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ʈʝʬʝʨʘʪ 
 

ʊᴇʩʣʠʡʥ װʥʜʵʩʣʵʣ (ʐʠʥʞʣʵʭ ʫʭʘʘʥ, ʵʜʠʡʥ ʟʘʩʘʛ, ʥʠʡʛʤʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ) *  

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʦʨʠʣʛʦ 

ʍʦʣʴʮʳʛ ʠʟʦʪʦʧʦʦʨ ʙʘʷʞʫʫʣʘʭ ʰʠʥʵ ʘʨʛʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙʘʡʩʘʥ ʙᴇʛᴇᴇʜ 

 ʣʵʭװװʥʠʡ ʟʦʭʠʩʪʦʡ ʭʵʨʵʛʣʵʵʛ ʥʵʤʵʛʜװװʥʜ: ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʩʵʨʛʵʵʛʜʵʭ ʥᴇᴇʮ, ʪװװ

ʙʦʜʣʦʛʳʛ ʰʠʡʜʵʥ, ʰʠʥʵ ʫʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ ʙʠʡ ʙʦʣʦʭ ᴇʨʛᴇʥ ʮʘʨ ʭװʨʵʵʪʵʡ ʩʫʫʨʴ 

ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʣʘʘ. ʀʡʤʜ ʆʍʋ-ʳʥ ʊʦʤʩʢʠʡʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʵʨʜʵʤʪʵʜʪʵʡ ʭʘʤʪʨʘʥ 

ʭʠʡʩʵʥ  ʥʴ ʩʪʨʘʪʝʛʠʡʥ ʥʵʥ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ, ʦʨʯʠʥ ʮʘʛʠʡʥ ʙʘʡʛʘʣʠʡʥ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥʳ ʩʘʣʙʘʨʳʥ ʩʫʜʣʘʘʯʜʳʥ ʘʥʭʘʘʨʣʳʛ ʪʘʪʘʞ ʙʫʡ ʩʫʜʘʣʛʘʘ ʶʤ. ʄʘʰ ʪᴇʩʪʵʡ ʰʠʥʞ 

ʯʘʥʘʨʪʘʡ ʙᴇᴇʤʩʠʡʛ ʩʘʣʛʘʭ ʥʴ ʟᴇʚʭᴇʥ ʨʝʟʦʥʘʥʩʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʙʦʣʦʤʞʪʦʡ ʙʦʣʩʦʥ ᴇʥᴇᴇ 

 ʪʵʵʭʪʵʡ ʭʦʣʙʦʦʪʦʡװʨ ʙװװʣʪװװʝʜ ʰʠʥʵ ʙʘʡʛʘʣʴʜ ʵʵʣʪʵʡ ʫʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ-ʰװ

ʩʫʜʘʣʛʘʘʥʫʫʜ ʥʴ ʘʰʠʛʪ ʤʘʣʪʤʘʣ,ʫʫʣ, ʫʫʨʭʘʡ, ʙʘʡʛʘʣʠʡʥ ʭʠʡ, ʮᴇʤʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ 

ʘʰʠʛʣʘʭ ʠʭ ʥᴇᴇʮʪᴇʡ ʆʍʋ, ʄʦʥʛʦʣ ʫʣʩʫʫʜʳʥ ʭʫʚʴʜ װʥʵʪʵʡ ʙװʪʵʵʛʜʭװװʥ ʛʘʨʛʘʥ ʘʚʘʭ 

ʙʦʣʦʤʞʠʡʛ ʙװʨʜװװʣʵʭ, ʙʘʷʞʫʫʣʘʭ װʥʵ ᴇʨʪʛʠʡʛ ʭʵʜʵʥ ʟʫʫ ʜʘʭʠʥ ʯ ʙʘʛʘʩʛʘʭ ʙʦʣʦʤʞʪʦʡ. 

 

ʊᴇʩʣʠʡʥ ʪʫʭʘʡ 

 ʋʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ-ʰװװʣʪװװʨ ʙʠʡ ʙʦʣʛʦʭ ʪʫʭʘʡʣʙʘʣ, ʙʘʡʛʘʣʠʡʥ ʭʠʡʥʵʵʩ 

ʩʪʨʘʪʝʛʠʡʥ ʵʣʝʤʝʥʪ ʙʦʣʦʭ ʛʝʣʠʡʛ ʛʨʘʬʝʥ ʫʭʘʘʣʘʛ ʰװװʣʪװװʨ- ʫʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ ʙʠʡ 

ʙʦʣʛʦʥ ʷʣʛʘʥ ʘʚʘʭ, ʙᴇᴇʤʩʠʡʛ ʟᴇʚʭᴇʥ ʨʝʟʦʥʘʥʩʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʩʘʣʛʘʥ ʘʚʘʭ ʩʫʜʘʣʛʘʘ ʶʤ. 

ʄʦʣʝʢʫʣʷʨ ʜʠʥʘʤʠʢʠʡʥ ʘʨʛʫʫʜʳʛ ʭʵʨʵʛʣʵʥ /ʊʝʨʤʦʜʠʥʘʤʠʢʠʡʥ ʪʵʥʮʚʵʨʠʡʥ ʪᴇʣᴇʚ ʜʵʭ 

ʙᴇᴇʤʩʠʡʥ ʩʠʩʪʝʤʠʡʥ ʪʘʨʭʘʣʪʳʛ ʙʠʯʠʭ, ʄʘʢʩʚʝʣʣʠʡʥ ʘʨʛʘ/, ʩʘʘʜʳʥ ʩʠʩʪʝʤʠʡʥ ʭʫʚʴʜ 

ʐʨʝʜʠʥʛʝʨʳʥ ʠʥʪʝʛʨʘʣ ʥʵʛ ʭʵʞʵʵʩʪ ʩʪʘʮʠʦʥʘʨ ʪʵʛʰʠʪʛʵʣʠʡʥ ʰʠʡʜʠʡʛ ʘʥʭ ʫʜʘʘ ʦʣʩʦʥ 

ʙʘ ʪʫʨʰʠʣʪʘʘʨ ʙʘʪʘʣʛʘʘʞʫʫʣʩʘʥ ʶʤ, ʐʚʘʨʮʘ-ʂʨʠʩʪʦʬʬʝʣʠʡʥ ʠʥʪʝʛʨʘʣʳʥ 

ʪʦʛʪʤʦʣʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʂʫʬʘʨʝʚʳʥ ʘʨʛʳʥ ʭʵʨʵʛʣʵʵʛ ᴇʨʛᴇʞװװʣʞ ʜʠʥʘʤʠʢ ʩʠʩʪʝʤ 

ʙʦʣʛʦʥ ,  ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨ ʙʦʣʦʚʩʨʫʫʣʞ ʪʫʨʰʠʣʪʘʘʨ ʙʘʪʘʣʛʘʘʞʫʫʣʩʘʥ.  

 

ɼʠʥʘʤʠʢ ʩʠʩʪʝʤʠʡʥ ʦʥʦʣʳʥ װʥʜʩʵʥ ʭʵʩʛʠʡʥ ʥʵʛ ʥʴ ʵʨʛʦʜʠʢ ʦʥʦʣ ʶʤ. ʐʠʥʛʵʥʠʡ 

ʜʠʥʘʤʠʢ, ʢʦʜʣʦʭ ʦʥʦʣ, ʢʦʤʧʣʝʢʩ ʜʠʥʘʤʠʢ, ʵʩʵʥ ʙװʪʮʠʡʥ ʘʚʪʦʤʘʪ, ʜʠʥʘʤʠʢ ʭʘʦʩʳʥ ʦʥʦʣ, 

ʜʠʥʘʤʠʢ ʩʠʩʪʝʤ, ʵʥʪʨʦʧʠʡʥ ʦʥʦʣ ʟʵʨʵʛʪ ʵʨʛʦʜʠʢ ʦʥʦʣʳʛ ʭʵʨʵʛʣʵʞ ʙʘʡʥʘ. ɼʠʥʘʤʠʢ 

ʩʠʩʪʝʤʠʡʥ ʦʥʦʣʳʥ ʪʝʦʨʝʤʫʫʜ ʙʘ ʰʠʥʞ ʯʘʥʘʨʫʫʜ ʫʣʘʤ ʪᴇʛᴇʣʜᴇʨʞʠʥ ʩʘʡʞʠʨʯ ʙʘʡʥʘ. 
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ʊʠʡʤʵʵʩ ʟʘʨʠʤ ʥʵʛ ʯʫʭʘʣ ʪʝʦʨʝʤʫʫʜ ʙʘ ʰʠʥʞ ʯʘʥʘʨʳʥ ʙʘʪʘʣʛʘʘʛ ʩʘʡʞʨʫʫʣʘʭ, ʦʥʦʣʳʥ 

 ʥʛ ʥʵʛʪʛʵʭ, ʭʦʣʴʮʳʛ ʠʟʦʪʦʧʦʦʨ ʙʘʷʞʫʫʣʘʭ ʰʠʥʵ ʘʨʛʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙʘʡʩʘʥװʨ ʜװ

ʙᴇʛᴇᴇʜ ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʩʵʨʛʵʵʛʜʵʭ ʥᴇᴇʮ, ʪװװʥʠʡ ʟʦʭʠʩʪʦʡ ʭʵʨʵʛʣʵʵ ʨװװ ʯʠʛʵʣʩʵʥ 

ʙʦʜʣʦʛʳʛ ʊʦʤʩʢʠʡʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʵʨʜʵʤʪʵʜʪʵʡ ʭʘʤʪʨʘʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨ ʭʠʡʞ, 

ʯʘʥʘʨʳʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʵʥ ʶʤ.  

            

 

 

 

ʊװʣʭװװʨ װʛʩ: ʄʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʯʣʘʣ, ʫʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ, ʤʘʪʝʤʘʪʠʢ ʬʠʟʠʢ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

5 

      ʊʘʣʘʨʭʘʣ 
 
ʕʥʵ ʪᴇʩᴇʣ ʥʴ ʆʍʋ-ʳʥ ʉʫʫʨʴ ʩʫʜʘʣʛʘʘʥʳ ʩʘʥ ʙʘ ʄʦʥʛʦʣ ʫʣʩʳʥ ɹʦʣʦʚʩʨʦʣ, 
ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʷʘʤ, ʐʠʥʞʣʵʭ ʫʭʘʘʥ ʪʝʭʥʦʛʦʣʠʡʥ ʩʘʥʛʠʡʥ ʭʘʤʪʘʨʩʘʥ 
ʩʘʥʭװװʞʠʣʪʵʵʨ ʭʠʡʛʜʩʵʥ ʪᴇʩᴇʣ ʶʤ. 
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ʍʘʤʪʘʨʩʘʥ ʪᴇʩʣʠʡʥ ʛװʡʮʵʪʛʵʛʯʠʜ 
 
ʄʦʥʛʦʣʳʥ ʪʘʣʳʥ ʛװʡʮʵʪʛʵʛʯʠʜ 
 
 

1. ɾ. ʉʦʥʠʥʙʘʷʨ ʄʦʥʛʦʣ ʫʣʩʳʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ɿᴇʚʣᴇʭ ʜʵʜ ʧʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ, 

ʪᴇʩʣʠʡʥ ʤʦʥʛʦʣʳʥ ʪʘʣʳʥ ʫʜʠʨʜʘʛʯ 

 

2. ɼ. ʎʵʜʵʥʙʘʷʨ ʐʋʊʀʉ-ʠʡʥ ʇʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ 
 

3. ɼ. ɻʘʥʭʫʷʛ ʐʋʊʀʉ-ʠʡʥ ʇʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ 
 

 
 
ʆʍʋ-ʳʥ ʪʘʣʳʥ ʛװʡʮʵʪʛʵʛʯʠʜ 
 
 
1. ɹʫʙʝʥʯʠʢʦʚ ɸʣʝʢʩʝʡ ʄʠʭʘʡʣʦʚʠʯ, ʐʋ-ʳ ʬʠʟ.-ʤʘʪ. ʜʦʢʪʦʨ, ʧʨʦʬʝʩʩʦʨ, ʊʦʤʩʢʠʡʥ 

ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʙװʩʠʡʥ ʤʘʪʝʤʘʪʠʢ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵ-ʙʦʣʦʚʩʨʦʣʳʥ ʪᴇʚʠʡʥ ʕʐʊɸ. 

 

2.  ɹʫʙʝʥʯʠʢʦʚ ʄʠʭʘʠʣ ɸʣʝʢʩʝʝʚʠʯ, ʐʋ-  rʬʠʟ.-ʤʘʪ. ʜʦʢʪʦʨ, ʊʦʤʩʢʠʡʥ ʠʭ 

ʩʫʨʛʫʫʣʠʡʥ ʦʥʦʣʳʥ ʤʝʭʘʥʠʢʠʡʥ ʪʵʥʭʤʠʡʥ ʜʵʜ ʧʨʦʬʝʩʩʦʨ, ʆʍʋ-ʳʥ ʪʘʣʳʥ 

ʪᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ 

 

3.  ʄʘʤʦʥʪʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʊʦʤʩʢʠʡʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʙװʩʠʡʥ ʤʘʪʝʤʘʪʠʢ 

ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵ-ʙʦʣʦʚʩʨʦʣʳʥ ʪᴇʚʠʡʥ ʕʐɼɸ. 

 

4. ʏʝʣʥʦʢʦʚʘ ɸʥʥʘ ʉʝʨʛʝʝʚʥʘ, ʊʦʤʩʢʠʡʥ ʠʭ ʩʫʨʛʫʫʣʠʡʥ ʦʥʦʣʳʥ ʤʝʭʘʥʠʢʠʡʥ 

ʪʵʥʭʤʠʡʥ ʘʭʣʘʭ ʙʘʛʰ 
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ʊᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʭʵʚʣʵʛʜʩʵʥ ʙװʪʵʵʣʠʡʥ ʞʘʛʩʘʘʣʪ 
 
ʆʣʦʥ ʫʣʩʳʥ ʩʵʪʛװװʣʜ ʭʵʚʣʵʛʜʩʵʥ ᴇʛװװʣʣװװʜ 
 
ʆʣʦʥ ʫʣʩʳʥ WEB of SCIENCE ʙʘ SCOPUS  -ʠʡʥ Q1, 2, 3 ʠʥʜʝʢʩʪʵʡ ʤʵʨʛʵʞʣʠʡʥ 

ʩʵʪʛװװʣʜ 6ʰ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ(ʭʘʚʩʨʘʣʪ 1-6): 

1. V A Poteryaeva , M A Bubenchikov, S Jambaa , D Gankhuyag, D 

Tsedenbayar, Quantum tunneling of molecules through compound barriers, 

Journal of Physics: Conference Series, 1537 012008, 22 June 2020.    

https://iopscience.iop.org/issue/1742-6596/1537/1 

2. Alexey Mikhailovich Bubenchikov, Mikhail Alekseevich Bubenchikov, 

Soninbayar Jambaa, Aleksandr Viktorovich Lun-Fu, and Anna Sergeevna 

Chelnokova, Low-temperature separation of helium-helion mixture, Reviews 

on Advanced Materials Science,  volume 59; Issue 1, 361-370, 10 Aug 2020. 

https://www.degruyter.com/view/journals/rams/59/1/article-p361.xml 

3. Bubenchikov ʄ.ɸ., Bubenchikov ɸ.ʄ., Jambaa S., Lun-Fu ɸ.V., Chelnokova 

ɸ.S., ANALYTICAL SOLUTION OF THE SCHR¥DINGER INTEGRAL 

EQUATION, Tomsk State University, Jornal of Mathematics and Mechanics, 

ˉ67, - pp.5-17, DOI: 10.17223/19988621/67/1, Tomsk, Russia, -2020. 

http://journals.tsu.ru/mathematics/&journal_page=archive&id=2030 

4. Lun-Fu A.V., Bubenchikov M.A., Jambaa S., Tsydypov S.G.-Ts. Determining 

frequencies of transverse vibrations for crossovers and dead ends of gas 

pipelines, Tomsk State University, Jornal of Mathematics and Mechanics, 

ˉ68, - pp.95-105, DOI 10.17223/19988621/68/9, Tomsk, Russia, -2020. 

5. Alexey Mikhailovich Bubenchikov, Mikhail Alekseevich Bubenchikov, Anna 

Sergeevna Chelnokova ,* and Soninbayar Jambaa,  An Analytical Solution to 

the Problem of Hydrogen Isotope Passage through Composite Membranes 

Made from 2D Materials, Mathematics 2021, 9(19), 2353, 22 September 

2021.            https://doi.org/10.3390/math9192353 

6. Valentina A Poteryaeva1, Alexey M Bubenchikov1,2, Michael A 

Bubenchikov1,3, Alexandr V Lun-Fu4 and Soninbayar Jambaa4, Helium 

isotope separation by bi-layer membranes of g-C3N4, Published 22 December 

2021 Å É 2021 Vietnam Academy of Science & Technology, Advances in 

Natural Sciences: Nanoscience and Nanotechnology, Volume 12, Number 4. 

https://iopscience.iop.org/article/10.1088/2043-6262/ac4108 

 
 
 

 

 

 

 

 

 

 

https://iopscience.iop.org/issue/1742-6596/1537/1
https://www.degruyter.com/view/journals/rams/59/1/article-p361.xml
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ʂʦʤʧʴʶʪʝʨʠʡʥ 5ʰ ʧʨʦʛʨʘʤʤʳʥ ʙװʨʪʛʵʣʠʡʥ ʆʍʋ-ʳʥ ʛʵʨʯʠʣʛʵʵ 

 

1. ˉ 2021680776 

2. ˉ 2021680468 

3. ˉ 2021680775,  

4. ˉ2021666867,  

5. ˉ2021666869 (ʆʍʋ-ʳʥ ʪʘʣʳʥ ʭʘʤʪʨʘʛʯ ʥʘʨʳʥ ʥʵʨ ʜʵʵʨ) ʘʚʩʘʥ 

(ʭʘʚʩʨʘʣʪ 20-24). 

 

 

 

 

 

 

 

ɻʘʜʘʘʜʘʜ ʦʣʦʥ ʫʣʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ 4ʰ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ 

 

 1. Jambaa S. ʇʦʪʦʢʠ ʪʷʞʝʣʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɼʝʢʘʙʨʴʩʢʠʝ ʯʪʝʥʠʷ ʚ ʊʦʤʩʢʝè, 10-15/XII, 2019, ʛ.ʊʦʤʩʢ , ʈʌ. 

2.  Jambaa S. ʆʙʪʝʢʘʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʧʦʪʦʢʦʤ ʪʷʞʝʣʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

the International Conference òDynamics in Siberiaò, February 24-29, 2020, Novosibirsk, 

Russia. 

3. Valentina A. Poteryaeva, Alexey M. Bubenchikov, Michael A. Bubenchikov and 

Soninbayar Jambaa. Hydrogen isotope separation via carbon nitride bi-layer 

membrane, the 3rd International SNAIA2020 Conference- Smart Nanomaterials: 

Advances, Innovations and Applications, Online Conference, the Book of Abstracts pp 

116, 8-11 December 2020, Paris, France. 

4. Jambaa S, Dynamics of Inverse Vertex Images in the Schwarz-Christoffel Integral: 

Kufarev's Differential Equations and Initial Conditions, 2023 INFORMS Annual meeting, 

the Book of Abstracts, octomber 13-18, 2023, Phoenix, Arizona, USA.( 2023 ʦʥʦʦʩ 

ɾ.ʉʦʥʠʥʙʘʷʨ ɸʅʋ-ʳʥ The Institute for Operations Research and the Management 

Sciences (INFORMS) ʠʥʩʪʠʪʫʪ, ʥʠʡʛʵʤʣʵʛʠʡʥ ʛʠʰװװʥ ʙʦʣʞ ñAviation Applications 

Sectionò, ñ Computing Societyò  ʩʝʢʪʦʨʫʫʜʳʥ ʙʘʡʥʛʳʥ ʭʫʨʘʣ, ʩʝʤʠʥʘʨ, ʭʵʣʵʣʮװװʣʵʛʪ 

online-ʘʘʨ ʪʦʛʪʤʦʣ ʦʨʦʣʮʦʞ ʙʘʡʥʘ  ʭʠʡʩʵʥ ʘʞʣʘʘ ʩʫʨʪʘʣʯʣʘʭ, ʜʵʣʛʵʨװװʣʵʭ, ʵʰ 

ʠʣʪʛʵʣ ʪʘʚʠʭʘʘʨ 2023 ʦʥʜ ʦʨʦʣʮʥʦ). 
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ɼʦʪʦʦʜʦʜ ʦʣʦʥ ʫʣʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ 3ʰ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ 

 

 1.  Jambaa S. Applications of the Kufarev method to a conformal mapping using the 

Christoffel-Schwartz integral, First International Conference on Applied Science and 

Engineering-Proceeding 2019, Mongolian University of science and technology, 

Ulaanbaatar, Mongolia, 05-06/IV, 2019. 

 

2.  Jambaa S. Kufarevôs method for conformal mapping with the Schwarz-Chisoffel 

integral in some practical problems, the 6th International Conference on Optimization, 

simulation and control (cosc2019), program and abstacts, pp.64-65, 21-23/06.2019, 

Ulaanbaatar, Mongolia. 

 

3. Jambaa S., Conformal mapping using the Christoffel-Schwartz integtal, 

transformations and appications, ñThe 7th International Conference on Optimization, 

Simulation and Control · June 20-22, 2022 | Ulaanbaatar, Mongolia. 

 

ɼʦʪʦʦʜʦʜ ʦʣʦʥ ʫʣʩʳʥ ʭʫʨʘʣ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭ ʘʞʣʳʥ ʭװʨʵʵʥʜ 3ʰ ʭʫʨʘʣ  

ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭʘʜ ʦʨʦʣʮʩʦʥ 

 

1. First International Conference on Applied Science and Engineering-Proceeding 2019, 

Mongolian University of science and technology, Ulaanbaatar, Mongolia, 05-06/IV, 

2019ʦʥ, ʦʣʦʥ ʫʣʩʳʥ ʭʫʨʘʣʜ ɼ.ʎʵʜʵʥʙʘʷʨ, ɼ.ɻʘʥʭʫʷʛ ʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʯʘʘʨ 

ʦʨʦʮʩʦʥ(ʫʛ ʪᴇʩʣᴇᴇʩ ʩʘʥʭװװʞʠʣʪ ʘʚʘʘʛװʡ). 

 

2. ñThe 6th International Conference on Optimization, Simulation and Control 

(COSC2019)ò ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ, 20-22/VI 2019ʦʥ, ɼ.ʎʵʜʵʥʙʘʷʨ, 

ɾ.ʉʦʥʠʥʙʘʷʨ ʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʯʘʘʨ ʦʨʦʮʩʦʥ(ʫʛ ʪᴇʩʣᴇᴇʩ ʩʘʥʭװװʞʠʣʪ ʘʚʘʘʛװʡ) 

 3. ñThe 7th International Conference on Optimization, Simulation and Control 

(COSC2022)ò ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ, 20-22/VI 2022ʦʥ, ɼ.ʎʵʜʵʥʙʘʷʨ, 

ɾ.ʉʦʥʠʥʙʘʷʨ ʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʯʘʘʨ ʦʨʦʮʩʦʥ. 

 

ɼʦʪʦʦʜʳʥ ʫʣʩʳʥ ʭʵʤʞʵʵʥʠʡ ʭʫʨʘʣʜ 3ʰ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ 
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1. ɾʘʤʙʘʘ ʉ. ʐʚʘʨʮ-ʂʨʠʩʪʦʬʬʝʣʠʡʥ ʠʥʪʝʛʨʘʣʘʘʨ ʢʦʬʦʨʤ ʙʫʫʣʛʘʣʪ ʭʠʡʭ, ʟʘʨʠʤ 

ʭʵʨʵʛʣʵʵ, ñʍʵʨʵʛʣʵʥʠʡ ʤʘʪʝʤʘʪʠʢ 2019ò ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ, ʄʋʀʉ, 23/11 

2019, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ.  

2. ɾʘʤʙʘʘ ʉ. ʂʦʥʬʦʨʤ ʙʫʫʣʛʘʣʪʘʜ ʂʫʬʘʨʸʚʳʥ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ ʩʘʘʜʳʛ ʪʦʡʨʦʭ 

ʰʠʥʛʵʥʠʡ ʫʨʩʛʘʣʳʥ ʰʫʛʘʤʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʦʭ, ñʍʵʨʵʛʣʵʥʠʡ ʤʘʪʝʤʘʪʠʢ 2020ò ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ, ʄʋʀʉ, ʐʋʊʀʉ, 15/05 2021, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ. 

3. Jambaa Soninbayar. Relationship between ergodicity and mixing in the ergodic theory 

of dynamical systems, ñʍʵʨʵʛʣʵʥʠʡ ʤʘʪʝʤʘʪʠʢ 2021ò ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ, 

ʄʋʀʉ, ʐʋʊʀʉ, 17/01 2022, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ. 

 

  ɼʦʪʦʦʜʳʥ ʫʣʩʳʥ ʭʵʤʞʵʵʥʠʡ 1  hʭʫʨʘʣ, 2ʰ ʩʝʤʠʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʩʘʥ  

 

1. ʍʵʨʵʛʣʵʵʥʠʡ ʤʘʪʝʤʘʪʠʢ-2022, 2022 ʦʥʳ 12 ʩʘʨʳʥ 10, ɾ.ʉʦʥʠʥʙʘʷʨ ʥʘʨ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʘʛʯʘʘʨ ʦʨʦʮʩʦʥ. 

2. ñʃʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ ʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʳʥ ʜʘʚʪʘʤʞʠʡʛ ʭʘʥʛʘʭ ʛʨʘʬʝʥ ʭʘʚʪʘʥʛ 

ʛʘʨʛʘʞ ʘʚʘʭ ʪʝʭʥʦʣʦʛʠʡʥ ʛʦʨʠʤʳʥ ʪʫʭʘʡ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʘʭò ʠʜʵʚʭʠʪʵʡ ʷʚʘʛʜʘʞ 

ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-ʜʵʵʨ ñɼʠʥʘʤʠʢ ʩʠʩʪʝʤò ʩʝʤʠʥʘʨʫʫʜ 2020 ʦʥʳ 04 ʩʘʨʜ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʞ ʷʚʫʫʣʩʘʥ. ʅʠʡʪ 2ʰ ʩʝʤʠʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʩʘʥ (ʫʛ ʪᴇʩʣᴇᴇʩ ʩʘʥʭװװʞʠʣʪ 

ʘʚʘʘʛװʡ ʙʦʣʥʦ). 
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        ʊᴇʩʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʜʘʘʣʛʘʚʘʨ, ʪװװʥʠʡ ʙʠʝʣʵʣʪ 

 ɻʘʨʘʭ װʨ ʜװʥ 
 

1. ʆʍʋ-ʳʥ ʭʘʤʪʨʘʥ 
ʘʞʠʣʣʘʩʘʥ ʪװʥʰ 
ʊʦʤʩʢʠʡʥ ʵʨʜʵʤʪʵʜʪʵʡ 
ʭʘʤʪʨʘʥ WEB of 
SCIENCE ʙʘ SCOPUS  -
ʠʡʥ Q1, 2, 3 ʠʥʜʝʢʩʪʵʡ 
ʤʵʨʛʵʞʣʠʡʥ ʩʵʪʛװװʣʜ 
ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 
4ʰ ᴇʛװװʣʵʣ ʥʠʡʪʣװװʣʵʭ.  
2019-2022ʦʥ. 
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Physics: Conference Series, 1537 012008, 22 June 

2020.    https://iopscience.iop.org/issue/1742-

6596/1537/1 

2. Alexey Mikhailovich Bubenchikov, Mikhail Alekseevich 

Bubenchikov, Soninbayar Jambaa, Aleksandr 

Viktorovich Lun-Fu, and Anna Sergeevna Chelnokova, 

Low-temperature separation of helium-helion mixture, 

Reviews on Advanced Materials Science,  volume 59; 

Issue 1, 361-370, 10 Aug 2020. 

https://www.degruyter.com/view/journals/rams/59/1/art

icle-p361.xml 

3. Bubenchikov ʄ.ɸ., Bubenchikov ɸ.ʄ., Jambaa S., 
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EQUATION, Tomsk State University, Jornal of 

Mathematics and Mechanics, ˉ67, - pp.5-17, DOI: 

10.17223/19988621/67/1, Tomsk, Russia, -2020. 

http://journals.tsu.ru/mathematics/&journal_page=archive

&id=2030 

4. Lun-Fu A.V., Bubenchikov M.A., Jambaa S., Tsydypov 

S.G.-Ts. Determining frequencies of transverse 

vibrations for crossovers and dead ends of gas 
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Mathematics and Mechanics, ˉ68, - pp.95-105, DOI 

10.17223/19988621/68/9, Tomsk, Russia, -2020. 

5. Alexey Mikhailovich Bubenchikov, Mikhail Alekseevich 

Bubenchikov, Anna Sergeevna Chelnokova ,* and 

Soninbayar Jambaa,  An Analytical Solution to the 

Problem of Hydrogen Isotope Passage through 

Composite Membranes Made from 2D Materials, 

Mathematics 2021, 9(19), 2353, 22 September 2021.            

https://doi.org/10.3390/math9192353 

6. Valentina A Poteryaeva1, Alexey M Bubenchikov1,2, 

Michael A Bubenchikov1,3, Alexandr V Lun-Fu4 and 

Soninbayar Jambaa4, Helium isotope separation by 

bi-layer membranes of g-C3N4, Published 22 

December 2021 Å É 2021 Vietnam Academy of 

https://iopscience.iop.org/issue/1742-6596/1537/1
https://iopscience.iop.org/issue/1742-6596/1537/1
https://www.degruyter.com/view/journals/rams/59/1/article-p361.xml
https://www.degruyter.com/view/journals/rams/59/1/article-p361.xml
http://journals.tsu.ru/mathematics/&journal_page=archive&id=2030
http://journals.tsu.ru/mathematics/&journal_page=archive&id=2030
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2. ʍʵʨʵʛʣʵʵʥʠʡ 
ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʙʦʣʦʥ 
ʭʵʨʵʛʣʵʵʥʠʡ 
ʤʘʪʝʤʘʪʠʢʠʡʥ ʵʨʜʵʤ 
ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ 
ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭ, 3ʰ 
ʠʣʪʛʵʣ ʪʘʚʠʭ. 2019-2022 
ʦʥ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Science & Technology, Advances in Natural Sciences: 

Nanoscience and Nanotechnology, Volume 12, 

Number 4.                   

https://iopscience.iop.org/article/10.1088/2043-

6262/ac4108 

 

 

 

2. ɻʘʜʘʘʜʘʜ ʆʋ-ʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ 

ʪʘʚʴʩʘʥ 4ʰ ʠʣʪʛʵʣ: 

1. Jambaa S. ʇʦʪʦʢʠ ʪʷʞʝʣʦʡ ʥʝʩʞʠʤʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ, ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çɼʝʢʘʙʨʴʩʢʠʝ ʯʪʝʥʠʷ ʚ ʊʦʤʩʢʝè, 10-15/XII, 

2019, ʛ.ʊʦʤʩʢ , ʈʌ. 

2.  Jambaa S. ʆʙʪʝʢʘʥʠʝ ʧʨʝʧʷʪʩʪʚʠʡ ʧʦʪʦʢʦʤ 

ʪʷʞʝʣʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, the International 

Conference òDynamics in Siberiaò, February 24-29, 

2020, Novosibirsk, Russia. 

3. Valentina A. Poteryaeva, Alexey M. Bubenchikov, 

Michael A. Bubenchikov and Soninbayar Jambaa. 

Hydrogen isotope separation via carbon nitride bi-

layer membrane, the 3rd International SNAIA2020 

Conference- Smart Nanomaterials: Advances, 

Innovations and Applications, Online Conference, 

the Book of Abstracts pp 116, 8-11 December 2020, 

Paris, France. 

4. Jambaa S, Dynamics of Inverse Vertex Images in 

the Schwarz-Christoffel Integral: Kufarev's 

Differential Equations and Initial Conditions, 2023 

INFORMS Annual meeting, the Book of Abstracts, 

octomber 13-18, 2023, Phoenix, Arizona, USA. 

(2023 ʦʥʦʦʩ ɾ.ʉʦʥʠʥʙʘʷʨ ɸʅʋ-ʳʥ The Institute 

for Operations Research and the Management 

Sciences (INFORMS) ʠʥʩʪʠʪʫʪ, ʥʠʡʛʵʤʣʵʛʠʡʥ 

ʛʠʰװװʥ ʙʦʣʞ ñAviation Applications Sectionò, 

ñComputing Societyò,  ñNatural Resourcesò 

ʩʝʢʪʦʨʫʫʜʳʥ ʙʘʡʥʛʳʥ ʭʫʨʘʣ, ʩʝʤʠʥʘʨ, 

ʭʵʣʵʣʮװװʣʵʛʪ online-ʘʘʨ ʪʦʛʪʤʦʣ ʦʨʦʣʮʦʞ ʙʘʡʥʘ  

ʭʠʡʩʵʥ ʘʞʣʘʘ ʩʫʨʪʘʣʯʣʘʭ, ʜʵʣʛʵʨװװʣʵʭ, ʵʰ 

ʠʣʪʛʵʣ ʪʘʚʠʭʘʘʨ ʫʨʠʛʜʩʘʥ 2023ʦʥʜ ʦʨʦʣʮʥʦ) 
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ɼʦʪʦʦʜʳʥ ʆʋ-ʳʥ ʭʵʨʵʛʣʵʵʥʠʡ ʤʘʪʝʤʘʪʠʢʠʡʥ ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ ʪʘʚʴʩʘʥ 3ʰ ʠʣʪʛʵʣ: 

1. Jambaa S. Applications of the Kufarev method to a 

conformal mapping using the Christoffel-Schwartz 

integral, First International Conference on Applied 

Science and Engineering-Proceeding 2019, Mongolian 

University of science and technology, Ulaanbaatar, 

Mongolia, 05-06/IV, 2019. 

2. Jambaa S. Kufarevôs method for conformal mapping 

with the Schwarz- Chisoffel integral in some practical 

problems, the 6th International Conference on 

Optimization, simulation and control (cosc2019), 

program and abstacts, pp.64-65, 21-23/06.2019, 

Ulaanbaatar, Mongolia. 

 

 

 

3. Jambaa S., Conformal mapping using the Christoffel-

Schwartz integtal, transformations and appications, ñThe 

7th International Conference on Optimization, Simulation 

and Control · June 20-22, 2022 | Ulaanbaatar, Mongolia. 

ɼʦʪʦʦʜʳʥ ʦʣʦʥ ʫʣʩʳʥ ʤʘʪʝʤʘʪʠʢʠʡʥ ʵʨʜʵʤ 
ʰʠʥʞʠʣʛʵʵʥʠʡ 2ʰ ʭʫʨʘʣ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭʘʜ 
ʦʨʦʮʩʦʥ: 
 
1. First International Conference on Applied Science and 

Engineering-Proceeding 2019, Mongolian University of 

science and technology, Ulaanbaatar, Mongolia, 05-06/IV, 

2019ʦʥ, ʦʣʦʥ ʫʣʩʳʥ ʭʫʨʘʣʜ .ʎʵʜʵʥʙʘʷʨ, ɼ.ɻʘʥʭʫʷʛ ʥʘʨ 

ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʯʘʘʨ ʦʨʦʮʩʦʥ(ʫʛ ʪᴇʩʣᴇᴇʩ ʩʘʥʭװװʞʠʣʪ 

ʘʚʘʘʛװʡ). 

 

2. ñThe 6th International Conference on Optimization, 

Simulation and Control (COSC2019)ò ʋʣʘʘʥʙʘʘʪʘʨ, 

ʄʦʥʛʦʣ ʫʣʩ, 20-22/VI 2019ʦʥ, ɼ.ʎʵʜʵʥʙʘʷʨ, 

ɾ.ʉʦʥʠʥʙʘʷʨ ʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʯʘʘʨ ʦʨʦʮʩʦʥ(ʫʛ 

ʪᴇʩʣᴇᴇʩ ʩʘʥʭװװʞʠʣʪ ʘʚʘʘʛװʡ) 

 

3. ɼʦʪʦʦʜʳʥ ʫʣʩʳʥ ʭʵʤʞʵʵʥʠʡ ʭʵʨʵʛʣʵʵʥʠʡ 

ʤʘʪʝʤʘʪʠʢʠʡʥ ʭʫʨʘʣʜ 3ʰ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ: 

1. ɾʘʤʙʘʘ ʉ. ʐʚʘʨʮ-ʂʨʠʩʪʦʬʬʝʣʠʡʥ ʠʥʪʝʛʨʘʣʘʘʨ 
ʢʦʬʦʨʤ ʙʫʫʣʛʘʣʪ ʭʠʡʭ, ʟʘʨʠʤ ʭʵʨʵʛʣʵʵ, ñʍʵʨʵʛʣʵʥʠʡ 
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3. ʊᴇʩʣʠʡʥ ʆʍʋ-ʳʥ 

ʪʘʣʳʥ ʭʘʤʪʨʘʛʯ, ʆʍʋ -
ʳʥ ʪʘʣʳʥ ʫʜʠʨʜʘʛʯ ʄ.ɸ. 
ɹʫʙʝʥʯʠʢʦʚ ʐʋ ïr  
ʜʦʢʪʦʨʳʥ ʟʵʨʵʛ 
ʭʘʤʛʘʘʣʥʘ. 2021 ʦʥ. 
 
