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ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ = Bulletin of the National Technical University "KhPI". Series: System analysis, control and 
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ɺʠʜʘʥʥʷ ʧʨʠʩʚʷʯʝʥʝ ʦʩʚʽʪʣʝʥʥʶ ʜʦʩʷʛʥʝʥʴ ʚ ʛʘʣʫʟʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤʠ, ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʽ ʩʦʮʽʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ. ʇʫʙʣʽʢʫʶʪʴʩʷ ʩʪʘʪʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʨʦʟʨʦʙʢʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʪʝʭʥʽʮʽ, ʣʽʥʛʚʽʩʪʠʮʽ ʪʘ ʝʢʦʥʦʤʽʮʽ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  ̔ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɼʣʷ ʥʘʫʢʦʚʮʽʚ, ʚʠʢʣʘʜʘʯʽʚ ʚʠʱʦʾ ʰʢʦʣʠ, ʘʩʧʽʨʘʥʪʽʚ, ʩʪʫʜʝʥʪʽʚ ʽ ʬʘʭʽʚʮʽʚ ʚ ʛʘʣʫʟʽ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʫʧʨʘʚʣʽʥʥʷ ʽ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

The publication is devoted to the coverage of achievements in the field of system analysis and management of technical, techno-

economic and social systems, the synthesis of control systems. Articles are published on the development of intelligent systems, the 

application of mathematical modeling in technic, linguistics and economics, the introduction of information technology and software 

development. 

For scientists, teachers of higher education, post-graduate students, students and specialists in the field of systems analysis, 

management and computer technology. 

ɼʝʨʞʘʚʥʝ ʚʠʜʘʥʥʷ. 

ʉʚʽʜʦʮʪʚʦ ɼʝʨʞʢʦʤʽʪʝʪʫ ʟ ʽʥʬʦʨʤʘʮʡ̔ʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ  

ʂɺ ˉ 5256 ʚʽʜ 2 ʣʠʧʥʷ 2001 ʨʦʢʫ. 

ʄʦʚʘ ʩʪʘʪʝʡ ï ʫʢʨʘʾʥʩʴʢʘ, ʨʦʩʽʡʩʴʢʘ, ʘʥʛʣʽʡʩʴʢʘ. 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚʥʝʩʝʥʦ ʜʦ çʇʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ, ʚ ʷʢʠʭ ʤʦʞʫʪʴ ʧʫʙʣʽʢʫʚʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ ʜʦʢʪʦʨʘ ʽ ʢʘʥʜʠʜʘʪʘ ʥʘʫʢè, ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʅʘʢʘʟʦʤ ʄʆʅ ʋʢʨʘʾʥʠ ˉ 

1328 ʚʽʜ 21.12.2015 ʨ. çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʨʽʰʝʥʴ ɸʪʝʩʪʘʮʽʡʥʦʾ ʢʦʣʝʛʽʾ ʄʽʥʽʩʪʝʨʩʪʚʘ ʱʦʜʦ ʜʽʷʣʴʥʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʚʯʝʥʠʭ ʨʘʜ ʚʽʜ 15 ʛʨʫʜʥʷ 2015 ʨʦʢʫè. 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʚʢʣʶʯʝʥʠʡ ʜʦ ʟʦʚʥʽʰʥʽʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʥʘʫʢʦʤʝʪʨʠʯʥʫ ʙʘʟʫ ʜʘʥʠʭ Index Copernicus (ʇʦʣʴʱʘ), 

ʙʽʙʣʽʦʛʨʘʬʽʯʥʫ ʙʘʟʠ ʜʘʥʠʭ OCLC WorldCat (ʉʐɸ), Eurasian Scientific Journal Index (ʂʘʟʘʭʩʪʘʥ), ʽʥʜʝʢʩʫʻʪʴʩʷ Research Bib 

(ʗʧʦʥʽʷ), CiteFactor (Academic Scientific Journals), SIS (Scientific  Indexing Services), General Impact Factor (ɯʥʜʽʷ)  ̔ Google 

Scholar; ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʫ ʩʚʽʪʦʚʦʤʫ ʢʘʪʘʣʦʟʽ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʴ ʙʘʟʠ ʜʘʥʠʭ Ulrichôs Periodicals Directory (New Jersey, USA). 

ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʚʠʜʘʥʥʷ: http://samit.khpi.edu.ua/ 

ɿʘʩʥʦʚʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ 

ʉʦʢʦʣ ɭ. ɯ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʅʊʋ 

çʍʇɯè, ʋʢʨʘʾʥʘ 

ɿʘʩʪ. ʛʦʣʦʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ  
ʄʘʨʯʝʥʢʦ ɸ. ʇ., ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. , ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʉʝʢʨʝʪʘʨ 
ɻʦʨʙʫʥʦʚ ʂ. ʆ., ʜʦʮ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ ʩʝʨʽʾ 
ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʨʝʜʘʢʪʦʨ: 

ɻʦʜʣʝʚʩʴʢʠʡ ʄ. ɼ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʩʝʢʨʝʪʘʨ: 

ɹʝʟʤʝʥʦʚ ʄ. ɯ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʏʣʝʥʠ ʨʝʜʢʦʣʝʛʽʾ: 

ɹʦʛʦʤʦʣʦʚ ʉ., ʜʦʮ., ɸʚʩʪʨʘʣʽʡʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ɸʚʩʪʨʘʣʽʷ 

ɻʘʤʘʶʥ ɯ. ʇ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ɼʽʜʤʘʥʽʜʟʝ ɯ., ʧʨʦʬ., ɹʘʪʫʤʩʴʢʠʡ ʜʝʨʞ. ʫʥ-ʪ ̔ʤ. ʐʦʪʘ 

ʈʫʩʪʘʚʝʣʽ, ɻʨʫʟʽʷ 

ɿʦʣʦʪʘʨʴʦʚʘ ɯ. ʆ., ʧʨʦʬ., ʍʅɽʋ, ʋʢʨʘʾʥʘ 

ʂʫʮʝʥʢʦ ʆ. ʉ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ  

ʃʶʙʯʠʢ ʃ. ʄ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʇʘʚʣʦʚ ʆ. ɸ., ʧʨʦʬ., ʅʊʋʋ çʂʇɯè, ʋʢʨʘʾʥʘ 

ʈʘʩʢʽʥ ʃ. ɻ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʉʝʚʝʨʠʥ ɺ. ʇ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʊʢʘʯʫʢ ʄ. ɺ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʍʘʡʨʦʚʘ ʅ. ʌ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

ʐʘʨʦʥʦʚʘ ʅ. ɺ., ʧʨʦʬ., ʅʊʋ çʍʇɯè, ʋʢʨʘʾʥʘ 

Founder  

National Technical University 

"Kharkiv Polytechnic Institute" 

Editor -in-chief 

Sokol E. I., dr. tech. sc., member-cor. of National Academy of 

Sciences of Ukraine, NTU "KhPI", Ukraine 

Deputy editor-in-chief 
Marchenko A. P., dr. tech. sc., prof., NTU "KhPI", Ukraine 

Secretary 
Gorbunov K. O., docent, NTU "KhPI", Ukraine 

Editorial staff  

Associate editor: 

Godlevskyi M. D., prof., NTU "KhPI", Ukraine  

Executive secretary:  

Bezmenov M. I., prof., NTU "KhPI", Ukraine 

Editorial staff members: 

Bogomolov S., Assistant Professor, Australian National 

University, Australia 

Gamayun I. P., prof., NTU "KhPI", Ukraine 

Didmanidze I., prof.,  Batumi Shota Rustaveli State University, 

Georgia 

Zolotaryova I. O., prof., KhNUE, Ukraine 

Kutsenko ʆ. S., prof., NTU "KhPI", Ukraine 

Lyubchyk L. M., prof., NTU "KhPI", Ukraine  

Pavlov O. A., prof., NTUU "KPI", Ukraine 

Raskin L. G., prof., NTU "KhPI", Ukraine  

Severin V. P., prof., NTU "KhPI", Ukraine 

Tkachuk M. V., prof., NTU "KhPI", Ukraine 

Khairova N. F., prof., NTU "KhPI", Ukraine 

Sharonova N. V., prof., NTU "KhPI", Ukraine 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ ʅʊʋ çʍʇɯè. 

ʇʨʦʪʦʢʦʣ ˉ 10 ʚʽʜ 22 ʛʨʫʜʥʷ 2018 ʨ. 

É ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 2018 
 



ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ  

ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 3 

ʋɼʂ 629.76 DOI: 10.20998/2079-0023.2018.44.01 

 

ʊ. ɽ. ɸʃɽʂʉɸʅɼʈʆɺɸ, ʀ. ɺ. ʂʆʉʊʗʅʀʂ  
 

ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʁ ʉʀʅʊɽɿ ʉʊɸɹʀʃʀɿɸʊʆʈɸ ʂʆʉʄʀʏɽʉʂʆʁ ʉʊʋʇɽʅʀ ʉ5ʄ ʈɸʂɽʊʓ-

ʅʆʉʀʊɽʃʗ çʎʀʂʃʆʅ-3è ʅɸ ɸʂʊʀɺʅʆʄ ʋʏɸʉʊɽ ʊʈɸɽʂʊʆʈʀʀ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʉ5ʄ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ 

çʎʠʢʣʦʥ-3è ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʘʥʘʣʦʛʦʚʳʭ ʠ ʮʠʬʨʦʚʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ çʟʘʤʦʨʦʞʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʘʢ-

ʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʤʘʩʩʦʚʳʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʠ ʩʯʠʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʯʠʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ ʠ 

ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʪʫʧʝʥʴ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʫʧʝʥʠ ʚ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʝʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʝʪʘ ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʚ ʮʝʣʦʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ, ʚʦ-ʧʝʨʚʳʭ, ʥʝ ʠʤʝʝʪ ʩʪʨʦʛʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʠ, ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʦʚ. ʀʟʣʦʞʝʥʥʳʡ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ 

ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʨʝʛʫʣʷʪʦʨʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ ʦʩʥʦʚʘʥ ʥʘ ʦʪʳʩʢʘʥʠʠ ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʛʫʣʷʪʦʨʘ, ʜʦʩʪʘʚʣʷʶʱʠʭ ʤʠʥʠʤʫʤ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ, ʚʳʯʠʩʣʷʝʤʦʤʫ ʥʘ ʨʝʰʝʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚʢʣʶʯʘʝʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʡ ʚʳʙʦʨ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʬʫʥʢʮʠʦʥʘʣʘ, ʘ ʧʦʠʩʢ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʦʥʘʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Optimization Toolbox ʚ ʩʨʝʜʝ MATLAB 

ʠʣʠ ʧʨʦʜʫʢʪʘ Minimize ʚ ʩʨʝʜʝ MATHCAD. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʙʦʢʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ. ʇʨʦʚʝʜʝʥʦ 

ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʉ5ʄ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çʎʠʢʣʦʥ-3è ʩʦ ʰʪʘʪʥʳʤ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ 

ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʤ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʦʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʦʯʥʦʩʪʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʤʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ, ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʧʦʣʝʪʘ, ʤʝʪʦʜ çʟʘʤʦʨʦʞʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚè, ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʘʜʜʠʪʠʚʥʳʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʚʘʜʨʘʪʠʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ. 

 

ʊ. ɭ. ɸʃɽʂʉɸʅɼʈʆɺɸ, ɯ. ɺ. ʂʆʉʊʗʅʀʂ 
 

ʇɸʈɸʄɽʊʈʀʏʅʀʁ ʉʀʅʊɽɿ ʉʊɸɹɯʃɯɿɸʊʆʈɸ ʂʆʉʄɯʏʅʆɰ ʉʊʋʇɽʅɯ ʉ5ʄ ʈɸʂɽʊʀ-ʅʆʉɯʗ 

çʎʀʂʃʆʅ-3è ʅɸ ɸʂʊʀɺʅɯʁ ɼɯʃʗʅʎɯ ʊʈɸɭʂʊʆʈɯɰ 
 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʚʠʙʦʨʫ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʢʦʩʤʽʯʥʦʛʦ ʩʪʫʧʝʥʷ ʉ5ʄ ʨʘʢʝʪʠ-ʥʦʩʽʷ çʎʠʢʣʦʥ-3è ʥʘ 

ʘʢʪʠʚʥʽʡ ʜʽʣʷʥʮʽ ʪʨʘʻʢʪʦʨʽʾ. ɺ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʘʥʘʣʦʛʦʚʠʭ ʽ ʮʠʬʨʦʚʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ çʟʘʤʦʨʦʞʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚè, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʘʢʪʠʚʥʘ ʜʽʣʷʥʢʘ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ ʨʦʟʙʠʚʘ-

ʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ, ʥʘ ʢʦʞʥʦʤʫ ʟ ʷʢʠʭ ʤʘʩʦʚʽ, ʽʥʝʨʮʽʡʥʽ ʽ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʫʧʝʥʶ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ, ʽʥʰʠʤʠ ʩʣʦ-

ʚʘʤʠ, ʚ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʚʘʞʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʚ ʯʘʩʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʙʫʨʝʥʦʛʦ ʨʫʭʫ 

ʩʪʫʧʝʥʷ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʩʠʣ, ʱʦ ʦʙʫʨʶʶʪʴ ʽ ʤʦʤʝʥʪʽʚ, ʱʦ ʜʽʶʪʴ ʥʘ ʩʪʫʧʽʥʴ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʩʪʽʡʢʽʩʪʴ ʩʪʫʧʝʥʶ ʚ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʤʦ-

ʤʝʥʪ ʘʢʪʠʚʥʦʾ ʜʽʣʷʥʢʠ ʧʦʣʴʦʪʫ ʟʘʙʝʟʧʝʯʫʻ ʩʪʽʡʢʽʩʪʴ ʧʦʣʴʦʪʫ ʥʘ ʘʢʪʠʚʥʽʡ ʜʽʣʷʥʮʽ ʚ ʮʽʣʦʤʫ. ɼʘʥʠʡ ʤʝʪʦʜ, ʧʦ-ʧʝʨʰʝ, ʥʝ ʤʘʻ ʩʪʨʦʛʦʛʦ ʤʘʪʝʤʘ-

ʪʠʯʥʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽ, ʧʦ-ʜʨʫʛʝ, ʥʝ ʚ ʟʤʦʟʽ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʶʯʠʭ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʨʝʛʫʣʷʪʦʨʽʚ. ɺʠʢʣʘʜʝʥʠʡ ʚ ʮʽʡ ʩʪʘʪʪʽ 

ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʨʝʛʫʣʷʪʦʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʥʘʭʦʜʞʝʥʥʽ ʟʥʘʯʝʥʴ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʛʫʣʷʪʦʨʘ, 

ʱʦ ʜʦʩʪʘʚʣʷʶʪʴ ʤʽʥʽʤʫʤ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʷʢʠʡ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘ ʨʽʰʝʥʥʷʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʟʘʤʢʥʫʪʦʾ ʩʠʩ-

ʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʚʢʣʶʯʘʻ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʚʠʙʽʨ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʬʫʥʢʮʽʦʥʘʣʘ, ʘ ʧʦʰʫʢ 

ʤʽʥʽʤʫʤʫ ʬʫʥʢʮʽʦʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Optimization Toolbox ʚ ʩʝʨʝʜʦʚʠʱʽ MATLAB ʘʙʦ ʧʨʦʜʫʢʪʫ 

Minimize ʚ ʩʝʨʝʜʦʚʠʱʽ MATHCAD. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʰʚʠʜʢʦʜʽʶ ʟʘʤʢʥʫʪʦʾ 

ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʩʪʘʪʠʯʥʫ ʧʦʤʠʣʢʫ ʙʦʢʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʮʝʥʪʨʫ ʤʘʩ. ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʩʤʽʯʥʦʾ ʩʪʫʧʝʥʽ ʉ5ʄ ʨʘʢʝʪʠ-ʥʦʩʽʷ çʎʠʢʣʦʥ-3è ʟʽ ʰʪʘʪʥʠʤ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ ʽ ʩʪʘʙʽʣʽʟʘʪʦʨʦʤ, ʩʠʥʪʝʟʦʚʘʥʠʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʽʩʪʦʪʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʩʤʽʯʥʦʾ ʩʪʫʧʝʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʢʣʘʜʝ-

ʥʦʛʦ ʤʝʪʦʜʫ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʩʤʽʯʥʘ ʩʪʫʧʽʥʴ ʨʘʢʝʪʠ-ʥʦʩʽʷ, ʘʢʪʠʚʥʘ ʜʽʣʷʥʢʘ ʧʦʣʴʦʪʫ, ʤʝʪʦʜ çʟʘʤʦʨʦʞʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚè, ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ, ʘʜʠʪʠʚʥʠʡ ʽʥʪʝʛʨʘʣʴʥʠʡ ʢʚʘʜʨʘʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ. 
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THE PARAMETRIC SYNTH ESIS OF THE C5M COSMIC STAGE STABILIZER OF T HE CYCLONE -3 

CARRIER ROCKET IN TH E ACTIVE PART OF TRA JECTORY 

The problem of choosing the numerical values of the variable parameters of the stabilizer of the C5M cosmic stage of the Cyclone-3 carrier rocket in 

the active part of the trajectory is considered. Currently, to solve the parametric synthesis problems of analog and digital regulators of non-stationary 

dynamic objects, the ñfrozen coefficientsò method is used, according to which the active part of the flight trajectory is divided into separate sections, at 

each of which the mass, inertial and geometric characteristics of the stage are considered constant, in words, at each moment in time, the values of the 

coefficients of the coefficients of the mathematical model of the perturbed vision stage, as well as the value of disturbing forces and moments acting 

on the stage. It is assumed that the stability of the stage at each moment of the active part of the flight ensures the stability of the flight in the active 

area as a whole. This method, firstly, does not have a rigorous mathematical justification and, secondly, is not able to provide continuously increasing 

requirements for the accuracy of regulators. The method of parametric synthesis of regulators of non-stationary objects set out in this article is based 

on finding the values of the variable parameters of the regulator delivering a minimum to the integral quadratic functional calculated on the solutions 

of the mathematical model of a closed control system. In this case, the parametric synthesis algorithm includes a targeted choice of the functional 

weighting coefficients, and the minimum of the functional is searched for using the Optimization Toolbox software in the MATLAB or the Minimize 

software in the MATHCAD. The proposed method of parametric synthesis of the stabilizer allows to increase the speed of the closed stabilization 

system and significantly reduce the static error of the lateral displacement of the center of mass. A comparative research of the stabilization processes 

of the C5M cosmic stage of the Cyclone-3 carrier rocket with a standard stabilizer and a stabilizer synthesized by the proposed method leads to the 
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conclusion that the accuracy of the stabilization of the cosmic stage is significantly improved when using the above parametric synthesis method. 

Keywords: the cosmic stage of the carrier rocket, the active phase of the flight, the "frozen coefficients" method, the parametric synthesis of the 

stabilizer, the additive integral quadratic functional.                

ɺʚʝʜʝʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʅʘʟʚʘʥʠʝ çʢʦʩ-

ʤʠʯʝʩʢʠʝ ʩʪʫʧʝʥʠè (ʂʉ) ʦʙʲʝʜʠʥʷʝʪ ʦʨʙʠʪʘʣʴʥʳʝ ʛʦ-

ʣʦʚʥʳʝ ʯʘʩʪʠ (ʆɻʏ) ʙʦʝʚʳʭ ʤʝʞʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʨʘʢʝʪ (ʄɹʈ) ʠ ʜʦʨʘʟʛʦʥʥʳʝ ʙʣʦʢʠ 

(ɼɹ) ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ (ʈʅ) ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʅʘʧʨʠʤʝʨ, ʧʝʨʚʳʝ ʜʚʝ ʩʪʫʧʝʥʠ ʈʅ çʎʠʢʣʦʥ-3è ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʄɹʈ 8ʂ69, ʚ ʢʦʪʦʨʦʡ ʆɻʏ ʟʘʤʝʥʝʥʘ 

ʪʨʝʪʴʶ ʩʪʫʧʝʥʴʶ ʉ5ʄ, ʷʚʣʷʶʱʝʡʩʷ ʂʉ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʧʦʣʝʪʘ ʂʉ ʧʨʦ-

ʭʦʜʠʪ ʥʘ ʚʳʩʦʪʘʭ ʙʦʣʝʝ 80 ʢʤ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩ ʨʘʙʦ-

ʪʘʶʱʠʤ ʤʘʨʰʝʚʳʤ ʞʠʜʢʦʩʪʥʳʤ ʨʝʘʢʪʠʚʥʳʤ ʜʚʠʛʘʪʝ-

ʣʝʤ (ɾʈɼ) ʩʪʘʙʠʣʠʟʘʮʠʷ ʂʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʘʢʪʠʚ-

ʥʳʤʠ ʩʠʣʘʤʠ, ʩʦʟʜʘʚʘʝʤʳʤʠ ʥʝʧʨʝʨʳʚʥʦ ʧʫʪʝʤ ʧʦʚʦ-

ʨʦʪʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ɾʈɼ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩ ʥʝʨʘʙʦ-

ʪʘʶʱʠʤ ʤʘʨʰʝʚʳʤ ʜʚʠʛʘʪʝʣʝʤ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ï 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʣʝʡʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʠʩ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʨʝʘʢʪʠʚ-

ʥʳʝ ʜʚʠʛʘʪʝʣʠ ʤʘʣʦʡ ʪʷʛʠ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʉ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʙʦʣʴʰʦʝ 

ʫʜʣʠʥʝʥʠʝ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʶʪ ʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ 

ʂʉ ʢ ʝʝ ʜʠʘʤʝʪʨʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʦʙʲʝʢʪʳ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦ-

ʩʪʴʶ. ʇʦʵʪʦʤʫ, ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʂʉ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʣʝʪʘ ʩ ʨʘʙʦʪʘʶʱʠʤ 

ʤʘʨʰʝʚʳʤ ɾʈɼ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʪʦʧʣʠʚʥʳʝ ʙʘʢʠ ʂʉ ʉ5ʄ ʚʳʧʦʣ-

ʥʝʥʳ ʪʦʨʦʠʜʘʣʴʥʳʤʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ 

(2,7 ʤ) ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʚʳʩʦʪʦʡ (1,6 ʤ), ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʦʣʴʰʫʶ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʤʘʣʫʶ ʛʣʫʙʠʥʫ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʝʩʪʘʙʠʣʠ-

ʟʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʙʘʢʠ ʛʦʨʶʯʝʛʦ ʠ 

ʦʢʠʩʣʠʪʝʣʷ ʉ5ʄ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ 12 ʨʘʜʠʘʣʴʥʳʭ 

ʧʝʨʝʛʦʨʦʜʦʢ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʜʝʤʧʬʠʨʫʶ-

ʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʚ ʙʘʢʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʚʝʩʦʚʳʭ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʂʉ [1]. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʩʪʫʧʝ-

ʥʝʡ ʄɹʈ ʠ ʈʅ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝ-

ʪʦʜʘ çʟʘʤʦʨʦʞʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚè, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʦʪʦʨʳʤ ʘʢʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʨʘʟ-

ʙʠʚʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ 

ʤʘʩʩʦʚʳʝ, ʠʥʝʨʮʠʦʥʥʳʝ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʩʪʫʧʝʥʠ ʩʯʠʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʠʥʳʤʠ ʩʣʦ-

ʚʘʤʠ, ʚ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʯʠʪʘʶʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤʠ (çʟʘʤʦʨʦʞʝʥʥʳʤʠè) ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥ-

ʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʝ-

ʥʠʷ ʚʦʟʤʫʱʘʶʱʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʩʪʫʧʝʥʴ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʫʧʝʥʠ ʚ 

ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʝʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʝʪʘ ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘ-

ʩʪʢʝ ʚ ʮʝʣʦʤ. ʊʘʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʠʯʝʤ ʥʝ ʦʙʦʩʥʦ-

ʚʘʥʦ, ʭʦʪʷ ʥʘ ʧʨʘʢʪʠʢʝ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʤʝ-

ʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʚʳ-

ʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʩʠʩʪʝʤ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʘʣʠʯʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ MATLAB ʠ MATHCAD ʧʦʟ-

ʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʤʝʪʦʜʘ çʟʘʤʦʨʦʞʝʥʥʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚè ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥ-

ʪʝʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʄɹʈ ʠ ʈʅ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳ-

ʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʩʪʘʙʠʣʠʟʠʨʫʝʤʦʛʦ ʧʦʣʝʪʘ. ʀʜʝʷ, ʠʟ-

ʣʦʞʝʥʥʦʛʦ ʚ [2] ʤʝʪʦʜʘ, ʩʦʩʪʦʠʪ ʚ ʦʪʳʩʢʘʥʠʠ ʟʥʘʯʝʥʠʡ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘʪʦʨʘ, ʜʦʩʪʘʚʣʷʶ-

ʱʠʭ ʤʠʥʠʤʫʤ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʚʘʜʨʘʪʠʯʥʦʤʫ ʬʫʥʢ-

ʮʠʦʥʘʣʫ, ʚʳʯʠʩʣʷʝʤʦʤʫ ʥʘ ʨʝʰʝʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʢʝʪʳ ʚʜʦʣʴ ʘʢʪʠʚ-

ʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʥʘ ʧʨʠʤʝʨʝ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʠ ʉ5ʄ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çʎʠʢʣʦʥ-3è, ʵʢʩʧʣʫʘ-

ʪʘʮʠʷ ʢʦʪʦʨʳʭ ʩ 1977 ʛʦʜʘ ʫʩʧʝʰʥʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ [1, 3, 4, 11]. 

ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʂʉ ʉ5ʄ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʦʟʤʫʱʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʂʉ ʉ5ʄ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ, çʎʠʢʣʦʥ-3è ʧʨʠ-

ʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ [1]. 

ʉ ʫʯʝʪʦʤ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʝʤʫ 

ʚʣʠʷʥʠʶ ʞʠʜʢʦʩʪʠ ʥʘ ʜʚʠʞʝʥʠʝ ʩʪʫʧʝʥʠ, ʦʧʠʩʘʥʥʳʭ 

ʚʦ ʚʚʝʜʝʥʠʠ, ʚʣʠʷʥʠʝ ʞʠʜʢʦʩʪʠ ʙʳʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩ-

ʢʣʶʯʝʥʦ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʩʪʘʚʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʠ ʚ ʢʘʥʘʣʝ 

ʨʳʩʢʘʥʠʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [7, 10] 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1) 

ὸ, ̒ ὥᴂ, ̍Ͻ̒  ὥ , ̍Ͻ̒  ὥ , ̍Ͻ̒  ὥᴂ , ̒  ὥᴂ, ̒  Ὢὸ, ̍Ͻ̒  ά , ̒  

0 ï0.0196 0 0.31 ï0.012 ï0.643 0 0 

1 ï0.0196 ï16.2 0.313 ï0.0114 ï0.610 0.025 0.037 

2 ï0.0193 ï16.4 0.316 ï0.0107 ï0.594 0.051 0.074 

16 ï0.0213 ï17.7 0.338 ï0.011 ï0.612 0.048 0.070 

32 ï0.0245 ï19.6 0.374 ï0.0116 ï0.640 0.052 0.074 

48 ï0.0285 ï21.9 0.418 ï0.0114 ï0.640 0.056 0.080 

64 ï0.0334 ï24.8 0.473 ï0.0131 ï0.694 0.061 0.087 

80 ï0.0355 ï28.6 0.550 ï0.0117 ï0.744 0.067 0.099 

96 ï0.0525 ï33.7 0.643 ï0.0089 ï0.505 0.071 0.104 

112 ï0.0678 ï41.02 0.783 ï0.008 ï0.468 0.0834 0.133 
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ᾀὸ ὥ ʕὸ ὥ ʕὸ ὥ ɿὸ Ὢὸ;  

ʕὸ ὥ  ʕὸ ὥ ɿὸ ά ὸ  
(1) 

ʛʜʝ ᾀὸ ï ʙʦʢʦʚʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʩʪʫʧʝʥʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʨʙʠʪʳ; ʕὸ ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʪʫʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʨ-

ʙʠʪʳ; ɿὸï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʤʘʨʰʝʚʦʛʦ ɾʈɼ ʦʪ 
ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʩʪʫʧʝʥʠ; Ὢὸï ʧʨʠʚʝʜʝʥʥʘʷ ʚʦʟʤʫ-

ʱʘʶʱʘʷ ʩʠʣʘ, ʧʨʠʣʦʞʝʥʥʘʷ ʢ ʮʝʥʪʨʫ ʤʘʩʩ ʩʪʫʧʝʥʠ; 

ά ὸï ʧʨʠʚʝʜʝʥʥʳʡ ʚʦʟʤʫʱʘʶʱʠʡ ʤʦʤʝʥʪ, 

ʧʦʚʦʨʘʯʠʚʘʶʱʠʡ ʩʪʫʧʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʮʝʥʪʨʘ 

ʤʘʩʩ; ὥ , ὥ , ὥ , ὥ , ὥ ï ʧʝʨʝʤʝʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (1), ʟʥʘʯʝʥʠʷ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʥʘʣʦʛʦʚʦʛʦ ʩʪʘʙʠʣʠʟʘ-

ʪʦʨʘ ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ [4, 6, 7, 12] 

 ɿὸ Ὧᾀὸ Ὧᾀὸ Ὧʕὸ Ὧʕὸ,        (2) 

ʛʜʝ Ὧ, Ὧ,Ὧ  ʠ Ὧ  ï ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʩʦʚʦʢʫʧʥʦ-

ʩʪʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ (2) ʦʙʨʘʟʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʢʦʪʦʨʦʡ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

 

ί ὥ Ὧ ὥ ὥ Ὧ ί  

ὓὯ ὥ Ὧ ὥ Ὧ ί  

ὥ ὥ Ὧ ὓὯ ί ὥ ὥ Ὧ πȢ 

(3) 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ (ɿʉʉ) ʨʘʢʝʪʳ ʚ ʢʘʥʘʣʝ ʨʳʩʢʘʥʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1, ʛʜʝ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʆʉ ï 

ʦʙʲʝʢʪ ʩʪʘʙʠʣʠʟʘʮʠʠ; ˍᾀ˞ ï ʘʚʪʦʤʘʪ ʙʦʢʦʚʦʡ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ; ɸʉʕ ï ʘʚʪʦʤʘʪ ʫʛʣʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ɿʉʉ ʚ ʢʘʥʘʣʝ ʨʳʩʢʘʥʠʷ  

ɸʥʘʣʠʟ ʨʠʩ. 1 ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʭʝʤʘ ʩʦ-

ʜʝʨʞʠʪ ʜʚʘ ʟʘʤʢʥʫʪʳʭ ʢʦʥʪʫʨʘ ï ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨ 

ʙʦʢʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʫʛʣʦʚʦʡ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ, ʧʨʠʯʝʤ ʩʠʛʥʘʣʳ, ʬʦʨʤʠʨʫʝʤʳʝ ɸʉz ʠ 

ɸʉɣ, ʟʘʧʠʩʳʚʘʶʪʩʷ  ʚ ʚʠʜʝ 

 ɿ ὸ Ὧᾀὸ Ὧᾀὸ; (4) 

 ɿ ὸ Ὧʕὸ ὯʕὸȢ (5) 

ʈʘʟʦʤʢʥʝʤ ʚʥʝʰʥʠʡ ʢʦʥʪʫʨ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʧʦ-

ʣʦʞʠʚ ʚ ʫʨʘʚʥʝʥʠʠ (3) Ὧ Ὧ π. ʊʦʛʜʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʟʘʤʢʥʫʪʦʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʥʪʫʨʘ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

 
ί ὥ Ὧ ὥ ί ὓὯ ὥ Ὧ ί  

ὥ ὥ Ὧ ὓὯ ί ὥ ὥ Ὧ π, 
(6) 

ʛʜʝ  ὓ ὥ ὥ ὥ ὥ . 

ɺ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ (6) ʧʦʣʦʞʠʤ 

ί Ὦʖ, ʚʳʜʝʣʠʤ ʚ ʧʦʣʫʯʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʫʶ ʠ ʤʥʠʤʫʶ ʯʘʩʪʠ, ʧʨʠʨʘʚʥʷʝʤ ʠʭ ʥʫʣʶ ʠ ʟʘ-

ʧʠʰʝʤ ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʭ ʘʣʛʝʙʨʘʠ-

ʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ: 

 Ὧ
ὥ ʖ ὥ ὥ ὓὥ ʖ

ὥ ‫ ὥ ὥ ὓ ʖ
; (7) 

 Ὧ
ὥ ʖ ὥ ὥ ὥ ʖ ὓʖ

ὥ ʖ ὥ ὥ ὓ ʖ
Ȣ (8) 

ʀʟʤʝʥʷʷ ʖ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ 

ʩʦʦʪʥʦʰʝʥʠʡ (7) ʠ (8) ʧʦʩʪʨʦʠʤ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʫʩ-

ʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʙʦʢʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚ ʧʣʦʩʢʦʩʪʠ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Ὧ,Ὧ  ʜʣʷ ʤʦ-

ʤʝʥʪʦʚ ʧʦʣʝʪʘ ὸ ρὧ; ὸ φτὧ; ὸ ρρςὧ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2. ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ ʦʙʣʘʩʪʝʡ  

 Ὃ Ὃ ὸ Ὃ ὸ Ὃ ὸ  (9) 

ʟʘʰʪʨʠʭʦʚʘʥʦ ʠ ʦʙʨʘʟʫʝʪ ʤʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘ-

ʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Ὧ ʠ Ὧ (ʨʠʩ. 2), 

 

ʈʠʩ. 2. ʄʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ Ὃ  ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ Ὧ ʠ Ὧ 

 

     ʆʉ 

    ɸʉɣ 
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ᾀ(ὸ) 
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ʈʠʩ. 2. ʄʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ὋὯᾀ 
      ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Ὧᾀ ʠ Ὧᾀ 

ὋὯᾀ(ὸ1) 

ὋὯᾀ(ὸ2) 

ὋὯᾀ(ὸ3) 
ὦ3 

ὦ2 

ὦ1 

ὧ3 

ὧ2 

ὧ1 

ὥ 
Ὧᾀ,̍

1 

  Ὧᾀ,̍
1  ̒



 ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

 ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ 

6 ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 

ʘ ʤʥʦʞʝʩʪʚʦ Ὃ  ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʳʤ, ʢʘʢ ʠ ʢʘʞʜʘʷ ʠʟ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʦʙʣʘʩʪʝʡ Ὃ ὸ. ʊʦʯʢʘ ὥ ʢʘʞʜʦʡ 
ʠʟ ʝʛʦ ʦʙʣʘʩʪʝʡ Ὃ ὸ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʖ π. ʊʦʯʢʘ ὦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʳ  

ʖ
ὥ ὥ

ὥ
, 

a ʪʦʯʢʘ ὧ ï ʟʥʘʯʝʥʠʶ ʯʘʩʪʦʪʳ 

ʖ
ὥ ὥ ὓὥ

ὥ
Ȣ 

ʅʘ ʤʥʦʞʝʩʪʚʝ Ὃ  ʚʳʙʠʨʘʝʤ ʪʦʯʢʫ Ὧ, Ὧ  ʠ 

ʧʦʜʩʪʘʚʠʤ ʚ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ (3) Ὧ
Ὧ υπ̍  ʠ Ὧ Ὧ υ̍ Ͻ̒, ʧʨʦʠʟʚʝʜʝʤ ʚ 
ʧʦʣʫʯʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʟʘʤʝʥʫ ί Ὦʖ ʠ ʧʦʣʫʯʠʤ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ (1), (2) ʚ ʧʣʦʩʢʦʩʪʠ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Ὧ,Ὧ : 

 
Ë

ρ

Á ʖ
Ͻ 

Ͻ ʖ -Ë Á Ë ʖ Á Á Ë ; 

(10) 

 
Ὧ

ρ

ὥ ʖ
Ͻ 

Ͻ ὥ Ὧ ὥ ʖ ὥ ὥ Ὧ ὓ Ὧ Ȣ 

(11) 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ Ὃ ὸ, Ὥ ρ,ς,σ ʚ ʧʣʦʩʢʦʩʪʠ 

Ὧ,Ὧ , ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʳʭ  

 Ὃ Ὃ ὸ Ὃ ὸ Ὃ ὸ  (12) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʰʪʨʠʭʦʚʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʜʦ-

ʧʫʩʪʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ Ὧ  ʠ Ὧ . 

 

ʈʠʩ. 3. ʄʥʦʞʝʩʪʚʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ Ὃ  ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ Ὧ  ʠ Ὧ  

ʅʘ ʤʥʦʞʝʩʪʚʝ Ὃ  ʚʳʙʝʨʝʤ ʪʦʯʢʫ Ὧ, Ὧ  ʠ ʧʦ-

ʩʪʨʦʠʤ ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤ 

(1), (2) ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ 

Ὧ Ὧ υπ̍ , Ὧ Ὧ υ̍ Ͻ̒, Ὧ Ὧ

χπ, Ὧ Ὧ ς,̒ ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 4. 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ 

ʨʠʩ. 4, ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʦʰʠʙʢʠ. ʕʪʘ ʦʰʠʙʢʘ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʦʡ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ ʦ ʪʦʤ, ʯʪʦ ʚʥʝʰ-

ʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ 

ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʠʣʘ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʥʝʧʨʝ-

ʨʳʚʥʦ ʠʟʤʝʥʷʶʪʩʷ, ʧʦʵʪʦʤʫ ʨʝʘʣʴʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ 

ʦʰʠʙʢʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʨʧʫʩʘ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ 

ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʣʫʯʝʥʥʘʷ ʦʮʝʥʢʘ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʘʢʩʘ [8]. 

 

ʈʠʩ. 4. ʇʨʦʮʝʩʩʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʨʪʦʚʦʡ 

ʪʦʯʢʝ ὑ  

ɺʦʟʨʘʩʪʘʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʂʉ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʦʩʣʝ 80 ʩ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʧʦʣʝʪʘ 

ʩʪʫʧʝʥʠ, ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʝʣʠʯʠʥ ʧʨʠʚʝ-

ʜʝʥʥʳʭ ʚʦʟʤʫʱʝʥʠʡ Ὢὸ ʠ ά ὸ, ʧʨʠʯʝʤ ʵʪʦ ʧʨʦʠʩ-

ʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʠ ʤʦʤʝʥʪʘ ʠʥʝʨ-

ʮʠʠ ʂʉ ʟʘ ʩʯʝʪ ʨʘʩʭʦʜʘ ʛʦʨʶʯʝʛʦ ʠ ʦʢʠʩʣʠʪʝʣʷ. 

ʊʦʯʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʂʉ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ 

ʦʮʝʥʠʚʘʪʴ ʚʝʣʠʯʠʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ 

 Ὅὑ
ὥᾀ ὸ ὥᾀ ὸ

ὥʕ ὸ ὥʕ ὸ
Ὠὸ, (13) 

ʚʳʯʠʩʣʷʝʤʦʛʦ ʥʘ ʨʝʰʝʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(1), (2). ɺʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʘ (13) 

ʧʦʜʣʝʞʘʪ ʚʳʙʦʨʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ [2, 9]: 
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(17) 

ʛʜʝ ᾀ , ᾀ , ʕ , ʕ  ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʝʨʝʭʦʜʥʦʤ ʧʨʦ-

ʮʝʩʩʝ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʠʩ. 4 ʤʦʞʥʦ ʧʦʣʦʞʠʪʴ: 

ᾀ υ,ψϽρπ ;̍  ᾀ χϽρπ̍Ͻ̒ ; ʕ ψϽ
ρπ; ʕ φ,υϽρπ̒ . 

ʏʝʨʝʟ Ὅᶻ, Ὅᶻ, Ὅᶻ ʠ Ὅᶻ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (14)ï(17) 

ʦʙʦʟʥʘʯʝʥʳ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʥʳʭ ʬʫʥʢ-

ʮʠʦʥʘʣʦʚ 

Ὅὑ ᾀ ὸὨὸ, 

 

(18) Ὅὑ ᾀ ὸὨὸ, (19) 

Ὅ ὑ ʕ ὸὨὸ, (20) Ὅ ὑ ʕ ὸὨὸ, (21) 

ʚʳʯʠʩʣʷʝʤʳʭ ʥʘ ʨʝʰʝʥʠʷʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(1), (2). 

ɺ ʩʦʦʪʥʦʰʝʥʠʷʭ (13), (18)ï(21) ʯʝʨʝʟ Ὕ ʦʙʦʟʥʘ-

ʯʝʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʝʪʘ, 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʜʣʷ ʩʪʫʧʝʥʠ ʉ5ʄ ʩʦʩʪʘʚʣʷʝʪ Ὕ
ρρφ ̒, ʘ ʯʝʨʝʟ ὑ ï ʚʝʢʪʦʨ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

 ὑ Ὧ, Ὧ, Ὧ, Ὧ , (22) 

ʧʨʠʥʘʜʣʝʞʘʱʠʡ ʤʥʦʞʝʩʪʚʫ Ὃ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦ-

ʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʤʥʦʞʝʩʪʚ Ὃ  ʠ Ὃ  

 ὑᶰὋ Ὃ ẕὋ . (23) 

ɼʣʷ ʦʪʳʩʢʘʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʯʘʩʪʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʦʚ ʥʘ ʤʥʦʞʝʩʪʚʝ Ὃ  ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ Optimization 

Toolbox ʚ ʩʨʝʜʝ MATLAB ʠʣʠ Minimize ʚ ʩʨʝʜʝ 

MATHCAD. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ ʚʳʙʝʨʝʤ ʪʦʯʢʫ 

 ὑ Ὧ, Ὧ, Ὧ, Ὧ ᶰὋ Ὃ ẕὋ .  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ Ὅᶻ ς,τφφϽρπ̍Ͻ̒; 

Ὅᶻ ς,υςπϽρπ̍ Ͻ̒ ; Ὅᶻ σ,στπϽρπ ;̒  

Ὅᶻ ς,ωπρϽρπ̒ .  

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʚ ʩʦʦʪʥʦʰʝ-

ʥʠʷ (14)ï(17), ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʘʜʜʠʪʠʚʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ (13): ὥ τω,ρφ; 
ὥ υψ,πφ; ὥ π,υρ; ὥ τφ,ψπ.  

 

ʈʠʩ. 5. ʇʨʦʮʝʩʩʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʤʘʣʴ-

ʥʦʡ ʪʦʯʢʝ ὑᶻ 

ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʩʠʥʪʝʟʘ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

 ὑᶻ Ὧᶻ, Ὧᶻ, Ὧᶻ, Ὧᶻ ᶰὋ Ὃ ẕὋ ,  

ʜʦʩʪʘʚʣʷʶʱʠʭ ʤʠʥʠʤʫʤ ʘʜʜʠʪʠʚʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ 

(13) ʥʘ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʧʦʣʝʪʘ ʩʪʫʧʝʥʠ.  

ɺ ʨʘʙʦʪʝ [5] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ 

(13) ʥʘ ʤʥʦʞʝʩʪʚʝ Ὃ  ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ. ɿʥʘʯʝ-

ʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ʩʦʩʪʘʚʣʷʶʪ: Ὧᶻ ρωπ,πς ̍ ; Ὧᶻ ρω,υρ ̍ Ͻ̒; 

Ὧᶻ φω,ςσ; Ὧᶻ π,πρ̒. 

