X and treated with NAUF. 

Analysis of the linear wear change nature of steel 40X and 30X13 round samples, both hardened and not hardened, showed that all samples first have 

more intense wear, which after 2 hours of abrasion slows down, becomes more stable and at first glance resembles exponential dependence. Samples 

reinforced in the sequence ESA (Mo + S) + NAUF have the best wear resistance, the wear of which after 8 h of tests is 0.9 and 1.1 ɛm, respectively, of steel 

30X13 and 40X. 
Weight and linear wear of 40X steel specimens without hardening is higher compared to non-reinforced 30X13 steel specimens tested in pair with BK8 

counterbody under conditions of abundant lubrication with I40A industrial oil, by 21.7 and 14.2%, respectively; in comparison with samples of 40X steel with 

a coating applied by the method of ESA composition (Al-C-B) followed by NAUF, respectively, 77.8 and 84.7%; and 30X13 steel with similar treatment of 
ESA (Al-C-B) + NAUF, 98.0 and 71.8%, respectively. 

Key words: centrifugal pump, shaft necks, plain bearing, electrospark alloying, non-abrasive ultrasonic finishing, wear, friction machine. 
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ʇʆɺʓʐɽʅʀɽ ɼʆʃɻʆɺɽʏʅʆʉʊʀ ɺɸʃʆɺ ʇʈʆʎɽʅʊʈʆɺʓʍ ʅɸʉʆʉʆɺ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʄʀ ʄɽʊʆɼɸʄʀ 

ɺ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʦʢʘʟʘʚʰʠʡ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 
ʫʢʨʝʧʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʰʝʝʢ ʚʘʣʦʚ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ. ʆʥʠ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʤʝʪʦʜʘ 

ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ (ʕʀʃ) (ʮʝʤʝʥʪʘʮʠʷ, ʥʘʥʝʩʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩ ʜʠʩʫʣʴʬʠʜʦʤ ʤʦʣʠʙʜʝʥʘ (ʄʦS2), ʧʦʢʨʳʪʠʡ ʩʦʩʪʘʚʘ Al-

C-B) ʠ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʪʨʫʜʥʦ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʤʝʪʦʜʫ. 
ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ ʉʄʎ-2 ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʩʦʚʦʡ ʠʟʥʦʩ ʢʨʫʛʣʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʰʣʠʬʦʚʘʥʥʦʡ ʩʪʘʣʠ 40ʍ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʩʤʘʟʢʠ ʪʫʨʙʠʥʥʳʤ ʤʘʩʣʦʤ ʊ-22 ʩ ʙʘʙʙʠʪʦʚʳʤʠ ʚʢʣʘʜʳʰʘʤʠ ʇʂ ʧʦ ʩʭʝʤʝ çʜʠʩʢ-ʚʢʣʘʜʳʰè, ʚ 1,15 ʨʘʟʘ ʙʦʣʴʰʝ ʯʝʤ ʠʟ ʩʪʘʣʠ 30ʍ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 2,50 ʠ 4,41 ʨʘʟʘ ʯʝʤ ʩʪʘʣʠ 40ʍ ʧʦʩʣʝ ʮʝʤʝʥʪʘʮʠʠ ʤʝʪʦʜʦʤ ʕʀʃ (ʎʕʀʃ) + ʙʝʟʘʙʨʘʟʠʚʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʬʠʥʠʰʥʘʷ ʦʙʨʘʙʦʪʢʘ 
(ɹʋʌʆ) ʠ ʕʀʃ (ʄʦ+S) + ɹʋʌʆ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ ʢʨʫʛʣʳʭ ʦʙʨʘʟʮʦʚ ʰʣʠʬʦʚʘʥʥʦʡ ʩʪʘʣʠ 40ʍ ʙʦʣʴʰʝ ʯʝʤ ʩʪʘʣʠ 30ʍ13 ʚ 1,09 ʨʘʟʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 2,83 ʠ 5,85 ʨʘʟʘ ʯʝʤ ʩʪʘʣʠ 40ʍ ʧʦʩʣʝ ʎʕʀʃ+ɹʋʌʆ ʠ ʕʀʃ(ʄʦ+S)+ɹʋʌʆ. ʇʨʠ ʵʪʦʤ ʙʳʣ ʧʨʠʟʥʘʥ ʥʘʠʤʝʥʴʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʥʠʷ 0,025 ʠ 0,030, ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʧʦʢʨʳʪʠʷʤ ʠʟ ʄʦS2, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʦʙʨʘʟʮʘʭ ʠʟ ʩʪʘʣʠ 30ʍ13 ʠ 40ʍ ʠ ʦʙʨʘʙʦʪʘʥʥʳʤ 
ɹʋʌʆ. 

ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ ʢʨʫʛʣʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 40ʍ ʠ 30ʍ13, ʢʘʢ ʫʧʨʦʯʥʝʥʥʳʭ, ʪʘʢ ʠ ʥʝ ʫʧʨʦʯʥʝʥʥʳʭ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ 2-ʭ ʯʘʩʦʚ ʩʪʠʨʘʥʠʷ ʟʘʤʝʜʣʷʝʪʩʷ, ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ ʠ ʚ 
ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʥʘʧʦʤʠʥʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʅʘʠʣʫʯʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ, ʫʢʨʝʧʣʝʥʥʳʝ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʕʀʃ (ʄʦ+S) + ɹʋʌʆ, ʠʟʥʦʩ ʢʦʪʦʨʳʭ ʧʦʩʣʝ 8 ʯ ʵʢʟʘʤʝʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,9 ʠ 1,1 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ ʩʪʘʣʠ 30ʍ13 ʠ 40ʍ. 

ɺʝʩʦʚʦʡ ʠ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 40ʍ ʙʝʟ ʫʢʨʝʧʣʝʥʠʷ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʫʢʨʝʧʣʝʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʠʟ ʩʪʘʣʠ 30ʍ13, 
ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʣʠʩʴ ʚ ʧʘʨʝ ʩ ʢʦʥʪʨʪʝʣʦʤ ʠʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʘ ɺʂ8 ʚ ʫʩʣʦʚʠʷʭ ʦʙʠʣʴʥʦʛʦ ʩʤʘʟʢʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʩʤʘʟʢʦʡ ʀ40ɸ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʥʘ 21,7 ʠ 14,2; ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʮʘʤʠ ʠʟ ʩʪʘʣʠ 40ʍ ʩ ʧʦʢʨʳʪʠʝʤ, ʥʘʥʝʩʝʥʥʳʤ ʤʝʪʦʜʦʤ ʕʀʃ ʩʦʩʪʘʚʘ (Al-C-B) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ɹʋʌʆ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 77,8 ʠ 84,7 %; ʠ ʠʟ ʩʪʘʣʠ 30ʍ13 ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʕʀʃ (Al-C-B) + ɹʋʌʆ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ, ʰʝʡʢʠ ʚʘʣʦʚ, ʧʦʜʰʠʧʥʠʢ ʩʢʦʣʴʞʝʥʠʷ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʣʝʛʠʨʦʚʘʥʠʝ, ʙʝʟʘʙʨʘʟʠʚʥʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 

ʬʠʥʠʰʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʠʟʥʦʩ, ʤʘʰʠʥʘ ʪʨʝʥʠʷ. 
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ɺʩʪʫʧ. ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʥʝʨʽʜʢʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ, ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʦʞ ʟʘ 

ʫʤʦʚ ʢʦʨʦʟʽʡʥʦʛʦ, ʘʙʨʘʟʠʚʥʦʛʦ ʪʘ ʽʥʰʠʭ ʚʠʜʽʚ ʚʧʣʠʚʫ ʨʦʙʦʯʠʭ ʩʝʨʝʜʦʚʠʱ. 

ʈʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʜʦʩʽ ʡʜʝ ʚ ʦʩʥʦʚʥʦʤʫ ʰʣʷʭʦʤ, ʟʫʤʦʚʣʝʥʠʤ ʚʠʥʘʭʦʜʦʤ ʢʦʣʝʩʘ. ʆʩʦʙʣʠʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʜʦʩʷʛʣʠ 

ʮʴʦʤʫ ʰʣʷʭʫ ʨʦʪʦʨʥʽ ʤʘʰʠʥʠ ʽ ʤʝʭʘʥʽʟʤʠ, ʜʽʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʽʚ ʷʢʠʭ ʚʨʘʞʘʻ ʫʷʚʫ [1]. 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʽʚ ʫʣʴʪʨʘʮʝʥʪʨʠʬʫʛ, ʤʽʢʨʦʪʫʨʙʽʥ, ʪʫʨʙʦʜʝʪʘʥʜʝʨ ʜʦʩʷʛʘʻ ʤʽʣʴʡʦʥʘ ʚ ʭʚʠʣʠʥʫ [2]; 

ʧʦʪʫʞʥʽʩʪʴ ʪʫʨʙʦʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʜʚʠʛʫʥʽʚ ʨʘʢʝʪ-ʥʦʩʽʾʚ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʛʘʙʘʨʠʪʽʚ ʧʝʨʝʚʠʱʫʶʪʴ ʩʦʪʥʶ ʤʝʛʘʚʘʪ [3]; 

ʤʘʩʠ ʨʦʪʦʨʽʚ ʧʘʨʦʚʠʭ ʪʘ ʛʽʜʨʘʚʣʽʯʥʠʭ ʪʫʨʙʽʥ ʧʦʪʫʞʥʽʩʪʶ 500-1200 ʄɺʪ ʚʠʤʽʨʶʶʪʴʩʷ ʩʦʪʥʷʤʠ ʪʦʥ. 

ʇʦʚʝʨʭʥʷ ʰʠʧʘ ʨʦʪʦʨʘ ʤʘʻ ʚʝʣʠʢʫ ʦʢʨʫʞʥʫ ʰʚʠʜʢʽʩʪʴ ʚʽʜʥʦʩʥʦ ʚʢʣʘʜʠʰʘ ʧʽʜʰʠʧʥʠʢʘ, ʽ ʜʣʷ ʟʥʠʞʝʥʥʷ ʜʦ 

ʜʦʧʫʩʪʠʤʠʭ ʤʝʞ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʪʝʨʪʷ ʟʘʟʦʨ ʤʽʞ ʥʠʤʠ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʧʦʚʥʝʥʠʡ ʩʪʽʡʢʦʶ ʧʣʽʚʢʦʶ ʨʽʜʢʦʾ ʘʙʦ 

ʛʘʟʦʚʦʾ ʤʘʩʪʠʣʘ. ʄʘʩʪʠʣʴʥʠʡ ʰʘʨ ʧʦʚʠʥʝʥ ʥʝ ʪʽʣʴʢʠ ʟʥʠʞʫʚʘʪʠ ʪʝʨʪʷ, ʘʣʝ ʡ ʩʧʨʠʡʤʘʪʠ ʚʝʣʠʢʽ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʝʬʝʢʪʠʚʥʦ ʜʝʤʧʬʫʚʘʪʠ ʢʦʣʠʚʘʥʥʷ ʰʠʧʘ. ɿʘʚʜʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʦʧʦʨʥʠʭ ʚʫʟʣʽʚ, ʱʦ ʚʦʣʦʜʽʶʪʴ 

ʥʝʦʙʭʽʜʥʦʶ ʥʝʩʫʯʦʶ ʪʘ ʜʝʤʧʬʫʶʯʦʶ ʟʜʘʪʥʽʩʪʶ, ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʪʘ ʥʘʜʽʡʥʽʩʪʶ ʥʘʜʟʚʠʯʘʡʥʦ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʚʘʣʽʚ ʨʦʪʦʨʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʨʽʟʥʠʤ ʚʠʜʘʤ ʟʥʦʩʫ ʽ ʚʧʣʠʚʫ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʰʠʡʢʠ ʧʽʜ ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ (ʇʂ), ʘ ʪʘʢʦʞ ʧʦʩʘʜʦʯʥʽ ʰʠʡʢʠ (ʇʐ) ʧʽʜ ʧʽʜʰʠʧʥʠʢʠ 

ʢʦʪʽʥʥʷ, ʨʦʙʦʯʽ ʢʦʣʝʩʘ, ʰʢʽʚʠ, ʟʘʭʠʩʥʽ ʚʪʫʣʢʠ, ʥʘʧʽʚʤʫʬʪʠ ʽ ʪʘʢʝ ʽʥʰʝ. 

ʈʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʦʙʫʤʦʚʣʝʥʘ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʝʢʦʥʦʤʽʾ ʜʦʨʦʛʠʭ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʘ ʟ ʽʥʰʦʛʦ ï ʧʦʩʠʣʝʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʝʪʘʣʝʡ. ʆʜʥʠʤ ʽʟ 

ʩʧʦʩʦʙʽʚ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʫ 

ʢʦʥʮʝʥʪʨʦʚʘʥʽ ʧʦʪʦʢʠ ʝʥʝʨʛʽʾ (ʂʇɽ): ʧʣʘʟʤʦʚʝ ʥʘʧʠʣʝʥʥʷ [4] ʪʘ ʧʣʘʟʤʦʚʘ ʦʙʨʦʙʢʘ [5], ʣʘʟʝʨʥʘ ʦʙʨʦʙʢʘ [6, 7]. ʋ 

ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʫʤʦʚʘʭ ʥʘʛʨʽʚʫ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʂʇɽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʽʥʰʠʡ, ʥʽʞ 

ʧʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʪʝʨʤʽʯʥʦʛʦ ʪʘ ʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ɼʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʂʇɽ ʥʘʣʝʞʠʪʴ ʝʣʝʢʪʨʦʽʩʢʨʦʚʝ ʣʝʛʫʚʘʥʥʷ (ɽɯʃ), 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʧʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʪʨʠʙʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʥʘ ʥʘʥʦʨʽʚʥʽ [8]. 

ʇʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʤʝʪʦʜ ɽɯʃ ʤʘʻ ʧʝʨʝʚʘʛʠ: ʣʦʢʘʣʴʥʽʩʪʴ, ʚʠʩʦʢʠʡ 

ʩʪʫʧʽʥʴ ʘʜʛʝʟʽʾ, ʚʠʥʠʢʥʝʥʥʷ ʥʝʚʝʣʠʢʦʛʦ ʪʝʧʣʦʚʦʛʦ ʬʦʥʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʩʫʪʥʽʩʪʴ ʚʠʢʨʠʚʣʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ, ʧʨʦʩʪʠʡ 

ʪʘ ʛʥʫʯʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʪʘ ʽʥ. [9]. 

ʐʠʡʢʠ ʚʘʣʽʚ ʇʂ ʧʦʚʠʥʥʽ ʤʘʪʠ ʟʥʦʩʦʩʪʽʡʢʫ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʽ ʚ'ʷʟʢʫ ʩʝʨʮʝʚʠʥʫ. ʊʘʢʫ ʚʣʘʩʪʠʚʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʍʊʆ ï ʮʝʤʝʥʪʘʮʽʻʶ [10-12]. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʝʣʠʢʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʫ ʪʝʭʥʦʣʦʛʽʚ, ʱʦ 

ʟʘʡʤʘʶʪʴʩʷ ʟʤʽʮʥʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ ʟ ʤʝʪʦʶ ʟʘʭʠʩʪʫ ʚʽʜ ʟʥʦʰʫʚʘʥʥʷ ʥʘʙʫʚ ʤʝʪʦʜ ʮʝʤʝʥʪʘʮʽʾ, ʷʢʠʡ 

ʚʠʢʦʥʫʶʪʴ ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʤ ʣʝʛʫʚʘʥʥʷʤ ʛʨʘʬʽʪʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ-ʽʥʩʪʨʫʤʝʥʪʦʤ (ʎɽɯʃ) [10-12].  

ʅʘʤʠ ʚ [13-15] ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʧʨʦʮʝʩ ʎɽɯʃ ʩʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʠʡ ʤʘʻ ʥʠʟʢʫ ʧʝʨʝʚʘʛ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ, ʟʜʽʡʩʥʶʚʘʥʠʤ ʤʝʪʦʜʦʤ ʍʊʆ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʎɽɯʃ ʻ: ʜʦʩʷʛʥʝʥʥʷ 100% ʩʫʮʽʣʴʥʦʩʪʽ ʟʤʽʮʥʝʥʥʷ 

ʧʦʚʝʨʭʥʽ; ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʦ-ʟʘʛʘʨʪʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ; ʤʦʞʣʠʚʽʩʪʴ 

ʣʦʢʘʣʴʥʦʾ ʦʙʨʦʙʢʠ (ʣʝʛʫʚʘʥʥʷ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʚ ʩʪʨʦʛʦ ʟʘʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ, ʥʝ ʟʘʭʠʱʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʨʝʰʪʫ 

ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ) ʪʘ ʽʥ. ʇʨʠ ʎɽɯʃ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʥʝʨʛʽʷ ʨʦʟʨʷʜʫ 0,036 ï 6,8 ɼʞ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 0,5-3,0 ʩʤ2/ʭʚ.  

ʇʽʜ ʯʘʩ ɽɯʃ ʛʨʘʬʽʪʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʡʥʦ-ʛʘʨʪʽʚʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʦʣʷʛʘʶʪʴ ʚ ʣʦʢʘʣʴʥʦʤʫ ʥʘʩʠʯʝʥʥʽ ʾʾ ʚʫʛʣʝʮʝʤ ʧʨʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʜʦ 10 000ʉ̄) ʟ 

ʥʘʩʪʫʧʥʠʤ ʰʚʠʜʢʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʜʦ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɽɯʃ ʛʨʘʬʽʪʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʚ ʦʢʨʝʤʠʡ 

ʥʘʧʨʷʤʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʥʘ ʜʝʪʘʣʷʭ ʤʘʰʠʥ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ ʧʽʜʚʠʱʝʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʙʝʟ ʟʤʽʥʠ ʚʠʭʽʜʥʦʛʦ 

ʨʦʟʤʽʨʫ ʜʝʪʘʣʽ.  

 ʇʨʠ ʮʝʤʝʥʪʘʮʽʾ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʤʝʪʦʜʦʤ ɽɯʃ ʪʦʚʱʠʥʘ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ ʨʦʟʨʷʜʫ ʽ ʯʘʩʫ 

ʣʝʛʫʚʘʥʥʷ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ). ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʝʨʛʽʾ ʨʦʟʨʷʜʫ ʽ ʯʘʩʫ ʣʝʛʫʚʘʥʥʷ ʪʦʚʱʠʥʘ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʟʨʦʩʪʘʻ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ. ʊʘʢ, ʧʨʠ ʎɽɯʃ ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʦʾ ʣʝʛʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ 

(Rʘ=0,5 ʤʢʤ) ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 0,2 ʩʤ2 /ʭʚ. ʧʨʠ ʝʥʝʨʛʽʾ ʨʦʟʨʷʜʫ Wp = 6,8 ɼʞ ʪʦʚʱʠʥʘ ʰʘʨʫ ʧʽʜʚʠʱʝʥʦʾ ʪʚʝʨʜʦʩʪʽ 

ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 1,15 ʤʤ. ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʮʴʦʤʫ ʚʽʜʧʦʚʽʜʘʻ Rʘ = 11,7-14,0 ʤʢʤ [16].  

ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ [17], ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʟʥʠʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ, ʦʪʞʝ, ʜʣʷ 

ʨʦʟʰʠʨʝʥʥʷ ʛʘʣʫʟʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʘʥʠʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʎɽɯʃ ʧʨʦʚʦʜʷʪʴ ʧʦʝʪʘʧʥʦ, ʟʥʠʞʫʶʯʠ ʥʘ ʢʦʞʥʦʤʫ 

ʝʪʘʧʽ ʝʥʝʨʛʽʶ ʨʦʟʨʷʜʫ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʥʝʨʛʽʶ ʨʦʟʨʷʜʫ Wp = 0,1-6,8 ɼʞ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 0,04-2,0 ʩʤ2 /ʭʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʘʚʝʜʝʥʽ ʚʠʱʝ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ: ʟʥʠʞʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʧʘʣʫ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʽ ʪʦʚʱʠʥʠ ʟʤʽʮʥʝʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʧʦʝʪʘʧʥʦʤʫ ʚʧʣʠʚʽ ʥʘ ʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʨʦʟʨʷʜʫ ʧʨʠ ʎɽɯʃ; ʟʥʘʯʥʘ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ ʧʨʠ ʧʦʝʪʘʧʥʦʤʫ ʎɽɯʃ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʥʠʞʝʥʥʷ  ʰʦʨʩʪʢʦʩʪʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʥʦʚʠʡ ʩʧʦʩʽʙ [18] ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʎɽɯʃ ʩʪʘʣʝʚʠʭ ʚʘʣʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ. ɺ 

ʦʩʥʦʚʫ ʩʧʦʩʦʙʫ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʧʽʜʚʠʱʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, 

ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʎɽɯʃ: ʟʥʠʞʝʥʥʷ ʾʭ ʰʦʨʩʪʢʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʚʱʠʥʠ, ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʽ ʩʫʮʽʣʴʥʦʩʪʽ. ʇʦʩʪʘʚʣʝʥʫ 

ʟʘʜʘʯʫ ʚʠʨʽʰʫʶʪʴ ʪʠʤ, ʱʦ ʫ ʥʦʚʦʤʫ ʩʧʦʩʦʙʽ  ʮʝʤʝʥʪʘʮʽʶ ʧʨʦʚʦʜʷʪʴ ʫ ʪʨʠ ʝʪʘʧʠ:  

- ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʶʪʴ ʎɽɯʃ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʚʦʾ ʜʝʪʘʣʽ ʟ ʝʥʝʨʛʽʻʶ ʨʦʟʨʷʜʫ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʟʘʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʦʚʱʠʥʠ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ, ʰʦʨʩʪʢʦʩʪʽ ʡʦʛʦ ʧʦʚʝʨʭʥʽ ʽ ʩʫʮʽʣʴʥʦʩʪʽ; 

-  ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʥʘ ʩʬʦʨʤʦʚʘʥʫ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ, ʨʝʪʝʣʴʥʦ ʚʪʠʨʘʶʯʠ, ʥʘʥʦʩʷʪʴ ʧʦʨʦʰʦʢ ʛʨʘʬʽʪʫ; 

- ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʷʪʴ ʎɽɯʃ ʩʬʦʨʤʦʚʘʥʦʾ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʦʚʝʨʭʥʽ, ʧʨʠʯʦʤʫ ʎɽɯʃ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʶʪʴ 

ʟ ʪʽʻʶ ʞ ʝʥʝʨʛʽʻʶ ʨʦʟʨʷʜʫ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʱʦ ʽ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ.   
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ʇʦʨʦʰʦʢ ʛʨʘʬʽʪʫ ʥʘʥʦʩʷʪʴ ʫ ʚʠʛʣʷʜʽ ʩʫʩʧʝʥʟʽʾ, ʱʦ ʚʢʣʶʯʘʻ 80 % ʧʦʨʦʰʢʫ ʛʨʘʬʽʪʫ ʽ 20 % ʚʘʟʝʣʽʥʫ.  ʎʝʤʝʥʪʘʮʽʶ 

ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʚʠʢʦʥʫʶʪʴ, ʥʝ ʯʝʢʘʶʯʠ ʚʠʩʠʭʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʟ ʝʥʝʨʛʽʻʶ ʨʦʟʨʷʜʫ Wp = 0,9 - 4,6 ɼʞ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

1,0-2, 0 ʩʤ2/ʭʚ.   

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʟʘʧʘʜʠʥʠ ʤʽʞ ʚʠʩʪʫʧʘʤʠ ʰʦʨʩʪʢʦʩʪʽ ʟʘʧʦʚʥʶʶʪʴʩʷ ʧʦʨʦʰʢʦʤ ʛʨʘʬʽʪʫ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʞʝ ʥʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʨʦʮʝʩ ʎɽɯʃ ʧʨʦʪʽʢʘʻ ʥʝ ʪʽʣʴʢʠ ʧʦ ʚʠʩʪʫʧʘʭ ʰʦʨʩʪʢʦʩʪʽ, ʘ ʡ ʧʦ ʧʦʚʝʨʭʥʽ ʟ 

ʥʘʥʝʩʝʥʦʛʦ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʦʨʦʰʢʫ ʛʨʘʬʽʪʫ. ɺ ʥʘʩʣʽʜʦʢ ʮʴʦʛʦ, ʩʫʮʽʣʴʥʽʩʪʴ ʣʝʛʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 100 

%, ʘ ʪʘʢʦʞ ʟʨʦʩʪʘʻ ʛʣʠʙʠʥʘ ʜʠʬʫʟʽʾ ʚʫʛʣʝʮʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ, ʧʽʜʚʠʱʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ 

ʰʘʨʽʚ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ,  ʩʬʦʨʤʦʚʘʥʠʭ ʤʝʪʦʜʦʤ ʎɽɯʃ: ʟʥʠʞʫʻʪʴʩʷ ʾʭ ʰʦʨʩʪʢʽʩʪʴ, ʟʨʦʩʪʘʻ ʪʦʚʱʠʥʘ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʽ 

ʩʫʮʽʣʴʥʽʩʪʴ.  

