
 
 

ISSN 2079-004ʍ(Print), ISSN 2786ï7587(Online)., ˉ2(10),,2024 

1 

 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ 

ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

MINISTRY OF EDUCATION  

AND SCIENCE OF UKRAINE 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

National Technical University 

"Kharkiv Polytechnic Institute" 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

çʍʇɯè. ʉʝʨʽʷ: ʊʝʭʥʦʣʦʛʽʾ ʚ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ 

Bulletin of the National  

Technical University 

"KhPI". Series: Techniques in 

a machine industry 

ˉ 2(10)ô2024 No. 2(10)ô2024 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ Collection of Scientific papers 

ɺʠʜʘʥʥʷ ʟʘʩʥʦʚʘʥʝ ʫ 1961 ʨ. The edition was founded in 1961 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʍʘʨʢʽʚ 

ʅʊʋ çʍʇɯè, 2024 

Kharkiv 

NTU "KhPI", 2024 



 
 

ISSN 2079-004ʍ(Print), ISSN 2786ï7587(Online)., ˉ2(10),,2024 

2 

 

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

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çʍʇʀè. = Bulletin of the National Technical University "KhPI". Series: 

Techniques in a machine industry: ʟʙ. ʥʘʫʢ. ʧʨ. / ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪ çʍʘʨʢʽʚ. ʧʦʣʽʪʝʭʥ. ʽʥ-ʪè. ï ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 

2024ï ˉ 2(10). ï120 ʩ.ïISSN 2079-004ʍ(Print), ISSN 2786ï7587(Online). 

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. 
ʈʝʻʩʪʨ ʩʫʙô̒ ʢʪʽʚ ʫ ʩʬʝʨʽ ʤʝʜʽʘ, ʽʜʝʥʪʝʬʽʢʘʪʦʨ ʤʝʜʽʘ R30-01541 ʟʛʽʜʥʦ ʟ ʨʽʰʝʥʥʷʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʨʘʜʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʪʝʣʝʙʘʯʝʥʥʷ ʽ 

ʨʘʜʽʦʤʦʚʣʝʥʥʷ ʚʽʜ 16.10.23. ̄  1075 

ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʜʨʫʢʦʚʘʥʦʛʦ ʟʘʩʦʙʫ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʋʢʨʘʾʥʠ ʂɺ ˉ 24359-14199ʈ  ʚʽʜ 10 ʣʶʪʦʛʦ 2020 ʨ. 
.ʄʦʚʘ ʩʪʘʪʝʡ ï ʫʢʨʘʾʥʩʴʢʘ,  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 320 ʚʽʜ 07.04.2022 ʨ.). ʇʝʨʽʦʜʠʯʥʽʩʪʴ   2 ʨʘʟʠ ʥʘ ʨʽʢ.   ʋɼʂ 620- 

ʋɼʂ 629 
 

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: https://web.kpi.kharkov.ua/tmms/uk/visnik-ntu-hpi/ 

ɿʘʩʥʦʚʥʠʢ ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 
ɺʠʜʘʚʥʠʢ   ʢʘʬʝʜʨʘ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ 
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ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʊɺɽʈɼʀʍ ɿʄɸʑʋɺɸʃʔʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ʇʈʀ 

ɸʃʄɸɿʅʆʄʋ ʐʃɯʌʋɺɸʅʅɯ ʊʈʋɼʅʆʆɹʈʆɹʅʀʍ ʉʇʃɸɺɯɺ ɯ ʉʊɸʃɯɺ 

 
ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʨʝʤʦʥʪʫ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ: ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʫ ɺʊ-22 ʪʘ ʞʘʨʦʤʽʮʥʦʾ ʜʠʩʧʝʨʩʽʡʥʦ-ʪʚʝʨʜʽʶʯʦʾ ʚʠʩʦʢʦʣʝʛʦʚʘʥʦʾ ʥʝʨʞʘʚʽʶʯʦʾ 
ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ. ʐʣʽʬʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʚʝʨʜʠʭ ʟʤʘʱʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʘʚʪʦʨʘʤʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʪʚʝʨʜʽ ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟʜʘʪʥʽ ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʫʚʘʪʠ ʨʦʙʦʪʫ ʪʝʨʪʷ. ʉʪʝʘʨʠʥʦʚʫ 

ʢʠʩʣʦʪʫ ʩʣʽʜ ʚʚʘʞʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʊɿʄ ʟ ʧʦʜʘʣʴʰʠʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤʾʭ ʩʢʣʘʜʫ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʤʘʟʥʝ ʰʣʽʬʫʚʘʥʥʷ, ʪʚʝʨʜʽ ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ, ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ, ʞʘʨʦʤʽʮʥʘ 

ʜʠʩʧʝʨʩʽʡʥʦ-ʪʚʝʨʜʽʶʯʘ ʚʠʩʦʢʦʣʝʛʦʚʘʥʘ ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ. 

 
STEPANOV M.S., GASANOV M.I ., RUDNEV A.V., KOTLYAR  O.V., TITARENKO  O.V., IVANOVA  M.S., BANOV V.M. 

EVALUATION OF THE EFFICIENCY OF USING SOLID LUBRICANTS IN DIAMOND GRINDING OF HARD -TO-MACHINE 

ALLOYS AND STEELS  

The results of research on cutting forces during diamond grinding of materials used in the manufacture and repair of aircraft equipment: titanium 

alloy Vʊ-22 and heat-resistant dispersion-hardening high-alloy stainless steel 10ʍ11ʅ23ʊ3ʄʈ were analyzed. Grinding was carried out using solid 

lubricating materials developed by the authors. The obtained results allow us to state that solid lubricating materials are able to effectively reduce 
friction. Stearic acid should be considered the basis for the creation of TZM with further improvement of their composition.  

Keywords:Key words: diamond grinding, hard lubricating materials, hard-to-machine materials, titanium alloy, heat-resistant dispersion-

hardening high-alloy stainless steel. 

 

ɹʽʣʴʰʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʥʝʤʦʞʣʠʚʝ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ɿʆʈ. ɿʆʈ ʩʧʨʠʷʻ 

ʩʫʪʪʻʚʦʤʫ ʧʦʣʽʧʰʝʥʥʶ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʥʠʞʝʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʤʝʥʰʝʥʥʷ 

çʟʘʩʘʣʶʚʘʥʥʷè ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʪʦʱʦ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɿʆʈ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʚʝʨʜʽʰʽ ʢʨʫʛʠ, ʥʽʞ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ çʚʩʫʭʫè. ɸʣʤʘʟʥʽ ʰʣʽʬʫʚʘʣʴʥʽ ʢʨʫʛʠ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʷʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɿʆʈ, ʪʘʢ ʽ ʙʝʟ. 

ɹʘʞʘʥʦ ʰʣʽʬʫʚʘʪʠ ʟʘʛʦʪʦʚʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɿʆʈ, ʪʘʢ ʷʢ ʧʨʠ ʮʴʦʤʫ ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ʤʝʥʰʝ ʟʥʦʰʫʻʪʴʩʷ ʽ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʥʘ ʙʽʣʴʰ ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʘʭ.  

ʇʨʦʪʝ, ɿʆʈ ʪʘ ʧʨʦʜʫʢʪʠ ʾʭʥʴʦʾ ʧʝʨʝʨʦʙʢʠ ʟʘʣʠʰʘʶʪʴʩʷ ʦʜʥʠʤ ʽʟ ʛʦʣʦʚʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɺʠʪʨʘʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ɿʆʈ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 5 ʜʦ 15% ʚʠʨʦʙʥʠʯʠʭ ʚʠʪʨʘʪ ʧʨʠ ʚʠʪʨʘʪʘʭ ʥʘ 

ʽʥʩʪʨʫʤʝʥʪ ʜʦ 4%. ɺʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ ʥʘ ɿʆʈ ʻ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʩʢʦʨʦʯʝʥʥʷ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ. ɸʣʴʪʝʨʥʘʪʠʚʥʦʶ ʟʘʤʽʥʦʶ ɿʆʈ ʚʚʘʞʘʶʪʴʩʷ ʪʚʝʨʜʽ ʟʤʘʱʫʚʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ (ʊɿʄ). 

ʇʝʨʝʚʘʛʠ ʊɿʄ

ʊʝʭʥʦʣʦʛ̔ʯʥ̔ 

ʬʘʢʪʦʨʠ
ɽʢʦʣʦʛ̔ʯʥ̔ ʬʘʢʪʦʨʠ

ɽʢʩʧʣʫʘʪʘʮ̔ʡʥ̔ 

ʬʘʢʪʦʨʠ

ʇ̔ʜʚʠɦ ʝʥʥ̫ ʩʪ̔ʡʢʦʩʪ̔ 

ʥ̔ʩʪʨʫʤʝʥʪʫ
ɿʤʝʥh ʝʥʥ̫ ʢʦʨʦʟ̔ʾ

ʅʝ ʩʧʨʠ̫ ʪʁɹ 

ʟʘʙʨʫʜʥʝʥʥʁ  

ʨʦʙʦʯʦʛʦ ʤ̔ʩʮ̫

ɿʤʝʥh ʝʥʥ̫ 

ʦhʨʩʪʢʦʩʪ̔ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥ̔

ɹʝʟʧʝʨʝhʢʦʜʥʝ 

ʚʠʜʘʣʝʥʥ̫ ʟ ʧʦʚʝʨʭʥ̔ 

ʦʙʨʦʙʣʝʥʦʾ ʜʝʪʘʣ̔

ʇʨʘʢʪʠʯʥʦ ʥʝ 

ʪʦʢʩʠʯʥ̔

ɽʬʝʢʪʠʚʥ̔ ʧʨʠ 

ʦʙʨʦʙʮ̔ ʚʝʨʪʠʢʘʣɹʥʠʭ 

ʪʘ ʧʦʭʠʣʠʭ ʧʦʚʝʨʭʦʥɹ

ʅʝ ʨʦʟʢʣʘʜʘʁ ʪɹʩ̫ ̔ʟ 

ʚʠʜ̔ʣʝʥʥ̫ʤ 

ʢh̔ʜʣʠʚʠʭ ʛʘʟ̔ʚ
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ʇʨʠ ʚʚʝʜʝʥʥʽ ʾʭ ʚ ʟʦʥʫ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʩʠʣʫ ʨʽʟʘʥʥʷ, ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʟʦʥʽ 

ʢʦʥʪʘʢʪʫ, ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʘʙʨʘʟʠʚʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ [1].  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʊɿʄ ʤʦʞʝ ʪʘʢʦʞ ʧʦʣʽʧʰʠʪʠ ʰʦʨʩʪʢʽʩʪʴ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʘʢ ʫ ʨʦʙʦʪʽ [2] ʨʦʙʠʪʴʩʷ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʧʦʚ'ʷʟʘʥʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʨʠʚʯʘʩʪʠʭ ʢʨʫʛʽʚ, ʤʦʞʥʘ 

ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʘʥʝʩʝʥʥʷʤ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʢʨʫʛʘ ʪʚʝʨʜʦʛʦ ʤʘʩʪʠʣʘ ʫ ʩʢʣʘʜʽ: ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ (60 ï 65%), 

ʦʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ (20 ï 25%), ʘʮʝʪʘʤʽʜ (ʽʥʰʝ) [2].  

ʆʜʥʠʤ ʽʟ ʣʽʜʝʨʽʚ ʫ ʨʦʟʨʦʙʮʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʊɿʄ ʻ ʘʚʽʘʢʦʩʤʽʯʥʘ ʢʦʨʧʦʨʘʮʽʷ Boeing, ʷʢʘ ʚʠʨʦʙʣʷʻ ʊɿʄ 

ʜʣʷ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʤ ʩʧʦʞʠʚʘʯʘʤ.  

ɺ ʋʢʨʘʾʥʽ ʜʦʩʣʽʜʞʝʥʥʶ ʊɿʄ ʟʥʘʯʥʫ ʫʚʘʛʫ ʪʘʢʦʞ ʧʨʠʜʽʣʷʻ ʥʠʟʢʘ ʦʨʛʘʥʽʟʘʮʽʡ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʥʦʨʤ ʧʨʘʮʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʊɿʄ ʫ ʥʘʩʪʫʧʥʦʤʫ ʩʢʣʘʜʽ: ʚʽʩʢ ï 48%, ʛʨʘʬʽʪʦʣ ï 50%, ʦʣʝʾʥʦʚʘ ʢʠʩʣʦʪʘ ï 2% [3].  

ɼʣʷ ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʚʝʨʜʽ ʤʘʩʪʠʣʘ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʫʣʴʬʽʜʫ ʪʘ ʜʠʩʝʣʝʥʽʜʫ ʤʦʣʽʙʜʝʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ [4]. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʤʘʩʪʠʣ ʧʨʠ ʟʘʪʦʯʫʚʘʥʥʽ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʢʨʫʛʠ ʧʨʦʩʦʯʫʶʪʴ ʧʦʣʽʤʝʨʩʦʜʝʨʞʘʱʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʇʨʦʩʦʯʝʥʥʷ ʢʨʫʛʘ ʧʦʣʷʛʘʻ ʫ ʚʚʝʜʝʥʥʽ ʚ ʢʨʫʛ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʽʟʥʷʶʪʴ ʨʽʜʢʝ ʪʘ ʩʫʭʝ ʧʨʦʩʦʯʝʥʥʷ. 

ʉʫʭʝ ʧʨʦʩʦʯʝʥʥʷ ʢʨʫʛʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ [5]. ɺʽʜʦʤʽ ʩʧʨʦʙʠ ʥʘʥʝʩʝʥʥʷ 

ʪʚʝʨʜʦʛʦ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʦʟʧʣʘʚʣʝʥʦʤʫ ʩʪʘʥʽ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʱʦ ʧʨʠʟʚʝʣʦ 

ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ Ra ʚʽʜ 3 ʜʦ 35% (ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʊɿʄ ʧʦʨʽʚʥʷʥʦ ʟʽ ʰʣʽʬʫʚʘʥʥʷʤ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʊɿʄ. ʅʘʡʙʽʣʴʰ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʪʘʣʝʡ 40ʍ, 12ʍ13, ʍɺɻ, ʈ6ʄ5 ʟʘʙʝʟʧʝʯʫʚʘʚ ʊɿʄ 

ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʣʠ ʛʨʘʬʽʪ ʩʨʽʙʣʷʩʪʠʡ ʽ ʜʠʩʫʣʴʬʽʜ ʤʦʣʽʙʜʝʥʫ [6]. ʋ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ 

ʜʦ ʩʢʣʘʜʫ ʪʚʝʨʜʦʛʦ ʤʘʩʪʠʣʘ ʜʣʷ ʰʣʽʬʫʚʘʣʴʥʠʭ ʢʨʫʛʽʚ ʨʘʮʽʦʥʘʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʠʩʝʣʝʥʽʜ ʤʦʣʽʙʜʝʥʫ, ʡʦʜʠʩʪʠʡ 

ʢʘʜʤʽʡ ʪʘ ʦʢʠʩ ʛʝʢʩʘʬʪʦʨʧʨʦʧʽʣʝʥʫ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ ʭʽʤʽʯʥʦ ʩʪʽʡʢʽ ʪʘ ʪʝʨʤʦʩʪʽʡʢʽ ʟʘʭʠʩʥʽ ʧʣʽʚʢʠ. ʋ 

ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʦʢʠʩ ʛʝʢʩʘʬʪʦʨʧʨʦʧʽʣʝʥʫ ʧʽʜʜʘʻʪʴʩʷ ʜʝʩʪʨʫʢʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ ʤʘʢʨʦʨʘʜʠʢʘʣʽʚ ʽʟ ʚʠʩʦʢʦʶ 

ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʄʘʢʨʦʨʘʜʠʢʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʬʪʦʨ, ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʶʚʝʥʽʣʴʥʠʭ ʧʦʚʝʨʭʥʷʭ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʜʝʪʘʣʝʡ ʽ, ʥʘʜʘʶʯʠ ʩʣʘʙʢʫ ʜʽʶ, ʱʦ ʨʦʟʪʷʛʫʻ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʟʥʽʤʘʥʥʽ ʤʝʪʘʣʫ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʦʙʩʷʛ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʊɿʄ ʻ ʥʝʦʙʭʽʜʥʠʤ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʪʘ ʪʦʯʥʦʩʪʽ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʆʜʥʽʻʶ ʟ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʟʘʚʜʘʥʴ ʻ ʢʦʨʠʛʫʚʘʥʥʷ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʭʽʜʥʦʾ ʨʝʮʝʧʪʫʨʠ ʊɿʄ (ʟʦʢʨʝʤʘ ʜʣʷ 

ʟʤʽʥʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ). 

ɺ ʜʘʥʠʡ ʯʘʩ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʩʢʣʘʜ ʊɿʄ, ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʚ ʙʠ ʚʩʽʤ ʚʠʤʦʛʘʤ ʜʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʦ 

ʷʢʦʩʪʽ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʩʫʪʥʷ. ʊʦʤʫ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɿʄ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ.  

ʗʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɿʄ ʻ ʢʦʤʧʣʝʢʩʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ, ʱʦ ʚʢʣʶʯʘʻ ʧʦʢʘʟʥʠʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʊɿʄ ʽ 

ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʩʴʦʛʦ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ.  

ʇʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʩʧʦʩʦʙʘʤʠ, 

ʜʽʘʧʘʟʦʥ ʷʢʠʭ ʻ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ.  

ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʪʝʦʨʽʾ ʨʽʟʘʥʥʷ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʙʽʣʴʰʦʩʪʽ ʦʧʝʨʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʠʪʘʥʴ ʚʠʟʥʘʯʝʥʥʷ 

ʚʢʣʘʜʫ ʢʦʞʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ ʫ ʟʘʛʘʣʴʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʻ ʘʢʪʫʘʣʴʥʠʤ 

ʟʘʚʜʘʥʥʷʤ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʫʱʦʩʪʽ ʚʧʣʠʚʫ ʟʝʨʥʠʩʪʦʩʪʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ 

ʪʘ ʊɿʄ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʧʨʠ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ.  

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʽʚʣʽ ʚʘʞʣʠʚʦ ʦʮʽʥʠʪʠ ʾʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ, ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʽʚʣʽ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʘ ʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʢʣʘʜʫ ʽ ʚʠʪʨʘʪʠ ʊɿʄ.  

ʐʣʽʬʫʚʘʣʠ ʟʘʛʦʪʦʚʢʠ ʟ ʚʘʞʢʦʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ: ʩʧʣʘʚʫ ɺʂ6 (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʨʽʞʫʯʠʭ ʧʣʘʩʪʠʥ ʽʥʩʪʨʫʤʝʥʪʽʚ), ʩʧʣʘʚʫ ɺʊ22 (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʪʘ ʚʫʟʣʽʚ ʜʝʪʘʣʝʡ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʘʚʽʘʮʽʡʥʦʾ ʪʝʭʥʽʢʠ), ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ (ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ, 

ʷʢʽ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʪʘ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ, ʥʘʧʨʠʢʣʘʜ ʣʦʧʘʪʢʠ ʪʫʨʙʽʥ, ʜʠʩʢʠ, ʧʨʫʞʠʥʠ).  

ʐʣʽʬʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʝʨʩʪʘʪʽ ʤʦʜʝʣʽ 3ɼ642ɽ ʢʨʫʛʘʤʠ ʥʘ ʙʘʢʝʣʽʪʦʚʽʡ ʟʚ'ʷʟʮʽ ʽʟ ʟʝʨʥʠʩʪʽʩʪʶ ɸʉ4 

50/40 100%, ɸʉ4 100/80 100%, ɸʉ4 160/125 100%. 

ʇʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʰʣʽʬʫʚʘʥʥʷ: ʰʚʠʜʢʽʩʪʴ ʢʨʫʛʘ Vʢ=25 ʤ/ʩ, ʰʚʠʜʢʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʩʪʦʣʫ Sʧʨ=1 ʤ/ʭʚ, ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ t=0,005 ï 0,015 ʤʤ/ʜʚ. ʭʽʜ.  

ʗʢ ʊɿʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʢʠ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: ʩʪʝʘʨʠʥʦʚʘ ʢʠʩʣʦʪʘ ï 80%, ʥʽʪʨʠʜ ʙʦʨʫ 

ʛʝʢʩʘʛʦʥʘʣʴʥʠʡ ï 20%.  

ʉʢʣʘʜ ʊʄʄ ʥʘʥʦʩʠʣʠ ʥʘ ʨʽʞʫʯʫ ʧʦʚʝʨʭʥʶ ʢʦʣʘ ʯʝʨʝʟ 2 ʧʦʜʚʽʡʥʽ ʭʦʜʠ ʩʪʦʣʫ (ʥʘ ʪʨʝʪʴʦʤʫ) ʙʝʟ ʟʤʽʥʠ 

ʰʚʠʜʢʦʩʪʽ ʢʨʫʛʘ.  

ʅʠʥʽ ʥʘʡʯʘʩʪʽʰʝ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʦʮʽʥʶʶʪʴ ʟʘ ʢʽʣʴʢʦʤʘ ʢʨʠʪʝʨʽʷʤʠ, ʪʦʙʪʦ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʫʟʘʛʘʣʴʥʝʥʫ ʦʮʽʥʢʫ. ʇʨʠ ʮʴʦʤʫ ʟʘʟʜʘʣʝʛʽʜʴ ʟʘʜʘʶʪʴ ʩʧʦʩʽʙ ʧʨʠʚʝʜʝʥʥʷ ʢʽʣʴʢʦʭ ʢʨʠʪʝʨʽʾʚ ʜʦ ʦʜʥʦʛʦ 

ʫʟʘʛʘʣʴʥʝʥʦʛʦ.  
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ʉʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʢʨʠʪʝʨʽʶ ʫ ʪʦʤʫ, ʱʦ ʷʢʽʩʪʴ ʊʉʄ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʶʚʘʪʠ ʥʝ ʩʘʤʝ 

ʩʦʙʦʶ, ʘ ʨʝʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʘʣʤʘʟʥʦʛʦ ʰʣʽʬʫʚʘʥʥʷ.  

