
 
  



ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 2  

 

ISSN 2414-2948 

 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʅʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘè. 

ɽ. ʉ. ʆʚʝʯʢʠʥʘ.          ʊʦʤ 5. ʅʦʤʝʨ 11. 

ɹʖʃʃɽʊɽʅʔ ʅɸʋʂʀ ʀ ʇʈɸʂʊʀʂʀ 

ʅʘʫʯʥʳʡ ʞʫʨʥʘʣ.         ʥʦʷʙʨʴ 2019 ʛ. 

ʀʟʜʘʝʪʩʷ ʩ ʜʝʢʘʙʨʷ 2015 ʛ. 

ɺʳʭʦʜʠʪ ʦʜʠʥ ʨʘʟ ʚ ʤʝʩʷʮ. 

16+ 

 
ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ɽ. ʉ. ʆʚʝʯʢʠʥʘ 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: ɿ. ɻ. ɸʣʠʝʚ, ʂ. ɸʥʘʥʪ, ɸ. ɸ. ɸʬʦʥʠʥ, ʈ. ɹ. ɹʘʡʤʘʭʘʥ, ʈ. ʂ. ɺʝʨʤʘ, ɺ. ɸ. ɻʦʨʰʢʦʚï

ʂʘʥʪʘʢʫʟʝʥ, ɽ. ɺ. ɿʠʥʦʚʴʝʚ, ʉ. ʐ. ʂʘʟʜʘʥʷʥ, ʉ. ɺ. ʂʦʚʘʣʝʥʢʦ, ɼ. ɹ. ʂʦʩʦʣʘʧʦʚ, ʅ. ɻ. ʂʦʩʦʣʘʧʦʚʘ, 

ʈ. ɸ. ʂʨʘʚʯʝʥʢʦ, ʅ. ɺ. ʂʫʟʠʥʘ, ʂ. ʀ. ʂʫʨʧʘʷʥʠʜʠ, ʈ. ɸ. ʄʘʭʝʩʘʨ, ʌ. ʖ. ʆʚʝʯʢʠʥ (ʦʪʚ. ʨʝʜ.), ʈ. ʖ. ʆʯʝʨʝʪʠʥʘ, 

ʊ. ʅ. ʇʘʪʨʘʭʠʥʘ, ʀ. ɺ. ʇʦʧʦʚʘ, ɸ. ɺ. ʈʦʜʠʦʥʦʚ, ʉ. ʂ. ʉʘʣʘʝʚ, ʇ. ʅ. ʉʘʥʴʢʦʚ, ɽ. ɸ. ʉʠʙʠʨʷʢʦʚʘ, ʉ. ʅ. ʉʦʢʦʣʦʚ, 

ʉ. ʖ. ʉʦʣʜʘʪʦʚʘ, ʃ. ʖ. ʋʨʘʟʘʝʚʘ, ɼ. ʅ. ʐʚʘʡʙʘ, ɸ. ʄ. ʗʢʦʚʣʝʚʘ. 

 

ɸʜʨʝʩ ʨʝʜʘʢʮʠʠ: 

628605, ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʫʣ. ʍʘʥʪʳïʄʘʥʩʠʡʩʢʘʷ, 17 

ʊʝʣ. +7(3466)437769 

https://www.bulletennauki.com 

E-mail: bulletennaura@inbox.ru, bulletennaura@gmail.com 

 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʕʃ ˉʌʉ 77-66110 ʦʪ 20.06.2016 

 

ɾʫʨʥʘʣ çɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠè ʚʢʣʶʯʝʥ ʚ Crossref, Ulrichôs Periodicals Directory, AGRIS, GeoRef, 

Chemical Abstracts Service (CAS), ʬʦʥʜʳ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ɺʀʅʀʊʀ ʈɸʅ), eLIBRARY.RU (ʈʀʅʎ), ʕɹʉ IPRbooks, ʕɹʉ çʃʘʥʴè, ʕɹʉ Znanium.com, ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʤʘʪʨʠʮʫ ʘʥʘʣʠʪʠʢʠ ʞʫʨʥʘʣʦʚ (MIAR), ACADEMIA , Google Scholar, ZENODO, AcademicKeys 

(ʤʝʞʫʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ), Polish Scholarly Bibliography (PBN), ʠʥʜʝʢʩʠʨʫʝʪʩʷ ʚ ʈʀʅʎ, Index 

Copernicus Search Articles, Open Academic Journals Index (OAJI), BASE (Bielefeld Academic Search Engine), 

Internet Archive. 

 

ʀʤʧʘʢʪïʬʘʢʪʦʨʳ ʞʫʨʥʘʣʘ: ʈʀʅʎ ð 0,291; MIAR ð 3,1; Open Academic Journals Index (OAJI) ð 0,350, 

Index Copernicus Journals (ICI) Master List database for 2018 (ICV) ð 100.00. 

 

ʊʠʧ ʣʠʮʝʥʟʠʠ CC ʧʦʜʜʝʨʞʠʚʘʝʤʳʡ ʞʫʨʥʘʣʦʤ: Attribution 4.0 International (CC BY 4.0). 

 

 
 

ɺ ʞʫʨʥʘʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. ɼʣʷ ʫʯʝʥʳʭ, 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, ʩʪʫʜʝʥʪʦʚ. 

 

 

ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ. 2019. ʊ. 5. ˉ11. https://doi.org/10.33619/2414-2948/48 

 

 

 

 

Éʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʅʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘè 

ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 3  

 

ISSN 2414-2948 

 

Publishing center Science and Practice. 

E. Ovechkina.          Volume 5, Issue 11. 

BULLETIN OF SCIENCE AND PRACTICE 

Scientific Journal.         November 2019. 

Published since December 2015. 

Schedule: monthly. 

16+ 

 
Editorïinïchief E. Ovechkina 

 

Editorial Board: Z. Aliev, Ch. Ananth, ɸ. Afonin, R. Baimakhan, V. GorshkovïCantacuz¯ne, S. Kazdanyan, 

S. Kovalenko, D. Kosolapov, N. Kosolapova, R. Kravchenko, N. Kuzina, K. Kurpayanidi, R. A. Mahesar, 

R. Ocheretina, F. Ovechkin (executive editor), T. Patrakhina, I. Popova, S. Salaev, P. Sankov, E. Sibiryakova, 

S. Sokolov, S. Soldatova, Shvaiba D., A. Rodionov, L. Urazaeva, R. Verma, A. Yakovleva, E. Zinoviev. 

 

 

Address of the editorial office: 

628605, Nizhnevartovsk, KhantyïMansiyskaya str., 17. 

Phone +7(3466)437769 

https://www.bulletennauki.com 

E-mail: bulletennaura@inbox.ru, bulletennaura@gmail.com 

 

The certificate of registration EL no. FS 77-66110 of 20.6.2016. 

 

The Bulletin of Science and Practice Journal is Crossref, Ulrichôs Periodicals Directory, AGRIS, GeoRef, Chemical 

Abstracts Service (CAS), included ALLïRussian Institute of Scientific and Technical Information (VINITI), RINTs, 

the Electronic and library system IPRbooks, the Electronic and library system Lanbook, MIAR, ZENODO, 

ACADEMIA, Google Scholar, AcademicKeys (interuniversity library system, Polish Scholarly Bibliography (PBN), 

the Electronic and library system Znanium.com, Open Academic Journals Index (OAJI), BASE (Bielefeld Academic 

Search Engine), Internet Archive, Scholarsteer. 

 

Impactïfactor RINTsð 0,291; MIAR ð 3.1; Open Academic Journals Index (OAJI) ð 0.350, 

Index Copernicus Journals (ICI) Master List database for 2018 (ICV) ð 100.00. 

 

License type supported CC: Attribution 4.0 International (CC BY 4.0). 

 

 
 

The Journal addresses issues of global and regional Science and Practice. For scientists, teachers, graduate students, 

students. 

 

 

(2019). Bulletin of Science and Practice, 5(11). https://doi.org/10.33619/2414-2948/48 

 

 

 

 

ÉPublishing center Science and Practice 

Nizhnevartovsk, Russia 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 4  

 

ʉʆɼɽʈɾɸʅʀɽ 

  

ʍʠʤʠʯʝʩʢʠʝ ʥʘʫʢʠ  

1. ʉʪʝʧʘʯʝʚʘ ɸ. ɸ., ʉʝʤʝʥʦʚʘ ɸ. ʄ., ʗʙʣʦʢʦʚʘ ʅ. ʉ., ʂʫʧʨʠʷʥʦʚʘ ɽ. ɽ., ʈʫʜʴ ɼ. ɺ. 

ʇʦʣʠʤʝʨʥʳʡ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʜʣʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ééééééééééééééééééééé. 10-17 

2. ʉʪʝʧʘʯʝʚʘ ɸ. ɸ., ɻʫʩʝʚʘ ʇ. ɸ., ɼʦʞʜʝʣʝʚ ɸ. ʄ.  

ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ  

ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ ééééééééééééééééééééé... 18-25 

3. ɹʳʢʦʚ ɸ. ɺ., ɼʝʤʠʜʝʥʢʦ ɻ. ʅ.  

ʈʫʪʝʥʠʡ-ʩʦʜʝʨʞʘʱʘʷ ʧʦʣʠʤʝʨʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʤʝʩʝʡ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ ééééééééééééééééééééé 26-36 

4. ʄʘʨʢʦʚʘ ʄ. ɽ., ʉʪʝʧʘʯʝʚʘ ɸ. ɸ., ɻʘʚʨʠʣʝʥʢʦ ɸ. ɺ., ʇʝʪʫʭʦʚʘ ʀ. ɼ.  

Ru-ʩʦʜʝʨʞʘʱʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ éééé... 37-44 

5. ʄʠʭʘʡʣʦʚ ʉ. ʇ., ʉʫʣʴʤʘʥ ɸ. ʄ., ʄʘʪʚʝʝʚʘ ɺ. ɻ., ɼʦʣʫʜʘ ɺ. ʖ.  

ʇʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʛʠʜʨʦʢʦʥʜʝʥʩʘʮʠʠ ʩʘʭʘʨʦʚ ʠ ʘʤʠʥʦʚ éééééééééé 45-49 

6. ɸʪʘʤʙʝʢʦʚʘ ɸ. ʂ., ʊʘʰʧʦʣʦʪʦʚ ʓ., ʓʩʤʘʥʦʚ ʕ. ʄ.  

ʇʦʣʫʯʝʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʧʘʩʪʳ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʩʠʩʪʝʤʝ Bʘʉl2-SrCl2-Sb2ʆ3 ʥʘ ʦʩʥʦʚʝ 

ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʅ2ʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 40-42 Áʉ éééééééé.. 50-53 

  

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ  

7. ɸʛʘʝʚʘ ʅ.  

ʇʝʨʝʭʦʜ ʥʘʥʦʯʘʩʪʠʮ Fʝ3O4 ʠ Al ʚ ʧʨʦʩʪʦʡ ʧʠʱʝʚʦʡ ʮʝʧʠ ʚ ʚʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʝ ééé. 54-63 

8. ɻʫʩʝʡʥʦʚʘ ʉ. ʈ.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʵʢʦʩʠʩʪʝʤʳ ɸʧh ʝʨʦʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ éé. 64-70 

  

ʄʝʜʠʮʠʥʩʢʠʝ ʥʘʫʢʠ  

9. ʏʝʯʝʪʦʚʘ ʉ. ɺ., ɼʞʦʣʙʫʥʦʚʘ ɿ. ʂ., ʂʘʜʳʨʦʚʘ ʈ. ʄ., ʋʟʘʢʙʘʝʚʘ ɸ. ɿ.  

ʇʨʦʙʣʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʢʦʨʠ ʠ ʢʨʘʩʥʫʭʠ ʚ ʂʳʨʛʳʟʩʪʘʥʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ éé.. 71-78 

10. ɸʣʳʤʙʘʝʚ ʕ. ʐ., ʆʥʛʦʝʚʘ ɹ. ɸ., ʂʦʞʦʥʘʟʘʨʦʚʘ ɻ. ʂ.  

ʂʦʤʧʦʥʝʥʪʳ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʜʨʦʤʘ ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ  

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʫ ʜʝʪʝʡ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ éééééééééééé. 79-84 

11. ʆʤʦʨʦʚʘ ɻ. ʂ.  

ɼʠʥʘʤʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʛʣʘʫʢʦʤʳ ʚ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ééééééé.. 85-91 

12. ʉʘʙʳʨʘʣʠʝʚ ʄ.. ʂ., ʉʫʣʘʡʤʘʥʦʚ ɾ. ɼ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʣʘʥʪʘʪʦʚ ʠʟ ʧʦʨʠʩʪʦʛʦ ʥʠʢʝʣʠʜʘ ʪʠʪʘʥʘ ʧʨʠ ʧʝʨʝʜʥʝʤ 

ʩʧʦʥʜʠʣʦʜʝʟʝ ʧʦʷʩʥʠʯʥʦʛʦ ʦʪʜʝʣʘ ʧʦʟʚʦʥʦʯʥʠʢʘ ééééééééééééééé... 92-96 

13. ʉʘʙʳʨʘʣʠʝʚ ʄ. ʂ., ʉʫʣʘʡʤʘʥʦʚ ɾ. ɼ., ʂʦʡʯʫʙʝʢʦʚ ɸ. ɸ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʧʦʟʚʦʥʦʯʥʠʢʘ  

ʚ ʂʠʨʛʠʟʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ééééééééééééééééééééééééé.. 97-103 

14. ɹʝʨʝʛʦʚʦʡ ɸ. ɸ., ɼʞʦʣʙʫʥʦʚʘ ɿ. ʂ., ʂʘʜʳʨʦʚʘ ʈ. ʄ.  

ʂʣʠʥʠʢʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʯʝʥʠʷ ʦʩʪʨʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ 

ʤʝʥʠʥʛʠʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧʘʭ ééééééééééééééééé 104-114 

15. ɸʣʳʤʙʘʝʚ ʕ. ʐ., ʋʟʘʢʙʘʝʚ ʂ. ɸ., ɸʤʘʪʦʚ ɼ. ɸ., ʂʦʞʦʥʘʟʘʨʦʚʘ ɻ. ʂ., ɸʭʤʝʜʦʚʘ ʍ. ʈ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʣʝʯʝʥʠʷ ɓ-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʘʤʠ ʛʝʤʘʥʛʠʦʤ ʫ ʜʝʪʝʡ éééééééé.. 115-119 

16. ɺʘʥʠʥʦʚ ɸ. ʉ.  

ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʘʷ  

ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ éééééééééééé.. 120-130 

17. ʉʘʘʪʦʚʘ ɻ. ʄ., ʄʘʡʤʝʨʦʚʘ ɻ. ʐ., ɻʘʥʠʝʚʘ ɸ.  

ʀʤʤʫʥʦʛʝʥʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʢ ʤʘʨʢʝʨʳ ʘʛʨʝʩʩʠʚʥʦʛʦ ʪʝʯʝʥʠʷ  

ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʘʟʠʩʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʨʝʚʤʘʪʦʠʜʥʦʤ ʘʨʪʨʠʪʝ ʫ ʜʝʪʝʡ éééééé. 131-135 

18. ɹʫʣʛʘʢʦʚʘ ʉ. ɺ., ʈʦʤʘʥʯʫʢ ʇ. ʀ., ʈʦʤʘʥʯʫʢ ʅ. ʇ., ʇʷʪʠʥ ɺ. ʌ., ʈʦʤʘʥʦʚ ɼ. ɺ., 

ɺʦʣʦʙʫʝʚ ɸ. ʅ.  

ɹʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ: ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʘʙʠʣʠʪʘʮʠʷ ʠ ʤʝʜʠʢʦ-ʩʦʮʠʘʣʴʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ éééé.. 136-175 

19. ʈʦʤʘʥʯʫʢ ʅ. ʇ., ʈʦʤʘʥʯʫʢ ʇ. ʀ.  

ʅʝʡʨʦʬʠʟʠʦʣʦʛʠʷ ʠ ʥʝʡʨʦʨʝʘʙʠʣʠʪʘʮʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʨʘʩʩʪʨʦʡʩʪʚ éé. 176-196 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 5  

 

  

ʅʘʫʢʠ ʦ ɿʝʤʣʝ  

20. ɸʣʠʝʚʘ ɻ. ʄ.  

ʉʦʩʪʘʚʣʝʥʠʝ ʦʩʥʦʚʥʦʡ ʰʢʘʣʳ ʙʦʥʠʪʝʪʘ ʧʦʯʚ ʙʘʩʩʝʡʥʘ ɻʠʣʴʛʠʣʴʯʘʡ ééééééé.. 197-204 

  

ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʥʘʫʢʠ  

21. ɹʘʙʘʝʚ ɺ. ɸ.  

ʇʝʨʝʭʦʜ ʥʘ ʦʨʛʘʥʠʯʝʩʢʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ - ʧʫʪʴ ʢ ʩʦʭʨʘʥʝʥʠʶ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ ... 205-211 

22. ɻʘʜʞʠʝʚʘ ɻ. ʀ.  

ɺʣʠʷʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʙʘʣʘʥʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʠ ɻʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʱʠʚʘʥʠʷ ʢʘʧʫʩʪʳ ééééééééééééééééééé.  212-217 

23. ɻʫʙʘʨʝʚʘ ʆ. ʉ., ʀʩʘʤʦʚ ʅ. ʅ.  