ʇʨʦʮʝʩʩʳ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʫ-

ʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʙʠʣʠ-

ʟʘʪʦʨʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 4 ʠ 

ʨʠʩ. 5, ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ 

ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʦʟ-

ʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʪʘʪʠʯʝʩʢʫʶ 

ʦʰʠʙʢʫ ʙʦʢʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ. ʊʘʢ, ʧʨʦ-

ʮʝʩʩʳ ʫʩʧʦʢʦʝʥʠʷ ʂʉ ʧʦʩʣʝ ʝʸ ʦʪʜʝʣʝʥʠʷ ʩʦʢʨʘʪʠʣʠʩʴ 

ʚ ʩʨʝʜʥʝʤ ʥʘ 25 % ʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 10 ʩ. ʉʪʘʪʠʯʝʩʢʘʷ 

ʦʰʠʙʢʘ ʙʦʢʦʚʦʛʦ ʩʤʝʱʝʥʠʷ ʂʉ ʥʝ ʧʨʝʚʳʰʘʝʪ ρ,ςϽ
ρπ  ̍ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 4,8Ͻρπ ,̍ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 
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ʈʠʩ. 5 ï ʇʨʦʮʝʩʩʳ ʩʪʘʙʠʣʠʟʘʮʠʠ,  
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ʩʪʘʨʪʦʚʦʡ ʪʦʯʢʝ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ (13) ʚ 

ʪʦʯʢʝ ὑ ᶰὋ  ʩʦʩʪʘʚʣʷʝʪ Ὅὑ υ,χ ̒, ʪʦ ʚ ʪʦʯʢʝ 
ὑᶻᶰὋ  ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ Ὅὑᶻ π,χςυ ̒. 

ɺʳʚʦʜʳ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʚ ʨʘʙʦʪʝ ʤʝʪʦʜ ʧʘʨʘʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʫ-

ʧʝʥʝʡ ʄɹʈ ʠ ʈʅ ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʡ 

ʘʜʜʠʪʠʚʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʠʦ-

ʥʘʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʦʡ ʪʦʯʥʦʩʪʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʳʩʢʘʥʠʝʤ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ Optimization Toolbox ʠ Minimize ʜʣʷ ʦʪʳʩʢʘʥʠʷ 

ʟʥʘʯʝʥʠʡ ʚʘʨʴʠʨʫʝʤʳʭ ʢʦʥʩʪʘʥʪ ʘʣʛʦʨʠʪʤʘ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ, ʜʦʩʪʘʚʣʷʶʱʠʭ ʤʠʥʠʤʫʤ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʢʚʘʜ-

ʨʘʪʠʯʥʦʤʫ ʬʫʥʢʮʠʦʥʘʣʫ. ʅʘ ʧʨʠʤʝʨʝ ʢʦʩʤʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʠ ʉ5ʄ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çʎʠʢʣʦʥ-3è ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʪʘʙʠ-
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ʚʳʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ. ʂʘʢ ʯʠʩʣʦʚʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʘʧʣʘʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʩʪʝʧʝʥʴ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʘʪʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʘʣʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʝʚʝʨʩʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʷ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʣʦʪʥʦʩʪʴ ʠ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝʤʝʥʠ 

ʥʘʙʣʶʜʝʥʠʷ Ὕ, ʜʝʢʨʝʤʝʥʪʘ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ ʉ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʎ . ʇʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʠ ʬʫʥʢʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʘʣʦʚ. ʀʟ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Ὕʎ  ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʚ ʧʝʨʠʬʝʨʠʡʥʳʝ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʫʢʣʦʥʝʥʠʡ. ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʉὝ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʚʦ ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ᾀ π. ʇʣʦʪʥʦʩʪʴ Ὢᾀ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ᾀ π, ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʘʢʩʠʤʫʤ, 
ʜʚʝ ʪʦʯʢʠ ʧʝʨʝʛʠʙʘ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʘʩʠʤʧʪʦʪʠʢʫ ʥʘ ʧʝʨʠʬʝʨʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ, ʥʦʨʤʘʣʴʥʦʩʪʴ, ʤʘʨʢʦʚʦʩʪʴ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʬʫʥʢʮʠʦʥʘʣ ʠ ʬʫʥʢʮʠʦʥʘʣ ʩʚʝʨʪʦʯʥʦʛʦ ʪʠʧʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ. 
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ʈɽɺɽʈʉʅɯ ʌʋʅʂʎɯɰ ʊɸ ʈʆɿʇʆɼɯʃ ɯʄʆɺɯʈʅʆʉʊɽʁ ɺʀʇɸɼʂʆɺʆɻʆ ʌʋʅʂʎɯʆʅɸʃɸ-

ɿɻʆʈʊʂʀ ɿ ʅʆʈʄɸʃʔʅʆɻʆ ʄɸʈʂɯɺʉʔʂʆɻʆ ʇʈʆʎɽʉɸ 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʮʝʩ, ʱʦ ʚʦʣʦʜʽʻ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ, ʥʦʨʤʘʣʴʥʦʩʪʽ ʪʘ ʤʘʨʢʦʚʦʩʪʽ. ɼʣʷ ʟʘʜʘʥʦʛʦ ʯʘʩʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʠʚʯʝʥʦ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʘ ʬʫʥʢʮʽʦʥʘʣ-ʟʛʦʨʪʢʫ. ʇʨʠ ʘʥʘʣʽʪʠʯʥʦʤʫ ʨʦʟʛʣʷʜʽ ʟʘʜʘʯ ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʻ 

ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʟʘʜʘʯʘ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʙʫʜʝ ʚʠʨʽʰʝʥʘ, ʷʢʱʦ ʧʦʙʫʜʦʚʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘ (ʪʚʽʨʥʘ) ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, 

ʱʦ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʻ ʙʘʛʘʪʦʢʨʘʪʥʦʶ ʟʛʦʨʪʢʦʶ ʧʘʨʮʽʘʣʴʥʠʭ ʱʽʣʴʥʦʩʪʝʡ. ɺ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʪʚʽʨʥʘ 

ʬʫʥʢʮʽʷ ʻ ʜʦʙʫʪʢʦʤ ʧʘʨʮʽʘʣʴʥʠʭ ʪʚʽʨʥʠʭ ʬʫʥʢʮʽʡ, ʪʦʙʪʦ ʜʽʷ, ʷʢʘ ʙʽʣʴʰ ʟʜʽʡʩʥʝʥʘ. ɸʣʝ, ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʘʙʦ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʚʠʢʣʠʢʘʻ ʦʩʥʦʚʥʽ ʩʢʣʘʜʥʦʩʪʽ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ. ʗʢ ʯʠʩʝʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʚʦʻʶ ʥʝʩʪʽʡʢʽʩʪʶ, ʩʪʝʧʽʥʴ ʷʢʦʾ ʟʨʦʩʪʘʻ ʟ ʧʘʨʘʤʝʪʨʦʤ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʚʝʨʩʥʠʭ 

ʬʫʥʢʮʽʡ, ʱʦ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʚʠʨʘʟʫ ʜʣʷ ʪʚʽʨʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʦʥʘʣʫ-ʟʛʦʨʪʢʠ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʘʣʫ-ʟʛʦʨʪʢʠ. ʑʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʪʘ ʽʥʪʝʛʨʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʦʪʨʠʤʘʥʦ 

ʯʠʩʝʣʴʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʃʘʧʣʘʩʘ ʜʣʷ ʚʠʙʨʘʥʠʭ ʟʥʘʯʝʥʴ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ Ὕ, ʜʝʢʨʝʤʝʥʪʫ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ 
ʉ ʪʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʎ . ʅʘʚʝʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʱʽʣʴʥʦʩʪʽ ʪʘ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʜʣʷ ʟʘʜʘʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʦʥʘʣʽʚ. ɿ ʧʨʦʚʝʜʝʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Ὕʎ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʰʠʨʝʥʥʷ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʦʥʘʣʫ-ʟʛʦʨʪʢʠ ʚ ʧʝʨʠʬʝʨʽʡʥʽ ʦʙʣʘʩʪʽ ʙʽʣʴʰʠʭ 

ʫʭʠʣʝʥʴ. ɿʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʉὝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʽʟʘʮʽʾ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʦʥʘʣʫ-ʟʛʦʨʪʢʠ ʚ ʤʝʞʘʭ ʬʣʫʢʪʫʘʮʽʡʥʦʾ ʦʙʣʘʩʪʽ ᾀ π. ʑʽʣʴʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ Ὢᾀ ʩʠʤʝʪʨʠʯʥʘ ʚʽʜʥʦʩʥʦ ᾀ π, ʤʘʻ ʻʜʠʥʠʡ ʤʘʢʩʠʤʫʤ, ʜʚʽ ʪʦʯʢʠ ʧʝʨʝʛʠʥʫ ʪʘ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʫ ʘʩʠʤʧʪʦʪʠʢʫ ʥʘ ʧʝʨʠʬʝʨʽʷʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʮʽʦʥʘʨʥʽʩʪʴ, ʥʦʨʤʘʣʴʥʽʩʪʴ, ʤʘʨʢʦʚʽʩʪʴ, ʽʥʪʝʛʨʘʣʴʥʽ ʢʚʘʜʨʘʪʠʯʥʽ ʬʫʥʢʮʽʦʥʘʣʠ, ʝʥʝʨʛʝʪʠʯʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣ ʟʛʦʨʪʦʯʥʦʛʦ ʪʠʧʫ, ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʫʥʢʮʽʦʥʘʣʫ-ʟʛʦʨʪʢʠ. 

O. S. MAZMANISHVILI, G.  YU. SYDORENKO  

REVERSAL FUNCTIONS A ND PROBABILITY DISTR IBUTION OF THE PANDO M CROSS-

FUNCTIONAL FROM NORM AL MARKOV PROCESS  

The process, which has the properties of stationary, normality and markovity, is considered. For a given time interval, an energy functional and a 

cross-functional are studied in this article. In analytic consideration of the problems of probability theory and mathematical statistics, the assumption is 

widespread that the problem in question has been resolved if the characteristic (generating) function is constructed. However, the operation of the 

inverse Laplace transform causes the computational difficulties. As a numerical procedure, the inverse Laplace transform is characterized by 

instability, the degree of which increases with the transformation parameter. An approach based on the application of the reverse functions was 

proposed and used, which made it possible to obtain an analytical expression for the generating function of the distribution of random values of the 

cross-functional in this article. The analysis of the statistical properties of the cross functional is carried out. The density of probability distribution and 

the integral distribution law are obtained numerically using the inverse Laplace transform for the selected values of the observation time Ὕ, the 

decrement of the process ʉ and its intensity ʎ . The dependences of the density and distribution functions for given values of the parameters of 

functionals are given. It follows from the calculations that an increase in the parameter Ὕʎ  leads to the expansion of the values of the functional in the 

peripheral regions of large deviations. Reducing the parameter ʉὝ leads to the localization of the values of the cross-functional in the fluctuation 

domain ᾀ π. The density Ὢᾀ is symmetric with respect  ᾀ π. It has a unique maximum, two points of inflection, and an exponential asymptotic 

behavior on the periphery. 

Keywords: stationary, normality, markovity, integral quadratic functional, energy functional and cross-type functional, statistical properties of 

cross-functional. 

ɺʚʝʜʝʥʠʝ. ʇʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʟʘʜʘʯ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʜʦʧʫʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʧʦʣʫʯʠʣʘ ʩʚʦʸ ʨʘʟʨʝʰʝʥʠʝ, 

ʝʩʣʠ ʧʦʩʪʨʦʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ (ʧʨʦʠʟʚʦʜʷʱʘʷ) 

ʬʫʥʢʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ. ʕʪʦ 

É ɸ. ʉ. ʄʘʟʤʘʥʠʰʚʠʣʠ, ɸ. ʖ. ʉʠʜʦʨʝʥʢʦ, 2018 
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ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʣʦʞʝʥʠʠ ʩʣʫʯʘʡʥʳʭ 

ʚʝʣʠʯʠʥ ʠʩʢʦʤʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʠ ʝʩʪʴ ʤʥʦʛʦʢʨʘʪʥʘʷ (ʧʦ ʯʠʩʣʫ ʩʣʘʛʘʝʤʳʭ) 

ʩʚʝʨʪʢʘ ʧʘʨʮʠʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʢʦʤʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʘʨʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ [1, 2], ʪʦ ʝʩʪʴ ʦʧʝʨʘʮʠʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʧʨʦʩʪʦ ʚʳʧʦʣʥʠʤʦʡ, ʯʝʤ ʤʥʦʛʦʢʨʘʪʥʦʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ.  

ʆʜʥʘʢʦ, ʦʧʝʨʘʮʠʷ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ ʠʣʠ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ 

ʚʳʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ 

ʦʪʥʦʰʝʥʠʠ. ʂʘʢ ʯʠʩʣʦʚʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʩʪʝʧʝʥʴ 

ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʧʘʨʘʤʝʪʨʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʦʧʳʪʦʢ 

[3, 4], ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʪʩʫʪʩʪʚʫʶʪ ʫʩʪʦʡʯʠʚʳʝ 

ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʱʝʥʠʷ ʌʫʨʴʝ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

ʥʘʨʷʜʫ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʪʝʦʨʠʠ 

ʩʠʛʥʘʣʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʨʨʝʣʷʮʠʷ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʜʘʥʥʳʭ (ʦʧʪʠʯʝʩʢʠʭ 

ʠ ʜʨʫʛʠʭ). ʇʨʠ ʚʩʝʭ ʩʚʦʠʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ 

ʢʦʨʨʝʣʷʮʠʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ 

ʚʟʘʠʤʥʳʭ ʩʚʷʟʝʡ, ʠʤʝʶʱʠʭ ʬʦʨʤʫ ʧʦʜʦʙʠʡ ʠʣʠ 

ʩʦʚʧʘʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʢʦʨʨʝʣʷʮʠʠ 

ʩʚʦʜʠʪʩʷ ʢ ʩʨʘʚʥʝʥʠʶ (ʩʦʧʦʩʪʘʚʣʝʥʠʶ) ʜʚʫʭ ʢʘʨʪʠʥ 

ʠʣʠ ʧʨʦʮʝʩʩʦʚ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪʠʥ, ʩʠʛʥʘʣʦʚ ʠʣʠ 

ʧʨʦʮʝʩʩʦʚ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʧʦʥʷʪʠʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ [2]. ʂʦʨʨʝʣʷʮʠʷ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʩʚʝʨʪʢʠ, 

ʢʦʪʦʨʳʡ, ʧʦ ʩʫʪʠ, ʪʘ ʞʝ ʢʦʨʨʝʣʷʮʠʷ ʜʚʫʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʘʥʥʳʭ, ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ 

ʢʦʪʦʨʦʡ ʦʜʥʘ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʦʙʨʘʱʝʥʘ ʚʦ 

ʚʨʝʤʝʥʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʠ ʠ ʩʚʝʨʪʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʘʣʛʦʨʠʪʤʳ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ɺ ʨʷʜʝ ʟʘʜʘʯ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʚʘʜʨʘʪʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʳ ʦʪ ʪʨʘʝʢʪʦʨʠʡ ʥʦʨʤʘʣʴʥʦʛʦ 

ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʠ ʩʚʝʨʪʦʯʥʳʡ ʬʫʥʢʮʠʦʥʘʣ 

 

ὐὼ ὼ ὸὨὸ, 

ὐὼ ὼὸὼὝ ὸὨὸ, 

(1) 

ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʬʫʥʢʮʠʦʥʘʣʘ ὐὼ, 

ʥʘʧʨʠʤʝʨ, ʬʫʥʢʮʠʦʥʘʣʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʠ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʚʠʜʘ [1-3]. 

ɺ ʬʫʥʢʮʠʦʥʘʣʘʭ (1) π ὸ Ὕ ï ʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʷ, ʘ ʧʦʜ ὼὸ  ʧʦʥʠʤʘʝʪʩʷ 

ʥʦʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʆʨʥʰʪʝʡʥʘ-ʋʣʝʥʙʝʢʘ (ʆʋ-

ʧʨʦʮʝʩʩ) [4, 5]. ʉʪʘʮʠʦʥʘʨʥʳʡ, ʚʝʱʝʩʪʚʝʥʥʳʡ 

ʩʣʫʯʘʡʥʳʡ ʆʋ-ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʜʝʢʨʝʤʝʥʪ ʉ, 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ʎ, ʘ ʪʘʢʞʝ ʙʝʟʫʩʣʦʚʥʳʝ ʥʫʣʝʚʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʠ ʜʠʩʧʝʨʩʠʶ Mὼ ὸ
ʎ . ʇʨʠ ʵʪʦʤ ʆʋ-ʧʨʦʮʝʩʩ ὼὸ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ 

 
Ὠ

Ὠὸ
ὼὸ ʉὼὸ ύὸ, (2) 

ʛʜʝ ʉ ï ʜʝʢʨʝʤʝʥʪ ʉ π,  
 ύὸ ï ʚʠʥʝʨʦʚʩʢʠʡ ʩʣʫʯʘʡʥʳʡ ʧʨʦʮʝʩʩ ʩ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ  

 ὑ ὸ,ὸ Mύὸύὸ
ρ

ςʎ
ÍÉÎὸ, ὸȢ  

ɿʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʬʫʥʢʮʠʦʥʘʣʘ ὐὼ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ [6, 7]. ʀʭ ʧʦʣʥʦʝ 

ʦʧʠʩʘʥʠʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʦʣʫʯʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʜʣʷ 

ʧʨʦʠʟʚʦʜʷʱʝʡ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ) ʬʫʥʢʮʠʠ ὗ ʇ 

ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ὣ ὐὼ.  

ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʦ ʥʘʭʦʞʜʝʥʠʠ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ὢᾀ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ᾀ 
ʬʫʥʢʮʠʦʥʘʣʘ ὤ ὐὼ (1) ʠʣʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ, 

ʧʨʦʠʟʚʦʜʷʱʝʡ (ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ) ʬʫʥʢʮʠʠ (ʍʌ) 

ὗ ʇ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʩʣʫʯʘʡʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʩ ʧʘʨʘʤʝʪʨʦʤ ʇ. 

 ὗ ʇ ÅØÐʇ ὼὸὼὝ ὸὨὸȢ (3) 

ɿʜʝʩʴ ʫʛʦʣʢʦʚʳʤʠ ʩʢʦʙʢʘʤʠ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ 

ʫʩʨʝʜʥʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʫʥʢʮʠʡ ὼὸ . 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʘʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ 

ʨʘʙʦʪʘʭ [8 -10]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʍʌ 

ʧʨʠʰʣʦʩʴ ʧʨʝʦʜʦʣʝʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʪʨʫʜʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘʡʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʤʘʪʨʠʮ rÅØÐὃ, 

ʛʜʝ ὃ ï ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʨʦʝʥʥʘʷ τ τ-ʤʘʪʨʠʮʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʝʥʝʝ ʩʣʦʞʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʨʝʚʝʨʩʥʳʭ ʬʫʥʢʮʠʡ. ʇʦʜ ʨʝʚʝʨʩʥʦʡ ʬʫʥʢʮʠʝʡ Ὑʒὸ  

ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʬʫʥʢʮʠʶ, ʦʙʣʘʜʘʶʱʝʡ ʩʚʦʡʩʪʚʦʤ 

Ὑʒὸ ʒὝ ὸ, ʪʦ ʝʩʪʴ ʩʚʦʡʩʪʚʦʤ ʚʨʝʤʝʥʥʦʡ 

ʠʥʚʝʨʩʠʠ ʥʘ ʠʥʪʝʨʚʘʣʝ π ὸ Ὕ. 

ɺʳʯʠʩʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʬʫʥʢʮʠʦʥʘʣ ὐὼ (1) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʦʙʨʘʟʦʚʘʥʥʦʤ ʤʥʦʞʝʩʪʚʦʤ ʬʫʥʢʮʠʡ ὼὸ, ʟʘʧʠʰʝʤ 
ʝʛʦ ʚ ʚʠʜʝ 

 
 ὐὼ

ρ

τ
ὼὸ ὼὝ ὸ  

ὼὸ ὼὝ ὸ ὨὸȢ 

(4) 

ʊʦʛʜʘ 

 

ὗ ʇ ÅØÐ
ρ

τ
ὼὸ ὼὝ ὸ Ὠὸ 

ρ

τ
ὼὸ ὼὝ ὸ ὨὸȢ 

(5) 

ɺʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 
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όὸ ὼὸ ὼὝ ὸ, 
ὺὸ ὼὸ ὼὝ ὸȢ 

(6) 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʷʚʥʳʡ ʚʠʜ ʬʫʥʢʮʠʦʥʘʣʘ 

(1), ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʦʚ ʦʪ ʩʫʤʤʳ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ 

 

 ὐὼ  ὐὼ  ὐὼ  

ρ

τ
ὼὸ Ὑὼὸ Ὠὸ 

ρ

τ
ὼὸ Ὑὼὸ ὨὸȢ 

(7) 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʬʫʥʢʮʠʡ όὸ ὼὸ ὼὝ ὸ ʠ 

ὺὸ ὼὸ ὼὝ ὸ ʩʧʨʘʚʝʜʣʠʚʦ ộόὸỚ π, 
ộὺὸỚ π ʠ ộόὸὺὸỚ π, ʪʦ ʦʥʠ, ʩ ʫʯʝʪʦʤ 

ʥʦʨʤʘʣʴʥʦʛʦ ʩʚʦʡʩʪʚʘ ʧʨʦʮʝʩʩʘ ὼὸ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳ [3]. ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ὗ ʇ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ 

 ὗ ʇ ὗ ʇὗ ʇ, (8) 

ʛʜʝ  

 

ὗ ʇ ÅØÐ
ʇ

τ
ό ὸὨὸ, 

ὗ ʇ ÅØÐ
ʇ

τ
ὺ ὸὨὸȢ 

(9) 

ɺ ʬʘʢʪʦʨʠʟʘʮʠʦʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ (8) ʜʣʷ ʍʌ 

ὗ ʇ ʩʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʤʥʦʞʠʪʝʣʴ ὗ ʇ. 

ʅʘʨʷʜʫ ʩ ʤʥʦʞʝʩʪʚʦʤ ʬʫʥʢʮʠʡ όὸ  ʨʘʩʩʤʦʪʨʠʤ 

ʩʦʧʨʷʞʝʥʥʦʝ ʩ ʥʠʤ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ὴὸ. ʊʦʛʜʘ  

 

ὗ ʇ ÅØÐ
ʇ

τ
ό ὸὨὸ Ὀὴὸ  

ÅØÐ ὴ ὸὨὸЍ ʇ ὴὸόὸὨὸ, 

(10) 

ʛʜʝ Ὀὴὸ ï ʦʙʦʙʱʝʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ʚ ʧʨʦʩʪ-

ʨʘʥʩʪʚʝ ʬʫʥʢʮʠʡ ὴὸ. ɺ ʩʠʣʫ ʥʦʨʤʘʣʴʥʦʩʪʠ ʬʫʥʢ-

ʮʠʡ όὸ  ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʨʝʜʥʝʝ ʚ (10) ʨʘʚʥʦ 

 

ÅØÐЍ ʇ ὴὸόὸὨὸ  

ÅØÐ
ρ

ς
ʇ Ὠὸὴὸ ὨὸὴὸộόὸόὸỚ, 

(11) 

ʯʪʦ ʧʦʩʣʝ ʧʨʷʤʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʢʦʨʨʝʣʷʪʦʨʘ ὑ ὸ,ὸᴂ
ộόὸ,όὸᴂỚ ʜʘʝʪ  

 

ὗ ʇ Ὀὴὸ ÅØÐ ὴ ὸὨὸ
ʇ

ς
ʎ  

Ὠὸ ὴὸ Ὠὸὴὸ ÅØÐʉȿὸ ὸȿ  

(12) 

ÅØÐʉȿὸ ὸ Ὕȿ Ȣ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʛʨʘʣ (12) ʨʘʚʝʥ 

ʜʝʪʝʨʤʠʥʘʥʪʫ ʌʨʝʜʛʦʣʴʤʘ 

 ὗ ʇ ÄÅÔὉ ʇὑ , (13) 

ʛʜʝ Ὁ ï ʝʜʠʥʠʯʥʳʡ ʦʧʝʨʘʪʦʨ. 

ʋʪʚʝʨʞʜʝʥʠʝ 1. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʦʨʨʝʣʷʪʦʨʝ ὑ ὸ,ὸ ἂόὸόὸἃ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 
ʬʫʥʢʮʠʷʤʠ ה ὸ  ʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ ɤ , 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʩʨʝʜʥʠʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʢʦʨʨʝʣʷʪʦʨʝ ὑ ὸ,ὸ  
ἂὼὸὼὸἃ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ה ὸ  ʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ ʇ ςɤ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ה ὸ  ʦʧʝʨʘʪʦʨʘ ὑ  ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʠʤ ʥʘʙʦʨʦʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ 

ɤ , ὲ ρ,ς,ȢȢȢ, 

 
ה ὸ ɤ Ὠὸה ὸ ÅØÐʉȿὸ ὸȿ  

ÅØÐʉȿὸ ὸ ὝȿȢ 

(14) 

ʂʦʨʨʝʣʷʪʦʨ ὑ ὸ,ὸ  ʠʤʝʝʪ ʚʠʜ 

 ὑ ὸ,ὸ ἂὼὸὼὸἃ ἂὼὸὼὝ ὸἃ, (15) 

ʠ ʚʳʨʘʞʝʥ ʚ (14) ʯʝʨʝʟ ʢʦʨʨʝʣʷʪʦʨʳ ʠʩʭʦʜʥʦʛʦ 

ʩʣʫʯʘʡʥʦʛʦ ʆʋ-ʧʨʦʮʝʩʩʘ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʘʛʘʝʤʦʤ ʧʦʜ ʠʥʪʝʛʨʘʣʦʤ (14) 

ʦʩʫʱʝʩʪʚʠʤ ʨʝʚʝʨʩʥʫʶ ʟʘʤʝʥʫ ʚʦ ʚʨʝʤʝʥʠ Ὕ ὸ ʐ, 
ʪʦʛʜʘ, ʚʥʦʚʴ ʠʩʧʦʣʴʟʫʷ ʧʝʨʝʤʝʥʥʫʶ ὸ, ʧʦʣʫʯʠʤ 

 
ה ὸ ɤ Ὠὸה ὸ Ὑה ὸ  

ÅØÐʉȿὸ ὸȿȢ 

(16) 

ʀʟ (16) ʚʳʪʝʢʘʝʪ, ʯʪʦ ʜʣʷ ʨʝʚʝʨʩʥʦʡ ʬʫʥʢʮʠʠ 

ʩʧʨʘʚʝʜʣʠʚʦ 

 

Ὑה ὸ ה Ὕ ὸ  

ɤ Ὠὸה ὸ Ὑה ὸ  

ÅØÐʉȿὸ ὸ Ὕȿ 

(17) 

ʠʣʠ 

 
Ὑה ὸ ɤ Ὠὸה ὸ Ὑה ὸ  

ÅØÐʉȿὸ ὸȿȢ 

(18) 

ʉʢʣʘʜʳʚʘʷ (16) ʠ (18), ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠ ʁ

 ʕ ὸ ςɤ ᷿Ὠὸʕ ὸ ÅØÐʉȿὸ ὸȿ,  (19) 

ʛʜʝ ʕ ὸ ה ὸ Ὑה ὸ. ɺ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ 

ʷʜʨʦʤ ʩʣʫʞʠʪ ʫʞʝ ʢʦʨʨʝʣʷʪʦʨ ʪʦʣʴʢʦ ʆʋ-ʧʨʦʮʝʩʩʘ.  
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ʀʟ (16) ʠ (19) ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘʭʦʞʜʝʥʠʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʨʝʜʥʠʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʨʨʝʣʷʪʦʨʝ 

ὑ ὸ,ὸ  ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʥʘʭʦʞʜʝʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʨʝʜʥʠʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʨʨʝʣʷʪʦʨʝ ὑ ὸ,ὸ . 

ʇʦʵʪʦʤʫ 

 

ὗ ʇ ÅØÐ
ʇ

τ
Ὠὸὼὸ ὼὝ ὸ

ÅØÐ
ʇ

ς
ὼ ὸὨὸȢ 

(20) 

ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠ ̫ ʧʦʣʫʯʝʥʘ 

ʧʨʦʠʟʚʦʜʷʱʘʷ ʬʫʥʢʮʠʷ ὗ ʇ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ὣ ὐὼ (1). ʇʦʵʪʦʤʫ 

 ὗ ʇ ὗ ʇȾς.  (21) 

ʋʪʚʝʨʞʜʝʥʠʝ 2. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʨʝʜʥʠʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʢʦʨʨʝʣʷʪʦʨʝ ὑ ὸ,ὸ ἂὺὸὺὸἃ ʩ ʩʦʙʩʪʚʝʥʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ה ὸ  ʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ ɤ , 

ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʩʨʝʜʥʠʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʢʦʨʨʝʣʷʪʦʨʝ ὑ ὸ,ὸ . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ 

ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʤ, ʧʨʠʚʦʜʷʪ ʢ ʚʳʨʘʞʝʥʠʶ 

 ὗ ʇ ÅØÐ
ʇ

ς
ὼ ὸὨὸȢ (22) 

ʇʦʵʪʦʤʫ 

 
ὗ ʇ ÅØÐʇ ὼὸὼὝ ὸὨὸ  

ὗ ʇȾςὗ ʇȾςȢ 

(23) 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʨʝʜʥʠʭ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʥʝʝ ʥʘʡʜʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ [5]. ʕʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʘʝʪ ʜʣʷ ʠʩʢʦ-

ʤʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ὗ ʇ

τὶʉ Å

ὶ ʉ  ̆ ὶ ʉ ̆

τὶʉ Å

ὶ ʉ  ̆ ὶ ʉ ̆
, 

  

(24) 

ʛʜʝ  ὶ ʉ ʇʉʎ , ὶ ʉ ʇʉʎ . 

 

ɿʘʤʝʯʘʥʠʝ. ʇʦʩʣʝ ʟʘʤʝʥʳ ʚ (24) ςʉʎ ᵼʎ  ʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʉO π ʚ ʧʦʣʫʯʠʚʰʝʤʩʷ 

ʚʳʨʘʞʝʥʠʠ ʧʨʠʭʦʜʠʤ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

ὗ ʇ ἂÅØÐʇὐύ ἃ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ὐύ

᷿ὨὸύὸύὝ ὸ ʦʪ ʚʠʥʝʨʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ύὸ 

[3, 4]: 

 ὗ ʇ ἂÅØÐʇὐύ ἃ
ρ

ÃÈЍʇʎ Ὕ
Ȣ (25) 

ʉʚʦʡʩʪʚʘ ʩʚʝʨʪʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. 

ʅʘʡʜʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ (24) ὗ ʇ 

ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ὤ ὐὼ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ ʤʘʨ-

ʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ὼὸ ʩʦʜʝʨʞʠʪ ʚʩʶ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʝ ὤ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὢᾀ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʃʘʧʣʘʩʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪ ɹʧʣʦʪʥʦʩʪʠ Ὢᾀ 

ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʯʝʪʘ. ʇʣʦʪ-

ʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὢᾀ ʩʠʤʤʝʪʨʠʯʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ᾀ π. ɺʤʝʩʪʝ ʩ ʪʝʤ ʦʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʧʣʦʪʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ, ʘ ʠʤʝʥʥʦ, 

Ὢᾀ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʳʡ ʤʘʢʩʠʤʫʤ, ʜʚʝ ʪʦʯʢʠ 

ʧʝʨʝʛʠʙʘ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʘʩʠʤʧʪʦʪʠʢʫ ʥʘ 

ʧʝʨʠʬʝʨʠʷʭ.  

 

ʈʠʩ. 1. ʇʣʦʪʥʦʩʪ ɹʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὢᾀ; 

ʧʘʨʘʤʝʪʨʳ: ʎ ρȢπ, Ὕ τȢπ, ʉ ρȢπ  

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪ ɹ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ὂᾀ ʜʣʷ ʵʪʦʛʦ ʞʝ ʬʫʥʢʮʠʦʥʘʣʘ.  

 

ʈʠʩ. 2. ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὂᾀ; 

ʧʘʨʘʤʝʪʨʳ: ʎ ρȢπ, Ὕ τȢπ, ʉ ρȢπ  

 

ʇʨʠ ʉ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝ-

ʜʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʘ (1). ʅʘ ʨʠʩ. 3ï4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʧʣʦʪʥʦʩʪʠ 

ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (1) ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʜʝʢʨʝʤʝʥʪʘ ʉ. 
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʢʦʨʨʝʣʷʮʠʠ (ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʉ) ʛʨʘʬʠʢ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʣʦʢʘʣʠʟʦʚʘʪʴʩʷ 

ʚʦʢʨʫʛ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (1), ʧʦʵʪʦʤʫ 
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ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʠ ʫʤʝʥʴʰʝ-

ʥʠʠ ʜʝʢʨʝʤʝʥʪʘ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʦʣʦʛʠʤʠ, ʢʘʢ ʚʠʜʥʦ 

ʠʟ ʨʠʩ. 3. 

 

ʈʠʩ. 3. ʇʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὢᾀ; 

ʧʘʨʘʤʝʪʨʳ: ʎ ρȢπ, Ὕ τȢπ, ʉ πȢυ, ρȢπ, ςȢπ 

 

ʈʠʩ. 4. ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὂᾀ; 

ʧʘʨʘʤʝʪʨʳ: ʎ ρȢπ, Ὕ τȢπ, ʉ πȢυ, ρȢπ, ςȢπ 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʔ
ʉὝ, ʨʘʚʥʦʛʦ ʦʪʥʦʰʝʥʠʶ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʝʥʠʷ Ὕ ʢ 

ʜʣʠʥʝ ʢʦʨʨʝʣʷʮʠʠ ὰÃÏÒÒʉ  ʆʋ-ʧʨʦʮʝʩʩʘ, ʧʨʠʚʦʜʠʪ ʢ 

ʣʦʢʘʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʚʦ 

ʬʣʫʢʪʫʘʮʠʦʥʥʫʶ ʦʙʣʘʩʪʴ ᾀ π.  
ʀʟ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ Ὕʎ  ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ 

ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʚ ʧʝʨʠʬʝʨʠʡʥʳʝ 

ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʫʢʣʦʥʝʥʠʡ. ʅʘ ʨʠʩ. 5ï6 ʧʨʠʚʝʜʝʥʳ 

ʧʣʦʪʥʦʩʪʠ ʠ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʎ. 
ʀʟ ʨʠʩ. 1ï6 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʚʝʯʘʶʪ ʦʙʱʠʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʠ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʀʟ (24) ʩʣʝʜʫʝʪ ʜʣʷ ʧʝʨʚʦʛʦ ʤʦʤʝʥʪʘ, ʯʪʦ 

╜ὤ πȢ (25) 

ʜʘʣʝʝ, ʜʠʩʧʝʨʩʠʷ ʨʘʚʥʘ 

╜ὤ ʎὝ
ʔ ρ ÅØÐʔ

ʔ
,    ʔ ʉὝȢ (26) 

 

 

ʈʠʩ. 5. ʇʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὢᾀ; 

ʧʘʨʘʤʝʪʨʳ: ʎ πȢυ, ρȢπ, ςȢπ, Ὕ τȢπ, ʉ ρȢπ 

 

ʈʠʩ. 6. ʌʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ Ὂᾀ; 

ʧʘʨʘʤʝʪʨʳ: ʎ πȢυ, ρȢπ, ςȢπ, Ὕ τȢπ, ʉ ρȢπ 

ʅʘ ʨʠʩ. 7 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʎ ʧʣʦʪʥʦʩʪʠ Ὢᾀ 

ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ὤ.  

 

ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʨʘʟʙʨʦʩʘ ʎ 
ʧʣʦʪʥʦʩʪʠ Ὢᾀ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ Ὕ; ʧʘʨʘʤʝʪʨʳ: 

ʎ ρ, ʉ ρ 

ʀʟ ʨʠʩ. 7 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʝʥʠʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʡ ʨʘʟʙʨʦʩ ʧʣʦʪʥʦʩʪʠ ʪʘʢʞʝ 

ʚʦʟʨʘʩʪʘʝʪ.  

ʅʘ ʨʠʩ. 8 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʎ ╜ὤ  (26) ʧʣʦʪʥʦʩʪʠ Ὢᾀ 

ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ὤ.  
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ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʎ ʦʪ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʷ Ὕ; ʧʘʨʘʤʝʪʨ: ʉ ρ 

ɺʳʚʦʜʳ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʩʣʫʯʘʡʥʳʡ ʧʨʦ-

ʮʝʩʩ ʆʨʥʰʪʝʡʥʘ-ʋʣʝʥʙʝʢʘ, ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʘʤʠ 

ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ, ʥʦʨʤʘʣʴʥʦʩʪʠ ʠ ʤʘʨʢʦʚʦʩʪʠ. ɼʣʷ 

ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʫʯʝʥʳ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʡ ʬʫʥʢʮʠʦʥʘʣ ʠ ʬʫʥʢʮʠʦʥʘʣ ʩʚʝʨʪʦʯʥʦʛʦ ʪʠʧʘ. 

ʇʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʨʝʚʝʨʩʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʷʱʝʡ ʬʫʥʢ-

ʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-

ʩʚʝʨʪʢʠ.  

ʇʣʦʪʥʦʩʪʴ ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʦ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʨʝ-

ʤʝʥʠ ʥʘʙʣʶʜʝʥʠʷ Ὕ, ʜʝʢʨʝʤʝʥʪʘ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ 
ʉ ʠ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʎ . ʇʦʣʫʯʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ Ὕʎ  ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʰʠʨʝʥʠʶ ʟʥʘʯʝʥʠʡ 

ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʚ ʧʝʨʠʬʝʨʠʡʥʳʝ ʦʙʣʘʩʪʠ ʙʦʣʴ-

ʰʠʭ ʫʢʣʦʥʝʥʠʡ. ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʉὝ ʧʨʠʚʦʜʠʪ 

ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʟʥʘʯʝʥʠʡ ʬʫʥʢʮʠʦʥʘʣʘ-ʩʚʝʨʪʢʠ ʚʦ 

ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʦʙʣʘʩʪʠ ᾀ π. ʇʣʦʪʥʦʩʪʴ Ὢᾀ ʩʠʤ-

ʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ᾀ π ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 
ʦʙʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʧʣʦʪʥʦʩʪʷʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʚʘʜʨʘ-

ʪʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ. 
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ʊ. ɼ. ɻʋʎʆʃ 

ɺʃʀʗʅʀɽ ʅɸ ʇʋʃʔʉʀʈʋʖʑʀʁ ʂʈʆɺʆʊʆʂ ɾʀɺʆʊʅʓʍ ʉʆɹʉʊɺɽʅʅʓʍ ʀ ɺʅɽʐʅʀʍ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ʇʆʃɽʁ 

ʈʘʩʩʤʦʪʨʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʨʦʚʦʪʦʢʘ ʚ ʢʨʫʧʥʳʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʘʭ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʥʘ ʬʦʨʤʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʨʦʚʠ, ʢʘʢ ʩʦʟʜʘʥʥʳʭ ʩʘʤʠʤ ʢʨʦʚʦʪʦʢʦʤ, ʪʘʢ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʂʨʦʚʝʥʦʩʥʳʝ ʩʦʩʫʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʜʥʦʨʦʜʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩ ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ, ʘ ʢʨʦʚʴ ï ʚ ʚʠʜʝ ʥʴʶʪʦʥʦʚʩʢʦʡ ʞʠʜʢʦʩʪʠ. ʈʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʨʦʚʝʜʝʥʦ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʜʘʚʣʝʥʠʷ ʠʤʝʶʪ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɼʣʷ ʫʯʝʪʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʦʚʦʪʦʢ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʫʨʘʚʥʝʥʠʝ ʜʦʙʘʚʣʝʥʦ ʩʣʘʛʘʝʤʦʝ, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʝʛʦ 

ʚʣʠʷʥʠʝ ʥʘ ʟʘʨʷʜ ʠ ʪʦʢ ʢʨʦʚʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʵʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪ ʤʘʛʥʠʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʣʷ. ʀʩʩʣʝʜʦʚʘʥ 

ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʧʦʷʚʣʷʶʱʝʡʩʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ. ʇʨʠʙʣʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʧʘʜʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʯʘʩʪʦʪʝ ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʚʦʟʤʦʞʥʦʤʫ ʦʩʝʜʘʥʠʶ 

ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ ʥʘ ʩʪʝʥʢʘʭ ʩʦʩʫʜʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʨʦʚʠ ʤʝʥʷʝʪʩʷ ʠ ʧʨʦʜʦʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʨʦʚʦʪʦʢʘ ʧʦʢʘʟʘʣ ʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʨʝʟʦʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʥʘʩʪʫʧʘʣʦ ʥʘ ʯʘʩʪʦʪʘʭ ʨʘʚʥʳʭ 

ʯʘʩʪʦʪʝ ʧʫʣʴʩʘʮʠʡ ʢʨʦʚʦʪʦʢʘ ʠʣʠ ʝʝ ʛʘʨʤʦʥʠʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʝʩʣʠ ʥʘ 

ʢʨʦʚʴ ʙʫʜʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʧʦʣʝ, ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʩʚʝʨʭʥʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ, ʫʯʠʪʳʚʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʨʦʚʠ ʚ ʩʦʩʫʜʘʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʫʥʢʮʠʶ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʦʚʦʪʦʢ, ʚʥʝʰʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝïʉʪʦʢʩʘ, ʧʫʣʴʩʘʮʠʷ ʢʨʦʚʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦʨʦʩʪʠ, 

ʨʝʟʦʥʘʥʩʥʳʝ ʷʚʣʝʥʠʷ. 

ʊ. ɼ. ɻʋʎʆʃ 

ɺʇʃʀɺ ʅɸ ʇʋʃʔʉʋʖʏʋ ʊɽʏɯʖ ʂʈʆɺɯ ʊɺɸʈʀʅ ɺʃɸʉʅʀʍ ɯ ɿʆɺʅɯʐʅɯʍ 

ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʀʍ ʇʆʃɯɺ 

ʈʦʟʛʣʷʥʫʪʘ ʪʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʢʨʦʚʦʪʦʢʫ ʫ ʚʝʣʠʢʠʭ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥʘʭ ʪʚʘʨʠʥ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʘ ʬʦʨʤʝʥʽ 

ʝʣʝʤʝʥʪʠ ʢʨʦʚʽ, ʷʢ ʩʪʚʦʨʝʥʠʭ ʩʘʤʠʤ ʢʨʦʚʦʪʦʢʦʤ, ʪʘʢ ʽ ʽʩʥʫʶʯʠʭ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʂʨʦʚʦʥʦʩʥʽ ʩʫʜʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʦʜʥʦʨʽʜʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʢʘʥʘʣʽʚ ʟ ʞʦʨʩʪʢʠʤʠ ʩʪʽʥʢʘʤʠ, ʘ ʢʨʦʚ - ʫ ʚʠʛʣʷʜʽ ʥʴʶʪʦʥʽʚʩʴʢʦʾ ʨʽʜʠʥʠ. ʈʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻ-ʉʪʦʢʩʘ ʧʨʦʚʝʜʝʥʦ 

ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʫʣʴʩʘʮʽʾ ʪʠʩʢʫ ʤʘʶʪʴ ʬʦʨʤʫ ʧʨʷʤʦʢʫʪʥʠʭ ʽʤʧʫʣʴʩʽʚ. ɼʣʷ ʦʙʣʽʢʫ ʜʦʜʘʪʢʦʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʢʨʦʚʦʪʽʢ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʨʽʚʥʷʥʥʷ ʜʦʜʘʥʦ ʜʦʜʘʥʦʢ, ʷʢʠʡ ʦʧʠʩʫʻ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʟʘʨʷʜ ʽ ʩʪʨʫʤ ʢʨʦʚʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʮʝʡ 

ʚʧʣʠʚ ʨʦʙʠʪʴ ʤʘʛʥʽʪʥʘ ʩʢʣʘʜʦʚʘ ʧʦʣʷ. ɼʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʦʚʦʪʦʢʫ, ʱʦ ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ, ʘ ʪʘʢʦʞ ʟʤʽʥʘ ʡʦʛʦ ʧʦʟʜʦʚʞʥʴʦʾ ʩʢʣʘʜʦʚʦʾ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʰʚʠʜʢʦʩʪʽ ʤʘʻ ʢʦʤʧʣʝʢʩʥʫ ʘʤʧʣʽʪʫʜʫ. ʅʘʙʣʠʞʝʥʥʷ 

ʯʘʩʪʦʪʠ ʧʘʜʘʶʯʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦ ʯʘʩʪʦʪʠ ʧʫʣʴʩʘʮʽʡ ʪʠʩʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʤʦʞʣʠʚʦʛʦ 

ʦʩʽʜʘʥʥʷ ʬʦʨʤʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʨʦʚʽ ʥʘ ʩʪʽʥʢʘʭ ʩʫʜʠʥ. ʆʜʥʦʯʘʩʥʦ ʟ ʧʦʷʚʦʶ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʨʦʚʽ ʟʤʽʥʶʻʪʴʩʷ ʽ ʧʦʟʜʦʚʞʥʻ ʩʢʣʘʜʦʚʘ. 

ʏʠʩʝʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ ʧʦʟʜʦʚʞʥʴʦʾ ʽ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʨʦʚʦʪʦʢʫ ʧʦʢʘʟʘʚ ʾʭ ʩʫʪʪʻʚʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʯʘʩʪʦʪʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʤʘʻ ʨʝʟʦʥʘʥʩʥʠʡ ʭʘʨʘʢʪʝʨ. ɿʨʦʩʪʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʥʘʩʪʫʧʘʣʦ ʥʘ ʯʘʩʪʦʪʘʭ ʨʽʚʥʠʭ ʯʘʩʪʦʪʽ ʧʫʣʴʩʘʮʽʡ ʢʨʦʚʦʪʦʢʫ 

ʘʙʦ ʾʾ ʛʘʨʤʦʥʽʢ. ʆʜʥʦʯʘʩʥʦ ʚʠʥʠʢʘʻ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʪʘʢʠʡ ʞʝ ʝʬʝʢʪ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʷʢʱʦ ʥʘ ʢʨʦʚ ʙʫʜʝ ʚʧʣʠʚʘʪʠ 

ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʝ ʧʦʣʝ, ʤʦʜʫʣʴʦʚʘʥʝ ʥʘʜʥʠʟʴʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʱʦ ʤʦʞʣʠʚʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʟʜʘʪʥʽʩʪʴ ʢʨʦʚʽ ʚ ʩʫʜʠʥʘʭ ʟʜʽʡʩʥʶʚʘʪʠ ʬʫʥʢʮʽʶ 

ʜʝʪʝʢʪʫʚʘʥʥʷ. ʎʝ ʜʦʩʠʪʴ ʧʨʘʚʜʦʧʦʜʽʙʥʦ, ʦʩʢʳʣʴʢʠ ʤʝʤʙʨʘʥʥʽ ʩʪʨʫʢʪʫʨʠ ʢʣʽʪʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʣʽʪʠʥ ʝʨʠʪʨʦʮʠʪʽʚ, ʚʦʣʦʜʽʶʪʴ ʪʘʢʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʝʯʽʷ ʢʨʦʚʽ, ʟʦʚʥʽʰʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʣʷ, ʨʽʚʥʷʥʥʷ ʅʘʚ'ʻïʉʪʦʢʩʘ, ʧʫʣʴʩʘʮʽʷ ʢʨʦʚʽ, ʩʢʣʘʜʦʚʽ ʰʚʠʜʢʦʩʪʽ, ʨʝʟʦʥʘʥʩʥʽ 

ʷʚʠʱʘ 

T. D. HUTSOL 

INFLUENCE ON PULSING  BLOOD OF ANIMALS BY OWN AND EXTERNAL ELE CTROMAGNETI C 

FIELDS 

A theoretical model of blood flow in large blood vessels of animals is considered, which takes into account the effect of electromagnetic fields on the 

formed elements of the blood, both those created by the bloodstream itself and those existing in the environment. Blood vessels are presented in the 

form of uniform cylindrical channels with rigid walls, and blood - in the form of Newtonian fluid. The solution of the Navier-Stokes equation is carried 

out under the assumption that the pressure pulsations have the shape of rectangular pulses. To account for the additional effects on the blood flow of an 

external electromagnetic field, a term was added to the equation that describes its effect on the charge and flow of blood. It is shown that the main 

contribution to this effect is made by the magnetic component of the field. The nature of the behavior of the radial component of the blood flow 

velocity appearing in this case, as well as the change of its longitudinal component, is investigated. It is shown that the radial component of velocity 

has a complex amplitude. The approximation of the frequency of the incident electromagnetic field to the frequency of pressure pulsations leads to a 

sharp increase in the radial component and the possible sedimentation of blood corpuscles on the vessel walls. Simultaneously with the appearance of 

the radial component of the blood, the longitudinal component also changes. Numerical analysis of the dependence of the longitudinal and radial 

components of the blood flow showed their substantial dependence on the frequency of the external electromagnetic field, which has a resonant 

character. The increase in velocity occurred at frequencies equal to the frequency of the pulsations of the blood flow or its harmonics. At the same 

time, there is an assumption that the same effect can be expected if the blood is affected by a microwave field modulated by ultra-low frequencies, 

which is possible, given the ability of blood in the vessels to perform the detection function. 

Keywords: blood flow, external electromagnetic fields, NavierïStokes equation, blood pulsation, velocity components, resonance phenomena.) 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʪʨʝʪʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠ-

ʚʦʪʥʦʛʦ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʜʠʥʘʤʠʢʠ ʢʨʦʚʠ. ʕʪʦ ʧʦ-

ʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝ-

ʩʪʚʘ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ. ʆʜʥʘʢʦ 

ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʰʴ 
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ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʫʞʘʝʪ ʧʨʠ-

ʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʦʮʝʥʢʠ ʷʚʣʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʢʨʦʚʦʪʦʢ ʚʥʝʰʥʠʭ ʧʝʨʠ-

ʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ, ʢʘʢ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʨʦʜʥʳʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʘʥʘʣ ʩ ʞʝʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ ʨʘʜʠʫʩʘ 

Ὑ ʠ ʜʣʠʥʳ ὒ. ʂʘʥʘʣ ʟʘʧʦʣʥʝʥ ʢʨʦʚʴʶ, ʢʦʪʦʨʫʶ ʤʳ ʙʫ-

ʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʥʴʶʪʦʥʦʚʩʢʫʶ ʞʠʜʢʦʩʪʴ [1ï3]. 

ʅʘ ʚʭʦʜʝ ʢʘʥʘʣʘ ʜʝʡʩʪʚʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ 

ʜʘʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʝ ʥʴʶʪʦʥʦʚʩʢʦʡ 

ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ 

ʅʘʚʴʝïʉʪʦʢʩʘ [4ï6]: 

 ʍ
‬○

‬ὸ
ὖɳ ʂɳ○, (1) 

ʛʜʝ ○ ï ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ; 

 ὖ ï ʧʨʠʣʦʞʝʥʥʦʝ ʥʘ ʚʭʦʜʝ ʢʘʥʘʣʘ ʜʘʚʣʝʥʠʝ; 

 ʍ ï ʧʣʦʪʥʦʩʪʴ ʢʨʦʚʠ; 

 ʂ ï ʚʷʟʢʦʩʪʴ ʢʨʦʚʠ. 

ʋʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ, ʦʜʥʘʢʦ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʢʨʦʚʠ ʚ ʩʦʩʫʜʘʭ ʷʚʣʷʝʪʩʷ ʣʘʤʠ-

ʥʘʨʥʳʤ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʠʥʝʘʨʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʣʘʤʠʥʘʨʥʦʩʪʴ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ○ ʠʤʝʝʪ ʣʠʰʴ ʦʜʥʫ ʢʦʤʧʦʥʝʥʪʫ ὺ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ, ʘ ʪʘʢʞʝ ʧʨʠʥʠʤʘʷ ʚʦ 

ʚʥʠʤʘʥʠʝ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʟʘʜʘʯʠ π, 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ὺ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʚ ʚʠʜʝ: 

 
‬ὺ

‬ὸ
ʉ
‬ὺ

‬ὶ

ρ

ὶ

‬ὺ

‬ὶ

ρ

ʍ

Ўὖ

ὒ
, (2) 

ʛʜʝ Ўὖ ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʢʨʦʚʦʪʦʢʝ ʤʝʞʜʫ ʢʦʥʮʦʤ 

ʠ ʥʘʯʘʣʦʤ ʢʨʦʚʝʥʦʩʥʦʛʦ ʩʦʩʫʜʘ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ὒ; 

ʉ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʨʘʚʥʘʷ 
ʂ
ʍȢ 

ʇʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ ʚʳʨʘʞʝʥʠʝ (2) ʷʚʣʷʝʪʩʷ ʥʝ-

ʦʜʥʦʨʦʜʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩ ʦʜʥʦ-

ʨʦʜʥʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ: 

 ὺ ὶ, π π;   ὺ Ὑ, ὸ πȢ (3) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (2) ʩʦʜʝʨʞʠʪ ʚʝʣʠʯʠʥʫ 

ɝὖ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ɝὖ ʚ 

ʢʨʦʚʝʥʦʩʥʦʤ ʩʦʩʫʜʝ ʠ ʠʤʝʶʱʫʶ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢ-

ʪʝʨ. 

ʆʙʦʟʥʘʯʠʤ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʦʚ ὸ ʠ ʧʝʨʠʦʜ 

ʧʦʚʪʦʨʝʥʠʷ ï ὸȢ ʊʦʛʜʘ 

ʃ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

(2) ʨʘʟʣʦʞʠʤ ʬʫʥʢʮʠʶ ɝ0ὸ ʚ ʨʷʜ ʌʫʨʴʝ ʧʦ ʢʦʩʠʥʫ-

ʩʘʤ ʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. 

ɼʣʷ ʵʪʦʛʦ ʧʦʣʦʞʠʤ 

 ὺ Ὑ ὶὝ ὸȢ (4) 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦ-

ʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ὺ ʠʤʝʝʪ 

ʚʠʜ: 

 ὺ
ςʌЎὖ

ʍὒ

ὐɻ ὶ

ʈ ὐʈ

ʃ

ʉɻ
  

ς

ʌ

ÓÉÎὯʌʃ

Ὧ

ρ
Ὧὰ
ÓÉÎὯὰὸ

ρ
Ὧὰ

’ɻ ÃÏÓὯὰὸ

ρ
ʉɻ
Ὧὰ ữ

Ử
Ữ

Ử
ử

Ȣ (5) 

ɿʜʝʩʴ ὐ, ὐ ï ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ; 

ɻ ; 

ʈ Ὑ ï ʢʦʨʝʥʴ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ 

ʧʦʨʷʜʢʘ; 

ʇ ï ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷ-

ʶʱʝʛʦ Ὑ ὶ; 

ὰ . 

ʇʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʨʝʰʝʥʠʝ ʧʨʠ ὸO Њ, 
ʪʦ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʩʯʝʪ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ. 

ɺʳʯʠʩʣʝʥʠʝ Ὕ ὸ ʜʘʝʪ ʙʳʩʪʨʦ ʩʭʦʜʷʱʠʝʩʷ ʨʷʜʳ, ʧʦ-

ʵʪʦʤʫ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʢʨʦʚʠ, ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʝʨʚʳʤʠ 

ʜʚʫʤʷ-ʪʨʝʤʷ ʛʘʨʤʦʥʠʢʘʤʠ ʨʘʟʣʦʞʝʥʠʷ Ўὖὸ. ʏʪʦ 

ʢʘʩʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ ʬʫʥʢʮʠʷʤ, ʪʦ 

ʟʜʝʩʴ ʜʦʩʪʘʪʦʯʥʦ ʚʟʷʪʴ ὲ ρȢ ʇʨʠ ὲ ρ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʘʷ ʧʦʜʩʪʘʥʦʚʢʘ ʢʦʨʥʝʡ ʬʫʥʢʮʠʠ ɹʝʩʩʝʣʷ ʥʫʣʝ-

ʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʟʤʝʨʦʚ ʢʨʦ-

ʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Ὕ ὸ ʧʦʢʘʟʳʚʘʝʪ 

ʧʨʝʥʝʙʨʝʞʠʤʫʶ ʤʘʣʦʩʪʴ Ὕ ὸ,  Ὕ ὸ  ʠ ʪ.ʜ. ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ Ὕ ὸȢ  
ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʢʨʦʚʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʥʘ ʚʭʦʜʝ ʢʨʦʚʝʥʦʩʥʦʛʦ ʩʦʩʫʜʘ. ɺʪʦʨʦʝ 

ʩʣʘʛʘʝʤʦʝ ʜʘʝʪ ʧʦʧʨʘʚʢʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʫʣʴʩʘʮʠʝʡ 

ʢʨʦʚʠ. ɽʛʦ ʧʦʷʚʣʝʥʠʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʬʠʣʴ 

ʩʢʦʨʦʩʪʝʡ ʢʨʦʚʦʪʦʢʘ ʙʫʜʝʪ ʩʦʚʝʨʰʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʣʝʙʘʥʠʷ ʦʢʦʣʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʩ ʥʝʢʦʪʦʨʦʡ 

ʯʘʩʪʦʪʦʡ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚ ʧʫʣʴʩʠʨʫʶʱʝʤ ʢʨʦʚʦʪʦʢʝ ʷʚʣʝʥʠʡ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʥʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʯʘʩʪʦʪʳ, ʚʳʟʚʘʥʥʦʡ ʚʥʝʰʥʠʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ, ʧʨʦʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʩ ʯʘʩʪʦʪʦʡ ʧʫʣʴʩʘʮʠʠ 

ʜʘʚʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʩʣʝʜʩʪʚʠʡ ʵʪʦʛʦ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʦʚʠ, ʥʝʩʫʱʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʘʥʘʣʠʟ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ὺ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʩʚʷʟʘʪʴ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʩ ʚʝʣʠʯʠ-

ʥʦʡ ʜʠʘʤʝʪʨʘ ʩʦʩʫʜʘ. ʊʘʢ, ʚ ʩʦʩʫʜʘʭ ʩ ʤʘʣʳʤ ʩʝʯʝ-

ʥʠʝʤ, ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʘʛʘʝ-

ʤʳʤ ʩ ÃÏÓὯὰὸ, ʘ ʚ ʩʦʩʫʜʘʭ ʩ ʙʦʣʴʰʠʤ ʧʦʧʝʨʝʯʥʳʤ 
ʩʝʯʝʥʠʝʤ ï ʩ ÓÉÎὯὰὸȢ 
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ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʢʨʦʚʦʪʦʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʯʘʩʪʦʪʦʡ ╔ ʠ ʘʤʧʣʠʪʫʜʘʤʠ ʚʝʢʪʦʨʦʚ ‫  ʠ ╗Ȣ 
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ ʅʘʚʴʝïʉʪʦʢʩʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʚʠʜ [7, 8]: 

 
‬○

‬ὸ
○Ͻɳ ○   

 
ρ

ʍ
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ρ

ʍ
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ʂ
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ʍ
ʊ
ʂ

σ
ÄɳÉÖ○, (6) 

ʛʜʝ ʊ ï ʚʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ. 

ʉʠʣʘ █ ʚʳʨʘʞʘʝʪ ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ ʥʘ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʨʝʜʦʡ ʟʘʨʷʜ, ʪʦʢ ʠ ʨʘʚʥʘ 

 █ ʍ╔ ʈ ╙, ╗, (7) 

ʛʜʝ   ʍ ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ; 

ʈ τʌρπ ʛʥ/ʤ; 

╙ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. 

ʉʯʠʪʘʷ, ʢʘʢ ʠ ʚʳʰʝ, ʢʨʦʚʴ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦ-

ʩʪʴʶ, ʘ ʝʝ ʪʝʯʝʥʠʝ ʣʘʤʠʥʘʨʥʳʤ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʦʩʥʦʚ-

ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʨʦʚʴ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʚʥʝʰʥʝʝ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʧʨʝʦʙʨʘʟʫʝʤ (6) ʢ ʚʠʜʫ: 

 
‬Ἶᴆ

‬ὸ
ʉɳ Ͻ○

ρ

ʍ
ὖɳ
ʈ

ʍ
╙, ╗, (8) 

ʛʜʝ   ╙ Ὡὔὺ ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʵʨʠʪʨʦʮʠʪʦʚ; 

Ὡ ï ʟʘʨʷʜ ʦʜʠʥʦʯʥʦʛʦ ʵʨʠʪʨʦʮʠʪʘ; 

ὔ ï ʢʦʣʠʯʝʩʪʚʦ ʵʨʠʪʨʦʮʠʪʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ; 

ὺ ï ʩʢʦʨʦʩʪʴ ʢʨʦʚʦʪʦʢʘ ʙʝʟ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. 

ʋʨʘʚʥʝʥʠʝ (8) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ 

ʪʨʝʭ ʩʢʘʣʷʨʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʘʜʠʘʣʴ-

ʥʫʶ, ʘʟʠʤʫʪʘʣʴʥʫʶ ʠ ʧʨʦʜʦʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʢʦ-

ʨʦʩʪʠ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʜʠʘʣʴʥʘʷ ʠ ʧʨʦʜʦʣʴ-

ʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʨʝʰʝʥʠʶ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ: 

 
‬ὺ

‬ὸ
ʉ
ρ

ὶ

‬

‬ὶ
ὶ
‬ὺ

‬ὶ

‬ὺ

‬ᾀ
  

 
Ὡὔʈ

ʍ
ὺ Åᴆ, ╗ ; (9) 

 
‬ὺ

‬ὸ
ʉ
ρ

ὶ

‬

‬ὶ
ὶ
‬ὺ

‬ὶ

‬ὺ

‬ᾀ
  

 
Ὡὔʈ

ʍ
ὺ Åᴆ, ╗

ρ

ʍ

Ўὖ

ὒ
Ȣ (10) 

ʆʧʨʝʜʝʣʠʤ ʨʘʜʠʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʢʦʨʦʩʪʠ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʘ 

ʩʣʫʯʘʷ: ʚʝʢʪʦʨ ╗ ʥʘʧʨʘʚʣʝʥ ʚʜʦʣʴ ʦʩʠ ʩʦʩʫʜʘ, ʠ ʩʣʫ-

ʯʘʡ, ʢʦʛʜʘ ʚʝʢʪʦʨ ╗ ʥʘʧʨʘʚʣʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʵʪʦʡ 

ʦʩʠ. ʃʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʜʚʫʭ ʩʣʫʯʘʝʚ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʠʟʚʦʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ɽʩʣʠ ʠʤʝʝʪʩʷ ʣʠʰʴ ʧʨʦʜʦʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʚʝʢʪʦʨʘ ╗ ʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (9) ʨʘʚʥʘ ʥʫʣʶ. 

ʆʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʦʩʫʜʘ, ʚʳ-

ʟʚʘʥʥʳʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʜʥʘʢʦ ʥʘʣʠ-

ʯʠʝ ʚʷʟʢʦʩʪʠ ʚ ʢʨʦʚʠ ʧʨʠʚʝʜʝʪ ʢ ʙʳʩʪʨʦʤʫ ʟʘʪʫʭʘʥʠʶ 

ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʧʦʧʝʨʝʯʥʦʛʦ ʚʝʢʪʦʨʘ ╗ȡ 

 ╗ Ὄ▄ Ὄ▄  (11) 

ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚʜʦʣʴ ʦʩʠ ʩʦʩʫʜʘ, ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (9) ʠʤʝʝʪ ʚʠʜ: 
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 ὐɻ ὶὩ , (12) 

ʛʜʝ Ὄ  ï ʘʤʧʣʠʪʫʜʘ ʘʟʠʤʫʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ (12), ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦ-

ʨʦʩʪʠ ʠʤʝʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʘʤʧʣʠʪʫʜʫ. ɽʝ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʦʡ 

ʧʫʣʴʩʘʮʠʡ ʜʘʚʣʝʥʠʷ ʚ ʢʨʦʚʦʪʦʢʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʤʥʠʤʘʷ ʯʘʩʪʴ ï 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʢʨʦʚʦʪʦʢ ʚʥʝʰʥʝʛʦ ʕʄʇ ʩ ʯʘʩʪʦʪʦʡ .‫ 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ὺ ὸ  ʙʫʜʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ ʯʘʩʪʦʪʘʭ ʖ. 

ʆʜʥʘʢʦ ʧʨʠʙʣʠʞʝʥʠʝ ʯʘʩʪʦʪʳ ʧʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʯʘʩʪʦʪʝ ʧʫʣʴʩʘʮʠʡ ʢʨʦʚʦʪʦʢʘ ʠʣʠ ʢ 

ʦʜʥʦʡ ʠʟ ʝʝ ʛʘʨʤʦʥʠʢ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʨʝʟʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ὺ, ʪʦ ʝʩʪʴ ʢ ʨʝʟʦʥʘʥʩʥʳʤ 
ʷʚʣʝʥʠʷʤ. ʕʪʦ ʤʦʞʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʦʤʙʦʚ ʠ ʜʨʫʛʠʭ ʥʝʞʝʣʘ-

ʪʝʣʴʥʳʭ ʷʚʣʝʥʠʡ. ʋʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʜʦ ʥʫʣʷ ʚʥʦʚʴ 

ʩʜʝʣʘʝʪ ὺ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʨʘʚʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠ-

ʯʠʥʝ. 

ʆʮʝʥʠʤ ʪʝʧʝʨʴ ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʴʥʦʛʦ ʠ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʚʝʢʪʦʨʘ ╗  ʥʘ ʧʨʦʜʦʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʢʦ-

ʨʦʩʪʠ ʢʨʦʚʦʪʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʨʝʰʠʤ ʫʨʘʚʥʝʥʠʝ (10). 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʩʣʦʚʠʝʤ ʨʘʚʝʥʩʪʚʘ ʜʠʚʝʨʛʝʥʮʠʠ 

ʥʫʣʶ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʨʘʞʝʥʠʶ: 
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 ὐɻ ὶὩ , (13) 

ʛʜʝ ὺ  ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʣʠʥʳ ὒ ʜʘʥʥʦʛʦ ʩʦʩʫʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪ-

ʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʝʢʪʦʨ ╗ ʢʦʪʦʨʦʛʦ ʥʘʧʨʘʚʣʝʥ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʩʦʩʫʜʘ, ʚ ʧʨʦʜʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʩʢʦʨʦʩʪʠ ʧʦʷʚʣʷʝʪʩʷ ʜʦʙʘʚʢʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʚʳʨʘʞʝʥʠʝʤ (13). 

ɺʳʚʦʜʳ. ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ὺ ʠ ὺ ʦʪ ʯʘʩʪʦʪʳ 

ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʢʘʟʘʣ ʠʭ ʨʝʟʦ-

ʥʘʥʩʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʝʡ ʥʘʩʪʫʧʘʣʦ 

ʥʘ ʯʘʩʪʦʪʘʭ ʨʘʚʥʳʭ ʯʘʩʪʦʪʝ ʧʫʣʴʩʘʮʠʡ ʢʨʦʚʦʪʦʢʘ ʠʣʠ 

ʝʝ ʛʘʨʤʦʥʠʢ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʦ ʪʦʤ, ʯʪʦ ʪʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʝʩʣʠ ʥʘ 

ʢʨʦʚʴ ʙʫʜʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʉɺʏ ʧʦʣʝ, ʤʦʜʫʣʠʨʦʚʘʥ-

ʥʦʝ ʩʚʝʨʭʥʠʟʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢʨʦʚʠ ʚ ʩʦʩʫʜʘʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʬʫʥʢʮʠʶ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ [9ï12]. 
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T. N. LISETSKY 

EFFICIENCY RESEARCH OF THE THREE -LEVEL MODEL OF SMALL -SERIES PRODUCTION 

PLANNING  

We consider the problem of finding an order portfolio that maximizes the total profit according to one of five optimization criteria and should fit the 

beginning date of the planned period and the due dates specified by the customers. Also, we need to build for this order portfolio a feasible (not vio-

lating the due dates) operational plan of jobs processing that would correspond to the minimum possible processing time of the entire order portfolio. 

We show that the problem in this formulation is a multi-stage scheduling problem. We describe previously developed methodology for the problem 

solving: the three-level model of production planning. We substantiate the possibility of applying the methodology for any type of small-series pro-

duction according to one of the five criteria of optimality. We show that independently of the production type considered, whatever is the original 

production technology, and no matter how the multi-stage scheduling problem is implemented, we reduce the planning problem solving for any of the 

five optimality criteria to obtaining a feasible solution of the multi-stage scheduling problem for the criterion of maximizing the start time of the earli-

est job. We show that the efficiency of the multi-stage scheduling problem solving depends on the efficiency of solving the first level of the three-level 

model. Therefore, we statistically investigate and prove the efficiency of solving the problem of minimizing the total weighted completion time of jobs 

with precedence relations on a single machine. We show the efficiency of PSC-algorithm for the problem solving for the case when the weights of 

only terminal vertices of the precedence graph are non-zero. We have shown that the approximation algorithm for this problem solving allows to solve 

real practical large size problems (we checked dimensions of up to 10,000 jobs). The solutions obtained by the approximation algorithm coincided 

with those obtained by the exact PSC-algorithm in 99.97 % cases. 

Keywords: production planning, PSC-algorithm, exact algorithm, approximation algorithm, combinatorial optimization, scheduling 

ʊ. ʄ. ʃʀʉɽʎʔʂʀʁ 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊʈʀʈɯɺʅɽɺʆɰ ʄʆɼɽʃɯ ʇʃɸʅʋɺɸʅʅʗ ɼʈɯɹʅʆʉɽʈɯʁʅʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸ 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʜʘʯʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʨʪʬʝʣʷ ʟʘʤʦʚʣʝʥʴ, ʷʢʠʡ ʤʘʢʩʠʤʽʟʫʻ ʩʫʤʘʨʥʠʡ ʧʨʠʙʫʪʦʢ ʟʘ ʦʜʥʠʤ ʟ ʧôʷʪʠ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʨʠ 

ʷʢʦʤʫ ʜʦʪʨʠʤʘʥʦ ʧʦʯʘʪʦʢ ʧʣʘʥʦʚʦʛʦ ʧʝʨʽʦʜʫ ʽ ʜʠʨʝʢʪʠʚʥʽ ʩʪʨʦʢʠ, ʟʘʜʘʥʽ ʟʘʤʦʚʥʠʢʘʤʠ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʜʣʷ ʮʴʦʛʦ ʧʦʨʪʬʝʣʷ ʟʘ-

ʤʦʚʣʝʥʴ ʜʦʧʫʩʪʠʤʠʡ (ʱʦ ʥʝ ʧʦʨʫʰʫʻ ʜʠʨʝʢʪʠʚʥʠʭ ʩʪʨʦʢʽʚ) ʧʦʦʧʝʨʘʮʽʡʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʚ ʙʠ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ 

ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʧʦʨʪʬʝʣʷ ʟʘʤʦʚʣʝʥʴ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʜʘʯʘ ʚ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʻ ʙʘʛʘʪʦʝʪʘʧʥʦʶ ʟʘʜʘʯʝʶ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʆʧʠ-

ʩʫʻʪʴʩʷ ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ï ʪʨʠʨʽʚʥʝʚʘ ʤʦʜʝʣʴ ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʆʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʜʨʽʙʥʦʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʦʜʥʠʤ ʟ ʜʘʥʠʭ ʧôʷʪʠ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʚʠʭʽʜʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʽʚ ʽ ʧʨʠ ʙʫʜʴ-ʷʢʽʡ ʨʝʘʣʽʟʘʮʽʾ ʙʘʛʘʪʦʝʪʘʧʥʦʾ ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨ-

ʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʣʘʥʫʚʘʥʥʷ ʟʘ ʦʜʥʠʤ ʟ ʮʠʭ ʧôʷʪʠ ʢʨʠʪʝʨʽʾʚ ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʧʨʠʧʫʩʪʠʤʦʛʦ 

ʨʦʟʚôʷʟʢʫ ʙʘʛʘʪʦʝʪʘʧʥʦʾ ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʽʟʘʮʽʾ ʤʦʤʝʥʪʫ ʟʘʧʫʩʢʫ ʥʘʡʙʽʣʴʰ ʨʘʥʥʴʦʾ ʨʦʙʦʪʠ. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʙʘʛʘʪʦʝʪʘʧʥʦʾ ʟʘʜʘʯʽ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʨʰʦʛʦ ʨʽʚʥʷ ʪʨʠʨʽʚʥʝʚʦʾ 

ʤʦʜʝʣʽ. ʊʦʤʫ, ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʽ ʦʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʘʨʥʦʛʦ ʟʚʘʞʝʥʦʛʦ ʤʦʤʝʥʪʫ 

ʟʘʢʽʥʯʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʟ ʚʽʜʥʦʩʠʥʘʤʠ ʧʝʨʝʜʫʚʘʥʥʷ ʥʘ ʦʜʥʦʤʫ ʧʨʠʣʘʜʽ. ʇʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʇɼʉ-ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʜʣʷ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʘʛʠ ʚʩʽʭ ʚʝʨʰʠʥ ʛʨʘʬʘ ʧʝʨʝʜʫʚʘʥʥʷ, ʢʨʽʤ ʢʽʥʮʝʚʠʭ, ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘʙʣʠʞʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ 

ʟʘʜʘʯʽ ʜʦʟʚʦʣʷʻ ʨʦʟʚôʷʟʫʚʘʪʠ ʨʝʘʣʴʥʽ ʧʨʘʢʪʠʯʥʽ ʟʘʜʘʯ ̔ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ (ʧʝʨʝʚʽʨʷʣʠʩʷ ʨʦʟʤʽʨʥʦʩʪʽ ʜʦ 10,000 ʨʦʙʽʪ). ʈʦʟʚôʷʟʢʠ, ʦʪʨʠʤʘʥʽ 

ʥʘʙʣʠʞʝʥʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʟʙʽʛʣʠʩʷ ʟ ʦʪʨʠʤʘʥʠʤʠ ʪʦʯʥʠʤ ʇɼʉ-ʘʣʛʦʨʠʪʤʦʤ ʚ 99.97 % ʚʠʧʘʜʢʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ, ʇɼʉ-ʘʣʛʦʨʠʪʤ, ʪʦʯʥʠʡ ʘʣʛʦʨʠʪʤ, ʥʘʙʣʠʞʝʥʠʡ ʘʣʛʦʨʠʪʤ, ʢʦʤʙʽʥʘʪʦʨʥʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʩʢʣʘ-

ʜʘʥʥʷ ʨʦʟʢʣʘʜʽʚ 

ʊ. ʅ. ʃʀʉɽʎʂʀʁ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʊʈɽʍʋʈʆɺʅɽɺʆʁ ʄʆɼɽʃʀ ʇʃɸʅʀʈʆɺɸʅʀʗ 

ʄɽʃʂʆʉɽʈʀʁʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʧʦʨʪʬʝʣʷ ʟʘʢʘʟʦʚ, ʤʘʢʩʠʤʠʟʠʨʫʶʱʝʛʦ ʩʫʤʤʘʨʥʫʶ ʧʨʠʙʳʣʴ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʷʪʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʩʦʙʣʶʜʝʥʦ ʥʘʯʘʣʦ ʧʣʘʥʦʚʦʛʦ ʧʝʨʠʦʜʘ ʠ ʜʠʨʝʢʪʠʚʥʳʝ ʩʨʦʢʠ, ʟʘʜʘʥʥʳʝ ʟʘʢʘʟʯʠʢʘʤʠ. ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʵʪʦʛʦ ʧʦʨʪ-

ʬʝʣʷ ʟʘʢʘʟʦʚ ʜʦʧʫʩʪʠʤʳʡ (ʥʝ ʥʘʨʫʰʘʶʱʠʡ ʜʠʨʝʢʪʠʚʥʳʭ ʩʨʦʢʦʚ) ʧʦʦʧʝʨʘʮʠʦʥʥʳʡ ʧʣʘʥ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʚʩʝʛʦ ʧʦʨʪʬʝʣʷ ʟʘʢʘʟʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʜʘʯʘ ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʵʪʘʧʥʦʡ ʟʘʜʘʯʝʡ ʢʘ-

ʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʆʧʠʩʳʚʘʝʪʩʷ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ï ʪʨʝʭʫʨʦʚʥʝʚʘʷ ʤʦʜʝʣʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʣʶʙʦʛʦ ʚʠʜʘ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʣʶʙʦʤʫ ʠʟ ʜʘʥʥʳʭ ʧʷʪʠ 

ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʣʶʙʦʛʦ ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠ ʣʶʙʦʡ ʠʩʭʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʝʥʠʷ ʠʟʜʝʣʠʡ ʠ ʧʨʠ ʣʶʙʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʵʪʘʧʥʦʡ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦ ʣʶʙʦʤʫ ʠʟ ʧʷʪʠ ʵʪʠʭ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣ-ɹ

ʥʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʜʦʧʫʩʪʠʤʦʛʦ ʨʝʰʝʥʠʷ ʤʥʦʛʦʵʪʘʧʥʦʡ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʠʟʘʮʠʠ ʤʦʤʝʥʪʘ 

ʟʘʧʫʩʢʘ ʩʘʤʦʡ ʨʘʥʥʝʡ ʨʘʙʦʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʰʝʥʠʷ ʤʥʦʛʦʵʪʘʧʥʦʡ ʟʘʜʘʯʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ ʪʨʝʭʫʨʦʚʥʝʚʦʡ ʤʦʜʝʣʠ. ʇʦʵʪʦʤʫ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʠʩʩʣʝʜʫʝʪʩʷ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʦʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩ ʦʪʥʦʰʝʥʠʷʤʠ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ ʥʘ ʦʜʥʦʤ 

ʧʨʠʙʦʨʝ. ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʇɼʉ-ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʝʩʘ ʚʩʝʭ ʚʝʨʰʠʥ ʛʨʘʬʘ ʧʨʝʜʰʝʩʪʚʦʚʘʥʠʷ, ʢʨʦʤʝ 

ʢʦʥʝʯʥʳʭ, ʨʘʚʥʳ ʥʫʣʶ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʨʝʘʣʴʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ 

ʙʦʣʴʰʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʧʨʦʚʝʨʷʣʠʩʴ ʨʘʟʤʝʨʥʦʩʪʠ ʜʦ 10,000 ʨʘʙʦʪ). ʈʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʩʦʚʧʘʣʠ ʩ 

ʧʦʣʫʯʝʥʥʳʤʠ ʪʦʯʥʳʤ ʇɼʉ-ʘʣʛʦʨʠʪʤʦʤ ʚ 99.97 % ʩʣʫʯʘʝʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʇɼʉ-ʘʣʛʦʨʠʪʤ, ʪʦʯʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʨʠʙʣʠʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʢʦʤʙʠʥʘʪʦʨʥʘʷ ʦʧʪʠʤʠ-

ʟʘʮʠʷ, ʩʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʡ 

Introduction.  Production planning in the current 

conditions of tough market competition is a complex task 

that requires consideration of a real technological processô 

complexity, on the one hand, and the implementation of 
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sophisticated optimization algorithms, on the other hand. 

Due to the taskôs complexity, problems of production plan 

optimization occupy the minds of scientists for about 70 

years. Economic and production criteria which became 

important relate to [1]: profit maximization, costs minimi-

zation, orders fulfillment just in time, energy resources 

saving through the efficient equipment usage, the maxi-

mum shortening in the production cycle of products. 

According to the principle of hierarchical planning 

[2ï6] which represents a philosophy to address complex 

problems for a wide variety of systems, authors of [7ï9] 

have proposed a three-level planning model for small-se-

ries productions. It was aimed to solve the problem of 

building a coordinated schedule of jobs processing by a 

set of enterprise resources. The functional diagram of the 

model is presented in [8]. Also, they develop a system of 

interrelated models and methods which allow to take into 

account the complexity of a modern production and to 

obtain close to optimal solutions to the planning problem, 

due to the global optimum search strategy. The first level 

of the model is based on solving the problem of the total 

weighted completion time of tasks minimization (TWCT) 

for the case when only terminal vertices of the precedence 

relations graph have a non-zero weight coefficient 

(TWCTZ problem). The TWCTZ problem solution deter-

mines the tasks priorities and minimizes the time they pass 

through the production cycle. 

The proposed models and methods are universal in 

nature and can be implemented for planning in organiza-

tional or production systems in various sectors of a na-

tional economy, in particular [1, 7], for planning of dis-

crete type production, building industry, project manage-

ment. The developed models and methods of hierarchical 

planning can also be applied in computer-aided design 

systems, information control systems, scientific research 

automation systems, etc. 

The purpose of this article is to substantiate the effi-

ciency of using the methodology developed in [7] to ob-

tain an operational plan for arbitrary objects with a net-

work representation of technological processes. We show 

that the efficiency of the problem solving is determined by 

the efficiency of solving TWCTZ problem. Then, we 

carry out the efficiency study of its solving algorithms. 

The Problem Statement. Suppose that we have an 

order portfolio [7ï9] which is a set of n  packages of 

interrelated jobs ὐ ὐ,ὐ,ȣ,ὐ . We call a package ὐ, 

Ὥ ρ,ὲ, a product (under a product we may also mean the 

entire series of uniform products). Customer specifies for 

each product the technology of its production and the 

desired optimization criterion (one of the five basic crite-

ria listed below), as well as the beginning date for the 

planning period. Also, the customer sets the due dates Ὠ 

for all products in accordance with their optimization cri-

teria, except for the case of optimization according to the 

first basic criterion. On each subset ὐ, a partial order is 

given by an oriented acyclic graph. The partial ordering is 

obviously determined by the technology of processing the 

job packages. Each job can begin only after completion of 

its predecessors. The vertices of the graph correspond to 

the jobs, the edges indicate the precedence relations. The 

terminal vertices correspond to the completion of the 

products processing. For each vertex Ὦ of the graph, we 

know the deterministic processing time  ὰ (an integrated 

value indicating the allocated resources: material, human, 

production, etc.; the critical path of each product deter-

mines its processing time). Also, we are given a weight ʖ  

for each job Ὥɴ Ὅ where Ὅ is the set of terminal vertices 

identified with a set of products. The value of weight is 

determined by the potential complexity and importance of 

those jobs, without which, in general, the product cannot 

be released. Also, an ambiguity of the jobs related to the 

need of obtaining a new scientific solution may affect the 

weightôs value. Jobs are processed by a limited set of 

resources divided into separate, sufficiently autonomous 

units: multi-resources. A multi-resource is a stable group 

of shared resources, for example, a brigade, a group of 

equipment of the same type, single-profile subdivision. 

Multi -resources can be physically located in the same or 

in different organizations. In the general case, a multi-re-

source may include equipment of different types. This is 

determined by the production need or if it allows more 

efficient fulfillment of the specified orders. 

We need: 

¶ to find an order portfolio that maximizes the total 

profit according to the chosen optimization criterion; it 

should fit the beginning date of the planned period and the 

due dates specified by the customers; 

¶ to build for this order portfolio a feasible (not 

violating the due dates) operational plan of the jobs pack-

ages processing on multi-resources; it should maximize 

the start time of the earliest job, i.e. the time correspond-

ing to the minimum possible processing time of the entire 

order portfolio. 

The five basic optimization criteria are the enter-

priseôs total profit maximization for the following five 

cases: 

1) in the absence of productôs due dates. It is shown 

in [7, 10] that the criterion in this case is equivalent to the 

total weighted completion time of products minimization 

criterion with a partial order given on the set of jobs of 

each product (the TWCT problem); 

2) subject to the condition: each product Ὥɴ Ὅ has a 

due date Ὠ that must not be violated (just in time 

planning). 

3) subject to the conditions: each product Ὥɴ Ὅ has a 

due date Ὠ; the total weighted tardiness of tasks in regard 

to their due dates must be minimized. 

4) subject to the conditions: each product Ὥɴ Ὅ has a 

due date Ὠ and a given absolute value of profit for its ‫ 

processing. The profit does not depend on the completion 

time of the task if it is not tardy in regard to its due date. 

Otherwise, the planning systemôs profit for this task is 

zero; 

5) subject to the conditions: all products have due 

dates Ὠ. We need to minimize the total cost (penalty for 

the planning system) both for earliness and tardiness in 

regard to the due dates. 

The Problem Solving Methodology. The problem 

in this formulation is a multi-stage scheduling problem 

(MSSP). Experts together with specialists in applied 
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mathematics should present the initial technological proc-

ess in the form of an MSSP adequate to the actual produc-

tion process. Examples of such presentation of MSSP are 

given in [10, 11]. 

The optimization problem in this formulation cannot 

be solved effi ciently. We cannot obtain exact solutions of 

MSSP because of its practical complexity. Approximate 

solutions basically converge to a step-by-step optimization 

which does not take into account the possibility of 

searching for a global optimum by a given criterion. 

Therefore, an hierarchical approach to the planning prob-

lem was proposed in [7ï9] containing the following three 

levels. 
 
 

Level 1: preliminary (predictive) planning. This 

level includes: 
 

a) building a model of technological aggregation to 

reduce the problemôs dimension. This is the aggregation 

of the original precedence graph to the level of multi-re-

sources (stable groups of resources working together) and 

aggregated jobs construction (combining related opera-

tions of the same product executed on the same multi-re-

source). The processing time of an aggregated job is de-

termined by its critical path in this multi-resource; 
 

b) building a model of design aggregation. This is 

the graph of critical paths of the products processing with 

common vertices. In the graphs where each vertex has a 

processing time, the critical path is the route of the maxi-

mum total length. Procedures for finding a critical path in 

the graph are discussed in detail in [8]. A graph of critical 

paths constructed by such rules has a smaller size, since it 

includes only vertices on critical paths. Thus, we aggre-

gate the model to a ñsingle machineò representation. Some 

aggregated jobs may process on multi-resources that re-

quire a setup (preparatory work) to process jobs with dif-

ferent characteristics. We combine such jobs, according to 

certain rules, into common aggregated job if such jobs do 

not require the setup of the multi-resource when changing 

one job to another. We indicate this on the precedence 

graph by common vertices. In this case, the setup is re-

quired only at the beginning of the schedule and each time 

when the multi-resource switches from processing ñcom-

mon vertexò jobs to other aggregated jobs; 
 

c) TWCTZ problem solving [7]. This problem serves 

to determine the priorities of the products and the 

processing order of the aggregated jobs. This, in turn, is 

the basic information for solving problems on the second 

and third levels of the model. It was shown in [7] that we 

can approximate any of the five basic criteria by a 

TWCTZ problem with corresponding weighting coeffici-

ents. The algorithm is described in [7], its modification in 

[10]. As a result, we obtain a priority-ordered sequence of 

aggregated jobs with a breakdown to maximum priority 

subsequences (MPSS). 
 
 
 

Level 2: coordinated planning. It includes: 
 

a) preliminary distribution of the aggregated jobs of 

the constructed graph of critical paths. We break down the 

common vertices to clarify the information about their 

combining at the distribution stage. To implement the co-

ordinated planning, we have developed the following dis-

tribution algorithms [7, 10]: 

¶ compact schedules construction (algorithm 1). 

We distribute the products from the beginning of the plan-

ning period and minimize their completion times by this 

algorithm; 

¶ nondelay schedules construction (algorithm 2). 

We distribute the products from their due dates set by the 

customers; 

¶ construction of schedules that ensure highest pri-

ority products processing in the specified due dates (algo-

rithm 3); 

b) redefining the set of common vertices according 

to the actual distribution information. If the set of com-

mon vertices has changed, then we rebuild the model and 

construct a new sequence of aggregated jobs (re-solve the 

TWCTZ problem). To do this, we again perform the pro-

cedures starting with the building the graph of the critical 

paths of products. To build the graph, we use the set of 

common vertices obtained during aggregated jobs distri-

bution; 

c) complementing the priority ordered sequence ob-

tained as a solution of the TWCTZ problem with aggre-

gated jobs which lie outside of productsô critical paths. 