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʨʽʚʥʶʚʘʣʠ çʟʥʘʯʠʤʽʩʪʴè ʧʘʨʘʤʝʪʨʽʚ ʢʨʫʛʘ, ʊɿʄ ʪʘ ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ. ɺʽʜʦʤʦ [7], 

ʱʦ ʟ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʢʨʫʛʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ:  

ï ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ (ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʧʝʨʽʦʜ ʩʪʽʡʢʦʩʪʽ ʢʨʫʛʘ, ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʘʣʤʘʟʫ ʪʘ ʽʥ);  

ï ʩʠʣʦʚʽ ʧʦʢʘʟʥʠʢʠ (ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʫʤʦʚʥʘ ʥʘʧʨʫʛʘ ʨʽʟʘʥʥʷ ʪʘ ʽʥ.);  

ï ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʝʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʰʣʽʬʫʚʘʥʥʷ, ʧʠʪʦʤʘ ʚʠʪʨʘʪʘ ʝʥʝʨʛʽʾ ʧʦ ʟʥʷʪʦʤʫ ʤʝʪʘʣʫ 

ʪʘ ʽʥ);  

ï ʜʦʜʘʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ (ʢʦʝʬʽʮʽʻʥʪ ʨʽʞʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʨʫʛʘ, ʢʦʝʬʽʮʽʻʥʪ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʽʥ).  

ʊʝʦʨʝʪʠʯʥʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʛʣʠʙʠʥʫ ʨʽʟʘʥʥʷ ʚʚʘʞʘʶʪʴ ʛʦʣʦʚʥʠʤ ʦʙʫʨʝʥʥʷʤ, ʘ ʧʽʜ 

ʢʝʨʫʶʯʠʤ ʚʧʣʠʚʦʤ ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ ʧʦʟʜʦʚʞʥʶ ʧʦʜʘʯʫ ʽ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ [8].  

ɼʦʩʪʦʚʽʨʥʽʩʪʴ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʊɿʄ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʙʦʨʫ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʗʢʱʦ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʤʘʩʪʠʣʴʥʦ-ʦʭʦʣʦʜʞʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ, ʦʩʪʘʪʦʯʥʦ ʦʮʽʥʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʞʥʘ ʟʘ ʢʦʤʧʣʝʢʩʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 
M

ʦʪʥ ʦʪʥ

ʢi in n

n=1

ű = P×R ,ä  

ʜʝ  ʦʪʥ

inP ï ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʨʽʦʨʠʪʝʪʫ ʟʘ n-ʤ ʢʨʠʪʝʨʽʻʤ ʜʣʷ i-ʾ ʉʆɾ (i-ʛʦ ʩʢʣʘʜʫ ʇʄʄ);  

ʦʪʥ

nR - ʟʥʘʯʠʤʽʩʪʴ (ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ) n-ʛʦ ʢʨʠʪʝʨʽʶ; 

ʄ ï ʯʠʩʣʦ ʢʨʠʪʝʨʽʾʚ.  

ɼʣʷ ʦʮʽʥʢʠ çʟʥʘʯʠʤʦʩʪʽè ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ:  
i

n

ʟ

ʟ a

Ra ʟ

a

R
K

R
=   

ï ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʣʘ (ʟʘ ʰʦʨʩʪʢʽʩʪʶ) 

ï  ʜʝ iʟ
aR  ʽ nʟ

aR  - ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʽʣ i-ʡ ʪʘ n-ʡ ʟʝʨʥʠʩʪʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ.  

ï  ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠʟʥʘʯʝʥʦʾ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ (ʟʘ ʰʦʨʩʪʢʽʩʪʶ) 
i

n

t

t a

Ra t

a

R
K

R
=  

ʜʝ  it

aR  ʪʘ nt
aR  - ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʘ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ ti ʽ tn ʚʽʜʧʦʚʽʜʥʦ. 

ï ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʄʄ (ʟʘ ʰʦʨʩʪʢʽʩʪʶ)  

ʊʉʄ a

Ra ʊʉʄ

a

R
K

R
=  

ʜʝ  aR  ʽ 
ʊʉʄ

aR  - ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʘ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʇʄʄ ʽ ʙʝʟ, ʚʽʜʧʦʚʽʜʥʦ. 

ɺʠʱʝ ʥʘʚʝʜʝʥʽ ʢʨʠʪʝʨʽʾ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ:  

ï ʧʨʠʚʘʪʥʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ çʟʥʘʯʫʱʦʩʪʽè ʢʦʥʢʨʝʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʫʛʽʚ, ʊɿʄ, 

ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʽʚʣʽ;  

ï ʟʘʛʘʣʴʥʽ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʛʨʫʧʠ ʧʘʨʘʤʝʪʨʽʚ ʢʨʫʛʽʚ, ʊɿʄ, ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ;  

ï ʫʟʘʛʘʣʴʥʝʥʽ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʩʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʨʫʛʽʚ, ʊɿʄ, ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. 

 

ʈʝʟʫʣʴʪʘʪʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʚ 81,6% ʜʦʩʣʽʜʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɿʄ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ 

ʰʦʨʩʪʢʦʩʪʽ ʽ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʟ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɿʄ ʥʝ ʜʘʣʦ ʨʝʟʫʣʴʪʘʪʫ (ʱʦ ʩʪʘʥʦʚʠʪʴ 

3,7%).  

ʋ 14,7% ʜʦʩʣʽʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊɿʄ ʜʘʣʦ ʟʚʦʨʦʪʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʩʘʤʝ ʟʙʽʣʴʰʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ, ʧʨʠʯʦʤʫ 

ʮʝ ʚ ʦʩʥʦʚʥʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʟ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ t=0,015 ʤʤ/ʜʚ. ʭʽʜ ʘʣʤʘʟʥʠʤʠ ʢʨʫʛʘʤʠ ɸʉ4 

160/125 100%.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʊɿʄ ʦʩʦʙʣʠʚʦ ʚʽʜʯʫʪʥʝ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ t=0,005 ʤʤ/ʜʚ. ʭʽʜ ʘʣʤʘʟʥʠʤʠ 

ʢʨʫʛʘʤʠ ɸʉ4 50/40 100% ʧʨʠ ʦʙʨʦʙʮʽ ʩʧʣʘʚʽʚ ɺʂ6 ʪʘ ɺʊ22.  

ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʽʟ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ ʥʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊɿʄ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʟ ʛʣʠʙʠʥʦʶ ʨʽʟʘʥʥʷ t=0,015 ʤʤ/ʜʚ. ʭʽʜ. 
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0,005 0,010 0,015
t, ʤʤ/ʜʚ.ʭʦʜ

1,0

2,0

3,0

1,86

1,18

1,90

2,175

1,250

1,266

2,85

2,38

2,50

ʊʉʄ

RaK

2

1

3

 
ʈʠʩ. 2 ï ɿʤʽʥʘ ʢʨʠʪʝʨʽʶ 

ʊʉʄ

RaK  ʟʘʣʝʞʥʦ ʚʽʜ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ t: ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ ɸʉ4 50/40 100%; 1, 2 ʽ 3 ʟʘʛʦʪʦʚʢʠ ʟʽ 
ʩʧʣʘʚʽʚ ɺʊ22, ɺʂ6 ʪʘ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ ʚʽʜʧʦʚʽʜʥʦ. 

ʗʢ ʦʯʝʚʠʜʥʦ ʟ ʛʨʘʬʽʢʽʚ (ʨʠʩ. 2) ʟʙʽʣʴʰʝʥʥʷ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʢʨʠʪʝʨʽʶ ʊʉʄ

RaK  (ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʟʽ ʩʧʣʘʚʽʚ ɺʊ22 ʽ ɺʂ6), ʪʦʙʪʦ ʚʧʣʠʚ ʊɿʄ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ Ra ʟʥʠʞʫʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ 

ʚ 2 ʨʘʟʠ. ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟʘʛʦʪʦʚʦʢ ʽʟ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ çʟʥʘʯʠʤʽʩʪʴè ʊɿʄ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ 

0,005 ʜʦ 0,015 ʤʤ/ʜʚ. ʭʽʜ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʧʣʘʚʽʚ ɺʊ22 ʪʘ ɺʂ6). ʆʯʝʚʠʜʥʦ ʮʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ 

ʨʽʟʥʠʤʠ ʫʤʦʚʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ, ʟʫʤʦʚʣʝʥʽ ʨʽʟʥʠʮʝʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

0,005 0,010 0,015

t, ʤʤ/ʜʚ.ʭʦʜ

2,0

3,0

2,075 2,0

2,47

1,788

2,72

2,248

RaK

2

1

 
ʈʠʩ. 3 ï ɿʤʽʥʘ ʟʘʛʘʣʴʥʦʛʦ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ RaK  ʜʣʷ ʛʨʫʧʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʟʘʛʦʪʽʚʣʽ ʟʽ ʩʧʣʘʚʽʚ ɺʊ22, 

ɺʂ6 ʽ ʩʪʘʣʽ 10ʍ11ʅ23ʊ3ʄʈ) ʚʽʜ ʛʣʠʙʠʥʠ ʨʽʟʘʥʥʷ: 1 ï çʟʥʘʯʠʤʽʩʪʴè ʊʉʄ (
ʊʉʄ

RaK ), 2 ï çʟʥʘʯʠʤʽʩʪʴè ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ (
ʟ

RaK ). 

 

ʌʘʢʪ ʪʦʛʦ, ʱʦ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟ ʤʘʣʠʤʠ ʛʣʠʙʠʥʘʤʠ ʨʽʟʘʥʥʷ çʟʥʘʯʠʤʽʩʪʴè ʊɿʄ ʧʝʨʝʚʠʱʫʻ çʟʥʘʯʠʤʽʩʪʴè 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʫʛʘ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʛʨʘʬʽʢʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3, ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʛʨʫʧʠ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 
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2,018

1,310

2,397

RaKS

1

3

2

 

ʈʠʩ. 4 ï ʈʘʥʞʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ ʥʘ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ Ra ʧʨʠ ʘʣʤʘʟʥʦʤʫ ʰʣʽʬʫʚʘʥʥʽ: ʤʘʪʝʨʽʘʣ ï ʩʧʣʘʚʠ ɺʂ6, ɺʊ22 ʪʘ 

ʩʪʘʣʴ 10ʍ11ʅ23ʊ3ʄʈ; ʰʣʽʬʫʚʘʣʴʥʽ ʢʨʫʛʠ ʟʝʨʥʠʩʪʦʩʪʽ ɸʉ4 50/40 100%; ɸʉ4 100/80 100%; ɸʉ4 160/125 100%; ʛʣʠʙʠʥʘ 

ʨʽʟʘʥʥʷ t = 0,005 ï 0,015 ʤʤ/ʜʚ. ʭʽʜ; 1, 2 ʪʘ 3 ï ʟʝʨʥʠʩʪʽʩʪʴ ʢʦʣʘ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʇʄʄ ʪʘ ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ.  

 ʆʙʨʦʙʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʠʣʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʧʨʦʚʝʩʪʠ ʨʘʥʞʫʚʘʥʥʷ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 

ʥʘ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Ra ʟʘ ʫʟʘʛʘʣʴʥʝʥʠʤ ʢʨʠʪʝʨʽʻʤ (ʨʠʩ. 4). ʅʘʡʙʽʣʴʰʝ ʥʘ ʧʘʨʘʤʝʪʨ Ra ʚʧʣʠʚʘʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ (ʟʦʢʨʝʤʘ ʟʝʨʥʠʩʪʽʩʪʴ), ʘ ʜʘʣʽ ʊɿʄ. ʋ ʤʝʥʰʽʡ ʤʽʨʽ ʧʘʨʘʤʝʪʨ Ra ʚʧʣʠʚʘʻ 

ʛʣʠʙʠʥʘ ʨʽʟʘʥʥʷ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

 

1. ʇʨʠʤʝʥʝʥʠʝ ʪʚʸʨʜʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʤʘʟʦʢ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚʳʨʫʙʥʳʭ ʰʪʘʤʧʦʚ / ʃʘʨʰʠʥ ɺ.ʇ., ɻʨʝʯʠʭʘ ɸ.ɸ., ʗʢʠʤʦʚ ɸ.ɺ. // 
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ʄʆɼɽʃʖɺɸʅʅʗ ɺʇʃʀɺʋ ʄɸɻʅɯʊʅʆ-ʈɽɿʆʅɸʅʉʅʆɰ ʆɹʈʆɹʂʀ ʄɸʊɽʈɯɸʃɯɺ ʊɸ ɰɰ 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ʇɯɼʊɺɽʈɼɾɽʅʅʗ 

ʎʷ ʩʪʘʪʪʷ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʘʥʘʣʽʟʽ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʤʘʪʝʨʽʘʣʠ ʪʘ ʥʘ ʧʨʘʢʪʠʯʥʦʤʫ ʧʽʜʪʚʝʨʜʞʝʥʥʽ ʨʝʟʫʣʴʪʘʪʽʚ 
ʤʦʜʝʣʶʚʘʥʥʷ. ʈʦʟʛʣʷʜʘʶʯʠ ʢʦʤʧʣʝʢʩʥʠʡ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʪʘ ʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʘʮʽʡ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʽʚ, ʩʪʘʪʪʷ ʚʥʦʩʠʪʴ ʚʢʣʘʜ 

ʫ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʟʤʽʮʥʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ɸʚʪʦʨʠ ʨʦʟʨʦʙʠʣʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʜʠʥʘʤʽʢʫ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ ʧʦʣʷʤʠ ʪʘ ʤʝʭʘʥʽʯʥʠʤʠ ʚʽʙʨʘʮʽʷʤʠ, ʽ ʚʠʢʦʥʘʣʠ ʩʝʨʽʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʮʠʭ ʤʦʜʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʠ 
ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʽʥʰʠʭ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʦʙʣʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʽʜʪʚʝʨʜʞʫʶʯʠ ʧʦʪʝʥʮʽʘʣ 

ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʘʢʮʝʥʪʫʻ ʥʘ ʟʥʘʯʝʥʥʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʽʚ, ʚʽʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦ ʫʪʠʣʽʟʘʮʽʾ, ʩʧʨʠʷʶʯʠ ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʽʥʜʫʩʪʨʽʾ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʦʙʨʦʙʢʘ, ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʽʚ. 
 

KOVALEVSKYY  S.V., KOVALEVSKA  O.S., SYDIUK  D.M. 

MODELING THE IMPACT OF MAGNETIC RESONANCE PROCESSING O F MATERIALS AND ITS EXPERIMENTAL 

CONFIRMATION  

 

This article focuses on analyzing the impact of magnetic resonance processing on materials and the practical verification of modeling results. By 
examining the complex effects of magnetic fields and resonant vibrations on the microstructure of materials, the article contributes to understanding the 

mechanisms of strengthening and enhancing material properties. The authors have developed mathematical models that describe the dynamics of 

interaction between magnetic fields and mechanical vibrations and have conducted a series of experiments to verify these models. The results 
demonstrate an increase in hardness, wear resistance, and other key characteristics of the processed materials, confirming the potential of magnetic 

resonance processing in mechanical engineering. The study also highlights the significance of this technology for optimizing the life cycle of products, 

from design to disposal, contributing to the sustainable development of the industry. 
Keywords: magnetic resonance processing, mathematical modeling, experimental confirmation, material microstructure, technological 

innovations in mechanical engineering, product life cycle. 

 

1.ɺʩʪʫʧ. ʋ ʢʦʥʪʝʢʩʪʽ ʰʚʠʜʢʠʭ ʟʤʽʥ ʨʠʥʢʦʚʠʭ ʫʤʦʚ ʪʘ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʛʥʫʯʢʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʚʠʨʦʙʫ, ʥʘʙʫʚʘʶʪʴ 

ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚ ʩʫʯʘʩʥʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ [1]. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʜʝʪʘʣʝʡ, ʾʭʥʽʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ 

ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʨʦʙʽʚ ʥʘ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʠʥʢʘʭ [2,3]. 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʢʨʠʪʠʯʥʽ ʝʪʘʧʠ, ʪʘʢʽ ʷʢ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘ ʫʪʠʣʽʟʘʮʽʷ. ʂʦʞʝʥ ʟ ʮʠʭ ʝʪʘʧʽʚ ʚʠʤʘʛʘʻ ʽʥʪʝʛʨʘʮʽʾ ʩʢʣʘʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɺʘʞʣʠʚʽʩʪʴ ʨʝʢʦʥʬʽʛʫʨʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʣʷʛʘʻ ʫ ʾʭ ʟʜʘʪʥʦʩʪʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʚʝʩʴ ʞʠʪʪʻʚʠʡ 

ʮʠʢʣ ʚʠʨʦʙʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʥʝ ʪʽʣʴʢʠ ʚʠʨʦʙʥʠʮʪʚʦ, ʘʣʝ ʡ ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ 

[4]. ʊʦʤʫ, ʟʥʘʯʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʥʠʯʠʭ ʜʝʪʘʣʝʡ  ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʫ. ɿʘʚʜʷʢʠ ʮʽʡ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʣʠʚʝ ʟʥʠʞʝʥʥʷ ʯʘʩʫ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʱʦ ʩʧʨʠʷʻ 

ʩʪʘʣʦʤʫ ʨʦʟʚʠʪʢʫ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽʥʥʦʚʘʮʽʡ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʫʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʣʽʥʽʾ ʜʦ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ. ʎʝ ʚʢʣʶʯʘʻ ʽʥʪʝʛʨʘʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʤʝʥʰʫʻ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ ʽ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʮʠʬʨʦʚʠʭ ʜʚʽʡʥʠʢʽʚ ʜʦʟʚʦʣʷʻ ʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʶ ʧʨʦʮʝʩʽʚ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʥʠʞʫʶʯʠ ʨʠʟʠʢʠ ʪʘ ʚʠʪʨʘʪʠ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʈʝʘʣʽʟʘʮʽʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʚʠʨʦʙʫ ʜʦʧʦʤʘʛʘʶʪʴ ʟʥʠʞʫʚʘʪʠ ʚʧʣʠʚ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʜʦʚʢʽʣʣʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʘʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʪʘʢʠʭ ʷʢ 

ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʦʙʨʦʙʢʘ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʪʽʣʴʢʠ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘʣʝ ʡ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ [5]. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ  ʚ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʷʢ  ʧʝʨʩʧʝʢʪʠʚʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ʚʠʨʦʙʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.  

2.ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʽʥʪʝʛʨʫʶʪʴ ʤʘʛʥʽʪʥʽ, 

ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ, ʱʦ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ 

ʪʘʢʦʞ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʨʘʢʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 

ϭ ˿ΦˤΦ ˴ ͍͔͍ͦ͊ͫ͡Έ͙͚͟Σ ˻Φ˿Φ ˴ ͍͔͍ͦ͊ͫ͡Έ͊͟Σ ˨Φ˸Φ ˿ ͙͒Ό͟ нлнп 
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3. ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ.  ɺʧʣʠʚ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʝʦʜʠʤʦʚʦʛʦ 

ʤʘʛʥʽʪʫ ʥʘ ʟʨʘʟʦʢ, ʷʢʠʡ ʚʽʙʨʫʻ ʟ ʨʝʟʦʥʘʥʩʥʦʶ ʯʘʩʪʦʪʦʶ ʧʽʜ ʜʽʻʶ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʥʘʥʦʘʤʧʣʽʪʫʜʥʦʾ ʚʽʙʨʘʮʽʾ, ʻ 

ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ ʽ ʤʫʣʴʪʠʤʦʜʘʣʴʥʠʤ ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚʟʘʻʤʦʜʽʶ ʤʘʛʥʽʪʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ. ʇʨʦʧʦʥʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ: 

1. ʄʘʛʥʽʪʥʝ ʧʦʣʝ ʽ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʤʘʪʝʨʽʘʣʠ. 

ʅʝʦʜʠʤʦʚʽ ʤʘʛʥʽʪʠ ʚʠʨʦʙʣʷʶʪʴ ʜʫʞʝ ʩʠʣʴʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʘʪʦʤʥʽ 

ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ, ʚʤʽʱʝʥʠʭ ʫ ʮʝ ʧʦʣʝ. ʎʝʡ ʚʧʣʠʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʘ. ɺ 

ʤʘʪʝʨʽʘʣʘʭ, ʷʢʽ ʻ ʬʝʨʦʤʘʛʥʽʪʥʠʤʠ ʘʙʦ ʧʘʨʘʤʘʛʥʽʪʥʠʤʠ, ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʤʦʞʝ ʽʥʜʫʢʫʚʘʪʠ ʤʘʛʥʽʪʥʽ ʜʦʤʝʥʠ ʘʙʦ 

ʚʠʨʽʚʥʶʚʘʪʠ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ ʘʪʦʤʽʚ, ʟʤʽʥʶʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ ʾʭʥʽ ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ [6,7]. 

2. ʈʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʚʽʙʨʘʮʽʾ. 

ʂʦʣʠ ʟʨʘʟʦʢ ʧʽʜʜʘʻʪʴʩʷ ʚʽʙʨʘʮʽʾ ʥʘ ʨʝʟʦʥʘʥʩʥʽʡ ʯʘʩʪʦʪʽ, ʡʦʛʦ ʘʪʦʤʠ ʘʙʦ ʤʦʣʝʢʫʣʠ ʢʦʣʠʚʘʶʪʴʩʷ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʶ ʘʤʧʣʽʪʫʜʦʶ ʧʨʠ ʜʘʥʽʡ ʟʦʚʥʽʰʥʽʡ ʯʘʩʪʦʪʽ ʟʙʫʜʞʝʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʡʦʛʦ ʤʝʭʘʥʽʯʥʽ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [8]. 

3. ʐʠʨʦʢʦʩʤʫʛʦʚʘ ʥʘʥʦʘʤʧʣʽʪʫʜʥʘ ʚʽʙʨʘʮʽʷ. 

ɺʚʝʜʝʥʥʷ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʥʘʥʦʘʤʧʣʽʪʫʜʥʠʭ ʚʽʙʨʘʮʽʡ ʜʦʜʘʻ ʱʝ ʦʜʠʥ ʨʽʚʝʥʴ ʩʢʣʘʜʥʦʩʪʽ. ʊʘʢʽ ʚʽʙʨʘʮʽʾ, ʱʦ 

ʜʽʶʪʴ ʟ ʤʘʣʦʶ ʘʤʧʣʽʪʫʜʦʶ, ʘʣʝ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʽ 

ʧʦʩʪʽʡʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ. ʎʝ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʜʝʬʝʢʪʠ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ, ʟʤʽʮʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʥʘʚʽʪʴ ʥʘ ʡʦʛʦ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʯʝʨʝʟ ʧʦʩʠʣʝʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ [9]. 

4. ʊʝʨʤʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ. 

ʇʽʜ ʯʘʩ ʨʝʟʦʥʘʥʩʥʦʾ ʚʽʙʨʘʮʽʾ ʚ ʤʘʪʝʨʽʘʣʽ ʤʦʞʫʪʴ ʛʝʥʝʨʫʚʘʪʠʩʷ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ ʪʘ ʽʥʰʽ 

ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ [10]. ʋ ʧʦʻʜʥʘʥʥʽ ʟ ʩʠʣʴʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʤʽʥʠ 

ʪʝʨʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ, ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʘʙʦ ʥʘʚʽʪʴ ʜʦ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʉʧʽʣʴʥʠʡ ʚʧʣʠʚ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʘʮʽʡ ʪʘ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʢʦʣʠʚʘʥʴ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʩʢʣʘʜʥʠʭ, ʘʣʝ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʟʤʽʥ ʫ ʤʘʪʝʨʽʘʣʽ. ʎʝ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʟʤʽʮʥʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʤʽʥʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʘ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ɿʘʛʘʣʦʤ, ʚʧʣʠʚ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʾ ʥʘʥʦʘʤʧʣʽʪʫʜʥʦʾ ʚʽʙʨʘʮʽʾ ʥʘ ʟʨʘʟʦʢ ʻ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʪʘ ʘʪʦʤʥʦʤʫ ʨʽʚʥʷʭ, 

ʚʽʜʢʨʠʚʘʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʽʥʞʝʥʝʨʽʾ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʚʠʨʦʙʽʚ [11]. 

ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʪʘʢʦʛʦ ʚʧʣʠʚʫ ʟ ʦʢʨʝʤʠʭ ʨʽʚʥʷʥʴ ʚʧʣʠʚʫ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʬʘʢʪʦʨʽʚ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ, ʘʣʝ ʦʩʴ ʧʨʠʢʣʘʜ ʤʦʜʝʣʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʭʽʜʥʠʤ ʧʫʥʢʪʦʤ [12]. 

ʄʦʜʝʣʴ ʨʦʟʛʣʷʜʘʻ ʟʨʘʟʦʢ ʷʢ ʩʠʩʪʝʤʫ ʟ    ʘʪʦʤʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ  .  ɿʨʘʟʦʢ ʧʽʜʜʘʻʪʴʩʷ 

ʚʽʙʨʘʮʽʾ ʟ ʘʤʧʣʽʪʫʜʦʶ   ̔  ʯʘʩʪʦʪʦʶ  .  ʇʦʩʪʽʡʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ  ʚʧʣʠʚʘʻ ʥʘ ʢʦʞʝʥ ʘʪʦʤ ʟ ʩʠʣʦʶ: 

  

,                                                                               (1) 

ʜʝ  ʦʟʥʘʯʘʻ ʚʝʢʪʦʨʥʠʡ ʜʦʙʫʪʦʢ. 

ɺʧʣʠʚ ʚʽʙʨʘʮʽʾ ʥʘ ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ ʢʦʞʥʦʛʦ ʘʪʦʤʫ ʦʧʠʩʫʻʪʴʩʷ ʯʝʨʝʟ ʟʤʽʥʫ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʚ ʯʘʩʽ, ʱʦ 

ʟʘʜʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 

,                                                           (2) 

ʜʝ t ð ʯʘʩ. ʎʝ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʤʘʛʥʽʪʥʦʛʦ ʤʦʤʝʥʪʫ ʘʪʦʤʘ () ʧʨʦʧʦʨʮʽʡʥʘ ʘʤʧʣʽʪʫʜʽ 

ʚʽʙʨʘʮʽʾ A, ʯʘʩʪʦʪʽ    f     ʽ ʢʦʩʠʥʫʩʫ ʚʽʜ ʬʘʟʠ ʚʽʙʨʘʮʽʾ. 

ʈʫʭ ʢʦʞʥʦʛʦ ʘʪʦʤʘ ʟ ʯʘʩʦʤ , ʚʽʜʢʠʜʘʶʯʠ ʚʧʣʠʚ ʽʥʰʠʭ ʘʪʦʤʽʚ ʽ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ: 

.                                                        (3) 

 

ʜʝ ð ʧʦʯʘʪʢʦʚʘ ʧʦʟʠʮʽʷ ʘʪʦʤʘ, ʘ ʽʥʪʝʛʨʘʣ ʚʽʜ ʰʚʠʜʢʦʩʪʽ  ʧʦ ʯʘʩʫ  ʜʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʘʪʦʤʘ. 

ʄʦʜʝʣʴ  ʚ ʦʩʥʦʚʥʦʤʫ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʽ ʚʽʙʨʘʮʽʷʤʠ ʟʨʘʟʢʘ, ʷʢʘ ʧʦʪʝʥʮʽʡʥʦ 

ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. ʎʝʡ ʚʧʣʠʚ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʨʽʟʥʠʤ ʜʣʷ ʩʪʘʣʝʡ, 

ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ ʪʘ ʥʝʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʯʝʨʝʟ ʾʭ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʛʥʽʪʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʜʝʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʷʢ ʮʷ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʤʦʞʫʪʴ ʦʧʠʩʘʪʠ ʚʧʣʠʚ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽ ʚʽʙʨʘʮʽʡ ʥʘ ʨʽʟʥʽ ʪʠʧʠ 

ʤʘʪʝʨʽʘʣʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [2,3,:  

ʉʪʘʣʽ (ʬʝʨʦʤʘʛʥʽʪʥʽ ʤʘʪʝʨʽʘʣʠ). 

ɼʣʷ ʩʪʘʣʽ, ʷʢ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʤʽʥʘ ʜʦʤʝʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʦʛʦ ʝʬʝʢʪʫ. ʄʘʛʥʽʪʦʩʪʨʠʢʮʽʷ ʻ ʷʚʠʱʝʤ ʟʤʽʥʠ ʬʦʨʤʠ ʘʙʦ 

ʨʦʟʤʽʨʽʚ ʬʝʨʦʤʘʛʥʽʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʥʘʩʣʽʜʦʢ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ: 

                                                                            (4) 
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ʜʝ:ð ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʤʘʪʝʨʽʘʣʫ,  ð ʢʦʝʬʽʮʽʻʥʪ ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʾ,  ð ʧʝʨʚʠʥʥʘ ʜʦʚʞʠʥʘ ʤʘʪʝʨʽʘʣʫ,  ð 

ʤʘʛʥʽʪʥʝ ʧʦʣʝ. 

ʂʦʣʴʦʨʦʚʽ ʤʝʪʘʣʠ (ʥʘʧʨʠʢʣʘʜ, ʤʽʜʴ, ʘʣʶʤʽʥʽʡ). 

ɼʣʷ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ ʻ ʩʣʘʙʦʤʘʛʥʽʪʥʠʤʠ ʘʙʦ ʥʝʤʘʛʥʽʪʥʠʤʠ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʝʬʝʢʪʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʽʥʜʫʢʮʽʻʶ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ ʫ ʤʝʪʘʣʽ, ʷʢʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʯʝʨʝʟ ʟʤʽʥʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʘʙʦ ʯʝʨʝʟ ʨʫʭ ʤʘʪʝʨʽʘʣʫ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ: 

 ,                                                                         (5) 

ʜʝ:  ð ɽʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ (ɽʈʉ),  ð ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ (ʜʣʷ ʢʦʪʫʰʦʢ),  ð ʤʘʛʥʽʪʥʠʡ ʧʦʪʽʢ. 

ʎʝ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʥʘʛʨʽʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʚʽʜʦʤʝ ʷʢ "ʝʬʝʢʪ ɼʞʦʫʣʷ". 

ʅʝʤʝʪʘʣʽʯʥʽ ʤʘʪʝʨʽʘʣʠ (ʥʘʧʨʠʢʣʘʜ, ʢʝʨʘʤʽʢʘ, ʧʦʣʽʤʝʨʠ). 

ʋ ʚʠʧʘʜʢʫ ʥʝʤʝʪʘʣʽʚ, ʜʝ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʘʟʚʠʯʘʡ ʽʛʥʦʨʫʶʪʴʩʷ, ʚʘʞʣʠʚʠʤʠ ʻ ʤʝʭʘʥʽʯʥʽ ʚʽʙʨʘʮʽʾ. ɺʦʥʠ 

ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ: 

  ,                                                                             (6) 

ʜʝ:  ð ʥʘʧʨʫʞʝʥʥʷ,  ð ʤʦʜʫʣʴ ʖʥʛʘ (ʤʦʜʫʣʴ ʝʣʘʩʪʠʯʥʦʩʪʽ), ⱦ ð ʜʝʬʦʨʤʘʮʽʷ. 

ʎʽ ʚʽʙʨʘʮʽʾ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪʘʭ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʤʝʭʘʥʽʯʥʠʭ ʚʽʙʨʘʮʽʡ ʥʘ ʤʘʪʝʨʽʘʣʠ ʚ ʢʦʥʪʝʢʩʪʽ ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʟʤʝʥʰʝʥʥʷ ʚʪʦʤʠ ʪʘ 

ʚʧʣʠʚʫ ʥʘ ʪʝʢʫʯʽʩʪʴ ʽ ʜʝʬʦʨʤʘʮʽʶ, ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘʩʪʫʧʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ: 

ɿʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ʄʦʜʝʣʴ, ʱʦ ʦʧʠʩʫʻ ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʫ ʩʪʨʫʢʪʫʨʽ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ ʩʪʨʝʩʽʚ ʪʘ ʾʭ ʨʝʣʘʢʩʘʮʽʾ. ɺʧʣʠʚ ʚʽʙʨʘʮʽʡ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʨʽʦʜʠʯʥʝ ʧʨʠʢʣʘʜʘʥʥʷ ʪʘ 

ʟʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʝʜʝ ʜʦ ʧʦʩʪʫʧʦʚʦʾ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ʥʘʚʢʦʣʦ ʜʝʬʝʢʪʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʮʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ: 

 ,                                                              (7) 

ʜʝ  ð ʤʠʪʪʻʚʝ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʽ,  ð ʧʦʯʘʪʢʦʚʝ ʥʘʧʨʫʞʝʥʥʷ,  ð ʢʦʝʬʽʮʽʻʥʪ ʨʝʣʘʢʩʘʮʽʾ,  ð 

ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ ʚʽʙʨʘʮʽʡ. 

ɿʤʝʥʰʝʥʥʷ ʚʪʦʤʠ ʤʘʪʝʨʽʘʣʫ. 

ɿʤʝʥʰʝʥʥʷ ʚʪʦʤʠ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʠʬʽʢʦʚʘʥʫ ʤʦʜʝʣʴ ʇʘʣʤʛʨʝʥʘ-ʄʘʡʥʝʨʘ ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ. ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚʽʙʨʘʮʽʾ ʟʤʝʥʰʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ, ʤʦʜʝʣʴ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 ,                                                                 (8) 

ʜʝ ð ʩʪʫʧʽʥʴ ʚʪʦʤʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ,  ð ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ, ð ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʜʘʥʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʧʨʫʞʝʥʥʽ . 

ɺʧʣʠʚ ʥʘ ʪʝʢʫʯʽʩʪʴ ʽ ʜʝʬʦʨʤʘʮʽʶ. 

ɼʣʷ ʥʝʤʝʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ-ʦʪ ʧʦʣʽʤʝʨʽʚ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʟʘʣʝʞʥʽʩʪʴ 

ʚ'ʷʟʢʦ-ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʡ. ʈʝʣʘʢʩʘʮʽʷ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʣʽʤʝʨʘʭ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʯʝʨʝʟ 

ʢʦʤʧʣʝʢʩʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ: 

 ,                                                                   (9) 

ʜʝ  ð ʢʦʤʧʣʝʢʩʥʠʡ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʚʽʙʨʘʮʽʡ,  ð ʜʝʬʦʨʤʘʮʽʷ.  

ʂʦʤʧʣʝʢʩʥʠʡ ʤʦʜʫʣʴ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʷʢ ʟʩʫʚʥʫ, ʪʘʢ ʽ ʚ'ʷʟʢʫ ʩʢʣʘʜʦʚʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʤʦʜʝʣʶʚʘʪʠ ʯʘʩʦʚʽ ʟʤʽʥʠ 

ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʠʭ ʚʽʙʨʘʮʽʡ. 

ʎʽ ʤʦʜʝʣʽ ʜʘʶʪʴ ʙʘʟʦʚʝ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʷʢ ʚʽʙʨʘʮʽʾ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʟʤʽʮʥʝʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʚʪʦʤʠ ʪʘ ʟʤʽʥʫ ʚ'ʷʟʢʦ-ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ʄʦʜʝʣʴ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʝʬʝʢʪʠ ʚʥʘʩʣʽʜʦʢ ʚʽʙʨʘʮʽʡ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʚʢʣʶʯʘʻ ʜʝʢʽʣʴʢʘ 

ʢʨʦʢʽʚ: ʚʽʜ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ ʚ ʤʘʪʝʨʽʘʣʽ ʜʦ ʚʧʣʠʚʫ ʮʴʦʛʦ ʪʝʧʣʘ ʥʘ ʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʽ ʥʘʧʨʫʞʝʥʥʷ. ʄʦʜʝʣʴ 

ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʤʝʭʘʥʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʪʨʫʢʪʫʨʘʤʠ ʤʘʪʝʨʽʘʣʫ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚʚʝʜʝʥʥʷ ʚʽʙʨʘʮʽʡʥʦʾ ʝʥʝʨʛʽʾ. 

,                                                               (10) 

ʜʝ:  ð ʰʚʠʜʢʽʩʪʴ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʘ,  ð ʘʤʧʣʽʪʫʜʘ ʚʽʙʨʘʮʽʡ, ð ʯʘʩʪʦʪʘ ʚʽʙʨʘʮʽʡ,  ð ʱʽʣʴʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ,  ð ʪʝʧʣʦʻʤʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ, ð ʦʙ'ʻʤ ʤʘʪʝʨʽʘʣʫ. 

ʎʷ ʬʫʥʢʮʽʷ ʤʘʻ ʚʨʘʭʦʚʫʚʘʪʠ, ʷʢ ʚʽʙʨʘʮʽʾ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ, ʱʦ 

ʧʦʛʣʠʥʘʻʪʴʩʷ ʤʘʪʝʨʽʘʣʦʤ. 

ʈʽʚʥʷʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. 

,                                                                       (11)            

ʜʝ:  ð ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʤʘʪʝʨʽʘʣʫ,  ð ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ,  ð ʧʦʯʘʪʢʦʚʘ ʜʦʚʞʠʥʘ,  

ð ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ  ʤʦʞʝ ʙʫʪʠ ʟʚ'ʷʟʘʥʘ ʟ ʛʝʥʝʨʘʮʽʻʶ ʪʝʧʣʘ ʯʝʨʝʟ:  

 ,                                                                           (12) 

ʜʝ  ð ʤʘʩʘ ʤʘʪʝʨʽʘʣʫ, ʘ  ð ʯʘʩ ʚʧʣʠʚʫ ʚʽʙʨʘʮʽʡ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. 

  ,                                                                 (13) 

ʜʝ:  ð ʪʝʨʤʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ,  ð ʤʦʜʫʣʴ ʖʥʛʘ (ʝʣʘʩʪʠʯʥʽʩʪʴ) ʤʘʪʝʨʽʘʣʫ. 

ʎʝ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʻ, ʷʢ ʪʝʨʤʽʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʣʠʢʘʻ ʤʝʭʘʥʽʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚʩʝʨʝʜʠʥʽ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʡʦʛʦ ʤʽʮʥʽʩʪʴ ʪʘ ʽʥʰʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʝʬʝʢʪʽʚ ʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ, ʷʢʝ ʛʘʣʴʤʫʻ ʥʘʥʦʘʤʧʣʽʪʫʜʥʽ 

ʚʽʙʨʘʮʽʾ, ʜʦʟʚʦʣʷʻ ʨʦʟʫʤʽʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʪʘʢʦʛʦ ʚʧʣʠʚʫ. ɺʨʘʭʫʚʘʥʥʷ ʮʠʭ ʝʬʝʢʪʽʚ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʦʩʦʙʣʠʚʦ ʚ ʛʘʣʫʟʷʭ, ʜʝ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʚʠʩʦʢʘ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ ʻ ʢʨʠʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʆʩʦʙʣʠʚʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʘʪʦʤʥʠʡ ʽ ʩʫʙʘʪʦʤʥʠʡ ʨʽʚʝʥʴ ʤʘʪʝʨʽʘʣʽʚ 

ʟʨʘʟʢʽʚ, ʯʘʩʪʠʥʢʠ ʷʢʠʭ ʧʽʜʜʘʶʪʴʩʷ ʚʽʙʨʘʮʽʷʤ ʫ ʩʠʣʴʥʦʤʫ ʨʽʚʥʦʤʽʨʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʥʘ ʚʣʘʩʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ 

ʯʘʩʪʦʪʘʭ ʟ ʘʤʧʣʽʪʫʜʘʤʠ ʥʘʥʦʤʝʪʨʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʝʪʦʜʫ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʰʣʷʭʦʤ 

ʚʧʣʠʚʫ ʥʘ ʟʨʘʟʦʢ, ʨʦʟʤʽʱʝʥʠʡ ʚ ʨʽʚʥʦʤʽʨʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʤʘʣʦʧʦʪʫʞʥʠʤ ʘʢʫʩʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ ʟ ʨʽʚʥʦ 

ʽʤʦʚʽʨʥʽʩʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʩʠʛʥʘʣʽʚ ʦʜʥʘʢʦʚʦʾ ʘʤʧʣʽʪʫʜʠ ʚ ʜʽʘʧʘʟʦʥʽ 20-20000 ɻʮ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦʪʦʢʫ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʫʪʚʦʨʝʥʦʛʦ ʧʦʪʫʞʥʠʤʠ ʧʦʩʪʽʡʥʠʤʠ ʤʘʛʥʽʪʘʤʠ, ʚʠʢʦʥʘʥʦ ʜʣʷ ʚʧʣʠʚʫ ʥʘ 

ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʥʝʧʝʨʝʪʦʯʫʚʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ CNMG_120508E-M. ʅʘʜʘʥʘ ʩʭʝʤʘ ʚʧʣʠʚʫ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʪʦʢʫ,  ʽʥʽʮʽʡʦʚʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʟʦʥʘʥʩʥʠʭ ʢʦʣʠʚʘʥʴ ʟʨʘʟʢʘ, ʚʠʢʣʠʢʘʥʠʭ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʚʧʣʠʚʦʤ ʨʽʚʥʽʡ ʘʤʧʣʽʪʫʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ çʙʽʣʦʛʦ ʰʫʤʫè ʽ ʧôʻʟʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʜʣʷ 

ʚʘʨʽʘʥʪʽʚ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʢʣʘʜʘʥʥʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʘʛʥʽʪʦʨʝʟʦʥʘʥʩʥʦʾ 

ʦʙʨʦʙʢʠ ʝʚʪʝʢʪʦʾʜʥʦʾ ʩʪʘʣʽ ʟ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ: C = 0,8%; Si=0,15%; Mn=0,15%; P=0,012%; S=0,017%; Cr=0,10%; 

Al=0,009%; Cu=0,10% (ʨʠʩ.1ʘ ʽ 1b). 

                                 ͋ ύ 

                                      a)                                                                                      b)   

ʈʠʩʫʥʦʢ 1 - ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʨʘʟʢʽʚ (sample) ʜʣʷ ʟʤʽʮʥʝʥʥʷ, ʥʝʦʜʠʤʦʚʠʭ ʤʘʛʥʽʪʽʚ 

(neodymium magnet), ʧ'ʻʟʦʟʙʫʜʽʞʫʚʘʯʘ (piezo emitter) ʽ ʜʝʤʧʬʝʨʘ (damper) ʟ ʚʝʨʭʥʽʤ (a) ʽ ʥʠʞʥʽʤ (b) ʧʦʣʦʞʝʥʥʷʤ 

ʟʨʘʟʢʘ. 

ɼʦʜʘʚʘʥʥʷ ʟʨʘʟʢʘʤ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʨʽʚʥʦʤʽʨʥʦʤʫ ʧʦʩʪʽʡʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʜʦʟʚʦʣʠʚ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʩʷʛʪʠ ʦʙ'ʻʤʥʦʛʦ ʟʤʽʮʥʝʥʥʷ ʟʨʘʟʢʽʚ ʚʽʜ 145 ʅɺ ʜʦ 197  ʅɺ.  ɿʨʘʟʢʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʧʦʤʽʱʝʥʽ ʚ ʤʘʛʥʽʪʥʝ 

ʧʦʣʝ ʧʦʩʪʽʡʥʦʛʦ ʤʘʛʥʽʪʫ, ʧʽʜʜʘʥʽ ʨʝʟʦʥʘʥʩʥʠʤ ʢʦʣʠʚʘʥʥʷʤ, ʚʠʢʣʠʢʘʥʠʤ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʚʧʣʠʚʦʤ ʧʦʩʪʽʡʥʦʾ 

ʘʤʧʣʽʪʫʜʠ - çʙʽʣʠʤ ʰʫʤʦʤè, ʟʤʽʥʶʶʪʴ ʪʚʝʨʜʽʩʪʴ ʽ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʞʝ ʧʽʩʣʷ 20é30 ʭʚʠʣʠʥ 

ʤʘʛʥʽʪʦʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʽ ʧʽʩʣʷ ʮʴʦʛʦ ʩʪʘʙʽʣʽʟʫʶʪʴ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ. ʇʦʨʽʚʥʷʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʤʘʛʥʽʪʦʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʟʨʘʟʢʽʚ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʩʭʝʤʘʤʠ ʟʘʙʝʟʧʝʯʝʥʘ ʰʠʨʦʢʦʩʤʫʛʦʚʠʤ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʠʤ 

ʟʙʫʜʥʠʢʦʤ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 5 ɺʪ. 

ɼʝʷʢʽ ʨʝʟʫʣʴʪʘʪʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.2. 