ʉʥʠʞʝʥʠʝ ʧʝʨʝʭʦʜʘ 137Cs ʚ ʤʦʣʦʢʦ ʢʦʨʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ ʩ ʬʝʨʨʦʮʠʥʦʤ ééééééééééééé 218-223 

24. ʂʦʟʣʦʚʘ ɻ. ɻ., ʆʥʠʥʘ ʉ. ɸ., ɹʘʭʪʳʛʘʨʝʝʚʘ ʀ. ɸ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʣʝʥʘ ʠ ʵʣʝʤʝʥʪʦʚ-ʘʥʪʘʛʦʥʠʩʪʦʚ  

ʚ ʤʦʣʦʢʝ ʠ ʧʨʦʜʫʢʪʘʭ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ éééééééééééééééééééé 224-229 

25. ɸʙʜʫʣʣʘʝʚʘ C.  

ɺʦʧʨʦʩʳ ʛʘʨʤʦʥʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ  

ʦʪ ʚʨʝʜʥʳʭ ʥʘʩʝʢʦʤʳʭ éééééééééééééééééééééééééé... 230-235 

  

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ  

26. ʉʘʨʫʭʘʥʦʚ ɸ. ɺ., ʄʦʨʦʟʦʚʘ ɸ. ʀ., ɺʘʩʠʣʴʝʚʘ ʅ. ɸ., ʂʨʳʣʝʥʢʠʥ ɼ. ɺ.  

ɺʣʠʷʥʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʢʘʢʘʦ-ʧʦʨʦʰʢʘ 236-241 

27. ɸʣʤʘʪʘʝʚ ʊ. ʆ., ɸʣʤʘʪʘʝʚ ʅ. ʊ., ʄʦʡʜʠʥʦʚ ɼ. ɸ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  

ʚ ʧʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ ééééééééééééééééééééééééééé.. 242-248 

28. ʂʘʶʤʦʚ ɹ. ɸ., ɺʦʭʦʙʦʚ ʈ. ɸ.  

ɺʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ééé.. 249-254 

  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʥʘʫʢʠ  

29. ʂʫʨʧʘʷʥʠʜʠ ʂ. ʀ., ʄʘʤʫʨʦʚ ɼ. ʕ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʜʜʝʨʞʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

 ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʠ ʧʨʘʢʪʠʢʘ ʜʣʷ ʋʟʙʝʢʠʩʪʘʥʘ éééééééééééééééé.. 255-261 

30. ʉʦʣʠʝʚʘ ɼ. ɸ., ʊʝʰʘʙʘʝʚ ɸ. ʕ.  

ʈʘʟʚʠʪʠʝ ʫʧʨʘʚʣʝʥʠʷ: ʚʳʙʦʨ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ééééééééé. 262-275 

31. ɽʨʣʳʛʠʥʘ ɽ. ɻ., ɸʙʨʘʤʦʚʘ ʖ. ɺ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʢʫʣʴʪʫʨʘ ʢʘʢ ʬʘʢʪʦʨ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʠ éééé. 276-279 

32. ɽʨʣʳʛʠʥʘ ɽ. ɻ., ɺʘʩʠʣʴʝʚʘ ɸ. ɼ.  

Ambient Media ʚ ʩʠʩʪʝʤʝ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ éééééééééééééééé 280-283 

33. ʍʠʜʠʨʦʚʘ ʄ. ʈ.  

ʈʘʟʚʠʪʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ééééééééééééé. 284-289 

  

ʖʨʠʜʠʯʝʩʢʠʝ ʥʘʫʢʠ  

34. ɸʙʣʷʪʠʧʦʚʘ ʅ. ɸ., ʇʦʜʚʝʟʥʘʷ ʊ. ɻ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʫʯʘʩʪʠʷ ʦʨʛʘʥʦʚ ʦʧʝʢʠ ʠ ʧʦʧʝʯʠʪʝʣʴʩʪʚʘ ʚ ʧʨʦʙʣʝʤʥʳʭ ʘʩʧʝʢʪʘʭ 

ʨʝʘʣʠʟʘʮʠʠ ʣʠʯʥʳʭ ʥʝʠʤʫʱʝʩʪʚʝʥʥʳʭ ʧʨʘʚ ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʭ éééééééé. 290-298 

35. ʂʫʨʘʤʘʝʚʘ ʅ. ʆ.  

ʉʫʙʲʝʢʪʳ ʠ ʠʥʳʝ ʫʯʘʩʪʥʠʢʠ ʥʘʣʦʛʦʚʦʛʦ ʧʨʘʚʦʦʪʥʦʰʝʥʠʷ éééééééééééé 299-304 

36. ʂʦʤʘʨʦʚʘ ʅ. ɺ.  

ʇʨʘʚʦʚʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʦʡ ʛʘʨʘʥʪʠʠ éééééééééééééééé 305-308 

37. ʂʦʨʥʘʢʦʚ ɺ. ʉ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʣʠʯʥʦʩʪʠ ʨʝʮʠʜʠʚʠʩʪʘ éééééééééééééééééééé... 309-316 

38. ʇʝʪʨʦʩʷʥ ʄ. ɻ., ɼʘʥʠʣʦʚʘ ɸ. ɸ., ʐʫʤʦʚʘ ʂ. ɸ.  

ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʮʝʜʫʨʳ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʷʚʣʝʥʠʡ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʠʩʢʘ ʚ 

ʘʨʙʠʪʨʘʞʥʦʤ ʧʨʦʮʝʩʩʝ éééééééééééééééééééééééééé.. 317-320 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 6  

 

39. ʄʘʪʚʝʝʚ ʀ. ɺ., ʐʫʤʦʚʘ ʂ. ɸ.  

ʅʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʧʨʦʙʣʝʤʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʫʜʝʡ éééééééééééééé. 321-324 

  

ʉʦʮʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ  

40. ʇʝʪʨʦʚ ʀ. ʌ.  

ʆ ʚʟʘʠʤʦʩʚʷʟʠ ʢʫʣʴʪʫʨʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʣʠʯʥʦʩʪʠ ʩ ʢʫʣʴʪʫʨʦʡ ʩʦʮʠʫʤʘ ééééé.. 325-328 

41. ʇʝʪʨʦʚʘ ʉ. ʀ.  

ʂʫʣʴʪʫʨʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʢʫʣʴʪʫʨʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ éééééééééééééé 329-332 

42. ʈʫʜʝʥʢʠʥ ɼ. ɺ., ʆʙʦʣʝʥʩʢʘʷ ɸ. ɻ.  

ɼʝʪʝʨʤʠʥʘʥʪʳ ʦʪʥʦʰʝʥʠʷ ʨʦʩʩʠʡʩʢʦʡ ʤʦʣʦʜʝʞʠ ʢ ʛʨʘʬʬʠʪʠ: ʦʧʳʪ ʚʪʦʨʠʯʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɺʎʀʆʄ ééééééééééééééééééééééééé.. 333-342 

43. ʉʢʣʷʨʦʚʘ ʊ. ɺ., ɿʘʡʮʝʚ ɼ. ɺ.  

ʈʘʟʚʠʪʠʝ ʧʨʘʢʪʠʢ ʠʥʢʣʶʟʠʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʨʘʙʦʪʝ ʩʦʮʠʘʣʴʥʳʭ ʩʣʫʞʙ: 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʠ ʧʝʨʩʧʝʢʪʠʚ éééééééééééééé.. 343-351 

  

ʇʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ  

44. ʅʘʟʘʨʦʚʘ ɸ. ʉ., ʀʚʘʥʦʚ ɼ. ɺ.  

ʇʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʛʦʪʦʚʥʦʩʪʴ ʚʦʞʘʪʳʭ ʢ ʨʘʙʦʪʝ ʚ ʜʝʪʩʢʦʤ ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʤ ʣʘʛʝʨʝ é. 352-359 

45. ɸʭʤʝʪʦʚʘ ɿ. ɸ.  

ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʜʝʪʝʡ ʩ ʩʠʥʜʨʦʤʦʤ ʜʝʬʠʮʠʪʘ ʚʥʠʤʘʥʠʷ  

ʠ ʛʠʧʝʨʘʢʪʠʚʥʦʩʪʠ éééééééééééééééééééééééééééé. 360-370 

  

ʇʝʜʘʛʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ  

46. ʄʦʨʛʫʥʦʚʘ ʅ. ɺ., ɿʘʡʮʝʚʘ ʀ. ɸ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ 

ʠ ʙʠʟʥʝʩʘ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ éééééééééé 371-377 

47. ʄʘʷʮʢʘʷ ʆ. ɹ., ɸʙʨʘʨʦʚʘ ɿ. ʌ., ɻʝʨʤʘʥʦʚʘ ɺ. ɸ.  

ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʦʣʦʜʝʞʠ 

 ʢʘʢ ʘʩʧʝʢʪ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ééééééééééééééééééé.. 378-381 

  

ʀʩʪʦʨʠʯʝʩʢʠʝ ʥʘʫʢʠ  

48. ʐʝʨʢʦʚʘ ʊ. ɸ.  

ɾʝʨʪʚʦʧʨʠʥʦʰʝʥʠʝ ʙʦʛʘ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ: ʤʠʬ ʠ ʨʠʪʫʘʣ ééééééééééé.. 382-394 

49. ʂʫʟʠʥʘ ʅ. ɺ.  

ʂ ʚʦʧʨʦʩʫ ʦ ʨʝʮʝʧʮʠʠ ʢʫʣʴʪʫʨʳ ɼʨʝʚʥʝʛʦ ɽʛʠʧʪʘ ʚ ʨʫʩʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ éééééé 395-403 

50. ʂʘʙʫʣʦʚ ʕ. ɸ., ʈʘʞʘʙʦʚʘ ʉ. ɹ.  

ʂʦʥʝʚʦʜʩʪʚʦ ʉʫʨʭʘʥʩʢʦʛʦ ʦʘʟʠʩʘ éééééééééééééééééééééé. 404-409 

 
 

ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ  

51. ʅʫʨʤʘʪʦʚʘ ɻ. ʍ.  

ʂʦʨʧʫʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʪʝʨʤʠʥʦʚ: ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ 

 ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ ééééééééééééééééééééééé 410-414 

52. ʈʘʰʠʜʦʚʘ ʅ.  

ʉʧʦʩʦʙ ʩʣʦʚʦʩʣʦʞʝʥʠʷ, ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʪʝʨʤʠʥʦʚ ʚ ʩʬʝʨʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʘʨʘʙʩʢʦʤ ʷʟʳʢʝ ééééééééééééééééééééééé.. 415-419 
  

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 7  

 

TABLE OF CONTENTS 

  

Chemical Sciences  

1. Stepacheva A., Semenova A., Yablokova N., Kupriyanova E., Rud D.  

Polymer Magnetically Separable Catalyst for Supercritical Deoxygenation of Fatty Acids .. 10-17 

2. Stepacheva A., Guseva P., Dozhdelev A.  

Supercritical Solvent Composition Influence on Bio-oil Model Compound Deoxygenation . 18-25 

3. Bykov A., Demidenko G.  

Ruthenium-containing Polymer-stabilized Catalyst System for the Hydrogenation  

of Benzene-Toluene Mixtures éééééééééééééééééééééééé.. 26-36 

4. Markova M., Stepacheva A., Gavrilenko A., Petukhova I.  

Ru-containing Catalysts for Liquid-phase Fischer-Tropsch Synthesis ééééééééé 37-44 

5. Mikhailov S., Sulman A., Matveeva V., Doluda V.  

The Process of Catalytic Hydrocondensation of Sugars and Amines ééééééééé. 45-49 

6. Atambekova A., Tashpolotov Y., Ysmanov E.  

Production of Zol-Gel Pasta in the Complex System ɺʘʉl2-SrCl2-Sb2ʆ3 Based  

on Lemonic Acid and ʅ2ʆ at Temperature Interval 40-42 Áʉ éééééééééééé 50-53 

  

Biological Sciences  

7. Agayeva N.  

Transition of Nanoparticles Fʝ3O4 and Al in a Simplified Aquatic Food Chain ééé 54-63 

8. Guseynova S.  

Classification of Vegetation Cover of the Absheron Peninsula Ecosystem ééééééé. 64-70 

  

Medical Sciences  

9. Chechetova S., Dzholbunova Z., Kadyrova R., Uzakbaeva A.  

Problems of Diagnostics of Measles and Rubella in Kyrgyzstan at the Present Stage ééé 71-78 

10. Alymbayev E., Ongoeva B., Kozhonazarova G.  

Components of the Metabolic Syndrome and the Main Manifestations  

of Metabolic Disorders in School Children ééééééééééééééééééé. 79-84 

11. ʆmʦrʦvʘ G.  

Dynamics of Glaucoma Prevalence in the Kyrgyz Republic éééééééééééé... 85-91 

12. Sabyraliev M., Sulaimanov Zh.  

The Use of Porous Nickel Titanium Implants in Anterior Spinal Fusion of the Lumbar 

Spine éééééééééééééééééééééééééééééééééé 92-96 

13. Sabyraliev M., Sulaimanov J., Koichubekov A.  

Prevalence of Degenerative Diseases of the Spine in the Kyrgyz Republic ééééééé 97-103 

14. Beregovoi A., Dzholbunova Z., Kadyrova R.  

Clinical and Epidemiological Features of the Course of Acute Bacterial Meningitis in 

Various Age Groups éééééééééééééééééééééééééééé. 104-114 

15. Alymbayev E., Uzakbayev K., Amatov D., Kozhonazarova G., Akhmedova Kh.  

The Effectiveness of Treatment With ɓ-Blockers of Hemangiomas in Children ééééé 115-119 

16. Vaninov A.  

Malignant Neoplasms as the Most Priority Medical and Social Issue of the Healthcare 

System ééééééééééééééééééééééééééééééééé. 120-130 

17. Saatova G., Maimerova G., Ganieva A.  

Immunogenetic Indicators as Markers of Aggressive Flow and Efficiency  

of Basic Therapy in Rheumatoid Arthritis in Children ééééééééééééééé 131-135 

18. Bulgakova S., Romanchuk P., Romanchuk N., Pyatin V., Romanov D., Volobuev A.  

Alzheimerôs Disease and Artificial Intelligence: Long-term Personalized Rehabilitation and 

Medical and Social Support ééééééééééééééééééééééééé. 136-175 

19. Romanchuk N., Romanchuk P.  

Neurophysiology and Neurorehabilitation of Cognitive Impairment and Disorders ééé.. 176-196 

  

Sciences about the Earth  

20. Aliyeva G.  

Creating the Main Bonitet Scale of the Gilgilchay basin Soils ééééééééééééé. 197-204 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 8  

 

  

Agricultural Sciences  

21. Babayev V.  

Transition to Organic Agriculture is a Way to Preserve Soils Fertility ééééééééé 205-211 

22. Gajieva G.  

Organic and Inorganic Fertilizers Effects on the Cabbage Nutrient Balance and Growing 

Efficiency éééééééééééééééééééééééééééééééé. 212-217 

23. Gubareva O., Isamov N.  

Reduced Transition of 137Cs in Milk of Cows With the Use  

of Modified Fodder Additives With Ferrocin éééééééééééééééééé.. 218-223 

24. Kozlova G., Onina S., Bakhtygareeva I.  

Determination of Selenium Content and Antagonist Elements  

in Milk and Milk Processed Products ééééééééééééééééééééé.. 224-229 

25. Abdullayeva S. 

Issues of Harmonization of Organic Agriculture 

and Plant Protection From Harmful Insects ééééééééééééééééééé. 230-235 

  

Technical Sciences  

26. Sarukhanov A., Morozova A., Vasilyeva N., Krylenkin D.  

Effect of Varying Intensity of Ionizing ɔ- and Electronic Radiation on the Microbiological 

Contamination and Antioxidant Activity of Cocoa Powder ééééééééééééé 236-241 

27. Almataev T., Almataev N., Moidinov D.  

Research of the Tribological Properties of Composite Polymer Materials During the 

Breaking-in Period éééééééééééééééééééééééééééé... 242-248 

28. Kayumov B., Vokhobov R.  

Amendments the Design of Vehicles Based on Test Results éééééééééééé... 249-254 

  

Economic Sciences  

29. Kurpayanidi K., Mamurov D.  

Features of the Support of the Innovative Activity:  

Foreign Experience and Practice for Uzbekistan ééééééééééééééééé. 255-261 

30. Solieva D., Teshabaev A.  

Developing of Management: Choice and Implementation of New Tools ééééééé... 262-275 

31. Erlygina E., Abramova Yu.  

Organizational Culture as a Factor of Organizational Innovativeness ééééééééé 276-279 

32. Erlygina E., Vasilyeva A.  

Ambient Media in a Market System éééééééééééééééééééééé 280-283 

33. Khidirova M.  

Development of Corporate Production in Uzbekistan ééééééééééééééé. 284-289 

  

Juridical Sciences  

34. Ablyatipova N., Podveznaya T.  

Features of Participation of Guardianship and Trusteeship in Problematic Aspects of the 

Implementation of Personal Non-property Rights of Minors éééééééééééé.. 290-298 

35. Kuramaeva N.  

Subjects and other Participants of Tax Law Relations ééééééééééééééé. 299-304 

36. Komarova N.  

Legal Regulation of the Independent Guarantee ééééééééééééééééé. 305-308 

37. Kornakov V.  

Personalities of the Personality of Recidivists éééééééééééééééééé. 309-316 

38. Petrosyan M., Danilova A., Shumova K.  

Actual Issues of the Procedure for Considering Applications for Securing a Claim  

in the Arbitration Process éééééééééééééééééééééééééé. 317-320 

39. Matveev I., Shumova K. 

Some Aspects of the Issue of Independence of Judges ééééééééééééééé 321-324 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 9  