 
 
 
 
 
 
 
 
 

4. ʄʦʥʛʦʣʳʥ ʪʘʣʳʥ 
ʄʋʀʉ, ʐʊʀʉ-ʠʡʥ 
ʙʦʣʦʥ ʙʫʩʘʜ ʭʠʤʠ, ʥʘʥʦ 
ʪʝʭʥʦʣʦʛʠʡʥ ʭʘʤʪʨʘʥ 
ʘʞʠʣʣʘʭ ʣʘʙʨʘʪʦʨʠʫʜ 
ʆʍʋ-ʳʥ ʭʘʤʪʨʘʥ 
ʘʞʠʣʣʘʭ ʪװʥʰ ʊʦʤʩʢʠʡʥ 
ʵʨʜʵʤʪʜʠʡʥ 
ʪʫʩʣʘʣʮʘʘʪʘʡ ʦʨʯʠʥ 
 ʝʠʡʥ ʩʫʜʘʣʛʘʘʥʳװ
ʪʵʨʛװװʣʵʭ ʯʠʛʣʵʣʠʡʥ 
ʪʫʨʰʠʣʪʳʛ ʷʚʫʫʣʘʭ 
ʜʘʜʣʘʛʘ, ʪʫʨʰʣʘʛʘ 
ʵʟʵʤʰʠʥ ʛʨʘʬʝʥ 
ʰװʣʪװװʨ ʤʘʪʝʨʠʘʣʳʛ 
 ʡʣʜʚʵʨʣʵʭ ʭᴇʨʩװ
ʩʫʫʨʴʪʘʡ ʙʦʣʦʭ ʪʘʣʘʘʨ 

ʤʘʪʝʤʘʪʠʢ 2020ò ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ, ʄʋʀʉ, 
23/11 2019, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ.  
 

2. ɾʘʤʙʘʘ ʉ. ʂʦʥʬʦʨʤ ʙʫʫʣʛʘʣʪʘʜ ʂʫʬʘʨʸʚʳʥ ʘʨʛʳʛ 

ʭʵʨʵʛʣʵʥ ʩʘʘʜʳʛ ʪʦʡʨʦʭ ʰʠʥʛʵʥʠʡ ʫʨʩʛʘʣʳʥ 

ʰʫʛʘʤʫʫʜʳʛ ʪʦʜʦʨʭʦʡʣʦʭ, ñʍʵʨʵʛʣʵʥɻʠʡ ʤʘʪʝʤʘʪʠʢ 

2020ò ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ, ʄʋʀʉ, ʐʋʊʀʉ, 

15/05 2021, ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ. 

3. Jambaa Soninbayar. Relationship between ergodicity 

and mixing in the ergodic theory of dynamical systems, 

ñʍʵʨʵʛʣʵʥʠʡ ʤʘʪʝʤʘʪʠʢ 2021ò ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʭʫʨʘʣ, ʄʋʀʉ, ʐʋʊʀʉ, 17/01 2022, ʋʣʘʘʥʙʘʘʪʘʨ, 

ʄʦʥʛʦʣ ʫʣʩ. 

 

 3. ʊᴇʩʣʠʡʥ ʆʍʋ-ʳʥ ʪʘʣʳʥ ʭʘʤʪʨʘʛʯʳʥ ʭʫʚʴʜ ʆʍʋ-ʳʥ 

ʪʘʣʳʥ ʫʜʠʨʜʘʛʯ  ʄ.ɸ. ɹʫʙʝʥʯʠʢʦʚ 2020.07.10 ïʥʜ 

ñʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʠʷ ʤʦʣʝʢʫʣ 

ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʥʘʥʦʧʦʨʠʩʪʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠò  ʐʋ ïr  ʜʦʢʪʦʨʳʥ ʟʵʨʵʛ ʭʘʤʛʘʘʣʩʘʥ. 

 

 
 
 
 
 
 
 
 
 

4. ɼʦʪʦʦʜʦʜ ʦʣʦʥ ʫʣʩʳʥ, ʫʣʩʳʥ ʭʵʤʞʵʵʥʠʡ ʭʫʨʘʣ, 
ʩʝʤʠʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭʘʜ ʦʨʦʣʮʩʦʥ: 
 

1. ʍʵʨʵʛʣʵʵʥʠʡ ʤʘʪʝʤʘʪʠʢ-2022, 2022 ʦʥʳ 12 
ʩʘʨʳʥ 10, ɾ.ʉʦʥʠʥʙʘʷʨ  ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʯʘʘʨ 
ʦʨʦʮʩʦʥ. 

 
2. ñThe 7th International Conference on Optimization, 

Simulation and        Control (COSC2022)ò 
ʋʣʘʘʥʙʘʘʪʘʨ, ʄʦʥʛʦʣ ʫʣʩ, 20-22/VI 2022ʦʥ, 
ɼ.ʎʵʜʵʥʙʘʷʨ, ɾ.ʉʦʥʠʥʙʘʷʨ ʥʘʨ ʟʦʭʠʦʥ 
ʙʘʡʛʫʫʣʘʛʯʘʘʨ ʦʨʦʮʩʦʥ. 

3. ñʃʘʙʦʨʘʪʦʨʠʡʥ ʥᴇʭʮᴇʣʜ ʩʠʥʪʝʟʠʡʥ ʧʨʦʮʝʩʩʳʥ 
ʜʘʚʪʘʤʞʠʡʛ ʭʘʥʛʘʭ ʛʨʘʬʝʥ   ʭʘʚʪʘʥʛ ʛʘʨʛʘʞ ʘʚʘʭ 
ʪʝʭʥʦʣʦʛʠʡʥ ʛʦʨʠʤʳʥ ʪʫʭʘʡ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʘʭò 
ʠʜʵʚʭʠʪʵʡ ʷʚʘʛʜʘʞ ʐʋʊʀʉ-ʠʡʥ ʍʐʋʉ-ʜʵʵʨ 
ñɼʠʥʘʤʠʢ ʩʠʩʪʝʤò 2ʰ ʩʝʤʠʥʘʨ ɼ.ʎʵʜʵʥʙʘʷʨ, 
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3ʰ ʩʝʤʠʥʘʨ ʟʦʭʠʦʥ 
ʙʘʡʛʫʫʣʥʘ. 2020ʦʥ.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. ʂʦʤʧʴʶʪʝʨʳʥ 
ʧʨʦʛʨʘʤʤʳʥ 
ʙװʨʪʛʵʣʠʡʥ 3ʰ 
ʛʵʨʯʠʣʛʵʵ ʘʚʘʭ: 

 
1.ʭʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ 
ʩʘʘʜʳʛ ʨʝʟʦʥʘʥʩ 
ʩʠʩʪʝʤʜ ʭʠʡʥ ʪᴇʣᴇʚʪᴇʡ 
ʛʝʣʠ, ʛʝʣʠʦʥʳ ʪʫʫʣʘʭ, 
ʦʡʭ ʪʦʦʮʦʦʣʣʦʦʨ 
 
2. ʍʵʪ ʙʘʛʘ 
ʪʝʤʧʝʨʘʪʫʨʪʩʘʘʜʳʥ 
ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʜ ʭʠʡʥ 

ɼ.ɻʥʘʭʫʷʛ 2020 ʦʥʳ 04 ʩʘʨʜ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʞ 
ʷʚʫʫʣʩʘʥ. (ʫʛ ʪᴇʩʣᴇᴇʩ ʩʘʥʭװװʞʠʣʪ ʘʚʘʘʛװʡ 
ʙʦʣʥʦ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5. ʆʍʋ-ʳʥ ʢʦʤʧʴʶʪʝʨʠʡʥ 5ʰ ʧʨʦʛʨʘʤʤʳʥ ʙװʨʪʛʵʣʠʡʥ 

ʛʵʨʯʠʣʛʵʵ ˉ 2021680776, ˉ 2021680468, ˉ 

2021680775, ˉ2021666867, ˉ2021666869  (ʆʍʋ-ʳʥ 

ʪʘʣrʥ ʭʘʤʪʨʘʛʯ ʥʘʨʳʥ ʥʵʨ ʜʵʵʨ) ʘʚʩʘʥ(ʭʘʚʩʨʘʣʪ 20-

24). 
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ʪᴇʣᴇʚʪᴇʡ ʛʝʣʠ ʙʘ 
ʛʝʣʠʦʥʳ ʪʫʩʛʘʘʨʣʘʭ 
ʠʥʪʝʛʨʘʣ 
ʢʦʵʬʬʠʮʠʝʥʪʳʥ 
ʪʦʦʮʦʦʣʣʦʦʨ 
 
3. ʆʡʨʪʦʥ ʠʨʵʭ ʛʝʣʠ ʙʘ 
ʘʪʦʤʫʫʜʳʛ 
ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʙʠ-
ʜʘʚʭʘʨʛʳʥ ʙװʪʮʠʡʥ 
ʭʫʚʘʘʨʠʣʘʣʪʳʥ(ʤʦʝʢʫʣ 
ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʥ 
 ʯʥʠʡװʡʣʯʣʵʣʠʡʥ ʭװ
ʪʘʣʙʘʨʫʫʜ, ʵʣʝʢʪʨʦʥ 
ʥʷʛʪʨʘʣʳʥ ʪʘʣʙʘʨ) 
ʪʦʦʮʦʦʣʣʦʦʨ 
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                                  ʆʨʰʠʣ 

ʊᴇʩᴇʣ ʥ ɹ ʭʦʣʴʮʳʛ ʠʟʦʪʦʧʦʦʨ ʙʘʷʞʫʫʣʘʭ ʰʠʥʵ ʘʨʛʳʛ ʜʘʨʘʘʭ ʯʠʛʣʵʣʠʡʥ 

ʭװʨʵʵʥʜ:  ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʩʵʨʛʵʵʛʜʵʭ ʥᴇᴇʮ, ʪװװʥʠʡ ʟʦʭʠʩʪʦʡ ʭʵʨʵʛʣʵʵʛ ʩʫʜʣʘʭ 

ʟʦʨʠʣʛʦʪʦʡ.  

ʂʚʘʥʪ ʤʝʭʘʥʠʢʠʡʥ װʥʜʩʵʥ ʥᴇʭʮʣװװʜ ʙʦʣʦʥ ʤʦʣʝʢʫʣ ʜʠʥʘʤʠʢʠʡʥ ʪʦʦʮʦʦʣʣʳʥ 

ʩʦʥʛʦʜʦʛ ʘʨʛʫʫʜ ʜʵʵʨ װʥʜʵʩʣʵʥ ʭʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʥʠʡʣʤʵʣ ʩʘʘʜʫʫʜ ʜʵʵʨ ᴇᴇʨᴇᴇʨ 

ʭʵʣʙʵʣ ʜʦʣʛʠʦʥʣʦʛ ʯʘʥʘʨʳʥ ʭװʯʪʵʡ ʠʣʨʵʣʠʡʥ ʥᴇʭʮᴇʣʜ ʘʪʦʤʳʛ ʪʫʩʛʘʘʨʣʘʭ ʩʫʜʘʣʛʘʘʛ 

ʵʥʵ ʪᴇʩʣᴇᴇʨ ʩʘʥʘʣ ʙʦʣʛʦʞ ʙʘʡʥʘ.תʥʵʤʣʵʭװʡ ʪʵʛ (ʧʨʘʢʪʠʢ ʜʵʵʨ ʰʠʥʛʵʥ ʛʝʣʠʵʨ ʭᴇʨʛᴇʭ 

ʙʦʣʦʤʞʪʦʡ ʥᴇʭʮᴇʣʜ ) ïʠʡʥ ʦʨʯʠʤʜ ʙᴇᴇʤʩʠʡʛ ʭʫʨʜʘʘʨ ʥʴ ʘʥʛʠʣʘʭ ʤʘʢʩʚʝʣʣʠʡʥ 

ʪʘʨʭʘʣʪʳʥ ʭʦʥʭ װװʩʵʭ ʙʘ ʪʵʜʥʠʡ ʜʝʙʨʦʠʣʠʘʥ ʜʦʣʛʠʦʥʫʫʜʳʥ ʭʦʦʨʦʥʜʦʭ ʟᴇʨװװ 

ʠʭɻʥʭʜʵʵ ʪʵʜʥʠʡ ʞʠʥʛʠʡʥ ʟᴇʨװװʛʵʵʨ ʪʦʜʦʨʭʦʡʣʦʛʜʦʞ ʵʭʵʣʜʵʛ. ʀʡʥʭװװ ʭʘʨʛʘʣʟʘʭ 

ʜʦʣʛʠʦʥʳ ʬʫʥʢʮʳʥ ʭʫʚʴʜ ʭʠʣʠʡʥ ʥᴇʭʮʣʠʡʛ ʭʘʥʛʘʞ ʙʘʡʭ ʰʘʘʨʜʣʘʛʳʥ ʫʣʤʘʘʩ ʭʦʸʨ 

ʵʥʝʨʛʠʡʥ ʩʘʘʜʳʛ ʪʫʫʣʘʭ ʷʥʟ ʙװʨʠʡʥ ʤʘʩʩʪʘʡ ʭʦʸʨ ʙᴇᴇʤʩʠʡʥ ʩʠʩʪʝʤʜ ʭʵʨʵʛʣʵʛʜʵʞ 

ʙʘʡʛʘʘ ʃʘʥʜʘʫʛʠʡʥ ʜʘʤʞʫʫʣʘʭ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʩʦʥʛʦʜʦʛ ʙʦʜʣʦʛʦ ʥʴ ʜʘʤʞʫʫʣʘʣʪʳʥ 

ʨʝʟʦʥʘʥʩʠʡʥ ʛʦʨʠʤ ᴇʛʜᴇʛ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʭʵʨʵʚ ʩʘʘʜʫʫʜʳʥ  ʭʦʦʨʦʥʜʦʭ ʟʘʡ ʥʴ 

ʜʝʙʨʦʠʣʠʘʥ ʫʨʪʘʜ ʭʫʚʘʘʛʜʜʘʛ ʙʦʣ ʩʘʘʜʘʥ ʩʠʩʪʝʤʵʵʩ ʛʘʨʘʭ ʙᴇᴇʤʠʡʛ ʠʣʨװװʣʵʭ 

ʤʘʛʘʜʣʘʣ ʠʣװװ ʠʭ ʙʘʡʭ ʙʦʣʥʦ. ʊʠʡʥʭװװ ʭᴇʥʛᴇʥ ʘʪʦʤʫʫʜʳʥ ʭʦʣʴʮʳʛ ʩʘʘʜʳʥ 

ʨʝʟʦʥʘʥʩʳʥ ʩʠʩʪʝʤʠʡʥ ʪʫʩʣʘʤʞʪʘʡ ʷʣʛʘʥ ʘʚʘʭ ʟʘʤʘʘʨ ʩʦʥʛʦʩʦʥ ʙװʨʵʣʜʵʭװװʥ 

ʭʵʩʛʠʡʥ ʭʫʚʴʜ ʭʘʨʴʮʘʥʛʫʡ ʠʭ ʥʵʛʞʠʡʥ ʭʫʚʘʘʛʜʣʳʥ ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʦʣʞ ʙʦʣʦʭ ʙʘ 

ʪװװʥʠʡ ʫʪʛʳʛ ʪʦʦʥ ʪʫʨʰʠʣʪʘʘʨ ʦʡʨʦʣʮʦʦʣʞ ʙʦʣʥʦ. ɾʠʰʵʵ ʥʴ, ʢʦʥʜʝʥʩʘʮʠʡʥ ʮʵʛʠʡʥ 

ʦʡʨʦʣʮʦʦ ʪʝʤʧʝʨʘʪʫʨʪ ʛʝʣʠ-ʛʝʣʠʡ ʩʠʩʪʝʤʠʡʛ ʛʝʣʠʡ ʛʝʣʠʦʥʳ ʩʠʩʪʝʤʠʡʥ 

ʷʣʛʘʨʫʫʣʘʣʪʳʥ ʭʫʴʜ  ʠʡʤ ʨʝʟʦʥʘʥʩʠʡʥ ʩʠʩʪʝʤ ʙʦʣʛʦʥ ʭʵʪ ʥʠʤʛʵʥ ʭʦʸʨ ʛʫʨʚʘʥ 

ʜʘʚʭʘʨʛʘʘʨ ʭʠʡʩʵʥ ʙʘʣʘʥ ʭʘʚʪʘʥʛ (ʵʥʵ ʩʠʩʪʝʤʜ ʭʘʚʪʘʥʛʫʫʜʳʥ ʭʦʦʨʦʥʜʦʭ ʟʘʡ ʥʴ 

ʜʫʥʜʘʞ ʜʫʣʘʘʥʳ ʭʫʨʜ ʙװʭʠʡ ʛʝʣʠʡʥ ʘʪʦʤʳʥ ʜʝʙʨʦʠʣʦʥ  ʜʦʣʛʠʦʥʳ ʫʨʪʪʘʡ ʷʛ ʪʘʘʨʜʘʛ) 

ʘʚʯ ʙʦʣʦʭʳʛ װʥʵʣʛʵʵʥװװʜ װʟװװʣʞ ʙʘʡʥʘ.     

 

ʕʥʵʭװװ ʪᴇʩᴇʣ ʥʴ HDT, He4-He3, Li6-Li7, Be8-Be9, B10-B11-ʠʡʥ ʮʦʛʮʫʫʜʘʘʨ 

ʜʘʤʞʠʭ ʰʫʫʜ ʪʦʦʥ ʟʘʛʚʘʨʯʣʘʣʳʛ ʩʘʥʘʣ ʙʦʣʛʦʞ ʙʘʡʥʘ. װתʥʜ: ɼʘʚʭʘʨʛʫʫʜ ʭʦʦʨʦʥʜʳʥ  

ʦʣʦʥ ʭʫʚʠʣʙʘʨʪ ʟʘʡʪʘʡ (ʭʵʪ ʭװʯʪʵʡ ʜʘʨʘʣʪʘʥʜ ʙʘʡʛʘʘ ʙʘʣʘʥ ʭʘʚʪʘʥʛʠʡʥ ʟʘʛʚʘʨ) C-C 

ʙʘ C = C ʭʦʣʙʦʦʩʳʥ (sp3 ʛʠʙʨʠʜʠʟʘʮʠʡʥ ʙʘʡʜʘʣʪʘʡ ʥʵʛʵʥ ʪᴇʨʣʠʡʥ ʥʵʛʜʵʣ ʜʵʭ 4 

ʚʘʣʝʥʪʪʘʡ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ 2S22P6 ʟʘʥʛʠʣʘʘʥʫʫʜ) ʛʘʜʥʘʭ ʦʨʙʠʪʘʣʠʫʜʳʥ ʙװʪʮʠʡʛ 

ʪʦʦʮʦʥ ʙʘʡʛʫʫʣʘʛʜʩʘʥ 3 ʵʥʛʠʡʥ ʵʩ ʙװʭʠʡ ʟʫʨʛʘʘʥ ᴇʥʮᴇʛʪ ʪʘʣʩʪ 2-3 ʘʪʦʤʳʥ 

ʜʘʚʭʘʨʛʫʫʜʪʘʡ ʟʘʛʚʘʨ ʩʠʩʪʝʤ,  ʭʘʨʛʘʣʟʘʭ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜʳʛ ʭʘʤʛʠʡʥ ʟᴇʚ 
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ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʩʪʘʮʠʦʥʘʨ 3-ʭʵʤʞʵʵʩʪ ʢʘʥʦʥʠʢ ʛʘʤʠʣʴʪʦʥʠʘʥʪʦʡ ʙʦʣʦʚʯ  

ʪʘʨʭʘʣʪʳʥ ʭװʯʠʡʛ ʪʦʦʮʩʦʥ ʭʦʩʦʣʩʦʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʥʠʡʣʤʵʣ ʧʦʪʝʥʮʠʘʣʪʘʡ 

ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʥ ʪʦʦʥ ʰʠʡʜʣʠʡʥ ʷʚʮʘʜ ʦʣʜʩʦʥ ʮʦʛʮʳʥ (ʙװʨʜʵʣ ʭʵʩʛʠʡʛ 

ʷʣʛʘʭ) ʜʵʜ ʩʠʩʪʝʤʜ ʭʘʨʛʘʣʟʘʭ ʜʦʣʛʠʦʥʳ ʬʫʥʢʮʫʫʜʳʛ ʘʰʠʛʣʘʭ ʙʦʣʥʦ. ʊʦʦʮʦʦʣʣʳʥ 

ʘʩʘʨ ʠʭ ʭʵʤʞʵʵʥʠʡ ʭװʥʜʨʵʣʪʵʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʦʨʦʥ ʟʘʡʥ ʧʦʪʝʥʮʠʘʣʳʥ 

ʭʫʚʘʘʨʠʣʘʣʪʳʥ ʭʘʤʛʠʡʥ ʥʘʨʠʡʥ ʪʦʦʮʦʦ ʥʴ ʟᴇʚʭᴇʥ ʘʪʦʤʳʥ ʭʦʣʴʮ ʯ ʙʠʰ (ʵʜʠʡʥ 

ʟʘʩʛʠʡʥ ʭʫʚʴʜ ʘʰʠʛʪʘʡ ʙʠʰ)  ʭʘʤʛʠʡʥ ʯʫʭʘʣ ʥʴ ʠʟʦʪʦʧʳʥ ʭʦʣʴʮʳʥ ʭʵʪ ʢʨʠʦʛʝʥʠʡʥ 

ʪʫʩʛʘʘʨʣʘʣʪʳʥ  ʢʨʠʩʪʘʣʣ ʙװʪʮʠʡʥ ʩʦʥʛʦʣʪʦʜ ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʘʪʘʡ ʭʘʤʛʠʡʥ 

ʥʘʡʜʚʘʨʪʘʡ װʨ ʜװʥʛ ᴇʛʜᴇʛ. 

ʍʦʣʴʮʳʛ ʠʟʦʪʦʧʦʦʨ ʙʘʷʞʫʫʣʘʭ ʰʠʥʵ ʘʨʛʳʛ ʩʫʜʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʙᴇʛᴇᴇʜ װװʥʜ: 

ʙʘʡʛʘʣʠʡʥ ʙʦʣʦʥ ʩʵʨʛʵʵʛʜʵʭ ʥᴇᴇʮ, ʪװװʥʠʡ ʟʦʭʠʩʪʦʡ ʭʵʨʵʛʣʵʵ ʶʤ.  

ʄʘʰ ʪᴇʩʪʵʡ ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙᴇᴇʤʩʠʡʛ ʩʘʣʛʘʭ ʥʴ ʟᴇʚʭᴇʥ ʨʝʟʦʥʘʥʩʳʥ 

ʥᴇʣᴇᴇʛᴇᴇʨ ʙʦʣʦʤʞʪʦʡ ʙʦʣʩʦʥ. 

ʐʠʥʵ ʙʘʡʛʘʣʴʜ ʵʵʣʪʵʡ ʫʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ-ʰװװʣʪװװʨ ʙװʪʵʵʭʪʵʡ ʭʦʣʙʦʦʪʦʡ 

ʩʫʜʘʣʛʘʘʥʫʫʜ ʥʴ ʘʰʠʛʪ ʤʘʣʪʤʘʣ,ʫʫʣ, ʫʫʨʭʘʡ, ʙʘʡʛʘʣʠʡʥ ʭʠʡ, ʮᴇʤʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ 

ʘʰʠʛʣʘʭ ʠʭ ʥᴇᴇʮʪᴇʡ ʆʍʋ, ʄʦʥʛʦʣ ʫʣʩʫʫʜʳʥ ʭʫʚʴʜ װʥʵʪʵʡ ʙװʪʵʵʛʜʭװװʥ ʛʘʨʛʘʥ ʘʚʘʭ 

ʙʦʣʦʤʞʠʡʛ ʙװʨʜװװʣʵʭ ʶʤ.  
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ʅʕɻɼתɻʕʕʈ ɹתʃʕɻ. ʉʋɼɸʃɻɸɸʅʓ ʊʆʁʄ 
 

1.1 ʐʠʡʜʚʵʨʣʵʭʵʵʨ ʟʦʨʴʞ ʙʫʡ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʫʫʨʴ ʘʩʫʫʜʣʳʥ 

ʪʦʜʦʨʭʦʡʣʦʣʪ 

ʊᴇʩʣᴇᴇʨ ʰʠʡʜʚʵʨʣʵʭʠʡʛ ʟʦʨʴʩʦʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʫʫʨʴ ʘʩʫʫʜʘʣ ʥʴ ʭʵʪ ʙʘʛʘ 

ʪʝʤʧʝʨʘʪʫʨʪ ʜʘʥ ʘʪʦʤʳʥ ʜʘʚʭʘʨʛʘʘʨ װװʩʛʵʛʜʩʵʥ ʵʥʝʨʛʠʡʥ ʩʘʘʜʳʥ ʩʠʩʪʝʤʵʵʨ 

ʪʫʥʥʝʣʵʥ ʰʠʛʰʠʣʪʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʠʟʦʪʦʧʳʛ ʪʫʩʛʘʘʨʣʘʭ ᴇᴇʨ ʘʨʛʳʛ 

ʙʦʣʦʚʩʨʫʫʣʘʭ ʷʚʜʘʣ ʶʤ. װתʥʠʡ ʪʫʣʜ ʠʟʦʪʦʧʳʥ ʪʫʩʛʘʘʨʣʘʭ ʧʨʦʮʝʩʩʠʡʥ װʥʜʩʵʥ 

ʩʫʜʘʣʛʘʘʛ ʢʦʤʧʴʶʪʝʨʠʡʥ ʟʘʛʚʘʨʯʣʘʣʘʘʨ ʛװʡʮʵʪʛʵʥʵ. ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʭʵʨʵʛʣʵʛʜʜʵʛ 

ʤʘʪʝʤʘʪʠʢʠʡʥ ʟʘʛʚʘʨʫʫʜ ʥʴ ʩʦʥʛʦʜʦʛ ʦʥʦʣ (ʦʥʦʣʳʥ ʬʠʟʠʢ) ʙʦʣʦʥ ʠʡʤ ʪᴇʨʣʠʡʥ 

ʘʩʫʫʜʣʫʫʜʳʥ ʪʦʦʥ ʰʠʡʜʣʠʡʥ (ʪʦʦʮʦʦʣʦʭ ʢʚʘʥʪ ʭʠʤʠ, ʪʦʦʮʦʦʣʦʭ ʤʦʣʝʢʫʣʳʥ 

ʜʠʥʘʤʠʢ) ʦʨʯʠʥ װʝʠʡʥ ʜʵʣʭʠʡʥ ʪʫʨʰʣʘʛʘʜ ʥʠʡʮʵʭ ʙʦʣʥʦ. 

 

ʉʫʜʘʣʛʘʘʥʳ ʮʘʛ װʝʵ ʦʣʩʦʥ ʙʘʡʜʘʣ 

 

ʆʨʯʠʥ װʝʜ ʛʝʣʠʦʥ ʥʴ ʭʘʣʫʫʥ ʮᴇʤʠʡʥ ʫʨʚʘʣʳʥ ʠʨʵʵʜװʡʪʵʡ ʪװʣʰ ʛʵʛʜʜʵʛ ʙᴇʛᴇᴇʜ 

ʦʥʦʣʳʥ ʭʫʚʴʜ ʃʦʫʩʝʥʘʛʠʡʥ ʰʠʥʞװװʨʵʵʨ ʠʣװװ ʪʘʘʪʘʡ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʛʵʞ 

ʪʦʦʮʦʛʜʜʦʛ. 

 ɻʝʣʠʡʥ ʘʪʦʤʫʫʜ ʥʴ 12 MeV-ʘʘʩ ʠʭ ʵʥʝʨʛʠ ʷʣʛʘʨʫʫʣʜʘʛ ʭʘʣʫʫʥ ʮᴇʤʠʡʥ ʩʠʥʪʝʟʠʡʥ 

ʫʨʚʘʣʜ ᴇᴇʨ ʭʦʦʨʦʥʜʦʦ ʙʦʣʦʥ ʜʝʡʪʝʨʠ ʵʩʚʵʣ ʪʨʠʪʠʪʘʡ ʦʨʦʣʮʜʦʛ ʪʫʣ ʦʥʦʣʳʥ ʭʫʚʴʜ 

ʭװʥ ʪᴇʨᴇʣʭʪᴇʥʠʡ ʵʥʝʨʛʠʡʥ ʭʵʨʵʛʮʵʵʥʠʡ ʠʭʵʥʭ ʭʵʩʛʠʡʛ ʭʘʥʛʘʭʘʜ  ʭʵʨʵʛʣʵʭ ʙʦʣʦʤʞʠʡʛ 

ʦʣʛʦʜʦʛ.  

ɻʵʚʯ ʪװװʥʠʡ ʭʵʨʵʛʣʵʵʛ ʭʷʟʛʘʘʨʣʘʭ ʭװʯʠʥ ʟװʡʣʩװװʜ ʙʘʩ ʙʠʡ. ʍʘʤʛʠʡʥ ʛʦʣ ʥʴ ʛʝʣʠʦʥ 

ʘʛʫʫʣʩʘʥ ʭʫʫʨʘʡ ʛʘʟʨʳʥ ʥᴇᴇʮ ʶʤ. ʕʥʵ ʥʴ ʟᴇʚʭᴇʥ ʦʡʨʦʣʮʦʦʛʦʦʨ 45 ʪʵʨʙʫʤ ʢʫʙ ʤʝʪʨ 

ʶʤ. ɻʘʟʘʨ ʜʵʵʨʭ ʪװװʥʠʡ ʠʣʨʵʣ ʥʴ ʜʵʣʭʠʡ װװʩʩʵʥʠʡ ʜʘʨʘʘʭ ʘʥʭʜʘʛʯ ʙʦʜʠʩʳʥ ʥᴇᴇʮ 

ʙʠʰ ʭʘʨʠʥ ʦʜʦʦ ʙʘʡʛʘʘ ʮʘʮʨʘʛ ʠʜʵʚʭʪ ʵʣʝʤʝʥʪʠʡʥ ʜʠʡʣʵʥʭ ʭʵʩʛʠʡʥ  ʘʣʴʬʘ 

ʙᴇᴇʤʩʠʡʥ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʛʝʣʠʡʥ ʮᴇʤʠʡʥ ʪʫʩʛʘʘʨʣʘʣʪʪʘʡ ʭʦʣʙʦʦʪʦʡ ʟʘʜʨʘʣ ʶʤ.    

ʆʨʯʠʥ װʝʜ ɹʅʍɸʋ ʩʘʨʘʥ ʜʵʵʨʵʵʩ ʛʝʣʠʦʥʳʛ ʦʣʙʦʨʣʦʭ ʭᴇʪᴇʣʙᴇʨʠʡʛ ʭʵʨʵʛʞװװʣʞ 

ʙʘʡʛʘʘʛ ʜʵʣʭʠʡ ʥʠʡʪ ʤʵʜʵʭ ʙʠʣʵʵ. ɻʵʚʯ ʞʠʥʭʵʥʵʜʵʵ ʛʝʣʠ ʙʘ ʛʝʣʠʦʥʳ ʰʘʚʭʘʛʜʘʰʛװʡ 

ʵʭ װװʩʚʵʨ ʙʦʣ ʥʘʨʥʳ ʘʡʤʛʠʡʥ ʭʠʡʥ ʩʫʧʝʨ ʘʚʘʨʛʘ ɹʘʨʭʘʩʙʘʜʴ, ʉʘʥʯʠʨ ʛʘʨʠʛʫʫʜ ʶʤ.  

ʀʨʵʵʜװʡʜ ʘʰʠʛʪ ʤʘʣʪʤʘʣʳʥ ʦʣʙʦʨʣʦʣʪʳʥ ʦʨʛʠʣ ʥʴ  ʵʭ ʜʵʣʭʠʡʛʵʵʩ ʭʘʣʴʞ ᴇʨʛᴇʞʠʭ 

ʥʴ ʛʘʨʮʘʘʛװʡ ʙʦʣʦʚʯ ʩʘʨʥʳ ʛʘʜʘʨʛʫʫ ʙʘ  ʖʧʠʪʝʨʠʡʥ ʪʦʡʨʦʛ ʦʨʯʤʦʦʩ ʙʘʡʛʘʣʠʡʥ ʭʠʡʥ 
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ʜʘʭʠʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ װʡʣʜʚʵʨʪ ʛʝʣʠʦʥʳʛ ʭʠʯʥʵʵʥ ʛʘʨʛʘʞ ʘʚʩʘʥ ʯ ʪװװʥʠʡʛ 

ʪʫʩʛʘʘʨʣʘʭ װʨ ʜװʥʪʵʡ ʪʝʭʥʦʣʦʛʠʪʦʡ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ.  

ᴆʥᴇᴇ װʝʜ ʙװװʨ ʜʵʣʭʠʡʥ 2-ʨ ʜʘʡʥʳ װʝʜ ʙʦʣʦʚʩʨʫʫʣʩʘʥ  ʠʟʦʪʦʧ ʷʣʛʘʭ ʪʝʭʥʦʣʦʛʠʡʛ 

ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʞ ʙʘʡʥʘ.   ʕʥʵ ʪʝʭʥʦʣʦʛʠ ʥʴ ʭʠʡʥ ʙʘʡʜʘʣʪʘʡ ʭʦʣʴʮʦʜ ʮʝʥʪʨʠʬʫʛʠʡʛ 

ʘʰʠʛʣʘʥ ʮʝʥʪʨʠʬʫʛʠʡʥ ʪʫʥʘʜʘʩʞʠʣʪ  ʩʫʫʨʠʣʜʘʛ.  

ʕʜʛʵʵʨ ʘʨʛʫʫʜ ʥʴ ʠʟʦʪʦʧ װʡʣʜʚʵʨʣʵʭ ʩʪʨʘʪʝʛʠʡʥ ʘʩʫʫʜʣʳʛ ʰʠʡʜʜʵʛ ʙʦʣʦʚʯ ʵʨʯʠʤ 

ʭװʯʥʠʡ ʭʵʨʵʛʣʵʵ ʠʭʪʵʡ, ʪװʣʰʥʠʡ װʡʣ ʷʚʮʳʥ EROEI-ʠʡʛ ʵʨʩ ʙʘʛʘʩʛʘʜʘʛ. ʍʵʜʠʡʛʵʵʨ 

ʮʝʥʪʨʠʬʫʛʠʡʥ ʪʫʥʘʜʘʩʞʠʣʪʠʡʥ ʭʫʚʴʜ ʫʨʘʥ-235 ʙʘ ʫʨʘʥ-238-ʠʡʛ ʙʦʜʚʦʣ ʤʘʩʩʳʥ ʤʘʰ 

ʠʭ ʟᴇʨװװʛʵʵʩ ʭʘʤʘʘʨʘʥ ɻʝʣʠ 4 ʙʘ ʛʝʣʠ 3-ʳʥ ʤʘʩʩʳʥ ʭʘʨʴʮʘʘ ʥʴ ʭʘʚʴʛװʡ ʠʣװװ  

ʪʘʘʪʘʡ ʯ ʪʫʩʛʘʘʨʣʘʭ ʧʨʦʮʝʩʩʠʡʛ ʭʵʨʵʛʞװװʣʵʭ ʵʨʯʠʤ ʭװʯʥʠʡ ʟʘʨʮʫʫʣʘʣʪ ʘʨʘʡ ʙʘʛʘʪʘʡ 

ʘʨʛʫʫʜ ʙʠʡ ʛʵʞ ʟʦʭʠʦʛʯʠʜ װʟʵʞ ʙʘʡʛʘʘ ʶʤ.  

ʃʘʟʝʨʳʥ ʛʘʜʘʨʛʫʫʛ ʘʰʠʛʣʘʥ ʠʟʦʪʦʧ ʪʫʩʛʘʘʨʣʘʭ ʘʨʛʫʫʜ ʙʘʩ ʙʘʡʜʘʛ ʙʦʣʦʚʯ ʵʥʵ ʘʨʛʘʘʨ 

ʛʘʨʛʘʞ ʘʚʩʘʥ ʠʟʦʪʦʧʳʥ EROEI ʛʘʜʘʨʛʫʫ ʜʵʵʨ ʛʘʜʘʨʛʳʥ ʙʦʣʦʥ ʤʦʥʦʭʨʦʤʘʪʳʥ 

ʮʘʮʨʘʛʠʡʥ ʵʭ װװʩʚʵʨװװʜʠʡʥ (ʭʵʜ ʭʵʜʵʥ ʭʫʚʴ) װʨ ʥᴇʣᴇᴇʪʵʡ ʙʘʡʜʘʣ ʥʴ ʭʷʟʛʘʘʨʣʘʛʜʤʘʣ 

ʙʘʡʜʘʛ. 

ᴆʥᴇᴇʜᴇʨ ʠʟʦʪʦʧʳʥ ʪʫʩʛʘʘʨʣʘʣʪʳʥ ʘʩʫʫʜʘʣ ʫʣʘʤ ʙװʨ ʭʫʨʮʘʘʨ ʪʘʚʠʛʜʘʞ ʙʘʡʥʘ. ʋʯʠʨ 

ʥʴ ʪװʣʰʥʠʡ (ʛʘʟʨʳʥ ʪʦʩ, ʙʘʡʛʘʣʠʡʥ ʭʠʡ, ʥװװʨʩ) ʫʣʘʤʞʣʘʣʪ ʵʭ װװʩʚʵʨװװʜ ʥʴ ʜʵʣʭʠʡ 

ʜʘʭʠʥʜ ʪʘʨʭʩʘʥ ʜʝʢʘʨʙʦʥʠʘʮʠʡʥ ʭᴇʪᴇʣʙᴇʨʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʮᴇʤʠʡʥ ʙʦʣʦʥ ʩʵʨʛʵʵʛʜʵʭ 

ʵʨʯʠʤ ʭװʯʠʥʜ ʘʘʞʤʘʘʨ ʟʘʡʛʘʘ ʪʘʚʴʞ ᴇʛʯ ʙʘʡʥʘ. ʊʝʨʤʦʩʪʘʪ ʵʨʯʠʤ ʭװʯʥʠʡ ʰʠʥʞʣʵʭ 

ʫʭʘʘʥʳ ʜʵʚʰʠʣ ʭᴇʛʞʠʣ ʥʴ ʫʣʘʤʞʣʘʣʪ U235-U238 ʪᴇʜʠʡʛװʡ He4-He3 ʛʵʭ ʤʵʪ 

ʠʟʦʪʦʧʳʥ ʙʘʷʞʫʫʣʘʭ ʪʝʭʥʦʣʦʛʠʡʛ ʭᴇʛʞװװʣʵʭʠʡʛ ʰʘʘʨʜʜʘʛ. 