 

                      
                                          ʘ)                                                                          b) 
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ʈʠʩʫʥʦʢ 2 ï ʩʪʨʫʢʪʫʨʘ ʩʪʘʣʝʚʠʭ ʟʨʘʟʢʽʚ: (ʘ) - ʜʦ ʤʘʛʥʽʪʦʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ, ʅɺ = 145; (b) - ʧʽʩʣʷ 

ʤʘʛʥʽʪʦʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ, ʅɺ = 197. 

 

ʌʦʪʦʛʨʘʬʽʾ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʽ ʧʨʦʪʨʘʚʣʶʚʘʥʥʷʤ 4% ʩʧʠʨʪʦʚʠʤ ʨʦʟʯʠʥʦʤ HNO. ʄʝʞʽ ʟʝʨʝʥ ʧʨʦʷʚʣʷʶʪʴʩʷ 

ʧʽʩʣʷ ʧʨʦʪʨʘʚʣʶʚʘʥʥʷ ʧʦ ʨʦʟʽʨʚʘʥʽʡ ʬʝʨʨʠʪʥʽʡ ʩʽʪʮʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʦʙʩʷʟʽ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʽʚ ʩʽʪʢʠ ʘʨʤʫʶʯʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟ ʧʣʘʩʪʠʥʯʘʩʪʦʛʦ ʧʝʨʣʠʪʫ. ɿʙʽʣʴʰʝʥʥʷ 

ʘʤʧʣʽʪʫʜʠ ʢʦʣʠʚʘʥʴ ʧ'ʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʨʝʟʦʥʘʪʦʨʘ ʽ, ʦʪʞʝ, ʟʨʘʟʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʽ 

ʪʨʠʚʘʣʦʩʪʽ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʡʦʛʦ ʪʚʝʨʜʦʩʪʽ, ʧʨʦʪʝ ʭʘʨʘʢʪʝʨ ʪʘʢʠʭ ʟʤʽʥ ʥʦʩʠʪʴ ʝʢʩʪʨʝʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʤʘʛʥʽʪʦʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ 

ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʝʧʝʨʝʪʘʯʫʚʘʥʠʭ ʧʣʘʩʪʠʥ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʤʝʭʘʥʽʯʥʠʭ ʜʝʪʘʣʝʡ ʽ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʘʢʦʞ, ʟ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʠʪʠ ʧʝʨʝʣʽʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʧʣʠʚʽʚ ʥʘ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʧʦʨʷʜ ʟ ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʽ ʪʝʨʤʦʦʙʨʦʙʢʦʶ. 

 
ɺʠʩʥʦʚʢʠ. 

ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʘ ʦʙʨʦʙʢʘ ʩʧʨʠʷʻ  ʧʽʜʚʠʱʝʥʥʶ  ʷʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʤʘʰʠʥ ʽ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʦʧʪʠʤʽʟʘʮʽʶ ʪʝʨʤʽʥʫ ʩʣʫʞʙʠ ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʾʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʥʘ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʠʥʢʘʭ. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʥʠʟʢʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʽʚʥʷʥʴ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʩʢʣʘʜʥʽ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʤʘʛʥʽʪʥʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʝʬʝʢʪʘʤʠ ʧʽʜ ʯʘʩ ʤʘʛʥʽʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ. ʄʦʜʝʣʴ ʜʝʤʦʥʩʪʨʫʻ, ʷʢ ʧʦʻʜʥʘʥʥʷ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʽ ʨʝʟʦʥʘʥʩʥʠʭ ʚʽʙʨʘʮʽʡ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʜʣʷ ʢʦʥʪʨʦʣʶ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟʘʩʚʽʜʯʠʣʠ 

ʟʜʘʪʥʽʩʪʴ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʟʙʽʣʴʰʫʚʘʪʠ ʪʚʝʨʜʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 35-40%, ʘ ʪʘʢʦʞ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʮʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ 

ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ ʩʧʨʠʷʻ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʽʭ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ, ʚʢʣʶʯʘʶʯʠ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʦ, ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʫʪʠʣʽʟʘʮʽʶ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʟʥʠʞʝʥʥʷ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʪʽ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʩʬʝʨʽ ʤʘʛʥʽʪʥʦ-

ʨʝʟʦʥʘʥʩʥʦʾ ʦʙʨʦʙʢʠ, ʦʩʦʙʣʠʚʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʟʨʦʙʢʦʶ ʤʦʜʫʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʣʘʪʬʦʨʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʰʚʠʜʢʦ ʘʜʘʧʪʫʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʧʨʦʮʝʩʠ ʜʦ ʟʤʽʥʥʠʭ ʫʤʦʚ ʨʠʥʢʫ. 
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ʉʊɸʊʀʏʅʀʁ ɸʅɸʃɯɿ ʐʇʀʅɼɽʃʔʅʀʍ ɺɸʃɯɺ ʅɸ ʅɽʃɯʅɯʁʅʆ ʇʈʋɾʅʀʍ ʆʇʆʈɸʍ 

 ɺɿɸɭʄʆʇʆɺ'ʗɿɸʅʀʍ ɾʆʈʉʊʂʆʉʊɽʁ 
 

ʐʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʩʪʘʥʢʘ ʦʧʨʝʜʝʣʷʝʪ ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ. ɾʝʩʪʢʦʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ 

ʫʟʣʘ ʦʮʝʥʠʚʘʶʪʩʷ ʫʧʨʫʛʠʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʝʛʦ ʥʘʛʨʫʞʝʥʠʷ. ʂʦʨʨʝʢʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʩʪʢʦʩʪʠ 

ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʘʥʘʣʠʟʝ ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʷ. ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʜʣʷ 
ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʧʠʥʜʝʣʴʥʳʭ ʚʘʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʦʨ ʟʘʜʘʝʪʩʷ ʤʘʪʨʠʮʘʤʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʝʩʪʢʦʩʪʝʡ. ɺʚʝʜʝʥʘ 

ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʘʷ ʨʘʜʠʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʰʠʧʥʠʢʘ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʧʨʦʜʦʣʴʥʫʶ 

ʜʝʬʦʨʤʘʮʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʫʩʠʣʠʷʤʠ. ʀʪʝʨʘʮʠʦʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʪʦʡ ʤʘʪʨʠʮʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-
ʈʘʬʩʦʥʘ ʧʦ ʟʥʘʯʝʥʠʷʤ ʫʩʠʣʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʚ ʦʧʦʨʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʘʥʘʣʠʟʘ ʚ ʤʘʪʨʠʯʥʦʡ ʬʦʨʤʝ ʧʦʣʫʯʝʥʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, 

ʥʝʣʠʥʝʡʥʦʩʪʴ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʚʷʟʘʥʥʳʭ ʤʘʪʨʠʮ ʞʝʩʪʢʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʫʩʠʣʠʡ. ɺ ʧʘʢʝʪʝ MatLAB ʩʦʟʜʘʥʘ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʰʧʠʥʜʝʣʴʥʳʭ ʚʘʣʦʚ, ʫ ʢʦʪʦʨʳʭ ʫʧʨʫʛʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʦʨ ʟʘʜʘʝʪʩʷ 
ʤʘʪʨʠʮʘʤʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʝʩʪʢʦʩʪʝʡ. ʈʘʩʩʤʦʪʨʝʥ ʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʥʘ ʦʧʦʨʥʦ ï ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʠʟʛʠʙʘ ʚ ʜʚʫʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʜʠʘʣʴʥʳʭ ʞʝʩʪʢʦʩʪʝʡ ʧʦʜʰʠʧʥʠʢʦʚ 

ʧʦ ʤʦʜʝʣʠ ɼʞʦʥʩʘ-ʍʘʨʨʠʩʘ. 
 ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʝʩʪʢʦʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ, ʤʘʪʨʠʮʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʞʝʩʪʢʦʩʪʝʡ ʧʦʜʰʠʧʥʠʢʘ, ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, 
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STATIC ANALYSIS OF SPINDLE SHAFTS ON NONLINEAR ELASTIC SUPPORTS OF INTERRELATED STIFFNESSES  

 The spindle assembly of a metal cutting machine determines the accuracy and productivity of metalworking. The stiffness of the spindle 

assembly is estimated by the elastic movements of the spindle shaft under the influence of the working load. Correct modeling of bearing stiffness is 
necessary for obtaining reliable results during spindle stiffness analysis. An approach is proposed for the static analysis of spindle shafts, in which the 

elastic behavior of the supports is determined by matrices of interconnected stiffnesses. A stiffness matrix was introduced, which links the radial 

deformations of the bearing in two mutually perpendicular directions as well as the longitudinal deformation with the corresponding forces. Iterative 
formation of the coefficients of this matrix is carried out by the Newton-Raphson method based on the values of forces and deformations in the 

supports. To solve the problem of analysis in matrix form, a system of equations was obtained, the non-linearity of which is formed by the dependence 

of the stiffness matrices of the bearings on the forces. A universal computer program for the static analysis of spindle shafts, in which the elastic 
behavior of the supports is specified by matrices of interconnected stiffnesses, has been created using the MatLAB software. The static analysis of a 

spindle shaft on radial/thrust bearings was considered. A comparison was made with the results for separate bending in two perpendicular planes when 

calculating the radial stiffness of the bearings according to the Jones-Harris model. 
Key words: stiffness of the spindle shaft, matrix of interconnected stiffnesses of the bearing, nonlinear system of equations, 

 

ɺʩʪʫʧ. ʐʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʚʫʟʣʦʤ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʦʩʢʽʣʴʢʠ ʚʽʥ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻ ʪʦʯʥʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʪʘʣʦʦʙʨʦʙʢʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʤʘʻ ʙʫʪʠ ʦʧʪʠʤʘʣʴʥʦʶ. ɼʦ ʩʢʣʘʜʫ ʚʫʟʣʘ ʚʭʦʜʷʪʴ 

ʚʣʘʩʥʝ ʰʧʠʥʜʝʣʴ, ʦʧʦʨʠ ʟ ʧʨʠʩʪʨʦʷʤʠ ʜʣʷ ʾʭ ʨʝʛʫʣʶʚʘʥʥʷ, ʩʠʩʪʝʤʘ ʟʤʘʱʝʥʥʷ, ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʽʾ 

ʦʧʦʨ, ʜʝʪʘʣʽ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʰʧʠʥʜʝʣʴ ʪʘ ʽʥʰʽ ʧʨʠʩʪʨʦʾ. ʐʧʠʥʜʝʣʴ ʥʝʩʝ ʟʘʛʦʪʦʚʢʫ ʯʠ ʽʥʩʪʨʫʤʝʥʪ, 

ʪʦʤʫ ʥʘ ʥʴʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʙʘʟʫʶʯʠ ʧʦʚʝʨʭʥʽ, ʥʘ ʷʢʠʭ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ 

(ʧʘʪʨʦʥ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ ʦʧʨʘʚʢʘ ʪʦʱʦ.). 

ʂʦʥʩʪʨʫʢʮʽʾ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʭʝʤ, ʘ ʩʘʤʝ: ʚʠʜʫ 

ʟʘʩʪʦʩʦʚʘʥʠʭ ʦʧʦʨ, ʩʧʦʩʦʙʫ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, ʘ ʪʘʢʦʞ ʪʠʧʦʨʦʟʤʽʨʫ ʚʝʨʩʪʘʪʘ ʪʘ ʚʠʜʽʚ ʚʠʢʦʥʫʚʘʥʠʭ 

ʨʦʙʽʪ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʥʝ ʪʽʣʴʢʠ ʧʨʘʚʠʣʴʥʦ ʚʠʙʨʘʪʠ ʨʦʟʤʽʨʠ ʚʫʟʣʘ, ʪʠʧ ʦʧʦʨ, ʘʣʝ ʽ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ, ʷʢ ʧʦʪʫʞʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ ʪʘ ʽʥ. 

ɼʦ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ ʪʦʯʥʦʩʪʽ, ʞʦʨʩʪʢʦʩʪʽ, 

ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ, ʰʚʠʜʢʦʭʽʜʥʦʩʪʽ ʪʘ ʽʥ. ɾʦʨʩʪʢʽʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʚʝʨʩʪʘʪʘ ʩʪʘʥʦʚʠʪʴ 50% ʽ ʙʽʣʴʰʝ ʫ ʙʘʣʘʥʩʽ 

ʞʦʨʩʪʢʦʩʪʽ ʚʝʨʩʪʘʪʘ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ ʧʨʦʛʠʥ ʰʧʠʥʜʝʣʷ ʚʽʜ ʩʠʣ ʨʽʟʘʥʥʷ ʪʘ ʩʠʣ ʧʨʠʚʦʜʫ ʥʝ 

ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʨʝʪʠʥʠ ʜʦʧʫʩʢʫ ʥʘ ʦʙʨʦʙʢʫ. ʈʘʜʽʘʣʴʥʘ ʪʘ ʦʩʴʦʚʘ ʞʦʨʩʪʢʽʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ 

ʦʮʽʥʶʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʢʽʥʮʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʧʽʜ ʜʽʻʶ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʨʝʢʪʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʫʤʦʚʦʶ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʟʤʝʥʰʠʪʴ ʦʙʩʷʛ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʨʫʞʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʟʘʛʦʪʦʚʢʠ ʚ ʟʦʥʽ 

ʦʙʨʦʙʢʠ ʦʙʤʝʞʝʥʽ, ʪʦ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʨʽʟʥʽ ʧʨʫʞʥʦ-ʜʝʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʙʝʟʧʝʨʝʨʚʥʦ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

 

 ʉʪʘʥ ʧʠʪʘʥʥʷ ʪʘ ʥʝʚʠʨʽʰʝʥʘ ʯʘʩʪʠʥʘ ʧʨʦʙʣʝʤʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʨʦʟʨʦʙʣʝʥʽ ʩʠʩʪʝʤʠ ʧʽʜʰʠʧʥʠʢʽʚ ʜʣʷ ʰʧʠʥʜʝʣʽʚ, ʷʢʠʤʠ ʦʩʥʘʱʝʥʘ ʙʽʣʴʰʽʩʪʴ ʚʝʨʩʪʘʪʽʚ, ʻ ʢʦʤʙʽʥʦʚʘʥʠʤʠ 

ʩʝʢʮʽʡʥʠʤʠ ʨʘʜʽʘʣʴʥʦ-ʫʧʦʨʥʠʤʠ ʽ ʢʦʥʽʯʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ. ʈʘʜʽʘʣʴʥʦ-ʫʧʦʨʥʽ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʠ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʚʝʨʩʪʘʪʘʭ ʯʝʨʝʟ ʾʭ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʦʨʩʪʢʦʩʪʽ, ʥʠʟʴʢʽ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʜʦʚʛʠʡ ʪʝʨʤʽʥ 

ʩʣʫʞʙʠ ʽ ʛʘʨʥʽ ʧʦʢʘʟʥʠʢʠ ʚʘʨʪʦʩʪʽ ʪʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ. 

ʑʦʙ ʩʪʚʦʨʠʪʠ ʧʨʘʮʝʟʜʘʪʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʰʧʠʥʜʝʣʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʡ ʩʪʘʪʠʯʥʠʡ ʽ 

ʜʠʥʘʤʽʯʥʠʡ ʘʥʘʣʽʟ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʪʝʦʨʝʪʠʯʥʫ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʰʧʠʥʜʝʣʷ ʽ ʚʝʨʩʪʘʪʘ. ɼʣʷ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʪʨʫʢʪʦʨʘ ʚʘʞʣʠʚʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʰʚʠʜʢʫ ʦʮʽʥʢʫ ʨʽʟʥʠʭ 
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ʚʘʨʽʘʥʪʽʚ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʱʝ ʥʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʋʩʧʽʭ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʷʚʥʦʩʪʽ ʚ ʽʥʞʝʥʝʨʘ-ʢʦʥʩʪʨʫʢʪʦʨʘ ʜʦʩʚʽʜʫ, ʘ ʪʘʢʦʞ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʭʦʜʽʚ, ʤʦʜʝʣʝʡ, ʤʝʪʦʜʽʚ 

ʪʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʘʥʘʣʽʟʫ. 

ʆʩʦʙʣʠʚʽʩʪʴ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ï ʮʝ ʦʜʥʦʯʘʩʥʠʡ ʦʙʣʽʢ ʞʦʨʩʪʢʦʩʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ 

ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʡʦʛʦ ʦʧʦʨ. ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʪʠ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʝʬʝʢʪ ʚʧʣʠʚʫ ʧʽʜʰʠʧʥʠʢʘ ʚʢʣʶʯʘʻʪʴʩʷ 

ʜʦ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʥʘʙʦʨʫ ʞʦʨʩʪʢʦʩʪʝʡ ʧʽʜʰʠʧʥʠʢʘ. ʇʝʨʰʽ ʤʦʜʝʣʽ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʙʫʣʠ ʧʨʫʞʥʠʤʠ ʙʘʣʢʘʤʠ ʥʘ ʣʽʥʽʡʥʦ - ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ, ʥʘʚʘʥʪʘʞʝʥʽ ʟʦʩʝʨʝʜʞʝʥʠʤʠ 

ʩʠʣʘʤʠ [1-3]. ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʯʝʥʥʷ ʻ ʩʢʣʘʜʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʟ ʧʨʝʮʠʟʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʤʘʶʪʴ ʥʝʣʽʥʽʡʥʽ ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʪʞʝ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʯʠ ʜʠʥʘʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʦʩʠʪʴ 

ʧʨʦʩʪʠʡ ʽ ʢʦʨʝʢʪʥʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ. 

ɺʯʝʥʠʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʯʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ 

ʧʽʜʰʠʧʥʠʢʽʚ. ʂʣʘʩʠʯʥʠʤʠ ʻ ʤʦʜʝʣʽ ʇʘʣʤʛʨʝʥʘ ï ɼʞʦʥʩʘ ï ʍʘʨʨʽʩʘ [4-6], ʘ ʪʘʢʦʞ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ɻʘʨʛʽʫʣʦ 

[7]. ʋ ʮʠʭ ʤʦʜʝʣʷʭ ʬʦʨʤʫʻʪʴʩʷ ʟʚ'ʷʟʦʢ ʨʘʜʽʘʣʴʥʦʛʦ ʪʘ ʦʩʴʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʞʦʨʩʪʢʦʩʪʽ. ʉʧʨʦʱʝʥʽ ʜʽʘʛʦʥʘʣʴʥʽ ʤʘʪʨʠʮʽ 

ʞʦʨʩʪʢʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʚ ʮʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʧʫʱʝʥʥʽ ʧʨʦ ʽʜʝʘʣʴʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʪʘ ʟʥʝʚʘʛʫ 

ʟʚ'ʷʟʢʘʤʠ ʤʽʞ ʦʢʨʝʤʠʤʠ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʜʣʷ ʧʝʨʝʤʽʱʝʥʴ ʧʽʜʰʠʧʥʠʢʘ. ʃʽʤ ʽ ʉʽʥʛʭ [8-10] ʟʘʧʨʦʧʦʥʫʚʘʣʠ 

ʙʽʣʴʰ ʟʘʛʘʣʴʥʫ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ ʟ ʧʦʚʥʠʤʠ ʧ'ʷʪʴʤʘ ʧʦʚ'ʷʟʘʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʜʣʷ ʢʫʣʴʢʦʚʠʭ ʪʘ 

ʨʦʣʠʢʦʚʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. ʋ ʮʠʭ ʤʦʜʝʣʷʭ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʦʛʦ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʩʫʤʘʨʥʠʭ ʩʠʣ ʪʘ ʤʦʤʝʥʪʽʚ ʚʽʜ ʫʩʽʭ ʥʘʚʘʥʪʘʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʯʝʥʥʷ. ʉʠʩʪʝʤʘ ʥʝʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʚ'ʷʟʘʥʦʾ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ ʯʠʩʝʣʴʥʦ ʚʠʨʽʰʫʚʘʣʘʩʷ ʤʝʪʦʜʦʤ 

ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. ʇʦʪʽʤ ʍʝʨʥʦ [11] ʦʪʨʠʤʘʚ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ ʟ ʧ'ʷʪʴʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʜʣʷ ʨʘʜʽʘʣʴʥʦ-

ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʚ ʷʢʦʤʫ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʫʩʠʣʴ ʝʣʝʤʝʥʪʽʚ ʢʦʯʝʥʥʷ 

ʟʘʤʽʥʶʻʪʴʩʷ ʽʥʪʝʛʨʫʚʘʥʥʷʤ. ɿʘʤʽʩʪʴ ʘʥʘʣʽʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ɻʦ ʽ ʇʘʨʢʝʨ [12] ʨʦʟʨʦʙʠʣʠ ʩʢʽʥʯʝʥʦ ʝʣʝʤʝʥʪʥʫ 

ʤʦʜʝʣʴ ʢʦʥʪʘʢʪʥʦʾ ʤʝʭʘʥʽʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʠʧʽʚ ʧʽʜʰʠʧʥʠʢʽʚ. 

ɹʝʟʧʦʩʝʨʝʜʥʽʡ ʦʙʣʽʢ ʥʝʣʽʥʽʡʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ ʜʣʷ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʩʪʫʧʽʥʯʘʩʪʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʻ 

ʤʦʞʣʠʚʠʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʘʙʦ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ (ʄʇʇ), ʥʘʧʨʠʢʣʘʜ, [13-22] 

ʇʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʤʦʜʝʣʷʭ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʽʘʛʦʥʘʣʴʥʽ ʤʘʪʨʠʮʽ 

ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ, ʫ ʷʢʠʭ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʝʨʝʭʨʝʩʥʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʨʘʜʽʘʣʴʥʠʤʠ, ʢʫʪʦʚʠʤʠ ʪʘ ʦʩʴʦʚʠʤʠ 

ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʧʽʜʰʠʧʥʠʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʦʚʥʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ, ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʃʽʤʦʤ ʪʘ 

ʉʽʥʛʭʦʤ [8-10], ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ. ɰʭ ʧʽʜʭʽʜ ʥʘʙʫʚ ʰʠʨʦʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʪʘ ʧʦʢʘʟʘʚ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʨʦʪʦʨʽʚ ʽʟ ʟʫʙʯʘʩʪʦʶ ʧʝʨʝʜʘʯʝʶ, ʥʘʧʨʠʢʣʘʜ, [23-25]. ʄʘʪʨʠʮʷ 

ʞʦʨʩʪʢʦʩʪʽ ʟ ʧ'ʷʪʴʤʘ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʠʥʘʤʽʯʥʦʤʫ ʘʥʘʣʽʟʽ ʰʧʠʥʜʝʣʷ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ 

[26], ʜʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʛʘʨʥʽ ʟʙʽʛʠ ʤʽʞ ʘʥʘʣʽʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʣʘʩʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʦʾ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʘʛʦʥʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ ʞʦʨʩʪʢʦʩʪʽ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ 

ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʽ ʘʤʧʣʽʪʫʜ ʚʽʜʛʫʢʫ, ʘ ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʷʚʣʝʥʥʷ ʥʦʚʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʪʦʥʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʚ'ʷʟʘʥʠʭ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʫ ʨʷʜʽ ʟʘʚʜʘʥʴ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʪʘʢʦʞ ʧʦʢʘʟʘʣʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʨʘʭʫʚʘʥʥʷ ʧʝʨʝʭʨʝʩʥʠʭ ʟʚ'ʷʟʢʽʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʨʘʜʽʘʣʴʥʦ-ʫʧʦʨʥʠʭ ʪʘ ʢʦʥʽʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ, ʦʪʨʠʤʘʥʽ ʫ ʨʦʙʦʪʽ [27], ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʚʝʜʽʥʢʘ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʽʚ ʢʝʨʫʻʪʴʩʷ ʡʦʛʦ ʤʝʭʘʥʽʯʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʨʘʜʽʘʣʴʥʽ ʪʘ ʦʩʴʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ. 

ʉʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʠʭ ʟʚ'ʷʟʘʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʥʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʜʘʨʪʥʠʭ ʘʙʦ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤ. ʇʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʝʨʮʽʡʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʚʽʜʫ ʽʥʞʝʥʝʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʟʘʜʦʚʽʣʴʥʠʤʠ 

ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ (ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʦʱʦ. ʙʫʜ.). ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ, ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ ʻ ʩʪʘʪʠʯʥʦ ʥʝʚʠʟʥʘʯʝʥʠʤʠ ʥʝʣʽʥʽʡʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʥʝ ʣʽʥʽʡʥʽʩʪʴ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʽʜ ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ.  

ʉʧʝʮʽʘʣʴʥʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʥʘʥʴ 

ʢʦʰʪʫʶʪʴ ʜʫʞʝ ʜʦʨʦʛʦ. ʎʽ ʧʨʦʛʨʘʤʠ ʨʦʟʨʦʙʣʝʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʽʥʩʪʠʪʫʪʘʤʠ ʪʘ ʚʠʨʦʙʥʠʢʘʤʠ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥʦʚʠʱʝ ʥʘ ʨʠʥʢʫ 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʘ ʩʪʘʜʽʾ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʤʝʞʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʙʦʨʫ ʰʧʠʥʜʝʣʴʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʪʘ ʚʠʟʥʘʯʠʪʠ ʥʘʧʨʷʤʦʢ, ʷʢʠʡ ʥʘʜʘʩʪʴ 

ʦʧʪʠʤʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. 

ʋ ʨʦʙʦʪʘʭ [28, 29] ʥʘ ʦʩʥʦʚʽ ʧʨʷʤʦʛʦ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʩʪʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ, ʷʢʠʡ ʤʘʻ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʚ ʦʙʣʽʢʫ ʢʦʥʬʽʛʫʨʘʮʽʾ ʚʘʣʫ, ʜʦʚʽʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʧʦʨ ʪʘ ʾʭ ʥʝ ʣʽʥʽʡʥʦʩʪʽ, ʘʣʝ ʥʝ ʚʨʘʭʦʚʫʻ ʧʝʨʝʭʨʝʩʥʽ ʟʚ'ʷʟʢʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʦʨʩʪʢʦʩʪʽ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʽʥʘʢʰʝ ʢʘʞʫʯʠ ʧʦʚ'ʷʟʘʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʧʨʫʞʥʠʭ ʦʧʦʨ. 

ʄʝʪʘ ʮʽʻʾ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʧʽʜʭʦʜʫ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʥʘ ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ ʽʟ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ ʞʦʨʩʪʢʦʩʪʷʤʠ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɻʦʣʦʚʥʠʤ ʩʪʘʪʠʯʥʠʤ ʨʦʟʨʘʭʫʥʢʦʤ ʜʣʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʻ ʦʮʽʥʢʘ ʞʦʨʩʪʢʦʩʪʽ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʢʽʥʮʝʚʦʛʦ (ʨʦʙʦʯʦʛʦ) ʧʝʨʝʨʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʧʽʜ ʜʽʻʶ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʪʘ ʟʫʩʠʣʴ, ʱʦ 

ʜʽʶʪʴ ʽʟ ʙʦʢʫ ʧʨʠʚʦʜʫ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʠ ʚʚʝʜʝʥʽ ʛʽʧʦʪʝʟʠ ʪʘ ʧʨʠʧʫʱʝʥʥʷ, 

ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʨʦʙʦʪʘʭ [28 - 30], ʜʦ ʷʢʠʭ ʜʦʜʘʻʪʴʩʷ ʥʝʣʽʥʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʘʜʽʘʣʴʥʠʤʠ ʞʦʨʩʪʢʦʩʪʷʤʠ ʪʘ 

ʧʦʟʜʦʚʞʥʴʦʶ ʞʦʨʩʪʢʽʩʪʶ ʧʽʜʰʠʧʥʠʢʽʚ. 

ɹʘʛʘʪʦ ʦʧʦʨʥʠʡ ʩʪʫʧʽʥʯʘʩʪʠʡ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ (ʨʠʩ. 1ʘ) ʤʘʻ M ʜʽʣʷʥʦʢ ʢʫʩʢʦʚʦ-ʧʦʩʪʽʡʥʦʾ ʟʛʠʥʘʣʴʥʦʾ 

ʞʦʨʩʪʢʦʩʪʽ mEI , ;,....3,2,1 Mm=  ʽ ʟʩʫʚʥʦʾ ʞʦʨʩʪʢʦʩʪʽ mGA , .,....3,2,1 Mm=  

ʇʝʨʝʭʽʜ ʯʝʨʝʟ ʦʧʦʨʠ-ʧʽʜʰʠʧʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʘʪʨʠʮʷʤʠ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʞʦʨʩʪʢʦʩʪʽ 

NnKn ...3,2,1, =* , ʱʦ ʟʚ'ʷʟʫʶʪʴ ʨʘʜʽʘʣʴʥʽ ʨʝʘʢʮʽʾ nynx RR ,  ʪʘ ʧʦʟʜʦʚʞʥʽ ʨʝʘʢʮʽʾ NnRnz ...3,2,1, =  ʟ ʧʝʨʝʤʽʱʝʥʥʷʤʠ 

ʦʧʦʨʠ. ɼʝʪʘʣʴʥʝ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʥʝʣʽʥʽʡʥʦ-ʧʨʫʞʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʽʚ *
nK

 
ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ 

ʥʠʞʯʝ, ʚ ʜʦʜʘʪʢʫ B ʮʽʻʾ ʨʦʙʦʪʠ. 

ʅʘ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʫ ʧʣʦʱʠʥʘʭ ʟʛʠʥʫ yoz ʽ xoz, ʜʽʶʪʴ ʟʛʠʥʘʣʴʥʽ ʟʫʩʠʣʣʷ ʪʘ ʤʦʤʝʥʪʠ ʩʠʣ ʨʽʟʘʥʥʷ ycF , 

xcM , xcF , ycM , ʘ ʪʘʢʦʞ ʟʛʠʥʘʣʴʥʽ ʟʫʩʠʣʣʷ ʪʘ ʤʦʤʝʥʪʠ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ ydF , xdM , xdF , ydM . ʋ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʝʨʝʨʽʟʘʭ ʜʽʶʪʴ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ʨʽʟʘʥʥʷ ʪʘ ʩʠʣʘ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ zcF  ʽ zdF  (ʈʠʩ. 1). ɼʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

ʨʦʟʚ'ʷʟʫʻʪʴʩʷ ʟʘʜʘʯʘ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʚ ʩʪʫʧʽʥʯʘʩʪʦʤʫ ʙʘʛʘʪʦ ʦʧʦʨʥʦʤʫ ʚʘʣʫ ʥʘ 

ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʦʶ ʟʚ'ʷʟʘʥʦʶ ʤʘʪʨʠʮʝʶ ʞʦʨʩʪʢʦʩʪʽ *
nK . 

 
ʈʠʩʫʥʦʢ 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʘʛʘʪʦ ʦʧʦʨʥʦʛʦ ʩʪʫʧʽʥʯʘʪʦʛʦ  ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ 

 

ʄʝʪʦʜ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ, ʫ ʷʢʽʡ ʧʦʨʷʜ ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ ʟʛʠʥʫ ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ, 

ʱʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ, ʜʝ ʟʛʠʥʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʢʦʨʦʪʢʠʭ ʤʽʞ ʦʧʦʨʥʠʭ ʜʽʣʷʥʦʢ 

ʧʦʨʽʚʥʷʥʥʘ ʟ ʞʦʨʩʪʢʽʩʪʶ ʮʠʭ ʜʽʣʷʥʦʢ ʥʘ ʟʩʫʚ. ʊʘʢʦʞ ʨʦʟʛʣʷʜʘʣʦʩʷ ʧʦʟʜʦʚʞʥʻ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚʘʣʫ ʫ ʤʝʞʘʭ 

ʛʽʧʦʪʝʟʠ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ. 
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ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʚ ʨʘʤʢʘʭ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʛʽʧʦʪʝʟ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʝ ʚ [28-30] ʽʥʪʝʛʨʫʚʘʥʥʷ ʧʨʷʤʠʤ ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʨʦʟʪʷʛʫʚʘʥʥʷ - ʩʪʠʩʢʘʥʥʷ ʚʘʣʫ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʚʠʛʠʥʫ ʪʘ ʨʦʟʪʷʛʫʚʘʥʥʷ - ʩʪʠʩʢʘʥʥʷ ʜʣʷ ʜʽʣʷʥʢʠ m - ʪʦʾ ʞʦʨʩʪʢʦʩʪʽ (Mm ,....3,2,1=  

) ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ [29,30]: 
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 ʋ ʨʽʚʥʷʥʥʽ (1) ʚʚʝʜʝʥʽ ʧʦʟʥʘʯʝʥʥʷ: z - ʧʦʪʦʯʥʘ ʢʦʦʨʜʠʥʘʪʘ, )(zv , )(zu - ʨʽʚʥʷʥʥʷ ʚʠʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʚ 

ʧʣʦʱʠʥʘʭ yoz ʽ xoz ʚʽʜʧʦʚʽʜʥʦ; )(zw  - ʬʫʥʢʮʽʷ ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʤʽʱʝʥʴ ʚʘʣʫ; GE,  - ʚʽʜʧʦʚʽʜʥʦ ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ ʪʘ ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʚʘʣʫ; mm AI ,  - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʱʦʜʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʪʘ ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚʘʣʫ ʚʽʜʧʦʚʽʜʥʦ; )(zM x , )(zQy , )(zM y , )(zQx  - ʚʽʜʧʦʚʽʜʥʦ ʚʥʫʪʨʽʰʥʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ ʪʘ ʚʥʫʪʨʽʰʥʽ 

ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʚ ʧʝʨʝʨʽʟʽ ʟ ʢʦʦʨʜʠʥʘʪʦʶ z ; )(zN  - ʚʥʫʪʨʽʰʥʷ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ ʚ ʧʝʨʝʨʽʟʽ ʟ ʢʦʦʨʜʠʥʘʪʦʶ z ; tmK  

- ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ m -ʪʦʾ ʜʽʣʷʥʢʠ. 

 ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 

[29,30]. ʆʩʥʦʚʥʝ ʧʦʣʦʞʝʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʘʣ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʜʝʬʦʨʤʘʮʽʾ 

ʙʨʫʩʘ ʧʦʩʪʽʡʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʪʦʪʦʞʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ ʚʘʣʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʽ 

ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʧʦʩʪʽʡʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʥʘʧʨʠʢʣʘʜ, ʨʽʚʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ, ʥʝʦʙʭʽʜʥʦ ʚʥʫʪʨʽʰʥʽ ʽ 

ʟʦʚʥʽʰʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʙʘʣʢʫ, ʟʤʽʥʠʪʠ ʽ ʧʨʠʚʝʩʪʠ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʟʥʘʯʝʥʴ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʜʣʷ ʩʪʫʧʽʥʯʘʩʪʦʾ ʙʘʣʢʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ (1) ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʽ: 
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ʜʝ mm IIk /1=
¶  - ʟʛʠʥʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʚʝʜʝʥʥʷ, 1I  - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʱʦʜʦ ʥʝʡʪʨʘʣʴʥʦʾ ʦʩʽ ʧʝʨʰʦʾ 

ʜʽʣʷʥʢʠ, ʜʦ ʞʦʨʩʪʢʦʩʪʽ ʷʢʦʛʦ ʧʨʠʚʦʜʠʪʴʩʷ ʩʪʫʧʽʥʯʘʩʪʠʡ ʚʘʣ, mI  - ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ m  -ʪʦʾ ʜʽʣʷʥʢʠ ʚʘʣʫ; 

mttmm AKAKk 11 /=¶¶  - ʟʩʫʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʚʝʜʝʥʥʷ, 1A  - ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ, mA  - 

ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ m  - ʪʦʾ ʜʽʣʷʥʢʠ, 1tK  - ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 1-ʾ ʜʽʣʷʥʢʠ, tmK  - 

ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ m  - ʪʦʾ ʜʽʣʷʥʢʠ, mm AAk /1=¶¶¶  - ʧʦʟʜʦʚʞʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʚʝʜʝʥʥʷ. 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʜʽʣʷʥʢʠ ʧʨʠʚʝʜʝʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʫ ʧʦʩʪʽʡʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʝʬʦʨʤʫʚʘʣʠʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦ ʜʽʣʷʥʮʽ ʚʠʭʽʜʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʧʦʟʜʦʚʞʥʽ, ʟʛʠʥʘʣʴʥʽ ʽ ʟʩʫʚʥʽ ʟʫʩʠʣʣʷ ʤʥʦʞʘʪʴʩʷ ʥʘ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠʚʝʜʝʥʥʷ. ʊʘʢ ʷʢ ʧʨʠ ʮʴʦʤʫ ʩʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʠʢʘʭ ʜʽʣʷʥʦʢ ʽ ʟʘʤʽʥʶʶʪʴ ʜʽʶ 

ʚʽʜʩʽʯʝʥʦʾ ʯʘʩʪʠʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʚʞʝ ʥʝ ʙʫʜʫʪʴ ʚʨʽʚʥʦʚʘʞʫʚʘʪʠ ʦʜʠʥ ʦʜʥʦʛʦ, ʪʦ ʥʘ ʩʪʠʢʘʭ ʜʽʣʷʥʦʢ 

ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʧʦʟʜʦʚʞʥʽ ʩʠʣʠ, ʟʫʩʠʣʣʷ, ʱʦ ʟʩʫʚʘʶʪʴ ʪʘ ʟʛʠʥʘʶʪʴ, ʘ ʪʘʢʦʞ ʤʦʤʝʥʪʠ, ʷʢʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ ʜʦʜʘʶʪʴʩʷ ʜʦ ʚʠʭʽʜʥʦʾ ʩʠʩʪʝʤʠ ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ ʩʭʝʤʠ 

(ʜʠʚ. ʨʠʩ. 1b). 

 ɺʽʜʧʦʚʽʜʥʽ ʚʠʨʘʟʠ ʜʣʷ ʜʦʜʘʪʢʦʚʠʭ ʩʠʣ ʽ ʤʦʤʝʥʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʨʠʚʝʜʝʥʥʽ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ, ʱʦ 

ʤʘʻ ʧʝʨʝʨʽʟ ʧʝʨʰʦʾ ʜʽʣʷʥʢʠ ʚʠʭʽʜʥʦʛʦ ʚʘʣʫ, ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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),()( 1
¶¶¶¶¶

+
¶ -=D mymmym zQkkF

     
 (3) 

     
),()( 1
¶¶¶¶¶

+
¶ -=D mxmmxm zQkkF

 

     
),()( 1
¶¶¶¶¶¶¶

+
¶ -=D mmmzm zNkkF  

 

ʜʝ )( ¶mx zM , )( ¶my zM , )( ¶my zQ , )( ¶mx zQ  ʽ )( ¶mzN  - ʚʥʫʪʨʽʰʥʽ ʟʛʠʥʘʣʴʥʽ ʤʦʤʝʥʪʠ, ʚʥʫʪʨʽʰʥʽ ʧʦʧʝʨʝʯʥʽ ʩʠʣʠ ʪʘ 

ʚʥʫʪʨʽʰʥʷ ʧʦʟʜʦʚʞʥʷ ʩʠʣʘ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʠʢʫ m  - ʪʦʾ ʽ 1+m  - ʪʦʾ ʜʽʣʷʥʦʢ ʚʘʣʫ, 
¶

mz  - ʢʦʦʨʜʠʥʘʪʘ ʩʪʠʢʫ ʮʠʭ 

ʜʽʣʷʥʦʢ (Mm ,....3,2,1=  ). 

 ʋ ʤʦʜʝʣʽ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ ʜʣʷ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʝʨʝʤʽʱʝʥʴ ʚʽʜ ʟʩʫʚʫ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʟʩʫʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʚʝʜʝʥʥʷ ¶¶
mk , ʽ , ʧʦʨʷʜ ʟ ʤʥʦʞʝʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʩʠʣ ʥʘ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠʚʝʜʝʥʥʷ, ʚʚʦʜʷʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʬʽʢʪʠʚʥʽ ʟʩʫʚʥʽ ʩʠʣʠ ¶¶DmF , ʱʦ ʧʨʠʢʣʘʜʘʶʪʴʩʷ ʥʘ ʩʪʠʢʫ ʜʽʣʷʥʦʢ (ʈʠʩ. 1b): 

  

                                                    
),()( 1
¶¶¶¶¶

+
¶¶ -=D mymmym zQkkF

     
(4) 

 
).()( 1
¶¶¶¶¶

+
¶¶ -=D mxmmxm zQkkF  

 

 ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʛʠʥʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʬʦʨʤʫʻʪʴʩʷ ʙʘʣʢʘ ʧʦʩʪʽʡʥʦʾ ʞʦʨʩʪʢʦʩʪʽ constEI =1 , 

constEA =1 , constGA =1 , ʜʝʬʦʨʤʦʚʘʥʘ ʧʨʫʞʥʘ ʚʽʩʴ ʷʢʦʾ ʙʫʜʝ ʝʢʚʽʚʘʣʝʥʪʥʘ ʧʨʫʞʥʦ ʜʝʬʦʨʤʦʚʘʥʦʾ ʦʩʽ ʚʠʭʽʜʥʦʛʦ 

ʚʘʣʫ. ɼʣʷ ʮʽʻʾ ʙʘʣʢʠ ʧʨʠ ʦʙʣʽʢʫ ʪʽʣʴʢʠ ʧʝʨʰʦʛʦ ʜʦʜʘʥʢʫ ʚ ʧʨʘʚʠʭ ʯʘʩʪʠʥʘʭ ʥʘ ʦʩʥʦʚʽ ʝʢʚʽʚʘʣʝʥʪʥʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ (ʨʠʩ. 1b) ʜʣʷ ʧʨʦʛʠʥʽʚ )(1 izu , )(1 izv , ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ )(
1 iy zQ , )(1 ix zQ , ʘ ʪʘʢʦʞ ʜʣʷ ʬʫʥʢʮʽʾ 

ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʤʽʱʝʥʴ )( izw  ʬʦʨʤʫʻʪʴʩʷ ʨʦʟʚ'ʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2) ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʝ ʚ ʨʦʙʦʪʽ [30]. 

 ɼʦ ʟʛʠʥʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʜʦʜʘʶʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ )(2 izu , )(2 izv  ʽ )(2 iy zQ , )(2 ix zQ  ʚʽʜ ʟʩʫʚʫ, ʱʦ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʰʝʥʥʷʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʥʘ ʨʠʩʫʥʢʫ 1b ʧʝʨʰʠʭ ʜʚʦʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2) ʧʨʠ 

ʦʙʣʽʢʫ ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʪʽʣʴʢʠ ʜʨʫʛʦʛʦ ʜʦʜʘʥʢʫ.  

 ʈʝʟʫʣʴʪʫʶʯʝ ʨʽʰʝʥʥʷ )( izu , )( izv  ʽ )( iy zQ , )( ix zQ  ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 

 

 ),()()( 21 iii zvzvzv +=
 

 
),()()( 21 iii zuzuzu +=

       (5) 
),()()( 21 ixixix zzz Q+Q=Q

 
).()()( 21 iyiyiy zzz Q+Q=Q

, 
 

 ʄʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʻʪʴʩʷ ʨʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʬʫʥʢʮʽʾ ʧʦʟʜʦʚʞʥʽʭ 

ʧʝʨʝʤʽʱʝʥʴ )( izw . 

 ʈʦʟʚ'ʷʟʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (2) ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʟʘʛʘʣʴʥʠʭ 

ʨʦʟʚ'ʷʟʢʽʚ ʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ ʪʘ ʧʨʠʚʘʪʥʠʭ ʨʦʟʚ'ʷʟʢʽʚ ʥʝʦʜʥʦʨʽʜʥʠʭ ʨʽʚʥʷʥʴ. ɿʘʛʘʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʨʽʚʥʷʥʴ 

ʚʠʛʥʫʪʦʾ ʦʩʽ ʤʽʩʪʠʪʴ ʢʦʥʩʪʘʥʪʠ 0v , 0xQ , 0u , 0yQ  (ʧʨʦʛʠʥʠ ʪʘ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ), ʧʨʠʚʘʪʥʽ 

ʨʽʰʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ, ʱʦ ʬʦʨʤʫʶʪʴ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʽ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʯʝʨʝʟ ʫʥʽʚʝʨʩʘʣʴʥʽ ʬʫʥʢʮʽʾ )( iy zF , )( iy z*F , )( ix zF , )( ix z*F . ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʬʫʥʢʮʽʾ ʧʦʟʜʦʚʞʥʽʭ ʧʝʨʝʤʽʱʝʥʴ 

ʤʽʩʪʠʪʴ ʢʦʥʩʪʘʥʪʫ 0w  ʽ ʫʥʽʚʝʨʩʘʣʴʥʫ ʬʫʥʢʮʽʶ )( iz zF , ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʠʚʘʪʥʝ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ: 
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 ʌʫʥʢʮʽʾ )(1 iy zF , )(1 iy z*F , )(1 zxF , )( iz zF   ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʚʘʣʫ ʥʘ ʨʠʩʫʥʢʫ 1b ʥʘʚʝʜʝʥʽ ʚ ʜʦʜʘʪʢʫ 

A.  

 ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (2) ʜʣʷ ʟʩʫʚʥʠʭ ʧʝʨʝʤʽʱʝʥʴ )(2 izv , )(2 ix zQ , )(2 izu , )(2 iy zQ  ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʙʨʫʩʘ 

(ʨʠʩ.1b) ʜʣʷ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʜʠʩʢʨʝʪʥʠʭ, ʧʦʩʣʽʜʦʚʥʦ ʟʨʦʩʪʘʶʯʠʭ 

ʣʦʢʘʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ iz , ( i  ï ʥʦʤʝʨ ʧʨʦʣʴʦʪʫ) ʻ ʟʘʣʝʞʥʦʩʪʷʤʠ: 
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 ʌʫʥʢʮʽʾ )(2 iy zF , )(2 iy z*F , )(2 ix zF , )(2 ix z*F  ʜʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʚʘʣʫ ʤʘʣʶʥʢʫ 1b ʥʘʚʝʜʝʥʦ ʫ ʜʦʜʘʪʢʫ 

ɸ.  

 ʋʤʦʚʠ ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʦʧʦʨʘʭ ʬʦʨʤʫʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚ ʜʘʥʽʡ ʤʦʜʝʣʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʢʫʪʦʚʘ 

ʞʦʨʩʪʢʽʩʪʴ ʦʧʦʨ, ʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʽ ʚʘʣʫ )( nn zu , )( nn zv , )( nn zw  ʥʘ n  -ʪʽʡ ʦʧʦʨʽ, ʱʦ ʤʘʻ ʢʦʦʨʜʠʥʘʪʫ nz , 

ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʘʢʮʽʷʤʠ ʦʧʦʨʠ nxR , nyR , nzR  ʟʘʣʝʞʥʽʩʪʶ: 

 

nnn RqK =¶
, ,...3,2,1 Nn=       (8) 

 

 ʜʝ ʜʣʷ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ¶
nK  - ʩʠʤʝʪʨʠʯʥʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ n  - ʪʦʾ ʦʧʦʨʠ ʨʦʟʤʽʨʥʽʩʪʶ 33³ , 

ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ - ʩʠʤʝʪʨʠʯʥʘ ʤʘʪʨʠʮʷ ʨʦʟʤʽʨʥʽʩʪʶ 22³ , ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʜʦʜʘʪʢʫ 

B. ɺʝʢʪʦʨʠ ʧʝʨʝʤʽʱʝʥʴ nq  ʽ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ nR  ʜʣʷ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

[ ]Tnnnn wvuq = ,   [ ]Tnznynxn RRRR = , 

 

 ʘ ʜʣʷ ʨʘʜʘ̔ʣʴʥʦʛʦ: 

 

[ ]Tnnn vuq = , [ ]Tnynxn RRR =  

 

 ʋʤʦʚʠ ʟʚ'ʷʟʢʫ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʦʧʦʨʠ ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ ʥʘʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʚʦʨʦʪʥʦʾ ʤʘʪʨʠʮʽ ( )1-¶= nn KK  ʥʘʩʪʫʧʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ:  

- ʜʣʷ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ 

 

)( nn zu =-( n
xxk nxR + n

xyk nyR + n
xzk nzR ), 

)( nn zv n
yxk(-= nxR + n

yyk nyR + n
yzk nzR ), 

)( nn zw n
zxk(-= nxR + n

zyk nyR + n
zzk nzR )     (9) 

- ʜʣʷ ʨʘʜʘ̔ʣʴʥʦʛʦ 

)( nn zu =-( n
xxk nxR + n

xyk nyR ), 
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)( nn zv n
yxk(-= nxR + n

yyk nyR ), 

 

 ɯʥʜʝʢʩ n  ʫ ʢʦʝʬʽʮʽʻʥʪʘʭ ʤʘʪʨʠʮʽ nK  ( n
xxk , n

xyk , n
xzk , n

yxk , n
yyk , n

yzk , n
zxk , n

zyk , n
zzk ) ʦʟʥʘʯʘʻ ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʜʦ n  

-ʪʦʾ ʦʧʦʨʠ. 

 ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (9) ʜʦʟʚʦʣʷʶʪʴ ʩʬʦʨʤʫʚʘʪʠ ʫʤʦʚʠ ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʦʧʦʨʘʭ (ʜʣʷ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ 

ʧʽʜʰʠʧʥʠʢʘ): 
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n
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n
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n
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nxn RkRkRkz
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K

EI

z
zvv ++-=F-
F
+Q+=

  

(10) 

=
F
+=

1
0

)(

EA

z
ww nz

n )( nz
n
zzny

n
zynx

n
zx RkRkRk ++- ,  

20100 vvv += , 20100 uuu += , ,02010 yyy Q+Q=Q  ....2,1,

0

NnLz
n

j

jn ==ä
=   

 

 ɼʦ ʨʦʟʚ'ʷʟʢʽʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʠʛʥʫʪʦʾ ʦʩʽ (6),(7) ʪʘ ʫʤʦʚ ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʦʧʦʨʘʭ (10) ʜʦʜʘʶʪʴʩʷ 

ʫʤʦʚʠ ʩʪʘʪʠʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ï ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʧʨʦʝʢʮʽʡ ʫʩʽʭ ʩʠʣ ʥʘ ʦʩʽ x , y  ʽ z, ʨʽʚʥʽʩʪʴ ʥʫʣʶ ʩʫʤʠ ʤʦʤʝʥʪʽʚ 

ʱʦʜʦ ʦʩʝʡ x  ʽ y, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ ( ʜʠʚ. ʨʠʩ. 1): 

 

0

1

=++ä
=

xdxc

N

n

nx FFR , 

0

1

=++ä
=

ydyc

N

n

ny FFR , 

0

1

=++ä
=

zdzc

N

n

nz FFR ,      (11) 

0)()(

1

1

11

=--++ äää
===

ydyc

k

j

kjxd

n

j

jnx

N

n

MMLLFLR , 

0)()(

1

1

11

=--++ äää
===

xdxc

k

j

kjyd

n

j

jny

N

n

MMLLFLR .
 

 

 ʉʧʽʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʴ (10) ʽ (11) ʥʘ ʦʩʥʦʚʽ ʨʽʰʝʥʴ (6), (7) ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʟ ʷʢʦʾ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʝʘʢʮʽʾ ʦʧʦʨ, ʧʨʦʛʠʥʠ ʪʘ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ ʚʘʣʫ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ 

0u , 0v , 0xQ , 0yQ , 0w ). ɼʣʷ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʚʘʣʫ ʥʘ ʤʘʣʶʥʢʫ 1b ʬʦʨʤʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʟ )53( +N  

ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 0u , 0v , 0xQ , 0yQ , 0w  ʽ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ 

NnRRR nznynx ...2,1,, =A , ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ: 
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zx RkRkRk ++-     Nn ...3,2,1= ,   (12) 
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0

1
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xdxc

N

n

nx FFR , 0

1

=++ä
=

ydyc

N

n

ny FFR , 0

1

=++ä
=

zdzc

N

n

nz FFR ,

0)()(

1

1
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=--++ äää
===

ydyc

k

j

kjxd

n

j

jnx

N

n

MMLLFLR , 

0)()(

1

1

11

=--++ äää
===

xdxc

k

j

kjyd

n

j

jny

N

n

MMLLFLR ,
 

 

 ɺʠʨʘʟʠ ʜʣʷ )(),(),(),(),( 2121 nznynynxnx zzzzz FFFFF ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ ʟ ʜʦʜʘʪʢʘ ɸ. ʧʨʠ ʟʘʤʽʥʽ 

ʤʥʦʞʠʥʠ iz  ʥʘ ʙʝʟʣʽʯ ʢʦʦʨʜʠʥʘʪ Nnzn ....3,2,1, = . 

 ʆʪʨʠʤʘʥʽ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (12) ʟʥʘʯʝʥʥʷ 0u , 0v , 0xQ , 0yQ , 0w  ʽ NnRRR nznynx ...2,1,, =A  ʜʦʟʚʦʣʷʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʽʚ (6) ʽ (7) ʚʠʟʥʘʯʠʪʠ ʚʩʶ ʩʫʢʫʧʥʽʩʪʴ ʧʝʨʝʤʽʱʝʥʴ ʧʝʨʝʨʽʟʽʚ ʚʘʣʫ ʧʨʠ ʜʦʚʽʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ 

ʢʦʦʨʜʠʥʘʪʠ iz . 

 ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʙʯʠʩʣʶʚʘʪʠ ʨʝʘʢʪʠʚʥʽ ʟʫʩʠʣʣʷ, ʧʦʟʜʦʚʞʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, 

ʩʫʤʘʨʥʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʢʣʠʢʘʥʽ ʚʠʛʠʥʦʤ ʽ ʟʩʫʚʦʤ ʚʘʣʫ ʰʧʠʥʜʝʣʷ ʽ ʧʦʧʝʨʝʯʥʦʶ ʧʦʜʘʪʣʠʚʽʩʪʶ ʧʨʫʞʥʠʭ ʦʧʦʨ - 

ʧʽʜʰʠʧʥʠʢʽʚ ʫ ʨʘʟʽ ʣʽʥʽʡʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʠʭ ʦʧʦʨ (ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ, ʱʦ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʽʶʯʠʭ 

ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ). ɺʥʘʩʣʽʜʦʢ ʥʝ ʣʽʥʽʡʥʦʩʪʽ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʟ ( )nnn RKK **=  ʨʦʟʛʣʷʥʫʪʽ ʢʨʘʡʦʚʽ ʟʘʜʘʯʽ ʧʨʠ 

ʯʠʩʝʣʴʥʦʤʫ ʾʭ ʚʠʨʽʰʝʥʥʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʣʽʥʝʘʨʠʟʦʚʘʥʽ. 

 

 ʈʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ, ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (12) 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ BAX= , ʜʝ A ï ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʥʝʚʽʜʦʤʠʭ ʨʦʟʤʽʨʥʽʩʪʶ 

)53()53( +³+ NN , B  ï ʚʝʢʪʦʨ ï ʩʪʦʚʧʝʮʴ ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʧʦʚʥʦʾ ʨʦʟʤʽʨʥʽʩʪʶ )53( +N . 

ɺʝʢʪʦʨ ï ʩʪʦʚʧʝʮʴ ʥʝʚʽʜʦʤʠʭ X  (ʨʽʰʝʥʥʷ) ʤʘʻ ʚʠʛʣʷʜ: [ ]TTTT XXXX 221 ,,= , [ ]xNxxy
T RRRuX ,...,,, 21001 Q= , 

[ ]yNyyx
T RRRvX ,...,,, 21002 Q= , [ ]zNzz

T RRRwX ,...,, 2103 = , ʽ ʚʢʣʶʯʘʻ ʧʦʯʘʪʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʘʢʮʽʾ ʦʧʦʨ. 

ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʽ ʚʢʣʶʯʘʻ 9 ʧʽʜ ʤʘʪʨʠʮʴ ʽ ʤʘʻ ʚʠʛʣʷʜ: 

ù
ù
ù

ú

ø

é
é
é

ê

è

=

zzzyzx

yzyyyx

xzxyxx

AAA

AAA

AAA

A , 

 ʜʝ yxxy AA = .  

 ʄʘʪʨʠʮʽ yyyxxyxx AAAA ,,,  ʤʘʶʪʴ ʨʦʟʤʽʨʥʽʩʪʴ )2()2( +³+ NN , yzxz AA ,  - )1()2( +³+ NN , zyzx AA ,  - 

)2()1( +³+ NN , zzA  - ).1()1( +³+ NN   

 ʋ ʨʘʟʽ ʦʧʦʨʠ ʫ ʚʠʛʣʷʜʽ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʚ ʚʝʢʪʦʨʽ [ ]zNzz
T RRRwX ,...,, 2103 =  ʚʠʢʣʶʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ 

ʢʦʤʧʦʥʝʥʪʘ, ʫ ʤʘʪʨʠʮʷʭ yzxz AA ,  - ʚʽʜʧʦʚʽʜʥʠʡ ʩʪʦʚʧʝʮʴ, ʫ ʤʘʪʨʠʮʷʭ zyzx AA ,  - ʚʽʜʧʦʚʽʜʥʠʡ ʨʷʜʦʢ, ʘ ʚ zzA  - 

ʚʽʜʧʦʚʽʜʥʽ ʨʷʜʦʢ ʽ ʩʪʦʚʧʝʮʴ. 

 ʂʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʴ zyzxyyyxxyxx AAAAAA ,,,,, , zzyzxz AAA ,,  ʽ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ï ʩʪʦʚʧʮʷ ʧʨʘʚʠʭ 

ʯʘʩʪʠʥ B  ʦʙʯʠʩʣʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʣʝʞʥʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʜʦʜʘʪʢʫ ʉ. 

 ɺʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʪʠʚʥʠʭ 

ʟʫʩʠʣʴ (ʜʦʜʘʪʦʢ B), ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (12) ʻ ʥʝʣʽʥʽʡʥʦʶ. ʇʨʠ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʦʧʦʨ ʪʘ ʥʘʷʚʥʦʩʪʽ ʧʦʚ'ʷʟʘʥʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʤʘʪʨʠʮʴ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ (ʜʦʜʘʪʦʢ B) ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʷʢ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʫ 

ʩʠʩʪʝʤʽ ʨʽʚʥʷʥʴ (12), ʪʘʢ ʽ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʦʪʨʠʤʘʪʠ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (12) ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ, ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʠʡ ʫ 

ʨʦʙʦʪʽ [28]. ɼʣʷ ʦʙʨʘʥʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʦʨʽʻʥʪʦʚʥʦʛʦ ʥʘʙʦʨʫ ʦʧʦʨʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʬʦʨʤʫʶʪʴʩʷ ʤʘʪʨʠʮʽ 

ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ, ʚʠʨʽʰʫʻʪʴʩʷ ʣʽʥʽʡʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʥʘʙʽʨ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ ʽ ʥʦʚʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʥʘ ʦʧʦʨʘʭ. ʇʦ ʦʪʨʠʤʘʥʦʤʫ ʥʘʙʦʨʫ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ ʽ ʧʝʨʝʤʽʱʝʥʴ ʬʦʨʤʫʶʪʴʩʷ ʥʦʚʽ ʤʘʪʨʠʮʽ 

ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ ʽ ʟʥʦʚʫ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ ʽ ʦʧʦʨʥʠʭ ʧʝʨʝʤʽʱʝʥʴ, ɯʪʝʨʘʮʽʡʥʠʡ 

ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʜʦ ʪʦʛʦ ʯʘʩʫ, ʧʦʢʠ ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʟʘʜʘʥʘ ʪʦʯʥʽʩʪʴ ʦʙʯʠʩʣʝʥʴ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ, ʱʦ ʚʢʣʶʯʘʻ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ 

ʥʘ ʢʦʞʥʦʤʫ ʽʪʝʨʘʮʽʡʥʦʤʫ ʢʨʦʮʽ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʧ'ʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ, ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʧʘʢʝʪʽ 

MatLAB. 
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 ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʙʘʛʘʪʦ ʦʧʦʨʥʦʛʦ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʘʣʫ. ʋ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʦʪʦʯʥʠʭ 

ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʘʭ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʢʽʣʴʢʘ ʩʧʘʨʝʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ, ʘ 

ʟʘʤʽʥʘ ʛʨʫʧʠ ʧʽʜʰʠʧʥʠʢʽʚ ʦʜʥʽʻʶ ʟʦʩʝʨʝʜʞʝʥʦʶ ʦʧʦʨʦʶ ʤʦʞʝ ʜʘʚʘʪʠ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ 

ʘʥʘʣʽʟʫ ʩʪʘʪʠʯʥʦʛʦ ʩʪʘʥʫ ʚʘʣʫ. ʊʦʤʫ ʧʨʠ ʯʠʩʝʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʪʘʢʫ ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ 

ʧʨʫʞʥʠʭ ʦʧʦʨ ʧʦʚ'ʷʟʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʦʙʭʽʜʥʫ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʮʽʡ 

ʨʦʙʦʪʽ ʧʽʜʭʽʜ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟ ʥʝʟʥʘʯʥʠʤʠ ʪʨʫʜʦʚʠʪʨʘʪʘʤʠ ʧʨʦʚʝʩʪʠ ʧʦʜʽʙʥʽ 

ʨʦʟʨʘʭʫʥʢʠ. 

 ʗʢ ʧʨʠʢʣʘʜ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʛʣʷʜʘʣʘʩʷ ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʟ ʨʦʙʦʪʠ [30] 

(ʨʠʩ. 2ʘ). ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʥʘ ʪʨʴʦʭ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ ʥʘʚʝʜʝʥʘ ʨʠʩʫʥʢʫ 2ʙ. ɺʘʣ ʤʘʻ 

6 ʜʽʣʷʥʦʢ ʨʽʟʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʟʘʟʥʘʯʝʥʠʭ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʥʦʤʝʨʘʤʠ 1 - 6. ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ 

ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʪʘ ʤʦʜʫʣʴ ʟʩʫʚʫ ʤʘʪʝʨʽʘʣʫ ʚʘʣʫ ʧʨʠʡʤʘʣʠʩʷ 

ʄʇʘE 5102³=  ʪʘ ʄʇʘG 5108,0 ³=  ʚʽʜʧʦʚʽʜʥʦ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʐʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʬʨʝʟʝʨʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʫ 

 

 

 ɺʘʣ ʤʘʻ 6 ʜʽʣʷʥʦʢ ʨʽʟʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʷʢʽ ʧʨʦʥʫʤʝʨʦʚʘʥʽ ʨʠʤʩʴʢʠʤʠ ʮʠʬʨʘʤʠ. ɻʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʘ 

ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2, ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ ʜʣʷ ʚʩʽʭ ʜʽʣʷʥʦʢ ʚʘʣʫ ʧʨʠʡʤʘʻʪʴʩʷ 

ʦʜʥʘʢʦʚʠʤ - 2=tK  (ʢʽʣʴʮʝ). 

 ɿʦʚʥʽʰʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʣ ʨʽʟʘʥʥʷ F1=103N, F2=600N, ʤʦʤʝʥʪʫ ʨʽʟʘʥʥʷ M=50Nm, ʘ ʪʘʢʦʞ 

ʟʫʩʠʣʣʷ ʚʽʜ ʧʨʠʚʦʜʫ F3=300N. ʅʘʚʘʥʪʘʞʝʥʥʷ F1, F3 ʪʘ ʄ ʟʛʠʥʘʶʪʴ ʚʘʣ ʫ ʧʣʦʱʠʥʽ yz, ʘ ʩʠʣʘ F2 ï ʫ ʧʣʦʱʠʥʽ xz 

(ʨʠʩ. 2ʙ). 

 ʅʘ ʧʝʨʝʜʥʴʦʤʫ ʢʽʥʮʽ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʜʚʘ ʨʘʜʽʘʣʴʥʦ-ʫʧʦʨʥʽ ʧʽʜʰʠʧʥʠʢʠ ʤʘʨʢʠ 36220k, 

ʨʘʜʽʘʣʴʥʦ-ʫʧʦʨʥʠʡ ʧʽʜʰʠʧʥʠʢ ʤʘʨʢʠ 6218k, ʱʦ ʥʝ ʧʨʘʮʶʻ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʟʘʜʥʷ 

ʦʧʦʨʘ (ʜʠʚ. ʨʠʩ.2ʘ). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʽʜʰʠʧʥʠʢʽʚ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮ ̫1. ɻʝʦʤʝʪʨʠʯʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ̔ʞʦʨʩʪʢʦʩʪʽ ʜʽʣʷʥʦʢ ʚʘʣʘ  

ˉ ʜʽʣʷʥʢʠ 

 

ɼ̔ʘʤʝʪʨ, ʤʤ 

 
 

ɼʦʚʞʠʥʘ, ʤʤ 

 

ɾʦʨʩʪʢʽʩʪʴ ʂʦʝʬ. 

ʬʦʨʤʠ 

ɿʦʚʥʽʰʥʽʡ ɺʥʫʪʨʽʰʥʽʡ 2,ʥʤʤEI  ʥGA,  

1 130 60 15 

27 

29,4 8,32 2,0 

2 100 60 8,97 4,02 2,0 

3 100 65 174 8,59 3,63 2,0 

4 100 75 83 7,06 2,75 2,0 

5 90 75 57 3,51 1,55 2,0 

6 80 75 45 0,953 0,487 2,0 

7 80 75 40 0,953 0,487 2,0 

 

ʊʘʙʣʠʮ ̫2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʜ̔ʰʠʧʥʠʢʚ̔ 

 

ʄʘʨʢʘ 

ʧ̔ʜʰʠʧʥʠʢʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɿʦʚʥʽʰʥʽʡ ʜ̔ʘʤʝʪʨ 
ʤʤD,  

ɺʥʫʪʨʽʰʥʽʡ 

ʜ̔ʘʤʝʪʨ ʤʤd,  

ʐʠʨʠʥʘ 
ʤʤB,  

ʂ̔ ʣʴʢʽʩʪʴ 

ʰʘʨʠʢʚ̔ Z  

ɼ̔ʘʤʝʪʨ 

ʰʘʨʠʢʚ̔ 

ʤʤd ,0  

36220k 180 100 34 10 25,44 

36218k 160 90 30 10 22,23 

6120 150 100 24 15 14,288 
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6118 140 90 22 14 14,288 

 

 ɼʣʷ ʨʦʟʛʣʷʥʫʪʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʽ ʦʪʨʠʤʘʥʽ ʧʦʟʜʦʚʞʥʽ ʽ ʟʛʠʥʘʣʴʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʚʘʣʫ ʧʨʠ ʡʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʽ-ʩʪʠʩʢʘʥʥʽ ʪʘ ʟʛʠʥʘʥʥʽ ʚ ʧʣʦʱʠʥʘʭ yoz ʽ xoz. ʈʦʟʧʦʜʽʣ 

ʧʝʨʝʤʽʱʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 3 (ʨʷʜʢʠ 1, 2 ʪʘ 3) ʪʘ ʥʘ ʨʠʩʫʥʢʫ 3 

 ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʷʢʦʩʪʽ ʜʨʫʛʦʾ ʪʘ ʪʨʝʪʴʦʾ ʦʧʦʨʠ ʨʘʜʽʘʣʴʥʠʭ 

ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʨʦʢ 6120 ʽ 6118 ʚʽʜʧʦʚʽʜʥʦʶ, ʜʘʥʽ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. ɿʛʠʥʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʨʽʟʽʚ 

ʚʘʣʫ ʧʨʠ ʡʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʽ-ʩʪʠʩʢʘʥʥʽ ʪʘ ʟʛʠʥʘʥʥʽ ʚ ʧʣʦʱʠʥʘʭ yoz ʽ xoz. ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 3 (ʨʷʜʢʠ 4, 5, 6). 