 

  

Sociological sciences  

40. Petrov I.  

On the Relationship of the Cultural Needs of the Individual With the Culture of Society é. 325-328 

41. Petrova S.  

Cultural Activities and Cultural Needs ééééééééééééééééééééé 329-332 

42. Rudenkin D., Obolenskaya A.  

Determinants of Opinion About Graffiti of Russian Youth: Results of Secondary Analysis 

of VCIOM Data ééééééééééééééééééééééééééééé... 333-342 

43. Skliarova T., Zaitsev D.  

Developing Practices of Inclusive Culture social Services: Interdisciplinary Analysis 

Challenges and Perspectives ééééééééééééééééééééééééé 343-351 

  

Psychological Sciences  

44. Nazarova A., Ivanov D.  

Psychological Readiness of Counselors to Work in a Childrenôs Health Camp ééééé.. 352-359 

45. Akhmetova Z.  

The Psychological Support of the Children with the Attention Deficit Hyperactivity 

Disorder éééééééééééééééééééééééééééééééé... 360-370 

  

Pedagogical Sciences  

46. Morgunova N., Zaitseva I.  

Formation of a Model of Cooperation between Professional Educational Structures and 

Business in the Preparation of Highly Qualified Personnel ééééééééééééé 371-377 

47. Mayatskaya O., Abrarova Z., Germanova V.  

New Technologies of Physical Education of Student Youth as an Aspect of Humanitarian 

Education éééééééééééééééééééééééééééééééé. 378-381 

  

Historical Sciences  

48. Sherkova T. 

Sacrifice of God in Ancient Egypt: Myth and Ritual ééééééééééééééé... 382-394 

49. Kuzina N.  

Reception of the Manifestations of the Culture of Egypt in Russian Literature ééééé.. 395-403 

50. Kabulov E., Rajapova S.  

Horse-breeding of the Oasis of Surkhan éééééééééééééééééééé.. 404-409 

  

Philological Sciences  

51. Nurmatova G.  

Corpus-based Study of Engineering Terms: Linguistic and Pedagogical Implications éé... 410-414 

52. Rashidova N.  

Word Formation of Educational Field Terminologies in Arabic Language:  

Word Compounding éééééééééééééééééééééééééééé. 415-419 

http://www.bulletennauki.com/


ɹʶʣʣʝʪʝʥʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ / Bulletin of Science and Practice 

https://www.bulletennauki.com 

ʊ. 5. ˉ11. 2019 

DOI: 10.33619/2414-2948/48 

 

 

 10  

 

ʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀ / CHEMICAL SCIENCES 

_______________________________________________________________________________________________ 

 

ʋɼʂ 544.478.32 + 544.478.02 

AGRIS P33 

https://doi.org/10.33619/2414-2948/48/01 

 

ʇʆʃʀʄɽʈʅʓʁ ʄɸɻʅʀʊʆʆʊɼɽʃʗɽʄʓʁ ʂɸʊɸʃʀɿɸʊʆʈ ɼʃʗ 

ʉɺɽʈʍʂʈʀʊʀʏɽʉʂʆɻʆ ɼɽʆʂʉʀɻɽʅʀʈʆɺɸʅʀʗ ɾʀʈʅʓʍ ʂʀʉʃʆʊ 

 

Éʉʪʝʧʘʯʝʚʘ ɸ. ɸ., SPIN-ʢʦʜ: 6628-9111, ORCID: 0000-0001-9366-5201, 

ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, a.a.stepacheva@mail.ru 

Éʉʝʤʝʥʦʚʘ ɸ. ʄ., ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, science@science.tver.ru 

Éʗʙʣʦʢʦʚʘ ʅ. ʉ., ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, natasha.yablokova@yandex.ru 

Éʂʫʧʨʠʷʥʦʚʘ ɽ. ɽ., ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, science@science.tver.ru 

Éʈʫʜʴ ɼ. ɺ., ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʚʝʨʴ, ʈʦʩʩʠʷ, science@science.tver.ru 

 

POLYMER MAGNETICALLY SEPARABLE CATALYST FOR SUPERCRITICAL 

DEOXYGENA TION OF FATTY ACIDS  

 

ÉStepacheva A., SPIN-code: 6628-9111, ORCID: 0000-0001-9366-5201, Ph.D., 

Tver State Technical University, Tver, Russia, a.a.stepacheva@mail.ru 

ÉSemenova A., Tver State Technical University, Tver, Russia, science@science.tver.ru 

ÉYablokova N., Tver State Technical University, Tver, Russia, natasha.yablokova@yandex.ru 

ÉKupriyanova E., Tver State Technical University, Tver, Russia, science@science.tver.ru 

ÉRud D., Tver State Technical University, Tver, Russia, science@science.tver.ru 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪ ɹʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ  

ʨʫʪʝʥʠʡ ʩʦʜʝʨʞʘʱʝʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩʚʝʨʭʩʰʠʪʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. ʂʘʪʘʣʠʟʘʪʦʨ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʨʫʪʝʥʠʷ ʥʘ ʧʦʣʠʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ. 

ʇʦʣʫʯʝʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ Ru-Fe3O4-ʉʇʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (364 ʤ2/ʛ) ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ (4,5 ɻʩ-ʩʤ3/ʛ). ɼʘʥʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ (ʜʦ 86%) ʚʳʭʦʜ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ17+ ʠ ʧʨʦʷʚʣʷʝʪ 

ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʥ-ʛʝʢʩʘʥʝ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʙʨʘʥʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʢʘʢ ʤʠʥʠʤʫʤ 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ. 

 

Abstract. In this paper, the possibility of using a magnetically separated ruthenium-containing 

catalyst based on a polymer matrix of hypercrosslinked polystyrene in the supercritical 

deoxygenation of stearic acid to produce a second-generation biodiesel fuel is studied. The catalyst 

was synthesized by a successive deposition of iron and ruthenium oxides to the polymeric support. 

The resulting catalytically active Ru-Fe3O4-HPS system is characterized by high specific surface 

area (364 m2/g) and magnetization (4.5 emu/g). This catalyst allows obtaining a high (up to 86%) 

yield of hydrocarbons C17+ and exhibits high activity in the process of deoxygenation in 
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supercritical n-hexane. It was found that the selected catalytic system retains its catalytic activity for 

at least 10 consecutive cycles. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ, ʩʚʝʨʭʩʰʠʪʳʡ 

ʧʦʣʠʩʪʠʨʦʣ, ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ, ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

 

Keywords: fatty acids, magnetically separable catalyst, hypercrosslinked polystyrene, 

deoxygenation, supercritical conditions. 
 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʠʥʪʝʟʫ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʫʪʝʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ [1]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʘʶʪ ʞʠʜʢʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʥʠʟʢʦʡ 

ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤ ʮʝʪʘʥʦʚʳʤ ʯʠʩʣʦʤ (ʜʦ 99) [2]. 

ɼʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ ʜʠʟʝʣʴʥʦʛʦ ʨʷʜʘ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʤʦʣʝʢʫʣ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʠʜʦʚ, ʥʠʪʨʠʜʦʚ, ʬʦʩʬʠʜʦʚ ʠ 

ʦʢʩʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʣʠʙʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [2ï5].  

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʚʳʩʦʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʝ 

ʫʩʣʦʚʠʷ, ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ 

ʫʛʣʝʚʦʜʦʨʦʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʣʝʛʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʧʠʨʪʳ ʠ ʚʦʜʘ ʚ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʥʦʨʦʤ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ [6]. ʇʦʩʣʝʜʥʝʝ 

ʩʚʦʡʩʪʚʦ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʚʦʜʘ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʧʨʦʧʘʥ ʠ 

ʛʝʢʩʘʥ [7ï9]. ɻʝʢʩʘʥ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʨʝʜʦʡ 

ʜʣʷ ʧʨʦʮʝʩʩʘ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ ʢʨʠʪʠʯʝʩʢʫʶ 

ʪʦʯʢʫ (Tc = 234,5 ÁC, Pc = 3,02 ʄʇʘ) ʠ ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʞʠʨʘʤʠ ʧʨʠ ʢʦʤʥʘʪʥʳʭ 

ʫʩʣʦʚʠʷʭ [9]. ʅʝʜʘʚʥʦ ʤʳ ʪʘʢʞʝ ʩʦʦʙʱʠʣʠ ʦʙ ʫʩʧʝʰʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ 

ʛʝʢʩʘʥʘ ʧʨʠ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ [10ï12]. ʋʯʠʪʳʚʘʷ ʨʝʘʢʮʠʠ ʢʨʝʢʠʥʛʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʨʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ, ʧʦʠʩʢ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʫʩʢʦʨʷʶʱʠʭ ʧʨʦʮʝʩʩʳ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʷ ʠ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʘʤ ʩ ʤʘʛʥʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʤʠʥʠʤʠʟʠʨʫʶʪ ʧʦʪʝʨʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʥʦʩʪʴʶ 

ʠʟʚʣʝʢʘʪʴ ʢʘʪʘʣʠʟʘʪʦʨ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ [13]. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʘʛʥʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ (ʄʅʏ), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ Feï, Niï ʠʣʠ ʉʦïʩʦʜʝʨʞʘʱʠʭ 

ʯʘʩʪʠʮ [14]. ʄʘʛʥʠʪʦʦʪʜʝʣʷʝʤʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʢʦʥʚʝʨʩʠʠ 

ʙʠʦʤʘʩʩʳ ʚ ʙʠʦʪʦʧʣʠʚʦ ʠ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ [15ï17]. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ 

ʧʨʠʤʝʥʝʥʠʷ ʄʅʏ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ ʷʚʣʷʶʪʩʷ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʷ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʘʛʨʝʛʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʠʟʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʧʦʢʨʳʪʠʝ ʄʅʏ ʢʨʝʤʥʝʟʝʤʦʤ ʠʣʠ ʫʛʣʝʨʦʜʦʤ [18ï19]. ʂʨʦʤʝ 

ʪʦʛʦ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʤʘʛʥʠʪʥʦʡ ʦʩʥʦʚʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [17, 19]. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ 

ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ 
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ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥ-ʛʝʢʩʘʥʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʜʠʟʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ. 
 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ 

Fe3O4-ʉʇʉ ʦʙʨʘʟʝʮ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʣʝʜʫʶʱʝʡ ʧʨʦʮʝʜʫʨʦʡ: ʩʤʝʩʴ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ 1,45 ʛ FeCl3 ʠ 0,5 ʛ CH3COONaĬ3H2O, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 10 ʤʣ ʵʪʘʥʦʣʘ ʠ 2,5 ʛ 

ʉʇʉ, ʧʨʦʤʳʪʦʛʦ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫʰʝʥʥʦʛʦ, ʧʝʨʝʤʝʰʠʚʘʣʠ 12 ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ, ʘ ʟʘʪʝʤ 

ʩʫʰʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60 ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʤʘʯʠʚʘʣʠ 

25 ʢʘʧʣʷʤʠ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 200 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯ. 

0,3856 ʛ RuOHCl3 ʨʘʩʪʚʦʨʷʣʠ ʚ 6 ʤʣ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʚʦʜʳ, 

ʤʝʪʘʥʦʣʘ ʠ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ (1:1:4), ʠ ʩʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʩ Fe3O4-ʉʇʉ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʤ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʜʠʠ. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʩʫʰʠʣʠ ʧʨʠ 70 Áʉ ʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 30 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʥʘʛʨʝʪʦʡ ʜʦ 70 Áʉ ʧʨʠ ʨʅ 10,0, ʜʦʙʘʚʣʷʷ ʧʦ 

ʢʘʧʣʷʤ 0,2 ʄ ʨʘʩʪʚʦʨ NaOH. ʇʦʣʫʯʝʥʥʳʡ ʦʙʨʘʟʝʮ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʠ ʩʫʰʠʣʠ ʧʨʠ 70 Áʉ ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ ʥʘ ʚʦʟʜʫʭʝ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʠ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʦʤ ʧʨʠ 300 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ.  

ɼʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʉʪʝʘʨʠʥʦʚʘ ̫ ʢʠʩʣʦʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʪʦʨʝ Parr Series 5000 

Multiple Reactor System ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥ-ʛʝʢʩʘʥʘ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʥ-ʛʝʢʩʘʥʝ ð 0,2 ʤʦʣʴ / ʣ, ʤʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ð 0,05 ʛ, 

ʪʝʤʧʝʨʘʪʫʨʘ ð 250 ÁC, ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ð 3,0 ʄʇʘ, ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ð 6,8 ʄʇʘ, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ð 1300 ʦʙ/ʤʠʥ.  
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥ-ʛʝʢʩʘʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʜʦ 99% ʢʦʥʚʝʨʩʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʪʝʯʝʥʠʝ 70 ʤʠʥʫʪ 

(ʈʠʩʫʥʦʢ 1) ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ru ʠ Fe 

(ʊʘʙʣʠʮʘ 1). ʆʙʨʘʟʝʮ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʚ ʪʝʯʝʥʠʝ 

ʧʝʨʚʳʭ 20 ʤʠʥʫʪ. ɿʘʪʝʤ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 

ʥʘʩʳʱʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʟʘʢʫʧʦʨʢʦʡ ʧʦʨ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʩʫʙʩʪʨʘʪʦʤ 

ʠ/ʠʣʠ ʧʨʦʜʫʢʪʘʤʠ.  
 

 
ʈʠʩʫʥʦʢ 1. ʂʦʥʚʝʨʩʠʷ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ʊʘʙʣʠʮʘ 1. 

ʈɽɿʋʃʔʊɸʊʓ ɸʅɸʃʀɿɸ ʄɸɻʅʀʊʆʆʊɼɽʃʗɽʄʆɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ 
 

ʆʙʨʘʟʝʮ ʇʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, 

ʤ2/ʛ 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ, 

ʤʘʩʩ.% 

ʉʦʝʜʠʥʝʥʠʝ ʤʝʪʘʣʣʘ 

Fe Ru Fe Ru 

ʉʇʉ 1070 ð ð ð ð 

Fe3O4-ʉʇʉ 440 19,0 ð Fe3O4 ð 

Ru-Fe3O4-ʉʇʉ 360 18,8 2,6 Fe3O4 RuO2 

 

ɸʥʘʣʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʥ-ʦʢʪʘʜʝʢʘʥʘ, ʥ- 

ʠ ʠ-ʧʝʥʪʘʜʝʢʘʥʘ ʠ ʥ- ʠ ʠ-ʛʝʧʪʘʜʝʢʘʥʘ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 2). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 20 ʤʠʥʫʪ ʧʨʦʮʝʩʩʘ, 

ʚʦʟʤʦʞʥʦ, ʟʘ ʩʯʝʪ ʢʨʝʢʠʥʛʘ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʟʘʪʝʤ 

ʩʥʠʞʝʥʠʝ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʥʪʘʜʝʢʘʥʘ (ʈʠʩʫʥʦʢ 3). ʇʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʡ ʢʨʝʢʠʥʛʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, Ru-ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʉʇʉ ʥʝ ʧʦʢʘʟʳʚʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʠ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ. 

ʆʜʥʘʢʦ ʢʘʪʘʣʠʟʘʪʦʨ ʙʝʟ ʤʘʛʥʠʪʥʳʭ ʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʪʦʣʴʢʦ 88% ʢʦʥʚʝʨʩʠʠ ʚ 

ʪʝʯʝʥʠʝ 70 ʤʠʥʫʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru-ʉʇʉ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠʟʦʤʝʨʦʚ C15ïC17, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ Fe3O4 ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʦʤʝʨʠʟʘʮʠʶ 

ʧʨʦʜʫʢʪʘ. 
 

 
 

ʈʠʩʫʥʦʢ 2. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 
 

 
 

ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚʦ ʚʨʝʤʝʥʠ. 
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ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru-Fe3O4-ʉʇʉ ʙr ʣʘ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ (ʊʘʙʣʠʮʘ 2). ɺʠʜʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪ ɹ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪ ɹ

ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʤʤʘʨʥʘʷ ʧʦʪʝʨʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʧʦ ʦʮʝʥʢʘʤ, ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,05 ʤʘʩʩ.%, 

ʫʢʘʟʳʚʘ̫ ʥʘ ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
 

ʊʘʙʣʠʮʘ 2. 