 

ʕʥʵ ʯʠʛʣʵʣʵʵʨ ʩʫʜʘʣʛʘʘ ʷʚʫʫʣʞ ʙʘʡʛʘʘ ᴇʥᴇᴇʛʠʡʥ ʙʘʡʜʘʣʜ ʭʠʡʩʵʥ ʜװʥ 

ʰʠʥʞʠʣʛʵʵ (ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʥʦʤ ʭʵʚʣʵʣʜ ʛʘʨʩʘʥ ʥʠʡʪʣʵʣװװʜʵʵʩ ʵʰ ʪʘʪʘʥ ʵʥʵ 

ʩʘʣʙʘʨʪ ʭʠʡʛʜʩʵʥ ʩʫʜʘʣʛʘʘʥ  rʪʦʡʤrʛ ʭʘʨʫʫʣʘʚ)  

 

ʕʥʵ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʤʦʥʦʘʪʦʤrʥ ʜʘʚʭʘʨʛʫʫʜ ʙʫʶʫ ʤʦʣʝʢʫʣʳʥ ʩװʚʵʨʭʵʛ ʙװʪʮʵʵʨ 

ʩʩʵʥ ʵʥʝʨʛʠʡʥ ʭʘʘʣʪʫʫʜʳʥ ʩʠʩʪʝʤ ʘʰʠʛʣʘʥ ʛʝʣʠʦʥ rװװ ʘʪʦʤʳʛ ʩʦʥʛʦʭ ʪʫʥʥʝʣʵʥ 

ʜʘʤʞʫʫʣʘʣʪʘʘʨ ʪʘʪʘʭ ʘʩʫʫʜʣʳʥ ʩʦʥʠʨʭʦʣʪʦʡ ʪʘʣʳʛ ʩʫʜʣʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʩʘʥ. 

ᴆʤʥᴇ ʥʴ ʩʫʙʥʘʥʦ ʥװʭɻʵʨ  ʛʝʣʠʡʥ ʘʪʦʤʫʫʜ ʥʵʚʯʠʥ ᴇʥʛᴇʨᴇʭ ʤʘʪʝʤʘʪʠʢʠʡʥ 

ʟʘʛʚʘʨʯʣʘʣʳʥ װʨ ʜװʥʛʵʵʨ  ʪװװʥʠʡ ʥʠʡʣʤʵʣ ʩʘʘʜʘʘʨ ʜʘʤʞʠʥ ᴇʥʛᴇʨᴇʭ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʴ ʠʞʠʣ ʙװʪʵʮʪʵʡ ʥʵʛ ʩʘʘʜʳʛ ᴇʥʛᴇʨᴇʭᴇᴇʩ ʠʣװװ ʙʘʡʞ ʙʦʣʦʭ ʪʦʛʪʦʦʛʜʩʦʥ ʙʠʣʵʵ [1]. ʕʥʵ 
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ʥʴ ʙʠʜʥʠʡʛ ʛʝʣʠʡʛ ʙʦʜʚʦʣ ʛʝʣʠʦʥʳ ʭʫʚʴʜ ʠʣװװ ᴇʥʜᴇʨ ʜʘʤʞʫʫʣʘʭ ʢʦʵʬʬʠʮʠʝʥʪʪʵʡ 

ʥʠʡʣʤʵʣ ʩʘʘʜʳʛ װװʩʛʵʭ ʙʦʣʦʤʞʪʦʡ ʛʵʩʵʥ ʜװʛʥʵʣʪʵʜ ʭװʨʛʵʞ ʙʘʡʥʘ. 

ʕʭʥʠʡ ʟʘʨʯʠʤʜ ʪʫʣʛʫʫʨʣʘʩʘʥ ʪʦʦʮʦʦʣʣʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʛʨʘʬʝʥʳ ʥʠʪʨʠʜ (r-

C3N4) ʥʴ H2, N2, CO, ʙʘ CH4 ʘʛʫʫʣʩʘʥ ʭʦʣʴʮʫʫʜʘʘʩ ʛʘʜʥʘ ʛʝʣʠʡʥ Ne ʙʘ Ar ʪʘʡ 

ʭʠʡʥװװʜʵʵʩ ʛʝʣʠʡʛ ʷʣʛʘʭʘʜ ʥʴ ʠʣװ װװʨ ʜװʥʪʵʡ ʙʦʣʦʭʳʛ [2]-ʪ ʭʘʨʫʫʣʩʘʥ. ʄᴇʥ 3He / 4He 

ʭʦʣʴʮʳʛ ʢʚʘʥʪ ʰʠʛʰʠʣʪʵʵʨ 49 ʂ-ʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ ʪʫʩʛʘʘʨʣʘʣʪʳʥ ʪװʚʰʠʥʛ 18 ʥʵʛʞ 

ʭװʨʛʵʞ ʙʦʣʦʭʳʛ ʪʦʦʮʦʦʣʣʳʥ ʘʨʛʘʘʨ ʭʘʨʫʫʣʩʘʥ  r-C3N4 ʤʝʤʙʨʘʥ ʠʭʵʵʭʵʥ ʩʦʥʠʨʭʦʣ 

ʪʘʪʘʞ ʙʘʡʥʘ. 

[3] -ʜ ʭʠʤʠʡʥ ʫʨʚʘʣʳʥ ʷʚʮʳʥ ʜʠʥʘʤʠʢʠʡʛ ʪʦʦʮʦʦʣʦʣ ʘʰʠʛʣʘʭ ʘʨʛʫʫʜʳʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʥʴ, ʪʫʥʥʝʣ ʘʰʠʛʣʘʭʳʛ ʦʨʫʫʣʘʥ, ʭʠʤʠʡʥ װʟʵʛʜʣʠʡʥ ʪʘʣʘʘʨʭ ʙʠʜʥʠʡ 

ʦʡʣʛʦʣʪʳʛ ʩʘʡʞʨʫʫʣʜʘʛ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ.  ʍʠʤʠʡʥ ʫʨʚʘʣʳʥ ʭʫʨʜʥʳ ʪʘʣʘʘʨʭ 

ʤʵʜʣʵʛ ʥʴ ʭʠʤʠʡʥ ʛʦʣ ʩʵʜʵʚ ʶʤ. ɻʵʩʵʥ ʯ ʢʚʘʥʪ ʠʜʵʚʭʞʠʣʠʡʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʵʚʠʡʥ 

ʙʘʡʜʣʘʘʩʘʘ ʪᴇʣᴇʚ ʙʘʡʜʘʣ ʥʴ ᴇᴇʨʯʣᴇʛʜʜᴇʛ ʫʨʚʘʣʳʥ ʪʦʦ ʥʵʤʵʛʜʵʞ ʙʘʡʥʘ. ɹᴇᴇʤʩʠʡʥ 

ʜʦʣʛʠʦʥʳ ʭʦʸʨʜʤʦʣ ʙʘʡʜʣʘʘʩ ʪʫʥʥʝʣʠʡʥ ʥᴇʣᴇᴇ װװʩʜʵʛ.  ɼʘʚʘʥ ʪʫʫʣʘʭ ʯʘʜʚʘʨʪʘʡ 

ʵʩʵʭʵʵʩ װʣ ʭʘʤʘʘʨʘʥ ʙʦʣʦʤʞʠʪ ʩʘʘʜʥʳ ʥᴇʛᴇᴇ ʪʘʣʜ ʙᴇᴇʤʩ ʦʣʜʦʭ ʤʘʛʘʜʣʘʣ װʨʛʵʣʞ 

ʙʘʡʜʘʛ. ʊʠʡʤʵʵʩ ʜʵʵʨʭ ʩʘʘʜ ʜʵʵʛװװʨ ʰʠʣʞʠʭ (ʩʦʥʛʦʜʦʛ ʰʠʣʞʠʣʪʠʡʥ) ʙʦʣʦʥ ʩʘʘʜʳʥ 

ʜʫʥʜʫʫʨ ʪʫʥʥʝʣʵʵʨ ʥʵʚʪʨʵʭ (ʢʚʘʥʪʤʝʭʘʥʠʢʠʡʥ ʰʠʣʞʠʣʪ) ʰʠʣʞʠʣʪʠʡʥ ʭʦʦʨʦʥʜ 

ʭʠʤʠʡʥ ʫʨʚʘʣ ʷʚʘʛʜʘʭ ʟʘʤʳʛ ʩʦʥʛʦʭʦʜ ᴇʨʩᴇʣʜᴇᴇʥ װװʩʯ ʙʦʣʦʭ ʶʤ. ʋʨʴʜʯʠʣʘʥ 

ʪʘʘʤʘʛʣʘʣʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʫʨʚʘʣʳʥ ʭʫʨʜʳʛ ʭʷʥʘʭ ʘʩʫʫʜʣʳʥ ʭʫʚʴʜ ʩʘʘʜʳʥ ᴇʨʛᴇʥ 

ʥʴ (ʮᴇʤʠʡʥ ʩʘʘʜʳʛ ʜʘʚʘʥ ʪʫʫʣʘʭ ʟʘʡ) ʪװװʥʠʡ ʭʠʤʠʡʥ װʡʣ ʷʚʮʳʥ ʠʜʵʚʭʞʠʣʠʡʥ 

ʵʥʝʨʛʠʵʩ ʠʣװװ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʙʘʡʞ ʙʦʣʦʭ ʶʤ.  

ʉʦʥʛʦʜʦʛ ʙʘ ʢʚʘʥʪ ʤʝʭʘʥʠʢ ʪʦʭʠʦʣʜʣʳʛ ʷʣʛʘʭ ʛʦʣ ʦʥʮʣʦʛ ʥʴ ʪʝʤʧʝʨʘʪʫʨʘʘʩ 

ʭʘʤʘʘʨʘʭ ʫʨʚʘʣʳʥ ʭʫʨʜʥʳ ʭʘʤʘʘʨʘʣ ʶʤ. ʉʦʥʛʦʜʦʛ ʪʦʭʠʦʜʦʣ ʥʴ ʪʝʤʧʝʨʘʪʫʨʘʘʩ 

(Arrhenius ʭʘʤʘʘʨʘʣ) ʭװʯʪʵʡ ʭʘʤʘʘʨʜʘʛ ʙʦʣ ʵʭʥʠʡ ʦʡʨʪʦʣʪʦʦʨ ʪʫʥʥʝʣʠʡʥ ʘʨʛʘ ʥʴ 

ʪʝʤʧʝʨʘʪʫʨʘʘʩ ʭʘʤʘʘʨʘʭʛװʡ ʶʤ.  ʊʫʥʥʝʣʠʡʥ ʥᴇʣᴇᴇ ʟᴇʚʭᴇʥ ʢʨʠʦʛʝʥʠʡʥ ʪʝʤʧʝʨʘʪʫʨʪ 

ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʛʵʜʵʛ ʙʫʨʫʫ ʦʡʣʛʦʣʪ ʥʠʡʪʣʵʛ ʙʘʡʜʘʛ. ʆʨʯʠʥ װʝʜ ʪʫʥʝʣʠʡʥ 

ʥᴇʣᴇᴇʥʠʡ ʭʫʚʴ ʥʵʤʵʨ ʥʴ ʪʘʩʘʣʛʘʘʥʳ ʪʝʤʧʝʨʘʪʫʨʪ ʯ ʤʵʜʵʛʜʵʭװʡʮ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ 

ʙʦʣʦʭʳʛ ʪʦʛʪʦʦʞʵʵ. 

[4] -ʜ ʩʘʘʜʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʢʚʘʥʪ ʤʝʭʘʥʠʢ ʰʠʣʞʠʣʪʠʡʥ ʘʩʫʫʜʣʳʥ ʪʦʦʥ ʰʠʡʜʣʠʡʛ 

ʘʚʯ װʟʜʵʛ. ʕʥʵ ʰʠʡʜʵʣ ʥʴ ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʜʘʛ. ʉʘʥʘʣ 

ʙʦʣʛʦʞ ʙʫʡ ʘʨʛʳʛ ʟʘʨʠʤ ʪʘʩʘʣʜʣʳʥ ʙʦʣʦʤʞʠʪ ʪʘʨʭʘʣʪ ʜʵʵʨ ʪʫʨʰʠʞ װʟʩʵʥ. ʂʚʘʜʨʘʪ 

ʩʘʘʜ ʙʦʣʦʥ ʮʦʦʥʦʛʠʡʥ ʪʦʦʮʦʦʣʣʳʥ װʨ ʜװʥ ʥʴ ʜʘʤʞʫʫʣʘʣʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪ (ʢʚʘʜʨʘʪ 

ʩʘʘʜ ʜʦʪʦʨʭ) -ʳʥ ʭʵʣʙʵʣʟʣʠʡʥ ʪᴇʣᴇʚ ʙʦʣʦʥ ʭʘʨʛʘʣʟʘʭ ʨʝʟʦʥʘʥʩ ʰʠʣʞʠʣʪװװʜʠʡʛ 



 
 

27 

ʦʨʫʫʣʘʥ ʪʦʦʮʩʦʥ ʥʘʨʠʡʥ ʪʦʦʮʦʦʣʦʣʪʦʡ ʪʦʭʠʨʯ ʙʘʡʛʘʘ ʶʤ. ʉʘʘʜʳʥ ʫʨʜ ʪʘʣʜʘʭ 

ʭʵʣʙʵʣʟʵʣ ʥʴ ʩʘʘʜʳʥ ʘʨ ʪʘʣʜʘʭ ʷʚʞ ᴇʥʛᴇʨʩᴇʥ ʜʦʣʛʠʦʥʳ ʭʘʚʪʛʘʡ ʪᴇʣʚᴇᴇʩ ʷʣʛʘʘʪʘʡ 

ʥʴ ʫʥʘʞ ʙʫʡ ʙʦʣʦʥ ʦʡʞ ʙʫʡ ʙᴇᴇʤʩʠʡʥ  ʭʦʦʨʦʥʜʦʭ ʭᴇʥʜʣᴇʥʛʠʡʥ ʥᴇʣᴇᴇʣʣᴇᴇʩ װװʜʵʣʪʵʡ. 

[5]-ʜ 3He / 4He, H2 / D2, H2 / T2 ʭᴇʥʛᴇʥ ʠʟʦʪʦʧʳʥ ʪʫʩʛʘʘʨʣʘʣʪ ʥʴ ʠʟʦʪʦʧʳʥ ʰʦʰʛʦ, 

ʮᴇʤʠʡʥ ʫʨʚʘʣ, ʢʨʠʦʛʝʥʥʳ ʙʦʣʦʚʩʨʫʫʣʘʣʪ, ʵʨʯʠʤ ʭװʯ װʡʣʜʚʵʨʣʵʭ ʟʵʨʵʛ ʪᴇʨᴇʣ ʙװʨʠʡʥ 

ʜʵʚʰʠʣʪʵʪ ʪʝʭʥʦʣʦʛʠʜ ʤʘʰ ʯʫʭʘʣ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʶʤ. ʆʥʦʣʳʥ ʩʫʜʘʣʛʘʘʛʘʘʨ ʢʚʘʥʪ 

ʰʠʛʰʠʣʪʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʥʠʪʨʠʪʵʵʨ ʭʠʡʛʜʩʵʥ ʩװʚʵʨʭʵʛ ʛʨʘʬʝʥ 

ʤʘʪʝʨʠʘʣʳʛ ʘʰʠʛʣʘʥ 3He / 4He-ʳʛ װʨ ʘʰʠʛʪʘʡʛʘʘʨ ʪʫʩʛʘʘʨʣʘʞ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʞʵʵ. 

ɹʘʛʘ ʟʵʨʵʛ ʜʝʬʦʨʤʘʮʠʡʥ ʫʣʤʘʘʩ ʵʥʵ ʤʘʪʝʨʠʘʣʘʘʩ ʤʝʤʙʨʘʥʳ ʪʘʨʭʘʣʪʳʛ 

ʪʦʭʠʨʫʫʣʘʭʳʥ ʪʫʣʜ 3He / 4He-ʠʡʥ ʪʫʩʛʘʘʨʣʘʭ ᴇʥʜᴇʨ ʩʦʥʛʦʣʪʪʦʡ ʤᴇʥ ʠʟʦʪʦʧʳʛ װʨ 

ʜװʥʪʵʡ ʮʫʛʣʫʫʣʘʭʘʜ ʘʰʠʛʣʘʜʘʛ ᴇʥʜᴇʨ ʥʵʚʯʠʣʪʪʵʡ ʭʘʘʣʪ ʙװʭʠʡ ʪʝʤʧʝʨʘʪʫʨʘʥ ʮʦʥʭ 

 .ʩʛʵʞ ʙʦʣʥʦװװ

[6] -ʜ H2 / T2, 3He / 4He, CH4 / CD4, H2 / HD ʛʵʩʵʥ ʭʦʣʴʮʳʛ ʩʫʜʣʘʚ. ʅʘʥʦ ʥװʭװװʜʵʜ 

ʢʚʘʥʪ ʰʠʛʰʠʣʪʵʵʩ ʪʵʛ ʜʘʨʘʣʪʳʥ װʝʜ ʩʦʥʛʦʣʪr ʛ ʪʦʦʮʦʦʣʦʭ ʵʥʛʠʡʥ ʦʥʦʣʳʛ װʟװװʣʵʚ. 

ʀʟʦʪʦʧ ʙʘ ʥʘʥʦ ʭʦʦʣʦʡʥʫʫʜʳʥ ʭʦʦʨʦʥʜʦʭ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʭʫʚʴʜ ʙʦʜʠʪʦʡ, װʥʵʥ 

ʟᴇʚ ʧʦʪʝʥʮʠʘʣʫʫʜ ʘʰʠʛʣʘʛʜʩʘʥ ʙʠʣʵʵ. ʕʥʛʠʡʥ ʦʥʦʣ ʙʦʣʦʥ ʥʘʨʠʡʚʯʠʣʩʘʥ 

ʪʦʦʮʦʦʣʣʳʥ ʭʦʦʨʦʥʜ ʩʘʡʥ ʥʠʡʮʵʣ ʛʘʨʛʘʞ ʘʚʩʘʥ ʶʤ. 

[7]-ʜ ʤʦʣʝʢʫʣ ʜʠʥʘʤʠʢʠʡʥ ʟʘʛʚʘʨʯʣʘʣ, ʄʦʥʪʝ ʂʘʨʣʦʛʠʡʥ ʘʨʛʘ ʙʘ 30-150 ʂ 

ʪʝʤʧʝʨʘʪʫʨʳʥ ʠʥʪʝʨʚʘʣʜ ʮʝʦʣʠʪ ʜʦʪʦʨ ʫʩʪᴇʨᴇʛʯ ʙʦʣʦʥ ʜʝʡʪʠʫʤʳʥ ʰʠʥʛʵʵʣʪ, 

ʪʘʨʭʘʣʪʳʛ ʩʫʜʣʘʭʳʥ ʪʫʣʜ ʥʝʡʪʨʦʥʳ ʪʘʨʭʘʣʪʳʥ ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜʣװװʜ ʘʰʠʛʣʘʛʜʩʘʥ 

ʙʘʡʥʘ. ʂʚʘʥʪ ʟʘʣʨʫʫʣʛʘʜ ʟʦʨʠʫʣʩʘʥ ʌʝʡʥʤʘʥ ï ʍʠʙʙʩʠʡʥ ʦʣʦʥ ʭʫʚʠʣʙʘʨʪ  ʷʣʛʘʘʪʘʡ 

ʘʨʛʳʥ ʭװʨʵʵʥʜ ʘʰʠʛʣʘʞ ʙʦʣʦʭʫʡʮ ʫʩʪᴇʨᴇʛʯʠʡʥ ʙʦʣʦʤʞʠʪ ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʰʠʥʵ 

ʮʫʛʣʫʫʣʛʳʛ ʩʘʥʘʣ ʙʦʣʛʦʞ ʙʘʡʥʘ . ɹʘʛʘ ʪʝʤʧʝʨʘʪʫʨʳʥ װʝʜ ʠʟʦʪʦʧʳʥ ʜʘʤʞʫʫʣʘʣʪʘʥʜ 

ʢʚʘʥʪ ʠʜʵʚʭʞʠʣ ʤʵʜʵʛʜʵʭװʡʮ ʥᴇʣᴇᴇ װʟװװʣʵʭʠʡʛ ʪʦʦʮʦʦʣʣʫʫʜʘʘʨ ʭʘʨʫʫʣʥʘ . 

[8] ʜʫʛʘʘʨ ʠʣʪʛʵʣʜ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʮʝʦʣʠʪ ʤʝʤʙʨʘʥʘʘʨ ʜʘʤʞʫʫʣʘʥ ʫʩʪᴇʨᴇʛʯ ʙʘ 

ʜʝʡʪʝʨʠʡʥ ʤʦʣʝʢʫʣ ʰʠʛʰʠʣʪʠʡʥ ʪʫʭʘʡ ʥʠʡʪʣʵʛʜʩʵʥ. ʂʚʘʥʪʳʥ ʥᴇʣᴇᴇʛ ʭʘʤʘʨʩʘʥ 

ʘʪʦʤʳʥ ʟʘʛʚʘʨʳʛ ʌʝʡʥʤʘʥ ï ʍʠʙʙʩʠʡʥ ʘʨʛʘ ʘʰʠʛʣʘʛʜʘʥʘ. ɹʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪʘʡ װʝʜ 

ʪʘʨʭʘʣʪʳʥ ʫʨʚʫʫ ʢʠʥʝʪʠʢ ʥᴇʣᴇᴇ װװʩʜʵʛ ʙᴇʛᴇᴇʜ ʭװʥʜ ʠʟʦʪʦʧ, ʜʝʫʪʝʨʠʫʤ ʥʴ 

ʫʩʪᴇʨᴇʛʯᴇᴇʩ ʭʫʨʜʘʥ ʪʘʨʭʜʘʛ. 65 ʂ ʪʝʤʧʝʨʘʪʫʨʪ ʪʘʨʭʘʣʪʳʥ ʩʦʥʛʦʣʪ 46 ʥʵʛʞʠʜ ʭװʨʜʵʛ 

ʙʘʡʥʘ. 

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ 50-70 ʂ-ʠʡʥ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʭʵʪ ʥʠʤʛʵʥ ʥʘʥʦ ʥװʭʪ ʙװʪʮʵʵʨ 

ʭᴇʥʛᴇʥ ʭʠʡʥ ʠʟʦʪʦʧʫʫʜʳʛ ʜʘʤʞʫʫʣʘʭʳʥ ʪʫʣʜ  ʪʫʥʥʝʣʠʡʥ װʨ ʥᴇʣᴇᴇ ʙװʭʠʡ ʵʥʝʨʛʠʡʥ 

ʩʘʘʜʘʘʨ ʜʦʣʛʠʦʥʳ ʜʘʤʞʠʭ ʦʥʦʣʳʛ ʠʜʵʚʭʠʪʵʡ ʘʰʠʛʣʘʞ ʠʨʩʵʥ. ʕʥʵ ʦʥʦʣ ʥ ɹ ʥɻ ʛ 
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ʭʵʤʞʵʵʩʪ ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʥ ʥʘʨʠʡʥ ʰʠʡʜʣʠʡʥ ʞʠʰʵʵʥװװʜʠʡʛ ʭʘʨʫʫʣʩʘʥ 

ʃ.ɼ.ʃʘʥʜʘʫ, ɽ.ʄ.ʃʠʬʰʠʮʠʡʥ ʥʦʤʦʥʜ  ʥʠʡʪʣʵʛʜʩʵʥ ʙʘʡʥʘ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʵʥʵʭװװ 

ʵʥʛʠʡʥ ʙᴇʛᴇᴇʜ װʨ ʜװʥʪʵʡ ʦʥʦʣ ʥʴ ʜʘʚʪʘʛʜʘʭ ʰʠʥʞ ʯʘʥʘʨʳʛ ʭʘʨʫʫʣʩʘʥ ʥʠʡʣʤʵʣ 

ʩʘʘʜʳʛ ʜʘʚʘʭ ʜʦʣʛʠʦʥʳʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʘʰʠʛʣʘʛʜʘʘʛװʡ ʙʘʡʩʘʥ ʶʤ. 

[9] -ʜ 1D ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʰʠʡʜʩʵʥʠʡ װʨ ʜװʥʜ ʝʨᴇʥʭʠʡ ʭʵʣʙʵʨʠʡʥ 

ʭʘʘʣʪʘʘʨ ʤʘʩʩʳʛ ʰʠʣʞװװʣʵʭ ʢʦʵʬʬʠʮʠʝʥʪװװʜ ʦʣʜʩʦʥ. ʂʦʤʧʴʶʪʝʨ ʜʵʵʨ 

ʘʣʛʦʨʠʪʤʠʡʛ ʭʵʨʵʛʞװװʣʵʭ ʘʨʛʳʛ ʪʘʥʠʣʮʫʫʣʩʘʥ ʙʦʣʥʦ. ʕʥʵ ʘʨʛʘ ʥʴ ʪʵʛʰ ᴇʥʮᴇʛʪ 

ʭʵʣʙʵʨʠʡʥ ʩʘʘʜrʥ ʭʫʚʴʜ ʰʠʡʜʵʭ ʥʘʨʠʡʥ ʰʠʡʜʣװװʜʠʡʛ ᴇʛʜᴇʛ. ɾʠʰʵʵʣʙʵʣ, 

ɸʨʨʝʥʠʫʩʳʥ ʭʫʫʣʴʪʘʡ ʘʜʠʣʘʘʨ ʭʫʨʜ ʥʴ ᴇᴇʨʯʣᴇʛʜᴇʞ ʙʘʡʜʘʛ ʭʠʤʠʡʥ ʫʨʚʘʣʳʛ 

ʟʘʛʚʘʨʯʠʣʩʘʥ ʙʘʡʜʘʛ. 
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ʟʘʘʩʘʥ ʩʘʘʜrʥ ʩʠʩʪʝʤ, ʙʦʜʠʪ ʙװʪʮʠʡʛ ʩʦʥʛʦʭ ʷʚʜʘʣ ʶʤ. 

ɿʦʭʠʦʛʯʜ ʥr װʟʵʞ ʙʫʡʛʘʘʨ ʵʜʛʵʵʨ ʟʦʨʠʣʪʫʫʜ ʥʴ ʜʘʨʘʘʭ װʝ ʰʘʪʫʫʜʘʘʨ ʭʵʨʵʛʞʠʭ ʸʩʪʦʡ 

ʶʤ: 

1) ʉʘʘʜʫʫʜʳʥ ʩʠʩʪʝʤʠʡʥ ʧʦʪʝʥʮʠʘʣʳʥ ʦʨʦʥ ʟʘʡʥ ʭʫʚʘʘʨʠʣʘʣʪʳʥ ʙʘʡʛʫʫʣʘʤʞ 

2) ʂʘʥʦʥʠʢ ʛʘʤʠʣʴʪʦʥʪʦʡ, ʪʘʨʭʘʣʪʳʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʪʵʡʛʵʵʨ 3-ʭʵʤʞʵʵʩʪ 

ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʦʛʪʤʦʣ ʪʵʛʰʠʪʛʵʣʠʡʛ ʙʘʡʛʫʫʣʘʭ. 

3) ɻʘʨʛʘʞ ʘʚʩʘʥ ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʪʦʦʥ ʰʠʡʜʵʣ ʙʘ 

ʰʠʛʠhʛʜʩʵʥ ʙᴇᴇʤʩʠʡʥ ʭʘʨʛʘʣʟʘʭ ʜʦʣʛʠʦʥʳ ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ. 

4) ɻʘʨʯ ʠʨʩʵʥ ʜʦʣʛʠʦʥʳ ʬʫʥʢʮ ʜʵʵʨʵ ɻװʥʜʵʩʣʵʥ ʙᴇᴇʤʩʠʡʥ ʭʦʦʨʦʥʜʦʭ ʟʘʡ ʟʵʨʛʵʵʩ 

ʭʘʤʘʘʨʩʘʥ ʩʘʘʜrʥ ʩʠʩʪʝʤʵʵʨ ʙᴇᴇʤʩʠʡʥ ʦʣʜʦʭ ʤʘʛʘʜʣʘʣʳʥ ʪʘʣʙʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ. 

5) ɹᴇᴇʤʩʠʡʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʭʫʚʴʜ ʪɻ ʜʛʵʵʨʠʡʥ ʭʦʦʨʦʥʜʦʭ ʟʘʡ ʙʘ ʪʵʜʛʵʵʨʠʡʥ ʭʵʣʙʵʨʵʵʩ 

ʭʘʤʘʘʨʩʘʥ ʩʘʘʜʳʛ ʪʫʫʣʘʭ ʜʘʤʞʫʫʣʘʣʪʳʥ ʭʘʨʛʘʣʟʘʭ ʢʦʵʬʬʠʮʠʝʥʪװװʜʠʡʥ ʭʘʤʘʘʨʣʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ 

6) ʊᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʭʠʡʛʜʵʭʵʵʨ ʪᴇʣᴇʚʣᴇʩᴇʥ ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜʣװװʜʪʵʡ ʘʚʩʘʥ 

ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛ ʭʘʨʴʮʫʫʣʘʭ. 

7) ʀʟʦʪʦʧʳʥ ʢʚʘʥʪ ʰʠʛʰʠʣʪʠʡʥ ʦʥʦʚʯʪʦʡ ʤʦʣʝʢʫʣ ʙװʪʮʠʡʛ ʩʦʥʛʦʭ. 

8) ʅᴇʣᴇᴇʣʣʠʡʥ ᴇʥʜᴇʨ ʟʵʨʵʛʣʵʣ ʙװʭʠʡ ʭʵʚʣʵʣװװʜ ʜʵʵʨ ʛʘʨʩʘʥ װʨ ʜװʥʛʠʡʥ ʪʫʭʘʡ 

ʥʠʡʪʣʵʭ. 
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ʊᴇʩᴇʣʜ ʪʫʩʛʘʛʜʩʘʥ ʩʫʜʘʣʛʘʘʥʳ ʰʠʥʵʣʵʛ ʟװʡʣ (ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʰʠʥʵ ʩʘʥʘʘ ʥʴ 

ʙʦʣʦʚʩʨʫʫʣʘʛʜʩʘʥ, ʩʘʥʘʣ ʙʦʣʛʦʩʦʥ ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭ ʰʠʥʵʣʵʛ ʘʨʛʘ ʥʴ 

ʥʦʪʣʦʛʜʩʦʥ) 

ʊᴇʩʣʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʰʠʥʵʣʵʛ ʟװʡʣ ʥʴ ʥʵʥ ʪװʨװװʥʜ ʪʘʚʠʛʜʩʘʥ  ʟʦʨʠʣʪʦʜ  ʙʘʡʛʘʘ 

ʶʤ. ʋʯʠʨ ʥʴ ʙᴇᴇʤʩʠʡʛ ʪʫʩʛʘʘʨʣʘʭ ʟʦʨʠʣʛʦʪʦʡ ʥʠʡʣʤʵʣ ʩʘʘʜʘʥ ʜʫʥʜʫʫʨ ʪʫʥʥʝʣ 

ʤʘʷʛʘʘʨ ʪʫʫʣʘʭ װʡʣ ʷʚʮʳʛ ʘʥʭ ʫʜʘʘ ʩʫʜʣʘʛʜʘʭ ʶʤ.  

ɹᴇᴇʤʩʠʡʥ ʵʥʝʨʛʠʡʥ ʩʘʘʜ ʜʫʥʜʫʫʨ ʜʘʤʞʫʫʣʘʭ ʪʫʭʘʡ ʙʦʜʣʦʛʦ ʥʴ  ʩʦʥʛʦʜʦʛ [1] ʙʦʣʦʚʯ 

ʦʣʦʥ ʜʘʚʭʨʘʘʪ ʩʘʘʜrʥ ʭʫʚʴʜ ʪװװʥʠʡʛ ʭʵʨʵʛʣʵʭ ʥʴ ʦʥʦʣʳʥ ʟʘʨʠʤ ʙʵʨʭʰʵʵʣʪʵʡ 

ʪʫʣʛʘʨʜʘʛ ʙᴇʛᴇᴇʜ ʪʦʦʮʦʦʣʣʳʥ ʤʘʰ ʠʭ ʭװʥʜʨʵʣʪʵʡ ʙʘʡʜʘʛ. ʕʥʵ ʙװʭʥʵʵʩ ʛʘʜʥʘ, 

ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʪʫʨʰʠʣʪʳʥ ʩʫʜʘʣʛʘʘʛ ʛʘʜʘʘʜʳʥ ʪװʥʰװװʜʠʡʥ ʭװʯʠʥ ʯʘʨʤʘʡʣʪʘʘʨ 

ʛװʡʮʵʪʛʵʭ ʙʘ ʠʥʛʵʩʥʵʵʨ ʦʣʞ ʘʚʩʘʥ ʦʥʦʣʳʥ װʨ ʜװʥʛ ʙʘʪʘʪʛʘʞ, ʵʥʵ ʷʚʮʘʜ ʭʠʡʛʜʩʵʥ 

ʤʘʪʝʤʘʪʠʢʠʡʥ ʟʘʛʚʘʨʫʫʜʳʛ ʙʘʪʘʣʛʘʘʞʫʫʣʥʘ.  

ʕʥʝʨʛʠʡʥ ʩʘʘʜʘʘʨ ʜʘʤʞʫʫʣʘʭ ʢʨʠʦʛʝʥ ʰʠʛʰʠʣʪʠʡʥ ʪʫʨʰʠʣʪʫʫʜ ʭʠʡʛʜʩʵʥ  [2] 

ʙʦʣʦʚʯ, ʩʘʘʜʳʥ ʜʘʚʪʘʤʞʠʪ ʩʠʩʪʝʤ ʜʵʵʨ ʢʚʘʥʪ ʰʠʛʰʠʣʪ ʭʠʡʭ ʪʫʨʰʠʣʪ ʘʥʭ ʫʜʘʘ 

ʭʠʡʛʜʵʭ ʶʤ. 

ʕʮʵʩʪ ʥʴ, ʠʟʦʪʦʧʳʛ ʢʚʘʥʪ ʢʨʠʦʛʝʥɻɻ ʨ ʪʫʩʛʘʘʨʣʘʭ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, 

ʪʝʭʥʠʢʠʡʥ װʟʵʣ ʙʘʨʠʤʪʣʘʣʳʛ ʘʥʭ ʫʜʘʘ ʘʚʯ ʭʵʣʵʣʮʵʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʤʘʛʘʜʛװʡ 

ʠʨʵʵʜװʡʜ ʧʨʘʢʪʠʢʪ ʥʵʚʪʨʵʭ ʙʦʣʥʦ. ɻʘʨʩʘʥ װʨ ʜװʥʛװװʜ ʥʴ  Acta Cristallographica (Q1), 

ɼʘʡʤʦʥʜ ʙʘ ʍʦʣʙʦʛʜʦʭ ʤʘʪʝʨʠʘʣ (Q1) ʛʵʭ ʟʵʨʵʛ ᴇʥʜᴇʨ ʟʵʨʵʛʣʵʣ ʙװʭʠʡ ʩʵʪʛװװʣʠʡʥ 

ʥʠʡʪʣʵʣʵʵʨ ʙʘʪʣʘʛʜʘʭ ʙʦʣʥʦ. RISC ʙʦʣʦʥ SCOPUS ʩʵʪʛװװʣʜ ʭʵʚʣʵʛʜʩʵʥ 

ʥʠʡʪʣʵʣװװʜʵʵʨ ʙʘʪʘʣʛʘʘʞʩʘʥ ʦʣʦʥ ʞʠʣʠʡʥ ʘʞʣʳʥ ʪʫʨʣhʘʛʘʪʘʡ, ʭʘʤʛʠʡʥ ʩװװʣʠʡʥ 

 ʭʠʡ ʣװʥʯʣʵʥ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙװװʝʠʡʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ, ʧʨʦʛʨʘʤ ʭʘʥʛʘʤʞʪʘʡ, ʪװ

ʯʘʜʘʚʭʠʪʘʡ ɻʥʵ ʪᴇʩʣʠʡʥ ʙʘʛ ʥʴ ʪᴇʩʣʠʡʥ ʟװʛʵʵʩ ʪʘʚʴʩʘʥ ʟʦʨʠʣʪʫʫʜʳʛ ʙװʨʵʥ 

ʰʠʡʜʚʵʨʣʵʭ ʯʘʜʚʘʨʪʘʡ ʛʵʜʵʛʪ ʠʪʛʵʣʪʵʡ ʙʘʡʥʘ. 

ʊᴇʩʣʠʡʥ ʪʦʛʪʦʦʩʦʥ ʟʦʨʠʣʪʫʫʜʳʛ ʰʠʡʜʚʵʨʣʵʭ ʤʘʛʘʜʣʘʣ ʜʘʨʘʘʭ ʙʘʡʜʘʣʪʘʡ ʙʘʡʥʘ. 

ʥʠʡʣʤʵʣ ʩʘʘʜʘʘʨ ʜʘʤʞʠʭ ʙᴇᴇʤʩʠʡʛ ʩʫʜʘʣʛʘʘ ʥʴ ʥʘʡʜʚʘʨʪʘʡ װʡʣ ʘʞʠʣʣʘʛʘʘ ʶʤ. 