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʷʢʦʩʪʽ ʜʨʫʛʦʾ ʽ ʪʨʝʪʴʦʾ ʦʧʦʨʠ ʨʘʜʽʘʣʴʥʠʭ (ʞʦʨʩʪʢʽʰʠʭ) ʧʽʜʰʠʧʥʠʢʽʚ ʤʘʨʦʢ 6120 ʽ 6118 

ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ ʧʝʨʝʤʽʱʝʥʴ ʥʘ 25-30%. 

 

ʊʘʙʣʠʮʘ 3. ʈʦʟʧʦʜʽʣ ʧʨʦʛʠʥʽʚ ʫ ʧʝʨʝʨʽʟʘʭ ʚʘʣʫ. 

ʇʨʦʛʠʥ 
ʂʦʦʨʜʠʥʘʪʘ iz , ʤʤ 

0 12,5 25 42 59 170 299 362 424 

1. ʇʣʦɦʠʥʘ 

yoz( y ,ʤʢʤ) 12,1 11,0 10,0 8,7 7,4 -0,75 -8,5 -13,5 -19,5 

2. ʇʣʦɦʠʥʘ 

 xoz (x ,ʤʢʤ) 
5,7 5,3 4,9 4,4 3,9 1,3 0,41 0,97 2,5 

3.ʇʦʟʜʦʚʞʥʽ 

ʧʝʨʝʤʽɦ ʝʥʥ̫  

(z,ʤʢʤ) 

5,9 5,9 5,9 5,9 5,9 5,9 5,9 5,9 5,9 

4. ʇʣʦɦʠʥʘ 

yoz( y ,ʤʢʤ) 8,66 7,78 6,85 5,7 4,6 -2,6 -9,4 -14,0 -19,5 

5. ʇʣʦɦʠʥʘ 

 xoz (x ,ʤʢʤ) 
3.9 3,7 3,3 3,0 2,6 0,69 0,54 1,47 3,35 

6. ʇʦʟʜʦʚʞʥʽ 

ʧʝʨʝʤʽɦ ʝʥʥ̫  

(z,ʤʢʤ) 

2,8 2,8 2,8 2,8 2,8 2,8 2,8 2,8 2,8 

 

 
 

ʈʠʩʫʥʦʢ 3. ʈʦʟʧʦʜʽʣ ʧʨʦʛʠʥʽʚ ʚʘʣʫ. 

 

 ʇʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʘʣʴʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʧʽʜʰʠʧʥʠʢʽʚ ʟʘ ʤʦʜʝʣʣʶ 

ɼʞʦʥʩʘ-ʍʘʨʨʽʩʘ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʨʦʙʦʪʠ [30] ʜʣʷ ʨʦʙʦʯʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʫ (ʧʦʯʘʪʦʢ ʢʦʦʨʜʠʥʘʪ) ʨʦʟʜʽʣʴʥʦ 

ʜʣʷ ʚʠʛʠʥʫ ʚ ʧʣʦʱʠʥʘʭ xoz (4,8ʤʢʤ) ʪʘ yoz (6,9ʤʢʤ), ʧʦʢʘʟʘʣʦ, ʱʦ ʫ ʮʴʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʤʽʱʝʥʥʷ 

ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ 30%. ʊʘʢ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʪʘʢʪʫ ʢʫʣʴʢʠ ʟ ʦʙʦʡʤʘʤʠ k  ʚ ʤʦʜʝʣʽ ɼʞʦʥʩʘ-ʍʘʨʨʽʩʘ 

( 5104,1 *ºk ) ʥʘ 40% ʙʽʣʴʰʝ ʥʽʞ ʫ ʜʘʥʽʡ ʤʦʜʝʣʽ (5100,1 *ºk ), ʦʯʝʚʠʜʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ ɼʞʦʥʩʘ-

ʍʘʨʨʽʩʘ ʜʣʷ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʽʚ ʽ ʜʘʻ ʟʘʥʠʞʝʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʚʘʣʫ 30%. 

 

 ɺʠʩʥʦʚʢʠ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʽʜʭʽʜ ʪʘ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʩʪʫʧʽʥʯʘʩʪʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʥʘ ʥʝʣʽʥʽʡʥʦ - ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ ʧʦʚ'ʷʟʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 
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 ɼʣʷ ʦʧʠʩʫ ʞʦʨʩʪʢʦʩʪʽ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʽʚ ʚʚʝʜʝʥʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ, ʱʦ ʟʚ'ʷʟʫʻ ʨʘʜʽʘʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʫ 

ʜʚʦʭ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʥʘʧʨʷʤʢʘʭ ʪʘ ʧʦʟʜʦʚʞʥʶ ʜʝʬʦʨʤʘʮʽʶ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʟʫʩʠʣʣʷʤʠ. ʌʦʨʤʫʚʘʥʥʷ 

ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʠʤ ʰʣʷʭʦʤ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ. 

 ʅʘ ʦʩʥʦʚʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʤʦʜʝʣʽ ʊʠʤʦʰʝʥʢʦ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʦʪʨʠʤʘʥʦ ʨʦʟʜʽʣʴʥʫ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ, ʥʝ ʣʽʥʽʡʥʽʩʪʴ 

ʷʢʦʾ ʬʦʨʤʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ ʚʽʜ ʟʫʩʠʣʴ, ʱʦ ʜʽʶʪʴ ʥʘ ʥʠʭ. 

 ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʥʝʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ.  

 ʋ ʧʘʢʝʪʽ MatLAB ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ 

ʩʪʫʧʽʥʯʘʩʪʠʭ ʚʘʣʽʚ ʥʘ ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ ʧʦʚ'ʷʟʘʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

 ʗʢ ʧʨʠʢʣʘʜ, ʨʦʟʛʣʷʥʫʪʦ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʬʨʝʟʝʨʥʦʛʦ ʚʝʨʩʪʘʪʘ ʥʘ ʪʨʴʦʭ ʦʧʦʨʥʦ-ʫʧʦʨʥʠʭ 

ʧʽʜʰʠʧʥʠʢʘʭ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʷʢʦʛʦ ʚʢʣʶʯʘʣʘ ʰʽʩʪʴ ʜʽʣʷʥʦʢ ʨʽʟʥʦʾ ʞʦʨʩʪʢʦʩʪʽ. 

 ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʦʙʦʪʽ [30] ʜʣʷ ʨʦʙʦʯʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʫ (ʧʦʯʘʪʦʢ 

ʢʦʦʨʜʠʥʘʪ) ʦʢʨʝʤʦ ʜʣʷ ʚʠʛʠʥʫ ʚ ʧʣʦʱʠʥʘʭ xoz ʽ yoz ʟ ʨʦʟʨʘʭʫʥʢʦʤ ʧʽʜʰʠʧʥʠʢʽʚ ʨʘʜʽʘʣʴʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʟʘ 

ʤʦʜʝʣʣʶ ɼʞʦʥʩʘ-ʍʘʨʨʽʩʘ. ʇʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʘʣʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʥʘ 30%. 

 ʇʝʨʝʚʘʛʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʫʪʦʯʥʝʥʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦ 

ʩʪʫʧʽʥʯʘʩʪʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʥʘ ʥʝʣʽʥʽʡʥʦ - ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ, ʞʦʨʩʪʢʽʩʪʴ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ ʟ ʪʨʴʦʤʘ 

ʩʪʫʧʝʥʷʤʠ ʚʽʣʴʥʦʩʪʽ. ʋ ʧʘʢʝʪʽ MatLAB ʩʪʚʦʨʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʫ ʢʦʤʧ'ʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʷʢʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ. 

 

 ɼʦʜʘʪʦʢ ɸ. ʌʫʥʢʮʽʾ )(1 iy zF , )(1 iy z*F , )(2 iy zF , )(2 iy z*F  ʜʣʷ ʚʠʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʚ ʧʣʦʱʠʥʽ yoz ʤʘʶʪʴ 

ʚʠʛʣʷʜ [30]: 
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 ɺʠʨʘʟʠ ʜʣʷ ʬʫʥʢʮʽʡ )(1 ix zF , )(2 ix zF , )(2 ix z*F  )(2 ix z*F  ʜʣʷ ʚʠʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʚ ʧʣʦʱʠʥʽ xoz ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʟ ʚʠʨʘʟʽʚ ʜʣʷ )(1 iy zF , )(1 iy z*F , )(2 iy zF , )(2 iy z*F  ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʽʥʜʝʢʩʫ y  ʥʘ x . 
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k - ʥʦʤʝʨ ʦʧʦʨʠ, ʟʘ ʷʢʦʶ ʧʨʠʢʣʘʜʝʥʽ ʟʫʩʠʣʣʷ ʧʨʠʚʦʜʫ ,xdF  ,ydF . ,zdF  ,xdM  ydM . 

 

 ɼʦʜʘʪʦʢ B. ʋʤʦʚʠ ʩʧʦʣʫʯʝʥʥʷ ʥʘ ʦʧʦʨʘʭ (9) ʬʦʨʤʫʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʽ ʚʘʣʫ 

(ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʴʮʷ) )( nn zu , )( nn zv , )( nn zw  ʥʘ n -ʪʽʡ ʦʧʦʨʽ, ʱʦ ʤʘʻ ʢʦʦʨʜʠʥʘʪʫ nz , ʧʦʚ'ʷʟʘʥʽ ʟ ʨʝʘʢʮʽʷʤʠ 

ʦʧʦʨʠ nxR , nyR , nzR  ʯʝʨʝʟ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ ¶
nK  ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʨʦʙʦʪʽ [11]: 
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 ʂʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ 
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K  ʜʣʷ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʤʘʶʪʴ ʚʠʛʣʷʜ 

[11]: 

[ ])()cos(sin)(coscos 2222 eyyeyae rrrraarxx JJkk -+*=¶ , 

[ ])()sin(cos)(sincos 2222 eyyeyae rrrraaryy JJkk -+*=¶ , 

[ ])()(2cossincos2 eeyyae aarrrryxxy JJkkk -== ¶¶ , 

)(sincossin eyaae rarzxxz Jkkk *== ¶¶ ,     (19) 

)(coscossin eyaae rarzyyz Jkkk *== ¶¶ , 

)(sin2 eae aazz Jkk *=¶ , 

 

 ʜʝ 15,0 )cossin( -D+= m
rnwZkDk aae ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ; k  - ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ, 

5100,1 *ºk  [11], D  - ʜʽʘʤʝʪʨ ʢʫʣʴʦʢ; Z  - ʢʽʣʴʢʽʩʪʴ ʢʫʣʴʦʢ ʫ ʧʽʜʰʠʧʥʠʢʫ; 5,1=m  [6], [11], 
m

rnwkZk --= D+= 111 )cossin()()( aae  - ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜʘʪʣʠʚʦʩʪʽ ʧʽʜʰʠʧʥʠʢʘ; nw   - ʦʩʴʦʚʝ ʧʝʨʝʤʽʱʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʧʽʜʰʠʧʥʠʢʘ; 5,022 )( nnr vu +=D  - ʧʦʚʥʝ ʨʘʜʽʘʣʴʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʴʮʷ 

ʧʽʜʰʠʧʥʠʢʘ; 

nn vu ,  - ʨʘʜʽʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʢʽʣʴʮʷ ʧʽʜʰʠʧʥʠʢʘ ʫ ʥʘʧʨʷʤʽ ʦʩʝʡ x  ʪʘ y  ʚʽʜʧʦʚʽʜʥʦ; a - 

ʢʦʥʪʘʢʪʥʠʡ ʢʫʪ; )1(5,0 ae tg
w

r

n

D
+=  - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʥʝʩʦʢ ʢʦʞʥʦʾ ʢʫʣʴʢʠ ʚ ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʘ, 

)(),(),( eee rarraa JJJ  - ʽʥʪʝʛʨʘʣʠ ʉʴʷʚʦʣʣʘ [11,31], ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʟʫʩʠʣʴ ʤʽʞ 

ʢʫʣʴʢʘʤʠ [6], [11]; ry  - ʢʫʪ, ʱʦ ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤʦʢ ʧʦʚʥʦʛʦ ʨʘʜʽʘʣʴʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ: 
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n
r
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u
arctg=y , ʧʨʠ 0>nv , py += )(

n

n
r

v

u
arctg , ʧʨʠ 0¢nv .   (20) 
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K  ʜʣʷ ʨʘʜʽʘʣʴʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʽ ¶
nK  ʜʣʷ ʦʧʦʨʥʦ-ʫʧʦʨʥʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʧʨʠ 0=a : 

 

 

[ ])()cos(sin)(cos 222 eyyeye rrrraarxx JJkk -+*=¶ , 

[ ])()sin(cos)(sin 222 eyyeye rrrraaryy JJkk -+*=¶ ,  (21) 

[ ])()(2cossin eeyye aarrrryxxy JJkkk -== ¶¶ , 

0===== ¶¶¶¶¶

zzzyyzzxxz kkkkk , 1)( -D= m

rkZke , 5,0=e . 

 

 ʄʘʪʨʠʮʷ ʧʦʜʘʪʣʠʚʦʩʪʽ nK  ʬʦʨʤʫʻʪʴʩʷ ʷʢ ʤʘʪʨʠʮʷ, ʦʙʝʨʥʝʥʘ ʜʦ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ( )1-¶= nn KK , ʚ ʷʢʽʡ 

m
rkZk --- D= 111 )()()( e . 

 ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽʥʪʝʛʨʘʣʽʚ ʉʴʷʚʦʣʣʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʘʧʨʦʢʩʠʤʫʶʯʽ ʟʘʣʝʞʥʦʩʪʽ ʟ ʨʦʙʦʪʠ [11]. 

 ʌʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʻ ʥʝʣʽʥʽʡʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʨʽʚʥʷʥʥʷ (8) ʚʠʟʥʘʯʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʥʘʙʦʨʫ ʟʫʩʠʣʴ ʯʝʨʝʟ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ, ʘ ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʮʠʭ ʧʝʨʝʤʽʱʝʥʴ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʽʪʝʨʘʮʽʡʥʠʡ ʤʝʪʦʜ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ, ʚʠʨʽʰʘʣʴʥʝ ʨʽʚʥʷʥʥʷ ʜʣʷ ʷʢʦʛʦ ʤʘʻ ʚʠʛʣʷʜ: 
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 ʽ ʜʦʟʚʦʣʷʻ ʧʦ ʥʘʙʦʨʫ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ ʜʣʷ n - ʪʦʾ ʦʧʦʨʠ nR  ʦʪʨʠʤʘʪʠ ʤʘʪʨʠʮʶ ʧʦʜʘʪʣʠʚʦʩʪʽ; ;)( 1-¶
nK  i  

-  ʥʦʤʝʨ ʽʪʝʨʘʮʽʾ. 

 

ɼʦʜʘʪʦʢ C. ʂʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʴ zyzxyyyxxyxx AAAAAA ,,,,, , zzyzxz AAA ,, , ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ï ʩʪʦʚʧʮʷ 

ʧʨʘʚʠʭ ʯʘʩʪʠʥ B. ʂʦʤʧʦʥʝʥʪʠ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʣʝʞʥʦʩʪʝʡ (13) - (18) ʟ 

ʜʦʜʘʪʢʘ ɸ ʪʘ (19) - (21) ʟ ʜʦʜʘʪʢʘ ɺ. 

 ʂʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʽ xxA  ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [30] ʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 
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....2 Nn= ..2+<nj .1...4,3 += Nj  
,n

xxnj ka =  ,...2,1 Nn=   .,2+=nj  
,0=nja  ,...2,1 Nn=  .2...4,3.,2 +++=+> Nnnjnj  

 

 ʂʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʽ yyA  ʨʦʟʤʽʨʥʽʩʪʶ )2()2( +³+ NN , ʟʙʽʛʘʶʪʴʩʷ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʤʘʪʨʠʮʽ xxA  ʽʟ 

ʟʘʤʽʥʦʶ ,n
xxnj ka =  ʥʘ .n

yynj ka =  

 ʉʪʨʫʢʪʫʨʘ ʤʘʪʨʠʮʴ xyA  )2()2( +³+ NN  ʽ xzA  ʨʦʟʤʽʨʥʽʩʪʶ )1()2( +³+ NN  ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ 

(12), ʢʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʴ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ ʟʘ ʚʠʥʷʪʢʦʤ ,n
xynj ka =  ,...2,1 Nn=  2+=nj  ʜʣʷ ʤʘʪʨʠʮʽ xyA  ʪʘ 

,n
xznj ka =  ,...2,1 Nn=  1+=nj  ʜʣʷ ʤʘʪʨʠʮʽ .xzA  

 ʂʦʝʬʽʮʽʻʥʪʠ ʤʘʪʨʠʮʽ zzA  ʨʦʟʤʽʨʥʽʩʪʶ )1()1( +³+ NN  ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ (12) ʽ ʤʘʶʪʴ 

ʚʠʛʣʷʜ: 
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 ʉʪʨʫʢʪʫʨʘ ʚʝʢʪʦʨʘ ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʚʢʣʶʯʘʻ ʪʨʠ ʩʢʣʘʜʦʚʽ [ ]T
z

T
y

T
x

T XXXX ,,= , ʜʝ ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʽʚ 

[ ]TxNxx
T
x bbbX 221 ..., += , [ ]TyNyy

T
y bbbX 221 ..., += , [ ]TzNzz

T
z bbbX 121 ..., +=  ʚʽʜʧʦʚʽʜʥʦ (13) - (16), (18) 

ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʷʤʠ [30]: 
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 ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ T
xX  ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʟ ʢʦʤʧʦʥʝʥʪ ʚʝʢʪʦʨʘ T

yX  ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʽʥʜʝʢʩʽʚ y  ʥʘ x  ʽ 

x  ʥʘ y . 

 ʂʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ T
zX  ʚʽʜʧʦʚʽʜʥʦ (12),(17),(18) ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 
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ʟʚ'ʷʟʫʶʪʴ ʮʽ ʝʣʝʤʝʥʪʠ. ʗʢ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʠʡ ʧʽʜʭʽʜ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʨʘʭʫʚʘʪʠ ʚʩʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʭʘʨʘʢʪʝʨ ʾʭ ʟ'ʻʜʥʘʥʥʷ ʫ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʙʦʣʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʨʦʟʢʦʩʽʚ ʟʽ ʩʪʽʡʢʘʤʠ ʥʘ ʩʪʽʡʢʽʩʪʴ ʷʢ ʦʢʨʝʤʦʾ ʩʪʽʡʢʠ, ʪʘʢ ʽ ʚʩʽʻʾ ʨʘʤʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʨʽʟʥʠʭ ʪʠʧʽʚ ʨʦʟʢʽʩʥʠʭ ʩʠʩʪʝʤ ʥʘ 
ʩʪʘʣʽʩʪʴ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʨʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʶʚʘʣʠʩʷ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʪʝʣʘʞʥʠʭ ʩʠʩʪʝʤ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʧʝʨʝʙʫʜʦʚʠ ʟʘ ʨʘʭʫʥʦʢ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʠʭ ʚʫʟʣʽʚ. ɿ'ʷʩʦʚʘʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʙʦʣʪʦʚʠʭ 

ʟ'ʻʜʥʘʥʴ ʷʢʽʩʥʦ ʟʤʽʥʶʻ ʧʦʚʝʜʽʥʢʫ ʩʪʽʡʦʢ ʚʽʜʢʨʠʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʚʪʨʘʪʽ ʩʪʽʡʢʦʩʪʽ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʘʣʝʪʥʠʡ ʩʪʝʣʘʞ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ, ʩʪʽʡʢʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʽʡʢʦʩʪʽ, ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʪʽʡʢʘ ʩʪʝʣʘʞʫ, 

ʚʽʜʢʨʠʪʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ, ʨʦʟʢʽʩ, ʧʽʜʧ'ʷʪʥʠʢ, ʙʦʣʪʦʚʝ ʟ'ʻʜʥʘʥʥʷ. 

 

RUBASHKA V.  

STABILITY OF METAL STRUCTURE OF PALLET RACKING FRAME  

The issues of analyzing the stability of frames of prefabricated pallet racks are considered. Pallet racks are adapted to the minimum possible size 
of the usable space they occupy, as well as to provide convenient access to stored goods. The need to place the maximum number of cargoes in a 

minimum warehouse area places high demands on the design and calculation methods of both racking systems as a whole and their individual 

constituent elements. The purpose of the work is to conduct research on the stability of the frame, which is one of the main structural elements of the 
metal structure of the entire pallet rack. For this purpose, a combined design scheme for metal structures has been developed, containing 3-dimensional 

solid bodies, thin-walled shell structures and beam structures. The diagram takes into account the design features of the racks, frame braces, thrust 

bearings, as well as the main design features of the bolted connections connecting these elements. A finite element approach is proposed as a research 
method, allowing to fully take into account all the design features of the constituent elements and the nature of their connection in a prefabricated 

structure. Studies have been conducted of the effect of bolted connections of braces with racks on the stability of both an individual rack and the entire 

frame. An analysis of various types of bracing systems for the stability of the metal frame structure was carried out. As a result of the research, ways to 
increase the stability of racking systems using the possibility of their structural restructuring due to the properties of prefabricated units were assessed. 

It was found that the presence of bolted connections qualitatively changes the behavior of racks of open cross-section during loss of stability. 

Key words: pallet rack, design diagram, stability, stability coefficient, finite element method, rack stand, open cross-section, brace, thrust 
bearing, bolted connection. 