ɺ ʪʘʙʣ. 1 ʧʦʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13 ʧʽʩʣʷ ʎɽɯʃ ʪʨʘʜʠʮʽʡʥʠʤ ʽ ʧʨʦʧʦʥʦʚʘʥʠʤ 

ʩʧʦʩʦʙʘʤʠ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʽʩʣʷ ʪʨʘʜʠʮʽʡʥʦʾ ʽ ʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʡ ʎɽɯʃ 

ʧʦʢʘʟʘʚ, ʱʦ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʟʘ ʧʨʦʧʦʥʦʚʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʟʤʝʥʰʫʻʪʴʩʷ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ. ʊʘʢ, ʧʽʩʣʷ 

ʪʨʘʜʠʮʽʡʥʦʾ ʎɽɯʃ ʧʨʠ Wʨ=4,6 ɼʞ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʩʢʣʘʜʘʻ Rʘ=8,3-9,0 ʤʢʤ, ʘ ʧʽʩʣʷ ʧʨʦʧʦʥʦʚʘʥʦʾ ï Rʘ=3,2-4,8 ʤʢʤ. 

ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʫʮʽʣʴʥʽʩʪʴ ʣʝʛʦʚʘʥʦʛʦ ʰʘʨʫ ʜʦ 100%, ʜʦ 80 ʤʢʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʛʣʠʙʠʥʘ ʜʠʬʫʟʽʡʥʦʾ ʟʦʥʠ 

ʚʫʛʣʝʮʶ, ʘ ʪʘʢʦʞ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ çʙʽʣʦʛʦè ʰʘʨʫ ʽ ʡʦʛʦ ʪʦʚʱʠʥʘ, ʜʦ 10796 ʄʇʘ ʽ ʜʦ 230 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ. 

 ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫʜʦʩʢʦʥʘʣʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ɽɯʃ ʧʨʠ 

ʮʝʤʝʥʪʘʮʽʾ ʩʪʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʰʠʡʦʢ (ʮʘʧʬ) ʚʘʣʽʚ ʨʦʪʦʨʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ 

ʥʘʩʦʩʽʚ, ʟʘʤʽʩʪʴ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʧʦʩʦʙʫ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

 

ʊʘʙʣʠʮʷ 1 ï ɿʚʝʜʝʥʘ ʪʘʙʣʠʮʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13 ʧʽʩʣʷ ʎɽɯʃ 

ɽʥʝʨʛʽʷ ʨʦʟʨʷʜʫ, 

Wp, ɼʞ 

ʊʦʚʱʠʥʘ çʙʽʣʦʛʦè 

ʰʘʨʫ, ʤʢʤ 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ çʙʽʣʦʛʦè 

ʰʘʨʫ, ʄʇʘ 

ʉʫʮʽʣʴʥʽʩʪʴ 

çʙʽʣʦʛʦè ʰʘʨʫ, % 

ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, 

Rʘ, ʤʢʤ 

ʉʪʘʣʴ 40ʍ 

ʎɽɯʃ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ 

0,9 25-40 5576-4243 50-60 0,9-1,1 

2,6 40-70 8675-6538 70-80 5,4-6,3 

4,6 55-80 8468-6976 70-80 8,5-9,2 

ʎɽɯʃ ʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ 

0,9 60-80 11351-7303 

100 

0,9-1,0 

2,6 90-110 11787-6962 2,6-3,8 

4,6 130-240 118239-7659 3,5-4,7 

ʉʪʘʣʴ 30ʍ13 

ʎɽɯʃ ʪʨʘʜʠʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ 

0,9 25-40 5730-4563 50-70 0,9-1,1 

2,6 35-70 8978-6897 70-80 5,3-6,7 

4,6 60-80 86-73-7925 80-90 8,2-9,7 

ʎɽɯʃ ʧʨʦʧʦʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ 

0,9 70-90 9940-7546  

100 

0,9-1,1 

2,6 100-120 10767-6887 2,7-3,5 

4,6 150-240 10991-7989 3,-4,5 

 

ɿʤʝʥʰʝʥʥʷ ʪʝʨʪʷ ʽ ʟʥʦʩʫ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚ ʤʽʩʮʷʭ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ɺʽʜʦʤʦ ʱʦ ʜʣʷ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʰʠʡʦʢ ʚʘʣʽʚ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʟ ʙʘʙʽʪʦʚʠʤʠ ʚʢʣʘʜʠʰʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʫ [19]. 

ɿʤʘʱʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʫʣʴʬʽʜʫ ʤʦʣʽʙʜʝʥʫ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʡʦʛʦ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ: ʟʚ'ʷʟʢʠ ɺʘʥ-ʜʝʨ-

ɺʘʘʣʴʩʘ ʤʽʞ ʰʘʨʘʤʠ ʩʽʨʢʠ ʜʦʟʚʦʣʷʶʪʴ ʦʩʪʘʥʥʽʤ ʚʽʣʴʥʦ ʨʫʭʘʪʠʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʪʝʨʪʷ ʟʤʝʥʰʫʻʪʴʩʷ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʽʦʥʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʄʦ ʽ S ʥʘʜʘʶʪʴ ʰʘʨʘʤ ʚʠʩʦʢʦʾ ʤʽʮʥʦʩʪʽ, ʪʦʤʫ ʚʦʥʠ ʟʜʘʪʥʽ ʧʨʦʪʠʩʪʦʷʪʠ ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʟ ʙʦʢʫ 

ʤʽʢʨʦʚʠʩʪʫʧʽʚ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʪʨʫʪʴʩʷ. ʋ ʟʤʘʱʫʚʘʣʴʥʦʤʫ ʰʘʨʽ ʪʦʚʱʠʥʦʶ 2,5 ʤʢʤ ʤʽʩʪʠʪʴʩʷ 4000 ʰʘʨʽʚ (S-Mo-S). 

ʐʘʨʠ ʩʽʨʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʦʚʝʨʭʥʶ ʢʨʠʩʪʘʣʘ ʜʠʩʫʣʴʬʽʜʫ ʤʦʣʽʙʜʝʥʫ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʠʣʴʥʫ ʘʜʛʝʟʽʶ ʜʦ ʧʦʚʝʨʭʥʽ 

ʤʝʪʘʣʫ [20, 21]. 

ɺʽʜʦʤʽ ʪʝʭʥʦʣʦʛʽʾ ʩʫʣʴʬʦʮʽʘʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʦʩʘʜʞʝʥʠʭ Fe-Mo ʧʦʢʨʠʪʪʽʚ [22]. ɸʚʪʦʨʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʩʪʘʥʦʚʣʝʥʘ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʝ ʩʫʣʴʬʦʮʽʘʥʫʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ ï ʧʘʩʪʦʧʦʜʽʙʥʝ ʧʦʢʨʠʪʪʷ ʜʝʪʘʣʝʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʞʦʚʪʦʾ ʢʨʦʚ'ʷʥʦʾ ʩʦʣʽ 35-40%, ʩʽʨʯʘʥʦʛʦ ʢʦʣʯʝʜʘʥʫ 15-20%, ʰʘʤʦʪʫ 5-8% ʽ ʩʘʞʽ 25-30% ʟʽ ʩʧʦʣʫʯʥʦʶ ʨʝʯʦʚʠʥʦʶ - 

ʢʨʦʭʤʘʣʴʥʠʤ ʢʣʝʡʩʪʝʨʦʤ. ʇʨʦʮʝʩ ʩʫʣʴʬʦʮʽʘʥʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 550-600ÁC, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʟʥʦʩʦʩʪʽʡʢʝ ʧʦʢʨʠʪʪʷ ʟ ʧʦʚʝʨʭʥʝʚʦʶ ʢʘʨʙʦʥʽʪʨʠʜʥʦʶ ʟʦʥʦʶ, ʥʘʩʠʯʝʥʦʶ ʩʫʣʴʬʽʜʘʤʠ ʟʘʣʽʟʘ ʽ ʜʠʩʫʣʴʬʽʜʦʤ ʤʦʣʽʙʜʝʥʫ. 

ʆʜʥʘʢ ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʻ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʶ.   

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʍʊʆ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʪʦʜ 

ʤʘʻ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʦʙ'ʻʤʥʠʡ ʥʘʛʨʽʚ ʜʝʪʘʣʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʾʾ ʩʪʨʫʢʪʫʨʠ ʽ ʧʦʯʘʪʢʦʚʠʭ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʜʝʬʦʨʤʫʚʘʥʥʷ, ʚʠʢʨʠʚʣʝʥʥʷ); ʛʨʦʤʽʟʜʢʝ ʽ ʜʦʨʦʛʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ; ʜʦʚʛʘ ʪʨʠʚʘʣʽʩʪʴ 

ʧʨʦʮʝʩʫ; ʚʝʣʠʢʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ; ʚʠʩʦʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ; ʝʢʦʣʦʛʽʯʥʘ ʪʘ ʪʝʭʥʦʛʝʥʥʘ ʥʝʙʝʟʧʝʢʘ ʪʘ ʽʥ. 
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 ɺ ʦʩʥʦʚʫ ʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʩʧʦʩʦʙʫ [23] ʧʦʩʪʘʚʣʝʥʦ ʟʘʜʘʯʫ ʩʪʚʦʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ɽɯʃ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʚʦʾ ʜʝʪʘʣʽ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʤʘʻ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʽʜʚʠʱʠʣʦ ʙ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʟʥʠʟʠʣʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʥʪʘʢʪʫʶʯʠʭ 

ʧʦʚʝʨʭʦʥʴ.   

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʚʠʨʽʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʧʦʚʝʨʭʥʽ ʩʪʘʣʝʚʦʾ ʜʝʪʘʣʽ ʤʝʪʦʜʦʤ ɽɯʃ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ 

ʣʝʛʫʚʘʥʥʷʤ ʥʘʥʦʩʷʪʴ ʢʦʥʩʠʩʪʝʥʪʥʫ ʨʝʯʦʚʠʥʫ, ʱʦ ʤʽʩʪʠʪʴ ʩʽʨʢʫ, ʘ ʧʦʪʽʤ, ʥʝ ʯʝʢʘʶʯʠ ʾʾ ʚʠʩʠʭʘʥʥʷ, ʟʜʽʡʩʥʶʶʪʴ 

ʣʝʛʫʚʘʥʥʷ ʝʣʝʢʪʨʦʜʦʤ-ʽʥʩʪʨʫʤʝʥʪʦʤ ʟ ʤʦʣʽʙʜʝʥʫ ʧʨʠ ʝʥʝʨʛʽʾ ʨʦʟʨʷʜʫ Wʨ=0,13-3,4 ɼʞ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 0,8-2,5 ʩʤ2/ʭʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʶʪʴ ʧʦʢʨʠʪʪʷ, ʷʢʝ ʤʽʩʪʠʪʴ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʫ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ 5147-10731 ʄʇʘ, ʪʦʚʱʠʥʦʶ 20-

70 ʤʢʤ ʽ ʩʫʮʽʣʴʥʽʩʪʶ 65-95%, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʫʶʯʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʟʥʠʞʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ. 

ʉʧʦʩʽʙ ʻ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʡ.  

ʇʦʩʘʜʦʯʥʽ ʰʠʡʢʠ ʚʘʣʽʚ ʽ ʥʘʧʨʝʩʦʚʘʥʽ ʥʘ ʥʠʭ ʜʝʪʘʣʽ ʨʦʙʦʯʽ ʢʦʣʝʩʘ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʪʽʥʥʷ, ʰʢʽʚʠ ʽ ʪ. ʽʥ. ʫʪʚʦʨʶʶʪʴ 

ʟ'ʻʜʥʘʥʥʷ ʟ ʥʘʪʷʛʦʤ ʫ ʷʢʦʤʫ ʟʦʚʥʽʰʥʷ ʮʠʣʽʥʜʨʠʯʥʘ ʧʦʚʝʨʭʥʷ ʚʘʣʫ ʢʦʥʪʘʢʪʫʻ ʽʟ ʚʥʫʪʨʽʰʥʴʦʾ ʮʠʣʽʥʜʨʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʜʝʪʘʣʽ.  

 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚʘʣʫ ʨʦʪʦʨʘ, ʧʽʜ ʜʽʻʶ ʮʠʢʣʽʯʥʠʭ ʨʦʙʦʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʩʧʨʷʞʝʥʥʽ çʇʐ-

ʥʘʧʨʝʩʦʚʘʥʘ ʜʝʪʘʣʴè ʚʠʥʠʢʘʶʪʴ ʧʝʨʽʦʜʠʯʥʽ ʟʩʫʚʠ ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. ʇʨʠʩʫʪʥʽʩʪʴ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ 

ʩʧʨʷʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʽ ʥʘʷʚʥʽʩʪʴ ʘʤʧʣʽʪʫʜʠ ʾʭʥʴʦʛʦ ʚʽʜʥʦʩʥʦʛʦ ʟʩʫʚʫ ʦʙʫʤʦʚʣʶʶʪʴ ʚʧʣʠʚ ʬʨʝʪʠʥʛ ʧʨʦʮʝʩʫ 

(ʌ-ʇ). ʇʨʠ ʨʦʙʦʪʽ ʜʝʪʘʣʝʡ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʟʨʦʩʪʘʻ.  ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʥʦʩ 

ʧʦʚʝʨʭʦʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʬʨʝʪʠʥʛ-ʢʦʨʦʟʽʾ (ʌ-ʂ). ʈʝʟʫʣʴʪʘʪʦʤ ʜʽʾ ʌ-ʂ, ʤʦʞʝ ʙʫʪʠ ʦʩʣʘʙʣʝʥʥʷ ʧʦʩʘʜʢʠ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʽʙʨʘʮʽʾ, ʧʦʨʫʰʝʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʽ ʘʚʘʨʽʾ [24]. 

ɿʙʠʨʘʥʥʷ ʟ'ʻʜʥʘʥʴ ʟ ʥʘʪʷʛʦʤ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʟʘʧʨʝʩʦʚʫʚʘʥʥʷʤ ʚʘʣʫ ʚ ʦʪʚʽʨ, ʥʘʛʨʽʚʘʥʥʷʤ 

ʜʝʪʘʣʽ, ʷʢʘ ʤʘʻ ʦʪʚʽʨ, ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷʤ ʚʘʣʫ ʪʘ ʽʥ. ʇʨʠ ʮʴʦʤʫ ʢʦʥʪʘʢʪʥʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʧʽʜʜʘʶʪʴʩʷ ʧʨʫʞʥʦʤʫ ʽ 

ʧʣʘʩʪʠʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʶ, ʘ ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʚʝʨʜʽʩʪʶ ʾʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʧʨʠʯʦʤʫ, ʯʠʤ ʤʝʥʰʝ 

ʚʠʭʽʜʥʘ ʪʚʝʨʜʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʪʠʤ ʙʽʣʴʰʝ ʡʦʛʦ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʨʝʟʝʨʚʠ ʜʦ ʾʾ 

ʧʽʜʚʠʱʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ (ʚʽʜ ʧʦʩʘʜʢʠ) ʽ ʧʨʦʛʠʥʫ (ʚʽʜ ʨʘʜʽʘʣʴʥʠʭ ʨʦʙʦʯʠʭ ʟʫʩʠʣʴ) ʨʦʟʧʦʜʽʣ 

ʩʫʤʘʨʥʠʭ ʪʠʩʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʤʽʞ ʢʦʥʪʘʢʪʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʜʝʪʘʣʝʡ ʟôʻʜʥʘʥʥʷ, ʪʦ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʩʧʦʣʫʯʝʥʥʷ ʜʝʪʘʣʝʡ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʟʙʽʨʥʠʭ ʚʠʨʦʙʽʚ ʜʦʮʽʣʴʥʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 

ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. ʇʨʠ ʧʦʩʘʜʮʽ, ʥʘʧʨʠʢʣʘʜ, ʙʘʥʜʘʞʘ ʥʘ ʚʽʩʴ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʦʛʦ ʧʨʦʢʘʪʥʦʛʦ ʚʘʣʢʘ ʡʦʛʦ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʥʘ ʧʦʩʘʜʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ 0,14. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ 

ʟʛʠʥʘʥʥʽ ʧʨʝʩʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʬʦʨʤʫʶʪʴʩʷ ʜʽʣʷʥʢʠ ʧʨʦʢʦʚʟʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʚʠʥʠʢʥʝʥʥʶ ʽ ʧʨʦʷʚʫ ʌ-ʂ, ʱʦ ʟʥʠʞʫʻ, 

ʥʘʧʨʠʢʣʘʜ, ʤʽʮʥʽʩʪʴ ʚʽʜ ʫʪʦʤʠ ʩʢʣʘʜʦʚʠʭ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʽ ʩʧʨʠʷʻ ʟʩʫʚʫ ʙʘʥʜʘʞʘ [25]. 

ʗʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʝʩʦʚʠʭ ʟ'ʻʜʥʘʥʴ (ʟʙʽʣʴʰʝʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʧʽʜʚʠʱʝʥʥʷ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟ'ʻʜʥʘʥʥʷ ʽ ʤʽʮʥʦʩʪʽ ʚʘʣʽʚ, ʟʥʠʞʝʥʥʷ ʌ-ʂ), ʧʦʣʷʛʘʶʪʴ ʫ ʚʚʝʜʝʥʥʽ ʤʽʞ ʩʧʦʣʫʯʝʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʧʝʚʥʠʭ çʧʨʦʰʘʨʢʽʚè, ʱʦ ʤʘʶʪʴ ʚ ʢʦʥʪʘʢʪʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʠʭʽʜʥʠʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʥʝʩʝʥʥʷ ʢʦʚʟʘʥʥʷ ʚ ʧʨʦʤʽʞʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʧʦʢʨʠʪʪʷ, ʥʘʥʝʩʝʥʝ ʥʘ ʦʜʥʫ ʘʙʦ ʦʙʠʜʚʽ 

ʢʦʥʪʘʢʪʫʶʯʽ ʧʦʚʝʨʭʥʽ [26, 27] ʘʙʦ ʟʤʽʮʥʝʥʠʡ, ʘʙʦ ʟʥʝʤʽʮʥʝʥʠʡ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ [28] ʽ ʽʥ. 

ɺ [29] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʨʷʜ ʩʧʦʩʦʙʽʚ ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʟ'ʻʜʥʘʥʴ ʟ ʥʘʪʷʛʦʤ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ 

ʤʝʪʦʜʦʤ ɽɯʃ ʩʧʝʮʽʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ʅʘʤʠ ʨʦʟʨʦʙʣʝʥʠʡ ʥʦʚʠʡ ʩʧʦʩʽʙ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʧʘʨ ʪʝʨʪʷ [30], ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʜʦ 

ʝʣʝʢʪʨʦʽʩʢʨʦʚʦʛʦ ʣʝʛʫʚʘʥʥʷ, ʽ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʙʨʦʙʢʠ ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, ʧʦʚʝʨʭʥʽ ʷʢʠʭ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ 

ʧʽʜʣʷʛʘʶʪʴ ʟʥʦʰʫʚʘʥʥʶ. ʉʧʦʩʽʙ ʚʢʣʶʯʘʻ ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ, ʱʦ ʧʽʜʣʷʛʘʻ ʟʤʽʮʥʝʥʥʶ, ʢʦʥʩʠʩʪʝʥʪʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʷʢʘ ʧʨʠʛʦʪʦʚʘʥʘ ʟ ʚʢʣʶʯʝʥʥʷʤ ʘʣʶʤʽʥʽʻʚʦʾ ʧʫʜʨʠ ʫ ʢʽʣʴʢʦʩʪʽ ʥʝ ʙʽʣʴʰʝ 56 % ʧʦ ʤʘʩʽ ʽ ʙʦʨʫ ʫ ʚʠʛʣʷʜʽ 

ʧʦʨʦʰʢʫ ʘʤʦʨʬʥʦʛʦ ʙʦʨʫ ʫ ʢʽʣʴʢʦʩʪʽ, ʧʨʠʙʣʠʟʥʦ, 5 % ʧʦ ʤʘʩʽ, ʘ ɽɯʃ ʛʨʘʬʽʪʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʟʘʟʥʘʯʝʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʨʦʚʦʜʷʪʴ ʧʨʠ ʝʥʝʨʛʽʾ ʨʦʟʨʷʜʫ 0,13-4,9 ɼʞ ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 1,0-2,0 ʩʤ2 /ʭʚ.  

ʄʽʢʨʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ Al-C-B ʧʦʢʨʠʪʪʽʚ ʥʘ ʩʪʘʣʽ 40 ʧʦʢʘʟʘʚ, ʱʦ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ 

ʜʽʣʷʥʦʢ, ʢʽʣʴʢʽʩʪʴ ʽ ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʞʠʤʘʤʠ ʧʨʦʮʝʩʫ ɽɯʃ. ʇʨʠ Wʨ=0,13 ʽ 0,55 ɼʞ 

ʰʘʨʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 3-ʭ ʜʽʣʷʥʦʢ ï ʚʝʨʭʥʽʡ çʙʽʣʠʡè ʟʤʽʮʥʝʥʠʡ ʰʘʨ, ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʽ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ ï ʩʪʘʣʴ 40. ʇʨʠ 

ʮʴʦʤʫ, ʚʝʣʠʯʠʥʘ çʙʽʣʦʛʦè ʰʘʨʫ ʜʣʷ ʮʠʭ ʨʝʞʠʤʽʚ ʩʪʘʥʦʚʠʪʴ 15-20 ʤʢʤ. ɿʙʽʣʴʰʝʥʥʷ Wʨ ʜʦ 4,9 ɼʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʢʽʣʴʢʦʩʪʽ ʜʽʣʷʥʦʢ ʪʘ ʾʭ ʩʪʨʫʢʪʫʨʠ: ʚʝʨʭʥʽʡ ʰʘʨ (ʜʦ 60 ʤʢʤ), ʧʨʦʰʘʨʦʢ (ʜʦ 20 ʤʢʤ), ʜʠʬʫʟʽʡʥʘ ʟʦʥʘ ʽ ʦʩʥʦʚʥʠʡ ʤʝʪʘʣ. 

ɼʶʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟ ʧʦʩʠʣʝʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ɽɯʃ ʟʙʽʣʴʰʫʻʪʴʩʷ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʷʢ 

ʚʝʨʭʥʴʦʛʦ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ, ʪʘʢ ʽ ʜʠʬʫʟʽʡʥʦʾ ʟʦʥʠ: ʧʨʠ Wʨ = 0,13 ɼʞ - ʅɛ = 6487 ʄʇʘ, ʘ ʧʨʠ Wʨ = 4,9 ɼʞ - 12350 

ʄʇʘ (ʪʘʙʣ. 2). 

 

  ʊʘʙʣʠʮʷ 2 ï ʗʢʽʩʥʽ ʧʘʨʘʤʝʪʨʠ Al-C-B ʧʦʢʨʠʪʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ɽɯʃ ʥʘ ʩʪʘʣʽ 40 

ɽʥʝʨʛʽʷ ʨʦʟʨʷʜʫ, ɼʞ 
ʐʦʨʩʪʢʽʩʪʴ, ʤʢʤ 

ɿʤʽʮʥʝʥʠʡ ʰʘʨ: 

HÕ ï ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ; h ï ʪʦʚʱʠʥʘ; S ï 

ʩʫʮʽʣʴʥʽʩʪʴ 

Ra Rz Rmax HÕ, ʄʇʘ h, ʤʢʤ S, % 

0,13 1,2 2,9 7,4 6487 15 55 

0,55 2,9 4,5 17,3 10351 20 75 

4,9 9,3 19,5 48,2 12350 60 95 

 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʎɽɯʃ ʟʘʩʪʦʩʦʚʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʠ 

ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʇʇɼ), ʩʝʨʝʜ ʷʢʠʭ ʥʘ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʻ ʤʝʪʦʜ ʙʝʟʘʙʨʘʟʠʚʥʦʾ 
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ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ (ɹʋʌʆ) [31]. ʂʨʽʤ ʮʴʦʛʦ ʦʙʨʦʙʢʘ ʰʠʡʦʢ ʚʘʣʽʚ ʧʽʩʣʷ ɽɯʃ ʤʝʪʦʜʘʤʠ ʇʇɼ ʧʽʜʚʠʱʫʻ 

ʤʝʞʫ ʚʪʦʤʥʫ ʤʽʮʥʦʩʪʽ.  