ʋʯʠʨ ʥʴ ʪװװʥʠʡ ʰʠʡʜʵʣʜ ʟʦʨʠʫʣʩʘʥ ʘʨʛʘ ʪʝʭʥʠʢװװʜ ʥʴ ʵʥʵ ʪᴇʨʣʠʡʥ ʟʦʨʠʣʪʳʛ 

ʰʠʡʜʚʵʨʣʵʭʵʜ ʘʤʞʠʣʪʪʘʡ ʘʰʠʛʣʘʛʜʘʞ ʙʘʡʛʘʘ ʦʨʯʠʥ װʝʠʡʥ ʢʚʘʥʪ ʤʝʭʘʥʠʢ ʙʘ 

ʪʦʦʮʦʦʣʦʭ ʤʘʪʝʤʘʪʠʢʠʡʥ ʙװʭʠʡ ʣ ʘʧʧʘʨʘʪʳʛ ʙʘʛʪʘʘʜʘʛ ʙᴇʛᴇᴇʜ  ʄ.ɹʫʙʝʥʯʠʢʦʚ 

ʟʦʭʠʦʛʯʜʳʥ ʥʵʛ ʥʴ ʙʘʡʩʘʥ  [3] ᴇʛװװʣʵʣ ʜʵʵʨ ʙʘʛʘʘʨʘʘ ʘʞʠʣʣʘʭ ʷʚʮʘʜ ʜʵʵʨʭ ʘʨʛʘ 

ʪʝʭʥʠʢװװʜʠʡʛ ʘʤʞʠʣʪʪʘʡ ʭʵʨʵʛʞװװʣʩʵʥ ʶʤ. ʕʥʵ ʪᴇʩʣʠʡʥ ʷʣʛʘʘ ʥ,ɹ ʪװװʥʵʵʩ ʯ ʠʣװװ ʘʯ 

ʭʦʣʙʦʛʜʦʣ ʥʴ ʛʘʨʩʘʥ װʨ ʜװʥʛװװʜ ʜʘʥ ʘʪʦʤʳʥ ʜʘʚʭʘʨʛʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʵʵʨ ʠʟʦʪʦʧ 

ʪʫʩʛʘʘʨʣʘʭ ʰʠʥʵ ʧʨʦʮʝʩʩʠʡʥ ʦʥʦʣʳʥ ʩʫʜʘʣʛʘʘʥʜ ʘʰʠʛʣʘʛʜʘʭʘʜ ʦʨʰʠʥʦ. ʕʥʵ 
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ʪᴇʩʣʠʡʛ ʟʦʭʠʦʛʯʜʳʥ ʙʘʛ ʥʴ ʦʜʦʦ ʙʘʡʛʘʘ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʙװʪʮʵʜ H-D-T, He4-He3, Li6-

Li7, Be8-Be9, B10-B11 ʠʟʦʪʦʧʫʫʜʠʡʛ װʨ ʘʰʠʛʪʘʡ ʪʫʩʛʘʘʨʣʘʭ ʪʝʨʤʦʜʠʥʘʤʠʢʠʡʥ 

ʥᴇʭʮʣʠʡʛ ʦʣʦʭ ʵʩʚʵʣ ʦʜʦʦʭʦʥʜʦʦ ʧʨʘʢʪʠʢʘʘʨ ʛʘʨʛʘʘʛװʡ ʙʘʡʛʘʘ ʙװʪʮװװʜʵʜ ʪʘʚʠʛʜʘʭ 

ʰʘʘʨʜʣʘʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. 
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ʉʘʥʘʣ ʙʦʣʛʦʞ ʙʫʡ ʘʨʛʘ ʙʘʨʠʣ, ʪʵʜʛʵʵʨʠʡʥ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪʳʛ ʭʵʨʵʛʞװװʣʵʭ 

 ;ʡ ʪʦʜʦʨʭʦʡʣʦʣʪװʥʜʵʩʣʵʣ (ʉʘʥʘʣ ʙʦʣʛʦʞ ʙʫʡ ʩʫʜʘʣʛʘʘʥʳ ʜʵʣʛʵʨʵʥʛװ

ʪʘʥʠʣʮʫʫʣʛʘ ʥʴ ʟʦʨʠʣʛʦ, ʟʦʨʠʣʪ, װʨ ʜװʥʛʠʡʥ ʥʘʡʜʚʘʨʪʘʡ ʙʘʡʜʘʣ, ʩʫʜʘʣʛʘʘʥʳ 

ʘʨʛʘ ʙʘʨʠʣ, ʩʫʜʘʣʛʘʘʥʳ ʘʨʛʳʛ װʥʵʣʵʭ ʙʦʣʦʤʞʠʡʛ ʰʠʥʞʵʵʯʠʜ ʦʣʛʦʥʦ) 

 

ʊᴇʩᴇʣʜ ʟʘʘʩʘʥ ʟʦʨʠʣʪʫʫʜʳʛ ʰʠʡʜʚʵʨʣʵʭʠʡʥ ʪʫʣʜ ʜʘʨʘʘʭ ʘʨʛʳʛ ʘʰʠʛʣʘʭʘʘʨ 

ʪʝʣʝʚʣʝʞ ʙʘʡʥʘ: 

- ʂʚʘʥʪ ʤʝʭʘʥʠʢʠʡʥ ʩʦʥʛʦʜʦʛ ʘʨʛʘ: ʩʘʘʜʳʥ ʩʠʩʪʝʤʵʵʨ ʙᴇᴇʤʩ ʜʘʤʞʠʭ ʷʚʮʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʪʦʛʪʤʦʣ ʥʵʛ ʭʵʤʞʵʵʩʪ ʙʦʣʦʥ ʪʦʛʪʤʦʣ ʛʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʐʨʝʜʠʥʛʝʨʠʡʥ 

ʪʵʛʰʠʪʛʵʣ, ʍʘʨʪʨʠ- ʌʦʢ-ʈʫʪʘʥʳ ʘʨʛʘ, MO LCAO ʦʡʨʦʣʮʦʦ, ʵʣʝʢʪʨʦʥ ʢʦʨʨʝʣʷʮʠ , 

ʩʘʘʜ װװʩʛʵʛʯ ʜʘʥ ʘʪʦʤʳʥ  ʜʘʚʭʘʨʛʳʥ ʵʣʝʢʪʨʦʥ ʥʷʛʪʨʘʣrʥ ʭʫʚʘʘʨʠʣʘʣʪʳʛ ʦʣʦʭ  

ʵʣʝʢʪʨʦʥ ʥʷʛʪʨʘʣʳʥ ʬʫʥʢʮʠʦʥʘʣʴ ʦʥʦʣ (DFT) ʛʵʭ ʤʵʪ; 

- ʄʦʣʝʢʫʣ ʬʠʟʠʢʠʡʥ ʩʦʥʛʦʜʦʛ ʘʨʛʫʫʜ  - ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʜ ʢʫʣʦʥʳ, 

ʪʘʨʭʘʣʪʳʥ, ʠʥʜʫʢʮʵʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ ʪʦʦʮʦʭ  ʤʦʣʝʢʫʣ ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʥ 

 ,ʡʣʯʣʵʣʠʡʥ ʧʦʪʝʥʮʠʘʣʳʥ ʘʨʛʘ -ʪʘʥʠʣʮʫʫʣʘʭ, ʘʪʦʤʳʥ ʘʨʛʘ ʙʘʨʠʣ ʥʴ (ʄʦʨʩװ

ʃʝʥʥʘʨʜ-ɼʞʦʥʩ, ʇʝʰʣʷ-ʊʝʣʣʝʨʠʡʥ ᴇᴇʨʯʣᴇʛʜʩᴇʥ ʧʦʪʝʥʮʠʘʣ- ʟʘʛʚʘʨʫʫʜ ʥʴ ʵʥʵ 

ʪᴇʩʣʠʡʥ OCD ʰʘʪʘʥʜ ʪʫʨʰʠʣʪʳʥ ᴇʛᴇʛʜʣװװʜʪʵʡ  ʰʘʣʛʘʛʜʘʭ ʶʤ) , ʤʦʣʝʢʫʣʳʥ ʙװʪʮʠʡʥ 

ʮʘʘʰʜʳʥ ʧʦʪʝʥʮʠʘʣʳʛ ʙʘʡʛʫʫʣʘʭ ʍʠʣʣ- ʂʠʪʘʡʛʦʨʦʜʩʢʠʡʥ ʘʪʦʤ- ʘʪʦʤ ʭʦʦʨʦʥʜʳʥ 
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ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʘʨʛʘ, ʙᴇᴇʤʩʠʡʥ ʠʤʧʫʣʴʩ (ʜʝʙʨʦʠʣʵʥ ʜʦʣʛʠʦʥ) ʪʘʨʭʘʣʪʳʛ 

ʪʦʦʮʦʭ ʄʘʢʩʚʝʣʣ ʭʫʚʘʘʨʠʣʘʣʪ ʙʦʣʦʥ ʙʫʩʘʜ; 

- ʊʦʦʮʦʥ ʙʦʜʦʭ ʤʘʪʝʤʘʪʠʢʠʡʥ ʩʦʥʛʦʜʦʛ ʘʨʛʫʫʜ: ʈʫʥʛʝ-ʂʫʪʪʳʥ ʘʨʛʘ (ʙᴇᴇʤʩʠʡʥ 

ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʪʵʛʰʠʪʛʵʣʠʡʥ ʰʠʡʜʵʣ), ɻʘʫʩʩ-ɿʘʡʜʝʣʠʡʥ ʙʦʣʦʥ ʫʨʚʫʫ ʜʘʚʪʘʣʪʳʥ ʘʨʛʘ 

(ʤʦʣʝʢʫʣ ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʭװʯʥʠʡ ʪʘʣʙʘʨʳʥ ʭʫʚʘʘʨʠʣʘʣʪʳʥ 

ʠʥʪʝʛʨʘʣʳʛ ʪʦʦʮʦʦʣʦʭ, ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣ, ʄʦʥʪʝ ʂʘʨʣʦ (ʛװʡʥ ʠʨʵʭ ʙᴇᴇʤʩʠʡʥ 

ʙʘʣʣʠʩʪʠʢ ʪʫʨʰʠʣʪʫʫʜ) ʙʦʣʦʥ ʙʫʩʘʜ ʟʵʨʵʛʮʵʵ ʪʦʦʮʦʦʣʣʳʥ  ʘʣʛʦʨʠʪʤ (ʅʀ ʊɻʋ-ʛʠʡʥ 

ʢʦʤʧʴʶʪʝʨ ʢʣʘʩʪʝʨ ʜʵʵʨ ʜʵʵʨ ʵʭʥʠʡ ʭʘʚʩʘʨʩʘʥ ʙʦʜʣʦʛʳʥ ʭʫʚʴʜ), ʪװװʥʯʣʵʥ 

ʤʘʪʝʤʘʪʠʢ ʬʠʟʠʢ ʛʵʭ ʤʵʪ ʪʵʛʰʠʪʛʵʣʠʡʛ ʰʠʡʜʚʵʨʣʵʭ ʩʦʥʛʦʜʦʛ ʘʨʛʫʫʜ. 

- ʄʘʛʘʜʣʘʣʳʥ ʦʥʦʣ, ʤʘʪʝʤʘʪʠʢ ʩʪʘʪʠʩʪʠʢʠʡʥ ʩʦʥʛʦʜʦʛ ʘʨʛʫʫʜ: ʤʦʣʝʢʫʣ ʩʪʘʪʠʩʪʠʢʠʡʥ 

ʙʦʜʣʦʛʫʫʜʘʜ ʪʘʨʭʩʘʥ ʙʘʡʥ ʪʫʭʘʡ ʙʦʜʣʦʛʦ, ʄʦʥʪʝ-ʂʘʨʣʦ ʘʨʛʘ)  ʪװװʥʯʣʵʥ ʢʚʘʥʪ 

ʩʪʘʪʠʩʪʠʢʠʡʥ ʩʦʥʛʦʜʦʛ ʘʨʛʫʫʜ ʙʦʣʦʥ ʙʫʩʘʜ. 

ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥ, ʪʵʜʛʵʵʨʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʯ, 

ʭʵʨʵʛʣʵʵʥʠʡ ʘʯ ʭʦʣʙʦʛʜʦʣ 

1. ʊʦʦʥ ʙʦʣʦʥ ʙʦʜʠʪ ʪʫʨʰʠʣʪʳʥ ʷʚʮʘʜ ʜʵʵʨ ʜʫʨʜʩʘʥ ʘʨʛʘʘʨ ʠʟʦʪʦʧʳʛ װʨ ʘʰʠʛʪʘʡ 

ʪʫʩʛʘʘʨʣʘʭ ʙʦʣʦʤʞʫʫʜ ʙʘʪʘʣʛʘʘʞʩʘʥ ʪʦʭʠʦʣʜʦʣʜ ʮᴇʤʠʡʥ װʡʣʜʚʵʨʣʵʣʠʡʥ 

ʭʵʨʵʛʮʵʵʥʜ ʢʚʘʥʪ ʢʨʠʦʛʝʥʠʡ ʰʠʛʰʠʣʪʠʡʥ ʘʨʛʳʛ ʥʵʚʪʨװװʣʞ ʙʦʣʥʦ. ʎʘʘʰʠʜ U238-

U235 ʠʟʦʪʦʧʳʥ ʪʫʩʛʘʘʨʣʘʣʪʳʥ װʡʣ ʷʚʮʳʥ ʢʦʤʧʴʶʪʝʨ ʟʘʛʚʘʨʯʣʘʣʳʛ ʘʰʠʛʣʘʥ 

ʪʦʦʮʦʦʣʦʭʦʦʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʥʘ. ʕʥʵ ʧʨʦʮʝʩʩʳʛ ʟʘʛʚʘʨʯʣʘʭ װʝʜ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ 

ʩʠʩʪʝʤʵʵʨ  ʫʨʘʥʳ ʜʘʤʞʫʫʣʘʣʪʳʥ װʨ ʘʰʛʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʠʡʥ ʪʫʭʘʡ ᴇʛᴇʛʜʣװװʜ 

ʦʣʜʦʞ ʙʦʣʦʭ  ʙᴇʛᴇᴇʜ ʠʡʤ ʘʨʛʳʥ ʭʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨ ʛʘʨʛʘʥ ʘʚʘʭ ʙʘ ʰװװʣʪʠʡʥ װʝʠʡʥ 

ʘʪʦʤʯʣʘʣʳʥ  ʟʘʨʜʣʳʛ ʪʦʦʮʩʦʥ ʵʜʠʡʥ ʟʘʩʛʠʡʥ װʨ ʘʰʛʠʡʛ ʪʦʦʮʦʦʣʦʭ ʵʭʥʠʡ ʪʦʦʮʦʦʛ 

ʦʣʞ ʘʚʘʭ ʙʦʣʥʦ.  

2. ɸʞʣʳʥ װʨ ʜװʥʛʵʵʩ װʟʵʭʵʜ ʩʦʥʛʦʜʦʛ ʘʨʛʘʘʨ ʭʠʡʩʵʥ ʪʦʦʥ ʪʫʨʰʠʣʪ ʜʵʵʨ װʥʜʵʩʣʵʥ ʭʵʪ 

ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʠʡʥ ʪʫʥʥʝʣʵʥ ʥʵʚʯʠʣʪʠʡʥ ʪʫʭʘʡ 

ʪʘʘʤʘʛʣʘʣ, ʤᴇʥ ʪװװʥʯʣʵʥ ʵʥʵ ʘʨʛʘʘʨ ʠʟʦʪʦʧʳʛ װʨ ʘʰʠʛʪʘʡ ʪʫʩʛʘʘʨʣʘʭ ʙʦʣʦʤʞʠʡʥ 

ʪʫʭʘʡ ʪʘʘʤʘʛʣʘʣ ʙʘʪʣʘʛʜʘʥʘ. ʕʥʵ װʨ ʜװʥ ʥʴ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʠʡʛ ʘʰʠʛʣʘʭ 

ʪʘʣ ʜʵʵʨ ʘʥʭʜʘʛʯ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ ᴇʥᴇᴇʜᴇʨ ʘʣʴ ʭʵʜʠʡʥ ʛʝʣʠ-ʛʝʣʠ ʭʠʡʥ ʭʦʣʴʮʳʛ 

ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʥʘʥʦ ʥװʭʵʥ ʜʘʥ ʩʘʘʜ ʜʵʵʨ ʪʫʩʛʘʘʨʣʘʭ ʘʞʣʫʫʜ ʭʠʡʛʜʵʵʜ ʵʭʵʣʩʵʥ 

ʙʘʡʥʘ.(ʩʫʜʘʣʛʘʘʥʳ ᴇʥᴇᴇʛʠʡʥ ʙʘʡʜʘʣ ʙװʣʛʠʡʛ װʟ). 

3. ɹʘʷʞʫʫʣʘʭ װʡʣ ʘʞʠʣʣʘʛʘʘʥʳ ʤʘʢʨʦ ʰʠʥʞ ʯʘʥʘʨʳʛ ʛʝʣʠ-ʛʝʣʠʥʠʡ ʭʦʣʴʮʳʥ ʞʠʰʵʵʥ 

ʜʵʵʨ ʪʦʜʦʨʭʦʡʣʥʦ: ʪʝʤʧʝʨʘʪʫʨ, ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤ װװʩʛʵʛʯ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ 

ʙװʪʮʠʡʥ ʤʦʣʝʢʫʣʳʥ ʙʘʛʫʫʣʘʤʞ; ʪװװʥʠʡ ʭʵʤʞʵʵ; ʩʘʘʜʳʛ װװʩʛʵʞ ʙʫʡ ʤʦʥʦʘʪʦʤʳʥ 
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ʜʘʚʭʨʘʛʫʫʜ ʙʘʡʨʣʘʭ ʨʝʟʦʥʘʥʩ ʪᴇʣᴇʚ; ʭʦʣʴʮʳʥ ʪʫʩʛʘʘʨʣʘʭ ʢʦʵʬʬʠʮʠʝʥʪ. ʕʥʵ װʨ ʜװʥ 

ʥʴ ʙװʨʵʥ ʘʥʭʜʘʛʯ ʙʘʡʭ ʙʦʣʥʦ. ʋʯʠʨ ʥʴ ʢʚʘʥʪ ʤʝʭʘʥʠʢ ʰʠʥʞ ʯʘʥʘʨ (ʭʵʪ ʙʘʛʘ 

ʪʝʤʧʝʨʘʪʫʨ) -ʳʥ ʥᴇʭʮᴇʣʜ ʘʪʦʤʳʥ ʨʝʟʦʥʘʥʩ ʜʠʬʨʘʢʮ ʥʴ ʘʥʭ ʫʜʘʘ  ʠʟʦʪʦʧʳʛ 

ʪʫʩʛʘʘʨʣʘʭʘʜ ʘʰʠʛʣʘʛʜʘʥʘ. 

4. ɻʝʦʤʝʪʨʠʡʥ ʙʦʣʦʥ ʵʥʝʨʛʠʡʥ װʟװװʣʵʣʪװװʜʵʵʨ ʵʜʛʵʵʨ ʩʘʘʜ ʜʵʵʨ ʛʝʣʠʦʥʳ 

ʪʫʩʛʘʘʨʣʘʣʪʳʥ ʦʥʦʚʯʪʦʡ ʙʘʡʜʣʳʥ ʘʩʫʫʜʘʣ ʰʠʡʜʵʛʜʵʥʵ. ʕʥ ɻװʨ ʜװʥ  ʪʝʭʥʦʣʦʛʠʡʥ 

ʪʫʩʛʘʡ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʫʩʛʘʭ ʪʫʣ ʙװʨʵʥ ʘʥʭʜʘʛʯ ʥʴ ʙʦʣʦʭ ʶʤ. 

 ʥʵʵʩ ʛʘʜʥʘ ʤʦʥʦʘʪʦʤʳʥ ʜʘʚʭʘʨʛʳʥ ʩʠʩʪʝʤʠʡʥ ʘʪʦʤʳʥ ʥʵʚʪʨʵʣʪʠʡʛ ʪʦʦʮʦʦʣʦʭװת .5

ʮʦʛʮ ʭᴇʪᴇʣʙᴇʨʠʡʥ ʪʦʦʥ װʟװװʣʵʣʪʠʡʛ ʘʰʠʛʣʘʥ ʪʦʜʦʨʭʦʡʣʩʦʥ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ  

ʩʠʩʪʝʤʵʵʨ ʜʘʤʞʠʥ ᴇʥʛᴇʨᴇʭ ʘʪʦʤʳʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, 

ʪʦʦʮʦʦʣʦʭʦʜ ʥʵʛʜʩʵʥ ʘʨʛʘ ʙʘʨʠʣ ʙʠʡ ʙʦʣʥʦ. ʍʵʜʠʡʛʵʵʨ  ʤʦʣʝʢʫʣ ʰװװʣʪװװʨ ʙʦʣʦʥ 

ʙᴇᴇʤʩʠʡʥ ʵʥʝʨʛʠʡʥ ʩʘʘʜʪʘʡ ʢʚʘʥʪ ʤʝʭʘʥʠʢ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʦʣʦʥ ʪʦʦʥʳ ʟʘʛʚʘʨ 

ʭʘʥʛʘʣʪʪʘʡ ʙʘʡʛʘʘ ʯ ʛʵʩʵʥ ʵʥʵ װʨ ʜװʥ  ʪʦʜʦʨʭʦʡ ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭ ʮʦʛʮ ʰʠʡʜʣʠʡʥ 

ʞʠʰʵʵ ʙʦʣʦʭʳʥʭʦʦ ʭʫʚʴʜ  ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʥʠʡʛʵʤʣʵʛʠʡʥ  ʩʦʥʠʨʭʣʳʛ ʪʘʪʘʭ ʶʤ. 

ʊᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭ ʷʚʮʘʜ ʛʘʨʩʘʥ װʨ ʜװʥʜ װʥʜʵʩʣʵʥ ʪᴇʣᴇʚʣᴇʩᴇʥ ʙʦʣʥʦ: 

1. ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʟᴇʚʰᴇᴇʨᴇʛʜʩᴇʥ (ɺɸʂ ʞʘʛʩʘʘʣʪʘʘʩ) ʭʵʚʣʵʣװװʜʵʜ ʜʦʨ ʭʘʷʞ 12 

ʙʘʨʠʤʪ ʙʠʯʛʠʡʛ, SCOPUS ʙʫʶʫ  WEB of SCIENCE-ʠʡʥ ʠʥʜʝʢʩʞʠʣʪʪʵʡ ʩʵʪʛװװʣװװʜʵʜ  

ʜʦʦʜ ʪʘʣ ʥʴ 4 ᴇʛװװʣʵʣ, ʪʵʜʛʵʵʨʠʡʥ ʜʦʨ ʭʘʷʞ 3 ʥʴ 1-2 ʭʵʩʛʵʵʩ ʙװʨʜʵʭ ,  ʥʠʡʪʣװװʣɻʭ. 

2. ʊᴇʩʣʠʡʥ ʭʘʨʠʫʮʩʘʥ ʛװʡʮʵʪʛʵʛʯʵʵʨ 1 ʜʦʢʪʦʨʳʥ ʜʠʩʩʝʨʪʘʮʠʡʛ ʭʘʤʛʘʘʣʘʭ (M.A. 

ɹʫʙʝʥʯʠʢʦʚ). 

3. ʊᴇʩʣʠʡʥ ʛװʡʮʵʪʛʵʛʯʜʠʡʥ 3 ʥʴ  ʥʵʨ ʜʵʚʰʠʛʯʠʡʥ ʜʠʩʩʝʨʪʘʮʠʡʛ ʭʘʤʛʘʘʣʘʭ (ʄʘʤʦʥʪʦʚ 

ɼ.ɺ., ʋʢʦʣʦʚ ɸ.ɺ., ʏʝʣʥʦʢʦʚʘ ɸ.ʉ ) 

4. ʂʦʤʧʴʶʪʝʨʠʡʥ ʧʨʦʛʨʘʤʤʳʥ ʙװʨʪʛʵʣʠʡʥ 3 ʛʵʨʯʠʣʛʵʵ ʘʚʘʭ: 

1) ʭʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʜ ʭʠʡʥ ʪᴇʣᴇʚʪʵʡ ʛʝʣʠ, ʛʝʣʠʦʥr   

ʪʫʫʣʘʭ, ʦʡʭ ʪʦʦʮʦʦʣʣʦʦʨ. 

2) ʍʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʜ ʭʠʡʥ ʪᴇʣᴇʚʪʵʡ ʛʝʣʠ ʙʘ ʛʝʣʠʦʥʳ 

ʪʫʩʛʘʘʨʣʘʭ ʠʥʪʝʛʨʘʣ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʪʦʦʮʦʦʣʣʦʦʨ. 

3) ʆʡʨʪʦʥ ʠʨʵʭ ʛʝʣʠ ʙʘ ʛʝʣʠʦʥʳ  ʘʪʦʤʫʫʜʳʛ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʙʠ-ʜʘʚʭʘʨʛʳʥ ʙװʪʮʠʡʥ 

ʭʫʚʘʘʨʠʣʘʣʪʳʥ (ʤʦʣʝʢʫʣ ʭʦʦʨʦʥʜʳʥ  ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʭװʯʥʠʡ ʪʘʣʙʘʨʫʫʜ, 

ʵʣʝʢʪʨʦʥ ʥʷʛʪʨʘʣʳʥ ʪʘʣʙʘʨ) ʪʦʦʮʦʦʣʣʦʦʨ. 
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1.2 ʊᴇʩʣʠʡʥ ʭʵʨʵʛʞʠʣʪʠʡʥ ʷʚʮʘʜ ʄʦʥʛʦʣ-ʆʨʦʩʳʥ ʪʘʣʳʥ ʙʘʛʫʫʜʳʥ ʛʠʰװװʜ 

ʙʦʣʦʥ ʄʦʥʛʦʣ-ʆʨʦʩʳʥ ʪװʥʰװװʜʠʡʥ ʭʘʨʠʣʮʘʥ ʫʷʣʜʘʘ ʭʦʣʙʦʦ, ʟʦʭʠʮʫʫʣʘʣʪ 

 

ʊᴇʩʣʠʡʥ ʄʦʥʛʦʣʳʥ ʪʘʣʳʥ ʭʘʤʪʨʘʥ ʛװʡʮʵʪʛʵʛʯʜʠʡʥ ʛʦʣ ʦʨʦʣʮʦʦ ʙʦʣ ʛʝʣʠʛʵʵʩ 

ʛʝʣʠʦʥʛr ʷʣʛʘʭ ʪʫʩʛʘʘʨʣʘʭ ʭʘʘʣʪʳʛ ʛװʡʮʵʪʛʵʜʵʛ ʜʝʬʝʢʪʪʵʡ ʛʨʘʬʝʥ  ʭʘʚʪʘʥʛʠʡʥ 

ʩʠʥʪʝʟʵʵʨ ʭʠʡʭ ʘʞʣʫʫʜ ʙᴇʛᴇᴇʜ  ʭʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ  ʪʵʜʛʵʵʨʠʡʛ ʪʫʩʛʘʘʨʣʘʭ 

ʪʫʨʰʠʣʪ ʭʠʡʭʵʜ ʦʨʰʠʥʦ.  

ʍʘʤʪʘʨʩʘʥ ʘʞʣʳʥ ʭʘʤʛʠʡʥ ʵʨʯʠʤʪʵʡ װʝ ʰʘʪ ʙʦʣ ʜʝʬʝʢʪʪʵʡ ʛʨʘʬʝʥ  ʭʘʚʪʘʥʛʫʫʜʳʥ  

ʙʘ ʪʵʜʛʵʵʨʠʡʥ ʩʠʥʪʝʟʠʡʥ ʙʦʣʦʥ ʠʟʦʪʦʧʳʥ ʪʫʩʛʘʘʨʣʘʣʪ ʭʠʡʭ ʪʫʨʰʠʣʪʳʥ ʘʨʛʳʥ 

ʪʝʭʥʠʢʠʡʥ ʰʘʘʨʜʣʘʛʳʛ ʙʦʣʦʚʩʨʫʫʣʘʭ, ʪװװʥʯʣʵʥ ʪʫʨʰʠʣʪʳʛ ᴇᴇʨᴇᴇ ʷʚʫʫʣʘʭʘʜ 

ʦʨʰʠʥʦ.  

ʊʦʤʩʢʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴ, ʄʦʥʛʦʣ ʋʣʩʳʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʟʘʡʥʳ ʩʫʨʛʘʣʪʘʜ ʭʘʨʠʣʮʘʘ 

ʭʦʣʙʦʦʥʳ ʙʦʣʦʤʞʠʡʛ ʘʰʠʛʣʘʥ ʛʘʜʘʘʜʳʥ ʭʘʤʪʨʘʥ ʛװʡʮʵʪʛʵʛʯʜʠʡʥ ʭʘʤʪʳʥ 

ʘʞʠʣʣʘʛʘʘʛ ʦʥʣʘʡʥʘʘʨ ʷʚʫʫʣʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʥʘ.  

ʄʦʥʛʦʣ ʋʣʩʳʥ ʀʭ ʉʫʨʛʫʫʣʴʜ  ʘʣʩʳʥ ʟʘʡʥʘʘʩ ʭʘʥʜʘʭ ʙʦʣʦʤʞʪʦʡ ʪʫʣ ʭʦʸʨ ʪʘʣʘʘʩ 

ʊɻʋ-ʠʡʥ ʢʦʤʧʴʶʪʝʨʠʡʥ ʢʣʘʩʪʝʨ ʜʵʵʨ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʯʣʘʣrʛ 

ʘʞʠʣʣʫʫʣʞ ʙʦʣʥʦ.  

ɸʞʣʳʥ ʷʚʮʘʜ ʩʦʥʛʦʥ ʰʘʣʛʘʨʫʫʣʘʣʪ , ʩʝʤʠʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʞ, ʆʨʦʩʳʥ ʙʦʣʦʥ  

ʛʘʜʘʘʜʳʥ ʭʵʚʣʵʣʜ ʭʘʤʪʨʘʥ ʛʘʨʛʘʩʘʥ װʨ ʜװʥʛװװʜʵʵ ʥʠʡʪʣʵʭʵʵʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʥʘ. 

ʄʋʀʉ-ʜ ʭʠʡʛʜʩʵʥ ʘʞʣʳʥ װʨ ʜװʥʜ ʢʚʘʥʪʳʥ ʭʠʤʠʡʥ ʩʘʣʙʘʨʪ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʯʣʘʣʳʥ  

ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʙʦʣʦʥ ʙʦʣʦʚʩʨʦʣʳʥ ʰʠʥʵ ʯʠʛʣʵʣʠʡʛ ʥʵʵʞ, ʩʪʨʘʪʝʛʠʡʥ ʪװʥʰʣʵʣʠʡʥ 

ʪʫʭʘʡ ʭʵʣʵʣʮʵʵʨ ʙʘʡʛʫʫʣʘʛʜʘʥʘ. 

 

ʊᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭ ʵʭʥʠʡ ʞʠʣʜ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װʨ ʜװʥ ʛʘʨʥʘ (ʪᴇʩᴇʣʜ 

ʜʫʨʜʘʛʜʩʘʥ  ʩʫʜʘʣʛʘʘʥʳ  ʪᴇʣᴇʚʣᴇʛᴇᴇʥʠʡ ʭʵʨʵʛʞʠʣʪʠʡʥ ʙʦʣʦʤʞʠʪ ʪװʚʰʠʥ, װʨ 

ʜװʥʛ ʩʫʜʣʘʭ,װʥʵʣʵʭ ʙʦʣʦʤʞʠʡʛ ʰʠʥʞʵʵʯʠʜ ʦʣʛʦʭʫʡʮʘʘʨ ʙʠʯʠʛʜʩʵʥ ʙʘʡʭ) 

 

ʊᴇʩʣʠʡʥ ʜʘʛʫʫ ʭʠʡʛʜʩʵʥ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʨ ʩʦʥʛʦʜʦʛ ʘʨʛʘʘʨ ʭʠʡʩʵʥ ʪʦʦʥ ʪʫʨʰʠʣʪʳʛ 

 ʥʜʵʩʣʵʥ ʭʵʪ ʙʘʛʘ ʪʝʤʧʝʨʘʪʫʨʪ   ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʵʵʨ ʛʝʣʠʦʥʳ ʪʫʥʥʝʣʵʥװ

ʥʵʚʯʠʣʪʠʡʥ ʪʫʭʘʡ , ʪװװʥʯʣʵʥ ʵʥʵʭװװ ʘʨʛʘʘʨ ʛʝʣʠʛʵʵʩ ʪװװʥʠʡʛ װʨ ʜװʥʪʵʡ ʪʫʩʛʘʘʨʣʘʭ 

ʙʦʣʦʤʞʠʡʥ ʪʘʣʘʘʨʭ ʪʘʘʤʘʛʣʘʣʫʫʜ ʙʘʪʣʘʛʜʘʭ ʙʦʣʥʦ. ʕʥʵ װʨ ʜװʥ ʥʴ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ 

ʩʠʩʪʝʤʠʡʛ ʘʰʠʛʣʘʭ ʪʘʣ ʜʵʵʨ ʘʥʭʜʘʛʯ ʙʦʣʦʭ ʙᴇʛᴇᴇʜ  ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʛʝʣʠ-ʛʝʣʠ 

ʭʠʡʥ ʭʦʣʴʮʳʛ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʥʘʥʦ ʥװʭʪ ʜʘʥ ʭʘʘʣʪ ʜʵʵʨ ʪʫʩʛʘʘʨʣʘʭ ʘʞʠʣ ʭʠʡʛʜʵʞ 

ʙʘʡʥʘ (ʩʫʜʘʣʛʘʘʥʳ ᴇʥᴇᴇʛʠʡʥ ʙʘʡʜʘʣ ʙװʣʛʠʡʛ װʟ). 
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ʉʫʜʘʣʛʘʘʥʳ ʵʭʥʠʡ ʞʠʣʜ ʆʨʦʩʳʥ ʪʘʣʘʘʩ ʜʘʨʘʘʭ װʨ ʜװʥʜ ʭװʨʵʭʵʵʨ ʪᴇʣᴇʚʣᴇʞ ʙʘʡʥʘ. 

 :ʥʜװת

 

1. ʅʘʥʦ ʙװʪʮʵʵʨ ʠʟʦʪʦʧʳʥ ʢʚʘʥʪ ʰʠʛʰʠʣʪ ʭʠʡʭ ʩʘʣʙʘʨʪ  ʦʥʦʣʳʥ ʙʦʣʦʥ ʪʫʨʰʠʣʪʳʥ 

ʩʫʜʘʣʛʘʘʥʳ ᴇʥᴇᴇʛʠʡʥ ʪᴇʣᴇʚ ʙʘʡʜʣʳʥ ʪʦʡʤ. ʉʫʜʘʣʛʘʘʥʳ ʪʘʢʪʠʢʫʫʜʳʛ ʙʠʡ ʙʦʣʛʦʭ, 

ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭʠʡʥ ʪʫʣʜ ʪʦʜʦʨʭʦʡ ʪʦʦʥ ʘʣʛʦʨʠʪʤʳʛ ʙʠʡ ʙʦʣʛʦʭ. 

ʕʥʵ װʝ ʰʘʪʘʥʜ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʥ ʮʫʛʣʫʫʣʛʘ ʙʘ  ʪᴇʩᴇʣ ʭʵʨʵʛʞװװʣʵʛʯʠʜ ʘʚʯ װʟʵʭ  

ʙʦʣʦʤʞʪʦʡ ʪʦʦʮʦʦʣʦʭ ʩʪʘʥʮʳʥ ʪʦʦʮʦʦʣʣʳʥ ʭװʯʠʥ ʯʘʜʘʣ, ʢʦʤʧʴʶʪʝʨʠʡʥ ʢʣʘʩʪʝʨʠʡʥ 

ʪʦʦʮʦʦʣʣʳʥ ʭװʯʠʥ ʯʘʜʘʣ ʟʵʨʛʠʡʛ ʭʘʨʛʘʣʟʩʘʥ  ʢʦʤʧʴʶʪʝʨ ʟʘʛʚʘʨʯʣʘʣʳʥ ʪʦʦʮʦʦʣʣʳʥ 

ʘʨʛʫʫʜ ʙʠʡ ʙʦʣʥʦ. װתʥʠʡ װʨ ʜװʥʜ ʪʦʦʮʦʦʣʣʳʥ ʥʘʨʠʡʚʯʣʘʣ ʙʘ ʙʦʣʦʤʞʠʪ ʯʘʜʘʤʞʠʡʥ 

ʭʦʦʨʦʥʜʳʥ ʪʵʥʮʚʵʨʠʡʥ װʥʵʣʛʵʵʛ ʪʦʦʮʦʦʣʥʦ. 

ʍʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯʠʜ: ɹʫʙʝʥʯʠʢʦʚ M.A., ʏʝʣʥʦʢʦʚʘ ɸ.ʉ 

2. ʉʘʘʜʳʥ ʵʣʝʢʪʨʦʥ ʥʷʛʪʨʘʣʳʥ ʭʫʚʘʘʨʠʣʘʣʪʳʥ ʜʘʛʫʫ ʧʦʪʝʥʮʠʘʣʳʥ ʩʦʥʛʦʣʪʳʛ ʭʠʡʭ 

ʘʩʫʫʜʣʳʥ ʪʦʜʦʨʭʦʡʣʦʣʪ. ɻʨʘʬʝʥ װװʨʥʠʡ ʭʫʚʴʜ ʙʦʣʦʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʵʭ 

  ʜʠʡʥ ʦʨʦʥ ʟʘʡʥ ʥʷʛʪʨʘʣʳʥ ʤʘʛʘʜʣʘʣʳʥ ʪʘʣʙʘʨʳʥ ʭʫʚʴʜ ʪʦʦʮʦʦʣʦʣ ʥʴװװʩʚʵʨװװ

ʭʵʜʠʡʥʵʵ ʭʠʡʛʜʩʵʥ ʵʣʝʢʪʨʦʥ ʥʷʛʪʨʘʣʳʥ ʭʫʚʘʘʨʠʣʘʣʪʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʭ. 

ɹʦʣʦʚʩʨʫʫʣʩʘʥ ʢʦʤʧʴʶʪʝʨʠʡʥ ʟʘʛʚʘʨʯʣʘʣʘʘʨ ʵʥʛʠʡʥ ʛʨʘʬʝʥ װװʨʥװװʜʠʡʥ ʭʫʚʴʜ 

ʵʣʝʢʪʨʦʥʳ ʥʷʛʪʨʘʣʳʥ ʭʫʚʘʘʨʠʣʘʣʪʳʛ ʩʫʜʘʣʞ ʦʜʦʦʛʠʡʥ ʙʘʡʜʣʘʘʨ ʦʣʞ ʘʚʩʘʥ װʨ 

ʜװʥʛװװʜʠʡʛ ʥʵʛʪʛʵʭ. Ab initio ʩʘʘʜʪʘʡ ʙᴇᴇʤʩʠʡʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ. 