We assign corresponding MPSS numbers to the added 

jobs; 

d) distribution of the obtained schedule among multi-

resources with binding to the planned period. We do it 

using one of the above distribution algorithms, with such 

exceptions: 

¶ we perform the algorithm on a initial precedence 

graph of the aggregated jobs; 

¶ we partition the aggregated jobs into batches (the 

number of iterations is equal to the number of batches, we 

perform the iterations for batches instead of one iteration 

for aggregated jobs with full processing time); 

e) as a result of multiple performing of actions de-

scribed above, we generate a whole series of possible fea-

sible plans that differ in a specific type of criterion, due 

dates, weight coefficients, manufacturing technology. Ex-

perts evaluate obtained plans (alternatives) in different 

contexts and choose the best plan to pass it to the third 

level of the model. The modified Analytic Hierarchy 

Process can be used to evaluate the plans [12]. Its use al-

lows to make a reasonable choice of production plan from 

the set of feasible ones under conditions of uncertainty. 

If we could not obtain a plan satisfying the specified 

requirements, the informational model of the first level is 

subject to adjustment. We can exclude or add new prod-

ucts, purchase new equipment, change the production 

technology, etc. 

Thus, after performing the first two levels of the 

planning model, we obtain: 
the optimal portfolio of orders as the experts exclude from 
the execution some products or their parts that violate the 
customerôs due dates (they do the exclusion if purchasing 
an additional equipment or delay products is undesirable); 
the coordinated plan of the aggregated jobs processing in 
multi-resources approved for implementation by the 
experts; 
the due dates in the MSSP are determined by the 
completion times of the products in the approved plan. 

Level 3: exact (operational) planning, includes [10]: 
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a) disaggregation of multi-resources and aggregated 

jobs to the level of the initial technological model; 

b) the most compact operational plan is an arbitrary 

feasible (not violating the due dates we got at the second 

level of the model) solution of the MSSP by the criterion 

of maximizing the start time of the earliest job. An exam-

ple of methodology to solve an MSSP is given in [10]. 

Thus, after performing the first two levels of the 

three-level model ï independently of the production type 

considered, whatever is the original production technol-

ogy, and no matter how the MSSP is implemented ï we 

reduce the planning problem solving for any of the five 

above optimality criteria to obtaining a feasible MSSP 

solution for the criterion of maximizing the start time of 

the earliest job. For different optimality criteria, only the 

due dates in MSSP vary. The due dates are determined by 

the coordinated planning algorithm at the second level of 

the model. And they, in turn, depend on the priority-or-

dered sequence of aggregated jobs obtained as a solution 

of the TWCTZ problem. 

Thus, the efficiency of the MSSP solution depends 

on the efficiency of the TWCTZ problem solution. Now 

we justify the efficiency of the three-level model for plan-

ning of arbitrary objects with a network representation of 

the technological process with optimization according to 

any of the above five criteria. 

Efficiency research of TWCTZ problem solving 

algorithms. The TWCTZ Problem Statement [10]. A par-

tial order on the set of tasks ὐ Ὦ,Ὦ,ȣ,Ὦ  is given by 

an oriented acyclic graph Ὃ. We know a processing time ὰ 

for each task Ὦ of the graph Ὃ. Each terminal vertex 

(without successors) of the graph has a weight ʖ. Other 

vertices have zero weight. We need to find a sequence of 

tasks that minimizes the functional: ВʖὅᴼÍÉÎ where 

ὔ is the completion time of a task Ὦ. Here, the tasks mean 

aggregated jobs. Ὃ is the graph constructed on the 

productsô critical paths. The common vertices in the graph 

indicate common aggregated jobs for different products. 

Exact algorithm for TWCT problem solving is given 

in [13], polynomial approximation algorithm for TWCTZ 

problem solving see [7]. 

To study the efficiency of TWCTZ problem solving 

algorithms, we have developed two generators of bench-

mark instances. The first one generated arbitrary prece-

dence graphs with a given completeness 

 Ὣ Ὡ ὲὲ ρ ςϳ ρππϷϳ  where Ὡ is the number of 

arcs in the graph and ὲ is the number of vertices. We 

generated the graphs taking into account the required 

percentage Ὧ of the number of terminal (weighted) 

vertices. The second generator determined the weights of 

the terminal vertices and the processing times of all jobs. 

The parameters were set in such ranges: 

¶ ὲ υππ,χυπ,ρπππ,σπππ,υπππ,ρππππ; 

¶ Ὣ ς,υ,χ,ρπ,ρυ,ςυ,υπ,χυ,ωπ,ωυ;  
¶ Ὧ υ,ρπ,ςπ,σπ,τπ,υπ; 
¶ ʖ ᶰπ,ρπ (uniform distribution); 

¶ ὰᶰπ,ρππ (uniform distribution). 

We generated 20 instances for each dimension and 

parameters Ὣ and Ὧ. All 7200 generated instances were 

solved both by the exact PSC-algorithm [13] and the ap-

proximation algorithm from [7] on a computer with 1 GHz 

processor frequency. Then we averaged the data for all 

values of the parameter Ὧ. The solving results are summa-

rized in Tables 1ï4. 

Table 1 ï The average time to solve the problem  

by exactPSC-algorithm (in seconds) 

Ὣ        ὲ 500 750 1000 3000 5000 10000 

2 0.732 2.677 6.723 226.110 1159.41 10654.5 

5 0.518 1.896 4.760 160.087 820.863 7543.40 

7 0.463 1.693 4.250 142.955 733.018 6736.13 

10 0.387 1.417 3.558 119.684 613.692 5639.57 

15 0.294 1.077 2.703 90.910 466.152 4283.74 

25 0.201 0.734 1.844 62.020 318.018 2922.45 

50 0.117 0.428 1.076 36.176 185.497 1704.64 

75 0.076 0.277 0.694 23.353 119.746 1100.42 

90 0.081 0.298 0.747 25.125 128.831 1183.91 

95 0.030 0.110 0.277 9.305 47.712 438.45 

Table 2 ï The average time to solve the problem  

by the approximation algorithm (in seconds) 

Ὣ         ὲ 500 750 1000 3000 5000 10000 

2 0.075 0.273 0.686 23.086 118.38 1087.83 

5 0.055 0.200 0.501 16.850 86.401 793.991 

7 0.050 0.182 0.456 15.348 78.699 723.208 

10 0.043 0.157 0.393 13.228 67.829 623.316 

15 0.034 0.125 0.313 10.528 53.983 496.085 

25 0.025 0.093 0.233 7.840 40.198 369.405 

50 0.018 0.066 0.165 5.538 28.394 260.933 

75 0.014 0.050 0.125 4.203 21.550 198.037 

90 0.016 0.058 0.147 4.929 25.276 232.278 

95 0.006 0.022 0.056 1.876 9.620 88.401 

Table 3 ï The percentage of approximate solutions that coincide 

with the exact solution 

Ὣ         ὲ 500 750 1000 3000 5000 10000 

2 100.0 100.0 100.0 100.0 100.0 100.0 

5 100.0 100.0 100.0 100.0 100.0 99.2 

7 100.0 100.0 100.0 99.2 99.2 99.2 

10 100.0 99.2 100.0 100.0 99.2 99.2 

15 99.2 99.2 98.3 99.2 98.3 98.3 

25 99.2 98.3 99.2 98.3 98.3 98.3 

50 98.3 97.5 98.3 98.3 97.5 97.5 

75 98.3 98.3 97.5 97.5 97.5 96.7 

90 97.5 96.7 96.7 97.5 96.7 96.7 

95 96.7 95.8 95.8 95.8 95.8 95.0 

Table 4 ï The average percentage of deviation of approximate 

solutions from the optimum 

Ὣ         ὲ 500 750 1000 3000 5000 10000 

2 ï ï ï ï ï ï 

5 ï ï ï ï ï 0.56 

7 ï ï ï 0.79 0.80 0.83 

10 ï 0.59 ï ï 1.04 0.92 

15 0.71 0.81 1.68 0.80 1.65 1.25 

25 0.78 1.60 0.93 1.59 1.52 1.63 

50 1.30 2.41 1.83 1.71 2.49 2.57 

75 1.57 1.70 2.45 2.58 2.53 3.45 

90 2.33 3.19 3.35 2.51 3.32 3.48 

95 3.10 3.87 3.97 3.70 4.35 4.94 
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On average for all runs, the solutions obtained by the 

approximation algorithm coincided with the solutions ob-

tained by the exact PSC-algorithm for TWCT problem 

solving [13] in 98.47 % of cases. 

To illustrate the dependence on the parameter Ὧ, we 

show in Table 5 the average solving time by the PSC-al-

gorithm for 500 jobs instances. 

Table 5 ï Dependence of the solving time by the PSC-algorithm 

(ms) on the parameter Ὧ at ὲ υππ 

Ὣ         Ὧ 5 10 20 30 40 50 

2 304.216 350.791 563.722 791.327 1140.63 1238.54 

5 57.960 132.291 313.470 583.533 929.815 1090.51 

7 44.850 102.424 273.629 486.206 917.665 950.243 

10 34.107 87.600 219.364 405.449 818.008 758.752 

15 28.020 68.996 175.420 299.893 546.218 646.184 

25 21.349 60.836 141.692 224.383 344.195 411.478 

50 17.429 40.751 91.327 140.863 171.903 239.971 

75 15.904 30.889 66.413 96.053 124.591 119.478 

90 13.203 27.871 55.428 228.646 ï ï 

95 12.422 24.632 53.258 ï ï ï 

 

Thus, we can conclude that: 

1. The approximation algorithm allows to solve real 

practical problems of large dimensions. 

2. In comparison with the PSC-algorithm for the 

general case of the TWT problem, the solution 

time of the approximation algorithm is an order 

of magnitude shorter. 

3. With an increase in the graphôs completeness, the 

solving time decreases, but the accuracy of the 

solution of the approximation algorithm decrea-

ses. 

4. The average percentage of the deviation of the 

solution obtained by the approximation algo-

rithm from the optimum is 1.49 %. 

5. The conditions of the polynomial component of 

the PSC-algorithm are not met on average for 

1.53 % of the total number of instances; 

6. With an increase in the percentage of the number 

of terminal vertices, the time to solve increases 

according to a law that is close to linear. 

An example to the TWCT problem solving. Consi-

der the graph of the critical paths of the three products 

shown in Fig. 1. We give the initial feasible sequence of 

tasks in Table 6. In tables 6 and 7, ὔ is the vertex number 

in the graph of critical paths of products. 

The exact PSC-algorithm for the problem solving is 

based on permutations of the following structures: a chain, 

an elementary construction, constructions ὑ and ὑ [13]. 

We build the constructions in the process of a problem 

solving on the basis of weighted tasks. We move these 

structures into earlier positions in the current sequence in 

accordance with their priorities. The interval of their 

move, as well as the combinatorics of their construction 

during the problem solving, is determined by common 

vertices which relate in the precedence graph with the 

structures under consideration. Obviously, the smaller the 

number of common vertices, the less complexity of the 

algorithm execution. The above mentioned structures for 

permutations are not formed on zero-weighted tasks. 

Thus, the complexity of the problem solving is determined 

by the number of vertices loaded with weight and the 

number of common vertices. 

 

  

Fig. 1. Graph of productsô critical paths 
 

Table 6 ï Initial feasible sequence for TWCTZ problem solving 

ὔ ʖ ὰ Common?  ˞

1 0 12 No 12 

2 0 14 No 26 

4 0 15 Yes 41 

3 0 11 No 52 

5 0 14 No 66 

7 0 32 Yes 98 

6 0 22 No 120 

8 0 25 Yes 145 

10 0 19 Yes 164 

13 0 7 No 171 

16 0 21 No 192 

18 0 18 No 210 

20 30 18 No 228 

9 0 28 No 256 

11 0 16 No 272 

14 20 8 No 280 

12 0 6 No 286 

15 0 19 No 305 

17 0 16 No 321 

19 10 17 No 338 

 

The priority-ordered sequence of aggregated jobs 

with a breakdown to MPSSes is the result of the problem 

solving by an exact algorithm [13]. We show it in Table 7. 
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The result of the problem solving by the approximation 

algorithm [7] coincides with that obtained by exact algo-

rithm. 

Table 7 ï Initial feasible sequence for TWCTZ problem solving 

ὔ ʖ ὰ Common?  ˞ Ὢ 

1 0 12 No 12   

2 0 14 No 26   

4 0 15 Yes 41   

3 0 11 No 52   

5 0 14 No 66   

7 0 32 Yes 98   

9 0 28 No 126   

11 0 16 No 142   

14 20 8 No 150 3000 

6 0 22 No 172   

8 0 25 Yes 197   

10 0 19 Yes 216   

13 0 7 No 223   

16 0 21 No 244   

18 0 18 No 262   

20 30 18 No 280 8400 

12 0 6 No 286   

15 0 19 No 305   

17 0 16 No 321   

19 10 17 No 338 3380 

 

The optimal functional value is 14780. 

As a result of the PSC-algorithm execution, the pro-

cedures associated with the enumeration of various con-

structions were not performed. 

The approximation algorithm [7] is based on the al-

gorithm for a series-parallel graph [7]. In contrast to the 

exact algorithm, the enumeration of various cases of the 

structures construction is excluded in advance in it. The 

solutions obtained by both algorithms coincided since in 

the solving process the conditions for the structuresô for-

mation and their enumeration were not fulfilled. 

Conclusions. We have shown that whatever was set 

the initial manufacturing technology for products, an ade-

quate scheduling model should be constructed to obtain 

the production operational plan. And then, obtaining a 

good operational plan for any of the five basic criteria of 

optimization reduces to a single uniform problem. We 

have to build a feasible schedule by the criterion of maxi-

mizing the start time of the earliest job for the multi-stage 

schedule problem adequate to the initial technological 

process of the production or object under consideration. 

For various optimization criteria, we have to change only 

the due dates determined at the second level of the three-

level model as the completion times of the products during 

the coordinated planning. Since the efficient due dates 

depend on the efficient solution of TWCTZ problem, the 

three-level planning model is efficient when its first level 

is efficient. 

We have shown that the approximation algorithm for 

TWCTZ problem solving [7] allows to solve real practical 

large size problems (we checked dimensions of up to 

10000 jobs). The solutions obtained by the approximation 

algorithm coincided with those obtained by the exact 

PSC-algorithm for TWCT problem solving [13] in 

99.97 % cases. Hence, the polynomial algorithm proposed 

in [7] for TWCTZ problem, due to the presence of weights 

only on the terminal vertices of the job precedence graph, 

statistically significantly yields exact solution. We pro-

pose to use it in planning for arbitrary objects with a net-

work representation of technological processes. 

References 

1. Zgurovsky M. Z., Pavlov A. A. Combinatorial Optimization Prob-

lems in Planning and Decision Making: Theory and Applications. 

Cham (Switzerland): Springer, 2019. 526 p. Chapter 9, The four-

level model of planning and decision making, pp. 347ï406. doi: 

10.1007/978-3-319-98977-8_8 

2. Bitran G. R., Haas E. A., Hax A. C. Hierarchical production plan-

ning: a single stage system. Operations Research, 1981, vol. 29, 

p. 717ï743. doi: 10.1287/opre.29.4.717 

3. Bitran G. R., Hax A. C. Disaggregation and resource allocation 

using convex knapsack problems. Management Science, 1981, vol. 

27, p. 431ï441. doi: 10.1287/mnsc.27.4.431 

4. Bitran G. R., Hax A. C. On the design of hierarchical production 

planning systems. Decision Science, 1977, vol. 8, p. 28ï55. doi: 

10.1111/j.1540-5915.1977.tb01066.x 

5. Bitran G. R., Tirupati D. Hierarchical production planning / 

S. C. Graves, A. H. G. Rinnooy Kan, P. H. Zipkin (eds.). Handbooks 

in Operations Research and Management Science, 1993, vol. 4, 

p. 523ï568. doi: 10.1016/s0927-0507(05)80190-2 

6. Hax A. C., Meal H. C. Hierarchical integration of production plan-

ning and scheduling. Studies in Management Sciences, 1975, vol. 1, 

p. 53ï69. 

7. ɿʛʫʨʦʚʩʢʠʡ ʄ. ɿ., ʇʘʚʣʦʚ ɸ. ɸ. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʚ ʩʝʪʝʚʳʭ 

ʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʂʠʾʚ: ʅʘʫʢ. ʜʫʤʢʘ, 2010. 

573 ʩ. 

8. ʇʘʚʣʦʚ ʆ. ɸ., ʄʽʩʶʨʘ ʆ. ɹ., ʄʝʣʴʥʠʢʦʚ ʆ. ɺ., ʑʝʨʙʘʪʝʥ-

ʢʦ ʆ. ɺ., ʄʠʭʘʡʣʦʚ ɺ. ɺ. ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚ-

ʣʽʥʥʷ ʩʢʣʘʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʱʦ ʤʘʶʪʴ ʤʝʨʝʞʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʡ ʦʙʤʝʞʝʥʽ ʨʝʩʫʨʩʠ. ɺʽʩʥʠʢ ʅʘʮ. ʪʝʭʥ. 

ʫʥ-ʪʘ ʋʢʨ. çʂʇɯè. ʉʝʨʽʷ: ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩ-

ʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ. ʂʠʾʚ: ɺɽʂ+. 2009.  ̄49. ʉ. 77ï87. 

9. ʇʘʚʣʦʚ ʆ. ɸ., ʄ̔ʩʶʨʘ ʆ. ɹ., ʄʝʣʴʥʠʢʦʚ ʆ. ɺ., ɸʨʘʢʝʣʷʥ ɻ. ɸ.,  

ʑʝʨʙʘʪʝʥʢʦ ʆ. ɺ., ʄʠʭʘʡʣʦʚ ɺ. ɺ., ʃʠʩʝʮʢɹʠʡ ʊ. ʄ.. ɯʥʬʦʨʤʘ-

ʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ 

ʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤʘʭ. ɺʽʩʥʠʢ ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪʘ 

ʋʢʨ. çʂʇɯè. ʉʝʨʽʷ: ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ 

ʪʝʭʥʽʢʘ. ʂʠʾʚ: ɺɽʂ+. 2010. ˉ 52. ʉ. 3ï14. 

10. Zgurovsky M. Z., Pavlov A. A. Combinatorial Optimization Prob-

lems in Planning and Decision Making: Theory and Applications. 

Cham (Switzerland): Springer, 2019. 526 p. Chapter 9, Algorithms 

and software of the four-level model of planning and decision mak-

ing, pp. 407ï518. doi: 10.1007/978-3-319-98977-8_9 

11. ɿʛʫʨʦʚʩʢʠʡ ʄ. ɿ., ʇʘʚʣʦʚ ɸ. ɸ., ʄʠʩʶʨʘ ɽ. ɹ., ʄʝʣʴʥʠʢʦʚ ʆ. ɺ., 

ʃʠʩʝʮʢʠʡ ʊ. ʅ. ʄʝʪʦʜʦʣʦʛʠʷ ʧʦʩʪʨʦʝʥʠʷ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ 

ʤʦʜʝʣʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘ-

ʥʠʨʦʚʘʥʠʷ ʚ ʩʝʪʝʚʳʭ ʩʠʩʪʝʤʘʭ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ɺʽʩʥʠʢ ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪʘ ʋʢʨ. çʂʇɯè. ʉʝʨʽʷ: ɯʥʬʦʨʤʘʪʠʢʘ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ. ʂʠʾʚ: ɺɽʂ+. 2014. ˉ 61. 

ʉ. 60ï84. 

12. ʇʘʚʣʦʚ ɸ. ɸ., ʃʠʩʝʮʢʠʡ ʊ. ʅ. ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʠʝʨʘʨʭʠʡ ʚ ʟʘʜʘʯʘʭ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʠʥʷʪʠʠ 

ʨʝʰʝʥʠʡ. ɺʽʩʥʠʢ ʅʘʮ. ʪʝʭʥ. ʫʥ-ʪʘ ʋʢʨ. çʂʇɯè. ʉʝʨʽʷ: 

ɯʥʬʦʨʤʘʪʠʢʘ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʪʝʭʥʽʢʘ. ʂʠʾʚ: 

ɺɽʂ+. 2011. ˉ 54. ʉ. 82ï86. 

13. Zgurovsky M. Z., Pavlov A. A. Combinatorial Optimization Prob-

lems in Planning and Decision Making: Theory and Applications. 

Cham (Switzerland): Springer, 2019. 526 p. Chapter 7, The total 

weighted completion time of tasks minimization with precedence 

relations on a single machine, pp. 291ï344. doi: 10.1007/978-3-319-

98977-8_7 

References (transliterated) 

1. Zgurovsky M. Z., Pavlov A. A. Combinatorial Optimization Prob-

lems in Planning and Decision Making: Theory and Applications. 

Cham (Switzerland): Springer, 2019. 526 p. Chapter 9, The four-



ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ  

ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 25 

level model of planning and decision making, pp. 347ï406. doi: 

10.1007/978-3-319-98977-8_8 

2. Bitran G. R., Haas E. A., Hax A. C. Hierarchical production plan-

ning: a single stage system. Operations Research, 1981, vol. 29, 

pp. 717ï743. doi: 10.1287/opre.29.4.717 

3. Bitran G. R., Hax A. C. Disaggregation and resource allocation 

using convex knapsack problems. Management Science, 1981, vol. 

27. pp. 431ï441. doi: 10.1287/mnsc.27.4.431 

4. Bitran G. R., Hax A. C. On the design of hierarchical production 

planning systems. Decision Science, 1977, vol. 8, pp. 28ï55. doi: 

10.1111/j.1540-5915.1977.tb01066.x 

5. Bitran G. R., Tirupati D. Hierarchical production planning / 

S. C. Graves, A. H. G. Rinnooy Kan, P. H. Zipkin (eds.). Handbooks 

in Operations Research and Management Science, 1993, vol. 4, 

pp. 523ï568. doi: 10.1016/s0927-0507(05)80190-2 

6. Hax A. C., Meal H. C. Hierarchical integration of production plan-

ning and scheduling. Studies in Management Sciences, 1975, vol. 1, 

pp. 53ï69. 

7. Zgurovsky M. Z., Pavlov A. A. Prinyatie resheniy v setevykh siste-

makh s ogranichennymi resursami [Decision making in network 

systems with limited resources]. Kiev, Nauk. dumka Publ., 2010. 

573 p. 

8. Pavlov O. A., Misura O. B., Melnikov O. V., Shcherbatenko O. V., 

Mykhaylov V. V. Zahal'na skhema planuvannya ta upravlinnya 

skladnymy ob'yektamy, shcho mayut' merezhne predstavlennya 

tekhnolohichnykh protsesiv y obmezheni resursy [The general 

scheme of planning and management of complex objects that 

represent network processes and have limited resources]. Vestnik 

Nats. tekhn. un-ta Ukr. "KPI". Seriya: Informatyka, upravlinnya ta 

obchyslyuval'na tekhnika [Bulletin of the National Technical 

University of Ukraine "KPI". Series: Informatics, operation and 

computer science]. Kiev, VEK+ Publ., 2009, no. 49, pp. 77ï87. 

9. Pavlov O. A., Misura O. B., Melnikov O. V., Arakelyan G. A.,  

Shcherbatenko O. V., Mykhaylov V. V., Lisetsky T. N. Informatsiy-

na tekhnolohiya iyerarkhichnoho planuvannya ta pryynyattya rishen' 

v orhanizatsiyno-vyrobnychykh systemakh [The system of hierarchi-

cal planning and decision making in organizational and production 

systems]. Vestnik Nats. tekhn. un-ta Ukr. "KPI". Seriya: 

Informatyka, upravlinnya ta obchyslyuval'na tekhnika [Bulletin of 

the National Technical University of Ukraine "KPI". Series: 

Informatics, operation and computer science]. Kiev, VEK+ Publ., 

2010, no. 52, pp. 3ï14. 

10. Zgurovsky M. Z., Pavlov A. A. Combinatorial Optimization Prob-

lems in Planning and Decision Making: Theory and Applications. 

Cham (Switzerland): Springer, 2019. 526 p. Chapter 9, Algorithms 

and software of the four-level model of planning and decision mak-

ing, pp. 407ï518. doi: 10.1007/978-3-319-98977-8_9 

11. Zgurovsky M. Z., Pavlov A. A., Misura E. B., Melnikov O. V., 

Lisetsky T. N. Metodologiya postroeniya chetyrekhurovnevoy mod-

eli planirovaniya, prinyatiya resheniy i operativnogo planirovaniya v 

setevykh sistemakh s ogranichennymi resursami [Implementation of 

the methodology of the four-level model of planning, decision-

making and operational management in networked systems with 

limited resources]. Vestnik Nats. tekhn. un-ta Ukr. "KPI". Seriya: 

Informatyka, upravlinnya ta obchyslyuval'na tekhnika [Bulletin of 

the National Technical University of Ukraine "KPI". Series: Infor-

matics, operation and computer science]. Kiev, VEK+ Publ., 2014, 

no. 61, pp. 60ï84. 

12. Pavlov A. A., Lisetsky T. N. Nestatsionarnyy metod analiza 

ierarkhiy v zadachakh ierarkhicheskogo planirovaniya i prinyatii 

resheniy. Vestnik Nats. tekhn. un-ta Ukr. "KPI". Seriya: 

Informatyka, upravlinnya ta obchyslyuval'na tekhnika [Bulletin of 

the National Technical University of Ukraine "KPI". Series: 

Informatics, operation and computer science]. Kiev, VEK+ Publ., 

2011, no. 54, pp. 82ï86. 

13. Zgurovsky M. Z., Pavlov A. A. Combinatorial Optimization Prob-

lems in Planning and Decision Making: Theory and Applications. 

Cham (Switzerland): Springer, 2019. 526 p. Chapter 7, The total 

weighted completion time of tasks minimization with precedence 

relations on a single machine, pp. 291ï344. doi: 10.1007/978-3-319-

98977-8_7 

Received 16.11.2018 

 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʘʚʪʦʨʽʚ / ʉʚʝʜʝʥʠ ̫ʦʙ ʘʚʪʦʨʘʭ / About the Authors 

ʃʠʩʝʮʴʢʠʡ ʊʘʨʘʩ ʄʠʢʦʣʘʡʦʚʠʯ (ʃʠʩʝʮʢʠʡ ʊʘʨʘʩ ʅʠʢʦʣʘʝʚʠʯ, Lisetsky Taras Nikolayevich) ï ʩʪʘʨʰʠʡ 

ʨʦʟʨʦʙʥʠʢ ʧʨʠʚʘʪʥʦʛʦ ʘʢʮʽʦʥʝʨʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ çʆʊɯè; ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ; ORCID: https://orcid.org/0000-0002-

8823-9256; e-mail: taras.lisetsky@gmail.com 

  



 ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

 ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ 

26 ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 

ʋɼʂ 519.6 DOI: 10.20998/2079-0023.2018.44.05 

ʆ. ʆ. ʄɯʑɽʅʂʆ, ɺ. ʖ. ɺʆʃʆɺʑʀʂʆɺ, ɺ. ʌ. ʐɸʇʆ, ɺ. ʆ. ɻʋɾɺɸ 

ɯʅʌʆʈʄɸʎɯʁʅɸ ʊɽʍʅʆʃʆɻɯʗ ʆʎɯʅʂʀ ʈʀɿʀʂɯɺ ʇʈʆɻʈɸʄʅʀʍ ʇʈʆɽʂʊɯɺ 

ɯʜʝʥʪʠʬʽʢʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ. ʇʨʦʚʝʜʝʥʦ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ 

ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ, ʨʦʟʛʣʷʥʫʪʦ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ, ʤʝʪʦʜ ʩʮʝʥʘʨʽʾʚ, ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʝʢʩʧʝʨʪʥʝ ʦʮʽʥʶʚʘʥʥʷ. 

ɿʨʦʙʣʝʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʚʘʞʣʠʚʽʩʪʴ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʜʣʷ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʢʣʘʩʫ çʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢ ʧʦʩʣʫʛʘè 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ ʚʠʢʦʥʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜ-

ʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ. ʄʘʪʝʤʘʪʠʯʥʦ ʪʝʭʥʦʣʦʛʽʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ɼʝʣʴʬʽ ʪʘ ʨʘʥʞʠʨʫʚʘʥʥʷ. ʇʦʥʷʪʪʷ 

ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʢʨʠʪʝʨʽʶ ʟʫʧʠʥʢʠ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʧʨʦʮʝʜʫʨʽ ʤʝʪʦʜʫ ɼʝʣʴʬʽ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʫʟʛʦʜʞʝ-

ʥʦʾ ʝʢʩʧʝʨʪʥʦʾ ʜʫʤʢʠ. ʆʙʯʠʩʣʶʚʘʣʴʥʘ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʜʙʘʯʘʻ, ʷʢ ʢʦʨʠʛʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʝʢʩʧʝʨʪʥʠʭ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʛʣʷʜʫ ʝʢʩʧʝʨʪʥʠʭ 

ʜʫʤʦʢ, ʪʘʢ ʽ ʢʦʨʝʢʮʽʶ ʩʢʣʘʜʫ ʝʢʩʧʝʨʪʥʦʾ ʛʨʫʧʠ. ʋʟʛʦʜʞʝʥʽʩʪʴ ʝʢʩʧʝʨʪʥʠʭ ʜʫʤʦʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘ ʤʝʪʦʜʦʤ ʨʘʥʞʠʨʫʚʘʥʥʷ 

ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʢʦʨʜʘʮʽʾ ʂʝʥʜʘʣʣʘ, ʘ ʡʦʛʦ ʟʥʘʯʠʤʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʢʨʠʪʝʨʽʶ ʇʽʨʩʦʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʡ 

ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʬʦʨʤʘʣʽʟʫʻ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ ʽ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʟʙʽʣʴʰʫʻ ʰʚʠʜʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʪʘʢʠʭ ʦʧʝʨʘʮʽʡ, 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʢʦʧʠʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ ʨʝʘʣʽʟʦʚʘʥʘ ʫ 

ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ɼʦ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ, ʤʦʜʝʣʴ ʙʘʟʠ ʜʘʥʠʭ ʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʾʾ ʩʪʨʫʢʪʫʨʘ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠʥʮʠʧʠ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʥʠʭ, ʩʫʯʘʩʥʽ ʧʘʪʝʨʥʠ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, CASE-ʟʘʩʦʙʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʦʛʨʘʤʥʫ ʩʠʩʪʝʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʨʭʽʪʝʢʪʫʨʠ çʢʣʽʻʥʪ 

ʩʝʨʚʝʨè ʚʠʜʽʣʝʥʠʤ application server, ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ IDE NetBeans ʟʘʩʦʙʘʤʠ PHP ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ MySQL. 

ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʥʘʥʦʾ ʚʘʣʽʜʘʮʽʾ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʢʩʧʝʨʪʠʟʠ ʪʘ PHPUnit. ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ. 
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ɸ. ɸ. ʄʀʑɽʅʂʆ, ɺ. ʖ. ɺʆʃʆɺʑʀʂʆɺ, ɺ. ʌ. ʐɸʇʆ, ɺ. ɸ. ɻʋɾɺɸ 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ʆʎɽʅʂʀ ʈʀʉʂʆɺ ʇʈʆɻʈɸʄʄʅʓʍ ʇʈʆɽʂʊʆɺ 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʮʝʥʢʝ ʨʠʩʢʦʚ. ɺʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʘʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʤʝʪʦʜ ʩʮʝʥʘʨʠʝʚ, ʠʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʵʢʩʧʝʨʪʥʦʝ ʦʮʝʥʠʚʘʥʠʝ. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʘʞʥʦʩʪʠ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʜʣʷ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ ʢʣʘʩʩʘ 

çʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʘʢ ʫʩʣʫʛʘè. ʇʨʝʜʣʦʞʝʥʦ ʦʮʝʥʢʫ ʨʠʩʢʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ ʚʳʧʦʣʥʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʪʥʦʛʦ 

ʦʮʝʥʠʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʷ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ ɼʝʣʴʬʠ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ. ʇʦʥʷʪʠʝ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʨʠʪʝʨʠʷ ʦʩʪʘʥʦʚʢʠ ʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʨʦʮʝʜʫʨʝ ʤʝʪʦʜʘ ɼʝʣʴʬʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʵʢʩʧʝʨʪʥʦʛʦ ʤʥʝʥʠʷ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʢʘʢ ʢʦʨʨʝʢʮʠʶ ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʪʥʳʭ ʜʘʥʥʳʭ ʟʘ ʩʯʝʪ ʧʝʨʝʩʤʦʪʨʘ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ, ʪʘʢ ʠ ʢʦʨʨʝʢʮʠʶ ʩʦʩʪʘʚʘ ʵʢʩʧʝʨʪʥʦʡ 

ʛʨʫʧʧʳ. ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʤʥʝʥʠʡ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʤʝʪʦʜʫ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ ʂʝʥʜʝʣʣʘ, ʘ ʝʛʦ ʟʥʘʯʠʤʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʬʦʨʤʘʣʠʟʫʝʪ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʶʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʪʘʢʠʭ ʦʧʝʨʘʮʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. ʂ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, 

ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʝʝ ʩʪʨʫʢʪʫʨʘ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʥʮʠʧʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʳʭ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, CASE-ʩʨʝʜʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ çʢʣʠʝʥʪ ʩʝʨʚʝʨè, ʚʳʜʝʣʝʥʥʳʤ application server, ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ, ʩ ʧʦʤʦʱʴʶ 

IDE NetBeans ʩʨʝʜʩʪʚʘʤʠ PHP ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ MySQL. ʉʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʦʣʥʝʥʥʦʡ ʚʘʣʠʜʘʮʠʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʪʠʟʳ ʠ PHPUnit. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʘʤʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʝʢʪʦʚ. 
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INFORMATION TECHNOLO GY OF SOFTWARE PROJECTS RISKS EVALUATION  

Problem of software projects risks evaluation is identified. Review of modern approaches to risks evaluation is carried out. Analysis of software 

projects risks evaluation methods is performed. Analysis of sensitivity, scenarios method, simulation modeling, expert assessment are reviewed. 

Conclusions on importance of risks evaluation for "software as a service" software application systems at design stage are performed. It's proposed to 

perform software projects risks evaluation with expert assessment using by realization of corresponding information technology. Mathematically risks 

evaluation technology is realized by Delphi method and ranking. Term of confidence interval is used as stopover criterion in computational procedure 

of Delphi method with the goal of coherent expert opinion obtaining. Calculating procedure envisages initial expert data correction by expert opinions 

revision and correction of expert group personnel. Consistency of expert opinions in mathematical technology on ranking method is checking with 

using of Kendall concordance coefficient, and its significance is evaluating on the basis of Pearson criterion. Presented mathematical apparatus 

formalizes solution of risks evaluation problem. Methods of software projects risks evaluation and theirs mathematical technologies requires a big 

amount of calculating operations. Information support increases the rate and precision of such operations, ensures initial data and obtained results 

accumulation. Information support of software projects risks evaluation is realized as software application system. At development of software 

application system functional and nonfunctional requirements, database model and its structure were defined. Principles of object oriented analysis, 

data modeling, modern design patterns, CASE software tools were used. It's proposed to realize software application system of information technology 

in accordance with client-server architecture, dedicated application server with distributed access rights with using of IDE NetBeans by PHP means 

under MySQL control. Conclusions on possibility of software application system using by performed validation and verification with expertise and 

É ʆ. ʆ. ʄʽʱʝʥʢʦ, ɺ. ʖ. ɺʦʣʦʚʱʠʢʦʚ, ɺ. ʌ. ʐʘʧʦ, ɺ. ʆ. ɻʫʞʚʘ, 2018 

 



ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ  

ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 27 

PHPUnit using are made. Results of this work may be used for development of software projects risks evaluation information technology. 

Keywords: risk evaluation, software project, expert assessment, Delphi method, ranking method, requirements, model, structure, software 

application system 

ɺʩʪʫʧ. ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ 

(ʇʇ) ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ [1] ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ (ɾʎ) 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ (ʇʉ) ʚ ʙʽʣʴʰʽʡ ʘʙʦ ʤʝʥʰʽʡ ʤʽʨʽ 

ʤʦʞʥʘ ʟʽʪʢʥʫʪʠʩʷ ʟ ʡʤʦʚʽʨʥʠʤʠ ʚʪʨʘʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, 

ʟʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ʢʽʥʮʝʚʦ ʾʇʉ, ʧʽʜʚʠʱʝʥʥʷ ʚʘʨʪʦʩʪʽ ʾʾ 

ʨʦʟʨʦʙʢʠ, ʟʘʪʨʠʤʢʘ ʟʘʢʽʥʯʝʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘ ʽʥʰʽ. ʊʘʢʽ 

ʚʪʨʘʪʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʷʢ ʥʘʩʣʽʜʢʠ ʨʠʟʠʢʽʚ, ʷʢʽ ʚʠʥʠʢʘ-

ʶʪʴ ʚ ɾʎ ʇʉ. ʊʦʤʫ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʇʇ ʦʜʥʽʻʶ ʟ 

ʧʝʨʚʠʥʥʠʭ ʥʝʚʽʜ'ʻʤʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʫʚʘʪʠ, ʻ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʇʇ. 

ʇʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢ-

ʪʽʚ. ʇʠʪʘʥʥʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ 

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤʠ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ 

ʛʘʣʫʟʷʭ. ɹʝʟʚʽʜʥʦʩʥʦ ʜʦ ʙʫʜʴ-ʷʢʦʾ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ [2, 3, 4], ʱʦ 

ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʧʨʦʝʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʜʦʩʣʽʜʞʝʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʧʽʜʭʦʜʽʚ: ʷʢʽʩʥʦʛʦ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ. 

ʆʩʥʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʷʢʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ 

ʧʨʦʚʝʜʝʥʥʽ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʠʟʠʢʽʚ, ʾʭ ʦʮʽʥʮʽ ʪʘ ʨʦʟʨʦʙʮʽ 

ʟʘʭʦʜʽʚ ʧʦ ʙʦʨʦʪʴʙʽ ʟ ʥʠʤʠ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ʪʝʦʨʽʾ ʽʤʦʚʽʨʥʦʩʪʽ, 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʪʘ ʪʝʦʨʽʾ ʥʝʯʽʪʢʠʭ ʤʥʦʞʠʥ. 

ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʚ ʯʠʩʣʦʚʦʤʫ ʚʠʤʽʨʽ ʦʮʽʥʶʻ ʚʧʣʠʚ 

ʟʤʽʥʠ ʨʠʟʠʢʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʟʤʽʥʫ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʝʢʪʫ. 

ʉʫʪʪʻʚʠʡ ʨʽʩʪ IT ʛʘʣʫʟʽ, ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʇʇ, 

ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʇʇ, ʷʢ ʜʦ ʧʨʦʜʫʢʪʫ ʟʽ ʩʚʦʾʤ ʦʩʦʙʣʠʚʠʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ 

ʚʘʞʣʠʚʦʶ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʽ ʜʣʷ ʇʇ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʘʣʽʟʫ [3, 4] ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ 

ʨʠʟʠʢʠ ʇʇ ʤʦʞʥʘ ʢʘʪʝʛʦʨʠʟʫʚʘʪʠ ʨʽʟʥʠʤ ʯʠʥʦʤ. ʆʜʠʥ 

ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ: ʨʠʟʠʢ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʠʡ 

ʨʠʟʠʢ ʪʘ ʙʽʟʥʝʩ-ʨʠʟʠʢ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʥʘ ʛʨʫʧʘ, 

ʤʘʶʯʠ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ, ʤʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʦʾ ʦʩʦʙʣʠʚʽ ʧʽʜʭʦʜʠ [3, 4]. ʆʩʪʘʥʥʻ 

ʦʟʥʘʯʘʻ, ʱʦ ʚʘʞʣʠʚʠʤ ʩʪʘʻ ʘʜʘʧʪʘʮʽʷ ʽʩʥʫʶʯʠʭ 

ʧʽʜʭʦʜʽʚ ʷʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʙʘʟʠ, ʪʘʢ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʘʥʘʣʽʟ [4, 5], ʱʦ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ʇʇ ʻ ʩʢʣʘʜʥʦʶ, ʙʘʛʘʪʦʘʩʧʝʢʪʥʦʶ ʪʘ ʧʦʪʨʝʙʫʻ 

ʚʠʨʽʰʝʥʥʷ. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ. ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʨʠʟʠ-

ʢʽʚ ʇʇ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʢʽʣʴʢʽʩʥʽ ʪʘ ʷʢʽʩʥʽ [6ï8]. ɼʦ 

ʢʽʣʴʢʽʩʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʘʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ, ʤʝʪʦʜ 

ʩʮʝʥʘʨʽʾʚ ʪʘ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-

ʂʘʨʣʦ [6, 7]. ʗʢʽʩʥʠʤ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʝʢʩʧʝʨʪʥʝ 

ʦʮʽʥʶʚʘʥʥʷ [8]. 

ɸʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʻ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤ ʤʝʪʦʜʦʤ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟ'ʷʩʫʚʘʪʠ, ʷʢʽ ʩʘʤʝ ʯʠʥʥʠʢʠ ʤʦʞʥʘ ʚʽʜ-

ʥʝʩʪʠ ʜʦ ʥʘʡʙʽʣʴʰ ʨʠʟʠʢʦʚʘʥʠʭ. ʅʘʡʯʘʩʪʽʰʝ ʮʝʡ 

ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ 

ʟʤʽʥʠ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʝʢʪʫ ʥʘ ʟʥʘʯʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ 

ʧʦʢʘʟʥʠʢʘ. ʋ ʭʦʜʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʫʧʽʥʴ 

ʩʪʽʡʢʦʩʪʽ ʧʨʦʝʢʪʫ ʜʦ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʘʙʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʮʝʥʘʨʥʠʡ ʘʥʘʣʽʟ ï ʤʝʪʦʜ ʥʝʬʦʨʤʘʣʽʟʦʚʘʥʦʛʦ 

ʦʧʠʩʫ ʨʠʟʠʢʫ ʧʨʦʝʢʪʫ, ʱʦ ʚʢʣʶʯʘʻ ʦʮʽʥʢʫ ʯʫʪʣʠʚʦʩʪʽ 

ʥʘʡʙʽʣʴʰ ʟʥʘʯʠʤʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ ʜʦ 

ʟʤʽʥʠ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʦʮʽʥʢʫ ʤʦʞʣʠʚʦʩʪʽ ʩʧʽʣʴ-

ʥʦʾ ʜʽʾ ʬʘʢʪʦʨʽʚ. ɿʘ ʩʮʝʥʘʨʥʠʤ ʘʥʘʣʽʟʦʤ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʦʯʽʢʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ, ʩʪʘʥʜʘʨʪʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʽ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʚʘʨʽʘʮʽʾ ʧʨʦʝʢʪʽʚ-ʘʥʘʣʦʛʽʚ. ʗʢʱʦ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ 

ʧʝʨʝʚʠʱʫʻ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʧʨʦʝʢʪʫ-ʘʥʘʣʦʛʘ, ʪʦ ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʨʠʟʠʢ. 

ʄʝʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʽʜʪʚʦ-

ʨʝʥʥʽ ʧʦʚʝʜʽʥʢʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʦʩʥʦʚʽ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʭ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ 

ʤʽʞ ʾʾ ʝʣʝʤʝʥʪʘʤʠ ʘʙʦ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʨʦʟʨʦʙʮʽ 

ʩʠʤʫʣʷʪʦʨʘ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʨʽʟʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶ-

ʚʘʥʥʷ ʧʦ ʤʝʪʦʜʫ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ 

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʝʢʪʫ ʟ ʥʝʚʠʟʥʘʯʝʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ, ʽ, ʟʥʘʶʯʠ ʡʤʦʚʽʨʥʽʩʥʽ ʨʦʟʧʦ-

ʜʽʣʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʝʢʪʫ, ʘ ʪʘʢʦʞ ʢʦʨʝʣʷʮʽʶ ʤʽʞ 

ʧʘʨʘʤʝʪʨʘʤʠ ʦʪʨʠʤʘʪʠ ʨʦʟʧʦʜʽʣ ʨʠʟʠʢʽʚ ʧʨʦʝʢʪʫ. 