ʊʝʭʥʦʣʦʛʽʷ ʟʤʽʮʥʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʠʧʫ ʚʘʣʽʚ ʟʘʩʥʦʚʘʥʘ ʥʘ ʩʫʤʽʱʝʥʥʽ ʪʝʭʥʦʣʦʛʽʡ ɽɯʃ ʽ ʇʇɼ, ʷʢʽ 

ʜʦʧʦʚʥʶʶʪʴ ʦʜʠʥ ʦʜʥʦʛʦ. ɽɯʃ ʟʘʙʝʟʧʝʯʫʻ ʥʘʥʝʩʝʥʥʷ ʥʘ ʟʤʽʮʥʶʚʘʥʽ ʜʽʣʷʥʢʠ ʚʘʣʫ ʧʦʢʨʠʪʪʷ ʟ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ 

ʇʇɼ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʽ ʚʠʤʦʛʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ, ʘ 

ʪʘʢʦʞ ʧʽʜʚʠʱʫʻ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ, ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʬʦʨʤʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʽʩʥʫʻ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʰʠʡʦʢ 

ʚʘʣʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʽ ʚʘʞʢʦ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ ʤʝʪʦʜʫ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʘʣʽʚ ʨʦʪʦʨʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ 

ʽʩʧʠʪʽʚ ʥʘ ʟʥʦʩ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ 

ʋ ʇʂ ʧʨʠ ʥʦʨʤʘʣʴʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʢʝ ʘʙʦ ʢʦʥʩʠʩʪʝʥʪʥʝ ʤʘʩʪʠʣʦ, ʷʢʝ ʥʘʜʽʡʥʦ ʦʙʝʨʽʛʘʻ ʧʦʚʝʨʭʥʽ 

ʪʝʨʪʷ ʚʽʜ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʟʚ'ʷʟʢʽʚ. ʇʨʠ ʧʫʩʢʫ ʜʚʠʛʫʥʘ ʩʧʦʣʫʯʝʥʥʷ çʚʘʣ ï ʧʽʜʰʠʧʥʠʢè ʧʨʘʮʶʻ ʚ ʫʤʦʚʘʭ 

ʥʘʧʽʚʩʫʭʦʛʦ ʪʝʨʪʷ, ʧʨʠ ʷʢʦʤʫ ʚʠʥʠʢʘʻ ʤʝʪʘʣʝʚʠʡ ʢʦʥʪʘʢʪ, ʷʢʠʡ ʚʠʢʣʠʢʘʻ ʧʽʜʚʠʱʝʥʠʡ ʟʥʦʩ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʪʨʫʪʴʩʷ, ʽ 

ʧʦʜʘʣʴʰʝ ʾʭ ʟʘʾʜʘʥʥʷ. 

ɿ ʤʝʪʦʶ ʧʦʰʫʢʫ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʽʩʢʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʰʠʡʦʢ ʚʘʣʽʚ 

ʨʦʪʦʨʽʚ ʥʘʩʦʩʽʚ ʪʘ ʢʦʤʧʨʝʩʦʨʽʚ ʧʽʜ ʇʂ, ʱʦ ʧʨʘʮʶʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʧʘʨʽ ʟ ʙʘʙʽʪʦʚʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ, ʧʨʦʚʦʜʠʣʠʩʷ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ Ï 50 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 10 ʤʤ ʽʟ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13 ʪʝʨʤʦʦʙʨʦʙʣʝʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 

ʪʚʝʨʜʽʩʪʴ 180-190 ʽ 235-270 ʅɺ. ʇʦʢʨʠʪʪʷ ʟʨʘʟʢʽʚ ʧʽʜʜʘʚʘʣʠʩʷ ʥʘʩʪʫʧʥʦʾ ʇʇɼ ʤʝʪʦʜʦʤ ɹʋʌʆ. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʤʘʰʠʥʦʶ ʪʝʨʪʷ ʉʄʎ-2 ʟʘ ʩʭʝʤʦʶ ʜʠʩʢ - ʢʦʣʦʜʢʘ. ʗʢ ʤʘʪʝʨʽʘʣ ʢʦʥʪʨʪʽʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʙʘʙʽʪ ɹ-83.   

ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʤʘʪʝʨʽʘʣʽʚ (ʩʪʘʣʴ 40ʍ ʽ ʩʪʘʣʴ 30ʍ13)  ʚʠʛʦʪʦʚʣʷʣʠ ʧʦ 3 ʩʝʨʽʾ ʟʨʘʟʢʽʚ: 

- ʧʝʨʰʘ ï ʙʝʟ ʟʤʽʮʥʝʥʥʷ; 

- ʜʨʫʛʘ ï ʟʤʽʮʥʝʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ ʎɽɯʃ; 

- ʪʨʝʪʷ ï ʟ ʧʦʢʨʠʪʪʷʤ ʄʦS2. 

ɼʣʷ ʢʦʞʥʦʾ ʩʝʨʽʾ ʚʠʛʦʪʦʚʣʷʣʠ ʧʦ ʪʨʠ ʟʨʘʟʢʘ. 

ʇʦʢʨʠʪʪʷ ʟʨʘʟʢʽʚ ʧʽʜʜʘʚʘʣʠʩʷ ʥʘʩʪʫʧʥʦʾ ʇʇɼ ʤʝʪʦʜʦʤ ɹʋʌʆ. 

ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʤʘʰʠʥʦʶ ʪʝʨʪʷ ʉʄʎ-2 ʟʘ ʩʭʝʤʦʶ ʜʠʩʢ - ʢʦʣʦʜʢʘ. ʗʢ ʤʘʪʝʨʽʘʣ ʢʦʥʪʨʪʽʣʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʙʘʙʽʪ ɹ-83. ɿʤʘʱʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʧʨʦʚʦʜʠʣʦʩʷ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʢʨʫʛʣʦʛʦ 

ʟʨʘʟʢʘ ʟʥʘʭʦʜʠʣʘʩʷ ʫ ʚʘʥʥʦʯʮʽ ʟ ʪʫʨʙʽʥʥʠʤ ʤʘʩʣʦʤ ʊ-22. ʐʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 0,78 ʤ/ʩ, ʧʠʪʦʤʠʡ ʪʠʩʢ ï 5,0 

ʄʇʘ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʦʣʦʜʢʫ ï1000 ʅ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ï 8 ʛʦʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʰʣʷʭʫ ʪʝʨʪʷ 22,5 ʢʤ. ʇʝʨʝʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʢʦʥʪʨʪʽʣʦ ʟ ʙʘʙʽʪʫ ʨʦʟʪʦʯʫʚʘʣʠ ʥʘ ʪʦʢʘʨʥʦʤʫ ʚʝʨʩʪʘʪʽ ʫ ʩʧʝʮʽʘʣʴʥʦʤʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ ʜʦ ʟʙʽʛʫ 

ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʟ ʜʦʧʫʩʢʦʤ ʥʘ ʜʽʘʤʝʪʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʩʘʜʮʽ ʢʦʚʟʘʥʥʷ. ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʢʦʥʪʨʪʽʣʘ ʩʪʘʥʦʚʠʣʘ Rʘ = 

1,6 ʤʢʤ. 

ɼʘʣʽ ʟʨʘʟʢʠ ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʥʘ ʤʘʰʠʥʫ ʪʝʨʪʷ ʪʘ ʧʨʠʧʨʘʮʴʦʚʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʟ ʧʠʪʦʤʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 2,0 

ʄʇʘ. ʇʨʠʨʦʙʽʪʦʢ ʚʚʘʞʘʚʩʷ ʟʘʢʽʥʯʝʥʠʤ, ʷʢʱʦ ʯʘʩʪʢʘ ʧʨʠʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʥʦʚʠʣʘ ʥʝ ʤʝʥʰʝ 95% ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʾ. 

ʇʽʩʣʷ ʧʨʠʨʦʙʽʪʢʫ ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠʩʷ ʚʠʤʽʨʶʚʘʥʥʷʤ, ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʥʘ ʤʘʰʠʥʫ, ʥʘʚʘʥʪʘʞʫʚʘʣʠʩʷ, ʽ ʧʨʦʚʦʜʠʚʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ ʪʘ ʧʠʪʦʤʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ɼʣʷ ʚʠʤʽʨʫ ʣʽʥʽʡʥʦʛʦ ʟʥʦʩʫ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʢʨʫʛʣʦʛʦ ʟʨʘʟʢʘ ʥʘ ʪʚʝʨʜʦʤʽʨʽ ɺʽʢʢʝʨʩʘ ʥʘʥʦʩʠʣʠʩʷ ʯʦʪʠʨʠ 

ʧʦʛʣʠʙʣʝʥʥʷ ʚ ʜʽʘʤʝʪʨʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʩʪʦʨʦʥʘʭ. ɿʨʘʟʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʦʩʫ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʟʚʘʞʫʚʘʣʠ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʚʘʛʘʭ ɺʃɸ-200 ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,0001ʛ. 

ʃʽʥʽʡʥʠʡ ʟʥʦʩ ʚʠʟʥʘʯʘʚʩʷ ʤʝʪʦʜʦʤ ʰʪʫʯʥʠʭ ʙʘʟ ʧʦ ʨʽʟʥʠʮʽ ʛʣʠʙʠʥ ʚʽʜʙʠʪʢʽʚ, ʚʠʤʽʨʷʥʠʭ ʜʦ ʪʘ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʽʥʪʝʛʨʘʣʴʥʠʡ (ʚʘʛʦʚʠʡ) ʟʥʦʩ - ʷʢ ʨʽʟʥʠʮʶ ʚʘʛʠ ʟʨʘʟʢʘ ʜʦ ʪʘ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʚʠʤʽʨʶʚʘʣʠ ʤʦʤʝʥʪ ʪʝʨʪʷ, ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫ 

ʟʦʥʽ ʪʝʨʪʷ. 

ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʜʣʷ ʧʦʩʘʜʢʦʚʠʭ ʰʠʡʦʢ ʚʘʣʽʚ 

ʱʦ ʧʨʦʪʠʩʪʦʾʪʴ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʜʦʩʣʽʜʞʝʥʥʶ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʽʜʜʘʚʘʣʠʩʷ ʢʨʫʛʣʽ ʟʨʘʟʢʠ Å50 ʽ 

ʪʦʚʱʠʥʦʶ 10 ʤʤ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13, ʪʝʨʤʦʦʙʨʦʙʣʝʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʪʚʝʨʜʽʩʪʴ 180-190 ʽ 235-250 ʅɺ. ɼʣʷ ʜʦʩʣʽʜʽʚ 

ʚʠʛʦʪʦʚʣʷʣʠ ʜʚʽ ʩʝʨʽʾ ʟʨʘʟʢʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʤʘʪʝʨʽʘʣʽʚ (ʩʪʘʣʴ 40ʍ ʽ ʩʪʘʣʴ 30ʍ13): 

- ʧʝʨʰʘ ʩʝʨʽʷ ï ʟʨʘʟʢʠ ʙʝʟ ʟʤʽʮʥʝʥʥʷ; 

- ʜʨʫʛʘ ʩʝʨʽʷ ï ʥʘ ʟʨʘʟʢʠ ʤʝʪʦʜʦʤ ɽɯʃ ʥʘʥʦʩʠʣʠ ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʫ (Al-C-B) ʟ   ʥʘʩʪʫʧʥʦʶ ɹʋʌʆ.   

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʟʘ ʩʭʝʤʦʶ çʢʽʣʴʮʝ - ʧʣʦʩʢʠʡ ʟʨʘʟʦʢè, ʷʢʠʡ ʩʣʫʞʠʚ ʢʦʥʪʨʪʽʣʦʤ. 

ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʪʽʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʷʤʦʢʫʪʥʠʡ ʟʨʘʟʦʢ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ8 ʟ ʰʦʨʩʪʢʽʩʪʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ Rʘ = 

1,6 ʤʢʤ. ʇʽʩʣʷ ʢʦʞʥʦʛʦ ʽʩʧʠʪʫ ʟʨʘʟʦʢ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ8 ʧʝʨʝʰʣʽʬʦʚʫʚʘʣʠ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʠʞʥʷ ʯʘʩʪʠʥʘ ʢʨʫʛʣʦʛʦ ʟʨʘʟʢʘ ʟʥʘʭʦʜʠʣʘʩʷ ʫ ʚʘʥʥʦʯʮʽ ʟ 

ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ ʤʘʩʪʠʣʦʤ ɯ40ɸ. ʐʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ʩʪʘʥʦʚʠʣʘ 0,78 ʤ/ʩ, ʧʠʪʦʤʠʡ ʪʠʩʢ ï 10 ʄʇʘ, ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʥʪʨʪʽʣʦ ʩʢʣʘʜʘʣʦ ï 100 ʅ, ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʴ ï 8 ʛʦʜ, ʰʣʷʭ ʪʝʨʪʷ ï 22,5 ʢʤ. 

ɺʠʤʽʨ ʣʽʥʽʡʥʦʛʦ ʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʦʩʫ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʚʠʱʝ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʟʤʽʮʥʝʥʥʷ ʪʘ ʯʘʩʫ 

ʚʠʧʨʦʙʫʚʘʥʴ (ʪʘʙʣ. 3 ʽ ʨʠʩ. 1). ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʷʢ ʣʽʥʽʡʥʦʛʦ (ȹh), ʪʘʢ ʽ ʽʥʪʝʛʨʘʣʴʥʦʛʦ (ȹm) 

ʟʘʥʝʩʝʥʽ ʚ ʪʘʙʣ. 4.  
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 ʊʘʙʣʠʮʷ 3 ï ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13 ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ ʟʤʽʮʥʝʥʥʷ ʪʘ ʯʘʩʫ 

ʚʠʧʨʦʙʫʚʘʥʴ  

ʄʘʪʝʨʽʘʣ 

ʟʨʘʟʢʘ 

 ɺʠʜ 

ʟʤʽʮʥʝʥʥʷ 

ʂʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ fʪʨ 

ʏʘʩ ʽʩʧʠʪʽʚ t, ʛʦʜ 

1 2 3 4 5 6 7 8 

  40ʍ  ɹʝʟ ʟʤʽʮʥʝʥʥʷ 0,176 0,179 0,165 0,150 0,148 0,143 0,137 0,118 

 30ʍ13 ɹʝʟ ʟʤʽʮʥʝʥʥʷ 0,165 0,170 0,149 0,134 0,112 0,127 0,125 0,127 

  40ʍ ʎɽɯʃ + ɹʋʌʆ 0,131 0,134 0,123 0,108 0,101 0,112 0,110 0,108 

  30ʍ13  ʎɽɯʃ + ɹʋʌʆ 0,114 0,125 0,114 0,116 0,106 0,109 0,105 0,101 

  40ʍ ɽɯʃ (ʄʦ+S)+ɹʋʌʆ 0,036 0,045 0,042 0,036 0,033 0,034 0,031 0,030 

 30ʍ13  ɽɯʃ (ʄʦ+S)+ɹʋʌʆ 0,032 0,038 0,035 0,030 0,038 0,029 0,026 0,025 

 

 
ʈʠʩ. 1 - ɿʤʽʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ ʩʪʘʣʠ 40ʍ ʽ 30ʍ13 ʧʦ ʙʘʙʽʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʟʤʽʮʥʝʥʥʷ ʪʘ ʯʘʩʫ ʚʟʘʻʤʦʜʽʾ: 1-

ʰʣʽʬʦʚʘʥʘ ʩʪʘʣʴ 40ʍ; 2- ʰʣʽʬʦʚʘʥʘ ʩʪʘʣʴ 30ʍ13; 3 - ʉʪʘʣʴ 40ʍ ʟ ʎɽɯʃ + ɹʋʌʆ; 4 - ʉʪʘʣʴ 30ʍ13 ʟ ʎɽɯʃ + ɹʋʌʆ; 5 - 

ʉʪʘʣʴ 40ʍ (ʟ ʧʦʢʨʠʪʪʷʤ ʄʦS2) + ɹʋʌʆ; 6 - ʉʪʘʣʴ 30ʍ13 (ʟ ʧʦʢʨʠʪʪʷʤ ʄʦS2) + ɹʋʌʆ. 

 

ɸʥʘʣʽʟ ʨʠʩ. 1 ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ  0,025 ʽ 0,030 ʥʘʣʝʞʠʪʴ ʧʦʢʨʠʪʪʷʤ ʟ ʄʦS2, ʩʬʦʨʤʦʚʘʥʠʤ, 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʟʨʘʟʢʘʭ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ 40ʍ ʽ ʦʙʨʦʙʣʝʥʠʤ ɹʋʌʆ. 

 

ʊʘʙʣʠʮʷ 4 ï ɿʥʦʩ ʟʤʽʮʥʝʥʦʾ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13 ʚ ʧʘʨʽ ʟ ʙʘʙʽʪʦʤ ɹ-83 

ɿʤʽʮʥʝʥʥʷ ɿʥʦʩ 

ɺʘʛʦʚʠʡ Ĭ10 3, ʢʛ ʃʽʥʽʡʥʠʡ, ʤʢʤ 

ʉʪʘʣʴ 40ʍ (ʙʝʟ ʟʤʽʮʥʝʥʥʷ) 0,075 6,519 

ʉʪʘʣʴ 30ʍ13 (ʙʝʟ ʟʤʽʮʥʝʥʥʷ) 0,068 6,033 

ʉʪʘʣʴ 40ʍ  ʟ ʎɽɯʃ + ɹʋʌʆ 0,031 2,321 

ʉʪʘʣʴ 30ʍ13 ʟ ʎɽɯʃ + ɹʋʌʆ 0,023 2,202 

ʉʪʘʣʴ 40ʍ (ʟ ʧʦʢʨʠʪʪʷʤ ʄʦS2) + ɹʋʌʆ 0,019 1,115 

ʉʪʘʣʴ 30ʍ13 (ʟ ʧʦʢʨʠʪʪʷʤ ʄʦS2) + ɹʋʌʆ 0,012 0,885 

  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʪʘʙʣ. 4 ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʘʛʦʚʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ ʙʽʣʴʰʠʡ ʯʠʤ 

ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 30ʍ13 ʚ 1,15 ʨʘʟʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚ  2,50 ʽ 4,41 ʨʘʟʠ ʥʽʞ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʎɽɯʃ + ɹʋʌʆ ʽ ɽɯʃ (ʄʦ+S) + 

ɹʋʌʆ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ ʙʽʣʴʰʠʡ ʯʠʤ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 30ʍ13 ʚ 1,09 

ʨʘʟʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚ  2,83 ʽ 5,85 ʨʘʟʠ ʥʽʞ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʎɽɯʃ Ÿ ɹʋʌʆ ʽ ɽɯʃ (ʄʦ+S)Ÿɹʋʌʆ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʡʤʝʥʰʠʡ ʚʘʛʦʚʠʡ ʽ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʫ ʩʪʘʣʽ 30ʍ13 ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 

ʩʢʣʘʜʫ (ʄʦ+S) ʽ ɹʋʌʆ, ʷʢʠʡ ʩʢʣʘʜʘʻ, ʚʽʜʧʦʚʽʜʥʦ 0,013Ŀ10 -3  ʢʛ ʽ 0,90 ʤʢʤ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʣʽʥʽʡʥʦʛʦ ʟʥʦʩʫ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13, ʷʢ ʥʝ ʟʤʽʮʥʝʥʠʭ, ʪʘʢ ʽ 

ʟʤʽʮʥʝʥʠʭ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʎɽɯʃ + ɹʋʌʆ ʽ ɽɯʃ (ʄʦ+S) + ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ: 1-6. 

ʋ ʚʩʽʭ ʟʨʘʟʢʽʚ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʝ ʧʽʩʣʷ 2-ʭ ʛʦʜʠʥ ʩʪʠʨʘʥʥʷ ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ 

ʽ ʩʪʘʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʽ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʘʛʘʜʫʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ.  

ʅʘʡʢʨʘʱʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʟʨʘʟʢʠ ʟʤʽʮʥʝʥʽ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ɽɯʃ (ʄʦ+S) + ɹʋʌʆ, ʟʥʦʩ ʷʢʠʭ ʧʽʩʣʷ 8 

ʛʦʜ ʽʩʧʠʪʽʚ ʩʢʣʘʜʘʻ 0,9 ʽ 1,1 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ 40ʍ.  
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ʈʠʩ. 2 - ʍʘʨʘʢʪʝʨ ʟʥʦʩʫ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13: ʥʝ ʟʤʽʮʥʝʥʠʭ, ʚʽʜʧʦʚʽʜʥʦ 1 ʽ 2, ʟʤʽʮʥʝʥʠʭ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: 

ʎɽɯʃ + ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ 3 ʽ 4 ʽ ɽɯʃ (ʄʦ+S) + ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ 5 ʽ 6, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʧʘʨʽ ʟ ʙʘʙʙʽʪʦʤ ɹ-83 

(ʩʝʨʝʜʦʚʠʱʝ - ʤʘʩʪʠʣʦ ʪʫʨʙʽʥʥʘ ʊ-22). 

 

ɿ ʤʝʪʦʶ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʜʣʷ ʧʦʩʘʜʢʦʚʠʭ ʰʠʡʦʢ ʚʘʣʽʚ 

ʱʦ ʧʨʦʪʠʩʪʦʾʪʴ ʚʠʩʦʢʠʤ ʧʠʪʦʤʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʜʦʩʣʽʜʞʝʥʥʶ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʽʜʜʘʚʘʣʠʩʷ ʟʨʘʟʢʠ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 

30ʍ13, ʪʝʨʤʦʦʙʨʦʙʣʝʥʽ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʪʚʝʨʜʽʩʪʴ 167-207 ʽ 235-250 ʅɺ, ʟʤʽʮʥʝʥʽ ʢʦʤʙʽʥʦʚʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ: ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʫ (Al-C-B)  ʤʝʪʦʜʦʤ ɽɯʃ ʟ ʥʘʩʪʫʧʥʦʶ ɹʋʌʆ.  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.  

  

ʊʘʙʣʠʮʷ 5 ï ʈʝʟʫʣʴʪʘʪʠ ʟʥʦʩʫ ʟʤʽʮʥʝʥʠʭ ʽ ʥʝʟʤʽʮʥʝʥʠʭ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13, ʚʠʧʨʦʙʫʚʘʥʠʭ ʫ ʧʘʨʽ ʟ 

ʪʚʝʨʜʠʤ ʩʧʣʘʚʦʤ ɺʂ8 ʚ ʫʤʦʚʘʭ ʨʷʩʥʦʛʦ ʟʤʘʱʝʥʥʷ ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ ʤʘʩʪʠʣʦʤ ɯ40ɸ 

ʄʘʪʝʨʽʘʣ ɺʠʜ ʟʤʽʮʥʝʥʥʷ ɿʥʦʩ 

ʚʘʛʦʚʠʡ Ĭ10 3, ʢʛ ʣʽʥʽʡʥʠʡ, ʤʢʤ 

40ʍ ɹʝʟ ʟʤʽʮʥʝʥʥʷ 0,313 6,117 

30ʍ13 ɹʝʟ ʟʤʽʮʥʝʥʥʷ 0,257 5,354 

40ʍ ɽɯʃ (Al-C-B) +ɹʋʌʆ 0,176 3, 312 

30ʍ13 ɽɯʃ (Al-C-B) + ɹʋʌʆ 0,105 1,645 

 

ɸʥʘʣʽʟ ʪʘʙʣ. 5 ʧʦʢʘʟʘʚ, ʱʦ ʚʘʛʦʚʠʡ ʽ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʙʝʟ ʟʤʽʮʥʝʥʥʷ ʙʽʣʴʰʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʥʝʟʤʽʮʥʝʥʠʤʠ ʟʨʘʟʢʘʤʠ ʟʽ ʩʪʘʣʽ 30ʍ13, ʷʢʽ ʚʠʧʨʦʙʫʚʘʣʠʩʴ ʫ ʧʘʨʽ ʟ ʢʦʥʪʨʪʽʣʦʤ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ8 ʚ ʫʤʦʚʘʭ ʨʷʩʥʦʛʦ 

ʟʤʘʱʝʥʥʷ ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ ʤʘʩʪʠʣʦʤ ɯ40ɸ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 21,7 ʽ 14,2 %; ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʨʘʟʢʘʤʠ ʟʽ ʩʪʘʣʽ 40ʍ ʟ 

ʧʦʢʨʠʪʪʷʤ, ʥʘʥʝʩʝʥʠʤ ʤʝʪʦʜʦʤ ɽɯʃ ʩʢʣʘʜʫ (Al-C-B) ʟ ʥʘʩʪʫʧʥʦʶ ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 77,8 ʽ 84,7; ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʽ ʩʪʘʣʽ 

30ʍ13 ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʦʙʨʦʙʢʦʶ  (ɽɯʃ (Al-C-B) + ɹʋʌʆ), ʚʽʜʧʦʚʽʜʥʦ ʥʘ 98,0 ʽ 71,8 %. 