ʈɽɿʋʃʔʊɸʊʓ ʄʅʆɻʆʂʈɸʊʅʆɻʆ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  

ʄɸɻʅʀʊʆʆʊɼɽʃʗɽʄʆɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ 
 

ʎʠʢʣ  ʂʦʥʚʝʨʩʠʷ ʩʪʝʘʨʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ, % 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ 

ʉ17+, % 

ʇʦʪʝʨʷ ʤʘʩʩʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ 

1 98,8 86,7 0,003 

2 98,8 86,7 0,002 

3 98,8 86,7 0,002 

4 98,8 86,7 0,002 

5 98,8 86,7 0,003 

é é é é 

10 98,7 86,5 0,01 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʚʝʨʩʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥ-ʛʝʢʩʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 99% ʢʦʥʚʝʨʩʠʠ 

ʩʫʙʩʪʨʘʪʘ ʟʘ 70 ʤʠʥʫʪ ʨʝʘʢʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʤʘʛʥʠʪʥʳʝ 

ʥʘʥʦʯʘʩʪʠʮʳ, ʧʨʝʦʙʨʘʟʫʝʪ ʪʦʣʴʢʦ 85% ʩʫʙʩʪʨʘʪʘ ʟʘ ʵʪʦ ʞʝ ʚʨʝʤʷ. ʉʫʤʤʘʨʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʦ ʉ17+ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʛʥʠʪʦʦʪʜʝʣʷʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 

87%. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ, ʥʝ ʩʥʠʞʘʷ ʩʚʦʝʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʤʠʥʠʤʫʤ 10 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʮʠʢʣʦʚ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ 19-79-10061). ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪʳ 19-08-

00318, 18-29-06004, 19-58-26003, 20-38-70052). 
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ɸʥʥʦʪʘʮʠʷ. ɻʠʜʨʦʦʙʨʘʙʦʪʢʘ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʚ ʢʘʯʝʩʪʚʝ ʞʠʜʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟ 

ʙʠʦʤʘʩʩʳ. ɼʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʜʣʷ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʠʦ-ʥʝʬʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ 

ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ ʚ ʩʨʝʜʝ ʚʳʩʦʢʦʢʠʧʷʱʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʶ ʤʦʜʝʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʜʦʥʦʨʘ ʚʦʜʦʨʦʜʘ. ʇʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʝʧʦʣʷʨʥʦʛʦ ʥ-ʛʝʢʩʘʥʘ ʩ ʥʠʟʢʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʦʡ (Tc = 234,5 ÁC, Pc = 3,02 ʄʇʘ) ʠ ʧʨʦʧʘʥʦʣʘ-2, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ 

ʚʦʜʦʨʦʜʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 20 ʦʙ.% ʧʨʦʧʘʥʦʣʘ-2 ʚ ʥ-ʛʝʢʩʘʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ (99%) ʢʦʥʚʝʨʩʠʷ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʥʦʣʦʚ ʩ ʚʳʭʦʜʦʤ ʜʦ 95%. 

 

Abstract. Hydrofining of oxygen-containing compounds of bio-oil allows efficient use of the 

final product as a liquid fuel from biomass. Deoxygenation is considered to be one of the most 

perspective ways to modernize bio-oil. Generally, deoxygenation is carried out under fairly strict 

conditions in the presence of hydrogen in a medium of high-boiling hydrocarbons. This paper 

describes a new approach to deoxygenation of model compounds of bio-oil using supercritical 

liquids as a solvent and hydrogen donor. The possibility of using a complex solvent consisting of 

non-polar n-hexane with a low critical point (Tc = 234.5 ÁC, Pc = 3.02 MPa) and propanol-2 used as 

a hydrogen donor is evaluated. Experiments have shown that in the presence of 20 vol.% propanol-

2 in n-hexane a maximum (99%) conversion of model bio-oil compounds with the formation of 

phenols with a yield of up to 95% is observed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʠʟʦʣ, ʛʚʘʷʢʦʣ, ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ, ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

 

Keywords: anisole, guaiacol, deoxygenation, supercritical conditions. 
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ɺʚʝʜʝʥʠʝ 

ɹʳʩʪʨʦʝ ʠʩʪʦʱʝʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ 

ʛʘʟʦʚ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʥʝʨʛʠʠ ʠ ʨʝʘʛʝʥʪʦʚ. ɹʠʦʤʘʩʩʘ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ 

ʩʠʥʪʝʟʘ ʪʦʧʣʠʚ ʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʦʜʝʨʞʠʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʥʝʨʛʠʠ [1]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʨʘʙʦʪʢʠ 

ʙʠʦʤʘʩʩʳ ʦʛʨʘʥʠʯʝʥʳ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʩʣʦʞʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʙʠʦʤʘʩʩʳ. ɹʳʩʪʨʳʡ 

ʧʠʨʦʣʠʟ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʝʚʨʘʱʘʪʴ ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʫʶ ʙʠʦʤʘʩʩʫ ʚ ʞʠʜʢʦʩʪʴ, ʥʘʟʳʚʘʝʤʫʶ ʙʠʦ-ʥʝʬʪʴʶ [2ï3]. ʆʜʥʘʢʦ 

ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ ʙʠʦ-ʥʝʬʪʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʜʫʢʪ ʙʳʩʪʨʦʛʦ ʧʠʨʦʣʠʟʘ ʷʚʣʷʝʪʩʷ 

ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ [4]. ʇʦʩʢʦʣʴʢʫ ʙʠʦ-

ʥʝʬʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʬʝʥʦʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʛʥʠʥʘ, ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʝʝ ʚʳʩʦʢʘʷ ʢʠʩʣʦʪʥʦʩʪʴ 

ʧʨʠʚʦʜʷʪ ʢ ʪʘʢʠʤ ʥʝʜʦʩʪʘʪʢʘʤ, ʢʘʢ ʥʠʟʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʥʠʟʢʘʷ ʪʝʧʣʦʪʚʦʨʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʤʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ [5]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʙʠʦ-ʥʝʬʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʘ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʄʦʜʝʨʥʠʟʘʮʠʷ ʙʠʦ-ʥʝʬʪʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʢʨʝʢʠʥʛʘ ʥʘ ʮʝʦʣʠʪʘʭ [6ï

7], ʣʠʙʦ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝʤ/ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʝʨʝʭʦʜʥʳʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [8ï9]. ʇʝʨʚʳʡ ʧʨʦʮʝʩʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤ 

ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ 

ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʠʦ-ʥʝʬʪʠ. ʇʝʨʚʘʷ ʨʘʙʦʪʘ ʧʦ 

ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʶ ʙʠʦ-ʥʝʬʪʠ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ D. C. Elliott ʠ ʜʨ. [10]. ɸʚʪʦʨʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʠʧʠʯʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʛʠʜʨʦʜʝʩʫʣʴʬʠʨʦʚʘʥʠʷ (ʩʫʣʴʬʠʜʥʳʝ NiMo ʠ CoMo), 

ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʢʘʟʘʣʠ 

ʥʠʟʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (Ru, Pd, Pt, Re) ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʙʠʦ-ʥʝʬʪʠ [11ï12].  

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʶ ʢʘʢ ʩʘʤʦʡ ʙʠʦ-

ʥʝʬʪʠ, ʪʘʢ ʠ ʝʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉ10ïʉ14 ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [8, 11]. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʝʥʦʣʦʚ ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʜʫʢʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʠʣʠ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ) ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ [8, 11]. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʦʜʦʨʦʜʘ, ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʡ. 

ʆʙʳʯʥʦ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʷʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300ï400 ÁC ʠ ʜʘʚʣʝʥʠʠ 1,0ï

2,0 ʄʇʘ.  

ʇʦʩʣʝʜʥʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʦʙʣʘʩʪʠ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ 

ʞʠʜʢʦʩʪʠ. ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʘʷ ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʣʠʙʦ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʣʠʙʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʝʥʦʣʦʚ (ʬʝʥʦʣ, ʢʘʪʝʭʦʣ, ʢʨʝʟʦʣ). ɺʪʦʨʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ) [13ï14]. ʉʨʝʜʠ ʜʨʫʛʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʪʝʪʨʘʣʠʥ [15], 

ʤʝʪʘʥʦʣ [16], ʵʪʘʥʦʣ [17], ʚʪʦʨʠʯʥʳʝ ʩʧʠʨʪʳ [18] ʠ ʤʫʨʘʚʴʠʥʫʶ ʢʠʩʣʦʪʫ [12] ʚ ʢʘʯʝʩʪʚʝ 
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ʜʦʥʦʨʦʚ ʚʦʜʦʨʦʜʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʝʪʨʘʣʠʥ, ʤʝʪʘʥʦʣ 

ʠ ʤʫʨʘʚʴʠʥʘʷ ʢʠʩʣʦʪʘ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʮʠʢʣʦʛʝʢʩʘʥʦʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʪʘʥʦʣ ʠ ʚʪʦʨʠʯʥʳʝ ʩʧʠʨʪʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʘʣʢʠʣʬʝʥʦʣʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʢʦʥʚʝʨʩʠʷ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ (ʛʚʘʷʢʦʣʘ ʠ 

ʘʥʠʟʦʣʘ) ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʥ-ʛʝʢʩʘʥʘ ʠ ʚ ʢʦʤʧʣʝʢʩʥʦʤ (ʛʝʢʩʘʥ:ʩʧʠʨʪ) 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʥʠʟʦʣ (99%, Acros Organics, ɹʝʣʴʛʠʷ) ʠ ʛʚʘʷʢʦʣ (99%, Acros Organics, ɹʝʣʴʛʠʷ) 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥ-ʛʝʢʩʘʥ (ʭ. ʯ., ʈʝʘʭʠʤ, ʈʦʩʩʠʷ) ʠ ʧʨʦʧʘʥʦʣ-2 (ʭ. ʯ., ʈʝʘʭʠʤ, ʈʦʩʩʠʷ).  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʰʝʩʪʠʷʯʝʝʯʥʦʤ ʨʝʘʢʪʦʨʝ Parr 

Series 5000 Multiple Reactor System (Parr Instrument, ʉʐɸ), ʩʥʘʙʞʝʥʥʦʤ ʤʘʛʥʠʪʥʦʡ 

ʤʝʰʘʣʢʦʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 1 ʛ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʠʦ-ʥʝʬʪʠ ʨʘʩʪʚʦʨʷʣʩʷ ʚ 30 ʤʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʈʝʘʢʪʦʨ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʩʷ ʠ ʪʨʠʞʜʳ ʧʨʦʜʫʚʘʣʩʷ ʘʟʦʪʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʜʫʭʘ. 

ɿʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ ʨʘʚʥʳʤ 3,0 ʄʇʘ, ʠ ʨʝʘʢʪʦʨ ʥʘʛʨʝʚʘʣʩʷ ʜʦ 270 Áʉ. 

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʢʦʥʝʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 6,8ï8,5 ʄʇʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʠ ʦʪ 0 ʜʦ 30 ʦʙ.% 

ʧʨʦʧʘʥʦʣʘ-2 ʚ ʥ-ʛʝʢʩʘʥʝ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʩʤʝʱʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʧʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʚʨʝʤʝʥʠ ʦʪ 10 ʜʦ 90 ʤʠʥ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 10 ʤʠʥ. 

ɾʠʜʢʘʷ ʬʘʟʘ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010 ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ GCMS-QP2010S 

(SHIMADZU, ʗʧʦʥʠʷ), ʦʩʥʘʱʝʥʥʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʦʡ HP-1MS ʜʣʠʥʦʡ 30 ʤ, 

ʜʠʘʤʝʪʨʦʤ 0,25 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ 0,25 ʤʢʤ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʙʠʦ-ʥʝʬʪʠ ʙʝʟ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʉʦʩʪʘʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 0 ʜʦ 30 ʦʙ.% ʧʨʦʧʘʥʦʣʘ-2 

ʚ ʥ-ʛʝʢʩʘʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2, ʘ ʪʘʢʞʝ ʚ ʊʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1. 

ɺʃʀʗʅʀɽ ʂʆʅʎɽʅʊʈɸʎʀʀ ʇʈʆʇɸʅʆʃɸ-2 

ʅɸ ɼɽʆʂʉʀɻɽʅʀʈʆɺɸʅʀɽ ʄʆɼɽʃʔʅʓʍ ʉʆɽɼʀʅɽʅʀʁ ɹʀʆ-ʅɽʌʊʀ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʧʨʦʧʘʥʦʣʘ-2, 

ʦʙ.% 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʠ 20% 

ʢʦʥʚʝʨʩʠʠ, ʤʠʥī1 

ɺʳʭʦʜ ʬʝʥʦʣʦʚ, % ɺʳʭʦʜ ʘʨʦʤʘʪʠʢʠ, % 

ɸʥʠʟʦʣ ɻʚʘʷʢʦʣ ɸʥʠʟʦʣ ɻʚʘʷʢʦʣ ɸʥʠʟʦʣ ɻʚʘʷʢʦʣ 

0 0,0435 0,0413 69 65 12 9 

10 0,0581 0,0508 78 73 14 12 

20 0,0820 0,0787 94 91 5 7 

30 0,0676 0,0629 75 71 12 10 
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ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʧʘʥʦʣʘ-2 ʥʘ ʢʦʥʚʝʨʩʠʶ ʘʥʠʟʦʣʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʧʘʥʦʣʘ-2 ʥʘ ʢʦʥʚʝʨʩʠʶ ʛʚʘʷʢʦʣʘ. 

 

ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 20 ʦʙ.% ʧʨʦʧʘʥʦʣʘ-2 ʚ ʥ-ʛʝʢʩʘʥʝ ʥʘʙʣʶʜʘʣʘʩʴ 

ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʢʘʢ ʜʣʷ ʘʥʠʟʦʣʘ, ʪʘʢ ʠ ʜʣʷ ʛʚʘʷʢʦʣʘ (0,0820 ʠ 0,0787 ʤʠʥī1 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʨʦʧʘʥʦʣʘ-2 ʥʠʞʝ 20 ʦʙ.% ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʅ-ʜʦʥʦʨʘ 

(ʤʝʥʝʝ 0,05 ʤʠʥī1). ʆʜʥʘʢʦ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʧʘʥʦʣʘ-2 ʩʦʩʪʘʚʣʷʣʘ 30 ʦʙ.%, ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ (0,0676 ʠ 0,0629 ʤʠʥī1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʚʝʨʦʷʪʥʦ, ʠʟ-

ʟʘ ʥʠʟʢʦʡ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʨʘʩʩʣʦʝʥʠʶ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʝʚʨʘʱʝʥʠʷ ʘʥʠʟʦʣʘ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ 

ʚʳʰʝ, ʯʝʤ ʥʘʙʣʶʜʘʝʤʘʷ ʜʣʷ ʛʚʘʷʢʦʣʘ ʚ ʩʚʷʟʠ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʨʝʘʛʝʥʪʘ. 

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʧʦʢʘʟʘʣ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʝʥʦʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʬʝʥʦʣʘ ʠ ʧʠʨʦʢʘʪʝʭʠʥʘ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʠʜʨʦʣʠʟ ʵʬʠʨʥʳʭ ʩʚʷʟʝʡ ʚ ʭʦʜʝ 

ʨʝʘʢʮʠʠ. ʄʝʪʘʥʦʣ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʧʦʜʪʚʝʨʞʜʘʷ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʘʨʰʨʫʪ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 3). ʊʘʢʞʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʚ ʦʩʥʦʚʥʦʤ ʙʝʥʟʦʣʘ). ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 80 ʦʙ.% ʥ-ʛʝʢʩʘʥʘ ʠ 20 ʦʙ.% ʧʨʦʧʘʥʦʣʘ-2. 
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ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʢʦʥʚʝʨʩʠʠ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʚʝʨʩʠʠ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

(ʛʚʘʷʢʦʣʘ ʠ ʘʥʠʟʦʣʘ) ʙʠʦ-ʥʝʬʪʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥ-ʛʝʢʩʘʥʘ ʠ ʧʨʦʧʘʥʦʣʘ-2. ʉʚʝʨʭʢʨʠʪʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʚʦʜʦʨʦʜʘ. ʇʨʦʚʦʜʠʣʘʩʴ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʥʘ ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʩʠʠ ʘʥʠʟʦʣʘ ʠ ʛʚʘʷʢʦʣʘ ʠ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ. ɹʳʣʦ ʥʘʡʜʝʥʦ, 

ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʚʝʨʩʠʷ ʤʦʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʠʦ-ʥʝʬʪʠ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʣʫʯʘʝ 

ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ: 80 ʦʙ.% ʥ-ʛʝʢʩʘʥʘ, 20 ʦʙ.% ʧʨʦʧʘʥʦʣʘ-2. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣ ʧʦʣʫʯʝʥ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʬʝʥʦʣʦʚ (ʬʝʥʦʣʘ ʠ 

ʧʠʨʦʢʘʪʝʭʠʥʘ) ð ʜʦ 95%. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ 

(ʛʨʘʥʪ 19-79-10061) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪʳ 19-08-

00318, 18-29-06004, 19-58-26003, 20-38-70052). 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʟʜʘʥʠʝ ʧʦʣʠʤʝʨʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʨʫʪʝʥʠʡ-ʩʦʜʝʨʞʘʱʝʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʝʥʦʚ ʚ 

ʩʨʝʜʝ ʘʣʢʘʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʪʦʧʣʠʚ 

ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʣʦʞʝʥ 

ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʨʫʪʝʥʠʷ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʧʦʣʠʩʪʠʨʦʣʴʥʦʡ ʩʝʪʢʝ MN100. ʄʦʜʝʣʴʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʨʝʘʢʮʠʠ ʚʳʙʨʘʥ ʜʦʜʝʢʘʥ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʩʢʦʨʦʩʪʴ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʚ ʠʭ ʩʤʝʩʠ ʚ 

ʜʦʜʝʢʘʥʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦ ʙʝʥʟʦʣʫ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 160 Áʉ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʩʠʜ ʨʫʪʝʥʠʷ (IV). 
 