ɯʥʪʝʨʚ'ʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʪʘ ʥʘʩʣʽʜʢʽʚ ʨʠʟʠʢʽʚ ʥʘ ʮʽʣʽ 

ʇʇ. ɯʥʪʝʨʚ'ʶʚʘʥʥʷ ʨʠʟʠʢʽʚ ʟ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ 

ʧʨʦʝʢʪʫ ʪʘ ʝʢʩʧʝʨʪʘʤʠ, ʤʦʞʝ ʩʪʘʪʠ ʧʝʨʰʠʤ ʢʨʦʢʦʤ ʫ 

ʧʨʦʮʝʩʽ ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ. ʅʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘ-

ʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʷʢʽ 

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ. ʗʢʽʩʥʠʡ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ ʇʇ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʨʦʟʩʪʘʥʦʚʢʫ ʨʘʥʛʽʚ ʜʣʷ ʽʜʝʥʪʠʬʽʢʦʚʘ-

ʥʠʭ ʨʠʟʠʢʽʚ. ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʘʥʘʣʽʟʫ ʨʠʟʠʢʽʚ ʚ 

ʝʢʩʧʝʨʪʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʤʝʪʦʜʠ ʤʦʟʢʦʚʦʛʦ ʰʪʫʨʤʫ, ɼʝʣʴʬʽ, ʢʦʥʪʨʦʣʴʥʠʭ ʩʧʠʩ-

ʢʽʚ ʪʘ ʨʘʥʞʫʚʘʥʥʷ. ɸʥʘʣʽʟ ʽ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʟʜʽʡʩʥʶ-

ʶʪʴʩʷ ʟ ʤʝʪʦʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʜʦʙʫʪʠʭ ʫ ʭʦʜʽ ʽʜʝʥ-

ʪʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʠʡʤʘʪʠ 

ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʨʽʰʝʥʥʷ. ʆʩʥʦʚʥʠʤ ʚʠʭʦʜʦʤ ʧʨʦʮʝʩʫ 

ʷʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʩʧʠʩʦʢ ʨʘʥʞʠʨʫʚʘʥʠʭ ʨʠʟʠʢʽʚ ʟ 

ʦʙʯʠʩʣʝʥʠʤʠ ʦʮʽʥʢʘʤʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɸʥʘʣʽʟ ʨʦʙʽʪ [1, 4, 5, 9ï11] 

ʧʦʢʘʟʘʚ, ʱʦ ʷʢʽʩʥʘ ʦʮʽʥʢʘ ʨʠʟʠʢʽʚ ʇʇ ʻ ʚʘʞʣʠʚʠʤ 

ʝʪʘʧʦʤ ʫ ɾʎ ʇʉ, ʟʦʢʨʝʤʘ ʨʠʟʠʢʽʚ ʝʪʘʧʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʫ ʪʘʢʦʤʫ ʪʠʧʽ ʇʉ ʷʢ çʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ 

ʧʦʩʣʫʛʘè. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʧʨʦʮʝʩ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʷʢʽʩʥʦʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ ʻ ʘʢʪʫʘʣʴʥʠʤ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ ʚ ʨʦʙʦʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʧʝʨʪʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ 

ʤʝʪʦʜʘʤʠ ɼʝʣʴʬʽ ʪʘ ʨʘʥʞʫʚʘʥʥʷ. ʎʽ ʤʝʪʦʜʠ 

ʧʽʜʚʠʱʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʚʽʨʦʛʽʜ-

ʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʧʦʟʙʘʚʣʝʥʦʛʦ ʩʫʙ'ʻʢʪʠʚʥʦʩʪʽ ʦʢʨʝʤʠʭ 

ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ. ʇʨʦʮʝʜʫʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʚʨʘʭʦʚʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʟʚʦʣʷʶʪʴ ʨʘʥʞʫʚʘʪʠ ʨʠʟʠʢʠ ʪʘ ʥʘʛʣʷʜʥʦ ʚʽʜʦʙʨʘ-

ʞʘʪʠ ʾʭʥʽ ʧʦʢʘʟʥʠʢʠ. 

ʈʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ ʤʦʞʝ 

ʜʦʟʚʦʣʠʪʠ ʧʦʙʫʜʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʫʧʨʘʚʣʽʥ-

ʥʷ ʨʠʟʠʢʘʤʠ. ɺ ʪʦʤʫ ʯʠʩʣʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʫʥʠʢʥʫʪʠ ʘʙʦ 
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ʟʤʝʥʰʠʪʠ ʦʩʪʘʥʥʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ 

ʨʠʟʠʢʽʚ ʇʇ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ. ɺ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʪʘ ʦʙʩʷʛʽʚ ʇʇ ʚʘʞ-

ʣʠʚʠʤ ʪʘʢʦʞ ʩʪʘʻ ʨʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡ-

ʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʙʫʜʦʚʘ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ. 

ʊʝʭʥʦʣʦʛʽʷ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʝʢʪʽʚ. ʇʨʠ ʦʮʽʥʮʽ ʨʠʟʠʢʽʚ ʇʇ ʪʠʧʫ çʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢ ʧʦʩʣʫʛʘè ʚ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ɼʝʣʴʬʽ ʪʘ ʨʘʥʞʫʚʘʥʥʷ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʠʜʽʣʝʥʦ ὑ ʧʠʪʘʥʴ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢʽʩʥʦ ʚ ʬʦʨʤʽ ή,  Ὧ ρ,ὑ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʝʡ ʥʝʭʘʡ ʩʬʦʨʤʦʚʘʥʘ ʛʨʫʧʘ ʟ ὔ 

ʝʢʩʧʝʨʪʽʚ. ʂʦʞʝʥ Ὥ-ʡ ʝʢʩʧʝʨʪ ʬʦʨʤʫʻ ʩʘʤʦʦʮʽʥʢʫ ί ʪʘ 

ʥʘʜʘʻ ʯʠʩʝʣʴʥʫ ʦʮʽʥʢʫ ή ʟʘ ή, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
ʰʢʘʣʫ ʚʽʜ 1 ʜʦ 10. ɿ ʤʝʪʦʶ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʦʙʯʠʩʣʶ-

ʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʧʦʢʘʟʥʠʢʠ: ʩʝʨʝʜʥʴʦʛʨʫʧʦʚʘ ʦʮʽʥʢʘ: 

 ίӶ
ρ

ὔ
ί;  

ʧʨʦʩʪʽ ʦʮʽʥʢʠ: 

 ὥ
ρ

ὔ
ή, Ὧ ρ,ὑ;  

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʦʮʽʥʢʠ: 

 ύ
В ίή

В ί
, Ὧ ρ,ὑ;  

ʤʝʜʽʘʥʠ: 

 ά ὓὩή,Ὥ ρ,ὔ, Ὧ ρ,ὑ;  

ʜʦʚʽʨʯʽ ʽʥʪʝʨʚʘʣʠ ὧ ὧ,ὧ  ʥʘ ʙʘʟʽ: 

 ὧ ή
ή ή

τ
, Ὧ ρ,ὑ;  

 ὧ ή
ή ή

τ
, Ὧ ρ,ὑ;  

 ή ÍÉÎ
,
ή, Ὧ ρ,ὑ;  

 ή ÍÁØ
,
ή, Ὧ ρ,ὑ;  

ʜʦʚʞʠʥʠ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ: 

 ὰ ὧ ὧ, Ὧ ρ,ὑȢ  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫʶʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ ʪʘ 

ʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ ʢʦʨʝʛʫʶʪʴʩʷ ʧʦʢʠ ʥʝ ʙʫʜʝ 

ʦʪʨʠʤʘʥʘ ʫʟʘʛʘʣʴʥʝʥʘ ʜʫʤʢʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʜʦʚʞʠʥʠ 

ʜʦʚʽʨʯʦʛʦ ʽʥʪʝʨʚʘʣʫ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʤʝʪʦʜʦʤ 

ɼʝʣʴʬʽ ʤʦʞʥʘ ʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʟʘʛʨʦʟʠ ʨʠʟʠʢʽʚ, 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ὑ ʟʘʧʠʪʘʥʴ. ɼʣʷ ʮʴʦʛʦ ὥ 

ʨʘʥʞʫʶʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʦʤʫ ʨʠʟʠʢʫ ʚʽʜʧʦʚʽ-

ʜʘʻ ÍÁØ
,
ὥ ʽ ʪʘʢ ʜʘʣʽ. ɺʽʜʧʦʚʽʜʥʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʪʘʢʽ 

ʨʠʟʠʢʠ ʧʦʚʠʥʥʽ ʚʽʜʙʫʚʘʪʠʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ. ɯʥʰʽ 

ʧʦʢʘʟʥʠʢʠ ʻ ʜʦʜʘʪʢʦʚʠʤʠ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʫ ʧʦʜʘʣʴʰʽʡ ʨʦʟʨʦʙʮʽ ʧʣʘʥʫ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. 

ʗʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʝʢʩʧʝʨʪʠ ʤʦʞʫʪʴ ʩʫʚʦʨʦ 

ʨʘʥʞʫʚʘʪʠ ʨʠʟʠʢʠ ʟʘ ʟʤʝʥʰʝʥʥʷʤ ʚʘʞʣʠʚʦʩʪʽ ʪʘ 

ʧʨʠʚʣʘʩʥʠʪʠ ʾʤ ʯʠʩʣʘ ʚʽʜ 1 ʜʦ ὑ, ʜʦ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ 
ʇʇ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʨʘʥʞʫʚʘʥʥʷ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ Ὑ  ï ʨʘʥʛ, ʱʦ ʥʘʜʘ-

ʻʪʴʩʷ ʢʦʞʥʠʤ Ὥ-ʤ ʝʢʩʧʝʨʪʦʤ ʟʘ Ὧ-ʤ ʨʠʟʠʢʦʤ. 

ʋʟʘʛʘʣʴʥʶʶʯʠ Ὑ  ʩʣʽʜ ʦʙʯʠʩʣʠʪʠ ʨʘʥʛʠ  

Ὑ В Ὑ , ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʨʘʥʞʫʶʪʴʩʷ ʨʠʟʠʢʠ. 
ʈʠʟʠʢ ʟ ʥʘʡʙʽʣʴʰʠʤ ʨʘʥʛʦʤ ʻ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ. 

ɸʥʘʣʽʟʫʶʯʠ Ὑ  ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʟʥʘʯʘʪʠ ʫʟ-

ʛʦʜʞʝʥʽʩʪʴ ʜʫʤʦʢ ʝʢʩʧʝʨʪʽʚ. ɺ ʨʦʙʦʪʽ ʜʣʷ ʮʴʦʛʦ ʧʨʦ-

ʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʢʦʨʜʘʮʽʾ 

ʂʝʥʜʘʣʣʘ: 

 
ὡ

ρςВ В Ὑ
ὔὑ ρ
ς

ὔ ὑ ὑ
Ȣ 

 

ɿ ʤʝʪʦʶ ʧʝʨʝʚʽʨʢʠ ʟʥʘʯʫʱʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ 

ʢʦʥʢʦʨʜʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʦʙʯʠʩʣʶʚʘʪʠ ʢʨʠʪʝʨʽʡ 

ʇʽʨʩʦʥʘ: 

 ʔ ὔὑ ρὡȢ  

ɯʥʬʦʨʤʘʮʽʡʥʘ ʧʽʜʪʨʠʤʢʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʠʨʽʰʝʥʥʷ 

ʙʽʣʴʰʦʩʪʽ ʟʘʜʘʯ ʥʝ ʤʦʞʣʠʚʝ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʝ ʻ 

ʚʠʢʣʶʯʝʥʥʷʤ ʽ ʟʘʜʘʯʘ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ. ɿ ʤʝʪʦʶ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʛʨʘʤʥʦʾ ʯʘʩʪʠʥʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦ-

ʛʽʾ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʧʘʢʝʪ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʪʘ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ, ʩʧʨʦʝʢ-

ʪʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ (ɹɼ) ʪʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʤ-

ʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ. 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1 ʫ 

ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʧʨʝʮʝʜʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ UML. 

ɼʦ ʢʣʶʯʦʚʠʭ ʥʝʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ: ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʚʠʥʝʥ ʙʫʪʠ ʤʽʥʽ-

ʤʘʣʴʥʠʤ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ, ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʟʨʫʯʥʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʟʘʷʚ-

ʣʝʥʫ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ. 

ʇʦʣʝʛʰʝʥʥʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ɹɼ. ɺ ʨʦʙʦʪʽ ʧʨʦʝʢʪ ɹɼ ʨʝʘʣʽʟʦʚʘʥʦ 

ʟʘʩʦʙʘʤʠ CASE-ʩʠʩʪʝʤʠ ERWin ʫ ʚʠʛʣʷʜʽ ʤʦʜʝʣʽ, 

ʥʘʚʝʜʝʥʽʡ ʥʘ ʨʠʩ. 2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ 

ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʽʛʘʥʥʷ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (Risk), 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ (QuestionsMarks, Delfi_Lap, 

Results_MethodDelfi, RangingConsensus, Rang_Lap, 

RangingConsensus, Rangs) ʪʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʜʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ (User, Expert, Analyst). 

ɼʽʘʛʨʘʤʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3, 

ʽʣʶʩʪʨʫʻ ʬʽʟʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʥʘ ʦʩʥʦʚʽ ʧʘʪʝʨʥʫ MVC.  

ʅʘ ʚʫʟʣʽ Controller ʨʦʟʛʦʨʥʫʪʽ ʢʦʤʧʦʥʝʥʪʠ ʜʣʷ 

ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʦʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, 

ʨʘʥʞʫʚʘʥʥʷ ʨʠʟʠʢʽʚ ʪʘ ʧʦʙʫʜʦʚʠ ʟʘ ʥʠʤʠ ʜʽʘʛʨʘʤ. ɼʘ-

ʥʠʡ ʚʫʟʦʣ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʧʝʨʝ-

ʚʽʨʢʫ ʨʦʣʽ ʢʦʨʠʩʪʫʚʘʯʘ. 
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ɺʫʟʦʣ Model ʨʝʘʣʽʟʫʻ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʦʩ- 

ʪʫʧʫ ʜʦ ɹɼ. ʇʨʦʛʨʘʤʥʘ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʝʨʝʜʦʚʠʱʘ IDE NetBeans ʟʘʩʦʙʘʤʠ PHP 

ʪʘ ʬʫʥʢʮʽʦʥʫʻ ʧʽʜ ʫʧʨʘʚʣʽʥʥʷʤ MySQL. ɺʘʣʽʜʘʮʽʷ 

ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ ʚʠʢʦʥʘʥʘ ʟʽ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʝʢʩʧʝʨʪʠʟʠ. ɺʝʨʠʬʽʢʘʮʽʷ ï ʤʦʜʫʣʴʥʠʤ ʪʝʩʪʫʚʘʥʥʷʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ PHPUnit. 

ɺʠʩʥʦʚʢʠ. ɼʘʥʘ ʨʦʙʦʪʘ ʻ ʣʦʛʽʯʥʠʤ 

ʧʨʦʜʦʚʞʝʥʥʷʤ [12]. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʘ ʪʝʭʥʦʣʦʛʽʷ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ. ʇʨʦʛʨʘʤʥʝ ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʧʘʪʝʨʥʘ MVC, ʦʧʠʩʘʥʦ ʥʠʟʢʦʶ ʜʽʘʛʨʘʤ, 

ʚʽʜʧʦʚʽʜʘʻ ʘʨʭʽʪʝʢʪʫʨʽ ʪʠʧʫ çʢʣ̔ʻʥʪ-ʩʝʨʚʝʨè ʟ 

ʚʠʜʽʣʝʥʠʤ application server ʪʘ ʘʚʪʦʤʘʪʠʟʫʻ ʧʨʦʮʝʩ 

ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʇʇ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʠʪʴ ʧʨʠʡʤʘʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʨʽʰʝʥʥʷ 

ʥʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʪʥʠʭ ʜʘʥʠʭ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʫʜʫʪʴ ʩʧʨʷʤʦʚʘʥʽ ʚ ʥʘʧʨʷʤʢʫ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ 

ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʇʇ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʧʽʜʪʨʠʤʢʠ. 
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V. L. LYSYTSKYI, D. Y. ORLENKO 

MODELS FOR THE FORMA TION OF IT COMPANY S TRATEGIC PORTFOLIO O F PROJECTS  

Increasing of unpredictability, novelty and complexity of the external environment of modern enterprises of IT industry has led to the need of creating 

such management mechanisms that can ensure making of coordinated and effective decisions to adapt enterprises to the external competitive 

environment, ensure their survival and successful development. In order to adapt to rapidly changing environmental conditions it is necessary to apply 

management that is associated not so much with the definition of a strategic position (long-term and strategic planning), as with a timely, real-time 

response to rapid and unexpected changes. Formation of adequate management forces enterprises to engage in the refinement of the strategy and the 

solution of the arisen strategic tasks simultaneously and in parallel, to apply scientifically based management information technologies. ʉreation of 

such technologies requires the availability of adequate models of production activities of IT company. A set of interrelated models of forming a 

strategic portfolio of IT projects of a company, whose activity is aimed at creating a finite number of IT projects in the context of time and resource 

constraints, is proposed. A set of interrelated models for the formation of  IT projects strategic portfolio activity of which is aimed at creating a finite 

number of unique software products in conditions of time and  resource constraints is proposed. Qualitative and quantitative methods of modeling of 

IT company production activity were used while developing a set of models and generated a set of models of expert procedure and a set of models of 

optimization procedure. The set of expert procedure models for assessing of IT projects significance realizes the hierarchies analysis method. The set 

of models of optimization procedure implements the method of linear programming which allows to determine the effective structure of the IT projects 

portfolio in the medium term which ensures achievement of company strategic goals. Based on the developed set of models, a generalized algorithmic 

model for the formation of company strategic portfolio of projects is formed and can be used to create information technology for strategic planning of 

IT company production activities in conditions of dynamic external environment. 

Keywords: set of models, optimization procedure, expert procedure, portfolio of IT projects, enterprise, information technology. 

ɺ. ʃ. ʃʀʉʀʎʔʂʀʁ, ɼ. ʖ. ʆʈʃɽʅʂʆ 

ʄʆɼɽʃɯ ʌʆʈʄʋɺɸʅʅʗ ʉʊʈɸʊɽɻɯʏʅʆɻʆ ʇʆʈʊʌɽʃʗ ʇʈʆɽʂʊɯɺ Iʊ ʌɯʈʄʀ 

ʇʽʜʚʠʱʝʥʥʷ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʩʪʽ, ʥʦʚʠʟʥʠ ʽ ʩʢʣʘʜʥʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ɯʊ ʽʥʜʫʩʪʨʽʾ ʧʨʠʟʚʝʣʠ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʙʫʣʠ ʙ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʠʡʥʷʪʪʷ ʩʢʦʦʨʜʠʥʦʚʘʥʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʧʦ ʘʜʘʧʪʘʮʽʾ 

ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʝʨʝʜʦʚʠʱʽ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʚʠʞʠʚʘʥʥʷ ʽ ʫʩʧʽʰʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɼʣʷ ʘʜʘʧʪʘʮʽʾ ʜʦ ʰʚʠʜʢʦ 

ʟʤʽʥʶʶʯʠʭʩʷ ʫʤʦʚ ʩʝʨʝʜʦʚʠʱʘ ʧʦʪʨʽʙʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ, ʧʦʚ'ʷʟʘʥʦʛʦ ʥʝ ʩʪʽʣʴʢʠ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʩʪʨʘʪʝʛʽʯʥʦʾ ʧʦʟʠʮʽʾ (ʜʦʚʛʦʩʪʨʦʢʦʚʝ 

ʽ ʩʪʨʘʪʝʛʽʯʥʝ ʧʣʘʥʫʚʘʥʥʷ), ʩʢʽʣʴʢʠ ʟʽ ʩʚʦʻʯʘʩʥʦʶ ʨʝʘʢʮʽʻʶ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʥʘ ʰʚʠʜʢʽ ʽ ʥʝʩʧʦʜʽʚʘʥʽ ʟʤʽʥʠ. ʌʦʨʤʫʚʘʥʥʷ 

ʘʜʝʢʚʘʪʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʤʫʰʫʻ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʜʥʦʯʘʩʥʦ ʧʘʨʘʣʝʣʴʥʦ ʟʘʡʤʘʪʠʩʷ ʫʪʦʯʥʝʥʥʷʤ ʩʪʨʘʪʝʛʽʾ ʽ ʨʽʰʝʥʥʷʤ ʚʠʥʠʢʣʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʟʘʜʘʯ, ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʫʢʦʚʦ ʦʙʛʨʫʥʪʦʚʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ. ʉʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʤʘʛʘʻ ʥʘʷʚʥʦʩʪʽ ʘʜʝʢʚʘʪʥʠʭ 

ʤʦʜʝʣʝʡ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ɯʊ ʬʽʨʤʠ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʤʦʜʝʣʝʡ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʦʨʪʬʝʣʷ ʧʨʦʝʢʪʽʚ ɯʊ 

ʬʽʨʤʠ, ʜʽʷʣʴʥʽʩʪʴ ʷʢʦʾ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʩʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʯʠʩʣʘ ɯʊ ʧʨʦʝʢʪʽʚ ʚ ʫʤʦʚʘʭ ʯʘʩʦʚʠʭ ʪʘ ʨʝʩʫʨʩʥʠʭ ʦʙʤʝʞʝʥʴ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ 

ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢʽʩʥʽ ʽ ʢʽʣʴʢʽʩʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ɯʊ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʧʦʨʦʜʠʣʠ ʢʦʤʧʣʝʢʩ 

ʤʦʜʝʣʝʡ ʝʢʩʧʝʨʪʥʦʾ ʧʨʦʮʝʜʫʨʠ ʽ ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ. ɽʢʩʧʝʨʪʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘʙʝʟʧʝʯʫʻ ʦʮʽʥʢʫ ʟʥʘʯʫʱʦʩʪʽ ɯʊ 

ʧʨʦʝʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽʻʨʘʨʭʽʡ. ʂʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ ʨʝʘʣʽʟʫʻ ʤʝʪʦʜ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚ ʩʝʨʝʜʥʴʦʩʪʨʦʢʦʚʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʚʠʟʥʘʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʫ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʦʨʪʬʝʣʷ ɯʊ ʧʨʦʝʢʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʜʦʩʷʛʥʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ɯʊ ʬʽʨʤʠ. ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʦʜʝʣʝʡ ʨʦʟʨʦʙʣʝʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʘʣʛʦʨʠʪʤʽʯʥʫ ʤʦʜʝʣʴ 

ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʦʨʪʬʝʣʷ ɯʊ ʧʨʦʝʢʪʽʚ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʪʨʘʪʝʛʽʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ ɯʊ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʫʤʦʚʘʭ ʜʠʥʘʤʽʯʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ, ʦʧʪʠʤʽʟʘʮʽʡʥʘ ʧʨʦʮʝʜʫʨʘ, ʝʢʩʧʝʨʪʥʘ ʧʨʦʮʝʜʫʨʘ, ʧʦʨʪʬʝʣʴ IT ʧʨʦʝʢʪʽʚ, ʧʽʜʧʨʠʻʤʩʪʚʦ, 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ. 

ɺ. ʃ. ʃʀʉʀʎʂʀʁ, ɼ. ʖ. ʆʈʃɽʅʂʆ 

ʄʆɼɽʃʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʊʈɸʊɽɻʀʏɽʉʂʆɻʆ ʇʆʈʊʌɽʃʗ ʇʈʆɽʂʊʆɺ Iʊ ʌʀʈʄʓ 

ʇʦʚʳʰʝʥʠʝ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ, ʥʦʚʠʟʥʳ ʠ ʩʣʦʞʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʀʊ ʠʥʜʫʩʪʨʠʠ ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠʥʷʪʠʝ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ 

ʘʜʘʧʪʘʮʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʢ ʚʥʝʰʥʝʡ ʢʦʥʢʫʨʝʥʪʥʦʡ ʩʨʝʜʝ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ ʚʳʞʠʚʘʥʠʷ ʠ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʣʷ ʘʜʘʧʪʘʮʠʠ ʢ ʙʳʩʪʨʦ ʤʝʥʷ-

ʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ  ʥʝ ʩʪʦʣʴʢʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ (ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ), ʩʢʦʣʴʢʦ ʩʦ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ  ʥʘ ʙʳʩʪʨʳʝ ʠ ʥʝʦʞʠʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʘʜʝʢʚʘʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʥʫʞʜʘʝʪ ʧʨʝʜʧʨʠʷʪʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʟʘʥʠʤʘʪʴʩʷ ʫʪʦʯʥʝʥʠʝʤ ʩʪʨʘʪʝʛʠʠ ʠ ʨʝʰʝʥʠʝʤ  

ʚʦʟʥʠʢʰʠʭ  ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʧʨʠʤʝʥʷʪʴ  ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʉʦʟʜʘʥʠʝ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʘʜʝʢʚʘʪʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʊ ʬʠʨʤʳ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ  ʧʦʨʪʬʝʣʷ  ʧʨʦʝʢʪʦʚ ʀʊ ʬʠʨʤʳ, ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʀʊ ʧʨʦʝʢʪʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʚʨʝʤʝʥʥʳʭ ʠ ʨʝʩʫʨʩʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ  ʀʊ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʦʨʦʜʠʚʰʠʝ  ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʵʢʩʧʝʨʪʥʦʡ ʧʨʦʮʝʜʫʨʳ ʠ ʢʦʤʧʣʝʢʩ 

ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ. ʕʢʩʧʝʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʮʝʥʢʫ ʟʥʘʯʠʤʦʩʪʠ ʀʊ ʧʨʦʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ. ʂʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʳ ʨʝʘʣʠʟʫʝʪ ʤʝʪʦʜ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ 

ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʨʪʬʝʣʷ ʀʊ ʧʨʦʝʢʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʠʞʝʥʠʝ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʀʊ ʬʠʨʤʳ. ʅʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʜʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʦʙʦʙʱʝʥʥʘʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʨʪʬʝʣʷ ʀʊ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʀʊ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩ ʤʦʜʝʣʝʡ, ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʵʢʩʧʝʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʧʦʨʪʬʝʣʴ IT ʧʨʦʝʢʪʦʚ, ʧʨʝʜʧʨʠʷʪʠʝ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

Introduction.  Modern stage of Ukrainian economy 

development is characterized by high dynamics of an 

external environment, increasing competition in domestic 

and foreign markets, development of information 

É V. L. Lysytskyi, D. Y. Orlenko, 2018 
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technologies tools and information technologies. All this 

actualizes strategic aspects of enterprise production 

activity management in the IT sector and requires a 

conscious selection of common development directions to 

achieve long-term corporate goals considering existing 

restrictions dictated by both the external and internal 

environment of the IT company. Depending on the level 

of instability of the external environment, there are four 

classes of enterprise management methods [1, 2, 3]: 

management methods based on execution control [3, 4]; 

extrapolation-based control methods [3, 4]; management 

methods based on the prediction of change (the future is 

partly predictable) [5, 6, 7]; management methods based 

on flexible urgent solutions (the future is unpredictable) 

[1, 3, 8, 9], which are the methods of strategic 

management that provide management of strategic 

capabilities of enterprise [3, 4, 5, 9]. Strategy formed by 

these methods determines the direction of development of 

the enterprise towards its target state while leaving the 

freedom of choice taking into account the changing 

situation in the external environment, current restrictions 

dictated by both the internal and external environment of 

the enterprise. Application of strategic management 

methods to formation of the portfolio of IT projects will 

allow to link portfolio projects with the achievement of 

the strategic goals of the IT company, provided that the 

limi ted resources for projects are effectively allocated [3, 

10]. 

Therefore, the purpose of the work is to increase the 

profitability of the IT company by creating a set of models 

for the formation of a strategic portfolio of projects that 

ensures effective achievement of company strategic goals 

taking into account existing resource constraints. 

Formulation of the problem. Achieving the 

competitive advantage of IT company is not only a 

consequence of the successful implementation of its 

portfolio of projects, but also the correct selection of 

morphology and projects portfolio structure that determine 

vector of IT company strategic development in a 

competitive external environment. Due to that, there arises 

the task to form an effective portfolio of IT company 

projects with an incremental style of behavior that can 

create a finite set ˜ ˴˟ ̃, Ὓ ρ, ὲ of IT projects 

(ITP). Further, ITP is understood as an activity of creating 

a unique software product in terms of time and resource 

constraints. It is assumed that for implementation of 

˴˟˜ɴ̃  at a given time interval the company has limited 

resources (labor, information, energy, natural, basic and 

circulating funds, etc.). All the necessary qualitative and 

quantitative information about past and current state of the 

IT company, its internal and external environment, and the 

results of its production activities is known. The task is to 

create a set of models that form such portfolio of IT 

company projects from ˴˟˜ɴ̃  that at a given medium-

term time interval, in conditions of available limited 

resources provides maximum allowable amount of profit 

with minimal risks for the company. 

Set of models. A qualitative analysis of accumulated 

empirical evidence, generalization of IT company 

functioning experience are the source for determining 

promising directions of its strategic development. 

Therefore when developing a set of models for the 

formation of an effective portfolio of IT company projects 

(EPP) it is proposed to use qualitative and quantitative 

methods of modeling. Fig. 1 illustrates general scheme of 

formation of EPP, that contains an expert procedure 

designed to determine effective structure of the IT 

company projects portfolio. 

As a theoretical basis for the expert procedure, it is 

proposed to use the hierarchy analysis method [11] which 

presumes decomposition of the problem of defining the 

project portfolio morphology into increasingly simpler 

components interaction of which is determined by the 

hierarchical model of impact of ˴ ˟˜ɴ̃  on the increase 

of the IT company profit. At the first level of the hierarchy 

there is one vertex that determines focus of the problem 

(increase of profit). 

The second level is determined by main objectives of 

the IT company: profit increase; cost reduction; risk 

reduction. The third level is determined by ITP groups 

which set directions of the IT company production 

activity. The lower level of the hierarchy is formed by 

˴˟˜ɴ Ȣ̃ 

 

 

Fig. 1. General scheme for the formation of an effective portfolio of company IT projects 
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Based on the hierarchy for each of its maternal 

vertices an estimation of weight coefficients, that 

determine degree of its dependence on the vertices of the 

lower level that affect it, is given. For the formation of 

estimation a group that contains r  experts from among IT 

company leading specialists is formed. Each expert with a 

number Ó,  Ó ρ,ὶ, forms a matrix of paired comparisons 

ὃ ὥ . The elements ὥ  of the generalized matrix 

ὃ ὥ  of pairwise congruencies are determined by the 

expression ὥ Б ὥ . The normalized eigenvector 

that corresponds to majorizing matrix root ὃ determines 

local priorities of lower-level elements. Based on the local 

priorities of the hierarchy vertices and by using the 

hierarchical synthesis procedure of global priorities 

ύ, ύ π, В ύ ρ, of IT projects that make up 

composition of  ̃are found. The composition of ˴˟˜ɴ  ̃

that determine the morphology of EPP are found by 

ranking ˴˟ ̃ according to degree of decrease of their 

global priorities ύ and selection of the first ˴˟  ̃ in ˜  

set in the resulting row, the sum of global priorities ύ  is 

equal to ɻ π,ψ ʀ, ʀ ï is admissible error. 

Priorities ύ 

 ˴˟˜ɴ˜ ˴˟ ȡ̃В ύ π,ψ ʀ, (1) 

where ὴ ï  power  of  ˜ ,  are  found  by  rationing  

ύ ύ Ⱦɻ. Herewith ύ π, В ύ ρ. 

A set ὓ ὓ  of models ὓ  that provide the 

expert procedure contains: 

ὓ  ï algorithmic model of the hierarchical model 

formation; 

ὓ  ï algorithmic model of the formation for all of 

hierarchy maternal vertices of pairwise  matrices ὃ  and 

generalized matrices ὃ; 

ὓ  ï algorithmic model for determining the local 

priorities of the vertices for the second, third and fourth 

hierarchy levels; 

ὓ  ï algorithmic model for determining global 

priorities ˴ ˟˜ɴ ;̃ 

ὓ  ï algorithmic model for the formation of a set 

˜  of ITP projects that define the morphology of the EPP. 

As a theoretical basis for creating the optimization 

procedure it is proposed to use linear programming 

method that allows in the medium-term perspective to 

define volumes of production of ˴˟˜ɴ˜  that ensures 

achievement of IT company strategic objectives. 

A general approach to solving the problem of 

volumetric planning assumes that the IT company is 

aware of the following information: 

Ὦ ï the project nomenclature number from ̃, 

Ὦ  ρ,ὲ; 
ὲ ï power of ̃ ; 

ὦ ï volumes of limited resources (labor resources of 

various professional groups, fund for operating time of 

equipment for various purposes, raw materials and 

consumables, energy carriers, information resources, 

salary fund, etc.), Ὥ ρ,ά; 

standards for expenditure of resources for 

implementation and realization of the project; 

profitability of ˴˟˜ɴ˜ ; 

requirement for the volume of projects realization. 

Since the focus of the problem in determining the 

morphology of the EPP was to increase the profit of the IT 

so company linear form of the linear programming is the 

following: 

 ὒ ὧύὼᴼÍÁØ, (2) 

where ὒ ï profit from the realization of projects; 

ὧ ï profitability of project; 

ύ ï expected amount of risk determined by the 

probability that completed project will be paid by 

customer; 

ὼ ï number of projects of Ὦ-th nomenclature. 

Maximization of revenue (2) is carried out when the 

restrictions are met. 

Limitations of project implementation volume 

 ίὼ ύ, (3) 

where ύ ï requirements for project implementation 

volume in the planned period. 

Restriction on resources 

 ὦὼ ὦ, Ὥ ρ,ά, (4) 

where ὦ  ï norm of the expenditure of Ὥ-th resource for 

one project of Ὦ-th nomenclature. 

Restrictions on production volumes of Ὦ-th 

nomenclature projects 

 ɻ ὼ ɼ, Ὦ ρ,ὲ, (5) 

where value ɻ is determined by the existing contractual 

obligations of IT company; 

ɼ ï projects market opportunities of Ὦ-th 

nomenclature. 

The mixed form of writing a linear programming 

objective makes it very difficult to assign an initial 

support plan when solving it by a finite method. 

Therefore, it is proposed to determine its solution by the 

M-method. 

A set ὓ ὓ  of models ὓ  that provide the 

optimization procedure contains [12]: 

ὓ  ï algorithmic model of initial simplex tables 

formation that are required  by M-method; 

ὓ  ï algorithmic model for determining solution of 

the objective (1-4); 

ὓ  ï algorithmic model for verifying reliability of 

the obtained solutions; 

ὓ  ï algorithmic model of conducting numerical 

experiments; 
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ὓ  ï algorithmic model for studying stability 

boundaries of the obtained volumetric optimal plan for 

implementation and realization of projects from ˜ . 

Fig. 2 illustrates a generalized structure of 

algorithmic model ὓ ἂὓȿὓἃ for the formation of the 

strategic portfolio of projects. 

Constructed algorithmic model prevents the 

possibility of many errors at a design stage of the 

program. 

The constructed set of models 

ὓ ὓ ,ὓ ,Ὥ ρ,υ provides a clear formulation, 

purpose, content of individual parts of the program, allows 

paying considerable attention to ensuring the simplicity of 

software implementation structure of the algorithmic 

model, to significantly reduce costs, time expenditures for 

developing the software solution for the task of forming of 

the efficient portfolio of IT company projects, that 

operates in a competitive environment of IT industry. 

Conclusions. The set of models of the expert 

procedure for determining the significance of IT projects 

was developed. The set of models of the optimization 

procedure for determining the effective structure of IT 

projects which determines the company strategic goals 

was elaborated as well. Besides, the algorithmic model for 

the formation of the company strategic portfolio of 

projects was worked out which can be used to create 

information technology for strategic planning of the 

company production activities. 
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Fig. 2. Generalized structure of the algorithmic model for the formation  
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ANALYSIS OF THE MARK OWITZôS AND TOBINôS MODELS FOR SECURITIES 

PORTFOLIO CONSTRUCTI ON 

The conclusions about the strata of society, various parties are supported by, have been made. The question arises of revising and improving the ways 

of forming the investment portfolio, since the degree of influence of macroeconomic indicators on the stock market behavior changes. The stock 

market is one of the key elements of the financial system of any state. The essence of the securities portfolio, the main task and the main objective of 

portfolio investment, the nature and methods of forming the securities portfolio in the conditions of instability of the Ukrainian stock market are 

considered. It describes the process of forming a securities portfolio, which is divided into five stages: determining investment objectives and 

priorities, conducting an analysis of securities, creating a portfolio and choosing management tactics, revising a portfolio and evaluating portfolio 

performance. On the basis of Markowitzôs model and Tobinôs model are developed algorithmic, informational and software. The applied capabilities 

of portfolio investment models are explored, which realize the main idea of Markowitz to form an optimal securities portfolio, while at the same time 

having fundamental differences. And the main difference Tobinôs model, which includes a certain risk-free asset, along with risky securities. An 

optimal securities portfolio is being built using ten risky stocks of various sectoral activities of Ukrainian enterprises using the Markowitz model and 

using risk-free assets (government corporate bonds) for the Tobin model. Also the composition, profitability and risk of the optimal portfolio in the 

Ukrainian stock market are determined. In addition, a graph of profitability and risk dependencies is constructed, where each point of the chart is a 

certain portfolio with a certain number of investments in the stocks of listed companies. The conclusion is made on the results obtained, focusing on 

their difference depending on the choice of the model of portfolio formation. 

Keywords: securities, investment portfolio, portfolio formation, risk, profitability, Markowitz model, Tobin model. 

ɻ. ɺ. ɺɭʊʈʆɺɸ, ɺ. ʆ. ɻʋɾɺɸ 

ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɼɽʃɽʁ ʄɸʈʂʆɺɯʎɸ ʊɸ ʊʆɹɯʅɸ ʇʆɹʋɼʆɺʀ ʇʆʈʊʌɽʃʗ ʎɯʅʅʀʍ 

ʇɸʇɽʈɯɺ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʝʨʝʛʣʷʜʫ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʦʩʢʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʩʪʫʧʽʥʴ 

ʚʧʣʠʚʫ ʤʘʢʨʦʝʢʦʥʦʤʽʯʥʠʭ ʽʥʜʠʢʘʪʦʨʽʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ. ʌʦʥʜʦʚʠʡ ʨʠʥʦʢ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʬʽʥʘʥʩʦʚʦʾ ʩʠʩʪʝʤʠ 

ʙʫʜʴ-ʷʢʦʾ ʜʝʨʞʘʚʠ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʩʫʪʥʽʩʪʴ ʧʦʨʪʬʝʣʷ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ, ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʽ ʛʦʣʦʚʥʘ ʤʝʪʘ ʧʦʨʪʬʝʣʴʥʦʛʦ ʽʥʚʝʩʪʫʚʘʥʥʷ, ʩʫʪʥʽʩʪʴ ʽ 

ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ʬʦʥʜʦʚʦʛʦ ʨʠʥʢʫ. ʆʧʠʩʫʻʪʴʩʷ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʨʪʬʝʣʷ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ, ʷʢʠʡ ʨʦʟʜʽʣʝʥʠʡ ʥʘ ʧ'ʷʪʴ ʝʪʘʧʽʚ: ʚʠʟʥʘʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʮʽʣʝʡ ʪʘ ʧʨʽʦʨʠʪʝʪʽʚ, ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʮʽʥʥʠʭ 

ʧʘʧʝʨʽʚ, ʩʪʚʦʨʝʥʥʷ ʧʦʨʪʬʝʣʷ ʽ ʚʠʙʦʨʫ ʪʘʢʪʠʢʠ ʫʧʨʘʚʣʽʥʥʷ, ʨʝʚʽʟʽʷ ʧʦʨʪʬʝʣʷ ʽ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʨʪʬʝʣʷ. ʈʦʟʨʦʙʣʷʻʪʴʩʷ ʘʣʛʦʨʠʪʤʽʯʥʝ, 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʪʘ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʄʘʨʢʦʚʽʮʘ ʽ ʤʦʜʝʣʽ ʊʦʙʽʥʘ. ʆʙʛʦʚʦʨʶʶʪʴʩʷ ʧʨʠʢʣʘʜʥʽ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʝʣʝʡ 

ʧʦʨʪʬʝʣʴʥʦʛʦ ʽʥʚʝʩʪʫʚʘʥʥʷ, ʷʢʽ ʨʝʘʣʽʟʫʶʯʠ ʦʩʥʦʚʥʫ ʽʜʝʶ ʄʘʨʢʦʚʽʮʘ ʱʦʜʦ ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ, ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʤʘʶʪʴ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ. ɯ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʛʦʣʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʤʦʜʝʣʽ ʊʦʙʽʥʘ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʨʷʜ ʟ ʨʠʟʠʢʦʚʠʤʠ ʮʽʥʥʠʤʠ 

ʧʘʧʝʨʘʤʠ ʧʝʚʥʠʡ ʙʝʟʨʠʟʠʢʦʚʠʡ ʘʢʪʠʚ. ɹʫʜʫʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʧʦʨʪʬʝʣʴ ʮʽʥʥʠʭ ʧʘʧʝʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʩʷʪʠ ʨʠʟʠʢʦʚʠʭ ʘʢʮʽʡ ʨʽʟʥʠʭ 

ʛʘʣʫʟʝʚʠʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʤʦʜʝʣʣʶ ʄʘʨʢʦʚʽʮʘ ʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʝʟʨʠʟʠʢʦʚʠʭ ʘʢʪʠʚʽʚ (ʜʝʨʞʘʚʥʠʭ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʦʙʣʽʛʘʮʽʡ) ʟʘ ʤʦʜʝʣʣʶ ʊʦʙʽʥʘ. ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʢʣʘʜ, ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʽ ʨʠʟʠʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʘ ʫʢʨʘʾʥʩʴʢʦʤʫ 

ʬʦʥʜʦʚʦʤʫ ʨʠʥʢʫ. ʂʨʽʤ ʪʦʛʦ, ʙʫʜʫʻʪʴʩʷ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʪʘ ʨʠʟʠʢʫ, ʜʝ ʢʦʞʥʘ ʪʦʯʢʘ ʛʨʘʬʽʢʘ ʻ ʧʝʚʥʠʡ ʧʦʨʪʬʝʣʴ ʟ ʧʝʚʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʢʣʘʜʝʥʴ ʚ ʘʢʮʽʾ ʥʘʚʝʜʝʥʠʭ ʢʦʤʧʘʥʽʡ. ʈʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʘʢʮʝʥʪʫʶʯʠʩʴ ʥʘ ʾʭ ʚʽʜʤʽʥʥʽʩʪʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʙʦʨʫ ʤʦʜʝʣʽ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʽʥʥʽ ʧʘʧʝʨʠ, ʽʥʚʝʩʪʠʮʽʡʥʠʡ ʧʦʨʪʬʝʣʴ, ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ, ʨʠʟʠʢ, ʧʨʠʙʫʪʢʦʚʽʩʪʴ, ʤʦʜʝʣʴ ʄʘʨʢʦʚʽʮʘ, ʤʦʜʝʣʴ 

ʊʦʙʽʥʘ.  