 

ɺʩʪʫʧ. ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʽ ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʚʝʣʠʢʠʭ ʩʢʣʘʜʘʭ 

ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʨʽʟʥʠʭ ʪʦʚʘʨʽʚ, ʻ ʧʘʣʝʪʥʽ (ʬʨʦʥʪʘʣʴʥʽ) ʩʪʝʣʘʞʽ. ʎʽ ʤʝʪʘʣʝʚʽ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ 

ʦʪʨʠʤʘʣʠ ʜʨʫʛʫ ʥʘʟʚʫ ʬʨʦʥʪʘʣʴʥʽ ʯʝʨʝʟ ʩʧʦʩʽʙ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʨʦʟʚʘʥʪʘʞʝʥʥʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʥʘ 

ʥʠʭ ʚʘʥʪʘʞʫ, ʧʦʢʣʘʜʝʥʦʛʦ ʥʘ ʧʘʣʝʪʠ. ʆʢʨʽʤ ʚʝʣʠʢʠʭ ʩʢʣʘʜʽʚ ʜʠʩʪʨʠʙ'ʶʪʦʨʩʴʢʠʭ ʢʦʤʧʘʥʽʡ, ʚʦʥʠ ʩʴʦʛʦʜʥʽ 

ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʦʩʥʘʱʝʥʥʷ ʚʝʣʠʢʠʭ ʟʘ ʧʣʦʱʝʶ ʟʘʣʽʚ ʛʽʧʝʨʤʘʨʢʝʪʽʚ ʪʘ ʪʦʨʛʦʚʠʭ ʮʝʥʪʨʽʚ. 

 

ʈʠʩʫʥʦʢ 1 - ʇʘʣʝʪʥʽ ʩʪʝʣʘʞʽ 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʪʝʣʘʞʽʚ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʜʠʥʘʨʥʽ ʪʘ ʟʜʚʦʻʥʽ ʨʷʜʠ, ʜʦʚʞʠʥʘ ʷʢʠʭ ʦʙʤʝʞʫʻʪʴʩʷ 

ʟʨʫʯʥʽʩʪʶ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʘʥʪʘʞʥʦʶ ʪʝʭʥʽʢʦʶ. ɼʦʥʝʜʘʚʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʮʽʣʴʥʦʟʚʘʨʥʽ ʩʪʝʣʘʞʽ ʘʙʦ ʩʪʝʣʘʞʽ 

ʟʽ ʟʚʘʨʝʥʠʤʠ ʨʘʤʘʤʠ ʪʘ ʩʢʣʘʜʘʥʥʷʤ ʥʘ ʙʦʣʪʘʭ, ʘ ʾʭ ʝʣʝʤʝʥʪʘʤʠ ʩʣʫʞʠʚ ʟʚʠʯʘʡʥʠʡ ʙʫʜʽʚʝʣʴʥʠʡ ʩʦʨʪʘʤʝʥʪ 
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ʤʝʪʘʣʦʧʨʦʢʘʪʫ. ʌʘʢʪʠʯʥʦ, ʪʘʢʽ ʩʪʝʣʘʞʽ ʩʣʽʜ ʟʙʠʨʘʪʠ ʨʘʟ ʽ ʥʘʟʘʚʞʜʠ, ʘʣʝ ʧʦʜʽʙʥʝ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʩʧʦʞʠʚʘʯʘ. 

ʉʫʯʘʩʥʽ ʩʪʝʣʘʞʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʰʚʠʜʢʦʨʦʟʙʽʨʥʠʤʠ, ʩʢʣʘʜʘʪʠʩʷ ʟʽ ʟʙʽʨʥʠʭ ʨʘʤ ʽ ʣʝʛʢʦʛʦ ʧʨʦʢʘʪʫ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʚʠʛʣʷʜʫ. ɼʣʷ ʾʭʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʝ ʧʨʦʢʘʪʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ɿʙʽʨʥʦ-ʨʦʟʙʽʨʥʠʡ ʩʪʝʣʘʞ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʨʘʤ ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʜʚʽ ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʽʡʢʠ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʦʬʽʣʶ ʟ ʧʝʨʬʦʨʘʮʽʻʶ (1), ʟ'ʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʨʦʟʢʦʩʘʤʠ (3,4), ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʨʦʟʪʘʰʦʚʘʥʽ ʚʥʠʟʫ ʧʽʜʧ'ʷʪʥʠʢʠ (6). ʈʘʤʠ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʚ'ʷʟʘʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤʠ ʚʘʥʪʘʞʥʠʤʠ 

ʙʘʣʢʘʤʠ (2) ʟ ʝʣʝʤʝʥʪʘʤʠ ʢʨʽʧʣʝʥʥʷ ʜʦ ʚʝʨʪʠʢʘʣʴʥʠʭ ʨʘʤ, ʷʢʽ ʚʠʢʦʥʘʥʽ ʫ ʚʠʛʣʷʜʽ ʢʨʦʥʰʪʝʡʥʽʚ ʽʟ ʟʘʯʝʧʘʤʠ, 

ʧʨʠʚʘʨʝʥʠʤʠ ʜʦ ʢʽʥʮʽʚ ʙʘʣʦʢ (ʨʠʩ.2). 

 

 

ʈʠʩʫʥʦʢ 2 ï ʆʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʟʙʽʨʥʦ-ʨʦʟʙʽʨʥʦʛʦ ʧʘʣʝʪʥʦʛʦ ʩʪʝʣʘʞʫ 

 

ʇʨʦʬʽʣʴ ʩʪʽʡʢʠ ʤʘʻ ʩʢʣʘʜʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʱʦ ʤʘʻ ʫ ʩʚʦʻʤʫ ʧʝʨʝʨʽʟʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ. 

ʇʨʠʢʣʘʜʠ ʬʨʘʛʤʝʥʪʽʚ ʩʪʽʡʦʢ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3 

 
  

ʈʠʩʫʥʦʢ 3 - ʉʪʽʡʢʠ ʧʘʣʝʪʥʦʛʦ ʩʪʝʣʘʞʫ 

 

ʋ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʽʡʢʽ ʧʝʨʝʜʙʘʯʝʥʠʡ ʩʧʝʮʽʘʣʴʥʠʡ ʦʪʚʽʨ, ʚ ʷʢʠʡ ʚʩʪʘʚʣʷʶʪʴʩʷ ʨʦʟʢʦʩʠ. ʈʦʟʢʦʩʠ ʬʽʢʩʫʻʪʴʩʷ 

ʙʦʣʪʦʚʠʤ ʟ'ʻʜʥʘʥʥʷʤ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʨʦʟʢʦʩʽʚ ʜʚʽ ʩʪʽʡʢʽ ʧʦʻʜʥʫʶʪʴʩʷ ʚ ʻʜʠʥʫ ʨʘʤʫ. 
ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʙʫʤʦʚʣʶʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʙʦʣʪʦʚʽ ʟ'ʻʜʥʘʥʥʷ ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʫʶʪʴ ʜʚʽ ʧʨʦʪʠʣʝʞʥʽ ʛʨʘʥʽ ʦʪʚʦʨʫ 

ʩʪʽʡʢʽ ʚ ʤʽʩʮʷʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʢʦʩʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʦʣʪʦʚʽ ʟ'ʻʜʥʘʥʥʷ ʨʦʟʙʠʚʘʶʪʴ ʩʪʽʡʢʫ ʥʘ ʜʽʣʷʥʢʠ ʟ 

ʨʦʟʽʤʢʥʝʥʠʤʠ ʧʦʧʝʨʝʯʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʪʘ ʜʽʣʷʥʢʠ ʽʟ ʟʘʤʢʥʫʪʠʤ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʨʽʟʦʤ, ʱʦ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ 

ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʧʨʫʞʥʠʭ ʩʠʩʪʝʤ [1,2].  
ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʛʦ ʦʧʠʩʫ, ʨʘʤʠ ʩʫʯʘʩʥʠʭ ʩʪʝʣʘʞʽʚ ʧʘʣʝʪʥʠʭ ʻ ʩʢʣʘʜʥʠʤʠ ʧʨʦʩʪʦʨʦʚʠʤʠ ʤʝʪʘʣʝʚʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʷʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʜʽʣʷʥʢʠ ʷʢ ʚʽʜʢʨʠʪʦʛʦ, ʪʘʢ ʽ 

ʟʘʢʨʠʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʧʨʦʩʪʦʨʦʚʦʾ ʩʠʩʪʝʤʠ ʩʠʣ. ʆʩʢʽʣʴʢʠ ʩʪʝʣʘʞʽ 

ʩʭʠʣʴʥʽ ʜʦ ʟʥʘʯʥʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʩʦʙʣʠʚʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʷʢ ʩʘʤʠʭ ʩʪʽʡʦʢ, ʪʘʢ ʽ ʚʩʽʻʾ ʤʝʪʘʣʝʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʨʘʤʠ ʚ ʮʽʣʦʤʫ 
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ʈʠʩʫʥʦʢ 4. ʂʨʽʧʣʝʥʥʷ ʨʦʟʢʦʩʽʚ ʜʦ ʩʪʽʡʢʠ ʩʪʝʣʘʞʫ 

 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʙʦʣʪʦʚʠʭ ʟôʻʜʥʘʥʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʨʘʤ ʧʘʣʝʪʥʠʭ ʩʪʝʣʘʞʽʚ  

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʆʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʝʪʥʠʭ ʩʪʝʣʘʞʽʚ 

ʚʠʢʣʘʜʝʥʦ ʫ ʥʦʨʤʘʪʠʚʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ [3,4.5,6]. ʆʜʥʘʢ ʮʷ ʜʦʢʫʤʝʥʪʘʮʽʷ ʥʝ ʜʘʻ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʽ 

ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ, ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʥʘ 

ʩʪʘʥ ʩʪʝʣʘʞʥʦʾ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʥʠʥʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ, ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʯʠʪʠ ʪʽ ʯʠ ʽʥʰʽ 

ʘʩʧʝʢʪʠ ʧʦʚʝʜʽʥʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʆʜʠʥ ʽʟ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʜʘʻ ʘʥʘʣʽʟ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʫʟʣʽʚ ʩʪʝʣʘʞʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʅʘʧʨʠʢʣʘʜ, 

ʫ ʨʦʙʦʪʘʭ [7,8] ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʣʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʽʡʢʦʩʪʽ ʩʪʝʣʘʞʥʠʭ ʩʪʽʡʦʢ ʟ ʭʦʣʦʜʥʦʛʥʫʪʦʡ ʩʪʘʣʽ ʟʘ ʩʢʣʘʜʥʠʭ 

ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʯʠʩʝʣʴʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ 

ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ ʧʦʢʘʟʘʣʠ ʩʫʪʪʻʚʫ ʟʘʣʝʞʥʽʩʪʴ ʩʪʽʡʢʦʩʪʽ ʩʪʦʷʢʽʚ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʧʝʨʬʦʨʘʮʽʡʥʠʭ ʦʪʚʦʨʽʚ. 

ʋ ʨʦʙʦʪʘʭ [9,10,11] ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʨʦʟʢʦʩʫ ʟʽ ʩʪʽʡʢʦʶ ʚ 

ʧʘʣʝʪʥʠʭ ʩʪʝʣʘʞʘʭ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘʢʠʭ ʩʧʦʣʫʢ ʫ ʚʠʛʣʷʜʽ ʞʦʨʩʪʢʠʭ ʟʚ'ʷʟʢʽʚ ʙʘʛʘʪʦʨʘʟʦʚʦ 

ʟʙʽʣʴʰʫʻ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ. ʋ ʨʦʙʦʪʘʭ [12,13] ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʦʣʪʦʚʠʭ 

ʟ'ʻʜʥʘʥʴ ʨʦʟʢʦʩʫ ʩʪʝʣʘʞʫ ʟʽ ʩʪʽʡʢʦʶ. 

ɯʥʰʠʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʘʥʘʣʽʟʦʤ ʩʪʽʡʢʦʩʪʽ ʚʩʽʻʾ ʩʪʝʣʘʞʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ. ʋ ʨʦʙʦʪʘʭ 

[14,15,16,17] ʘʚʪʦʨʠ ʘʥʘʣʽʟʫʶʪʴ ʚʧʣʠʚ ʟʚ'ʷʟʢʽʚ ʙʘʣʦʢ ʩʪʝʣʘʞʫ ʟʽ ʩʪʽʡʢʘʤʠ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʭʘʨʘʢʪʝʨ ʮʠʭ ʟʚ'ʷʟʢʽʚ 

ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʜʽʥʢʫ ʩʪʝʣʘʞʥʦʾ ʩʠʩʪʝʤʠ. 

ʄʘʡʞʝ ʚʩʽ ʘʚʪʦʨʠ ʚʽʜʟʥʘʯʘʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʊʦʤʫ, ʢʨʽʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʧʽʜʭʽʜ ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ 3-ʜ ʤʦʜʝʣʝʡ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʘʭʫʥʢʦʤ 

ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʝʭʥʦʣʦʛʽʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʽʥʮʝʚʦ-ʝʣʝʤʝʥʪʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʘʥʘʣʽʟʫ 

ʩʪʝʣʘʞʥʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʨʦʟʛʣʷʥʫʪʦ ʚ ʨʦʙʦʪʘʭ [17,18,20,21]. ʋ ʨʦʙʦʪʘʭ ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʘ ʣʦʢʘʣʴʥʦʾ ʬʦʨʤ ʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʝʨʬʦʨʘʮʽʡʥʠʭ ʦʪʚʦʨʽʚ ʦʧʦʨʥʠʭ ʩʪʽʡʦʢ. 

ɿ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʨʦʙʽʪ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʝʜʦʩʪʘʪʥʴʦ ʚʽʜʦʙʨʘʞʝʥʽ ʧʠʪʘʥʥʷ 

ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʽʚ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʷʢ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘʢ ʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʧʘʣʝʪʫ ʟʘ ʨʘʭʫʥʦʢ 

ʤʦʞʣʠʚʦʩʪʽ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʝʨʝʙʫʜʦʚʠ. 

ʉʪʽʡʢʽʩʪʴ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʾʾ ʞʦʨʩʪʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘʷʚʥʽʩʪʴ ʨʦʟ'ʻʤʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʪʠʧʫ çʟʘʯʽʧè ʪʘ ʙʦʣʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʝʨʫʚʘʪʠ ʞʦʨʩʪʢʽʩʪʶ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʟʘ 

ʨʘʭʫʥʦʢ ʾʾ ʚʥʫʪʨʽʰʥʴʦʾ ʧʝʨʝʙʫʜʦʚʠ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽ ʩʪʘʥʦʚʠʱʝ ʨʦʟʢʦʩʽʚ ʫ ʨʘʤʽ ʽ ʮʠʤ 

ʚʧʣʠʚʘʪʠ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʘ, ʦʪʞʝ, ʽ ʩʪʽʡʢʽʩʪʴ ʷʢ ʦʢʨʝʤʠʭ ʩʪʽʡʦʢ ʽ ʚʩʽʻʾ ʨʘʤʠ ʟʘʛʘʣʦʤ. ɺʩʝ ʮʝ ʜʦʟʚʦʣʷʻ ʧʨʠ ʤʦʥʪʘʞʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʝʣʘʞʫ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʟʫʩʠʣʴ ʧʝʨʝʙʫʜʦʚʫʚʘʪʠ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʶ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʧʣʠʚʘʻ ʥʘ 

ʞʦʨʩʪʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʽʡʢʦʩʪʽ ʚʩʽʻʾ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ. 

 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

 



 
 

ISSN 2079-004ʍ(Print), ISSN 2786ï7587(Online)., ˉ2(10),,2024 

35 

 

ʉʪʽʡʢʠ ʚʽʜʢʨʠʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʧʦʟʘʮʝʥʪʨʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʩʠʣʘʤʠ 

ʟʘʟʥʘʶʪʴ ʟʛʠʥʘʣʴʥʦ-ʢʨʫʪʠʣʴʥʠʭ ʬʦʨʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ. ɸʥʘʣʽʟ ʪʘʢʠʭ ʬʦʨʤ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʷʻ 

ʥʘʡʙʽʣʴʰʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʣʘʩʠʯʥʠʤʠ ʟʛʠʥʘʣʴʥʠʤʠ ʬʦʨʤʘʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʟʥʘʯʝʥʥʷʭ ʢʨʠʪʠʯʥʠʭ ʩʠʣ.[2]. 

ʋ ʩʪʝʣʘʞʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʜʚʽ ʩʪʽʡʢʠ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʩʠʩʪʝʤʦʶ ʨʦʟʢʦʩʽʚ. ɼʣʷ ʟ'ʻʜʥʘʥʥʷ ʨʦʟʢʦʩʽʚ ʪʘ 

ʩʪʽʡʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʦʣʪʦʚʽ ʟ'ʻʜʥʘʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʊʘʢʽ ʟ'ʻʜʥʘʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʚʥʫʪʨʽʰʥʽ 

ʟʚ'ʷʟʢʠ, ʷʢʽ ʟ ʧʝʚʥʠʤ ʢʨʦʢʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʨʦʟʢʦʩʽʚ ʧʦ ʚʠʩʦʪʽ ʩʪʽʡʢʠ ʟʘʤʠʢʘʶʪʴ ʾʾ ʚʽʜʢʨʠʪʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʽʡʢʫ ʩʪʝʣʘʞʫ ʧʨʫʞʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽʟ ʧʦʚʥʽʩʪʶ ʚʽʜʢʨʠʪʠʤ ʧʝʨʝʪʠʥʦʤ. ʋ ʤʽʩʮʷʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʦʣʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ ʧʝʨʝʪʠʥ ʩʪʽʡʢʠ ʟʘʤʢʥʫʪʠʡ, ʥʘ ʚʽʣʴʥʠʭ ʜʽʣʷʥʢʘʭ ʤʘʻʤʦ ʚʽʜʢʨʠʪʠʡ ʧʝʨʝʨʽʟ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʪʘʢʠʭ ʟʚ'ʷʟʢʽʚ ʥʘ ʟʘʛʘʣʴʥʫ ʩʪʽʡʢʽʩʪʴ ʩʪʽʡʢʠ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 3D ʤʦʜʝʣʴ ʧʝʨʬʦʨʦʚʘʥʦʾ 

ʩʪʽʡʢʠ ʩʪʝʣʘʞʫ, ʧʨʝʜʩʪʘʚʣʝʥʫ ʥʘ ʨʠʩ. 5.  

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʦʜʝʣʴ ʩʪʽʡʢʠ ʧʘʣʝʪʥʦʛʦ ʩʪʝʣʘʞʫ 

ʅʘ ʨʠʩ. 6 ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ 3D ʤʦʜʝʣʴ ʙʦʣʪʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ (ʚʠʜʽʣʝʥʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ). ʇʨʠ ʧʦʙʫʜʦʚʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʟ'ʻʜʥʘʥʥʷ ʙʦʣʪʽʚ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʦ ʧʦʚ'ʷʟʫʻ ʧʨʦʪʠʣʝʞʥʽ ʛʨʘʥʽ ʩʪʽʡʢʠ. 

ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 6 ʙ). ɿʦʚʥʽʰʥʽʤʠ ʚʧʣʠʚʘʤʠ ʻ ʩʠʣʠ ʚʘʛʠ ʚʘʥʪʘʞʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʦʩʝʨʝʜʢʘʭ ʩʪʝʣʘʞʫ. ʎʝ ʚʘʛʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʚʘʥʪʘʞʥʽ ʙʘʣʢʠ ʥʘ ʢʨʦʥʰʪʝʡʥʠ. ɿʘʯʝʧʠ 

ʢʨʦʥʰʪʝʡʥʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʠʞʥʽ ʤʝʞʽ ʧʨʷʤʦʢʫʪʥʠʭ ʧʝʨʬʦʨʘʮʽʡʥʠʭ ʦʪʚʦʨʽʚ ʫ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʟʘʯʝʧʫ 

ʢʨʦʥʰʪʝʡʥʘ ʟʽ ʩʪʽʡʢʦʶ 

 
ʈʠʩʫʥʦʢ 6 - 3D ʤʦʜʝʣʴ ʩʪʽʡʢʠ ʨʘʤʠ ʩʪʝʣʘʞʫ: 

ʘ) ï ʤʦʜʝʣʴ ʽʟ ʙʦʣʪʦʚʠʤʠ ʟʚ'ʷʟʢʘʤʠ; ʙ) ï ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʫʩʠʣʣʷʤʠ ʚʽʜ ʚʘʛʠ ʚʘʥʪʘʞʽʚ 

 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʜʦ ʨʽʟʥʠʭ ʩʭʝʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʙʦʣʪʦʚʠʭ ʟʚ'ʷʟʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʰʦʾ 

ʬʦʨʤʠ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʩʪʽʡʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʙʣʠʮʽ 1. ʋ ʮʽʡ ʞʝ ʪʘʙʣʠʮʽ ʜʘʻʪʴʩʷ ʢʦʨʦʪʢʠʡ ʦʧʠʩ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʙʦʣʪʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʢʦʞʥʦʾ ʩʭʝʤʠ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʫʻ: 

1) ʩʪʽʡʢʘ ʩʪʝʣʘʞʫ ʙʝʟ ʚʥʫʪʨʽʰʥʽʭ ʙʦʣʪʦʚʠʭ ʟʚ'ʷʟʢʽʚ (ʩʭʝʤʘ ˉ1) ʤʘʻ ʟʛʠʥʘʣʴʥʦ-ʢʨʫʪʠʣʴʥʫ ʬʦʨʤʫ ʚʪʨʘʪʠ 

ʩʪʽʡʢʦʩʪʽ, ʷʢʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʝʣʝʤʝʥʪʘʭ ʚʽʜʢʨʠʪʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ. 

2) ʚʚʝʜʝʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʽʡʢʠ ʥʘʚʽʪʴ ʦʜʥʦʛʦ ʙʦʣʪʦʚʦʛʦ ʟ'ʻʜʥʘʥʥʷ (ʩʭʝʤʘ ˉ2) ʨʽʟʢʦ ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ 

ʩʪʽʡʢʠ, ʭʦʯʘ ʬʦʨʤʘ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ, ʷʢ ʽ ʨʘʥʽʰʝ, ʟʛʠʥʘʣʴʥʦ-ʢʨʫʪʠʣʴʥʘ. 