 

ɺʠʩʥʦʚʢʠ: 

1. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʷʚʠʣʠʩʴ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʟʤʽʮʥʝʥʥʷ 
ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʰʠʡʦʢ ʚʘʣʽʚ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʛʦ 

ʤʝʪʦʜʫ ɽɯʃ  (ʮʝʤʝʥʪʘʮʽʷ, ʥʘʥʝʩʝʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʦʢʨʠʪʴ ʟ ʄʦS2, ʧʦʢʨʠʪʴ ʩʢʣʘʜʫ Al-C-B  ʽ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʘʞʢʦ ʚʽʜʜʘʪʠ ʧʝʨʝʚʘʛʫ ʪʦʤʫ, ʯʠ ʽʥʰʦʤʫ ʤʝʪʦʜʫ. 

2. ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2  ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʘʛʦʚʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ, 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʚ ʫʤʦʚʘʭ ʟʤʘʱʝʥʥʷ ʪʫʨʙʽʥʥʠʤ ʤʘʩʣʦʤ ʊ-22 ʟ ʙʘʙʽʪʦʚʠʤʠ ʚʢʣʘʜʠʰʘʤʠ ʇʂ ʧʦ ʩʭʝʤʽ çʜʠʩʢ-ʚʢʣʘʜʠʰè, 

, ʚ 1,15 ʨʘʟʠ ʙʽʣʴʰʠʡ ʯʠʤ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ, ʚʽʜʧʦʚʽʜʥʦ ʚ  2,50 ʽ 4,41 ʨʘʟʠ ʥʽʞ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʎɽɯʃ + ɹʋʌʆ ʽ ɽɯʃ 

(ʄʦ+S) + ɹʋʌʆ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʰʣʽʬʦʚʘʥʦʾ ʩʪʘʣʽ 40ʍ ʙʽʣʴʰʠʡ ʯʠʤ ʩʪʘʣʽ 30ʍ13 ʚ 1,09 

ʨʘʟʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ ʚ  2,83 ʽ 5,85 ʨʘʟʠ ʥʽʞ ʩʪʘʣʽ 40ʍ ʧʽʩʣʷ ʎɽɯʃ + ɹʋʌʆ ʽ ɽɯʃ (ʄʦ+S) + ɹʋʌʆ.  

3. ʅʘʡʤʝʥʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ  0,025 ʽ 0,030 ʥʘʣʝʞʠʪʴ ʧʦʢʨʠʪʪʷʤ ʟ ʄʦS2, ʩʬʦʨʤʦʚʘʥʠʤ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʟʨʘʟʢʘʭ ʟʽ 

ʩʪʘʣʽ 30ʍ13 ʽ 40ʍ ʽ ʦʙʨʦʙʣʝʥʠʤ ɹʋʌʆ. 

4. ɸʥʘʣʽʟ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʣʽʥʽʡʥʦʛʦ ʟʥʦʩʫ ʢʨʫʛʣʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʽ 30ʍ13, ʷʢ ʟʤʽʮʥʝʥʠʭ, ʪʘʢ ʽ ʥʝ ʟʤʽʮʥʝʥʠʭ,  
ʧʦʢʘʟʘʚ, ʱʦ ʫ ʚʩʽʭ ʟʨʘʟʢʽʚ ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ, ʷʢʝ ʧʽʩʣʷ 2-ʭ ʛʦʜʠʥ ʩʪʠʨʘʥʥʷ 

ʩʧʦʚʽʣʴʥʶʻʪʴʩʷ, ʩʪʘʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʠʤ ʽ ʚ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʥʘʛʘʜʫʻ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʅʘʡʢʨʘʱʦʶ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʚʦʣʦʜʽʶʪʴ ʟʨʘʟʢʠ ʟʤʽʮʥʝʥʽ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ  ɽɯʃ (ʄʦ+S) + ɹʋʌʆ, ʟʥʦʩ ʷʢʠʭ ʧʽʩʣʷ 8 ʛʦʜ ʽʩʧʠʪʽʚ 

ʩʢʣʘʜʘʻ 0,9 ʽ 1,1 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ ʟʽ ʩʪʘʣʽ 30ʍ13 ʽ 40ʍ.  

5. ɺʘʛʦʚʠʡ ʽ ʣʽʥʽʡʥʠʡ ʟʥʦʩ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ 40ʍ ʙʝʟ ʟʤʽʮʥʝʥʥʷ ʙʽʣʴʰʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʝʟʤʽʮʥʝʥʠʤʠ ʟʨʘʟʢʘʤʠ ʟʽ ʩʪʘʣʽ 

30ʍ13, ʷʢʽ ʚʠʧʨʦʙʫʚʘʣʠʩʴ ʫ ʧʘʨʽ ʟ ʢʦʥʪʨʪʽʣʦʤ ʟ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ɺʂ8 ʚ ʫʤʦʚʘʭ ʨʷʩʥʦʛʦ ʟʤʘʱʝʥʥʷ ʽʥʜʫʩʪʨʽʘʣʴʥʠʤ 

ʤʘʩʪʠʣʦʤ ɯ40ɸ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 21,7 ʽ 14,2 %; ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʨʘʟʢʘʤʠ ʟʽ ʩʪʘʣʽ 40ʍ ʟ ʧʦʢʨʠʪʪʷʤ, ʥʘʥʝʩʝʥʠʤ ʤʝʪʦʜʦʤ 
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ɽɯʃ ʩʢʣʘʜʫ (Al-C-B) ʟ ʥʘʩʪʫʧʥʦʶ ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 77,8 ʽ 84,7 %; ʽ ʟʽ ʩʪʘʣʽ 30ʍ13 ʟ ʘʥʘʣʦʛʽʯʥʦʶ ʦʙʨʦʙʢʦʶ  ɽɯʃ 

(Al-C-B) + ɹʋʌʆ, ʚʽʜʧʦʚʽʜʥʦ ʥʘ 98,0 ʽ 71,8 %. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʄɯɾɽʃɽʂʊʈʆɼʅʆɻʆ ɿɸɿʆʈʋ ʇʈʀ ɽʃɽʂʊʈʆɽʈʆɿɯʁʅʆʄʋ ʐʃɯʌʋɺɸʅʅɯ ɿɯ 

ɿʄɯʅʆʖ ʇʆʃʗʈʅɯʉʊʖ ɽʃɽʂʊʈʆɼɯɺ 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Simulink ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠ 

ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʟʽ ʟʤʽʥʥʦʶ ʧʦʣʷʨʥʽʩʪʶ ʝʣʝʢʪʨʦʜʽʚ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʨʠʤʘʥʠʤ ʦʩʮʠʣʦʛʨʘʤʘʤ 

ʩʪʨʫʤʽʚ ʽ ʥʘʧʨʫʛ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ ʨʦʟʨʦʙʣʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ. ʄʦʜʝʣʴ ʨʝʘʣʽʟʫʻ ʥʝʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʦʧʽʨʫ 
ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʚʽʜ ʡʦʛʦ ʚʝʣʠʯʠʥʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʨʦʟʨʷʜʥʠʭ 

ʽʤʧʫʣʴʩʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʦʩʮʠʣʦʛʨʘʤ ʩʪʨʫʤʽʚ ʨʦʙʦʯʠʭ ʽʤʧʫʣʴʩʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʤʘʶʪʴ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʉʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʶʪʴ ʮʽ ʧʨʦʮʝʩʠ 
ʤʦʞʝ ʙʫʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʊ-ʧʦʜʽʙʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʘʢʪʠʚʥʽ ʦʧʽʨʠ, ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʻʤʥʽʩʪʴ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʚʝʣʠʯʠʥʠ. ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʚʽʜʥʝʩʝʥʝ ʜʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʥʝ ʧʝʨʝʚʠʱʫʻ 12-15%. ɿʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ 
ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ Simulink-ʤʦʜʝʣʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ. ɼʦʙʨʠʡ ʟʙʽʛ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʩʮʠʣʦʛʨʘʤ, ʦʪʨʠʤʘʥʠʭ ʫ Simulink-ʤʦʜʝʣʽ, ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ, ʧʦʢʘʟʘʣʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠ 

ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʜʦʩʠʪʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ ʟʘʟʦʨ, ʦʩʮʠʣʦʛʨʘʤʘ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ, ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ, ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ, ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ.  

ʉʊʈɽʃʔʏʋʂ ʈ. ʄ., ʐɽʃʂʆɺʆʁ ɸ.ʅ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʝ Simulink ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ ʧʨʠ 
ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ ʧʦʣʷʨʥʦʩʪʴʶ ʵʣʝʢʪʨʦʜʦʚ ʪʨʫʜʥʦʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘʤ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ. ʄʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪ ʥʝʣʠʥʝʡʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʦʪ ʝʛʦ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʡ 
ʩʨʝʜʳ ʥʘ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʨʘʟʨʷʜʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʪʦʢʦʚ ʨʘʙʦʯʠʭ ʠʤʧʫʣʴʩʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʟʘʟʦʨʝ ʧʨʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʥʦʩʷʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʉʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʶʪ ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʦʞʝʪ ʙʳʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʊ-ʦʙʨʘʟʥʦʡ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ, 
ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʝʤʢʦʩʪʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ 

ʥʝʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʚʝʣʠʯʠʥʳ. ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʪʥʝʩʝʥʥʦʝ ʢ ʝʛʦ ʫʩʪʘʥʦʚʠʚʰʝʤʫʩʷ ʟʥʘʯʝʥʠʶ, ʥʝ ʧʨʝʚʳʰʘʝʪ 12-15%. ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 
Simulink-ʤʦʜʝʣʴ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ ʧʨʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ. ʍʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

Simulink-ʤʦʜʝʣʠ, ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, ʧʦʢʘʟʘʣʦ ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʘ ʧʨʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʟʘʟʦʨʝ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ ʟʘʟʦʨ, ʦʩʮʠʣʦʛʨʘʤʤʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠʤʠʪʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ. 

STRELCHUK R.M., SHELKOVYI O. M.  

SIMULATION OF THE INTERELECTRODE GAP IN ELECTRICAL DISCHARGE GRINDING WITH CHANGING ELECTRODE 

POLARITY  

  

In this paper, an experimental study and simulation in the Simulink graphical environment of the interelectrode gap during electroerosive grinding with 

changing polarity of electrodes of difficult-to-machine materials was carried out. Based on the experimentally obtained oscillograms of currents and voltages 
in the cutting zone, a simulation model of the interelectrode gap has been developed. The model implements a nonlinear dependence of the active resistance of 

the interelectrode gap on its value, which makes it possible to take into account the influence of the interelectrode medium on the parameters of electric 

discharge pulses. As a result of the analysis of the experimental oscillograms of the currents of the working pulses, it was found that the electrical processes 
occurring in the interelectrode gap during electroerosive grinding are oscillatory. The environment in which these processes take place can be represented with 

sufficient accuracy in the form of a T-shaped equivalent circuit, which includes active resistances, inductances and capacitance. It has been established that the 

active resistance of the interelectrode gap depends nonlinearly on its value. The root-mean-square deviation between the calculated and experimental current 
and voltage pulses, referred to its steady-state value, does not exceed 12-15%. The found values of the equivalent circuit parameters made it possible to obtain 

a Simulink model of the interelectrode gap in electroerosive grinding. A good agreement between the calculated oscillograms obtained in the Simulink model 

and the experimental ones showed that the developed model of the interelectrode gap during electroerosive grinding quite adequately reflects the real electrical 
processes occurring in the interelectrode gap.  

Keywords: interelectrode gap, current and voltage waveform, equivalent circuit, electrical processes, simulation model. 

 1. ɺʩʪʫʧ. ʋ ʟʦʥʽ ʨʽʟʘʥʥʷ ʚ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʜʽʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʨʷʜʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʧʨʦʙʦʾ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʩʪʨʫʞʢʦʶ ʘʙʦ ʧʦʚʝʨʭʥʝʶ ʤʘʪʝʨʽʘʣʫ ʽ ʟʚ'ʷʟʢʦʶ ʢʨʫʛʘ, ʧʨʠ ʢʦʚʟʘʥʥʽ 

ʩʪʨʫʞʢʠ ʧʦ ʟʚ'ʷʟʮʽ, ʝʣʝʢʪʨʠʯʥʽ ʨʦʟʨʷʜʠ, ʱʦ ʽʥʽʮʽʶʶʪʴʩʷ ʚʠʙʫʭʦʚʦʶ ʝʣʝʢʪʨʦʝʨʦʟʽʻʶ ʧʝʨʝʤʠʢʘʶʯʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʦʮʝʩ 

ʚʟʘʻʤʦʜʽʾ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟʽ 

ʟʤʽʥʥʦʶ ʧʦʣʷʨʥʽʩʪʶ ʝʣʝʢʪʨʦʜʽʚ ʥʝ ʜʦʩʣʽʜʞʝʥʠʡ, ʘ ʟʦʥʘ ʨʽʟʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʥʝ ʚʠʚʯʝʥʘ [1,2]. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ 

ʫ ʨʦʙʦʪʽ ʟʨʦʙʣʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ, ʪʘ ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʚʟʘʻʤʦʜʽʾ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  
 2. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ. ɿʦʥʘ ʦʙʨʦʙʢʠ ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʻ ʩʢʣʘʜʥʦʶ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʦʶ ʩʠʩʪʝʤʦʶ [3,4]. ɺʦʥʘ ʻ ʦʜʥʦʯʘʩʥʦ ʤʽʩʮʝʤ ʤʽʢʨʦʨʽʟʘʥʥʷ ʪʘ ʜʽʾ ʝʣʝʢʪʨʠʯʥʠʭ ʨʦʟʨʷʜʽʚ ʫ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʧʨʦʤʽʞʢʫ. ʇʨʠ ʜʦʜʘʪʢʫ ʥʘʧʨʫʛʠ ʚ ʮʽʡ ʟʦʥʽ ʚʠʥʠʢʘʻ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 

ʧʝʨʝʤʠʢʘʶʯʽ ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʤʽʞʦʢ ʩʪʨʫʤʦʧʨʦʚʽʜʥʽ ʤʽʩʪʢʠ, ʨʦʙʦʯʫ ʨʽʜʠʥʫ, ʱʦ ʚʦʣʦʜʽʻ ʜʝʷʢʦʶ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ, ʽ ʯʝʨʝʟ ʢʘʥʘʣ ʨʦʟʨʷʜʫ, ʱʦ ʚʠʥʠʢʘʻ, ʚ ʧʝʨʽʦʜ ʡʦʛʦ ʜʽʾ. 
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ʈʦʟʤʽʨ ʟʦʥʠ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʠʨʠʥʦʶ ʬʨʦʥʪʫ ʨʦʙʦʪʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʘ ʚʝʣʠʯʠʥʦʶ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ 

ʟʘʟʦʨʫ, ʪʦʙʪʦ. ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʟʚ'ʷʟʢʦʶ ʢʨʫʛʘ ʽ ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ. ʋ ʟʦʥʽ ʦʙʨʦʙʢʠ, ʧʦʨʷʜ ʟʽ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷʤ ʪʘ ʜʽʻʶ ʨʦʟʨʷʜʽʚ, ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʢʣʘʜʥʽ ʤʝʭʘʥʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ: ʢʦʥʪʘʢʪʥʦ-

ʬʨʠʢʮʽʡʥʽ, ʪʝʨʤʽʯʥʽ, ʝʣʝʢʪʨʠʯʥʽ, ʧʣʘʟʤʦʭʽʤʽʯʥʽ ʪʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʽ; ʤʘʶʪʴ ʤʽʩʮʝ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ ʪʘ 

ʢʘʚʽʪʘʮʽʷ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʩʥʦʚʥʝ, ʱʦ ʜʦʤʽʥʫʻ ʜʽʶ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʟʦʥʽ ʦʙʨʦʙʢʠ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʘʭ ʪʘ 

ʷʚʠʱʘʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ɺʦʥʠ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʜʽʣʷʥʢʘʭ ʢʦʥʪʘʢʪʥʦʾ ʪʘ 

ʙʝʟʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʨʫʛʘ ʟʽ ʟʨʽʟʘʥʦʶ ʩʪʨʫʞʢʦʶ ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʜʝ ʧʦʚʝʨʭʥʽ ʮʠʭ ʝʣʝʢʪʨʦʜʽʚ ʚʧʨʠʪʫʣ 

ʥʘʙʣʠʞʘʶʪʴʩʷ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʽ ʜʝ ʤʦʞʣʠʚʠʡ ʜʦʪʠʢ, ʫʪʚʦʨʝʥʥʷ ʧʝʨʝʨʠʚʯʘʩʪʠʭ ʘʙʦ ʱʽʣʴʥʠʭ ʢʦʥʪʘʢʪʽʚ ʪʘ ʾʭ ʨʦʟʨʠʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʦʥʘ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʥʪʘʢʪʥʦʶ ʪʘ ʙʝʟʢʦʥʪʘʢʪʥʦʶ 

ʝʣʝʢʪʨʦʝʨʦʟʽʻʶ [5]. 
3. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʦʜʝʣʴ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʢʦʪʨʽ 

ʚʠʥʠʢʘʶʪʴ ʫ ʥʴʦʤʫ, ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʠʧʦʤ ʽ ʧʘʨʘʤʝʪʨʘʤʠ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ. ɿ ʤʝʪʦʶ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʪʠʧʫ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʩʪʨʫʤʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʽʤʧʫʣʴʩʽʚ ʧʨʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ ʮʴʦʛʦ ʟʘʟʦʨʫ (ʨʠʩ. 1).  
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ʚ 

ʈʠʩ. 1 ï ʆʩʮʠʣʦʛʨʘʤʠ ʩʪʨʫʤʽʚ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ 

ʚʝʣʠʯʠʥʦʶ: ʘ ï 7 ʤʢʤ; ʙ ï 14 ʤʢʤ; ʚ ï ʧʨʠ ʢʦʨʦʪʢʦʤʫ ʟʘʤʠʢʘʥʥʽ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʙʘʟʽ ʚʝʨʩʪʘʪʘ ʤʦʜʝʣʽ 3ɼ642ɽ. ɼʦʜʘʪʢʦʚʘ ʝʥʝʨʛʽʷ ʚ ʟʦʥʫ ʨʽʟʘʥʥʷ 

ʚʚʦʜʠʣʘʩʷ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʅʆ 6506, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʟʤʽʥʥʠʡ ʩʪʨʫʤ ʥʘʧʨʫʛʦʶ 380ɺ ʫʥʽʧʦʣʷʨʥʠʡ ʽʤʧʫʣʴʩʥʠʡ 

ʩʪʨʫʤ. ʈʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ, ʘʤʧʣʽʪʫʜʠ ʨʦʟʨʷʜʥʦʛʦ ʩʪʨʫʤʫ, ʯʘʩʪʦʪʠ ʪʘ ʰʧʘʨʫʚʘʪʦʩʪʽ ʧʨʦʚʦʜʠʣʦʩʷ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ 

ʽʤʧʫʣʴʩʽʚ. ɿʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʪʦʨʮʝʚʘ ʩʭʝʤʘ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʯʘʰʢʦʚʠʤʠ ʢʦʣʘʤʠ ʢʦʥʽʯʥʦʾ ʬʦʨʤʠ 12ɸ2-

45ę 150Ĭ10Ĭ3Ĭ32 ʥʘ ʟʚ'ʷʟʮʽ ʄ1-01 ʟ ʘʣʤʘʟʥʠʤʠ ʟʝʨʥʘʤʠ ɸʉ6 ʟ ʟʝʨʥʠʩʪʽʩʪʶ 100/80 ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 4. ʇʝʨʝʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʘʣʤʘʟʥʽ ʢʨʫʛʠ ʧʦʧʝʨʝʜʥʴʦ ʧʨʘʚʠʣʠʩʴ ʽ ʧʨʠʨʦʙʣʷʣʠʩʴ ʥʘ ʧʨʦʪʷʟʽ 5-10 ʭʚʠʣʠʥ. ɺ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʘ ʜʝʪʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʚʝʨʜʦʩʧʣʘʚʥʽ ʧʣʘʩʪʠʥʠ ʤʘʨʢʠ ɺʂ6 ʟ ʨʦʟʤʽʨʘʤʠ 14Ĭ14Ĭ5 ʤʤ. ʇʨʠʩʪʨʽʡ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʩʧʦʩʦʙʫ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʟʤʽʥʦʶ ʧʦʣʷʨʥʽʩʪʶ ʝʣʝʢʪʨʦʜʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.2. 

 

 

ʈʠʩ. 2 ï ʇʨʠʩʪʨʽʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʩʧʦʩʦʙʫ 

ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʟʤʽʥʥʦʶ ʧʦʣʷʨʥʽʩʪʶ ʝʣʝʢʪʨʦʜʽʚ 

 

ɽʣʝʢʪʨʠʯʥʽ ʨʝʞʠʤʠ ʛʝʥʝʨʘʪʦʨʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ: ʘʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʽʚ ʥʘʧʨʫʛʠ ï 50 ɺ, ʯʘʩʪʦʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ï 44 ʂɻʮ, ʰʧʘʨʫʚʘʪʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ï 1. ʆʩʮʠʣʦʛʨʘʤʠ ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʦʩʮʠʣʦʛʨʘʬʦʤ ʤʦʜʝʣʽ ʉ1-

101, ʧʽʜʢʣʶʯʝʥʥʷ ʷʢʦʛʦ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʛʽʜʥʦ ʟʽ ʩʭʝʤʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 3. ɺʝʣʠʯʠʥʘ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ 

ʬʽʢʩʫʚʘʣʘʩʷ ʽʥʜʠʢʘʪʦʨʦʤ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʟ ʮʽʥʦʶ ʨʦʟʧʦʜʽʣʫ 1 ʤʢʤ.  

ɸʥʘʣʽʟ ʝʣʝʢʪʨʠʯʥʦʾ ʩʭʝʤʠ ʛʝʥʝʨʘʪʦʨʘ ʽʤʧʫʣʴʩʽʚ ʅʆ 6506 ʪʘ ʦʩʮʠʣʦʛʨʘʤ ʩʪʨʫʤʽʚ ʧʨʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ (ʨʠʩ.1) ʜʦʟʚʦʣʷʻ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʙʤʝʞʠʪʠʩʷ ʊ-ʧʦʜʽʙʥʦʶ ʩʭʝʤʦʶ ʟʘʤʽʱʝʥʥʷ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʨʝʘʢʪʠʚʥʽ ʦʧʽʨʠ ʛʝʥʝʨʘʪʦʨʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ ʪʘ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ. 
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ʈʠʩ. 3 ï ʉʭʝʤʘ ʟʘʤʽʱʝʥʥʷ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ. 

 

ʆʩʢʽʣʴʢʠ ʩʪʨʫʤ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʢʦʣʠʚʘʣʴʥʫ ʩʢʣʘʜʦʚʫ, ʪʦ ʩʭʝʤʘ ʟʘʤʽʱʝʥʥʷ 

ʚʢʣʶʯʘʻ ʢʦʣʠʚʘʣʴʥʠʡ RLC-ʢʦʥʪʫʨ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3. ɸʢʪʠʚʥʽ ʦʧʽʨʠ ʛʝʥʝʨʘʪʦʨʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽʤʧʫʣʴʩʽʚ R1 ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (ʤʽʞʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ) R2 ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʡʜʝʥʽ ʟʘ ʟʥʘʯʝʥʥʷʤʠ ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ U2, ʱʦ 

ʚʩʪʘʥʦʚʠʣʘʩʷ, ʥʘ ʦʧʽʨʠ R2 ʽ ʩʪʨʫʤʫ ɯ2 ʧʨʠ ʚʽʜʦʤʽʡ ʚʝʣʠʯʠʥʽ ʘʤʧʣʽʪʫʜʠ ʽʤʧʫʣʴʩʽʚ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʛʝʥʝʨʘʪʦʨʘ U: 
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4. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʦʩʮʠʣʦʛʨʘʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʠʭ ʦʧʽʨ R1 ʽ R2 ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ (ʪʘʙʣ.1). ʅʘ ʨʠʩ.4 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʦʧʽʨʫ ʚʝʣʠʯʠʥʠ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ. 