ʕʥʵ װʝ ʰʘʪʘʥʜ ʙʵʣʵʥ ʙʘʡʛʘʘ ʥʠʡʪʣʵʣװװʜʠʡʥ ᴇʛᴇʛʜʣᴇᴇʩ  ʩʫʜʘʣʛʘʘ ʭʠʡʭʵʵʨ ʩʦʥʛʦʩʦʥ 

ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʙװʪʮʠʡʥ ʭʘʤʛʠʡʥ ʙʘʛʘ ʭʵʤʞʵʵʥʠʡ ʩʝʛʤʝʥʪʠʡʥ ʧʦʪʝʥʮʠʘʣ ʟʦʭʠʦʥ 

ʙװʪʵʵʛʜʵʭ ʙᴇʛᴇᴇʜ ʭʵʨʵʚ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʦʣ ʪʦʦʮʦʦʣʣʦʦʨ ʙʘʷʞʫʫʣʥʘ. ʕʥʛʠʡʥ ʛʨʘʬʝʥ 

 .ʨʥʠʡ  ʢʦʤʧʴʶʪʝʨʠʡʥ ʟʘʛʚʘʨʳʛ ʭʠʡʞ 2-3 ʜʘʚʭʘʨʛʳʥ ʩʠʩʪʝʤʜ  ᴇʨʛᴇʪʛᴇʥᴇװװ

ʍʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯʠʜ: ɹʫʙʝʥʯʠʢʦʚ M.A., ʄʘʤʦʥʪʦʚ ɼ.ɺ. 

 

3. ʊʦʦʮʦʦʣʦʭ ʢʚʘʥʪ ʤʝʭʘʥʠʢ ʘʨʛʳʛ ʘʰʠʛʣʘʥ  ʭʦʸʨ ʜʠʨʘʢʦʚʩʢʠʡ ʩʘʘʜʳʥ ʨʝʟʦʥʘʥʩ  

ʩʠʩʪʝʤʵʵʨ He3, He4 ʘʪʦʤʫʫʜʳʥ ʨʝʟʦʥʘʥʩ ʪʫʫʣʘʣʪʳʥ  ʭʷʣʙʘʨʯʠʣʩʘʥ ʟʘʛʚʘʨʯʣʘʣʳʥ 

ʘʩʫʫʜʣʳʛ ʪʦʤʲʸʦʣʦʭ 

ʍʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯʠʜ: ɹʫʙʝʥʯʠʢʦʚ M.A., ʋʢʦʣʦʚ ɸ.ɺ. 

 

4. Unb + Ueb + Uee ʙװʨʵʥ ʧʦʪʝʥʮʠʘʣ ʙװʭʠʡ ʭʘʨʛʘʣʟʘʭ ʘʪʦʤʫʫʜʳʥ ʭʫʚʴʜ ɹʦʨʥ-

ʆʧʧʝʥʛʝʡʤʝʨʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡʛʘʘʨ ʐʨʝʜʠʥʛʝʨʠʡʥ ʥʵʛ ʭʵʤʞʵʵʩʪ ʪʦʛʪʤʦʣ 

ʪʵʛʰʠʪʛʵʣʠʡʥ ʪʦʦʥ ʰʠʡʜʵʣ: ʧʦʪʝʥʮʠʘʣʳʥ ʭʘʨʠʣʮʘʥ װʡʯʣʵʣװװʜ ʥʴ : Unb ïʩʘʘʜ + ʮᴇʤ, 

Ueb ï ʩʘʘʜ + ʵʣʝʢʪʨʦʥ, Uee ï ʵʣʝʢʪʨʦʥ + ʵʣʝʢʪʨʦʥ,  ʜʠʩʧʝʨʩʠʡʥ ʭװʯʠʡʛ ʪʦʦʮʩʦʥ. 



 
 

36 

ʉʘʘʜʫʫʜʪʘʡ ʭʘʤʘʘʨʘʣʪʘʡ He3 / He4 ʙᴇᴇʤʩʠʡʥ ʙʘʡʨʰʣʳʥ ʤʘʛʘʜʣʘʣʳʥ ʪʘʨʭʘʣʪʳʥ 

ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ. 

ʍʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯʠʜ: ɹʫʙʝʥʯʠʢʦʚ M.A., ʄʘʤʦʥʪʦʚ ɼ.ɺ. 

 

ʕʜʛʵʵʨ 2 װʝ ʰʘʪʘʥʜ ʤʘʪʝʤʘʪʠʢʠʡʥ ʟʘʛʚʘʨ ʙװʪʵʵʛʜʵʭ ʙʘ He3, He4-ʠʡʥ ʭʦʸʨ ʜʠʨʘʢ 

ʩʘʘʜrʥ ʨʝʟʦʥʘʥʩ ʩʠʩʪʝʤʠʡʛ ʪʫʫʣʘʭ ʪʫʭʘʡ  1-ʭʵʤʞʵʵʩʪ ʘʩʫʫʜʣʳʥ ʪʦʦʥ ʰʠʡʜʵʣ ʛʘʨʥʘ. 

ɿʦʭʠʦʛʯʜʳʥ ʙʘʛ ʵʥʵʭװװ ʘʩʫʫʜʣʳʛ ʩʫʫʨʴ װʟʣʠʡʥ װװʜʥʵʵʩ  ʤʘʰ ʩʦʥʠʨʭʦʣʪʦʡ ʛʵʞ װʟʜʵʛ 

ʙᴇʛᴇᴇʜ ʛʘʨʛʘʩʘʥ װʨ ʜװʥʛʵʵ 1-2 ʫʣʠʨʣʳʥ ʩʵʪʛװװʣ ʜʵʵʨ ʥʠʡʪʣʵʭ ʪᴇʣᴇʚʣᴇʛᴇᴇʪʵʡ ʙʘʡʥʘ. 
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ʍʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯʠʜ: ɹʫʙʝʥʯʠʢʦʚ M.A., ʋʢʦʣʦʚ ɸ.ɺ. 

 

ʕʥʵ ʰʘʪʘʥʜ  ʩʘʘʜʫʫʜʳʥ  ʭʦʦʨʦʥʜʦʭ ʟʘʡʛ ʙʦʣʦʥ He3 ʙʘ He4 ʙᴇᴇʤʩʠʡʥ ʭʘʤʛʠʡʥ װʨ 

ʜװʥʪʵʡ ʪʫʩʛʘʘʨʣʘʣʪʳʥ ʪʝʤʧʝʨʘʪʫʨʳʛ ʪʦʜʦʨʭʦʡʣʥʦ. ɿʘʘʛʜʩʘʥ װʟװװʣʵʣʪװװʜʵʵʩ He3 ʙʘ 

He4-ʠʡʥ ʜʘʤʞʫʫʣʘʣʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪװװʜʠʡʥ ʭʘʤʘʘʨʘʭ ʭʘʤʘʘʨʣʳʛ ʦʣʥʦ. ʇʨʘʢʪʠʢʪ 

ʵʥʵ ʘʨʛʳʥ ʭʵʨʵʛʣʵʵʥʠʡ װʨ ʥᴇʣᴇᴇʛ װʥʵʣʵʭ ʙʦʣʥʦ. ʕʥʵ װʝ ʰʘʪʳʥ ʪᴇʛʩʛᴇʣʜ ʪᴇʩᴇʣ ʙʘʛ ʥʴ 

3-D ʪʦʭʠʦʣʜʦʣʜ ʭʵʨʵʛʣʵʛʜʵʭ  ʢʦʤʧʴʶʪʝʨʠʡʥ ʟʘʛʚʘʨʪʘʡ ʙʦʣʦʭ ʙʘ ʅʀʈ -ʠʡʥ ʜʘʨʘʘʛʠʡʥ 

ʰʘʪʫʫʜʘʜ ʩʘʘʜrʥ ʠʣװװ ʥʘʨʠʡʥ ʙװʪɻʮʪʵʡ ʙʦʣʦʭ ʶʤ. 

 

ʆʨʦʩʳʥ ʪʘʣ ʄʦʥʛʦʣʳʥ ʪװʥʰװװʜʪʵʡ ʭʘʤʪʨʘʥ ʩʫʜʘʣʛʘʘ ʰʠʥʞʠʣʛʵʵ ʭʠʡʭ 

ʟʘʡʣʰʛװʡ ʰʘʘʨʜʣʘʛʳʥ  װʥʜʵʩʣʵʣ (ʦʣʦʥ ʫʣʩʳʥ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘʥʳ װʝʜ ʦʣʞ 

ʘʚʘʭ ʙʦʣʦʤʞ) 

ʊʋʀʉ ʥʴ ʵʥʵ ʪᴇʩʣʠʡʥ ʦʥʦʣʳʥ װʝ ʰʘʪʳʛ ʭʵʨʵʛʞװװʣʵʭʵʜ ʰʘʘʨʜʘʛʜʘʭ ʙװʭ ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞʪʵʡ ʙʦʣʦʚʯ ʠʟʦʪʦʧʳʥ ʪʫʩʛʘʘʨʣʘʭ ʩʪʘʥʮʳʥ ʣʘʙʦʨʘʪʦʨʠʡʥ ʟʘʛʚʘʨʳʛ ʙʠʡ 

ʙʦʣʛʦʭ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞʛװʡ ʶʤ. ʊᴇʩʣʠʡʥ װʥʜʩʵʥ ʰʠʥʞ ʯʘʥʘʨʳʛ װʣ ʭʘʨʛʘʣʟʘʥ ʪװװʥʠʡ 

ʟʦʭʠʦʛʯʠʜ ʦʥʦʣʳʥ װʨ ʜװʥʛ ʪʫʨʰʠʣʪʘʘʨ  ʙʘʪʘʣʛʘʘʞʫʫʣʘʭʳʛ  ʭװʩʯ ʙʘʡʛʘʘ ʙʠʣʵʵ. ʕʥʵ 
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ʟʦʨʠʣʛʳʥ ʭװʨʵʵʥʜ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵ, ʩʫʜʘʣʛʘʘʥʳ װʡʣ ʘʞʠʣʣʘʛʘʘ ʷʚʫʫʣʜʘʛ ʄʦʥʛʦʣ 

ʋʣʩʳʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʯʘʜʘʤʞʠʡʛ ʘʰʠʛʣʘʭ ʶʤ.  

ʊʦʤʩʢ ʋʣʩʳʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʞʣʳʥ ʘʤʞʠʣʪʪʘʡ ʛװʡʮʵʪʛʵʣʠʡʥ 

ʜʘʨʘʘ ʆʂʈ ʰʘʪʳʛ ʄʋʀʉ ʛװʡʮʵʪʛʵʭ ʙʦʣʥʦ. ʄᴇʥ ʦʥʦʣʳʥ ʟʘʚʩʨʳʥ װʨ ʜװʥʛʠʡʥ ʭʫʚʴʜ, 

ʥʵʵʣʪʪʵʡ ʭʵʚʣʵʣʠʡʥ ᴇʛᴇʛʜᴇʣʜ ʪװʰʠʛʣʵʭ ʙʦʣʦʤʞʛװʡ ʥᴇʭʮᴇʣʜ, ʟʦʭʠʦʩʦʥ ʤʘʪʝʤʘʪʠʢ 

ʟʘʛʚʘʨʘʘ ʟʘʩʚʘʨʣʘʭ  ʙʦʣʦʚʩʨʦʥʛʫʡ ʙʦʣʛʦʭ ʪʫʨʰʠʣʪʪʘʡ װʝ װʝ ʭʘʨʴʮʫʫʣʘʭ ʥʴ ʤʘʰ 

ʯʫʭʘʣ ʶʤ. 

 ɻʘʜʘʘʜʳʥ ʪװʥʰʠʡʛ ʩʦʥʛʦʭ ʥʴ ʆʍʋ, ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʘʥʳ ʭᴇʛʞʣʠʡʥ 

ʩʪʨʘʪʝʛʠʡʥ ʘʩʫʫʜʘʣʪʘʡ ʭʘʤʘʘʪʘʡ . ᴆʥᴇᴇ װʝʜ ʊʋʀʉ  ʙʘ ʄʋʀʉ-ʳʥ ʍʐʋʀʉ-ʠʡʥ 

ʭʦʦʨʦʥʜʳʥ ʭʘʤʪʳʥ ʘʞʠʣʣʘʛʘʘ ʥʴ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʙʦʣʦʚʩʨʦʣʳʥ ʯʠʛʣʵʣʵʵʨ ʭᴇʛʞʠʞ 

ʙʘʡʥʘ.  

ʊʋʀʉ-ʜ  ʄʦʥʛʦʣ ʋʣʩʳʥ ʀʭ ʩʫʨʛʫʫʣʠʡʥ ʘʩʧʠʨʘʥʪ, ʦʶʫʪʥʫʫʜʳʥ ʩʫʨʘʣʮʜʘʛ ʭʵʜ ʭʵʜʵʥ 

ʙʦʣʦʚʩʨʦʣʳʥ ʯʠʛʣʵʣ ʙʠʡ . ʄᴇʥ ʵʥʵ ʪᴇʩʣʠʡʥ ʯʠʛʣʵʣʵʵʨ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʭʘʤʪʘʨʩʘʥ 

ʘʞʠʣ  ʭᴇʛʞʠʞ ʙʘʡʥʘ. ʊʦʤʩʢʠʡʥ ʀʭ ʉʫʨʛʫʫʣʠʡʥ ʢʚʘʥʪ ʭʠʤʠʡʥ, ʧʘʨʘʣʝʣʴ ʪʦʦʮʦʦʣʦʣ, 

ʤʦʣʝʢʫʣʳʥ ʜʠʥʘʤʠʢ ʤʘʪʝʤʘʪʠʢʠʡʥ ʘʨʛʳʥ ʦʥʦʣʳʥ ʭʫʚʴʜ ʭʘʤʘʘʛװʡ ʜʘʚʫʫ ʪʘʣʪʘʡ ʯ 

ʪᴇʩʣʠʡʥ ʟʦʭʠʦʛʯʜʳʥ װʟʵʞ ʙʘʡʛʘʘʛʘʘʨ  ʆʍʋ, ʄʦʥʛʦʣ ʋʣʩʳʥ ʩʪʨʘʪʝʛʠʡʥ ʭʘʤʪʳʥ 

ʘʞʠʣʣʘʛʘʘʥʜ ʤʦʥʛʦʣʳʥ ʟʘʣʫʫ ʤʵʨʛʵʞʠʣʪʥװװʜʠʡʛ ʩʫʜʘʣʛʘʘʥʳ ʪʘʣʙʘʨʪ ʪʘʪʘʥ 

ʦʨʦʣʮʫʫʣʘʭ ʥʴ  ɸʅʋ, ʍʷʪʘʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵ, ʙʦʣʦʚʩʨʦʣʳʥ ʪᴇʚװװʜʵʵʩ 

ʭʵʨʵʛʞװװʣʞ ʙʫʡ  (ʜʫʥʜ ʩʫʨʛʫʫʣʠʫʜʘʘʩ ʵʭʣʵʥ ʜʦʢʪʦʨʳʥ ʜʘʨʘʘʭ װʝ ʰʘʪ ʜʫʫʩʪʘʣ) 

ʭᴇʪᴇʣʙᴇʨװװʜʠʡʥ ʵʩʨʵʛ ʤʘʰ ʯʫʭʘʣ ʶʤ. 

 

ʊᴇʩʣʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ װʥʜʵʩʣʵʣ (ʛʘʨʩʘʥ  װʨ ʜװʥʛװװʜ ,  ʙʦʣʦʚʩʨʫʫʣʩʘʥ 

ʘʨʛʘʯʣʘʣ, ʭᴇʪᴇʣʙᴇʨ, ʪʫʨʰʠʣʪʳʥ ʪʦʥʦʛ ʪᴇʭᴇᴇʨᴇʤʞ, ʪᴇʩʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭʵʜ  

ʩʫʜʣʘʘʯʜʳʥ ʙʘʛʠʡʥ ʤʵʜʵʣʜ ʙʫʡ ʤʘʪʝʨʠʘʣʫʫʜ,ʤʵʜʵʵʣʣʠʡʥ ʥᴇᴇʮʠʡʛ ʙʘʛʪʘʘʩʘʥ) 

 

-ʊᴇʩʣʠʡʥ ʩʫʜʣʘʘʯʠʜ 

 

ʉʫʜʘʣʛʘʘʥʳ ʙʘʛ 2008 ʦʥʦʦʩ ʭʦʡʰ ʤʦʣʝʢʫʣʳʥ ʜʠʥʘʤʠʢʠʡʥ ʘʩʫʫʜʣʳʥ ʩʘʣʙʘʨʪ 

ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ (ɹʫʙʝʥʯʠʢʦʚ) ʙᴇʛᴇᴇʜ 2016 ʦʥ ʛʵʭʵʜ  ʪᴇʩʣʠʡʥ ʙʘʛʠʡʥ ʙװʨʵʣʜʵʭװװʥ 

ʵʮʩʠʡʥ ʙʘʡʜʣʘʘʨ ʙװʨʜʩʵʥ  ʙʘʡʥʘ (ʏʝʣʥʦʢʦʚʘ, ʋʢʦʣʦʚ, ʄʘʤʦʥʪʦʚ). ɹʘʛʠʡʥ ʛʦʣ װʡʣ 

ʘʞʠʣʣʘʛʘʘ ʥʴ ï ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ ʥʘʥʦ ʙװʪʵʮ ʙװʭʠʡ ʭʠʡʥ ʦʨʯʥʳ ʘʪʦʤ ʙʘ ʤʦʣʝʢʫʣʫʫʜʳʥ  

ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ  ʤʦʣʝʢʫʣʳʥ ʜʠʥʘʤʠʢ ʘʩʫʫʜʣʫʫʜʳʥ ʪʦʦʥ ʰʠʡʜʵʣ ʶʤ. 
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 ñMD-simulation of rotation fullerenes in the plastic phase of fulleritò  ʛʵʩʵʥ ʥʵʨʪʵʡ 

ʭʘʤʛʠʡʥ ʩװװʣʠʡʥ װʝʠʡʥ ʘʞʠʣ ʥʴ  7.93 ʥᴇʣᴇᴇʣʣʠʡʥ ʟʵʨʵʛʣʵʣʪʵʡ Q1 Acta 

Cristallographica- ʩʵʪʛװװʣʜ ʭʵʚʣʵʛʜʵʭʵʵʨ ʟᴇʚʰᴇᴇʨᴇʛʜʩᴇʥ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ 2019 ʦʥʳ 4-ʨ 

ʫʣʠʨʘʣʜ ʛʘʨʘʭ ʙʦʣʥʦ. 

ᴆʤʥᴇʭ ʘʞʣʳʥ ʷʚʮʘʜ : 

- ʩʦʥʛʦʜʦʛ ʤʦʣʝʢʫʣʳʥ ʜʠʥʘʤʠʢʠʡʥ ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʭʠʡʥ ʦʨʯʠʥ ʙװʭʠʡ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ  

ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʙʘ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ, ʪʦʦʮʦʦʣʦʭ 

ʘʨʛʘʯʣʘʣ (ʦʥʦʣ, ʪʦʦʮʦʦʣʦʣ)  - ʳʛ ʙװʨʵʥ ʙʦʣʦʚʩʨʫʫʣʘʛʜʘʞ, ʪʫʨʰʠʛʜʘʞ ʙʘʡʩʘʥ. [1-21] 

- ʉʦʨʦʥʟʦʥ ʦʨʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʠʡʥ ʦʨʯʠʥʜ ʩʦʨʦʥʟʦʥ ʘʛʰʠʥʪʘʡ ʥʘʥʦ ʭʦʦʣʦʡʥ  

ʛʠʨʦʜʠʥʘʤʠʢʠʡʥ ʪʦʦʮʦʦʣʣʳʛ ʘʥʭ ʫʜʘʘ ʭʠʡʩʵʥ. [2] 

- ʌʫʣʣʝʨʠʪʠʡʥ ʙװʪʮʵʜ C60 ʬʫʣʣʝʨʝʥʠʡ ʛʠʨʦʜʠʥʘʤʠʢʠʡʥ ʪʦʦʮʦʦʣʦʣ ʭʠʡʛʜʩʵʥ 

ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨʠʡʥ ʵʨʛʵʭ ʵʥʝʨʛʠʡʥ ʜʘʚʪʘʤʞʫʫʜʳʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥʪʵʡ ʜʘʚʭʮʘʞ 

ʙʘʡʛʘʘʛ ʦʥʦʣʳʥ ʭʫʚʴʜ ʪʦʜʦʨʭʦʡʣʩʦʥ . [3] 

- ʗʥʟ ʙװʨʠʡʥ ʥʘʥʦ-ʙᴇᴇʤʩʠʡʥ ʤʝʭʘʥʠʢ ʯʠʯʠʨʛʵʵʥʠʡ ʭʫʚʠʡʥ ʜʘʚʪʘʤʞʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ. 

ʊʵʜʛʵʵʨʠʡʥ ʘʥʘʣʠʪʠʢ ʠʣʵʨʭʠʡʣʵʣʠʡʛ ʦʣʞ ʘʚʩʘʥ [4]. 

- ʍʠʡʥ  ʦʨʯʠʥ ʜʘʭʴ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʭʵʣʙʵʨʵʵʩʵ ɻʭʘʤʘʘʨʯ ʰʠʣʞʠʣʪʠʡʛ 

ʵʩʵʨʛװװʮʵʭ ʢʦʵʬʬʠʮʠʝʥʪװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. ɸʥʭ ʫʜʘʘ ʪʵʜʛʵʵʨʠʡʥ ʘʥʘʣʠʪʠʢ 

ʠʣʵʨʭʠʡʣʣʠʡʛ ʦʣʞ ʘʚʩʘʥ [5]. 

- ʍʠʡʥ ʦʨʯʠʥ ʙװʭʠʡ ʤʦʣʝʢʫʣʫʫʜʪʘʡ ʷʥʟ ʙװʨʠʡʥ ʭʵʣʙʵʨʠʡʥ ʥʘʥʦʙᴇᴇʤʩ ʦʨʦʥ ʟʘʡʜ 

ʤᴇʨʛᴇʣʜᴇʭ  ʤʦʣʝʢʫʣʳʥ ʩʪʘʪʠʩʪʠʢ (ʢʣʘʩʪʝʨʪ ʤʦʣʝʢʫʣ ʦʨʦʭ) ï ʠʡʥ ʘʩʫʫʜʣʳʛ  ʰʠʡʜʩʵʥ 

[6]. 

- ʍʠʡʥ ʦʨʯʠʥʜ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʪʝʨʤʦʬʦʨʝʟʠʡʥ ʪʵʜʛʵʵʨʠʡʥ ʭʵʣʙʵʨʵʵʩ 

ʭʘʤʘʘʨʩʘʥ ʭʫʨʜʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ. ʊʵʜʛʵʵʨʠʡʥ ʘʥʘʣʠʪʠʢ ʠʣʵʨʭʠʡʣʣʠʡʛ ʥʴ ʦʥʦʣʳʥ 

ʭʫʚʴʜ [7] ʛʘʨʛʘʩʘʥ ʶʤ. 

- ʊʘʪʘʣʮʣʳʥ ʙʦʣʦʥ ʪᴇʚᴇᴇʩ ʟʫʛʪʘʭ ʪʫʥʘʜʘʩʞʠʣʪ [8], ʮʝʥʪʨʠʬʫʛʞʠʭ [9], ʮʘʭʠʣʛʘʘʥ 

ʪʘʣʙʘʡʥ ʦʨʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ ʭʠʡ ʜʦʪʦʨ ʥʘʥʦʙᴇᴇʤʩʠʡʥ  ʪʫʩʛʘʘʨʣʘʣʳʥ ʪʦʦʮʦʦʣʣʫʫʜ 

ʭʠʡʛʜʩʵʥ [10]. 

- ʍʵʪ ʥʘʨʠʡʭʘʥ ʥʘʥʦʫʪʘʩʥʳ ʤʦʣʝʢʫʣ ʭʦʦʨʦʥʜʳʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʭװʯʥʠʡ 

ʧʦʪʝʥʮʠʘʣʳʥ ʘʥʘʣʠʪʠʢ ʠʣʵʨʭʠʡʣʣʠʡʛ ʘʥʭ ʫʜʘʘ ʛʘʨʛʘʩʘʥ [11]. 
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- ʅʘʥʦʩʫʚʛʫʫʜʳʥ ʙʘʛʮ, ʩװʚʵʨʭʵʛ ʛʨʘʬʝʥ, ʬʫʣʣʝʨװװʜ ʙʘ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʟʘʛʚʘʨ 

ʜʫʥʜʫʫʨ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʭʠʡʥ ʘʪʦʤʫʫʜ,ʤʦʣʝʢʫʣʫʫʜ ʥʵʚʯʠʥ ʛʘʨʘʭ ʪʦʦʮʦʦ [12-

14]ʭʠʡʛʜʩʵʥ. 

- ʄʘʩʩhʠʣʞʠʣʪʠʡʥ ʩʫʧʝʨʜʘʤʞʠʭ ʯʘʥʘʨʘʘʨ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʜʠʬʬʫʟʵʵʩ ʯʘʥʘʨʳʥ 

ʷʣʛʘʘʪʘʡ  ʥʵʚʯʠʣʪʠʡʥ ʛʦʨʠʤʳʛ ʘʥʭ ʫʜʘʘ ʦʣʞ ʘʚʩʘʥ [15]. 

- ʍʠʡʥ װʨ ʜװʥʪʵʡ ʪʫʩʛʘʘʨʣʘʣʪʘʜ ʟʦʨʠʫʣʩʘʥ ʷʥʟ ʙװʨʠʡʥ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʥװʭʥװװʜʠʡʥ 

ʵʩʚʵʣ ʘʪʦʤ ʙװʪʮʠʡʥ ʜʝʬʝʢʪʠʡʥ ʥʷʛʪ ʙʘ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ  [16-18]. 

- ɸʪʦʤ / ʤʦʣʝʢʫʣʳʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʭʵʣʙʵʨʠʡʛ ʥʘʥʦʙᴇᴇʤʩװװʜʵʵʨ ʰʠʥʛʵʵʭ ʰʠʥʛʵʵʣʪʠʡʛ 

ʵʥʝʨʛʵʵʩ ʥʴ ʭʘʤʘʘʨʫʫʣʘʥ ʪʦʦʮʦʦʣʩʦʥ. [19] 

- ʆʣʦʥ ʜʘʚʭʘʨ ʙʘ ʰʠʣʵʥ ʥʘʥʦ ʙװʪʮװװʜʠʡʥ ʭʠʡʥ ʦʨʯʥʦʦʨ ʘʪʦʤ/ʤʦʣʝʢʫʣʫʫʜʳʥ  ʥʵʚʯʠʭ 

ʯʘʜʚʘʨʳʛ  ʪʦʦʮʦʦʣʩʦʥ. [20] 

- ʕʥʛʠʡʥ ʥʵʭʵʵʩʪ ʥʘʥʦʪʦʨ ʙʦʣʦʥ ʘʪʦʤ/ʤʦʣʝʢʫʣʫʫʜʳʥ ʭʠʡʥ ʭʵʣʙʵʨʪʵʡ ʬʘʟʳʥ  

ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ ʧʦʪʝʥʮʠʘʣʳʥ ʘʥʘʣʠʪʠʢ ʠʣʵʨʭʠʡʣʣʠʡʛ ʘʥʭ ʫʜʘʘ ʦʣʞ ʘʚʩʘʥ. 

[21] 

ʊᴇʩʣʠʡʥ ʭʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯ ɹʫʙʝʥʯʠʢʦʚʳʥ ʄ.ɸ. ʛʘʟʨʳʥ ʙʘʡʛʘʣʠʡʥ ʭʠʡʥʵʵʩ ʛʝʣʠʛ 

ʷʣʛʘʭ ʪʝʭʥʦʣʦʛʠʡʥ װʟʵʣ ʙʘʨʠʤʪʣʘʣʳʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥʛ 

çɻʘʟʧʨʦʤè ʢʦʤʧʘʥʠʡ ʊʋɿ-ʠʡʥ ʜʘʨʛʘ ɸ.ɹ. ʄʠʣʣʝʨ ʜʦʢʪʦʨʳʥ ʜʠʩʩʝʨʪʘʮʠ ʭʘʤʛʘʘʣʘʭ 

ʟʦʨʠʣʛʦʪʦʡ ʪʫʩʛʘʡ ʪʵʪʛʵʣʵʛ ʭʵʣʙʵʨʵʵʨ(OAO "ɻʘʟʧʨʦʤ" 02.13.2015-ʥʠʡ  ̄ 61 ʊʫʰʘʘʣ), 

ʪװװʥʯʣʵʥ ʆʍʋ-ʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʘʥ (ʙʫʮʘʣʪʛװʡ ʪʫʩʣʘʤʞ ˉ 14-01-31365) ʆʍʋ-ʳʥ 

ʩʘʥ (ʙʫʮʘʣʪʛװʡ ʪʫʩʣʘʤʞ ʪʦʦ  16- 19-00089) ʜʵʤʞʠʚ. 

ʉʫʜʘʣʛʘʘʥʳ װʨ ʜװʥ ʙʠʯʠʛʜʩʵʥ 70 ʛʘʨʫʡ ʘʞʠʣ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʟᴇʚʰᴇᴇʨᴇʛʜʩᴇʥ 

ʩʵʪʛװװʣװװʜʵʜ ʥʠʡʪʣʵʛʜʩʵʥ ʙᴇʛᴇᴇʜ װװʥʵʵʩ 20 ʛʘʨʫʡ ʥʴ SCOPUS ʙʦʣʦʥ  WEB of 

SCIENCE -ʵʵʨ ʠʥʜʝʢʩʞװװʣʵʛʜʩʵʥ ʙʘʡʥʘ. ᴆʤʥᴇ ʥʴ ʛʘʨʛʘʩʘʥ װʨ ʜװʥʛʠʡʥʭʵʵ װʥʜʩʵʥ 

ʜʵʵʨ ʪᴇʩᴇʣ ʭʘʨʠʫʮʘʥ ʛװʡʮʵʪʛʵʛʯ ʵʨʜʤʠʡʥ ʟʵʨʵʛ ʛʦʨʠʣʦʛʯʠʡʥ ʜʠʩʝʨʪʘʮʠ ʭʘʤʛʘʘʣʞ, 

ʤᴇʥ 1 ʩʫʨʛʘʣʪʳʥ ʛʘʨʳʥ ʘʚʣʘʛʘ ʙʵʣʪʛʵʞʵʵ. 

ʊᴇʩʣʠʡʥ ʭʘʨʠʫʮʣʘʛʘʪʘʡ ʛװʡʮʵʪʛʵʛʯ ʄ.ɸ.ɹʫʙʝʥʯʠʢʦʚ ʥʴ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʠʰʣʵʣʠʡʥ 

ʠʥʜʝʢʩ (ʠʥʜʝʢʩ ʍʠʨʰʘ) - 9, elibrary.ru ïʠʡʥ ʜʘʛʫʫ , (SCOPUS-ʠʡʥ ʜʘʛʫʫ 6)-ʠʡʛ 

ʵʟʵʤʰʜʵʛ. 

M.A. ɹʫʙʝʥʯʠʢʦʚ  3 ʧʘʪʝʥʪ ʟʦʭʠʦʛʯʠʡʥ ʵʨʭʪʵʡ : "ʎʠʢʣʦʥʦʥ ʢʘʤʝʨ, ʢʩʝʥʦʥ ʷʣʛʘʭ ʘʨʛʘ 

ʙʘ ʪᴇʭᴇᴇʨᴇʤʞ" ʙװʪʵʵʣ (ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ 01.07.2011), "ʄʝʪʘʣʣ ʩʫʫʨʴʪʘʡ 

ʪʵʵʚʵʨʣʵʛʯ ʜʵʵʨ ʭʘʪʫʫ ʠʩʣʠʡʥ ʪװʣʰʥʠʡ ʵʣʝʤʝʥʪʠʡʥ װװʨʠʡʛ ʙʵʣʪʛʵʭ ʘʨʛʘ" ʙװʪʵʵʣ 

(ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ 11.12.2014), ñʍʠʡ ʜʘʤʞʫʫʣʘʭ ʭʦʦʣʦʡʥ ʢʨʘʥʳ ʦʩʣʳʥ ʘʚʪʦʤʘʪ 
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ʭʘʘʣʪò ʙװʪʵʵʣ (ʪʵʨʛװװʣʵʭ ʦʛʥʦʦ 04/06/2015) ʤᴇʥ ʢʦʤʧʴʶʪʝʨʠʡʥ ʧʨʦʛʨʘʤʤʳʥ 8 ʫʣʩʳʥ 

ʙװʨʪʛʵʣʠʡʥ ʛʵʨʯʠʣʛʵʵ:  «S-RimplyGraphen-2.0 תʨʯʛʵʨ ʛʨʘʬʝʥʠʡ ʛʘʜʘʨʛʫʫʪʘʡ 

ʤʦʣʝʢʫʣʳʥ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʭ ʵʥʝʨʛʠʡʥ ʪʦʦʮʦʦ ʭʠʡʭ ʧʨʦʛʨʘʤʤ " ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ 

- 04.02.2016, , "S-ThinLayer. ʍɻ ʪ ʥʘʨʠʡʥ ʰʠʨʭʵʛʪʵʡ ʘʤʦʨʬ ʷʣʪʘʩʥʳ ʥʵʚʪʨװװʣʵʭ ʯʘʥʘʨ 

ʪʦʦʮʦʭ ʧʨʦʛʨʘʤʤ "ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ - 04.02.2016, « S-RimplyGraphen 1.0 תʨʯʛʵʨ 

ʛʨʘʬʝʥʠʡ ʥᴇʣᴇᴇʣʣʠʡʥ ʵʥʝʨʛʠʡʛ ʪʦʦʮʦʦʣʦʭ ʧʨʦʛʨʘʤʤ "ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ - 

04.02.2016, " ʌʫʣʣʝʨʵʥ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʤʦʣʝʢʫʣʪʘʡ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʥ 

ʪʦʦʮʦʦʣʣʳʥ ʧʨʦʛʨʘʤʤ"- . ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ 04.08.2015  " ʇʦʣʠʜʠʩʧʝʨʩ 

ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʰʠʛװװ ʙʘʛʣʘʘʥ  r ʵʣʝʤʝʥʪʠʡʥ ʥʵʚʪʨװװʣʵʭ ʯʘʜʚʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʧʨʦʛʨʘʤʤ" - ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ 08.04.2015 , ñ ɼʫʧʣʝʪʠʡʥ ʥʵʚʪʨװװʣʵʭ ʯʘʜʚʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʧʨʦʛʨʘʤʤ " ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ 16/06/2015, ʆʍʋ - 04.08.2015-ᴇᴇʩ 

16/06/2025," ɹᴇʤʙᴇʨʮᴇʛ ʭʣɻʙʵʨʪʵʡ ʥʘʥʦʙᴇᴇʤʩᴇʥ ʪʫʥʥʝʣʠʡʥ ʥʵʚʪʨװװʣʵʭ ʯʘʜʚʘʨʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʧʨʦʛʨʘʤʤ"ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ - 06.16.2015, òʅɻʵʣʪʪʵʡ ʥʘʥʦʭʦʦʣʦʡʥ 

ʤʦʣʝʢʫʣʪʘʡ ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ  ʪʦʦʮʦʭ ʧʨʦʛʨʘʤʤ "ʜʘʚʘʤʛʘʡʣʘʭ ʦʛʥʦʦ  - 

04.07.2015. 

 

M.A. ɹʫʙʝʥʯʠʢʦʚ ʩʫʜʘʣʛʘʘʥʳ ʛʘʨʩʘʥ װʨ ʜװʥʛʵʵʨʵʵ ʦʣʦʥ ʫʣʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʙʘʛʘ ʭʫʨʘʣ ʜʵʵʨ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ ʙʘʡʥʘ,  ʪʫʭʘʡʣʙʘʣ:  

1) ʇʦʣʠʤʝʨ ʙʘ ʥʠʡʣʤʵʣ ʤʘʪʝʨʠʘʣʳʥ 2015 ʦʥʳ ʜʵʣʭʠʡʥ ʯʫʫʣʛʘ ʫʫʣʟʘʣʪ (PCM 2015) 

5-ʨ ʩʘʨʳʥ 16-19, ɹʵʵʞʠʥ ʭʦʪ, ʍʷʪʘʜ;  

2) ʎʘʭʠʣʛʘʘʥʳ ʠʥʞʝʥʝʨʯʣʵʣ. ʕʨʯʠʤ ʭװʯ. ʄʝʭʘʥʠʢ ʠʥʞʝʥʝʨʠʡʥ ʘʞʠʣ I ɿʘʣʫʫ 

ʵʨʜʵʤʪʜʠʡʥ ʦʣʦʥ ʫʣʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ. ʅʦʚʦʩʠʙʠʨʩʢ ʭʦʪ, 2014 ʦʥ;  

3) ʆʣʦʥ ʪʘʣʪ ʛʝʦʤʝʪʨ ʙʘ ʪװװʥʠʡ ʭʵʨʵʛʣʵʵ: ʆʣʦʥ ʫʣʩʳʥ ʦʨʦʣʮʦʦʪʦʡ ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʣʳʥ ʤʘʪʝʨʠʘʣ, ʋʣʘʘʥ-תʜ ʭʦʪ, 2014 ʦʥ; 

 4) ɿʘʣʫʫ ʵʨʜʵʤʪʵʥ, ʤʵʨʛʵʞʠʣʪʥװװʜʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʦʣʦʥ ʧʨʘʢʪʠʢʠʡʥ  7-ʨ 

ʭʫʨʘʣ, ʊʦʤʩʢ ʭʦʪ, 2015 ʦʥ, ɻʘʟʧʨʦʤ ʊʨʘʥʩʛʘʟ ʊʦʤʩʢ ʍʍʂ;  

5) ɿʘʣʫʫʯʫʫʜʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʧʨʘʢʪʠʢʠʡʥ ʦʣʦʥ ʫʣʩʳʥ VI ʙʘʛʘ ʭʫʨʘʣ "ʍʠʡʥ ʘʞ 

 ʡ ʙʘʡʜʘʣ. ʠʤʧʦʨʪʳʥ ʦʨʣʫʫʣʘʣʪʳʥװʡʣʜʚʵʨʠʡʥ ʰʠʥʵ ʪʝʭʥʦʣʦʛʠ: ʪʫʨʰʣʘʛʘ, ʪʘʩʨʘʣʪʛװ

ʭʵʪʠʡʥ ʪᴇʣᴇʚ, ʘʩʫʫʜʘʣ ", ʍʍʂ ɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿ, ʄʦʩʢʚʘ ʭʦʪ, 2015 ʦʥ; 

 6) ɹװʭ ʆʨʦʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʦʣʦʥ ʫʣʩʳʥ ʦʨʦʣʮʦʦʪʦʡ VI ʙʘʛʘ ʭʫʨʘʣ "ʕʨʯʠʤ 

ʭװʯʥʠʡ ʪʝʭʥʦʣʦʛʠʡʥ ʜʫʣʘʘʥʬʠʟʠʢʠʡʥ װʥʜʩװװʜ", ʊʦʤʩʢ ʭʦʪ, 2015 ʦʥ;  
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7) "ʕʨʯʠʤ ʭװʯʥʠʡ ʭʵʤʥʵʣʪʠʡʥ ʪʝʭʥʠʢ, ʪʝʭʥʦʣʦʛʠʡʥ ʪʦʥʦʛʣʦʣʳʥ ʜʫʣʘʘʥʳ ʛʦʨʠʤʳʛ 

ʭʘʥʛʘʭ ʩʠʩʪʝʤװװʜʠʡʥ ʜʫʣʘʘʥ ʤʘʩʩ ʰʠʣʞʠʣʪò ʦʣʦʥ ʫʣʩʳʥ ʟʘʣʫʫʯʫʫʜʳʥ ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʙʘʛʘ ʭʫʨʘʣ", ʊʦʤʩʢ ʭʦʪ, 2016 ʦʥ.  