Abstract. The study is aimed at creating a polymer-stabilized ruthenium-containing catalytic 

system for liquid-phase hydrogenation of arenes in alkanes, including the creation of catalytic 

systems for upgrading the fuels of internal combustion engines. As a catalyst system, a catalyst 

based on ruthenium compounds stabilized in an industrial hypercrosslinced polystyrene MN100 has 

been proposed. Dodecane was selected as a model reaction solvent. During the study, the effect of 

temperature and pressure of hydrogen on the speed and differential selectivity of the hydrogenation 

of benzene and toluene in their mixture in dodecane was studied. It was shown that the differential 

selectivity of hydrogenation with respect to benzene increases with temperature up to 160ÁC and 

decreases with an increase in the total pressure in the reaction mixture. A study of the nature of the 

active phase of the catalytic system by X-ray photoelectron spectroscopy showed that ruthenium 

(IV) oxide is formed during the reduction of the catalyst. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ, ʩʤʝʩʴ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ, ʨʫʪʝʥʠʡ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ. 

 

Keywords: catalytic hydrogenation, benzene-toluene mixture, ruthenium, differential 

selectivity. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩʳ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʷʩʴ ʦʩʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʤʦʪʦʨʥʳʭ 

ʪʦʧʣʠʚ, ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʜʦ ʮʠʢʣʦʛʝʢʩʘʥʘ ʚ ʩʠʥʪʝʟʝ ʥʘʡʣʦʥʘ, ʛʠʜʨʠʨʦʚʘʥʠʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪ ʚ ʪʦʥʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ [1ï5]. ʊʠʧʠʯʥʳʤʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʶʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʷ ʠʣʠ ʧʣʘʪʠʥʳ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʝ [1, 6], ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ 

ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʢʘʢ ʧʨʦʜʫʢʪʳ ʥʘʩʳʱʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ, ʪʘʢ ʠ 

ʧʨʦʜʫʢʪʳ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʨʫʪʝʥʠʷ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʚ ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʚ ʠʭ ʩʤʝʩʷʭ ʩ ʘʣʢʘʥʘʤʠ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠʨʦʜʳ 

ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 
 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʩʥʦʚʥʦʡ ʭʣʦʨʠʜ ʨʫʪʝʥʠʷ (IV), ʙʝʥʟʦʣ, ʪʦʣʫʦʣ ʠ ʜʦʜʝʢʘʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʨʢʝ ʭ.ʯ. 

ʇʨʦʤʳʰʣʝʥʥʳʡ ʧʦʣʠʤʝʨʥʳʡ ʩʦʨʙʝʥʪ ʤʘʨʢʠ MN100 ʧʨʦʠʟʚʦʜʩʪʚʘ Purolite Inc. ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʯʠʩʪʦʪʳ ʥʝ ʠʤʝʝʪ. 

ʄʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ru/MN100 ʩ ʤʘʩʩʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʫʪʝʥʠʷ 2% ʙʳʣʘ 

ʧʦʣʫʯʝʥʘ ʧʨʦʧʠʪʢʦʡ ʧʦ ʚʣʘʛʦʝʤʢʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʤʳʪʦʛʦ ʘʮʝʪʦʥʦʤ ʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʩʫʭʦʛʦ ʧʦʨʦʰʢʘ MN100 (Purolite Inc.) ʨʘʩʪʚʦʨʦʤ ʦʩʥʦʚʥʦʛʦ ʭʣʦʨʠʜʘ 

ʨʫʪʝʥʠʷ (IV). ʇʦʩʣʝ ʧʨʦʧʠʪʢʠ ʧʦʣʠʤʝʨ ʙʳʣ ʚʳʩʫʰʝʥ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 70 ÁC. 

ʄʝʪʦʜʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʪʨʫʙʯʘʪʦʤ ʩʪʝʢʣʷʥʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʪʦʢʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 300 Áʉ. ʂʘʪʘʣʠʟʘʪʦʨ ʧʦʤʝʱʘʣʠ ʚ 

ʩʪʝʢʣʦʪʢʘʥʴ, ʟʘʛʨʫʞʘʣʠ ʚ ʨʝʘʢʪʦʨ ʠ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʜʫʭʘ. ɿʘʪʝʤ, ʚ ʨʝʘʢʪʦʨ 

ʧʦʜʘʚʘʣʠ ʚʦʜʦʨʦʜ ʩʦ ʩʢʦʨʦʩʪʴʶ 100 ʤʣ/ʤʠʥ ʠ ʨʘʟʦʛʨʝʚʘʣʠ ʨʝʘʢʪʦʨ ʜʦ 300Ñ10 Áʉ. ʇʦʩʣʝ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʝʣʠ 3 ʯʘʩʘ, ʟʘʪʝʤ ʨʝʘʢʪʦʨ ʦʭʣʘʞʜʘʣʠ ʥʝ 

ʧʨʝʢʨʘʱʘʷ ʪʦʢ ʚʦʜʦʨʦʜʘ. ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʪʨʫʙʯʘʪʳʡ ʨʝʘʢʪʦʨ ʧʨʦʜʫʚʘʣʠ ʘʟʦʪʦʤ ʠ 

ʠʟʚʣʝʢʘʣʠ ʢʘʪʘʣʠʟʘʪʦʨ. ʇʦʣʫʯʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʭʨʘʥʷʪ ʚ ʙʶʢʩʝ ʥʘ ʚʦʟʜʫʭʝ. 

ʄʝʪʦʜʠʢʘ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʤʝʩʠ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ 

ɻʠʜʨʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʠʟʦʙʘʨʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʩʪʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ-ʘʚʪʦʢʣʘʚʝ ʧʨʦʠʟʚʦʜʩʪʚʘ Parr Instruments ʩʥʘʙʞʝʥʥʳʡ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ. ɺ ʨʝʘʢʪʦʨ ʟʘʩʳʧʘʣʩʷ ʢʘʪʘʣʠʟʘʪʦʨ 0,1000Ñ0,0001 ʛ. ʇʦʩʣʝ ʯʝʛʦ ʚ ʥʝʛʦ 

ʚʥʦʩʠʣʠ 1Ñ0,05 ʤʣ ʙʝʥʟʦʣʘ, 1,4Ñ0,05 ʤʣ ʪʦʣʫʦʣʘ ʠ 40Ñ0,1 ʤʣ ʜʦʜʝʢʘʥʘ, ʩʦʟʜʘʚʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʥʟʦʣʘ 0,27 ʠ ʪʦʣʫʦʣʘ 0,32 ʤʦʣʴ/ʣ. ʈʝʘʢʪʦʨ ʛʝʨʤʝʪʠʟʠʨʦʚʘʣʩʷ, ʧʨʦʜʫʚʘʣʩʷ 

ʘʟʦʪʦʤ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʜʫʭʘ, ʧʦʩʣʝ ʯʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʜʘʚʣʝʥʠʝ ʘʟʦʪʘ 5 ʄʇʘ. ɿʘʜʘʚʘʣʘʩʴ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 1500 ʦʙ/ʤʠʥ, ʠ ʨʝʘʢʪʦʨ ʨʘʟʦʛʨʝʚʘʣʩʷ ʜʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʜʠʘʧʘʟʦʥʝ 100ï180 Áʉ. ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʚʳʙʨʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʙʠʨʘʣʘʩʴ ʥʫʣʝʚʘʷ ʧʨʦʙʘ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʨʝʘʢʪʦʨ ʧʨʦʜʫʚʘʣʩʷ ʚʦʜʦʨʦʜʦʤ ʠ ʚ ʥʝʤ ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʘʚʣʝʥʠʝ (1ï7 ʄʇʘ). ɺ ʭʦʜʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ ʠʟ 

ʨʝʘʢʪʦʨʘ ʦʪʙʠʨʘʣʠ ʧʨʦʙʳ ʢʘʪʘʣʠʟʘʪʘ. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʢʘʪʘʣʠʟʘʪʘ 

ɸʥʘʣʠʟ ʢʘʪʘʣʠʟʘʪʘ ʧʨʦʚʦʜʠʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ 

ʛʘʟʦʚʦʤ ʭʨʦʤʘʪʦʛʨʘʬʝ ʂʨʠʩʪʘʣʃʶʢʩ 4000ʄ. ʈʘʟʜʝʣʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʥʘ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʝ ZebroneZB-WAX ʜʣʠʥʦʡ 60 ʤ, ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 0,53 ʤʤ ʠ 

ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ ʬʘʟʳ 1 ʤʢʤ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 
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ʩʣʝʜʫʶʱʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʛʨʘʤʤʘ: 50 ÁC (5 ʤʠʥ) Ÿ 10 ÁC/ʤʠʥ (90 ÁC) Ÿ 40 ÁC/ʤʠʥ 

(160 ÁC) Ÿ 3 ʤʠʥ (160 ÁC). ɺʨʝʤʷ ʘʥʘʣʠʟʘ 14 ʤʠʥʫʪ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ ʤʝʪʦʜʫ ʘʙʩʦʣʶʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʌʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʛʘʟʠʨʦʚʘʥʥʳʭ ʚ ʚʘʢʫʫʤʝ 

ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʕʉ-2403 ʉʂɹ ɸʇ 

ʈɸʅ, ʦʩʥʘʱʝʥʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʦʤ ʵʥʝʨʛʠʠ PHOIBOS 100-5MCD (ʧʨʦʠʟʚʦʜʩʪʚʦ Specs GmbH, 

ɻʝʨʤʘʥʠʷ) ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ MgKa/AlKa XR-50 (ʧʨʦʠʟʚʦʜʩʪʚʦ Specs GmbH, 

ɻʝʨʤʘʥʠʷ). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʨʠʤʝʥʷʣʦʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ MgKa 

ʤʦʱʥʦʩʪʴʶ 250 ɺʪ. ʆʙʟʦʨʥʳʝ ʩʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 1000ï0 ʵɺ ʩ ʰʘʛʦʤ 

ʵʥʝʨʛʠʠ 0,5 ʵɺ ʠ ʚʳʜʝʨʞʢʦʡ ʚ ʪʦʯʢʝ 0,4 ʩ; ʵʥʝʨʛʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

40 ʵɺ. ʉʧʝʢʪʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʰʘʛʦʤ ʵʥʝʨʛʠʠ 0,05 ʵɺ; ʵʥʝʨʛʠʷ 

ʧʨʦʧʫʩʢʘʥʠʷ ʘʥʘʣʠʟʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 7 ʵɺ. ʉʙʦʨ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ SpecsLab2. ɼʣʷ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ CasaXPS. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʤʝʩʝʡ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ ʚ ʩʨʝʜʝ ʜʦʜʝʢʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ Ru/MN100 ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 100ï180 ÁC ʠ ʦʙʱʝʤ ʜʘʚʣʝʥʠʠ ʚ ʨʝʘʢʪʦʨʝ 1ï7 ʄʇʘ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʥʘ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʬʘʟʥʦʛʦ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʚ ʩʨʝʜʝ ʜʦʜʝʢʘʥʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 100ï180 ÁC ʩ ʰʘʛʦʤ 10 ÁC. ɺ ʭʦʜʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʩ ʪʦʯʥʦʩʪʴʶ Ñ0,1 Áʉ. 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 160 Áʉ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 160 Áʉ ʩʢʦʨʦʩʪʴ ʦʙʦʠʭ 

ʧʨʦʮʝʩʩʦʚ ʩʥʠʞʘʝʪʩʷ. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʙʝʥʟʦʣ ʠ ʪʦʣʫʦʣ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʜʦʜʝʢʘʥʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 216 Áʉ, ʘ 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʘʨʘ ʥʘʜ ʞʠʜʢʦʩʪʴʶ ʧʨʠ 100 ʠ 180Áʉ ʩʦʩʪʘʚʣʷʝʪ 0,005 ʠ 

0,04 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [7]. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 100ï180 Áʉ ʩʦʛʣʘʩʥʦ [7ï10] 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʘʨʘ ʙʝʥʟʦʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʦʪ 

0,18 ʜʦ 1,0 ʄʇʘ. ʇʦ ʜʘʥʥʳʤ [7, 11ï14] ʧʨʠ ʨʦʩʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 100 ʜʦ 180ÁC ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʘʨʘ ʪʦʣʫʦʣʘ ʧʦʚʳʰʘʝʪʩʷ ʩ 0,073 ʜʦ 0,5 ʄʇʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ (ʊʘʙʣʠʮʘ 1) ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ 160Áʉ 

ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʘʟʳ. 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ (ʈʠʩʫʥʦʢ 3) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʢʦʥʚʝʨʩʠʷʭ ʙʝʥʟʦʣʘ ʤʝʥʝʝ 70% ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʪʦʣʫʦʣʘ ʠ ʧʨʠ ʢʦʥʚʝʨʩʠʷʭ ʙʝʥʟʦʣʘ ʜʦ 40% ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʦʮʝʩʩʘ 120 Áʉ ʠ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʚ 2ï3 ʨʘʟʘ ʚʳʰʝ 

ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʪʦʣʫʦʣʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʢʦʥʢʫʨʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʝʡ 

ʩʫʙʩʪʨʘʪʦʚ: ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʝʡ ʙʝʥʟʦʣʘ ʥʘ ʘʢʪʠʚʥʫʶ ʬʘʟʫ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
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ʈʠʩʫʥʦʢ 1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. 

 

ʊʘʙʣʠʮʘ 1. 

ɿɸɺʀʉʀʄʆʉʊʔ ʇɸʈʎʀɸʃʔʅʆɻʆ ɼɸɺʃɽʅʀʗ ɺʆɼʆʈʆɼɸ  

ʆʊ ʊɽʄʇɽʈɸʊʋʈʓ ʈɽɸʂʎʀʆʅʅʆʁ ʉʄɽʉʀ 

 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ 100 120 140 160 180 

ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ, ʄʇʘ 4,7 4,7 4,5 3,9 3,5 

 

 

 
ʈʠʩʫʥʦʢ 2. ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʨʘʩʭʦʜʦʚʘʥʠʷ ʪʦʣʫʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. 
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ʈʠʩʫʥʦʢ 3. ʉʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʚʝʨʩʠʠ ʙʝʥʟʦʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. 

 

ɺʣʠʷʥʠʝ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʙʱʝʛʦ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʤʝʩʝʡ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ ʚ ʜʦʜʝʢʘʥʝ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ. ʆʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ 

ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 7 ʄʇʘ ʩ ʰʘʛʦʤ 1 ʄʇʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʢʘʢ ʙʝʥʟʦʣʘ, ʪʘʢ ʠ 

ʪʦʣʫʦʣʘ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʦʙʱʝʤʫ ʜʘʚʣʝʥʠʶ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ ʧʨʠ 5 ʄʇʘ. ʇʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʩʢʦʨʦʩʪʴ ʦʙʦʠʭ ʧʨʦʮʝʩʩʦʚ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʢ ʪʦʣʫʦʣʫ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʥʠʞʝ ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ 

(ʈʠʩʫʥʦʢ 4). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʈʠʩʫʥʢʘ 4, ʩʢʦʨʦʩʪʴ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʚʳʰʝ 

ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʪʦʣʫʦʣʘ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʧʨʠ ʢʦʥʚʝʨʩʠʷʭ ʙʝʥʟʦʣʘ ʥʠʞʝ 60%, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʢʦʥʢʫʨʝʥʪʥʦʡ ʘʜʩʦʨʙʮʠʝʡ ʩʫʙʩʪʨʘʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. 
 

 
 

ʈʠʩʫʥʦʢ 4. ʉʦʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʠ ʪʦʣʫʦʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʚʝʨʩʠʠ ʙʝʥʟʦʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ Ru/MN100 ʩʧʦʩʦʙʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦ ʚʝʩʪʠ 

ʧʨʦʮʝʩʩ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʝʥʟʦʣʘ ʚ ʩʤʝʩʷʭ ʙʝʥʟʦʣ-ʪʦʣʫʦʣ, ʘ ʢʦʥʢʫʨʝʥʪʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʙʝʥʟʦʣʫ ʚ 

ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʙʝʥʟʦʣ/ʪʦʣʫʦʣ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʪʦʜʦʤ 

ʨʝʥʛʪʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʭʦʜʝ 

ʩʠʥʪʝʟʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʙʳʣ ʧʨʦʚʝʜʝʪ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʥʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʦʙʟʦʨʥʳʭ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʘʥʘʣʠʟʫ ʩʠʩʪʝʤ (ʊʘʙʣʠʮʘ 2). 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʠʤʝʨʘ MN100 ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʘʟʦʪ ʠ ʭʣʦʨ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʳ ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ, ʨʫʪʝʥʠʡ ʠ ʭʣʦʨ. ʆʪʥʦʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʡ ʨʫʪʝʥʠʷ ʢ ʭʣʦʨʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 6,5:1, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʚʝʜʝʥʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ (IV), 

ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʤʝʪʘʣʣʘ, ʚ ʭʦʜʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʪʝʨʧʝʣ ʧʨʝʚʨʘʱʝʥʠʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʠʩʭʦʜʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʫʪʝʥʠʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʨʘʚʥʝʥʠʝ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʬʦʨʤ ʨʫʪʝʥʠʷ ʠ ʩ ʛʠʜʨʠʨʦʚʘʥʠʝʤ ʩʚʷʟʠ ʉïN ʘʤʠʥʦʛʨʫʧʧ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʤʤʠʘʢʘ ʠʣʠ ʣʝʪʫʯʠʭ ʚ ʫʩʣʦʚʠʷʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʤʠʥʦʚ. 
 

ʊʘʙʣʠʮʘ 2. 