 

ʊʘʙʣ. 1 ï ɿʥʘʯʝʥʥʷ ʘʢʪʠʚʥʠʭ ʦʧʨ̔ 

ʄʞ̔ʝʣʝʢʪʨʦʜʥʠʡ ʟʘʟʦʨ S, ʤʢʤ R1, ʆʤ R2, ʆʤ 

ʂʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥ,̫ 0 4,85 0 

1 4,85 0,13 

2 4,85 0,27 

3 4,85 0,51 

4 4,85 0,77 

5 4,85 1,21 

6 4,85 1,75 

7 4,85 2,52 

8 4,85 4,48 

 

ʅʘ ʨʠʩ.4 ʧʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʥʦʩʥʠʡ ʦʧʽʨ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ Rʦʪʥ=R2/R2 ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ S. ʆʩʢʽʣʴʢʠ ʧʨʠ ʟʘʜʘʥʽʡ ʥʘʧʨʫʟʽ ʛʝʥʝʨʘʪʦʨʘ U ʽʩʥʫʻ ʛʨʘʥʠʯʥʝ ʟʥʘʯʝʥʥʷ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ S, ʧʨʠ ʷʢʦʤʫ ʝʣʝʢʪʨʠʯʥʠʡ ʨʦʟʨʷʜ ʥʝ ʚʠʥʠʢʘʻ, ʪʦ ʟʘʟʥʘʯʝʥʫ ʟʘʣʝʞʥʽʩʪʴ Rʦʪʥ=f (S) ʤʦʞʥʘ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʚʠʨʘʟʦʤ [6]: 

  
 2,8430,011ʦʪʥR S= Ö  (3) 

   
ʜʝ 0,011 ʪʘ 2,843 ī ʢʦʝʬʽʮʽʻʥʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ, ʟʥʘʡʜʝʥʽ ʟʘ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʘʤʧʣʽʪʫʜʠ ʨʦʙʦʯʠʭ ʽʤʧʫʣʴʩʽʚ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ, ʘ ʩʘʤʝ L1, L2 ʽ ʉ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʜʝʢʽʣʴʢʦʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʦʢ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʥʷʪʽʡ ʦʩʮʠʣʦʛʨʘʤʽ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʦʜʠʥʠʯʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ 

(ʨʠʩ.1ʚ). ʇʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʦʩʮʠʣʦʛʨʘʤʠ (ʨʠʩ.4) ʦʮʠʬʨʦʚʫʚʘʣʘʩʴ ʫ ʧʨʦʛʨʘʤʽ OriginPro. ʎʽ ʪʦʯʢʠ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʨʽʰʝʥʥʶ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʚ ʊ - ʦʙʨʘʟʥʽʡ ʩʭʝʤʽ 

ʟʘʤʽʱʝʥʥʷ [7]. 
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ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʛʦ ʦʧʽʨʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ 
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ʄʽʨʦʶ ʘʜʝʢʚʘʪʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʰʝʥʥʷ 

ʩʠʩʪʝʤʠ (4) ʻ ʢʚʘʜʨʘʪ ʚʽʜʩʪʘʥʽ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʦʯʢʘʤʠ: 
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ʈʠʩ. 5 ï ʇʨʠʢʣʘʜ ʦʮʠʬʨʫʚʘʥʥʷ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ 

 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʪʦʯʢʠ ʪʘʢʦʞ ʚʠʙʠʨʘʶʪʴʩʷ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʽʰʝʥʥʷ (ʨʠʩ.5). ʄʽʥʽʤʽʟʫʶʯʠ  

ʟʤʽʥʥʠʤʠ L1, L2 ʽ ʉ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʾʭ ʟʥʘʯʝʥʥʷ. ʄʽʥʽʤʽʟʘʮʽʷ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʫ ʧʨʦʛʨʘʤʽ Matlab ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
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ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʫ ʅʝʣʜʝʨʘ-ʄʽʜʘ [8]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʩʪʫʧʥʽ ʫʩʝʨʝʜʥʝʥʽ ʧʦ ʚʩʽʡ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ: L1=173ʤʢɻʥ, L2=173ʤʢɻʥ ʽ ʉ=18 ʤʢʌ. 

ʅʘ ʨʠʩ.6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʢʨʠʚʘ, ʦʪʨʠʤʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʽʥʽʤʽʟʘʮʽʾ ʨʽʰʝʥʥʷ (4) ʟʘ ʢʨʠʪʝʨʽʻʤ (5) ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʢʨʠʚʘ, ʟʥʷʪʘ ʟ ʦʩʮʠʣʦʛʨʘʤʠ ʨʠʩ.1ʚ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʛʘʨʥʠʡ ʟʙʽʛ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʠʡʥʷʪʦʛʦ ʪʠʧʫ ʪʘ ʟʥʘʡʜʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ 

ʤʦʜʝʣʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʚ ʧʨʦʛʨʘʤʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

Matlab Simulink. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʠʩ.7. 

 

 
ʈʠʩ. 6 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ ʚ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ  

 

ʅʘ ʨʠʩ.8 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʧʦʪʫʞʥʦʩʪʽ, ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʦʪʨʠʤʘʥʽ ʫ ʨʦʟʨʦʙʣʝʥʽʡ Simulink-ʤʦʜʝʣʽ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ. ʇʦʷʚʘ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ ʚ 

ʧʦʯʘʪʢʦʚʠʡ ʯʘʩ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʩʮʠʣʦʛʨʘʤʘʭ ʦʙʫʤʦʚʣʝʥʦ ʝʣʝʢʪʨʠʯʥʦʾ ʻʤʥʽʩʪʶ ʟʘʟʦʨʫ ʤʽʞ ʘʣʤʘʟʥʠʤ ʢʨʫʛʦʤ ʽ 

ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʨʦʟʨʷʜʫ. ʅʘʷʚʥʽʩʪʴ ʮʽʻʾ ʻʤʥʦʩʪʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʮʝʩ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʦʩʮʠʣʦʛʨʘʤ ʩʪʨʫʤʫ ʨʦʙʦʯʠʭ ʽʤʧʫʣʴʩʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʨʦʪʽʢʘʶʪʴ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ, ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʤʘʶʪʴ ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʉʝʨʝʜʦʚʠʱʝ, 

ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʶʪʴ ʮʽ ʧʨʦʮʝʩʠ, ʤʦʞʝ ʙʫʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʊ-ʧʦʜʽʙʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ, 

ʱʦ ʚʢʣʶʯʘʻ ʘʢʪʠʚʥʽ ʦʧʦʨʠ, ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʽ ʻʤʥʽʩʪʴ. ɽʣʝʢʪʨʦʝʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʪʘ ʷʚʠʱʘ, ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʟʤʠʢʘʥʥʷʤ 

ʢʦʥʪʘʢʪʽʚ ʟ ʧʦʜʘʣʴʰʦʶ ʜʽʻʶ ʨʦʟʨʷʜʽʚ, ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟʨʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʰʣʷʭʦʤ 

ʫʩʫʥʝʥʥʷ ʧʝʨʝʤʠʢʘʶʯʠʭ ʤʽʞʝʣʝʢʪʨʦʜʥʠʡ ʧʨʦʤʽʞʦʢ ʤʽʩʪʢʽʚ (ʩʪʨʫʞʦʢ). ʈʦʟʨʠʚ ʣʘʥʮʶʛʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ 

ʟʘʢʽʥʯʝʥʥʷ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ, ʢʦʣʠ ʩʪʨʫʞʢʘ ʚʠʢʠʜʘʻʪʴʩʷ ʨʽʟʘʣʴʥʠʤ ʟʝʨʥʦʤ ʟ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʽʞʢʫ ʟʦʥʠ 

ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʘ ʦʜʥʦʯʘʩʥʝ ʘʙʦ ʧʦʩʣʽʜʦʚʥʝ ʨʦʟʤʠʢʘʥʥʷ ʫ ʜʚʦʭ ʢʦʥʪʘʢʪʥʠʭ ʪʦʯʢʘʭ - ʫ ʚʝʨʭʥʽʡ, ʜʝ ʩʪʨʫʞʢʘ 

ʩʪʠʢʘʻʪʴʩʷ ʟ ʟʚ'ʷʟʢʦʶ ʢʨʫʛʘ, ʽ ï ʚ ʥʠʞʥʽʡ, ʜʝ ʚʦʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ 

ʩʪʨʫʞʢʠ ʚʽʜ ʡʦʛʦ ʧʦʚʝʨʭʥʽ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʦʩʮʠʣʦʛʨʘʤ ʩʪʨʫʤʽʚ ʨʦʙʦʯʠʭ ʽʤʧʫʣʴʩʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, 

ʱʦ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʤʘʶʪʴ 

ʢʦʣʠʚʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʉʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʧʨʦʪʽʢʘʶʪʴ ʮʽ ʧʨʦʮʝʩʠ ʤʦʞʝ ʙʫʪʠ ʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʊ-ʧʦʜʽʙʥʦʾ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ ʘʢʪʠʚʥʽ ʦʧʦʨʠ, ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʽ ʻʤʥʽʩʪʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʢʪʠʚʥʠʡ 

ʦʧʽʨ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʚʝʣʠʯʠʥʠ. ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ʤʽʞ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ, ʚʽʜʥʝʩʝʥʝ ʜʦ ʡʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʥʝ 

ʧʝʨʝʚʠʱʫʻ 12-15%. ɿʥʘʡʜʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʭʝʤʠ ʟʘʤʽʱʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʦʪʨʠʤʘʪʠ Simulink-ʤʦʜʝʣʴ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠ ʝʣʝʢʪʨʦ-ʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ. ɼʦʙʨʠʡ ʟʙʽʛ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʦʩʮʠʣʦʛʨʘʤ, ʦʪʨʠʤʘʥʠʭ ʚ 

Simulink-ʤʦʜʝʣʽ, ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ, ʧʦʢʘʟʘʣʦ ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ ʧʨʠ 

ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʜʦʩʠʪʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ 

ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ. 
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ʈʠʩ. 7 ï ʄʦʜʝʣʴ ʤʽʞʝʣʝʢʪʨʦʜʥʦʛʦ ʟʘʟʦʨʫ 

ʧʨʠ ʝʣʝʢʪʨʦʝʨʦʟʽʡʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ 
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ʈʠʩ. 8 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʦʩʮʠʣʦʛʨʘʤʠ ʧʦʪʫʞʥʦʩʪʽ, 

ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʫ ʤʽʞʝʣʝʢʪʨʦʜʥʦʤʫ ʟʘʟʦʨʽ 
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ʈʆɿʈʆɹʃɽʅʅʗ ʊɽʆʈɽʊʀʏʅʆɻʆ ʇɯɼʍʆɼʋ ɼʆ ɺʀɿʅɸʏɽʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʈɯɿɸʅʅʗ ʇʈʀ 

ʐʃɯʌʋɺɸʅʅɯ ʊɸ ʋʄʆɺ ɰɰ ɿʄɽʅʐɽʅʅʗ  

 
ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʣʘʥʩʫ ʪʝʧʣʘ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʠ ʪʘ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʫʤʦʚʥʦʛʦ 
ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʜʦ ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʡ ʱʽʣʴʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʽʟʘʥʥʷ ʨʦʟʛʣʷʜʘʪʠ ʥʦʚʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʙʨʦʙʢʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ 

ʨʽʟʥʽ ʤʝʪʦʜʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʨʠʪʝʨʽʻʤ ʡ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʟ ʥʠʭ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʠʡ ʥʘʧʨʷʤ 
ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʤʝʥʰʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʜʦ 

ʨʽʚʥʷ ʪʘ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʟʥʘʯʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʦʙʨʦʙʢʠ ʬʘʢʪʠʯʥʦ 

ʙʝʟ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ ʫʤʦʚʥʦʛʦ 
ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ.  

             ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʣʘʥʩ ʪʝʧʣʘ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʨʠʪʝʨʽʡ, ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ, ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʘ 
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ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʠ ʫʩʣʦʚʠʡ ʝʝ ʫʤʝʥʴʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʙʘʣʘʥʩʘ 
ʪʝʧʣʘ, ʫʭʦʜʷʱʝʛʦ ʚ ʩʪʨʫʞʢʠ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ ʜʝʪʘʣʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʢʨʫʛʘ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʟʘʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʫʩʣʦʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʟʘʥʠʷ ʢ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʦ 
ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʟʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʦʚʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʙʨʘʙʦʪʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʦʟʚʦʣʷʶʱʠʤ ʩʨʘʚʥʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʢʨʠʪʝʨʠʶ ʠ ʚʳʙʠʨʘʪʴ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʟ ʥʠʭ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʙʦʩʥʦʚʘʥʦ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʚ ʫʤʝʥʴʰʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʜʦ ʫʨʦʚʥʷ ʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʰʣʠʬʦʚʘʥʠʝ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʬʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʫʩʣʦʚʥʦʛʦ 
ʥʘʧʨʷʞʝʥʠʷ ʨʝʟʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʘʥʩ ʪʝʧʣʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʨʠʪʝʨʠʡ, ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʫʩʣʦʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʝʟʘʥʠʷ, 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʩʢʦʨʦʩʪʴ ʜʝʪʘʣʠ 
 

NOVIKOV F . V., POLYANSKY V . I . 

DEVELOPMENT OF THEORETICAL APPROACH TO DETERMINATION OF CUTTING TEMPERATURE DURING GRINDING AND 

CONDITIONS OF ITS REDUCTION  

 

The paper develops a theoretical approach to determining the cutting temperature during grinding and the conditions for its decrease, taking into account 
the balance of heat leaving the chips and the workpiece. It has been established that with an increase in the contact time of the wheel with the material being 

processed, the cutting temperature continuously increases, asymptotically approaching the maximum cutting temperature, which is determined by the ratio of 

the conditional cutting stress to the specific heat capacity and density of the material being processed. Based on this, it is proposed to consider the maximum 
cutting temperature as a new universal technological processing parameter that determines its potential and allows comparing various machining methods 

according to the temperature criterion and choosing the most effective of them. On this basis, the main direction of reducing the cutting temperature and 

improving the quality and productivity of processing is substantiated, which consists in reducing the maximum cutting temperature to the level and below the 
melting temperature of the material being processed. This makes it possible to carry out grinding with a significant machining capacity with virtually no 

increase in cutting temperature. It is shown that the main condition for reducing the maximum cutting temperature is to reduce the conditional cutting stress. 

Keywords: heat balance, temperature criterion, quality and productivity of processing, conditional cutting stress, high-speed processing, part speed 
 

ɺʩʪʫʧ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʾ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʚʠʭʦʜʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʤʽʞʥʘʨʦʜʥʽ ʨʠʥʢʠ. ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ 

ʜʦ ʤʝʪʦʜʽʚ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʜʝ ʦʩʪʘʪʦʯʥʦ ʬʦʨʤʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʅʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʟ ʬʽʥʽʰʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʚ ʤʝʪʦʜ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʦʨʷʜ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʜʦʩʷʛʪʠ ʡ ʟʥʘʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ  ʦʙʨʦʙʢʠ. ʊʦʤʫ ʨʦʟʨʦʙʣʝʥʥʶ ʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʰʣʽʬʫʚʘʥʥʷ ʧʦʩʪʽʡʥʦ ʧʨʠʜʽʣʷʶʪʴ ʟʥʘʯʥʫ ʫʚʘʛʫ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤʠ ʧʠʪʘʥʥʷʤʠ ʻ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʚʦʶ ʥʘʧʨʫʞʝʥʽʩʪʶ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʫ ʨʦʙʦʪʽ ʚʠʨʽʰʫʻʪʴʩʷ ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʘʚʜʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʋ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʽ ʧʠʪʘʥʥʶ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʧʨʠʩʚʷʯʝʥʽ ʯʠʩʣʝʥʥʽ ʨʦʙʦʪʠ [8; 10; 11; 13; 15]. ɼʣʷ ʮʴʦʛʦ ʫ ʨʦʙʦʪʘʭ [3; 4; 11]  ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʚʠʙʽʨ ʝʬʝʢʪʠʚʥʠʭ ʩʢʣʘʜʽʚ ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʶʯʠʭ ʨʽʜʠʥ. ʋ ʨʷʜʽ ʨʦʙʽʪ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʟʥʠʞʝʥʥʷ ʪʝʨʪʷ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ ʰʣʷʭʦʤ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ ʬʽʟʠʯʥʠʭ ʝʬʝʢʪʽʚ. ʊʘʢ,  ʫ ʨʦʙʦʪʘʭ  [8; 13] ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʚʝʜʝʥʥʷ ʚ ʟʦʥʫ 

ʨʽʟʘʥʥʷ ʪʚʝʨʜʠʭ ʤʘʩʪʠʣ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʨʝʛʥʘʮʽʾ (ʩʧʝʮʽʘʣʴʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ) ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ, ʫ ʨʦʙʦʪʽ 

[12] ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʧʦʨʠʩʪʠʭ ʘʙʨʘʟʠʚʥʠʭ ʢʨʫʛʽʚ, ʫ ʨʦʙʦʪʘʭ [2;  14] ï ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʡʥʦʛʦ ʪʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ,  ʫ ʨʦʙʦʪʘʭ [1; 2; 14] ï ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. ʉʝʨʝʜ ʮʠʭ ʨʦʙʽʪ ʩʣʽʜ ʚʠʜʽʣʠʪʠ ʨʦʙʦʪʠ 

ʧʨʦʬʝʩʦʨʘ ʗʢʠʤʦʚʘ ʆ. ɺ. [13; 14], ʷʢʠʡ ʟʘʧʨʦʧʦʥʫʚʘʚ ʥʦʚʽ ʪʝʦʨʝʪʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ, ʨʦʟʨʦʙʠʚ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʧʝʨʝʨʠʚʯʘʩʪʦʛʦ ʰʣʽʬʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ 
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ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʪʘ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ʊʦʤʫ ʜʘʥʘ 

ʨʦʙʦʪʘ ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ, ʷʢʠʡ ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʨʦʬʝʩʦʨ ʗʢʠʤʦʚ ʆ. ɺ. ʋ ʥʽʡ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʧʠʪʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʘʣʘʥʩʫ ʪʝʧʣʘ, ʷʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ 

ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʚ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ ʽ ʩʪʨʫʞʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦ ʧʽʜʽʡʪʠ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʡ ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʣʷʭʽʚ  

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: 

Å ʚʩʪʘʥʦʚʠʪʠ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ, 

ʚʢʣʶʯʘʶʯʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ, ʪʘ  ʦʙˇʨʫʥʪʫʚʘʪʠ ʫʤʦʚʠ ʾʾ ʟʤʝʥʰʝʥʥʷ; 

Å  ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ 

ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʽ ʫʤʦʚʠ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʨʠʪʝʨʽʻʤ; 

Å ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʢʨʠʪʝʨʽʻʤ; 

Å  ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʽʰʝʥʴ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ 

ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ q ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʚ ʨʦʙʦʪʘʭ [5-7; 9]. ɺʦʥʘ  ʚʨʘʭʦʚʫʻ ʧʝʨʝʨʽʟʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʘʜʽʘʙʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ 

ʪʘ ʨʫʭ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ ʫʛʣʠʙ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʥʘ ʟʘʜʘʥʫ ʛʣʠʙʠʥʫ ʰʣʽʬʫʚʘʥʥʷ t  ʽʟ 

ʰʚʠʜʢʽʩʪʶ t/tVʨʽʟ=  (ʜʝ t ï ʯʘʩ ʧʝʨʝʨʽʟʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʩ, ʨʠʩ. 1).  
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ʈʠʩ. 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ: 1 ï ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ;  

2 ï ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ; 3 ï ʘʜʽʘʙʘʪʠʯʥʠʡ ʩʪʝʨʞʝʥʴ (1l  ï ʜʦʚʞʠʥʘ ʟʨʽʟʘʥʦʾ ʯʘʩʪʠʥʠ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ; 2l ï ʛʣʠʙʠʥʘ 

ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʘ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʜʝʪʘʣʽ; ʢʨV , ʜʝʪV ï ʚʽʜʧʦʚʽʜʥʦ, ʰʚʠʜʢʦʩʪʽ ʢʨʫʛʘ ʽ ʜʝʪʘʣʽ) 

 

ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ, ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʰʣʽʬʫʚʘʥʥʷ ʚʠʢʦʥʘʥʦ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʣʘʥʩʫ 

ʪʝʧʣʘ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʠ ʪʘ ʚ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ, ʪʦʙʪʦ ʙʘʣʘʥʩʫ ʪʝʧʣʘ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʜʚʦʭ 

ʜʽʣʷʥʦʢ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʟ ʜʦʚʞʠʥʘʤʠ 1l  ʪʘ 2l . ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ: 
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ʷʢʝ ʧʽʩʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʟʘ ʯʘʩʦʤ t ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:                                  

+ÖÖÖ qr ʨʽʟVc ʨʽʟ
ʨʽʟ

V
d

d

V

c
Ö=ÖÖ

Ö

ÖÖ
s

t

q
q

s

rl
,                                                         (2) 

ʜʝ l ī ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɺʪ/ʤĀʂ; 

 ʩ ī ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɼʞ/(ʢʛĀʂ);  
r ī ʱʽʣʴʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʤ3; 

rl Ö= ʩ/ʘ  ī ʢʦʝʬʽʮʽʻʥʪ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʤ2/ʩ;   

SqN Ö=  ï ʧʦʪʫʞʥʽʩʪʴ ʨʽʟʘʥʥʷ, ɺʪ; 

ʨʽʟVq Ö=s  ï ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ, ɺʪ/ ʤ2; 

 S ï ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʤ2;  
s

 
ï ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ, ʅ/ʤ2;  

ʨʽʟV ï ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʨʽʟʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʤ/ʩ. 

ʈʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ (2): 
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q
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ÖÖ

-

=Öö
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÷
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2
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ʨʽʟ

max

Vc

max

ee ,                                                             (3) 

ʜʝ    ( )rsq Ö= c/max  ï ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ, ʛʨʘʜ. 

ɼʣʷ ʨʦʟʢʨʠʪʪʷ ʬʽʟʠʯʥʦʾ ʩʫʪʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ ( )rsq Ö= c/max  ʨʦʟʛʣʷʥʫʪʦ ʫʤʦʚʫ ʨʽʚʥʦʩʪʽ ʨʦʙʦʪʠ ʨʽʟʘʥʥʷ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ tÖÖ= ʢʨz VPɸ  ʪʘ  ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ maxmcQ qÖÖ= , ʷʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʪʘ ʧʦʚʥʽʩʪʶ ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʩʪʨʫʞʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʜʝ ʩʫʤz SP Ö=s  ï ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʅ; ʢʨʜʝʪʩʫʤ V/tVBS ÖÖ=  ï ʩʫʤʘʨʥʘ 

ʤʠʪʪʻʚʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʽʟʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚʩʽʤʘ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʤʠ ʟʝʨʥʘʤʠ ʢʨʫʛʘ, ʤ2 [7]; ʢʨV  ï 

ʰʚʠʜʢʽʩʪʴ ʢʨʫʛʘ, ʤ/ʩ; Vm Ö=r ; ltBV ÖÖ=  ï ʚʽʜʧʦʚʽʜʥʦ, ʤʘʩʘ ʪʘ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟʘ  ʯʘʩ t; tÖ= ʜʝʪVl  ï 

ʜʦʚʞʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʘ ʯʘʩ t, ʤ. 

ʇʽʩʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ: ( )rsq Ö= c/max . ʎʠʤ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ  maxq  ʻ ʜʽʡʩʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʽʟʘʥʥʷ, ʧʨʠ ʷʢʽʡ ʚʩʝ ʪʝʧʣʦ, ʷʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ, ʧʦʚʥʽʩʪʶ ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʩʪʨʫʞʢʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ. 

ɯʟ ʟʘʣʝʞʥʦʩʪʽ ( )rsq Ö= c/max  ʚʠʧʣʠʚʘʻ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxq  ʮʽʣʢʦʤ ʦʜʥʦʟʥʘʯʥʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʨʽʟʘʥʥʷ ů: ʯʠʤ ʤʝʥʰʝ ů, ʪʠʤ ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxq . 