8) ʆʣʦʥ ʫʣʩʳʥ ʦʨʦʣʮʦʦʪʦʡ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ IV ʫʫʣʟʘʣʪ "ʆʣʦʥ ʪʘʣʪ ʛʝʦʤʝʪʨ ʙʘ 

ʪװװʥʠʡ ʭʵʨʵʛʣʵʵ", ʋʣʘʘʥ-תʜ ʭʦʪ . ʑʫʯʴʝ ʥʫʫʨ, 2016 ʦʥ   

9) ʐʠʥʵ ʪʝʭʥʦʣʦʛʠ, ʥʘʡʜʚʘʨʪʘʡ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʰʘʪʘʣʩʘʥ ʙװʪʵʮ ʙװʭʠʡ ʜʵʚʰʠʣʪʵʪ 

ʤʘʪʝʨʠʘʣ, ʆʣʦʥ ʫʣʩʳʥ ʙʘʛʘ ʭʫʨʘʣ, ʊʦʤʩʢ ʭʦʪ, 2016 ʦʥ  

10) ʖ.ɸ. ɻʘʛʘʨʠʥ rʥʠʩʣʵʛʠʡʥ 55 ʞʠʣʠʡʥ ʦʡʜ ʟʦʨʠʫʣʩʘʥ "ʆʨʯʠʥ װʝʠʡʥ ʤʝʭʘʥʠʢʠʡʥ 

ʩʫʫʨʴ ʙʘ ʭʵʨʵʛʣʵʵʥʠʡ ʘʩʫʫʜʣʫʫʜ" ɹװʭ ʆʨʦʩʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ Iʍ ʙʘʛʘ ʭʫʨʘʣ , 

ʊʦʤʩʢ ʭʦʪ, 2016 ʦʥ. 11) "ʕʨʯʠʤ ʭװʯʥʠʡ ʪʝʭʥʦʣʦʛʠʡʥ ʜʫʣʘʘʥʳ ʬʠʟʠʢ" ɹװʭ ʆʨʦʩʳʥ 

ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʦʣʦʥ ʫʣʩʳʥ ʦʨʦʣʮʦʦʪʦʡ VII ʙʘʛʘ ʭʫʨʘʣ, ʊʦʤʩʢ ʭʦʪ, 2016 ʛʵʭ 

ʤʵʪ. 

 

M.A. ɹʫʙʝʥʯʠʢʦʚ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣװװʜʵʜ ʦʨʦʣʮʦʭ, ʫʜʠʨʜʘʭ ʪʫʨʰʣʘʛʘʪʘʡ. װתʥʜ:  

 

1) ʆʨʦʩʳʥ ʉʫʫʨʴ ʉʫʜʘʣʛʘʘʥʳ ʩʘʥ " ʊʦʛʪʤʦʣ ʙʠʰ ʩʦʨʦʥʟʦʥ ʦʨʦʥʜ ʥװװʨʩʪᴇʨᴇʛʯ 

ʥʘʥʦʭʦʦʣʦʡʥ ʵʨʛʵʣʜʵʭ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʜʠʥʘʤʠʢʠʡʛ ʩʫʜʣʘʭ ʥʴ" 14-01-31365 ʤʦʣ_a, 

2014-2015ʦʥ. (ʫʜʠʨʜʘʛʯ).  

2) ʐʠʥʞʣʵʭ ʫʭʘʘʥ, ʪʝʭʥʠʢʠʡʥ ʩʘʣʙʘʨʪ  ʪʫʩʣʘʭ ʙװʪʵʵʛʜʵʭװװʥʠʡ ʞʠʞʠʛ ʭʵʣʙʵʨʠʡʛ 

ʭᴇʛʞװװʣʵʭ ʩʘʥʛʠʡʥ ʪʫʩʣʘʣʮʘʘʛʘʘʨ ɿʘʩʛʠʡʥ ʛʘʟʨʳʥ ʛʵʨʵʵ  "ʅʘʥʦ ʤʘʪʝʨʠʘʣ ʙʘ ʪװװʛʵʵʨ 

ʭʠʡʩʵʥ  ʙװʪʵʵʛʜʵʭװװʥʠʡ ʰʠʥʞ ʯʘʥʘʨʳʛ ʩʫʜʣʘʭ ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞ , ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ 

ʟʘʛʚʘʨʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ" ʩʵʜʚʵʵʨ "ʋʄʅʀʂ" ʭᴇʪᴇʣʙᴇʨʠʡʥ ʭװʨʵʵʥʜ (ʫʜʠʨʜʘʛʯ)   

3) ʆʍʋ-ʳʥ ʐʠʥʞʣʵʭ ʋʭʘʘʥʳ ʉʘʥʛʠʡʥ ʜʵʤʞʣʵʛ "ʀʦʥʳ ʧʣʘʟʤʳʥ ʘʨʛʘʘʨ ʥʠʤʛʵʥ 

ʭʘʣʴʩʘʥ ʭʘʪʫʫ ʦʢʩʠʜ ʪװʣʰʥʠʡ ʵʣʝʤʝʥʪʠʡʛ ʙʘʡʛʫʫʣʘʭ"ˉ 16-19-00089 (ʛװʡʮʵʪʛʵʛʯ).  

4) ʆʨʦʩʳʥ ʉʫʫʨʴ ʉʫʜʘʣʛʘʘʥʳ ʩʘʥ " ɸʥʝʚʨʠʟʤʪʘʡ ʘʨʪʝʨʠʡʥ ʩʫʜʘʩʥʳ 

ʛʠʜʨʦʜʠʥʘʤʠʢʳʥ ʢʠʥʝʤʘʪʠʢ ʙʘ ʵʣʝʢʪʨʦʬʠʟʠʢʠʡʥ ʤʝʭʘʥʠʟʤʫʫʜʳʥ ʤʘʪʝʤʘʪʠʢ 

ʟʘʛʚʘʨʯʣʘʣʳʛ ʩʦʨʦʥʟʦʥ ʦʨʦʥ ʙʘʡʭ װʝʜ" ˉ 08-01-00484-a (ʛװʡʮʵʪʛʵʛʯ).  

5) 2009-2013 ʦʥʫʫʜʘʜ "ʐʠʥʞʣʵʭ ʫʭʘʘʥ, ʰʠʥʞʣʵʭ ʫʭʘʘʥ-ʩʫʨʛʘʥ ʭװʤװװʞװװʣʵʛʯ ʦʨʦʩʳʥ 

ʤʵʨʛʵʞʠʣʪʵʥ" ʍʦʣʙʦʦʪʳʥ ʟʦʨʠʣʪʦʪ ʪᴇʩᴇʣ. ɿʘʩʛʠʡʥ ʛʘʟʨʳʥ ʛʵʨʵʵ ̄  8345 (ʛװʡʮʵʪʛʵʛʯ).  

6) ɼɻ ʣʭʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʙʦʣʦʚʩʨʦʣʳʥ ʪʵʨʛװװʣʵʛʯ ʪᴇʚװװʜʠʡʥ ʜʫʥʜ ʆʍʋ-ʳʥ 

ʪʵʨʛװװʣʵʭ ʠʭ ʩʫʨʛʫʫʣʠʫʜʳʥ ᴇʨʩᴇʣʜᴇʭ ʯʘʜʚʘʨʳʛ ʜʵʵʰʣװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ ʪᴇʨʠʡʥ 
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ʜʵʤʞʣʵʛʪʵʡ ʪᴇʩᴇʣ  "ɹʘʡʛʘʣʠʡʥ ʭʠʡʥ ʭʦʣʴʮʳʥ ʛʝʣʠ, ʥװװʨʩʫʩʪᴇʨᴇʛʯʠʡʥ ʙװʨʵʣʜʵʭװװʥʠʡ 

ʭʫʚʴʜ ʥװʭʵʥ ʛʨʘʬʝʥʳ ʥʵʚʪʨװװʣʵʭ ʯʘʜʚʘʨ" ʌɻɸʆʋ ɺʆ ʅʀ ʊɻʋ 09.08.2016 - 31.12.2016 

(ʛװʡʮʵʪʛʵʛʯ). 

 7) ɼʵʣʭʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʙʦʣʦʚʩʨʦʣʳʥ ʪʵʨʛװװʣʵʛʯ ʪᴇʚװװʜʠʡʥ ʜʫʥʜ ʆʍʋ-ʳʥ 

ʪʵʨʛװװʣʵʭ ʠʭ ʩʫʨʛʫʫʣʠʫʜʳʥ ᴇʨʩᴇʣʜᴇʭ ʯʘʜʚʘʨʳʛ ʜʵʵʰʣװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ ʪᴇʨʠʡʥ 

ʜʵʤʞʣʵʛʪʵʡ ʪᴇʩᴇʣ " ʍʠʡ hʫʫʜ ʷʣʛʘʨʫʫʣʘʭ ʟʦʨʠʫʣʘʣʪʪʘʡ ʭʵʪ ʥʠʤʛʵʥ ʥװʭʵʥ ʜʘʚʭʘʨʛʳʥ 

ʙʦʣʦʚʩʨʫʫʣʘʣʪ ʙʘ ʰʠʥʞ ʯʘʥʘʨʳʥ ʩʫʜʘʣʛʘʘ" ʌɻɸʆʋ ɺʆ ʅʀ ʊɻʋ 01.01.2015 - 

31.12.2016 (ʛװʡʮʵʪʛʵʛʯ).  

8) ɼʵʣʭʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʙʦʣʦʚʩʨʦʣʳʥ ʪʵʨʛװװʣʵʛʯ ʪᴇʚװװʜʠʡʥ ʜʫʥʜ ʆʍʋ-ʳʥ 

ʪʵʨʛװװʣʵʭ ʠʭ ʩʫʨʛʫʫʣʠʫʜʳʥ ᴇʨʩᴇʣʜᴇʭ ʯʘʜʚʘʨʳʛ ʜʵʵʰʣװװʣʵʭ ʟʦʨʠʣʛʦʪʦʡ ʪᴇʨʠʡʥ 

ʜʵʤʞʣʵʛʪʵʡ ʪᴇʩᴇʣ "ɹʘʡʛʘʣʠʡʥ ʭʠʡʥʵʵʩ ʛʝʣʠ ʙʘ ʛʝʣʠʦʥ ʷʣʛʘʭʘʜ ʟʦʨʠʫʣʩʘʥ ʤʝʤʙʨʘʥ 

ʪʝʭʥʦʣʦʛʠʫʜ" ʌɻɸʆʋ ɺʆ ʅʀ ʊɻʋ 01.01.2014 - 31.12.2014 ( ʛװʡʮʵʪʛʵʛʯ). 

ʆʜʦʦʛʦʦʨ M.A. ɹʫʙʝʥʯʠʢʦʚ ʊʋʀʉ-ʠʡʥ ʄʄʌ ʕʐʍ-ʠʡʥ  ʦʥʦʣʳʥ ʤʝʭʘʥʠʢ (ʊʄ) 

ʪʵʥʭʠʤʠʡʥ ʙʘʛʰʘʘʨ ʘʞʠʣʣʘʞ,  ʄʦʣʝʢʫʣʳʥ ʬʠʟʠʢ, ʅʘʥʦʤʝʭʘʥʠʢʠʡʥ ʯʠʛʣʵʣʵʵʨ ʣʝʢʮ 

ʫʥʰʜʘʛ. 

ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵ-ʩʫʜʘʣʛʘʘʥʳ ʙʘʛ ʥʴ ʪʦʦʮʦʦʣʦʭ ʤʘʪʝʤʘʪʠʢʠʡʥ ʙʦʣʦʥ ʧʘʨʘʣʣʝʣ ɹ

ʪʦʦʮʦʦʣʦʭ ʘʣʛʦʨʠʪʤʫʫʜʳʛ ʭʵʨʵʛʣʵʭ ʧʨʘʢʪʠʢ ʫʨ ʯʘʜʚʘʨʪʘʡ ʙᴇʛᴇᴇʜ ʊʋʀʉ-ʠʡʥ ʕʐʍ ï

ʠʡʥ "SKIF Cyberia"ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʠʡʥ ʢʣʘʩʪʝʨʪ ʥʵʚʪʨʵʭ ʙʦʣʦʤʞʪʦʡ. 64-ʙʠʪʠʡʥ 

ᴇʨʛᴇʪʛᴇʣʠʡʛ ʜʵʤʞʩʵʥ X86 ʢʣʘʩʪʝʨ; (Westmere) ʟʘʥʛʠʣʘʘ ʙװʨ ʜʵʵʨ ʭʦʸʨ 6-ʮᴇʤʪ  Intel 

Xeon 5670 2.93 GHz ʧʨʦʮʝʩʩʦʨʪʦʡ 358 ʪʦʦʮʦʦʣʣʳʥ ʟʘʥʛʠʣʘʘʪʘʡ, ʙʘ ʭʦʸʨ ʮᴇʤʪ Intel 

Xeon 5150 2.93 GHz ʧʨʦʮʝʩʩʦʨʦʦʨ (Westmere) ʪʦʥʦʛʣʦʛʜʩʦʥ 282 ʪʦʦʮʦʦʣʣʳʥ 

ʟʘʥʛʠʣʘʘ ʘʛʫʫʣʜʘʛ. ʉʠʩʪʝʤʠʡʥ ʩװʣʞʵʵ Mellanox lnfiniband QDR 40 GB / sec. ʍʘʤʛʠʡʥ 

ᴇʥʜᴇʨ ʙװʪʵʵʤʞ ʥʴ 62 TFlops ʶʤ. ʊʫʩ ʙʘʛ ʥ ɹʤᴇʥ GAUSSIAN-09, FIREFLY, GAMESS-

US, TURBOMOLE, MOLPRO, COMSOL MULTYPHISICS ʛʵʩʵʥ ʪʫʩʛʘʡ ʟᴇʚʰᴇᴇʨᴇʣʪʵʡ 

ʧʨʦʛʨʘʤʤʳʥ ʧʘʢʝʪʪʘʡ ʙᴇʛᴇᴇʜ ʊʋʀʉ-ʠʡʥ ʕʐʍ-ʛʠʡʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʥʦʤʳʥ ʩʘʥ ʥʴ 

ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʪʦʛʪʤʦʣ ʭʵʚʣʵʣװװʜʠʡʥ ʘʨʭʠʚʳʥ ʩװʣʞʵʵʥʠʡ ᴇʨʛᴇʥ ʭװʨʵʵʛ  ʭʘʤʘʨʩʘʥ 

ʙᴇʛᴇᴇʜ Springer, Institute of Physics, American Mathematical Society, Elsevier ʛʵʭ ʤʵʪ 

ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʪʵʨʛװװʣʵʭ ʪᴇʚװװʜʵʜ ʥʵʚʪʨʵʭ ʵʨʭʪʵʡ. ʊᴇʩʣʠʡʥ ʙʘʛ ʤᴇʥ ʜʘʨʘʘʭʴ ʪʦʥʦʛ 

ʪᴇʭᴇᴇʨᴇʤʞװװʜʠʡʛ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ: 
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AZtecHKL ʥʘ ʦʩʥʦʚʝ ʜʝʪʝʢʪʦʨʘ NordllysMax 
ɻʦʜ ʚʳʧʫʩʢʘ: 2012 
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- ʄʦʥʛʦʣʳʥ ʪʘʣʳʥ ʩʫʜʣʘʘʯʠʜ 

 

ʄʦʥʛʦʣʳʥ ʪװʥʰװװʜ ʷʥʟ ʙװʨʠʡʥ ʭʵʤʞʵʵʪʵʡ ʥʘʥʦʙᴇᴇʤʩʠʡʥ ʩʠʩʪʝʤʪʵʡ ʤʦʣʝʢʫʣʫʫʜʳʥ   

(ʘʪʦʤ) ʭʘʨʠʣʮʘʥ װʡʣʯʣʵʣʠʡʛ ʟʘʛʚʘʨʯʣʘʭ ʯʘʜʚʘʨʪʘʡ, ʥװʭʵʥ ʛʨʘʬʝʥ ʭʫʫʜʘʩʥʳ ʩʦʥʛʦʭ 

ʰʠʥʞ ʯʘʥʘʨʳʛ װʥʵʣʵʭ ʙʘ  ʥʵʚʯʠʭ ʯʘʥʘʨʳʥ ʪʦʦʮʦʦʣʣʳʛ ʭʠʡʭ ʫʨ ʯʘʜʚʘʨ, ʪʫʭʘʡʣʙʘʣ, 

ʭʠʡʥ ʷʣʛʘʭ ʯʘʜʚʘʨʪʘʡ ʛʨʘʬʝʥ ʭʫʫʜʩʳʥ ʭʵʣʙʵʨʠʡʥ ʥᴇʣᴇᴇʣʣʠʡʛ ʰʠʥʞʣʵʭ ʯʘʜʚʘʨʪʘʡ 

ʙʘʡʜʘʛ. װתʥʵʵʩ ʛʘʜʥʘ, ʪʵʜ ʩʘʣʘʘʣʩʘʥ ʥʘʥʦ ʭʦʦʣʦʡʥʫʫʜ ʘʛʫʫʣʩʘʥ ʩʠʩʪʝʤ ʜʵʭ ʭʠʡʥ 

ʙװʨʵʣʜʵʭװװʥʠʡ ʰʠʣʞʠʣʪʠʡʛ ʪʦʦʮʦʦʣʦʭ ʘʨʚʠʥ ʪʫʨʰʣʘʛʘʪʘʡ ʶʤ. 

ʥʠʡ ʟʵʨʵʛʮʵ ɻװת ʩװװʣʠʡʥ ʞʠʣװװʜʵʜ ʋʣʘʘʥʙʘʘʪʘʨ ʭʦʪʳʥ ʪװʥʰװװʜ ʥɹ  ʤʝʪʘʣʣʳʥ 

ʩʫʙʩʪʨʘʪ ʜʵʵʨ ʭʠʤʠʡʥ ʫʫʨʰʫʫʣʘʭ ʘʨʛʳʛ ʘʰʠʛʣʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʩʦʥ. ʕʥʵ ʘʨʛʘʘʨ 

ʤʘʢʨʦ ʭʵʤʞʵʵʩʪ ʛʨʘʬʝʥʠʡʛ װʡʣʜʚʵʨʣʵʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʕʥʵ ʘʨʛʘ ʢʘʪʘʣʠʟʘʪʦʨʳʥ 

ʛʘʜʘʨʛʫʫ ʜʵʵʨ ʥװװʨʩʪᴇʨᴇʛʯ ʘʛʫʫʣʩʘʥ ᴇᴇʨ ʥʵʛ ʭʠʡ ʵʩʚʵʣ ʤʝʪʘʥ rʢʘʪʘʣʠʪʠʢ ʟʘʜʨʘʣʳʥ 

 .ʡʣ ʷʚʮ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʜʘʛ. ʂʘʪʘʣʠʟʘʪʦʨ (ʩʫʙʩʪʨʘʪ) ʥʴ ʠʭʵʚʯʣʵʥ ʟʵʩ ʷʣʪʘʩ ʙʘʡʜʘʛװ

ʧʨʝʢʫʨʩʦʨ-ʭʠʡʛ ʰʘʭʘʭ ʰʘʭʫʫʨʛʳʥ ʪʝʤʧʝʨʘʪʫʨ ʥʴ 1000 Á C ʙʘʡʥʘ. ʀʡʤ ʪʝʤʧʝʨʘʪʫʨʪ 

ʭʠʡ ʥʴ ʟʘʜʘʨʯ ʟʵʩʠʡʥ ʛʘʜʘʨʛʫʫ ʜʵʵʨ ʛʨʘʬʝʥ ʙװʨʭװװʣ װװʩʵʭ ʙʘ ʩʫʙʩʪʨʘʪ ʙװʨʵʥ 

ʙװʨʭʵʛʜʩʵʥʠʡ ʜʘʨʘʘ ʧʨʦʮʝʩʩ ʟʦʛʩʜʦʛ. ʕʥʵ ʘʨʛʘ ʥʴ ʜʝʬʝʢʪʛװʡ ʭʫʫʜʩʫʫʜ ʛʨʘʬʝʥ 

ʭʫʫʜʩʫʫʜ,  ʪʦʛʪʤʦʣ ʥװʭʪʵʡ ʥװװʨʩʪᴇʨᴇʛʯʠʡʥ 2D ʤʘʪʝʨʠʘʣʳʛ ʥʵʛʪʛʵʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʛʦʭ 

ʙʘ ʤᴇʥ ʪװװʥʯʣʵʥ ʩʫʙʩʪʨʘʪ ʜʵʵʨʭ ʫʫʨʳʥ ʥʘʡʨʣʘʛʳʛ ᴇᴇʨʯʣᴇʥʛᴇᴇ ʩװʚʵʨʭʵʛ ʛʨʘʬʝʥ 

ʤʘʪʝʨʠʘʣʳʛ ʛʘʨʛʘʞ ʘʚʘʭ ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ. 

 

ʕʥʵ ʪᴇʩᴇʣʪ ʵʭʣʵʭʵʵʩ ᴇʤʥᴇʭ ʭʘʤʛʠʡʥ ʠʭ ʭʦʣʙʦʦʪʦʡ ʙʘʡʜʘʛ ʦʨʦʩʳʥ ʪʘʣʳʥ 
ʙʘʛʠʡʥ ʛʠʰװװʜ ʙʦʣʦʥ ʤʦʥʛʦʣʳʥ ʪʘʣʳʥ ʩʫʜʣʘʘʯʠʜʪʘʡ ʭʘʤʪʘʨʩʘʥ 
ʭʵʚʣʵʣװװʣװװʣʩʵʥ ʙװʪʵʵʣʠʡʥ ʞʘʛʩʘʘʣʪ  
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ʍʆɪʈɼʋɻɸɸʈ ɹתʃʕɻ. תʈ ɼתʅ ɹɸ ʍʕʃʕʃʎתתʃʕɻ 
 

2.1 ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʩʦʥʛʦʩʦʥ ʘʨʛʘ, ʛʦʣ װʨ ʜװʥ 
  
1. ʉʘʘʜʳʥ ʩʠʩʪʝʤʠʡʥ ʭʫʚʴʜ ʐʨʝʜʠʥʛʝʨʳʥ ʠʥʪʝʛʨʘʣ ʥʵʛ ʭʵʞʵʵʩʪ ʩʪʘʮʠʦʥʘʨ 

ʪʵʛʰʠʪʛʵʣʠʡʥ ʰʠʡʜʠʡʛ ʘʥʭ ʫʜʘʘ ʦʣʩʦʥ ʙʦʣʥʦ. 

 

2. ʐʨʝʜʠʥʛʝʨʳʥ ʠʥʪʝʛʨʘʣ ʥʵʛ ʭʵʤʞʵʵʩʪ ʩʪʘʮʠʦʥʘʨ ʪʵʛʰʠʪʛʵʣʠʡʥ ʰʠʡʜʣʠʡʛ  ʦʡʣʪ 

ʙʘ ʜʘʤʞʠʥ ᴇʥʛʨװװʣʵʣʪʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜʳʥ ʭʫʚʴʜʘʭ ʠʣʵʨʭʠʡʣʵʣ ʥʴ ʰʫʫʜ 

ʛʘʨʯ ʠʨʵʭ ʭʵʣʙʵʨʪʵʡ  ʙʦʜʣʦʛʫʫʜʘʜ ʜʠʬʬʝʨʝʥʮʠʘʣ- ʦʧʝʨʘʪʦʨ ʭʵʣʙʵʨʪʵʡʛʵʵʨ 

ʦʣʞ ʛʘʨʛʘʞ ʘʚʩʘʥ. 

 

3. ʊᴇʩʣʠʡʥ ʷʚʮʘʜ ʷʥʟ ʙװʨʠʡʥ ʙʦʣʦʤʞʠʪ ʧʦʪʝʥʮʠʘʣ ʩʘʘʜʳʥ (ʙʘʨʴʝʨ) ʭʫʚʴʜ ʛʘʨʯ 

ʠʨʞ ʙʫʡ ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣװװʜʠʡʥ ʰʠʡʜװװʜʠʡʛ  ʦʣʦʭ װʨ ʜװʥʪʵʡ ʪʦʦʥ 

ʘʣʛʦʨʠʪʤʫʫʜʳʛ ʩʦʥʛʦʩʦʥ. 

 

4. ʉʘʡʥ ʪʘʥʠʛʜʩʘʥ ɸʜʘʤʩ - ɹʘʰʬʦʨʪ, ɸʜʘʤʩ - ʄʦʫʣʪʦʥ ʥʘʨʳʥ ʦʣʦʥ ʰʘʪʣʘʣʪ 

ʩʭʝʤʠʡʛ ʜᴇʨᴇʚʜװʛʵʵʨ ʵʨʵʤʙʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʩʦʥʛʦʜʦʛ ʈʫʥʛʝ - ʂʫʪʪʘ ʩʭʝʤʪʵʡ 

ʭʘʨʴʮʫʫʣʩʘʥ ʙʦʣʥʦ. 

 

5. ʆʍʋ-ʳʥ ʪʘʣʳʥ ʪᴇʩʣʠʡʥ ʫʜʠʨʜʘʛʯ ʄ.ɸ. ɹʫʙʝʥʯʠʢʦʚ 2020.07 ʩʘʨʜ ʐʋ-ʳʥ 

ʜʦʢʪʦʨʳʥ ʟʵʨʵʛ ʭʘʤʛʘʘʣʩʘʥ. 

 

6. ʆʍʋ-ʳʥ ʢʦʤʧʴʶʪʝʨʠʡʥ 5  hʧʨʦʛʨʘʤʤʳʥ ʙװʨʪʛʵʣʠʡʥ ʛʵʨʯʠʣʛʵʵ ˉ 2021680776, ˉ 

2021680468, ˉ 2021680775, ˉ2021666867, ˉ2021666869 (ʆʍʋ-ʳʥ ʪʘʣʳʥ 

ʭʘʤʪʨʘʛʯ ʥʘʨʳʥ ʥʵʨ ʜʵʵʨ) ʘʚʩʘʥ. (ʭʘʚʩʨʘʣʪ) 

 

7. ʆʣʦʥ ʫʣʩʳʥ WEB of SCIENCE ʙʘ SCOPUS  -ʠʡʥ Q1, 2, 3 ʠʥʜʝʢʩʪʵʡ ʤʵʨʛʵʞʣʠʡʥ 

ʩʵʪʛװװʣʜ 6  hᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ. 

 

8. ʆʣʦʥ ʫʣʩʳʥ ʵ/ʰ ʭʫʨʘʣʜ 7 ,h ʜʦʜʦʦʜʳʥ ʵ/ʰ ʭʫʨʘʣʜ 3  hʠʪʛʵʣ ʪʘʚʴʩʘʥ.  

 

9. ʆʣʦʥ ʫʣʩʳʥ ʵ/ʰ ʜʦʪʦʦʜʳʥ 3  hʭʫʨʘʣ, ʜʦʪʦʦʜʳʥ ʵ/ʰ 1  hʭʫʨʘʣ ʟʦʭʠʦʥ 

ʙʘʡʛʫʫʣʘʭʘʜ ʦʨʦʣʮʩʦʥ, ʜʦʪʦʦʜʦʜ 2  hʩʝʤʠʥʘʨ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʩʘʥ. 
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10. ɻʘʜʘʘʜʳʥ ʦʣʦʥ ʫʣʩʳʥ 3ʰ ʭʫʨʘʣ, ʩʝʤʠʥʘʨʪ: 2020 ʦʥʦʦʩ ʦʜʦʦʛ ʭװʨʪʵʣ ʭʦʸʨ 

ʜʦʣʦʦ ʭʦʥʦʛʪ ʥʵʛ ʫʜʘʘ ʷʚʘʛʜʘʞ ʙʘʡʛʘʘ ʦʣʦʥ ʫʣʩʳʥ çBeijing-Novosibirsk seminar 

on geometry and mathematical physicsè online ʩʝʤʠʥʘʨʪ ɾ.ʉʦʥʠʥʙʘʷʨ ʠʜʵʚʭʠʪʵʡ 

ʦʨʦʣʮʦʞ ʠʨʣʵʵ. https://srmc.pku.edu.cn/pyc/xzyj/kylt/128485.htm,  2023 ʦʥʦʦʩ 

ɾ.ʉʦʥʠʥʙʘʷʨ ɸʅʋ-ʳʥ The Institute for Operations Research and the Management 

Sciences (INFORMS) ʠʥʩʪʠʪʫʪ, ʥʠʡʛʵʤʣʵʛʠʡʥ ʛʠʰװװʥ ʙʦʣʞ ñAviation Applications 

Sectionò, ñ Computing Societyò  ʩʝʢʪʦʨʫʫʜʳʥ ʙʘʡʥʛʳʥ 3ʰ ʭʫʨʘʣ, ʩʝʤʠʥʘʨ, 

ʭʵʣʵʣʮװװʣʵʛʪ online ʪʦʛʪʤʦʣ ʦʨʦʣʮʦʞ ʙʘʡʥʘ. https://connect.informs.org/  
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2.2 ʄʘʪʝʤʘʪʠʢʠʡʥ ʪʘʣʘʘʩ ʩʦʥʛʦʩʦʥ ʘʨʛʘ, ʛʦʣ װʨ ʜװʥ 
 
ɹʘʡʛʘʣʴʜ ʵʵʣʪʵʡ ʵʜʠʡʥ ʟʘʩʛʠʡʥ ᴇʥʜᴇʨ ʘʯ ʭʦʣʙʦʛʜʦʣʪʦʡ ʫʭʘʘʣʘʛ ʤʘʪʝʨʠʘʣ-ʰװװʣʪװװʨ 

ʭʠʡʭ ʩʫʜʘʣʛʘʘʛ ʵʭʣʵʭ װʝʜ ʷʤʘʨ ʤʘʪʝʤʘʪʠʢʠʡʥ ʪʵʛʰʠʪʛʵʣʵʵʨ ʙʠʯʠʭ ʪʘʣʘʘʨ ʭʵʣʮװװʣʵʛ 

ʆʍʋ-ʜ ʆʨʦʩʳʥ ʪʘʣʳʥ ʩʫʜʣʘʘʯʠʜʪʘʡ ʭʠʡʞ ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʵʵʨ ʙʠʯʠʭʵʵʨ 

ʰʠʡʜʩʵʥ ʶʤ. ʋʣʤʘʘʨ ʐʨʝʜʠʥʛʝʨʠʡʥ ʪʵʛʰʠʪʛʵʣʵʵʨ ʆʨʦʩʳʥ ʪʘʣʪʘʡ ʭʘʤʪʘʨʯ ʦʨʦʩ ʭʵʣ 

ʜʵʵʨ ʪʫʭʘʡʥ ʰʘʪʥʳ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥ ʙʠʯʠʛʜʵʞ, ʪʫʨʰʠʣʪʫʫʜʘʘʨ 

ʙʘʪʘʣʛʘʘʞʩʘʥ, ʛʘʜʘʘʜʳʥ ʦʣʦʥ ʩʫʜʣʘʘʯʜʳʥ ʘʥʭʘʘʨʣʳʛ ʪʘʪʘʞ ʙʘʡʛʘʘ ʘʞʠʣ ʙʦʣʩʦʥ.      

 
ɸʅɸʃʀʊʀʏɽʉʂʆɽ ʈɽʐɽʅʀɽ ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʐʈɽɼʀʅɻɽʈɸ1 

 
ʇʦʩʪʨʦʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʚʦʣʥʦʚʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚʝʱʝʩʪʚʘ 

ʯʝʨʝʟ ʩʦʩʪʘʚʥʳʝ ʩʚʝʨʭʪʦʥʢʠʝ ʙʘʨʴʝʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʦʩʪʘʚʥʦʡ ʤʝʤʙʨʘʥʳ, 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʩʚʝʨʭʪʦʥʢʠʭ ʩʣʦʝʚ, ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʶʪ 
ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʨʝʟʦʥʘʥʩʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ 
ʦʜʥʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ. ʈʝʟʦʥʘʥʩ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ ʜʝʙʨʦʡʣʝʚʩʢʠʝ ʚʦʣʥʳ 
ʯʘʩʪʠʮ, ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʠ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʣʠʰʴ ʤʘʩʩʘʤʠ. ʇʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 25 ʂ ʥʘʡʜʝʥʘ ʰʠʨʦʢʘʷ ʧʦʣʦʩʘ ʛʠʧʝʨʩʝʣʝʢʪʠʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 
ʛʝʣʠʦʥ-ʛʝʣʠʝʚʦʡ ʩʤʝʩʠ. 

 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʦʞʜʝʥʥʦʝ ʷʜʨʦ, ʦʧʝʨʘʪʦʨ 

ʩʜʚʠʛʘ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʪʦʞʜʝʩʪʚʦ ʌʫʨʴʝ. 
 