ʕʃɽʄɽʅʊʅʓʁ ʉʆʉʊɸɺ ʇʆɺɽʈʍʅʆʉʊʀ ʂɸʊɸʃʀɿɸʊʆʈʆɺ 
 

ʕʣʝʤʝʥʪ MN100 Ru/MN100 Ru/MN100_H2_300 Áʉ 

C 1s 92,0 76,0 88,1 

O 1s 5,6 17,5 8,7 

N 1s 2,1 3,5 0,7 

Cl 2p 0,3 0,4 0,4 

Ru 3p3/2 0,0 2,6 2,1 
 

ɼʣʷ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʬʘʟ, ʩʦʜʝʨʞʘʱʠʭ ʨʫʪʝʥʠʡ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʦʜʫʨʦʚʥʷ ʨʫʪʝʥʠʷ 3d ʠ ʫʛʣʝʨʦʜʘ 1s ʠʩʭʦʜʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʈʠʩʫʥʢʠ 5 ʠ 6). ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʤʦʜʝʣʠ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʦʣʦʩ Ru 3d ʠ C 1s. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʧʦʜʫʨʦʚʥʷ Ru 3d5/2 ʠʩʭʦʜʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 282,9 ʵɺ, ʠ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʨʠʦʙʨʝʪʘʷ 

ʟʥʘʯʝʥʠʝ 281,0 ʵɺ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʦʢʩʠʜʘ ʨʫʪʝʥʠʷ (IV) [15]. ɿʥʘʯʝʥʠʷ 

ʵʥʝʨʛʠʡ ʩʚʷʟʠ Ru 3d5/2 282,9ï283,1 ʵɺ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʨʫʪʝʥʘʪ-ʘʥʠʦʥʦʚ ʠ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʦʩʥʦʚʥʦʛʦ ʭʣʦʨʠʜʘ ʨʫʪʝʥʠʷ (IV), ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ ʤʝʪʘʣʣʘ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ [15]. 

 
ʈʠʩʫʥʦʢ 5. ʉʧʝʢʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 1s ʧʦʜʫʨʦʚʥʷ ʫʛʣʝʨʦʜʘ ʠ 3d ʧʦʜʫʨʦʚʥʷ ʨʫʪʝʥʠʷ ʜʣʷ 

ʦʙʨʘʟʮʘ ʠʩʭʦʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru/MN100. 

 
 

ʈʠʩʫʥʦʢ 6. ʉʧʝʢʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 1s ʧʦʜʫʨʦʚʥʷ ʫʛʣʝʨʦʜʘ ʠ 3d ʧʦʜʫʨʦʚʥʷ ʨʫʪʝʥʠʷ ʜʣʷ 

ʦʙʨʘʟʮʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʚʦʜʦʨʦʜʝ ʧʨʠ 300 Áʉ ʢʘʪʘʣʠʟʘʪʦʨʘ Ru/MN100. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʪʦʢʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 

ʚʦʜʦʨʦʜʘ ʧʨʠ 300 Áʉ ʬʦʨʤʠʨʫʝʪʩʷ ʦʢʩʠʜʥʘʷ ʬʘʟʘ ʨʫʪʝʥʠʷ (IV), ʢʦʪʦʨʘʷ ʠ ʧʨʦʷʚʣʷʝʪ 

ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʝʥʦʚ ʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

Ru/MN100. 
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ɸʥʘʣʠʟ ʬʦʪʦʵʣʝʢʨʦʥʥʦʡ ʧʦʣʦʩʳ N 1s ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, 

ʧʦʢʘʟʳʚʘʝʪ (ʈʠʩʫʥʦʢ 7), ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʥʘʷ ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʧʦʣʦʩʳ 400,0 ʵɺ 

ʦʪʚʝʯʘʶʱʘʷ ʘʟʦʪʫ ʚ ʩʦʩʪʘʚʝ ʘʤʠʥʦʛʨʫʧʧ [15], ʪ. ʝ. ʧʨʠʨʦʜʘ ʩʦʜʝʨʞʘʱʠʭ ʘʟʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. 

 

 
 

ʈʠʩʫʥʦʢ 7. ʉʧʝʢʪʨ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 1s ʧʦʜʫʨʦʚʥʷ ʘʟʦʪʘ ʠʩʭʦʜʥʦʛʦ (1) ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

(2) ʢʘʪʘʣʠʟʘʪʦʨʘ. 

 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚ ʩʚʝʨʭʩʰʠʪʦʤ ʧʦʣʠʩʪʠʨʦʣʝ ʤʘʨʢʠ MN100 ʨʫʪʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʘ ʚ ʧʨʦʮʝʩʩʝ ʞʠʜʢʦʬʘʟʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʣʢʘʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʪʦʧʣʠʚʘʭ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʝʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʝ ʙʝʥʟʦʣʘ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʪʦʣʫʦʣʘ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ 

ʨʫʪʝʥʠʷ (IV). 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 18-08-00435). 
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ɸʥʥʦʪʘʮʠʷ. ʇʦʠʩʢ ʥʦʚʳʭ ʩʪʘʙʠʣʴʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-

ʊʨʦʧʰʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʜʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʪʦʧʣʠʚ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʳʨʴʷ. ʉʪʘʙʠʣʠʟʘʮʠʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʠʨʦʚʘʥʠʷ CO ʚ ʞʠʜʢʦʝ ʤʦʪʦʨʥʦʝ ʪʦʧʣʠʚʦ. ʕʪʘ 

ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʦʥʦï ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ Ru-

ʩʦʜʝʨʞʘʱʠʭ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʞʠʜʢʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1% Ru-ʉʇʉ ʠ 10% Co ð 1% Ru-ʉʇʉ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʙʝʥʟʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʜʠʘʧʘʟʦʥʘ C5ïC9 (ʙʦʣʝʝ 70%), ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʢʦʥʚʝʨʩʠʶ 

CO (ʜʦ 23%). ɺʳʙʨʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ.  

 

Abstract. The search for new stable and active catalysts of Fischer-Tropsch synthesis is one of 

the key directions for production of liquid fuels from alternative raw materials. Stabilization of the 

active phase is the main task in the development of catalysts for hydrogenation of CO into liquid 

fuels. This problem can be solved by choosing the optimal support, as well as the synthesis method. 

This work is devoted to the development of new polymer monoï and bimetallic Ru-containing 

catalysts for liquid phase Fischer-Tropsch synthesis. It is shown that the use of 1% Ru-HPS and 

10% Co ð 1% Ru-HPS allows to obtain a high yield of gasoline hydrocarbons (more than 70%), 

providing a high conversion of CO (up to 23%). The selected polymer-based systems showed high 

stability in the Fischer-Tropsch synthesis process. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʫʪʝʥʠʡ, ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ, ʩʠʥʪʝʟ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ, 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʙʝʥʟʠʥʦʚʦʛʦ ʨʷʜʘ. 
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ɺʚʝʜʝʥʠʝ 

ʈʘʩʪʫʱʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʞʠʜʢʦʤ ʪʦʧʣʠʚʝ ʠ ʨʘʩʪʫʱʠʝ ʮʝʥʳ ʥʘ ʥʝʬʪʴ, ʘ ʪʘʢʞʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʚʳʟʳʚʘʶʪ ʠʥʪʝʨʝʩ ʢ ʧʝʨʝʭʦʜʫ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʤʫ ʠ 

ʦʪʭʦʜʥʦʤʫ ʩʳʨʴʶ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ɻʘʟʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 

ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ ʠʣʠ ʙʠʦʤʘʩʩʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʚ 

ʦʩʥʦʚʥʦʤ ʠʟ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ [1]. ʕʪʠ ʛʘʟʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚ ʠ ʮʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʂʦʤʧʣʝʢʩ 

ʨʝʘʢʮʠʡ ʤʝʞʜʫ ʤʦʥʦʦʢʩʠʜʦʤ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʦʤ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʘʣʢʘʥʦʚ, ʧʘʨʘʬʠʥʦʚ, ʦʣʝʬʠʥʦʚ, ʦʢʩʠʛʝʥʘʪʦʚ), ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʟʳʚʘʶʪ 

ʩʠʥʪʝʟʦʤ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ (ʉʌʊ) [2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʉʌʊ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 

ʠʟʫʯʘʝʤʳʤ ʧʨʦʮʝʩʩʦʤ. ʀʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʚʷʟʘʥ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʠʭ ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʉʌʊ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʨʝʘʢʪʦʨʘ, ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʠ ʧʨʠʨʦʜʳ ʠ ʩʪʨʫʢʪʫʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ [3].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʉʌʊ. ʇʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʥʠʪʨʠʜʳ, ʦʢʩʠʜʳ ʠ ʢʘʨʙʠʜʳ, ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ CO. ʅʘʠʙʦʣʴʰʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ Ru, Ni, Co ʠ Fe [4]. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʌʊ ʷʚʣʷʝʪʩʷ 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʘʛʨʝʛʘʮʠʠ ʠ ʚʳʤʳʚʘʥʠʷ ʘʢʪʠʚʥʦʡ 

ʬʘʟʳ [5]. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʌʊ ʩʣʘʙʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʦʩʠʪʝʣʝʤ ʠ 

ʘʢʪʠʚʥʳʤ ʤʝʪʘʣʣʦʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ [6]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʤʝʟʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʙʝʪʘ-ʮʝʦʣʠʪʳ [7], ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ 

[5], Ŭ-ʛʣʠʥʦʟʝʤ [8], ʦʢʩʠʜ ʪʠʪʘʥʘ [9] ʠ ʛʨʘʬʝʥʦʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ [10] h ʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʉʌʊ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʧʨʠʤʝʥʝʥʠʶ ʛʣʠʥʦʟʝʤʘ, ʧʦʢʨʳʪʦʛʦ 

ʮʝʦʣʠʪʦʚʦʡ ʧʣʝʥʢʦʡ ZSM [11] ʠ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʦʚ (MOF) [12] ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʝʡ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ Co ʠ Fe. ʇʦʤʠʤʦ ʚʳʙʦʨʘ ʥʦʩʠʪʝʣʷ, ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʤʝʪʦʜʳ ʥʘʥʝʩʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʢʘʢ ʘʵʨʦʟʦʣʴʥʳʡ 

ʩʠʥʪʝʟ [13], ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʩʘʞʜʝʥʠʝ [14] ʠ ʧʠʨʦʣʠʪʠʯʝʩʢʦʝ ʥʘʥʝʩʝʥʠʝ [5] ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ ʬʘʟʳ.  

ʂʘʢ ʚʠʜʥʦ, ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʉʌʊ, 

ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʥʝʦʨʛʘʥʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʛʫʪ ʩʠʣʴʥʦ ʚʣʠʷʪʴ ʥʘ 

ʵʣʝʢʪʨʦʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʝʨʝʛʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʨ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. ɾʝʩʪʢʠʝ ʧʦʣʠʤʝʨʥʳʝ ʢʘʨʢʘʩʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʧʦʨʘʤʠ, 

ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʥʦʩʠʪʝʣʷʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʌʊ. ʆʜʥʘʢʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʧʨʠ 

ʛʠʜʨʠʨʦʚʘʥʠʠ ʉʆ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʉʌʊ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʥʟʠʥʦʚʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ (ʉʇʉ) ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʌʊ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʞʝʩʪʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʟʚʦʣʷʝʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʤʝʪʘʣʣ ʩ ʚʳʩʦʢʦʡ 

ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʘʛʨʝʛʘʮʠʶ ʠ ʚʳʤʳʚʘʥʠʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ [15]. 

ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ [16]. ʆʜʥʘʢʦ ʉʇʉ ʩʯʠʪʘʝʪʩʷ 

ʤʠʢʨʦʧʦʨʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʧʦʨʠʩʪʦʩʪʴ ʉʇʉ, ʦʙʨʘʟʫʷ ʧʦʨʳ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 20-50 ʥʤ, 

ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [17]. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥ  r ʚ ʨʝʘʢʪʦʨʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ Parr-4307 ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ (Parr Instrument, ʉʐɸ) ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ [17]. ɼʣʷ ʩʠʥʪʝʟʘ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʥʠʪʨʘʪ ʢʦʙʘʣʴʪʘ (II) (ʭ.ʯ., ʈʝʘʭʠʤ, 

ʈʦʩʩʠʷ), ʥʠʪʨʘʪ ʥʠʢʝʣʷ (ʭ.ʯ., ʈʝʘʭʠʤ, ʈʦʩʩʠʷ), ʛʠʜʨʦʢʩʦʭʣʦʨʠʜ ʨʫʪʝʥʠʷ (ʭ.ʯ. ɸʫʨʘʪ, ʈʦʩʩʠʷ), 

ʙʠʢʘʨʙʦʥʘʪ ʥʘʪʨʠʷ (ʭ.ʯ. ʈʝʘʭʠʤ, ʈʦʩʩʠʷ), ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ (MN-270, Purolight Inc., 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʪʝʩʪʠʨʦʚʘʣʠʩʴ ʚ ʞʠʜʢʦʬʘʟʥʦʤ ʩʠʥʪʝʟʝ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ ʚ 

ʩʪʘʣʴʥʦʤ ʨʝʘʢʪʦʨʝ PARR-4307 (Parr Instrument, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥ-ʜʦʜʝʢʘʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ CO ʠ H2 ʚ ʦʙʲʝʤʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:4. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʦʙʫʩʣʦʚʣʝʥʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʣʝʬʠʥʦʚ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʣʘ 200 Áʉ, ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʨʝʘʢʪʦʨʝ ï 2,0 ʄʇʘ, 

ʤʘʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ð 0,1 ʛ, ʦʙʲʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ð 30 ʤʣ.  

ɸʥʘʣʠʟ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010 ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ GCMS-QP2010S 

(SHIMADZU, ʗʧʦʥʠʷ). ɸʥʘʣʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʧʨʦʚʦʜʠʣʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ Crystallux 4000M, ʦʩʥʘʱʝʥʥʦʛʦ ʧʣʘʤʝʥʥʦ-

ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ ʢʘʪʘʨʦʤʝʪʨʦʤ.  

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɸʥʘʣʠʟ ʢʦʥʚʝʨʩʠʠ ʉʆ ʚ ʭʦʜʝ ʉʌʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1%Ru-ʉʇʉ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʫ  ʁʩʢʦʨʦʩʪ ɹʨʝʘʢʮʠʠ (6,7 ʤʤʦʣʴĀʛʢʘʪ
ī1Āʯī1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʞʠʜʢʦʬʘʟʥʦʛʦ ʧʨʦʮʝʩʩʘ [18]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʝʧʝʥ ɹ ʢʦʥʚʝʨʩʠʠ ʉʆ ʜʣʷ 

ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʣʠʟʢʘ ʢ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʛʘʟʦʬʘʟʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʉʌʊ (22,3%) [18]. ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ 

ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ɸʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʈʠʩʫʥʦʢ 1) ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1%Ru-ʉʇʉ ʩʥʠʞʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʜʦ 9%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ [19]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʫʪʝʥʠʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʫʛʣʝʚʦʜʦʨʦʜʳ ʉ6ïʉ9 (ʙʦʣʝʝ 70%). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʢʪʘʥ ʷʚʣʷʣʩʷ 

ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʝʘʢʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʚʳʩʦʢʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʠ ʥʘʣʠʯʠʷ ʢʨʫʧʥʳʭ ʤʝʟʦʧʦʨ (ʊʘʙʣʠʮʘ 1). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʯʪʦ Ru-ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  
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ʈʠʩʫʥʦʢ 1. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʉʌʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1%Ru-ʉʇʉ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ Co ʠ Ni ʥʘ ʨʫʪʝʥʠʝʚʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʉʌʊ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 10%Coï1%Ru-ʉʇʉ ʠ 10%Niï1%Ru-ʉʇʉ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ɼʦʙʘʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʞʝʣʝʟʘ ʢ ʨʫʪʝʥʠʝʚʦʤʫ ʢʘʪʘʣʠʟʘʪʦʨʫ ʧʦʚʳʰʘʝʪ ʩʪʝʧʝʥʴ 

ʢʦʥʚʝʨʩʠʠ CO (ʜʦ 23,1% ʜʣʷ 10%Coï1%Ru-HPS) ʠ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ (ʜʦ 7,2 

ʤʤʦʣʴĀʛʢʘʪ
ī1Āʯī1). ʂʨʦʤʝ ʪʦʛʦ, ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʧʦʢʘʟʘʣʠ ʩʥʠʞʝʥʠʝ ʚʳʭʦʜʘ 

ʤʝʪʘʥʘ, ʘ ʪʘʢʞʝ ʦʙʱʝʛʦ ʚʳʭʦʜʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʈʠʩʫʥʦʢ 2). ʉʘʤʳʡ ʥʠʟʢʠʡ 

ʚʳʭʦʜ ʤʝʪʘʥʘ (2%) ʠ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʉ6ïʉ7 (57%) ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 10%Coï1%Ru-ʉʇʉ. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʉʌʊ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʉʌʊ ʙʳʣʠ ʚʳʙʨʘʥʳ 

1%Ru-ʉʇʉ ʠ 10%Coï1%Ru-ʉʇʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʞʠʜʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʙʝʥʟʠʥʦʚʦʛʦ ʨʷʜʘ (ʙʦʣʝʝ 70%). ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚʳʙʨʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3. ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʞʠʜʢʦʬʘʟʥʦʤ ʧʨʦʮʝʩʩʝ ʉʌʊ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3, ʨʫʪʝʥʠʡ ʩʦʜʝʨʞʘʱʠʡ ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʤ 10%ʉʦï1%Ru-ʉʇʉ. ʆʜʥʘʢʦ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʯʝʨʝʟ 15 ʯ ʚ ʧʦʪʦʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʨʷ ʘʢʪʠʚʥʦʩʪʠ 

ʦʢʘʟʘʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʷ ʦʙʦʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (3,2% ʜʣʷ 1%Ruïʉʇʉ ʠ 8,2% ʜʣʷ 10%Co-

1%Ru-ʉʇʉ) ʧʦʩʣʝ 20 ʯ ʧʨʦʮʝʩʩʘ.  