ɻ. ɺ. ɺɽʊʈʆɺɸ, ɺ. ɸ. ɻʋɾɺɸ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄʆɼɽʃɽʁ ʄɸʈʂʆɺʀʎɸ ʀ ʊʆɹʀʅɸ ʇʆʉʊʈʆɽʅʀʗ ʇʆʊʈʌɽʃʗ ʎɽʅʅʓʍ 

ɹʋʄɸɻ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʧʝʨʝʩʤʦʪʨʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʦʨʪʬʝʣʷ, ʧʦʩʢʦʣʴʢʫ 

ʠʟʤʝʥʷʝʪʩʷ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʥʘ ʧʦʚʝʜʝʥʠʝ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ. ʌʦʥʜʦʚʳʡ ʨʳʥʦʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦʡ ʩʠʩʪʝʤʳ ʣʶʙʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʥʦʩʪʴ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʠ 

ʛʣʘʚʥʘʷ ʮʝʣʴ ʧʦʨʪʬʝʣʴʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, ʩʫʱʥʦʩʪʴ ʠ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʫʢʨʘʠʥʩʢʦʛʦ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ. ʆʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʝʥ ʥʘ ʧʷʪʴ ʵʪʘʧʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʮʝʣʝʡ ʠ ʧʨʠʦʨʠʪʝʪʦʚ, ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʩʦʟʜʘʥʠʝ ʧʦʨʪʬʝʣʷ ʠ ʚʳʙʦʨʘ ʪʘʢʪʠʢʠ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʚʠʟʠʷ 

ʧʦʨʪʬʝʣʷ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʨʪʬʝʣʷ. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʄʘʨʢʦʚʠʮʘ ʠ ʤʦʜʝʣʠ ʊʦʙʠʥʘ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʝʡ ʧʦʨʪʬʝʣʴʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʷ 

ʦʩʥʦʚʥʫʶ ʠʜʝʶ ʄʘʨʢʦʚʠʮʘ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʮʝʥʥʳʭ ʙʫʤʘʛ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ. ʀ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʤʦʜʝʣʠ ʊʦʙʠʥʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʨʷʜʫ ʩ ʨʠʩʢʦʚʳʤʠ ʮʝʥʥʳʤʠ ʙʫʤʘʛʘʤʠ ʦʧʨʝʜʝʣʸʥʥʳʡ 

ʙʝʟʨʠʩʢʦʚʳʡ ʘʢʪʠʚ. ʉʪʨʦʠʪʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦʨʪʬʝʣʴ ʮʝʥʥʳʭ ʙʫʤʘʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʩʷʪʠ ʨʠʩʢʦʚʳʭ ʘʢʮʠʡ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʩʬʝʨ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʢʨʘʠʥʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʤʦʜʝʣʠ ʄʘʨʢʦʚʠʮʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʨʠʩʢʦʚʳʭ ʘʢʪʠʚʦʚ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʦʙʣʠʛʘʮʠʡ) ʧʦ ʤʦʜʝʣʠ ʊʦʙʠʥʘ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚ, ʜʦʭʦʜʥʦʩʪʴ ʠ ʨʠʩʢ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʨʪʬʝʣʷ ʥʘ ʫʢʨʘʠʥʩʢʦʤ ʬʦʥʜʦʚʦʤ ʨʳʥʢʝ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʪʨʦʠʪʩʷ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʭʦʜʥʦʩʪʠ ʠ ʨʠʩʢʘ, ʛʜʝ ʢʘʞʜʘʷ ʪʦʯʢʘ ʛʨʘʬʠʢʘ ʝʩʪʴ ʥʝʢʦʪʦʨʳʡ ʧʦʨʪʬʝʣʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʣʦʞʝʥʠʡ ʚ ʘʢʮʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʢʦʤʧʘʥʠʡ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʘʢʮʝʥʪʠʨʫʷ ʥʘ ʠʭ ʦʪʣʠʯʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ 

ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʪʬʝʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʥʥʳʝ ʙʫʤʘʛʠ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʧʦʨʪʬʝʣʴ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʪʬʝʣʷ, ʨʠʩʢ, ʜʦʭʦʜʥʦʩʪʴ, ʤʦʜʝʣʴ ʄʘʨʢʦʚʠʮʘ, ʤʦʜʝʣʴ 

ʊʦʙʠʥʘ. 

Introduction . The last global financial crisis made 

certain adjustments to the investment policy of most 

investors, which required a revision of the attitude towards 

the formation of investment portfolios. At the same time, 

É H. V. Vietrova, V. O. Huzhva, 2018 
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the previously dominant investment strategies of most 

investors aimed at international securities markets 

changed to the opposite, facing domestic investment 

sources. In this regard, the issues of improving investment 

strategies become important, allowing not only to 

optimize them, but also to make timely adjustments 

depending on the influence of various factors. 

The main objective of portfolio investment is to give 

to set of securities such investment characteristics, which 

are unattainable from a position of a single security [1]. 

The portfolio of securities is that tool by means of which 

the investor provides the required stability of income at 

minimal risk [2]. The main goal in the formation of the 

portfolio is to achieve the most optimal combination 

between risk and income for the investor. The portfolio 

must include elements of different risk and profit. 

Moreover, depending on the intentions of the investor, the 

share of multi-purpose elements may vary. This task arises 

from the general principle that operates in the investment 

market: the higher the potential risk borne by the 

instrument, the higher the potential income it should have 

[3]. As the portfolio represents a set of various securities, 

an investment decision is equivalent to choosing the 

optimal portfolio from a set of possible portfolios. This 

problem is called the problem of choosing an investment 

portfolio [4]. 

The process of forming a securities portfolio can be 

divided into several stages [5]: 

1) Definition of investment goals and priorities. 

From the point of view of the formation of the 

securities portfolio, the goals can be divided into 

categories: 

¶ investment security, which means protecting 

investments from market shocks and the stability 

of receiving income; 

¶ profitability of investments; 

¶ increase in the cost of investments. 

2) Conducting analysis of securities. 

The analysis of securities is the application of 

fundamental and technical analysis. Fundamental analysis 

is a study of the overall economic situation, the financial 

situation of individual companies, and the state of 

industries. Technical analysis is based on the study of 

price movements for financial instruments, the basis of 

which are the market movement charts for previous 

periods of time, market statistics, data on changes in stock 

market rates and forecasts of future price movements. 

In addition, the formation of the securities market is 

influenced by the rating of the company and the securities, 

which are selected on the basis of stock indices. The result 

of this stage is a list of securities, the most profitable and 

least risky, for inclusion in the portfolio in a certain period 

of time. 

3) Portfolio formation. 

At this stage, investment assets are selected on the 

basis of the analysis carried out and taking into account 

the specific goals of the investor. An investor's portfolio 

may consist of securities (stocks) of one company if the 

investorôs goal is to become the owner of the company 

and at the same time receive dividends. If the goal is to 

earn on speculation from securities transactions, then the 

investor forms his portfolio of securities that can be 

earned. The task of the investor in this case will be to 

acquire undervalued securities at a certain moment, whose 

market price at the time of purchase is lower than the true 

price and to get rid of overvalued securities in time and 

thereby receive a certain profit in the future [6]. It is very 

important to apply capital diversification in the formation 

of a securities portfolio. The more stocks of various 

companies in the investorôs portfolio, the more chances 

the investor has to make a profit. Therefore, the most 

common is the so-called "diversified portfolio", that is, a 

portfolio with a variety of securities. In other words, a 

portfolio consisting of stocks, bonds and other securities 

of diverse companies ensures the stability of obtaining a 

positive result [7]. 

4) Portfolio audit. 

The securities portfolio should be periodically 

reviewed in accordance with the existing situation in the 

economy and the goals of the investor. 

5) Portfolio performance evaluation. 

The last stage of securities portfolio management 

implies a periodic assessment of the portfolio's efficiency, 

taking into account the income gained and the risk that 

arose or could arise during the management period. 

Analysis of securities portfolio formation 

methods. At formation of the portfolio of securities a 

large number of models and methods from which it is 

possible to allocate is used: 

¶ Michael O'Higgins and Gardner's method; 

¶ H. Markowitz's model; 

¶ Model Sharp; 

¶ Tobin's model. 

In article two models are considered: Markowitz's 

model and Tobin's model. Markowitz's model [8] is the 

cornerstone of the theory of the investment portfolio. This 

model allows you to define indicators characterizing the 

amount of investment and risk, and makes it possible to 

compare various alternative capital investment options 

among themselves. 

Cumulative portfolio risk, H. Markowitz divided into 

two parts. To the first part, he referred to the systematic 

risk, which is caused by the economic, psychological and 

political situation in the country, which simultaneously 

affects all securities equally.  

The second is the specific risk that each specific 

security has, which can be eliminated by managing the 

securities portfolio. Dividing the risk into components 

gives the investor the opportunity to analyze securities 

from all sides and to determine their strengths and 

weaknesses in optimizing the portfolio.  

The critical line method developed by H. Markowitz 

made it possible to determine the range of acceptable 

portfolios and to distinguish invalid and effective 

portfolios.  

Effective portfolios are portfolios that contain 

minimal risk for a given income or bring the maximum 

possible income for a given level of risk that an investor 

can take [9]. 



 ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

 ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ 

38 ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 

The theory of H. Markowitz allows investors to 

measure the level of risk and determine effective 

portfolios, but it does not specify the relationship between 

the level of risk and the required profit. 

The form of the mathematical model of the direct 

task of H. Markowitz at which the portfolio risk does not 

exceed the specified value ʎ: 

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứ ὼὶᴼÍÁØ

ὼὼʍʎʎ ʎ

ὼ ρ

ὼ π

 

The form of the mathematical model of the inverse 

task of H. Markowitz, at which the portfolio profit is not 

lower than the specified value ὶ: 

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứ

ὼὼʍʎʎᴼÍÉÎ

ὼὶ ὶ

ὼ ρ

ὼ π

  

where portfolio profit is: 

ὶ ὼὶ, 

where ὼ ï the share of the i-th financial asset in the 

portfolio;  

ὲ ï the number of securities that make the 

investment portfolio; 

ὶ ï average profitability (mathematical expectation) 

of the i-th financial asset; 

ὶ ï expected value of the portfolio profit. 

The average profit of the i-th financial asset is the 

formula: 

ὶ
ρ

Ὕ
ὶȟ 

where Ὕ ï the period for which the profit of the security is 

considered; 

ὶ ɀ profit of the security in a particular month t. 

The risk of the securities portfolio is: 

ʎ ὼὼʍʎʎ, 

where ʎ ï investment portfolio risk level; 

ὼ, ὼï the share of the i-th and j-th financial asset in 

the portfolio; 

ʎ, ʎ ï standard deviation of returns of the i-th and 

j-th securities; 

ʍ  ï coefficient of correlation of i-th and j-th 

securities profits. 

The standard deviation of the profit of a security is 

calculated by the formula: 

ʎ
ρ

Ὕ ρ
ὶ ὶ Ȣ 

The correlation coefficient of the securities is found 

by the formula: 

ʍ
Ï̒Ö

ʎʎ  
 

where Ï̒Ö ï the covariance of the i-th and j-th 

securities yields, which is calculated by the formula: 

Ï̒Ö
Вὶ ὶ ὶ ὶ

Ὕ
Ȣ 

The problem of using the Markowitz model in the 

practical financial activities of enterprises for the selection 

of an optimal investment portfolio is due to the following 

factors: 

¶ the model does not take into account the time 

factor, in particular, it gives an answer to the 

question regarding the number and type of 

securities at the expense of which an investment 

portfolio should be formed, but ignores the 

question of the most optimal time to acquire and 

sell assets; 

¶ the complexity of collecting information and 

statistical calculations on which investment 

decisions are based; 

¶ the model does not take into account the 

methodology of fundamental and technical 

analysis of stocks. 

The main conclusion that follows from the concept 

of Markowitz is that within the framework of the strategy 

of minimizing investment risks, one should select an 

investment portfolio in which priority is given not so 

much to the securities, the risk level of each of which is 

minimal, but the combination of assets with minimal 

correlation between their levels of profitability. 

Such a strategy is more pragmatic than choosing the 

most profitable or least risky financial assets. Moreover, at 

a given level of profitability, the risk will be the smaller, 

the greater the level of diversification of the investment 

portfolio [10]. 
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The most successful attempts, actual and in modern 

conditions, are the models of J. Tobin and W. Sharp, 

developing the theory of H. Markowitz. In the model of H. 

Markowitz, the securities portfolio was formed 

exclusively of risky assets. This shortcoming was 

overcome in the Tobin model, which includes, along with 

risky securities, a certain risk-free asset in the study. He 

focused on the behavior of an individual investor who 

invests money in securities, guided by his own ideas about 

the optimal ratio of profitability and risk. 

The model of J. Tobin is based on the assumption 

that, in addition to risky portfolio investments, there are 

risk-free 

securities on the stock market (the risk value of 

which tends to zero), which allowed it to significantly 

simplify the task of forming an optimal portfolio. 

These risk-free assets J. Tobin attributed bonds as 

securities, income and return amounts that are fixed by the 

terms of the loan. The second assumption that underlies 

the J. Tobin model is that the price of bonds is not 

accidental, and is dictated by market conditions. The 

assets, the risk level of which is high and must be taken 

into account when choosing the optimal investment 

portfolio, J. Tobin attributed the stocks. 

Proceeding from this, J. Tobin made an obvious 

assumption that when individual assets are included in 

their portfolio, an investor should be guided by the rule 

that the non-random price of risky securities (stocks) ὶ 

should be higher than the non-random price of risk-free 

securities (bonds) ὶ, that is an indispensable condition of 

the optimal investment portfolio is inequality 

performance: ὶ ὶ. 

It should be emphasized that in the model of J. 

Tobin, the solution to the problem of portfolio 

optimization does not depend on the structure of the risk 

part of the assets; when it changes, it is enough just to 

recalculate ὶ with each change in the structure of the 

portfolio. The optimization problem is solved by the 

inequality ὶ ὶ, where the risk part of the portfolio is 

considered as one average stock. 

Mathematically, the task of optimizing the 

investment portfolio in the J. Tobin model is a linear 

objective function with quadratic nonlinear constraints. It 

can be solved both to minimize the risk at a given level of 

profitability and to maximize profitability at a given level 

of risk [11]. 

The economic-mathematical model of the problem of 

forming a portfolio with a maximum profit is as follows: 
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Economic-mathematical model of portfolio 

formation with minimal risk: 

ừ
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, 

where ὶ ï expected value of risk-free asset profit; 

ὼ ï share of a risk-free asset in a portfolio. 

The values of input variables and coefficients 

discussed earlier. 

The Tobin model is simpler than the H. Markowitz 

model, it allowed us to more clearly formalize the notion 

of profitability and risk. However, it did not answer the 

question about the effect of individual assets on the level 

of risk and return on the investment portfolio. 

Consider the assets of companies in various sectoral 

areas of activity, we estimate their profitability and risk 

indicators, and by forming investment portfolios we 

reduce the degree of risk to a possible limit. 

Purposes and research problems. The purpose of 

this work is the implementation of software for solving the 

problem of forming a portfolio of securities. 

To achieve this goal, the article solved the following 

tasks: 

¶ analysis of common models for the formation of 

a securities portfolio on the Ukrainian stock 

market; 

¶ selection of suitable models for the formation of 

the investment portfolio; 

¶ developed algorithmic software and 

mathematical for the implementation of the 

selected methods; 

¶ developed information and software for the task 

of forming a portfolio of securities. 

The subject of the research is the process of 

forming an investment portfolio of high-risk assets based 

on the Markowitz model, and high-risk and risk-free 

assets using the Tobin model, taking into account the 

specifics of the Ukrainian stock market. 

The object of the research is stock quotes in the 

period from 11/06/2016 to 11/06/2017. Quotations of 

securities were taken from a source [12]. Depending on 

stock price fluctuations, we calculate average rates of 

return, variances and risk indicators for each of the 

companies under consideration. 

On the basis of the Markowitz and Tobin models for 

the task of building a minimum risk portfolio by 

diversifying securities, a software product was developed, 

which was implemented in the Microsoft Visual Studio 

2012 development environment, to write the program 

code, the C # programming language was used. For the 

formation of portfolios of securities were used securities 

presented in table 1.  
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Table 1 ï Securities 

Company Ticker Profit Risk 

Ukrnafta UNAF 3,02 % 9,87 % 

ASTARTA 

HOLDING AST ï0,15 % 8,89 % 

KSG AGRO KSG 0,97 % 14,97 % 

Ovostar Union OVO 2,23 % 3,93 % 

Motor Sich MSICH 4,82 % 6,89 % 

Raiffaizen Bank Aval BAVL  8,78 % 15,32 % 

Tsentrenerho CEEN 0,96 % 6,13 % 

Dniproblenerho DNON 24,99 % 44,12 % 

Ukrtelekom UTLM 1,01 % 9,18 % 

Donbasenerho DOEN 4,75 % 9,94 % 

Government 

corporate bonds  1,458 %  

 

Tables 2 and 3 show the results of solving the 

problem of forming a securities portfolio using these 

models. The results are obtained using implemented 

information, algorithmic and software. 

Table 2 ï The calculation results for the Markowitzôs model 

Company 
Share of securities in the 

portfolio 

Ukrnafta 4,86 % 

ASTARTA HOLDING 9,53 % 

KSG AGRO 0 % 

Ovostar Union 19,43 % 

Motor Sich 11,27 % 

Raiffaizen Bank Aval 06,13 % 

Tsentrenerho 21,06 % 

Dniproblenerho 3,58 % 

Ukrtelekom 24,12 % 

Donbasenerho 0 % 
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Profit 3 % 

Risk 0,01689 % 

Table 3 ï The calculation results for the Tobinôs model 

Company 
Share of securities in the 

portfolio 

Ukrnaftʘ 0 % 

ASTARTA HOLDING 2,19 % 

KSG AGRO 0 % 

Ovostar Union 10,59 % 

Motor Sich 14,67 % 

Raiffaizen Bank Aval 6,71 % 

Tsentrenerho 15,56 % 

Dniproblenerho 2,79 % 

Ukrtelekom 13,47 % 

Donbasenerho 0 % 

Government corporate bonds 34,05 % 

P
o
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Profit 3 % 

Risk 0,01084 % 

The result of the calculations are the graphs 

presented in fig. 1 and fig. 2, which show the dependence 

of profitability and risk.  

Each point of the chart has a certain portfolio with a 

certain number of investments in the shares of the listed 

companies.  

 

Fig. 1. The dependence of profitability and risk on the 

Markowitzôs model 

 

Fig. 2. The dependence of profitability and risk on the 

Tobinôs model 

Forming portfolios with different income level it is 

possible to make a conclusion:  

1 Minimum acceptable level of income according to 

the Markowitzôs model of 3 %, on Tobin's model of 

1,5 %. 

2 The difference of results is proved by the fact that 

unlike the Markowitzôs model, Tobin's model considers 

also risk-free assets.  

Besides, these models have various formula of 

calculation of risk of the investment portfolio. 

Nevertheless, the presence of a huge number of 

factors directly or indirectly affecting the dynamics of 

listed issuers does not allow one to unambiguously predict 

and reduce to zero the risk of losing investments, but it is 

possible to reduce it to a minimum with optimal yield. 

Conclusion. In this research work, on the basis of 

the developed algorithmic and information support 

software was created, with the help of which the securities 

portfolio was formed taking into account the specifics of 

the Ukrainian stock market. 
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ʨʘʤʢʘʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʻ ʧʨʘʢʪʠʯʥʦ ʽʥʚʘʨʽʘʥʪʥʠʤʠ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦ ʻ ʾʭ ʩʫʪʪʻʚʦʶ ʧʝʨʝʚʘʛʦʶ ʧʝʨʝʜ ʰʪʫʯʥʠʤʠ 

ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ.  ʗʢ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʨʦʟʛʣʷʜʘʣʦʩʷ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʩʪʨʫʢʪʫʨʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ, ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʝ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ. 

ɸ. ʉ. ɼʆɺɹʓʐ, ɺ. ʀ. ɿʀʄʆɺɽʎ, ʄ. ɺ. ɹʀɹʀʂ 

ʆʇʊʀʄʀɿɸʎʀʗ ʀɽʈɸʈʍʀʏɽʉʂʆʁ ʉʊʈʋʂʊʋʈʓ ɼɸʅʅʓʍ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʆʁ 

ʉʀʉʊɽʄʓ ʌʋʅʂʎʀʆʅɸʃʔʅʆɻʆ ɼʀɸɻʅʆʉʊʀʈʆɺɸʅʀʗ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ʉʃʆɾʅʓʍ ʄɸʐʀʅ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʣʦʞʥʦʡ ʤʘʰʠʥʳ. ʇʨʦʮʝʩʩ ʧʨʦʭʦʜʠʪ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ 

ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʤʘʰʠʥʳ ʠ ʝʸ ʫʟʣʦʚ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʘʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʩʪʝʧʝʥʴ ʠʭ ʧʝʨʝʩʝʯʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ʆʧʪʠʤʠʟʘʮʠʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʝʨʘ ʂʫʣʴʙʘʢʘ, ʷʚʣʷʶʱʘʷʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠ 

ʵʪʦʤ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʣ ʤʥʦʛʦʮʠʢʣʠʯʝʩʢʫʶ ʠʪʝʨʘʮʠʦʥʥʫʶ ʧʨʦʮʝʜʫʨʫ ʧʦʠʩʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʝʥʠʷ ʚ ʨʘʙʦʯʝʡ (ʜʦʧʫʩʪʠʤʦʡ) ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʬʫʥʢʮʠʠ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ 

ʚ ʧʨʦʮʝʩʩʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʪʝʡʥʝʨʦʚ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʨʝʰʘʶʱʠʝ 

ʧʨʘʚʠʣʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠʥʠʤʘʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʪʝʤʧʝ ʚʨʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʰʘʭʪʥʦʡ 

ʧʦʜʲʸʤʥʦʡ ʤʘʰʠʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʣʷ ʩʪʨʘʪ ʚʩʝʭ ʷʨʫʩʦʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʘʣʬʘʚʠʪʳ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʤʘʰʠʥʥʦʝ 

ʦʙʫʯʝʥʠʝ. 

ɸ. S. DOVBYSH, V. I. ZIMOVETS, M. V. BIBYK 

OPTIMIZATION OF HIER ARCHICAL DATA STRUCT URE OF INTELLIGENT S YSTEM OF 

FUNCTIONAL DIAGNOSIS  OF TECHNICAL CONDITI ON OF COMPLEX MACHIN ES 

The conclusions about the strata of society, various parties are supported by, have been made. The method of information-extreme machine learning of 

the system of functional diagnosis of the technical state of a complex machine with the optimization of the hierarchical data structure is considered. It 

is shown that the functional efficiency of machine learning of the system of functional diagnosis is significantly influenced by the location in the 

hierarchical structure of the recognition classes characterizing the technical state of the machine and its nodes. At the same time, for each level of the 

hierarchical structure under consideration, a restriction on the number of recognition classes is imposed, which makes it possible to reduce the degree 

of their intersection in the space of diagnostic features. Optimization of the hierarchical structure was carried out in the process of information-extreme 

machine learning of the system of functional diagnosis, which allows to maximize the information capacity of the system. As a criterion for optimizing 

the parameters of machine learning, we considered a modi fied information measure of Kulbak, which is a functional of the accurate characteristics of 

diagnostic solutions. In this case, the algorithm of machine learning represented a multi-cycle iterative procedure of finding the maximum global value 

of the information criterion for optimizing learning parameters in the working (permissible) domain of determining its function. Based on the optimal 

geometric parameters of recognition class containers obtained in the course of machine learning, decision rules have been constructed that allow 

making diagnostic decisions in a real time. As an example of the implementation of the method of optimization the structure of input data, the machine 

learning of the system for the functional diagnosis of a mine hoist was considered. As a result, alphabets of recognition classes have been created for 

strata of all tiers of the hierarchical structure, providing the maximum functional efficiency of machine learning. 

Keywords: system of functional diagnostics, technical condition, information-extreme machine learning.  
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ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ  

ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 43 

ɺʩʪʫʧ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʪʘ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʥʠʤʠ ʤʘʰʠʥʘʤʠ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʦʤʝʥʪʫ ʚʠʭʦʜʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʟʘ ʥʦʨʤʦʚʘʥʽ 

ʜʦʧʫʩʢʠ. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ ʪʘʢʘ ʟʘʜʘʯʘ ʻ ʜʣʷ 

ʩʠʩʪʝʤ ʽ ʤʘʰʠʥ ʢʨʠʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʽʜʤʦʚʘ 

ʷʢʠʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ ʟ 

ʚʘʞʢʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. ɼʦ ʮʴʦʛʦ ʢʣʘʩʫ  ʚʽʜʥʦʩʷʪʴʩʷ 

ʩʠʩʪʝʤʠ ʽ ʦʙʣʘʜʥʘʥʥʷ ʚ ʛʽʨʥʠʯʦʜʦʙʫʚʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʩʝʨʝʜ ʷʢʠʭ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ 

ʙʘʛʘʪʦʢʘʥʘʪʥʽ ʰʘʭʪʥʽ ʧʽʜʡʦʤʥʽ ʤʘʰʠʥʠ (ʐʇʄ) [1]. 

ʇʨʠ ʮʴʦʤʫ ʜʦ ʨʽʚʥʷ ʙʝʟʧʝʯʥʦʾ ʨʦʙʦʪʠ ʐʇʄ 

ʚʠʩʫʚʘʶʪʴʩʷ  ʚʠʤʦʛʠ ʷʢ ʽ ʜʦ ʙʝʟʧʝʢʠ ʙʦʨʪʦʚʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ.  ʅʘʧʨʠʢʣʘʜ, ʦʜʥʽʻʶ ʟ 

ʪʘʢʠʭ ʚʠʤʦʛ ʻ ʥʘʷʚʥʽʩʪʴ ʜʣʷ ʐʇʄ ñʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠò, 

ʷʢʘ ʟʙʝʨʽʛʘʻ  ʘʨʭʽʚʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʥʘ ʚʩʽʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʮʠʢʣʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ɸʣʝ 

ʨʦʟʰʠʬʨʦʚʢʘ ñʯʦʨʥʦʾ ʩʢʨʠʥʴʢʠò  ʻ ʜʦʚʛʦʪʨʠʚʘʣʦʶ 

ʩʢʣʘʜʥʦʶ ʧʨʦʮʝʜʫʨʦʶ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʽʜ ʯʘʩ ʧʣʘʥʦʚʠʭ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ ʘʙʦ ʘʥʘʣʽʟʫ 

ʥʘʩʣʽʜʢʽʚ ʘʚʘʨʽʾ.  

ʉʫʯʘʩʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʩʪʽ 

ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʫʟʣʽʚ ʤʘʰʠʥʠ, ʻ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʽʥʪʝʛʨʦ-

ʚʘʥʦʾ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʐʇʄ [2, 

3]. ʇʨʠ ʮʴʦʤʫ ʩʠʩʪʝʤʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥ-

ʥʷ ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʛʥʦʩʪʠʯʥʽ ʬʫʥʢʮʽʾ, ʧʦʚôʷ-

ʟʘʥʽ ʟ ʦʮʽʥʢʦʶ ʧʦʪʦʯʥʦʛʦ ʨʝʩʫʨʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʝʥʜʝʥʮʽʾ ʚʠʭʦʜʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʟʘ 

ʤʝʞʽ ʥʦʨʤʦʚʘʥʠʭ ʜʦʧʫʩʢʽʚ  

ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʥ-

ʪʝʟʫ ʩʠʩʪʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ 

ʩʠʩʪʝʤ ʽ ʤʘʰʠʥ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʦʜʦʣʘʥʥʷʤ ʨʷʜʫ ʥʘʫʢʦ-

ʚʦ-ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ, ʦʙʫʤʦʚʣʝʥʠʭ ʪʘʢʠʤʠ 

ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ: 

1) ʜʦʚʽʣʴʥʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ; 

2) ʩʫʪʪʻʚʠʡ ʧʝʨʝʪʠʥ ʚ ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʦʟʥʘʢ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦ-

ʚʽʜʥʽ ʪʝʭʥʽʯʥʽ ʩʪʘʥʠ ʦʙʣʘʜʥʘʥʥʷ; 

3) ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʜʘʥʠʭ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ. 

ʊʨʘʜʠʮʽʡʥʽ ʧʽʜʭʦʜʠ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʤʝʪʦʜʘʭ ʤʘʪʝʤʘʪʠʯʥʦʾ ʣʦʛʽʢʠ,  ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʘʙʦ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʽ, ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʙʫʜʫʚʘʪʠ ʘʜʝʢʚʘʪʥʽ ʜʽʘʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ 

ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʯʘʩʦʚʠʭ, 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽ ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʚ 

ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʫʢʦʚʦʛʦ ʽ ʧʨʘʢʪʠʯʥʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ [4ï6].   

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʧʦʢʘʟʫʻ ʱʦ ʾʭ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʘʥʘʣʽʪʠʯʥʽ [7], ʽʤʦʚʽʨʥʽʩʥʽ [8] ʽ ʤʝʪʦʜʠ 

ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ [9]. ʄʝʪʦʜ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʢʦʣʠ 

ʚʽʜʦʤʘ ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʾ ʟʤʽʥʠ 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʚ ʯʘʩʽ. ʇʨʠ ʧʦʙʫʜʦʚʽ 

ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʧʨʦʛʥʦʟʽʚ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʽʚ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ 

ʤʝʪʦʜʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ [8]. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʧʽʜʭʦʜʫ  

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ ʟʘ 

ʩʪʘʣʠʭ ʫʤʦʚ, ʱʦ ʷʢ ʧʨʘʚʠʣʦ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʦʙ'ʻʢʪ ʚʽʜʥʦʩʷʪʴ ʜʦ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʢʣʘʩʫ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ 

ʚʩʪʘʥʦʚʣʶʶʪʴ ʧʦʧʝʨʝʜʥʴʦ ʟʘ ʢʨʠʪʝʨʽʻʤ ʩʭʦʞʦʩʪʽ ʽ 

ʧʨʠʡʤʘʶʪʴ ʟʘ ʝʪʘʣʦʥ [9]. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʩʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ  ʚʦʥʠ ʻ 

ʘʜʘʧʪʠʚʥʠʤʠ ʜʦ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʤʦʞʥʘ ʧʦʯʠʥʘʪʠ ʟ ʤʦʤʝʥʪʫ ʟʜʽʡʩʥʝʥʥʷ ʦʜʥʦʨʘʟʦʚʦʛʦ 

ʢʦʥʪʨʦʣʶ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʬʫʥʢʮʽʦʥʫʻ ʚ ʨʦʙʦʯʦʤʫ 

ʨʝʞʠʤʽ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ 

ʥʘʷʚʥʽʩʪʴ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʝʪʘʧʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʥʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʘʰʠʥ ʽ 

ʩʠʩʪʝʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʜʝʡ ʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ [10]. ʇʨʠ ʮʴʦʤʫ 

ʥʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʤʝʪʦʜʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [11, 12]. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʯʫʪʣʠʚʽʩʪʴ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ ʜʦ ʙʘʛʘʪʦʚʠʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʦʟʥʘʢ ʽ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, 

ʦʩʢʽʣʴʢʠ ʢʣʘʩʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ 

ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʪʦ ʚ 

ʧʨʘʮʷʭ [13, 14] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʟʘʜʘʯʘʭ 

ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʝʯʽʪʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɸʣʝ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ 

ʷʢʽʩʥʦʾ ʰʢʘʣʠ ʚʠʤʽʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ. ɺ ʟʘʜʘʯʘʭ 

ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʷʢ ʧʨʘʚʠʣʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ  ʢʽʣʴʢʽʩʥʘ ʰʢʘʣʘ ʚʠʤʽʨʫ, ʟʘ ʷʢʦʶ 

ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʡ ʘʧʘʨʘʪ  

ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ [15]. 

 ʆʜʠʥ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʠʥʪʝʟʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʤʘʰʠʥ ʧʦʣʷʛʘʻ ʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʜʝʡ ʽ ʤʝʪʦʜʽʚ ʪʘʢ ʟʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɯɽɯ-

ʪʝʭʥʦʣʦʛʽʾ) ʘʥʘʣʽʟʫ ʜʘʥʠʭ [16, 17]. ɺ ʧʨʘʮʽ [18] 

ʨʦʟʛʣʷʜʘʚʩʷ ʘʣʛʦʨʠʪʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʙʘʛʘʪʦʢʘʥʘʪʥʦʾ 

ʐʇʄ, ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʚ ʨʘʤʢʘʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʧʦʙʫʜʫʚʘʪʠ ʚʠʩʦʢʦʜʦʩʪʦʚʽʨʥʽ ʣʽʥʽʡʥʽ ʚʠʨʽʰʘʣʴʥʽ 

ʧʨʘʚʠʣʘ. ɸʣʝ ʬʫʥʢʮʽʦʥʘʣʴʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʩʽʻʾ 

ʐʇʄ ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʛʦ ʘʣʬʘʚʽʪʫ 

ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʣʽʥʽʡʥʠʭ ʜʦ ʽʻʨʘʨʭʽʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʦʩʢʽʣʴʢʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʥʽʡ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʞʝ ʩʫʪʪʻʚʦ 
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ʚʧʣʠʚʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ɺ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʝʪʦʜ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽ-

ʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʘʛʘʪʦʢʘʥʘʪʥʦʾ ʐʇʄ ʟ ʦʧ-

ʪʠʤʽʟʘʮʽʻʶ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʬʦʨʤʘʣʽʟʦʚʘʥʫ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

ʅʝʭʘʡ ʢʦʞʥʠʡ ʢʣʘʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʚʫʟʣʘ ʤʘʰʠʥʠ, ʱʦ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ. ɼʘ-

ʥʦ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ὢ,, Ὤ ρ,Ὄ;ί ρ,Ὓ; ά ρ,ὓ;, ʜʝ Ὄ ï ʢʽʣʴʢʽʩʪʴ 

ʷʨʫʩʽʚ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ; Ὓ ï ʢʽʣʴʢʽʩʪʴ ʩʪʨʘʪ ʥʘ Ὤ -
ʤʫ ʷʨʫʩʽ; ὓ ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ί-ʡ 
ʩʪʨʘʪʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʠʛʥʘʣʽʚ ʟ ʜʘʪʯʠ-

ʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʩʬʦʨʤʦʚʘʥʦ ʜʣʷ ʢʦʞʥʦʾ ʩʪʨʘʪʠ 

ʪʨʠʚʠʤʽʨʥʫ ʥʘʚʯʘʣʴʥʫ ʤʘʪʨʠʮʶώ, ,Ὥ ρ,ὔ, Ὦ

ρ,ὲ, ʜʝ ὔ,  ὲ - ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ   

ʚʝʢʪʦʨʽʚ-ʨʝʘʣʽʟʘʮʽʡ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘʜʘʥʦ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ       

 Ὣ,, ộὼ,,, Ὠ,, , ɿ,, ὬỚ (1) 

ʜʝ ὼ,,  ï ʜʚʽʡʢʦʚʠʡ ʫʩʝʨʝʜʥʝʥʠʡ ʚʝʢʪʦʨ-ʨʝʘʣʽʟʘʮʽʷ, 

ʚʝʨʰʠʥʘ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻ ʛʝʦʤʝʪʨʠʯʥʠʡ ʮʝʥʪʨ 

ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʫ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ὢ,,  ʚ ʙʽʥʘʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ;  

Ὠ,,  ï ʢʦʜʦʚʘ ʚʽʜʩʪʘʥʴ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʨʘʜʽʫʩ 

ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ,, ;  

ɿ,,,, ï ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʩʠ-

ʤʝʪʨʠʯʥʦʛʦ ʧʦʣʷ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ i-ʾ ʜʽʘʛʥʦʩʪʠʯ-

ʥʦʾ ʦʟʥʘʢʠ ʫʩʝʨʝʜʥʝʥʦʛʦ ʚʝʢʪʦʨʫ-ʨʝʘʣʽʟʘʮʽʾ ὼ,,  ʢʣʘ-

ʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ,, ;  

Ὤ ï ʽʻʨʘʨʭʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʨʦʟʧʽʟ-

ʥʘʚʘʥʥʷ.  

ʇʨʠ ʮʴʦʤʫ ʟʘʜʘʥʦ ʦʙʤʝʞʝʥʥʷ 

Ὠ,, ‭ π;Ὠὼ,,ἅὼ,, ρ, 

ʜʝ Ὠὼ,,ἅὼ,,  ï ʢʦʜʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʫʩʝʨʝʜʥʝʥʠʤ ʚʝʢʪʦʨʦʤ-ʨʝʘʣʽʟʘʮʽʻʶ ὼ,,  ʢʣʘʩʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ,,  ʽ ʫʩʝʨʝʜʥʝʥʠʤ ʚʝʢʪʦʨʦʤ-

ʨʝʘʣʽʟʘʮʽʻʶ ὼ,, ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʥʴʦʛʦ ʢʣʘʩʫ  

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ,,;   

ɿ,,,צπ;
ɿ,,, ,
ς

, 

ʜʝ ɿ,,, , ï ʧʦʣʝ ʥʦʨʤʦʚʘʥʠʭ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ) 

ʜʦʧʫʩʢʽʚ Ὥ-ʾ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʦʟʥʘʢʠ ʫʩʝʨʝʜʥʝʥʦʛʦ 

ʚʝʢʪʦʨʫ-ʨʝʘʣʽʟʘʮʽʾ ὼ,,  ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ,,  

ʅʝʦʙʭʽʜʥʦ ʚ ʧʨʦʮʝʩʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʰʣʷʭʦʤ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʧʝʨʝʩʪʘʥʦʚʢʠ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʟʘʜʘʥʽʡ ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ ʦʧʪʠʤʽʟʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ  ʚʝʢʪʦʨʫ (1), ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ  ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ ʩʪʨʘʪʘʤʠ ʬʽʥʘʣʴʥʦʛʦ ʷʨʫʩʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ  

 Ὁ
ρ

Ὓ
Ὁ  (2)  

ʜʝ Ὁ  ï ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ  ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʨʝʘʣʽʟʘʮʽʾ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ί-ʾ ʩʪʨʘʪʠ ʬʽʥʘʣʴʥʦʛʦ 
ʷʨʫʩʫ;  

Ὓ ï ʢʽʣʴʢʽʩʪʴ ʩʪʨʘʪ ʬʽʥʘʣʴʥʦʛʦ ʷʨʫʩʫ Ὄ;    

ʅʘ ʝʪʘʧʽ ʝʢʟʘʤʝʥʫ ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ 

ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ, ʱʦ ʨʦʟʧʽʟʥʘʻʪʴʩʷ, ʦʜʥʦʤʫ ʽʟ 

ʢʣʘʩʽʚ ʟʘʜʘʥʦʛʦ ʘʣʬʘʚʽʪʫ. 

ʂʘʪʝʛʦʨʽʡʥʘ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʛʨʘʬʫ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʥʦʞʠʥ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ 

ʧʨʦʮʝʩʽ ʽʻʨʘʨʭʽʯʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʂʘʪʝʛʦʨʽʡ-

ʥʘ ʤʦʜʝʣʴ ʚʢʣʶʯʘʻ ʚʭʽʜʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʩʠʩʪʝ-

ʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʷʢʠʡ ʧʦʜʘʥʦ ʫ 

ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʠ [5] 

ῳ ộὝ,Ὃ, ,ὤ,ὣ,ὢ;Ὢ,ὪỚ, 

ʜʝ Ὕ - ʤʥʦʞʠʥʘ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʝʢʪʦʨʽʚ-ʨʝʘʣʽʟʘʮʽʡ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ;  

Ὃ - ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ;  

ɋ  - ʧʨʦʩʪʽʨ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ;   

Z ï ʧʨʦʩʪʽʨ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʚʠʟʥʘʯʘʶʪʴ ʘʣʬʘʚʽʪ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ;  

ὣ - ʚʭʽʜʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʥʘʚʯʘʣʴʥʘ ʤʘʪʨʠʮʷ ʜʣʷ 

ʟʘʜʘʥʦʛʦ ʘʣʬʘʚʽʪʫ 
, ,{ }o

h s mX  ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ;  

ὢ ï ʙʽʥʘʨʥʘ ʥʘʚʯʘʣʴʥʘ ʤʘʪʨʠʮʷ;  

Ὢ - ʦʧʝʨʘʪʦʨ ʬʦʨʤʫʚʘʥʥʷ ʚʭʽʜʥʦʾ ʥʘʚʯʘʣʴʥʦʾ 

ʤʘʪʨʠʮʽ;  

Ὢ ï ʦʧʝʨʘʪʦʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʾ ʥʘʚʯʘʣʴʥʦʾ 

ʤʘʪʨʠʮʽ ὣ ʚ ʙʽʥʘʨʥʫ ʤʘʪʨʠʮʶ ὢ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʢʘʪʝʛʦʨʽʡʥʫ ʤʦʜʝʣʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟ 

ʦʧʪʠʤʽʟʘʮʽʻʶ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  
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ʈʠʩ. 1. ʂʘʪʝʛʦʨʽʡʥʘ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʅʘ ʨʠʩ. 1 ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ  Ὃ Ὕ ɱ ὤ 

ʚʠʟʥʘʯʘʻ ʫʥʽʚʝʨʩʫʤʫʤ ʚʠʧʨʦʙʫʚʘʥʴ. ʆʧʝʨʘʪʦʨ ɗ 

ʚʽʜʦʙʨʘʞʘʻ ʜʚʽʡʢʦʚʽ ʚʝʢʪʦʨʠ-ʨʝʘʣʽʟʘʮʽʾ ʥʘʚʯʘʣʴʥʦʾ 

ʤʘʪʨʠʮʽ X ʥʘ ʨʦʟʙʠʪʪʷ ᴘȿȿ ʧʨʦʩʪʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 

ʦʟʥʘʢ ʥʘ ʢʣʘʩʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʘ ʦʧʝʨʘʪʦʨ ɣ ʧʝʨʝʚʽʨʷʻ 
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ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ  

ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 45 

ʦʩʥʦʚʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʛʽʧʦʪʝʟʫ ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʡ ʚʽʜʧʦʚʽʜʥʦʤʫ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟ 

ʬʦʨʤʫʻʪʴʩʷ ʤʥʦʞʠʥʘ ʛʽʧʦʪʝʟ Ὅȿȿ, ʜʝ ί ï ʢʽʣʴʢʽʩʪʴ 
ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ, ʘ ʦʧʝʨʘʪʦʨ ‎ ʬʦʨʤʫʻ ʤʥʦʞʠʥʫ 

ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ᴑȿȿ, ʜʝ ή ί ʆʧʝʨʘʪʦʨ ű 

ʦʙʯʠʩʣʶʻ ʤʥʦʞʠʥʫ Ὁ ʟʥʘʯʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʯʘʥʥʷ, ʘ ʦʧʝʨʘʪʦʨ 

ʊȡὉ ᴘȿȿ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 
ʚʽʜʥʦʚʣʶʻ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʙʘʟʠʩʽ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ 

ʢʦʥʪʝʡʥʝʨʠ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʂʦʥʪʫʨ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʘʤʠʢʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝʨʤ-ʤʥʦʞʠʥʫ D ï ʩʠʩʪʝʤʫ 

ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʨʽʚʥʽ 

ʢʚʘʥʪʫʚʘʥʥʷ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʨʦʙʦʯʦʾ ʙʽʥʘʨʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ. ʅʘʷʚʥʽʩʪʴ 

ʙʽʥʘʨʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ 

ʰʣʷʭʦʤ ʢʚʘʥʪʫʚʘʥʥʷ ʟʘ ʨʽʚʥʝʤ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʟ 

ʤʝʪʦʶ ʘʜʘʧʪʘʮʽʾ ʚʭʽʜʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʨʽʰʝʥʴ. 

ʂʨʽʤ ʪʦʛʦ ʢʘʪʝʛʦʨʽʡʥʘ ʤʦʜʝʣʴ ʤʘʻ ʜʦʜʘʪʢʦʚʠʡ ʢʦʥʪʫʨʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʚ ʟʘʜʘʥʽʡ ʽʻʨʘʨʭʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ, ʷʢʠʡ ʟʘʤʠʢʘʻʪʴʩʷ ʯʝʨʝʟ ʤʥʦʞʠʥʫ Ὄ, ʱʦ 
ʤʽʩʪʠʪʴ ʚʘʨʽʘʥʪʠ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʚ ʟʘʜʘʥʽʡ ʽʻʨʘʨʭʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ. ɿʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ ʚʽʜʢʣʘʜʝʥʠʭ ʨʽʰʝʥʴ ʫ 

ʚʠʧʘʜʢʫ ʥʝʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʢʘʪʝʛʦʨʽʡʥʘ ʤʦʜʝʣʴ 

ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ ʽʥʰʦʛʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʦʛʦ ʪʠʧʫ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ. ɿ ʮʽʻʶ ʤʝʪʦʶ  ʚ 

ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ ʦʧʪʠʤʽʟʘʮʽʾ ʟʥʘʭʦʜʠʪʴʩʷ 

ʤʥʦʞʠʥʘ ὠï ʥʘʙʽʨ ʛʝʦʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʢʦʥʪʝʡʥʝʨʽʚ 
ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ (ʛʽʧʝʨʝʣʽʧʩʦʾʜʥʠʭ, ʛʽʧʝʨʮʠʣʽʥʜ-

ʨʦʾʜʥʠʭ ʪʦʱʦ), ʷʢʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʙʘʟʠʩʽ ʧʨʦʩʪʦʨʫ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ.  ʆʧʝʨʘʪʦʨ όȡὠᴼὋ Ὕ ɱ ὤ 

ʨʝʛʣʘʤʝʥʪʫʻ ʧʨʦʮʝʩ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ  ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ.  

ɸʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɯʥʬʦʨʤʘʮʽʡ-

ʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʩʪʨʫʢʪʫʨʠ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʟʘʜʘʥʽʡ ʽʻʨʘʨʭʽʯʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʽʪʝʨʘʮʽʡʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ ʘʣʬʘʚʽʪʦʤ ὢ  ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʨʠʪʝʨʽʶ (2) ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ 

ʬʫʥʢʮʽʾ 

 Ὤᶻ ÁÒÇÍÁØ ÍÁØÍÁØὉ ,  (3)   

ʜʝ Ὃ  ï ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ Ὤ.  
ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 

ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʚ ʨʘʤʢʘʭ ɯɽɯ-

ʪʝʭʥʦʣʦʛʽʾ. 

1. ʆʙʥʫʣʽʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʚʘʨʽʘʥʪʽʚ ʽʻʨʘʨʭʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ (ʢʨʦʢʽʚ ʥʘʚʯʘʥʥʷ): ὶḧπ. 
2. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʣʽʯʠʣʴʥʠʢʘ ʚʘʨʽʘʥʪʽʚ ʽʻʨʘʨʭʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ: ὶḧὶ ρ. 
3. ʆʙʥʫʣʽʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʷʨʫʩʽʚ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ: 

Ὤḧπ 

4. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʣʽʯʠʣʴʥʠʢʘ ʷʨʫʩʽʚ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ:    ὬḧὬ ρ. 
5. ʆʙʥʫʣʽʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʩʪʨʘʪ ʷʨʫʩʫ: ίḧπ. 
6. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʣʽʯʠʣʴʥʠʢʘ ʷʨʫʩʫ: ίḧί ρ. 
7. ɼʣʷ ʢʦʞʥʦʾ ί-ʾ ʩʪʨʘʪʠ Ὤ-ʛʦ ʷʨʫʩʫ ὶ-ʾ ʽʻʨʘʨʭʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʠʡ 

ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʟ ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʦʶ 

ʦʧʪʠʤʽʟʘʮʽʻʶ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʜʽʘʛʥʦʩʪʠʯʥʽ 

ʦʟʥʘʢʠ, ʷʢʠʡ ʦʙʯʠʩʣʶʻ ʫʩʝʨʝʜʥʝʥʝ ʧʦ ʚʩʽʤ ʩʪʨʘʪʘʤ 

ʷʨʫʩʫ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʨʠʪʝʨʽʶ  Ὁ,,
ᶻ . 

8. ʗʢʱʦ ί Ὓ, ʜʝ Ὓ ï ʢʽʣʴʢʽʩʪʴ ʩʪʨʘʪ ʥʘ Ὤ -ʤʫ 
ʷʨʫʩʽ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 6, ʽʥʘʢʰʝ ï ʧʫʥʢʪ 9. 

9. ʗʢʱʦ Ὤ Ὤ , ʜʝ Ὤ   ï ʢʽʣʴʢʽʩʪʴ ʷʨʫʩʽʚ ὶ-ʾ 
ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 4, ʽʥʘʢʰʝ ï 

ʧʫʥʢʪ 10. 

10. ʆʙʯʠʩʣʶʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʝ ʧʦ ʚʩʽʤ ʷʨʫʩʘʤ 

ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ Ὁ,
ᶻ . 

11. ʗʢʱʦ ὶ ὶ , ʜʝ ὶ  ï ʢʽʣʴʢʽʩʪʴ ʽʻʨʘʨʭʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 2, ʽʥʘʢʰʝ ï 

ʧʫʥʢʪ 12.  

12. ɺʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʘ ʽʻʨʘʨʭʽʯʥʘ 

ʩʪʨʫʢʪʫʨʘ ʜʘʥʠʭ: Ὤᶻ ÁÒÇÍÁØ Ὁ,
ᶻ Ȣ 

13. ɿʋʇʀʅ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʘʤʢʘʭ ɯɽɯ-ʪʝʭʥʦʣʦʛʽʾ ʘʣʛʦʨʠʪʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʜʣʷ ʨʽʟʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʟ ʥʠʭ. 

ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ. ʗʢ ʧʨʠʢʣʘʜ ʨʝʘ-

ʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ ʨʦʟʛʣʷʥʝʤʦ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽ-

ʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʙʘʛʘʪʦʢʘʥʘʪʥʦʾ ʰʘʭ-

ʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ. ʗʢ ʚʭʽʜʥʽ ʜʘʥʽ ʨʦʟʛʣʷʜʘʣʠʩʷ 

ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʷʢʽ ʧʝʨʽʦʜʠʯʥʦ ʟʯʠʪʫ-

ʚʘʣʠʩʷ ʟ ʜʘʪʯʠʢʽʚ ʽʥʬʦʨʤʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥ-

ʥʷ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ. ɺʭʽʜʥʘ ʥʘʚʯʘʣʴʥʘ ʤʘʪ-

ʨʠʮʷ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʟʘ ʘʨʭʽʚʥʠʤʠ ʜʘʥʠʤʠ, ʥʘʜʘʥʠʤʠ  

ʧʽʜʧʨʠʻʤʩʪʚʦʤ çʋʃʀʉ ʉʽʩʪʝʤʩè, ʷʢʝ ʟʘʡʤʘʻʪʴʩʷ ʤʦ-

ʜʝʨʥʽʟʘʮʽʻʶ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ 

ʤʘʰʠʥʠ ʚ çɼʊɽʂ ʇʘʚʣʦʛʨʘʜʚʫʛʽʣʣʷè (ʤ. ʇʘʚʣʦʛʨʘʜ, 

ʋʢʨʘʾʥʘ).  

ʄʦʜʝʣʶʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʜʣʷ 

ʯʦʪʠʨʴʦʭ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: ʢʣʘʩ ὢ  

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʰʘʭʪʥʦʾ 

ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ çʅʦʨʤʘè, ʢʣʘʩ ὢ  ï ʧʽʜʚʠʱʝʥʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʽʜʰʠʧʥʠʢʽʚ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ, ʢʣʘʩ ὢ ï
 ʧʽʜʚʠʱʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʦʙʤʦʪʢʠ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʽ ʢʣʘʩ ὢ  ï ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 

ʢʘʥʘʪʦʚʝʜʫʯʠʭ ʰʢʽʚʽʚ, ʨʘʜʽʫʩʠ ʷʢʠʭ ʙʫʣʠ  çɹʽʣʴʰʝ 

ʥʦʨʤʠè.  

ʅʘ ʧʨʘʢʪʠʮʽ ʚ ʩʠʩʪʝʤʘʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʢʣʘʩʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʚ 

ʧʨʦʩʪʦʨʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʯʝʨʝʟ ʙʣʠʟʴʢʽʩʪʴ ʮʝʥʪʨʽʚ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʝʢʪʦʨʽʚ-ʨʝʘʣʽʟʘʮʽʡ ʩʫʩʽʜʥʽʭ ʢʣʘʩʽʚ, ʱʦ 

ʤʦʞʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ 
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ʨʽʰʝʥʴ. ɿ ʤʝʪʦʶ ʟʙʽʣʴʰʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʤʽʞʢʣʘʩʦʚʦʾ 

ʚʽʜʩʪʘʥʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʥʘʜʣʠʰʢʦʚʝ ʢʦʜʫʚʘʥʥʷ 

ʜʚʽʡʢʦʚʠʭ ʚʝʢʪʦʨʽʚ-ʨʝʘʣʽʟʘʮʽʡ ʨʦʙʦʯʦʾ ʥʘʚʯʘʣʴʥʦʾ 

ʤʘʪʨʠʮʽ ʟʘ ʮʠʢʣʽʯʥʠʤ ʤʝʪʦʜʦʤ ɹʦʫʟʘ ï ʏʦʫʜʭʫʨʽ ï 

ʍʽʛʚʽʻʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʢʦʜʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʘ ʢʦʜʦʚʘ 

ʚʽʜʩʪʘʥʴ ʍʝʤʤʽʥʛʘ ʜʣʷ ʫʩʝʨʝʜʥʝʥʠʭ ʚʝʢʪʦʨʽʚ-

ʨʝʘʣʽʟʘʮʽʡ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʽʚʥʶʚʘʣʘ Ὠ υ. 
ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ.2 ʪʨʠ 

ʚʘʨʽʘʥʪʠ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ ʜʣʷ ʟʘʜʘʥʦʛʦ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 
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ʈʠʩ. 2. ɺʘʨʽʘʥʪʠ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ 

ʄʦʜʝʣʶʚʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʰʘʭʪʥʦʾ ʧʽʜ-

ʡʦʤʥʦʾ ʤʘʰʠʥʠ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ (3). ʇʨʠ 

ʮʴʦʤʫ ʚ ʧʨʦʮʝʩʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʦʧʪʠʤʽʟʫʚʘʣʘʩʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ 

ʟʘ ʧʘʨʘʣʝʣʴʥʦʶ ʩʭʝʤʦʶ, ʧʨʠ ʷʢʽʡ ʢʦʥʪʨʦʣʴʥʽ ʜʦʧʫʩʢʠ 

ʟʤʽʥʶʚʘʣʠʩʷ ʜʣʷ ʚʩʽʭ ʦʟʥʘʢ ʦʜʥʦʯʘʩʥʦ. ʗʢ ʢʨʠʪʝʨʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʚʩʷ ʤʦʜʠʬʽ-

ʢʦʚʘʥʠʡ ʚ ʧʨʘʮʽ [5] ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʂʫʣʴʙʘʢʘ, 

ʷʢʠʡ ʜʣʷ ʨʽʚʥʦ ʡʤʦʚʽʨʥʠʭ ʜʚʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʛʽʧʦʪʝʟ  

ʤʘʻ ʚʠʛʣʷʜ 

 Ὁ,,
ρ

ς
ς ɻ,, Ὠ ɼ,, Ὠ  z (4) 

 ÌzÏÇ
ς ɻ,, Ὠ ɼ,, Ὠ ρπ

ɻ
,,
Ὠ ɼ

,,
Ὠ ρπ

  

ʜʝ ɻ,, Ὠ ï ʧʦʤʠʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ ʧʨʠ ʧʨʠʡʥʷʪʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʦʙʯʠʩʣʝʥʘ ʚ ʧʨʦʮʝʩʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ ;   

ɼ,, Ὠ ï ʧʦʤʠʣʢʘ ʜʨʫʛʦʛʦ ʨʦʜʫ ʧʨʠ ʧʨʠʡʥʷʪʪʽ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʦʙʯʠʩʣʝʥʘ ʚ ʧʨʦʮʝʩʽ ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ ὢ  ʟ ʨʘʜʽʫʩʦʤ Ä;  
Ὠ ï ʨʘʜʽʫʩ ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʠʡ ʚ ʧʨʦʮʝʩʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʙʘʟʠʩʽ ʧʨʦʩʪʦʨʫ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ  

ρπ ï ʜʦʩʪʘʪʥʴʦ ʤʘʣʝ ʯʠʩʣʦ, ʷʢʝ ʚʚʦʜʠʪʴʩʷ ʜʣʷ 

ʫʥʠʢʥʝʥʥʷ ʧʦʜʽʣʫ ʥʘ ʥʫʣʴ. 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠ-

ʤʽʟʘʮʽʾ (4) ʚ ʧʨʦʮʝʩʽ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʟʘʤʽʩʪʴ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʷ ʾʭ ʦʮʽʥʢʠ:  

 ɻ,, Ὠ
ὑ,,, Ὠ

ὲ
; (5) 

 ɼ,, Ὠ
ὑ,,, Ὠ

ὲ
,  

ʜʝ ὑ,,, Ὠ ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ, ʧʨʠ ʷʢʠʭ ʨʝʘʣʽʟʘʮʽʾ 

ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ,,  ʥʝ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʚʦʛʦ 

ʢʣʘʩʫ;  

ὑ,,, Ὠ ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ, ʧʨʠ ʷʢʠʭ ñʯʫʞʽò ʨʝʘ-

ʣʽʟʘʮʽʾ ʧʦʤʠʣʢʦʚʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ὢ,, ; 

ὲ ï ʦʙʩʷʛ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʦʮʽʥʦʢ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩ-

ʪʠʢ ʫ ʬʦʨʤʫʣʫ (4) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʨʦʙʦʯʫ ʬʦʨʤʫʣʫ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘ-

ʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴ-

ʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

 Ὁ,, Ὠ
ρ

ὲ
ὲ ὑ,,, Ὠ ὑ,,, Ὠ  z (6) 

 z ÌÏÇ
ςὲ ὑ,,, Ὠ ὑ,,, Ὠ ρπ

ὑ
,,,

Ὠ ὑ
,,,

Ὠ ρπ
  

ʅʦʨʤʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ 

 ὐ,, Ὠ
Ὁ,, Ὠ

Ὁ
, (7)   

ʜʝ Ὁ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ (6), ʷʢʝ 

ʚʽʥ ʧʨʠʡʤʘʻ ʧʨʠ ʧʽʜʩʪʘʥʦʚʮʽ ὑ,,, Ὠ

ὑ,,, Ὠ π. 
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ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʧʦʢʘʟʘʥʠʭ ʥʘ ʨʠʩ. 2, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.1. ʇʨʠ ʮʴʦʤʫ 

ʢʨʠʪʝʨʽʡ (7) ʦʙʯʠʩʣʶʚʘʚʩʷ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ὲ
τπ,  ὶ ς. 

 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ 

ʜʘʥʠʭ 

ˉ 

ʩʪʨʫʢʪʫʨʠ ὐӶ  ɻὨ ɼὨ 

1 0,67 0,40 0,01 

2 0,69 0,35 0,02 

3 0,74 0,22 0,02 

  

ʋ ʪʘʙʣ. 1 ʧʨʠʡʥʷʪʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: 

ὐӶ  ï ʫʩʝʨʝʜʥʝʥʝ ʟʘ ʩʪʨʘʪʘʤʠ ʥʠʞʥʴʦʛʦ ʷʨʫʩʫ 

ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʜʘʥʠʭ (ʨʠʩ.2) ʟʥʘʯʝʥʥʷ 

ʥʦʨʤʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʶ (7); 

ɻὨ ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ 

ʨʦʜʫ; 

ɼὨ ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ ʜʨʫʛʦʛʦ 

ʨʦʜʫ. 

ɸʥʘʣʽʟ ʪʘʙʣ. 1 ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, 

ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ ʩʪʨʘʪʘʤʠ ʥʠʞʥʴʦʛʦ ʷʨʫʩʫ ʟʘʜʘʥʠʭ 

ʽʻʨʘʨʭʽʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʦʪʨʠʤʘʥʦ ʜʣʷ ʪʨʝʪʴʦʾ ʩʪʨʫʢʪʫʨʠ (ʨʠʩ. 2, ʚ), ʷʢʝ 

ʜʦʨʽʚʥʶʻ ὐӶ π,χτ. 
ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ (7) ʚʽʜ ʨʘʜʽʫʩʽʚ ʢʦʥʪʝʡʥʝʨʽʚ 

ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ ʚʭʦʜʷʪʴ ʚ ʽʻʨʘʨʭʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 2, ʚ).   

ʅʘ ʨʠʩ. 3 ʧʦʜʚʽʡʥʦʶ ʰʪʨʠʭʦʚʢʦʶ ʧʦʟʥʘʯʝʥʦ ʨʦ-

ʙʦʯʫ (ʜʦʧʫʩʪʠʤʫ) ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ  ʢʨʠʪʝ-

ʨʽʶ (7), ʚ ʷʢʽʡ ʧʦʤʠʣʢʠ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ ʥʝ 

ʧʝʨʝʚʠʱʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʰʫ ʽ ʜʨʫʛʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ. 

ɸʥʘʣʽʟ ʨʠʩ. 3 ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ (ʨʠʩ. 2. ʚ) ʦʪʨʠʤʘʥʦ ʪʘʢʽ ʦʧʪʠʤʘʣʴʥʽ ʨʘʜʽʫʩʠ 

ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: ʜʣʷ ʢʣʘʩʫ ὢ  

ʦʧʪʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʜʦʨʽʚʥʶʻ  Ὑᶻ σς (ʪʫʪ ʽ ʜʘʣʽ ʚ 
ʢʦʜʦʚʠʭ ʦʜʠʥʠʮʷʭ); ʜʣʷ ʢʣʘʩʫ ὢ Ὑᶻ σς; ʜʣʷ ʢʣʘʩʫ 
ὢ Ὑᶻ σσ; ʽ ʜʣʷ ʢʣʘʩʫ ὢ Ὑᶻ ςσ;  

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽ-

ʟʥʘʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʙʫʜʦʚʘʥʦ 

ʪʘʢʽ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ: 

 ὼᶅ ᶰᴘȿȿ ὢᶅ ᶰᴘȿȿ ὭὪ ‘Ӷ Ǫ (8) 

 Ǫ‘ ὧ ÔÈÅÎ ὼ  ɴὢ  ÅÌÓÅ ὼ  ɵὢ ,  

ʜʝ ʈ ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʥʘʣʝʞʥʦʩʪʽ 
ʨʝʘʣʽʟʘʮʽʡ ʛʽʧʝʨʩʬʝʨʠʯʥʦʤʫ ʢʦʥʪʝʡʥʝʨʫ ʢʣʘʩʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ  

ʈ  ï ʤʥʦʞʠʥʘ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ 

ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ ; 

Ã ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʟʘʜʘʻʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 
π Ã ρ 

ʌʫʥʢʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʜʣʷ ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ʨʦʟʛʣʷʜʘʣʘʩʷ ʫ ʚʠʛʣʷʜʽ [9],  

ʜʝ Ὠὼἅὼ  ï ʢʦʜʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʫʩʝʨʝʜʥʝʥʠʤ 

ʚʝʢʪʦʨʦʤ-ʨʝʘʣʽʟʘʮʽʻʶ ʢʣʘʩʫ ὢ  ʽ ʚʝʢʪʦʨʦʤ-ʨʝʘʣʽʟʘ-

ʮʽʻʶ ὼ , ʱʦ ʨʦʟʧʽʟʥʘʻʪʴʩʷ; 

Ὠᶻ ï ʦʧʪʠʤʘʣʴʥʠʡ ʨʘʜʽʫʩ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ . 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘ 

ʝʢʟʘʤʝʥʘʮʽʡʥʦʶ ʤʘʪʨʠʮʝʶ ʫʩʝʨʝʜʥʝʥʘ ʟʘ ʘʣʬʘʚʽʪʦʤ 

ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ 

ʧʨʠʡʥʷʪʪʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʨʽʰʝʥʴ ʜʦʨʽʚʥʶʚʘʣʘ 

ὖ π,ψψ. 

 

ʘ 

 

ʙ 

 

ʚ 

 

ʛ 

ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚʽʜ 

ʨʘʜʽʫʩʽʚ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: ʘ ï ʢʣʘʩ ὢ ;  

ʙ ï ʢʣʘʩ ὢ ; ʚ ï ʢʣʘʩ ὢ ; ʛ ï ʢʣʘʩ ὢ  

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʽʥʬʦʨʤʘʮʽʡ-

ʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 
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ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʤʘʰʠʥʠ ʟ 

ʦʧʪʠʤʽʟʘʮʽʻʶ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ. ʅʘ ʧʨʠʢʣʘ-

ʜʽ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʙʘʛʘʪʦʢʘ-

ʥʘʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟ-

ʪʘʰʫʚʘʥʥʷ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʽʻʨʘʨʭʽʯʥʽʡ ʩʪʨʫʢ-

ʪʫʨʽ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʚ ʧʨʦʮʝʩʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʝʡ-

ʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʙʫʜʦʚʘʥʦ ʚʠʩʦʢʦ ʜʦʩʪʦ-

ʚʽʨʥʽ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʽʥʚʘʨʽʘʥʪʥʽ ʜʦ 

ʙʘʛʘʪʦ ʚʠʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ. ɺ 

ʧʝʨʩʧʝʢʪʠʚʽ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʘʣʬʘʚʽʪʫ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʝ-

ʨʝʥʘʚʯʘʪʠ ʩʠʩʪʝʤʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

1. ʇʦʧʦʚ ʖ. ɺ., ʊʠʤʫʭʠʥ ʉ. ɸ. , ʉʘʜʳʢʦʚ ɽ. ʃ. ʇʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʘʭʪʥʳʭ ʤʥʦʛʦʢʘʥʘʪʥʳʭ 

ʧʦʜʲʝʤʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʥʘʟʝʤʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦʜʲʝʤʥʳʭ 

ʤʘʰʠʥ. ʀʟʚʝʩʪʠʷ ʋɻɻʋ. 2010. ˉ 24. ʉ. 59ï67 

2. Bhowmik, P. S., Pradhan S., Prkash, M. Faultdiagnostic 

andmonitoringmethods of inductionmotor: a review. International 

Journal of Applied Control, Electrical and Electronics. 2013. Vol. 1. 

P. 1ï18. 

3. ɻʝʨʠʢʝ ɹ. ʃ., ɻʝʨʠʢʝ ʇ. ɹ., ʐʘʭʤʘʥʦʚ ɺ. ʅ. ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʤʘʰʠʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɻʦʨʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ (ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʞʫʨʥʘʣ). 2011.  ̄5. ʉ. 80ï89. 

4. Andrzej O., Zygmunt S. Modern Methods Control and Diagnostics 

of Hoisting-Machines with Application of Artificial Intelligence 

Methods. Archives of Mining Sciences. 2010. Vol. 55, no. 1.  P. 217-

231. 

5. SzymaŒski, Z. Intelligent, Energy Saving Power Supply and Control 

System of Hoisting Mine Machine with Compact and Hybrid Drive 

System. Ukğady Zasilania I Sterowania G·rniczych Maszyn 

WyciŃgowych Z Napňdem Zintegrowanym Lub Hybrydowym. 

Archives of Mining Sciences, 2017. Vol. 60(1). P. 239ï251. 

DOI:10.1515/amsc-2015-0016 

6. ʉʠʜʦʨʝʥʢʦ  ɺ. ʅ., ʏʝʨʥʳʡ ɸ. ʇ. ʄʦʥʠʪʦʨʠʥʛ ʤʦʱʥʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ data mining. 

ʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ. 2011. ˉ 3. 

ʉ. 414ï416. 

7. ʉʢʘʢʘʣʽʥʘ ʆ. ɺ. ʇʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ 

ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ ʧʨʠ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʦʤʫ 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ ʅɻʋ. 2015. ˉ 6. ʉ. 80ï88. 

8. ɸʨʞʝʥʦʚʩʢʠʡ ʉ.ɺ., ʄʦʣʯʘʥʦʚ ʀ. ʅ., ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʘʩʧʠʨʘʥʪʦʚ. ʈʦʩʪʦʚ-ʥʘ-

ɼʦʥʫ: ʈɻʕʋ, 2001. 74 ʩ. 

9. ɼʦʚʙʠʰ ɸ.ʉ. ʆʩʥʦʚʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ: 

ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ʉʫʤʠ: ʉʫʤɼʋ, 2009. 171 ʩ. 

10. ɼʞʦʨʜʞ ʌ. ʃʶʛʛʝʨ. ʀʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ. ʉʪʨʘʪʝʛʠʠ ʠ 

ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ. ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

ʂʠʝʚ: ɺʠʣʴʷʤʩ, 2003.  864 ʩ. 

11. Ching-Lien Huang, Tsung-Shin Hsu, Chih-Ming Liu. The 

Mahalanobis-Taguchi system - Neural network algorithm for data-

mining in dynamic environments. Expert Systems with Applications: 

An International Journal. 2009. Vol. 36, issue 3. P. 5475ï5480. DOI 

10.1016/j.eswa.2008.06.120 

12. ʆʩʦʚʩʢʠʡ ʉ. ʧʝʨ. ʩ ʧʦʣʴʩʴʢʦʛʦ ʀ.ɼ. ʈʫʜʠʥʩʢʦʛʦ ʅʝʡʨʦʥʥʳʝ 

ʩʝʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʄ.: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 

2004. 344 ʩ. 

13. Hasan A. Yousef, Manal  Wahba A. Adaptive fuzzy mimo control of 

induction motors Expert Systems with Applications: An International 

Journal. 2009. Vol. 36, issue 3. P. 4171ï4175. DOI 

10.1016/j.eswa.2008.04.004 

14. Subbotin S. The neuro-fuzzy network synthesis and simplification 

on precedents in problems of  diagnosis and pattern recognition. 

Optical Memory and Neural Networks (Information Optics). 2013. 

Vol. 22.  ̄2. P. 97ï103. DOI:: 10.3103/s1060992x13020082 

15.  James D. Miller. Statistics for Data Science: Leverage the power of 

statistics for Data Analysis, Classification, Regression, Machine 

Learning, and Neural Networks. Packt Publishing Ltd, 2017. 286 p. 

16. Li Juanli and Yang Zhaojian. Research on Fault Diagnosis Method 

of Hoist in Semantic Environment. Information Technology Journal. 

2013. Vol. 12. P. 2581ï2586. DOI: 10.3923/itj.2013.2581.2586  

17. Dovbysh, A.S., Martynenko, S. S., Kovalenko, A. S., Budnyk, M. 

M. Information-extreme algorithm for recognizing current 

distribution maps in magnetocardiography. Journal of Automation 

and Information Sciences , 2011. Vol. 43, ˉ 2. P. 63ï70. DOI: 

10.1615/JAutomatInfScien.v43.i2.60. 

18. ɼʦʚʙʠʰ ɸ.ʉ., ɿʠʤʦʚʝʮʴ ɺ.ɯ., ʂʦʟʣʦʚ ɿ.ʉ. ɯʥʬʦʨʤʘʮʽʡʥʦ-

ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʰʘʭʪʥʦʾ ʧʽʜʡʦʤʥʦʾ ʤʘʰʠʥʠ. 

ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ, 2017. ˉ 4. ʉ. 58ï63. 

References (transliterated) 

1. Popov Yu. V. Problemyi povyisheniya effektivnosti shahtnyih 

mnogokanatnyih pod'emnyih ustanovok s nazemnyim 

raspolozheniem pod'emnyih mashin [The problems of increasing the 

efficiency of mine multi-channel hoisting machines with the ground 

location of lifting machines]. Izvestiya UGGU [News of the Ural 

State Mining University]. 2010, no. 24, pp. 59ï67. 

2. Bhowmik P. S., Pradhan S., Prkash M. Faultdiagnostic 

andmonitoringmethods of inductionmotor: a review. International 

Journal of Applied Control, Electrical and Electronics. 2013, vol. 1,  

pp. 1ï18. 

3. Gerike B. L., Gerike P. B., Shahmanov V. N. Dinamicheskaja 

diagnostika mashinnyh agregatov gornogo oborudovanija [Dynamic 

diagnostics of machine units of mining equipment]. Gornyj 

informacionno-analiticheskij bjulleten' (nauchno-tehnicheskij 

zhurnal). 2011, no 5, pp. 80ï89. 

4. Andrzej O., Zygmunt S. Modern Methods Control and Diagnostics 

of Hoisting-Machines with Application of Artificial Intelligence 

Methods. Archives of Mining Sciences. 2010, vol. 55, no. 1,  

pp. 217ï231. 

5. SzymaŒski, Z. Intelligent, Energy Saving Power Supply and Control 

System of Hoisting Mine Machine with Compact and Hybrid Drive 

System SzymaŒski, Z., Ukğady Zasilania I Sterowania G·rniczych 

Maszyn WyciŃgowych Z Napňdem Zintegrowanym Lub 

Hybrydowym. Archives of Mining Sciences. 2017, vol. 60(1), 

pp. 239ï251. DOI:10.1515/amsc-2015-0016 

6. Sidorenko V. N., Chernyiy, A. P. ( 2011). Monitoring of powerful 

electric drives on the basis of Data Mining technology]. 

Elektrotehnichni ta kompôyuterni sistemi ï Electrical and computer 

systems, no. 3, pp. 313ï316. 

7. Skakal̔na O. V. Prikladn̔  aspekti vikoristannja metodu grupovogo 

urahuvannja argument̔v pri korotkostrokovomu prognozuvann̔ 

[Applied aspects of the use of the method of group consideration of 

arguments in the short-term forecasting] Naukovij v̔snik NGU, 

2015, no. 6, pp. 80ï88 

8. Arzhenovskiy S. V., Molchanov I. N. Statisticheskie metodyi 

prognozirovaniya : uchebnoe posobie dlya aspirantov [Statistical 

methods of forecasting: a textbook for graduate students] Rostov-na-

Donu, RGEU Publ., 2001. 74 p.  

9. Dovbysh A.ʉ. Osnovy proektuvannya intelektualnykh system: 

Navchalnyy posibnyk [Fundamentals of Designing Intelligent 

Systems: Textbook] ï Sumy, SumDU Publ., 2009. 171 p. 

10. Dzhordzh F. Lyugger. Iskusstvennyiy intellekt. Strategii i metodyi 

resheniya slozhnyih problem [Artificial Intelligence. Strategies and 

methods for solving complex problems]. Moscow, St. Petersburg, 

Kiev, Williams Publ., 2009. 864 p. 

11. Ching-Lien Huang, Tsung-Shin Hsu, Chih-Ming Liu. The 

Mahalanobis-Taguchi system - Neural network algorithm for data-

mining in dynamic environments. Expert Systems with Applications: 

An International Journal. 2009. Vol. 36, issue 3, pp. 5475ï5480. 

DOI 10.1016/j.eswa.2008.06.120 

12. Osovskiy S., trans. with Polish I. D. Rudinsky Neyronnyie seti dlya 

obrabotki informatsii [Neural networks for information processing]. 

Moscow: Finance and Statistics Publ., 2004. 344 p. 

13. Hasan A. Yousef, Manal  Wahba A. Adaptive fuzzy mimo control of 

induction motors Expert Systems with Applications: An International 

Journal. 2009, vol. 36, issue 3, pp. 4171ï4175. DOI 

10.1016/j.eswa.2008.04.004 

http://archiwum.img-pan.krakow.pl/index.php/AMS/issue/view/20
https://dl.acm.org/author_page.cfm?id=81416601117&coll=DL&dl=ACM&trk=0
https://dl.acm.org/author_page.cfm?id=81416601117&coll=DL&dl=ACM&trk=0
http://dx.doi.org/10.3923/itj.2013.2581.2586
http://archiwum.img-pan.krakow.pl/index.php/AMS/issue/view/20
https://dl.acm.org/author_page.cfm?id=81416601117&coll=DL&dl=ACM&trk=0
https://dl.acm.org/author_page.cfm?id=81416601117&coll=DL&dl=ACM&trk=0


ISSN 2079-0023 (print), ISSN 2410-2857 (online) 

ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʍʇɯè. ʉʝʨʽʷ: ʉʠʩʪʝʤʥʠʡ  

ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 49 

14. Subbotin S. The neuro-fuzzy network synthesis and simplification 

on precedents in problems of  diagnosis and pattern recognition. 

Optical Memory and Neural Networks (Information Optics). 2013, 

vol. 22, no 2, pp. 97ï103. DOI:: 10.3103/s1060992x13020082 

15. James D. Miller . Statistics for Data Science: Leverage the power of 

statistics for Data Analysis, Classification, Regression, Machine 

Learning, and Neural Networks. Packt Publishing Ltd, 2017. 286 p. 

16. Li Juanli and Yang Zhaojian. Research on Fault Diagnosis Method 

of Hoist in Semantic Environment. Information Technology Journal. 

2013, vol. 12, pp. 2581ï2586. DOI: 10.3923/itj.2013.2581.2586  

17. Dovbysh, A.S., Martynenko, S. S., Kovalenko, A. S., Budnyk, M. 

M. Information-extreme algorithm for recognizing current 

distribution maps in magnetocardiography. Journal of Automation 

and Information Sciences , 2011, vol. 43, no. 2, pp. 63ï70. DOI: 

10.1615/JAutomatInfScien.v43.i2.60. 

18. Dovbish A. S, Zimovets V. I., Kozlov Z. S. Informatsiyno-

ekstremalniy algoritm navchannya sistemi funktsionalnogo 

kontrolyu elektroprivodu shahtnoYi pIdyomnoyi mashini 

[Information-extreme learning algorithm for the system of functional 

control of the electric drive of a shaft lifting machine]. 

Radioelektronika i informatika. 2017, pp. 58ï63. 

 

ʅʘʜʽʡʰʣʘ (received) 05.09.2018 

 

ɺʽʜʦʤʦʩʪʽ ʧʨʦ ʘʚʪʦʨʽʚ / ʉʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ / About the Authors 

ɼʦʚʙʠʰ ɸʥʘʪʦʣʽʡ ʉʪʝʧʘʥʦʚʠʯ (ɼʦʚʙʠʰ ɸʥʘʪʦʣʠʡ ʉʪʝʧʘʥʦʚʠʯ, Dovbysh Anatoly Stepanovich) ï ʜʦʢʪʦʨ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ ʥʘʫʢ; ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

ʚʫʣ. ʈʠʤʩʴʢʦʛʦ-ʂʦʨʩʘʢʦʚʘ, 2, ʤ. ʉʫʤʠ, ʋʢʨʘʾʥʘ, 40007; ORCID: http://orcid.org/0000-0003-1829-3318; ʝ-mail: 

a.dovbysh@cs.sumdu.edu.ua  

ɿʠʤʦʚʝʮʴ ɺʽʢʪʦʨʽʷ ɯʛʦʨʽʚʥʘ (ɿʠʤʦʚʝʮ ɺʠʢʪʦʨʠʷ ʀʛʦʨʝʚʥʘ, Zimovets Victoria Ihorivna) ï ʚʯʠʪʝʣʴ 

ʽʥʬʦʨʤʘʪʠʢʠ, ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ ˉ 11, ʚʫʣ. ʉʚʦʙʦʜʠ, 8, ʤ. ʂʦʥʦʪʦʧ, ʋʢʨʘʾʥʘ, 41692; ORCID: 

http://orcid.org/0000-0003-4604-4087; ʝ-mail: zc.vika@gmail.com 

ɹʽʙʠʢ ʄʠʨʦʩʣʘʚ ɺʽʪʘʣʽʡʦʚʠʯ (ɹʠʙʠʢ ʄʠʨʦʩʣʘʚ ɺʠʪʘʣʴʝʚʠʯ, Bibyk Myroslav Vytalyiovich) ï ʘʩʠʩʪʝʥʪ, 

ʂʦʥʦʪʦʧʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʚʫʣ. ʄʠʨʫ, 24, ʤ. ʂʦʥʦʪʦʧ, ʋʢʨʘʾʥʘ, 41692; ORCID: 

http://orcid.org/0000-0003-0431-7200; ʝ-mail: bibikm@gmail.com  

 

 

ʋɼʂ 004.93ô1 DOI: 10.20998/2079-0023.2018.44.09 

ɯ. ɺ. ʐɽʃɽʍʆɺ, ʉ. ʆ. ʇʀʃʀʇɽʅʂʆ, ʆ. ʆ. ʉʊʆʃʗʈʏʋʂ, ʊ. ɸ. ʈʆʄɸʅɽʅʂʆ 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ɽʂʉʊʈɽʄɸʃʔʅɽ ʄɸʐʀʅʅɽ ʅɸɺʏɸʅʅʗ ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ 

ɿʅɸʅʔ 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟʘ ʪʝʩʪʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʇʨʠ ʮʴʦʤʫ ʤʘʰʠʥʥʝ 

ʥʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʥʘʚʯʘʥʥʷ. ʗʢ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʟʛʣʷʜʘʣʠʩʷ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʝʡ ʩʪʫʜʝʥʪʽʚ ʥʘ 

ʪʝʩʪʦʚʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ ʩʪʦʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ 

ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʗʢ ʧʘʨʘʤʝʪʨ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʱʦ 

ʦʧʪʠʤʽʟʫʻʪʴʩʷ, ʨʦʟʛʣʷʜʘʚʩʷ ʥʠʞʥʽʡ ʢʦʥʪʨʦʣʴʥʠʡ ʜʦʧʫʩʢ ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠ ʬʽʢʩʦʚʘʥʦʤʫ ʚʝʨʭʥʴʦʤʫ ʜʦʧʫʩʢʫ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ 

ʚ ʧʨʦʮʝʩʽ ʧʘʨʘʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʽ ʢʦʥʪʨʦʣʴʥʽ ʜʦʧʫʩʢʠ ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʩʪʘʨʪʦʚʽ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʧʦʩʣʽʜʦʚʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ. ʗʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʤʦʜʠʬʽʢʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʽʨʘ ʂʫʣʴʙʘʢʘ, ʷʢʘ ʻ ʬʫʥʢʮʽʦʥʘʣʦʤ ʚʽʜ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ. 

ʆʩʢʽʣʴʢʠ, ʩʧʝʮʠʬʽʢʘ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʣʬʘʚʽʪ ʢʣʘʩʽʚ ʻ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ, ʪʦ ʨʦʟʛʣʷʜʘʣʘʩʷ ʚʢʣʘʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʝʡʥʝʨʽʚ 

ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʽ ʟʥʘʪʴ. ʇʨʠ ʮʴʦʤʫ ʚʢʣʘʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʟʘʛʘʣʴʥʠʤ ʮʝʥʪʨʦʤ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʝʢʪʦʨʽʚ-ʨʝʘʣʽʟʘʮʽʡ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʣʽʤʦʜʘʣʴʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʜʦʟʚʦʣʠʣʘ ʧʽʜʚʠʱʠʪʠ ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ. ʇʝʨʝʚʽʨʢʘ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʶ ʚʭʽʜʥʦʶ ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ, ʷʢʘ ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʦʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʝʩʪʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʟʘ ʥʘʚʯʘʣʴʥʦʶ ʜʠʩʮʠʧʣʽʥʦʶ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʦʧʪʠʤʽʟʘʮʽʷ, ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʴʥʠʭ 

ʜʦʧʫʩʢʽʚ, ʦʟʥʘʢʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʛʽʧʝʨʩʬʝʨʠʯʥʠʡ ʢʦʥʪʝʡʥʝʨ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʀ. ɺ. ʐɽʃɽʍʆɺ, ʉ. ɸ. ʇʀʃʀʇɽʅʂʆ, ɸ. ɸ. ʉʊʆʃʗʈʏʋʂ, ʊ. ɸ. ʈʆʄɸʅɽʅʂʆ 

ʀʅʌʆʈʄɸʎʀʆʅʅʆ-ʕʂʉʊʈɽʄɸʃʔʅʆɽ ʄɸʐʀʅʅʆɽ ʆɹʋʏɽʅʀɽ ʉʀʉʊɽʄʓ ʂʆʅʊʈʆʃʗ 

ɿʅɸʅʀʁ  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʧʦ ʪʝʩʪʦʚʳʤ ʟʘʜʘʥʠʷʤ. ʇʨʠ ʵʪʦʤ 

ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ 

ʦʩʥʦʚʘʥʘ ʥʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʦʙʫʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʦʪʚʝʪʦʚ ʩʪʫʜʝʥʪʦʚ ʥʘ ʪʝʩʪʦʚʳʝ ʟʘʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʣʠʩʴ ʧʦ ʩʪʦʙʘʣʣʴʥʦʡ ʰʢʘʣʝ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʴʥʳʭ ʜʦʧʫʩʢʦʚ ʥʘ 

ʧʨʠʟʥʘʢʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʂʘʢ ʧʘʨʘʤʝʪʨ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʧʪʠʤʠʟʠʨʫʝʪʩʷ, ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʠʞʥʠʡ ʢʦʥʪʨʦʣʴʥʳʡ ʜʦʧʫʩʢ ʥʘ 

ʧʨʠʟʥʘʢʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʚʝʨʭʥʝʤ ʜʦʧʫʩʢʝ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʜʦʧʫʩʢʠ ʥʘ ʧʨʠʟʥʘʢʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʩʪʘʨʪʦʚʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʝʡ. ʂʘʢ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʝʨʘ ʂʫʣʴʙʘʢʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʦʤ ʦʪ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 

ʨʝʰʝʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʩʧʝʮʠʬʠʢʘ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʘʣʬʘʚʠʪ ʢʣʘʩʩʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ, ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ 

ʚʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʝʡʥʝʨʦʚ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʦʚʥʠ ʟʥʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʚʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʦʙʱʠʤ ʮʝʥʪʨʦʤ ʨʘʩʩʝʠʚʘʥʠʷ ʚʝʢʪʦʨʦʚ-ʨʝʘʣʠʟʘʮʠʡ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʠʤʦʜʘʣʴʥʳʭ 

ʢʦʥʪʝʡʥʝʨʦʚ ʢʣʘʩʩʦʚ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʟʚʦʣʠʣʘ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʰʘʶʱʠʭ ʧʨʘʚʠʣ. ʇʨʦʚʝʨʢʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʡ ʚʭʦʜʥʦʡ ʫʯʝʙʥʦʡ ʤʘʪʨʠʮʝʡ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʦ ʫʯʝʙʥʦʡ ʜʠʩʮʠʧʣʠʥʝ. 
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I. V. SHELEHOV, S. O. PYLYPENKO, O. O. STOLYARCHUK, T. A. ROMANENKO  

INFORMATION -EXTREME MACHINE LEAR NING OF KNOWLEDGE CO NTROL SYSTEM 

The algorithm of machine learning of an automated subsystem of control of studentsô knowledge according to the test tasks of the computerized 

education system is considered. In this case, machine learning is carried out within the framework of information-extreme intellectual technology of 

data analysis, which is based on maximizing the information capacity of the system in the process of its improvement. The results of students' answers 

to test tasks were considered as signs of recognition, which were evaluated on a scale from 0 to 100. The algorithm of information-extreme machine 

learning with parallel-sequential optimization of the system of control tolerances on recognition signs was suggested. The lower control tolerance for 

recognition attributes, with a fixed upper control tolerance, was considered as an optimized machine learning parameter. In this case, quasi-optimal 

control tolerances on the signs of recognition, obtained in the process of parallel optimization, were used as the starting point for the implementation of 

a machine learning algorithm with sequential optimization. Kullback modified information measure, which is a function of the exact characteristics of 

classification decisions, was considered as an optimization criterion of machine learning characteristics. Since the specificity of knowledge control is 

that the class alphabet is structured, so the enclosed structure of container classes of recognition, which characterize the corresponding levels of 

knowledge, was considered. In this case, the enclosed structure was characterized by the general center of scattering of vector-realization classes of 

recognition. This structure, in contrast to polymodial containers of recognition classes, has allowed increasing of the efficiency of machine learning 

and the validity of decisive rules. The verification of the workability of the suggested algorithm for machine learning was carried out on the basis of a 

representative input matrix, which was formed on the basis of the student test results of the discipline. 

Keywords: information-extreme intellectual technology, machine learning, optimization, system of control tolerances, recognition sign, hyper-

spherical container of recognition class.  