ɿʤʝʥʰʠʪʠ ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ů ʤʦʞʥʘ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʞʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʘ ʟʥʠʞʝʥʥʷʤ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʨʪʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ɺʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ,  ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ maxq  ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʥʦʚʠʤ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʙʨʦʙʢʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʥʝ ʪʽʣʴʢʠ ʤʝʪʦʜʫ 

ʰʣʽʬʫʚʘʥʥʷ, ʘ ʡ ʽʥʰʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʾʭ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʨʠʪʝʨʽʻʤ ʽ ʚʠʙʠʨʘʪʠ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʟ ʥʠʭ. 

ʋ ʨʘʟʽ ʜʽʾ ʥʘ ʟʦʥʫ ʨʽʟʘʥʥʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʨʦʙʦʪʘ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ tÖÖ= ʢʨz VPɸ  ʙʫʜʝ 

ʜʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʠʮʽ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ maxmcQ qÖÖ= ,  ʷʢʝ ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʪʘ ʧʝʨʝʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʠ, ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʨʽʜʠʥʦʶ ʽʟ ʟʦʥʠ ʨʽʟʘʥʥʷ tÖ= .ʨ.ʦʭʦʣ.ʨ.ʦʭʦʣ NQ , ʜʝ 

ʨʽʟ.ʨ.ʦʭʦʣ VkNkN ÖÖ=Ö= s  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʨʽʜʠʥʦʶ ʽʟ ʟʦʥʠ ʨʽʟʘʥʥʷ, ɺʪ;  

k <1 ï ʯʘʩʪʢʘ ʪʝʧʣʘ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʶ ʨʽʜʠʥʦʶ ʽʟ ʟʦʥʠ ʨʽʟʘʥʥʷ. ʇʽʩʣʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ 

ʦʪʨʠʤʘʥʦ:  

( )
r

s
q

Ö

-Ö
=

c

k
max

1
.                                                                               (4) 

ʗʢ ʚʠʜʥʦ, ʯʠʤ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ k, ʪʠʤ ʤʝʥʰʝ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxq . ʎʝ ʧʨʠʥʮʠʧʦʚʝ ʨʽʰʝʥʥʷ, 

ʱʦ ʧʦʢʘʟʫʻ, ʷʢʠʤ ʯʠʥʦʤ ʦʭʦʣʦʜʞʫʚʘʣʴʥʘ ʨʽʜʠʥʘ ʘʙʦ ʽʥʰʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʽʟ ʟʦʥʠ ʨʽʟʘʥʥʷ. ɺʠʭʦʜʷʯʠ ʽʟ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ, ʮʝ 

ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ maxq . ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʦʭʦʣʦʜʞʝʥʥʷ ʟʦʥʠ ʨʽʟʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxq  ʤʦʞʝ ʩʪʘʪʠ ʤʝʥʰʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʟʘʙʝʟʧʝʯʠʪʴ ʟʜʽʡʩʥʝʥʥʷ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʟʥʘʯʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʦʙʨʦʙʢʠ ʬʘʢʪʠʯʥʦ ʙʝʟ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʟʘʥʥʷ, ʷʢʘ ʚ ʮʴʦʤʫ ʨʘʟʽ ʤʦʞʝ ʜʦʨʽʚʥʶʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʨʽʟʘʥʥʷ maxq . 

ʇʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʦʤʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʨʜʝʪʨʽʟ R/tVV 2=  ʟʘʣʝʞʥʽʩʪʴ (3) ʧʨʠʡʤʝ 

ʚʠʛʣʷʜ: 
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.                                                              (5) 

ʜʝ ʜʝʪV ï h ʚʠʜʢʽʩʪʴ ʜʝʪʘʣʽ, ʤ/ʩ;  

ʢʨR  ï ʨʘʜʽʫʩ ʢʨʫʛʘ, ʤ;  

tVQ ʜʝʪʧʠʪ Ö=  ï ʧʠʪʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ2/ʩ.   

ʅʘ ʨʠʩ. 2 ʽ ʚ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʪʘʣʽ ʐʍ15  

(ʘ = 8,4Ā10-6 ʤ2/ʩ), ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3) ʟʘ ʫʤʦʚʠ =ʨʽʟV 3,33Ā10-3 ʤ/ʩ. ʗʢ ʚʠʜʥʦ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʦʙʨʦʙʢʠ t 

ʚʽʜʥʦʰʝʥʥʷ max/qq  ʙʝʟʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 

( )rsq Ö= c/max . 
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0                0,25             0,5              0,75            , ʩ

0,2

0,4

0,6

0,8

max/qq

 
ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ max/qq  ʚʽʜ ʯʘʩʫ ʦʙʨʦʙʢʠ t 

 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ 

max/qq  0 0,2 0,4 0,6 0,8 0,9 1 

max/
e
qq

 
1 1,2214 1,4918 1,8221 2,2255 2,4596 2,7183 

( )
max/

max

e

/

qq

qq

³

³-1
 

1 0,9771 0,8951 0,7288 0,4451 0,24596 0 

ʘ/VʨʽʟtÖ
2

 0 0,02 0,11 0,32 0,81 1,4 ¤ 

t, ʩ 0 0,0152 0,0833 0,2424 0,6136 1,061 ¤ 

=ʧʠʪQ 1000 ʤʤ2/ʭʚ 

t, ʤʤ 0 0,04 1,23 10,41 66,99 199,15 ¤ 

ʜʝʪV , ʤ/ʭʚ ¤ 25,0 0,813 0,096 0,015 0,005 0 

=ʧʠʪQ 2000 ʤʤ2/ʭʚ 

t, ʤʤ 0 0,01 0,3075 2,602 16,665 49,788 ¤ 

ʜʝʪV , ʤ/ʭʚ ¤ 200,0 6,5 0,768 0,12 0,04 0 

=ʧʠʪQ 4000 ʤʤ2/ʭʚ 

t, ʤʤ 0 0,0025 0,0769 0,6505 4,1663 12,447 ¤ 

ʜʝʪV , ʤ/ʭʚ ¤ 1600 52 6,144 0,96 0,32 0 

 

ɺʠʭʦʜʷʯʠ ʽʟ ʪʘʙʣ. 1, ʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʽʜʥʦʰʝʥʥʷ max/qq = 0 é 0,4 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ tVQ ʜʝʪʧʠʪ Ö=  ʝʬʝʢʪʠʚʥʦ ʥʘ 

ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʧʝʨʠʬʝʨʽʻʶ ʢʨʫʛʘ ʟʽ ʟʙʽʣʴʰʝʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʜʝʪʘʣʽ ʪʘ ʥʝʟʥʘʯʥʦʶ ʛʣʠʙʠʥʦʶ ʰʣʽʬʫʚʘʥʥʷ. ʊʘʢʦʞ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʰʣʽʬʫʚʘʥʥʷ ( )rsq Ö= c/max   ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ s ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ  ʪʝʨʪʷ ʟʚôʷʟʢʠ ʢʨʫʛʘ ʽʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʨʫʛʘ. 

ʋ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʚʽʜʥʦʰʝʥʥʷ max/qq = 0,4 é 1,0 ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ: ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʛʣʠʙʠʥʥʦʛʦ 

ʰʣʽʬʫʚʘʥʥʷ ʧʝʨʠʬʝʨʽʻʶ ʢʨʫʛʘ ʽʟ ʥʝʟʥʘʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʜʝʪʘʣʽ ʪʘ ʪʦʨʮʝʤ ʢʨʫʛʘ ʽʟ ʰʠʨʠʥʦʶ ʰʣʽʬʫʚʘʥʥʷ, ʨʽʚʥʦʶ  

ʜʽʘʤʝʪʨʫ ʢʨʫʛʘ; ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʨʽʟʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʨʽʟʥʠʤ ʢʨʫʛʦʤ; ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʬʨʝʟʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʪʘ ʪʦʨʮʝʚʦʶ ʬʨʝʟʘʤʠ, ʘ ʪʘʢʦʞ 3D-ʬʨʝʟʫʚʘʥʥʷ  ʽʟ ʰʠʨʠʥʦʶ  ʨʽʟʘʥʥʷ, ʨʽʚʥʦʶ ʜʽʘʤʝʪʨʫ ʬʨʝʟʠ.  

ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʘ ʪʝʧʣʘ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʠ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ 

max/qqa=1 , ʘ ʯʘʩʪʢʘ ʪʝʧʣʘ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ, ï ʚʠʨʘʟʦʤ max/qqa -=12  (ʪʘʙʣ. 1, 

ʨʠʩ. 3). 

ɿʘ ʫʤʦʚʠ 1­max/qq  ʬʘʢʪʠʯʥʦ ʚʩʝ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʪʘʣʽ ʐʍ15 (ʜʝʪV = 15 ʤ/ʭʚ), 

ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʠ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʮʽʻʾ ʫʤʦʚʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʾ 

ʦʙʨʦʙʢʠ, ʷʢʽ ʬʘʢʪʠʯʥʦ ʚʠʢʣʶʯʘʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʘ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʽʟʘʥʥʽ, ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʜʝʪʘʣʽ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʣʝʞʥʽʩʪʴ (5), ʤʦʞʥʘ 

ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ʷʢʝ ʥʘʜʭʦʜʠʪʴ ʚ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ ʪʘ ʚ ʩʪʨʫʞʢʠ. ʎʝ ʤʘʻ ʚʝʣʠʢʝ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʪʝʧʣʘ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʦʩʥʦʚʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʩʧʨʘʚʝʜʣʠʚʠʭ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʥʝ ʚʜʘʻʪʴʩʷ ʚ 

ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʚ ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʨʽʟʘʥʥʷ, 

ʚʢʣʶʯʘʶʯʠ ʪʝʭʥʦʣʦʛʽʾ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ. 
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ʈʠʩ. 3 ï ɿʘʣʝʞʥʦʩʪʽ 1a  (1) ʪʘ 2a  (2)  ʚʽʜ ʛʣʠʙʠʥʠ 

ʰʣʽʬʫʚʘʥʥʷ t  

0,5

1,0

1,5

2,0

ʤʤ,l2

0                0,25             0,5              0,75            , ʩ

1

2

 
ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʘ 2l  ʚʽʜ ʯʘʩʫ t  

ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʪʘʣʽ ʐʍ15: 1; 2 ï =ʨʽʟV 3,33Ā10-3 ʤ/ʩ;  

16,65Ā10-3 ʤ/ʩ 

 

ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʘ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ    

       2l =
maxʨʽʟVc q

q

r

l
ÖÖ

Ö

1
                                                                    (6) 

ʪʘ ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʟʘʢʦʥʦʤ ʟʤʽʥʠ ʚʽʜʥʦʰʝʥʥʷ max/qq  (ʨʠʩ. 4).  

 ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʫʤʦʚʠ ʨʦʟʰʠʨʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʰʣʽʬʫʚʘʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʨʠʪʝʨʽʻʤ. ɺʠʭʦʜʷʯʠ ʽʟ ʪʘʙʣ. 1, ʮʝ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʣʠʙʠʥʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʠʪQ  ʧʦʪʨʽʙʥʦ 

ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʜʝʪV , ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ. ʇʨʠ ʛʣʠʙʠʥʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʪʘʢʦʞ ʤʝʥʰʝ ʛʨʘʜʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʠ 
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, ʱʦ ʚʢʘʟʫʻ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ. 
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ʈʠʩ. 5 ï ɿʘʣʝʞʥʽʩʪʴ ʜʝʪV  ʚʽʜ max/qq  ʽ q 

 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʛʨʝʩʠʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʫʙʦʰʣʽʬʫʚʘʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ʧʨʦʬʽʣʴʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦ 

ʰʚʠʜʢʽʩʪʴ ʜʝʪʘʣʽ ʜʝʪV  ʟʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ï ʩʪʘʣʴ 18ʍɻʅ2ʄʌɹ; t = 0,4 ʤʤ; ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ 

q= 1000 ʦʉ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʪV = 3 ʤ/ʭʚ. (ʨʠʩ. 5), ʪʦʙʪʦ ʜʣʷ  ʟʜʽʡʩʥʝʥʥʷ ʮʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʶ ʛʣʠʙʠʥʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʽʰʝʥʴ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ q, maxq , max/qq  ʪʘ 2l  ʧʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʩʧʣʘʚʫ 

ɾʉ6ʂ (( )=Ö= rl ʩ/ʘ 3,73Ā10-6 ʤ2/ʩ; l=16,6 ɼʞ/(ʤĿʩĿʛʨʘʜ), =Örʩ 4,46Ā106 ɼʞ/(ʤ3Āʛʨʘʜ)) ʽʟ ʨʝʞʠʤʦʤ ʨʽʟʘʥʥʷ: ʜʝʪV =0,1 

ʤ/ʩ; t=0,02 ʤʤ; ʢʨR =0,1 ʤ (ʨʠʩ. 6 [15]).  

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 6, ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʦʾ ʛʣʠʙʠʥʠ ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʘ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʝʪʘʣʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʧʘʨʘʤʝʪʨʫ 2l , ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʡʤʘʻ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʘ 2l  ʟʘ ʟʘʣʝʞʥʽʩʪʶ (6) ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʽʜʥʦʰʝʥʥʷ max/qq , ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3), ʚ ʷʢʽʡ 

t/tVʨʽʟ= , ʜʝ ʜʝʪʢʨʜʝʪ V/RtV/l Ö== 2t  ï ʯʘʩ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʜʝʪʘʣʣʶ, ʩ; ʢʨRtl Ö= 2  ï ʜʦʚʞʠʥʘ 

ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʜʝʪʘʣʣʶ, ʤ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3) ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ =t 0,02 ʩ 

ʚʩʪʘʥʦʚʣʝʥʦ: max/qq =0,095. ɺʽʜʧʦʚʽʜʥʦ, ʟʘ ʟʘʣʝʞʥʽʩʪʶ (6) ʦʪʨʠʤʘʥʦ: 2l =0,354 ʤʤ. 
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ʈʠʩ. 6 ï ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʜʝʪʘʣʽ ʽʟ ʩʧʣʘʚʫ ɾʉ6ʂ ʧʨʠ ʨʽʟʥʦʤʫ ʪʝʧʣʦʚʦʤʫ ʩʪʘʥʽ ʟʦʥʠ ʢʦʥʪʘʢʪʫ:  

1 ï ʽʟ ʦʭʦʣʦʜʞʝʥʥʷʤ; 2 ï ʙʝʟ ʦʭʦʣʦʜʞʝʥʥʷ; 3 ï ʽʟ ʧʦʧʝʨʝʜʥʽʤ ʧʽʜʽʛʨʽʚʦʤ ʥʘ 100 oC [15] 

 

ʅʘ ʨʠʩ. 7 ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 
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ʈʠʩ. 7 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʩʧʣʘʚʘ ɾʉ6ʂ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʟʘ ʟʘʣʝʞʥʽʩʪʶ lq /lq 2Ö=  [7] ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʫ q. ʋ ʨʦʙʦʪʽ [15] ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ q ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ (ʜʝʪV =0,1 ʤ/ʩ; 

t=0,02 ʤʤ; ʢʨR =0,1 ʤ), ʟʚʽʜʢʠ ʚʩʪʘʥʦʚʣʝʥʦ q=52Ŀ106 ɺʪ/ʤ2. ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʮʠʭ ʟʥʘʯʝʥʴ ʚ ʟʘʣʝʞʥʽʩʪʴ lq /lq 2Ö= ,  

ʦʪʨʠʤʘʥʦ: q=1109 ʦʉ. ʎʝ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʥʘ 11 % ʧʝʨʝʚʠʱʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ q=1000  ʦʉ (ʨʠʩ. 7),  ʱʦ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʦ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʢʘʟʫʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ.  

ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxq  ʟʘ ʫʤʦʚʠ max/qq =0,095 ʜʦʨʽʚʥʶʻ maxq =11673,7 ʦʉ. ʎʠʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxq  ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ. ʊʦʤʫ 

ʧʠʪʦʤʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʧʠʪQ  ʤʦʞʥʘ ʟʙʽʣʴʰʫʚʘʪʠ ʣʠʰʝ ʚ ʤʝʞʘʭ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʝʪʘʣʫ, ʪʦʙʪʦ ʜʦ ʟʥʘʯʝʥʥʷ =Ö= tVQ ʜʝʪʧʠʪ 0,1Ŀ103 ʤʤ/ʩ Ŀ0,02 ʤʤ = 120 ʤʤ2/ʭʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ maxq  ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʟʘʣʝʞʥʽʩʪʶ ( )rsq Ö= c/max . ɿʥʘʶʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ  ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q = 52Ŀ106 ɺʪ/ʤ2, ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʫʞʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ 

QN Ö=s , ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ tVBQ ʜʝʪÖÖ=  (ʜʝ  ɺ ï ʰʠʨʠʥʘ ʰʣʽʬʫʚʘʥʥʷ, ʤ) ʤʦʞʥʘ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ q  ʪʘ 

ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s: 
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ʗʢ ʚʠʜʥʦ, ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s ʧʨʠʡʤʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʽʟ ʽʥʪʝʥʩʠʚʥʠʤ 

ʪʝʨʪʷʤ ʟʚ'ʷʟʢʠ ʢʨʫʛʘ ʽʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʨʠʩ. 7). 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʴ s= 52Ŀ103 ʅ/ʤʤ2 ʪʘ =Örʩ 4,46Ā106 ɼʞ/(ʤ3Āʛʨʘʜ) ʚ ʟʘʣʝʞʥʽʩʪʴ ( )rsq Ö= c/max  ʤʘʻʤʦ: 

maxq = 11660 ʦʉ. ʎʝ ʟʥʘʯʝʥʥʷ ʥʝʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʽʥʰʠʤ ʤʝʪʦʜʦʤ ʟʥʘʯʝʥʥʷ  

maxq =11673,7 ʦʉ, ʪʦʙʪʦ ʩʧʨʘʚʝʜʣʠʚʝ ʚʽʜʥʦʰʝʥʥʷ max/qq =0,095.  

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [15] ʫʤʦʚʠ ʰʣʽʬʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʣʠʰʝ   9,5 % 
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ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʝʥʝʨʛʽʻʶ ʪʝʨʪʷ ʟʚ'ʷʟʢʠ ʢʨʫʛʘ ʽʟ ʦʙʨʦʙʣʶʚʘʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. ɽʥʝʨʛʽʷ ʧʨʦʮʝʩʫ "ʯʠʩʪʦʛʦ" ʨʽʟʘʥʥʷ ʩʢʣʘʜʘʻ ʥʝʟʥʘʯʥʠʡ ʚʽʜʩʦʪʦʢ ʫ ʪʝʧʣʦʚʦʤʫ ʙʘʣʘʥʩʽ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ. 

ʉʣʽʜ ʟʘʟʥʘʯʘʪʠ, ʱʦ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʝʪʘʣʽ ʜʝʪV  ʘʙʦ 

ʛʣʠʙʠʥʠ ʰʣʽʬʫʚʘʥʥʷ t ʧʨʠʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʪʘ ʧʦʷʚʠ ʥʘ ʦʙʨʦʙʣʶʚʘʥʽʡ ʧʦʚʝʨʭʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʝʬʝʢʪʽʚ.  

ʇʘʨʘʤʝʪʨ 2l  ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʩʧʨʦʱʝʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ( )( )rtl ÖÖÖ= ʩ/l 22 . ɯʟ ʫʨʘʭʫʚʘʥʥʷʤ =t 0,02 ʩ 

ʚʩʪʘʥʦʚʣʝʥʦ: 2l  = 0,386 ʤʤ. ʎʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 2l  ʥʝʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʘʥʽʰʝ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʽʥʰʠʤ 

ʤʝʪʦʜʦʤ ʟʥʘʯʝʥʥʷ 2l =0,354 ʤʤ. ʊʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʟʘʣʝʞʥʦʩʪʷʤʠ (3) ʽ lq /lq 2Ö=  ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʩʫʪʪʻʚʦ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ q=1000 ʦʉ (ʨʠʩ. 6). ʎʝ ʚʢʘʟʫʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʇʨʠ ʮʴʦʤʫ ʜʦʚʝʜʝʥʦ, ʱʦ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʤʦʞʥʘ ʚʠʢʦʥʫʚʘʪʠ 

ʟʘ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: ʥʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q ʪʘ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ 

ʨʽʟʘʥʥʷ s, ʦʩʢʽʣʴʢʠ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʦʪʨʠʤʘʥʦ ʬʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q.  

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦʛʦ ʚ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʡʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʨʦʬʝʩʦʨʦʤ ʗʢʠʤʦʚʠʤ ʆ. ɺ. 

[13]. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ: ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ ï ʩʪʘʣʴ 12ʅ2ʅ4ɸ ( ( )=Ö= rl ʩ/ʘ 3Ā10-6 ʤ2/ʩ; l=16,6 

ɼʞ/(ʤĿʩĿʛʨʘʜ), =Örʩ 5,57Ā106 ɼʞ/(ʤ3Āʛʨʘʜ). ʈʝʞʠʤ ʨʽʟʘʥʥʷ: ʢʨV = 30 ʤ/ʩ; ʜʝʪV = 0,21 ʤ/ʩ; t = 0,04 ʤʤ;  

ʢʨR = 0,1 ʤ; =Ö= tVQ ʜʝʪʧʠʪ 0,21Ŀ103 ʤʤ/ʩ Ŀ0,04 ʤʤ = 504 ʤʤ2/ʭʚ. ʑʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ q = 57Ŀ106 ɺʪ/ʤ2. ɿʘ ʮʠʤʠ 

ʜʘʥʠʤʠ ʧʨʦʬʝʩʦʨ ʗʢʠʤʦʚ ʆ. ɺ. ʨʦʟʨʘʭʫʥʢʘʤʠ (ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʧʨʘʚʦʯʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ) ʚʩʪʘʥʦʚʠʚ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʽʟʘʥʥʷ ʜʦʨʽʚʥʶʻ 876 ʦʉ. ʎʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʦʛʦʜʠʪʴʩʷ ʟʽ ʚʩʪʘʥʦʚʣʝʥʠʤ   ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʷʤ.  
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ʈʠʩ. 8 ï ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ 

 

ʈʦʟʨʘʭʫʥʢʘʤʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (3) ʚʩʪʘʥʦʚʣʝʥʦ: 

max/qq =0,25. ʋʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʣʝʞʥʦʩʪʽ (8), ʜʦʨʽʚʥʶʻ: s = 19193 ʅ/ʤʤ2. ʊʦʜʽ 

( )rsq Ö= c/max =3446 ʦʉ. ɺʽʜʧʦʚʽʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ maxqq Ö=025 =862 ʦʉ. 

ʇʦʨʽʚʥʶʶʯʠ ʮʝ ʟʥʘʯʝʥʥʷ ʟʽ ʟʥʘʯʝʥʥʷʤ, ʚʩʪʘʥʦʚʣʝʥʠʤ ʧʨʦʬʝʩʦʨʦʤ ʗʢʠʤʦʚʠʤ ʆ. ɺ. (ʷʢʝ ʜʦʨʽʚʥʶʻ 876 ʦʉ), ʚʠʜʥʦ, 

ʱʦ ʚʦʥʠ ʥʝʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ (ʚ ʤʝʞʘʭ 2 %). ʎʝ ʚʢʘʟʫʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʦʙʦʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʨʽʰʝʥʥʷ, ʱʦ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3). ʅʘ ʨʠʩ. 8 ʛʨʘʬʽʯʥʦ ʧʦʢʘʟʘʥʦ ʚʩʪʘʥʦʚʣʝʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 

ɺʠʩʥʦʚʢʠ. 1. ʋ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ 

ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʘʣʘʥʩʫ ʪʝʧʣʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʠ ʪʘ ʦʙʨʦʙʣʶʚʘʥʫ ʜʝʪʘʣʴ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʥʘʙʣʠʟʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʜʦ ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ ʡ ʧʨʠʚʝʩʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʪʝʦʨʽʶ ʪʘ 

ʧʨʘʢʪʠʢʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʰʣʽʬʫʚʘʥʥʷʤ. ʈʦʟʭʦʜʞʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʢʣʘʜʘʻ ʥʝ ʙʽʣʴʰʝ 12 %.  

2. ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʢʨʫʛʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʪʝʤʧʝʨʘʪʫʨʘ 
ʨʽʟʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʩʠʤʧʪʦʪʠʯʥʦ ʥʘʙʣʠʞʘʶʯʠʩʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʜʦ ʧʠʪʦʤʦʾ ʪʝʧʣʦʻʤʥʦʩʪʽ ʡ ʱʽʣʴʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʨʦʟʛʣʷʜʘʪʠ ʥʦʚʠʤ ʫʥʽʚʝʨʩʘʣʴʥʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʙʨʦʙʢʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʢʨʠʪʝʨʽʻʤ ʡ ʚʠʙʠʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʟ ʥʠʭ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʦʩʥʦʚʥʠʡ ʥʘʧʨʷʤ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ 

ʟʤʝʥʰʝʥʥʽ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʜʦ ʨʽʚʥʷ ʪʘ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʟʥʘʯʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʦʙʨʦʙʢʠ ʬʘʢʪʠʯʥʦ ʙʝʟ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. 

3.  ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʠʪʦʤʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦ ʰʣʽʬʫʚʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʩʭʝʤʦʶ ʛʣʠʙʠʥʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʽʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʜʝʪʘʣʽ. ʇʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ 

ʧʠʪʦʤʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʘʛʘʪʦʧʨʦʭʽʜʥʝ ʰʣʽʬʫʚʘʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʦʶ ʰʚʠʜʢʽʩʪʶ 

ʜʝʪʘʣʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʟʘʜʘʥʦʾ ʡ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨ 

ʰʣʽʬʫʚʘʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʣʠʰʝ ʚ ʤʝʞʘʭ 0 ... 0,4 ʚ ʟʚ'ʷʟʢʫ ʽʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʨʽʟʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ ʧʨʠ 
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ʰʣʽʬʫʚʘʥʥʽ. ʊʦʤʫ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʟʤʝʥʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ ʫʤʦʚʥʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ. 
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ʋ ʨʦʙʦʪʽ ʦʪʨʠʤʘʣʠ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʧʠʪʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ ʟ ʤʘʩʪʠʣʦʤ ʪʘ ʙʝʟ. ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʽ ʬʨʠʢʮʽʡʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʛʦ ʩʪʘʥʫ ʣʠʰʝ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 
ʜʝʪʘʣʝʡ ʪʝʨʪʷ. ɺʠʷʚʣʝʥʦ, ʱʦ ʩʘʤʝ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʦʚʝʭʥʝʚʦʤʫ ʤʽʢʨʦʰʘʨʽ ʩʧʨʷʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ 

ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʭʘʨʘʢʪʝʨ ʚʫʟʣʘ ʪʝʨʪʷ. ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʪʘʢʠʭ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ 

ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʤʝʭʘʥʽʟʤ ʜʽʾ ʚʽʜʧʦʚʽʜʥʠʡ ʚʪʦʨʠʥʥʠʤ ʩʪʨʫʢʪʫʨʘʤ ʘʙʠ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʷʚʠʱʘʤʠ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʪʘ ʬʨʘʢʮʽʡʥʦʩʪʽ ʚ 
ʟʦʥʽ ʪʝʨʪʷ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ. ʇʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʦʙʨʦʙʢʦʶ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʝʨʝʛʨʽʪʦʾ ʧʘʨʠ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʩʦʣʝʡ. ɺʠʙʨʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʧʘʨʦʦʢʩʠʜʫʚʘʥʥʽ. ʇʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʫʪʚʦʨʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʠ ʪʝʨʪʷ. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʠ 
ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʩʪʘʥʦʚʠʚʰʠ ʷʢʽʩʥʫ ʪʘ ʢʽʣʴʢʽʩʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʢʣʘʜʦʤ ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʾʭ ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʦʞʥʘ 

ʟʤʽʥʶʚʘʪʠ ʪʠʤ ʩʘʤʠʤ ʫʤʦʚʠ ʚʫʟʣʘ ʪʝʨʪʷ ʚʽʜ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʜʦ ʬʨʠʢʮʽʡʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʡʦʛʦ ʜʝʪʘʣʝʡ ʪʽ ʩʘʤʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ï ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʽ ʩʧʣʘʚʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜʥʽ ʦʢʩʠʜʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ ʙʫʜʦʚʦʶ, ʱʦ ʻ ʧʦʢʨʠʪʪʷʤʠ 
ʥʘ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʘʭ, ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʪʝʨʤʦʤʝʭʘʥʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʾʭ ʨʝʥʦʚʘʮʽʶ 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʝʟ ʥʴʦʛʦ. ʇʦʢʨʠʪʪʷ ʫʪʚʦʨʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʫʪʴ 

ʤʘʪʠ ʷʢ ʬʨʠʢʮʽʡʥʽ ʪʘ ʽ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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TIMOFEEVA  L.A., VOLOSHYNA  L.V., TIMOFEEV  S.S., VOLOSHYN  D.I ., KOLESNYK  M.A. 

SURFACE MODIFICATION OF MACHINE PARTS AND MECHANISMS IN THE CONDITIONS OF FRICTION AND WEAR  

 
The issues of surface modification of machine parts and mechanisms in conditions of friction and wear with and without oil further develops that work. 

The dependence of antifriction and friction on the special state of only the surface layers of friction parts is considered. It is revealed that the structural changes 

that occur in the surface microlayer of conjugate materials, the formation and destruction of secondary structures are responsible for the nature of the friction 

node. The authors propose to create on the friction surface such protective coatings that have properties and mechanism of action corresponding to secondary 
structures in order to be able to control the phenomena of antifriction and fractionality in the friction zone of conjugate parts. The aim of the study is achieved 

by processing iron-carbon alloys in the environment of superheated steam of aqueous solutions of salts. The optimal parameters of the technological process of 

forming coatings during vapor oxidation are selected. Laboratory tests of different chemical composition of the formed coating on the tribotechnical properties 
of friction steam were carried out. During the study, the authors concluded that by establishing a qualitative and quantitative relationship between the 

composition of oxide coatings and their tribotechnical properties, it is possible to change the conditions of the friction unit from antifriction to friction, using 

the same structural materials - ferrocarbon alloys. Thus, complex oxides, which differ in chemical composition and structure, which are coatings on 
ferrocarbon alloys, can significantly affect the thermomechanophysical processes that occur during operation and allow their renovation in the presence of 

lubricant and without it. Coatings formed on the surface of ferrocarbon alloys in accordance with the operating conditions can have both friction and 

antifriction properties. 
Keywords: antifriction, friction pairs, friction surface structure, protective coatings, saturating medium, aqueous salt solution, alloying elements, oxide 

coatings, wear, tribotechnical properties 
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ʄʆɼʀʌʀʂɸʎʀʗ ʇʆɺɽʈʍʅʆʉʊʀ ɼɽʊɸʃɽʁ ʄɸʐʀʅ ʀ ʄɽʍɸʅʀɿʄʆɺ ɺ ʋʉʃʆɺʀʗʍ ʊʈɽʅʀʗ ʀ ʀɿʅʆʉɸ 

 
ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚʦʧʨʦʩʳ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʠ 

ʠʟʥʦʩʘ ʩʦ ʩʤʘʟʢʦʡ ʠ ʙʝʟ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʟʘʚʠʩʠʤʦʩʪʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʩʪʠ ʠ ʬʨʠʢʮʠʦʥʥʦʩʪʠ ʦʪ ʦʩʦʙʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʜʝʪʘʣʝʡ ʪʨʝʥʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʤʠʢʨʦʩʣʦʝ ʩʦʧʨʷʞʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 
ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʚʝʯʘʶʪ ʟʘ ʭʘʨʘʢʪʝʨ ʫʟʣʘ ʪʨʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʪʘʢʠʭ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʠ ʤʝʭʘʥʠʟʤʦʤ ʜʝʡʩʪʚʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʪʦʨʠʯʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʘʚʣʷʪʴ ʷʚʣʝʥʠʷʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʩʪʠ ʠ ʬʨʠʢʮʠʦʥʥʦʩʪʠ ʚ ʟʦʥʝ ʪʨʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ 
ʦʙʨʘʙʦʪʢʦʡ ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʦʚ ʚ ʩʨʝʜʝ ʧʝʨʝʛʨʝʪʦʛʦ ʧʘʨʘ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ. ɺʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʢʨʳʪʠʡ ʧʨʠ ʧʘʨʦʦʢʩʠʜʠʨʦʚʘʥʠʠ. ʇʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʨʘʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʦʚʘʥʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʨʳ ʪʨʝʥʠʷ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʫʩʪʘʥʦʚʠʚ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 
ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʦʢʩʠʜʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʠʭ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʪʝʤ ʩʘʤʳʤ ʫʩʣʦʚʠʷ ʫʟʣʘ 

ʪʨʝʥʠʷ ʦʪ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʩʪʠ ʜʦ ʬʨʠʢʮʠʦʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʝʛʦ ʜʝʪʘʣʝʡ ʪʝ ʞʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ï 

ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʝ ʩʧʣʘʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʨʦʝʥʠʶ, ʷʚʣʷʶʱʠʝʩʷ ʧʦʢʨʳʪʠʷʤʠ ʥʘ 

ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʘʭ, ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʤʦʤʝʭʘʥʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʭ ʨʝʥʦʚʘʮʠʶ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʤʘʟʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʙʝʟ ʥʝʛʦ. ʇʦʢʨʳʪʠʷ ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʝʣʝʟʦʫʛʣʝʨʦʜʥʳʭ ʩʧʣʘʚʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʢʘʢ ʬʨʠʢʮʠʦʥʥʳʤʠ, ʪʘʢ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ, ʬʨʠʢʮʠʦʥʥʳʝ ʧʘʨʳ ʪʨʝʥʠʷ, ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʥʘʩʳʱʘʶʱʘʷ ʩʨʝʜʘ, 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʩʦʣʝʡ, ʣʝʛʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ, ʦʢʩʠʜʥʳʝ ʧʦʢʨʳʪʠʷ, ʠʟʥʦʩ, ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

 

ɺʩʪʫʧ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʛʽʧʦʪʝʟ ʱʦʜʦ ʢʦʥʮʝʧʮʽʾ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʪʘ ʬʨʠʢʮʽʡʥʦʩʪʽ ʚʫʟʣʽʚ ʪʝʨʪʷ [1, 2]. ʇʨʦʪʷʛʦʤ 

ʪʨʠʚʘʣʦʛʦ ʧʝʨʽʦʜʫ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʩʪʚʦʨʝʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʘʙʦ ʬʨʠʢʮʽʡʥʠʭ ʧʘʨ ʪʝʨʪʷ ʤʦʞʥʘ 

ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʙʦʨʫ ʩʧʝʮʽʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʩʪʘʚʠʣʠʩʷ ʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʚʝʨʜʠʭ ʪʘ 

ʤôʷʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʩʧʣʘʚʽʚ, ʷʢʝ ʟʤʽʥʶʚʘʣʦʩʷ ʰʣʷʭʦʤ ʣʝʛʫʚʘʥʥʷ ʘʙʦ ʤʽʢʨʦʣʝʛʫʚʘʥʥʷ ʪʠʤʠ ʘʙʦ ʽʥʰʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʊʘʢʠʡ ʚʠʩʥʦʚʦʢ ʩʪʘʚ ʨʝʟʫʣʴʪʘʪʦʤ ʩʧʽʣʴʥʦʾ ʩʧʽʚʧʨʘʮʽ ʤʝʪʘʣʦʟʥʘʚʮʽʚ ʪʘ ʬʘʭʽʚʮʽʚ ʫ ʛʘʣʫʟʽ ʪʝʨʪʷ ʪʘ 

ʟʥʦʰʫʚʘʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʽ ʣʽʪʝʨʘʪʫʨʠ. ɹʘʛʘʪʴʤʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ 
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ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʽ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʽ ʪʠʭ ʩʘʤʠʭ ʧʦʻʜʥʘʥʴ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʠʭ 

ʤʘʩʪʠʣ, ʱʦ ʤʽʩʪʷʪʴ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʨʠʩʘʜʢʠ [2,3]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʩʘʜʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʩʪʠʣʘ, 

ʷʢʘ ʚ ʦʙô̒ ʤʽ ʟʥʘʯʥʦ ʥʠʞʯʘ, ʥʽʞ ʫ ʟʦʥʽ ʪʝʨʪʷ. ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʠʩʘʜʢʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʘʩʪʠʣʽ, ʧʦʚʠʥʥʘ ʙʫʪʠ ʽʥʝʨʪʥʦʶ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ, ʘʣʝ ʧʦ ʤʽʨʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʧʝʚʥʦʾ (ʢʨʠʪʠʯʥʦʾ) ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʨʫʰʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ, ʧʦʯʠʥʘʶʪʴ ʧʨʦʪʽʢʘʪʠ ʨʝʘʢʮʽʾ ʤʽʞ ʧʨʠʩʘʜʢʦʶ ʽ 

ʤʝʪʘʣʦʤ, ʱʦ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ, ʧʦʨʷʜ ʽʟ ʟʚʠʯʘʡʥʠʤʠ ʦʢʩʠʜʘʤʠ, ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ. 

ɿʘ ʩʚʦʾʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʧʨʠʩʘʜʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʥʪʠʬʨʠʢʮʽʡʥʠʤʠ, ʬʨʠʢʮʽʡʥʠʤʠ, ʧʨʦʪʠʟʥʦʩʥʠʤʠ, 

ʧʨʦʪʠʟʘʜʠʨʥʠʤʠ. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʩʽʨʢʦʬʦʩʬʦʨʦʚʤʽʩʥʠʤʠ ʩʧʦʣʫʢʘʤʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʬʘʢʪ ʾʭ 

ʜʽʡ ʟʘʣʝʞʘʪʴ, ʢʨʽʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʩʧʨʷʞʝʥʠʭ ʜʝʪʘʣʝʡ, ʘʜʩʦʨʙʮʽʡʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ. ʆʜʥʘʢ 

ʦʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʚʦʻʯʘʩʥʫ ʜʦʩʪʘʚʢʫ ʧʨʠʩʘʜʢʠ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʤʘʣʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ, 

ʚ ʟʦʥʫ ʪʝʨʪʷ, ʜʝ ʟʘʨʦʜʞʫʶʪʴʩʷ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʦʰʫʚʘʥʥʷ, ʚʜʘʻʪʴʩʷ ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʟ ʧʦʛʣʷʜʫ ʧʨʘʢʪʠʢʠ, ʪʝʭʥʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʪʘ ʬʨʠʢʮʽʡʥʠʭ ʚʫʟʣʽʚ ʪʝʨʪʷ ʜʝʱʦ 

ʧʦʣʝʛʰʠʣʘʩʷ, ʭʦʯʘ ʩʘʤʘ ʧʨʠʨʦʜʘ ʮʠʭ ʧʨʦʪʠʣʝʞʥʠʭ ʷʚʠʱ ʟʘʣʠʰʘʣʘʩʷ ʥʝʷʩʥʦʶ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ ʜʝʜʘʣʽ ʯʽʪʢʽʰʝ 

ʩʪʚʝʨʜʞʫʚʘʣʘʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʫ ʧʨʦ ʪʝʨʪʷ ʧʦʥʷʪʪʷ çʪʨʽʘʜʘ ʪʝʨʪʷè, ʱʦ ʚʨʘʭʦʚʫʻ ʧʦʪʨʽʡʥʝ 

ʧʦʻʜʥʘʥʥʷ: ʤʘʪʝʨʽʘʣ-ʤʘʩʪʠʣʦ-ʤʘʪʝʨʽʘʣ. 

ʅʦʚʠʤ ʽʤʧʫʣʴʩʦʤ ʫ ʨʦʟʚʠʪʢʫ ʪʨʠʙʦʣʦʛʽʾ ʧʦʩʣʫʞʠʣʠ ʜʘʥʽ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʜʝʥʪʠʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʪʨʫʪʴʩʷ, ʽ ʤʘʩʪʠʣʘ ʚʽʜ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʽʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [1,3]. 

ʈʦʟʢʨʠʪʪʷ ʤʝʭʘʥʽʟʤʫ ʷʚʠʱʘ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ, ʜʦʟʚʦʣʠʣʦ ʤʝʪʘʣʦʬʽʟʠʢʘʤ ʩʧʽʣʴʥʦ ʟ ʬʘʭʽʚʮʷʤʠ ʚ 

ʛʘʣʫʟʽ ʪʨʠʙʦʪʝʭʥʽʢʠ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʽ ʬʨʠʢʮʽʡʥʦʩʪʽ ʚʽʜ ʦʩʦʙʣʠʚʦʛʦ ʩʪʘʥʫ ʣʠʰʝ 

ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ ʪʝʨʪʷ. ʉʘʤʝ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʤʽʢʨʦʰʘʨʽ ʩʧʨʷʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʫʪʚʦʨʝʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ, ʪʘʢ ʟʚʘʥʠʭ, ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʭʘʨʘʢʪʝʨ ʚʫʟʣʘ ʪʝʨʪʷ.  

ɺʪʦʨʠʥʥʽ ʩʪʨʫʢʪʫʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʪʠʧʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚʠ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʚʫʟʣʘ ʪʝʨʪʷ ʥʘʡʙʽʣʴʰ 

ʩʧʨʠʷʪʣʠʚʠʤ ʧʦʻʜʥʘʥʥʷʤ ʻ ʥʘʷʚʥʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʩʪʨʫʢʪʫʨ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʪʠʧʫ. ʋ ʨʘʟʽ ʧʦʷʚʠ ʥʘ ʧʦʚʝʨʭʥʷʭ 

ʪʝʨʪʷ ʪʽʣʴʢʠ ʦʜʥʦʛʦ ʚʠʜʫ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʩʘʤʧʝʨʝʜ ʜʨʫʛʦʛʦ ʪʠʧʫ, ʧʘʨʘ ʪʝʨʪʷ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʬʨʠʢʮʽʡʥʦʩʪʽ. 

ʄʝʭʘʥʽʟʤ ʫʧʨʘʚʣʽʥʥʷ ʫʪʚʦʨʝʥʥʷʤ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʪʠʧʫ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ ʧʦʚôʷʟʫʻʪʴʩʷ ʷʢ ʽʟ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʘʩʪʠʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʪʘʢ ʽ ʟ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʮʴʦʛʦ ʚʝʣʠʯʠʥʦʶ ʨʦʙʦʪʠ [1]. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʚʝʜʝʥʝ ʥʦʚʝ ʧʦʥʷʪʪʷ ï ʩʪʨʫʢʪʫʨʥʘ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ ʧʘʨ ʪʝʨʪʷ, ʽ ʟʚô̫ ʟʦʢ ʾʾ ʟʽ ʩʪʘʥʦʤ ʚʫʟʣʘ ʪʝʨʪʷ ʩʘʤʝ ʧʦ ʩʦʙʽ ʚʞʝ 

ʦʭʦʧʣʶʻ ʜʦʩʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʘʢʪʦʨʽʚ ï ʥʘʚʘʥʪʘʞʝʥʥʷ, ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ, ʤʘʩʪʠʣʦ, ʤʘʪʝʨʽʘʣ ʩʧʨʷʞʝʥʥʷ. ʊʽʣʴʢʠ 

ʧʨʠ ʧʝʚʥʦʤʫ ʾʭ ʧʦʻʜʥʘʥʥʽ ʜʦʩʷʛʘʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʝʬʝʢʪ. 

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʨʦʟʨʦʙʣʝʥʦ ʨʷʜ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʘʥʪʠʬʨʠʢʮʽʡʥʽʩʪʴ ʪʘ ʬʨʠʢʮʽʡʥʽʩʪʴ ʚʫʟʣʽʚ ʪʝʨʪʷ. [4-6] ʆʜʥʘʢ, ʷʢ 

ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʮʽ ʤʝʪʦʜʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʦʙʭʽʜʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʊʦʤʫ ʚʝʜʫʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ 

ʨʦʟʨʦʙʢʦʶ ʥʦʚʦʛʦ ʤʝʪʦʜʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ, ʷʢʠʡ ʙʠ ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʚʝʨʭʦʥʴ ʧʘʨ ʪʝʨʪʷ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʪʠʤ ʤʝʪʦʜʘʤ ʪʘ ʩʧʦʩʦʙʘʤ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʜʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘʣʝ ʡ ʛʘʨʘʥʪʫʶʪʴ ʝʢʦʣʦʛʽʯʥʫ ʯʠʩʪʦʪʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ [7-9], ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʧʦʢʘʟʫʻ, ʱʦ ʚʦʥʠ ʪʨʫʜʦʤʽʩʪʢʽ, 

ʪʨʠʚʘʣʽ, ʚʠʤʘʛʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʢʽʜʣʠʚʠʭ ʽ ʜʝʬʽʮʠʪʥʠʭ ʭʽʤʽʢʘʪʽʚ ʽ ʩʢʣʘʜʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʘʟʦʪʫʚʘʥʥʽ, ʧʽʜʚʠʱʫʶʪʴ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʧʦʛʘʥʦ ʧʨʠʧʨʘʮʴʦʚʫʶʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ 

ʪʚʝʨʜʽʩʪʴ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʚʠʢʨʠʰʫʚʘʥʥʷ ʘʟʦʪʦʚʘʥʦʛʦ ʰʘʨʫ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʬʦʩʬʘʪʫʚʘʥʥʽ ʧʦʣʽʧʰʫʻʪʴʩʷ 

ʧʨʠʧʨʘʮʴʦʚʫʚʘʥʽʩʪʴ, ʘʣʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʯʘʚʫʥʘ. ʉʫʣʴʬʽʜʫʚʘʥʥʷ ʛʘʨʘʥʪʫʻ ʯʘʚʫʥʦʚʽ 

ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘʣʝ ʮʽ ʰʘʨʠ ʥʝ ʤʦʞʫʪʴ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʨʦʪʠʩʪʦʷʪʠ ʚʠʩʦʢʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʧʨʠ ʷʢʠʭ 

ʧʨʘʮʶʶʪʴ ʙʝʟʣʽʯ ʜʝʪʘʣʝʡ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ 
ʩʧʣʘʚʽʚ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʥʘʙʣʠʞʝʥʽ ʟʘ ʩʚʦʻʶ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ 

ʟôʷʚʣʷʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʪʝʨʪʷ ʽ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʘʙʦ ʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʨʷʞʝʥʥʷ ʜʝʪʘʣʝʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: 

ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʟ ʜʠʬʫʟʽʡʥʠʤ ʥʘʩʠʯʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʚ ʩʝʨʝʜʦʚʠʱʽ ʚʦʜʷʥʦʾ ʧʘʨʠ ʜʝʢʽʣʴʢʦʤʘ 

ʝʣʝʤʝʥʪʘʤʠ ʥʘ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ; 

ʚʠʟʥʘʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʢʩʠʣʝʛʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʯʘʩ ʚʠʪʨʠʤʢʠ, ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʝʤʧʝʨʘʪʫʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʘʪʴ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ; 

ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʩʘʤʝ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʘʥʪʠʬʨʠʢʮʽʡʥʽ 

ʘʙʦ ʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʫʩʧʽʰʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʩʪʚʦʨʝʥʥʷ 

ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ ʘʙʦ ʬʨʠʢʮʽʡʥʠʭ ʧʘʨ ʪʝʨʪʷ [1,10]. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʜʝʪʘʣʝʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ 

ʽʟ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ, ʰʪʫʯʥʠʭ ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ ʥʘ ʢʰʪʘʣʪ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʶʪʴ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʘʨʠ ʪʝʨʪʷ. ɼʦʩʷʛʘʻʪʴʩʷ ʮʝ ʦʙʨʦʙʢʦʶ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ 

ʩʧʣʘʚʽʚ ʫ ʧʝʨʝʛʨʽʪʽʡ ʧʘʨʽ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʦʣʝʡ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʘ ʯʠʩʪʽʡ ʤʝʪʘʣʝʚʽʡ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʰʘʨ 

ʧʨʦʩʪʠʭ ʘʙʦ ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ, ʤʽʢʨʦʣʝʛʦʚʘʥʠʭ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʷʢ ʫ ʩʧʣʘʚ, ʪʘʢ ʽ ʥʘʩʠʯʫʻ ʧʘʨʦʛʘʟʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ. [10-14] 

ʂʝʨʫʶʯʠ ʩʢʣʘʜʦʤ ʜʞʝʨʝʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʚʪʦʨʠʥʥʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʤʘʶʪʴ ʘʥʪʠʬʨʠʢʮʽʡʥʽ 

ʘʙʦ ʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʋ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʚʠʙʽʨ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʦʣʝʡ ʜʣʷ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 
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ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʩʪʘʚʣʝʥʠʤ ʟʘʚʜʘʥʥʷʤ, ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʘʥʪʠʬʨʠʢʮʽʡʥʦʾ ʘʙʦ ʬʨʠʢʮʽʡʥʦʾ ʧʘʨʠ, ʘ ʪʘʢʦʞ 

ʧʨʦʛʥʦʟʦʤ ʧʨʦ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʪʚʦʨʝʥʠʭ ʧʨʠ ʮʴʦʤʫ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

ʇʦʢʨʠʪʪʷ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʫʩʪʨʽʯʥʦʾ ʜʠʬʫʟʽʾ - ʝʬʝʢʪ ʂʽʨʢʝʥʜʘʣʣʘ [15]. ʆʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ 

ʧʦʢʨʠʪʪʽʚ ʻ ʪʝ ʱʦ, ʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʟʦʥ (ʨʠʩ.1):  

1 ʟʦʥʘ ï ʫʪʚʦʨʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʤʘʪʨʠʮʽ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ 

ʤʘʪʨʠʮʽ. ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʜʘʥʽ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʾʾ ʩʢʣʘʜ ʤʦʞʥʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʷʢ ʩʫʤʽʰ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. 