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʘʢʪʠʚʥʦʩʪʴ ʤʦʥʦ- ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʫʪʝʥʠʡʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʚ ʞʠʜʢʦʬʘʟʥʦʤ ʉʌʊ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 1%Ru-ʉʇʉ ʠ 10%Coï1%Ru-ʉʇʉ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ ʚʳʭʦʜ (ʜʦ 73%) 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʙʝʥʟʠʥʦʚʦʛʦ ʨʷʜʘ ʉ5ïʉ9. Ru-ʢʘʪʘʣʠʟʘʪʦʨ ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ C8ïC9 (ʜʦ 50%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

Co-Ru ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘʙʣʶʜʘʣʩʷ ʩʜʚʠʛ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʚ ʩʪʦʨʦʥʫ ʫʛʣʝʚʦʜʦʨʦʜʦʚ C6ïC7 (ʜʦ 

57%). ɺʳʙʨʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʦʚ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʉʌʊ. ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʘ 3ï8% ʯʝʨʝʟ 20 ʯ ʨʘʙʦʪʳ ʚ ʧʦʪʦʢʝ. ɼʘʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʙʘʟʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʦʣʠʤʝʨʦʚ ʚ 

ʧʨʦʮʝʩʩʘʭ ʛʠʜʨʠʨʦʚʘʥʠʷ ʉʆ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʧʪʠʤʠʟʘʮʠʶ ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʠ ʉʌʊ. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪʳ 17-08-00609, 18-29-06004, 17-08-00659). 
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ɸʥʥʦʪʘʮʠʷ. N-ʤʝʪʠʣʛʣʶʢʘʤʠʥ (ʄɻɸ, ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ ʤʝʛʣʫʤʠʥ) ð ʧʨʦʠʟʚʦʜʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ D-ʩʦʨʙʠʪʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʭʠʤʠʠ ʜʣʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʦʚʳʰʝʥʠʷ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʩʝʨʜʝʯʥʦʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʪʠʚʦʵʧʠʣʝʧʪʠʯʝʩʢʠʤ, 

ʙʦʣʝʫʪʦʣʷʶʱʠʤ, ʘʥʪʠʤʠʢʨʦʙʥʳʤ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ ʠ ʤʥʦʛʠʤʠ 

ʜʨʫʛʠʤʠ ʜʝʡʩʪʚʠʷʤʠ. N-ʤʝʪʠʣʛʣʶʢʘʤʠʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʢ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʡ 

ʤʝʜʠʮʠʥʝ, ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤʫ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʶ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʟʜʦʨʦʚʴʝʩʙʝʨʝʞʝʥʠʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʭ). ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ 

ʢʦʤʧʘʥʠʷʤʠ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 

 

Abstract. N-methylglucamine (MGA, trade name Meglumin) is a derivative of D-sorbitol, 

widely used in medical chemistry to highly solubilize and stabilize biologically active compounds 

used in cardiovascular diseases, which have antiepileptic, analgesic, antimicrobial, antibacterial, 

antitumor and many other actions. N-methylglucamine promotes the transition to personalized 

medicine, high-tech healthcare and health-saving technologies, including through the rational use of 

drugs (primarily antibacterial ones). This technology may be in demand by pharmaceutical 

companies and the food industry. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʢʦʥʜʝʥʩʘʮʠʷ, ʘʤʠʥʳ, ʛʣʶʢʦʟʘ, ʢʘʪʘʣʠʟʘʪʦʨ, 

ʦʩʥʦʚʘʥʠʷ ʐʠʬʬʘ.  

 

Keywords: reductive condensation, amines, glucose, catalyst, Schiff bases. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 
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ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ 

ʧʠɦʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʝʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʘʤʠʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʦʜʥʘʢʦ ʥʠʢʝʣʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʜʴ, ʢʦʙʘʣʴʪ, 

ʤʝʜʥʦʭʨʦʤʦʚʳʡ ʠ ʪ. ʜ. [1ï3]. 

ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʦ ʧʦʣʫʯʝʥʠʶ ʘʤʠʥʦʚ ʠʟ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʠʢʝʣʝʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʠʢʝʣʷ 

ʈʝʥʝʷ ʚʳʭʦʜ ʘʤʠʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʦʪ ʩʪʨʦʝʥʠʷ ʚʟʷʪʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʠ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʥʠʢʝʣʷ ʈʝʥʝʷ ʢʘʢ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ʷʚʣʷʶʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʘ ʛʣʘʚʥʳʤʠ ʝʛʦ ʥʝʜʦʩʪʘʪʢʘʤʠ ð ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʠ ʥʝʙʝʟʦʧʘʩʥʦʩʪʴ. ʕʪʠ 

ʥʝʜʦʩʪʘʪʢʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʠʢʝʣʴ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʥʦʩʠʪʝʣʷʭ. 

ʕʬʬʝʢʪʠʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʘʤʠʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʢʘʟʘʣʩʷ 

ʥʠʢʝʣʴ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʦʢʠʩʴ ʘʣʶʤʠʥʠʷ . ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʫʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ Ni/Al2O3, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʣʠʟʢʠ ʢ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ ʥʠʢʝʣʷ ʈʝʥʝʷ, ʥʦ 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʦʥ ʚ ʦʙʩʫʞʜʘʝʤʦʡ ʨʝʘʢʮʠʠ ʙʦʣʝʝ ʘʢʪʠʚʝʥ ʠ ʩʪʘʙʠʣʝʥ [4ï7]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʤʠʥʠʨʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Ni/Al2O3 ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʥʠʪʨʠʣʳ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʘʤʠʥʠʨʦʚʘʥʠʝ ʧʨʦʪʝʢʘʝʪ 

ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʠʣʦʚ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʤʝʭʘʥʠʟʤʫ ʨʝʘʢʮʠʠ. ɼʘʣʝʝ ʧʝʨʚʠʯʥʳʡ ʘʤʠʥ 

ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʪʦʨʠʯʥʳʡ, ʘ ʚʪʦʨʠʯʥʳʡ ð ʚ ʪʨʝʪʠʯʥʳʡ. 

ʀʟ ʜʨʫʛʠʭ ʥʦʩʠʪʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʠʟʝʣʴʛʫʨ. ʊʘʢ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʵʪʠʣʘʤʠʥʦʚ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʤʠʥʠʨʦʚʘʥʠʠ ʵʪʘʥʘʣʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

52,2% Ni, 14% ʉu, 2% ʄʦ ʠ 31,5% ʢʠʟʝʣʴʛʫʨʘ [3]. 

ʂʦʙʘʣʴʪʦʚʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ ʜʘʶʪ ʚʳʩʦʢʠʡ ʚʳʭʦʜ 

ʘʤʠʥʦʚ, ʥʦ ʨʘʙʦʪʘʶʪ ʚ ʙʦʣʝʝ ʞʝʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʥʠʢʝʣʝʚʳʝ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʜʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʠʥʳ ʨʘʙʦʪʘʶʪ ʚ ʙʦʣʝʝ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

(20ï100 Áʉ, ʨʥ2=1ï4 ʘʪʤ), ʥʦ ʚʳʭʦʜ ʘʤʠʥʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʟʥʘʯʠʪʝʣʝʥ (10ï65%). ʉ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʜʦ 50ï125 ʘʪʤ ʧʨʠʤʝʥʝʥʠʝ ʈtO2, ʪʘʢ ʞʝ, ʢʘʢ ʠ Pd/C ʠ 

Rh/Al2O3, ʜʘʝʪ 81ï95% ʚʪʦʨʠʯʥʳʭ ʘʤʠʥʦʚ [8ï9]. 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʨʙʦʥʠʣʴʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʤʠʥʦʤ ʧʨʠ ʨʅ 6ï8 ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaCNBH3. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ 

ʠʤʠʥʦʛʨʫʧʧʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʥʦʛʦ ʙʳʩʪʨʝʝ ʢʘʨʙʦʥʠʣʴʥʦʡ. ʇʨʝʜʣʦʞʝʥʦ ʥʘʨʷʜʫ ʩ 

NaCNBH3 ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ LiCNBH3 ʚ ʤʝʪʠʣʦʚʦʤ ʩʧʠʨʪʝ 

ʧʨʠ ʨʅ 5ï6 ʠ 25 Áʉ. ʆʜʥʘʢʦ ʮʠʘʥʙʦʨʦʛʠʜʨʠʜ ʣʠʪʠʷ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, 

ʯʝʤ NaBH4, ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʝ ʘʤʠʥʠʨʦʚʘʥʠʝ ʚ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʪʝʢʘʣʦ ʥʝ ʜʦ ʢʦʥʮʘ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʙʦʨʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʊʘʢ NaBH4 ʣʝʛʯʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʚʷʟʴ 

>C=N ð ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, ʯʝʤ ʚ ʩʧʠʨʪʘʭ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʝʨʚʠʯʥʳʝ, ʚʪʦʨʠʯʥʳʝ ʠ ʪʨʝʪʠʯʥʳʝ ʘʤʠʥʳ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʙʦʨʦʛʠʜʨʠʜʦʚ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʤʠʥʦʚ ʵʪʠʤ 

ʩʧʦʩʦʙʦʤ ʤʘʣʦ ʧʝʨʩʧʝʢʪʠʚʥʦ. 
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ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʠʤʠʥʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʬʦʪʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʷʚʣʷʶʱʠʭʩʷ ʜʦʥʦʨʦʤ ʚʦʜʦʨʦʜʘ. 

ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ ʤʝʪʠʣʘʤʠʥ (10,73 ʛ), ʛʣʶʢʦʟʫ (25 ʛ) ʠ ʵʪʘʥʦʣ (100 ʤʣ) 

ʧʦʣʫʯʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʦʩʪʘʚʣʷʶʪ ʥʘ ʥʦʯʴ, ʘ ʟʘʪʝʤ ʢʠʧʷʪʷʪ ʧʨʠ 40 Áʉ ʥʘ 

ʨʦʪʦʨʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. 21,56 ʛ ʧʨʦʜʫʢʪʘ ʩʤʝʰʠʚʘʶʪ ʩ 110 ʤʣ ʤʝʪʘʥʦʣʘ ʠ 2 ʛ Ni/SiO2 ʚ 

ʢʘʯʘʶʱʝʤʩʷ ʘʚʪʦʢʣʘʚʝ ʠ ʛʠʜʨʠʨʫʶʪ ʧʨʠ 50 Áʉ ʚ ʪʝʯʝʥʠʝ 28 ʯʘʩʦʚ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ 250 

psi. ʇʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ʟʘʪʝʤ ʫʜʘʣʷʶʪ ʠʟ ʘʚʪʦʢʣʘʚʘ ʠ ʛʦʨʷʯʠʤ ʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ ʩʪʝʢʣʷʥʥʳʡ 

ʬʠʣʴʪʨ ʠʟ ʤʠʢʨʦʚʦʣʦʢʥʘ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʠʢʝʣʷ. (ʉʣʘʙʳʡ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʦʚʘʪʳʡ ʦʪʪʝʥʦʢ 

ʨʘʩʪʚʦʨʘ ʠʣʠ ʧʨʦʜʫʢʪʘ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʥʠʢʝʣʷ; 

ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʩʣʝʜʳ ʥʠʢʝʣʷ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʘ, ʥʘʧʨʠʤʝʨ, ʬʠʣʴʪʨʘʮʠʝʡ ʯʝʨʝʟ ʥʝʡʪʨʘʣʴʥʳʡ 

ʩʠʣʠʢʘʛʝʣʴ ʠʣʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝʤ). N-ʤʝʪʠʣʛʣʶʢʘʤʠʥ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʚ ʚʠʜʝ ʙʝʣʦʛʦ 

ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʠʩʧʘʨʝʥʠʷ ʤʝʪʘʥʦʣʘ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʚ ʚʘʢʫʫʤʝ [10]. 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ N-

ʤʝʪʠʣʛʣʶʢʘʤʠʥʘ ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʤʠ.  

ʋʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʝʛʦ ʧʦ ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʧʦʩʦʙʫ ʠ/ʠʣʠ 

ʧʦʜʙʦʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʜʘʚʣʝʥʠʠ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ: 

ïʥʝʧʨʝʨʳʚʥʳʡ ʩʧʦʩʦʙ; 

ïʢʘʪʘʣʠʟʘʪʦʨʳ: ʥʠʢʝʣʴ ʈʝʥʝʷ, ʥʠʢʝʣʴ ʥʘ ʧʦʜʣʦʞʢʝ SiO2, Al2O3, ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʤʦʪʦʨʦʚ (ʦʢʦʣʦ 2%), ʪʘʢʠʭ ʢʘʢ ʪʠʪʘʥ, ʭʨʦʤ, ʞʝʣʝʟʦ, ʢʦʙʘʣʴʪ, ʤʝʜʴ, ʤʦʣʠʙʜʝʥ, ʪʘʥʪʘʣ, 

ʮʠʨʢʦʥʠʡ ʠʣʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ/ʠʣʠ ʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴ; 

ïʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʣʘʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (PtïPd, PtïRu, PdïRu, PtïPdïRu); 

ïʨʘʩʪʚʦʨʠʪʝʣʠ ʨʝʘʛʝʥʪʦʚ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʝ ʠ ʩʧʠʨʪʦʚʳʝ; 

ïʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ: ʛʣʶʢʦʟʘ, ʤʝʪʠʣʘʤʠʥ. 

ïʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ; 

ïʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʘʤʠʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʦ 

ʥʝʧʨʝʨʳʚʥʦʤʫ ʩʧʦʩʦʙʫ. 

  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 19-38-90050, 18-08-00489. 
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ʇʆʃʋʏɽʅʀɽ ɿʆʃʔ-ɻɽʃʔ ʇɸʉʊʓ  

ɺ ʂʆʄʇʃɽʂʉʅʓʁ ʉʀʉʊɽʄɽ ɺʘʉl2-SrCl2-Sb2ʆ3  

ʅɸ ʆʉʅʆɺɽ ʃʀʄʆʅʅʆʁ ʂʀʉʃʆʊʓ ʀ ʅ2ʆ  

ʇʈʀ ʊɽʄʇɽʈɸʊʋʈʅʆʄ ʀʅʊɽʈɺɸʃɽ 40-42Áʉ 
 

Éɸʪʘʤʙʝʢʦʚʘ ɸ. ʂ., ɾʘʣʘʣ-ɸʙʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ɼʞʘʣʘʣ-ɸʙʘʜ, ʂʳʨʛʳʟʩʪʘʥ 

Éʊʘʰʧʦʣʦʪʦʚ ʓ., ʆʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʰ, ʂʳʨʛʳʟʩʪʘʥ 

Éʓʩʤʘʥʦʚ ʕ. ʄ.,  ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠʤ. ɸ. ʉ. ɼʞʘʤʘʥʙʘʝʚʘ ʖʆ ʅɸʅ ʂʈ, 

ʛ. ʆʰ, ʂʳʨʛʳʟʩʪʘʥ 
 

PRODUCTION OF ZOL-GEL PASTA IN THE COMPLEX SYSTEM ɺʘʉl2-SrCl2-Sb2ʆ3 

BASED ON LEMONIC ACID AND ʅ2ʆ AT TEMPERATURE INTERVAL 40-42 Áʉ 
 

ÉAtambekova A., Jalal-Abad State University, Jalal-Abad, Kyrgyzstan, 

ÉTashpolotov Y., Osh State University, Osh, Kyrgyzstan, 

ÉYsmanov E., Dzhamanbaev Institute of Natural Resources SD NAS KR, Osh, Kyrgyzstan 
 

ɸʥʥʦʪʘʮʠ.̫ ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʟʦʣʴ-ʛʝʣʴ ʧʘʩʪʳ ʠʟ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʚʝʱʝʩʪʚ ʭʣʦʨʠʜʘ ʙʘʨʠʷ (ɺʘʉl2), ʭʣʦʨʠʜʘ ʩʪʨʦʥʮʠ ̫(SrCl2), ʪʨʝʭʦʢʠʩʴ 

ʩʫʨʴʤʳ (Sb2O3), ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʠʤ (ʭʝʣʘʪʥʳʤ) 

ʤʝʪʦʜʦʤ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʘʢʮʠʠ pH ʩʨʝʜʳ ʩʦʩʪʘʚʣʷʣʘ 5,5 ʝʜ., ʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ 40ï

42 ÁC. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʤʝʰʘʣʢʫ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ BaIxĀSrIxĀSbIxĀʃʂIx (ʛʜʝ 

ʍ = I:I:I:I). ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʩʥʦʚʘʥʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʥʦʚ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʦʣʴïʛʝʣʴ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ 

ʛʠʜʨʦʣʠʟ  ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʧʦʩʣʝʜʥʠʭ 

ʧʨʠʚʦʜʪ̫ ʢ ʜʘʣʴʥʝʡʰʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʷʟʢʦʡ ʩʤʦʣ r(ʛʝʣ)̫. ʇʦʣʫʯʝʥʘ 

ʦʜʥʦʨʦʜʥʘʷ ʙʝʣʘʷ ʧʘʩʪʘ, ʢʦʪʦʨʘʷ ̫ʚʣʷʝʪʩʷ ʥʘʥʦʚʝʱʝʩʪʚʦʤ. 
 