ɺʚʝʜʝʥʠʝ 
 
ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʥʦʡ ʤʝʤʙʨʘʥʳ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ 

ʧʦʨʠʩʪʳʡ ʛʨʘʬʝʥ ʠʣʠ ʧʦʨʠʩʪʳʡ ʥʠʪʨʠʜ ʙʦʨʘ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʙʳʪʴ 
ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʵʧʠʪʘʢʩʠʠ [1,2] ʠʣʠ ʩʧʦʩʦʙʦʤ ʦʩʘʞʜʝʥʠʷ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ ʥʘ 
ʧʦʜʣʦʞʢʫ, ʩʦʜʝʨʞʘʱʫʶ ʙʝʟʜʝʬʝʢʪʥʳʡ ʛʨʘʬʝʥ ʠʣʠ ʧʦʨʠʩʪʳʡ ʥʠʪʨʠʜ ʙʦʨʘ [3,4]. 
ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʮʝʣʘʷ ʛʨʫʧʧʘ ʩʪʘʙʠʣʴʥʳʭ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ ʚ ʦʜʠʥ ʘʪʦʤ, 
ʢʦʪʦʨʳʝ ʥʘ ʵʪʘʧʝ ʩʠʥʪʝʟʘ ʠʣʠ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʩʣʦʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 
ʧʨʝʚʨʘʱʝʥʳ ʚ ʧʦʨʠʩʪʳʡ 2D-ʤʘʪʝʨʠʘʣ. ʊʘʢ ʚ ʨʘʙʦʪʝ [5] ʩʦʦʙʱʘʝʪʩʷ ʦ ʣʠʩʪʘʭ GeH, 
ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʤʠ ʜʦ 75ÁC. ʀʟʚʝʩʪʝʥ ʪʘʢʞʝ ʩʠʣʠʢʦʥ ï 
ʛʨʘʬʝʥʦʚʳʡ ʵʢʚʠʚʘʣʝʥʪ ʢʨʝʤʥʠʷ [6], ʠʤʝʶʱʠʡ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʥʦʚʳʭ 
ʧʨʠʤʝʥʝʥʠʡ. ɺ ʨʘʙʦʪʝ [7] ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʯʝʨʥʳʡ ʬʦʩʬʦʨ ʢʘʢ ʥʘ ʩʣʦʠʩʪʳʡ 
ʤʘʪʝʨʠʘʣ ʠʟ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʬʦʩʬʦʨʝʥ ï ʦʜʥʦʘʪʦʤʥʳʡ ʩʣʦʡ, 
ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʝʛʦ ʦʙʲʝʤʥʦʛʦ ʘʥʘʣʦʛʘ. 
ɺ ʨʘʙʦʪʝ [8] ʩʦʦʙʱʘʝʪʩʷ ʦʙ ʫʩʧʝʰʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʚʫʤʝʨʥʦʛʦ ʩʪʘʥʝʥʘ ʥʘ ʦʩʥʦʚʝ 
Sc ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ. ɺ [9] ʦʪʣʠʯʘʝʪʩʷ, ʯʪʦ 
ʬʫʥʢʮʠʘʥʘʣʠʟʘʮʠʷ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʥʠʪʨʠʜʘ ʙʦʨʘ ʤʦʣʝʢʫʣʘʤʠ ʘʤʠʥʘ ʚʳʟʚʘʣʘ 
ʨʘʩʩʣʦʝʥʠʝ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʩʪʦʚ ʥʠʪʨʠʜʘ ʙʦʨʘ. 
ɺ ʨʘʙʦʪʝ [10] ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ñʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʣʦʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʪʝʨʧʝʣʘ 
ʵʚʦʣʶʮʠʶ ʦʪ ʛʨʘʬʝʥʘ ʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʢʩʠʜʘʤ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʭʘʣʴʢʦʛʝʥʠʜʥʳʤ 
ʥʘʥʦʣʠʩʪʘʤò. ɺ [11] ʪʘʢʞʝ ʫʧʦʤʠʥʘʝʪʩʷ ʤʝʪʘʣʣʜʠʭʘʣʴʢʦʛʝʥʠʜʳ ʢʘʢ ʥʦʚʝʡʰʠʝ 2D-
ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʤʘʪʝʨʠʘʣʘ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ MoS2. ɺ [12] 
ʠʟʫʯʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʣʝʜʫʶʱʠʭ ʤʝʪʘʣʣʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʠʤʝʶʱʠʭ 

 
1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʢʫʣʴʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ, 
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ʜʚʫʤʝʨʥʫʶ ʩʪʨʫʢʪʫʨʫ: MoS2, WS2, WTe2, TiSe2, NbS2, VSe2, NbSe2, TaS2. ɺʩʝ 
ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʩʧʦʩʦʙʝ ʠʭ ʩʠʥʪʝʟʘ ʠʣʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ, 
ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚ. 
ɺ [13] ʩʦʦʙʱʘʝʪʩʷ ʦ ʩʣʦʠʩʪʦʡ ʜʚʫʤʝʨʥʦʡ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ 
ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʜʳʨʢʠ ʠ ʠʤʝʝʪ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʩʪʝʭʠʦʤʝʪʨʠʶ C2N. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʜʚʫʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʨʘʙʦʪʘʭ ʧʦ ʢʚʘʥʪʦʚʦʤʫ ʧʨʦʩʝʠʚʘʥʠʶ ʠʟʦʪʦʧʦʚ. 
ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʨʝʟʦʥʘʥʩʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʩʦʩʪʘʚʥʳʝ ʙʘʨʴʝʨʳ. 
 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ 
 
ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠʤʝʝʪ ʚʠʜ: 
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ɿʜʝʩʴ Ɋ  ʚʦʣʥʦʚʘʷ ʬʫʥʢʮʠʷ, ǩ  ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, U  ʵʥʝʨʛʠʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮʳ ʩ ʦʢʨʫʞʝʥʠʝʤ, m  ʤʘʩʩʘ ʯʘʩʪʠʮʳ, ȹ  ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, 
i  ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. 
ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ U ʷʚʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʠʱʝʪʩʷ ʚ ʚʠʜʝ: 

 /iEte-Y=y . (2) 

ʛʜʝ E ï ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ. 
ʊʦʛʜʘ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʦʣʥʳ Ɋ ʙʫʜʝʤ ʠʤʝʪʴ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ: 

 
2

2
( ) 0

m
E UDy+ - y=. (3) 

ɺ ʟʘʜʘʯʘʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ 
ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ɺʚʠʜʫ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʧʦʨ ʣʶʙʦʡ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʡ 
ʬʨʘʛʤʝʥʪ ʤʝʤʙʨʘʥʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʝʩʢʦʥʝʯʥʦ ʧʨʦʪʷʞʝʥʥʳʤ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, 
ʧʘʨʘʣʣʝʣʴʥʳʭ ʤʝʤʙʨʘʥʝ. ʆʧʨʝʜʝʣʷʷ ʧʦ ʥʝʢʦʪʦʨʦʤʫ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʤʫ 
ʬʨʘʛʤʝʥʪʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ 
ʠʩʧʦʣʴʟʫʷ ʦʜʥʦʤʝʨʥʦʝ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ, ʤʳ ʤʦʞʝʤ 
ʛʦʚʦʨʠʪʴ ʦ ʙʘʨʴʝʨʥʦʡ ʪʝʦʨʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥʳ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪʜʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʩʤʝʩʠ ʠʣʠ ʧʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʝʝ ʨʘʟʜʝʣʝʥʠʷ ʤʦʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ 
ʫʨʘʚʥʝʥʠʷ (3). 
ʅʠʞʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘʜʘʯ ʧʨʦʭʦʞʜʝʥʠʷ ʠʟʦʪʦʧʦʚ ʯʝʨʝʟ 
ʩʦʩʪʘʚʥʳʝ ʤʝʤʙʨʘʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʜʦʙʥʝʡ ʙʫʜʝʪ ʠʤʝʪʴ ʙʝʟʨʘʟʤʝʨʥʫʶ ʬʦʨʤʫ 
ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ.  
ɽʩʣʠ ʤʘʩʩʫ ʯʘʩʪʠʮʳ ʦʪʥʝʩʪʠ ʢ m0 ï ʤʘʩʩʝ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʟʘ ʤʘʩʰʪʘʙ ʵʥʝʨʛʠʠ 

ʚʟʷʪʴ U0 ï ʛʣʫʙʠʥʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʧʘʨʥʳʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʝʱʝʩʪʚʘ ʤʝʤʙʨʘʥʳ ʠ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʠʮ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʩʰʪʘʙʘ 
ʜʣʠʥʳ ʧʨʠʥʷʪʴ ʚʝʣʠʯʠʥʫ 

 0 0L m U= . (4) 

ʪʦ ʙʝʟʨʘʟʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʥʝ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʧʦʩʪʦʷʥʥʦʡ 
ʇʣʘʥʢʘ ǩ: 
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ɺ ʟʘʧʠʩʠ (5) ʚʩʝ ʚʝʣʠʯʠʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ, ʚʢʣʶʯʘʷ ʢʦʦʨʜʠʥʘʪʫ x. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʫʤʝʥʴʰʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʘʥʪ ʟʘʜʘʯʠ ʥʘ ʝʜʠʥʠʮʫ. ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʘʣʴʥʝʡʰʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʢʣʘʜʦʢ. 

 
ʀʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ ʠ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 
ʈʝʘʣʠʟʘʮʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʐʨʝʜʠʥʛʝʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʢʦʥʝʯʥʫʶ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ 
ʧʝʨʝʤʝʥʥʦʡ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʠʤʝʥʝʥʠʝ çʩʰʠʚʢʠè ʧʦʣʫʯʝʥʥʳʭ ʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʚʳʯʠʩʣʷʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʆʙʳʯʥʦ ʧʦʜ 
ʫʩʣʦʚʠʷʤʠ çʩʰʠʚʢʠè ʧʦʥʠʤʘʶʪʩʷ ʨʘʚʝʥʩʪʚʘ ʩʘʤʦʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʝʝ 
ʧʨʦʠʟʚʦʜʥʦʡ. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʡ ʬʦʨʤʳ ʫʩʣʦʚʠʡ. ʊʘʢʞʝ ʪʨʝʙʫʝʪ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʩʘʤ ʨʘʟʤʝʨ 
ʢʦʥʝʯʥʦʡ ʦʙʣʘʩʪʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʧʳʪʢʠ 
ʧʨʦʚʝʜʝʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʩʝʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ 
ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ. ɺʧʦʣʥʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʵʪʦʛʦ 
ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʠʥʛʝʨʘ: 

 
2

( )  ( ) ( )
2

ik x ikxm
x e U d e

ik

¤
-z

-¤

y - z y z z=ñ . (6) 

ɿʜʝʩʴ m ï ʙʝʟʨʘʟʤʝʨʥʘʷ ʤʘʩʩʘ ʯʘʩʪʠʮʳ, 2k mE=  ï ʧʘʨʘʤʝʪʨ ʚʦʣʥʳ, E ï 

ʙʝʟʨʘʟʤʝʨʥʘʷ ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ. 
ɺ ʢʥʠʛʝ ʌ.ʄ. ʄʦʨʩʘ ʠ ɻ. ʌʝʰʙʘʭʘ [14] ʜʦʢʘʟʳʚʘʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʜʭʦʜʦʚ ʚ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʤʘʪʝʨʠʠ. 
ʋʨʘʚʥʝʥʠʝ (6) ʝʩʪʴ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʚʳʨʦʞʜʝʥʥʳʤ ʷʜʨʦʤ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 
ʦʧʝʨʘʪʦʨʦʤ ʩʜʚʠʛʘ: 

 ( ) ( )
d

h
dxe f x f x h

-

= - . (7) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʦʞʝʥʠʷ 
ʵʢʩʧʦʥʝʥʪʳ ʚ ʨʷʜ ʊʝʡʣʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʫʞʝ ʣʠʥʝʡʥʳʭ 
ʦʧʝʨʘʪʦʨʦʚ ʢ ʬʫʥʢʮʠʠ f(x) ʠ ʥʘʭʦʞʜʝʥʠʷ ʥʦʚʦʡ ʩʫʤʤʳ ʨʷʜʘ. ʇʨʠʤʝʥʷʷ ʨʘʚʝʥʩʪʚʦ 

(7) ʢ 
ik x

e
-z

, ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʤ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 
1 2

( ) ( ) ( ) ,  .
2

d
ik x ikxdx

m m
x U e d e e

ik i E

¤
-z

-¤

å õ
y -l z y z z Ö = l= =æ ö

ç ÷
ñ . (8) 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʚʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ. ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʠʣʠ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ 
ʧʘʨʘʤʝʪʨʘ p=d/dx: 

 ( ) ( ) ( ) ( ) ( ),     
d

pdx
d

U e d U e d L p p
dx

¤ ¤
-z

-z

-¤ -¤

z y z z= z y z z= =ñ ñ . (9) 

ʉ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʛʦ ʦʙʦʟʥʘʯʝʥʠʷ ʫʨʘʚʥʝʥʠʝ (9) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ 
ʚʠʜʝ: 

 ( ) ( )
ik x ikxx L p e e
-

y -lÖ Ö =. (10) 
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ɺʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʩʪʦʷʱʫʶ ʦʪ ʥʝʛʦ ʩʧʨʘʚʘ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʬʫʥʢʮʠʶ, ʧʦʢʘ ʯʪʦ ʥʘʤ ʥʝʠʟʚʝʩʪʝʥ. ʆʜʥʘʢʦ ʝʛʦ ʤʦʞʥʦ ʥʘʡʪʠ. 
ʋʤʥʦʞʘʷ (10) ʥʘ U(x)exp(ïxp) ʠ ʠʥʪʝʛʨʠʨʫʷ ʚ ʙʝʩʢʦʥʝʯʥʳʭ ʧʨʝʜʝʣʘʭ ʥʘʡʜʝʤ 

 ( ) ( ) ( ) ( ) ( ) 
ik xxp xp ikx xpU x x e dx L p e U x e dx e U x e dx

¤ ¤ ¤

- - -

-¤ -¤ -¤

å õ å õ å õ
y -l Ö =æ ö æ ö æ ö

ç ÷ ç ÷ ç ÷
ñ ñ ñ . (11) 

ɿʜʝʩʴ ʧʦʷʚʣʷʶʪʩʷ ʝʱʝ ʜʚʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʚʝʜʝʤ 
ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

 ( ) ( ) ,   ( ) ( )
ik xikx xp xpB p e U x e dx Q p e U x e dx

¤ ¤

- -

-¤ -¤

= =ñ ñ . (12) 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʦʧʝʨʘʪʦʨʥʦʝ ʨʘʚʝʥʩʪʚʦ (11) ʧʨʠʤʝʪ ʚʠʜ: 

 [ ]( ) 1 ( ) ( )L p Q p B pÖ -l = . (13) 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ 

 
( )

( )
1 ( )

B p
L p

Q p
=
-l

. (14) 

ʀʥʦʛʜʘ ʠʥʪʝʛʨʘʣʳ (12) ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ɺ ʦʙʱʝʤ 
ʩʣʫʯʘʝ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʵʪʠ ʠʥʪʝʛʨʘʣʳ 
ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʬʦʨʤʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. ʇʦʜʩʪʘʚʣʷʷ (14) ʚ ʚʳʨʘʞʝʥʠʝ 
(10), ʧʦʣʫʯʘʝʤ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ: 

 
( )

( ) ,   ,  2  ,  
1 ( )

ik xikx B p d m
x e e p k mE

Q p dx ik

l
y = + Ö = = l=

-l
. (15) 

ɽʩʣʠ ʙʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ L(p) ʜʝʡʩʪʚʦʚʘʣ ʥʘ ʧʦʢʘʟʘʪʝʣʴʥʫʶ 
ʬʫʥʢʮʠʶ ʦʙʳʯʥʦʛʦ ʚʠʜʘ, ʪʦ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʙʳ ʩʣʝʜʫʶʱʠʤ: 

 ( )x xd
L e L e

dx

m må õ
Ö = m Öæ ö

ç ÷
. (16) 

ʆʜʥʘʢʦ ʚ ʬʦʨʤʫʣʝ (10) ʵʪʦʪ ʦʧʝʨʘʪʦʨ ʜʝʡʩʪʚʫʝʪ ʥʘ ʵʢʩʧʦʥʝʥʪʫ ʦʪ ʤʦʜʫʣʷ 
ʘʨʛʫʤʝʥʪʘ. ʇʦʵʪʦʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ (16) ʥʝʚʦʟʤʦʞʥʦ. ʅʦ 
ʵʢʩʧʦʥʝʥʪʫ ʦʪ ʤʦʜʫʣʷ ʘʨʛʫʤʝʥʪʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʦʙʳʯʥʦʡ ʵʢʩʧʦʥʝʥʪʝ, ʝʩʣʠ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʞʜʝʩʪʚʦʤ ʌʫʨʴʝ: 

 
1

2

ik x iki x ie e e e d d

¤ ¤
a- w wa

-¤-¤

= a w
pñ ñ

. (17) 

ʇʨʠʤʝʥʷʷ ʧʨʘʚʠʣʘ (16) ʠ (17) ʢ ʬʦʨʤʫʣʝ (15), ʧʦʣʫʯʠʤ: 

 
1

( ) ( )
2

ikikx i x ix e L i e e e d d

¤ ¤
a- w wa

-¤-¤

y = + -w a w
pñ ñ

. (18) 

ɺʳʨʘʞʝʥʠʝ (18) ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
ʐʨʝʜʠʥʛʝʨʘ, ʟʘʧʠʩʘʥʥʦʝ ʚ ʚʠʜʝ ʜʚʦʡʥʦʛʦ ʠʥʪʝʛʨʘʣʘ ʧʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʩʠ. ʂʘʢ 
ʚʠʜʠʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ (6), ʚ ʝʛʦ ʧʨʘʚʦʡ ʯʘʩʪʠ ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʚʝʣʠʯʠʥʳ, 
ʧʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʠ B(ɤ) ʠ Q(ɤ), ʥʘʟʳʚʘʝʤʳʝ ʩʧʝʢʪʨʘʤʠ ʙʘʨʴʝʨʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʣʠʰʴ ʝʛʦ ʬʦʨʤʦʡ, ʪ.ʝ. ʷʚʣʷʶʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ʂʨʦʤʝ 
ʬʦʨʤʳ ʙʘʨʴʝʨʘ ʜʦ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʥʘʤ ʠʟʚʝʩʪʝʥ ʭʘʨʘʢʪʝʨ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ 
ʧʦʚʝʜʝʥʠʷ ʨʝʰʝʥʠʷ ʧʦ ʦʩʠ ʬʠʟʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ x. 
ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʳ ʫʞʝ ʦʩʚʦʙʦʜʠʣʠʩʴ ʦʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ L(p), ʟʘʤʝʥʠʚ ʝʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʚʠʣʘ (16) ʬʫʥʢʮʠʝʡ L(ɤ). 
ʌʫʥʢʮʠʶ L(-iɤ) ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ G(ɤ). ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (14) ʧʦʣʫʯʠʤ: 
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( )( ) 
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U x e dx
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. (19) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʫʜʝʤ ʠʤʝʪʴ 

 
1

( ) ( )
2

ikikx i x ix e e G e e d d

¤ ¤
a- w wa

-¤-¤

y = + w a w
pñ ñ

. (20) 

ɽʩʣʠ ʬʫʥʢʮʠʷ ( )G w  ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʤ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ( )K x , ʪʦ 

      1
( ) ( ) ,       ( ) ( ) 

2

i x i xG K x e dx K x G e d

¤ ¤

w - w

-¤ -¤

w = Ö = Ö w w
pñ ñ . (21) 

ʊʦʛʜʘ ʨʝʰʝʥʠʝ (20) ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʨʝʭ ʠʥʪʝʛʨʘʣʦʚ: 
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1
( ) ( )  

2

1
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i kikx i x i i

i kikx i x

x e e K e e e d d d

e K e e d d d
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a- w wb wa
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ñ ñ ñ

 (22) 

ʀʥʪʝʛʨʘʣ, ʩʪʦʷʱʠʡ ʚ ʩʢʦʙʢʘʭ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʣʴʪʘ 
ʬʫʥʢʮʠʶ ɼʠʨʘʢʘ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ: 

 

( )   

    

( ) ( ) ( )

( ) .

i ki k x

i k xi k x

x e K d e x d

e K e d

¤ ¤
a

-¤ -¤

¤
-b

-¤

y = + b b d a- -b a=

= + b Ö b

ñ ñ

ñ

 (23) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʘʷ ʟʘʧʠʩʴ ʨʝʰʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʠʥʪʝʛʨʘʣ 
ʙʝʨʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: 

     ( ) ( )
i k xi k xx e K e d

¤
-z

-¤

y = + z Ö zñ . (24) 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ ʤʝʪʦʜʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝ 
ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ çʩʰʠʚʢʠè. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ 
ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʡ ʧʨʠ x = ÑÐ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʧʠʰʝʤ ʨʝʰʝʥʠʝ (24) ʚ ʩʣʝʜʫʶʱʠʝ 
ʚʠʜʝ: 

         ( ) 1 ( ) ( ) 

x

i k x i k i k x i k

x

x e K e d e K e d

¤

- z - z

-¤

è ø è ø
y = + z z + z zé ù é ù

ê ú ê ú
ñ ñ . (25) 

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʩʣʝʜʥʶʶ ʬʦʨʤʫ ʨʝʰʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦʙ 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

    

      

( ) 1 ( ) ,       ;

( ) ( ) ,      - .

i k x i k

i k x i k x i k

x e K e d x

x e e K e d x

¤

- z

-¤

¤

- z

-¤

è ø
y º + z z ­¤é ù

ê ú

y º + z z ­ ¤

ñ

ñ

 (26) 

ʂʘʢ ʚʠʜʠʤ ʠʟ ʵʪʠʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʧʦʩʣʝ ʙʘʨʴʝʨʘ ʤʳ ʠʤʝʝʤ ʧʨʦʭʦʜʷʱʫʶ ʚʦʣʥʫ, ʘ 
ʜʦ ʙʘʨʴʝʨʘ ʠʤʝʶʪʩʷ ʠ ʧʘʜʘʶʱʘʷ, ʠ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʰʝʥʠʝ 
(24) ʚʝʨʥʦ ʦʪʨʘʞʘʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ. 
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ʆʜʠʥʦʯʥʳʡ ʙʘʨʴʝʨ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʘ ɻʘʫʩʩʘ 

 
ʇʫʩʪʴ ʙʘʨʴʝʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʫʣʦʡ: 

 
2

( ) xU x e-= . (27) 

ɺʳʯʠʩʣʠʤ ʛʨʘʬʠʢʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʬʫʥʢʮʠʡ: 

 

( ) ( )

1 2

3

( ) ( ) ,       ( ) ( ) ,  

              ( ) ( ) ( ) .

ix k ix k

ik x i x

B k U x e dx B k U x e dx

Q B U x e e dx

¤ ¤

w+ w-

-¤ -¤

¤

w

-¤

w+ = w- =

w = w =

ñ ñ

ñ

 (28) 

ɻʨʘʬʠʢʠ ʵʪʠʭ ʪʨʝʭ ʬʫʥʢʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʢʘʟʘʥʳ ʥʘ 
ʨʠʩ. 1. 

 
ʈʠʩ. 1. ɻʨʘʬʠʢʠ B1(ɤ+k), B2(ɤ-k) ʠ B3(ɤ) 

Fig. 1. Graphs B1 (ɤ+k), B2 (ɤ-k) and B3 (ɤ) 
 
ʌʫʥʢʮʠʡ B1(ɤ+k) ʠ B2(ɤ-k) ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʯʘʩʪʦʪʳ ɤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʜʚʠʛʫ ʩʧʝʢʪʨʘ ʙʘʨʴʝʨʘ ʥʘ ʚʝʣʠʯʠʥʫ Ñk. ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʫʥʢʮʠʠ B3(ɤ), 
ʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ. ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʠ 
B3(ɤ) ʨʘʚʥʘ ʧʦʣʫʩʫʤʤʝ ʚʝʣʠʯʠʥ B1 ʠ B2. ʇʨʠ ʵʪʦʤ, ʚʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʬʫʥʢʮʠʷ B3(ɤ) 
ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ ʬʫʥʢʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ ɤ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ 
ʬʫʥʢʮʠʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʫʙʳʚʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʜʫʣʷ ɤ. ʇʦʩʣʝʜʥʝʝ 
ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ, ʧʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʩʧʝʢʪʨʘ G(ɤ), ʣʝʛʢʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠ 
ʬʫʥʢʮʠʶ K(x) ʧʦ ʬʦʨʤʫʣʝ (21). ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ G(ɤ) ʠ K(x) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʚʝʱʝʩʪʚʝʥʥʳʭ ʠ ʤʥʠʤʳʭ ʯʘʩʪʝʡ ʬʫʥʢʮʠʡ 

G(ɤ) ʠ K(x), ʚʳʯʠʩʣʝʥʥʳʝ ʜʣʷ ʟʥʘʯʝʥʠʡ: m = 3 ʠ E = 0.5 
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Fig. 2. Graphs of the real and imaginary parts of the 
functions G (ɤ) and K (x) calculated for the values: m = 3 

and E = 0.5 
 

ɺʠʜʥʦ, ʯʪʦ ʦʙʝ ʬʫʥʢʮʠʠ G(ɤ) ʠ K(x) ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ ʪʦʣʴʢʦ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ 
ʫʯʘʩʪʢʘʭ, ʢʘʢ ʧʦ ʧʝʨʝʤʝʥʥʦʡ ɤ, ʪʘʢ ʠ ʧʦ ʨʘʩʩʪʦʷʥʠʶ x. 
 

 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ 
 
ʆʯʝʥʴ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʰʝʥʠʷʤʠ, 

ʧʦʣʫʯʘʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ çʩʰʠʚʢʠè, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʦʯʥʦʝ 
ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʧʦʣʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ S ʠʣʠ ʦʪʨʘʞʝʥʠʷ 
R ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ U(x) ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ. ʀʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (25) ʩʨʘʟʫ 
ʞʝ ʥʘʭʦʜʠʤ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ: 

 

2

  ( ) i kR K e d

¤

z

-¤

= z zñ . (29) 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ: 

 

2

  1 ( ) i kS K e d

¤

- z

-¤

= + z zñ . (30) 

ʕʪʠ ʠʥʪʝʛʨʘʣʳ ʟʘʧʠʩʘʥʳ ʩ ʙʝʩʢʦʥʝʯʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ʠʟ 
ʥʠʭ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʩʧʝʢʪʨʘʣʴʥʫʶ ʬʫʥʢʮʠʶ G(ɤ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʬʦʨʤʫʣʳ 
(21) ʠ (19) ʜʘʶʪ: 
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( ) ( )

1 ( ) 

ikx

ikx

ik x ikx

U x e dx

K x e dx G k

U x e e dx

¤

¤

-¤

¤
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. (31) 

ʀʥʪʝʛʨʘʣ, ʚʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʫ (30), ʥʝ ʚʳʨʘʞʘʝʪʩʷ ʧʦʜʦʙʥʳʤ ʞʝ ʧʨʦʩʪʳʤ 
ʦʙʨʘʟʦʤ ʯʝʨʝʟ ʩʧʝʢʪʨ G(ɤ), ʦʜʥʘʢʦ ʚ ʢʥʠʛʝ ʌ.ʄ. ʄʦʨʩʘ ʠ ɻ. ʌʝʰʙʘʭʘ [14] 
ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ S ʠ R ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ: 

 1S R+ =. (32) 

ʇʦʩʢʦʣʴʢʫ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ (29), ʪʦ ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʜʣʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʭʦʞʜʝʥʠʷ ʠ ʦʪʨʘʞʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʷʚʥʦʤ ʚʠʜʝ ʯʝʨʝʟ 
ʠʥʪʝʛʨʘʣʳ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ: 
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2

2
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ikx

ik x ikx

U x e dx

R G k

U x e e dx

¤

-¤

¤

-¤

l
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. (33) 

ʌʦʨʤʫʣʳ (33) ʫʜʦʙʥʳ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 
ʙʘʨʴʝʨʘ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʧʫʪʝʤ. 

 
ʅʘʭʦʞʜʝʥʠʝ ʥʫʣʝʚʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

 
ɼʣʷ ʙʘʨʴʝʨʘ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʘ ɻʘʫʩʩʘ ʥʫʣʝʚʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 



 
 

57 
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ɼʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʩ ʰʠʨʠʥʦʡ h, ʦʩʥʦʚʥʦʡ ʩʧʝʢʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ɼʣʷ ʙʘʨʴʝʨʘ ʦʙʨʘʪʥʦʛʦ ʢʚʘʜʨʘʪʫ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʢʦʩʠʥʫʩʘ, ʠʤʝʝʤ: 

 0 02

1 2
( ) ,    ( )

( )
U x B

ch x
sh

wpå õ
æ ös= w =æ ö
wpss æ öæ ö
sç ÷

. (36) 

ʄʦʞʥʦ ʥʘʡʪʠ ʠ ʜʨʫʛʠʝ ʧʨʠʤʝʨʳ ʩʧʝʢʪʨʘ B0(ɤ) ʚ ʩʧʨʘʚʦʯʥʠʢʝ ɻʨʘʜʰʪʝʡʥʘ ʠ 
ʈʳʞʠʢʘ [15]. ɺʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʯʝʪʥʳʤʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ɤ ʠ ʙʳʩʪʨʦ 
ʫʙʳʚʘʶʪ, ʢʦʛʜʘ ɤ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

 
ʉʚʦʡʩʪʚʘ ʩʦʩʪʘʚʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ 

 
ɺ ʠʟʚʝʩʪʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʥʠʢʦʛʜʘ ʥʝ ʟʘʦʩʪʨʷʣʦʩʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʦʩʦʙʦʤ ʧʦʚʝʜʝʥʠʠ ʩʦʩʪʘʚʥʳʭ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ, ʪ.ʝ. ʪʘʢʠʭ, ʢʦʛʜʘ ʜʚʘ ʠʣʠ 
ʥʝʩʢʦʣʴʢʦ ʙʘʨʴʝʨʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʤʝʞʜʫ 
ʥʠʤʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʷʤʘ. ʄʝʞʜʫ ʪʝʤ, ʧʨʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʷʭ, 
ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʪʦʜ çʩʰʠʚʢʠè, ʜʣʷ ʩʦʩʪʘʚʥʳʭ ʙʘʨʴʝʨʦʚ ʯʘʩʪʦ ʥʘʙʣʶʜʘʣʠʩʴ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ R ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʧʨʦʭʦʞʜʝʥʠʷ S ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ E. ʄʝʪʦʜ çʩʰʠʚʢʠè ʥʦʩʠʪ ʩʫʛʫʙʦ 
ʯʠʩʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ ʪʨʫʜʥʦ ʧʦʥʷʪʴ ʧʨʠʯʠʥʫ ʪʦʛʦ, ʧʦʯʝʤʫ 
ʯʘʩʪʠʮʘ ʣʝʛʯʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʜʚʦʡʥʦʡ ʙʘʨʴʝʨ, ʯʝʤ ʯʝʨʝʟ ʙʘʨʴʝʨ ʦʜʠʥʦʯʥʳʡ, 
ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʢʣʦʥʷʣʠʩʴ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʦʪʥʦʩʠʪʴ ʪʘʢʦʡ ʵʬʬʝʢʪ ʢ ʦʰʠʙʢʘʤ ʩʯʝʪʘ. 
ʉʥʘʯʘʣʘ ʟʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʦʜʠʥʦʯʥʳʡ ʙʘʨʴʝʨ ʩʜʚʠʥʫʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʝ d ʦʪ 

ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ, ʪʦ ʝʛʦ ʩʧʝʢʪʨ ʧʨʦʩʪʦ ʫʤʥʦʞʠʪʩʷ ʥʘ ʤʥʦʞʠʪʝʣʴ eiɤd, ʪ.ʝ. 

 0( ) ( )i x i dU x d e dx e B

¤

w w

-¤

- = Ö wñ . (37) 

ʉʧʝʢʪʨ ʜʚʦʡʥʦʛʦ ʙʘʨʴʝʨʘ ʪʦʛʜʘ ʙʫʜʝʪ ʨʘʚʝʥ: 

 [ ] ( ) 0( ) ( )  1 ( )i x i dU x U x d e dx e B

¤

w w

-¤

+ - = + Ö wñ . (38) 

ʌʫʥʢʮʠʷ G(ɤ), ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʦʨʤʫʣʦʡ (21), ʠʟʤʝʥʠʪʩʷ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ: 
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. (39) 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʠ ʬʫʥʢʮʠʷ K(x), ʚʭʦʜʷʱʘʷ ʚ ʨʝʰʝʥʠʝ (24), ʪʘʢʞʝ ʧʦʤʝʥʷʝʪʩʷ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ G(ɤ).  
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ʇʦʜʩʪʘʚʣʷʷ ʚ (39) ɤ = k, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʦʪʨʘʞʝʥʠʷ: 
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2 2
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. (40) 

ʌʦʨʤʫʣʘ (40), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʩʦʩʪʘʚʥʦʡ ʤʝʤʙʨʘʥʳ, 
ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ 
ʚʳʷʚʠʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʨʝʞʠʤʳ ʧʨʦʭʦʞʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʅʘʣʠʯʠʝ 
ʤʥʦʞʠʪʝʣʷ (1+e2ikd) ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʩʧʝʢʪʨ ʜʚʦʡʥʦʛʦ ʙʘʨʴʝʨʘ, ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʦʤ ʦʜʠʥʦʯʥʦʛʦ ʙʘʨʴʝʨʘ, ʠ ʵʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʢ ʧʘʨʘʤʝʪʨʘʤ ʬʦʨʤʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. 
ʇʨʠʩʫʪʩʪʚʠʝ ʤʥʦʞʠʪʝʣʷ (1+e2ikd) ʚ ʯʠʩʣʠʪʝʣʝ ʬʦʨʤʫʣʳ (40) ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ R ʜʦʣʞʝʥ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʦʣʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʟʥʘʯʝʥʠʷʭ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʙʘʨʴʝʨʘʤʠ. ʇʨʠʨʘʚʥʠʚʘʷ ʵʪʦʪ ʤʥʦʞʠʪʝʣʴ ʥʫʣʶ, 
ʥʘʭʦʜʠʤ: 

 2     (2 1)

1 1

2 2
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n n

e e d n
k mE
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å õ å õ
p + p +æ ö æ ö
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=- = = = = . (41) 

ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ ʥʝ ʧʨʠ ʦʜʥʦʤ, ʘ 
ʧʨʠ ʤʥʦʛʠʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʩʪʦʷʥʠʷ d ʤʝʞʜʫ ʦʜʠʥʦʯʥʳʤʠ ʙʘʨʴʝʨʘʤʠ. 
ɺʳʙʠʨʘʷ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʨʘʩʩʪʦʷʥʠʝ d ʚ ʬʦʨʤʫʣʝ (40) ʤʳ ʜʦʩʪʠʛʘʝʤ ʵʬʬʝʢʪʘ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ, ʪ.ʝ. ʪʦʛʦ, ʯʪʦ ʯʘʩʪʠʮʘ ʩ ʤʘʩʩʦʡ m ʠ ʩ ʵʥʝʨʛʠʝʡ E ʙʫʜʝʪ ʩʚʦʙʦʜʥʦ 
ʧʨʦʭʦʜʠʪʴ, ʙʝʟ ʚʩʷʢʦʛʦ ʦʪʨʘʞʝʥʠʷ, ʯʝʨʝʟ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʙʘʨʴʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 
ʜʚʫʭ ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʝʡ.  
ɽʩʣʠ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʜʚʫʤʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʙʘʨʴʝʨʘʤʠ, ʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʧʨʦʩʣʝʜʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ S(d), ʚʳʯʠʩʣʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ 
(40), ʧʨʠ ʯʘʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ 
ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ: E=0.5 ʠ m1=3, m2=4. 

 
ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ S(m,E,d), ʧʨʠ ʟʥʘʯʝʥʠʠ 

ʵʥʝʨʛʠʠ E = 0.5 ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʤʘʩʩ: m = 3 ʠ m = 4 
Fig. 3. Graphs of the transmission coefficient S(m,E,d), at an energy value of 

E = 0.5 for two mass values: m = 3 and m = 4 
 
ʀʟ ʵʪʦʛʦ ʨʘʩʯʝʪʘ ʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʵʬʬʝʢʪ ʩʝʧʘʨʘʮʠʠ ʯʘʩʪʠʮ, 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʤʘʩʩʝ. ʈʝʛʫʣʠʨʫʷ ʨʘʩʩʪʦʷʥʠʝ d ʤʝʞʜʫ ʙʘʨʴʝʨʘʤʠ, ʤʦʞʥʦ 
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ʜʦʙʠʪʴʩʷ ʧʨʦʭʦʞʜʝʥʠʷ ʦʜʥʦʡ ʠʟ ʯʘʩʪʠʮ ʠ ʧʨʠ ʵʪʦʤ ʧʨʦʭʦʞʜʝʥʠʝ ʜʨʫʛʦʡ ʙʫʜʝʪ 
ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʥʦ. 
ɹʣʦʢʠʨʦʚʘʥʠʝ ʛʝʣʠʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʯʘʩʪʢʘʤʠ ʩʧʣʦʰʥʦʡ ʢʨʠʚʦʡ, ʣʝʞʘʱʠʤʠ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. ʇʨʠ ʵʪʦʤ ʝʩʣʠ [5,6]dÍ , ʪʦ ʚʦʣʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʭʦʞʜʝʥʠʷ 

ʠʜʫʪ ʚ ʧʨʦʪʠʚʦʬʘʟʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʪʤʝʯʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 
ʤʳ ʠʤʝʝʤ ʩʚʝʨʭʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʜʝʣʝʥʠʷ ʛʝʣʠʡ-ʛʝʣʠʦʥʦʚʦʡ 
ʩʤʝʩʠ. ɺ ʪʦʤ, ʯʪʦ ʠʟʦʪʦʧ 4He ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʦʩʪʘʚʥʳʝ ʙʘʨʴʝʨʳ ʣʫʯʰʝ, ʯʝʤ 3He, 
ʥʝʪ ʥʠʯʝʛʦ ʫʜʠʚʠʪʝʣʴʥʦʛʦ. ʇʦʩʢʦʣʴʢʫ ʜʘʞʝ ʧʦ ʤʝʨʢʘʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ 
ʯʘʩʪʠʮʘ, ʠʤʝʶʱʘʷ ʪʦʪ ʞʝ ʵʬʬʝʢʪʠʚʥʳʡ ʨʘʟʤʝʨ, ʥʦ ʙʦʣʴʰʫʶ ʤʘʩʩʫ, ʜʦʣʞʥʘ 
ʧʨʦʭʦʜʠʪʴ ʣʫʯʰʝ. 
 