2 ʟʦʥʘ ï ʩʠʥʪʝʟʦʚʘʥʘ ʟʦʥʘ ʢʦʤʧʦʥʝʥʪʽʚ ʟʦʥʠ 1 ʽ 3. ʄʘʻ ʷʚʥʦ ʚʠʨʘʞʝʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʧʝʚʥʦʶ ʥʘʧʨʘʚʣʝʥʽʩʪʶ ï ʩʪʦʚʙʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ. 

3 ʟʦʥʘ ï ʤʽʩʪʠʪʴ ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʷ ʟʦʥʘ ʤʘʻ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫ 

ʨʽʚʥʦʚʽʩʥʫ ʩʪʨʫʢʪʫʨʫ [15]. 

 

 
ʈʠʩ.1 ï ʉʭʝʤʘ ʤʝʭʘʥʽʟʤʫ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʽʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʦʣʝʡ 

 

ʊʘʢʽ ʧʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ, ʘʣʝ ʙʽʣʴʰ ʥʘʛʣʷʜʥʦ ʚʠʷʚʣʝʥʦ ʥʘ ʯʘʚʫʥʘʭ ʟ ʨʽʟʥʦʶ 

ʬʦʨʤʦʶ ʛʨʘʬʽʪʫ, ʥʘʧʨʠʢʣʘʜ, ʧʣʘʩʪʠʥʯʘʪʦʶ (ʨʠʩ.2). ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʨʘʟʢʘʭ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʟʥʦʩʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ-2 ʟʘ 

ʩʭʝʤʦʶ ʢʦʣʦʜʢʘ-ʜʠʩʢ. ʉʪʨʫʢʪʫʨʘ ʯʘʚʫʥʫ ʧʝʨʣʽʪʥʦ-ʬʝʨʠʪʥʘ (ʇ70). ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʯʘʚʫʥʫ (ʤʘʩʘ, %); ʉ ï 2,1%; Si ï 

2,2%; Mn ï 0,80%; P ï 0,04%; S ï 0,08%; Cr ï 0,02%; N ï 0,03%; ʨʝʰʪʘ Fe. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʽʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʩʦʣʝʡ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʦʣʽ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʪʘ ʯʘʩ ʚʠʪʨʠʤʢʠ ʚ ʥʘʩʠʯʫʶʯʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɺʽʜ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʝʞʠʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʠʢʦʥʘʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʜʽʘʧʘʟʦʥ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʷʢʠʭ ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʥʘʡʢʨʘʱʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʩʘʤʝ ʫʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʟʥʦʩʫ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʘʩʫ 

ʧʨʠʨʦʙʽʪʢʠ, ʚʠʪʨʠʤʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʫʪʚʦʨʝʥʥʷ ʟʘʜʠʨʽʚ. [16-17] 

                 
 

ʘ) Ĭ200                                                                             ʙ) Ĭ630 

ʈʠʩ.2 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʢʨʠʪʪʷ ʥʘ ʯʘʚʫʥʽ  
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ʏʘʚʫʥʥʽ ʟʨʘʟʢʠ ʦʜʥʘʢʦʚʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʜʘʚʘʣʠʩʷ ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʧʨʠ ʩʫʚʦʨʦʤʫ ʜʦʪʨʠʤʘʥʥʽ 

ʥʘʩʪʫʧʥʠʭ ʾʾ ʧʘʨʘʤʝʪʨʽʚ: ʪʝʤʧʝʨʘʪʫʨʘ ï 620Ñ10ʦʉ, (ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʠʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʩʢʣʘʣʘ 350ʦʉ), 

ʪʨʠʚʘʣʽʩʪʴ ʥʘʩʠʯʝʥʥʷ ï 60 ʭʚ, ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʨʦʟʯʠʥʫ ï 3 ʢʨʘʧʣʽ/ʭʚ. ɺʠʨʽʚʥʶʚʘʚʩʷ ʣʠʰʝ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʢʽʣʴʢʦʩʪʽ ʥʘʩʪʫʧʥʠʭ ʩʦʣʝʡ: NaCl, Na2SO4, NaH2PO4. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʟʥʦʰʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʤʘʰʠʥʽ ʪʝʨʪʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʨʝʞʠʤʦʤ: 

ʰʚʠʜʢʽʩʪʴ ʢʦʚʟʘʥʥʷ ï 1,04 ʢʛ/ʩ; 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ï 1 ʛʦʜʠʥʘ ʧʨʠ ʪʠʩʢʫ 0,7 ʄʇʘ; 

ʨʦʙʦʯʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 50 ʢʛ (ʪʠʩʢ 2,5 ʄʇʘ); 

ʪʨʠʚʘʣʽʩʪʴ ʚʠʧʨʦʙʫʚʘʥʥʷ ï 102 ʛʦʜ; 

ʟʤʘʱʫʚʘʥʥʷ ʟʘʥʫʨʝʥʥʷʤ ʫ ʤʘʩʪʠʣʦ ʄɻ-8 (ʦʙʩʷʛ ʤʘʩʪʠʣʘ ï 150). 

ɺʪʨʘʪʫ ʤʘʩʠ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʟʚʘʞʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʯʝʨʝʟ ʢʦʞʥʽ ʰʽʩʪʴ ʛʦʜʠʥ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʪʝʨʝʟʘʭ. ʇʨʠ ʚʪʨʘʪʽ 

ʤʘʩʠ ʢʦʣʦʜʦʢ ʪʘ ʜʠʩʢʽʚ ʦʙʯʠʩʣʶʚʘʣʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʽʨʦʛʦ 

ʯʘʚʫʥʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʝʨʤʦʤʝʪʨʘ ʚʠʤʽʨʶʚʘʣʠ ʦʙô̒ ʤʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʪʠʣʘ. ʋʩʝʨʝʜʥʝʥʽ ʜʘʥʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ 

ʟʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʫʤʘʨʥʦʛʦ ʟʥʦʩʫ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʟ ʨʽʟʥʠʤʠ ʟʘʭʠʩʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ, ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3. 

 

 
 

1 ï ʚʠʭʽʜʥʘ; 2 ï Na2S2O3; 3 ï NaCl; 4 ï Na2HPO4 

 

ʈʠʩ.3 ï ɿʘʣʝʞʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʫʤʘʨʥʦʛʦ ʟʥʦʩʫ ʩʧʨʷʞʝʥʦʾ ʧʘʨʠ  

ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʽʨʦʛʦ ʯʘʚʫʥʫ ʟ ʨʽʟʥʠʤʠ ʟʘʭʠʩʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʢʩʠʜʥʽ ʧʦʢʨʠʪʪʷ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ, ʥʘ ʩʽʨʦʤʫ ʽʜʝʥʪʠʯʥʦʤʫ ʯʘʚʫʥʽ ʧʦ-

ʨʽʟʥʦʤʫ ʚʧʣʠʚʘʶʪʴ ʥʘ ʡʦʛʦ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʩʽʨʢʦʚʤʽʩʥʝ ʧʦʢʨʠʪʪʷ (ʨʠʩ.3, ʢʨʠʚʘ 2) ʟʥʠʞʫʻ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤʠ ʟʨʘʟʢʘʤʠ (ʨʠʩ.3, ʢʨʠʚʘ 1) ʦʙôʻʤʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʤʘʩʪʠʣʘ, ʘ ʪʘʢʦʞ, ʷʢ ʥʘʩʣʽʜʦʢ, ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ 

ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʩʫ. ɯ ʥʘʚʧʘʢʠ, ʭʣʦʨ- ʘʙʦ ʬʦʩʬʦʨʦʚʤʽʩʥʝ ʧʦʢʨʠʪʪʷ ʚʽʜʧʦʚʽʜʘʻ ʨʽʟʢʦʤʫ ʧʦʩʠʣʝʥʥʶ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ 

ʧʘʨ ʪʝʨʪʷ ï ʦʙôʻʤʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʤʘʩʪʠʣʘ. ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʥʠʟʠʣʘʩʷ, ʦʩʦʙʣʠʚʦ ʫ ʧʝʨʰʽ ʛʦʜʠʥʠ 

ʚʠʧʨʦʙʫʚʘʥʴ (ʨʠʩ.3, ʢʨʠʚʽ 3, 4). 

ʇʦʨʽʚʥʶʶʯʠ ʪʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨ ʪʝʨʪʷ ʟ ʨʽʟʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʾʭ ʜʦʢʦʨʽʥʥʦ ʟʤʽʥʶʻ ʫʤʦʚʠ ʪʝʨʪʷ ï ʚʽʜ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʜʦ ʬʨʠʢʮʽʡʥʦʩʪʽ. 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʤʝʭʘʥʽʟʤ ʪʘʢʦʛʦ ʧʦʢʨʠʪʪʷ ʧʦʣʷʛʘʻ ʫ ʧʨʦʮʝʩʽ ʯʠʩʪʦʛʦ ʧʘʨʦʦʢʩʠʜʫʚʘʥʥʷ ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ 

ʩʧʣʘʚʽʚ: ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʠʥʠʢʘʶʪʴ ʨʽʟʥʽ ʦʢʩʠʜʠ ʟʘʣʽʟʘ [3, 4]. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

600ʦʉ ʽ ʚʠʱʝ ʦʢʩʠʜʥʠʡ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚôʁ ʩʪʠʪʫ (FeO), ʷʢʠʡ ʧʨʠʣʷʛʘʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ɼʘʣʽ 

ʨʦʟʪʘʰʦʚʘʥʽ ʦʢʩʠʜʠ Fe2O3 ʪʘ Fe3O4, ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 5...10%. ɺôʶʩʪʠʪ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʥʠʞʯʦʶ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ, ʘʣʝ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʽ ʤʽʮʥʽʩʪʶ ʟʚôʷʟʢʫ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʦʜʥʘʢʦʚʫ ʟ 

ʥʠʤ ʢʨʠʩʪʘʣʽʯʥʫ (ʢʫʙʽʯʥʫ ʨʝʰʽʪʢʫ) ʙʫʜʦʚʫ. 

ʇʨʠʨʦʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ, ʦʩʦʙʣʠʚʦ ʚôʶʩʪʠʪʥʦʾ ʬʘʟʠ FeO, ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʷ, ʷʢʱʦ ʽ d 

ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʽʡ ʦʩʥʦʚʽ ʤʽʩʪʷʪʴʩʷ ʣʝʛʫʶʯʽ ʝʣʝʤʝʥʪʠ (Cr, Al ʪʘ ʽʥ.). ʎʷ ʞ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʚ ʥʘʷʚʥʦʩʪʽ 

ʟʘʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʥʘʩʠʯʫʶʯʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢʠʤ ʻ ʧʝʨʝʛʨʽʪʘ ʧʘʨʘ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʩʦʣʝʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 
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ʦʢʩʠʜʠ ʥʘʙʫʚʘʶʪʴ ʽ ʙʽʣʴʰ ʩʢʣʘʜʥʽʰʫ ʙʫʜʦʚʫ ʪʠʧʫ ʰʧʠʥʝʣʽʚ (ʥʘʧʨʠʢʣʘʜ: FeO³Cr2O3. FeO³Al2O3), ʘʙʦ ʤʘʻ ʤʽʩʮʝ 

ʫʱʽʣʴʥʝʥʥʷ ʽʦʥʥʠʭ ʨʝʰʽʪʦʢ ʦʢʩʠʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʠʭ ʽʦʥʽʚ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʩʠʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʮʝ ʥʘʷʚʥʽʩʪʴ Cl, S, P, Na ʪʘ ʽʥ., ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʚʪʦʨʠ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚʩʪʘʥʦʚʠʚʰʠ ʷʢʽʩʥʫ ʪʘ ʢʽʣʴʢʽʩʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʢʣʘʜʦʤ ʦʢʩʠʜʥʠʭ ʧʦʢʨʠʪʪʽʚ ʪʘ ʾʭ ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʪʠʤ ʩʘʤʠʤ 

ʫʤʦʚʠ ʚʫʟʣʘ ʪʝʨʪʷ ʚʽʜ ʘʥʪʠʬʨʠʢʮʽʡʥʦʩʪʽ ʜʦ ʬʨʠʢʮʽʡʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʡʦʛʦ ʜʝʪʘʣʝʡ 

ʪʽ ʩʘʤʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ï ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʽ ʩʧʣʘʚʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʢʣʘʜʥʽ ʦʢʩʠʜʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ ʙʫʜʦʚʦʶ, ʱʦ ʻ ʧʦʢʨʠʪʪʷʤʠ ʥʘ 

ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʘʭ, ʤʦʞʫʪʴ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʪʝʨʤʦʤʝʭʘʥʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʾʭ ʨʝʥʦʚʘʮʽʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʝʟ ʥʴʦʛʦ. ʊʦʙʪʦ ʧʦʢʨʠʪʪʷ ʫʪʚʦʨʝʥʽ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʘʣʽʟʦʚʫʛʣʝʮʝʚʠʭ ʩʧʣʘʚʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʫʪʴ ʤʘʪʠ ʷʢ ʬʨʠʢʮʽʡʥʽ ʪʘ ʽ ʘʥʪʠʬʨʠʢʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 
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ʈʦʟʛʣʷʥʫʪʦ ʪʝʭʥʽʢʫ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʜʝʪʘʣʷʤʠ ʪʘ ʧʨʦʮʝʩʦʤ ʩʢʣʘʜʘʥʥʷ. ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʽʢʽʚ, ʧʦʙʫʜʦʚʘʥʠʭ ʫ 

ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. ɼʦʩʷʛʥʫʪʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʢʦʨʠʛʫʚʘʪʠ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ, ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ 
ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʩʢʣʘʜʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʩʝʩʠʤʝʪʨʠʯʥʽ ʜʝʪʘʣʽ, ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʩʢʣʘʜʘʥʥʷ, ʩʭʝʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ, ʤʘʪʨʠʮʽ 

ʩʫʤʽʞʥʦʩʪʽ ʽ ʽʥʮʠʜʝʥʮʽʡ. 

 

YURKOVETS V.I., VISLOUKH S.P., ANTONYUK V.S.  

THE ASSEMBLY SEQUENCE OF AXISYMMETRIC DETAILS SIMULATION  

To ensure the reliability and accuracy of products, an automated construction method for the assembly sequence of high-precision axisymmetric 

products is presented. The work purpose is to verify the acceptability of using an oriented assembly graph, which includes adjacency and incidence matrices, 

for structuring and planning the theoretical schematization of the assembly technological process. The considered method coincides with a possible 

mathematical implementation of the problem. The specifics of structural modeling and the assembly process using mathematical methods were assessed. The 

technique of creating graphs reflecting the relationship between details and the assembly process is considered. Solving the tasks of the automated assembly 

process is performed using algorithms and computer software based on graphs constructed in matrix form. The achieved results make it possible to adjust the 

sequence of products assembly in real-time mode, based on which it becomes possible to monitor parameters and control decision-making when planning 

assembly processes.  

Keywords: mathematical modeling, axisymmetric parts, automation of assembly, schematization of the assembly process, adjacency and incidence 

matrices. 

 

ɺʩʪʫʧ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ  ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ ʚʢʣʶʯʘʻ ʜʚʘ ʝʪʘʧʠ [1]. ʇʝʨʰʠʡ ʝʪʘʧ ï ʮʝ 

ʛʝʥʝʨʘʮʽʷ ʩʢʣʘʜʘʣʴʥʦʾ ʩʭʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ, ʱʦ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʨʷʜʦʢ ʢʨʽʧʣʝʥʥʷ 

ʝʣʝʤʝʥʪʽʚ ʚʠʨʦʙʫ, ʢʦʤʧʣʝʢʪʥʽʩʪʴ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ ʪʘ ʤʦʥʪʘʞʥʦʛʦ ʟôʻʜʥʘʥʥʷ. ɼʨʫʛʠʡ ʝʪʘʧ ï ʮʝ ʛʝʥʝʨʘʮʽʷ ʦʧʝʨʘʮʽʡ, 

ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʠʻʜʥʫʶʪʴʩʷ, ʚʠʜʽʚ ʨʦʙʽʪ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʦʧʠʩ 

ʩʢʣʘʜʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ʅʘʡʙʽʣʴʰ ʪʨʫʜʦʤʽʩʪʢʠʤ ʽ ʩʢʣʘʜʥʠʤ ʜʣʷ ʬʦʨʤʘʣʽʟʘʮʽʾ ʻ ʪʚʦʨʯʠʡ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʩʭʝʤʠ 

ʩʢʣʘʜʘʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʢʣʘʜʘʥʥʷ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʽʥʞʝʥʝʨ ʚʠʟʥʘʯʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʢʣʘʜʘʣʴʥʽ ʦʜʠʥʠʮʽ ʪʘ 

ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʠʡ ʧʦʨʷʜʦʢ ʩʢʣʘʜʘʥʥʷ. ɼʘʥʘ ʨʦʙʦʪʘ, ʚʚʘʞʘʻʪʴʩʷ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʥʥʷ.  

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʦʨʽʷ ʛʨʘʬʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʚôʷʟʘʪʠ ʪʝʦʨʝʪʠʯʥʽ 

ʧʨʠʥʮʠʧʠ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʷʢʽ ʣʝʛʢʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʢʦʤʧôʶʪʝʨʽ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʷʢ ʬʦʨʤʠ ʛʨʘʬʘ ʚ ʽʥʞʝʥʝʨʽʾ ʻ ɹ.ʉ. ʄʦʨʜʚʽʥʦʚ [2], ʷʢʠʡ ʚʚʽʚ ʧʦʥʷʪʪʷ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʘʰʠʥʠ ʪʘ ʾʾ ʛʨʘʬʽʢʘ. ʉʶʜʠ ʚʽʜʥʦʩʠʪʴʩʷ, ʟʦʢʨʝʤʘ, ʧʨʦʙʣʝʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʽʚ. J. Yu ʪʘ L. Xu ʨʦʟʨʦʙʠʣʠ ʧʽʜʭʽʜ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʦʟʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʢʣʘʜʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ ʤʘʪʨʠʮʽ ʟʚôʷʟʢʽʚ ʧʦʢʦʤʧʦʥʝʥʪʥʦ [3]. ʈ. ɻʦʪʪʽʧʦʣʫ ʪʘ ʂ. ɻʦʰ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʽʜʭʽʜ ʜʦ ʩʪʚʦʨʝʥʥʷ ʚʠʢʦʥʫʚʘʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʢʣʘʜʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʙʤʝʞʝʥʴ ʢʦʥʪʘʢʪʫ ʪʘ ʤʦʙʽʣʴʥʦʩʪʽ [4]. ʂ. ʉʫ ʨʦʟʨʦʙʠʚ ʩʠʩʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʦʙʤʝʞʝʥʴ ʤʽʞ ʩʢʣʘʜʘʣʴʥʠʤʠ ʦʜʠʥʠʮʷʤʠ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ CAD-ʤʦʜʝʣʝʡ 

[5]. ɸʣʴʬʘʜʣʘʥʽ ʊ., ʉʘʤʘʜʭʽ ʄ.ɸ., ʊʦʭʘ ɯ. [6] ʨʦʟʨʦʙʠʣʠ ʘʚʪʦʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ ʟʽʪʢʥʝʥʥʷ ʤʽʞ ʩʢʣʘʜʘʣʴʥʠʤʠ 

ʦʜʠʥʠʮʷʤʠ. ʎʝʡ ʤʝʪʦʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽʡ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʽʡ ʰʣʷʭʦʤ ʩʧʘʨʶʚʘʥʥʷ ʩʢʣʘʜʘʣʴʥʠʭ ʦʜʠʥʠʮʴ. 

ʂʘʥʪʘʙʘʙʫ M., ɻʽʨʽ ʈ. [7] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʽʜʭʽʜ ʜʦ ʛʝʥʝʨʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʙʠʨʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʽ 

ʤʘʪʨʠʮʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʪʘ ʛʨʘʬʘ ʟôʻʜʥʘʥʴ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʽʥʪʝʨʬʝʨʝʥʮʽʾ ʄ. ʈ. ɹʘʭʫʙʘʣʝʥʜʨʫʥʽ, ɹ.ɹ. ɹʽʩʚʘʣ 

ʨʝʘʣʽʟʫʚʘʣʠ ʽʥʪʝʛʨʦʚʘʥʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʪʝʦʨʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʢʨʠʪʝʨʽʾʚ ʧʨʝʜʠʢʘʪʽʚ, ʪʘʢʠʭ 

ʷʢ ʧʝʨʝʜʘʯʘ ʜʘʥʠʭ [8, 9], ʤʝʭʘʥʽʯʥʘ ʟʜʽʡʩʥʝʥʥʽʩʪʴ [10-12] ʽ ʛʝʦʤʝʪʨʠʯʥʘ ʟʜʽʡʩʥʝʥʥʽʩʪʴ [13] ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ASP/DSP (ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʩʢʣʘʜʘʥʥʷ/ʜʝʤʦʥʪʘʞʫ) [14]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟôʻʜʥʘʥʥʷ ʜʝʪʘʣʝʡ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʴ ʩʫʤʽʞʥʦʩʪʽ 

ʪʘ ʯʘʩʪʦʪʠ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʙôʻʢʪ ʩʢʣʘʜʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʚʽʩʝʩʠʤʝʪʨʠʯʥʽ ʜʝʪʘʣʽ. ʇʨʠ ʧʦʙʫʜʦʚʽ ʧʨʦʮʝʩʫ 

ʩʢʣʘʜʘʥʥʷ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʨʦʮʝʩ ʩʢʣʘʜʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʟʚôʷʟʢʽʚ ʤʽʞ ʜʝʪʘʣʷʤʠ.  

ʊʦʤʫ ʩʧʦʯʘʪʢʫ ʥʝʦʙʭʽʜʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʜʘʥʽ ʟʚôʷʟʢʠ, ʱʦ ʤʦʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʚʠʨʦʙʫ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ, ʜʝ ʯʘʩʪʠʥʠ ʻ ʚʝʨʰʠʥʘʤʠ, ʘ ʟʚôʷʟʢʠ ï ʨʝʙʨʘʤʠ.  ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ 

ʟʚôʷʟʢʽʚ, ʷʢʘ ʽʜʝʥʪʠʬʽʢʦʚʘʥʘ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʩʢʣʘʜʘʣʴʥʦʾ ʦʜʠʥʠʮʽ, ʮʝ ʚʠʨʽʰʫʻ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʩʢʣʘʜʘʥʥʷ ʚʠʨʦʙʫ. ɻʨʘʬ ʟʚôʷʟʢʫ ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʚʫʟʣʘ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ ʩʫʤʽʞʥʦʩʪʽ (ʛʨʘʬʘ), 

ʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ, ʱʦ ʫʪʚʦʨʶʻ ʟʚôʷʟʢʠ, ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʢ ʤʘʪʨʠʮʷ ʽʥʮʠʜʝʥʮʽʡ ʮʴʦʛʦ ʛʨʘʬʘ, ʚ ʷʢʽʡ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʩʪʦʚʧʮʽʚ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʨʝʙʨʘ ʚʠʟʥʘʯʘʪʠʤʝ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʢʣʘʜʘʥʥʷ. ʊʦʤʫ ʟʘʜʘʯʝʶ ʜʘʥʦʛʦ  ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʽʥʮʠʜʝʥʪʽʚ ʛʨʘʬʽʚ 
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