Abstract. The article investigated the preparation of solïgel paste from many component 

substances barium chloride (BaCl2), strontium chloride (SrCl2), antimony trioxide (Sb2O3), citric 

acid in a liquid medium by the complexometric (chelate) method. During the reaction, the pH of 

the medium was 5.5 units, temperature conditions 40ï42 ÁC. For efficient complex formation, an 

electric mixer was used. The ratio of multicomponent substances was according to the following 

formula BaIx Ā SrIx Ā SbIx Ā CAIx (where X = I:I:I:I). This reaction was studied, complexes with metal 

ions. Thus, the sol-gel process includes hydrolysis at temperature conditions, and the mechanical 

effects of the latter processes occur during further polymerization and a viscous resin (gel) is 

formed. A homogeneous white paste is obtained, which is nanosubstances. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʦʚʩʢʠʪ, ʟʦʣʴ-ʛʝʣʴ, ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ, ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʷ, 

ʭʝʣʘʪʦʤʝʪʨʠʷ, ʛʠʜʨʦʣʠʟ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʢʦʣʣʦʠʜʥʘʷ ʩʠʩʪʝʤʘ, ʮʠʪʨʘʪ, pH-ʩʨʝʜʘ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ, ʥʘʥʦʯʘʩʪʠʮʘ, ʠʦʥ rʤʝʪʘʣʣʘ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʦʥʳ, ʧʘʩʪʘ, 

ʩʤʦʣʘ. 
 

Keywords: perovskite, sol-gel, solar cells, complexometry, chelometry, hydrolysis, 

polymerization, system, colloid, citrate, pH, temperature, nanoparticle, effect, metal ions, organic 

complexones, paste, resin. 
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ɺʚʝʜʝʥʠʝ 

ʂ ʧʝʨʦʚʩʢʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠ 

ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ [1ï5]. ʇʦʩʢʦʣʴʢʫ, ʧʝʨʦʚʩʢʠʪʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʠʝ ʧʨʠʤʝʥʝʥʠʷ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʬʦʪʦʢʘʪʘʣʠʟʝ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʛʘʟʦʚʳʭ ʩʝʥʩʦʨʘʭ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʉ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʦʣʴïʛʝʣʴ ʧʘʩʪʳ, ʪʘʢ ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʦʜʭʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʮʝʣʴʶ ʧʨʠʜʘʥʠʷ ʝʤʫ ʧʦʣʝʟʥʳʭ 

ʩʚʦʡʩʪʚ. ʇʝʨʝʯʠʩʣʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʟʦʣʴïʛʝʣʴ ʤʝʪʦʜ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʟʦʣʴïʛʝʣʴ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʪʝʤ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʪʘʜʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʝʣʠʝʚʦʛʦ ʧʨʝʢʫʨʩʦʨʘ 

[6ï8].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʝʨʦʚʩʢʠʪ ʠ ʝʛʦ ʘʥʘʣʦʛʠʠ ʩʪʘʣʠ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʦʧʪʠʢʝ, 

ʵʣʝʢʪʨʦʭʠʤʠʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʠʛʤʝʥʪʦʚ, ʢʝʨʘʤʠʢʠ, ʢʦʩʤʝʪʠʢʠ, ʛʘʟʦʚʳʭ ʜʘʪʯʠʢʦʚ, ʥʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ, ʜʠʵʣʝʢʪʨʠʢʦʚ, ʚ ʩʠʥʪʝʟʝ ʤʝʟʦʧʦʨʠʩʪʳʭ ʧʣʝʥʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʜʨ. 

[1].  
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʟʦʣʴïʛʝʣʴ ʤʘʪʝʨʠʘʣʦʚ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥʪʘʤʠ. çɿʦʣʴ-ʛʝʣʴè ʤʝʪʦʜ [3] ʦʩʥʦʚʘʥ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʠ ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʥʦʚ (ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʷ, ʭʝʣʘʪʦʥʦʤʝʪʨʠʷ) ʫʯʘʩʪʠʷ ʚ 

ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʦʟʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʦʥʘʤʠ) ʩ ʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ ʦʙʨʘʟʦʚʳʚʘʝʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʦʣʠʛʦʤʝʨʳ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʩʣʝʜʥʠʭ 

ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠ ʦʙʨʘʟʫʝʪʩʷ ʚʷʟʢʘʷ ʩʤʦʣʘ (ʛʝʣʴ), ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʦʢʩʠʜʥʳʡ ʧʦʨʦʰʦʢ (ʊʋ 6-09-2541-72. ʉʪʘʥʜʘʨʪ ð ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʦʙʨʘʟʮʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʨʅ ʤʝʪʨʠʠ.). ʉ ʧʦʤʦʱʴʶ ʟʦʣʴïʛʝʣʴ ʤʝʪʦʜʘ ʧʦʣʫʯʘʶʪ ʦʢʩʠʜʥʳʝ, 

ʛʦʤʦʛʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʘ ʠʭ ʜʘʣʴʥʝʡʰʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʤʘʪʨʠʮʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʦʣʴïʛʝʣʴ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪ 

ʛʠʜʨʦʣʠʟ, ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʥʘ ʨʝʘʢʮʠʶ ʫʯʘʩʪʚʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ (ʩʧʠʨʪʳ, 

ʘʣʴʜʝʛʠʜʳ, ʣʠʤʦʥʥʘʷ, ʱʘʚʝʣʝʚʘʷ ʢʠʩʣʦʪʘ) [4]. 

ɿʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩ ʧʨʦʭʦʜʠʪ ʚ 3 ʵʪʘʧʘ 

ɺ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʣʷ, ʚʪʦʨʦʡ ʵʪʘʧ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʪʨʝʪʠʡ ð 

ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ (ʈʠʩʫʥʦʢ). 
 

    

 

 

 

 

 
ʚʳʩʫʰʠʚʘʥʠʝ 

(ʘʵʨʦʛʝʣʴ) ʉʚʝʨʭʧʨʠʪʠʯʝʩʢʘʷ 

ʵʢʩʪʨʘʢʮʠʷ 

ʞʠʜʢʦʡ ʬʘʟʳ ʵʢʪʨʘʢʮʠʷ 

ɿʦʣʴ 

ʢʦʣʣʦʠʜʥʳʡ 

ʨʘʩʪʚʦʨ 

 

 ɻʝʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

 

 

 

 

    (ʢʩʝʨʦʛʝʣʴ)  

 

ʈʠʩʫʥʦʢ. ʕʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʢʩʝʨʦʛʝʣʷ. 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ çʟʦʣʴ-ʛʝʣʴ ʧʘʩʪʳè ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ ʩʦ ʩʣʝʜʫʶʱʠʤ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ: ʭʣʦʨʠʜ ʙʘʨʠʷ (ɺʘʉl2Ā2H2ʆ)2, + ʭʣʦʨʠʜ ʩʪʨʦʥʮʠʷ (SrCl2) + ʪʨʝʭʦʢʠʩʴ 

ʩʫʨʴʤʳ (Sb2ʆ3) + ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ (ʅʆʆʉʉʅ2ʉ(OH)CH2-COOH)+H2O (ʚʦʜʘ) 

pH ð ʩʨʝʜʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʦ pH 5,5, ʢʦʪʦʨʳʡ ʠʟʤʝʨʣ̫ʠ ʩ 

ʧʦʤʦʱʴʶ pH ʤʝʪʨʘ [5] ʚ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʠʥʪʝʨʚʘʣʝ 40ï42 Áʉ.  

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠ ̫ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʣʝʢʪʨʦʤʝʰʘʣʢʫ ʩ 

ʤʘʣʳʤ ʦʙʦʨʦʪʦʤ ʚ ʪʝʯʝʥʠʠ 12 ʯ. ʉʦʜʝʨʞʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʳʨʘʞʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: ɺʘIʭĀSrIʭĀSbIʭĀʃʂIʭ (ʛʜʝ ʍ = I:I:I:I) 

ʇʦʣʫʯʝʥʥʫ  ʁʛʝʣʴ-ʧʘʩʪʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʮʠʪʨʘʪ ʩʪʘʙʠʥʠʪʘïʩʪʨʦʥʮʠʪʘï

ʙʘʨʠʷ:  

ʅʆʆʉ-ʉʅ2ʉ(ʆʅ)ʉʅ2-ʉʆʆʅ+ɺʘʉl2+SrCl2+ Sʚ2O2           BaOOC-CH2- C(OH)CH2-COOSʚ + 

          
Cʆʆʅ (ʣʠʤʦʥʥʘʷ ʢʠʩʣʦʪʘ)     ʉ-ʆʆ-Sr  

ʮʠʪʨʘʪ ʩʪʘʙʠʥʠʪʘïʩʪʨʦʥʮʠʪʘ ʙʘʨʠʷ ʠʣʠ 
        

+SlCl2+2HCL+XH2ʆ ʠʣʠ 

ʅʆʆʉ-ʉʅ2-ʉ(ʆʅ)-ʉʅ2-ʉʆʆʅ+3ʄʉ
2+                     ʆʆʉ-ʉʅ2-ʉ(ʆʅ)-ʉʅ2-ʉʆʆ   

       

ʃʠʤʦʥʥʘʷ (ʮʠʪʨʘʪ) ʢʠʩʣʦʪʘ  ʉʆʆ                                 18 ʯʘʩʦʚ  

  

 3ʄʝ 

ɻʝʣʴ ʧʘʩʪʘ ʮʠʪʨʘʪ ʩʪʘʙʠʥʠʪʘïʩʨʦʥʮʠʪʘ ʙʘʨʠʷ. 

 

ɺʳʚʦʜʳ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʠʩʪʝʤʝ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʨʅ=5,5 ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʮʠʪʨʘʪ ʩʪʘʙʠʥʠʪʘïʩʪʨʦʥʮʠʪʘïʙʘʨʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʟʦʣʴïʛʝʣʴ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʟʦʣʴïʛʝʣʴ ʧʘʩʪʳ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ð 40ï42 Áʉ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʰʘʣʢʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʦʜʥʦʨʦʜʥʘʷ ʙʝʣʘʷ ʛʝʣʴ 

ʧʘʩʪʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʥʘʥʦʚʝʱʝʩʪʚʦʤ.  
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TRANSITION OF NANOPARTICLES Fʝ3O4 AND Al  

IN A SIMPLIFIED AQUATIC FOOD CHAIN 

 

ÉAgayeva N., Baku State University, Baku, Azerbaijan 

 

ʇɽʈɽʍʆɼ ʅɸʅʆʏɸʉʊʀʎ Fʝ3O4 ʠ Al  

ɺ ʇʈʆʉʊʆʁ ʇʀʑɽɺʆʁ ʎɽʇʀ ɺ ɺʆɼʅʆʁ ʕʂʆʉʀʉʊɽʄɽ 

 

Éɸʛʘʝʚʘ ʅ., ɹʘʢʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ 

 

Abstract. This article presents the results of experiments on the transitions of Fe3O4 

nanoparticles (20ï30 nm) and Al (18 nm) from one organism to another, making up a simple food 

chain (plantïmolluskïfish). In experiments, mollusks (Melonopsis praemorsa) feed on the leaves of 

plant (Elodea canadensis) after being contaminated with Al or Fe3O4 nanoparticles. Nanoparticles 

were detected using TEM analysis in the cells of the molluskôs organs. Then the fish (Oncorhynchus 

mykiss) were fed with mollusks. The distribution and localization of nanoparticles in fish organs has 

been determined. Experimental results showed that nanoparticles can pass from one organism to 

another in the food chain. Nanoparticles accumulate mainly in the liver of mollusks and fish. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʝʨʝʭʦʜʘʤ ʥʘʥʦʯʘʩʪʠʮ 

Fe3O4 (20ï30 ʥʤ) ʠ Al (18 ʥʤ) ʦʪ ʦʜʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢ ʜʨʫʛʦʤʫ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʩʪʫʶ 

ʧʠʱʝʚʫʶ ʮʝʧʴ (ʨʘʩʪʝʥʠʝïʤʦʣʣʶʩʢïʨʳʙʘ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʦʣʣʶʩʢʠ (Melonopsis 

praemorsa) ʧʠʪʘʶʪʩʷ  ʣʠʩʪʴʷʤʠ ʨʘʩʪʝʥʠʷ (Elodea canadensis), ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

Al ʠʣʠ Fe3O4. ʅʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩ ʧʦʤʦʱʴʶ ʊɽʄ-ʘʥʘʣʠʟʘ ʚ ʢʣʝʪʢʘʭ ʦʨʛʘʥʦʚ 

ʤʦʣʣʶʩʢʘ. ɿʘʪʝʤ ʨʳʙʳ (Oncorhynchus mykiss) ʙʳʣʠ ʥʘʢʦʨʤʣʝʥʳ ʤʦʣʣʶʩʢʘʤʠ. ʆʧʨʝʜʝʣʝʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʨʛʘʥʘʭ ʨʳʙ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʦʜʥʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢ ʜʨʫʛʦʤʫ ʚ ʧʠʱʝʚʦʡ ʮʝʧʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʝʯʝʥʠ ʤʦʣʣʶʩʢʘ ʠ ʨʳʙʳ. 

 

Keywords: nanoparticles, food chain, cells, organoids, distribution of nanoparticles. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʯʘʩʪʠʮʳ, ʧʠʱʝʚʘʷ ʮʝʧʴ, ʢʣʝʪʢʠ, ʦʨʛʘʥʦʠʜʳ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʥʦʯʘʩʪʠʮ. 

 

Introduction 

The intensity of the use of nanotechnology products and the steady growth of the range of 

these products further diversifies the sources of their distribution in the environment [1]. 

Nanomaterials in most cases fall from the hydrophilic layers of the earth. The risk of nanoparticles 

spreading to water basins, rivers, seas and their impact on ecosystems is much higher here. It is 

connected with the nature of nanoparticles, as well as with the dynamics of aquatic ecosystems. The 

ecotoxicity of nanomaterials in water depends on, first of all, on which of the ecosystem 

components is affected and on the type and size of the nanoparticles. Nanomaterials, including 

nanoparticles, are adsorbed primarily on the surface of plant components, that is, on the 
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phytoplankton of aquatic ecosystems, and then spread to other elements of the ecosystem through 

the food chain. The movement of nanoparticles on the trophic levels of aquatic ecosystems has been 

investigated in a number of scientific studies [2ï3]. 

The main goal of these studies was to find out how the nanoparticles pass from one organism 

to another in the food chain of aquatic ecosystems. The reason is that in aquatic ecosystems, living 

organisms are sensitive to nanoparticles accumulated in these organisms can move from one to 

another. One of such studies is the experience of McTeer and his collaborators. They investigated 

the movement of silver nanoparticles in the food chain, which are widely used in medicine, 

cosmetics, electronics. In these experiments, it is confirmed that Ag nanoparticles crossed with 

Daphnia magna fed by Chlamydomonos reinhaedtii algae. According to their experiments, it was 

found out that in the organism Daphnia magnia fed with algea, which kept in silver salt AgNO3 and 

Ag nanoparticles and two forms of silver were accumulated: both ionic and nanoparticles. At this 

time, Ag nanoparticles are less toxic in its ionic form [4]. The distribution and location of 

nanoparticles in aquatic environment also depends on the ionic content of water and their 

concentration. From the experiments made with graphene oxide nanoparticles, it is clear that the 

ions of the KCl and CaCl2 salts accelerate of the graphene oxide nanoparticles transport in aqueous 

environment. The distribution and movement of nanoparticles depends on the temperature of water. 

So, during the temperature changes nanoparticles can agglomerate and deagglomerate. This 

depends on the changing temperature character of the water [5ï9]. Thus, the distribution of 

nanoparticles in aquatic ecosystems and their transition from one living organism to another 

depending on their concentration, type, temperature of environment. The main purpose of 

experiments given in the presented article is to confirm the movement of nanoparticles in food 

chain depending on its type, size and concentration [10ï18]. 

 

Material and methods 

To study the movement of nanoparticles in the food chain under laboratory conditions in the 

aquarium, a simple food chain was created from higher aquatic plants of plantïmollusksïfish [16]. 

The experimental food chain used the higher aquatic plants Elodea canadensis from the 

Hydrocharitaceae family, the mollusk Melonopsis praemorsa from the Gastropoda type and the fish 

Oncorhynchus mykiss from the Actinopterygii subclass (Figure 1). 

 

 
 

Figure 1. Elodea canadensis (plant), Melonopsis praemorsa (mollusk), Oncorhynchus mykiss (fish). 

 

In this food chain, transitions of nanoparticles from plant to mollusk and from mollusk to fish 

are studied. Elodea canadensis has long been used as a model plant for physiological, biophysical 

and biochemical experiments [18]. To date, many electrophysiological studies are conducted using 

Elodea. The relatively large cell size of the Elodea, rapid reproduction and accessibility made it a 

good experimental component in the food chain. The second component of the food chain, 

Melonopsis praemorsa, is very diverse in the mollusk population. These mollusks are 10ï20 mm in 
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