ɿʘʢʣʶʯʝʥʠʝ 
 
ʇʦʣʫʯʝʥʦ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʩʨʘʟʫ ʩʣʝʜʫʶʪ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʭʦʞʜʝʥʠʷ. 
ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚʪʦʨʦʛʦ ʙʘʨʴʝʨʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ 
ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʥʘʯʝʥʠʡ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʤʦʥʦʘʪʦʤʥʳʤʠ ʩʣʦʷʤʠ 
ʤʝʤʙʨʘʥʳ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʵʪʠʭ ʜʠʩʪʘʥʮʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʭʦʞʜʝʥʠʷ ʛʝʣʠʷ 
ʙʫʜʝʪ ʨʘʚʝʥ ʝʜʠʥʠʮʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʝʣʠʦʥ, ʠʤʝʶʱʠʡ ʜʨʫʛʫʶ ʤʘʩʩʫ ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ 
ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘ ʫʢʘʟʘʥʥʳʭ ʜʠʩʪʘʥʮʠʷʭ ʤʝʞʜʫ ʩʣʦʷʤʠ ʤʝʤʙʨʘʥʳ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʘ ʠʟ ʢʦʤʧʦʥʝʥʪ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʙʘʨʴʝʨʦʚ, 

ʜʨʫʛʘʷ ʞʝ ʥʝ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʚʦʚʩʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʧʦʣʫʯʘʝʤ ʵʬʬʝʢʪʠʚʥʫʶ 
ʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʩʝʠʚʘʥʠʷ ʠʟʦʪʦʧʦʚ. ʕʪʫ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʥʘʩʪʨʘʠʚʘʪʴ ʥʘ ʨʘʟʜʝʣʝʥʠʝ 
ʛʘʟʦʚ, ʤʝʥʷʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʙʘʨʴʝʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʚʳʚʦʜʳ ʦʢʘʟʳʚʘʶʪʩʷ 
ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʜʣʷ ʩʚʝʨʭʪʦʥʢʠʭ ʦʜʠʥʘʢʦʚʳʭ ʙʘʨʴʝʨʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. 
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The present paper considers the use of wave dynamics in solving problems of 

membrane separation of helium isotopes in a gas state at cryogenic temperatures. The 
dimensionless form of the stationary Schrödinger differential equation is obtained. 
Following that, the integral representation form of the wave function which is equivalent 
to the classical equation is written. This form is similar to the integral equation with a 
degenerate core; however, it contains a modulus of the argument with a shift along the 
real axis. Using the shift operator, the existing exponential function in the Schrödinger 
integral equation can be split into a differential operator and an exponential function of 
the argument module which does not contain a shift. The Fourier identity allows reducing 
the exponent of the modulus of the argument to a regular exponent. Next, basing on the 
general ability of the differential operator acting on the exponent, it is possible to calculate 
the spectral functions of the problem and write down the distribution for the wave function. 
This distribution is ultimately expressed through the spectra of the potential barrier. 
Thereafter, the structure and the spectrum of the composite barrier are considered. With 
the expression determining the reflection coefficient it is found that the double-barrier 
system can have a resonant passage of one of the components in the sequence of 
distances between the layers of the membrane. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʧʨʠʤʝʥʝʥʠʠ ʚʦʣʥʦʚʦʡ ʜʠʥʘʤʠʢʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʤʝʤʙʨʘʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ ʛʝʣʠʷ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʨʠ ʢʨʠʦʛʝʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʛʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʣʫʯʝʥʘ ʙʝʟʨʘʟʤʝʨʥʘʷ ʬʦʨʤʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʐʨʝʜʠʥʛʝʨʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʘʧʠʩʳʚʘʝʪʩʷ 
ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʘʷ ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ 
ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ. ʇʦ ʩʚʦʝʤʫ ʚʠʜʫ ʵʪʘ ʬʦʨʤʘ ʘʥʘʣʦʛʠʯʥʘ ʠʥʪʝʛʨʘʣʴʥʦʤʫ 
ʫʨʘʚʥʝʥʠʶ ʩ ʚʳʨʦʞʜʝʥʥʳʤ ʷʜʨʦʤ, ʦʜʥʘʢʦ ʩʦʜʝʨʞʠʪ ʤʦʜʫʣʴ ʦʪ ʘʨʛʫʤʝʥʪʘ ʩʦ 
ʩʜʚʠʛʦʤ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʠ. ʀʩʧʦʣʴʟʫʷ ʦʧʝʨʘʪʦʨ ʩʜʚʠʛʘ, ʠʤʝʶʱʫʶʩʷ 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ ʐʨʝʜʠʥʛʝʨʘ ʫʜʘʝʪʩʷ 
ʨʘʩʱʝʧʠʪʴ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʦʪ 
ʤʦʜʫʣʷ ʘʨʛʫʤʝʥʪʘ, ʥʝ ʩʦʜʝʨʞʘʱʫʶ ʩʜʚʠʛ. ʊʦʞʜʝʩʪʚʦ ʌʫʨʴʝ ʧʦʟʚʦʣʷʝʪ ʵʢʩʧʦʥʝʥʪʫ 
ʦʪ ʤʦʜʫʣʷ ʘʨʛʫʤʝʥʪʘ ʧʨʠʚʝʩʪʠ ʢ ʦʙʳʯʥʦʡ ʵʢʩʧʦʥʝʥʪʝ. ɼʘʣʝʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʦʙʱʝʝ 
ʩʚʦʡʩʪʚʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʵʢʩʧʦʥʝʥʪʫ, ʫʜʘʝʪʩʷ 
ʚʳʯʠʩʣʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʟʘʜʘʯʠ ʠ ʚʳʧʠʩʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʚʦʣʥʦʚʦʡ 
ʬʫʥʢʮʠʠ. ʕʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʠʪʦʛʝ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʩʧʝʢʪʨʳ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 
ʙʘʨʴʝʨʘ. ʇʦʩʣʝ ʯʝʛʦ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠ ʩʧʝʢʪʨ ʩʦʩʪʘʚʥʦʛʦ ʙʘʨʴʝʨʘ. ʇʦ 
ʚʳʨʘʞʝʥʠʶ, ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ, ʥʘʡʜʝʥʦ, ʯʪʦ 
ʜʚʫʭʙʘʨʴʝʨʥʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʠʤʝʪʴ ʨʝʟʦʥʘʥʩʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʦʜʥʦʡ ʠʟ 
ʢʦʤʧʦʥʝʥʪ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʣʦʷʤʠ ʤʝʤʙʨʘʥʳ. 
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ɼװʛʥʵʣʪ 

 
ʊᴇʩʣʠʡʥ ʟʦʨʠʣʛʦ ʙʠʝʣʩʵʥ ʪʘʣʘʘʨ:   ʀʟʦʪʦʧʫʫʜʳʛ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʤʘʰ ʪᴇʩʪʵʡ 
ʰʠʥʞ ʯʘʥʘʨʪʘʡ ʙᴇᴇʤʩʠʡʛ ʩʘʣʛʘʭ ʥʴ ʟᴇʚʭᴇʥ ʨʝʟʦʥʘʥʩʳʥ ʥᴇʣᴇᴇʛᴇᴇʨ ʙʦʣʦʤʞʪʦʡ 
ʙʦʣʩʦʥ. ʊʠʡʤʵʵʩ ʵʥʵ ʭװʥʜ ʭʵʮװװ ʘʞʣʳʛ ʦʣʦʥ ʫʣʩʳʥ ʭʘʤʪʘʨʩʘʥ ʪᴇʩᴇʣ ʙʦʣʛʦʥ ʆʍʋ, 
ʄʦʥʛʦʣ ʫʣʩʳʥ ʭʦʸʨ ʭʵʩʵʛʪ ʭʫʚʘʘʞ, ʭʵʩʵʛ ʪʫʩ ʙװʨ ʘʞʣʘʘ 100 ʭʫʚʴ ʛװʡʮʵʪʛʵʩʵʥ 
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ʉ 10 ʧʦ 15 ʜʝʢʘʙʨʷ 2019 ʛ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʮʝʥʪʨ (ʅʆʄʎ) ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʩʦʚʤʝʩʪʥʦ ʩ  ʃʘʙʦʨʘʪʦʨʠʝʡ ʪʦʧʦʣʦʛʠʠ ʠ ʜʠʥʘʤʠʢʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʨʛʘʥʠʟʫʝʪ ʚ ʊʦʤʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʩʝʨʦʩʩʠʡʩʢʫʶ ʥʘʫʯʥʫʶ ʢʦʥʬʝʨʝʥʮʠʶ çɼʝʢʘʙʨʴʩʢʠʝ ʯʪʝʥʠʷ ʚ 

ʊʦʤʩʢʝè. Cʘʡʪ ʢʦʥʬʝʨʝʥʮʠʠ: www.dr.rmc.math.tsu.ru.  

 

 ʄʳ ʨʘʜʳ ʧʨʠʛʣʘʩʠʪʴ ɺʘʩ ʧʨʠʥʷʪʴ ʫʯʘʩʪʠʝ ʚ ʥʘʰʝʡ ʢʦʥʬʝʨʝʥʮʠʠ. 
 ʉ ʫʚʘʞʝʥʠʝʤ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʈʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʇʆʊʆʂʀ ʊʗɾɽʃʆʁ ʅɽʉɾʀʄɸɽʄʆʁ ɾʀɼʂʆʉʊʀ 
ɾɸʄɹɸɸ ʉʆʅʀʅɹɸʗʈ 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ  ʨʘʩʩʤʘʪʨʠʚʘʪʴ  ʪʝʯʝʥʠʷ ʚʦʜʳ, 

ʥʘʧʨʠʤʝʨ, ʚ ʨʝʢʝ ʪʝʢʫʱʝʡ ʧʦ ʢʘʤʥʷʤ ʠ ʧʝʨʝʢʘʪʘʤ. ʄʳ, ʢʦʥʝʯʥʦ, ʥʝ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʰʠʪʴ ʪʘʢʫʶ ʟʘʜʘʯʫ ʪʦʯʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʪʨʫʜʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʦ ʩʪʨʫʡʥʦʤ 

ʪʝʯʝʥʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʀʟʣʦʞʝʥʠʝ ʤʥʦʛʠʭ  ʠʥʪʝʨʝʩʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ 

ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʢʥʠʛʘʭ [1], [2].  

  

 ʏʪʦʙʳ ʥʘʡʪʠ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʳ, ʢʘʢ ʦʙʳʯʥʦ, ʧʨʠʤʝʥʷʝʤ ʧʦʩʪʫʣʘʪʳ 

ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚʦʣʥ [1], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʚʝʨʭʥʝʡ (ʩʚʦʙʦʜʥʦʡ) 

ʛʨʘʥʠʮʝ ʠʤʝʝʪ ʚʠʜ: 

 

2

2 2
0

y h

g

x C y
=

µ F µF
+ =

µ µ
. (1)  

 

1. ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʪʦʢ ʜʚʠʞʝʪʩʷ ʧʦ ʨʦʚʥʦʤʫ ʜʥʫ, ʠ 

ʧʦʩʪʘʚʠʤ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʛʦ ʚʠʜʘ ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʳ ʧʨʠ ʛʨʘʥʠʯʥʦʤ ʫʩʣʦʚʠʠ (1) ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.   

ʊʦʛʜʘ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
2 2 2

2 2 2 2

0

0,     0,     0
y y h

g

x y y x C y
= =

µ F µ F µF µ F µF
+ = = + =

µ µ µ µ µ
 . (2) 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʚʠʜʝ: 

 

cos cos sin

( , ) ( ),   ( ),   ( )

cos cos cos

y y y
x x x

x y f x f x f x
x y

h h h
x x x

µ µ µå õ å õ å õ
-æ ö æ ö æ öµF µFµ µ µç ÷ ç ÷ ç ÷¡ ¡F = Ö = Ö = Ö

µ µ µµ µå õ å õ å õ
æ ö æ ö æ ö
µ µ µç ÷ ç ÷ ç ÷

 . (3) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʬʦʨʤʫʣ (3) ʚʠʜʥʦ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ ʌ(x,y) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ 

ʃʘʧʣʘʩʘ ʠ ʫʩʣʦʚʠʶ ʥʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʜʥʝ ʧʦʪʦʢʘ. ʇʨʠʯʝʤ, ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ   ʜʣʷ ʬʫʥʢʮʠʠ 

f(x) ʣʶʙʦʛʦ ʚʠʜʘ. ʅʝʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʷ f(x), ʚʭʦʜʷʱʫʶ ʚ ʨʝʰʝʥʠʝ (3), ʤʦʞʥʦ ʥʘʡʪʠ, 

ʧʦʜʩʪʘʚʠʚ ʨʝʰʝʥʠʝ (3) ʚ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (1). ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʦʧʝʨʘʪʦʨʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʵʪʫ ʬʫʥʢʮʠʶ: 

 

2

2 2
( ) 0

d g d d
tg h f x

dx C dx dx

è øå õ
- Ö Ö =æ öé ù

ç ÷ê ú
 . (4) 

ʋʨʘʚʥʝʥʠʝ (4) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʳʢʥʦʚʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʆʥʦ ʠʤʝʝʪ ʩʯʝʪʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ f(x)=eɚx, ʛʜʝ ɚ ð ʦʜʠʥ ʠʟ ʢʦʨʥʝʡ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ: 

 
2

2
 ( ) 0

g
tg h

C
l l l- = . (5) 

ʋʨʘʚʥʝʥʠʝ (5) ʠʤʝʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʨʥʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʚʦʡʥʦʡ 

ʥʫʣʝʚʦʡ ʢʦʨʝʥʴ ɚ2=0, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʝ ʨʝʰʝʥʠʝ f(x)=a+bx. ʊʘʢʠʝ ʨʝʰʝʥʠʷ, 

ʠʤʝʶʱʠʝ ʚʠʜ ʣʠʥʝʡʥʳʭ ʠʣʠ ʧʦʢʘʟʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʥʝ ʧʦʜʭʦʜʷʪ, ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʜʘʶʪ ʥʝʫʩʪʦʡʯʠʚʫʶ ʩʚʦʙʦʜʥʫʶ ʛʨʘʥʠʮʫ, ʩʠʣʴʥʦ ʦʪʢʣʦʥʷʶʱʫʶʩʷ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʘʷ ʪʝʦʨʠʷ ʚʦʣʥ ʟʜʝʩʴ ʥʝ ʜʘʝʪ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ.  

ʅʦ ʯʘʩʪʦʪʥʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʠʤʝʝʪ ʝʱʝ ʠ ʧʘʨʫ ʯʠʩʪʦ ʤʥʠʤʳʭ ʢʦʨʥʝʡ ɚ=Ñ ik; ʠʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  2 0f k f¡¡+ =, ʜʘʶʱʝʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʝʰʝʥʠʝ 
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ʜʣʷ ʬʫʥʢʮʠʠ f(x). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ 

ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ (3), ʥʫʞʥʦ ʚ  ʫʨʘʚʥʝʥʠʠ (5) ʠʩʢʣʶʯʘʪʴ ʚʩʝ ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʨʥʠ.  ʕʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʦʤʫ,  ʯʪʦ  ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (1) ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʤʝʥʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤ, ʙʦʣʝʝ ʧʨʦʩʪʳʤ, ʫʩʣʦʚʠʝʤ: 

 
2

2

2
0

y h

k
x

=

µ F
+ F =

µ
 .  (6) 

 ʇʦʜʩʪʘʚʣʷʷ ʚ (5) ʟʥʘʯʝʥʠʝ ɚ= ik, ʧʦʣʫʯʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʣʠʯʠʥʦʡ ʧʘʨʘʤʝʪʨʘ k ʠ 

ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ C: 

 2 ( )th kh
C gh gh

kh
= <  . (7) 

ʇʨʘʢʪʠʯʝʩʢʠ, ʚ ʜʠʩʧʝʨʩʠʦʥʥʦʤ ʫʨʘʚʥʝʥʠʠ (7) ʫʜʦʙʥʝʝ ʟʘʜʘʚʘʪʴ ʠʤʝʥʥʦ ʚʝʣʠʯʠʥʫ 

ʧʘʨʘʤʝʪʨʘ k, ʘ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ C ʥʘʭʦʜʠʪʴ ʠʟ ʨʘʚʝʥʩʪʚʘ (7).   

ʇʦʩʢʦʣʴʢʫ gh  ð ʵʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʚ ʩʪʦʷʯʝʡ ʚʦʜʝ ʚ 

ʢʘʥʘʣʝ ʛʣʫʙʠʥʳ h, ʪʦ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ óʜʦʟʚʫʢʦʚʦʤʫô ʩʣʫʯʘʶ, ʢʦʪʦʨʳʤ ʤʳ ʚʳʥʫʞʜʝʥʳ 

ʦʛʨʘʥʠʯʠʪʴʩʷ, ʧʨʠʤʝʥʷʷ ʣʠʥʝʡʥʫʶ ʪʝʦʨʠʶ ʚʦʣʥ.  

ɺ óʩʚʝʨʭʟʚʫʢʦʚʦʤô ʩʣʫʯʘʝ, ʢʦʛʜʘ C gh²  ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʧʨʦʬʠʣʴ ʩʚʦʙʦʜʥʦʡ 

ʛʨʘʥʠʮʳ ʥʝʚʦʟʤʦʞʝʥ. ʊʘʤ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʣʠʙʦ ʛʣʘʜʢʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʪʦʢ, 

ʢʦʪʦʨʳʡ, ʦʯʝʚʠʜʥʦ, ʥʝʫʩʪʦʡʯʠʚ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʨʳʟʛ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʨʳʞʢʦʚ ʠ ʧʝʨʝʭʦʜʦʤ 

ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ. ɺʩʝ ʵʪʠ ʷʚʣʝʥʠʷ ʥʝ ʧʦʜʜʘʶʪʩʷ ʠʟʫʯʝʥʠʶ ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ 

ʪʝʦʨʠʠ.  

ʗʩʥʦ, ʯʪʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (6) ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʦ ʧʨʠʤʝʥʷʪʴʩʷ 

ʪʘʢʞʝ ʠ ʜʣʷ ʧʦʪʦʢʘ ʪʝʢʫʱʝʛʦ ʧʦ ʥʝʨʦʚʥʦʤʫ ʜʥʫ.  

 

2. ɼʣʷ ʧʦʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʧʦ ʥʝʨʦʚʥʦʤʫ ʜʥʫ, ʢʨʦʤʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (1) ʠʣʠ (6), 

ʩʣʝʜʫʝʪ  ʝʱʝ ʚʳʧʦʣʥʠʪʴ  ʫʩʣʦʚʠʝ ʥʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʜʥʝ ʌn=0 ʠ ʫʩʣʦʚʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʧʦʪʦʢʘ ʥʘ ʜʘʣʝʢʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʠ x­-¤. ʏʪʦʙʳ ʚʳʧʦʣʥʠʪʴ ʫʩʣʦʚʠʝ ʥʝ ʧʨʦʪʝʢʘʥʠʷ  ʥʘ 

ʜʥʝ,  ʥʫʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʢʦʥʬʦʨʤʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʚʳʧʨʷʤʣʷʶʱʝʝ ʵʪʦ ʜʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʜʘʯʫ ʥʫʞʥʦ  ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʪʴ ʚ ʜʚʫʭ ʦʙʣʘʩʪʷʭ: ʚ ʬʠʟʠʯʝʩʢʦʡ  ʧʦʣʦʩʝ Z=x+iy, ʠ ʚ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʦʣʦʩʝ ix hW= +, ʠʤʝʶʱʝʡ ʧʦʩʪʦʷʥʥʫʶ ʰʠʨʠʥʫ h. ʇʨʠ ʵʪʦʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʪʦʯʢʠ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʷʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʣʠʥʠʶ 

hh= , ʘ ʚʩʝ ʪʦʯʢʠ, ʣʝʞʘʱʠʝ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʜʥʝ ʦʙʣʘʩʪʠ Z, ʧʝʨʝʭʦʜʷʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʣʠʥʠʶ 0h= . ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʳʩʪʫʧʦʚ ʥʘ ʜʥʝ, ʦʙʝ  ʦʙʣʘʩʪʠ  Z ʠ Ý 

ʩʦʚʧʘʜʘʶʪ.  

ʇʨʘʢʪʠʯʝʩʢʠ, ʥʫʞʥʦʝ ʢʦʥʬʦʨʤʥʦʝ  ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʣʘʩʪʠ Z ʥʘ ʦʙʣʘʩʪʴ Ý  ʚʩʝʛʜʘ 

ʤʦʞʥʦ  ʚʳʧʦʣʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ  ʐʚʘʨʮʘ-ʂʨʠʩʪʦʬʬʝʣʷ 

 ( )n

n

n

dZ
a

d

a
= W-

W
Ô . (8) 

ɺ ʥʝʤ  ʧʨʦʦʙʨʘʟʳ ʚʝʨʰʠʥ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ an ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʥʘʭʦʜʠʪʴ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʂʫʬʘʨʝʚʘ. ʇʫʩʪʴ, ʥʘʧʨʠʤʝʨ, ʧʦʪʦʢ ʜʚʠʞʝʪʩʷ ʥʘʜ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʚʳʩʪʫʧʦʤ ʥʘ ʜʥʝ. 

ʊʦʛʜʘ ʦʪʦʙʨʘʞʝʥʠʝ ʥʘ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

 

2 2

2 2

( )
,     =6,   =6.683

( )

dZ dx dy ih b
i b a

d d d ih a

x

x x x

+ -
= + =

W + -
.  (9)  

ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʛʦ ʨʘʩʯʝʪʘ ʥʘ ʫʨʦʚʥʝ ɖ=h=1, ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ.1. ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʢʦʥʬʦʨʤʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ  ʜʥʘ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʚʳʩʪʫʧʦʤ ʥʘ ʚʝʨʭʥʶʶ 

ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʧʦ ʬʦʨʤʫʣʝ (9). 

 

ɺ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʨʠʩʫʥʢʘ (9) ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ ʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ 

ʚʳʩʪʫʧʘ, ʘ ʚ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʚʝʣʠʯʠʥ: dx/dɝ , dy/dɝ  ʠ  q(ɝ)=dɝ/dx, 

ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʥʥʦʡ ɝ ʥʘ ʫʨʦʚʥʝ ɖ=h.  

ɺʦ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ ʌ, ʥʫʞʥʦ ʪʘʢʞʝ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ  ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ: 

    ʠ   ,    ,    =hq q ʛʜʝ q ʧʨʠ
x y x

x
h

x h

µF µF µF µF µ
= = =

µ µ µ µ µ
 . (10) 

ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʚʳʨʘʞʘʪʴ  ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʝʨʝʤʝʥʥʳʤ x ʠ y ʦʪ ʥʝʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʯʝʨʝʟ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʝʝ ʧʦ ʧʝʨʝʤʝʥʥʳʤ ɝ ʠ ɖ.  

ʄʥʦʞʠʪʝʣʴ ( )q xx x=µ µ, ʧʦʣʫʯʘʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʬʦʨʤʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ, 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʙʦ ʢʘʢ ʬʫʥʢʮʠʶ ʧʝʨʝʤʝʥʥʦʡ x, ʣʠʙʦ ʢʘʢ ʬʫʥʢʮʠʶ ʧʝʨʝʤʝʥʥʦʡ ɝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʘʷ ʠʟ ʵʪʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ. ʀʟ ʨʠʩʫʥʢʘ 

(1) ʚʠʜʥʦ, ʢʘʢ ʚʳʛʣʷʜʠʪ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ q(ɝ) ʜʣʷ ʩʣʫʯʘʷ ʜʥʘ, ʠʤʝʶʱʝʛʦ  ʬʦʨʤʫ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚʳʩʪʫʧʘ.  

 

3. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ ( , )x hF  ʚ ʧʦʣʦʩʝ Ý  ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʚ ʚʠʜʝ 

ʩʫʤʤʳ ʜʚʫʭ ʧʦʪʝʥʮʠʘʣʦʚ: 

 0( , ) ( , ) ( , )x h x h j x hF =F +  . (11) 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʫʩʣʦʚʠʶ ʥʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘ 

ʜʥʝ (ɖ=0) ʠ ʥʘ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʝ (ɖ=h), ʘ ʚʪʦʨʦʡ ( , )j x h ð ʥʝʠʟʚʝʩʪʝʥ, ʠ ʦʥ ʦʧʠʩʳʚʘʝʪ 

ʦʪʢʣʦʥʝʥʠʝ ʩʚʦʙʦʜʥʦʡ ʛʨʘʥʠʮʳ ʦʪ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʫʨʦʚʥʷ. ʇʝʨʚʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʯʝʚʠʜʥʦ, 

ʨʘʚʝʥ  0( , ) Cx h xF = Ö.  ʆʥ ʦʧʠʩʳʚʘʝʪ ʦʜʥʦʨʦʜʥʦʝ ʪʝʯʝʥʠʝ ʧʦʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ C. ɺʪʦʨʦʡ 

ʧʦʪʝʥʮʠʘʣ  ( , )j x h ʟʘʧʠʩʳʚʘʝʤ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (3), ʚ  ʩʠʤʚʦʣʠʯʝʩʢʦʤ ʚʠʜʝ:  

 

cos

( , ) ( )

cos

f

h

h
x

j x h x

x

å õµ
æ ö
µç ÷= Ö

å õµ
æ ö
µç ÷

. (12) 

ʇʦʪʝʥʮʠʘʣ ʩʢʦʨʦʩʪʠ (11) ʜʣʷ  ʧʦʪʦʢʘ ʥʘʜ ʥʝʨʦʚʥʳʤ ʜʥʦʤ ʚ ʧʦʣʦʩʝ  Ý =ɝ+iɖ ʠʤʝʝʪ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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cos

( , ) ( )

cos

d

d
C f

d
h

d

h
x

x h x x

x

å õ
æ ö
ç ÷F = + Ö
å õ
æ ö
ç ÷

 . (13) 

ʈʝʰʝʥʠʝ (13) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ ʠ ʫʩʣʦʚʠʶ ʥʝ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʜʥʝ. ɼʣʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʝʧʝʨʴ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʥʘʡʪʠ ʚʠʜ ʬʫʥʢʮʠʠ f(ɝ), ʢʦʪʦʨʳʡ 

ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴʩʷ ʠʟ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 ʀʩʧʦʣʴʟʫʷ ʜʣʷ ʩʣʘʛʘʝʤʦʛʦ Cɝ ʛʨʘʥʠʯʥʦʝ  ʫʩʣʦʚʠʝ ʚ ʬʦʨʤʝ (1), ʘ ʜʣʷ ʚʪʦʨʦʛʦ ʯʣʝʥʘ 

ʬʦʨʤʫʣʳ (13) ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʚ ʬʦʨʤʝ (6), ʧʦʣʫʯʠʤ, ʯʪʦ ʬʫʥʢʮʠʷ  f(ɝ) ʜʦʣʞʥʘ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʝʦʜʥʦʨʦʜʥʦʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ: 

 
2 

 
d d f dq

q q k f Cq
d d dx x x

å õ
+ =-æ ö

ç ÷
 . (14)

  

ʇʨʦʱʝ, ʦʜʥʘʢʦ,  ʠʩʢʘʪʴ ʬʫʥʢʮʠʶ  f(ɝ) ʚ ʪʝʨʤʠʥʘʭ ʧʝʨʝʤʝʥʥʦʡ x, ʧʦʣʴʟʫʷʩʴ ʪʝʤ, ʯʪʦ  

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʦʧʝʨʘʪʦʨʳ d/dx ʠ d/dɝ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: d/dx=q d/dɝ. ʊʦʛʜʘ,  ʜʣʷ 

ʬʫʥʢʮʠʠ f(x), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (14) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʚʠʜʫ: 

 

2

2

2
 

d f dq
k f C

dx dx
+ =-  . (15) 

  ʈʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (15) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʠʥʪʝʛʨʘʣʘ: 

 ( ) sin ( ) ( ) sin ( ) ( ) 

x
ʉ C

f x k x q d k q d
k k

x

t t t t x t t
-¤ -¤

¡ ¡=- - =- -ñ ñ  . (16) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ f ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʘʨʛʫʤʝʥʪʘ x, ʠʣʠ ʦʪ 

ʘʨʛʫʤʝʥʪʘ ɝ, ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʡ ʠ ʪʦ ʞʝ ʬʦʨʤʫʣʳ (16).  

  

ʊʘʢ ʢʘʢ ʬʫʥʢʮʠʷ f(ɝ) ʩʯʠʪʘʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʠʟ ʬʦʨʤʫʣʳ (16), ʪʦ ʨʝʰʝʥʠʝ (13) ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʘ ʌ(ɝ, ɖ) ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ, ʟʘʧʠʩʘʥʥʳʤ ʚ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʬʦʨʤʝ.   

ʉʠʤʚʦʣʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʨʝʰʝʥʠʷ (13) ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʚʳʢʣʘʜʦʢ, ʥʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʡ ʤʳ ʜʦʣʞʥʳ  ʥʘʡʪʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʘʥʘʣʦʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ.   ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ   ʠʟʚʝʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʜʝʣʴʪʘ ʬʫʥʢʮʠʠ ɼʠʨʘʢʘ 

 
  1

( ) ,    ( )= ( ) ( )
2

i t xx e dt f x f x dd l d l l
p

¤ ¤

-¤ -¤

= -ñ ñ . 

ʊʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʝʛʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: 

 

( )
cos cos

1 2 2
( , ) ( ) ( ) ,  

( )
coscos

2 2

ch
h h

f f d h
h

chh
h h

p x l ph
h
x

j x h x l l h
p x l ph

x

¤

-¤

å õµ è - øå õ å õ
Öæ ö æ ö æ öé ùµç ÷ ç ÷ ç ÷é ù= Ö = <

-å õ å õ å õµ é ù+æ ö æ öæ ö é ùµ ç ÷ ç ÷ê úç ÷

ñ  . (17) 

ʆʙʳʯʥʦ ʚʤʝʩʪʝ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʩʢʦʨʦʩʪʠ ű(ɝ,ɖ) ʠʱʫʪ ʪʘʢʞʝ ʠ ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʤ 

ʬʫʥʢʮʠʶ ʪʦʢʘ ɣ(ɝ,ɖ). ʆʥʘ ʧʦʣʫʯʘʝʪʩʷ  ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʂʦʰʠ-ʈʠʤʘʥʘ: 

 

sin sin

,    ʪ.ʝ.      ( )

cos cos

d d

d ddf
f

dd d
h h

d d

h h
x xy j

y x
x h x

x x

å õ å õ
æ ö æ ö

µ µ ç ÷ ç ÷=- = = Ö
µ µ å õ å õ

æ ö æ ö
ç ÷ ç ÷

 .  (18) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ (13) ʚ ʧʦʣʦʩʝ 

Ý ʧʨʠʦʙʨʝʪʘʶʪ ʩʣʝʜʫʶʱʠʡ ʫʜʦʙʥʳʡ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʠʜ: 
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-å õ å õé ù+æ ö æ öé ùç ÷ ç ÷ê ú

ñ . (19) 

 

( )
cos

1 2 2
( , ) ( )

( )
cos

2 2

ch
h h

C f d
h
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h h

p x l ph

x h x l l
p x l ph

¤
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è - øå õ å õ
Öæ ö æ öé ù

ç ÷ ç ÷é ùF = +
-å õ å õé ù+æ ö æ öé ùç ÷ ç ÷ê ú

ñ . (20) 

  

4.   ʏʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʣʠʥʠʡ ʪʦʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʨʤʫʣʳ (19) 

ʧʦʢʘʟʘʥʳ ʥʘ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʨʠʩʫʥʢʘʭ. 

 

ʍʘʨʘʢʪʝʨ ʣʠʥʠʡ ʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʜʥʘ ʩ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʚʳʩʪʫʧʦʤ, ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʘʭ 2 ʠ 3.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʬʦʨʤʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʙʝʟ 

ʧʨʠʤʝʥʝʥʠʷ ʬʦʨʤʫʣʳ ʂʨʠʩʪʦʬʬʝʣʷ-ʐʚʘʨʮʘ (8). 

  

ʈʠʩʫʥʦʢ.2. ʆʙʪʝʢʘʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʳʩʪʫʧʘ ʩʦ ʩʢʦʨʦʩʪʴʶ C=0.564 gh .  

 
 

 
 

ʈʠʩʫʥʦʢ.3. ʆʙʪʝʢʘʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʚʳʩʪʫʧʘ ʩʦ ʩʢʦʨʦʩʪʴʶ C=0.879 gh .  

 

ʀʟ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʦʙʱʝʝ ʩʚʦʡʩʪʚʦ ʪʝʯʝʥʠʷ ʪʘʢʦʚʦ, ʯʪʦ ʧʝʨʝʜ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʣʠʥʠʠ ʪʦʢʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʟʤʫʱʘʶʪʩʷ ʥʝʨʦʚʥʦʩʪʷʤʠ ʜʥʘ, ʘ ʟʘ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʦʥʠ ʠʤʝʶʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʚʠʜ.  

ɺʦʣʥʦʦʙʨʘʟʦʚʘʥʠʝ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ. 

ɼʣʠʥʘ ʚʦʣʥʳ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝʤ ʠ ʝʝ ʘʤʧʣʠʪʫʜʘ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ  ʩʢʦʨʦʩʪʠ. ʉ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʢ ʩʚʦʝʤʫ óʜʦʟʚʫʢʦʚʦʤʫô ʧʨʝʜʝʣʫ, ʨʠʩʫʥʦʢ 3, ʤʳ ʧʦʣʫʯʘʝʤ ʢʘʨʪʠʥʫ 

ʧʦʭʦʞʫʶ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʳʞʦʢ, ʠʣʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ ʪʦ, ʢʘʢ ʝʛʦ ʨʘʟʚʠʪʠʝ 

ʦʧʠʩʳʚʘʝʪ ʧʨʠʙʣʠʞʝʥʥʘʷ ʣʠʥʝʡʥʘʷ ʪʝʦʨʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʛʠʜʨʘʚʣʠʢʝ, ʚ ʪʝʦʨʠʠ 

ʚʦʜʦʩʣʠʚʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʨʳʞʢʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ, ʝʩʣʠ ʚʟʷʪʴ 

C gh² , ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ ʦʙʨʘʟʫʶʪʩʷ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʧʨʠ 

ʩʚʝʨʭʟʚʫʢʦʚʦʤ ʪʝʯʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʥʝʡʥʘʷ ʪʝʦʨʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʦʪ ʬʘʢʪ.   
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ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʪʝʯʝʥʠʷ ʥʘʜ ʧʦʣʦʛʦʡ ʧʣʦʪʠʥʦʡ, ʛʜʝ ʪʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʯʘʣʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʳʞʢʘ.  

 

ʈʠʩʫʥʦʢ.4. ʇʦʪʦʢ ʥʘʜ ʧʦʣʦʛʦʡ ʧʣʦʪʠʥʦʡ  C=0.96 gh .  

 

 

ʅʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6 ʧʦʢʘʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʥ ʟʘ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʚʠʜʝ ʧʦʣʠʛʦʥʘʣʴʥʳʭ 

ʚʳʩʪʫʧʦʚ, ʜʣʷ ʫʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ. ɿʜʝʩʴ ʫʞʝ ʥʝʣʴʟʷ ʦʙʦʡʪʠʩʴ ʙʝʟ ʬʦʨʤʫʣʳ  

ʂʨʠʩʪʦʬʬʝʣʷ-ʐʚʘʨʮʘ ʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʂʫʬʘʨʝʚʘ ʜʣʷ  ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʦʙʨʘʟʦʚ 

ʚʝʨʰʠʥ.  

 

 

ʈʠʩʫʥʦʢ.5. ʇʦʪʦʢ ʥʘʜ ʯʝʪʳʨʝʭʫʛʦʣʴʥʳʤ ʜʥʦʤ  C=0.696 gh .  

 

 

ʈʠʩʫʥʦʢ.6. ʇʦʪʦʢ ʥʘʜ ʜʚʫʛʦʨʙʦʡ ʤʝʣʴʶ   C=0.55 gh .  

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʝʱʝ ʨʘʟ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʧʦʣʝʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ 

ʢʦʥʬʦʨʤʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ,  ʪʘʢ ʢʘʢ ʙʝʟ ʥʝʛʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʧʦ ʬʦʨʤʫʣʘʤ (19) ʠ (20) 

ʜʣʷ  ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ ʜʥʘ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ.  
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1. ʉʨʝʪʝʥʩʢʠʡ ʃ.ɽ. ʊʝʦʨʠʷ ʚʦʣʥʦʚʳʭ ʜʚʠʞʝʥʠʡ ʞʠʜʢʦʩʪʠ. ʄ.: ʅʘʫʢʘ, ʌʄ, ïï1977,  816 ʩ. 
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ʏʠʩʣʝʥʥʦʝ ʢʦʥʬʦʨʤʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʂʫʬʘʨʝʚʘ, ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʣʠʥʠʠ ʪʦʢʘ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʝʧʷʪʩʪʚʠʡ [3]. ʕʪʦʪ ʞʝ ʩʧʦʩʦʙ  

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʢ ʥʝ ʤʝʥʝʝ ʠʥʪʝʨʝʩʥʦʤʫ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʧʦʪʦʢ ʚʦʜʳ ʛʣʫʙʠʥʳ h 

ʜʚʠʞʝʪʩʷ ʧʦ ʥʝʨʦʚʥʦʤʫ ʜʥʫ ʩʦ ʩʢʦʨʦʩʪʴʶ C. ʉʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʩʣʫʯʘʝ 

ʪʘʢʦʛʦ ʧʦʪʦʢʘ   ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʠʟʚʝʩʪʥʫʶ ʢʨʠʚʫʶ ʣʠʥʠʶ, ʚʠʜ ʢʦʪʦʨʦʡ ʥʫʞʥʦ ʥʘʡʪʠ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʥʘ ʥʝʡ ʧʦʩʪʦʷʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʤʦʞʥʦ  ʨʘʩʩʤʘʪʨʠʚʘʪʴ  ʪʝʯʝʥʠʷ ʚʦʜʳ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʢʝ ʪʝʢʫʱʝʡ ʧʦ ʢʘʤʥʷʤ ʠ ʧʝʨʝʢʘʪʘʤ. 

ʄʳ, ʢʦʥʝʯʥʦ, ʥʝ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʠʪʴ ʪʘʢʫʶ ʟʘʜʘʯʫ ʪʦʯʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʪʨʫʜʥʘʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʦ ʩʪʨʫʡʥʦʤ ʪʝʯʝʥʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʆʥʘ ʜʦ ʩʠʭ 

ʧʦʨ ʝʱʝ ʥʝ ʨʝʰʝʥʘ, ʭʦʪʷ ʙʳʣʦ ʤʥʦʛʦ ʧʦʧʳʪʦʢ ʝʝ ʨʝʰʠʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚʝʣʠʢʠʤʠ 

ʤʘʪʝʤʘʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʥʘʧʨʠʤʝʨ ʢʘʢ  ʉʪʦʢʩ, ʈʝʣʝʡ, ʃʝʚʠ-ʏʠʚʠʪʘ, ʉʪʨʫʠʢ, ʅʝʢʨʘʩʦʚ, 

ɾʫʢʦʚʩʢʠʡ [2], ʠ ʜʨ. ʀʟʣʦʞʝʥʠʝ ʤʥʦʛʠʭ  ʠʥʪʝʨʝʩʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 

ʢʥʠʛʝ ʃ.ʅ. ʉʨʝʪʝʥʩʢʦʛʦ  [2].   

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ ʩʢʦʨʦʩʪʠ 

ʌ(x,y), ʢʦʪʦʨʳʡ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ ʌxx+ ʌyy=0 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʣʦʩʝ, 

ʦʛʨʘʥʠʯʝʥʥʦʡ  ʥʠʞʥʠʤ ʠ ʚʝʨʭʥʠʤ ʢʨʘʷʤʠ.  ʅʠʞʥʠʡ ʢʨʘʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʨʦʚʥʦʤʫ ʜʥʫ 

ʧʦʪʦʢʘ, ʠ ʥʘ ʥʝʤ  ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʥʝ ʧʨʦʪʝʢʘʥʠʷ: ʌn=0.   ʅʘ ʚʝʨʭʥʝʤ ʢʨʘʝ 

ʧʦʣʦʩʳ ʪʝʯʝʥʠʷ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ʧʦʩʪʦʷʥʩʪʚʘ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʙʦʣʝʝ 

ʩʣʦʞʥʳʡ ʚʠʜ. ʏʪʦʙʳ ʥʘʡʪʠ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʤʳ, ʢʘʢ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤ ʧʦʩʪʫʣʘʪʳ 

ʣʠʥʝʡʥʦʡ ʪʝʦʨʠʠ ʚʦʣʥ [1], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʚʝʨʭʥʝʡ (ʩʚʦʙʦʜʥʦʡ) 

ʛʨʘʥʠʮʝ ʧʦʣʦʩʳ ʠʤʝʝʪ ʚʠʜ: 
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