ɺʩʪʫʧ. ʂʦʤʧôʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʟʥʘʥʴ ʩʪʘʣʠ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʦʩʚʽʪʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʩʧʦʯʘʪʢʫ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ʩʪʫʜʝʥʪʽʚ 

ʟʘʦʯʥʦʾ ʪʘ ʜʠʩʪʘʥʮʽʡʥʦʾ ʬʦʨʤ ʥʘʚʯʘʥʥʷ [1, 2]. ʋ 

ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʥʘ ʪʘʢ ʟʚʘʥʫ ʟʤʽʰʘʥʫ ʬʦʨʤʫ ʥʘʚʯʘʥʥʷ, ʷʢʘ 

ʧʦʻʜʥʫʻ e-Learning ʽ ʪʨʘʜʠʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʝʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ [3ï5]. ʉʘʤʝ ʟʤʽʰʘʥʝ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ 

ʩʪʫʜʝʥʪʫ ʦʙʠʨʘʪʠ ʟʨʫʯʥʠʡ ʯʘʩ ʪʘ ʤʽʩʮʝ ʥʘʚʯʘʥʥʷ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʝʤʧ ʟʘʩʚʦʶʚʘʥʥʷ ʟʥʘʥʴ. ʇʨʠ ʮʴʦʤʫ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ 

ʤʘʰʠʥʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟʘ ʪʝʩʪʦʚʠʤʠ 

ʟʘʚʜʘʥʥʷʤʠ. ʅʘʙʣʠʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʘʰʠʥʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʜʦ ʦʮʽʥʦʢ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʚʠʢʣʘʜʘʯʘ-

ʣʶʜʠʥʠ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ [6, 7]. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʤʘʰʠʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʚ ʦʩʚʽʪʽ ʻ 

ʤʝʪʦʜʠ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [8ï10]. 

ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʥʝʡʨʦʥʥʠʤ ʤʝʨʝʞʘʤ ʷʢ ʩʪʨʫʢʪʫʨʥʠʤ 

ʤʝʪʦʜʘʤ ʧʨʠʪʘʤʘʥʥʠʡ ʥʝʜʦʣʽʢ, ʧʦʚôʷʟʘʥʠʡ ʽʟ 

ʩʢʣʘʜʥʽʩʪʶ ʧʝʨʝʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʯʝʨʝʟ ʜʠʥʘʤʽʯʥʽʩʪʴ 

ʥʘʚʯʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʠʤʦʛʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʦʩʚʽʪʥʴʦʛʦ ʩʪʘʥʜʘʨʪʫ ʧʨʦ ʱʦʨʽʯʥʝ ʦʥʦʚʣʝʥʥʷ ʥʝ 

ʤʝʥʰʝ 20 ʚʽʜʩʦʪʢʽʚ ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ ʨʦʙʠʪʴ 

ʥʝʦʙʭʽʜʥʠʤ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʟʥʘʥʴ. ʂʨʽʤ ʪʦʛʦ, ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʾʭ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʙʘʛʘʪʦ ʚʠʤʽʨʥʦʩʪʽ 

ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʎʽ ʥʝʜʦʣʽʢʠ ʫʩʫʚʘʻʪʴʩʷ 

ʚ ʤʝʪʦʜʘʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʚʠʨʽʰʘʣʴʥʽ 

ʧʨʘʚʠʣʘ ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʧʽʜʭʦʜʫ. ʆʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʜʝʡ ʽ ʤʝʪʦʜʽʚ ʪʘʢ ʟʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʝʢʩʪʨʝʤʘʣʴʥʦʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ɯɽɯ-ʪʝʭʥʦ-

ʣʦʛʽʾ) ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʾʾ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [11ï13]. ʋ ʧʨʘʮʽ [14] 

ʨʦʟʛʣʷʜʘʣʘʩʷ ʟʘʜʘʯʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʙʫʜʦʚʘʥʽ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʥʝ ʟʘʙʝʟʧʝʯʠʣʠ 

ʚʠʩʦʢʫ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʣʽʤʦʜʘʣʴʥʠʭ 

ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʚ 

ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʮʝʥʪʨʘʤʠ ʨʦʟʩʽʶʚʘʥʥʷ ʾʭ ʨʝʘʣʽʟʘʮʽʡ.. 

ʆʩʢʽʣʴʢʠ ʘʣʬʘʚʽʪ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʟʘʜʘʯʘʭ 

ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʟʥʘʥʴ ʤʘʻ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʪʦ 

ʮʝ ʨʦʙʠʪʴ ʜʦʮʽʣʴʥʠʤ ʧʝʨʝʭʽʜ ʜʦ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʘʚʠʣ, 

ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʚʢʣʘʜʝʥʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟ ʻʜʠʥʠʤ ʮʝʥʪʨʦʤ ʨʦʟʩʽʶʚʘʥʥʷ. ʊʦʤʫ 

ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʢʣʘʜʝʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʙʫʜʝʤʦ 

ʥʘʟʠʚʘʪʠ ʫʥʽʤʦʜʘʣʴʥʠʤʠ. ʋ ʧʨʘʮʽ [14] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʘʣʛʦʨʠʪʤ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʫʥʽʤʦʜʘʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ɸʣʝ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʥʦʩʷʪʴ ʤʦʜʝʣʴʥʠʡ ʭʘʨʘʢʪʝʨ, ʦʩʢʽʣʴʢʠ 

ʨʦʟʛʣʷʜʘʣʦʩʷ ʯʽʪʢʝ ʨʦʟʙʠʪʪʷ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʥʘ ʢʣʘʩʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʱʦ ʥʝ ʧʨʠʪʘʤʘʥʥʦ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ 

ʨʽʚʥʷ ʟʥʘʥʴ.  

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴ-

ʥʠʡ ʤʝʪʦʜ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ 

ʟʥʘʥʴ ʟ ʚʢʣʘʜʝʥʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʛʣʷʥʝʤʦ ʬʦʨʤʘʣʽʟʦʚʘʥʫ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟʘ 

ʪʝʩʪʦʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ. ʅʝʭʘʡ ʜʘʥʦ ʘʣʬʘʚʽʪ 

 ὢ ȿά ρ,ὓ  ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʚʥʽ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʽʜʧʦʚʽʜʝʡ ʩʪʫʜʝʥʪʽʚ ʥʘ ʪʝʩʪʦʚʽ ʟʘʚʜʘʥʥʷ ʟʘ ʘʜʠʪʠʚʥʦʶ 

ʦʮʽʥʦʯʥʦʶ ʬʫʥʢʮʽʻʶ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ ʚʘʛʦʚʠʤʠ 
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ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 51 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʪʝʩʪʦʚʽ ʟʘʚʜʘʥʥʷ 

ʩʬʦʨʤʦʚʘʥʦ ʥʘʚʯʘʣʴʥʫ ʤʘʪʨʠʮʶ  

 ◐□,░
▒
ȿὭ ρ,ὔ, Ὦ ρ,ὲ ,  

ʜʝ ὔ ï ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʘ ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʪʝʩʪʽʚ; 

ὲ ï ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʚʝʢʪʦʨʽʚ-ʨʝʘʣʽʟʘʮʽʡ 

(ʜʘʣʽ ʧʨʦʩʪʦ ʨʝʘʣʽʟʘʮʽʾ), ʢʦʦʨʜʠʥʘʪʘʤʠ ʷʢʠʭ ʻ ʟʥʘʯʝʥʥʷ 

ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʇʨʠ ʮʴʦʤʫ ʘʣʬʘʚʽʪ ὢ  ʻ ʽʻʨʘʨʭʽʯʥʦʶ 

ʚʢʣʘʜʝʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚ ʷʢʽʡ ʚʝʨʰʠʥʘ ʚʝʢʪʦʨʘ, 

ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ ʘʥʩʘʤʙʣʝʤ ʨʝʘʣʽʟʘʮʽʡ ʻ ʮʝʥʪʨʦʤ 

ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ ʚʩʽʭ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʚʢʣʘʜʝʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʽʜʦʤʠʡ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʯʘʥʥʷ, 

ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

 Ὣ Ὑ,,Ὑ,,ɿ , ά ρ,ὓ,  (1) 

ʜʝ Ὑ,  ï ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ ; 

Ὑ,  ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ ; 

ɿ ï ʥʝʩʠʤʝʪʨʠʯʥʝ ʧʦʣʝ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ 
ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘʚʯʘʥʥʷ d 

ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ 

 Ὑ, ᶰπ,ὔ,Ὑ, ᶰπ,ὔ, ɿɴ π,ώ ,  

ʜʝ ώÍÁØ ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʦʯʥʦʾ ʰʢʘʣʠ.  

ʅʝʦʙʭʽʜʥʦ ʥʘ ʝʪʘʧʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʦʧʪʠʤʽʟʫʚʘʪʠ (ʪʫʪ ʽ ʜʘʣʽ ʚ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦʤʫ ʨʦʟʫʤʽʥʥʽ) ʧʘʨʘʤʝʪʨʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʝʢʪʦʨʘ (1) ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʚ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʝʥ-

ʥʷ ʡʦʛʦ ʬʫʥʢʮʽʾ: 

 Ὁᶻ ÍÁØ
᷊
Ὁ ,ά ρ,ὓ, (2) 

ʜʝ Ὁ  ï ʦʙʯʠʩʣʝʥʠʡ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʢʣʘʩʫ ὢ ; 

Ὃ ï ʨʦʙʦʯʘ ʦʙʣʘʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ;  

Ὧ ï ʤʥʦʞʠʥʘ ʢʨʦʢʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʙʫʜʫʚʘʪʠ 

ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʨʽʰʝʥʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʚ ʨʝʞʠʤʽ 

ʝʢʟʘʤʝʥʫ ʚʠʩʦʢʦʜʦʩʪʦʚʽʨʥʠʭ ʨʽʰʝʥʴ ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʦʙʨʘʟʫ, ʱʦ ʨʦʟʧʽʟʥʘʻʪʴʩʷ, ʜʦ ʦʜʥʦʛʦ ʽʟ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽʟ ʟʘʜʘʥʦʛʦ ʘʣʬʘʚʽʪʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴ-

ʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʚ 

ʨʘʜʽʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ 

ʥʘʚʯʘʥʥʷ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʰʣʷʭʦʤ 

ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡ-

ʥʦʛʦ ʢʨʠʪʝʨʽʶ (2) ʜʦ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ.  

ʂʘʪʝʛʦʨʽʡʥʘ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʄʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʨʦʟʛʣʷ-

ʥʝʤʦ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʫ, ʚ ʷʢʦʤʫ ʨʝʙʨʘ-

ʦʧʝʨʘʪʦʨʠ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʤʥʦʞʠʥʠ ʦʜʥʘ ʥʘ 

ʦʜʥʫ. ɺʭʽʜʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʧʠʩʦʤ ʪʘʢʦʾ ʢʘʪʝʛʦʨʽʡ-

ʥʦʾ ʤʦʜʝʣʽ ʻ ʩʪʨʫʢʪʫʨʘ 

 Ὅ Ὕ,Ὃ,ɱ,ὤ,╨,╧, Ὢ,Ὢ ,  

ʜʝ Ὕ - ʤʥʦʞʠʥʘ ʤʦʤʝʥʪʽʚ ʯʘʩʫ ʦʜʝʨʞʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ;  

Ὃ - ʧʨʦʩʪʽʨ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ 
ʦʮʽʥʶʚʘʥʥʷ; 

ɱ - ʧʨʦʩʪʽʨ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ; 

ὤ ï ʘʣʬʘʚʽʪ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʨʽʚʥʽ ʟʥʘʥʴ; 

╨ - ʚʭʽʜʥʘ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʥʘʚʯʘʣʴʥʘ ʤʘʪʨʠʮʷ; 

╧ ï ʨʦʙʦʯʘ ʙʽʥʘʨʥʘ ʥʘʚʯʘʣʴʥʘ ʤʘʪʨʠʮʷ;  

ὪȡὝ Ὃ Џ ὤᴼ╨ - ʦʧʝʨʘʪʦʨ ʬʦʨʤʫʚʘʥʥʷ 

ʚʭʽʜʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ╨, ʜʝ Ὕ Ὃ Џ ὤ ï 

ʜʝʢʘʨʪʦʚʠʡ ʜʦʙʫʪʦʢ, ʷʢʠʡ ʟʘʜʘʻ ʫʥʽʚʝʨʠʤʫʤ ʚʠʧʨʦ-

ʙʫʚʘʥʴ;  

Ὢȡ╨ᴼ╧ ï ʦʧʝʨʘʪʦʨ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ὣ ʚ ʨʦʙʦʯʫ ʙʽʥʘʨʥʫ ʤʘʪʨʠʮʶ ╧.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʢʘʪʝʛʦʨʽʡʥʫ ʤʦʜʝʣʴ ʽʥʬʦʨʤʘ-

ʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ, ʷʢʘ ʙʫʜʫʻ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʟʘ ʛʝʦ-

ʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʢʣʘʜʝʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘ-

ʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

 

ʈʠʩ. 1. ʂʘʪʝʛʦʨʽʡʥʘ ʤʦʜʝʣʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ 

ʚʢʣʘʜʝʥʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ 

ʅʘ ʨʠʩ. 1 ʦʧʝʨʘʪʦʨ ʃȡ╧ᴼᴘȿȿ ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʣʽ-

ʜʦʚʥʦ ʨʝʘʣʽʟʘʮʽʾ ʙʽʥʘʨʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ʚ ʟʘʛʘʣʴ-

ʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʯʽʪʢʝ ʨʦʟʙʠʪʪʷ ᴘȿȿ ʙʽʥʘʨʥʦʛʦ 
ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʥʘ ʢʣʘʩʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʆʧʝʨʘʪʦʨ ʢʣʘ-

ʩʠʬʽʢʘʮʽʾ y ʧʝʨʝʚʽʨʷʻ ʦʩʥʦʚʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʛʽʧʦʪʝʟʫ 

ʧʨʦ ʥʘʣʝʞʥʽʩʪʴ ʚʭʽʜʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʢʣʘʩʫ ὢ  ʽ ʬʦʨʤʫʻ 

ʤʥʦʞʠʥʫ ʛʽʧʦʪʝʟ Ὅȿȿ, ʜʝ ὰ ï ʢʽʣʴʢʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ 
ʛʽʧʦʪʝʟ. ʆʧʝʨʘʪʦʨ ‎ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʧʨʠʡʥʷʪʠʭ ʛʽʧʦʪʝʟ 
ʬʦʨʤʫʻ ʤʥʦʞʠʥʫ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʮʽʥʦʯʥʠʭ 

ʨʽʰʝʥʴ ᴑȿȿ, ʜʝ ή ὰ. ʆʧʝʨʘʪʦʨ j ʦʙʯʠʩʣʶʻ ʪʝʨʤ-

ʤʥʦʞʠʥʫ Ὁ ï ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʷʢʠʡ ʻ 

ʬʫʥʢʮʽʦʥʘʣʦʤ ʚʽʜ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘ ʧʨʘʢ-

ʪʠʮʽ ʨʦʟʜʽʣʴʥʽ ʛʽʧʝʨʧʦʚʝʨʭʥʽ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʥʝʯʽʪʢʠʤʠ. ʎʝʡ ʬʘʢʪ ʚʠʤʘʛʘʻ 

ʜʣʷ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʚʥʫʪ-

ʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʨʘʜʽʫʩʽʚ ʾʭ ʢʦʥʪʝʡʥʝʨʽʚ. ɿ ʮʽʻʶ ʤʝ-

ʪʦʶ ʢʦʥʪʫʨʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʪʝʨʤ-ʤʥʦʞʠʥʠ Ὑ ʽ Ὑ 

ʚʽʜʥʦʚʣʶʶʪʴ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʙʘʟʠʩʽ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ 

ʢʦʥʪʝʡʥʝʨʠ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ 

ʾʭ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʨʘʜʽʫʩʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ 

ʮʴʦʤʫ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ὢ  ʟʘ ʫʤʦʚʦʶ 
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ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʆʧʪʠʤʽʟʘʮʽʷ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ 

ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʦʥʪʫʨʦʤ ʦʧʝʨʘ-

ʪʦʨʽʚ, ʷʢʠʡ ʟʘʤʠʢʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝʨʤ-ʤʥʦʞʠʥʫ Ὀ ï ʩʠʩ-

ʪʝʤʫ ʚʧʦʨʷʜʢʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ 

ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʆʧʝʨʘʪʦʨ 

 όȡὉᴼὝ Ὃ Џ ὤ  

ʨʝʛʣʘʤʝʥʪʫʻ ʧʨʦʮʝʩ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1 ʢʘʪʝʛʦʨʽʡʥʘ 

ʤʦʜʝʣʴ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʫʟʘʛʘʣʴʥʝʥʘ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ.  

ɸʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ. ɿʛʽʜʥʦ ʟ ʢʘʪʝʛʦʨʽʡʥʦʶ ʤʦʜʝʣʣʶ 

(ʨʠʩ. 1) ʘʣʛʦʨʠʪʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭʮʠʢʣʽʯʥʦʾ 

ʧʨʦʮʝʜʫʨʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ 

ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ  

 ɿᶻ ÁÒÇÍÁØÍÁØ
᷊
Ὁ ,  Ὥ ρ,ὔ, (3) 

ʜʝ Ὁ  ï ʦʙʯʠʩʣʝʥʠʡ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 
ʥʘʚʯʘʥʥʷ ʫʩʝʨʝʜʥʝʥʠʡ ʟʘ ʘʣʬʘʚʽʪʦʤ ʢʣʘʩʽʚ ʨʦʟʧʽʟ-

ʥʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ (2).  

ʇʨʠ ʮʴʦʤʫ ʧʦʙʫʜʦʚʘʥʝ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʙʘʟʠʩʽ 

ʙʽʥʘʨʥʦʛʦ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʙʠʪʪʷ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʚʠʥʥʦ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ 

 

ὢᶅ ᶰᴘȿȿ ὢ ᶮ ὢɱ ᶰᴘȿȿ 

ὢɱ ᶰᴘȿȿ ὢ ὢ ᴼὢ ᷊ὢ ᶮ; 

ὢᶅ ᶰᴘȿȿ ὢᶅ ᶰᴘȿȿ ὢᶅ ᶰᴘȿȿ 

Ὑ, Ὑ, Ὑ, ǪὙ, Ὑ,
Ὑ, ; 

  
 ὢ Ṗɱˎ;ά ὧ, ά,ὧ ρ,ὓȢ

ᴘɴȿȿ

 

 

ʜʝ ὢ  ï ʩʫʩʽʜʥʽʡ ʢʣʘʩ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʱʦ ʤʝʞʫʻ ʟ 

ʢʣʘʩʦʤ ὢ . 

ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

 Ὑ, π   ̔ Ὑ, π.  

ʗʢ ʚʽʜʦʤʦ ʚ ʨʘʤʢʘʭ ɯɽɯ-ʪʝʭʥʦʣʦʛʽʾ ʦʧʪʠʤʽʟʘʮʽʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʦʟʥʘʢʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ ʟʘ ʜʚʦʤʘ 

ʩʭʝʤʘʤʠ ʘʣʛʦʨʠʪʤʽʚ. ʉʧʦʯʘʪʢʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʟʘ ʷʢʠʤ ʢʦʥʪʨʦʣʴʥʽ ʜʦʧʫʩʢʠ 

ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʟʤʽʥʶʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʚʩʽʭ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. 

ʇʦʪʽʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʥʘ ʝʪʘʧʽ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʽ ʢʦʥʪʨʦʣʴʥʽ 

ʜʦʧʫʩʢʠ ʧʨʠʡʤʘʶʪʴʩʷ ʷʢ ʩʪʘʨʪʦʚʽ ʜʣʷ ʧʦʩʣʽʜʦʚʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ ʦʧʝʨʘ-

ʪʠʚʥʽʩʪʴ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʝ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʧʦʯʥʝʤʦ ʟ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦ-

ʨʠʪʤʫ ʧʘʨʘʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ 

ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʣʷ ʫʥʽʤʦʜʘʣʴʥʠʭ ʚʠʨʽʰʘʣʴ-

ʥʠʭ ʧʨʘʚʠʣ. ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ̒  ʪʨʠʚʠʤʽʨʥʠʡ ʤʘʩʠʚ 

ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ◐□,░
▒
ά ρ,ὓ;Ὥ ρ,ὔ;Ὦ ρ,ὲ ̔  

ώ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʦʯʥʦʾ ʰʢʘʣʠ, ʷʢʝ 

ʚʠʟʥʘʯʘʻ ʚʝʨʭʥʽʡ ʢʦʥʪʨʦʣʴʥʠʡ ʜʦʧʫʩʢ ʥʘ ʦʟʥʘʢʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʘʣʛʦʨʠʪʤʫ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʫʥʽʤʦʜʘʣʴʥʦʛʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟ ʧʘʨʘʣʝʣʴʥʦʶ 

ʦʧʪʠʤʽʟʘʮʽʻʶ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʦʟʥʘʢʠ ʨʦʟ-

ʧʟ̔ʥʘʚʘʥʥʷ: 

1) ʦʙʥʫʣʶʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʘ ʧʦʣʷ 

ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ: ɿḧπ; 
2) ɿḧɿ ρ;  
3) ʦʙʥʫʣʶʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: 

άḧπ; 
4) άḧά ρ; 
5) ʬʦʨʤʫʻʪʴʩʷ ʪʨʠʚʠʤʽʨʥʠʡ ʤʘʩʠʚ ʨʦʙʦʯʦʾ 

ʙʽʥʘʨʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ●□,░
▒
,  ʝʣʝʤʝʥʪʠ 

ʷʢʦʾ ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ  

●□,░
▒
Ὧ

ρ,  ̠̋̚ ̏ώ, ώ ɿ

π,  ̠̋̚ ̨̙̏̎́̋̆               
 

6) ʦʙʥʫʣʶʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʢʨʦʢʽʚ ʟʤʽʥʠ ʟʦʚʥʽʰ-

ʥʴʦʛʦ ʨʘʜʽʫʩʫ ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ ʢʦʥʪʝʡʥʝʨʫ 

ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: Ὑ ḧπ; 
7) Ὑ ḧὙ ρ; 
8) ʦʙʥʫʣʶʻʪʴʩʷ ʣʽʯʠʣʴʥʠʢ ʢʨʦʢʽʚ ʟʤʽʥʠ 

ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʫʩʫ ʛʽʧʝʨʩʬʝʨʠʯʥʦʛʦ 

ʢʦʥʪʝʡʥʝʨʫ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: Ὑ ḧπ  
9) Ὑ ḧὙ ρ; 
10) ʦʙʯʠʩʣʶʶʪʴʩʷ ʪʦʯʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʰʣʷʭʦʤ ʧʝʨʝʚʽʨʢʠ 

ʦʩʥʦʚʥʦʾ ʩʪʘʪʠʩʪʠʯʥʦʾ ʛʽʧʦʪʝʟʠ ʧʨʦ ʥʘʣʝʞ-

ʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʢʣʘʩʫ ὢ ; 

11) ʦʙʯʠʩʣʶʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ (2) 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ; 

12) ̫ ʢʱʦ Ὑ Ὑ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 9, ʽʥʘʢʰʝ 
ï ʧʫʥʢʪ 7; 

13) ̫ ʢʱʦ  Ὑ ὔ ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 4; 

14) ʫ ʨʦʙʦʯʽʡ ʦʙʣʘʩʪʽ Ὃ  ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ Ὁᶻ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝ-

ʨʽʶ ʽ ʚʽʜʧʦʚʽʜʥʽ ʡʦʤʫ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

Ὑ,   ̔Ὑ, ; 

15) ̫ ʢʱʦ ά ὓ, ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 4, ʽʥʘʢʰʝ 
ï ʧʫʥʢʪ 2; 

16) ̫ ʢʱʦ ɿ ώ  , ʪʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʫʥʢʪ 2, 

ʽʥʘʢʰʝ ï ʧʫʥʢʪ 17; 

17) ʦʙʯʠʩʣʶʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʝ ʟʘ ʘʣʬʘʚʽʪʦʤ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨ-

ʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ (2), ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʧʪʠ-

ʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ʧʦʣʷ ʢʦʥʪʨʦʣʴʥʠʭ 

ʜʦʧʫʩʢʽʚ 

ɿᶻ ÁÒÇὉᶻ 
 ʽ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʥʠʞʥʽʡ 

ʢʦʥʪʨʦʣʴʥʠʡ ʜʦʧʫʩʢ ʥʘ ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: 

ὃᶻ ώ ɿᶻ; 
18) ɿʋʇʀʅ. 
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ʗʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪ-

ʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʤʝʪʦʜʘʭ ɯɽɯ-ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʙʫʜʴ-ʷʢʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʤʽʨʘ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʝʥʪʨʦʧʽʡʥʠʡ ʢʨʠʪʝ-

ʨʽʡ ʐʝʥʥʦʥʘ ʪʘ ʤʽʨʘ ʂʫʣʴʙʘʢʘ. ʋ ʧʨʘʮ ̔ [12] 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʠʬʽʢʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʤʽʨʫ ʂʫʣʴ-

ʙʘʢʘ, ʚ ʷʢʽʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʜʦʙʫʪʦʢ ʨʽʟʥʠʮʽ ʧʦʚʥʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ὖ ʽ ʧʦʚʥʦʾ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʦʚʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ὖ ʥʘ ʾʭ 

ʚʽʜʥʦʰʝʥʥʷ:  

 Ὁ ὖ,ɀὖ, ÌÏÇ,

,

, (4) 

ʜʝ ὖ,  ï ʦʙʯʠʩʣʝʥʘ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʨʝʘʣʽʟʘʮʽʡ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ ; 

ὖ,  ï ʦʙʯʠʩʣʝʥʘ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʥʝʧʨʘʚʠʣʴʥʦʾ ʢʣʘʩʠʬʽ-

ʢʘʮʽʾ ʨʝʘʣʽʟʘʮʽʡ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ . 

ɿʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʧʨʦ ʧʦʚʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠ 

ʨʽʚʥʦʡʤʦʚʽʨʥʠʭ ʛʽʧʦʪʝʟʘʭ ʜʚʦʭʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʨʽʰʝʥʴ 

ʤʘʻ ʤʽʩʮʝ 

 ὖ, π,υὈ, π,υὈ,, (5) 

ʜʝ Ὀ,  ï ʦʙʯʠʩʣʝʥʘ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʝʨʰʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ; 

Ὀ,  ï ʦʙʯʠʩʣʝʥʘ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʨʫʛʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ; 

 ὖ, π,υɻ π,υɼ , (6) 

ʜʝ ɻ  ï ʦʙʯʠʩʣʝʥʘ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʦʤʠʣʢʘ ʧʝʨʰʦʛʦ ʨʦʜʫ; 

ɼ  ï ʦʙʯʠʩʣʝʥʘ ʥʘ Ὧ-ʤʫ ʢʨʦʮʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʦʤʠʣʢʘ ʜʨʫʛʦʛʦ ʨʦʜʫ. 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʚʠʨʘʟʽʚ (5) ʽ (6) ʫ ʬʦʨʤʫʣʫ (4) 

ʦʪʨʠʤʘʻʤʦ  

 

Ὁ π,υ Ὀ, Ὀ, ɀɻ ɼ  

ÌÏÇ, ,
, 

(7) 

ʉʢʦʨʠʩʪʘʚʰʠʩʴ ʧʽʜʩʪʘʥʦʚʢʘʤʠ  

ɻ ρɀὈ,    ̔ Ὀ, ρɀɼ , 

ʬʦʨʤʫʣʫ (7) ʧʝʨʝʪʚʦʨʠʤʦ ʜʦ ʚʠʛʣʷʜʫ 

 Ὁ Ὀ,ɀɼ ÌÏÇ
ρ Ὀ, ɼ

ρɀὈ
,

ɼ
, (8) 

ʆʩʢʽʣʴʢʠ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʻ ʩʢʽʥʯʝʥʦʶ, ʪʦ ʥʘ 

ʧʨʘʢʪʠʮʽ ʟʘʤʽʩʪʴ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʝʨʫʶʪʴ ʾʭ 

ʝʤʧʽʨʠʯʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 

 Ὀ,
ὑ,
ὲ

; ɼ
ὑ,
ὲ

, (9) 

ʜʝ ὑ,  ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ, ʧʨʠ ʷʢʠʭ ʨʝʘʣʽʟʘʮʽʾ ʢʣʘʩʫ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ  ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ; 

ὑ,  ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ, ʧʨʠ ʷʢʠʭ ñʯʫʞʽò ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʤʠʣʢʦʚʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ὢ ; 

ὲ  ï ʤʽʥʽʤʘʣʴʥʠʡ ʦʙʩʷʛ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʾ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʨ̔ʢʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʤʝʪʦʜʦʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʧʨʘʮʽ [11]. 

ɯʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʮʽʥʦʢ (9) ʨʦʙʦʯʘ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʝʨʽʶ (10) ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ  

 

Ὁ ὲ ὑ,ɀὑ,  

ÌÏÇ
ὲ ὑ,ɀὑ, ρπɀ

ὲ ɀὑ
,
ɀὑ

,
ρπɀ

, 
(10) 

ʜʝ ρπɀ ï ʜʦʩʪʘʪʥʴʦ ʤʘʣʘ ʚʝʣʠʯʠʥʘ, ʷʢʘ ʚʚʦʜʠʪʴʩʷ 

ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʜʽʣʫ ʥʘ ʥʫʣʴ. 

ʋ ʚʠʨʘʟʽ (10) ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ὶ 
ʚʠʙʠʨʘʪʠ ʨʽʚʥʠʤ ʢʽʣʴʢʦʩʪʽ ʟʥʘʢʽʚ ʫ ʤʘʥʪʠʩʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʟʥʘʯʝʥʥʷ 

ʚʠʙʠʨʘʻʪʴʩʷ ʽʟ ʽʥʪʝʨʚʘʣʫ 

ρ ὶ σ. 
ɸʣʛʦʨʠʪʤ ʧʦʩʣʽʜʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʜʘʤʦ ʫ 

ʚʠʛʣʷʜʽ ʧʨʦʮʝʜʫʨʠ [11] 

 ɿᶻ ÁÒÇÃ
=

L

l 1

ÍÁØÍÁØ
᷊
Ὁ , Ὥ ρ,ὔ, (11) 

ʜʝ ṧ ï ʩʠʤʚʦʣ ʦʧʝʨʘʮʽʾ ʧʦʚʪʦʨʝʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʧʦʩʣʽʜʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ 

ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ; 

ὒ ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʦʥʽʚ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʧʦʩʣʽʜʦʚʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʻ: 

¶ ʤʘʩʠʚ ʥʘʚʯʘʣʴʥʦʾ ʤʘʪʨʠʮʽ ◐□,░
▒

; 

¶ ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ 

ʧʘʨʘʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʥʠʞʥʽʡ ʢʦʥʪʨʦʣʴʥʠʡ 

ʜʦʧʫʩʢ ὃᶻ , ʷʢʠʡ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʩʪʘʨʪʦʚʠʡ;  

¶ ʚʝʨʭʥʽʡ ʢʦʥʪʨʦʣʴʥʠʡ ʜʦʧʫʩʢ ὃᶻ ώ .  

 ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ (11) ʧʦʩʣʽʜʦʚʥʦ 

ʟʤʽʥʶʻʪʴʩʷ ʥʠʞʥʽʡ ʢʦʥʪʨʦʣʴʥʠʡ ʜʦʧʫʩʢ ʜʣʷ ʢʦʞʥʦʾ 

ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʨʠ ʟʘʜʘʥʦʤʫ ʡʦʛʦ ʩʪʘʨʪʦʚʦʤʫ 

ʟʥʘʯʝʥʥʽ ὃᶻ  ʜʣʷ ʽʥʰʠʭ ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʷʢʽ ʥʝ 

ʦʧʪʠʤʽʟʫʶʪʴʩʷ. ɼʘʣʽ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʝʪʘʧʘʤʠ ʩʭʝʤʠ 

ʘʣʛʦʨʠʪʤʫ ʧʘʨʘʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. ʆʩʢʽʣʴʢʠ 

ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʧʘʨʘʣʝʣʴʥʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʥʠʞʥʽʡ 

ʜʦʧʫʩʢ ʻ ʧʦ ʩʫʪʽ ʢʚʘʟʽʦʧʪʠʤʘʣʴʥʠʤ, ʪʦ ʧʦʩʣʽʜʦʚʥʘ 

ʦʧʪʠʤʽʟʘʮʽʷ ʧʦʪʨʝʙʫʻ ʜʝʢʽʣʴʢʦʭ ʧʨʦʛʦʥʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʘʣʛʦʨʠʪʤʫ (11) ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʝʨʝʩʪʘʥʝ ʟʤʽʥʶʚʘʪʠʩʷ.  

ɺʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚ ʨʝʞʠʤʽ 

ʝʢʟʘʤʝʥʫ ʥʘʣʝʞʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ὼ , ʱʦ ʨʦʟʧʽʟʥʘʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʢʣʘʩʫ ὢ  ʤʘʶʪʴ ʚʠʛʣʷʜ 

 
ὼᶅ ᶰᴘȿȿ ὢᶅ ᶰᴘȿȿ 

ÉÆ Ὑ Ὠ●□ṥὼ Ὑ Ƕ   
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ÔÈÅÎ ὼ  ɴὢ  ÅÌÓÅ  ὼ  ɵὢ , 

ʜʝ Ὠ●□ṥὼ  ï ʢʦʜʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʨʝʘʣʽʟʘʮʽʻʶ 

ὼ  ʽ ʫʩʝʨʝʜʥʝʥʠʤ ʚʝʢʪʦʨʦʤ ●□, ʚʝʨʰʠʥʘ ʷʢʦʛʦ 

ʚʠʟʥʘʯʘʻ ʮʝʥʪʨ ʨʦʟʩʽʶʚʘʥʥʷ ʨʝʘʣʽʟʘʮʽʡ; 

ṥ ï ʩʠʤʚʦʣ ʦʧʝʨʘʮʽʾ ʩʢʣʘʜʘʥʥʷ ʟʘ ʤʦʜʫʣʝʤ ʜʚʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʜʝʷ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦ-ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʧʦʣʷʛʘʻ ʚ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ (2) ʜʦ ʡʦʛʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɯʥʬʦʨʤʘ-

ʮʽʡʥʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʧʨʦʚʦʜʠʚʩʷ ʟʘ 

ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ, ʩʬʦʨʤʦʚʘʥʦʶ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʤʘʰʠʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʟ ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ 

çʊʝʦʨʽʷ ʽ ʤʝʪʦʜʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴè, ʷʢʘ ʚʠʢʣʘʜʘʻʪʴʩʷ 

ʩʪʫʜʝʥʪʘʤ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʧʝʮʽ-

ʘʣʴʥʦʩʪʽ çʂʦʤʧôʶʪʝʨʥʽ ʥʘʫʢʠè. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʦʟʥʘʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʚ ʨʝʘʣʽʟʘʮʽʷʭ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥ-

ʥʷ ʜʦʨʽʚʥʶʚʘʣʘ ὔ ςχ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʦ ʢʽʣʴʢʦʩʪʽ 
ʪʝʩʪʦʚʠʭ ʟʘʚʜʘʥʴ. ɸʣʬʘʚʽʪ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʢʣʘ-

ʜʘʚʩʷ ʟ ʯʦʪʠʨʴʦʭ ʢʣʘʩʽʚ: ʢʣʘʩ ὢ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚ 
ʦʮʽʥʢʫ çʚʽʜʤʽʥʥʦè; ʢʣʘʩ ὢ ï çʜʦʙʨʝè; ʢʣʘʩ ὢ ï 
çʟʘʜʦʚʽʣʴʥʦè ʽ ʢʣʘʩ ὢ  ï çʥʝʟʘʜʦʚʽʣʴʥʦè. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʦʜʝʨʞʘʥʠʡ ʚ ʧʨʦʮʝʩʽ ʧʘʨʘ-

ʣʝʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʫʩʝʨʝʜʥʝʥʦʛʦ ʟʘ 

ʘʣʬʘʚʽʪʦʤ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʢʨʠʪʝʨʽʶ (10) ʚʽʜ 

ʧʘʨʘʤʝʪʨʘ ɿ ʧʦʣʷ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ. ʊʫʪ ʽ ʜʘʣʽ 
ʟʘʰʪʨʠʭʦʚʘʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʧʦʟʥʘʯʝʥʦ ʨʦʙʦʯʽ ʦʙʣʘʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʢʨʠʪʝʨʽʶ, ʚ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʰʫʢ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ 

ʦʙʯʠʩʣʝʥʥʷ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʨʠ 

ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ: ὲ τπ ʽ ὶ ς . 

 

ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʫʩʝʨʝʜʥʝʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʢʨʠʪʝʨʽʶ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ‏ ʧʦʣʷ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ 
ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ɸʥʘʣʽʟ ʨʠʩ. 2 ʧʦʢʘʟʫʻ, ʱʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʫʩʝʨʝʜʥʝʥʦʤʫ ʢʨʠʪʝʨʽʾ Ὁ ρ,συ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘ-

ʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ ɿ ʜʦʨʽʚʥʶʻ ɿᶻ σσ ʛʨʘʜʘʮʽʷʤ ʩʪʦ-

ʙʘʣʴʥʦʾ ʦʮʽʥʦʯʥʦʾ ʰʢʘʣʠ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ ʦʧʪʠʤʘʣʴ-

ʥʠʡ ʥʠʞʥʽʡ ʢʦʥʪʨʦʣʴʥʠʡ ʜʦʧʫʩʢ ὃᶻ π,φχ ʥʘ ʦʟʥʘʢʠ 
ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦʤʝ-

ʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʘ ɿᶻ. 

 

ʘ   ʙ 

 

ʚ   ʛ 

 

ʜ    ʝ 

 

 ̒   ʞ 

ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ (10) ʚʽʜ 

ʨʘʜʽʫʩʽʚ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘʚʘʥʥʷ: 

ʘ ï Ὑ  ʢʣʘʩʫ ὢ ; ʙ  ï Ὑ  ʢʣʘʩʫ ὢ ; ʚ ï Ὑ  ʢʣʘʩʫ ὢ ;  

ʛ ï Ὑ  ʢʣʘʩʫ ὢ ; ʜ ï Ὑ  ʢʣʘʩʫ ὢ ; ʝ ï Ὑ  ʢʣʘʩʫ ὢ ; 

  ̒ï Ὑ  ʢʣʘʩʫ ὢ ; ʞ ï Ὑ  ʢʣʘʩʫ ὢ . 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ʻ 

ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρσ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ

π; ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρυ ʽ 

ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρσ; ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ï 

ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρχ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ

ρυ ; ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ςς 

ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρχ.  
ʎʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʪʝʡʥʝʨʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ (10) ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʪʦʯʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ 
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ʘʥʘʣʽʟ, ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ˉ 44 (1320) 2018 55 

ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ: ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ ρ,ψω  Ὀ π,ωυ; ɼ π,ςσ; ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ ρ,ρψ  Ὀ π,χσ; ɼ π,ρσ); ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ π,ψχ  Ὀ π,χψ; ɼ π,ςυ; ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ ρ,τσ  Ὀ π,ψπ; ɼ π,ρυ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʟʥʘʥʴ ʥʝ ʻ ʙʝʟʧʦʤʠʣʢʦʚʦʶ, ʘ ʾʾ 

ʫʩʝʨʝʜʥʝʥʘ ʧʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʟʘ ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ ʜʦʨʽʚʥʶʻ ὖ π,ψρ.  
ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʘʣʛʦʨʠʪʤ (11) 

ʧʦʩʣʽʜʦʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʢʦʥʪʨʦʣʴʥʠʭ ʜʦʧʫʩʢʽʚ ʥʘ 

ʦʟʥʘʢʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʯʘʥʥʷ ʟʘ ʧʦʩʣʽʜʦʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ.  

 

ʈʠʩ. 4. ɻʨʘʬʽʢ ʟʤʽʥʠ ʫʩʝʨʝʜʥʝʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ 

ʧʨʠ ʧʦʩʣʽʜʦʚʥʽʡ ʦʧʪʠʤʽʟʘʮʽʾ  

ɸʥʘʣʽʟ ʨʠʩ. 4 ʧʦʢʘʟʫʻ, ʱʦ ʚʞʝ ʥʘ ʜʨʫʛʦʤʫ ʧʨʦʛʦʥʽ 

ʘʣʛʦʨʠʪʤʫ (11) ʟʥʘʯʝʥʥʷ ʫʩʝʨʝʜʥʝʥʠʡ ʢʨʠʪʝʨʽʡ 

ʜʦʩʷʛʘʻ ʩʚʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ Ὁ ς,ρυ.  
ʅʘ ʨʠʩ. 5 ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʦʧʪʠʤʽʟʘʮʽʾ ʛʝʦ-

ʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ ʨʦʟʧʽʟʥʘ-

ʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ (ʨʠʩ. 5) ʧʦʢʘʟʫʻ, 

ʱʦ ʦʧʪʠʤʘʣʴʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ʻ 

ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρσ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ

π; ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρυ ʽ 

ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρσ; ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ï 

ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρχ ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ

ρυ; ʢʦʥʪʝʡʥʝʨʘ ʢʣʘʩʫ ὢ  ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ςς 

ʽ ʚʥʫʪʨʽʰʥʽʡ ʨʘʜʽʫʩ Ὑ ρχ.  
ʎʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʪʝʡʥʝʨʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʽ 

ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ ʦʧʪʠʤʽʟʘʮʽʾ (10) ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʪʦʯʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ ʨʽʰʝʥʴ, ʷʢʽ ʧʨʠʡʤʘʶʪʴʩʷ ʟʘ 

ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ: ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ ς,πφωςτ  Ὀ π,ωσ; ɼ π,ρχ, ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ ρ,τσσσς  Ὀ π,ψπ; ɼ π,ρυ), ʜʣʷ ʢʣʘʩʫ ὢ  

Ὁ ς,πφωςτ  Ὀ π,ωπ; ɼ π,ρυ, ʜʣʷ ʢʣʘʩʫ ὢ  

 Ὁ σ,ππψςψ  Ὀ π,ψψ; ɼ π,πσ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ 

ʟʥʘʥʴ, ʫʩʝʨʝʜʥʝʥʘ ʧʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʠʡʥʷʪʪʷ 

ʧʨʘʚʠʣʴʥʠʭ ʨʽʰʝʥʴ ʷʢʦʾ ʩʢʣʘʜʘʻ ὖ π,ψψ. 

 

ʘ   ʙ 

 

ʚ   ʛ 

 

ʜ   ʝ 

 

 ̒    ʞ 

ʈʠʩ. 5. ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʢʨʠʪʝʨʽʶ (10) ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʢʣʘʜʝʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ ʢʣʘʩʽʚ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ: ʘ ï Ὑ  ʢʣʘʩʫ ὢ ; ʙ ï  Ὑ  ʢʣʘʩʫ ὢ ; ʚ ï Ὑ  

ʢʣʘʩʫ ὢ ; ʛ ï Ὑ  ʢʣʘʩʫ ὢ ; ʜ ï Ὑ  ʢʣʘʩʫ ὢ ; 

ʝ ï Ὑ  ʢʣʘʩʫ ὢ ;  ̒ï Ὑ  ʢʣʘʩʫ ὢ ; ʞ ï Ὑ  ʢʣʘʩʫ ὢ . 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ ʽʥʬʦʨʤʘʮʽʡ-

ʥʦïʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥ-

ʪʨʦʣʶ ʟʥʘʥʴ ʟ ʚʢʣʘʜʝʥʠʤʠ ʢʦʥʪʝʡʥʝʨʘʤʠ ʢʣʘʩʽʚ ʨʦʟʧʽ-

ʟʥʘʚʘʥʥʷ, ʇʦʙʫʜʦʚʘʥʽ ʚ ʧʨʦʮʝʩʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʫ ʨʝʞʠʤʽ ʝʢʟʘʤʝʥʫ, 

ʧʦʚʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, 

ʥʘʙʣʠʞʝʥʫ ʜʦ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ 

ʚʠʢʣʘʜʘʯʘ. ʆʩʢʽʣʴʢʠ ʧʦʙʫʜʦʚʘʥʽ ʚʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ ʻ 

ʥʝ ʙʝʟʧʦʤʠʣʢʦʚʠʤʠ ʟʘ ʥʘʚʯʘʣʴʥʦʶ ʤʘʪʨʠʮʝʶ, ʪʦ ʚ 

ʧʝʨʩʧʝʢʪʠʚʽ ʥʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʠʪʠ ʛʣʠʙʠʥʫ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ.  
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